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MPEONCJ/IOBUNE

BuotexHosorna kak Hayka Bo3HMKnNa B 1950-x rr. n B Ha-
cTofAuwee BpeMda ABNAETCA OAHUM U3 MPUOPUTETHBLIX HayUHbIX
HanpaBneHUn. VIMEHHO C AOCTUXXEHUSAMU B 06n1acTn 6MOTEXHO-
NIOFTUN CBA3bLIBAKOT He TO/IbKO MOBbIWEHME 61arocoCcToOAHUA Ye-
noseyecTBa B 6yayuleM, HO M yBesiMyeHMe NPOAOSDKUTENIbHOCTU
XXU3HWN N0Aen.

BbicTpoe pasBuTme 6MOTEXHOMONMN 06YCMOB/IEHO UHTEHCUB-
HbIM pa3BUTUEM 6MONOTNKU, yCNexaMn B MO3HAHUU XXU3HEHHbIX
SAIBNIEHUN, NpeXxae Bcero B 06/1acTm MUKPoO6GMOIOrMun, 3H3UMOJIO-
rMn, MOMEKYNAPHON OUONOTMU U MONEKYNSAPHON TFEeHEeTUKMN.
Bce 310 no3Bo/nI0 06bEeAMHUTL pas3po3HeHHble NpuUKNagHble
HanpaBneHWs B HOBYK eAWHYI0 (yHAAMeHTanbHYK HayKy o0
NpakTU4ecKOM MCNOo/b30BaHUK 6monornm B UenoMm (a He OT-

JeNbHbIX ee BeTBeW, Kak 3To 6bI10 npexae) — 6MOTExXHOo-
noruio.
BNUOTEXHONOrMA — 3TO U TEXHO/IOTMYUECKMe MpoLecchl, ocy-

LecTBAsSeMble C UCMONb30BaHMEM pasfINYHbIX OGUONOTUYECKNX
CNCTEM, BK/OYAA KakK >XUBble OpraHuM3mbl (0T MUKPOOpPraHwms-
MOB [0 K/IETOK XWBOTHbIX WU pacTeHUn), TaK U UX KOMMOHEHTHI
(hhepMeHTbI, BUTAMUHbI N T. 4.).

MuKpoopraHm3mbl CTasin OCHOBOW ANSA MPOM3BOACTBA LLes0-
ro psga nosesHbIX NPOAYKTOB (OpraHM4YeckuUx KUCOT, 3TaHona
ONA TeXHUYecKux uenen, epmMeHTOB, BUTAMUHOB, aHTUBNOTU-
KOB 1 T. N.). KynbTuBMpyemsbie B yc/i0BUAX T WHro pactuTesib-
Hble N XXMBOTHbIE KNETKW HalN NPUMEHEHUE B Ce/IbCKOM XO-
3qilicTBe (pacTeHMEeBOACTBE, XMBOTHOBOACTBE), MPU MOSTyYEHUU
hn3nonornyeckn aKTUBHbIX BeLLECTB, hapMaLeBTUUYECKUX Mpe-
napaToB, MOHOKJ/IOHa/IbHbIX aHTUTEN WU APYTUX MNPOLYKTOB.

B 61M010rnyecKon MPOMbILLIEHHOCTU MCMAO/Ib3YTCA pa3Ho-
obpasHble 6MOMOMEKY/IbI, a TakK)XXe UMMOBUNN3oBaHHbIe DEPMEH-
Thl, YTO MO3BOJ/IM/I0 PELWINTb YacTb TEXHO/0TMYECKMUX Mpobem.
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Mpegucnosne

Ba>kHoe HarnpaB/eHWe COBpPeMeHHOW 6uoTexHonorum — re-
HeTnyeckasa WHXeHepud. OHa npegocTasusia unccnefoBaTeNAM
HOBYI0, NCKJ/IOYNTENIbHO LeHHYI BO3MOXHOCTb M3MEHEHUA re-
HeTUYecKo nporpaMmmbl 6aKTepuasnbHbIX, pPacTUTENbHbIX U
XXUBOTHbLIX KJ/eToK. W 3To HanpaBneHme wuccriefoBaHU yxke
NPUHOCUT 60NbLUME HAYYHble N NPaKTUYecKue pesynbTaThbl.

HeT COMHEHWI, 4TO 6MOTEXHONOrMA ABNAETCA OAHUM U3
HaXKHbIX HanpaBfeHU HayuyHOo-TeXHM4Yeckoro nporpecca. OHa
HHeceT (U y>Ke BHecna) 60MblIOK BKAag B obecrieyeHue pacTy-
Lero HaceneHus 3emMnn MpoaoBoNbLCTBUEM, 6Gnarogaps ee fo-
CTVDKEHUAM MPUHLUUNNANIBHO YNYYLINTCA COCTOAHUE Meauun-
Hbl U BeTepuHapuu, B NOCTHEMTAHYIO M MNOCTrasoByl 3pbl Oy-
AYyT co3faHbl HOBble BUAblI TOM/IMBA, a TakXe CbipbeBas 6as3a u
TEXHOMOrNM nepepaboTKn BO30OHOB/IAEMOro CbipbsA AN XUMU-
YecKo MHAYCTPUKU. HecoMHeHeH 3HaunTeNbHbIM BKkIag 6uoTex-
HOMOMMN B 3aLLUTY OKpy>atuwei cpeabl.

BnoTexHonorna — ofgHa M3 MEPCNEKTUBHbLIX U BbICOKOPEH-
TabenbHbIX OTpacneii npoussoacTBa. Hanpumep, B CLUA Ha-
cunTbiBaeTcsa 60onee 1500 6MOTEXHOMOTMYECKUX KOMMaHWUW (BO
BCEM MWpe UX CBbiWe 3 TbIC.), B YNCNe KOTOPbIX KpyrnHehwune
XuMmnyeckme un gapmaveBTnyeckme KoHUepHbl Monsanbo, Bu
Ponl, Atencan Cyanarwi, Merck, TUHoyarH3 v gp. B gpyrux
cTpaHax, rae WHBECTULMOHHbIN KAumMaT He CToNb 6naronpus-
TeH U 6U3HEeC MeHee aKTWBEH, r/laBHYK pPofb B co3fgaHum 6uo-
TEXHOMOTNYECKUX MPEANPUATUA UTPaKT KPYyMNHbie Kopnopayuu
n rocygapcteso. bbicTpo pas3BuBaeTcsd W 3anagHoeBponerickas
6noTexHonornyeckad WHAYCTPUA, B KOTOPOW 3aHATO CBblWeE
600 6MOTEXHO/TOrMYECKUX KOMMaHWA.

B Poccnu Takxe ypaensierca 3HauMTeNibHOE BHMMaHWe pas-
BUTUIO 6MOTEXHOMOTNN. YXKe UMelTca 6MoTexHoNnornyeckume
pa3paboTKn MUPOBOro YPOBHSA, BHeApeHMEe KOTOPbIX MPUHOCUT
owyTUMYI0 Nonb3y obuwecTBy. Tak, YyHUKarbHad MUKpPobuosio-
rmyeckass TeXHO/IOTUA peryampoBaHuss MUKpPoOGI0pbl NaacToB,
paspaboTtaHHas B MIHCTUTYTe Mukpobuonorum PAH, nossonuna
KOMNaHun «TaTHe(Tb» MOMYUYNTb AONOJAHUTE/ILHO OKOJI0 MONY-
MW/IJIMOHA TOHH «4epHOro 3010Tan.

M3BnevyeHne meTansioB M3 pyAbl C MNOMOLLbIDO MUKPOOHOIO
OKNC/IEeHUA N nocnefyloLlero afieKTposin3a He TO/IbKO AaeT BO3-
MOXHOCTb WMCMONb30BaTb «b6efHOe» Cbipbe, HO WU MO3BOJISAET Or-
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Mpepncnosne

paHU4YnUTb BbIGpOC B aTMochepy BpefHbIX cepocofepXkalimx ra-
30B, 06pa3ylwmnxca B npouecce obXkmra pyabl Npu TpaguLUoH-
HOM TeXHO/I0rnn.

Mo HoBoW TexHonornm WIHCTUTYTa Mukpobuonorum PAH ¢
2001 r. B KpacHosipckoM Kpae Ha 30/10TogobbiBatol,em Komb6u-
HaTe paboTaeT BOCEMb (PepMeEHTEPOB.

CosfaH HOBbIA cNoc06 CHMXXEHUS KOHLeHTpauun meTaHa B
waxTtax ¢ MCNo/b30BaAHUEM MeTaHOTPOHbIX 6aKTepuii.

Pa3paboTaHbl U NPoU3BOAATCA (P/IOKYNAHTbI AN unbtpa-
LMKM BOAbl B OUUCTHbIX COOPYXEHUAX, COo34aHbl OPUTUHASIbHbIE
TEXHOMIOrMM NpPon3BoACTBA (PEepPMEeHTOB A1 CTUpasibHbIX MNo-
powkoB (Foc. HNW TeHeTuka PAH).

JocTmXXeHNna O6UOTEXHONOTMU MNPUHOCAT peasibHYK MoNb3y
HapogHOMY X03S1IAiCTBY M /IOASM, KOrga Ha MX OCHOBE OTKpbIBa-
I0TCA MPOMbILLJ/IEHHbIE NPOM3BOACTBA, co3jalline B 3HaAUYNTEb-
HbIX KO/IM4ecTBax MPakKTUYeCcKU LeHHble NPOAYKTbl, YTO U AB-
nseTcs OCHOBHOW 3ajaveii 6MOTEXHOJONOB.

Mpn noAroToBKke HacToAWEro yyebHMKa aBTOpbl CTaBUAU
nepen co6oii Uenb packpbiTb OCHOBHble npeacTaBieHUs 0 6uo-
TEXHOOTNKN, ee HamnpaB/fieHUAX, 3Tanax pasBuTUA M obnacTax
NPUMeHEHUA, a TakXXe oxapaKTepnsoBaTb AOCTUXKEHUSA 6uoTex-
HOMOMMKN KaK HayKu U Kak oTpac/v NpPOMbILLIIEHHOCTN.



nasa 1

OBLWWVME TMPEAOCTABJIEHUA
O BNOTEXHOJ10T "IN

B coBpeMeHHOM MOHMMaHUMN GUOTEXHONMOrNs — 3TO HaykKa
0 TEXHOMOrMAX Cco3JaHus U MCNOMb30BaHUA 6GMONOTMYECKUX
00bEKTOB, CMOCOGCTBYHLWNUX MHTEHCU(pUKALMM MPOU3BOACTBA
WAN MOMTYYEHMIO HOBbIX BUAOB MPOAYKTOB Pas3/IMYHOIN0 HasHa-
YEeHNs1 Ha 0CHOBE METOA0B KJ/IETOYHOM N reHEeTUYECKOW UHIXKeHe-
pun.

B TOo >Xe BpemMsi 6MOTEXHO/IOTUYECKME MPOM3BOACTBA MNpea-
CTaBNAT CO60M CNOXHbIA KOMMNMEKC GMOPU3NUYECKNX, BUOXUN-
MUYECKNX N (PU3NKO-XUMUYECKUX MPOLECCOB, B KOTOPOM TECHO
H3aMMOoCBsi3aHbl MPOM3BOACTBO M 6Guonorus. MoxeT 6biTb, Aa-
)Xe npaBusibHee Ha3biBaTb OMOTEXHOIOTNEN NMPUMEHEHUE B MPO-
MbILLUTEHHOCTU B6MOMOrMYECKUX CUCTEM WAM MPOLLECCOB.

UenoBeK McNoab30Ban 6MOTEXHOMONMYECKMe MNpoLecchl eLe
MHOrMe TbiCAYW fieT Hasaj: A4N 3aHMMasiuCb NMUBOBAPEHUEM,
MeKnn xneb; oHWU nNpuaymanun cnocobbl XxpaHeHUs U nepepaboT-
KN NPOAYKTOB NyTemM depmeHTauum (Mpon3BOACTBO Cbipa, YK-
cyca, COeBOro coyca), Hay4yumnucb genatb Mbi/I0 U3 XXUPOB, W3-
rotaB/nBaTb NpoCcTelllne fiekapcTea M nepepabatbiBaTb 0TX04bI.

OpaHako To/NbKO pa3paboTKa HOBbIX METOA0B, ABMALLUXCS
OCHOBOWV 6GWOTEXHOMONMYECKNX MpoOLEeccoB, MNo3Bosnaa Yynyu-
WNTb YXKe MMewLLneca npoyeccbl M NPOAYKTbI, a TakXxe co3ga-
BaTb OPUTrMHasibHble CAOCO6bLI MOMYYEHUS HOBbIX, paHee Hepo-
CTYMHbIX BEW,ECTB U OCYLW,ECTBNATb HOBble MPOLECCHI.

MpuMeHEHNEe Hay4UHbIX OAOCTUMXKEHWUIW B GUOTEXHONOrMK Tec-
HO CBSi3aHO C (yHAAMEHTas/IbHbIMW WCC/Aef0BaAHUAMU U OCYy-
LecTB/SETCA HAa CaMOM BbICOKOM YPOBHE COBPEMEHHOM HaykKw,
B TOM 4ucae XUMUN, PU3UKU, TEHETUKU, BUOXUMUN, MUKPOOU-
ofiorun wn ap.

B Hawwn gHW onpegenuniacb ewe ogHa BaXkHasi 0CO6EHHOCTb
pa3BUTUA OTAENbHbIX MEpPCNEeKTUBHbLIX pa3fenioB 6MOTEXHOsI0-
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Mnasa 1. O6wme npeacTasieHNs 0 6UOTEXHONMOTNN

rmm — Heo6Xo4MMOCTb TECHOr0 MeXAYyHapogHOro coTpyaHude-
cTBa CrneuunanncToB, YYeHbIX U TEXHOMOroB. APKUM NPUMEPOM
TOMY CAYXWUT MHTEPHaUMOHa/IbHOCTb psfa OCHOBAHHbLIX B MoO-
crefHve rofbl KPYMNHENWnNX MexayHapoaHbIX 6M0TexHoormye-
CKUX pmpm.

1.1. OcHOBHbIle 3Tanbl pasBntTnA 6mnoTexHonornm

Ona o6o3HavyeHUA Hanbosiee TeCHO CBA3aHHbIX C 6uonorueii
pa3Hoobpa3HbIX TeXHOMOrMi paHblle UCNOoAb30Basin Takume Ha-
MMEHOBaHUA, KakK «npuknagHasa MUKpPoobuonormnar», «npuknag-
Has 6UOXUMUSA», «TEXHONOTUSA PEPMEHTOB», «OUOUHIKEHEPUS»,
«NpUKNagHas reHeTukar», «npukKnagHasa 6monornsa».

Hawwn npegkn B TeyeHMe TbiCAYENEeTUN yCMELWHO UCMOMb30-
Ba/IM MeTod MMKPOOGMOMOrnyecKom dpepmeHTauumn gas coxpaHe-
HUA U YNyylWeHUsa BKyca MMM, Npou3BOoACTBA CAUPTHLIX Ha-
NUTKOB. Tak, MuWBOBapeHue [0 CUX MOp ocTaeTca Hawmbonee
Ba>XHON (B AEHEXHOM MCYUCNEHUMN) OTpac/iblo 6MOTEXHONOTUN;
B MUpe eXerogHo npomssoamTcAa cBbiwe 1011 n nuBa Ha CymMMy
nopagka 175 mnH gonnapos. B ocHoBe npouecca nMMBoBapeHUA
nexkat peakumm obmeHa BeLLecTB, NMPoUCXoAsiLLMe NpU pocTe U
pa3sMHOXEHUMU HEeKOTOPbIX MWUKPOOPraHM3MOB B aHaspobHbIX
YCNOBUAX.

Bnarogapa Tpygam J1. MNactepa B KoHue XIX B. 6bi/iN CO-
34aHbl YCNOBUA ANA fanbHerwero passutua npuknagHom (Tex-
HUYECKON) MUKPOOBUOMOrMnN, a TakXXe B 3HaAUUTE/IbHOW Mepe U
6uoTexHonormun. Mactep yctaHoBW/, YTO MUKPOOPraHU3Mbl WUT-
palT K/KYEBYO posib B npoueccax 6poXKeHUA, U nokasas, 4To
B 0o6pa3oBaHUM OTAesIbHbIX MPOAYKTOB Y4yacTBYKT pasHble UX
BUAbl. DTO NOCAYXWNN0 OCHOBOW pa3BUTUA B KOHUe XIX — Ha-
yane XX B. 6poAn/IbHOr0 NPOM3BOACTBA OPraHMYecKuUx pacTBo-
puTener (aleToHa, aTaHona, 6yTaHona, msornponaHosna) n Apy-
r’MX XMMUYECKUX BeLlecTs, rae WMCNonb3oBasMCb pa3Hoobpas-
Hble BUAbl MUKPOOPraHMW3mMoB.

Mpoueccbl, B KOTOpbIX 6uomacca, T. €. BO306HOB/ISAEMbIA UC-
TOYHUK CbIPbA, UCMNOMb3YeTCA ANA MONYYEHUA XUMUYECKUX Be-
WwecTs, nrpann Beaywyl posib Ha MNepBoM 3Tane pasBuUTUSA COB-
peMeHHOW 6MoTexXHoMorum. Mo Mepe cTaHOBAEHUSA HePTEXUMNN
Ha CMEHY MHOIMM M3 HUX APUWAN XUMWUYECKUe MNpoLecchbl.
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1.1. OCHOBHbIle 3Tanbl Pa3BUTUA GUOTEXHONOTNN

H Tex cnyyasx, Korga HeKOTOpble XUMUYeECKne CcoeanHEeHUs
(Hanpumep, uMTpaT, aueTaT M UTAKOHAT) LWMNPOKO NPUMEHANN
npv Npou3BoACTBE MULLEBbLIX NPOAYKTOB, UX NPOAO/DKANIN N0Ay-
UNTb U NYTEM GPOXKEHUS — CaMbIM BbIFOAHbIM C 3KOHOMMYECKOM
TOYKWN 3peHUs. B HeKOTOpbiX cTpaHax (Hanpumep, B Utanuun)
Takum cnoco6om BblpabaTbiBanM faXKe TEXHUUYECKUM 3TUIO0BbIN
cnnpTt. CerogHa nog BANAHUWEM 3HEPreTUYecKoro Kpusmca npo-
M3BOACTBO CNMpTa U3 pacTUTENbHOro CbipbsA Mony4vaeTr Bce 60-
vee WIMpokKoe pacnpoctpaHeHne B CLUA, Bpasunum mn apyrux
cTpaHax.

Cnefywouwmm BaXKHbIM 3TanomM B pas3BUTUM OGMOTEXHONOrUU
X03AMWCTBEHHO LLeHHbIX BelLlecTB Oblla opraHu3aymsa NPOMbILL-
NIEHHOr0 NpoX3BOACTBA aHTUOMOTUKOB, OCHOBOW KOTOPOro cTasno
OTKpbITME B 1940 r. A. ®nemunHrom, X. dnopn n 3. YelHOM
XNMUOTEPaNeBTUUYECKOW aKTUBHOCTM neHuuymnnmHa. CerogHs
rofoBoi 060pOT 3TOW oTpacnm coctasnasieT okono 3,5 mapa Aon-
napos.

Kak nonydyeHne XUMMUYECKUX COEAMHEHUA W MULLEBbLIX f40-
6aBoK nyTeM OpoXXeHWUA, TaK U CMHTEe3 aHTUOMOTMKOB Bcerga
nesincb B acenTUYECKUX YCNOBUSX, HO HEKOTOPble COBPEMEH-
Hble npoLleccbl (Hanpumep, obpaszoBaHue 6esika O4HOKNETOUYHbI-
MW OpraHm3amamu) oCyLecTBASAKT B elle 601ee XXeCTKOM pexu-
Me. ObecnevyeHne TaKUX 0COObIX YCNOBWUI — MHOronsaHosas
3ajlavya, M OHa pellaeTcs MHXeHepaMU-XMMUKaAMU N MUKPO6BU-
osioramu.

BmecTe ¢ Tem nepepaboTka 0TX040B, Hanpumep, He TpebyeT
CTEPUbHbLIX YC/I0BUIA; HaANpoTUB, YeMm 60siblie pasHbIX MUKPO-
opraHM3mMoB npuvHMMaeT y4yacTue B nMpoLecce, TeM Jyulle.
B Halwe Bpemsa Bce 6o0/ee LWNPOKO MNPUMEHSAKT nepepaboTky
CTOKOB B aHa’3pob6HbIX YCNOBUSAX CMeLlaHHOW MUKpodopoii, B
pe3ynbTaTe 4Yero NonyTHo o6pasyeTcs 6moras (OH COCTOUT B OC-
HOBHOM M3 MeTaHa U C02). DToT cnocob sHepreTuYeckm BbICO-
KO3(p(heKTNBEH, MO03BO/SET COXPaHATb U KOHLEHTPUpPOBATb
3Hepruio, cojeprkallytcsd B pas/IMYHbIX KOMMNOHEHTaX CTOKOB
(c rasom pereHepupyetcs 6onee 80 % cB0o60AgHOW 3Heprun), a B
CE/IbCKOV MECTHOCTW C ero MOMOLLbI0 MOXHO MofyyaTb 3HAUu-
Te/IbHYI 4YacTb CTO/Ib HEo6xoaMMol sHeprun. Tak, B Kutae no-
cTpoeHO 60nee 18 mMsH reHepaTopoB 6muorasa. B pasBuTbix cTpa-
Hax C BbICOKMM MOTPeb/ieHNneM 3HEpPrun npeBpalieHne 0TX0[0B
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Mnasa 1. O6w e NnpeacTaBeHNA 0 6UOTEXHONOTINN

B 6Moras MOXXeT MOKPbiTb /Wb HECKO/IbKO MPOLEHTOB WX
3HepreTMyecknx noTpebHocTeli. Ha oTAenbHbIX KPYMHbIX 3aB0O-
Jax no nepepaboTKe 0TX040B 6MOras 4yacTto CXKuUrakwT B Tenso-
BbIX MallMHaX, KOTOpble NPMBOASAT B AeACTBUE 3/1eKTporeHepa-
Topbl. B nocnegHue roabl co3faHbl TakXXe Heb6oNblLUME YCTAHOB-
KW, npeaHa3HauyeHHble A1 NepepaboTKM OTXO040B Ce/1bCKOrO
X034aKicTBa.

Ta6nunua 1

HanpasneHunsa 61noTeEXHOMOrMN U nony4yaemolie
C ee nomowbio NPOoAYyKTbI

OTpac/b Mprveps

CenbCcKoe X03581CTBO MosyyeHMe HOBbIX LWITAMMOB;
HOBble MeToAbl CeNeKunn pacTeHNi U XXNBOT-
HbIX (BK/MlOYAsA KNOHMPOBaHMeE)

Mpon3BoACTBO XUMUUE- MonyyeHne opraHMyecknX KUCIoT (Hanpu-

CKMX BelLecTB Mep, IMMOHHO, NTAKOHOBOIA);
1cronb3oBaHe )epPMeHTOB B COCTaBE MOIO-
LMX CPeacTB

SHepreTuka YBenuueHve notpebneHns 6norasa; KpymnHo-
MaclTa6Hoe MPOM3BOACTBO 3TaHOMA KakK
>KNAKOFo Tonmea

KoHTponb 3a cocTosiHMeM  CoBeplLUeHCTBOBaHWe MeTo/0B TeCTUPOBaHUSA
OKpYy>KatoLeit cpeabl N MOHUTOPUHTA;
NporHo3MpoBaHme NpespaleHuii KceHobm-
OTUKOB;
ynydllleHne MeToA0B nepepaboTKN 0TX0A0B,
0CO6EHHO MPOMBbILLIEHHbIX

Muuesasn Co3faHne HOBbIX MeTo/l0B nepepaboTKu

NPOMbILU/TIEHHOCTb N XpaHeHUs1 NULLLEBbIX NPOAYKTOB;
nonyyeHune NULEBbIX 406aBOK;
ncnosib3oBaHue 6esika, CUHTE3MPYEMOTO
0AHOK/ETOYHbIMU OpraHn3Mamu;
nonyveHve hepMeHTOB A1 NepepaboTKu
MULLEBOTO Cblpbs

MartepuanoBegeHune BbluenaumeaHune pya;
KOHTPO/1b 61M0pa3/IoXKeHUNs
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1.1. OCHOBHbIe 3Tanbl Pa3BUTUA GMOTEXHOOTNN

Mpopgos>keHne Tab6n. 1
<>Tpacnb Mpumepbl

MeanymHa MpumeHeHNe hepMeHTOB A1 YCOBEPLLEHCT-
BOBaHWSA AMNArHOCTUKMN;
co3faHue JaTYMKOB Ha OCHOBE (hePMEHTOB;
NCNosb30BaHMe MUKPOOPraHM3mMoB U dep-
MEHTOB MpY NPON3BOACTBE CMOXKHbIX Ne-
KapcTB (Hanpumep, CTePOMA0B);
CUHTE3 HOBbIX aHTUGWOTUKOB;
npuMeHeHVe hepMeHTOB B Tepanunu

LLnpokoe pacnpocTpaHeHWe MoJsiy4nno npoms3BoACTBO aMu-
HOKNCMOT B a3pobHbiX MUKpo6monornyeckux npoueccax. B oc-
HOBHOM 3TO rnayTamaTt HaTpus (exXerofHoe rnpovsBoOACTBO B MU-
pT — 0Ko0/10 150 ThiC. T), KOTOPbIA ABMAETCA YCUNUTENEM BKY-
CW, U NU3UH (eXxerogHoe MNpPouM3BOACTBO B Mupe — 15 ThIC. T),
KOTOPbIA CAYXUT nuweson fobaBko. 3a rog B Mupe npopaet-
€A aMWHOKUCAOT Ha cymmy 1,75 mnpg gonnapos, npuyem 60/b-
WY 4YacTb MOCTaBAAKT AMNOHCKNE (DUPMBbI.

B npoMbiWwIeHHbIX MacwTabax y)e B Te4eHMe MHOrmMx ae-
CATUNETUA WUCNOMb3YeTCA CMNOCO6HOCTb MUKPOOPraHW3MoB Mpe-
KpawiaTb pacTuTesibHY 6momaccy € HU3KUM COAepXXaHUeMm
6enka B nuwesBble NPOAYKTbl C BbICOKUM €ro cogep>XaHuem.
B NepmaHun B nepuog lMepBoii MMPOBON BOWMHbLI BbipalinBanu
OPOXOKK BaccakaroTyce3 ceeV\8"ae, KoTopble pgobaBnsanu B
Konbacy m cynbl, 4TO KOMMEHCMpoBasno okoao 60 % [OBOEHHO-
ro umnopTa NULLLEBbIX NPOAYKTOB. Bo Bpems BTopoii mmposoii
BOMHbI OCYLLECTB/IANN CXOAHblEe MPOLECCHl, HO YXe Ha O0CHOBe
nuiLeBbIX Apoxkxer Caniillla arborea n Canvillla nHWs.

B 1960-x rr. HeKoTopble He(PTAHbIE N XUMUYECKNE KoMMa-
HUM Ha4yasiM MpoBOAUTbL MCCNEAOBAHUA C LE/IbI0 MONyYeHUsA u3
OAHOKNETOUYHbIX OpraHm3mos 6enka, npeAgHasHayYeHHOro Ans
Jo6aBneHUss B Nuuy J/IOAAM U XXUBOTHbIM. B Kakol-To Mmepe
;>T0 6bI/I0 CBA3AHO C HeAoCTaTKOM 6e/IKOBOW MUKW B MUpe.
B kauecTBe cy6CcTpaTtoB MCNo/b30Bann HedTb, MeTaH, MeTaHos
n Kpaxman. Hawnbonee KOHKYPEHTOCMOCOOHbIMW OKasanuch
rnpoweccbl Ha OCHOBe MeTaHona M Kpaxmasia. OCHOBHaa macca
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Mnasa 1. O6wue NpeacTaB/ieHNs 0 GUOTEXHONOTNN

NoslydyeHHbIX MPOAYKTOB rnpefHasHaydanacb ANA fobaBfieHUs B
KOPM >XMUBOTHbIM.

B 3anagHbix cTpaHax komnaHuel 1Cl 6b11 NOCTPOEH caMblid
KpynHbIl/i 3aBof, rae B o4HOM (hepMeHTepe Mpu yyacTum MeTa-
HonnoTpe6nsauweli 6aktepnn MeOrylopbllns TelHyllroplrn3
U3 MeTaHosa nosyyakwT okKoso 70 Thic. T 6enka npytuHa
(Pnieen) B roa. Moaunukauma MexaHU3MOB acCUMUNALUK
asoTta 3TUMKU GaKTepussMKu, AOCTUTHYTas C MNOMOLLbK TEXHO0J0-
rmm pekombmHaHTHbIX AHK, npuBena K euwe 60/blieMy yBenu-
YeHWIO BbIXoga MNpoAyKTa. DTO CTaslo OAHUM M3 MEPBbIX AOKa-
3aTeNIbCTB MPaKTUYECKOW 3HAYMMOCTM U MNOTEHUMUaNbHbIX BO3-
MOXXHOCTE FeHeTUYECKON MHXXEHEepPUN.

B Poccun exerogHo npomsBoauTcsa 6osiee 1 MAH T 6enka
OAHOKNEeTOYHbIX BOAOPOC/IEN, B OCHOBHOM W3 YrneBofopofo0B U
0TX0/[0B pacTeHWeBoACTBA.

Bo3pacTaeT MHTepec K MNPUMEHEHUI0 (epMeHTOB B Meau-
LUMHCKOMA npoMbiWAeHHOCTN (rnaBHbiM o06pa3oMm ANns AuarHoc-
TUKKN), XOTHA B LLE/IOM UX UCMNOJ/Ib30BaHME OCTAEeTCA CPaBHUTE/IbHO
HeboNMbwWNM. ITO 06YyCNOBAEHO HecTabu/IbHOCTbO (epMeHTOB,
CNOXXHOCTbIO BblAeNeHNSA NPOAYKTOB nepepaboTkm n npobnema-
MW, CBA3aHHbLIMU C fo06aBMEHNEM W/IN 3aMEHOM KO(aKTOpOB.

OOHakKo B HEKOTOpbIX CAydasaX 3TU CNOXKHOCTU YyjaaeTcs
060TN nNyTEM WCNOMb30BAHNA WHTAKTHbIX (UenbliX) KNeToK
MUWKpPOOPraHn3moB. Takoii cnocobd NPUMEHUNN NPU KPYMHO-
MaclTabHOM MPOM3BOACTBE SIEKAPCTBEHHbIX MpenapaTtoB CTepo-
ngHoii npupoabl. BblN0 ycTaHOBMEHO, YTO MHOrFMe MWUKpoopra-
HU3Mbl CMOCO6HbI CTPOro HarnpaB/eHHO U cTepeocneunduyeckun
rMAPOKCUANPOBATL C/OXKHbIE MOJEKYNbl cTeponaoB. Hanpwu-
Mep, nnecHesblli Tpn6 Kblropns arrblrns cnocobeH cTepeocne-
unucuyeckn (Nno 11-my MOMOXKEHUIKD) TUAPOKCUANPOBATbL >KEH-
CKM N0/0BOV FOPMOH MPOrecTepoH.

CyLLecTBEHHO yNpocTUI0CbL NPON3BOACTBO KOPTU30HA, KOTO-
pbli NPUMEHSAT 4719 NevYeHUss apTpuTa. [0 BHeApPeHUS HOBOro
crnocoba gaHHOe coefMHEHMEe MoNy4vyasin C MOMOLWbID XMMUYECKO-
ro cMHTesa, BKAw4aBwero 37 cTaguii; Npy 3TOM BbIX0A Belle-
ctBa coctaenan 0,02 %, a ctoumocTtb 1 r gocturana 200 pon-
napos. bnarogaps BBeAeHWUIO B Mpouecc MoayvyeHUs KOPTU30Ha
aTana 6uoTpaHcopmauum, CMHTE3 cTan npouie, a LeHa npena-
paTta coctaBusia 68 ueHToB 3a 1 T.
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1.2. TexHONOrUM N 6UOTEXHONOTUN

BnocneactBum 6bis1 06HapYXXeH elle psag MUKPOOpPraHus-
MOB, CMNOCOBGHbIX CAeLunpnUYeckn rMapoKCcnNnposaTb Apyrme yr-
NlepoAHble aTOMbl CTEPOMAHOI0 Kofibua. MWUKPO6HbIE CUCTEMBI
ceiivac MCNonb3ywT a8 npeBpaweHns gutoctepomngos B C-19-
<TOpPOMAHbIE TOPMOHbI C MeHee TrpoMO3AKUMU MOMEKYTAMN.
OHM HaxofgAT LWKWPOKOE MNPUMeEHeHMe, B 4acCTHOCTU KaK Mepo-
panbHble NPOTUBO3a4vYaToOYHble CpeacTBa.

OcBoeHME MeT0A0B KY/IbTUBMPOBAHUSA PACTUTENbHbIX U XU-
MOTHbIX K/IETOK B 60NblWIOM 06beMe MOBbICMAO 3WPEKTUBHOCTb
nonyyeHms BaKuUMH. Pa3paboTka meToda C/AMAHUA KMETOK pas-
NINYHBLIX NIMHWIA M03BOAIMNA MOMYYNTb HOBble KJ/10HblI Mac/imu-
HbIX MasibM, He TO/IbKO 60/iee ypoXKalHble, HO WU gawline Npo-
OYKLUWNI0 60/1ee BbICOKOT0 Ka4decTBa.

1.2. TexHONOTrMN N BNOTEXHOMOTUN

TexHosiOrMss — 3T0 cnocobbl M NPUEMbI, WUCAO/b3yeMble
4N NoNy4vYeHUsa M3 UCXOAHOro matepuana (Cbipbsl) HEKOTOPOro
npogykta. OueHb 4acTo AN MONYyYeHUs1 O4HOro MpoAykTa Tpe-
byeTca He OAWH, @ HECKO/IbKO WUCTOYHWKOB CbipbsA, He O0AUH
cnocob6 wMan npuem, a nocnefoBaTesibHOCTb HeECKo/bKUX. Bce
MHoOroobpasme TeXHONIOTMA MOXHO noApasfesinTb Ha TPWU OcC-
HOBHbIX KJjlacca:

— (PU3NKO-MexaHUYecKne TexXHONornu;

— XUMUYECKMe TeXHOMoruu;

— B6MOTEXHOMOIUN.

B hb13MKO-MeXaHUYECKNX TEXHOMIOMNAX UCXOAHbIA MaTepu-
an (cbipbe) B npouecce MNoAy4YeHUSA NpoAayKTa MeHsieT opmy
WM arperaTtHoe CoCTOsiHMEe 6e3 M3MEeHEeHUsl CBOEero XMMMYECKO-
ro coctaBa (Hanpumep, TEXHOIOTMSA NepepaboTKU APeBECUHbI ANS
Npon3BOACTBA AepeBAHHOW Mebenn, pasniMyHble MeToAbl Noayye-
HUS MeTanIMYecKnUX N3aennin: reo3gen, getaaen mawmH v gp.).

B XUMMYECKNX TEeXHOSIOrMAX B MNpouecce MoyyvYeHUss Npo-
AYyKTa cblpbe npeTeprieBaeT U3MEHEHUSs XMMUYECKOro cocTaBa
(Hanpumep, nonyyeHue MNOAM3ITUEHA W3 MPUPOAHOro rasa,
cnupTa — M3 NPUPOLHOro rasa Win ApPeBeCUHbl, CUHTETUYECKO-
ro kayyyka — n3 NpupoaHOro rasa).

BuoTexHonormss — 3T0 LesieHanpaB/IeHHOe MOoSIlyYeHUE LeH-
HbIX O/19 HapOA4HOro X03sKCTBa WM 4YenoBeKa MPOAYKTOB 3a cuyeT
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Mnasa 1. O6wme npeacTasieHNs 0 6UOTEXHONOINN

6MOXNMUNYECKON [eATeNbHOCTM MUKPOOPraHU3mMoB, W30NUPO-
BaHHbIX KJ/IETOK UMW UX KOMIMOHEHTOB.

CnepoBaTenibHO, 6MOTEXHOMOrMA npejnosaraeT MUCcnosib3oBa-
HUe TaKMX KybTyp 6aKTepUii, KNETOK XXUBOTHbIX U pacTeHU,
MeTabonnsm m 6MoNorMvyeckme BO3IMOXHOCTU KOTOpPbIX obecne-
ynBalwT BbIpaboTKy cneuyuduueckux BewiecTB. Hanpumep, B
thbapmaL,eBTMUeCKO/ MPOMbILLJIEHHOCTU OHA OXBaTbiBaeT pa3spa-
60TKY BaKLMWH, CMHTE3 TOPMOHOB, (PEepMEHTOB, UHTep(epPOHOB,
aHTNOGNOTUKOB, aMUHOKWNC/IOT, BUTAMUHOB, ajikaaougos, NoAu-
caxapugoB u Apyrux 6monornyeckm aktmeHbixX BewecTs (BAB).

Llenb 6MOTEXHOMOrMYECKUX wnccefoBaHNn — MNOBbIWEHWE
3 PeKTUBHOCTU MNPOM3BOACTBA U MOUCK OBUONOTUYECKUX CUC-
TeM, C NOMOLLbIO KOTOPbIX MOXHO MOMYYUTb LLEeNeBOi NPoaYyKT.
OgHako npu KUCNoNb30BaHUU MNPUPOAHBLIX MUKPOOGHBLIX LWITaM-
MOB BbIX04 KOHEYHOro npoAyKTa 4acTo OKa3blBaeTCA CyLLecT-
BEHHO HUXXe ONTUMasibHOro.

B03MOXHOCTU BUOTEXHOMOTMU 3HAUYNTESIbHO W3MEHWUTUCH
C pas3BUTUEM TexXHONOormu pekombuHaHTHbIX AHK. B 1973 r.
amepunKaHckue ydyeHble C. KosH n I'. boiiep pa3pabotanu cTpa-
Terun MepeHoca reHa M3 O04HOro opraHmama B gpyroin. Crtano
BO3MOXHbIM He MpocTo 0T6MpaTbh BbICOKONPOAYKTUBHbIE LITaM-
Mbl MWKPOOPTraHW3MOB U 3YKAPUOTUYECKUX KJ1eTOK, HO U CO-
34aBaTb MPUHUUMMANBHO HOBblE BUAbl, UCMO/b3YA UX B Kaye-
cTBe «bmonormyeckux gabpuk» N0 MPOU3BOACTBY pPas3/IMUHbIX
NPOAYKTOB: WHCYNMHA, WHTep(epoHOB, WHTEPNIEMKUHOB, rop-
MOHa pocTa, BUPYCHbIX aHTUFEHOB W MHOXecTBa Apyrux 6en-
KOB. OTO0 6bICTPOAENCTBYOW NI, 3DHEKTUBHBLIA, MOLWHbIA UHCT-
pyMeHT, obecrneymBaloLinii co3gaHNe OpraHM3mMoB C 3apaHee 3a-
OaHHBIMU  TFeHeTUYECKUMUN XapakKTepuctukamu. TexHosorma
pekomMbuHaHTHbIX AHK no3BosisieT nosayyartb B MNPOMbILIJ/IEH-
HbIX MacwTabax UeHHble HWU3KOMOMEKY/sipHble Bel,ecTBa WU
MaKpOMOIEKY bl, KOTOpPble B €CTeCTBEHHbLIX YC/I0BUAX 06pasy-
I0TCA B MUHUMaJIbHbIX KOJIMYecTBax.

BrnotexHosiorna paet BO3MOXHOCTb BOCMPOM3BOAUTb HYX-
Hble MPOAYKTbl B HeOrpaHMYeHHbIX KOMUYecTBax, MPUMeHSA
HOBble TeXHOJI0TUN, MO3BONAKLWNE MEPEHOCUTb TeHbl B KJeT-
KN-NPOAYLEHTblI UNN B LeNblii opraHn3m (TpaHCreHHble XXUBOT-
Hble WU pacTeHus), CMHTe3upoBaTb MNenTUAbl, co3faBaTb MCKYC-
CTBEHHble BaKUWHBI.
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1.3. OCHOBHbIe HanpaB/ieHUsA pa3BUTUA 6uoTexHonornu

Mwukpo- Xumunyeckas
6UoNorns Buoxunmunsa NeHeTuKa MHXeHepUs
MonekynsapHas KneTtouHan
6uonorus 6uonorus
MONEKYNAPHAHA
BEVOTEXHOOI 1A
JlekapCTBEHHbIe BbicoKo-
npenapartbl NPOAYKTUBHbIE

Cc/X KynbTypbl

AwvarHocTtu- BbicoKo-
yeckme meTofbl ypo>XkaliHble
Cc/X KynbTypbl

BaKunHbI

Puc. 1.1. Hay4Hble 0CHOBbI 1 MPOAYKTbl GUOTEXHOMOMNN
(no B. Fnuky n Oxx. MacTtepHaky, 2002)

Bce 3T OCHOBHble O6MOTEXHOMOrMYeCKNEe MpPOLECChl peann-
3yl0TCA Ha YPOBHE K/IETKU WUAN C yYacTUeEM OTAEe/IbHbIX KeTou-
HbIX CTPYKTYyp. B npombiwneHHOM MacwTabe 6M0TexHonorus
npeacraenset cobo 6umonHaycTpuo (puc. 1.1).

1.3. OCHOBHbIe HanpaB/1ieHNA pPa3BUTUA 6unoTtexHonornm

PacwwupeHue cthep NnpMMeHEHUSA BUOTEXHOOTNN CYLLLECTBEH-
HO B/INSET Ha MNOBbILIEHME YPOBHSA >XU3HU 4yenoseka (puc. 1.2).
MbicTpee Bcero BHeapeHUe 6UOTEXHONONMYECKNUX MPOLEeCccoB Aa-
eT pe3ynbTaTbl B MeAULMHE, HO, MO MHEHUID MHOrMx cneywu-
asINCToB, OCHOBHOM 3KOHOMWYECKU apekT 6yaeT nonyyveH B
CeIbCKOM XO03AMNCTBE M XMMUYECKOA MPOMbILLIIEHHOCTU.

MWMKpoUnnbl, KETOUYHblE KY/IbTYpPbl, MOHOK/IOHA/IbHbIE aHTN-
Tena n 6enKoBas MHXXeHepus — 3TO NUWb Hebonbllas 4acTb
COBPEMEHHbIX 6MOTEXHO/IOrTMYECKUX NMPUEMOB, UCMO/b3yEeMbIX Ha
pasHbIX CTaguaAx pa3paboTKM MHOrMX BMAoB npoaykuum. lMo-
HYMaHWe MOJIEKY/IAPHbLIX OCHOB 6MOMOrMYecKUX MpoLeccoB AaeT
BO3MOXXHOCTb 3HA4YUTE/IbHO COKPaTUTb 3aTpaTbl Ha pa3paboTKy
M NOATrOTOBKY MPOW3BOACTBA OMPeAesIeHHOro NpoAyKTa, a Tak-

>Keé MOBbICUTb €ro Ka4yecTtBo. Hanpmmep, Ce/IbCKOX03AMCTBEHHbIE
| atbiHga el MMY~nw, |



Mnasa 1. O6wme npeacTaBieHNs 0 GUOTEXHONOTNN

F’EHHAA NHXXEHEPUA
Hanpumep, MHCYNNH, TOPMOH POCTa YeNoBeKa, COMATOTPONUH, YCTONUYN-
BOCTb K MecTvuugam, yCTOMUMBOCTb K repbuumngam, TpaHCreHHbIe XU-
BOTHblE, TPaHCreHHble pacTeHus, nepepaboTka HedTU, BaKUUHbI U T. 4.

PEPMEHTEPDI PA3PABEOTKA HEAP
=Co3gaHne n ncnosb3oBaHue =[lonyyeHne meTasi/iIoB Me-
epMeHTEpPOB M APYroro npouns TOoAOM 6MOBbILENAYNBaAHNA
BOACTBEHHOro o6opyaoBaHus

PEPMEHTHbIE
MALWLEBBLIE MPOAYKTbI TEXHO/10T K

N HATINTKWN
(HOBble U TPagULUNOHHbBIE)
*6efloK 04HOK/NETOUHbIX
*MOJ1I0UYHbIE MPOAYKTbI
m[lekapHOe NpPou3BoACTBO
<[Mpon3soacTBo nNuea

ebronornyeckmne ctmparsnb-
Hble NMOPOLUKN
=MeKTnHas3bl BO (PpyKTO-
BblX COKax

«Cbluyr

<bunoceHcopsbl

<MHoroe gpyroe

MEPEPABOTKA OTXO40B
ebymMa>kHble 0TX0oAbl
*HedTAHbIE pa3nusbl
*HedTAHbIE OTXOAbI
«0O6paboTKa CTOYHbIX BOJ,

MEOVNKAMEHTbI
«[COPMOHbI, HANPUMEP WH-
CY/INH, COMaTOTPONWH,
ropmMoH pocTa 4YenioBeka

m/lekapcTBa
=OTX0Abl rOpHbIX «AHTUBNOTUKM, HANpPUMep
paspa6oTok NeHULUANNH
=AomawHnii mycop =MOHOKNOHANbHbIE aHTU-
*TOKCUYHbIE OTXO0AbI Tena
=CeflbCKOX03ANCTBEHHbIE ~BaKUMHbl
0TX0Abl
XNMMNYECKUWE BELWLECTBA
TOMNAmMBO OTUMoBbLIA cNNpPT

eBbuoras (metaH) ALEeTOH

=lFaszoxon (cMecb aTaHoNa ByTunosblii cnupT

n 6eH3nHa) Monumepsbl

CE/IbCKOE XO34AMCTBO
eYcToluMBbIE K NecTuumgamMm copTa, co3faHHble C MOMOLLbI0 TFeH-
HOW NHXXeHepumn
eYcToliumBble K rep6buungam copTta, co3faHHble C MOMOLbIO FeH-
HOW WHXXeHepumn
eTpaHCreHHble >XVUBOTHbIE
eTpaHCreHHble pacTeHUs
=Cwunoc
<A30Thukcaumns
«KnoHnpoBaHMne pacTeHUii U3 KynbTypbl TKaHW

Puc. 1.2. Ncnonb3oBaHne [OCTUXEHUN BUOTEXHOMOINM
B pas3/IMYHbIX OoTpac/isax HapoaHoro xossicTtea (no . TeWnop n agp., 2002)
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1.3. OCHOBHble HanpaB/ieHNA Pa3BUTUA BUOTEXHONOTnN

6MoTexHONOrMyeckMe KomnaHuu, co3gawlime YCTOMYUBbIE K
HaceKOMbIM copTa pacTeHWiA, MOryT Wu3MepsATb KO/IMYECTBO
3alMTHOro 6esika B K/IeTOUHOM KyNnbType W He TpaTuTb pe-
CypCbl Ha BblpawWuBaHWe CaMWUX pacTeHWui; ¢apmakosormye-
CKMe KOMMaHWKU MOryT WUCMO0/1b30BaTb KJ/IETOYHbIEe KY/bTypbl
M MUKpPOUYUNbl A8 ANPOBEepKU 6e3omacHOCTU N 3 PeKTUBHOCTU
npenapaTtoB, a TakXe A8 BbIAB/EHNSA BO3MOXHbIX MO60YHbIX
3h(heKTOB Ha paHHUX CcTaguMsaAx MOoMly4YeHUs NeKapCTBEHHbIX
CpeacTB.

FeHeTUYeCKN MOANMDULMPOBAHHbIE >XXUBOTHbIE, B OpraHus-
Max KOTOPbIX MPOMCXOAAT Mpouecchl, oTpaawuine dunanono-
rMi0  pas/iMyHbIX 4YesloBeYeckKuUx 3aboneBaHuii, obecneymBarT
yUeHbIX BNO/HE afeKBaTHbIMU MoAeNsMU ANS NPOBEPKU AelncT-
BUSA TOrF0 UM MHOTO BellecTBa Ha OpraHuU3M. OTO TakKXXe M0o3BO-
NngeT KOMNaHWAM BbIABNATb Hambosiee 6e3onacHbie N 3 gek-
TMBHbIE MpenapaTbl Ha 60/1ee paHHUX cTagusax paspaboTKu.

MprMeHeHNe GUOTEXHOMTOMMYECKNX MPUEMOB MOXXET MOBLICUTb
NpubbIIBHOCTL MPOM3BOACTBA M 3a CUET COKpalleHUs npouecca
nonyyeHns npoaykrta. Tak, Hebonbwoi dparmeHt AHK, ncnonb-
3yeMblii YYEeHbIMU UCCefoBaTeIbCKOM nabopaTopmumn 4719 yCTaHOB-
NleHUA foKasm3aynun reHa B reHome napasurta pacTeHus, Bnocieg-
CTBUM MOXET BbICTYNUTb B KayecTBe KOMMOHEHTA AMarHocTunyec-
KOro Habopa, BbISIBASAKOLWEro HaaMyne f[aHHOro naTtoreHa, a
MOHOKJ/IOHa/IbHble aHTUTEeNa, CUHTE3NPOBaHHbIE ANA NaeHTUdnKa-
UMM TepaneBTMYECKOro 6e/1KOBOro areHTta, B AasibHelleM MOXK-
HO MCMoSib30BaTb A5 BblAENIEHUA U OYUCTKM WUCKOMOro coefu-
HeHuA.

Bce 3TOo cBUAETENbCTBYET O BaXXHOM 3HAYeHUM GUNOTEXHOJSIO-
MMM N WUNPOKUX BO3MOXHOCTAX €e NMPUMEHEHUS B Pas/INYHbIX
oTpacnax HapogHoro xo3dnctea. Kakue >xe HanpaBfieHUSA AB-
nawTca Hambonee NMpUOpUTETHbIMK B 3ToW 06nactu? PaccmoT-
pumMm unXx.

1. MoBblWeHWE 6e30MacHOCTM OGUOTEXHOMONMYECKOro Mpo-
M3BOACTBA A1 YesloBeKa M OKpyXatwuieil cpefbl. TpebyeTcs
co3gaHne TakmMx paboumx cuctem, KoTtopble 6yAyT PYHKLMOHU-
poBaTb TO/IbKO B CTPOr0 KOHTPOAMPYEMbIX YycnoBusx. Hanpwu-
Mep, WTaMMbl KWLWEYHOW Manovyku, wucnosb3yembie B 6uo-
TEXHOMOTNKN, NULWIEHbl HagMeMbOpaHHbIX CTPYKTyp (06os04uek);
Takme 6aKTepuun MpocTO He MOFyT cyuw,ecTBoBaTb BHe Jflabopa-
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Mnasa 1. O6wme npeacTasieHns o 6UOTEXHONOTNN

TOpUii Unu BHe cneymnanbHbIX TEXHOMOTMYECKUX YCTAHOBOK.
MoBbIWeHHOM 6e3omacHOCTbO 06n1agaldT U MHOFOKOMMOHEHT-
Hble CMUCTEMbI, Kaxjasi M3 KOTOpbIX He CnocobHa K camocTos-
Te/IbHOMY CYLLLECTBOBAHUIO.

2. CHWKeHMe [0 OTXOAOB MNPOU3BOACTBEHHOW AeATeslb-
HOCTU 4YenoBeka. OTxogaMu MPOU3BOACTBA Ha3blBaKTCSA €ro
no6oyHble NPOAYKTbl, KOTOPble HE MOTYT WUCMO/b30BATbLCA Yesio-
BEKOM WAM APYTMMU KOMMOHeHTaMu 6uocepbl U NPpUMeEHEHUE
KOTOpPbIX HepeHTabe/lbHO WM COMPSXXEHO C KaKMM-TO PUCKOM.
Takune 0TX0A4bl HakanauMBatwTca B npefesnax NpPou3BoACTBEHHbIX
nomeweHnin (TeppuTopmin) mnun BblbpacbiBalOTCA B OKpyXXalo-
wyto cpegy. Cneayetr CTPEMUTLCS K M3MEHEHMIO COOTHOLUEHUS
«MoMie3Hblli NPOoAYKT/0OTX0Abl» B MOJMb3Yy MOJIE3HOT0 MPOAYKTA.
DT0ro AocTuralT pas/IMYHbIMKM cnocobaMmu. Bo-nepBbix, 0Tx04am
HeobX04MMO HalTW NOMEe3Hoe NMpPUMeHeHUe. BO-BTOPbIX, UX MOXX-
HO HamnpaBWUTb Ha BTOPUYHYIO MNepepaboTKy, co34aB 3aMKHYTbIA
TEXHOMOTMYECKUA UUKN. W HaKOoHeL, MOXXHO M3MEHUTb camy
pabouyl cucTemMy Tak, YT0Obl YMEHbLWUTbL A0/1H0 0TXO0A0B.

3. CHMXKeHue 3HepreTUYecKMx 3aTpaT Ha Mpou3BoACTBO
npoaykTta, T. €. BHeApeHWe 3Heprocbeperarowmx TeXHOOrmi.
MpuvHUMNUanbHoe pelwleHVe 3TOM MNpPo6G/ieMbl BO3MOXHO B Mep-
BYI0O oyepefb 3a CYeT MCMNoSb30BaHUS BO306GHOB/IAEMbIX UCTOY-
HWUKOB 3Heprumn. Hanpumep, rofgoBoe notpebreHne 3HePrum nc-
KOMaemoro TOM/IMBA COM3MEPUMO C 06beMOM 4uUCTOW BasioBol
NpoayKunumn Bcex (OTOCUHTE3UPYHOLWMUX OPraHM3MOB Ha 3eMJie.
Ana TpaHcopMauuu CONMHEYHOW 3Heprum B (QOPMbI, AOCTYynM-
Hble 4151 COBPEMEHHbIX CUJI0BbIX YCTAHOBOK, co3jatnTcs (B TOM
yucne MeTogaMu  K/ETOYHOW WHXKEHepUU) 3HepreTUYecKue
naaHTauum 6bicTpopacTyLnux pacTeHuii. MonyyeHHas 6uomac-
ca ucnonb3yeTca Ass8 NPOU3BOACTBA LLeN/0103bl, GMoTONAMBA,
a Takxxe 6uorymyca. BcecTopoHHMe BbIroAbl MOAO6GHbIX TEXHO-
nornii oyeBUAHbLI. Mcnonb3oBaHMe MeTOAO0B KJ/IETOUHOU WHXKe-
Hepun A1 MOCTOSAHHOro 06HOB/IEHUSA MOCAA04YHOro MaTepuana
obecneymBaeT MoslyyeHue B KpaTyailllne CpokM 60/bLUOFO KO-
NnYyecTBa pacTeHUn, cBOGOAHbIX OT BMPYCOB U MWUKOMA3M; Npu
3TOM oTnajaetT Heo6XoAMMOCTb CO3[4aHUSA MaTOYHbIX M/laHTa-
unii. CHuXKaeTcs Harpyska Ha ecTeCTBEHHble HacaXKaeHus gape-
BECHbIX pacTeHUli (B 3HA4YNTeNbHO Mepe OHW Bbipyb6atTcsa ans
MoayyYyeHUs LEeI0103bl U TONMBA), YMeHbLIAKTCA noTpebHoe-
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1.3. OCHOBHbIe Harnpas/1eHUs pa3BuTuUs 6UoTEXHONOTNN

TM B McKonaemom Tonsavmee (B 06W,eM-TO, OHO SAB/ISIeTCA 3KOJ10-
rmyeckn HebNaronpuUATHbLIM, MOCKO/IbKY MPU ero cXXmraHmm ob6-
pa3ylTca HefoOKUC/MeHHble BewecTsa). [pyn mcnonb3oBaHUU
6uoTonnmea ob6pasylTcsa YrAeKUCcNblli ra3 M BOASIHble Napbl,
KOTOpble NocTynakwT B aTMociepy, a 3aTeM BHOBb CBS3biBalOTCSH
pacTEHUSIMUN Ha 3HEpPreTUYecKUX NaaHTauusx.

4. Co3gaHne MHOTOKOMMOHEHTHbIX PacTUTESIbHbIX CUCTEM.
KayecTBO CeNbCKOX03AWCTBEHHOW MNPOAYKLUUU 3HAUYUTENbHO
yxXyfwaeTca MOpyv MPUMEHEHUN MUHEpPasbHbIX YA00pEeHURn U
A00XMMUKATOB, KOTOPble HAHOCAT KoOJlocCasbHbIA yuiep6 npu-
poAHbIM 3KocucTemam. lpeogosieTb HeraTUBHble MoOCNeAcTBUA
XMMU3aLUNN CeNTbCKOX03AMNCTBEHHOIO MPOM3BOACTBA MOXHO pas-
NnyHbIMK cnocobamu. Tpexae Bcero HeobxoAMMO OTKasaTbCA
0T MOHOKYNbTYp, T. €. OT UCMNO0/Ib30BAHUA OrpaHUYeHHOro Habo-
pa 6uoTmnoB (copToB, nopoj, WTammoB). HepgoctaTKu MOHO-
KY/NbTypbl Obl/1M BbIsIB/IEHbI elle B KoHue XIX cTonetus; OHKM
oyeBUAHbI. Bo-nepBblX, B MOHOKY/NbType BO3pacTalT KOHKY-
PEHTHblE OTHOLIEHUS MeXAY BblpaliMBaeMbIMW OpraHU3Mamu;
M TO >Xe BpPemMs MOHOKY/ibTypa OKa3blBaeT /iMllb O4HOCTOPOH-
Hee BO3[eliCTBME Ha KOHKypupylowme opraHuU3mbl (COPHAKM).
Bo-BTOpbIX, MPOUCXOAUT M3bmMpaTesibHbli BbIHOC 3/IEMEHTOB MU-
HepanbHOro NMMTaHWA, 4YTO BedeT K Jderpagauumm nous. U Hako-
Hel, MOHOKY/NbTypa HeycTouMBa K natoreHam U BpeauTesnsiM.
MosTtomy B TeueHme XX B. OHa nojjep>XuBasiacb 3a CYeT UCK-
NYNTENbHO BbICOKOW WMHTEHCUBHOCTW Mpom3BoAacTBa. Pasyme-
eTcs, MCNOoJSIb30BaHNe MOHOKYNbTYP MHTEHCUBHbLIX COPTOB (Nopog,
WTamMoB) ynpow,aeT pa3paboTKy TexHO/0rMM MNpPOU3BOACTBA
npoaykuuun. Hanpumep, ¢ MOMOLLbH BbICOKUX TEXHOMOrW
co3faHbl copTa pacTeHW, yCTOWUMBbLIE K onpefesieHHOMY Mec-
TUUMAY, KOTOPbI NpU BO3AeNbIBAHUW UMEHHO AaHHbIX COPTOB
MOXXHO MPUMEHATb B BbICOKMX fgo3ax. OgHaKo B 3TOM cayd4ae
Mo3HUKaeT Bonpoc 6e3onacHOCTU Takol paboyei cuctembl Ans
yesioBeKa U OKpyXKawlei cpefbl. Kpome Toro, paHo Uam no3gHo
NosiBATCA pacbl NaToreHoB (BpeauTeneit), ycToliumBbie K faHHO-
My nectuuuay.

CnepoBaTenbHoO, Heo6X04MM NIAHOMEPHbLIN MNepexos 0T Mo-
HOKY/IbTYpPbl K MHOTOKOMMOHEHTHbIM (MO/IMKA0HAIbHbIM) KOM-
no3nuMaM, BKKOYAKLWMM pasHble 6UMOTUMNbI KYAbTUBUPYEMbIX
opraHu3MoB. MHOFOKOMMOHEHTHbIE KOMMNO3ULUUW AO0SIKHbI BKJIHO-
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Mnasa 1. O6w e NnpeacTaBieHNA 0 6UOTEXHONOINN

YyaTb OpraHM3Mbl C pasHbIM PUTMOM pPa3BUTUSA, C Pas/INYHbIM
OTHOWEHNEM K AMHAMUKE PU3NKO-XMMUYECKUX PaKTopoB cpe-
Obl, K KOHKYpeHTaM, naTtoreHam v BpeauTensaM. B reHeTuyecku
reTeporeHHbIX cMcTeMax BO3HMKAT KOMMeHcaTopHble B3auMo-
JencTBUA 0cobeld ¢ pasNMYHbIMU FeHOTUMaMu, CHUXawlme
YPOBEHb BHYTPUBUAOBOW KOHKYPEHL MW N aBTOMaTUYECKU YyBe-
nunyunBawLmne gaBreHNe KynbTUBUPYEMbIX OPraHU3MOB Ha KOH-
Kypupylouwme opraHu3smMbl gpyrux BuaoB (COpHAKM). o oTHOLe-
HUIO K rMatoreHam M BpeguTenissM Takasi reTeporeHHasi sKocucTema
XapakTepu3syeTcs KOJ/UIEKTUBHbIM rpyrnnoBbiM MMMYHUTETOM,
KOTOpbI onpefensieTcd B3aMMOAENCTBMEM MHOXeCTBa CTPYK-
TYPHbIX U (YHKUMOHA/IbHbIX 0CO6EHHOCTEN OTAEe/bHbIX 6uO-
TUNOB.

5. Pa3paboTka HOBbIX MNpenapaTtoB ANA MeAUUWHBbI. B
cTosiLlee BpemMsA BeAyTCA aKTUBHbIe uccefoBaHUA B ob6sactu
MeAVLUWHBI: C034al0TCcsa pas/iMyHble TUMbl HOBbIX NpenapaTtoB —
ueneBble U UHAVUBUAYANbHbIE.

LleneBble npenapaTbl. OCHOBHbIMU MPUYMHAMWU OHKOOTU-
YyecKUX 3aboneBaHWn ABNAKTCA HEKOHTPONUPYyeMoe [JefieHune
K/NeTOK MU HapylleHWe npoueccoB anonTto3a. [elicTBue npenapa-
TOB, MpegHa3HaYeHHbIX A1 UX YCTPaHeHUs, MOXET ObiTb Ha-
npaBsieHO Ha M6Y U3 MOMEKY/ST UNN KNETOUYHbIX CTPYKTYp,
y4yacTBYHLWNX B 3TUX npoueccax. NccnegoBaHmsi, NpoBeAeHHbIe
B ob6nactm (MYyHKUMOHANBHOMN TFEeHOMWKWN, YXXe npeaocTaBuiv
HaMm MHpoOpMaLNo 0 MONEKYAAPHbBIX N3MEHEHUSAX, MPONCXOAALLLNX
B MNpeapakoBbiX KjeTKax. Ha O0CHOBe MNO/yYeHHbIX [JaHHbIX
MOXHO co3faBaTb AMArHOCTUYECKUE TeCcTbl A5 BbISAB/IEHUA MO-
NeKynapHbIX MapKepoB, CUTHa/IM3UPYOLLNX 0 Hayane OHKOJIO-
rMyeckoro npouecca A0 TOro, Kak MOSIBNSAKTCA MepBble BUAU-
Mble HapyLEeHUs KNeTOK WU MPOSBSATCA CMMMNTOMbI 3a6one-
BaHUA.

BONbLWMHCTBO XMMUOTEPANEBTUYECKUX MpenapaToB BO3Ael-
CTBYeT Ha 6e/iku, yyacTBylOlLMe B MpoLecce AeNeHUs KAeTKW.
K coxxaneHuio, npu 3TOM nornvbarT He TONbKO 3/10KAYECTBEH-
Hble K/MIeTKM, HO 4acTo U HOpMasibHblie Aensiuinecss KAeTKU op-
raHmama, Takme, Kak KNeTKW CUCTeMbl KPOBETBOPEHUSA N BOJO-
CAHbIX onnukyn. Utobbl npeaynpeiuTb MOsB/IEHWE 3TOro no-
604yHOro adpekta, HEKOTOPble KOMMaHUW Ha4vanu pa3paboTky
npenapaToB, KOTOpble OCTaHaB/IUBaNM 6bl KAETOYHbIE LUKIIbI

22



1.4. 3agaun 6uoTexHonornmn

3[,0POBbIX K/IETOK HEMOCPeACTBEHHO Mepes BBeAEHUEM [03bl XU-
MUOTepaneBTUYECKOro areHTa.

MHpamBmayanbHble npenapaTbl. Ha cerogHswHem 3Tane
pasBUTUS HAayKM HauyMHaeTcs 3noxa WHAUBUAYaNN3NPOBAHHOWN
MeAULUWHbI, B KOTOPOI reHeTU4Yeckmne pasnmnums naymeHToB 6y-
OYT y4uTbiBaTbCA ANs Hanbosee 3(PHEKTUBHOIO MPUMEHEHUS
nekapctB. Wcnonb3ys paHHble (YHKLWOHANbLHOW FeHOMUKMU,
MOXHO BbISIBNATb FEHETUYECKME BapuaHTbl, OTBevyawliMe 3a
npeapacnonioXXeHHOCTb KOHKPETHbIX MalMeHTOB K OTpuLaTesb-
111.IM NoBOYHBLIM 3phekTaMm OAHUX MNpernapaTtoB U 3a BOCAPUUM-
UMBOCTb — K ApYrvM. Takoii MHAWBMAYasIbHbIV TepamneBTUue-
CKWIi nopaxof, 6asupyloMica Ha 3HAHUW TFTeHOMa MauueHTa,
nosly4ymn HasBaHue (hapmMaKoreHoOMUKM.

Y pasHbiX nwgeli BapbupylT CKOPOCTb M XapakTep npoTe-
KaHus 3aboneBaHWii. HekoTopble naTosiorMyeckue Mnpouecchl
npu nepexoge M3 o4HoOM hasbl B APYryl OCTaBAAKT nocne cebs
«MOJIEKY/ISIpHbIEe O0TMeYaTKU». 3HaHWEe TakKUX MOJIEKYNSAPHbIX
MapKepoB MO03BOJSISET Bpayam OnpeaensTb CTereHb MPOrpeccu-
poBaHUsa 3a6oneBaHusA U nofgbupaTb Hamboniee NOAXOASLLYIO Te-
panuto. MpenapaTbl, NpefHa3HayeHHble AN JIeYEHUS PaHHUX
CcTaguii npouecca, 6yayT Hea(h(eKTUBHbI NpU MporpeccupoBa-
HUM 3a6on1eBaHMNSA.

HekoTopble 60M1€3HM TaKXXe XapaKTepu3ylTcs pasHoi cTe-
NeHbl arpeccUBHOCTM. Hanpumep, ogHW TUMbl paka rpyau ro-
pasfo arpeccMBHee APYrux U TpeOYWT WMHbIX TepamneBTUUYECKUX
noaxofoB. NaeHTUMKaLUSA YHUKAbHbIX MOMIEKYNSAPHbIX Map-
KepoB PasfsinuyHbIX TUMOB paka MO3BOSIUT creuynannuctam nog-
nupatb afeKBaTHble MeToAbl JIeYeHUS U KOPPEKTUPOBATbL UX B
KaXk[loOM KOHKPETHOM C/jly4ae B 3aBUCUMOCTU OT 06CTOATENLCTB.

1.4. 3apgayn 6UOTEXHOMOINN

B coBpeMeHHO 6MOTEXHONOrMU MCNONb3YKTCA Buonorunye-
CKME CUCTEMbI BCEX YPOBHEN — OT MOJIEKY/IAPHO-TEHETUYECKOro
[o 6uoreoueHoTmyeckoro (6uocthepHoro); Npu aTom cosgakTcs
NPUHLUUNMANBHO HOBble 6MOMOTMYECKNE CUCTEMbI, He BCTpedvato-
wmeca B npupoge. brnonornyeckme cucTeMbl, NPUMeHsieMble B
bUOTEXHONOTNWN, BMecTe C HebMOSIOrMYecCKMMM KOMMOHEHTaMMU
(TexHONnorn4yeckoe obopygoBaHwe, mMaTepuasibl, CUCTEMbI 3Hep-
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Mnasa 1. O6wme npeacTaBneHNss 0 BUOTEXHOOTUN

rocHab>XeHus, KOHTpoNA W ynpasfeHUa) yao6HoO HasbiBaTb pa-
6o4YMMM CUCTEMAMMU.

MepBooyepeaHON 3agadveii, cToswWwer neped 6MoTexHoONOrmen,
ABNSAKTCA MUccnefoBaHUA B 06n1acTyu pa3paboTKyM U MOAyUYeHUs:

— HOBbIX 6MO/IONTMYECKN aKTUBHbIX BELLECTB U NIEKAPCTBEH-
HbIX MNpenapaToB AAa MeguunHbl (MHTEPdEPOHOB, WHCYUHA,
ropmMoHa pocTa 4yesioBeKa, MOHOKJ/IOHA/IbHbIX aHTuUTen n T. 4.),
NOBbIWA L NX KA4YeCTBO XMU3HWU M04er M NO3BOMAKUWUX OCY-
LWeCTBNATb PAaHHIOW ANATHOCTUKY W JledyeHue TSAXesnblix 3abone-
BaHWA — CepAeyYHO-COCYAMUCTbIX, 3/I0KAYeCTBEHHbIX, HacnencT-
BEHHbIX, NHPEKLMOHHbIX, B TOM YUC/N€ BUPYCHbIX;

— MUKPOOGMOMOrMYECKNUX CPeAcTB 3alMTbl pacTeHU ot 60-
nesHer n BpegutTenei;

— baKkTepmanbHbIX yA06peHU U perynsatopoB pocTa pacTe-
HWW, NOBbIWEHUSA NJ/I040POAUS MOUB;

— HOBbIX, C 3ajaHHbIMWU CBOWCTBAMMW, BbICOKOMPOAYKTUB-
HbIX N YCTOMUYMBBIX K HebnaronpusiTHbIM (hakTopaM BHeLUHel
cpeabl COPTOB U rMOPUAOB CE/IbCKOXO03SMCTBEHHbIX pacTeHU,
MOMyYeHHbIX MeTOoAaMW TFeHEeTUYECKOW W KMEeTOUHOM WHXXeHe-
pun;

— LEeHHbIX KOPMOBbIX [06aBOK M OGMOMOTMYECKN aKTUBHbIX
Bew,ecTB (KOPMOBOro 6e/sika, aMWHOKWUCNOT, (DEPMEHTOB, BUTa-
MWHOB, BeTEPUHapPHbLIX MpenapaTtoB W Ap.), He06XoAMMbIX AN
NoBbILWEHNSI NMPOAYKTUBHOCTU XXWUBOTHOBOZACTBA;

— HOBbIX METO0A0B 6MOMHXeHepun Ana 3ppeKTUBHOM MNpo-
PMNaKTUKN, [AUATHOCTUKM W Tepanmm OCHOBHbIX 60ne3Hel
CE/IbCKOX03AAMCTBEHHbIX XXUBOTHbIX;

— HOBbIX TEXHOMIOTUA MOIYYEHUSA XO3SAWCTBEHHO LLEHHbIX
NpooyKTOB A/ WCMNOMb30BaHUSA B TMULLEBOW, XMMUYECKON,
MUKPOOMONOTNYECKOW N ApYyrnx oTpacnsax MPOMbILLINEHHOCTH;

— TexHonornm rnaybokon wn 3PHeKTUBHONW nNepepaboTKm
CEMbCKOXO03AMWCTBEHHbIX, MPOMbILIJ/IEHHbLIX U ObITOBbIX 0TX040B;
MCMoMb30BaHUA CTOYHbIX BOA M rasoBOo3fyLWHbLIX Bbl6pOCOB AAs
nonyyeHus 6uorasa uU BbICOKOKAYECTBEHHbLIX YA06peHui; npo-
M3BOACTBA [AeWeBbiX M 3PPEKTUBHbIX 3HeproHocuTtenen (6uo-
Tonnmea).

K OCHOBHbIM pa3genamMm COBPEMEHHOW 6MOTEXHOMOMMU OTHO-
CATCA MWUKPOOMOMOrMYECKU CUHTE3, K/eTOYHas WHXXeHepus,
reHeTnyeckasi MHXXeHepus.

24



1.5. BMOTEXHO/IOTM4YeCKMe OCHOBbI BbICOKMX TE€XHOOrnii

MUKpOBMONOrNYECKNM CUHTE30M Ha3blBaeTCA CUHTE3 ca-
MbIX pa3Ho06pa3HbIX BeLWecTB C MOMOLWbID MWKPOOPraHM3MOB.
B HacTosiliee BpeMs MWUKPOOPraHM3mbl MPUMEHSIOT B pas/inu-
HbIX BbICOKUX TEXHOJIOTUAX: A8 NPOU3BOACTBA aHTUOUOTUKOB,
KOPMOBOro 6enka W aMWHOKWUC/MOT, 6GUOMIOTMYECKN aKTUBHbIX
coeAVHEHU (BUTaMWHOB, TFOPMOHOB, (PePMEHTOB, CTUMYNIATO-
poB pocta) u T. a. MNMpeBpalleHWe O4HUX BELLECTB B Apyrue c
MOMOLLbIDO MWKPOOPraHM3MOB Ha3blBaeTcsd OGMOKOHBEPCUEN.
Mpy MUKPOBUONOTNYECKOM CUHTE3€ UCXOAHBIM CbipbeM CRy>XXaT
pa3Hoobpa3Hble UCTOYHUKW yraepoda (MpUpoAHble YraeBoaopo-
Obl, OpraHU4YecKkme 0TXO0fAbl), MUHepasibHble CONM W aTMmocdep-
HbIA a30T. B KauyecTBe MWKPOOPraHWM3MOB MCMOMb3YHT MNpoKa-
pnoTbl (baKTepnun, akKTUHOMULLETbI) U FPUBHI.

MpuMeHsaa MeTofbl FEHETUYECKOW W KNEeTOUHOW WHXKEHepuu,
COBpeMeHHas OUOTEXHONOrMA OocyLl,ecTBASET LWUPOKOE KOHCT-
pyunpoBaHVe TeHeTUYecKn MoAUDULMPOBAHHBIX OpraHM3MoB
(TMO), B TOM 4unce MUKPOOPraHM3MOB, PacTeHUn U XXUBOTHbIX.
B pganbHelweM npegnonaraetcs wucrnosb3oBaHue MO B npu-
POAHbIX ycnoBuAX (B Ce/IbCKOM XO03s1ACTBEe, pbiboBOACTBE, AN
6uonornyecko 60pb6bI ¢ BpeaMTENsIMU CeNbCKOro W JIeCHOro
X038iCcTBA U T. A.). OQHaKo nepes reHeTUYecKol WHXXeHepueii
CTOUT psSAf 3TUYECKMX N TEXHOIOTMYECKMX MNpobsiem. Mpu Bbl-
nycke MO B oKpy>aloLLyl cpefy OHW MOTyT B3aMMOAehcTBO-
BaTb C pa3Ho0bpasHbIMK OpraHu3aMammu, coobu,ecTBamMu U 3KO-
CNCTEMaMWN KOHKPETHbIX TEPPUTOPUI, B TO BPeEMsS KakK npouecc
M Ucxo[ TakKMx B3auMOAEeNCTBUI He Bcerga nogfaeTcs MPOrHo-
3upoBaHuio. B yacTHOCTU, CcyuieCcTBYeT 0MacHOCTb BHeApeHUs
#/NCKYCCTBEHHbIX TFE€HOB» B TFEHOM MPUPOAHbLIX OPraHM3mMoB B
pesynbTaTte ckpewmBaHna MO u «ankmx» ¢qopm. MN3-3a BO3-
MOXXHbIX HenpeackasyemblX MNOCAeACTBUIA HeobXxoauMbl ucche-
AOBaHWA, HanpaBfieHHble Ha n3ydyeHue b6uobesonacHocTn FMO.

1.5. BUOTEXHOMIOFNYECKNE OCHOBbI BbICOKUX TEXHOOTUi

CoBpeMeHHasi 6MOTEXHO/IOTNUS pa3BMBaeTCA HACTOMbKO AU-
HaMWYHO, YTO MOKa HEBO3MOXHO pa3paboTaTb eAUHYI0 Kaccu-
puKaLmnio ee KOMMOHEHTOB. JIUllb B caMOM rpy6om npubnmnxe-
HUM (MO aHanormm ¢ MPOMbILWIEHHBIMU HeGNONOrNYecKUMU
TEXHOMTOTUSIMU) MOXXHO BbleNUTb Ccriedyloline TUMbl TEXHOO-
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Mnasa 1. O6uwme npegcTaBneHNsa 0 6UOTEXHONOTUN

rUi: TeXHONIOTMN HU3KOT0 U BbICOKOr0 YPOBHS, 3KCTEHCUBHbIE
W NHTeHCUBHble, 6e30TXoAHble, 6e30nacHble, pPecypco- U 3Hep-
rocbeperawoume, TpygoeMkKue, HayKoemKue, npopbiBHble. CoB-
pemMeHHble BUOTEXHONOTNN pPa3INYHbIX HanpaB/eHU’ N pasinu-
HbIX YPOBHEW HepaspbiBHO CBA3aHbl MeXAy C060A B eAUHYIO
Hay4YHO-NMPON3BOACTBEHHYIO CUCTEMY.

TexHOMOrMn HU3KOF0 YPOBHA — 3T0 TEXHOMOTMWU Tpaguun-
OHHble, B N3BECTHOIM Mepe ycTapeBwwue. K TakoBbIM O0THOCATCSH
TEXHOIOTMN 6MOMOTNYECKOM OYUCTKU CTOUYHbIX BOA, MOYyYeHUs
6uoTonaMBa, HEKOTOpble BUAbI MUKPOO6MOAOTMYECKOTr0 CUHTEe3a.
OHN xapaKTepusyTcsa HU3KOMN HayKOEMKOCTbIO, T. €. 6asupy-
I0TCA Ha MUCronb3oBaHMM pabounx CUCTEM, MOSTYYEHHbIX METO-
JaMu TpagUUWUOHHOW cenekuuun. Takue TeXHONOTMU LWUPOKO
Ncnosb3ylTca B TPagULMOHHOM Ce/ibCKOXO03AMCTBEHHOM Mpo-
M3BOACTBE, B YAaCTHOCTU B pacTeHUEBOACTBE.

TEexXHOM0rMnM HU3KOro YPOBHA C MUHUMa/IbHbIMUM 3aTpaTtamu
MaTepuanbHbIX PecypcoB, 3HEPrMM N 4Yesl0BEYeCKOro Tpyfa Ha-
3bIBAlOT 3KCTEHCMBHbLIMU (Hanpumep, NOBbIWEHWEe MI040pPOANSA
MoyeB MyTeM BbIBO3a Ha MOAs HaBo3a M Topda, 3anawku MoX-
HUBHbIX OCTATKOB W/MMN cupepaToB — creuuasbHO BbipalleH-
HbIX 6060BblX pacTeHwui). [MogobHble TEXHOMOrMKM NoKasanu
CBOK HE3(EKTMBHOCTb YXKe B MepBoi NosoBuHe XX CcTO/M1eTUSA.
Tak, Npn NX NPUMEHEHUN NPOAYKTUBHOCTb arposkocucTtem ma-
N0 oTnnyaeTca OT NPOAYKTUBHOCTM MNPUPOLAHbIX 3KOCUCTEM,
YTO KOMMEHCMPYETCHA pacliMpeHUeM Mouiagenn CenbCKOX035M-
CTBEHHbIX yroanii: BoipybarTca neca (4peBecuMHa MUCMob3yeTcs
Ha TonanMBO, ANS MPOM3BOACTBAa Oymaru), pacnaxmBarTcsa cTe-
nu. Beipybka fiecoB 1 pacnawka cTenei Hen36e>xXHO CONPOBOX-
JalTcs 3po3uell MoyB, OCKYyAeHMEM BOAHbIX PecypcoB.

Bonee 3pheKTUBHbI MHTEHCUBHbIE TEXHO/IOTMN HU3KOIO
YPOBHSA, N B MepBYH 04yepelb TEXHO/IOTUWN BHEAPEHUS HOBbIX
COPTOB pacTeHWi, NopoA >XWUBOTHbIX W LWITaAMMOB MWKpoopra-
HuU3MoB. KauecTBo copToB (nNopo4, WITaMMOB) onpegenserca nx
MOBbILEHHOM MPOAYKTUBHOCTbIO MPU YBE/IMYEHUM 3aTpaT 4eslo-
BEUYECKOro TpyZa, CbipbeBbIX U 3HEPTeTUYECKUX PEeCcypcoB, Bce
60nee aKTMBHOM BHeApeHWU CPeAcTB MexaHu3auuu, aBToMaTu-
3auum n XxumMm3sauumn.

PacnpocTtpaHeHne MnoAo6HbIX TEXHOOTUIMA XapakKTepHo Ans
BTOpPOV MonoBuHbl XX B. Tak, B BenukobputaHnum B nepuog ¢
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1.5. BMOTEXHONOrN4YeCcKne OCHOBbI BbICOKUX TEXHONOT A

1950 no 1980 r. yganocb yBeMYUTb YPOXKAMHOCTb 3€PHOBbLIX B
ABa pasa (no 50 % npupocTa NOMYyYEeHO COOTBETCTBEHHO 3a cyeT
BHEAPEHUSA HOBbIX MHTEHCUMBHbLIX COPTOB U 3a CYET YBE/IMYEHUSA
3aTpaTt CbipbeBbIX W 3HEPreTMYecKMx pecypcoB). B HacTosllee
BPEMS B 3KOHOMWYECKW pa3BUTbIX CTpaHax Ha MNPOU3BOACTBO
O04HO/ MULLEBOW Kanopuu 3aTpaymBaeTcss NATb — CeMb Kaso-
puin nckonaemoro Tonamea.

OfHakKo B pe3ysibTaTe NMPUMEHEHUSI MHTEHCMBHbLIX TEXHOJ10-
rMin HW3KOro0 YPOBHS MHOFOKpaTHO ycunmBaeTcs JoKasibHasi
Harpy3ka Ha NpupoAHble 3KOCUCTEMbl, MPOUCXOANT MeXaHu4e-
CKas 3po3us no4ys, Bo3pacTaeT 3arpsA3HEHHOCTb UX MUHepasb-
HbIMW yAoOpeHUsMU U cpeacTBaMW 3allUTbl pacTeHWU. YBenu-
yMBaeTCca U rnobasbHas Harpyska Ha 6uocdepy, B nepByl o4e-
pefb 3a c4yeT BbI6POCOB Yr/aeKMcsoro rasa: kKonm4dectso CO2
obpasylollerocs nNpu CXUraHMM MCKOMaemMoro TonjavBa, B He-
CKOMIbKO pa3 6onblie, 4em Konmyectso CO2, accuMmmnupyroLle-
roca B xofde ¢poTocMHTe3a B arpoakocucrtemax. OgHUM U3 ca-
MbIX CYLLeCTBEHHbIX HeLOCTAaTKOB WHTEHCUBHbIX TEXHOMOruii
ABNSAETCA pe3Koe CHUMXKeHMe KayecTBa NpPoAyKUUWN (Takyl npo-
LYKLMIO 4acTo Ha3blBAKT 3KO/10TMYECKM FPsSI3HON).

Y>e B 1970-e rr. ctano sACHO, YTO MUCMNOSIb30BaHUE TEXHOJ0-
i HU3KOr0 YPOBHA — 3TO TYMMWKOBbIM NyTb. BbIX040M U3 He-
ro crasi0 MCMNOMb30BaHWE MPOPbIBHbIX TEXHOAOrUNM, 6as3upyto-
LLMXCHA Ha CaMbIX COBPEMEHHbIX AOCTUXXEHUAX HAYKN N TEXHUKMN.
B cBOe BpeMs TaKOBbIMUW CTanM TeXHONOrMU MUKpobmonormuye-
CKOro cuUHTe3a (Hanpumep, MoayyYeHUe aHTUOBUOTUKOB), TEXHO-
Normn K/eTovyHOW WHXXeHepuwn (Hanpumep, rmbpuausaumsa ce-
MUTUYECKNX KNEeTOK U K/IOHUpOBaHMWEe OpraHu3MoB), TeXHO0rnmn
reHeTUYecKo WHXeHepun (Hanpumep, MNoJy4YeHWe BEKTOPOB
nepeHoca AHK un co3gaHue TpaHCreHHbIX OpraHM3MoB).

MpopbiBHbIE, MNPUHLUMNWAALHO HOBble TEXHO/OTMU MOTYT
6bITb OMAaCHbI AN YesloBeKa M OKpyXawuwei cpefbl, NOCKONbKY
nocneacTBUA MX NPUMEHEHUSA Henpeackasyembl. BHegpeHue
NPopbIBHbLIX TEXHO/IOTMI, KakK npaswuio, CONpoBoOXaeTcs MosB-
NleHNneM HOBbIX BMAOB MPOAYKTOB M HOBbIX BUAOB 0TX040B. J1t0-
601 HOBbIN MNWULLEBON WUAWN MPOMbILWEHHbIA MNPOAYKT AO/KEH
NPOXoAuUTb BCECTOPOHHIOKW MNPOBEPKY Ha annepreHHoOCTb, KaH-
LLepOreHHOCTb U MyTareHHoCTb, Ha COBMECTUMOCTb C APYrUMU
npoaykTamm, Ha 6e30MacHOCTb 4719 OKpyXKalLiei cpeabl U T. 4.
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Mnasa 1. O6w e NnpeacTaBeHNs 0 6UOTEXHONOINN

Ha ocHOBe MpOpPbIBHbIX TEXHO/IOMUIA co3farnTcss OGUOTEXHO-
JIOTM BbICOKOFO YPOBHST (MM MPOCTO BbICOKME OBUOTEXHOJI0-
rmm). B NpoTUBOMOMIOXHOCTL TEXHOMIOTMSAM HU3KOr0 YpPOBHA,
BbICOKME OMOTEXHOMIOTMN XapaKTepun3yrTCca BbICOKOA HayKoeMm-
KOCTb, T. €. UCMO0/Ib30BAHWEM CUCTEM, MOSIYYEHHbIX caMblMU
COBPEMEHHbLIMW METOAaMWN FeHeTUKU, MUKPOOBMOIOrumn, LuToso-
rMuv, 3K0/0rn, MONEKYNAPHOW 6uonorum. Matepuansl, npuve-
HAeMble B BbICOKMX OMOTEXHOMOIMAX, 4acTo HY>XXAalTcsa B cne-
unanbHoW noarotoBke. Bce 3To TpebyeT creymanbHOro TexHOo-
norvyeckoro o060opygoBaHUA U BbICOKOKBaANTNMULMPOBAHHbIX
cneumanunucToB, a Ha COBpeMEHHOM 3Tane — aBToMaTu3auum wu
KOMMNbOTEpPU3aLMnM NpPoM3BOACTBA. TakKme TEeXHOI0TMU MUCMOSb-
3yIOT B CENIbCKOXO03AMCTBEHHOM MpPOM3BOACTBE, 34paBooXpaHe-
HUW, B pasIMYHbIX 06/M1acTAX HayKu, Npu MNAaHUpoBaHUN W
NpoBeAeHUN MPUPOAOOXPAHHBLIX MEPONPUATUINA.

BbicOKMe 6MOTEXHOMOMMM TakKXXe nogpasfefniaoT Ha 3KCTEeH-
CUBHbIE N MHTEHCUBHbIE. IKCTEHCUBHbIE BbICOKME OBUOTEXHO-
NOTMN  XapaKTepu3ynTcsad OTHOCUTENIbHO HU3KUMW 3aTpaTtamu
CbIpbEBbIX U 3HEpreTUYecKNx pecypcoB. K TexHonormam nopoo6-
HOro0 TMMNa OTHOCUTCHA 60NbLUMHCTBO MUKPOGMONOTMYECKNX MPO-
M3BOACTB, TEXHONOMMYECKNX MpPOLECcCOB MO NOAFOTOBKe U nepe-
paboTKe MPOMbILLIIEHHOIO Cbipbd, @ TakXXe YacTb MPoM3BOACTBA
NPOAYKLUN Ha OCHOBE TKAHEBO-K/MIETOUHbIX KY/bTyp. 3TN Tex-
HOIOTMW YaCTUYHO MHTEHCUPULMPYIOTCHA 3a CHeT KOMMblTepu-
3auMu Npomn3BOACTBA.

VIHTEeHCUBHbIE BbICOKME 6MOTEXHOMOrMMU (B MPOTUBOMO-
NOXKHOCTb 3KCTEHCUBHbIM) peann3ylTcsa C MNpuUBeYEHUEM crie-
LManncToB Bbicovalwen KBanuduKaumu, ¢ MUCMNOMb30BaHUEM
YHUKa/IbHOro 060pyAoBaHUsS U caMbiX COBPEMEHHbIX MaTepua-
noB. 3TN 6UOTEXHO/IOTMN MNPUMEHSIOT B MeAULUHE, a TaKXe
ONS co3gaHUst OpraHM3MoB C 3apaHee 3aJaHHbIMW CBOMCTBAMMU.
Hy>XHO OTMEeTWUTb, 4YTO MWHTEHCUPUKALUA BbICOKUX TEXHOJIO-
ruM, B OT/IMYME OT WHTEHCUPUKaLUN TEXHOMNOTMA HUIKOro
YPOBHSA, 3akK/o4yaeTcsa B MNOBbILEHUM KayecTBa PeCYypCcHOro u
MH(OPMaLMOHHOI0 obecrnevyeHUA.

TexHOM0rMm pasHbiX YPOBHEN Hepa3pbiBHO CBA3aHbl MeEXAy
co60M: C OAHON CTOPOHbI, BbICOKME TEXHOMIOTMN 6a3MpyoTCa Ha
TEXHONOMMAX HU3KOro YPOBHSA, ANIA UX OCYLW,EeCTBeHUA Tpeby-
eTca onpefeneHHbIN pecypcHbIN, 3aHepreTMYyecknini U nHhopma-
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KOHTpO/bHbIE BONPOCHI

LUOHHBIA (PyHAAMEHT, C APYroli — [OCTUXKEHUS BbICOKUX TeX-
HOJTOTUIA UCNOMBb3YIOTCSA Ha HUBLWNX YPOBHAX OGMOTEXHOMOTNYe-
CKMX MPON3BOACTB.

BbiCOKMe TexHON0rnMu npeacTtaBasaloT cobol Benuvyaiiee
[OCTUIXKEHUE YesloBeyeckoro pasyma. OgHako no psigy napamet-
POB OHW He TO/IbKO He MPEBOCXOAAT TEXHOMOrMM HU3KOFO YPOB-
HSl, HO gayke M ycTynawT MM. B 4acTHOCTM, BbICOKME TEXHOJI0-
rmm TpebyloT Bce GONbLINX BJIOXKEHUIA BCEX BUAOB PeECYpPCOB,
OHW He pewakwT MNpo6/eMbl MOSyYEeHUS] 3KOTOTUYECKM YMCTOA
npoayKuuKn, a caMo 6MOTeXHO0rMYecKoe MPOM3BOACTBO MOXKET
npeacTaBAATb YIpo3y ANs1 YesiOBEKA M OKpyXKallie cpeabl.

KOHTPOJIbHbIE BOIMNPOCHI

1. Kakne HayKku BHec/u 60/bLUOM BKag B pa3BuTue 6MOTEXHONO-
mmn?

2. MepeuncnnTe OCHOBHbIE 3Tamnbl Pa3BUTUSA BMOTEXHOTOTUN.

3. Kakve npogyKTbl noayyalwT MeTogaMmy 6MOTEXHONOMMN N B KaKKX
oTpacnfax HapoAHOro X035MCTBa OHUM HaxoAasT NPUMeEHeHMe?

4. [aiiTe onpeaesnieHe TepMUHA «TEXHOMOTMUS» U NepevyncnInTe BUAbI
TEXHOJIOTUIA.

5. Uem oT/inyaTca pmu3anyveckme n XMMMYECKMe TeEXHO0rmmn?

6. UTo Takoe 6MOTEXHO/OMMNA U KaKOBbl ee Lenn?

7. Mepeuncnute NpUOPUTETHbIE ANAA HApPOAHOro Xo3siicTBa Hanpas-
NIeHns1 6BUOTEXHOIOTUN.

8. Kakuve nepBooyepegHble 3afayn CTOAT nepeq 6MoTexHosioramm?

9. MNMpon3BoACTBO KaKMX MPOAYKTOB OGMOTEXHOMOIMM OCYLLecTBNSAET-
€A C MCMN0Mb30BaHMEM MUKPOOBMONOrM4ecKoro cMHTesa?

10. Ha3oBuTe MeTOAbl, MCMOJSIb3YeEMble A1 MOMYYEHUA TEHETUYECKN
MOoANULNPOBAHHbBIX OPraHM3MOB.

11. PacckaxkuTe 0 TeXHO0rMAX HU3KOro YpoBHA.

12. Y10 TaKoe UHTEHCUBHbIE TeXHOMOrMN? MNpuseanTe NpuMepsl.

13. PaccKka)knute 0 MPOPbIBHbIX TEXHOMOIMAX WU UX MpenMmyLliecTsax,
Nno CpaBHEHWUIO C APYTMMW BUAAMMW TEXHONOTUIA.

14. YTo Bbl 3HaeTe 0 6BUOTEXHOTONNSAX BbICOKOr0 YPOBHSA?

15. MepeyuncnuTe OTANUNA MeXXAY IKCTEHCUBHLIMU N UHTEHCUBHbLIMU
BbICOKUMU GMOTEXHOMOTUSIMU.



nasa 2

OCHOBHbBIE OBBEKTblI BUOTEXHOJ/10T MU
N NX HAPOAHOXO3ANCTBEHHOE
SHAYHEHWME

O6beKTbl, UCMOMb3yeMble B 6UOTEXHOAOINMN (OHU BKAOYAOT
npeactaBuTeneit Kak NpPoKapuoTt, Tak M 3yKapuoT), Ype3Bblyaii-
HO pa3Hoo06pa3Hbl MO CBOelM CTPYKTYPHOW opraHmsaumm un 6uo-
norvyeckmm xapaktepuctmkam. K ob6bekTam 6UOTexXHONOruu
OTHOCATCSH:

— BUPYChI;

— bGaKTepunm N umnaHobakTepuu;

— BOAOPOC/N;

— NNWaNHWUKW;

— rpubsl;

— BOJHble pacTeHus;

— KJ1eTKWN pacTeHUN U XXUBOTHbIX.

B rpynny HM3WNMX pacTeHui BXOAAT M MUKPOCKOMMYECKU
Masible opraHm3mbl (OQHOKJ/IETOYHbIE WM MHOIOK/IeTOYHbIE), W
OYeHb KpyrHble No pasmepam. Ho Bce OHW 06beAVMHEHbI TaKu-
MU 00W MMM NpuU3HaKamMn, KakK OTCYTCTBMe pacy/ieHeHUsa Tena
Ha BeretaTuUBHble OpraHbl N pasHoobpa3ne crnocob6oB pasmMHoOXe-
HUA.

K Hu3wum OTHOCAT criegyowme otgensl: Bupycbl, BakTe-
pun, rpynna otaenos Bogopocnn (CuHeseneHble, 3eneHble, Au-
aTomoBble, Bypble, KpacHble U gp.), MukcomuueTbl, pubsbl,
NuwaiHnkn. Mo cnocoby nNuUTaHUA MX NoapasfensalT Ha ABe
rpynnbl: aBTOTPOdbl (BOAOPOC/IN U NUWANHUKN), CNOCOGHble K
oTOCMHTE3Y, U reTepoTpodbl (BUpPYChl, 6akTepum — 3a He-
60NbWNM UCKIKOYEHUEM, — MMUKCOMULETbI, rpubbl), UCMOMb-
3ywuime onsa NUTaHUA FOTOBble OpraHM4YeckKme BellecTBa.

Hwu3wwne pacTeHUs MNpoWN A/IUHHBLIA UCTOPUYECKUR MyTb
pa3BUTUSA, HO MHOrMe UX NpeacTaBuUTesIM A0 CUX MNOP COXpaHWu-
NV 4yepTbl NMPUMWUTUBHON opraHmsauun. Ha onpegeneHHom 3Ta-
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2.1. Bupycsl

ne pasBnTmAa OHW pasin Ha4dasio BbiCLULMM pacCTeHUsAM, BEHLOM
KOTOPbIX ABNMAKTCA NOKPbITOCEMEHHbIE.

2.1. Bupycsbl

Bupycbl (0T nat. YilMi8 — aa) — 370 Menbyaiiluve opraHms-
Mbl (He 6osiee 200-300 HM), HEBUAMMbIE B CBETOBOWM MWMKPOCKOM,
He MMerLl e KAeTOYHOro CTPOeHUS, JNLWEHHble COH6CTBEHHbIX
cucTeM 3HeproobecnevyeHUs, oTanMyarwmecs napasnTUYecKUm
cnocoboM cyllecTBOBaHUA, T. e. ABMAKOLWNECA BHYTPUKIIETOY-
HbIMW napasutamu. [JeTasnibHOe N3ydYeHUe BUPYCOB CTaslo BO3-
MOXHbIM C pPasBUTUEM 3/1EKTPOHHOW MUKPOCKOMUU, BUOXUMUN,
MOMEKYASAPHOA 6Monoruu.

Bupycbl — cbopHas rpynna, He uMetowiasa obuwiero npegka.

CTpyKTypa. BupycHble yactuubl (BUPUOHbI) UMeT 6e/1KOo-
BYIO Kancyny — Kancupj, cogep>awunin reHoMm Bupyca, npea-
CTaB/IeHHbIN O0AHOW WAN HECKONbKUMW Monekynamu AHK wunun
PHK. Kancmpg noctpoeH mM3 KancomepoB — 6enKOBbIX KOMM-
NIeKCOB, COCTOSALWMX, B CBOK O04Yepefb, M3 MpPoTOMepoB. Bupwu-
OHbl 4acTO UMEKT MpPaBuU/IbHYIO FeoMeTpUYeckyr Gopmy (UKO-
casgp, uunuHgp). Takasa cTpyKTypa Kancumpa npegycmatpmsaet
WOEHTUYHOCTb CBSA3EM MeXAay cocTaBnsAwWwMMKU ee 6enkamu u,
cnepoBaTesibHO, MOXeT 6bITb MOCTpPOoeHa W3 cTaHAapTHbIX 6en-
KOB O4HOr0 W/N HEeCKO/IbKUX BWUAO0B, 4YTO MO3BOMSAET BUPYCY
«3KOHOMMUTb» MECTO B reHome. bBenku kancuga KoMmrnaemeHTap-
Hbl OrnpefesieHHbIM MOJIEKY/IAPHbLIM CTPYKTYypam B KJ/IeTKe XO-
39MHa M BCTynawT C HMMU BO B3aumopgencTBue, Heobxogmmoe
ONS MPOHUKHOBEHUS U cyliecTBoBaHUSA Bupyca. Kancupg sawm-
LWaeT BUPYC TOMIbKO BHE >XWBOW KNeTKU. BHe KeTKM-x03siHa
BUpPYCbl BeayT cebsd Kak BewectBo (MOryT 6bITb MOSyYeHbl B
KpuUcTannmn4yeckon copme); nornas B XXUBYI KNEeTKY, OHW BHOBb
NposiBASAT aKTUBHOCTD.

MexaHU3M UHPULUPOBAHUSA. YCNOBHO MNpPOLECcC BUPYCHOrO
MHUUNPOBaAHUA B MacliTabax OAHOW K/IeTKUM MOXXHO pasbuTb
Ha criegylouwune atansbl.

MpucoegnHeHne K KNeTOYHOW MembpaHe — TaK Hasbl-
Baemas apgcopb6bumsa. O6bI4YHO, AN1A TOro 4YTo6bl BUpYC apcopbu-
poBasicad Ha MOBEPXHOCTWU KJIeETKW, OHa A0/IXKHAa UMEeTb B cocTa-
Be CBOeM nnasmaTuyecko MembpaHbl cneyngunyecknin 6enok
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(4yacTo rAMKONpPOTENH) — peuenTop, cneunduUHbIN NS AaHHO-
ro supyca. Hanuuue peuentopa Hepenko onpefenser Kpyr Xo-
35eB faHHOro BMpyca, a TakXe ero TKkaHecneunpuuHoCTb.

MpoHMKHOBEHME B KJ1eTKYy. Ha 3Tom 3Tane BuMpycy Heo6-
X0AVWMO [0CTaBUTb BHYTPb K/IETKU CBOK FEHETUYECKYI UHGOP-
Maun. HekoTopble BUPYCbl MPUBHOCAT TaKXXe COOCTBEHHbIE
6enkun, Heobxognumble ANA ee peanusauynn. PasnnuHble BUPYChI
ONA MPOHUKHOBEHUSA B K/IETKY MCNONb3YKT pasHble cTpaTeruu.
Bupycbl Takxe pasnuyalwTca Mo fokanmsauunm ux pensvka-
LMKX: YacTb BMPYCOB pasMHOXaeTcA B uuTonaasMe K/AeTKU, a
yacTb — B ee fAjpe.

MepenporpamMmmumpoBaHue keTKU. MNpu 3apaxeHUn BUPY-
COM B KJ/1IeTKe aKTUBUPYIOTCA cneunanbHble MexaHuU3Mbl MPoTu-
BOBUPYCHOM 3alnTbl. 3apaXeHHble K/EeTKW HauyunmHalT CUHTe-
3upoBaTb CUTHasbHble MOJIEKY/Ibl, Hanpumep WHTepdepoHbI,
nepeBofsiline OoKpy>kawwmne 340P0Bble K/ETKU B MPOTUBOBU-
PyCHOe CcOoCTOAHWEe W aKTUBUPYKOLLNE CUCTEMbl MMMYHUTETA.
MoBpeXxaeHUsA, Bbi3blBaeMble pasMHOXXeHWEM BUpyca B KJeTKe,
MOryT 6bITb 06Hapy>XeHbl CMCTeEMaMW BHYTPEHHEr0 KNeTOYHOro
KOHTPONA, WU TaKas K/eTKa A0/HKHa 6yaeT «MOKOHUYUTb >XWU3Hb
camoybuincTtBoM» B X0fe MpoLecca, Ha3blBAEMOro ariornTo30Mm
(VA nporpamMMuMpyemMoin KNeTtoudHowW rnéenbto). OT cnocobHOCTH
BUpyca npeofosieBaTb CUCTEMbI MPOTUBOBMPYCHOM 3aWunTbl Ha-
NPAMYI 3aBUCUT ero BbDKMBaHuWe. HeyauBUTeENbHO, YTO MHO-
rve BMpPYChbl, 3BOSTOLUOHUPYSA, Npuobpenn crnocobHOCTb nogas-
NATb CUHTE3 UHTepdepoHOB, arnonTo3HY nporpamMmy u T. [.
Kpome nopgaBneHuss NpPOTUBOBUPYCHOW 3aliUTbl, BUPYCbl CTpe-
MATCA c034aTb B KJ/IeTKE MaKCcuUMasnbHO 6/1aronpusTHble Yyc/io-
BUA 018 pa3BUTUSA CBOEro rnoTomcTBa.

MepcucTeHunA. HekoTopble BUPYCbl MOryT MNepexoauTb B
naTeHTHoe COCTOSIHME (TaK HasbiBaemas rnepcucTeHumns), cnabo
BMeLWKNBaAsACbL B MNPOLECCHI, MPoOUCXoasLLne B KNeTKe, U aKTUBU-
poBaTbCA NUWb NPU onpegesieHHbIX ycnosuax. Ha atom no-
CTpoeHa, Hanpumep, cTpaTterua pasMHOXeHUA HEKOTOPbIX 6ak-
Tepuoharos: A0 Tex MOp MNoKa 3apaKeHHas KeTka HaxoAuTCA
B 6naronpusaTHON cpege, har He ybouBaeT ee, HacnegyeTtcs fAo-
YEepHUMU KJleTKaMU U HepeaKo WMHTerpupyetcss B KJ/ETOUHbIN
reHoMm. OgHako Npu nonajaHuy 3apaXKeHHoi arom 6akTepuu
B HebnaronpuAaATHyW cpeay B036yauTeslb 3axBaTbiBaeT KOHT-
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2.1. Bupycsbl

posib Haf KNeToYHbIMU MpoueccamMmun TaK, YTO K/eTKa HadunHaeT
npon3BoAUTbL MaTepuasibl, N3 KOTOPbIX CTPOATCA HOBble haru.
KneTka npeBpauiaetca B «pabpuKy», CNOCO6HYH MPON3BOAUTDL
MHOrve TbicA4Yn haroB. 3pesible YacTulbl, BbIX0OAA N3 KJIETKWU,
pa3pbliBalOT K/IETOUHYIO MeMbpaHy, TeM caMbiM ybuBas KNeTKy.
C nepcucTeHUMel BUPYCOB CBA3aHbl HEKOTOPble OHKOJ/IOrMYe-
ckne 3aboneBaHUA.

Co3gaHue HOBbIX BUPYCHbIX KOMMOHEHTOB. Pa3MHOXe-
HUe BUpPYCcOB B caMoM o6LieM c/fiydae npepgycmaTpuBaeT Tpu
npouecca:

— TPaHCKPUMLNIO BUPYCHOro reHoma, T. €. CUMHTE3 BUPYC-
Holi MPHK;

— TpaHcnayuw MPHK, T. e. cMHTe3 BUPYCHbIX 6€/1KOB;

— penJiMkauui BUPYCHOro reHoma.

Y MHOrMx BUPYCOB CYLLECTBYKT CUCTEMbl KOHTpO/sA, obec-
neymsalwlime onTMMasnbHOe pacxofoBaHue OGuomaTepuasnos
KNeTKn-xo3ssmHa. Hanpumep, Korga smpycHoii MPHK Hakonne-
HO [A0CTATOYHO, TPAHCKPUMLUUNA BUPYCHOro reHoma nofaB/fifieT-
cA, a pensikauunsa, HanpoTuBe, aKTUBUPYETCA.

Co3peBaHMe BUPMOHOB U BbIXO4 W3 KNEeTKW. B KOHUE KOH-
LLOB HOBOCUMHTEe3MpoBaHHble reHoMHble PHK nnn AHK «opeBatoT-
CA» COOTBETCTBYHLWMUMU BenflkaMu N BbIXOAAT U3 KNeTkn. Cne-
LyeT OTMeTUTb, UTO aKTMBHO pa3MHOXawLWuiica BUpyC He BCer-
fa ybuBaeT K/eTKY-X03siMHa. B HeKOTOpbIX cryyasiXx fo4vepHue
BMPYCbl OTMOYKOBbIBATCA OT MN/la3MaTU4YecKOn MeMb6paHbl,
He Bbl3blBas ee pa3pbiBa. TakuM o6pa3om, KsjieTKa MOXXeT Mnpo-
40/1KaTb XUTb N NMpoayunpoBaTb BUPYC.

Knaccnmnkauyna BupycoB. Cucrtematmky U TakKCOHOMUIO
BMPYCOB KognguumpyeT u nogdep>xxmsaet MexXayHapoaHbIN
KOMUTET No TakcoHomuun BupycoB (lnlernavonal CoTTll ee on
TaxonoTy o” ¥Y1rmnzes, 1CTY), nogaep>XXvBawwmini Takxxe 1 Tak-
COHOMMYeckyto 6a3y Tbe UNwyer8al ¥Yrrus ba”abaze 1CTY<I1B.

dopma npeacTaB/eHUSA TeHETUYECcKOol MHAoOpMaLUU NeXuT
B OCHOBe COBpPeMeHHOI knaccuukauyum supycos. B HacTosuwee
BpemMa ux nogpasgensaT Ha AHK- n PHK-cogep>xalivne Bupychbl.

K Bupycam oTHocATcA 6akTepuodarn — napasnuTbl MUKPO-
opraHmamoB. OHW COCTOAT M3 ABYX 4acTel: Npm3aMaTuyecKoii
rosiIoBKM N XBOCTOBOro oTpocTKa. Ecnu po6aBuTb K MuUKpobam
b6akTepuocar, AeicTBYHOWWNIA MMEHHO Ha AaHHbI BUA MUKpPO-
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60B, 4epe3 HeCKO/IbKO MUHYT ero MOXHO 06Hapy>XuTb Ha no-
BEPXHOCTN MWUKPOOBHOW KMAETKW, K KOTOPOW OH NpuKpennasetcs
OTpOCTKOM. 3aTeM bGakTepuodar Bblgensetr (epMeHT, pacTBo-
palowmnii 060N104Ky 6aKTepun B MecTe MNPUKpPenseHUss 0TPOCT-
Ka. CkB03b 370 oTBepcTue AHK, Haxogsuwasca B rosoBke, no-
nagaet B kjeTky. Kancmp octaetcsa cHapyxwu. log BAvusiHUEeM
AHK dhara o6meH BellecTB 6akTepunm nepectpavBaeTcs, 6eM0K-
CUHTE3npyLWwmne cuctembl bGakTepum o6pasyT 6enkm ara,
npoucxoauT pennaukauma garoson AHK. Yepe3 15-30 MUH
060/104Ka KNeTKU pas3pbiBaeTcs, MU OFPOMHOE KONM4YecTBO (haros
BbIXOAUT B OKpyXallyo cpegy. ®arm 3apaxkalT HOBble K/eT-
KW, Bbl3blBasA UX NN3UC.

3HauyeHue BUPYCcOB. Bupycbl Bbi3blBAKT pAf onacHbIX 3abo-
neBaHuii 4yenoseka (ocny, renatuT, FpUnn, Kopb, MoaMOMUeE-
nut, CNNA, pak n 7. 4.), pacteHnin (Mo3am4vHyw 60ne3Hb Taba-
Ka, TomMaTa, orypua, Kap/MKOBOCTb, YyBAfaHWe 3eMJISHUKMW),
XXUBOTHbIX (4yMy CBUHeN, Awyp). OagHako npenapaTbl COOTBET-
cTBYHOLWMX b6aKTepuoaroB NpuUMeHSAKT ANS fiedeHNs b6akTepu-
anbHbIX 3a6oneBaHUii — AU3EHTEPUN U XOJepbl.

MonyyeHne wnHTepdepoHa — 0c060ro KAeTo4yHOro 6enka,
NPenAaATCTBYIOWEro pPasMHOXEHWUI0 BUPYCOB, — LWMUPOKO WUC-
nonb3ywT B MeAuLMHe, 0COBEHHO BO BPeEMS BCMbILIEK 3NNAeMUii
rpymnna. 3TO BeL,eCTBO YHWBeEpPCaNbHOro [AeWCTBUSA, aKTUBHOE
Mo OTHOLWIEHWID KO MHOrMM BuUpycam, XOTA 4YYBCTBUTENbHOCTb
pa3HbiX BUPYCOB K HeMY HeoguMHakoBa. Byayum npoaykTom ca-
MOW KJ/IeTKU, WHTEePdEepoH MOSIHOCTbI JIMWeEeH TOKCUYEeCKOro
BO34eNcTBMA Ha Hee. Cellyac NMPUMEHSIOT TOTOBbIN MHTepde-
pOH, ero MOXXHO CUHTe3NnpoBaTb B KJleTKaxX, Ky/JbTUBUPYEMbIX
BHe opraHusma.

2.2. bakTtepuu

A0 KoHua 1970-X rr. TEPMUH «BaKTepUs» CAYXXWUA CUHOHU-
MOM MApPOKapwuoT, HO B 1977 r. Ha OCHOBaAHWW AAaHHbIX MOJIEKY-
NSApHOWM 6M0N0rMM MPOKapMoThl NogpasfesIMIn Ha uapcTBa ap-
xebakTepuii n aybaktepuin (Co6CcTBEHHO 6aKTepuii).

CTpoeHue b6akTepuii. MopgaBnstouee 601bLWINHCTBO GaKTe-
puii (3a UCKAKYEHNEM aKTMHOMULETOB U HUTYATbIX LMaHobaK-
Tepunin) OQHOKNETOYHbI. 1o dopme KAETOK OHU MOTyT O6bITb
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2.2. bakTepuu

wapoBnaHbiMM (KOKKW), NanoyvykoBuUgHbIMK (6aynnnbl, KAOCT-
pnann, nceBAoOMOHaAbl), WU3BUTbIMU (BUBPUOHLI, CAUPUNNLI,
CNUpoxXeThbl), pexke — 3Be3f4aTbiMU, TeTpasgpuyecKumMu, Kyou-
yeckumu, C- nnm 0-obpasHbiMmn. ObA3aTeNlbHbIMU KIETOYHbLIMU
CTPYKTYypamu b6akTepuii ABNAKTCA:

— HYyKneoupg;

— pubocombl;

— uyuTtonnasmaTtuyeckas membpaHa (LLIMM).

MpokapnoTbl, B OT/IMYNE OT 3yKapuoT, He MMEeKT B LMUTO-
nnasme o6ocobneHHoro sgpa. Bca Heobxoaumas AN >XusHepe-
ATeNbHOCTN 6aKTepuii reHeTUHeckKaa MHGOPMaLNa coaepXnNTcs
B o4HOW paByxuenodeyHon AOHK (6akTepuanbHasa Xxpomocoma),
umewLen ¢GopMy 3aMKHYTOro kKonbua. OHa B OAHOW TO4YKe
npukpensieHa K LUIMM. AHK B pa3BepHYyTOM COCTOAHUW UMeeT
ONVHY 6onee 1 mm. BakTepmanbHasa xpomocomMa npefcTtaB/ieHa
006bIYHO B eAMHCTBEHHOM 3K3emnndApe, T. €. NpaKTU4Yecku Bce
NPOKapuoTbl ranjonAaHbl, XO0TA B OTAEeNbHbIX CcAy4Yasx ofHa
KneTKa MOXeT cofepXXaTb HECKO/IbKO KOMW cBOeli XpOoMoco-
Mbl. [lefnieHre XpPOMOCOMbl COMPOBOXAAeTCA [fe/leHUeM KeTKW.
O6nacTb K/N1IeTKU, B KOTOPOW Jjl0Kanu3oBaHa XpomocomMa, Ha3sbl-
BaeTCHAd HYK/IeOMAO0M; OHa He OKpYXXeHa aAepHoi Mem6paHOoiA.
B cBA3M ¢ 3TuM HoBOCUHTe3mpoBaHHasas MPHK cpasy pgoctynHa
ONs cBA3blBaHUA ¢ pubocomamm, T. €. MNpoueccbl TpaHCKpun-
UMM 1N TpaHCAAUMWM MOryT NpoTeKaTb OAHOBPEMEHHO. HAApbiL-
Ka HeT.

MoMMMO XpOMOCOMbI, B KNeTKax 6akKTepuili 4acTo HaxoasaT-
cA nnasMuabl — 3aMKHYTble B KOMbLUO He60/blINe MOMEKYbI
AHK, crnocobHble K He3aBUCMMOI pennukauyuun. OHU copeprkaT
LONONMHUTENbHbIE TeHbl, HE0OX0AUMbIE NNLWbL B CNeLndpuyeckmnx
ycnoBusax. B HUX KoaUPYOTCA MeXaHW3Mbl YCTOMYMBOCTU K OT-
JeNbHbIM NeKapCTBEHHbLIM MnpenapaTtamM, CNOCO6HOCTU K MepeHo-
Cy reHOB MpW KOHbIOrauumu, CUMHTE3a BeLLecTB aHTUOMOTUYe-
CKOV npupogbl, CNOCOGHOCTU MCMOMIb30BaTb HEKOTOPble caxapa
nnn obecneumBaTb Aerpajaumio pspa BewecTB. To ecTb nas-
MUAbl AeACTBYIOT KaK (haktopbl ajantaynm. B HEKOTOPbIX CAy-
Yyaax reHbl NaasMmibl MOryT MHTErpupoBaTb B XPOMOCOMY 6ak-
Tepun.

Punbocombl NpoKapuoT OTNMYaTCA OT TaKOBbIX Yy 3yKapuoTt
M UMEKT KOHCTaHTy cegmmeHTauun 70 8 (y aykapmuotr — 80 8).
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Y pasHbIX rpynn npokapuoT MMelTCa NoKalbHble BNsAYMBa-
Hua MM — me30coMbl, BbIMO/IHAKUINE B K/1€TKe pa3Hoobpas-
Hble QPYHKUUN N pasgensawouine ee Ha PyHKUMUOHaANbHO pasiny-
Hble YyacTn. CumTaeTcs, YTO Me30COMbl MNPUHMMAKT y4vacTuve B
peneHuun 6akTepuii. Korga Ha membpaHax Me30COM pacrnonara-
IOTCA OKUC/INTENbHO-BOCCTAHOBUTESIbHbIE (DEPMEHTbI, OHU ABJISA-
I0TCA 3KBUBaNEHTAMU MUTOXOHAPUIW K/ETOK pacTeHui 1 XXUBOT-
HbIX. Y (hOTOCMHTE3NPYHOLWMX 6aKTepnii BO BNSYMBaHUSA MeMbOpaH
BMOHTUPOBAH NUIrMeHT — 6akTepuoxsopodusnn. C ero NOMOLLbIO
M ocyuwecTBisieTcss 6akTepuanbHblii (DOTOCUHTES.

C BHellHel cTopoHbl OT LIMM HaxogaTcs HeCcKO/IbKO C/l0eB
(kneToyHas cTeHKa, Kancyna, CAU3UCTbI 4exon), Ha3blBaeMblX
K/NeTOYHOM 060/104YKOA, a TakXe MOBEPXHOCTHbIE CTPYKTYPbI
(OKTYTUKWN, BOPCUHKW, NNNN).

Y 6akTepuii cyw,ecTByeT ABa OCHOBHbIX TUMNa CTPOEHUSA Kiie-
TOYHOM CTEHKMW, CBOMWCTBEHHbIX FPaMnosiOKUTE/IbHbIM U Fpam-
oTpuuaTtenbHbIM Bugam. KnetouHas cTeHKa rpamnonioXuTesnb-
HbIX 6aKTepuii npeacTtaBnsieT cob60ii rOMOreHHbIW CNOA TONLLK-
HoM 20-80 HM, NOCTPOEHHbLIA B OCHOBHOM M3 MenNTUAOrIMKaHa
MypenHa ¢ 60MblINM KOMMYECTBOM TeMXO0EBbIX KWUCNOT U He-
60/1bWINM KOIMYECTBOM nosinmcaxapupos, 6enKoB M NUNUAOB.
Y rpamoTpuuaTtefnibHbIX 6aKTepuini NenTUAOrINKaHOBbIN CNoN
HenAo0THO npuneraet K LWIMM n nmeeT TONWNHY NNwb 2-3 HM.
OH OKpY>XEH Hapy>XHoW mMemObpaHOi, nMewLen, KakKk npasuno,
HEPOBHYI, UCKPUBAEHHYIO hopMmy.

C BHeWHeN CTOPOHbl OT KJ/IETOYHOW CTEHKM MOXeT Haxo-
ONTbCA Kancysa — amMopgHbIA CNON rugpaTupoBaHHbIX MONU-
caxapugoB, COXpaHAKUWMNA CBA3b CO CTEHKOW. CNn3nctble cnouv
He UMEeIT CBA3U C KNIeTKOM M NIerko OTAEeNATCA, YeX/ibl XXe He
amMopHbl, a UMET TOHKYK CTPYKTYpY.

MHormne 6aktepuun crnocobHbl K aKTUBHOMY [ABWXXEHWUIO C MO-
MOLL b XXTYTUKOB — BbIPOCTOB LMUTOM/a3Mbl.

PasmvHOeHVe 6akTepuii. BakTepum He MMeT MNOMOBOrO
npowecca MU pasMHOXAKTCA /MWb PaBHOBE/IMKUM OGUHaAPHbLIM
nonepeyHbIM AefieHNeM UNU novykoBaHuveM. [na ogHoW rpynnbl
OAHOK/IETOYHbIX LiMaHOobaKTepuii ONMCaHO MHOXECTBEHHOe fe-
neHve (pAg 6bICTPbIX MNoc/iefoBaTelbHbIX GUHAPHbLIX AeNeHui,
npmBoAsWNX K obpasoBaHuio oT 4 o 1000 HOBbIX K/ETOK Moj
060/104YKO MaTEPUHCKOWM KNeTKN).
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2.2. baktepumn

Y npokapuoT MOXeT MNPOMUCXO0AUTb FOPU30OHTasIbHbIN nepe-
Hoc reHoB. lMpn KOHblOTaLMKU KeTKa-AOHOp B X04e Hernocpen-
CTBEHHOr0 KOHTaKTa nepejaeT KjeTKe-peuMnmMeHTy 4acTb CBOe-
ro reHoma (B HeKOTOpPbIX c/y4YyasiX — BeCb FEHOM). Y4acTKu
AHK poHopHOW KNeTku MoryT o6MeHUBaTbCA Ha roMoiorny-
Hble yyacTku OHK peuyunueHTa. BepoATHOCTb Takoro obmeHa
3HayMMa To/IbKO ANns 6akTepuii ogHOro Buaa.

BakTepuanbHasa kneTka MOXeT norjaowartb U cBo60AHO Ha-
xoasawytca B cpege AHK, BkAyaa ee B CBOW reHom. JaHHbIN
npowecc HOCUT Ha3BaHue TpaHcopmaLunn. B NpupoaHbIX ycno-
BUSAX 00MeH TreHeTuU4YecKoi uHpopMaLueid npoTekaeT C MNo-
Mowbio 6akTepuodaroB (TpaHcaykumsa). MNpu ropusoHTanNbHOM
nepeHoce HOBbIX FEHOB He obpa3syeTcs, 0AHAKO OCYyLLeCcTBASAETCA
co3faHune pasHbIX FEeHHbIX coYeTaHWin. DTW cBOCTBA 6akTepuii
0YeHb BaXXHbl A/ reHEeTUYECKON MHXKEHEPUN.

CnopoobpasoBaHue y 6akTepuili. HekoTopble 6akTepumn 06-
pasylT cnopbl. IX popMmupoBaHue xapakTepHo Anas ocobo yc-
TOMUYMBLIX (QOPM C 3aMef/IeHHbIM MeTabo/IM3MOM U CAYXUT Ans
COXpaHeHMUs B HebMaronpuATHBLIX YC/IOBUAX, a TakXe ANns pac-
npocTtpaHeHnsa. Cnopbl MOFYT COXPaHATbLCA MPOAO/DKUTENbHOE
BpeMsl, He Tepsas XXM3HecnocobHOCTU. TakK, 3HAOCMOPbl MHOrMMUX
6akTepnin cnocobHbl Bbliaep>XXuBaTb 10-MUHYTHOE KuNAYeHUe
npu 100 °C, BbiCylUMBAHNE B TEYEHUE TbICAYU JIET U, MO HEKO-
TOPbIM AaHHbIM, COXPAHATCA B )XM3HECNOCO6HOM COCTOAHUMU B
no4ysax M ropHbIX Mopogax MWU/JIUOHbI fleT.

MeTabonusm 6akTepuii. 3a UCKNYEHNEM HEKOTOPbIX Chne-
UUprUUYecKUX MOMEHTOB, 6MOXMMMYECKUE NYTWU, MO0 KOTOPbIM
ocyuiecTBNsAeTca CUHTE3 6esIKoB, XXUPOB, Yr/1eBOA0B U HYKJeo-
TUAOB, Y 6aKTEpPUI CX0XXU C TAKOBbIMU Y APYTMX OPraHM3moB.
OaHaKo No 4Yncny BO3MOXHbIX BUMOXMMUYECKUX MNyTeh u, CooT-
BETCTBEHHO, MO CTeNeHU 3aBUCUMOCTU OT MOCTYMJIEHUS OpraHu-
YeCKUX BeLeCTB M3BHe 6akKTepunm pasnuyakwTca. YacTb bakTe-
pvii MOXeT CUHTe3upoBaTb BCe HeobXxogMMble UM OpraHuue-
CKMe MOJlIeKy/bl U3 HEOPraHUYecKMUX coefuHeHU (aBToTpodbl),
Apyrve >e TpebGylT roToBbIX OpPraHMYecKUX COefUHEHWUN, KO-
TOpble OHW CMOCO6HbI NULWb TpaHcopMmMpoBaTh (reTepoTpodbl).

Knaccngpmnkauma 6aktepuin. Hanmbonbwy W3BECTHOCTb
nony4yuna cgeHoTMnmyeckasa knaccuukaums 6akTepuin, OCHO-
BaHHas Ha CTPOEHUN WX KJIeTOUHOW CTeHKW. Ha ocHoBe 3ToOW
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Knaccudukaymm noctpoeH «Onpepenutens 6akTepuii Bepru,
OEeBATOe M3gaHMe KOoToporo Bbiwno B 1984-1987 rr. KpynHeii-
WUMWN TaKCOHOMUWYECKUMU rpynnamMu B HeW cTajsn yeTblpe OT-
fena: Oracllicnbe3s (rpamotpuuatensHble), Pwtcnbes (rpamno-
noxwutenbHble), Tenerccubes (Mukonnasmbl) M MenclosH;ul;es
(apxen).

3HaueHVe 6GakTepuii. BakTepumn-canpoduTbl uUrpawT 60/b-
WY poNb B KPYroBOopoTe BelecTB B nNpupoae, paspywas B
3KoCUCTeEMaX MEePTBbIA OpraHM4YecKUin mMatepuas. Xopowwo u3-
BeCTHa UX PoJib BO BCeX BMOreoXMMMUUECKNX LUKaxX Ha Hawem
nnaHete. BakTepnnm NPUHUMAKOT yyacTue B KpPyrosoporax Xwu-
MUYECKUX 3/1eMEHTOB (yrnepoga, >kesnesa, cepbl, asorta, gocdo-
pa n 4p.), B npoueccax rno4ysoobpaszoBaHnda, onpenenswT nao-
gopoaue rouys.

MHorne 6akTepum «HacensawT» OPraHU3Mbl >XUBOTHbIX W
yesioBekKa, CTOAT Ha CTpake 340POBbA.

BunotexHonornyeckne yHKUUU, BbINO/IHAEMbIE OAKTEPUSAMMU,
pa3Hoo6pa3Hbl. VIX NPpUMEHAT Npu NPOU3BOACTBE Pas/IMYHbIX
BewecTB: ykcyca (Cluconobacler sanboxlLllans), MO/TOMHOKUCbIX
HanMTKoOB U npoaykToB (baMobacllln3, beuconosboc), a Takxe
MUKPOOHbIX MHceKTMungos (Baclllm3z OTnnében3b3) u repbu-
ungos, 6enkos (MeOryloTona3s), BuTamuHoB (ClosbrlliuT —
pnbogaBuH); Npn nepepaboTKe 0TX0A0B, MOAYyYeHUN 6aKTepu-
anbHbIX yA06peHul, pacTBopuTeneidi U opraHMYecKuUX KUC/OT,
6uorasa n ¢otoBogoposa. LLIMpoko vcrnonb3yetcs TakKoe CBOW-
CTBO HEKOTOPbIX 6aKTepuii, KakK AMa3oTpPopHOCTb, T. €. CNOCo6-
HOCTb K (pMKcauum aTtmochepHoro asora.

Bnarogapsa 6bICTPOMY POCTY W PasMHOXEHWUID, a TakKXe
NPOCTOTE CTPOEHUSA, BAKTEPUN aKTUBHO MPUMEHSAT B HaYy4YHbIX
nccnefoBaHMsaX Mo MOJIEKYNSAPHOW 6MoOMOrMn, reHeTukKe mn 6uo-
XUMUN, B FeHHO-UHXXEHepHbIX paboTax npu co3gaHUN TFeHOM-
HbIX KJ/IOHOTEK W BBEAEHWWN TFEHOB B pacTUTEfIbHble KJ/ETKU
(arpobaktepumn). NHhopmaymna o meTabonmueckmx mnpoueccax
6akTepuini no3eosinna Nponu3BoanTb 6akTepuanbHbli CUHTE3 BU-
TaMWHOB, TOPMOHOB, (DEPMEHTOB, aHTUOUOTMKOB U Ap.

MepcneKTUBHbLIMU HanpaBAeHUAMU SABMAKTCA OYUCTKa C
ncnosib3oBaHMeM 6aKTepuil MOYB U BOAOEMOB, 3arpsA3HEHHbIX
He(bTenpogyKTamMu nnm KceHobnoTukKamum, a Takxe oborawjeHune
pyZ C MOMOLbIO CEPOOKUCNAWUNX 6aKTEPUIA.
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2.3. Bogopocnau

Henb3a 3abbiBaTb 0 TOM, 4YTO OTAeSibHble BUAbl 6aKTepuii
BbI3bIBAIOT OMNacHble 3abosieBaHUA y yesioBeka (4ymy, Xoriepy,
TybepKyrnes, OPHWHON Tug, CUOUPCKY A3BY, 060TYyNn3M w
AP.), XXNBOTHbIX MU pacTeHUl (6akTepuosbl). HekoTopble BUAbI
6akTepuin MOTryT paspyliaTb MeTasf, CTeKJ/I0, Pe3nHy, XJI0MOK,
ApeBecuHy, Macna, /lakum, Kpacku.

2.3. Bogopocnu

Bogopocnn — Haubonee ApeBHAS WM pasHopogHas rpynna
opraHnamoB. OHM o6UTalT B BOAHOW cpefde, No4yBe, Ha MoBepx-
HOCTW pacTeHU U B ApYyrux Mmectax. bonbwKMHCTBO Bogopoceii
ABNAKTCA aBTOTpopaMn, Tak Kak cofeprkaTt X10pouan v mo-
ryT WUCNONb30BaTb CO/IHEYHbI CBET, HO HepeaKO WX 3efieHas
oKpacka MackupyeTtcsa APYrMMU NUrMmeHtamum. HekoTopble BO-
Jopocnun yTpaTtuam cnoco6HOCTb K POTOCUHTE3Y M Mnepewwnn Ha
reTepoTpoPHbIA TN NUTaHUA.

OcobeHHOCTN CTpoeHus Bogopocnen. [lo cTpoeHuo Tena
pasnnyalT OAHOKNEeTOYHble, KOJIOHWasbHble WU MHOFOK/eTou-
Hble Bogopocnn. OHO MOXeT 6biTb MPeACTaB/EHO Ta/VI0OMOM,
WAV CJI0EBULLIEM, N He MNoApasfensieTcd Ha BeretaTuBHble opra-
Hbl. o ¢opmMe MHOroK/1eTOYHOro Tasji/loMa BblAeNsAT HUT4a-
Tble, NacTUHYaTbie U CU(OHOBbLIE BOAOPOC/N.

KneTKn MHOrMx BOAOPOC/AEN MOXOXXW Ha pacTUTesbHble.
Y HUX NMeKTCA KeTovyHasas CTeHKa, ofHa KpynHas wunm He-
CKONIbKO Me/IKUX BaKyosielh ¢ K/eTOYHbIM COKOM, a TakXe XJ10-
ponnacTbl, KOTOpble Ha3blBawTCA xpomMaTodgopamu. B xpomaTodo-
pax HaxoAaTcs MUIMeHTHble CUCTeMbl, B COCTaB KOTOPbIX BXOAAT
xnopounnnbl (3esieHbIe NMUTMEHTbI), KapoTUHOMAbLI (XKeNTo-opaH-
XXeBble MUIMeHTbl) U (PUKOOUNAUHBLI (CUHEe-(hMOMeToBble MNUT-
MeHTbI). VX cooTHOWEeHMe onpeaensieT oKpackKy BOLOPOC/M.

dopma XxpomMaTodopoB 0YeHb pa3HoobpasHa. OHa MoOXeT
6bITb NMacTUH4YaTOl, UMANHAPUYECKOW, NeHTOBUAHOWM, dalle-
BUAHOM, 3Be3guaton M T. 4. B xpomaTodopax pacrnosioKeHbl
nypeHoMabl, BOKPYT KOTOPbIX OTKMaAblBalOTCA 3anacHble Belle-
CTBa B BUAe Kpaxmasa uam 67M3Koro K Hemy yrnesoja.

BeretaTuUBHble K/IeTKU TanaomMa CHapy>Xu MNOKpbITbl TBeEp-
0O CTEeHKOW, cocTosuwein M3 Uennsosbl U MNEKTUHOBLIX Be-
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wects. WMHorga cHapyXu KneToudHass CcTeHKa MoKpbiTa WAun
MHKpYCTMpOBaHa KpeMHe3eMoM. LlnTonsiasma 3anofiHAeT BCH
Mos0CTb K/ETKU WM pacnosiodkeHa MOoc/oiHO. B KjieTke Haxo-
ANTCA 04HO MM HEeCKONbKOo Aaep. Kpome Kpaxmana, B KayecTBe
3anacHbIX MPOAYKTOB MOFyT HaKan/unBaTbCA KarnesibKW macna.

Pa3mHOXeHUe Bogopocnei. [ns Bogopocneil xapaKTepHbl,
Kak npaBu/o, OAHOK/NEeTOYHble OpraHbl pa3MHOXeHUs, Cnopo-
HOLLUEHUS U MOJIOBOF0 PasMHOXEHUS.

PasmHoOXeHWe y BOAOPOC/AEN MOXeT MPOUCXOAUTb Tpems
cnocobamu:

— BereTaTWBHbIM (fe/eHne KNeTOoK nornosiam, parmeHTamu
KOMOHWA W HWUTeN, cneynann3npoBaHHbIMU CTPYKTypamm —
KNyb6eHbKaMn — y XapoBblX);

— CO6CTBEHHO 6ecrnosibiM (MOABUXKHbLIMK 300CMOpaMm U
HenoABMXKHbLIMW ansiaHocrnopamm);

— nonoBbIM (C yyacTueM ramet uam 6e3 obpa3oBaHUsA ra-
MeT, NyTEM C/AUSAHUSA S4ep BereTatuBHbIX KETOK).

CobcTBEHHO 6ecrosioe pa3sMHOXeHUe OCyLLecTBASETCS C MO-
MOLL b 300CMOP WAN KJIETOYHbIX 06pa3oBaHWii, BO3HMKAKWLLNX
BHYTPW BeretaTMBHbLIX K/IETOK WAM B 0c06bIX opraHax (3oocro-
paHrMsaxX WAN CNopaHrusax) NyTeMm AefeHUst UX COAEP>XUMOTO.
Bckope mnocne BbIXoA4a B BOAYy Yepe3 OTBEPCTUS B CTEHKe CMo-
paHrmsa 3o00cnopbl cbpacbiBalOT XXIYTUKWU, MOKPbIBAKTCA Kiie-
TOYHOI 060/104KON M NpopacTalT B HOBYK 0C00b.

MonoBoi npouecc BO3MOXEH B hopmax:

— v3oraMmuu, Npyv KOTOPOA MPOUCXOAUT C/ANAHUE Of4UHAKO-
BbIX MO pasMepy M hopme NOABUXKHBLIX Famer;

— reteporammm, Npm KOTOPOA CAMBAKTCA MOABMXKHbIE ra-
MeTbl, VUMelLMe 04MHAKOBYI (HOpMYy, HO OTAM4akuimecss no
pasmepam;

— ooramMmmu, Korga cnmBaeTcsl HeMOoABMXKHASA KPYMHas >XeH-
cKasi rameTa — fliueKsieTka ¢ Me/IKUM MOABUXKHbIM CMepmMarto-
30M40M.

Y HeKOTOpbIX 3es/leHbIX BOAOPOCAEN MOSIOBOA MpoLLecc 0Cy-
uiecTBnseTcs B (POpMeE KOHBbIOraumu.

Y 0AHUX BOAOPOC/IEN OfHa M Ta >XKe 0C00b MOXXeT 06pa3oBbl-
BaTb rameTbl UAU cNOpbl — B 3aBUCMMOCTU OT BO3pacTa U yc-
NOBUI OKpYy>XallLlen cpeabl, y ApYrux — (YHKLMM N0/I0BOF0O U
6ecnosioro pasMHOXXEHUS BbIMOSTHAKT pasHblie 0co6U.
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2.3. Bogopocnu

Bogopocnn, Ha KOTOpbIX pas3BMBalOTCS opraHbl 6ecnosioro
pa3sMHOXXeHUsI, Ha3blBalOTCA criopouUTamMn, a BOAOPOCAU, Ha
KOTOPbIX pa3BMBAlOTCSA MOJIOBble OpraHbl, — rameToUTamm.
3TW ABa MOKOJIEHUSI B LUMK/e pa3BUTUS opraHn3mMa MoryT CU/b-
HO OT/INYATLCS MO CTPYKTYpe WKW, Hao6opoT, 6bliTb BHELIHE MO-
XOXKUMU Apyr Ha gpyra. CTporo ynopsifouyeHHble >XW3HEHHbIe
LUMK/bI, CXOAHbIE C LUKAAMU BbICWINX pacTeHWUi, CyL,ecTByT
JIVWb Y 3BOMIOLUMOHHO MPOABUHYTLIX BUAOB, TakKuUX, KakK mnpej-
CTaBUTENMN GYpbIX N 3e/EeHbIX BOAOPOC/EN.

Knaccudmkaumst Bogopocneir. MHOro4Ync/ieHHble BUAbl BO-
fopocrneli oTAMYalTcs MexXay co60ii aHaTOMUUYECKUM CTPOEHU-
eM KaK Bceil 0cobu, TakK M OTAENbHbIX K/ETOK, pas/inuvem B
NMATMEHTax N APYrux BK/YEHUSX U T. 4. Ha 0CHOBAHUU 3TUX
NpU3HaKOB BOAOPOC/IN noapasfensatT Ha 10 otaenoB. PaccMoT-
pUM Te M3 HUX, KOTOpble HAaW/IN NPUMEHEHUE B 6MOTEXHOTOTUN.

Bypble Bogopocnu

CBoe HasBaHMe 6Gypble BOAOPOCAW MNOSYUYU/SIN M3-3a BbICOKO-
ro cogep>xaHusa B xpomatodopax (nomumo xnaopogunna) 6ypo-
ro nurmMmeHTa pykokcaHTuHa. MN3yvyeHo okono 1,5 Thic. BUAOB
3TUX BOAOpoOCAeli, KOTOPble pacrnpocTpaHeHbl FaBHbIM 06pa3oMm
B MOpPAX M OKeaHax, NPeuMyLIecTBEHHO B MPUOPEXHOM MEJsIKO-
BoAgbe. MHorga mMx HaxogaT u BAanum oT 6eperos. Bypbie Bogo-
pocnn cYNTAKTCA BaXXHbIM KOMMOHEHTOM 6GeHTOcCA.

MoCcTOAHHbIE CKOMEHUSA 6ypbiX BOAOPOC/EN W3BECTHbI B
TOW 4acTm ATNaHTMUYECKOro okeaHa, KOTOpOe HOCUT Ha3BaHue
CapraccoBo mope (COOTBETCTBEHHO caMW 3TW BOAOPOCAU Ha3bl-
BaloT capraccammu). OHU He sABNAKTCA BGEHTOCHbIMMK, a obnapa-
I0T MnaBy4yecTbio 6/1arogaps BO34YLWHbLIM My3blpbKam, 3a cyeT
KOTOPbIX MOCTOSAHHO ApelicdyoT. B npubpexxHoi e 4yacTu OHU
BeAyT 0OblYHbI GEHTOCHbIV 06pa3 XXMU3HN.

Tannom 6ypbiX BOAOPOCAEA MHOrMOKAETOYHbIN, YacTo A40CTU-
raet ruraHTckmx pasmepoB (g4o 30-50 M). Y caMbIX pa3BUThbIX,
KPYMHbIX BUAO0B Tan/ioOM MacTUHYaTbIl, T. €. MHOFOCMOWHbIN,
N pasgenieH Kak 6bl Ha «TKaHW», BbIMNOMHALLINE pa3Hble (PYHK-
unn. KneTku 6ypbix Bogopocsien ogHosfepHble. MHOro4YMcneH-
Hble XJ/1I0pOMJiacThbl 4Yalle AWCKOBUAHblIE. 3amnacHble MpPOAYKThI
HakanaMeawTca B BUAe JlaMmuHapuHa (nonmcaxapuj), MaHHU-
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Ta (caxapocnupT) U macna. MeKTUHOBO-LEeNNO/I03HbIE K/1eTou-
Hble CTEHKMW N1ErKO0 O0CU3HATCA. MPOAO/IKUTENBHOCTb XU3HU
6ypbix Bogopocaeli AoCTUraeT HECKO/IbKUX feT.

BereTaTunBHOE pa3sMHOXKeHMe OypbiX BOAOPOCHEr MOXeT
oCyLLecTBNATbCA 06pbiBKaAMW TasisioMa. Y HEeKOTOPbIX BUAOB
MMEKTCHA BbIBOAKOBbIE MOYKW, KOTOpPble JIEFKO OT/1aMbiBalTCA
M BblpacTalwT B HOBYI 0CO0Ob.

Becnonoe pa3sMHoO>KeHMe (0TCyTCTBYeT Yy (hYKYCOBbIX) Mpo-
MCXOAUT C MOMOLLBbID MHOFOYUCMIEHHbLIX ABYX)KFYTUKOBbIX 300-
cnop, obpasywwmxca B O4HOFHe3AHbIX (U3peAaKa — B MHOro-
rHe3gHbIX) 300CMOpPaHruax, /iM6o ¢ MOMOLLbK HEMOABUXHbIX
TeTpacnop, 06pa3ylLnxcad B 0AHOTHE3AHbIX TeTpacnopaHrusx.

MonoBoli Mmpouecc y 6ypbixXx BOAOPOC/E BCTpevaeTcsl BO BCEX
opmax. Y npocTteiwinx — B hopme M30- AN reTteporamun, y
Hanbosiee BbICOKOOPraHW30BaHHbLIX (Hanpumep, y namMmuHapun)
MosiIoBOiA Mpouecc ooramMHbivi. Pa3smMHOXXeHMe NamMuHapum npo-
MCXOANT C NMOMOLLbI Criop. 300CMOpbl Y Hee 3ak/l04YeHbl B MHO-
roYMcneHHble CAOpaHrumM, unm mewodku. Mpu BbIXxoge crop
Hapy>Xy oOKpyXawwasa Boga npuobpeTaeT MYTHbIA OTTEHOK.
MocTeneHHO crnopbl Pa3HOCATCA TeYEeHWEM W OCefaloT Ha AHO, rae
NPUKpPENATCA K LIepoxoBaTocTsAM M npopactalT. Ha pa3sus-
wmnxca poctkax (rameTohuTax) obpasyloTcsa pasHOMNosible KNeT-
Kn. Ha oaHuMx pocTkax (MY>XCKWX) MOABAAKTCA MesiKue noa-
BUXKHbIe cnepmaTo3ongbl, Ha APYTnX (OKEHCKUX) — ANLEKIETKMN.
OceHbl0O MNpPOUCXOAUT OMJIOAOTBOPEHME O6yayLier namMuHapum.
3unrota BCKOpe npopacTaeT B BoAopoc/sb (cnopodumT), [OCTU-
ralulyt 4yepes rog gvHbl 4-5 M. DTOW XXe 0CEHbI U3 pasBUB-
Wwerocsa pacTeHMs BbIXoAAaT crnopbl. CTapoe c/oeBulLe paspylua-
eTcs, U Ha ero MecTe pa3BMBaeTCA HOBOE, KOTOPOE K BeCHe clle-
AyloLlero roga goctmraeT HOpMasibHOW MPOMbICNIOBOV AMUHDbI.

OCHOBHble npeAcTaBUTeNU: NamuvHapusi, QYKyc, MaguHa,
MaKpoLMCTUC, ansapus n ap.

KpacHble, unu 6arpsiHbie, BOAOPOCAN

MouTn Bce KpacHble BOAOPOC/AN SABASAKTCS MOPCKUMU 06U-
TaTensiMu, 06blYHbIMU B 6GEHTOCE, HAXOASLWEMCS Ha 3HAUYUTE b-
HOli rny6uHe. JIMlb HEMHOrMe W3 HUX 06UTAOT B MPECHOBO/-
HbIX 6acceiiHax M B NoOYBe.
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2.3. Bogopocnu

Pa3Hoo6pa3Hasd okpacka 3TUX BOAOPOC/eli 06bsACHAETCSA Ha-
nnunem, NMomMmumo xaopounna, ewe ABYX MUIMEHTOB: KpacCHO-
ro — UKO3pUTPUHA U CUHEro — domkKoumaHmHa. OT COOTHO-
WeHUsA 3TUX MUIMEHTOB OKpacka Tas/lsioMa MOXXeT BapbupoBaTb
0T MaJIMHOBO-KpacHoOW o rony6osaTo-cTanbHol. Bnarogaps Ta-
KOMY MWIMeHTHOMY cocTaBy o6pasyeTca cneynduyecknin sa-
MacHoOM MPOAYKT — 6arpsiHKOBbI Kpaxmasl, KOTopblii OT ioga
npunobpeTtaeT 6ypo-KpacHbIA LBET.

KreTouyHble CTEHKN BMECTEe C MEXKJ/IeTOUHbIM BELLECTBOM Y
HEKOTOPbIX BUAOB CU/IbHO OC/IM3HAKTCHA, WU3-3a 4Yero BecCb Tasl-
noMm npuobpetaeT CAU3NCTYIO KOHCUCTEHUMUIO. B cBA3M C 3TUM
MHOIMe KpacHble BOAOPOCAM WCMOMAbL3YKT ANA NONy4YeHUs
arap-arapa.

BonbWKMHCTBO KpacHbIX BOAOpOC/e — [ABYAOMHblE opra-
HU3Mbl. OHU pa3MHOXalTcs 6ecnosibiIM U MNPOrPecCUBHbLIM TMO-
noBbiM nyTem. MHorme «barpsHkuU» XapaKTepusyrlTca npa-
BU/IbHOW CMEHOW rametoduta u cnopouTa, BHELIHE HEeoT/IUYNn-
MbIX APYr OT JApyra. Y HEeKOTOpbIX KpacHbIX BOAOPOC/EN
LUKNbl pa3BUTUA HOCAT C/A0XHbIN XapakTtep.

OcHOBHble npeacTaBuTenn: nopgupa, dwnnodgopa, aHdesrb-
umsi v ap.

3efeHble BOAOPOCAN

3eneHble BOAOPOC/IM  XapaKTEPU3YTCA TpaBsSHUCTO-3e/ie-
HOW OKpackKoW, 3aBucswer oT npeobnagaHna xnopodunnos
Hag KapoTuHomgamun. KneTka 60nblIMHCTBA TaKUX Bogopocneii
NMOKpPbITa LLE/IH0N03HON 000/104KOM. Y MHOMMX U3 HUX Hablo-
[aeTca CBOMCTBEHHOE BbICWIMM pPacTEHUAM MNpaBU/IbHOE yepepno-
BaHMe 6ecrnosioro M MnosioBOro MOKOJ/IEHUS; HEKOTOPble 3e/leHble
BOAOPOC/IN MEPELWIIN K HA3EMHOMY CYLLLECTBOBAHMUIO.

MpepacTtaBuTenn 3Toro otgena (okono 15 Thic. BMAOB) pac-
npocTpaHeHbl B MPeCHbIX BOAAX, HEKOTOPble — B MOPAX, U
04YeHb HEMHOrMe obuTalT B YC/IOBUAX MEPUOAUYUYECKOr0 yBAaX-
HeHMss (Ha nMo4yBe, CTBOMIAX AepeBbeB, 3abopax, LBETOUHbIX
ropwkax v 1. 4.).

TUNUYHBIM MpeacTaBUTeNeM ABNSAETCA  BOAOPOC/b poja
XnamugomoHaza. 3T0 04HOKJ/IETOYHAA BOAOPOC/b, CO XIyTUKa-
MW, MHOTOUYUCNEHHbIE BUAbI KOTOPO 06MTAlT B NlyXKax, KaHa-
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Bax U APYrnux MesIKMX MpecHbIX BogoeMax. B cnyyae mx macco-
BOr0 pa3BUTUS BoAa HepeaKO MNPUHMMAeET 3e/IeHYl OKpacky.
Mpu noacbiXaHMWM BOoAOEMA X/1aMUAOMOHAaAbl TEPST XIYTUKN,
OC/IU3HSAKTCA U B TAKOM HEMNOABUXXHOM COCTOSIHUW Mepexupaa-
0T HebnaronpusiTHble yCN0BUS, a Npyu nonagaHum B BoAy K/eT-
KM CHOBA BblpabaTbiBalT XXTYTUKM U BO3BpaLLalOTCA K MOABUXK-
HOMY COCTOSIHUIO. B 6/1aronpusiTHbIX YCN0BUSAX 3TU BOAOPOC/ U
MHTEHCUBHO pa3MHoXatTcss 6GecnosibiM  nyTeMm, dopmupys
60/1bLLIOE KOMMYECTBO 300CMOP. Y 60/MbLUIMHCTBA BUAOB MOJIOBON
npoLecc N3oramMmHbIn.

Poa Xnopenna WMPOKO pacrnpocTpaHeH B MpecHbIX Bojax,
roe aTa BoA4opoc/Ab NMpupaeT Boge 3eneHblli LBeT. OHa BcTpeva-
eTCs TaKXe Ha CbIpoil 3eM/sie, Ha KOpe [epeBbeB U T. 4. XJio-
penna — npeAcTaBUTENb OAHOK/ETOYHbLIX 3e/1IeHbIX BOAOPOC-
new, y KOTOpPbIX OTCYTCTBYKT XIyTuku. MNpu 6ecrnonom pasm-
HOXXEHUU CcofAepXMMoe KAeTKU pacnajaetcs, obpasysa oT 4 Ao
64 [oYepHUX KJIETOK, KOTOpble 0CBOGOXKAAKTCA Mocse paspbiBa
CTEHKW MaTepUHCKOW kneTku. MonoBoi npouecc OTCYTCTBYET.
B kneTkax xJ/lopenfibl HakanjmMBaeTcs MHOr0 3amnacHbIX MNpo-
OYKTOB, BUTAaMWUHOB, aHTUOUOTUKOB, MO3TOMY €e KY/NbTUBUPY-
I0T B pas3/INUHbIX LLensx.

ApKUM npeacTaBuTeneM 3e/1eHbIX BOAOPOCAel, UMeKLWKnX
Tannom B BUAe Pa3BETB/IEHHOW HUTW, CMO0XEHHOW U3 oaHOAAEp-
HbIX KJ/IETOK, MOXET CAYXWUTb pof Y/OTpPUKC. STN BOAOPOCN
BCTpeyalwTca B NpuboOMHOM nonoce 60MbLIMX 03ep, obpas3ysa Ba-
Toobpa3Hble obpacTaHUA Ha KaMHSX.

K Knaccy KOHbHOraTtoB OTHOCUTCA TMpeAcTaBUTeNb poja
Cnnporvpa, MMewLWKui HUTYaTbIN TasiioM 6€3 XXTyTUKoB. MHo-
rouncsieHHble BUAbl 3TOr0 poja UMEeKT SIeHTOBUAHbIe, CNUpasib-
HO 3aKpy4YeHHble XpomaTodopbl C NMpeHoOUAaMU, OKPY>XEHHbIE
KpaxmasibHbIMW 3epHaMuU. AAP0 HaxXoAUTCS B LEHTpe KAeTKU n
MOrpy>eHo B LUTOM/Ia3My.

MonoBoli npouecc — KOHbKOrayuusa — 3aka4vaeTcss B CuUA-
HUM MPOTOM/IAcTOB BereTaTUBHbLIX KJ/eTOK. JTO TakK Ha3sblBae-
Masi NIeCTHMYHasi KOHblrayus, Kotopass MpPoOUCXOAUT MexAay
KNeTKaMu napasifiefibHO pacrnosioXXeHHbIX HuTeli. O6pa3oBas-
Wwascs B pe3ynbTaTe CANSAHUSA MPOTOM/IACcTOB KOHBHTMUPYOLWLNX
K/NeTOK 3UroTa BblpabaTbiBaeT TO/ICTYH CTEHKY U MEPEXOAUT B
COCTOSIHME MOKOs. fAapa cnmMBakwTCA He3afosro Ao npopacraHus
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2.3. Bogopocnun

3UroThbl, Mocsie 4Yero o6pasyloTcs 4eTbipe ranjougHbIX SAApa,
npuyeM M3 YyeTbipex siAep TOMbKO OJHO OCTaeTCs XXU3Hecnoco6-
HbIM W MO3TOMY pasBMBaeTCs TONbKO ofHa 0cobb. lMomMumo
KOHbBblOrayum, WNPOKO pacnpocTpaHeHo BereTaTUBHOE pPa3MHO-
>xeHue. OHo ocyllecTBAsieTcA 6narogaps paspbiBY HUTel Ha oT-
[eNlbHble YUYaCTKN, KNETKM KOTOPbIX HaudyMHalT AennTbCs U 06-
pasyloT HOBble HUTW.

OCHOBHble NMpeacTaBUTENN: X/I0pesiia, Y/ibBa, CnMpornpa, ysio-
TPUKC, BOJIbBOKC, 3Br/ieHa U Ap.

AwvaTtomoBble

KneToyHble CTEHKU AMaTOMOBbLIX BOAOpOC/Aeli cOCTOAT B OC-
HOBHOM M3 KpeMHe3eMa, 06pa3ylLiero 3alUTHbIA NaHUWpb,
KOTOpPbI MMeeT fABe O0TAeslbHble 4YacTu — TeKU: BEPXHHW —
AMUTEKY U HUWXHIKW — TrunoTeky. [osic 3anMTeKn nAoTHO
HaABUHYT Ha MOSICOK rUMOTeKW. B cTBOpKax TeKW MMeKTCH
CKBO3Hble 0TBepcTUS — MNopbl, obecneuymBakwme ob6meH Be-
LlecTB, a TakXXe MNycToTbl. BHYTpU KNeTKM HaxogATcsa MNpoTo-
nnacT M BakKyonn. Aapo ofHo. XsoponaacTbl UMeT 6ypyl OK-
pacKy, Tak KakK X/10pouna B HUX 3aMackmpoBaH BypbIMWU MUT-
MeHTaMU — KapoTuHougaMmmn 1 AUaTOMUHOM (MUTMEHT U3
rpynnbl KcaHTOUMMN0B). 3anacHble MPOAYKTbl OTKMaAbiBalT-
csl B BUAE Macsia, BOJINTUHA N TENKO3UHA.

OCHOBHble MpeAcTaBUTENIN: MUHHYMASPUSA, HaBUKys/a, Meso-
3npa, Tabennsapus un ap.

3HaueHue Bogopocnei. Bopgopocnu, obuTawwme B Bofe,
noapasfensinT Ha ABe 60/MblUME TPYyNNbl: MJIAHKTOHHbIE U 6eH-
TOCHbIe.

MNaHKTOHOM Ha3biBaldT COBOKYMHOCTb CBOBOAHO M/laBalo-
WKUX B TO/iLLe BOAbl Ha HebonbwWoOl rNybuHe MesIKUX — Mpe-
MMYLLECTBEHHO MWKPOCKOMMYECKNX — oOpraHusmoB. Pactu-
TesibHasi 4YacTb MJaHKTOHA, obpa3yemas BOAOPOCASAMMW, COCTaB-
nsetr  uUTONNAHKTOH. 3HayeHMe (UTONNAHKTOHa  ANns
obuTatenein BogoeMa OrpoOMHO, TaK Kak MM MNpou3BOAUTCA OC-
HOBHas Macca OpraHM4YecKMx BeLLecTB, T. €. BOAOPOCAUN SIBMSA-
l0TCA NpoAyueHTamMy B Lenu NUTaHUS.

K 6eHTOCHbIM BOAOPOC/ASIM OTHOCATCSA 0C06M, MPUKpPEN/IEHHbIE
KO AHY BOAOEMOB, Haxofswuecs B Boge Ha rnybuHe 30-50 M.
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OpHako Haubonee TeHEBbLIHOCIMBbIE 6ypble U KpacHble BOAOPOC-
nn pgocturakT raybuHbl 100-200 M, a oTgenibHble BUAbl — 500 M
n 6onee.

Bopopocnun XUBYT Ha MOYBE U AaXe B aTMoc()epHOM BO3Ay-
xe (HekoTopble BuAbl Xxnopennbl). OTAeNbHblE BUAbLI, Monajas
BMecTe ¢ b6akTepmamMKn Ha 6ecnnofHble cyb6cTpaTbl, CTaAHOBATCA
nuoHepamun mMx 3aceneHUsa. MHorve BOAOPOC/AN aKTMUBHO y4yacT-
BYIOT B Mpouecce Mo4yBoobpaszoBaHus. A30ThUKCUpyOLW e BO-
popocnu (aHabeHa) HakanaMBalwT B No4vBe a3oT. HekoTopblie BU-
Obl Bojgopocnen (HOCTOK M Ap.) BXOAAT B COCTaB KOMMJIEKCHbIX
OpraHM3mMoB — NULLAAHUKOB.

X03AMCTBEHHOE 3HAYeHWe BOLOPOC/IEN 3aK/l04aeTcs B Heno-
CpeACTBEHHOM WCMNOAb30BaHUM UX B KayecTBe MULLEBbLIX MNPO-
AYKTOB MNN KaK Cbipbs 47189 NOAYYEHUSA pas3/iNnyHbIX BeELLecTB,
LEeHHbIX ANs YenoBeka.

M3 MHOroumcneHHbIX BUAOB BOAOPOCAEN Cbef0O6HLIMW B Ha-
cTosiwee Bpems cumTatTcs 80 (B OCHOBHOM 3TO MOPCKME BUAbl —
NnamuHapusa, nopdgupa, ynbBa, cnupynamHa v 1. A.). Cbepnob-
Hble BOAOpPOC/M 6oraTbl MUHepanbHbIMW BelLecTBaMU, 0CO6EHHO
rogom. Cpeanm KpacHbIX BOAOPOCAEN mopdupa cuuTaeTcs Aenu-
KaTecoM BO MHOFMX MPUMOPCKUX cTpaHax. B AnoHuun Hacuwm-
TbiBaeTca 6o0nee 300 HammeHOBaHMIA 6104 M3 MOPCKOW Kanyc-

Tbl. O4HO U3 cambiX MONYNASIPHbLIX 671104 C BOAOPOCASIMU — CY-
wun. Mog o6UIMM Ha3BaHWUEM TOTUKWU 6MONOTM 0GHAPYXXUIK
psg M3 WwecTu BUAOB Bogopocneidi — Kowbw, wakaTte, nom,

blgbl n ap., KoTopble ynoTpe6nsawT B nuwy. o ctatucTude-
CKUM [aHHbIM, TONIbKO CbipbIX BOAOPOC/EN AMNOHLblI cbefalT B
rogq nuwb B 35 pa3 MeHblle MO Becy, YemM puca, KOTOPbIA, Kak
N3BECTHO, B 3TOW CTpaHe cuyMTaeTca 6/11040M HOMEP OAVH.
OLHOKNETOYHbIE BOAOPOCNU BblpawBawT B YC/IOBUAX MAT-
Koro Tennoro knumata (CpegHasa Asusa, KpbiM) B OTKPbITbIX
bacceiHax Ha cneynanbHol cpege. K npumepy, 3a Tennblil nepu-

of rofa (WecTb — BOCEMb MECSILLEB) MOXHO MonyunTb 50-60 T
Guomacchbl xnopensbl ¢ 1 ra, Torga Kak ogHa M3 caMbiX BbICO-
KOMPOAYKTUBHbLIX TpaB — JilOLEpPHA AaeT ¢ Tol >XKe njowagu

Tonbko 15-20 T ypoxkas. Xnopensa cofepXuUTt okono 50 %
b6enka, a nwouepHa — nuwb 18 %. B uenom B nepecyeTe Ha 1 ra
xnopenna o6bpasyet 20-30 T uucToro 6enka, a nwuepHa — 2-
3,5 1. Kpome TOro, xsopenna cofepXut: yrnesoabl — 40 %,
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2.3. Bogopocnun

Xupbl — 7-10 %, ButamuHbl A (B 20 pa3 6onbwe), B2, K, PP
M MHOrMe MMWKpPO3/NeMeHTbl. Bapbupys cocTtaB nuTaTesibHOM
cpefbl, MOXXHO B KJleTKaxX XJI0pennbl CABUHYTb rnpoueccbl 6u0-
CMHTEe3a B CTOPOHY HakonaeHus nn6o 6enKoB, NM60 yrneBoso0s,
a TakXe aKTuBMpoBaTb 06pasoBaHWe Tex WM WHbIX BUTaMWU-
HOB. B knetkax XJ/iopennbl COAEPXUTCA TakXe aHTUBUOTUK
X0PensiviH.

Bogopocnu cnyxaTt KOpMOM ANndA pbl6 1 BogonaaBaroLwmnx
nTny. B psage ctpaH UX MUCNonb3ylT Kak BUTaMUHHYIO f06aBKY
K KOpMaMm pA/19 Ce/1bCKOXO03AMCTBEHHbIX >»XWBOTHbIX. Tak, BO
®paHunu, WotnaHgnu, Weeunun, Hopsernn, NcnaHgmn, Ano-
Hun, Amepuke, JaHunm n Ha Pycckom CeBepe BOAOPOCAU MPWU-
6aBMAT K CEHY WAM [alT KakK CamMOCTOSATEe IbHbIA KOPM KOpO-
BaM, Jiowagsm, oBuaM, Ko3am, AomMallHer nTuue. Onsa 3Tou
uenu cTpoAT 3aBodbl. ONbITbl, NPOBeAeHHble B MypMaHCKOM 06-
nactn Poccuun, nokasasu, 4YTO BOAOPOCASAMU MOXHO 3aMEHUTb
npumepHo 50 % couHbIX U 30 % rpybbIX KOPMOB B CYTOYHOM
paunoHe >XWBOTHOro. MNpu 3ToM yaonm MO/0Ka U ARLEHOCKOCTb
y NTuy nosbiwanuncb Ha 10 % wn BbILwe.

Bopgopocnan mMoryT cny>XuTb yaobpeHuem. B Takom KaudecTse
UX WNPOKO NpumMeHAOT B MpnaHauu, Wotnanauu, Hopeerun,
®paHunn. 3anaxmBaHue 6uomacchbl Bogopocnen oborawjaet nou-
By hbochopom, Kanuem, oAOM W 3HAUYUTESIbHbIM KOJIMYECTBOM
MUKPO3/IEMEHTOB, a Tak>XXe MOMOoSIHAET MOYBEHHYH a30T(PUKCU-
pywouwy mMukpodaopy. lNpun 3aTom BOAOpOC/IM pasfarawTca B
rnouse 6biCTpee, YeM HaBO3Hble yA06peHMUs, N He 3acopsloT ee
ceMeHaMun COPHAKOB, JIMYMHKAMUN BpeAHbIX HAceKoMbIX, criopa-
MW UTONATOreHHbIX rpnbos. NMpuUMeHeHMe BOLOPOC/IEBOro re-
perHoa u 3anaxmBaHWe LITOPMOBbLIX Bbl6pocoB Ha 140-300 %
NoBbILLIAaeT YPOXKAMHOCTb He TO/IbKO 3/1aK0BbIX Ky/AbTyp (nwe-
HULbI, SUMEHS), HO U OBOLLEN.

B W3pawusie Ha OoNbITHbIX YyCTaHOBKax MPOBOAAT 3KCMNepu-
MEHTbl C 3e/IeHOI OAHOK/IeTOUHOM Bogopocnbi BunaleMa, Ko-
Topas cnocobHa cuUHTe3MpoBaTb ravuepos. bunaHea moxeTt
pactu u pasMHOXaTbCA B cpefe C LWWPOKUM [Mana3oHOM Cco-
Oep>XaHUsa conu: B MOPCKOW BOAe M B MOYTU HacbILWEHHbIX pac-
TBOpax MepTBoro mopsi. OHa Hakan/uBaeT CBOGOAHbLIV rauue-
pon KakK OCMOMPOTEKTOP, 4TOObl TeM caMblM MNPOTMBOAENCTBO-
BaTb BbICOKMM KOHLUEHTpauusMm cosei B cpefe BblpawuBaHUS.
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Mpn TakMx YCA0BUAX BbipalWiMBaHUA AyHanuensabl Ha [0/
ravuyepona npuxoamtea Ao 85 % Cyxol Maccbl KeTok. B Hel
COAEPXMUTCHA TakXXe 3HauyuTesibHOe Konm4vecTBo (3-kapoTumHa. Ta-
KM 06pa3oM, Ky/bTUBUPYS 3Ty BOAOPOC/b, MOXHO MofayyaTtb
rnvuuepos, NUrMeHT U 6e/10K, YTO BecbMa MepcrneKTUBHO C 3KO-
HOMMYECKON TOUKU 3pPEHUS.

KpacHble Bogopocnu (poabl: aHenbuusa, renngnuym, rpaum-
napusa) cnyxaTt WUCTOYHUKOM MonydeHUsA arap-arapa (Okenu-
pyloLLero BeuLecTBa, WMNPOKO MPUMEHSEMOro B KOHAUTEPCKOW,
6ymaxkHol, hapmaueBTUYECKOW MPOMbIWAEHHOCTM U B MUKPO-
6unonorun). MonyyarT arap-arap (ganee — arap) ANIUTENIbHbIM
KnnsayeHmem Bogopocneii. MNocne ocTbiBaHMA obpasyeTca MNNOT-
Hoe >Kesieobpa3Hoe BelLecTBO, KOTOpPOe NMPUMEHSAT ANpPU U3roTOB-
NneHUn mMapmenaga, nacTubl, cTabunsauum MHOrMX KOHCEPBOB,
CMpPOMNOB, LWOKOAAAHbIX HANMUTKOB, MOpoXXeHoro. Koxa, bymara
NAN TKaHb, 06paboTaHHble arapom, CTaHOBATCA 60n1ee NPOYHbI-
MU N NpuobpeTalT NPUATHbLIA 61ecK.

Y ppyrux 6arpsHok (pogbl: NUTOTAMHWOH, NUTOQUNNYM)
K/1eTOYHble CTEHKM WHKPYCTMpPOBaHbl M3BeCTbi, KoTopas npu-
JaeT Tannomy TBepAocTb KaMHs. Takume KpacHble BOAOPOCAU
NPUHUMAKT ydyacTme B 06pa3oBaHUN KOpPasisioBbiX pUOB.

30na BOAOPOCAEN CAYXWUT CblpbeM AN NOSyYeHUS 6poma m
rioga. Co BpeMeH OTKpbITUSA lioaa (cepeanHa X1X B.) Hoperus
n WoTnaHansa uv3BneKanu ero noYTu UCKAKUYUTENIbHO U3 [OH-
HbIX Bogopocnien. Bo Bpemsa [MepBoiA MWPOBOW BOVHBLI, Korga
noTpebHOCTb B MpenapaTax roja pe3ko BO3pocsa, AMNOHCKME 3a-
BOAbl, NepepaboTaB MUNNNOHbLI TOHH CblpbIX Bogopocnei, nony-
ynnn okono 600 T Mopaa.

HekoTopble BOAOPOC/IN cAYXaT B KayeCTBe MHAMKATOPHbIX
opraHM3mMoB nNpu onpegeneHUU cTeneHU 3arpsa3HeHUs Bofoe-
MOB. Hanpumep, maccoBoe pa3BuTue ocUUANATOPUM — MoKasa-
TeNlb CTEMEHW 3arpsi3HeHUs NPU 6MONOrMYECKOM aHasin3e BOAbI.
MpuMeHAKT BOAOPOCAU N ANA 6MONOTMYECKOM OYUCTKU CTOY-
HbIX BOJ, a TakXe — 6s1arogapsa BbICOKOM CKOPOCTU pa3mMHOXe-
HUA — [ns nony4vyeHmsa 6momacchl, MCNOMb3YEMOW B KaudecTBe
TonsmBa.

M3BeCTHbI FOpHble nopoabl (4AMaToMWUTbI, roptyune cnaHubl,
YyacTb WM3BECTHAKOB), BO3HUKLUME B pe3ysibTaTe XU3HeaeAaTe b-
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HOCTM BoAOpOC/ieli B Mpowsiblie reosiormyeckue anoxu. [Awnato-
MWUH MNPUMEHAT B NPON3BOLCTBE MaTepuasnos A9 3BYKOBOW U
Tensao0BoM M30NAUUN, NPU U3FOTOBAEHUN DUABLTPOB ANA MWL e-
BOM M XMMMWYECKOW MPOMbIWAEHHOCTU, LW/NGOBKE MeTaslsoB.
Bogopocnun yyacTByloT B 06pa3oBaHUmM nevyebHbIX FpsA3ei.

Bypble Bogopocin o6pasyloT MoABOAHbIE /lyra C OFPOMHOW
thntomaccoi. OHM npuobpeTaldT BCe BO3pacTallee 3HaYeHUe
KaK KOpMOBble, NULLieBble, JIEKAPCTBEHHbIE N TEXHUYECKME pac-
TEeHUA. B ceBepHbLIX M YMepeHHbIX LWKUpoTax npomspacraeTt na-
MMHapuUs — MopckKas KanycTa, TajJIoM KOTOpOW gocTuraet B
ANVHY 20 M W COLEP>XXWUT MHOro He3aMeHVUMOW aMWHOKWC/OTbI
MeTMOHWHA, oda, yrnesofoB, MUHEpPasibHbIX BeL,ecTB U BuTa-
MWHOB. M3 nammHapum TakXe Mnosy4vyawT aIbMMHUT — Kres-
Lee BeLW,eCTBO, WUCMONb3YyeMOE B TEKCTU/bHOW (TKaHW He Bbl-
LBeTalT M He MNPOMOKaKT) M NULWEeBOW (NpW M3roTOBMIEHUU
KOHCEPBOB, COKOB) MPOMbILJ/IEHHOCTN, MPU MNPOU3BOACTBE Me-
noBaHHOMW 6ymarn. ANbrUHUT MOBbIWAET YCTOMUYMBOCTbL N1aKo-
KpPacouHbIX MOKPbLITUA W CTPOUTE/IbHbLIX MaTepuasnos. Ty BO-
[opocnb KYNbTUBUPYIOT B MopAaX Poccuun u ctpaH tOro-BocTtou-
HOM A3nun.

Bnarogaps Takum CcBOWCTBaM BOAOPOC/AEN, KaK npoctoTa
CTPOEHUSA, BbICTPbLIA POCT U CKOPOCTb PA3MHOXEHUSA, UX LWINPO-
KO MPUMEHSAT B Hay4YHbIX WUCCAEA0BAHUAX MO MOJSEKYAPHON
6nonornn, reHeTuke, reHeTUYECKOA WHXXEHepUn, BUOXNUMUN U
hunsnonorun.

MpegnpuHMMalTCsa NOMbITKU UCNOMb30BaTb HEKOTOPbLIE Bbl-
COKOMPOAYKTUBHbIE N HENPUXOT/IMBbIE BOAOPOC/N (Harnpumep,
Xnopenny, Kotopas CMHTE3NpyeT 6enKn, XXUpbl, Yriesoibl, BU-
TaMWHbI M cnocobHa norsowath BelilecTBa, BblAefnsieMble Yeso-
BEKOM M >XMBOTHbIMW) A/IA CO3[4aHMSA 3aMKHYTOro KpyrosopoTa
BelLecTB B 06MTaeMbiXx O0TCEKAX KOCMMUYeCKUX Kopabneii.

2.4. InwanHnkKn

NInwaliHnkn — 3T0 cMMbMoTMUEeCcKMe accoumaunum MUKpPO-
CKOMMYECKNX TPMBOB N 3eNeHbIX MUKPOBOAOPOCAEN n/vunu yun-
aHobakTepuin, obpasywuime cnoesuwa (Tas/ioMbl) onpepeseH-
HO CTPYKTYpbl. OHW BbIAENSAKT KUCAOTbl U TeEM CaMbiM BHOCAT
CyLLeCcTBEHHbIi BKAag B npoLueccbl no4yBoobpasoBaHusA. Jinwaii-
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HUKN MOXXHO OTHECTU K MnuoHepam, T. €. K MepBblM OpraHms-
Mam, 3acensoWmMm cybcTpaT B NpoLecce NepBUYHON CYKLLeCCUU.

Mpenmyw,ecTBOM NUWLAKHUKOB SABASAETCA YCTOMUMBOCTb K
3KCTpeMasibHbIM YCN0BUAM (3acyXxe, MOpo3aM, BbICOKUM Temne-
patypam, ynbTpaduosieToBOMY W3Ny4YeHU). B To >xe Bpewms
OHW MPOSABASAIOT MOBbILEHHY UYYyBCTBMTE/IbHOCTb K 3arpsi3He-
HUI0 OKpYy>Kawlier cpefbl U MOFYT CAYXXWUTb UHAMKATOpPaMn ee
COCTOAHMUS.

CTpoeHune NMULaiHNKOB. JINWaNHNKN NpeacTaBNsa0T coboi
CMMOBMOTMYECKYIO accoumaLmio OTOCUHTE3UPYIOLWLEro opraHms-
Ma, wmnm doTobnoHTa (Bogopocnu wnam umaHobakTepun), un
rpnba (MmkobroHTa). Bogopocnn mn yunaHobakTepum nutakwTcs
aBTOTPO(HO, HO BOAY WU MOHbI OHU 6epyT oT rpmba. Kak npasu-
N0, TPUGHOWM MUUENUi CNYyXXNT ANAA BOAOPOCAN 3alMTHONK 060-
Nnoukoli, npepoxpaHslowWwen ee OoT BbicbixaHuUsa. Cam rpub, He-
CMOoCO6HbIA CMHTe3MpoBaTb OpraHU4YeckKme BelLecTBa, NMuUTaeTcH
reTepoTpopHO accummnsaTamu napTHepa no cumobuosy. OgHako
oba napTHepa MOryT CywecTBOBaTb W KaK CaMOCTOATesIbHble
opraHu3Mmbl.

Mo BHYTPEHHEMY CTPOEHUIO NNWIARHUKN noapasfensiT Ha:

— romMeomMepHble, Korga Knetkum Bogopocan (poTobuoHTa)
pacnpefeneHbl XaoTU4YHO cpean rug rpmba Mo Bcer ToNLiMHE
Tannaoma;

— reTepoMepHble, Korga Tan/aoM Ha MonepeyHoMm cpese
MOXHO YeTKO pa3fennTb Ha C/10U.

BONbWWNHCTBO NMNWAKHMKOB MMeeT reTepoMepHbIii Tasiom.
B reTepoMepHOM Tasi/loMe BEPXHWI CNO — KOPKOBbIN, C/IOXKEH-
HbIl Tnpamm rpuba. OH 3alimuLaeT TasjoM OT BbICbIXaHUA U Me-
XaHu4yecknx Bo3aeicTBuin. CrnefyoWwnin 0T NOBEPXHOCTU CNOMA —
roHmananbHbliii. B Hem pacnonaraetca (OTO6MOHT. B LeHTpe
nMeeTCcs cepAaleBMHa, cocTosias M3 6ecrnopsifovyHO nepernse-
TEHHbIX Tug rpmba. B Helr B OCHOBHOM 3anacaeTcs Bara.
CeppueBuHa BbINOIHAET TakKXXe pPoNb cKefeta. Y HWXHen no-
BEPXHOCTW TanaomMa 4acTo HaxoAUTCA HUXHAS Kopa, € no-
MOLLbIO BbIPOCTOB KOTOPOW (PU3UH) NMUIIANHUK NPUKPenseTcs
K cyb6cTpaty.

B o6pa3oBaHMM NMWAAHMKOB y4yacTBYeT 0Kono 20 % u3 n3-
BECTHbIX BUAOB FpuMbBoB (M3 HUX acKOMULEHbl — 0Koi0 98 %,
pevitepomnuyetsl — okosio 1,6 %, 6asmguomuueTbl — OKOJI0
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2.4. NnwakHnkn

0,4 %). N3 Bogopocrnein B NnwanHuKax Hambosnee pacnpocTpa-
HeHa Trebuxla. N3 ynaHobakTepuii yacto BcTpevatTcsa N08L00,
Calllnx. LinaHobakTepunm KakK CUMOGUOHTbI NULIAWHUKOB CMO-
CO6HbI OCYW,eCcTBNATb (POTOCMHTE3 M (hUKcayuut aTtmMocdepHOro
asora.

Mo cTpoeHuio Tena (Tansoma, WAK cCNoeBulla) NUWARHUKN
6b1BalOT HaKUMHbIMU (KOPKOBLIMWU), JIMCTOBATbLIMAN U KYyCTWUC-
TbiMU. OHM pacnpocTpaHeHbl N0 BCEMY 3eMHOMY wWapy — OT
TPOMUKOB A0 MPUMNOASPHbLIX o61acTeli. Xopowo M3BECTHbI Ta-
Kne NuwanHnukn, Kak ncnaHackuii mox (Celrana b3barnclica) n
BuAbl N3nea, ceBewlmBawLUineca ¢ AepeBbeB Hanogobue 6oposabl
N 0YEHb MOXO0XMe BHELUHEe Ha LIBEeTKOBble 3NNJUTHbIE pacTeHuUs
poga TlLLanésra.

Pa3mMHoOXXeHMe. BONbLWMHCTBO NMLWAHUKOB CMNOCOOHO pere-
HepupoBaTb AaXke U3 MeNKuUX (parMeHTOB C/I0eBULLA, COAEpIKa-
WnX 1 oTO6MOHT, U MUKOBUOHT. Y MHOIMMX rpynn AnwaiHNKoOB
Mo KpasiM MAN Ha BepxHelr MOBEPXHOCTW cnoeBuLLa obpasyrTcs
ocobble BbIPOCTbI — WU3MAUKN, KOTOPble /IEFKO OT/1aMbIBalOTCA U
JalT Hayano HOBOMY c/oeBully. B apyrux crydasx KieTka
thoTobMOHTa B cepAuUeBUHE NULIAWHUKA OKPY>XXaeTcsi HEeCKO/b-
KNMU CMoOAMWU TUd, npesBpaliascb B KPOLIEYHYI rpaHyny, Ha-
3biBaemMyt copeauvein. Kaxpaa copefuss cnocobHa npopactu B
HOBOe cnoeBulle. XoTsA 6Gecrnosioe pasMHOXeHWe NuLanHUKOB
[0CTAaTOYHO 3 (PeKTMBHO, y rpubos, o0bpasyrownx AnMwanHnku,
LWMPOKO pacrnpocTpaHeH M MOJI0BOMA mpouecc.

3HavyeHUe ANWAaNHUKOB. JIMWAaNHNKN HACTO/IbKO BbIHOC/N-
Bbl, UTO pacTyT gaxke Tam, rje oTCyTCTBYeT Apyrasi pactutesnb-
HOCTb, HanpumMmep B ApKTUKe U AHTapKTuke. OHW NepBbIMU 3a-
censoT 6e3)KM3HEHHble cybcTpaTbl, B YaCTHOCTU KaMHW, U Ha-
YMHAT No4YBoO6pa3oBaTeNbHbI Mpouecc, HeobXoAUMbIA Anas
OCBOEHWSA 3TOW cpefbl pacTeEHUAMMN.

PAan NuwaniHWKOB CAYXUT BaXXHbIM KOPMOM /151 XXWUBOT-
HbIX (Hanpumep, Arenb, UAM oneHui mox (ClacloTa rangr’e-
nna), — KOpPM CeBepHbIX ofieHei). Mpu HexBaTKe APYrol nu-
Wn ero egaT unHorga n nwogn. OnpegeneHHble BUAbl NuwaiHmM-
KOB cumtawTca B Kutae n AdnoHun genvkartecamu.

M3 nnwaiHMKOB MOXXHO Noay4vaTb KpacuTesnim, B HacTHOCTHU
nakMmyc, aKcTparmpyembliii 3 sngos poga Koccebla. Jlakmyc go
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MnaBa 2. OCHOBHble 06BbEKTblI GUOTEXHONOTMN N UX HAPOAHOXO3AWCTBEHHOE 3HaYeHne

CUX MOpP LUMPOKO MPUMEHSIIOT B XMMMUUYECKMX nabopatopusax ans
ObICTPOro M MNPOCTOro onpeAesnieHUs peakuuu cpefbl: B KUCAOM
cpefe OH KpacCHeeT, a B LLESIOYHON CUHeeT. Apyrve nuwanHu-
KOBble KpacuTesin B CBOE BpPeEMS WCMOMb30BasanM AN OKpPacku
wepcTn.

NTnwaiHNKN o04YeHb YYBCTBUTENbHbI K 3arpsi3aHUTeNssM BO3-
Ayxa, 0Co6eHHO K Auokcuay cepbl (cepHuUcTomy rasy). Mpwu
3TOM CTeneHb YYBCTBUTE/NIbHOCTU BapbUPyeT Yy pasHbiX BUAOB,
Mo3TOMY MX WUCMO/b3YT B KayecTBe 6MONHAMKATOPOB CTEMEHWN
3arpsi3HeEHUA OKpyXKaluein cpefbl.

HaxogaT npumMeHeHMe NUWanHUKU U B HApOAHOW MeauuuHe,
a BblAensieMmble M3 HUX NMWANHUKOBbIE KUCAOTbl (YCHMHOBas
Kucnota v Ap.) UCNONb3YIOT B KayecTBe KOMMOHEHTa /NleKapcT-
BEHHbIX CpeAcTB OT psga 3aboneBaHUi, HanpuUMep KOXXHbIX.

N3 HekoTopbiX nNuwalkiHnkoB (Ay6oBblii Mox EnerTa
prunasln un Ap.) nonydawT AYLWMWUCTbie BelecTBa, NMpuMeHse-
Mble B napdomMmepuun.

2.5. T'pubsl

Fpnbbl npeacTaBNAT C060/A O6GLWIMPHY Tpynny opraHus-
MOB, BKJ/4Yawlwyw okonao 100 Tbic. BMAOB. 3TO retepoTpod-
Hble OpraHus3Mbl, JWLWEHHbIe Xaopodunna. MuHepasbHble Be-
wectBa rpmb6 cnocobeH ycsamBaTb U3 OKpyXXatlweh cpegbl, 04-
HaKo opraHmM4yeckme BelLecTBa OH AOJ/DKEH MofsiydaTb B FOTOBOM
BUAE.

Mo cnocoby NnTaHuAa rpubbl NogpasfensoT Ha CUMOUOHTbI,
canpouThbl, NapasnTbl. CUMOUOHTbLI BCTynalT BO B3aMMOBbI-
rogHble OTHOLIEHUSA C pacTeHUsMM B opMe MUKopu3bl. Mpu
3TOM rpuvb6 nonayyaet OT pacTeHU Heob6xoAuMble eMy OpraHu-
yeckue coefgnHeHUa (yrneesoAbl M aMWHOKUCNOTbI), B CBOK
oyepeab CcHabxasa pacTeHUs HeopraHUYeCcKUMW BeullecTBamMu U
BO/OWA.

CTpoeHue rpuboB. BeretatuBHOe Tesi0 60NbLIMHCTBA FPU-
60B — MUUENNIn — npeacTaBnsaeT coboii nepensieTeHMEe TOH-
KUX BeTBAWMUXCA HUTen (rmd). Mwunuyennin 6biBaeT HeEK/ETOY-
Hblli (NMWeH neperopojok), npeacTaBnsAlOWMA cob0 Kak 6bl
OAHY TUTFaHTCKYK KJ/IETKY C MHOXXEeCTBOM fiep, U K/I€TOYHbIN,
pa3fenieHHbI Ha KAeTKW, cogepXXalinme ogHO UAM MHOTO0 A4ep.
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2.5. 'punbbI

KnetouHas cTeHKa rpmbos cogep>Xut go 80-90 % nonuca-
XapunpaoB, cBfA3aHHbIX ¢ 6enkamMm u nunungamu. CKeneTHble ee
KOMMOHEHTbI COCTOAT M3 XUTUHA WAW LE0N03bl. 3anacHble
NPOAYKTbl K/1eTOK rpnboB — r/INKOreH, BONOTUH, Mac/o.

Pa3mHoXeHne rpu6oB. pubbl pasmMHOXalTCA HECKOJIbKU-
MK crioco6amun. becriosioe pasmMHO>KeHUe MOXeT 6biTb Bereta-
TUBHbLIM W CO6CTBEHHO 6ecrnofibiM. Mog BeretaTUBHbLIM pPasMHO-
XXEeHneM nogpasymMeBaldT MOYKOBaHMe rud WAN OTAEeSbHbIX
KNeToK (Hanpumep, y gpox>xeii). Obpasyou,mecs nNoYykm nocre-
NeHHO OTAeNAlTCA, pacTyT M CO BPEeMEHeM caMW HaydyuHawT
noykosatbcsi. COGCTBEHHO 6ecnosioe pasMHOXXEHWe OCYLLecTB-
ndaeTca nocpeAcTBOM CAOP UM KOHMAWM, KOTopble 06bIYHO obpa-
3yl0TCA Ha cheumasnibHbIX BETBAX MULENUA.

B 3aBucumocTu oT cnocoba obpa3zoBaHUA, pasnuyalT 3HAO-
reHHble N 3K30reHHble CNopbl. JHAOTEHHbIE CMOPbl XapaKTepHbI
AnA 6ecnosioro pasMHOXXeHUs HU3Wnx rpubos. OHKU o6pasyloT-
CA BHYTPU 0COObIX KJ/IETOK, Ha3blBaeMbIX CNOPaHrusmMu. 3K30-
reHHble crnopbl 06bIYHO Ha3bIiBAOT KOHUANAMU. OHU MMeKTCa Y
BbICLUMX W Y HEKOTOPbIX HU3WNX rpnbos. KoHugnm obpasyloT-
CA Ha BepwunHax wunun cboky cneymanbHbiX M — KOHUAUEHOC-
LeB, OPUEHTUPOBAHHbIX BepTUKasbHO. KOHUAUW MOKPbIThI
NAOTHOM 060/104KOM, NO3TOMY YCTOMYMBbLI, HO HEMOABUXXHbI.

Mpn NoNoBOM pasMHOMXXEHUW ANS HU3LWNX FTPUOOB CBOWMCT-
BEHHO C/IMSIHUE ranaounAHbIX KMEeTOoK NnyTeM u3oramuu, retepo-
raMmmm m oorammm c obpasoBaHUEM 3UTOTbl, KOTOpasi MOKpbIBa-
eTca TONCTOM 060/104KO, HEKOoTOopOe BpPemMs MpPoBOAMT B CO-
CTOAHWUW TMOKOSA, rMocne 4ero npopactaeT. B cnyvyae ooramum
pa3BmMBalTCA MOJIOBble OpraHbl — OOFOHUWU (KEHCKWE) U aHTe-
pnann (My>ckue).

Knaccngpunkayuna rpubos. Knaccmgpukauma oCHOBHbIX OTAe-
noB LapcTea rpMbos oCHoOBaHa Ha crocobe UX PasMHOXEHUS.

3uromunuyeTbl (2y§oTycola)

310 TpUbbl C HEK/IETOYHbIM MULLESIMEM WU C HEBONbLIUM
KONMMYecTBOM Meperopofok; y Hanbosee NPUMUTUBHBLIX — B BU-
[ie To/Iof0 KoMo4Ka mpoTonnasMbl — amebonga UM B BUAE 0f-
HOW KNeTKW ¢ pusongamu.

OCHOBHblE MpeAcTaBUTE/IN: MYKOpP, pu3onyc.
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AcCKOMULETbI, UAN cyMyaTble TPUOHI
(Ascowycol;a)

JT0 rpubbl ¢ MHOTOK/IETOUHbLIM FanfoOUAHbLIM MULEnemM, Ha
KOTOPOM pa3BUBAalOTCA KOHUAUMK. XapaKTepHo o6pasoBaHue Cy-
MOK C ackocnopamMy — OCHOBHbIMW oOpraHaMu pPasMHOXeHUs.
ACKOMMLETbI MpeacTaBAsAoT Co60M OAHY M3 cCaMblX MHOFOYMUC-
NeHHbIX TPynn rpu6oB, KoTopas HacuMTbiBaeT Gosiee 32 ThiC.
BMAoB (NpumepHo 30 % Bcex M3BECTHbIX HayKe BWA0B Fpu6oB).
X oTnnyaeT orpoMHoe pasHoo6pasnme — 0T MUKPOCKOMuue-
CKUX MOYKYIOLWMUXCS Gopm A0 06/1ajaloliMX 0YeHb KPYMHbIMU
NA0AOBbIMU Tenamu rpue6os.

OCHOBHble MpeAcTaBUTENIN: X/1ebHble APOXOKU, MEHULMNIT,
acneprussi, CropblHbsl, Meuuua, CMOPUOK.

Basngnomuuyetsbl (BasllwTtycoba)

370 rpmbbl C MHOFOKJ/IETOUHbIM (KakK MpaBuao, AUKapuoTu-
Yyecknm) muuenmem. ONa HUX XapakKTepHO o6pa3oBaHue 6as3u-
avi, Hecywmnx 6asupauocnopbl. pynna BKJ/l0oYaeT nojaBsio-
uee 60MbLWINHCTBO FPMBOB, yNnoTpebnsseMblX 4Ye/I0BEKOM B MU-
Yy, a Takxe S40BUTble TpuMbbl U MHOrMe rpubbl — napasnThbl
KYNbTYPHbIX U AUKUX pacTeHWA. Bcero HacumTbiBaeTCcs CBbILIE
30 TbiC. BUAOB 6asuanasibHbiX rprnoos.

OCHOBHble MpeAcTaBUTeNN: Genblii Tpub, LLAMMUHBOH, MYXO-
MOp U T. 4.

ACKO- 1 6a3ngnoMuLeTbl 4acTo 06beAUHSAT B TPYynny BbiC-
wunx rprubos.

JdeliTepoMmuueTbl, AN HecoBepLEHHbIE TPUBHI
(Benberotycoba)

B 3Ty reteporeHHyio rpynny o6befnHeHbl BCe TPpubbl ¢ Yne-
HUCTbIMU TUdamMun, HO C HEN3BECTHLIM [0 HACTOSLLET0 BPEMEHU
nosioBbIM mnpoueccoMm. HacumTbiBaeTca okono 30 Tbic. BUAOB
HecoBepLUeHHbIX rpuUboB.

3HaueHne rpumboB. Cbefo06Hble rpnbbl  (6enble, CbIPOEXKHU,
rpysan n gp.) ynotpe6nsioT B NULLY, HO TO/IbKO nocrie obpa-
60TKK. Hanbonee ueHHbI rpnb — paHLYy3CKUA YepHbId Tplo-
thenb, AN Hero xapakTepeH MPUBKYC MPOXXapPeHHbIX CeMeyek

54



2.5. T'pn6kbI

WM TPeLKUX 0pexoB. ITOT rpub sasnsieTcss genmkartecom. OH
pacTeT B Ay60BbiX M OYKOBbIX poljax, rnaBHbIM 06pas3oMm B
KO>kHoM PpaHuun n CesepHont UTanuu.

McKyccTBEHHOEe BblpalinBaHue cbef0bHbIX rpnboB CriocobHO
BHECTU CYLLECTBEHHbIN BK/aA4 B Aeno obecrie4eHUs MpPOAOBOJIb-
CTBMEM BCe YBe/IMYMBAKOLLErOCs HacesieHUs 3eMHOro wapa. He-
obxognmo caenaTtb cbefobHble rpubbl TaKoW e ynpaBfseMoin
CENIbCKOXO03ANCTBEHHOW KY/bTYpOW, KaK 3epHOBble 3/1aKu, 0BO-
wun, GpykTel. Hambonee nerko noafawTcAd WCKYCCTBEHHOMY
BblpallMBaHNIO ApeBopaspyliaru,me rpuobsl.

B nuuieBOM MPOMbIWAEHHOCTM pa3finydHble [APOXKIXKEBbIE
KyNbTypbl MPUMEHSIOT B XJsie60neyeHUU, ANs NPUTOTOB/IEHUS
yKCyca U CNUPTHbIX HanMTKoB (BWHAa, BOAKMW, MUBA, KyMbica,
Kegupa), a nrsecHeBble Ky/bTypbl — A5 M3FOTOB/IEHUS CbIPOB
(pokdhop, kamambep), coeBoro coyca (Aspergllim3 oryrae), a
Tak>XXe HeKOTOpbIX BUH (Xepec).

MHorpa rpubbl MCNONb3yT KakK WUCTOMHUK ranfouuHore-
HOB.

Fpubbl 1 npenapatbl M3 HUX LWIMPOKO NMPUMEHSIOT B Meau-
unHe. HekoTopble BUAblI TPpuU60OB MPOAYLMPYHT BaXKHble Belle-
CTBa, B TOM 4YuUC/Ae aHTUOBUOTUKM — MeHULUNbI, CTpenToMuLe-
Tbl. B cnucke oduumanbHbIX MpenapaToB cofepXaTcss MHOro-
yncrieHHble npenapaTtbl U3 rpuboB, HaNpumep U3 yarwu,
CNOpbIHbU. B BOCTOYHOW MeAULVHE MCNOMAb3YKT LefibHble TpU-
6bl — penwn (raHogepma), wunTake u gp.

MHorne rpubbl cnocobHbl K B3aMMOAEWCTBUIO C APYTrUMM
opraHM3MamMum nNocpejcTBOM CBOMX MeTabo/IMTOB UAUM MPSIMO WH-
huynpysa nx. NMpuMeHeHUe CebCKOX03AMCTBEHHbIX MECTULUA-
HbIX MpenapaTtoB M3 HEKOTOPbIX FPMOOB paccmaTpuBaeTcs Kak
BO3MOXXHOCTb YyMNpaB/ieHUs pasMepamMu nonynsiuuii BpeguTe-
neli cenibCKOro xo3sificTBa, TaKUX, KaK HaceKoMble, HEMATOAbI.

B kauecTBe 6uonecTtnuyngos (npenapaTt 60BEPUH) UCMOMb3Y-
I0T, Hanpumep, 3HTOMoNaToreHHble rpubbl. MyxomMop M3gaBHa
NPUMEHSANCA KaK MHCEKTULNA.

Pa3Hoo6pa3Hbl MU 6MOTEXHOMOTNYECKNE (YHKUUM TprboB.
X ncnonb3yT A5 NoayyeHUsa TakKuUxX NMPOAYKTOB, Kak:

— NIMMOHHasa KucsoTa (acneprnnnyc);

— Tn66epeniMHbl N LNTOKUHUHbLI (PU3apuym n 60TpuUTUC);
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— KapoTuHouAabl (acTakKCaHTUH, NMpuaalwWwmniin MAKoTU N0Cco-
CeBbIX pPbl6 KpacHO-OpaHX>XeBblii OTTEHOK, BblpabaTbiBalT rpu-
66l KHa”ra rHoorbTa)',

— 6enok (CanéMa, 3accHaroTyce3s Vipolca);

— TncHo3poron culanenT, OKUCASAKLWMNA MHOFOYUC/IEHHbIE
opraHm4yeckme coeguMHeHUA, BKJ/loYass HEKOTOPble TOKCU4YHbIE
(Hanpumep, deHoN), UrpaeT BaXXHYK poNb B cuctemax aspob-
HOWM NepepaboTKN CTOKOB.

MneceHU TaKXXe NpoAyuUPYOT PepMeHTbl, NCNOJ/Ib3YyEMblIe B
NPOMbILIAEHHOCTU (amMunasbl, NeKTUHasbl U T. 4.).

Fpubbl NpUHMMAKT yyacTue B 06pasoBaHUM CUMOMOTUYE-
CKOMN MMKOPU3bI, C KOPHAMMW BbICLUMX pacTeHWin. Fpnb nonydyaet
OT AepeBa opraHuM4yeckme CoegUHEHUNA, a cam gefnaeTt BoAy U MU-
HepasibHble Bew,ecTBa AOCTYMHbIMW ANSA NOrMOWEHUSA U Bcachl-
BaHUA pacTeHnem. Kpome Toro, rpub6 obecrneymBaeT [AepeBO
60NblUel MOBEPXHOCTbI BCacbiBAHMUS.

OaHaKo HeKOoTopble Tpubbl 0KasbiBalOT M OTpuLUaTeNbHOE
Bo3aeNcTBme. Tak, oTAe/NbHble NpeAcTaBUTENN MJIECHEBbLIX FPU-
60B CYLIeCTBEHHO CHWXKAKT YypoOXKaih Ce/flbCKOX03AMWCTBEHHbIX
KynbTyp. Fpnbbl-gpeBopa3pyLlinTenn Bbi3biBaOT GbICTPY AECT-
PYKLUWIO [epeBbeB M [APEBECHbIX MaTepuasioB, MO3TOMY pac-
cCMaTpMBalTCA KakK naTtoreHHble. N3BeCTHO 60/1bLIOE KO/IMYECT-
BO pa3Hoo6pa3HbIX MaToreHHbIX rpuboB, Bbi3biBalLWMX 3abone-
BaHUA pacTeHU, XXMBOTHbIX U YesioBeKa.

2.6. BogHble pacTeHus

BoaHbIA NManopoTHUK asosfi/sla LEeHUTCSA KaK opraHuuyeckoe
a30THoe yaobpeHWe, MOCKO/IbKY pacTeT B TECHOM cumbuose c
CUHE3esIeHON BOAOPOC/b0 aHabeHa. HeobblUHOCTL cMM6Mo3a co-
CTOMT B TOM, 4YTO Ha KOPHSAX a30//bl He o6pa3yeTcs MNPUBbIY-
HbIX KNY6eHbKOB W/IN WHbIX BbIpOCTOB. LiMaHo6akTepuun 3aHu-
MakT MOSIOCTb Ha HWXXHEM CTOPOHE J/IMCTOYKa MamnopoTHUKA,
HefasieKo OT ero ocHoBaHusA. o Mepe pocTa NuMcta U pasMHo-
XXEeHUA umaHobaKTepuii MosiocTb 3anofsiHAeTcsA, a BXO4HOE OT-
BepcTMe 3apacTaeT. OTO M03BOISAET CUMOBUOTUYECKOMY OpPraHu3s-
My aHabeHa-a3osi/la HakanameaTb MHOrF0 asoTa B BereTaTUBHOMN
mMacce. [1s MNOBbIWEHUS ypoXasl puca asosisly MepeHocAT Ha
nonsd, yxe 3aiuTble BOAOW W 3aca)KeHHble MO04bIMU pac-
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2.7. Bbicwume pacteHna T ylyon 1t yUro

TeHbuLaMn puca. MNMoBepxHOCTb BOAbl ObICTPO 3apacTaeT as3of-
NOoN, KOoTOopas 4epe3 HEKOTOpOe BPeMs, C HacTynaeHuMeMm >Xap-
KOro nepuoga, otmupaet, obpasysa 60/blUYI0 Maccy opraHuye-
cKoro ypobpeHus. Pacnaj 6momaccbl nNanopoTHWUKa Mocrfie ero
OTMMpPaHUA MPOUCXOAUT 3a Hefeso, a yepe3 Mecsil, 0cBO60AUB-
Wwmnecs coeAVUHEHUs a30Ta CTAHOBATCA AOCTYMHbLIMU pPacTeHUSM.
B pe3ynbTaTe ypoxkaliHOCTb puca Bo3pacTaeT Ha 20 %. OpAHo-
BPEMEHHO 3TO MO3BOJISET CHUXAaTb KO/IMYECTBO BHOCUMbIX MWU-
HepanbHbIX YA00pEeHUA.

MpeactaButenn cemeiictea PsckoBbix (beTnaceae) — CBoO-
604HOXMBYLLLME BOAHbIE MMaBatllme LBETKOBble PacTeHUs, caMble
MesiKMe W MpoCTble MO CTPOEHWIO: WX Be/IMYMHA PeaKo MpeBbl-
waeT 1 cM. BeretaTuBHOe Teno PSACKOBbIX HAMOMWHAaET JIACT.

PsackoBble (beTna TToOr, b. 1n8ulca, Y™ol™a, 8plroclela
polyrblira) cny>aT KOpMOM ANs XXWBOTHbIX, A8 YTOK N Apy-
rmx sogonnasawlWmnx NTuy, 408 pbld U oHAaTpbl. MIX NpuMeHs-
0T U B CBEXEM, U B CYXOM BUAe KakK LEeHHbI 6e/1KOBbIA KOPM
ONnsi CBUHEW M gomMawHeld NTuubl. PAcCKoBble cogepXXaT MHOro
npotenHa (Ao 45 % oT cyxol Macchl), yrnesonos (45 %), »u-
poB (5 %), ocTa/ibHOe — KJjeTdyaTtka U T. 4. OHU BbICOKOMPO-
OYKTUBHbBI, HEMPUXOT/AINBbLI B KY/IbType, XOPOLIO0 OYMLLAKT BO-
Ay v oborawalwT ee KUCA0poAoM. ITO AeflaeT PACKOBbIX LEH-
HbIM 06bEKTOM AN MOPOreHeTUYEeCKNX, PU3N0N0rnYecknx u
6MOXNMMNYECKUX NCCNef0BaAHUNA.

2.7. Bbicwumne pacteHuna T VMO mn T bUTroO

Mup pacTeHuWii onpegensieT 6narononyvyve 4esioBe4vecTBa.
M3BecTHO, uTto 1,9 mnpg 7 (99 %) ynoTpeb/9emMoro cyxoro Be-
LecTBa 4Ye/slI0BeYECTBO MoslyyaeT U3 pacTeHUin. VX WKMPOKO uc-
MoNb3ylT B NULLEBOV MPOMbILIEHHOCTU, Ce/IbCKOM X035MCTBeE,
CTpPOUTENbLCTBE, NPU NPOU3BOACTBE TKaHel, 6ymaru, BblpaboTke
3Heprun. Ocobbli MHTepec NpeAcTaBfseT MNOMyyeHUE M3 pacTte-
HUA pa3NINUYHbIX XUMUYECKUX COeAUHEHWI, BMONMOTMUYECKMN akK-
TUBHbIX BewecTB (BAB), U3 KOTOpbIX MPOM3BOASAT JIEKAPCTBEH-
Hble npenapaTtbl (huTonpenapaTtbl), XMMUKATbl A8 CENbCKOr0
Xx03sMicTBa U Np.

CylecTBeHHOE MOBbIWEHWNE YPOXAMHOCTU CEMbCKOXO03ANCT-
BEHHbIX Ky/bTyp B XX B. AOCTUTHYTO 3a CYeT XMMU3aLUN, Me-
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naBa 2. OCHOBHble 06bEKTbl 6BUOTEXHOMOIMN U UX HAPOLHOXO03SNCTBEHHOE 3HAaYeHMe

XaHu3auum n Menunopaunum cenibCKoro xo3sirictea, YTO MPUBESIO
K 3arpsisHEHMI0 OKpY>KaloLLel cpefbl, UCTOLLLEHUIO 3HepreTuye-
CKUX PecypcoB, BO3pacTaHWIO 3aTpaT Ha eguMHULY NpoayKUUW.
MpuxoAanTcsa KoHCTAaTUpOBaTb TakKXXe, YTO MOBbILIEHWE ypoXKaii-
HOCTU CeNbCKOXO03SAMWCTBEHHbIX Ky/bTyp AaHHbIMW MeTodaMu
B 6OMbLUMHCTBE C/ly4yaeB A0CTUMA0 cBoero npegena. Mostomy
Heo6X04NMO BECTM MOMCK HOBbIX MOAXOAO0B.

Hanbosiee NepcneKTUBHbLIM B 3TOM CMbIC/1e SABASIETCA Mpu-
MEHEHWE K/IETOYHOW MHXKeHepun (KNEeTOYHOW W TKaHeBOW 6uMo-
TexHonorum). KnetouHasi MH>XeHepus OCHoBaHa Ha WUCMosib3oBa-
HUW MPUHLWNMaIbHO HOBOFO MeToda — MeTofa WU30/IMPOBaHHOMN
Ky/1bTypbl K/ETOK 3yKapuoTUYECKMX OpraHM3mMoB (pacTeHWiA,
YXXNBOTHbIX). BblpalivBaHne N301MPOBaHHbIX K/ETOK N TKaHelk
Ha UCKYCCTBEHHbIX MMTaTeNbHbIX cpefax (T wliro) B cTEPUSIb-
HbIX YCNOBUAX MOAYYUSI0 Ha3BaHWE MeToAa Ky/bTypbl U30/M-
pPOBaHHbIX TKaHen.

MHoOro4ncneHHble hakTbl U CAELMasIbHO MOCTaB/IEHHbIE 3KC-
MepyUMeHTbl MOKa3blBaKT, 4YTO B MNpoLEecce WMHAUBUAYaSIbHOIO
pasBUTUA U cneymanmsaumn pacTUTesbHbIX K/1eTOK FeHeTuye-
ckas WHdopMauma B HUX He yMeHbllaeTcs. Bce reHbl, Kak
npaBwWIo, COXPaHATCSA, U NPU COOTBETCTBYHOLWNX 61aronpusaT-
HbIX YCMOBMAX W3 KaXXA0W COMaTUYecKOoi K/eTKM pacTeHus
MO>XET pa3BUTbCA UMbl OpraHn3M. OTO SIBJIEHME Ha3blBaeTcs
TOTUMNOTEHTHOCTbLIO. B TOTUMOTEHTHOCTU 3aK/llo4aeTcsa oT/indune
K/1ETOK pacTEHUI OT K/IETOK BbICLUMX XXUBOTHbIX, ANS KOTOPbIX
CMoco6HOCTb BOCCTaHaB/MBaTb LefblA OpraHM3mM HeBO3MOXKHA.

Bce mapeHXMMHble KNETKU pacTeHus, B KaKuX Obl TKaHsSX
OHN HWN HaxoguUCb, codep>kaT MOJIHbI Habop reHoB, TaKoW
Xe, KakKol wumena 3urota. Ho B Kaxkpoi TKaHu pJeicTByeT
TO/IbKO 4YacTb FeHOB, CBA3aHHas ¢ anddpepeHumalnein gaHHOro
Tnna Knetok. OgHWM reHbl (PYHKLMOHMPYIOT BO BCEX KJ/leTKax
opraHusma (Harmpumep, TreHbl, KOHTPO/IMPYHOLLINE [AblXaHUeE,
MPOHMLLAEMOCTb MeMbpaH, cnHTe3 AT®), apyrve — TO/IbKO B
onpegeneHHbix. Kakaasa cneunann3vpoBaHHas KreTKa Xxapak-
Tepu3yeTcss CBOMM HabOpOM aKTUBHbIX FeHoB. Yem 6onee cne-
LMannsnpoBaHbl K/JETKN, TEM MeHblUEe B HUX aKTMBHbIX FEHOB.
Pa3Hble reHbl paboTaldT He TO/IbKO B pPas/IMYHbIX K/IeTKax, HO
M B pa3Hoe BpPeMS, Ha pasHbIX CTagusix passButusa ocobu. B og-
HOTUMHbIX K/eTKax 04HOM W TOW >Xe TKaHW Ha pasHbIX cTaau-
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2.7. Bbicline pacTeHus W ylyou T yUro

SAX pa3BUTMA OpraHm3ma HernpepbiBHO MeHSAeTcA Habop aKTuB-
HbIX reHoB. O4HW reHbl BKJ/OYalwTcd, cuHTe3upya MPHK onpe-
JeneHHbIX 6e/1KOB, APYrve BbIKAKYAKTCA M3 3T0i paboTbl.

O6pa3oBaHme B rnpouecce pasBUTUA U3 OLHOPOAHbLIX K/ETOK
3apojpllla pazHoo6pasHbIX No MOPGOSIOrMYeckKUM rnpusHakam n
(hbyHKUMAM TUMOB KNETOK, TKaHeli 1 opraHoB HasblBaeTca Aud-
thepeHuuvaymeii. B ocHoBe audhepeHuMaumMn TKaHen exar
pasiMuns B aKTUBHOCTU TFeHOB. LleHTpanbHas npobnema OHTO-
reHeTUKN — aHanu3 AeicTBusa reHa npy QopMmMpoBaHUN NpU3Ha-
Ka WU YCTaHOBJIEHWE MPOMEXXYTOYHbIX 3BEHLEB B LEMUN «FeH —
MPU3HaK».

B cneumanun3npoBaHHbIX K/eTkKax paboTaeT orpaHMyeHHas
rpyrnna reHos, Torga Kak 6o/iblias yacTb UX peripeccupoBaHa.
Ho AHK u” reHbl BO BCeX pacTUTesIbHbIX KJ/leTKax O4WHaKOBblI,
MosaToMy WX aKTUBHOCTb [O0J/DKHA OnpefensaTbCd KaKUMW-TO
OPYTMMN MexaHu3MaMu, BK/THOHYEHWE KOTOPbIX He CBA3aHO C Aeii-
CTBMEM FeHOB. TakKMMy MexaHM3MamMun aKTuBauuu TeHOB SIBS-
I0TCA pas3/Inumga B CTPYKTYpe uuTonsasmbl, TKaHeBad WHAYK-
UM 1N TOPMOHbI. AlLeKeTKa co3peBaeT Noj KOHTPOSIEM FEHOB,
onpegensWmnX pasHOKAYeCTBEHHOCTb YacTeld UMToNa3Mbl,
4YTO MPUBOAUT K HEPaBHOLEHHOCTU MNPOAYKTOB MeEPBbIX Aene-
HWUI, a Npu JasibHENLEM Pa3sMHOXEHUU KNEeTOK — K TKaHeBOM
anpepeHuymnaummn. 3arem B npouecc BCTyrnaeT sm6puoHasibHas
VHOYKUNA: BO3AeliCTBME OAHUX TKaHel 3apojbllia Ha apyrue.
3TO0 BO3[ENCTBME BblipaXkaeTcsa B aKTMBaLWUW HOBbIX T[EHOB.
MpepgnonaralT, 4TO K/AETKWM paHee 06pasyloulencs TKaHW Bbl-
LenaAT BewecTBa, CrNocobHble akTUBMpoBaTbL pPaboTy reHoBs, He-
06xoAnMbIX AN audidhepeHumMaumMn Apyroi TKaHu, T. e. Mpouc-
XOAUT TKaHeBas MHAYKLUUA.

FopMoHanbHas peryasiumss — Haubosniee X0powo WU3Y4YeH-
HbIi MeXaHN3M aKTMBaLWWM reHoB. [OpMOHbI MOryT BO34elicTBO-
BaTb Ha reHbl HEMOCPEACTBEHHO W/IN BbI3biBaTb MOSAB/IEHVE B
yuMTonnasmMe Kakux-To cneuymuruecknx BeLLecTB, BO34ENCTBYIO-
WMX 3aTeM Ha HuX. MNMpoHUKas B KNeTKy, FOPMOHbl BO34ENCT-
BYIOT Ha KOMMJEKC «TUCTOHbI — AHK» n akTUBMpPYOT oTAENb-
Hble /I0KYCblI.

Ocoby ponb B gudpepeHumaunm TKaHei urpawT romeo-
GOKCOBble TeHbl, TPYMMbl KOTOPbIX cofgepXaT O4MHAaKOBble 3sie-
MeHTbl — roMeo60Kcbl. OHU cry>)KaT afpecom ANA ropmoHasb-

59



naBa 2. OCHOBHbIE 06bEKTbI 6MOTEXHOMOTNN U UX HAPOAHOX03ANCTBEHHOE 3HaYeHne

HbIX BeLLLEeCTB-PerynaTopoB, onpenenas O4HOBPEMEHHYIO aKTu-
BaLU WIN PErpeccuio LLefioro CEMeNrcTBa reHoB. Y pacTeHuid
romeo60KCOBbIe FeHbl Obl/IM OTKPbITbI B 1980-x rr. lNMokasaHo,
YTO OHW KOHTPOJIMPYIOT MOPALOK BO3HUKHOBEHUA U creyuanu-
3auMn MeTamepos.

Takum o6pa3om, pacTuTesnibHad K/eTka — 3T0 BecCbMa
CNOXHOe obpa3oBaHWe, KOTOPOe BKJ/IHOYaeT B cebd pas/inyHble
MWUKPOCKONUYeCcKMe M CyOMUKPOCKOMMYECKME CTPYKTYpbl, OT-
nyaruimecs BbICOKOWM AMHAMWYHOCTbH, CMOCOOHOCTbIO 3aKo-
HOMEPHO N3MEHATbCA Nof BAUSHUEM YC/10BUI CYLLLECTBOBaHMSA.

PacTeHuna asndioTca npoayueHTamu mHornx BAB — coepu-
HEeHW, CNOCO6HbIX OKasblBaTb BAUSHME Ha 6uosoruveckme
npoueccbl B opraHnsme. K Takum coeuMHEHUAM MpuHagnexar
cepAeyHble T/IMKO3UAbl, CaMOHWHbI, CTEPUHbI, KapoTUHOWAbI,
nosingoeHosNbl, ankanongbl, BUTaMWUHbI, XWHOHbI, a TakKXe Be-
wectBa, obnagawowive crneynuUYecKMMm apomaTom, BKYCOM U
OKpackKoii.

Brnosornyeckn akTUBHble BellecTBa NpuHagnexar K Mpo-
AyKTaM BTOPUYHOro 06MeHa, KOTOpble Ha3biBalOT BTOPUYHLI-
MW MeTabonMTamm wUan BTOPUYHBIMU MNpoAyKTaMu OGUOCUHTE-
3a. B HacTosiuiee Bpems m3BecTHO 60s1ee 100 TbIC. BTOPUYUHbIX
MeTaboNnToB, MNPOAYLUPYEMbIX pacTeHuAMU. MHOrme mn3 Hux
MCNONb3YITCA B (hapMaKo/Iormyeckoi, KOCMeTMYeCcKon, nuule-
BOV MPOMbILWAEHHOCTN N CUMTAKTCA 3KOHOMUYECKM BadKHbIMU
npoayKTamu.

JlekapCTBeHHble pacTeHUs BCe elle BHOCAT 3HAauUTeNbHbIl
BKNag B (papMaueBTUYeCKYl0 MPOMbILLIEHHOCTb, COCTaB/AA
0KO0/10 25 % BaXKHeWmnX NTeKapCTBEHHbIX CPEACTB.

K nekapcTBeHHbIM npenaparam MNPUMbIKAKT HApPKOTUKU U
CTUMY/IMpYIOULMe BellecTBa. HapKOTUKN ABMAKOTCA MPOMEXY-
TOYHbIM 3BEHOM MeXXAy ffamMu U JieKapCTBEHHbIMU rpernapara-
MU. B HeboNbLINX KONMYECTBAxX OHW YacTo cnyXaT apdeKTmB-
HbIMU NekapcTBamMu (Hanpumep, mopguin). MNpyu BbICOKNX KOH-
LeHTpaumax wam npu NOCTOAHHOM MNPUMEHEHUU HAPKOTUKN
MOryT cTaTb MNPUYMHON nNarybHoro BriedeHUs (HapKoOMaHWUKn)
Unu cMmepTu. HapKOTUKK COCTaABAAIT OCHOBHYIO Tpyrnny 3aripe-
WEeHHbIX HaTypasibHbIX NPoAYKTOB. Hanbonee n3BecTHbl Mapu-
XyaHa (Mnu rawuw) — BblAensanT U3 Camrrabl, ONUYM N repo-
MH — un3 Papaoer 30T T/ernT, KOKamH — U3 Erybkroxylon.
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2.7. Bbicwine pacTeHUa T YIYOU T yHro

Tabak ToXXe NpUHaANexuT K 3TOMA rpynne, MOCKO/bKY cofep-
XXNT HUKOTUH.

CTumynATopbl NpeacTaBnisieT coboi BelecTBa, OT/IMYHbIE OT
HapKOTMKOB, U B L,e/IOM OHU He BpefHbl. Yalle BCero npumMeHsa-
0T B BUAE HAMWUTKOB KO(MEWH W CBA3AHHbIN C HUM TEOOPOMUH.
KothenH HaligeH BO MHOrMX pacTeHusAX, U3 KOTOpbIX Hambosee
M3BECTHbI CaTellla 3Ten3b3 (4ai) n Co”ea arablca (kKoge).

Apbl, BEepPOATHO, KpaiHee fekapcTBeHHoOe cpeacTBo. Hewipo-
TOKCMYeCKUe AAbl pacTeHUi Bce elle MUCNOAb3YIT OXOTHUKU
B Athpuke n HOXKHOM AmMepuke, Hanpumep A4 Kypape. MHoruve
pacTuTenbHble A4bl 001a4al0T CUbHBIM  HERPOTOKCMYECKUM
JelicTBMeM, Hanpumep PULUH U3 K/ewWweBUHbl 00bIKHOBEHHO.

MoMUMO OTKPbLITUA PerynsaTopoB pocTa pacTeHwui, Hanbonee
BblJAOLLMMCA COObITUEM CTas10 OTKPbLITUE NUPETPUHOB. MnpeTpu-
Hbl, BblgensieMble U3 LUBETKOB CHrysanbHeTuT cTeranac/onnT,
ABMAKTCA MOLWHbLIMU MHcekTUumngammn (YHUYTOXAlLLIME Hace-
KOMbIX). C npupoAHbIMU MUPETPUHAMU KOHKYPUPYIOT CUHTe-
TUYecKne, ofgHaKo MNpu MPUMEHEHUN MOoCAeqHUX MoABMAeTCsA
YCTOAUMBOCTb K HAUM Y HACEKOMbIX, @ TaK)Xe BO3HMKaeT KyMy-
NATUBHAA TOKCUYHOCTb.

«TOHKNE XUMUKaTbl» — MNof 3TUM 00WMM Ha3BaHVeM 00b-
elMHEHbl BellecTBa, MPMMEHSEMble B KayecTBe [06aBOK npwu
MU3roToB/IeHUN AYXO0B, a TaKXe BKYCOBble apomaTuyeckue Be-
lwectea U Kpacutenn nuuiesbiX MPoayKToB. K «TOHKUM XUMWU-
KaTtamM» OTHOCATCA W 0YeHb [0pOorme, BbiMyCKaemble B HebGO/1b-
WX KonmyecTBax BeLLeCcTBa, W fAelleBble npenapartbl, MPOW3-
BOAUMbIE fecATKamMWn TbicA4 ToHH. Hanpumep, B CLUA 1 Kr
XKaCMWUHOBOW 3CCEeHUUW CTOMT 6 ThbIC. 40/1/1APOB U MPOU3BOAUT-
cA OHa B Konmyectse nuwb 20-30 Kr B rog, a 1 Kr macsa Ka-
Kao (OCHOBHOro KOMMOHEHTa LoKosiaga) CTont 4 ponnapa, u
NPoOV3BOANTCA OHO B 06beme 20 ThbIC. T B rof.

«TOHKNE XMMUKaTbl» BapbUpPYyT OT MPOCTbIX COEAUHEHWUN
TMNa XVWHWHA [0 C/IOKHbIX CMeceil Tuna agupHbIX macen. lMo-
cnefHve nNpeacTaBnsAlT CO60M TUMNMYHbIE MOHOTEpPreHbl, 4acTo
NneTyyme coefuHEHUA, CcoCTaBNAlLIMEe OCHOBY MPOM3BOACTBA
apomMaTMUecKux COefVHEHWI [Ns oTpacieil, co3fallimX LeH-
Hble 1 O0pPOrocTosWne NPOAYKThI.

Cnepyet OoTMETUTbL BCe BoO3pacTalwlliee BHUMaHVe K MUpy
pacTeHWn KakK UCTOYHUKY XMMUYECKUX coeanHeHUA. Pa3paboT-
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Ka HOBOr0O CUMHTETMYECKOro J/1eKapCTBEHHOro mnpenapara 06xo-
antca npumepHo B 100 mnH gonsiapos v 3aHMMaeT 10 net, no-
3TOMY HETPYAHO MOHATb BO306HOBAAKLLMIACA MHTEpPeC K pacTe-
HMAM Kak «habpukam» s Mx cuHtesa.

2.8. XKuBotHble T VMO UM T rUAro

B 610TEXHO/I0TMM B KayecTBe O0OBLEKTOB MpWM MNPOBEAEHUU
(byHpaMeHTannbHbIX Hay4HbIX WCCAefOBaHWUN, a TakXke B MNpak-
TUYECKUX uenax (Tepanus, gapmakosiorus, nuuesas Mnpo-
MbILIIEHHOCTb) WCMO/Ib3YIOT >XXUBOTHbIE OPraHU3Mbl, a TakKXe
Ky IbTYpPbl K/1ETOK XXUBOTHbIX, N30/IMPOBaHHblE TKAHMN 1 OpraHbl.

KynbTypbl KNETOK >XUBOTHbIX CAYyXaT r/iaBHbIM 06pa3om
ANnA Hay4yHbIX uccnegoBaHWiA. Tak, Ky/fbTypa K/eTOK 4enoBeka
ABNSAETCA 06HEKTOM MEAMKO-6M0N0rMYecKnUX MUccnefoBaHUn nNpu
M3YyYEHUN K/ETOYHbIX, MOMIEKYNSAPHbIX, BUOXMMUYECKUX acnek-
TOB maToreHesa Lenoro psga 6osesHent, B TOM 4uc/iie U Hacneg-
CTBEHHbIX; €e WCMO0JIb3YIT MPU WUCCAef0BaHUM BO3MOXHOCTEN
NMPMMEHeHUA W BMUAHUA JIeKApPCTBEHHbLIX rMpenapatos, BAB,
KOHCEPBAHTOB, KOCMETMYECKUX MpernapartoB Ha Mopdosormnye-
CKMe N 6MoXmmMmnyeckrue U3MeHeHus B KieTKax. [ nogo6HbIxX
nccnefoBaHU Yallle BCEro NMPUMEHSIOT Ky/bTypy ubpobriac-
TOB. JTO CBA3@HO € TeM, 4YTo B 1978 r. A. 'puHbepr pokasas
afeKBaTHOCTb pe3ynbTaToB, MOMYYEHHbIX Ha Ky/bType umbpo-
6n1actoB, pesynbTatam, MOJIy4eHHbIM Ha KeTKax Lesnoro opra-
Hn3Mma. Kpome TOro, pmbpobsiactel cny>kat rnaBHbIM KJ/eToY-
HbIM 3/IEMEHTOM COeAMHUTENbLHOM TKaHW, KoTopasli cocTaB/ifeT
3HaUYNTe/IbHYI0 YacTb Maccbl Tesla YenoBeka WIN XXUBOTHOTO.

Mpoueccbl KAeToYHOW ANGMEPEHLNPOBKU U perynaunum ak-
TUBHOCTU FEHOB M3yyalT B OCHOBHOM Ha Ky/bType KJ/IeToK 6ec-
MO3BOHOYHbIX, TAK KaK OHW XapaKTepu3yrTcs 60NblIMM pasHo-
obpasnem pocta U MeTaMopdo30B. ITY XKe Ky/bTypy MPUMEHS-
0T MpU BbipalMBaHNN BUPYCOB B XXMBbIX KJ/IeTKaxX HAaCEKOMbIX
ANs NoMy4YeHUs 3HTOMOMNATOreHHbIX MnpenapartoB. B KynbTypax
K/eTOK BblpalWMBawT BUPYCbl A19 UX WUAEHTURUKALUN WNIN
ONs MOolyYeHUs BaKUUH.

KMeTKn >XMBOTHbLIX MOXXHO WCMOMb30BaTb ANS MOJy4YeHUs
TpaHCreHHbIX 0co6eli, K/IOHMPOBaHUA X03AMWCTBEHHO BaXKHbIX
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2.8. X)KNBOTHbIE T yryon T YyHTro

nopoA YXUBOTHbIX, rMépnan3aLmnm comaTUHYecKnx KeToK C Lie-
Mblo NOTYYEHUSA XUMEPHbIX OPraHN3MOoB.

B nocnegHee Bpems 60MblUoe BHUMaHWe ypesnsieTca amb6pu-
OHa/IbHbIM CTBOJIOBbIM K/leTKaM. JOTO K/ETKU, BblAeNEHHblE U3
3M6PMOHOB Ha CTaguM 61acTouUCTbl, COXPaHsLIMe crnocob-
HOCTb AeNnTbCA B Ky/nbType T VYo, o6najatolime CBOMCTBOM
MJlpUNOTeHTHOCTU, T. €. CNOCOOHOCTBI0 K ANGEPEHLMPOB-
Ke B /1106ble TUMbl K/IETOK >XXMBOTHbIX.

Ha opraHHbIX KynbTypax W3yyalT 3aKOHOMEepHOCTW pas-
BUTWSI OpPraHoB, CMOCOObI COXPaHEHWUSI WX >XU3HECMOoCco6GHOCTH
nepes TpaHcnnaHTauuein. Llenble opraHuW3mbl (TpaHCreHHble
MbILLIV) MCMOMAbL3YIOT 4S9 MOAENNpoBaHUA psga 6onesHer yeno-
BEKa U BbISIBJIEHUS MeXaHU3MOB MX BO3HWKHOBEHUS U MpoTe-
KaHus1.

MpaKTuyeckoe NPUMEHEHME M30/IMPOBAHHbLIX K/ETOK, TKa-
Hell, opraHoB, LEeNbIX >XUBOTHbIX OPraHM3MOB TakKXXe BecbMa
pasHoobpa3Ho. KNeTKM >XMBOTHbIX W YefloBeKa Cry>aT B Kauye-
CTBE MPOAYLEHTOB KaKMX-NMbo BeLiecTB, Hanpumep MNpPOTUBO-
BUPYCHOro mnpenapaTta uMHTepdepoHa. Co3gaHbl nepeBMBaemble
Ky/IbTypbl KNETOK >XUBOTHbIX, KOTOpble MNPOAYLMUPYT MOHO-
K/IOHa/IbHble aHTUTeNa, NPUMEHSIEMbIe 471 AUArHOCTUKK 3a6o-
nesaHwnii. HekoTopble KNETKU >XMBOTHbIX W 4YenoBeKa B Ky/b-
Type MOryT CMHTEe3MpoBaTb 6MONOrMYeCKN aKTUBHbIE BellecTBa:
NIeTKN runogmsa cnyxaT WUCTOYHMKOM comMaToTponuHa (rop-
MOHa — perynsaTtopa pocrta), AMnoTponuHa (ropmoHa — CTUMY-
nsTopa pacLiensieHnst XXUpoB). B NpOMbILLIAEHHOCTU LUIMPOKO
MCMOMb3YIT MMMOOUAIN30BaHHbIE (hePMEHTLI, (hepMEHTATUBHbIE
KOMMJ/IEKCbl M KNETKM XXUBOTHbIX. Ha kneTkax n TKaHsax nsy-
YalT BMMSAHME HU3KUX TEMMNepaTyp Ha COXpaHeHWe >KU3Hecno-
COOHOCTN KNEeTOoK, a TakXe paspabaTtbiBaloT MeToAbl KPUOKOH-
cepBauun Ons pacluiMpeHUsi pasHoobpasusl KAeTOK U TKaHen,
KOTOpPblE MOXXHO COXPaHATb B 3aMOPOXXEHHOM COCTOSHUU. B me-
ONUMHE KYNbTYPY KETOK KOXW MPUMEHSIOT 419 3aMecTUTe b-
HOW TepanuMu MNpu 0XOorax, a Ky/nbTypy K/eTOK 3HAoTenus —
ONs PEKOHCTPYKLUUWM CTEHOK cOocyAoB. B mpaKTuueckux uensx
H Ka4yecTBe eCTeCTBEHHbIX GMOPEaKTOPOB IEKAPCTBEHHbLIX Mpe-
napaToB MM nNuuieBbix 6e/1KOB npeanonaraeTcd MCNonb3oBaTb
KPYMHbIA poratblii CKOT, OBeL, CBUHEW; O4HAKO B HacTosLliee
BpeMsi BBeAeHWe FeHOB, OTBeYalwLMX 3a CUHTE3 HeobX0AMMbIX
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COEAVIHEHWIA, COMPOBOXXAAETCA Yy TPAHCTeHHbIX >XXUBOTHbLIX MO-
AB/IEHVEM TSXKENbIX 3ab0/eBaHUA U APYTUX HEraTUBHbIX 3-

(hekTOB.
KOHTPOJ1IbHbIE BOINPOCHI

1. MepeyncanTe OCHOBHblE BUAbl 06BLEKTOB, MCMO/Ib3yeMble B 6MO0-
TEXHOJ/IOTUNN.

2. PacckaxxuTe 0 BMpycax, UX Knaccuumkaumm n aHavyeHun.

3. Kakue KNeTtouyHble CTPYKTYpbl SABASAKTCA 0683aTeNlbHbIMU AN
6akTepnin?

4. O6pasoBaHMe KakKuUX 6B6UOTEXHOMOMMYEeCKUX MPOAYKTOB MPOUCXO-
OWUT C Ucnosib3oBaHueM 6aKTepuin?

5. PacckaxkuTe 0 Knaccuumkaumm sogopocnen.

6. B uem oTniMume KpacHbIX U 3e1eHbIX BOAOPOCNEN?

7. PacckaXkute 0 M/IaHKTOHHbIX U 6EHTOCHbIX BOAOPOCASX.

8. Kakuve Buapbl Bogopocseli NCNOMb3YTCA B NULLY?

9. Kakue >XnBble 0praHnU3mbl 0THOCATCA K NnWaiHnKam?

10. B yem BblpakalTcss 0CO6EHHOCTU CTPOEHUS NNLLANHWUKOB?

11. Kakune npoagyKTbl MOXHO MoslydaTb Ha OCHOBe NMaiiHWKOB?

12. Ha uyem ocHOBaHa Knaccu@ukauus OCHOBHbIX OTAE/I0B LapcTsa
rpubos? MNMepeyncnute Ux rpynneol.

13. MpuBeguTe NpuMMepbl NPOAYKTOB FPUOBHOI0 MPOUCXOXKAEHUSA, MO-
nyyaembliX MeTofaMn 6MOTEXHOOMUMN.

14. PacckaxxuTe 0 BOAHbIX pacTeHUAX.

15. MepeyncanTe BO3MOXHOCTU UCMO/Ib30BaAHUA KNETOK BbICLIMX pac-
TeHW i B 6MOTEXHO/OMUMN.

16. UTto Takoe BAB 1 KakoBa uUX posb?

17. PacckaXkute o npogykrax 6MOTexXHON0rnm, nosyvyaeMbliX U3 Kynb-
TYP K/ETOK M TKaHel BbICLUNX PacTeHUiA.

18. OAna Kakux uenei Mcnonb3yrT Ky/bTYpbl K/ETOK XXUBOTHbIX?



nasa 3

KJETOUHAA N TKAHEBAA
NH>XXEHEPWA PACTEHUNIN

KnetoyHass WHXeHepus — OAMH W3 OCHOBHbIX pas3fesioB
COBPEMEHHOW BMOTEXHO/IOTUN — MO3BOMSET BbIAENATE U KY/b-
TUBUPOBATb TKAHU U KETKU BbICLUMX MHOMOK/IETOYHbLIX opra-
HMU3mMoB. KynbTMBMPOBaHME TKaHEN N KMETOK MPOUCXOLUT BHE
opraHmama — 1n VYo (B nNpobupke, Kosbe, CTEK/IAHHOA nocy-
Je), B cneynasnbHO Nof06paHHbLIX YC0BUAX.

KnetouHaa UHXeHepusli ocHoBaHa Ha MCMNOoJ/1Ib30BaHUN MPUH-
uMnNMasbHO HOBOro 06beKTa — W30/IMPOBAaHHOW KynbTypbl Kiie-
TOK UM TKaHEWN 3yKapMOTUYECKMX OpraHM3MoB, a TakKXXe Ha Ta-
KOM YHWKas/IbHOM CBOMCTBE PacTUTENIbHbIX KJ/IETOK, KakK ToTu-
MOTEHTHOCTb, T. €. CNOCOBHOCTb KaXKA0M pacTUTENbHON KAETKU
JaBaTb Hayasio Lenomy opraHmsmy (puc. 3.1, cM. UB. BKJIENKY).
MpuMmeHeHMe 3TOro 06beKTa OTKPbIBAET 60/IbLLIVIE BO3MOXXHOCTHU
B peweHun rnobanbHbIX TEOPETUYECKUX U MPaKTUYECKMX 3a-
Jay (puc. 3.2).

BuotexHonornyeckoe npumMeHeHve

MepucTembl, ARLEKIETKN, r—=®yHaaMeHTa/IbHble
3MOPUOHbI, MUKPOCMOPbI, k- nceneposaHus
*  NblIbHUKN Jr- BeretaTBHOE pa3smMHOXKEHWNE
At m- O300poBieHne
Kannyc == n

1
COMé‘:ITI/I'-IeCKI/Ie. 1_WcKyCcCTBEHHbIE cemMeHa
ambpuonpl
SMbpronA l’jﬁp BTOpUYHble I'IpO,EQ/KTbI

orioTpaHchopmaLms
Knetku I1(J!,_ T'mbpuamsaumsa: nososas,
- !~ comatnyeckas
Mannonansayms:
| I [POreHHas, rmHoreHHas
i1 Cenek vm MyTaumu,
[MpoTonnacTel :[,r_ Bapwual U‘ yrau

1 3ameHa opraHenn

y-— MorneKynsipHo-reHeTyYecKas
VNH>KeHEPWS pacTeHWin

Puc. 3.2. Vicnonb3oBaHWe Ky/nbTypbl K/€TOK U TKaHel pacteHWii
B 6uotexHonorum (no T.A. Eroposoii u gp., 2003)
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naBa 3. KnetoyHasa n TKaHeBas MHXXEHepUs pacTeHuin

B o6nactn yHAaMeHTasIbHbIX HayK 3TO KacaeTcsa mccreno-
BaHUS TaKUX CMOXXHbIX Mpobnem, Kak B3anMofelicTBMe KAeToK
B TKaHsX, KnetouHasa guddepeHUMpoBKa, MopgoreHes, mexa-
HU3Mbl MOSABMEHMNSA PAKOBbIX K/ETOK, peanusauns TOTUMOTEHT-
HOCTU KJ1ETOK.

Mpn peweHUn nNpakTUYECKUX 3ajady OCHOBHOe BHUMaHue
yOenseTca cesiekumun, MosyvYeHU 3HAUYMTEsSIbHbIX KOJIMYeCTB
61ONOrMYecKn LEeHHbIX MeTaboNINTOB pPacTUTENIbHOro MNpPouc-
X0XAeHUsA (B yacTHOCTU, 6Gonee AelleBblX /1EKAPCTB), a Takxke
BblpaliMBaHM0 0340POBMIEHHbIX 0e3BUPYCHbIX pacTeHUn, ux
K/IOHa/IbHOMY Pa3MHOXeHWUIO.

3.1. NcTtopusa pa3BuUTUA MeTOoAa KNEeTOYHOM
N TKaAHEBOWN WMHXXeHepuu pacTeHui

BypHOe pa3BuUTUE KAETOYHOM WHXXEHepUn MNpUXOaUTCHA Ha
1950-e rr., XoT4 nepsble MOMNbITKU BblpallnBaHUA U30/IMPOBAH-
HbIX KYCOYKOB TKaHW OblIM cAeslaHbl ropa3fo paHblue. B Ha-
CTOSALWee BpeMsA Mnpegnaraetca paccmatpusarthb creylouwme aTa-
Mbl CTAHOB/IEHNS N Pa3BUTUSA GMOTEXHOOIUN.

| atan (1892-1902 rr.). B koHue XIX — Havane XX
HemeuKune ydyeHble X. PEXTUHI (1892), K. PexuHrep (1893) un
. XabepnaHAt (1902) npenpuHAIN NepBY0 NOMNbITKY CTUMYNA-
LMW pocTa pacTUTesibHbIX TKaHeW W OpraHoB, MOMELLEHHbIX Ha
hunbTpoBasibHY0 6Gymary, nponuTaHHYl caxapo3oi. HecmoTps
Ha TO YTO MOMIOXKUTEsIbHBLIN pe3ynbTaT He Oblal MoslyyeH, 3Tu pa-
60Tbl NpeAcTaBAAOT 601bLUOA MHTepec. ABTOpamMm Obl/IN BbiCKa-
3aHbl NAeN, KOTOpble HAMHOMO OMepeawsivi Pas3BUTUE HAYKU TOrO
BPEMEHM M HALWIN CBOE MOATBEPXKAEHME /IMLLb HECKOJIbKO fecs-
TUNEeTUin cnycTtda. Tak, PexTUHT NPearnosiokKua, YTo NOAAPHOCTb
npucyLa He TOJIbKO OPraHM3My WUau opraHy pacTteHus, Ho 1 ca-
MOV KNeTKe. PexmHrep onpegenva MUHUMasIbHbIA pa3Mep CerMeH-
Ta, obpasywuiero kannyc (puc. 3.3, cM. UB. BKNeiiky). Cornac-
HO ero uccsiegoBaHmMAaM, B KycoudkKax TKaHu ToHbuwe 1,5-2,0 mm
K/IETKN He Jennnucb. XabepnaHAT BrepBble YETKO CHOPMYIMPO-
Ba/N NAEN O BO3MOXXHOCTU KY/bTUBMPOBAHUA T olro (B CTEK-
Ne) N30NMPOBaHHbIX K/IETOK pacTeHU M 0 TOTUNOTEHTHOC-
TWU KNETOK, T. €. CrOCOBHOCTU K60 COMATUYECKON KNETKWU
MOJIHOCTbLIO peasin30BbiBaTb CBOW MOTEHUMasl pa3BuUTuUS.
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3.1. VicTopus pasBuTusi Metoga KNeTouHOM 1 TKAHEBOW UHXKEHEPUMN pacTeHuiA

Il atan (1902—1922 rr.) 0o3HaMeHOBaJICA CO34aHUEM nep-
BbIX MUTATENbHbIX cpef A1 KYy/bTUBMPOBAHUA TKaHel >X1BOT-
HbIX. DTW cpegbl 6bIIN NPUPOLHOTO MPOUCXOXKAEHUA U cofep-
Xanu, Kak npasBwsio, Mjasmy KpOBU W 3apofbllUeBYyH >XuUg-
KocTb. [MoNbITKN BbIPACTUTb W30/IMPOBaHHbIE PaCTUTE/IbHbIE
TKaHW Ha UCKYCCTBEHHbIX MUTATe/IbHbIX cpefax, CoAep Kallimnx
pacTUTeNbHble 3KCTPaKTbl, OKa3a/ucb HeyfayHbIMU, TakK Kak B
3KCNepuMeHTax MCnosib30BasiuCb Masio noaxofswme Ana npo-
SABMIEHNSA POCTOBOM aKTMBHOCTU K/AETKM WM TKaHW BbICLUUX pac-
TEHWIA.

Il stan (1922-1932 rr.) MOXHO cyMTaTb CTaAHOBJIEHWEM
MeToga Ky/bTypbl M30/IMPOBaHHbLIX KOpPHEN pacTeHusi. B 1922 r.
aMepUKaHCKUA Yy4YeHbli B. P0O6GO6MHC M HEMEUKWUA Yy4eHbli
B. KoTTe — He3aBMCUMO ApPyr OT gpyra — nokKasajim BO3MOXK-
HOCTb BbIpawWMBaHUA MeEpPUCTEM KOHUMKOB KOpHER TomMaTtoB W
KYKYpPYy3bl Ha CMHTETUYECKOW muTaTesibHOW cpege. OgHako uye-
pe3 ornpegesieHHOe BpeMs pacTuTesibHble TKaHU 6ypenu mn noru-
6anu.

IV atan (1932—1940 rr.) cBA3aH C MUMeHaMn PpaHLy3CKoro
ydeHoro P. oTpe n amepuMkKaHCKoOro uccrnegosatensa &. Yaiita.
B 1932 r. oHM noKasanu, 4YTO Npu NepuoamnyecKon nepecaake
Ha CBEXXYI MUTaTEs/IbHYH cpefy KOHYMKW KOPHEN MOryT pactu
HeorpaHMYyeHHo p[onro. KVIMeHHO TOrga Hayanocb MoAJ/IMHHOE
pasBuTMe MeToAa Ky/bTypbl pacTUTE/IbHbIX TKaHeln. OTn yde-
Hble pa3paboTanu MeToAbl KYy/NbTUBUPOBAHUA HOBbIX 0OBHLEKTOB:
TKaHel [peBecHbIX pacTeHu KambuasibHOro MPOUCXOXKAEHUSA,
Ka/lyCHbIX TKaHel 3anacatouwer napeHxumbl (P. FoTpe), a Tak-
)K€ TKaHel pacTuTeNbHbIX onyxonen (®. Yair).

HauunHatTcsa maccoBble uccrefoBaHMs Mo paspaboTke Ho-
BbIX MUTATesIbHbIX Cpef, BK/OYALWMKX faXe Takue HEKOHTPO-
nMpyemMble KOMMOHEHTbl, KakK 6epe30Bbii COK WAW 3HAOCMEepPM
Kokoca. PaboTbl N0 Ky/ibType TKaHW ObICTPO pa3BuBalTCcH, Obl-
J10 yCMeLwHO BBEAEHO B Ky/IbTYpPYy MHOIM0 HOBbIX 06bEKTOB.

V oatan (1940—1960 rr.). B 1955 r., nocne OTKpbITUA
®. Ckyrom n C. Munnepom HOBOro kJacca UTOroOpMOHOB —
ULMTOKUHUHOB (M B YacTHOCTU, KUHETMHA), 0Ka3asioCb, YTO Mpwu
MX COBMECTHOM BO3AeACTBUM C APYrUM KaccoM hMTOropMOHOB —
ayKCMHaMW — MOXXHO CTUMYJ/IMPOBaTb Ae/IeHUE KNEeTOK TKaHu
CepAuUeBMHHOM MapeHXUMbl Tabaka, AMLIEHHOW NpPoBOAALLNX
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naBa 3. KnetouHas n TKaHeBasi UH)XEHepUs pacTeHui

Ny4yKoB N Kambus. B 3aBUCMMOCTM OT KOHLUEHTpPauUMn N COOTHO-
WeHNA MUTOrOPMOHOB, MOXKHO YCUNMBATb [eNneHne KNeToK 3KC-
naaHTa, NoA4ep>XMBaTb POCT Kasl/yCHOW TKaHW, MHAYLUMUPOBaTb
MopdoreHes. Ha 3Tom 3Tane 6bI/10 OLEHEHO MOJIOXKUTENbHOE
BO34eNCTBME HATYypPasibHbIX 3KCTPAKTOB TUMa 3HAoCMepMa KOKO-
COBOr0 opexa, KalwiTaHa, KYKypy3bl W [pYrux pacTeHuii Ha
noggep>kaHme HeopraHM3oBaHHOr0 K/ETOYHOro pocTa U CTUMYy-
NAauunio npoueccos MopdoreHesa B Ky/bType KannycHbIX TKa-
Hell M KAEeTOYHbIX cycneH3ui. B 1959 r. 6bi1 NpeasioXkeH Me-
TOA BblpawmMBaHNA 60NbLUNX MAcC KAETOUHbIX CYCMeH3WN.

VI atan (1960-1975 rr.). Hanbonee Ba)kHoe co6bITNE 3TO-
ro stTana — paspaboTka npodeccopoMm HOTTUHIEMCKOro YHWU-
Bepcuteta (AHrNNA) 3. KOKKMHIOM MeToAa noayvyeHUs epmeH-
TaTUBHbIM MYTEM W30/IMPOBAHHbIX MPOTOM/ACTOB U3 KOPHEn U
NnaofoB ToMaTta U Ky/IbTUBMPOBAHUA UX B KOHTPOJIMPYEMBbIX YC-
nosusax. Mo3sxe, B 1970 r., B Toi >e nabopatopun C. MNMayspom
M COTPYAHMKaMU 6bl/10 0CYLLEeCTB/AEHO UCKYCCTBEHHOE CMMAHUE
NpoTON/acToB, YTO OTKPbIJIO HOBbIA MYTb K CO34aHWUI0 cOMaTU-
yeckMx rmbpuaos. B aToT >ke nepuog 6bi1 paspaboTtaH meToq
K/IOH&/IbHOr0 MUKPOPa3MHOXKEHUSA pacTeHWIA B YCNOBUAX T oMro
C MCNONIb30BAHNEM MEPUCTEMHOW Ky/bTypbl. OCHOBOMOMOXHMU-
KOM [aHHOro Harnpas/ieHUs uccefoBaHU ABNsieTca paHLys-
CKUI y4eHbln XK. Mopenb, KOTOpbIA NOAYYUsT 0340POB/IEHHbIN
nocafouyHbIli MaTepuan opxuaeil un kKaptodens. Becbma Bax-
HbIM AOCTMDKEHVEM B PasBUTUUN TEXHO/OMUI Ky/IbTUBMPOBAHUS
MN30/INPOBAHHbIX TKaHel W KNeToK CTano Ky/bTUBMPOBaHUE
OAWNHOYHOWM K/AETKU C MOMOLbK TKaHU-«HAHbKWU» (puc. 3.4).
310T meTog 6bIn pa3pabotaH B Poccmm B 1969 r. B IHCTUTYTE
thmnanonorum pacteHmnin nm. K.A. Tumunpsazesa PAH nog pyko-
BoacTeom P.[M. ByTeHKo.

VIl atan (1975 r. — no HacTosuwee Bpewms). [pogosmnka-
eTca O6bICTPOe pa3BuUTUE TeXHONOrUU T uliro U uUsydyeHue 6uU0-
norun KynbTUBUPYeMbIX 06bEKTOB. PaspabaTbiBaloTcA MeToAbl
3M1EeKTPOC/IMAHUA U30/IMPOBAHHbIX MPOTOMN/AcTOB, MyTareHesa u
K/eTOYHOW cenekumu, NoayyeHus ranaomgHbix pacteHuii. Co-
BEPLUEHCTBYETCA MeTo[ r/1y6MHHOro Ky/JbTUBUPOBAHUA KNETOK
C UCMO/Ib30BAHUEM M30/1IMPOBAHHbLIX MPOTOMAacTOB N BEKTOPOB,
co3flaHHbIX Ha ocHoBe Tb u W-nna3mug ASrobaclennT lure
{acrens un A. rblrogenes. C NMOMOLLbIO METOAOB FEHETUYECKOIA
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3.2. OCHOBHble HanpaB/IEHUA KNETOYHOW NHXKeHepPUn pacTeHuin

CTeKNsAHHbIe
NJacTUHKMN

>LlennocaH

KneTku genarca ¢ ono3gaHnem

Puc. 3.4. KynbTuBMpoBaHWe OAMHOYHbIX KNETOK BbICLUMX pacTeEHWU
C NOMOLbIO TKaHU-«<HAHbKN» (no P.I. ByTeHko, 1999)

WHXXeHepUX pa3paboTaH 3PPEeKTUBHLIA MeTof MepeHoca reHoB
LN ABYOMbHBIX PacTEHWA.

Takum o6pasom, 3a nocsiefHUe AeCATUNETUS caesaH 3Hauu-
TesIbHbIV War Brepes B pasBUTUU TEXHUYECKUX MPUEMOB pabo-
Tbl C M30/IMPOBAHHBIMU TKAHAMU W KMeTKaMu pacTeHnii. O6b-
EeKTOM WCC/iefj0BaHUSA, KaK MpaBusio, CAY>XWUIN OAHOAOMbHbLIE U
[BYAONbHbIE TPaBAHMWCTbIE PacTeHUs, B PeaKux crydasx —
LpeBECHbIE.

3.2. OcHOBHble Hanpas/eHUs
KNeTOYHOM WHXXEHEepUU pacTeHWnii

KynbTypbl M30/IMPOBaHHbLIX KMETOK U TKaHel NMpUMeHSIOT B
6MOTEXHOMOFMYECKMX paboTax Mo TPeM HampaBfeHUSAM.

MepBoe HanpaBfieHUWE — WCMO/b30BAHME W30/IMPOBAHHbIX
K/IETOK B CENEKLUN PacTeHUA T wulro Ha yCTOMYMBOCTb K pas-
JINYHBIM HeGNaronpuUsATHbBIM (PaKTopaM cpefbl: 3acyxe, 3acosie-
UM, HA3KNM U BbICOKMM Temrepatypam, uTonatoreHam, Ts-
XefbiM MeTasiiam 1 gp. Takxke B paMKax 3TOro Harpas/ieHUsi
npeaycMaTpuBaloTCs CO34aHUE HOBbIX PACTEHWMIA MyTeM C/us-
HUSI M30/IMPOBAHHbIX MPOTON/AACTOB U MOSTyYEHUE HEMOMOBLIX
(comaTnueckmx) rubpuaos; NMepeHoc B M30/IMPOBaHHbIE MPOTO-
NAacTbl Yy>KEPOAHbLIX rEHOB METOAAMU FEHETUYECKOM MHXKEHEPUM;
KY/IbTUBMPOBAHUE W30/IMPOBAHHbIX MbIJIBHUKOB M CEMSIMOYEK
Ha MCKYCCTBEHHbIX MUTATEsIbHbLIX cpefax (co3gaHuve ransoung-
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FnaBa 3. KneTouHas n TKaHeBasa MHXeHepUsa pacTeHun

HbIX pacTeHWi); KyNbTUBUPOBAHWUE W30/IMPOBAHHbLIX 3apPojbl-
Wel M ONMOAOTBOPEHWE B YCAOBUSX T V™o (MpeofosieHue
NMporamMHolii 1 NocTraMHOW HECOBMECTUMOCTM PacTEHWIA).

BTopoe HamnpaBfieHVWE — WUCMO/Ib30BaHWE Ky/bTypbl MU30/U-
pOBaHHbIX TKaHel [/1s1 Pa3MHOXEHMWsI U 03[40pPOBJIEHUSA Moca-
[OYHOrO MaTtepuana. OTOT MeTOof, Has3BaHHbIA K/OHA/bHbLIM
MUKPOPA3MHOXEHMEM pPacTeHWiA, MO3BOMSIET MoJslyyaTb OT Of-
HOli MepucTeMbl COTHM ThbICAY pacTeHWid B rof. 3a nocnefHee
LecaTuneTUe AaHHas TEXHOJIOTUS CTAHOBUTCH YXXe KOoMMepue-
CKUM TMPOV3BOACTBOM.

Hanbonbllee pacnpocTpaHeHMe MeTof K/I0Ha/IbHOro MUKPO-
pPasMHOXXeHUS MNosyuns Npyu  Ky/bTUBUPOBAHUWU AeKopaTuB-
HbIX, TPOMWYECKUX U LIBETOUHbIX pacTeHuii (Tabn. 2). Ans kap-
Tohens, acnaparyca, 3eMAISHUKKN, HEKOTOPbIX MOABOEB s16/10HU
M Mepcuka OH HauMHaeT 3aMeHsiTb TPaAULMOHHbIE CMOCO6bI
PasMHOXXEHUS U CeNeKLUn.

Ta6nuua 2

[pomblIlIeHHbIE KY/bTYpPbIl, BblpalleHHble T V™o B CLUA,
cTpaHax Asunm n Esponbl B 2000 r. (MAH LWWIT.)

KynbTtypa CLUA EBpona AsuA
Lnumbnanym ru6pnaHblii 0,5 0,2 0,2
(opxunpges)

BeroHuna 2,5 10 -
PoponeHapoH - 3,5 -
lepbepa 2,5 - 0,5
Mpuc rubpuaHbiii 5,0 2,8 2,5
ManopoTHNK 15 15 -
dukyc 1,7 4,5 -
AnddeHbaxmns 6,0 - -
3eMnaHnKa 4,0 - 2,0
KapTogenb 7,0 - -
Posa - 5,7 -
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3.3. KneTka Kak ocHOBa YXWU3HU 6M0/10TMYecKNX 06bEKTOB

TpeTbe HanpasfeHue — MOJIYYEHUE LEHHbLIX AN MeAnum-
Hbl, NapMepUN, KOCMETUKU W APYTruUx oTpacneii NpombiLu-
NIeHHOCTU BeLLLeCTB BTOPUYHOrO CUHTEe3a (asikanoufibl, CTepo-
nabl, TIMKO3UAbI, TOPMOHbI, 3PUpPHbIE Macsia U Ap.) Ha OCHOBE
K/MeTOUHbIX KyNbTyp pacTeHuil. Kak npasuio, BTOPUYHbIE Be-
LLecTBa MOJyHarT M3 Ka/JIyCHOW TKaHW, Ky/bTUBMPYEMOW Ha
TBepaol (arapmsoBaHHOWM) WU XXUAKOW (CycneH3MOHHas KyJib-
Typa) NuTaTesNIbHOWN cpeje.

Ha ocHoBe K/IETOYHbIX TEXHOJIOTUI MOMy4YalT Takve meau-
LMHCKMe npenapatbl, KakK AMOCTEHWH — W3 KMETOK ANOCKOpPEMN,
HAMa/IMH — K3 KJ1eTOK payBoNb(puU 3MENHOM, TOHU3UPYOLLNe
BELLeCTBa — W3 KJ/IETOK >KeHblUeHs. [MpoayKTUBHOCTb Ky/bTU-
BMPYEMbIX K/IETOK B pe3ysibTaTe UX CeNnekuun T olro MoXeT
3HauUUTENbHO MpeBblaTh MPOAYKTUBHOCTb LESbIX pPacTeHU.
MpeuMyLecTBa faHHOr0 crocoba 3aK/yarTcsl TakKe B BO3-
MOYXHOCTU WCMO0/1b30BaTh AJ/151 3TOW LEsiM pacTeHusi, He Npoms-
pactawle B HalUX MPUPOAHbIX YC/IOBUSAX, W Mosy4Yatb Mpo-
OYKLUVIO KPYTrAblii rog.

3.3. Knetka KaK OCHOBa >»XW3HU
61010TNYEeCKNX 0O6BLEKTOB

OCHOBHO (hOpPMOW CyL,eCTBOBAHUA >XXU3HU SABMSETCA KNET-
Ka. B Heli npoTekalT Bce (hU3MONOrMYecKme npoleccbl Kak y
OAHOK/METOUYHbIX, TAK M Y MHOFOK/IeTOUYHbIX OpraHu3mMoB. PocT
N pa3sMHOXXEHME OPraHM3MOB TakXe CBs3aHbl ¢ 06pa3oBaHMEM
HOBbIX K/1€TOK, KOTOpPOE 3aBUCUT OT MPOUCXOAALLNX B HUX 6UO-
XVUMWYECKMX MPOLLeCCOB, Ha3blBaeMblX 0OMEHOM BeLLecTB W
MeTabo1n3MOM.

Knetka aBnseTcs afieMeHTapHON eAUHULENA >XU3HWN: B HeM
MMeeTCa BCe Heobxoammoe AN nogdep>kaHms obmeHa BeLLecTB
M pasMHOXXeHUA. CoMaTuyeckne n rnosioBble K/eTKU MHOrOK/e-
TOUYHbIX >XWUBOTHbIX WU pacTeHWii, a TakXe OAHOK/ETOYHbIE Op-
raHM3Mbl B OCHOBHOM CXOAHbI MO CTPOEHUIO.

Cpeaun >XXUBbIX OpPraHM3MoB BCTpevalTCca ABa Tuna opraHu-
3auMn KIeTOK — 3TO K/IeTKWU, OTHOCALLMECH K NMpoKapuoTuue-
CKOW M aykapumoTwuuyeckoin rpynnam. [lepexod oT ManeHbKUX
KNeTOK — MpoKapuvoT — CO CPaBHWUTENIbHO MPOCTOW BHYTPEH-
Heli CTpyKTypon (KNeTKM 6aKTepuili N CMHe3esleHbIX BOA0pPOC-
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naBa 3. KneTouHas n TKaHeBas MHXXeHepusa pacTeHun

neid) K 60MbWIMM NO pasMepy WM 3HAYUTESIbHO 60siee CI0XKHO
YCTPOEHHbIM 3YKapUOTUUYECKUM K/eTKam, MNO0A0OHbIM KneT-
KaMm BbICLUMX >XXUBOTHbIX W pacTeHwii, npowusowen npubéansn-
TenbHO 1,5 mnpa net Hasag.

OCHOBHble CTPYKTYPHble pas/inyns MNpo- U 3yKapuoT:

— Ha/iM4me UNn OTCYyTCTBUE AApa, CoAep>Kallero XpoMocoMm-
Hyo OHK;

— CTPOEHMNE U XMMUNYECKNI COCTaB KETOUHOM CTEHKWU;

— Ha/inune WM OTCYTCTBME LMUTOMaasMaTUYeCKUxX opra-
Henn.

Haunbonee npoctoe CTPOEHME UMEIKT KAETKU MpPoKapmoTmYe-
CKUX OpPraHm3moB. B HUX HeT MOP{O/IOrM4YecKn BbIPa>KEHHOIO
aapa, xpomocomHaa AHK HaxoauTca HenocpeACTBEHHO B LLMTO-
nnasMe M HeT CyBKNETOYHbIX LMTONAa3MaTu4yecknx opraHen.
Knetka OKpyXeHa pUTMAHOM K/eTo4Hol cTeHKol. B ontu-
MasIbHbIX YC/I0BUAX NMPOKapMoTuU4veckas KreTka MOXeT Ae/INTb-
ca Kaxgble 20 MMH U TakmMm 06pa3omM MeHee 4YeM 3a CYTKWU jJa-
BaTb XXU3Hb 60s1ee 10 MIp4 K/IETOK.

KneTtkn Bcex oCTasbHbIX MpeacTaBuUTesiel >XMBOro Mupa oT-
HOCATCA K 3yKapuMoTMW4Ueckoi rpynne, noTomy 4to Mx o06s3a-
TeNbHOW CTPYKTYPOW SBASETCA K/AETOYHOEe S4p0, OTAeNeHHoe
0T uuTOonaasMbl sgepHor o06onouKor. Kpome fapa v BaKyonen,
B UMTOMNa3Me CyLLeCTBYeT Lesblii Habop cneumasibHbIX CTPYK-
TYp, WAV opraHess, BbINO/HALWNX CreLn@nyeckmne >XU3HeHHO
BaXKHble (PYHKUUMU.

AQPO — UEHTP, YNpaB/AOWMNA U KOOPAUHUPYIOWNIA XKN3-
HeAesaTe/IbHOCTb BCel 3yKapmoTuueckol KeTKu. OHO uMmeeT
C/IOKHOE CTpOeHVe, M3MEeHSLeecs Ha pasHbIX 3Tanax >Xus-
HEHHOr0 UMKa KMeTKU. A4po OKpPY>XKeHO SAfepHOor 060104KOi
(c pBymsa membpaHamm), NPOHM3AHHOK NMopamMu, 4Yepe3 KOoTopble
ocyuiecTBaseTca 06MeH BELLeCTB MeXAy S4poM M uuTonaas-
MOW. BHYTpU agpa HaxogaTca XpoOMaTWH, O4HO WUAW HECKOJ1bKO
AApbILEK U A4epHbIA COK — Kapuonuma, Win Hykseonnas-
Ma. SAApblIlKUM — Tesbla, CBA3a@HHble € XpomocoMamu. OHu
cogep>xaTt 60/blLIOe KOSINYECTBO PUOBOHYKIENHOBOM KUCIOTHI
(PHK), B HUX NponcxoauT cnHTe3 pmbocomHon PHK.

SHeprus B K/leTKe BblipabaTbiBaeTCcd MU TOXOHAPUAMU —
0C06bIMU CHEPUYECKUMM WV NasIOUKOBUAHBLIMU 06pa3oBaHusA-
MW pa3Ho06pa3Hoii BE/IMUMHBLI U CNOXHOW CTPYKTYPHbI.
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Mpn nccnegoBaHUM LUTOMAA3Mbl C MOMOLLbIO 3/1EKTPOHHON
MUKPOCKONUN bBblla OTKPbITA cUcTeMa MeMbpaH U KaHasbLes,
CAYXallMX MpoAo/HKEHVEM K/1eToUuHoli MembpaHbl M CBsS3aH-
HbIX C BHELIHeli membpaHoi AfepHO 060M104KK. ITa cuctema
nosy4ymsa HassaHue 3HAO0MNNAa3MaTUYECKON CeTU WU PEeTUKY-
nyma. Mo aHgonnasmaTM4YecKom ceTU KaHanbLeB, 06pa3yemblix
MembpaHamu, rnepenBuUraloTCs BelwecTBa BHYTPU KAETKWN. 3aech
XXe UMelTca Cy6bMMKPOCKONUYeckMe yactuubl — pubocombl,
coctoswme n3 6enkos n PHK.

Ba)kHeMWnMM CTPYKTYPHbIMU 3/1IEMEHTaMW K/eTKU ABNSA-
I0TCA nnacTugbl — XJI0PONJiacTbl, ferKonaacTbl, Xpomornsiac-
Tbl U AP., KOTOpPble XapaKTepHbl ANS UUTOM/asMbl pacTuTesib-
HbIX KJ/1IETOK. XJsioponsjacTbl cogep)XaT MUIMEHT Xxsopoduan wm
y4yacTBYyHT B npouecce JOTOCMHTe3a; 6ecyBeTHble MacTuabl —
nerkonsacTbel — HakKanaMBalT Kpaxmas; XpomornsacTbl copep-
>XaT NUIMEeHTbl KapoTMHOMAbI, aynjacTbl — >XXUpPbl U naacTua-
Hble HYK/TEMIHOBbIE KUCOThI.

B ynTonnasme KAETKM MMEKTCA TakxXe creundunyeckme op-
raHongbl: Komnaekc lonba>ku (MPOV3BOAHOE 3HAOM/IasmMatu-
YeCcKoM ceTu), obecneumBawWUii BblLE/IUTE/IBHYO N CEKpPeTop-
HYI0 (YHKUMW KIeTKW; nmM3ocoMbl — Tesia, cojeprkaliue psag
(hbepmMeHTOB ¥ BbIMOAHAKWME (QYHKUUIO BHYTPEHHOIO MULLLE-
BapeHNs KAEeTKW; LEeHTPOCOMbI, K/IETOYHbIA LEHTP KOTOPbIX
COCTOUT M3 Hebonbwunx Teney (UeHTpUoOnen) m yeHTpocge-
pbl — 0c06bIM 06pa3om AnddepeHLMPOBAHHOIO yyacTKa LnTo-
nnasmbl.

KneToyHasa memb6paHa WMeeT C/10)KHOEe CTPOoeHue, npucno-
CO6/IEHHOE K BbIMO/IHEHMIO OMpeAenieHHbIX (PYHKUWA: 3awnT-
HOW, n3bmpaTesibHON MPOHULLAEMOCTU U aKTUBHOINO TpaHcnopTa
yacTuy, U MOMeKy/l. AKTUBHbIA TPAHCMOPT MOJIEKY/T Yepe3 Kiie-
TOYHYHO MeMbpaHy MPOUCXOAUT C MOMOLLLI MOHHbLIX KaHaoB.

Mepepgaya HacneACTBEHHbLIX MPU3HAKOB MOTOMCTBY Kak npu
BeretaTMBHOM, TaK M MpU MOJI0BOM Pa3MHOXXEHUMN OCYLLLECTB/IA-
eTca fefleHneM K/eToK. V3yyeHme npoLeccoB AeNeHnsa syKapu-
O0TUYECKNX KJIETOK MoKasaso, YTO U3 BCeX KJIETOYHbIX KOMMO-
HEHTOB TO/IbKO XPOMOCOMbI pacnpefensTcs MOPOBHY MeXAay
JOYEPHUMU KNeTKamun. ITO yKasbliBaeT Ha yyacTue XpoMoCcOM B
nepegayve Hac/ieCTBEHHbIX MPU3HAKOB. B pesysibTate fdesieHus
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AApa Kakaasa fovepHAs KeTKa MnosyydaeT TOYHO TaKol e Ha-
60p XPOMOCOM, KaK Yy MCXOAHOW POAUTENLCKOMA KeTKU. B aTom
«ypaBHUTENIbHOM» pacrpefenieHn XpoMoCcoM sffpa 3ak/ar4vaeT-
CA reHeTMYecKoe 3HayeHwe muTo3a. MnacTnabl U MUTOXOHAPUN
TakXke pasMHOXaWTCA NyTeM AeNleHUsl, HO UX pacrpejesieHue
Nno AOYepHUM KJileTKaM He MNoAYMHSeTCA CTPOroil 3akKoHoMep-
HOCTW.

[AeneHne KNeTKU COCTOUT U3 [BYX OCHOBHbIX 3TanoB: nep-
Bblli — AeneHuve sgpa — MUT03 (KapuMoKWHe3), BTOpo — pJene-
HMe uuTonnasmbl (LUTOKUHE3). AAPO KAETKU Npu AesleHnu
npoxogunT nocriefoBaTesibHble cTaaun: npogasy, MeTtadasy,
aHatasy n Tenodasy. Mexay ABYyMA rnocnefoBatesibHbIMU fe-
NEeHNAMU KJTeTKU A4P0 HaXoAUTCA B cTagum mHTepdasbl. XoTs
MHTepdasy M HasblBalT CTajueli nokosuweroca sagpa, Mertabo-
Nnyeckne npoueccbl B A4pe B 3TOT Nepuoj npotekarwT Hambo-
Nlee aKTMBHO. B cuUHTeTMuYecknini nepuog uHTepdasbl Mpoucxo-
avT pennukauma AHK.

Mpofo/mMKNUTENbHOCTbL BCEro MUTOTUYeCKOro uukna (ot 30 MuH
[0 3 4) 3aBUCUT OT BUAA U PU3MOIOTUYECKOTO COCTOAHUA opra-
HM3Ma, TMNna TKaHW, BHELWHNX (paKTopoB — TemrnepaTypbl, CBe-
Ta 1 gp. CKopocTb MPOXOXKAEHUA OTAENbHbIX a3 MMTOo3a Tak-
e pasfniMyHa.

HoBbIi opraHu3sm npy MNOSI0OBOM pPas3MHOXEHUW BO3HUKAaeT
M3 3UT0Tbl — OMJIOA0TBOPEHHON ANLLEKNETKN, KoTopasi obpasy-
eTCsa NPV CINAHUN rameT, T. €. MY>XCKOM U XXEHCKOM MOoN0BbIX
KfeTok. Ecnm 6bl KaXkpasa rameTta BHOCMAA B 3UTOTY MOJHBbIN
Habop XPOMOCOM POAUTENLCKOrO0 opraHusma, Torga Mx 4ucro
yBenimumBanocb 6bl BABOE 3a Kaxkaoe MokosieHune. Melios, npeg-
LWecTBYHOLWNIA 06pa30BaHMI0 KaK XXEHCKNX, TaK U MY>XCKUX M0-
NOBbIX KNETOK, ABMSAETCA Perynmpyowmnm mexaHn3Mom, no3Bo-
NAWUM COXPaHATb MOCTOAHHOE YMC/I0 XPOMOCOM.

Meiio3 — npouecc gesieHUA a4pa KAeTKU, Npyv KOTOPOM
HabnwogaTca KoHbloraymsa (CNMAHME) romMosIorMYHbIX XPOMO-
COM MonapHo U peayKuusa (YMeHbLUeHVe) NX yucna B J0YepHUX
Knetkax. [pu menose Agpo genutca asaxkabl. B pesynbTate
NnepBoOro MeMoTUYECKOro Ae/fieHNsa 06pa3yloTca Asa sapa ¢ noso-
BUHHbIM (ranjongHbIM) 4ucioM XpomocoMm. Bo BTopom pene-
HUW Kaxkaoe BHOBb 06pa3oBaBLUeecs A4PO Ae/INTCA elle pas, Ho
y>Xe€ MUTOTUYECKMM MyTeM: PacXoAaTcs CeCTPUHCKME XpoMaTtu-

74



3.3. KfieTka Kak 0CHOBa >XN3HU 61M010rn4yecknx 06beKToB

Abl. Takum 06pa3om, M3 KaXKAoW KNeTKW, BCTyMNuBLUEl B Meii-
03, Mocsie ABYX MocrfieqoBaTeNbHbIX Ae/leHNi 06pa3yloTca YeTbl-
pe KNeTKu ¢ ranaongHolM Ha6opoM XPOMOCOM.

Mpu melio3e He TO/IbLKO YMEHbLIaeTca BABOE YUCAO XPOMO-
COM, HO U MPOUCXOAWNT nepepacnpenesieHVe KOMMOHEHTOB Map-
MblIX FOMOSIOTMYHbBIX XPOMOCOM MO pa3HbIM KrieTkam. [pn aTom
KaXkgaa napa BefeT cebs HesaBUcUMMO. PefyKumMnM XpPOMOCOM B
Melio3e npeLlecTBYeT cinsaHue (KOHbHOralmsa) romosioroB, Ko-
TOpoe MO03BOMIAET KaXKol nape romMonorMYyHbIX XpoMocom obme-
HMBaTbCA y4yacTKamMu. 3TO co34aeT [AO0MNOSHUTENbHbIV pe3eps
HacneACTBEHHbLIX KOMOMHauWMA Npu MosIoBOM PasMHOXeEHUN op-
raHn3moB. [Mpouecc o6MeHa rOMOJIOTMUYHBLIX XPOMOCOM CBOUMMU
YyacTAMUM MOSyYMUN HasBaHWe KPOCCMHIoBepa.

Takum obpa3oM, yepe3 KOMOMHATOPUKY FOMOJIOTOB M3 pas-
HbIX Map M KPOCCUHIOBEpP Meli03 pe3ko yBe/iMumMBaeT HacneacT-
BEHHYI0 W3MEHYMBOCTb HOBOM0 MOKO/AEHUA AUMNAOUAHbLIX opra-
HN3MOB, BO3HMKAKLMX MNocne C/AINAHUA ramMer.

Bo3HuKLWwasa nocne C/AWAHUA OTLOBCKOFO M MaTtepuMHCKOro
Afep 3urota CoAep>XuUT nporpamMmmy passutusa Oyayuiero opra-
HU3Ma, 3anmcaHHyl B CTpykTypax monekyn AHK. [oyepHwue
KNeTKN pa3BUBalLLENCA 3UroTbl NoAy4valT MHAopMauunio, Ko-
Topas Mo3BOASET MM BO B3aMMOAElCTBUM C YC/IOBUAMWU BHeLU-
Heli cpefbl HOPMMPOBATL HOBbIV OPraHU3M.

Bonpoc 0 ToM, Kak BO3HMK/IA 3ayKapuoTmyeckas KeTka, Ao
CUX MOop ABMSAETCA MNpegMeTOM MHOFOYUC/EHHbIX LUCKYCCUIA.
OTMETUM, UYTO N NPOKAPUOTUYECKUM, U 3YKApPUOTUYECKUM KIeT-
Kam pacteHuii npucyle aeneHne. OHM TakXKe pearvpyloT Ha pas-
ApadkeHne 1 cnocobHbl BUAOU3MEHATLCA.

MepBble NpPoKapuoTbl, MNO-BUANMOMY, OblNIM FeTepoTPOdPHbI-
MU OpraHM3Mamu M UCM0/b30Basi 3HEPTrUi0 BOCCTAHOB/IEHHbIX
CoeAMHEHUA, HAKOMUBLUUXCA B «A00MOMNOrMYEcKUin» nepuoa.
Mocne Toro Kak 3anacbl 3K30MeHHbIX BOCCTAHOBJ/IEHHbLIX COEAU-
HEHWI 6bIIN McyepnaHbl, AAS HUX HAcTYMNWUA CEPbe3HbIN «3Hep-
reTUYEeCKNn KPU3nNc», KOTOPbIM Obl1 NpPeogonieH ¢ BO3HUKHOBE-
HUem oTocMHTe3a 1 nepBbiX POTOCUHTEINPYHOLLNX bGaKTepuii
(BepoATHO, 3TO 6bLIN LMaHOGaKTepun).

B pesynbTate hoToCMHTE3a Ha 3emfie CYLWeCcTBEHHO YBesu-
UMN0Cb CoAep>KaHue Kucaopoga, MOSABUJICA 030HOBbIA CI0W U
BO3HUK/IN a3pobHble hopMbl NpokapuoT (Tabn. 3).
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Ta6bnuua 3
OBOMIOUUA XKMBLIX OpraHnM3mMoB Ha 3emne
Bpemsi, M/H NET A0 H. 3. Jran pas3sutua
3500-2000 [MepBble aHa3po6Hble 6aKTepun (MPOKapmOThbI);
6po>keHne; neHTo30(ocaTHbIN LUK/,
cnHTEe3 AT®P
3400-1500 LinaHobakTepun (CMHe3eneHble NPOKapuoThl),

3e/1eHble NPOKapUoThl;
6uoreHHoe o6pasoBaHuMe Kucnopoa

3000-2000 A3pobHble NPOKapuoThI;
(hoTOCMHTE3 3e/1IeHbIX a3pobHbIX NPOKapmoT

1000-700 KneTkun aykapwor,
HU3LWMe pacTuTeNlbHblE OPraHn3Mbl

700-300 Bbicwne pactnTenbHble opraHu3mbl

B HacToslllee BpeMsA HeT eAWHOM Teopum BO3HUMKHOBEHUSA
3YKapuoTUYECKON KJ/IeTKWU; CYLLecTBYeT HECKOJIbKO rmnoTe3 Ha
3TOT CcuyeT.

MepBass runoTesa — CUMOUOTMYECKAA — MPUHALAEXNUT
J1. Maprynuc. CornacHo 3Toii rmnoTtese, 3yKapuoTUYecKue
KNeTKN BO3HUK/AM B pe3y/sibTaTe cumbuosa AByX (retepotpod-
Hble 3yKapunoTbl) nnm Tpex (poToTpodHbIE YyKapMOoThbl) pasnny-
HbIX KNeToK. MNpu aToMm npom3oLlen 3axeaT (CAnsHue) 60nbLIOI
A0EPHOM KNEeTKOW 04HOM WMNM HEeCKOSIbKUX MPOKapuUoTUYEeCKMX
K/eTOK C AbIXaTesibHOW WAN (DOTOCUHTETUYECKOW CUCTEMaMMU.
M3 3TX nMpoKapuoTUYeCKUX K/eTOK B AasibHelwemM obpasoBa-
NINCb  COOTBETCTBEHHO MMUTOXOHAPUW W XsioponaacTbl. Aapo
KN1eTKU-X039MHa AeNINTCA MUTO30M U MeN0o30M, Torga Kak MuTo-
XOHAPUN 1N X10pONacTbl Pa3sMHOXKAaKTCA MNPOCTbIM Ae/IeHUNEM.

BTopas runoresa — MeMbpaHHas, WAW WHBarMHaLVOH-
Has. CornacHo 3ToW rmnoTese, 3BOOLUA OLHON U3 a3pOOHbIX
NPOKapuUoTUUYECKMX KNEeTOK U NpeBpalleHne ee B syKapumoTumye-
CKYI0O npoucxoamnm nyTem wuWHBarnHauum wmembpaH. Takas
KfeTKa Ao/DKHAa Oblla MMeTb MHOMOYUC/IEHHbIE TEeHOMbl, KaXX-
Obll N3 KOTOPbIX Obl1 MPUKPENseH K Hapy>XHoW membpaHe.
Mpn wvHBarMHaumMm Memb6bpaH reHOMbl CerpermpoBsasivcb, N B
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npowecce 3BONOLMN UX (DYHKUUWN pa3gennanck. F4po 3BoO-
LMOHMPOBA/I0O U CTAHOBMUJIOCL Bce 60/iee CMOXHbIM, Torjga Kak
opraHesifibl COXpaHsA/M CBOW MepBUYHblE (DYHKLWW, a HEKOTO-
pble U3 HUX NGO nNepegaBany UxX A4PY, AN60 Tepsanun.

TpeTba runoTesa 3akK/YaeTcsa B TOM, YTO MpoKapuoTmnye-
CKMe K/IeTKM 06pa30BbiBas/iN CKOM/IEHUA OTAE/IbHbIX 3/1EMEHTOB
reHoma. B xoge 3BonwOUUM 3TU CKOMJIEHUS K/IOHUPOBaUCh, B
pe3ynbTaTe 4Yero (IyHKLMW HEKOTOpPbIX K/IOHOB reHoma pasfge-
nununcb. OTAeNbHbIE K/IOHbI FTEHOMa MPUHANKW yyacTue B obpa-
30BaHUN W perynsaunm gesatesibHOCTM Kak opraHesnn, Tak v ai-
pa. OT60p 6yayLMX 3yKapuoT MPOMUCXoAns Npu Hawbonee yc-
NOXXHEHHOW ponn sapa.

Bce 3Tu runoTte3bl rOBOPAT 0 TOM, YTO MpoLEcC BO3HUKHOBE-
HUSA 3YKaApPMOTUYECKUX KJIEeTOK MPOUCX0AU/ PasHbIMU MyTAMU
M YTO Ha pasHbIX 3Tanax ecTeCTBEHHOro otbopa aykapuoTuuye-
CKMe K/AEeTKU Mnoayvyanu BO3MOXHOCTb A/11 3BOSIOLMOHHBLIX U3-
MEHEHWIA Aapa, MUTOXOHAPUIA M X/oponsacToB. EcTb Takxke
cBefeHMsa o Tom, 4To no4vtn 93 % Bcex (hepMeHTOB, XapakTep-
HbIX 0151 K/1IeTOK 3yKapuoT, HalifeHbl 1 UrpalT CYLLeCTBEHHYIO
pofb U B XXM3HU MPOKapUOT.

CnmbuoTnyeckasa rmnotesa BOSHMKHOBEHUS 3yKapuoT npea-
cTaBnsieTca Hambosiee NPocTol M 3PPEKTUBHON, HeLapOM CUM-
6103 Yy 3yKapMoTUYECKNX N MPOKAPUOTUUYECKUX PacCTUTESTbHbIX
OpraHnU3MoB CyLLecTBYeT M B Hawn gHW. MNpn 3TOM MUTOXOHA-
pUn coXpaHUN CBOK M3HaYanbHYy PYHKLUUIO — obecrnieveHue
a3pobHOro AbixaHWsA. X10ponaacTbl XO0TS U MNOABEPrivCb U3Me-
HEHUAM MUITMEHTHbIX CUCTEM, HO TakXXe COXpaHW/aW CBOK WU3-
Hauya/lbHY (YHKLUMIO — npouecc oToCMHTE3a. HAApo coxpa-
HWUMO ABOWMHY MeM6paHy, KakK X/0ponsaactbl U MUTOXOHAPUMN.

MpeacTtaBnseT MHTepPeC CpaBHEHME Ky/bTUBUPYEMbIX 3yKa-
PUOTUYECKUX KETOK BbICLUNX PacTeHWi, CyL,ecTBYOLWNX B yC-
noBmAX 1n nkiro, ¢ NPOKaApPUOTUYHECKMMUN U 3YKAPUOTUYHECKNMMU
KNeTKaMn-opraHu3Mammu, CyLLecTBYOWMMIM B NpMpoge. IT0 MoO-
YKeT oKasaTbCA MO0Me3HbIM A/1 BbIACHEHUSA MPOUCXOXKAEHUA U
3BOJIIOLUN 3YKapUOTUYECKUX KNETOK.

B aykapnoTu4yeckoi KfeTke T toHro BO3MOXXHO M3MeEHeHUe
COCTOSAHMA NAAacTUAHOro reHoma. B oTAesibHbIX 3KCNEpPUMEHTax
MOXHO MO/y4NTb (POTOCUHTE3NPYOLLNE K/ETKU W aBTOTpog-
Hble CYCMEeH3MW, 4YTO MO3BOSIMT M3y4vaTb pasBuUTUE (OTOCMHTE-
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Tnyeckoro annaparta. [lpencrasnsieT MHTEPeEC U3yYeHUE MUTO-
XOHAPWI B CYCNEH3UOHHbIX KyJ/ibTypax KJ/1IeTOK. YCTaHOBJ/IEHO,
YTO OHW MOTYT CUJIbHO U3MEHATbLCA Moposiornyeckn (MeHATb
hopmy). CyLLecTBEHHO BapbUpyeT U FeHOM MUTOXOHApwiA. Ha-
npumep, B KynbType K/eTOK Yicla /aba U3MeHANack nonynsauusa
KonbueBbiX AHK MUTOXOHAPWIA, B 4acTHOCTU MOSABASAAUCH Che-
uUnguyHble MUHU-KoNbLeBble AHK, no cpaBHeHWO ¢ NpPopocCT-
Kamu.

Bbixog pacTeHuid Ha cylwy Obls1 CBA3aH C NPMOBpPETEHMEM MU
MHOFMX HOBbIX (YHKLMWIA, Hanpumep MNOSABMIEHUEM KOMMJieKca
3aWUTHBIX MOKPOBOB (3NUAEPMUC, KYTUKYyNa), BO3HNKHOBEHUEM
TPaHCMOPTHbLIX CUCTEM BOAbl U BELLECTB, a TakXe CMHTEe30M crie-
UnpUUecKnx 3alinTHbIX BewecTB, B TOM 4unC/ie U BELWECTB BTO-
pnyHoro metabonmama. B cnydae ke KynbTUBUPYEMbIX 1n nHro
K/eTOK pacTeHWin psagoM aBTOPOB OTMEYasioCb CHUMDKEHME UX
«3BOJIIOLLMOHHOI0» YPOBHSA W MNPOSAB/IEHNE YEPT, CBOMCTBEHHbIX
60s1ee paHHUM CTYMeHsM pa3BuTUA. Tak, B KalJlyCHO Ky/bTy-
pe yaliHOoro pacteHusi CaTellla 3Ten3r3 b. cocTaB /IMTHNHA —
OCHOBHOI0 KOMIMOHEHTa BTOPUYHbLIX KJ/IETOYHbIX CTEHOK — 3Ha-
YNTENbHO OT/INYasICA OT TaKOBOI0 WMCXOLAHbIX TKaHen n 6bin
6/IM30K K JINTHUHY TPaBAHUCTbIX pPacTeHWUIA.

3.4. OeanddepeHunauma — ocHoBa hopMumpoBaHUA
KNEeTOUHbIX Ky/NbTyp pacTeHui

Bo3HMKHOBEHME Kasinyca CBA3aHO C HEOPraHM30BaHHbLIM [e-
NeHveM — nponudepaumein — HeauddepeHUUPOBaHHbIX Kie-
TOK, MO3TOMY JeanddpepeHumMpoBKa NeXXUT B 0CHoBe (HopMUpo-
BaHMSA KaslTyCHOM TKaHW.

Y MHTaKTHbIX pacTeHuii geandepeHuMpoBKa U MHAYKUN
KasilycoreHesa MpoucXogaT MpyY MexXaHMYEeCKOM MOBPEXAEHUN
BCNeAcTBUe o06pa3oBaHUA paHeBbIX FOPMOHOB (TpaBMaTuHoOBas
Kucnorta). B criydyae KNeTouHbIX KyNbTyp 06s3aTesibHbIM YC/10-
BMEM JeandepeHUMPOBKN TKaHel 3KcnjaaHTa WHTaKTHOro
pacTeHMs U QOPMUPOBAHUA HA HUX KasJTyCHbIX K/1€TOK SABAA-
eTCcs He TO/IbKO MoBpeXaeHue (MopaHeHue), HO U MNpUCYTCTBUE
ayKCMHOB W UWUTOKMHWHOB B nuTaTenbHOl cpege. PyHKUUn
3TUX ABYX rpynn ropMoOHOB B KasjllycoreHese pasHble, HO OHWU
TECHO CBsi3aHbl MeXAy C060i. AYKCMHbI BbI3blBAOT MpOLLeCChI
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feandepeHUNPOBKU KETKW, NMOAMOTaB/INBAIKOT ee K [efleHuIo,
Torga Kak UMTOKUHUHbI MHULMWPYIOT AeneHne kneTok. Hosei-
Lne nccnefoBaHMa CBUAETENLCTBYIOT O TOM, YTO ayKCUHbl WH-
OYyUMPYIOT CUHTE3 NMPOTEMHKUHA3 K/IeTOYHOro AefleHus, a unTo-
KNHWHbI — UMKAMHOB. Takum 06pa3om, AeCTBUE 3TUX FOPMOHOB
MPoABAAETCA TOMILKO MPW MocrfiefoBaTte/isHOM UMW O4HOBPEMEH-
HOM BHeceHMM Mx B cpefy. Kpome Toro, oHo 6yaeT 3aBuUCeTb OT
(hM310I0rM4ecKoro COCTOAHUA KNETOK 3KCMaaHTa, 0T UX KOM-
NETEeHTHOCTN K AEeACTBUIO TeX WM MHbIX BHELWHUX (PaKTopoB.
Pe3ynbTaTbl uccnegoBaHWini nokasanu, 4To Mnosmcaxapugbl U Ka-
KNe-TO Heu3BeCTHble MHAYKTOPbl TOXe MOryT Bbl3blBaTb Aene-
HVe KNeToK, NpuBoAsLLee K 06pa3oBaHui0 Kasnyca.

Bo Bpems npouecca geanddepeHumnanmum, KoTOpblIA Y BCeEX
K/IETOK CXOAeH, KNEeTKU [O0/DKHbl YyTPaTuTb XapaKTepHble yep-
Tbl UCXOAHOM TKaHW. B nepBylo oyepedb OHW TepsAlT 3anacHble
BellecTBa: Kpaxman, 6enku, nunugsl. B HUX He ob6pasyloTcs
creunanm3npoBaHHble KETOYHble OpraHensbl, B YacTHOCTU
X/10ponaiacTbl, HO BO3pacTaeT yMcno amunonnactos. Kpome To-
ro, paspywaetcsa Komnaekc Fonbaku, nepectpamBalTca 3HAO-
naasmMaTUYyecKuini peTUKy/ymMm WM 3NeMeHTbl LuTocKeneta. Yepes
HEeCKOJ/IbKO 4acoB roc/ie NnepeHeceHUs 3KcnaaHTa B YyCNoBUA 1n
o/iro HauMHaeTcs HOBbIN CMHTe3 6enka. OH cBA3aH, BEPOATHO,
C MexXaHW4YecKUM MoBpeXAeHWem TKaHeli 1 [eicTBMEM FOpPMO-
HOB, COXPaHMBLUUXCA B 3KCMAaHTe Mpu ero n3ondaumm mns pac-
TeHus. Korga gaHHble rOpMOHbl M3pacxofyroTcsa, CUHTe3 6eska
npekpauwiaetcda. Ecnm B 310 BpeMsa KeTKU 6yayT KynbTUBUPO-
BaTbCA Ha NMuTaTesIbHON cpefe, cogepkaleii ayKCUHbl U LLUTO-
KVHUWHbI, TO HayHeTCcA KasslycoreHes, T. €. B pe3y/nbTaTte fe-
AnddepeHUMPOBKN N AeneHna KeTok OyaeT obpa3oBbiBaTbCA
NepBUYHbLIA Kanayc. Takum o6pas3om, cneyvanusnpoBaHHas
K/fieTKa pacTUTeNbHOW TKaHW CTAHOBUTCHA KasllyCHOW B pe3ysb-
Tate geandepeHyUMpoBKU, T. €. BOCCTAHOBIEHUSA Y Hee Cnoco6-
HOCTU K AeSIeHUI.

3.5. KannycHble KynbTypbl pacTeHWIA

CyllecTBYyeT HECKO/IbKO TUMOB KyJ/ibTyp K/IETOK U TKaHeW
pacTeHWid, B 3aBUCUMOCTM OT criocoba MX MoslydeHUs, YC0BUiA
KY/IbTUBUPOBAHUSA U MPOUCXOXKAEHUS. Ecnn KynbTUBMPOBaHME
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MPONCXOAUT Ha MJI0THOM MOBEPXHOCTM MUTaTesNbHOWM cpefbl, CO-
Jep>kawen arap, To obpasyeTcs KannycHasa TkaHb (puc. 3.5,
CM. UB. BKJIElKY).

Kannyc («M030/1b») MOXXeT 06pa30BbiBaTbCA KakK Ha M30/u-
pOBaHHbIX KyCOUYKax TKaHu (3KcnaaHTax) B yCN0BUAX T uWro,
TaK MU Ha pacTeHUW Npu NopaHeHUu.

KannycHas KynbTypa — 3TO HeopraHusoBaHHasa nponude-
pupylwas TKaHb, cocToAwan u3 aeampepeHLNpPoBaHHbIX
K/1eTOK.

MN3BeCTHLIN yueHblli-60TaHMK H. KpeHke 6osiee 50 feT Ha-
3af, MOCBATWJ/T 4YacCTb CBOMX PaboT M3YYEHUIO POSIN KaslslycHOM
TKaHW B UeNoM pacteHMn. OH YCTaHOBWJ/, YTO B WMHTAKTHOM
pacTeHUW KasslycHas TKaHb BbINOAHAET cneayouime QyHKUNN:

— 3aWnTHble (3aWmiaeT MecTa NOBpexXaeHWUN);

— 3anacHble (3anacaHue nuTaTeslbHbIX BELLECTB, CUHTE3
BTOPUYHbIX COEANHEHWNN);

— pereHepaunoHHble (pereHepaunsa yTpavyeHHbIX OpraHoB —
KOpHeW, noberos).

KannycHyio TKaHb B YCNOBUAX T UMro MOXHO MOMy4nTb
MpakTU4eckn w3 60 XXUBOW TKaHW pacTeHWi, MCnonb3ys
AN 3Toro onpefeneHHble MeTOAMYECKME MOAXOAbI.

B OCHOBHOM Kasfycbl WMeWT 6enbli UNKU >KENToBaTbIN
uBeT. Pexxe oTmeuyaeTca MX CBeT/I0-3e/lIeHAA OKpacka U 04YeHb
pefKo — WMHTEHCMBHO-3e/1eHas, Kak 3To Habnwganock y Kanay-
ca maHgparopbl. TeMHO-KOPUYHEBas OKpacKka 4alle BO3HUKaeT
Npu CTapeHUnN KannycCHbIX K/ETOK W CBA3aHa C HaKOMJeHnem
B HUX OKMC/EHHbIX (DEHO/bHbIX coeagnHeHwui (puc. 3.6, cM. UB.
BK/ieliky). [Ans npegoTBpalleHns 3TOro npowuecca Win ero cHu-
XKEHMA B NUTaTesibHble cpefbl BHOCAT aHTUOKCUAAHTHI.

KannycHass TkaHb 06bIlYHO amopHa M He VMMeeT KOHKpeT-
HOV aHaTOMWUYEeCKOl CTPYKTYpPbl, XOTS OHA MOXeT 6biTb pasHoli
NAOTHOCTW, B 3aBUCUMOCTU OT MPOUCXOXKAEHUSA W YCNOBUI Bbl-
pawmBaHua (puc. 3.7).

Mo knaccnpmkaumm P.I. ByTeHKo, cyulecTByeT Tpu Tuna
KasinycHom TkaHu (puc. 3.8, CM. LB. BK/ENKY):

— pbixfasn, Aerko pacnagawliasca Ha oTAesibHble MesKue
arperaTbl 1 COCTOSALLAA M3 CU/IbHO OBOAHEHHbIX KNETOK;

— cpefHeli NAOTHOCTM, C XOPOLWO BbIPaKEHHbIMU MepucTe-
MaTU4ecKMMN ovaramu;
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3.5. KannycHble KynbTypbl pacTeHui

Puc. 3.7. Tunbl KannycHbIX TKaHEN BbICLLIMNX pacTeHWU
(no T.A. EropoBoi n ap., 2003)

— NI0THasA, B KOTOpPOW AnddepeHUMpYOTCA 3/1EMEHTHI
Kambusa n npoBoAsAlLe CUCTEMBI.

JTio60li TN NAOTHOCTU KasilyCHOW TKaHW MOXHO MpeBpa-
TUTb B APYroi, UCNOAb3YySA A9 3TOro crnegylouime nprveMbl:

— 3aMeHAsa OAMH ayKcuH Ha apyron (Hanpumep, MYK —
Ha 2,4-ANXNopeHOKCUYKCYCHYO Kucnoty (2,4-4));

— N3MeHASA KOHLUeHTpauui ayKcuHa B nUTaTesibHON cpefe;

— yBeNMuMBasa WM yMeHbllass KOHLUEHTpaLuo conm xXaopu-
Ja Kanbuua B nuTaTeNlbHOW cpefe;

— pnobaBnaAn B nuTaTesibHY cpeny epMeHTbl (ecnm Heob-
X0O4MMO MOSYUYUTb KasNyCHYI0 TKaHb PbIX/1I0r0 TUNA).

Obs3aTefibHbIM ycnoBueM geandepeHUMpoBKN pacTUTesnb-
HOM K/IeTKU W MpeBpalleHUs ee B KaJlJIyCHYH SABMSeTCS MNpu-
CyTCTBME B NuUTaTeNbHOW cpefe nNpeacTaBuTenei AByX rpynn
(PNTOropMoOHOB: ayKCUHOB U LIUTOKMHUHOB. AYKCUHbI Bbl3blBa-
0T npouecc aeamepeHUNPOBKN KeTKN, NoAroTaBnmsaloLwnii
ee K [eNneHunto, a UUTOKMHUHbI — nposndepaumnio (geneHue)
feandepeHUMPOBaHHbBIX KNETOK.
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Ecnn B nutaTtensHyo cpefy 6e3 ropmMoHOB MOMECTUTb KyCO-
yek cTebns, ncTa, KOpHA (6e3 BEPXYLIKN) Unu nboi apyron
pacTUTesIbHbIM 3KCMAHT, COCTOALWMNIA U3 cneymann3mpoBaHHbIX
(anddepeHUMpPOBaAHHbIX) K/IETOK, TO Ae/leHUs KJ/IeTOK He Mnpo-
n3ogeT N KasasycHas TKaHb He obpasyeTcs. DTO CBA3AHO C He-
CMOCOOHOCTLIO AMdEPEHLNPOBAHHbBIX KTETOK K AE/1IEHUIO.

Kaxkpaa kKjeTka npoxoguT Tpu (asbl pocta: AesieHve, pac-
TsOKeHue, AndepeHUMPOBKY. XapaKTepHble 0CO6EHHOCTM 3a-
KMUYNTENbHOM (ha3bl pocTa — YTOJLEeHMEe BTOPUYHOW KeTou-
HOM 060/104KM M MNOTEPSA K/ETKOW CrocOGHOCTU K AeSIeHunIo.
Ana Toro 4ytobbl AnddepeHUMpoBaHHbIE KNETKW BHOBb NMPUO6-
penun crnocobHOCTb K AefieHnto, Heobxoammo, 4Tobbl npousowna
nx geandepeHUNpPoBKa, T. €. UTobbl KMeTKM Kak 6bl BO3Bpa-
TUNNCL B MepucTemMaTuU4deckoe COCTOSAHWEe. Pa3MHOXeHue [fe-
AnddepeHUNPOBaHHbIX KJ/IETOK MPUBOAUT K HeopraHuW3oBaH-
HOMY pOCTYy, B pe3yfnbTaTe yero obpasyercs KasllyCHas TKaHb.

Taknm o6pasom, npesBpallieHne cneumanm3npoBaHHON KaeT-
KW B KaJI/IyCHYI0 CBA3aHO C MHAYKLUMER KNeTOYHOro AesieHus,
CMoco6HOCTbL K KOTOPOMY OHa roTepsisia B npouecce AndcepeH-
LNPOBKMW.

OhheKT, BbI3bIBaeMbli BO34ENCTBMEM O4HUX U Tex ke u-
TOrOPMOHOB, MOXeT ObiTb pa3/INyHbIM, B 3aBUCMMOCTU OT hu-
310/10TNYECKOM XapaKTepUCTUKM TKaHU-MuUleHU. KomneTeHT-
HOCTb ee ornpefesnseTca CTeneHbl ANMdepeHLMPOBKN KNETOK.

PoctoBass kpuBas KasiJlyCHbIX K/ETOK MMeeT 8-06pasHyto
thopmy. OHa BK/O4UaeT NATb (ha3. Bo Bpemsa nepBoi, naTeHT-
HOW, WNU nar-gpasbl, He MPOUCXOAUT YBe/IMYEHUA 4ucna wim
Maccbl KneTok. OHM B 3TOT Mepuog MoAroTasaMBaloTCca K Aerie-
HUAM. BTopas paza — norapudpmmnueckas, WM 3KNOHeHUMASb-
HOro pocTa, — XapaKTepu3yeTca Hambofblieid MUTOTUYECKOA
aKTUBHOCTbIO W YBE/IMYEHMEM MacCbl KasslyCHOM Ky/bTypbl;
KpOMe TOro, pocT MpoucxXoauT € YCKopeHueM. TpeTbsa haza —
NnHeliHas, B KOTOPOW CKOPOCTb pocTa KAeTOK MocTosHHa. [a-
Nee HacTynaeT 4yeTBepTas hasa — 3amMefsieHHOro pocTa, Korga
MUTOTMYECKass aKTUBHOCTb K/IETOK Pe3Ko CHMKaeTcs. B naton —
cTauyuoHapHoii — (pa3e pocToBas KpuBas BbIXOAMUT Ha Nato,
4YMCNO0 NOAeSIUBLUNXCA KNETOK paBHO 4yucny oTmepwmnx. B aToT
nepuoj HauuHaeTca Jerpajgaums KeTokK, OAHAKO OHa eLe
ypaBHOBELLNBAETCA BO3pacTaHMeM 4ucia KIeToK 3a cyHeT UX ge-
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VOHUA; B LIE/IOM >Xe CKOPOCTb HapacTaHUs KJ/1eTOYHOl Macchl
paBHa Hysm. [Mocne cTtaynmoHapHoOM HacTynaeT asa oTmupa-
HUA (gerpagaumun) KNeTok, BO BPeMsSi KOTOPOW 4YMC/0 U Macca
YKMBbIX K/1€TOK YMEHbLUAKTCA.

KynbTuBMpyeMble KasiNlyCHble KNETKU U TKaHU COXPaHSAT
MHOrMe (U3n0M0rnMvyeckme 0co6eHHOCTU, CBOMCTBEHHblE KeT-
KaM pacTeHus, U3 KOTOPOro oHW 6b1v nonyyeHbl. CoxXpaHsaT-
cs, HanpuMmep, Takue CBOICTBA, KakK MOPO30CTOMKOCTb, YCTOWM-
4YMBOCTb K abmoTuveckum hakTopam (Temnepartypa, 3acosieHMe,
hoTonepmoanyeckas peakuus), a rnaBHoe, XO0TS WU B pPa3HOWA
CTerneHn, — CMoco6HOCTb K CUHTe3y BTOPUYHbIX MeTabosINToB.
Hapsagy ¢ aTumu o6lWKMM YepTamu, Yy KasslyCHbIX K/EeTOK Mno-
ABNAOTCA CBOW, XapakTepHble TOAbKO A/ HUX O0CO6EHHOCTW.
Hanpumep, 4nnTesibHO KyNbTUBUPYEMble T oWro KAeTKW BbiC-
WX pacTeHnin 06pa3yoT cneynduyeckyo Nnonynsyuo comaTm-
YeCKMX KIMeTOK, OTHOCALWYCA K TUMYy HenonosbiXx. Hanbonee

XapaKTepHble CBOWCTBA 3TOi monynsiumm — (uU3nosiornyeckas
ACMHXPOHHOCTb W reHeTMYecKas reTeporeHHoCTb.
dusronormyeckas acUHXPOHHOCTb — BadKHelilee CBOWCT-

BO HEMos0BOM Monynsauum — 3ak/lyaeTcd B TOM, UTO B KaX-
Obli JaHHbIA MOMEHT BPEMEHU KJ/eTKM HaxogAaTcsa B pasHbIX
(hazax pocta: ogHW AENATCA, ApYyrve pacTyT, a TpeTbU yXe cTa-
petoT. MoaTomy obuiee pr3noNOrnvYecKoe CoCToAHME Takow no-
NyASUMn  MPUHATO OLEHMBATb MO COCTOSAHWUIO 60/bLUMHCTBA
KNeToK. MpuUnHbI BO3HUKAKOLWENA aCMHXPOHHOCTU BeCcbMa pas-
HoobOpasHbl, B UX YuUCne:

— ocobeHHOCTM BufAa, copTa, reHoTuna WHAMBUAYANbHOrO
pacTeHus, a Tak)Xe 0COBEHHOCTU 3KCMNJ/IaHTa,;

— CTpeccbl Ky/bTUBUPOBAHWUSA, Hanpumep HeonTuMasibHas
ONA 0AaHHOr0 BMAAa K/ETOK cpeaa;

— n3MeHeHVe 6anaHca 3HAOrEeHHbIX FOPMOHOB WM KOHLEHT-
pauum B cpefe 3K30reHHbIX FOPMOHOB B TeyeHWe BblpalluBa-
HUS;

— reHeTM4YecKas reTeporeHHoCTb K/1eTOK W KJ/10HOB;

— aHoManMa MUTOTMYECKOro UUKAa KAeToK T uUro;

— (hmsunyeckme hakTopbl (TemnepaTtypa, CBeT, aspauus).

ACUHXPOHHOCTb — YCTOM4YMBOE CBOMCTBO MONynsAuun Kasn-
NyCHbIX K/eTok. Ecnu ¢ nomouwibio cneynguryeckux Bo3aeicT-
BUA CUHXPOHU3MPOBATb MNponndepaunto KAeToK Mnonynsauunm,
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TO Y)X€& 4Yepe3 Tpu-4eTblpe [AeNIeHNA OHa BHOBb CTaHOBUTCA
ACUHXPOHHOMN.

MeHeTMyeckass reTeporeHHOCTb — CBOMCTBO KJ/IeTOK cOMa-
TUYecKoW nonynaunm (HecTabunbHOCTb FEHOMAa M UX FeHeTuYe-
cKasi reTeporeHHoCTb).

MeHeTNYeCKU CTabUIbHBIMU CUUTAKTCA TO/IbKO KIETKU Me-
pucTemMaTnyecKMxX TKaHeli. B kseTkax oCTanbHbIX TKaHei npu
KyAbTUBUPOBAHUW MOTYT BO3HUKaTb MOAUMNAONANS, aHeynso-
MANA, XPOMOCOMHbIe abeppaunn, reHHble MmyTauun. OgHako re-
HETUYECKYHO FeTEPOreHHOCTb Hesb3sA paccMaTpmBaTb Kak Hepo-
CTaTOK, MOCKOJIbKY OHa SABMSAETCA HEO0OX0AUMbIM YCOBUEM CY-
LWecTBOBAHMSA MNOMYyNAUUN KETOK U CAYXXWUT OCHOBOM Ans UX
agantayuu.

B kayecTBe MPUYUH MOSAB/IEHUSA TEHETMYECKOW TFeTeporeH-
HOCTM MOXXHO Ha3BaTb CreayloLyne:

— reHeTMyeckas reTeporeHHoCTb MCXOAHOro MaTepuana.
B pacTeHMsx KeTKU XapaKTepusyrTcsa pas/IMyHOA NAOULHO-
CTbO, AUMNAONGHbI TObKO aKTUBHO Aenfluecd MepuctemaTu-
YecKUue K/eTKu;

— HapylleHne KOppensaTUBHbLIX CBA3e/ Npu  BblAeNeHUun
NepBUYHON0 3KCNJaHTa M3 pacTeHus;

— [eiicTBMe KOMMOHEHTOB cpefbl. OK30reHHble FOPMOHbI U
CTUMYNATOPbI MOTYT OKasblBaTb MyTareHHoe BO3f4ENCTBUE.
AYKCUHbI (0Cc06eHHO 2,4-[1), BX0OASUIME B COCTAB MUTATE IbHbIX
cped, ABNAKTCA MyTareHamu; LUUTOKUHMHbI CMOCO6CTBYHOT MO-
nvnaonansanmn KieTok;

— ANuTeNibHOe Cy6KYy/bTUBMPOBaHME, MPU KOTOPOM Hakan-
NNBAITCA FreHeTUYECKN M3MEHEHHble KaslslyCHble K/IeTKW.

Mocne NATM-WeCTM nepecagoK HOBbI KapuoTun KeTOYHON
nonynsauuKn, Kak npaBuo, CTabunmsampyeTcs, ec/in YC/i0BuUSA
KybTUBUPOBAHUA OCTAOTCA MOCTOAHHbIMW. B nMpoTuBHOM cny-
yae M3MeHeHne PU3NYECKNX UK Tpohmuueckux hakTopoB npu-
BeAEeT K HOBbIM FEHETUYECKNM N3MEHEHUSM.

leHeTnyeckass HecTabW/IbHOCTb KaslsTyCHbIX KMeTOK MMeeT
60/1bLI0E 3HAYEHME AN CeNIEKUMNOHHOM paboThbl, TaK KaK Mo3BO-
nseT oT6MpaTh LWTaMMbl K/AETOK C W3MEHEHHbIM TFeHOTUMOM.
TN KeTKU MOryT obnagatb YHUKaslbHbIMU CBOMCTBaAMW: MO-
BbILLEHHOM YCTOMUYMBOCTBID K HebNaronpusaTHbIM (aKTopam,
MOBbILLEHHON MPOAYKTUBHOCTbI M T. 4. OAHAKO reHetu4yeckasi
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reTeporeHHOCTb MONYASUMIA Kas/lyCHbIX K/IETOK B Ky/IbType He
WNVSET Ha coXpaHeHne B MX FeHOMe OCHOBHbIX KayecTsB Buaa u
pacTeHUA-g0HOpPA.

FopmMoOHHE3aBUCMMOCTb. XOTA FOPMOHbI M Bbi3blBAKOT MyTa-
UMK, KasilyCHble TKaHW 60/bLUMHCTBA pacTeHuin o6pasytoTcs
TO/IbKO B MPUCYTCTBUM B MUTATEsIbHOW Cpede U ayKCUHOB, W
LUTOKUHUHOB. VCKNOUYeHMe coCTaBNAOT, Hanpumep, Hespesble
3apoAblln nweHnUbl U ceMAa0M NoAcoSIHeYHUKaA. MepBblie 06-
pasylT Kasl/lyCHYH TKaHb Ha nuTaTenbHOM cpege ¢ 2,4-[, Ho
6e3 LUTOKNHNHOB, BTOpPble, HANPOTUB, — Ha cpefe, coaep>ka-
Wwern UMTOKMHUHbBI, HO 6e3 ayKcumHOoB. [lo-Bugmmomy, Takas
cneyndurka cedazaHa C 3HAOrFeHHbIM cogep>XaHnem (OUTOropmMo-
HOB N C KOMMETEHTHOCTbIO KJ/1ETOK.

Mpu pANTENbHOM Ky/NIbTUBMPOBAHUN Yy KaslTyCHbIX TKaHel
MOXET BO3HUKaTb crneunguyeckoe CBOMCTBO FOPMOHHE3aBUCU-
MOCTW, T. €. aBTOHOMHOCTMW, MO OTHOLIEHUIO K ayKCMHaM U uu-
FOKMHUHaM. ITW TKaHW MOryT pacTu Ha cpefe 6e3 ropmMoHOB,
YTO JeflaeT UX MOXOXXMMMW Ha OMyxosieBble K/IETKU U pPe3Ko OT-
NINYaeT OT HOPMasibHbIX KaslJIyCHbIX TKaHel. BHellHe >ke Ta-
KVe TOPMOHHE3aBUCUMbIe TKaHN HUYEM He OT/InyarTCcAa OT Kan-
JTYCHbIX.

KneTkun, KoTopble B rpouecce KySbTUBUPOBAHUSA Npuobpesnu
CBOWCTBO aBTOHOMHOCTW OT MPUCYTCTBUSA B CpeAe FOPMOHOB,
Ha3bIBaKT «MPUBbLIKWLIUMWY». TKaHW, 06pa3oBaHHble TaKUMUWN «NPU-
BbIKIWUMMU» K/eTKaMu, Ha3blBalOT «XUMUYECKUMMN Onyxonsa-
MW», B OT/INUME OT PacTUTENbHbIX WIN FTEHETUYECKUX OMYyXOJEN.

CeHeTMYecKne onyxosiv BO3HUKAKT Ha MeXXBUA0BbIX rnépu-
Aax pacTeHuin. PacTuTenbHble oNyxoan MMeKT 6aKTepuasibHoe
UNU BUPYCHOE MNPOUCXOXKAEHMUE, 4aule BCero OHW BO3HUKAKT
npyM nonagaHuM B pacTeHus arpobakTtepuii. Tak, Aérobaclen-
uT lnTelaclen8 BbI3blBaeT 06pa3oBaHMe KOPOHYATbIX rassos,
A. rblrogenes — 60pogatoro KopHd, A. rubl — cTe651eBoro
ranna. [llpeBpalleHne pacTUTENbHbLIX K/ETOK B O0MyXo0JieBble
CBSAA3aHO C MPOHMKHOBEHMEM B HUX AHK 6akTtepuanbHoi KreT-
K1, TaK HasbiBaemon T-AHK, KoTopas 3Ha4YnTe/IbHO U3MEHSET
CBOMCTBA K/1IeTKW, B TOM YUC/Ie 3KCMApPeccUpyeT reHbl, KOHTPO-
NnpyoLline CUHTe3 ayKCUHOB U LUTOKNHWUHOB.

TOpPMOHHE3aBUCUMOCTb «MPUBBLIKIINX» K/ETOK CBA3aHa C
N3MEHEHMEM aKTUBHOCTU COOGCTBEHHbIX FEHOB, OTBETCTBEHHbIX
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naBa 3. KnetouHasa 1 TKaHeBas UHXXeHepUs pacTeHunin

3a CUHTEe3 6esIKOB-(hepPMEHTOB, Y4acTBYHLWMNUX B CUHTE3e FTOPMO-
HoB. Takmm 06pa3om, «MPMBbLIKLWLNM» TKaHAM U PacTUTE/IbHbIM
OMyXxonsiMm B pPaBHOM CTEMeHW CBOMCTBEHHA FOPMOHHE3aBUCU-
MOCTb, HO Y pacTUTEe/IbHbIX OMyXO0J/1e OHA HOCUT FeHeTU4YecKni
XapakTep. Y «NpPUBbIKLWINX» K/ETOK 3TO CBOMCTBO AOCTUraeTcs
rnaBHbIM 06pa3oM 3a CYET 3AMUTEHOMHbIX U3MEHEHWIA.

CyuwiecTByeT ewe ogHa 0COGEHHOCTb, MO3BOJIAKOLWAA OT/N-
UNTb «MPUBBLIKLINE» W OMYyXO0sieBble KMNETKU OT 006bIYHbIX Kasl-
NYCHbIX. TakK, HW ONyxo0/ieBble, HU «MNPUBbIKWNE» TKaHW He
CMOCOOHbI K HOpMasbHOW pereHepauuu. OHM MOryT 006pPas0Bbl-
BaTb YpOA/IMBble OpraHonofobHbie CTPYKTYpbl, TakK HasbiBae-
Mble TepaToMmbl. B 0TAENbHbLIX CNyYasax y A/IMTENIbHO KyJ/1bTU-
BUPYEMbIX TKaHei ygaeTcs OTOABWMHYTb MOPOr «MPUBbIKAHWSA»
nyTeM M3MEHEHUS cocTaBa MUTATENbHbIX cped W A06UTbCs pe-
reHepauumM HOPMaJIbHOr0 pacTeHus.

B 3ak/itoueHme cnefyeT ckasaTb, YTO, Kak 6bl 40OSITO HU Bbl-
pawmBasncb K/ETKM B W30/INPOBAHHOW Ky/ibType, OHU «Mo-
MHSAT» CBOE MpOMCXOXXAeHMe. Tak, KNeTKNM MOPKOBM 06pasytoT
3apofbill LLesIoro pacTeHuss MOPKOBU, K/IETKU KaTapaHTyca po-
30BOr0 — COOTBETCTBYHOLLEE pacTeHue mn T. L.

KynbTUBMpPYyEMblE KETKU BbICLUUX PacTeHUA — 3TO YHU-
Ka/ibHasli KJieTouHas nonynsiyusi, B KOTOPOW KaXKkaas KreTka
npeacTaBnsieT coboil OTAENbHbIA OpraHM3M, CNOCO6HbIA K aBTO-
HOMHOMY pa3BuTuUio. Mpn perynsspHoM naccupoBaHUK CMoco6-
HOCTb K/IETOK K AENIEHUNID M POCTY MOXKET COXPaHATbCHA OYeHb
[oNnro. M3BecTHbl TKaHU, KOTOpble MOALEPXKNBAKTCA B KY/bTy-
pe T Vo no 60-70 ner.

3.6. CycneH3MoHHbIe KY/IbTYypbl pacTeHui

CyCneH3VOHHbIe KYJIbTYpPbl — 3TO OTAE/IbHbIE KNETKU WK
rpynnbl K/EeTOK, BblpalinBaemble BO B3BELUEHHOM COCTOAHWUU B
Xnakow cpege (puc. 3.9, cM. UB. BKJ/elKy). OHM npeacTaBns-
I0T c06Ol OTHOCUTE/IbHO FOMOFEHHYH MONY/ALMKI K/IETOK, KO-
TOPYK JIErKO MOABEPrHYTb BO3LENCTBUIO XMMUNYECKUX BELLECTB.

CycneH3unlo KJ/IeETOK MoJsiyyalT NyTeM MepeHeceHus B XXUA-
KYI Cpegy KaslJlyCHOWM TKaHW, npefBapuTesibHO BbIpoCLUei Ha
TBEpAOV arapm3oBaHHOW NuTaTesibHOM cpege. MoaTomMy nepBuy-
Has KaJjinycHaa TKaHb, WUCMNOJIb3yemMas B KayeCTBe TOCEBHOr0
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3.6. CyCneH3noHHble KyNbTypbl pacTeHn

MaTepuana, A0/KHA ObITb PbIX/I0 U NErko pacnagartbcs Ha 0T-
AenbHble KNeTkn. Ona oTaeneHns KPYMHbIX arperatoB KeTouy-
Hyl0 Maccy rnepeg nepecesomM (UIbTPYIOT WM OTCTamMBaloT, a
narem nomewatoT B XUAKYI cpedy C aBTOMaTUYeCKUM Mnepeme-
LIMBaHUEM.

B nabopaTopHbIX YCNOBUAX K/ETKWN CYCMeH3UN BbipalimBaloT
M Konbax Ha kKayanke. CkopocTb BpaweHuss 100-120 o6/mMuH.
B Takmnx ycnoBmax obecnedmBaeTcsa aspaumsa TKaHeW M Hapac-
Talollaa mMacca K/eTOYHbIX arperatoB pacrnafjaeTca Ha oTAeslb-
Hble hparMeHThI.

HeobxogMmMo OTMEeTUTb, UTO pacTUTeSIbHble KJ/IeTKU pacTyT
M pasMHOXalTCA 3Ha4YUTENbHO Mef/iIeHHee, YeM KIEeTKU XXWu-
BOTHbIX WX MUKPOOPraHM3MOB: BPEMSA UX YABOEHUA COCTaB/iA-
€T OT O4HUX [0 Tpex CyToK. [M1o3ToMy fake npu CYCMeH3WOoH-
HOM KYJ/IbTUBMPOBaAHUW cTaumoHapHasa (hasa pocTta K/eToK, npu
KOTOpPOW KynbTypa AocTuraeT MaKCMMyma CyXxol 6uomacchbl,
HabnogaeTca 06bIYHO Yepe3 ABe-TpU Hedenwu. VictoweHve nuTa-
TeNnbHOl cpefbl U HaKoMeHue MPoAYyKTOB >XU3HeAeATebHOCTU
KNEeTOK onpefensioT HeobXoAMMOCTb O06HOBMEHUA Ky/NbTypasb-
HOW cpeabl WAW MNepeceBa Ky bTypbl Ha CBEXYI MUTATEsIbHYH0
cpeqy.

CyCMNeH3VOoHHYI0 KY/bTYpY MOXHO nofsiyd4atb W Hemnocpeg-
CTBEHHO M3 MepBUYHOro 3KcnsaHTa (NnUcT, cTebesib, KOpeHb
UT. 4.). Ona 3aToro NpUMeHAT PepMeHTbl, Hanpumep MekTu-
Ha3y. BHayasie Ha MoOBepPXHOCTU 3KcMaHTa obpasyeTca Kannyc-
HaA TKaHb, a 3aTem y>Xe 0T Hee OTAeNANTCA K/IeTKN U K/eTou-
Hble arperaTtbl, B pe3yfsibTaTe Yero noslyyaeTcs KjieToyHasa cyc-
neH3vs.

Ansa nonydenma 100 ma KAETOYHOW cycrieH3mun TpebyeTcs
2-3 r cBeXel KannycHOW TKaHW.

O6na3aTe/ibHbIM  YCNOBUEM  KY/NIbTUBMPOBAHUA KNETOYHbIX
CyCrneH3nin sABNseTca MNOCTOSAHHOe MNepemMelunBaHWe WAW BCTPS-
XuBaHwve cpefbl. Ecnn knetoyHasa cycneH3msa HaxoguTcsa B He-
MoABUXXHOM COCTOAHUMW, TO [efleHne CYCMeH3NOHHbIX KJ/eTOK
NpMBOANT K 06pa30BaHUI0 Kas/lyCHOM TKaHW.

[eneHne cycrneH3noHHbIX KMEeTOK MoAAep>XXuBaeTcs Hanmyun-
eM B cpefe ayKCMHOB N LUTOKWHWHOB, T. €. TeX FOPMOHOB, KO-
Topble HEo6XoAMMbBbI O/ UHAYKUMW U pocTa KaslJlyCHbIX Kie-
TOK. CyCNeH3MOHHble Ky/bTypbl MpeacTaB/ieHbl TUMUYHBIMUA
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naBa 3. KnetouHasa u TKaHeBasi UHXXeHepUs pacTeHuni

Kasa/yCHbIMM K/ieTKaMu, 06s1agarowmumm BCEMWU CBOACTBaMMU,
XapakTepHbIMN ANA K/ETOK Takoro posa.

Taknm o06pa3omMm, Kak y>xe 6bl/1I0 0OTMEYEeHO Bbllle, CyCheH-
31 nydule 06pasyrTca U3 pbIXI0ro Kasnsayca, nosyyaemoro Ha
nuTaTenbHbIX cpegax c¢ 2,4-4. WcKn4veHWe M3 NuTaTeNbHOM
cpefbl MOHOB KanbLMA obsieryaet cycneHsuposaHue. Ewe 6onee
obnervyaetr aTOT npouecc pfobaBneHVe B nuUTaTeNbHYK cpeay
hepmeHTa MekKTUHa3bl, KOTOpas paspyluaeT nekraT Kaibuus,
CK/1IeMBaKLWNA OTAENbHbIE KITETKMU.

Mpn NpOMbIWNEHHOM KY/bTUBUPOBAHUN CYCMEH3UOHHbIX
KYNbTYyp NPUMEHAIOT 3aKpPbITble WU OTKPbITblE CUCTEMbI C MNe-
PUOANYECKNM WAN MPOTOYHBLIM PEXMMOM BblpalliMBaHUA Kiie-
TOK.

B 3akpbiTOl cucTeme K/eTOUHAA CyCNeH3nda nunLieHa npu-
TOKa CBEXXeW MuTaTesibHOW cpefbl A0 KOHLA BblpaliuBaHusa (ne-
puognyeckasi KynbTypa), a B C/lydyae HenpepbiBHOIO pe>kuma
BblpallMBaHUA B OTKPbITOW cucTemMme MUTATENIbHYIO Ccpesy
YaCTUUYHO MEHSAKT Ha CBEXYIO.

Kak npu nepmoavyeckomMm, TakK M MPU MNPOTOYHOM pPEexXunme
BblpalMBaHUSA B OTKPbLITOM cCUCTEME KJ/IETKW OcTawTcA B NuTa-
TEe/IbHOW Cpefe N He yaansawTca gaxke npu ee 3ameHe. OgHako B
OTKPbITbIX CUCTEMAX KYJ/IbTUBUPOBAHUA MPU 3aMeHe nuTaTtesb-
HOW cpefbl BMeCTe CO Cpefol oTéupaeTcs M 4acTb CYCMEH3UOH-
HbIX KJIETOK.

Ana paboTbl C KNETOYHbIMU CYCMNEH3USAMU HeobXxoAMMo
3HaTb WX XapakKTepPUCTUKU: >KMUIHECNOCOOHOCTb, MJIOTHOCTb
K/1eTOK B CYCMEH3MOHHOI Ky/ibType, CTeneHb arpervpoBaHHOC-
TU, CKOPOCTb pocTa.

YK13HecnocobHOCTb KNETOK OMNpefeniainT Mo UX okKpawmBsa-
HUIO Kpacutenem (MeTwusieHoBasd CUHb, WIN CUHbKa 3BaHca).
JKuBble KNeTKM He OKpalluBalTCA KpacuTesiem BC/eACTBUE He-
MPOHMLLAEMOCTU A/19 HEro KJ/eTOYHbIX MembpaH. B mepTBble
KJ/IETKM Kpacka JIerko NpoHMKaeT, U OHN OKpalumBalTCA B CU-
HWIA UBeT.

OfHVM M3 OCHOBHbIX MOKasaTesieil, XxapaKTepU3yLWnNx Cco-
CTOSIHUE KJIETOYHOW CyCMeH3Un, SABMSAETCA MJIOTHOCTb KJ/1eTou-
HO nonynauun. Yncnio KNeToK onpefesniaiT B CHETHbIX Kame-
pax dykca — Po3eHTansa nnu opsesa nog MMUKPOCKOMOM MocC-
ne Mauepaunn (pasgeneHusa KIeTtok) KynbTypbl. B KauecTse

88



3.7. N3onumpoBaHHbIe nNpoTonnacTbl

MavepupyroLero seuwiectsa npumeHsaoT 10- 20% -0 XpPOMOBYIO
KWUCNOTY, KOTOpas rnaposin3yeT cpeiuHHble MacTUHKKU, coeau-
HALLME KITeTKMW.

Xopowo pactywasa CcycrneHsnsa MVMeeT, KaK W KasycHas
Ky/nbTypa, 8-06pasHyto KpuByk pocta. O6bIYHO O/IUTESTIbHOCTb
naccaxka coctasnset 14-16 pgHei. Mpn 3ToM NI0THOCTbL Bo3pac-
TaeT oT 5 X 104 go 5 X KO6kn/mn. CycneH3usa Ana cybKynbTu-
nMpoBaHua 6epeTca B KOHLEe 3KCMOHeHUManbHOW (asbl. YBenu-
YeHMe 4ymcna KeToK, UX CbIpOA M CyXOWh MacCbl — OCHOBHbIE
KPUTEPUU pocTa CYCMEH3UOHHbLIX KY/bTyp.

KauecTBo cycneH3um 3aBUCUT OT CTeNeHU arpermpoBaHHOC-
T ee KeTokK (puc. 3.9). o cTeneHW arperMpoBaHHOCTU Bblje-
NAT:

— MesnKoarpermpoBaHHy CYCMeH3WOHHYIK KynbTypy; Cco-
CTOUT U3 0OMHOYHbIX KNeToK (40 %) u menkmnx arperatos (60 %,
arperatbl He AO/DKHbI cogep>kaTb 6onee 10-12 K/eTOK);

— cpefHearpermpoBaHHyto CYCMEeH3NOHHYI KY/bTypy; CO-
CTOUT N3 OAUHOYHbLIX KNeTokK (40 %), menkux arperatos (40 %)
M KpynHbIX arperatoB (20 %, arperatbl cogep>at 6onee 12 Krie-
TOK);

— KpynHoarpervposaHHy CYCNEH3NOHHYIO KYJ/ibTypy, CO-
cTouT 13 Menkux (40 %) v KpynHbix (60 %) arperatoB. UTo6bl
n36aBUTLCA OT KPYMHbIX arperatoB, CYyCNeH3un UIbTPYIOT
(bpakyMoOHMPYIOT) Yepe3 Map/fieBble, HEMSIOHOBblIE UM MeTan-
nnyeckne Guabtpbl. OAHOBPEMEHHO 3TO MO03BOSIAET 0CBO6O-
ANTbCA OT OCTATKOB 3KCMJlaHTa WM MJIOTHbIX KYCOYKOB Kas-
TycHOW TKaHW.

OCHOBHbIMU MpPU3HaKaMn XOpPOLUEN CYCMeH3UOHHOW KyNbTy-
pbl cny>kaT ee BbiCOKasa cTeneHb Ade3arperaumu (5-10 K/eToK B
rpynne), mopdosiormyeckass O0A4HOPOLHOCTb KAeToK (He6osib-
e pasmepbl, chepuyeckas umam oBasibHas qopma, MoTHas
uutonsasma) M OTcyTcTBUe puddepeHumaymm (B 4YacTHOCTWU,
rpaxengonofobHbIX 3/1EMEHTOB).

3.7. NN3onupoBaHHbIe NpoTONacThbl

MN3onmnpoBaHHbIi NpoTonsacT — 3TO COAepXWUMoe pacTu-
TENbHOM K/EeTKN, OKPYXXeHHOoe nnasmanemmoii (pmc. 3.10).
Uenntono3Han cTeHKa y AaHHOro ob6bpasoBaHWA OTCYTCTBYeT.
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npoTtonsiacTbl BbICLLUNX paCTeHVII‘/Jl

MN30/1MPOBaHHbIX MPOTON/1acToB

(PU3M0IOTMYECKUX MPOLLECCOB
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Puc. 3.10. N3onupoBaHHble

B ycnosuax 1n uro

Puc. 3.11. Ncnonb3oBaHue
npu N3yvyeHMM pasfinyHbIX

(no P.I'. ByTeHko, 1999)

MpoTonnact B UeNON KNeTkKe
MOXHO Habnojars BO BpeMA
naasmosinsa.

M3onmnpoBaHHbIE npoTonsiac-
Tbl OTHOCATCA K O4HUM U3 Hau-
60/1ee UEHHbIX 00bEKTOB B 610~
TexHosormm. OHU  MO03BOMAIOT
nucecnefoBaTb pas/sinyHble CBOWA-
cTBa MembpaH, a TakXe TpaHc-
rnopT BeLWecTB 4epe3 mnJsasmMa-
nemmy (puc. 3.11). [naBHoe
NPeuMyLLEeCTBO M30/INPOBAHHbIX
MpoTon/iacToB COCTOUT B TOM,
YTO B HUX [OCTATOYHO JIErKO
BBOAUTb FEHEeTUYeCcKYy WHpop-
Mauuio 13 opraHesns N KNeTok
APYrux pacTeHwnii, npokapwuo-
TUYECKUX OpraHn3mMos w” u3
KMeTOK >XUBOTHbIX. BnepBble
TEPMUH «M30/INPOBAHHbIE TMPO-
TonaacTbl» 6bl1 NPeasiokeH B
1880 r. [. XaHcTelHOM.

3. KOKKWHTI yCTaHOBWU/, 4TO
M30/IMPOBaHHbLIA  npoTonsact,
6narofapa MexaHuU3mMy MMHOLU-
TO3a, CnocobeH nornowatb u3
OKpY>KawLlein cpeibl He TO/IbKO
HWU3KOMOJIEKY/IAPHbIE  BELLEeCT-
Ba, HO U KPYMHble MOJIEKY/IbI,
yacTuubl (BUPYCbl) U faxke N30-
NINpoBaHHbLIE OpraHesinbl.

Bonblioe 3HayeHue B co3da-
HAM HOBbIX ()OPM pacTeHui
ANa N3yyeHUs B3aMMOAENCTBUSA
A0epHOro reHoma W reHOMOB
opraHensi wumeetr CrnocobHOCTb
M30/1IMPOBaHHbIX MPOTOMNJ/1acTos
cnmeaTtbCcs, o06pasya rmopua-
Hble K/eTKW. Takmm crnocobom



3.7. N'3onupoBaHHble nNpoToniacTbl

MOXHO [06MBaTbCA MOMy4YeHUs rMbpmaoB OT pacTeHUiA ¢ pas-
MO CTemneHbid TaKCOHOMMWYECKON yAaneHHoCTW, Ho obnajato-
WKWX LEHHbIMU X03ANCTBEHHbIMW KadecTBamu.

Bnepsble npoTtonsiactsl 661U BbigeneHsl ). KnepHepom B
1892 r. npn n3yyeHUn nNasmosin3a B KMeTKax /ucrta Tesiopesa
(Bbralobe3 allliie3) BO BpemMsA MeXaHWYeCcKOro MoBpeXAeHus
TKaHn. [03TOMYy f[aHHbI MeTOoh Ha3BaH MeXaHUYecKuMm. 3T0
ONNTENbHBIR N TPYOOEMKUA MeTog, MO3BOMAKLWMNI BblAeNATb
Wb HebosibLLIOe KOSIMYECTBO MPOTONNAcTOB (BblAesieHue BO3-
MOXXHO He M3 BCeX BUAOB TKaHel).

CoBpeMeHHbIi MeTo, BblAe/IeHNS MPOTONAacTOB, NOAYUYUBLUWIA
Ha3BaHWe (epMeHTATUBHOIO, 3aKJ/I0YaeTCsa B yAasIeHUU K/eTod-
HOI CTEHKW C MOMOLLLbIO MO3TANMHOro0 MCNoAb30BaHMA A1 ee pas-
pyLLUeHUA PepMEHTOB: LesIoaasbl, reMuuensionasbl, NeKTUHasbI.

MepBoe ycnewiHoe BblAeNIEHNE TMPOTOMNIAcTOB M3 KJIETOK
BbICLLUNX PacTeHU hepMeHTATUBHbLIM MEeT0A0M 6blN10 OCYLLEeCTB-
neHo 3. KokkumHrom B 1960 r. Mo cpaBHeHWO C MexaHu4e-
CKUM, 3TOT MeToh4 WMeeT pAaAfg npevmywiects. OH MN03BOSIAET
CpaBHUTE/IbHO JIETKO U 6bICTPO BbIAENATH 60/bLIOE YMCAO0 MPO-
TOMMacToB, MPUYEM OHU He UCMLITbIBAKT CUMLHOIO OCMOTMYe-
CKoro woka. Nocne Bo3aencTemMsA hepMeHTOB CMeCb MpoTonaac-
TOB MponyckKalwT yepe3 QUAbTP U LEHTPUDYrnpyoT ana ygane-
HUA HepaspyLUEHHbIX K/1eTOK N NX 0CKOJIKOB.

BblgenuTb npoTonsiactel MOXHO W3 K/ETOK pacTUTesNbHbIX
TKaHel, KynbTypbl KaslJlyCOB M CYCMEH3MOHHOW KynbTypbl. On-
TUManbHble YCNOBUA O/19 U30/1ALUW NPOTONAACcTOB UHAUBUAY-
a/IbHbl MPUMEHUTENBHO K pa3HbIM 00beKTaM, 4TO TpebyeT Kpo-
MoT/INBOIM MpeaBapuTENIbHOM pPaboTbl MO MoA60pYy KOHLEHTpa-
unii hepMeHTOB, MX COOTHOLUEHUSA, BpeMeHU 06paboTkn. OuyeHb
Ba>XKHbIM (DaKTOPOM, MO3BOMANWNM BbIAENATL LeJible >XXU3He-
cnocobHble npoTonnacTbl, ABNAETCA NoA6op OCMOTUYECKOrO
cTabunmsartopa. B kadecTtBe cTabuNn3aTopoB 06bIYHO UCMO/b3Y-
0T pas/inyHble caxapa, WHOrga MOHHble OCMOTUKWU (pacTBopbl
coneii CaCl2, M&HPO04, KC1). KoHugHTpaumsa oCMOTUKOB A0J1K-
Ha 6blTb HECKOJIbKO TMNEPTOHMYHOM, 4YT0ObI MpOTOM/IAcTbl Ha-
X0AWNNCb B COCTOSAHUM cnaboro nnasmonmsa. B atom cnydae
TOPMO3ATCA MeTabo/IM3M N pereHepauns KAeTOYHOW CTEHKN.

M30nupoBaHHbIe MnpoTonacTbl MOXHO Ky/NbTUBUPOBATH.
O6bI4YHO AN 3TOr0 UCNOJIb3YT Te XXe nuTaTesibHble cpefbl, Ha
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naBa 3. KnetouHas 1 TKaHeBas MHXXeHepus pacTeHun

KOTOpPbIX pacTyT W30/IMPOBaHHblE KNETKU U TKaHU. Cpasy ke
nocne yganeHust epMeHTOB Y NPOTON/acToB B Ky/bType Ha4u-
HaeTca obpa3oBaHWE KNETOYHOM cTeHKW. lpoTonnacT, pereHe-
pupoBaBLLMN CTEHKY, BeAeT cebs KakK M30/mMpoBaHHasl KreTka,
crnocobeH AennTbcsa U OpMMpPoBaTh K/IOH K/eTOK. PereHepauus
LesiblX pacTeHU U3 N30/IMPOBAHHbLIX MPOTOMN/1ACTOB COMPSXKeHa
C pAgom TpyaHocTeid. MonyuynTb pereHepayuto vyepes ambpuore-
He3 yfanocb noka TOMbKO Yy pacTeHU MOpKoBW. CTUMyNsuUUEi
rnocsefoBaTesibHOro o6pasoBaHNsl KOPHeW 1 noberos (opraHore-
He3) gobunucbk pereHepauum pacTeHUin Tabaka, MeTYHUU U He-
KOTOPbIX APYrux pacTeHuii. CnegyeT OTMETUTb, 4YTO MNpPOTO-
naacTbl, N30/IMPOBaHHbIE N3 FTEHETUYECKN CTabW/IbHOW KAeTou-
HOWM Ky bTypbl, Yalle PereHepupyrT pacTeHUs, UX ¢ 601bLUNM
yCNexoM MPUMEHSIOT NPU UCCef0BaHUAX FEHETUYECKOR Moaun-
hmkKaymn NpoTonaacToB.

3.8. MopdoreHe3 B KNETOYHbIX KyJibTypax pacTeHUW

Kak y>e rosopusiocb, xXapakTepHOl 0CO06eHHOCTbI0 pacTu-
TeNbHbIX K/1IETOK SBASETCA MX TOTUMOTEHTHOCTb, T. €. CMoco6-
HOCTb OTZAENbHOM COMaTUYECKON KNEeTKU MO/IHOCTbI peanmso-
BbiBaTb CBOK MporpamMmMy pas3BuUTUSA W daBaTb Hadaao Lesiomy
pacTUTeNIbHOMY OpraHu3Mmy.

Pa3BuTME MHOMOKMETOYHbIX OPraHM3MoB — OfHa M3 Hambo-
Nlee MHTepPeCHbIX, HO CNOXHbIX Npobnem B 6uonorun. BonbLioe
pacnpocTpaHeHMe MOMy4YnsIo MoAesIMpoBaHUE MPOLECCOB OHTO-
reHesa Ha 6osiee MPOCTbIX CMCTEMax: W30/IMPOBAHHbIX TKaHSX,
K/ieTKax 1 npoTtonsactax, KyJlbTUBUPYEMbIX B CTEPUMBbHbIX YC-
nosuax. Mx npeumyLLecTBO COCTOUT B TOM, UYTO HeT Heobxoau-
MOCTWM MOCTOSAHHO YYUTbIBaTb pe3y/nbTaTbl B3aMMOLEACTBUSA 0p-
raHoB B LIe/IOCTHOM cMCTeMe pacTUTenbHOro opraHusma. Kpome
TOro, 3KCNEPUMEHTATOP CaM MMeeT BO3MOXXHOCTb BblbMpaTb,
N3MeHATb M MOBTOPSATH YC/I0BUS OMbITa B COOTBETCTBUW C MO-
CTaBNeHHOI 3ajadveii.

Mocne 3aBeplleHus geanddhepeHUMPOBKN fanbHelllee pas-
BUTUE KasINTyCHOM K/IETKM MOXXEeT UATWU pPasHbIMU NyTAMMW.

MepBblii NyTb — 3TO BTOpMYHAsA pereHepauus LLenoro pac-
TeHWA; BO3MOXXHA AuddepeHLNPOBKa Ha YPOBHE KETOK, TKa-
Hel, opraHos.
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3.8. MopdoreHes B K/IETOUHbIX Ky/lbTypax pacTeHuiA

BTopoii nmyTb — 3T0O yTpaTa K/IeTKOM CNOoCO6HOCTU K BTO-
pUYHON AN EPEHLNPOBKE N pPereHepaunum pacTeHus, cTonkas
JeovddepeHUMpoBKa, MNpuobpeTeHMe CMOCOBGHOCTU pacTu Ha
*pese 6e3 ropmMoHOB, T. €. MpeBpalleHVe B OMyxosieByt. Taku-
MW CBOMCTBaAMM 4acTO XapaKTepu3ylTcsa KAeTKU cTapbiX nepe-
cafo4HbIX Ky/bTyp.

TpeTuii NyTe — 3TO HOPMasIbHbIV LMK/ pasBUTUSA Kasnyc-
MO KNETKN, 3aKaH4YMBaKLWMICA ee CTapeHMeEM N OTMUPaHUEM.
M aTom cnyyae KneTka npetepneBaeT BTOPUUHYI AUddepeH-
LMPOBKY M Mpekpawaet Aenntbca (cTaumoHapHas asa pocta).
OfgHako Takasa guddepeHUMpoBKa He BefeT K mMopdoreHesy, a
3aKpennseT 3a KEeTKOW CBOMCTBA CTapoi Kas/lyCHOW KNEeTKMU.

Hanb6onbwinii MHTepec BbI3biBaeT MNepBbli NyTb, (akTnye-
CKMU npeacTaBnaloWmMin MoporeHHble npoueccbl. B KynbType
KaI/lyCHbIX TKaHell MopdgoreHe3oM Ha3blBaldT BO3HMKHOBEHWE
OpraHn30BaHHbIX CTPYKTYP M3 HeopraHnU30BaHHOW Macchl Kie-
TOK.

BTopuuHasa agunddepeHUMpoBKa KaslslyCHOW K/IeTKU MOXKeT
3aBepwnNTbCA 06pas3oBaHMEM B Kasl/ZlyCHOM TKaHW OTAesIbHbIX
anddepeHUpoBaHHbIX KneTok. OHM MMeT onpeaeneHHoe
CTPOEHME 1 BbINOHAWT creyngunyeckne gyHkunn. Mpnmepom
CNy>XUT obpa3oBaHMe anu6iacToB — KJ/1€TOK, B KOTOPbIX 3ana-
calTca BTOpUYHble MeTabonuTtbl (puc. 3.12, cM. UB. BKJIeKY).
OT0 Hambosiee NPOCTOr TN AN dEPEHUMPOBKN KaTyCHOM KAeT-
Ku. Boree cnoXHaa rucrosiornyeckasa audepeHUMpoBKa 3aBep-
LWwaeTca obpa3oBaHMEM B Kasilyce pas/IMYHbIX TKaHEen: MiedyHu-
KOB, BOJIOKOH, TPUXOM, 3/IEMEHTOB KCU/IEMbI (TPaxen 1 Tpaxengbl)
1 p103Mbl (CUTOBUAHbIE TPYOKN N KNETKU-CMYTHULbI). K cambim
CMOXHbIM BUAamM BTOPUYHOW AN depeHUMPOBKM OTHOCATCA
opraHoreHe3 (06pa3oBaHVe OpraHoB) M coMmaTUYeCcKUii 3IMGpuo-
reHes (obpasoBaHMe M3 COMATMYECKUX KI/IEeTOK 3ambpnmongos —
6MNoNAPHbLIX 3apoAbllLenofobHbIX CTPYKTYP).

Bce atn Tunbl g hepeHLMPOBKN BO3MOXKHbI TO/IbKO 6n1aro-
Japs CBOMCTBY TOTUMOTEHTHOCTW, MOCKOMbKY nbas pacTtu-
TenbHasA K/eTKa CoOAep>XUT MOJIHbIA Habop reHoB, XapaKTepHbIl
ANnA TOro opraHmama, U3 KOTOPOro oHa 6blna BblgesieHa. MoTeH-
uManbHble BO3MOXHOCTM BCeX KJ/ETOK pacTeHUs OAWHAKOBbI.
Kaxgas n3 HUX B onpegeneHHbIX YC/I0BUAX MOXKET AaTb Hauva-
no uenomy opraHmamy. OfHaKO BbISICHEHO, YTO peasibHO AeTep-
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naBa 3. KneTouHas n TKaHeBasi UHXXeHEpPUsi pacTeHun

MUHMpyeTca To/bKO ogHa u3 400-1000 kneTok, 4YTO, BEPOAT-
HO, CBAI3aHO C (MU3NONOTUYECKUM COCTOAHUEM KNEeTKWU, C ee
KOMMETEHTHOCTbIO. Tak, Yy 3KCMAaHTOB CTeb6/1eBOro Nponcxoxje-
HUA KOMMETEHTHOCTb K [eliCTBUIO 3K30reHHbIX (PUTOrOpMOHOB
(n, cnepoBaTesibHO, CMOCOO6HOCTL K MOPQIOreHesy) MNpPOSABAAT
TO/IbKO KMETKN annaepmasibHbIX U cy6annaepmasibHbIX TKaHeid.
Knetkun moryT npuobpetaTb ee B npouecce Ky/bTUBUPOBAHUA
KasilyCHOW TKaHW, B YC/A0BUAX, VHAYLUPYHOLWMUX MOporeHes.
Bpems, B TeyeHMe KOTOPOro B KasTyCHbIX K/leTKax BO3HUKaeT
3TO CBOMCTBO, M3MEHSETCA B LUMPOKUX rnpegenax. Kpome Toro,
CYLeCTBEHHYI0O pofib B AnddhepeHumaymm nrpaT reHoTun pac-
TeHUA-00HOpPa, YC/N0BUA N U3nYeckne (akTopbl KynbTUBUPO-
BaHMA.

Bce KasnycHble KNeTKW, roToBble K BTOPUYHON auddepeH-
LUNPOBKE, T. €. AeTEePMUHUPOBAHHbIE, XapaKTepu3yTcsa 06Wnumm
yepTamn. IOTU KI/ETKN (KMeTKU-UHULManu) 06pasyoT YyTosl-
LWEHHYI0 K/ETOYHYH CTeHKY, 060c06/M1588Cb 0T OCTasibHbIX Kas-
NYCHbIX KNeToK. [Nna HUX xapakTepHbl 6onee KpyrnHoe s4po,
BbICOKOE HaKOrM/ieHVe 3anacHbIX BELLEeCTB, MeHblUVe pasmepsbl
BaKyofei. B KreTKax-MHMUMANAX HauyMHaeTcsa CUHTe3 onpege-
NeHHbIX 6e/1IKoB, MHTeHCMUUMpyeTca NeHTo30tocthaTHbI NyThb
pacuienneHnsa rekcos. OyeHb BadKHO, YTO MeXAy 3TUMWN KIeT-
KaMmy, (QOopMUPYIOLWLMMU MepUcTeEMaTUYeCKNe oyarm, BoOCCTa-
HaBNMBAKOTCA MNa3MOLEeCMbl, KOTOPblE MPaKTUYECKU OTCYTCTBY-
10T B Macce KaslTyCHbIX KNEeTOK.

MHTepecHoe npegnonioxkeHve 6b1s10 BbickasaHo J1. Cakcom un
C. ToiiBoHeHOM (1963). OHO cBOAUTCA K TOMY, YTO CyLUECTBYET
MWHUMa/IbHaA Macca KasiyCHbIX KJ/IeTOK, KoTopas onpegenser
CMOCO6HOCTb YXKe AeTepMUHMPOBAHHbLIX KNETOK K JanbHelwe-
My MopdgoreHe3y. 3OT0 MNOATBEPAMIIOCH B OMbITaxX C Ky/bTypoli
ceMAno0Nen enn, rae geTepMuHauns aaBeHTUBHbIX NMNobGeros npo-
ucxogmna B K/AETOYHbIX KOMIMJIEKCaX U3 MATU-LLIECTU KIIETOK.
B cnyyae pa3BuTMa comMaTMUecKMX 3apojblilleri TpeboBasiocb
LWecTb — [ecATb K/IeTOYHbIX arperaTos.

FnctoreHes. [NaBHYK posnb B NpeobpasoBaHUM KaslyCHbIX
K/IeTOK B COCYyAMCTble 3/IeMeHTbl UrparwT (UTOropmMoHbl, B OC-
HOBHOM ayKCWHbIl. OMbITbl N0 U3YYEHUIO B/INAHUSA annKasibHO
MepucTembl nobera (MecTo cMHTE3a ayKCUMHOB) Ha rMCTOreHes B
KasI/lyCHOM TKaHW MNokasasiv, YTO HMXKe MecTa NPUBUBKMK arek-
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3.8. MopdhoreHes B KNETOUYHbIX Ky/IbTypax pacTteHui

ca B KasilyCHOW TKaHW HaunmHaan 06pa3oBbiBATbCA COCYAMCTblE
anemMeHTbl. TOT >e aeKT Habnwgancs nNpyM HaHeCeHUU Ha
Kannyc aykcMmHa c caxapo3oi. VHTepecHo, 4TO MOBbILUEHUE
KOHLEHTpauMn caxaposbl cnocob6cTBoBasio o6pa3oBaHUIO 3sie-
MEHTOB (0/103Mbl, a MOHWXKeHVWe — 06pa3oBaHUI0 KCUIEMHbIX
anemMeHTOB. Mpnyem TaKoe BO3[eliCTBME OKasblBasla COBMECTHO
C ayKCMHOM TO/IbKO caxapo3a, 4TO MO3BOJISieT FOBOPUTbL O ee
BO3MOXKHOI perynatopHoii ponu. [lobaBrieHMe K rOpMOHY Apy-
rMX caxapoB FMCTOreHesa He Bbi3biBasio. B HEKOTOPbIX cny4dasax
CTUMYIATOPaMM TUCTOreHe3a, MOMMMO ayKCUHOB, MOFyT ObITb
1 gpyrue uUTOropmoHbl. Tak, 6blJI0 OTMEYEHO, 4TO B Kassyc-
HbIX TKaHSAX COWM 3TOT MpPOLlecC HauynmHaeTcsa Mof BO3AENCTBUEM
rnmo6epessioBoii KUCNOTbl N 3TU/IEHA.

Kak y>ke oTme4yanocb Bbllle, B Ky/JibTypax T olro cyuiecT-
BYET [Ba OCHOBHbIX Tuna MopdoreHesa. JTO opraHoreHes, T. e.
06pa3oBaHMe MOHOMOMSAPHON CTPYKTYpbl (0TAEMbHbIX OPraHoB) —
KOpPHEBOW, CcTe61eBOM, pexxe hiopasibHOA (LBETOUHOW) NN nunc-
ToBOW (puc. 3.13, cM. UB. BKJ/IEWKY), U cCOMAaTUYECKNI 3MbBpUO-
reHe3. lNpu opraHoreHese cHavana pereHepupylT oTAesbHble
opraHbl, a 3aTeM Y>Xe U3 HUX — Lesble pacTeHUsa (UCK/IIoYeHMe
cocTaBfsleT KOpPHEBOW opraHoreHes). Mpu comaTtnveckom 3m6-
puoreHese MPOUCXOAUT o0bpaszoBaHue BUMONSAPHbLIX 3apoabllle-
MoAO6HbIX CTPYKTYP M3 comMaTuUyeckux Knetok (puc. 3.14, cm.
UB. BKJieliky). B 3aTom cny4ae, B OT/In4Me OT OpraHoreHesa,
cpasy ob6pasyeTcsl 3apoblll, MMeLWnii KaK MepPUCTEMY KOPHS,
TaK U MEPUCTEMY BEPXYLUEYHOW MOYKMK, U3 KOTOPOW B AasibHel-
LleM pa3BMBAETCS LEI0e pacTeHue.

Jliobas pactTuTenbHasa KreTka o6nagaet OAWHaAKOBLIMW MO-
TeHUMa/lbHbIMU BO3MOXXHOCTSAMM, TaK KaK COAEP>XWUT Becb Ha-
60p reHoB; criegoBaTesfibHO, K/IETKU COXPaHSAIT CBOMCTBEHHYIO
3UroTe nporpamMmmy passmtus. oaToMy ecnn noaydeH Kanyc
M3 KNeTOK JienecTka LBeTKa, UAn U3 KNeToK cepaLeBUHHOM na-
PEHXUMbI CTEBNSA, NN N3 KNETOK 060 TKaHW, TO B NPUHUMU-
Ne KaXkgas Takasl K/JleTKa MOXXEeT pereHepmpoBaTth LEI0e pacTe-
Hue. OAHaKo CBOMCTBO TOTUMMOTEHTHOCTU He Bcerga peasniyet-
€A, TaK KaK noTeHUMasibHble BO3MOXXHOCTU KNETOK pPasHbIX
TUMNOB MPOSABASATCA HEOAMHAKOBO. B HEKOTOPbIX M3 HUX TEHBbI
B 60/bLUEl CTeNeHW pernpeccupoBaHbl, B CBA3U C YeM MposBe-
HME TOTUMOTEHTHOCTU CTAHOBUTCSA OFPaHUYEHHbIM.
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KneTouHyio ocHOBY MopgoreHesa cocTaBnseT umTogudde-
peHuupoBka. [Npn aToMm peanddepeHUMpoBaHHbIE KIETKU BHOBb
npuobpeTaldT CTPYKTYPY W crneunannsnpoBaHHble QYHKLUUN.
PereHepaumsa pacTteHMs HauMmHaeTcd C BTOPUYHON AuddepeH-
LNPOBKU KJ1ETOK.

MepBble paboTbl ®. Ckyra n C. Munnepa nokasaau nps-
MY 3aBUCUMOCTb OpraHoreHesa B KaJsulycax OT COOTHOLUEHUSA
(PUTOrOPMOHOB — ayKCMHa M OTKPbLITOro 3TUMW UccnepoBaTe-
nAMU KnHeTuHa. [MpeobnagaHne KOHLUeHTpauum aykcmHa Hafg
LNTOKMHUHOM BbI3blBaeT AnddepeHLNPOBKY KAETOK, NPpUBOAS-
Wyt K o6pa3oBaHUI0 KOPHEBOW cucTemMbl. B aTom cnydae pere-
Hepauun Lenoro pacteHUs He npoucxoauT. pu yBennyeHun
KOHUEHTpaunm UUTOKMHUHA W YMeHbLUeHUWN KOHUEeHTpaunmn
ayKcMHa Ha4dumHawTca cTebs1eBoi opraHoreHes u obpasoBaHue
nobera. Ecnn ero nepecagnTb Ha CBEXYI NUTaTesibHYIO cpegy ¢
npeobnagaHvem aykcuHa, To HabnwogawTcsa obpasoBaHue Kop-
Hel 1 pereHepauusi LEenoro pacTeHus.

B HacToslee BpemMs [0Ka3aHO, YTO A9 MNPOXOXKAEHWUS Op-
raHoreHesa 04YeHb 60/1bLIOE 3HAYEHWE VMEKT MPUHAAIEXHOCTb
pacTeHuA-AoHOpa K Kfnaccy ABYAO/IbHbIX WU OAHOAOSbHbIX,
ero reHoTun, a takxe Tun akcnnaHta. Kpome Toro, mopdore-
He3 MOXXHO MOAY4YUTb TO/IbKO MPW YC/1I0BUM nogbopa onTumasb-
HOWM MuTaTesibHOW cpenbl, onpefeneHHbIX (U3NYecKnx (akTo-
poB, npu 6anaHce (YUTOrOPMOHOB, MPUCYTCTBMU CUTHANbHbIX
6e/1KoB M Ha/MuMn 6eNKOB-aKLeNTOPOB B K/eTKax.

Cpean KOMMOHEHTOB, BXOAALWMX B COCTaB NuUTaTesIbHbIX
cpef, CYWeCTBEHHYI Pofib nrpawT uoHbl U+ n N(>3™ TMpu-
CYyTCTBME aMMOHWIHOIO a30Ta BaXKHO AN Hadasia MopdoreHesa,
a pgobaBneHMe HUTpPATHOro asoTa Cnoco6CTBYeT POCTY U pas3Bu-
TUIO 06pa3oBaBLUMXCA CTPYKTYP. PUTOrOPMOHbI, UCMA0/b3yeEMble
4N CTUMYALMK OpraHoreHesa, He OrpaHu4mMBalTCA Ternepb
TONbKO ayKCMHaMW U UWUTOKMHUHaMu. C 3TOi Lenbl B NuTa-
Te/lbHYK cpefy BBOAAT Apyrume Ksaccbl (UTOrOPMOHOB: abcum-
3UHbI, TM66EepPeSINHbI, 3TUNEH.

YCTaHOBMEHO TakKXKe BAUSHME Tuna 3KcnaaHTa Ha Mopdo-
reHe3. Hanpumep, 3KCMN/IaHTbl, BblAe/IeHHbIE U3 BEPXHUX MEX-
LOYy3/IMiA pacTeHWUA, MOryT 06pa3oBbiBaTb Kasllyc, CMNOCOOHbIN K
thnopanbHOMY MopdioreHesy, Torga Kak 3KCNAaHTbl U3 HUXKHUX
MeXA0Y3/IMA faBann Havano TO/IbKO BeretaTtuBHbIM OpraHam.
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Bonpoc 0 mexaHu3me 3anycka BTOPUYHOI anddepeHLnpoBs-
KW Yy Ka//lyCHbIX K/eTOK OcTaeTcs OTKpbITbIM. B HacTosuiee
BpemMs camoe paHHee cobbiTue, cBsA3aHHOe C MOporeHe3oM, —
3T0 NosiB/AeHWEe TKaHecneunpuUuHbiX 6e/IKOB. YCTaHOB/IEHO, YTO
BCE MOP(OreHeTUYeCcKMe W3MEHEHUSA aKTUBUPYHTCA W/Mau
KOHTPOAMPYIOTCA creynasibHbIMU FeHaMU.

ComaTwu4eckunii am6puoreHes. [pyn coMmaTnyeckoMm ambpuo-
reHese kfeTka-uHMUKWanb gaet Hadyaso 3urote. PereHepaHT, 06-
pasylLwmninca U3 coMmaTuyeckoro 3apoabilla, NosHOCTb0 chopMn-
poBaH, YTO AefaeT JANWHUMUK 3aTpaTbl Ha YKOPEHEHMe MNosy4veH-
HbIX MNpu opraHoreHese noberos. Kpome TOro, comatmueckue
ambpuonabl TOUHee BOCMPOM3BOAAT FEHOTMMN MCXOA4HOro pacTe-
HWA, N0 CPaBHEHWUID C pacTeHUsIMU-pereHepaHTamMu, MOJTyYEH-
HbIMW B pe3yfnbTaTe opraHoreHesa. ComaTuyeckue 3apofblln
NpeacTaBNAT M UYMUCTO MPaKTUYECKUI MHTepec, TakK KaK WX
MOXHO MCMO/Ib30BaTb A/ MOSyYEHUA NCKYCCTBEHHbIX CEMSH.

ComaTuyeckumii ambpuoreHe3 o4veHb BaXKeH [A/19 Pa3BUTUA
hyHAamMeHTanbHbIX HayK. OH Mo03BOSIeT M3yyaTb MeXaHU3Mbl
ambpuoreHesa, Tak Kak MoyTW BCe ero hasbl, 3a UCK/IOYEHUEM
nepBoi, B pacTeHUM U B Ky/nbType TKaHel coBnagawTt. Hawnbo-
Nee paHHASA M3 U3yUYeHHbIX (a3 geTepMmnHaLUN KNeTKU No amb6-
pUOHaNbHOMY MYTU pPasBUTUSA COCTOUT B MNPUOOBPETEHUN €K
CBOMCTB MoMsAApHOCTU. TakK, npu onpegesieHNN MAOTHOCTU 6umOo-
3NEeKTPMYECKOro noTeHuUMana Ans 4yetblpexX MOP(OreHHbIX Kie-
TOK 0Ka3asiocb, YTO MakKCUMasibHas MJ/I0THOCTb 3/1IEKTPUYECKOT0
TOKa 6bl/1a Ha NONAPHbIX MoJicax 3ToM rpynnbl KAeTok. Mepe-
X044 KNeTOK B crefylouy ¢asy ambpmuoreHesa conpoBoXXaascs
3HauUUTe NIbHbIM MOBbIWEHMEM MJIOTHOCTWU Toka. [pepnonaraet-
CA, UYTO MOpP(OreHHble K/ETKU MOryT nojfep>XXusaTb nonsp-
HOCTb 3a CYeT aKTMBHOro 6a3vMneTasbHOro TpaHcrnopTa 3HAOreH-
HOro aykcumHa, rpagveHta OMO3NEKTPUYECKMX MOTEHLMAsI0B U
MOHOB KasibLuusA. Bbl1o TakKe ycTaHOB/IEHO, YTO c1abblii nocTo-
SAHHbIV 3NeKTPUYECKNii TOK (2 MKA) MOXeT 6biTb MHAYKTOPOM
ambpuoreHesa.

Ecnu opraHoreHes MOXHO MHAYLMPOBaTb C MOMOLLbIO aykK-
CMHOB MAW LUWUTOKWHUHOB, TO COMaTU4ecKuii ambpuoreHes ak-
TUYECKN HEe3aBUCMM OT 3K30TeHHbIX (YUTOropMOHOB. O6bIYHO
3MOPUOreHHblE 30Hbl BO3HUKAKT B Ka/l/IyCHOAW TKaHW Ha TOM
)Xe nuTaTeNnbHOW cpede, KoTopas McNofib3oBasacb A1 Kanny-
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coobpaszoBaHus. PasBuTme comaTU4yecKuUX 3apodbllleii B Kan-
NYCHOW TKaHW HauuHaeTca Torga, Korga ycTtpaHseTca Aeand-
thepeHumpyOWMi akTop M3 NuTaTenbHoih cpegbl (2,4-4 van
Opyrve ayKcuHbl). PasBmBawowniica 3apogbill He HY>XKAaeTcs B
3K30lMeHHbIX FOpPMOHaXxX, TaK Kak cam obecne4dvBaeT ceb6d VMU.

He3aBMCMMOCTb cCOMaTUYECKOro amMbpuoreHesa OT 3K30reH-
HbIX TOPMOHOB AB/IAETCA apryMeHTOM B Mo0/1b3Y TOYKU 3PeHuns,
BbICKa3aHHoW ewe . XabepnaHaTtom, a no3gHee ®. CTaBaphoMm:
cam npouecc M30/IMPOBaHUA K/IETKM CTUMY/MPYET peanusaynio
ee TOTUMOTEHTHOCTKU, T. €. Nepexos K mMopdoreHesy.

Takum 06pa3om, OCHOBHLIMW CTUMYy/SlaMun MOpGOreHesa B
Ky/NbType KannycHbIX TKaHel ABAATCA M3MEHEHUSA COOTHOLe-
HWA TOPMOHOB B MMUTaTENbHOW cpefe M caM Mpouecc M3onauum
pacTUTesIbHOM KAEeTKU OT OopraHvMsma, a AOMOSIHUTENbHbIM CTU-
My/lIOM — MAPUCYTCTBUE B NUTATENIbLHOM cpede HUTparta cepebpa,
HUTpata aMMOHUSA, HEKOTOPbIX aMWHOKUCNOT (MPOSINH, TUPO-
3UH, NHOFga CepuH), MOSIMaMUHOB (MyTPecuuH M CNepPMULUH).
B psapge cnyvyaeB MaHHUT M COPOUT CTUMYIUPYIOT Mpouecc Mop-
thoreHe3a. MoHbl NO3” okasbiBalOT BIUSHWE Ha pa3BUTUE BO3-
HUKLWIKWX B KaslJTyCHOW TKaHW OPraHuU30BaHHbIX CTPYKTYp, a UX
VHAYKUMIO CTUMYNIUPYIOT UOHbI >4+ Tmbbepennosas Kucnota
crnocobcTByeT pocTy 3a4aTkKoB cTebns, a abcumsoBass — ycKops-
eT AndepeHLUNPOBKY OpraHoB COMaTMYECKUX 3apoablLLei.

Ha perynayuio MopdoreHesa okKasblBaeT CyLLeCTBEHHOe
B/INSHME Ka4yecTBO cBeTa. NMokKa3aHo, 4TO MOPJIOreHHbIN Kasnyc
Yalle obpasyeTca Ha CMHeM CBETY, YeM Ha 6e/ioM MU KPacHOM.

M3MeHeHNs Ha YPOBHE MHAMBUAYasIbHbIX 6E/1IKOB BO BpeMS
peaninzaumn MopgoreHeTUYecKo NporpaMmbl B Ky/ibType TKa-
Hell Mo3BO/INAN FOBOPUTL O CyLLecTBOBAHUWU 6enIKOB pasBUTUA.
OfHaKo OTCYyTCTBME CReungUYecKUX TeCTOB Ha 3Tn 6enku ge-
naeT ux onpegesieHne npobsemMaTnyHbiM. Bmecte ¢ TeM npu uc-
Mosib30BaHNUM TUOPUAOB, NPOAYLUPYOLWNUX MOHOK/IOHA/IbHbIE
aHTUTeNla Ha MembpaHHble 6e/IKM COMaTUMYEeCKUX 3apojbillen,
yAanocb BbISABUTb MOSIMMENTUA C MO/IEKYAAPHON Maccoii 45 k/[a,
KOTOPbIA BCTpeYaeTcss B siApPe HECKOSIbKMX BUAOB pacTeHUin wu,
BO3MOXXHO, y4acTBYeT B Perynsymn KeTo4HOro AesieHus.

B HacTosiLee Bpemsa 60/1blLIOE BHUMaHWE yaenseTca reHeTu-
YeCKOMY acrnekTy MopdoreHesa — M3YUYEHUIO COMATUYECKOro
ambpuoreHesa Kak reHeTU4YecKn Hacsieayemoro npusHaka. Ponb
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3.9. KnoHanbHoe MUKPOpPa3MHOXEHWe pacTeHNA 1 ero NpakTUYecKoe NpuUMeHeHne

OCHOBHOro Asuratens npouecca pasBuUTUA oTBoguTca audde-
peHuManbHOM aKTMBHOCTM reHoB. lMpegnonaraetcd, UTO TeHbI,
KOHTPO/IMPYIOLLIME COMATUYecKnii aMbpmnoreHes, HauMHalT 3KC-
NpeccupoBaTbCa B KPUTUYECKME Mepuoabl passBuTus amopmonaos.

[Ana nepecTporiku v NOAFOTOBKM MHULMABbHBLIX KNETOK K
nocsiefyowmmM B6bICTPbIM AeNeHNAM, KOTOpble MPOUCXO4AT Mpu
mMopdoreHese, Tpebyetca nar-casa, rnocsie KOTOPOW KeTKu fe-
naTca no tuny gpobrieHns, obpasya chepmyecky Maccy Mes-
KUX U304NnaMeTpPUUECKNX KeToK.

B cnyyae opraHoreHesa 3Ty MacCy K/€TOK HasbiBalT Me-
pucteMaTUYeCKMMW o4aramm, a B C/lydae coMaTU4YecKoro sm6-
puoreHesa — rno06ynspHbIM NPoO3aM6pKoO.

B panbHerwem B MepuctemMaTuyeckom odare gugdepeHyn-
pyloTCa 3avaTku cTebns, KOPHSA, NmMcTa WM LBETOYHOM MOYKU
M NpOMNCXOAMUT COOTBETCTBEHHO CTe6/1eBOM, KOPHEBOW, IMCTOBOM
A opasibHbI OpraHoreHes.

B rnobynsapHomMm npoambpuo passmsaeTca bunonapHas smb-
puongHasa cTpyKTypa.

MO>XHO BbIAeNUTb HECKO/bKO Moc/efoBaTeNbHbIX CTajunii
thbopmmpoBaHMA coMaTUUHeCKUX 3MOPMONAOB U3  KasllyCHOW
K/IEeTKU: TNo6yNApHY0, ceppedka, TopnefoBUaHY0, coMmatuye-
ckoro 3apogbiwa (pwuc. 3.15, cM. UB. BK/elKy). Mepucrematu-
Yeckue oyarm Wianm NpPoamopmo MOryT BO3HUKATb Ha nepudepmnmn
KanaycHoM TKaHuW unnu O6biTb NOrpy>XeHHbIMW B Hee. Onpege-
NEeHHOV 3aKOHOMEPHOCTU B WMX JIOKa/iM3auum 06bl4HO He Ha-
6nopaetca.

3.9. KnoHanbHOe MUKpPOpa3MHOXeHWe pacTeHuii
M ero npakTn4yeckoe nNpuUMeHeHue

JocTuKeHns B 061acTU Ky/bTypbl KNETOK U TKaHel npuBe-
NN K CO34aHUI0 NMPUHLUMMANBHO HOBOFO METOAA BEreTaTMBHOINO
pPasMHOXXEHUS — KJ/IOHA/IbHOTO MUWKPOPA3MHOXEHUS: MoJyYe-
HUSA B YC/IOBUSAX T Uro HEMOJIOBLIM MyTeM PacTeHWA, TeHeTU-
YECKN WAEHTMYHbLIX MCXOAHOMY 3K3eMnaspy. B ocHoBe MeToaa
NeXNT YHUKasbHast cnoco6HOCTb PacTUTEsIbHOW K/IETKU peasnn-
30BbIBaTh MPUCYLLYIO €l TOTUMOTEHTHOCTb, T. €. MOoJ BAUSHMEM
3K30reHHbIX BO34ENCTBUIA faBaTb Hayano LEeSloMy pacTUTesIbHO-
My OpraHusmy.
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naBa 3. KnetouHasa 1 TKaHeBas MHXXeHepus pacTeHui

Mo cpaBHEHUIO C TpaAULMOHHBLIMK criocobammy pasmMHOXKe-
HUA, MeToA KJ/IOHa/IbHOr0 MUWKPOPAa3MHOXEHUSA, HECOMHEHHO,
MMeeT pAag npemmyuiects. Tak, OH obecrieymBaet:

— noJsly4eHne reHeTU4YecKn OAHOPOLHOro nocajo4vyHoro ma-
Tepnana,

— nosiy4eHue 6e3BUPYCHbIX PacTEHWNIA;

— BbICOKUI KO3(PPULMEHT pasMHOXKeHusa (105 106 — gns
TPaBAHUCTbIX N LBETOYHbLIX pacTeHuid, 104- 105— gnsa kyctap-
HUKOBbIX ApeBeCHbIX, 104— ans XBOMHbIX);

— COKpaweHVe MnpoAo/HKUTENIbHOCTU CeNeKLUMOHHOro rpo-
Lecca;

— YCKOpeHue nepexoja pacTeHui 0T KBEHWU/IbHOW K penpo-
OYKTUBHOW (hase pasBuUTUS;

— pasMHOXeHWe pacTeHnii, TPYAHO pasMHOXaemblX Tpagu-
UMOHHbIMKW crnocobamu;

— BO3MOXXHOCTb MpoBefeHUA paboT B TeyeHWe roga U 3Ko-
HOMWA naowanen, HeobXoAUMbIX ANA BblpallMBaHUA NOCaf0Y-
HOro marepuana,

— aBTOMaTu3auuio rnpouecca BblpaliMBaHUS.

Havyano ycnewHomMy rMpUMEHeHUI0 MeToda KJ/IOHa/IbHOro
MUKPOPa3MHOXeHNA Obl/I0 MOSIOXKEHO B KoHue 1950-x rr.
thpaHuy3cknum ydeHbim XK. Mopesem, KOTOPOMY yAanocb Mosy-
UNTb MepBble pacTeHus-pereHepaHTbl opxugen. [OocTUXKeHUIo
ycrexa crnoco6cTBoBasia y)Ke paspaboTaHHasi K TOMY BPEMEHMU
TeXHUKa Ky/NbTUBUPOBAHUA anuvKasibHOW MepuUCcTeMbl pacTeHUN
B yCcnosuaAx T VWv.

B Haweli cTpaHe paboTbl MO K/AOHa/IbHOMY MWKPOPa3MHO-
XXeHUo b6blnn Hadatebl B 1960-x rr. B nabopatopum KynbTypbl
TKaHeil n mopdoreHesza NHCTUTYTa U3NOMIOTUN pacTEHU UM.
K.A. Tumunpsazesa PAH nog pykosogcTtsom npodeccopa P.I'. by-
TeHKO. Bblnn n3ydeHbl YCN0BUSA MUKPOPA3IMHOXEHUSA KapTodess,
caxapHOW CBeK/bl, FBO34UKKU, repbepbl, hpesunm M HEKOTOPbIX
APYrux pacTteHui v npeasiokeHbl NPOMbILLAEHHbIE TEXHOMOMNN.

O6nactm MpPUMEHEHUS KJ/IOHANIbHOTO MWUKPOPa3MHOXXEHUS
pa3HoobpasHbl, U WUMETCA TEeHAEHUUN K WX MNOCTOAHHOMY
pacwinpeHuio. 3T0 B MNEPBYI0 o4vepedb OTHOCUTCA K pasMHOXe-
HUIO T VIIro B3pOC/bIX APEBECHbIX MOPOA, 0CO6EHHO XBOWHbIX,
M MUCMOJIb30BAHUNIO TEXHUKN T wMro Ofid COXpaHeHUs peakux
N ncyesalmnx BNA0B /IEKAPCTBEHHbLIX pacTeHWA.
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I‘Ipouecc K/TI0OHa/IbHOTO0O MWMKPOPa3MHO>XXEeHUA MOXXHO pasfe-
nuTb Ha yYeThblpe 3Tana (puc. 3.16):

1) BbI6Op pacTeHUA-4oHOPa, W30/MPOBaHME 3IKCMIAHTOB U
noslyyeHMe XOpoLo pacTyLleidl CTEPUIbHON KYNbTypbl;

2) cO6CTBEHHO MWKpPOpa3sMHOXeHue, Korga AocTuraetcs no-
Ny4yeHVe MakcuUManbHOro Kosimyectea MMKPOMNo6eros;

Puc. 3.16. Cxema K/I0Ha/IbHOr0O MUKPOPa3MHOXXEHUS pacTeHUN MeTOAO0M
aKTMBauun pasBmUTUA cyllecTByOWMX mepuctem (I NyTb) U HAYKLUUA
obpa3oBaHMA afBEHTUBHbIX NMOYeK Ha nepsmyHoM akcnnaHTte (Il nyTb)
1 — BbIGOP MCXOAHOFO 3KCMMAHTA; 2 — MoJlyvYeHne CTEPUITbHONA
KynbTypbl; 3 — ob6pa3oBaHWe afBeHTUBHbIX NMOYEK HernocpeacTBEHHO Ha
NepBUYHOM 3KCM/1aHTe; 4 — poCT NoYeK U hopmMmMpoBaHNE MUKPONo6eros;
N — pasmHoXXeHne MuUKponoberos (MMKpoyepeHKoBaHUe); 6 — yKopeHe-
HVe MmKpono6eros; 7 — AenoHUpoBaHWE pacTeHUN-pereHepaHToB Npu
MOHWXEeHHoOW Temnepatype (+2 °C); 8 — nepeBog, pacTeHUn B TEMNINYHbIE
ycnosus; 9 — BbicafKa pacTeHU-pereHepaHTOB B rnose
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MnaBa 3. KnetouHas u TKaHeBas MHXXeHepUs pacTeHun

3) YKOpPEHEHNE pPa3MHOXEHHbLIX M06eroB ¢ nocriegytoLLei
agantaumein UX K MOYBEHHbIM YCNOBUAM, a Npu HeobXxoammoc-
TN [enoHUpoOBaHWe pacTeHW-pereHepaHToB MNPy MOHVKEHHOM
Temnepartype (+2 °C, +10 °C);

4) BblpallinBaHne pacTeHU B YC/0BUAX Tennubl N MOAro-
TOBKA UX K peann3aumn wuam nocagke B rone.

MuKpopasMHOXKeHMe pacTeHU MOXXHO OCYLLeCTB/IATb Crie-
AyOWNMMN MeTofamu:

— aKTuBaumei pasBUTUA YXKe CYLLEeCTBYHLNX B pacTeHUU
MepucTeM (anekc cTe6s1s, nasyllHble U CrdauimMe MNoYKU U UH-
TepKansipHble 30HbI CTe6/15);

— VHAYKUMEN BO3HUKHOBEHWUS afBEHTMBHbIX MOYeK Hemno-
CPeACTBEeHHO TKaHAMW 3KCMNaHTa;

— WHAYKLUWEN coMaTNyeckoro ambpuoreHesa;

— AndpepeHumnaumein afBeHTUBHbLIX MOYEK B MEPBUYHON 1”
rnepecagoyHoON KaslslyCHOW TKaHsAX.

N3 nepeyncrneHHbIX METOA0B KOHAbHOM0 MWKPOPa3MHO-
)KEHUSA pacTeHU OCHOBHbIM SBJISETCA MeToh aKTusauuu
pa3snTunAa Yy>kKe CywecTBywUWNX B pacTeHUunm mMepuncTemM,
OCHOBbIBAWOLWMNIACA Ha CHATUU anuMKasbHOro AOMUHUPOBAHUA
(pnc. 3.17). 310 MOXKET 6bITb AOCTUTHYTO ABYMS MYyTAMU:

— ypaneHvemMm BepXyLUeYHOW MepucTeMbl cTebnss M nocne-
AYIOWMM MUKpPOYepeHKoBaHMeM nobera T wulro Ha 6e3ropmo-
Ha/lbHOW cpefe;

— pobaBneHvemM B NUTATEsSIbHYIO Cpefy BeLiecTB LUUTOKUHMU-
HOBOr0 TMNa AeNCTBUA, MHAYLMPYOLWUNX pasBuTue MHOrovuc-
NeHHbIX Mas3yLlHbIX No6eros.

Kak npaBuio, B KayecTBe LUTOKUHUHOB UCMOMAb3YIOT 6-6eH-
3nnammHonypuH (BAJ1) unn 6-yphyprnaMmMHONYpUH (KUHETUH),
a TakxXe 2-u3oneHTeHWNageHWH (21p) u 3eatuH. Mony4veHHble Ta-
KnM 06pas3omM nobern oTAensAlT 0T NepBUYHOI0 MaTEPUHCKONO 3KC-
naaHTa N BHOBb KY/IbTUBUPYIOT Ha CBEXENpuroToBJIEHHON Mu-
TaTeNlbHOWM cpee, CTUMYMPYIOLWER nponndepaymio NasyLwHbIX
MepuUcTeM N BO3HMKHOBEHWE No6eros 60siee BbICOKUX MOPSLKOB.

B HacTosiwee BpeMsA 3TOT METOA LUMPOKO MPUMEHSAIOT B NpPo-
n3BoACTBE 6€3BMPYCHOr0 MOCafovyHOro martepuana pas/iMyHbIX
pacteHuii (puc. 3.18, cM. UB. BKJIElKY). 3TO Ce/IbCKOX035MCTBEH-
Hble KY/IbTYpbl — TeXHU4YecKme (caxapHas CBeKsa, XMeNb, Tabak,
TonMHambyp, cTaxuc), OBOLLHbIe (TOMaTbl, KapTodesnb, orypey, ne-
peu, TblKBa, cnapxXa v Ap.); KyNbTypbl NPOMbILI/IEHHOIO LBETO-
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BoAcTBa (rBo3guka, xpmsaHTema, posa, repbepa); Tponmyeckue
n cybTponunyeckmne pacteHms (pogoLeHAPOH, asanns, Kamenus,
Yyaili 1 gp.); NJ0AOBble N AroAHble KynbTypbl (A610HA, cnuBa,
BULLHSA, rpyLwia, BUHOrpas, MasvHa, CMOpPoAuUHa, KPbI>)KOBHUK U
Ap.); opeBecHble pacTeHuA (Tononb, uBa, onbXa, 6epesa, psAbMHa,
CEKBOWSA, Tys, MOXOKeBeNbHUK U Ap.). [/ HEKOTOPbIX CeNbCKO-
X03SAMCTBEHHbIX KyNbTyp (Takux, Kak Kaptodesib) TEXHONOrns
K/IOH&/TbHOr0 MUKPOPAa3MHOXXEHWSA MocTaBfieHa Ha MPOMbILLJIEH-
Hyl ocHOBY. lpumeHeHMe MeTOAa akTMBaLUW PasBUTUA YXKe
CYLLeCTBYHOLULNX B pacTeEHUN MepucTeM MO3BOMSET Mosy4vaTb U3
0fHOW MepucTembl KapTotensa 6onee 105pacTeHuid B rog, npu-
yeM TexHOs/0rMa npegycmaTpmBaeT MoslydeHUe B Npodmpkax
MUKPOKNYOHEN — LeHHOro 6e3BMpycHOro CEMEHHOro Marepuana.

BTopoihi 13 nepevyncrieHHbIX MeTo40B — WHAYKLMS BO3HUK-
HOBEHNA aABEHTUMBHbLIX TI0O4YEK HernocpeacTBeHHO TKaHAMU
3KCM/1aHTa — O0CHOBaH Ha CMOCOBHOCTM M30/IMPOBAHHbIX YacTel

Puc. 3.17. CxemMa pasMHOXeHUSA pacTeHUA MeToL0M aKTUBaALUN pPa3BUTUS
cyllecTBYHOLWMX MepucTeM: 1 — ypaneHne BepxyLIeyHol MepucTeMsl;
2 — pobaBrieHWe B NUTaTesNlbHYH cpeay UMTOKMHUHOB (B/IT — 6e3ropmo-
HanbHasa cpeda; L — UMTOKUHUHBI, A — ayKCUHbI)
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naBa 3. KnetouHasa 1 TKaHeBas MHXXEHePUS pacTeHni

pacTeHUs Npu 6/1aronpUATHbLIX YC/I0BUAX MNUTaTesIbHOM cpeabl
BOCCTaHaB/IMBaTb HefoCTalliMe opraHbl M Takum o6pasom pe-
reHepupoBaTtb Uenble pacteHus (puc. 3.19, cMm. UB. BKJ/ENKY).
O6pasoBaHUs afBeHTUBHbIX MOYEK MOXHO LOOUTHCA MOYTU U3
No6bIX OpraHoB M TKaHel pacTeHus (M30/1IMPOBAHHOI0 3apogbl-
wa, nucta, ctebna, cemafonen, vewyek M AOHUA NYKOBULbI,
CErMEHTOB KOPHEWM 1 3a4aTKOB COLBETWUIA), ecnu MX ygaeTcsa no-
NyyunTb CBOGOAHBLIMU OT MHMEKLUUN. DTOT MpoLecc, Kak npasu-
N0, MPOMCXOAUT Ha nuTaTeflbHbIX cpefax, cofep>XXawux oAuvH
UUTOKUHWUH WNX B €ro coyeTaHUn ¢ ayKCMHOM (B COOTHOLUEHUU
10 : 1 vnwm 100 : 1). B KayecTBe ayKcuMHa B 3TOM c/nyyae Haubo-
Jlee 4yacTo Mcnosb3yrwT P-nHaonmnn-3-ykeycHyo kucnoty (MYK)
unn a-HaTnNykKcycHyw kucnoty (HYK).

MHOYyKUMA BO3HUKHOBEHUA afBEHTUBHbLIX MOYeK — Hambo-
Nlee pacnpocTpaHeHHbIi MeTo[ MWUKPOPa3MHOXEHMSA BbICLUNX
pacTeHuii: MHOrve AyKOBUYHbIE LIBETOYHbIE pacTeHUs (Hapumcchbl,
NVNNN, TUAUVHTLI, TNagnosycbl, TH/bNaHbl) 6biM pasMHoXe-
Hbl U3 JTYKOBUYHbIX YeLlyeK, CErMeHTOB 6a3aslbHOW YacTu JoHLa
NYKOBUL,, 3KCMJIAHTOB JINCTbEB; MNpeAcTaBuTeNIn poda Brassma
(kanycTa uBeTHasl, KouaHHas, bptoccenbcKasi, fincrosasi, 6PoK-
KO/IN) — W3 CerMeHTOB FMMOKOTUSA, CEMSAA0MEN, NNCTbEB; NYK,
YeCHOK — W3 BepxyLUeyHol MepucTemMbl, TKaHW AOHLA JIYKOBULY;
TOMaTbl — M3 anuKasibHbIX WM MasywHbIX MEpUCTeM; canart
LWKOPHBLIA — W3 CErMeHTOB JINCTOBbIX MACTUHOK; MeTYHUs —

N3 CerMeHTOB KOpHei; rnoKcu-
HUA, Prankm — N3 CErMeHTOB
NINCTOBBLIX MAACTUHOK; HEKOTO-
pble npepctaBuTenn  apesec-
HbIX PacTeHUin — M3 N301NpPOo-
BaHHbIX 3pesibIX W He3pesnbIX
3apogbiwei (puc. 3.20).
TpeTuin mMeToh, MpPakTUKye-
MbI/A APU K/IOH&/IbHOM MUKPO-
pasMHOXeHUW, O0CHOBbIBaeTCA
Ha gnddepeHumnaymm m3 coma-
TUNUHECKNMX KJ1€TOK 3apojblLue-
nofobHbIX CTPYKTYpP, KOTOPbIe
Puc. 3.20. MukpopasmHo>KeHue no CBOEMy BHELLUHEMY BUAYy Ha-

COCHbI M3 W30/MPOBAaHHbIX MoMUHAaKT 3UT0TUYECKNe 3apo-

3apoppllleit B ycnosusix T oMro  AblWN.  ITOT MeToh MNoaydmn
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Ha3BaHMe comaTudyeckoro amb6puoreHesa. OCHOBHOe OT/iMyne
obpasoBaHusA 3apogpbllieid T ulro oT T VMO (B eCTECTBEHHbIX
YCN0BMSAX) 3aK/loyaeTcsa B TOM, 4TO cOMaTU4YecKue 3apogblilin
pa3BMBaOTCA acekCyaslbHO BHe 3apoAbllleBOro Mewwka WM no
CBOEMY BHELUHEMY BMAY HaMoMWHalT 6MOMNOAAPHbLIE CTPYKTY-
pbl, Y KOTOpbIX OA4HOBPEMEHHO HabnwpaeTcs pasBuTMe anu-
KanbHbIX MepucTeM cTebns m KopHA. B HacTosilee Bpems 3ToT
MEeTOA, UCMOo/b3yeTcsa A1 Pa3MHOXKEHUST 60/IbLUMHCTBA PacTeHWIA
n3 cemercTBa OrcHMaceae U fAnblceae, HEKOTOPbIX MPeAcTaBU-
Tenei 371aKoBbiX (MlIeHWLa, SAYMeHb), JOLepHbl, peauca, BU-
HOrpaga, a TakXXe HeKOTOpPbIX BUAOB APEBECHbIX Mopog (ocuHa,
3BKanunT, Ay6, enb 06bIKHOBEHHAsA).

dopmmpoBaHue aM6pMoONAOB B Ky/bType TKaHEW NMpoucxoguT
B ABE CTaagun. Ha nepBoi cTagnm KeTKW 3kcnnaHTa gnddepeH-
LMpYyoTCa 3a cHeT gobaBneHMs B NUTaATe/IbHYH Cpefy ayKCUHOB
(kak npaBuno, 2,4-[1) n NpeBpaw,atTcs B ambpMoHanbHbie. Ha
BTOPOM CTaAuW K/ETKU [OJDKHbI pa3BUTbCA B aMOpuoMabl, 4TO
[OCTUraeTca yMeHbLUeHMEM KOHLeHTpauum aykcuHa wmnu nos-
HbIM €ro VUCKJ/IIYEHNEM M3 cOcTaBa NuTaTenbHoOl cpegbl. Coma-
TUYECKU 3MBpMoreHe3 MOXXHO Habnwgarb HEenoCcpeACcTBEHHO B
TKaHAX NEPBUYHOrO 3KCMAaHTa, a TakXKe B KaslsTyCHOW KynbTy-
pe. MNMpnyem nocnegHMiAi cnNoco6 cuuTaeTca MeHee MPUrogHbIM
MpY K/AOHaJIbBHOM MWKPOPa3MHOXEHUW, TaK KaK MoCaf0o4HbIi
Matepuasl, MoJIy4YeHHbIi TakKMM MeTogoM, OyAeT reHeTMYecKwW
HecTabusieH Mo OTHOLUEHUIO K pacTeHU-goHopy. Kak npaswuio,
COMaTUYecKnii aMbpuoreHe3 MPOUCXOAUT MPU KyJbTUBUPOBAHUN
KannycHbIX K/IETOK B XXUAKO nuTaTenbHON cpeae (CycreH3nn)
n ABndeTca Hambonee TPYLOEMKUM, TaK Kak He Bcerga ygaercs
peann3oBbiBaTb CBOMCTBEHHYK K/leTKaM TOTUMOTEHTHOCTb.

OpHakKo AaHHbI MeTo4 PasMHOXXEHUS MMeeT CBOU Mpeumy-
wecTBa, NOCKO/IbKY He TpebyeTca nogbopa cneymanbHbIX yCrio-
BUIA YKOPEHEHUS W agantaumn MNpobMpOoYHbIX pacTeHUi, Tak
KaK coMaTU4Yeckme 3apodbilun npeactaBfsgoT cob60M MOSTHOCTbIO
cchopMmMpoBaHHbIe pacTeHbuua. MNpu UcnonbL30BaHMM COOTBETCT-
BylOWEl TEXHUKM WX Kancy/IMpoBaHUA U3 3TUX 3Mbpuongos
BO3MO>XHO MO0/ly4aTb MCKYCCTBEHHbIE CEMeEHA.

UeTBepTblii MeTO4 K/IOHA/IbHOT0O MWKPOPasMHOXEHUA —
andpdhepeHUayumsa agBeH TUBHbIX MOYEK B MEPBUYHONM M nepe-
Cafo4yHOM Kasl/lyCHOVW TKaHu — Masio Ucnosb3yeTca Ans rno-
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NyyeHUs MocagovyHOro Marepyana r yuro. 3To CBA3AHO C TEM,
4YTO MNPV NEPUOLMYECKOM MepecakKMBaHWM KaslslyCHOW TKaHu Ha
CBEXYI0 NMUTaTENbHYIO cpedy 4acTo HabnwaalTcs ABNEHUSA, He-
XenateflbHble NP MUKPOPA3MHOXXEHUWN: U3MEHEHWE MA0UAHOCTU
KY/IbTUBMPYEMbIX KETOK, CTPYKTYPHbIE MepecTPoriKM XpOMOCOM
M HaKoMMeHWe reHHbIX MyTauuii, noteps MoporeHeTUYecKoro
noTeHuMana KynbTUBMUPYEMbIMU KeTKamu. Hapsgy ¢ reHeTuuyec-
KUMN N3MEHEeHUsIMU pacTeHUn HabnwgalnTca n Mopdosiormye-
CKMe: HU3KOPOC/OCTb, HenpaBWIbHOE XXN/TKOBaHWE SINCTbEB U UX
pacrnonoxeHue no cTebno, obpasoBaHME YKOPOYEHHbIX, YTOs-
WEHHbIX MeXA0Yy3/IMi, Ypoa/INBOCTb, MOHWXKEHHas YcTohun-
BOCTb K 60/1€3HAM ” BpeauTenam. puyem pinTenbHoe KyJib-
TUBUPOBaHME KasiNYCHbIX K/ETOK YCyry6sisieT aTm uU3MeHeHus,
no3ToMy nepuoj HeOpPraHM30BaHHOI0 pocTa MpU MUKPOPa3MHO-
XKEHUUN A0/DKEH ObiTb CBEAEH K MUHUMYMY.

HecMmoTpsa Ha HeKoTopble HefocTaTku, MeTon AuddepeHUUN-
aumn afBEHTUBHbIX MOYEK B MEPBUYHON U MNepecajoyuHor Kas-
NYCHOW TKaHW VUMEeET MOJI0KUTE IbHble CTOPOHbI:

— BO-MEPBbIX, OH 3PPEKTMBEH N IKOHOMUYECKU BbIFOAEH,
TaK KaK B Mpouecce pasMHOXEHUSA N3 KadKA0W WHAMBUAyasib-
HOW KannyCcHOW KNeTKM npu 61aronpuAaTHbLIX YC/I0BUAX KY/lb-
TUBUPOBAHNA MOXET C(OpMMPOBaATLCA aABeHTUBHAsA MOYKa,
fawuiasa Havyano HOBOMY pacTeHWuIo;

— BO-BTOPbIX, B PsAe CNy4vyaeB OH AB/ISAETCHA €4UHCTBEHHO BO3-
MOXHbIM METOA40M Pa3MHOXEHUS pacTeHWU B Ky/bType TKaHew;

— B-TpeTbUX, OH NpeAcTaBnseT 60/bLUOK MHTEpeC AN cenek-
LMOHEPOB, TaK KaK pacTeHus, NoslyYeHHble MeToAoM AuddepeH-
uMaumm afBeHTUBHbIX MOYEK B MEePBMYHON M MepecajoyHon Kas-
NYCHOWM TKaHW, pasninyarTcs reHeTUYeckn n mMopdodmrsnonorun-
YyecKu. JTO JaeT BO3MOXKHOCTb CesieKLMOoHepam MpoBoAnTb 0T60p
pacTeHUin Mo X03AWCTBEHHO BaKHbIM MpU3HaKam 1 OoLeHWBaTb
UX UHTPOAYKLMWIO B NOMEBbLIX YC0BUAX.

MeTog andpepeHUnaUnm agBeHTUBHbIX MNOYEK B MNepBUYHOMN
1 nepecajoyHoli KassycHol TKaHu uenecoobpasHO NPUMEHATb
NVWb K TeM pacTeHUsaM, A7 KOTOPbIX MoKasaHa reHetmyeckas
CTabUMbHOCTb Ka/I/IyCHOM TKaHW, a BapumabenbHOCTb MeXAay
pacTeHUsIMU-pereHepaHTamMmm He MpeBbIlaeT YPOBHSA eCTeCTBEH-
HOM M3MeH4UMBOCTU. K TakMm pacTeHMAM MOXHO OTHECTU ama-
punanc, TomaTtbl, CrapxXy, HEeKOTOpble ApeBecHble MopoAbl U
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apyrve KynbTypbl. Yepe3 KasnycHyw KynbTypy 6biav pasmHo-
)KeHbl caxapHas CBeKJia, HEKOTOpble NMpeacTaBuTenn poga Bras-
wca, KykKypy3sa, puc, nuweHuua v gpyrve 37akoBble, MOACON-
HEUHWK, JIeH; pa3paboTaHbl YC/10BUS, CMOCOOGCTBYOLLME peEreHe-
pauumn pacTeHui 13 Kannyca orypuya, Kaptodensi, TomaTos.

OCHOBHOE MPEMMYLLLECTBO K/IOHASIbHOI0 MUKPOPa3MHOXKEHUS
3aK/iloyaeTcs B BO3MOXHOCTU MOJSyHYEHUSA TEHETMYECKU OfHO-
pogHoro, 6e3BMPYCHOro MocafoyHOro matepuana. 3Toro AoCTu-
rarT, UCNoNb3ys MepucTeEMaTUUYECKME TKaHW arekcoB M nasylLu-
HbIX MOYEK OpraHoB cTe6s1eBOro npomcxoxgeHmsa. Kak npasuno,
MepucTemMa COCTOMT M3 KOHYyCa HapacTaHus, a Tak>Ke 04HOro
MM ABYX JINCTOBbIX 3a4aTKoB (MPMMOpPAWEB) U SBASETCS CBO-
604HO OT MHMekUnn.

MpennonoXxxeHve 0 BO3MOXHOCTU OTCYTCTBUS BMPYCOB B Me-
pUCTEMATUYECKMX TKaHAX 60/IbHbIX pacTeHUi BAepBblie BbiCKa-
3aHo @®. Yaiitom (1943). HaumHasa ¢ 1950-x rr. 66l npeanpu-
HATbI MepBble YCNEWHbIe OMbITbl MO MOSYYEHUIO CBOOOAHbLIX OT
WNPYyCcoB pacTeHU TreoprMHa M3 TOYKK pocTa. ABTOPbI 3TOrO
metoga XK. Mopens u C. MapTuH nosilaraan, 4To B 60/IbHOM
pacTeHMn BUPYC pacrnpocTpaHseTcsa ¢ oTcTaBaHMeM OT ObICTPO
pacTyLimnx MOJIoAblX OpraHoB, 0CO6EHHO B MOJ10A4bIX Heaud-
(hepeHUMpPOBaHHbIX TKaHSAX, FAe KOHUEHTpauus Bupyca MOXKeT
CHWKAaTbCA, BMJIOTb A0 MOJSIHOrO OTCYTCTBUA. TeopeTuyeckue
KOHLEMNUMKN, NOJSIOXKEHHbIE B OCHOBY 3TOF0 MeT04a, Hallv CBOe
noATBEPXKAEHMEe B nocnefHee Bpems.

CTpPYKTYpHOWM OCHOBOI MCMO/Ib3YEMOr0 Ha MpaKTuKe siB/e-
HUS CAYXUT cneyncguka CTPOEHUS TOYKM pocTa pacTeHWIA;
AucTasibHas ee 4acTb, NpeAacTaB/ieHHas anuKasibHOW MepucTe-
MOW, Y pa3HbIX pacTeHU UMeeT cpeaHuin aunameTp Ao 200 MKM
M BbICOTY 0T 20 o 150 mkM. B 6osiee HUMXKHUX croax audde-
peHumpyouimMecs K/eTKN MepucTembl 06pasyloT npokamouil,
Jalownii Hayano Nyykam MNpoBOASLLER CUCTEMbI.

M3BECTHO, YTO yCNeX K/IOHa/IbHOr0 MUKPOPa3MHOXEHUSA 3a-
HUCUT OT pa3mepa MepucTeMaTMyeckKoro akcnjaaHTa: 4Yem 60b-
e SINCTOBbIX 3a4aTKOB WM TKaHel cTebnsd, Tem fierdye naet npo-
uecc mopdoreHesa, 3aKaH4YMBAKOLWMNACA MONYHYEHUEM LEMOro
HOPMasIbHOr0 MPO6UPOYHOr0 pacTeHUs.

BmecTe ¢ TeM 30Ha, CBO60AHAA OT BUPYCHbIX YacTuy, cylie-
CTBEHHO passinyaeTcs ANs pa3HbiX BULOB M COPTOB pacTeHWUid, a
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TakXke 3aBUCMT OT BMAa BUpycoB. B koneonTwune 351akoB, Ha-
npumMep, pasmepbl yyacTKa BepXyLUKW, He cojep>Kalieil cocy-
Abl, MOryT gocturatb Ao 250 MKM. Takasi 0CO6EHHOCTb CTpPO-
eHUS anuKanbHOW MepUCTeEMbl WCK/AOYaeT MPOHUKHOBEHME B
Hee Bupyca nNyTem ObICTPOro TPaHCMopPTUPOBAHUA MO MPOBOAS-
Wen cucteme, HO [OMyCKaeT BO3MOXHOCTb €ro MeA/IeHHOro
pacnpocTpaHeHMs 4Yepe3 Maa3Mofe3Mbl, COeAuHSALNE Mepuc-
TeMaTuyeckme KNeTKu.

Mpn KynbTMBUPOBAHUM anuKasbHOW MepucTeMbl KapToge-
na BenuunHoii 200 MKM Ha nuTaTesIbHOM cpefe U fasibHenLem
Mosly4eHUn W3 Hee pacTeHUi-pereHepaHToB OblJ10 MOKa3aHo,
4YTO cpegn MOJSlyYeHHbIX pacTeHui Tosibko 10 % 6binm cBobog-
Hbl 0T X-Bupyca, Ho 70 % — oT Y-Bupyca.

MprMeHeHNEe 3/1IEKTPOHHOA MUKPOCKOMUW 4acTo 06Hapy>Xu-
BaeT Ha/iMume BUPYCOB B MepuCTeMe MOPaeHHbIX UMW pacTe-
HWA, 4TO, BMpoOYEM, NoATBEpPXKAaeT 06LLen3BecTHbIl (hakT: yunc-
N0 NVLWEHHbIX BMpyca pacTeHWiA nocne nogobHoi onepauumn
ypesBbl4aiHO Ma0 U MHOTMe MepucTeMbl MOPa*KeHHbIX pacTe-
HWUIA NHDEKLNOHHBI.

Takum o6pa3om, 3pPeKTUBHOCTb NPUMEHEHUSA anuKasibHOM
MepucTeMbl B KayecTBe MeTOo[a 03[0P0BJ/IeHUS 3apaXXeHHbIX BU-
pycamMmnm pacTeEHWUW OKa3blBaeTCs HWU3KON. ITO 6bl/10 AOKA3aHO
pesynibTaTaMmu, MNOSYYEHHbIMU PAAOM MepUCTeMHbIX saboparto-
puii Poccuiickoin dPepepaumm m KpbimMa, a MMEHHO: M3 anu-
KasilbHbIX MepucTeM pacTeHUN reo3guku, uumbmngmyma, nopa-
XXeHHbIX Bupycamm CarMY wmn CarYMY, B ycnosuax T wulro
nony4yarnT MHPULNPOBAHHbIE MEPUKIIOHbI.

B npuHUMNE BO3MOXHO Mosay4veHne 6e3BUMPYCHON anukasb-
HO mMepucTeMbl OT 60/1IbHOFO0 pacTeHUs, HO MPWU 3TOM PMUCK Mo-
nagaHvs BUPYCOB B 3[0p0Bble TKaHWU A0/DKEH ObiTb CHVDKEH A0
Hy/A. DTOro MOXKHO A0CTUYb NYyTEM MPUMEHEeHUS MeToLOB npega-
BapuUTENIbHOW TEPMO- WM XeMoTepanunm UCXOAHbIX pacTeHWi.

MeTog TepmoTepanum — WUCMO/Ib30BAHUE CYXOro ropsyero
BO34yXa — MPUMEHSAT KakK B YC/IOBUAX T bblo, TaK U B YC/10-
BUAX T V™o. Ona 006bsCHEHUSA MexaHU3Ma 0CBO60XKAEHUS
pacTeHWii OT BMPYCOB B Mpouecce TepmoTepanuu CyLLeCTBYIOT
pas/finyHble rMnoTesbl.

CornacHo ofHoOM U3 HUX, BbICOKME TeMnepaTypbl BO34ENCTBY-
I0T HenocpeAcTBEHHO Ha BUPYCHbIe YacTulbl Yepe3 UxX pUOBOHYK-
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NENHOBYIO KUC/OTY M 6efikoBy 060/104KY, BbI3blBas (m3nde-
CKOE paspylUueHVe U nuiias BUPYCHbIe YacTuUlbl BUPY/IEHTHOCTH.

BTopas runortesa cocTOUT B TOM, YTO BbICOKas Temneparypa
BO3JeNCTBYeT Ha BUpPYCbl 4depe3 MeTabonmsm pacteHuin. [log
B/IMSIHMEM BbICOKUX TeMnepaTyp HapyLllaeTcsd paBHOBECUE MEXK-
4y CMHTEe30M U Aerpajaumeii BUpPYCHbIX yacTtuy. Ecnu npeobna-
[JaeT CUMHTe3, TO KOHLEHTpaLmMa BUpyca B 3aparKeHHbIX TKaHAX
pacTteT, 1 HaobopoT.

PacTeHus, nogBepralwolivecs TepmoTeparnun, MoMeLlLalnT B
creuvanbHble TepMoKamepbl (TepmMocTar), rge B TeyeHWe nep-
BOW Hedenv noBbiWalT Temnepatypy ot 25 po 37 °C nytem
eXXe[JHEBHOro yBesinyeHUA napamMmeTpos Temrepatyp Ha 2 °C. He
MeHee BaXXHO MpW TepMoTepanuu co3gaBaTb W MOAAepPXKMBATb
Ha MPOTSXXEHUM BCero rnpouecca ONTUMasibHble PEXWUMbI: TeM-
nepatypy — 37 °C; oCBeL,EeHHOCTb jlaMmnamMmn AHEeBHOro cseta —
5 TeiC. NK; ¢oTonepuos, B 3aBUCMMOCTU OT KyNbTypbl, — 14-
16 4 B CyTKM NpU OTHOCUTE/IbHOM BNaXXHOCTU BO3Ayxa B Tep-
Mokamepe 90 %.

MpoAo/MKNTENIbHOCTL TepmoTepannnM BCeLesio 3aBUCUT OT
cocTaBa BUPYCOB M UX TepMocTolikocTu. Ecnn, Hanpumep, ans
rBo3AuKM fgoctaTtovyHo 10-12-HeAenbHOro BO3AENCTBUS TEMJIOM,
TO ANA 0CBOOGOXKAEHWUS Xpu3aHTeMbl 0T B-Bupyca 3TOT nepuof
anutea 12 n 6onee Hefenb. O4HAKO CYLLLECTBYOT pacTeHUs (Ha-
npumMep, JYKOBUYHbIE KY/bTypbl, LUMOMAMYM, POo3bl U Ap.),
pOCT KOTOPbIX YyrHeTaeTca B pe3y/sibTaTe A/INTENIbHOW TepmoTe-
panun T Jouo. [na Takmx pacTeHui LenecoobpasHo NpPoBOANUTb
TepMoTepanmio pacTeHU-pereHepaHToB T VYo

MoMUMO MONOXKMTENBLHOIO BO3AENCTBUA TepmoTepanum Ha
0cBO6OXAeHMEe pacTeHU OT BUPYCOB, BbISAB/IEH MOMIOXUTESb-
HbI 3hPEKT BbICOKUX TemmepaTyp Ha TOUKY pocTa M npoLecchbl
MopchoreHesa HEKOTOPbIX LLBETOUHbIX Ky/bTyp (rBO3JuKa, Xpwu-
3aHTema, pe3ns) B ycoBMsaX T olro. MNpumeHeHne TepmoTe-
panuu Mo3BOJIAET YBE/IMYNTb KOIPPULMEHT PasMHOXKEHUA Ha
50-60 %, NoBbICMTb agantayuio MPobMPOUYHbLIX pacTeHuii-pere-
HepaHTOB K MOYBEHHLIM YC/I0BUAM, a TakXe nosy4uTtb 6onee
BbICOKWNIA MPOLLEHT 6€3BUPYCHbIX MaTOYHbIX pacTeHUNA.

MpMeHeHWe TepMoTepanuMu B COYeTaHUU C MepPUCTEMHOMN
Ky/NbTYpOii NO3BOMIAET 0340POBUTb OT BUPYCHOr0 XJioposa 6onee
70 % pacTeHuii-pereHepaHToB xmens, 90 % — 3eMIAHUKMU,
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25 % — yYyepHOM N KpacHOM cMopoauHbl, 50 % — masuHbl, 60-
nee 80 % — kapTodens.

MpoBepKy pacTeHWli Ha Ha/Inune BMPYCOB, KakK Mnpaswusio,
NMPoOBOAAT C MOMOLb WMMMYHO(EPMEHTHOro aHan3a, 3fek-
TPOHHOM MUKPOCKOMUW N TPaBAHUCTbIX pacTeHWiA-MHAMKaTOPOB.

BTopoi meTon ocBOGOXKAEHWUS pacTeHUA 0T BMPYCOB — Xe-
MoTepanua — 3aki4vaetca B [obaB/ieHUM B NUTATESIbHYIO
cpefy, Ha KOTOpPOM Ky/bTUBUPYIKOT anumkasibHble MepucTeMbl,
aHasiora ryaHosnHa — 1(3-A-pubodypaHo3unn-1,2,4-Tpnason-3-
Kapbockummaga (KOMMep4yeckoe HasBaHMe — BMPO030/1) B KOH-
ueHTpaumm 20-50 mr/n. 3To NPOTUBOBUPYCHbLIMA Npenapart LWu-
pokoro cnekTpa pgenctsua. Mpu ncnonb3oBaHMU BMPO30/a B
KyNbTypasibHOW cpede MNpPOLEHT 6e3BMPYCHbIX MEPUCTEMHbIX
pacTeHMin yBenuumBanca go 80-100 %. MonoXkuTenbHble pe-
3ynbTatbl XemoTepanun 6blN NOMyYeHbl NS C/VBbI, YepeLl-
HW, Ma/INHbl, HEKOTOPbIX LBETOYHbIX N APYTUX pacTeHUN.

Tepmo- 1 xemoTepaneBTUYECKMUe MeTOoAbl 03[40POBNEHUA MO-
caflouHOro mMartepuana OT BMPYCOB 3KOHOMMUYECKN Masioadek-
TUBHbLI. [103TOMY B HacTosiLlee BpeMsA C MOMOLLbIO METO[0B
TpaHcreHosa co3galT (POPMbl pacTeHUA C FTeHeTUYECKOW yCToli-
UMBOCTbIO K BUpYycam.

3.10. MeToabl KNETOUYHOW WHXXEHEPUN pacTeHUN
B YCKOPEHUWN CeNeKUMOHHOro npotecca

OfHO M3 HanpaB/IEHWUI K/IeTOUYHbIX TEXHOMOFMA — WCMNOSb-
30BaHMe MX B CE/IEKUUN Ansi 06MErYeHns N YCKOPEHUS Tpagu-
LMOHHOI0 CeNeKLMOHHOro npoLlecca Mo co3faHnilo HOBbIX (HOpPM
N COPTOB pacTeHuit. CyllecTByoLLMe MeToAbl Ky/NbTMBUPOBA-
HWS M30/IMPOBAHHbIX KMETOK U TKaHell T oliro yC/I0BHO MOXK-
HO MoApasfennTb Ha ABe rpynmbl.

MepBylo rpynny COCTABASAKT BCHOMOraTes/lbHble TEXHO/I0-
rMn, KOTOPble He MOAMEHSIIOT 06bIUHYIO CEeNeKkUUto, a cayXkat
eli. K HUM MOXXHO OTHecTW: on/soAo0TBOpeHMe T wulro (npeogo-
JIeHVie MPOramMHOi HECOBMECTUMOCTU); KYJ/IbTUBMPOBAHMWE CEMS-
MoYeK W HEe3pesbiX TMBPUAHLIX 3apogblilleli (MpeofosieHue
MoCTraMHOW HECOBMECTMMOCTW); TMOoJlyYeHue ranjoufHbIX pac-
TEHUA nNyTemM Ky/bTUBUPOBAHUSI MbIJIbHUKOB U MWUKPOCMOP;
K/MIOHa/IbHOE MUKPOPa3MHOXXeHNe 0TAasIeHHbIX TMGPUI0B.
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BTopyl rpynny COCTaB/ISIIOT OCHOBHble MeTOAbl, KOTOpble
negyT K CamMoCcTOATe/IbHOMY, HEe3aBUCMMOMY OT TpagULNOHHbIX
METOA0B CefleKLUMN MOSTyHYEHUO HOBbLIX (DOPM W COPTOB pacTe-
HUA Ha OCHOBE COMAaTMYecKoi rmbpmugmnsaumun, CINAHUSA N30U-
POHaHHbIX MPOTOM/IACTOB, K/AETOYHOM Cenekuum u Apyrux me-
TOANYECKUX MOAXOA0B.

BcnomoraTtesibHble METOAbl T VM0 B Ce/ieKUUN pacTeHui

OonnogoTeopeHue T bMro (NpeogosieHVWe MpPOramMmHoOM He-
COBMECTMMOCTN) MPOBOAAT MPU HEBO3MOXXHOCTU OCYLLECTBUTL
HUMOLOTBOPEHME MeXAY BblOpaHHbIMU MapamMun pacTeHuii B ec-
TECTBEHHbIX YC/0BUAX. Heob6XogMMoCTb MNPUMEHEHUS MOXKET
HbITb Bbl3BaHa KaK (U3M0/1I0rMYecKUMN (HECOOTBETCTBUE BO
VpPeEMEHN CO3peBaHUA MblibLbl U T. M.), TaKk N Mopdosiornye-
(knMun (KopoTKasa nbinbuesasd Tpybka wunu 610KMpoBaHME ee
pocTa Ha pasHbIX 3Tanax pasBUTUA U T. M.) NPUYNHaAMN.

OonnogoTsopeHne T oMiro MOXXHO OCYLLeCTBUTb KY/IbTUBU-
pOBaHMEM 3aBA3N C HAHECEHHOIM Ha Hee rOTOBOW MbIIbLOA Ha
WCKYCCTBEHHOI arapu3oBaHHOM nuTaTeNibHOWM cpege.

BusyanbHo onpegesinTb, MPOLLJIO OMJI040TBOPEHME T oWro
MM HeT, MOXHO N0 6bICTPO YBENMUMBAKLMMCA B pasmepax
cemsAnoykam. CcopMmnpoBaBLLNiica 3apofblll, KakK NpaBuo, He
rnepexogmT B COCTOSAAHWE MOKOSA, a cpady npopactaeT v JaeT Ha-
Yasio rMbpuaHOMY MOKONEHUIO.

MnaueHTapHoe ons1040TBOPEHVE T wuMro NO3BOJSINIIO MPEOAO-
NeTb HECOBMECTUMOCTb B CKPELLMBAHNN COPTOB KY/bTYpHOro taba-
Ka N. “abacuT C gUKMMKM BngamMmm N. ro3amlMa n N. <lebreyl u
cenasio BO3MOXXHbIM MOJ/IyYEHVE MEXBUAO0BLIX rMopnaos Tabaka.

I‘Ipeo,qoneHme nocTramMHoi HecoBmMecTuUmocTMU. [locTram-
MHA HECOBMECTUMOCTb MpPU OTAa/IeHHON rnépuansaumnm BO3HU-
KaeT nocsie 0onJiogoTBOpPeHusA. Yacto npm 3ToM o6pasyloTca
Lynsble HeBCXOXKMe cemMeHa. [MPUYMHON MOXKeT 6blTb pacxox-
JeHVe BO BPeMeHU pasBUTUA 3apodbiwla U aHgocnepma. U3-3a
cnaboro passuTmA 3HAOCHEpMa 3apoiblll CTAHOBUTCA HECnocob-
HbIM K HOpMalbHOMY mpopactaHuio. B Takux cnydaax ns 3sep-
HOBKM W30/IMPYIOT 3apofbill W BblpawmMBalT ero B nuraresib-
HoW cpefe. JaHHbIl cnocob BbipalinMBaHWA Ha3biBaeTcs aMb6pumo-
Ky/nbTypoi. [MuTaTenbHas cpega 418 BblpaliMBaHUA MOXET
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6bITb MNpoCTON, 6e3 A06aBOK (OU3MOMONMYECKM aKTUBHbIX Be-
lecTB (Hanpumep, cpega Yaiita) unu noboii Apyroi, cogepka-
We MUHepasbHble CON U caxaposy.

Mpu oTAasIeHHbIX CKPELLMBAHUAX YXXe Ha paHHUX 3Tanax
MOryT HabntogaTbCA HapyLeHUs B pasBUTUM 3apofpbllia, uYTo
BblpadkaeTcsi B OTCYTCTBUU AUGDEDEPEHLMPOBKU, 3aMeaSIEHHOM
pocTte. B 3TOM cnydyae pocT Ky/bTyp 3apofbllla COCTOUT M3
ABYX 3TanoB — 3M6pMOHasIbHOr0 pocTa 3apofbllla, BO BpPeMs
KOTOpPOro npogosikaeTca ero gumggepeHUMpoBKa, M npopacTa-
HUA nogpocliero 3apodbliwa. 18 nepBoro atana Tpebyetcsa 6o-
Nlee cfioXKHas Mo cocTaBy nuMTaTefNibHas cpefa: C MOBbILLEHHbIM
cofep>XaHMeM caxapo3bl, C Ao6aBKaMW pPasfINYHbIX aMWUHOKUC-
10T, BUTAMMWHOB N FTOPMOHOB.

MpuMeHeHMe MeToAa 3IMOGPUOKYNbTYPbl B CENEKUUU MPMO6-
peTaeT B nocsefHee BPeMs 60/ibLLOE 3HAYeHMe ANsi NosyYeHUs
oTAANEHHbIX TMOPUAOB 3EPHOBbLIX, 3/1aKOBbIX U APYTUX Ceflb-
CKOX03SMCTBEHHbIX Ky/NbTyp. lokasaHa BO3MOXXHOCTb YBEsM-
YEeHNS BbIXoAa MLWEHMYHO-PXXaHbIX TMbpMAOB MNyTeM Aopalu-
BaHMSA He3pesibiX 3apofbllleli, a Tak)Ke MCMosib30BaHUsA amM6puro-
KynbTypbl ANS MPeogosieHns MocTraMHO HecoBMecTMMOCTU
npu rmépmnansaummn nweHnLbl ¢ KOJIOCHSIKOM.

MeTof aMOpPUOKY/bTYPbl HaXo4UT Bce 6osiee LWIMPOKOoe Mnpu-
MEHEHWE B MEeXBWUAOBOW rnmépuansaunm OBOLLHbIX pacTeHUA.
Ansa nyka paspaboTaHbl Npuvembl BblpalimBaHuss T VIlro abop-
TUBHbIX 3apogblllieil U3 TUOPUAHBLIX CEMSAH C pasHbIX 3Taros
aMbpuoreHesa, a Takxe MpUeMbl BblpaliMBaHUA 3apodbllleit oT
YacTMUYHO (WepTUNIbHLIX MEXBUAOBbIX TnMopuaos. KynbTypy
MN30/INPOBAHHbIX 3apofbllleid UCMOoMb3YHT B Ce/IEKLMN TOMAaTOB
N LPYTNX OBOLLHbIX PacTeHWUIA.

OTOT BCMOMOraTefibHbIi MeTo4 MPUMEHSIOT He TOJSIbKO MNpw
OTAA/IEHHOW rmbpmngmsaunn, HO M AN NPeofosieHUsa nocTram-
HO HECOBMECTMMOCTM, a TakKXe C Lie/ibl0 MUKPOpPa3MHOXeHUs
LEeHHbIX TMopuaoB. B 3aTom criydyae MWUKPOpasMHOXeHUe WUAeT
nyTeM KaJilycoreHesa, MHAYKUUM MopdoreHesa U MNosay4vyeHUs
pacTeHWA-pereHepaHTOB W3 KaslIyCHOW TKaHW. TeXHuUKa Kio-
HUPOBaHNA He3pesibiX 3apoAblLlleli M0o3BOISIET Pa3sMHOXKaTb LEeH-
Hble TFEeHOTUMbl pPacTeHU Ha pPaHHUX CTagUsX >XMU3HEHHOTO
ymkna. Ewe ogHa BO3MOXHOCTb MPUMEHEHUS KY/bTypbl 3apo-
OblLLIE — MCMonb3oBaHMe ee B KIETOYHOM cenekuun.
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KnoHanbHoe MUMKpoOpasMHO>XeHMe OTaaJiIeHHbIX Fl/I6pI/I-
40B. OMOPUOKYNbTypa faeT BO3MOXHOCTb BblpacTUTb rmopus-
Hble pacTeHMs W3 HEMNOJIHOLLEHHbIX 3apogblweil. OAHAKO BbIX04
rM6pUAHbLIX pacTeHn Man v rmMbpuabl HacTo ObIBaOT CTEPUSIbHBI.
WHorpga, Hanpumep nNpu cenekumn rpedymxm, TPYAHO BOCMPOMU3-
MeCcT B MOTOMCTBE YHWKaJIbHble FeHOTUMbI N3-3a NePeKPecTHOro
onblNeHNA KynbTypbl. [M03ToMy nepes wuccregoBaTens My 4acTo
MCTaeT 3afaya PasMHOXUTbL U COXPaHUTb MOJTyYeHHbIE pacTeHUS.
Il 5ToM nomoraeT MeTof K/OHA/IbHOM0 MUKPOPa3MHOXXEHUSI.
TasMHOXalT rmMbpuabl NyTeM akTMBaLuUW pasBUTUSA MepucTe-
Mbl MasyLlHbIX MNO4YeK (YepeHKOBaHWEM CTepUsIbHbIX Moberos),
afABEHTMBHbLIMW NMOYKaAMW WUAW pereHepauunen pacteHuii n3 kan-
NYCHOW TKaHW, B 4YacTHOCTU MOJIYYEHHOW MpU Ky/bTUBMPOBA-
HUM 3apofblILLEiA.

ﬂonyqume ranaonaHbiX paCTeHI/II7I T oro m uncnosb3o-
BaHWe Mx B cenekuuun. Ponb rannongHbiX pacTeHWi B cesiek-
UMM 0YeHb BevKa. X npuMeHeHme Mo3BosisieT GbicTpee HaiTu
HY>KHYI0O KOM6GMHauMo, coKpallaeT Bpems AAS co3f4aHus copTa.
FannongHble pacTeHUA MCNOMb3YKT A1 MNoAyvYeHUs ctabusib-
HbIX FOMO3WFOTHbIX NUHWIA. ONS MyTareHesa TakxXe yAo6Hee
MCMoMb30BaTbh ranongbl, MOCKO/bKY Ha ranjongHOM YpPOBHE
obneryaeTca 0T60p PELLeCCUBHbLIX MyTaLMiA.

B AounnomgHbiX pacTeHMAX MyTauuum pefko 3aTparmsarT
06a asninesibHbIX reHa B roMOJI0FMYHbIX XpomocoMax. Ocobb 06bIY-
HO reTepo3MroTHa (4Ba reHa passauyarTcd), NpU 3TOM MPOSABS-
eTcsa AelicTBUE TOMIbKO JOMMUHAHTHOMO (HO He peueccUBHOrO0) re-
Ha. MOoCKOMbKY MyTaluun Yalle peLecCcMBHbI, YeM AOMUHAHTHBI,
VX [0BOJIbHO CMOXHO BbIABUTb. B rannongHbIxX >Ke pacTeHusx,
KOTOpble cofepXkaT TO/IbKO OAHY W3 Kadk[ol nmapbl roMosiormy-
HbIX XPOMOCOM, MyTauuu NposABNATCA HemeaneHHo. Cenek-
LMA Ha ranjougHOM YpoBHe M03BO/ISIET BECTU MPSAMON 0T6Op He
TOMIbKO AOMMUHAHTHBIX, HO U PeLEecCMBHbIX MPU3HAKOB.

FannongHble 0cobyu CTEPUSIbHBLI, HO MOXHO WCKYCCTBEHHO
YABOUTb Habop MX XPOMOCOM C MOMOLLbI KOMAXMLMHA U MONy-
UNTb AUMIOUAHbIE TOMO3UTOTHbLIE pPaCTEHUS.

Fannongbl MOryT BO3HMKAaTb CMOHTAHHO, HO 4acToTa MX
CMOHTAHHOI0 BO3HUKHOBEHUS 0YeHb Mana. VICKYyCCTBEHHbIM My-
TEM C WCMO/Ib30BaHWEM MeTOoA0B T olro ydaeTcsa noayuuTb
6onbLMe KomyecTBa ransiongHbiX pacTeHui.
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CyliecTByeT Tpu crnocoba MofyyeHus ransionaos C UCMOMb-
30BaHMEM MeToAa Ky/NbTypbl U30/IMPOBAaHHbIX TKaHeii:

— aHgporeHes — Moay4YeHue ranfougHbIX pPacTeHUin Ha Uc-
KYCCTBEHHOW MUTaTeNbHOW cpefe W3 N30/MPOBAHHbLIX MblfbHU-
KOB U MUKPOCHOP;

— rMHOreHe3 — Moy4YeHMe ranjouaHbIX pacTeHuin Ha uc-
KyCCTBEHHOW nuTaTtenbHOl cpefde U3 M30/IMPOBAHHbIX CEMSIMOYEK;

— napTeHoreHes — TMoJlyYeHWe ranjouaoB U3 rMbpuUaHOro
3apofpbllla, y KOTOpPOro M3-3a HECOBMECTMMOCTU XPOMOCOM Po-
AvTeneii NoTepsiHbl OTLLOBCKME XPOMOCOMBbI.

FrannongHble am6puonabl, obpasoBaBLUMecs B pe3ynbTaTe
3NMMMHALMM XPOMOCOM OTLIOBCKOFO FeHoMa, KyNbTUBUPYIOT Ha
WCKYCCTBEHHbIX NMUTaTeNbHbIX cpeAax W nofyyawT ranfongHbie
pacTeHus.

Bo3MOXXHbI fABa MyTW 06pa3oBaHUs FraniongHbIX pacTeHWi
B KY/IbTYype Mbl/IbHWKOB:

— o6pasoBaHVe pacTeHuii nyTem smbpuoreHesa B Mbl/ib-
LueBbix 3epHax. MpW 3TOM BHYTPU MbIIbHUKOB W3 OTAENbHbIX
MbifbLEBBLIX 3epeH BO3HMKalT aMb6puounabl. OHM MpopacTarT
M AaloT rannovgHble pacTeHus;

— obpasoBaHue Kai/ayca W3 KNeTOK MbifibHUKA. B ganb-
Helilem B pe3ynbTaTe MopdoreHesa M3 KaalyCHbIX KeTOK pe-
reHepupyloT pacTeHusi. B aTom cnydae o6pasoBaBLUMecs pacTe-
HUSA He Bcerga 6bIBalOT raniougHbIMW M YacTo OT/IMYAOTCS MO
nIonAHOCTU. [0 KOHLLA He BbIICHEHO, 06pasyloTcs M OHU OT
MoAUMNNOUAN3NPOBAHHBLIX TanioNgHbIX KIeTOK WAM OT CAUB-
LUNXCS KNeToK.

Fannonabl, nony4deHHble T VILro, MOXXHO MPUMEHSATbL He
TONbKO B MPaKTUUYECKOW Cenekuuu, HO U B FreHeTU4Yeckol WH-
>KeHepumn, B KNeTo4uHoW cenekuun. MbinbUeBble 3epHa ABASOT-
Csl B HEKOTOPbIX cnyyasx 6onee yAo6HbIMW, YeM MPOTONNAacThI,
o6beKTaMu A/t OMbITOB MO reHeTu4Yeckoli TpaHcgopMaLun.

OCHOBHble MeToAbl T MHro B cefeKuun pacTeHunii

ComaTuuyeckasa ruépuamsauna — CO3AaHME HEMONOBbIX
rmMépmnaoB nMyTemM CAUSIHUS M30/MPOBAHHbLIX MPOTOMAACTOB, MO-
NYYEeHHbIX W3 COMATUYECKUX KNeTOK. IDTOT MeTond MNo3BOAseT
cKpewmBaTb (PUNOreHEeTUUYECKM OTAaleHHble BUAbl pacTeHui,
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KOTOpble HEBO3MOXXHO CKPeCcTUTb OObIYHbLIM MON0OBbIM MNYTEM;
BbI3bIBaTb CIUSAHME Tpex U 6onee poAUTENbCKUX KNETOK; Mony-
yaTb aCMMMETPUYHbIE TMOPUAbI, Hecylle BeCb FeHHbI Habop
O0HOr0 N3 poauTenen, Hapsiay UM € HECKONbKUMWU XpPOMOCOMa-
MU MW FeHaMu, WU TONbKO C OpraHennamMmm m uutTonnasmMmor
apyroro poautensa. rmépuansaumsa comaTUYeCcKMX KNeToK aaet
BO3MOXXHOCTb He TONbKO COeAVWHWUTbL B OAHOM siApe reHbl Aane-
KX BUAOB pacTeHui, HO M co4veTaTb B rMOpUAHON KNeTKe Lun-
TonnasmaTmyeckme reHbl NapTHEPOB.

BbigeneHne, Ky/ibTWUBMPOBAHWE W C/IMSHWE W30/IMPOBAH-
HbIX npoTonnacToB. [ANa NpuMeHeHUs MeTOAO0B comaTuue-
CKOW rmépungmsaumm Heobxoanma paspaboTKa COOTBETCTBYHO-
WNX TEexXHONOrnii NofyvYeHMUs MNPOTOMAacToB, CMOCO6HbLIX Ae-
NNTBCA N pereHepmpoBaTb pacTeHUs.

Ona KynbTUBMPOBaAHWUA MPOTOMNACTOB MPUMEHSIOT Te >Ke
nuTaTenbHble cpefbl, YTO U AN KYNbTypbl M30AUPOBaHHbIX
KNeTOK N TKaHelh. OTANUYNTEeNbHOW 4YepToW MUTaTeNbHbIX Cpes
ONs NpoTONNacToB SABMASeTCA MNOBbILIEHHOE OCMOTUYECKOe AaB-
NeHvie Ha HauvanbHbIX 3Tanax KynbTUBUPOBaHUA, KOTOpoe obec-
rneyrBaeTCs BbICOKOW KOHLUEHTpauuein maHHUTa wuam CaCl2.
Il Nnpouecce KynbTUBUPOBAHUA W30/MPOBaHHbIE MPOTOMNAACTbI
pereHepmpyT HOBYHO K/IETOUHYI CTEHKY (Yepe3 48 4 C MOMEH-
Ta BblAeNeHUs1 NPOTONIAcTOB) N NMpeBpaLLalTCcs B KNETKU, CMO-
COGHble AennuTbCA W faBaTb Hadano 06pa30BaHUIO KannycHoM
TKaHu. lpoTonnacTbl BblIAENAOT U3 KalNyCHbIX, CYCNeH3NOH-
HbIX K/IETOK WU U3 KNIETOK NUCTbEB, MepucTem, cTtebnei. Mpwu
BblAEeNEeHUN MPOTOMNNAcTOB U3 INCTbEB CHavana yAansaiT anu-
AepMuc, NCT Hape3alT Ha CerMeHTbl M 3aTeM MOABEPraktT 3H-
3MMaTNYecKor 06paboTKe MEKTUHA30M U LLEeNTHON030.

CninsiHMe W30/IMPOBAaHHbLIX MPOTOMIACTOB MOXET MpPOMCXO-
OWUTb CMOHTaHHO, HO 3TO cfly4yaeTcsa A0BOMbBHO peako. NHAyuun-
poBaHHOe CAMSIHWE W30MPOBAHHbIX MPOTONIACTOB BriepBble
6b1710 NonyyeHo B nabopatopun 3. KokkuHra B 1970 r. B Kaue-
CTBE MHAYKTOpa CNY>XWN HUTpaT HaTpusa. Ho aToT meTon oKa-
3anca ManoapPeKTUBHLIM, N celvac HaWgeHbl apyrue blo30-
reHbl (MHAYKTOPbl cnAusHuMA). Hawnbonee sdhpheKTUBHbIMU U3
HUX OKaslalncb pacTBopbl C BbICOKMM pPH (9-11) n BbICOKOW
KOHLEeHTpaumnen MoHOB Kanbumsa (100-300 mM). MNpoTonnacTbl
npeaBapuTeNbHO arrmoTUHUPYIOT C MNOMOLLbIO  KOHLLEHTPUPO-
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BaHHbIX PAacTBOPOB MOMN3TUNEHTINKONSA C MONEKYNSIPHOW Mac-
con 1500-6000. Y. LimmmepmaH c coTpygHMKamm paspaboTanm
hn3nUeCKNN MeToh CAUAHNA NPOTOMNNACTOB YXUBOTHbLIX KNeTOK,
NINMOCOM, B KOTOPOM B KayecTBe MHAYKTOpa UCMNONb30BanChb
MMMYNbCbl 3EKTPNYECKOro TOKa.

CninsiHMe npoTonnacToB MpUBOAUT K 06pa3oBaHUIO 1160
unépunga, nn6o rmbpuga. UnbpmngHaa knetka CoAep>XXUT LUTO-
nnasmy o60Mx MNapTHepoB, a AP0 — OAHOro. 3TO BO3MOXXHO,
ecnm nocne CAUSIHUA MNpPOTOMAacTOB He MPOUCXOAUT coefuHe-
HUA s4ep U OAHO sAApo AereHepupyeT. O6pasoBaHue uMbpuga
BO3MOXXHO M B TOM C/y4dae, ec/iM OAVUH U3 MpOTOMIacToB NMLLIEH
a4pa UanM OHO MHaKTUBMpPOBaHO nyTem ob6aydeHusa. Linbpuan-
3aums No3BOMSeT BBECTU LUTOMnasMaTmyeckue reHbl, Hecyuiue
npusHakyu LMC (umtonnasmaTuUyecKoil MY>XCKOW CTepunbHOC-
TN), YCTOMUYMBOCTU K HEKOTOPbIM repbuungamMm n natoreHam.

Mbpunabl 6bIMM  NOAyYeHbl MNPU  CAUSIHUX MPOTOMNIAcTOB
3pUTPOLUTOB KPbICbl U MPOTOMNACTOB APOXOKEBbLIX KIETOK,
npoTonjacToB MOPKOBM W 4ejoBeKa, Tabaka U 4yenoBeka 1 ap.

MepBblli HEMONOBOW MeXXBUAOBOMN TMOpPUA BbICLUUX pacTeHWUi
6bl1 nofydeH B 1972 r. nyTemM CAUSHUA U30NPOBaHHbLIX MPOTO-
nnacTtoB AByX BuMAoB Tabaka: AVcollana 8lauca n N. lan88(lor{.

B HacTosillee Bpemsi MOAy4YeHO 6O0MbLUOE YMCIO MEXBUAO-
BbIX, MEXCeMENCTBEHHbIX U MEXTPUOHbIX rMbpMAOB MeTOAOM
napacekcyanbHow rméopugmnsaummn. OgHako BO MHOIMMUX ciy4dasx
rmépugHble pacTeHus, NojyyYeHHble 3TUM MeTOAOM, B TOW WU
VHOM CTeneHun aHopMaibHbl. [TPUMEpPOM MOXXET CAY>XUTb coMa-
TUYECKU rmbpug apaébugoncuca n TypHernca, KOTOpbI ABAseT-
CA pacTeHMEM-MOHCTPOM. AHOManMu BO3HUKAKT KakK pe3y/b-
TaT XPOMOCOMHOI HecbanaHCUPOBAHHOCTN.

Ona voeHTUUKaLMM rmMépuaos MoOryT 6biTb UCMOMb30BaHbI
nnactuabl (MpotonnacTel). Hanpumep, npu CAUAHWUKM TMPOTO-
nnacToB Tabaka M MOPKOBU B KayeCcTBe CeNeKTUBHbIX MapKepoB
MCNOoNb30Bann 3efieHble X/aoponnaacTbl Tabaka M KpacHO-OpaH-
>KeBble XpPOMOMAacTbl MOPKOBU.

MpyMeHeHNE WMN30AMPOBAHHbLIX MPOTOMNJIACTOB B CENEKLUU
pacTeHUn He orpaHMYMBaETCA BO3MOXXHOCTbIO UX UHAYLIMPOBAaH-
HOro0 CANAHUA W NONYYEHUSA cOMaTUYeCcKUxX rmépuaos. Msonu-
poBaHHbIe MPOTOMNNACTbI CMOCO6GHbLI MNOrNoWaTh U3 OKpyXKatoLlei
cpefbl MaKpOMOJEKY/bl W OpraHennbl; cnefoBaTeNlbHO, B HUX
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MO>XHO BBOAUTb UYY>KEPOAHYIO MHMOpMaLUIo, He Mnepecaykmsas
AHK vnun opradHennbl Apyrux KNeToK. Y>e npoBefeHa ycrnewu-
Has TpaHcnnaHTauma 1M30NMpPoBaHHbIX A4ep B npoToriacTbl ne-
TYHUN 1N Tabaka. BmecTe c TemM norfioweHwe npoTtoniactamm
UY>KEPOAHbIX SAAep He Bcerga BedeT K 0b6pa3oBaHUIO TMB6pUAOB.
Kpome spep, B n30/MpoBaHHble MPOTOMaacTbl yAaNoCb TpaHCc-
niaHTMpoBaTb YyXXepoAHble X/Ioporjactbl M MOAYYUTb pacTe-
HUS-pereHepaHThbI.

OgHako paboTbl MO MEPEHOCY UY>XKepOoAHbIX opraHenn u
AHK Tonbko HaduMHaloT pa3BmBaTbCA. B uenom mcnonb3oBaHme
M30NNPOBAHHbLIX MPOTOMAAcTOB B FEHETUYECKOW PEeKOHCTPYK-
UMN KNeTKN OTKPbIBAeT HOBble MEPCMEKTUBbI MNepes KNeTOYHOW
cenekuyue.

OfgHa 13 Hambonee CUMbHbIX CTOPOH KynbTypbl T wulro —
co3faHne TeXHONOTnA Ansi CeNbCKOro X03siicTBa Ha OCHOBe cle-
OYIOLLNX METOAOB KNETOUYHOW CeneKkuuu:

— npsmMas (no3MTuUBHAA) ceneKuus, NPU KOTOPOW BbI>KU-
BaeT NMLUb OMpeAeneHHbI NCKOMbIA MYyTaHTHbIA TUN KNETOK;

— HenpsAmasa (HeraTuWBHasA) cenekuus, OCHOBaHHaA Ha U3-
6upaTtenbHOM rmbenn HeyCTOMYMBBLIX AOENALMXCA KAETOK, HO
Tpebyrowaa AOMNONHUTENbHOW NAEHTUMUKALUU Y HUX MyTauun-
OHHbIX N3MEHEHUIA;

— ToTajbHasas cenekyus, MpPU KOTOPOW WHAUBUAYATBHO
TECTUPYIOTCHA BCE KJIETOYHbIE KJ/IOHbI;

— BM3yasibHasaA Ccenekuus U HeceneKTUBHbIM 0T60p, Korga
BapyaHTHass /NMHUA MOXeT O6biTb uaeHTUDMLMPOBaHa cpeauv
BCEM MOMNYNSALUN KNETOK BU3yaNbHO WMAM NpPU MCMNONAb30BaHUU
BNOXMMNYECKNX METOAO0B (TOHKOC/MOMHaA WAM >KUAKOCTHas
Xpomartorpagus, pagMouMMYHHbI aHanm3, MUKPOCMEKTPOgo-
TOMETpUSA 1 Ap.).

Haunb6onee pacnpocTpaHeH MeToh npsaAMoin cenekymm. OH
NMPUMeHsieTCA rnaBHbIM 06pa3oM AN BbIAENEHUSA pacTeHui-pe-
reHepaHTOB, YCTOMYMUBBLIX, Hanpumep, K repbuumgam, aHTUOW-
OTMKaM, TOKCUHAaM, TS>KenblM MeTannam, CONAM U APYTUM aH-
TnmeTabonnTam.

Ona npoBegeHUs paboT MO KNETOYHOW CeneKuuu pacTeHui
B YCNOBUAX T wulro B KayecTtBe obbekTa mccnegoBaHus MoryT
6bITb NCMOMb30BaHbI KallyCHble, CYCNEeH3UOHHbIE KYNbTYypbl NN
M30NUPOBaHHbIe rMpoTonnacTbl. Bbibop 06beKTa 3aBUCUT OT Halu-
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una paspaboTaHHbIX TEXHONOrUM MPUMEHUTENBHO K PasUYHbIM
BUAAaM pacTeHUl, a Tak)Xe OT KOHeYHbIX Lefneil uccnefoBaHUs.

KannycHass TkKaHb npeacTaBnsieT co60M Nerko AOCTYMHbIN
MaTepuan, KOTOpbIi Hambonee 4acTo MCMOMb3YOT ANSA KAeTo4-
HOW cenekunm. Kak npaswuio, paboTy NpoBOAAT Ha NMepBUYHOM
U nepecajoyvyHOM KanlyCHOW TKaHW, KoTopas He yTpadmBaeT
CMOCOBGHOCTU K pereHepauuun Ha MpoTs>XXeHUU psaga cybKynbTu-
BMpOBaHUA.

BmecTe ¢ TeM MHOrve mccnefoBaTtenn, paboTaloLive ¢ Kannyc-
HbIMU KynbTypamMu, OTMeYaloT CyLWeCTBEHHble HEAOCTATKN [aH-
HOro 06beKTa: MeAJ/IeHHbI POCT TKaHW; HepaBHOLLEHHOe Afs
BCeX KNeTOK BO3AelCTBME TOKCUYECKUX BELLECTB, MPUMEHSAEMbIX
B KauecTBe CeneKTUBHOro dakropa; noTeps pereHepaLMoHHOMN
CNoCcO6HOCTM B MpoLecce KynbTUBMPOBAHUSA KanlyCHbIX K/EeTOK.

HecoMHeHHO, NMPOBOAUTL CeneKLMIo LenecoobpasHo Ha ypoB-
He OAMHOYHbIX KNEeTOK (CyCMeH3MoHHasi KynbTypa WUaAu npoTo-
nnactbl). OAHAKO A8 MHOrMX BUAOB pacTeHW He pa3paboTaHbl
ap(heKTNBHbIE TEXHONOTUU N CNOCOObI KYyNbTUBUPOBaHUA OAU-
HOUYHbIX KNeToK. [103TOMy, HECMOTpPSA Ha nepevyucneHHble He-
[OCTaTKM, C KOTOPbIMU CTanKuBalTCA uccnegoBaTenn npu muc-
MOMb30BaHNN KaNlyCHbIX KynbTyp, 3TOT Crocob cenekumm oc-
TaeTca N8 HEKOTOPbIX BWAOB pacTeHUil noka egMHCTBEHHbIM.

MonyyeHne cTabunbHO YCTOMYMBLIX NTMHUIA — MnpoLecc 4nuv-
TenbHbIM. Kak npaBuio, cenekuus HadymHaeTcsa C MoaydeHUs mn3
M30NNPOBaAHHbLIX PacTUTENbHbIX 3KCMAaHTOB A0CTATOYHOro KO-
nMyecTBa KallyCHOWM Macchl, KOTopasi B Aa/ibHEWLIeM WCMO/b-
3yeTca ANA onpefeneHUs TakoW KOHUEHTpauuMu CeneKTUBHOro
(pakTOpa (NOCTpPOEHME [030BOI KPMUBOI), NPU KOTOPON Habno-
JaeTcss pocT KallyCHOW TKaHU U 04HOBPEMEHHO rMormbaet
YacTb KanflyCHbIX KOMOHUA. BbibpaHHaa KOHLUeEHTpauusa cenek-
TUBHOro haktopa NpusHaeTca ONTUMANbHOW M UCNONb3yeTCA B
JanbHeNLnX aKcrnepnMmeHTax.

Tak KakK MNepBMYHO MNONYYeHHble Ha cpefjax C CefeKTUBHbI-
MU aKTopaMmy KOMIOHUUN KNEeTOK MOFIM BO3HUKHYTb BClefj-
cTBMe (PU3MONOrMYecKo ajganTauynum WAnM ONpeaeneHHOro co-
CTOSAHUA ANPPEPEHLNPOBKN KNETOK N MOryT ObiTb FeHeTuue-
CKN HEeyCTOM4YMBBIMW, TO B TeUeHMe MNOoCcneayrwmnx 4YeTblpex —
LecTn cybKynbTUBMPOBAHUIA Ha CENeKTUBHOW cpege NpoBeps-
eTcs CTabubHOCTb YCTOMUMBOCTU MOJIYYEHHbIX KIOHOB. 3atem
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VX MEePEHOCAT Ha nuTaTeNbHYyl cpeny 6e3 ceneKTUMBHOrNo ak-
Topa N Cyb6KynbTUBUPYIOT elle ABa-TpU naccaxka. W Tonbko
Moc/ie MOBTOPHOIo BO3BpalleHUs B CefleKTUBHbIE YC/IOBUSA OTOU-
patoT CcTabunbHble KJOHbI, U3 KOTOPbIX MbITAOTCA MNONYYUTb
ITCTEeHUA-pereHepaHTbI.

OpfHako paboTbl, MPOBeAEHHbIE C MONyYEHNEM PacTeHWUi, ycC-
TOMYMBBIX K MOBbILIEHHbIM KOHLEHTpPALUAM conei, a Takxke K
TOKCUHaM, BblAeNeHHbIM N3 rPMGoB — BO36yaunTenein 6onesHen,
rnokasanun, 4YTO YCTOMUYMBOCTb K/NETKU N pacTeHus K muccrnegye-
MOMY CeneKTUBHOMY (DakKTopy MOXXeT coBnagaTb W He coBMa-
patb. MNpamasa kKoppensauusa mMexxay YCTOMUYMBOCTbIO pacTeHUin un
KNeToK T VYo 0TMeyeHa Nullb A9 HU3KUX TemMnepaTtyp, AN
YCTOMUMBOCTU K repéouuugamMm, K BbICOKMM KOHLUEHTpauusm
aNOMUNHNA N ApyrumM hakTopam.

Bonblwioe 4ymcno paboT MO KynbTUBUPOBaHUIO Kasnnyca C
Llenbio Nofiyd4eHMsA HOBOIO CeNeKUWOHHOro mMaTepuana rnposefe-
HO Ha nuweHuue, AYMeEHe, puUce, COpro, a Tak>ke Ha KapToderne,
TomMaTax, filouepHe. Y>Ke OOCTUrHYTbl nepBble MOMOXKUTENbHbIE
pe3ynbTaTbl MO MOMYYEHUIO pacTeHWUIA MLUEHULbI, puca, KapTo-
dens, yctoumBbix K MaCl. NMonyyeHbl KNeTKM MOPKOBU, a U3
HUX — pacTeHUs, KOTopble, bnarogaps [o6aBneHUIO B NUuTaTeNb-
HYIO cpefly TOKCMYHbIX aHaloroB aMMHOKMUCAOT, CUHTE3UPYIOT
H 20 pa3 60nblle MeTUoOHUHa, B 30 pa3 60nblie — TpunTodaHa,
H NATb pa3 6onblwe — Au3vHa. Ana kaptodensa noaydeHbl pac-
TEeHUs1, YCTOMYMBbIE K KOMbLEBOW rHUAM. YTo KacaeTcs ApeBec-
HbIX pacTeHWi, To paboTbl B 3TOM HarnpaBfeHUW KpaliHe peaku
M 4acTO HOCAT MOUCKOBBLIN XapaKkTep.

JanbHelwee wvcnonb3oBaHWe KaalyCHOW KynbTypbl B ce-
NEKUMOHHbIX LEenAX OTKPbIBAET OrPOMHble BO3MOXXHOCTU B CO-
34aHNUN HOBbIX (DOPM pacTeHUil, HecyLlnUX LeHHble ANSA 4YenoBe-
yecTBa NPU3HaKWU.

Hapagy c nepedyncneHHbIMW Bbille 06bEKTaMU (KannycHble
M CYCMEH3UNOHHbIe KYNbTYpbl, U30AMPOBaHHblE MNPOTONAAacTbl),
B KayecTBe MCXOAHOro mMaTtepuana Ans cefekumm MoryT ObiTb
MCNOMb30BaHbl KYNbTYpPbl COMATUYECKUX NNN aHAPOreHHbIX 3MO6-
pronaoB, Takme OpraHoreHHble 3KCMNAaHTbl, KaK CerMeHTbl NCTb-
eB UM pa3nnyHble MepucTeMaTUyecKue N cTebneBble YacTu pacTte-
HUIA, a TakXKe KynbTypa MU30IMpOoBaHHbIX 3apogblileil. Hanpumep,
nyTeMm KynbTUBUPOBAHUA W cenekumm T VMo 3apojbilleri
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U3 CeMSIH MONlyYeHbl pacTeHUs S’UMEHS, YCTOMYMBBIE K aHano-
raM aMMHOKMCNOT W C YNydlWeHHbIM cofep>XaHuem b6enka.
Ona kaptodensa paspaboTtaH 3peEKTUBHbIA MeTod 06paboTKM
rnoberoB M 4YepeHKOB MyTareHomM, MPUBOAMBLUUA K MONYYEHUIO
XUMEPHbIX MYTaAHTOB XnopodunnngedeKTHOCTU U aHTUBMOTUKO-
ycTomumBocTU. Mpu KynbTUBUPOBAHUU MblbHUKOB SIPOBOIA MLue-
Huubl copToB CapartoBckasa 29 n MockoBckas 35 Ha nuTaTe/ibHbIX
cpefiax C MOBbILWEHHbIM COAep>XXaHWeM Cofeil Xnopuga HaTpus
rnony4yeHbl coMaTuUdeckme aMbpuonabl, a B AanbHelwem — pac-
TEHUS-pPEreHepaHTbl, NPOSIBUBLUVE MOBbILLUEHHYHO CONIeyCTONYU-
BOCTb.

Takum o6pas3om, NpoBefeHWEe CenekuUm Ha KNeTOYHOM YPOBHe
rno3BoONsieT co3faBaTb HOBble POPMbl pacTeHU B ABa — 4eTbIpe
pas3a 6bICTpee MO CpaBHEHUIO C TPaAMLMOHHbLIMU criocobamu.

KOHTPOJ/IbHbIE BOTPOCHI

. PacckaknTe 0 KNeTOYHOW MHXXeHepun pacTeHWi 1 ee uensax.

YTo o3HayaeT TepMuH T uUAro?

MepeyncnnTe OCHOBHbIE 3Tarbl PasBUTUA BUOTEXHONOTUN.

. UTo 03HayaeT TEPMUH «TOTUMOTEHTHOCTb K/IETOK»?

KakoB Bknag X. ®éxTtuHra, K. PexuHrepa v I'. XabepnaHarta B

passBuTne 6noTexHonornn?

. Kakune yuyeHble paspabotann MeToAbl KynbTUBUPOBAHUA KETOK

pacTeHuii B ycnosusax T Vilro?

7. B Kakom roy n Kem 6binn OTKPbITbl LUTOKUHUHBLI? KakoBa npu-
pofa aTuX BelecTs?

8. KTo ABnseTcA OCHOBOMONOXXHWKOM MeTofa K/IOHaNbHOro MUKPO-
pPa3sMHOXXEHUNA pacTeHnin?

9. MepeuncnnTe OCHOBHbIE HaMNpaBleHUS WCMNONb30BAHUA KYNbTyp
N30NMPOBaAHHbIX KNeTOK N TKaHeli pacTeHUn B GUOTEXHONOTNN.

10. UTo ABNAeTCA OCHOBHOW (DOPMOI CYyLLECTBOBAHWUS XXU3HN?

11. PaccKaXkuTe 0 rfnaBHbIX OTANYUNAX NPOKAPUOTUYECKUX N IyKapu-
OTUYECKUX K/EeTOK.

12. Kakne CyLWecTBYHOT runotesbl 0 BO3HWKHOBEHUW 3yKapuoTuye-
CKOW KNneTkn?

13. Kakoii npouecc onpegensieT opmMuMpoBaHMe KanlyCHOW TKaHu
pacTteHunin?

14. Kakyto pofib BbIMOMHAKT ayKCUHblI N LIUTOKUHUHBLI NpPU Kaiyco-
reHese?

15. UTo nponcxoanT € KneTKaMu U TKaHAMW pacTeHWid B npoLecce nx

neonddepeHunaunn?

o wWNE

(o]
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

KOHTpONbHbLIE BONPOCHI

JainTe onpefeneHne KannycHoOW TKaHW.

Kakuve cylwecTByOT TUMNbl KannyCHbIX TKaHen?

MepeuncnnTe oOCHOBHblE (pa3bl pocTa KNETOK W pacCKakute o
KaXXg0Ml 13 HUX.

Kakune ¢usvonornyeckme 0CO6EHHOCTU, CBOMCTBEHHblE K/eTKaMm
pacTeHus, COXpaHATCA B YCN0BUAX 1n oWro!

Pacckaxkmute 0 U3NONOTMYECKON ACUHXPOHHOCTU KNETOYHbIX
KYNbTYp pacTeHWii.

KaKoBbl MPUYNHbI FeHEeTUYEeCKOW reTeporeHHOCTU KynbTyp B CUC-
Teme T olro?

UTO TaKoe ropMOHHE3aBUCUMOCTb KNETOUHbIX KyNbTyp pacTeHUin?
[aiiTe onpegeneHme CycneH3MOHHbIM KynbTypamM KNeTOK.

Kakune OCHOBHble YCNOBUA TPebyTCA ANA KYNbTUBUPOBaHUA Kie-
TOYHbIX CYCMEH3U?

MepeuncnnTe crteneHn arperMpoBaHHOCTU K/ETOK, BCTpeyaroLimecs
B CYCMEH3MOHHbIX KYy/bTypaX, U paccKaXXute 06 Mx 0CO6eHHOCTAX.
UTo Takoe usonupoBaHHble npoTonnacTbl? Kem u kKorga 6bin
npeano>KeH 3ToT TepMUH?

KTo BnepBble BblAENN U30AMPOBAHHbIA MPOTONAAcT U U3 KaKoro
obbekTa?

YTto yctaHoBUN 3. KOKKUHI?

Paccka>knte o MexaHM4YeCKOM W (hepMeHTaTUBHOM MeTofax Bblje-
NIeEHNSA W30/IMPOBAHHbIX MPOTOMNJacToB WM cpaBHUTE 0CO6EHHOCTW
3TUX METOLO0B.

Kakuve ycnoBus HeobxoauMbl AN KyNbTUBUPOBAHUSA N30NUPOBaH-
HbIX MPOTONNacToB?

UYTo Takoe mopcoreHes B yCN0BUAX T uHro!

PacckaXknte o BTOpuMYHOWN AnddhepeHUMPOBKe KannyCHOW KNeTKWU.
YTo TaKoe KNeTKU-nHuumnann?

O6bACHUTE PONb FUCTOreHe3a B KNETOYHbIX KYNbTypax pPacTeHWi.
Kakune Tunbl mopcoreHesa xapaKTepHbl N8 KynbTyp T ulro?
Pacckaxkunte o HUX.

Kakue ycnosmsa Heobxofumbl AN repexofa KNeTokK K Mopdore-
He3y?

Mepeuncnnte ctagnumn OpMMpPOBaAHUA COMATUYECKUX 3MOBpuonaos
M3 KannycHoOW KNeTKu.

[aiiTe onpegeneHne TepMUHA «KNOHa/lbHOE MUKPOPA3MHOXKEHME».
Kakune npeumyuiectsa XapakTepHbl A1 MeToda KNOHalbHOro
MUKPOPa3MHOXXEeHUA, MO CpaBHEHWUIO C TPaAULMOHHLIMW MeToja-
MW Pa3MHOXXeHWUS pacTeHuin?

KTo n Korpga BriepBble Hayan paboTbl MO KAOHA/NIbHOMY pasMHOXe-
HUI pacTeHUn? Ha KaKoM 06bekTe?

OxapaKTepusyiiTe OCHOBHble 3Tanbl KIOHANIbHOr0 MWKPOPa3MHO-
YKEHUNS1 pacTeHWIA.
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42.

43.
44.

45.
46.
47.
48.

49.

naBa 3. KneTouHas v TKaHeBas MHXXEHepus pacTeHui

Kakne BO3MOXXHOCTU AaeT MeToh TepmoTepanuM M Ha Yem OH Oc-
HoBaH?

UTo Takoe xemoTepanusa u ANSA 4ero oHa Ucnonb3yeTca?
Pacckaxute o metogax T wulro, KOTOpble UCNOb3YOTCA ANA ce-
neKuuun pacteHui.

UTo Takoe ambpuoOKynbTypa W AN 4ero oHa ucnonb3lyetca?
Ha3oBuTe cnocobbl Mony4YyeHWs raniongoB B YCNOBUAX T  x3Wro.
Kakne npviembl Heo6XxoAMMO MCMNONb30BaTb NPV NPOBeAeHUN Khe-
TOYHOW cenekunn?

Kakune ycnoBusi Heobxo4uMbl ANA MONyYeHUS CTabunbHO YCTOWN-
UNBbIX MMHUIA KNETOUYHbIX KynbTyp?

B uyem npeumyuiecTBa KNEeTOYHOW Cenekuun B yCNOBUAX T wuMro,
Mo CpaBHEHUIO C 06bIYHBIMW MeToAaMWn cenekLumn?



FnaBa 4

MEHETUYECKAA NHXEHEPUA

leHeTnYecKass WMH>XeHepuss — OAHO M3 Hawubonee 6bICTPO
pasBMBalOLLMXCA HanpaBneHW 6MOTexXHONornmu, 3apoauvsliee-
CA Ha CTbIKe MOMEKYNAPHOW 6MONOrMun, reHeTUKN U 6MoxXmMmMmm
M MO3BOJIAIOLLLEE OCYLWECTBNATL BCEBO3MOXKHbIE MaHUNYNALUN C
reHamMmu pasnMyHbIX OPraHn3MoB.

BrniepBble 0 HYKNEMHOBbLIX KuUcnoTax coobwmn . Muwep B
1869 r. Yepes 75 neT, B 1944 r., O.T. 3Bepu Cc coTpygHUKamMu
JoKasannm, 4To MMeHHO Mofnekyna AHK cny>Xunt xpaHunuuem
HacnefAcTBeHHOW MHGopmMauun. OHM NpoBenu TpaHcdopmaluto
HEBUPYNEHTHOrO0 WITaMMa NMHEBMOKOKKa B BUPYNEHTHbIW C Mo-
MOLLIbIO  OYULLEHHOrO npenapata [Ae30KCUPUOBOHYKIENHOBOM
KNCAOTbl, BbIAENEHHOW W3 BUPYNEHTHbIX KneTokK. B 1953 r.
A. YoTcoH n ®. KpuK co3gann mopenb cTpyKTypbl AHK, a B
1966 r. M. HupeHb6epr, C. Ouvoa n X.-I'. KopaHa paclwundpoBa-
NN TEHETUYECKNIA KO W BbiAenunu pepMeHTbl (Tnrasbl U pecT-
puKTasbl), ydacTBylowMe B MeTabonmiame HYKNEUHOBbIX KUCAOT.

JaToii ocCHOBaHUA TreHeTUYECKOW WHXXeHepun cuyuTaeTcs
1973 roa, nockonbky B 1972-1973 rr. . bepr, I'. Boiiep un
C. KoaH c coTpygHMKamm co3fann rnepByld PeKOMOUMHAHTHYIO
OHK, copep>xasLuyto pparmeHTbl JHK Bupyca 8Y40, 6akTepu-
othara A N NaKTO3HOro onepoHa E. col. Yepe3 10 neT nocne
3TOro 6bINN MNONAy4YeHbl TpaHCreHHble pacTeHUs, no3gHee —
TPaHCreHHble MbIlWKN, a vyepe3 20 fIeT — TPaHCreHHble OBUbI.

4.1. MonekynsipHble OCHOBbl FeHEeTUUYECKOW WHXXeHepuwu

FeHeTUYeCKas MHXXEHepUs MnpeacTaBnsieT coboi KOHCTpyU-
poBaHve T VYO (PYHKUMOHa/IbHO aKTUBHbIX TFEeHETUYECKUX
CTPYKTYp (peKoMb6bMHaHTHbIX OHK), nan, nHaye, — co3gaHue
VMCKYCCTBEHHbIX FeHETUYECKUX MporpamMm (akagemuk A.A BaeB).
Mo 3.C. MNMupyssaH, reHeTnyeckas WHXeHepuss — 3TO cucTema
3KCNepuUMeHTaNbHbIX MPMEMOB, NMO3BONSAKOLWMNX KOHCTPYMpPOBaTb
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naBa 4. l'eHeTn4Yyeckas UHXXeHepunsa

Manas
60po3aKa

3,4 HM

Mapsbl
OCHOBaHWUi

Caxapo-
dochaTHbI
0CTOB

~0,34 HMm

Bonbluasn
60po3aKa

Puc. 4.1. OBoiiHaa cnupans AHK

nabopatopHblM nyTem (B NMPOGUPKE) UCKYCCTBEHHbIE FeHeTu4e-
CKMe CTPYKTYypbl B BuAe TaK Ha3blBaeMbIX PEKOMOMHAHTHbIX,
unn rmépmnaHbix, monekyn AHK. CnepoBaTeflbHO, OCHOBHbIM
06BEKTOM reHeTUYeCcKOoW MHXXeHepuun aBnseTca monekyna OHK,
B KOTOPOW 3akoaupoBaHa Bcs MHopMauusa o CTPOEHUN N DYHK-
LVMOHMPOBAHUWN NHOGON XXUBOM KNETKMU.

AHK — 3To nonnmepHaa gByxuenodyedyHasd mMonekyna, MocTpo-
eHHasa no NpuHUMNY KomniaemeHTapHoctu (puc. 4.1). KomnnemeH-
TapHOCTb 06ecneymBaeT, BO-MepBblX, CTaAbUNbLHOCTb MOJIEKY/bI,
BO-BTOPbIX, — TOYHOE BOCMpOu3BeLeHVE MNMpPUY MOCTPOEHNN [04ep-
HUX uenovyek. MoHomepom AHK cny>kaT 4yeTbipe TUNa HYKNeoTu-
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4.1. MoneKynsipHble OCHOBbI FTEHETUYECKOWN UHXXeHepUmn

[0B, KaXKAbl N3 KOTOPbIX COCTOUT M3 caxapa — Ae30KCUpmnbosbl,
dhochaTHOM rpyrnnbl U a30TUCTOr0 OCHOBaHUA. HykneoTuabl pas-
IM4aloT Mo as3oTUCTbIM OCHOBaHMUSAM, KOTOPble MogpasfensoT Ha
OBe rpynnbl: NypuvHoBble (aAeHUH N FyaHUH) N NTMPUMULNHOBbIE
(LWATO3NH N TUMWH); B MOfeKynax APYro HyKNeMHOBOWA KUCNo-
Tbl — PHK — BMecCcTO TMMMHa BCcTpevdaeTcsa ypauun (puc. 4.2).
Me>xay NypuHOBbIMUA M MUPUMUANHOBLIMU OCHOBaHUAMWU BO3-
HUKaT KoMMieMeHTapHble B3aumogenicteua (A — T u I — L),
KOTOpble YAEpP>XNBAOT LEenovYKu, cocToswWwme U3 Ae30KCupmnbossbl
1 dpocaTHOM rpynnbl, OTHOCUTENBHO APYr Apyra.

Pasmep monekynbl JHK wu3mepsaetTca 4ucnom nap kKomnmne-
MEeHTapPHbIX HYK/IEOTUAOB — OT HECKO/NIbKMUX TbICAY Map HyK/e-
oTnAoB (T. M. H.) A0 MWININOHOB Map HYKNeoTugos (M. M. H.).
Y yenoseka annHa OHK, cocTaBnsioLlieil rnepByt0 XPOMOCOMY,
cocTaBnsgeT 263 M. M. H.

Monekynbl AHK npeactaBnsatoT cO60OM FeHETUYECKYH WH-
dopmauuno, BadKHOW eguHULEN KOTOpPOW ABAAKTCA TFeHbl —
afeMeHTapHble HOCUTeNn, Koaupyrowme Hgopmaumo 0 CUHTe-
3e OfHOro orpejeneHHoro nNpoAykra. MoaToMy KaxKablii reH xa-
pakTepu3yeTca CTPOro onpeAeneHHoOW nocnefoBaTelbHOCTbIO
HYKNeoTuaoB. Bonblasa yacTb reHOB COAEPXXUT UHopMauuio o
CTPOEHNN 6EeNKOB, a HEKOTOpble KOAUPYKT TONbKO OrnpeaeneH-
Hble Monekynbl PHK (Hanpumep, punéocomanbHyto PHK).

NUPUMUANH ypauyun LUNTO3UH (2-0KCO-4- TUMUH (2,4-A4N0KCO-
(2,4-puokconnpuMnanH) aMUHOMUPUMUANH) 5-MeTUANMPUMUNANH)

Puc. 4.2. MypunHoBbIE (a) N NTNPUMUANHOBbLIE (6) a30TUCTble OCHOBaHUA
(no B.M. KomoBy n B.H. LlBegosow, 2004)
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naBa 4. N'eHeTMYecKaa NH>XXeHepusa

Kak y>ke oTMe4yanocb, B OCHOBE FeHETUYECKON UHXKeHepuun
NEeXXUT uesieHanpas/ieHHOe KOHCTPYyMpOBaHWE WCKYCCTBEHHbIX
reHeTUYEeCKMX CUCTEM BHe OpraHm3ma U UX BBeAeHMEe B >XXUBON
OpraHmMsMm C Lefibl0 co3[4aHMA HOBOro opraHmsma (Maun moamdu-
Kauuuy cyliecTByloLlero). 3To npegrnofnaraet, YTO 4acTb FeHOB
MO>XHO C MOMOLLbIO creumanbHbiX (OepMeHTOB Bblpe3aTb U3 MO-
nekynol OHK ogHoro opraHmama (goHopHasa OHK) n nepeHec-
TN B APYrOi, PeunnUeHTHbI, opraHn3aM. Takol nepeHoC reHoB
Ha3blBaeTCA TpaHCreHo3om, a opraHum3mbl, B AHK KOTOpbIX
BK/IIOUYEHbI YY>XepoAHble TeHbl, HOCAT Ha3BaHWe TpPaHCreHHbIX.

Mcnonb3yemble AnA nepeHoca reHeTUYeCcKMe KOHCTPYKLUUU
HOCAT Ha3BaHWe peKoMbMHaHTHbIX AHK. B mnx coctaB BXOAAT
parmMeHT goHopHoii AHK (knoHupyemasa OHK) u BekTopHas
AOHK (BekTop, KOTOpbIV OTBeYyaeT 3a NepeHeceHMe U BCTpauBa-
HUe — unHTerpaunto — KnoHumpyemoin OAHK). Monekynbl pekom-
6uHaHTHOW AHK cos3galoT Ans KNOHMPOBaHUS HeobXoguMbIX
yyacTtkoB AHK, kaptupoBaHua AHK, co3gaHua TpaHCreHHbIX
OpraHn3mMoB, MaccoBOro Mojay4YeHUsa MpPOAYKTOB, 3aKoAUPOBaH-
HbIX faHHbIM y4dacTkom OHK. PekombuHaHTHble AHK cTaHoO-
BATCSA COCTABHON 4acTbl0 reHeTMYecKOro annapara peumunmeHT-
HOro opraHusMa M o6ecneymBaldT eMy HOBble YHUKaNbHble re-
HeTn4yeckue, OGMOXMMMUYECKUE, a 3areMm Uu U3nonoruyeckume
CBOWCTBa.

TexHonorma nonyyvyeHmsa pekombuHaHTHbIX OHK BkAto4a-
eT clefyrouine MeToamnmyeckme rnoaxonbl:

1. Cneuuduyeckoe pacuwenneHne AHK 3sHAoOHyKneasamu
pecTpukummn, yCcKopsilollee BblgeneHMe U MaHuUNynauyum c oT-
LeNbHbIMWU TeHamu.

2. bbICTpoe ceKBeHMpOBaHWe BCeX HYK/eOTUA0B B onpefeneH-
HOM (pparmeHTe AHK, 4TO no3BondeT onpegennTb rpaHuUbl re-
Ha U KOOUPYEMYIO MM aMWHOKWCAOTHYIO MOC/efoBaTe/lbHOCTb.

3. KoHCTpynpoBaHue pekomMbuHaHTHoW AHK.

4. T'nbpnamsauma HYKNEMHOBbLIX KWUCAOT, M03BoSOLLaN
BbISAB/IATb C 60NbLLIOW TOYHOCTbHIO N YYBCTBUTE/NIbHOCTbLIO CReLun-
nueckme nocnegosatensHoctn PHK wnam AHK, ocHoBaHHbie
Ha WX Crnoco6HOCTU CBA3bIBaTb KOMIJIEMeHTapHble rnocnegoBa-
TeNbHOCTU HYK/NENHOBbIX KWUCNOT.

5. KnoHunpoBaHne OHK nyTem BBeaeHUsA ee (pparmeHTa B
bakTepuanbHYKO KNeTKy, KoTopasa fnocne TaKoi TpaHcdopma-
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4.1. MoneKynsipHble OCHOBbl FEHETUYECKO NHXXeHepun

UMM BOCMPOU3BOAUT ITOT pparMeHT B MUAAMOHAX KOMWUA, U
MMnmnKaumsa T unliro; co3gaHme reHoMHbIX 6nbanoTex.

6. BBegeHne pekomM6uHaHTHo OHK B Knetkum wmnu opra-
HU3MBL.

OcTaHOBMMCS Ha 3TUX TexXHOonormsax 6onee nogpo6Ho.

depMeHTHI

BOonbWKMHCTBO (DEPMEHTOB BbIAENAKT U3 KNETOK O6aKTepuii n
UCMONb3yKT ANA «paspes3aHus» UM «cwmBaHus» OHK Kak
NMPOKapnoTNUYECKUX, TakK U 3yKapnoTUUeCcKnUX KneToK.

MpumeHsieMble NPU  KOHCTPYMPOBaHUU PEKOMOUHAHTHbIX
OHK cdepmeHTbl MOXHO nogpasfennTb Ha HECKOMIbKO rpynn:

— (PepMeHTbI, C NMOMOLLbLID KOTOPbIX BbIAENAIOT (hparmMeHTbl
AHK (pecTpukTassbl);

— (hepmeHThI, cuHTe3upyowme AOAHK Ha wmatpuue OHK
(AHK-nonnmepasbl) nnn PHK (o6paTHble TpaHckpunTassbl.,
/HBepTasbl);

— (pepmeHTbI, coeguHsWwMe dparmeHTbl AHK (nurassbi);

— (pepMeHTbI, M3MEHAIOLNE CTPOEHNE KOHLO0B hparMeHTOB
AHK.

PecTpukTasbl (3HOOHYKNeasbl pecTpukuuun) — depmMeH-
Tbl, C MOMOLLbIO KOTOPbIX BbIAENAT dparmeHTbl OHK. 3Tu
HblcOoKocneunuyHble PepMeEHTbI Y3HAOT U paclennsaoT ornpe-
AeneHHble NocnefoBaTe/lbHOCTU a30TUCTbIX OCHOBaHW B Mose-
Kyne AHK (caiiTbl pecTpuKunmn). B reHeTUYECKON UHXXeHepuun
pecTpukTasbl nNpegHasHayeHbl ANS Bblpe3aHUs Heo6XoAnMbIX
y4yacTKOB U3 MOMeKyn goHopHo OHK.

PecTpukTasbl BblAeNAOT N3 6aKTepnin, HO OHU Tak>Xe BbISAB-
NeHbl y OPOXOKEeH M 0AHOKeTOYHbIX Bogopocneii. HomeHkna-
Typa pecTpukTas 6bina npegnoxxeHa B 1973 r. C. CMUTOM U
[. HataHcom. B cooTBeTCTBUU C Hel Ha3BaHUA pepMeHTaM garoT
rno TeM 6akTepusiM, N3 KOTOPbIX OHU ObINV BblAeneHbl. MNepBas
6ykBa Ha3BaHuA 0603Ha4yYaeT PoA MUKPOOpraHwmsma, ABe Crefyto-
ume — ero BuA; ganee UaeT NOpsAKOBbIA HOMeP AaHHOW pecTpuUK-
Tasbl B pAdy OPYrnx 3HAOHYKNeas, BblAeNeHHbIX W3 OAaHHOro
opraHuama. Hanpuwmep: pectpukTasbl Hpa |, Hpa Il — depmeH-
Tbl, BblAeneHHble U3 HaeTopHWn3 paraT/luenrae; Eco W —
pecTpukTasa, BblgeneHHaa m3 E. coll. IHorga BCcTaBnAwoT ewe
OQHY, 4YeTBEepPTYIO, NaTUHCKYI OYKBY — Kak ykKa3aTefb LITaMm-
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naBa 4. FeHeTUYecKas UHXeHepusi

Ma 6akTtepuii: Hincl Il — mn3 HaeTopHWu3s T{luenrae. Ecnun
3almMTHasa cuctemMa 6akTepumanbHOW KAeTKU (CucTtemMa pecTpuk-
un — moamdukauumn) nokannmsoBaHa B nnasmuge, TO yKasbl-
BalOT cumBon naasmuabl — K, Hanpumep: Eco L.
EcTecTBeHHOW YyHKUMe pecTpuKTas dABngeTca 3awmrta
baKTepuun oT uyxxepogHoii AHK (npexxge Bcero ot AHK 6akTe-
prodaroB, KoTopas MOXeT MPOHUKHYTb B K/NeTKY U Bbi3BaTb ee
TpaHcdhopmauuno). OHM orpaHuyMBaldT BO3MOXXHOCTb pPa3MHO-
XeHunsa darosoii AHK, paspesas ee Ha 4dactu. PepmeHT pecT-
PUKLUN He MOXeT paspe3aTb CBOK cobCcTBeHHy [AHK, Tak
Kak 6akTepuanbHana OHK moguduympoBaHa mMeTUIMPOBaHUEM,

ocyuiecTBnsieMblM thepmeHToM AHK-mMeTunasoii.

L
5'...0TT AAC...3'

3..CAATTO-¥%

I PecTpukTasa Hpa |
(M3 HaeTopH/N3
| paraT/venrge)

5..0TT| |AAC..3
3..CAa | |TTO—5

«TynMNble» KOHLbI

5'...0AATTC...3'

3'-CI'T AAO0..5

PecTpukTasa Eco K!
| (»3 EncHencbla col!)

5'—0] |AATT-~C—3

3'-C TrAdl[o..5
«MNNKNe» KOHLbI

Puc. 4.3. O6pasoBaHue B AHK
«TYyNbIX» (&) U <TNMTKUX» (6)
KOHLIOB nof AelicTBMeM pecTpuK-
Ta3s (no A.C. KoHunueBy
n .A. CeBacTbsiHOBOW, 2003)
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OnpepneneHHble pecTpUKTa-
3bl y3HawT B JHK nocneposa-
TeNbHOCTU M3 HECKONbKUX (OT
yeTbIpex A0 BOCbMW) HYK/IEOTU-
[0B, OCyLLecTBAASA NN60 HecUM-
MeTpUYHble, NN60 CUMMETPUY-
Hble pa3pbiBbl. [Npy pacuienne-
Hun monekyna A HK pa3pe3aetca
c obpasoBaHMeM TaK Ha3sblBae-
MbIX <IUMKUX» WU «TYMbIX»
KOHLUOB (puc. 4.3). «Jlunkue»
KOHLbI 06pasyloTcs, Korga pas-
pbiBbl B pa3HbIX uenodykax JHK
NpPoOUCXOAAT CO CMeLLeHueM apyr
OTHOCUTENbHO papyra (pecTpuk-
Tasbl Eco W; Hin<1 Ill), a «Ty-
nble» — KoOrga paspbiBbl B Le-
noykax BO3HUKAaKT Pyl MpoTuvB
gpyra (pectpukTtasbl Tay |;
Hpa |; 8Ta 1). B HacTosAwee
BpeMs BblAeNeHO CBbille 2000
pecTpukTas, KOTopble MOryT
y3HaBaTb 6onee 150 cainToB
pecTpukuuu.

Ob6paTHble TpaHCKpUNTa-
3bl, AHK-nonnmepasbl — dep-
MeHTbl, cuHTesupyrwme AHK
Ha maTtpuue JHK. B reHetunuye-



4.1. MoneKynsipHble OCHOBbI FEHETUYECKOM NHXKeHepun

|koin nH>keHepun yacTo ncnonb3lyetca AHK-nonnmepasa |, Bbi-
peneHHaa A. KopHb6eprom u coTpygHukamm B 1958 r. n3s kne-
TOK E. col. DTOT hepMeHT MMeeT TPexXAOMEHHYK CTPYKTYypY.
Mpu ypaneHnn 1Y-KOHLKEBOro oMeHa ocTaBLUasca YacTb MONeKy-
Nbl (pparmeHT KneHoBa) coxpaHsaeT XapaKTepHble A9 Hee KaTa-
nuTUYeckme cBoiicTBa. JHK-nonnmepasa B eCTECTBEHHbIX YC10BU-
AX B KNeTKe UrpaeT BadKHYK po/b B penapauuu (BOCCTaHOBNEHUNU
CTPYKTYypbl) noBpexaeHHo AHK, ocyliecTBnss Tak HasbiBae-
MYI HUK-TpaHCcnsaumio (HUK — pas3pbiB B 0gHOM 13 uenei JHK).

PHK-3aBucnmaa OHK-nonumepasa, peBeptaza — 3T0 oep-
MeHTbl, KOTOpble WUCMNOAbL3YKT A9 CUHTe3a KoMMaemMeHTapHoMn
uerm JHK ¢ mPHK. Bnepsble nx Bbigenmnu I'. TemuH n C. Mu-
HyTaHn B 1970 r. u3 Bupyca capkombl Payca. [Mony4yeHHYH
OBYXUEMOYEeYHYI0 KomMnaemMmeHTapHyo monekyny AHK (kA4 HK)
MO>XHO 3aTeM BCTpavBaTb B BEKTOPbI, pasMHOXaTb B COCTaBe
rmoépugHsix monekyn OHK mn mncnonb3oBaTb ANA AanbHenLwnx
nccnegoBaHuin. TakuMm crnocobom MOXKHO co3gaBaTb KAHK-616-
nmotekn. CrnepyeTt OTMETUTb, UTO Mosnekynbl KAHK He copep-
XXar MHTPOHOB, 4YTO MNO3BONAET KAoHMpoBaTb AHK asykapuoT B
NPOKapuUoTUNYECKNX CUCTEMAX.

Nurasbl — QepMeHTbI, KOTOpble «CLUUBaKT» PparMeHTbl
OHK 3a cueT dochoanadhmpHbIX CBs3ell, 06pa3yolnMXca MexK-
oy 3'-TMApPOKCUNBbHOM KOHLEBOW TFpPynmnoi oAHOro dparmeHTa
OHK un 5'-coocchaTHOV rpynnoi gpyroro cparmeHTa.

N3 pgByx TUMOB CYLWECTBYWLWUX nUras AN INTMpoBaHuA
tparmeHToB HK 06bI4HO Mcnonb3ytoT 605ee yHUBepPCcaibHYHO
.Mmurazy para T4, KOTOpas MOXET «CLUMBaTb» KaK «IUMKME»,
TaK U «Tynble» KOHUbl. AHK-nnrasbl Heob6xoAuWMbl B eCTecT-
BEHHbIX YCNOBUAX B Mpoueccax penapaumm OHK v pennvka-
un — npu yasoeHmnn uenun AHK.

PepMeHTblI, U3MEHAKLWNe CTpPoeHNe KOHUOB dparmMeH-
ToB [AHK. Hanpumep, wenoyHasa docdartasa oTwennser oT
NnMHenHoro cparmeHTa mMonekynbl AHK 5'-chochaTHble rpynnum-
POBKW, UTO 3HAUYUTENbHO CHM>KaeT KONM4YecTBO obpasyrouimxcs
cnyyariHbIX, HeXenaTenbHblIX KoOM6GuHauuii dparmeHToB AHK
(B TOM 4ucne Tex, KOTOpble MOryT 06pa3oBaTbCs Mo AeACTBUEM
AHK-nunrasel). Hykneasa Bal 31 — 3T0 hepMeHT, Hecneumgu-
YECKM ypansaowmnim HyKneotnabl U3 nocnegosatensHoctn OHK.
OH no3BONAET «MNOATYMUTb» HECUMMMETPUYHble KOHUbl AHK
nmM6o yKopoTuTb hparmeHTbl AHK, cb6nn>kaa nx dyHKLUOHasNb-
HO 3HAYMMble 3/1IEMEHTbI.
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naBa 4. FeHeTUYecKas MHXeHepus

OnpepeneHne HYKNeoTUAHOW nocnefoBaTelbHOCTU
(cekBeHMpoBaHue) AHK

CekBeHUpOBaHWe MNO3BONSET O0BOJbHO 6bLICTPO OMNpPeaennTb
MOMHYK HYKNeoTMAHYIO nocnegoBatenbHocTb OHK  annHom
100-500 HyKneoTUAHbIX nap. 3To He06XoAMMO AN BbIACHEHUS
CTPYKTYpbl, QYHKLUWA, BO3MOXHOCTEN pekoMbuHauum v amnnu-
ukaumm Mofekyn wunn QparMeHTOB MOJIEKYN HYK/ENHOBbIX
KWCNOT.

C nomouwibio dpepmeHToB AHK pasgenstoT Ha oparMeHTbl U
onpenenArT B HUX MO3NLUUUN HYKNEOTUAOB XUMUYECKUM WU
3H3MMAaTUYECKNUM METOAOM.

Xnmunuecknii meTog 6bln npegnoXkeH B 1976 r. A. Makca-
MOM U Y. T'mnéepTom (puc. 4.4). OH OCHOBaH Ha XMMMWYECKOW aer-

55a ATCAOCTAC V CeKBeHUpyeMbli
hparmeHT AHK
/ MonuHykneotTnaknmnasa

PP] BlaATcAO CTAO

Puc. 4.4. Cxema XMMUYeCKOro Metoga onpeneneHnMA HYKNeoTUAHbIX Moc-
nepoBatenbHocTelr (no A.C. KoHuueBy u IN.A. CeBacTbsiHOBOW, 2003):
1-10 agnviHa (YMCNO HYKeoTUA0B) PPaKUMOHNPYEMbIX METOAOM 3/IeKTPO-
hopesa pafMoaKTUBHO MeYeHHbIX (hparMmeHToB
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pagaumn OHK — cneyngunyeckon XmuMmmyeckoin mogmdmkaumm
MYPUHOBbLIX N AUPUMUANHOBbIX OCHOBaHWIA C MOCNeAYIOLWNMN
vblLenneHneMm MoanULMpoBaHHbIX HYKneoTnaos us uenm AHK
M aHan3om 06pa3oBaBLLUMNXCA MPOAYKTOB METOAOM reflb-3/1eKTpPO-
thopesa. MNMepen Hayanom onbiTa 04MH N3 KOHLUOB (hparmeHTa AHK
MeTAT C nomoLbio nsotona dgocdopa 32P. MNonyyeHHble 3NeKTPo-
cdoperpamMmmbl MPOSABASAIOT C MOMOLLbIO PEHTFEHOBCKOM MIEHKWN.
Takum obpasom, (hpaKuMOHUPYS Ha OAHOW reneBoO nnacTuHe
hbparMeHTbl, 06pa3oBaBLLUMECA MOC/e crneundunyeckoro Bbliulensne-
HMA KaXK4oro u3 4yetbipex Hykneotugos (A, T, ' v LU,), MOXXHO
HEenocpeACcTBEHHO 4YMTaTb HYK/IEOTUAHYIO MoOcnefoBaTe/lbHOCTb
cekBeHupyemoin OHK no nposiBNeHHOW 3aneKTpodoperpamMmme.

JH3MMAaTUMNUYecKuii mMeTog, paspaboTaHHbli M. CaHrepom,
OCHOBaH He Ha XMMMWYecKoM, a Ha hepmMeHTaTUBHOM MoAxoje,
(‘aHrep mncnonbzoan HK-nonumepasy | (puc. 4.5). AHanmsn-
pyemblii doparmeHT OHK uncnonb3yloT B KayecTBe MaTpuubl B
peakuuy MoAnMMepasHOro KonmpoBaHUA (CMHTe3a KOMMIeMeH-
TapHoii yenn AHK) c¢ nomowsbio AHK-nonumepasbl | E. coid.
MeTog nony4ymn HasBaHWe «MNAKC-MUHYC-MeTo4», MOCKONbKY
peakuuio nonumMepusaLmMm B HEM M3HaYalbHO MPOBOAUAN NNGO
H OTCYTCTBME OAHOIM0 U3 4YeTblpex TUMOB HYKNeoTUAoB («MU-
I1yc»-cuctema), 1M60 B NPUCYTCTBUU TONIbKO OA4HOr0 HYKIeOoTU-
Ja («nnrc»-cnuctema), 4YTo orpaHmymBaeT BO3MOXXHOCTb Hapa-
WMBaHMA NOMNHYKNEOTUAHON uenu, T. e. ocTaHaBInBaeT (Tep-
MUHUPYET) ee CUHTe3 Wu3-3a HeAoCTaTKa COOTBETCTBYHOLLErO
HyKneoTuga. 3aTtemM A5 OCTAHOBKW CUHTE3a CTaln WCMOo/b30-
natb crieymasibHble MOJIEKYNbl — TepMuHaTopbl. NMpoAyKTbl pe-
HKUWIA aHanM3npyrT MeToAoM 3neKTpodopes3a, M CeKBeHUpye-
MylO nocnefoBaTeNlbHOCTb CUUTbLIBAKOT C pagunoaBTorpada, Tak
XXe KaK npu aHain3e XMMUYECKOro CEKBEHVPOBAHUA.

B HacTosilwee BpemMsA onpegeneHMe TOYHON HYKNeOTUAHOW
nocnegosaTtenbHOCTU nto6oro dparmeHta AHK BnonHe paspe-
wrmMan 3agada. Y>Ke onpefefieHbl NocnefoBaTe/lbHOCTU He
TO/IbKO COTEH FEeHOB MpPO- U 3YKapmoT, HO U FEHOMbl MHOIUX
opraHn3moB (6onee 800). 3Has nocnefoBaTe/lbHOCTb reHa n re-
HETUYECKNI KOf, Nerko onpenenntb aMMHOKWUCIOTHYK Mocne-
[oBaTeNlbHOCTb KoAMpyemMoro um 6enka.
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4.1. MoneKynsipHble OCHOBbl TeHETUYECKOM NHXKeHepumn

KoHcTpynpoBaHne dpparMeHTOB peKOMOUHaHTHbIX HK
(«cumBKav»)

dparMeHTbl pekKoMbMHaHTHbIX [AHK, nonyyeHHble nocne
OeNCTBUS pecTpuMKTas u cojepXalime onpejeneHHble TeHbl,
sCLUMBAIOT» OQHUM M3 TPeX OCHOBHbIX MeTOA0B, B 3aBUCUMOCTHU
OT TOro, Kakme KOHLbl UMEIT hparMeHTbl «clumBaemMmbix» JHK —
«TYyNble» UNN <TNNKUEY.

«CwunBKa» N0 OAHOUMEHHbIM «MUAKUM» KOHUaM. 3TO
Haubonee NpocTo U NonNynspHbli MeTon (puc. 4.6). BnepBble
>TUM MeTogoM rmnbpugHas AHK 6bina nonydeHa C. KosaHOM C
coTpygHukamu B 1973 r. Jltobble gBa oparmeHTa AHK (He3aBu-
CUMO OT UX MPOUCXOXKAeHMUS), obpa3oBaBLUMecd Noa AeACTBUEM
OAHOW N TOM >Ke pecTpuKTasbl, Jatoullei doparMeHTbl PecTpUK-
UMn c <IMAKUMU» KOHUAMW, MOTYT «CAMMnaTbCs» 3a cHeT obpaso-
BaHWS BOAOPOAHbLIX CBSA3EN MeXAy OAHOHUTUEBbLIMU ydacTKamMu
KOMMNEMEHTAPHbIX HYKNeoTnaos. OgHaKo nocne Takoro crnapu-
BaHWS MonHas LEenoCTHOCTb ABOMHOM cnvpann He BOCCTaHOBUTCH,
NOCKOJ/IbKY OCTaHeTcsa ABa pa3pbiBa B dpocdoamnahpHOM OCTOBE.
Ons ero BOCCTAHOBNEHUSA, T. €. «CLUMBaHUSA», UIN NUTUPOBA-
HUSA, HUTeln, ncnonb3ywT JHK-nnrasy 6akrtepmnodara T4. 10T
hepMeHT B XXMBOW KNeTKe BbIMOAHAET Ty >Xe (QYHKLUUI: «CLUU-
BaHue» (pparmeHToB AHK, cCMHTe3npyowmxca Nnpu penavkauyumu.

«CwunBKa» MO «TyMNblM» KOHUaM. «Tynble» KOHLbl MOX-
HO CcOoeAuHATbL 3a cyeT geictBusa OHK-nurasbl. B aTom cnydae
peakuma NMUrMpoBaHUs MMeeT CBOU OCOGEHHOCTU U ee addheKTUB-

OHK 1

Puc. 4.6. Cxema meToga nonydyeHunsa rmbpunaHbix monekyn AHK 3a cuet
«CLUMBKW» PparMeHTOB MO OAHOMMEHHbLIM <TUAKWM» KOHLam
(no A.C. KoHunueBy n I'.A. CeBacTbsiHOBOI, 2003)

133



naBa 4. l'eHeTnYeckKas UHXXeHepusa

HOCTb HU>KE, YeM MpU «CLUMBKE» MO «TMAKMM» KOHUaM. Bnep-
Bble TaKMe 3KCMEePUMEHTbI 6blnn BbiNOAHeHblI B 1972 1. IN. bep-
rom B CTaHdopackom yHuBepcuteTe (CLUA). B yacTHOCTU, 3TOT
MeTo4, WMCNOMAb3YIOT MpuU KAOHUpoBaHun [AHK-konunin matpuu-
HbIX PHK, KOTOpble AOCTYMHbI B OrPaHNYeHHbIX KO/JnYyecTBax.

«CwmnBKa» @parMeHTOB C Pa3HOMMEHHbLIMW KOHLaMW.
B cuTyaumnm, korga Heob6xoAMMO «CLUUTb» doparMeHTbl, 06paso-
BaHHble pasHbIMW 3HOOHYK/ea3aMun PecTPUKUMM N NMeroLwue
pa3Hble, T.e. HEeKOMIJIeMeHTapHble ApYyr Apyry, «IunkKue»
KOHLUbI, MPUMEHSIOT TaK Ha3blBaemble JNMHKepbl (UNK «repe-
XOAHUKW»). JINHKEePbl — 3TO XUMWUYECKU CUHTE3NPOBaHHbIE
ONNTOHYKNeoTUAbI, NpeacTaBastolme cobor calMTbl PecTpPUK-
U nnm mux KombumHauuio. BnepBble 3Ty ugerd npeanoxun
. Wennep c coTpygHukamm B 1977 r. CyuwecTByloT 6onbLine
Habopbl TaKUX TFEeHHbIX «NepexofHUKOB». «JIUNKUEe» KOHLbI
Tak>Xe MOXXHO (PepMeHTaATUBHbLIM MyTeM MNPUCOEAUHUTb K MoOJe-
kynam AHK c «TynbiMuU» KoOHUamu. Npu 3ToOM nepBoHayaibHO
«gocTpamBaloT» HepocTarolwme pparmMeHTbl, 4Tobbl 06paszoBannChb
KOMMNeMeHTapHble «MUMNKMe» KOHUbI. [lanee ANs KOBaJleHTHO-
ro coeguHeHus ABYX parMeHTOB wucnonb3yrT AHK-nurasy.
MoCcKONbKY MOXHO (hopMupoBaTbh AOCTATOYHO A/IMHHbIE B3anM-
HO-KOMMJieMeHTapHble OAHOLEeNnoYeYHble KOHUbI, TMépuaHble
MONeKynbl 06pa3ytoTCcsa C BbICOKOW 3(h(hpeKTUBHOCTLIO (puc. 4.7).

OHK 1
TepmuHanbHas TpaHcdepasa + <!ITTP
OT>KUr
TepmuHanbHas Tpauts- AHK-nurasa
thepasa + <1ATP _
AHK 2

répuagHas
monekyna A HK

Puc. 4.7. Cxema meToga nonyvyeHus rmé6punaHbix monekyn AHK
3a cyeT «CLUMBKW» (hparMeHToB NO pasHOMMEHHbIM KOHLam
(no A.C. KoHnueBy n N.A. CeBacTbsaHOBOI, 2003)
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4.1. MoneKynsipHble OCHOBbI FEHETUYECKOW VHYKEHEPUM

rmépugnsauns — MeToq BbIIBNEHUSA CReUUpUUECKMX
rnocnegoBaTeNlbHOCTEN HyKIEOTUIOB

Peakuuns rmbpugmsanmm UCnonb3yeTcsl B FreHETUYECKON UH-
XeHepuu A9 aHanm3a rmépuaHblix monekyn JHK Kak Becbma
YYBCTBUTE/bHbIV METOA BbISIBNEHUS OMpeaeneHHbIX nocnefoBa-
TenbHocTe B JHK n PHK.

rmépnamnsaumnsa ocHoBaHa Ha CroCcO6HOCTU a30TUCTbIX OCHO-
BaHWIi 06pa3oBbiBaTb KOMMAeMeHTapHble Mapbl Ecnu conesoii
pactBop AHK Harpetb go 100 °C wn nosbicutb pH go 13, TO
AHK auccoununpyeT Ha fBe OTAeflbHble LEenu (deHaTypupyeT,
naasnTCA), TaK KaK KOMIM/JEMEHTapHbIe CBA3Y MeXX4y OCHOBa-
HUSAMWN pas3pyLlaroTca. OTOT npouecc (ero HasbBaOT peHaTypa-
uven unm rméepungmsaumein, OT>KUrom) obpatM. Bblgep>KnBa-
Hre AHK npu Temnepatype 65 °C npmBoguUT KBOCCTaHOB/EHNIO
CTPYKTYpbl ABOWHOW cnupanu. lNpouecchbl rmbpmamsaumm npo-
UCXOOAT MeXXAy NO6bIMUA  OAUNHAPHLIMU  LEMSAMKW, €CAN  OHWU
komnnemeHTapHbl: AHK — AHK, PHK — PHK PHK — AHK.

Ona TecTa HEO6XOAMMO MMETb OAHOLIEMNOYeYUHbIA oparmMeHT
AHK, KomnnemeHTapHbIi TOW MOCNeaoBaTelbHOCTU, KOTOPYHO
XOTUM 0B6HapY>XUTb. ITOT (hparmMeHT Mony4atoT M0 KIOHUPOBa-
HMeM, NM60 NyTEM XMMWMUYECKOro cuHTe3a. OpHouernoyeuHas AHK,
ncnonb3lyemas B KayecTBe MHAMKaTopa, HasbBaetcd AHK-30H-
nom. OHa mMoXkeT cogep>kaTb oT 15 go 1000 HyKneoTUaOB.

MeTogbl kKnoHnpoBaHua AHK

MeTogamun KnoHmpoBaHusa dparmeHTbl JHK no6oro Buaa,
nony4vyeHHble C MOMOLLLLIO PEecTPUKTas, MOXHO BBECTU B MiasMu-
oy wnn B bakTepuodhar, Nony4YmMB TaKMM 00pesoM BEKTOP, a 3a-
TEM PasMHOXXWUTb 3TU FeHeTMUYeCKMe 3JeMeHTbI B KneTKax b6ak-
TEPU NAN OPOXOKEN, yBeNnUYmBas UX YMUCIO B MUNTNOHLI pas.

MeToabl KnoHupoBaHna JHK ocHoBaHbl HAABYX nogxoaax:

— NCNoNb30BaHUe 6GaKTepuanbHbIX WIN OPOXIKEBbIX Kie-
TOK AN pa3MHOXXEHUS BBEAEHHOW B HUX Yy>kepogHoi AHK
(knoHupoBaHme JHK T owo), a Takke co3gaHre 6aHKa reHoB
(reHOMHOW 6MBNNOTEKN);

— amnandukauma AHK T wuWro.

Ona 6UO0TEXHONOTMYECKUX 3IKCMEPUMEHTOB YacTo Heobxoau-
MO UAeHTUUUMPOBATbL TFeHbl, KoAvpylolme onpeaeneHHble
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CTPYKTYpPHble 6enKu. WIcKOMble nocnefoBaTe/lbHOCTU MOXXKHO
06HapY>XuUTb N naeHTUdMUnposatb 6narogaps reHoMHbIM 6M6-
nMoTeKam, WUCMOoNb3yAa TPU LWMPOKO pPacnpocTpaHeHHbIX MeTOo-
pa: rmbpugmnsaumnio ¢ medeHbim AHK-3o0Hgom (AHK-rnbpuansa-
Luna) ¢ nocnedyrowmm pagnoaBTorpadmyeckmm aHaim3om, UM-
MYHONOTMYECKUIA CKPUHUHI, CKPUHUHI N0 aKTUBHOCTU 6enka,
KOAMPYEMOIrO MCKOMbIM TE€HOM.

AHK-rubpugnsaumsa coCTOUT B KOMIMJIEMEHTapHOM crapuBa-
HUM AHK-muweHn n medeHoro AHK-3o0Hga. TmbpuaHbie mone-
Kyfnbl Hambonee 4yacTo OnpegensioT pagnoaBTorpamyeckum
MeTo0M.

[ABa apyrux metoga npegnonaralT obHapy>keHne OAHK-mu-
weHn 6narogaps NpPoAyKTYy ee 3aKcnpeccum — 6enky unu ero
yacTu. MNMpucyTcTBUe H6enka 06Hapy>XMBardT MMMYHONOTNYECKUN-
MU MeToAaMn ( UMMYHOJ/IOTUYECKUIA CKPUHUHT) NMbO Mo aKTUB-
HOCTM 6eNKOBOro NpPoAyKTa, eciM TakoBas UMeeTCs (CKPUHWHT
no akTWBHOCTMU Genka).

MonyyeHne HY>XXHOro reHa, HaMeUYeHHOro /A nepeHoca,
BO3MOXXHO NM60 MyTeM BblAeNeHUNA ero M3 noaxoAsiliero reHo-
Ma, NMb6o MeTodaMn CUHTe3a XMMWUYECKUM UAN epMeHTaTuB-
HbIM NyTeM, M60 C NOMOLLbIO MONMEPA3HON LLenHOW peakumm
(MUP). YacTo HY>XHbI FeH BblAensloT U3 6aHKa reHos.

KnoHunposaHve AHK T yuwo

UT06bl KnoHupoBaTb AHK T wvwo, co3galdoT 6aHK reHoB
(6ubnunoteky AHK), T. e. Konnekuuto knoHos AHK, BKnovato-
W MX BCe pparMeHTbl reHoMa faHHoro smaa. icnonb3dysa MuUKpo-
opraHmsmbl, MOXHO co3fiaBaTb ABa Tuna 6mbnmotek AHK: re-
HOMHYIO U KNoHoBYH (KOHK).

leHomHast 6ubnuoTeka. [lepByO TFeHOMHYK 6ubANOTEKY
cos3gan T. MaHuaTtuc c coTpygHukamuy B 1978 r. OHM wncnonb-
3oBannm AHK un3 reHoma ). Telano8a8l:er, KOTOPYH K/IOHMUPO-
Ba/n B KneTkax E. coW. Ona co3gaHuA 6aHKa reHoB BblAensaoT
BCIO reHomHyto OHK, paspes3aloT ee C NOMOLWbLIO PecTpuKTas
A meToaomMm «apoboBuKa» (yNbTpa3BYKOM) Ha OTAefbHble
dparMeHTbl, MNPUCOESUHAIOT K MAasMUAHbIM WU BUPYCHbIM
BEKTOPaM W BBOAAT B peuUrnUeHTHble 6aKTepun gns Ux nocne-
OYHOLLero KNoHMpoBaHUA.
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MHorve nnasmmibl-BeKTOpa HecyT reH yCTOMUYMBOCTU K aH-
TUBMOTUKAM, U eCNN B PEKOMOMHAHTHOW Nia3Muae ecTb TaKoW
reH, To TpaHcopMMpoBaHHbIe KNEeTKU (KONIOHUW) Nerko BbisiB-
NATb, BblpallnBas MX Ha cpefe C aHTUOGUMOTUKOM. Kaxkpgas Ta-
Kasd KO/NoHWA npeacTaBnseT coboi KAOH, UM NOTOMCTBO, Of4-
HOW KneTKu. MnasMmuabl OAHOM KONOHWW cofep>XaT KIOoH re-
HoMHOVM [OHK, a COBOKYMHOCTb MnfasMufi, Hecylinx pasHble
y4acTKM TreHoMa, MOXHO HasBaTb 6MOGAMOTEKOW reHoMHOMN
AHK. B Takom Buge 6aHK MOXXHO COXPaHUTb.

HepocTtaToK reHOMHbIX O6MBGNNMOTEK B TOM, 4TO (oparMeHTbl
AHK o6pa3yoTca B OrpOMHOM Konm4yecTBe. Paspe3aHune reHom-
Hoii AHK onpepenseTcsa cnydaem, NO3TOMY NMWb 4YacTb hpar-
MEHTOB COLEP>XXUT MoNHOpa3MepHble reHbl. HekoTopble cpar-
MEHTbl MOTYT COfep><aTb TOJ/IbKO 4YacTb reHa WAnN >Xe UHTPOH-
Hble nocnefoBaTe/lbHOCTU.

Bunbnmnoteka reHoB MOXKeT XPaHUTbLCA U UCMO/b30BaTbLCA He-
OrpaHMYeHHO [0/ro. B Hell cogep>XMTcs BCHA HacneAcTBEHHas
MHGopMaumna opraHnsmMma. bBaHK reHoB — 3TO He TO/IbKO MUCTOY-
HUK AN18 MONYyYeHUA HY>XHOro TpaHcreHa, HO M UCTOYHUK mMaTe-
prnana Ana uU3yyeHUA CTPYKTYpbl, YHKUUU N perynaumn mH-
OnBuayanbHbIX TEHOB, CTPYKTYpbl M (yHKUMA 6enkoB. C ero
MOMOLLIbIO MOX>XHO Tak>XXe pelunTb NpobaeMy COXpaHeHUs reHo-
hoHOa ncyesarownx BUOOB.

Knonosasa 6u6nmnoreka reHoB (KAHK). lNomMmumo reHom-
HbIX, Cyw,ecTBylOT 6ubnnotekn KAHK — monekyn AHK, kKoTo-
pble ABNAKTCA KOMMNEMEHTapHbIMU KOoNuUAMU 3penbiXx MPHK,
npowealwmnx NPOLECCUHT; OHW He cofep>kaT MHTpoHoB. Co3pga-
Hne kAHK HauunHaeTca c cuHTe3a Ha MaTtpuue PHK c no-
MOLLIbKO 06paTHOV TpaHCKpPUMTa3bl KOMMAEMEHTAPHOW HUTKU
AHK. 3aTtem co3galoT ULeNoyHble YCNOBWUSA, paspyLwialoT LUernb
PHK Ha HykneoTupabl, nocne 4yero c nomouwbo AHK-nonnmepa-
3bl CUHTE3NPYIOT KOMMAeMeHTapHyt uenb AHK. Mpn atom 06-
pasyeTtca dparmeHT AHK ¢ «TynbiMmu» KoHuamun. Takyto OHK
BCTpauBaloT B nmnasmuibl U BBOAAT B KAeTKu 6GakTepuii. MNpu
amnanukauun nnasMmmasl obpasyeTcsa K/IOH KOMIJieMeHTap-
Ho konun AHK (KOHK).

CyuwiecTBeHHble npeumyllecTBa 6mbnmotekn kKAHK 3aknio-
yaloTCcsd B TOM, 4YTO OHa MpeAcTaBAsieT Cco60W O6UOBINOTEKY
TPaHCKPUBMPYEMbIX FEHOB, KOTOpasd HWYeM He MnpepbiBaeTcH,
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Torga Kak B reHOMHOW 6MbnMoTeke He o6sa3aTenbHO MPUCYTCT-
BYIOT TO/IbKO AUCKPETHbIE FeHbl (PecTpMKTasbl MOTyT pa3pes3aTtb
AHK n BHyTpu reHa).

Kpome TOro, reHbl 3yKapuoT cogep>XaT MHTPOHbI, KOTOpble
OOMKHbI yAanaTbCca M3 TpaHckpunTHo PHK nepen npeBpalle-
HUEM ee B MaTpPUUHYK. ITOT MpoLecc HasblBaeTca chnnancuH-
rom (cospeBaHve — ypaneHue nocnefoBaTe/lbHOCTEN, HE KOAMU-
pylowmnx 6enkoBble NMPoAyKTbl). Nocne 4vero cnegyeTt cpawivsa-
Hue. BbakTepunasbHble K/NETKU He MOTyT OCYLWEeCTBAATb TaKylo
Mognpmnkauno PHK, obpasoBaBLUylOCSA MyTeM TPaHCKPUMLUMN
reHa ayKapuoTmyeckoil kneTku. lMosTomy ecnu rnpecnepyercs
Lenb nonyvyeHmna 6enka nyteMm 3KCNPecCUM KIOHWUPOBAHHOIO re-
Ha, TO ny4lwle ucnonab3oBaTb 6aHK KAHK, nonyyeHHoi Ha oc-
HoBe MaTpuyHoi PHK. Bubnmoteka kAHK oTpakaeT cnekTp
reHeTUYeCcKON aKTMBHOCTU B KNneTKaX, M3 KOTOpbiX OHa 6bina
BblgeneHa. CosfaHne Takux 6MONMOTEK Mofe3HO ANS CcpaBHe-
HUSA FreHeTMYeCKOl aKTUBHOCTM B KJeTKaxX pasHblX TKaHen.

MOoNCK HY>XHbIX TEHOB B FeHOMHOW 6ubnunoTeke. OAHUM U3
MeTOA0B MOMCKa HY>XHbIX FeHOB B 6aHKe sABMsieTCA rmbpugmsauns,
BKAOYatowasa 6noTTuHr (ot aHra. blollln8 — npomokaHue).
BAoT TWHI — 3TO MeTo4 NepeHeceHUsa (pparMeHTOB HYK/IENHO-
BbIX KWC/IOT Ha creunanbHyr nneHKy (membpaHy) U3 HUTPO-
LLeNN0/103bl, CBA3bIBAIOLWLYIO (MMMOOUAN3YIOLLYIO) 3TU MOMIEKY/bI.

Cay3epH-6n0TTUHI (HasBaH No paMmuInm Npesio>KNBLLETO
ero aBTopa) OCHOBaH Ha nepemelleHun cparmeHToB AHK 6na-
rogaps KanunnapHomy addekTy. lNpouecc nepeHoca dparMmeH-
ToB AHK, Haxoasuwmxca B arapo3HoOM rene, Ha nieHKY U3 HUT-
pouenntoiodbl C MOMOLLbLIO (PUALTPOBANbHOM GyMarnm noxoX Ha
rnpomMoKaHwue.

AHann3 NpoBoAAT B TaKOM MocnefoBaTe/lbHOCTU:

— BblgeneHHyo [AHK pas3genaioT B araposHoM refne, rge
MPONCXOAUT 3NeKTpohopeTnyecKoe pasfeneHue ee oparMeHToB
rno macce n 3apsagy,

— nocne pasgeneHunsa cparmeHToB AHK B arapo3Hom rene
ero obpabaTbiBalOT pacTBopamu, gneHatypupywowumu AHK
(nponcxoanT obpasoBaHMe ogHoLuemnovyeuyHbix AHK). danee renb
nomMeLLalnT Ha OUNbTPOBaNbHYIO Gymary, CMOYEHHYI KOHLEHT-
pYpOBaHHbLIM CONEBbIM (BydepHbIM) PacTBOPOM;
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— Ha refb HakNaAblBalOT HUTPOLENIONO3HbIA hunbTp, Ha
KOTOpbIi ApoMcxoguT mMMmobunusaums (Mnu agcopouuvs, mnuv
mkcaumns) ogHoueno4vedHblx oparmeHToB AHK;

— noBepx unbTpa HaknagbiBalOT CTOMNKY /UCTOB CYXOW
unbTpoOBaNbHOW 6ymarm, kotopas obecnedvBaeT MeaNeHHbIN
TOK 6ydiepHOro pacrtBopa 4yepes refib (T. €. CNY>XUT cBoeobpas-
HbIM KanuanapHblM HacocoMm). ConeBoOi pacTBOp, NpPoxoAas ude-
pe3 araposHblii renb, yBnekaeT 3a cob6oii pparmeHTbl JHK, KO-
TOopble 3a4ep>XMBAKTCA HUTPOLLENNON030M N CBA3bIBAOTCA C
Hell, a pacTBOp BNUTbLIBAETCA CyXOi (hunbTpoBasbHOW 6ymarou;

— unbTP BbIAEPXKMBAOT B BaKyyMe Mnpu TemnepaTtype
80 °C, B pe3ynbTaTe 4ero ogHoueno4veyHble ¢parmeHTbl AHK
HeobpaTMo MMMOGUAN3YITCA (PUKCUPYIOTCHA) Ha HUTpPoOUEN-
nonose. Mpn 3ToM pacnonodXXeHue MNoAoC MMMO6UNN30BaHHOMN
AHK TO4YHO CcOOTBETCTBYET UX PACMONIOXKEHUIO B refne;

— AOHK, cBfA3aHHYyO C UAbLTPOM, MomMeuilardT B pacTBOp C
MedeHbiM [OHK-30HAOM, B KOTOPOM MpoucxoamT rmébpuamnsa-
uusa. fvmépugmnsnposaTbcs (06pa3oBbiBaTb BOAOPOAHbLIE CBA3M)
CO cneumunyeckMm 30HAOM OyAyT TONbKO KOMMEMEHTapHbIe
emy parmeHTbl OHK, KOTOpble MOXHO O6Hapy>XuTb B Buae
TeMHbIX MOJIOC HAa PEHTreHOBCKOW MNneHkKe, T. e. HA pagnoaBTO-
rpadomn HNTPOLLENNONO3HOIo unbLTpa.

Ana aHannsza PHK npumeHAOT Ho3epH-6n10T-rubpunansaynto,
BO MHOIOM MOXO0XY0 Ha Cay3epH-6/10T TUHr. B gaHHOM cnydae
Monekynbl PHK, BblgeneHHble U3 KNeTKU, pasfendarTca Mo
pasmMepamM C MOMOLLbIO refb-3neKTpodopesa, a 3areMm MnepeHo-
cATcA Ha punbTp. Mocne rmMbépugnsaLnm ¢ MevYeHbIM O4HOLEeno-
YeYHbIM 30HAOM BbIABAAKTCA MecTa rmMépugmsaumm (romono-
rum) PHK un 3oHga. B 3aToM MeToAe B KadecTBe 30HAA OObIYHO
NCMonb3yloT hparmeHTbl JHK.

AmMnandunkauna AHK T Vliro

AMnandunkauma — aTto yBelnyeHmMe Ynucna Konmii Monekyn
AHK. B otanymne ot KnNoHmposaHua AHK T wwo, KoTOpoe npo-
UCXOOUT B KNeTKax MpoKapuoT, APOXoKel, ApYyrux ayKapuoTu-
YEeCKMX OpraHnU3MoB, amMnNAnUKaLns oCyLLeCTBAAETCA BHe KeT-
KN (T olro) ¢ NOMOLbIO XUMMUYECKNX METOAOB: MOSIMMEPA3HOA
uenHoii peakuuun (MLP), nurasHoii uenHoii peakuun, MA8SBA-
meToaa (Mucblc Acll s8e™uence — Baae ATpWUitcalion).
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B 1985 r. K. Mwnnuc ¢ coTpygHnkamm paspabotan MeToq
KNnoHMpoBaHus nocnegoBatensHocTen AHK T oWro, KoTopbli
nonyymn HasBaHUe nonMmepasHon uenHow peakuyum (MLP)
(puc. 4.8). Amnandcdmnkayunsa cdparmeHtoB AHK ocywecTtBnseTcs
6narogaps pabote ocoboro chepmeHTa Ta-nonmmepasbl (TepMo-
cTabunbHas [OHK-nonnmepasa wn3 TepmodunbHOM 6GaKTepun
THerTuns a”™ma”™cn8) B NPUCYTCTBUN YeTblpex TUMOB HYK/EOTU-

HeamnnunduymposaHHaa A HK
Uwnkn O

JeHaTypauusa v nocagka npalimepos 1951 45—60°C |

Unkn 1

/1 —1
PocT HUTKM AHK oT npalimepa

—SnuwxX

AHK-nonnmepasa

Lnkn 2

Puc. 4.8. Cxema nonnmepasHoil LenHoi peakumm (ML P)
(no A.C. KoHnueBy n ".A. CeBacTbsiHoBOW, 2003)
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HOB M rMpalimepoB (KOPOTKMX uenovyek OHK pa3mepom 0KoOno
JT) HYKneoTUAoB, KOTOpble BbICTYNalT B KayecTBe 3aTpaBoK).
Mpouecc LNMKAINYECKNIA, NPOXOAUT B HECKOJIbKO 3TaroB: TePMU-
yeckasi AeHaTtypaumsa (pasgeneHme KoOMNAeMeHTapHbIX Uenen
AOHK npun Temnepatype 93-95 °C), oxnaxaeHue go 60 °C, cBs-
H.LLaHWe npanmepoB ¢ ogHouenovevHbiMn AHK, cnHTe3 BTOpoii
HUTM OHK c nomouwbio Ta*-nonunmepasbl. [MoBTOPAA LUKIbI
MMAAUUKaLUW, MOXXHO MofyYaTb MUAIUOHBLI KONUA dparmMeH-
ToB AHK. Taknm obpasom, B NpoLecce paccmaTpmBaemoln peak-
UM 3hPeKTUBHO amnamdpuumpyeTcsa TOAbKO Ta nocnefoBa-
TenbHocTb AHK, KoTopasi orpaHuyeHa nparimepamu.

PasMHOXeHHbI T wulWro dparMeHT MofyyalT B KOAUYECT-
HaX, [AO0CTaTOYHbIX A1 €ero MnpsAMOro CekKBeHupoBaHuA. [1o-
CKO/IbKY MpPW 3TOM He TpebyeTCs MPOMEXKYTOUHbIW 3Tan KAOHU-
poBaHus dgparmeHta AHK B MonekynsapHbiXx BekTtopax, [MLLP
MHOrJa HasbiBalT 6ecKNeTOoUYHbIM MOEKY/IAPHbIM K/OHUPOBA-
Huem (cell-“ree Tolecmlar cloTn§). ABTOMaTU3UpPOBaHHAA MNpPo-
ueaypa Tag-nonMmepasHoi LenHoOW peakuuu, coctoswasa ni 30
n 6onee UMUKNOB, 3aHUMaeT 3-4 4, YTO CYW,ECTBEHHO ObICTpee n
npoLle npoueaypbl KNOHMPOBaHWA onpefeneHHoOro dparmeHTa
AHK B cocTaBe BEKTOPHbIX MOJIEKY.

Ona nurasHoli uenHol peakuuu MUCMONbL3YKOT ApYyrow dep-
MeHT — TepmocTabunbHyo AHK-nurasy.

Hawnbonee yHuBepcalbHbIM MeTOAOM ammnanukaymum cny-
XUT blIA3BA-meTog. B oTtamnume ot lMNMUP, oH ocyliecTBngaeTtcs
npn temnepartype 41 °C, T. e. aBnsieTCA n3otTepmMmanbHbiM. Kpo-
Me TOro, B 3TOM MeTOAe WCNONb3YHT gpyrme qepMeHTbl:
1*HK-nonnmepasy ara T7, PHKa3sy H u o6paTHyi TpaHCc-
KpunTtaly Bupyca NTU4Ybero muenobnactosa. MeTon KpaliHe
YYBCTBUTENbHbIM, €ro MOXXHO MCMOMb30BaTb AAS KOHTPOASA MNu-
weBbIX MNPOAYKTOB, B MeAUUWHCKON AuarHocTuke, B cyaeb-
no-MeaAuNLMHCKON npakKTUukKe.

BeegeHMe HOBOro (PEKOMGMHAHTHOMO) reHa B KNeTKy

BBefeHMe HOBOro reHa B K/AeTKY MOXHO MNpPOBeCTU ABYMSA
cnocobamu: ncnosib3ya BeEKTOP WA nyTemM npAaMoro eeBefeHUA.
Bektop — monekyna OHK wan PHK, cnoco6Hass nepeHo-
CUTb BKJ/IIOYEHHbIE B HEe YY>KepoAHble reHbl B K/EeTKYy, rae atu

141



naBa 4. leHeTMYecKasn NHXeHepus

MONeKy/bl PENINLNPYHOTCA aBTOHOMHO WU MOC/e MHTerpauuun
C reHoMmom (xpomocomoi). He Kaxxpgas monekyna AHK wnnm
PHK MO>eT 6blTb BEKTOPOM.

BekTopbl A0MKHbI 06nagaTtb onpefesieHHbIMU CBOWCTBaMM,
B UncC/e KOTOPbIX:

1) cmocobHOCTb K aBTOHOMHOM (T. €. He3aBUCMMO OT XPOMO-
COMbl peuunueHTa) penaMkKaunmm B KNeTKe peuunueHTta. Ha-
npumep, 4NA penaukaumm B KneTKe 6aKTepuu BEKTOP A0/MKEH
cogep>kaTb caT on (y4acTOK MHUUMALMU penanKauuun);

2) Hann4umne ob6nacTu, B KOTOPYHD BO3MOXXHO BCTpamBaHue
Heobxoaumoro cparmeHTa AHK. [Ons 3TOro BeKTOP AO0/KEH CO-
Aep>kaTb ogvH Ui 6onee y4yacTKOB (CaliToOB pecTpuKLUK), YyB-
CTBUTENbHbIX K OMpefefieHHbIM pecTpuKTasam, KOTopble pac-
LWEenndai0T BEKTOP M MO3BOJIAKOT BCTPOUTHL >XefaemMyr Mnocneno-
BaTe/NlbHOCTb HYK/e0TUAO0B (TpaHCreH);

3) HebonbLIOW pa3mep, Tak KakK nMpun gavHe 6onee 15 T. N. H.
3HaUNTENbHO CHUXKaeTCcs 3(PPeKTUBHOCTb KNOHUPOBAHNA Yy>XKe-
poaHon AHK;

4) HaAMuMe MapKepHbIX T[eHOB, MO3BOAAWUX OTANYUTL
TpaHCOPMNPOBaHHbIE KAETKU OT UCXOAHbLIX. OTO MOryT ObITb
ceNeKTUBHble (Mpuaarouwme KneTtkam YCTOMYMBOCTb K aHTUOU-
oTuUKaMm, repbuymgam) Mam penopTepHble (KNeTKU yAobHO Tec-
TUpOBaTb MO U3MEHEHUIO OKPAaCKW MPOAYKTOB 3TUX FEHOB) eHbI;

5) Hannume COOTBETCTBYIOLLEr0O MNPOMOTOPA, MOA KOTOPbIW
Heo6Xo4MMO MNOMECTUTb YY>KEPOAHbIA TeH ANS 3KCApeccun B
KneTke 6akTepumn.

MocnepoBaTtenbHoctn [AHK, pacnonoXeHHble repes Haya-
JIOM CTPYKTYPHOrO reHa v onpegensirouine crerneHb akTUBHOCTU
PHK-nonnmepasbl, Ha3blBalOTCA PerynaTopHbIMU MnocfefoBa-
TenbHOCTAMU. OfHa U3 TaKMX MocnenoBaTe/bHOCTEN MnpeacTaBs-
naeT coboit ydyactok OHK, c koTopbim cBsA3biBaeTca PHK-no-
nmMepasa. OTOT y4acTOK Ha3biBaeTCA MPOMOTOPOM.

PerynaTopHble nocnefoBaTe/lbHOCTU 3YKapUOTUYECKUX TEHOB
oT/nyalTCa OT NPOKapMoTMyeckux, M baktepuanbHasa PHK-
nonumepasa He y3HaéT ux. [M03aToOMy ANndA 3KCNpeccuu aykKapu-
OTMYECKUX FEHOB B K/eTKax MNPOKapuoT HYXXHO, 4YT06bl reHbl
HaxoAunucb MNOA4 KOHTpPoOneM 6aKTepuanbHOro rnpomoTtopa (T. €.
rnpomoTopa KNeTKu-xo3snHa). B kKayecTBe npomoTopa LUMPOKO
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MUCMONb3YOT MPOMOTOP reHa, NOKaln30BaHHOINo0 B KOMMep4e-
CKMX BeKTopax, Hanpumep pBK322, lac-npomoTop E. col n ap.

Takum 06pa3omMm co3[aeTcs BeKTop, T. e. co3fjaeTcs Luenas
reHeTU4yeckasi KOHCTPYKLMS, B COCTaB KOTOPOW, MOMMMO TpaHC-
reHa, BBOOATCA MapKepHble reHbl M COOTBETCTBYIOLLMNE perynsd-
TOpPHbIE MocnefoBaTeNbHOCTU.

Tunbl BeKTOpPOB. B KayecTBe BEKTOPHbLIX MOJIEKYN MOTYyT
CNY>XUTb nnasmMungbl 6akTepuii NN Apo>k>ken (MPOCTbIX 3yKa-
pnoTuyeckux opraHmamoB), A HK 6akTepuocgarosB uUan BuUpy-
COB, WCKYCCTBEHHble XPOMOCOMblI Apox>keh (YAK) u bakTe-
puii (BAK). Co3gaHbl TakXXe rmépugHble (MCKYCCTBEHHbIE) BEK-
Topbl — hasmMugbl, 06begUHAIOLLME NpeuMyLLLecTBa nNnasMmma v
paroB. [1na KNOHMpoOBaHUA Hebonbwnx parmeHToB AHK unc-
nonbL3yT nnasmuabl, garosble JHK, a Ana KpynHbIX — KoOC-
MUObl 1 NCKYCCTBEHHbIE XPOMOCOMBI.

1 Mnasmunpgbl. OCHOBOM AN co3gaHUs BeKTopa 06bIYHO
cny>kaTt 6akTepuanbHble NnasMuibl. 9TO HebOoNbLIME BHEXPOMO-
€OMHble, aBTOHOMHO PenMuupytownecs KoJbLeBble MOJIEKY/bI
OHK, KoTopble B KoNn4yecTBe HECKONIbKNUX KOMWI coaep>kaTcs
M KneTkax 6akTtepuii. MNpupogHble naasMmmibl 4acTo cogep>kat
reHbl, nofnesHble Ana 6akTepuii: npugarouive yCcTouMBOCTb K
aHTUOMOTUKaM M UWOHaM TsXXenbix MeTannoB (K-nnasmuabl);
KOHTPO/INpYIOLLME CNOCOBHOCTb paspylwaTb pasfiyHble TPYAHO-
pasnaraemMble TOKCUYECKME coeAMHEHUA (HadTanuH, Kamdapy,
TONyon, KCWOJM, pasNnyHble nectuuugbl v gp.); nnasMmubl
6uogerpagaunn, nnn b-nnasmnasl.

HekoTopble nnasMmuabl 3a cHeT crneyuuyeckoro camta UHU-
uraumm penamkaumm MoryT peryimunupoBaTbCs B KneTKax TOo/b-
KO 04HOro Bmaa 6akTepuii; aTo TaK Ha3blBaeMble naasMuabl c y3-
KUM CneKkTpom Xxo3ses. [lpyrme nnasmufgbl, C MeHee crneuu-
QUYHBLIM caliToM, MOTFYT pPenInuUpoBaTbCs B KeTKaxX pasHbIX
BUAOB 6aKTepuii; 3TO nnasMugbl C LUMPOKMM CNEeKTPOM X035-
eB. YKasaHHble 0CO6eHHOCTU nnasmMmi C yCnexomM MUCMOoNb3yrT
npy co3gaHun BEKTOPOB.

OgHako ecTb CBONCTBa, KOTOPble He MO3BOMIAKT MPUPOLHbLIM
nfasMmugamMm BbICTynaTb B KadeCcTBe BeKTopa. Tak, MX pasmep
MOXXeT gocturatb oT 1 T. n. H. go 500 T. n. H., T. e. pasmep B
60/MbLUNHCTBE C/lydYaeB 3HaUYMTENbHO MNpeBbILlaeT AONYCTUMbINA.
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Kpome TOro, He BCce NnasmMmuibl HecyT B cebe reHbl, KOTOpble
MOTYT CAY>XWUTb Mapkepamun AN OrMo3HaBaHUA TpPaHCreHHbIX
KneTok. Moatomy Ansa 3apPeEKTUBHOIO TpaHCreHo3a NpuxoauTcs
KOHCTPYyMpoBaTb Ha OCHOBe MjasmMuj C MomMoOLWbi MeToAO0B re-
HETUYECKON WHXXEHEPUUN MUCKYCCTBEHHblE BEKTOPHbIE CUCTEMbI
(nnasmmngHble BeKTOpbl). B HacToslee BpemMsa NpeanoXxeH Le-
NblA apceHan KOMMeEpPYEeCKUX BEKTOPOB, CO3[aHHbIX Ha OCHOBe
bakTepuanbHbIX NAasMua.

Hanpumep, nnasmugHblii BekTop pBK322 co3gaH Ha ocHoBe
nnasmuabl E. coii (puc. 4.9). Mnasmnga pBK322 umeeT canit
on (o6nacTb, OTBETCTBEHHYIO 3a pennukauuilo nnasmuabl), re-
Hbl YCTOMYMBOCTU K aHTUBMOTUKAM aMNULUANNHY U TeTpaunk-
NNHY, NpUYeM B reHax yCTOMUYMBOCTU K 3TUM aHTUBMOTUKAM
MMelTCa calTbl pecTpuKuuu. Ecnm dparmMeHT u4y>KeponHoi
OHK BcTpavBaeTcs B 0A4MH N3 reHOB YCTOWUYMBOCTK, TO Moc/es-

Puc. 4.9. Cxema CcTpoeHUA naasMmugHoro sekropa pBK322
(no A.C. KoHunueBy u '.A. CeBacTbsiHOBOW, 2003): on — To4yka Ha4dana
pennnkauun; ATpr un Telr — reHbl YCTOAUYMBOCTU K aMMULUANNHY
M TeTpauuKInHy (yKasaHbl caiTbl PeCTPUKLMW ANA Pas3NYHbIX
pecTpuKTas, umppbl 0603Ha4alOT YNCN0 HYKNEOTUAHBLIX Map);
K — pennmkoH
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HU MHakTmeBupyeTcsa. CnefnoBaTenbHO, ycnelwlHoe BCTpanBaHue
hparmeHTa yy>kepogHoit AHK B ognH M3 3TUX reHOB Nerko ge-
TeKTnpoBaTb MO MCYE3HOBEHWUIO Yy 6GaKTepuii YyCTOMUYMBOCTU K
OaHHOMY aHTMOMOTMKY, TaK KakK Mpu 3TOM COXpaHseTcs YyCTon-
UMBOCTb K APYroMy aHTUOMOTUKY. TO eCTb BEKTOP AaeT BO3MOXK-
HOCTb [eTeKTMpOoBaTb TONbKO Te KJ/OHbl 6aKTepuii, KOTopble CO-
Jep>XaT peKOMOMHAaHTHYI0 nnasmumay.

CTpoeHMe BEKTOPOB MOXXeT 6bITb pasHoobpa3HbIM, HO BCE OHU
06s13aTeNlbHO [0/MKHbI BK/OYaTb B Ce6S HECKO/NbKO calToB A5
BCTpamBaHusa hparMeHToB A0HOpHOM AHK u obecneumBatb npoc-
TYIO naeHTUUKaymnio TpaHCHoOPMUPOBaHHLIX KeToK. B nnas-
Mugax MOXXHO KnoHupoBaTb parmeHTbl JHK pasmepom He 60-
Nee 10 T. M. H.

2. Bnpycbl — camble MajleHbKWe U camble MpPoCTble u3
BCcex nartoreHoB. OHU ABAAKTCA OAHUMU U3 FNaBHbIX KaHAuaa-
TOB Ha pONb BEKTOPOB ANs BBeAeHUS 4dy>kepogHoi AHK. U3
HUX cOo34alT BEKTOpbl Ha ocHoBe PHK, BupomgoeneyndmnyHbIX
AHK, kKom6uHaumn Bupoungoeneynpunynbix JHK ¢ Tennasmu-
bnamun. MNpun BUPYCHOW MHMEKLUUN KadKaas KeTKa MOXeT Mnony-
UNTb 60MbLUOE YMCNO KOMUIA 4Yy>KepofHoro reHa. AHK MOXHO
BCTpauBaTb TakK, 4YTOo6bl OHa Haxogunacb rMof KOHTPONEM CWU/b-
HOr0 BMPYCHOrO MPOMOTOPa, 4TO 06ecnevynT BbICOKUIA YPOBEHb
JKCrpeccuun reHa, U ero NPoAayKTbl 6yayT 6onee AOCTYMHbI Ans
nccnefoBaHnA. B reHeTUYECKON UHXXEHEPUU 4YacTO UCMNOMb3YIOT
358-npomoTOp BUpPYyCca MO3anKU LBETHOW KamnycTbl. 3TOT NMPOMO-
TOp He o6nagaeT TKaHeBOM CNeyuMPUUYHOCTbBIO U aKTUBEH He
TONbKO B KJeTKaX KpecTouBeTHbIX, HO U B KneTKaxX pacTeHuii
Apyrux cemeictB. Bupyc fAomkeH 6bITb XXU3HECMOCO6HbIM MOC-
ne pekombmHmpoBaHua ero AHK. Jlerye Bcero BUpyCbl BBOAAT-
ca B bakTepun. HefocTaTok BMPYCOB KaK BEKTOPOB 3aKnoyaeT-
CA B UX HebOnbLIOW eMKOCTU. KpomMe TOro, OHU 3apadkalT He-
60NbLLIOKW KPYTr X035€eB.

3. UeNHOYHbIE BEeKTOPbl — 3TO MiasMuiHble BEKTO-
pbl, npegHasHayeHHble ANA paboTbl B KieTKax pasHbIX opra-
HU3MOB (PKUBOTHbIX U 6akKTepuin). Yaule Bcero Ans KNOHMpoBa-
HUA FEHOB MCMOMb3YKT BEKTOPbI C O4HMM CaiToM penamkKauumn
ans pabotel ¢ E. col. TMpn Heob6XogmMMOCTU WCMONb30BaHUSA
OpYyrux 6akTepnini MamMm 3yKapuoTUYECKUX KNeTOK B BEKTOPbI
BCTpauBaloT BTOPOM calT MHUUMaAUUU penavKauuum, obecrnedyu-
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naBa 4. FeHeTUYecKas UHXeHepusi

BaloLWMin nx paboty n B Apyrmx Knetkax. VIMEHHO Takue Bek-
TOpPHble CUCTEMbl Ha3blBalOTCA 4enHoYHbIMU. Hawmbonee pac-
MPOCTPaHeHHble BEKTOPbl COCTOAT M3 nnasmugbl pBK322 n nH-
TaKTHOro paHHero paioHa TpaHckpunuum OHK Bupyca 8Y40,
a HY>XHbIA reH BCTpamBaeTCs MO4 KOHTPOAbL MNpomMoTopa Mos-
OHUX TEHOB VMW [AOMOMHUTE/NIbHOrO paHHero npomotopa. Yen-
HOYHble BEKTOpPHble CUCTEMbl 3KCNpeccuwm paspabdboTaHbl AN
OPOMOKEN, HACeKOMbIX M KEeTOK MieKonuTawwmx. YenHou-
Hble BEKTOpPbl, CO34aHHble Ha ocHoBe 6aKynoBUpycoB Anda pabo-
Tbl B KneTkax E. col n HaceKoMbIX, Ha3bIBalTCA 6aKMmMaamMm.

4 TpaHcnNno30HbI — 23T0 cermeHTbl AHK, KoTopble
KOHTPONMPYIOT COBCTBEHHOE MepeMeLleHne 13 ogHoro carita JHK
B ApPYroi nmyTeM BbIXoga W3 UCXOAHOro caiTa U BHEAPEHUs B
HOBbI CAWT XPOMOCOMbI UM Mnasmuabl. BnepBbie TPaHCMO30HbI
6bINN OTKPbITLI B 1940-X rr. amepuKaHCKUM y4yeHbiM Bapbapoii
Mak-KAVHTOK Y KYKYpy3bl. TpaHCMo30HbI Kak 6bl nepeaBura-
IOTCA MO BCeMY FeHOMY pacTeHudA. B TeyeHre MHOrux nert Ky-
Kypy3a ocTaBajiacb eAWHCTBEHHOMN CUCTEMOI, B KOTOPOI ob6Ha-
py>XMBanucb Takme NOABMXKHbIE FreHeTUYeCcKne anemMmeHTbl. Ceiivac
OHU BblsiBNEHbI Y 6aKkTepuii, Apo30odunn U OPYrnx OpraHU3MoB.

MexaHn3am nepemelwieHns dpparmeHToB AHK no reHomy pfo
KOHUA He BbIfiICHEH. [TOCKOJ/IbKY MOABU>XHbIE TEHbl MOTYT nepe-
MellaTbCcAa B npejenax reHoma c O4HOro Mecta Ha gpyroe, TO
OHWN MOTYT 6bITb BecbMa 3(h(PEKTUBHbLIMN BEKTOpamMn ANA rnepe-
hadn pekombuHaHTHOW OHK. NeHeTuyeckasa TpaHchopmauyms c
NMOMOLLLLI0O BEKTOPOB HAa OCHOBe TpPaHCMNO30HOB Oblfia BMNepBble
ocyuwiecTBneHa Ha gposodusie. C nX NOMOLbIO MOXXHO MepeHo-
CUTb OOBOMbLHO KpynHble yyacTkyn AHK. 3ToT mMeTon nepeHoca
reHoB VMMeeT 3HauuTeNbHble MPenMyLliecTBa, TaK Kak OH OcCy-
LeCcTBNSAETCA C BbICOKOW 4acTOTOM M He COMpOBOXAaeTcHA 3Ha-
YnTeNbHbIMN NepecTpoikamu B UHTerpmpyemon AHK.

5. BeKTOpHble cucTeMbl, nNpegHa3HaydYeHHble AnA
KNOHMPOBaHUA KpPYNHbIX ¢GparmeHtoB [AOHK:

— KOCMUAbl — BEKTOPHblE CUCTEMbI, KOTOpble 06beANHSAIO
B cebe yyacTku nnasmugHbix OHK (reH-mapkep M peninkKoH
nnasamugbl) 1 AHK 6aktepuodara. TepmMuH o0603Ha4vaeT, 4TO
BEKTOP SBMASiETCA MAasmMumaor, BHYTPU KOTOPOW BCTaBNeH CO3-
yyacTok chara A (coa-3/e), npeacTaBnAwoUWNA CO6OM HYyKNe-
OTUAHYIO NocnefoBaTeNlbHOCTb, OTBeYaloLLylo 3a ynakoBKy dia-
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TBOW AHK B ee npoTemHoBYlO Karncyny. Kocmmgbl moryT nepe-
HocuTb A0 40 T. N. H. KNoHMpyemo OHK B KneTku E. coii;

— chasmuabl — BEKTOPbI, KOTOpPble TakXXe NpeacTaBsAOT CO-
601 NCKYCCTBEHHble rnMbpuabl Mexxay darom n nnasmmaon. B 3a-
MMCUMOCTW OT YCNOBWI, MOcne BCTpamMBaHUsi Yy>kepogHoii AHK
UMM MOFYT pa3MHOXaTbCA Kak harm uam Kak nnasmuibl;

— faKTepumanbHas WUCKycCTBeHHas xpomocoma (BAC —
OT aHrn. baclerlal arllliclal cbroTo30TeH) — Tak>ke CNOCo6Ha
rnepeHocuUTb ydyacTKu ydy>kepogHo AHK ot 150 go 300 T. n. H.
Cny>XunTt gna TpaHcopMaunum >XUBOTHbIX KNETOK;

— ApoX>keBasi UCKyccTBeHHass xpomocoma (YAC — ot
HHIrN. yeasb arlllkilial cbroto3oTe3) — CKOHCTpyMpoBaHa Ans
rnepeHoca 0co60 KPYMHbIX y4acTKOB u4y>kepogHoi AHK, Bme-
warwmx parmeHTbl reHoMmHoi AHK gnvHow ot 100 T. n. H. A0
I M. N. H. Ona nx co3gaHna K nnasmmae Apoxokein «npullmsBa-
I0T» LeHTPOMEepHble MnocfefoBaTe/lbHOCTU, TeNoOMepbl, Mocneno-
HaTeNbHOCTU ANsi aBTOHOMHOW penaMKauum B [APOXK>KEBOMN
KNeTKe, caiTbl PECTPUKLUN U CeNeKTUBHbIE MapKepbl.

B KayecTBe BO3MOXXHbIX BEKTOPOB [ANA [MepeHoca reHOB
npegnonaraeTcsa UCNoNb30BaTb X10PONAACTHble N MUTOXOHAPU-
anbHble JHK.

Ana naeHTMdMKauum TpaHCcOPMMPOBaHHbIX KETOK, Hecy-
WX peKkoMmbmHaHTHYt0 OHK, BeKTOp A0/MKeH cofep>aTb OAWH
WU HEeCKO/IbKO reHOB-MapKepoB. BbigensaioT gse rpynnbl map-
KEPHbIX MeHOB, MO3BOMIAOWNX OTINUYNTL TPAHCHOPMUNPOBaHHbIE
KNeTKN OT UCXOOHbIX, — 3TO CeNleKTUBHbIE N pPeropTepHble MeHbl:

— CeNeKTUBHbIE TeHbl — MNPUAAIOT K/eTKaM cefleKTUBHOe
NnpeuMyLLLecTBO, T. €. YCTOMUYMBOCTb K aHTUOUOTUKAM (KaHamMmu-
UMHY, TeTpauukiuHy, HEeOMUUMHY U Ap.) Uan repbuuungam
(y pacTteHuit). OCHOBHOM MNpuUHLUMN paboTbl TakKoro mMapkepa —
CMOCOBGHOCTb TpPaHCPOPMUPOBaAHHbLIX K/NETOK pacTu Ha Ccefiek-
TMBHOW NuUTaTeNbHOW cpege € AobaBKoOW onpedeneHHbIX Be-
LWecTB, UHIMONPYIOWUX POCT N AeneHne HeTpaHcopMupoBaH-
HbIX, T. €. HOpPMabHbIX, KNeTOK. TpaHcopMaHTbl OoTOupatoT
rna cpefjax c BbICOKMM cofep>XaHnem 3Tux BewlecTB. Hanpumep,
B NPUCYTCTBMM reHa fnaktomasbl 6akTepuanbHas KieTka npu-
obpeTaeT YyCTOMUYMBOCTb K aMMNULUUANNHY N Ha cpefe C 3TUM aH-
TNO6MOTUKOM 0b6pa3yeT KNOH (HeCyLWWin gaHHbIA reH), Torga Kak
06bIUHbIe K/IeTKN (6e3 AaHHOro reHa) Ha 3ToW cpefe MornoéaroT;
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— penopTepHble TeHbl — KOAUPYIOT HelTpalbHble AN KNeTOK
6enku, Hannume KOTOpbIX B TKaHAX Nerko obHapy>uTb. B kaude-
CTBE penopTepHbIX Yallle BCEro MCMNONb3YIOT reHbl (3-rMIOKYpPOHU-
Aasbl (MWIA, gpyroe HassaHue — 8§wus), 3en1eHOro t0PeCcLEeHT-
Horo 6enka (&{p), nouundepasbl (luc), xnopamdeHnKonaueTul-
TpaHcdepasbl (cal). M3 HUX B 6OMblUeN CTEMEHU MPUMEHSAIOT
reHbl, Kogupytouwime 6enkm 0118 n OPT, n B MeHbLUE — Koau-
pytowme 6enkn bllC n CAT.

leH nWA (8n3) asnderca moaudUUMPOBAHHLIM FEHOM W3
E. col, koaumpyrowmnm P-rantokypoHungasy. OH MOXKeT ruaponu-
30BaTb OOLUIMPHBbIA CRNEKTP NPUPOAHBIX N CUHTETUYECKUX [/0-
KYPOHMAO0B, 4YTO MO3BOASAeT noabmpartb COOTBETCTBYIOLLME cy6CTpa-
Tbl ANA CeKTPOOTOMETPUYECKOTO UAN (DAKOOPUMETPUNYECKOTO
onpeneneHNsa akKTUBHOCTU pepMeHTa, a TakXke Ans TMCTOXUMMU-
YEeCKOro okpawmBaHua TKaHel T 3Mu (B cUHUIA uBeT). B co-
CTaBe XUMePHbIX 6eNKOoB, CO3[4aHHbIX FEHHO-UHXXEHEPHbIMN Me-
Togamu, 0118 06bIYHO coxXpaHSAeT CBO (MYHKLMOHANbHYI ak-
TUBHOCTb.

OPP (areen Hwuorescen! proleT — 3eneHbln AOOPECLEHT-
HbIh 6enoK) 6bin o6Hapy>keH T. LUumomypoilt n coaBTopamm B
1962 r. y niooMuHecumpytouteii meaysbl Aegunorea wmlllona. OH
obnagaet 0cobbIM CBOWMCTBOM — CrocobeH hnoopecumpoBaTh B
BUAMMOW (3eneHO0In) obnacTtm crekTpa npu o6ayyYeHUN AAUHHO-
BO/MHOBbIM Y®. [na nposABneHMs aroopecueHUnmn He TpebyeT-
ca cybcTpatoB UnmM KogpakTopoB. eH §{p 6bln KAOHMPOBaH B
1992 r. I'. Mpawepom 1 coaBTopamun. bnarogapsa cBolicTBY 6en-
Ka, o{p AABNAeTCA O4YeHb MEepPCNeKTUBHbIM PenopTePHbIM FeHOM,
no3Bo/seT NMPOBOAUTL pa3HoobpasHble NMPUXKU3HEHHbIe (HeaecT-
PYKTUBHbIE) UCCNefOBaHUA C TpPaHCreHHbIMU OpraHn3Mamu.
OnpegensieTca TMCTOXUMUYECKU, MO U3MEHEHMUIO OKPacKWM TKa-
HWU Npu aobaBneHNN COOTBETCTBYIOLLErO cybcTpara.

FeH 1luc KoampyeT hepmeHT nouudgepasy (KnoHMpoBaHa U3
6akTepuii 1 cBeTnavka). Jlloyndepasa obecneumBaeT Mnepexon
NoUNGPEPUHOB N3 OKUCNEHHOW hOPMbl B OCHOBHYIO, YTO BbI3bl-
BaeT CBeYeHVe TpaHCPOPMUPOBAHHbBIX KNETOK pacTeHuil, Ha-
Kanameawuwinx 3aToT 6e/oK.

eH cal oTBeyaeT 3a CUHTe3 x/jopamdeHnKonayeTunTpaHcge-
pa3bl (BblgeneH u3 E. colii). OTOT (hepMeHT KaTtanmsupyeT peak-
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4.1. MoneKynsipHble OCHOBbI FEHETUYECKO NUHXXEHEPUN

LMo nepeHoca aueTUAbHOW rpynnbl oT aueTun-KoA K xnopam-
heHuKony. OnpefensieTcst ToNbKO Pagnon30TONMHbLIMU METOAAMM.

O6nacTb NPUMeEHEeHUs CeNeKTUBHbIX TEHOB B OCHOBHOM CBSi-
3aHa C MPOCTbIM KOHTPO/SeM TpaHcreHosa. PenopTepHble reHbl
MO3BONSIIOT BbISABAATL (M0 BO3MOXXHOCTU KOMMYECTBEHHO) BPeMeH-
Hble W NPOCTPAHCTBEHHblE OCO6EHHOCTU 3KCMPEeccUU [HAaHHOro
KOHKPETHOro reHa (CoO6CTBEHHOro WUAW 4yXKepogHoro). Mpuco-
eiHeHe PernopTepHOro reHa K oAHOW NNLb MPOMOTOPHOK 06-
nacTu Mo3BONAET MCCMeAoBaTh B «<4UCTOM BUAE» €€ POfib B pe-
rynsiymm 3KCNpPeccum U3y4aemoro reHa Ha ypoBHe TpaHCKpunuumu.

MeToabl NpAMOro nepeHoca reHoB B K/NeTKYy

B kaudecTBe peyunmneHTOB, B FeHOM KOTOPbIX BCTpamBalTCs
Yy>KepoaHble reHbl, WUCMOMb3YIOT KNETKU KynbTypbl, 3M6pUO-
Ha/lbHble KNeTKU MAeKonuTawwmnx, Apo3odusbl, NPOHYKIeyChl
MMeKOMUTAKLWWX; Y PacTeHUi — MpoTonnacTbl, U30AMPOBAaH-
Hble KNEeTKU U TKaHW, MWKPOCMOpbl, He3penble 3UroTuveckue
3apobilln, NMPOPOCTKMU.

Ona BBeoeHUS reHeTUYECKOro matepuana B KNeTKU pasHbIX
OpraHnU3MoB MPUMEHSAIOT psag 06LWMX MeTOA0B MNPSAMOro rnepeHoca,
Takunx, KakK TpaHctopmaums, anektTponopauuns, MUMKPOUHDBEK-
uvsa n gp.

TpaHcchopmauus — MeTOS4 BBeAeHUS] PEKOMOUMHAHTHOM
OHK B kKneTky 6narogapsa yBelMYeHUO MNPOHULAEMOCTU ee
KNEeTOYHOIN 060M104KUN (BEPOATHO, 3a CYHET NOKaNbHOro paspyLle-
HUA nocnegHel). KneTku obpabaTbiBalOT nesdHbIM pacTBOPOM
CaCl12, a 3aTeM Bblgep>kXmBaloT npu Temnepatype 42 °C B Tede-
Hue 1,5 MuH.

TpaHcAyKuna — npouecc nepeHoca (nepegayvn) baktepu-
anbHo OHK n3 ogHoW KneTKM B Apyryto b6akrtepuodarom. O6-
was TpaHCAYKLMS WUCMOoNb3yeTca B reHeTuke bGakTepuii ans
KapTupoBaHUSA reHomMa M KOHCTPYMUPOBaHUSA LLITaAMMOB.

TpaHcthekyumusa — MeTon npepnonaraet BeegeHne AHK, an-
copbupoBaHHOM Ha KpucTannax docgarta Kanbuus (Kanbuune-
Bbli NpeyunuTaTt), B KNeTKy nyTem darouutosa. [Ons TpaHc-
hekumMnm ncnonb3yrT n ADA3-aeKcTpaH — noanmmep, agcopoéu-
pytownin AHK. 3dihekT BXoXXAEHUSA B KNETKU W  Bpems
9KCMpPeccun BbICOKU, HO 4YacTtoTa cTabunbHOW TpaHcdopMauum
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HU>Ke, YeM Mpu UCNonb30BaHUW NpeunnutTatTa Kanbuusa. Yacro-
Ty TpaHcdekuunm yBennymBaeT rMULEPUHOBLIA WOK (4 MUH B
15%-m pacTBOpe rnuuepuHa B HEPES8-6ychepe).

JnekTponopauyus — MeTO4 3aK/i4vaeTcs B BO34eNCTBUM
MMNYNbCOB BbICOKOIO HaMNpPs>XeHUs 3MeKTPUYECKOro Toka Ha
KNeTo4YyHyt0 MembpaHy, KOTOpOe, CKOpee BCero, Bbl3biBaeT Bpe-
MeHHOoe obpa3oBaHue 60/bLIOro Konnu4yecTsa nop, 4to obpaTnmMo
yBenmumBaeT MpPoHMLL@aeMOCTb MembpaH. Yepe3 obpasytouimecs
Ha KOpPOTKOoe BpeMdA nopbl 4vyxepogHasa [OHK npoHukaeT B
KNeTKy. 3T0 npocToi, 3deKTUBHbIA U BOCNPON3BOAUMbIA Me-
Tog. C ero nomouiblo 6bIIM NONYyYeHbl TPaHCreHHble pacTeHUs
KYKYpYy3bl, pyuca N caxapHoro TPoCTHUKaA.

MukpounHbekummn OHK — mMeTon Mo3BOASAET C MOMOLLbIO
TOHKUX MUWKPOUTT U MUKPOMaHUNynsaTopa BBOAWUTb B KNETKY
A NpamMo B A4pO0 BeKTOopHyto AOHK ¢ BKIOYEHHbIM B Hee
TpaHcreHoM. C MOMOLLLI0O MUKPOMHBEKLUUIM OCyLLeCTBASETCSA
TpaHcdopMauusa y gpo3odunnbl U pacTeHUn (A4MeHb, KarycTa).
MeTopa, pa3paboTaHHbIi B Hadane 1970-x rr. A. AHOEPCOHOM U
. Anakymakocom, AaeT He6ONbLIOW BbIX0A TpaHchopMmpoBaH-
HbIX KNeToK. Ero npemmyuiecTBom SABASETCA BO3MOXXHOCTb BBO-
anTb nobyto AHK B ntobble KNeTKW; KpoMe TOro, A8 coxpaHe-
HUA B KNeTKax BBefeHHOro reHa He TpebyeTcs HWMKaKOro ce-
NEeKTUBHOrO gaBlfieHUA.

YnakoBka B nunocoMsbl. JINMOCOMblI — chepuyeckmne Tesb-
ua, 060/104KN KOTOPbIX OobpasoBaHbl occonmnugamn. Jimnoco-
Mbl, cojep>kaline BHYTPU peKoMOUHaHTHyto AHK, cnoco6HbI
HernocpencTBEHHO CNMBATbCA C MeMbpaHol KNeTKU WUAM norno-
waTbca KneTtkamu. B KfeTke npoucxoauT paspylueHue 060n04-
KW nMnocom un BbicBo6oXKaeHne OHK. 3T0o ognH mn3 meTonos,
MO3BONAKOLNX 3aUUNTUTL TPAHCHOPMUPOBAHHbIA FTeHeTUYECKUA
MaTepuan OT paspylleHus HykKneasamu, MNPUCYTCTBYHOLLNMU
BHe KfneToK. MeToa npumeHsieTca A9 BBeAEHUS HYK/ENHOBbIX
KUCNOT B KY/IbTUBNPYEMbIE >XUBOTHblEe KNETKW WU pacTuTelb-
Hble MpoTONNacThbl.

Bunonornyeckasa 6annucrmka — OOUH U3 caMbIiX adek-
TUBHbIX METOAO0B TpaHchopmMaunm OAHOAONBHbIX U XBOWMHbIX
pacTteHnin (B KOTOpble He yaaeTca BBECTU 4y>kepogHyt OHK c
nomMoLLbio arpobakTepuil), a Tak>e TpaHchopmMauunu >XUBOT-
HbIX KNeTok. MeTog 6a3nmpyeTcs Ha HarbleHUN PEKOMOUHAHT-
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4.2. OCHOBHbIe 3Tanbl CO34aHNSA TPaHCreHHbIX OPraHM3mMoB

Moi AHK Ha menb4yaiiive 4yacTuubl 3010Ta MAM BoAbgpama
(anameTp uacTuy 0,6- 1,2 MKM), KOTOpbIMU 6omMbapaupytoT
KNeTkn. BbombapanpoBKY OCYLLECTBAAKOT C MOMOLLbIO TFEeHHOM
MyLIKW 3a cyeT nepenaja AaBneHUA WU Nof AeACTBUEM 3M1eKT-
pvyeckoro paspsifa. Npu AoCTaTOYHOM CKOPOCTU 3TU YacTuLbl
MOryT HerocpesCcTBEHHO MPOHMKAaTb B A4pP0, YTO CU/MNLHO MOBbI-
waeT 3gpeKTUBHOCTL TpaHcdopmauun. YacTb KNeToK, KOTO-
pble HaxogATcA B 4awke [leTpu B LEHTPe HenocpescTBEHHO
noa NyLwKon, rMbHeT, a YacTb, pacrnofnoXXeHHasd no nepudepun
yallKkun, BbDKMBaeT M TpaHcdhopmupyeTcd. C NOMOLLbHO FeHHOMN
nywKN 6b11n TpaHcopMUpoBaHbl OAHOAONbHbIE pacTeHUA, Ta-
KVe, KakK KyKypy3a, puc, fnweHuua, aumeHb. MNpun atom 6bian
rnosiyyeHbl CTabunbHble pacTeHUA-TPpaHCOPMaHThbI.

1.2. OCHOBHble 3Talnbl CO34aHUA TPaHCreHHbIX OPraHM3mMoB

Mpouecc co3gaHMs TpaHCreHHoro opraHvu3sMa [ocTaTouyHOo
«W/IOXKEH M YacTo TpebyeT MHAMBUAYaNbHOro noaxoga. OgHako B
nobom cnyyae ero MOXHO noapasfenuTb Ha HECKO/IbKO 06LL KX
;rraros:

1. Mony4veHune (BblAeNeHNE) HYXKHOIO reHa (TpaHcreHa), Ha-
MeYeHHOro A1a nepeHoca. 'eH MOXeT ObITb BblfefleH U3 ecTecT-
BEHHbIX MCTOYHUKOB (M3 MOAXOAAWLEro reHomMa) Ui N3 reHom-
HO BUBNNOTEKN; CUHTE3NPOBAH MCKYCCTBEHHO — XUMWUYECKUM
(no nmerowerica nocnegoBaTelbHOCTU HYKNeoTUAOB) unu dep-
MeHTaTUBHbIM (C UCMOMb30BaHMEM MexaHu3mMa obpaTHOW TpaHc-
Kpunuum: cuHtes KAHK Ha maTtpuue mMPHK ¢ nomoubio 06-
paTHoOW TpaHCcKpunTasbl) NyTEM; MOAYYEH C MOMOLLLIO NonUMe-
pasHoln uenHoii peakuuun (MLP).

2. Co3paHue crneyunanbHbIX FEHETUYECKUX KOHCTPYKUUA —
BEKTOPOB (MEPEHOCYMKOB), B COCTaBe KOTOPbIX cogep>kaTtcs re-
Hbl (TPaHCreHbl), KOTOpble 6YyAYyT BHeApPATbCA B FreHOM ApPYroro
BUZA NN 3KCMpeccupoBaTbCA B KJieTKax Mpo- UM 3yKapuorT.
Ana KoHCTpyupoBaHusa pekombuHaHTHon [OHK (pekAHK)
BeKTOpHyO AHK (Hanpumep, nnasmuay) n vy>kepogHyto OHK,
cofep>kallyto WMHTEpecyrLlunii reH (TpaHCreH), paspes3alT 0f-
HOM 1 TOI >Xe pPecTpuKTas3ol; B pedynbTaTe obpasyloTcsa ognHa-
KOBble KOHUbl. K reHam, CMHTE3NPOBaHHbIM XUMWYECKUM MYy-
TeM MNM MnojlydeHHbIM no maTtpuue nx MPHK, Takume KOHLbI
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MO>XHO «NPULLUTb» UCKYCCTBEHHO. 3aTeM MNpou3BOAAT CMeLlUu-
BaHue chparmeHToB AHK (BeKTopa v TpaHCreHa) n «CLuuBaHUeE»
nx OHK-nurasoin. KoHuUbl 4y)kepogHoii OHK wn nnasmuabl
B3aMMOAENCTBYIOT APYr C APYromMm, o6pa3ys KoMMjeMeHTapHble
napbl OCHOBaHWi. MNMpoucxognT rmbpmnagmnsaunsa BEKTOPHON U vy-
epogHon OHK. KoHUbl oparMeHTOB 3aMbIKalOTCA C MOMOLLbIO
BOAOPOAHbIX CBA3€ M KOBANEHTHO «CLUMBAKOTCS» C MOMOLLbIO
depmeHTa AHK-nurasebl.

3. NeHeTnyeckas TpaHcdopmMauuda, T. e. NepeHoC U BKJKOYe-
Hne pekJHK, cogep>kalleii TpaHCreH, B K/eTKU peuunmeHTa
(Hanpumep, E. coit). MNnasmnga, BCTpoeHHas B bakTeputo, Be-
0eT cebsi, KakK BeKTOop (MepeHOCYMK) HOBOro reHa, KOTOpbIi
penanuupyeTcsa B Ka>KAOM HOBOM MOKONEHUMN.

4. MonekynspHasa cenekuma — oT60p TpaHcOpPMaHTOB,
T. e. K/AOHOB, Hecywmx pekJHK. B npouecce reHeTn4yeckomn
TpaHcdopmaunm E. col MoryT obpasoBaTbCA TPWM TUNa KETOK:
KNeTKU, He cofepykawme nnamuay, cogep)kalive nnasmmay 6es
BcTpolikn (6e3 pekAHK), cogep>awue nnasamuay ¢ pekJHK.
Ona oTtbopa TpaHCHOPMaHTOB cpean HeTpaHCcOPMUPOBAHHbIX
K/MeTOK WCMOAb3YIT pas/inyHble MapKepHble TeHbl, KOTOopble
HaxoAAaTCcA B BEKTOPHOW MONeKyfe Hapsany ¢ TPaHCreHoM.

Tak, nnasmuga pBK322 mmeeT gBa reHa ycTOMUMBOCTU K
aHTU6MoTMKamMm amMmnuuuiannHy (Awpr) v TeTpaunknuHy (Tebr).
OOVIH U3 TeHOB CNYXXUT Ana ngeHTudmnkaumm 6aktepuin, Hecy-
wmnx nnasmmay (BeKTop) nytem oTbopa KneTokK, YCTOMUYMBLIX K
aHTUONOTUKY, a APYro — AN OTAMYUSA TMOpULHONM NnasMugbl
(pekAHK) oT mcxogHoro BekTopa. B reHe Tel,r mmeeTca YHU-
KaNnbHbI caliT, pa3pe3aemMblii pecTpukTason BaTll . Ecnn pas-
pe3aTb BEKTOP B reHe Tel;r pecTpukKTason BaT Ll m BCTpoUTb B
Hero dparmeHT udy>epogHoin AHK, nony4yeHHbIA C MNOMOLLbIO
TOW >Ke pecTpuKTasbl, TO reH Telr MHAKTUBUPYeTCH, U Yy b6aKTe-
puii, Hecywux nnasmMmuay, ncyesaeT YCTOMUMBOCTb K TeTpauuk-
NINHY, HO COXpaHseTCA YCTOMYMBOCTb K amMnuuuannHy. OT6op
Ha cpefe C aMMNUUUAIVHOM MOKaXXeT, COAep>XUT E. col nnas-
Munay mnu Het. Cogepykawme nnasmmay 6aktepun byayTt pacTtu
Ha cpefe c aMNUUUAIUHOM. OnA oT6opa KNeTOK, HeCcylinx 4yy-
XepogHyto AHK (MHTepecylowmnii Hac reH), 6akTepmm Bblpawm-
BalOT Ha cpefe € TeTpauUKINHOM. TpaHCcOopMUPOBaHHbIE KNETKMN
YCTOMUMBLI K aMMUUUANNHY, HO YYBCTBUTE/bHblI K TeTpauuk-

152
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gy (Takme KONOHUW OTCYTCTBYKOT Ha cpefe € TeTpauukim-
HOM), TaK KaK reH yCTOMUYMBOCTU K TeTpauunKIuHy paspyLllueH B
pe3ynbTaTe BCTaBKU dparmeHTa 4y>kepogHow AHK. Momumo
nnasmunabl pBK322, ncnonblyetca MHOXECTBO LPYTrMX BEKTOPOB
Ana knoHuposaHusa (pVC19, pET, p<3E), npnyem ANS HEKOTO-
pbIX U3 HUX CYLWECTBYKT BeCbMa OCTPOYMHble CUCTEMbl oT6opa
PeKOMOMHAHTHBLIX K/MOHOB (Hanpumep, OoKpallMBaHue KONOHUN
KNeTOK, cogep>Kalmx HemoanunumpoBaHHyo nnasmugy pl1C19).

5. BolpawmBaHne U3MEHEHHbIX K/IeTOK B LUe/Nble TPaHCreH-
Ible opraHu3Mbl. CUHTE3 onpejefneHHoro 6enka — npogykTra
VBEOEHHOrO reHa.

MepBbIli, BTOPOM ” TpeTUA W3 MNEpPevYnNCNeHHbIX 3Taros
npeacTaBnAlOT Cco60V nocnegoBaTeNbHOe CO34aHME PEKOMOU-
HaHTHOW OHK, yeTBepTbI M NATbIA — TpPaHCreHo3 M BbisiBMe-
HVe TPaHCreHHOoro opraHusma.

MNocne BBeAEHUS B PeLUNUEHTHYIO KNeTKYy dparmeHTa 4y-
»xepogHoi A HK npouncxoauT ee KNOHUPOBAHWE C Lenbk Mony-
YeHMs1 6ONbLLIOF0 4Yucna KOMW UM HaduHaeTCcs CUHTEe3 Mpo-
OYKTa, 3aKogMpoBaHHOro BO BBeAeHHOM reHe. Yawie BCero atum
Mpoueccbl OCyLLeCcTBNAOTCA B bOaKTepuanbHbIX KneTkax. [lo-
3TOMY K/IOHUpOBaHWe npokapuoTmyecko AHK B kKneTkax npo-
KapuoT He BbI3biBaeT 0CNOXXHeHU. KNoHMpoBaHMe 3yKapuoTu-
yeckori OHK TpebyeT AOMONHUTENbHbLIX METOAUNYECKUX Mpue-
MOB, TaK KaK CYLWEeCTBYIOT pasinunsa B CTPOEHUUN reHoma y
NMPOKapmoT 1 3yKapuoT. Y TMpoKapuoT KOAUPYHOLLNE [OOMEHbI
CTPYKTYPHbIX TeHOB HernpepbiBHbI, a Y 3yKapuoT KoAupyloLimne
obnacTn (3K30HbI) pasgeneHbl HEKOAUPYHOLWUMU (MHTPOHaMWK).
I(poKapuoTbl He CMOCOOHbI yAansaATb MHTPOHbI U3 MEePBUYHbIX
IHK-TpaHCKpMNTOB, MO3TOMY MNpaBufibHasA TpaHCcNAUUA 3yKa-
pnotuyeckux MPHK B 6akTepuanbHbIX KjeTKax HeBO3MOXHa.
Ana yoaneHNsa MHTPOHOB M3 ayKapuoTuuyeckonn AHK 6bin npeg-
NIo>KeH metopg cuHTe3a JHK-konuun (kAHK) Ha mPHK.

4.3. NeHeTMYecKasa UH>XeHepunda NpokKapuoT

KneTkn 6akTepuii Hawu LWMPOKOe MpuMeHeHue B 6MOTeX-
Honmornn. MeTofbl reHeTUYECKO MHXKEHepUM Hambonee geTalb-
HO paspaboTaHbl A18 MWKPOOpPraHM3MoB. B cBsi3u ¢ 3TMM nNo-
SIBUNacb BO3MOXXHOCTb 60n1ee 3(PEKTUBHO NMPUMEHSTL UX MHOrMe
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naBa 4. FeHeTUYecKas MHXeHepus

rnonesHble cBOMCTBA. VIcMoOnb3yss FeHHO-UHXKEHEpPHble MeTOoAbl,
MO>XHO KOHCTPyMpoBaTb MWKPOOHbIE KNETKW, CMOCOOHblE CUH-
Te3npoBaTb NPOAYKTbl PACTUTENLHOIO U YXMBOTHOIMO MPOUCXOXK-
heHusa, nmerowmne 60nblIOe 3HadYeHWe ANA MegULUHbL U Npo-
MblILUNEHHOCTU. CTano BO3MOXXHbIM MpeBpawaTte 6akTepun B
cBoeobpasHble 6uonorvyeckue «pabpukm» Mo MNPOU3BOACTBY
6eNKOBbIX MpenapaToB, Pas/lMUYHbIX XUMUYECKUX COeAUHEHUN,
aMWHOKUCNOT N T. A.

BakTepnn MOXHO MCMO/b30BaTb KaK «pabpuku» ANs CUH-
Te3a 6e/1KOB M HOBbIX MPOAYKTOB, M3MeHAS mMeTabonmam bakTe-
puanbHbIX KNeTOK BBEAEHWEM B HUX YY>XEpPOAHbIX FEHOB WAW
MoandnKaLmen y>Ke CywecTBYOLWMX; co3gaBaTb PeKOMOUHAHT-
Hble MUKPOOPraHM3Mbl, CMOCOOHbIe CUMHTE3NPOBATbL CaMble pas-
HOO6pasHble HU3KOMONEKYNSPHble COeAVHEHUS: acKOopOUHOBYHO
KNCNOTY, KpacuTenb MHAUTO, aMUHOKUCNOTbI, MOHOK/IOHa/IbHbIE
aHTuTena.

B coBpemMeHHOW O6MOTEXHONOMUN LWUPOKO UCMOMb3YIT
TpaHCreHHble MUKPOOPraHu3Mbl, NpoayLUpyloLLne NeKapCTBeH-
Hble NpernapaTbl: aHTUGMOTUKU, TOPMOHbI, DEPMEHTbI, BUTAMMU-
Hbl; pas3/nU4YHbIie NpenapaTbl A9 AUArHOCTUKM HacnefCTBEHHbIX
N MHAPEKUMOHHBbIX 3aboneBaHuin (Hanpumep, BWY, BupycHoro
renatuta v gp.); ANs NPOM3BOACTBA He3aMeHUMbIX aMWUHOKUC-
not, 6uogobaBoK, 6MONOAMMEPOB (Harnpumep, MUKPOOBUONOTrN-
YEeCKWNI CUHTE3 KayuyKa), Ans éuogerpagauni KCEHOGMOTUKOB.

C nomMoulblo TpaHCreHHbIX 6aKTepuii MOXXHO nonyyaTb pas-
NNYHOTO pofa BaKLUUHbI:

— cybbeguMHUYHbIE BaKUWHbI, codep>kalivue OoTAeNbHble
KOMMOHEHTbl MaTOreHHOro opraHM3amMa; AN UX paspaboTKu uc-
NoONb3YT TEXHONOTMN PEKOMOMHAHTHbLIX AHK;

— aTTeHyupoBaHHble BaKLUWHbI, COAep>Kalline HernaToreH-
Hble MUKPOOPraHn3Mbl, CUHTE3VPYIOLWNE aHTUIeHHbIE AeTepMU-
HaHTbl onpefeneHHOro NaroreHHoro opraHnama, 1Mbo WTaMmmbl
naToreHHbIX MUKPOOPraHU3MOB, Y KOTOPbIX MOAN(PULMPOBAaHbI
UMW yaaneHbl reHbl BUPYNEHTHOCTU;

— «BEKTOpHble BaKLWHbI», MoayyaemMblie B 601bLLIOM KONU-
yecTBe MyTeM BCTpauvBaHWs TEHOB WUAN WX CErMeHTOB, KOAW-
PYIOLNX OCHOBHble AaHTUreHHble AeTepMUHAaHTbl MNAaTOreHHbIX
OpraHM3mMoB, B 3KCMPECCMOHHbIe BEKTOpbl. MPoAYyKT MCNOMb3y-
0T KakK BaKLUUHY.
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BakTepuanbHble KNETKU MNPUMEHSIOT TakXXe A1 KIOHUPOo-
WMUA HeobxooMMbIX [ANsi BCTpauBaHWUsS TEHOB, MNpPOBeAeHUS
hyHAAMEHTaNbHbIX UCCNef0BaHU N APYTUX Lenei.

B HacTosilee Bpemsi 6akTepusi E. col — camasi nsy4yeHHas
NnneTka 13 BCeX CYLLECTBYIOLWLIMX. Y 60/bLUMHCTBA Hambonee non-
HO M3YYeHHbIX (haroB KNeTKO-X035IMHOM sIBASIETCS TakKe E. coll.

4.4. TeHeTUYeCKasa WHXXeHepusa pacTeHui

TpaHcdopmauus pacTUTENbHOro reHomMma

Ba>KHbIM MNpPenMyLLLEeCTBOM pacTeHWUW, MO CPaBHEHUIO C >KU-
IOTHbIMU, ABASETCA CMNOCOBHOCTb MX KNEeTOK pa3BmBaTbCA B Le-
Nloe pacTteHue (T. e. TOTUNOTEHTHOCTb), YTO LUMPOKO UCMNO/b3Y-
eTca B paboTax Mo MOAYyYEHUID TPAHCreHHbIX pacTeHWA.

FeHeTnyeckas TpaHcdopmayusa pacTeHUr € MOMOLLbIO MeTO-
[OB reHeTUYEeCKOW NHXXeHepun MOXKeT OblTb OcyllecTBeHa Bek-
TOpPHbLIM CcNoco6oM (C UCMONb30BaHMEM arpobaktepuii U BUpPY-
COB) U MYyTEM NPAMOro nepeHoca reHOB.

Hanb6onee n3yvyeHHbIM NPUMEPOM paboTbl MAa3MUAHbIX BeK-
TOPOB CNY>XUT BBeAEHMNE Yy>KepOoAHbIX FeHOB B reHOM pacTeHWi
c nomowp Tb wu LW-nnasmung NO4YBEHHbLIX 6GakKTepuii poaa
N$robaclerwuT. C NOMOLbLIO 3TUX MnasMug 6akTepum MOryTt
MHTErpupoBaTb CBOW reHeTUYeCKUil MaTepuan B KIeTKW AOBY-
OONbHbIX pacTeHWUN.

Tennasmuga (0T aHrn. butor w<lwucw8 — mHAayumpyrouwas
0NyXo/b) ob6Hapy>keHa B KJieTKax HeKOTOpbIX LITaMMOB A&ro-
baclennT LWTe{aclen3. BbigeneHHass B YNCTOW KynbType, 3aTa
baKTepmna MOXKeT MPMBOAUTL K 06pas3oBaHUIO Oonyxonen y ABY-
OONbHbIX pacTeHWii, 4YTOo, MO CYyLLeCTBY, MOXXET paccMmaTpuBaThb-
CA KakK npupoaHas reHHO-UH>XeHepHasa cucrTema.

W-nnasmuga (0T aHra. roo! wemcw& — wmHAyumpytouwas
KOpPHW) NpUCYTCTBYeT B WiTaMMax A8robacbenuT rblrogenes.

B 1970-x rr. k. Wenn c coTpygHUKamuy BbIABW/, 4TO NpU-
UMHOW onyxofeobpa3oBaHmsa ABAAKOTCA TbnnasMuabl, 06Hapy>KeH-
Hble B KNeTKax HeKoTopbixX wTtammoB A. LWTe{aclen3. Tenaasmu-
[a NpoHUKaeT U3 KNeTKu 6aKTepun B pacTeHWe, U YacTb ee, Ha-
3biBaemass T-AHK (ot aHrn. {ranMerrec! BKA — nepeHocumas),
KOBaJIeHTHO BCTpauBaeTCA B XPOMOCOMbI MHULMNPYEMOro pac-

155



naBa 4. FeHeTUYeCcKas UHXeHepusi

TeHuns (puc. 4.10). B npupoge 3TOT (pparMeHT NepPeHOCUT reHbl,
KOTOpPble CMOCO6GCTBYIOT Pa3sMHOXXEHUI0 arpobakTepuii v JawoTt
MM BO3MO>XHOCTb NMapasmTupoBaTb Ha MOPa>KeHHOM pacTeHUMW.

leHbl, BxogsAwune B coctaB T-AHK, (OyHKLUNOHUPYIOT NALLb
rnocne uUx repeHoca B pacTUTe/bHYIO KNeTKy. byayum viHTerpu-
poBaHHOW ¢ Xpomocomoin, T-AHK nHayunpyeT B MecTe 3apayke-
HUA obpasoBaHMe OMyxonu (KOPOHYaTbIX rannoB, HaroMuHaro-
WX paKoBble KNeTKU XXUBOTHbIX), rMNeprnpoaykunto gpurtorop-
MOHOB — LUWUTOKMHMHOB W ayKCUHa, a TaKXXe CUHTe3 psaja
NPoOn3BOAHbIX aMWUHOKWUCIOT, ONMWHOB — BELLECTB, KOTOPbIX HET
B 3[0pPOBbIX KNeTKax HU Yy O4HOro pacTeHus.

Onyxonb BO3HMKaeT BCNeACTBME HapylleHuUs 6anaHca uTo-
rOPpMOHOB, T. €. KakK pe3ynbTaT (PyHKLWOHNPOBAHUSA OHKOrEHOB,
NpoAyKTaMm KOTOPbIX SABAAKTCA ayKCUHbl U UUNTOKUHUHBI.
OnuHbI, BblaensemMble KneTKaMmm onyxonun, 6akTepms Ucnofb3y-
eT B KauyeCcTBe MCTOYHMUKOB Yyrfiepoja W as3oTa L/ CBOEero pocrta
M pasmMHOXeHUA. Cama bGakTepuss B K/eTKY He MpPOHMKaeT, a
OCTaeTCA B MEXK/NEeTOYHOM MPOCTPaHCTBE U UCMONb3YET KNEeTKY
€O BCTpoeHHoW T-AHK Kak «pabpuKy», NpoayLNPYIOLLYO OMNun-
Hbl. Takune oTHoWeHMAa A. WTeacren3 m pacteHuna [O>x. Wenn
Ha3Ba/j reHeTUYeCcKOW KonoHusauuein, KoTopas npeacTaBnsdeTt
coboin aKCNepUMEHT MO reHeTUYeCKO MHXXEeHepuun, nocTaBfieH-
HbIA camMoil NMPUPOAOIA.

Punc. 4.10. N'eHeTn4yeckas KoNoOHM3aLMA pacTteHna A. LTe acrens
(no 3.C. MupysaH, 1989):
1 — arpobakTepuun CyLLecTBYIOT B pu3ocdepe; 2 — cTpoeHue A. 1unTe{a-
cbens; 3 — BcTpamBaHue T-AHK B reHomMm; 4 — o6pa3oBaHue ONyXxonu
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CTtpoeHune Tbnnasmupg xopowwo usyyeHo. OHUM BK/IOYAKT B
cebsn:

— T-AHK — o6nactb AHK, rge cogep>kaTcsi reHbl, OTBETCT-
BEHHble B UTOre 3a MOPMONOrnUi0 ONyxonm nU CUHTEe3 (nToropmo-
HOB, BbI3blBalOLLNX HEKOHTPONNPYEMbIA POCT OMYyXONeBbIX Kie-
TOK, & TakK>Xe reHbl, OTBETCTBEHHbIE 3a CMHTE3 ONMWUHOB — UCTOY-
HWKOB yrnepoja v asorta o149 nutaHusa b6akTepuii. ViMeHHO Bce
>N reHbl NepefarnTcs B SAEPHbIA FTEHOM PacTUTENbHOW KNeTKWU;

— WUIrr-061acTb — COAEPXXUT reHbl, OTBETCTBEHHbIE 3a Bblpe-
naHve, nepeHoc M wuHTerpauuto T-AHK B XpomMocombl pacTe-
HUA. THAYKLUNA 3TUX FeHOB o6paTuma, 4YTO 0YeHb BadKHO A/
baKkTepmanbHbIX KNeToK. Ecnn 3apakeHHoOe pacTeHue y>Ke
60/IbHO N ABNAETCA HEXWU3HEeCNoCOOHbIM OpraHM3MoMm, TO nepe-
Hoca T-AHK He npoucxoauvT,

— on-06MacTb — COAEPXKUT TeHbl, MPOAYKTbl KOTOPbIX
obecrieumBaloT penankayuio TbnnasMmuabl;
— ~ra-06nactb — COAEPXXUT TeHbl, OTBETCTBEHHble 3a

KOHblOrayuo 6aKTepuii.

Tbnnasmmpa okasanacb ugeanbHbIM NPUPOAHLIM BEKTOPOM
019 BBeAEHUSA Yy>KepOoAHbIX reHOB B KAeTKWU pacTeHus. Mpoue
Bcero 6bino 6bl 3ameHUTb T-AHK Ha uy)epogHble (M0Ofe3Hble)
reHbl, BBECTU UX B NnasMuibl arpobaktepuin n 3apasmTb UMU
pacTeHus, TaK KaK reHbl, OTBETCTBEHHbIE 3a UHAYKL MO ONYyXO0nu,
CMHTEe3 ONWHOB U NogasfneHne andhepeHUMaLmMn KNeToK nopaxkae-
MOro pacTeHus, pacnonoXkeHbl 61M3KO Apyr oT gpyra B T-AHK.
1$T0 >Ke BpemMs reHbl, OTBETCTBEHHbIe 3a MepeHOC U WMHTerpa-
umio T-AHK B XpOMOCOMbI pacTeHWi, HaxoasaTcsa B Apyrow o6-
nactun Tennasamugbl — B HIM-ob6nacTtun.

NTak, Ha ocHoBe TbnnasmMmunibl B YCNOBUAX 3IKCMepUMeHTa
Cco3[al0T WCKYCCTBEHHble BeKTOpbl. [na co3faHus TpaHCreH-
MbIX PacTEHUIA TreHbl, KOAUPYHLME XO3AMCTBEHHO LEeHHbIe
npusHakun, BcTpavBawT B T-AHK. 3Ty >ke obnactb cHabxaroT
MapKepHbIMU reHamu (Ansa oTbopa TpaHcHOpPMUPOBaHHbLIX pac-
TUTENbHbIX KNETOK), 3yKapMOTUYEeCKUM MPOMOTOPOM (Hanpwu-
mMep, 358-npomoTop BUpyca MO3auKW LUBETHOW KamnycTbl —
((AMY) " YHUKaNbHbIMWN calTamMn pPecTpUKLUN.

OgHako pasMepbl TbnaasMmup CANLLKOM BeINKW W He MNo-
3BOMIAIOT MUCMOMb30BaTb MX B KaydecTBe BekTopa. [na pewleHus
)Tori NpobnemMbl 6blna co3gaHa crneumanbHast TeEXHONOrus — 6u-
HapHasa cucTema.
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T-AHK BbIpe3awoT 13 Tbnnasmungbl 1 BCTpavBaloT, Hanpw-
Mep, B nnasmugy pBK322, cnocobHyio K camopennmkaumm B
KneTkax E. col. TakMm 06pa3omM OCYLLLEeCTBAAT KIOHUPOBaHUe
T-AHK (MHOrokpaTHoe yBenMuyeHMe u4ucna Konuii) B cocTaBe
pBE322. BekTopHyt cuctemy (T-AHK — pBK322) BbigensatoT
n3 kKnetok E. coll un BcTpamsawT B T-AHK mnHTepecylouwine re-
Hbl. HOBYIO BEKTOPHYI CUCTEMY CHOBa PasMHOXAalT B KneTKax
E. col, a 3aTem BBOAAT B K/NeTKU A8robacbenuT LWTe/acbens,
B KOTOPbIX HaxogAaATCA HOpMas/bHble Tbnnasmuabl. B pesynbtarte
rOMOMOrMYHOW pPeKOMOMHaLMM BEKTOpHas cuctema v Tl-nnas-
Mmnga obmeHuBaroTca ydyactkamm T-OHK. Tenepb KneTku Agro-
bacbennT LWTeMacben3d HecyT B COCTaBe CBOUX MaasmMug 4dyxxe-
pOAHbIe reHbl, KOTOpPble OHW MOTYT MNepejaTb B AA4epPHbI FreHOM
pacTuTeNbHbIX KNETOK, YTO U NMPMBOAUT K CO3L0aHUIO TPaHCreH-
HbIX pacTeHWiA.

B nocnegHue roabl 419 CO34aHUA NCKYCCTBEHHbIX BEKTOPOB
ncnonb3ytT W-nnasmumagy (0T aHra. rool; TMMctT” — nHAyun-
pyroLwas KOpHMW), NMPUCYTCTBYIOLLYIO B LWUTaMmMax A8robac%ennT
rblrogenes. LW-nnasmugbl BbIFrOAHO OT/MYarTCcAa OT Thbnnasmua
TeM, UYTO OHWU ABNAKOTCA ecTeCcTBeHHbIMU 6e3BpefHbIMU BEKTO-
pamu. MNMocne BcTpamBaHua T-AHK B xpomocomHyto OHK pac-
TUTENbHbIX KNETOK B 06M1acTV 3apakeHust HabnwogaeTcs ycu-
neHHoe ob6pa3oBaHMe KOpeLWKOB («60poAaToCTb»), M3 KOTOPbIX
nerye pereHepmupoBaTb 340pOBble pacTeHUs, 4eM uU3 Heaudde-
peHLMpPOBaHHON TKaHW OMyXOo/u.

Ona TpaHcdhopmauun ycTOMUMBBIX K arpobakrtepussMm OAHO-
OO0NbHbLIX pacTeHUi paspaboTaHbl NpUeMbl MPSAMOro HnU3nNYecKoro
nepeHoca AHK B kKneTKy. 3T MeTOoAbl [OCTATOYHO pa3Hoo6pas-
Hbl: 60MbGapAnpoBKa MUKpoYacTuuamm, UK GanINCTUUYeCcKui
MeTo4; JnekKTponopauus; ob6paboTka MNOAUITUNEHTNINKONEM;
MUKPOUHBbEKLUUA; nepeHoc AHK B cocTtasBe nunocom v Ap.

Hawnbonee NpoAyKTUBHbIM U Yalle BCEro MCMNO/b3yeMblM SAB-
naeTca meton 60M6apaNpPOBKU MUKpPoOYacTULLAMMN.

B nocnegHee Bpemsi pa3paboTaH M yCnewHO NpUMEHEH Tak>ke
KOMOMHUPOBaHHbLIN MeToA TpaHcopMaLumn, HasBaHHbIA arponmc-
Tnyecknm. puy aTom 4yxkepoaHyrwo [AHK BBOAAT B TKaHW Ka-
KUM-IN60 PU3INYECKNM MEeTOAO0M, Harnpumep 6anIUCTUHECKUM.
Beognmaa OHK cogep>xunt kKak T-AHK BeKkTop C ueneBblM U
MapKepHbIM TeHOM, TakK W arpobakTepuaibHble reHbl BUPY-
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NIEHTHOCTU MOA KOHTPONEM 3YyKapMoTMYecKoro npomoTtopa. Bpe-
MeHHas 3KCMpeccusi reHoB BUPYNEHTHOCTU B pPacTUTENbHOW
KNeTKe NPUBOAUT K CUHTe3y 6eflKOB, KOTOpble MpaBU/bHO Bbl-
pesaoT T-AHK 13 nnasmuabl U BCTpanBalOT ee B XO3SMCKUN
reHoM, KakK W npu o06bl4YHOW arpobakKTepuanbHoi TpaHcdop-
Maumn.

MNocne npoBeAeHUs TeEM WAN UHbLIM Crocobom TpaHcdopma-
UMM pacTUTeNbHOW TKaHM ee NomewarT T oliro Ha cneywnanb-
HYIO NuUTaTeNbHYK cpefy € huTtoropmoHamu, Croco6CTBYIOLLYIO
pasMHOXKeHNIO KNeTOoK. Cpefa 06bI4YHO COAEPXKUT CeNeKTUBHbIN
areHT, B OTHOLUEHNN KOTOPOro TpaHCreHHble KNeTKU npuobpe-
TaloT YyCTOMYMBOCTb. PereHepaums 4alle BCero npoxoauT uyepes
cTaguio Kanjyca, nocje 4ero npuv npasBuibHOM Noabope cpeq
HaumMHaeTcsA opraHoreHe3 (no6eroobpasoBaHue). ChopmMUpoBaH-
Hble Nobern NMepeHoOCAT Ha cpefy YKOPEHEHUSA, 4acTo TaKXKe Co-
Oep>Kallyto CeNneKTUBHbLIA areHT ans 6onee cTpororo orv6opa
TpaHCreHHbIX 0CO6e.

[JOoCTUXKEHUSA TeHeTUYECKON MHXXEeHepun pacTeHunii

MeTofbl FeHETUYECKOI MHXXEeHepUn MO3BONSAKOT AOCTATOYHO
ObICTPO co3aBaTb HOBble FEHOTUMbI PacTeHW, T. e. 3HAUYNTENb-
HO COKpallalT BpPeMsi, KOTOpoe 3aTpaymBaeTcss Ha Knaccuue-
CKYl0 cefnekuuio. Kpome Toro, npumeHeHWe 3TUX METOAOB MO-
3BONISIET M3MEHSATb FeHOTWUN UuefleHanpaBieHHo. B oTHoweHun
pacTeHUli ponb FEHEeTUYECKO WHXXeHepuUn CBOAUTCS, FNaBHbIM
06pa3om, K CO34aHUI0 COPTOB CeNbCKOXO3AMCTBEHHbIX pacTe-
HWIA, YCTOMUMBBLIX K HaceKoMbIM-BpeauTensm, dutonaToreHam,
repébuumngam, nectuumaam, pasinyHbIM CTPECCOBbIM (haKTopam.
MpoBogATcs pa6oTbl MO BBEAEHWUIO TEeHOB, PErynvupyroLlmnux co-
3peBaHVe MN0AO0B, OTBeyalUMX 3a CUHTE3 BUTAMMHOB UMW fe-
KapCTBEHHbIX MNpernapaTtoB U T. 4.

MonyyeHme TPaHCreHHbIX pacTeHWUii 3HaunTenbLHO ob6nerva-
eTcsa 6narogaps NpuUcyllemMy pacTeHUsIM CBOCTBY TOTUMOTEHT-
HOCTU, T. €. Croco6HOCTU No60ol KNeTKU pacTUTeNbHOro opra-
HM3Ma pereHepupoBaTth Lenoe pacTeHune. CrnepoBaTenbHO, A0-
CTaTO4YHO MONYUYUTb HECKONIbKO TPaHC(OPMUPOBAHHLIX K/EeTOK,
UTO6bI pEreHepuUpoBaTb U3 HUX PacTEHUS-TPAHCIEeHbI.
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O4HaKo BO3MOXHOCTU FeHeTUYECKOW WHXXeHepUWU pacTeHui
orpaHu4YmMBaloTCAa PAAOM NPUYUMNH:

— BO-MEPBbIX, FEHOM PacTeHWUIn N3y4dYeH XY>Ke, YeM reHOM
MAeKoMUTaKLWKX;

— BO-BTOpbIX, HE AN BCeX pacTeHuW ypaeTcs nofobpaTb
ycnoBusa pereHepauun. CtabunbHO noay4valrT pacTeHUs-pereHe-
paHTbl M3 NPOTOMAACTOB KapTodens, AOLepHbl, TOMaToB, MOp-
KOBM, Tabaka, KanyCcTbl M HEKOTOPbIX APYTUX ABYAONbHbIX pac-
TeHWii. PereHepupoBaTb pacTeHUS 371aKOB yAaeTcs He Bcerga;

— B-TPeTbMX, OA4HOW W3 NMMUTUPYIOLNUX APUYUH CAY>XXUT
pasmep ¢parmeHTa goHopHori AHK, KoTopblii npeanonaraeTcs
BBECTU B KJ/ETKY, a TakXe MosiBeHNne XUMePHbIX OpraHm3mos,
HECMOCOOHbIX K Pa3BUTUIO U PasMHOXXEHUIO.

He Tak paBHO 6blna npegnpuHATa yAadHas MonbiTKa MUC-
nonb3oBaThb MNblfibLY B KayecTBe cynepBeKTopa npu TpaHcdop-
Mauuu, 4TO MNO3BONSET WUCKIKUYUTbL MOSABNEHWE paCTeHUR-Xu-
Mep. VmeroTcsA coobuieHUst 06 UCMONb30BaHUU UCKYCCTBEHHOM
baKTepuanbHOW XPOMOCOMbI B KayecTBe BEKTOPHOW CUCTEMblI,
4YTO MNO3BONAET MEPEHOCUTb LieNible KacceTbl FeHOB, KOAWUPYHO-
WMe MHOXXEeCTBEHHble CTYNeHU OMOXMMMYECKNX MPOLECCOB.
OTO OTKpbIBaeT TaKue LWUPOKME MepcrneKTUBbI B TpaHcgopma-
UMM pacTUTEeNbHbIX OPraHW3MOB, YTO Ha MEPBOE MECTO BbIXO-
OAT BOMPOCbI 0 BO3MOXXHbIX MOCNEACTBUAX TaKUX 3KCMEPUMEH-
TOB 1 06 UX 3KONOTMYECKOW 6e30nmacHOCTU.

MNMepBas BONHA TpaHCreHHbIX pacTeHui, AONYLLEeHHbIX A5
MPaKTUYeCcKOro MpuUMEHEHUsI, cofep>kana A0MNOo/HUTEeNbHble re-
Hbl YyCTOMYMBOCTU (K 60Nne3HsAM, repbuumngam, BpeanTensimM, nop-
ye NpU XpaHeHUKn, cTpeccam).

HblHeWHNI aTan pa3BUTUS FeHEeTUYEeCKOW UHXKeHepuu pac-
TEHUW OTHOCUTCSA K «MeTaboNMuyecKoi NHXXeHepuun». Mpun aTom
CTaBUTCA 3ajada He CTONbKO YAy4dlWUTb Te€ UIU WHblE NMEIO-
uumecs KadecTtBa pacTeHus (KaK npuv TpaguLMOHHON cenek-
LLMN), CKONMIbKO Hay4YuUTb pacTeHne Mpou3BOAUTb COBEPLLUEHHO
HOBble COeAMHEHUS, MUCMONb3yeMble B MeAULUHE, XUMUYECKOM
Nnpon3BOACTBE U APYrnx obnactax. ITUMU COeAUHEHUAMU MO-
ryt 6biTb, HarnpuMmep, 0cC06ble >XVPHble KWCNOTbl, MNONE3HbIe
6e/KN C BbICOKUM COAep>XaHMEM He3aMeHWMbIX aMWHOKUCIOT,
MoandnLMpPOBaHHbIe noanucaxapuabl, cbefobHble BaKUWHbI, aH-
TUTena, UHTepP(EPOHbI N ApPYrue «neKapcTBeHHble» GeNKu, Ho-
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nve NMoAMMeEpPbI, He 3acopsiioliMe OKpYXKalollyl cpefy, U T. 4.
VMcrnonb3oBaHMe TPaHCreHHbIX pacTeHWidi MNo3BonsieT HanaauTb
mMacliTabHoe W [elleBoe MPOV3BOACTBO TaKMX BELECTB U TeMm
caMbIM caenaTb X 60/ee A0CTYMHbIMMW.

N3meHeHMe I'II/ILLI.EBOI‘/JI LeHHOCTn paCTEHI/II7I

1. 3anacHble 6enku. OCHOBHOW 3agaveil reHeTUYecKoW WH-
XKEHEPUM CcuUMTaeTCa ynydlleHWe aMWHOKUCIOTHOro cocTaBa
MonkoB. Kak M3BecTHO, B 3amacHoMm 6eske 60/1bLIVMHCTBA 31aKo-
w.ix Habnwopgaetca oehnunT nM3nHa, TPeoHUHa, TpuntodaHa, a
1 3anacHoM 6enke 6060BbIX — AePULUT METUOHUHA U LUUCTENHA.
BBeaeHne B 3TN 6€1KN AOMOMHNTENbHbLIX KOANYECTB AePULNTHBLIX
aMWUHOKUCNOT MOrF0 6bl NUKBMAMPOBATbL aMUHOKUCIOTHbIN
avucbanaHc. MeTogamu TpaauLMOHHOW Cenekuuu yaanocb Cy-
LLEeCTBEHHO MOBbLICUTb COAEp>KaHMe NM3nHa B 3amnacHbIX 6enkax
3n1aKoBbIX. BO Bcex aTux cny4dasx 4yacTb NPoOAaMMHOB (CNMPTO-
pacTBOpuMble 3arnacHble 6enKW 371aKO0BbIX) 3aMeHsnacb Apyru-
MU 6enkamu, cogep>XalnMmMm MHOro nmamHa. OfHaKo y Takux
pacTeHUn yMeHbLUAaNNCb pasMepbl 3epeH U CHUXKanacb ypoXkam-
HOCTb. [Mo-BUAMMOMY, MpofamMuHbl Heobxooumbl Anst opmMmnpo-
VSIHUSI HOPMAa/IbHOrO 3epHa M UX 3aMeHa Apyrumu 6enkamuvi oT-
pvuaTenbHO BAUSAET Ha ypoOXKaWHOCTb. [loaTomy And ynydiie-
HUSI KayecTBa 3anacHoro 6enka 3epHOBbIX HY>XeH TaKol 6enok,
KOTOPbIA HEe TONbKO OT/NMYancs 6bl BbICOKUM COLEPIXKAHUEM NU -
3MIHa N TPEOHWHa, HO U MOr 6bl MOAHOLEHHO 3aMeHUTbL onpege-
NEHHYI0 YacTb MPOSlaMUHOB Mpu OPMUPOBaAHUN 3epHa.

OKCMepunMeHTbl MO TpaHcopMaumu MLeHULbl MOANULIU-
poBaHHbIM FEHOM, KOAUPYKOLUM OAHY M3 cybbegMHWUL, 3anac-
Horo 6enka rnLTEHWHA, MPUBENN K aKTUBHOMY CUHTE3y Mogu-
dhurympoBaHHoOro 6efnkKa, 4To CMNOCOGCTBOBANO YNYULLUEHUIO Xfe-
60MeKapcKoro Kayectsa MLUEHUYHON MYKWU.

PacTeHnss MoryT Npou3BOAUTb U GEIKM >XUBOTHOrO Mnpouc-
XOXKAeHUs. BbiI0 NoKasaHo, 4TO B pacTeHUsIX Tabaka MoryTt
cobupaTbCsl MOMHOCTBIH (PYHKLIMOHANbHbIE CEKPETOPHblE MOHO-
K/I0Ha/bHblE MMMYHOTIN06YynMHbl. CeKpeTopHble UMMYHOro6ynu-
Hbl 06bIYHO BbIAENAIOTCA B POTOBYIO MOMIOCTb M YXKEeNyAOK YenoBeka
M )KUBOTHbIX U CNy>XaT MepBbiM 6apbepoM Ha MyTW KULLEYHbIX
MHpekunm. N3 pacteHun 6biNM MonyvYeHbl MOHOK/OHa/bHble
aHTUTena, cneynduruHble ana 8lrep”~coccms TMan3s — 6akTe-
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puii, Bbi3blBaloOLWMX 3y6HOW Kapuec. lNpegnonaraeTcs, 4TO Ha
OCHOBE TaKMX MOHOK/IOHANbHbIX aHTUTen, MnpoAyunpyeMbiX
TPaHCreHHbIMW pPacTEHUSIMU, yAacTcsa co34aTb AeMCTBUTENbHO
aHTUKapuecHyro 3y6HYI0 nacTy.

N3 apyrnx 6enKoB >XMBOTHOrMO MPOUCXOXKAEHUSA, KOTOpble
npeacTaBfaAlOT MHTepec A8 MeLUUWHbI, NoKasaHa npoaykKuusa
B pacTeHMAX 4yenoBeyecKkoro (3-mHTepdepoHa.

PaspaboTaHbl Tak)e MnoAxoAbl, MNO3BONAKOWME MONy4dYaTb
6akTepuasbHble aHTUTeHbl B pacTeHUSAX WU UCMNONb30BaTb UX B
KadyecTBe BaKUWH. [lonydyeH KapTodenb, 3KCMpeccupyroLwunii
ONTroMepbl HETOKCUYHOW CybbeauHMLbl TOKCUHA Xonepbl. 3TU
TpaHCreHHble pacTeHUss MOryT ObiTb MCMONb30BaHbl AN MNONy-
YeHUs AelleBOi BaKUUHbI OT XO0nepbl.

2. XXunpbl. BaKHeWLUIUM CbipbeM ANS MONYYEHUSA pasHor
pofa XMMUYECKUNX BeLecTB ABNATCA XXUPHble KUCNOTbl — OC-
HOBHOWM KOMMOHEHT pacTUTeNbHOro macna.

Bblnn nonyyeHbl TpaHCreHHbIe pacTeHUs parica ¢ M3MeHeHHbIM
COCTaBOM pacTUTENbHOr0 Macna, BKA4arulero, BMecTe € 06blYy-
HbiMu C160 n C180 >XUPHLIMU KUCOoTaMu, Takxke n o 45 %
C120>XpPHOM KUCNOTbl — NaypuHOBOW. 3TO BeLWecTBO LUNPOKO
ncnonb3yeTcda A8 NMPOM3BOACTBA CTUPa/IbHbIX MOPOLLKOB, LWaM-
MyHewr, KOCMETUKWN.

NHTepecHbIMU NpPeacTaBiAlOTCA 3KCNEPUMEHTbLI C NETPOo3enun-
HOBOI Kucnotoin C18] — nM3omMepom 01enHOBOMN KuUcnoTbl A9 C131,
Yy KOTOpOM ABOMHas cBA3b HaxoauTca B 6 C nonoXkeHun. 3Ta
XXMPHaa KuMcnota BXOAUT B COCTaB Macna KopuaHapa v onpege-
naeT ero 6onee BbICOKYIO TemnepaTypy nnaBneHus (33 °C), B 10
BpeMs KaK TemnepaTtypa nnaBneHUSA ONEMHOBO KWUCNOTbl CO-
cTaBnsieT ToNbkKo 12 °C. lNpegnonaraeTcs, 4YTO Mnocjie nepeHoca
reHoB, OMNpefenslLuX CUHTE3 MeTPO3eNMHOBOW KWUCNOThbl, B
pacTeHUs — NPOAYLEHTbl pacTUTENbHOro Macnia ygacTcs npo-
M3BOANTb AMNETUYECKUA MaprapuH, cofep>kaluii HeHacbllWeH-
HYIO0 >XUPHYI KUC/OTY.

JanbHeliwee mnayyeHue creunukm 6MOXMMUNYECKOTO CUH-
Te3a XXUPHbIX KWUCMOT, MNO-BUAMMOMY, MpuBedeT K BO3MOXXHOC-
TN ynpaBnATb 3TUM CUHTE30M C LeNbl MOJIYYEeHUA >XUPHbIX
KWUCNOT PasNYHOM ANNHBLI U PasNYHOW CTEeNeHW HacbIWEeHUs,
YTO MO3BO/IUT 3HAYUTENBLHO M3MEHUTbL MPOU3BOACTBO AeTepreH-
TOB, KOCMETUKU, KOHAUTEPCKUX U3JeNuii, 3atBepauTeneii, cma-
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HOYHbIX MaTepuanoB, NeKapcTB, MO/MMEpPOB, AWU3EebHOro ToM-
nmBa n ap.

3. Monucaxapugbl. NMpoBognTcAa paboTa No co3gaHUo TpaHCc-
reHHbIX pacTeHUil KapTodenss, B KOTOpPbIX Kpaxman byaeT Ha-
XOAUTbCA TNaBHbIM 06pa3oM B BMAe aMWUIOMNEKTUHa (pa3BeTB-
NeHHOW dhopMe Kpaxmana) WAM >Ke TONbKO B BUAEe amMuiosbl
(nvHelHOW hopmbl Kpaxmana). Tak, Hanpumep, Kpaxman, co-
CTOSAWMIA B OCHOBHOM M3 aMWIOMEKTUHA, MNo-BUAUMOMY, byaeT
VMEeTb CMPOC Ha pbIHKE MPOM3BOAMTENe pas3NYHbIX NMUTaTeNb-
HbIX CMeceli (celiyac B KaudecTBe HaMoJHUTENs WUCMO/Mb3yeTCs
MOAMMULMPOBAHHbIA Kpaxman).

CospgaHune repomyumMaoycToiumBbIX pacTeHUN

Fepbnunabl 0YeHb LLWPOKO MPUMEHAIOTCA B MHTEHCUBHbIX
CeNbCKOXO03AMCTBEHHbIX TEXHONOTUAX NS YHUUTOXEHUSA COpHSA-
KoB. OgHaKo repbuunabl 3KONOFMYECKU OnacHbl, Tak Kak obna-
Oal0T LLUMPOKMM CrMeKTPOM AeWCTBUSA; OHU TOKCUYHbI AN Me-
KonuMTarwwmnx M MOryT HakKannmeBaTbCs B pacTeHUsX U BO
HHellHer cpefe. Elle OAWMH CyLleCTBEHHbIA HeAoCTaTOK repbu-
LUMAOB: OHW MOJAaBAAT POCT He TONbKO COPHAKOB, HO N KY/b-
TYPHbIX pacTeHuii. Kpome TOro, y MHOrMX COPHSAKOB OTMEYeHO
rnosiBNeHne ycToMumBOCTU K pPasnNyHbIM repbuumngam.

Takune BbICOKOI(PEKTUBHbIE Tepbuumabl, Kak raudocar m
UTpasnHbl, NHTEHCUBHO M3y4alTCA Ha NnpegmeT BbiABAEeHUA Me-
XaHn3Ma TONepPaHTHOCTU K HUM HEKOTOPbIX COPHSAKOB. MN3yue-
HVEe MexaHM3Ma yCTOMUYMBOCTU K repbuumngam c uenbio nonyde-
HUA MeToAaMU reHeTUYECKOW WMHXXeHepUn KynbTYPHbIX pacTe-
HUIA, o6najgalwunx 3TUM MPU3HAKOM, BK/KOYaeT crneaykolime
>Tanbl: BbiSIBNEHNE GUMOXMMUNYECKUX MULLIEHE AelicTBUA repbu-
UMOOB B pacTUTeNbHOW KNneTKe, 0T6Op yCTOMUYMBBLIX K AAaHHOMY
repbuunay opraHm3MoB B KayeCcTBe MCTOYHWKOB FEHOB YCTOM-
UMBOCTU, K/IOHUPOBaHME 3TUX FeHOB, BBeAgHME UX B KYNbTyp-
Hble pacTeHUsA U U3yyeHne UX PYHKLUNOHNPOBaAHUA.

YcTaHOBNEHO, 4YTO NMpU3HaK repbuumnaoycToMumMBOCTU SABNS-
eTCA MOHOreHHbIM, T. €. MPU3HaK AeTepMUHUPYeTCH 4alle Bce-
ro OOHNUM-e4NHCTBEHHbIM FeHOM. JTO 06/5erdyaeT BO3MOXXHOCTb
NMPUMEHEHNA TEXHONOMMM pekomMbuHaHTHou OHK pna nepepa-
4 gaHHoro npusHaka. Takum o6pa3om, reHbl, Kogupylouwme Te
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UM UHble (hepMeHTbl AeCTPYyKLUUU N Mogmdukauuu repbuLim-
OOB, MOryT 6biTb C YCNEXOM WCMOMb30BaHbl A/ CO3LaHUSA Trep-
6MLUNA0YCTOMUMBBLIX pPacTeHUin MeTodaMu FeHEeTUYECKOM WH>Ke-
Hepumn, NOCKONbKY TPaAULMOHHbIE METOAbl CENEeKLUU co34aHUSA
COpPTOB, YCTONUYMBBLIX K repbuymgam, odeHb AANTENbHbI U Mao-
pe3ynbTaTUBHbI.

Hawnbonee LWMPOKO MPUMEHSIEMbI 3a pybexxom repouumng
ramgocat (KOMMep4yeckoe HasBaHue — Kouninp) nogasnsieT
CUHTE3 BaXXKHehLWwmnx apomMaTUvyeCKUX aMUHOKUCNOT (TUPO3UHAa,
deHnnanaHnHa u TpuntodaHa). lNopg pencTtBuem repbuuympa y
HeyCTOMUYMBBLIX K HEeMYy pacTeHUA HabnwparwTcsa CUMNTOMbI
a30THOro ronofgaHusa (M3-3a HepocTarka HasBaHHbIX aMUHOKUC-
NOoT), U OHU NOrnbarT B TeHeHUe ABYX Hedefb.

NMyTem nepeHoca reHa cp4 (reH, kogumpywowmui EP8P8 un He-
CYLLMIA TOYKOBYIO MyTauuilo — «MyTaLM MULLEHW») B TEHOM pac-
TEHWI 6bINO M3MEHEHO CPOACTBO repbuunga c ero hepmMeHTOM-
MULLEHbIO. B pesynbTate repouumpg «He y3HaéT» CBOK MULLIEHb,
hbepMeHT coXpaHsieT aKTUBHOCTb, a pacTeHue CTaHOBUTCS YCTOW-
UMBbIM K ero pgerictButo. Takmm crioco6om B 1977 r. 6bin nony-
YeH COpT coun, ycToumBbIi K KowKKg. MNMpmnyem B NONyYeHHOM
TpaHCreHeTUYeCKOlW coe OTCYTCTBYIOT CefleKTUBHbIE TeHbl YyC-
TOMYMBOCTU K aHTUOUOTUKAM, MOCKO/bKY CaM FeH yCTOM4YMBOCTU
K ramgocaTty MOXXHO MUCMONb30BaTb B KayecTBe CeNeKTUBHOrO.

K uncny Haubonee pacnpocTpaHeHHbIX repbmumnaos, npume-
HAeMbIX MNPy 06paboTKe 3epPHOBbLIX KYNbTyp, OTHOCUTCA atpa-
3nH. OH nopgaBnsieT POTOCUHTE3, CBA3bIBAACb C OAHUM U3 6en-
KoB dotocucTembl Il n npekpawass TeMm camMblM TpaHcnopT
39IEKTPOHOB. YCTOMYUBOCTb K repbuumay BO3HUKAET B pe3yib-
TaTe TOYEYHbIX MyTauuii B MNacTOXUMHOH-CBA3bIBaloLWeM 6enke
(3ameHa cepuHa Ha raMuuH), BCNeACTBME 4Yero OH TepsieT cro-
COBHOCTb B3auMMogZeicTBOBaTb C repbuymaomM. XMMepHble pacTte-
HUA MPOABAANN 3HAUYUTENbHYK YCTOMYMBOCTb K TakKMM KOH-
LeHTpaumsam atpasuHa, KOTopble Bbi3biBann rmbenb KOHTPO/b-
HbIX pacTeHWi ¢ reHoM 6enka AUKOro Tuna.

Pap repbuuynpos (napaksat, aundnyodeH) nHrnbupyet do-
TOCMHTE3 MNyTeM TMOBbILEHUSA COAep>XXaHUS aKTUBHbIX ¢opMm
(papnkanoB) Kucnopoga. N3BeCcTHO, 4UTO HeWTpanmaauuns cynep-
OKCUAAHVOHA KaTanu3upyeTcs (OepMeHTOM CymnepoKCUAANCMY-
Tasol, Koaupyemon reHom 3ocl. C Lenblo 3aWuTbl OT repbuym-
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[OH 6blna nonyyvyeHa KAHK reHa sog, U3 Tabaka v BBefeHa B re-
HOM NIOLLEPHbI, YTO Pe3KO MOBbICU/IO YCTOMUYMBOCTb pacTeHUs K
4ynMm repbuyngam.

YCTOMUNBOCTb K HACEKOMbIM

Ona 60pbbbl ¢ HACEKOMbIMU-BPEAUTENSAMU B PacTEHNEBOACT-
|[H ncnone3ywTca xmmmnyeckme cpefcrtBa — WMHCeKTUULMAbLI. Of-
HaKO OHW OKa3blBalOT BpeAHOe BO3JeliCTBME Ha MOne3HbIX Hace-
KOMbIX, 3arpA3HA0T OKPY>KalLlly cpedy; Kpome TOro, Hace-
KOMble A0BO/bHO CKOPO npucnocabnuBalrTca K HUM. VI3BeCTHO
CHbilwe 400 BUAOB HACEKOMbIX, YCTOMUMBLIX K WUCMO/b3yeMbIM
UHceKTMuMgam. MNMoatomy Bce 6ofbllee BHUMaHWe MPUBIEKalOT
ouonornyeckne cpeacrtea 6opbObl, obecnevvBarolwme CTPOryto
n3bupatenbHOCTb AeACTBUA M OTCYTCTBME ajanTaunm Haceko-
MbIX-BpeanTenei K NPUMEHSIEMOMY MHCEKTULUAY.

[JaBHO wun3BecTHa 6akTepus BacllUwus Lirunngbensrs, npoay-
uupylowas 6en0K, BbICOKOTOKCUYHbIA AN MHOrMX BWUAOB Ha-
CEKOMbIX U B TO >Ke BpeMs 6e30MacHbll A8 MAeKONUTalLmnx.
)TOT NPOTOTOKCUH (Cry-6en0K, reHbl KOTOPOro nOKanMm3oBaHbl
na nnasMmmgax) B KULLEYHUKE HACEKOMbIX MPOTEe0NUTUYECKN
pacliennseTca n npeBpawaeTcd B TOKCUH (8-TOKCWMH, WIu
OenbTa-ToOKCKH), ybuBasa nx. AKTUBUPOBaHHbIM TOKCUH chnewuun-
(PUYHO CBSA3bIBAETCA C peuenTopaMn B CpefHer KULIKe Haceko-
MbIX, YTO MPUBOAUT K NNU3UCY KNETOK KULLIEYHOro anunTenns.
B3anmogencTeme TOKCMHa C peuenTopamMmm CTporo cneymnduyHo,
UTO YCNOXHAET nofbop KOMOMHaUUU «TOKCUH — HaceKoMoe».

B npupoge HaligeHO 60/bLLOe KONMYECTBO LWTaMMOB B. bkunn-
uen8l8 ubu 3HAOTOKCMHLI AEMCTBYIOT TONLKO Ha OnpeaeneHHbIe
HUObl HaceKoMbix. lMpenapartbl B. Orunnuybensb3 B TeyeHue fe-
CATUNETUA NCNonb3oBann A9 KOHTPOAA YMCAEHHOCTU Haceko-
MbIX Ha nonsax. be3onacHOCTb TOKCUMHA U ero COCTaBHbIX 6elKO0B
ONA YenoBeKa M APYrnx MIEKONUTaloLWMX MOMHOCTLIO OoKa3aHa.

BcTpanBaHmem reHa aHAOTOKCMHA B FreHOM pacTeHuii (Tabak,
KapTodenb, ToMaTbl, XN0oN4YaTHUK, KyKypy3a, puc, parc, Torno/fb
M ap.) 6b11n NONy4YeHbl TPaHCreHHble pacTteHnsa (Bl-pacteHusa —
or B. Hrunn§kn8s), He noegaemble HacekoMbIMM (Hanpumep,
KapTodenb, YCTOMUYMBBIA K KOMOPAACKOMY >XYKY), UTO MO3BO-
NNNO OTKasaTbCAa OT MPUMeHeHUs mnHcekTuymaos (puc. 4.11).
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Bacllun3 Hrunn&ensb3s

1~ KnoHVpoBaHHbIM reH TOKCMHa
(kognpyeT 1178 aMUHOKUCNOT)

LW LAT dparmeHT reHa, Kogupytowni
"r 454-615 aMMUHOKMUCNOT

CAMY npomoTtop TepmwuHaTtop

EB

CAMY
npomoTo]

| MepeHoc B arpobakTeputo
Yy 3apa)keHne NpopocTKOB

TpaHCreHHble pacTeHUsa xaonkKa
3KCMpPeccupyroT BbICOKNI YPOBEHb
B1;-ToKCcnHa

B1-TokcuH y6mnBaeT KOHTPONbHbIV nnucT
B/INCTbAX MUUYNHKN

Puc. 4.11. Mony4yeHne TPpaHCreHHbIX PaCTEHWUW XIOMKa C FeHOM b]
HecyL M ycTOUYMBOCTb K HacekoMbiM (Mo J1.A. JlyToBoli, 2000)



4.4. TeHeTUYeCKas UHXXeHepUs pacTeHuin

B CeBepHoli AMepunKe KapTodenb CO BCTPOEHHbIM FeHOM cry
IHA (C TOKCUYHBIMU AN KONOPAaACKOro >»KyKa CBoOWcTBamMu) Mno-
NyYun WWNPOKOe pacnpocTpaHeHue. B HacTosilee Bpemsa nosne-
Vble UCMbITAHMA TPAHCTeHHOro KapTodens npoBogaTcsa B Poccuu.

lMonyyeHbl TpaHCreHHble pacTeHUs Tabaka, CroCo6HbIe CUHTe-
31poBaTb TOKCUH. TaKue pacTeHUsi YCTOWUYMBBI K rnoegaHuto ryce-
HUbyamu Man/inca 3exla: nocnegHue nornéanu B TeyeHMe Tpex
CYTOK KOHTakTa C TOKCUHMPOAYLMPYHLWNMN pacTeHUAMU. TOKCU-
noobpasoBaHme N 0bycnoBneHHast M YCTOMYMBOCTb K HACEKOMbIM
nepegaBanmcb Mo HacNeACTBY KaK AOMWHAHTHbIA MpuU3HaK.

TpaHcopMaunsa reHamm 3HOOTOKCUHA, BblAeNEeHHbIMU U3
reHoma B. 1lkunnélen818, pacTeHU TomaTa Bbli3blBaeT Y HMX 3a-
WUTHbIN 3¢htheKkT, conocTaBUMbI C UCMONb30BaHUEM WHCEKTU-
UngHbIX NpernapaTos.

B HacTosluee Bpemss Bb-pacTeHuss xnonka v KyKypy3bl 3a-
HUMalOT OCHOBHYIO [0M0 B ob6wem obbeMe NpPoOM3BOACTBA reHe-
TUYECKN MOAUPULLMPOBAHHbLIX pacTeHUin aTux KynbTyp B CLUA.

MoBblWeHNe yCTOVIHI/IBOCTI/I paCTEHMVI
K CTpeccoBbiIM YycC/noBuam

PacTeHNsl o4eHb 4acTO MoABeprarTcsA BO3AENCTBUIO pa3nnu-
HbIX HebGnaronpuAaTHbLIX DAKTOPOB OKPY>KaloLler cpeabl: BbICOKUE
U HU3KKWEe TemrepaTypbl, He4OCTaTOK Bfaru, 3acofneHve noyvs u
T. 4. Takux (QaKTOPOB MHOXECTBO, MO3TOMY Yy pacTeHUil Bblpa-
60TannCb pasnnyHble cnocobbl 3alnUTbl OT HUX — OT PU3M0N0rn-
YECKUX U3MEHEHWUN [0 CTPYKTYPHbIX MpPUCAOCO6MeHUli, Mo3Bo-
NA0WKUX nNpeogonesaTb oTpuuaTenbHbie BO3AENCTBUSA.

MmeroTca onpeaeneHHbie BO3MOXHOCTU A1 MOBbILLIEHUS YC-
TOMUYMBOCTN pacTeHUi MeTodaMn TFeHETUYECKOW WHXXEeHepUn.
370 paboTa C OTAENbHbLIMU FeHaMW, KOHTPOAUPYHOLWMMU MeTa-
60n1MYecKme OTBETbI pacTeHWUIN Ha CTPecCoBble YCNOBUSA, Hamnpu-
Mep CBEepPXMpOoAyKLUUIO NpoavHa B OTBET Ha OCMOTUYECKUN LLOK
M JelicTBME 3aCONeHUsi, CUHTE3 0Cob6biX GENKOB B OTBET Ha Ter-
NIOBOW LWOK 1 T. A.

Ba>kHbIM HanpaBfeHWEM FeHEeTUYECKOW VMHXXEHEepUU siBAsieT-
CA cenekLumsa copToB, YCTOMUMBBLIX K 3acyxe, >ape, MoBbILLUEH-
HOMY 3acOneHuto MouYBbl. [1OCKONbKY BCe 3TU CTpeccoBble hak-
TOpbl OTHOCATCA K paspsny OCMOTMYECKUX, TO U NoaxoAbl Mo
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3TUM HanpasfeHusM obuwure. UTo6bl NPUCMOCOBUTLCA K TakKUMm
YCNOBUSAM, pacTeHUs CUHTEe3NPYIT HU3KOMONEKYNSAPHbIe He-
TOKCUYHbIE BelecTBa — OCMOMNPOTEeKTOopbl. 3TU BellecTBa cno-
COOCTBYIOT MONOLLEHNIO N YAEP>KaHUIO BOAbl, a Tak>ke npepn-
oTBpawalT paspyleHne MakpomMosnekysn 6e1KOB B CTPECCOBbIX
ycnoBuax. Mpet paboTta Hajg BbISsBAEHWEM, KIOHWPOBaHUEM U
NnepeHocoM B pacTeHUs TpaHCreHoB, KOAUPYHOLUX obpa3oBaHue
pasnnMyHbIX OCMOMPOTEKTOPOB (CaxapoB, aMWHOKWUCAOT, MHOrO-
aTOMHbIX CNUPTOB, MNOMMaMUHOB), BELLEeCTB, PerynnpyroLwmnx
cogep>aHue HeHacbIWEeHHbIX >»XUPHbIX KWUCNOT B MembpaHax
KNeTokK, u T. 4. ViccnegoBaHna nokasanu, 4TO HEKOTOpble pac-
TEHUSA, B 4YacTHOCTM TabaK U ToMaTbl, He HaKanAuBawT [Nn-
UnH6eTamH (OCMOMPOTEKTOP) M MO3TOMY BbICOKOUYBCTBUTE/NbHbI
K cofeBoMy LIoOKYy. . >kua ¢ coaBTopamu B 2002 r. nonyyun
TpaHcreHHble TOMaTbl, 3KCNpeccupylowme dGeTanHanbrngaerni-
poreHasy (BA/[, y4dacTBylWMii B BUOCUHTE3E MMNLUHOETAMNHA)
nebeabl A~rplex HoHensb3 n nposBadtowme [OCTaTOMHO BbICO-
KYl0 YCTOMUYMBOCTb K CONEBOMY CTpeccCy.

C pa3BuUTUEM UHAYCTPUANbHbIX TEXHONOrM cTana akTyalb-
HOW paspaboTKa MeTOAOB, MO3BONSAIOLWMX BECTU XO3AMNCTBO B yC-
NOBUAX MOBbILLUEHHbIX KOHLEHTpaUUii B No4YBe THAXKeNblIX MeTas-
nos. OAMH M3 NOAXOA0B K peLUeHU0 3TOW MpobneMbl — KOHWU-
poBaHVe U BCTpamBaHue B FeHOM pacTeHWi reHa, KoAupyloLliero
6€eM0K >XMBOTHOI0 MPOUCXOXKAEHUA — MeTa/IoTUOHENH, KO-
TOpbIA CrOCO6eH CBA3bIBaTb MHOrMe TAXKenble mMeTannbl. Bbige-
NleH reH, NPOAYKT KOTOPOro cBfA3biBaeT KagMUNA.

MO>XHO OTMEeTUTb KOCBEHHbI NoAXoA4 K MOAYyYeHUD MOpO-
30yCTONUYUBBLIX pacTeHWW, OCHOBAHHbIA Ha FreHHO-MHXXEHEePHbIX
MeTogax paboTbl ¢ H6aKTepusamMu PseuniioTonas 3ynn&ae u Er-
T Ta Herblcola. Nccnepgosatenn Konopaackoro yHuBepcuTteTa
(CLUA) BbIABUAM, 4TO MOBPEXAEHMIO pacTeHW npu 3amep3a-
HUKX CNOCOBCTBYIOT 3TU G6aKTepun 3NMAPUTHON (NOBEPXHOCTHOIA)
MUKPOMIOPbI U YTO UX 6ENKK cnyXaT LeHTpamMu Kpuctanimsa-
uuvun. Ecnn obesBpeanTb 6aKTEPUN CTPEeNTOMULUHOM, TO pacTe-
HUA He 3amMep3aloT npu Temnepatype -8 °C. Ho cTpenTOMULNH
[Oopor n BpeaeH, NO3TOMYy BbirogHee 6bI10 U3MEHUTb FEHETUKY
JaHHOro wTamma 6akTepuii, Bbipe3aB W3 reHoma ornpejeneH-
HblA TeH. PacTeHUs, MHPULMPOBaAHHbIE MYTaHTHbIM LUTAMMOM
P3eniioTonas 3ynngae, pocny Npu oTpuuaTenbHON TemMrepaTy-
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pe. OgHaKo oKasanocb, YTO 6aKTepMnM MyTaHTHOro wtamma 60-
HOB >KMBYYM U CMOCOOHbI BbITECHUTb MPUPOAHbIA LLITaMM, KOTO-
pbili, nMonagass B BepxHWMe CcAoM aTmocdepbl, CcrocobcTByeT
Kpuctanamsaymum aTMocgepHor Bnarn. BepoATHO, 4TO YHUYUTO-
>XeHMe NMPUPOAHOro wrtaMmmMa U 3amMeHa ero Ha MyTaHTHbIA Mor-
NN 6bI NPUBECTU K 3KONOrMYecKoW KaTacTpode, NO3TOMYy Hayu-
Hble pa3paboTKM B 3TOM HarpaBfeHUW 6bIN BOBPEMS MpuocTa-
HOB/EHbI.

JanbHellwee mnsyveHme (U3MONOTNYECKOM, Broxmmunyeckomn
M reHeTUYeCKO OCHOBbI OTBETHOI peaKLUM pacTEHUS Ha CTPEecCo-
Ible yCNOBUSA cpefbl MO3BOANT MPUMEHATb METOAbl FreHEeTUYECKOM
VH>XEHEPUN AN1S1 KOHCTPYUPOBAHUSA YCTOMUUBBLIX PacTEHUIA.

MoBblWeHNe 3a(PPEKTUBHOCTHU
610N0rMyecKoin asoTgukcaumm

ATMoOcCepHbI a30T ouKcmpyeTcs 6narogaps YHUKanbHOMY
depMeHTy — HUTporeHase. CTpPyKTypa HUTporeHasbl 0AMHAaKO-
Ba Yy BCeX a30TPUKCUPYHOLWUX OpPraHn3mMoB. OTO OAUH U3 Hau-
6onee CNOXXKHbIX PEPMEHTOB, MCMOMb3YOUWNX MPOCTble cybcTpa-
Tbl. HenpemMeHHOe ycnoBue paboTbl HUTpOreHasbl — 3aluTa ee
OT KWUcnopoga, KOTOPbIi WMHIM6UpPYeT He TO/IbKO aKTUBHOCTb
HUTpOreHasbl, HO U ee 6mocuHTe3. Kpome asoTa, HMUTporeHasa
MO>KeT BOCCTaHaBIMBaTb aueTufieH, LUWaHWUCTbIA Bogopos, 3a-
KMUCb a3oTa M HeKOTopble Apyrmve coefuHeHUsA. BoccTaHoBneHMe
aueTuneHa B 3TWAEH MO3BONUAO pa3paboTaTb HaAeXKHbIW TecT
AN 06Hapy>XeHUs1 a30TPUKCUPYHOLLEA aKTUBHOCTU.

Nydwe Bcex cpeau a3oTOUKCAToOpoB MU3Yy4YeHbl pu3obuun, 06-
pasytwouime cnmbros ¢ 6060BbIMM pacTEHUAMU, U CBOBOAHOXKU-
Byllas 6akTepus LlebsreMla pnenToTae. YCTAHOBEHO, 4YTO Yy
3TNX 6aKTepuin 3a huKcauuo asoTa OTBETCTBEHHO 17 reHoB —
TaK HasblBaeMble W/-TeHbl. Bce oHW cuenneHbl Apyr ¢ ApYyrom
M pacrofioXKeHbl B XpPOMOCOMe MeXAy reHammn, KOogupylownmu
6uocnHTe3 rucTnanHa (bls), n reHamun, OTBETCTBEHHbIMU 3a YyC-
BOEHME LUMKMMOBOW KUCNOTbI (3blA).

FeHbl, KoAupyluwwue cUHTe3 6e/KOBbIX CYy6begUHUL, KOM-
MOHEHTOB HUTpPOreHasbl, 06pas3ylT eguHbIi onepoH HBKY.
Y 6bicTpopacTylwen pu3obunm Ar/-reHbl Cyw,ecTBYOT B dopme
Merannasmugbl, cogep>kauiein 200-300 T. n. H. B kKneTkax
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CUMOMOTNYECKUX OBaKTeEpPUIn MNnasMuabl, KpoMe CTPYKTYPHbIX
reHoB HUTPOreHasbl, cogep>kaT rFeHbl, OTBeYarLme 3a pasBuTue
KOPHEBbIX KNYy6eHbKOB y OMnpefeneHHbIX BNA0OB 6060BbIX.

KoHCcTpynpoBaHue nnasmug, Hecyuwmx Li/-reHbl, rMo3Bonsiet
nepegaBaTb CMNOCOGHOCTb K (puKcauuun aszota opraHusmam, He
obnagalwoLimMmM 3TUM CBOMCTBOM. Cpean 6akKTepuid, Kpome E. col,
TaKoil nmepeHoc ocyliecTBneH Ana 6akTepuii 8alronella 1ypbl-
TunuT, EncTra Herblcola n gp. OgHako NogobHble MaHUNy-
naymMm MoOryT NpuUBOANTL K HeXenaTenbHbIM 3hekTam. Tak,
rnepeHoc reHoB B wWTaMMm Erusrta (6aKTepuun, Bbi3biBawouwume
rHUEHNEe pacTeHUin) MOXKET YCUNNTb ero naToreHHoe AelcTBUe.
Kpome ToOro, cywecTByeT BEepOSATHOCTb Cay4alHOro rnepeHoca
BMeCTe C W/-reHaMn KaKUX-TO HeXXenaTenbHbIX FeHOB.

B HacToswee BpemMs BHUMaHME YYeHbIX MNPUBAEKalT MNpo-
6nembl BBeAeHUSI TeHOB as3oTukcaununm B KNeTKU Heb6060BbIX
pacTeHunin, co3gaHUs PU30LEHO30B MeXAy 3TUMWU pacTeHUsMu
(ocobeHHO 3n1aKkamu) M a3oTPUKCUPYOLLMMN OpraHnamMamMmm, no-
BbILLEHNSA MOLWHOCTUW KOPHEBOM CUCTEMbl 6060BbLIX pacTeHuin
0N yBENNYEHUS Ha Hel Konm4yecTBa KnybeHbKoB. Kpome Toro,
npeanonaraeTca co3gaHue HOBbIX a30TPUKCUPYIOLWUX CUCTEM
nyTemMm BBeAEHUS AMNA30TPOPHbLIX MMKPOOPraHM3MOB B Kannyc-
Hble TKaHW pacTeHUil Cc nocneaylwMm 06pasoBaHNEM M3 HUX
pacTeHnin-pereHepaHTOB, a Tak>ke MoBbllleHne 3hPEKTUBHOCTU
mKcaumm asota NMyTeM BO3AENCTBUSA Ha FeHbl, KOHTPOAUPYIO-
wmne 3ToT MnpoLiecc.

Takum obpa3om, Hanbonee NMePCneKTUBHbIMU HanpaBieHUS-
MU ABAAKOTCA NOBblWeHUe 3(hdeKTUBHOCTU nKcaumm asota B
y>Ke CyWecTBYHOUNX MPUPOAHbIX CUCTEMax 3a CYeT BO3AENCT-
BUS Ha reHbl, KOHTPONMPYHOLLME STOT MpoLecc, a TakxXe yBenu-
YeHMe MOLLHOCTW KOPHEBOM cUCTeMbl 6060BbIX pPacTeHU U CO-
3[aHne HOBbIX a30T(OUKCUPYHOLLNX CUCTEM C MOMOLLbIO METOA0B
KNEeTOUYHOW MHXXEHEPUN.

MoBblweHne 3hPeKTUBHOCTN POTOCMHTE3A

C4-pacTeHnsi xapaKTepu3yloTcs BbICOKMMU TeMmnamMu pocTa
M BbICOKOW CKOPOCTbIO (POTOCUHTE3a, Y HUX MPaKTUYEeCKUN OTCYT-
CTBYeT BUAVMOe hoToabixaHue. ¥ 60MbLUMHCTBA CeNbCKOXO03SAMCT-
BEHHbIX KYNbTyp, OTHOCAWMXCA K C3-pacTeHusIM, BbiCOKasi UH-
TEHCMBHOCTb (POTOAbIXaHUS, B pe3ynbTaTe 4Yero TepsieTcs yacTb
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| |>>TocuHTeTUUECKX NMPOAYKTOB. ®OTOCMHTE3 N (hOTOAbIXaHNe —
TECHO CBA3aHHbIe MPOLECCHI, B MX OCHOBE NEXUT 6UMPYHKLMOHa/b-
MW aKTUBHOCTb OLHOr0 M TOr0 >Xe K/H4YyeBOro dpepMeHTa —
pubynosobuncdochat-kapbokcunasbl-okcureHasol (PBPK/0). Hns-
Koe gooTtogbixaHne y C4-pacTeHUIn 0O6bACHAETCS OrpaHMYeHUEM
nKemreHasHom peakumm PBPK/O. lMepen reHeTUYECKON MHXKe-
Hepuer CTOMUT 3ajada uccnefoBaTb BO3MOXXHOCTUM  CO34aHUS
pacTteHuin, y KoTopbix PE®K/O b6yaeT paboTaTtb ¢ npeobnagato-
el KapboKCcUIasHoOM aKTUBHOCThLIO.

OAvH 13 BO3MOXXHbIX CMOCO60B yBeUYeHUA (PoTOCUHTE3A U,
cnefoBaTeflbHO, NPOAYKTUBHOCTU PacTeHU COCTOUT TakXKe B KJO-
HUPOBaHUN X/IOPONNACTHbIX FTEHOB B K/eTKax b6akTepuii U unx
rnepeHoce B pacTeHus. I3BeCTHO, YTO XnoponaacTbl U NMPoOKapmo-
TUYECKNE KNeTKW CXOAHbl MO psaay NpuU3HakoB.

AHann3 obnactn xnoponnacTHbIX reHoB B6AM3M nocnegoBa-
TensHocT AHK reHa 6onblwoil cy6beAMHULbI OCHOBHOIO dep-
MeHTa (oTocuHTeda PBEPK/O KyKypy3bl BbIABUA 3HAYUTENb-
Hble TOMONOTMU C N3BECTHBIMW MPOMOTOPaMn N nocnegoBaTefb-
HocTtamn LW A (nocnepgoBaTenbHOCTb LWaH — [anbrapHo)
KNeToK E. col. Bce aTO NpmMBENO K nonbiTKe KIOHUPOBaHUA re-
HOB X/I0pONNacToB B KieTKax E. col, Hambonee 4acTo UCMO/b-
3yeMOM B FreHHO-UHXXEHEPHbIX UccnefoBaHUAX.

B HacTosiLiee BpeMsi y)Ke K/OHUPOBAHO HECKO/IbKO X/10pO-
MnacTHbIX FeHOB: FeHbl CUHTe3a cybbeamHuy, PB®K/O, Genka
xnopodunn-6enkKoBoro kKomnaekca, AT®-cuHTeTasbl, LUTOXPO-
Ma n ap.

M3MmeHeHNe OKpacKu LLBETKOB
Yy OEeKOpaTUBHbIX pacTeHui

LiBeToBOAbI BO BCE BpeMeHa CTapanucb co3jaBaTb pacTeHus,
LUBETKM KOTOPbIX UMenu 6bl 6onee nMpuBneKaTenbHbI BHELLHWA
B/ W Nydlle COXpaHAaAnMcb nocne cpe3ku. OgHaKo CKpelivBa-
HVEe pacTeHUl TPagULWMOHHLIMW METo4aMU — 3TO KpOMnoTaMBas
paboTa, Tpebylouw,ad MHOIO BPEMEHN U CUT U K TOMY >Ke UME-
was cBOM OrpaHUYeHus.

Tak, Hanpumep, HUKOMY He yAaBaloCb BbIBECTU CUHIO PO-
3y. FonnaHACKWe yyeHble MeToAaMu FeHeTUYECKOW MHXXeHepum
cos3fann copT ronybbix (CUHWUX) PO3, MEepeHecss B HUX FEH U3
AenbUHNYMa, KOHTPOAMPYKLWWKA CUHTE3 rony6oro rnurmMeHTa.
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MonyyeHbl U UCMLITLIBAIOTCS TpPaHCreHHble pacTeHUst X1omM-
Ka C OKpalleHHbIM BONOKHOM. [MpepgnonaraeTtcs, 4To B 6Gyay-
LWeM HaTypasbHOe X/0MKOBOE BOMIOKHO CTaHeT Kpenye, He 6y-
OeT MSATbCS U caAnuTbCsa U GyAeT UMeTb pasnMuUHyl0 oKpacky 6e3
MCMONb30BaHUSA XMMUYECKUX KpacuTenei.

PacTeHUs Kak 6nopeakTopbl

PacTeHus garoT 60/blLLUOE KOAMYECTBO O6MOMAcCChl, U UX Bbl-
pawmBaHne He cocTaBnsieT ocoboro Tpyga. Mo3aTOMy ecTecTBEH-
HO 6bII0 6bl MOMbITATLCA CO34aTb TPAHCreHHble pacTeHusi, crno-
COGHblE CUHTE3MpoBaTb HOBblE COEAUMHEHUS, WUCMONb3yeMble B
MeauUMHEe, XUMWYECKOM MpPOM3BOACTBE U APYrUX OTpacnsx.
TakMMn COegUHEHUSAMU MOTYT ObITb, HanpuUMep, 0COOble >XMPHbIE
KNCNOTbl, 6ENKN C BbICOKUM coAep>XaHVWeM He3aMeHUMbIX aMu-
HOKWNCNOT, CbefdobHble BaKUWHbI N Ap. Y>Ke co3gaHbl 3Kcnepu-
MeHTa/lbHble YCTAHOBKM MO MOMYYEHUID C MOMOLLbIO pacTeHuii
MOHOK/IOHa/IbHbIX aHTUTEeN, PYHKUMNOHaNbHbIX (hparMeHTOB aHTU-
Ten v nonumepa nonm-(3-rmgpokcubyTmparta, N3 KOTOPOro MOXK-
HO M3roTaBnuBaTb MNACTUK, MOABEPXKEHHbIV 6uoaerpagaunn.

PacTeHusa aBnawTcAa Hambonee AelleBbIMU MpoOAyLLEHTaMWU
6enkoB. K HacTosileMy BpeMeHU MoKas3aHOo, YTO pacTeHUs Mo-
ryT npou3BoAUTb 6enKU >XMBOTHONO MPOUCXOXKAeHUA. Tak,
BCTpaMBaHVe B reHom apaébugoricmca XMMepHOro reHa, CocTosi-
ero M3 4yacTum reHa samacHoro 6enka apab6uporicuca U Koau-
pylowen yactu ans Hehpornentuga — 3sHKedanmHa, NpuUBOANIO
K CUHTe3y XMMepHOro 6eska B KONMYeCcTBe A0 200 Hr Ha 1 r ce-
MSAH. [lBa CTPYKTYpPHbIX 6eN1KOBbIX AOMeHa ObiNn CBsi3aHbl MO-
cnefoBaTelbHOCThIO, Y3HABaeMol TPUIMCMHOM, 4YTO OaBano BO3-
MOXXHOCTb B Ja/ibHellleM W30MpoBaTb YUCTbIA 3HKedavH,
MCMoNb3yeMbIl B KayecTBe 60/1eyTONAIOLWEro U ycnoKamsaroLe-
ro cpeacTtsa.

AMOHCKME y4eHble NMONYUYUIN pacTeHUs KapTodensa n Tabaka
CO BCTPOEHHbIM FeHOM Ye/I0BEeYeCcKOro a-mHTepepoHa, KOTopbli
MPUMEHSIOT AN nedeHus renatuta C v HEKOTOpbIX JOPM paka.

Cos3paHbl pacTeHusi Tabaka, HapabaTblBallWMe 4YenoBeve-
CKUIA WHTEpNerMKMH 10 (CTUMYNATOP WMMMYHUTeTa), a TaKxXe
pacTeHus apabugoricmca, cCMHTe3MpywLlmne ButaMmuH E.

PaspaboTaHbl TaK>Xe MoAxoAbl, MNO03BOMsOWME Mony4vaTb
baKTepua/bHble aHTUTEHbl B pacTeHUSAX M UCMOMb30BaTb UX B

172



4.4. TeHeTUYeCKas UHXKEHepUs pacTeHuin

KayecTBe BaKUWH. Tak, nonydeH KapTodenb, NpogyLmpyroLwmni
HETOKCUYHble cybbeaAunHULbI B-TOKCUHa xonepbl. Takue pacTe-
HMA MOTYT 6bITb MCMOAL30BaHbI ANA MOJYYEeHUSA AelleBblX Cbe-
[O6GHbIX BaKUWH MPOTUB Xonepbl. MMMyHU3aLMs TaKoh aHTu-
XONIEPHOW BaKLUMHOM BMNOAHEe 3(P(EeKTUBHO MPOMCXOAUT MNyTem
npeopanbHoro npuema. Co3gaHbl 6aHaHbl, BblipabaTbiBaloLLMe
nakuuHy npoTmB MNONOMUENNTA.

Mpon3BOACTBO aHTUTEN U WUX pParMeHToB C MNOMOLLbIO
TpPaHCreHHbIX pacTeHur unmeeT psag MpenMmyLlLecTB nepej ux
CUHTE30M B K/leTKax pPeKOMOUHAHTHbIX MUKPOOPraHM3mMoB, Tak
KakK TpaHcgopMauusa pacTeHUi HOCUT cTabuibHbIWM XapaKTep.
Kpome TOro, npouecCUHr M yKnagKa 4y>XXepoaHbiX 6elKOB B
pacTeHUSAX CXOAHblI C TaKOBbIMU B XXMBOTHbIX K/ieTKax. Takxke
MO>XHO CO03aBaTb YCNOBUS, MPU KOTOPbIX 4Yy>KepoaHble 6enkuv
OyayT CMHTE3MPOBAaTbCA B CEMEHAaXx, Iae UX LeNIOCTHOCTb He Ha-
pyLimnTca ANUTenbHOe BPeMS.

KpynHomacwiTabHbli 6akTepuanbHbli CUHTE3 Moau-[3-rng-
pokcnmbyTmpata (nonumepa, M3 KOTOPOro mnojaydyarwT MAacTuk,
noABep>KeHHbI 6uogerpagaunn) obxognTca AOBOILHO AOPOro.
1103TOMY MOMlyHYeHWe 3TOro nosmmepa C NOMOLLLbIO TPaHCreHHbIX
pacTeHnii — BaXKHbI LWar Ana co3gaHus CenbCKOXO03AMCTBEH-
HbIX KY/bTYyp, KOTOpPblE MOXXHO WUCMNOAb30BaTb AN MOJyYeHUs
M 60NbLLINX KONMYeCcTBax 6MoAerpagmpyroLimx niacTUKOB.

MpenMyLlecTBa pacTeHUN KakK «61ModadbpuK» o4YEBUAHbI: MOXK-
HO MPOM3BOAUTL OYEHb peAKMe U A0porve BeLlecTBa MpakTuye-
CKM B HEOrpaHUWYEHHbIX KOAM4YecTBax; pacTeHUs CTaHOBATCA
npogyueHTaMy BaKuuH, hapMaKonornyeckmnx 6eNKOB M aHTU-
Ten, YTO MO3BONSAET 3HAUUTENbHO YAELIEBUTL fleHeHUe pasnnu-
HbIX 3a60/1€eBaHWI, B TOM YMUCNEe U OHKONOTUYECKUX.

Perynsiuusi CpoKoB co3peBaHus
N XpaHeHUs1 MNoaoB

Bnarogaps ycnexam reHeTUYeCKOW WMHXXEeHEepUU, MOXKHO He
TONbKO BBOAUTb B OPraHM3M HOBbIA Yy>XepPOAHbIA reH, HO U 3a-
6nokmpoBaTb (MPOBECTM afpecHoe paspylleHue), ocnabuTb
(nnn, HaobopoT, YCUNNTL) AECTBME NPUPOAHOro reHa.

Hanpumep, nnogbl TomMaTa BO BpeMsi CO3peBaHUs codep>kaT
3HauUnUTeNbHOE KOMMYECTBO creymansHoro 6enka-gpepmeHta PO
(monnranakTypoHasbl), NpUAAKLLEr0 MNA04aM PbIXI0CTb. ITOT
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naBa 4. N'eHeTUYecKana NHXXeHepus

depMeHT y4yacTBYeT B paspylUeHUU TrMeKTuHa — OCHOBHOIO
KOMMOHEHTa MEXK/ETOYHOro rpocTpaHCcTBa pacTUTeNbHbIX
TKaHel. MpoayKT reHa p& CUHTe3MpyeTcs B Mepuoj co3peBa-
HUA NJ1040B TOMAaTOoB, a yBelnyeHMe ero Konmyectsa npuBoguT
K TOMY, 4YTO MA0A4bl MOCTENEHHO TepsAT YNPYyrocTb, CTaHOBAT-
ca 6onee MATKNMU M 3arHUBAKOT, YTO 3HAUYUTENbLHO COKpaLllaeT
CPOK UX XpaHeHUA. Ons ycTpaHeHuUs 3Toro 6enka (C Uenbio
yBe/MYEHNSA CPOKOB XpaHeHUs TOMAaToB) MPOBOAAT OTK/AOYEHUE
reHa pg§ nyTem BCTpamBaHWs B FreHOM TOMaTOB aHTUCMbICNOBOW
KOHCTPYKLUUU (copeprkalleri nepeBepHYTY0 KOMMIO reHa) no oT-
HOLLUEHUIO K 3TOMY reHy. B pesynbTaTte TpaHCKpunuum nonyya-
eTcs aHTuUcMbIcnoBasa (nepesepHyTasl)) MPHK (Tak Ha3biBaemas
acPHK), koTopas KOMMNJeMeHTapHO CBA3blBaeTCA C HOpMalb-
Hoin (cMmbicnoBoil) MPHK. O6pa3yeTca Monekyna AByxuerno4eu-
Hoi PHK (gaynnekc), KoTopas y>Xe He MOXXeT CAYy>XWUTb MaTpu-
ue gnga cuHTesa benka.

C nNpuMeHeHVeM 3TOro noaxoga MnofiydeHbl NepBble KOMMep-
yeckue pacTeHus TomaTta Playr sayr, oT/M4yarLlimecs MOHUXKeH-
HOW genonumepusauuner NeKTUHa KNeTOYHOW CTeHKU MAoAoB, B
pe3ynbTaTe 4ero OHW A0/blUe XPaHWUINCb, COXPaHAsa TOBapHble
M NuuweBble KadecTBa 3pefbiX MA040B, a caMu pacTeHUs 6binun
6onee ycTonumBbl K rpUOGKOBbLIM 3a601eBaHUAM.

FTeHHO-UHXXEeHEPHbI noaxo4 MPUMEHSAT U ANS peryanpo-
BaHMS CPOKOB CO3peBaHUsA TOMaToB. V3BeCTHO, 4TO 3TUNEH —
3TO ra3oobpasHblii roOpMOH, ofHa M3 (YHKUWA KOTOPOro —
KOHTPOAb Haj MpoLeccoM co3peBaHUS W CTapeHus nnoaoB.
B KayecTBe MULLUEHW B 3TOM Cfiydae WCMONb3YOT T[eH e?e
(ebbylene-~orTt™ enryTe), MPOAYKTOM KOTOpPOro sBnsieTcs
epMeHT, y4yacTBYHOLWMNIA B OGUOCUHTE3E 3TUNEHA. Y TpaHCreH-
HbIX pacTeHWU YpoBeHb 3TuUNeHa Obla ropasfo HUMXKe HOPMBbI,
noaTomy nnogbl Mmenn 6onee OANTENbHbIW CPOK XpaHEHUS.

JaHHbI noaxon npeacTaBnseT MHTepec M AN obecrneveHus
ONNTENbHOro XpaHeHUsa cpe3aHHbIX LIBETOB.

MoBblWEeHNEe ypoXKaMHOCTH,
perynsaymnsi CKopocTu pocTta

C NoMoLLbl0 FTEHETUYUYECKON MHXXEHEPUN MOXKHO MOBbIWATbL U
YPOXKAMHOCTb CeNbCKOX03AWCTBEHHbIX KYNbTYp, HECMOTps Ha
TO 4TO 3TOT MpPU3HAK SABASETCS MONUIeHHbIM. TeM He MeHee
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4.4. TeHeTUYEeCKasa UHXXeHepUs pacTeHuii

MO>XHO HalTW M NPUMEHUTb OTZAe/lbHble FeHbl, MPOAYKTbl KOTO-
pbiX MNO3BONSAIOT CYLLECTBEHHO YCWUIUTb MPOLLECCbl pocTa U B
uTore NOBbICUTb MPOAYKTUBHOCTb pacTeHUsA. Tak, BCTpamBaHue
M reHom KapTtodhensa reHa dputoxpoma B oT apabupgoncuca npu-
HYAWO0 K MNOBbILLEHNI0O WHTEHCUBHOCTU (POTOCUHTE3a U yBeNu-
YEHNIO ypoXKas KNyoHerd.

Mo gaHHbIM y4yeHbIX MpKyTckoro yHuepcuteTa (P.K. Ca-
VUsieB U 4p.), NepeHoC B reHOM KapTodens reHa, KogupyroLLero
obpasoBaHue epmeHTa YO P TpaHcdepasbl CoO3peBaloLLero
3epHa KYKypy3bl, CONpPoOBOXAancsa ycmieHuem 6mocuHTesa poc-
TOBbIX (UTOFOPMOHOB. 3TO MNO3BOJUAO MOBbLICUTbL: YypoOd>Kai
KnybHeli — B ABa pa3a, YPOBEHb CYXMX BELLECTB B KNYOHAX —
00 27 % (y 06blYHbIX cOpTOoB — MeHee 20 %), ackKopb6uHOBOIA
KNCNoTbl — A0 9 %. Pa3pe3aHHble KNyO6HW He TEMHeENM Ha BO3-
ayxe. DTUMMU e Yy4YeHbIMU 6blNn MoayyeHbl OGbICTpoOpacTyLime
TpaHCreHHble pacTeHUs OCUMHbI NyTeM BBeAEeHUA B HUX TEHOB
n&1l - N3 KYKYpy3bl N acbP302 — M3 apaébugoncuca. NpoaykTbl
3TUX FEHOB BAMSKOT Ha CKOPOCTb pocCTa pacTeHWUin yepe3 u3lmMme-
HEeHMe UX rOPMOHaNbHOro (ayKCMHOBOr0) cTaTyca.

MeTogaMn reHeTUYeCKOM WHXXEeHepuu MOXXHO A06UTbCA no-
BbILLEHNS Ka4yeCTBEHHbIX U NOTPEOUTENbCKUX CBONCTB CEeNbCKO-
X035MNCTBEHHOMN MpoayKuuun. BeayTtcsa paboTbl M MONy4YeHbl 06-
HageXxuawullme pesynbTaTbl MO co3gaHUO Kode 6e3 KodhenHa,
Tabaka 6e3 HMKOTUHa (nonarakwT, YTO KypeHue curapet U3 Ta-
Koro Tabaka 6yaeT MeHee BpeAHbIM ANS 340pO0BbSA), apaxuca,
He cofep kallero xapakTepHbIX AN HEro anfepreHosB.

B wnngpoBaHHOM puce — OCHOBHOM WCTOYHWMKE MUTaHUA B
psge cTpaH — OTCYTCTBYeT npoBuUTamMuH A ((3-KapoTuH), 4TO
npuBoauUT K OeduUUUTY BUTaMmHa A B OpraHmame 4yejoBeKa U
CMoco6CTBYET pa3BUTUIO pasMuUHbIX 3aboneBaHuii (Hanpumep,
K YXyALLUEHUIO 3peHUs), O0COBEHHO Yy AeTeii. LlIBeruapckum yue-
HbIM y[anocb pa3paboTaTb FEHHO-WMHXXEHEPHbIA Noaxod K Co-
3[aHNI0 TaK Ha3biBaemMoro «3010TOro» puca. OHU MNepeHecnn B
reHOM puca reHeTMYeCKYr KOHCTPYKLUUIO, cofep>kaulyro cpasy
TpW reHa oT pa3HbIX OPraHnM3mMoB, HeO6XoAUMBbIX A1 GUOCUHTe-
3a P-kapoTuHa: reHbl mnToeHAecaTypasbl U NMUKOMNUH P-uukna-
3bl — OT Hapuucca M reH KapoTuHaecatTypasbl — OT 6aKTepun.
3epHa TpaHCreHHOro puca HakanaMesanu B 3HAOCMEPMe MNPOBU-
TaMMH A B [JOCTaTOYHOM KO/NMYeCTBe U OblIN OKpalleHbl B 30-
NOTUCTBLIN UBET.
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naBa 4. NeHeTn4yecKaa NHXXeHepusa

BenyTcsa paboTbl Mo CO34aHWIO TPaHCreHHbIX pacTeHuii nec-
HbIX APEBECHbIX MOPOA C MOHUXKEHHbLIM COAepP>XXaHUEM JINTHUHA.
B co3gaHUM HU3KONUTHUMHOBBLIX OEpPeBbEB 3aMHTepecoBaHa Lef-
NOI03HO-6YMarkHasi NPOMbILLNEHHOCTb, TaK KaK MUTHUH, KOTO-
pbii cocTaBnsgeT 15—35 % OT CyxOro BellecTBa B [ApeBeCUHE,
npun npou3BoAcTBe Oymarm npeacTaBnseT Cco60M «MULLIHWUN»
KOMMOHEHT, a ero yjaaneHue — [OPOrocTOoAWMA N 3Konormye-
CKM OonacHbIl npolecc.

4.5. NeHeTMYeCcKasa UH>XXeHepusa >XMBOTHbIX
TpaHchopMauua >XMBOTHOFO reHoma

OgHUMU U3 HOocuTene Ans BBefeHUA 4y>kepogHou OHK B
XXMBOTHYI KNeTKY SABAAKOTCA BeKTOpbl Ha ocHoBe AHK Bupy-
coB (Hanpumep, 8Y40, Bupyca O6blybeii nmanuniombl U T. 4.)
UAN Ha OCHOBe pPeTpPOBUPYCOB (Hanmpumep, Ha OCHOBe Bupyca
nervikosa mbliwein) (puc. 4.12). OHM Nerko NPOHUKAaKT B KNEeTKY
X0351nHa, BCcTpamBatTca B ee AHK nyTem 06bl4HOW UHeKUUn
n obecneymBaloT BbICOKOI(EKTUBHbIA MNepeHoCc reHosB. B oc-
HOBHOM TpaHcdopMauun >XUBOTHbIX K/NETOK OCYLLeCcTBAAT
nméo ¢ nomolbio peTpoBupycoB (0kono 40 % OT Bcex TpaHc-
dopmaumin), nnéo nytem ynakoekm OHK B nunocombl (25 %),
pe>ke UCMoNb3yT Apyrmve crnocoobbl.

Bce reHHo-uH>XeHepHble MeToAbl paboTbl C KNeTKaMu >XU-
BOTHbIX MOXHO pa3fe/nTb Ha ABe TPynmnbl: aKcnepMMeHTbl C
coMmaT MYeCKMMUN KneTKaMnm N aKcnepmMmMmeHTbl Mo Tpchcpop-
MauuMu nosnoBbix KneTok. B nocnegHem cfnyvyae KOHeYHbIA pe-
3ynbTaT — nojyyeHMe TpaHCreHHbIX OpraHM3mMoB.

FeHeTu4yeckas TpaHcgopMaLmsa coMaTUUecKux
KNeTOK >XUBOTHbIX

KynbTypbl TPaHCOPMUPOBAHHbIX KNEeTOK MAEeKOMUTaloLWmX
MCNOoMb3YyT ANl NONYyYeHUs pasNNYHbIX BewecTB. NMoMUMO co-
34aHUA KNeTOK-NpoayLeHToB, TpaHcdhopMaumusi coMaTu4yecKmnx
KNeTOK M/IeKONUTaloLWnxX rno3BonsieT u3yyaTb TOHKME MeXaHU3-
Mbl PErynsiunum 3KCAPEeccuM reHoB M UeneHanpaBneHHO MoAu-
huumnpoBaTb reHeTUYeCKNiA annapat KNeTKU >XUBOTHbIX, a npwu
Heo6XoAMMOCTM M YenoBeKa, UTO MMeeT OrpoMHoe 3HaueHue
AN MeAULNHCKOM TeHeTUKN.
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4.5. F'eHeTUYecKasa NHXXeHepUs XNBOTHbIX

Camka
C MNnaHTaHoOM

TpaHcreHHoe
XXMBOTHOE-OCHOBAaTE b

Puc. 4.12. MonyyeHUe NUHUN TPAHCTEHHbIX MbILUEN C UCMONb30BaHU-
eM peTpOBUPYCHbIX BekKTopoB (Mo B. Miuky u [Ox. MacTepHaky, 2002).
3OMOpPUOH, 06bIYHO HaxoAAWMICA Ha cTaguu 8 KNeToK, MHAUUUPYIOT pe-
KOMOWHAHTHbLIM PeTPOBUPYCOM, Hecylum TpaHcreH. CamMKn, KOTOpbIM
6bI1 UMNNAaHTUPOBAH 3aMOPUOH, MPOU3BOAAT Ha CBeT TPaHCreHHoe MOTOM-
CTBO. AN uaeHTUMUKALUN MbIlLAT, HECYLWNX TPaHCreH B KneTkKax 3apo-
ObILLEBO NMHUK, MPOBOAAT PAA CKpelimBaHUi
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naBa 4. l'eHeTMYecKaa NHXXeHepus

XOoTa KynbTypbl KAETOK >XWUBOTHbIX MNPU MaccoOBOM Bbipa-
WMBaHMN ropasfo MeHee 3KOHOMMWYHBbI, 4eM 6akTepuanbHble
N APOXOKEBbIE KYNbTypbl, OHW 06najatoT CyLLeCTBEHHbIM rpe-
MMYLLECTBOM — CIMOCO6GHOCTbIO OCYLLeCTBAATb MeflKue, HO
BeECbMa BadKHble Moaudukaumm 6e1KOB — TMPOAYKTOB reHa
MaekonuTatowmx. Hanpumep, ana apdeKTMBHOro oyHKLNOHMN-
poBaHUA psaga 6en1KoB Heo6XoAMMO MPUCOEAUHEHME K HUM Le-
noyek mM3 MOJMEKYN yrneBofos unm nunugos. O6pas3oBaHue Y
npucoegMHeHVe TaKMX LieNoYeK — O06bIYHbIA Mpouecc AN Kie-
TOK MAekonuTawwmx, Torga Kak 6akTepuanbHas KjeTKa He
crnocobHa Npomn3BoanUTb NMOA06GHbIE MoAUUKALMNA.

KynbTypbl KNETOK >XUBOTHbIX CAy>XaT 3PeKTUBHbIM WUC-
TOYHUKOM BblAeNeHUA HEKOTOPbIX BUPYCHbIX aHTUFEHOB C Lie-
NbI0 MONYYEHUA BaKUMH ANS XXUBOTHbIX N 4denoBeka. Monyde-
HUe TaKUX BaKUWMHHbIX KylbTyp KAeTOK OCYyLLeCTBMMO C MO-
MOLLbID TEXHUKWN PEeKOMOUHaHTHbIX OHK u 3ddeKTUBHbIX
BEKTOPOB 3KCMpPeccun AN KNeTOK MAeKonuTalLlnmx U 4Yenose-
Ka. lNMpn wucnone3oBaHun AHK-BakuuMH B opraHu3imMm BBOAUTCA
He aHTWUreH, a reH, KOAUPYIOLWMNIA CNHTE3 3TOro aHTUreHa. eH
BCTpavBaeTca B nnasmMuay, nnasMmumga BBOAUTCA B OpraHusm
nyTemMm O6bIKHOBEHHOW MHBLEKL UMW, BblpaboTKa BUPYCHOro 6enka
npoBouUupyeT CUHTe3 crneunduyecknx aHTuUTen, T. €. Bbi3biBaeT
MMMYHHbIA OTBET.

AOHK-BaKLUNHbI UMET Xopowine MepcneKTBbl B XXUBOTHO-
BoacTBe. [OCTOMHCTBOM TakKuX BaKUWH SBASETCA MaNieHbKWUi
obbeM: AN UMMYHM3aUUW OAHON MbIWN focTaTtodyHo 10-50 MKr
nnasmmabl, ogHOM KopoBbl — 200-300 wmkr. MNMnasmupga coxpa-
HAeTca B opraHu3me A0 OAHOro roga. B ctagum KAMHMYECKUX
UcnbiTaHUi B HacToswee Bpems Haxoaatca JOHK-BakyWHbI
npoTUB MUKoOMnasMm, Bo3byauTena Tybepkynesa, canbMOHenne-
3a, neilumMaHmMosa.

FeHeTMUeckasi TpaHcopmayus
MOMOBbIX KNETOK >XUBOTHbIX

Ecnn BBoanTh AHK B KNETKM MHOTOK/ETOYHOro OpraHus-
Ma, TO pe3ynbTaToM TpaHcdopMauum 6yneT U3MeHeHMe CBOWCTB
ANWb He60MbLLIOr0 Yncna KNeTok, KOTOopbie MpMobpenn HOBbIA
reH. B aTom cnyyae >XMBOTHOe 6yaeT XMMepPHbIM (T. €. KNeTKU
pa3HbIX TKaHell 6yayT UMeTb pasHblli reHoTuM).
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4.5. l'eHeTNnYeckKas MH>XEeHEPUA XXUBOTHbIX

CnepoBatenbHO, AN U3MEHEHUS CBOMWCTB BCEro opraHusmMa
cfefyeT M3MEHATb FeHOM MOJIOBbIX KNEeTOK WAWN 3UTroTbl, KOTO-
pble rMepenazyT HOBble CBOMCTBa MoToMKaM. Pa3spaboTaHbl chno-
COoObl BBEAEHUSA TEHOB B 3MOpPUMOHasIbHblE KNETKU pPasHbIX >XU-
MOTHbIX, B TOM 4YMCNe MNEKONMUTAKLWNUX N MYX.

CyuiecTByeT [Be OCHOBHble CXeMbl CO34aHUA TPaAHCreHHbIX
KMBOTHbIX: MUWKPOUHbBbEKLUUA 4yXXepogHoi AHK wn BBegeHue
reHeTUYeCKOW KOHCTPYKUUN B 3SMOpPUMOHabHble CTBOMOBbIE
KNeTKW.

MukponHbeKunsa uyxkepogHoi A HK. lNepBas nonbiTKka 6bl-
fla cpenaHa aMepuKaHCKUM ydeHbiM [>k. MNopgoHom B 1980 r.
MeTooOM MWKPOMHBLEKLUM OH BBEN B OMNJOAOTBOPEHHYIO fAlLe-
KNeTKy MbIlLIW PeEKOMOMHaHTHY nnasmunay pBK322, koTopas
cogepXxana reH TUMMAWHKWHa3bl BuUpyca reprneca u gparMeHT
reHoma Bupyca 8Y40, BbI3biBalLWero onyxofieByto TpaHcdop-
Mauu. B panbHelilleM B FeHOM MbIWU U OPYTUX >XXUBOTHbIX
y4anocb BBECTU reHbl MHTepepoHOB, NOPMOHa pocTa 4YefioBeka
M pag apyrux.

MUWKPOVHBEKLNIO K/IOHUPOBAHHbLIX TEHOB MPOBOAAT B OAUH
nnn oba NpoHyKeyca TOMbKO YTO ONNOAOTBOPEHHON ANMLEKNEeT-
KU Mbiln (puc. 4.13). Yaule BbIOMpPAOT MY>XCKOW MPOHYKIeyC.
MNocne MHBLEKUUWN ANLEKIETKY HeMeA/lEHHO MMMNNaHTUPYKT B
aryeBon MPUEMHON (CypporaTHoOi) mMaTepu MAW paroT el BO3-
MOXXHOCTb pa3BMBaTbCA B Ky/NbType A0 cTagum 61acToyucCTbl,
rnocne 4yero UMNNAHTUPYOT B MaTKy.

Ona oTbopa TpaHCreHHbIX 0cob6ell (HecylUX BBeAEHHbIV
reH) NpoBOASAT MONEKYNSIPHO-TEHETUYECKUIA aHanu3 poauvBLUe-
rocd notomcrtea. CKpelmBasd TPAHCreHHbIX >XWUBOTHbIX, MO>XHO
MnonyyYmTb YNCTble (TOMO3UTOTHbIE) TPAHCITEHHbIE IMHUN.

HepoctaTKOM TEXHONOTUW CO3[4aHUA TPAHCITeHHbIX >»XUBOT-
HbIX MNYyTEM MWKPOUHBLEKLUN TFEHETUYECKUX KOHCTPYKUUA B
MPOHYK/eyc ANLEKNEeTKN SABNSETCA ee TPYLOEMKOCTb U Mano-
3(pheKTUBHOCTL: MONHOIO pPas3BUTUA gocTuraeT MeHee 1-5 %
3UroT.

Mo>XHO BBOAWTbL FeH B cnepmMmaTto3ouibl M 3aTeM MNpoBOAUTL
MMM onnogoTBopeHne. Takmm o06pa3om 6biin BBeAEHbI TEHbI
UHTepdEepPOHa U MHCYNMHAa 4enoBeka, reH P-rnobmHa Kponuka,
reH TUMUAMHKWHAa3bI BUpyca npocTtoro repneca v KAHK Bupy-
ca eiKeMUUn MblLLIEN.
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Cawmka,
y KOoTopoii
VHAyLuMpoBaHa
runepoBynALnsA
YKeHcKuin My>kckom
MPOHYK/eyc Yy il NPOHYKNeyc
OonnofoTBopeHHaA\
AlLeKNeTKa
MHbekyoHHasn
dukcupytoutas nuneTka
fmnerKa _ TpaHcreHHas
0 KOHCTPYKLUS
OnnogoTBOpeHHas
AiLeKneTka

Camka C UMNNaHTUPOBaHHO
ANLEKNeTKOMN

TpaHcreHHoe
XXNBOTHOE

Puc. 4.13. Mony4vyeHne NNHUNIK TPaHCIFeHHbIX MbILLIEXH MeTOAOM MUKPO-
MHbeKUMI (Mo B. Fnuky mn O>x. MacTtepHaky, 2002). AlueKkneTKU Bbige-
NAKT N3 CaMOK-flOHOPOB, Yy KOTOPbIX 6blna WHAyLMpOBaHa rMNepoByns-
uua U npoBefeHO crnapuBaHwe € camuamMu. TpaHCreHHyr KOHCTPYKLUIO
VHBEKLMPYIOT B MYXCKOWM MNPOHYK/NeyC OMNJ04OTBOPEHHOW SANLEKNeTKN.
AlLeKNeTKM UMNNAHTUPYIOT B CypporaTHyl MaTb, KoTopas Mpou3BoguT
Ha CBET TPaHCreHHbIX MbILAT — OCHOBaTenel TpPaHCreHHbIX NUHWIA
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4.5. F'eHeTUYecKasa NHXXeHepunsa XXNBOTHbIX

BBefgeHne reHeTUUYECKOW KOHCTPYKLUUU B 3MOPUOHAasIbHblE
cTBOMOBble KeTKU (ICK). BnepBble KynbTUBUPYEMbIE NU-
HUM 3CK u3 6nactouuct Mbiwun (puc. 4.14) 6bINN NOAYYEHbI
9BaHcoMm, KaydpmaHom n MapTnHom B 1981 r. No3>XKe aHanorny-
Hble TMHUW 6bINU MONy4YeHbl M3 61acTOLUCT APYrUX MAeKonu-
Talwmx: 3010TUCTbIN XOMAYOK (1988); cBuHbLA, oBua (1990);
KopoBa, Hopka (1992); kponuk (1993); kpbica (1994); ob6e3bs-
Ha (1995) n gaxke 4venosek (1994).

OMO6pUOHaNbHble CTBOMOBbIE KNeTKN (CK) 06bIYHO Mmony4yaroT
n3 6nactouynct. Korga umcno Knetok (6nactomep) ambpmoHa He
rnpeBbILLIaeT BOCbMW, OHU ABAAKOTCA HeanddepeHUMpoBaHHbIMN,
MNIPUNOTEHTHLIMU (TOTUMNOTEHTHbLIMMK), T. €. CMNOCOOHbLI AUd-
hepeHUMpoBaTbCA B NH06ble TUMbI KIETOK, BKAOYasA KIeTKN 3a-
pPOAbILLEBOM MMHUU, U KadKAas U3 HUX MOXKET AaTb Hadano Ho-
BOMY OpraHusmy. 3TU KNEeTKW MOXXHO Ky/NbTUBMPOBaTb T wulro
M nocne BBeAeHUA B HUX HeOO6XOAMMOro TpaHcreHa BBECTU B
Apyroii aMOpuUOH Ha cTaguu 6nacTOUUCTbI, a 3aTeM UMMAaHTU-
poBaTb B MaTKy CypporaTHoii maTepu, NPOU3BOASLLEN MOTOMCT-
Bo. CKpelBas >XUBOTHbIX-OCHOBATeNEN, HeCyL X TPaHCreH B
KfeTKax 3apoAbIlUeBON TMHUU, MOXXHO MOAYUYUTb IMHUWN TpaHCc-
reHHbIX YXUBOTHbIX.

B oTnnumne oT npeablaywero, 3TOT MeTOoA Mo3BonsdAeT Mpo-
aHanmsnposaTb BCTpaviBaHVe TpaHCreHa B FeHOM KJ/IeTKW Ha
cTtagnm 6nacTtouncTbl U MPOBEPUTb €ro 3KCNpeccuto, 4YTo gaet
BO3MOXXHOCTb BbI6paTb AMHUIO 3CK c Hamayywummm cBoACTBa-
MU. HacTb 3TUX KNETOK MOX>XHO 3aMOpPO3UTb B XXUAKOM a3oTe "
XpaHUTb MHOrme roabl ANs MnocrefytoLulero co3gaHnsa TpaHCreH-
HbIX YXVBOTHbIX.

Takoll NyTb MOMyYEHUSA TPAHCIFeHHbIX >XVUBOTHbIX BbIFOAEH
eule N TeM, YTO UCMOMNb3YIOTCA He 3UroThbl, a 6nacTtoyuncTbl. X
Nerko nofyvYnTb HEXUPYpPruyeckum NyTeM M3 MNOMIOBbIX MNyTeWn
CaMOK KpYMNHbIX BUAOB MAEKONUTAKOLWMUX W TpaHCNAaHTUPo-
BaTb CypporaTHbIM MaTepaMm ANS POXAEHUSA TPaHCreHHbIX >XU-
BOTHbIX — OCHOBaTefneil TpaHCreHHbIX NTUHWA.

Co3gaHne TPaHCreHHbIX >XUBOTHbIX — OYeHb CAOXKHbIA 1©
TpyAoeMKuii npouecc. o cTaTUCTUKe OAHO TPaHCreHHoe >XU-
BOTHOe yJaeTcsa nonyyntb Ha 40 MHbELMPOBAHHbLIX 3UTOT Mbl-
wu, Ha 100 3uroT oBuUbl MU KO3bl, Ha 1500 3urot kopoBbl. K
TOMY >Xe 3TO M HeoAHO3Ha4HbIW npouecc. Tak Kak UHTerpauus
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naBa 4. leHeTUYecKasa NHXXeHepusa

KynbTuBupoBaHune
E8-knetkn
BHyTpeHHAA TpaHcreH
JoHopHas yTp
6nactoyncra  KIETOHHAA TpaHcdekymns
mMacca
a O E8-knetku
4
e‘B*
O6oraLleHve TpaHchuumpoBaHHbIMA |
E8-knetkamn |
MNKpPONHDBEKLMNA B BnacTouncTy
PeunnneHTHas
6nactouncTa
MmnnaHTauna
TpaHcreHHoe

>XNBOTHOE-OCHOBAaTE b

Puc. 4.14. Mony4vyeHne TPaHCreHHbIX MbIllel C MOMOLLbIO reHeTu4ec-
KO Moaudukaumm 3sMO6pUOHaNbHbIX CTBOMOBbLIX KieTok (3CK) (no
B. Tnnky n 0. MacTepHaky, 2002). 9CK nonyyatoT M3 BHYTPeHHeN Kne-
TOYHOW Maccbl 61aCTOLMCTblI MblILU. VX TpaHCOULMPYIOT BEKTOPOM, Hecy-
WKUM TpaHCreH, KynbTUBUPYIOT U NAEHTUDULUNPYIOT TpaHCcHopMMpoBaH-
Hble KNeTKN MeTOAO0M MO3UTUBHO-HeraTUBHOW cenekuuu vnum MLUP. MNony-
NALNI0 TPaHCOPMUPOBAHHbLIX KNETOK BHOBb KY/IbTUBUPYIOT N BBOAAT B
6n1acToumCTbl, KOTOpble 3aTeM MMMNAHTUPYIOT B MaTKy cypporaTtHbIX Ma-
Tepein. CKpelwBasa >XUBOTHbIX-OCHOBaTenen, Hecyuw\nx TpaHCreH B KneT-
Kax 3apofbllLeBOr NMHUU, MOXHO MONYUYUTb TUHUN TPAHCTeHHbIX MbILUEN
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4.5. l'eHeTNnYeckKass MH>XeHePUA >XMNBOTHbIX

YY>KepPOAHbIX FTeHOB HOCUT cfydaliHblii XapakTep, MOryT 6bITb
noBpe>KaeHbl COCefIHME TFeHbl peuunmeHTa. W3 TpaHCreHHbIX
YKVMBOTHbIX He 6o5ee 50 % 3KCMPecCUpyloT TPaHCreHHbI 6e-
[0k, He y Bcex >XMBOTHbIX UYXXOW reH nonagaeT B MONOBble
KNeTKU, T. e. cnocobeH nepegaBaTbCsi MOTOMCTBY.

KnoHunpoBaHMe >XUBOT HbIX

KnoHOM HasbiBaeTcs nonynsumsa KNeTok UAn OpraHn3mMoB —
NMOTOMKOB OAHOMN KMeTKW WUAM opraHm3mMa, MNoflydeHHbIX Heno-
NnoBbIM nNyTeM. TakuMm o06pa3oM, BCe 0COOM B KIOHE WMEKT
MOEHTUYHbI Habop reHOB W AOMKHbI OblTb TOYHOW KoOMNUen
B3ATOr0 A9 pPa3MHOXEHUSA 3K3emnasapa (COOTBETCTBYIOLLENO
npoToTnna).

Y >XUBOTHbIX MOXHO MOAYYUTb MOAO6GHbLIE KNOHbI B TOM CNy-
Yae, KOrga Ucronb3lyemble 06bEKTbI pasMHOXKalOTCA nyTemM napTe-
HoreHe3a, T. e. 6ecnonbiM NyTem, 6e3 nMpeaBapuUTENbHOrO OMI040-
TBOPEHUSA. Y Hac B CcTpaHe 6necTAwMe paboTbl MO KNOHUPOBAHUIO
BbIMOMHEHbI HAa LUENKoMnpsge akagemmkom B.A. CTPYHHUKOBbIM.
BbiBeeHHbIe MM K/OHbI LWenkonpsaga (MapTeHOKNOHblI MY>XCKO-
ro nona, gawuwme Ha 20 % 6onblLle WeNKa, YeM >XEHCKMne) n3-
BECTHbl Ha BeCb Mup.

BbicLiVe >XMBOTHble B NpuUpoge pasMHOXalTCA TONbKO Mo-
noBbIM NyTeM. KneTKW >XUBOTHbIX, ANGdEPEHLNPYACL, ULLAKT-
Csl TOTUMNOTEHTHOCTU. MO3TOMYy ANS UX KNOHUPOBAHUS B OCHOB-
HOM MCMNOMb3YIT HeanddepeHUNPOBaHHbIE AeNALLMNECS KNETKU.

Ona KNOHMPOBaHUSA >XUBOTHbIX S4PO0 OMNJ040TBOPEHHON sAii-
LeKNeTKN 3aMeHslT A4poM, B3SATbIM OT ApYyrow ocobu (c gpy-
roi reHeTn4yeckoim uHdopmauyuein). OKaszanocb, 4YTO TOTUMO-
TEHTHOCTb (BO3MO>»XHOCTb pa3BMBaTbCA BO B3POCAYyH 0CO6b) cO-
XPaHAT sapa U3 KNeTOK 04YeHb pPaHHUX 3MOPUOHOB. 3TO
no3BonseT MPOBOAUTb MCKYCCTBEHHOE pa3sfeneHue 4veTblpex —
BOCbMMW KNETOYHbIX 3MOPMOHOB Ha OTAENbHbIE KNETKU, KYyNbTU-
BMpoBaTb MX T oWro A0 cTagum 6nacTouMCTbl U UMNNAHTUPO-
BaTb B MaTKy CypporaTHOW MaTepu, rge OHW pas3BuBaloTCa [0
poxxaeHusi. TaKMmM NyTEM MOXXHO Mofy4vyaTb FEHOTUMNMNYECKU
OAVHaKOBble 0CO6U (OQHOSANLEBLIX 6IM3HELOB).

CeHcauMOHHOCTb paboTbl AokTopa A. BunbMyTa M coaBTO-
poB n3 LWoTtnaHauu (1997) 3akn4vaeTcd B TOM, 4TO BMepBble
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naBa 4. N'eHeTUYecKaa NH>XXeHepus

ONS KNOHNPOBAHUA MNEKONUTaKLWKUX 6blNN NCMONb30BaHbl Aa-
pa comMaTunyeckux (guddepeHLNpPOBaHHbIX) KNeTOK B3poc/oii
oBubl (KNEeTKN coeauHNTENbHON TKaHu — ¢unbpobnacTtbl) 6eno-
Mopaoi nopoabl PMHCKNI A0PCET, BblAeNeHHble N3 BbIMEHU OB-
ubl (puc. 4.15).

KnoHupoBaHue OBUbl OCYLLECTBNAANOCL METOAOM rMepeHoca
agpa. Aapo AnyekneTku ygansnm ¢ NoOMOLWb MUKPOMMNETKMN.
3ateM KynbTUBUPOBaIM SnuUTennanbHble KAETKM MOJIOYHOMN
>Kenesbl B3POCAOW 0CO6U, MHAYUMpOBanuM UX nepexoq B asy
O0 v npoBenn cnnaHme KneTtok B OO0 dase N ANMULEKNETOK, NU-
LWEeHHbIX fAgpa oBel, WOTNAaHACKOM yepHOMOpAOW nopodbl. Bbi-
pawmBaHue BOCCTAHOB/MIEHHbIX SAMLEKNETOK OCYLLEecTBASANOCL B
KynbType Ui B fiueBoge A0 paHHUX cTagmii ambpuoreHesa, a
3aTeM UX UMMJaHTUPOBanM B MaTKy CypporaTHoOW maTtepu 4ep-
HOMOpPAbIX OBEL, rAe M NPOUCX0AUN0 AanbHellwee pa3BuTue
B pe3ynbTaTte nosBunacb BCEMUPHO M3BeCcTHas osua Jonnu, re-
HOTMN U dheHoTUN (6enomMopablii ATHEHOK) KOTOpOoW 6blan non-
HOCTbIO MAEHTUYHbI UCXOAHOW MaTepu. B akcnepumeHTe 6bIN0
npoBeAeHO CAnsiHue 277 AUEKNeTOK C yaaneHHbIMU aapaMun ¢
KNneTKaMm MOJMOYHOW >Kenesbl B OO0 hase; n3 29 3mMO6pPUOHOB
TONbKO OAWH pa3BUICA [0 >XWU3HEeCNoco6HOro naoga.

MNepeHOC siApa COMATMYECKOM KNEeTKU B 3HYK/ENPOBaHHYHO
3uroty (6e3badepHYl0) yCMewHO npoBeAeH Ha Mbillax SAMnoH-
CKUMWN Yy4yeHbIMU. VMeroTcs coobuweHnss 0 KNIOHMPOBaHMN CBU-
HbW, KOPOBbI, KOWKN. Taknm obpa3om, bbina gokasaHa crnocob-

FeHoTMN A leHoTnn B eHoTMN B FeHoTMN A
Anye! OBL@-peLUnnneHT Honnn

KneTKn mMonoyHow

enesbl oBUbl (KMXX) 0 ) YpaneHue

anpa

OHyK/enpoBaHHas
BeeneHve | i
hil ) siiuekneTka TpaHcnaHTaums
aapa KM>X
| PekoHCTpynpoBaHHas
3uroTta
Ctumynaumnsa
neneHns

Mopyna

Puc. 4.15. KnoHnpoBaHune 0BLbl MeTOAOM MNepeHoca sgpa
(no N.N. KopoykuHy, 1999)
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4.5. N'eHeTnYecKaa NH>XXeHepus >XUBOTHbIX

VOCTb silep COMaTUUYEeCKUX KNeToK obecrneunmBatTb HOpPMasbHOE
pasBuUTMEe MIEKOMUTALLUNX.

ViccnefoBaHUsi MO KNOHUPOBAHUIO >XUBOTHBLIX WMMEKT (OyH-
JaMeHTaNbHoe 3HauyeHMe. [ofHasi CXOXecTb OpraHu3MoB JaeT
HO3MO>XHOCTb CpaBHMBATb BAWSIHME Ha HUX Pas3NyHbIX Npena-
paToB U BHELWIHWX YCMOBWI (Hanpumep, OUEHUBATb MyTareH-
HOCTb PasNUUHbIX XUMUYECKUX COEAVHEHWI); BbISICHUTL Mexa-
HU3Mbl AMPHEPEHLNPOBKN KNETOK B MpPOLLECCE OHTOreHesa U
HO3MOYXHOCTb YMpaBfeHNs 3TUMWU MpoLeccaMn. ITO OTKPbIBaEeT
NnyTb K TreHOTEpanMm M WCKYCCTBEHHOMY CO3[aHUKD OpPraHoB
Ans TpaHcnaaHTauun. MosiBleHUe KNOHOB BaXKHO W A1s1 UCMbI-
TaHWs HOBbIX NIeKapCTB.

AocTu>XeHnsa reHeTM4YecKoW
NMH>XeHepunnm >XMNBOTHbIX

TpaHCcreHHble XXUBOTHbIE SABASIOTCS YA0GHOIW Mogenbio Ans
n3yyeHUss 6onesHeli yenoBeka, UX TakXKe MNAHUPYIOT UCMOMb-
30BaTb A1 MPOM3BOACTBA HEO6XOAMMbIX YenoBeKy 6GuoMeaun-
LMHCKNX NpenapaTtos.

TpaHCreHHble XXUBOTHble KakK MoAenn HacneacTBeHHbIX
3aboneBaHuin yenoBeka

TpaHCreHHble NMHUW YXUBOTHbLIX CAyXXaT Ans MoAenMpoBa-
HUA pPa3NYHbIX FTEHETUYECKUX 60ne3Heil yenoBeka, 4YTO UMEET
OrPOMHOE 3HayeHWe AN MeAULUHCKON reHeTUKW. Mo gaHHbIM
CEKBEHNPOBaHUA reHoMa MbIlWIW, Y 4YenoBeKa COAEepP>XXUTCS OKO-
no 70-80 % romofoOrMYHbIX FeHOB (FreHOB-0pTO/M0roB). Ha Mbi-
wax MOXXHO noay4vyaTb MyTauuu, OCYLLLECTBASATb FEHHO-UHXXEHep-
Hble MaHUNYASAUUN N N3ydaTb MeXaHW3Mbl Perynsuuun 3sKcripec-
CUU TeHOB, MPOBOAMTb CKpelMBaHWe TPaHCreHHbIX >XUBOTHbIX
MU aHanu3 HacnefoBaHUs B MOTOMCTBE.

Ha TpaHCreHHbIX >XUBOTHbIX MOXHO M3y4yaTb HacneaCTBEH-
Hble 3ab0neBaHUSA MO3ra M HepBHOW cucTeMbl. [eHbl 60ne3HU
Anbureiimepa (oTnoXkeHue 6enka [3-amunonga NpuBoAUT K 06-
pasoBaHUIO 6NSILLIEK) U TeHbl, OTBe4yalollMe 3a pasBuUTUE 3MNU-
nencum v 60ne3Her Mo3ra, BBOAAT B FTEHOM HOPMa/ibHbIX >XUBOT-
HbIX; NpPW 3TOM MOAy4YalT TPAHCreHHbIX >»XWBOTHbIX-MOAENEN,
Ha KOTOPbIX MOXXHO WCMbITbIBaTb pa3/iMyHble TepaneBTUYECKME
npenaparbl.
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naBa 4. l'eHeTnYeckKas UHXXeHepus

TpaHCreHHbIX >XUBOTHbIX CTaAu WMCMONbL30BaTb ANS UcCche-
[0BaHUSA BOCManUTeNbHbIX U MMMYHONOTMYeCcKnX 3aboneBaHui
yenoBeKa, Hanpumep peBmMatougHoro apTputa. C UX MNOMOLbIO
MoAennMpyroT 60N1e3HU — aTepoCcKNepo3, MbILLIEYHY AUCTPO-
duo (Mmoguctpocdma AwoweHHa), obpa3oBaHMe oNyxonewm, rm-
MepToOHUIO, CEPAEYHO-COCYANCTbIE N MPUOHHbIE 3a6oneBaHUs 1 Op.

Ha ocHoBe M3yuyeHUS TPaHCreHHbIX >XUBOTHbIX pa3pabaTbl-
BalOT MeTOoAbl FEHEeTUYEeCKOW Tepanuu (cnocobbl nevyeHUs pas-
NNYHbIX HacneAcTBeHHbIX 3aboneBaHunii). Mpyn 3TOM MCMONL3YIOT
COMaTMYeCKyl TpaHCcHEeKLUUIO — MeToZ, MNpyY KOTOPOM FeHeTu-
YECKMEe KOHCTPYKLUWW BBOAAT B OrnpefeseHHble KNeTKU U TKaHu
opraHmama nauueHTa.

Mcnonb3oBaHUe TPaHCreHHbIX >XUBOTHbIX
B KayecTtBe 6I/IOpeaKTOpOB

Camasa mouiHasa 6enoKCcUHTe3sMpylowasa cuctema HaxoauTcs
B K/JeTKax MOJIOYHOW >Kenesbl. EcinM nMocTaBuUTb FeHbl YYXXMX
6e/KOB NOoJ KOHTPO/Ib Ka3eMHOBOro NpomMoTopa, TO 3KCrpeccus
3TUX TFeHoB 6yaeT MOWHOM u cTabunbHoW, a 6enok 6yaeT Ha-
KannmBaTbCs B MOJIOKe. Takue TpaHCreHHble YXUBOTHbIE, ceKpe-
TUpylLWwme B MOIOKO FTOPMOHbI, pepMeHTbl, aHTuTena, akTopbl
CBEPTbIBAHUA KPOBW U pocTa M Ap., Y>Xe HauymHalT UCMNO0Mb30-
BaTb KakK 6MopeaKTopbl, T. €. NPoAyLEeHTbl 6MONOrMYecKN aKTUB-
HbIX fleKapCTBEHHbIX 6enKoB 4enoBeka. TpaguLUUOHHO Takue
6enKn BblAeNann M3 AOHOPCKOW KpoBU, AeddUUUT KOTOPO u
HU3Kas KOHLUeHTpaunsa aTux 6e1KOB B Hell He MO3BONAIOT MONy-
yaTb HeobXxoAMMOe KONMYecTBO MNpenapaToB AN hapmMakonoruu.

MNepBOHa4YanbHO HEO6XOAMMO MONYUYUTb TPAHCFeHHOEe >KU-
BOTHOE, Y KOTOPOro 4Yy>O0W reH 3KCcnpeccupyeTcs B KieTKax
MOJIOYHOW >Kene3bl N ero NpoayKT BblAenseTcss B MOMOKO. [Ons
3TOro co37at0T reHeTUYECKY0 KOHCTPYKLUIO, Cofep Kallyt pe-
KOM6UHaHTHYO0 NHK TpaHcreHa v npomoTop reHa (3-kasenHa —
6enka, BXOASLLEro B COCTaB MONOKa. NeHeTUYECKYH0 KOHCTPYK-
LU0 BBOAAT B 3UroTy. lpuyem reHeTmyeckass KOHCTPyKUWA
JomkHa paboTaTb TONbKO B KJ/IeTKaxX MOMOYHOW >Xenesbl U
TONbKO BO BpeMS naKTaluu, He OKasblBas MOBGOYHOro AelicTBUSA
Ha opraHnU3Mm TPaHCreHHOro >XWBOTHOrO.

B AHrnumn B 1988 r. Bnepsble yAanocb MONYUYUTb TPaAHCreH-
HbIX OBeLl, MPOoAYLUPYIOWUX C MONOKOM (haKTop cBepTbiBaHUA
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4.5. l'eHeTMYecKasa NHXeHepuns XXNBOTHbIX

KPOBW, HEO6XOA4MMbLIN ANa nedeHwmsa nogein, 60nbHbIX remodun-
nnein. B nocnegywouwme rogbl B MUpe cO34aHbl TpaHCreHHble
MbILW, KPONUKWU, OBLbI, KO3bl, CBUHbW, KOPOBbI, B MO/IOKE KO-
TOPbIX CEKPETUPYHOTCA 6eNKM 4venoBeka (LeHHelwune dapmaleB-
TNYeCcKMe BeLlecTBa) — aHTUTPUINCUH, aHTUTPOMOUH, 6enok C,
CbIBOPOTOYHbIA anbbyMUH (MCMONb3yeMbIA MNpU onepaumsx),
pa3nnyHble MOHOK/OHA/lbHble aHTUTena, 3PUTPOMO3TUH, UHCY-
NMHONOA[06HLIN PaKTop pocTa, MHTEPNENKMHbI U Ap.

Y>Ke nony4yeHbl TpaHCreHHble KOPOBbl, B MOJ/IOKE KOTOPbIX
cogep>XXuUTcsa denoBedeckuili 6enokK naktoeppuH. 3ToT 6enok
NAaHUPYIOT NPUMEHATb 418 NPOPUNAKTUKN FracTPOIHTEPONOrn-
yeckux 3aboneBaHwUin y naen ¢ HU3KOA UMMYHOPE3NCTEHTHO-
CTblo. ITO0 6onbHble ClMUMAOM, HeAOHOLWIEHHblE MaAeHLbl,
60nbHbIE paKoM, MpoLllejline paguoTeparuio.

B Poccum B 1995 r. 6bian npeAnpuHATBLI NOMNbITKU co34aTb
oBeLl, NPoAYLMPYLWNX XUMO3UH. 3TO KIKOYeBOW (DEPMEHT Chbi-
poAaenus, ero TpaaguLMOHHO BbIAENSAKOT U3 CAU3UCTON 060104KMN
Cbluyra 3abuUTbIX MOMOYHbLIX TEAAT N AMHAT.

MHTepecHbl U NepcrneKTUBHbI PaboTbl MO CO34aHUIO >KUBOT-
HbIX — MPOAYLEHTOB 6enKa MnayTUHbl NaykKoB, MOCKOAbKY
MPOYHOCTb Ha pa3pbiB HUTE MayTWHbl B pacyeTe Ha njaowanb
MornepevyHoOro ceyeHUs Ha MNOPAAOK MPEBOCXOAUT MPOYHOCTb
CTalbHbIX KaHaToB. TaK, NnepeHecs B reHOM KO3 reHbl nayka,
oTBeyawLme 3a BbIpaboTKy 6e1KOB NayTWHbI, aMepuKaHCKne u
KaHafCcKune reHeTUKM NOoAyUYUnm TpaHCreHHbIX XUBOTHbIX, MPO-
ayumpyrouwmx «bnoctanb» — MONOKO, cofeprkallee 6enok, no
MPOYHOCTU MNpPeBOCXOAALLMNNA MeTann.

Mcnonb3oBaHMe TpaHCreHHbIX >XWUBOTHbIX MO3BOMINT CHU-
3UTb CTOMMOCTb GONbLUMHCTBA AOPOroCTOAWMX BbICOKO3(hheKTNB-
HbIX MpenapaTtoB B 10-20 pas3 W nepeBecTu, HanNnpumMmep, MHorue
NnekapcTBa M3 paspsaga 3/MTHbIX B YUXACN0 06LLef0CTYMHbIX.

TpaHCreHHble >XVUBOTHbIE C BbIK/IIOYEHHbIMU FeEHaMM
(reHHbIN HOKayT)

FeHHbIVi HOKayT (OT aHrA. KMOoCK oMb — BbIOWUTbL) — 3TO Ha-
rnpaBfeHHOE pa3pyllueHne (BbIKIKOUYEHME) onpeaeneHHOro reHa ¢
MOMOLLIbIO TOMOJ/IOTMYHOW peKoMOMHaLUn. XXNBOTHbIe-HOKayTbl —
yAo6bHas mogenb ANns nccnefoBaHUs (PyHKUUA pasnuyHbIX FeHOB.

187



FnaBa 4. FeHeTUYecKas MHXeHepusi

CNnoXXHOCTb reHoMa MEKOMUTAKLWMX 3aTpyaHsieT MNpoBefeHue
reHeTU4YecKoro aHanmsa. BOoNbLWMHCTBO WUcCCnefoBaHWA B 3ToM
o6nacT NPoBOAUIOCHL HA MbILIax — KNAaCCUUYECKOM 06bLeKTe re-
HeTUKKN. Co3gaHune NUHUI Mbileli, TOMO3MIOTHbIX MO Hanpa.-
NEeHHO WHAKTMBUPOBAHHOMY reHy, MO3BONseT Mu3ydyaTb AeTep-
MWUHUPYEMblE fAaHHbIM FEHOM CBOliCTBa Ha ypOBHe OpraHu3ama.

Bonbuwoe 3HadyeHMe WMMeHT OMbiTbl MO CO34AHMI0O >XUBOT-
HbIX, MNPOAYLMPYHOLLMUX MOJOKO, MaKCUMManbHO MNpubanka-
Leecss Mo cocTaBy K MaTEPUHCKOMY MOJOKY 4enoBeka. [Ans
3TOr0 HY>XHO BbIKIHOUYUTL HECKONIbKO FEHOB KOPOBbLI, T. €. Mo-
NYyUYUTb >KMBOTHbIX-HOKAyTOB, a 3aTeM BBECTM B ee FTeHOM He-
CKO/IbKO reHOB 4efnoBeKa.

TpaHCreHHble >XUBOTHble — WCTOYHUKU OPraHoB
ANs nepecagkn 4yenoBeky

TpaHCreHHbIX >XMBOTHbIX MONy4YalT W Ans ueneil KceHo-
TpaHcnaaHTauuu, T. e. KakK UCTOYHWK OpraHoB O/ Nnepecanku
YenoBeKy.

YA06HbIM AOHOPOM OpPraHoB SIBASIOTCH CBUHbMW, TakK Kak Mof-
XOOAT 4YenoBeKYy MO CTPOEHUIO, pasmMepaMm U MHOTMM GMOXUMUN-
YyeCcKMM NokasaTensam. Ho nepecakmBaTtb UX opraHbl 6e3 reHeTu-
YecKoro M3MeHeHUA (TpaHcdopmauuu) HEeBO3MOXKHO, TaK Kak
OHW B6yAyT HEMEAJIEHHO OTTOPrHYTbl MMMYHHOM CUCTEMOM nauu-
eHTa. YTo6bl 3TOro He NPOU30LLI0, HEO6XOAMMO CO34aTb TPaHCIeH-
HYIO CBUHbIO, Y KOTOPOW 6yayT «HOKayTMpOBaHbl» COOTBETCTBEH-
Hble reHbl F’MCTOHECOBMECTUMOCTU (TKaHeHeCOBMECTUMOCTH), a
BMECTO HUX BBeEAEHbl reHbl TMCTOCOBMECTUMOCTMN YefioBeKa. 3Tu
reHbl pacnonararoTCA KOMMAaKTHO B JIOKycaX TFMCTOCOBMECTU-
MOCTW, W MNPV MPOBELEHUN TEHHOIo0 HOKayTa MOXXHO «BbIKI/HO-
UNTb» Cpasy HeCKoNbKO reHoB. B sHBape 2002 r. 6b110 06bAB-
neHo o poxaeHnn B CLUA nomMeToB TpaHCreHHbIX K/I0OHOB CBU-
HbU C «OTKNHOYEHHbLIMW» FTeHaMN TMCTOHECOBMECTUMOCTN.

Co3faHne TPaHCreHHbIX CBUHENW, Y KOTOpPbIX MPOAYKTbl 3KC-
rnpeccun reHoB MHIMOUPYIOT MNPOLECC OTTOPXKEHUSA OpPraHoB Mnpu
X nepecajgke, [faeT HajeXAay Ha BO3MOXHOCTb YychneLuHom
TpaHcnAaHTauMy OpraHoB >XMBOTHbLIX B OpraHM3M 4enoBeka U
MO3BOMUT cO34aTb MOCTOSIHHbIM 3anac opraHoB AN MNepecajku
NOAAM.
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4.6. N'eHoAMArHOCTUKA U reHoTepanusa vyenoBeka

MTak, nony4vyeHue TPAHCIEHHbIX >XUBOTHLIX MpeAcTaBaseT
VHTEpec He TOMbKO Ans yHAAMEHTaNbHbIX MUCCNefoBaHuii, HO
n ONA NpPaKTU4YecKoro Mcnofib3oBaHus. OgHaKo, HECMOTPS Ha
ro YUTo MNepBble TPaAHCreHHble XUBOTHbIE GbINM MONYyYeHbl Gonee
’0 NeT Hasaf, [0 CUX MOop Ha PbIHKE HET HW OAHOro reHeTuye-
CKN MOAUULNPOBAHHOIO >XWBOTHOFO AN MCMOMb30BaHUSA B
X03AACTBEHHOWN AesATenbHOCTU. JTO CBSA3aHO C onpegeneHHbIMU
TEXHUUYECKUMU (CMOXKHOCTb MONYUYEHUS N pasMHOXKeHUs), du-
HaHCOBbLIMU, a MHOTFAA U 3TUYECKMMM MNpob6reMamu. TeM He Me-
Hee ycrexm reHeTUYecKoil WHXKEHEepUU >XUBOTHbIX O4YEeBUAHbI.
PaspaboTaHbl pasfn4yHble MeToAbl MepeHoca reHoB B FreHeTuye-
CKNIA MaTepuan >XUBOTHbIX W MOJlyYyeHbl TpaHCreHHble 0cobu
MNEKONMUTALWMX, HUSLWNX MO3BOHOUYHbLIX W 6ecno3BOHOUHbIX
YKMBOTHbIX. YU€Hble HayuYMNCb He TONbKO MEpPeHOCUTb B reHe-
TUYECKNIH MaTepuan >XUBOTHbIX OTAeNlbHble TeHbl, HO U «Bbl-
KoyaTb» MW 3aMeHsITb HEKOTOPble KOHKPETHbIE TeHbl.

4.6. leHogmnarHocTMka
N reHorepanus 4vernoBeKa

FeHognarHocTMKa — COBOKYIMHOCTb METOAO0B MO BblfAB/e-
HUIO U3MEHEHUI B CTPYKType reHoma. 3TO OTHOCUTENIbHO HO-
BOe, MepcneKTUBHOEe, ObICTPO pasBuBaloLLeecss HanpasieHue
ONarHocTukU. [uarHocTuyeckme MeToAbl 06n1afaloT BbICOKOWM
CNeunpUIHOCTEI0 N YYBCTBUTENbHOCTbLIO, a TakK>XKe A0CTaTOo4YHO
MPOCTbl N [AOCTOBEPHbI. YCMexXu COBPEMEHHON MefULMHbI BO
MHOIFOM 3aBUCAT OT TOro, HACKO/bKO PaHO M TOYHO MOXXHO AU-
arHoctmpoBaTb Hawmbonee pacnpocTpaHeHHble reHeTU4yeckue u
MH(PEeKLNOHHbIE 3a60neBaHNsA, a Tak)Xe HOBOO6pa3oBaHMUA.

[eHeTnYyeckasa WH>XeHepua BBena B npaktuky AHK-gnar-
HOCTUKY. W3BecTHO, 4TO y4yacTok OHK, oTBeuyawouwmin 3a gaH-
Hbli 6MONOrNYECKNn MPU3HAK, VUMeeT OornpefeneHHYK HYKNeo-
TUAHYIO MOCNefoBaTe/lbHOCTb, KOTOpash MOXET CAY>XWUTb Auar-
HOCTUYeCKM Mapkepom. B ocHoBe meTonoB AHK-gnarHocTuku
NeXKUT BblsABNeHMEe crieynuyecKUX HYKNeoTUAHbIX nocnegoBa-
TeNbHOCTEN B O6MONOrMYeckMx obpasyax MeToAoM rubpugmnsa-
umm (AHK — AHK, AHK — PHK) nnm nonnmepasHoin LenHoMn
peakunn (MLUP).
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naBa 4. N'eHeTnYecKaa NHXXeHepusa

3TN MeToAbl UMET HECKONbKO 06LIMX 3Tarnos:

— peHatypauusa AHK-muweHn; donkcaumsa rnoayyeHHoOM on-
HouenoveyHor mMonekynbl [AHK-muweHn Ha MembpaHHOM
PUnbTpE;

— WHKyb6auua membpaHHOro uabTpa € ogHoLeno4vevyHomn
Monekynoin AHK-30HAa, KoTopasa npu onpeaeneHHoW Temnepa-
Type U NOHHOI cune cnapuBaeTca ¢ JHK-muLeHblo;

— npoMbIiBaHMe (unbTpa ANA yganeHuUs n3bblTKa He CBSA-
3aBLUUXCA MeyeHblX Mmonekyn NAHK-3o0HAa;

— onpegeneHne Hanmuma rmbpugHbix monekyn AHK-mun-
weHb/OHK-30H4 ¢ noMoLbio paguoaBTorpauyeckoro Mmetoga.

Mépmnansaynsa HYKNEeMHOBbLIX KUCAOT OCHOBaHa Ha MCMOo/fb-
30BaHNX 30HA0B, NMPUMEHSAEMbIX ANA BbIABNEHUA KOMMNJEMEH-
TapHbIX nocnegoBaTenbHoOCTel (MCKoMoro yyactka AHK). OnA
obecneyeHUs1 BbICOKOM TOYHOCTWU AMArHOCTUYECKOro tecta rub-
pugnsaymoHHble AHK- u PHK-30HAbI A0/MKHbI OblTb BbICOKO-
cneyndnyHbIMn. CneyndmnUHOCTb 30HA0B MPOSABAAETCS Ha pas-
HbIX YPOBHAX: Ha BMAOBOM (pa3nuuyatoT asa nnm 6onee BUAOB),
Ha ypoBHe OTAeNlbHbIX WTAaMMOB B npegenax 04HOro Buga, Ha
reHeTUYEeCKOM YpPOBHe (pasfnnyalT pasHble reHbl).

Mcnonb3oBaHMe MeToda MoOAMMepPasHOM LUernHoW peakuuun
MUP gna mynbTunankauum tectmpyemoin AHK obecnevuBaeT
TakK>Xe BbICOKYIO YYBCTBUTENbHOCTb 3TUX 30HA0B.

B HacTosiLlee BpeMs MNONYyYeHbl U OXapakKTepu3oBaHbl 6onee
cTa pa3nnyHbix HK-30H40B. 30HALI MPUMEHSAIOT ANSA:

— 06Hapy>XeHUsA reHoB U HYK/eOTUAHbIX MocnefoBaTefib-
HOCTel, cneundmnUHbIX ANnsa BO30yAUTeNss MHPEKLMNOHHOIO 3a60-
neBaHwuA;

— O06Hapy>XeHUsA B TKaHAX eOUHUYHbIX K/eTOK naToreH-
HbIX LUTAaMMOB: XflaMnauni, Bupyca renatuta C, Bo3byguTteneii
Tybepkynesa n gp.;

— [AVArHOCTUKWU HacneACTBEHHbIX 3aboneBaHWin NyTemM Ha-
XOXKAeHUA cneunguyecknx mnaMeHeHUW B reHax. [1ogo6Hble
30HAblI CYLWeCTBYOT [ANS AMarHocTMpoBaHWs 6onee 1000 Ha-
CneACcTBEHHbIX 3aboneBaHwui, B TOM u4ucne (eHWUIKeTOHypuu,
CepnoBUAHOM aHeMUMN, AedMUNTA a-aHTUTPUMNCUHA, MbILLIEYHON
ancTpodun, 6onesHn Anbureimepa, MyckoBucumgosa, remogoun-
nvn v ap.
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4.6. l'eHogMarHoCcTUKa U reHoTepanna 4yenoseka

Mpenmywectea AHK-gnarHoCTMKM — O6bICTpPOTa, Hagex-
HOCTb, BbICOKasi YyBCTBUTENbHOCTb U crneynnyHocTb. MeToabl
AHK-AnarHoCTkKnM UMeKT LWMPOKYIO MNepcrnekKTuBy pasBuUTuUA, C
X MOMOLLbIO B MPUHLWIME MOXXHO BbIABNATb HA PaHHUX cTagu-
AX 3aboneBaHUsA MpakTUYeckn Ntobble NaTtoreHHble MUKpPoopPra-
HU3MblI N onpeaenATb MHOroobpasve HacneAcTBeHHbIX 3aborne-
BaHUN.

feHeTunyeckaa Tepanusa

Bonbuwive nepcnekTMBbl B fleHEHUN HacnencTBEHHbIX 3a60-
neBaHWM 4yenoBeKa OTKPbIBAET reHeTwuueckas Tepanusa (feHOo-
Tepanusna). OHa MO3BOMNT YCTPaHUTb reHeTU4Yeckue aedeKTbl
(koppeKkuusa HacneACTBEHHbIX MaTONOrMUi) nyTem BBeAeHUSA B
coMaTu4yeckme KNeTKU MNOAHOLUEHHbIX (PYHKLWOHAaNbHO aKTUB-
HblX) FTEHOB BMECTO (MM MOMWMMO) NMOBPEXAEHHOIo (MyTaHTHO-
ro) reHa, a TakXe fe4nTb pasnyHble 3aboneBaHUA 3a CYeT
BBeleHUA B OpraHuU3Mm 4Yy>KepoAHOW reHeTUYeckKonm WHGopMa-
UMM C Uenblo nonyvyeHMa TepaneBTMUHECKOro addekTa.

MpuUHUUNManbHbIW CMbIC FTEHETUYECKOW Tepanuu 3akaya-
eTca B 3aMelleHUM MyTaHTHOro 6enka (C KOTOpPbIM CBS3@aHO
pasBuTue 60Me3HN) KNeTOK 4efoBeKa Ha COOTBETCTBYHOLLNA
HOpManbHbI 6eN0K, KOTOpbIA ByAeT CUMHTE3UPOBATbCA B KeT-
Kax. To ecTb reHoTepanusa Harpas/ieHa Ha KOMMeHcauuo Hapy-
LIEHHbIX (PYHKLUMA KNEeTKU Ha reHeTU4YecKoM YpoBHe. lpuuyem
TakKMM CNoco60M BO3MOXHO fle4eHUe He TONbKO reHeTUYecKux,
HO U ApYyrnx (HEMHMPEKLMOHHbLIX N MHMEKLUMOHHbIX) 3aboneBa-
HUin (pak, CMNA »n 1. nN.), N0O3TOMy MeTOAbl FreHeTUYeCcKoin Te-
panun pasnyHbl.

CyuiecTByeT [ABa Tuna reHotepanumun: 3amMecTUTeNbHas w
KOppeKTUpylouwiasi. 3amecTuTeNbHasa reHorepanuna 3aK/4da-
eTCs BO BBOAE B K/eTKY HEMOBPEXXAEHHOro reHa, korga 6one3Hb
CcBsi3aHa C OTCYTCTBMEM WU MafiblM KO/MNYEeCTBOM 6e/KOBOro
npoaykta. B kKneTkKy BBOAUTCA HEMOBPEXXAEHHbIA reH, n cosga-
IOTCS YCNOBUSA ANSA ero 3Kcrpeccum (Hapsiiy € 3KCrpeccuein my-
TAHTHOrO reHa) C Uenblo MOMyYeHUA AOCTATOYHOro KonmyecTBa
HOpManbHOro 6enka-npoaykta. BHeceHHas Konms 3amMeHUT Mo
PYHKUMAM COXPaHUBLLMNINCA B reHOMe 60/bHOro AeEKTHbIN TeH.
Bce npoBoAgMMble CerogHs KAMHUYECKUE UCMbITaHUSA UCMONb3y-
IOT BHeCeHMe B K/NeTKY A0MNONHUTeNbHbIX KonnyecTts AHK.
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naBa 4. l'eHeTnYeckKas NHXXeHepusa

Mpn koppekTupyloweii reHoTepanun npegronaraeTca 3a-
MeHa OeeKTHOro reHa HopMajbHbIM B pe3ynbTaTe peKombuHa-
uuu. NMoka aToT MeTos NPOXoAUT CcTaauito nabopaTopHbIX UCMbI-
TaHN, N ero apPeKTNBHOCTL €eLlle OYEHb HU3KA.

B 3aBucumocTu OT crnocoba BBefeHMs 3K3oreHHbix OHK B
reHoM nauueHTa, CywleCcTBYeT ABa MpUHLMNA NeYeHUs:

— reHeTuuyeckas Tepanusa ex ywo (puc. 4.16). Tak Ha3
BaeMbIi «TepaneBTUYECKUN» FeH MepeHOCAT B MU30AMPOBaHHbIE
KNeTKMn 60NbHOr0 C TMOMOLWbLI pPEeTPOBUPYCHbLIX BEKTOPOB,
TpaHCAYUMPOBaHHbIE KNETKU KYNbTUBUPYIOT T ©>Wro U CHOBa
BBOAAT B OpraHmM3m 60/IbHOr0 4YenoBeKa,;

Puc. 4.16. CxemaTu4eckoe npeacTaBfeHUe FeHHOW Tepanum ex WLIo
(no B. Tnuky n Oxx. MacTepHaky, 2002). MNpouenypa BKAKOYaeT:

1 — nonyyeHme OT nauumeHTa KNEeTOK C FeHHbIM pgedekTom; 2 —
KyNbTUBUPOBaHME U30IMPOBAHHbLIX KNETOK; 3 — TpaHcdeKuyunto «tepares-
TUYeCKOW» TeHHOW KOHCTPYKUWUW B N30NMPOBaHHble KneTku; 4 — oTtbop,
BblpalliuBaHue 1 TeECTUPOBaHUe TPpaHCPULUMPOBAHHbLIX KNeTOK; 5 — TpaHc-
naaHTaumio 1 TpaHcys3no TpaHCPULMPOBAHHbLIX KNETOK MauneHTy
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4.6. l'eHogMaArHOCTUKA N reHoTepanna Yyenoseka

— reHeTuyeckass Tepanus T obuo (puc. 4.17). BBegeHune
¢ TepaneBTUYECKOrO» reHa HenocpeacTBEHHO B KNETKU TKa-
HU-MULLEHUN MaunmeHTa C MOMOLLbK BUPYCHbIX BEKTOPOB WU
nytemMm MHbeKuuiin yncton OHK, 6uobannnctmku, BBEAEHUSA NN-
1OCOM.

[Ana nepeHoca reHoB 4allle BCEro MCNofib3yOT OTHOCUTENbHO
Nerko JocTynHble KAeTKU: pumnbpobnactbl, TMMEPOUUTbI, KNEeTKU
rneyeHN — renaTouuTbl, dHAOTENNA/IbHbIE U MbILLIEYHblE KNeT-
KW, CTBO/IOBble KJ/IETKW KOCTHOro Mo3sra. Takue KAeTKWU Nerko
M3BMEKAIOTCA W3 OpraHm3ama, 3aTeM B HUX MOXXHO BK/IKOUYUTb
HeobX0ANMYIO FeHETUUYECKYH KOHCTPYKLUIO, MPOBeCcTU 0T6op u

MayneHT o
«TepaneBTUYECKNI »

reH, Croco6HbIv
3aKcnpeccupoBaThbes

Puc. 4.17. CxemaTuuyeckoe npeacTaBfieHNe TeHHOW Tepanun T WLLIO
(no B. Tnuky u O>x. MacTepHaky, 2002). KnoHMpoBaHHbIN
«TeparneBTUYECKN» TeH (reH X) KoaupyeT 6en0K, KOPPEKTUPYOLWNA
reHeTUYeCKU AedeKT. ITOT reH AocTaBnsAeTcs K KieTKam onpegeneHHoWm
TKaHn naymeHTa ¢ HacneiCTBeHHbIM 3aboneBaHVeM U 3KCNpeccupyeTcs B
HuX. MpomoTop p, MO KOHTPO/SIEM KOTOPOro OCYyLLLeCTBASAETCA
TpaHCKpUNuusa, TKaHecrneunguyieH
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naBa 4. M'eHeTMYeCKas UHXXeHepusi

KynbTUBMPOBaHMe T uWro TpaHCHOPMMPOBAHHbLIX KIETOK,
rnocne 4ero BHOBb BBECTU UX B OpraHmM3m 60nbHOro. MNpu 3atom
y peumnmeHTa He pa3BMBaEeTCA HeXXenaTtenbHOro MMMYHHOIO
oTBeTa. Of4HaAKO 3TO CMOXHAs M foporocrosias npoueaypa.

B HacTosilee BpemMs B KIMHUKaX 3IKCNEPUMEHTUPYIOT C T-
nmmdoyntammy (OCTPbIi KOMBMHUPOBAHHbLIA MMMYHO4EPULNT,
Bbl3BaHHbI OePEKTOM B reHe aiia), Muobnactamu (MblllevyHas
anctpousa [AroweHHa: dedekT B reHe auctpoduHa), cumbpo-
6nactamun (remodunnsa — pedeKkTbl B reHax hpaktopoB IX wmnnm
VIIl), kneTkamun 3anutennsa O6POHXOB (MYyCKOBUCLMAO3 — ge-
heKT B reHe c/-TpaHcmemMbpaHHOro paktopa) M remaroymtTamm
(cemeliHaa rnnepxonectepuHemMus — AedeKT B reHe peuentopa
AMNONPOTENHOB HWU3KOW MNJIOTHOCTMN).

B Tom cny4ae, Korga KneTku c AedULUUTHbIM FeHOM HefNb3s
n3BneKaTb U KynbTUBMPOBaTb, MNPOBOAAT TPaHCreHo3 T owo.
OTO 04YeHb MEepCrneKTUBHbLIA MNOAXO0[A, PacCYMTaHHbIA Ha Macco-
BOE /leYeHVe LLUMPOKO pacrnpocTpaHeHHbIX 3aboneBaHuii, ogHaKo
rnoka oH anpobmpoBaH TONbKO AN NleYeHUss MyCKOBMUCLMAO03a.

Cnucok HacnefCTBeHHbIX 3ab6ofeBaHWUii, KOTOPble MbITAOT-
CA UAN NNAHUPYKOT NeYNTb reHamm, BeluK. ITO U peBMaToug-
HblA apTpuUT, U PEHUNKETOHYpUS, U 3aboneBaHUsA, CBA3aHHbIe
C HefOCTaTKOM FOPMOHOB (MHCY/MHA, 3pUTPONO3TUHA, FopMOoHa
pocTa). OrpoMHble NepcneKTUBbl OTKPbIBaeT MUCMNO/Nb30BaHue re-
HOoTepanun AN Ne4YeHUs OHKONOrM4Yeckmx 3aboneBaHwuii. [lo
Mepe yCOBepLIeHCTBOBAHUSA MeTOA0B [0CTaBKU FreHOB N KOHTPO-
N NX 3KCNpeccuu crnmcok 3abofeBaHWi, K KOTOPbIM MOXXHO
NPUMeHATb reHoTepanuio, 6yaeT 6e3yC/OBHO pacLUUPATLCA.

Takum o6pas3om, B OyaylieM reHeTuyeckasa Tepanmss MOXKeT
cTaTb O4HMM U3 BeAyWWUX HanpaBfeHWi B neYyeHUU HacneacT-
BEHHOW MaTo/MorMmM 4YenoBeKa B CBA3UM C BO3MOXXHOCTbIO MCMpaB-
NATb (PYHKLMN FeHeTUYeckKoro annapara 601bHOro, HopmManm-
3ys ero cheHoTmn.

KOHTPOJ/IbHbLIE BOTNPOCbHI N BA0AHNA K TTABE 4

1. Kem n Korga 6b1/in OTKPbITbl HYKNEUHOBbIE KUCNOTbI?
2. KTo BnepBble NpeanoXXun AByHUTUEBYH CTPYKTypy AHK u B Ka-
KOM rofy 3TO NMpounsoLuno?

3. Ha3oBuTe pgaty ocHoBaHusA reHeTU4ecKom NH>XeHepun.
4. PacCKa)kxute 0 CTPOEHUN HYKNENHOBbLIX KWUC/OT.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.

26.
27.

28.

29.

30.

31.
32.

KOHTpONbHbLIE BOMPOCHI

B uem 3HayeHue npuHUMNA KOMMIEMEHTAPHOCTN ANA MONEKYbl
AHK?

UTo Takoe TpaHCreHo3 N TPaHCreHHble OpraHn3Mbl?

UTo Takoe pekomMbuHaHTHaa AHK? ee 3HauyeHune?

Mepeuncnnte aTanbl co3gaHUsa peKoM6uHaHTHol OHK.

Kakue hepMeHTbl y4acTBYOT B CO34aHUN PEKOMOGUHaHTHOW OHK?
UTo Takoe nnasmMuaHbIi BekTop? Kakmmun cBolicTBamu OH obnagaet?
Ha3oBnTe 0CO6EHHOCTUN pa3sHbIX TUMOB BEKTOPHbIX CUCTEM.
MepeuncnnTe aTanbl CO34aHUSA TPAHCTEHHbIX pacTeHWA.

Kakue TexXHonornm npsimMoro rnepeHoca reHoB B K/IeTKU UCMONb3y-
l0TCA ANA NONyYEeHUS TPaHCreHHbIX MWKPOOPraHM3mMoB, >XUBOT-
HbIX, pPacTeHWi?

MepeyncnnTe 0CO6EHHOCTUN CTPOEHMSA FTEHOMOB MPOKapUOTUYEeCKO
M 3yKapuoTUYeCcKON KNeTOoK.

B yemMm COCTOUT CYLLHOCTb TeXHONOrmMun cuHtesa KAHK?

KakoBo 3HayeHue KHK B KAOHUpOBaHUN reHoB?

YTO Takoe reHoOMHble 6UGINOTEKU N B YEM 3aKNoyaeTca UX OTAU-
ume ot 6mbnnoTek KAHK?

Mepeyncnnte 0CO6EHHOCTU TEXHONOTUW aMMINUKaLmMm HyKneun-
HOBbIX KMWCNOT.

B uem cocTtouT oTanuune amnavdpunkauum AHK oT ee kKnoHupoBa-
HNA?

YTo Takoe cekBeHmpoBaHune OHK?

B 4em cocTouT 3HaudeHue rmMé6puansaunoHHbiXx JHK- n PHK-30HA0B?
Paccka>knte 0 BO3MOXXHOCTAX MUCMONb30BaHUA TPaHCreHHbIX opra-
HV3MOB.

YTto Takoe nnasmmabl?

Paccka>kuTe 0 pasHOBUAHOCTAX MnasMu N BbIMNOAHAEMbIX UMK
PYHKUMAX.

MO>HO N1 cynTaTb CUMHOHMUMaMU (POPMYNUPOBKU «TpaHcopmMun-
poBaHHOe pacTeHMe» N «TPAHCTeHHOEe pacTeHue»?

UTOo Takoe CeneKTUBHbIE N MapKepHble reHbl? PacCcKaXkuTe 0 HUX.
Ana Kaknx ueneil NCMonb3ylOT FreHbl CENEKTUBHbIX MapKepoB Mpu
npoBegeHUN arpobakTepuanbHOW TpaHcthopMaLunum KneTok?

OT Kakux (haKTopoB 3aBUCUT 3MPEKTUBHOCTb arpobakTepuanbHoii
TpaHcopmaunun?

MepeuncnnTe AOCTUMXKEHUSA B 06M1aCTU FeHETUYECKOW WHXXeHepuun
pacTeHui.

MepeuncnmTe [JOCTMXKEHUA B 061aCTU FEHETUYECKOW WHXXeHepuun
YXUBOTHbIX.

UYTOo Takoe reHogmarHoctmka n reHotepanma?

Yem oTanyaloTCA reHetmyeckas Tepanusa ex YLIO OT reHeTuye-
ckoli Tepanuu 1n oUro?
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nasa 5

KONMNEKUMN N KPUNOBAHKW
KJTIETOYHbIX KYNbTYP

B ycnoBusix rnobafbHOro 3KONOrMYecKoro Heb6naromnony-
4yMa ocobyro aKTyanbHOCTb Mpuobpena npobnema coxpaHeHus
6rnopasHoobpasns. Cepbe3Hblie ONaceHUs BbI3biBaeT U CTPEMU-
TeflbHOE COKpalleHue 4Yuncna BUAOB XXUBOTHbIX U pacTeHUW Ha
3emne, a noteps 6MONOrMYecKOro pasHoobpasusa — 3To noTeps
LIeHHOro reHooHAa 1, COOTBETCTBEHHO, YCTOMUMBOCTU 3KOCUCTEM.

Mo ougHKaM 3KO0M0roB, KaXKAbl Yac ¢ NnaHeTbl Ucye3aeT oaviH
6MONOrNYECKNi BUA, YTO C TOYKN 3PEHUSA FTEHETUYECKOW UHXKe-
Hepun o3HayaeT 6e3BO3BpATHY MOTEpP OT 1 ThIC. A0 10 ThiC.
reHoB. MpegnonarakT, 4To K 2015 . YMCNO >KUBbLIX 06BEKTOB
Ha 3eMie MOXeT yMeHbLUTbcA Ha 20 %. Bce 3TO Bbi3biBaeT
60MbLUYH TPEBOry U CTaBUT nepes 6uoTexHonoramu 3agavy pe-
LEHNA Mpo6nemMbl COXpaHeHUSA 6GUopa3Hoobpasnsa pacTeHUn Ha
Hallel nnaHete.

5.1. CoxpaHeHne oOpraHN3mMoB N KJ/NETOYHbIX KY/NbTyp

HeobxoaMMOCTb COXpaHEeHUs N BOCCTAHOB/IEHUS TeHeTu4e-
CKMX PecypcoB AMKOpAcTYLUX pacTeHUi cnocobcTBoBana rnpu-
HATUMIO B 1992 r. B Pno-ge->XaHelipo me>xayHapoaHor KoHBeHL MU
no coxpaHeHuo 6KOoN0rMYecKoro pasHoobpasusa (paTnduumnpo-
BaHa Poccueinn B 1995 r.). nobanbHas cTpaTerus no coxpaHe-
HUK pacTeHUW 6blna NpuUHATa Ha LllecToli BcTpeue B pamMkax
KoHdepeHuun CTtopoH no KoHBeHUMU 0 6GMONOTMYECKOM pasHo-
o6bpasuun, npoBegeHHo B laare B 2002 r. B cBA3WM C 3TUm B
«CTpaTteruto 60TaHMYeCKUX cagoB Poccum Mo coxpaHeHuto 6mo-
pasHoobpasnsa pacTteHuit» (MockBa, 2002 r.) 6bin BKAKOYEH
pasgen 06 opraHusaumm 6aHKOB CEMSAH WM BeretaTMBHO pa3MHO-
>KaeMbIxX hopM pacTeHU.
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5.1. CoxpaHeHVe OpraHn3mMoB N KNeTOUYHbIX KYNbTyp

Hawvnb6onee nofHOULEHHO reHOMOHA AUKOPAaCTYLLNX BWUOOB CO-
XpaHsAeTcs B NPUPOAHbLIX NONYNALUAX Ha OXPaHAeMbIX Teppu-
TOopMaX — B 3anoBefHMKax, HauMOHaNbHbIX Mapkax, 60TaHU-
Yeckux cajax v T. A. OgHako 3aTUX TpaAULUOHHbLIX CpeacTB CO-
XpaHeHns 6MOoN0rMYecKoro pasHoobpasns pacTeHuit y>ke aBHO
He0CTAaTOYHO M3-3a MPUCYLLLMX UM OrpPaHUYEHUN.

OgHUM U3 3(PheKTNUBHbIX CrnocoboB COXPaHEHUS >KUBbIX
06BbEKTOB, B TOM 4YUC/e MUKPOOPraHM3MoOB U KYNbTyp K/eTOK,
ABNAgeTCa nognep)kaHve UX B KOMEKUNAX, 0 KOTOPbIX eLlie He-
AaBHO ObINO pacrnpocTpaHeHo NpeAcTaBfieHVe KaK O MecTe «CKna-
OVpOBaHUs» XaoTUYECKMM 06pa3oM cobpaHHbIX wTaMmmoB. Celvac
K€ KOMNEKLUN HaxXOoAATCS B 3MULLEHTPE Hay4YHbIX UCCNef0BaHUM,
MOCKONbKY cofep>aT He TO/IbKO Ky/NbTypPbl, HO N 3HAYUTENbHbIE
06bEMbI MOME3HON HayyHOW WHGopMauymn. Bo MHOrMx crtpaHax
Mupa HabnwogaeTcss PeHeccaHC KOMNEKLWOHHOro Aena, M Kon-
nekuumn npuobpetaroT Bce 60MbLUYI LEHHOCTb. Henb3sa 3a6bl-
BaTb U O TOM, UYTO UX HaInuyme ABAAETCA He0OXOAUMbIM YCNO-
BMEM pa3BUTUA BUOTEXHONOIMN BO BCEX MPOMbILLIEHHO pa3Bu-
TbiX CcTpaHax. Hanpumep, ycToWumBoe (YyHKLMOHUPOBaHUE
KPYMNHbIX HauMOHaNbHbIX KOANEKUWUA MUKPOOPraHU3MoB Heob-
X0AMUMO ANA uccnefoBaTeNbCKUX U MPUKNagHbiX uene. B 1o
XKe BpeMs cofepXaHue KolnekKuum — 3To TPYyAOEMKOEe U A0po-
rocrtosilee geno. CornacHo nogcyeram, CTOMMOCTb CO34aHUA U
COXpaHeHUA B TeyeHue 25 feT KoNnekumm u3 3 TbiC. MUKPOOP-
raHn3moB cocTtasndeT 4 maH gonnapos CLUA.

Bo MHOrmx ctpaHax co3fgalTcsa HauMOHaNbHble NpOorpamMmmbl
no coxpaHeHuo MpUPOAHOro 6oraTtcTBa reHeTuyeckmx cutope-
CypcoB, U o6A3aTeNbHbIM UX KOMMOHEHTOM AB/AETCHA cOo3jaHue
6aHKOB 3apo/blLleBOoi Nna3mbl (MerTplasrt): cemMsiH, MEPUCTEM,
NbifbUbl, 3apobilieid, KyNbTyp TKaHel 1 KNeToK U Apyroro re-
HeTMn4yeckoro matepuana. [onroppeMeHHOe XpaHeHune reHOMOB
(3apoabiwieBoii NnasmMbl) MO3BOMSIET cobpaTb U COXpPaHUTbL 6e3
rnoTepu >XMU3HeCNOCOOHOCTU FeHeTUYeCcKM MNoaHoueHHoe Mopdo-
nornyeckoe, @uU3NONOro-6uoxmmMmmyeckoe, agantayunoHHOe 60-
raTcTBo NMPUPOAHOW BHYTPUBUAOBOW N3MEHUMBOCTU.

OfHa M3 akTya/lbHbIX 3a4ay COBPEMEHHOW 3BOOLMNOHHOM
6nonorvm 3aknyaeTcsd B CO34aHUN CUCTEMbl TFeHETUYECKUX
CTaHAapToB. JTO CBA3@HO C TeM, UYTO KadKAblii reHOTMN MOXKeT
3BOMIOLMOHUPOBATL MpPU Hanndmm He meHee 80-90 % obbema
reHeTM4yecKoi nHgopmayuu.
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fnaBa 5. Konnekumm n Kpro6aHKM KNeToUuHbIX KynbTyp

Bo3HMKNa Tak>XXe Heo6X0AMMOCTb HaAEeXXHOro COXpaHeHUs u
HEN3MEHHOM COCTOSIHUM LUTAMMOB TKaHEWM U KNETOK, SABASAKOLWUNX
cA npoayueHTamMn BeLlecTB HAPOAHOXO3ANCTBEHHOINO 3HAYEHMUS.
OTO0 BbI3BAHO TEM, UYTO KJ/ETOYHble LITaMMbl UCMO/Nb3YIOT BMe-
CTO MPUPOAHOI0 PacTUTENBHOrO CbipbS Ha GMOTEXHONOrUYECKUX
3aBojax, WU cosgaHuve 6aHKa NPoAYLEHTOB, XpPaHAWMXCA Heob-
XOAVUMBIVI MPOMEXXYTOK BpeMeHU B 6MONOrMYEcKU MOMHOLEH-
HOM COCTOSIHMUW, OrpaguT MPOM3BOACTBO OT pMCKa MX MOTepu.

B HacTosee Bpemsi pa3paboTaHa 6MOTEXHONOTMSA ANSA MOA-
Oep>XXaHNsA N XpaHEeHUSA reHooHAa LEHHbIX BUAOB PaCTEHWUIA.
Ee OCHOBOW ABNAKOTCA MeTOoAbl KYNbTUBUPOBaHUS T olro Kie-
TOK, TKaHel, MepucTem, 3UroTUYECKUX N COMaTUYECKUX 3apo-
Abiwen pacTeHuin. OgHaKo 3TO AOBO/bLHO TPYAOEMKWUI MpPOLECC,
MOCKONbKY TpebyeT 3HAUYUTENbHbIX 3aTpaTr Ppy4yHOro Tpyaa,
3HEepPrum N peakTuUBOB. B cBA3M C 3TMM y4deHbIMU pa3pabaTbiBa-
I0OTCA TEXHONOrMu, CNOCOOGCTBYIOLLME CHUDKEHUID 3KOHOMMUYe-
CKUX 3aTpaTt. K Ux 4yncay MOXHO OTHEeCTU:

— 3amMeffieHMe pocTa OO6LEKTOB;

— CYLKY;

— KPMOCOXpaHeHue.

AnAa 3amepneHns pocTa 06bLEeKTOB CAY>XaT cneayroLime cro-
Co6bl:

— XpaHeHue Nnofj CNoemM MUHepaibHOro mMacna (MPUMeHsoT
Ans 6akTepuanbHbIX U FTPUGHBLIX KYNbTyp, WHOrga — AN Kie-
TOYHbIX KY/bTYp BbICLUUX pPacTeHWi);

— W3MeHeHMe rasoBOro coctaBa M aTMoctepHOro gasneHUsi
BHYTPW KyNbTypanbHOr0o cocyaa,;

— MN3MEHEHVEe CBETOBOr0 PeXXuMa;

— OXxnaXAeHVe A0 TemnepaTypbl MPeKpalleHUs aKTUBHOIo
pocTa;

— WNCMOMb30BaHME FTOPMOHasbHbIX (415 pPacTUTeNbHbIX Kie-
TOK 4acTO MPUMEHSIOT XJIOPXOJAMHXI0PUA) U OCMOTUYHECKUX
(MaHHUT B KOHUeHTpauun 3-6 %) MHIIM6MTOPOB;

— 3aMeHa B nuTaTenbHbIX cpegax CaCl2 Ha Ca(>K)32

— NHAYKUNA KnybHeobpaszoBaHUs B Nnpobupkax (nmo3sonseT
COXpPaHUTb reHodpoHA, Hanpumep KapTodens).

Cywka, MNpUMeHsieMasi AN COXpPaHeHUs1 06BbEKTOB, MOXXET
ObITb MpoBefeHa B BaKyyMCYLUW/bHbIX LUKagax, B pachnbiin-
TeNbHOM CyLlUNKe, KOTopasi M03BONsieT NMHEBMATUYECKU pachbi-
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5.2. KpuocoxpaHeHne 1 ero oCHOBbI

,HATb pacTBOp A0 Mefb4yahwmx Kanefib B KaMepe C MNOTOKOM Ha-
rpetoro sosgyxa.

Haunb6onee 4yacto MCNoAb3ylT AMOUNBHYIO CcyLUKY. MeToa
nmodunmsaumm OCHOBaH Ha TOM, 4YTO Temnepatypa KUNeHus
viogbl Mpu paBneHUM 4,6 MM pT. CT. cocTtaBnseT O°C, a npu
pasneHnn 0,034 MM pT. CT. NoHMXKaeTca Ao -50 °C. Mpwu aToi
TemnepaType Boja 3amMep3aeT, M MNO3TOMY MNpouecc ynapusaHus
npeacTaBnseT cob60M TUMNYHYIO BO3FOHKY.

MpuHUKMN NpoBeAeHUSA NNOMPUNbBHON CYLLKW BecbMa MNpocCT.
MoaHbIli pacTBOp MOMHOCTLIO 3aMOPa>KMBAKOT B TOHKOM C/loe U
BblAEP>XXMBAOT B BakKyyme npu pasBieHum 0,01-2 MM PT. CT.
6narogaps 6bICTPOMY MCNApeHW0 BOAbl, 3aMOPOXXEHHbIW pac-
TBOP MOCTOSAHHO OxnaXkjaeTcs. Ypansemble BOAsHble nMapbl
ynaBnMBaloT B OX/laXKAaeMbIX NOBYLUKaxX WX C MOMOLLbIO MO-
rnotuteneii. TakMm crnocoboM MOXHO TMOJIHOCTbIO BbICYLUNTb
NPoAyKT 3a napy 4acos.

OcHOBHble MNpenmyLiecTBa MeToga AMOUABHOW CYLUKWM CO-
CTOAT B TOM, 4TO:

— B MpoLecce ynapmBaHUs 06beKT HaxoguUTCs MPU HU3KOMN
TemnepaTtype. 3TO OCOBEHHO BadKHO AN 06e3BOXXMBaHUA 6en-
KOB, aHTUOMOTUKOB, BUPYCOB, MUKPOOPraHM3MoB U HecTabunb-
HbIX papMaLeBTUYECKUNX MPOAYKTOB;

— nnounusaumnsa He ConpoBOXKAAeTCA BCNEHUBAHUEM;

| — BO BpeMs Bceli onepaumn 06bEKT HaXOAUTCSA MNPU HU3KOWM
Temnepartype, cnefoBaTeflbHO, HET OMNacHOCTU ero MUKpPob6umono-
rMyecKoro paspyweHus, a dpepMeHTaTUBHOE pacluenseHne cee-
OEeHO [0 MUHUMYMa,

— HeT O0MnacHOCTU OKUCNEHUSA HecTabunbHbIX BELECTB KUC-
nopogom BO34yXxa, MOCKO/AbKY paboTy NpoBOAAT MNpU OTHOCU-
TeNbHO rNy60KOM BaKyyMme;

— nony4yeHHble 00beKTbl cogepXaT okono 0,5 % Bnarwy,
6narogaps 4YemMy MX MOXXHO XpaHUTb OANTeNbHOE BPeMS, He
onacascb paspylleHns UNn 3apakeHus.

5.2. KpnocoxpaHeHne N ero OCHOBBbI

TepMUH «KpunocoxpaHeHue» (cryopreseryallon), 1. e. xpa-
HeHMe 0O6BLEKTOB MPM O4YeHb HM3KOW TemnepaTtype (06bIMHO Mpu
TemnepaTtype >XWAKOro asoTa, KoTopas cocTtaBnseT -196 °C),
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ynotpebnsetca AnA 0603HAYEHUA CHAOXKHOIF0 MHOro3TanHoro
npouecca, obecrneynBaroLLEero HeOrpaHUYEeHHO A0/roe XpaHeHune
XXUBbIX K/IeTOK, TKaHel M opraHoB B COCTOSHUWM aHabuosza. Oc-
HOBHbIM KPUTEPUEM KPUOCOXPaHEHUS CAY>XXUT obpaTumMoe UHIU-
6VpoBaHVe MpPOLLECCOB >XU3HeneATenbHOCTU. TONbKO B COCTOS-
HUWM rny6okoro aHabuosa, Korga MoAHOCTbKO OCTaHaBIMBaKTCS
06MeHHble, BMOXMMMYECKME peaKLUU U OTCYTCTBYET >Kuakas
hasa, cosgatoTcsa ycnoBuA Ans ANNTENbHOro XpaHeHUs 6uono-
TMYecKoM CUCTEMbI C MOCAeAyHLW MM MNOMHbIM BO3BpaTOM ee K
UCXOAHOMY COCTOSIHUIO B YCOBUSX HOPMOTEPMUMN.

EAVHCTBEHHO Hafe>XHbIM CpeACTBOM AN pelueHus 3ToW 3a-
padn apnsetca rny6okuin xonog (-140 °C n HMXKe), obecneun-
BaeMbIi MPUMEHEHUNEM XXUAKOr0 asoTa.

BakHellLIui 3Tan npouecca KPMOCOXpPaHEHUSs — 3amMopa-
>XMBaHue. B HacToslee BpeMs M3BEeCTHbl ABa MeTo[a KPUOCOX-
paHeHUA: nporpaMmmHoe (MeafleHHOe) N cBepx6bICTpoe 3amopa-
XXMBaHMe. MporpaMmHoe 3aMOpadkMBaHVe U3y4yaeTcs y>Ke AaBHO,
MO3TOMYy €ro AOBO/IbHO LUMPOKO MPUMEHSIOT MNpPU COXpPaHeHUU
KUBOTHbIX W pPacTUTENbHbIX KNETOK. Ceepx6bicTpoe 3amMopa-
XMBaHMe paspabaTbiBaeTCcsl CpPaBHUTEbHO HeAaBHO, OfHAaKOo
cuuTaeTCcHd, 4YTO 3a 3TUM MeToAoM bGyayliee.

Ha 3Tom 3Tane BO3HMKAaKT TPYAHOCTU, TaK KaK CyLLecTByeT
ABe rpyrnnbl 06LEKTOB, MOABEPraeMbIX KPUOCOXPAHEHUIO:

— TKaHu, cogep>XaHuve BOAbl B KOTOPbIX MWHUMaNbHO
(NblnbUa, OpTOAOKCANbHbIe ceMeHa). [N TakuX 06bLEKTOB Mpo-
Lecc 3amMopakmBaHWA [0CTAaTOYHO MPOCT: MX MOXXHO MOrpy-
»>KaTb HEenocpeACcTBEHHO B XXUAKWW a30T U oTTamBaTb Brocnen-
CTBMU Ha BO34yXe B OObIYHbIX YCNOBUSAX;

— 60MbLUMHCTBO pPacTUTEeNbHbIX TKaHel. [And HUX Xapak-
TepHbl 6o/nbllVe pa3Mepbl KNeTOK, TMpoYHas Lenntno3Has
CTEHKa W Haluume ueHTpanbHoW Bakyonu. [puyemM WMMEHHO
cTeneHb BaKyonusaLuUnM KeTKU (0BOAHEHHOCTb) UrpaeT OCHOB-
HYIO pOfib B YCTOMUYMBOCTU K [AeACTBUIO HU3KUX TemnepaTyp.
Ons Taknx 06BLEKTOB MpPUEM MNPOCTOro 3aMOpakMBaHWUsS Maso
3hbheKTVBEH, TaK KaK He MPOUCXOAUT COXPaAHEHUS BCEX UCXOQL-
HbIX CBOMCTB U >XWU3HECMOCOOHOCTMU.

Mpu npoBefeHUN paboT MO KPUOCOXPAHEHUIO KETOK pacTe-
HWA, 0COBEHHO KYNbTUBUPYEMbIX B YCIOBUAX T oWro, cnegyeT
0TOMpPAaThL MENKNe KNeTKU C MaNleHbKOM BaKYyONbio M MOHMXKEHHbIM
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cogep>kaHmem BoAbl. Heobxoammo paspabaTbiBaTb B KadKAOM
OTAeNbHOM Ccnyyae YCN0BUSA 3aMOpadkKMBaHUA U MocnefyroLlero
oTTamBaHuA. DTO CBA3aHO C ABYMS MOBpeXjakwlwnmmn dakTopa-
MU, MPOSABAAIOWMUMNCA NPU 3aMOpaXKnBaHUW. MNepBblii U3 HUX —
Mef, OH BO3HMKaeT CHaJdana B pacTBope BOKPYr KNeTOK; BTOPOA —
jerngpartaumsa KneTtok, Bbl3dbiBaeMasi (hopMmpoBaHMeM KpucTan-
NIOB 3TOr0 BHEK/ETOYHOro fibaa. MoaTomMy Heo6XoAUMO C HAaUMEHb-
el rnotepeil >KM3HECNOCOOHOCTU MUHOBATb MPU 3aMOpakKuBa-
UNU-0TTaMBaHMN 30HY MeXAy TemrepaTypol 3alMTHOro pacTBo-
pa n Temnepatypoin -40 °C (B pegKux cnyyasx — pgo -70 °C).
MMeHHO B 3TOM TemMrepaTypHO 30He NpPOSABAsSeTCA AeAcTBUE
060mx noBpexgalwmnx (akTopoB 3amMOopa’kuUBaHUSA, KaXK4bll
M3 KOTOPbIX OnaceH MOTOMY, 4YTO crocobeH Bbi3BaTb AECTPYK-

LUMIO BHELWHEN KNeToYyHOW MembpaHbl — naa3mManeMmbl U, cie-
AoBaTtefnbHO, rTM6enb KNeTok.
MepBas 3ajadya KpuocoxpaHeHuss — MNpPegoTBPaTUTb obpa-

30BaHMe KpUCTaNNoB NbAa BHYTPU KNeToK. B cnyyae KneTok
pacTeHMIi OHa peLlaeTcs TpygHee, YeM AN APYTUX OOLEKTOB,
BCNeACTBME 0O6MINSA B HUX CBOGOAHOW BOAbl. ITy TPYAHOCTb
MO>XHO Mpeofo/eTb 3a CHET CHUDKEHUSI CKOPOCTU OXNaXXAeHUs
U npeaBapuTenbHbIM 06e3BOXKMBaHMEM K/eTOK. 3BecTHO,
yTo 4YeM 6ofblUue BOAbl B KAeTKe, TeM MeHblle AO0/MKHa 6biTb
CKOpPOCTb 3amMopakuBaHus. C Apyroil CTOPOHbI, NpeaBapuUTeb-
Hoe 06e3BOXKMBaHVE K/eTOK MOXXET BbI3BaTb UX MOBPEXAEHUS,
CBfi3aHHble C Aervgpartauuen.

BTopas 3ajaya KpuocoxpaHeHuss — 0CNabuTb CTPeccoBble
BO3AENCTBUS, BbI3BaHHble HeW3b6eXXHO paerngpatayuein. Ons
3TOro HeobxoAVM ornpeAeneHHbI COCTaB CMeCU MPOTEKTOPOB U
onTUManbHas CKOPOCTb 3aMoOpadkmBaHus. >KenaTenbHa TakXke
onTMMM3aLUuAa Bceli NporpaMmMbl MpoLecca KPUocoXpaHeHUs.

Mpu npoBefeHUN MNAHOMEPHbIX PyHAAMeHTaNbHbIX U MpU-
KNagHbIX UCCNeA0BaHUIA BbISICHAKOT MexaHW3Mbl KPUOMOBPEeXK-
OeHUA 1N KPpMo3alnTbl 6MONOTMYECKUX CUCTEM pasHbIX YpOB-
Hell opraHusauum. PaccMoTpyUM HEKOTOpbIe U3 HUX:

1. MpepoTBpaweHne ob6bpa3oBaHMA BHYTPUKNETOYHOrO
nepa. B 6onblwIMHCTBE cnyyaeB KneTka nornbaeT npu obpasosa-
HUKX Nbha B MpoTonaacTe, MOCKOMAbKY AN ee CTPYKTyp 6e3onac-
Hbl VLB KPUCTaNbl NbAa pa3MepoM He 6onee 0,1 MKM.
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Mpun 6bICTPOM MOHWXKeHUN TemnepaTtypbl (20 °C/MUH) B
npoTonnacTe 06pasyloTCs OYEeHb MefKWe KpUcTannibl bAa, Ko-
Topble SABAAKTCA UeHTpamMun Kpuctainmsayun. OHU  BbICTPO
pacTyT, nMpucoeguHsAs MONEeKyNbl BoAbl U3 npoTtonnacta. O6pa-
3ylouwmeca 6onbluve KpUcTanfbl fbfa CANOCO6HbI MexXaHU4YecKu
noBpeanTb KNeTKW, B OCHOBHOM MeMbpaHbl W KNeTOUHble
CTPYKTYpbI.

Mpn mMegneHHOM 3aMopaXkmBaHUK (B Napax >XUAKOro asoTa
UAnM B cneumanbHbIX NPOorpaMMHbIX 3amMopaXkuBaTensx) nen o6-
pasyeTcs B MepBYyK oyepedb B MeXKeTHUKax. M3BecTHO, 4To
MeHee KOHLEHTPMpPOBaHHblE pPacTBOPbl, Haxogsuimecsa B HUX,
3amMep3aloT 6bicTpee. 0 Mepe OXNadXKAEHUSA KpucTannbl fbaa,
BO3HMKLLUME B anonnacTe, pacTyT 3a cyeT BoAbl. fleg dopmupy-
eT rpagueHT BOAHOrO MOTeHLUMana, HanpaB/ieHHbIA U3 KNeTOK B
MEXKNEeTHUKN. 3ITO MOCTENeHHO NpuBOAUT K Aervgparauuu
KNeTOK 1, KaK CneAcTBue, K AeHaTypaunu 6enkoB, HapyLUeHUo
PYHKLUVOHNPOBaAHUSA MeMOpaH, yBeMYEHUIO KOHLUEHTpaLu no-
HOB [0 TOKCUYECKUX BENYUH, HapYyLLUEHUID CUHTE3a HopMasb-
HbIX KETOYHbIX 6enKoB.

O6pa3oBaHMe BHEK/NETOUYHOIO NbAa W CBA3a@HHbIN C 3TUM OT-
TOK BOAbl U3 KNETOK CTUMYIMPYIOTCHA cheuvanbHbIMU BeLlecT-
BaMu, KOTOpble KNeTKU BbIENAOT B anonnacTt. Takue coefuHe-
HUS Ha3bIBalTCS HyK/jeaTopamMu, a caM MpoLecc — HykK/eauu-
eii. 3TN BellecTBa BbIMNOMHAKT PO/ib LEHTPOB KpuUcTanimsauuu
BoAbl (3aTpaBOK), TeEM cCaMbiM MOBbILLIAs MOPOr 3apoAbllieobpa-
30BaHUA nbfaa. bnarogapsa Hykneatopam, fief B MeXK/eTHUKax
obpasyeTcs nNpu 6onee BbICOKOW TemnepaType, YeM Te Temrepa-
TYpbl, KOTOpble TpebyloTca ANA 3aMep3aHUs BHYTPUKNETOYHOMN
cpeabl.

Takum 06pasom, MNOCTeNeHHas Aernjaparauus nportonnacta
ABNSAETCA OOHUM M3 HEO6XOAMMbIX YCNOBUIM BbDKMBaAHUSA Kie-
TOK MpW 3aMOpa>kKnBaHUMN.

2. Buonoruvyeckme aHTudpusbl. B KneTKax HEKOTOPbL
pacTeEHNI CUHTE3UPYIOTCA BbICOKOMOJEKYNSPHbIE COeAUHEHUS,
TOpMO3siLLMe MPOLECChbl HYKeaLunm U pocTa KpUcTannoB nbaa.
2T coeAVHEHUS MONYUYUIN HalBaHUEe 6UONIOTUUYECKUX aHTuU-
hprzoB. OHU NpPenATCTBYIOT BHEKNETOYHOMY 06pa3oBaHuio
NbAa, OCOGEHHO B TexX OpraHax WM TKaHAX, K/AeTKU KOTOopbIX
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OOMKHbI COXPaHUTb MaKCMMa/llbHOE KOMMYEeCTBO BOAbl M Haxo-
OUTbCA B NepeoxaXKAeHHOM COCTOSHUM (MOYKU U MEepPUCTEMBI).
MN3BeCTHbI aHTUpPM3bl 6eNKOBOIA, FMUKOMPOTENHOBOW U MONU-
caxapugHoi npupoabl.

TakuMm 06pa3om, C MOMOLLbIO aHTU(PU30B BO3MOXHO OCY-
wecTBneHVe 6710Kafbl pocTa KPpUCTaNnos fbaa.

3. HakonneHune caxapoB U Apyrmx coBMeCT NMbIX OCMO-
nunTos. CHWXeHWe cofep>XaHus BOAbl B KneTkKax npu obpaso-
W{HUN BHEKNETOYHOro fbfa WU CONyTCTBYKOLWee aervgparaumuv
yBenyeHue KOHUEeHTpauum WMOHOB B LUTOMAa3Me BbI3blBalOT
pa3nnMyHOro poja HapylleHUs B CTPYKType U pyHKLMsx 6uono-
MMMepoB, B YacTHOCTU MPOUCXOAUT AeHaTypauust 6eNKoB U Mo-
JaBnseTca uX epmeHTaTUBHaA aKTUBHOCTb, W3MeEHSeTCs
CTPYKTypa TMnunaHoro 6mcnos membpaH v HapyllaeTcs UX Le-
NOCTHOCTb. [1eCTPYKTUBHbIE U3MEHEHUSI B MeM6GpaHax, B CBOH
oyepeab, NMPUBOAAT K HapyLUeHUI0 BHYTPUKIETOYHOMW KomMNapT-
MeHTaLun BeLLecTB.

Perynaumsa oCMOTMYECKOro faBfeHns B KneTkax npu Xono-
OOBOW permgpatauumy ocyulecTBASAeTCA MPenMyLLeCTBEHHO 3a
CUeT 6MoCMHTE3a HU3KOMOEKYAPHbLIX OPraHN4YecKmMx coefuHe-
HUA, KOTOpble MONYYUNIN HasBaHWe OCMONNTOB. OHW XOpOLUO
pacTBOpMMbl B BOAE, HETOKCUYHbI, HE BbI3biBalOT U3MEHEHUW B
MeTabonmM3me, OTYEro U MOAYYUIN BTOPOE Ha3BaHWE — COBMECT U-
Mble BewjecTBa. ITO MOFYT O6bITb MOHO- U onurocaxapupibl, MHO-
roatoMHble CANPTbl, aMUHOKNCIOTbI, 6eTanHbl, aMUHbI U 6enKu.

Hapsagy c ocmoperynsauymeil, aTu BewecTBa BbINONHAIOT eLe
0OHY OYeHb BaXKHYlO mMpu germgpataymm yHkUmio. OHa MOXKeT
6bITb onpefeneHa Kak 3awuTHass (NPOTEKTOpHas) Mo OTHO-
weHni0 K 6rmononmmepam uutonnasmbl. logyepkmBas [BOW-
HYI0 PO/b OCMO/UTOB, UX YAacTO Ha3bIBAalT KpuonpoTeKTopamu
(oT rpey. Kryo3 — xonog v nat. prolecl;or — MOKPOBUTESb,
MALWNTHUK).

Hawnbonee wn3BeCTHbl Takume KPUOMPOTEKTOPbI, KakK AuMe-
Tuncynbokeng (OMCO), pasnmuHble caxapa, FULEPUH, 3TU-
NEeHTNNKONb, NPONNH. Bce oHU fenaTcsa Ha ABe rpynnbl — Mpo-
HUKaLWwme N He NpoHUKalLwme B KNeTKU, XOTA 3To pasjene-
HVe [0CTaTOYHO YCNOBHO. Tak, rMUUEepUH MOXXeT MPOHUKaTb B
KNeTKy Mpu KOMHAaTHOWM TemrepaType WUAW BbICTynaTb KaK He-
rMpoHMKawlLlee coeAiHeHUe, ecnn ero gobaenate npm O°C.
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KprnonpoTeKTopbl, CUHTE3NPYSACbL B KAeTKax MNpu MOHUXKEH-
HbIX TemnepaTypax, MOryT MNpegoTBpaTuUTb WU Pe3KOo 3aMep-
NMNTb POCT KPUCTaNoB Nbda. Yem Bbllle KOHUeHTpauusa pac-
TBOpa, TeM HM>Ke TouKa ero 3amep3aHuvda. [pu HaKonieHuwu,
HanpuMep, pPacTBOPUMbIX caxapoB B KMeTKe, BO-MepPBbIX, MOHMKa-
eTcA BOAHbLIA MOTeHUMan uuTonnasMbl U CHUXKAETCA Touka ee
3amMep3aHns, 4TO NPensaTcTBYeT 06pa3oBaHUO BHYTPUKIETOYHOIO
NbAa; BO-BTOPbIX, caxapa MNoBbILLIAOT OCMOTUYECKYID KOHLEHT-
paunio KNeToYHOro coka, CrnocobCTBYS YBeNUYEHWUIO BOAOYAEP-
XXUBaKWLWeEN Ccunbl KNeTOK U TeM caMbiM 3awuuas ux oT obes-
BOXXMBaHUSA Npu 06pasoBaHUM BHEKNETOYHOIO NbAa; B-TPeTbUX,
caxapa 3awmuialoT 6enku OT fgeHaTypauumn, HacTynawulein
BCeACTBME CONMDKEHNA MaKpoMOoneKyn npu gervgpartaumm, a
TaK>Xe MOBbILLIEHUA KOHLEHTPaLMM TOKCUYHbIX BELLECTB.

Takunm o6pasom, rnmpgpounbHbie 6e1KM, MOHO- M Oonuroca-
xapuabl, obnagarouie KpMonpoTeEKTOPHbIM 3dheKTOM, Cnocob-
Hbl CBSI3blBaTb 3HauuUTe/NbHble KonuyecTBa BoAbl. CBsA3aHHasA
TakuM 06pa3oM BOJa Yy>Xe He 3amMep3aeT U He TpaHcnopTupyeT-
cA. CuuTaeTcsd, 4TO 6enKU 1 yrnesofbl, obnajatoLlime Kpmonpo-
TEKTOPHbLIM 30EeKTOM, CMOCOOHbLI CcTabunmampoBaTb Apyrue
6eNKN 1 KNeToYHble MeMbpaHbl NpuU Aervgpataumn KneTok.

4. M3meHeHMe cocTasa M8M6paHHbIX nmnmnaooB " TeKYy4Yec-
Twun mem6pan. [lermgpartaumsa KneTok okKasblBaeT HenocpeacTBeH-
HOe BO3JelicTBME Ha CTPYKTYpPHOE COCTOsIHWE NUNUAOB MeMOpaH.
MembpaHbl B HOopme cBA3biBaloT o 30-50 % BOAbl KIETKW.
B3anmogencTBys C 3aps>KeHHbIMW U MOAAPHbIMWU rpynnamun 6en-
KOB 1 dhochonmnunaos, Boga cTabmansmpyeT CTPYKTYpy MembpaH.

OCHOBHOWV NpUYMHOW NoBpeXaaloulero AeACTBUA HU3KUX
TemMnepaTyp Ha KJeTKU ABASAeTCA HapylleHne PyHKLMOHMpPoBa-
HUA KNeTOYHbIX MeMbOpaH M3-3a UX 3aTBepAeBaHUs, CBA3AHHOIO
Cc ha3oBbIMM NepexofamMu, MOCKO/NbKY MNPU AOCTATOYHO HU3KUX
TemnepaTtypax nmnugHble 6ucnon BenyT cebs KakK TBepAble Te-
na. lpu TemnepaTtype Bblle @(a3oBoro nepexoga CTPYKTypa
6ucnoa coxpaHsieTcsa, MNPU 3TOM >XXUPHble KWUCNOTbl «MNNaBAT-
cA», B pe3ynbTaTe 4ero BpalleHWe U CKpyYMBaHME MONEKYN
npouUCXoauT ferde, 4em npum HU3KUX TemrnepaTypax.

PasznnuHas peakuus Ha HU3KUe TemnepaTypbl onpegenseT-
CA B MepBYI0 o4vepeib pas3vyuuUAMU B COCTaBe XXUPHbIX KUCMOT,
BXOAAWMX B cocTaB MembpaHHbIX dochonmnugos. Korga B
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5.2. KpuocoxpaHeHue 1 ero oCHOBbI

doconmnuaax BeNUKO cofep>XaHUe HAaCbIWEHHbIX >XUPHbIX
KNcnoT (Takmx, KakK naibMMTUHOBas N cTeapuHoBasd), Ans Ta-
KNX MembpaH XapakTepHbl 60/iee BbICOKME TeMriepaTypbl ha3o-
BOro nepexoga. lNpu 3TOM OHW CTAaHOBATCA MeHee TeKy4YuMMu,
YTO HapywaeT (PyHKUMOHUPOBaHWE MHOrMMxX 6eNnKOB: KaHasos.,
NnepeHoCYNKoB, PeLenTopoB, epMeHTOB U T. M. BbIABNEHO, 4TO
yBenvYeHne KonnyecTBa HeHacbIWeHHbIX XXUPHbIX KUCAOT (Ta-
KUX, KakK NMHONeHOBasA M NNHO/eBas) B cocTaBe MeMbpaH npwu-
BOAUT K CHUVXKEHUK TemrnepaTypbl ¢da3oBoro nepexoga memob-
paHHbIX TUNUAO0B, U KakK pe3ynbTaT yBeMUYNBAETCA TeKy4decTb
Taknx membpaH.

CunbHada pgermgpartaumss MOdXKeT CcTaTb MPUYMHOW HapyLle-
HUA CBA3U MeXAy nmnugamu u benkamuy membpaH. Npu BHe-
KNeTO4YHOM ob6pa3oBaHUW NbAa B MeMbpaHax MOABAAIOTCA yya-
CTKWN, He cofep>kalimne 6enKoB.

Takmm o06pasom, [NaBHOW MULLEHBIO KPUOMOBPEXAEHUN
KNEeTOK pacTeHUW sBAsieTcA nnasmanemma. PocT TonepaHTHOC-
TU K 3aMOpakKMBaHUIO CBA3aH C M3MEHEHUSIMU ee XapaKTepuc-
TMK, B TOM 4Yucne cocTaBa MMMNUAOB U UX HEHAaCbILEHHOCTU.

5. A6cumsoBasi kucnorTa. BaxHas ponb B agantaumn Kne-
TOK pacTeHUii K HU3KUM TemrepaTtypam MNpUHaane>xXmnt Quto-
ropmoHy ABK (a6bcuynsoBas kucnota). Bbino obHapy>keHo, 4TO
ABK HakannmBaeTcsa B pacTeHUAX MNpu pasinydHbIX Hebnaronpu-
ATHbIX BO34eNcTBUAX (BOAHOM AeduvumTe, MNOBbILLEHHOW KOH-
LeHTpaumn conew, NOHM>KEHHOW TemnepaType 1 T. A.). NocKonb-
Ky ABK wurpaet BaykHyl pojb B agantaumm pacTeHuii K cTpec-
cam, 3TO CoefjMHEHMe MONy4Ynno HasBaHWe ropmMoHa cTpecca.

Ha MHOrux pacteHmsix U3 pasHbIiX CUCTEMaTUUYeCKUX rpynn
rnokasaHo yBenmuyeHue BHYTPUKAETOYHOW KoHuUeHTpauun ABK
npuM MNOHWXKEHHbIX TemnepaTtypax, npuvyeM Yy pasHbiX BWUAOB
CTeneHb yBennyeHMs 6blna pasnnyHa.

Jerngpataymna conpoBoXXaaeTca 3HAUYNTENbHbIM MOBbILLEHU-
eM KOHLeHTpauum ropMoHa B pacTUTe/lbHbIX TKAHAX U CUHTE30M
B HUX HOBbIX 6e1KOB. AKTUBHOCTb MHOIMMX FEHOB W 6enKoB,
KOTOpble 3KCMPECCUPYKOTCA NPU HU3KOW TemriepaTtype WA BOA-
HOM JedmumnTe, MOXKeT 6bITb MHAYLMpoBaHa ob6paboTko ABK.

Takum ob6bpa3om, HakonneHne ABK B TKaHW NpU MOHUXKEH-
HOW TemnepaType MNPUBOAUT K 3KCMpPECCUUN psiga FeHoOB M MOSAB-
NEHNI0 KPUNOMNPOTEKTOPHbIX 6ENKOB.
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6. OKuCAUTEeNbHLIN cTpecc. [1py HU3KUX TemrepaTypax
HabngaeTca MHTEHCUBHOe obpa3oBaHne AD K (aKTUBHbIX dhopm
Kucnopoga) B xaoponaactax, MUTOXOHAPUAX, MepoKcMcomax w
anonnacte. Mpu NpoAoMKUTENbHOM XO/I0AOBOM BO3A4eliCcTBUN
Ha KNeTKu ypoBeHb A® K noBblllaeTcsd BO MHOMMX KomnapT-
MeHTax, B KNeTKe HaKanjiuBaeTcd MepeKucb M pasBuBaeTCs
OKNCNNTENbHbIN CTpecc.

BadkHbIV haKTOp YCTOMUYMBOCTU KNETOK K HM3KOTemMnepaTtyp-
HOMY BO3A4eACTBUI — (PYHKLMOHUPOBAHME MOLLHOW aHTUOKCU-
OAaHTHOW cucTeMbl. B 3Ty NPOTUBOOKUCANTENBbHYIO CUCTEMY BXO-
OAT BbICOKOMONEKyNsipHbie (bepMeEHTbI — CyrnepoKcuaancmyTasa,
KaTanasa, nmepokcmpasa, rnyTaTUOH-peAyKTasa), a TakXKe HU3KO-
MONEKYNsipHble (ackopbaT, Tokodepon, rAyTaTuoH, (eHOoNbHble
CcoeINHEeHUS) aHTUOKCUAaHTbl. py HU3KOTeMNepaTypHOM CTpec-
Cé AaKTUBHOCTb AHTUOKCUAAHTHbIX (EepMEHTOB 3HAYUTEeNbHO
Bo3pacTaeT, yBelM4uMBaeTCs U cofep>XaHWe HU3KOMONEKyNnsap-
HbIX aHTUOKCUAAHTOB. Bce 3TO CNOCOGCTBYET CHUM>KEHUIO MO-
BpeXXAeHNSA KNeTOK MNpu BO3AENCTBUM HU3KUX TemneparTyp.

Cnocob6bl NOAroTOBKM K rNy6oKoOMYy 3amMopaykmBaHuio. W3-
BECTHO, YTO YCTOMUMBOCTb K/NETOK K 3aMOpa>XVBaHWIO 3aBUCUT
OT UX UCXOAHOro MOP(OPYHKLMNOHANBHOIO COCTOSAHUS, KOTOpoe
onpegensieTcss 0CO6eHHOCTAMU KyNbTUBMPOBaHUS, has3ol pocTa
M T. 4. Tak, KNeTKN B cTaymoHapHoii case obnanatoT Hanbonee
BbICOKOM YCTOMUYMBOCTbIO. MOXXHO noaseprarb 3amMOpaXkMBaHMIo
KNeTKU 1 B norapnmMmyeckonr dpase pocTta, Torga gns HUX He-
06X0A4MMO No[06paTh ONTUMANbHYH CKOPOCTb OXNaXKAeHUs,
MHOrga BO3HMKaeT He06X0AUMOCTb B MPUMEHEHUN KPUOMPOTEK-
TopoB. MNMpu npoBeAeHUN paboT MO KPUOCOXPaHEHUIO Heob6xXoau-
MO MpeXae BCero y4yntbiBaTb cleuunduKy pacTUTeNbHbIX Kre-
TOK, O0TO6MpaTb MefNKMe KNeTKWU, C MaleHbKOW BaKyoOnbio WU Mo-
HU>KEHHbIM cofep>XaHMeM Boabl.

dunsnonornyeckme noaxoabl K MpoLeccy KpUOKOHcepBauum
pa3HoobpasHbl. OAUH U3 HUX — CTagus KynbTUBMPOBaHUA MNe-
pen KpuUoKoHcepBupoBaHueM. OT cocTaBa cpefbl KyNbTUBUPO-
BaHUS B psife Cc/lyyaeB 3aBUCUT KPUOYCTOMUYMBOCTb OpraHus-
MOB. W3MeHeHMe COOTHOLUEHUS yrnepoga u as3oTa B cpefe
KynbTUBMPOBaHUSA, BBeAEeHME B Hee >XUPHbIX KWUCNOT, CONew
Kanbumsa nmbo [Apyrux KOMMOHEHTOB MeEHSIeET KPUOYYyBCTBU-
TeNbHOCTb OPraHM3MoB, BblpalleHHbIX B 3TUX ycnoBusix. B cBs-
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31 C 3TUM ObI/I0 NPeanoXXeHo npeaBapuTenbHOE KynbTUBUPOBa-
HUe KNeTOK pacTeHW B onpefefieHHbIX YCNOBUAX.

OTMeUeHO MONOXKUTeNbHOE BAUSAHMWE Ha KPUOYCTOMYMBOCTb
KaK KpaTKOW MHKybauun KNeToK Mpuv MOHMXKEHHOW TemnepaTy-
pe, TaKk U 3aKanMBaHUs — eCcTeCTBEHHOW MNOArOTOBKW MOpPO30-
YCTOMUYMBBLIX KNeTOK. 3aKaaMBaHWe CYyCMeH3uil KNeToK MNpoBO-
OAT, NOCTeNeHHO CHMXKas TemMmnepaTypy KynbTUBUPOBaHUA U
OAHOBPEMEHHO YBeNMUMBas KOHLEHTpaLuio caxapo3bl B cpefe,
3aTeM [,06aBNAOT U pasHble KPUONPOTEeKTOPbl. OAHAKO cnoco6-
HOCTb K 3aKa/lMBaHWIO FeHeTUYecCKU AeTepMUHUPOBAaHaA.

Apyroin dnsnonornyecknin noaxon noaroToBKM K KPUOCOX-
paHeHU0 OCHOBaH Ha CHU>XeHUU BOAHOro noteHuuana cpefbl 3a
cyeT pobaBneHUS B Hee OCMOTMYECKU aKTUBHbIX BewectB —
KPUOnpoTeKTopoB. Cpean WM3BECTHbIX KPUOMPOTEKTOPOB Bblie-
NAKTCA Takume Nerko rMpoHuKawlme B KNeTKU BelecTBa, Kak
anmetuncynbdpokena (OMCO, 5-10 %), ranmuepuH (10-20 %),
a Tak>Xe HenpoHuKalLlime BbICOKOMONEKYNAPHble — TMONNBU-
HunnuponnaoH (MBIM), gekcTpaH, noamaTuneHrnnkons (M3ar)
C MoneKynspHoi maccoii 6000.

KpuonpoTekTopaMmu MOryT TakK>Xe CNYy>XWUTb caxaposa, Tpe-
ranosa M cmMecu 3TUX pacTBopoB. Kpome Toro, npepBapuTesb-
HOe KyNbTUBUPOBaAHME C MAaHHUTOM U copbuToM (B KOHLEHTpa-
unm 2-6 %) cnocobCTBOBASIO YMEHbLUEHNIO PaCTSXXEHUS KNeTOK.
MonoXnTtenbHbI 3PheKT TakoM NOArOTOBKU K KpMOCOXpaHe-
HUIO CBSI3aH CO CHUMXXEHMEM OBOAHEHHOCTU K/EeTOK.

Cnepywownii cnoco6 nNoAroToBKM CBs3aH C uU3nonormye-
CKO pOnbi0 HEKOTOPbIX 3HAOFEHHbIX aMWHOKMWUCAOT Mpu pas-
NNYHBIX cTpeccax, 06ycnoBfeHHbIX BOAHbIM AednuuToM. B nep-
BYIO o4epefb 3TO MPOJUH, Ybe 3HayeHue AN CBA3bIBAHUSA BOAbl
B KNeTKax pacTeHWW LUMPOKO W3BECTHO. ONns 3TUX uUenein npwu-
MEHSAIOT TakK>ke anaHuH, acnaparuvH, CepuiH, FUUWH, y-aMUHO-
MacnsHy KWUCNOoTY.

M3BeCcTHO, 4TO ob6pa3oBaHWe CTPecCcoBbIX 6enKoB, 00ycnoB-
nMBamLWnxX yCTOMUMBOCTb K HU3KMM Temnepartypam, perynmpy-
eTca cputoropmoHoMm ABK. B pe3synbTaTe BO3AeACTBUS 3K30TreH-
Hovi ABK BO3MOXHO A06UTbLCSA YBeIMYEHUS MOPO30YCTOMUYMBOC-
™ 1 OpPMUPOBaAHUSA 3alUTHbLIX MEXaHU3MOB Y pPacTUTENbHbIX
06BEKTOB, UTO SBASAETCHA CYLEeCTBEHHbIM ANA Leneil KPUOKOH-
CepBUPOBaHUA.
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Mpn HabnogeHUN 3a KNeTKamMmu noj KPUOMUKPOCKOMOM 4eT-
KO BUAHO, KaK maeT obpasoBaHMe BHYTPUKIETOYHOrO /bAa, Haxo-
Osilweecsa B NPSMOM 3aBUCUMMOCTU OT CTEMEeHU MepeoxnadkaeHus,
CKOPOCTU 3aMOpa>kmMBaHUs, HanM4uus MAN OTCYTCTBUSA LEHTPOB
VHULMaUnUN KpuUcTanamsaymum pacteopa, OKpY>KaloLero KieTKu.

BonbLwoe 3HavYeHNe NPU KPUOCOXPAHEHUUN MMeeT MpaBu/ibHO
nofo6paHHbIN peXKnm 3amopadkmBaHus. Tak, Npu Kpuocoxpa-
HEHUN KNeTOK, TKaHel pacTeHU U MUKPOOPraHU3MoB Lieneco-
06pa3HO NPUMEHATb MPOrpaMMHOE 3aMopakMBaHWe C UHULUa-
uven Kpuctanimsaumm M CKOPOCTbIO OXNaXKAeHUsi Ha MNepBOM
sTane 3amopakmBaHusa 0,25-1,0 °C/mMunH (go -40 °C), Ha BTOpOM
aTane — yBenMumBaTb CKOpocTb Ao 9-10 °C /MMH U Npu AOCTU-
YKEHUWN 0KO0A0 -60 °C 6bICTPO MOrpy>kaTb UX B XUAKWUIA as30T.

3Ty paboTy nMpoBOAAT Ha chneumanbHOM 060pyL0BaHUN,
obecneumBaroLllemM MporpaMMHoOe 3amMopadkmBaHue. Takume nNpu-
60pbl BblINyCKaeT creynanbHOe KOHCTPYKTOPCKOE TexHoormnye-
CKoe 6HpO0 C OMbITHbIM APOM3BOACTBOM MNpu WHCTUTYTe Npo6-
NleM Kprobuonornm m KpuomeguunHbl (r. XapbKoB).

JTan ypaneHUs KPUOMPOTEKTOPOB W PeEKY/bTUBUPOBaHUA
TpebyeT 0COObIX NMPeAOCTOPOXKHOCTEN, TaK KaK BbDKUBLUME KeT-
KN MepeHecnn CUNbHEMLLINA CTPecc M 4YacTUYHO MNOBPEXAEHbI.
Ana nx coxpaHeHUs HeO6XOAMMO CBECTU K MUHUMYMY BCe BO3-
LecTBMSA, KOTOpble MOryT AOMOMHUTENbHO MOBPEeAUTb KAETKU
M nnasmanemmy. OQHaAKO KPUOMPOTEKTOPbl AO/MKHbI 6bITb yaa-
NneHbl. Bbin NpeanoXkeH U3MONOINNYHbIN, Waaawui cnocob ans
MHTEHCU(UKaLNN npoLecca peKynbTUBMPOBaHUSA, OCHOBAHHbIV
Ha oMdPy3nn KpPMONPOTEKTOPOB U3 KNETOK B XXUAKYI cpeny
rnocne BbiceBa CYyCMEH3UU KNEeTOK Ha (hUnbTPbl, PacnonoXXeHHble
Ha MOBEPXHOCTU pacTBopa. ITO MNO3BONASET MEHATb pacTBoOp, He
TpeBOXKa KNeTKU, 4Tobbl u3bexkaTb LOMONHUTENBHOrNO CTpecca,
U TEM CaMbIM UHTEHCUUNLMNPOBATbL PEKY/bTUBUPOBAHME.

Ona onpegeneHNs >XM3HECNOCOOHOCTU KNeTOK Mnocne oTTa-
MBaHUS MNPUMEHSIOT Hambonee NpPOCTON, ObICTPbIA W BMOMHE
yAOBNETBOPUTENbHbIN CMOCO6: OKpPacKy BUTalbHbIM KpacuTte-
nem (0,1%-m pactBopom deHocadpaHuHa vnm 0,25%-m pac-
TBOPOM CUHbKMW 3BaHca), Npu KOTOPO MepTBble KIEeTKU OKpa-
LLUIMBAKOTCH, a >XMBble HeT. OKOoHYaTeNbHbIM KPUTEPUEM >XKUN3HE-
CNOCOB6HOCTU KNeTOK, 6e3yCnoBHO, CNY>XUT YeTKoe BO306HOB/EHME
UX pocTa N AeneHUs Npu peKylbTuBauUUM Ha UCKYCCTBEHHbIX
nuTaTeNbHbIX cpefax Mocne oTTauBaHUA.
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5.3. KpuobaHkun

Takum obpas3om, eciu K MOMEHTY r/y60KOro 3amopakusa-
HUA KNEeTOYHble WTaMMbl COXPaHA/N CMOCOBHOCTb K pereHepa-
UM, To N MNOCNe KPUOCOXPaHEHUS TaKXKe WMeeTCs BO3MOXK-
HOCTb pereHepmpoBaTb 3TU pacTeHUs, He3aBUCUMMO OT CPOKOB
VX XpaHeHUs B XXNAKOM a30Te, TaK KaK BOCCTaHaBAMBaTb pPoOCT
KNeTOYHbIX KY/bTYP MOXHO COYCTA rogbl, a aMbpuoreHHble u”
MopdporeHeTUYeCKMe MOTEHUUU MPU KPUOCOXPAHEHUN He N3Me-
HAKTCSA MPU YCNOBUU, UYTO PEXXUM XpPaHeHUs He ObiN HapyLleH,
T. e. TeMmnepartypa HUKorga He npesbiwana -140 °C, a Bce aTa-
Mbl KPUOKOHCEPBMPOBaAHUA OblNM AOCTATOYMHO ONTUMU3NPOBA-
Hbl. CnepoBaTenibHO, KpUOCOXpaHeHMe haKTNUYecKn sABAAeTCcs
KOHCepBaLMell B COCTOAHUMN aHabuosa ( Kkpruobuosa), Korga Bce
MpoLEeCChl XXU3HeAeATeNbHOCTU MpPeKpaLleHbl, HO NPU NpaBUb-
HOM OTTamBaHUN WN PeKYNbTUBUPOBAHUU UX MOXXHO BO306HO-
HUTb N «OXKUBUTb» BGUOMOTNYECKNE OOBEKTHI.

OpHako TpebyeTcs AanbHeliwaa mccnepoBaTenbckasa paboTa
rno noab6opy onTUMalbHbIX YCNOBUIM Ans obecrnevyeHUs BbIXKMBa-
HUSA KNeTOK Mpu KpuocoxpaHeHuU. HeobxoguMmo y4duTbiBaTb
Mopdodn3nonornyeckme U reHeTUHeCKUe OCO6EHHOCTU KETOK,
CMNOCOBGHOCTb UX K 3aKanmBaHUIo, CTerneHb NPOHULLAEMOCTU Ke-
TOYHbIX MeM6paH; npasuibHO NoAbupaTb CMeCb KPUOMPOTEKTO-
POB, CKOPOCTb CHW>XXEHWA TemnepaTtypbl Npu 3amMopa’kmsBaHUn
N, COOTBETCTBEHHO, YC/NIOBUA OTTanBaHWUA.

TexHoONoOrus, cBfA3aHHasd C KPUOCOXPaHeHMEeM pacTUTeNb-
HbIX O00BbEKTOB, pa3BMBAETCA U MOCTOSAHHO COBEepLUEeHCTBYeTCS.
HecoMHeHHO, 4TO OHa VIMeeT CBOe OyAaylliee, MOCKOJNbKY YyXe
cerogHa KpuobaHKW, OCHOBaHHbIe HAa MeToAe KPMOCOXpaHeHWs,
MOryT 3HauYNTeNbHO 061erYnTb PaboTy ceneKLMoHepoB, npeaoc-
TaBMB MM BO3MOXXHOCTb LIMPOKO MCMOMb30BaTb Myn reHoB cop-
TOB, B TOM 4ucCfie CTapoii cenekuuun, a TakXKe AWKUX U UcHe-
3alWnx BUAOB PaCTEHWUIA.

5.3. KpuobaHku

Mpo6nema HaAeXXHOro U HeorpaHW4YeHHO ANNTENbHOro Xpa-
HEHUSI OPraHMU3MOB C HaMMEHbLUMMW 3aTpaTaMy U Ha MUHU-
Ma/lbHOW Miowaan pellaeTcst 3a cUeT UCMOMb30BaHUS Kpuo6aH-
kos. OTO HarnpaBfeHMe GUOTEXHONOTUU cTano pa3BMBaThbCs C
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FnaBa 5. Konnekunm n KpMobaHKN KNeTOUHbIX KyNbTyp

Hayana 1970-x rr. [na crnaceHus ncyesarwlinx BUAOB B A0MON-
HeHMe K TpaguuMOHHbLIM cnocobam 6bl1I0 NPeasodKeHo XPaHUTb
B XXMAKOM a30Te ceMeHa, aneKcbl, aMbpunongbl N KNeTKU, Kynb-
TUBMpPYEMbIE T oWlro M CNOCOGHbLIE pereHepupoBaTb pacTeHUS.
KpuobaHKn ceMsiH CenbCKOXO03SAMCTBEHHbLIX KyAbTyp W UX OU-
KOpacTyLUX COPOAMNYEN CYLLECTBYIOT B Pa3BUTbIX CTPaHaXx y>ke
okono 40 ner.

NMpobnema xXpaHeHUA reHopoHAA pacTeHUN N NX KAETOYHbIX
LITaMMOB CcTana, B CYyWHOCTU, NPo6aeMoii KpuocoxpaHeHUs ce-
MSIH, arnekcoB MNO6eroB, aM6PUOHOB U KNeTOK T HWro. AMeKchbl
T wuHro, B OTANYME OT K/IETOK, PEereHepumpyroT UCXOAHbIA FeHo-
TUN M ob6ecrnevymBaloT He TONbKO COXpaHeHue copToB, opM U
BMA0B, BEereTaTMBHO pasMHOXAaKLWKNUXCA N APYrnX pacTeHU, HO
U KNOHUPOBaHWE OTAENbHbIX 3IMTHbIX 3K3EMMISPOB.

Bnarogaps coxpaHeHU KPUOKOHCEPBUPOBAHHOINO reHoqOoH-
4a, cenekymoHepam B 1t060e BpeMsi MOXKeT ObIiTb MpefocTaBieH
reHoTun, MMeKLWNn NCKOMbIE MPU3HAKU: HEOOXOAUMYH Mbl/ib-
Ly Ans NpoBefeHUda rmépuansaumnm; yHUKanbHble U eAUHUYHbIE
CeMeHa, B TOM 4uncfe He BblHOCALWME 06e3BOXKMBaAHUA; TpaHC-
bopMUpPOBaHHbIE, MYyTaHTHbIe, TMOpPUAHbIE KNETKN pa3HbIX BU-
[OB pacTeHWi, Cnoco6HbIX K MopdoreHesy T wulro; 3Urotude-
CKMe 1 comaTmyeckue 3apodbilin N T. A.

Kpome Toro, cosgaHue Ha GMOTEXHONOTMYECKOM MpPOU3BOA-
CTBe 3aracoB MOCEBHOI0 KPUOKOHCEPBMPOBAHHOIO MaTepuana c
BbICOKOWM cneumngunyecKo aKTUBHOCTbIO MO3BONSAET AobmBaTbCs
nonyyYyeHUs CTaHAAPTHOro0 BbICOKOAKTMBHOIO NPoAyKTa, UCKI/K-
YNTb MOTEepU, CBA3aHHble CO CHWXXEHWEeM crneumdpmnyeckoin ak-
TMBHOCTW Ha pa3/IMYHbIX 3Tanax cxem HapaboTKW MoceBHOro
MaTepuana. NMpuemMmbl KPMOKOHCEPBUPOBAHMNS MOXXHO MCMOMb30-
BaTb TakXe Ha CTaguu XpaHeHUs 0cobo LieHHOro nMpoaykTa.

XpaHeHne mMaTepuana B XXMAKOM a30Te NpaKTUYeCKU He n-
MUTMpoBaHo. Hanpumep, B KpnobaHke VIHCTUTYTa onsnonoruu
pacTeHuii PAH XxpaHATCA KNeTKU MOPKOBU, KOTOPble HaxoaaT-
CA B XXUAKOM a30oTe OKofo 25 neT, mMepucTeMbl KapTodena —
6onee 10 neTt u Ap.

Y>Ke paspaboTaHbl Crocobbl KPUOCOXPaHEHUA ANA KyNbTuU-
BMpPYeEMbIX KneTok 6onee 30 BMOOB, MONYYEHHbIX U3 pacTeHUM
(13 BMAOB), KannycHbiXx KynbTyp (okono 10 BUAoOB), M301UPO-
BaHHbIX NMpoTonnacTtosB (8 BMAOB), MepucTteMm (25 BNAoB, B umucne
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KOHTpONbLHbIE BOMPOCHI

KOTOPbIX 3eMMASAHMKA, HanepcTaHKa, pomMallka, MainHa, rso3gu-
Ka, KapTodgenb) N KOHYMKOB cTebnsa (13 Bnaos). M3 HUX 14 witam-
MOB — MPOAYLIEHTbI 3KOHOMMUYECKN BaXKHbIX BellecTB (puc. 5.1,
CM. UB. BK/elKy). [MofIHOe BOCCTaHOBMeHWEe pocTa KynbTyp MNo-
nyyeHo nocne 25 net XxpaHeHUA. BO306HOBNEHHblE KY/bTYpPbl
COXpaHunn BCe CBOM OCHOBHblE XapaKTEPUCTUKN, KIEeTKWN Kap-
Todhensd, MOPKOBU W MepPUCTEMbI pPereHepupoBany pPacTeHUs.
HKkprobaHke xpaHATCA Tak)e cemeHa 6onee 100 BuAoB oxpa-
HAEMbIX pacTeHWUi, cobpaHHbIX COTPYAHUKAMU pPasHbIX WHCTU-
TYyTOB Ha Tepputopuu ot Bantukun go Kypwun.

TakuMm 06pa3oM, KpWOCOXpPaHeHWe — COBPEMEHHbIW, Ha-
Ae>XKHbIA cnocob ANNTENbHOro XpaHeHUs KNeTOYHbIX LWTaMMOB,
TKaHeli 1 MUKPOOPraHM3moB.

KOHTPO/IbHbBIE BOTMPOCHI

1. Uto BamM M3BECTHO 06 yCnoBUAX, B KOTOPbIX Hambonee MOAHOLEH-
HO cOoXpaHsAeTCcs reHooHA ANKOPAaCTYLLMUX BUAOB PaCTEHUNA N XKU-
BOTHbIX?

2. Kakune crnocobbl cOXpaHeHUNS >XUBbIX 06bEKTOB BamM WU3BECTHbLI?

3. CKO/MbKO CTOWUT co3fjaHne N COoXpaHeHme KONneKuuun MmkKpoopra-
HU3MOB?

4. Kakue TexHoONornyeckue noaxofbl MCMOMb3YHOT ANA CHUXEHUNA

9KOHOMUMYECKNX 3aTpaT Npu coxpaHeHUn reHodoHAa pacTeHWnii?

. Kakue cnocobbl NpUMeHAOTCA ANA 3aMefneHns pocta 06beKToB?

. Pacckaknte o metoge nMoUNLHOW CYLLUKWN U ero NpuMeHeHUu.

. faliTe onpegeneHne TepMUHA <KPUOCOXPaHeHMer.

. B yuem cywHOCTb MNOHATUA «KPUOKOHCepBaLunsa»? KakoBo ero 6umo-

nornyeckoe 3HayeHue?

9. MNepeuncnnte MeToAbl, NCNONb3YEMbIE NMPU KPUOCOXPAHEHUN 06b-
eKTOB.

10. Kakune opraHmsmbl AN UX TKAHW U KNETKW MOTYT CNY>XXUTb 06b-
eKTaMn KpUOKOHcepBaLnmn?

11. NMoyemy 3aMopa>kMBaHVe ABNSAETCA Ba>KHEWLLIUM 3TanoMm npoLecca

KpuocoxpaHeHnsa?

12. Kakune 3afayn CTOAT Mpu MNpoBefeHNN KPUOCOXPaHEHUS >XUBbIX

opraHm3amoB?

0 N O U

13. B 4eM CNOXXHOCTb 3aMOpa)XMBaHUA pacTUTENbHbIX KNeTOK, No
CpaBHEHUIO C KNeTKaMU >XXUBOTHbIX U MUKPOOPraHM3moB?

14. CpaBHUTe, KaK BAUSAET Ha K/eTKW BHEK/ETOUYHbIA U BHYTpUKIe-
TOYHbI nep, o6pasyrWuiica Npyu 3aMopakmBaHUM O6BHLEKTOB.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

MnaBa 5. Konnekyunm v KpMobaHKM KNEeTOUHbIX KYNbTyp

Kak npegotepatuTb obpasoBaHue BHYTPUKI/IETOYHOro fbga?
Paccka>knute o 6MONOrMYECKNX aHTUPU3ax.

Kakne n3meHeHUs B MeTabonM3Me >XUBbIX OPraHM3MOB MPOUCXO-
OAT NMpU KPNOCOXPaHEHUN?

YTo Takoe KpMOMpoTeKTOPbI?

KakoBa (hyHKUMOHaNbHass poib KPMOMNPOTEKTOPOB MpU MOAroTOB-
Ke >XVBbIX 00bEKTOB K KPMOCOXpPaHeHM0? B uyem 3aknwyvarTcs
0COOGEHHOCTU UX NMPUMEHEHUA?

CpaBHUTE TEXHONOrMU 6bICTPOr0 N MefNeHHOro 3amMopakmBaHus
N MepcneKTUBbl NX MPUMEHEHUS.

Kakue naMmeHeHUsA NMponcxogdaT B MembpaHax KNeToK Mpu HU3KUX
Temnepartypax?

Kakol huTOropmMoH urpaeT Ba>kKHYI ponb Mpu agantaumm KneTok
K HU3KUM Temnepatypam W B YeM ero 3HayeHwue?

MepeyncnnTe aTanbl TEXHONOMMYECKOro npouecca KPMOKOHCepBa-
LUN N pacCKaknute 0 HUX.



naBa 6

OCHOBbI MPOMBbILITEHHOW BUOTEXHO/OI K
M MONYYEHWME MEPBUNYHBIX N BTOPUYHbLIX
METABOJ/INTOB

Bce >XMBble OpraHM3mbl Ha Hallell nnaHeTe 06pasyloT pas-
NNYHbIE COEAUHEHMUS MepBUYHOro MeTabonmiama, Takue, Kak yr-
nesoAbl, 6enkun, NUNUAblI, BUTaMUHbI U ApYyrve BellecTBa, Heob-
XoAuMble NS pocTa n pasBuTuda. VX cogep>kaHune U cocTaB 3a-
HUCAT OT TeHeTUYECKUX XapaKTepucTuk 06BLEKTOB, CcTaaun
OHTOreHes3a U yc/0BUI NpomnspacTaHus.

MoMUMO NepBUYHBIX MeTaboNuUTOB, Y HEKOTOPbIX OpraHus-
MOB (MPEeUMYLLECTBEHHO pacTeHWU) OCYyLLecTBAAeTCA CUHTe3
rak HasblBaemMblX BTOPUYHbIX MeTabonmToB, K KOTOPbIM OTHO-
CATCA anKkanouabl, TeprieHonabl, cTepoubl, PeHO/bHbIE coean-
HEHUS, UMaHOreHHble rMnKo3mabl U gp. (puc. 6.1). 3T HU3KO-
MONEKYNIAPHbIE BellecTBa BO MHOIMX ciayyasax xapaKTepHbl AN
onpeeneHHbIX BUAOB pacTeHWUW, a UX CUHTEe3 B 3HaYUTENbHO
bonbLier cTeneHU BmaocneynPUUeH, YeM CUHTEe3 MNepBUYHbIX
MeTabo/NTOB.

Bce 3TO cBUAeTenbLCTBYeT O u4pes3BblyaiiHOM pa3Hoobpasnmn
coeguHeHUn, obpasyeMbiX >XUBbIMW OpraHmsamMamu. MHorve us
HUX MMEIT Ba>KHOE HapOLHOXO03AMCTBEHHOE 3HAa4YeHVe U MOo3To-
My SABAAIOTCA UeneBbIMM MNpPoOAYyKTaMM OUOTEXHONOrMYECKNX
Nnpou3BOACTB.

O6MeH BeLLeCTB KNETKU MOAYUHSAETCH CNOdKHelLen cucTte-
Me perynauumn. 3agadeil >ke 6MmoTexHonora aABngeTca obecnevye-
HMEe CBEepXCUHTEe3a HeobXoAMMbIX [ANs MNpaKTU4YecKux uenen
npoaykKToB MeTabonuima, 4TO AOCTUraeTcsa NyTeM U3MeHeHUusA
KaK perynaTopHbIX cUCTeM MeTabonm3ama, TakK U reHeTUYeCKux
nporpamm.
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FnaBa 6. OCHOBbI MPOMbILLIEHHOR 6MOTEXHONOTUN

CO,,
DOTOCUHTES

MepBUYHBLIN MeTabonnam

OpunTpo30-4-P /
docoeHoNNMpo- MuposBuHorpagHasn
BUHOrpagHas Kucnota Kucnota
3-P-IunuepnHosasn
Kucnora
Anndgatunyeckune
aMUHOKMUCNOTbI
Lnknmosas
KucnoTa
ApomaTunyeckue

aMNHOKUCNOTbI 1

A3zoTcofepKalne
BTOPUYHbIE
coefivHeHNs

deHOoNbHble
coefnHeHUs1

BTopuUHbIi MeTa6onmam

Puc. 6.1. OCHOBHblE MYTU CUHTE3a BTOPUYHbLIX COEAVHEHUI M UX CBA3b
C nepBUYHbLIM 06MeHOM BelecTB (No C.C. MeaBegeBy, 2004)

6.1. OCHOBHble MeTOAbl M MNoAxoAbl, MCMNOJIb3yeMbIe
B MPOMBbILUIEHHOW 6MOTEXHOOrNN

Kak Mbl y>Xe rosopuim, 6MOTeEXHONOrMA — 3TO LefneHan-
paBfieHHOe MNony4YyeHue LLeHHbIX MPOAYKTOB 3a CYeT MCMNOo/Mb30Ba-
HUA BMOXUMMNYECKOW AesTeNbHOCTU MMKPOOPraHM3MOoB, U301U-
pOBaHHbLIX KNeTOK WAN NX KOMMOHEHTOB.

I'Ipemmyu_l,eCTBa 6UOTEXHONOTMYECKUNX npon3sBoACcTB:

— BO3MOX>XHOCTb MONyYEHUA CNeuUMUUYHBLIX U YHUKA/bH
NMPUPOAHbLIX BeLWeCcTB, 4acTb U3 KOTOPbIX (Hanpumep, 6enKwu,
AHK) ewe He ypaeTca nonyyaTb Apyrnm nyTtem (Hanpumep,
XUMNYECKUM CUHTE3OM);
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6.1. OCHOBHble MeTOAbl, UCMONb3YyEMblEe B I'IpOMbILIJﬂeHHOVI 6noTexHonornun

— npoBefeHVe GUOTEXHONIOMMYECKMX MPOLLECCOB MNPU OTHO-
CUTEe/IbHO HEBLICOKUX TemMnepaTtypax WU AaBlieHUsXx;

— BbICOKME CKOPOCTU pocTa M HaKonneHus 6uomaccsl;

— uncnofb3oBaHMe B KayecTBe CblpbA [AeleBbiX 0TX040B
CeNbCKOro X035CcTBa U NPOMbILLIEHHOCTH;

— OMOTeXHONOrMYeckKme rMpoueccbl 06bIYHO 3KONOTUYHbI,
[al0T MeHblUe BpefHbIX 0TX040B U 6/M3KWM K NpoTeKawwnm B
npupoae ecTeCTBEHHbIM MpoLeccam;

— TexHoNorma m annapatypa 6MoTexXHONOrMYecKUx Mnpoms-
MOZCTB MPOCTbI, a Tak>Xe HegopOru.

MpoAyKTbl 6MOTEXHONOMMU NOAyYaloT MO MHANBUAYANbHbIM
TEXHONOrMAM, UCMONb3ya A9 3TOro onpeaeneHHble 6uonornye-
CKWE areHTbl, CbIpbe, YNCNO CTaAU MPOU3BOACTBA M UX TEXHO-
NOTNYeCKNEe PpeXXuMbl, KOTOpble MOryT CW/bHO BapbupoBaTb.
Il To >xe Bpems ANn1A BCex OMOTEXHONOTMYECKUX MNPOU3BOACTB
CYLLLeCTBYET TMMNoOBasa Cxema.

K onpegensaowmnm dakTtopaMm 6O6UOTEXHONOTMYECKOro npo-
Llecca OTHOCAT:

— BUA NCcNonb3yemMmoro 6MoTexHONOrM4YecKoro npouecca;

— cybcTpar Cc ero 6MOXMMUYECKUMU U BUOPU3NYECKNMU
XapakTepucTnkamu,

— annapaTtypy, BK/lO4Yas CUCTEMY KOHTPONA ynpaBfieHus;

— TEexXHO/IOrNYeCKN pPeXKMm N COOTBETCTBUE TpeboBaHUAM
FOCTa.

MpOMBbILWAEHHbIV BMOTEXHONONMYECKUI npoLuecc, B KOTOPOM
ONa Npou3BOACTBA KOMMeEPUYeCKUX MPOoAYKTOB UCMONb3YIOT Kie-
TOYHbIE CUCTEMbI WAN MWUKPOOPraHu3ambl, OObIYHO BKIKOYaeET
TP Knw4deBble cTagunn:

— MNoAroToBUTENbHYO (06paboTKa Cbipbsi, UCMOMb3YEMOro B
KayecTBe WCTOYHMKA MNUTaTeNlbHbIX BewecTs, WU MPUroToBAe-
HWe, ecnn 3TO Heobxo4MMo, NuTaTeNbHbIX Cpen);

— BUOTEXHONONNYECKYHO (POCT MUKPOOPraHU3MOB-MULLIEHENR
n 601blWIOM — 06bl4HO 06bemom 6onee 100 n — 6GmopeakTope
(tbepmeHTayma) ¢ nocnegyownMm obpasoBaHMEM HY>XXHOMo meTa-
6onnTta, Hanpumep aHTUOMOTMKA, aMWUHOKUCIOTbI Unn 6enka
(6uoTpaHchopmaums));

— MNONy4YeHUs1 rOTOBOW MpoAyKUMWM (0OUUCTKA LeneBoro npo-
OyKTa OT KOMMOHEHTOB Ky/NbTypanbHOW cpefbl UAM OT KNeTo4-
HOW Macchbl).
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MaBa 6. OCHOBbI MPOMbILLNEHHOV 6MOTEXHONOTUN

MogroroBuTenbHass cTaaus Heobxoguma ANs MNpurotosfe-
HUA Cblpbs, UCMNONbL3YEMOro B 6MOTEXHONONMYECKOM MpoLiecce.
B 3aBUCMMOCTWM OT LEeNeBOro npogykra, npuv 3ToM npegycmar-
pvBaroTCA:

— npuroToBneHue cpeabl, BKAKYawLWEenW HeobxognMmble
KOMMOHEHTbl NUTaHUA AN OpraHM3MoB, U ee cTepuamsauus
(ona acenTmyeckKUX GUOTEXHONOTMYECKMX MNPOLEccoB, MPU KO-
TOpbIX HeXXenaTeNbHO MNonajaHWe MOCTOPOHHEelr MUKPOQIopbl);

— noaroTosBka W cTepunusaumnsa rasos (06bIYHO BO3AyXa)
nyTeM OYUCTKW OT MblINN, BRarv v NpuUCcyTCTBYIOWUX B BO3AyXe
MWKPOOPraHn3mMoB, BK/OYasa CMnopbl;

— noAroTroBKa MoceBHOro maTepuana, B TOM 4HUCne KyJb-
TUBUPOBaHNE MWUKPOOPraHM3MoOB, U30IUPOBaAHHbLIX KNEeTOK pac-
TEHUA NNN XXUBOTHbIX;

— noaroroBka 6uokaTanusaTopa — /Mb60 (hepmeHTa B
cBOOOAHOM MW 3aKpenneHHOM Ha HocuTene Buae, NmMb6o 6mo-
Maccbl MUKPOOPraHU3MoB, BblpalleHHbIX A0 COCTOAHUA, B KO-
TOPOM MNpPOSABASETCA UX PpepMeHTaTUBHAA aKTUBHOCTb;

— npegBapuTenibHaa o6paboTKa cbipbs, €C/AM OHO MOCTY-
naet B HEMPUIroO4HOM AN HENOCPeACTBEHHOrO MCMo/Nb30BaHUSA B
6UOTEXHONONMYECKOM MpoLecce Buae. Hanpumep, npu noayyvyeHun
cnupTa nuweHuuy cHavana ApobAT, a 3aTteM nogsepraloT dep-
MeHTaTUBHOMY MpoLeccy «ocaxapuBaHus». [pyron npumep —
MCMOMb30BaHMe ApPeBeCUHbI A1s MONYyYEeHUNA APOXOKel: ee cHa-
yana uaMenbyalT, a 3aTteM nogBepratoT Harpesy o 200 °C B
KWNcnow cpege. B pesynbTate KUCAOTHOIO rMAponmM3a npoucxogmnt
npespalleHne pPeBECUHbl B pacTBOP FNHOKO3bl U IUTHUH. Pac-
TBOP MHOKO3bl (rMApoOAM3aT) Kak pa3 M MCNOoNb3yT B 6MoTex-
HO/MIOrMYECKOM rpoLecce ANA MONYYEHUS KOPMOBbIX APOXOKEN.

BrnoTexHonornyeckasi craguss — OCHOBHasd B 6MOTEXHONO-
rmyeckom npomssBoAacTBe. VIMEHHO Ha 3Toi cTagun C MCMNOMb30-
BaHMEM TOr0 UM MHOrFO0 6MONOrMYEecKOro areHTa (MMKpoopra-
HVU3MOB, M30NNPOBAHHbLIX K/NETOK, (PepMeHTOB UNN KNETOYHbIX
opraHenn) NpPoucxoauT npeobpasoBaHUe CblpbA B TOT UM UHOM
LeneBso NPoAyKT.

FnaBHOW Uenblo ABAAETCA MojyyeHWe onpeaeseHHOro opra-
HU4Yyeckoro BeuwlectBa. OpgHakKo 6uoTexHonornmveckas craguvs,
KaK npasuio, BKAOYaeT He TO/IbKO CUHTE3 HOBbIX OpraHuue-
CKUX COeAVHEHUI, HO U pAf APYTMX 6GMOTEXHONOTMYECKUX MPO-
LleccoB, TaKMX, Kak:
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6.1. OCHOBHble MeTOAbl, UCMONb3yeEMble B npOMbILIJﬂE‘HHOVI 6noTexHonornmn

— depmenTauns — MNPOLECC, OCYLLECTBNSAEMbI C nMo-
MOLLbI (PEPMEHTOB KY/bTUBUPYEMbIX MUKPOOPraHM3MOB;

— 6unoTpaHchopmaunsa — TPOLLECC U3MEHEHUA XUMUYe-
CKOW CTPYKTYypbl BellecTBa nog gAenctemem depMeHTaTUBHOMN
aKTUBHOCTU KJ/IETOK NN TOTOBbIX (*)epMEHTOB;

— 6bnokaTannis — XUMMNYECKNE NpeBpalleHnNsa BeLLECTBa,
npoTeKawuine ¢ NCrnoib3oBaHNEM 6I/IOKaTaJ'II/ISaTOpOB—(*)epMEHTOB;
— 6uookuncsieHne — OKUCAEHNE 3Arpsi3HAOLWNX BELLECTB C

MOMOLLI0 MUKPOOPraHM3MoB WMAM accoumaunum MUKPOOpPraHus-
MOB B a3p06HbIX YCNOBUSIX;

— MeTaHoBOoe 6poXkeHne — MepepaboTKa OpraHUYecKmx
OTXOJ0B C MOMOLLbI accouvalmm MeTaHOreHHbIX MWUKpoopra-
HN3MOB B aHa3pO6HbIX YCNOBUSAX;

— 6MOKOMMOCTUpOBaHMe — CHUDKEHUE cofepykaHus Bpef-
HbIX OpPraHM4YecKnX BeLLEeCTB B TBepAbIxX 0TxoAax;

— 6uocopbuna — copb6buMA BpeaHbIX MpuMeceil U3 rasoB
AN >KnpkocTen (06bl4HO OCYLLEecTBASAETCA 3aKpenjeHHbIMU Ha
crneumanbHbIX TBEPAbIX HOCUTENAX MUKPOOPraHM3Mamu);

— b6akTepnanbHoe BblilWenaudynsaHne — npouUecc rnepesoaa
HEepacTBOPMMbIX B BOAE COEAWHEHW MeTannoB B PacTBOPEHHOE
COCTOSIHME Mo AeCTBUEM CreyuanbHbIX MUKPOOPraHU3MOB;

— 6uoperpagauns — paspylleHue BpedHbIX COeAUHEHMWIA,
ocyllecTBAsieMasi MMKPOOPraHM3MamMmn-61oaecTpyKTopamu.

O6bl4HO 6MOTexHoMorMyeckas crTagus 3aBepLuaeTcs BbIXO-
[OM OHOI0 >XMAKOCTHOIO M OAHOr0 rasoBOro MOTOKOB, MHOrga —
TONbKO OAHOM0 >XWAKOCTHOrO MU repepaboTaHHOro TBEPAOro
npoayKTa, HanpumMep NMpu co3peBaHUU Cbipa UAM BUOKOMMOCTU-
poBaHUN OTXOA0B.

MonyyeHue roToBOW MNPOAYKUMU — 3aK/louuTeNbHas cTa-
ONst TEXHONMOTMYECKOro rpouecca 6MOTEXHONOTMYECKOro Mpon3-
BoacTBa. Yalye Bcero LeneBol MPOAyKT HaxoguTcs nm6o B ca-
MoOI1 6momacce, TM60 B >XNAKOCTU. B 3aBUCMMOCTU OT CBOWCTB
6uoMaccbl M XXUAKOCTWU, AN UX pasfeneHust Moryt 6biTb Uc-
Monb30BaHbl pas3/iMyHbie MeToAbl:

— oTcTauBaHue — pasfeneHue nog AeiicTBUeM rpaBuTa-
LUMOHHBIX cun (06bIYHO MPU OYUCTKE CTOYHbIX BOL);

— ¢dunbTpauus — MNpoNycKaHue CYCNeH3nn 4vepe3d PUIbT-
pylowmii matepuan, Ha KOTOPOM 3aJep>XMBAKTCSA 4YacTulbl
TBepaon hasbl — 6romacca. Takow crnoco6 NPUMEHSIOT B MNpo-
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naBa 6. OCHOBbI NPOMBbILUNEHHO 6UOTEXHONOTUN

M3BOACTBE aHTUOMOTUKOB, 0COBEHHO B Tex cayyasax, Korga
MWKPOOPraHU3M-npoayLeHT nMmeeT MuULEeNManbHbIN XapaKTep;

— cenapauus, ueHTpudyrnposaHne — pasgeneHne noa
LencTBMeM LEeHTPOb6eXXHbIX cui. Haubonee yacTto UCMONb3YyOT
ONna oTaeneHMa Opoxoken unm 6akTepuii B NMPOU3BOACTBE KOpP-
MOBOW 6uoMacchbl;

— MUKpoduabTpauna, ynsrpadpunsTpauymna — MNponyckKa-
HUe CyCrneH3uu 4yepe3 MemMbpaHbl C BeCcbMa MabiM pa3Mepom
nop, obecrieynBatlollee yaep>XMBaHUE KNETOK MUKPOOPraHwus-
MOB Ha MeMbpaHe W MojyyYyeHWe YUCTOro pacTteopa. MNpu ynbT-
paunbTpauun oTAeNATCA He TONbKO KNETKU, HO N KPYMHbIe
MOJIEKY /bl PacTBOPEHHbIX BELLECTB;

— koarynsuusa — pgobaBneHMe B CYCMNEH3UI0 peareHToB,
CMoco6CTBYHOWMNX 06pa3oBaHNI0 N OCaXKAEHUIO 60nee KpPYMHbIX
KNeTOYHbIX YacTuL, N OTAENEHUIO UX OT XXUAKOCTU MeTOAOM OT-
cTanmBaHus;

— pnoTrauyns — 3axBaT MUKPOOPraHM3MOB My3blpbKamMmu
rMeHbl U BblAeNeHne UX N3 MeHHON dpaKuuu.

Lenesble NpoayKTbl 6MoCMHTe3a MOFyT OblTb BHEK/IETOY-
HbIMU N BHYTPUK/IETOUYHbIMU.

Ansa BHYTPUKIETOYHbIX MPOAYKTOB CHayana HeobxoAMMo pas-
pyWwuTb 060/104KY KNeTOK. 3TO MOXHO OCYLLeCTBUTb ge3uHTer-
pauveli KneToK, PaspyLinB KAeTOUYHYIO 060104KY (PU3NUYECKNMU
MeTogamMu (C MOMOLLbIO MeNLWNMX Tef, NyTeM 3amMoparkKuBaHUS
M NpoaaBivuBaHUSA, BO3AeNCTBMEM YNbTPa3BYKOM, MeTOAOM ne-
KoOMNpeccun — pe3Koro cbpoca gaBneHUs) UAU XUMUYECKNMU
U BMOTEXHONOrMYECKNMN MeTogaMu. MICNONb3yloT TakXKe rugpo-
nu3 (paspyLleHne KAeTOoUYHbIX 060/104eK nog AeNCTBMEM XUMUYe-
CKUX peareHTOB W Temnepatypbl), dpepmeHTONN3 (paspywieHue
KNeToYHbIX 060/04eK Mof AeAcTBMEM (DEPMEHTOB MpU MOBbI-
LLEHHOMN TemMnepaType) Unn asTonus (PasHOBUAHOCTb (hepMeH-
TONM3a, Korga WUCronb3yrT CO6CTBEHHbIe (PepMeHTbl KNeTKK).

Mocne npoBeAeHUs KaKoW-TMbo M3 BbiLIENepPeUnNCNeHHbIX
onepauunini panbHelllee BblAeneHUe LUeNeBOoro MNpoayKra ocy-
LecTBAAIOT MeToAamMun, O6WUMU 019 BHEKETOYHbLIX U BHYTPU-
KNeTOYHbIX NPOAYKTOB. OCHOBHbLIMU N3 HUX SBAAKOTCA:

— aKcTpakuua — MNepexos uenesoro nNpoaykta m3 BOAHOM
hasbl B He CMeLUVBAaIOLLYOCA C BOAOM OpraHMYecKyl >XUAKOCTb
(akcTpareHT). Hanbonee M3BECTHO BblAeneHMe >XUPOMOLOOHBLIX
BELLECTB >XUAKUMWU yrnesogopogamun (tuna 6eH3nHa). MNMpume-
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6.1. OCHOBHble MeTOAbI, UCMOJIb3yeMble B I'IpOMbILIJﬂeHHOf/‘I 6noTexHonormum

USIOT N MHOIrMe Apyrve Buibl 3KCTpareHToB (Xxnopodopm, adwup,
byTunaueTart). MIHOrga akKCcTpaKLMIO OCYLLeCTBAAIOT Henocpen-
CTBEHHO M3 6nomaccbl MMKPOOPraHWU3MOB;

— ocadkaeHue — BbleneHMe LeNeBoro npoaykra nyTem
[obaBneHUs K >XUAKOCTU peareHTa, B3auMMOAeNCTBYIOLLEro C
pacTBOPEHHbLIM MNPOAYKTOM M MepeBOAsILErO ero B TBepAyto hasy;

— agcopbuma — MNepeBos PacTBOPEHHOro B XXUAKOCTU MNpo-
OyKTa B TBepayto dasy nyTemM ero copbumm Ha cneumanbHbIX
TBepAbIX HocUTensx (copbeHTax);

' — MOHHbIN 06MeH — B TBepAayt dpasy nepexogsT MOHbI (Ka-
TUOHbI UIW aHWOHbI), a He MOJieKyfna LeneBoro npogykra mim
npumecwm;

— OTroHKa, peKTUudpukauns — BblAe/eHNe pPacTBOPEHHbIX
H KynbTypaNbHOW >XUAKOCTU NErKOKUMswmMxXx NpoayKToB, Ha-
npumep 3TUI0BOrO CNUpTa;

— ynbTpadgunbTpauns, HaHouabTpaumsas W obpaTHbINi
ocmoc — BblAeNeHne BbICOKOMONEKYNSAPHbIX COeAVHEHU (6enKoB,
nonMnenTmMAoB, MNOMNHYKNeoTMAoB). O6paTHbIA OCMOC M HaHO-
unbTpaums NOo3BONAKT OTAENATb AaXKe HebonbLKne No pasme-
py MOfeKynbl;

— ueHTpUdyrnposaHune, ynbTpaueHTpudyrmposaHne —
BblgNeHne BUPYCOB, KETOUYHbIX OpraHesns, BbICOKOMONEKYNSP-
HbIX COeAVHEHWA.

OuncTka HeobxoaMMa ANA MoayyvyeHUst GUONPOAYKTOB Bbl-
COKOW cTeneHn 4ynctoTbl. OCHOBHOW LEeNblo siBNSieTCA yaaneHue
npmuMeceii, 4To AOCTUraeTcs C MOMOLLbI 3KCTpaKuun, aacopb6-
UMn, MOHHOro obmeHa, ynbTpadgunbTpayumn, obpaTHOro ocmoca,
pekTndukaymm n hepMeHToNn3a, KOTopble OblIN PacCMOTPEHbI
paHee. Kpome nepeynciieHHbIX, UCMONb3YIOT U Apyrmve npouec-
Cbl, TaKue, Kak:

— xpomaTorpacgua — MPOLECC, HanoMMHaloWMn ancopb-
umto. Ha TBepgom copbeHTe cobmpaloTcs pacTBOPEHHbIe Belle-
CTBa, 4acTo 61M3KMe No CTPYKType (Hanpumep, cmecn 6enKkos,
HYKNeoTnhoB, caxapoB, aHTU6mMoTuMKoB). lMpu agcopbumm OHK
JecopbupyloTca BMecTe, a BOT Mpu xpomaTtorpauu oHU Bblae-
NAKTCA U3 copbeHTa KaK 6bl MO oyepenn, 4YTO MO3BONSET OTAe-
NMNTb UX APYr OT ApYra;

— ananus — TMpoLecc, B KOTOPOM 4epe3 MonyrnpoHuuae-
MYIO MAEHKY MOryT MNPOXOAUTb HU3KOMONEKYNSPHble BeLLecT-
Ba, a BbICOKOMOJieKYNspHble ocTawTcA. [yTem ananmsa ocy-
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LWEeCTBASAKT OUYMNCTKY BaKUMH U (PepMeHTOB OT COne U HU3KO-
MOJIEKYNIAPHbBIX PacTBOPUMbIX MPUMECEIA;

— KpucTannmsaums — [MPOLECC, OCHOBaHHbIA Ha pa3snu
HOWM pPacTBOPMMOCTU BELLECTB MNpU pasHbiX Temnepatypax. Mega-
NEeHHOe oxnaXkaeHne no3BoaseT hopMmMpoBaTb KpUcTanibl U3 pac-
TBOPOB LENEBbLIX MPOAYKTOB, MNpPMYEM 4YUCTOTa WX O6bIYHO
O4YeHb BbICOKa. TaKmm 06pasom, Hanpumep, MoayyarT Kpuc-
Tannbl NeHUUMIIMHa. MOXXHO Aaxke Mony4uTb ewe 60nee ymc-
Tbili NPOAYKT, €CN KpUCTanibl pacTBOPUTbL B BOAE WU PacTBO-
puTene, a NOTOM CHOBa KpucTannmioBaTb (T. €. MPOBeECTM Mpo-
LIleCC nepekpucTannusaynun).

KoHueHTpupoBaHne npogyKTa [MMOBbILWLAeT €ero BbIXoA.
M3BECTHO, 4TO Mocsie 6UOTEXHONONMYEeCKOo cTaamn cogep kaHme
npoaykTa 06bI4HO cocTaBnsieT npumepHo 0,1-1 %, nocne cTa-
amn otaeneHnsa 6uomaccbl — 0,1-2 %, nocne cTtaguu Bblgene-
Hna — 1-10 %, nocne ctagum odmctkm — 50-80 % un, Hako-
Hew, nocne ctagun KoHUeHTpupoBaHus — 90-100 %.

Ha cTagnm KOHUEHTpUpoOBaHUSA MNPUMEHAIOT TakKume npouec-
Cbl, KaK BblMapmBaHue, CyllKa, oca)kAeHue, KpucTannmsauus,
unbTpauus, ynbTpadgunbTpayunsa, rmnepunbTpaumsa nnm Ha-
HoUNbTpauusa, obecneymBarwMe Kak 6bl OTXKMM pacTBoOpuUTE-
na 13 pacTsBopa.

Mony4yeHue roToBoli PopmMbl NpoayKTa 3aBepLUaeT 6uoTex-
HOMOrMYyeckKoe NPOM3BOACTBO. [MpoAyKT npuobpeTaeT TOBapHYHO
hopMy 3a CUeT NpoBeAeHNS NPOLLeCCoB rpaHynuposaHus (hopmMu-
poBaHme rpaHyn n3 nopowlkKa nnm npsamo 13 pactBopa), apa>kupo-
BaHuA, TabneTuposaHua (popmMmpoBaHmMe apadke, TabneTok), pos-
nvea UNN dacoBkW, amnynuposaHusa (3aTapuBaHUSa B aMnynbl).

6.2. TexHonornyeckoe o6opyaoBaHWe MPOMbILLIIEHHOIO
HasHa4vyeHus

Ons KynbTUBUPOBaAHUA pPasNMuUHbIX 6MONOTMUYECKNX 06BbEK-
TOB, B TOM 4YMC/le MUKPOOPraHM3MOB N KynbTyp KNeToK, B 3a-
BMCUMOCTW OT MOCTaBNEeHHbIX 3aja4 WCMONb3ylT pasnmuHoe
TexHonornyeckoe o6opygoBaHue. ITO MOryT OblTb Kaydanikum Wu
ponnepbl — MNpU NabopaTopHbIX UCCNef0BaHUSX, GUopeaKTopbl
1 pepMeHTepbl — MNPU MPOMbILINEHHbIX NPON3BOACTBAX.

B na6opaTopHbIX YCMOBUSAX 4YacTO MCHOMb3YKT Kadaniku u
ponnepHble YCTAaHOBKW, BpalleHue KOTOpbIX MpeaoTBpallaeT ce-
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6.1. OCHOBHble MeTOAbI, UCMONb3yeMble B MPOMbILUNEHHON GUOTEXHONOTUN

OMeHTauuo (ocadkaeHue) KNeToK WM obecrnevyvBaeT AOCTaTou-
HYH KOHLEHTpauuto pacTBOpPeHHOro Kmcnopoga. B 601bLLUNHCT-
Be C/lyyaeB CKOpOCTb BpauieHust coctaBnsetr 50-120 06/MuUH
ONs KPYroBbliX Kadanok m 1-20 06/MUH — Anst ponnepHbIX ycC-
TaHOBOK. HecMoTpsi Ha pasnmyHble Ccrnocobbl MepemMeLiBaHUSA
K/IETOUYHbIX KYNbTYyp, OTAINYMNA B NPOAYKTUBHOCTU M POCTeE Kie-
TOK He3Ha4UTe/bHbI.

MpomMbIWNEHHOE BblpalWMBaHWe KNeTOK pacTeHUIA ocy-
LecTBASAKOT B 6mopeakTopax unu epmeHTepax. X nogpasge-
NAKT Ha ABe rpynnbl: N0 KOHCTPYKUMM M MO NPUHLUNY Mnepe-
MeLUMBaHUA KynbTypanbHOW XUAKOCTU (puc. 6.2).

MoTop
Bbixop rasa
bIXO/, rasa
KynetypanbHas KynbTypanbHas
cpega cpeaa
IXS Nonactu
Mopava
N e Mopaua BO3Ayxa
BO3Jyxa
Bbixof rasa
a30XMAKOCTHbIN
Bbixog rasa cenapatop
& KynbTypanb-
KynbTypasnbHas /" was cpepa
cpesa Hucxoasawmia
Bocxogawmin ' noToK
noToK
LleHTpanbHasn
Tpyb6a
Mogava
BO3/yxa

Mopaya Bo3ayxa

Puc. 6.2. YnpouieHHble CXeMbl 6MOPeaKToOpoB pas/MYHbIX TUMOB
(no B. Muky n Oxx. MacTepHaky, 2002):

A — peaKTop C MexaHW4YecKUM nepemewnBaHuem; b — 6apboTarkHas
KONOHHA; B — 3pandTHbIV peakTop C BHYTpPeHHel unpkynauuen; I —
IPNNMPTHBIV peakTop C BHeLIHen unpkynaumern. CTpenkn ykasblBaloT Ha-

npaBneHWe NOTOKa KynbTypanbHOW cpeabl
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naBa 6. OCHOBbI NPOMBbILUNEHHOW BUOTEXHONOINN

B 6uopeakTopax, OTHOCAWMUXCA K nepsoli rpynne, nepeme-
LMBaHMe KJeTOK MpoOuUCXoauT MNyTeM aspupoBaHUS BO3LYXOM.
OT0 6ap6oTadkHbIli TUMN 6UopeakTopa, NPV KOTOPOM MpoLgecc ne-
pemMeLInBaHUA CYCMeH3UN OCYLLLeCTBASETCA NogHMMAKOLWLMMUCA NY-
3blpbKaMu Bo3gyxa. B cnyuyae 6ap60TaXkHbIX 6MOpeaKTopoB 06bliY-
HO MONy4yalrT XOpoLUMe POCTOBble XapaKTEPUCTUKN A9 60/bLUOro
yucna KNeToUYHbIX KynbTyp. OAHaKO CMOXXHOCTb Mognep>aHus
CYCMNEeH3UN B FOMOFeHHOM COCTOSHUM MNPU BbICOKUX KOHLLEHTpa-
UMax bromacchl KNeToK cy>kaeT cdepy X NMPUMEHEHUS.

HeckonbKo 601bLUNX 3HAYEHU MaKCUManbHOW KOHLEeHTpa-
UMM KNEeTOYHOW 6uomaccbl MOXHO OOCTUYb MPU NPUMEHEHUU
apnudp THLIX ONOPEaKTOPOB, B KOTOPbIX CO34al0TCA Hanpas/feH-
Hble UMPKYNAUMOHHBbIE MOTOKU. B 3pnndTHbIX 6GuopeaKTopax
rnepemMeLuBaHMe CYCMeH3UW OCYLECTBASAETCA 3a CYeT NpuMeHe-
HUA cneumanbHOM KOHCTPYKLUUK, co3fatoLlen rpagmeHT naoTHOC-
TV (Kak npaBuio, 3TO KOHCTPYKUUA C BHYTPEHHUM LUANHOPOM).

BTopas rpynna OvMOpeaKTOpOB npeacTaBnsieT coboi anna-
paTbI C I'IpI/IMeHEHI/IEM MeXaHN4YeCKnMx nepemMmewimnBarouinx ycT -
poiicTe. BuopeaKTopbl 3TOro TuUNa MNO3BOASAIT U3yyaTb pacTu-
TeflbHble KNEeTOYHble MONyNsAUMN B OYEHb LLUMPOKOM AnanasoHe
KOHLeHTpauuini bnomaccbl KneTokK. BmecTe Cc Tem CcTpeccoBoe
BO3JeNCTBME MNepemMeLInBaloLLLEero YCTPOMCTBA Ha KNETOUHYHO
nonynsaumio 4acto orpaHMYmMBaeT UX NPUMEHEHNe.

BblpalwmBaHne pacTuUTe/bHbIX KNEeTOUYHbIX KYbTYp U MUKPO-
opraHM3mMoB B 6MopeaKTopax MOXXHO MPOBOAUTL B pexXmmax re-
prMoAnNYecKOro n NPOTOYHOro (HeNpPepbIBHOMO) KY/NbTUBMPOBAHUS.

Mepuoanyeckoe KynbTUBMPOBaHME — 3TO aHanor Bblpawiu-
BaHNA KNEeTOUYHbIX Ky/NbTyp B Koj6ax Ha Kadanke. lNepuoaunye-
CKYI KYNbTYpy MOXXHO paccMaTpuBaTb KaK 3aMKHYTYK CUCTe-
My, KOTOpas B CBOEM pPa3BUTUU MPOXOAUT 4veTbipe dha3bl — Ha-
YasSbHYIO, 3KCMOHEHUMWaNbHYIO, CTauuOHapHYl U OTMUpPaHUA.
YcnoBuA cywlecTBOBaHUA KynbTypbl BO BCeX 3TUX (hasax pas-
NNYHBI.

MpoTo4yHOe (HenpepbIBHOE) Ky/NbTUBMPOBaHWE XapaKTepwu-
3yeTcs NMOCTOSIHHbLIM Ao6aBneHVeM B 6MopeakTop cBeXel nuTta-
TeNbHOW cpefbl M MOCTOSAHHbIM OTGOPOM NMG0 CYCMEH3UU (oT-
KpblTOE MPoOTOoYHOEe Ky/bTuUBMpOoBaHue), NNO60O OTpaboTaHHOM
cpefbl (3akpblToe MpoTo4YHOe KynbTuUBUpoBaHue). HenpepbiB-
Haa KynbTypa npeacTtaBnsdeTr cobor OTKPbITYHO CUCTEMY, CTpe-
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MSALWYIOCA K YCTaHOBNEHUID AMHaMMYecKoro pasBHoBecus. [Ans
OpraHM3mMoB CO34al0TCA HEeU3MeHHble YCoBUSA cpedbl. MpoTou-
HOe KyNbTUBUPOBaHMWE KOHCTPYKTUBHO 60nee CAOXXHO W NoA-
JaeTcss aBTOMaTUYeCKOMY PerynmpoBaHuio, TaK KakK CBS3aHO C
BBeJeHMeM B CxeMy 6umopeakTopa AOMNOAHUTENbHbIX YCTPONACTB
(NepucTanbTUYECKMX HACOCOB, pa3fennTefibHbIX YCTPOUCTB U 4p.).

B nepuogmnyeckon KynbType YCNOBUA BCe BPeEMSA MEHSKOTCS:
NAOTHOCTb KynbTypbl BO3pacTaeT, a KOoHUeHTpauusa cybcTpaTta
yMeHbllaeTcss. OfHAKO O4YeHb 4YacTo TpebyeTcsi, UTOObl KIETKMU
MOIM [0/iFroe BPeMsi HaxoAuTbCcs B hase 3KCMNOHEHLMaNbHOro
pocTa Npu MNOCTOAHHOW KOHLUEeHTpauum cybcTpata B HEU3MEH-
HbIX MPOYUX YCNOBUAX. DTOr0 MOXHO AOCTUYb, €CM B COCYA,
coAep>kaliuii KynbTypy K/eTOK, HernpepbiBHO BBOAUTb HOBbIN
nuTaTeNbHbIA pacTBOP U O4HOBPEMEHHO yaanAaTb U3 Hero cooT-
BETCTBYHOLLEE KO/MIMUYECTBO K/ETOYHOW CYyCMeH3uMu.

MpuMeHeHMe MPOTOYHbLIX cpes Npu KynbTUBUPOBaAHUN TKa-
Hell obecrneymBaeT AMHAMWUYHOCTb U 6OfblLUee MOCTOSHCTBO YyC-
NOBUM MX NUTaHusA. MNpenmyLLecTBO MPOTOYHOM MUTaATENbHOW
cpefbl Haf HEMPOTOYHbLIMWN TBEPAO N XUAKOW cpefammn Habno-
Janocb Mpu BblpaWMBaHUN He3penbiX 3apofbllieil. CNoXKHOCTb
MeTOAMYECKOr0 N TEXHUYECKOro obecreyeHUsi MPOTOYHOCTU MNKU-
TaTeNbHbIX Cpef B NpoLuecce BblpallMBaHUSA, O4EBUAHO, ABASET-
CA MNPUYUHOW TOro, 4YTO 3TWU CpeAabl elle He HawAu LIMPOKOro
npumeHeHnsa. OAHaKoO MOAenMpoBaHWMe YCA0BUIA NMUTaHuUsA npuv
MPOTOYHOCTM NMUTaTeNbHOW cpeAbl CTOUT 6/MXKe K HATUBHbIM
yCcnoBusiM. 3TO MPEUMYLLECTBO, MO-BUAVUMOMY, OyAeT Y4UTbl-
BaTbCA NPV AanbHellleM COBEpLUEHCTBOBAHUU YC/OBUW NuTa-
HUA B KyNbType TKaHMW.

B npakTuke MMKpPOOGUONOrMYecKUX UcCCnefoBaHUA LLUNPOKO
MPUMEHSIOT ABe Pa3sHOBUAHOCTU OTKPbLITOFO MPOTOYHOrO Ky/b-
TUBUPOBaHMUA: XeMOCTaTHbIA U TypbuUaoCTaTHbIA MeToAbI.

XemMocTaTHbIA MeToa KyNbTUBMPOBAHUS KNeTOK 6asupy-
eTca Ha Mcnonb3oBaHUU 6UoOpeaKTOpa, B KOTOPbIA C MOCTOSAH-
HO CKOPOCTbIO MojaeTcs nMuTaTenbHas cpefa U O4HOBPEMEHHO
C TOW >Xe CKOpPOCTbio (Harmpumep, CIMB MO YPOBHKO) oT6MpaeTcs
KneToyHas cycneHsusa. Npum aToM 06bEM BblpallnMBaemMoi cyc-
MeH3NMM oCcTaeTcA MOCTOSAHHbIM. XemocTaT COCTOUT W3 COCy-
Ja-KynbTuBaTopa, B KOTOPbIA M3 0CO60ro pesepByapa rnoctyna-
€T C MOCTOSIHHOW CKOPOCTbO NUTaTeNbHbIA pacTBop. Bnarogaps
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aspauum n mMexaHMYeCKOMy nepemMeLInBaHuMIo, B KylbTuBaTope
co3jalTca OnTUManbHble YCNOBUSA ANA CHabGXXeHUs KNeToK
Kncnopogom un 6onee 6bICTPOro U paBHOMEpPHOro pacnpegene-
HUA NUTaTeNbHbIX BELLECTB, MOCTynaluwmnx ¢ HOBbIMU MoOpLUa-
MK pacTBopa. POCT KynbTypbl B XemocTaTe KOHTpoOAmMpyeTcs
KOHLeHTpaumnei cy6cTpaTtoB. Ha TakoM orpaHuU4yeHMmM CKOPOCTU
pocTa KOHLUgHTpauueih ogHOro U3 Heo6XoA4MMbIX CybCcTpaToB OC-
HoBaHa cTabu/IbHOCTb CUCTEMBI.

Typ6ugocTaTHbIi MeTog MNpegycMaTpyBaeT W3MepeHue
KOHLEeHTpauun Kneto4yHo 6momacchbl B 6MopeakTope U ee aBTO-
MaTu4yeckoe noagep>kaHme Ha NOCTOAHHOM YPOBHe MyTeM M3Me-
HEHUS CKOPOCTU rMnpoToka. PaboTa Typbupoctata ocHoBaHa Ha
noAAep>XaHUM MOCTOSAHHOW MAOTHOCTWU CYCMAEH3UW, WX MOCTOSAH-
HOW MYTHOCTWU. [laTuMK MYTHOCTU perynmpyeT 4vepe3 ynpaBnsio-
LY CUCTeMy nocTynneHWe nuTaTenbHOro pacrtesopa. B cocyge
ONA KYNbTUBMPOBAHUA BCe NUTaTe/lbHble BellecTBa cofep>kaTcs
B MU36bITKE, M CKOPOCTb pocTa Ky/lbTypbl NMPUGIMMXKaeTCAa K MaKCU-
ManbHoOM. TypbupocTtaT WUCNONb3YKOT MNPW CKOPOCTAX MPOTOKa,
61M3KNX K MaKCUManbHOW yAefNbHOW CKOPOCTUM pocTa, Torga
KaK XemocTaT MUHOrga CTaHOBUTCHA HEYCTOMUYMBBLIM U MOXXET Mpo-
M30ATU MNONMHOE BbIMblBaHUe KyNbTypbl U3 6nopeakTopa. Pa6o-
Ta ¢ Typbugoctatamu TEXHUYECKU CNOXKHEee, YeM C XemocTaTamu.

XemocTaTHbIA MeTo4 KynbTUBMPOBaAHUA MO3BOASET Bblae-
NATb hakTop (Yawe BCEro KOHLEHTPaLMIO POCTIMMUTUPYIOLLETO
KOMMOHEHTa NuTaTeNnbHOW cpeabl), onpegenstouwmnii pmnsmonoro-
6MOXMMUNYECKOE COCTOSIHME K/eTOYHOW nonynsdumn. Tak, 6bino
rnokasaHo, 4TO yJefbHas CKOPOCTb pocTa NonynAauum KNeTok
Acer ps3euncloplManm8 b. MOXXeT KOHTPO/IMPOBaTbCA KOHUEHTpPa-
uven HuTpaTa B NMTaTeNbHOW cpefe COrnacHO COOTHOLLUEHMIO,
onpegeneHHomy XK. JI. MoHO Aansa 6akTtepuii.

B TO >Ke BpeMsi B YC/NOBUSAX XeMOCTaATHOro BblpawuvBaHUS
He Bcerfja ygaeTcs nognep>XuBaTb B TedeHUe NPOoJo/IHKNTENbHO-
ro BPeMEHWN CTauuOHapHOe COCTOSHME KY/NbTYyp pacTUTeNbHbIX
KneToK. Hanpumep, KynbTypa K/NeTOK Tabaka, BblpocLuas B ycC-
NOBUAX XeMocTaTa Ha CTaHOapTHOW NUTaTeNbHOW cpefe ANA ne-
proauYvecKoro BblpallMBaHus, rnocne ogHON-ABYX Hefenb TEMHena
M nu3npoBanacb. TONbLKO MOC/e YBeIMYeHUs KOHLeHTpaumun Becex
KOMMOHEHTOB B cpefe yAanocb nofyyuTb (B YCNOBUAX XemocTa-
Ta) cTabunbHOE COCTOAHWE KyNbTypbl KNeTOK B TeyeHne 73 cy-

224



6.2. TexHoNOrM4yeckoe 060pyoBaHne NPOMbILLNEHHOTO Ha3HaYeHs

Tok. CnepgoBaTenbHO, ANA noAjepXkaHus cTabunbHO nponude-
pupytoLwein KynbTypbl Heob6xoAuMMO obecnedmBaTb AOCTaTOYHO
BbICOKYH KOHLEHTpauuo KOMMNOHEHTOB NMTaTe/NbHOW cpeabl.

Hapsgy ¢ nummntupylowein KoHueHTpauuei cybecTpaTa, Ha
pasBuUTUE CYCMEH3VUOHHOW KynbTypbl pacTUTE/NbHbIX KNEeTOK,
pacTyllieii B yCN0OBUAX XemMocTaTa, 3HauyuTenbHOe BAUSHUE OKa-
3blBaeT U CKOPOCTb MPOTOKa cycneH3uu. Ee yBennyeHue Bbille
MaKCUManbHOM yaenbHOM CKOPOCTU pocTa KNeTOK MpUBOAUT K
BbIMbIBAHUIO KYNbTYpbl U3 6UOpeaKTopoB. [103TOMY AaHHbIN
MeTo4, HenpurogeH ANs WU3YyYeHUSA MejleHHO pacTywux (mepn-
NEHHO Aenfaumnxca) KNeToOUHbIX NoNynauuni.

HoBble BO3MOXHOCTU U3YyUYeHUA (HPU3MN0N0r0-6MOXUMUNYECKO-
ro COCTOSIHMSA KNeTOYHOW nonynsauum nosBAAKTCA Npu  Uc-
nofb30BaHUN «3aKpPbITOr0 MpoOTOKa», Korga He MpoucxoauT
yhaneHnsa KnetToyHoi 6uomaccel. MNpu aToM nuTaTenbHas cpega
pobaBnsieTcss B 6MOpeaKTop MOCTOSIHHO, U C TOM >Xe CKOPOCTbH
U3 Hero ypansetcsa 6ecKneTodyHasi KynbTypanbHas >XUAKOCTb.
[JaHHbI pe>xXM BbIpalMBaHNS PacTUTE/bHbIX KIEeTOK Mpa-
BUNbHee OblI0 6bl HasbiBaTb 3aKpbITbiIM MO 6momacce MNpoTo-
KOM, OAHaKO O6bIYHO YyNOTpPebnAaAlT TepMUH «3aKpbITblii MNpPO-
TOK», HECMOTPSA Ha ero hopmMasibHY0 HENOrMYHOCTb.

B 3ak/itoueHMe OTMETMM MNpeumyllecTBa M HepocTaTku ne-
puoanvecKmMx M NonynepuoamyeckKmx npoueccoB depmMmeHTaLun.

MpenmyLiecTBa:

— Manas CToMMOCTb annapaTta U CUCTeMbl yNpaBieHus;

— FM6KOCTb, T. €. BO3MOXXHOCTb HapaboTKn B ogHOM 6uope-
aKTope pasHbIX NPOAYKTOB;

— BpEeMS KyNbTUBUPOBAHUA MOXXHO MNPOU3BOJIbHO MEHATH;

— npouecc MeHee NOABEPXKEH UHMULMPOBaAHUIO, MyTauuaMm
KNeToK BCNeAcTBME OTCYTCTBMA MNPOTOKA M NPUTOKa M3-3a 0T-
HOCUTENbHO Manoro BpeMeHW dpepMeHTauuu,;

— npouecc yaobeH Ans NoNyvyeHUSA MaiblX KONIUYecTB Mpo-
AyKTa;

— YC/NOBUA KYNbTUBUPOBaAHUA MOXXHO NoAfep>XMBaTb B OMN-
TUMyMe Kak B ¢paze pocta bmomacchbl, Tak U B pase 6UocuHTE3a
npoaykTta, nNpuyemM onTUManbHble ycnoBusa Ana 6umomaccbl U
npoaykTa MoryT 6bITb pasfinyHbl;

— npougecc yaobeH Ana peannsaumm 6UOCMHTE3a BTOPUY-
HbIX MeTabonTOB.
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HepocTaTKu:

— H806X0,EI,I/IMOCTb NMPpUroToBieEHNA TMOCEBHOIo mMartepumana;

— BE/IMKO HEMPOAYKTMBHOE BpPeMsA (hepmeHTaumu;

— B CBs13U C 4acTol CTepl/U'II/I3aLI,I/Iel7I 6bICTpee MN3HawmBarTCA
n3MepuTeNbHble MPUOOPbI, 0COBEHHO AAaTUYMKUN BeNN4YUHbI pH;

— Mpon3BOAUNTENbHOCTbL MO 6romMacce M MPoOAYKTY HacTO HU-
>Ke, 4eM npum HenpepbiBHOM rpoLlecce.

6.3. MpoAyKTbl 6MOTEXHONOTNN
n 610K-CXeEMbl UX MNPOU3BOACTB

MpoAyKTbl, nofyvyaemble 6MOTEXHONOTMYECKUMMU criocoba-
MW, OTINYAIOTCA He TO/NbKO MO UBeTy, BKYCY, 3amnaxy wuim Xu-
MMWYECKOMY COCTaBy, HO W MO TOMY, KaKoe MecTO B TWUMOBOM
TEXHONIOMMYEeCKOM CXemMe OHU 3aHUMaloT.

MpoayKTamy 6MOTEXHONONMYECKOro Npou3BoACTBa MOryT 6bITh:

1. Fa3bl — cO cTagun epMeHTauuu (AUMoKcua yriepoja —
npu cNnMpTOBOM MPOM3BOACTBE, buoras — npu nepepaboTKe OT-
X0A0B MyTeM MeETaHOBOro 6pOXXeHWdA, BOAOPOL — MPU KYNbTU-
BMpoOBaHUN (hoTOTPOGOB).

2. Cpega epmMeHTauMm —  KyfnbTypanbHas >XWUAKOCTb
BMecCTe C MUKpoOopraHusMamu (Hanpumep, kedup, NOrypT) uam
TBEpPAbIV cybcTpaT (HanpuMmep, Cblp UAM epMeHTUpOBaHHasi C
3aKkBackamm Konbaca).

3. )KugkocTb (ocBeTneHHasi, HagocagoyHas, HaTUBHbIA pacT-
BOp, hunbTpaT, yrart, nepmear uiam cynepHaTtaHT), MojyyeHHas
nocne orvaeneHna 6Guomaccbl, WUIN ee KOHUeHTpaT. [oToBble
nPoAyKTbl Ha 3TOW OCHOBe — MUBO, BUMHO, KBac. KoHueHTpaTt
KyNbTYpPanbHOW >XUAKOCTU 06bIYHO MONy4YalT BbiMapuBaHUEM
AN BbiCyLUMBaHUEM (Harnpumep, KOPMOBOM NN3UH NN KOPMO-
Bble aHTUONOTUKMN).

4. bBuomacca WHaKTUBMpOBaHHadaA (Hanpumep, KOPMOBble
OPOXOKM, KOTOpble Ha 3aBepLlalliMx CcTaauax noaseprairoT
TENnoBOW cTepuansaumnn).

5. buonpenapat — >Wn3HecrnocobHas bnomacca MUKpoopra-
HU3MOB B >XWAKOM WAU BbICYLLUEHHOM BUAe (NeKapcKme OPOXK-
XU, bakTepuanbHble cpencTBa 3alinTbl pacTeHW, AeCTPYKTO-
pbl HePTAHbLIX 3arps3HeHuii, bakKTepuanbHble yao6peHns, cu-
NOCHble 3aKBacku M T. M.).
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6. OcnabneHHass 6momacca MUKpPOOPraHM3MoB (Hampumep,
XXUBble BaKLUWHbI, MONy4YeHHble MNpu 06paboTKe K/AETOK naTo-
reHHbIX MWKPOOPraHW3MOB TeMJ0BbIMW BO34EACTBUAMU WU
XUMUYECKUMUN peareHTamMun ANS CHUXKEHUS UX NaTOreHHoCTW).

7. BHeEK/NEeTOUYHble U BHYTPUKI/IETOUHbIE 6MOMPOAYKTbl. YUpes-
BblHailHO pa3HOoobpa3Hbl MO CBOE CTPYKType, MOryT 6biTb ner-
KOKUMSALLEN >XXUAKOCTbIO (Hanpumep, 3TaHOAN, Bblaensemblii U3
cpedbl OTFOHKOW WUAW peKTUudukaumein) nam TeepAbiM BeLLecT-
BOM (MHOTrMe MegULMHCKUE aHTUOGMOTUKU, YUCTbie MULLEBble
U MegULUMHCKUE aMUHOKUCAOThI, IMMOHHAas KUCNoTa).

8. NepepaboTaHHasaA 6momacca MMKPOOPraHM3mMoB — TruUA-
ponmsaTtbl U (PepPMEHTONM3aThbl, UCMOMb3yeMble KaK MCTOYHUKU
KOPM/IEHUA ANSA >XUBOTHbIX UAM KaK BKYyCOBble A06aBKU; Kie-
TOYHble 060/104YKM, MNONy4YaeMble MOCMe paspyLleHUs MUKPOOop-
raHN3MOB W MPUMEHSIEMble KaK COpPOGEHT ANS OUYUCTKU COKOB,
BVHA, MULLEBbIX XXUAKOCTEN.

9. OuunweHHas OT 3arpsA3HeHUr >XUAKOCTb (Hanpumep, npuv
O4YNCTKe CTOYHbLIX BOA) UM TBepAas cpefa (Hanpumep, moysa
npu MUKPOBMONOTMYECKOW OUYUCTKE ee OT HePTHAHbIX 3arpsisHe-
HUA).

10. XXngkasa cpepa (KynbTypanbHas >XWAKOCTb) C 3KCTpa-
rMpoBaHHbIMU (BbILLENOYEHHbIMU) M3 TBepAoW ¢asbl KOMMO-
HeHTaMn (Hanpumep, 6aKTepuanbHOe BblllenadyMBaHne MeTas-
NIOB U3 pyfA, MUKPO6GMONornyeckoe obeccepmBaHue yransa n HedTw).

Bce 3TV npoAayKTbl MOAy4darwT MO TEXHOJNOTUYECKUM CXe-
MaM, uAn 6noK-cxemam, cofep>KawumM HeCKONbKO CcTaguid.
B Ka>K1oM KOHKPEeTHOM cny4yae 3TO ornpejensieTcs LeneBow 3a-
Jadell, a Tak>Ke CBOMCTBaMM MUKPOOPraHU3MoOB, CbIpbsl U camMo-
ro roToBOro npoaykTa.

Bnok-cxema — 3TO nocfefoBaTelbHOCTb TEXHONOTMMYECKUX
cTaguii 6MOTEXHONONMYECKOro MPOM3BOACTBA, HEO6X0A4UMbIX
ONa nonyyeHUs npoAaykKta. PacCMOTPUM HECKONbKO MPpUMepoB
6/10K-CXeM MPOU3BOACTBA Pa3/IMUYHbIX NPOAYKTOB.

Bnok-cxema npoussoacTea 6uorasa (puc. 6.3) 3HaUYUTENb-
HO KOpo4e 06LLeli TUNOBOMA CXeMbl N BKAKOYaeT NMOATOTOBUTENb-
Hble CTaguu, CTaAul0 MeTaHOBOro B6pO>XKeHUs U CYLUKY Kak CcTa-
ONI0 KOHUEeHTpMpoBaHua. KomnpumMmupoBaHue (cxkaTue) 6morasa
MO>XHO paccmaTpuBaTb KaK CO3aHue ero rotoBoii oopmbl.
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Buoras YpobpeHue

Puc. 6.3. Bnok-cxema npomnsBoacTBa 6morasa (no B.B. BupitokoBy, 2004)

B npoussoacTee iiorypTa (puc. 6.4) npeaycMoOTpeHbl ABe
noAroToBUTE/bHbIE CTaAuW, OfAHA GMOTEXHONOrMyeckas M cTa-
OVsa po3nuBa, NMpeacTaBnsioLlLas cobor npuBegeHVE NPoayKTa K
rotTosowvi oopme.

Mpouecc npoussogcTBa Xne6a CXeMaTU4YeCKW npencrasieH
Ha puc. 6.5. lMpuroToBneHne onapbl (CycrneH3nn MYKW B BOAE)
aHanoruyHoO TrMPUroTOBNEHUIO cpeAbl B 6GUMOTEXHONOrMYECKUX
npovsBoAcTBax. B omapy Ao06aBAsilOT APOXOKU AN 6POXKEHUS,
3aTeM BHOBb MYKY (3aMec TecTa) M NpoBOAAT aHaspOoOHbI 61o-
nornyecknin npouecc 6podkeHusi. [lanee TecTo AenAT Ha 3aro-
TOBKM, N OHWN Yy>XXe B TpeTuil pa3 nogseprarTcs BO3LENCTBUIO
OpOXOKer B mpouecce paccToliku. [py 3TOM [uokKcupg yrne-
pona, obpasylLwmnincsa Npyu 6podKeHUn, yBenn4mBaeT ob6beM Xne-
6a n co3gaeT ero nopuctoctb. CTaaus BbINEUKU 3aKpennseTt
MoJlydyeHHbIA pe3ynbTaT M NpeBpallaeT, Mo CyLW,eCcTBY, XXUAKUM
nonynpoayKT B TBepAoe Teno — xneb u xnebobynoyHbie W3-
aenns.

MpuBeAeHHbIE MpUMepPbl MOKasbiBalOT, UYTO OGMOTEXHONOrU-
YecKMe MNPOM3BOACTBA BKAWOYAKT B Cebs KakK crneuunduyeckme

Puc. 6.4. bnok-cxema npousBoacTBa orypTa (no B.B. BuprokoBy, 2004)
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Puc. 6.5. bnok-cxema npomsBoactea xneba (no B.B. buptokosy, 2004)

Oona  6uoTexHonorum crtagun (pepmeHTaums, 6GUOOKUCNEHME,
6notpaHcopmayns, 6poxkeHue, 6akKTepuanbHOe BbilienavmBa-
Hue, 6MOKOMMNOCTUPOBaHWe, epMeEHTONN3, CTepunmsaumns cpe-
Obl N BO3AyXa, Ae3VHTerpauns MMKPOOPraHM3amoB), TaK U MHO-
KECTBO CTaguii, BCTPeYaroLWMUXCA B XUMMUYECKOW TEXHONOrmm
(dbunbTpauusa, cenapauusi, oTcTamBaHue, 3KCTPaKUMSA, CyLIKa,
BbiMapmBaHue, ynbTpadpunbTpaunsa uU o6paTHbIA OoCMOC, KpuUC-
Tannmsayus, pekTugukauus, Koarynsaumsa n gp.). 3tm ctagun,
KOHEYHO, MMEKT CBOK CMeunuKy B OMOTEXHONOMMUYECKUX
npon3BoAcTBax B CBA3N C PUINYECKUMU N PUBNKO-XUMUYECKU-
MU cCBOWicCTBaMU 6MONOrM4YeckKoro o6bvekTa, ero n1abuabHOCTbIO U
BapunabenbHOCTbIHO.

6.4. benkoBble MpPoAyKTbI

BunoTexHonoruvyeckme MeToAbl MPUMEHSIOT ANS MONyYeHUs
pa3Hoo6pasHbIX COeAMHEHUI, VMelWNXx KOMMEepPYecKyl LeH-
HOCTb U SIBASIIOLWUXCS MPOAYKTaMU >KMU3HeAessTeNbHOCTU MUK-
poopraHM3MoB, a Tak>Xe KNeTOYHbIX KyNbTyp PacTeHWUii u >XKu-
BOTHbIX. B nepBylo ouepeab 3TO coeAMHEHUS MEPBUYHOIO MeTa-
60nM3Ma, LWMPOKO WUCMONb3yeMble B HApoOAHOM XO3sIACTBE
(6enKnN, aMUHOKUCNOTbI, BUTAMUHbI 1 Apyrue coegmHeHust). Oc-
TaHOBUMCS Ha HEKOTOPbIX U3 HUX.

CaMbIM/ Ba)KHbIMU BeLLECTBAMU BCEX >XXUBbIX OPraHM3MoB
ABNAOTCA 6e/KM — a30TcofepykalliMe BelecTBa, pasinyHble
Mo CBOEMY CTPOEHUID U MONeKynsipHoii macce. B coctaBe 6en-
KOB COAEP>KMTCA NMpuMepHo 16 % asoTa, a TakKxe yrnepoj, Bo-
Jopoa, Kucnopog U — 4acto — [Apyrve 3feMeHTbl, Takue, Kak
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cepa, hocdop, >keneso (Monekyna remornobuHa, Hanpumep, co-
Oep>XXUT YeTbipe atoMma >kefesa) n meipb.

CTpyKTypoob6pasytouine 6enkKm Tena >XMBOTHbIX N 4YenoBeKa
HasblBalOT MUOPUANAPHLIMU  UAN BOJOKHUCTbIMU 6GenKamu.
OHM UMeT BbITAHYTYIO HWUTeobpasHyl dopmy. BadkHelline
punbpunnspHble 6e1KM — 3TO kepaTuH (BXOAUT B COCTaB BO-
N0C, HOITEW, MbILL, POroB, UM N NEPbEB XXUBOTHbIX) U Konna
reH (CTPYKTYPHbIA KOMMOHEHT CYXOXWUINMA, KOXWN, KOCTEN, CO-
eOUHUTEeNbHOW TKaHu). Mpn KUNAYeHUU KonnareH rnaponnsy-
eTcsa 1 obpasyeT pacTBOPMMBbIA B Bofde GEIOK — >kenaTuH.

Benok >XMBOTHOIMO MPOUCXOXKAEHUSA — Haubonee genumnT-
HbIi KOMMOHEHT NULM. MupoBas NoTpebHOCTb B HEM B HAcCTOSA-
uee BpeMsA yaoBneTBopsieTcsa Nvb Ha 40 %. B cBA3W C 3TUM
Heo6Xxo4MM MOUCK (B TOM 4uCle U METOo4aMMW MPOMbILLIEHHOM
6MOTEXHONOIMU) pecypcoB 6enka Ansi MULLLEBLIX Lene.

OOHUM U3 COBPEMEHHbIX CMOCO60B MoNyyYeHUs 6enKoBbIX
BELLEeCTB SABNSETCA MWKPOOMONOrMYECKUIA CUHTE3, MOCKObKY
rNno CKOPOCTU pocTa MUKPOOPraHu3imbl MPeBOCXOAAT CeNbCKOXO0-
3ACTBEHHbIE KYNbTYypbl B COTHU, & >XUBOTHbIX — B TbICAYU
pa3. Kpome TOro, Ans MUKPOOGUONOrMYecKOro cuHTe3a He Tpe-
byeTcsl 601bLINX 3eMeNbHbIX MN/oWaner, oH He 3aBUCUT OT MoO-
rogHbIX N KAIUMAaTUUYeCKUX YCNOBUIM W He 3arpsA3HseT OKpy-
KAy cpefy A40XMMUKaTaMN.

MuKpo6Hble 6enKn 6711M3KM MO coCcTaBy K 6efKam >XUBOTHO-
ro NPoOuUCXoXKAeHUs, U UX MNPUMeHeHWe B KOPMOMPOU3BOACTBE
ynydllaeT KayeCTBO U YCBOSAEMOCTb TPAAULMOHHbLIX pacTUTeNb-
HbIX KOpMOB. Hanpumep, 1 T KOPMOBbIX ApOX>Kel obecnevnBa-
eT 3KOHOMWIO 5 T 3epHa U yBeNnymBaeT MPOAYKTUBHOCTb B XKU-
BOTHOBOACTBe Ha 15-30 %. CoBpeMeHHbIV cpeaHuini 3aBog Mo
npoun3BoACTBY MUKPOOGHOro 6enka mMowHocTbto 50 T/ron, 3aHWU-
Mawowmnii nnowagb 0,2 ra, MOXEeT 006ecrneunTb MOTPeBHOCTb B
6enke go 10 MAH 4yenoBeK. CenbCKOXO3AMWCTBEHHbIE TEXHO/0-
rmm ona Taknx maclutaboB npoussBoacTBa TPebyoT nnbo Hanm-
unma po 16 Tbic. ra 3eMefnbHbIX YroAWM, 3acesHHbIX MLUEHULLEN,
nnéo cogep>kaHusa epmbl, npomnsBoasileii 400 NOPOCAT B AEHb.

B 1960-e rr. nosaBuncsa TepMmnH «6enoK O4HOKNETOYHbIX Op-
raHn3moB» (06bIYHO YNOTPEBNAIOT ero CoKpalleHHOe Ha3BaHne —
abbpeBnatypy BOO, ot 3T81le cell probews — 8CP), KOTOpbIM
0603HavaloT LuUefble HeXVBble BbICYLUEHHblE KNeTKU BOAOPOC-
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new, Apoxokei, 6akTepuii Unnu rpn6oe, MCMNoNb3yeMble B Kaue-
CTBe 6eNKOBOro NpoAyKTa Ans KOPMOBbIX U MULLEBLIX Lenen.
B oTeudecTBeHHOW nuTepaType 3TOT 6e/l0K Ha3biBaldT 6e1K0BO-
BUTAMUHHbIM KOHLeHTpaTomM unn BOO. Bce 3aTM HasBaHUSA He-
CKO/IbKO YCNOBHbI, TaK KaK B 6uomaccax, NoOMMmo 6enKoB, Cy-
LeCTBEHHYIO O0M0 3aHUMalOT Apyrve KOMMOHEHTbl — caxapa,
MNNAbl, HYKNEWHOBbIE KUCNOThI.

BenokK 04HOK/NEeTOUYHbIX OPraHU3MOB [0/I>KEH Y/0BNeTBOPATb
psaay crieumanbHblX TpeboBaHUI, rnaBHble U3 KOTOPbIX — MNU-
TaTeNbHOCTb, MepeBapMBaEeMOCTb, 3KOHOMUYecKas 3NPEKTUB-
HoCTb. MnTaTenbHOCTL 3TOro 6enka, onpegensiemMasi rno XxMmMuue-
CKOMY cocTaBy, 6/M3Ka NUTaTeNbHOCTU TPaAULUOHHbIX 6eNKo-
BbIX MPOAYKTOB.

BakHellLM yCnoBMEM MNpPU pas3paboTKe HOBbIX TeXHOM0rum
rnosyyeHnst 6enKka OAHOKNETOYHbIX SABNSETCSA AOCTYNMHOCTb Cbl-
pbs. 3To NpeanonaraeT HaAu4vue pas/iNUYHbIX Pe3epPBHbLIX Bapu-
aHTOB, MO3BOMAKLWMX OMNepaTUBHO 3aMeHSATb M WUCMOMb30BaTb
pasnnuyHble UCTOUHUKU Cbipbsi 6€3 CyLleCTBEHHOro WM3MeHEeHMUs
KauyecTBa Mo/yyaemMoro npogykta. B cOBpPeMeHHbIX MpPOMbILL-
NEeHHbIX NpoLeccax UCMoNb3yT KaK «4UCTOEe» Cblpbe MOCTOSIH-
HOro XMMMWYECKOro cocTaBa, TaK W KOMM/EKCHble coegnHeHUs,
BK/OYas 0TX0Abl pa3fnNuUHbIX npousBoacTB. MocnegHee Haubo-
nee BbIFOAHO 3KOHOMWYECKM U UMeEeT OrpoMHOe 3HauyeHue Ans
oxXpaHbl OKpYy>Kalolliei cpefbl.

Ona cnHTesa 6enka MUKPOOPraHmM3mbl Croco6Hbl MCMNOMb30-
BaTb pas3Nn4Hble yriepoacoaep>kaliue cy6cTpaThl:

— yrneeogbl;

— XUAKKne yrneBogopoabl;

— rasoo6pasHble YyrneBogopoabl;

— oKcuaaTbl YrneBoAopo/ioB;

— YINeKUCnbli ras, BKAYasi CMecu ¢ BOAOPOAOM.

He3zaBuCMMO OT BUAA WMCMNOMb3YEMOro Cbipbs, TUMOBasi CXe-
Ma MUKpPO6MONOrMYecKoro rnpovsBoacTBa 6enka BK/OYaeT Mo-
nydyeHune M MoAroTOBKY Cbipbs, MONyYeHWe MOCEBHOro Matepwu-
ana, depMeHTaUuuMio, BblaeneHue, WHaKTUBALWIO, CrylleHune
MUKPO6HOI 6uomacchl, nocnegylolliee BbICylUMBaHWe W CTaH-
[apTusaumnio rotoBoro nNpoaykra.

MakcuManbHble CKOPOCTU CUHTEe3a 6e/KOBbIX BeLeCTB MUK-
POGHBLIMN KNeTKaMu peanusyloTcs Mpu ONTUMalbHbIX YCNOBU-
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AX cpefbl, Korga yaenbHas CKOPOCTb pocTa 6/M3Ka K MaKCcu-
ManbHoOM. MoaTomMy Ana nony4vyeHUs 6enka OAHOKIETOUHbIX 6MO-
TEXHONOMMYECKME MPOLLECChl Pean3yoT B MPOTOYHOM pPEeXUME,
KOTOpbI/i NO3BONSET CTabuUnmMampoBaTb MpPaKTUYeCcKM Bce Mnapa-
MeTpbl CTaaun (epMeHTaLUN Ha YPOBHAX, ONTUMabHbIX ANS
pPa3sMHOXXEHNSA KNeTOK CO CKOPOCTSAMU pocTa, 6AN3KUMUN K MaK-
cumanbHo, T. e. B pexxume 6enKoBOV HanpaBieHHOCTU 6uo-
CUHTe3a.

MunkpobHasi 6uomacca nuTaTenbHa, €CAN ee KOMMOHEHThbI
rnepeBapuBaloTca pepMeHTaMy MNULLEBAPUTENBHOIO TpaKTa BblC-
LNX >XUBOTHbIX UAMN 4enoBeKa. [pensaATCTBMEM 3TOMY MOTyT
6bITb K/NETOUYHble CTEHKWU OTAEeNbHbIX MNPOAYLIEHTOB, KOTOpble
npeaBapuTenbHO MNPUXOAUTCA paspyllaTb, a TaKXXe BbICOKUI
YPOBEHb HYKNEMHOBbLIX KWUCAOT. [locnegHue He onacHbl Ans
BbICLLIMX >XMBOTHbIX, MOCKO/bKY OHW MeTaboiu3upyoTca B UX
opraHm3me W BbIBOAATCHA C YPUHOW. [Ns 4enoBeKa >Xe TaKou
YPOBEHb HYK/EMHOBbIX KWUCAOT Henpuemnem, Tak KakK B Xoje
X YCBOEHUS BO3MOXXHO HapylleHue obmeHa BeLlEecTB U BO3-
HUKHOBEHME NAaTONOMMYECKUX COCTOSHWUI. MoaTomMy Ana nuuie-
BbIX Lenein MMKPOOHYHO 6Gmomaccy npegBapuTenbHO obpabaTbl-
BalOT, MCMOMb3ys pas/iMyHble MeTOoAbl paspylleHUs N AeHYK-
neotmsayumn.

TexHONOrUs nNonyvyeHUss MUKPOBHOro 6enka sSABNseTcsa B Ha-
cTosulee BpemMsa caMOM KPYMHOTOHHaXXHOW oTpac/ibio 6uoTex-
HOMOrMN, NPOU3BOASLLEN BadKHelLWune KOpPMOBble Npenaparhbl,
6enkoBble [06aBKM ANS1 XXMBOTHOBOACTBA, 3BEpPOBOACTBA, MTU-
LeBOACTBa, pblbOBOACTBA, a TakXXe 0enoK MULLEBOro HasHaue-
HUA C UCNOMb30BaHMEM pPa3HOO6pPA3HOro Cbipbs U Cyb6CTPATOB.

MunKpoopraHm3ambl, WUCMNONb3yeMble B MULLEBOW MNPOMBbILL-
NEHHOCTU, 4YacTO BXOAAT B COCTaB KOHEYHOro rnpoaykra (xoTs
L0NA X Tam 06bl4HO HeBenuka). OcobeHHOCTb 6enka ogHOKNe-
TOYHbIX OPraHM3MOB 3aK/4YaeTCcs B TOM, UTO OH MNPaKTUYeCKu
LLeIMKOM COCTOUT U3 MUKPOOHOW 6uomaccbl U B €ro rnpouM3Boj-
CTBe HepeaKOo MPUHUMAIOT ydyacTue MUKPOObI, KOTOpble paHee B
nuuie oTcyTcTBOBaIN. 10 3TOM MpUUMHe K 6eNKYy O4HOKNETOUYHbIX
OpraHM3MoB MNpPeabABAATCA MOBbILLIEHHbIe TpeboBaHUsA (B TOM
yncne TpeboBaHMe 61M06€30MNaCHOCTN) YUPEXKAEHNAMMN, KOHTPONN-
pyrOWMUMMN KayecTBO MULLEBbLIX NPOAYKTOB. M03TOMy Npou3BOa-
ctBo BOO HanpasfeHO MNPenMyLLLeCTBEHHO Ha BblpaboTKy KOp-
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6.4. benkoBble NPOAYKThI

MOB /19 XXUBOTHbIX, a He 6eN1K0B, HenocpeACcTBEHHO NAYLLINX B
nuwy. Kopma Ans >XUBOTHbIX AO/MKHbI CoAepXKaTb HEeKOoTopoe
KonmyecTBo 6enka (go 15-20 % — B 3aBUCMMOCTU OT UX Buga
n crocoba cogep>kaHus). Ona MX NpPOM3BOACTBA MOXXHO WUC-
nonb3oBatb 6o/fee LUMPOKUIA Kpyr cybcTpatoB, B TOM 4ucne u
opraHu4yeckue BeLLeCcTBa OTXO40B, YTO IKOHOMMUYECKU BbIrO4HO.

K BOO-npogyktam, npou3BOAUMbIM MPOMbILLNEHHOCTLIO Ha
KOPM >XMBOTHbIM, OTHOcATcA npyTuH (Prubeen) dupmbl 1C1
(6nomacca 6aKTepuii, BblpalleHHbIX Ha MeTaHofne), TonpuHa
(Topnna) doupmbl BP (ApOXO>KW, BblpalleHHble Ha anKaHax) m
rpubHass macca, nonydaemass no TexHonormm dupmbl MNT3b
Peklo. Mpwn ee Npon3BoACTBE B KayecTBe cybcTpaTa MCMo/b3y-
0T CYNbMPUTHLINA LWeNoK — 0TxXo4 6yMadKHOW MpOMbILLIEHHOC-
M. Bce 3t BOO npeactaBnsaiT coboil cnabookKpalleHHble Mo-
POLLKN.

Uncno BOO-NpoAyKTOB, WUCMONb3yeMbIX B Mulie, HEMHOrO-
UNCNEHHO. 3TO APOXOKEBOW 3KCTPaKT (rMaponmsaT neKapcKux
OPOXOKEN), NPUMEHSAEMbII B HEGOMbLLIOM KONMYecTBe KaK BKY-
coBas M BMUTaMUHHas npunpasBa. Bo Bpemsa BTopoil MMpOBOWA
BOMHbI B MULEBbIX LenAx B [epmMaHnM BbipaliMBann LPOXIKN
Caniilla, HO 3TO MNPOM3BOACTBO He MOAYYUNO AafibHENLIero
pa3Bntusa. dmpma Hoeck3! BbliNycKaeT Ha OCHOBe 6GaKTepwid,
pacTywmx Ha MeTaHofe, NPoAyKT, cogep>kawui 90 % 6Genka.
OTOT NpOoAyKT nonyyarT npu PpakuMOHUPOBaHUN KNEeTOK Bbl-
palleHHbIX 6aKTepwuii, OH obnagaeT onpeaeneHHbIMU PYHKLUU-
OHaNbHbIMW CBOMCTBAMW W MOXXET WCMOMb30BaTbCsA B MULLY.
EANHCTBEHHbIV HOBbI oouuManbHO paspeLleHHbln BUAG 6enkKo-
BOM MMM MUKPOOBHOr0 MPOUCXOXKAEHUSA — 3TO MUKOMPOTEUH,
NPou3BOACTBO KOTOPOro HanakeHo B AHramun dupmoii Kanks
Hoy1s Mc Bowugal.

FPUGHOIN 6ENOK MukonpoTeuH — 3TO MNULLEBON MPOAYKT,
COCTOAILLLMIA B OCHOBHOM U3 Muuenusa rpumba. Ero npoussogaTt
MeTOAOM HenpepbIBHOMO BblpaliMBaHUA BbIAENEHHOIO U3 MO4YBbl
wTamMmMma PuzanuT araTtTearnT. CybcTpatom A9 Hero sABNA-
IOTCA FNOKO03a U gpyrve nutaTeflbHble BELLECTBA, a UCTOYHUKA-
MM aszoTa — aMMuak M aMMOHUIHblIe conu. ocne 3aBepLUeHUs
cTagun depMeHTaumMmn KynbTypy noaseprawT TepMoobpaboTke
(8NA yMeHbLUEeHUA cofep>XaHus pUBOHYKNEMHOBOW KWUCNOTbI),
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naBa 6. OCHOBbI NPOMbILLIEHHOW GUOTEXHONOTUM

depmeHTaums }
Crepunmnsauunsa

MonyvyeHmne NULLEBbLIX Bbixopg rasa
npoayKToB

Pa6oTa BeneTca npu cobnoaeHnn
npaswua r’MrmeHsbl

Pa6oTa BefieTcA B aCeNTUUYECKNX
YCNOBUAX

Puc. 6.6. Bbnok-cxema npou3soacTBa MUKOMNPOTeMHa
(no N. XurruHecy v gp., 1988)

a 3aTeM yXe OTAeNsAlT MULennMii MeTogoM BakKyyMHOro uib-
TpoBaHusa (puc. 6.6).

TekcTypa Maccbl Muuenus rpuba 61m3Ka K TaKoBOW ecTecT-
BEHHbIX MNPOAYKTOB N MMeeT BOSIOKHUCTOE CTPOEeHMe, MO3TOMY
NpPoAYKTY MOXHO npuaaTb TEKCTYpPY Msica, a 3a cyeT A06aBOK —
MSICHOW BKyC W UBeT. AN XpaHEHWUs TpubHON 6enoK 06bIYHO
3aMOpa>kMBalOT, HO MHOrA4a U BbICYLUMBAKOT NyTeM pacrblieHuns
[0 nopowkKoobpasHOro coctosHUA. loaydyeHme MUKONPOTEMHA
nMeeT psf NPenMyLLLEeCTB, MO CPaBHEHUIO C MPOLECCOM CUHTe3a
6efKa >XMUBOTHbIMU: BbICOKas CKOPOCTb pocTa (4TO XapaKTepHO
Ans npomsBoacTBa Bcex BOO-npoayKToB) 1 6onee adhheKTNBHOE
npeBpalleHmne cybcTparta B 6eMoK.

6.5. AMMHOKNCNOTbI

AMUWHOKWUCNOTbI SABAAKTCA OCHOBHbIMU CTPYKTYPHbIMWU 3fie-
MeHTaMMn, U3 KOTOPbIX MOCTPOEHbI 6ENKN U KOTOpble onpeaens-
IOT MHOrme BadXHble UX cBolcTBa. lepByH aMUHOKWUCIOTY —
rMmuunH — Bbigennn mn3 >xenatmHa B 1820 r. A. bpakoHHO, no-
CNefH — TPEOHUH — Bbligenun U3 rugponusarta pubpmnHa B
1935 r. A. Poys.

234



6.5. AMMHOKMNCNOTbI

AMUWHOKUCAOTbI HaxXo4AaT LUMPOKOe MPUMEHEHME B KayecTBe
KOPMOBbIX U NuLeBbIX A06aBOK, nNpunpas, Cbipbs Anda apma-
LEBTUYECKOW W MapgOMEPHOM NPOMbILUAEHHOCTU. [pn 3TOM
n3 20 aMMHOKMNCIOT, HEOOBXOAMMbBIX ONA MOCTpoeHUA 6enka, He-
3aMeHUMbIMUN 4151 YenoBeKa ABAAKTCA BOCEMb — JIeALLMH, U30-
NnerluuH, NN3NH, METUOHUH, TPEOHWH, TpunTodaH, BanuH, de-
HUNanaHuH. Ana cenbCKOX03SAMCTBEHHbIX YXWBOTHbIX 3TOT CMu-
COK [JOMOMHAKT TUCTUAMH W apruHuH, a Ans MONoLHAKa
nTuubl — ele 1 NPoanH. B cBA3N C 3TUM aMWUHOKWUCNOTbI A0-
6aBnAOT B KOpMa, YTO COKpallaeT pacxoj fedUUUTHbIX 6enkoB
YXUBOTHOIO MPOUCXOXAEHUS.

3a nocnegHve rofbl KOMMYeCTBO aMUHOKMCNOT, NUCMOJb3YeMbIX
B KOPMOMNPOM3BOACTBE, BO3pOC/IO B 15 pas, UTo cocTaBnseT OKO-
no 70 % ot obbema mx npomssoacTea. Okono 30 % nponsBoaU-
MbIX aMUHOKWUCAOT MPUMEHSIIOT B MULLEBOM MPOMbILLIIEHHOCTH.
Hanpumep, umuctenH npegorBpaliaeT npuropaHne nuwim B npo-
Llecce NPUroToBNEHNA, ynyyllaeT KayecTBO xneba Npu BbiNeyke
M ycunmeaeT 3amnax nuuwn. MMnumH, obnagaroLlnii ocBeXkaroLlwmm,
clagkKoBaTblM BKYCOM, MCMOMAb3YIOT MpuY MNPOU3BOACTBE HaMNUT-
KOB. MyTamMmHoBas KUcnoTta cnocobCTBYET YCUNEHUIO BKyca U
KOHCEPBUPOBaHUIO NUWN. HeKoTopble aMUHOKUCAOTbI (aprvHUH,
METNOHWH, UUCTENH, (PeHunanaHuH n ap.) UCNonbL3yrT B Meau-
unHe. LWMPOKO NPUMEHSAOT aMWHOKMCAOTbI B XUMWYECKOW W
hapmaLeBTUYECKON MNPOMBILLUNIEHHOCTM B KadecTBe MpeaLuecT-
BEHHWKOB MpW NPOU3BOACTBE AETEPreHToB, MOAMaMUHOKUCOT,
a Tak>Ke nonvypeTtaHa U npenapaToB NS CeNbCKOro Xos3fiicTaa.

E>kerogHo B Mupe nponsBogmtcsa okono 800 TbiC. T aMUHO-
KUCNOT CTOMMOCTbIO CBblWwe 5 mnppg gonnapos. bonee nonosu-
Hbl OT obuiero obbemMa MPoOU3BOACTBA MPUXOAUTCA Ha A0/10
b-rnyTaMMHOBOW KWUCNOTbl, KOTOPYI WUCMONb3YKOT ANA nofydye-
HUA rayTamaTta HaTpus (HaTpueBasi CONb FMyTaMWHOBOW KWUCAO-
Tbl) — LUMPOKO M3BECTHOrO YCUNUTENA BKyca U apomaTta.

MonyyeHne aMMHOKMUCAOT BO3MOXHO MNYyTEM XUMWUYECKOro
CUHTEe3a, rngponusa npupogHOro 6esKOBOr0 Cbipba U 6UoTEX-
HOMOrMYeCKNM CrocoboM.

Mpn XMmmyeckoMm cuUHTe3e obpa3yeTcsd NPOAYKT pauemaT,
cogepXkawmini Kak b-, Tak n B-popmbl aMUHOKUCNOT. B-n3ome-
pbl 3TUX COEAVHEHUI B 6GONLLUMHCTBE ClyyaeB TOKCUYHbI (3a
UCKNIOYEHUEM TNUNHA N METUNOHUNHA).
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MonyyeHne ONTUYECKN aKTUBHbIX b-M30MeEpPOB aMWHOKWC-
NOT U3 TMAPONM3aToB MPUPOAHbLIX MaTepuanoB pPacTUTeNbHOro
M >XMBOTHOINO0 MPOUCXOXKAEHUS CBA3aHO C MHOrocTyneH4yaTon u
[0pPOrocTosiEei OUYNCTKOM.

Mpouecc 6MOTEXHONOMMYECKOro NPOM3BOACTBA aMUHOKUCAOT
BK/OYAET NMPAMY0 MUKPOOHYIO hepMeHTaLNIO, MUKPOGMONorn-
YeCKUi NN PepMeHTaTUBHbIA CUHTE3 K3 MpeaLlecTBEHHUKOB.
B HacTosiLlee BpemMsa Hambonee pacnpocTpaHeH Mukpo6uosoru-
yeckuii meToga. OH OCHOBaH Ha CMOCOGHOCTU MUKPOOPraHM3MOB
CUHTEe3upoBaTb BCe b-aMWHOKWCNOTbLI, a B onpeAeneHHbIX yCno-

BNAX — OCYLWLECTB/IATb NX CBEPXCUHTES.

Acnaprat

+tAT® AcnapTaTkuHaza 31

docchoacnapTtar

Monyanbgerng
acnaprtarta
FfomocepuH-
aerngpo-
reHasa/

fomocepuH Aunrungpo-

NMMKO/IMHOBasA

Kucnorta
LilneTaTMOHNK

a,8-OnamnHo-
fomouunctenH 1

nmMvennHoBas
KuncnoTta

MeTUOHNH
TpE?HMH l'll/lfl/lH

Puc. 6.7. Cxema 6uocuHTe3a nu-
31Ha, MeTUOHWHA N TPeOoHWHa B
KneTKax MUKpPOOPraHU3moB
(no T.A. EropoBoii n gp., 2003).
CTpenka ykasbiBaeT WHIMbuposa-
HVe Mo NpUHUMNY obpaTHON
CcBA3N
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Ob6pa3oBaHue KaxKAor amu-
HOKUWCOTbl B MUKPOOHbIX KeT-
Kax CTpOro onpeneneHo U Haxo-
OVTCS NMoA YETKNUM reHeTUYEeCKNM
KOHTponem (puc. 6.7). OH ocy-
uecTBasieTca No NpuUHUMNY 06-
paTHOW CBSI3M Ha YPOBHE TeHOB,
OTBETCTBEHHbIX 3@ CUHTE3 COOT-
BETCTBYIOLLMNX (DEPMEHTOB (pen-
peccus), U HA YPOBHe camMunx doep-
MEeHTOB, KOTOpble B pe3ynbTaTe
M36bITKa 06pasyroumnxca aMmmHo-
KNCNOT MOTYyT M3MEHSATb CBOH
AaKTUBHOCTb (peTpouHrnéuposa-
Hue). [laHHbIA MeXaHU3M KOHT-
ponsa MckK4YaeT MepernpousBos-
CTBO aMUWHOKWCNOT, a TakxKe rpe-
NATCTBYET WX BblAENEHUIO U3
KNeTOK B OKpY>XakLLyo cpegy.

UTO06bI AO0OUTLCA CBEPXCUH-
Te3a OTAe/lbHbIX aMWHOKUCIOT,
HY>XHO «060WTU» UNN U3MEHUTb
MexaHM3M UX CuUHTe3a. Onsa aTo-
ro MO>XHO MCNOMb30BaTb NPUPOA-
Hble (¢4 KUEe») LWTaMMbl, ONTU-
MM3VpPOBaThL YCNOBUSA (hepMeHTa-
UMM, MOXHO TakKXe [06UTbCSA
AucbanaHca B MeTabonnime amu-



6.5. AMMHOKWNCNOTbI

HOKMCNOT 3a CYeT WU3MEHEeHUS HEeKOTOpPblX (aKToOpoB cpenbl
(KOHUeHTpauum ocHoBHOro cybcrtpara, pH, COOTHOLLEHUSA MaKpo-
N MUKPO3NEMEHTOB U Op.).

B npombliwneHHbIX MacwTabax aMMHOKMCAOTbl nony4yatT
nnméo akcTpakumein U3 6enKoBbIX FMAPONM3aToB, NM60 O4YUCT-
KOV NpoaoyKTOB MeTabonmamMa ABYX HECNOPYyAMpYRLWUX rpam-
MOMOXKUTENbHbIX MOYBEHHbIX 6aKTepwuil, Hanpumep Corynebac-
benuT UAN BreTbaclenuT 3pp. OObIYHO NS MOBbILWEHUA WX
NPOAYKTUBHOCTU WUCNOMb3YKT MyTareHe3 C nocnegylouimm oT-
60pOM LUTAaMMOB — CBEPXMNPOAYLEHTOB OonpeneneHHbIX aMUHO-
Kncnot. OAHaKo Takoi crnocob ux nonyyvyeHUs TpebyeT MHOro
BpeMeHU, a a(pPeKTUBHOCTb ero HeBenmka.

ANbTepHaTUBHbLIM MOAX0A0OM SABNAETCA BblAeNeHVe N nU3Mme-
HeHMe cneundunyecknx reHoB, KOAUPYOLWUX Kao4YeBble dep-
MeHTbI onpeneneHHbIX BUOXMMNYECKNX peaKuunii. TakoB, Hanpu-
Mep, TFeHHO-UHXXEHEPHbIV Ccnocob noayvyeHUss aMUHOKUCNOTbI
TpuntodaHa, CUHTE3NPYeMOW CorynebaMenuT 8§lulalaTlcuT.
OTo gocTuUraeTca BBeAEHUMEM B KNETKU «AUKOro» Tuna Konuu
reHa, KoAMpyloLero aHTpaHunaTcnMHTasy — epmMeHT, TMMUTU-
pyrowmnini cuHTe3s TpuntodaHa. BbICOKMIA ypoBeHb OGMOCUMHTE3a
TpunTodhaHa AOCTUraeTcs TakXXe BBeAEHMEM B KNeTKU C. 8lu-
lalaTlcnT MOAUMIULUMPOBAHHBLIX TEHOB TpeX KKYeBbIX dep-
MEHTOB ero 6mocuHTesa: 3-Ae3okcu-A-apabuHorenTyno3oHart-7-
dochaTcnHTasbl, aHTpPaHWUNATCUHTasbl U aHTpaHunatdocgopmn-
6o3nnTpaHcepasbl. B KayecTBe anbTepHaTUBblI /1A CUHTe3a
aMWHOKUWCNOT MOXXHO MCMofb30oBaTb E. col.

M3MeHeHne cuHTe3a aMUHOKMUC/IOT OCYLLLeCTBUMO reHeTu4ye-
CKMUMW MeTodamMu, B TOM 4uCAe 3a CYeT WUCMO/b30BaHUA MY-
TAHTHbIX OPraHM3MoB, TakuX, KaK ayKcoTpodHble U peryns-
TOPHble MYyTaHTbl. [NpOMBbILINEHHbIE LWTaMMbl, KakK Mpasuio,
HecyT HECKO/IbKO MyTaluii, 3aTparmBalrLLMx MexaHU3Mbl pery-
AAUNN LLENeBO aMUHOKUCIOTbI N ee NpeaLlecTBEHHNKOB.

Cpean npoayueHTOB aMUHOKUCIOT — pasnyHble MUKpoopra-
HU3MbI, npegctaBuTenn poaoB CorynebacbenuT, Breorba~enunT,
Baclluns, Aerobac{er, MbcrobacbennT, E3cblncbla. Ana nony4ye-
HUA TakKnx aMMHOKMUCNOT, KaK b-rnytamart, b-BanuH, b-anaHuH,
b-rnyTamuH ” b-nponviH, BO3MO>XXHO MPUMEHEHME MNPUPOAHbIX
LITAMMOB N YCU/IEHNE Y HUX NPOAYKUUN aMUHOKUCNOT YC/IOBUA-
Mu chepmeHTaummn. Hanpumep, BbICOKMIA BbIXo4 rnyTamaTta (4o
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30 r/n) BO3MOXEH MpU MOAHOM WAN YacCTUYHOM TMoAaBleHUU
aKTUBHOCTW a-KeTornyrtapaTtaerngporeHasbl, npu gob6aBneHnn B
cpeay NMAB 1 aHTUMOGMOTUKOB (MeHUUMANNHA, LedanocnopunHa).

6.6. TOpMOHBI

C paBHUX BpeMeH cpefn NtoAeil HOPManbHOro TenocnoxX<e-
HUA poXaalTcs N amanmnyTbl (NpumMepHo 10 yenoBek Ha 1 MAH
HaceneHus). [lokasaHo, 4TO B NMepwoj, Korga Teno pacTteT, y An-
NMNYTOB OTCYTCTBYET chNelnanbHbli TOPMOH — COMAaTOTPOMHbIN,
UAN TOPMOH pOCTa; Takoe HapylleHue U3MN0N0rUN UMEETCHa B
reHoTune aTmx nwogei. Ho ecnn B nepuog pocTta B OpraHm3m
BBOAUTb 3TOT FOPMOH, TO 4enoBeK, Kasanocb Obl 06peYveHHbIM
cTaTb MTMAMNYTOM, 6yAeT pacTu U AOCTUTHET HOPManbHOro pocTa.

ComMaToTpOnHbIA FOPMOH (COMATOTPOMWH, COMaTPONUH) SAB-
nseTcs OAHUM U3 FTOPMOHOB NepefHer fonn runogusa. Mo cTpo-
eHUI0 COMaToTPONMH ABNAeTCA NenTUAHbIM FOPMOHOM, COCTOUT
n3 121 aMMHOKWUCNIOTHOrO OocTaTKa, ero MoJjieKynsipHas macca
paBHa 20 k[da.

BansHne comaTtoTponuHa Ha npoueccbl metab6onnsma. Co-
MaTOTPONUH UrpaeT CYLWEeCTBEHHYIO PpoO/Jb B MOCTHaTtalibHOM
pasBMTUN opraHm3mMa, KOHTPOAMPYS MHOrMe CTOPOHbI YrneBof-
HOro, MMNNAHOINO0 N MUHepanbHOro obmMeHa. TOPMOHOM pocTa ero
Ha3blBalOT MOTOMY, UYTO Y AeTell U NOAPOCTKOB, a TakXe y MOJo-
ObIX fnogei c ewe He 3aKPbIBLUMMUCA 30HAMWU pocTa B KOCTSAX
OH BbI3blBaeT Bblpa)XeHHOE YCKOpeHue AuHenHoro (B AANHY)
pocTa, B OCHOBHOM 3a cHeT A/IMHHbIX TpybyaTbIX KOCTEM KOHeu-
HocTel. [echuynT ropmoHa NpMBOAUT K Kap/iMKOBOCTU, feve-
HMe KOTOpOW NpoBOANTCA MOCPeACTBOM COMAaTOTPOMNUHOTepa-
nun. Cekpeumsa comMaToTpornmMmHa MakcumanbHa y MnogpocTKoOB B
nepuoj MHTEHCUBHOIO IMHEMHOro pocTta M MOMIOBOro co3peBa-
HUA. C BO3pacTOM OHa MOCTENeHHO MOoHMXKaeTcd U MUHUMaNbHa
Yy NOXXWUMbIX NHOAEN.

ComMaToTponuH OKasblBaeT MOLLHOE aHabonnyeckoe U aHTu-
KaTabonnyeckoe OelcTBUE, YCUIMBAET CUHTe3 6efka M TOpMO-
3UT ero pacnaj, a Tak>Xe CNoco6CTBYET CHUMIKEHMUIO OTNOXXEHUS
NOAKOXXHOI0 >X1pa, YCUNEHUIO ero CropaHus n yBelnYeHUto co-
OTHOLUEHUSA MbILLEYHOW Maccbl K >XUpoBOW. Kpome TOro, coma-
TOTPONWH MPUHMMAET yyacTue B perynsayum yrneBogHoro obme-
Ha: OH BbI3blBAaeT Bblpa>KeHHOEe MOBbILLEHVNE YPOBHS F/1HOKO3bl B
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KpOBU U AIBNASieTCA OAHUM U3 FOPMOHOB-aHTaroHUCTOB WHCYNU-
Ha No AeACTBUIO Ha YrneBoAHbI 06MeH. [pu rMNorMkKeMmm
YpPOBEHb COMATOTPOMMHA B KPOBU Pe3KO MNOoBbILAeTcsa — 3JM0
OOVIH U3 eCTeCTBEHHbIX (PU3NO0NMOTNYECKUX MeXaHWU3MOB ObKCT-
poii KOPPEeKLUUN TUMOTTUKEMUMN.

CoMaToTpOnHbIi TOPMOH MOXXHO A00blBaTb AOPOrUM U He-
MPUATHBIM CMOCO60M — W3 runoursa mosra ymepLinx oaen.

Mcnonb3oBaHMe 6GMOTEXHONOMMYECKUX METOA0B MO3BOUIO
«CKOHCTPYyMpOBaTby MUKPOOPraHWU3M, CMOCOOHbIA CUHTE3UPOBATL
COMaTOTpPOMNHbLIVM FOPMOH, W OpraHM3oBaTb €ero MpPoOU3BOACTBO,
KOTOpOe MOXXeT yAO0B/IeTBOPUTbL BCe MOTPEBHOCTU YeoBeyecTBa.

|_|Ol1y'-IEHI/le comaToTponmnHa C WCMNO/Nb30BaAHNEM eHHO-
VH>XXEHEPHbIX MeTo[0B MPOBOAUNOCHE C YYETOM TOr0, YTO MPOCO-
MaTOTPOMNUH He NoABepraeTcs MNPOLLECCUHry B GaKTepuaibHON
KneTKe. lNepBoOHayanbHO U3 KNeTOK rurnodusa BblAeNUIN COOT-
BeTcTBYHOLWYO MPHK (puc. 6.8). ®parmeHT AHK, Kogupyrowmii
nepBbiX 23 aMMWHOKUCMAOTHbLIX OcTaTKa C 14-KoHua, 6bin nomyyeH
MEeTOA0M XUMUKO-(PepMeHTaTUBHOINO CMHTE3a, a OonuronenTua,
KOAMPYOLWNIA OCTanbHble aMWHOKMUCIOTHbIE OCTAaTKM FOPMOHA,

0 0 0 KneTku rvnodmsa

CurHan
CnHTE3\ AM557 TepMUHaLMY
w«AHK TpaHcnaAunmn
Pnc. 6.8. Cxema no- 1
NyYeHUs TFOpMOHa pocTa LUl
Y p p O6nactb" leH (kQHK)

Henoseka (no A.C. KoHU- ¢ \0yanhoro npeaLIecTBeHHKa ropMoHa
yeBy n N.A. CeBacTbsiHO- nenTuga

voi, 2003):

a — BblWenneHne pecT-
puKTasHoW o6nactn, Ko-
oupylowein  CUrHanbHbIA
nenTua, W npucoeguHe-
Hue Tpunneta ATC, Ko-
OVPYIOLLLEr0 METUOHUH;

6 — npucoegnHeHmne K I_IDOMOTOp

reHy npomoTtopa um ob6nac-

TV, HeobxoauMol Ana ces- ATOC
3|>|Ba‘|:|vm MPHK ¢ pubo- 106nacTb cBA3bIBAHUSA
COMOW E. coii, BKIOYeHne ¢ p1BoCOMoii

B BEKTOP; B — 3KCMNPEC- [Ina3MunAHbIA BEKTOP

cua reHa B KneTkax 6ak-

Tepuun FopMOH pocTa YenoBeka

PecTpukuus
ATO'
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naBa 6. OCHOBbI NPOMbILUNEHHOW GMOTEXHONOMNN

npeacrasnan coboii KAHK, nonyvyeHHyt nocpeacTtsom obpar-
HOWM TpaHckpunTasbl Ha maTpuue MPHK. 3atem oba parmeHTa
00bEeANHANN B O4HOW Mnasmuie U nepeHocunn B E. coll. Takas
TpaHcopMmayums 1 KIOHUPOBaHME 3TOro BeKTopa B bakTepualb-
HbIX KfNeTKax, rae ocyulecTBAAOTCA UHTEHCMBHAsA pennnkawms,
TPaHCKPUNUUA U TpaHCAAUUs, MO3BOAUAU MOAYyYUTb Heobxo-
AVMOe Konm4vecTBO ropmoHa. OH o6nagan 6MONOrMYecKoin ak-
TUBHOCTbIO, CONOCTaBUMOW C runogusapHbIM COMaTOTPOMUHOM.
MonyyeHne TreHHO-UHXXEHEPHOro coMaToTpornuHa sIBUIOCb
pewieHVeM npobnemMbl obecrievyeHUs MeAULMHbI 3TUM Npenapa-
TomM. Kpome TOro, oH MCMofb3yeTcs U B MPaKTUYECKOM >XUBOT-
HOBOACTBE, MOBbILIAsA MHTEHCUBHOCTb POCTA YXMBOTHbIX.
ComaTocTaTuUH — 3TO OAVH M3 FOPMOHOB rumnoTanamyca, a
Tak>Xe ropmMoH 8-KNeTOK OCTPOBKOB JlaHrepraHca rnompkenyaoyHom
enesbl. [10 XMMUYECKOMY CTPOEHUIO 3TO NeNTUAHbIA FOPMOH, CO-
gep>kawmini 14 ammHokucaoT. ComaTocTaTuH CyLLeCcTBYeT B ABYX
61010rMYecKN aKTUBHbIX hopMax, NPoONCXoasaLLmMx oT O4HOro nNpesa-
LeCTBEHHUKA N pasnyaroumnxcsa gavHom bl-koHuya (puc. 6.9).
ComaTtocTaTuH NoJaBfsieT CeKpeuuto rnurnotanaMmycom comarto-
TPOMUH-PUNNINHT-TOPMOHA W CeKpeLuuto nepeaHeil noneii runo-

OH
oTbr 2)H—€H—CH3

Puc. 6.9. MNMepBnyHaa CTpyKTypa MONeKynbl comartoctaTtuHa
(no T.A. EropoBoit n gp., 2003)
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dhmn3a coMaToTPOMHOro ropMoHa, a TakXKe CeKpeuuto pasnnyHbIX
roOpMOHanbHO aKTMBHbLIX NENTUAOB N CepOTOHMHA, Npoayumpye-
MbIX B >XenyAKe, KULIeYHMKE, MeYeHW U MNoA>KenyfouyHOWm >Kene-
3e. Hambonee pacrnipocTpaHeHHoe (DapMaKofiorMyeckoe BO3AENCT-
B/e Ha COMaTOCTATUH3IPINYECKYIO CUCTEMY CBS3aHO C MHIMOMPO-
BaHVeM Bblbpoca ropmMoHa pocTa, YTO fefaeT AaHHYH cuctemy
BeCcbMa MepCneKTUBHOW MPU NeYEHNN OMYyXOneBbIX 3ab60neBaHUN.

MonyyeHne comaTocTaTuHA C WUCMNOMb30BAHNEM TEHHO-UH-
>KEHEPHbIX MeTOoAOB MpefAcTaBnsAeT CO60M WHTEPECHbI npumep
LieneHanpaB/fieHHOro KOHCTpyupoBaHus 6enkoB (puc. 6.10).

XUMUNYECKN CUHTE3
reHa comatoctatmnHa

| O6begnHeHme ¢ lac-onepoHom
1+ | E. coll, BK/OYEeHMe B BEKTOP

Puc. 6.10. Cxema nony4vyeHus comartoctatuHa
C MCNONb30BAHMEM FEHHO-UHXXEHEPHbIX METOA0B
(no A.C. KoHnueBy n '.A. CeBacTbsAHOBOW, 2003)
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Mony4ynTb coMaTocTaTMH B K/leTKax 6aKTepuii B 3HAUYUTENbHbIX
KONM4YecTBax MepBOE BPeMsi He yAaBanoCcb, TaK KakK OH ObICTpPO
paspyluancsa NpoTeoMTUYECKUMU hepMeHTamn. UTobbl «ob6Ma-
HYTb» BHYTPUKETOYHbIE GaKTepuasibHble MNpoTeasbl, MPULLIOCH
CKOHCTpPyMpoBaTb XUMEPHbIN 610K — WCKYCCTBEHHbIV MNpea-
LLIeCTBEHHMK coMaTocTaTuHa. B aTom 6enke B KadecTBe KI-KoH-
LLeBOr0 yyacTKa MCMNOoMb30Bann /Nerko CUHTe3upyeMblii 6enoK
baKkTepuu, a K HeMy 4depe3 aMUHOKWUC/IOTY METUOHWUH MNpucoeau-
HWUAM caM comaTtocTaTuH. Bce 3To cAenaHo Ha ypoBHe reHeTude-
ckoro matepuana OHK, KOTOpbIi 3aTeM KNOHUPOBaIU B COOT-
BETCTBYIOLLEM BeKTOpe. Ycrnex paboTbl obecneymBancsa npenBa-
pUTeNbHLIM aHanu30M MNEePBUYHOW CTPYKTYypbl coMaTocTaTuMHa,
B COCTaBe KOTOPOro OTCYTCTBYIOT OCTaTKU METUOHUHA.

6.7. NNHcynuH

MHcynuH (0T naTt. T3nla — OCTpPOB) — 3TO FOPMOH NeNTUA-
HOM npupoabl, KOTOPbI o06pa3yeTcs B |3-KieTkax OCTPOBKOB
NaHrepraHca NoAXXenyno4vyHoOW >Kenesbl. 3a OTKPbITUE MHCYNU-
Ha O>k. Maknayg n ®. baHTUHr B 1923 r. 6blIN YAOCTOEHbI
Hobenesckoili npemMunn no U3NOAOTUN U MegULMHE.

CvHTe3 wuHcynuMHa OCYLEeCTBASAEeTCA 4epe3 oOAHOLEeno4vyey-
HbIi 6eN0K-NpeaLlecTBEHHUK — npenpouHCcyuH, KOTOPbIA CO-
OEPXXNT CUrHaNbHbIA NenTuh, aMUHOKUC/IOTHbIE MNocnefoBaTeNb-
HOoCTU A 1 B, cooTBeTCTBYKLME MOAMNMENTUAHLIM LEensam 3pe-
NIOro ropmMoHa, a Takxke coegmHuTenbHbll nentng C. B KneTkax
noa>kenyao4yHoOM >Kenesbl Mocfe cuHTe3a 6enka-npeaLlecTBeH-
HUKa CUTHaNbHbIV MenTna oTuwenndeTca M obpasyeTcsd npouH-
cynuH — MOJNeKyna, B KOTOpoW coxpaHseTca nenTtug C, Heob-
XOAVUMBIA ONS NMpaBWUIbHOW opueHTaumu A- n B-ueneil ropmo-
Ha. MNocne o6pa3oBaHUA ABYX AUCYNb(PUNAHBIX MOCTUKOB MeXAay
uenamm A n B nentung C ypansetcs, U obpasyeTca mMonekyna
MHCYNMHa, obnagarou,as ropMoHaibHbIMW CBOMCTBaMW.

3HaueHue wuHcynnHa 06YCNOBNEHO ero pasHoobpasHbIM
BAUSAHMEM Ha O6MeH MpaKTUYeCcKU BCex TKaHel. OCHOBHOe >ke
OelicTBMe 3TOro ropmMoHa 3akni4aeTcsd B CHUMXKEHUU KOHLEHT-
pauun rnoKo3bl B KPOBW.

MHCcynuH yBennuuBaeT MPOHULAEMOCTb MNnasMaTuvecKmnx
MeMbpaH ANnA rAKO3bl, aKTUBUPYeT Kk4eBble (epPMEHThbI
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rMMKonusa, CTUMynupyeT o6pa3oBaHME B MEYEHN N MblLULLAX U3
rMIOKO3bl FMKOFEHa, YCUNUBAET CUHTE3 XXMPOB U 6enkoB. Kpome
TOro, OH MogaBnsAeT aKTMBHOCTb (DEPMEHTOB, pacLLenaatoLmx
FMUKOFEeH U XXNpbl. TO ecTb, MOMUMO aHaboNnyecKoro aencTeus,
MHCYNNH 06nagaeT TakKXXe U aHTukaTtabonuyeckum adpdekTom.

HapylwieHne cekpeuun WHCYNMHa BCAeAcTBUE AeCTPyKLUun
|}-kneTok (abcontoTHass HeAOCTATOYHOCTb WHCYNMHA) ABASETCS
K/IOYEBbIM 3BEHOM MaTOreHesa caxapHoro avabeta 1-ro Tuna.
HapylieHne AeicTBUA MHCYAMHA Ha TKaHU (OTHOCUTeNbHasa WH-
CYMHOBAas HeAOCTAaTOYHOCTb) NPUBOAUT K PasBUTUIO CaxapHOro
Auabeta 2-ro Tmna. B cBA3M C 3TUM MHCY/IMH BbINOAHAET OCHOB-
HylO po/ib B fleyeHUn Auabeta — 60Me3HM, MO pacnpocTpaHeH-
HOCTU 3aHMMaloLLLe TpeTbe MECTO B MUpe Mnocne cepaevyHo-cocy-
ONCTbIX 3aboneBaHunii n paka. B Poccuiickoin depgepaynmn, Kak
M BO BCEM MUpPE, KONMYEeCTBO 60/IbHbIX caxapHbIM gnabeTom no-
CTOSSHHO YBENMUYMBAETCH; B HAaCTOsiLiee BpeMs OHO AoCcTuraeTt
2 M/IH 4YenoBeK, U3 KOTOpbIX 6onee 750 ThbiC. HyXXAakwTca B
e>kefjHeBHOM TMPUEME WMHCYNMHa. MupoBas MOTPebHOCTb B HEM
COCTaBNisieT HECKO/NbKO AECATKOB KWUIOrpaMMoOB B rof.

O6bIYHO WMHCYNUH MNOAyYalT W3 MNOAXKENYAOUHbIX >Xenes
CBUHE N KOPOB, HO FOPMOHbI 3TUX >XUBOTHbIX C/lerka oTamya-
IOTCA OT MHCY/NWHA 4YenoBeKa: WHCYNNUH CBUHEN OTAnYaeTCcs 0of-
HOM aMWHOKWUCAOTOW, a UHCYNUH KOpoB — Tpems. OTMe4eHo,
UTO MHCYIMH >XUBOTHbIX 4acTO BbI3blBaeT N060UYHbIE 3(heKThI,
B TOM 4uclie annepruyeckKyrlo peakuuio Ha Takoi npernapart.
Kpome TOro, camu BO3MOXXHOCTU BblAeNeHUA U OYUCTKU FOPMO-
Ha He 6ecnpepenbHbl.

CyuiecTBYyOT U gpyrme MeToAbl MOAYYEHUSA NHCYAUHA:

— BNOCUHTETNYECKU, NNN MONYCUHTETUYECKWUIA;

— TeHHO-UH>XeHEepPHbI;

— MOANMDULNPOBAHHbIV FTEHHO-UHXXEHEPHbIN;

— CUHTETUYECKUIA.

Mpn Npon3BOACTBE MHCY/NMHA NONYCUHTETUUYECKUM MeTo-
4OM  MCMONb3YIOT MPUPOLHbIE UCTOYHUKK Cbipbs. B 3Tom cny-
yae OT OUULLLEHHOI0 MHCYNIMHA CBUHbW OTWEeNNAT C-KOHLEBOM
okTanentug B-uenu. CuHTe3upyloT C-KOHLUEBOM oKTanenTug
YENOBEeYEeCKOro WMHCYNMHA W MNPUCOeAUHSOT ero XMMUYECKUM
cnocobom. 3aTeM yaansloT 3alUTHble TPYMMbl M OYULLAKDT Mo-
NYYEHHbIA UHCYNVH.
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B HacToswee BpemMsA WMHCYINMH 4enoBeka Mnony4yalwwT B OC-
HOBHOM [JBYMS cnoco6amu. Mepsblii CBA3aH C MoAuduKaluven
CBUHOTIO |/|Hcyn|/|Ha CVIHTeTI/IKO-CbepMeHTaTI/IBHbIM mMmeTOoaAOM.
OH OCHOBaH Ha TOM, YTO CBMHOW MHCYNNH OTAUYaeTCs OT MHCY-
NMHa 4YenoBeKa ofHO 3amMeHO Ha C-KoHue B-uenu Ala30TLrr.
3amMeHy anaHMHa Ha TPeoHUH OCYLWLEeCTBAAIOT NyTeM KaTannsu-
pyemMoro dpepMeHTOM OTLLEMNJeHNUA anaHuHa M NnpucoefuHeHUs
BMECTO Hero 3aliuleHHOro rno KapboKCuUbHOW rpynne ocTaTka
TPEOHMHa, MNPUCYTCTBYIOLLLEFO B pPeakLUMOHHOW cmMecn B 60/b-
oM u36bbITKe. ocne oTwenneHusa 3awuTHoW O-TpeT-6yTulb-
HOW rpynnbl noayyalT UHCYAUH 4YenoBekKa.

BTopoli CNOCO6 MNONy4YeHUsI MHCYNIMHA 4yenoBeKa — TeH-
HO-I/IH)KeHeprIVI, T. €. 6uoTexHoIorn4yeckKoe nonyyeHme WMHCY-
nuHa. OHO 6bI0 ocyuiecTBneHO B 1980-e rr., 4To MmMeno 60b-
LLIoe 3HayYeHVe AN NMpaKTUYecKon MeaunumHbl. B KavecTBe KOM-
MeTeHTHbIX KNeTOK MUCMonb30Banu E. col, a reHbl 0benx uenem
MOJIEKY/Ibl YeNIOBEYECKOro UMHCYNMHAa 6biNn MofyyeHbl MeTOAO0M
XUMUYECKOT0 CUHTEe3a. DTU FeHbl NMPUCOeANHANN K 3'-KOHLUY re-
Ha, Kogupytouiero 6enok P-ranakrosupasy, U BBOAUAN B BeK-
TOPHYIO nnasmmay. TpaHCPOPMMPOBaAHHbIE KNEeTKU E. coll CUH-
Te3npoBain XuUMepHble 6enkmn, cocrtosiuime m3 A- unu B-uenu
MHCYNNHa, MNpPUCOeAVHEHHbIe 4Yyepe3 MEeTUMOHUH K [3-ranakrosu-
pase. C nomouwbio 6pomymaHmHa, cneyntuyeckn pacliennaro-
wero 6enku Mo octaTtky MeTUOHWHa, BblAeNann UHAUBUAyalb-
HYIO Uenb MHCYyNMHa. OgHako obpasoBaHue OUCYNb(PUAHLIX Le-
neil T wuWro cTaNo NMMUTUPYIOLLLEA cTaguer Bcero rnpolecca:
BbIX0[ 6MONONMYECKN aKTUBHOIo BeulecTBa Oblfl He3HaunTeneH
(BeposATHO, B cBA3M C oTcyTcTBMeM C-nentuga, 6e3 KOTOpOro
nnoxo npoxoguno obpasoBaHue -8-8-MOCTUKOB Mexxay A- 1©
B-uenammn mHcynuHa).

Moatomy 6bin pa3paboTaH MeTo MNOAYyYeHUS MPOMHCYINHA
yenoBeka C rMocfefylOWmMM co3peBaHUeM ero T 1ube (puc.
6.11). BbInn nony4yeHbl gByxuenoyeyHble hparmeHTbl AHK, co-
OTBETCTBYHOLME TEHY, KOAUPYIOLLEMY YENOBEYECKUA WHCYIVH.
OHN 6blNN BCTPOEHbI B MNnasmMmay W nepeHeceHbl B E. col.
MonyyeHHble PEKOMOWHAHTHbIE K/EeTKU CUHTe3upoBanu Mnpo-
MHCYNWUH, KOTOpbI 3aTeM T wuMWro npeBpawan B 3peblii
VHCY/INH.
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BekTopHaa JHK
XNMUNKO-hepMEHTHbI

cuHTe3 AHK
PecTpukuust  PerynsiTopHbiii I
yyacTtok AHK
Jposeees leH
MponHCynnHa
Yy yenoseka
AHK-nurasa

PekombuHaHTHasa AHK

1 TpaHcdopmauus
XK e.com

T olro
MNMponHCYNNH Yenoseka

MHCynnH yenoseka

Puc. 6.11. MNMonyyeHne UHCYyNIMHa 4YenoBeKa reHHO-UHXXeHepHbIM MeToA0M
(no B.M. KomoBy n B.H. LWiBegoBoii, 2004)

MNHCcynuH cTan nepBbiM MnpenaparoM, Co3faHHbIM C NMOMOLLbIO
TEXHONOTMN PeKOMBMHaHTHbIX AHK. B HacTosuwee BpemMsi MMeEH-
HO TakKOM WHCYNMH LUNPOKO MpPUMEHSIeETCA B MeAULMHCKOM
npakTuke.

6.8. ButamMmuHbl

BuTamMMHbl — 3TO HU3KOMOJEKYNsIpHble OpraHu4veckue Be-
LWecTBa, CrMoco6Hble B OYE€Hb HU3KUX KOHUEHTpauUsiXx oKasbl-
BaTb CU/IbHOE W pasHoo6pa3Hoe BO3AeliCTBME Ha >KUBble opra-
HU3Mbl. OHM MNPUHUMAKOT aKTMBHOE y4yacTue B MeTabonmame
yesioBeKa W BbICLUMX >XUBOTHbIX, OKasbiBasi BMMSAHWE Ha pas-
NUYUHble usnonormyeckne rnpoueccbl (LUKA TPUKAPEOHOBBIX
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KWUCNOT, pacnag U CUHTE3 XXUPHbIX KUCAOT, CUHTE3 aMUHOKUC-
not v gp.). NMpupogHbIM MCTOYHMKOM MHOIMMX BUTAMWUHOB AB-
NAKTCA pacTeHUs 1 MUKPOOPraHu3mMbl.

B npom3BoacTBE MHOIMMX BUTaMWHOB BeaylimMe MO3vuUun 3a-
HUMaeT XMMUYeckuini cuHTe3. Kpome TOro, And nojyyeHus oT-
AeNbHbIX BUTAMMWHOB OFPOMHOE 3HayeHue uMeeT MUKPOOHbIN
CUHTEe3, Hanpumep npuv MNPOU3BOACTBE KOPMOBbLIX MpenapaTos
BUTaMUHOB. MMKPOBMONOrMYECKUM NyTeEM MO0OAyYarT HEKOTO-
pble BUTaMWHbI rpynnbl B, a TakXXe 3proctepyH u KapoTUH,
ABNAIOLLNECSH, COOTBETCTBEHHO, MpellecTBEHHUKaAMU BUTaMWU-
Ha M npoBuUTamMuHa A.

MonyueHue BuTamuHa B 12 ButamuH BI12(a-5,6-gumetun-
6eH3nmungason (AMB)-umaHokobanamMmH) Heobxoaum ANs pocTa
U pasBUTUA MHOIMMUX >XUBOTHbIX U MWUKPOOPraHM3mMoB (puc.
6.12). CnocobHOCTb K €ero CuHTe3y LUMPOKO pacnpocTpaHeHa
cpean MpoOKapMoTUYECKUX MUKPOOPraHuU3mMoB. AKTMBHO Npoay-
UMpPYIOT BUTaMUH B12 PropioTbacbenuT, a TakXXe PseuiioTonaa
M CMellaHHble Ky/nbTypbl MeTaHOobpasyoLlwmnx 6aKTepuii.

CObliN2

HOHsC
ButamunH B] 2(kob6anamuH)

Puc. 6.12. ®dopmyna ButammHa B12
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MNKpPOOGMONOrnvYecKni CMHTE3 — eAUHCTBEHHbIW cnocob no-
nydyeHUsa BuUTamMuHa B12— ocywiecTBAAIOT B ABe CTaAuUM Ha OCHO-
He MPOMUWOHOBOKUC/bIX 6aKTepui, CMOCOBHbIX K CaMOCTOATE/Nb-
HOMY CMHTe3y KosH3nma B12 (ageHo3mnkobanammHa 5,6 AMB).
1lepByto cTAguio0 KynbTUBUPOBAHUSA MPOBOAAT B TedeHme 80 U B
NnNaspobHbIX YCNOBUAX N NpU cnabom nepemMelumBaHun (40 No-
HOW yTunansaumm caxapa). [onyyeHHy 6umomaccy UeHTpudy-
rMpYOT N CryLLEHHYIO CYCMEeH3UI0 MHKYOMPYKOT BO BTOPOM an-
naparte euwe B TedeHUe 88 4, aspupysa KynbTypy BO34YyXOM
(2 M3/4). MunTaTenbHasa cpega cogep>XKUT caxapa (06bI4YHO TH0-
Ko3y, 1-10 %), pobaBKM conew >kenesa, mMapraHuya, MarHuvs n
KobanbTa (10-100 Mr/n), KyKypy3HbIl 3KcTpakT (3-7 %) un
azoT B Buge (MH4)2804. depmeHTayuo nposogat npu 30 °C n
PH 6,5-7,0. Ha BTOpoOii cTagun MPOUCXOAUT o0b6pasoBaHUe
OMB. lMocne 3aBeplleHUs pepMeHTauMM BUTaMUH WU3BAEKaloT
M3 KNeToK HarpeBaHuem B TedyeHue 10-30 muH npu 80-120 °C.
MNMpu nocneayroulei 06paboTKe ropsyvein KNeTOYHOW CyCneH3nn
uvaHmgoMm npoucxoamTt obpasoBaHue ClY-kobanamunHa. [lpo-
OYKT copbupyloT, npornyckas pacTBOp 4Yepe3 aKTUBMPOBAHHbIM
Yroflb U OKUCAbl antoMUHUA, a 3aTeM 3IUPYIT BOAHbIM Cnnp-
ToM unn xnopocgopmom. llocne BbiNapMBaHUSA pacTBOPUTENS
rnony4vyalT KPUCTaNINYecKUi BuUTaMUH B12, BbIXog KOTOPOro
pocturaet 40 mr/n.

Pa3paboTaHbl ahheKTUBHbIE TEXHONOITMU MNONYYEHUSA BUTa-
MnHa B121n Ha ocHoBe TepMOMUIbHbIX 6aunnn Bacllus cerem-
lan3, KOTOpble BblpaliMBaldT B HECTEPU/IbHbIX YCIOBUAX B Te-
yeHve 18 4 npu 65-75 °C Ha nuTaTenbHbIX cpefax, NPUroTos-
NEeHHbIX M3 COeBOA N PbIGHON MYKWN, MSCHOIO N KYKYPY3HOro
3KCTpakTa. Bbixog ButammHa coctaBnsiet ot 2,0 go 6,0 mr/n.

Ona Hy>X4 >KMBOTHOBOACTBa BuUTamMmH BI12 nonyyalT Ha oc-
HOBE CMeLUaHHOW accouuauun, cocTosileil U3 4veTblpexX Kyib-
TYP — yrneBoacbparkmBaroLmx, amMmoHUpUUMpyoLWmnx, cynbart-
HOCCTaHaBNMBaKLWMX U COBCTBEHHO MeTaHobpasylLlwmnx bakTe-
pvii, KOTOpble B3aMMOCBSA3aHHO pacLenaiT OpraHnyYecKni
cybectpatr go C02 n CH4. B kadecTBe cybcTpaTta MUCMNOAb3yOT
JEeKaHTUPOBaHHYIO aueToHO-0yTunoByO 6apay, cogep>kallyto
2,0-2,5 % cyxux BewecTB. bpoxxkeHue npoxogunTt npu 55-57 °C
B HECTepUIbHOW KynbType B ABe pasbl: Ha NnepBoil obpasyloTcs
XXUPHbIE KUCAOTbl U MeTaH, Ha BTOPOA — MeTaH, yrinekucnora
M BUTamMuH B12 NnnTenbHOCTb MpoLecca B 04HOM arnapaTe co-
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ctasnsiet 2,5-3,5 cyTokK, B gByX (nocnegoBaTtenbHo) — 2-2,5 cy-
Tok. KoHueHTpaunsa BuTammHa B b6apge pocturaet 850 MKr/n.
MapannenbHO B 3HaYUTeNbHbIX KonuyecTBax obpasyeTcd ras
(65 % metaHa u 30 % yrnekucnoTbl). bapaa vmeeT cnaboue-
NIOYHYIO peakuuto. Ons cTabunmsaumnm BUTamMmUHa ee NOAKUCASA-
IOT CONSIHOW AN oochopHOM KWUCNOTOI, 3aTeM B BbIMapHOM an-
naparte crywatoT o 20 % cofep>kaHUA CYXuUX BELLECTB U Bbl-
cylimBalwT B pacnblinTenbHOW cywiunnke. Copep>kaHue B12 B
CYyXOM npenapate coctaBndet 0o 100 MKr/r.

MonyuyeHne BMTamunHa B2. HasBaHue ButamuHa B2 — pu-
6ohnaBMH — MPOUCXOAUT OT caxapa pub0o3bl, BXOASLLENO0 B CO-
CTaB MOJIEKY/lbl BUTaMMHa B BUAe MHOroatomHoro cnumpta b-
pnéuta. OH LLIMPOKO pacnpocTpaHeH B NpUpoAe U B 3HAYUTE/b-
HbIX KO/MMYecTBax CUHTE3UPYeETCA pPacTEHUAMU, LPOXOKAMU,
rpubammn, 6akTepmnsIMun.

JXNBOTHbIE, He CUHTe3npyrume 3TOT BUTAMUH, LAO/KHbI
rnonyyaTb ero B coctaBe KOMOMKOPMOB, MOCKO/bKY MpW ero ge-
hmunuTe B opraHM3mMe HapyLualTcsa rnpoueccbl 6enNKoBoro obme-
Ha, 3amepgnsieTca pocT. [penapaTbl pubodnaBuHa UCNONL3YIOT
B MeguuMHe AN fnevyeHUs psiga 3aboneBaHuir, a B XXMBOTHOBOS-
CTBe — B KadecTBe Aob6aBkM B KopmMa. MUMKpPOOpPraHm3mbl CUH-
TesnpyrT pubodnaBmuH M ABe ero KohepMeHTHble (opMbl —
PAO n PMH.

MpoayueHTamMn BuUTamuHa B2 saBnawTca 6akTepun (Bretwob-
baclennT aTTOTajgenes, Mbcrococcns 8lmlaTaHcus), OPOXK-
XN (Canchna pguhAHerTonclld, C. ?lawnen), MMKPOCKOMNMNYECKUe
(A3kbya po33ypu, EfeToKec™mT askbywu) N NnecHeBble (A3per-
§lns T aer) rpmbbl.

MpombiWNeHHOe nonyvyeHue pubodnaBuHa OCyLLEeCTBAAT
XUMUYECKUM, MUKPOOBMONOrMYECKUM N  KOMOUHMPOBAHHbLIM
CUHTe30M. B nocnegHem cny4dae cuHTe3MpoBaHHas MUKpoopra-
HU3MaMm pnbosa XMMUYECKU TpaHcopMumpyeTcs B B2.

Ona MegnuMHCKUX Leneil MUKpobuonorndyeckmin pmbodgna-
BMH NONy4arT Ha OCHOBe rpmba Asperallinz. [N BbICOKUX Bbl-
X040B BUTaMuHa (4o 7 r/n) UCnonb3ykT YCOBEPLUEHCTBOBaH-
Hble LWTaMMbl M ONTUMN3NPOBaHHbIE cpebl, coaepykalume (B %):
KYKYPY3HbIli 3KCTpakT — 2,25; nentoH — 3,5; coeBoe mMacno —
4,5 n ctumynaTopbl (NENTOHbI, FAUUKH). VIcNonb3yoT aKTUBHBLIN
MHOKYNAT, KOTOPbIM 3aceBalT CTEPUSIbHYIO cpedy. PepmeHTa-
LU0 MPOBOAAT B TedeHMe cemMum cyToK npu 28 °C un xopoluei
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aspauun. NcxogHblh pH cocTaBndeTt okono 7,0, B xoge chep-
MeHTauMn B CBA3U C BblAe/leHNEM KUCNOT cpefa MoOAKUCIAETCA
8o pH 4,0-4,5. Mocne ncnonb3oBaHUA YrinepogHoro cybcrpara
NPoAyLeHT HayMHaeT yTUInM3mpoBaTb KUCNOTbl, pH nosbiwlaeT-
cA, N 3aTeM HauduHaeTca obpasoBaHue BuTamMmHa B2 Tpu aTtom
KpucTannbl pubodnaBmHa HakanInmBakwTca B ruax v BHe MU-
uenusa. Ha noctgepmMeHTaUMOHHOW cTaguu ANS BblAaeNeHUs BU-
TaMUHa MULUENNIA HarpeBaloT B TedyeHne 14 npu 120 °C.

B psge cTpaH gnda nonyvyeHMs KOPMOBbLIX MpenapaTtoB BuUTa-
MMHa B2 ncrnonb3yT AOCTATOYHO MPOCTOM CNoco6, OCHOBaHHbIN
na BblpawMBaHUM MUKPOCKOMMYECKOro rpmba EreToOrecwiT.
nskbyun B MyOUMHHOW KynbType B TedyeHue 80-84 4 npu 28-
30 °C Ha cpefie € rnOKO30M Unu ManbTo30i (2,5 %), UCTOYHU-
KoM a3oTa B Buge KHAK)3u kapbokcngom kanbumsa (0,5 %).
Mbixog pubodnaBmHa coctaBnseT 1250 mkr/mn. KynbTypanb-
Has >XNOKOCTb KOHLUEHTPUPYETCA B BaKyyMHOM ucnapwuTene go
cogep>kaHuna cyxux seuwlectB 30-40 % u BbiCyLLMBaeETCA B pac-
NbIMMTeNbHON cywinnke. ToBapHas hopma npoaykKta — Mopo-
LLIOK C cogep>kaHuem pubocnaBmHa He meHee 10 mr/r n 20 %
CbIporo npoTterHa. B npenaparte NpuUCyTCTBYIOT TaK>Xe HUKOTU-
HoBasi Kucnota n ButamuHbl B15 B3, B6u B12 lNpu mncnonb3o-
BaHUN wWTamMmMa Bacllwn3 3wublll3, MONAYYEHHOro TreHHO-UH>Ke-
HepHbIM MeTOAO0M, BbIX0g4 pubodnasMHa cocTaBnsan 4 r/n 3a
35 cyTOK hepMeHTaLUN.

MonyuyeHue sprocTepuHa. IProcrtepmH (s3procra-5,7,22-tpu-
eH-3|3-01) ABAAeTCA UCXOAHbLIM MPOAYKTOM MpU MPouU3BOACTBE
BUTaMnHa B2 1 KOPMOBbIX MpenapaToB ApOoXoKel, oboraweHHbIX
3TUM BUTaMMHOM. ButamunH B2 (aprokansumndgepon) obpasyetcs
npn o6ayyvyeHUU ynbTpaduroneTomMm 3procTepuHa, KOTOpblIA B
3HaUYUTENbHbIX KOAMYECTBax CUHTE3UPYIT Oypble BOAOPOCANU,
OPOXOKN, NecHeBble rpubbl. Hanbonee akTUBHbIE MPOAYLEHTbI
JprocrtepmHa — 3acckaroTyce3, KHololoryla, Caniillla.

B npomblIWNeHHbIX MacllTabax aproctepuH obpasyeTca npum
KYNbTUBUPOBAHUN APOXOKEN N MULennanbHbliX rpuboB Ha cpe-
hax, cogep>kalinmx M3bbITOK caxapoB M HedoCTaTOK asoTa, npu
BbICOKOW TemnepaType 1 XopoLlei aspaumn. Bonee MHTEHCUBHO
3procTepmH 06pasyloT APOX>KU poga Caniilla Ha cpepax € yr-
nesogopogamMmu. Kpuctannuueckumini npenapaT ButammHa B2 no-
nyyarT npu Kyn1bTUBMPOBAHUU MNNecHeBbIX TPUboB (PeTcunT,
A3pergllns).
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Ana nonydyeHUs KOPMOBbIX MpernapaTtoB MNPoOBOAAT 06nyde-
HUe CYCMEH3UU UAN CYXUX OPOXOKeN (Canfila). TaK, TOHKWM
cnoii 5%-1 cycneH3mn ApoXxoKei obnyyaroT ynbTpaduroneToBbl-
MW namMmnamMun ¢ ANNHOMN BONHbI 280-300 HM.

Ana nonyyeHMA KpUCTaNMYECKOro npenapara BuTamMuHa
OPOXOKN UAU TPUGHOW MULenui noaBeprawoT KUCNOTHOMY FUA-
ponmsy npu 110 °C. ButammH b2 akcTparnpyrT CcrnvpToMm,
PUNbTPYT, uUnbTpaT ynapmBaroT U HECKONbKO pa3 NpoMbiBa-
0T cnupToM. CNMPTOBOW 3KCTpakT crywatT 0o 50% - KOH-
LeHTpaLumMm Ccyxmx BeLlecTB, OMbINAKT uwenodbto. Ob6bpasoBas-
Limecs KpucTanibl BUTaMUHA ouMLLal0T NepekpucTannmilaumeii
M cywaT B admpe, OTroHAA nocnegHunin. Kpuctaninyeckunii oca-
OOK pacTBopsAloT B Machne. lNpenapat MCNonb3yloT B MeAULUH-
CKUX Uensax. 3ProctepuH CAY>XUT TakKXXe WUCXOAHbIM MNpoayK-
TOM AN8 NONyYeHUA psfa CTepouAHbIX FOPMOHOB, MULLEBbLIX U
NeKapCcTBEHHbIX MpenapaTos.

6.9. NIHTepdepoHbI

MNHTepdepoHbl MnpeacTaBnsaoT coboit ocobyto rpynny 6en-
KOB, KOTOpble NMPOAYUUPYIOTCA KneTKamMyu MMMYHHOWN CUCTEeMbI
y 6GOMbLUMHCTBA >XMBOTHbLIX W 4efnoBeka. BnepBble OHW 6binu
ob6Hapy>keHbl KaK NpoAyKTbl MeTaboinyecKo aKTUBHOCTU WH-
hbnumpoBaHHbLIX BUpycaMu KreTokK. CnepoBaTtefibHO, WHTepde-
POHbI ABASIOTCS «OPY>XXUEM», C MOMOLLbHD KOTOPOro BO3MOXXHO
NnpPoOTMBOCTOATL 60/Me3HEeTBOPHLIM 6akTepusam, napasuvtam M ga-
K€ pakoBbIM K/eTKaM.

NHTepdepoHbl — 3TO HU3KOMONEKYNAPHbIe 6e/KU CO CXO0f-
HbIMW CBOMCTBamMu, coctodwme n3 146-166 aMUHOKMUCIOTHBIX
OCTaTKOB W BblAensieMble KieTKaMum opraHusma B OTBeT Ha
BTOp>XeHne Bupyca. O6LWMM MX CBOUCTBOM SABASETCHA Hapylule-
HWe penaMkKauunm BUPYCcOB, T. €. bBnarogaps uHTepdepoHam
KNeTKU CTaHOBATCHA YCTOMUMBLIMU K BUPYCHOW WMHGEKLUn. 3a
3TO OHU WM MNONly4YUnu CBOe HasBaHue, npoucxogsduiee OT aHr-
NMNCcKoro TepmMmHa brberlere nyiib — wmMewatb (Bupycam oOcCy-
LecTBNATb CMHTe3 cBoei PHK n 6enkoB).

Mpn 3apakeHUn KNeToK BUPYCOM OH HayMHaeT pas3MHO-
XKaTbCsA, N OAHOBPEMEHHO K/eTKa-X03fMH «3anycKaeT» CUHTe3
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NHTepdepoHoB. OHU BbIXOAAT N3 KNETKU, BCTYMakT B KOHTAKT
C cocegHUMW KneTKaMu N aenakwdT UX HEBOCMPUUMUYMBLIMU K
Bupycy. WHTepdepoHbl AeicTByOT, 3anycKas UuUenb COo6bITUA,
npuBoAAWMX K NOAABNEHUIO CUHTE3a BUPYCHbIX O6ENKOB N —
B HEKOTOPbIX Cyyasx — COOPKU N BbiXoda BUPYCHbIX 4YacTul,
(nyTem akTMBauUuu onuroageHunaTcnHTeTasbl) (puc. 6.13).

NHTepdepoH

Memb6paHHbIi peuenTop
| MecceHmxep

3000000C

KneTouHbIM reHom

NHayKkunad
CUHTe3a
5'-OnuroageHunat- depmeHToB [MNpoTenHKUHa3a
CUHTeTasa
AkTuBauma PHKasbli I, __ ™ WHrubuposaHue
perpagauma NPHK n pPHK CUHTe3a benka

Puc. 6.13. MexaHun3m feicTBUA MHTepdePOHOB
(no T.A. EropoBsoii n gp., 2003)

251



naBa 6. OCHOBbI NPOMBbILUNEHHOW 6UOTEXHONOINN

Takum o6pas3om, MHTepPepoHbl He 06MagaldT NPAMbIM NPO-
TUBOBUPYCHbIM [AEWCTBUEM, HO Bbl3blBalOT Takme U3MEHEHUSA B
K/leTKe, KOTOopble NPenATCTBYIOT pa3sMHOXEHUIO BUpyca.

O6pasoBaHne WHTEPREPOHOB MOryT CTUMYIUpPOBaTb He
TONbKO WMHTaKTHble BUPYCbl, HO N pasfindyHble OPYruUe areHTbl,
Hanpumep HeKOTOpble UHAKTUBUPOBaAHHbIE BUPYCbl, ABYXLEMNO-
yeyHble PHK, cuHTeTUYecKMe AByXUernoyeyHble ONUTOHYKNeo-
TNAbl N 6aKTepuanbHble 3HAOTOKCUHbI.

Buonornyeckas akTUMBHOCTb MHTEP(EPOHOB OYEHb BbICOKA:
[OCTaTOYHO OJHOM MX MONeKynbl, 4YTOObI cAenaTb KNeTKy pe-
3UCTEHTHON K BUPYCHOW MHMEKLUN.

OCHOBHble Knaccbl UHTepdepoHOoB. CyulecTByeT TPWM OCHOB-
HbIX Knacca MHTeptepoHOoB: anbia-nHTepdepoH (a), beTa-UHTep-
dbepoH (P), ramma-nHTepdepoH (y).

a-NHTepdepoHbl ABNAKOTCA NPOTEMHaMU, He coep kawumu
npocTeTmnyecknx rpynn, a |3-uHrepepoHsbl N y-mHTepgepoHbl —
rMMKoONpoTenHaMN.

OCHOBHbIMWU KfeTKaMn — MpoAyLeHTaMun UHTepdEPOHOB
ABNAKOTCA: AN a-UHTepdepoHa — MaKpodarn (nerMkounTbl T
n B); ana P-uHTepcepoHa — anuTenmanbHble KNeTKU U urb-

pobnacTbl; y-uHTepddepoH npoayumpyetcsa T-numdoumtTamm u
ecTeCcTBEHHbIMU Kunnepamun (LLUC-kneTkamn).

Bce wnHTepdepoHbl 06nagaldT He TONbKO aHTUBUPYCHbIM W
NPOTUBOONYXONEBbIM AeACTBMEM, HO U, YTO Ba>kKHee, CBOMCTBOM
aKTMBMPOBATb, MOHYXXAAaTb K OENCTBUIO TaKMe KNEeTKU UMMYH-
HOWM CUCTEeMbI, KakK MaKpodaru.

MoMUMO 06LLMX CBOMCTB, MEXAY PasMYHbIMU TUMNaMn UHTep-
(hepOHOB eCTb CyLLeCTBEHHblE OTIMYUA. OCHOBHbIe (PYHKLNN a-UH-
TepthepoHa U P-mHTepdepoHa cBs3aHbl C OrpaHUYeHVeEM WM nogas-
neHmem BUPYCHOW WHMeKuun. y-NHTepdepoH ABASeTCA OAHUM
M3 KNOYEBbIX MeAnaTopoB akTuBauum T-3BeHa UMMYyHUTeTA.

OcHoBHble 3hPeKTbI OecTBUA MHTepdepoHOB. Bce MHTep-
hepoHbI 061agaloT NPOTUBOBUPYCHBLIM, UMMYHOMOAYNUPYOLW UM,
NPOTUBOOMNYXOJIEBbIM U aHTUNponndepaTuBHbIM adhdheKTamu.

MpoTunBOBUPYCHbINW addekT 3aKNwyaeTca B UHAYKUUN Y
06paboTaHHbIX UHTEPHEPOHOM KNEeTOK «HEeYYBCTBUTENbHOCTU»
K Bupycam. B 3ToM cnyyae BK/IKOYAKOTCA Takue MeXaHU3Mbl,
KakK nogasfieHVe cMHTe3a BUpycHoii PHK n nogaBneHue cuHTe-
3a 6enkoB 060104KM BUpyca.
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MMmmMmyHoMoaynupylouwmnii addekT CBSA3aH CO CMOCOOHOCTHIO
MHTepepoHOB perynnpoBaTb B3auMoZelicTBMe KNeToK, y4acT-
BYIOLWMWX B UMMYHHOM OTBeTe. 3Ta PyHKUUA OCYLLEeCTBNAETCA C
MOMOLLbIO PEerynsimm 3skKcnpeccmm Ha mMembpaHax K/eTOK MO-
NeKyn rnaBHOro KOMMAeKca rMcTocoBMecTMMOCTU | Tuna wnm
nyTemM HenocpeacTBEHHOW akTmBauunM MMMYHOKOMMETEHTHbIX
KneTok. Bce 3aTu dhakTopbl ycunuBalwT aroymtapHble U UU-
TOTOKCUYECKME peaKuUn B 30He BOCMaIUTENbHOro o4vara u cro-
CO6CTBYIOT 3(PPEKTUBHON 3INNMMUHALNN NHAEKLMNOHHOIO areHTa.

MpoTwuBoONyXxonesBbii addeKT CBA3AaH CO CMNOCOOHOCTHLIO
MHTepP(epoHOB 3aMeanAaTb AN MOAABAATb POCT KYNbTYpbl Kie-
TOK U aKTUBUPOBAaTb MPOTMBOOMYXO0/NEBble MeEXaHU3Mbl MMMYH-
HOM CUCTEMBbI.

Bce npoTtuBoonyxonesble 3apheKTbl MHTEPEPOHOB Noapasge-
NAKT Ha nNpsamMble N Henpsamble. Mpamble adeKkTbl CBA3aHbl CO
CMOCO6GHOCTbIO OKa3biBaTb HEMOCPeACTBEHHOE BO3AelCcTBME Ha
onyxofieBble K/ETKWU, UX POCT U AnddepeHUUPOBKY, a Henps-
Mble — C YCUNEHNEM CMOCOOHOCTU MMMYHOKOMMETEHTHbIX KNeTOK
o6Hapy>kmBaTb U YHUUTOXKaTb aTUNMUHble KIEeTKWU OpraHmsma.

AHTunnponudepaTmMBHbIN adhekT 3aKNKH4YaeTcss B CNOCO6-
HOCTU WNHTepdepOHOB MPOSABAATbL CBOWCTBA LUTOCTATUKOB: MO-
0aBNATb POCT K/ETOK 3a CcYeT UHrmbmpoBaHUAa cumHTesa PHK,
NMPOTEMHOB, a TaKXXe pPOCTOBbIX (PaKTOpoB, CTUMYIUPYIOLLUX
nponudepaumnio KneTok.

MoMumMo 06WMX CBOMNCTB, MHTEPdEPOHbI 06nagarT pPAAOM
OT/INYUIA.

a-NHTepgepoH n (3-nHTepthepoH 60/bLUE MOXOXXM APYF Ha
apyra. VIx reHbl 1oKanmsyrtTcsa B 9-i XxpoMocome. [ns UX Bbl-
paboTKN WMHAYLUMPYIOLWMUM CUTHaNoM SABAAKOTCA BUPYCbl. 3TU
MHTepdEePOHbl 0651a8aloT BbIPaKeHHbIM MPOTUBOBUPYCHBLIM 1
NMPOTUBOOMNYXONEBbLIM AeNCTBMEM, HO B ropasfo MeHblLUeln cTe-
rneHn NposiBAAT MMMYHOMOAYNIVPYIOLLMNE CBOWCTBA.

y-VIHTepdhepoH xapakTepusyeTcs BbIPpa>XeHHbIM MMMYHOMO-
OynUpyroLWnMm AeACTBMEM, pPeryaupyet MMMYHHbIA OTBET U Bbl-
pPa>KeHHOCTb BOCMaAUTENbHbIX peakuuii. MNMpPoTUBOBUPYCHbIE U
NMPoTUBOOMNYXO0NEBbIE €ro CBOWCTBA BblpaXKeHbl cnabee, yem y
a-uHTepdepoHa n (3-nHTepcepoHa. TeM He MeHee y-uHTepepoH
CYLLLECTBEHHO YCUNMBaeT aKTUBHOCTb a-uHTepdepoHa u (3-UH-
TepchepoHa. 'eH y-uHTepdepoHa pacnonoXkeH B 12-i1 XpOMOCOME.
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MonyyeHre wHTEPKEPOHOB. VIHTepdepoHbl cAy>KaT OgHUM
U3 cambIX 3P(PeKTUBHbIX CPeACTB NleHeHUS BUPYCHbIX WHMEK-
Ui, HO OHU BMAOCMEUNMUYHBI U MOTYT ObITb MONYYEHbI TOMLKO
M3 KNeTOK 4enoBeka. TexXHONOrMa BblAeNeHUA N OYUCTKU UH-
TepepoHoB ManoadhheKTUBHA, NpeXae BCEro uU3-3a KpaviHe ma-
Noro BbIX0A4a KOHeYyHoro npogykta. Mo3TomMy nonyyeHWe reH-
HO-VH>XXEHEPHOro MNpoAyKTa sIBASETCA MNEepPCneKTUBHOW anbTep-
HaTUBOW TpPaAULWOHHbLIM MeTOoAaM BblAeNeHUs UHTeP(epOoHOB.
FeH a-uHTepdepoHa MONYUUNIU XUMUKO-(PEPMEHTATUBHbLIM
MeTogom. OAHoOW M3 TPYAHOCTEN, KOTOPYH MPULLAOChE Mpeoao-
neTb, 6bINO TO, YUTO MHTEPdEPOH CUHTE3NpyeTCcs B BuAe Mnpeg-
LeCTBEHHUKA C OOMONHNTENbHOW (CUrHanbHOW) nocnegoBaTeNb-
HOCTbO aMWHOKMUCIOTHBLIX OCTaTKOB. BakKTepuanbHble KAeTKU
He MMEKT MpoTeMHas, MNpeBpallalLlIMX MpealecTBEHHUKN B
3penble 6en1KM, MO3TOMY Hafo 6bI0 CMHTE3MPOBaThb FeH, Koau-
pyrowunii TonbKo 3penblii MHTepdepoH. Takow reH 6bin NMofy4veH
U BBeOeH B KJNIeTKY E. coll. ®DN3NKO-XUMUNYECKNe CBONCTBa a-
UHTepdepoHa, BblAeNeHHOro M3 6akTepuii, oKasaincb 6/IU3KU
K CBOMCTBaM MHTepdepoHa, BbIAENEHHOIO U3 KPOBU [JOHOPOB.
3HauyuTenbHbIM CO6bITUEM fBUNACb yAadHas MNonbiTKa BBe-
OEHNS1 TeHOB WHTEP(epoHOB B OPOXK>KEBbIE KETKU. 3ameHa
6aKTepuanbHOM KNeTKM B KadecTBe peumnueHTa Ha LpPOodKoKe-
BYIO Cbifpana OrpoMHYI pofnb AN BCell TFeHHO-UHXXeHEepPHOM
TEXHUKU BOOOLLE U ANS MONYyYeHUSs MHTepP(epoHOB B 4YacTHOC-
. Jeno B TOM, 4TO P-UHTepdepoH U y-uHTepdepoH npeacTas-
NAT co60 FMMKO3UIMPOBaHHbIE GENKW, a MPOoLECcC rMUKO3MU-
NNPOBaHNA HEBO3MOXeH B E. coll, HO BrMOSHE OCYLleCTBUM B
OPOMOKEBOW KneTKe Ansi TOYHOro BOCMPOU3BEAEHUS CTPYKTYpPbI
P-nHTepchepoHa n y-uHTepdepoHa. PeKOMOUHaHTHbIe LITaMMbl
OPOXOKEN CUHTe3npoBanu B 60MbLLINX KOAUYecTBax MHTepdepo-
Hbl, 06najaroLiMe Bblpa>KeHHOM 6MONOTMYEeCcKOr aKTUBHOCTHIO.
MprivieHeHVe MHTEPGEPOHOB. PaspaboTka MeToA0B MojydeHUs
NeMKOUMNTapHOro N PEKOMOMHAHTHOro MHTepdepoHOB B Mpenapa-
TUBHbIX KOMMYECTBax, a TaKXXe BbICOKOI((eKTUBHbIX METOA0B
UX OUYUCTKU OTKPblNa BO3MOXXHOCTb MPUMEHEHUS 3TUX MNpena-
paToB ANl NeYeHUs1 BUPYCHbIX U OHKOMOrMYeCcKMX 3aboneBaHUiA.
MHTepdepoHbl MpeacTaBnsAOT BbICOKYH LIEHHOCTb NpW neve-
HUW Uenoro psga 3aboneBaHuii: BUPYCHOIO U XPOHUYECKOrO re-
naTuToB, repreTuYeckKon WMHMGEKLUN, OCTPbIX PecnmpaTopHbIX
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naboneBaHWii, paccesiHHOro CKfepo3a, MWeNoMbl, OCTeocapKo-
MblL EcCTb paHHble 0 MONOXKUTENbHOM 3dheKTe NpUMEHeHUS
UHTepepoHOB ANS NeYeHUs paka Nerknux, MoyeBOro nysbips,
ANYHUKOB, MO3ra U ropTaHu.

MHTepdepoHbl BbINYCKAKOT B KayecTBe NeKapCTBEHHbIX MNpe-
rnapaToB B BUAe Kannew B HOC, Masell Un pacTBOPOB AN WHbB-
eKkumnii. CyLLecTBYIOT HaTypa/ibHble MHTepPdEPOHbl, MNONYyYEeHHbIe
M3 NMMGOLNTOB AOHOPCKOW KPOBU, U MCKYCCTBEHHO CUHTE3U-
pOBaHHbIE C MPUMEHEHWEM TEeHHO-UHXXEHEPHbIX TEeXHONOrni
(pekombuHaHTHbIE). B HacToslee BpeMs KakK y Hac B CTpaHe,
Tak M 3a py6e>koM BblINyCKalT KOMMepYecKue rnpenaparbl —
YeNoBEeYECKU NerMKOLMTapHbIN, nnMmdobnacTHbii (BendepoH,
\Yellleron) u ¢unbpobnactHoii (PepoH), a TakXe WMHTepdepo-
Hbl, MOMly4YeHHblIE FEHHO-UHXXEHEPHbIMN MeToAaMnN: PeKoMObU-
HaHTHble a-uHTepgepoH (PodepoH, PeanbaepoH un ap.), (3-uH-
TepgepoH u y-uHTepdepoH (FammadepoH).

6.10. BakuuHbI

OfHO M3 BaXKHbIX HanpaBneHWin 6MoTexXHONOrMm — co3ga-
HMe 1 pa3paboTKa BaKLMWH, CMNOCOOGCTBYIOLLIMX Pa3BUTUIO NMMY-
HUTeTa K MaToreHHbIM BMpycaM U MUKPOOpPraHu3Mam.

dopMMpPOBaHUIO ¥ peuunmMeHTa UMMYyHUTETa K NaTOreHHbIM
MUKpOOpraHM3Mam Ccroco6cTByeT BakKUMHauna. ekt BaKLn-
Hauuun 6bln1 OTKpbIT 6onee 200 neT Haszag, B 1796 r., Bpadyom
3. [>)keHHepoM, [OKa3aBLUMM, 4YTO 4e/oBEK, MepeHeclnini Ko-
pOBbLIO OCMy (He O4YeHb TAXKeny 60ne3Hb KPYMHOro poraTtoro
CKOTa), CTaHOBUTCA HEBOCAPUMMYUMB K OCMe HaTypalibHOW —
O4YeHb OMacHoMy MWHQEKLUMOHHOMY 3aboneBaHMO, C BbICOKON
CMEPTHOCTbIO. [laxke ecnn 6ONbHOWM He MornbaeT, y HEro Hepej-
KO BO3HUKaKT pasnyHble YpoACcTBa, NCUXMUYECKNEe paccTpoinicT-
Ba 1 cnenoTta.

2. JokeHHep nNy6/iMYHO MpoBen MPUBUBKY KOPOBLEW OCMb
BOCbMUETHEMY Manb4uky [bkeimcy dmnncy, McnonbL3oBaB AN
3TOro 3KccygaT M3 MycTynbl 60MbHOM OCMO KOPOBbI, a 3aTewm,
yepe3 onpegeneHHoe BpeMs, ABaXXAbl MHGUUMpoBan pebeHka
rHOEM M3 MNyCTyNbl 60NbHOrO HaTypanbHOW ocnoii. Bce nposs-
neHmna 3aboneBaHUsA OrpaHNYUANCL MOKPACHeEHWEM B MecTe Mnpwu-
BVBKW, WCYE3HYBLLUMM 4epe3 HECKONbKO [Her. 3TO CBA3aHO C
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TeEM, UYTO B OTBET Ha BBeAeHME BaKLUWHbl OpraHVU3M 3aryckaeT
MMMYHHbIV OTBET — BblpabaTbiBaloTCs aHTUTeNa, KoTopble npu
nocneayrouwen MHMeKLUM BNOKUPYIOT Nponudepaunio naToreH-
HOF0 MWKpoOOpraHuM3Ma WM He MNOo3BONSAIOT pa3BUTbCA 3abonesa-
HUIO.

HaunmHaa c nepBoii BakuWHbI, co3gaHHOW 3. [>KeHHepoMm,
BeAyTCcA 60/bLIMe HaydHble uccnefoBaHUs B 3TOM HanpaBsfe-
HUN. BONbLWIMHCTBO 4YenoBeYeCKUX MPOTUBOBUPYCHbLIX BaKLUH
CO34aHO0 Ha ocHoBe YO6UTbIX (MHAKTUBUPOBAHHbIX) MaTOreHHbIX
MUKPOOPraHU3MOB WAN >XXUBbIX, HO He BUPYNEHTHbIX (aTTeHY-
MPOBaHHbIX) WITaMMOB. TaKol noaxon A0CTaTOYHO 3PheKTUBEH
M npegoTBpallaeT pacnpocTpaHeHe MHOMMX BUPYCHbIX UHMEK-
Uuii, ogHaKO ero nNpuMeHeHWe VMeeT psAg orpaHuUYeHuin, cBs-
3aHHbIX C:

— HEBO3MO>XHOCTbIO KyNbTUBMPOBAHUSA BCEX MATOreHHbIX
MUWUKpPOOPraHU3MoB;

— MoTeHUMaNbHOW 0NacHOCTbIO NpU paboTe ¢ NATOreHHbIMU
MUKpOOpraHn3aMamm n Bmpycamu,

— BO3MOX>XHOCTbIO peBepTMpPOBaTb (BO3BpaLLaTbCA K UCXO4-
HOMY BMWPYNEHTHOMY LWITaMMy) aTTeHYMpPOBaHHbIE LUTAMMbI
(MHaKTMBayus 4yacTo 6biBaeT HEMOMHOW);

— BbICOKO CTOMMOCTbIO MPOM3BOACTBA TPagULMNOHHBbIX
BaKUMH (TUTP BUPYCOB >XUBOTHbIX W 4YefioBeKa B Ky/bType U
CKOPOCTb MX Pa3MHOXXEHUSA, KakK NpaBuio, HEBbICOKMW).

B nocnegHue roAabl Bce 60/blUee 3HA4YeHME B MONYyYEHUWU
BaKUMH npuobpeTaldT 6UOTEXHONOrMYecKmne mnoaxonbl, B TOM
yucne TEXHONOrMA peKoM6MHaHTHbIX AHK. OHa no3sBondeT co-
30aBaTb HOBble MnpenapaTtbl, 6onee 6e3onacHble U 3PGPEKTUB-
Hble, MEHee A0pPOrMe U He VMeloLl e OrpaHuYvYeHu B NpUMeHe-
HUW. Ona 3TUX Leneii UCNONb3YIT cneaylowme noagxoabl:

1. MaToreHHbIi MWKPOOPraHM3Mm MoauuumnpyoT, AeneTu-
pysa (ybupas) reHbl, OTBETCTBEHHble 3a BWPYNEHTHOCTb, NpwU
3TOM COXpaHSAeTCHA CMOCOOHOCTb LITaMMa Bbi3blBaTb MMMYHHbIN
oTBeT. lonyyaloT >XMBble BaKLUWHbI, cofep>kaline HemnaToreH-
Hble MWKPOOPraHuW3Mbl, KOTOpble He MOryT peBepTMpoBaTb U
CTaHOBUTLCHA MAaTOreHHbLIMU.

2. TeHbl NN X CerMeHTbl, KOAMPYIOLLME OCHOBHblEe aHTU-
reHHble JAeTepMUHaHTbl (6efKK) MaToreHHbIX MUKPOOPraHus-
MOB, SKCMpPECCUpPYIOT B albTepHaTMBHOM XO035iMHe, Hanpumep
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col. MonyyaroT HY>XHbIA NPOAYKT B 60/bLLOM KOMUYECTBE U
MCNONb3YIOT ero Kak BakKUWHY. Takume BaKLUMHbI, cogep>kaliue
NNWb OTAeNlbHble KOMIMOHEHTbI MaTOreHHOro MWKPOOPraHwu3-
Ma, HasblBalT CYy6beANHNYHbIMU BaKUUHaMU.

JocTomHcTBa Cy6beAMHUYHBIX BaKUWH COCTOAT B TOM, 4TO
npenapart, cogep>kalluii OUYMLLEHHbI MMMYHOFeHHbIN 6€enoK,
cTabuneH n 6esonaceH. Ero xmnmunyeckme cBOWCTBA U3BECTHbI, B
HEM OTCYTCTBYIOT [AOMOMHUTENbHble O6elKU WU HYK/EeNHOBbIe
KNCNOTbl, KOTOPble MOryT 6bITb MPUYNHONM HeXXenaTeNbHbIX MO-
604HbIX 3hheKTOB B OpraHm3aMe-xo3siviHe.

HepoctaTkamn cyb6beAVHNYHbLIX BaKUWH SBASKOTCHA BbICO-
Kasi CTOMMOCTb OYUCTKU crneundguyeckoro 6enka v mamMeHeHue
ero KoHdopmaumm nocne BblAeNeHUsA, YTO MOXXeT MNOoB/eYb U
M3MeHeHMe ero aHTUreHHbIX CBOWCTB.

KnoHnpoBaHHble TreHbl, KOAUPYHOLWME OCHOBHble aHTUTeH-
Hble AeTepMUHaHTbI NaToreHHOro opraHMsmMa, BCTpamBaloT B re-
HOM HenaToreHHoro HocuTensa (06bIYHO BUpyca) WU nony4vawT
XXNBYIO 6e30MacHyl0 BaKLUUHY, KOTopas He CoAep>XWUT 60nesHe-
TBOPHbIX MUKPOOPraHn3moB. >XuMBble BaKUWHbI, KaK MpaBuo,
60nee aPPEKTUBHBLI, HEM HEXXUBbIE NN CYObELUHUYHbIE.

B uuncne HOBbIX HanpaBleHWUW CO34aHUSA PEKOMOUHaHTHbIX
BaKUMH — paspaboTka AHK-BakuuH (TaK Ha3blBaeMbIX reH-
HbIX, MO/IMHYK/NEOTUNAHbIX BaKUWH, BaKUMH W3 HYKJ/IEMHOBbIX
kucnoT). MNMpuHunn npumeHeHuna JHK-BakKuuH 3akn4yaeTcs B
TOM, 4YTO B OpraHms3M nauueHTa BBogdaT monekyny AHK, copep-
>Kallytlo reHbl, KOAupylwmue MMMYHOreHHble 6en1KM naTtoreHHo-
ro opraHm3ma M reHeTU4Yeckue 3NeMeHTbl, KOTOpble Heobxoau-
Mbl 019 3KCMpPeccuun 3TOro reHa B KfeTKax 3yKapuoT (4enose-
Ka). B KauecTBe nNpoAyueHTOB TakKUX T[EHOB WCMNONb3YKOT
bakTepunanbHble KNeTKU, cojeprkauye peKoMO6UHaHTHble nnas-
MUAbl C COOTBETCTBYHOWMMU reHamu. ocne nonyyeHms pocta-
TOYHOI 6momacchl (KonmyectBa Konwuii) nnasmugHyto AHK Bbl-
[ensaT M3 6akTepuii, ouynwaldT oT gpyrux monekyn AHK wun
npumecei. MonyvyeHHyw [AHK-BakuunHy BBOAAT MapeHTepanb-
HO, MpW 3TOM 6ofbllas ee YyacTb MOCTYrNaeT B MeXK/IeTOUYHOoe
MPOCTPaHCTBO, MOCNe Yero BKAOYAETCH B KNETKU.

MpoTwuBorepneTunyeckne BaKuuHbI. BUpyc nmpocToro repne-
ca (H8Y — Herpes 31Tplex V~Mu8) Bbi3blBaeT MHMEKLMOHHOE
3aboneBaHne reHepann3oBaHHOroO WM MECTHOrO XapakTtepa
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(NpenMyLLeCTBEHHO MOpaXkeHne KOXXU, rnas, Can3ncTbix 060/10-
YeK, HEepBHOM cucTembl, 3HUedannT n T. A4.). Kpome TOro, oH
ABNSAETCA OHKOrFeHHbIM, MO3TOMY BaKUUHauns yOUTbIM UAN aT-
TEHYMPOBaHHbLIM BUPYCOM COMpsiXXeHa ¢ onpefeneHHbIM PUCKOM
pa3BuTnAa paka. Onda 3awutbl oT H8Y-uHeKkunmnm npumMeHsaoT
HEOHKOreHeTUYeCcKyo CybbeVHNYHYIO BaKLUHY.

Ona co3gaHma nw60 cy6beAMHUYHOW BaKLUWHbI npexae
BCEro MAEHTUMUUUPYIOT Te KOMMOHEHTbl MaTOreHHOro MMKpPO-
opraHmama, KOTopble UHAYLUPYIOT BblpaboTKy aHTUTeNn. B cny-
Yyae H8Y-Tmna TakKMM KOMMOHEHTOM ABMSAETCA [NMKOMNPOTEUH
[-o6onoukn (&[M]). B oTBeT Ha BBefeHME 3TOro rMMKonpoTemHa
MbillaM y HUX BblpabaTbiBalOTCA aHTUTena, HelTpanusywuime
MHTaKTHbIM H8Y. IeH §84 H8Y-1 6bln M301MPOBaH, KIOHUPO-
BaH B O4HOM W3 3KCMPECCUPYIOLLMNX BEKTOPOB B K/eTKax Mie-
KONMTalLWKUX U BBeAEH B ANLEKNETKN KUTAMWCKOro xomMsyka, B
KOTOpPbIX, B OTANYME OT E. coii, NPOUCXOAUT FNUKOIN3UPOBa-
HUe 4vy>kepofHbiX 6enkoB. NMofHoOpa3MepHbIV feH §4 Koaupyet
6enoK, B HOpMe CBA3bIBAOLWMINCA C MEMOPAHOM KNeTKU MIeKO-
nuTalowero. 3atem MoANPULNPOBAHHLIM FEeHOM TpaHchopmun-
poBann ANLEKNETKN KUTaWCKOro XxoMs4dka, KOTopble FMNKO3n-
nmMpoBann 6eNnKoBbIA MNPOAYKT U CEKPETMPOBaIM €ro BO BHeELU-
HIOKO cpefy, TaK KakK OH He MOr BCTpamBaTbCA B KNETOUHYIO
MembpaHy. AHTUTeNa, BblpabaTbiBaeMble B OTBET Ha BBeAeHME
MogmnguumpoBaHHoro 6enka 8, apdeKTMBHbI B OTHOLUEHUN
BMpyca npocToro reprieca.

npOTI/IBocaJ'I'bMOHeJ'IJ'Ie3HbIe BaKLUWMNHbDbI. Pa3Hble wWTaMMbI
8alTonella BbI3bIBAlOT OCTPble KULUEYHble MHMEKLNN, NOCTHa-
TanbHyl (MocnepofoByk)) MHGEKUUIO, 6pHOLWHON Tud, nuuie-
BYIO TOKCUKOMHEKUUIO. Ona npodmnnakKTUKM BCeEX 3TUX 3a60-
neBaHui y oBeL, UbINAAT U YenoBeKa 3pheKTUBHbIE Mepopab-
Hble BaKLUMWHbI CO34aHbl METOAO0M LBOWHOW Aeneunn.

Takoi crnocob6 nonyvyeHUss HenaToOreHHbIX LWTamMMOB, MNPU-
rogHbIX Ans cO34aHuA Ha UX OCHOBE >XMBbIX BaKLWH, COCTOUT
B yAaleHUN W3 reHoma naToreHHbIX 6aKTepuili yyacTKOB Xpo-
MOCOM, OTBe4YalLwWmMx 3a He3aBUCUMble >XU3HEHHO BadKHble
pyHKUUKN. Jlyyuwle genetmpoBaTh, MO KpalHeh Mepe, ABe Takue
obnacTun, Tak Kak BepOSATHOCTb UX OAHOBPEMEHHOro BOCCTAHOB-
NeHnsa o4veHb Mana. LWTamm c gBOViHOW Aeneumnein obnagaeT or-
paHn4YeHHOW nponndepaTUBHOW CMOCOBGHOCTbIO WU CHWUXKEHHOW
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naToreHHOCTblO, HO ob6ecrneymBaeT BbIPaboTKy MMMYHHOIo OTBe-
Ta. WUTamMbl 8alTonella C ABOMHOW Aeneuuver Bbl3blBalOT fer-
Kyto copmy mHiekumnm mn obnagarot B 100 ThiC. pa3 MeHbLUEN
BUPYNEHTHOCTbLIO.

6.11. AHTUOBUNOTUKU

AHTUO6MOTUKK (0T an — npoTtmB, blo3 — >XU3Hb) — ca-
MbIli 60M1bLION Knacc apmaLeBTUYECKUX COeAUHEHUI MPUPOL-
HOrMo0 MAN MONYCUHTETMUYECKOTro MPOMCXOXKAEHUS, KOTOpble Mo-
0aBnAT POCT XXUBbIX KNEeTOK, Yalle BCEro NPoKapuoTUYecKmMx
unn npoctenwnx. K 3aToMy >Ke Kfaaccy OTHOCATCA NPOTUBO-
rpnoKoBbIe areHTbl, MPOTUBOOMYXO/ieBble JfleKkapcTBa W ajika-
nongsbl.

CoBpeMeHHOe onpegeneHne TepMmHa «aHTUOUOTUK» AaHO B
1961 r. M.M. WemakHbIM N A.C. X0OX/I0OBbIM, KOTOpble npea-
NOXXUNN cunTaTb aHTUOBUOTUYHECKMMU BeLLecTBaMM Bce MPoayK-
Tbl 06MeHa N 6bIX OPraHM3mMoB, CMOCO6HblE U3bmMpaTenbHO you-
BaTb UV MoAaBNATb POCT U pasBUTUE MUKPOOPraHU3MOB.

AHTUOMOTUKU He MNPOCTO BeLlecTBa, AEWCTBYHLLME MPOTUB
601e3HEeTBOPHbIX MWUKPOOPraHU3MoB; 3TO elle U BellecTBa, Mo-
Ny4vyaemMble C MOMOLLbIO MMKPOOPraHM3MOoB-NpogyLueHToB. Yaue
BCEro OHW CUHTE3NPYIOTCA akKTUHOMUUEeTaMu, pexke — bakTe-
puamu. Cpegm aKTUHOMULLETOB HanbonblWwunii BKAan BHOCUT pPoj
8lreploTyce3s (B 4aCTHOCTU, TONbKO OAUH BWUL 8lrepNeTyces
ansens CUHTe3upyeT 6onee 50 aHTUOMOTUKOB).

Hawnbonee pacnpocTpaHeHHbIMU C KOMMEPYECKOM TOYKWU
3peHnsa aHTMBMOTUKaMU oOKasalnucb MNeHUUUNNNHLI, uedano-
CMOPUHBbI N TeTPaUUKIINHBI.

MeHUUMNNUH, UCTOPUYECKU MNEPBbLIN aHTUOMOTUK, BrepBbie
BblAENUA aHTINNACKUK.yYeHbIl A. ®AeMUHT W3 NNecCHeBbIX
rpnboB PerTcHVuT. nolaluT. B 1928 r. oH 06Hapy>un, 4To Ha
arape B O04HOM 13 4dawek lNeTpu c 6akTepussMn 8lapkylococcus
aurens Bblpoc/iia KONOHMA MAecHeBbIX rpnboB. KonoHnn 6akTe-
puii BOKPYr HUX CTanu MNPO3payHbIiMU M3-3a paspyLUeHUs Kie-
TOK. ®eMUHTY yAanocb BblAeUTb aKTUBHOE BeLLecTBO — rMe-
HULUAAWH, KOTOpOe paspyllano bakTepumanbHble KAeTKU. 3Ta
pa6oTta 6bina onybnmkoBaHa B 1929 r. ®neMMHr HefooUeHWUN
CBOe OTKpPbITUE, CUMTas, YTO MNONYYNTb NeKapCcTBO 6yAeT OoYeHb
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TpygHo. PaboTy ®nemuHra npogomkunn . dnopu n 3. YeiiH,
npeanoXmeLive MeTogbl 0OYMCTKU NeHMuunamHa. Ero maccoBoe
nPou3BOACTBO ObINO Hana>keHo BO Bpemsi BTopoii Mmnposoii BO-
Hbl. B 1945 r. A. ®nemuHr, I'. daopu n 3. YellH 6bIAN yaoc-
ToeHbl HobeneBcKovi npemunm B obnactu usvonoruv m meau-
LVHBI.

OhhekT OT nNpUMeHEeHUSA NeHNUUIIMHAa MpeB3oLwen BCe
oKugaHusa. Mo HeKoTopbIM AaHHbIM, TOMbKO B 1940-1950-e rr.
C ero nomoLlbio 6bIN0 craceHo OT cMepTu 6onee 15 MAH YenoBek.
[encTBnUTENbHO, YacTo paHeHbl MornbaeT He OT camMoOl paHbl,
a OT FHomHoro BocnaneHus. Tak, paHa, nonydyeHHas A.C. Myw-
KWHbIM Ha Ay3nn, cama no cebe He Oblna onacHa, HO pPa3BUIOCH
BOCMaseHne — MepUTOHUT, YTO N MPUBENO K CMepTeSlbHOMY WC-
xony. Mpu HbIHELWHEM COCTOAHUU MeAULUUHbI Tyl KUnHa MOXX-
HO 6b1/10 6bl BblNEYUTb C MOMOLLLIO aHTUOUOTUKOB.

Cpasy >ke nocne OTKPbITUA MEHNLNNNNHA HAYaIUCb NMOUCKU
U ApPYrnx aHTnbuoTmkoB. Celluac MX CyLlecTByeT Yy>ke 6Gonee
3 TbiC., HO MHOIMe y4yeHble B pa3HbIX CTpaHax Mupa Bce BpPeMA
nwyT 60nee NMPOAYKTUBHbIE MUKPOOPraHM3Mbl A9 UX BUOCUH-
Te3a, AocTuras npu 3TOM rnopasnTe/bHbIX ycnexoB. Hanpumep,
nneceHb ®neMmHra B BOEHHbIe rofbl AaBajia aKTUBHOCTb MO Mne-
HUUWNNNHY He 6onee 10 en/mn. CoBpeMeEHHble LWTaMMbl MUK-
poopraHnsamoB gatoT 50 Tbic. eq/mMa TOro >e neHununiInHa.

MNHTepecHo, 4uTo B CLUA B nocneBoeHHble roAbl MovicKamu
MUKPOOPraHN3MoOB 3aHUMAaNNUCb He TONbKO yyeHble. IHCTUTYTbI
JaBann 06bABMEeHNSA B rasetbl C NMPOCbOOM MPUHOCUTH UM pas-
Hble o6pasubl nneceHel 3a BoO3HarpaxkaeHue. PacckasbiBaloT,
YTO B OAHOM W3 TOPOAOB 3TUM 3aHUMasnacb Hekas noXkwunas
XKeHLW K Ha no mmeHn Mspu. OHa nNo BCeMy ropogy mckana nine-
CeHb B FHUMbIX (PPYKTax, oBouax, UCnopyeHHOM xnebe. Ei pa-
XXe ganu npossuule 3annecHesenas Mapu. Tak BOT, UMEHHO
OHa Halw/a poAoHayallbHMKa COBPEMEHHbIX BbICOKOAKTUBHbIX
WITaMMOB 6MOCUHTE3a NeHuunnInHa B 3anjecHeBeBLUENH THU-
noi  pgblHe. 3JTOT MWUKPOOpPraHmMam 6bln HasBaH PeTclluT
CKrysogenumT.

Mo oueHkam BO3, KaXablil rog ydyeHble 06Hapy>kmBaroT OT
100 go 200 HOBbIX aHTUOBMOTUKOB, MPEeXKAe BCEro B pamKax 06-
LUMPHbIX MUCC/lefoBaTelbCKUX MporpamMm Mo rnoucky cpegun Tbl-
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014 pasNNYHbIX MUKPOOPraHM3MOB TakKWUX, KOTOPble CUHTEe3n-
poBan 6bl YHUKaNbHble aHTUOUOTUKMK. [MonyyeHue, nabopa-
TOPHbIE U KAWHUYECKUE WUCMbITAHUA HOBbIX fleKapCTBEHHbIX
cpeAcTB 06X04ATCA [0POro, MO3TOMy A0 MNPUMEHEHUA [OXOAAT
TONbKO Te W3 HUX, KOTOpble MMET 601bLIYIO TepaneBTUYe-
CKYK LLEHHOCTb M MpeAcTaBnsAlOT 3KOHOMWYECKU MHTepec. 3TO
vcero nnwb 1-2 % OT Bcex ob6Hapy>XMBaemblX aHTUOUOTUKOB.

O6bl4HO aHTUONOTUK f[ecTBYeT He Ha BCe MMKPOOPraHwu3s-
Mbl NOAPAAL, Aa 3TO U HeXKenaTenbHO: BeAb Hapsaay c 6onesHe-
TBOPHbLIMU BYAYT YHUUTOXAaTbCA MNOfie3Hble MUKPOObI, KOTOpble
Bcerga ecTb B 4efoBe4YeCKOM opraHusme. [103ToMy [OnKeH
6bITb HAbop pasNUYHbIX aHTUOUOTUKOB, MPUTOAHbIX ONA Nede-
HUS pa3HbIX 60Ne3HEeN.

Ho ecTb m gpyras ctopoHa: 60ne3HeTBOPHble MWUKpooOpPra-
HWU3Mbl MOCTEMEHHO «MPUBbLIKAKT» K AEACTBUIO aHTUOMOTUKOB.
BO3HMKaAlOT BUAbl, KOTOpPble BbI3blBAlOT 3abofeBaHWe, HO OHU
HeUuyBCTBUTENbHbI K «CTapoMy» aHTUBMOTUKY. TaKoe MpuUBbI-
KaHne NpoucxoamT He 6bICTPO, a B TedyeHue 10-15 neT. Ho pas
3TO BCe-Taku MpoucxoauT, YYeHbIM HEOBXO4MMO UCKaTb BCe HO-
Bble M HOBble aHTUOUOTUKN N NpOoAYLUMPYIOLLME UX MUKPOOpra-
HU3MbI.

Ob6pasoBaHVe aHTUOMOTUKOB — 3TO HacneACTBEHHO 3aKperi-
NneHHasi 0CO6eHHOCTb MeTabonMimMa MUKPOOPraHM3mMoB, MPOAB-
nApwWanca B TOM, YTO KadKAbld BUA (UM faXke wWITamM) Croco-
6eH npoAayuupoBaTb OAWH WM HECKO/JbKO CTPOro creumguny-
HbIX [ANA Hero aHTUOMOTUYECKUX BELLECTB, UTO HABAETCSH
pe3ynbTaToM 3BOMOLMN AAaHHOI0O MUKPOOPraHmima.

CneundunuHocTb gelicTeusa aHTUOMOTUMKOB 0ObSCHSETCA:

— WNX BbICOKOW 6M0N0rMYeCKON aKTUBHOCTbIO B OTHOLUEHUU
YYBCTBUTE/NbHbLIX K HUM OpPraHm3mMoB, T. €. CMOCOB6HOCTLIO Mpo-
ABNATb 3(hPEKT AadKe B OUEHb HU3KUX KOHLUEHTpauusx;

— n3bupaTenbHOCTbIO AEACTBUSA, T. €. CNOCOOHOCTbIO KOHK-
PETHOro aHTMOBMOTUKA MPOSABAATL CBOE AeACTBUE NNLWb B OTHO-
LeHn onpefeneHHbIX OpraHn3MoB UM Fpynn opraHU3mMoB, He
OoKasblBasi 3aMeTHOro adppekta Ha gpyrve QOpMbl XXUBbLIX CYy-
LecTB.

BennumHy 6uonornyeckoil akTMBHOCTU aHTUOBNOTUKOB Bbl-
pa>katoT B YCNOBHbIX eAuHMLAaX, cogepXaiwmxcs B 1 mn (en/mn)
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unm B 1 Mr (ea/wmr) npenapata. 3a eAVHULY aHTUMOUOTUYECKOM
aKTUBHOCTN MNPUHATO MUHUMANbHOE KO/IUYEeCTBO aHTUOBUOTUKA,
CMocobHoe MnogaBUTb pasBUTUE WU 3ajep>XaTb pPOCT ornpege-
NEeHHOro yucna KNeTokK CcTaHAapTHOro LwtamMmma TecT-MMKpoba B
eouHULEe obbema NuTaTenbHOW cpeabl. Tak, 3a eAVHULY aKTUB-
HOCTU MEHULUNNNNHA MPUHATO MUHUMANbHOE KO/IMYEeCcTBO rpe-
naparta, cnocobHoe 3ajep>XMBaTb POCT 30/0TUCTOro cradguio-
KOKKa (wTtamm 209) B 50 Mn nuTatenbHoro 6ynboHa; Ans
CTpenToOMULUMHA eANHNLA aKTUBHOCTU — MUWHUMa/lbHOe KOJN-
YeCTBO aHTUOUOTMKA, 3afep>kuBarollee pocT E. col B 1 Ma Nu-
TaTenbHOro 6ynboHa.

CuHTEe3 MuMKpoopraHmamamy aHTUOMOTUKOB — oOfHa U3
dopm NposiBNeHUs aHTaroHnsma, KOTOPbIA CBA3aH C onpege-
NeHHbIM XapakTepom o6MeHa BellecTB, BO3HUKLUIMM U 3aKpen-
NEHHbIM B Xo0fe 3BofOUMN. Bo3geincTByss Ha MOCTOPOHHIOK
MUKPOOHYIO K/eTKY, 3TO COeVHeHMe Bbli3blBaeT HapylleHUs B
ee pasBUTUN. AHTUOUOTUKN CMOCO6GHbLI MOAaBNATbL CUHTE3 060-
NOYKKN bGaKTepuanbHOW KAEeTKU B Mepuos pasMHOXeHUs, n3ame-
HATb MPOHNLAEMOCTb UUTOMNasMaTU4yecKon MemMbpaHbl uun
MHrMbupoBaTb peakunnm obMeHa BeLLeCTB.

Knaccupumkaumsas aHTUGEMOTUKOB MOXET OblTb OCYLLECTB-
neHa:

— o nNpUHUUNY WUX BUONOTNYECKOTO MPOUCXOXKAEHUS
(NnpegnouTnTenbHa Ans 6M0M0roB, W3yyawlWKnUX OpraHnu3Mbl-
NpoAyueHTbl aHTUBMOTUYECKUX BELLLECTB);

— N0 XMMWUYECKOMY CTpPoeHuto (yaobHa AN XUMUKOB, 3a-
HUMaKLWUNXCA U3YHYEHUEM CTPOEHUSA MOJIEKY/N aHTUOUOTUKOB U
nyTein X CUHTE3a);

— MO TUMNY N MexaHu3My 6MONOrM4YecKoro AencTems (Npu-
HATa B MEAMLVHCKOW MpakTuke). B aTom cnyyae Tun geicTeus
aHTNOGMOTUKOB 6blBaeT «umaHbIM» (6AKTEPUUNAHBIM, YHIUUWA-
HbIM, BUPULUMAHBLIM, NPOTO30auMAHbIM), N04 KOTOPbIM MOHUMAa-
0T HeobpaTMMoe HapylleHUe XXU3HedeATenbHOCTU (rnbenb) UH-
PEKLUMOHHOIo areHTa, N craTudeckum (6aKTEPNOCTATUYECKUM,
PYyHrMcTaTuyeCcKUM, BUPUCTATUYECKUM, MPOTO300CTaTUUECKNM),
npuv KOTOPOM MpeKpalwiaeTcsa Uan rnpumocTaHaBnMBaeTCs pPasMHO-
KeHne B0o36yaunTensa. Takas rpajgaumsa MMeeT OCHOBHOe rpak-
TMYECKOe 3HayeHWe Mpu fledyeHUN TsKenblX WHpeKynin, oco-
6eHHO Yy NayMeHTOB C HapyLueHUsIMU MMMYHWUTeTa, Korga ob6s-
3aTe/lbHO HasHaveHWe «LNAHbIX» MpPenapaTos.
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B 3aBUCMMOCTM OT MecTa MPUIOXKEHUS U MexaHn3ma 6mono-
rMYecKoro AencTBUA, aHTUBMOTUKN NogpasgensioT Ha:

— cneunuyeckue WHIIMGUTOPbI ONOCUHTE3a KNeTOYHOMN
CTeHKU (MeHULUNNNHBI, UeanocnopuHbl, uedaMmuunHbl u gp.);

— npenapaTtbl, HapyLwlalouwme MONeKYNAPHYIO opraHmM3aumto
M PYHKLUNN KNETOUYHbIX MemMbpaH (MOAVMUKCUHBLI, MONUEHbI);

— npenapartbl, NoAaBfsOLIME CUHTE3 6eNKa Ha YPOBHe pu-
6ocoMm (MaKponuabl, TeTpauUKIVHbLI, NeBOMULETUH, OY3NANH);

— uHrnéutopsbl cnHtesa PHK HaypoBHe PHK-nonnmepasbi
U MHIM6UTOPLI, AeWCcTBylOLWME Ha MeTabonn3m onmeBor Kuc-
NoTbl (pUaMnunLnHbI);

— WUHrMémTopbl cuHTe3a PHK Ha ypoBHe [AHK-maTpuubl
(AKTUHOMWUMHBI 1 Op.);

— WUHrMémTopbl cuHTesa AHK Ha ypoBHe AHK-maTpuubl
(aHTpauuKINHbl, MUTOMUUNH C, HUTPOdypaHbl, HaNUgMKcoBas
KucnoTta).

Mpu BblAeNneHHOM BO30yAUTeNe Ha3HA4YalOT aHTUOGUOTUKU C
MaKCUMa/ibHO Y3KWUM CMeKTPOM akKTUBHOCTWU, TakK KaK «U306bl-
TOYHas» LWmMpoTa CnekTpa He [AaeT MPeMMyLLLecTB M onacHa c
TOUYKMN 3peHns NojaBneHUs HOPMaTbHOM MUKPOGIopbI.

B HacTosillee Bpems YyCTaHOB/leHa MoOAHas Xumuyeckasi
CTPYKTypa TOMbKO ANS TPeTU aHTUOUOTMKOB, MPOAYLUPYEMbIX
MUKPOOPraHm3Mamu, a XUMUYECKUM MyTeM MOXKET 6bITb Mosy-
YeHa NULWb MONOBMHA M3 HUX. B CBA3M C BO3pOCLUEN CMOXHO-
CTblO BblAeneHUsa 3PPeKTUBHbIX aHTUOMOTUKOB U pacrpocTpa-
HEHVEM YCTOMUYMBOCTU K Havbonee LLUPOKO MPUMEHAEMbIM
COeVHEHUAM Yy 60NbLUOI0 4Kucna NaToreHHbIX 6akTepuii cy-
uecTByeT MOTPebHOCTb B HOBbIX coeAMHeHMsX. [Ons 3Toro uc-
cnegoBaTenn nepewusin oT MOMCKa HOBbIX aHTUOMOTUKOB K MO-
ondmkKaunum CTpYKTYpbl yXKe nmeromxca. OHU CTpeMATCA Mno-
BbICUTb 3PEKTUBHOCTb aHTUOUOTUKOB, HaWTU 3aluTy OT
MHaKTMBauun epMmeHTaMn YCTOMUMBBIX bGakTepuii M ynyd-
WnTb dapMakonormyeckme ceovictea npenapartos. B HeKoTO-
pbIX cnyyasax MnpupogHble MMKPOOHble aHTUOUOTMYECKUE TMpPo-
OYKTbl XUMUYECKUM UNN 3H3NMATUYECKUM MYTEM MOryT OblTb
npesBpalleHbl B TaK HasblBaeMble MONYCUHTETUYECKME aHTNOMO-
TNKKW, obnagatoume 6onee BbICOKMMU TepaneBTUYECKUMU CBOMN-
cTBaMu.
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CoBpeMeEHHOE MPOMBbILLIEHHOE MOflyYeHUEe aHTUBUOTUKOB —
3TO CNnoXKHas MHorocTyneH4yatas 6MOTexXHONOrM4yeckas cxema,
cocToswWwan 3 psaga nocnegoBaTenbHbIX cTaguii (puc. 6.14):

1) ctagna 6uocmHTeda (o6bpa3oBaHus) aHTUOBMOTMKA — OC-
HOBHas 6uonormyeckasa cragums rpouecca rnonyyeHUs aHTUbmo-
TuKa. Heobxoanmmo co3faHuve onTUMalbHbIX YCNOBWUI ANnA pas-
BUTUA MpoayueHTa M MaKCuMaibHO BO3MOXHOro 6mocuHTesa
aHTUOUOTUKA;

2)cTagma npenBapuTenbHONM 06paboTKM  Ky/nbTypanbHOMN
XUAKOCTU, KNeTOoK (MUuenusl) MmMKpoopraHusma v dunbTpa-
uun (oTaoeneHme KynbTypanbHOW >XXMAKOCTM OT 6MomMacchl Mpo-
gyueHTa). OnpepgensieTcAd COCTaBOM cCpefbl, XapakKTepom pocTa
npoayueHTa, MecTOM HaKoMnneHUsa O6MO0N0rnM4YecKn akTUBHOIO
coeguHeHNS (B KynbTypanbHOM XUAKOCTU UAN BHYTPUKIETOYHO);

3) cTaana BblAeNeHUA N OYNCTKU aHTUbMoTmKa. B KayecTse
OCHOBHbIX METOLO0B MPUMEHSIOT 3KCTPaKUMUIO, OcadKieHue, copb-
LU0 Ha MOHOOOGMEHHbLIX MaTepuanax, ynapuBaHue, CYLUKY;

4) cTagusa MonyyYyeHUs roTOBOM MNPOAYKUUN, WU3FOTOBAEHUA
NeKapCTBEHHbIX (opM, pactacoBKu.

Ona MakcmmanbHOro BbiXoga aHTUOUOTUKA MNPU KYNbTUBWU-
poBaHUWM rMpoAayueHTa Heob6XoAMM KOMIMJIEeKC Mep, BK/4Yalo-
WKui nogbop nmutaTebHbIX Cpef, BbICOKONPOAYKTUBHbIX LUTaM-
MOB MWUKPOOPraHU3MOB N PEXXNMOB UX KYIbTUBUPOBAHUS.

MukpoopraHusmbl, Mpou3BoAsLLME pa3NYHble MeTabonm-
Tbl, B TOM 4uC/ie U aHTUOBNOTUKU, BHa4vane MpoxoAaAaAT CTaguio
6bICTpOro pocta (Tponodasy), BO BPeEMS KOTOPO CUHTE3 3TUX
BELLECTB He3HauuTeneH. [lo Mepe 3amefjeHUs pocTa U3-3a
UCTOLLLEHNA OAHOIN0 UAUN HECKONbKUX HeobXoAuMbIX nmuTaTenb-
HbIX BELECTB B KyNbTypanbHOW cpefe MUKPOOPraHm3m rnepexo-
OVT B nauodasy; MMeHHO B 3TOT Mepuos CUHTEe3UpylTCcsa uau-
ONNTBHI.

3TN 0COBEHHOCTN KyNbTypalbHOro pocta HeobXxoAMMO Y4u-
TbiBaTb B MPOM3BOACTBEHHOM npouecce. Hanpumep, B cnydae
aHTNOMOTUKOB 6OMbLUMHCTBO MUKPOOPraHM3MoB B CTagunm Tpo-
nogpasbl YyBCTBUTE/NbHbI K COOCTBEHHbLIM aHTMOMOTMKAaM, a BO Bpe-
M namodasbl CTAHOBATCSA YCTOMUMBBLIMU K HUM. UTO06bI ybepeub
MUKpPOOpraHusmbl, Npoayumpyrolime aHTUOMOTUKN, OT CaMOYHUY-
TOXXEHUNSA, Ba>KHO ObICTPO [OCTUYbL mamodasbl U 3aTeM Ky/bTU-
BMpoBaTb MWKPOOpPraHuU3mMbl B 3TOW pase. ITo pgocTuraetcs
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BblgeneHne wtamma-npogyueHta /1
aHTN6MOTMKaA U3 NPUPOAHBIX YCNOBUIA )

(“Cenekuusi Hanbonee aKTUBHOIO LITaMMa)

cTAQUSA (MonyyeHne Hanbonee akKTUBHOIO LLITaMMa MeTodaMu:)
NHayumposaHHoro™ (- CiusHma  \ /TeHHO-UHXKeHepHo \
MyTareHesa ) potoinactoB) | MaHunynsauuen )

(BbICOKOMPOAYKTUBHbINA Y TEXHONOTUYHBIV LUTAMM NPOAYLEHTA)

~ TMpoayueHT MoceBHOM MaTepuan)-*-(MntatensHas cpega)

I (MoproToBKa MHOKYNATA)

CTAONSA
|
CmewlanHasi \ / KynbTuBupoBaHue \ /f ~ N
kynbTypa’ Y*A(npoueoc 6rMocnHTesa) MoHoKynbTypa )
T
PaspeneHne )-
I 1
m (KynbTypanbHas >XUAKOCTb) C Bromacca
CTAANSA
-«*(BblaeneHne aHTUONOTUKA)-
C Ounctka
v
CTAAUA

(~O6e3BOKMBaHME

MK N[KNG aKCTpakT?)
(byxoi npenapar)

< dacoska >
Puc. 6.14. Cxema npou3BoacTBa aHTUOUOTUKOB
B npouecce MUKpobHoro 6uocuHTesa (no H.C. EropoBy, 1994)
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nyTeM BapbUpPOBaHUA PEXMMOB Ky/N1bTUBUPOBaAHUA U cocTaBa
nuTaTenbHOW cpeAbl Ha CcTaAuAX ObICTPOrO W MeAJjeHHOro
pocTa.

HoBble aHTUOBMOTUKU C YHUKaNlbHbIMU CBOWCTBaMU W crie-
LUMPUYHOCTBIO MOXXHO MOAYYUTb NYTEM TFEeHHO-UHXXEHEPHbIX
MaHUNynAUuNA C reHamy, y4acTBYHOLLIMMU B OMOCUHTE3e YXKe
M3BECTHbIX aHTUOMOTUKOB. bBonbwoin ahdekT 34ecb MOXKET
JaTb TexXxHoNorna peKombuHaHTHbIX AHK: ¢ ee noMoLLbO MOXK-
HO co3gaBaTb HOBble aHTUOUOTUKU C YHUKA/IbHOW CTPYKTYpPOIA,
oKasblBalouMe 6onee MOLHOe [AelicTBMEe Ha onpejeneHHble
MUKpPOOpraHn3mMmbl U obnagatouime MMHUMaNbHbIMU MOB60YHbLIMU
appekTaMmn. eHHO-UHXKEHEPHble NoAX0Abl MOXXHO WCMOMb30-
BaTb A8 YBeNIMYeHUS BbIXoda aHTUOUOTUKOB U CHUXXEHUA
CTOMMOCTU MX NPOU3BOACTBA.

BoNbLWIMHCTBO MccnefoBaHUM 6bIN0 COCPEfOTOYEHO Ha MeHu-
unnanmHax n uedanocrnopmHax, CTPyKTypa KOTOpbIX BK/IKOYaeT
yeTbipexuneHHoe (3-nakTaMHoe Ko/bLo. J[obaBneHune K (3-nak-
TaMHOMY KO/bLy MeTOKCcUnbHOW (CH3ID)-rpynnbl npuBeno K
nosaBieHNIO LedamMnunHoB, 61M3KMX K uedanocnopmHam n ag-
WEKTUBHbIX KaK MPOTUB rpamMoTpuuaTe/ibHbliX, TaKk 1 MpoTuUB
MNeEHNLUANNHOYCTOMUYMBBIX MWUKPO6OB. [oAycMHTE3 COCTOUT B
3aMeHe XMMUYEeCKUM MyTem OAHOW 60KOBOW uenu (3-nakTamHo-
ro Konbla Ha ApYyryl B MONy4YeHHOW depMeHTaLMel MoneKyne.
YCTOMYMBOCTb K NMEHULMIINHAM U LedanocrnopnHam cBs3aHa C
Hannumem epMeHTOB, TaK Ha3blBaeMblX (3-naktamas, KoTopble
LLUMPOKO pacnpocTpaHeHbl cpeau 6akTepuii, aKTUHOMMULIETOB,
UnaHobaKTepuii U OpPoXoKen. Tak KaK reHbl, KOAMPYIOLLME 3TU
dhepMeHTbI, HaxoAATCsA B cocTaBe MiasMug, YCTOAMYMBOCTb MO-
XKeT nepefaBaTbCA MNpU repeHoce nnasmug ot ofHOro 6akrepu-
anbHOro wTamMmma K Apyromy.

Nccnegosatenu gupmbl «Mepk, LWapn v Joym» OTKpbIAn
HOBbI/ Knacc p-nakTaMHbIX aHTUOUOTUKOB — TUEHaMULMHbI, —
npoayumnpyemsble IlreploTnyce8 callleya. TMeHaMULIMHbI Ype3Bbl-
yariHO 3(p(hEKTMBHbI MPOTUB rPaMMONOXMUTENbHbIX U rpamoTpuLLa-
TeNbHbIX 6aKTepuii, a Tak>Xe CNocobHbl MHIMbUpoBaTh P-nakTama-
3bl, YTO 3HAYUTE/NIbHO MOBbILLAET BO3MOXXHOCTU 3TUX aHTUOBUNOTU-
KoB. K MHruébutopam P-naktamas OTHOCATCA Tak>ke KnaBynaHoBas
M ofiMBaHOBasi KUCNOTbl, UAEHTUMULNPOBaHHbIE UCCnegoBaTens-
MW aHIMWCKOW hapMaueBTUYecKo KoMnaHum «buuyem». Kom-
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MaHusl BbINyCTUNA HOBbI aHTUBNOTUK — ayrMeHTUH, — KOTO-
pbii NpeacTaBnsieT coboi KOMOUHaLUMIO (3-naKTaMHOro aHTMGU-
OTUKa aMOKCULMATNHA U KNaBy/laHOBOW KUCOTbI.

CuHTe3 aHTMOMOTUKA ABNsieTCA pe3ynbTaTtom AeiictBus 10-
30 reHoB, MO3TOMY MPaKTUYECKU HEBO3MOXXHO OOHApY>XWUTb OT-
OeNbHble CMOHTaHHble MyTauuu, KOTopble MOran 6bl MOBLICUTb
ero BbIXo[. B NMpoOMbILLNEHHbIX WTaMMax PeTcllwTn cKrysoge-
nmT UNN 8lreploTyce3 awmero/aclen3 BbIX0[ NEHULUNNNNHaA UNN
TeTpauuK/IMHa yAanocb MOBbLICUTb C HECKOMbKUX MWUAAUTPaM-
MOB Ha AuUTp (WTamMmm Agmkoro Tuna) go 20 r/n v 6onee. 3Tn
BbICOKOMPOAYKTUBHbIE LITaMMbl 6bIM MOMy4YeHbl B pe3ynbTaTe
rnocnefoBaTe/lbHbIX LUK/IOB MyTareHesa M CefeKkLuuu.

B pe3ynbTaTe MyTauuii nossBUIUCH HOBble BTOPUYHbIE MeTa-
601NTbI, B TOM 4yucie 6-AUMETUNXTOPTETPALUUKIUH U 6-auMe-
TUNTeTpaunkKnuH. OnpegeneHHbIe MyTaHTbl, TaK Ha3blBaeMble
nanoTpodbl, CNOCO6HbI CUHTE3UPOBATbL TOMbKO MOMOBUHY MOne-
Kynbl aHTUOMOTMKA, a cpefa AO/MKHa ObiTb o6oraiieHa Apyroun
ee MonoBuHoOM. Takasa popma MyTaLMOHHOrO 6MocCMHTEe3a Mnpu-
BeNa K OTKPbITMIO HOBbIX MPOU3BOAHbLIX aHTUOUMOTUKOB, B TOM
yncne NpUHagneXXawmnx K aMMHOLMKANTONLHON rpynne.

Co3faHne HOBbIX W COBEPLUEHCTBOBaHME CYLLECTBYHOLLUNX
TEXHONOrM NOAyYeHUS aHTUOMOTUKOB, paspaboTka 3KON0ru-
YECKM YMNCTbIX 6e30TXOAHbIX TEXHOMOTUI MOoNy4YeHUs BbICOKO-
KayeCTBEHHbIX MpenapaTtoB — BadKHelllas 3ajaya COBPEMEH-
HOW 6MOTEeXHONOrMn. B OCHOBHOM aHTUOUOTUKU MNPUMEHSAIOT
ONnsi 60pbbbl C 60ME3HSAMU 4YenoBeKa, >XUBOTHbIX WM pacTeHWN,
KaK CTUMYNSATOPbl pOCTa >XWUBOTHbIX, MPU KOHCEPBUPOBaAHUMU
NPOAYKTOB, B Hay4HbIX UccnefoBaHUAax (B 6MOXMMUU, MONEKY-
NAPHOW 6uonorum, reHeTUKe, OHKOAOTrnN).

TpaguuMOHHO aHTUbaKTepuanbHble MpenapaTbl nogpasge-
NAT Ha:

— npupoaHble (COBCTBEHHO aHTUOMOTUKN, Hanpumep MeHU-
LLNNNINH);

— nofycuHTeTu4eckme (MPOAyKTbl MoguduKaumu npuposa-
HbIX MONEKYN, HanpumMmep amMoOKCULUUNNIWH, Ueda3onmH);

— CUHTeTUYeckme (Hampumep, cynbaHunammibl, HUTPO-
dypaHbl).

AHTNOUOTUKN UCMONL3YIOT ANA npeaoTBpalleHnUs n nedve-
HUS BOCMaNNTeNbHbIX MPOLLECCOB, BbI3BaHHbIX 6aKTepuasbHOW
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MUKpodnopoi. OHU mn3bupaTeNbHO YrHeTalT >XU3HedesTelb-
HOCTb MMKpOOpraHm3amoB. o u3bupaTenbHbIM AeCTBUEM TMO-
HUMalT aKTUBHOCTb TO/MbKO B OTHOLUEHUW OMNpeAeneHHbIX po-
[0B N BUAOB MMKPOOPraHM3MoB MpU COXpaHeHUU >XU3HECnocob-
HOCTU KNETOK X03sIMHa.

AHTNOUOTMKN NpeacTaBnaAlOT cobOM camMytd MHOro4YucCneH-
HYIO Tpynny NeKapcTBEHHbIX cpeAcTB. Tak, B Poccmm B Hactos-
wee BpemMs ucnonblyetcs 30 pasNnUHbIX FPynmn aHTUGMOTUKOB,
a yucno npenapartoB nNpubam>kaetca K 200. E>kerogHo BO BCEM
Mupe npoumssoauTca 100 TbIC. T aHTUOMOTUKOB Ha CymMMy MApu-
MepHO 5 mnpg ponnapoB, npuyem 6onee 100 mapg Aonnapos
npuxXoanTCsa Ha [O0N0 aHTUOMOTUKOB, A06aBAAEMbIX B KOPM
CKOTY B KayecTBe J06aBOK MM yCKOpUTenei pocTa.

Bce aHTMOUOTUMKK, HECMOTPSA Ha PpasNnums XMMUYECKON
CTPYKTYpPbl U MexaHM3Ma AelCTBUSA, 00beanHseT psag YHUKab-
HbIX Ka4yecTB.

Bo-nepBbIX, YHUKaNbHOCTb aHTUOMOTUKOB 3aK/l4yaeTcs B
TOM, 4TO, B OT/IMYMe OT BONMbLUNHCTBA APYIrUX NeKapCTBEHHbIX
CpeAacTB, MX MULLEHb-PELLENTOP HaxoAuUTCA He B TKaHAX 4eno-
BeKa, a B K/IeTKe MMKpPOOpraHm3ma.

Bo-BTOpbIX, aKTUBHOCTb aHTUOUOTMKOB He SABASIETCSA MOCTO-
SAHHOI, a CHUXKaeTCs CO BPEMEHEM, UYTO 06ycCnoBneHO HOpPMUMPO-
BaHWEM feKapCTBEHHOM YCTOMYMBOCTU (PE3NCTEHTHOCTM). AH-
TUOMOTUKOPE3UCTEHTHOCTE — HEM30eXXHoe 6Uonornvyeckoe siB-
neHvie, N NPeAOTBPaATUTb €e NMPaKTUUYECKU HEBO3MOXKHO.

B-TpeTbUX, aHTUOBNOTUKOPE3NCTEHTHbIE MUKPOOPraHU3Mbl
npeacTaBfsiOT OMacHOCTb He TOMbKO AN MauumeHTa, ¥y KOTOpo-
ro OHWM 6blN BblAeNeHbl, HO N ANA MHOMMX ApPYyrux nwogei, pa-
>Ke pasfeneHHbIX BPEMEHEM U MPOCTPaHCTBOM. [Mo3Tomy 6opbba
C aHTUOUOTUKOPE3UCTEHTHOCTLIO B HacTosLee BpeMs npuobpe-
na rnob6anbHble macLuTabsbl.

B TeueHMe MHOrMx neT aHTUOBMOTUKM UCMONb3YIOT KakK CTU-
MYNATOPbl POCTa CeNbCKOXO3AMCTBEHHbLIX >»XUBOTHbIX U ATUL,
KakK cpeacTBo 60pbbbl ¢ 3ab60neBaAHUAMU pacTEHUIA N MOCTOPOH-
Hell MUKponopol B pane 6poannbHbIX NPOU3BOACTB, KaK KOH-
cepBaHTbl MULLEBbLIX MPOAYKTOB. MexaHM3M CTUMYAUPYHOLLEro
LercTBMA aHTUOMOTUKOB TakXXe He A0 KOHUa BbiiCHeH. [pea-
rnonarakmT, UYTO CTUMYAUPYHOLWUIA 3HEKT HU3KUX KOHLEHTpa-
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6.11. AHTUBNOTUKM

UMA aHTUOUOTUKOB Ha OpPraHM3M >XMBOTHOrO CBsi3aH C ABYMs
haKTOpaMm:

— BO3JeCcTBUEM Ha MUKPOMIOPY KULLIEYHUKA,

— HenocpeacTBeHHbIM BAUAHMEM Ha OpraHuU3m >XUBOTHOrO.

B nepBoM cnyyae aHTUOMOTUKU CHVDKAKT YUCIO BPeAHbIX U
YBENNUMBAIOT KOMMYECTBO MOMe3HbIX Af19 OpraHm3mMa MUKpPoop-
raHM3mMoB, BO BTOPOM — CHW>KalT pH cooep>XMMOro KmlevyHm-
Ka, YMeHbLIAlOT MOBEPXHOCTHOE HAaTS>KEeHUE KNeTOK OopraHus-
Ma, 4YTO CMocob6CTBYET YCKOpeHU wux AeneHusi. Kpome Toro,
aHTUONOTUKN YBENNUYMBAKOT KONMYECTBO POCTOBbIX FOPMOHOB,
yaydwarT MApucnocobnsemMocTe opraHusama K HebnaronpusaT-
HbIM YCNOBUSIM U T. 4.

KopMmoBble aHTUOBUOTUKN NPUMEHAIOT B BUAE HEOUULLLEHHbIX
rnpenapaToB, MpeACcTaBNAIOWMUX COO60M BbICYLLUEHHYIO Maccy Mpo-
OyueHTa, cofepykaulyto, NOMUMO aHTUOUOTMKaA, aMUHOKUCNO-
Tbl, PEPMEHTbI, BUTaMUHbI Tpynnbl B v gpyrne 6monornyecku
aKTMBHbIE BellecTBa. Bce mpom3BoguMble KOPMOBblE aHTUOUO-
TUKMW:

— He UCMOob3yKTCs B TepaneBTUYECKUX LLeNsAX U He Bbl3bl-
BalOT MepeKpecTHOW Ppe3NCTEHTHOCTU 6aKTepuii K aHTUbuoTu-
KaM, NpUMeHSIEMbIM B MeAULINHE;

— nMpakKTU4YecKn He BcacblBalOTCA B KPOBb W3 NuLieBapu-
TENbHOro TPaKTa;

— He MEeHSIl0T CBOel CTPYKTYpbl B OpraHun3me;

— He 00MagaldT aHTUIEHHOW MPUPOAOIA, CNOCOGCTBYHOLLEV
BO3HVWKHOBEHUIO aNiNeprum.

B HacTosiLLlee BpeMs MPOU3BOAUTCA HECKONbKO BUAOB KOp-
MOBbIX aHTUOMOTUKOB: MpernapaTbl Ha OCHOBe XnopTeTpauuk-
nMHa (6MoBUT, KOPMOBOM OUOMWUUMH), GayuTpauuH, TFPU3KH,
rMrpoMmuvH b v gp. M3 aTux npenapaToB TOAbKO 6aymnTpaLvH
npeacTaBnsieT CO60M BbICYLUEHHYO KYNbTypanbHYIO >XWAKOCTb,
MoJly4eHHY B pe3ynbTaTe rnybuMHHOro BbipalwuBaHUs Baclllus
NcKeT orTbh3. OcTanbHble aHTUOMOTUKU SABASAKOTCA NpoayKTa-
MU XKN3HEOEATENbHOCTU pa3HbIX BUAOB AcnoTyces.

AHTUOBNOTUKN MNCMONL3YKT U KaK cpeacTBO 60pbbbl C pas-
ANYHbIMU uTonaToreHamu. [leicTBMe aHTMOGUOTMKA CBOAUTCS
K 3amMefeHN0 pocTa M rméenn uTonaToreHHbIX MUKpoopra-
HU3MOB, COAep>XKaLlUXCA B CeMeHax W BereTaTUBHbIX OpraHax
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pacTeHuii. K Takmm aHTMOMOTMKAM OTHOCATCA (UTobaKTepumo-
MULUWH, TPUXOTELUUH, NOAUMULUH.

MNMpuMeHeHNe aHTUOMOTUKOB B MNULLEBOM MPOMbILLIEHHOCTH
no3BoiseT CHU3UTb ANUTENbHOCTb TepMoobpaboTKM MPOAYKTOB
NMUTaHUSA MNPV UX KOHCepBUpPOBaHWUW. Mcnonb3yemMble aHTUOUO-
TUKWN BO34ENCTBYIOT Ha KIOCTpuAnanbHble U TepModUbHbIe
baKTepuun, ycToiumBble K HarpeBaHuiwo. Haubonee sdpekTmB-
HbIM MPU3HAH HU3WH, KOTOPbI MPaKTUYeCKU He TOKCUYeH Ans
yenoBeKa U Mo3BOAsSieT BABOE CHU3UTbL BPEMS TEPMOO6pPaboTKM.

6.12. MOHOKJ/IOHa/lbHblEe aHTUTEeNa

MoHOKNOHanbHble aHTUTena (MA) — 3To aHTUTena, Bbipa-
f6aTbiBaeMble MMMYHHbIMW KAeTKamMu, NpuHagnexxawunmMmm K oj-
HOMY K/eTOYHOMY KJ/OHY, T. e. npousoweglinMmm wn3 OAHOMN
KNeTKu-npeglecTBeHHUUbl. OHU MOryT 6bITb BblpaboTaHbl Mo-
YT Ha nboe BeLWecTBO, KOTOpPOe aHTUTeNno 6yaeT cneuymndguye-
CKM cBA3bIBaTb. VX MOXHO ganee mcnonb3oBaTb AN 06Hapy-
XKEHNS 3TOro BellecTBa MAN ero OYUCTKMN.

MOHOKNOHa/lbHble aHTUTeNa LWUPOKO MPUMEHSAIT B B6MOXU-
MUU, MONEKYNSPHOW 6uonorum n megnumHe. Ecnm nx ncnonb-
3yI0T B Ka4yecTBe /fieKapcTBa, TO Ha3BaHMe MocfefHero oKaHu4u-
BaeTcHa Ha -Tab (oT aHrn. tonoclonal anlUioiiy).

BnepBble MeTOAMKA MONYYEHUA MOHOK/OHAaNbHbIX aHTUTen
C MOMOLLbIK TMOPUAOMHON TexHonormm 6bina ony6iMkoBaHa B
1975 r. X. Kenepom u C. MuUnblHTeMHOM, KOTOpble B 1984 r.
nonyymnn 3a ee cosfaHne HobeneBCKy npemMuto. VIMeHHO
OHUW, npeABapuUTeNbHO BBeAS B OPraHM3M aHTUreH N Bbi3BaB Ta-
KM 06pa3oM MMMYHHbI OTBeT, U3BAEKNN MMMGONAHYIO KNEeTKY,
MPoAYyLMPYIOLLYIO COOTBETCTBYHOLLME aHTUTENa, U 06begnHUIN ee
C KneTkoi onyxonun (Muenomsbl) (puc. 6.15). B pe3synbTtate no-
NYYNNCA HENPepbIBHO AeNAUMnNCca KNeTOUHbIW rubpung (rubpu-
[0Ma), CMOCOBHbIV CUHTE3UPOBaTb aHTUTeNa C 3afaHHOW cneuu-
PunyHoCTLIO. TMbpmaoma yHacnegosana OT HOPManbHOW KAETKWU
CMOCOOHOCTb K CUHTe3y aHTuTen, a OT onyxoneBol — bGeccmep-
TMe U CrnocobHOCTb K HeorpaHM4YeHHOMY U 6eCKOHTPO/IbHOMY
pocTy.
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6.12. MOHOK/IOHaNbHblEe aHTUTeNa

KneTkun KynbTypa
AHTUreH CeneseHKa Ce/e3eHKU MWENOMHbIX KNeTOK

mépugombl ©0 3 e

KneTtkun,

npoayuypyoLLme
aHTUTEena

19

Punc. 6.15. Cxema NonyvyeHUss MOHOKNOHa/NbHbIX aHTUTen
(no B.M. KomoBy n B.H. LLBegoBow, 2004):
1 — UMMYHMU3aUUA; 2 — BblAefleHNe K/eTOK cefie3eHKU; 3 — nofiydeHune
KYy/bTYypbl MWUENOMHbIX K/eTOK; 4 — rubpugmnsayns (cnmsHue);
5 — cenekuusa rmbpunaom; 6 — 0T60pP MONOXKUTENbHbIX K/IOHOB;
7 — KyNbTUBUPOBaHMeE; 8 — MNPOMN3BOACTBO MOHOK/IOHA/IbHbIX Ten W VMo
B 6UopeakTope; 9 — MoJlyYeHNE MOHOK/NOHA/NbHbIX aHTUTEN

B [AOeiicTBUTENbHOCTM MPOAYLIMPOBaTh aHTUTeNa CrocoGHbI
TONbKO eAVHWUYHbIE TUGPUAOMHbIE KNeTKU. WX Heo6Xxoammo
BblAENATb WU pPa3MHOXKaTb KAOHMpoBaHMeM. [locne TecTupoBa-
HUSA KNOHOB Ha CMOCOGHOCTbL 06pa3oBbiBaTb aHTUTeNa OTOMpalOT
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MONOXMUTENbHbIE KYNbTYpbl, KOTOPble CHOBA K/IOHUPYIOT U NOA-
BepratoT nocnegywouweinn cenekuumn (puc. 6.16). B pesynbTate
nosyyarwT rmépugomMy, NpoayLMpPYIOLWY0 MOHOKNOHAaNbHbIe aH-
TuTena. MNponsBoACTBO MOHOKNOHANbHbBIX aHTUTeN 3TUMU KneT-
KaMun oCyLecTBNAT T ulro B 6BMopeakTope UanM T VAVO B ac-
UWUTHOW >XUAKOCTU MbIlWKX. TakKnum crocobom nonyyarwT MOHO-
KNOHaNbHble aHTUTena K onpefeneHHbIM aHTUreHam 6akTepuii
U BUPYCOB, OMyXONeBbIX KNETOK, NUMMOUNTOB, a Takxe K
ropMoHam, thepmeHTam, megmuaropam v T. A.

C nosBneHMeM MOHOKJ/IOHA/NbHbIX aHTUTen B 6uonorun wu
MeAuUMHe Havanacb arnoxa COBPEMEHHbIX UccnefoBaHUn BbICO-
yanwen ToyHocTU. CneynduyHOCTb aHTUTeN fAenaeT UX MOLL-
HbIMU AMArHOCTUYECKUMWN WUHCTPYMEHTaMu, KOTOpble MO3BONA-
0T onpefennTb HanMuyne MUHUMAaNbHOro KonmyecTBa UCKOMBbIX
cy6cTaHUWii. B HacTosilee BpeMsA MOHOK/IOHa/NbHble aHTUTena
UCNONb3YyT ANA:

— 06Hapy>XeHunA 3arpsisHUTeNeil oKpy>karlLen cpefbl;

— MPOBEPKN MULLLEBBLIX MPOAYKTOB Ha HaAn4yue onacHbIX
MWKpPOOPraHnU3mMoB;

— pacrnosHaBaHUsA 3/10KayYeCTBEHHbLIX KNeTOK cpegn Hop-
MasbHbIX;

— aHaNIMTUYeCKMX Uuenell — KaK <«MMMYHOIOTNYECKUA
MWKPOCKOM» C Ype3BblYaliHO BbICOKMM paspeLleHneM;

— OVArHOCTUKM WHMPEKUMOHHbIX 3aboneBaHuii 4yenoBeka,
KMBOTHbIX N pacTeHWi, a TakXke B 6MOTEXHONOMMN B Ka4decTBe
nmMraHnoB ana aduHHONW XpomaTtorpadun.

Y>e cellyac npenapaTrbl MOHOKNOHaNbHbLIX aHTUTeN LWWUpo-
KO MPUMEHSIOT B fabopaTopHOW AMarHOCTUKe MHOrmx 3abone-
BaHWI KaK AnarHoCTUYecKme TeCT-CUCTEMbI.

CoBpeMeHHass pgumarHocTuka 3/0KayeCTBEHHbIX HOBOOGpa-
30BaHU KPOBW HeMbICAMMa 6e3 MOHOKNOHallbHbIX aHTUTen.
MX mncnone3ywT Ans ornpefeneHNss UMMYHHOro cratyca naum-
€HTOB, AMArHOCTUKN N KOHTPONns 3ad(eKTUBHOCTU NevYeHUs OH-
KONnornyeckmnx 3saboneBaHwii, AMArHOCTUKU OGaKTepuaibHbIX WU
BMPYCHbIX MHpekumni (rematmtel A nm C, npocToii reprnec, Kne-
weBo aHuedanuT, uUMUTOMeranoBumpycHas uHdpekuunsa, BUNY),
Ana onpepeneHns 6UONONMYECKUN aKTUBHbLIX BellecTB — 6enlkoB
KpPOBW, FOPMOHOB, POCTOBbIX (DAKTOPOB, K/ETOYHbIX peLenTo-
poB, MeauaTopoB BocnaneHMs wn ap. Ona wvccnefoBaHUs no-
Kanusaumm 310KavyeCTBEHHOro HOBOOOpa3oBaHUA W CTerneHu
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6.12. MOHOK/IOHaNbHble aHTUTENa

MmMMyHonornyeckuii
1 aHanus

MonoXXnTenbHbI

OTaenbHbIn OTAenbHbI

o / otBeT \ <
r’mMépunaOMHbIA rMépuaOMHbIN
K/IOH
Mono>kutenbHbli OTpuuaTenbHbI

Puc. 6.16. CKPUHWUHI KNeTOK, BblipabaTbiBatoLLnX
MOHOKJ/IOHanbHble aHTUTena (No b. Mnky un O>. MacTtepHaky, 2002)
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MeTacTasnpoBaHUSA MWCMOMb3YIOT METO[ BBeLEHUS B OpraHusm
crneyndUUHbIX K ONpeaeneHHoW onyxoneBOil KNeTOYHOW mnony-
ASAUMN MOHOKOHANbHbIX aHTUTEN, CBSA3aHHbIX C pPaguNo0aKTUB-
HbIMW N30TOMNaMMU.

MOHOK/IOHa/bHbIE aHTUTeNa He3aMeHUMbl MpU ANarHoCTUKe
3aboneBaHUM, HO MOTyT 6bITb MCMOMb30BaHbl U B KayecTBe Bbl-
coKocneunUuUHbIX TeparneBTUYECKUX cpeacTB. OHU MOryT ocy-
WecTBNATbL M3bMpaTenbHY [O0CTaBKY XUMMUOTEpPaneBTUYECKUNX
areHTOB K KneTKam Onyxofn, He 3aTparmeas npu 3TOM 340pO-
Bble K/IeTKU opraHmama. B HacTosiLiee Bpems y>ke €034aHO W
ycrnewHo MpUMeEHSETCA B KIMHUYECKOW NpakTuKe HeCKO/bKO
NeKapCTBEHHbIX MpenapaToB, coAep>kalinx MOHOK/AOHaNbHbIe
aHTuTena.

CyLLeCcTBYIOT Tak)Xe MOHOK/OHa/lbHble aHTUTeNa AN nede-
HUSA ayTOMMMYHHbIX 3ab0oneBaHU U peakuunini OTTOPXKEHUS
TpaHcnnaHTata. B 3Tux caydyasx AelcTBuMe MOHOK/AOHaNbHbIX
aHTUTEeN HanpaBieHO NPOTMB KNEeTOK MMMYHHOW CUCTEMbI, yya-
CTBYKOLNX B MAaTONOrMYeCKUX MpoLleccax; Apyrme MMMYHHble
MeXaHM3Mbl NMPU 3TOM He cTpajaloT.

MpeaANpUHUMAKOTCA NONbITKU CBA3aTb MOHOKJ/OHaNbHbIE aH-
TUTena C NPOTUBOOMYXONEBbIMU MNpenaparamMu, TaKMMU, Kak
OOKCOPYOULMH U PUUUHBI. 3TO 06ecnedunT ajpecHyr AocTaB-
Ky TOKCUYHOro npenaparta K OMyXoneBblM KhneTKam, MO3BOAUT
npuUUensHO (HamnpaB/feHHO) 06Hapy>XMBaTb U YHUUTOXKaTb WX,
He MoBpeXkAas 340pOBble TKaHMU.

Takmm o6pa3oM, paboTbl MO MOAYYEHUKD HOBbIX MOHOK/O-
HanbHbIX aHTUTeN B LEenAx co3gaHus Ha UX OCHOBe neKapcT-
BEHHbIX W [AWArHOCTUYECKUX CPeAcTB O4YeHb MNEepPCNeKTUBHDbI.
OHU MOo3BONAT BbIBECTU MPaKTUYECKYH MeAWLUMHY Ha KayecT-
BEHHO HOBbIV YpPOBeHb. Tepannsa C NMOMOLLbHO MOHOK/IOHANbHbIX
aHTUTen adppekTMBHA, O4eHb crneyudmyHa, T. e. HaueneHa
TONbKO Ha onpefeneHHbI NaToNorMyYecKnii MexaHusm, SABASHO-
wuica npuyuHoi 3aboneBaHusa, W, cnefoBaTenbHO, CpPaBHU-
TenbHO 6e3onacHa.

OfHa 13 NPpUYMH OFrpaHUYEeHHOro NMPUMeEHEHUsT 3TOFro MeToAa
Tepanun 3aKiyaeTcs B TOM, UTO MbILLUVHbIE aHTUTENA 3a4acTyio
pacno3HarTCAa MMMYHHOI CUCTEMOI YenoBeka. PasBuBatroLminca
npy 3TOM VUMMYHHbIV OTBET He TO/IbKO BbIBOAUT TeparneBTUYECKME
aHTUTeNna M3 opraHvu3amMa, OH MOXXeT MPUBOAUTbL K MOPa>KEHULO
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6.13. BTOpUYHbIe CoefUHEHUNA

rnoyek. [N CHMXXeHUA MpobieMbl BO3SHUKHOBEHUS YenoBeYeCKUX
AHTUMbIWKNHBLIX aHTUTen (HAMA) pa3paboTumMKu NeKapCTBEH-
HbIX CPeACTB MUCMOMNb3YT XUMEPHblE UAN FYMaHU3UPOBaHHbIE
aHTuTena. Ana co3gaHUa XUMEPHOro aHTUTena aHTUreHCBA3bI-
Hawowme 30Hbl (BapuabenbHble AOMEHbI) MbILMHOIO aHTUTena
06beANHAIT C 3PPEKTOPHLIMMA 30HAMU (KOHCTAHTHbLIMWU AOMe-
Tamp) 4YenoBeYeCcKOro aHTuTena. [na co3gaHUs YeoBEYECKOro
aHTuUTena TONbKO aMWHOKMUCAOTbI, 06pasyolme 30HY, B3anMMO-
OENCTBYIOLLYIO C aHTUreHoMm (runepBapuabenbHble PervoHbl),
3aMeHSA0T COOTBETCTBYOLWMMU aMUHOKUCAOTAMU MbILLNHOIO
aHTuTena. K npenapatam, CUHTE3MPYeEMbIM OMUCaHHbIM MeETO-
[OM, OTHocATcsa 2enapax, Y MaxT, Mylolar§, Hercepn n Xolan\

TeM He MeHee npeumyulecTBa MPUMeEHEHUA MOHOKI/OHab-
HbIX aHTUTen 04YeBUAHbI, YTO 06YCNOBWUIO MNPOU3BOACTBO UX B
NPOMbILLNEHHOM MacLuTabe.

Ha cerogHawHuii geHb 20 % 6uodhapmaneBTUYecKUX npena-
paToB ABAAKTCA NPOAYKTaMW FMO6pMAOMHON TexHonornu. Bcero
B MUpPE Ha pasNnyHbIX CTaAuAax paspaboTKM HaxoguTCA CBbllle
350 fneKkapCTBEHHbIX CPeACTB, coAep>KaliMX MOHOKNOHabHble
aHTuTena, 70 % M3 HUX MNPOXOAAT KAMHUYECKME UCMbITaHUSA.
Mo nporHo3am, K 2010 r. Ha pblHKe nosBuTca 6onee 100 Ho-
BbIX MpenapaTtoB Ha OCHOBE MOHOK/IOHA/IbHbIX aHTUTeNn C 06-
wum obbemMoM npogaxk okono 50 mnpg gonnapos.

Papg dapmaueBTmnyeckux cdmpm CLUA, EBponbl 1 ANoHUM
NPou3BOAAT AMarHOCTUYeCKMe Habopbl, MOHOKJ/IOHA/NIbHble aHTU-
Tena ANnA Tepanuu 3aboneBaHUii U NabopaTOpPHOM TEXHUKK, a Tak-
e ONs Hay4HbIX Lenew.

6.13. BTOpuYHbIe coefuHeHUdA

XapaKTepHO 0COGEHHOCTbIO KNETOK pacTeHuii sBnsieTcs
CMOCOBGHOCTb K CUHTE3Y COeAVHEHWM TaK Ha3blBAeMOro BTOpPUY-
HOro mMetTabonm3ma, K KOTOpPbIM OTHOCATCSA TepreHouAbl, MONu-
deHonbl, ankanougbl, ctepouabl U Ap. OHU CUHTE3UPYHOTCH,
KakK MpaBu/io, B MEHbLUMX KOMM4YecTBax, 4YeM BellecTBa OCHOB-
Horo (MepBUYHOro) o6MeHa, 1, KPOMe TOro, He y4acTBYIOT B HEM.

BrnepBble TEPMUHbI «MNEepPBUYHbIE COEAVHEHUS» N «BTOPUY-
Hble coeVHeHUs» BBeN HemMeukuin 6monor A. Koccenb (1891).
B cBoeli nekuum «O XMMMUYECKOM cOocTaBe KNeTOK», MPOYMTaH-
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Ho ans BepAnMHCKOro ob6buwectBa (U3MOMOr0B, OH TFOBOPUIN:
«Mpeanarato HasbiBaTb COEAVHEHUS, UMeEKLWMEe BadKHOCTb A4
KaXK[0ol KNeTKWU, MNepBUYHbLIMU, a CoegMHEHUS, He MPUCYTCT-
ByOwme B Nt06oin pacTuTenbHOM KNeTKe, — BTOPUYHbIMU».

Jonroe BpemMsa cuuTanocb, YTO BTOPUYHbIE MeTaboNUTbl OT-
NNMYaKTCA OT MEPBUYHLIX TEM, UTO OHWU:

— pacnpocTpaHeHbl B OrpaHUYeHHOM 4YuCie BUAOB pPacTeHU;

— ABNAKTCA «KOHEYHbIMW» MPOAYKTAMWU MEePBUYHOIO 06-
MeHa;

— He UMeKT 3HaudyeHUs Ans obpasyroulein Mx KAeTKWU, HO
MOTyT 6bITb HEO6XOAMMbI AN LLeNIoro pacTeHus.

B HacToAuWee BpeMs yCTaHOB/IEHa BaXkHasi Po/jb BTOPUYHbIX
MeTaboNnToOB B >XU3HW pacTeHuin. OHM o6Hapy>keHbl y 20-30
TbiC. UX BMAOB, T. e. y 10-15 % Bceln hnopbl 3eMIN. YCTaHOB-
leHa CTpyKTypa y>ke okono 100 Tbic. vHAUBUAYaNlbHbIX Be-
uectB. BbiacHeHO y4dacTume 15-25 % reHoB pacTUTENbHbIX Op-
raHM3MoB B MX BTOPUYHOM MeTabonmsme. Bce 3TO cBUAETENLCT-
BYyeT O TOM, 4YTO cUMUTaTb 3TU COEAUHEHUS CUHTE3NPOBaHHbLIMU
«cny4vyariHo» — HenpaBUbHO.

Y4yeHble-610N10rn A0CTaTOYHO [ONAT0 He yAeNsAnn [OHKHOro
BHUMaHNA BTOPUYHbLIM coegunHeHUAM. Fopa3fo 6onblie 3HaAu o
HUX MNPOBU30OPbI, hapMaueBTbl U KPUMUHANUCTbI, MOCKONbKY
NeKapcTBeHHble N SA0BUTbIe CBOMCTBA pacTeHW 4alle BCEero
06ycnoBfeHbl 3TUMN COEAVHEHUSIMUA.

BTopu4Hble coeguHeHUSA MNpuaaloT TakdXke BKYC W apomat
pacteHuaM. OT MX MNPUCYTCTBUSA 3aBUCAT OKpackKa LBEeTKOB U
MHOroobpasue «pacuBeTKM» OKpy>KawLlero Hac mupa. MHorue
U3 BTOPUYHbIX COeAUHEHUNI NCMNONb3YKTCA B KayecTBe NeKapcT-
BEHHbIX NpenapaTtoB, BKYCOBbIX U apoMaTnyeckux obaBoK Ans
nuweBor N nNappoMepHOr MPOMbILLIJIEHHOCTHU.

Bce 3TO cBUAeTenbCTBYeT O BaXXHOM HapOAHOXO03ANWCTBEH-
HOM 3HayeHUU BTOPUYHbLIX COeAUHEHWI, OHWU MOTYT HalTU LWKN-
poKoe NpuUMeHeHUe B BUOTEXHO/IOTMYeCcKOM npomusBoacTee. Pac-
CMOTPMM OCHOBHbIE KNacCbl BTOPUYHbLIX COEAVHEHWW, CUHTE3n-
pPYIOLNXCA B KIeTKax BbICLLUMX pPacTeHUNA.

TepneHbl (CTapoe Ha3BaHWE — wsonpeHougbl) — OAHU N3
Hambonee pacnpocTpaHeHHbIX B pPacTeHUSAX BTOPUYHbIX Be-
wects. CBOe HasBaHue MOJy4YUIn OT HEMELKOro cfioBa berpen-
Mn (ckunupap), o3HayarLllero cMecb 3TUX BeLLeCTB.
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K HacTosawemy BpeMeHU M3BecTHO 60nee 30 TbIC. coeauiHe-
HWUA AaHHOW rpynmnbl BTOPUYHbIX MeTabonnToB. OCHOBHbIM MX
CTPYKTYPHbIM 31EMEHTOM SABASAETCA NATUYrNepoaHoe coefuHe-
Hue — wnsonpen. O6Was popmyna BCceX TeprneHOB BbliparkaeTcs
Kak (C5H8TI1

Bce TepneHbl nogpasfenslT MO eAMHOMY CTPYKTYPHOMY
NnPU3HaKy — 4YuCiy U30MPEHOBbLIX eANHUL, BXOAALLNX B COCTaB
X MOJIeKYNbl.

Cpean TeprneHOB BCTPeYalTCsa TakXXe CMellaHHble BeLllecT-
Ba, MoOJieKyna KOTOpbIX COCTOUT W3 TEPrneHOUAHOW W HeTep-
neHouaHOM u4acTeil. [NocnegHAs MOXeT 6bITb MpeacTaBneHa
TeTpanMpposiioM, KakK 3TO XapaKTepHo Anda xaopodwunna u
uuToxpoma, 6GEH30XMHOHOM, 4YTO HabnwgaeTcd B CTPYKType
yOUXUHOHOB, a TakXe afeHWHOM — B cfiydyae LUTOKUHUHOB.
Takune coegMHEHUNA Ha3biBalOT MepoTeprneHamu.

BONbLWNMHCTBO TepNeHOB MMeeT Ha3BaHWe, oTparkakulee TOT
pacTuTeNbHbI UCTOYHUK, OTKyAa OHU 6biNM BblAeneHbl Briep-
Bble. Tak, HaNnpumep, MeHTO/ BMepBble MONAYYUIN N3 pacTeHWU
MATbl  (Mebl a), 6eTynanpeHonbl — W3 JUCTbeB 6Gepesbl
(Belnla), aBeHacTepUH — W3 3epeH OBca (Amena).

DYHKUMN, BbINOMHAEMbIe TepneHaMn B KieTKax pacTeHuil,
ypesBblyaiHO pa3Hoob6pasHbl. TakK, Ba>KHYI PU3MONOTNYECKYIO
aKTUBHOCTb MPOABAAIOT Takue UX NpeacTaBUTENN, KaK UUTO-
KWHWUHBI, Tn6bepeninHbl n abcumsosasa kucnota. MoHO- U ceck-
BUTEPreHoOMAaM 4acTo NpUNUCbLIBAOT anfenonaTuyeckKyto posb.
Annenonatmus — 3TO BpeAHOe AeACTBME OAHOro pacTeHus (go-
Hopa) Ha apyroe (peuunueHT). CTeposbl, /lIOKaNM30BaHHble B
KNeTo4YHbIX MeMbpaHax pacTeHWi, MNo-BUAUMOMY, BbINOAHAOT
TaM TaKyl >Xe (YHKLUI0, KaK XonecTepon B MeMbpaHax >Xu-
BOTHbIX K/eToK. CyulecTByeT MpearnofioXKeHue, 4YTO CTeposbl
CTabuUNn3NpyrT MembpaHbl U  KOHTPOAUPYIOT WX MNpoHULa-
eMoCTb. KapoTmHomabl 3awuualoT KAeTKU oT poToAuHammye-
CKOro MoBpeX4eHUs N, KpoMe TOro, yyacTBYHOT B MOr0WEHUN
cBeTa npu otocnHTese. CMeLLaHHble TepPreHoMabl TakXXe urpa-
0T KAKYEBYKD pOSib B 0OMeHe BeLlecTB Y pacTeHui: X10po-
dunnn, NNLWEHHbIW cBoeli OUTONbHON 6OKOBOW LEenun, He addek-
TMBEH; NNACTOXUMHOH y4yacTBYeT B (POTOCMHTETUYECKOM TpaHc-
nopTe 3NeKTPOHOB, a YOUXWHOH — B MUTOXOHAPWaIbHOM
TpaHcnopTe 31eKTPOoHOB. lMonunpeHunnmpodgocdaTbl yyacTBYOT
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B npouecce rMMKo3NIMpoBaHUS Npu o6pas3oBaHUMN KNETOYHbIX
CTEHOK.

dPeHoNbHble COEAUMHEHUS, WAN MNONNKEHONbI, SABAAKTCA
BTOPbIMU MO PacrnpocTpPaHeHHOCTN B pacTUTeNbHOM MUpe npea-
CTaBUTENAMN BTOPUYHBbIX COeAUHEHW. 3TU BelecTBa, TaK >Xe
KakK 1 TepreHbl, OO6Hapy>eHbl He TONbKO BO BCEX pacTeHUsX,
HO [aXke B KaXK[OW pacTuUTeNbHOM KneTke. B HacTosulee Bpems
UMCNO M3BECTHbIX (EHO/bHbIX CTPYKTYpP MpeBblllaeT AeBATb
ThiCAY.

®PeHONbHble COeAMHEHUA cOoAep>KaT B CBOe Mofnekyne 6eH-
30/lbHOE AAPO C OAHOWM WAN HECKONbKUMMWU TUAPOKCU/IbHBIMUN
rpynnammn. Mx knaccuukauunsa saBucuUT OT yucna apomartumye-
CKUX Koney, (0gHO nnu f[Ba), a TakKXXe 0T Koam4yecTBa MNpPUCO-
eqMHEeHHbIX K HUM aToMOB yrnepoga.

dPeHOoNbHbIE coegnnHeHNA C OOHUM apoMaTunyHecKnm
KonbuoM MoApasfendatoT Ha cnefylolime Knacchl:

— coefuHeHns C6psiga — He cogepXkaT B CBOe CTPYKType
LOMONHUTENbHbLIX aToMoB yrinepoga. K HWMM OTHOCATCA npoc-
Thie QeHonbl, NPeACTaBUTENSAMU KOTOPbIX SABAAKOTCA heHon
(B Manbix Konm4yecTBax o6pasyrowunincss B XBOE COCHbI), NMpO-
KaTexnH (HaaeH B NNCTbAX Tonons) v hnopornioumH (dewys
nyka);

— coeaguHeHua Cpa-Cpsga — WMEKOT B CBOEW CTPYKType
OAVH AONONHWUTENbHbIW aTtom yranepoga (puc. 6.17). K HUM oOT-
HOCATCS OKCubGeH30lHble KMWCNoTbl W UX MNPOUN3BOAHbIE, KOTO-
pble 4acTo Ha3blBalOT (PEHONbHLIMU KUCNOTaMU UM OeHOoo-
KNcnotamm, a TakXKe nuwaliHuKoBble KucnoTbhl — cheunduye-
CKne heHOoNbHble CoeAMHEHUS, CUHTE3VpYeMble NUWaHUKaMW;

COOH OOCH COOH
OH
OH H
N-OKcnbBeH3oMHas MpoTokaTexoBas BaHunnHoBas
Kucnota Kucnota KucnoTa

Puc. 6.17. CTPYKTypHble hopMy/bl OKCUGEH30MHbIX KUCNOT
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— coegnHeHna C6-C2papa — COOTBETCTBYWLLNE anbaern-
Obl U CAMPTbl OKCUBEH30MHbIX KWUCNOT, B UX CTPYKTYype npwu-
CYTCTBYET fBa [0MNONMHUTENbHbIX aToMa yrnepoaa;

— coeagnHeHunsa C6-C3paga — WMEKT TpU AONONHUTENb-
HbIX aToMa yrriepoga W1 COCTaBIAKOT Hanbonee MHOrOYUCNEH-
HYI0 U Ba>KHYH Tpyrnny BeLECTB, 4acTo HasblBaeMbIX (eHwun-
nponaHongamn (puc. 6.18). K HMM OTHOCATCH OKCUMKOPUYHbIE
(no me>XxayHapogHOW HOMeEHKnaType — TUAPOKCUKOPUYHBbIE)
KNCMOT b, OKCUKOPUYHbIE (rMAPOKCUKOPUYHbIE) cnupTHhl,
deHnnnponeHbl, a TAKXXE KymMapuHbl, N30KyMapuHbl W XpOMoO-
Hbl — CO€QVNHEHNA, Y KOTOPbIX AOO0OMO/IHNTE/IbHbIE aTOMbl yrne-
poaa 3aMblKakOTCA B KOHAEHCUMPOBaHHOE JITaKTOHHOE KOJibLO;
HeKoTopble (heHUNNponaHongbl 06pasyoT AUMEPLI, T. €. coeau-
HeHuA Tuna (C6-C 32, KOTOpble Ha3bIiBaAOT UTHAHAMMW.

deHONbHble CcOeAVHEHUSs C [BYMSA apoMaTUHeCKUMU
Konbuamun MoApasfensarnT Ha:

— coegnHeHusa C6~C1—LC6paga — WMEKT ABa apoMaTunye-
CKMX KOfbua, COeAVHEHHbLIX MOCTUKOM W3 OA4HOr0 yrneponHoro
atoma. K HUM OTHOCATCA 6eH30(eHOHbl U KCaHTOHbI;

— coeguHeHna C6C 2~C6pagpa — WMEKT ABa apomMaTtun4ye-
CKMX KOfbLUa, COeAMHEHHbIX ABYMA atoMamu yrnepoga. K HUM
OTHOCATCA cTunb6eHbl (4Ba apoMaTUYeCKMX KOfbLa COefuNHSs-
IOTCA LENOYKOM M3 ABYX aToOMOB Yrnepoa) M aHTpaxuHOHbI.
(,D,Ba apomMatTnyeCcKmnx Kosjbla CoegunHAKTCA ABYMA aTOMaMn yr-
nepoga ¢ o6pasloBaHMEM LEHTpPaibHOrN0 KOHAEHCMPOBAHHOIO
TpeTbero Konbua);

— coegunHeHunsa C6C 3 C 6paga — MMEKT ABa apoMaTUYeCKnNX
KO/NbLA, COeAUMHEHHbIX TpeMs aToMamu yrinepoga. Hanbonee MHoO-

—COOH

K1=K2=H — re-OkcukopuyHas (n-KymapoBasi) Kucnota
K1=H; K2=0OH — KocpeiiHaa kucnota

K1=H; K2=OCH3 — ®epynoBasa kucnorta
K1=K2=OCH3 — CuHanoBasa Kucnorta

Puc. 6.18. CTpyKTYpHble pOPMYynbl HEKOTOPbIX (heHUNnponaHonaos
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royncneHHas rpynna CbEHO!'IbeIX COEAI/IHEHI/IVI, npegcrtaBs/ieHHas
npe>xxge BCero cdonasoHoungamun, KOTOPble, B CBOO Oo4epeab, BKIKO-
4yarT u,enb|17| pag noarpynn, B 3aBUCUMMOCTU OT CTENMNEHU OKWUC-
NeHus TpPexyrnepogHoro Kucnopogcogep>kauiero (MmMpaHoBOro)
Konbua (puc. 6.19). K HUM OTHOCATCA (hNaBOHbI, aHTOLMAHLI,
naBoHOHbI, b1aBOHONbI, 3o nasoHoUabl N HeodNnaBoOHOUAbI.

Puc. 6.19. OcHOBHble Kfnaccbl 01aBOHOUAOB:
1 — KaTexuHbl; 2 — NelKounaHNANHbI; 3 — AUTULPOXANKOHbI;
4 — XanKoHbl; 5 — aHTounaHngunHbl; 6 — draBaHoHbl; 7 — hnaBaHo-
HOMbl; 8 — aypoHbl; 9 — (naBoHbl; 10 — (P1aBOHO/bI
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B oco6ble rpynnbl BblAENAT AVMEPHbIe U MONMMEPHbIe die-
HONbHblE COEAMHEHUS. ITO ay6unbHble BewecTBa (TAHHUHBI) U
AUrHuH. TEepPMUH «TaHHWHbI» OGblN BrepBble UCMONb30BaH AN
onmMcaHuAa BelecTB, KOTOpble MpeBpalwann cCbipble >XXUBOTHbIE
LKYpbl B KOXY B npouecce Ay6neHus (banwm). CBA3bIBasiCb C
6enKkaMu KonnareHa WKYypbl >XVUBOTHbIX, TaHHWHbI MOBbILLAKT
YCTOMUYMBOCTb MONy4YaeMoO KOXXW K >Kape, BoAe U MUKpoopra-
HU3Mam.

Hawn6onee pacnpocTpaHeHHbIM MNOAMMEPOM (EHONbHbIX CO-
eAVHEHNIA B pacTeHUsAX SIBAsieTcA nurHud. B ero obpasoBaHuu
MPUHMMAIOT y4YyacTue TPU OKCUKOPUYHbIX CAUPTa: KoHudepuo-
Bblli, Mapa-KymapoBblii W cuHanosbii. B pe3ynbTate 6MOXUmMU-
YeCKMX TMpeBpaweHnun OoHM ”n o06pas3yloT AUFHWH, KOTOPbIN
npeacTaBnsieT cobol CUbHO pa3BeTB/IEHHbIN MONMMEP.

Ona deHonbHbIX COeAMHEHU XapaKTepHOo opmMupoBaHme
OrPOMHOr0 4YMcfia CoefUHEHU 3a cYeT MoAanUKaLmii MoneKysbl
M 06pa3oBaHUA KOHbBIOraToB C pasHOObpasHbIMU CTPYKTypamu.
OTO MOXKET MPOMCXOAUTb 3a CYEeT pas3/NYHOro 3amMelleHus B
6€H30/bHbIX KoMbLax (K KOTOPbIM B pPa3fIMYHbIX MONOXKEHUAX
MOryT npucoeauHaTbcs rpynnbl -OH, -OCHJ3), cnocobHocTU
06pa3oBbIBaTh MNKO3MAbl C LUIMPOKMM HabopoM MOHO- U Aucaxa-
pvaoB, a TakXXe Hann4yus acCMMMETPUYHbIX aTOMOB Yyrnepoja.
deHoNbHblIe COeAUHEHNA MOTYT Tak>Xe CBA3bIBATbCHA C OpraHu-
YECKUMU KUCNOTaMu, pacTUTeNbHbIMW aMuHamu, ankanoumja-
Mu. FMoMUMO 3TOro, pacTuTenbHble DEHONbl B3aMMOAENCTBYIOT
C usonpeHomgamu, obpasysa 60AbLIYHD TPYMMNY npeHunvMposaH-
HbiX beHonoB. TaKume cBoMCTBa (PEHO/MbHbIX COeEAMHEHUNI 06ec-
rneyrBalOT OrpoMHOe pasHoobpasue CTPYKTYp, XapaKTepHoe Ans
pacTnTenbHbIX DEHO/NOB.

®eHONbHble COEAMHEHUS UTPaldT BadKHYK poONb B CaMbIX
pas3nnyHbIX rusnonornvyecknx nporeccax — OTOCUHTe3e, Obl-
XaHuUN, pPoCcTe U 3alWUTHbIX peakuusix pacTUTeNbHOro opraHmns-
Ma. Kpome TOro, oHu BbINOAHSAOT MeXaHU4YecKue U CTPYKTyp-
Hble (PYHKUUU (MTUTHUH), a TakXXe SABAAKTCA aTrTpakTaHTamu
AN HACEKOMbIX-0MbIAUTENEA U XXUBOTHbIX — pacnpocTpaHuTe-
nei cemsiH. MHorve npeacTtaBuTenn (OEHONbHbLIX COEAVHEHUN
06ycnoBIMBalOT BKYCOBble KadecTBa pacTeHUid. OCob6eHHO 4acTo
3TO OTMeyaeTca Ana dnasoHougoB. Hanpumep, ¢naBoOHOH Ha-
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puHreHunH NpPUAaeT FOPbKUI BKYC KOXXype rpeindpyTta, Torga
KaK Apyroii onaBoOHOH — recnepuinH, 0OHAPY>XEHHbIN B KOXY-
pe anenbcvHa W MaHAapuHa, TakKuX CBOWCTB He MNpPOABAAN.
Bo MHOrux nnogax (A6/0KW, rpywuv, BULLHSA, aliBa, NepCcUKN,
abpukocbl) U arogax (exkeBuka, 3eMnsiHuka, 6pycHmkKa, cMopo-
OVHa, ManMHa, BUHOrpa) coaep)aTCs kaTexuHbl, TakXXe 0T-
HocsLULMeca K coeguvHeHusM naBoHougHOW npupoabl. Hawu-
bonbLiee UX cogepXaHue 6bIN10 OTMEYEHO B MON0OAbIX mnoberax
yariHOro pacteHus (oo 30 % Ha cyxoi Bec). KaTexmHbl LLINPO-
KO NPUMEHSAIOT B NPOU3BOACTBE Kakao, BUHOLENNU U OCOBEHHO
B YaliHOW MNPOMBbILINEHHOCTU. 3TO CBA3aHO C TeM, YTO MPOAYK-
Tbl OKUCNEHUSA KaTexXMHOB 06najatoT XapaKTepHO OKpacKon u
MPUATHBLIM CcNaboBsXKYLWLMM BKycOM. Kpome TOro, OHM MNposB-
NAT P-BUTaAMUHHYIO aKTUBHOCTb. YacTo B pacTeHUAX BCTpe-
YaeTCs PaMHOIMMIOKO3UA KBEPLETUHA — pyTuH, UCMONb3yeMbIi
B MegnuMHe KaK Kanunnapoykpennsiouiee cpeicrso.

Y 200 npupogHbIX oNaBOHOMAHbIX BEWECTB BbifABNeHO 40 BU-
[0B 6MONOrM4YeckKoro AerncTtBusi. B 0OCHOBHOM OHO CBSI3aHO C UX
aHTUOKCUAAHTHbIM N MemMbpaHoCTabunn3npylowWwmumMm AencTBMNEM,
a TaK>Xe BUsIHMEM Ha (hepMeHTHble cucTeMbl. Bnarogapsi Takon
pa3Hoobpa3HOM aKTMBHOCTU (pnaBoHoOUACOAep>KaLLMe pacTeHus
Cny>aT CblpbeM ANS MPOU3BOACTBA MpenapaToB >Xel4eroHHoro,
NPOTUBOA3BEHHOIO, KanuAnsapoyKpenasoLLero, runoToMm4yecko-
ro pencreus. dnaBoHOMAbI MPUMEHSIOT KaK aHTUMyTareHsbl,
NMPOTUBOOMYXO/iIEBble U aHTUannepruyeckue npenapartbl. Tak,
npenapart peseHon, MOJyyYaeMblii M3 KOPbl MPUMOPCKOW COCHBbI,
BUHOrpaHbIX 3epeH U KYpKyMbl, obnagaeT aHTUOKCUAAHTHOMN
aKTUBHOCTbLIO, B 50 pa3 npeBbilalolleli TakKoBylo Yy a-Tokode-
pona. Pa3paboTaHHbIi Ha OCHOBe 3KCTpaKTa BUHOrPagHbIX KOC-
To4yeK hpaHLUy3CKUI npenapaT sHhoTenoH UCMONb3YT 414 fe-
YEeHUHA OHKOMOrM4yeckux 3aboneBaHU.

Ankanongbl npeacTtaBnsoT cob60i 60nbLUYHO rPpynny a3oTco-
Aep>Kalmx BTOPUYHbIX BeLecTB, HalAeHHbIX y 20 % BuOoB
COCYAUCTbIX pacTeHWUN.

TepMUH «ankanoung» BBegeH B 1819 r. HemeLuKUM hapmako-
norom B. MaliccHepom. YT06blI ocobasi rpynna asoTcogepika-
WKMX BELLECTB C LLENOYHbIMW CBOWCTBaMU He 6bina Knaccmdu-
LUupoBaHa Kak LWenovm (aXcal), OH NpeanoXXun HaspaTb ee af-
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Kanongamu. HassaHue nNpoucxoamT oT apabekoro cnosa alcall —
uenodb U rpevyeckoro eMo3s — MNoAo6HbIN.

AﬂKaﬂOVl,qbl coaep>kaTt as3oT, Yalle BCero B CoCTaBe retepo-
LUMNKNINYECKOro KoJjbLla. B HacTosAuwee BpemMdA WM3BECTHO OKOJ/O
10 ThblIC. nHanBuayalibHbIX BeLWECTB.

CornacHo xumuueckoii knaccudukauum, ankanougbl — 3TO
coeanHeHusd, cogep>Kawme ognH AN HECKO/IbKO aTOMOB a3oTa
B MOJIEKY/E, 4YTO M MPUAaeT MM LeNoYHble CBoNcTBa. OB6bIYHO
nx nogpasnendroT Ha ABe noArpynrbll nporToankanoungbl, KO-
TOpble cogep>XaT a30T He B retepouunkKrie, M mcrTrunHHble ankKano-
nabl, cogep>kaline asoT B retepouunkne.

Bvoxmmunyeckas knaccudukauus aKanomgoB OCHOBaHa Ha
VX MeTabonusme. Mnukoankanougbl, a TaKXKe pAg APYrux an-
Kanongos (Harnpumep, ankanouibl akoHUTA) Mo TUMY CuHTe3a u
CTPYKTYype CbaKTI/I‘-IeCKI/I ABNAKOTCA wm3onpeHongamMmun, nMnoaTomy
ObINI0 peLleHo BbIAeNUTb UX B 0CO6YH TPYyMNMAy — wusonpeHoua-
HbIX MceBaoankanounos. B CBA3M ¢ 3TUM celivyac NMPUHATO nog-
pasfenaTe ankanouibl Ha TPWU MOATPYMMbl: npoToankanougs
(a30T He B retepoyukne (puc. 6.20)); MCTUHHbIE ankKanouabl

OCHs3
K=COCH3— KonxmuyunH
K=CH3— KonxamunH

Puc. 6.20. CTpyKTypa HeKOTOpbIX NMpoToankKaiongos
(no .M. EpmakoBy 1 ap., 2005)
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(a3oT B cocTaBe retepouukna (puc. 6.21)); ncesgoankKanounfbl
(cuHTe3 He M3 amuHokMcnoT). Kaxkgasa noarpynna, B CBOK O4e-
penb, nogpasgensetrca Ha 3-10 knaccos.

Hanbonee LWMpOKO ankanounibl pacnpocTpaHeHbl cpegu Mo-
KPbITOCEMEHHbIX pacTeHur. OcobeHHO 6oraTbl UMK CceMelicTBa
MaKOBbIX, MacneHoBbIX, 6060BbIX, KYTPOBbIX, MapeHOBbIX, N0-

N N
|
H
Mpynna Mpynna Mpynna pynna
nupponuanHa nunepngnHa nupungnHa nupponmsnanHa
Mpynna Mpynna Mpynna
XUHONM3NANHA N30XUHONMNHA XUHOMNHA
pynna xvHa3onnHa pynna nHgona pynna nmugasona
N
pynna akpnanHa pynna nypunHa

Puc. 6.21. OCHOBHble rpynmnbl UCTUHHbLIX anKanonaos
(no .M. EpmakoBy u ap., 2005)
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TUKOBbIX. BOo mMXxax, narnopoTHMKax W ronoceMeHHbIX ankKano-
Mabl BCTPeYaroTCA OTHOCUTE/NIbHO pefKo. Pa3Hble opraHbl N TKa-
HN pacTeHUs MOryT cogep>kaTb pasHble ankanougbl. OB6bIYHO
UX KOHLEHTpauusa HeBelMKa W cocTaBfseT AecATble U COoTble
nonu npoueHTa. lNpun cogep>kaHnn ankanoungos okono 1-3 %
pacTeHne cumTaeTca 6oratbiM 3TUMWU COEAUHEHUAMUN (ankKanou-
[OHOCHbIM). TO/IbKO HEMHOrue pacTeHUd, Harnpumep Ky/lbTUBU-
pyemble hOpMbl XMHHOrO fAepeBa, MOryT HakanimeBaTb o 15-
20 % ankanoungos.

Ankanonabl MOryT OKasblBaTb TOKCUYECKOe JelCcTBUe Ha
yenoseka. OHAKO NX Masble A03bl UCMONbL3YIOT B KadecTBe ag-
(heKTUBHbIX hapMaKoiorm4yecknux npenaparoB (MOptuvH, KOAEWH,
adpeapuH, aTponuH). HekoTopble ankanongbl (HUKOTUH, Kode-
VIH) NPUMEHSAIOT KakK CTUMYNATOPblI UNU cefaTUBHbIE CpeacTBa.

LinaHoreHHble rnMKo3vabl U [FOKO3UVHOMATbI TakXXe SB-
NATCA asoTcogep kawmmm sewectBamm (puc. 6.22). X MHOTr-
[A Has3blBalOT MPOTOTOKCUHAMU WU PUToaHTUCUMNNHAMU. OHKN
MPUHMMAOT HerocpeacTBEHHOE ydacTue B 3alinTe pacTeHUiA oT
TPaBoOAAHbIX XXUBOTHbIX. MpU rmaponnse unuaHoreHHbIX rnKo-
3100B crneumguyHO TFNMMKO3UAAa30i BbIeNnsieTcd CUHUNbHAs
KucnoTta.

LlmaHoreHHble rnuko3suabl LUMNPOKO pacnpocTpaHeHbl B pac-
TUTENbHOM LapCcTBE U 4YacTo BCTpedyalTcsa y npeactaBuTenei
6060BbIX, PO30LBETHbLIX M HEKOTOPbIX 31aK0B. VX MHOro Takxxe

A2 O-p-Caxap

O6uwan dopmyna NinHamapuvH NoTaycTpanuH
H, O-p-Oen Huy O-p-YK H4y .O-p-Pn
(A)-AmurganuH (4)-BuumaHuH (A)-AyKyMUH

Puc. 6.22. LlmaHoreHHble FMMKO3UAbl BbICLLNX pacTeHUN
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B KpaxmManaucTblX KNyOHAX MaHMOKa MaTkol esculenla. 3TO
Ba>KHbI NMULWEBON MPOAYKT B psiie Tponuyeckunx ctpaH. Kny6-
HU N MyKa MaHMoka — 06blyHada nuuwa ansd abopureHoB, KOTO-
pble Hayyunaucb B Mpouecce MPUTrOTOBIEHUA W36aBNATbLCA OT
TOKCUYHbIX COEAVHEHUA.

BTopas BadkHas rpynna pacTuTe/lbHbIX MPOTOTOKCUHOB —
rMoKo3MHoNaTbl — BMepBble OblfNa BblsIBieHa Yy pacTeHWUi ce-
MelMcTBa KpecTOLBETHbIX Crucllerae. B pacTeHuu rnroKosnHona-
Tbl, TaK >Xe KaK U LMaHOoreHHble rMnukKo3nabl, NpPoCcTpaHCTBEHHO
oTAeneHbl OT ruaponusyrwmnx nx gepmeHToB. MNpu nospexae-
HUW pacTUTeNbHbIX TKaHell NpouUCXoAuT CMeLlMBaHUe T[H0KO-
3MHONMATOB C COOTBETCTBYHOLWMMU (PEpMEHTaAMMN N MNpeBpaLleHune
UX B fleTydyme TOKCUYHble BellecTBa C FOPUMYHbLIM 3arnaxom —
nm3orTunouymaHaT bl N HUTPULI. O6pasylowmecsa BeLjecTBa
PYHKLNOHNPYIOT KaK TOKCUHbI WU penesieHTbl ANA TpaBOAL-
HbIX >XMWBOTHbIX. BONLWMHCTBO uccnefoBaHMA, MOCBSALLEHHbIX
rNlKo3nHonaTam, BbINMOAHEHO Ha pance Brassbca napus, KOTO-
pbIfi CNY>XUT Ba>XHbIM WUCTOYHUKOM ANs1 MNONYYEHUS MNULLEBOrO
pacTuTenbHoro macna B CeBepHoii AMepuke n Espone. OgHa u3
OCHOBHbIX 3afay CeneKUuMUOHepoB COCTOUT B MOJYyYEeHUU ceMsH
panca c pe3Ko CHMXXEHHbIM COAEpP>XKaHWeM /IO KO3MHONaTOoB.

Takum o06pa3omM, B pacTeHUsIX CUHTEe3NPYHTCHA pasnydHble
COeAVHEHNA BTOPUYHOro metabonmama. VX rpynnbl HaxogsaTcs
B pacTeHUU B AMHAMUNYECKOM COCTOSIHUMW, a coep>kaHue MeHs-
eTCs OT opraHa K opraHy B XoAe OHToreHesa. [osTomy, c ogHoW
CTOPOHbI, MNpWU MPOBeAeHUN CKPUHUHra >enatenbHO cobpaTtb
KakK MOXHO 6o0/blie 06pa3LoB pasHbiX 4acTel pacTeHui Ha
pa3HbIX (haszax pasBUTUA, a C APYrol — npu MHTepnpeTaumm
MNoNyYeHHbIX AAaHHbIX Heo6X0AVMMO CpaBHWMBaTb faHHble O CO-
Jep>XaHUU n3yyaemMoro coefMHEeHUs B CXOAHbIX 4YacTaX pacTte-
HWIA, 0OTOBpPaHHbIX Ha OA4HOW M TOW >e dase pa3BuTud. OueBUa-
HO, 4YTO [JaHHble 0 AMHAMWKe COofep>KaHUA BTOPUYHBIX MeTa-
60NMTOB MNpeacTaBnsAlOT HeNoCPeACTBEHHbLIN WHTepec npu
npoBefieHUN XeMOTaKCOHOMUYECKNX UCCNef0BaHUNA.

MoCKONbKY MHOrMe 3 BTOPUYHbIX MeTabonuToB 06nagalT
BbICOKO 6M0N0rMYecKOM aKTUBHOCTbIO, OHU HaxoAaT LUMPOKOE
npakTmnyeckoe npuMeHeHwve. I B 3TOM MnnaHe MnepcneKTUBHbIM
UCTOYHUKOM MX MONYYEHUA MOryT OblTb KaNnyCHble U CyCMeH-
3MOHHbIe KYyNbTYpbl BbICLUUX PacTeHWUA.
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KynbTypbl T oiro — npoayLeHTbl BTOPUYHBLIX COeauHe-
HUA. CyllecTBylOWME MeTOoAbl KyNbTUBMPOBAHUS M30/1MpPOBaH-
HbIX KNETOK W TKaHEeW B YyCNOBUAX T uMlro NoO3BOASKOT UCMO/b-
30BaTtb UX ANA MNPaKTUYeCKOro npuMeHeHusi. Ocob6blii UHTepec
rnpeacTaBiseT CAOCOO6HOCTb M30NMPOBAHHbIX K/IETOK, TKaHeln un
OpraHoB CMHTE3MpOBaTb BELLECTBA BTOPUYHOIO MeTabonmama,
KOTOpble LLUVPOKO MPUMEHSIOT B MeAuULMHe, BETEPUHAPUN, KOpP-
MOMpPOM3BOACTBE, MULLEBOA MPOMbILLIIEHHOCTU, napdomMepun,
ONs 3aluTbl pacTeHUi n ap.

MHTepec uccneposaTeneli K 3TOMY HarpaBfeHUIO paboT He
cnyyaeH. [0 CpaBHEHUIO C WCMOMb30BaHUWEM TpPagMLUOHHOIO
pacTUTENbHOrO CbIpbs, MOyYeHne PU3IN0NOTNYECKN aKTUBHbIX
BELLEeCTB MeToAaMW KNeTOUYHOW GMOTEXHONOTMN UMeeT psf mnpe-
MMYLLECTB, TaK Kak:

— npouecc nonyvyeHmMs Guomacchbl KNeTOK aBToMaTU3npoBaH
M He 3aBUCUT OT Ce30Ha, KIMMAaTUUYECKUX N MOYBEHHbIX YCNOBUIA;

— MOX>XHO ONTUMM3INPOBATbL YCNOBUSA KyNbTUBUPOBAHUA
CyCMeH3nn KNeToK, MO3BOMSAKLUINX CUHTE3MPOBaTb B HE06Xoau-
MOM KO/IMYECTBE HY>XHble BellecTBa.

Vicnonb3oBaHmne KNeTOYHbIX KYnbTyp pacTeHui ans nony-
YeHUA BTOPUYHbIX MeTabonMTOB BaXKHO U B TeX clydasax, Korga:

— HEBO3MOXXHO BblpallvBaHWe pacTeHUs B MPUPOSIE;

— WMEKTCHA TPYAHOCTU B ero cbope;

— cojep>XaHue BTOPUYHbIX COeQUVHEHUI B KynbTypax T
nliro BbICOKOE UMM BbICOKA €ro LeHa Ha MUPOBOM pPbIHKE;

— BO3MOXX€H XOpPOLUUM POCT KNETOUHbIX KyNbTyp pacTeHui
Ha CpaBHUTENbHO MPOCTbIX MO COCTaBy MNUTaTeNbHbIX Cpeaax;

— BTOpPUYHOE coefuHeHMe (COeAUHEHUS) BblAeNsieTcsl KneT-
KaMy B NUTaTe/lbHYI0 Cpeay;

— MOXXHO MOAy4YuUTb BbICOKOMNPOAYKTUBHbIE pacTUTeNbHbIe
KYNbTYypbl.

OCHOBHbIM YC/MIOBMEM KY/NbTUBUPOBAHUA WN30/INPOBAHHbIX
KNeTOK U TKaHeW B YCNOBUAX T uHro ABASETCA TOT haKT, uTo
OHW, TaK >X€ KaK N WHTaKTHble pacTeHUsl, CUHTE3UPYIT BTO-
pn4yHble MeTaboNnThblI.

MepBble JaHHble, KacallMecd CMHTe3a BTOPUYHbLIX COeau-
HEHNIA B KNETOYHbIX KynbTypax pacTeHuii, NossBUINCL B NnNTe-
patype B 1940 r., korga O>k. BoHHep coobwwun o6 obpasoBa-
HUMN Kay4dyKa KneTKamu reatofbl. [MepBbiMU NeKapCTBEHHbIMU
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pacTeHUAMMN, uUccnefoOBaHHbIMW B Ky/NbType TKaHu, 6blnn 6ap-
BMHOK pO030BbIi KU 6eneHa 4vepHas. WccnegoBaHua B. Tenne u
@®. loTpe poOKasann CNOCOOGHOCTb Ky/NbTypbl TKaHW 6eneHbl K
CUHTe3y ankanompos. lMo3gHee NoOABUAUCL U Apyrue coobue-
HUSA 0 MNONYYEHUU KYNbTYp TKaHEeW pasNnyHbIX NeKAPCTBEHHbIX
pacTeHWnin, CNOCOBHbIX CUHTE3MPOBaTb MHOrMMe yHUKalbHble CO-
efVNHEeHUNA BTOPUYHOIo mMetabonmama. 9TO KyNbTypbl TKaHW Ta-
faka, HakaniuBawuinme 6ofblUME KOAMYECTBA HUKOTUHA
(0,7 %), pnockopen — gmocreHnHa (1,6 %) v gp.

B oTaene 6umonorum KNeTtku v 6uoTexHonormm KMHcTuTyTa
usmonorum pacrteHui PAH cobpaHa 6onbliass KonnekKumsa wmc-
Mofb3yeMblX B MPOMbILLUJEHHOCTU KNETOYHbIX KYNbTyp pacTe-
HUM, CUHTE3NPYIOLWLNX BTOPUYHbIE MeTabonnTbl. 3TO KYNbTypbl
>KeHbLUEHA AafbHEBOCTOYHOro (MCTOYHUK ankanouja AUOCreHU-
Ha), ANOCKOpen [eNbTOBUAHOW (UCTOYHWMK CTEepPOULHbIX FUKO-
3140B), payBOibUN 3MENHON (NMPOAYLEHT aHTMAPUTMUYECKOro
ankanonga anmannHa), cTeBUU (UCTOUYHMK 3aMeHUTens caxa-
pa — cTteBuosnga) u gp. B nocnegHmne rogbl 605bLL0Oe BHUMA-
HVUe B MuUpe yaensieTcsa Ky/1bTUBUPOBaAHUIO KNETOK Tuca Arofa-
HOro, CUHTE3MNPYIOLLEr0 YHUKaNbHOE BeLLeCTBO TepneHougHoM
npupoabl — TakKCo/, KOTOPbIA ABASETCA NPOTUBOPaKOBbLIM Mpe-
napatom.

Mcnonb3oBaHMe KynbTyp T wHro ANA MOAyYeHUS BTOPUY-
HbIX COEOMHEHWI CBA3@aHO C WX BbICOKOW MPOAYKTUBHOCTbLIO.
JKcnepuMeHTanbHO [0Ka3aHo, 4YTO MNPUPOCT KNEeTOYHOW 6uno-
Maccbl B YCNOBUSAX T ulro M T VAVO MPOXOANT C pa3HoOi CKo-
pocTblo. Hanpumep, 3a rog NpUpOCT KOPHSA >XeHbLUeHA B Talire
coctaBnseTr 1 r, Ha nNnaHTauuu — 3 r, a NpU BblpawUBaHNn
KNeTOK KOPHEBOIo MPOUCXOXAEHUA Ha arape (T VAMo) MOXHO
nonyyatb 0,4 r cyxoi mMaccbl Ha NUTP cpeibl B AeHb. Bromacca
KNeTOK >XEeHbLUEHSA B CYCMAEeH3MM Mpu BblpawimBaHum B 50-auT-
poBOM depMeHTepe yBenmuuBaeTcs A0 2 I B NTPe cpedbl 3a
CYTKW, 4YTO B TbiCAYYy pa3 60Mblle, YeM NPV BblpawMBaHUN Ha
nnaHTauun. YunTbiBas BbICOKYHO CTOMMOCTb >XeHblUeHsA (KWUno-
rpaMmm njaHTaumMoHHOro KopHa ctomt 100-150 pgonnapoB.), ue-
Ha AUKOPAaCTYLW,ero KOpHS MOXeT A0X0AUNTb [0 HECKO/bKUX Thbl-
cAY ponnaposB. M03TOMY C 9KOHOMMUYECKOW TOYKWU 3peHunsa 6umo-
TEXHOMONMYECKNiA cnocob mnofyvyeHUs 6GUoMaccbl KynbTypbl
KNeTOK >XeHbllleHA BecbMa MepcneKTUBEH.
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BellecTBa BTOPUYHOIO CMHTE3a, KaK npaBuio, nonyyatoT U3
CYCNEH3MOHHOW KyNbTypbl, KOTOPYK BblpawmBaloT B 6uopeak-
Topax unn depmMmeHTepax. BadKHO XxapaKTepuUCTUKOM KNeToK
nonynaunum saBnsieTcsa ee cTabunbHOCTb B OTHOLLUEHUU CUHTEe3a
MeTaboMToB. OHa MOXKeT COXPaHATbLCA B TeYeHMe BCEro Bpeme-
HN CyLlWecTBOBaHUA MNOMNynaunMu, MNOCTENeHHO CHMXXaTbca 3a
CUeT Me[NIeHHOro yBeNnyeHUs yncna KeTok C HU3KUM CUHTe-
30M MeTabonMToB UM 6biTb HecTabunbHOW B crny4dae O6bICTpPO
rnoTepm CNOCOGHOCTU KNEeTOK CUHTe3npoBaTb BTOPUYUHbLIE MeTa-
601UThI.

TexHonornAa BblpawMBaHUsa KynbTyp KNeTOK B 6MopeaKkTo-
pax npeactaBnseT coboil macluTabHbIli npouecc. CreunanncTbl
HemeuKoi cdupmbl B1YEKBA (HbiHe — PYTOBbI) ocyuiectBuam
BblpallyBaHne psafa KynbTyp B 6uopeakTtopax 06bemMoM [0
75 TbiC. N. B Poccmnm Ha OMYTHUHCKOM BMOXMMMNYECKOM 3aBoje
B 6uopeakTopax o6beMom A0 2,5 M3 B NPOMbILIIEHHOM MacluTa-
6e nonyumnm 6momaccy >KeHblleHs. B TOO «Tamb6p» (r. Apoc-
naBfib) OCYLLEeCTBNEHO MNPOTOYHOE KyNbTUBUPOBAHUE KNETOK
>KeHbLUEeHA B MNPOMbILWI/IEHHbIX 6uopeakTopax obbemom 7,5 mM3.
B WHcTuTyTe dumsuonormm pacteHunii PAH onTuMusnpoBaHbl
peXXnMbl KyTbTUBMPOBaAHUA LENoro psgaa pasinyHbliX KynbTyp
KNeTOK BbICLLUMX pacTeHW (PKEHbLLIEHS HAcTosLWEero, noaucuuaca
U OpYrux apanmeBblX, AWOCKOpPeW [AenbTOBUAHOW, Mapanbero
KOpHS 1 Ap.) B buopeaktopax ob6bvemom 630 1.

Poccuiickne ydeHble paspaboTann TEXHOMNOTUK, >XU3HEHHO
Ba>KHYIO [N [eCATKOB TbiCAY nauuneHToB. OHa Mo3sonseT no-
nydyatb npakTuyeckn nwboe Tpebyemoe KOMNYECTBO naksiu-
Takcena — OCHOBbl OAHOI0 U3 cambIX 3(PPeKTUBHbIX, HO U ca-
MbIX AOPOrux npenapaTtoB Af1A fle4HeHUS HEKOTOPbIX BUAOB OH-
Konormyeckux 3aboneBaHunini, B TOM 4MUCNe paKa Nerkoro,
ANYHUKOB M MOJSIOYHOM >Kenesbl. Cyb6CcTaHUMA, MojiydyeHHas Mo
HOBOW TEeXHONOrnmm, MO CTPYKType HWYEeM He oTau4yaeTcs OT
06bI4YHOIN, HO CTOUTL 6yAeT, MO MHEHWUIO aBTOPOB, CYLECTBEHHO
JewleBne. [leno B TOM, YTO BbICOKas LieHa NakinmTakcena — 3To
He NPUXOTb (papmaueBTOB, a cnefCcTBMEe OrpoMHbIX 3aTpaT Ha
ero nNpomM3sBoAcTBO. B npupoge OH ecTb TONbKO B KOPe 0YeHb
pefKOro U O4YeHb MeafieHHO pacTyliero gepeBa — TUXOOKeaH-
CKOro Tmca. YTtob6bl BblAENNTb KONMYECTBO, Heobxogumoe Ans
NeyeHUN TONbKO OAHOr0 NaumeHTa, HY>XHO cobpaTb Kopy c 10-
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12 B3pocnbiX gepeBbeB. MOHATHO, UTO TaKoe NeKapcTBO JeLle-
BbIM MNPOCTO He MOXeT ObiTb. Pa3ymeeTcs, 4To, 06Hapy>XuB
yOUBUTENbHbIE CBOWCTBa MakKauTaKcena, y4YeHble UCKanu crno-
cobbl 6onee pgewleBOoro ero nonyyvyeHus. bbinu paspaboTaHbl U
MeToAbl XMMUYECKOro CUHTe3a, M crocob nonyvyeHUs Noaynpo-
OYKTa 13 XBOM TUcCa C nocneaylolein ero nepepaboTkoil B nak-
nntakcen. Ho okasanocb, YTO CMHTETUYECKMIA aHanor cyuw,ect-
BEHHO J0pPOXKe BellecTBa, BblAe/NeHHOro U3 NPUPoOLHOro CbipbA.

MeTog >Ke, KOTOpPbIA npegnaraloT MCNob30BaThk creumanmc-
Tol OAO «Bnoxmmmall», OTHOCUTCA K 061acTu GUOTEXHONO-
rmn. 3TO LEHHOE NeKapCTBO Y4YeHble Hay4Yunmcb BbIeNATb U3
NPMPOAHOro cbipbsa. HO He 13 AepeBbeEB, a N3 KYNbTypbl KNEeTOK
Tuca, BblpaleHHbIX B pepMeHTepe M CrnocobHbIX ahdeKTnUBHEE
npoymx BblpabaTblBaTb NCKOMYIO Cy6CTaHLUIO.

MpOoAYKTUBHOCTb KNETOUYHbIX KYNbTYpP BbICLUNX pacTeHUin B
OTHOLLUEHUUN CUHTEe3a BTOPUYUHbLIX BELECTB 3aBUCUT TakXXe OT CO-
CTaBa NUTaTENbHOW cpedpbl, UCMONb3YyeMOW AN NX BblpallMBaHMWA.

Ob6sa3aTenbHbIMM KOMMOHEHTaMU MuUTaTeNbHbIX cpef ABAs-
lI0TCA yrnesogbl. KfeToYHble KynbTypbl MOryT pacTu Ha pas-
NMNYHBbIX yrnesogax (UcnbitaHo 6onee 30 pasNU4YHbIX coeAnHe-
HUI), HO B GOMBLUMHCTBE CAyyYaeB UX NyYLLUNA POCT OTMe4yaeTcs
npn gob6aeneHUN B NUTaTeNbHYIO cpefy ABYX caxapoB — T[/10-
KO3bl UM caxapo3bl. B TO ke BpeMs BbICOKUI YPOBEHb CUHTE-
3a CBOWCTBEH KynbTypam, pacTylMM Ha caxapo3e, a Ha nuTta-
TeNbHbIX cpefax C FNOKO30M CUHTe3 4acTo CUAbHO ocnabneH.
MPUUYNHBI 3TOro ABMIEHNA MOKa He ACHbl. [NoBbILEHHbIE KOH-
ueHTpaumm caxapo3dbl (5 %) B cpefe 3PPeKTMBHbI ANA pocTa
KYy/bTYypbl OUOCKOpPeU, a noHwmxeHHble (1,5 %) — ona npoayk-
TUBHOCTUN AMOCreHNHa.

MuHepanbHbIi cocTas NMUTaTENbHbIX Cpef TakXXe OKa3sblBa-
eT 60nbLIOe BAUSIHWE Ha CUHTE3 BTOPUYHbIX COEOUVHEHW; npu
3TOM Hanbonee BaKHO cofeprkaHue choctopa, Kanmsa n pasnmyHbliX
doopm as3oTa. BblcOKMe KOHUeHTpauuun docdopa B 60/bLLNHCTBE
ciydyaeB NPUBOAAT K Y/NYyULUEHMUIO pocTa KylbTypbl U ocnabne-
HUIO CUHTe3a BTOPUYHbLIX MeTabonuUTOB. ITO OTMeYeHOo ANd
CUHTe3a HMKOTUHA B Ky/NbType K/NeTok Tabaka, aHTOUMAHOB —
B KYNbTUBUPYEMbIX KNeTKaxX MOPKOBWU, KaTeEXMHOB — B Kanny-
cax 4yaa. HakonneHve BTOPUYHBLIX BeLWeCTB B Ky/ibTypax T ul-
ro 06bIYHO Ha4YMHaeTCcs nocne ncyepnaHusa docgopa n3 cpegbl.
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MmeroTca paHHble O TOM, 4YTO MNOBbILLUEHUWE KOHLLEHTpauuun
dhochopa B nuTaTenbHOW cpefe yBennymBano cofep>kaHue an-
Kanougos B Ky/nbType 6apBMHKa PO30BOr0 U aHTPaxMHOHOB B
Ky/ibType KNeToK CaluT 3p.

NMoka3aHo, 4YTO KaK And pocTa, Tak U A/1A CUHTe3a BTOPUY-
HbIX COeAVHEHUI Heob6XxoAMMbl MUHepanbHble OpMbl asoTa.
Mpn sTom opraHu4veckme opmbl (MENTOH, APOXK>KEBON 3KC-
TpakT n Ap.) TOPMO3AT U POCT, U CUHTE3. OYeHb Ba)KHO COOTHO-
LIeHVe aMMOHWUMHOI0 N HUTPAaTHOro asota. MO>XHO npocneanTb
onpegeneHHy TeHAEHUWIO: MOBbILWLEHMEe 007N HUTPAaTHOro aso-
Ta Cnoco6CcTBYEeT YBEMYEHUIO CUHTEe3a BTOPUYHbLIX BeELLECTB, B
4acTHOCTM AMOCreHMHa, B KyJ/ibType KNeTOK AUVOCKOpPEMW.

®UTOropmMoHbl KakK KOMMOHEHTbl MUTATENbHbIX Cpen Mnpw-
BNeKalwT Hambonbllee BHUMaHue wuccnegoBateneili. OpHako
BIVSIHNE TOPMOHOB Ha CUHTE3 BTOPUYHbLIX COeAUHEHUI B KYNb-
Type K/NeTOK HeoAHO3Ha4yHO M MOXXET MEHATbLCHA, B 3aBUCUMOCTU
OT Kfacca BTOPUYHbIX COeAUHEHUN, (hN3NO0N0rMYECKOT0 COCTOS -
HUA KYNbTYpPbl, YCAOBUW KYNbTUBUPOBaAHNA U Ap.

Haunbonee MHTEHCUBHO M3Yy4YalNCb ayKCUHbl W LUTOKUHU-
Hbl, MOCKOJ/IbKY OHWU ABNAKTCA HEO06X0AMMbIMW KOMIMOHEHTaMu
nuTaTtenbHblX cped. lVimMeeTca MHOXeCTBO MpUMepoB, Korga
ayKCUHbl CTUMYNMPOBaNN WU MOAaBAANN CUHTE3 BTOPUYHBIX
coefVHeHU. AYKCUHbI CTUMYIMPOBaNnN CUHTE3 aHTOoLuaHOB
B Ky/bTypax MOPKOBW W TOMOMSA, aHTPaxMHOHOB — B Cas3sba
?18bmla N Cassra lorra, CarnoreHMHOB — B TPUTOHeNNe; YMeHb-
wanam M UCKNYanm CUHTE3 aHTPaxXMHOHOB U LUMKOHWHA B BO-
po6eliHMKe, cKomonamuHa — B TMocumamyce, X/10pPOreHOBOW
KNcnoTbl — B Tabake.

JocTaTo4yHO 4acTo B/AMAHME ayKCUHOB Ha CUHTEe3 BTOPUY-
HbIX MeTaboIUTOB 3aBUCUT OT UX MpuUpoabl. Tak, CUHTe3 HUKO-
TnHa B Tabake ctumynupyetca HYK mn MYK, Ho TopmosuTca
2,4-[; CMHTe3 aHTOUMaHOB N Ha(pPTaxXxMHOHOB B KNeTKax Ky/b-
Typbl PlunTba8o reylaTca, HaobopoT, CTUMYNMPYETCHA MOBbI-
LUEeHHbIMN KOHUeHTpauuamn 2,4- n Ttopmo3untca YK n
HYK. B uenom 2,4-4 yawe, yem NYK n HYK, oTpuuartenbHo
BAMNSET Ha CUHTE3 BTOPUYHbIX COeAVHEHUA.

Pe3ynbTatoB Mo BAUAHUIO UUTOKUHMHOB Ha CUHTE3 BTOPUY-
HbIX COEOVHEHWUW CYLLEeCTBEHHO MeHblle, YTO He MOo3BONAEeT Bbl-
ABUTb Kakue-nnbo 3akoHOMepHocTn. Hanpumep, 6eH3unamMmmnHo-

291



naBa 6. OCHOBbI NPOMbILLIEHHOW GUOTEXHONOTUM

NypuvH CTUMYIMUPOBaN CUHTE3 CTEepPOUAHbIX CcaroreHMHoB B
KynbType nacneHa, a KMHeTUH TakKXe CTUMyNMpoBan CUHTE3
anKanouaoB B KfeTKax CKOMOMWWU, HO MOMHOCTbIO MHru6muposan
CUHTE3 HUKOTMHA B KY/NbType KNeTOK Tabaka.

Pe3synbTaTbl MO APYrMM KnaccaMm (QUTOFOPMOHOB BecbMa
hparMeHTapHbl U NPOTUBOPEUMBLI.

Vl3yl‘|eH|/||'0 BNINAHMNA nNnpeowecT BEHHUKOB CNHTE3a BTOlel‘l-
HbIX MeTaGoMNTOB HAa MPOAYKTUBHOCTb KNETOUHbIX KY/NbTYp MO-
CBSALLLEHO 3HAYUTeNbHOe Yncno pa6boT. B 60MbLUMHCTBE Cny4yaes
po6aBneHne UX K NuTaTeNbHOlM cpefe He MPUBOAWUAO K CyLLEecT-
BEHHOMY YBe/IMUEHMIO MPOAYKTUBHOCTU K/eToK. o Bceit BUAN-
MOCTM, KOHLEHTpauus npeallecTBEHHUKOB He SIBNSeTCs ornpe-
AensiioWum PakTopoM ANs CUHTEe3a BTOPUYHLIX COEANHEHWUN B
KynbType.

Bce 31O cBUAeTeNnbCTBYeT O TOM, 4YTO, MCMONb3ys pasnnu-
Hble KOMOWHALWUM MUTaTeNbHbIX Cpef, MOXHO MOBbLICUTbL MpPO-
OYKTUBHOCTb K/IETOUHbIX KY/NbTYp BbICLUMX pPacTeHUil 1 adpek-
TUBHOCTb CUHTE3a BTOPUUYHbLIX BELLECTB.

KOHTPO/IbHbIE BOTPOCHI

1. Kakue coeguMHeHNA OTHOCATCA K MEPBUYHLIM U BTOPUYHBLIM MeTa-

6onutam?

2. Mepeuncnnte onpegensawuime GakTopbl 6MOTEXHONOTMYECKOTrO
npouecca.

3. Kakue atanbl cOCTaBAAT MPOMbILIAEHHbIA 6MOTEXHONOrMYECKNIA
npouecc?

4. Paccka)kuTe O NOATrOTOBUTENbHOW CTagun MPOMbILLINEHHOrO 6M0-
TEXHOMOrMYeCcKoro npotecca.

5. Kakas cTagus siBNseTcsa OCHOBHOW cTaavenl 6M0TeXHONOrMYecKmX
npou3BoACcTB?

6. UTo sAABNSieTCA rnaBHOW LLeNbio 6GMOTEXHONOTMYECKOW CTaanum n Ka-
Kne MeTOoAbl UCMOMb3YOTCA AN1A ee NpoBefeHNA?

7. CKONbKO MPOAYKTOB MOXeT 6biTb MONy4YeHO B KOHLE 6MOTEXHONO-
rmyeckoii cragum?

8. Kakue MeToAbl MOXXHO WMCMonb30BaTb ANA OTAENEHUSA >XXUAKOCTU
oT 6uomacchl?

9. Kakue meTofbl cnefgyeT Mcnonb3oBaTb ANA BblAeneHUs MNPoayK-
TOB, MONyYeHHbIX Ha BMOTEXHONOTNYECKOl cTagun?

10. Kakue cyLlecTBYOT OTAUYUA MNPU BbleNeHNN BHEK/IETOUYHbIX W
BHYTPUKNETOYHbIX NPOAYKTOB?
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11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

26.
27.

28.
29.
30.

31.
32.
33.
34.
35.

36.
37.
38.

KOHTpONbLHbIE BOMPOCHI

Ana yero Heobxoguma cTagmsi OMUCTKM MpoAyKTa B GMOTEXHOMO-
rmyeckom npouecce?

Kakne meToabl HEO6XOAMMO MCMONb30BaTb A9 OUYUCTKU NMpoayKTa?
UTO nponcxoauT ¢ NpPOoAYKTOM GMOTEXHONOrMYEeCKOro Nnpon3BoAcCT-
Ba Ha CTagunN KOHUEHTPUPOBaHUA?

Kak Ha3sblBaeTcsa nocnefHsAsA ctaanusa 6MOTEXHONOMMYECKOro Npous-
BO/ACTBA M KakoBa ee Lenb?

MepeuncnnTe NPOAYKTbI, MojyyaemMblie B npoLuecce 6UOTEXHONOTN-
4ecKoro NpousBoACTBa.

UTo Takoe 6n0K-cxema? [aliTe onpefeneHne N pacckakxmTe 0 Hei.
Yem oTnnyarwTca 6MOTEXHONOTMYECKME NMPOU3BOACTBA OT XMUMUYe-
CKNX?

PaccKaXKnTe 0 Ba>KHENMLLINX BeLLLECTBaX BCEX XXUBbIX OPraHU3MoB —
6enkax.

YTo Takoe 6eN0K OAHOK/EeTOYHbIX OpraHM3mMoB, KaKOB ero cocraB
M rge oH HaxoAuUT NPUMeHeHune?

Kakune yrnepoacogep>xauime cybctpaTbl UCMONbL3YIOT MUKpoopra-
HU3Mbl ANA cUHTe3a 6enka?

Pacckaxute 0 MUKOMPOTENHe, ero Noay4eHMM N UCMoNb30BaHUN.
Kakne aMMHOKUCNOTbI ABAAKOTCA He3aMeHUMbIMW ONS YeNnoBeKa,
a Kakme — NS CebCKOXO03SIMCTBEHHbIX YXWUBOTHbIX?

B KaKux oTpacnsax HapoAHOro Xo3siicTBa Hambonee LIVMPOKO UC-
Nnonb3yrTCA aMUHOKUCNOTbI?

Kakune cnocobbl NpUMEHAT 1A NoNy4YeHUs aMUHOKUCNOT? Pac-
CKaXkuTe 0 NpemmyLiecTBax KaXgoro n3 Hux.

Kak ocyuiecTBnsieTca 6MoTexXHONOrmM4yeckoe rnonyvyeHmMe aMmMHOKUC-
nort?

YTo TakKoe penpeccus U peTpomHrnémposaHue?

Kakue Buabl MUKPOOPraHM3MOB SABAAKTCA CBeEPXNpoayLeHTamu
aMWHOKMNCOT?

KakoBo 3HayeHMe COMaTOTPOMHOro ropMoHa B >XW3HW YenoBeKka?
Paccka>kuTte 0 NofiydeHUU COMaTOTPOMNUHA.

Kakol 61M0TexXHONornyeckui MeToa WUCMOAb3YT AN MONyvYeHus
comMaTtocTaTuHa? PacCKaXXuTe O HeM.

UTo Takoe MHCY/INH N KakKoBO ero 3HayeHue B >XXU3HW yenoBeka?
Kakune meToAbl UCMONb3YIOT ANA MOAYYEHUSA UHCYINHA?
PacckaXxute 0 6MOTEXHONOTMYECKOM MeToZe MOoNyYeHUsl MHCYNnHa.
UYTo Takoe MOHOK/IOHa/NbHble aHTUTeNa U rae OHU NMpPUMeHSATCA?
Mepeuncnnte npeuvmyliecTBa WCMNONb30BAHUSA MOHOKIOHANbHbIX
aHTUTeN, Nno CPaBHEHMUIO C NMONUKIOHANbHBIMN aHTUTENamu.

YTo Takoe BUTaMWHbl N KakoBa UX Pofb?

Paccka>kute 0 MUKPOGMONOTNYECKOM CUHTE3e BUTammHa B12

YTO M3BECTHO O MPOMbILWIZIEHHOM MNONy4YeHUN BUTamMuHa B2?

293



39.
40.

41.
42.
43.
44.
45.
46.
47.

48.
49,
50.
51.
52.
53.
54.

55.

56.

KOHTpPONbHLIE BONPOCHI

Kak B NpoMblILLIAEHHbIX MacliTabax nony4vyalT 3procTepuH?

K KakuM CcOoefWHEHUAM OTHOCATCA WHTEP(EepPOHbl N KaKOBbl WX
cBoiicTBa?

MepeyncnnTe OCHOBHbIe KnacCbl MHTEPHEPOHOB.

Kakoe pelicTBMe 0KasbiBalOT MHTEP(EpPOHbl Ha OpraHM3m 4venoseka?
Paccka>kmTe 0 cnocobax MonyvyeHUs MHTePEPOHOB.

MepeuncnmuTte 6MOTEXHONOIMYECKME CNOCOObLI MOMyYeHUA BaKLWH.
Kakune BeliecTBa Ha3biBalOT aHTUOMOTUKaMUK?

Ha uem ocHoBaHa knaccudukaymsa aHTUONOTUKOB?

Pacckaxnte o 6MOTEXHONOTMN MPOMbILLIEHHOrO MONYYEeHUSA aH-
TnénoTmnka.

Kakue coefMHeHUss OTHOCAT K BTOPUYHbIM MeTabonutam?
Paccka>knute o TeprieHax, UX CTPYKType n (PyHKLNAX.
MepeyncnmTe OCHOBHbIe Knaccbl (DEHONbHbIX COeAUHEHUIA.

Kakune coegnHeHUsA ABNSKOTCA ankanongammn?

MepeyncnmMTe OCHOBHbIE TPYMNMbl anKanouios.

Pacckaknte 0 umaHOreHHbIX rAMKo3ugax.

Kakue npeumyuiectsa npuv nNoayYeHUU BTOPUYHBIX MeTabonnTos
MMEIT KNEeTOYHbIE KYNbTYpPbl, MO CPaBHEHMIO C pacTEHUAMN?
Kakne KOMMOHEeHTbl MuUTaTeNbHbIX Cpef CNoco6CTBYIOT MOBbILIe-
HUIO 06pa3oBaHNA BTOPUYHbBIX MeTabo/INTOB B KNETOUYHbIX KY/b-
Typax pacTteHWniA?

UTO M3BECTHO O AENCTBUU MNpeALlecTBEHHUKOB Ha CUHTE3 BTOPUY-
HbIX MeTabonuToB?



Fhasa 7

QH3INMATNUHECKAA UHXEHEPWHA

7.1. Ponb n 3Ha4dyeHVe hepMeHTOB

PepMeHTbIl, U1K 3H3UMbI, — 3TO 6Monornyeckme Kartanusa-
Topbl, obnajarowme CnocobHOCTLIO M3bupaTenbHO KaTanmsmpo-
BaTb MHOIMMe XMMUYecKMe NpeBpalleHns KakK B XXUBON KieTke,
Tak 1 BHe opraHmsma. Euwe pycckuii dmsmonor W.M. MNasnos
HasbiBan UX WCTUHHbIMW ABUraTensaMm BCeX MNPUPOLHbIX MpPO-
LIeccosB.

depMeHTbl HETOKCUYHbI, paboTaloT NPy HOpManbHbIX YCNO-
BUSX, 06n1afatoT BbICOKOW CMeumnguUHOCTbIO U 3DEKTUBHOCTbLIO
OelfcTBUA, COXpaHAKT CBOW CBOWCTBa BHe KieTKU. Bce 3aTo
no3BonsieT NPUMEHATb UX B KayecTBe 3KONOMMYECKU UYUCTbIX
N Hegopormx 6mokatanm3aTopoB ANs TEXHONOTMYEeCKUX Mpo-
LIECCOB B XMMWYECKOW, TEKCTUNbHOI, KOX>XEBEHHOI, MULLEBO,
CeNbCKOX03AMCTBEHHOMN U APYTUX OTpacnsx MNpPOMbILLUNIEHHOCTU.

3HaunTenbHa pofib PepMeHTOB B hapMaKonormm v MeauLim-
He (puc. 7.1). X WKUPOKO UCMONb3YIOT B 3aMeCTUTE/IbHOW Te-
panun Npu fevyeHMn 60NbLIOro YmMcna 3aboneBaHuii. Tak, amu-
nasbl, Aunasbl, NerncuH, TPUMCUH N XUMOTPUNCUH (B Buae dep-
MEHTHbIX MpenapaTtoB M WX CMecerd — oecTas, MNaH3VHOPM,
Me3M W Ap.) MPUMEHSIOT AN nedYeHus 3aboneBaHUin >Kenynou-
HO-KULLUEYHOro TpakTa W MneyeHWn; npoTeasbl — [ANA fevYeHUs
3/10Ka4yeCTBEHHbIX HOBOOOpaszoBaHW;, nnasmMuH (hnbpuHoONK-
3UH), CTPENTOKMHA3y, YPOKMHa3y — A8 pacTBOpeHUs Tpom60B
B KPOBEHOCHbIX cocypax; (3-ranakro3vgasy — A9 BOCCTaHOB-
NIeHNSA CNOCOGHOCTU K YCBOEHMIO MOJIOYHbLIX MPOAYKTOB Yy JHO-
Jein, cTpajarolmnx HefoCTaTOYHOCTbIO 3TOro hepMeHTa B >Keny-
OOYHO-KMLLIEYHOM TpakTe. 3nacTtasa 3ajep>XuBaeT pasBuTue
aTepockneposa.

M3MeHeHNe YypOBHSA aKTUBHOCTU onpefeneHHOro depmeHTa
NN COOTHOLLUEHUSA ero MHOXXEeCTBEHHbIX )OpM U MN30(hepMeHTOB
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naBa 7. QH3nMaTM4yeckKasa NMHXXeHepus

Lenntonasbl, nakrasbl

Amunasbl M3omepasbl
L, MeKTnHasbl
Nvnasbl
3%, X
TpUNCUHBI, Pa3suTtne aHannTn-
YeCKUX MeTof0B,
PEeHHUHBI, thapmauys
Apyrve
Ll enoyHbieX™. N Kap6orugpasbl
npoTeassbl
MpoTeasbl

Puc. 7.1. Vicnonb3oBaHMe hepMeHTHbIX MpenapaTtoB B NPOMbILLIEHHOCTH
(no N. XurruHcy v gp., 1988)

no3BonseT MNpPoBOAUTb AOMArHOCTUKY 3aboneBaHUA TOro WAn
MHOro opraHa (3H3mmogmarHocTmka). Hanpumep, nosbllLleHVEe B
CbIBOPOTKE KPOBM aKTUBHOCTU (PPYKTO030-1,6-gudochatanbio-
nasbl CBUAETENbCTBYET 06 MHPEKUMOHHOM renaTtuTe, pake nede-
HW, MHJApPKTe MUOKapaa; MNoBbllLleHWe B NnasMe KpoBU aKTUB-
HOCTN KpeaTWHKMHa3bl — O MbILLIEYHOW amucTtpodum, a Bo3pac-
TaHue aKTUBHOCTM anaHuHaMMHOoTpaHcdepasbl — 0 601e3HSAX
nevyeHn v T. 4.

PepMeHTbl NPUMEHAKOT MNPU CO34aHUN HOBbIX TEXHONOTUM
OUYUCTKU CTOYHbIX BOA, a Tak>XXe MNMpu UCNonb30BaHMM codep>Ka-
WMXca B HUX BewecTs. Hanpumep, Bo PpaHLMNN aKTUBHO BHe-
OpsieTcs HOBas TeXHOMOrMs MNpoM3BOACTBA KOPMOBbIX 6e/1KOB
M3 aMUHOKWUCNOT U MenTUAOB CTOYHbIX BoAd. OHa ocHoBaHa Ha
OTKpbITOM A.A. [aHnneBCKMM B 1886 r. peaKuuun nnacTtemHo-
ob6pasoBaHnA (obpa3oBaHme 6elKOBOMOAOOHbLIX BeLlecTB —

nnacTeMHoB), B KOTOPO/ y4yacTBYIOT MpPOTeoNMTUUECKME ep-
MEHTBI.
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7.1. Ponb 1 3Ha4vyeHne hepmMeHTOB

NcTOYHMKOM Ans  KpyrnHoOMacluTabHoOro BblgeneHusa dep-
MEHTOB Cny>aT OopraHu3mMmbl, B KOTOPbIX cofep>XaHue Tpebyemo-
ro qpepmeHTa coctaBnseT He MeHee 1 %. K HMM oTHOcATcA 6ak-
Tepuun (puc. 7.2), HEKOTOpble pacTeHUs (Hanpumep, NMPOPOCTKMU
371aKkoB, 6060BbIX pacTeHWin), OTAeNbHble TKaHW W OpraHbl >XXWn-
BOTHbIX (Hanpumep, cam3uctasd 060104YKa >XenygouyHO-KuLley-
HOro TpakTa).

LLinpokoe npumMmeHeHUe hepMeHTaTUBHbIX NpenapaTtoB onpe-
JenseT TemMnbl MX Npou3BoAcTBa M nNoTpebneHus. Jlingepamm
3TOro HanpaBs/IeHVUA Ha MUPOBOM pblHKe saBnsaTca CLA, Ano-
HUA N cTpaHbl 3anagHoi Esponbl. Tak, 06bem npogaxk AHKa-
3bl cocTaBun B 2000 r. npnMmMepHoO 100 MAH A011apoB.

Puc. 7.2. TexHonorma nonyvyeHmsa OepmeHToOB
6MOTEXHONOMMYECKNMN METOAaMMU:
1 — BHYTPUKI/ETOYHbIE (PEPMEHTbI; 2 — BHEK/NETOUYHble (DEPMEHTbI
(no N. XurruHcy mn gp., 1988)
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naBa 7. QH3MMaTMyecKas NHXXeHepus

B TO >Ke Bpems npenapaTtbl YNCTbIX (PEPMEHTOB UMEKT psafq
HeAOCTaTKOB: OHW A0CTaTO4YHO A0POrv, HecTabusibHbl U BbICTPO
paspyLwlatoTcsa nNpu xpaHeHUU nmnbo TpebyroT crneyuanbHbIX yc-
NOoBUI XpaHeHUs (HU3Kas oTpuuaTenbHasi Temnepatypa — [J0
-80 °C, pob6aBneHune KohepMeEHTOB U cyb6CTpaToB), UX HEBO3-
MO>XHO MCMNO0Nb30BaTb MHOFOKpPaTHO, TPYAHO OTAeNUTb OT WUC-
XOAHbIX CybCTpaToB M NPOAYKTOB peakLuumu.

PewnTb 3T nNpob6aembl yaanocb C MOMOLLbI MH>KEHEPHOIA
aH3MMoONOrMuM — Hayku, nosismsLlUenica B 1960-e rr. 1 cosgasLuUei
MMMO6UNN30BaHHblE PEPMEHTbI. [LOCTUXKEHUS NHXXEHEPHOW 3H-
3UMOMIONUKN Janu Havano pasBUTUIO HOBOrro Hanpas/ieHUsA aHanm-
T|/|'~|eCKO|7| XMMNnN — 6e3peal'eHTHbIX MeTOAOB aHanunia, OCHO-
BaHHbIX Ha MCMO/Ib30BaHNUN Pa3/IMYHbIX BUOXMMUNYECKUX CEHCO-
poB. Hanuuue B ycTpoiicTBe 6GuomaTepumana C YHUKaNbHbIMU
CBOMCTBamMn MNO3BONSAET C BbICOKO CENEeKTUBHOCTbIO onpeaensTb
HY>XHble COeAVHEHUS B CNOXHOW MO cocTaBy CMecu, He npube-
ras HM K KakuM AOMONHUTEeNbHbIM onepauusiM, CBA3aHHbIM C
MCnonb3oBaHUEM APYIrUX peareHToB, KOHLUEHTpUpoBaHWEM U T. 4.
(oTctopa n HasBaHVe — 6Ge3peareHTHble MeTOAbl aHanu3a).

7.2. mmobunnsoBaHHbIe (hepMEHTbI

MMMOo6UAN30BaHHLIMN Ha3biBalOT Takuve (epMeHTbl, KOTO-
pble BblAeneHbl N3 KNeTKW, UCKYCCTBEHHO 3aKpenneHbl Ha Ho-
cuTene M COXPaHAKT CBOWMCTBEHHYIO UM KaTalMTUYECKYH0 akK-
TUBHOCTb.

MMmobunmnsauma — 3TO TEXHONOTrUsi, COrnacHoO KOTOpOW
Monekyny epmMeHTa BKIOYAKT B Kakyl-n1mbo gasy uam co-
eQMHSAIOT C HepacTBOPUMbIM HocuTenem. Komnnekc «pepmeHT —
HOCWUTEeNb» OTAENEeH OT pacTBopa, HO NpPU 3TOM MOXXeT 06MeHu-
BaTbCA C HUM MoOnekynamu cybctparta, adpekTopa UAN NHIU-
6uTopa. B MNpOMbILWAEHHbIX Lenax Ans mmmoémunmsaumm uc-
nonb3ylT rnaBHbIM 06pa3oM 3H3UMbI, BblAefleHHble U3 MUK-
poopraHnsmoB. OHU npumepHo B 100 pa3 pfelwiessie, 4em
PepPMeEHTbI YXMBOTHOIMO0 UMW PacTUTENbHOIO MPOUCXOXKAEHUSA, U
6onee AOCTYIMHbI.

Mo cpaBHeHMIO CO CBOGOAHLIMU (hepMeHTaTUBHbIMU Mpena-
patamMmm, UMMOGUAN30BaHHbIE PEPMEHTbI MMEKT CYLLLeCTBEHHbIE
npenmyliecTsa:
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7.2. N mMo6mNn3oBaHHble DEPMEHTbI

— OHM o06nafaloT BbICOKOW CTabuUbHOCTbIO, B HECKO/bKO
TbiCAY pa3 npeBbiwakwein cTabunbHOCTb CBOGOAHBIX (DEPMEH-
TOB, M MO3TOMY A0CTATOYHO AONTOBEYHbI;

— OHW Nerko oTAeNuMbl OT peaKLMOHHON cpeabl, 4TO Mo-
3BONAeT Nony4yaTb YMCTble MPOAYKTbI peakuuu;

— nmmMobunmnsauma paet BO3MOXXHOCTb MHOFOKpPaTHO uC-
nonb3oBaTb (hepMeHTaTUBHbIA npenapart;

— MMMO6UNnN30BaHHble (PepMeHTbl TEXHOMOMMYHbI, 4YTO MNO-
3BoNsieT NM60 BecTU MpPOLEecC HenpepbiBHO, PErynnpoBaTb €ro
CKOpPOCTb W, COOTBETCTBEHHO, BbIX0A4 NpoAyKTa, Nn60 B no6OM
MOMEHT OCTaHOBUTb peakLmio;

— C NomoLlbl noabopa HocUTenem U MeTogoB MMMOGUIN3A-
UMM MOXHO ueneHanpaB/leHHO M3MeHSATb HEKOTOpPble CBOWCTBa
hepmeHTOB (CneundunyHoCcTb, pH- 1 TeMmnepaTypo3aBUCUMOCTD,
CTabunbHOCTbL) A8 ONTMMM3aLUn npouecca.

Mpouecc MMmMobUIn3aLmMmM Kak cnocob coxpaHeHUs aKTuB-
HOCTW BbIAENEHHOTO0 M3 KNeTKU depMeHTa 6bl1 OTKPbLIT elle B
Havane XX B. B 1916 r. O)k. HenbcoH n E. NpudddpmH nokasa-
NN, 4TO caxapasa, afcopbupoBaHHasi Ha yrne, coxpaHsinia CBOH
KaTa/IMTUYEeCKY aKTUBHOCTb. OAHaKO MepBbIi MaTeHT Ha NpuU-
MEHEHNE NMMMOBUNN30BaHHbIX PEPMEHTOB ObiN BblgaH TONbKO B
1939 r. k. Mdaumionepy m . WWnerxy, KoTopblie NpeasoXXun-
NN NCMonb30oBaTb MPOTeONUTUYECKNE epMeHTbl, aacopbupo-
BaHHble Ha ApPeBeCHbIX onunakKax, Ansi 06paboTKN LUKYpP >XUBOT-
HbiX. B 1953 r. H. 'py6xodhep n [. LWineidT paspaboTanm npuiH-
UuMnmanbHO HOBbI MeToad Ans MMMobunusaynun epmMeHToB —
KOBaNeHTHoe CBA3biBaHME. UTO KacaeTcs TepMUHA «MMMOBUAN-
30BaHHble hepMeHTbl», TO OH 6blN y3akKoHeH B 1971 r. Ha nep-
BOM KOHMEpPeHUUU MO0 WHXXEHEPHOM 3H3MMONOrnm, KoTopas
npoxoguna B CLUA.

Hocutenn gna wummobunmnsaynn ¢epMeHTOB A0/MKHblI 06-
nagaTtb onpegeneHHbIMM CBOMCTBAMU:

— BbICOKOW 6MONOTNYECKO U XMMMNYECKOI CTOMKOCTLIO;

— HepacTBOPUMOCTbIO;

— BbICOKOM MeXaHW4YeCKOW MPOYHOCTLIO;

— 3HAYUTEeNbHON TMAPOPUNBLHOCTLIO, KOoTopas obecrne4yuvBa-
eT cBsA3blBaHWe (hepmeHTa C HOCUTeNeM B BOAHOW cpeje;

— [O0CTaTO4YHON MPOHMLAEMOCTbIO AN dDeEPMEHTOB, Kodep-
MEHTOB, CyO6CTpaToB W MNPOAYKTOB peaKuun, MNOPUCTOCTbIO,
60NbLION yAenbHOW MOBEPXHOCTbIO;
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naBa 7. QH3MaTNYecKasa NHXXeHepusa

— NIerkoCcTbi0 akKTmBauuu Kowmmnaekca «PepMeHT — HOCU-
TeNby;

— BO3MOXXHOCTbIO C€O34aHUSA pasNYHbIX CTPYKTYp (MemM6-
paH, NnacTuH, Tpybouek, rpaHyn);

— HU3KOW CTOMMOCThbIO.

B 3aBMCUMOCTU OT CTPYKTYPbl, HOCUTENU NoApasfenstoT Ha
npPUpoAHblE N CUHTETUYECKME, OpraHM4yeckue n HeopraHuye-
CKMVe, MOMMMEPHbIE N HN3KOMO/EKYSIPHbIE.

MpupoaHble MNONMMEPHbLIE HocUTenu MO0 CBOEWM XMMUYe-
CKOW mpupoge noapasfenstoT Ha 6enkoBble (KepaTuH, ¢unbpo-
WH, KONnareH, >enaTuH), nonucaxapugHble (Uenninosa, Aek-
CTpaH, araposa, KapparmHaH, afbrmHOBble KUCNOTbl N NX COMWU,

amMmumHononmMcaxapuabl — XUTUH WU XUTO3aH) U TUNUAHbIE (MO-
LeNb «PepMeHT — nunung» B BMAE MOHOCNOA uUnm 6ucnosa cde-
puyecko dopmbl — nunocoma), Hambonee NpPUBANIKEHHbIE K

eCTEeCTBEHHbIM KOMMJ/eKcaM, CYLW,ecTBYOLWMUM B KieTKe.

CnMHTeTMnyeckune nonnMmepHbIe HOCUTENU no,qpa3p,enm0T
Ha Tpu rpynnbl — MNOJAVMETU/EHOBbIE, MOAMaMUAHbIE N NONU-
achmpHble. Bnarogapsa pasHoobpa3nto, MexaHW4YeCcKOM MpPOYHOC-
TU U AOCTYMHOCTU, OHWU LUMPOKO WMCMOMb3YKTCA AN UMMO6U-
nmzauuun. Kpome TOro, nNpy npouv3BOACTBE CUHTETUYECKUX MO-
NMMEPOB MOXHO 3HAuWUTebHO pa3Hoobpa3nTb UX dopmMy
(rpaHynbl, Tpyboukn u T. A4.), BapbupoBaTb BeINUYUHY NOpP, BBO-
OVNTb pasnnyHble PYHKUWOHa/bHbIE TPYMNMbI.

HocuTenun HeopraHuuyeckoi npupoabl MOFyT ObiTb npeg-
CTaBfeHbl MaTepuanamMmum M3 FMUHbI, CTEKNa, KepaMuKu, CUNn-
Karens, rpaddUToBO CaXKM, a Tak>Ke oKcugamu MeTannos v T. 4.
MpenmywiecTBa 3TOM rpynnbl HOCUTENEW COCTOAT B NI€rKOCTU
pereHepauuy, BO3MOXHOCTWU MONyYeHUs N060i nx opmMbl npu
Mpou3BOACTBE U BapuabensHOCTU pa3mMepa nop.

MeToabl uMmMob6unuzauum depmeHToB. WMmMmobmunmsayunto
hbepMEHTOB MOXXHO OCYLLECTBAATb (PUINYECKMMU N XUMUYe-
CKUMKU mMeTogamun (puc. 7.3).

dusnyeckne meToOAbl OCHOBaHbl Ha agcopbuun depmeHTa
Ha HepacTBOPMMOM HOCUTeNe, Ha BKAOYEHUN hepMeHTa B MNo-
pbl MOMEPEYHOCLUUTOrO refsi, B NOAyNpoHULLaeMble CTPYKTYpbI.

Apcop6buunsa  depMeHTOB Ha HepacTBOPUMMOM HoOcCUTeENe.
Monekyna chepmeHTa yaep>XMBaeTCss Ha NMOBEPXHOCTU HOCUTeNs
6narofgapsi 3NeKTpoCTaTUYeCKUM, TUAPOPO6GHbLIM, AMCMEPCUOH-
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7.2. N mMMo6mNn3oBaHHble (DEPMEHTbI

MeTogp! mmmoﬁmmlau,mm chepmeHTOB

Puriznyeckrie Xrmmndeckvie

*
Ancop6uyst BkrroueHvie NHkancynn- BkntoveHvie KoBayieHTHoe
Brenb poBaHVie B/IMNOCOMbI CBs3bIBaHVE

Puc. 7.3. MeTtogbl nmmMmobunmnsaumnm epmeHTOB:
® — dpepmeHT (Mo T.A. Eroposoii u gp., 2003)

HbIM B3aMMOLENCTBUSAM UIWN BO3HUKHOBEHUIO BOAOPOAHbLIX CBS3eN.
MpoOYHOCTbL CBA3bIBAHUSA (PEPMEHTA C HOocUTeneM HebonblLuas.

Mmmobumnnmnsauna GepMeHTOB NyTeM BKJ/KOYEHUA B refb
(06bIMHO — nonAuMepHbIA renb). MeToa obecneymBaeT paBHO-
MepHoe pacnpegeneHve depmeHTa B 06beMe HoOcuUTensa, fJocTa-
TOYHO MNPOCT M NPUMEHSETCA A9 MMMOb6MAM3aLUU OTAEeNbHbIX
MONeKy/n OnpeneneHHOro 3H3Mma, MybTUEPMEHTHbIX KOMIM-
NEKCOB U MHTaKTHbIX KNeToK. OAgHaKo OH HernpurogeH Ans pa-
60Tbl C pepMeHTaMU, KOTOpble BO34EeACTBYIOT Ha BOAOHEpPacTBO-
puyMble cybcTpaThbl.

MMmMo6unmnusaums B nonynpoHuuaemMmblie cTPYKTYpbl. B aTOM
cnyyae pactBop hepmMeHTa 1 pacTBop cyb6cTpaTta pasfenstoT ¢ rno-
MOLLbIO MONYMPOHULAEMO MemMb6paHbl (MMKPOKancyanpoBaHue,
BK/IIOYEHME B NIUMOCOMbI). MeToA UCMob3yeTcs rMaBHbIM 06pa3oM
B pyHAaMeHTaNbHbIX HAay4YHbIX UCCNeA0BAHUAX N B MeULIVIHE.

Mcnonb3oBaHMe xumMwunuecknx MeTonos MNPUBOAUT K BO3-
HUKHOBEHUIO KOBaNeHTHbIX CBA3eil MeXXay hepMeHTOM U HOCU-
Tenem. DTOT Crnocob MoayyeHUsS NPOMbILLIEHHbIX 6uoKaTanmnsa-
TOpoB Haubonee pacnpocTpaHeH.

XMMMuyeckoe NpPUCOEANHEHME 3H3MMA K HOCUTEN OTauuva-
eTcsl BbICOKON 3(PPEKTUBHOCTLIO U MPOYHOCTbIO CBA3U. OAHaKo
XUMUYECKME METOAbl MMMOGUAM3ALLMM COXKHbI U OOPOrn, HO
He3aMeHMMbl B Hay4HbIX MWCCNefOBaHUAX MNpu co3gaHuun dep-
MEHTOB C KOHTPOAMpPYEMbIMU CBOWCTBaMU. PaccMoTpum HeKo-
Topble N3 3TUX METOHO0B.
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naBa 7. QH3UMaTUYeCcKaa NHXXeHepusa

MMMoBunnmsauma Ha HOCUTENAX, Hecyulnux rmapokcurpyn
nel. B aTol rpynne Hambonee pacnpocTtpaHeH 6pOMLMaHOBbI
MeTo[, KOTOpblA Mo3BonseT cBA3biBaTb (EPMEHT C nonmcaxa-
PUAHBIM NAN CUHTETUYECKUM HOCUTENEM.

MMmMobunmnsayumsa Ha HOCUTENIAX, Hecywux amMuHorpynnbl.
AMMWHOIpynnbl HOCUTENA MPeBpPAaLLaloT B COMN AMA30HUSA, K KO-
TOpPbIM BMOCNEACTBUMN MPUCOEANHSAIOT MONEKYNbl PePMEHTOB 3a
cyeT B3aMmMoAeNCcTBUSA C PeHONbHbIMU, aMUHHBIMW, UMNAA30/b-
HbIMW, TUONbHBIMWU, FYaHUAWHOBBLIMW FPynnamMn 3TnX hepmMeHTOB.

MmMmmobunnmsauma Ha HOCUTENAX, HeCYLWUX CcynbMrungpunbHbie
rpynnel. ECciv n HocuTenb, 1 hepMeHT HecyT CynbprngpunbHbie
rpynnbl, TO N0 BO3JerCTBMEM KUCopoAa BO3fyxa 3Tu rpynmnbl
Nerko OKMcAsaTcA ¢ obpasoBaHVEM AUCYTbPUAHBIX CBA3EN.

Cpenn Bcex METOAOB MMMOOGUIM3ALUM OMTUMANbHbLIM CYHU-
TaeTcss MeTof BKIOYEHUA epMeHTOB B MOJSIMMEpPHbIe Trenun.
Tak>ke LUVMPOKO pacrnpocTpaHeHbl aAcopbuMOHHOe mpucoeguHe-
HMEe N XMMUYECKNe MeTOAbl, OCHOBaHHbIE Ha KOBaleHTHOM CBS-
3bIBaHMKU. [locTaTO4YHO 4YacTo MMMObGMIM3auuilo MpoBOAAT 3a
cyeT BK/OYeHUA (DEPMEHTOB B MemMOpaHbl M MWKPOKaMCysbl,
Torga Kak gpyrue npuviemMbl MCAOMb3YIOT B €4MHUYHbBIX Cly4dasXx.

MpumeHeHne WUMMOOGMNN30BaHHbLIX depMeHTOB. MMmo6u-
NN30BaHHble PePMEHTbI HaAXOAAT LUMPOKOe MNpPUMeEHeHWe B pas-
NNYHBIX OTpacnax HapoA4HOro xo3sincTea:

— B MPOMbILUNEHHOCTN — B KayeCTBe aKTUBHbIX KOMIMOHEH-
TOB CTUpPAanbHbIX N MOKOLWMX CPeAcTB, B AyOUNbHbIX npoueccax,
B MULWEBbIX MNPOM3BOACTBax, Hanpumep nNpu obpaboTke MsAca;
B KayecTBe KaTann3aTopoB MpW MpPOBeAeHUN pasNNYHbIX TEXHO-
NOrMYecKmUX MpoLeccoB, ANs aHanmsa pasNyHbIX BELLECTB;

— B MeAUUMHE — B KauyecTBe MPOTMBOBOCMANUTENbHbIX,
TPOMBOMNTUYECKUX U PUEPUHONTUTUUECKUX MPenapaTos;
— B (hapmaumum — B MeULUHCKOW AWMarHOCTUKe MNpU aHa-

Nn3e NeKapcTBEHHbIX BeLLeCTB 6e1KOBOI NMpupoabl;

— B KauecTBe 6MoOKaTaiM3aTOpoB B OMOTEXHOMNOTUYECKUX
npovs3BoACTBax.

Co3faHbl UCKYCCTBEHHbIe aHaIUTUYeCKMe CUCTeMbl [Ans
aHanM3a pas/IMYHbIX BELLECTB — (DePMeHTHbIE 3/1eKTPOAbl, Mpo-
TOUHble aHanm3aTopbl U T. 4. B HacTosiuee Bpems paspabarthbi-
BalOTCA HOBble MOKONEHUs 6umogaTyumMkKoB Ha 6aze apPUHHbLIX
B3auMOLeNCTBUNA.
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7.3. IMMo6UNM30BaHHble NOANDEPMEHTHbIE CUCTEMbI

O WMPOKOM MNPUMEHEHUN (PepMEHTOB B MeAMLMHE Y>Ke Lina
peub Bblille. OQHAKO UCMONb30BaHME 6GENKOBbIX MNpenapaTtoB B
KauyecTBe /IeKapPCTBEHHbIX CPEACTB MOXXET ObiTb OFPaHUUYEHO UX
MMMYHOTeHHOCTbIO, annepreHHOCTbo, ManblM BPeMeHeM AeicT-
BMS B OpraHm3Me 4yenoBeKa WU >XMUBOTHOro. B cBA3M C 3TUM B
MeguLUMHe 6onee MNEePCneKTUBHO MNpUMEeHeHVe MMMO6UIN30BaH-
HbIX (PEepMEHTOB, KOTOpble MeHee annepreHHbl U WMMYHOreH-
Hbl, 60/iee cTabunbHbI, 061a4al0T NPONOHIMPOBAHHbLIM AENCTBU-
eM. Hanpumep, npu BKAOYEHUU B IMMNOCOMbI (PEPMEHTbI 3allu-
LEeHbl OT 3HAOreHHbIX NPOTEMHA3 OpraHM3ma naumeHTa, a caMmiu
NMNOCOMbI YTUAN3NPYOTCA B opraHusame. B MMMoGMAIn30BaH-
HOM BMAE NPUMEHSAIOT TPOMOBOAUTUYECKNE PePMEHTbI, NpPeaoTB-
pawatouime obpasoBaHMe TPOMOOB B KPOBEHOCHbLIX Ccocypax.
MMM0o6UIn3oBaHHbIe MPOTEOAUTUYECKME (DEePMEHTbI MomMoratT
npu nedyeHUU OXKOroB, abcueccoB, paH. VMmMo6unnioBaHHas
ypeasa WcMonb3yeTcsa B annapate «MCKYCCTBEHHas Mo4yKar.
MuKpoKancynbl, 3anofHeHHble acrnaparnHasoi, NpPUMEHSIIOT
AN nedeHUs acnaparmH3aBUCUMbIX OMYyXONen.

7.3. Nmmob6unnmnsoBaHHble nonnpepmMeHTHble CUCTEMBbI

MNepBas UCKycCTBeHHas 6udepMeHTHas cucTemMa, BKAKOYalo-
uasa KoBaJieHTHO CBsi3aHHble C HOCUTENeM MMMOOMIN30BaHHbIe
dhepMeHTbl — TFeKCOKMHa3y U TN K030-6-ghocaraerngporeHa-
3y, bblna cosgaHa B 1970 r. K. Moc6axom. B HacTosLwwee Bpems
M3BECTHO HECKO/bKO [AeCATKOB MMMOOWUAN30BaHHbLIX Mnonmdep-
MEHTHbIX CUCTEM, COCTOSLMX U3 ABYX, TPeEX, YeTblpex u 6onee
3H3UMOB. AMPPEKTUBHOCTb TAKUX KOMIMIEKCOB HaMHOIO Bbllle,
YeM y CBO6OAHbIX (PepMeHTOB, 3a CHeT NOKalbHOr0 KOHLEHTPWU-
poBaHUs cybcTpaTa OKO/I0 BTOPOro M Bcex nocneayrwwux dep-
MEHTOB, BXOASLLUX B CUCTEMY.

MMMO6UMIn3oBaHHbIe NMONNGEPMEHTHbIE CUCTEMbI MPUMEHS-
IOT B MPOMbILUEHHbLIX TEXHONOMUAX, MHOr4a — B Hay4HbIX UC-
cnefoBaHUAX MPU N3yHYeHUU MeTabonmama KNeTok, TpaHcnopT-
HbIX npoueccoB U T. 4. CneayeT, oAHAKO, OTMETUTb, YTO pe-
3ynbTaTbl, MOMYYEHHble C MOMOLLbI TaKMX CUCTEM, He Bcerga
npaBU/bHO OTpaXkalT MpoLecchbl, Mpoucxoisime B KNeTKax.
OT0 06BbACHSAETCA TeM, UYTO B XKMBbIX K/eTKaxX KOMMIEeKCbl 3H-
3MMOB 4allle BCero pacrnonaralmTcs yrnopsiilodeHHO B MeMb6paHax
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MnaBa 7. QH3nMaTnyeckasa NH>XeHepus

KNeTKN, 4UYTO MO03BOJISIeT PeryinpoBaTh CKOPOCTb MNpOTEKaHUS
pepMeHTATMBHbLIX MPOLIECCOB, TOrAa KakK B MonnepMeHTHbIX
KOMMNAeKcax MMMOOUIN30BaHHble (EPMEHTbI CBS3bIBAlOTCA C
HOCUTEeNeM caydarHbIM 06pa3om.

CoBpeMeHHble MeToAbl UMMOGUAM3ALMM NO3BONSIIOT CO3aBaTh
He TO/NIbKO MOMNGEPMEHTHbIE KOMMEKCHI, CBA3bIBATb C HOCUTE-
NAMU yaaeTcs cybKNeTOUYHble CTPYKTYPbl N faXKe Lefble KNeTKU.
Takue cucTemMbl O4YeHb YA06HbI, MOCKO/MbKY MOXHO, He Bblie-
NAS 4YMCTble PEPMEHTHble Mpenapartbl, MofiyyaTb eCTeCTBeHHble
NoNMMgEPMEHTHbIE CUCTEMbI, OCYLLECTBASAKOLWME MHOroctaguii-
Hble MpoLecchl.

7.4. BnoceHcopbl

BuoceHcopbl — 3TO aHanMTU4YecKue yCTpoicTBa, B KOTO-
pPbiX YYBCTBUTENbHbINA CNoW, cogepXkalwmnii 6UoONOrnYecKuin ma-
Tepuan, pearmpyet Ha NpuUcyTCTBME ONpeaensieMoro KOMMOHeHTa
M reHepupyeT aMeKTPUYECKUn cUrHan, yHKLMNOHaNbHO CBA3aH-
HbI C HanNM4YMeM M KOHUeHTpauumeil aToro BewecTtBa. bnomare-
pnanom MOryT cny>XuTb (OepMeHTbl, TKaHu, 6akTepuun, [POXK-
XKW, aHTUreHbl/aHTuTena, NUMNOCOMbI, OpraHensbl, PeuenTopbl,
AHK, a Takke KneTku, KOTopble MMMOOWUIN30BaHbl Ha PU3N-
YecKMX pgaTymkax. CnefoBaTenbHO, GMOCEHCOPHAsA TexHonorus
coyeTaeT B cebe [OCTUIKEHUS BMONOTMMN N COBPEMEHHOW MUKPO-
3NEKTPOHUKMN.

Mpaesa co3faHma Takoro pofa yCTpPOACTB BO3HUKNA CPaBHU-
TeNlbHO HegaBHO, B 1960-x rr. BnepBble ee BbicKasanu J1. Knapk
n K. JlnoHe B 1967 r. Naea Knapka cocTosdna B UCMONbL30Ba-
HUN DEPMEHTHOrO 3NeKTpoAa, T. €. 3MeKTPOXMMUYECKOro aat-
YynkKa ¢ MMMOOWIN3OBAHHbLIM Ha €ro NoBepPXHOCTU (HEPMEHTOM.
3aTtem B 06MX04 BOLUMNO MOHATUE «BUOCEHCOP».

BonbWMHCTBO 6GMOCEHCOPOB WCNONb3yeTca ANA aHanusa
6MONOrNYecKNX XXNAKOCTen. TaK, B KPOBU HaxogsATcHA Tbica4un
pasnnyHbIX coegunHeHUN, U 6biBaeT HeobXoaMMOo 6bICTPO U -
heKTUBHO ornpefennTb KOHLEHTPauUI0 HYXXHOro coeguHeHus,
Hanpumep rawoKosbl. Ona nwogen, cTtpajgarowmx gunabetom, aTo
KU3HEHHO BaXXHblA KIWHWYECKU aHanui3. buoceHcopbl obec-
neynBaloT TaKyr BO3MOXXHOCTb.

PYHKLMNOHANIbHO 6GMOCEHCOPbI COMOCTaBUMbI C JaTuyMKamu
>XMBOro opraHmama — 6uopeuenTopamMun, cnocobHbIMK Npeobpa-
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7.4. BuoceHcopsbl

30BbIBaTb BCE TUMbI CUTHANOB, MOCTYyNaKWWUX N3 OKpPY>KatoLen
cpefbl, B 3eKTPUYECKME.

MpUHUMNbI  KOHCTPyMpoBaHUA 6uoceHcopoB. KOHCTPYK-
TUBHO 6GMoOcCeHCOp npeacTaBnseT cob60i yCTPOMCTBO, COCTOsLiee
M3 ABYyX NpeobpasoBaTenei, NAn TpaHCAbCEPOB, — OBUOXUMMU-
YEeCKOro U MU3NYECKOro, HaxoAsILMXCA B TECHOM KOHTaKTe
ApYyr c gpyrom (puc. 7.4).

Buoxumunyeckuii npeobpasosaTenb CUrHana (Uanm 6uo-
TpaHcablocep, 6uoceneKTop) BbIMOAHAET PYHKUUIO 6mMonorm-
YEeCcKOro afemMeHTa pacrno3HaBaHUsA, Npeobpasysa onpenensemMblii
KOMMOHEHT (a ToYHee, MHOPMAaLUID O XMMUNYECKMX CBA3AX) B
dn3nyeckKoe MM XMMMUYECKOE CBOMCTBO WMAU CUrHan. B atom
KauyecTBe BbICTYyMarT BCE TUMbl BMONOTMYECKNUX CTPYKTYpP: dep-
MEHTbI, aHTUTeNa, peuenTopbl, HYKNEWHOBbIE KUCAOTbl U Aake
XXMBblIe KNETKW.

®dunsnyeckuii npeo6pasoBaTens CUrHana (MINM TpaHcablo-
cep) npeobpasyeT onpenensdemMbiii KOMMOHEHT (a TOYHee, KOH-
LEeHTPALUVOHHbIA CUTHaN) B 3NeKTPUYECKMNIA C NOMOLLbIO crheyu-
anbHoOM annapaTtypbl. JnA cUNTbIBAHUA U 3anNmMcu MHAopMaunum
MCNO/Mb3YKT 3/1EKTPOHHbIE CUCTEMbI YCUNEHUA N permcrpaunm
curHana. CyulecTByeT 60nbLIOe pasHoobpasne U3NYECKNX
TPaHCObIOCEPOB: 3NEKTPOXUMUYECKNE, CMEKTPOCKOMUYECKUNE,
TepMMnUyecKme, Mbe3oaNeKTpuYeckne, pasiMyHoOro poga ontuye-
CKue npeobpasoBaTtenn, rpaBUTayMOHHbLIE, KanopumeTpuye-
CKWe, pe30oHaHCHble CUCTEMbI N T. M.

Puc. 7.4. Cxema 6uoceHcopa (no C.4. Bapdonomeey, 1997)
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Bce BuAbl GMOCENEKTUPYHOLWUX 31EMEHTOB MOXHO KOMO6U-
HUpOBaTb C pa3N4YHbLIMU TpaHcAblCeEpamMM U TeM CamMbIM CO-
34aBaTb 00/bLUOE pa3Hoobpasmne pasnnYHbIX TUMNOB GUOCEHCOPOB.

OCHOBHbIMU XapaKTepucTukamm, MNO3BOAAOWNMU BNOCEH-
COPHOMY aHanmM3y YCrewHO KOHKypupoBaTb C TPaaAULWUOHHbIMUN
MeTogamMun, ABAAKOTCA onepaTUBHOCTbL aHanu3a, BbiCOKas cneumn-
hUYHOCTb N YYBCTBUTENBHOCTb MPU HU3KOW CTOMMOCTU, OTCYTCT-
BMe HeobXxo4MMOCTM UCMOMb30BaTh AOPOrocToSLWY annapaTtypy.

Hannumne B ycTpoicTBe 6uomaTepumana C YHUKaNbHbIMU
CBOMCTBaMM MO3BONSET C BbICOKOW CENEeKTUBHOCTbLIO onpepje-
NATb HY>XHble COeAMHEHUSA B CNOXXHOW MO COCTaBy CMECH.

Pa3sHOBUAHOCTN O6MOCEHCOPOB U WX NpuUMeHeHue. Paspa-
60TKa 6MOCEHCOPOB OTHOCUTCA K HayKOEMKMM TEXHONOTUSAM U
npegcraBnsgeT coboii ogHY U3 BETBEN COBPEMEHHOMN GMOTEXHONO-
run. CyulecTBYeT HECKO/IbKO TUMOB GMOCEHCOPOB, Cpean KOTO-
pbIX Hanbonbllee pa3BUTUE MNONYYUIN (DEPMEHTHbIE U KeTou-
Hble 6GMOCEHCOpBbI.

depMeHTHbIe 6uoceHcopbl MOTYT OblTb NpeAcCTaB/EHbI
heEPMEHTHbIMN 3N1eKTpogamMun, ¢GepMeHTHbIMN MUKPOKaIopu-
MeTPUYECKUMUN fAaTunKamu, bnogaTtymKaMmu Ha OCHOBE XEMU- U
6MONtOMUHECLLEHLUN.

depmeHTHble (UM 6GespeareHTHblIE) 3/1eKTpoabl — YCT-
poiicTBa OCHOBaHbl Ha MPUMEHEHUN 3NEKTPOXUMUYECKOrO CMo-
coba onpeAeneHUs BeLLECTB, 06pa3yroLUXcsa B XoAe pepMeHTa-
TMBHOrO npespaLlleHnsa. MNMpeacTaBnAalOT co60i aNeKTpos C HaHe-
CEHHbIM MOBEPXHOCTHbIM C/I0eM (KaKUM-1M60 MpUPOLHbLIM
noaMmepom), cogep>kalwim ogvH UAN HECKONbKO MMMOGUAN30-
BaHHbIX (PEPMEHTOB (MHOrAa epMeEHT MOXXeT HaxoAuTbCsA B
pacTBOPEHHOM COCTOSSHUM B MPUINEKTPOAHOM C/i0e, OKPY>KEeH-
HOM Mem6paHoii). B 3aBMCMMOCTM OT TuMna B3ATOro 3a OCHOBY
3neKTpoAa, YCTpoOWCTBa MNoApasfensioT Ha MnoTeHLuMoMeTpuye-
CKMe 1 aMmnepomMeTpuyecKue.

CDepMeHTHbIe MUWKpOKasniopnMmeTpunyeckKkune AaT4HUNKN —
YCTpOWCTBa OCHOBaHbl Ha MCMOMb30BaHUW TennoBoro sdekTa
hepmMeHTaTMBHOM peakymnn. COCTOAT M3 ABYX KONOHOK (M3Me-
pUTENbHOM N KOHTPO/bLHOW), 3arMnoNHEHHbIX HOCUTENEM C UMMO-
6unn3oBaHHbIM (EPMEHTOM U CHapS>KeHHbIX TepMUCTOpamMu.
Mpu nponyckaHUW 4Yepe3 U3MEPUTENbHYK KONOHKY aHanusu-
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pyemoro o6bpasua NpoucxoamT XMMUYecKasa peakuus, KoTopas
COMpPOBOXXAAeTCA PerncTpupyemMbiM TeMN0BbIM 3hdeKTOM. [laH-
HbIi TN AAaTYMKOB MHTEPECEH CBOel YHUBEpPCalbHOCTLIO.

XeMun- N 6MONIOMNHECLEHTHblIE JaT4Ynku — PETNCTPUPYIOT
CBETOBOE W3y4YeHUEe C PasMYHOWM ANMHOW BOJMHbI, UCNyCKae-
Moe npoayKTamu hepMeHTaTUBHOW peakumn, HaxogswumMmncs B
BO36Y>XAEHHOM COCTOSAHUUN. KOHCTPYKLMS BKAOYaeT KOMOHKY C
MMMOOBNNN30BaHHLIMU Ha HocuTene epmeHTamu (nouyndepa-
300/, MNEepOKCUAasoi) U CBETOMPUEMHOE YCTPOMCTBO. 3anodKeH-
Hblli B CUCTEMY 3TOr0 TuNa AaTUYMKOB aHaIMTUYECKUI MeTop,
XapaKTepusyeTcs npexXkje BCEro KpaliHe BbICOKOW YyBCTBUTE/b-
HOCTbIO, NMO3BONSAA onpenensaTe gemMToMONbHbIe (10~12M) Konn-
yecTBa BeLLECTBa.

ONeKTpoabl, B KOTOPbIX MNpPUMEHEHbl WMMOOGUAN30BaHHbIE
dhepmMeHTbI, BO MHOr0O pa3 A0/roBevyHee M MO3BONSAKOT MPOBECTU
HECKO/IbKO COT M3MEepeHui, Torga Kak 31eKTpoAbl, B KOTOPbIX
MCNONb3YyKTCA ecTecTBeEHHble epMeHTHble npenapaTtbl, —
TO/NbKO OKoo 50.

B HacTosiLlee BpemMs Haubonee pacnpocTpaHeH amMmepomeT-
puyeckuii 6moceHcop Ans onpefeneHUsa caxapa B KpoBu (Ha oc-
HOBE MMMOOMIN30BaHHOM FNHOKO30KcMaasbl). B kavecTBe hunsn-
YEeCKOro TpaHcAbicepa B HEM MCMNOMb30BaH TaK Ha3blBaeMblii
anekTpos Knapka. Mctopunyeckm 3TOT GUOCEHCOP ABAeTCSA ca-
MbIM «APEBHUM>.

Onsi KOHTpons cofepXXaHUsi NeHUUUIAMHA B NUTaTeNbHOM
cpefe ANs BblpalimBaHUA 6akTepuii UCMONb3YIOT NEeHULUNIn-
HOBbIi 3anekTpon — pH-gatuMk, MOKpPbITbIA MMMOOUIN30BAH-
HbIM (DEPMEHTOM MAEHULUNNA30M.

BuroceHcopbl, OCHOBaHHble Ha KWUC/OPOAHOM 3/eKTPoAe Kak
hn3nvecKoM TpaHcabkocepe, MO3BONSAKT onpefensiTb pas3HO06-
pasHble cyb6cTpaTbl (epMeHTOB: naKTaTbl, b-aMWHOKWCNOTHI,
canuuunaTbl, okKcanaTbl, MUpyBaTbl, T. €. aHWOHbl COOTBETCT-
BYIOLNX KapbOHOBbIX KUCMOT.

C nomoLbio 6MOCEHCOPOB MOXKHO peLlaTb M 06paTHylo 3aja-
yy: Npu HEKOTOPOW ONpefeNeHHOM KOHUEHTpaumm cybecTpaTa
OLeHMBaTb aKTUBHOCTb COOGCTBEHHO (hepMeHTa Mo BENNUYMHE U3-
MepsiemMoro cmrHana (noteHumana, Toka u 7. 4.). 13 onucaHmnsa
paboTbl hepMeHTa cnefgyeT, UTO U3MEPSEMbIA CUTHaNn 3aBUCUT
He TONbKO OT KOHLUEeHTpauuun cybcTtpaTa, HO M OT KaTaauTuue-
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CKOWV aKTMBHOCTU 6uonornyeckoro npeobpasosartens, T. e. dep-
MeHTa. TaKoe MpUMeEHEHMEe GUOCEHCOPOB MO3BONSAET U3MEPUTb
aKTMBHOCTb 60/bLLIOF0 Yuncna epMeHTOB, HarnpuMep, B KPOBW.
OueHKa aKTMBHOCTU (hepMeHTOB, CBS3aHHbIX C CepAevyHON pae-
ATEeNbHOCTbIO (TaKMX, KakK acnapTamaMmMHOTpaHcdepasa, Kpea-
TUHKMHA3a), AaeT BO3MOXHOCTb B KIMHMWYECKUX YCNOBUSAX OLe-
HUBaTb rMy6UHY MHMapKTa Mnokapaa. MiamepeHuUs akKTUBHOCTU
hepMeHTa amunasbl UCMONb3YT B NegmaTpun.

KneTouHble 6uoceHcopbl. OAHO N3 OOCTUIKEHUW GUOTEXHO-
NOTUU CBSA3aHO C pa3BMUTUEM MEeTOLOB BK/OUYEHUS >XXUBbIX Kre-
TOK B MOMMMeEpPblI N TBepAble HOCUTENN pas3NUYHOW Npupoabl 1
MPUMeEHEHMEM TaKOro poja MaTtepuanoB LS pelleHus 3ajad
MeAULMHBI 1 yrnpaBaseMoro 6MocmHTesa.

MeToabl MMMO6MAM3ALUN KNETOK — (U3NYECKNe U XUMU-
YecKMe — CXOAHbl C MeToAaMu MMMOOUAU3ALUN OTAENbHbIX
tepmeHTOB. CTabunbHOCTb MMMOOUAIN30BaHHbLIX KNEeTOK ornpe-
fensietca nx mMetabonnM3MoM, CBOMCTBAMU HOCUTENSA W cpefbl.

Hanbonbwiee npuvMeHeHWe ANA MMMOOUAM3aALUM  HaLUIn
KNETKN MUKPOOPraHM3MOB, KOTOpble NErKo KynbTUBUPYIOTCA,
BOCMPOU3BOAATCA U MOAAEepP>XKMBaAKTCA B UYUCTON KynbType, a
Tak>Ke K/JeTKU pacTeHUW, >XUBOTHbIX, YefoBeka. B oTnnume ot
doepmMeHTOB, MPM UX UCMONb30BaHUUN He TpebyeTca [OPOrocTos-
WMX CTagui OYUCTKW.

Mmelowmecsa metoabl MO3BONAIOT MONYYUTb KNETKWU, coXpa-
HAKOWMe O0KOMo 100 % aKTUBHOCTU (PEepMEHTOB WU CMNOCO6HbLIE
PYHKLMNOHUPOBATbL AOCTATOYHO ANUTENbHbIE MPOMEXYTKU Bpe-
MeHN (B HEKOTOPbIX CAy4vasaX TakKume KNeTKU COXPaHSKT >XU3He-
CMOCOBGHOCTb N aKTUBHOCTb (PEPMEHTHbLIX CUCTEM B TeYeHUe He-
CKONMbKMX neT). KneTku, Kak NpaBuio, COXPaHsAT BCe CUCTEMbI
>KN3HeobecreyeHVs, YTO MO3BONSIET NPOBOANTL CNOXKHbIe NOCNea0-
BaTe/lbHble peakunm, OCyL,eCcTBASAA MHOrocTaauiHble NpoLecchl.

Ana MHOrMx TUMNOB KNETOK, 0CO6eHHO MUKPOOHbLIX, paspa-
60TaHbl 3hpheKTUBHbIE METOAbl FeHETUUYECKNX TpaHcdhopMauunii,
Mo3BO/SAOLIME MOMly4aTb MYTaHTbl C BbICOKUMM COAgp>XaHUeM
TOro AU WHOro 6enka mnn pepmeHTa, 4YTO AaeT BO3MOXXHOCTb
ornepupoBaTb C BbICOKOI(MEKTUBHBLIMN KaTanMTUYECKUMU CUC-
Temamu. KneTku coxpaHslT annapaT 6uocuHTesa 6enka. Ha
OCHOBe 3TOro MOryT ObiTb paspaboTaHbl BbICOKOI((EKTUBHbIE
MeToAbl reHOANAarHOCTUKMN.
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OCHOBHble HefoCcTaTKU KNeTOYHbIX 6GMOCEHCOPOB 3akito4a-
I0TCA B MeA/leHHOM OTK/MKEe 3/1eKTpoaa (4TO CBA3aHO C Heob6Xo-
OMMOCTbIO UCMNOMb30BaTb TOACTble MeMbpaHbl), a TakXKe B cpaB-
HUTENbHO HWU3KOMA CeneKTUBHOCTU, 06YyCNOBNEHHOW MPUCYTCT-
BMEM B KJ/IeTKE NN TKaHAX HECKONbKUX (DepPMEHTHbIX CUCTEM.
B npouecce pocta M pasMHOXXeHUS MHTaKTHble KNeTKU paspy-
LaloT HOCUTENb, a AoYepHMe KeTKW 3arpsA3HAlT nojydaemblid
npoaykT. 3Ta npobnema peluaeTca TOPMOXXEHUEM poCTa, u4TO
JocTuraeTcsa cosgaHuem pgeduumta (pUTOrOPMOHOB AN UMMO-
6MNN30BaHHbIX KNeTOK pacTeHW nnbo pobaBneHMeM aHTUOU-
OTUKOB MpPU MPUMEHEHUNN KNETOK GaKTepuid.

Ona co3gaHns 6MOCEHCOPOB MCMO/b3YOT Pa3iyHble MUKPO-
opraHu3Mbl: Mewrospora evropea — [AJ18 ONpeAefneHnNs aMmmMmmaka,
Trnckosporon brasarcae — AN onpefeneHns YKCYCHOM KNCNOTbl,
3arcTa /7aca — p[ns onpegeneHuss rnytamuHa, Arobobacbher
VAnetame™MN — ANA onpejeneHUs HUTpatoB M ap. Ha ocHose
rpmba Asper&LUnz nil§er rpynnov SANOHCKUX Y4YeHbIX CO34aHbl
6mnoceHcopbl 019 onpeAeneHNs OUOreHHbIX aMMHOB B MSCHbIX
npoayktax. B TKaHeBbIX 3afeKTpojax Hallnm MpuUMeHeHune cpe-
3bl MOYEK W MEeYEeHU CBUHLU, XXENTOoi TbIKBbI, 6aHaHa 1 ap.

MNepBOHaYanbHO 419 NMMOGMAM3ALUN KNETOK C COXPaHEeHU-
eM NX aKTUBHOCTU MNPUMEHANN MaTepuanbl NPUPOLAHOro npowvc-
XOXKAEHUA: >XenaTuH, arap, anbrmHaT KanbLus, KapparmHaH.
B nocnegHue roabl paspaboTaHbl M pa3BUTbl MeTOAbl BKAKOYe-
HUSA >XUBbIX KNETOK B CUHTETUYECKME MONMMEPHbIE Fenu.

B nuuwieBoi, hapmaueBTUUYEeCKON, TEeKCTUbHON, MeTannyp-
rMYecKom, XMMUYECKON U APYIrUX OTpacfiax MPOMbILLINAEHHOCTU
Mcnonb3yeTcs 60/bLLIOE KOMMYECTBO PasHO06pasHbIX XMMUUYECKMNX
COeINHEHUI: OpraHNYecKNX KUCAOT N UX COoNe, aMUHOKUCNOT,
BUTaMUHOB U T. 4. OTU BeELeCTBA MOXHO CUHTE3UPOBaTb Kak
XUMUYECKUM, TaK U BUOTEXHONOTMYecKUM crocobom. lMpuyem
BNOTEXHONOTNYECKUIM CUHTE3 MpeanoyTuTensHee ANs MULLEBON
U ¢apmMaKonormyeckol MPOMbILIIEHHOCTU, TakK KaK B 3TOM
cflydae MNpoAyKTbl nony4yarTca 6onee YUCTbIMU N AeLleBbIMU.

Mmmob6unn3oBaHHble KNETKU HawAu MpuUMeEHeHWe B pas-
NNYHbIX OTpacnsax HapoAHOro Xo3sMCcTBa A8 CUHTe3a pa3Ho06-
pa3HbIX XUMUYECKUX COeAUHEHNIT BMOTEXHONOTMYECKNUM CNOCO-
6om (Tabn. 4).
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Ta6bnunya 4

MpoMblLWNEHHOE MPUMEHEHUE KIETOUYHbIX 6MOCEHCOPOB

MpoayKT 6MoTexHono-
rMYecKoro npotecca

YKcycHas Kucnorta

MonoyHasa Kucnorta

JInMOHHaA Kucnorta

AcnaparvHoBas
KucnoTa

TpuntodaH
ATo

ButamuH B 12

6-AMMHONEHNLUN-
naHoBas Kucnota

TeTpayukKnnH

MMMo6mnusoBaHHbIe
KNeTKn

Acel;obacleT acel

bacbobacllini <lelbruckW,
Ekyropus onrae

Asper§LLun3 T8er

E3ckencbla alcalescens,
E. co

E. coN
3ackaroTyces 3p.

ProplonlbaclenuT 3p.

E. co

NHrep~Tyces
aureo”™acrens

Hocutenu

JpeBecHas cTpy>XKa,
XNOMNOK, KepaMuka,
ctekno, BEAE-uennono-
3a, BK/IlOYEHMeE B Kona-
reH

Ca-anbruHar, araposa,
MAAT, nonble BONOKHA,
MeMbpaHHble peaKTopbl

Apcop6uuns Ha nonmnpo-
NUNeHOBOW MNNeHKe,
BK/IOYEHWNE B KONNareHo-
Byl0 membpaHny, MAAT,
renn Ca-anbruHart, arapa

MAAT, arap, araposa,
KapparmHaH, rnoJfible BO-
NOKHa

MAAT
Monepe4YHoOCLLNTbIE CMObI

MonepeyHOCLUNTbIE CMO-
Nbl, MOAWypeTaH, arap,
KapparmHax

BkntioyeHue B MAAT

Monble BONOKHa

BroceHcopbl MOXXHO MCMONb30BaTb TakK>Ke OANA:
— N3MepeHNA I'II/ILLI,EBOVI LEHHOCTUN, CBEXECTU ”n 6e3omnacHoc-
T NpPpoAyKTOB NMMMTaHMA;

60/1bHOrO;

aKCrMpecc-aHanM3a KpPoBU HEMOCPeACTBEeHHO Y KpoBatu

— 06Hapy>XeHUsi N N3MepeHUsi CTeNeHU 3arpsi3HeHUs OKpYy-

Kawle cpefbl;
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— [eTeKUMM 1 onpefeneHns Koim4yecTBa B3pbiBUATbIX Be-
LWECTB, TOKCMHOB U BO3MOXXHOI0 G6MONOTMYECKOr0 OpPYXXUS;

— WN3B/IeYEHUS METANIOB U3 CTOYHbIX BOf;

— MN3roTOBNEHUSA BOLOPOAHbLIX COMHEYHbIX 3N1EeMEHTOB;

— OUYUCTKU MPUPOAHbIX U CTOYHbIX BOA.

PacrnosHaBaHVe onpeAensieMoro BeLLecTBa C MOMOLLbIO VM-
MO6MIN30BaHHOro 6momaTtepuana okKasanoCb BOCTPe60BaHHbLIM.
HekoTopble 6MOCEHCOPLI y>Xe MOoayyalT pacrnpocTpaHeHue Ans
VHOMBUAYANLHOTO MPUMEHEHUS B AOMALLHUX anTevkax (dallie
BCEro A1 onpefeneHUs ypoBHSA caxapa B KpoBu). Ha ouepeau
pa3paboTka KOHCTPYKLUWUIMA 6GMOCEHCOPOB, 3aMEeHSOLMX peLen-
TOPbl >XUBbIX OPraHM3MoB, YTO MO3BOMUT CO34aTbh «UCKYCCTBEH-
Hble OpraHbl» 000HSHUA U BKyca, a TakXXe MPUMEeHSATb Moao6-
Hble pa3paboTKu ANS BO3MOXXHO 605ee TOYHOW M MHGOopMaTUB-
HOW AMarHoCTUKU psifa 3aboneBaHUA.

7.5. buo4yunsol

Ycnexmn B o6nacTu pasBUTUA MONEKYNSPHOW 6uonoruv v
MUKPO3NEKTPOHUKN MNOATONKHYNU pa3paboTuynMKoB KOHCTPYK-
Uuii 6UOCEHCOPOB K HOBbIM pelleHUaAM. OKasanocb nepcnek-
TMBHbIM WCMNOMb30BaTb TaK Ha3blBaeMyl MNNaHapHYK TexXHO0-
rmio (potonutorpaduio, NonynpoBOAHNKOBYH TEXHUKY MOKPbI-
TMA U T.4.) AN M3FOTOBNEHUS GuMoudmna, 06beAUHSIOLWEro
CEHCOPHYIKO CUCTeMy, TpaHcAbkCcep, aHaloro-umndpoBon npeod-
pasoBaTe/lb 1 MUKPOMNPOLECCOP C LEeNblo U3MEPeHUs aHannTu-
YeCKOro CUrHana v pacyeTta pe3ynbTaToB aHanmsa.

Mpoobpa3om cCOBpPEMEHHbLIX 6MOUYMNOB MNOCAY>XUn Cay3epH-
6N0TT, M3roToBNEHHbIV B 1975 r. 3. Cay3epHom. OH MUCMONb30-
BaN MeyeHy HYK/IEWHOBYIO KUCNOTY ANIA OnpejeneHuUs cneuuv-
omnyeckor mocnegoBaTenbHocTn dparmeHToB AHK, 3admnkcupo-
BaHHbIX Ha TBepAoh noanoXkke. B Poccum ydeHble Hayanm ak-
TUBHO pa3pabaTbiBaTb 6MOYUNblI TONLKO B KOHUe 1980-x rr. B
MHCTUTYTe MonekynapHown 6uonormm PAH noa pykKoBoACTBOM
A.4. Munp3sabekoBa.

TexHOoNornss MMKpPOYMMNOB — 3TO NPUHLUMNUNAIBHO HOBbIW YPO-
BEHb NabopaTOpPHbIX WCCNeAOBaHUIN, KOTOPbI MO3BONSAET Mpo-
BOAUTbL OAHOBPEMEHHOe TecTMpoBaHWe Thicad obpasuoB. ThicA4YU
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Monekyn AHK vnu 6enkoB nomMewatoT Ha NNacTUHKU N9 co34a-
HUA cooTBeTcTBeHHO AHK-umnoB wman 6e1KOBbIX 4YUMNOB. 3TU
MUHUATIOPHble NPUGOPbLI NCNONL3YIOT ANA aHanm3a cneumgunye-
CKUX B3auMOAelrcTBU 6UONOTMYECKMX MaKpPOMOneKyn. 3oHAamum
B TAKMX 4Ynnax MOryT CNY>XUTb OIUTOHYKNeOTUAbl, oparmMeHTbl
reHomHo AHK, PHK, 6enkun, peuenTtopbl, nMraHabl 1 gp.

3a KOpoTKOe BpeMsA 6MouUnnbl BblAENNAUCE B CAMOCTOATENb-
HYl0 o06nacTb aHanmM3a C MPUIOXKEHUAMU — UCCNefoBaHNUSA
dyHAaMeHTaNbHbIX NPO6AeEM MONEKYASPHON 6uonormm mn mone-
KYNAPHOW 3BOMKOUUN A0 MPaKTUYeCcKOoro rnpuMeHeHUs B Meau-
uMHe, dpapmMakKonorum, 3Konornu, cyaebHo-MmeguuUUHCKOW 3KC-
neptuse un gp.

Buounn v npuHuun ero paboTbl. CyullecTByeT HECKO/bKO
pasHOBUAHOCTEM 6MOYMMOB — MaTpuydHblie (C UMMOBUAIN30BaH-
Hoii AHK), MukpodniougHble (KanunisipHblie) U 6UoYnnbl C KUC-
nonb3oBaHUEM MUKpocdep C LBETOBON KOAVNPOBKOWA.

Y coBpeMeHHbIX MUKPOYUMOB pa3Mepbl sueeK fexkaT B npe-
penax 50-200 MMKPOH; XxapaKTepHble 06beMbl, OTHOCcSALWMECS K
OTAEeNbHON fAvelkKe, COCTaBNAKT MPUMEPHO OT 1 HA A0 1 MKA;
3HauYeHUs KOHUeHTpauui aHanu3nmpyemblXx MakKpoOMOSeKyn Ha-
XoaaTca 06bl4HO B npegenax Ao 10 mkM. O6uiee 4ncno siveek
Ha umne cocTaBnsieT 103 105, a ero nNuMHeWHble pasmepbl CO-
CTaBNAKT NPUBIN3NTENBHO 1 CM.

MWMKpPO30HAbI, KOTOpble AOMKHbI B3auMOAehCcTBOBaTbL C 06-
pasuoM, HAHOCAT Ha NOANMOXKKY pa3MepoM He 60/blLue NOYTOBOW
Mapkn. KadKabli MUKPO30H4 MMeeT (hopMy KanenbKu, cocTaB-
nawouwer okono 100 MUKPOH B rnorepedHunke. Bce saveriku opf-
HOro MMKpPO30HAA OA4MHAKOBbI MO pasMepy M pacrofaratTcsa C
nnoTHocThio 10-30 «kanenek» Ha 1 MM2. Yunbl, Ha KOTOPbIX
npoxoauT epMeHTaTUBHaA peakuus, uMetloT 60nee penkoe
pacnofoXXeHne fAYyeek, 4YeM 4unbl, Ha KoTopbIX uget AHK-pe-
akuna. Takass TeXHONOrms no3BofseT Ha O4HOM 6uoumne pas-
MeCTUTb aHanusaTop PaKTUYeCKU BCero reHoma 4yenoBeka — OT
30 go 100 TbiC. reHoB. [Mpn 3TOM [ETEKTUPYETCA Halnyuve yda-
cTkoB AHK ANMHOM OT LUECTU A0 HECKONbKUX TbICAY HYKEO-
TUOOB — B 3aBUCUMOCTU OT MocTaBfeHHON 3anayn.

Yalie Bcero Ans W3roTOB/IEHUS YUMOB CAy>XaT MNacTUHKN
M3 cTeKna, nnacTtuka, NonynpoBogHMKA UM MeTanna, Ha KoTo-
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pble HaHOCAT 6uonornyeckne makpomonekynol (AHK, 6enku,
bepMeHTbI), CNOCOBHble M3bupaTenbHO CBA3bIBaTb BELLECTBA,
coZeprkalimecsa B aHalIM3npyemMoM pacTBope.

Bo Bcex MHoronapameTpuyeckmx 6uoumnax UCNoNb3ywT
Kakon-nmbo MexaHU3M XMMWUYECKOro B3aummopencTtBus. Mone-
Kynbl UCCNegyemoro obpasuya COeguHSAITCS CO CBOE «mapoii»
(MMKpPO30HAOM), MOMELLEHHOW B OAHY W3 HECKONbKUX TbICAY
siyeeK Ha uumne. Hanpumep, HUTKU OHK coegunHsATCA CO CBOEN
KOMM/EMEHTApPHO napoi, aHTUIeEH — CO CBOVMM aHTUTENOM,
cybcTpaT — co cBOMM (pepMeHTOM. Hanuuyme TOro Uam WMHOrO
BeLLeCcTBa MM reHa B obpasue onpeaenstoT rno JHIOMUHECLEHT-
HOMY CBeYEeHUIO Ha npopearvposBaBLUeM uyune. dayopecueHuUs
AB/IAETCA OCHOBHbIM, HO [JafleKO He eAWHCTBEHHbIM MeTOoAOM
n3yyeHuns rmébpuamsaummn. B 4acTHOCTWU, AaHHble 0 XapakKTepe
rmépmnansaumm MOXHO MONyUYUTb TakXe C MOMOLbIO Macc-
CMEeKTPOMETPUN, aTOMHOW CUNOBOW MMKPOCKONUU U Ap.

B 3aBMCMMOCTWM OT TOro, Kakme MakKpOoMOneKy/bl NCMONb3y-
I0TCH, BbIAENAIOT pas/iyHble BUAbl 6MOYMNOB, OPUEHTUPOBAH-
Hble Ha pasHble Lenn. B HacTosuwee BpeMsa npeobnagaet Npons-
BoacTtBo AHK-umnos (94 %), T. e. MaTpul, HecyLimnxX MONeKy-
nbl AHK. OcTaBlunecsa 6 % cocTaBnsAlOT 6e/KOBble YMMbI.

B ocHoBe npuHuuna paboTbl BCEX TUMOB GMOYUNOB C UMMO-
6unnszoBaHHOW AHK ne>XXmMT TOYHOe COOTBETCTBME MeXAy nps-
MO U KoMnnemeHTapHo AHK no npaBuiy YoTcoHa — Kpuka
(A/T nnn O/C). Tmepugnsyemana OAHK o06bl4HO 3apaHee Hapa-
f6aTblBaeTCA B AOCTATOYHbIX KOMYecTBax C MOMOLLbIO MNofnme-
pasHoin uenHoi peakyun (MLUP). Janee B xo4e peakumm Ha 4un-
ne npoucxoauT B3auMOAEWCTBME KOMMAEMEHTAPHbIX Lenen
AHK: ogHa M3 HUX C U3BECTHOW MNocnefoBaTeNlbHOCTbLIO HYK/e-
0oTUA0B 3addMKCcUpoBaHa Ha nnacTuHe, a gpyras ofHoueno4yey-
Haa OHK-muweHb, MedyeHHasa yopecueHTHOM MeTKOW, HaHo-
cutca Ha AHK-uun.

Mmmobunusyemas OHK HaHOCUTCA Ha MOBEPXHOCTb 4epes
uronb4yaTtble pacTpbl (MUHbI) MeXaHW4YecKoro po6ota MaM € no-
MOLLLbIO TEXHONOTMW TUMa CTPYMHOro npuHTepa. mbpuansye-
Mad OHK B pacTBope MeTUTCA C MOMOLWbI (hyopecLLeHTHOMN
U pagnakTUBHOW MeTKU. CBOMCTBa (hlyopecLeHTHOro Kpacu-
Tensi He AO0/MKHbI CUAbHO 3aBuceTb OT coctaBa AHK (A/T wnnn
O/C) n Temnepartypbl.
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Mpu B3ammopgeicTBUM 6mouvuna c mccnegyemblM ob6pasuom,
npegBapuTenbsHO 06paboTaHHbIM cBeTAWMMca (hpnyopecueHT-
HbIM) KpacuTenem, B COOTBETCTBYHOLLINX f4elikax npoucxoauT
XMMMUyeckKas peakuus, M Torga 3T sA4YelKU HaduMHaKT CBe-
TUTbCA — TEM CWUAbHEe, 4YeM WHTEHCMBHee Mpouecc. AHanus
npopearvpoBasLUNX YUMNOB NPOU3BOAUTCA aBTOMaTU4YeCKU C Mo-
MOLLbK aHanmaaTopa (4Mmn-geTekTopa), KOTOpbI npeacTaBns-
eT cOo60i LWMPOKONO/bHbIA MWKPOCKOM, COeAUHEHHbIA C BUAEO-
KamMepowr 1 KomnbioTepoM. 10 CyTU, MMEHHO B BbIABNEHUUN W
cornocTaBfieHUN Hambonee SPKO CBETALLMXCA AYeeK U 3aKarva-
eTca pabota npubopa — aHanmsatopa 6uounnoB. Tak onpege-
NATCA pasnydHble XapaKTepuCcTUKM obpasua, Hanpumep npwu-
CYyTCTBUE B OpraHuU3Me TexX WU MHbIX BO3byauTeneil MHAEKLUWNIA
VNN Hanvme B reHOMe KaKUX-Mb0 N3MeHeHHbIX FeHOoB.

B reneBbix 6uounnax JHK mmmobunuiyetcsa B cnoe nonm-
akpnnamMmmgHoro rens TOAWMHOM 10-20 MWKPOH, HAHECeHHOro
Ha cneumanbHO 06paboTaHHY MOBEPXHOCTb cTekna. VMMmobu-
nnm3auma ocyulLecTBNSeTCA 3a cyeT 06pa3oBaHUA KOBaNEHTHbIX
CBsi3ell C NMoMoOLbio hoTopeakuUm npu obaydyeHUU ynbTpadu-
0NeTOBbIM M3nydYeHVeM. B reneBbix 6uovmnax B3anMofencTBue
Mexxay monekynamm OHK npumepHO Takoe >Xe, Kak U B pac-
TBOpe. Kpome ToOro, 6Gnarogapss TPeXMEPHOW KoHdurypaumm
AYelikn, B Takux 6Gmodunax obuiee 4YNCNO UMMOBUAUIYEMbIX
mMonekyn AHK cywecTtBeHHO Bbille, 4YeM B MNOBEPXHOCTHbIX
MMKpo4YMnax, 4YTo NMPMBOAUT, COOTBETCTBEHHO, K 60nee CUIbHO-
My CUTHany nyopecueHUNN U3 AYEnKu.

OCo6eHHOCTbLIO POCCUMCKUX FeneBbliX 6MOYMNOB ABASETCA TO,
UTO Takue renn yaep>XmBarT 60/bllee KOAUYEeCTBO MNpobbl, HeXKe-
NN ABYXMEpPHble, U MOTOMY YYBCTBUTENbHOCTb OTEYECTBEHHbIX
6MounnoB Bbille, a cnefoBaTeNbHO, HMKe TpeboBaHUA K peru-
cTpupyloLwen annapatype. HemanoBa>kHO U To, YTO peakuunn B
06BbEMHOM refe NpoTeKaloT TaK e, KakK U B XUAKOCTAX, T. e.
KaK B >XVBOM OpraHmame. OTO MO3BONAEeT MONYyYUTb pesynbTar,
MaKCUMafibHO NPUGAUIXKEHHbBIN K peasbHOCTU.

Ha 3anage mnccnegoBatenn nownm no Apyromy nyTm m pas-
pabotann ana co3gaHua OHK-umnos npouecc doTonmTorpa-
1K1, aHanornyHbIM Npoueccy NPou3BOACTBA KPEeMHUEBBLIX MPO-
ueccopoB. Hanpumep, AllTebnx (CLWA) cosgan OeneCblp-
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7.5. buouunsl

TEXHONOITNI0, OCHOBAHHYIO Ha BbICOKOMJ/OTHbIX 4unax, coAep-
Xawmnx AHK-nocnepoBaTenbHOCTW.

AHK-Mmunkpouunbel MPUMEHAKT C LLe/IbIO NMPaKTU4YecKoro mc-
nofb30oBaHUA UHOpMaLMM, MNONy4YeHHON B pe3ynbTaTe CeKBe-
HUPOBaHUA FeHOMOB 4YenoBeKa U APYIUX XXUBbIX OPraHM3MoB, a
VMEHHO Ans:

— wugeHTUdUKaLUMmM MyTauuii B reHax, CBsi3aHHbIX C pas-
NNYHbIMU 3a60MeBaHNSAMU;

— HabnAeHU 3a aKTUBHOCTbLIO FEHOB;

— [OMarHoCTUKM MHAEKLMOHHbIX 3aboneBaHuii U onpegene-
HUS Hanbonee shPEKTUBHOINO MeToda Tepanuu;

— uvaeHTUMUKaLMN TeHOB, BaXXHbIX A4 MNPOAYKTUBHOCTU
CeNbCKOX03AAMCTBEHHbIX KYNbTYyp;

— CKPUHMHIa MMKpPOOPraHm3MoB, KaK MaToreHHbIX, TakK u
nonesHbIX, HaNnpuMep MCMNOAb3yeMbIX A75 BOCCTAHOBMEHUA 3a-
pa>keHHbIX OpraHUYecKMMM OTXoA4amMu MOYB.

UT06bI MCNonb3oBaTb M3BECTHble MoOcnefoBaTe/lbHOCTU re-
HOB U FEHOMHbIX KapT, HE06XoAMMO onpeaennTb PYHKLUN BXO-
OAWNX B NX cCOCTaB reHoB. be3 6enkoeBbix MuMKpouunos 3Ta pa-
60Ta o4YeHb TPyAoOeMKa.

BenkosBble 6uounnel, HeECyLiMe MONEKy/bl, «4yBCTBUTE/b-
Hble» K pas3fiIM4HbIM HU3KOMONEKYNAPHbIM COeAUHEHUSM, Y>XKe
B CKOpOM 6yaylieM MNO3BOAAT OnpefensTb Haanudme LLUMPOKOro
CrekTpa /fleKapCTBEHHbIX BeLLeCTB, FOPMOHOB, HAPKOTUKOB,
A00B, NeCcTUUUAO0B MpakTuyecky B N060OM aHanM3nMpyemom ma-
Tepnane (KpoBb, BoAa, nNuuwa uaM ob6pasel, MouYBbl), a TakXe
MHO>XECTBO pas/IMYHbIX aniepreHoB, OHKOreHoB, 6MONOrMYecKn
aKTUBHbIX BeLLeCTB N faXKe reHeTU4ecKmnx fgedeKToB. TexXHONOo-
rma 6enKoBblX OGMOYUMOB 3aMEHUT Lefible MMMYHO/N0rnyeckme
naéopatopun U JacT BO3MOXXHOCTb YBE/IMYNTb MPOU3BOAUTESb-
HOCTb 6OMbLUMHCTBA AMArHOCTUYECKNX MEeTOA0B B ThbiCAYM pas,
pe3Ko CHU3UB ceb6ecTOMMOCTb aHann30B.

BenkoBble MMKpPOUYUNbI NpeanonaraeTcsd UCNonb3oBaTb ANA:

— obHapy>XeHUs 6eNKOBbIX 6MOMAapPKEPOB, XapaKTepHbIX
ONA pas3nnyHbIX 3aboneBaHUi N fgaXke pasHbIX UX cTagui;

— OLEeHKU NOTeHUManbHOW 3P(EeKTUBHOCTU U TOKCUYHOCTHU
npenapaToB B AOK/IVHNYECKUX UCMbITAHUSAX;

N3MepeHnNs pasInymnin B CUHTe3e 6eKOB OTAeNlbHbIMU TU-
naMmn KAeTokK; KneTKamMu, HaxoAsawuMmncsa Ha pasHbiX cTagusax
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naBa 7. QH3MMaTUYeCKasa UHXXeHepusa

pasBuTUA; 300POBbIMUA M NATONOTMYECKN U3MEHEHHbIMWU KeT-
Kamu;

— N3y4YeHUs1 B3aMMOCBA3N MeXXAY CTPYKTYpPOh U YyHKLUSA-
MW 6eNKoB;

— OUEHKU 3Kcnpeccmn 6enKoB C LEeNbio BbISABAEHUA MuULLe-
Hel AN HOBbIX IeKApPCTBEHHbIX MPenaparos;

— U3YYEeHUSA B3auUMOAENCTBUIA Mexxay benkamu n gpyrumu
MoOneKynamu.

dyHAaMeHTaNbHbIM MPUHLWM, MONOXXEHHbIA B OCHOBY TeX-
HOMOrMN MUKPOYUMOB, BAOXHOBWUA uUcCCnefoBaTene Ha cosga-
HMe 60MbLIOr0 YMcna YyCTPOWCTB AN PELUEeHUS LUMPOKOro CreKT-
pa Hay4HbIX 3aja4 U CO34aHUSA HOBbIX MNPOAYKTOB. 3TO TKaHeBble
N KNeToYHble MUKPOUYUMbI, MUKPOUYUMbLI Ha OCHOBE MaiblX MO-
nekyn.

MpymeHeHe 6umounnoB. Buyouunbl MNPUMEHAIOT Kak And
nccnefoBaTeNnbCKMX Lener, Tak U B NMPaKTUYeCcKoN MefuLVHe.
OHM nomorakT B MOUCKE W YCTaHOBAeHUN (YHKUUA pasnmy-
HbIX FEHOB. 3a KOPOTKWUI MPOMEXXYTOK BPEMEHW CTaHOBUTCA
BO3MOXXHbIM MpoaHann3npoBaTb reHeTUYeckue mMyTaumm U Bbl-
ABUTb MNPenpacnonioXXeHHOCTb YenoBeKa, Hanpumep, K OHKoO3a-
6oneBaHMAM (OHa BbifiBAsieTcsa y 60 % 60nbHbIX pakom). B Ha-
cToslLee BpeMs B rpoLlecce cepTumkaymm HaxoauTcsa 6uoumn
ANS ANarHOCTUKU NeiKemMuu.

MoCKONbKY CYLWECTBYIOT He TO/IbKO FeHHble, HO N 6enKoBble
OHKOMapKepbl (MONeKynbl, CUTHaAM3upytowme o pake), 6biam
pa3paboTaHbl 1M COOTBETCTBYIOLLME O6UOUMUNBI. TO >Xe camoe Ka-
caeTca 6MO30HAOB, ONpefensalLULMX COBMECTUMOCTb Mpu rnepe-
NMBAHNWN KPOBU, aHaANU3NPYOLWKWUX opraHn3m nauyueHToB Ha re-
natut u Cnna.

Mcnonb3ya 6uoymnbl, MOXXHO AMArHOCTUPOBAaTb He TOJIbKO
HacneCcTBeHHble 3aboneBaHUsA, HO M 60M1e3HU, ABNAKOLWMECA pe-
3yNbTaTOM MPUXKU3HEHHbLIX MyTauuili B reHeTUYECKOM Kofe.

MuKpoUYUunbl NOMOrarT n3yvyaTb MONEKYIAPHbIE MeXaHU3MbI
U OCYLLECTBAATbL MPOBEPKY [AENCTBUSA PpasNnU4YHbIX NeKapcTs,
npuyem rnokasaHms M NPOTUBOMNOKa3aHUA MO NMPUMEHEHUIO Mpe-
napaTtoB MOXXHO BbISABASATb HAa UHANBUAYaA/IbHOM YPOBHE.

CyLLEeCTBEHHYIO MOMOLLLb MPU3BaHbl OKa3aTb 6UoYUnbl U NpU
nepecagke opraHoB. OcHoBHas npob6nhemMa npu nogo6bHoro poga
onepaumsax 3akn4vaeTcd B OTTOPXKEHUN UMMNNAHTUPOBAaHHbIX
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7.5. bnouunnsl

TKaHeli MMMYHHOW CUCTEMOI 4yenoBeka. Mapkepamu, KOTopble
HaxoOATCA B KadKAOW 4enoBeyecKor KneTKe W cny>XaT Ans UAEeH-
TUhMkKaymm cBoUX KNETOK, SABASAOTCHA 6eflKW TNaBHOro KOMIM-
nekca rmcTtocoBMeCTUMOCTU. [ANs TOro 4tobbl n3bexxaTb OTTOpPXKe-
HUSA, HEOBXOAMMO, YTOObI 6eNKN-MapKepbl HA MMMIAHTUPOBAaHHOM
TKaHW KaK MOXHO MeHblUe OTIM4yanncb OT 6GenKOB-MapKepoB
nauymeHta. bBrnoumnel obneryat nopdop Havbonee MoAXoAsALLNX
[OHOPOB, Mepecajka OpraHoB OT KOTOPbIX BbI30BET MUHUMAa/b-
HblIA UMMYHHbI OTBET.

PaspabaTbiBaloTca Tak>ke 6mounnbl AN AnarHOCTUPOBaHUSA
pasnnuHbiX ¢opm Tybepkynesa. B HacToslee BpemMs MosiBU-
NOCb MHOXXECTBO pa3HOBUAHOCTel TybepKyne3Hol nanovku, yc-
TONUMBbLIX K BO34eACTBUIO aHTUOMOTUKOB. Buoumn nos3sBoAuT
BbISIBUTb BCE M3BECTHbIE HA CEroAHSAWHUN AeHb PopMbl BO30OY-
onTena Tybepkynesa, a TakXXe onpeaennTb, KaKUM MMEHHO aH-
TUBNOTUKOM HY>XXHO N1e4NTb KOHKPETHYI ¢hopmy 3aboneBaHuA.
Mpuyem BepOATHOCTb BbISABAEHUA 6uovmnomMm copmbl 3aboneBa-
HUS Tyb6epKyne3om C YyCTOMUYMBBLIMW K fleKapcTBam B0O30yauTe-
namm 6nmska K 100 %. OMarHOCTMKY MOXHO OyAeT MNpoBECTU
B TeUeHMe AHSA, Torga Kak gpyrue TpaAuLMOHHble MeToAbl Tpe-
OYIOT HECKONIbKUX HeAeNb NN [aXKe MECsILEB.

Buouunbl MOXXHO NPUMEHATb A5 KOHTPOASA 3a HEKOTOPbIMU
CMepTenbHO onacHbIMW 6aKTepusaMU (Tak, ecTb 6Moumnnbl, NO3BO-
nawWmMe onpeaensaTe Bo3byauTeneil CM6UPCKONM SA3Bbl, OCMbl, Yy-
Mbl 1 6pyLennesa), a Takxke AN ANArHOCTUKW rpunna v onpege-
NeHus ero wTamMMmoB. Poccuiickue yudeHble MOAY4YUAU TpPaHT
AMEpPMKaHCKOro ueHTpa no KoHTpont 3a6oneBaHuini (CBC) ans
COBMECTHOI paboTbl MO BbIABAEHUIO LUTAMMOB BUPYCOB rpunna.

Brouunbl MmoryT paboTaTb U ANCTaHLUMOHHO. Poccuiickne yue-
Hble MpeoCTaBUAM CBOU TEXHONOrMU 1M 060pyaoBaHME B YHUBEpP-
cuteT [kopa>ka BawmHrtoHa B Cnatne, a Tak)Ke B aMepuKaH-
CKyk opraHmzayuto Oranini CILUIN, kKoTopasa paboTaeT ¢ blASA.
MocnegHWI MPOEKT KacaeTCs BO3MOXXHOCTU OOHapPY>XEHUS >KU3-
HW BHe 3eM/u, YTO CBA3aHO C HEOOXOAVMMOCTbIO MHOronapamMmeTpu-
YEeCKOro aHanmMsa C MOMOLLbI0 aBTOHOMHOW CUCTEeMbl C MUCMOJb-
30BaHMeM 6Mo4ymMnos.

MpuBeAeHHbIe MPUMepbl CBUAETENLCTBYHOT B MOAb3y TOrO,
4TO B 6nM>Kaliliee BPeEMS TeEXHONOrmMa 6moumnos byaeT cTpeMu-
TeNbHO pasBMBaTbCs, a MX MaccoBOe MPOU3BOACTBO MpPUBEAET K
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naBa 7. QH3UMaTNYeCcKaa NHXXeHepus

pe3KOMY YMEHbLUEHUIO CTOMMOCTW 3Toi npoaykumun. Celivac
yMcno pasmellaeMblX Ha 6MouMne siYeeK [AOCTUTraeT YXKe He-
CKOMbKUX TbICAY, UTO COOTBETCTBYeT ThiCAYaM MPOGUPOK C
NPoBOAVMbIMU B HUX aHanu3amu. Takume 6moumnbl NpeacTaB-
NAT cob6oli Uenble 3Kcrnpecc-nabopaTtopun, KOTOpble MO3BOAS-
IOT C3KOHOMUTbL MacCy BPEMEHM KakK Bpadam, TakK U nauuneH-
TaM. Pa3BuUTME TEXHONOTMU UCMNO/Nb30BaHUS GMOYNMOB HE TO/b-
KO MNpuBeAET K pPe3KOMY COKpalleHUI0 CPOKOB MpoBefeHUs
aHanM3oB, HO M AacT BO3MOXXHOCTb OCYLLECTB/SATb ANArHOCTUKY
Ha VUHANBWAYaANbHOM YPOBHE.

KOHTPO/IbHbIE BOTIPOCHI

1. Kakuve coefMHEHUS ABNAIOTCA OCHOBOM 3H3MMAaTUUYECKON NHXKeHe-
pun?

2. Pacckaxute o dpepmeHTax. MepeuncnnuTe o6nactn nx npUMeHeHUs.

3. MNpuBegnTe NpPMUMepbl UCMONL30BaAHUA (DEPMEHTOB /19 NeYeHUsa u
AMNarHocTukKn 3aboneBaHui.

4. B yem 3aknoyalTCA HefoCTaTKM NpenapaToB YNCTbIX PEPMEHTOB?

5. UTo Takoe nMmobumnnsoBaHHble PepmMeHTbI?

6. Kak nonyyatoT uMmobunnsoBaHHble hepMeHTbI?

7. B 4eM cOCTOAT npeunmyllectsa UMMOOUNMN30BAHHbLIX (hepMeHTOB,

Mo cpaBHEHUIO CO CBOOGOAHLIMU (hepMeHTaTUBHLIMU MpenapataMmun?

8. KTo BrnepBble OTKPbIN CMNOCO6 COXPaHEHUS aKTUBHOCTU BblfeNeH-
HOro U3 KNeTKun chepmeHTa?

9. Kakumun cBOACTBaMu [0MKHbI 06nagaTb HOCUTENW, MUCNONb3ye-
Mble AnA MMmobunnsaynm epmeHToB?

10. B yeM cywWHOCTb PU3NYECKNX METOA0B MMMObMAn3aummn?

11. OaiiTe KpaTKyl XapaKTepUCTUKY XUMWUYECKUX MeToA0B MMMO6M-
nmsayuu.

12. Kaknmmn coefuHeEHNAMN npeacTas/ieHbl MPUPOAHbIE MOMIMMEPHbIE
HocuTenn?

13. PaccKa>kuTe 0 CUHTETUYECKUX MOJIMMEPHbIX HOCUTENAX.

14. Kakme meToabl MPUMEHSAKOTCA ANS MMMO6UAM3aunn (epmMeHToB?

15. Kak ncnonb3ytoTcsa epMeHTbl A8 OYUCTKWU 3arpAa3HeHuii BHeLU-
Heli cpepnbl?

16. B Kakux oTpacnsx HapoAHOro xo3siicTBa NPUMEHATCA MMMO6U-
Nn3oBaHHble PEPMEHTBI?

17. Pacckakute 06 MMMO6UNN30BAHHbBIX MNOMNPEPMEHTHBLIX CUCTEMaXx.

18. Korga 6bina cos3gaHa nepsas UCKYycCTBeHHass budepMeHTHasa cuc-
TemMa U Kakme KOMMOHEHTbl OHa BK/o4Yana?
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19.

20.
21.

22.
23.

24.

25.

26.
27.

KOHTpONbHbLIE BOMNPOCHI

B Kakmx cny4dasx >kenaTefbHO WCNONb30BaHVWe MMMOOWAN30BaH-
HbIX MONINDEPMEHTHbBIX CUCTEM?

YTo Takoe 6uoceHcopbI?

Kakue coegunHeHuna aBnaTcsa buomartepuanom Ans MNONyYeHUs
6mnoceHcopoB?

Paccka>kmute 0 NpuUHUMNax KOHCTPYMpoBaHUA GUOCEHCOPOB.
Kakune Tunbl 6MoceHCOpPoB Haubosee LUMPOKO NPUMEHSAIOTCA B Ha-
poAHOM X03AicTBE?

Kakne Buabl MWUKPOOPraHM3MOB MWCMOMAL3YKOTCA ANA co34aHusA
6uoceHcopoB?

UYTo Takoe 6moymn v AN 4Yero oH npegHasHadeH?

MepeuncnnTe N oxapakTepmsyliTe pa3HOBUAHOCTU 6MOYMNOB.

B kKakmx cnydasax npumeHawT AHK-Mmukpounnsl?



rhasa 8

OQKOJIOTMYECKAA BUNOTEXHOJIOINA

oKonornyeckas 6GUMOTEXHONOrNMSA OCHOBaHa Ha MCMNO/b30Ba-
HUWN >XXUBbIX OPraHMU3MoOB MNpu MNepepaboTKe ONacHbIX OTXO0AO0B
N 6opbbe C 3arpsa3HeHVEM OKpy>KalLlle cpefbl. 3TU MeToAbl
obecneunBaloT 60nee apheKTUBHOE, MO CPaBHEHWUIO C Tpaguuu-
OHHbIMW MoAxodamun, o06e3BpeXkMBaHME, a TakKXXe 3HAYUTENbHO
CHMXKAIOT Halwy 3aBUCUMOCTb OT yTUIM3auuu Mycopa nyTem
CXXUTaHNS N CO3[aHUS XPaHUINLL, TOKCUYHbIX OTXO40B.

Vicnonb3oBaHMe GUMOTEXHONOTUU ANS peLleHus 3Konormye-
CKUX Mpobnem He HoBas naes. Y>ke 6onee cTa neT CMelLlaHHble
6aKTepuanbHble MNONYAAULUU MPUMEHSIOT AN OYUCTKU CTOY-
HbIX BoA. AN nopfep>XaHUs >XU3HU BCE >XMBble OpraHv3mbl
(>KMBOTHbIE, pacTeHus, baKTepuu U Ap.) NornowarT U nepeBa-
puBalOT nMuTaTe/bHble BELWECTBA U BbIAENAOT B OKPY>KaloLyto
cpeny o6pasyloLimecs Npu 3TOM MPOAYKTbl XXU3HeAEeATENbHOCTHU.

8.1. buoTtexHosnorna ytunnsayumn TBepabliX OTXOA40B

TBepable 0TX0A4bl, ABASAKOWMECH MPOLAYKTAMU XXU3He[eATeNb-
HOCTW 4YenoBeKa, CKNagupylT Ha ropoackmx cBankax. Mx umc-
N0 B HacTosllee BPeEMS OrPOMHO. YBelUYMBAKOTCHA He TONbKO
nnouiagu cBajiok, HO U HeynpaBasieMoe MnonajaHue OTX0A0B B
OKpYy>KaloLylo cpefy, B 4aCTHOCTM 3a CYeT paccbinaHusa npuv
TpaHCNoOpTUPOBKE.

HecmoTpsa Ha Bce BoO3pacTalOWMili MHTEPeC K MOBTOPHOMY
MCMNOMb30BAaHUIO Cbipbsl, OYEBUAHO, UYTO MpocTas JAUKBUJaLus
O0TXO0Zl0B Ha cBa/Kax CyL,eCTBEHHO felueBfie No6oro crnocoba nx
nepepaboTkn. Korga ><e cTano fICHO, YTO NpW aHaspobHOM ne-
pepaboTKe OTXO04OB 06pasyeTcs B 60/1bLINX KOAMYecTBaxX LEeH-
HblA 3HEepreTUYeCKUn HOCUTENb — 6Uoras, OCHOBHblE YyCUIUA
CTanM HanpaBfsiTbCs Ha COOTBETCTBYIOLLYIO OpraHusauuio cBa-
NOK U Nony4vYeHUe Ha MecTe X NepepaboTKm mMeTaHa (puc. 8.1).
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8.1. buoTtexHonorna ytuansayum Teepabix oTXo40B

CTOYHble BoAbl  PewueTkun Mecko- >XKupo- OTCTONHUK
floBKa NOBYLUKa ~

1 /1]

Ipy6ble
3arpssHeHust
OTCTOMHUK
-1
OuuuleHHas
nn

Ocagok (Mn)

Puc. 8.1. CxemMa rugpomMexaHU4YecKo OUUCTKM BOAbI

CocTaB 0TX0/0B, BbIBO3UMbIX Ha FOpPOACKME CBafiKU, CTaHO-
BUTCS Bce 60nee OAHOTUMHbLIM: YBeM4nBaeTca 06bem bymaru um
nnacTtMacc Ha (poHe CHUM>XKEeHUS [0 OpPraHUYecKMX U pacTu-
TeNbHbIX O0TX0A0B. ViccnefgoBaHMS XMMUYECKOro cocTaBa COAep-
>KMMOro cBanoK nokKasanu, 4To dpakuyus, noggarouiasica 6mo-
Aerpagauumn, coctaBnsieT 4o 70 % oT 06LEero Konnyectea TBep-
ObIX OTXO0B.

Ha cBafke MNOCTOSIHHO MPOUCXOAUT HacnanBaHMWe HOBOIO
MaTtepuana yepe3 pasfMyHble BpPeMeHHble MPOMEXYTKU. B pe-
3ynbTaTe MeHSOTCA TemnepaTypa, 3HadeHuUs pH, NOTOKU Xunpg-
KOCTW, (hepMeHTaTUBHas aKTUBHOCTb MUKPOOPraHW3MoB U T. M.,
UTO HeraTUBHO CKasblBaeTCs Ha NMepepaboTKe OTXOA0B.

B obuwein macce maTepuana cBajloK MPUCYTCTBYeET CnoXHas
accoumayma MUKPOOPraHM3MOB, KOTOpblE pa3BMBalOTCA Ha Mo-
BEPXHOCTU TBEPAbLIX YacTuL, U cny>aT AN HUX WUCTOYHUKOM
GMOreHHbIX 37eMeHTOB. BHyTpu accounaumu cknagbiBaroTcs
pa3Hoobpa3Hble B3aMMOCBSI3U M B3ammoaeicTBusi. CocTosiHUE ©
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naBa 8. 3konornyeckas 6MoTexHonorns

6nokKaTanMTMYecKMin noTteHUMan MUKPOOGHOro coobuiecTBa 3a-
BUCAT OT CMNeKTpa XMMMWYECKMX BeLlecTB MaTepuana CBasoK,
CTeneHM Q[OCTYNMHOCTU 3TUX BELLeCTB, Halnyma rpagueHToB
KOHLEeHTpauui pasnmyHbiX cy6bCcTpaToB, B OCOGEHHOCTWU rpagu-
€HTOB KOHLEHTpaLuni AOHOPOB M aKUenToOpoB 3NEKTPOHOB U BO-
popoga. Ha TUnun4uHOIN eBpoONenicKow cBanke, rae OTxXoAbl pas-
MelleHbl MO OTCeKam, cucTemMa UX nepepaboTKn sABnseTcs, Mo
CyLLecTBY, COBOKYMHOCTbIO peakTopoB MNepuoanyveckoro AencT-
BMS, B KOTOPbIX cybCcTpaTt (0TX0Abl) HAXOAUTCA Ha pasHbIX cTa-
anax éuvogerpagaynn.

Ha HavanbHOl cTaguu 6uogerpagaumn TBepAbiX OTX0A0B
OOMUHUPYIOT aspobHble MpoLecchbl, B X04e KOTOpPbIX MNon4 BO3-
OecTBMEM MUKpPOOpraHusmoB (rpubos, 6aKTepuii, akKTUHOMMU-
LeToB), a Tak>ke 06ecrno3BOHOYHbLIX (Kneuwier, HemaTod W Ap.)
okncnawTca Haubonee pgerpagvpyemble KOMMOHEHTbI. 3aTem
OecTpyKuuu noasepraroTcsa TPYAHO U MeL/IeHHO OKUCNseMble
cybcTpaTtbl: NMMTHUHBI, TNTHOLEN0N03bl, MeNaHUHbI, TaHWHbI.

CyLlecTBYIOT pasnyHbie MeToAbl OLEHKU cTeneHW 6uoper-
pagaunn TBepAbiX 0TX0AoB. Hawmbonee uHOpMaTUBHLIM MNPU-
HATO CuYMTaTb METOA, OCHOBAHHbIA Ha Pas3NMUMAX B CKOPOCTAX
pasnoXXeHua Lenntnosbl N nMrHnHa. B HenepepaboTaHHbIX OT-
Xo4ax OTHOLUeHMe coAep>XaHUs Lenntonosbl K TMTHUHY cocTaB-
naeT okono 4,0; B aKTUBHO NepepabaTtbiBaeMbix — 0,9-1,2 n B
MOJIHOCTbIO CTAbUNN3NPOBaHHbIX — 0,2.

B TeueHne as3pobHOM cTagmm TemnepaTtypa cpefbl MOXKeT Mo-
BbilaTbcs Ao 80 °C, 4TO Bbi3biBaeT MHAKTUBaUUIO U rnbenb na-
TOreHHOW MWMKpOMNopbl, BUPYCOB, IUYMHOK HacekKombixX. [lo-
BbllLeHWe TemnepaTypbl YBelMYMBAET CKOPOCTb MpPOTeKaHus
NpoLeccoB AeCTPYKLNN OpraHUYeckKuX BELLECTB, HO MNpuU 3TOM
CHWXKaeTcHa pacTBOPUMOCTb KuUcnopoga, 4YTo ABAseTca TUMUTU-
pylowum dakTopom. lVcuepnaHue MONEKYNAPHOro Kucnopoga
T 3/iu NPUBOAUT K CHUXKEHUIO TeMnnoBblAENEeHUA U HaKonne-
HUIO YTIEKUCAOTbI. DTO, B CBOKO Oo4vepeib, CTUMYNIUPYeET pasBu-
TMe B MWKPOOHOW accoumaumm cHavana akynbTaTUBHbIX, a
3ateM 06MraTHbIX aHaspoboB.

B aHaspobHOli MUHepanusauuu, B OTAMYME OT a3’pobHOro
rnpouecca, yyacTBYHOT pasHoob6pa3Hble MUKPOOPraHU3Mbl, B3au-
MogencTBytowme mexgy coboir. MNMpu 3aToM BMAbl, CMNOCOGHbIE
ncnonb3oBaTb 60fee OKUCNEHHbIE aKLEenTopbl 3MeKTPOHOB, rMO-
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8.1. BMOTEXHONOTUA YTUAN3ALUN TBEPALIX OTX040B

nyyalT TepMOAMHaMWUYECKME U KMHETUYECKME MPenMyLLECTBA.
MpoucxoanT npouecc rugponusa MnoaMMepoB Tumna noavcaxa-
pvaoB, nMnuaoB, 6enNKoB; 06pas3oBaHHbIE MPU 3TOM MOHOMEPbI
pacwennaioTca ¢ obpasoBaHMEM BOLOPOAA, AMOKCMAa yriepo-
ha, a TakKXKe CMUPTOB U oOpraHM4yeckux KUCAOT; 3artemM npu
yyacTum MeTaHOreHoB obpasyeTcs MeTaH (puc. 8.2).

B pe3synbTaTe MpoLECCOB, MPOUCXOAALLUX NMPU 6uoaerpajgaumnm
COAEP>XXMMOro cBafoK, opMupyeTcss ABa Tuna MNpPOAYyKTOB —
hunbTpyloLiMecss B NOYBY BOAbl U 6MOrasbl. ®unbLTpyloumnecs
BoAbl, MOMMMO MWKPOOPraHU3MOB, CcOAep>KaT pa3HoobpasHble
BelllecTBa, BKAOHAA aMMOHUNHbLIN a30T, NeTyumne XXUPHble KUC-
noTbl, anudaTnyeckme, apomaTuveckKme W auUKINYeCKue Cco-

Nnnuapbl JINTHUHBI Benku
BbicoKOMONeKynsipHole Apomartuyeckue AMWUHOKNCNOTbI
XXUPHbIe KNCNOTbI coefnHeHUs1

C OIVIHHOW Lenbio

KeToKkuncnoTobl

1

KucnoTel unkna Kpebca

MonoyHas
Kucnorta

|
MponuoHoBa*
KucnoTa

YKCcycHas Kucnorta

MypaBbuHr

MeTaH + yrneKucnblii ras
Puc. 8.2. Buoxmmuyeckoe paclienseHne oTAeNbHbIX COefUHEHUN
[0 MeTaHa M YrneKucsoro rasa rnpu aHaspobHoMm pacLienieHnm oTxon0B

(no N. XurruHcy mn gp., 1988)
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eqUHEHUSA, TepneHbl, MUHepanbHble MakKpo- U MUKPO3/IEMEHTHI,
MeTannbl. M03TOMy BaKHbIM yCNlOoBUEM MNPV Bbl6Ope U opraHu-
3auun MecT CBaloK SABMAETCHA 3awmTa NOBEepPXHOCTU 3eMAN U
rPYHTOBbLIX BOA OT 3arpssHeHuii. Onsa 6opbbbl ¢ dounbTpaymei
BO4 MPMMEHSAIOT MaloNpoHMLaemMble 3acbiNKU, CO34al0T Henpo-
HUUaemMble 060/104KM BOKPYr CBafKM WAN cheyunanbHble 3a-
rpakgeHus.

Mpwn 6rnogerpagaumm matepuana cBasok obpasyeTcs 6uoraz —
LEeHHbIA 3HEProHOCUTENb, KOTOPbIA TakK)Xe MOXeT Bbl3biBaTb
HeraTuBHble SIBNEHUA B OKpyXKawulei cpege (g4ypHoW 3anax,
3aKUCNeHMe TPYHTOBbLIX BOA, CHMXEHME YPOXKAMHOCTN CeNbCKO-
XO3ANCTBEHHbIX KynbTyp). OrpaHuunTb yTeukKy 6uorasa rnomo-
raloT cneumanbHble npucnocobneHns (nperpagbl; TpaHwen, Ha-
MOSIHEHHbIE TpaBMeM; CUCTEMbl 3KCTpaKLMM rasa), a Takxe Co-
34aHuWe Ha MaccuBOM CBanokK 060104eK, MPEnATCTBYOLWMX
3TOMY MpoLieccy.

B nocnegHune pecATuneTUs CyLEeCTBEHHO BO3POC UHTEpPEC K
M3BMEeYEeHNI0 MeTaHa B rnpoueccax nepepaboTky cBasok. B CLUA
ONna aTux ueneilt noctpoeHo 10 ycTaHOBOK, B cTpaHax EBpoco-
t03a — okono 40. Céop v nocneayrouiee rnpuMmeHeHne 6uorasa,
obpasyrolweroca Ha cBankax B 60/bLUIMX KOAMYecTBax, UMeeT
OrpoMHbIe MepcneKkTMBbl. TaK, ogHa ycTaHOBKa MOXeT AaTb 00
40 TbiCc. M3 6uorasa B f€Hb.

TeopeTunyeckuni BbIX0Z, MeTaHa  MOXeT  COCTaBAATb
0,266 M3/Kr cyxux TBepAblX 0TXo4o0B. OrpomMHOe BAUSIHUWE Ha
rnpolecc MeTaHoreHesa oKa3sblBalOT TemrepaTtypa v pH cpegbl,
BN@XXHOCTb, YpPOBeHb aspauuu, XMMWUYECKUI COCTaB OTXOA0B,
Hannune B HUX TOKCUYECKUX KOMMOHEHTOB UM Ap. a3, obpasye-
MblA Ha CBa/lKe, N3B/IEKAETCHA C MOMOLLbI BepPTUKaNbHbIX WU
ropn3oHTa/bHbIX MepPdOPUPOBaHHbIX TPy6 W3 MoNMaTUNEHA.
MNMpumeHeHVe BO34YyXOA4YBOK W HACOCOB MOBbILLAET CTeneHb ero
n3BneyeHna. a3 vcnonb3lywT An4a oborpeBa Tennuy, nonyde-
HUA Mapa, a rnocne AOMOMHUTENbHON OUMCTKU €ro MOXXHO Mepe-
KaumBaTtb Nno Tpybam K mectam noTpebneHus.

Taknm obpasom, npobnema aHas3pobHOW MepepaboTKU TBEP-
ObIX 0TX040B, MOMWUMO 3KONOMMYECKOro, HOCUT U 3KOHOMUYe-
CKUIA XapaKTep, TaK KakK MUCMoib30BaHMe 06pa3yemMoro Ha cBaf-
Kax 6uorasa cCHm>KaeT MaTepuasbHble 3aTpaTbl Ha 60pbby C 3a-
rPA3HEHNAMU, OMACHBIMW U AYPHOMAaXHYLWMUMMN OTX04aMN.

324



8.2. BNOTEXHONOINA OYUCTKU CTOUYHBLIX BOJ

8.2. BboTexHo/n0rma O4YNCTKUN CTOYHbIX BOL

Mcnonb3oBaHWe U rojsyyeHMe OFPOMHOr0 Kojin4yecTBa MNpo-
OYKTOB B pasM4YHbIX cdepax 4YenoBeyecKol AeATeNbHOCTU Co-
npoBoXKgaeTcss obpasoBaHMeM CTOYHbIX BOA, 3arpA3HeHHbIX
pa3Hoo6pa3HbIMN OpraHMYeCcKUMU N HeopraHUYecKMmMm coenmn-
HeHUAMU. MHoOrme U3 HUX TOKCUYHbI NS >XUBbIX OPraHU3mMoB.
C6poc HeoUYULEHHbIX CTOYHbIX BOA OTpULUAaTeNbHO CKa3blBaeTcs
Ha cofep>aHUM B BOAe PpacTBOpPeHHOro kKucnopoga, ee pH,
Npo3payHOCTV U UBETHOCTM M T. 4., YTO oTpuuaTenbHO BAUSAeT
Ha COCTOSIHME KOMMOHEHTOB BOAHOW 3KOCUCTEMbI, CHMKaeT
NPOAYKTUBHOCTb U CMOCOBHOCTb BOAOEMOB K CaMOOYULLLEHUIO.

CTO4YHbIe BOAbI MOryT ObITb KnaccuuuUpoBaHbl MO ncTou-
HUKY MNPOUCXOXKOEHUNSA:

— Mpou3BOACTBEHHbIE (MPOMbILUNEHHbIE) CTOYHbIE BOAbI,
obpasytolimecss B TEXHONOTMYECKUX MpoLeccax npu npoun3Boa-
CTBe WU [06blye Mone3HbIX UcKonaembiX. OTBOAATCA 4epes
cUCTeMy MNPOMbILLUAEHHON UAM obuwecnnaBHOW KaHanmsauuwu,

— ObITOBblE (X03AMCTBEHHO-peKaNbHble) CTOYHble BOAbI,
obpasytomecss B XUAbIX MOMELWEHUAX, a TakKXXe B ObITOBbIX
rnomMeLleHMaAX Ha npoussoacTBe. OTBOAATCA 4yepe3 CUCTEMY XO-
34CTBEHHO-ObITOBON UM 06LLeCnNaBHOW KaHannsauum;

— aTMocepHble CTO4YHble BoAbl (UX MogpasfendatT Ha
[OXKAeBble U Tanble, T. e. obpasylolimecs Npu TasHUU CHera,
nbpa, rpaga). OTBOAATCA, KaK NpaBuno, Yepe3 CUCTEMY NMBHe-
BOM KaHanmsauuwu.

Mpon3BOACTBEHHbIEe CTOYHble BOAbl, B OTAMYME OT ObITO-
BbIX W aTMoc(epHbIX, He WMeKT MOCTOSAHHOro coctaBa W, B
CBOIO o4epefb, MOryT 6bITb KnacCUULMpPOBaHbI:

1) N0 cocTaBy 3arpaAsHuTeneli — Ha 3arpsa3HeHHbIe:
NpenMyL,ecTBEHHO MWHepasbHbIMU MPUMECAMU; OPraHUYecKmn-
M/ MPUMECAMM; KaK MUHepPaNbHbIMWU, TakK U OpraHn4yecKumu
npuMecsmu;

2) MO0 KOHUEeHTpauunn 3arpsAaA3HAWNnMX BewecTB — C CO-
Jep>XaHueMm npumecei:

— 1-500 mr/n;

— 500-5000 mr/n;

— 5000-30 000 mr/n;

— 6onee 30 000 mr/n;
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3) No ceoiicTBaM 3arpA3HUTene:

Nno KUCNOTHOCTU Ha:

— HearpeccuBHble (pH 6,5-8);

— cnaboarpeccmBHble (cnabouienoyHble — pH 8-9 n cnabo-
Kucnole — pH 6-6,5);

— CuUbHOarpeccuBHble (CUMbHOLWLENOYHbIE — pH > 9 u
cunbHoOKuUcble — pH < 6);

Mo TOKCUYECKOMY BO3AEWNCTBUID U BO34EeNCTBUK 3a-
rpsAsHMTeNe Ha BOAHble 06bEKTbl — Ha cofep>kaliue Be-
wecTsa:

— BAUSAKOLWME Ha obuiecaHUTapHOe COCTOsIHME Bogoema (Ha-
npumep, Ha CKOPOCTb MPOLLECCOB CaMOOUYULLLEHUSA);

— W3MeHSAoLUIMe opraHonenTuyeckue cBoncTBa (BKyC, 3a-
nax v ap.);

— TOKCUYHble [N1A 4YenoBeKa W obuTalowmx B Bogoemax
XXMBOTHbIX U pacTeHu.

CneumnanbHble «MpaBuna oxpaHbl MOBEPXHOCTHbIX BOA4 OT
3arpsi3HeHU CTOYHbIMM BOAAaMU» HOPMUPYIOT MokKasaTenu 3a-
rpA3HeHNA B BOJOEME MOCNe CMelLUMBaHUA CTOYHbIX BO4 C ecTe-
CTBEHHbIMWU. BadKHenLWnmMm aBnsTCA cnedylowme nokasaTenu:

— KONM4YecTBO pacTBOPEHHOro B BOAe Kuciopoga nocne
CMellnBaHNA — He MeHee 4 Mr/n;

— cogep>kaHue B3BelleHHbIX 4acTul, rnocsfie crycka CTOKOB
He MO>XeT Bo3pacTu 6onee yem Ha 0,25-0,75 mr/n (gns Bopgoe-
MOB pa3Hoi KaTeropum);

— cogep>kaHMe MUHepasbHOro ocagka — He 6onee 1000 mr/n;

— opraHonenTM4Yeckue CBOWCTBa — BoOAA He [0/MHKHA UMETb
3anaxoB U NPUBKYCOB;

— pH — B npegenax 6,5-8,5.

Kpome TOro, Ha MNOBEPXHOCTU He [O0/MHKHO OblTb MAEHOK,
nnasaroLWmx MATEH, a cogepXkaHue AA0BUTbIX BelwlecTB He [0/1-
>KHO MpeBbIlaTh YCTaHOBAEHHbIX NpeAeibHO AOMYCTUMbIX KOH-
ueHTpauun (MAK). 3anpewaetcsa cbpacbiBaTb B BOAOEMbI pa-
OMN0aKTUBHbIE BellecTBa.

M3BecTHO, 4TO nNonasLlMe B BOAOEMbl OpraHuMYyeckme Belle-
cTBa okucnawTes go CO02m H2D B npegenax crnocobHoCcTU BO-
[OEMOB K CaMOOYMULLLEEHUIO, a KO/NIMWYecTBO Kucnopoga, pacxo-
hyemoe B 3TUX npoueccax, T. e. BMK (6unoxnmmyeckoe notpeb-
NeHve Kucnopopga), onpeaenseTca KOHUeHTpauuein n CneKTpom
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npucyTCcTBYOLWMX B Boae npumecein. NokasaTtens BIMNK aBnset-
CA BaXKHbIM KpUTepmemM Mpu OLeHKe COCTOSAHUSA CTOYHbIX BOA.
PasnunuaoT BIMK5 (natngHeBHblli), BIMK2 (gBaguatngHes-
HblI1) 1 BMNKMH (MonHbln). BMNKMHo603Ha4YaeT BpemMs, B Teuye-
HUe KOTOpOro BCe BeLlecTBa CTOKOB OKUCASAKTCA B Bogoeme
MOMIHOCTbLIO A0 KOHEYHbIX MPOAYKTOB.

KoMmnnekc MeponpuaTUiA No yaaneHWK 3arps3HeHui, co-
Aep>Xalmxca B 6bITOBbIX M MPOMbILLIEHHbBIX CTOYHbIX BOAax,
Ha3blBaeTCA OUYMCTKOWM CTOYHbLIX BOA. ITO cucTeMa METOAOB,
BbI3bIBAOLWMX paspylleHne WUAN ypaneHme M3 HUX MNPUCYTCT-
BYIOLWWNX BewecTB, a TakXXe naToreHHbIX MWKPOOPraHW3mMoB.
OumncTKa CTOYHbIX BOA BK/OYaeT TPWU aTana: MexaHUYecKui,
6nonornyecknuii U U3NKo-xmmuyecknii. MHorga npomsBoaAaT
LE3VHM(EKLMIO CTOYHbIX BOA.

Ha mexaHuueckom 3Tane OCYUWECTBAAKT npeaBapuTeNb-
HYI0 OUYUCTKY CTOYHbIX BoA. OH Heob6xoAuMM ANA MOATOTOBKU
rnocTynarmwmnx Ha OYUCTHbIE COOPYXXEHUA CTOYHbIX BOA K Aalb-
HeMWMM aTanam OUYUCTKMN.

0na BbinaBiMBaHUA KPYMHbIX 3arpsA3HeHUr NPUMEHSIOT pe-
LeTKU N cuTa. 3aTeM CTOKWU MPOXOAAT 4yepe3 MNecKONOBKU, rae
ocadkjarTcs MeflKue yacTtuubl (Necok, MOMoTbI Kode n T. n.)
M >XUPONOBYLLKN, B KOTOPbIX NPOUCXOAUT yaaneHue C rnoBepx-
HOCTU BOAbl rMAPOo6HLIX BewlecTB. [1eCOK U3 MeCKONOBOK
06bIYHO CKNagMpylT UAM MNPUMEHSAIOT B AOPOXKHbIX paboTax.
OuuuleHHble TaKMM 06pa3oM CTOYHbIe BOAbl MEepPexoadaT Ha nep-
BMYHble OTCTOMHWKW ANS BblaeneHUs B3Beceil. B pesynbTaTte
yaansetcsa go 60-70 % MuHepanbHbIX 3arpsisHeHuii, a BMK5
cHmkaeTca Ha 30 %.

MexaHn4yeckuii atamn OYMCTKU BaKeH ANA CO34aHUSA paBHO-
MEpPHOro ABUXXEHUSA CTOYHbIX BOA M MO3BONSAeT mibexkarb Kose-
6aHMn o6bema CTOKOB Ha 6MONOrMYecKoOM 3aTare.

Buonornveckuii aTan (6Monornyeckasi oumcTKa) npegnona-
raet gerpajauunio opraHMYecKoW cocTaBsloLLeil CTOYHbIX BOZ,
MUKpOOpraHnsmMamm (6akKTepusaMm M NPOCTEALLNMU), KOTOpble
MCMOMb3YOT B KayecTBe POCTOBbIX CybCTpaToB pas/nyHble CO-
equHEeHUs, BXoasuime B UX cocTas. Npu aToM NpPoMCXoaaT MU-
Hepanusauusa BoA, yAaneHme opraHMyeckoro asota n ocdopa,
a rnaBHOWM Uenblo ABnsgeTca cH>KeHne BIKS5.

B npoueccax 6MONOrMYECKO OYUCTKN NPUHUMAET y4dacTue
CnodkHasi buonoruvyeckasi accouuvaums, coctoswas m3 bakTe-
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puii, BOAHbLIX FPn60OB, MPOCTENLLNX OpraHnU3MoB (amMebbl, Xry-
TUKOBblE N PECHUYHbIE UHAY30PUN), MUKPOCKOMUUYECKUX >XKN-
BOTHbIX (KOMOBPaTKW, Kpyrible 4YepBU — HemMaToAbl, BOAHble
Knewmn) n gp. B cTo4HbIX BOoAax 4acTo BCTpeyalTcsa cliefyto-
wue BMAbl MUKPOOPraHM3mMoB: 3yrnanga (pakoBuHHasa ameba),
aspuenna (pakoBuHHas ameba), MHpy3opusa Tydenbka, xapmo-
HUXNNN (MHY30pUA), CTUNIOHUXUA (MHAY30PUSA), LUKIULUYM
(MHQy30pKA), Kapxe3nym (KonoHuanbHast WUHGy3opud), onep-
Kynapus (KonoHunanbHasa WHdys3opus), okcmapuxa (6proxopec-
HM4YHasa MHQy3opus), annotec (bproxopecHMYHas MHQY30puUs),
cocyw,as uHgy3sopusi, ameba npoTen, ameba UCKOBUAHAs, aMme-
6a Teppukona, HuUT4YaTble H6aKTepuu, noamToma (OKryTUKOBbIE),
6000 (KryTUKOBbIE), KONoBpaTkKa HoTOMMaTa, KonoBpaTtka ¢wm-
noAviHa, KonoBpaTkKa MOCTuna, KonoBpaTka KaTunHa, acnugm-
cka (bproxopecHMYHas), asno3oma (ManopeCHUYHbIW YepBb).

JocTonHcTBa 6MONOrMYECcKO OYUCTKM 3aKo4valTCsa B BO3-
MO>XHOCTU yAaneHUs 13 CTOKOB LLUMPOKOro CreKTpa opraHnyeckux
M HeopraHM4YecKuUX BeLlecTB, NPOCTOTE UCMONb3yeMON annapa-
TYpbl U OTHOCUTENBHO HEBLICOKMX 3KCMyaTaLMOHHbIX pacxojax.
Ha aTom 3Tarne Heo6xoAMMO CTPOro cobnogatb TEXHONIOTNU Pexkun-
Ma OYUCTKU W, FNaBHOe, YyYUTbiBaTb YYBCTBUTENbHOCTb MUKPO-
OpraHM3MoB K BbICOKMM KOHLUEHTpauusim 3arpsasHutenein. Mo-
3TOMYy nepes 6MO0YNCTKOW CTOKU Heobxoammo pasbaBnsiThb.

Ha aTom 3aTane OUYMCTKW CTOYHbIX BOA MOXXHO MPUMEHATb
KaK a’pobHble MUWKPOOPraHmM3Mbl, KOTOpPble WCMNOMb3YT AN
OKWNCNEHUSA BELLECTB KUCNOPOL, TaK U aHaspobHble MUKpoopra-
HU3MbI, He MMeloLW e A0CTYMNna HU K CBO6OAHOMY pacTBOPEHHOMY
KMUcnopoay, HU K NnpeanoyvyTuTe/lbHbIM akuenrtopam 3/eKTPOHOB
TUMa HUTpaT-UoHOB. B 3TMX npoueccax B KayecTBe akuentopa
3/IEKTPOHOB MWUKPOOPraHuU3Mbl MOTYT UCMOMb30BaTh Yriepos.

Mpu BblI6Ope MeXXAYy aspobHbIMU U aHa3PO6HLIMKU MNpoLeccamm
npeanovTeHne o6bIYHO OTAAT MeEPBbIM: aspobHble cUCTEMbI 60-
nee Hafe>XHbl, CTabUNbHO (PYHKUMOHUPYIOT M 60/bLUE N3YYEHbI.

Buonornyeckasa o4yncTka CTOKOB MPOBOAUTCS B PasiUUHbIX
Mo KOHCTPYKLUUWN COOPYXEHUAX — 6BuodunbTpax, aspoTeHKax
(c aKTMBHbLIM UNOM) N MeTaHTeHKax (aHaspobHoe 6poXKeHme).

A3po6HbIe rMpoueccbl OYUCTKU CTOKOB. BuogunbTp —
Haubonee pacrnpocTpaHeHHbI TUM 6umopeakTopa C HEMOABUXK-
HOW 6monneHKon, NpUMeHSAeMbIi ANA OYUCTKU CTOKOB. o cy-
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LlecTBYy, 3TO peaKTOp C HeNnoABUIKHbIM C/MI0EM W MPOTUBOTOKOM
BO34yXxa UM >Xuakoctn. bumomacca pacteT Ha MOBEPXHOCTU Ha-
cagkm B BuAae nneHKM. OCOBEHHOCTAMW Hacanku nan uibT-
pylowero cnos SABAAKTCA 3HauMTenbHas yfAenbHas MoBepX-
HOCTb [AONA pasBUTUA MMKPOOPraHM3MoB W 6Gonbwasa rnopuc-
TocTb. [locnegHee npugaeT Heob6xoAuMble rasogMHamMuU4vyeckue
CBOICTBa CMOK M CNOCOGCTBYET MPOXOXKAEHUIO 4Yepe3 Hero BO3-
Ayxa n >XUAKocTu.

B 6vocunbTpe MpoMcXoasT HernpepbiBHbIM APUPOCT U OTMU-
paHve 6uonneHkU. OTMepllasd 6uOMNNeHKa CMbIBAeTCs TOKOM
ouMaemMon BOAbl U BbIHOCUTCA U3 6uodunbTpa. OumnuleHHas
BoJa MocTynaeT B OTCTOMHUK, B KOTOPOM OCBO6OXAaeTcs OT
yacTuy, 6uonneHKn, U ganee cbpacbiBaeTcs B BogoeMm. [lMpouecc
OKMNCNIEHNA OpraHu4yeckKMx BeLLecTB COMNPOBOXKAAETCA Bblaene-
HUeMm Tenna, KOTOpoe ncnonb3yeTcs Ans oborpesa 6mocunbTpa.

dkcnnyatayuusa 6nodunbTPoOB AOCTATOUHO HEC/OXXHbIA Mpo-
uecc. BaxkHoe ycnoBme nx agppeKTUBHOM paboTbl — TuUiaTenbHasi
npeaBapuTenibHasd OYMCTKA CTOKOB OT B3BELUEHHbIX YacTuu,
CNOCOOHbLIX 3acopuTb pacnpefenuTensHoe ycTpoiicTBo. Hebna-
ronpuaTHbIMU hakTopamn nNpu akcnayatauyum 6modunbTpoB
ABNAIOTCA BEPOATHOCTb UX MEPeroiHeHUsA, pasMHOXeHne MyX
Ha MOBEPXHOCTW, AYPHOI 3amax Kak cnegcTBue U36bITOUHOrO
06pa3oBaHMNA MUKPOOHOW Guomacchl.

OKono 70 % O4YUCTHbIX COOpPY>XeHUi EBponbl N AMepukn
npeacTaBnsloT cobol KanenbHble 6MOPUNLTPLI. CPOK CNy>KO6bl
Takux 6uopeaKToOpoB ucumucnsaeTca gecatkamum net (go 50). Oc-
HOBHOM HeAOCTaTOK KOHCTPYKLUUU — W3ObITOYHbIA POCT MUK-
po6HOIN 6Mmomacchl, YTO NPUBOAUT K 3aCOPEHU0 GUoUNbLTPa U
BbI3blBAaeT C60M B CUCTEME OYUNCTKMN.

A3poTeHK OTHOCUTCA K FOMOreHHbIM 6umopeakTopam. Twu-
rnoBasi KOHCTPYKLUUSA 6ropeakTopa npeacTaBnseT cobol >keneso-
GETOHHbI/ repMeTUYHbIM cocyn NMPSIMOYrofibHOFO CevyeHus, CBS-
3aHHbIN € OTCTOMHMKOM. [Mogadva BO3ayXa B «KOPUAOPbI» aspo-
TEHKa OCYLLeCcTBASAeTCA 4epe3 MNOPUCTble >Kene3ob6eTOHHbIe
NINTbl WU 4Yepe3 CUCTEMY MOPUCTbIX KepamMU4yecKnx Tpyo.
O6blyHO BO3ayXxopacnpefennTenbHoe YCTPOMCTBO pacronaratoT
He Mo LeHTPY, a 0KO/M0 OAHOW M3 CTeH Kopugopa. B pesynbtaTte
3TOro B a3pOTEHKe MNPoOuUCXoauT Typbynusaums noTtoka, U CTOoY-
Hble BOAbl HE TONMIbKO NpoABUralTCsa BAOMb KOpuaopa, HO U 3a-
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Kpy4uBalTCA MO Crivpany BHYTPWU HEro. 3TO yny4ywlaeT pexkum
aspauum U ycroBUS OUYUCTKMU.

B aspoTeHKe MpoMCXoAUT HemnpepbiBHast hepmeHTauus. Yac-
TULbI aKTUBHOIO uUna, obpasoBaHHble 6aKTEpPUSAMM U NPOCTENLLIN-
MU, SBAAKOTCA NOKYNIMpyrouieil cmecbtio. Mo CcpaBHEHUIO C
6ronneHKomn, PyHKUMOHMPYIOLLEH B 6uohunbTpax, B aKTUBHOM
nne aspoTeHKOB OefHee 3KOJ0OrMyeckoe pasHoobpasve BUAOB.

BuoouncTka B a’3poTeHKe OCyLlecTBAseTcsa B ABa 3tana. Ha
nepBoM 3Tarne MMKPOOPraHuU3Mbl aKTUBHOIO mna agcopoébupyoT
3arpsAsHAoLULMe BewecTBa CTOKOB, Ha BTOPOM — OKMUCASAKT UX
MU BOCCTaHaBIMBAKT CBOK OKUCIUTENIbHYI CMOCO6GHOCTb.

Yucno MMKPOOPraHM3mMoB B aKTUBHOM Wae AOCTUraeT MHO-
rmx MunamapaoB 6akTepuanbHbIX KNeToK B 1 r nna. Konnuect-
BO 6aKTepuil, KaKk U NX BUOOBOMA cocTaB, MOXXET ObICTPO Me-
HATbCA, B 3aBUCUMMOCTM OT XMMWYECKOro cocTaBa MoOCTyrnar-
wen B AaHHbIA MOMEHT BOAbI.

Cpean obuTaTene akTuBHOro una 6onblie BCero nceBAOMO-
Hag (PsevéoTonas) — CBbllEe MOMOBMHbI BCEX BUAOB; nMpeacTa-
BUTENN pOAOB Baclllmz cOCTaBAAKT 60nee TpeTu BCeX BUAOB,
EnberobacbennT W 8arcTla — OKO/MO OAHOW nNsATOW. EcTb ewe
caxapomMmmueTbl (8ackaroTycel;e8, A0 8-10 %), MWUKPOKOKKMU
(Mrcrococcus), pasHble FTPUOKU, aKTUHOMULETbI N 6AN3KUNE K
HUM MWUKOBAKTEPUU, HEMHOIO HUTUYATbIX 6aKTepuii 8pkaeronNz
nalan3 U Clag,0lnx clckoboTa. ECin B BoAe eCcTb coefMHEHUA
cepbl, TO B aKTUBHOM Me MOSABAAKTCA cepobakTepmm U TUOHO-
Bble 6akTepun (Tblobaclluz 1bloparns), KOTOpble ycBamBawT
cepy. Cepobaktepun (becuBeTHasa cepobakTepus Bepglala alba
UAn  nNyprnypHasi, C KpacHbIM MUIMEHTOM, W3 CeMelcTBa
Thloroiacea) 06pa3yloT obpacTaHUss AN NnaBaloLW e HUTW.

MunKpoopraHmambl (OpMUPYIOT CKOMAEHUsSI B BUAe CNN3U —
300rf1en, B KOTOPOWM MHOr0O rnajovykKoBUAHbIX 6AKTepuii, KOKKOB.
O6blIYHbI 06MTaTeNb aKTUBHOIO Una 2ooaloea raTraera obpa-
3yeT 300rnen B Bufe nonacter. Bce aTm rpynnbl MMKPO6OB ocCy-
LLeCTBAAIOT NepBUYHOE OKUCNEHME N PAa3/I0>KEHNE XXNPOB U Y-
NneBOAOB WM ycBamBalT NPOAYKTbl MX pacnaga. lNpum atom obpa-
3ylOTCA MPOMEXXYTOUHble BellecTBa: CNUPTbl, OpraHMmyeckue
KNCNOTbI.

B KauyecTBe CaMOCTOSATE/NIbHOr0 OYUCTHOrO COOPY>XXEHUA WU
KOHEYHOro MyHKTa OYMCTKU CTOKOB, MpoLUeAlIunx ctagui 6uo-
OUYNCTKN B 6MObUbTPe UM aspoTeHKe, UCMOMb3YIOT 6UoNorn-
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8.2. BUOTEXHONOTNA OUYUCTKU CTOYHbIX BOJ,

yeckme (OYUCTHbIE) Npyabl. Ecnn TakoBble (MYHKLMOHUPYIOT
KaK CaMOCTOATe/lbHble CUCTEMbl BOAOOYUCTKMU, CTOYHblE BOAbI
nepej NocTynjeHMemM B HUX pasbaBnsaloTca Tpex-, NATUKpaT-
HbIMW 06beEMaMU TEeXHUYECKOM WAN XO3ANCTBEHHO-MUTHEBON
noabl. NS OTCTOSIHHbIX CTOKOB 6e3 pa3baBneHus Harpyska Ha
npyabl coctaBnseT go 250 m3/ra/cyTt., ona 6U0N0rMYecKu o4m-
WeHHbIX Bog — Ao 500 m3/ra/cyTt. CpegHas rnybuHa npyaos
coctaBnsiet oT 0,5 go 1,0 m. CpokK «co3peBaHUA» MpPynoB B 30-
Hax YMEepeHHOro KaMmara — He MeHee 04HOro mecsua.

MeTogbl aspobHOV 6MONOTMYECKOW OUYUCTKM CTOYHbIX BOA
HernpepbIBHO COBepLUEHCTBYOTCA. B nocnegHue rogbl cTanu
BHeApATbCcA 60nee adpPeKTUBHbIE CUCTEMbI BUOOUNCTKMN, HaNpU-
Mep waxTHble peaKTopbl, C UCMNONb30BaHWEM A8 aspupoBa-
HUA Kucnopoga. Takme 6MoOpeaKTOpbl Ha3blBalOT OKCUTeEHKa-
Mu. KOHLUeHTpauus pacTBOPEHHOro B HUX Kucnopoga noctura-
eT 10-12 mMr/n, 4TO0 B HECKO/IbKO pa3 MNpeBOCXOAUT YpPOBEHb
aspauun B aspoTeHKax. B pesynbTaTe MOBbILWEHHON aspauunn
CTOKOB KOHLEHTpaunsa aKTUBHOIO uia B HWUX Bo3pacTaeT [0
15r/n N uUx OKUcAUTeNbHass MOLLHOCTb B 4eTblpe-nATb pas
NpPeBOCXOAUT as3pOTEHKMU.

LaxTHble 6uopeaKTopbl MO3BONAKT peann3oBaTb Mpougecc
OUYNCTKN CTOKOB aHaNorMyHO MNpPOTEeKaHUI0 ero B OKUCAUTENb-
HOM KaHasie, HO pacnoNoXXeHHOM BepTuKanbHO. Takme peakTo-
pbl 3aHMMalOT HebonblMe naowaam n 6ofbllel 4YacTbi 3a-
rnybneHbl B rPyHT. BbicoTa wWaxTHbIX annapaTtoB AocTuraeTt
50-150 m npu gnametpe 0,5-10,0 m. BHYTpun annaparta BMOH-
TUPOBaH MOMbI CTEPXXEHb UAN cneuunanbHOe YCTPOKWCTBO, ob6ec-
neymBatoliee obpasoBaHMe 30H BOCXOAALLENO U HUCXOASALWEro
MOTOKOB AN LUPKYAALUUN OYULLaeMOW BOAbI.

OfHako npu akcnayaTauum OKCUTEHKOB BO3HMKaeT npobne-
Ma OTAeneHUst TBEPAbIX 4YacTuL, OT WIOBOW CMEcU: MUKPOMy-
3bIpbKM BO34yXa NpuaunakwT K TBepAblM Yactuuam U yxyna-
WalT ocaaeHue. [Ana ynydlweHWSa OCadKAEHUS MNPUMEHSIIOT
BaKyyMHYI0 fAerasauuto, dpiotauuio, oToyBkKy Bo3gyxa. o 3a-
BEPLUEHUN CTaguun pgerasaumm mnoBasi CMeCb HanpaBfsieTcd B
aspoTeHK, rae nocne ynaneHUs MUKPONY3blpbKOB MPOUCXOAUT
[OOKMCNeHne ocTaBlUuelca opraHukun. [lanee CTOKU mnocTynakoT
no obbI4YHOW cXemMe B OTCTOMHUK.

AHaspobHble npoueccbl OYUCTKM CTOKOB. AHa3’pobHble
MpPoLLEeCChbl OYNCTKN CTOYHbLIX BOA HE MONYyYUNU [OCTATOYHO LLIN-
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naBa 8. 3konornyeckas 6noTexHonorms

poKOro passutms. OHWN CYLLECTBEHHO YCTyMnarT aspobHbIM Mpo-
Leccam B CKOPOCTM OUYUCTKU, XOTH UMEKT psf NpevMyLLecTB:

— Macca 06pa3yemMoro B HUX aKTUBHOIO mna npakKTU4Yecku
Ha nopsagok Huke (0,1-0,2), No cpaBHEHUO C a3pPO6HbIMM MNpPO-
ueccamm (1,0-1,5 kr/kr yganeHHoro BIK);

— CyLLeCTBEHHO HM>Ke 3aHeprosaTpaTtbl Ha rnepemeLUVBaHue;

— [OMoNHUTEeNbHO 06pa3yeTcs 3HepProHocuTenb B BUAe 6mo-
rasa.

BmecTe ¢ TeM aHa3pobHble MPOLECChl OUMCTKU Mano M3lyde-
Hbl, U A8 HUX TPebyrTca A0POrocTosilw e OUUCTHbIE COOPY>Ke-
HUA 60NbLLINX 06BEMOB.

AHa’po6Hble Mpoueccbl ANl OYUCTKU CTOKOB MPUMEHAKOTCS
B EBporne okono 100 neT. Mcnonb3yemble Ans 3aTUX Uenen 6mo-
peaKTOpbl — ceNnTUKTEHKN U MeTaHTeHKu — MPeacTaBisoT
coboli OTCTOMHMKU, B KOTOPbIX 0CaAOK Mna rnogBepraeTcsa aHa-
3po6HOIn perpagayun.

Hanpumep, B NepBMYHOM OTCTOMHMKE OCTancs M36bITOUHbIN
0CaZloK una, CcoAep>Kallimii HeAOOKWUCNeHHble BellecTBa. ITOT
0CaZloK MJ/I0OX0 COXHET, COAEP>XXUT MHOro 60/1e3HEeTBOPHbLIX MUK-
po60oB, VMMeeT HeMpusTHbIM 3anax, npueBnekaeT Myx. Ero Ha-
npaBnsalOT Ha cbpakmBaHue B 6GECKUCNOPOAHbLIX YCNOBUAX B
crneuuvanbHble pe3epByapbl — MeTaHTEHKW, rae pas3BuMBalTCA
aHa’po6HbIE MUKPOOPraHM3Mbl, (QYHKLMOHMPYKOLLIME MPU TeM-
nepatype ot 23 go 55 °C.

B npougeccax MeTaHOBOro cb6pa>kmBaHus ¢ 06pa3oBaHMeEM rasa
MeTaHa y4acTBYHOT MWUKPOOPraHmM3Mbl poAoB MelHanococcu8 U
MebHanobacbenuT. Pa3Hble BUAbl KNOCTPUAUIA (Clo8lncAuT)
pasnaralT Lennnno3y, NeKTuHbl, XUpbl. OuulweHne ocagka B
MeTaHTeEHKaxX MOXeT A/NUTbCA OT 6 Ao 15 cyToK. 3a 3To Bpems
nornbatoT Aliua reibMUHTOB (Hanpumep, 60ne3HeTBOPHbIE MUK-
poopraHmn3mbl), OCTalOTCA eAVHUYHbIE 0CO6M KULLEYHOW nanou-
KN EscHencbla col, a 06Llee KOMMYECTBO BaKTepUil cocTaBnseT
He 6onee 100 kneToK B 1 M. BbICYLIEHHbIV 0CafoK HeAOOKUC-
NeHHbIX npuMeceii coaep>XnUT Ao 20 MUKPO3INEMEHTOB U CAy-
XXUT HENIOXUM yao6peHmnem.

AHaspo6HbIe MPOTOYHblE cCOpa’kmBaTenu TakKoro Tuna npu-
MEHST A5 aHa3pOOHOM 6MO0UYNCTKU MPOMBbILLEHHbIX U Cefb-
CKOXO03SCTBEHHbIX CTOKOB.
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8.2. BMOTEXHONOTNA OYNUCTKN CTOUYHBLIX BOA

Oco6eHHO 3hPEKTMBHO MPUMEHEHUNE CPaBHUTENbHO HEAOopO-
rMX aHaspobHbIX CUCTEM AN CUIbHO 3arpsA3HeHHbIX CTOKOB
MULLEBOM MPOMbILIIEHHOCTU U OTXOA0B WMHTEHCUBHOIO >XUBOT-
HOBOACTBa, KOTOpPble WMEKT BbICOKME YPOBHU Harpysku mno
BMK n XMK (xmmunyeckas nMoTpebHOCTb B KUCNopoge), a Ha-
BO3Hble CTOKM — TaK>Xe W BbICOKOE COoAep>XaHune HepacTBOpWU-
MbIX KOMMNOHEHTOB, He nogjakrouwuxca uogerpagaumm. Ana mnx
OUYUCTKU MPUMEHSAT cbpakmBaTenn MNOAHOro cmelueHusa. CTo-
KN eBUHO- U NTULLEKOMIMJEKCOB OCBOOOXKAAKTCA B Xo4e aHa-
3pO6HONM 6MOOUNCTKM TonbKOo Ha 50 % XIMK, a cTtoku cepm
KpynHoro poratoro ckota — Ha 30 %. BbICOKMe KOHLEeHTpa-
UMM OpraHMKMU U aMMOHWMHOro asota (go 4000 mr/n) cnoco6-
Hbl MHIMGMpPOBAaTbL MpoLeCcC Aerpagauun.

B uenom >ke aHaspobHble MPOLECChbl OUMCTKU CTOKOB, 06na-
has pAaoM HECOMHEHHbIX OOCTOMHCTB, HE HaxoAAaT MokKa TaKoro
LLIMPOKOro MPUMEHEHUA, KakK aspobHble CUCTEMbl GMOOYUCTKMU.
OfHako B nocnegHue roabl, BcneacTBue 6ofnee CTpPOrux Tpebo-
BaHU K npeaBapuUTeNbHOW OYUCTKE MPOMbILLUNEHHbLIX CTOKOB
nepen cb6pocoM MX B KaHanusaumioo, UHTepec K aHaspo6HbIM
rnpowugeccaMm BO3pacTaeT.

PU3NKO-XMMUYECKUI 3Tan OUYMCTKU CTOKOB. [NaBHas Lenb
BOAOOYMNCTKN — MPOU3BOACTBO 6aKTepuanbHO 6Ge3onacHol Bo-
Obl. Ona ynydweHMsa napameTpoB OYMCTKWM MPUMEHSIOT pas-
NNYHbIE XUMUYECKUEe MeToAbl, Harnpumep AOMOMHUTENbHOE
ocaxkgeHue coccopa conamm Pe n Al, xnopmpoBaHume, 030HUPO-
BaHue.

Haub6onee pacnpocTpaHeHHbIM CrocobomM Ae3nHgeKLUn BO-
Obl SIBNSIeTCA BBOJ, B Hee Xja0pa — CUIbHOIMO OKMUCAUTensi, Ko-
Topbll fobaBnseTca K BOAe B BUAe rasa MAU KOHLUEHTPUPOBaH-
HOro BOAHOro pactBopa. 3JAMPEKTUBHOCTL 06paboTKM XI10pOM
3aBUCUT OT psiga (hakTopoB, B TOM 4vucne oT pH, BpemeHU obpa-
60TKU, TemrepaTypbl U HanMuusa B3aUMOAEWCTBYHOLNX C X10-
poM opraHm4yeckmx BellecTB. Hebonbluoe Konnm4vecTBo cB06OA-
HOro xnopa OCTaBfAIT B BoAe Ha ciayyal nonajaHusa 3arpssHe-
HUI B NOTPebUTENLCKYO BOAOMPOBOAHYIO ceTb. MOCKONbKY MNpun
6bITOBOM MCNOAb30BaHMM BOAbl B BOAOCTOK cbpacbiBaeTcss MHO-
ro KONMMMOPMHbIX 6aKTePUi, NX 0OHapy>XeHne Cy>XUT rnokasa-
Tenem 6bITOBOr0 3arpsi3HeHUN (KOAM-UHAEKC).
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8.3. broouuncTKa rasoso3fyLIHbIX BblI6pOCOB

B ycnoBmsAx Bo3pacTaloLeil TEXHONOTMYECKOW AeATeNbHOCTH
Bce 60MbLUYIO OCTPOTY npuobpeTaeT npobnema 60pbObLI C 3arpsas-
HeHVeM BO3AyuwIHOro 6acceiiHa. OCHOBHbIMU 3arpA3HUTENSIMU
aTmocdhepbl ABAAKTCA NpesnpusaTusa HedTenepepabaTbiBaoLLE,
XUMUYECKOM, NULLLEBON U nNepepabaTbiBatoLel NPOMbILLIIEHHOC-
TN, a TakKe 60/MblINe CebCKOX03ANCTBEHHbIE KOMMAEKCHI, OT-
CTOMHWUKN CTOYHbIX BOA, YCTAHOBKWU MO 06e3BpeXXMBaHUID OTXO-
00B. B B034yxe KPYMHbIX MPOMbILUAEHHbLIX FOPOA4OB COAEPXUT-
CA OrpOMHOE KOAMYeCTBO BpeAHbIX BeLLeCcTB, a KOHLeHTpauus
MHOFMX TOKCUMKAHTOB MpeBbillaeT AOMYyCTUMblE YPOBHU. 3TO
opraHunyeckume (apomaTuyeckme W HenpefefbHble YrieBoA0pO-
Obl, a30T-, KWUCNOPOA-, Cepo- W ranoreHcogep>kawyue coegmHe-
HUSA) N HeopraHU4Yeckme BellecTBa (CEPHUCTbLIV ras, cepoyrie-
poa, OKWUCAbI yrnepoja, amMmmak, X10p, BOAOPO4, ranoreHbl).
B BO3ayLWHbIX 6accerHax 60MbWNX MNPOMbILLIEHHbIX rOpoAoB
NPUCYTCTBYIOT LECATKN pasNYHbIX COeAVWHEHU, B TOM 4ucne
QypHonaxHyuimue, CcrnocobHble faXke B He3HaYUTe/NbHbIX KOH-
LeHTpauuax npeacTtaBnsaTb Yrposy Ans 340pOBbSA, a TakXKe Bbl-
3blBaTb y Nt0oAel 4yBCTBO AUCKoMdopTa.

CyLw,ecTBYIOT pa3iniHble METOAbl OUYNCTKU BO3ayxa — PU3n-
yeckme, XMMUYECKNEe N buonormyeckme, 0AHaKo ypoBeHb U MacLu-
Tabbl X MPUMEHEHUA B HaCTOSLLEe BPEMS He CTO/b LUMPOKMN.

®dusnuyeckme meToabl — 3TO abcopbums npumeceil Ha ak-
TUBNUPOBAHHOM Yyrie U OPYTrUX NOrnoTuTenax, abcopbumsa >xua-
KOCTAMM.

Xnmunyeckme meTofbl — 3ITO O30HMpPOBaHWE, MpoKanmBa-
HUe, KaTaluTU4ecKoe OXXUraHne U X1opupoBaHMe BO3ayXa.

Buonornueckre mMeToabl OUYUCTKM rasoBo3fyLUHbIX BbIGpO-
COB Hayann NPUMEHATb CPaBHUTENbHO HeAaBHO M MokKa B orpa-
HUYEeHHbIX MacwTabax. OHM 6a3npPyOTCA Ha CNOCOOGHOCTU MUK-
pOOpraHM3mMoB paspyllaTb B a3pobHbIX YCMAOBUAX LWUPOKUIA
CMEeKTP BELLeCTB U COEAMHEHUA A0 KOHEYHbIX MNPOAYKTOB —
C02un HD. LWLnpoko mniBecTHa CrocobHOCTb MUKPOOPraHN3MOB
MeTabonnsanpoBaTb anndaTtnyeckue, apomaTuyeckue, reTepo-
UMKINYeCcKUe, auukKinvyeckme wun pasnmyHble Cl-coegUHeEHUS.
MuKpoopraHusmbl YTUIU3NPYIOT aMMmaK, OKUCAAKT CepHUC-
TblA ras, cepoBogopon W aumeTuncynbokcug. Obpasyemble
cynbdpaTtbl YTUIU3ZNPYIOTCA LPYTMMU  MUKPOOHBLIMU  BUOAMMU.
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8.3. BuooumncTka razoBo3gyLlHbIX BbIGPOCOB

EcTb gaHHble 06 3pPeKTUBHOM OKUCNEHUWN ad3pPObHbIMU KapboK-
cupobakTepmsiMm MOHOOKUCWU yriepoga — OAHOro uU3 Haubonee
onacHbIX BO34YLIHbIX 3arpsisHuTeneil. [lMpeactaBuTenu popa
N OOar(Ha ad)deKTUBHO paspywarT CTepuHbl W  KCUNon,
HypkoTrcrobluT™ — AUNXNOP3TaH, XanlkobacbenuT — 3TaH U
AnXnopataH, MycobacbennT — BUHWUN-XN0pPWUA.

Hanb6onee WMPOKMM CMEKTPOM KaTabonnmyeckmx nyTein xa-
pakTepu3ylOTCA MNOYBEHHbIE MUWKPOOPraHm3Mbl. Tak, TO/NbKO
npeacTtaBuUTeNn pofa PsevéoTonae CMNOCOBHbI MCMoONb30BaTb B
KayecTBe e4MHCTBEHHOro UCTOYHUKA yrnepoga, cepbl AN asoTa
cBbille 100 coeguHeHU — 3arpsas3HuUTenei 6uocdepbl. Munkpo-
6nonorva n reHeTuka pacnonaralT 601bLWIMMUN BO3MOXXHOCTSA-
MU ANS MNOBbILEHUA OUOCMHTETUYECKOro MoTeHumana MUKpPO-
OpraHU3MoB— AeCTPYKTOPOB TOKCUYHbIX BELLECTB, BK/AKOYas Me-
ToAbl TPaAWULMOHHOW cenekumm m oTbopa, a TakdKe HOBeWLine
OOCTVMDKEHNS KNETOYHOW W reHeTMYecKor WHXXeHepuu. lNogas-
nAloLWEee YMCNO TOKCUUYECKUX 3arpasHuTener atmocdepbl MO-
XKeT 6bITb paspyLleHO MOHOKY/IbTypaMun MUKPOOPraHuU3mMoB, HO
appekTBHEE MNPUMEHATL CMELUaHHble KYNbTypbl, WUMeloLue
60NblINKM KaTaNTUTUYECKNIA MOTeHUMan, a cnegoBaTtenbHO, 60/b-
Y0 OeCTPYKTYPUPYHOLWYO CNOCO6HOCTb. [Ana paspyweHus
TPYAHOYTUNN3UPYEMbIX COeAUHEHUI B psafe cnyyvyaeB MUKPOOP-
raHn3mbl UenecoobpasHo aganTupoBaTb K TakKuMm cybcTpaTtam u
TONbKO Mocne 3TOro BBOAUTb MX B pabodvee Teno AeMCTBYHOLLUX
YCTaHOBOK.

Ons 6nonornyeckoil OUUCTKM BO3Ayxa MPUMEHSIIOT TpU Tu-
na ycTaHoOBOK: 6MounbTpbl, 6MOCKPY66Epbl N GUopeakTopbl C
OMbIBaeMbIM C/I0EM.

MpuHUUNManbHasa cxema AN 6MONOrMYECcKoO OUYUCTKM BO3-
LyXa BnepBble 6bina npegnoxxeHa B 1940 r. I'. Mptoccom. MMep-
Bblli 6rodnnbTp B EBpone 6bin noctpoeH B 1980 r. B N'epmaHumn
(PPI), ayxe B 1984 r. B 3TOW cTpaHe (yHKLMNOHUPOBANO U
Haxogumnocb B CcTaguMm 3anycka okosio 240 ycTaHOBOK.

OCHOBHbIM 3/1IEMEHTOM 6uOoUAbTPa ANSA 04YUCTKKU BO3ayXa,
KaK M BOAOOUYUCTHOro 6modunbTpa, sBAseTcs (GunbTpyrowmii
CNoW, KOTOpbIi copbupyeT TOKCUYECKME BellecTBa M3 BO3adyxa.
[Janee aTn BelwlecTBa B pacTBOPEHHOM BuAe ANDDOYHAUPYIOT K
MUKPOOGHbIM K/ieTKaM, BKAYalTCA B HUX U MoaBeprarTcs
LecTpyKuunn.
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B kauecTBe HocuTensa AN UALTPYIOLLEr0 CMN0S UCMNONb3YT
npupogHbie MaTepuanbl — KOMMOCT, Topd M Ap. DTU maTepwu-
anbl cogep>kaTt B CBOEM COCTaBe pas/iMyHble MUHepanbHble CONU
M BellecTBa, HeobxoAuMble ANSA pPasBUTUA MUKPOOPraHM3MOB.
Moatomy B 61MOPUNLTPbI HE BHOCAT KaKUX-NM60 MUHepanbHbIX
nob6aBok. Bo3ayx, noanexkalmini 04MCTKe, NOAaeTCA BEHTUNATO-
pOM B CUCTEMY, NPOXOAUT Yepe3 hUNbTPYHOLLMIA cnoil B nobom
HanpaBneHMn (CHU3Y BBEPX MM HaobopoT). Mpwu 3ToM BO3AYX
O0/MKeH NpoxXoauThb Yepe3 BCHO Maccy OUAbLTPYHOLLErO C/I0SA paB-
HOMEPHO, ANs 4Yero TpebylTcA OAHOPOAHOCTb CMOA W onpefe-
NeHHas cTeneHb BAAXXHOCTU. OnNTuManbHas ANS OYUCTKU BO3-
LyXa BNaXkKHOCTb (ounbTpytoLLero cnos coctaenset 40-60 % or
Beca MaTepuana HocuTens. Mpu HefOCTATOYHOM BNaXKHOCTU Ma-
Teprana (UAbTPYIOLLEro cfos B HeM 06pasyloTcsl TPELLUHBI,
MaTepuman nepecbixaeT. ITO 3aTpygHSET MNPOXOXKAeHMe BO3ayxa
N CHMXKaeT (PU3NO0NOTNYECKYI0 aKTMBHOCTb MWKPOOPraHW3MOB.
YBnakHeHMe MaTepuana obecnedvBaeTcs pacnblieHUEM BOAbl
Ha MoBEepPXHOCTU PUNbLTpyoLWero cnos. Npu n3bbITOYHOW BRaXK-
HOCTM B TOJILLe CNOA MPOUCXOAUT obpasoBaHMe aHa’POOHbIX 30H
C BbICOKMM a3poguvHaMu4yecKMM conpoTumsieHmemMm. B pesynbTa-
Te CHMXKaeTca BpeMs KOHTakKTa MoToKa Bo3gyxa C noraoturte-
nem, nagaet 3apPeKTUBHOCTb OUNCTKU. B Tonwe hunbTpytoLen
Maccbl He [A0/MKHO 06pa3oBbiBaThbCA 060/€e MAOTHbIX 30H WU
KOMKOB MaTepuana, 4To 6biBaeT Mnpu MCMNoNb30BaHUM KOMMOC-
Ta, TaK KakK npu 3TOM CHUXKaeTcs yAeNnbHas njouwajb noBepx-
HOCTM hunbTpylowero cnos. B matepuane dunbTpylowero cnos
He AO/MKHO BO3HMKAaTb TeMrepaTypHbIX FPagueHTOB U He [0/-
XKHO MPOUCXOAUTb Ppe3KUX Wn3MeHeHuin pH cpegbl. [MoaTomy
TeMnepaTypHbIA peXxuM B 6uounbTpe nogaep>XmeBaeTcsa NOCTo-
AHHbIM. [AnA 3TOro BO3A4yX, NojaBaemMblii B 6uoduabTp, NOA0-
rpeBaeTcs, yCTaHOBKa B L,e/IOM TepMocTaTupyeTcs.

Ans obecneyeHus ctabunbHoW paboTbl 6UOPUNLTPOB cnefy-
eT cobnoaaTe KOMMNEKC Mep, BaXKHEMLWVMN U3 KOTOPbIX ABNS-
oTCca cnepytouwime. Bo3ayx, nogaBaemMblii Ha OUUCTKY B 6MO0-
bunbTp, NpeaBapuUTENbHO YBAaXXHAKT B 6MOCKpy66epe A0 OT-
HOCUTEeNbHOW BRaXXHocTM B 95-100 %. [lpm 3anonHeHUU
unbTpylOWero cnos ANs CHUXXeHUS aspouHaMUYecKoro co-
NnPOTUBAEHNS B MaTepuan Ao6aBnsoT rpaHynbl (guameTpom 3-
10 MM) U3 CUHTETUYECKUX MOJUMEPHbLIX MaTepuanosB (NOIU3TU-
neHa, NOAMCTMpPONa), a Tak>XKe YyacTulbl aBTOMOKPbILIEK, aKTu-
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HUpPOBaHHbLIN yronb. Macca no6aBok cocTtasnseT oT 30 go 70 %
OT Macchbl (hunbTpytouiero matepmana. C uenbio npegoTepaLle-
HNA pPe3Koro 3akKucneHuss Matepuana (UAbLTPYIOLLEro Cnos B
xoAe TpaHcopmaunm opraHMKM B Hero [06aBnsAoT M3BECTHSAK
Unn KapboHaT Kanbuusa B KonmnyecTBe 2-40 % OT Beca HocuTe-
nsi. YTobbl nabexkaTb CUTyauuii, Korga MMKpPOOpPraHU3Mbl, BXO-
OsAuwmne B coctaB pabouero Tena 6uodunbTpa, MOryT UHIM6MpPO-
BaTbCs TOKCUMYECKMMMW BellecTBamu (B pe3yfnbTaTe, Hanpumep,
3anMnoBbIX BbIGPOCOB), B MaTepuas BHOCAT aKTUBUPOBAHHbI
yrons — go 250 Kr/m3.

OPPeKTMBHOCTL paboTbl BuodunbTpa onpegensieTcs rasogn-
HaMUYyecKMMU napameTpaMmu UAbTPYIOLLLEr0 CNOA, CNEeKTPOM U
KOHLUEeHTpaumen npucyTcTBYIOLWMX B BO34yxe BewecTB, dep-
MEHTATUBHOW aKTUBHOCTbO MUWKPOOPraHU3MoB-4eCTPYKTOPOB.
Mpu 3TOM CKOpPOCTb yAaneHUs BpeAHbIX MpuUMecelr M3 Bo3gyxa
B npouecce 6MOOUNCTKU MOXKET NNMUTUPOBATLCA KakK Anddy-
31eil BeWwecTB W3 rasoBoi hasbl B GMoOKaTaIMTUYECKUI CAOM,
TaK U CKOPOCTbKO MpOTEKAHUSA OUOXMMMUYECKUX peakuunii B
MUKPOOHbIX K/eTKax. [pun BbICOKOW BXOAHOW KOHLEHTpauumn
BpeAHbIX BeLLeCTB B BO34yxXe MNpouecc MX OecTPyKUuuMm B xopae
NPOXOXKAEeHUSA MOTOKa 4yepe3 OUNbTPYIOLNIK CNOW HepaBHOMe-
peH. CHauvana paspyllalTca AerkoAoCcTyrnHble BellecTBa, U
TONbKO B KOHLLe Mpouecca HaudMmHaeTca paspylleHune TpyaHoaer-
pagvpyemMbix coeguvHeHui. Tak, B cnyyae MNpPUCYTCTBUS B BO3-
Ayxe B KauyecTBe BpefHbIX MPUMECcEeN KoMMaeKca COeAVHEHWI:
6yTaHona, aTunaueTtarta, byTunauerara um Tonyona — nocneg-
HUIA YyTUNIN3NPYeTCA MUKPOOpraHU3MamMu TONbKO MOCne OKWUC-
NeHNsa BCeX OoCTallbHbIX BeLLEeCTB.

CTaumoHapHOe COCTOsiHMe M Haubonee BbICOKAs CKOPOCTb
6MO0UYNCTKN HaCTyMmalT CrycTs HEeKOTOpoe BpeMs rnocne 3any-
cka 6uounbTpa, MOCKONAbKY HE06XoAMM HEKOTOpbI nepuopg
ONa co3peBaHUA M aganTauuym MUKPOOMONOrMYeckoro LeHosa.
OnnTenbHOCTb Mepuoga aganTayunm 3aBUCUT OT KOHUEHTpauuun
BELLEeCTB B BO34yXe W MUKPOOBHOro cocrtaBa B AU(Y3MOHHOM
Cnoe N MOXXeT COCTaBAATb OT HECKOJbKWMX 4YacoB A0 HECKO/b-
KUX Hedenb. VHorga KoHUeHTpauus MMKPOOPraHU3MoB B XoAe
OYNCTKU BO3paACTaeT U MOXET CTaTb M30bITOYHON. [Mo3ToMy ne-
pvoanyecku MaTepuan (QUAbLTPYHOLWEro cnos npuxoamnTca 06-
HOBMATb. AANTeNbHOCTb LUMK/IOB AOCTATOYHO BeMKa U cocTaB-
NnAeT HEeCKONbKO feT.
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MpuHUUN  PYHKLNOHMPOBAHUS
6nockpy66epa (puc. 8.3) oTnnyaeT-
Cs TeM, 4YTO MpoLecC OYUCTKM BO3-
Ayxa peanun3yeTcsa B ABe CTagun u
B ABYX pasN4YHbIX ycTaHOoBKax. Ha
rnepsomMm 3sTane (B abcopbepe) morno-
LarTca TOKCUYECKME BELLECTBa, Ha-
xogsuimeca B BO34yXxe, a Takxke
KNcnopon, KOTOpbIi pacTBopsieTcsa B
BoZe. B pe3ynbTaTe BO34yX BbIXOAUT
OYULLEHHbIM, a 3arpsi3HeHHas Boga
hanee cnefyeT Ha o4yUCTKYy. Mpume-
HAKT pasnMuyHble Tunbl abcopbepoB
(6apboTarkHble, Hacafo4yHble, pacrnbl-
nuTeNnbHble, (DOPCYHOUHbIE N T. A4.).
Llenb KOHCTPYKLUMOHHbIX YCOBep-
LLIEHCTBOBaHUI 3akKnto4vaeTca B yBe-
NIMYEHNN MNOWAaAN MOBEPXHOCTUN pas-
Aena a3 rasa u >Xnakoctm. 370 on-
penensieT adpheKTUBHOCTL abcopbumn.
Ha BTopoli cTagum 3arpss3HeHHas
BoZa MocTyrnaeT B aspoTeHK, rge oHa
pereHepupyeTcs. OunlleHWe BOObl B aspOTEHKe MPOMCXOAUT Mo
06bIYHO CXeMe C ydyacTMem Kucnopoga. B xone OUMCTKM CNoXK-
Hble OpraHM4yecKue BELLECTBA OKUCASAKTCA MWKPOOpraHm3ma-
MW, QOPMUPYIOLLMMU aKTUBHLIA WA, 00 KOHEYHbIX MPOAYKTOB
Cc obpasoBaHMeM 6GMomacchbl.

Pabounm Tenom 6uopeakTopa C OMbIBAeMbIM c/ioeM SIB-
NAKTCA UMMOOGUNMU30BaHHbIE MUKPOOPraHmambl. Buocnoii peak-
Topa npeacTaBnsieT cobol rpaHyfbl ¢ 3TUMU KieTKaMu. OH OMblI-
BaeTCcsA BOAON, cofeprkalieil Heobxoaumble ANA Pa3BUTUS Kie-
TOK MWHepasbHble BellecTBa. 3arpsA3HeHHbI BO34yX MpoxXoauT
yepes Hero; MNpuM 3TOM BeLleCcTBa, Mognexawne AecTPyKUUu,
ANPYHAVPYIOT B BOAHYIO MEHKY, MOKPbIBAKOWY 4YacTulbl
6nokaTanusaTopa, M fanee OKUCAATCA MUKPOOPraHM3Mamu.
CKOpOCTb JAeCTPYKLUMM MOXKET /MMUTUPOBATLCA CKOPOCThLIO
Andy3nn BELECTB U3 ra3oBoil (hasbl B XXMAKYH, a TaKXXe CKO-
pOCTbIO MNpPOTEKAHUS peaKuuii B MUKPOOGHbIX KrneTkax. CKo-
pocTb Anddysumn, B CBOKO o4epenb, 3aBUCUT OT NPUPOAbI TOKCU-

A Wnam

Puc. 8.3. Cxema 6mockpy6-
6epa
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YECKUX BELLEeCTB U MUX KOHUeHTpauuii. CTauMoHapHbIA pexxum
6uopeaKkTopa C OMbIBaeMbIM CNoeM HacTyrnaeT yepe3 5-10 gHeii
rnocne ero 3sanycka. lpu umcnonb3oBaHUU 3apaHee ajanTuUpo-
BaHHbIX K OYULIAEMbIM BeleCcTBaM MUKPOOPraHM3MoB 3TOT
CPOK MOXXeT ObITb COKpallleH A0 HEeCKONbKWMX yacoB. lMepunoau-
yeckn (06bIYHO pa3 B HECKONbKO MecsiueB) 6MOcCaol ounwaroT
OT U36bITKa 6MoMacchbl U HaAMOMHAIT CBEXXUMU rpaHynamu.

OcHOBHble TpeboBaHUA, NpeabsaBAseMble K yCTaHOBKam 6uo-
NOrNYECKOW OYUCTKWM raso., 3aKn4yarTcs B MPOCTOTE U IKCMY-
aTalVOHHOW HaZeXHOCTU KOHCTPYKL UKW, BbICOKOW yAeNbHOW npo-
M3BOAMTENBHOCTU U BbICOKOW CTeNeHU OYUCTKWU. YaenbHasi
NPon3BOAUTENIbHOCTbL YCTAHOBKU U3MeEPSETCS OTHOLLeHWeM obbema
BO34yXa, npowleauwiero yepes Hee 3a 1 4, K obwemy ob6bemy yc-
TaHOBKMW.

MacwTabbl ANPOMBbILLUNEHHOIO MPUMEHEHUST MeTOA0B 6MOno-
rMYecKoM OUYMCTKU BO3[yXa B HacTOsLLee BPeEMS BeCbMa He3Ha-
ynTenbHbl. Hawmbonee pacnpocTpaHeHHbIM TUMOM YCTaHOBOK
aBnaTca 6uopunbTpbl. OHUM OOCTATOYHO AelleBbl, Majo3Hep-
roeMmkun, TpebyloT He3HauyuTeNbHbIX pacxogoB BoAbl. OfHaKO
M3-3a HU3KOro cofep>XaHUss MUKPOOPraHU3MoOB B eAuHULE 06b-
emMa MaTtepuana @UIbLTPYIOLLEr0o CNos MpPOU3BOAUTENBHOCTb
610hnNbTPOB CPaBHUTENbHO HeBbiCOKa — OT 5 go 400 M3 o4uu-
Lwaemoro Bosgyxa Ha 1 M2 rnornepeyHoro ceyeHUss PubTpyroLle-
ro cnos B 4ac. BbicoTa 6ModhunnbTpoOB HeBelMKa — OKO0/10 1 ™M
(aTO 06ycnoBneHo TpeboBaHUAMU OAHOPOAHOCTU CTPYKTYpPbl U
rasogVHaMU4YeCcKUMU OrpaHmyeHunsMun). MNostomy 6MoUNbTPSI
3aHMMaloT 6onbwive naowaan (ot 10 go 1600 m2).

CTeneHb OYUCTKM BO3Ayxa B 6uodunbTpax A0OCTATOYHO Bbl-
coka. Hanpumep, ncnonb3yemble B CelbCKOM X038WCTBe epma-
HUN BnonnbTpbl obecneumBaldoT 90%-0 OUMCTKY BO3Ayxa OT
AypHonaxHyulei opraHnku. MosBblweHne adhheKTMBHOCTU pabo-
Tbl 6MOUNLTPOB AOCTUraeTcs Cco34aHUMEM YCTAaHOBOK, B KOTO-
pbiX obecneuymBaeTcA 60/iee paBHOMEPHOE MPOXOXXAEHWUE BO3AY-
Xxa uepe3 pabouyee TeNno yCTaHOBKMU.

Tak, Hemeukon tupmoin «Fepbypr Beii3» paspaboTtaH 6mo-
unbTp, 4Yepes KOTOpPbI CBEPXY BHM3 MPOTUBOTOKOM K BBOAU-
MOMY CHMW3Y BO34yXy MPOXOAUT TOHKO W3MeNbYeHHbIVi KOM-
MocT, nofy4vyaemblii Mpu rnepepaboTke Mycopa M wwnama. Kom-
MOCT BbIrpy>aeTcsa Ha AHO YCTAHOBKW W TPaHCNOPTEPOM BHOBb
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rnoJaeTcsi B ee BEPXHIOK YacTb. Takoi ABWMKYyLLMIACA 6uonoru-
YeCKU aKTUBHbIA KOMMOCT obecneynmBaeT paBHOMEPHOE Tpo-
XOXKAEHVe Yepe3 Hero ouumu,aemMoro BO3Ayxa; CTerneHb M3BJeve-
HUS U3 BO34yXa afKaHoB, To/lyofa, CepoBoAopoAa CocTaBaseT
96,7-99,9 %. lNoBbiWweHNe 3(hheKTUBHOCTU pPaboTbl 6MOPUNLT-
poB, 6€e3yCnoBHO, CBf3aHO C rOBbILLUEHWEM 3HeprosaTpaT Ha
rnpouecc 6MO0UYNCTKM.

Buockpy66epbl, N0 CpaBHEHUIO C BUoUAbTPaMK, 3aHUMAKT
MeHbLUYI naowajb, TakK Kak npeactaBfsioT coboi 6alluHu Bbl-
COTOM HECKONbKO MeTPOB. JKcnayaTauMOHHble 3aTpaTbl Mpuv
ncnonb3oBaHUM 6MOCKPY66EpPOB Bbille, TakK Kak npouecc 6mo-
OUYUCTKU BOAbl TpebyeT CcylleCTBEHHbIX 3aTpaT. lpumeHeHUue
6nockpy66epoB ahEKTUBHO MNPU HaIN4YUM B BO3AYXE XOPOLUO
pacTBOpMMbIX TOKCUYECKMX BellecTB. Mx nponsBognTenb-
HOCTb CYLLUECTBEHHO Bbille, MO CPaBHEHU C 6uoduabTpamu;
3h(PeKTNUBHOCTb OUYMNCTKM TaK>XKe BbiCOKa. Hampumep, npumeHe-
Hue 6MocKpyb66epoB ANA OUMCTKU OTXOAALWMUX ra3oB MeTannyp-
rmyeckux nNpeanpuAaTUA faeT crefylolime nokasaTenn: Mpous-
BOAUTENbHOCTb — 120 TbIiC. M3/4, CHWXXEHUE MHTEHCUBHOCTU
3anaxa Bo3gyxa — oT 75 go 85 %, cTeneHb KOHBepcuu opra-
HU4Yeckux npumecein — 50 %.

Hauvbonee nepcnekTUBHbLIMU ANS OYUCTKU BO3Ayxa SIBAS-
0TCA 6MOpeaKToOpbl C OMbIBaeMbiM CnoeM. MNMpaKTU4eckn He yc-
Tynas B CTEMEHW OYUCTKU APYrMM yCTaHOBKaM, OHW XapakTe-
pun3yoTcs 6onee BbICOKOW YyAeNbHOW MNPOU3BOAUTENBHOCTbLIO
(HeCKONMbKO ThbICAY Kyb6OMETpPOB O4MLLLAEMOr0 BO34yxa B 4ac).
Takune manorabapuTHble 6MopeaKTopbl O04YeHb 3(hheKTUBHLI A4
OUYNCTKM BO3Ayxa NpeanpuUATUA UHTEHCUBHOIO >XMBOTHOBOACT-
Ba. CTerneHb OYMCTKM BO3gyxa OT aueToHa, GyTaHona, nponu-
OHOBOro anbgernpja, atunnauerara B peakTope ¢ MMMO6MAN30-
BaHHbIMW Ha aKTMBUPOBAHHOM Yrjie MWUKpPoOOpraHmamMamu p[o-
cturaet 90 % npu yaenbsHoO MPOM3BOAUTENBHOCTN YCTaHOBKU
10 TbiC. M3/u.

OnucaHbl gpyrve noaxoabl, MNPUMEHSIEMble AN OUYUCTKMU
BO34yxa, Hanpumep Ha OCHOBe pacTylleil CyCneH3nn MUKPOOop-
raHun3moB. [lponyckaHume BO34yXa, HacCbILLEHHOro CepoBOAOpPO-
OOM, CEePHUCTbIM aHrMgpuaomMm M napaMmu CepHoOW KWUCNO0Tbl, 4ye-
pe3 MHTEHCUBHYIO KynbTypy MWUKPOBOAOPOCAU Chblorela, UMeKO-
Wy 60MbLUIYI0 MOBEPXHOCTb KOHTAKTa CYCMeH3Un C BO34YyXOM,
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obecrieynBaeT 100% -0 OUUCTKY BO34yxa MpuU NpPon3BOAUTENb-
HOCTU YCTaHOBKW A0 1 MAH M3/u.

M3BeCTHbI CMocobbl KOMIMIEKCHOM OUYUCTKU CTOKOB U 3a-
rPsA3HEHHOro BoO3Ayxa OT anndaTuyeckKnx KWUCnoT, CAUpTOB,
anbherngoB U yrrneso[0pofoB B a3poTeHKe C aKTUBHbLIM W/IOM.
Moka3aHa BO3MOXXHOCTb 3WDEKTUBHOM OUMCTKM OTXOASALLErO BO3-
ayxa psaga apmaueBTUYECKUX MPOU3BOACTB Ha OCHOBE MMMO-
6MNN30BaHHbLIX MWUKPOOGHbLIX KeTOoK. [Npon3BOAUTENBHOCTbL YC-
TaHOBKMW focTuraeT: Mo aueTtoHy — 164 r yrnepoga/m3e4; no
cMecum aTaHon + nponaHon — 57 r/m3e4; Mo AUXNOpP3aTaHy —
15 r/m3+4. OnAa petokcMkKauum umaHuga B MNPOMbILLNEHHbIX
Bbibpocax npennodkeHbl 6uonornyeckue MeTodbl, BKAOYas Npu-
MeHeHVe pa3sInYHbIX 6MNONOrNMYEeCKNX areHToB — OT aKTUBHOIO
una Jo cneuuduyecknx epmeHToB, paspyllarowmnx unaHuabl.
Tak, pagaHasa, o6Hapy>XeHHas y Bacllluz 3learolkertTopkhns,
KatanusnpyeT rnpespalleHne umaHnja B TmoymaHat, a UMMo6u-
NMM3oBaHHaA umaHunarngparasa rmgponmsyeTt umaHug ao dopma-
Muga. Obpasylouwmecs BO MHOMMX MNPOU3BOACTBEHHbLIX MpoLec-
cax BOCCTaHOB/IEHHble COeAVHEHMUSA cepbl (TUocyNbdar, CepoBo-
gopoa, MeTuaMepKanTaHbl, AUMeTUACYNb(na) MOryT CNy>XXWUTb
UCTOYHUKOM 3HEpPrun AN MHOrMX MUKPOOPraHU3MoB.

OOVH N3 MeToA0B OYMCTKM OT CepoBoAopofa COCTOUT B Mpo-
rnyckaHnm BO34yxa 4yepe3 coneBoil pacTBop meau. Obpasyembiii
B pe3y/nbTaTe 3TOr0 HepacTBOpPUMbI/ cynbug mMeTanna pasnee
MO>XeT 6bITb OKWCMAEH MNPU yyacTUM MUKPOOpraHusmos. Bo3-
MO>XHO cO34aHue CUCTeMbl BMOOUYUCTKN BO34yXa OT CepoBOAOPO-
0a VN OpraHnYyecKMx CoefMHEHUIA cepbl C UCMONb30BaHUEM TUO-
6auunnn; nNpu aHaspobHbIX YCNOBUAX AecynbPypunpoBaHue co-
MPS>KEHO C AeHUTpUdUMKaLnei:

5H28 + 8bla]y03 — 4MazB804 + H2804 + 4H20 + AW
(CH328 + 4blalll3— 2C02+ blaz804 + 2blaOH + 2H2D + 2bl2

Takmum o06pa3oM, B HacToOsiliee BpeMs B MPOMbILLUJEHHbIX
MacwTabax MPUMEHSITCA AOCTATOYHO 3hheKTUBHLIE GBMONOrn-
yeckue MpoLeccbl A1 OUNCTKU ra3oBO3AYLUHbIX Bbi6pocoB. Cy-
LWeCTBYIOT peasbHble Hay4Hble OCHOBbl AN pa3paboTKy M BHe-
OPeHNs HOBbIX METOAOB 6MOOUYUCTKMU.

341



naBa 8. 9konormnyeckas 6noTexHonorms

8.4. boreoTexHonornas " MonNyyeHme MeTasnoB

BuoreotexHosnorna wnsydyaeT MNpoUecCbl MU3BMeYEeHUA MeTan-
OB N3 pyf, KOHLEHTPATOB, FOPHbLIX MOPOA M BOAHbLIX pPacTBO-
poB noj BO3AeACTBMEM MUKPOOPraHMU3MOB WAU MNPOAYKTOB WX
XKU3HEeAeATeNbHOCTN MpU HOpMaibHOM AaBfeHun n Pu3nonorn-
yeckolh Temnepartype (oT 5 go 90 °C).

BakTepuanbHoe BblutenavymsaHune. [lpnMmeHeHne 6uoreo-
TEXHONOTMN MeTannoB 06YC/OBNEHO MCHepnaeMocTblo AOCTYN-
HbIX NPUPOAHbLIX PEcypcoB MUHepPanbHOro Cbipbs U Heobxoau-
MOCTbIO pa3paboTKM cpaBHUTENbHO HeboraTblX WU TpyAHoNepe-
pabaTbiBaeMbIX MECTOPOXKAEHUA.

BroreotexHonornyeckne MeTofbl, Takme, Kak MUKpPoO6Uono-
rmyeckas agcopbuuss u 6akrtepuanbHoe BbllenavynBaHme, No3Bo-
NAKT NOMYYNTb [OMOMHUTE/IbHOE KOMIMYECTBO LBETHbLIX MeTai-
JIOB 3a CYeT yTuamsauum LnamMoB N 0TXOL0B MeTalypruyecKmx
nPon3BOACTB, MNepepaboTKM TakK Ha3blBaeMblX 3abanaHcoBbIX
pPyA N M3BNEYEHUSA UX U3 MOPCKOW BOAbl M CTOKOB. Vcnonb3o-
BaHVe 3TUX MeTOA0B MHTeHcUuduuupyeT A06bIMY MUHEPaibHOro
Cblpbsi, yAeweBnseT ee, UCKIOYaeT Heob6Xo4MMOCTb MpUMeHe-
HUA TPYAOEMKUX FOPHbIX TEXHONOMUN M MNO3BOASeT aBTOMaTu-
3uposBaTb MnpoLecc.

3a TbicayeneTne A0 Hawel 3pbl puMasHe U PUHUKUKLbI
n3BfieKannm Megb U3 pygHUYHbIX Bod. B CpegHue Beka B Vcna-
HUMN N AHTIMN UCMOMb30BaAN MPOLECC «BbllienaymBaHUs» AN
nonyyeHUa mMeanm M3 Mefbcofepkalimx MuHepasoB. be3ycnos-
HO, ApPEeBHME FTOPHAKW He MOrin NpeanonoXXnTb, UTO aKTUBHbIM
3/IeMeHTOM [aHHOro npouecca SABAAKTCA MUKPOOPraHU3Mbl.
Bnepsble 3T0 ObINO AOoKa3saHo B 1947 r., korga B CLUA A. Kon-
Mep U . XUHKAN BbIAENNIN U3 LWWaXTHbIX APeHaXXHbIX BOA
MNKPOOPraHm3mMbl, OKUCNAKOLWWE ABYXBaNeHTHOE >Kefe30 U BOC-
cTaHaBnmBawuwme cepy. OHU 6blNN MAEHTUOUUMPOBaAHbI Kak
Thblobaclluns /errooxMan3. Bckope 6b1n0 yCTaHOBMEHO, YTO 3TU
Kenesookucnsawume b6aktepmm B NpoLecce OKUCNEHUA MepeBo-
OAT Melb U3 PYAHbIX MUHepanoB B pacTBop. [o3gHee 6b1an Bbl-
LeneHbl N onuncaHbl MHOTMe [pyrne MMKPOOPraHms3Mmbl, y4dacT-
BylOWMe B rpoueccax OKUCNEHUA CYNbMUAHBLIX MWUHePanos.
B 1958 r. B CLUA 6bin 3apernctpupoBaH MNepBblii NaTeHT Ha
nonyyeHme MeTa/IoOB M3 KOHLEHTPAaTOB C MOMOLLbIO >Kenes3o-
OKUCNAKWMNX MNKPOOPTaHN3MOB.
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B HacToduWwee BpemMsa npouecc 6aKTepnmanbHOro Bbllenavmn-
BaHMA [0CTATOYHO LUMPOKO MPUMEHSAOT ANA MNOAyYeHUs Meau.
MeHbLIMe MacwiTabbl UMeeT 6aKTepuasibHOe BbllenaynBaHme
ypaHa. Ha oCHOBaHMW MHOrOYMCAEHHbIX WUCCNeAOBaHUM NPUHS-
TO cuuTaTb OGaKTepuaibHOe BbllenayMBaHue MepCcrneKTUBHbLIM
npoueccom Ans BHeAPEHUS B rOPHOAO0ObLIBAOLLYIO MPOMbILLIEH-
HOCTb.

O6bl4yHOE NMPOU3BOACTBO 60OMLLUMHCTBA MeTall0B Ha Havalb-
HOW cTaguu npegycMaTpuBaeT KOHLEHTpUpoBaHWe MeTannco-
Jep>kallero MmHepana n3 pygbl. B KoHueHTpaTax cogep>kaHue
MeTan/ioB MOXXeT Ha MNopsAAOK MPeBOCXOAUTb UX YPOBEHb B UC-
XO4HbIX pyAax n nopopax. bakTepuanbHoe BbllenadmBaHue
CYbUAHbIX KOHUEHTPATOB MMeeT HEeCOMHEHHble AOCTOMHCTBA,
Tak KakK MOXeT OblTb pean30BaHO HenocpeacTBEHHO B MecTe
nonyyeHUs KOHLEHTpaTa B palioHe paspabaTbiBaemMoro MecTo-
poXaeHusi, 6e3 60MbWINX N AOPOrocTOAWMX 3aTpaTr Ha TpaHc-
nopTmpoBky. OAHAKO NUMUTUPYHOLWMMKU dhaKTopamun bakTepu-
anbHOro BbllWenavynBaHUA ABNAOTCA LOBONbHO HU3KWE CKOPOCTU
npoTeKaHUsa 3TUX TPOLECCOB, a TakXXe HernofHasa pacTBOpuU-
MOCTb HEKOTOPbIX MeTannoB.

PaboTbl nocnegHMx neT nokasaiu, YTO 3KOHOMWYECKUN Bbl-
rogHo nosnydyaTtb Mefb U3 XalbKOMUPUTHOINO KOHLeEHTpaTa, Tak
KaK CKOPOCTb BbllenaymBaHnsa mMoxkeT gocturatb 700 mr/n eu,
a obpasyemblii Npyn 3TOM pacTBop cogep>XuTt 30-50 r/n meawn.
MN3BeCcTHbl 6akTepunanbHble TEXHOMNOIMN MONYYEHUS UUMHKA, Me-
OV N KagMnsi N3 CMellaHHbIX CynbMUAHbIX KOHLEHTpaToB C
94%-ii cTeneHb 3KCTPaKLUMMN Ha3BaHHbIX MeTannoB.

B MeHbLUMX MacwTabax NPUMeHsieTCA B FrOpHOA06bIBatoLLel
MPOMBbILLINEHHOCTU ApPYroi 6UOTEXHONOrMYECKUI Mpouecc —
n3pqiedeHnMe mMeTannoB M3 BOAHbLIX pacTBOpPOB. 210 HanpaBne—
Hue obellLaeT CyLecTBEHHbIE MepPCNeKTUBbI, TakK Kak rnpegnona-
raeT [OCTaATOYHO AelleBble MPOLLECCbl OYUCTKU CTOKOB OT Me-
TannoB M 3KOHOMWYHOE MOfly4YeHMe Mpn 3TOM CbIpbS.

OnpepaeneHHbIVE nMHTepec Ana 6uocopbumm meTannoB M3 pac-
TBOPOB MpPeACcTaBnAlT AeHUTpuduuupylouime 6akrtepuun, 0CO-
6eHHO nMpeacTaBUTeNnN PoOAOB PsewmitoTonas, Alcali8enes,
Baclluns. 3TWM MUKPOOPraHm3mbl, O6yaydun dakynbTaTUBHbIMU
aHaspobamMun, UCMoNb3yT B KayecTBe aKUenTopa 3N1eKTPOHOB
okucabl aszota (XK)3~ MO3~ H20) mnum kucnopos, a goHopamu
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3N1eKTPOHOB MOrYT CNY>XUTb pasfinvyHble opraHUYeckue coefm-
HEeHUSs, BOLOPOA, BOCCTAHOBJ/IEHHble coefuHeHUA cepbl. Cynb-
haTBOCCTaHaBAMBawWMe 6GakKTepun, KOTOpble MCNONb3YHOT B
KayecTBe AOHOPOB 3/IEKTPOHOB MOJMEKY/SPHbI BOAOPOA W opra-
HMYeCKMe coeiUHEHUS, B aHa3pPOO6HbIX YCNOBUAX BOCCTaHaBIU-
BaloT cynbdpatbl, 802, 8202, nHorda 80.

HekoTopble reTepoTpodHblie MMKPOOPraHU3Mbl CrOCOGHbI
paspyLwlatb ropHble Mopoabl B pe3ynbTaTe BblAeNlEHUA OpraHu-
YEeCKMX MNPOAYKTOB 0bMeHa — OpraHuU4YecKmMx KucnoT, noauvca-
Xxapnaos. VICTOUHMKOM 3Heprum v yrnepoga ANsi OpraHM3mMoB
cny>XaT pas/inyHble opraHuyeckme BellecTBa. TaK, CUNINKATHble
nopoabl AeCTPYKTYPUPYKOT npeacrtaBuTenn poga Bacllwns, pas-
pywas cBsA3n 81-0 -81. N'pubbl pogoB Asperallns, PeTclluT ©
OPYrux TakXe aKTUBHble OeCTPYKTOPbl CUINKATOB.

Bce HasBaHHble BblilenadynBalwume 6akTepun nepeBogsT B
X0[e OKWUC/IEHUs MeTannbl B pacTBOpP, HO pasHbIMU MNYTAMMW.
PasnuuyaoT npsimMble M Henpsimble MeToAbl 6akTepuanbHOro
OKUCNEHNA MeTanos.

Mpouecc oOKMCNEHUA >Kefne3a U cepbl bakTepuaMn ABASETCS
npsiMmblM OKUC/IUTEIbHbIM MPOLLECCOM:

4re804+ 02+ 2H2B04— 2Ie2804)3 + 2H20,

88 + 1202+ 8H2 — 8HZB04

B pe3ynbtaTte npsamMoro 6aKTep|/|aanoro OKUCNeEHNA OKWMC-
NAKTCA NMUPUT!

ATe82+ 1502+ 2H2D — 2re2804)3 + 2H2804

n chanepuT:
2n8 + 202 —* 2n804

VioH TpexBaneHTHOTro >Kefesa, obpasyloluniica B pesynbtaTe
OKUCNeHUNA 6GaKTepusiMM [ABYXBANEHTHOro >Kenesa, CAy>XuT
CUMbHBLIM OKUCNSIOWMM areHToM, NepeBoAsLUM B PacTBOp
MHOrvMe MUHepanbl, HaNnpuUmep XanbKOLUT:

Cus + 2Ie804)3 — 2Cn804 + 4Ie804 + 80

U YpaHUT:
W 2+ PeA8043 — 1ro2804 + 2rre804

344



8.4. bnoreotexHonornsa N nNonyvyeHne MmeTannos

BbiwenaumBaHue, npomcxogdauiee npu yyactmm moHa le3+,
KOTOpbIi 06pa3yeTca B pe3dynbTaTe >XU3HeAeATeNbHOCTWN 6akTe-
puii, Ha3blBaeTCsA HeNpsiMbIM OKWUcNeHMeM. YacTo B xoge He-
NnPAMOro OKMCNeEHUS MUHepasnoB 06pasyeTcsa anemMeHTapHas ce-
pa, KoTopas MOXeT HernocpeACcTBEHHO OKUCNATLCA 6aKTepusamMu
[0 CEepHON KUCNOThI.

Cno>kHbIi npouecc 6aKTepnanbHOro OKMUCAeHUs cynbhua-
HbIX MMWHepanoB BK/KOYaeT aAcopbuUU0 MUKPOOPraHM3MOB Ha
MOBEPXHOCTM MMUHepana WX TOPHOW NopoAabl, AeCTPYKLUUIO
KPUCTa/NIMYECKOW peLleTKU, TPaHCAopT B KAETKY MUHepasb-
HbIX 3/IEMEHTOB U UX BHYTPUKNETOYHOE OKUC/IEHUE.

BakTepunanbHoOe BblllenayMBaHue, Ha3blBaeMOe TaKXXe 6uo-
rmgpomeTannyprmeini UIN 6MO03KCTPaAKTUBHON MeTannypruem,
B MPOMbILLUNEHHbIX MacwTabax AOBOAbHO LUMPOKO MPUMEHSIOT
Ons nepeBoja MeAu W ypaHa B pacTBopumyto ¢gopmy. CyuiecT-
BYeT HEeCKO/IbKO crnocoboB NpoBefeHUs 6akTepuanbHOro Bbille-
naymBaHuA MeTanoB. Bce OHM OCHOBaHbl Ha CTUMYNALUN POC-
Ta >Kene3ooKMCNALWmMX 6aKTepuin, CNOCOO6HbIX OKUCAATb OBYX-
BaJIeHTHOE >Kefie30 N cepy. ST MeToAbl BECbMa 3KOHOMWYHbLI U
UUCTbl B 3KOMOrMYECKOM rMaaHe, AOCTaTOYHO MPOCTbl U CMOCO06-
Hbl K camonojjep>aHut, 6narogaps obpa3oBaHWKO areHTa —
pacTtBopuTens MeTalsioB B BuAae pacTtBopa [e3+. Bce nonyyeH-
Hble Npu 6akKTepuasbHOM BbllWenayMBaHUM NPOAYKTbI peakuuu
Haxo4aTcss B pacTBopax, KOTOpble MOXHO Nerko HeiTpannso-
BaTb. BpeaHble no6o4yHble razoobpasHble MPOAYKTbl OTCYTCT-
BYIOT, a nMpouecc He 3aBUCUT OT MacwiTaboB ero npoBeneHUA.
K TpygHoCTAM peannsaumm 6MonornyecKUx MeTogoB OTHOCATCA
Heo6Xo4MMOCTb MOoAAEPIKAHNA aKTUBHOWM MUKPOBGHON KynbTypbl
B CTPOro KOHTPONMPYEMbIX, 3afaHHbIX YC/NOBUAX; HWU3KMeE, M0
CpaBHEHUID C XMMUYECKUMMN rpoLeccaMmu, CKOPOCTU peakuuid,
B3aMMOCBA3b MPOLECCOB BbilWenaymMBaHUAa CO CKOPOCTAMU pocTa
MNKPOOPraHM3mMoB.

[MoBEPXHOCTHOE BbiWeNaynBaHNe Kydy U OTB&JIOB B OCHOB-
HOM CBOAMUTCA K U3BNEYEHUIO MeTan/loB U3 0TX040B ropHoA06bI-
BaroLleli NPOMbILLIEHHOCTU UKW NMOBOYHbIX 6eAHbIX pya, nepepa-
60TKa KOTOPbIX 06bIYHbIMW criocobamMmy HEIKOHOMUYHA. MeTobl
MOBEPXHOCTHOrO BbllWenadynBaHUA Kyd W OTBasoB, MNPUMeEHse-
Mble B HacTosillee Bpems, Mano 4YeM OTAM4YaloTcs OT npouecca,
KOTOpbIV ncnonb3oBann B XVIIl B. B icnaHUM Ha mecTopoXage-
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HUU PNO-TUHTO ANA U3BNeYeHNA Mean U3 pyfa BbiBETPUBLLENKCS
nopogbl. 3TN MeTOoAbl MPUMEHSAIOT 06bIYHO MPU U3BNEYEHUN Me-
OV N3 Nopof C HU3KUM ee cogep>kaHuem (meHee 0,4 % no Be-
cy). Takme oTBasbl HakKanIMBawTCA B 60MbLUMNX KoAnMyecTBax
npy KpynHomMacwwTabHo OTKpbLITON pa3paboTke pyAbl, OHW MO-
ryT 3aHMMaTb OrpOMHble Naowagm v AocTUratb B BbICOTY He-
CKONbKNX COT METPOB.

BbiwenauynBaHne Ky4y HECKO/bKO OT/AM4YaeTcs OT Bblliena-
ynBaHuA oTBanoB. Kyum cogep>kaT MOBbILLEHHOE, MO CpaBHe-
HUIO C OTBanamu, cojep>kaHue meTanna, U3BnedeHUe KOTOPOro
B MPUHLMIME BO3MOXHO 3a AOCTATOYHO KOPOTKUIA CPOK — He-
CKONbKO MecAueB. B To >Xe BpemMs BbllienadymBaHue OTBaiOB
MOXXeT ANnTbCA rogamu. B Kyyax v oTBanax u3smenbyeHHas
pyfa ynoXkeHa Ha HakK/lOHHOe BOAOHErNpPOHMLLAeMOe OCHOBaHMe.
MoBepxXHOCTM Ky4 U OTBanoB OpoLUalT BbilenadynBarLen
XUAKOCTbIO, MpeacTaBnstoller coboil cnabblii pacTBOp KMCNO-
Tbl U MOHOB TpexBaneHTHOro >kenesa. Co6op pacTteBopa C uU3Bfe-
YeHHbIM MeTannom, npounbLTPOBABLUNMCA Yepe3 CNoW Mopo-
Obl, NPoOU3BOAAT CHU3Y. MNpn BbiWenaynBaHUU OTBaNOB B HUX,
KakK npaBuio, pasBuBaloTCa MNPUPOLHble MUKPOOPraHM3Mbl, a
Knucnasa cpefa M Hanmume Kucropoga cCrioco6CcTBYOT MOBblLLe-
HUIO KaTalMTUYEeCKOW aKTUBHOCTU Thblobacllus {errooxllans.
BbiwenauymBarouiaa >XUAKOCTb C MOMOLLLIO HacocoB nogaeTcs
noBepx Ky4u pyfAbl, pacnblifgeTca No ee NoBepxXHOCTU U, cTeKas
BHM3 caMOTeKOM, (hunbTpyeTcs, nNpoxoasa 4vepes Hee. ITU 060-
rauleHHble MeTannoM pacTBOPbl HanpasnsAlT B creyuanbHble
npyabl U BogoeMbl Ans cb6opa M M3BAeYeHUA MeTanna MeTo-
OOM MpOCTOro ocaxkfeHus, 3NeKTPOIM30M WU 6onee CNOXKHbI-
MU MeTogamun. OTpaboTaHHble BbllWenaymBaloLUiMe pacTBopbl,
cofep>kalime B OCHOBHOM pacTBOPEHHOE >Kene3o, pereHepupyroT
B OKNUCNNTEeNbHbIX MpyAax M BHOBb NofaloT B OTBasbl.

CKOpOCTb U3BfieYeHUA MeTanna npyv MNPOMbILLIEHHOM Bbl-
uenaymMBaHMmM Ky4y 1 0TBaloB 3aBUCUT OT MHOMUX (PaKTopoB —
aKTUBHOCTU KYNbTypbl, KayecTBa pyAbl N CTeneHU ee Aucriepc-
HOCTW, CKOPOCTU (ounbTpauuun BbillenadmBalroLLero pacteopa,
aspaumun. Tak, Npuv BBeAeHUU CXKATOro BO3gyxa B TOMLLY Bbl-
uenaymMBaemon MegHoM pyAbl CKOPOCTb U3BMEeYEeHUA Menun BO3-
pacTaeT Ha 25 %.

MpumeHssiemoe, Hanpumep, B wTaTte Hblo-Mekcnko (CLUA)
BblllenayMBaHMe OTBaNOB AaeT CYTOUYHYK [06bl4y Mean OKOJO
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45-50 1. CebecTOMMOCTb NONyyaemMoil TakMM Criocobom meau B
nontopa-ABa pasa HM>Ke, Mo CPaBHEHUO C OObIYHbIMU MeToAa-
MU TUapo- n nupometannyprum. B uenom B CLUA 15 % meau
nony4yalrT B npoueccax 6akTepuanbHOro BblliefadynBaHUs Ky
M OTBasoB.

CyLiecTBEHHO pe>ke NCMOoNb3ylT MUKPOOPraHnsmMbl Ans Bbl-
uenaymMBaHus B NPOMbILLUNEHHbIX MacwlTabax ypaHa. Npun atom
nopoja vnu pyga AomkHa 6bITb 6orata cynbpuaHbIMU MUHepa-
flaMn N He CINLLIKOM MHTEHCUMBHO Mnornowatb Kucnopofd. B Boc-
TOYHbIX palioHax KaHafbl rnoasemMHoe 6aKTepuanbHOe Bblllena-
YymBaHMe MNPUMEHAIT ANA WN3BJ/IeYEHUA OCTaTOYHOro ypaHa Ha
BblpaboTaHHbIX nnowaakax. Ona aToro CTEHKW N Kpbln 3a60-
€B NPOMbIBAlOT MOAKWUC/EHHOW BOAOWM. Pa3BuBatloLwmecs ecrecTt-
BEHHble >Kefne3ob6akTepun THiobacllus {errooxMan3 OKUCAAIOT
OBYXBaneHTHOe >Xene3o [0 TpexBaJleHTHOro, KOTopoe oKucnsaeTt
YyeTbIpexBaNlieHTHbIA ypaH [0 LWecTUBANeHTHOro, nepeBofs ero
B pacTBop:

W 2+ Nre8043 — WU 2804+ 2Ie804

B0o3MOXXHO TaK)Xe npsAMoe OKUCNeHUe ypaHa 6aKTepI/IFIMVIZ

21Iro2+ 02+ 2H2804— 21U 2804+ 2H2D

CnycTa Tpu-4yeTbipe Mecsdua 3abou cHoBa npombiBaloT. Mpo-
MbIBHble BOAbl, coAep>kalime ypaH, cobmpatoT; ypaH U3BnekawT
pacTBopuUTENAMMN NIN60 C MOMOLLbIO MOHHOro obmeHa. 3TUM Cro-
Co60M MOXXHO M3BJedb o 90 % oCcTaTO4YHOro ypaHa.

MO>XHO NpUMeHATb 6akKTepuanbHOe BbilenaynBaHMe B Ka-
yecTBe MEPBUYHON TEXHONOrUW ANA NONyYeHUA ypaHa — Tak
Ha3blBaeMoW TexHonorum w s3hu. PyaHoe Teno paspyLuakT
B3PbIBOM ANA YBeANYEHUS MPOHULAEEMOCTU W MOBEPXHOCTHOM
noowann. Yepes CKBadKUHbI pyda WHXeKTUpyeTca cnabblm
pacTBOpPOM CepHO KWUCNOTbl U HacbIlWaeTca BO3AyxXoM. Yepes
HNX >Xe BO3MOXXEH 0TBOL, PYAHWUYHbIX BOA C MU3B/IeYEHHbIM ypa-
HoM. MpeumyulecTBamu JaHHOro mMetTofa SIBAAKOTCA ero He3aBuU-
CUMOCTb OT MOroAHbIX YCNOBWUW, COXPaHHOCTb MOBEPXHOCTU
MEeCTOPOXAEHNA N OTCYTCTBUE rpyAbl OTBAJIOB.

OgHako npouecc BblluienadymBaHna T 3Un 6onee Tpypoem-
KWiA, N0 CPaBHEHUIO C MOBEPXHOCTHbIM BbillenadynBaHuem. YTo-
6bl KOHTPOMPOBaTb €ro Te4YeHWe U COCTOSAHME MUKPOOPraHwus-

347



naBa 8. 9Konornyeckas 6uoTexHonorns

MOB, Heo6xoAMMO co3jaBaTb chneuuanbHble UMHXKEHEepPHble CcXe-
Mbl, TaK KaK B YCNOBUSAX FMYOGUHHbIX 3aferaHMini nnacToB M3-3a
BbICOKOr0 AaBfeHusl, rurnepbapun Kucnopoga m npoymx gakTo-
pOB BO3MOXXHO W3MeHeHue (U3N0NOTMYECKOro COCTOAHUA >Ke-
nesooKucnAlWKUX 6akTepuii, a cnefoBaTenbHO, HapylleHue
TEXHONOMMYECKOr0 LMKNa.

Hawnbonee cnoxxeH npouecc 6akTepuanbHOro BbllienaymBa-
HUS B annapatax — TaK Ha3blBaeMOE 4aHOBOe Bbilienavymnea
Hue. OTOT TUN BblWeNavynBaHUA MNPUMEHSIOT B FOPHOPYAHOM
MPOMbILLUNIEHHOCTU ANS W3BMeYEeHUSA ypaHa, 3010Ta, cepebpa,
Meau N APYTUX MeTannoB M3 OKUCHbIX PyA WU YNOPHbIX CYNb-
DUOHBIX KOHLIEHTPATOB.

UaHOBOe BbllenauymMBaHne YMOpHbIX CYNbPUAHbIX KOHLEHT-
paToB NpOBOASAT B MPOTOYHOM peXUMe B Cepyu nocnefoBaTtefb-
HO coefMHEHHbIX annapaTtoB 6onbworo obvema (30 X 50 X 6 m)
C nepemelLMBaHMeEM, aspauueint, npu ctabunusaumm pH, Temne-
paTypbl M KOHLEHTpauum MUKPOOPraHM3mMoB B nynbne. lMNepeg
3arpy3koii B annaparbl KOHLEHTpaTbl M3Menb4yalT U CMeLlnBa-
0T co cnabbiM pacTBOPOM CepHO KmcnoTbl. Ha xof npouecca
BAUSAIOT MHOrvMe napameTpbl: pH, TemnepaTypa, CKOpPOCTb Mpo-
TOKa MNynbMbl, €e MAOTHOCTb U pasMep 4YacTuL, KOHLgEeHTpaTa.
Ba>kHbIM yC/IOBMEM 4YaAHOBOTO BblllenaynBaHUA SABNSAETCA Halu-
ume CUCTEM, KOHTPOMMPYHOLUX U CTabUANINPYIOLLUX MHOrme
M3 MepeyvyncneHHbIX napameTpoB, 4TO obecrnevmBaeT 3aPPEKTUB-
Hoe npoTekaHue npouecca. CxemMa 4YaHOBOro BbllenavynBaHus
CyNb(PUAHBIX KOHLEHTpaToB 3amMkKHyTasd. O60poTHble BOAbl MOC-
Nne pereHepauum UCMNONb3YIOT B KadecTBe MNUTaTeNbHON cpefabl
Ansi 6aKTepuii N BbillenavynBaroLLeEro pacTBopa.

OnpepeneHHylo npobnemy npeacTaBnseT obecrneveHue Mpo-
Lecca MHOKynAToMm. Mpu 4YaHOBOM BbilWenadynBaHUU pabdoTatoT
C NNOTHbLIMU NyAbNamMu NPU KOHLUEHTPaLuun KNeToK B KynbType
po 1,0-1,5 r/n ACB. Ona nonyyeHMs aKTUBHOW MUKPOGHOIA
KYNbTypbl CyLLeCTBYeT HECKO/bKO cnocoboB. Hambonee adpchek-
TUBEH CMOCO6 KYNbTUBMPOBAHUSA >XEeNe300KUCAsWwmnux 6akrte-
pviAi B NPOTOYHOM 3MEKTPOXUMUYECKOM KyNbTUBATOpe, 4YTO CO-
NMpsHKEHO C 3NeKTPOBOCCTAHOBNEHMEM cybcTpaTa. B xoge pocta
MUKPOOPraHU3Mbl OKUCNAKOT ABYXBafeHTHOEe >Kefle3o A0 Tpex-
Ba/lEHTHOrO, a B X0fe 3/1eKTPOXUMMUYECKUX MpeBpPAaLLEHUR >Ke-
ne30 BOCCTaHaBIMBAaeTCA A0 OBYXBAJEHTHOrO0 U CHOBA CAYXWUT
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cybcTpaTtoM AN MUKPOOPraHM3mMoB. B NpOMbILINEHHbIX Macll-
Tabax 4yaHOBOe BblllenaymBaHne NPUMEHSAETCA Npu nNepepaboT-
Ke KOMMNEKCHbIX MeAHO-LUMHKOBbIX KOHLEeHTpaToB. B cocTaBe
3TUX KOMMAEKCHbIX KOHLEHTPATOB MPUCYTCTBYIOT HECKO/bKO
MUHepanoB — xXanbKonuput (Cule82), nuput (Pe82), chaneput
(2n8). 3a 72-96 4 BblWenadnBaHUs M3BneKawT 0Kono 90 %
2n, a Takke Cu n Pe — coorBeTcTBEHHO 25 1 5 %.

OnoBocofepykauiue KOHUeHTpaTbl BKIKYAT NUPUT, Xalb-
KOMNMPUT, apCeHONMPUT U ONOBSIHHbIE MUHepanbl B BUAe OKUC-
noB onoBa. M3 aToro KomMnnekca MmHepanoB 6aKTepun OKMUCNA-
0T Mpe>Xkae BCEro HM3KOMoTeHUManbHblA apceHonpuT (FeA38).

MbIWbAK NpeacTaBnseT coboil BpeAHYO MPUMECb U Ype3Bbl-
yaHO 3aTpyAHAeT u3BJeyYeHMe O0foBa WAU 30/70Ta U3 TaKUX
KOHUeHTpaToB. CefleKTUBHOe 6aKTepuanbHOe BbllenavyMBaHue
MbilLbSAKa MO3BOASAET MOAYYUTb ONOBAHHbLIA N MeAHbIA KOH-
LeHTpaTbl. NMpMeHeHMe 3TOro noaxoaa genaet nepepabaTbiBae-
MbIMW  TPYLAHOAOCTYMHbIE 30/0TOCOAep >KaLlime KOHLEHTpaThl,
KOTOpble BXOAAT B COCTaB Nuputa M apceHonuputa. 30/710TO B
TaKMX KOHLUEeHTpaTax TOHKO BKparieHo B KPUCTaN/INYeCKYHo
pelleTKy, U n3Bnedyb ero MeTogoM LiMaHMPOBaHUS MOXXHO TO/b-
KO nocne ee paspylleHus. NMupomeTannyprnyeckuii ooxur ta-
KNX MbIlbAKCOAEPXKALLNX KOHLEHTPATOB CU/IbHO 3arpAasHseT
OKpy>KawlLlyo cpesy BpeAHbIMU apcuHamu (ABHA) 1 paeT HU3-
KYl0 CTerneHb M3Bfe4YeHUA 6naropofHbiX MeTannoB, a MnoTomy
mManonpurogeH. [lpumeHeHUe 6akKTepuanbHOro BbllienaymBa-
HUA MNO3BONAET B 3KOMIOrMyeckn 6e3onacHOM nMpouecce cenek-
TUBHO M3BMeYb MbIWbAK M3 KOHLEHTPATOB W MNepeBecTU ero B
pactBop. locfe u3BfeYeHUs MbillbSAKa M3 TakKuUX KOHLUeHTpa-
TOB y[aeTCH TaK>Xe M3B/edyb MeToaoM unaHupoBaHus o 90 %
30/10Ta ” cepebpa.

Ob6oraweHve pya N KoHueHTpaToB OTHOCUTCA K nepcrnek-
TMBHbIM HanpaBfieHUsAM 6MOreoTeEXHONONMU MeTannoB. Becbma
apheKTMBHBLIM NpeacTaBAseTcss MNPUMEHeHUe ANA 3TUX Luenewn
cynbhaTpeayumnpyrownx 6akTepuii, ¢ MNOMOLLbI KOTOPbIX MOXX-
HO paspaboTaTb MPUHLUNNANBLHO HOBbIe MPOLECCHI N CyLllecT-
BEHHO YyNy4lWINTb cyulecTBytowme. MNpu npoBeaeHMnN NpoLLECCOB
dnoTaunun OKUCAEHHbIX MUHEPANOB CBUHLLA M CYPbMbl UCMNO/b-
30BaHue cynbartpegyunpyrowmnx b6akrtepuii Ha 6-8 % MOBbI-
LaeT u3BfieYeHUe MUHepanoB B pesynbTaTe cynbdpuavsayuu
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OKMUCNOB; B npoueccax cnotaymm uepyccuta (PbCO3 misBneve-
Hue cBUHUA Bo3pacTaeT Ha 20-25 %.

MpumeHeHne cynbhaTpegyumpyowmnx 6akrtepuin ana pge-
copbumm KcaHToreHata C MOBEPXHOCTU HEKOTOPbIX MUHepanosB
nocne dpaotTauun NO3BONSAET CENEKTUBHO pas3fe/nTb HEKOTOopble
MUHepanbl (Meab, MoAMbAEH, CBUHeEL, LUHK U Ap.).

CnepoBaTenbHO, 6MOreoTexHonorMyeckme MeTonbl U3Bfede-
HUA MeTannoB MOryT AOMNONHUTL (& B HEKOTOPbIX ciay4dasiXx u
YacTUYHO 3aMeHWUTb) TpagUUMOHHblE MeTOoAbl FOPHOAOObLIBAlO-
wer oTpacnn. Tak, Medb M ypaH nony4yakoT B 60MbLINX MacLl-
Tabax B npoLeccax Ky4yHOro v noA3eMHOro BblliefadymBaHuA; C
MOMOLLLbID YaHOBOTrO BblllenavyMBaHusa ygaeTca nepepabaTtbiBaTb
MHOIrMe KOHLUEeHTpaTbl M nofy4vyaTb UWHK, MeAb, 010BO, cepeb-
po, 305n0TO0 M gp. PaspabaTbiBalOTCA M Haxof4AT Bce 6onbliee
npMMeHeHMe npoueccbl 6uocopbuUnUM MeTannoB U3 pacTBOPOB U
CTOYHbIX BOJ; HamMeyeHbl MOAXO0Abl K WMCMONb30BaHUIO 6uoreo-
TEXHO/IOrMYECKNX METOA0B MNpwn oboralleHUU pyn U KOHLEeHTpa-
TOoB. BHegpeHme 6MOreoTexHonorMm MeTanioB MO3BONSET yBe-
nMunBaTb CbipbeBble pecypcbl, obecneymBaeT KOMMAEKCHOE W3-
B/leYEHNE MeTaNNoB U He TpebyeT CAOXKHOM ropHogobbiBaoLen
TEXHUKW; npoucxogdauime npm 3TOM MPOLLecChbl Nerko noanarwT-
CA perynmpoBaHuUi0 M aBToMatTm3auum W Mo3BONSAKT pellaTb
MHOIrMe NPUPOLOOXPaHHbIe 3ajayun.

8.5. broaHepreTka

MHTepec K 6MO3HepreTUKe Kak HaykKe 0 NMyTAX U MexaHM3amMax
TpaHcqopMaLnun 3HEepPrMm B GMONOTUYECKUX CUCTEMAxX BE/UK,
NOCKO/NbKY 3HEProBOOPYXXEHHOCTb OTHOCUTCS K hakTopam, on-
peaensilolIMM ypoBeHb pasBuUTUsS obulectBa. B mocnegHee Bpe-
MS AN cpaBHeHUs1 3PPEeKTUBHOCTU TeX UMN UHbIX MPOLLECCOB U
TEXHONOINIA Bce yalle npuberaloT K 3HepreTUYecKoMy aHanmay,
KOTOPbI yCMNewHo uchnonb3yetcss B akonorum. OCHOBHas 3a-
Java sHepreTUUYECKOro aHanmMsa 3ak/4aeTcs B MNaHMpoBaHUN
TakKnux MeToAO0B MPoOM3BOACTBA, KOTOpble obecrie4ymBardT Haubo-
nee apgeKTUBHOE MNOTpPebneHne UCKOMaeMbIX M BO306HOBSAE-
MbIX 3HEPropecypcoB, a TaK>XKe O0XpaHy OoKpy»Katollei cpefbl.

3a BCHO UCTOPUIO pPas3BUTUS YeNoBe4YEeCKOro ob6liecTtBa Mo-
Tpe6neHne 3Heprum B pacuyeTe Ha OAHOro 4YefoBeKa BO3POC/O

350



8.5. buoaHepreTnka

6onee yem B 100 pa3. MNpwu aTom 4yepe3d Kaxable 10-15 net mu-
pOBOli YPOBEHb MOTPE6NEHUSA IHEPTUN MPaAKTUYECKU yABanBaeT-
cd, a 3anacbl TPaguUMNOHHbIX UCTOYHUKOB 3Heprumn (HedTun, ra-
3a) ucrowarotca. Kpome TOro, cXuraHue WCKoOMaemblX BWOOB
TOn/AMBa MPUBOAUT K HapacTawlwemMy 3arpa3sHeHUi0 OKpYy»Kalo-
wen cpedbl. [MO3TOMY CTaHOBUTCSA O0YeHb BaXKHbIM MonyyaTb
9HEPruo 3a CYeT 3KONIOMTNYECKU YUCTbIX TEXHONOTMUNA.

HenccsakaeMblM WUCTOYHMKOM 3HEPrnm Ha 3emne sABNseTCA
ConHue. Kaxkablih rog Ha NoBepxXHOCTb 3eMAN C COTHEYHON 3Hep-
rmein noctynaet 3 X 2024 1>k aHeprnn. B To >Ke BpemMs, Mo OLEeH-
Kam crneumanncToB, pasBefaHHble 3anacbl HepTu, yras, Npupos-
HOro rasa, ypaHa akBumBa/leHTHbI 2,5 X KO2 [I>K, T. e. MeHee 4eMm
3a o4Hy Hegento 3emna nony4vaeTt oT ConHUA Takoe >Ke KOMNYecT-
BO SHEPruun, Kakoe COLAEP>KUTCHA BO BCEX ee TOM/IMBHbIX 3anacax.

BakHbIM HanpaBfieHVeM ABMAETCA MOUCK HOBbIX UCTOYHUKOB
3Heprnun. Tak, BEAUYUHA CO/IHEYHOW 3Hepruuv, najawoLller Ha He-
OCBOEHHble TeppuUTopuKn, Hanpumep NycTbiHM (0K00 2107 KM2),
cocTaBnsieT 0Kono 51 Tbic. KBT eu4. [pn OCBOEHUU 3TOIN 3HEPIUUN
X0oTa 6bl ¢ 5%-m KM/ ypoBeHb MUPOBOro NMpoM3BOACTBaA 3SHep-
rm MOXKHO yBenmunTb 6onee yem B 200 pas. Takum ob6bpasom,
npyu BO3MOXXHOM HapogoHaceneHMM 3eMHOro wapa B 10 mMapg
yenoBeK MoyvYeHMe 3HepPrun To/bKO C NMOBEPXHOCTU 30HbI MNyC-
TbiHb 6yZeT B 10-12 pa3 npeBbillaTb 3HepreTnyeckme noTpeo-
HOCTUW 4enoBevecTBa.

MpuHUMNNANbEHO BO3MOXXHO TaKXXe O0OCBOeHWe CONHEYHOMN
3Hepruun, nagawouwen Ha NOBepPXHOCTU Mopeii n okeaHoB. [Mpwu
3TOM MepBUYHO MpeobpasoBaHVe COMHEYHOW 3HEepPrum Mpomcxo-
OVUT 3a CYeT CUHTe3a 6uomaccbl (hUTONNAHKTOHA, BTOPUYHLIN
npouecc npeacrtaBndet cobol KOHBepcutio Buomaccbl B MeTaH U
MeTaHon. lMnaHTaunMnu MUKPOBOAOPOCNEN, MO OueHKaM crneuu-
anncToB, HABNAKTCA Hambonee nMPOAYKTUBHLIMU CUCTEMaMMU:
50-100 1/ra B rog.

PacTnTenbHbIn NOKPOB 3eMnm cocTaBnsieT cBbile 1800 mnpa T
CyXOro BellecTBa, 06pa3oBaHHOro B npoueccax ¢poTocmHTesa
NeCHbIMW, TPaBAHLIMU N CEMbCKOXO03ANCTBEHHBIMU 3KOCUCTEMaMK.
CyulecTBeEHHas 4acTb 3HepreTU4yecKoro noTeHumana 6momacchbl
notpeb6nseTcsa 4enoBekoMm. [ins cyxoro BellecTBa MNPOCTEMLLNM
cnocobom npeBpalleHns 6uomMacchbl B IHEPIUIO ABASETCHA cropa-
HWe, B MNpouecce KOTOPOro BblAensieTca Tenno, npeobpasyemoe
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hanee B MeXaHUYeCKY WUAN 3N1eKTPUYECKYI 3Hepruto. Cbipas
6momacca Tak>Ke MOXXeT 6bITb NMpeobpaszoBaHa B 3HEPruto B Mpo-
Lieccax 6nomeTaHoreHesa M NofyvYeHMa cnupra.

MonydyeHne TonnmBa Mo cxeme «bumomacca — OGUOTEXHOMO-
rMsa» OCHOBbIBAETCA Ha coyeTaHUWU (POTOCUHTE3a, >XUBOTHOBOA-
CTBa, KOopmonpomu3BoAcTBa U hepmMeHTauum C UCMNONb30BaHUEM
TexX UM UHbIX BUONOTUYECKUX areHTOB.

HayuyHble n aHanuTU4yecKne mnccnefoBaHuA MocnefHero fge-
CATUNETUS NPUBOAAT K BbIBOAY, YUTO Hambonee appeKTUBHLIMU
M obHage>XmBawwnmMnU ANa KpynHomMacwwTabHoro npeobpasoBa-
HUSA CONHEYHOW 3HEeprun SABASAKTCSA MeTOoAbl, OCHOBaHHble Ha
MCMOoNb30BaHNN BUOCUCTEM, B 4YMC/Ee KOTOPbIX AOCTATOYHO XO-
pOLLO OCBOEHHble 6MONOTMYECKMEe TEXHONOMMMU npeBpalleHns
6uvomaccbl B 3HEProHOCUTENM B rpoueccax 6umomeTaHoreHesa u
Nnpous3BOACTBa CnMpTa, a TakXXe NPUHLUUNUanibHO HOBble paspa-
60TKW, HanpasfeHHble Ha MoAUUKaLUIO W MOBbIWEHNE 3-
PeKTUBHOCTU camoro npotecca oOoToCcUHTE3a, co3gaHune 6moTon-
NINBHbIX 3NEMEHTOB, MNonyyeHue droTtoBogoposa, 61oaneKTpoka-
Tanums.

BnomeTaHoreHes, WIN mMeTaHoOBOe 6pO)KeHI/Ie, AaBHO W3-
BECTHbI npouecc npeBpalleHmns bnomaccbl B aHepruto. OH 6blin
OTKpPbIT B 1776 r. BonbToW, KOTOPbI YyCTAaHOBW/ Hannyme Mme-
TaHa B 60/10THOM rase. buoras, nony4yaembliii U3 OPraHNYecKoro
Cblpbsi B Xoge OWOMeTaHOreHesa B pe3y/bTaTe pas3noXXeHus
CNOXHbIX OpraHMU4YeckmMx cybCcTpaToB pas3NM4HOW NpUpoabl Mpw
yyacTuM CMELLaHHOW M3 pasHbiX BUAOB MUKPOOGHOIM accoumaumu,
npeacTaensieT coboii cmecb N3 65-75 % metaHa n 20-35 % yrne-
KNUCNOTbl, a TakXXe He3HauyuTe/NbHbIX KONMYEeCTB CepoBOAOPOAA,
asoTa, Bogopoaa. TennoTBOpHas CNOCO6HOCTL bmorasa 3aBUCUT OT
COOTHOLLIEHUA MeTaHa M YrneKUCcnoTbl N cocTaBnsaeT 5-7 Kkan/m3;
1 m3 6uorasa skBuBaneHTeH 4 KBT <4 anekTpoaHepruun; 0,6 n
KepocuHa; 1,5 Kr yrna v 3,5 Kr gpoB. HeouuulieHHbI 6Moras
MCMOoNb3YyT B 6bITY ANS o6orpesBa >XWUAWL, U NMPUTOTOBAEHUA
nuKn, a TakXKe B KayecTBe TOM/JvBa B CTauMOHapPHbIX YCTaHOB-
Kax, BblpabaTbiBalOWUX 3NeKTpPo3aHepruo. KomnpemmpoBaH-
HbI ra3 MOXHO TpaHcnopTUpoBaTb W WCMNONb30BaTb (Mocne
npenBapuTenbHOM OUMCTKN) B KadecTBe roproyvero ans gsurare-
neil BHYTPEHHEro cropaHms. O4YMLLEHHbIA 6noras aHanormyeH
npMpoaHOMY rasy.
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B npoueccax 6uomeTaHoreHesa peluaeTcs He TONbKO MNpo-
6nema BOCMPOM3BOACTBA 3HEPruu, 3TW Mpoueccbl YpesBblYaNHO
Ba>KHbl B 3KONOrMYeCKOM MnaHe, TaK KaK Mo3BOMAKT pellaTb
npo6nemy ytunusaumm mn nepepaboTKu O0TXOA40B — MPOU3BOACT-
BEHHbIX W TEXHONOrMYECKUX, CeNbCKOXO3AUCTBEHHbLIX W MNpPO-
MbILLUNEHHbIX, a Tak>Xe ObITOBbIX, BK/AOYas CTOYHble BOAbl U
TBEpAblA MycOp ropoAcKuUX CBasoK.

B cno>kHbIX npoueccax AeCTPYKLUMU OpraHU4yecKux cybcTpaToB
1 obpasoBaHUA MeTaHa yyacTByeT MUKpob6Has accoumaumns pas-
NNYHbIX MWKPOOPraHn3moB. B accoumaumn NpucyTCTBYHOT MUKPO-
OpraHM3Mbl-4eCTPYKTOPbI, Bbl3blBalOLWMe T[UAPONAN3  COXKHOMN
opraHM4yeckom Maccbl C o6bpasoBaHWMEM OpraHM4YecKUX KWUCNOT
(MacnsHoW, NPOrNMoHOBOM, MOMOYHOM), HU3LWKUX CAMPTOB, aMMW-
aka, BoAopoaa; aueToreHbl, npespallarolinve 3T KUCNOTbl B YK-
CYCHYIO KMWCNOTY, BOAOPOL W OKWUCAbl yrnepoga, W, HaKOHeL,
COOCTBEHHO MeTaHOreHbl — MWKPOOPraHuM3mMbl, BOCCTaHaB/INBalo-
wme BOAOPOAOM KUCNOTbI, CIUPTbl U OKUCbI yriepoga B MeTaH.

C 6MOXMMMNYECKON TOYKW 3PEHUS METaHOBOE OGpPOXKeHUe —
3TO Npouecc aHasdpo6bHOro AbIXaHWUA, B X0[e KOTOPOro 3/1eKTpo-
Hbl C OpraHM4yeckKoro BellecTBa MNEePeHOCATCHA Ha YrneKUcnoTy;
nocnefHAA 3areM BOCCTaHaBIMBaeTcA A0 MeTaHa (NMPU UCTUH-
HOM O6pPO>XXEeHUU KOHEYHbIM aKLEeNTOPOM 3NEKTPOHOB CNAYXWUT
MoOJieKyna OpraHM4yecKoro BeLLecTBa, ABMAKOLWEroca KOHEYHbIM
NnpPoAyKTOM 6po>KeHUs). [oHOpaMn 31eKTPOHOB ANA MeTaHore-
HOB CNY>XUT BOAOPOA, a TakK>Xe YKCyCHasi Kucnora.

JecTpyKunio opraHmyeckoi maccbl M 06pa3oBaHue KUCNOT
BbI3blBaeT accoumaums obauraTHbliX M (pakynbTaTUBHbIX aHa-
9PO6HbIX OPraHM3mMoB, B YUCNEe KOTOPbIX TMOAPOANTUKN, KUCNO-
TOreHbl, aueToreHol v gp. 3T0 nNpeacTaBUTeNn pPofoB Enbero-
bacbenaceae, bacbobacWaceae, 3brepbococcaceae, Clo3ln(uT,
Bubynurbno. AKTUBHYK PpONb B AeCTPYKLUW OpraHmyecKom
Maccbl urparwT Lennnosopaspywiarounime MUKPOOPraHU3Mbl,
TaK KaK pacTuTeflbHble 6GMoOMacchl, BOB/JeKaeMble B MPOLECCHI
6nomeTaHoreHesa, XxapakTepusyloTCA BbICOKUM COAepXKaHuem
Lennno3bl (MUrHUHLENNn03bl). B npeBpalieHNn opraHuye-
CKUX KUCNOT B YKCYCHYIO CYyLLeCTBEHHOE 3HAYeHME UMEIOT aueTo-
reHbl — cneuvannsnpoBaHHas rpynna aHaspobHbIX 6akTepuii.

«BeHLOM» MeTaHOBOro coobuiectBa ABAAKTCA COOGCTBEHHO
MeTaHOreHHble, UAU MeTaHobpasylume, 6akTepmmn (apxebakTte-
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pl/ll/l), KaTtanm3npyrwuime BOCCTaHOBUTE/NIbHbIE peaKuunwn, MNMpmBo-
adauine K CMHTe3y MeTaHa. Cy6CTpaTaMVI ana peann3agymnnm 3aTux
peaKLl,VIVI ABNAKOTCA BOAOpOA4 W YINeKUCcnoTta, a TaKXe OKUCb
yrnepoga v eoga, MmypaBbnHasa KWUCA0Ta, MeTaHO/1 U Op.:

4H2+ C02— CH4+ 2H20

HecmoTpsa Ha To 4TO MeTaHo6pa3sylouime b6akTepuun Bblaene-
Hbl U ONucaHbl CPaBHUTENbLHO HeAaBHO — B cepeanHe 1980-x rr.,
UX BO3HUKHOBEHMWE OTHOCAT K ApXel n BO3pacT OLeHUBaKT
B 3,0-3,5 mapa net. 3T MUKPOOPraHmM3mMbl AOCTATOYHO LUNPO-
KO pacnpocTpaHeHbl B NpuUpoae B aHa3pobHbIX ycnoBusx. Bmec-
Te C ApYyruMmn MUKpPoopraHuaMamuy akTUBHO y4acTBYHOT B [AeCT-
PYKLUUN OpraHuUYyeckKmx BeLlecTB C ob6pasoBaHuem 6uorasa B
MOPCKNX Ocafkax, 60i0Tax, pedHbIX U 03epHbIX nnax. OT Npo-
KapmoTU4eCcKUX MUKPOOPraHM3MoB apxebaKTepuu OTAM4yarT-
CA OTCYTCTBMEM MypeumHa B K/eTOYHOW CTeHKe; crneyudunde-
CKNUM, He cofep><awum >XUPHbIX KWUCAOT COCTaBOM /NMMNWNAOB;
Hannumem cneunuyecknx KOMMNOHEHTOB MeTabonmama B BUAE
KodpepmeHTa M (2-MepkanToaTaHcy/bpOHOBasA Kucnota) u dak-
Topa 420 (ocobbiii thnaBuH); crneyndnyeckom HYKIeoTUAHOW
nocnegoBaTtenbHoOCTbO 168 pPHK.

BHYTpu AaHHOW rpynnbl oTAe/NbHble MpeacTaBUTENN MeTaH-
obpasyroLux b6akTepuii MOryT CyLleCTBEHHO OTnmMm4yaTbcsi Apyr
OT Apyra no psgy nokasaTteneil, BKAo4as cogep>kaHue I — L
B AHK. Ha 3Tom ocHoBaHUM MX noApasfenarT Ha Tpu nopsagka,
KOTOpble BK/OYAT HECKO/bKO CceMelcTB un ponoB. K HacTos-
LWwemMy BPEMEHU BblAeNleHbl B YUNCTOW Ky/nbType W OnvcaHbl OKONO
30 meTaHOob6pa3yrWmnx 6aKTepuin; CNUCOK 3TOT HEMpPePbIBHO MO-
nonHsetcA. Hanbonee nlyyeHbl MeTaHObGaKTepUU Melkanobacle-
nnT bKerToaullropblcuT, Mebkano3arcTa barkerm, Mebkano-
breyrbacber ruTTanmuT. Bce MeTaHOreHbl — CTpPOrme aHaspobbl;
cpean HMX BCTpevarTcs KaK Me3ouabHble, Tak 1 Tepmounib-
Hble DOPMbI; reTepoTpPodbl N aBTOTPObl. OCOBEHHOCTLIO MeTaH-
obpasyrumnx 6akTepmnin ABnSeTCA TaK>Ke Croco6HOCTb aKTUBHO
pa3BuBaTbCs B TECHOM CUMMOMO3e C ApYyrvuMun rpynnamy MMKpPO-
opraHn3moB, ob6ecneymBalOWLVMN METAHOrEHOB YCNOBUSMU U
cybcTtpatamu gna obpasoBaHUsS MeTaHa.

B npoueccax MeTaHOoreHesa MOXXHO repepaboTarb camoe
pa3Hoobpa3Hoe Cblpbe — pas/NYHYI0 pacTuUTenbHyt 6mumomaccy,
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BK/OYasA OTX0Abl [ApeBeCUHbl, Hecbefo6Hble 4acTu CeNbCKO-
XO03AAMCTBEHHbIX pacTeHWUil, 0TXoAbl NepepabaTbiBaloLLelr MPO-
MbILLIMIEHHOCTU, ChneumnanbHO BblpalleHHble KynbTypbl (BOOSAHOM
rMaynHT, ruraHTckue O6ypble BOAOPOCAU), >XUAKME OTX0Abl
CeNbCKOXO03ANCTBEHHbIX epM, MPOMbILUIEHHbIE W 6bITOBbIE
CTOKUW, NN OYUCTHbIX COOPYXXEHWUM, a Tak)Xe MyCcop FOpoACKUX
CBaNoOK. BaXKHO, 4UTO Cbipbe C BbICOKMM CcOAep>XaHUeM LLennto-
no3bl, TPYAHO noajatolieecs mMeTofam repepaboTku, TakxKe ad-
(PEKTMBHO CHpadkmBaeTcA U TpaHchopmMumpyeTcs B 6uoras.

YcTaHOBKW ANS1 6MOMeTaHoreHesa C y4eToM MX 06BHEMOB U
NMPoOn3BOANTENIbBHOCTU MOXXHO Mogpasfe/inTb Ha HECKO/NbKO Ka-
TEeropuii: peakTopbl AAs8 HEGONbLIUX (PepM CENbCKOM MEeCTHOCTU
(1-20 m3), peakTopbl gna depm pa3BuTbiX cTpaH (50-500 m3),
peakTopbl ANA MepepaboTKM MPOMbILLUAEHHbLIX CTOKOB, Hanpu-
Mep CNUPTOBOro M caxapHoro npomssoacts (500-10 000 m3), un
peaKTopbl A/19 MepepaboTKM TBepAOro mMycopa roponckux csa-
NoK (8o 20 Tbic. mM3.

MeTaHTeHKW, U3roToB/EHHbIE U3 MeTanna Unnm >enes3oberto-
Ha, MOTryT UMeTb pa3HoobpasHy dopMy, BKIOYas Kybu4ecKyro
U unnnHgpunyeckyro. KOHCTpYyKUMKM N geTann 3TUX YCTaHOBOK
HECKONbKO BapbUpyIOT, YTO CBA3aHO B OCHOBHOM C TMUMOM rMepe-
pabaTbiBaemMoro cbipbs. CyllecTByeT OrpoMHoe pasHoobpasue yc-
TAHOBOK AN1A peanuM3auuun rnpolecca MeTaHoOreHesa, KOHCTPYK-
LVOHHbIE JeTan U KOMMOHOBKA KOTOPbIX onpefensatnTcsa npu-
OPUTETHOCTbIO 3ajauyun, pellaemMor B KOHKPETHOM rpoLecce:
nM60 3TO yTuAn3auusa oTX0A0B U OYMCTKa CTOKOB, N1M60 Mnony-
yeHMe 6uorasa Tpebyemoro kKadvectBa. Tak, cpeau AeNCTBYHOLLNX
B pa3BUTbIX CTpaHax YCTaAHOBOK eCTb KaK cpefHuve, Tak U 60/b-
e no obbemy annapartbl (gangykecTepbl), CHaGXXeHHble YCT-
porcTBaMu Ans OYUCTKU U KOMMOpeMupoBaHuUsA 6morasa, 3fek-
TporeHepaTopaMyu W OYUCTUTENAMWU BOAbl. TaKme YyCTaHOBKU
MOryT BXOAUTb B COCTaB KOMIM/IEKCOB C MPOMbILUNEHHbIMU Npea-
npuaTuamMun (caxaponepepabaTtbiBalOWMMN, CINPTOBLIMU, MOJO-
Ko3aBogamu), KaHain3auMOHHbIMW CTAHUUSAMU WAN KPYMHbIMU
crneynannsnpoBaHHbIMM hepMamMun. Korga rnaBHOW Uenbio Npo-
Liecca siBNsieTCA yTUAM3auns 0TX040B, B KOHCTPYKLUU YyCTaHO-
BOK AO/MKEH OblTb NpegycMoTpeH 610K Ans dpakuynoHupoBa-
HUA U OTAENEeHUNA KPYMHbIX TBEpPAbIX YacTuLl.

MeTaHTEHKU MOryT paboTaTb B peXXMme MOAHOro repeme-
LMBaHWA, MOMHOI0 BbITECHEHUS, KaK aHaspob6Hble 6ModnnbTpbI
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U peaKTOpbl C MNCEBLOOXKUIXKEHHbLIM C/I0EM, a TakXXe B PeXXu-
Me KOHTaKTHbIX fnpoueccoB. NpocTeilllas KOHCTPYKLUUA MeTaH-
TeHKa — 93T0 06blyHas 6poAaubHasd ssmMa B FPyHTe C (huKcu-
poBaHHbIM 00beMOM rasa. MeTaHTeHK npeacTaBnsdeT coboi
repMeTUYHY eMKOCTb, YaCTMYHO MOrPY>XEHHYI B 3eMI0 Ans
TENNOU30NALUN U CHABXEHHYIO YCTpOMCTBaMn A9 A03MpPOBaH-
HOW Mojayu M NoAOrpeBa Chipbsi, a TaKXXe rasrofbAepoMm — em-
KOCTbIO NepemMeHHOro obsema Ans cbopa rasa. OYeHb BaXKHO,
yTob6bl B MeTaHTeEHKax obecrneumBancsa Tpebyembli YpOBeEHb Me-
pemMeLIBaHUA BeCbMa reTeporeHHOro CoAep>XMMOro annaparta.
BmecTe ¢ TeM M3BECTHO, UTO MakCuManbHOe BblAeneHne MeTaHa
HabnogaeTcsa B cmctemax co cnabbiM nepemewinBaHmem. Moato-
MYy, B OTAM4YmMe OT a3pobHbIX NPOLEccoB, TPEOYHOLWNX NHTEHCUB-
HOM aspauuu U rnepemMellBaHuns, NepemMeLInBaHne NMpu MeTaHo-
reHese rfaBHbIM 06pa3oM AO/MKHO obecneymBaTb FOMOreHmsa-
uuio 6popasulei Maccbl, NPensaTCTBOBaTb OCeAaHUIO TBeEPAbIX
yacTuy 1 obpasoBaHMIO TBEPAON MnaBaloLWEer KOPKMU.

B 3aBMCMMOCTM OT TuUMa UCXOAHOro martepuana, copakusae-
MOro B MeTaHTeHKe, WHTEHCUMBHOCTb Mpouecca, BKAYaA CKO-
pocTb Nofavu U MNOMHOTY rMepepaboTKU, CyW,ecTBEHHO BapbuUpy-
eT. lpu nepepaboTKe >XUAKUX OTXOL0B >XUBOTHOBOAYECKUX
epM COOTHOLLEHUE MeXAy TBepAbiMU KOMMOHEHTamMu U BOAOMN
B 3arpy>aemMor macce [0MKHO COCTaBnATb NPUMEPHO 1 : 1, uTo
COOTBETCTBYET KOHLUeHTpauum TBepAbiX BeLllecTB OT 8 o 11 %
rno secy. CMecb MaTepuana 06bIYHO 3aceBalOT aLeTOreHHbIMU U
MeTaHo6pasylLwnuMm MUKPOOpraHM3MamMu M3 OTCTOSA COPOIXKEH-
HOWM Maccbl OT MpeAblAyLLIero LuKia Ui Apyroro MetaHTeHKa.
TemnepaTypa W, cnegoBaTeNbHO, CKOPOCTb MpOTeKaHUsA rnpouec-
ca 3aBUCAT OT BuAa WMCMNOSb3YyeMOro MeTaHOBOro coobLuliecTBa.
Ona TepmodunbHbIX OpPraHMU3MOB MpPOLECC peannsyetcs npu
50-60 °C, gna me3opunbHbiXx — npn 30-40 °C, gna ncuxpo-
dunbHbIX — o0Kono 20 °C. lMpn noBbIWEHHbIX TemmepaTypax
CKOpPOCTb rpouecca B ABa-TpY pasa Bbille, N0 CPaBHEHUIO C Me-
30(pUNbHBIMU YCNOBUSMMU.

B xoge cb6pakmBaHUs OpraHM4ecKol Maccbl Ha NepBoOi (Tak
Ha3blBaeMoW KWCNOTHOW) ha3e B pe3ynbTaTe obpasoBaHUsA Op-
raHM4YecKuUx KUcnoT cHumxaetca pH cpeabl. MNMpwu peskom caBure
pH cpenbl B KNCNYIO CTOPOHY BO3MOXXHO MHruéupoBaHue meTa-
HoreHoB. lNoaTomy npouecc BeayT npu pH 7,0-8,5. lNMpoTuB 3a-
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KUCNEHUA NCMNONb3YIOT M3BecTb. CHWKeHUe pH cpeabl Cny>XuTt
cBoeobpasHbIM CUTHa/OM O TOM, YTO Mpouecc AeCTpPyKUuUU op-
raHMKM c obpas3oBaHMEM KMUCAOT 3aKOHYeH, T. e. B annapart
MO>XHO MojaBaTb HOBYI MapTUIO Cbipbs AN nepepaboTkn. On-
TumanbHoe cooTHoweHme C : N B nepepabaTbiBaeMO opraHuye-
CKOW Macce HaxoamTca B AuanasoHe 11-16 : 1. I3MeHeHUe co-
oTHoweHua C: N B UCXOQHOM MaTepuane B CTOPOHY yBenmue-
HUA cofep>XaHUs asoTa MpUBOAUT K BblAENEHUIO amMMuaka B
cpeny v 3auwenaymBaHuio. Mo3aToMy >XUAKWE HaBO3Hble OTXO-
Obl, 6oraTble asoTcogepXalVMU KOMMOHeHTaMmn, pa3baBnfaioT
pe3aHoin CONOMOWM UNU pPas3NNYHbIMU XXOMaMW.

Mpoueccbl, nNpoTekalwwme Npm MeTaHOBOM O6pPOXKEHUWU, 3H-
O0OTEPMUYHBI 1 TPebyloT noasoda 3Heprnm B BUAE Tenna U3BHE.
Ona nogorpeBa 3arpy>aemMoro Cbipbd U cTabunusaymm Temne-
paTypbl npouecca Ha TpebyeMoM YpoBHe OObIYHO CXuUrawoT
yacTb obpasyemoro 6uorasa. B 3aBMCUMMOCTU OT TemmepaTypbl
rnpouecca, Koinm4yecTBo 6muorasa, nayuw,ero Ha oborpes npotwecca,
MoXeT gocturatb 30 % oOT ob6bema noayyaemoro.

CKOpOCTb MOCTYM/EHNA CbipbA Ha MepepaboTKy MAM Bpems
yAep>XaHUsa cblpba B annapare SABAAKTCA BaXXHbIMWU U KOHT-
poniupyeMmbiMU napamMeTpamun. Yem WHTEHCMBHee npouecc 6po-
XKEHNA, TeM Bbllle CKOPOCTb 3arpy3km N TeM MeHblle BpeMs
yaep>kaHnga. OgHako BaXXHbIM YCNOBUEM CTabWNbHOCTW Mpouec-
ca buomeTaHoreHesa, Kak v n060i NPOTOYHON KyNbTUBALMOH-
HOW cuUCTeMbl, SBAseTCA cbanaHCUMPOBaHHOCTb MOTOKOB CY6-
cTpaTa CO CKOPOCTbIO pasMHOXXEHUA MpoayLeHTa.

CKopocTb nogavnm cybecTpata B MeTaHTEHK Ao/KHa ObiTb
paBHON CKOpOCTM pocTa 6akTepmini MeTaHOBOro C€oo6ulecTBa,
npn 3TOM KOHUEHTpaumsa cybécTpaTa (N0 opraHM4YecKoMy Bellie-
CTBY) AO/MKHa 6bITb cTabunnMsmMpoBaHa Ha YPOBHE HEe HWXKe
2%. lpu yMeHbLUEeHNUN KOHUEeHTpauum cybcTpaTta MNIOTHOCTb
6aKkTepuanbHOro coobuiecTBa CHUXXAETCS, U MpoLecc MeTaHore-
He3a 3amepfnsaeTcs.

Hauv6onblinii Bbixon Npoaykumm obecnevmBaeTcs 6onee Bbl-
COKOWM CKOpOCTbK Mnojaym cybcTpaTta, 4TO, B CBOK o04epenp,
TpebyeT cTabunusayuun B annapaTe AOCTATOYHO BbICOKOW KOH-
LeHTpaLumm MUKPOOPraHM3MoB.

B03MOXXHbI OCNOXXHEHUSA MpoLecca, KOTopble 3aBUCAT OT Xa-
pakTepa nepepabaTbiBaeMol oOpraHuku. Ecan B nepepabaTtbl-
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BaeMOM MaTepuane CcoAep>XXUTCA MHOro TpPyAHOPacTBOPUMBbIX
BELLECTB, B peakTope HaKannmBalTCHA HepaspyLleHHble TBep-
Oble BewecTBa (40 80 % ocagka). MNpn 60nbWINX KOAM4YecTBax
pacTBOpUMOM W NerkogoCTynHOW opraHuku obpasyetca 60/b-
LLIOoe KO/MMYecTBO MUKPOOHOM 6momaccbl B BuAe aKTUBHOIO mna
(1o 90 % ocagka), KOTOpbIM TPyAHO yAepXXaTb B peakTope.
UT06bI M36exkaTb MOAOOGHbLIX OCMOXKHEHWUMW, MPUMEHST XUMU-
YeCKNUN unn QepmMeHTaTUBHbIA TUAPOAN3 MUCXOAHOT0 CbIpbs
(MOMUMO ero MmexaHM4ecKoro usmesnb4yeHmsa), obecrie4mBaroT On-
TUManbHOe MnepemMewvBaHMEe B MeTaHTEHKe MogaBaemMoro Cbipbs
C aKTUBHbIM MNOM, MepemeLuMBaloT 0cafoK U T. 4.

Hopmbl 3arpy3kun cbipbs B CYLLeCTBYHOLWUX Mpoueccax Me-
TaHoreHesa Koneb6nwTca B npegenax 7-20 % ob6bema cybecTpaTa
OoT obbema 6uopeakTopa B CYTKW. LIMKAMYHOCTbL npouecca —
5-14 cyTokK. OO6bIYHO BpeMs COparkMBaHUS >XMBOTHOBOLYECKMUX
OTX0[0B COCTaBNsieT OKO/0 ABYX Hefenb. PacTuTenbHble OTXO-
Abl NepepabaTbiBaloT fonblle — 20 CYTOK WU 6onee.

Oco6eHHO TpyAHblI AN nepepaboTKM TBepAble 0TXoA4bl, Mo-
3ToMy nepepaboTka 6onee gnutensHa. B pesynbTate mogmndu-
Kaumn N ycoBepLUeHCTBOBAHUA Mpouecca MOXHO CYLLEeCTBEHHO
M3MEHUTb CKOPOCTb MNPOTOKAa CblpbA 4epe3 MeTaHTeHK. Link-
NMNYHOCTb npouecca MOXeT O6bITb COKpalleHa A0 5-15 4 npu
yBeMYEeHNN CKOPOCTU 3arpy3ku Ao 150-400 % oT obuiero cy-
TOYHOro o6bema.

MNHTeHcnduumpoBaTb MNPOLECC MOXKHO MOBbILEHVEM €ero
TemnepaTypbl N UCMOMb30BaHNEM TepMOMUIbLHOrNo coobLLecTBa,
HO 3TO TpebyeT [OMNONHUTENbHbLIX 3HeprosaTpar. Ans yBenndeHus
3PheKTMBHOCTU MeTaHOBOro COOOLLEeCTBa B MeTaHTEHKE MPUMeHs-
IOT TaK Ha3blBaeMble aHa3pobHble 6UMOUNBLTPbLI, NN METaHTEHKU
BTOPOro rnokoneHus. B aHaspobHOM 6uodunbTpe MMKpoopra-
HU3Mbl Haxo4aTcs B MMMOOMIN30BAaHHOM COCTOSAHUW. B KadecTBe
HOCUTENS MCMOMb3YIOT raneyHmK, KepamsnT, CTEKNOBOSIOKHO U
Op. B Takux KOHCTPYKUMUAX cbpakmBaHue maTepuana npowuc-
XO0AUT MNPU CYUWECTBEHHO MeHbLUEen BelUYUHE TeKyLLed KOH-
ueHTpaumm cyb6etpata (0,5 % cyxux BewecTB) ¢ 60nbINMMU
CKOpPOCTAMMW. 3ITO MO3BOJIAET MNOBbICUTb MHTEHCUBHOCTb [ecT-
PYKLMU OTXOA0B MNPU YMEHbLUEHNN 06BHEMOB pPeaKTOpPOB.

OhheKTUBHO Tak>Ke NMPOCTPaAHCTBEHHOE pasfefieHne npolec-
ca B COOTBETCTBUM C XapaKTepHOW ANA Hero (C TOYKWU 3peHus
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XMMu3Ma npouecca) AByxdasHocTbio. [Npouecc peanmn3yeTcs B
OBYX, coeAMHEHHbIX nocnepoBaTenbHO peakTopax. B nepsom an-
rnapaTte OCyLLeCcTBAseTCA aHa’spobHOe pasodKeHWe opraHukKm c
obpaszoBaHMEM KWUCNOT, OKUCNOB yrnepoga v sogoposa (KUCNoOT-
Hasa cTagus). NMapameTpbl Npouecca 6poXKeHUA B annapaTe 3aja-
I0OTCA Ha ypoBHe, obecreynBaroLemMm Tpebyemblil BbIXO4 KUCAOT U
pH KynbTypbl He Bbllwle 6,5. MNMonydyeHHan 6apaa noctynaet BO
BTOPOI anmnapaT, B KOTOPOM MPOUCXOAUT npouecc obpasoBaHUA
MeTaHa. B Takol cumcteme MOXXHO HE3aBUCMMO BapbupoBaTh ycC-
noeua epmeHTauun (CKopocTb NpoToka, pH, Temnepatypy) B
Ka>KoM arnnapaTe C y4eTOM CO03[aHus ONMTUMaNbHbIX YCI0BUNA
ONA pa3BUTUA MUKPOOPraHM3mMoB-AeCTPYKTOPOB B NEpPBOM U Me-
TaHOreHOB — BO BTOPOM annaparte. NpuMeHeHne TaKoii buocuc-
TemMbl B ABa-TpW pasa nosbllaeT MHTEHCUBHOCTbL MpoLiecca.

NMpousBoAcTBO 6muorasa crano O4HMM M3 OCHOBHbIX MPUHLLN-
MOB 3HEPreTUYeCKOM NOANTUKU psfa cTpaH TUXOOKeaHCKOro
pervioHa. MNpaBuTtensctBo Kntaa ygennno 6onblie BHUMaHUA U
B/IOXKM/I0 MHOFO CPeACTB B CTAHOB/MEHME GMOrasoBoil MPOMbILLIEH-
HOCTU, 0CO6EHHO B CeNbCKOM MECTHOCTU. B pamkax HauuoHasb-
HOW nporpammbl 6blN cOo34aHbl YCNOBUS A9 CTpouTenbcTBa
CeTV 3aBOf0B, BblNyCKaloWnMxX 6norasoBble yCTaHOBKWU. [MpaBu-
TENbCTBO MOOLLPASO 3TO HaNpas/eHVe M MOLUI0 faxKe Ha co3faHue
CeTU pernoHanbHbIX M MECTHbIX CTPYKTYpP, OTBETCTBEHHbIX 3a
6uorasoByto nporpammy. FocygapcTBeHHble 6aHKM NpenocTaBns-
TN HaceneHwWlo NbroTHbIE cCcyabl U MaTepuanbl ANA CTPOUTENb-
cTBa ycTaHOBOK. B 1978 r., yepe3 Tpu roga nocne npuHATUA
nporpammbl, B cTpaHe (PYHKLMOHMPOBAIO CBbille 7 M/H ycTa-
HOBOK, 4TO B 15 pa3 npeBocxoauno yposeHb 1975 r. B roa Bblpa-
6aTbiBanocb 0OKoM0 2,6 Mapg M3 6uorasa, UYTO 3IKBUBANEHTHO
1,5 MAH T HedpTn. B Hauvane 1980-x rr. B Kutae npovsBoauioch
00 110 mnpg m36uorasa, 4To asKBuBaseHTHO 60-80 MAH T Cblpoii
HedpTW, a y>ke 4yepe3 HECKONbKO fieT 6blno co3gaHo Ao 70 MAH
YCTAHOBOK, KOTOpPble MOKPbIBaNN 6bITOBble MOTPEOHOCTU B 3HEpP-
rmm npumepHo 70 % KpPecTbAHCKUX ceMel. B MHamm Takoke
60nbLIOEe BHUMaHMe 6bIN0 yAeneHo MOAYyYeHUI0 3IHEPTUN B NPO-
Leccax 6momeTaHoreHesa npu yTmamsaumm cellbCKOX03AMCTBEH-
HbIX OTXOAO0B.

CTponTenscTBO 6MOrasoBbiX YCTaHOBOK Hayato Ha dwuamn-
nuHax, B M3pawnne, cTtpaHax JlaTUHCKOW AMepuku. NHTepec K

359



naBa 8. 9Kkonornyeckas 6MoTexHoONoOrns

OAaHHOM TexHonormm B cepeamHe 1980-x Ir. ycuauacsa B cTpa-
Hax LleHTpanbHOIn EBponbl, 0c06eHHO B ®PI 1 BOo ®paHyun.
KomuccapuaTtomM Mo COMHEYHO 3Heprun dpaHumMn B cepeguHe
1990-x rr. 6bIn0 BbigeneHo 240 MAH (PpaHKOB Ha co3gaHue wn
pacnpocTpaHeHVe 6M0rasoBbiX YCTAaHOBOK B CeNbCKO MeCcTHOC-
TU. ®paHUY3CKUM MnCCNenoBaTelbCKUM MHCTUTYTOM MpuKnaj-
HOWM XMMUK ObII0 NOKas3aHo, 4YTO Npu yTuamMsauuun u nepepa-
60TKe HaBO3a Ce/IbCKOXO3ANCTBEHHbIX (PepM MOXXHO MOAHOCTbIO
obecneyunTb MOTPeGHOCTU B 3Heprum Komnnekca m3 30 ronos
KPYMHOro poratoro ckota mnm 500 CBUHEN.

B cepegnHe 1990-x rr. B cTpaHax EBpocorw3a hyHKLUWNOHU-
poBano okono 600 ycTaHOBOK MO MpPOW3BOACTBY 6uorasa wus
XKUAKUX CeMbCKOXO03ANCTBEHHbIX 0TX0A40B M 0Kono 20 ycTaHo-
BOK, NepepabaTbiBalOWUX TBepabli ropoacko mycop. B npuro-
pogax Hblo-Mlopka ycTaHoBKa Mo nepepaboTKe COAEP>KMMOro
ropoAckoil cBanku NpousBoaAuUT okono 100 mnH m3 6morasa B
rog. WHTerpupoBaHHble HauMoHaibHble MPorpaMmMmbl MHOMMUX
cTpaH AppUKM N JTaTUHCKON AMEPUKUN, MMEKOLLNX OFPOMHbIE
KONMYEeCcTBa CeNbCKOXO3AMCTBEHHbIX 0TX0A0B (cBbile 90 %
MMPOBbIX OTXOA0B LMNTPYCOBbIX, 6aHAHOB U Kode, okono 70 %
0TX040B cCaxapHOro TPOCTHMKa U 0Kono 40 % 0TX040B MUPOBO-
ro rnoronoBbs CKOTa), B HacTosiLLee BpeMs OPUEHTUPOBaHbl Ha
nonyyeHune 6uorasa.

8.6. KceHOOGUOTUKU M ux buogerpagauyuns

KceHOOBMOTUKU — 4y>KepoAHble O/ OpraHM3MoB coeauHe-
HUAa (nectuuugbl, MAB, KpacuTenum, neKapcTBEHHble BELLECTBa
M Np.), KOTOpble MPakKTUYECKN He BKIKYAOTCA B 3NEMEHTHbIe
UMKNbl yrnepoga, asora, cepbl mnm doccopa. OHU BpPeMeEHHO
AN NOCTOSHHO HaKanJuBalTCA B OKpYy>Kalollieil cpefe v Bpea-
HO BANAIOT Ha BCe >XMUBoe. HakonneHme B OFPOMHbIX KONMUYeCT-
Bax pas3/IMYHbIX OTX0A0B MPMBENO K 4Ype3BblHaHOMY 3arpsiaHe-
HUIO OKpYy>Kalolleii cpeabl — Hegp, BoAbl, BO3A4yxa, UTO npej-
CTaB/sieT OFPOMHYIO OMACHOCTb A/ 4YenoBe4vecTBa.

Cyabba KCeHOOMOTMKOB onpegensieTcsd KOMMNNeKcom usm-
YECKUX, XUMUYECKUX M O0COBEHHO 6Monornyeckmx akTopos.
Nx 6uonornyeckas TpaHcopMaums MOXKET MpoTeKaTb B pas-
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NNYHBbIX HanpasieHUAX, NMPMBOAA K MMHepanusaumm, Hakonne-
HUIO UM NoAnMepusaLmin.

KceHO6MOTUKN, KOTOpble MoABepralTcs MOMAHOW pgerpaja-
umm (T. e. MMHEPaNU3YKTCA A0 OMOKCUAA yrnepoja, BOAbl, aMm-
Muaka, cynbatoB 1 gocaToB), NCNOMb3YOTCA MUKPOOPraHn3-
MamMn B Ka4yecTBe OCHOBHbIX POCTOBbIX Cy6CTpaToB M NpOXoasT
MNoMHbIM MeTaboNNYeCcKNin LNKA.

UacTnyHasa TpaHchopmauma coeguHEHMIA MPOUCXOAUT, Kak
npasuno, B npoueccax Kometabonnmsama MAN COOKUCNEHUS N He
CBfi3aHa C BK/lOYeHMEM o6pa3lyemMblX NPOAYKTOB B MeTabonuue-
CKUI LUK MUKPOOPraHM3MaMmu.

HekoTopble apomMaTuyeckme YrneBoAopoAbl W CUHTeTUYe-
CKMVe mnonmmepbl BoOOLLe He noafarTcs 6MONOrMYecKoi TpaHc-
dhopmaumu.

MoBeAeHMe KCeHOO6MOTMKA B MNpuUpoAe 3aBUCUT OT MHOIUX
B3aMMOCBSA3aHHbIX (PaKTOPOB: CTPYKTYpPbl U CBOWACTB CamMOro co-
eanHeHns1, (PU3NKO-XUMMNYECKNX YCNOBUI cpeabl 1 ee brokaTanm-
TMYeCKOro noTeHuMana, onpeaenseMoro MMKpPO6HbIM COO6LLEeCT-
BOM. Bce 3T hakTopbl B COBOKYMHOCTU OMpeaensitoT CKOPOCTb
n rnybmnHy TpaHcchopmauun coeaunHeHwuii. Henb3a 3abbiBaTb O
TOM, 4YTO 6umonorvyeckas gerpagaumsi KCEHOGMOTUKOB onpaBaa-
Ha TONbKO TOrga, Korga MpoucxoAssiT UX MofHask MuHepanmia-
Uua, paspylleHVe U AeTOKCUKauums. ITO MOXKeT 6biTb AOCTUT-
HYTO B pe3ynbTaTe BCEro OAHOM MoAndUKaLMu CTPYKTYpbl CO-
eonHeHnsa. OfHaKO 4acTo B XxXoAe Jerpajaumm npoucxoauT
cepus nocnefoBaTelbHbIX U3MEHEHUIA UCXOAHOr0 COeAVHEHUS C
ydyacTueM HeCKONbKUX MUKPOOHbIX BUAOB. VIMeHHO 6narogaps
reTeporeHHOCTU MPUPOAHbLIX MUKPOGHbLIX CO06LLECTB KCeHOobU-
OTUKM B MPUHLUMUMNE MOryT roasepratbcs 6uogerpagauum, a Ha-
nmyme B MUKPOBHBbIX coobLlecTBax B3aMMOCBS3aHHbIX MeTabo-
NNYECKNX MyTel paspyLUeHUsi TOKCUHOB sIBNSIETCS OCHOBOW A5
60pbObLI C 3arpsA3HEHVEM OKpY>KaloLle cpegbl.

CyuiecTByeT gBa NyTun 60pbbObl C 3arpA3HeHnem 6Guocdepbl
KCeHOBMOTMKaMmn: nx cbop uU AeTOKCUKaLMs OO0 MOMeHTa nona-
JaHnA B OKpy>Kalolylo cpefy; TpaHcdopmauvsa wuan ypaneHuve
KCeHOOMOTUKOB, MOMaBLUMX B OKPY>XalLLlyl cpeay.

B0O3MOXXHOCTU MUKPOGHbLIX COO6LWECTB MO Aerpajauuy MHO-
rMX TOKCUYHbIX COeAVHEHUI 3HAUYUTeNbHbI. [loka3aHo, 4To MNpu
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MOBTOPHOM MoMNajaHnm B cpefy MHOMMX XMMUYEeCKUX coeauv-
HEeHUW BpeMsA A0 Hadana nx TpaHcdopMmauum (TakK HasbliBaeMbli
afanTauuoHHbIA nepuos MUKPOOPraHW3MOB MO OTHOLUEHUKO K
AJaHHOMY cyb6cTpaTy) 3HaA4YuTeNbHO KOpo4e, MO CpaBHEHUIO C
nepBbiM MnonagaHWem 3TOro coegMHeHUs. B TeuyeHue 3TOro ne-
proga MUKPOOPraHm3Mbl B XoAe ajantaunum K TOKCUYECKOMY
COeJMHEHUNIO KaK cybcTpaTy CeNeKTUPYKTCA MO CNOCOGHOCTU
herpagupoBaTb AaHHbIl cy6cTpaT. B pesynbTaTe ecTeCTBEHHbIM
nyTemMm BO3HUKaKT MUKPOOHbIE MOMNYNAALUN, KOTOPble MOFyT CO-
XpaHATbLCA B Mo4vBe B TeHeHMEe HECKONbKMX MecsueB nocne nos-
HOW aerpajaunm TOKCUKaHTa.

Ona oTb6opa u cenekuMnm MUKPOOPraHM3MOB, XapaKTepu-
3YIOLULNXCA BbICOKO CKOPOCTbIO Aerpajaumn onpegeneHHbIX
KnaccoB KCEHOOUMOTMKOB, BO3MOXXHO UCMO/b30BaHUE pPasnnyHbIX
nyTeil: oT60p KOHCTUTYTUBHbLIX MYyTaHTOB, OT6OpP Ha reHeTuude-
CKYI AynauKauui M Ha OCHOBE MexaHu3Ma repeHoca reHoB.
MoBbIlLIEHNE Aerpagupytolleil cCNoCOGHOCTU BO3MOXXHO TaK>ke B
pesynbTate CTUMYASALUN €CTEeCTBEHHOW MOYBEHHOW MUKpOMo-
pbl, y>Xe afanTUpOBaHHOM K TOKCUKaHTaM.

Mpn nonagaHMM HOBbIX BELLECTB B OKPY>KaloLLyk cpeny Mo-
XKeT NPOoUCXoAuUTb NPUPOAHOE FeHeTUYeCKoe KOHCTpympoBaHue,
B pe3y/ibTaTe KOTOPOro BO3HUKAaT MUKPOOHblE hOPMbI C HOBbI-
MU KaTabonmyeckumMun cBoMcTBamMu. B HacTosillee BpemMs UAeH-
TUPUUMPOBaHbl pa3Hoo6pasHble MPUPOAHbIE MNAasMuabl, Cro-
cobcecTBYyOLIME KaTabonnM3mMy BeLLeCcTB M BCTpedarolwmecs y pas-
NMNYHbIX MpeacTaBUTene MoYBeHHOW MUKpodiopbl. OCo6eHHO
4acToO OHW BCTpeyalTCcs cpean pofa PseuiioTonas. VHdopma-
UUSA, KOTOPYK HecyT nnasMumibl, MOXeT pacluMpuTb KpPyr cy6-
CTpaToOB X03siIMHA 3a CYeT 06beAVMHEHUA ABYX MeTabomyeckux
nyTteil, NM60 MOMHbLIM KOAMPOBaHMEM HOBOro nyTu, nNnbo Ao-
MOSIHEHNEM CYL,EeCTBYHOLWNX MeTabonnveckmx nyTtein. BHyTpu-
U MeXnnasMuiHble pPeKoMOMHaLUW MPUBOLAT K MepecTaHOBKe
reHOB Ha nnasMmgax W BO3HMKHOBEHUIO HOBbIX MeTabonuue-
CKUX nyTei. VI3BeCTHbI TakK>Xe ciyyaun rnepepacnpegeneHus re-
HeTMYECKOro mMaTepumana Mexxay nnasmmgamm m XPOMOCOMON
X03IMHa, MpUBOAsLME K MOSBJAEHUIO COBEPLUEHHO HOBbIX re-
HOB. [lnacTuUYHOCTb KaTabonuueckmx nnasmmg obecrieymBaeT
rnepepacnpefeneHme reHeTUYeCKOro martepuana, 4UTO MOXKeT
MPUBECTU K BO3HWKHOBEHUIO B MPUPOAE HOBOro opraHm3mMa, ad-
beKTUBHO Aerpagupyrou,ero HoBblin cybecTpar.
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Taknm 06pa3om, NMPUPOAHblE TeHeTUYeCcKMe MexaHU3Mbl 06-
MeHa MHpopMaumen No3BONAT nofayyvyaTb 3PEKTUBHbIE LUTaM-
MbI-0eCTPYKTOPbl KCEHOOMOTUKOB. 3TO OYEHb BadKHO, TaK Kak
o6LLenpuHATbIE MeToabl pPaboTbl C peKOMOUHaHTHbIMM OHK,
npuMeHsieMble Ans KNOHUpoBaHUA 4vy>kepogHon AHK ¢ He6onb-
LM YUCNOM FEeHOB, VUMEOT CYyLLeCTBEHHble OrpaHu4YyeHUs npu
KNOHUpOBaHMM MeTabonnuecknx nyTeil pgerpagaymnm KceHobw-
OTUKOB, KOAMPYEMbIX AecATKaMWn reHoB. OrpaHM4YeHUS TakxKe
006yCnoBneHbl HeAOCTATKOM 3HAHW 0 MexaHu3Max gerpagaumuv
M CTPYKTYype MeTaboninyecknx NyTen, a TakXKe BO3MOXHOCTAMU
puyCKa, CBSA3aHHOro C MnomnajgaHMeM CKOHCTPYMPOBaHHLIX opra-
HU3MOB B cpedy. MeToAabl FeHEeTUYECKOW WHXXEHepPUU MOryT
6bITb MONE3HLIMU U AN MoAUUKaLUA y>Ke CYLLeCTBYHIOLNX
MUKPOOBHbIX KNeTOK CO CMOCOGHOCTBLIO K 6uogerpagaumu.

MN3BecTHO, 4YTO 6OMBLUIMHCTBO MNEeCcTUUMAO0B, nonajawuwmx B
OKpy>karlLlyto cpefy npun obpaboTKe CeflbCKOX03ANCTBEHHbIX
KynbTyp, pacwennsatiTca baktepuamun v rpubamun. lNpesBpatle-
HMe UCXOAHOro NecTuumaa B MeHee CNoXKHOe CoefjMHeHne aocTa-
TOYHO 3PPEKTUBHO MPONCXOAUT Mo BO3LENCTBUEM MUKPOOHBbIX
coobuiecTB. [lpu 3TOM YyXKe Ha NepBOM CcTagun MUKPOOHOWM
TpaHcopMaLuM BbiCOKass TOKCUYHOCTb psga necTuyuaoB MoO-
XKeT yTpauumBaTbCH, YTO N03BONsAET pa3pabaTbiBaTb OTHOCUTE/b-
HO MPOCTble MUKpoO6Monornyeckne metoabl 60pbbbl C KCEHOOU-
oTukKamun. OnmncaHbl oMnbITbl YCAELWHOro NpMMeHeHNs hepMeHTOB
(rmgponas, sctepas, ayunnammgas mn pocgoactepas) gna nposege-
HUA NEepPBUYHON0 rMApoaM3a NecTuuugoB U yBeNMYeHUs cTene-
HM UX nocnegytouein 6uogerpagaunn. Hanpmmep, ¢ NOMOLLbIO
HapaTuoHrmngponasbl M3 P3euiioTonas 3p. MOXHO [OCTaToO4YHO
3hPEKTUBHO yaansATb OCTATOYHbIM MapaTUOH U3 KOHTEMHEPOB C
OaHHbIM NecTUUUaoMm, a pacTBOpbl AaHHOro hepMeHTa NMPpUMeHS-
0T AN YHUUYTOXKEHUA pas3NMBOB MapaTtmoHa Ha noyBax. Ha oc-
HOBE MMMOGUMNN30BaHHbIX (hepMeHTOB yaansalT necTuumibl U3
CTOYHbIX BOfA, hepMEHTblI MPUMEHSIOT TakKXXe B BUAe a3po30nei
ONA yaaneHUsa necTMumaoB € NMPOMbILUNEHHbIX YCTaHOBOK.

Bonbwyto onacHOCTb A/ OKpy>KaloLule cpefbl npeacTaBis-
0T nonMapomMaTmyeckme yrnesofopoabl. Tak, nonuxnopbébude-
HUnbl (MXB) — o04YeHb YCTOWMUYMBBLIE COEAUHEHUS, OONT0 Npu-
CYTCTBYIOLLME B OKpYy>KaloLlel cpefe B pe3ynbTaTe NpPoYHOM aj-
copoéuun 6MONOTNYECKUMU U OCa[04YHbIMM MOpofamMu, a TakXKe
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nnoxoii Murpauun. MmMkKpoopraHu3mMbl He CNOCOGHbI MOMIHOCTbLIO
[erpaguposaTtb 3TU COeAUVHEHUSA, HO MOTyT MOAMMULNPOBATL UX.

YcTaHoBneHa crnocobHOCTb MMKPOOHbLIX CO06LEecTB npeBpa-
uaTtb npombiwneHHble MNMXB B HOBble TUMbl Yrneso4opooB,
npu 3TOM MONEKY/bl C HU3KOM CTEMEHbI X10PUPOBaHUA pac-
WennaTca.  YCTolMuuMBOe noAvapoMaTmyeckoe coefUHeHne
6eH3anupeH He MUHepanu3lyeTcss B CUCTeMax akKTUBHOro wuna,
XO0TS ONUCAHO HECKO/NbKO BUAOB MUKPOOPraHM3MoOB, CMNOCO6HbIX
yacTU4HO ero metabonusmpoBaTb. B xoae gerpagaunn 6eHsanm-
peHa 06pa3yloTca KaHLueporeHHble coeAuHeHUs (TMOPOKCU- U
3MOKCUMNPOU3BOAHbIE).

Tak>ke yCTOMUYMB K gerpagayum noamcTmpon, XoTsa OnmcaHo
HECKONbKO Cfly4aeB 4YacTUYHOWN Aerpajgauunm mM3menbyYeHHbIX aB-
TOMOOGUNbHBLIX LWH, N3rOTOBMIEHHbLIX W3 CTUPONOYTaANEHOBOW
pe3nHbl. EcTb coobLLEHNA O pocTe MUKPOBHOro coobuiecTBa Ha
CTUposne, B X04e KOTOPOro paspyluaeTcad UHIM6UTop Nonmmepu-
3auuun 4-TpeT-byTunkaTexon; panee npoucxoauT cBobogHopa-
OVKanbHas noaumMmepusayusa cTupona ¢ ocakaeHumem obpasyto-
uieroca nonucTupona. ITOT noavMmep BMOCNeACTBUM MO BO3-
JercTBMeM MUKPOOGHOro coobuiecTtBa mcyesaeT U3 MOYBbI.

OfHa 13 KpynHeuwux rpynn 3arpsasHuTene npupoabl —
rasoreHcogep>kallme KCeEHOOGUOTUKMN, KOTOpble XapaKTepusyroT-
CA BbICOKOI TOKCMYHOCTbIO U HWU3KOW CMOCOOGHOCTbIO K paspy-
weHuto. MpuyrHa X TOKCUYHOCTU N YCTOMUYMBOCTU Oonpeaens-
eTca Han4ymemMm B HUX TPYAHO pacliennsemMoil ranoreHyrnepos-
HOW CBSA3N.

OfHaKo, KakK oKasanocb, psf ranoreHcofeprkawmx coeam-
HEHNI ABNAKOTCA NPUPOAHbLIMU O06pas3oBaHUAMU U NpeacTaBiN-
IOT coboil meTabonnTbl 6akTepwuii, rpuboB, Bogopocnein. ITo on-
penenuno cyabby oTAeNbHbIX ranoreHcogep>kalux coeguHeHnin
B Npupoge.

Ona adpekTnBHOM TpaHcdhopMauum poacTBEHHOIO KceHobu-
OTMYECKOro coeAvHEHUSA HeobxoAuMMa ajanTayms MUKpoopra-
HU3Ma, BK/KOYaA ero reHeTMYecKyro M3MeHYMBOCTb. JnnTeNbHble
uccnefgoBaHuUA NyTen gerpagauum ranoreHcogep >kawmx KceHo-
6MOTUKOB MOKasanu, 4YTo AN MofyvyeHUs cyneplutamma, addek-
TUBHO WX pasnaratollero, Hy>XHO MogMdpuuupoBaTb CyLLeCcT-
BYIOLLMA MeXaHU3M gerpajauvn apoMaTUyecKnx CoeaUNHEeHUN.

Mpaes KOHCTPYyMpoOBaHUSA KaTtabonmyecKux nyTei npuHagnexxmTt
M. PeiiHeke n KHakmyccy, co3gaBLIMM LUTaMM P3enéoTonas,
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CNOCO6HbIA paspywaTtbe 4-xnopbeH3oaT. B akcnepuMmeHTe ro
CKpewimBaHMo PsenéoTonas pulga Pa4dyl, ob6nagaroLwero
TOb-nnaammgoi pYY™\NO c PsewuiioTonas 3p. B13 (p\YK1),
yTUAn3npyowmum 3-x1o0p6eH30aT, OHU MONYYUIN TPaHCKOHbLIO-
raTt, cnocobHbI Mcnonb3oBaTh 4-xn0pbeH30aT B pe3ynbTaTte ne-
peHoca reHa Tonyon-1,2-avokcureHasbl (KOHTPOAMPYEMOTO
nnaamugoin p\Y/N\KO) B witamMm PseuiioTonas 3p. B13. AHano-
FMYHbIA pe3ynbTaT Oblil NOAYy4YeH MPU COBMECTHOM KY/NbTUBWU-
poBaHMM B xemocTaTe ABYX KynbTyp — P. aermgrosa, Cofep-
auer nnasmunay pAC25, n KynbTypbl, cogep>kalleii TOb.

MepBas nnasmmpga, cBsi3aHHas c KaTabo/iM3MOM rajoreHu-
pOBaHHbIX OpraHUYecKMx coeguHeHwui (2,4-0), 6blna obHapy-
>)KEHa Y Alcalpene3 paraéoxus, 3aTeM Yy ApPYyrnx MuUKpoopra-
HU3MOB. [1o3)Ke nosBuMnacb cepusa nybéavkauuii o gerpagauuuv
2,4-[1, ogHaKo coo6LWeHna no paspyweHunto 2,4,5-Tpuxnop-
YKCYCHOW Kucnotbl (2,4,5-T) 6binn KpairiHe pegku. BnocneacT-
BMM NpPU COBMECTHOM KyNbTUBMPOBAHUWN B XemMocTaTe B Teue-
Hue 8-10 MecsUeB MUKPOOBHBLIX KynbTyp, coAepXXawmnX HeCcKOSb-
KO KaTabonmyeckux nnasmumpi, fnpu rnocTeneHHOM YyBennyeHnmn
KOHUeHTpayun 2,4,5-T nonyymnu wtamm, CrnocobHbI K gerpa-
pauvm 2,4,5-T n TpuxnopdgeHona.

Buonornyeckme MeTogbl MPUMEHUMbI TakXXe ANS OYUCTKU
npupogHow cpefbl OT HeTHAHbIX 3arpsi3HeHWiA, NpeacTaBnsio-
Wnx cobol KakK CTOYHble BOAbl HEPTAHOW MNPOMbILLUAEHHOCTMN,
TaK W HernocpeAcTBEHHOe 3arps3HeHWe B pe3ynbTaTe pasnmea
HetpTn. CTOYHbIe BOAbl HE(PTAHOW MPOMBILLNEHHOCTU O4YULLAOT
6nonornyecKMMmM MetTogamm rocsne yganeHnsa Mu3ndyeckKUmMu me-
TogaMn 6onblieil 4YacTu CMecU pasNyHbIX YrneBoAopOA0B.
Ona aToro NpUMEHAINT aspupyemMble CUCTEMbl OGUMOOYUCTKU C
aKTUBHbLIM W/IOM, cojepXXaluM afanTUpoBaHHOE K KOMMOHEH-
Tam HeddTu coobuiecTBo. CKOpPOCTb Aerpagaunm 3aBucuUT OT Ka-
YeCTBEHHOro cocTaBa M KOHLUEHTpaumn yrnesogoponoB, a Tak-
XKe OT TemnepaTypbl N cTeneHW aspaunu cpefbl. Hanbonee ag-
eKTMBHO 6Guogerpagaunsa ocyuwecTBnsieTtcs, Korga HedTb
IMy/brmpoBaHa B BOJe.

Ocobyo npobnemy npeactaBnAoT BbI6poOCbl M aBapuiiHble
pa3nuBbl HePTU Ha MOBEPXHOCTb MO4YBbLI. DTO MPUBOAUT K 3a-
rpPA3HEHUID He TO/IbKO MNaxOTHbIX 3eMeflb, HO U WUCTOYHUKOB
NnUTbEBOM BOAbl. B nouBe coAep>XUTCA MHOM0 MWUKPOOGHbIX BU-
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[0B, CMNocobHbIX gerpagvpoBaTb YrneBoAopoAbl, HO UX aKTUB-
HOCTb 4YacTO HM3Ka, B 4YacCTHOCTU U 3a cuyeT gedumynta oTheNb-
HbIX GUOreHHbIX 31eMeHTOB. B Takmx caydasx apeKTUBHbIM
ABNSAETCA BHECeHMe B MNOYBY TaK Ha3blBaeMblX «0Ne0UNbHbIX
yaobpeHuii», B COCTaB KOTOPbIX BXOAAT COeAVHEHMUS asoTa,
dochatbl U Apyrne MUHepasbHble 3MEeMeHTbl, KOHLUeHTpauuun
KOTOPbIX B NOYBE AOCTATOYHO HU3KU U TUMUTUPYIOT POCT MUK-
poopraHnamoB. [locne BHeCEHUS 3TUX COeAMHEHWUA B MOYBY
KOHLEHTpauma MMKPOOPraHM3MOB-AeCTPYKTOPOB CYLLECTBEHHO
BO3pacTaeT, KaK M CKOpPOCTb Aerpagaunm HeddTu.

C NoMOLLbI0 FreHEeTUYECKOro KOHCTPYMUPOBAHUSA CO3[aH «CY-
nepMmukpo6» ¢ nnasmmgamm OCT n CAM. Takas MynbTunnas-
MUgHaa 6aKTepus pacTeT, YTUIU3UPYS HEOUULLEHHYHD HedTb.
OfHaKo BO3MOXXHOCTb 3(P(PeKTUBHOIO NpPUMeHeHUA AaHHOro op-
raHm3ma B eCTECTBEHHbIX YCNOBUAX TpebyeT foKa3aTe/NbCTB.

M3yueHne BO3MOXHOCTEW WCMOMb30BAHUA METOAOB reHeTu-
YECKOro KOHCTPYMPOBaHUA MUKPOOHbIX LUTAMMOB-AECTPYKTOPOB
KCEeHOOMOTMKOB B MPaKTUYECKUX LLeNX HaxoAUTCHA Ha paHHew
ctagun. OfHa M3 OCHOBHbIX Mpo6neM MpuU KOHCTPyMpoBaHUW
MUWKPOOPraHM3MOB Ha OCHOBE MPUPOLHbIX KaTabonnmyeckmx
nnasmmg — ctabunbHOCTb. CTabuUbHOCTb CUCTEM «XO3AUH —
BEKTOpP» OCOBGEHHO BadKHa MpU MHTPOAYKLMWU LUTaMMOB B ecTe-
CTBEHHYIO cpeny. [Npuy Bo3BpalLeHUN MUKPOOPraHmsmMa ¢ HOBOMN
KaTabonuuecko QyHKLUMEN B WCXOAHYHO MNPUPOAHYIO cpeady
eMy NMpUXoAMTCA KOHKYpUpOBaTb C XOPOLWIO afanTUpOBaHHOW K
OaHHbIM YCNOBUSM cpefbl eCcTeCTBEHHOW MuKpodnopoi, crtan-
KMBaTbCA C OrPOMHbIM pa3HoobpasneM UCTOYHUKOB Yyriepoja,
B TOM 4nCne BbICOKOTOKCUYHBbIX. NP 3TOM COBEPLUEHHO He fAC-
Hbl NepCcneKTUBbI COXPaHeHUs1 cTabunbHOCTU HOBOW KaTabonum-
yecko PyHKUUU, a cnefoBaTeflbHO, caMoro wrtamma. oka >ke
cyliecTByeT 60MbLUOW paspbiB MeXXAy AOCTUMXKeHusiMu B obnac-
TN KOHCTPYMPOBaHUA MUKPOOPraHM3MoB N BO3MOXXHOCTAMU WX
NnpakTN4ecKoro npuMeHeHusa. B 6yayuiem Hambonee nepcriek-
TUBHbIMUN ONA 0eTOKCMKaLMN KCEHOOUMOTUKOB MNpeacTaBnsoTcA
6nonornyeckne CcuUCTeMbl, COCTOsILLME U3 MUKpobuonormnye-
CKO KOHCOPUUN VUHOUBUAYAbHbIX OPraHU3MoB Y MUKPOOHbIX
coobLLEeCTB, MONYYEHHbIX MeToAaMu K/NeTOUYHOW W reHeTude-
CKOW NHXXEHEPUMN.
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Bce >XuBble OpraHm3mbl ()KMBOTHbIe, pacTeHUs, 6aKTepun un
Op.) ANsS noagepXkaHus >XU3HW MOorfowalT M nepeBapuBaloT
nuTaTeNbHble BeELLECTBA M BbIAENSIOT B OKpY>XKalLyl cpeay
o6pasyLmecss Npu 3TOM MPOAYKTbI >XU3HeaeAaTenbHocTU. Pas-
HbIM OpraHusaMam Ans NnogAep>XaHusi XXU3HU Heo6XoAUMbl pasHble
nuTaTenbHble BeuwlecTBa. HekoTopble 6aKTepun «C YAOBONLCT-
BMEM>» MOTNoWAalT XMMUNUYECKNE COEAUHEHUS, cofep Kalimecs B
oTXogax, opyrune NUTarTCs TOKCUYECKUMU XUMUKaATaMU, TaKu-
MU, KaK MeTUNIEHXN0PUA, OeTepreHTbl N KPeo3oT.

CneuynannucTbl B 06/1acTM  OXpaHbl OKpY>Kalolier cpeapbl
nonb3ylTCca ABYMS MeTodamu 6uopemeanaumn (6MO0BOCCTAHOB-
NEeHNs) 3apadKeHHbIX OPraHMYecKMMU OTXoAamMu 3eMefb: BHOCAT
B 3apa’keHHYl Mo4yBy M60 cneumanusvpoBaHHble LWTaMMbl
6akTepuii, MO0 NuTaTenbHble BewecTBa, CTUMYyAMpYlOLLNeE
aKTUBHOCTb Y>Xe TMPUCYTCTBYIOLWMUX TaM MUKPOOPraHWU3MOB.
BakTepun nornowarT TOKCUHbI W pasnaratoT Ux Ao 6e3Bpes-
HbIX MPOAYKTOB >XU3HeAesATeNbHOCTU. Mocne TOro Kak Becb 3a-
rnac TOKCUYECKUX COeAVHEeHWN nepepaboTaH, UYMUCNEHHOCTb MO-
nynsaumm 6aKTepuii-ouncTuTenein Bo3BpalaeTcd K HOpManbHO-
MYy YPOBHIO U XK€ OHU OTMUPAIoT.

Pa3nuuHble MeToAbl GMopemMegMalun C MOMOLLLIO MPUPOA-
HbIX MMWKPOOPraHM3MOB MPUMEHSIIOT A5 00e3BpeXXBaHUSA Npo-
MbILLMIEHHbIX OTX0AO0B Mepen WX BbIGPOCOM B OKpY>KaloLLyho
cpeny, a TakXe AN OYUCTKU YXKe CYLLecTBYHOLUX 3arpsasHe-
HU. B HacTosllee BpeMsi HECKO/IbKO YCOBEPLUEHCTBOBAHHbIX
CUCTEM OYUCTKWU, WCMONb3YIOWUX TFEeHETUYECKM MoauULMpPO-
BaHHblE MUKPOOPraHmM3Mbl, MPOXOAAT TECTMPOBaHME Ha 3hgek-
TUBHOCTb 06e3BpeXXMBaHUs MNA0OX0 NoAJarolWmnxcsa gerpagaumuv
COoeNHEHNIA.

B HeKOoTOopbIX cay4dasx MpoAYyKTbl >KU3HeAeATeNbHOCTU
MWUKPOOPraHnamMoB — «60pL,OB» 3a YNCTOTY OKpy>Katoweii cpe-
Obl — camu o06nagaloT Nones3HbIMW CBoOWCTBaMU. Hanpumep,
bakTepuu, paclwennsiolie obpasylolimecs B npoLecce Npouns-
BoACTBa 6ymMarv CoOeAVHEHUS cepbl, BbIAENSAT MeTaH.

OfHMM M3 HanpasfeHUl 6uopemegmauun ABASETCA duTo-
pemeanaunsa — KOMIJIEKC MEeTOOOB OYUCTKM BOA, MOYB U aT-
MOC(PEPHOro BO3AyXa C MCMO/Ib30BAaHUEM 3€/IeHbIX pPacTeHWIA.
Ha wncnonb3oBaHUM pacTeHUid 6biM OCHOBaHbI MepBble MpPoc-
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Telilwne MeToAbl OYMCTKU CTOYHbIX BOA (MONMSA OPOLUEHMS U MO-
na guneTpaunn). MepBble Hay4dHble UCCNef0BaHUA B 3TOM Ha-
npasneHNnN 6bINU npoBedeHbl B 1950-x rr. B M3panne. AKTUB-
Hoe pas3BuTMe MeToda duTopemMeanalmMy Havanocb TONbKO B
1980-x rr. M3BecTHO, 4YTO pacTeHVe BO3AENCTBYEeT Ha OKpYy-
>XKarlLlly cpedy pasHbiMU cnocobamMy, OCHOBHbIMU U3 KOTOPbIX
ABNAKOTCA:

— pwu3odunbTpaumsa — KOPHU BCacbiBalT BOAY U XUMUYe-
CKWEe 3N1eMEHTbI, HEOO6X0AUMbIe AN XXU3HeAeATeNbHOCTWN pacTe-
HWIA;

— (OUTO3KCTpaKuna — HaKOMJeHWe B OpraHm3amMe pacTeHus
onacHbIX 3arpsA3HeHNIN (HanNnpuMep, TAXXeNbliX MeTannoB);

— (huTonatTnnmsayunsa — ucnapeHmne BoAbl N NETYHYUX XUMMUN-
YecKUX anemeHToB (A3, 8e) NUCTbSAMU pPacTeHWIA;

— duTocTabmnmsayunsa — nepeBos XMMUYECKUX coeauHe-
HUIA B MeHee MOABMIKHYH N aKTUBHYIO hOpMy (CHM>KaeT PUCK
pacnpocTpaHeHus 3arpsa3HeHuin);

— dwmTogerpagauna — gerpagaums pacTeHUAMM U CUMMbOMO-
TUYECKUMN MUKPOOPraHn3mMmamMmm OpraHM4YecKowm 4acTu 3arpss-
HEeHWIA;

— utocTMMynAunMa — CTUMYNAULNA pasBUTUA CUMOUOTU-
YeCKNUX MUKPOOPraHU3mMoB, MPUHUMAIOLWKUX yyacTue B MnpoLec-
Cce OYUCTKMN.

MaBHYK ponb B gerpagauun 3arpsisHEHW UrparT MUKPO-
opraHuambl. PacTeHune saBnsdeTcs cBOero poga 6uodunbLTpPOM,
co3gaBas Ans HUX cpeay obuTaHua (obecneyeHume gocTyna Kuc-
fiopoja, paspblix/ieHue rpyHTa). B cBA3M € 3TUM Mpouecc OYUCT-
KV NPoOUCXOAUT TaK>Ke BHe nepuoja Beretauumn (T. €. He TOJb-
KO /1IeTOM) C HECKO/IbKO CHMXXEHHON aKTUBHOCTLIO.

B dutopemegmaunn MoXKeT ObiTb WCMONb30BaH LUMPOKUIA
CMEeKTpP BOAHbIX pacTeHui (rmgpoboTaHmMyecKasi ouMcTKa). K HUM
OTHOCATCA TPOCTHUK (PHraéTwmuHe3 coTTwUNMi), nUBa (Balx
cTerea, 8alix peumnlang,ra), psacKa (berTna 3p.) U gp.

B HacToAllee BpeMs NPOBOAATCA aKTUBHblE MUCCefoBaHUA
Nno MNOUCKY ruUnepakKymynAaToOpoB BellecTB. Tak, B duTopeme-
anaunmn y>ke npuMeHsieTcsd BOASAHOM rMayuHT (ErcHHorTa
crassbpes). M3yyaroTca BO3MOXXHOCTU TeHeTM4yeckown moandu-
Kaumm pacTeHuin, Hanpumep WX TpaHcdopmauuu bakTepuasb-
HbIMW reHamMu, OTBETCTBEHHbIMU 3a Aerpagauunio opraHnyecKmx
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BELLEeCTB, B YaCTHOCTU METUAPTYTU U B3PbIBUYATbIX BELLECTB.
Y4UeHbIM yAanocb MOMYYUTb pacTeHUs, KOTOpble MOryT MoOrfio-
Wwatb MbIWbAK M3 MoYBbl. [lna 3TOro B FeHOM Arabléopsb3s
Orallana BBeNM ABa reHa M3 reHoma 6akrtepum E. col. Coeau-
HEeHMS MbllWbSAKA 00bIYHO HaKanIMBalTCA B Mo4yBe BO6IN3N
paiioHOB A06bI4YM MOME3HbIX UCKOMAEeMbIX U XPaHEHUSI MPOMbILL-
NeHHoro Mycopa. [axke Hebonbllas KOHLEHTpauus MbilibSKa
BbI3bIBAET MOBPEXXAEHUSA HEPBHOMA CUCTEMbI U CNOCOGCTBYET
BO3HMKHOBEHMIO paka. OueHb OMacHO, Korga MbllbsK nonajaet
B Bogy. OcobeHHO TsXXenas cuTyauus c 3arpsi3HeEHUEM coeau-
HEHMAMMN MbllbsKa cnoXwunacb B BaHrnagew vn uvHAMRACKOM
wTaTte 3anagHasa BeHranusa, rae oT 3TOro cTrpajaldT MWAIUOHbI
nojen.

TpagULUVOHHbIE MeTOoAbl OYUCTKWU MOYB, 3arpsi3HEHHbIX CO-
eOVHEHNSIMN MbllUbSKa, KagMus, pTyTuU, Mean U LUHKa, Npea-
rnonaralrT MOMHOE yAaneHue Mo4vBbl B 3TUX pervoHax, MnepeBo3
U XpaHeHMe ee B gpyrom Mecte. OAHaKO ecnmM coeguHeHus
MbllWbsiKa 6yAyT HakKamnnmBaTbCs B NNCTbAX U CTebnax pacTte-
HWUW, TO MeToAbl OUYUCTKM CTaHYT HaMHOro gellieBne u 6esonac-
Hee. MonaralT, YTO C NOMOLLbIO METOAOB FeHEeTUYECKOW MHXKe-
HEpPUU MOXXHO MONYYUTb U Pa3HOBUAHOCTU pacTeHui, cnocob-
HbIX M3BNeKaTb M3 MOYBbI ApYyrve BpeAHble BelLlecTBa.

MpenmyuiecTBa 6uopemeanaLmm 3aknoyarTCcs B:

— HanuMumMm ycnoBui AN MPoOBeAEeHUS peMeaviauum T 3Wu;

— OTHOCUTENIbHO HWU3KO Cce6ecToOMMOCTM MPOBOAUMbLIX pa-
60T, MO CPaBHEHMIO C TPASULMOHHLIMUA OYUCTHLIMU COOPY>Ke-
HUAMU;

— 6e30nacHOCTU MeToAa AN OKpY>Kaluieil cpeapl;

— TEeOpeTMYECKOlM BO3MOXHOCTU 3KCTPaKUUU LEeHHbIX Be-
LWEeCTB M3 3e/ieHON Macchl pacteHun (Ne, Awn, Cn);

— BO3MOX>XHOCTW MOHUTOPUHIa Mpougecca OUYUCTKU;

— BbICOKOM YPOBHE OYUCTKW, KOTOPbIA He ycTynaeT Tpagu-
LMOHHbIM MeToAdaM, OCO6eHHO Mpu HebonbLWOM 06bemMe CTOY-
HbIX Bof, (Hanpumep, B CENbCKOW MECTHOCTW).

KOHTPOJ/IbHbIE BOTPOCHI

1. Paccka)kuTe 06 OCHOBHOI 3ajjaue 3KONOTMUYECKON 6MOTEXHONOTUN.
2. KaKoil LeHHbI 3HepreTM4yecknii HocuTens o6pasyeTcs nMpu nepe-
paboTke TBEpPAbIX 0TX0A0B?
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naBa 8. 9Konormnyeckass 6UOTexHonorms

. OT yero 3aBUCUT BUOKaTaIUTUYECKUIA noteHyunan MI/IKp06HOFO co-

obuiecTBa cBafoK ObITOBbLIX O0TXOA0B?

Kakuve Tunbl KnaccuduKaumm CTOYHbIX BOA CYLLLECTBYIOT?
MepeuncnnTe atanbl OUYNCTKU CTOUYHbLIX BOA U PACCKa>KUTe O HUX.
Kakue BUAbl MWKPOOPraHM3MOB YacTo BCTpeyarwTCA B CTOYHbIX
Bogax?

UTo Takoe 6ModunbTp U AN Yero oH npegHasHadeH?

. Pacckaxknte 06 a’poTeHKe.
. UTo npepcrtaBnaoT co60i OKCUTEHKU U B KaKuUx cnydyasax OHWU uc-

nonb3yrTCca?

Kakve npeumyuiectBa xapaKTepHbl ANs aHas3po6HbIX MpoLLeccoB
OUYUCTKN CTOYHbIX BOA?

Kakne mMeTofbl MCMoONb3ylOTCA MNPU BGMOOUYUCTKE ra3oBO3AYLUHbIX
BbI6pOCOB?

MepeyncnmTe TUNbl YCTAHOBOK AN GUONOTMYECKO OYUCTKM BO3-
nyxa.

Kakune wmeTogbl Heobxoammo cobnwogatb Anst obecriedeHUs cTa-
6uNbHOM paboTbl 6UOUNLTPOB?

Mouemy 6UOCKPY66epbl 6onee 3PPEKTUBHbI A1 GUONOrMYECKON
0YNCTKM BO3Ayxa, YeM 6MonnbTpbI?

Kakuve 3agaumn cToAT nepes 6MoreoTexHonoruen?

Pacckakute o 6MoBbILLeNa4YMBaHUN MeTannoB.

B Kakux cnyyasix npuMeHseTCA MOBEPXHOCTHOE BbillenaymBaHue
meTannos?

UTo npomcxoauT npu oboralleHMn pya U KOHLeHTpaToB mMeTannammn?
Kakune uenn ctoaT nepef 6M03HepPreTUKON?

Paccka>knte o 6MoMeTaHoOreHese 1 ero NMPUMeHeHUN.

Kakoe cbipbe MOXXHO MnepepaboTaTb C WUCMOMb30BaHWMEM 6GuMomeTa-
HoreHesa?

MepeyncnnTe ycTaHOBKW, UCMonb3yemble ANs GMoOMeTaHOreHesa.

KakoBa 3a(hheKTUBHOCTb MCMONb30BaHUA 6uorasa?

[aiiTe onpegeneHne KCEHOOMOTUKOB N Ha30BUTE MX Hanbonee pac-
MPoOCTPaHeHHbIX NMpeacTaBUTeNein.

Kakne meTognyeckue noaxoAbl UCNONb3YKOTCA ANA yAaneHUsa Kce-
HOGMOTUKOB M3 OKpYyXKatoLel cpeabl?

UTo Takoe 6uopemegmaums U B KakKuUX cayyasax Heob6xoaumo ee
npumeHeHmne?

Mepeuncnnte npeumyliecTea buopemeanauun, Mo CPaBHEHUIO C
OPYTMMU MeToAaMW OYUCTKU MOYB.



Mhasa 9

HAHOBVNOTEXHONOINW

9.1. lNpeacTtaBNeHNsA 0 HAHOTEXHONOTUAX

B HacTosuee BpemMs npoucxoanT hoOpMMpOBaHMe U pasBuUTue
HOBOr0 Hay4HOro Hanpas/leHUA — HaHoTexHosorumn, YTO BbI3Ba-
HO rMepexofoM OT U3YYEeHUS MaKpPOOO6BHEKTOB K M3YUYEHUIO YacTul,
pasmepoMm 1-10 HM. «HaHO» (OT rpe4y. mano3 — Kapauk) o3Ha-
YyaeT OAHY MUNANAPLHYIO A0 KaKoN-nnbo eauHULbI U3MEPEHUS.

Ha MHOrux ob6bekTax rokasaHO, 4YTO CTO/ib 3HAYUTeNlbHOe
YMeHbLLIeHNe pa3MepoB 4YacTul, NMPMBOAUT K KayeCTBEHHbIM MN3-
MEHEHUAM UX PUINKO-XUMNYECKUX CBOWCTB U MONydyaeMbiX Ha
UX OCHOBe cUCTeM. B HuUX Bo3pacTaeT [0S MOBEPXHOCTHbIX
aTOMOB W MOJieKy/n, 4TO U BAUSIET Ha CBOWCTBa (3neKTpuue-
CKMe, MarHuTHble, MexaHW4YeckKue) TakKOW 4acTuubl B LLENOM.
MHorga HaHomaTepuanbl MOryT rpuobpeTtaTb COBepLUeHHO HO-
Bble KayecTBa.

Bce 310 MOXeT o03HayaTb, UYTO HaHOpa3MepHble O0O6BLEKTHI
MMET TaKue CBOMCTBA M 0COBGEHHOCTU CTPOEHUsI, KOTOpble Bbl-
0ensloT X Kak He3aBUCUMYIO 4acTb [Mpupogbl, MpPoOMeXXyTou-
HYIO MeXay MUKPO- U MakKpoMupom. NoaToMy HaHOTEXHONOTNA
KaK Hay4yHOoe HarnpaBfeHMe HOCUT MeXAMUCUUNANHapHbIA Xa-
pakTep M B OAVWHAKOBOW CTerMeHW 3aBUCUT OT LOCTUXKEHUR u-
3UKU, XUMUN N BUNONIOTUMN.

HaHomup nogpasymeBaeT MUP O00LEKTOB WM CBA3AHHbIX
CTPYKTYP, UMEKLLNX XapaKTepHble pasMepbl OT A0fei HaHOMeT-
pa [0 coTeH HaHOMeTpPOB. Pasmepbl HAHOOOBLEKTOB — MUINMaps-
Hble Jonun MeTpa. Hanpumep, pasmep atoMoB MO MNOPAAKY Benu-
UMHbl paBeH 0,1 HM; ANNHbLI BaneHTHbIX CBSA3EA U pacCcToAHUA
MeXay atoMamMmm B KPUCTaNIMYECKUX pelleTKax — TOro >e no-
psgka; gunameTp ABycnupanbHoiit monekynbl AHK — 2 HM; Ton-
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naBa 9. HaHoGMoTexHoNOrNN

WMHa KNeTOYHOoW MembpaHbl — 6-10 HM; pa3mepbl BUPYCOB —
oT 20 go 300 HM; XapaKTepHble pa3Mepbl MONeKYNn 6e1KOB —
oT 10 go 100 HM. MMWHMMaNbHbIV pasmep YyrnepoaHbIX HAHOTPY-
60K, CUHTEe3NpPOBaHHbIX B HacTosulee Bpems, coctasnset 0,4 HM.
Hu>XHAA rpaHuua o6beKTOB, KOTOPbIMU 3aHMMaeTCsa HaHoTexX-
Ho/Morus, onpejensieTcsa paguycoMm atoma nopsigka 0,1 HM, Bepx-
HAA — pasmepamu 0.0,1 mkm (100 HM), T. e. pasmepamMmun 6uo-
MONEKYNn, MpPU KOTOPbIX yTpaumBaeTcs cneymnduka CBOWCTB U
rnoBejeHNA HaHo4dacTul,.

Taknm obpa3om, HAHOTEXHONOTUUN — 3TO COBOKYMHOCTb Ha-
YUHbIX 3HaHWN, crocoboB U CpeacTB, HarnpasBfeHHbIX Ha pery-
nMpyemyro c6opky (CMHTE3) M3 OTAeNIbHbIX aTOMOB U MOJEKY
pasHbIX BeLlecTB, MaTepuasoB C NMHENRHbIM pa3MepoM CTPYK-
TYPHbIX 3neMeHTOB o 1 HM (MunnuapgHas pona metpa). Kpo-
Me TOro, HaHOTEXHONOrMM — 3TO U MeTOoAbl yrnpaBneHNss HaHo-
yacTuuamu, B pe3ynbTaTe MNPUMEHEHUS KOTOPbIX CO34aloTcs
HOBble cnocobbl 06paboTKM, NU3roTOBAEHUS, U3MEHEHUSA COCTOSA-
HUSA, CBOWCTB, DOPMbI Cbipbsi, MaTepuana unau nonydabpukara.

McTopus mcnonb3oBaHUSA HAHOTEXHONOTMIA yXOoAUT KOPHSA-
MU B rny6oKyl ApPeBHOCTb: ernnTsHe cMewuBann caxy C BO-
0O ANs N3roToBMEeHUA TaK Ha3blBaeMbIX KUTAMCKUX YepHWUN, a
CKNMbI MPUMEHSANN MarHUTHYI >XUAKOCTb Pe304 B BUAe Kpa-
cok. Onanecuupytolime KpacHble N pybMHOBO-KpacHble cTekna
ApeBHero ErmnTta, ApeBHero Puma (Kyb6ok Jlukypra) v Butpa-
el CpeaHeBekoBbs (MacTepa Knayca KyHKensl) MOXXHO Takxke
cunTaTb UCTOPUYECKN MNEPBbLIMW HaHOMaTepuanamu.

MNepBble YNIOMMHaHUA O MeToAax MOCTPOeHUs NbbiIX MaTe-
puanbHbIX 06BEKTOB «aTOM 3a aTOMOM», KOTOpble BMOC/NeACT-
BMW CTaNn OCHOBOM HaAHOTEXHONOruMi, npossydyanu B 1959 r. B
JoKnafe Ha TeMy «Tam, BHM3Y, elle MHOro MecTa», caelaHHOM
amMepuKaHCKUM (U3NKOM-TEOPETUKOM, naypeatom Hobenes-
CKOM npeMmuun P. ®. deiiHMaHOM Ha eXXerogHom cobpaHum Ame-
pUKaHCKoro ¢usmyeckoro obuiectBa. OH roBopuna 0 TOM, 4TO
CYLLLECTBYET «MOPa3UTENbHO C/AOXHbIA MUP ManbliX opM, a
Korga-Hmbyab (Hanpumep, B 2000 r.) noan 6yayT yAUBAATbLCA
TOMY, 4TO A0 1960 r. HNKTO He OTHOCW/ICA Cepbe3H0 K mccneno-
BaHUsM 3TOoro Mmmpar». Ho TonbkKo B mocnegHuWe HeCcKONbKO neT
npeanonoXxeHnsa derHMaHa NpuoGAN3NUANCL K peanbHOCTMU.
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HayuHble uccnegoBaHusi B 06n1acTV HAHOTEXHOMOTUIA Mpu-
3HaHbl NPUOPUTETHBLIMU BO BCeEM MUpe. OCHOBHbIE YCUNUSA YUEHbIX
CKOHLIEHTPUPOBaHbl Ha YMEHbLUEHUN Pa3MepPOB BbIYNCINTENb-
HbIX YCTPOWCTB, CO3JaHUN MeXaHW4YeCKMUX YCTPOMNCTB CyOMUK-
POHHbIX pa3MepoB (INEKTPUYECKUX ABUraTenein, TpaHcMuUccuii
M T. N.) N CUHTE3e HAHOCTPYKTYP XMMUYECKNUMMU METOAAMMU.

9.2. HaHoTexHONOrMn B MeguunHe mn 6uonornn

OTpacnb HAHOTEXHONOTUM 1n
HaHoMaTepuanoB HaxoAUT LN-
pOKOe MPUMEHEHME B MeAULNHE
(pnic. 9.1). Ha cerogHsAWHNIA
OeHb OHU MNPUMEHSTCA MNpak-
TUYECKM BO BCeEX ee oTpacnsx,
M 0COGEHHO LLUMPOKO B reHeTuKe,
remMartonorum, rmrmeHe, TOKCUKO-
normn, Mukpobuonoruu. Cospe-

MEHHbIE MPUNNTOXKEHNA HaHOTEX- puc. 9.1. HaHo4vacTuubl
HONOrMM B MeaWLMHE MOXKHO Ha NMOBEPXHOCTU 3pUTpoLMUTA
nogpasfennTb Ha HEeCKO/NbKO

rpynmn:

— HaHOCTPYKTYPUpPOBaHHble MaTtepuanbl, B TOM 4ucle Mo-
BEPXHOCTU C HaHopenbedoM, MemMGpaHbl C HAHOOTBEPCTUSAMU;
— HaHoyacTuubl (B TOM 4yuncne yniepeHbl N geHAPUMEPDI);

— MWKPO- N HAHOKamncy/nbl;

— HaHOTEXHO/MOrMYecKme CeHCopbl U aHann3aTopbl;

— HaAHOMHCTPYMEHTbl U HAHOMaHWUNYNATOPbI;

— MMUKPO- M HaHOYyCTpolicTBa pasNYHO CTeneHn aBTOHOM-
HOCTMU.

MpoAyKTbl HAHOTEXHONOTMIA WCMONb3YIT B AMArHoCcTUKe,
MOHUTOPUHTe, MPU co3gaHnM GMOCEHCOPOB M COpGEHTOB, a Tak-
>Ke B KauecTBe MpoTe30B, VMMMIAHTATOB, WUCKYCCTBEHHbIX opra-
HOB YyBCTB. B XMpyprun HaxogaT nMpuMeHeHne MUKPO- U HaHo-
YCTPOCTBa pasnnNYyHOi CTeneHNn aBTOHOMHOCTU, 30H[0Bble
MWKPOCKOMbI, HAHOUMHCTPYMEHTbI W HAHOMAaHUMYNATOPbI, B
AepmMaTofiorMm — cofHLUe3alnTHbie KpeMbl.
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naBa 9. HaHo6WOTEXHONOrUMU

PaccmoTpum 6onee geTanbHO HEKOTOpble MpPUMepPbl Mpume-
HEHUS HAHOTEXHO/NOrNM B meanumHe.

HaHouacTuubl npegnonaraeTca MUCMofib3oBaTbh KaK fleKapcT-
BEHHble rpernapatbl HOBOr0 MOKOMEHUS, a TakKXXe KaK KoHTeii-
Hepbl A1 ajpecHOlW pocTaBKWM nekapcTB B KINETKU-MULLUEHW.
Hanpumep, nekapcTBO MOXXHO cAefnaTb M3 MopoLlKa, COCTosLe-
ro N3 HaHO4acTuL, C 0CO6bIMM CBOWMCTBaMU. ITU YacTuubl GyayT
«MPOCKaKMBaTb» 4Yepe3 CTEHKY cocyda WU KULLEYHYH CTeHKY
M nonagatb K MeCTy Ha3HayeHuA ObIiCTpee, UYTO caenaet nede-
HUe 6o0nee ahheKTUBHLIM. MOXXHO, «nNocaguB» HaHO4YacTULy Ha
NneKapcTBO, MNpeBpaTUTb €ro B CPeACTBO HampaBleHHOro AeicT-
BUA, 3aCTaBUTb «CafguUTbCA» Ha Ty TKaHb, KOTOPYH Heobxoawu-
MO paspywmnTb (K npumepy, OMyxonb) WUau, HaobopoT, 3awu-
TNTb (Hanpumep, cepaue, neyeHb). Takum obpa3om, HaHouyac-
TUUbl MO3BONAT BpadaM [O0CTaBNATb /IEKAPCTBO TOYHO K MECTY
6onesHn, yBennumsasi TeM caMbiM 3(PHEKTUBHOCTb NIeYEHUNA U
MUHUMU3NPYSA MO60YHbIE 3adheKTbl. MNpuMeHeHUe HaHo4vacTul,
OTKPbIBaeT TaKXXe HOBble BO3MOXXHOCTU ANA KOHTPOJNPYEMOro
BblBOJAa TepaneBTUYECKUX BEeLLEeCTB.

Mem6paHbl ¢ HaHonopamu MOTYT MPUMEHATbLCA 018 PUNLT-
paunn >XnugkocTeii opraHmu3smMa OT BpeAHbIX BeLlecTB U BUPYCOB,
a MUHWATIOPHbIE Kancynbl c HaHonopamu — A8 OOCTaBKU
NeKapCcTBEHHbIX CPeACTB B HY>XHOE MeCcTO opraHm3ma. 3To gaet
BO3MO>XHOCTb MoOMeliaTb B Karcy/bl, Hanpumep, WMHCYINHMPO-
Oyuumpylowme KNeTKN >XUBOTHOr0, KOTOpble MHayve 6biin 6bl OT-
TOPrHYTbl OPraHN3MOM.

dynnepeHoBble HaHocdepbl C60 MOXXHO nogobpaTb TakKuUMm
obpasom, 4TOObI CBA3bIBATLCS C 3apaHee BblOpaHHbIMU 6MONOTN-
YeCKUMU MULLEHAMU. ALAYKT ynnepeHa ¢ NOAUBUHUANNPPO-
nnaoHom (MBI1) — 3To XOpOLLIO pacTBOPUMOE B BOAe COeiHEHME,
a rnoJioCTn B ero CTPYKType 6/1M3KKU N0 pasmepamMm MoJieKynam
C60. MNonocTn Nerko 3anofiHAKTCA Monekynamu dynnepeHa, B
pe3ynbTaTe MonyyaeTcs MPOAYKT C BbICOKOW aHTUBUPYCHOW aK-
TUBHOCTbIO, MpPeBbILLAOWEN TaKOBY Y peMaHTagunHa.

MwuKpocKonunyeckme Kancybl CPaBHUTENbHO MNPOCTOM KOHCT-
pPyKUMUN MOTYT B3ATb Ha cebs Tak>ke AybnmpoBaHue v pacLumpe-
HME ecTeCTBEHHbIX BO3MOXHOCTENM opraHusma, Kak, Hanpuwmep,
pecnupounT — UCKYCCTBEHHbI/ HOCUTENb KUCNOpPOAa N OBYOKUCU
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9.2. HaHOTexHONoOrMmn B MeanunHe n 6uonormum

yrnepoga, 3HaunTeNbHO MNPEeBOCXOASALLMNIA NO CBOMM BO3MOXXHOC-
TAM W 3pUTPOLMTBLI KPOBU, U CYLLECTBYIOLLME KPOBE3aAMEHUTENN.

HaHocdepbl MPUMEHUMBbI WU B guarHocTuke, Hanpumep B
Ka4yecTBe PeHTreHOKOHTPACTHOro BeLLeCcTBa, MPMKPENAIOLLerocs
K MOBEPXHOCTU OMnpeAeNeHHbIX KNeTOK M MoKasblBaloLero nx pac-
rnosio>keHve B opraHmnsme. Kpome TOro, ¢ NOMOLLbO HaHOTEXHOJ0-
rMi MOXKHO oMnpeaensiTb AaXkKe Of4HY MONEKY/Ny Kakoro-To BeLyecT-
Ba, K MpUMepy aHTUTena nin Bupyca. 3TO rapaHTpPYeT BbICOKYHO
TOYHOCTb NPOBefeHNs AUarHOCTUKU, ee MaccoBOCTb W OfHOBpe-
MeHHOe ornpegeneHne HeCcKONbKUX (MHOrga AecsATKOB) KOMIMO-
HEeHTOB, Korfa 3a OoAWH pa3 MOXHO cfeflaTb MHOro aHaln30B.

Kak v npu nob6om Tune gnarHocTUKM, OKoHYaTenbHas LUenb
HaHOTEXHONOrUi COCTOUT B TOM, 4YTO6bI MOMOYb Bpavyam WAeH-
TucnuymposaTtb 3aboneBaHMe KakK MOXXHO paHblue, 3HAYNTENbHO
YAYULINTb KayecTBO MOCTAHOBKW AuarHosa W fieyeHue, B TOM
ymcne U pakoBbIX 06pasoBaHU.

PeweHne npobnem pereHepaTuBHONW MeagnUUHBLI UMEET OCO-
60e 3HauveHue. B 3TOM cnyyae maTepuanbl C HAHOCTPYKTYPUPO-
BaHHO MOBEPXHOCTbIO M MNpefBapuTeNbHO 3aJaHHbIMU CBOMCT-
BaMM MOTyT OblTb WCMOMb30BaHbl AN 3aMeHbl TeX WU WHbIX
TKaHel. KneTku opraHmsma ornosHawT Takue maTepuasnbl Kak
«CBOW» N MPUKPENNAKTCA K UX NOBeEPXHOCTU. MNMpenmyllecTea-
MW TaKux MpenapaTtoB SBAAKTCA Xopowas MNepeHOCUMOCTb U
OTCYyTCTBME MOBGOYHbLIX 3WPEKTOB, AOCTYNMHOCTb U HM3KasA LeHa.

B HacToslwee BpeMsA [OCTUIHYTbl yCMexy B W3rOTOBEHUMN
HaHoMaTepuanoB, MMUTUPYIOLMX €CTECTBEHHYI KOCTHYIO TKaHb.
HaHoOKOCTb NpumeHseTca B opTorneaumn, HerlpoxXmpyprum, oTo-
NapuUHroNornn, 4YentoCTHO-TNLEBON XUPYPruu, CTOMaTonoruu,
B TOM 4ucfe B KayeCTBe MMMNNAHTaATOB AN1A BO3MeLLeHUA 60/b-
WNX KpaHnanbHbIX OedeKTOoB.

MpeacTaBnaeT UHTepec M paspaboTka HaHOMaTepuanos, KO-
Topble, HAob0pPOT, He MO3BOMAKT KAeTKaM MPUKPENIATbCA K
noBepxHocTu. OAHOM M3 cdep MPUMEHEHUSA TaKUX MaTepunanos
MOrno 6bl cTaTb M3roToB/leHMWe 6MOPeakKTOpOB ANA BblpalliMBa-
HMA CTBOMIOBbLIX KNeTOK. HaHo4yacTuubl MOryT MCNOMb30BaTbCA
ANA CTUMYNUPOBAHUSA BPOXXAEHHbLIX MeXaHW3MOB pereHepauuu.
OCHOBHOe BHMMaHWe MNpu 3TOM COCPEeAOTOYEHO Ha MCKYCCTBEH-
HOM akTuBauuu v yrnpasfieHUU B3POCNbIMU CTBONOBbLIMWU KNeT-
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naBa 9. HaHo6MoOTexHoONOrNMN

Kamu. Takmm 06pa3oMm, MPUMEHEHME MaTepuanoB C HaHopas-
MEpPHOM CTPYKTYpPO MOBEPXHOCTU OAs yrpaBneHUs npoLecca-
MU nponudpepaun n gudpcpbepeHLMaLMm  CTBONOBbIX KNETOK
npeactaBnsgeT cobov OrpomMHoe Mnone Ans UccnegoBaHuii, B TOM
yucne U B 06nacCTU CO3[4aHUSA UCKYCCTBEHHbIX OpraHosB.

YueHble TOBOPAT TakXXe 0 BO3MOXXHOCTW CO34aHUA NPUHLUNN-
albHO HOBbIX TUNOB nepeBsA304YHbIX U KNenkunx MaTepuanos C
aHTUMUKPOOHOW, MPOTUBOBUPYCHOW N MPOTMBOBOCMANNTENBHON
aKTMBHOCTbIO, Ae3UH(EKTAaHTOB MU aHTUCENTUKOB. B aTom Hanpas-
NeHNN y>ke AOCTUTHYTbI onpeaeneHHble pe3ynbTaThl. Hanpumep,
nonyvyeHbl MaTepuanbl C HaHo4yacTuuamu cepebpa, obnagaro-
wme aHTMbaKTepuanbHbIMU cBolicTBaMu. OHW MNPUMEHUMbI B
MeauuMHe (B BUAe KpPacoK, 6eCcxX/0pHbIX CPeAcTB Ae3nHMeKLUN,
rnepeBSA30YHbIX MaTepuanoB, naka ANs MOKPbITUS KaTeTepoB U
T. 4.) 4NA 60pbbbl CO CTaAaUNOKOKKAMU N SPYTUMN GaKTepPUAMN.

MpencrtaBnseT MHTepec co3fgaHWe W3 HaHOMaTepuanoB Ho-
BbIX XUPYPTUYECKUX WUHCTPYMEHTOB C BbICOKUMU PEXYLLNMA
CBOMCTBaAMU N N3HOCOCTOMKOCTLIO.

Ha cerogHAWHMIA geHb BO3MOXXHO MNPOU3BOACTBO MarHuUT -
HbIX >XuagkocTei. CaMu No cebe MarHUTHbIE XXWAKOCTU — 3TO
KOMNouAHble AUCMNEPCUN MArHUTHbIX MaTepuanoB pasmMepom OT
5 HM oo 10 MKM, KOTOpble MOTYT MPUMEHATLCA B Tepanum ony-
xonew. Ons 3TOro MarHMTHasa 4acTuuyKa MNOKpbIBaeTca AUNUA-
Hoin 06on04YKOIN Cc gobaBneHMemM feKapCTBEHHOro cpeAacTBa, 3a-
TeM BBOAUTCHA B KPOBb U MOJ KOHTPO/JEM MarHMTHOrO Mons Ha-
rnpasBnsieTcd B MeCTO noKanm3auumm naTonornyeckoro rpotwecca.
OhheKTUBHOCTb AENCTBUSA 06eCcreynBaeTCsl BbICOKOM TOUHOCTbIO
(MpULEeNnbHOCTBIO) U BO3MOXHOCTbIO cO34aBaTb MpefenbHO Bbl-
COKMe KOHLeHTpauuu npenapara B 30He OMYXO0/u.

BenyTcs paboTbl MO MCNOMb30BAHUID MarHMTHbIX HaHoudac-
Tuy B NleYeHUM nporpeccupyrownx ¢Gopm paka rpyau. 3Tu
yacTuLbl KPenAaTca K aHTUTenam, KOTOpble, nonajas B KpoBe-
HOCHYIO CMUCTEMY, Pacno3HaloT paKoBble KNETKU U MpUKpenns-
IOTCA K HUM. 3aTeM C MOMOLLbO MarHUTHOro Mons MpoMcxoauT
X ObICTPbI pa3orpeB, KOTOPbI yO6nBaeT KNETKWU OMyXO0nu, He
rnoBpeXkgasi cocefHVe TKaHW.

[pyroe BakHOe HamnpaB/ieHVe WNCMOMb30BaHUS HaHOTEXHO/0-
rMMin — co3faHue HaHoBaKUuWH A1 MPOPUIAKTUKN N Tepanuu
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MHMEKLMOHHBbIX 3aboneBaHU, NPOTUB KOTOPbIX HEBO3MOXHO pas-
paboTaTb BaKUMHbI TPAAULNOHHLIMW MeTogamMmn. TakKoBbIMU SABNS-
HOTCA BaKUWMHbI 014 I'IpOCbI/II'IaKTI/IKI/I coynasibHO 3HaA4YNMbIX I/IHCbeK—
uwvii (Tybepkynesa, renatmta B, Bupyca nanuanombl, Bbi3blBato-
ero pacnpocrtpaHeHHOeE OHKO/orn4yeckoe 33601'IEBaHI/Ie) n ocobo
ornacHbIX WHMEKUUA (nenTocnuposa, Tynsapemumn, 6pyuennesa).
Kpome TOro, A0 HacCTosAuWlero BpemMeHn He ynaetcd co3gaTtb Bak-
UVHY, 3aluuarolyo 0qHOBPEMEHHO OT MHOIMX 3aboneBaHUA.

HaHoBaKUWHbI UMEKT creaytowme npenmyLlecTsea:

— OHWN MNpaKTn4vecKun 6e30I'IaCHbI, MOCKOJ/IbKY cogep>XaTt TOJ/lb-
KO BaKUWMHHbIE KOMITOHEHTDI;

— OHW HETOKCU4HbI, BUOCOBMECTUMBbI U BuoderpagnpyemMbl
B OpraHm3me;

—caM0c6opKa KOMIMOHEHTOB HaHOBaKUWMHbI peLllaeT npo6—
NleMy OYUCTKU, UMMOBMAN3ALUN U KOHLUEHTPUPOBAHNSA KOMMO-
HEHTOB, obecrneumBaeT CTaHO4APTHOCTb MONy4YaemMoro npoaykKTa;

— TEeXHO/0rmd HaHOBaKLUWMH Mo3BONAET nosnyydyaTtb MHOIO-
KOMIMNOHEHTHbIE nMpenapartbl, 3alwnuiarouipne oAHOBPEMEHHO OT
LLUNPOKOro Ccrnekrtpa counaibHO-3HaA4YNMbIX WUNN 0Cc0060 onacHbIX
3abonesaHunin.

B HacTosiwee BpeMs U3y4vaeTCA BAUSAHUE HaHOAUCMEPCHOro
KpemHesema Ha YMeHbLUEHWE TOKCMYHOCTU (DAKTOPOB BHELLHEW
cpenbl. lCl,OKa3aH0, yTO TaKom KpeMHe3eM NMOHM>KaeT TOKCUYHOCTb
HUTpUTa HaTpus, Topuga HaTpUA, AOKCOpybuunHa, NPOTUBOTY-
6epKyne3Hb|x npernaparoB 3a CHET CBA3bIBaHUNA 66]'IKOB, CHWM>KeHUA
NepeKnMCcHOro oKncreHus, 0663Bpe)KI/IBaHI/IFI HN3KOMONEKY/TAPHbIX
TOKCUHOB. Ha ocHoBe HaHOAMNCMEePCHOro KpemMmHe3emMma co3gaH
npenapaT ¢ agcopbUNOHHO-AETOKCUKALNOHHbIM AEACTBMEM, KOTO-
pbll7| nokKas3aH Mnpun OCTPbIX KULUEYHbIX 3a60ﬂeBaHl/IﬂX, BNPYCHbIX
renatuTax, aTepocK/epo3e, OCTPOM MOYEYHOW HeaoCTaTOYHOCTH,
NMHTOKCMKaUnAX pas3/iM4YHOro reHesa, aileprm4ecKmnx peakymax.
MecTHO 3TOT npenapaT MPUMEHSIIOT MNPU THOMHO-CEMTUYECKUX
npoueccax, paHax; B cTomMatonormm — aAnAa nevyeHmsa rMHrnBum-
TOB, CTOMaATUTOB, MNMAapoAOHTUTA; B O(*)Tal'leO)'IOFI/IVI — B Cny4dae
0>K0roes porosuubl n BoCnaanTeNbHbIX 3aboneBaHnn rnas.

Bbipa>keHHble MPOTUBOMUKPOOHbIE CBOMCTBA MPOSBASAOT ca-
Moco6upatrumecss nenTugHble HaHoTpy6ku (Hanpumep, E. coii
norn6aet B TeuyeHue Llaca). MeTo,q OCHOBaH Ha BHegpeHunn nern-
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TUAHbLIX KOfey B MeMbpaHy 6akTepuii, rge oHuW cobupatoTcs B
TPYyO6KKM, KOTOpble 3aTeM MPMBOAAT K rubenn 6akrtepuii. Mpo-
rHO3MpPYETCH, UTO caMmocobuparoLlmecs nenTUAHble HAHOTPYOKU
CTaHyT 3PhEKTUBHbIM CpPeacTBOM 60pbObl C MUKpOOpraHmM3ma-
MW, YCTOMYUBLIMU K aHTUOBUOTUKAM.

TaKoBbl NLLIb HEKOTOPbIE MPUOPUTETHbIE HAaMNpaB/eHUs pas-
BUTUA HAHOMEAMULMHBI.

Mcnonb3oBaHue HaHOTeXHOﬂOfVIVI B cCeNnbCKOM X03AMCTBE
CBsi3aHO C obe33apakMBaHMEM BO34yxa U pas3NyHbIX MaTepua-
NoB, B TOM 4uC/le KOPMOB W KOHEYHOW NpOoAYKLUWN >XUBOTHO-
BOACTBA, a Tak>XXe C 06paboTKOW CceMsiH U ypoXKas B Lensx ero
coxpaHeHusi. Kak v B MeauuuHe, onpaBianm HageXXAbl YYeHbIX
HaHO3MYNbLCUN U aHTUbBaKTepuanbHble HaHoMNpernapaTbl, AeNCT-
BME KOTOPbIX 3HAYUTENbHO MPOJIOHTVMPYETCA 3a CYeT HaHodac-
Tuy cepebpa. Takme matepuanbl UCNONb3YKOT, HaNpuMep, B [0-
UNbHbIX annapaTtax; KpomMe TOro, OHW peLwlalT npobremy 3a-
rpsa3HeHns UNbLTPOB N0ObIX KOHOULMOHEPOB.

HaHOTexHOM0rMm NPUMEHSAOT NPU CTUMYNALUK pocTa pac-
TEHWI, NEYEHUUN XKUBOTHbIX, ONS YNy4YlLUeHUs KavecTBa KOPMOB.

EcTb onbIT BHeAPEHUA HAHOTEXHONOTMIA C LeNbl YMeHbLe-
HUSA 3HEProemMKoCTU MPOU3BOACTBA, ONTUMMU3ALUMN METOA0B 06-
paboTKM CbipbSA U YBEANYEHUS BbIXOoA4a KOHEYHOW MNPOAYKLUUN;
CO3[aHNA HOBbIX YNaKOBOYHbIX MaTepuanoB, obecrnevmBaroLmnx
LONTYH0 COXPaHHOCTb KOHEYHON NpoayKLUN.

BoNMbLWIMHCTBO NOA06GHbBIX TEXHONOIMI CBA3@HO C nuuiesoli npo-
MbILLIEHHOCTbIO, C UCMO/b30BaHUEM HaHOMaTepuanoB s yna-
KOBKU MULLWN UAN OMPEnEeneHns m — B OTAENbHbIX CAydasax —
HelTpanm3aunm onacHbIX TOKCMHOB, anfnepreHoB WaM naTore-
HOB. Pa3BmBalTCA MPOEKTbl MO CO34aHUID WU YNy4YLUEeHU MNu-
weBbIX A06aBOK, MOAYYEHUIO PacTUTENbHOr0 Macna C HaHoAo-
6aBKaMu, KOTOpble MPENSATCTBYIOT MOCTYMN/JIEHUIO XONecTepuHa
B KPOBb MNEKOMUTAKLLLNX.

OTgenbHble MPOEKTbl HanpasBneHbl Ha pa3BuTUe 6Gonee ad-
PeKTUBHbIX W cpegocbeperaroWmMx arpoTexHonornn (Hanpu-
Mep, Ucnonb3oBaHMe HaHoMaTepuanoB AN OYUCTKU BOA B ar-
po3aKocucTemMax U Ana nepepaboTKM OTXOAOB pacTeHueBoa-
cTea B 3TaHofN). B >kxuBoTHOBOACcTBe paspabaTbiBalOT MeTOAbl
MCNO0Mb30BaHMNA HAHOO06aBOK B LieNsiX YMEHbLLUEHUSA 003 POCTO-
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BbIX (paKTOpPOB M FOPMOHOB, HeTpanM3auun NaToreHoB Ha paH-
HUX CTagunsaX UX KOHTaKTa C XXUBOTHbIMU.

Mo MHeHUIO psAfga y4YeHblX, HAHOTEXHONOTMU CYLLEeCTBEHHO
YAPOLLAT N YCKOPSAKT pelleHue TpaguUUOHHbLIX NpPo6nem reHe-
TUKWN CebCKOXO03AMCTBEHHbIX BMAOB, TAKNX, KaK KOHTPO/Ib MpPO-
VNCXOX/EHWS, BbISIBIEHME HOCUTENe HebnaronpuAaTHbIX MyTauuii
NN UVHQEKUMNH, a Tak>Ke TeHOB, CBS3@HHbIX C X035WCTBEHHO
LLeHHbIMN MpU3HaKamMun, BKAKYasa yCTOMUYMBOCTb K Hebnaronpu-
ATHbIM paKTopaM OKpY>KakLleil cpefpl.

MonyyeHbl U YCMEWHO UCMbITaHbl Ha YXMBOTHbIX 3MYNbCUMU,
cogepXkaliue HaHokannu, KOTOpble 06nagaldT aHTUBUPYCHON U
AHTUMNKPOGHOW aKTUBHOCTbIO. OHM CNOCO6HbI 0be33apaXkuBaTb
MOBEPXHOCTU, YHUUTOXKAsS He TONbKO CaMu MMKPOOPraHW3Mbl,
HO U cNopbl, NpPUN 3TOM ocTaBascb 6e3BpeAHbIMU A9 YXUBOTHbIX
KneTok. [loTeHUManbHO MNOAOGHbLIE 3MYNbCUM MOFYT HaWTw
npMMeHeHNe He TONbKO B MeAgWLUHE, HO U B MNULLEBOW Mpo-
MbILLUMIEHHOCTWU, ANA OYUCTKW BOAbl U JaXke ANS 3awWUTbl OT
6aKTEPMONOTNYECKOTO OPYXKUS.

Oco60e MecToO 3aHMMaeT co3faHne YCTPOWCTB C UCMOMb30BaHU-
eM 6MOoNoOrnYecKNX MakKpoMOoneKyn A9 U3yvyeHuUs 61Monornyeckux
cucTem 60 ynpasBneHUs UMK, TakK Kak XOpoLlo M3BECTHa Crnocoob-
HOCTb 6MOMONIEKYNT K CaMOC60pKe B HAHOCTPYKTYpbl. Hanpumep,
amnunuabl Cnoco6HbI CAOHTAHHO 006beAMHATLCA U opMMpoBaThb
Xungkne kpuctannbl. AHK ncnonb3lyeTcs He TONbLKO AN co3gaHUsA
HaHOCTPYKTYP, HO U B Ka4yeCTBe Ba>KHOr0 KOMMOHEHTa HaHoMeXxa-
HU3MoB. lNpegnonaraeTcs, Hanpumep, 4YTOo, BMECTO TOro 4YTOObI
co3fiaBaTb KPEMHUEBYID OCHOBY MWKPOCXEM, HAHOTEXHONOIU
CMOTyT MPUMEHATb AByXUernoyeyHyo mMonekyny AHK, ocobeH-
HOCTU KOTOPOW MO3BONSAIOT 06beAVHATL aTOMbl B MpeAcKalyeMon
nocnegoBsatenbsHOCTW. BnonHe BepodATHo, uto AHK cTaHeT oc-
HOBHbIM KOMINOHEHTOM KOMMNbIHTEPOB C/eAYyHOLWEero rnOKOJIEHUA.

Bnarogaps MUKpPO- M HAHOTEXHONONMAM MHOrFOKpaTHO Mo-
BbILLIAeTCA BO3MOXXHOCTb OOHapy>XeHUsA 1 aHanmsa ceBepxmMaliblx
KONMYeCTB pas3/iIMyHbiX BewiecTB. OAHMM M3 BapuaHTOB Takoro
poaa yCTpPOMCTB AABNSAeTCA «na6opaTopuss Ha uune». OHa npea-
cTaBfisieT c060M NNACTUHKY, Ha MOBEPXHOCTU KOTOPOW ynops-
OOYEHHO pasMelleHbl peuenTopbl K HY>XHbIM BellecTBaMm, Ha-
npumMmep aHTuUTena. TaKoe yCTPOMCTBO CNOCOGHO O6Hapy>XuBaTb

379



naBa 9. HaHo6noTexHonornmn

6yKBa/bHO OTAEe/NbHble MOMIEKY/Ibl U MOXXET 6biTb MCMONb30BaHO
npu onpegeneHUN rmocnefoBaTelbHOCTN ocHoBaHu AHK wnm
aMWHOKMWCNOT ANA uUenern naeHTUmnKaynum, BblIIBAEHUS TeHETU-
YeCKUX WU OHKOMOrM4YecKux 3aboneBaHWil, 06HapPY>XeHUA UH-
heKLMOHHbIX BO36yauTeEnen, a TakXXe TOKCUYECKUX BeLLEeCTB.

Buonornyeckme HaHoO4YMMbI NOMOryT MPOBOAUTbL AMArHOCTU-
Ky COMaTUYeCKUX N NHGEKUUOHHbIX 3aboneBaHwuii, B TOM 4YuC-
ne BWAOBYK UAeHTUPUKaLMIO BO36yanTeneir 0cobo onacHbIX
MHMEKLNIA N TOKCUHOB.

YcTpoiicTBa, npegHasHaydyeHHble AN MaHUNynauuii ¢ HaHo-
06beKTaMu (HaHOYacTULaMW, MOMEKynaMu U OTAeNbHbIMU aTo-
MamMu), MOXXHO HasBaTb HaHoMaHunynaTopamu. TaKOBbIMU
ABNAIOTCA CKaHUpyowWwme 30HA0BbIE MUKPOCKOMbI, KOTOPble MNo-
3BONIAIOT NepemellaTtb A06ble 06bEKTHLI, BMAOTb A0 aTomoB. Co-
34aHbl MPOTOTUMNbLI HECKONbKUX BapUaHTOB «HAHOMMWHLLETOBY.

Y>Ke Hawnm rnpuMmeHeHUe Takme AOCTUXKEHUSA HAHOTEXHO/0-
r'mn, Kak:

— am@undunbHble 6enKn, noanep>XmBarwuwme pPoCcT KIeTOK
4Ns1 BOCCTAHOBNEHUSA MOBPEXAEHHOro CMMHHOIO MO3ra;

— TMOKpPbITUS Ha OMYyXONU FO/AO0BHOI0 MO3ra U3 MarHUTHbIX
HaHo4yacTuL, N YyBCTBUTENbHbLIX K (DepMeHTaM 4vacTul,;

— 30HAbl U3 HAHOYaCTUL, AN BHYTPUKIETOYHOW [AOCTaBKWU
npenapara M 3KCNPecCUU reHoB N KBAHTOBble TOUYKU, KOTOpbie
06Hapy>XMBalOT N ONpefensitoT KOAMYecTBO 6MOMapKepoB paka
MO/IOYHOI >Kefe3bl 4YenoBeKa.

CornacHo ManoBwobechb Men™3, ¢ 2005 r. B AOKIMHNYECKOW,
KIMHNYECKOW NN KOMMEpPUYEecKoin paspaboTke Haxogdatca 130
HaHOTEXHONOMMYHbIX NeKapCcTB M CUCTEM AO0CTaBku U 125 ycT-
policTB U AuarHocTUYecKux TecToB. Bce 3To ewe pas noa-
TBepXgaeT: 6yayuwee MeauLUMHbI BO MHOIOM 3aBUCUT OT HaHoO-
TEXHONOrn.

HecmMoTpa Ha pUCKU U NPO6aeMbl, CBA3aHHbIE C HAHOTEXHONO-
rmsimm, npepnonaraeTcsi, YTO HAHOYCTPOWCTBA CMOFYT MOMHOCThLIO
3aMeHUTb CYLLeCTBYHOLULME MPOMbILLUJIEHHbIE U CENbCKOXO3SANCT-
BEHHble TEeXHOMOrMKN, BO MHOr0 pa3 NpeB30WTM MX MO MPOU3BO-
ONTENbHOCTU NpPU OAHOBPEMEHHOM CHWMXXEHUW 3aTpaT. YueHble
MPOrHO3UpPYyT BO3MOXXHOCTb BCTpamMBaHUA B KNeTKW KPOBU AaT-
UMKOB, pearvpyrLlmMx Ha MosiBNeHWe pPaUOHYKIULO0B B OKpPY-
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9.3. OCHOBHble HanpasneHNs pa3BUTUA HAHOBNOTEXHONOT N

)KalOLIJ,eVI cpege N pakKoBbiX K/NETOK B opraHnMime, a Tak>ke co3aa-
HVe CBepX4YyBCTBUTE/IbHbIX CEHCOpPOB W” <<yMHOI7I>> KOCMEeTUKMU,
HOBbIX BMAOB TolM/inBa N MaTtepuanoB Ansd nonetoB B KOCMOC.

9.3. OCHOBHble HanpaB/ieHUA pa3BUTUA
HaHOG6MOTexXHONOrNn

PaccmoTpum, Kak B 6yayuieM MOXHO OCYLLEeCTBAATb Auar-
HOCTUKY W fle4eHUe Ha KNeTOYHOM, CYOKNeTOYHOM U MONEeKy-
NAPHOM YPOBHSX.

Moaxopn «cBepxy BHWM3». 3akK/OyaeTcsa 3TOT NMoAxXod B Lafib-
HellleM YCOBEPLUEHCTBOBAHUM W MUHMAaTOPU3aLUN CyLlecT-
BYIOLNX MUKPOYCTPONCTB. PAj yyeHbIX BO BCEM MUpe 3aHUMa-
I0OTCA co34aHUeM TakKuX YCTPOWCTB, KOTOpble MOrnm 6bl pabo-
TaTb BHYTPU 4enoBe4yeckoro opraHusma. OHU A0MKHbl ObiTb
OCHalleHbl 60pPTOBbIMW CUCTEMaMW ynpaBfeHUdA, CBA3U U OpuU-
eHTauun, OCHOBaHHbLIMW Ha HaHOTexHonormn. HaHoceHcopbl Y
HaHOMaHUNYNATOPbI MOTYT CTaTb peanbHOCTbIO Y>Xe B 0603pu-
MOM GyayLuieM.

«<MoKpas HaHoTexHonorus». [laHHbIA MOAX04 OCHOBaH Ha
NMPUMEHEHUN FOTOBbIX MEXaHWU3MOB, CYLLECTBYKLINX B XXUBOW
npupoge. B 1967 r. Aii3ek A31MMOB MNepBbIM MPenNoXKNUA UCMONb-
30BaTb MexaHW3Mbl, COCTOSILLME U3 MONEKY/N HYK/IENHOBbLIX KUC-
not. MNo3gHee B. BalT npeanodXui MUCMonb3oBaTb FeHETUYECKU
MoANMUMPOBaAHHbIE BUPYCbl AN «pPeEMOHTa» KNeTOK. B HacTtos-
Lee BPeEMSA UX Y>Ke aKTUBHO MNMPUMEHSAIOT 419 BHECEHUA B KJET-
KW HOBOrO reHeTU4YeckKoro martepuvana. B nepcnekrtvBe MO>XHO
npeacTtaBunTb cebe NosiBAeHWE pa3HOO6pasHbIX «p0B6OTOB»-BUPY-
COB, CrMocobHbIX pacrno3HaBaTb K/eTKYy chneumdmyeckoro tuna,
HaxoswWwycd B OMnpefesieHHOM COCTOSiHUMW. B 3aBucmmocTu oOT
KOHKPETHOW CcUTyauuu, TaKol «pob6OT»-BUPYC CMOXKET WIn
ybuTb 3Ty KneTKy (Hanpumep, Bo3byanTensa 3aboneBaHus), Uam
BHECTM B Hee Heobxoaumble monekynbl AHK van PHK, BnnoTb
[0 MOMHOW 3aMeHbl MOBPEXAEeHHOro reHeTUYeCKOro Mmatepuana.

HaHomexaHusmbl. JTOT NoAxon npeactaBnseTca Haubonee
haHTacTUYeCKMM, HO U Hambonee nepcneKTUBHbIM. OCHOBHOE
BHMMaHWe yaenseTcsd KOHCTPYKUUAM M3 aTOMOB yrinepoga, 4To
06ycnoBneHO ero CrocobHOCTbIO 06pa3oBbIBaTb OrPOMHOE KO-
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YecTBO pa3HoO6pasHbIX COeAVNHEHUI, a TakKXKe pPeKopAHOoM npou-
HOCTbIO CBA3M MeXAy ABYMs aToMaMu yrnepoga. MNpumepamu
YrnepoAHbIX MOMIeKY/l, KOTOpPble MOFYT MOCAY>XWUTb NpOTOTUNA-
MW HAHOTEXHONOTMYECKUX KOMMOHEHTOB, SIBAAOTCSA (ynnepe-
Hbl-LLApPbl U HAHOTPY6KN M3 MATU- UAWU LIECTUYTO/bHbIX Koney,
aToMoB yrnepoga. V3 yrnepoga BO3MOXXHO M3rOTOBUTb MONEKY-
Nbl, nMeoWwme GopMy cambiX pasHOOGpas3HbIX AeTaneil — Liec-
TepeHoK, LUITOKOB, MOALIUMHUKOB U T. A. YCTpOiicTBO Ans Ta-
KOl c60pKN HAHOMeXaHMU3MOB Ha3blBaeTCs acceM6iepoM.

HaHopo6oTbl. Co3jaHNe HAHOPOGOTOB — OCHOBHas 3ajaya
6yAyLLero, XoTs MoKa 3TO BCero NMllb FMMNoTeTUYecKoe Harpas-
neHuve. MpepnonaraeTcs, YToO HAHOPO6OTbI 6yAyT MpPeacTaBATb
co60ii ycTpoiicTBa MONEKYNSIPHbIX pPa3MepoB, M3roTOB/NEHHbIe
M3 WUCKYCCTBEHHO CUHTE3NPYEMbIX YrNepoAHbIX ULEernovyek Wau
Ha OCHOBe 6MOM0rMYECKUX MaKpOMONeKyn, cHabXXeHHble AeTeKTOo-
pamMu, MaHUNynssTopamMu U BCTPOEHHbIM KOMMbIOTEPOM U CMOCO6-
Hble K MepeMeLLeHNI0 B OKpy>Katollei cpege. MpuHUMN UX pabo-
Tbl 6BYAET HAMOMMHATL MeXaHU3Mbl AeUCTBUSA 6eKOBbIX MONEKY/.
HaHopo60Tbl 6yayT OKasbiBaTb MOMOLLb B PELUEHUM OFPOMHOro
KonuuecTBa 3a4a4y — B ANArHOCTUKE U NleYeHUn Nibbix 6ones-
Hell, BK/OYas cTapeHue, YCTpPaHeHUU [Oed)eKToB B OpraHmsme
60MbHOrO 4esoBeKa MyTeM ynpaBisieMblX HaHOXUPYPrMUYECKNX
BMeLLaTeNbCTB, MepecTpolike opraHmM3amMa «Mno 3akKasy», a TakXe
B U3rOTOB/MEHUN CBEPXMPOYHbLIX KOHCTPYKLUUIA U T. 4.

9.4. Bo3mMoO)XHble pUCKWN, cCBA3aHHbIE
C Mcnosb3oBaHUEM HaAHOOWUOTEXHONOrni

YueHble TOBOPSAT He TONbKO O BO3MOXXHbIX Bblrogax npume-
HEHUS HAHOTEXHOMOrMi, HO M 0 BO3MOXHbIX puUcKax. [daxke
cneyuannucTbl obpawjaloT BHMMaHME Ha OTCYTCTBMUE «Mopora»
OelicTBUS HaHoMaTepuanoB U 3HAUUTeNbHblE BbIGPOCHI MPU UX
nponsBoacTBe. CyLEeCTBYIOT TakK>Ke MOAMTUUYECKME N 3TUYecKue
acrnekTbl (Hanpumep, pas3paboTKa HOBbLIX BUAOB BOOPY>KEHUS,
HeonpaBgaHHoOe MPUMEHEHMEe HAHOCTPYKTYP).

FoBOpPSI 0 CO34aHMM HOBbIX MaTepuasioB, He cregyeT 3abbiBaTb
0 TOM, 4YTO 3TO ele M PUCK AN 340POBbs YefoBeKa U OKpy>Kato-
weii cpeabl. Begb HaHoOYaCTUUbI NEFKO MPOHMKAIOT Yepe3 KOXKY,
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OblxaTenbHble MYTWU, >XeNyAOYHO-KULLIEYHbI TpakKT, B3auMmo-
OEeNcTBYOT Apyr C ApPYrom, npuobpetasi TeM camMblM HEW3BECT-
Hble cBolicTBa. [Mo3ToMy mepexo OT MUKPO- K HAHOTEXHO/OIn-
AM TpebyeT crneumanbHbIX PyHAaAMeHTa/lbHbIX MUCCNefoBaHUM.

Jeno B ToM, 4TO HaHomMmaTepuanbl MOryT obnagatb Orpom-
HOW paspywiuTenbHoi cuno. K npumepy, yyeHble MpoBOAUNN
onbITbl C Yrnepoaom w HaHoyrnepogom. Korga B akBapuym C
pbli6KaMn 6poCKAn YronbHbI MOPOLLOK, OH MPOCTO OCEN U Pblb-
K1 npojo/mkanu nnaBaTb. Ho nocne go6aBneHns HaHoyrnepoga
BCE PbI6KM NOrmMbéan, NMOTOMY UYTO OH MPOHUKAeT B MO3r M 610-
KNpyeT HepBHble KNETKN.

HaHomegnumHa M HaHOTEXHONOIMA — HOBble 06nacTn, wu
CyL,ecTBYeT He MHOro 3KCnepuMeHTaNbHbIX OaHHbIX O Hernpepg-
HaMepeHHbIX U HebnaronpuaTHbIX addekTax. HexBaTka 3Ha-
HWUI 0 TOM, KaK HaHo4yacTuubl 6yayT BCTpamBaTbCA B BUOXUMU-
yeckme npoueccbl B 4YenoBeHYeCKOM Tene, AocTaBasieT ocoboe
6eCMNoOKOICTBO.

M3 cka3aHHOro 04eBUAHO, YTO AO/MKHa 6bITb pa3paboTaHa
nporpamma no 6mobes3onacHOCTM HaHoMaTepuanoB, KoTopas
BK/AOYana 6bl B cebsi OCHOBHble MPO6MAEMbI, CBSi3aHHble C WX
pa3paboTKOW, MPUMEHEHNEM W YTUNU3ALUEN.

Mepsas npo6nema — o0b6ecrneveHme 6e3omacHOCTM Tpyda npu
npon3BoAcTBe HaHOMaTepuanoB. [pegnonaraeTcsa, YTo Ha pabo-
Te BO BpeAHbIX YyCNOBUAX 6yaeT 3aHATO 0Kono 400 ThiCc. 4eno-
BEK, a COOTBETCTBYHOLWMe npaBuia TeEXHNKM 6e30NacHOCTU rMoka
OTCYTCTBYIOT.

BTopasa npo6nema — OXpaHa HaHocybcTaHuuin. Kak n B
cnydae C NHO6bIMU 3KONOTMYECKM OMacHbIMW U MOTEHUMaNbHO
onacHbIMW BellecTBaMu, BO3HMKaeT npobnemMa uUx ytumamsauunu,
B TOM 4unucie yTuamsaumm HaHOOTXOA0B, MPOCPOYEHHbIX fe-
KapCcTB U TMIMEHUYECKUX CPeAcTB, CO3[4aHHbIX C NPUMEHEHUEM
HaHOTEXHONOrun.

TpeTbs npo6nema — HEOOXOAMMOCTb KOHTPONA KadecTBa
npPoayKLUnmn, 0CO6EHHO NleKapCTB N BMOAaKTUBHbIX 006aBOK.

Taknm 06pasoMm, OYeHb BaXKHO U3YUUTb (PyHAaMeHTa/bHble
3aKOHOMEPHOCTU MPOSABAEHNA OGUONOTNYECKUX U TOKCUYECKUX
apcheKTOB HaHOYacCTUL, B 3aBUCUMOCTU OT UX (hopMbl, pasmepa,
MCXOO4HOro MaTepuana, naowiagm NoBepXHOCTU, 3apsja wn Apy-
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naBa 9. HaHo6noTexHonorum

rMXx OU3NKO-XMMUYECKUX OCOBEHHOCTEN CTPOEHMUSA, a Tak>Ke OT
003bl, NyTell BBeAeHUSs, KOHLEeHTpauuu B 06nacTu opraHa-mu-
WEeHN U NPoAOMHKUTENBHOCTU Bo3geicTBUs. Heobxogmmo npa-
BUNbHO OLEHUTb BO3MOXHble OTAaNeHHble PUCKU U 3hdeKTbI
HaHoTepanuu.

MpuBeaeM O4HO U3 MHEHUI YUYeHbIX B MOAAEPXKKY HAHOTEX-
Honornii: «Mbl He CMOIMAM NpefoTBPaTUThL Co3jaHue SAepHOro
OpY>XUsi; HE OCTAHOBU/IN PEHTIEHOBCKME NyUYU; Mbl NPUMEHSIEM
OAHWN N Te >Ke NpenapaTbl U B Ka4yecTBe 543, U B KayecTBe MNpo-
TUBOAAUSA, MeHSs 003MPOBKY, MO3TOMY B3sTb MO3UTMB HaHOMa-
TepuanoB N HAHOTEXHONOTUM Mbl NPOCTO 0653aHbi».

Buonornyeckass HaHOTEXHONOFMA — OAHO W3 Hawubonee
CMOPHbIX, HO U eaBa NN He Hambonee MHOroob6ellarOLINX Ha-
npaefeHUin B COBpPeMeHHOW Hayke. Bonpoc o peanusayum ee
naen 6yaet, BepoOsTHO, pelleH B TeyeHUe 6nvmdKallux AecaTu-
NneTUii, a BO3MOXXHO, U paHbLLUe.

KOHTPOJIbHbBIE BOTPOCHI

KakoBbl pa3mepbl 06bEKTOB, UCMOAb3YEMbIX B HAHOTEXHONOTNAX?
Kakuve BuAbl HAHOTEXHONOIUI ABNSIKOTCSA CaMbIMU APEBHUMUN?
Pacckaknute 06 MCNonNb30BaHUM HAHOTEXHONOTUI B MefULUHE.
Kakne HaHOTEXHONOIMMU MUCMONb3YOTCA B CEIbCKOM X035ilicTBE?
UTto Takoe nabopatopus Ha uune?

Pacckakute 06 Mcnonb3oBaHUM HAHOMAHUMYNATOPOB.

Kakune pucKM MOryT BO3HWUKHYTb MPU WCMONb30BaHUN [OCTUXKe-
HWUA HAHOTEXHONOTUNIA?

NOoOGOhMONPE



Mrasa 10

BWOBE3OMACHOCTb N FTOCYAOAPCTBEHHbIN
KOHTPO/J1b

10.1. BBepeHue

B Hauane XX B. A. lNyaHKape nucan, 4To B 061acCTn Hayu-
HbIX WCCNegoBaHU «n060e MNpaBOBOE BMeLlaTeNbCTBO OyAeT
HEeyMeCTHO U HEeCKONIbKO Heneno». OgHaKo nocneaytouime cobbl-
TNA [okKasanun, 4YTo camble «Henenble» MPOeKTbl CMOCO6HbI
cTaTb peasbHOCTb. [103TOMY CcerogHsi CTOMT BOMPOC O co3ja-
HUW CBOJAa 3aKOHOB, onpejensatowmnx 6e30NacHOCTb U 3TUKY Ha-
YUYHbIX MCCNEeA0BAaHWUA.

Bo Bcex rocypapctBax B HacTosillee BpeMs MNPUHATbI 3aKo-
Hbl U [pyrve rocyfapcTBeHHble aKTbl, co3jalolive HopMaTuB-
HO-NpaBoBYyO 6a3y A/ COBPEMEHHOM GUOTEXHONOTUN U BUOUH-
>XeHepun. B 60NbLLUMHCTBE CBOEM OHU afanTUpPOBaHbl K MeXXAy-
HapoAHbIM TpeboBaHMAM U npaBunam, 3aPUKCUPOBAHHLIM B
nokymeHTax OOH, BO3, OHECKO u gpyrux mexayHapoaHbIX
opraHusauuii.

MpUHATBLI Takne MeXXAyHapoaHble AOKYMEeHTbl, Kak Bceo6-
uasa geknapayusi Mo reHomMy 4YesioBeka W NnpaBaM 4enoBekKa,
MeXxayHapofHas KoHBeHUMA 0 6Monornyeckom pasHoob6pa-
3un, KOHBeHLUMs Mo npaBam 4enoBeka U 6uomeanumHe, KoH-
BEHLMA MO 3aWuTe MpaB U AOCTOMHCTBA 4YefloBeKa B CBA3U C
MCMNO/Mb30BaHNEM [OOCTUMIKEHUNW 6MONOTUM U MeAULVHBI.

CerogHs O4HUM M3 BadKHelLnxX sAiBNSieTCA BOMPOC O FreHeTu-
yeckm mMoandunuympoBaHHbIX opraHmamax (FMO) un ncnonb3oBa-
HUW NPOAYKTOB, MONYYEHHbIX N3 HUX. JKCNEpPTbl CYMUTAIOT, UTO
B CBSA3N C X BECKOHTPONbHbLIM pacnpocTpaHeHneM MUPOBOE CO-
06LLEeCTBO MOXET BCKOpe CTOJKHYTbCA C COBEpPLUEHHO HOBbIM
BNAOM Teppopusma. [pu3biBbl K >XECTKOMY KOHTpoaw [M-
NPoAyKTOB 3BYy4aT BCe valle.

PasnnuHble TpeboBaHus, NpeabsaBiAsieMble B pasHbIX CTpa-
Hax K TM-npoayKTam, M KofoccanbHas pasHuua mMexxay roces-
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Masa 10. BM06e30NacHOCTb U roCcyapCTBeHHbIi KOHTPO/Mb

O6uwan nnowanb Nog TPaHCreHHbIMU Ky/bTypamMu, M/H ra (1996—2003)

18 cTpaH, obwas nnowaas
BblpallmsatoLmx VHAYCTpUanbH BUTble CTPaHbI™
'M-KynbTypbl AyCTpNansHo pas ecrpa

. passuBaoLLMeCs CTPaHbl

1995 1996 1997 1998 1999 2000 2001 2002 2003
15% -4 pocT nnowageii ¢ 2002 no 2003 r. (9 M/H ra)

Puc. 10.1. KapTta mupa c obwmumm nnowagamm
noa TPaHCreHHbIMU KynbTypamMu, MOH ra

HbIMW NaowagsamMmn, 3aHUMaeMbiMU FeHeTUYeckn moanduumpo-
BaHHbIMU pacTeHUAMU B pasnUYHbIX permvoHax (puc. 10.1),
CBUAETENLCTBYIOT O TOM, YTO Npobnema oveHb faneka oT OKOHYa-
TeNbHOro peweHusa. Mmpoas AuUHaMuKa pocTa nnowagen BO3-
OenblBaHNA TPaHCreHHbIX KynbTyp nopa)KaeT CBOMM pa3MaxoMm:
c 1996 no 2003 r. oHW Bbipocan B 40 pa3 (c 1,7 go 67,7 mMH
rektapoB). Jingepamn spnsatotca CLUA, ApreHTmHa, KaHapga.
MwupoBble NPOAaXKM TPaHCreHHbIX pacTeHuii (B OCHOBHOM COW,
XN0oMnKa, KyKypysbl, panca) yBeniuuuamcb ¢ 75 MAH Jonnapos B
1995 r. go npumMepHo 8 mnpa gonnapos B 2005 r. (Ta6n. 5).

B 2004 r. B ApreHTuUHe 6blno npomsBedeHo 34,5 MAH TOHH
reHeTu4yeckn mMoamuumpoBaHHoOM con, T. e. 49,5 % Bcex Bbl-
paweHHbIX 34eCb 3epHOBbIX, a MNof ee rnoceBamMmu ObINI0 3aHATO
14 MnH ra, T. e. 54 % Bcex MOCeBHbIX Nnouiagen cTtpaHbl. Ta-
KM 06pas3oM, reHeTUYecKn moanduumpoBaHHasi cos cTana oc-
HOBHOW CeNbCKOXO3AWCTBEHHOW KyNnbTypoili ApreHTUHbl. [pu
aToM ecnm B CLUA Tonbko 40 % BblpawnMBaemMoi cou ABAsieTCS
TpaHCreHHoM, To B ApreHTUHe 3TOT nokasaTenb paBeH 99 %.
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10.1. BeBegeHune

Tabnnya 5

MNMoceBHble Nnowann B HEKOTOPbIX CTpaHax mMupa,
3aHATble TpaHCreHHbIMU KynbTypamuy B 2006 r., MaH ra

CrpaHa Mnowaabe  FeHeTUYeCKU MOAVNMMLIMPOBaHHbIE PacTeHUS]

CWA 54,6 Cos, KyKypy3a, Xf1on4yaTHuK, panc
(kaHOna), Nnanais, nouepHa

ApreHTuHa 18,0 Cos, KyKypy3a, Xnon4aTHuUK

Bpa3unusa 11,5 Cos, xnonyaTHUK

KaHaga 6,1 KaHona, KykKypys3a, cosi

NHans 3,8 XnonyaTHUK

KuTai 3,5 XnonyaTHUK

Maparsaii 2,0 Cos

HO>xHas Adpuka 1,4 KyKypy3a, cosi, Xxnon4aTHUK

Ypyrsai 0,4 Cos, KyKypy3a

PUANNNUHBI 0,2 Kykypy3a

ABcTpanusa 0,2 XnonyaTtHUK

PymMblHUMA 0,1 Cos

Mekcuka 0,1 XnonyaTHUK,cos

McnaHusa on KyKypy3a

Konymb6us <0,1 XnonyaTtHUK

dpaHumAa <0,1 Kykypy3a

MNpaH <0,1 Puc

FoHgypac <0,1 Kykypy3a

Yexnsa <0,1 Kykypysa

MopTyrannsa <0,1 KyKypy3a

FepmaHus <0,1 Kykypysa

Cnosakus <0,1 KyKypy3a

Mo gaHHbIM poccuiickoro degepanbHOro peecTpa NULLEBON
npoaykumm, Ha 26 ceBpana 2001 r. B Hallel cTpaHe 6bi 3ape-
rmcTpmpoBaH n [ONyuleH K WUCMNOAb30BaHUKO Ha BHYTPEHHEM
pblHKe 81 BWUA TPaAHCreHHOro NUUEBOro Cbipbs. NpakTnyecku
BCE N3 HUX ABASAKOTCA Npou3BoAHbIMU con. B 2004 r. cny>k6amu
FoccaHanugHaasopa Poccuiickoin ®epepaunn 66111 0O6HaAPY>KEHbI
TpaHCreHHble coeBble A06aBKU B 17,7 % wmccnegoBaHHbIX MSACHbIX
npoAyKToB U B 16,7 % xne6obynouHbIX U KPYMSHbIX U34ENNA.
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naBa 10. Bno6e3onacHoOCTb N rOCYAapCTBEHHbIN KOHTPO/b

XNblHYBWNKA B PocCCUIO MOTOK MNPOAYKTOB, coAep Xalinx
TpPaHCreHHble KOMMOHEHTbI, B YC/IOBUSAX HEOAHO3HA4YHOCTU pe-
3ynbTaToOB UCCNefoBaHUM B 061acTM MX MeAULUMHCKOW N 3KO00-
rmyeckor 6e3onmacHOCTM CTaBUT psf 3agady. Bo-nepBbix, HEO6XO-
OVMbl aHanM3 n oueHKa MOTMBOB pa3paboTKu, MPOM3BOACTBA U
MCMNOMb30BaHUA TEHETUYECKN MOAUPULLMPOBaAHHbLIX MNPOAYKTOB
nuTaHusa. Bo-BTOpbiX, He npopaboTaHa poccuiickas npaBoBas
6asa, pernameHTMpyloLaad UCNONb30BaHWe TaKMX MNPOAYKTOB.

10.2. MexayHapogHasa 3akoHopgaTenbHas 6a3sa
no 6uo6e3onacHOCTN N ee peanmn3aumns

MeXxayHapoaHoe coo6WecTBO MPUHANO pPAL AOKYMEHTOB,
onpejensowmnx npasuna 6e3onacHoOCTU Npum paboTe C reHeTuye-
CK/ WN3MEHEHHbLIMWN oOpraHmsMamu. 3T0 KapTaxeHCKWUii npoTo-
KO/ no 6unobesonacHOCTU K KOHBEHUMU O OMONOTNYECKOM
pasHoobpa3snn (perynmpyeT nepemewieHne NMO), Oeknapayusa
Puvo (onpepensieT, 4To gokasartenbcTBa 6e3BpegHocTU TM-npoayk-
TOB fieXkaT Ha npousBogmTene NpoayKLumnmn), AOKYMeHTbl Koaekca
AnnmeHTapunyc n Komumccnm OOH no nuweBbIM cTaHaapTam
(onpegenawT ctaHgapTbl Ana TM-nNpoAyKToB), a TakXke Aupek-
TuBbl EBponerickoro MapnameHTa 1 CoeTa (onpegenstoT Mme-
TOAbl OUEHKW Yrpo3bl, npaBuia MOHUTOPUHIA, a Tak>Xe YyC/o-
BUA, NPV KOTOPbIX Bbl4ATCA paspelleHnsa Ha Bbinyck TMO).
Pa3paboTka M NPUHATUE 3ITUX [OKYMEHTOB COMPOBOXAAKTCA
O0>XKeCTOYeHHOW 6opbb6oii Mexxay npomssoauTenamm FM-npoayk-
TOB 1 3KOJ/Oramu.

MexxayHapogHasa KoHBeHUMA O 6GMONOrMYecKoM pas3Hoob-
pasuu, noanucaHHas 13 wuioHA 1992 r. B Puo-ge->XXaHelipo,
yKa3blBaeT Ha HefoMnyCTUMOCTb Kak 3arpeleHns, Tak 1 MoJIHOro
oTKasa OT peryinpoBaHuA MNpPoM3BOACTBa U NCMNONb30BaAHUSA FeHe-
TNYECKU MoLNULMPOBaHHbLIX opraHn3mos. B KoHBeHuuun (cT. 19,
n. 3) oTMeyaeTca Heo6XOAMMOCTb MPUMEHEHUA Mep MNpPefocTo-
PO>XHOCTU MPU MNCMNOJMIb30BAHNN >XXUBbIX U3MEHEHHbIX OpraHus-
MOB, OHaKO caMW Mepbl He KOHKpeTusupyrTcs. Taknm obpa-
30M, B 3TOM Me>XAyHapoAHOM AOKYMEHTe MnpegycMoTpeHa, XOoTH
U B «CBEPHYTOW» (opmMe, MnpaBoBas 3aluUTa ABYX CTOPOH —
KaK npousBoauTenei, Tak u notpebutenein rM-nNpoayKToB.

PasnnuHble cTpaHbl MpM 3TOM MO-pasHOMY BOIMJOW AT B
CBOE 3aKOHOAATe/NIbCTBO MOJIOXKEHNA O Mepax MpenocTopPOXKHOC-
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10.2. MexxayHapoaHas 3aKoHogaTenbHas 6a3a no 6Mo6e3onacHOCTN U ee peannsauyms

™ n dopmax KOHTpona 3a M-npogyktamn. B CLUA, Hanpwu-
Mep, HeT ocobbiX 3aKOHOB, onpeaenslwmnx Kputepumn 6esonac-
HOCTW TpPaHCreHHbIX MPOAYKTOB. [ndA BCEX NPOAYKTOB NMUTaHUsA
OHU ABNAKTCA 06WMMU («3aKOH O NULLLEBbLIX NPOoAYyKTax U KOC-
MeTUYECKUX NpenapaTtax»).

OaHUM N3 Haubonee >XeCTKUX 3aKOHoAaTenLcTB B obnac-
™M ['M-nNpoAyKTOB sABAseTCA 3aKoHoAaTenbCcTBO EBpocotosa.
Tak, [AOupekTmBa EBponelickoro [MapnameHTa un CoBeTa OT
23.04.1990 Ne 220/90 no BbINYCKY B MpuUpoay FeHeTMYEeCcKMn
MoaANdMLUMPOBaHHbIX opraHnamoB (FTMO) TpebyeT paspeLueHus
FocypapcTBeHHOro cekpetapss EC no Bonpocam OKpy>KatoLuei
cpefbl, TpaHcrnoptTa U PervoHoB Ha N60e BbICBOOOXKAEHME B
oKpy>awlLwyto cpegy 'MO — oT o4HOro pacTeHUs B ropLuke go
KpyrnHoMacLwwTabHoro npombllleHHOro npom3soacTea. [poue-
aypa obpalieHuns 3a paspelleHneM BKAO4YaeT B cebs:

— OLEeHKY BO3MOXXHOIF0 pUCKa OKpY>KaloLlen cpeae;

— onucaHve Npupoabl U3MEHEHHOI0 OpraHn3ma;

— onmcaHue MPOUCXOXKAEHUA U TUMNOB MEPEHOCUMbIX TeH-
HbIX MOCNeAoBaTeNbHOCTEN;

— onuncaHve MeTOAUKWU MNepeHoca.

To ecTb 3TUM [OKYMEHTOM rMpeaycMoTpeHa 3awmTta AByX
rpynn MHTEPECOB — KaK MNpou3BoAuTeneil, Tak U NoTpedbuTte-
nei (oUeHKa 3KOM0rM4YecKoro pucka).

AvpekTtnBa EBponelickoro [lapnameHTa wu CoBeTa OT
27.01.1997 Ne 258/97 poOMNoONHAETCS MOoApPO6HONM pernameHTa-
Uuein OoueHKU MeauKo-buonorunyeckon 6esomnacHoctn MO (mo-
nenu notpebneHus, nccnefoBaHWe MULLLEBON LEHHOCTU, annep-
rmyeckme M TOKCUKONOTFMYeCcKUe wunccnegoBaHus, CNOCOOGHOCTb
N3MEeHATb MUKPOBMOLLEHO3 KULLEYHUKA YeNoBeKa) N KpUtepmes
UX TEXHONOTMYECKOW OLEHKU (MapamMeTpbl NPOM3BOACTBA, OLEH-
Ka PN3NYECKNX, XUMUYECKNX N OPraHoienTUYeCKUX CBOWCTB).

WccnepoBaTtensckada rpynna Kogekc AnnMmeHTapuyc, Mepsoe
3acefaHune KoTopowr npowno B 2000 r., oTMeTU/1a HeobXoAMMOCTb
OOMOMHUTENbHOW OUEHKU MeauKo-6Mo1ornyeckoin 6esonacHoc-
™M TM-NpoAoyKTOB C y4eTOM MeTabonnM4yecKuUx OCOBEHHOCTEN
pasnnyHbIX NOTPEOBUTENLCKUX FPynn (4eTn, 6epemMeHHble, KOp-
MsLL e MaTepu, MOXXWUfble NOAU, MalMeHTbl, cTpajalolme ca-
XapHbIM AnabeTom), a Tak>Ke Heob6XoAMMOCTb A0/r0OBPEMEHHbIX
«XPOHNYECKUX nccnefoBaHUm».
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fnaBa 10. B106e30NacHOCTb M rocyAapCTBEHHbIN KOHTPOb

AvpekTnBa EBponelickoro [MapnameHTa w©n CoBeTa OT
12.03.2001 Ne 18/2001 pacwunpuna KpUTepUN OLEHKWN 3KONO-
rmyeckon 6esomacHoctn M-pacTeHUIi npeXkae Bcero Ansa 3a-
WKUTbl noTpebuTenen, BKIOUYMB B UYUCNO KPUTEPUEB OLEHKY
BANAHNA Ha eCTeCTBEHHbIX obuTaTeneil ceflbCKOX03ANCTBEHHbIX
3eMefb; OUEeHKY BO3MOXXHbIX BO34elCTBMIA Ha depmepoB N pa-
604YMX, 3aHATbIX B CENbCKOM XO038MCTBE; OUEHKY BAUAHUA Ha
6moreoxmMuyeckme npowueccobl N ap.

HakoHeL, AunpekTuBa EBponeiickoro lNMapnameHTa 1 CoBeTa
OT 22.09.2003 Ne 1829/2003 o reHeTu4yeckn MoandULMNPOBaH-
HbIX NPOAYKTax M Kopmax BBena c anpens 2004 r. HOBble NpasBu-
na Mmapkunposkun 'M-npoaykTtoB B cTpaHax EBpocoro3a. Mapku-
pOBKe MOAJNIeXXUT BCA MuLieBas NMpPoAyKLUUA, MojiydeHHas Cc uc-
nonb3oBaHmem FM-NpoayKTOB NMpu UxX cogep>kaHunun 6onee 0,9 %.

BcemunpHasn ToproBasi opraHmsauunsa (BTO) 7 deBpansa 2006 r.
3aaBuna, 4to EBpocCol3, B HapylLleHWe TOpProBbIX HOPM, Hano-
XXMN MopaTopuii Ha ucnonb3oBaHwe M-pacTteHuin u TM-npo-
OYKTOB. BTO Tak>XXe nocTtaHoBWfa, YTO LWeECTb OTAeNbHbIX
CTpaH, cpeu KOTOpbiX ®paHuUmMa n ABCTPUA, Hapywmnm npa-
BuUNa, BBeAs CBOW COOGCTBEHHbIe 3arpeTbl Ha TOProBAld U UM-
nopt M-npoaykToB. >Xanoby B BTO Ha EBpocow3 nogann
CLIA, KaHaga n ApreHTuHa.

10.3. 3akoHopaTenbHasa 6a3a Poccum no 6uobesonacHocTuU
n ee peanusauyun

B Poccuiickoii ®epepayun geiictByeT OKOA0 noayTtopa Ae-
CATKOB [OOKYMEHTOB, MMeWUnX OoTHoweHue K M-npoagykram.

Mocne NpUHATUA MeXAyHapoAHOW KOHBeHUUU O GUoNoru-
YyeckoM pasHoo6pasuu, paTuduympoBaHHon P® B 1995 1. (de-
fepanbHblii 3aKOH OoT 17.02. 1995 Ne 16-9®3 «O paTudgukauum
KoHBeHUUN O ©OuonornyeckomMm pasHoobpasuun»), B Poccuun
npuHnmatoTca ®PepepasnbHble 3aKoHbl 0T 05.07.1996 Ne 86-93
«O rocyfapCTBEHHOM pPerynmpoBaHUM B 061aCTU FeHHO-UHXXe-
HepHoW pesTenbHocTu» U OT 12.07.2000 Ne 96-®3 «O BHeceHUu
M3MEHEHUI N [ONONHeHUNV B dPepepanbHbIi 3akoH “O [ocy-
OAapCTBEHHOM pPErynmMpoBaHUM B 06/1aCTU FeHHO-UH>XEHEPHOW
aestenbHocTU”». CTtatba 5 9TOoro 3akoHa rnacut: «OCHOBHbIMU
HanpaB/eHUSAMWU rocyAapCcTBEHHOro pPeryinmpoBaHusa B obnactu
reHHO-UH>XeHepHOM AeATeNbHOCTU B Poccuun aBnslOTCA:
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10.3. 3akoHogaTensHas 6a3a Poccmu no 6Mo6e3onacHOCTU 1 ee peanmsaumns

yAyudlleHWe YCNOBUIM >XXU3HU YelloBEKA U OXpaHa 340p0BbS;

oxpaHa M BOCCTaHOBMIEHME OKpYy>Kalleln cpefbl, coxpaHe-
HMe 6MON0rMYecKoro pasHoobpasus;

noBblLLIeHNE 3(PEKTUBHOCTU CEbCKOro X03silicTBa» U Ap.

Mpu 3TOoM YyKasbiBaeTcAa: «[eHHO-UHXXeHepHasa [AesATeNb-
HOCTb [0/HKHAa OCHOBbLIBATbLCA Ha CneAyrwmnx npuHUmMnax:

6e3omacHOCTN rpaxkgaH (PU3NYECKUX NNL,) U OKpY>KatloLlew
cpeabl;

<...>

06L,e0CTYNMHOCTU CBeAEeHUM 0 6e30MacHOCTU TeHHO-UHXKe-
HEepHOI fesTeNnbHOCTU;

cepTudhmkKauum NpoaoyKuUn, coaep>kalleri pesynbTaTbl FeH-
HO-NHXXEeHEPHON AesaATeNbHOCTU, C yKasaHuem MOAHOW WHop-
Mauuu o MmeTofgax MosyydeHUs N CBOMCTBaxX AaHHOrO NpPoAyKTa.

TakuM 06pa3om, 3aKOHbl pPerynvpyrT OTHOWWEeHUs B cdepe
npMpoaononb30BaHNA, OXpaHbl OKpyXarlLleil cpeabl U obecne-
YEeHUS 3KONOrMyeckol 6e3onacHOCTU, BO3HMKalOLWed npu ocy-
LWEeCTBNEHUN TEHHO-UHXXEHEPHOW f[eATeNbHOCTU C 6Guonormye-
CKUMMN 00beKTaMMn, 3a UCK/HYEHUEM YeNnoBeKa, ero KeTok u
TKaHel, 4To perynmpyeTtcs cneunanbHbIM 3aKOHOAATENbCTBOM.

Mo 3TM 3aKoHaMm rocyfapcTtBo 0653aHO ycTaHaBNMBaTb OCHOB-
Hble HanpaB/ieHUs AeATenbHOCTU deAepanbHbIX OpPraHoB rocy-
OApCTBEHHOM BnacTu, OpraHoB roCyAapCTBEHHOM BnacTu Cybbek-
ToB Poccuiickoin degepaunm, opraHoB MeCTHOr0 camoynpasfieHus,
pPUONYECKUX UL, U rpaxkgaH (punsnmdecknx nuuy) B obnactum
reHHO-UHXXEeHEepPHO p[eAaTeNbHOCTWN; ycTaHaBAMBaTb OCHOBHbIE
MoMOXXEeHUA MpPaBOBOr0 peryinmpoBaHUSA OTHOLWEHWUNA, BO3HWU-
KawLwmx B 061acCTU reHHO-UHXXEHEPHOW AesaTeNnbHOCTU; onpeae-
NATb MexXxaHu3Mbl, obecrieuymBarLivie 6e30MacHOCTb FpaXkKAaH U
OKpYy><atowein cpefbl B NMpouecce OCYLLeCTBNEHUA FEHHO-UHXXe-
HepHoOV [eATeNbHOCTU U UCMOb30BaHUA ee pe3ynbTaToB; ycTa-
HaB/MBaTb MpPaBOBble OCHOBbI MEXXJYyHapo4HOro COTpyAHU4YecT-
Ba Poccuiickon depepauymn B 061aCTU reHHO-UHXXEHEPHOI pae-
ATeNbHOCTU; co3faBaTb YCN0BUS ANA pasBUTUA MPUOPUTETHbIX
HanpaBfeHUn B 3TOW obnacTu.

Ona peanmsaumm ykKasaHHbIX 3ajay 3akKoH npegycmaTtpusa-
eT NpuHATUE hedepanbHbIX U pernoHanbHbIX MporpaMm B 06-
nacTu pasBUTUSA TEHHO-UHXXEHEPHOW AeATEeNbHOCTHU.

B atoin cBA3M MpaBuTenscTBo P® npuHMMaeT locTaHoBne-
Hue oT 22.04.1997 Ne 464 «O MeXXBeAOMCTBEHHOW KOMWUCCUN
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Mo npobnemam reHHO-UHXXEHEPHOW AesTenbHOCTU». Komuccus
pa3spaboTana BpemeHHble npaBuna 6e3onacHoOro NofyvYeHuUs, uc-
nonb3oBaHUA W Nepefavyn reHeTUYeckKu MoaAnUUUpPOBaHHbIX
(TpaHCreHHbIX) pacTeHU N UX (PparmMeHToB, coAep Kalux pe-
KOM6MHaHTHYO [AOHK. TonHbIA LUK npegnonaraetT wucnbiTa-
HWe 6uoNornyeckor 6e30nNacHOCTU, 3KONOrMUYECKYHD 3KCMepTu-
3y, LUMpOKOMAacLITabHbI/ BbiNyck. [locTaHoBneHnem [lpaBu-
TenbcTBa P® ot1 16.02.2001 Ne 120 «O rocyaapCTBeHHOM
perncrpaumm reHHo-uH>XeHepHO-MoAUMULMPOBaHHbLIX opra-
HN3MOB» YyTBepXAeHOo [MonoXkeHMe O rocygapcTBeHHON peruv-
cTpayuy reHHO-UHXXeHEPHO-MOAUMULMPOBAHHbLIX OpPraHU3mMoB.
YcTaHOBNEHO, YTO TEeHHO-UHXXeHepHO-MoANULMPOBaHHbIE Op-
raHu3mbl, npegHasHayeHHble OIS MepBOro Ha Tepputopumn Poc-
cuiickoin degepaunm BbiNyCcKa B OKpY>Karllyk cpeay, MNpo-
MbILLUNEHHOIO MCMNONb30BaHUA WU UMMoOpTa, noanexxart obs3a-
TeNbHON rocygapcTBeHHOW permncrTpaumn. Pernctpaums Takux
opraHn3mMoB W BefeHVe CBOAHOro rocyfapCcTBEHHOro peecTpa
3aperucTpupoBaHHbIX [EHHO-UHXXEHepPHO-MOoANULUPOBAHHbIX
OpraHn3mMoB BO3J/I0OXKEHbl Ha MWHUCTEPCTBO MPOMbILLUNEHHOCTH,
HayKn n TexHonorun P®.

BrobezonacHoOCTb, NPUMEHUTENBHO K YKaszaHHOMY [lonoxe-
HUIO, O3Ha4YaeT OTCYTCTBUE (PAKTUYECKOro Manm nporHo3npyemo-
ro HeXenaTenbHOro BO34eNCTBUSA MOAUDULMPOBAHHOIO opra-
HuU3Ma (B CpaBHEHUU C UCXOAHLIMU HeEMOAUMPULNPOBAHHbLIMU
opraHM3mMamm) Ha OKpY>KaloLyl cpeay.

Mono>keHMeM yTBepXKAeH TaK>Ke CPOK AeMCTBUSA CBUAETENb-
CTBa O rOCyAapCTBEHHOW perucrpayum mMogndunLmMpoBaHHOro
opraHusmMa — [0 MATW fIeT C MOMEHTa BK/IOYEHUA ero B pe-
ecTp. CpoK paeicTBUA cBUAEeTeNbCTBaA MOXET ObiTb NpPoAneH —
rno 3asiBNeHUNIO ero Bnajenbua — Ha cnegyrowue nAatb net. MNpu
nosiBleHUU B Mepuoj Cpoka OeicTBUA cBUAeTeNbCTBa O rocy-
[AapCTBEHHOW perucTpaumm MogndunLmMpoBaHHOIoO opraHmama
HOBbIX Hay4YHO O06OCHOBAaHHbIX AaHHbLIX 0 6M06€e30NacHOCTN MO-
andnumpoBaHHoro opraHmsma (B CpaBHEHUW C UCXOAHbLIM He-
MoANPULUPOBAHHbLIM OpraHU3MomM) MUHNCTEPCTBO MPOMbILLIEH-
HOCTU, HayKM N TeXHONoruin P® MoOXeT — Mo NpeacTtaBieHUto
3KCMEePTHOro coBeta — MPUHATbL pPeLUeHVe O ero rnepeperucrpa-
uun 6e3 nposefeHUA IKCNepTu3bl. B cnyyae BbISABNEHUA Hera-
TUBHOI0 BO34eACTBMSA MOAUMULMPOBAHHOIO OpraHu3Ma Ha OK-
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py>awuyo cpeay, NoATBEPXKAEHHOIO 3KCMepTU30i, MpoBeAeH-
HOM B COOTBETCTBMM C YyKaslaHHbIM Bbilwle [1onoXKeHMeMm, Mo
MHMUMaTuBe hefepasbHbIX OPraHOB WCMONHUTENbHOW BAacTw,
opraHoB MEeCTHOro camoyrnpaB/fieHUs, 3auHTepecoBaHHbIX opra-
HU3auMin 1 rpaxkjaH rocygapcrBeHHas permcrpauus moamdu-
LUPOBaHHOIo opraHmama MoXkeT 6bITb aHHyIMpoBaHa.

B cooTBeTCTBUM C 3aKoHoZaTeNbCTBOM P® (depepanbHble
3aKOHbl 0T 30.03.1999 Ne 52-#3 «O caHUTapHO-3NNAEMMUNONOIMN-
yecKoOM 6narononyymun HaceneHumsi» 1 ot 02.01.2000 Ne 29-93
«O KayecTBe M 6e30MacHOCTU MULLEBbLIX MNPOAYKTOB») NuLe-
Bas npoaykuus n3 MO OTHOCUTCS K KaTeropum «HOBOW Mu-
Wum» M NoANeXnT o06s3aTeNbHOW OLEHKe Ha 6e30MacHOCTb U Mo-
clegyoweMy MOHUTOPUHIY 3a ee 060pPOTOM.

B 1999 r. npnHATO nocTtaHoBNeHWe NaBHOro rocygapcTBeH-
HOro caHuTtapHoro Bpada P® ot 26.09.1999 Ne 12 «O coBepLUeH-
CTBOBAHNM CUCTEMblI KOHTPONSA 3a peasmnsaumer cenbCKOXo3sai-
CTBEHHOW MPOAYKUUM U MEAVULMHCKUX MpernapaToB, MOAyYeHHbIX
Ha OCHOBE TreHeTUYeCKU MOANPULUPOBAHHbLIX WUCTOYHUKOBY.
OTNM MocTaHOoB/EHVEM 3arnpeLleHo ¢ 1 nwona 2000 r. peanvsoBaTb
Hace/leHNI0 MULLEBYIO NPOAYKUMIO U MeJULUUHCKWE npenaparhbl,
rnonyyeHHble u3 MO, 6e3 COOTBETCTBYIOLLEN MapKUPOBKMU.
YKaszaHHOe MOoCTaHOB/IeHMe paccMaTpuBaeTCA KakK MNoA3aKoH-
Hblli akT PegepanbHbiX 3aKOHOB «O caHUTApPHO-3MUAEMMNONOTN-
yeckoM 6narononyymm HaceneHusi» n «O 3awKnTe NpaB MNoTpe-
6uTenei», HO dpegepanbHbIi 3aKOH, PEryANpYOLWKUin Npon3Boa-
CTBO U wucnonb3osaHne MWI, [o0 HacToAWEero BpeMeHW He
NPUHAT.

B 2000 r. nocTtaHOBNeHMeM [NMaBHOro rocygapCcTBeHHOro ca-
HuTapHoro Bpadya P® ot 08.11.2000 Ne 14 BBegeHbl [Monoxke-
HUe O nopsake MNPoOBeAeHUS CaHMTaAPHO-3NUAEMMONOrNYECKOMn
3KCMEePTU3bI MULLEBLIX MPOAYKTOB, MOJYYEHHbLIX N3 reHeTunde-
CKN MOAMDNLUPOBaAHHbIX UCTOYHUKOB, a TakKe MeToauuyeckme
yKasaHuna «Megmko-6monormyeckas oueHka nuuieBbiX Mpoayk-
TOB, MONYYEHHbIX W3 TFeHeTU4YeCKU MOoANIULUPOBAHHbLIX WC-
TOYHUKOB». B COOTBETCTBMM C 3TUMU AOKYMEHTaMU 3KCnepTusa
OCYLLEeCTB/IAETCA NO TPeM HarnpasleHUAM: MeAWuKO-reHeTunye-
ckas oueHka (UeHTp «BuounH>eHepusa» PAH), meanko-6mono-
rnyeckas oueHka ('Y HMWM nutaHna PAMH) n oueHka TexHO-
NOrM4YecKmMx napameTpoB npoaykTa (MY npuknagHo 6uoTtex-
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Honormn MuHo6paszoBaHUsA Poccun). Pe3ynbTaTbl NPoBeLEeHHON
3KCcNepTM3bl MNpeacTaBnsalwTca B MuH3gpaB Poccumn, KOTOpPbI
BblJaeT paspeLleHue Ha ucnonb3oBaHue 'MW B nuwesoil npo-
MbILLUNEHHOCTU W peann3aunio HaceneHMr nuan MOTUBUPOBAH-
HbI OTKa3.

B cooTtBeTcTBUMKM C lMocTaHoBneHnewm [MpaBuTensctea P® ot
16.02.2001 Ne 120 «O rocygapCTBEHHOW perncrpayum reH-
HO-UH>XeHEPHO-MOANMDULMPOBaHHbIX OpraHn3mMoB» MUWHUCTepP-
CTBO MPOMBbILUEHHOCTN, HAayKW U TexHonornn P® csoum npu-
Ka3om oOT 10.07.2001 Ne 264 co38ano 3KCMepTHbIA coBeT
MuHnpomMHaykn Poccum no BonpocamMm 6rmo6e3onacHoOCTU U YT-
Bepawno MonoxkeHme o HemM. COBET sIBNSIETCHA MOCTOSAHHO AeNCT-
BYIOLLLMM opraHom, obecrnieymBarwoLiMM O0O6bEKTUBHOCTb U Hajafe-
Kawuii ypoBeHb MPOBEPKM MpeaocTaBAsAeMbIX 3asgBUTENAMU
cBefAeHNI i 0 6M06e30MacHOCTU FeHHO-MHXKEHEPHO-MoANnLNpPo-
BaHHbIX OPraHM3MoB.

3HaunTeNbHbIM LWIAarom Brepeq B o6nactn oueHkM 6mobeso-
nacHoct MO ©n NoONy4YeHHbIX M3 HUX NPOAYKTOB B Poccuun
cTtano cos3gaHve B 2002 r. COBMeCTHbIM pelwleHnem PAH wu loc-
ctaHpgapta P® TexHuyeckoro kommuteTa «bmonormuyeckas 6e-
30M1acHOCTb MULLEBBLIX MNPOAYKTOB, KOPMOB WM TOBapoB HapoA-
HOro mnoTpebneHMa M MeToAabl ee KOHTponsa» [occTtaHpapTa
Poccun (Mpukas lNocctaHgapta Poccum ot 01.08.2002 Ne 175)
Ha 6a3e VHcTUTyTa dmnsmonorum pacteHui mum. K.A. Tumnps-
3eBa PAH.

YKa3zaHHbIM TexXHWYeCKUM KOMWUTETOM 6bllia MHULUUPpOBA-
Ha W YyCNewHO ocylwecTBleHa paspaboTka (cunamum y4yeHbIX
NHcTnTyTa dmsmonorun pacteHmii um. K.A. Tumupsasesa PAH
n VMIHCTUTYyTa MONEKYNsIpHOW 6uonorum um. B.A. DHrenbrapara
PAH) npnHuMnuanbHO HOBOro mMeToda nmaeHTndmnkaumum rMmM B
Cblpbe M MpoayKTax NUTaHUA ONA OueHKU uxX 6mobesonacHoc-
M. MeTog OCHOBaH Ha HOBEMLIEN TEXHONOTMU MUKPOUUMOB.
Ha ocHoBe 3Toro metoga 6bin paspabotaH TOCT P 52174—
2003 «buonormnyeckasa 6es3onacHocTb. Cbipbe U MNPOAYKTbI MNU-
weBble. MeToa uAeHTUPUKAULUN TFEeHeTUYeCKNn MoanduLmnpo-
BaHHbIX MUCTOYHMKOB (FTMW) pacTuTenbHOro npoucxoXxgeHusa
C nNpUMeHeHMeEM 6UO/IOTNYEeCKOro MUKpouuna», KOTOpbIi B
2003 r. npuHAT FocctaHpapToM Poccum B KayecTBe HauuMoHalb-
HOro ctaHgapTa.
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B pononHeHme K 3ToMy NocTaHOB/MeHWeM [laBHOro rocygap-
CTBEHHOro caHuTapHoro Bpadya P® ot 16.09.2003 Ne 149 BBe-
JeHa caHuTapHo-anuaemMuonornyeckasl, MuMKpobuonormyeckas
N MONEKYNAPHO-reHeTn4yeckasa 3KcrnepTv3a reHeTU4Yecku mMogu-
PULMNPOBAHHBLIX MWKPOOPraHM3MoOB, WCMO/Nb3yeMbIX B MNPOU3-
BOACTBE MULLEBBLIX MPOAYKTOB. Pa3spaboTaHbl N YTBEPXKAEHbI CO-
OTBETCTBYHOLLME METOANYECKNE YKA3aHUS.

MoNHbIV LMKN BCEX HEOOXOAUMBIX UCCNef0BaHUA B HACTOS-
wee BpemMsa npownu 14 BMOOB NPOAOBONICTBEHHOrNO CbIpbA,
NPoAYyKTbl MepepaboTKN KOTOPOro paspelleHbl Ans UCMo/fib30Ba-
HUSA B MULLEBOM MPOMBILUNEHHOCTU U peanmM3ayum HaceneHuo
6e3 orpaHuUYeHu:

— 3 IMHUKU cou, ycTohuuBble K nectuyumpgam (40-3-2, yc-
ToMumBas K randpocaty; A 2704-12 n A5547-127, ycTol4YmMBbIe
K rnogocuHaTy aMmMOHNA);

— 3 IMHUKN KYKYpY3bl, ycToumBble K nectuungam (CA 21
n UK 603, yctoiumBble K rnmndocaty, n T-25, yctonumBasa K
rnrogocruHaTy aMmmMoHus);

— 3 IMHUN KYKYpYy3bl, ycTonumBbie K Bpegutenam (MObI
810 n B1l-1, ycToiiumBble K CTeb6neBOMYy MOTbIIbKY, M MK
863, ycToiumBasl K >XyKy AnabpoTuka);

— 3 copTa KapTogensi, yCTolUMBbIe K KO/MOPaACKOMY >XXYKY
(PacceeT, bypbaHk Hbtonme u Cynepuop Hbtonms);

— 1 nnHMA caxapHOW CBeK/bl, yCTOWumMBas K raudgocarty;

— 1 nnHunA puca, yctoiiumBasa K rnldocuHaTy aMMOHWUS;

— 5 BUAOB reHeTUYeCKN MOoANPULMPOBaHHLIX MUKpoopra-
HU3MOB.

B 3TOll CcBA3M yMeCTHO OCTaHOBUTbLCA Ha MpobreMe MapKu-
pPOBKM MNpoAyKTOB, cojgep>kauwmx MW. B mMunpe cyuiecTtByloT
pasnnyHble MoAaxoAbl K MapKMpPOBKE MULWEBbLIX MNPOAYKTOB.
Tak, B CLUA, KaHage v ApreHTMHe TaKue NpPoOAYKTbl He map-
KUPYIOTCA KaKMM-1Mbo ocobbiM 06pasom; B AnoHMnM n ABcTpa-
nmu NpuHAT 5%-1 ypoBeHb cogepXxaHua MU B npoaykTax,
o6s3aTenbHbI AN MapKUpPOBKMW, B cTpaHax EBpocotsa —
0,9 %-i1.

Cnctema MapKMpoOBKU nuvuieBon npogykumm us MU cy-
wecrtByeT B Poccum ¢ 1999 r. OgHako OoHa HOcwu/a pekomMeHpaa-
TeNbHbIM XapakTep. B cooTBeTCcTBMU C caHUTAPHO-3NNAEMUONO-
rmyeckMmy npasunamu m Hopmamu CaHlluH 2.3.2.1078-01
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«FfmrneHnyeckme TpeboBaHUA 6e30MaCHOCTM W MULLEBOW LLEH-
HOCTU MULLEBLIX MpoAyKToB», ¢ 1 ceHTA6psA 2002 r. 6blna BBe-
JeHa obs3aTeNbHasi MapKUpoOBKa MNULLLEBbIX MNPOAYKTOB, MONy-
YEeHHbIX C npuMmeHeHnem MO. MapKunpoBKe nognexkana BcA
nuuwesas Npoaykums, cogepkallass B cBoeM coctaBe 6onee 5 %
TPAHCreHHbIX KOMIMOHEHTOB.

B 2004 r. caHUTapHO-3NNAEMUNONIOTNYECKUMW NpaBuiaMmm u
Hopmamn CaHlMnH 2.3.2.1842-04 BBefeHbl JOMNOMHEHUS U U3-
MeHeHna Ne 3 Kk CaHluH 2.3.2.1078-01, KOTOpble, BCned 3a
npuHaTueMm [AumpektmBbl EBponerickoro MNMapnameHTa u CoBe-
Ta oT 22.09.2003 Ne 1829/2003, cHwmkakwT B Poccum noporo-
Bbli YPOBEHb MApPKUPOBKW MULLEBbLIX MPOAYKTOB, COoAep>XaLinx
M, ¢ 5% po 0,9 %.

MwuH3gpaB Poccuun cumTaeT LenecoobpasHbiM BBecTU B Poc-
cuiickoin depepauunun oba3aTeNbHYHO MapKMPOBKY BCell nuue-
BOV npoaykuuu, cogep>kaulei 6onee 0,9 % KOMMOHEHTOB W3
MW, a nuuweByro npogykuuio, cogep>kawyrw 0,9 % un meHee
KOMMOHEHTOB U3 MW, cuntaTb reHeTU4YeCcKnm Hemoamdmnumpo-
BaHHOW M He nognexkale MapKUpOBKe.

MuuwesBble MNMPoAyKTbl, MofydyeHHble n3 MO, npoweguive
MeaNKO-6MONOTMYECKYIO OLLEeHKY W He oTauyatrouimecss no msy-
YEHHbIM CBOWCTBaM OT CBOMUX aHa/lOroB, MONYYeHHbIX Tpaauuu-
OHHbIMU MeTodaMu, ABNAKTCA 6e30nacHbIMU A1 300P0BbA Ye-
/IoBeKa, paspelleHbl AnA peanv3auny HaceneHMr U UCMosb30-
BaHUs B NULLEBOI MPOMbILLINEHHOCTU 6e3 orpaHUYeHu.

B coOTBeTCTBMWU C PeKOMeHAauUsaMN MeXXAyHapo4HbIX opra-
HU3aUMi N C 3aKoHoZaTeNbCTBOM P®, B Hawell cTpaHe nuLie-
Bad npoaykumsa us TMW noanexxmTt o6s3aTeNbHOM OLEHKe Ha
6e3onacHocTb. OAgHako Heo6XxoAMMO JanbHelillee MpoBefeHMe
0643aTeNbHOr0 LWMPOKOMAacLITabHOro U AANTEeNbLHOro mccnepo-
BaHus 6e3onacHocTu MO, a Tak>Ke U 3KONOrMyeckunx nocnepn-
CTBUI mMcnonb3oBaHua MM-NpoayKTOB.

HecmoTpsa Ha pacnopsixkeHus occaHanupHagsopa, Kak rMo-
Kasanu rMpoBepKu B cyrnepmMapketTax M marasmHax, MapKupyet-
CA TONbKO HUYTOXHaA 4dacTtb M-npoaykTtoB. lpun 3atom ypo-
BeHb 'MW B HMX npeBbiWaeT He Tonbko 0,9 % (ycTaHOBNEH-
Hyl0O Hopmy), HO gaxke 50 % w Bblwe. [axe ecnu ToOBap
MapKUpoBaH, He KaXAblli psgoBOM MNOTpebuTenb 3HAaeT, 4TOo
3Hauok «<AKBEX ['» 03HaydyaeT nNpucyTcTBUe m3onsaTta (KOHLUEH-
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TpaTa) coeBoro 6enka. PoccusiHe nuLleHbl elle OAHOW MmoAcKas-
KN Ha Hannume M-NpoAyKTOB: BO BCEM MUpPe MNPOAYKTbl U3
M-cbipba fewleBne HaTypanbHbIX, a B Poccum OHU MnpojaroTcA
Mo uUeHe HaTypasbHbIX.

B 2006 r. Bbiwno lucbmo [naBHOro rocyaapcTBeHHOro
caHMTapHoro Bpada Poccuiickoin depgepaumn ot 03.04.2006
Ne 0100/3572-06-32 «O coBepLUeHCTBOBaHUW Hags3opa 3a nu-
weBbIMN MpoAayKTamu, cogepxkawumm [FMO», B KOTOPOM OT-
Me4yeHOo, 4To B Poccuu «mmeeTcs Heobxoammas HOpMaTUBHO-
MeToauueckasa 6asa, BKA4Yas mMeToabl nabopaTopHbIX Mccneno-
BaHWi, Heobxoaumble ANA opraHusaumm v nposefeHUsa addek-
TMBHOIO Hapj3opa 3a NuWeBbIMU MpoAyKTamMu, coaep>Kalinmun
KOMMOHEHTbI, MoflydeHHble C NnpuMeHeHuem TMOn».

OcobeHHO 4yacTo B 2005 r. TMW BcTpevyanucb B MSACHbIX
npogyktax — 15,8 % (2004 r. — 20,5 %; 2003 r. — 14,8 %),
B rpynne npoAyKTOB «Mpouune» (B OCHOBHOM pacTUTeNbHble
6enkn) — 10,8 % (2004 r. — 16,7 %; 2003 r. — 16,4 %), B
nTuueBogveckux npogykrtax — 9,1 % (2004 r. 15,4 %;
2003 r. — 29,5 %).

B 2005 r. HaunbonbWwunini yaenbHbIA Bec MNULLEBbLIX MPOAYK-
TOB, cogep>kalinmx KOMMoHeHTbl TMW, npuxogunca Ha CeBe-
po-3anagHsbii (11,7 %), Ypanbckuin (11,2 %), MNMpuBOMKCKUMA
(8,4 %), LeHTpanbHbli (8,2 %) n Cubupcknin (8 %) depge-
panbHble OKpyra.

Hanbonbliee KONMYeCTBO UCCef0BaHUI NULLEBbIX MNPOAYK-
ToB Ha Hanuume MW B 2005 r. npoBefeHO B LieHTpaibHOM
(5506), MpuBomkckom (3579), HO>KHOM (2952) n CunbmpckKom
(2925) hepepanbHbiX OKpyrax, HaMmmeHbllee — B YpalbCKOM
tepepanbHoM okpyre (631). BmecTe ¢ TeM B Teppu TOpUasbHbIX
ynpaBneHnsax PocnoTpebHansopa no pecnybnmkam WHryweTtus
n Caxa (AkyTtus), HeHeukomy, XaHTbl-MaHcuiickomy, Taii-
MbIPCKOMY, 3BEHKUNCKOMY, YCTb-OpAbIHCKOMY, YUyKOTCKOMY,
KopsAKCKOMY aBTOHOMHbIM OKpyram ro-npexHemy He MpoBo-
AOVUTCa mnccnegoBaHve NULLEBBIX NPOAYKTOB Ha Hanuume TMW.

OfHOWV 13 OCHOBHbIX 3ajad B 06nacTu NpeaynpexaeHus u
NMMKBUAaUMM NocneAcTBUA YpesBblYaHbIX CUTyaunili B pe3yfb-
TaTe BO3AeNCTBUS 6UONOrMyecknx hakTopoB SABNsieTcA obecrne-
YyeHVe 6e30MacHOCTU MNPOAYKTOB MUTaAHUSA, MPOU3BOAUMbLIX W3
reHeTUYeCcKn MoOAUMDULUPOBAHHBIX MCTOYHUKOB, a TakKXe 6e-
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naBa 10. Bno6e3onacHoOCTb N rOCYAapCTBEHHbIN KOHTPO/b

HOCTW 3KONOTFMYECKOW CUCTEMBbI OT MPOHNKHOBEHNA 4Yy>Ke-

POAHDbIX 610N0rNYECKUX BMnaoB opraHmM3amMmoB; MporHosnpoBsaHme
reHeTUYeCKNX acrnekToB 6mMonornyeckoi 6e30nacHoOCTM un cos3aa-
HNe CUCTEMbl TOCyaapCTBEHHOIo KOHTPOIA 3a O60pOTOM reHe-

Tnyec

10.

11.

12.
13.

14.

15.

16.
17.

KN MO,qI/Id)I/ILI,I/IpOBaHHbIX MaTepunanos.

KOHTPOJ/IbHbBIE BOTPOCHI

. B yem cywHOCTb NOHATUS «Buonornyeckasi 6e30MacHoOCTb»?

. MepeuncnnTe coBpeMeHHbIE NCTOYHUKU GMONOrMYECKOM ONacHOCTW.

. Onpegennte MecTo 6UOTEXHONOMMKN B BOMpocax 61Mo6e3onacHOCTU.

. Kakne mMexxayHapoaHble JOKYMEHTbI cO34al0T HOpMaTUBHO-MPaBo-
Byl 6a3y AnA COBPEMEHHO 6UOTEXHONOMMN N BUOUHIKEHePUN?

. MpuBeguTe QfdaHHble 0 paclIMpPeHUW nnowaser Bo3AenblBaHUS
TPaHCreHHbIX KynbTyp B MUpe.

. Kakne Bonpocbl paccMaTpuBaeT MexayHapogHasi KoHBeHUUsi o

6M0N0rMyecKomM pasHoobpasnmn?

Paccka>knTe 0 3akoHozaTensHo 6a3e Poccum no 61nobesonacHoOCTu.

Mo KakKuM HampasfeHUsIM MPOBOAUTCS 3KCMepTu3a reHeTUYecKu

MOANULMPOBAHHBLIX NPOAYKTOB AN UX MCMONb30BaHUSA B MuLe-

BbIX Lenax?

. PaccMoTpuTe BO3MOXXHOCTU W MepCneKTUBbI NPUMEHEHUS TeHETU-

YecKN MOAMGULIMPOBaHHbIX opraHmamos (CTMO) B Poccun n B Mu-

pe.

MoyeMy COBpeMeHHble TEXHOMOTMK co3gaHns MO cny>kaT UCTou-

HUKOM GMONOTMYECKNX U 3KONOTMUYECKUX PUCKOB?

B yeM cocTOWUT MepcrneKTUBa MOSIBNEHUSI CYMNepCOPHSIKOB U Cyrep-

YCTOMYMBLIX HAaCEKOMbIX?

O6bACHUTE NOHATUE «OTCPOYEHHOe AeicTBme TM-pacTeHu».

MpuBeanTe NpUMepbl AOCTVDKEHWUIA TFeHeTUYECKOM WHXXeHepuu B

o6nactn oyHaaMeHTalbHbIX HayK.

Paccka>kmute 0 JOCTUXKEHUSIX FEHETUYECKOW WHXKeHepuu B obnac-

TN MegULUHbI.

MepeuncnnTe OCHOBHbIE 3aKOHbI P® Mo KOHTPOMO 6Ge3onacHoCTU

MO. B 4yem ux cmbicn?

CpaBHUTE TEXHONOTUWN FEHETUYECKOW N KIETOUHOW VHXXEHEPUN.

B ueM cywHOCTb MOHATUA «Buonornyeckas 3TuKa» MNPUMEHU-

TeNbHO K 6MOTEXHONOrNnN?



MNMPNNOXEHWNA
NABOPATOPHbIV MPAKTUKYM

NNabopaTopHasa pa6orTa Ne 1

MonyyeHme HakoMUTENbHbLIX KyNbTyp
CEHHON 1 KapTodesnibHOM nasniovek

HakonuTenbHbIMU Ha3bIBAOT KYNbTYypbl, B KOTOPbIX MNpeo6-
nagaeT ofHa rpynna uan gaxke oguvH BuA MUKpoopraHusma. Ans
MnoNy4yeHUsS HAKOMUTENbHOW KynbTypbl CO34al0T 3MeKTUBHbIE
ycnoBus, obecrneymBarowme npenMyLLLeCTBEHHOe pa3sBUTUE NNULLb
OaHHOM rpynnbl AU AaHHOro BMaa MUKPOOPraHM3MoM u Hebnaro-
NPUATHbIE — ANA PasBUTUA CONYTCTBYOLWNUX (DOPM MUKPOOOB.

Uenb pa6oThbl: MONYYUTb HaKOMNUTENbHblE KYNbTYpbl
CeHHol (Baclluns 3mblll3) n KapTodenbHoil (Bacllwvs 3ubllls
oar Te3enlencums) najoyek.

Ob6opyaoBaHMe WM mMaTepuanbl: yYawkum lNeTpu, Ko-
HUYecKme KoNbbl, HOXXHWUUbLI, Mefn, BaTa, (unbTpoBnabHasa 6y-
mMara, 3/1eKTpPonInTKa.

O6beKT wnccnepgoBaHWA: CeHO, KNybHM KapTodens.

Xon paboThbl.

MonyyeHme KynbTypbl CeEHHOMN nanodyku (Baclluni 3umblll3)

CeHO 13 pa3HOTpaBbsA MefIKO Hape3alT U NoMewarT B KO-
6y o6bemom 500 Mn, 3anofHAA ee Ha 4YeTBepTb 06bema, Aobas-
narT 100-150 mn Boabl M wWenoTkKy mMena. Cmecb KUNATAT 15-
20 MWUH, NOKa cpega He npuobpeTeT LUBET HaCTOA KPenkoro
yad. CeHHOWM oTBap pasnMBaloT B MOAFOTOB/EHHbIE KOHUYECKUE
Konébl cnoem 1-1,5 cm, 3aKpblBalOT BaTHbIMW NpobkKamMu U Mo-
MewlaloT B TepmocTaT npu Temnepatype 25 °C nnnm B61n3n pa-
gnaTtopa LeHTpasbHOro oTonneHus.

Uepes ABOe CYTOK Ha MOBEpPXHOCTU cpenbl pa3BuBaeTcA Oe-
nosatasi nneHka Bacllluz 3ublll3, KOTOpas Mpu cTapeHun Ha
TpeTbU-4YeTBEPTbIE CYTKU CTaHOBUTCHA CepoBaTO-3e1eHOBaTOM.
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Apyrne mMmkpoopraHusmbl Mpy 3TOM BbipacTalT peaKo U B He-
60/bLLINX KONMYecTBax.

MonyyeHune KynbTypbl- KapTogenbHo nanodkm (Bacllwus
3ublll3 oar Te3leMencus)

MpomMbITble KNYOHU KapTodens, He ounuias, Hape3alT Kpy-
>KOUuKamu. MoBEPXHOCTb UX HaTUpPAKT MesoM Ans HelTpanmaa-
UMM cpefbl U NomMewalT B 4dawkuy lMeTpu Ha ABOWHOW cnoii
unbTpoBanbHOWM bGymaru, CMOYEHHOW Bogol. Yallkuy cTaBAT B
TepmocTaT Cc TemnepaTtypoir 27—30 °C Ha Tpoe-4eTBEPO CYTOK.
Ha noBepXxHOCTM NOMTUKOB KapTogenss obpasyeTcss MNnoTHas
MOpPLLMHUCTasa NneHKa KynbTypbl KapTodensHo nanoyuku. OK-
packa NneHKM MOXXeT 6blTb pa3Hoi: 6enoBaTo-CepPoOii, po3oBa-
TOI, >KenTo-6ypoi, YepHoOW, — 4YTO 3aBUCUT OT pPa3HOBMAHOCTEN
KynbTypbl, MOAYYUBLUUX MPENMYLLECTBEHHOE pa3BUTME.

3apaHne. OTMETUTb UHTEHCUBHOCTb Pa3BUTUS KYNbTYp MUK-
pOOpPraHn3MoB, NMPOCMOTPETb MX NO4 MUKPOCKOMOM U 3apuUcoBath.

Na6bopaTopHasa pa6oTa Ne 2

AHTaAroHNM3M MUKPOOPraHM3mMoB

Ha MunKpoopraHmambl BO3AENCTBYOT He TONbKO abuotuue-
Ckne aKTopbl BHeELLUHel cpedbl, HO U APYrMe MUKPOOPraHu3-
Mbl, >XMBYLWME B OAHOW W TOM >Ke cpege. B3anmmooTHoLLeHUA
MeXAY HUMW MOryT OblTb pasHbIMU: MeTabuos, napasvTuim,
CUMOMO03, aHTaroHU3M. B cnyyae aHTaroHUCTUYECKUX OTHOLUIe-
HU MUKPOOPraHM3Mbl BblAeNAOT B OKpy>Kaloulyto cpeny npo-
OYKTbl 06MeHa BelecTB, KOTOpble MOryT nAuMb60 yrHeTaTb poOCT
APYTUX MUKPOOPraHU3MoB, 1160 ybmBaTb UX.

Llenb pab6oThbli: uccneaoBaTb aHTAroOHUCTUYECKUE OTHO-
LIeHA MeXAy pas3nMyHbIMW FpynnaMm MUKPOOPraHM3moB.

Ob6bopynoBaHMe M MaTepuanbl: 4vawku MeTpu ¢ msa-
CO-NEenTOHHbIM arapomM, MUKPOBMONOrnyeckKkme NeTan, CNUpTOBKaA.

O6beKT MCCNefOBaHMUA: 4YUCTble KYNbTypbl MWKPO-
opraHn3moB — Bacllln3 3ublll3, 3arcTa 1lubea, Bacllln3 cereus.

Xopn paboThbl.

Ha noBepXHOCTb 3acTbIBLUEro MsSICO-MENTOHHOro arapa, Ha-
xogdauierocsa B yawke [leTpn, MMKPOOMONOrMYECKOW nNeTnen
HaHOCAT LWWMPOKYK MONOCKY KynbTypbl Bac. 3ublllU3, nepreH-
OVKYNAPHO K HeW napannefbHbIMW LWTPUXaMU BblCeBaOT
KYynbTypbl Bac. cerem3 M 3arcTa I1ubea. Hallku nomewjaloT B
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TepmocTat npu Temnepatype 25-28 °C. Uepe3 Hepgento Habnwo-
[aloT pe3ynbTaTbl OnbiTa. Bac. 3ublllU3 ABAAeTCA aHTaroHUCTOM
Mo OTHOLUEHUIO K ABYM APYFMM MUKpPoOOpraHmamam, No3TomMy B
HenocpeacTBEHHOWM 61M30CTU OT Ky/nbTypbl He 6yaeT pocta obe-
nx 6akTepuii, Ha HEKOTOPOM yAaneHun Habnwgaetcs cnabblii
pPOCT U NNLb HAa 3HAYUTENbHOM PAacCTOAHUU POCT KYNbTyp OKa-
XKeTCss HOpMabHbIM.

3agaHue. Pe3ynbTaTbl OMNbITOB 3aHeCTW B Tabnuuy m 3apuco-
BaTb. CaenaTb BbiBOAbl O B3aMMOOTHOLLIEHUAX Pa3/IMYHbIX MUK-
pOOpraHM3mMoB, Haxo4sWKNXCA B OAHOW M TOW >Ke cpege.

NabopaTopHasa paboTa Ne 3

OnpepeneHne 4yBCTBUTE/IbLHOCTU MUKPOOPraHM3mMoB
K aHTuobmnoTmkam

LWnpokoe mncnonb3oBaHne aHTUOGMOTUKOB B paLMoHe >XUBOT-
HbIX, a TakXKe ANA NpoPuNakTNKM U neyeHmMs 6onesHer NpuBseno
K NOSIBNEHUNIO PE3NCTEHTHbIX (YCTOMUYMBLIX) (OPM MUKPOOPraHus-
MOB. [N Toro 4tobbl onpeAenvUTb Hann4ume YyBCTBUTENbHOCTU
6aKTepuii, NCNONb3YKT MeTo4 OYMadKHbIX AWCKOB, MPONUTaH-
HbIX aHTUOBUOTUKAMMN.

MpeanoyTnTeNbHee MCMNONb30BaTb aHTUOMOTUKU TeTpauunk-
NMNHOBOr0 KOMIMJEeKca, LUMPOKO MpUMeHsieMble MpW BblMavBa-
HUN TENAT, KOPMNEHNUU B3POC/bIX XXUBOTHbIX.

MeTon ocHoBaH Ha Anddy3nm aHTUOMOTUKA M3 MPONUTaH-
HOro UM Aucka PUNbLTPOBanbHOM 6ymMarn B MAOTHYIO nuTaTenb-
Hyto cpeny. Cogep>kaHue 60MbLUMHCTBA aHTUOUMOTUKOB B AU-
cKax kKoneb6netca ot 1 go 50 mkr.

LUenb pab6oTbl: onpeaennTb YyBCTBUTENbHOCTb MUKPO-
OpraHn3mMoB K pasfiIMYHbIM aHTUOUOTUKAM.

Ob6opypoBaHMe M MaTepuanbl: 4vawku MNeTpn c mAco-
MNenTOHHbIM arapom; MWKPOOGMONOrnyeckme neTnn; AUCKU U3
bunnbTpoBasbHOM Bymarum, nponuTaHHble pPasMYHbIMW pacTBopa-
MW aHTUOUOTUKOB; CTEKNAHHbIN WNaTenb; NUNEeTKU; CMMPTOBKA.

O6beKT MnMCCNefOBaHMUA: UYUCTble KYynbTypbl MUKPO-
OpraHn3mMoB (MOXXHO MCM0Mb30BaTb Ky/AbTypbl M3 MNpeablayLiei
pa60Tb| — Baclllns 3ublll3, 3arcTa 1ubea, Baclllns cerens).

Xop paboThl.

B cTepuibHble, npeABapuTeNbHO MPOCYLUEHHbIE YalluKun
MeTpu pasnusalwT no 10 ma Msco-NenTOHHOro arapa. Ha no-
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BEPXHOCTb CpeAbl BbICEBAKOT CYCMEH3UK CYTOYHOW KynbTypbl
MUKpoopraHu3amMoB. lMuneTkoii 6epyT 0,02 mMn 3TolW cycrneH3uu
(ogHa Kanng) n cTepunbHbLIM LUNAaTeleM pacTuparoT gocyxa Ha
nuTaTensHOM cpefe B Yallke lMNeTpu y naamMeHU ropenku.

3arem CTepu/bHbIM TMWHLETOM packKnagblBalT  LUCKU
pbunbTpoBanbHOW 6bymarv guvameTpom 8 MM, NpeaBapuUTE/lbHO
nponmMTaHHble pasHbIMWU aHTUBMOTUKaMU (He MeHee u4eTbl-
pex-naTu gmckoB). Yawku MeTpu Bblgep>kmsaoT 30 MUH Npun
KOMHaTHOI TemnepaTtype Ansa auddysvm npenapaTtoB B cpeny.
3aremM vyawky nomewaroT B TepmocTtaTr npm 37 °C Ha 18-24 u.

Mpn oueHKe pe3ynbLTaATOB OMbiTa WU3MEPAIOT AuamMeTp 3a-
OEep>XKU pocTa MUKPOOPraHM3MOB BOKPYT AUCKOB C aHTUONOTU-
KamMun, BKIw4Yas AunameTp caMmx AUCKOB. OTCYTCTBME 30Hbl 3a-
OEep>XKU pocTa MMKpOOpraHm3mMa o03HayaeT, 4YTo UCNbITyeMbli
WwTaMM YCTOMUYMB K AaHHOMY npenapaTy. 30Hbl AvamMeTpoM [0
10 MM yKa3biBalOT Ha Many 4yBCTBUTE/NIbHOCTb, 30HbI AMamMeT-
pom 6onee 10 MM — Ha YyBCTBUTENbHOCTb MUKPOOPraHmM3ma.

3agaHuve. Pe3ynbTaTbl onbiTa 3anucaTtb B Tabnnuyy. Caenatb
BbIBOAbl O YYBCTBUTE/NIbHOCTU PasMyHbIX MUKPOOPraHM3MOB K
aHTNbMoTUKaM.

NabopaTopHasa paboTa N 4

OnpepfeneHne 4yBCTBUTENbHOCTU MUKPOOPraHM3MoOB
K pas3/MuyHbIM (UTOHUUAAM

dnToHUMAbI ABAAKTCA BewecTBaMu, Co3gaBaeMbiMU pacTte-
HUAMKN B Npouecce o6MeHa BeLLECTB. XapaKTepHoe CBOWCTBO 3TUX
BELLECTB — rybuTenbHoe AeicTBME HA MUKPOOPraHmn3ambl (bakTte-
pUn 1 NnecHeBble Tpunbbl). MIHOrAa UX OelCcTBME OrpaHNUYMBaETCS
TONbKO 3af4ep>XKol pocTa. B kauyecTBe (pUTOHUMAOB MOXXHO WC-
nonb30BaTb YECHOK, penyaTtblil NyK, XpPeH, peabKy, TMMOH W1 ap.

Llenb paboThbl: BbIACHUTb YYBCTBUTENbHOCTbL MUKPOOP-
raHM3MoB K AeNCTBUIO pas3/IMYHbIX (PUTOHLNAOB.

Ob6bopyagoBaHue M MaTepuanbl: vawku leTpn c
MSCO-NenTOHHbIM arapom (MTTA), MUKpobuonormyeckme net-
NN, YECHOK, penyaTbli NyK, XpeH, pedbkKa, NMMOH, CTEKNSAH-
HbI WNaTenb, NUMNETKN, CAMPTOBKA.

O6beKT wunccnepoBaHUSA: 4YNCTble KyNbTypbl MUKPO-
OpraHnU3MoB (MO>XHO MCMONb30BaTb KyNbTypbl M3 Npeabiayllei
paboTbl — BacllUn3 3ublll3, BareTa 1lulea, Bacllus cereums).
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Xon paboThbl.

B cTepunbHble, npeaBapuTenbHO MPOCYLUEHHbIEe YalluKu
MeTpu pasnmearoT no 10-15 mn MTITA. Ha nmoBepxXHOCTb cpefbl
BbICEBAIOT CYCMEH3UI0 CYTOUHOW KynbTypbl MWKPOOPraHM3MOB.
Munetkoin 6epyT 0,02 M 3TOW cycneH3mm (ogHa Kannsi) un crte-
pPUMbHbLIM LLUNAaTeNeM pacTmparT 0oCyXa Ha NuTaTeNnbHON cpefe
B yalwuke lNeTpn y nnameHn ropenku.

3aTemMm, M3Menbyas pacTuUTeNbHbIi MaTepuan Ha LUNHKOBKE
VAN Tepke, FOTOBAT Kalluuy W3 pacTeHWU, copep kawmx u-
TOHUMAbI (Y4eCHOK, penyaTblil YK, XpeH, peabka, nnmoH). Ka-
WUy nomMewaroT Ha arap B 4dawku [eTpu. AdenaTb 3TO Hago
O6bICTPO, TaK Kak 6aKTepuuugHoe AeiCTBME 3aBUCUT OT ObICTPO-
Tbl U CTENEHU M3MeNbyeHUsA maTepuana. OgHy yalwlky ocTaBfsA-
0T ONA KOHTPONA, T. €. NPOU3BOAAT MNOCEB, HO He BHOCAT hun-
TOHUUAbI.

MNocne Toro Kak npomsBeneH MoceB U BHeCEHbl PUTOHLMAbI,
BCe YallKku MeTpu nomew,aloT B TepMOCTaT M OCTaBMAIT CTOATb
Tam B TedeHue 36-48 4 npu Temnepatype 25 °C. o ncreyeHnn
YKa3aHHOro cpoka Mx BbIHMMaKT W MpocMaTpuBarT, oTMmedas
pasnuyHoe pasBuUTUe 6aKTepuili B KOHTPO/Jie N Nog BO3AEWCTBU-
eM pasHbIX (PUTOHLNAOB.

3agaHne. Pe3ynbTaTbl onbiTa 3anmucaTb B Tabnuuy v 3apwu-
coBaTb. Cgenatb BbIBOAbl 0O YYBCTBUTE/NIbHOCTU pPa3/INYHbIX
MUKPOOPraHN3MoB K (PUTOHLMAAM.

NabopaTopHasa paborTa M 5

KynbTypa nnecHesoro rpmuba
Ha MOMIHOM W HEeMoNHOW MnMuTaTeNbHbIX cpenax

Onsa n3yvyeHUs 0COBEHHOCTEN NUTAHUA MUKPOOPraHWM3MOB
yOO6HbIM MOeNbHbIM O06BLEKTOM ABnAeTcAa Asperglluz T&er,
KOTOPbIA Nerko noAy4YmMTb W UCMOMb30BaTb B MNOCTAHOBKE pas-
NIMYHbIX 3KCMEPUMEHTOB, B TOM 4uUcfe AN onpeaeneHns 3Hade-
HUA OTAEeNbHbIX MUHEPaNbHbIX 3/1EMEHTOB A1 pocTa.

Lenb paboThl: M3y4UTb 3HadYeHMe NuUTaTeNbHbIX 3fe-
MEHTOB ANS pocTa rpuba Asper§LLns Taer.

O6opynoBaHune u mMaTepwuanbl: 20%-i pacTBop ca-
xapo3sbl; 1%-e pacTtBopbl 21M804, H3B03, MnN804; 10%-e pacTBo-
pbl bIHHK>3, KH2P04, KC1, " H 2204, Ma804, MeC12, Ie804,
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MeC13, Ka2804; konbbl eMKoCTbio 100 MA; LUUANMHAPbLI EMKOCTbIO
100 mn; nuneTkn Ha 10 n 1 mn; npenapoBasbHble UTbl; BaTa.

O6beKT wunccnepgoBaHMsA: KynbTypa rpuba Asper§LlUns
T 8er.

Xopn paboThl.

[OTOBAT pasfinyHble nNUTaTe/bHble cpeibl AN KY/1bTUBUPO-
BaHUA rpuba Asper§Llus Taer.

BapunaHT 1 — nonHasa nuTaTenbHasa cpega 6e3 MUKpPO-
aneMmeHTOB, %: caxapo3a — 10,0; MH4&K)3 — 0,3; KH2P04 —
0,2; M~"804 — 0,05; Nre804 — 0,01.

BapunaHT 2 — cpega 6e3 yrnepoga: MCKIOYeHa caxaposa.
Ana KomMMeHcauuMm OCMOTUYECKOM aKTUBHOCTU cpedbl MOXXHO
BHECTV COOTBETCTBYHOLLEE MO OCMOTUYECKOMY 3KBUBANEHTY KO-
nnmyectBo xnopupa Hatpua (KaCl), KoTopblii He oOKasbliBaeT
BINAHMNA Ha pasBuUTue rpuba.

BapnaHT 3 — cpega 6e3 asoTa: UCKMoUYeH >LLU4>HO3.

BapnaHT 4 — cpepa 6e3 docgopa: KHZ2P 04 3amMeHeH 3K-
BUBa/NeHTHbIM KonunyectBoMm KC1.

BapnaHT 5 — cpega 6e3 kanua: KHZ2P043ameHeH 3KBU-
BaNeHTHbIM KonnyectBoMm KaHZP 04.

BapunaHT 6 — cpega 6e3 cepbl: M&804 n Pe8043ameHeHbI
3KBUBANIEHTHbIMUN KonndectBamun M&C12um MeC13.

BapuaHT 7 — cpega 6e3 marHusa: M~804 3ameHeH 3KBU-
Ba/leHTHbIM KonnyectBoM Maz304.

BapnaHT 8 — cpega 6e3 >kenesa: Pe8043ameHeH 3KBUBa-
NIeHTHbIM KonmyectBomM Ma2804.

BapnaHT 9 — nonHas nuTaTeNnbHas cpega c pob6asne-
Huem uyuHka: 2n804— 0,01 % .

BapnaHT 10 — nosiHasa nuTaTeNbHas cpepga ¢ gobasne-
Hnem mapraHya: Mn804— 0,01 %.

BapmnaHT 11 — nonHasa nuTaTenbHas cpepga c gobasne-

Hnem 6Gopa: HBO03— 0,01 %.

CnepnyeT paccumTaTb 3KBUBANEHTHbIN MPOLEHT 3amMellatolLle-
ro BelliecTBa (3TO OTHOCUTCH KO BCEM BapumaHTam, 3a UCK/KuYe-
HUeM nepBbIX Tpex). Ecnn B KaXKAoOM M3 3TUX BapuaHTOB MCK-
NIOYNTbL KaKyl-1M60 cofb, TO O4HOBPEMEHHO yAansalTcsa ABa
afneMeHTa NUTaHns BMecTO ogHoro. Tak, B BapuaHTe Ne 4 (cpe-
pa 6e3 cocgopa) npmn yganeHnn KH2P0404HOBPEMEHHO NCKIO-
yaroTca docop U Kanuii. NMoaToMy Kanmii He06Xx0AMMO BHECTU
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B cpely B 3KBMUBa/NIeHTHOM KonunyecTBe B Buge KC1l. Kpome TO-
ro, Heo6xoAMMO MOMHUTb, UYTO Azperalllnz T8er as3po6HbIA op-
raHu3M, MNO3TOMYy A/ CO34aHUSA ONTUMa/bHbIX YC/OBUM a3spa-
UMM NCNonb3yrT KoNbbl eMKocTbo 100 mn ¢ 30 mAa cpedpl.

Mpnmep pacyeTa.

BapunaHT 4 — cpega 6e3 c¢occopa: KH2P04(0,2 % B cpe-
ae) 3ameHAOT Ha KC1.

MonekynapHasa macca KH2P04— 136, KC1 — 74.

CHavana onpegenstoT cogep>kaHue (B %) Kanua (X ) B cpege:

136 1 KHZ2P 04 coctasnsaoT 0,2 %;

391 K — X %;

X = 0,06 % .

3aTem ycTtaHaBnuBawT Konm4vectBo KC1 (B %), aKBUBaNeHT-
Hoe U3bATOMY Konmuyectsy KH2P04:

39 r K cooTtBeTtcTBYIOT 0,06 % K;

741 — Y % KC1;

Y = 0,1 %.

[Janee paccunTbiBalOT KO/MIMYECTBO KaXkAOro BellecTBa B
rpammax B 30 M cpefbl, 3HasdA UX MPOLEHTHOEe codep>kaHue.

Mpunmep pacuyeTa.

Heobxoamm pacTtBop, KoHuUeHTpauua MHAK)3 B KoTOpoMm
0,3 %:

B 100 mn pactBopa cogep>xxutcad 0,3 r MHAK)3;

B30 mn — X r MH4bIOS3;

X =0,09r.

Taknum >ke obpa3om paccuyMTbiBalOT HaBeCKU BCeX OCTalb-
HbIX KOMMOHEHTOB CpeAbl.

Tak KaK HaBeCKM B 60NbLUMHCTBE CBOEM OYeHb Mafbl, YTO
3aTpyAHSAeT B3BellMBaHWe, ynobHee UCMNOMb30BaTb FOTOBblE pac-
TBOpbI: 20% -1 pacTBOp caxaposbl; 1%-i pacTBOp MUKpO3ne-
MeHTOB; 10%-e pacTBOpbl BCeX OCTalibHbIX coneil. Ons 3TOro
cnefyeT onpenennTb, CKOMbKO MUANUANTPOB KaXXAoro pacTBo-
pa Hago B3ATb, YTOObl BHECTU COOTBETCTBYIOLLYIO HABECKY.

Mpnmep pacuveTa.

Ana bIHMNOA:

B 10 mn 10% -ro pacteopa >LU4DK )3cogeprkmtea 10 r bIHNOg;

BY Mn 10%-ro pacteopa MHAK )3 — 0,09 r MH4XK)3;

Y = 0,9 mn.
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MpunoxkeHusn

Mopgo6HbIM >Ke obpa3om paccUuTbiBalOT (B MJ1) BCe MHIpean-
eHTbl ANA KaXXA0ro BapmaHTa M BHOCAT UX B KONo6y.

MpocymmupoBaB 06beMbl PacTBOPOB B KadKAOM BapuaHTe,
BblUTA MOAyYeHHble CyMMbl 13 30 M, MoaydarT KOAUYECTBO
ONCTUNNTNPOBAHHOM BOAbl, KOTOpOe HeobxoaMMo f[06aBUTbL B
KaXkayl Konoy.

Konb6bl co cpefoii 3apaxkatoT cnopamu rpmba Asperglins T-
§er, 3aKpbIiBalOT BaTHbIMW MpobKamMu M MNOAMUCHLIBAOT BapuaH-
Thbl onbITa.

Cpeabl nepep BHeceHMem crop rpuba He CTEPUAUBYIOT, Tak
KaK BbICOKasi KOHLEeHTpauusa caxapa nm Kucnas peakums cpenbl
3a CYeT KUC/bIX COMeil Kanus, MarHus u >kenesa NpensiTcTBy-
0T pOCTy GaKTepuii.

Ona KakK[oro BapuiaHTa onbIT >KenaTenbHO MNOBTOPUTbL ABaXk-
Obl. OnNbITHbIE KON6bI NoMewatT B TepmocTat npu 28-30 °C.

MaTepuan aHanuU3pPylOT 4Yepe3 CeMb OHeW, TaK KaK K 3TO-
My BpemeHW rpub BnonHe pas3oBbeTcA. [eHKa, Bblpocllas B
rnepBoM BapuaHTe, MPUHUMAETCA B KaudecTBe o0b6pasla, C Hel
cpaBHMBaKT BCe OCTalbHble. O6bLIMHO B 3TOM BapuaHTe pPoCT
rpnba oyeHb xopoLlnii. PocT rpmba oueHMBalT BU3YyasbHO.

OTmMeyalT COCTOSHME KYNbTypbl rpuba:

a) xapakTtep MuLenusa — cnaowHas nfeHKa Uan ocTpoBKa-
MU, MAOTHas UAN CTyAEHUCTas, cknagyartas Uan rnagkas;

6) cnopoHoweHne — o06WUIbHOE WAK cnaboe, 3penble UIN
He3penble CropaHruu.

Ona 6onee TOYHOW OLEHKW MNMEHKY rpmba TuwaTelbHO MNpPO-
MbIBalOT C HUXKHEW CTOPOHbLI BOAOW. 3aTeM MNEeHKY M3 KadkAoro
BapuaHTa onbiTa MOXXHO BbICYLLUNTb B CYLUWAbLHOM LUKady npu
105 °C 0o NOCTOSAHHOW Macchbl U B3BECUTb, MPUHMUMasA BeC MieH-
Kn rpnba B nepBom BapmaHTe 3a 100 %.

Ha cpepax, rae UckA4YeH TOT UAW WUHOW 3neMeHT NUTaHus
(ocobeHHO nNpwn 6onbLIOW MOTPE6HOCTU B Hem) rpub He pacTeT
UNN pacTeT o4YeHb cnabo. Npun NOAHOM yaaneHUM N3 NUTaTeNbHOMN
cpeibl HE06X0AMMOro 3neMeHTa rpub pasBuBaTbCcA He OyaeT.

3ajaHuve. Pe3ynbTaTbl onbiTa 3anucatb B Tabnuuy v 3apu-
coBaTb. CaenaTb BblBOAbI O HEOOXOAMMOCTM pPa3/IMUYHbIX NUTa-
TeNbHbIX 3/1EMEHTOB A1 HOpPMa/sbHOro pocta rpuba Asper&lLlins
T8er N 06 0CO6EHHOCTAX pas3BUTUSA rpmba B OTCYTCTBME U NpU
OOMOMIHUTENbHOM BHECEHUU KaKoro-nMbo anemMeHTa nMuUTaHUA.
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Jla6opaTopHbIA NPaKTUKYM

NNabopaTopHaa paboTa Ne 6

O6pa3oBaHne NMMOHHOW KWUCNOTbI
roméom Aszperpgllmns w8er

B 6MOTEXHONOrMN LWUPOKO WCMNOMb3YyeTCA MNOofyvyeHue nun-
MOHHOMN KMWCNOTbl C MOMOLLbIO MWKPOOPraHM3MOB. 3TUM BaXK-
HbIM CBOWCTBOM o6nagaeT n rpub Asperalllusz Tpaer.

Lenb paboTbl: M3y4nuTb 0COBEHHOCTM obpas3oBaHUA Nn-
MOHHOW KWUCNOTbl FPMGOM Azperglllnz Taer B pas/UYHbIX YyC-
JNIOBUAX BblpalinBaHUS.

O6opypnoBaHne u mMaTepuanbl: 20%-ii pacTBop ca-
xapo3bl; 10%-e pacTBOpbI KH2P04, M8804, Pe804;
KON6bl eMKoCTbo 100 mMAa; umamHgpbl emKocTbio 100 mMAa; nu-
neTkn Ha 10 n 1 mn; npenapoBanbHble UINbl; BaTa.

O6beKT wuccnepgoBaHUA: KynbTypa rpuba Aspergllinz
T er.

Xopn paboThl.

FotoBAT 200 MAN NOAHOW NUTaTeNbHOW cpeabl 63 MUKPO-
anemeHTOB, %: caxaposa — 10,0; MH4AM03— 0,3; KHZ2 04—
0,2; Mé804 — 0,05; re804— 0,01.

OnpefenstoT NCXOAHY KUCNOTHOCTb pacTBopa C MOMOLLbIO
pH-meTpa.

MuTtaTenbHy cpeay TuiaTe/lbHO MepemMeLlnBaldT U pasnn-
BaloT no 50 M B 4yeTbipe KOHMYECKME KONO60UYKU, Kaxkaas eM-
KoCcTbio 150 M. 3akpbiBalOT BaTHbIMU MPO6KaMMU.

Bo Bce KONGOUKWM BHOCAT paBHOe KO/MMYECTBO Crop rpuba.
Konbbl nognuckiBatloT U cTaBAT B TepmocTaT npu 28-30 °C.

Ha wecToin geHb, Korga nneHka rpmba AOCTUrHeT 60/bLUON
MOLLHOCTMN, MPOBOAAT cneayownii onbiT. M3 Konbbl Ne 1 BbIHU-
MalT Muuenumin rpmba, TuiaTeNbHO MPOMbIBAKOT C HUMXKHEWN CTO-
pPOHbI BoAoi. lNneHKy rpmba BbicywmBaoT npu 105 °C B cy-
WKnAbHOM wWKady A0 NocToAHHOro seca. C nomouwbio pH-meTpa
onpenensatT KUCAOTHOCTb (punbTpata. M3 Konbbl Ne 4 akky-
paTtHO cnmBaloT uabTpaT U noa mMuuenmin noaBogat 50 mn
CBeXel cpefbl, NOcne 4ero Konby nomeliaroT B TepMocTar.

Ha cegbmoii AeHb onpeaenstoT KUCAOTHOCTb (huabTpaTta u
Cyxoih BeC MuULenns n3 Konbbl Ne 2 onmcaHHbIM Bbille Croco60M.

Ha BOCbMOIN figHb ONpeaensitoT KUCNOTHOCThL (ouibTpata u cy-
XOW Bec Mmuuenms n3 kond Ne 3 n 4 onncaHHbIM Bbille CNOCO60M.
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MpunnoxxeHunsa

B pesynbTaTe 37Ol paboTbl MOTyT ObiTb MOMAYYEHbl Clnenyto-
wme AaHHble.

MepBoe Bpemsi Tpnb MHTEHCUBHO HaKarnnMBaeT KWUCNOTY [0
Tex Mnop, NokKa B cpefe AoCTaTo4yHO caxapa (Konbbl Ne 1 u 2), us
KOTOPOro OH MOXeT CUHTe3MpoBaTb KucnoTy. OAHaKo Kak
TONbKO cpefa ucTowaetcs (0NbIT APOAo/MHKAETCA B MPEXHUX
yCcnoBusx), MuUUennii rpmba NpofomKaeT yBelMunBaTbCs B Be-
ce, HO rpmb HaudnHaeT nepepabaTbiBaTb KWUCNOTY, MUTasACb OT-
yacTn 3a ee cueT (Kon6a Ne 3). KynbTypa >e, mnonyyumsBLias
NnoAKOPMKY caxapom (kKonba Ne 4), anaeT 3HaUYUTE/bHbIM CKa4yoK
B CTOPOHY 601bLUIEro HaKOMJEHUS KUCAOTbl U YBEIUYEHUS CY-
XOro Beca MULLENNS.

3apaHve. Pe3ynbTaTbl onbiTa 3anucatb B Tabnuuy m 3apu-
coBaTb. CpaenaTtb BbIBOAbl 06 06pa3oBaHUN AMMOHHOW KWUCAOThbI
rpnéom Asperallinz Tpaer B pas/iMiHbIX YCNOBUSAX.

NNab6opaTopHasa paborTa Ne 7

MonyyeHne Kannycuom TKaHU U3 NNCTbeB Tabaka

Ons pacTeHMs T WO Kannyc — 3TO rpynna K/ieToK, BO3-
HUKaluwasa npm TpaBMax M 3aljumuialouiass MecTo rfnopaHeHus
(paHeBas napeHxuMa). B Hell HakannmBaloTCA NuUTaTefbHble
BellecTBa ANA pereHepauyn aHaTOMUYECKUX CTPYKTYP WUAN YT-
pavyeHHOro opraHa. Ha nuTaTenbHbIX cpegax ¢ 60nbLIMM coaep-
XXaHueM ayKCuHOB (2,4-[1) KneTKU 3aKcnnaHTa geanddepeHum-
pytoTca. KneTkn yTpadmBalT npexHue PyHKUUU U Mopdono-
rmo. OcobeHHOCTU peauddepeHUMaLMM  KNeTOK 3KCMnaHTa
3aBUCAT OT FeHeTUKU 3KcnnaHTa. Mpuuem yvem MeHee Auddpe-
peHUupoBaHa KfneTka, TeM fnerye nonyydnmTb Kannyc. Oeandde-
peHUMauUsa cneyuanmM3npoBaHHbIX KIeTOK HaudnmHaeTcss ¢ 060-
raweHuss mMx 3neMeHTaMu LUTOoMNNasMbl: MUKPOTpyboukamu,
MembpaHamu 3MNC mn komnnekca [onba>ku, pubocomamm; ucye-
3al0T X/I0P0- M XpPOMOMAacTbl, MPOAYKTbl UX AeATEeNbHOCTU; MO-
>KeT 06pa3oBaTbCA MHOFO 4ep UAM YBENUYUTbLCSA YUCI0 XPOMO-
COM; YKpPYMHsATCA Bakyonu. Kannyc, BbipalwuBaemblii MNo-
BEPXHOCTHbIM Crocobom, npeacTaBnseT cobori aMopdHy Maccy
TOHKOCTEHHbIX MNapeHXUMHbIX KeTOK, He MWMEeKLLYy CTpPOoro
ornpefeneHHoOW CTPYKTypbl. KneTku Kannyca nn6o 6ecuBeTHbI,
MM60 MMEKT >XKEeNnToBaTblli OTTEHOK. B 3aBMCUMMOCTM OT Mpouc-
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XOXKAEHUA W YCNOBUIA KynbTUBUPOBaHUA, pasnmyaroT Kanny-
Cbl: pbIX/ible, C CU/bHO OBOAHEHHbIMUN, NErKO OTAENALWNMUCA
Opyr OT Apyra KneTkamu; cpefHel MNJOTHOCTWU, C 30HaMWU Me-
pucTemMaTN4ecKo aKTUBHOCTW; MOTHble, C 30HaAMWU peayLmpo-
BaHHOro Kamb6us v cocynos.

B 6M0TEXHONOrMM 4alle BCEro UCMonb3ylT Te BUAbl pacTe-
HWUW, KOTOPble M B OO6bIYHbIX YCNOBUSAX NErKO YKOPEHSAKTCS,
pereHepunpytoT, obpasyoT Kannyc. KneTkm Tabaka nerko pge-
ondbhepeHUMpyOTCa M nepexogaT K geneHmto, obpasysa 6bIcT-
popacTyLlylo KanlyCHYK TKaHb. Mo3Tomy 60/1bLLIMHCTBO MeTO-
OOB MonyvyeHUs1 U KylbTUBUPOBaHUS Kanayca paspaboTtaHo Ans
Tabaka. Kannycbl MOXXHO MOAy4YUTb MNpPaKTUYECKN U3 60N
yacTu pacTeHusi. Ons KynbTUBUPOBAHUS KajilyCOB M3 JINCTbEB
Tabaka ncnonb3yT cpegy Mypacure — Ckyra (MC) ¢ gobasne-
HVeM aykcuHos (2,4-1).

Lenb pab6oTbl: OCBOUTb MeETO4 MPUroTOBAEHUS MNUTa-
TeNbHOW cpedbl ANs MONYyYeHUA KannycHOW KynbTypbl Tabaka.

O6opyaoBaHUe U MaTepwuanbl: vyawku [NeTpu co
CTepuNbHOW NuTaTenbHow cpegovi MC gna MHAYKUWUIW Kannyco-
reHesa, 6%-1 pacTBOp XnopamMmuHa, Konbbl CO CTepPUNbHOW Auc-
TUINNPOBAHHOI BOAOWA.

O6beKT unccnegoBaHMsa: pacTeHus Tabaka.

Ta6nmnua 1

MpuroToBneHne MaTO4YHbIX PacTBOPOB A1 cpefpbl
Mypacure — Ckyra (MC)

KOMIMOHEHTbI cpedp! KonmuecTBo BelLEecTBa

MaTouHbI pacTBOpP MakKpoconew (r Ha 1 1 MaTouyHOro pacteopa)

K>K)3 38
blH4bI03 33
KH2P04 3,4
M8804«7H20 7.4
nnn M88046e3BoaHbIN 3,6
CaCl2«2H2D 8,8
nnn CaCl26e3B04Hblii 6,65

409



Mpuno>xxeHnsa

OKOHYaHue Taobn.
KoMnoHeHTbI cpeapl KonnyecTtBo BelLecTBa

MaTouHbI pacTBOp MMKpPOconen (Mr Ha 100 M1 MaTo4yHOro pacTBopa)

bla2M004 «2H2D 25
Cun804+5H20 25
H3B03 620
MnB04+5H20 2410
nnm Mn804<4H20 2230
2n804+7Ha0 860
Kn 83
CoCL, «6H2D 25
Pe804 557
bla23ATA 745
Ta6nunuya 2
Cpepga Mypacure — Ckyra (MC) Ansi KIeTOYHbIX

U TKaHeBbIX KynbTyp

KOMMOHEHTbI NUTaTeNbHOM cpeap!

MaTouHbI pacTBOp MaKpoconei 50 mn/n
MaTouHbIA pacTBOp MUKpPOconeii 1mn/n
Pe-xenat 5mn/n
CaC12 5mn/n
TunammnH-HC1 1wmr/n
MupuaokcnH-HC1 0,5 mr/n
HuKoTMHOBas Kucnota 0,5 mr/n
Me3onHo3uT 100 mr/n
ranyunH 2wmr/n
Caxapo3sa 30r/n
Arap-arap 7r/n
pH 5,6-5,8
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Xon paboThbl.

MpurotoBuUTb NUTaTeNbHble cpeabl MC c pgobaBneHmMeMm:
a)1,0 mr/n 2,4-4, + 0,2 mr/n BAM; 6) 1,0 mr/n MYK +
+ 0,2 mr/n BAI. Jinctba Tabaka NoMecTuTb B Ae3VHPULMPYIO-
Wui pactBop Ha 5 MUWH, 3aTeM MPOMbITb CTEPUNBLHON AUCTUN-
NMPOBaHHOI BOAOW Tpwu pasa.

CTepunbHbIM CKanbnenem Bblpe3aTb CErMeHTbl Y OCHOBaHUS
nmcTa 6amdKe K LeHTpanbHOW >XUnke gavHoi 1,5-2 cm, wupun-
HoW 1 cm. [Ons nyduwero KannycoobpasoBaHUs genarT Haceuku
no Bcell MOBEPXHOCTU cermeHTa. NMomMecTUTb 3KCNNaHTbl Ha Nu-
TaTefnbHble cpeabl (Nepes KaXkaoW MaHUNynsauunein MHCTPYMEH-
Tbl ob6pabaTbiBaTb CMPTOM U 0OGXKUraTb Ha NAaMeHW CNUPTOB-
Kn). Yawku lMMeTpnm € 3KCnnaHTamMu nepeHecTU B TepMmocTaT
AN VHAYKUWIA KannycoreHesa npu Temnepatype 25 °C.

3apaHune. Pe3ynbTaTbl OMblTa paccCMOTPETb Yepes3 ABe — 4eTbl-
pe Heaenwu, 3apucoBaTb, CPaBHUTb Kannyc, Mofy4YeHHbI Ha cpe-
ne c NYK, ¢ kannycom, nonyyeHHbIM B cpege ¢ 2,4-A. Cpenatb
BbIBOAbI.

abopaTopHaa paborTa Ne 8

Mony4yeHne KannycoB W3 He3pesblX 3apogbliueii
MU Y3M0B KYyLLEHUS MNeHULlbI

Kannycbl U3 pas3fMyHbIX OPraHoB MLUEeHULbl Ha UCKYCCTBEH-
HbIX NUTaTeNbHbIX cpefax BrepBble 6bIAN Nony4YeHbl B 1968 r.
MX MOXXHO ucnonb3oBaTb ANS WU3YYEHUA CONEYyCTONUYMBOCTU
M YCTOMUYMBOCTU K TemMnepaTypHOMY cTpeccy, A8 MoayvYeHus
cycneH3min 1 npoTonnacTtoB. [And WHAYKUUU KannycoreHesa
06bI4YHO MUCNOML3YIOT CTEPUbHbIEe NPOOGUPOYHbIE pacTeHUs, Bbl-
palweHHble U3 3apofbllleli Ha cpegax 6e3 ropmMoHoB. PacTeHus
ONA MOAYyYeHUS KanlyCoB MOXXHO BbIpacTuUTb B Tennaumue. OnsA
3TOro Habyxwime cemeHa MomellarT Ha NATb Hefdenb B XON0f4-
HYIO Kamepy Ha fdposBusauuio npu 2 °C, NpPOpPOCTKU BblCa>KNBa-
0T B BeretayMoOHHbIEe COCYAbl M BblpawmMBaloT A0 AOCTUXKEHUS
MOMOYHOV cnenoctu. He3penbie 3apobilln BbIAENSAKT U Nepe-
HOCAT Ha NuTaTeNbHble cpenbl.

Llenb paboThbl: MOAYyYUTb Kannycbl M3 He3penbiX 3apo-
Ablllelr 1 y310B KyLEeHWS MLeHnLbI.

O6opyanoBaHuMe 7 MaTepuanbl: namMuHap-60kKc,
npo6bumpKn ¢ nNuTaTenbHom cpegoi MC, 6% -i pacTBOp x/opamMunHa,
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cTepwu/ibHasa AUCTUINMPOBaHHasA BOAa, NpernapoBalbHbie WUTbI,
NMUHLUETbI, CKanbnenun, ctepunbHaa éymara, pnakoHbl ¢ 96%-m
CNMpTOM, CMUPTOBKA.

O6beKT wuccnegoBaHWUA: pacTeHUsa MLIeHUUblI B CcTa-
O MONOYHOW CcnenocTn, NMPO6MpPOYHbIE pacTEHUSA MLWEHULbI.

Xon paboThbl.

Onsa nonyyeHUs KanaycHOW TKaHW He3penble 3apoAblllu riue-
HUUbl N30/IMPOBaTb Ha 12-e CYTKU OT Haydana uBeTeHUA. Hespe-
Nble 3epHOBKU MOMECTUTb B Ae3VHOULNPYIOLWNIA pacTBOp Ha
5 MUH. MpoMbITE TPU pasa CTEPUbHON AUCTUNNNPOBAHHOW BO-
Ooii. MpocTepnnnsoBaHHbIe 3ePHOBKU MOMECTUTbL B CTEPU/IbHbIE
yawku MeTpu. MNpenapoBanbHOW UIMN0W BblIYIEHUTb 3apoablLUn
U NepeHecTn B NPOGUMPKM C nNUTaTenbHbIMW cpegamu. Mpobup-
KN C 3apodblllaMy 3aKpbiTb NpobKamMm M NoCcTaBUTb B LUTATUB.
KynbTMBUPYIOT B CBETNON KyNbTypanbHOW KomHaTe npu 25 °C.

Mpo6bupoUHble pacTeHUs MLeHULUbl BbINOXNTb Ha CTepUfb-
Hble ByMadKHble MaTpacukKm UM paspesaTb Ha HebOnbLIMe YacTu
no 5-10 MM, BbIAENNTb MEXA0Y3/NA C ydacTKamMu JIMCTOBOrO
Bnaranuuwa. lNepeHecTn 3KCMAaHTbl B NMPOOUPKU Ha nuTaTe/b-
Hble cpegbl MC + 2,4-1 B KOHUeHTpaunnm 4 mr/n. KynbTuBupy-
0T B CBET/NOM KynbTypanbHOW KoMHaTe npu 25 °C.

3apaHune. Yepes aBe — 4eTblpe Heaenn paccMoTpeTb KaJi-
JIYyCHble KNeTKW NoJ MWKPOCKOMNOM W 3apucoBaTb, cAenaTb Bbl-
BOAbl O MOPAIONOTNN Kannycos.

Na6opaTopHasa pa6oTa Ne 9

MonyuyeHMe KajnycoB U3 KOPELUKOB (aconu

Kannycbl MOXHO Mony4aTb M3 pasHbIX 4yacTeill pacTeHUsd, B
TOM 4yucne N3 KOHYNKOB KopHeil. ObpasoBaHue Kanayca npouc-
X0OUT B 06M1acTV MEPBUYHbIX U BTOPUYHbLIX Mepuctem. [po-
Lecc KannycoobpasoBaHUsi 3aBMCUT OT pasmMepa akcnnaHTta. On-
TUManbHaa BennyvmHa akcnnaHta 5-10 mm3, macca 20-100 wmr.
MHoOrme TKaHW UMeKT (PU3N0NOTMYECKYID MOASAPHOCTbL. [103To-
My Kannyc nydiwle obpasyeTcsi Ha TOW CTOpPOHe 3KcnnaHTa, Ko-
Topas 6nM>Ke K anumKalbHbIM MepucTeMaM KOpPHA. KOHUYMKM
KOpHel nerko o6pasyloT Kannyc, ecnm OHU MOMELLEHbl Ha cpe-
Ay FOpuM3oHTaNbHO, Torga Kak CErMeHTbl CTebna nydiwe opmMu-
pylOT Kannyc, ecnm MxX MoMecTUTb BepTUKanbHO. AN KynbTuU-
BMPOBaHUA Ha NUTaTeNbHbIX cpefjax aydlle WUCNonb30BaTb CTe-
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pUfbHble KOpeLW KW, NoAyYeHHble Mpu npopawmBaHUM CeMSH B
CTEPUNbHbIX YCNOBUSIX.

Llenb pab6oThbl: NMoAyuYnuTb KailyCc U3 KOPELUKOB (haconu.

O6opypnoBaHme W MaTepuanbl: yvawku [MeTpm c
nutaTenbHbIMU CcpejamMmn A1 WMHOYKUWUW KanjnycoreHesa, cre-
punbHble 4Yalwkn MeTpu, 6%-K pacTBOp xnopamuHa, npenapo-
Ba/ibHble UT/bl, MUHLETbLI, CKajbnenn, paakoHbl CO CMIUPTOM U
CTepPUbHOA OUCTUANNPOBAHHOW BOAONA.

O6beKT wnccnegoBaHMUA: ceMeHa haconu.

Xopn pab6oThbl.

CemeHa haconm nomecTuUTb B Yawkm MeTpu (no 15 cemsiH B
yalwlky), 3anMTb PacTBOPOM X/iOpaMMHa [0 MNOMHOro norpy>xe-
HUA CeMSAH B XXUAKOCTb U OCTaBUTb Ha 20 MUH. MpoMbITb ce-
MeHa CTEPUbHOW AUCTUANTNPOBAHHOW BoAolW Tpu pasa. Cre-
puibHble cemMeHa 3annTb CTEPUNbLHON BOAOWA U OCTaBUTb A/
HabyxaHusa Ha 24 u.

CeMeHa € paspyLUeHHON KOXXYpoW yaannuTb, a >XWU3Hecnocoob-
Hble ceMeHa MnpocTepuan3oBaTb MNOBTOPHO 6%-M pacTBOPOM
xnopamMmuHa B TeyeHMe 20 MUH. MNPOMbITbL CEMeHa CTEPUNbHOM
ONCTUNNNPOBaHHOW BOAOW Tpu pasa. CeMeHa nepeHecTM B CTe-
punbHble Yawky MeTpn (N0 NATb CEMSAH B YalluKy).

CTepunbHbIM MWUHLETOM Npuaep>XuBaTb CeEMSA, a CTepusib-
HbIM cKanbnenem HagpesaTb 0607104Ky. CTepunbHbIM CKafbne-
nemM 1 npenapoBa/lbHON UTNOA N30AMPOBaTb KOPELLKU (2-3 MM)
M nepeHecTn B Yawiku MeTpun CO CTEPUNBHOW ANCTUNINPOBaH-
HOW BogoW (N0 15 KOPELUKOB B YallKYy).

KopellKkn cTepuibHOW npenapoBajibHOM WUIN0W MNOMECTUTb
Ha MNOBEpPXHOCTb arapu3oBaHHOW cpeabl U cnerka BAaBUTL B
arap Ana obecnevyeHUs XOpoLUero KOHTaKTa C nuTaTeflbHOM
cpepoin (cpega: MC + 20 r/n caxaposbl + 100 Mr/n mMe3ounHO3U-
Ta + 2 mr/n 2,4-4, + 0,2 Mr/n KuHeTuHa). KynbTUBUPYIOT B
CBETNON KynbTypanbHOW KoMHaTe npu 25 °C nan B TepMmocTare.

3agaHue. Yepes Tpu Hefenn paccMoOTpPeTb B MUKPOCKOM U
3apucoBaTb CHOPMUPOBABLUUICA Kannyc.

NabopaTopHasa pa6orTa Ne 10
Cyb6KynbTUBUpPOBaHMe KaiycoB

B yukne BbipalwmnBaHMA KannycHble KNeTKWU nocne pgaga ge-
neHum npoxogaT 06blYHbI/I OHTOrEHES3: PacTyT pacTa>XXeHUeEM,
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andpcbepeHUmpytoTCca U aerpagnpyroT. PocT Kanfiyca MOXXHO OT-
pa3nTb 8-06pa3Hoii KpMBOIM pocTa. POCTOBO LMKA HavyuMHaeTcs
C nocagKy 3KcrnaaHTa Ha cpegy (Hadano KynbTUBMpOBaHuA), a
3aBepLUaeTCcAd B MOMEHT MpeKpalleHUs MUTO30B (CTaumoHapHasi
(paza). B nar-cpase (naTeHTHOW pase) KNeTKU He Aensitcsa, He
yBENMUMBAIOTCA B pasMepe, MMeT HU3KY MeTabonmyeckyto
aKTUBHOCTb. B akcnoHeHuuanbHoW ase (dase norapmgpmude-
CKOro pocTa) KNeTKN aKTUBHO AeNaTca MUTO30M. B paHHel aKc-
MOHEHTE yBeNUYMBAETCA KOIUYECTBO MUTOXOHAPUIA (CUHTE3NPY-
eTca AT®), pubocom, Bcex Bugos PHK, cnHTesnpyroTca 6enku,
aKTUBU3MpPYeTCS MeTabonmsm, MHTEHCUBHO MOraowaeTcs Kuc-
nopofd. Tl1o3gHAA 3KCNOHEHTA XapakKTepu3yeTCs CHUKEHUEM
yAeNbHOW CKOPOCTWU poCTa, 3aMeAfleHUEM KeTOYHOro AeneHus,
yBeIMYeHMEM cpefHero pasmMepa KNeTOoK 3a CHEeT pacTs>KeHUSA.
B cTtaymoHapHoii hase (pasa nnaTo) pasMmep KAeTOK npofomkaeTt
yBennmumBaTbCAa, a UX AeneHue npekpauwiaetca. B no3gHer cTa-
LUuoHapHou dase (thasa gerpagaumnmn) 3a cyeT UCTOLLEHUA cpeabl
KNeTKN cTapeT n oTMuparT. MNpoaomKnTenbHOCTb POCTOBOrO
UMKNa KannycHbIX KNeTok 21-28 aHell. B npouecce KynbTUBU-
poBaHMA Kanayc NaccupylroT (MepecaKmBalrT Ha CBEXYH nuTa-
TeNbHYI cpeay) KaXKAble YeTblpe — LLUECTb HefeNb B 3aBUCUMOC-
TN OT WHTEHCMBHOCTU pocTa. Macca TpaHcnnaHTa (dpparmeHTa
TKaHW, KOTOPbI MaccMpyloT Ha CBEXYH NuTaTeNbHYH cpeay)
cocTaBnseT 60-100 Mr Ha 20-40 Ma NuTaTeNbHOW cpeabl.

Llenb paboThbl: uccnefgoBaTb XapaKTep pocTa Kannyca
KapTodens.

O6bopyagoBaHue 7] MaTepuanbl: naMmmHap-60Kc,
NnpobupKN C NUTaTeNbHOW cpefor ANs KynbTUBMPOBAHUA Kai-
NycoB, npenapoBa/bHble WUTbl, MUHUETbI, PNakoH ¢ 96%-m
CUPTOM, CNUPTOBKA.

O6beKT wMUcCcCNefOBaHMUA: KallycHas KynbTypa Kie-
TOK KapTodensi.

Xopn paboThl.

B acenTu4yecKmnx ycnoBusx UiBaedb Kannycbl U3 npobmpok um
MOMeCTUTb Ha CTEPUNbHYHO NOBEPXHOCTb. CTepunbHOW npenapupo-
Ba/lbHOW U0 BbIAENUTb 30HbI MEPUCTEMATUYECKON aKTUBHOCTU
(6enble Menkne KneTku). TpaHCNNaHTbl BEIMYNHOK 2-3 MM NoMec-
TUTb Ha MOBEPXHOCTb NMUTaTenbHOW cpeabl (cpega: MC + 30 r/n
caxapo3bl + 1 mr/n HYK + 0,8 mr/n BAT). KynbTuBupywT B
CBETNOW KynbTypanbHOW KoMHaTe npu 25 °C uan B TepmocTare.
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Na6opaTopHbI NPAKTUKYM

OO6bIYHO LMKN BblpallBaHUS cOCTaBnsieT 4eTblipe Heaenwu.
3a 3To Bpems AN MOCTPOEHUs KPUBOI pocTa Kanjyc B3BeLUU-
BalOT 4YeTblpe pasa, T. €. Yepe3 KaxKible CEMb AHENA.

3agaHue. o pesynbTaTam B3BelUMBAHUiA 4yepe3 OfHY, ABe,
TPU N YeTblpe Heaenn MocTPOUTbL KPUBYH pocTa Kannyca. Kpo-
Me CHSITUSI POCTOBbIX MoKa3aTefei, oTMeyaTb LBET U KOHCUC-
TEHUMI0 KaNNyCcHOW TKaHW. Pe3ynbTaTbl KyNbTUBMPOBaHUS 3a-
pucoBaTb uepe3 ABe — 4eTbipe Hegenu. PaccumtaTtb (B %) WH-
TEeHCUBHOCTb pocTa KannycHoW TKaHu Mo dopmyne

NP = (12— 11 : /Nl x 100 %,

roe NP — WHTEHCMBHOCTbL pocTa; T1— macca KaﬂﬂyCHOVI TKa-
HW B Hayane rnaccaa, T2-— mMacca KaﬂﬂyCHOVI TKaHU B KOHLE
naccaka.

NabopaTopHasa pa6oTa Ne 11

Mony4vyeHve U KyNnbTUBUPOBAaHWME CYCMeH3MM KapTodens
Ha cpegax Cc pasfIMYHbIMU FOPMOHaMM

CyCneH3NOHHble KyNbTYypbl — 3TO OAWHOYHbIE KNEeTKU, Mef-
Kune, cpefiHMe N KPyNHble arperatbl (rpynnbl KAeTOK), Bblpa-
wuMBaemMble B >XWAKOW NuUTaTeNbHOW cpege MNpu MNOCTOAHHOM
aspaummn (OoCcTyn KuUcnopopga) B acenTuyeckux ycnoBmax. Cyc-
NneH3uy nonyvarwT M3 Kannycos. Ond MHULMALUN CYCNEH3UOH-
HOWM KyNbTYypbl HEOOGX0AMMO 2-3 I CBEXKEW PbIX/IOA Maccbl Kan-
NYCHbIX KNeToK Ha 60-100 mn >XnAKoi nutaTenbHoOM cpegbl.
MepBUYHYIO CYCMEH3UI0 KyNbTUBUPYIOT B Konbax C >XUAKOW
nuTaTenbHOM Ccpefoi Ha KPYroBbiX KaudajikaX CO CKOPOCTbO
100-120 06/mMuH. KpuBasi pocTa CyCcneH3mm nmeeT 8-06pasHyto
dopMy M BKAO4YaeT nar-dpasy, 3KCNoHeHUManbHy ¢dasy, cTa-
LUuoHapHy dasy n dasy gerpagaumm. dopma pocTOBbIX KpPU-
BbIX OT/AMYaeTCA MNPOAOMKUTENbHOCTbIO (ha3. ITO 3aBUCUT OT
reHeTUKN Nonynauuun, KonumyecTBa WHOKY/NKOMa U cocTasBa Mu-
TaTenbHoW cpefbl. CKOpOCTb HapacTaHus 6uomaccbl Konebnet-
ca ot 15 po 70 cyToK. CycneH3nm UCNOoNb3YT ANA MONyYeHUs
pasnMUyHbIX XWUMWUYECKUX BELLECTB: OpraHM4yeckux KMUCNOoT,
oepMeHTOB, ankanoungoB, KpacuTenei, 6en1KoB, aMWHOKWUCNOT.
NX npuMeHSAT B dhapmakonormm, napgomepun, MULLEBON W
XUMUYECKOW MPOMBbILLUNEHHOCTU, CeNbCKOM X03aicTBe. CycneH-
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MpunoxkeHus

3MOHHblIE KY/IbTYpbl UMeKT 60/bLUOEe 3HAYEHUE ANA FTeHETUKU U
OCOBGEHHO MONEKYNSAPHOW 6UONOrMKU: M3 CYCMEH3UOHHbIX Kie-
TOK Mony4valrT NpoTONnacTbl, HEOBX0AMMbIE ANS1 COMATUYECKOM
rmépuamnsaLmm, reHeTUYeCcKo WHXXeHepumn, a Takxke AN U3y-
yeHs meTabonniamMa KeTok.

Uenb paboThbl: NOAYYNTb CYCMEH3UOHHYID KYNbTypy
KapToens u n3yunTb BAUAHUE Pas3INYHbIX FOPMOHOB Ha ee pocCT.

Ob6opypoBaHue 7] MaTepuanbl: namuHap-60Kc,
Konb6bl ¢ nuTatenbHow cpegon (MC + 3 mr/n 2,4-0) Ana NHU-
unaumin cycneHsmm, Kpyrosble Kaudanku, MarHMUTHble Melulan-
KW, CTepu/bHble MHCTPYMEHTbI, plaKOH ¢ 96%-M CAMPTOM.

O6beKT MUCCNefoBaHWUA: NPOOBUPKU C PbIXNbIMU Kai-
nycamu kKaprtodens.

Xona paboThbl.

MpurotoBMTbL NUTaTenbHble cpeabl: a) MC + 3 mr/n 2,4-0;
6) MC + 1 mr/n NYK; B) MC + 3 mr/n 2,4-1 + 0,2 mr/n BAT;
r) MC 6e3 ropMmoHOB.

B acenTn4ecKux yCcnoBUAX M3BAeYb Kannyc uU3 npobupku v
NnomMecTUTb B KONBY C MUTaTeNbHOW cpefoi n3 pacyerta 2-3 r Ha
100 mn cpegbl. Konbbl € cycneH3nen MOMecTUTb Ha KPYyroBble
Kadanky npm 100-120 06/MUH U OCTaBUTb Ha TPU-YeTblpe He-
nenn (ANnA NepBOro naccaxa).

MNaccnpoBaHMe CYCMEH3NOHHOW KynbTypbl OCYLLECTBAAIOT
Kaxkable ABe Hejenn chnefywouwimm o06pasom: cycneH3uu JatoT
oTcToATbCA 1-2 MUH U nepenmBatoT 5-10 mMA cycneH3nn B KO-
6y co cBexxeii cpenoii (06bl4HO B nponopumn 1 : 10, T. e. B KO-
6y emkocTbio 500 mn momew,arwT 5 M MCXOAHOW CYyCMeH3uu U
45 mn cBexen cpepbl). MNepecagnB cycrneH3nto, CTaBAT KO/6bl
Ha KauyanKy [0 cnefyloller nepecagku.

3apaHuve. Pe3ynbTaTbl KyNbTUBMPOBAHWUA CYCMeH3UU 3apu-
coBaTb U cAenatb BbIBOAbl O BAUAHUU pasnnyHbIX MO COCTaBy
cpef Ha obpas3oBaHMe CYCNEH3NOHHON KYNbTypbl.

NabopaTopHasa paborTa Ne 12

OnpepgeneHne MAOTHOCTU CYCMEH3UOHHOW Ky/bTypbl
U OUEHKa ee POCTOBOI aKTUBHOCTU

Mo NAOTHOCTU CYCMNEeH3N MOXXHO He TO/IbKO OXapaKTepu3o-
BaTb COCTOSAHME KNETOYHOW nonynaunn, HO n onpegennTb BpemMs
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Puc. 3.3. Hnuymaymna KannycHbliX KNeTOK Ha PACTUTENIbHOM 3KCM/IaHTe



Puc. 3.5. ®opmupoBaHue Kannyca Puc. 3.6. KannycHas kynbTypa
Ha cermeHTe pacTuTenbHOM’ yaliHOro pacTeHus, nmetrow,asa Ha
TKaHu Tnca MOBEPXHOCTU TEMHOOKpPALLUEHHbIE
HEKPOTUYECKNE YHACTKU

Puc. 3.8. PaznnuHas moponorusa KannycHblX Ky/bTyp BbICLLINX PACTEHUIA:

a — pbixnas KannycHasi TKaHb YaiHoro pacteHms; 6 — KannycHasi TKaHb
popoAeHApPOHA cpefiHel NNOTHOCTU; B — MN/OTHas KaanlycHas TKaHb YaliHoro
pacTeHus, B CTPYKTYpPe KOTOPOi hopMUpyoTCsl TpaxenganbHble aNeMeHTbl — T



6

Puc. 3.9. CycneH3UOHHbIe KYNbTYpPbl bHa BYCNOBUAX T WHro:

a — KpynHoarpermpoBaHHasi;
6 — MenkoarpervpoBaHHasi (04VHOUYHbIE KNETKN)

Puc. 3.12. Knetka —
BMecTunuwe (anmoénacr)
C (peHONIbHbIMN COEANHEHUAMM
N3 KannycHOW KynbTypbl
yaliHoro pacteHus



Puc. 3.13. MopdoreHe3 Bycnosusax T ulro\
a — KopHeBol; 6 — cTebneBoii



Nla6opaTopHbIA NPaKTUKYM

cybkynbTUBMUpOBaHUA (0oTbopa MHOKYyNsATa M nepecagku Ha cse-
XKYIO nNuTaTenbHylo cpeny). B 601bLLUMHCTBE cliyyaeB CYCreH3uto
Ona cyObKynbTUBUPOBAHUA O0TOMpPAlOT B KOHLLE 3KCMOHeHLunasb-
HOW (pasbl (Yepe3 14-16 pgHell nocne Hadana KynbTUBUpPOBa-
HUSA). TIpn NOCTPOEHUN KPUBOW pocTa rnokasaTen CHUMaKT 4e-
pe3 AeHb. MAOTHOCTb CyCNeH3nn 3a ABe-TPU Henenn KynbTUBU-
poBaHuA Bo3pacTaeT B cpegHeM B 20 pas3. KneTku cycrneH3ui
yOobHee Bcero noacynUTbiBaTb B CreumaNnbHbIX CYETHbIX Kame-
pax ®ykca — PoseHTana nnm opseBa. O6beM BbIGOPKU [0/-
XKeH cocTaB/ATb He MeHee 1000 kneTok. llogcyeT KNeToK 3a-
TpyAHAETCA, ecnn B CycrneH3nm npeobnagaeT pakuyms arpera-
ToB. B Takux cnydyasax K ogHOMY 06beMy KynbTypbl A06aBAs0T
OBa obbema 8% -ro okcuga xpoma m HarpesawT go 70 °C B Te-
yeHue 2-15 MUH. Tlocne oxnakKAeHUs KynbTypy BCTPAXUBALOT,
yTo6bI pacnannucb arperatbl. [Ons paspylleHUs arperatos B
CYCMeH3uto fo6aBnsatoT nektnHasy — 0,25 % obbema.

MAOTHOCTb CyCMNEeH3UX MOXXHO OMnpeaennTb N MO COOTHOLLEHUIO
ob6bema bromacchbl K obuemy 06bemy cycrneHsvun. MamepsitoT cpeg-
HUIA 06BbEM KNETKU U NOMyYalT YMCN0 KNeTOK B 1 M CcycneH3nn.

Llenb paboThbl: HayuynmTbcA onpenenATb MNNOTHOCTb CycC-
MEeH3VOHHON KynbTypbl ANS U3Yy4YeHUs XapakTepa ee pocTa.

O6opyaoBaHMe WM MaTepuanbl: MUKPOCKOM, LEHT-
pudiyra, ctepunbHas nuneTka, nNpegMmeTHoe CTEKN0, NOKPOBHOe
CTekno, Kamepa ana nogacyera dykca — PoseHTansa wnm Fop4a-
eBa, (hunbTpoBanbHasa bymara.

O6beKT wnccnefoBaHWMA: CycneH3MOHHas KynbTypa.

Xopn paboThl.

Konby c cycrneH3uen BCTPAXHYTb U 0TO6paTb MUMETKOW He-
CKOJ/IbKO MUIMNANTPOB. 1 M cycneH3mmy cmewlaTtb ¢ 2 ma 8% -ro
oKcupa xpoma U rnoctaBuTb Ha 15 MWH B TepmocTaTt Npu Temne-
patype 70 °C. CmMecb NpoOnMycTUTb TPW pasa 4epe3 LwWnNpuy c
Tonctoii urnon (NunetmposaTth). Kamepy dykca — PoseHTans
nnn FopsieBa 3anonHUTbL CycrneHsuen. Ana 3Toro nputepeTb Mo-
KPOBHOE CTEKNO [0 MosBNeHWA kKoneu HbioToHa. MogcumTtath
KONMYeCcTBO K/ETOK Nog MWKPOCKOMOM. llogcyeT KNeTOK OCy-
uecTBnsieTca B NMATU 60MbWIMX KBagpaTax (B 4yeTbipex — Mo
AnaroHanu v B O4HOM — B IIO60M BEPXHEM WUAU HUXKHEM YTy
ceTku). MNOTHOCTb CyCNeH3nn, T. €. YUCNIO KNEeTOK, paccumTaTb
(B mn) mo dpopmyne
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MpunoxeHns

X =M X JT X 1000 : 3,2,

rge X — 4umcno KNeTokKk B MA; M — cpefiHee 4YUCNo KNeTOK B
Kamepe; N — pasBefeHue; 3,2 — MNOCTOSAHHAaA BeNn4vuHa.

3agaHuve. NokasaTenn cHUMaTb Yepe3 [eHb B Mpouecce Bce-
ro KynbTUBMpPoOBaHusA. 10 HUM MNOCTPOUTb KPUBYIO pocTa cyc-
MeH3Un, UCMOoNb3ys CYCMEeH3NOHHYI KynbTypy U3 npeabiayliei
paboThbl.

Na6opaTopHaa paborTa Ne 13

OnpepneneHne cTeneHU arpernpoBaHHOCTU
N >XM3HecnocobHoCTn CycneHsnnm

B 3aBuUcCMMOCTU OT Leneii uccnefoBaHUs, YCN0BUSA KyNbTU-
BMPOBaHUSA U COCTaB NUTaTe/bHOW cpeAbl MoabmparT TakK, 4To-
6bl B cycneH3nn npeobnagana onpegeneHHasa ppakums KneTok.
O6bIYHO B CyCMeH3UU pasnuyalrT 4YeTblpe OCHOBHble paKLun:
OAWHOYHbIEe K/NeTKW, MeNKue arperaTtbl, CpeAHWe arperathl,
KpPyMnHble arperatbl. ArperaTtbl He [A0/MKHbI cofepXkaTb 6Gonee
10-12 knetok. CTeneHb arpernpoBaHHOCTU OMpeaenstoT, Non-
CUMNTbIBasA KNeTKUN B HECKONbKUX MOMSAX 3PEHUS Ha BPEMEHHbIX
rnpenaparax noj ManbiM yBelu4YeHUEM MUKpPOCKona (He MeHee
1000 KneToK).

Mpn paboTe c cycneH3nein HeEO6XOAMMO YUUTbIBaATb €e >KU3-
Hecnoco6HOoCTb. O >XM3HECMOCOO6HOCTU KNETOK MOXXHO CYyAUTb
Mo OBVKEHUIO LMTOMAa3Mbl, CTENEHU MPOHULAEMOCTU KeTou-
HOW CTEeHKW ANsi KpacuTenewn, akTUBHOCTU (DEPMEHTOB.

MpU>KN3HEHHble KpacuTenn (Takue, Kak MeTUNEHOBbIA CU-
HWIN) He yO6MBaKT KNETKU M He MPOHUKAaKT 4yepe3 MeMbpaHbl
XXUBbIX KNeTOK B uutonnasmy. CycneH3ms cUMUTaeTcs >XU3He-
cnocobHol, ecnn 6onee 70 % KNeTOK He OKpallMBaKTCHA B CU-
HWIA UBeT; arperaTt >Xm3HecriocobeH, ecnu 6onee 50 % ero kne-
TOK He OKpacuiunchb.

Llenb paboThbl: onpefenuTb CTeNeHb arperMpoBaHHOCTU
M YKN3HECMOCOOHOCTU CYCMEeH3MOHHOW KYNbTYypbl.

O6opyaoBaHMe 1 MaTepuanbl: Mukpockon, 0,1%-
pacTBOp MEeTWUIEHOBOrO CUHEF0, ANCTUANMPOBaAHHAaA Boda, npea-
MeTHble U MOKPOBHblIE CTEKNA, MUMNETKW, MapneBble caneTkwu,
ounbTpoBanbHas bymara.
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Xopn paboThbl.

MpuroToBUTL Npenapar CyCneH3nn: BCTPSAXHYTb CYCMeH3Uul
B Konbe, MMNeTKol 0T06paTb HebO/bLUOEe KOMUYECTBO CYCMEH-
31, NOMECTUTb Kanjko CyCreH3Mun Ha npeamMeTHOe CTeKNo, A0-
6aBUTb Kamnjl KpacuTensi, HaKpbiTb MOKPOBHbLIM CTEK/IOM, W3-
ANWKN XUOAKOCTU yb6paTb unbTpoBanbHoO 6Gymaroin. Nomec-
TUTb MpenapaT Ha CTOIMK MMUKPOCKOMNa noj mManoe yBenmyeHue
06beKTMBa U MnoacuuTaTb KAETKU W arperatbl B Tpex MoasiX
3peHnsa (NMpoCMOTPeTb He MeHee Tpex MnpenapaTos).

3apgaHve. PesynbTaTbl 3anucaTtb B Buae Tabnmubl. OAuvH
npenapaTt 3apucoBaTb, onucaTb MOPOMOrN0 KAeTOK CYyCMeH-
3nn (popmMy, BENMYUHY, OKpacky). CaenaTb BbIBOA O CTEMEHU
arpermpoBaHHoOCTU (KakKume dppakumm npeobnagaroT, %) M >XKN3-
Hecnoco6HOCTN (KONMYECTBO HeOKpalleHHbIX KNeTok, %) cyc-
neH3nun.

NabopaTopHasa paboTa Ne 14

BbIiCeB CYCMEH3VWOHHOW KynbTypbl Ha TBepAayto
arapusoBaHHY cpeay

KynbTuBMpoBaHUe OTAeNbHbIX (OAMHOYHbIX) KNETOK M03BO-
ndaeT nonyyaTb MUKPOKOIOHUU U UCCNeaoBaTb FEHETUYECKYIO U
PU3N0NOTNYECKYD CTabUNbHOCTb MU U3MEHUYMBOCTb 3TOr0 Ma-
Tepnana. OQNHOYHbIE KNETKM NUCMNOMb3YKT B KNETOYHOW cenek-
UMM MYTaHTHbIX, TMOPUAHbLIX N TPaHCPOPMUPOBAHHbLIX NUHUNA.
B 3TN KNeTKM MOXXHO BBECTW HOBblE FEHbl, B TO >X€ BpeMs 3TO
xopowasa mogenb AN U3yYeHUs ee OHTOreHesa v YU3MN0NOTUN.
MCTOYHUKOM OTAeNbHbIX (OAMHOYHbIX) KNETOK SABAAKTCA Kie-
TOYHbIe CYCMNEH3UN, pacTyllmne Ha XXUAKOW nuTaTenbHOW cpeje.
Ana nonyyeHUs MWKPOKONOHUM KannycHoO TKaHW MCMNonb3y-
eTca MeTof, NNerTMHra — cMelurBaHWe CYCMNEeH3UW KNeTOoK C
arapmn3oBaHHOMW nNuTaTenbHOW cpefioii B paBHbIX MPOMOpLUSAX.

Llenb paboThbl: MONYYNTb MUKPOKONOHUW KanlyCHOM
TKaHW M3 CYCMEeH3NOHHbIX KNeTOoK.

Ob6opynoBaHMe U MaTepuanbl: CTepu/bHble YalluKU
MeTpwn; yYawku MeTpun c arapusoBaHHO cpepfoit; CTepUsbHbIe
npenapoBa/ibHble UMNbl, LWINHAP, NUHUETHI; (hrakoHbl ¢ 96%-m
CMUPTOM; CNMUPTOBKA.

O6beKT wuccnepoBaHWA: cycrneH3MOHHas KynbTypa.
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Xopn paboThl.

KneTo4yHyl0 CYCNeH3no NepennTb B CTEPWUbHbIA LUAVHAP
N oCTaBUTb Ha 5 MUWH. lMnneTkoin oTo6paTb 5 MA BepPXHeW
dpaKkumm cycneHsun (B BEPXHEM CNoe CyCneH3um npeobnagaet
dpakyuma OAVHOYHbIX KNeTOK) M cMmewaTb ¢ 5 M arapu3oBaH-
Hol (1,4 % arapa) cpefbl Ans KYyNbTUBMPOBaHUA Kannyca. Pa-
60Ty NPoOBOAUTL B CTEPUNLHON Mocyae: MEepPHOM UUAMHApe, cTa-
KaHe. lNMony4yeHHYI CMeCb pas3/inTb B CTEPUSIbHble Yallkuy lMeT-
pn cnoem pgo 1 cm. Yawku TlleTpun 3aKpbiTb KpblLWKaMU ©
repmeTnsnpoBaThb napaduamom. PaccumtaTb KOMMYECTBO BblCe-
AHHbIX K/eTOK. Konn4yecTBO KONOHWIA moacyuTaTb yepe3 Tpu —
LecTb Hegelb.

3apaHune. Pe3ynbTaTbl 3apucoBaTb, NoAcCUHUTATb KOJNYECTBO
BbIPOCLUMX KOMOHWUWM B KadKAol yaluke MNeTpwu.

OnpegennTb 3hHEKTUBHOCTb BbiCEBA:

OB —KO01M4yecTBO 06pa3oBaBLUNXCA KOMNOHWUI : KONNUYECTBO
BblCESAHHbIX KNeToK X 100%,

roe 9B — ah(peKTMBHOCTL BbiceBa.

NabopaTopHaa pa6boTa Ne 15

MHAOYKLUNA opraHoreHesa B Ka//lyCHOW TKaHU KapTodens

®UTOrOPMOHbI — 3TO GUOMOTMUYECKME PETYNSATOPbI pocTa U
pasBUTUS pacTeHuid, ocyliecTBAsilOWMe B3auMmopgericTBue Kie-
TOK, TKaHeil 1 opraHoB, CTUMYIUpPYKOLLME U MHIMGUpyloLLme
MopdoreHeTUUYeCKNEe U (PU3NONorMYecKre MpoLeccbl B pacTu-
TeNbHbIX OpraHusamax. ®UTOropMOHbI BAUSIIOT HA AeNneHue U
poCT KNEeTOK pacTshKeHueM, COCTOsIHMe TOKOsl, COo3peBaHue,
cTapeHue, hopMUpoBaHWE MNofa, YCTOWYMBOCTb K CTpeccy, Tpo-
MM3Mbl, TpaHcnupauyuio; obecrneunmBalT (PYHKLMOHANbHYO Le-
NOCTHOCTb PacTUTENbHOro opraHnM3ma, 3aKOHOMEPHYH mnocneno-
BaTeNbHOCTb ha3 MHAVMBUAYANbHOIO pasBUTUS.

AYKCUHbI B KyNbType TKaHeli BbI3biBalOT POCT K/EeTOK pac-

TSOKEHUEM W AefleHne, B coYeTaHUU C LUTOKUHUHaAMU — opra-
HoreHes. B 6MOTEXHONOrMM MPUMEHSIOT KaK MpUpoAHbIe
aykKcuHbl (MYK), Tak n cumHtetnyeckme — MMK (nHgonnn-3-

MacnsiHasa kucnota), 2,4-[ (2,4-AnxXNopdeHOKCUYKCyCcHas Kuc-
nota), HYK (HatTmnykcycHasa kucnoTta).
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LUMTOKMHUHBI B cOYeTaHUU C ayKCUMHaAMU UHAYLUNPYOT MU-
To3bl, Nponudepaunio KneTok, novyek n noberos. K npupogHbIM
LULNTOKMHUHAM OTHOCATCA: 3eaTWUH, KUHETUH (6-ypdypunamm-
HOMYPWH); K CUHTeTn4yecknm — BAT (6-6eH3MNaMmMHONYPUH).

CnepoBaTenbHO, WU3MEHSAA COOTHOLLEHME TOPMOHOB B MuTa-
TeNbHbIX cpefjax, MOXXHO B KaKON-TO CTeneHu WU3MeHATb U re-
HeTMYecKmMe nporpamMmmbl KNeTOK U TKaHel. DTU Mpoueccbl U3-
BECTHbI KaK AudpepeHumaumnsa KNeTok 1 TKaHel, aepgndpdepeH-
unauma n pegmddgepeHumayns.

B 1955 r. Ckyr u Mwunnep npegioXxXuiau runortesy ropmo-
HanbHOM perynauum B KynbType KNeTOK W TKaHel, KoTopas
celuac m3BecTHa Kak npasumno Ckyra — Mwunnepa: ecnin KOH-
LeHTpaumMm aykKCUHOB U LUUTOKMHWHOB B NMUTaTeNbHOW cpeae
OTHOCUTENbHO PaBHbl WU KOHUEHTpaumMs ayKCUMHOB He3Hauun-
TeNlbHO MNPEBOCXOAUT KOHLEHTpauuto LUTOKMHUHOB, TO 06pasy-
eTca Kannyc; ecin KOHLUeHTpauus ayKCUHOB 3Ha4yuTeNbHO npe-
BOCXOAUT KOHUEHTpauukw UUTOKUHUHOB, TO dOpPMUPYOTCS
KOPHU; €eC/M KOHLUEeHTpauusa ayKCUHOB 3HaA4YUTEeNbHO MeHbLUe
KOHLUEHTpauunm UUTOKMHMHOB, TO 0bpasyloTcs Mo4vku, noberu.

Taknum obpasom, ANA MHAYKLUW OpraHoreHesa Kannycbl ne-
peca>kuBaloT Ha cpefy C BbICOKMM cofep>XaHUeM LMTOKUHUHOB,
a ANa yKopeHeHUA obpa3oBaBLUMXCA NO6GEroB MCMNOMAbL3YT cpe-
Oy C NOBbILWEHHbLIM CoAep>XaHMeM ayKCUHOB.

MHOoyKuna mopdoreHesa M pereHepauusa pacTeHUn — CnoXk-
HbIA MHOroCTaAuHbIA MPOLECC. Y KannycHo KynbTypbl Kap-
Tohens MOXXHO BblAeNNTb HECKONbKO CTaaui: UHAYKLUUIO 3ene-
HbIX MepucTeMaTUYeCKMX 30H; MosAABNeHUE NoyeK ge no\wo; dop-
MUpOBaHMe MUKPOMoO6eroB ¢ NocnefyroLmm UX YKOPEHEHUNEM.

Lenb paboTbl: MPOBECTU MHAYKLUIO OpraHoreHesa B Kaf-
NYCHOW TKaHW KapTtodiens.

O6opygoBaHue 7] MaTepuanbl: namMmuHap-60Kc;
KON6bl eMKOCTb0 50 M CO CTEepUNbLHOW NUTaTeNbHOW cpeaow
(MC 6e3 ropmoHOB); KONGbl CO cpefamn AN OpraHoreHesa w
pusoreHesa; CcTepuibHble rMpenapoBa/bHble Wrbl, MUHLUETHI;
onakoHbl ¢ 96%-mM CNUPTOM; CNUPTOBKA.

Ob6bekKT mccnepgoBaHuA: NpPobUpPKM € Kannycamu
KapTodiens.

Xopn paboThl.

CTepunbHbIM MUHLETOM MNepenoXXuUTb KalyCcbl Ha CTepWUfb-
HYI0 MOBEPXHOCTb, Pasfe/inTb Ha Kycodyknm 5X 5 MM u nomec-
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MpunoxkeHus

TUTb B KON6GbI C MUTaTeNbHbIMKU cpegamun: a) MC 6e3 ropMoHOB;
6) MC + 2 mr/n 6-BAM + 1 mr/n HYK. Konbbl nepeHectn B
KynbTypasbHYK KOMHaTy ¢ TemnepaTtypoil 25 °C, BNa>XHOCTbO
Bo3agyxa 70 % ” UHTEHCMBHOCTbLIO ocBelleHUA 3 Knk.

Uepe3 oAHY Hedento OTMeTUTb MOSBAEHUE CTPYKTYpUpOBaH-
HbIX 04aroB, 4Yepe3 TPU — MNATb HeAeNb — MepUcTeMaTUUYeCKUX
30H sIpKO-3efieHoro upeta. Eule yepe3 ogHy-ABe Hedenun oTme-
TUTb MNOSAABNEHME AMNEKCOB.

Mpn pganbHerwemM KynbTUBMPOBaAHUUM aneKcbl nNpeBpaliatoT-
ca B MMKpono6eru.

Ha ogHOM 3kcnnaHTe MoXKeT AuddepeHUMpoBaTbCsa [0 He-
CKONbKNX [ecATKoB noberoB. Korga OHWM [OCTUTHYT BbICOThI
10 MM, OTAENUTb UX OT KallyCHOW TKaHU B CTEPWUSIbHbIX YCNO-
Busx. lNepeHecTu nobern Ha nuTaTenbHble cpeabl ANS WHAYK-
UM KopHeobpasoBaHus: a) MC 6e3 ropmoHoB; 6) MC + 2 mr/n
MMK + 1 mr/n K. MNMomectnTtb Ha 20 gHeln B TeMHOTYy. Yepes
7—14 pHell OTMEeTUTb MOSABNEHUE KOPHEN.

3apaHuve. 3anucatb KOMMYECTBO arekcoB, MOSABMBLUUXCA Ha
KaXkKioM Kannyce. Pe3ynbTaTbl 3KCMNEPUMEHTA 3apucoBaThb Yvepes
OBe, YeTbipe, WeCTb U BOoceMb Heaenb. CaenaTb BbIBOAbI O BUSA-
HUN pa3NNYHbIX TOPMOHOB Ha OpraHoreHe3 KajlyCHOW TKaHMW.

Nab6opaTopHasa paboTa Ne 16

N3onnpoBaHne n KynbTMBUpPOBaHue
anMKa/lbHbIX Mepunctem KapTOqDeflﬂ

B KynbType TKaHel MOXXHO pa3MHOXaTb pacTeHUs U Mony-
yaTb 0340pPOB/IEHHbIN (6e3BUPYCHBbIN) MocafoyHbIii MaTepuan.
[Onsi 0340pOBNeHUS pacTeHU UCMONb3YT KynbTypy anmKalb-
HbIX MepucTeM. AKTUBHO OeNnsuiMecsa KNeTKM KOHyca HapacTta-
HUS, PacronoXXeHHOro Ha BepxyllKe nobera, He cogep>kaT BU-
pycoB. O6bl4HO Ha NMUTaTeNbHble cpefibl BbiCaXXMBAOT HE60/b-
Wy 4yacTb Mepuctembl — 0,5 MM. Yem MeHblUe BenMYMHa
MepucTeMbl, TeM 601blle BEepPOATHOCTb MNony4vYeHUs 6e3BuUpyc-
HbIX pacTeHUi. BnoTexHonorms No3BossieT Noay4dyaTb 6e3BUpPYC-
HblI/i 0340POBNEHHbIV MOCafOYHbIM MaTepuan npaKTU4YeckKu
BCEX Ce/IbCKOXO3SAMCTBEHHbIX KYNbTyp.
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MepucrtemaTuyeckme TKaHu:

1 — B 3apopgbille CEMEHU; 2 — B
NMPoOpoCcTKe pacTeHUs; 3 — B KOHUU-
Ke KOpHS; a — BepXylleyHas me-
pucTtema no6era; 6 — BepxylieyHas
MepucTeMa KOpPHS; B — MpoKamMouia;
I — WHTepKansapHasa mepuctema
nicTa; A — UHTepKansipHasa Mepuc-
TeMa nobera; € — Kambuii; X —
BepxyllueyHass mepuctema npmaatoud-
HOr0 KOpHSA; 3 — BepxylLlueyHasi Me-
pucTema 60KOBOro KOpHs; U — Bep-
XylleyHasi MepucTemMa nasyLiHoW
MoOYKU; k — Kcunema; n — rnepu-
UnKn; M — cnosma

Hanbonee nonHo paspaboTaHa TexXHONOrMs monyvyeHus 6es-
BUPYCHOro KapTogens. B KynbType TKaHel UCMONb3YHT anek-
Cbl BepXyLUeYHbIX U 60KOBbIX Noyek. Kny6HU KapTodgens xpa-
HAT npu 4-6 °C, 3aTem npopawmsatoT npu 20-22 °C.

Llenb paboTbl: MOAYy4YUTb annKanbHble MepUCTEMbI Kap-
Tochenss n npoHabnogaTh 3a pasBUTMEM U3 HUX Mobera.

Ob6opypoBaHne WM mMaTepuanbl: nammHap-60kKc; vall-
Kn MeTpu; NpobUpKKN €O cpeaoi; dpnakKoHbl CO CTEPUNINIYIOLWLUMU
pactBopamun (0,2% -1 gnaumg nnm 70%-ii cnupT); CTepuUb-
Hasa AUCTUAIMPOBaHHaN BoAa; OMHOKYNAPHbLIM MWUKPOCKOMN; cTe-
puvibHble MpenapoBa/bHble WUMAbl, MUHLETbI, CKanbnenn; cnup-
TOBKa.

O6beKT unccnegoBaHmUs: MPOPOCTKM KapTodens.

Ta6bnnuya 3

MogndhuumpoBaHHasa nuTaTenbHasa cpega Mypacure — Ckyra (MC)
ONA KyNbTUBUPOBaHUA anunKalbHbIX MepucTeM KapTodens

KOMMOHEeHTbI NuUTaTensHOMN cpeapbl

MaTouHbIli pacTBOp MaKpoconeii 50 mn/n
MaTou4HbIVi pacTBOp MUKpoconei 1mn/n
le-xenat 5wmn/n
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OKoHYaHue Tabn.

KOMMNOHEHTbLI NUTAaTENbHOV cpeapl

CaC12 5wmn/n
TnamunH-HC1 1wmr/n
MupugokcmH-HC1 1wmr/n
ButamnH B12 0,015 mr/n
HukoTuHOBasaA Kucnorta 2wmr/n
donnesas Kucnota 0,5 mr/n
MesonHo3nT 100 mr/n
f'maponnsart KasenHa 1r/n
ALleHVH 40 mr/n
MaHToTeHaT Ca 10 mr/n
PubocnaBuH 0,5 mr/n
BrnoTtnH 1wmr/n
AKTUBUPOBAaHHbIN yronb 10r/n
K 2wmr/n
KnHeTuH 0,5 mr/n
Caxapo3sa 20r/n
Fnokosa 20r/n
Arap-arap 7rt/n
pH 5,7-5,8

Xon pab6oThl.

MNMoBepxXHOCTb NamMmHapa, LTaTuBbl, NMPOOGUPKU, MUKPOCKON
obpaboTaTb ynbTpacuonetom n 96% -m cnuptoMm. Pyknm npoTe-
peTb cnupToMm. lNpenapoBajbHble UrNbl, MUHLUETbI, CKalbnenu
noMecTuTb B 96%-1 cnMpT M nepes KaXaow MaHunynsaumem
06>KUraTb Ha nNaamMeHU CrUPTOBKMU.

MpopocTkn (2 cm) oTAeNnTb OT Kny6Hel M MNOMecTUTb B
yalku MNeTpu co CTEPUIN3YIOLLIMMKU pacTBopaMu: B Aunauung Ha 3-
5 MUH, B cnupT — Ha 1-2 MuUH. TPOpPOCTKM MPOMbITL TPU pasa
CTEPUBHOW ANCTUNIMPOBAHHON BOAOW U NEpPeHeCTn B CTEPUSbHbIE
yawky MeTpu. TOHKOW MpenapoBabHOM WIOW Yy MNPOPOCTKOB
yOanuTb BCe NUCTbSA, NocnefoBaTe/lbHO OO6HaXkasi BepXyLleyHble U
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6OKOBblE MEPUCTEMbI C NPUMOPAUAMU. MepuctemMy C OAHUM-
OBYMSI NPUMOPAUSIMU OTAENNTb OT MPOPOCTKOB, MpPW 3TOM Be-
NMMYMHa 3KcnnaHTa AomkHa b6biTb He 6onee 100-250 MKM. DKc-
MnaHTbl MepeHecTU B MPOOGMPKY Ha MOBEPXHOCTb MUTATENbHOW
cpeabl. Mpo6UPKKN 3aKpbITb NPO6KaMKU, NMOMECTUThL B LUTATUB U
NnepeHecTV B KyNbTypanbHY0 KOMHaTy. B KynbTypanbHOh KOM-
HaTe Noagep>XmMBalT TemnepaTypy 25 °C, BNaXXHOCTb BO3dyxa —
70 %, ocBeleHHOCTb — 5 Knk un chotonepuog — 16 u.

B cpegHeM OT mocagkm MepucTeMbl Ha cpegy A0 opMUpo-
BaHMS TMPOPOCTKOB C MATbHO-LIECTbIO NUCTOYKAMM MpoxXoauT
30-45 pgHel, B HEKOTOPbIX CAyyasax OT ABYX A0 BOCbMW MECSLEB.
Cpefpbl N0 Mepe UCTOLWEHUS OBHOBSAIOT, M NPOPOCTKM Mepuoan-
UYECKM MepecadknBalT Ha HOBble cpefbl B CTEPU/bHBLIX YCNOBUSIX.

3agaHuve. Yepes OBe, TPU U YeTbipe Hedenu MpoBOAAT Ha-
6noaeHne 3a pasBUTMEM U3 MepucTeMbl Mnobera. Pe3ynbTaThl
3apucoBaTb U caenaTb BbIBOAbI.

NabopaTopHaa pa6oTa Ne 17

KnoHanbHOe MUWKpPOpPasMHOXeHue
KapTodensa nyTemM yepeHKOBaHUA Mo6eros

MWKpPOK/IOHaNbHOE pa3MHOXEHME MPOBUPOYHBLIX pacTeHWui
OCYLLECTB/IAKOT C MOMOLLLbIO YepeHKOBaHUA. Takoe pasMHOXXeHue
OCHOBaHO Ha nofasNeHNN anukKajbHOro AOMUHUPOBaHUA N aKTu-
BaLMM NasyLUHbIX MEPUCTEM MpU yaaneHUn BepxyLLUKWU nobera. A3
nasyLHbIX NOYEK Ha NUTaTeNbHbIX cpefax obpasyroTcs noberu.

PacTeHuns, cpopmupoBaBLLVe MATb-LLUECTb /IMCTOYKOB, B CTe-
PUMbHbIX YCNOBUAX WU3BNEKaKT U3 NMPOOBUPOK N Aendar Ha cer-
MeHTbl (O0Tpe3oK cTebna ¢ AUCTOM UM MasylwHOW MNOo4YKoK). Ye-
PEHKWN BbICAXKMBAKT Ha FNyOUHY MEXA0y3Nus B NuTaTefbHble
cpeabl 60 6e3 ropMoHOB, N1M60 Cc go6aBneHNEM ayKCMHOB. Ye-
PEHKN KYNbTUBUPYKOT B TEX >X€ YCNOBUAX, YTO U MEPUCTEMBI.
PocT cTebns n KOpHel HauuMHaeTCcA Ha TPeTUi-4eTBEPTbIA OeHb
rnocne nocagku Ha nuTaTefbHY0 cCpeay, a NoJHOCTbI pacTeHus
dopmupytoTca 4yepes 12-15 pgHeil. Kaxkgoe nocnepyrouiee 4e-
peHKOBaHVe NpoBoaAaT yepe3 24-28 gHell. 13 ogHOro pacteHuUs
MO>XHO MO/ly4YUTb MATb — BOCEMb YEPEHKOB, a 4yepes3 ABa-Tpwu
Mecsaua — 3-5 TbIC. YepeHKOB.

Ecnn noykn vnm 4yepeHKM BbICaAUTb Ha NuUTaTes/ibHble Cpe-
Obl C BbICOKMM coep>XaHWem UUTOKWMHUHOB, TO o06pasyeTtcs
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KOHr/ioMepaT Moyek 1 noberoB. lMonyyeHHble nMobern nerko oT-
OEeNndaTcs Apyr oT gpyra, X MOXHO 160 YKOPEHUTb, NMbO mUc-
nonb3oBaThb ANA AanbHeWlero MMKpPoyYepeHKOBaHUS.

Llenb paboTbl: NpoOBeECTU MUKPOPaA3MHOXeHMe KapTode-
na nyteM 4YepeHKOBaHMSA MNoberos.

O6opypoBaHue 7 MaTepuanbl: naMmmHap-60Kc;
Npo6MpKN € MPOPOCTKaMn; MPOOBUPKW C NMTaTeNbHOW cpeaown
MC; cTepu/ibHble npenapoBaibHble Ur/bl, CKanbnenu; gnakoH
Cc 96%-M cnMpPTOM; CNMPTOBKA.

O6beKT UcCCNnefoBaHWUSA: CTepUbHble MPOPOCTKU Kap-
Tochens B npobmpkax.

Ta6nunuya 4

MognguuupoBaHHas nuTaTenbHas cpega Mypacure — Ckyra (MC)
ONs1 MUKPOPa3MHOXKeHUSA KapTodensi yepeHKoBaHMEM Moberos

KOMMOHEHTbI NUTaTeNbHOM cpefbl

MaTo4HbIli pacTBOp Makpoconei 50 mn/n
MaTouHbIi pacTBOP MMKPOCONEW 1wmn/n
Pe-xenat 5wmn/n
CaC12 5wMmn/n
TnamumnH-CLU 1wmr/n
MupngokcnH-HC1 1wmr/n
HukoTnHOBaA Kncnorta 2wmr/n
AfeHVH 40 mr/n
KnHeTuH 0,5 mr/n
Fm6bepennosas Kucnota 2wMr/n
MaHTOTEeHaT Ca 10 mr/n
AKTNBNPOBaHHLIN yronb 10 mr/n
Caxaposa 30r/n
Arap-arap 7r/n
pH 5,8

Xopn paboThl.
MoaroToBUTbL NamMmHap-60KC U MHCTPYMEHTbl K paboTe.
B namnHape u3BneYb CTepUSibHble MPOPOCTKU KapTodens us
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npo6upok. Mobern paspesaTb Ha CermMeHTbl (OTPE30K CTebns c
ANCTOM U Na3ywHoW nouykoi). YacTb cTebna Hag ANCTOM
[O0MKHa 6bITb B ABa-TPM pasa MeHblle, YeM 4HacTb HUXKe fincTa.
MunKpoYepeHKN MOMELLAT B NMUTATeNbHYK cpefy Ha rnyouHy
MeXkaoys3nnsa. NMpobupky 3akpbiTb MPO6GKOM, NMOMECTUThL B LITa-
TVB W MepeHecTU B KyNbTypalibHyK KOMHaTy. Heobxogmmo co-
6ntogaTb CTEePUNbHOCTb.

3apgaHuve. MpobUpKy C YepeHKOM 3apucoBaTb. Uepes3 ofHy,
OBe N TpU Hejenu npoBecTu HabnwaeHVe 3a pa3BuTMeM nobera
M 3apuCcOoBbIBaTb 3Tanbl pasBUTUS pacTeHUsl U3 YepeHKa.

NabopaTopHasa pa6oTa Ne° 18

MonyueHne MUKpPOKNYGHel KapTodensa T toUro

B npakTuke 6MOTEXHONONMM Ha WUCKYCCTBEHHbIX NUTaTesb-
HbIX cpefax C ornpefeneHHbIM HabopoM 6GMONOTMYECKU aKTUB-
HbIX BELWECTB MOXHO YKOPEeHUTb rnobern, a Takxke UHAYLUPO-
BaTb o6pa3oBaHMe MUKPOKAYy6HeW. [nsa 3Toro 06bIYHO UCMONb-
3yl0T cpeibl C BbICOKUMM COAep>XaHWEM MUWHepalbHbIX CONew
(MC), yrnesofoB (caxaposbl — A0 8 % oT obbema cpefabl), LU-
TOKMHUHOB, abCLM30BOM KUCNOTbI, XOPXOANHXI0PUAA.

B TeueHue nepBbIX 10-12 cyTOK Mnocne 4YyepeHKOBaHUA pac-
TeHUs BblpawmBaldT Ha 06bl4HOM doTonepuoge (16-17-4yaco-
BOM) C MHTEHCMBHOCTbIO ocBeleHns 3-5 Knk, npu Temneparty-
pe 25 °C gHem n 19-20 °C Houblo. lMocnegytouiee KynbTUBUPO-
BaHVe npoBoAAT Ha 12-yacoBom dpoTomepuoge npu Tex >Ke
CTerneHn OCBELLEHHOCTN U TemnepaTtype.

B HeKOTOpbIX cfy4dasix focfe BblpawmBaHUA B YCNOBUAX
ONVHHOIO AHA NPOOGUPKU MEPEHOCAT B XONOAMNBHUK C Temne-
patypoiri 10 °C. O6pasoBaHMEe MUKPOKIYOHEW MNpPOUCXOoAUT ude-
pe3 mecsdu-nonTopa.

MWKPOKNY6HU XpaHAT B XON0AMNBHUKE NPU Temnepartype
+5 °C n Bna>xHocTu Bo3ayxa go 95 %. VMx 3aknagbiBalT B CTe-
punbHble NpPobupknM 6e3 cpegbl Mo 10 MUKPOKNYOHEN B KaxK-
OYyl0 N 3aKpblBalOT npobkKamn (CPOK XpaHeHUss — [0 LIecTu me-
caueB). TakMM 06pa3oM COo34aloTCsA YCNOBUSA, COOTBETCTBYIOLLME
nepuvogy MNOKos KapTodens, 4YTO Cnoco6CTBYeT Nydllei BCXO-
YKECTU W XXNU3HECNOCOBHOCTUN pacTeHWiA.

Becb nepuog — OT MWUKPOYEpPEHKOBaHWUA [0 MNONyyYeHUA
MUKPOKNYbHe — cocTaBnsieT 60-65 aAHe.
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Llenb paboTbli: MU3yu4ynTb npouecc KnybHeobpasoBaHUS Yy
NMPOPOCTKOB KapTodensi.

O6opyaoBaHMe W MaTepuanbl: namnmHap-6okc, cTe-
punbHble Yawku MeTpu, NpPobUPKK C NNTaTeNbHOW cpegoin Ansa
nonyyeHUs MUKPOKNYOHel, npenapoBalibHble UTbl, NUHLETHI,
ckanbnenn, gnakoHbl ¢ 96% -M cnUMpPTOM ANS cTepunusaynmn
MHCTPYMEHTOB, CNMPTOBKA, BaTa.

O6beKT UCCNefoOBaHUSA: CTePU/bHblE MPOPOCTKU Kap-
Todoenss ¢ NATbHO-LUECTb0 CPOPMMPOBAHHBLIMU NUCTbAMU B MPO-
6npkKax.

Tabnuuya 5
MogundnumpoBaHHaa nuTaTenbHas cpega Mypacure — Ckyra (MC)
OnA Kny6Heob6pa3oBaHWsA y KapTodens
KOMMOHEHTbI NUTaTeNbHOM cpeabl

MaTouHbIi pacTBOp MaKpoconei 50 mn/n
MaTouHbIli pacTBOP MUKpPOCOnei 1mn/n

le-xenat 5wmn/n

CaC12 5wmn/n
TnamuH-HC1 1wmr/n
MupunaokcnH-HC1 0,5 mr/n
HukoTuHOBas Kucnota 0,5 mr/n
Ackopb6uHoBas Kmucnota 1mr/n

KnHeTnH 0,5 mr/n
Caxaposa 50 r/n

Arap-arap 7r/n

pH 5,8-6,0

Xoa paboThl.

B cTepuNbHbIX YCNOBUAX CTEPUbHBIMU WHCTPYMEHTaMu
M3BneYb MPOPOCTKU C XOPOLUO CHOPMUPOBAHHBIMU KOPHSIMU U3
NpPobMpoK M MepeHeCcTU Ha NuTaTeNbHble cpefbl ANS UHAYKUNN
Kny6HeobpasoBaHUA. MNMPobUpPKU € NepecarkeHHbIMU B HUX pacTe-
HUSAMUN 3aKpPbITb U MEPEeHECTU B KyNbTypa/ibHYyH KOMHaTy. B xo-
e onbiTa cobnogarb CBETOBOW U TEMMEPATYPHbIV PEXXUM.
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3apaHue. [MpoBecTn HabnwgeHme npouecca KnybHeobpaso-
BaHUS yepe3 4YeTblpe, LWIECTb UM BOCEMb Hedenb Mocae Hadana
KynbTUBMpPOBaHUS. Pe3ynbTaTbl 3apucoBaTb, cAefnaTb BbIBOAbI
Ha OCHOBaHUWN TeOopUW TFOPMOHanNbHOM perynauuun. 3anoXXuTb
MUKPOKNY6HU Ha XpaHeHue.

NabopaTopHasa paborTa Ne 19

MonyuyeHne 6e3BMPYCHOro MocafouvyHOro martepuana
MeTo[oM TepMoTepanuu B couyeTaHuu
C KyNbTUBUPOBaHNEM anuKalibHbIX MepucTem

B cnydae 3apakeHuMs nocafloMHOro MaTepuana Bupycamm
NPUMEHSAIOT TepmoTepanuio (MCMofb3oBaHWe CYXOro ropsiyvero
Bo3ayxa). B cnyyasax sapakeHuUs pacTeHU MO3an4yHbIMU, Be-
peTeHOBUAHbLIMW, HUTEBUAHbIMW, MNaN0YKOBUAHbLIMU BUpycamu
TepMumnyeckasa obpaboTka manoadpheKTBHa. B cBA3M € 3TUM fo-
MNOMHNTENbHO UCMNOAL3YIOT METOA anukanbHbIX MepucTem. AnA
3TOro rocne Tepmoo6paboTKM anmkanbHY0O MepucTemy pacTte-
HU KapTodhens cpesaldT U MNoOMeLalT B NPoOOGUPKM Ha nuTa-
TeNbHble cpefbl. TepMoo6paboTKy 06bIYHO MNPOBOAAT OCEHbIO U
3umMoin. BecHol N3 pacTeHUi BbIYNEHAOT MasyllHble MOYKU —
oT 0,3 0o 1 MM U BbIC&XXUBAKOT Ha NuTaTeNbHble cpedbl (MC
6e3 ropmoHoB, pH 5,7).

Llenb paboTbl: N3Yy4YnUTb BAUAHME BbICOKOW TemrepaTy-
pbl Ha pa3BuUTUe anmKalbHbIX MepucTeM KapTodens.

Ob6bopypgoBaHMe M MaTepuanbl: naMmnmHap-60Kc; Kio-
BeTbl C MNeCKOM; MpPoOUPKUN C NUTaTeNbHbIMU cpejamMmu; dnako-
Hbl C BOAOW; BUMHOKYNAPHbLIA MWKPOCKOM; CTepunbHble Mnpena-
poBanbHble UrNbl, cKanbnenn; nakoHbl C XnopamMuUHOM; dna-
KOHbl C 96%-M CcnMPTOM; CNVPTOBKA.

O6beKT unMccnefgoBaHMA: KIYOHU KapTodens.

Xopn paboThbl.

3p0poBble KNy6HWM KapTodens TwaTte/llbHO NPOMbITb MPOTOY-
Hol Bogoi. Kny6HK obpaboTaTh Ae3VHPULUPYOLWLMM pacTBOPOM
(cmupT, xnopamMuH), MPOMbITb CTEPUNbHOW ANCTUNIUPOBAHHOM
BOAON. Bbipe3aTb rnasku c 4yactbio napeHxumsbl (1,5 X 1,5 cm)
M NOMeCTUTb B KIOBETbl A8 npopawuBaHUs 1 TepMoTeparnuu.

Fnaskn pa3MecTuUTb B KIOBeTax CO CTepPU/IbHbIM MNECKOM WU
npopawumBaTtb O4HY-ABe Hepenn npum Temnepartype 28-30 °C,
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yeTblpe Hegenn — npu Temnepatype 37-38 °C u BAa>KHOCTU
Bo3gyxa 70-80 %. [OBaxkabl B AeHb MeCOK YBMa>XHATb, 4epes
7-10 pHei npoBecTU MOAKOPMKY pacTBopoM KHonma v MUKpPO-
3feMeHTOB No nponucu cpedbl MC: 5 Ma mMaTo4yHOro pacrteopa
Ha 1 n pacTtBopa KHona.

MpopocTKM, npolleglivie TepmMmoTepanunto, NoMecTuTb B 6%-ii
pacTBop XnopamMmHa Ha 5 MWH, NPOMbITb CTEPUIBHOW OUCTUN-
NMpoBaHHOW BoAoW. B nammHap-60Kce Mog MUKPOCKOMOM Bbl-
UNeHNTb annKalibHble MepUcTeMbl U NMOMECTUTb X B NMPOBUPKN
C nMuTaTenbHbLIMU cpegamMun. Becb pacTuTenbHbIVi MaTepuan rne-
pPeHeCTN B KyNbTypanbHYIO KOMHAaTy C HOPpMa/lbHbIMU YC/IOBUAMMU.

Kny6HU >KapoBbIHOCAMBbLIX COPTOB MOXHO cpa3sy Bblpalin-
BaTb nNpu temnepartype 37-38 °C mn Bna>kHocTtn Bo3gyxa 70 %.
Pexkmum TennoBoOW 006paboTKM ANs KaxKAoro copTa nogoébuparoT
3KCNepuMeHTasnbLHO.

3apaHune. Pe3ynbTaTbl 3apucoBaTb 4epe3 [ABe, 4eTblpe,
LecTb M BOCEMb HeAefb, cAenaTb BblBOAbl O BAUSHUU BbICOKON
TemMrnepaTypbl Ha 3apa)XeHHbI NocajouyHbIii MaTepuan.

Nab6opaTopHaa pa6borTa Ne 20

BbigeneHne n3onnpoBaHHbIX MPOTOM/IacToB

M3onnpoBaHHbIV MpoTonnacT npeacTaBnseT coboi coaep-
XKMMOE pPacTUTENbHOW KNEeTKU, OKPY>XEHHOe mnjaasmManemMMoi.
Llenntono3Hasa cTeHKa y Hero oTCyTCTBYeT.

M3onmMpoBaHHbIe MpoOTOMAacTbl OAHW M3 Haubonee LEHHbIX
06beKTOB B 6moTexHonormm. Mpm nUx CAMAHUN NPOUCXOUT 06-
pasoBaHue TMOPUAHBLIX KNeTOK. B m3onnpoBaHHble npoToniac-
Tbl AOCTATOYHO /IeETKO BBOAUTb FEHETUYECKYH WMHGopMauuo n3
opraHenn M KNeToK APYrux pacTeHUlr, NpoKapuoTUYEeCKUX op-
raHN3MOB N N3 KJIETOK >XMBOTHbIX, YTO MMeeT BayKHOe 3Haue-
HMe KaK B TEOPeTUYECKOM, TaK M MPaKTUYECKOM OTHOLUEHUW.

Llenb paboTbl: NOAYYUTb M30AMPOBAHHbIE MPOTOMNNACTLI
MexXaHN4YeCKUM MeTOAOM.

O6opynoBaHMe U MaTepuanbl: 1 M pacTBop caxa-
po3bl, AUCTUNNMPOBaHHas BoAa, NMPoOMPKK, LUTaTUBLI AN MPO-
6UpOK, MuNeTku Ha 10 M, cTepuibHblie NpenapoBa/bHbIE UT-
Nbl, Ne3BUSA, CTEKNsIHHble Nano4ykKu, NpeaMeTHblie U MOKPOBHbIE
cTekna, hunbTpoBanbHasi bymara.
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O6beKT wmuccnefoBaHUA: KYCOUYKM pacTUTENbHbIX TKa-
Hell (OKpalwleHHas anuaepmMa 4Yewlyu fykKa, AMCTbeB 6eroHuun
Unn TpajeckaHuum).

Xon pab6oThbl.

MpuUroToBMTL B NPO6GMpPKax pacTBOpPbl caxapo3bl B KOHLEHT-
pauyuax 0,3; 0,35; 0,4; 0,45; 0,5; 0,55; 0,6; 0,7 M. OnycTUTb
B NMPOGUPKM C pacTBOpamMny KYCOUKU pPacTUTENbHbIX TKaHelh (OK-
palleHHaa anugepMa 4vewyun Ayka, NNCTbeB 6eroHUn mnau Tpa-
JecKaHuuu), 4To NpMBOAUT K M1asmMonm3y, no3BOSAOLLEMY BU-
OeTb npoTtonnacT B uUenoin knetke. Yepes 10-15 mMumH m3Bnednb
pacTUTeNbHYIO TKaHb U3 MPOOGUPOK U MNONOXKUTbL Ha npeamMeT-
Hble CTeKNa B Kamn/k COOTBETCTBYHOLLEro pacrtesopa. lNpuaep>xu-
Bas CTEKNSAHHOW MajoyKoW, pa3pe3aTb ee Ha TOHKWUE MOMI0CKMN,
oCTaBnsAsA Hepaspe3aHHbIM 06WMil KOHel. OCTOPOXKHO MNpOBecTU
npenapoBasibHOM NUINOM MO TKaHW, BblgaBnnMBas B pacTBOp coAep-
XXMMOe paspyLlUeHHbIX KeTOK. Y6paTb TKaHb, Karnai pacTeopa
HaKpbITb MOKPOBHbIM CTEK/OM, pacCcMOTpeTb npenapar B MUK-
pPOCKOM C Uenbio 06Hapy>XeHUs U30AMpPoBaHHbLIX MPOTOMNAAcTOB.

3agaHue. OTMETUTb pPacTBOp, B KOTOPOM OOHapy>XeHbl M30-
NMpoBaHHble NPOTOMNAAcTbl, U 3apucoBaTb UX. CaenaTb BbIBOAbI.

MpumeuaHne. MexaHUYeCKU MeTOo4 M3BMEYEHUSA U30NU-
poOBaHHbIX MPOTOMAACTOB AaeT O4YeHb HebONbLUOW BbIX0OA LenbiX
npotonnactoB. OH TpebyeT 60/bLUIOA aKKypaTHOCTU U BbICOKOW
TOYHOCTU WCMOMHEHUSA. PacTBOpbl caxapo3bl Pa3HO KOHLEHT-
pauun No3BOAAKOT Bbl6paTb OAWH pPacTBOpP, BOAHLIM MNOTeHuUan
KoToporo 6yaet 6AM30K K BOAHOMY MoOTeHUMany KNeToK pacTu-
TeNbHOW TKaHu. B aTom pacTBope ¢ HaubonbLUeli BEepPOATHOCTbIO
6yAyT cOXpaHATbCA Lefble NpoTonaacThbl.

NabopaTopHasa pa6oTa Ne 21

M3yueHne 3alMTHOIO AeNCTBUSA KPUOMPOTEKTOPOB
Ha YCTOWUMBOCTb pacTUTE/NbHbIX KNeTOK K AelCcTBUIO
HU3KNX TemnepaTyp

Mpu BO3AENCTBUUN OTpULLATENbHbIX TeMmnepaTyp B MeXKKneT-
HUKax pacTUTeNbHbIX TKaHell o6pasylTcsa KpucTannbl Nbaa,
UYTO MPUBOAUT K MOBPEXAEHUIO KNeTOUHbIX MeM6paH u 06e3Bo-
>XUBaHWIO UuMTOoNnasMbl. Mpu onpegeneHHoil cTerneHU o06e3Bo-
YXMBaAHUS, UHAMBUAYANbHOW ANS KaXKAol pacTuUTenbHoOW KneT-
KU, uMTonnasmMa Koaryavpyer.
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KpucTannbl nbga MoryT 06pa3oBblBaTbCA M HernocpencTBeH-
HO B KneTkaxXx. OHU oOKa3sbiBalOT MeXaHW4yeckKoe pelicTBMe Ha
MembpaHbl LUTONNa3Mbl, HapyLwlaklT MNPOHULAEMOCTb Maasma-
neMmbl, a NpU ANUTENbHOM 3KCMO3MLMM Ha MOpO3€e BbI3blBAlOT
rméenb Knetok. CKOPOCTb OTMUpaHUA 3aBUCUT OT Temneparty-
pbl, BPEMEHU 3KCMO3MUUU, OT BOAOYAEP>KMBaKLEN CMNOCO6HOC-
TN camMOi KNeTKWU. YBenndeHume KonuyecTBa KpPUOMPOTEKTOPOB
B 3MMYIOLWKNUX OpraHax pacTeHWi noBbILIaeT BOAOYAEpP>KMBalo-
LYK CMOCOBHOCTb TKaHel U TeM caMbiM MPUBOAUT K MNOBbILLE-
HUKD X MOPO30YCTOMYMBOCTWU.

LUenb paboTbl: U3Yy4YUTb BANSHUE Pa3MYHbIX KPUOMPO-
TEKTOPOB Ha YCTOMUYMBOCTb KNETOK K HU3KUM TemnepaTtypam.

O6opypnoBaHme M mMaTepumanbl: 1 M pacTBop caxa-
po3bl; 1 M pactBop ranuepuHa; 8%-i pactsop MaCl; gucTtun-
nMpoBaHHas BoAa; NMPO6UPKK, LWITaTUBbLI ANA MPOOBUPOK; MUKPO-
CKOMbl; TepMOMETPbl; CTepW/ibHble MnpenapoBabHble WUl/bI,
cKa/bnenn; MNUMNEeTKWN; CTeKNsAHHble ManoyKWn; npegMeTHble U
NOKPOBHblIE CTeKna; MpoboYyHble CBepna; KapaHjawu Mo cTek-
ny; nej MAnM cHer; unbTpoBanbHas bymara.

OxnagnTenbHYO CMeCb FOTOBAT, CMeLwlMBas TPWU 4YacTu CHe-
ra uin nbaa c OAHOW 4YacTblo MNoBapeHHOoN conu. Temnepatypa
oxnagnuTenbHoOW cmecn — okono -20 °C.

O6beKT MccnefgoBaHMUA: KOpPHeNno4bl CBEKIbI.

Xon paboThl.

M3 KopHennoga CBeK/bl Bblpe3aldT HECKO/bKO MIaCTUHOK
TONWMHOM 5 MM. C NomoLLbl0 NPO6OYHOro cBepna gMameTpom
5-6 MM fenaroT BbICEYKU M3 3TUX MJACTUHOK. Bbiceuku Tuia-
TeNbHO OMONacKuUBakwT BOAOW [0 MOMIHOrNO yAaneHUsa OCTaTKOB
K/NeTOYHOro coka. 3aTemM Mo Tpu-4eTblpe BbICEYKM MOMeELarT B
npo6upkKu.

Mpobupku nognucbiBalT COrNacHO cxXeme onbiTa.

B npobupky Ne 1 HanuBarT 5 MA AUCTUNINPOBAHHOW BOAbI
(KOHTpONL);

B Npobumpky Ne 2 — 2,5 mn 1 M pacTBopa caxapo3bl 1 2,5 mMn
BOAbI;

B Npobmpky Ne 3 — 5 mn 1 M pacTtBopa caxaposbl;

B Npobmpky Ne 4 — 25 mn 1 M pacTBopa ramuepumHa u
2,5 mn BoAbl;
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Puc. 3.15. Ctagnm comaTnyeckoro ambpumoreHesa:

a — rnobynsipHas; 6 — cepaeuko;
B — TopnefoBuAHasi; I — COMaTUUecKuii 3apogbiLu



Puc. 3.18. PasmHo>eHMe pacTeHuii T Viiro
MeTOI0M aKTUBaLUMN PA3BUTUA CYLLECTBYOLWUX MEPUCTEM:

a — dykcun; 6 — posa; B — KapTodens




B r

Puc. 3.19. PasamHOXXeHMe pacTeHUin T Uro
METOA0M MHAYKL MW 06pa3oBaHnsA afABEHTUBHbIX NoYeK
HenocpeACcTBEHHO Ha MepBUYHOM 3KCMNIaHTe:

a — CeHnonmun; 6 — rmaunHTbl; B — QJpI/ITI/II'IﬂpI/II/I; r— nnann



3eMnsHMKa nocne AAnTeNbHOro
KpnoxpaHeHNA MepucTem

PacTteHMa po3bl NonyyeHbl Nocne
KpPpUoxpaHeHA MEPUCTEM

Puc. 5.1. KpnocoxpaHeHue (-196 °C) n nofHoe BOCCTaHOBNEHNE pocTa
LLEHHbIX COPTOB [leKOPaTUBHbIX U CENbCKOX03ANCTBEHHbIX pacTeHnin
(no gaHHbIM A.C. Monoga, 2004)
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B Npobupky Ne 5 — 5 mn 1 M pacTtBopa rnuepuHa,;

B Npobupky Ne 6 — 2,5 mn 1 M pacTBopa caxaposbl 1 2,5 Mmn
1 M pacTtBOpa ravuepuHa.

Mpobupkn ¢ pacTutTenbHbIM MaTepuanom Ha 15-20 MWUH no-
MeLl,arT B CBEXXENMPUroToB/EHHYIO OXNaAUTeNbHYI0 CMeCb. 3a-
TeM UX BbIHUMAIOT U pasmMoparkuBalT B CTakaHe BOAbl KOMHAaT-
HOM TemnepaTtypbl. [locne oTTanBaHUsA BU3yalbHO CpaBHUBAKOT
MHTEHCUBHOCTb OKPACKU BbICEYEK, LIBET >XWUAKOCTEN B Mpobup-
Kax, oTMe4aloT pas3nyumsa n o06bACHAIT UX.

Ana npoBepKU >XM3HECNOCOOHOCTU K/IeTOK N3 aHanusunpye-
MbIX BbICeYEK FOTOBAT TOHKME Cpe3bl M paccMaTpuBaloT UX MNOA,
MWKPOCKOMOM Mpuv ManoM YBE/IMYEHUN B KarJje TOro >e pac-
TBOpA, B KOTOPOM OHU HaxoAunuchb. lloAcynTbiBalOT B O4HOM
none 3peHMs obllee YUCNO KNETOK WU 4YUCNo obecLBeYeHHbIX
KNeTOK, U3 KOTOPbIX BblWen 6etaunaHuH.

Ana npoBepKU >XMU3HECMOCOBHOCTU KNETOK TakXXe MOXXHO
npoBecTV nNnasmonmi. [na 3Toro TOHKWe cpesdbl KNeTOoK M3 aHa-
NnM3npyemMbliX Bblcedek nomeuwiaroT Ha 10 mmH B 8%-ii pacTBop
blaCl. 3atem npenapartbl NpocMaTpuMBaloT Moj MUKPOCKOMOM Y
MoACYNTBLIBAKOT MPOLEHT NNasmMoNN3NpPOBaHHbLIX KNeTOK B Mnone
3peHuns (He MeHee NATU NOonen 3peHus).

3agaHuve. Pe3ynbTaTbl OnNbiTa 3aHeCcTW B Tabnuuy mn cgenatb
BbiBOAbI O 3alUTHOM [AelCTBUM KPUOMPOTEKTOPOB Ha LUTO-
nnasmy pacTuUTeNbHbIX K/ETOK.

NabopaTopHasa pa6oTa Ne 22

BnusiHne KpUOMpOTEKTOPOB Ha 6Genku uuTonnasmbl
pacTUTENbHbIX KNETOK, MOABEPrHyTbiX B034elCTBUIO
oTpuuaTeNbHbIX TemMnepaTyp

MpY BO3AENCTBUM HA pacTeHUe aKCTPeMalbHbIX TemrnepaTyp
MOXXET MPOUCXoAUTbL Koarynsumsa 6enka. BbinageHue xnonbe-
BUAHOIOo ocaika 6enka W3 BbITSH)KKW PacTUTeNbHOW TKaHU —
rnokasaTeNlb ee MOBPEXXAEHUsl. KpUonpoTeKTopbl CTabUNnUsnpy-
0T HaATMBHYIO CTPYKTYpy 6enka, TeM cambiM 3auiuuiasi ee oT
ryéuTensHoro Bo3geiicTBUS HU3KUX TemnepaTyp.

Llenb pab6oTbl: U3y4YnTb BAMSAHME KPUOMPOTEKTOPOB Ha
cTeneHb AeHaTypaummn 6enKoB LMTOMNa3Mbl PpacTUTENbHbIX Ke-
TOK.
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O6opypnoBaHne M mMmaTepunanbl: 1 M pacTBop caxa-
po3bl, 1 M pacTBOp rnvuepuHa, gUCTUIIUpPoOBaHHaA Boga, Mpo-
6MpPKK, WTaTUBbLI ANA MPO6UPOK, MUKPOCKOMbI, TEPMOMETPSLI,
npenaposasbHble UTMbl, CKanbnenu, NUMeTKM, CTEKNAHHbIE Na-
NOYKWN, npeaMeTHble N MOKPOBHblE CTekna, NPoboyHbIe cBepna,
KapaHpalun no cTekny, nej Unn cHer, punbTpoBanbHasa dymara.

O6beKT wuccnepoBaHMA: KIy6GHU KapTodens, NUCTbSA
Kanycrbl.

Xon paboThbl.

KapTothens oumwaldT M HaTupaloT Ha Tepke. PacTepTyto
Maccy MNepeHOCAT Ha ABOWHOM CNOM Mapiv U OT>XXUMalT 4vepes
Hee COK B cTakaH. [JalT OTCTOATbCA Kpaxmasny, a Hagocafou-
HYI0 >XWUAKOCTb CAMBAKT W MCMONb3YIOT AN onbiTa. JIncTtbsa
KanycTbl MenKo LUMHKYIOT, OTXXUMaKT U3 HUX COK, KOTOPbIA
PUNLTPYIOT Yepe3 Maphio.

MpobupKM nognucbiBaldT COrflacHO CXeme onbiTa.

B npobupky Ne 1 HanmBakT 2,5 M KNeTOYHOro coka Kap-
Todhensa u 2,5 Mn QUCTUNTNPOBAHHOW BOAbl (KOHTPO/b);

B Npo6bupky Ne 2 — 2,5 Mn KNeTo4yHoro coka n 2,5 man 1 M
pacTBopa caxapos3bl;

B Npobupky Ne 3 — 2,5 MA KNeTO4YHOro coka m 2,5 mn
0,5 M pacTtBopa caxapo3bl;

B Npo6bupky Ne 4 — 2,5 mMn KAeTo4Horo coka n 2,5 ma 1 M
pacTBopa rnmuepuHa,;

B nNpobupky Ne 5 — 25 MA KNeTOYHOro coka m 2,5 mn
0,5 M pacTBOpa rnvuepuHa.

AHanornyHbIM 06pa3oM MNPOBOAAT pasBefeHMne KIeTOYHOro
COoKa KanycThbl.

MepemewimBaloT coaepXXUMoe B npobupkax v cTaBaT UX Ha
15-20 MMH B oxNlagnTeNlbHYHO CcMecb. OxnagunTenbHYH CMeCb
roToBAT, Kak B npeablayuwiein pabote (Tpu 4YacTu cHera wuaun
Nbfa N ofHa 4yacTb NoOBapeHHO!’ conn). TemnepaTypa oxnaam-
TenbHO cmMecn — o0Kono -20 °C. 3aTeM NPoOGUPKU BbIHUMAOT
U3 OXNaguTeNnbHOM CMecu W, He BCTPSXUBAs, padMoparkmBarT
B CTakaHe BOAbl KOMHaTHON TemnepaTypbl. HabnogawT obpa-
30BaHVe X/0MbeB KoarynmpoBasLUuero 6enka.

3agaHuve. Pe3ynbTaTbl ONbITOB 3aHeCTU B Tabnuuy mn 3apuco-
BaTb Npobupku. Caenatb BbIBOAbI O 3alUTHOM AENCTBUU KPUO-
NPOTEKTOPOB Ha 6elKU M O MOPO30YCTOMUYMBOCTU PasNYHbIX
pacTuTeNnbHbIX KNETOK.
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NabopaTopHasa pa6boTa Ne 23

O6Hapy>xeHne amMmunasbl B npopacTarouwmnx cemMmeHax

depMeHTbl MOTFyT AelCTBOBaTb He TONbLKO B TOW KNeTKe, KO-
Topas uUx BblpabaTbiBaeT, HO N BHe ee, B TOM 4ucne rnpw Bblae-
NeHNN BO BHELLUHIOW cpeny. UTobbl Habnwogatb ObiCTpoe Bblae-
neHve hepmMeHTOB M3 KNeTOK CeMSH 31aKoB, Heobxoaumo pas-
pe3aTb 3epHOBKUW, TakK KakK CeMeHHas KoXXypa M OKON0MNN0AHUK
npenaTcTBYIOT AN AY3UN BELLECTB.

Mopa perictBmem dhepMeHTa amunasbl NPOUCXOAUT TUAPONN3
Kpaxmana. B pacTeHusx BCcTpedakTca ABe amMmwuiasbl: a-amuna-
3a, BbI3blBalOLWaa pacnaj Kpaxmana Ha KpyrHble MOJEKYNbl
(BexkcTpuHbl), N (3-amunasza, KoTopas OTLiennsieT OT Kpaxmana
KOHLEBbIE OCTATKU ManbTo3bl. B cyxmx cemeHax nweHULbI,
p>XXU, AYMEHSA COAEPXXUTCA TOMbKO (3-amunasa, NpuyemM MnoyTu
BCA OHa cBA3aHa c 6enkamu. MNpu npopactaHuu (3-amunasa ne-
pexoAuT U3 CBA3AHHOI0 COCTOAHMSA B CBOGOAHOE, U, KpOMme TO-
ro, NPoOUCXo4nT CUHTE3 a-aMunnasbl.

LUenb paboTbl: U3y4YNTb M3MEHEHME aKTUBHOCTU amMmmnas
B X04e npopacTtaHus CeMsH.

O6opynoBaHMe M wMaTepuanbl: 4dawku [MeTpn c
KpaxMmanbHbIM arapom, cTakaH c Bofoiw, pactBop Jltoronsa (1 r
nmogunga Kanusa, 1 r KpucTanauyeckoro oga B 100 mn gmctun-
NMPOBaHHOW BOAbIl), CKanbMnesnb, MUHLLET.

O6beKT wuccnefoBaHWA: MPoOpPoCcLUME U HenpopocLive
ceMeHa MueHnLbI.

Xon paboThl.

MpuUroToBUTL KpaxmanbHblii arap. [ns 3TOro: B3BeCUTb 2 T
arapa, nomectuTb B Konby, npuantb 100 mMa BOAbl N OCTOPOXK-
HO KUNATUTb [0 MOSIHOr0 pacTBOpeHUA arapa; 2 r Kpaxmana
pasmellaTb CTEKNAHHOW nano4koii ¢ 10 Mn XONo4HOW BOAbl,
Bbl/IUTb B KUMSALNIK pacTBOp arapa M BHOBb [0BECTU [0 Kune-
HUA. TopAYY0 CMeCb pa3nuTb B Yawku MeTpn v gatb 3aCTbiTb.

Pa3pe3aTb HECKOMbKO HEMPOPOCLINX 3epeH MLeHuubl rnono-
nam, cnerka CMo4YMTb BOAOM U PasnodXXUTb MUHLETOM Ha OAHOW
nonoBmHe 4awky lMeTpy C KpaxmaibHbIM arapoMm MOBEPXHO-
CTblO cpe3a BHU3, He BAaB/iMBas cemMeHa B arap. Ha gpyrywo no-
NOBUHKY Yawku IMeTpu rnomMecTUTb HECKONIbKO MPOPOCLUNX CEMSH
TOro >Ke pacTeHUs, Tak>Xe paspe3aHHbIX MNononamMm U CMOYeH-
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Mpuno>xkeHus

HbIX BOAOW (»KenaTefbHO OCTaBUTb Ha HEKOTOPbIX MPOPOCLUNX
ceMeHax KopewKu), N MPUNoKUTb UX K MOBEPXHOCTU Kpax-
MafibHOro arapa. 3aKpblTb Yawku MeTpu, 4Tobbl He 6bIN0 NOA-
CbIXaHuA ceMsiH. Yepe3 yac OCTOPOXKHO CHSATb CeEMeHa M 06AUTb
BCIO MOBEPXHOCTb KpaxmanbHoro arapa cnabbiM pacTBopom Jlio-
ronsi. OTMeTUTb, UTO B TeX MecTax, rae 6bINn pasMelleHbl Npo-
poclive cemMeHa, arap He Mpokpacuics, T. e. ocTancs 6ecuBeT-
HbIM.

3apaHue. Pe3ynbTaTbl onbiTa 3apucoBaTb. ChAenaTb BbIBOA
06 M3MEHEHMU aKTMBHOCTM amMunas npu npopacTaHun pasnnd-
HbIX CEMSIH.

NabopaTopHasa pa6oTa Ne 24

KucnoTHbI rnaponns kKpaxmana

Kpaxman npegcrtaBndaet coboih nonncaxapufg. Ero monekyna
COCTOUT M3 60MbLION0 KOMMYecTBa OCTATKOB [OKO03, COeAUHEH-
HbIX MOMapHO B ManbTO3bl. Kpaxman HepacTBOPUM B XO/OLHOM
BO4Ee, a B ropsdver obpasyeT KONNOWAHbIA pacTBOp — Kpax-
ManbHbI KnencTep. MNpu KNNAYEeHUN KpaxmManbHOro Knencrte-
pa ¢ MMHepanbHOW KWUCNOTOM Kpaxman rugponnsyeTtcs Ao rito-
KO3bl 4Yepe3 psa MNPOMEXYTOUYHbIX MPOAYKTOB C MOCTEMNEHHO
yMeHbLIalouWwenca MoONeKyNAapHOA Maccoi, Ha3blBaeMblX AEKCT-
puHamun. TlpocneauTb 3a MPOLLECCOM rUApoAM3a Kpaxmana
MO>XHO C MOMOLLbIO peakuun C pacTBOPOM Mofa, KOTOPbIA OK-
pawimBaeT Kpaxman B CUHWI LBeT, amunogekcTpaH — B u-
0NeTOBbI, 3pPUTPOAEKCTPAaH — B OpaHXXeBblli, a C ManbToAeK-
CTPUHOM U ManbTO30i OKpallMBaHUA YyXKe He faeT (ocTaeTcs
XKEeNTbIM).

Llenb pab6oThbl: NPOBECTU KUCAOTHbIW rMAPOAN3 Kpaxma-
na v onpefennTb COCTaBNsAOLUINE er0 KOMMOHEHTHI.

O6opyaoBaHMe W wMaTepuanbl: Kpaxman, 20%-i
HC1, pactBop Jllorona, Ma2C03, deniMHroBa >XuUAKOCTb, 3/1€K-
TPOMANTKa, KONbbl, MEPHbIA UWINHAP, CTakKaH XUMWYECKWUM,
wTaTtme c NpobupkamMmun, NUNeTKN.

Xopn paboThl.

MpurotoBuTb 0,1% - KpaxmanbHbli KneicTep. Ons 3Toro
oTBecuTb 100 Mr Kpaxmana, BbICblNaTb Kpaxmaj B CTaKaH4UK,
po6aBnTb 10 Mn BOAbl M TWATeNbHO pasmellaTb CTEKNSHHON
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nanoykon. Hanutb B Kon6y 90 Ma BOAbl, HarpeTb A0 KUMNEHUS,
BbIMNTb B Hee COAEpP>XMMOe CTakKaH4yumKa, B3bonTaTb, AaTb pac-
TBOpY elle pa3 3akKuUMeTb N CHATb C OrHS.

MocTaBUTbL B LUTATUB LUECTb-CEMb MPOOGUPOK. OTANTL B nep-
BYIO Mpobumpky 3 MA KpaxmanbHoro kneicrtepa. [ob6aBuTb B
KONty ¢ KpaxmanbHbIM Knerctepom 5 mn 20%-ro HC1 n Harpe-
BaTb Ha anekTponauTke. MNpun nosABNeHUU NepBbiX MYy3biPbKOB
(Hayano KmMnNeHUA) oTAUTb M3 KOMBGbI 3 M/ BO BTOPYH Mpo6up-
Ky. lMpogomkaTb KUMATUTb COAEPXKMMOe Konbbl, oTnmBas U3
Hee 4yepe3 KaxKAble 5 MMH Mo 3 MA B ciegywolwme NpPooUPKU.
JaTb npob6am B MpobupKax OCTbITb, pa3baBUTb ux BOAOW n f[o-
6aBUTb NO NATb Kanenb pacTteopa Jlloronda. Ecnn okpawmBaHue
npo6 MoaomM OTCYTCTBYeT, TMAPOAN3 MOXXHO CUUTaTb OKOHYEH-
HbIM. [poaenaTb C pacTBOPOM, OCTaBLUMMCA B Konbe, peakuuio
Ha peayuupylolime caxapa: HaluTb 2-3 M XUAKOCTU B 4YuUC-
TYI0O Npo6UpKy, HelTpanmsoBaTb KUCNOTY COAON, NPUAUTL paB-
HbIi 06BbeM DeNIMHIOBOM >XXUAKOCTU U OOBECTU A0 KUMEHUS.

3ajaHuve. Pe3ynbTaTbl onbiTa 3anucaTb B Tabnmuy u 3apu-
coBaTb. Caenatb BbIBOA4 O MPUYMHAX U3MEHEHUS OKpacku pac-
TBOPOB, yKa3aTb BpeMs, B TeyeHMe KOTOPOro npowsowlen ron-
HbIA TMAPONN3 Kpaxmana.



MCTOPNYHECKUWE BEXW PA3BUNTUA
BMOTEXHOJIOI MIN*

8000 neT A0 H. 2.
XXntenn CpegHeit A3nun ogomMallHUBAKOT AUKNE pacTEHUS U
XUBOTHbLIX AN4A NpPov3BoACTBa NPOAYKTOB MNMUTaHUA.

5000 neT o H. 2.

B Kntae u Ermnrte cemeHa Tex pacTeHWi, KoOTopble AaroT
60nee BbICOKME ypoXKau, OTOUpaKT M BbiCaXXMBAKOT Ha 6yay-
wuin rog ana coopa elle 6onee BbICOKUX YPOXKaeB.

4000 neT A0 H. 3.

3apoXkaeHne uUCKyccTBa BUHOAENNA W Hayano NMpuMeHeHus
61oTEXHONOTUM ANS 3aKBackKW TecTa U 6poXkeHUsa nueBa B [peB-
Hem Ermnre.

3000 neT OO0 H. 3.
Hapoabl KOXHoi AMepunKu BblibnpatoT KapTodens B KayecT-
BE OCHOBHOW CeNbCKOXO03AMCTBEHHON KyNbTypbl.

2000 neT Ao H. 3.
CamapuTsHe oBnafjeBalroT MNPOLLECCOM OPOXEHUS U UCMNOJb-
3YIOT ero B CbIpO- M NMUBOBapeHUN.

1000 net A0 H. 2.

B BaBWiOHe MNpoOBOAAT MOA4 KOHTPOJieM OMNblAeHWe nanbm,
BbIOOPOYHO OMNbINAA >XEHCKUE [AepeBbs MblNbLOA HEKOTOPbIX
MY>XCKUX OCO6EW.

500 net OO0 H. 2.
OTKPpbIT NepBblii aHTUOUOTUK — Macca U3 3arjecHeBeBLUNX
CoeBbIX 6060B ANs nevyeHUsi HapbiBOB (ApeBHUIN Kntai).

* o maTepuanam caiita MHTepHeT->KypHana «Kommepyeckasi 6MOTEXHONMO-
FMA» (NeNeNe.cblo.lMLL).
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420 neT O H. 2.

OpeBHerpevecknini cdumnocod Cokpart (470-399 g0 H. 3.)
pasmMbIlWsgeT Ha TeMy, noyemMmy feTu He Bcerga rnoxogsaT Ha CBO-
UX poguTenen.

400 neT OO0 H. 2.

JpeBHerpevecknin Bpad MinnokpaT (460-377 Ao H. 3.) npu-
wen K BblBOAY, UYTO «BKNaf» MY>XUYMHbl B HacnegCcTBEHHOCTb
pebeHKa HaxoAUTCA B CeMEHHOW >upkocTu. o aHanormm, oH
npeanonoXun, 4To nMeeTcs NoAobHasA >XUAKOCTb U B XKEHLU-
Hax, TaK KaK OeTu nojaydalrT 4YepTbl OT KaXKAOoro U3 poautenei
B NpU6IM3NTeNbHO paBHOM NponopLmu.

320 neT 00 H. 2.

JpeBHerpeyveckuin omnocod ApuctoTens (384-322 [0 H. 3.),
nonemMmmanpysa c FMnnokpaTtom, yTBep>kAan, 4To BCe HacneacT-
BEHHble MPU3HAaKM npuobpeTaloTca TONbKO OT oTua. My>kckoe
cems onpegenset dopmy MaageHua, B TO BPeMs KaK MaTtb
npocTo obecreynBaeT maTepuan, U3 KOTOPOro caenaH maageHew,.

300 net go H. 3.

[JpeBHVe rpekn pasBMBalOT MeETOAbl MPUBUBKU U KYNbTUBWU-
poBaHUS pacTeHuiA.

100-300 rr. H. 3.

NHanitickne cunocodbl nepBbIMUA Havanu MoOAeEMUKY O Xa-
pakTepe npupoabl BOCMPOM3BOACTBA U HacnefCTBEHHOCTU. OHM
yTBeEpXXAann, 4YTo AeTU HacnefyrT XapaKTepUCTUKU 060MX po-
avTeneii. Kpome TOro, oHu nonaranm, 4YTo HeKOTopble 60ne3Hn
MOryT nepefaBaTbCs MO HacnencTBY.

Hauyano npakTnky npuMeHeHUs MHCEKTULUAO0B — WCMO/b-
30BaHMe Mbliblbl XpU3aHTeM B KuTtae.

1100-1700 rr.

MpeobnagaHne KOHLUEMUUU «CaMOMNPOU3BOALHOIO 3apoXjae-
HUS >XU3HW» (3pon{;aneon5 &eneral,lon) — [OrMbl, 06BSACHSAK-
e, 4TO OpraHM3Mbl SABASKTCA pe3ynbTaToM Mpouecca, He
VMEIOLLEero OTHOLUEHUS K >XMBOMY Hauany. JIMUMHKU, Hanpwu-
Mep, Kak npegnonaranocb, NOABASANINCL U3 KOHCKOro Bonoca.

1322 r.
ApabCcKunii BoXXAb BrepBble MCMOMb3yeT UCKYCCTBEHHOE oce-
MeHeHVe ANt MonydYeHUsi 0CO6eHHO BblAaloLWNXCSl CKAKYHOB.
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1500-1600 rr.
Mpouecc depMeHTaUUM CTAHOBUTCSA O06OLLLENPUMEHUMbIM U
Mo3Bo/sieT Mojy4YyaTb KaK KBalleHble OBOLW, TakK U horypT.

1630 r.

AHIANWCKNIA Bpay B. lapseii (Har™ey, \YMWat, 1578-
1657) BbiCcKasan npegnonodXKeHuwe, 4YTO MAeKonuTakolime, Mo-
[OOGHO KypaMm, TakXe pasBuBaloTcsa U3 aiiua. OgHaKo noHazjo-
6unocb 60nee ABYX COTEH NeT, MNpexge 4YemM CMOrnM obHapy-
XUTb «ANWL0» MNEeKONUTaloLLLero.

FonnaHackuii ectecTBoucnbITaTens W.B. BaH [eNbMOHT
(yan Helrtonl, ~bann BapW”™a, 1579-1644) nokasajn, 4To
pacTeHUs camnm 06pa3yroT OpraHMYeckue BeLLecTBa, a He Mony-
yalT UX U3 MOYBbI.

1665 r.

MN306peTaTtens P. I'yk (Hooke, Koberl, 1635-1703) c no-
MOLLbIO CKOHCTPYMPOBAHHOINO MM MMUKPOCKOMa C yBelNYEeHUEM
B 30 pa3 o6Hapy>Xuna pacTuTe/bHble «KNETKW Ha cpe3e NMpo6Ku.

1668 r.

NTanbaHey ®. Pean (KecH, I'rancesco, 1626-1697) ncnofnb-
30Ban 3KCMEepUMEHT [AOf CpaBHEHUS [ABYX KOHKYPUPYHOLLNX
naen, 06bACHAKLINA MPUYNHY MOABAEHUSA NMUYMHOK Ha FHUIO-
wem msice. OH OTMETW/, YTO Ha MsCe, U30IMPOBAHHOM OT BO3-
ayxa, He Habnoganocb MosiBAEHUS NNUYUMHOK, B OTAMYME OT He-
M30/IMPOBAHHOr0. 3TO ObII0 pacLeHeHO Kak repBoe onpoBep>Ke-
HWe Teopunm «CamMOMPOU3BONBHOIO 3apOXKAEeHUSA >KU3HU» U
ABUOCb MepBbiM (PAKTOM WCMO/b30BaHUA YyNpaBAseMoro 3Kc-
nepyMeHTa.

1660-1675 rr.

NTanbssHckomy 6uonory M. Manenurmn (Ma]pl8bl, Marcello,
1628-1694) ¢ NOMOLLLI0O MUKPOCKOMa yaanocb 06Hapy>XnTb Ka-
nNUANApbLI, AeTannu3MpoBaTb aHaTOMWIO TYTOBOro LUefKonpsaga,
onucaTtb pasBuTUe LbiNAeHKa B Alle U nsgatb paboTy, rnoces-
LWEeHHYIO aHaTOMUN pacTeHWU.

1673 .

lonnaHpgey A. BaH JfleBeHryk (yan beewyenboek, AnlUony,
1632-1723), Nonb3ysicb NMH3aMu, [alOWMMU yBeNn4veHune B
270 pa3, cgenan psag OTKPbITUA B MUKpobuonornm. OH 6bin
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nepBbiM Y4Y€EHbIM, KOTOprI7I onucan 6aKTep|/||/|, OTKpbIN MUP
ﬂpOCTeI7ILLII/IX, npeanonarad, 4tTo TakKume MUKPOOPraHUW3mMbl MO-
ryT ABNATbLCA FIpI/IHI/IHOﬁ 6pO)KEHI/I9I, BrnepBble yBUAEN KNETKN
XXNBOTHbIX — 3PUTPOLNTDI.

1701 r.
HblHe 3a6bITbIl pogoHadYaibHUK cagoBoacTBa T. delipuaiing
(Farrcblbl, Tbornas) co3gaeT nepBoe B EBpone pacTeHue-rmbpua.

1724 r.

O6Hapy)XeH aKT NepeKpPecTHOro ONbINEHUS Yy 3epPHOBbIX
pacTeHwA.

1748 .

AHIANWCKUIA HaTypanucT O>k.T. Huaxem (bleeiibar,
Turbeylld, 1713-1781) npoBogUT OMbITbl MO TEPMUYECKON 06-
paboTKe pa3NNUHbIX (U3NONOTMYECKNX PacTBOPOB, B KOTOPbIX
MpPUCyTCTBOBA/IM MUKPOOPraHmsmbl. cxoas M3 3Toro, oH Npu-
wen K 3aK/MlYEeHUD O «HaMMUYMU BEreTaTUBHOWM CUMbl B KaXK-
OOM MWKPOCKOMMYECKOM KOPMYyCKy/e», 4YTO roBOpwuio B Noja-
OEepP>KKY Teopumn «CamMornpou3BO/bHOI0 3apodXKAeHUSA YXU3HWN».

1761 r.

Hemeuknin 6otaHukK O>k. KenbvpeiiTep (Koelrewler, ~To3epb
Oolllleb, 1733-1806) coobuiaeT 06 ycCrewHOM CKpelmBaHnm
HEKOTOPbIX BUAOB XNebHbIX 3n1akoB. KenbperiTep oKoHYaTeb-
HO goKasan Haau4due nona y pacTeHuii, a ceoumMn pabotamm no
rmbpungmsaymm nokasan yvyactve B OMJOAOTBOPEHUN U pPasBU-
TUMN KaK ANLEKNeTOK, TakK M MblabLbl pacTeHWU.

1798 r.

AHIINWCKUI Bpad 3. [O>keHHep “enner, Ecl\yarcl, 1749-
1823) BBOAUT pebeHKy BUPYCHYIO BaKLUWHY C Lenbio npodunak-
TUKN OCMbl, a TaKXe Ny6ANKyeT KHUTY, B KOTOPOW aHann3npy-
eT pasnmuusa Mexkay BakuMHauWeirh n MHoKynsiuue.

1799 r.

NTanbsAsHCKWIA ecTecTBOUCMbITATENb JI. CnannaHuanu (8pal-
lanraw, bararo, 1729-1799) onwucbiBaeT 3KCNEPUMEHTbI, MNpPO-
BeAEHHblE C UCMONb30BAaHNEM «F€PMETUYHO 3amnedyaTaHHbIX» CO-
Cy[oOB, HarpeBaemMblX B KuNsuwein Boge, C LENbK MPOBEPUTDL
BO3MO>XHOCTb MCMNONb30BaHUS BbICOKOW TemMnepaTtypbl 4151 YHUY-
TOXKEHUS MUKPOBOB B «3KCTPaKTe» (PU3N0NOrMUYecKOM pPacTBOpPE).
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1809 r.

dpaHUy3CcKknin KoHauTep H. AnnepT (Apperb, Necolas, 1749-
1841) mn3o06pen cnocob OCTAaHOBKU pasBUTUA (PasMHOXXeHUA)
MUWKPOOPraHN3MOB B MULLEBbLIX U MPOYNX MPOAYKTAX — KOH-
cepBMpoOBaHMe, 3a 4YTO MONAy4YuUn BO3HarpaxaeHue oT Hanone-
OHa B pa3mepe 12 TbiC. (hpaHKOB.

1815 r.
Pyccknii xummk K.I.C. Kupxrogp (1764-1833) nonyuun us
nweHnLbl 3KCTPaKT, CNOCO6HbIN MpeBpaliaTb Kpaxman B caxap.

1831 r.

AHrAnNNCcKNii 6oTaHnK P. BpayH (Bro\T, Koberb, 1773-1858)
BrepBble ONMUCbIBaeT A4P0 PacTUTENbHOM KNeTKNn — obsasaTenb-
HbIA KOMMNOHEHT MOYTU BCEX K/ETOK.

1838 .

Hemeukune 60TaHUK M. LWneigen (8cbleklen, Mabbla3, 1804-
1881) n 300n0r T. WeBaHH (3cbnyann, Tbeocbr, 1810-1882)
nepBbLIMU KOHCTaTUpoBaAn, 4YTO BCe OpPraHU3Mbl COCTOAT W3
KNeTOK U 4YTO pacTeHUSs U >XKUBOTHble NpeacTaBnsatoT cobon
CKOMMNEeHMA KNeTOoK, pacnofioXXeHHbIX B OMnpeneneHHOM Mopas-
Ke. IX cumnTaloT aBTOpamMu «KAeTOYHO Teopumn».

1839 r.

Yewickunin gusnonor A. NypkuHe (Purkyne, ~n, 1787-1869)
BBOAUT AN 0603HAYEHUSA >XUBOr0 COAEPXMMOro KeTKu Tep-
MUH «npoTonaasmanr.

1850 .

BeHrepckmnini ectectBoucnbiTaTens W.®. 3emmensseiriz (8eT-
Tebrers, 18nar PbllMpp, 1818-1865) wucnonb3oBan anuaemMu-
onornyeckme HabnwAeHUs, 4TOObl BbIABUHYTb TUMOTe3y, 4TO
nmxopagka MoXeT nepefaBaTbCd MPM HenocpencTBEHHOM KOH-
TakTe.

1852 r.

B Mapu>ke npoxognT mexxayHapoaHas BbiCTaBKa KYKypy3bl
(«CoT 81KT»), rge 6bI10 NpeAcTaBfeHO CYLECTBYHOLLLEE MHO-
roo6pasue copToB 3epHa U3 pasHbIX CTpaH mMupa.

1856 r.

dpaHUy3CKUN ydeHblh 1. MacTep (PaBbewur, bowis, 1822-

1895) yTBep>kAaeT, 4TO 3a MNpouecc 6POXKeHUS OTBETCTBEHHbI
MMKPOOBLI.
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1858 .

Hemeuknii 6uonor Pypaonst Bupxos (Yircbow, Kwucbl?
bwbyu* Karl, 1821-1902) noctynupyet: «Kaxkgasa Knetka no-
ABNAETCA OT KNeTKU».

1859 r.

AHTINMWCKWNI ecTecTBoUChbITaTeNb Y. AapeuH (BatTyT, Char-
le, 1809-1882) ny6nmkKyeT cBOW yHAAMeHTanbHbIA Tpynq
«MponcxoXkaeHne BUAOB NyTeM eCTeCTBEHHOro oT6opan.

1861 r.

. MacTep OTKPbII MUKPOOPraHM3mbl, Bbli3blBallMe Mac-
NSAHOKMCNOE GpO>XKEHMe: aHaspoGHble GaKTepuu, >XXUBYLLME U
pasBuBatoLwmecsa 6e3 kucnopoga. OH NpeAno>kKun cnocob coxpa-
HEHMA MNULLLEBbIX MPOAYKTOB C MOMOLLLIO TEnnoBOW 06paboTKu
(BnocneacTBMM HasBaHHbINW MacTepusayueit).

1863 r.

Hemeukwnii 60TaHUK . Bapu (cle Bary, Hetncb Anlon, 1831-
1888) gokasan, 4UTo MPUYMNHOIM 3aboneBaHuMini KapTtodensa ABNsA-
eTcs rpubok.

1864 r.

N. MacTep BblABUHYN TEOPUID, UTO MPUUYUHOK THUEHNS Op-
raHN3mMoB SABMSAETCA HaNMume MaNeHbKNUX OPraHn3oBaHHbIX
«KOPMNYCKY», UAN MUKPO6OB, B BO3fyXe.

1865 r.

ABCTpUUCKNIA MoHax I'. Menpgenb (Menclel, Ore”or, 1822-
1884) B pe3ynbTaTe W3Yy4YeHUS OropoLHOro ropoxa OTKpPbIBaeT
3aKOoHbl HacneAcTBeHHOCTU. OH nNpeAcTaBUi 3TU 3aKOHbl Ha-
CnefCcTBEHHOCTU K paccMoTpeHuto ObuiectBa EcTecTBO3HaHUA B
ABCTpun. MeHaenb NpeanonodXXua, YTo eaMHULLbI HacneaCTBEH-
HOCTW, KOTOpPble MNO3Xe CTann M3BECTHbl KaK reHbl, npeacras-
NEHbl Y KaXXAoM >XMBOW 0c0o6M mapamu; nNpu ob6pasoBaHUU ra-
MeT (MON0OBbIX KNeTOK) cocTaBfstoLlime eANHULblI KaXXA0W napbl
pacxogaTcs M nepexogsaT B pasHble rameTbl. Pabota MeHpaens
ocTanacb He3aMeUeHHO M Haxoamnacb B TeHU 6onee ceHcauu-
OHHoOW ny6nmkauumn AapsuHa o 1900 r.

AHTIMNCKUA xXnpypr O>x. NucTep (bl3ber, *3epb, 1827-
1912) oTKpbiN BO36YyAUTENSA MOMOYHOKMUCAOTHOrO 6podKeHUs, a
Tak>ke Hayan ucnonb3oBaTb Ae3vHUUUpyOLWmMe pacTBopbl Ans
06paboTKM paH B OMNepauuoHHOW XUPYprum, OCHOBbIBAsACb Ha
Teopuun lacTepa.
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1866 .

Buonor-sgonouymoHUcT 3. lekkens (Haeckel, Ern6!, 1834-
1919) cdopmynupoBan CBON «BUOreHETUYECKWUI 3aKOH», CO-
rnacHo 3aToMy 3aKOHYy, 3apobllln B npouecce pasBUTUA MOBTO-
pPAKOT 3BONOLMOHHbLIV NYTb, MPOWAEHHbLIA UX nNpegKamMu.

Pycckuii 60oTaHMK M noysosed M.C. BopoHuH (1838-1903)
06Hapy>Xunn B KNybeHbKax Ha KOPHSAX 6060BbIX pacTeHUA Meb-
yaliluve Tenbla U BNepBble CBA3an 06pa3oBaHue Ky6eHbKOB C
OeATeNbHOCTbIO GaKTEpPUIA.

1868 r.

®dpaHuy3ckuii napasutonor K. fdasad dayaTe, Casnnr
~NoBepb, 1812-1882) BnepBble UCMOAb30Ban TenjaoBy 06paboT-
Ky 4151 n3baBneHUsa pacTeHUlr OT 6aKTepuanbHOW MHMEKLNN.

LWBeruyapcknii Bpad ®. Muwep (Mrescber, 'reiincb, 1844-
1895), uccnegysa rHow, Bbigenun vU3 sgep KNeTOK FHOS HOBbIN
TUN XUMUYECKUX COeAUVHEHUI, KOTOPbIA OH B COBOKYIMHOCTWU
Ha3Ban «HYKNeMHOM» (no3gHee 3TU COefUHEHUS MOAYy4YUAN Ha-
3BaHNE HYKNEMHOBbLIX KWUCNOT).

1870 r.

Hemeukuii untonor B. ®nemmuur (Metnnné&, \aHer, 1843-
1905) o6Hapy>xunn ahdheKT MUTO3a — HEMPAMOro AeneHnsa aapa
KNeTKN.

Hauano paboT MO CKpeLiMBaHUIO X/M0MKa, 4TO MNpuUBENO B
6nvxkanwmne 20 neT K CO34aHUO COTHU HOBbIX BUAOB MNpPeBOC-
XO4HOro KauvecTBa.

1871 r.

OgnH 13 nepBbiX 6MOXMMUKOB 3. Xoyn-Ceinep (Hoppe-
8eyler, Ern3b, 1825-1895) o6Hapy>kun nHeepTaszy — QepPMeHT,
KOTOpbIV pacLiennsieT caxapo3y Ha K03y u (GpyKTo3y.

AMepUKaHCKNI cenekunoHep /1. Bep6aHk (Burbank, bulber,
1849-1926) BbiBE/N COPT KpPacHOBATO-KOPUYHEBOro KapTodensd
U NPOAOMKUA paboTbl NO rubpugmsauun psaga nNNoLoBbIX U
AroAHbIX KYNbTYp.

1875 r.

U. OapeuH BbIABUHY/N TEOPUID CYLLECTBOBAHUSA «FeMMY/»
(rMnoTeTMyecKkas HacfieAcTBeHHasl yacTuua) Kak 4yacTu mexa-
HU3Ma HacfnegoBaHus.
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1878 r.

O>k. NucTep onucan TEXHUKY U30ASLUN UYUCTbIX KYNbTyp
6aKTepPUi — BaXKHbIW LIar B NOHMMaHUN MHMEKLUNOHHbIX 3a60-
neBaHUA.

1879 r.

Hemeukunin dousmonor A. Koccenb (Kossel, Albrecbl;, 1853-
1927) Hayan n3y4vyeHUe HyK/enHa, 4YTOo MNPUBENO K OTKPbITUIO
HYK/IEMHOBbIX KWCNOT.

B wTtate MwuunraH npodeccop 6oTaHMkKm B. Bun (Beal,
YYNNaT ~Te3, 1833-1924) npoBen nepBoe KOHTPOAMPYEMOE
CKpelmBaHue KYKYpy3bl C LEeNbl YBeIUYEHUSA YPOdXKAMHOCTU
M NoAyyYnn nepsbii rmMépua,.

1880 r.

MN3yuaa 3aboneBaHua gomaluHeil nTuubl (xonepa), /1. Mac-
Tep Nyb6/AMKyeT CBOK paboTy 06 ocnabneHHbIX dopmax MHGU-
LUMpOBaHUA OpraHmama, He MPUBOASALLUX K 60/e3HU, HO 3alu-
LalLWmx NpoTUB cepbe3HbIX (YopM ToW >Ke 60/1e3HU B ByAyLLEM.

M.0>. XaHcTelH (yon Hans”eT, ~"kannes3, 1822-1880)
BBOAUT TEPMUH <«M30/IMPOBaHHbIE MPOTONNACTbI» — COAEPXKU-
MOe pacTUTEeNbHON KNeTKW, OKPY>XeHHOoe Mnaa3maneMMOoii.

1881 .

Hemeuknin mnkpobuonor P. Kox (Kocb, Koberb, 1843-1910)
onucan 6akTepuanbHble KOMOHWUMW, BblpacTaloLiMe Ha TOHKUX
cpesax KapTodiens, Ha cpefe >kenaTmHa U Ha cpefe arapa. Mu-
TaTenbHbIA arap CTaHOBUTCSA OObIYHBIM WHCTPYMEHTOM AN MO-
NYYEHURA YUCTbIX KYNbTyp W ANA UAeHTUdUMKaumm reHetuye-
CKNX MYTaHTOB. 3TO COObITUE 3HAYUTENBHO MOBAUSANO Ha YCKO-
peHne pasBUTUA MUKPOOGMONOTUN.

N. MacTep NoAydymn nepsble BaKLUWHbI MNPOTUB 6akTepu-
anbHOro naTtoreHesa xo/epbl AOMawHeN NTULbI, YTO SABUJIOCH
HayanoMm Cco34aHuUs MMMYHO/IOTUM N OTKPbINO HOBble 0651acTU
B NPOhMNIaKTUYECKO MeauLVHE.

1882 r.

B. ®neMMuNHr 06Hapy>XMBaeT U OMUCbLIBAET «XPOMaTUH»
(4acTb CTPYKTYpPbl KNeTOYHOro A4pa), KOTOpbIi No3XKe HasBanm
XpPOMOCOMamMMu.

P. Kox, 3KCMepuMeHTUpyss Ha MOPCKUX CBUHKax, onucan
6aKkTepuio, KoTopas sBnseTcsa NPUYMHOW TybGepKynesa y Nto-
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nei. Kox nepBbiM onpefennn NpPUYMHY HEKOTOPbIX 4enoBeuye-
CKMX 3aboneBaHnini. OH yCTaHOBW/, YTO OMpeneneHHble 60Ne3HN
BbI3bIBAOTCA onpefeneHHbIMU MUKPOOPraHM3MaMu.

Pycckuii 6uonor .M. MeuHukos (1845-1916) HabGnwogan
dharoynTHOE OKpPY>XeHMe MUKPOOPraHU3MOB B JMYMHKAaxX MOp-
CKoW 3Be3abl. 03)Ke OH pa3BUN KETOYHYI0 Teopuio ANs 06b-
SICHEHUS1 AelAiCTBUSA BaKLVH.

LBeruapckuii 6otaHNK A. KaHpgonn (Be Caniiolle, Alpbon-
3e-bow3-Prerre-Pyratni, 1806-1893) ny6nukyeT nepBoe uUC-
cnefoBaHMe O MPOUCXOXKAEHUN N UCTOPUU KYNbTUBUPYEMbIX
pacTeHuii. Ero pa6oTa no3)e cbirpaeT BadkHYl pofb B paboTe
H./. BaBunoBa 0 UeHTpax MNPOUCXOXKAEHUS KYNbTYpPHbIX pac-
TEHUA.

1883 r.

Hemeuknii dwusmonor A. Beiicmad (AYelstann, An™m3b
PnecMcb beopobl, 1834-1914) ssoant TEPMUH «3apoibllLleBas
nnasma» («éert-plasTt») n hopmynmpyeTr TeOpUO «HEMpPeEPbIB-
HOCTW 3apo/bllLeBO Mna3Mbl». B cBOell KHUre OH yTBep>aaeT,
UTO MY>XXCKasi M >XeHCKasi poAuTenbCKMe 0cobu BHOCAT paBHO-
3Ha4YHbI BKNag B pe3ynbTaTbl HACNeACTBEHHOCTW, UTO BOCHPO-
M3BOACTBO, TakMM obpasom, MnonyvyaeT HOBble KOMOMHauUUW dak-
TOPOB HAaCcNeACTBEHHOCTUM U 4YTO XPOMOCOMbI [AO/MKHbI 6bITh
MPUYNHOA HEMOCPEACTBEHHOW rMepefayn HacneACcTBEHHOCTU.

1884 r.

P. Kox o6GHapogoBan CBOW «MOCTynaTbl», yTBepXXgawuue,
UTO MUKPOG6 ABNAETCHA MPUUYUHHBLIM areHToM 60Me3HMW.

N. MacTep co3gan BaKLUMHY OT GelleHCTBa.

Adatcknii Bpau . Fpam (OraTt, Han3 Cbrasian JfoacblT,
1853-1938) onucbiBaeT TeXHUKY pauddepeHUnpoBaHns bakTte-
pvii Mo MOpdONOrMYecKM MpuU3HaKaMm, M3BECTHYH KaK MeTof
OKpackun b6akTepuii no Mpamy.

1887 r.

Benbrmniicknia 3oonor 3. saH GeHegen (yan Beneiien, Eiiomarii-
<lo3epb-bowi8-Mane, 1846-1910) o6Hapy>Xunn, YTO Ka>KAblA >KU-
BOV BuA, MMeeT onpejeneHHOe KOMMYECTBO XPOMOCOM; OH TakXe
OTKpbIN npouecc HopMUPOBaAHUA raniongHbIX KeTOK.

Hemeuknii 6aktepuonor P. MerTpu (Peln, Wcbarii <lnlus,
1852-1921) pgan onucaHme CTEKNSAHHbIX COCYAO0B, MOAYUYUBLUNX
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HasBaHMe «4awku MeTpu», ANS BblpaliMBaHUA MUKPOOOB Ha
nuTaTenbHO cpege (arap).

1892 -

Pyccknii 60oTaHnkK A M. MeaHoeckuini (1864-1920) coobwnn
06 OTKPbITUN «BUPYCa» MO3aM4yHOW 60ne3HN pacTeHU Tabaka.
OH pokasan, uTo 3Ta «60Nne3Hb BbI3biBAeTCS He KaKUM-TO BO3-
oyanTenemM rpMokKoBOro UanM 6akTepuasbHOro MPOUCXOXAEHUS,
a euwje MeHbLIVMW W COBCEM MPOCTbIMU (POPMaMU >XXMBbIX CY-
LWECTB, KOTOpble MOTyT MPOXOAUTb CKBO3b (PUILTP C HaUMeENb-
YallMMM nopaMmm» U KOTOpPble HEBO3MOXHO HabnwaaTe nNpu
MOMOLLLM CYLLIECTBOBABLLEW B TO BPEMSI TEXHUKMU.

>x. Knepkep (KOerker, J1.) BnepBbie BblAenMa NPOTONNACThI
BO BpeMsi MeXaHM4ecKOro rMoBpeXAeHUs TKaHU MpU U3YUYeHUN
nnasmonmsa B pacTUTENbHbIX KleTKax.

1892-1902 -

Hemeukne yudeHble I'. Xa6epnaHaT (Haberlanél, Oollb,
1854-1945), X. ®EXTUHT (yon Y6cblgw*, Hertann, 1847-1917)
M K. PexuHrep (Kecbln&er, Karl, 1867-1952) nonbiTanCb KYy/b-
TUBMPOBaTb B pacTBOpe caxapo3bl pacTUTe/lbHble TKaHW, OAHa-
KO 6e3pe3ynbTaTHO. He [OCTUrHYB 3KCNepuMeHTalbHbIX ycne-
X0B, 3TN UCCNefoBaTenn BbiCKalanu psh BaXKHbIX vAen n rmno-
Te3, NOATBEPXKAEHHbIX 3HAuUMTeNbHO Mo3Xke. Tak, XabepnaHAT
BbIABUHYN TMNOTE3y O TOTUMOTEHTHOCTU NHO6ONM >XMBOW pacTu-
TeNbHON KNeTKWU.

1893 -
Nccnepgosatenn B WHcTuTyTe JlucTtepa (1Ln3ler 1n3lHule)
BblAENNAN aHTUTOKCUH AndTepuUn.

1895 -

Pyccknii mukpobuonor C.H. BuHorpaackuii (1856-1953)
npPoAeMOHCTPMpOBan rMpouecc uKcaumum asoTa O6aKTepUsiMm
Clo81nc/uT B aHa3pO6HbIX YCNOBUSIX.

1896 -

AmMepuKaHcKkuii unmtonor 3. Bunbcod (\YIM3on, Ecltmncl
Beecber, 1856-1939) paspa6otan B pfeTansiX XPOMOCOMHYIO
Teopuio HacnefcTBeHHOCTU ABrycTta BelicmaHa. My6nvKyeT KHW-
ry «Knetka B pasBuTuUM U HacneacTBEHHOCTU», B KOTOPOW haKThbl,
[00bITble TeHeTUKamMn, uuTonoramu, aMopmonoramm, 3BONKOLLMO-
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HUCTaMun, nocny>Xmnum OCHOBOVA ansa Ll,e}'IOCTHOI7l TEOPUN XPOMO-
COMHOM HacneagCTtBeHHOCTW.

1897 r.

Hemeuknii xummk 3. BroxHep (Buclner, Ecluarcl, 1860-
1917) usrotosun U3 OPOXOKEN 6GECKNETOYHbIA 3KCTpaKT, npe-
Bpallalouimini caxap B CNUpPT, U NPOAEMOHCTPMPOBaN TakKUM 06-
pa3omM hakT cyulecTBoBaHUSA PepMeHTOB. 3TO COo6bITUE ABU/IOCH
KN04YeBbIM MOMEHTOM B Mnpouecce pasBUTUSA BUOXUMUN N IH3U-
MOJ/IOrNN.

1899 r.

MccnegoBaHme ronnaHAckKoro 6oTaHMkKa v MuKpobuonora
M. BeiiepuHka (Beuyennck, Marlnws JiylWeTt, 1851-1931)
noaTeepanno pa6oty A./. VIBaHOBCKOro no BO36yAUTENO0 Mo3a-
NYHOI 60ne3HN TabaKa; TakXKe Y4eHblii npeanonoXXun, 4to BU-
pyc HenocpeAcTBEeHHO BK/IOYaeTCAa B NpoTonnasMy KNeTKu pac-
TeHUNA-X03sMHa.

1900 r.

Fon poXXaeHus reHeTUKU Kak HayKu, Korga Tpu ucchegoBa-
Tena: . e @pwus (cle Yne3, Hn8o, 1848-1935) B NonnaHanu,
K. KoppeHc (Correns, Carl, 1864-1933) B l'epmaHumn n 3. Yep-
MakK (yon T3cbertak, EncA, 1871-1962) B ABCTpUn — He3a-
BUCUMO ApYr OT Apyra — BTOPUYHO «OTKPbIN» 3aKOHbl Ha-
cnegctBeHHocTn . MeHpens.

AMepunKaHCKWUI BOeHHbIW Xxupypr B. Puga (Keei, Y/aHer,
1851-1902) ycTaHOBWA, 4YTO >Xentas nuxopagka nepepaertcs
MOCKUTaMWn; BrepBble OblJI0 [0Ka3aHO, 4YTO 4enoBe4veckad 60-
Nne3Hb MOXXeT OblTb Bbl3BaHa BUPYCOM.

Bcnblwkn 60Me3He B MNepenosiHeHHbIX WHAYCTPUaNibHbIX
ropogax MNpuUBENU K BHeAPeHUID KpynHoMacwTabHbIX CUCTEM
OUYUCTKN CTOYHbIX BOA, OCHOBAHHbIX Ha AeATeNbHOCTU MUKPOGOB.

HayaTo nNpomn3BoACTBO OCHOBHbIX MPOMbILLIEHHbIX XUMUKAa-
ToB (FrMULEPUH, aueToOH M 6yTaHOo/) C NMOMOLWbI0 GaKTepwid.

1901 r.

M. BeliepnHK BbIAENNA U3 MOYBbl YNCTYIO KYNbTypy aspob-
HbIX Hecrnopoobpasylowmnx 6akTepunin, OUKCUPYIOLLNX MOAEKY-
NAPHbIA a3oT. HoBbIV BMA a30TOUKCUPYIOLWUX KIYyH6eHbKOBbIX
MMKpPOOpraHnM3mMmoB OH Ha3Ba Arol:obacl:er cHroococcuT.
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n. Yaiingep (\YWUcHer, E.) o6Hapy>Xun «HOBO€ BeLLECTBO,
Heob6xooMMoe ANS pa3BUTUSA APOXOKeW». ITW (haKTopbl pocTa
Tenepb U3BECTHbI KaK BUTaMUHBI.

1902 r.

AmMepukaHey B. CaTToH (8uMon, ~YaHer, 1877-1916) n
HemMeuKunii umtonor n amépuonor T. Bosepu (Boyen, Tbeoiior,
1862-1915) — He3aBMCUMO [pPYr OT Agpyra — MpeanoioxXunnu,
YTO reHbl PacrnonoXXeHbl B XPOMOCOMax W 4YTO Kaxkpasa siiue-
KneTKa Mnm crnepmarto3ou cofep>kat TO/IbKO MO OAHOA XPOMO-
cCoMe KaxkAoro tuna. 3ta ngesa rnonoXkmna Havyano XpPOMOCOM-
HOW Teopuwn HacneacTBEHHOCTWU.

1903 r.
CoTpygHuk MCX CLUA . Be66ep C\Yebber, Herber4 Jlobn)
npeano>XXun TepMUH «KOH» (rped. K16m — 4epeHOK manm mno-

6er, NpUrogHbI AnA pasMHOXeHUs pacTeHuin) ana obo3Haude-
HUSA pacTeHWn, NONy4YeHHbIX 6ecnofibiM pa3sMHOXXeHUEM; MO3XKe
TEPMUH Hayan NPUMEHATbLCA U AN 0603HAYEHUSA «pPa3MHOXKe-
HUS» TeHOB.

1904 r.

AHTNNMcknin uonor B. BeirTcoH (Babeson, 1IYHWaT, 1861-
1926) NpoAeMOHCTPUPOBA/, YTO XPOMOCOMbI HacneaylTcs Kak
eguMHoe uUenoe. [eHbl, NOKann30BaHHble B OAHOW XPOMOCOME,
Crnoco6HblI HacnegoBaTbCsl COBMECTHO, MO3TOMY OHU COCTaBASAKOT
OAHY TPyMMny CUEenIeHns; COBMECTHOE HacnefoBaHue reHoB 6bl-
10 Ha3BaHO «CLeM/JeHNeM FeHOB». 3OTO NpPUBENO K Heob6xoau-
MOCTU «FeHEeTUYECKOro KapTupoBaHUs» ANs onpefeneHns Ko-
nMyecTBa U MnocnegoBaTeNbHOCTM PacnonoXXeHUst Tpynmn cuen-
NIeHUS TEHOB.

1905 r.
3. BunbcoH M H. CTuseHc (8leyens, blellle Mana, 1861-
1912) — He3aBUCUMO ApPYr OT Apyra — pa3paboTanm Teopuio,

yCcTaHaBNMBaloLlyo, 4To X- U Y-XPOMOCOMbI onpeaenstoT Mof.
OHM noKasanu, 4TO Hannuume OAHOW Y-XPOMOCOMbI onpegenseT
MY>XCKOW MOoN, a ABYX X-XPOMOCOM — >XEHCKWIA.

1906 r.

B. BeliTcoH U OAWH U3 MEPBbIX AHIMUNCKUX TFeHEeTUKOB
P. NaHHeT T (PnneM, Ke&Tabl Cruiiell, 1875-1967) B onbl-
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Tax ¢ AYWUCTbIM FOPOLLUKOM O6HApy>XWUau, YTo HEKOTOPble Npu-
3HAaKW He MpOoSBASAIOT He3aBUCMMOrO HacnefoBaHusi. BBenu
TEPMUH «TEHEeTUKay.

1907 r.

AMepuKaHCKUA reHeTUK T. Moprad (Morgan, Tbota3 Hunl,
1866-1945) nonoXXun Ha4vano M3y4YeHUK T[040BOM MYLUKMU
(Bro3opblla p3ewkKiob3cura); gokasan, 4TO KaXkgasi Xxpomocoma
nMmeeT onpefeneHHY (QYHKUUIO B NpoLecce HacneACTBEHHOCTU;
paspaboTan Teopuo MyTauuu, 4YTO cCrnocobCcTBOBaN0 PYHOAMEH-
TanbHOMY MOHMMaHUIO MeXaHM3MOB HacneACTBEHHOCTW.

1908 .

CenekumnoHep KyKypy3bl n3 VIHctutyTa KapHerun M.X. Wynn
(8bmll, Oeorpge Harnson, 1874-1954) nonyuun nepByto B CLUA
rMOepUAHYI0 KYKYpPY3y MeTOAOM CamMOOMblIeHUS.

AHINMUMCKNA Bpad A. Tappog (Oarroii, Arcblbabl Ennyari,
1857-1937) BnepBble BblABUHYN MPeAMNONOXKEHNE O Hernocpea-
CTBEHHOW CBA3M MeXAy reHamu u cepmeHTamm. AHanusnpys
ncTopun 6onesHert 6IU3KUX POACTBEHHWKOB, OH OOGHapy>Xun
HacneAcTBEHHble OUMOXUMMYECKME aHoOManumn, HasBaHHble UM
BPOXKAEHHbIMU OLLUMOBKaAMN MeTabonmiama. 3TO0 ABUIOCb NePBbIM
npu3HaHWeM Ba>XHOW poONAU TFeHeTUKM B OUOXMMWUKU, HO camo
npeanosnoXeHne OCTanoCb HeAoOUeHEHHbIM [0 MNOABNEHUA pa-
60Tbl . Buana (Beaclle, Ceore \Yells, 1903-1989) n 3. TeliTe-
ma (Tabwut, Eiiarin barre, 1909-1975) B 1941 r.

1909 r.

JaTtckuii 6uonor B. MoraHHceH (Jlobannsen, \YLbelT, 1857-
1927) BBOOUT TEPMUH «TfeHbl» U (POPMYINPYET pasnmumnma Mexx-
Oy NOHATUSAMU «FeHOTUM» N «PeHOTUN». MloraHHCeH siBAsieTcA
O4HVM M3 OCHOBOMOJIO)KHWKOB COBPEMEHHON FeHETUKU; OH CO-
340aNn yyeHMe 0 YUCTbIX NIMHUAX, 3an0XXWU/ OCHOBbl COBPEMEH-
HbIX MPUHLMMNOB CeneKkyun.

1910 r.

T. MopraH COPMYNMPOBan COBPEMEHHYI KOHLEMLMIO O
NNHEAHOM pPacrofioXXeHUN eAUHUL, HacNeACTBEHHOCTU — FeHOB —
B XPOMOCOMaX.
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1911 r.

B cBoux onbiTax C MA0AOBOW MYLUKOW T. MopraH o6Hapy-
XXNN B3aMMOCBA3b MeXXAY KOHKPETHbIMW reHaMu M KOHKpeT-
HbIMW XpoOMOCOMamMu. 3TO ABUNOCb YbeanTeNbHbIM AOKa3aTe/b-
CTBOM CMpaBeA/IMBOCTN XPOMOCOMHOIA Teopun HacneACTBEHHOCTU.

1913 .

CtygeHT T. MopraHa A. CTepTeBaHT (8lurleyanl;, AHTen,
1891-1971) BnepBble yCTaHOBU/ MOPALAOK FEHOB B XpOMOCOMEe —
NOCTPOUA NepBYIO KapTy reHa.

1916 r.

CtypgeHT T. MopraHa K. Bpupxec (BrM”~eB, CalyT, 1889-
1938) pgokasan B3auMMOCBA3b MeXAY KOHKPEeTHbIMW reHamu u
KOHKPETHbIMW XpOMOCOMamMu, 4TO MOATBEPAUNIO chnpasejiv-
BOCTb XPOMOCOMHOW TEOPUU HACNeACTBEHHOCTMU.

1917 .

BeHrepckuii nH>xeHep K. 3pekn (Ereky, Karl, 1865-1933)
BBeN TepMUH «bnoTexHonormsas. Mo ero onpegeneHuio, 6notex-
HOMOrMs — 3TO «BCe BUAbl PaboT, MPU KOTOPbIX Te€ WU WHbIE
NnPoAyKTbl TMPOM3BOAATCA W3 CbIpbeBbIX MaTepuanoB C Mo-
MOLLbIO YXXUBbIX OPraHU3MOoB».

HemeuKkuin reHeTUK . coH Mnayr (yon Plougb, H.H.) npo-
OEeMOHCTpUpoBan 06MeH y4dacTKaMu MeXAYy TOMOJOTUYHbIMU
XPOMOCOMaMM, N3BECTHbIA KaK «KPOCCUHIOBEpP».

dpaHUYy3CKUI y4yeHblhi . [ ’3ppenns (O'Herelle, [elx
Huberb, 1873-1949) o6paTnn BHMMaHMWE Ha TO, YTO KaKOW-TO
HEBUAMMbIV areHT paspywlaeT KyabTypbl OUGTEPUAHLIX Mano-
YeK, C KOTOpbIMU OH paboTan. TakK UM 6bliN OTKPbITbl BUpPYC-
Hble NapasuTbl 6aKTepuii, KOTOPbIM Y4YeHbli Jan Ha3BaHue
«baKTepuocharmn ».

1921 r.

leHeTnK . Mionnep (Muller, Hertan, 1890-1967), cTy-
OeHT T. MopraHa, OTMeTuUN ABa BadKHbIX 06w KX cBOWCTBa 6ak-
TepnodaroB U reHoB: M Te U Apyrme crnocobHbl K pa3MHOXe-
HUIO, co3daBas TOYHble KOMUU caMmUx cebs; U Te N gpyrme B pe-
3ynbTaTte mMyTaumi MOryT npuHUMaTb HOBble (POPMbI.
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1922 r.

AMepUKaHCKWUIi yuyeHblii B. Po66unHc (Kobblns, \YLUlart
~Ncob, 1886-1937) u ero HemMmeuKkuini Konnera B. KoTTe
(KoMe, \"aller) nokasanym BO3MOXXHOCTb Ky/NbTUBUPOBaHNA Me-
pucTeM (KOHUYMKOB KOPHEN) TOMaTOB U KYKYpy3bl Ha TBepAblX
nuTaTenbHbIX cpeax.

T. MopraH M3o06pen MeToAbl KapTUPOBaHMSA reHa M co3gan
KapTy XpPOMOCOM M/I0A0BOM MYLLKMU.

1925 r.

H.N. BaBunos (1887-1943) Hayan nepByl U3 CBOUX MHO-
roYncneHHbIX 3aKcneguuUMini B LECATKU CTpaH 3eMHOro Liapa c
Lenbio N3y4YeHUss MUPOBBLIX pacTUTeNbHbIX pecypcoB. H.N. Ba-
BWNOB BOOPYXXWU/ CENbCKOXO3AMCTBEHHYIO HayKy MeToAOM Mo-
MCcKa UCXOAHOro martepuana gns cenekuuun pacteHun.

1926 r.

T. MopraHn ony6nukoBan «Teoputo reHos» («Tbe lbeory o0?
1be aene») — pe3ynbTaT MHOFOYUCNEHHbIX 3KCNEPUMEHTOB, MO-
3BOMIMBLUMX PAaCKpbITb FeHETUYECKYH OCHOBY OMnpeAeneHusi Mno-
na. Pa6oTta nossonuna 06bACHUTL pAd HEOObIYHbLIX JOpPM Ha-
cnefoBaHusA, NpUY KOTOPbIX Mepejada Npu3HaKa 3aBUCUT OT MO-
Nna 0cobu (TaK HasblBaeMble MPU3HAaKU, CLEM/IEHHbIE C MOJIOM).

1927 r.

. Mionnep, o6nyyas >XUBble OpraHuU3Mbl PEHTreHOBCKUMM
ayyamu, 06HAPY>XXWUN, UYTO MOXXHO WMCKYCCTBEHHO BbI3blBaTb Y
HUX M3MeHeHUA reHoB. NMpUMeHeHMe peHTreHa ycKopsieT MyTa-
umMio reHoe B 1500 pa3, yTo MO3BOAMAO MNO/JyYaTb MHOXXECTBO
HOBbIX MYTAHTHbIX F€HOB — [AOMOMHUTE/NbHbI MaTepuan ans
M3YyUYEeHUSA HacneACTBEHHOCTU. J[laHHble O MpPUpPoae MyTauuii
cTann ocHoBoMofaralwWwmumMmm B MOHUMaHUN NPUPOALI U CTpoe-
HUSA caMUX TEeHOB.

1928 r.

AHTANMNCKUIA MUKpobunonor ®. MpudpcdpuT (OnLUL, Treée-
nck, 1877-1941) nokasan, 4To 6akKTepuabHble KeTKU Hena-
TOreHHOro wTaMma MHEBMOKOKKA MOryT TpaHC(opMupoBaTbCs
B MaToreHHble C NOMOLLbIO TpaHcopMMpyloLero gakropa.

CoBeTCKUIA UUTOreHeTUK I [,. KapnedeHko (1899-1942)
CKpecTun pefbKy W KanycTy, BMepBble MofyyuB MA0AOBUTbIN
MeXXpofioBON rmépug — depTuibHOe NOTOMCTBO OT PasHbIX BUAOB.
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1928-1935 mm:

AMEPUKAHCKNIA QU3NK U XUMUK J1. MNonuHr (Panuw*,
blnns Carl, 1901-1994) 06bACHUN PU3NYECKMNE 3aKOHbI, BAN-
AOLUIME Ha OpraHM3auunio aToMoB B MoneKynax. OH Tak>ke onu-
can cepnoBUAHOKNETOYHYIO aHEMUIO M onpeaennn, 4To aTa My-
Tayuusa cBsizaHa Cc onpeAeneHHbIMU NU3MEHEHUSIMU XUMWUYECKOM
CTPYKTYpPbl MONEKYn remornobuHa.

1929

XNMUK-opraHuk &. Jleenn (beyene, Pboebus, 1869-1940)
06Hapy>Xnn B MoOfieKynax HYK/IEeUHOBbIX KWUCAOT, He cofep>ka-
wunx pubosy, paHee Heu3BeCTHbI MoOHOcaxapui — Ae30KCUpu-
603y; Tenepb M3BECTHO, YTO 3TOT MOHOcCaxapupj BXoAUT B COCTaB
HYK/N1e0TUA0B Ae30KCUPUBOHYKNeNHOBOW Kucnotbl (AHK).

AHTANMNCKUIA MuKpobuonor A. ®nemunr (MeTT&, Alexancler,
1881-1955) 3ameTnn, 4TO Bce OakTepunm BOKPYr MPOAYKTOB
nneceHn PerTclMnT nolaluT Ha yawke MNMeTpu norm6nam. Ha-
yanacb apa NeHVUUANMHA, XOTA MnpoigeT ele nodytm 12 ner,
npexge 4em 3TOT aHTUOBMOTUK CTaHeT AOCTYMHbIM A9 WUpPO-
KOro Mmcnonb3oBaHuA.

1931 -

AMepunKaHCKUi yutToreHeTnK B. Mak-KnumHTok (McCUn-
K>CK, Barbara, 1902-1992) n X. KpeiiToH (Crewblon, Harne!)
Ha OCHOBEe MOJIyYeHHbIX AAaHHbIX MPU NCCNeLOBaHUUN KYKYPY3bl
JoKasanu, 4YTO B OCHOBE PEKOMOGMHaLUNN NeXXNT KPOCCUHIoBep,
T. e. PM3nNYecKNin 06MeH ydacTKamMy XPOMOCOM MeXAay ABYMS
pasopBaHHbLIMMN XpomMaTungamu.

1934 -

AHrnnncknn unsuk 4. BepHan (Bernmal, Bestonw, 1901-
1971) BnepBble MokKasaja, 4YTO TaKue TUTaHTCKME MONEeKYNbl,
KakK 6enKu, MOryT ObiTb MUCCneAoBaHbl C MOMOLLbK PEHTrEeHO-
CTPYKTYPHOro aHanusa.

1935 -

AMEPUKaAHCKNIA BUpyconor v 6UMOXMMUK B. CTaHn
(8banley, ~eniell, 1904-1971) m3onupoBan M KpuUcTanimso-
Ban BUpPYC TabayHOM MO3aMKuU — MepBbli Ciyvail O4YNCTKMN BU-
pyca. OH 06Hapy>u/, YTO B COCTaB BMPYCOB BXOASAT HYK/IEUHO-
Bble KMUCMOTbl U 6€1KN, T. €. Te XXe COeAVNHEHUS, N3 KOTOPbIX B
OCHOBHOM COCTOSIT XPOMOCOMbI BbICLLUMX OPraHM3MOB.
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CoBeTCKUA BUOXMMUK, OCHOBOMOJIOXKHMK COBPEMEHHOW Ha-
YYHO LWKOMbl NO HYKNEMHOBbLIM KUcnoTam A.H. Benosepckuii
(1905-1972) nepsbiM Bbigenun umctyro AHK.

1937 r.

dpaHUy3CKU ydeHbli P. ToTpe (Oanl;berel., Ko”™er) c yc-
nexomMm KynbTUBUpOBan HegndpdepeHULNPOBaHHYIO TKaHb MOPKO-
BM. OH Nnokasasl BO3MOXXHOCTb [0/roro KynbTUBMPOBaHUA B yC-
NOBUAX T oWro pacTUTeNbHbIX TKaHel 3a cyeT nepuogmnyvecko-
ro nepecakuBaHmMsi UX Ha CBEXYI0 NUTaTenbHyl cpeay. 3TO
OTKPbITUE [aN0 HOBbIA TONYOK paboTaM MO U3YYEHUK KYNbTy-
pbl TKaHW.

AHIAMcKUin Bupyconor @. bBoyaeH (BaTtlen, [reerkX
Cbarles3, 1908-1972) obHapy>un puboHYKNeonpoTenaHyo npu-
poady Bupyca Taba4yHoli Mo3amKu (T. €. BUPYCbl cogep>aT puoo-
HYKNEMHOBYO KuUcnoty — PHK).

1938 r.

AHrnuiickne wuccnegosatenn . onopu (Morey, Honyarii,
1898-1968) n 3. 4Yeiin (Cbat, Ern3b, 1906-1979) n3 OKc-
dopAcKoro yHuBepcuTeTa NPUCTYNUAN K UCCNeAOBaHUIO MPoTU-
BoGaKTepuaibHbIX BeLEeCTB, 06pa3yeMbiX HEKOTOPbIMU MUKPO-
opraHmamamm, 4To M0o3BOAMAO MM B 1940 r. BblgenuTb U3
KyNbTypbl MNECHEBOr0 rpnba MeHULUNInH.

BBeneH TepMUH «MONEKYNsipHas GUONOTrns».

1939 r.
A.H. Benosepckuii Hayan aKCNepuMeHTaNbHYyO paboTy, [o-
KasbiBatowyto Hannume JHK n PHK B 6akTepusx.

1940 r.
O. 2JiiBepu, pabotasa B NHCcTuTyTe Pokdennepa (Kocke™eller
1nslnlie, ble\y York), nsonuposan umctyto JHK.

1941 r.

AMeEpPUKaHCKUe TEHETUKN . Buan U 3. TeliTem, 3KCAepu-
MEHTUPYS C ackoMULETOM MWeurospora crassa, paspabotanu
runoTesy «0AWH reH — oguH epMEHT — oAHa peakuus», T. e.
KaXXAbli HOpMasbHbIA FeH NpoayuupyeT onpeaeneHHbln dep-
MEHT, Heo6xoAuUMbIA Ana opraHmMama. 3a 3To OTKpbITVe B 1958 T.
OHMN 6bINN ypocToeHbl HobeneBcKoi npemMun. OHU Taky>Ke Bbl-
OBUHYNM TUMNOTe3y, UYTO PEHTreHOBCKOE WM3Ny4YeHWe Bbi3blBaeT
noBpeXKAeHne reHoB.
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JaTckunii Mmmkpo6buonor A. O>xxocT (<losl, Acbl?) BBOgUT No-
HATUE «FreHeTnYecKas MHXXeHepuns».
Hana>keHO KpynHomacLuTabHoe MpPoU3BOACTBO MEHULUAINHA.

1943 r.

AMepUKaHCKMe reHeTuknm C. Nypua (buna, 3abrachbr,
1912-1991) n M. Oen6pyk pelbruck, Max, 1906-1981) npo-
BeM 3KCMNEepMMEHT, NOAy4YuBLUUIA HasBaHue <«PAYKTyaLNoH-
HbI TecT», AOKa3blBaloLNii, 4TO 6aKTeEPUN codep KaT CAOHTaH-
HO MyTuUpYylOoLLMe TreHbl, NOAOOHO BCeM APYrMM opraHm3Mam.
OTa paboTa o3HaMeHOBana poXkaeHme 6aKTepuanbHOW reHeTUKN
KaK caMOoCTOATEeNbHON OUCLUUNANHBI.

1944 r.
O. 3iiBepu foKasan, 4YTO HOCUTeNeM reHeTU4YecKoi WHAQOop-
Maummn sensietca OHK — HacnegCcTBeHHbI MaTepuar, Bbl3bl-

BaloLWMin TpaHcdopmauunio 6akTepuini. BHauvane aTa Teopus He
nonyymna AOCTOMHOr0 BHUMaHUA, TaK KakK Ha TOT MOMEHT yu4e-
Hble nonaranm, 4to AHK cnmwkomMm npoctasi Monekyna, 4Tobbl
cogepXaTb BCH TFEHeTUYeCcKyk WHopMauunio, HeobXoanMyto
L1 opraHu3ma.

AHTINWCKUIA 6uoxnmuk @. Cadrep (3an”er, [reéeHck,
1918-1982) npumeHUn MeToA, Ha3BaHHbIA xpomaTorpacduein,
4ns onpegeneHWs aMMHOKWUCIOTHOW nocnegoBaTensHOCTU 6en-
Ka WMHCYNNHa.

1946 r.

AMEpPUKaHCKUIA TeHeTUK O>k. Nepep6epr (benerber”, JlodHua,
p. 1925) n 3. TeiiTem MPOAEMOHCTPUPOBAIN, UTO MEXAY une-
HaMM reHeTMYeCKM HeoAHOpPOAHOW nonynAumm E. coll MOXKeT
nponcxognTb 06MEH FeHeTUYeCcKoW MHdopMauuen u BO3HUKaTb
HOBble FeHeTU4Yeckne KoMmbuHauuun (reHeTnyeckasa peKombuHa-
unsa). B To Bpemsi reHeTmuyeckasi peKombuHauus y 6aKTepuii
cumTanacb HeEBO3MOXXHOW.

AMepUKaHCKMe reHeTuKn M. enbpyk n A. Xepwwun (Hersbey,
Alreii Bay, 1908-1997) — He3aBUCMMO Apyr oT gpyra — 06-
Hapy>XWnu, 4To FreHeTUYECKU MaTepuan OT pas3/IMYHbIX BUPY-
COB MOXXET B3aMMOAelrcTBOBaTb, MPUBOASA K BO3HUKHOBEHUIO
HOBOI dhopMbl Bupyca. IDTOT MNpoLecc ABUACA APYTrUM Mpume-
poM, MoATBep>XAAaloLMM BO3MOXHOCTb FEHETUYECKOW PeKoMbOu-
Hauunn.
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ArpoHomM-ceneKkumnoHep CenbCKOX03AMCTBEHHOW uMccnegoBa-
TenbCKoW cny>k6bl CLUA C. Canmon (8alton, Cecxl), 6yayumn
COBETHUKOM MO CEeMbCKOXO035AMCTBEHHbIM BOMPOCaM B MOCO/bCT-
Be CLLUA B NocneBOeHHOW AMNOHUW, MPUBO3UT JOMOI CEMEHA CO-
pta nweHuubl HopuH 10 (blonn 10) ¢ reHOM Kap/MKOBOCTMW.
Ha ocHOBe 3TOro siNOHCKOro copTta 6bINO CO34aHO MHOFO LEeH-
HbIX KOPOTKOCTEBEeNbHbIX WAN MONYKap/MKOBbIX COPTOB O03U-
MOW MNLeHULbl, BBeAeHUE KOTOPbIX B KYNbTYpy MOMIOXXMNO Ha-
yano «3eneHolr peBONOLLNNY.

1947 r.

B. Mak-KnuHTok coobwmna 06 OTKPbLITUM Yy bakTepuii
MOABWKHbIX TFEHETUYECKUX SNEMEHTOB, W3BECTHbIX CerofgHs
KakK TpaHCno3oHbl. HayuHoe cOO06LLECTBO He CyMeno OueHWUTb
3HayYeHMe 3TOro OTKPbITUA B TOT MOMEHT.

1949 r.

YCTaHOB/EHO, UTO anuKanbHas MepucTeMa MPakKTUUECKM He
COAeP>KUT BUPYCOB. 3TO MO3BOMUAO CO3AaTb TEXHUKY KYNbTU-
BUPOBAHWA W BEreTatuBHOro PasMHOXEHUSA 3[0PO0BbIX pacTe-
HUA METOAOM Ky/NbTypbl TKaHU T oWro.

1950 r.

AMepUKaHCKUM 6noxmmmnk 2. Yapragpd (Cbar&a??, ErTn,
1905-2002) B pe3ynbTaTe aHanmsa OHK npuwen K BbiBO4Y,
yto B AHK o06Liee KoNMYecTBO afleHMHa paBHO 06LLEMY KONU-
yecTBY TUMUHa (A = T), a KOMYECTBO ryaHUHa paBHO Kojaun4e-
cTBY ymnto3smHa (I = L). DT gaHHble COCTaBUIN Ba>XHYH 4acTb
(haKTUYeCcKoro martepuana, Ha OCHOBe KOTOPOro mnosgHee 6bina
nocTtpoeHa mogens cTpyktypbl JHK YoTcoHa — Kpuka.

1952 r.

O>x. JNlepepbepr npogemMoHcTpupoBan nepeHoc AHK ot oa-
HOW 6GaKTepun K OPYroW, onocpefoBaHHbI BUPYCOM W Ha3BaH-
HbIi TpaHcayKuueii. BBen HasBaHMe «nnasMmugar.

A. Xepwu M M. Yeiiz (Ckase, Marlba Co\yle3, 1927-2003)
NpoBeNN 3KCMNEPUMEHT C LEeNblo BbIACHUTbL, KaKWe KOMIMOHEHTHI
(hara NpoHMKaT B OaKTepuanbHYl K/NeTKy Mnpu ee 3apaxe-
Hun: OAHK, 6enok mnu oba 3t BewecTBa. OKasanocb, 4TO B
KNeTKy npoHukaeT Tonbko AHK charoBoin yactmubl, Torga Kak
6enkoBasa 060/04YKa OCTaeTCA CHapy>Xu. ITOT pe3ynbTaT noja-
TBepAUn reHeTmyeckyto ponb AHK m onposepr ponb 6enka.
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AHTIMACKUIN MMKpobuonor B. Xeiic (Hayes, WL aT, 1918-
1994) o6Hapy>xun ahdeKT KOoOHblOraunum — ogHoHanpaBieHHbIN
nepeHoc AHK w3 ogHOW KOHTaKTMpylowewn 6aKTepuanbHOW
KNeTKN B APYrylo.

Benbrnickuii ymrtonor A>k. bpaueT (Bracbe!;, ~an, 1909-
1988) npegnonoXxun, 4yTo PHK urpaeTt Ba>KHyl0 pofb B CUHTE3E
6€enKOoB.

dpaHuy3CcKUii 60TaHUK >X. Mopens (Morel, Oeor”*e Miclrel,
1916-1973) NpeAnonoXunn, 4YTO, UCNONb3YSA KynbTUBUpPOBaHUE
MepUCTEM, MOXXHO Mony4yaTb 340pOBble, U36aBfieHHble OT BU-
pycHO nHpeKunn pacteHusa. KynbTuBupoBaHue MepuctemMm Mo-
b6era — Hambonee appeKTMBHLIV Crocob 0340pPOBAEHUNA pacTU-
TeNbHOro mMaTepuana oT BUPYCOB, BUPOUAOB N MUKOMIA3M.

1953 .

AMepUKaHCKME 6MOXMMUK [O>k. YoTcoH (~abson, ~"Tes3
Bemrey, p. 1928) u reHetuk ®. Kpuk (Crlck, lrancr3, 1916-
2004), pabotaa B Kembpugxe (Molecular Brwology baborabory
T Catbnii”e, En&lancl), onncann cTpykTypy AHK Kak gBoii-
Hyl0 cnumpanb (3a 4To B 1962 r. nonyunnm HobeneBCKylo rnpe-
Muto). OTKpbITME CcTPYKTypbl OHK npuBeno K akTtusmsauuu
nuccnegoBaHMini B o6nactm MONEKYNAPHOW 6MONOrUMN N TeHeTu-
KW, 4TO MOJIOXKW/IO Haydano 6MOTEXHONOrMYECKON PEBOMIOLUN.

B. Xelic 06Hapy>Xunn, 4To NAasMuibl MOXXHO MCMNONbL30BaTb
ONs nepeHoca reHeTUYeCKUX MapKepoB W3 ofHoOW 6akTepun B
ApYyryto.

1955 r.

AMepUKaHCcKue (hr3nonorn pacTteHmnin ®. Ckyr (8Koo&, Polke
Karl, 1908-2001) u K. Munnep (MLWer, Carlo3) oTKpbIAN HO-
Bbl/i Knacc (QUTOrOPMOHOB — LWUTOKMHUHOB. OTKpbITUE f[ano
BO3MOX>XHOCTb CTUMYNMpOBaTb AefeHne KNeTOK, NoAJep>XUBaTb
pOCT KannycHOW TKaHW, UHAYLMpoBaTb MOpPHoreHes B KOHTPO-
NNPYEMbIX YCNOBUSAX.

1956 r.

AMEpPUKaHCKOMY BUOXNMUKY X. dpeHkenb-KoHpaTy (Praen-
kel-Conra!;, HeTr, 1910-1999) yganocb pasgennTb BUPYC Ha
€ro OCHOBHbIE KOMMOHEHTbI — 6e/l0K U HYK/IEMHOBYIO KUCNOTY —
M 3aTeM BHOBb COEAMHUTb UX B aKTUBHbIW BUpPYC.
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1957 r.

AmMepuKaHubl ®. Kpuk 1 (PU3MK-TeopeTuk [>k. [amos
(Cato\ur, Oeor&e, 1904-1968) npefnoXXUnM KOHUENUUIo
«LeHTpanbHOW AOrMbl» MONEKYNAPHOW 6umonorun: wnHdpopma-
UMS O CTPYKTYpe KeTO4UYHbIX 6enKOB 3aKogmpoBaHa B HYyK/e-
OTUAHOW nocnegoBaTenbHOCTU KnetodHo AHK. OHM Takxke
yTBepXAanu, 4YTo MepeHoC reHeTUYecKom MHopMaumn mexay
6MONOrNMYECKUMN MaKpPOMOJieKynaMu rnponucxoanT TONbKO B 0Of4-
HoM HanpaBfeHun: JHK — mMPHK — 6enok.

AMepUKaHCKMNe MONeKynsipHble 6Monorm M. Me3enbCcoH
(Me3el3on, MaMbe” 8lanley, p. 1930) u ®. CTanb (8labl,
PrankHn \\LWWaT, p. 1929) npogeMoHCTpUpoBanu MonyKoHcep-
BaTUBHbIVM MexaHn3m penaunkaumm OHK. OH 3aknio4vaeTrcs B
TOM, 4TO 06e uenn AHK pa3genstoTca M Ha KadKAol CUHTe3n-
pyeTca KomMnaemeHTapHas ei uenb.

1958 r.

AMepPUKaHCKNIN 6MoxXumMuk A. Kopu6epr (Kornbera, ArlUwr,
p. 1918) o6Hapy>xun wun Bblgenun OHK-nonumepasy — dep-
MEHT, KOTOPbIA UCMonb3yeT ogHouenovevHyto JHK kak maTtpu-
Ly U CTPOUT Ha Hel BTOpyk uenb AHK.

YCTaHOB/EHO, YTO CeprnoBMAHOKNETOYHAA aHEMWSA BO3HUKa-
eT B pe3y/nbTaTe 3amMeHbl 04HOW aMWHOKUCNOTbI.

1959 r.

®dpaHuy3ckme mukpobuonorn @®. >ako6 (flacob, Nrancols,
p. 1920) n >X. MoHo (Monoi, ~ac™ne8, 1910-1976) BnepBble
yCTaHOBUAM (PaKT CyLleCTBOBaHUS MexaHuM3Ma perynsyuun re-
HOB. /IMM 6bINM onpeAeneHbl y4acTKU Perynsumnm TpaHCKpumn-
unm n cdopmynmpoBaHa MoAenb CTPYKTYPHO-(PYHKLMOHANbHOMN
opraHmsauunm onepoHa U perpeccopa.

1960 .

AHIIMACKNIA ydeHbIn 3. KokkwuHr (CockT”, Ecbyarin C.)
paspaboTan depmMeHTaTUBHbIA MeTOo4 MOoJyYeHUSA M30NPOBaH-
HbIX MPOTOMAACTOB. 3TO MOCNYXXWU/I0 TONYKOM K MONYYEHUIO CO-
MaTunyeckux rnbpunaos, BBEAEHUIO B MNPOTOMAacTbl BUPYCHbIX
PHK, KneTouyHbIX opraHenn, KAeToK NpoKapuor.

1961 r.

Mna. MunTuenn NPenAoXKUI XEMUOCMOTUYECKYHOD TEOPUIO
o6pasoBaHna ATO.
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A. Mapmyp wn M. [oTwu OTKPbINM SIBNEHWE peHaTypauuu
OHK ©n ycTaHOBUIM TOYHOCTb U CreynUYHOCTL peakuuu rmo-
puAn3aunuM HYKNeUHOBbIX KUCNOT.

1962 r.
B. Ap6epom BrepBble MOflyd4eHbl CBefeHUs 0 depmMeHTax
pecTpukumnmn AHK.

1963 r.

AMEPUKAHCKNIA OBUOXMMUK M. HupeH6epr (Nerenber&,
Marsbal, p. 1927) pacwmndcpoBan reHeETUYECKNI Kopf, KOTOPbI
oKasancsa yHuBepcalbHbIM KakK AN 6akTepuid, TaKk U AN BbiC-
LWINX OpraHM3MoB BMAOTb A0 4YenoBeka (3a 4To nonyuun Hobe-
NeBCKy npemuto B 1968 r.). Tem camMbiM reHeTuyeckast UH-
dopmMauusa uU ee cCMbICi, T. €. B3aMMOCBSA3b MeXXAy reHeTuuye-
CKMM KOAOM WU CTPYKTYypohi 6enKoB, CcTanu Q[OCTYMHblI AN
nU3yyeHuns.

HoBble rubpmnaHblie copTa MWeHULbl, BbIBEAEHHbIE arpoHO-
MOM M MMUKpobuonorom H. Bopnayrom (Borlan&, 1Yortan Ermesl,
p. 1914), No3BOAUAMN YBENNUYNTb YPOXKaHOCTbL Ha 70 %. 3a pa-
60Ty MO CO34aHUI0 KOPOTKOCTeBEeNbHbIX COPTOB 03MMOI MLLUEHU-
ubl B 1970 r. bopnayr nonyunn HobeneBCKylO NMPeEMUIO U cTan
nepBbIM B UCTOPUN CeNeKLMNOHEPOM pacTeHuii — HobeneBCKUM
naypeaTtom.

1965 r.

YueHble 3aMeTUAW, YTO FeHbl YCTOMYMBOCTU K aHTUbMOTU-
KaM B 6aKTEPUAX N0KaIN30BaHbl Ha ABYXLENOYEUHbIX KOJ/bLie-
BbIX Mosiekynax OHK, HasbiBaeMblX niasmugamu. IT0 Habo-
[JeHne MPUBENo K Hauany Knaccugukauum nnasmug,.

1966 r.

M. HupeH6epr n . MaT T3 (Malbael, Hetncb) npoge-
MOHCTPUPOBaIN, UYTO Kaxkayto 3 20 aMUHOKUCAOT B MONeKy/e
MPHK (KOAOH) KOOUPYIOT TPU CMEXXHbIX HYKNeoTmaa.

1970 r.

3. KOKKWHI OCYyLIecTBU/ MNepBOe WMCKYCCTBEHHOE CNAHUE
npoTonnacToB C MNOMOLLLID UHAYKTOpa CcAusiHma (dbro3oreHa),
UTO OTKPbINO HOBbIA MyTbh K CO34aHUI0 COMaTUYeCKUX TMbpuaos.

X. TemuH, [,. BanTumop OTKPbIAX NpoLecc obpaTHO TpaHCc-
Kpunuun.
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1971 r.

AmMepunkaHckune ydyeHble C. KoaH (Coben, 8lanley N.. 8lar-
?orcl MMwyer6y, p. 1922) n r. boiiep (Boyer, Herberb JIT,
LTyersly o? CallorTta, 8an lrawHaco, p. 1936) — He3aBuU-
CUMO Apyr oT pgpyra — paspaboTtanu cTpaTervio mnepeHoca
hDYHKLUMNOHANbHOW eAVNHULbI HacnencTBeHHOCTU (reHa) M3 OfHO-
ro opraHmsma B ApYyro.

1972 r.

AMepuUKaHCKNM 6uoxmmuk M. BGepr (Ber§, Paml, p. 1926)
CKOHCTPYMpOBan M Nonyvymn 6U0N0rM4YecKn akTUBHYK TMopug-
HYI0 Nnasmugy nyteM o6paboTKM PecTPUKTa3oi ABYX MnasMump
Cc nocnegywouwe mx cwmBkon AHK-nurasori. Takum o06pas3om
6blnia co3gaHa nepsBas peKombmHaHTHass monekyna OHK.

C.N. CuHrep n INN1. HukKoncoH NPeanoXXuMnm XuUAKOCTHO-
MO3anyHy MogeNb 6uomembpaHbl.

1973 r.

C. KoaH u I'. Boiiep ob6HapogoBain TEXHONOTUKO WUCMOJb3C
BaHUA peKoMb6uHaHTHoO OHK, 4To paccmaTpuBaeTcs Kak garta
pPO>KAEHNS COBpeMeHHon 6uoTtexHonormn. B 1974 r. Boiiepy
yhanocb 3anaTeHToBaTb 3Ty TeXHO/IOFUK, 4YTO MO3BOJUIO eMY
co3[aTb CBOIO YaCTHYIO KOMMaHMUIO.

1974 .
. Menbxepc (Melcber8, Oeor”*e) BBOAUT TEPMUH «CcoOMaTU-

yeckas rmépugusauus», osHadalolWmii Npouecc CAMSHUSA Mpo-
TOM/IACTOB COMaTUUYECKUX KNeTOK.

B. 3pbep NPefnod>KMn UCMNoAbL30BaTb PECTPUKLMOHHBbIE IH/AC
HYyK/eas3bl KakK MHCTpyMeHT aHanusa AHK.
1975 r.

L. MunbwTellH CUHTe3MpoBa/l NnepBble MOHOKJ/IOHa/IbHblE
aHTuTena.

1977 r.

B Mapsapackom yHuBepcuteTe B. O>kun6epT (OlMber!, MYaler,
p. 1932) co cBoMM acnupaHToM A. Makcamom (MaxaT, Allan M.)
paspaboTanu 6bICTPbI MeToh XMMmM4yeckoro aHanmsa AHK; no-
ABUNacb peasbHas BO3MOXXHOCTb OMpefensaTb nocnegoBaTtelb-

HOCTb A0 1000 HYKNeoTUAOB B HeAento cuiamm ofHOro Mccneno-
BaTens.
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1978 r.

YueHble CTaHopAcKoro yHuepcuTeTa (8lan?orcl Wiyer-
3H,y) ycnewHo nepecagunnn reH maekonuTtatowero B AHK 6ak-
Tepuwn.

BriepBble CUHTE3NPOBAH PEKOMOMHAHTHbLIM 4YenoBevYecKui
VHCYNNH.

1979 r.

B lapBapackom yHuBepcuteTe B. Bengep (Benier, \'el-
cote OMN) n 4. XorHecc (Ho™ne33, bayW 8., p. 1953) pa3spabo-
Tanu MeTo4 KnoHupoBaHua AHK, no3sonusBLUMiA BbIAeNNTb U
K/NOHUPOBAaTb TbICAYN Pa3IMYHbIX TEHOB.

KomnaHuna «[>keHeHTeK» U HaunoHanbHblIA MeOULVHCKUIA
ueHTp r. Xoyn (Tbe CWy o0? Hope Nel;ional Meclcal Cenler) B
KannchopHun o06baBUIN 06 yCNewHOM CUHTEe3e reHa comartocTta-
TVHA N WMHCYIVWHA C MOMOLLbI TEXHONOTMN PEKOMOUHAHTHOMN
AHK. Tak BnepBble 6bina MNpogeMOHCTPMPOBaHa 3KCNpeccus
reHa yenoBeka B baKTepuasbHbIX KeTKax.

BrnepBble CUHTE3MPOBaH YeNOBeYeCKMA TOPMOH pOCTa.

1980 r.

lpynna wuccnegoBaTtenein kopnopauun «Cetyc» (Cebus
Corporaviton, bepknu, KanudopHus), Bosrnasngemasa K. Mion-
nucom (Mmnl1lHs3, Kary Banks, p. 1944), pa3pa6oTana crnocob no-
nyyeHMsa T ulro 601bLLIOIO0 KoauyecTBa cneumndmnyecKnx Hyk-
NeoTUAHbIX MocnefoBaTelbHOCTEN — MOMMMEPA3HYI0 LEMHYH0
peakyuto, MLUP (3a uto Mwonanc nonyumn HobeneBcKyk npe-
Muio B 1993 r.). MLUP 6ypgeT HazBaHa Hambonee peBONHOLMNOH-
HbIM 1 3PPEKTUBHBIM MHCTPYMEHTOM MOMEKYNSAPHOW 6uonornuv
1980-x rr.

C. KoaHy wu I. Boiepy BblgaH nateHT CLUA (Ne 4237224
Ha UCNoNb30BaHMe BUPYCHbIX N NAa3MULHbIX BEKTOPOB 419 CO-
30aHUA PEKOMOUHaHTHbIX OHK.

1981 r.

B CLUA npogaHbl nepBble AMAarHOCTUUYECKNE KOMMIEKTbl Ha
OCHOBe MOHOKI/IOHANbHbIX aHTUTen.

BrnepBble 6bl1 MAapKUPOBaH aBTOMAaTUUECKN CUHTE3NPOBAaH-
HblA TeH.
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1982 r.

Hauano 3pbl TpaHCreHHbIX pacTeHWU. YUeHble co3garT nep-
BOe Ky/NbTypHOe pacTeHue — npoAayKT OGUOTEXHOMNOrniA: CTOMN-
KUK K aHTUbMoTnkKam Tabak.

1983 r.

MexxayHapoaHbiii  CTaHdOpACKMIA  Hay4yHO-uccnegoBaTe lb-
CKU MHCTUTYT (3banorc! Kesearck 1nsllml;e 1nl;ernal;lonal)
NoAyyYnn NaTeHT Ha 3KCNPecCUpyoLwWnii BeKTOp A9 OCYyLLecTB-
NEeHUNA CUHTEe3a Yy>KepoaHbIX 6elKOB B E. coii.

AMEPUKAHCKUI 6MOXMMUNK M. KappyTepc (Carulllers, Mar-
YA H., Uwyer3sHy o? Coloraclo) npeanoXXun Metoa XMMnUyecko-
ro cuHtesa AHK gnavHoi go 75 nap HykneotugoB. COBMECTHO C
Nn. Xypa (Hoow, beroy E., CaM:lorta 1m3llul;e o™ Tecbnoloéy,
p. 1938) paspab6oTan nepBbii Npubop Ansds aBTOMaTUYECKOro
cuHTesda — AHK-cuHTe3aTop.

1984 r.

Benbrmickue reHeTMKM M. BaH MonTariwo (Yan Mon™a™u,
Mark) n O>x. Wenn (3cbel, ~?:I') OTKpbLIAN MexaHU3M Nepeja-
UM reHOB OT MOYBEHHbIX GaKTepuii poga AagrobacbennT B pac-
TeHUsi. DTO MO3BOMNAO cO34aTb I(PPEKTUBHbIE METOAblI FEHETU-
YecKol TpaHctopmaumn ansa 60MbLUMHCTBA BUAOB ABYAONbHbIX
pacTeHuiA.

1985 r.

Hauyano npousBoAcTBa FEHHO-UHXXEHEPHOro MUKPOOPraHus-
Ma, CO3[aHHOro A/ 60pb6bl C 3aMOPO3KaMU.

MpoBeAeHbl NepBble MoJiEBble UCMbITAHUA TPAHCITEHHbIX pac-
TEHWi, YCTOMUYMBLIX K HACEKOMbIM, BUpycam 1 6aKTepusiM.

1986 .

MepBblii (HeydauHbI) 3KCMepuMeHT MuHUCTepcTBa Cefb-
ckoro xossrictea CLUA no co3gaHUo TPaHCreHHbIX >XUBOTHbIX
B ropoge bBentceunn (Besylle, Mii., wtat MapuneHg). B am6-
PYOH CBWHbW TpaHCOPMUPOBAH 4YeNOBEYECKU reH ropmMoHa
pocTta. [Be 0cobu normbaroT npexkge, 4Yem [OCTUraroT MNOA0BON
3penocTun, a TpeTbs Mapan3oBaHa.

B CLUA n BO ®paHumnmM NpoBefeHbl MepBble MofeBble UCTbI-
TaHNA reHeTUYecKn mMoamduumMpoBaHHOro Tabaka, TonepaHTHO-
ro K repéuumngam.
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Co3paHa nepBasi peKOMOGMHaHTHas BaKLUMHa A1 4YefoBeka
(BakyuHa npoTme renatuta B).

Cos3pgaH nepBbli GBUOTEXHONOTMYECKUIA NMPOTUBOOMYXONEBbIV
npenapat — WMHTepPepoH.

1986-1995 -

3a gecaTuneTHU nepuog 6bi1o nNpoBedeHo 3647 MoneBbIX UC-
nbiTaHW 56 TM-pacTeHunii B 18 cTpaHax mupa. N3 Hux 1952 mnc-
nbiTaHna (54 %) ocyuwecTBneHo Ha Tepputopum CLUA. Kowm-
MepYeCKUMU CTanu TONbKO BOCEMb OCHOBHbIX KY/bTYyp, Ha KO-
Topble npuxogntca 28 % (1024) Bcex MNONEBbIX WCMbITAHWIA:
KyKypy3a — 33 %, MacnnyHblii panc — 21 %, kapTodenb, —
11 %, Tomat — 11 %, coa — 9 %, xnon4yaTHUK — 7 %, Ta-
6aKk — 5 % u TbikBa — 3 %. OCHOBHbIMU MPUBHECEHHbIMW Xa-
pakTepucTukamun SBNAKTCA: repbuumaHas TolepaHTHOCTb —
35 %, ynydlwleHHble Ka4yeCTBeHHble XxapakTepuctukm — 20 %,
MHCEKT-YyCTONUNBOCTb — 18 %, BUpPYCHasA pPe3UCTEHTHOCTb —
11 %, yCTOWUYMBOCTb K FPNUOBKOBON UHMpeKUun — 3 % n gpyrue
(MapKepHble N CENEKTUBHbIE TEHbl, YCTOMUYMBOCTb K GaKTepUsaM
n Hematogam) — 13 %.

1987 -

AMEPUKAHCKNIA FreHeTUK M. Oncod (013on, Maynarc! Y1ck>r,
NaszbT”™on WNwyersHy) cKOHCTpyMpoBaa HOBbIA TUM 3KCMpec-
CUPYIOLWEro BEKTOpa — «MCKYCCTBEHHbIE APOXK>KEBbIE XPOMOCO-
Mbl» (yeas! arlllclal cbroTo3oTe3), npegHasHa4deHHble ANs
KNOHUpOBaHUA 6o0nbinx pparmeHtos AHK.

1988 -

FreHeTnkn ®. Nepep (beiier, Pblp) n T. CTiapT (8le\yarl,
TlTtolby) 3anaTeHTOBaNM MNEPBOE >XMBOTHOE, MOJy4YeHHOe C Mo-
MOLLbIO METOAOB FreHeTUYeCKON NHXXEeHepuUmn, — TpaHCreHeTuye-
CKYI0 MblLLb C MOBbILLIEHHOM 4acTOTOM BO3HUKHOBEHUS OMyXONei.

1989 -

Cos3paHne B CLWWA HauunoHanbHOro ueHtpa no wuccneposa-
HUO 4enoBeveckoro reHoma (blanonal Cenber ~or Hutan Ce-
noTte Kesearcb), KOTOpblhi BO3rnaBun O><. YOTCOH.

1990 -

MonekynsipHbli 6uonor M. ®pomm (FroTT, Milcbael E.)
n3 LleHTpa 3KCMpeccuu reHoB pacTeHWir coobuinn 06 ycTonum-
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BOV TpaHcopMauMM KYyKypy3bl C MOMOLLbO 60M6apAnpPOBKMU
MUKpoYacTMLLaMu — MeToA 6anincTnyeckon TpaHcdeKLUN.

OdmymanbHOEe Havano peanusaumm MeXXAgyHapogHon mnpo-
rpammbl «FeHoM 4yenoBeka» (Hutan OenoTe Pro”ecin) B CLUA.
KoHeyHas uenb NporpamMmbl coctout s OMNPEAENeHUN HYKI/eo-
TUOHOW nocnegoBaTe/lbHOCTU BCEro reHoma yenoseka K 2005 r.,
Ha 4TO CcTpaHamMmmn-ydyacTHMUamMun BblgeneHo 13 mapa [0/11apos.

KomnaHuen «Kang>XumnH» npoBefeHbl ycnelwHble MNoeBble
ucnbiTaHna [M-pacTeHU, YCTOWMYMBBIX K repbuumay 6pomo-
KCUHWUNY.

1991 r.

MepBas MonbITKa 3KCNEPUMEHTANIbHOW FeHeTUYecKo Tepa-
NUM ycnewHo ornpoboBaHa Ha 4YeTblipexneTHelW [AeBouYKe, cTpa-
Jaroller natonorvein MMMYHHON CUCTEMBI.

CosgaHa ycToiumBas K HacekoMbiM (B1l) KyKypy3a.

OpobpeH nepBblii NULWLEBOW MPOAYKT, MOAYYEHHbIA C Mo-
MOLLbI FreHEeTUYECKN MOANMDULNPOBAHHbIX APOXOKEN.

MpoBeaeHbl MepBble UCMAbITAHUA FeHeTUYECKU MoandunLmnpo-
BaHHOIo MO3BOHOYHOro — dhopenn — B MPUPOAHbIX YCI0BUAX.

1994 r.

MepBbIi BUOTEXHONOTMYECKUIA MULWEBOA NPOAYKT — ToMa-
Tl BBAYK 8AYK — nonyuunn ogobpeHmne M)A.

O6Hapy>eH MNepBbIi FeH, ONpeaensWni NpeapacnonoXeH-
HOCTb K paKy rpyau.

MonyyeHo o0[06peHVE PEKOMOMHAHTHOWM Bepcum venoBede-
ckoii [AHKa3sbl, pacTBopsLWEeil cKomnneHus 6enka B Nerkux
60/1bHbIX MYCKOBUCLIUA030M.

HauyaTo nprmeHeHMe KOPOBLErO COMaTOTPOMUHA.

1995 r.

B CLWA pa3pewieHbl K KOMMEPYECKOMY WUCIMO/Ib30BaAHUIO Te-
HeTMYeckKn moanuuMpoBaHHble copTa com Kouniimp Keaiy
(«MoHcaHTO») N KyKypy3bl Maxwnrer («<Cunba-leirn») n Haum-
HaeTcA B MNPOMbILUNEHHbIX MacwTabax ucnonb3oBaHue [M-co-
pToB XxnonyaTHumka — Boll&arcl («<MoHcaHTO») 1 BXbl CoMon
(«<Kang>unH»),

NMponsBegeHa nepsBas TpaHCNAaHTauMA KOCTHOro mo3ra oT
06e3bsAHbl YenoBeky, 6onbHoMy Clrdom.
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N.K. BenTep C COTPygHMKAMW 3aBepLUMNN CEKBEHMpPOBa-
HVe reHoma 6akTepuii HeTopkMns T?1lmnenrae N MycoplasTa
SenalnT.

[eHeTUYecKkasa Tepanusi, MogynMpoBaHWE MMMYHHOIN cuUcTe-
Mbl N PEKOMOMHAHTHbIE aHTMUTeNa BBOAATCA B KIAMHUYECKYHO
NpakTuUKy Anst 60pbbbl C OHKONOTMYECKNMMN 3aboneBaHUSIMU.

1996 r.

pynna y4yeHbIX coobuiaeT 06 onpeaeneHUN MOAHON HyKe-
OTMAHOM NocnefoBaTeNbHOCTU BCEro Habopa XpPOMOCOM 3yKapu-
OTUYECKOr0 MUKPOOpraHmaMma — MNUBHbIX (MeKapCKUX) ApOoXOKen
3accHaroTyces ce”eV*8"ae. ITO MOBbLICUIO LEHHOCTb AAaHHOro
MUKpOOpraHmamMa Aasi HayuHbIX MCCNef0BaHUM M [OKa3ano BO3-
MO>XHOCTb KapTUpoBaHUA 601bLLINX reHOMOB, 6onee 12 MAH M. H.

OTKpbITME TeHa, accouunpoBaHHOro ¢ pasBuTnem 60/e3HN
MNMapKMHCOHa, Aano HOBble BO3MO>»XHOCTU U3YYEeHUA MPUYUH ©
pa3paboTKu NOoTeHLUManbLHOM Tepannm 3TOro HelipoaereHepaTuB-
Horo 3abonesaHuA.

MepBbIi rog KynbTuBMpoBaHUA M-KynbTyp, KOTOpPble Bbl-
palivBatoTcsa B 6 cTpaHax Ha obuien naowaau 1,7 MAH ra.

1997 .

Nccnegosatenn mn3 NHctutyTa PocnmHa (WoTtnangusa, 8col-
lani'8 Kosln 1nsllule) coobuimnm o KIOHUPOBaHUW MepBOro
MaekonuTaruwero — oBubl Jonnu.

FeHeTnYecKN MoOAUMPULMPOBaHHbIE CelbCKOXO03SMCTBEHHbIE
KyNbTypbl BblpalmMBalOTCA B CEMU CTpaHax Ha obuiei nnowann
11,0 mnH ra: coa — 5,1 MaH ra (46 %), Kykypy3a — 3,2 MJ/H
ra (30 %), xnon4yatTHUKk — 1,4 maH ra (13 %) — ato 7-kpat-
HbIA MPUPOCT, MO CPaBHEHUIO C MpeabIgyLW UM FOL40M.

1998 r.

ViccnepgoBaTtenn [aBalickoro yHMBeEpcUTeTa K/AOHUpPoOBau
TPU MOKONEHUS Mbllleii U3 sapa B3POCNOA KNeTKU SIMYHMKA.

Co3faHbl TMHUU 3MOGPUOHAa/bHbIX CTBOJIOBbLIX K/AeTOK 4eno-
Beka.

YUeHbIM SIMOHCKOro yHuBepcuteTa KMHKM yganocb KAOHU-
poBaTb BOCEMb UAEHTUUHbLIX TENAT U3 KNEeTOK OfHOW B3pocroii
KOpPOBblI.
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3aBeplleHa paboTa Haj CeKBeHMpOBaHMeM reHoma repBoro
YXMBOTHOINO — KPYrnoro 4yepss CaenorHabélllz ele§ans.

CocTaBneHa NpunéAn3nNTeNbHaa KapTa reHoma 4enoBeka, Ha
Hel ykasaHo pacrnonoxxeHue 6onee yem 30 TbIC. FeHOB.

FeHeTnyeckn MoOAUMULMPOBAHHbIE CENbCKOXO03ANCTBEHHbIE
KynbTypbl BblpalivBalOTCA B BOCbMW CTpaHax Ha o6Liei nno-
wagn 27,8 MmaH ra: coa — 14,5 mnH ra (52 %), KyKypysa —
8,3 MnH ra (30 %), xnonyatTHMK — 2,5 mnH ra (9 %) — 16-
KpaTHbIA NpPUPOCT, MO CpaBHEHUIO ¢ 1996 r.

1999 r.

Co3gaHo nyTeM TpaHcdhopMauum nepBoe pacTeHue C uU3sMme-
HEHHOM NULLEBON LEHHOCTbIO — «3010TOM pUC», coaep KaLinii
6eTa-KapoTUH, NpeALleCTBEHHUK BUTamMmHa A.

FeHeTn4YecKN MOANMDULNPOBAHHbLIE CEbCKOX03SAMCTBEHHbIE
KyNnbTypbl BblpawimBaloTca B 12 cTpaHax Ha o6uliei naowaauv
39,9 MaH ra: coa — 21,6 mnH ra (54 %), Kykypy3a — 11,1 MaH
ra (28 %), xnon4yaTHUK — 3,7 MAH ra (9 %) — npupocT co-
ctaBun 11 %, Mo cpaBHEHMIO C MPeAbIAYLWUM FOA0M.

2000 r.

PacwumndpoBaH NepBblii NOMHbIVA FEHOM pacTeHus Arabllop3bs
lkallana — pacTeHus, SABAAKOLWErocsa MNONynspHbIM MoAeNb-
HbIM O00bLEKTOM B MOJNIEKYAsApHOW 6uonorun. YdacTtBoBanu
27 nabopatopuin B CLUA, EBpone n AnoHnn. MonyyeHHble AaH-
Hble MO3BOMAIOT MOHATb, KakKue reHbl 0TBeyalwT 3a crneuuduye-
CKMe CBOMCTBA Y MHOIMMX CeNbCKOXO03AMCTBEHHbIX KyNbTyp, Mo-
CKONbKY MeXJy BCEMU pacTeHUAMW MHOro obLiero.

FeHeTMYeCcKU MOANMDULUNPOBAHHLIE CEbCKOX03SAMCTBEHHbIE
KynbTypbl BblpawusatoT 6onee 3,5 MaH cepmepoB B 13 cTpaHax
Ha o6Lei noowaan 44,2 MaH ra: coa — 25,8 maH ra (58 %),
KykKypys3a — 10,3 MaH ra (23 %), xnon4aTtTHMK — 5,3 M/IH ra
(12 %) — aT0 26-KpaTHbIVi NPUPOCT, MO CpaBHEeHUO ¢ 1996 r.

2001 r.

KuTarckue uccnegoBatenn ob6bABAAKOT 0 CO34aHUM HOBOrO
copTa puca, ypoXKaiHOCTb KOTOPOro B ABa pasa Bbllle, Mo cpaB-
HEHUIO C OObIYHbIMU copTamMWu.

3aBeplueHO cekBeHUpoBaHuMe AHK BaXHbIX O/ CENbCKOro
X03AMCTBA MUKPOOPraHU3MOB: a30TPUKCUPYHOLLE 6aKTepuu
3TorblrobluT™ TelloH M A8robacbenuT bnrTeMacbkens — He-
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onacHoro durTonatoreHa W HacToAwel HaxoAKW ANs FeHHbIX
MH>XEHEepoB.

C uenblo co3gaHuUsa KynbTypbl, CMOCOOGHOW pacTu Ha 3aco-
NeHHbIX NoYBax, reH u3 Arablliop3s3 Orallana BCTPOEH B FeHOM
TOMAaTOB.

KomnaHus «CuHAXeHTa» 3asiBuna 06 yCrewHOM OKOH4a-
HUW MPoeKTa KapTUpPOBaHUS FeHOMa puca.

FeHeTN4YeCKN MOANPULNPOBAHHbIE CENbCKOXO03SAMCTBEHHbIE
KynbTypbl BbipawmBawT okKono 5,5 mnH cepmepoB B 13 cTpa-
Hax Ha obuwiein nnowagn 52,6 MnH ra: cos — 33,3 MJH ra (63 %),

KyKypy3a — 9,8 MaH ra (19 %), xnon4yaTHUK — 6,8 MAH ra
(13 %) — 3710 31-KpaTHbIi NPUPOCT, MO CpaBHEHUO ¢ 1996 r.
2002

Me>xayHapoaHbie Tpynnbl UccnefoBaTeneli CEeKBEHUPYIOT re-
HOMbI MansApUMHOro NnasmMoAusa M KomMapa, fnepeHoCcsALlWero aTo-
ro napasura.

Ony6nnkoBaHa 4YepHoOBasA BepPCUS 4YeNoBe4YeCcKOro reHoma.
MepBbili aTan Hutan OenoTe Projecl 3aBeplUeH C OnepekeHu-
€M MaHa U 3KOHOMUEN CpencTB.

BonbLwoili nporpecc [OCTUTHYT B onpefeneHMmM (akTopos,
KOHTpoOnupyrwwmnx anddepeHUNPOBKY CTBONOBbIX  KETOK,
naeHTUdUUMposaHo 6onee 200 reHoB, y4dacTBYHOLWWUX B 3TOM
npotecce.

O6bABNEHbI MONOXKUTENbHbIE pe3ynbTaTbl NPUMEHEHUS BakK-
UVHbI OT pakKa LelKU MaTkKu, 4YTO OEMOHCTPUPYET BO3MOXK-
HOCTb CO34aHUA BaKUWH AN8 NPOPUNAKTUKN 310KAYECTBEHHbIX
3aboneBaHunin.

3aBepLUeHO CeKBEHUpOBaHWe TreHoMa rpubka, exxerogHo
YHUUTOXKAaKLWero OrpoMHOe KOAM4yecTBo puca. [lMapannenbHoe
n3yyeHme reHOMOB puca M ero rf1aBHOro napasuta Mno3BOAUT
pasobpaTbCs B MOMIEKYNAPHbLIX MeXaHU3Max X B3anMOAerncTBus.

Bo3HMKNa HeobXooMMOCTb MepecMoTpa CYLW,EeCTBYHOLWUX
B3rnsagoB Ha PHK, Tak KakK o6Hapy)eHa 4pe3BblyaliHas BaXk-
HOCTb ManeHbkux dparmeHToB PHK(31-1LUIA) B ynpaBneHuu
MHOTMMN DYHKLUNAMU KNETKMW.

FeHeTnYeCcKN MOANDULNPOBAHHbIE CENbCKOXO03SAMCTBEHHbIE
KynbTypbl BblpaliuBaloT 60nee 6 MAH chepmepoB B 16 cTpaHax
Ha o6uwein nnowagn 58,7 mnH ra: coa — 36,5 MaH ra (62 %),
KyKypy3a — 12,4 MnaH ra (21 %), xnon4aTHUK — 6,8 MAH ra
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(12 %) — aTto 35-KpaTHbIi NPUPOCT, MO cpaBHeHUIO ¢ 1996 r.;
27 % ot obLei naowanm cocTaBnAlT yroabsa passBmBaroLLUXCS
CcTpaH.

2003 .

MccnepgoBaTtenn o6Hapy>XuUnu reH npegpacrofioXeHHOCTU K
Jernpeccun n npuobamxarwTcs K pasrake B3aMMOCBSA3N MeXay
reHeTUYEeCKNMU OCOBEHHOCTAMU U LLUMN30pEeHnE.

Ha pblHke CeBepHoli AMepuku nosensetca Clollsb — nep-
BOe TpaHCreHHoe [eKOopaTMBHOE >XMBOTHOE, akKBapuymHas pblb-
Ka, CBeTAlasacsa KpacHbIM B ynbTpaduoneTtoBoMm CBeTe, YTO A0-
cTuraeTca 6narogaps BCTPOEHHOMY reHy (ayopecumnpyrouwero
6enka Kopanna.

BnepBble KIOHUpPOBaH npeAcTaBUTeNb BbiMUpalLWeEro sBuaa
6aHTeHr (Bo3 JaoaTcus). TakKe 6blnn BNepBble KNOHUPOBAaHbI
My/bl, fowagn n OneHwu.

OBua fonnn — «repouHa» 1997 r. — noaBeprnacb aBTaHa-
3UM N3-3a nporpeccupyrowero 3aboneBaHna nerkux.

AMoHCKMe BMOTEXHONOTM pa3paboTanu NepBbIi He cofep>ka-
Wui KodpenmHa copT Kodpe.

FeHeTn4YeCcKU MOANDPULMPOBAHHbIE CENbCKOXO3ANCTBEHHbIE
KyNnbTypbl BblpawuMBaloT 0K0A0 7 MAH ¢epmMmepoB B 18 cTpaHax
Ha obuwe nnowaan 67,7 MnH ra: coa — 41,4 MnH ra (61 %),
Kykypy3a — 15,5 maH ra (23 %), xnon4aTtTHUK — 7,2 MJH ra
(11 %) — aT10 40-KpaTHbIi NPUPOCT, MO cpaBHeHUO c 1996 r.
B 2003 r. B 3Ty rpynny BCcTynuaun bpas3univa v ®UANNMNUHLI.
Kpome Toro, MHpoHe3nsa, Kutaili n YraHga opo6bpsatoT MMMopT
reHeTU4YeCcKU MOANMULNPOBAHHBIX KYNbTYp.

BennkobputaHusa ogobpsieT BHegpeHME MepBoil GMOTEXHONO-
r’MYecKoM KynbTypbl, YCTOMYMBON K repbuympgam KOpMOBOW Ky-
Kypy3bl.

YnpaBneHne no oxpaHe okpyxarwein cpegbl CLUA onobps-
€T TpaHCreHeTUYeCKyl KYKypy3y, VYCTOMUYMBYKH K HacCeko-
MbIM-BpeanTeNsam.

2004 r.

Kopelickne yyeHble cO34al0T MEPBYH NMHUK 4Yel0BEYECKUX
9M6pPUOHANbHBLIX CTBOMOBbIX KETOK, MOMYYEHHYIO C MOMOLLbIO
rnepeHoca fagpa COMaTUYeCKOW KNeTKU (TeparneBTUYECKOe KO-
HUpoBaHue).
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FBA opobpseT MnepBblli aHTMAHTUMOreHHbIA MpenapaT Ansd
neyeHus paka ABacTuH (Ayasiin (beyaciirntab)).

BIOA pekomMeHAyeT MNepByd MUHUMU3NPOBAHHYK TeCT-CUC-
TeMy Ansa reHotunupoBaHusa «ATpUCblp Cy”ocbrote P450
Oenol;ypT|7 Te3!», ee wmcnonb3oBaHWe npegHasHaydaeTca AN
obneryeHMsa nopfbdbopa NneKapCTBEHHbIX MpernapaToB U ycTaHoB/e-
HUSA TOYHbIX OMArHO30B MNpu 60/bLLOM KONM4YecTBe 4acTo BCTpe-
YarLNMXCA NaToNOrMYeCKNX COCTOSHUIA.

CekBeHMpOBaH reHoMm nabopaTopHO KpPbIChbl.

3aBepLueHa paboTa N0 CEKBEHUPOBAHMIO reHoMa LmMmMnaH3e —
npumara, siBnstoLLerocsa 6am>kanwium poacTBEHHUKOM 4efnoBeKa.

KaHagckas 6uoTexHonornyeckass kKomnaHusa lo8en 3anyctum-
na nepsoe MNPOMbILLNEHHOE MPOU3BOACTBO 6MO3TaHoONa U3 nule-
HUYHOM CONOMBbI C MOMOLLLLID 6GMOTEXHONOrNYEeCKUX PepMeHTOB.

FeHeTNn4YeCcKM MOAUMPULMPOBAHHbIE CE/IbCKOXO03SANCTBEHHbIE
KynbTypbl BbipaluyBaloT 0KoJo 8,25 MH thepmepoB B 17 cTpaHax
Ha obweii naowaan 81,0 mMnaH ra: coa — 48,4 MaH ra (60 %),

Kykypy3a — 19,3 maH ra (23 %), xnonyatHUK — 9,0 MnH ra
(11 %) — 310 47-KpaTHbIi NPUPOCT, MO CPaBHEHUIO Cc 1996 r.
2005 r.

Y4yeHble yHMBepcuTeTa wTaTta A>XXopA>XKUS YCMNewHO KIOHW-
poBai KOPOBY M3 COMATUYECKON KNeTKMU.

YTBep>XAeH AKT 0 NOANTUKe B 061aCTU 3HEPreTUKU, MooLL-
pAlOLWMiA NpoN3BoACTBO 6MO3TaHONA.

Ha ocHoBe mHopmMayum, NonyvyeHHOW B pe3ynbTaTe CekBe-
HupoBaHus OHK un3 coxpaHUBLUMXCA 06pasL0B TKaHer, yude-
Hble LlLeHTpOB MO KOHTPOA0 UM npoduiakTuke 3aboneBaHuUn
CLUA BoOccTaHOBWUAM FeHOM LITamMma Bupyca rpunna, B 1918-
1919 rr. yHUUYTOXMBLUEro okKono 20 M/IH YeNoBeK.

YyeHbIM [apBapAcKoro yHmBepcuteta — C NMOMOLLbIO MeTOo-
ba cnnanma (pysmun) ¢ aM6pmoHanbHbIMW CTBOMOBbIMUN KheTKa-
MU — yaanocb TpaHcopMUpoBaTb KNETKWU KOXU B MNIOPUNO-
TEHTHbIE CTBOJ/IOBble KJIETKMW.

BO3 obHapogoBana otyeT «CoBpeMeHHasi nuuieBasi 6uoTex-
HONOrMsA, 340P0BbLE N pa3BUTUE 4YenoBeKar. B oTyeTe npoaHa-
NN3NPOBaHbl pe3ynbTaTbl M3yYeHUs BAUAHUA MoTpebneHus
MO Ha 340pOoBbe 4HenoBeKa U elle pas3 cAenaHbl BbiBOAblI O be-
30NacHOCTM paspeLleHHbIX K KOMMEepPYeCcKOMY MWCMO/ib30BaHUIO
TpaHCreHHbIX KynbTyp. [lepexogq Ha 6uoTexHoONOrn4yeckue
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KY/bTYpbl MOXEeT MOBbICUTb KONMYECTBO COOBMPaAemMoro ypoxxas,
Ka4yecTBO MUK WM pa3Hoobpasue MNpoAyKTOB, KOTOPble MOXHO
BblpawMBaTb B Ka)XA0OM KOHKPETHOM pervoHe. Takume nameHe-
HUA 6yayT cnocobCTBOBaTb YNYULLIEHUIO COCTOSHUA 340POBbA U
NnUTaHUA HaceneHus, a Tak>Xe MNOBbILWEeHUI0 CcTaHA4apToB 340-
pPOBbSl U XXU3HEHHOr0 YPOBHSA; MUHNCTEPCTBO CENbCKOr0 X035~
ctBa CLUA coBmMecTHO ¢ KoMMnaHunamMu Mon3sanbo n Crenal8sarice
PWartacenl;lcals o06baBMAN 0 Hayane paboTbl Hag COBMECTHbIM
MPOEKTOM MO CEKBEHMPOBaHUIO reHomMa COoWu.

CymmapHasa (3a 10 neT nNpPOMbILLIEHHOTO BO34eNbiIBAHUS)
nnow,ajib, Ha KOTOPOW BblpawMBannCb FeHEeTUYecCKU Moandu-
LMpOBaHHbIe KyNbTypbl, OOCTUINA KPYrnoi BeNn4uHbl B 1 Mnpg
akpoB (400 mMAaH ra).

Fno6anbHaa nnowaab, 3acedHHass OUMOTEXHONOMMYECKUMM
KynbTypamMu, coctaBumna 222 MAH akpoB (89 MH ra).

2006 -

AMepuKaHCcKasa accoumaumnsa AneTonoros onybnamkosana no-
BTOPHO MNOATBEPXXAEeHHOe 3asBieHue B MoAfep>XKY CenbCKOXO-
39MCTBEHHOW M MULLEBOMN 6MoTexHONOrMn. CornacHo 3asiBNeHuto,
NMPMMEHEHNE METOAO0B CEebCKOXO3SANCTBEHHON 6GUOTEXHON0rnm
MO>XeT MOBbICUTb Ka4yecTBO, 6€30MacHOCTb, NMUTATENbHYIO LEeH-
HOCTb U pa3Hoobpasve NULLEBbIX NPOAYKTOB C OAHOBPEMEHHbIM
yBenmyeHmem apheKTMBHOCTU NPOM3BOACTBA, 06paboTKM U pac-
npeaeneHUs MPoOAYKTOB MUTaHWUs, a TakXXe MeponpusiTuini no
oXpaHe OKpy>KatoLllen cpefbl U yTUAN3aLUN OTXOL0B.

Kenessen bbC (coBmMecTHOe npeanpusTmue, opraHmM3oBaHHOE
KoMmnaHmamm Monsanbo n Car”LlU) nonydymno opo6bpeHne Mwu-
HUCTepCTBa CeNbCKoro xossaictea CLUA Ha npogaxy CeMsiH
rnepBoii reHeTUYECKN MOANMIUNLMPOBAHHOW KOPMOBOW Ky/nbTy-
pbl. Mayera Huwb Yalue CoT nyllr by3Te — copT KYKYpy3bl,
OT/INYAOLWUACA MOBbILLUEHHbIM COLEPXXaHMEM aMWHOKUCOThI
NN3NHAa, ABNAKLLEACA Ba)KHbIM KOMIMOHEHTOM paLuOHa >XMUBOT-
HbIX, OCOGEHHO CBUHEW N gOMalLHEeN NTuLbI.

Cneunanuctbl co3ganm nopoay 6UOTEXHONOTMYECKUX CBU-
Hell, cano KOTOPbIX COAEPXXUT O6O0NbLLUOE KOMNYECTBO oMmera-3
XXUPHbIX KUCNOT. ITOT 3apdheKT AOCTUTHYT NyTeM BCTpavBaHuA
B reHOM CBWHbW reHa /a#-1, BblAeNeHHOro U3 reHomMa Kpyrioro
yepBA CaenorkabcUll ele8an3. MeHeTUYECKU MoAUMLMPOBaH-
HbIX CBWHEW KNOHWpOBanuW, Npu 3TOM B OpraHu3mMe LWecTu u3
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LEeCATN K/IOHOB COAep>Ka/noChb MoBbILLEHHOE KOMMYecTBO omera-3
XXUPHbIX KNCNOT, NpefoTBpallalomx passutrne cepaeyHo-cocy-
ONCTbIX 3aboneBaHwin.

BcemupHas ToproBas opraHusauusa nyonnkyeT OKOHYaTeNb-
Hoe KOoHmAeHuManbHoe pewleHue no peny CLUA/KaHapa/Ap-
reHTMHa NpoTue EBpocoto3a no nosoay ofobpeHns 6MOTexXHONo-
rMyecKmnx KynbTyp. W3 3asBneHuii npeccbl cnegyeTt, 4To, CO-
rnacHo peweHuto, EBpocow3 pgo/mkeH  WU3MEHUTbL  CBOMU
KOMMepyeckue ob6s3aTenbcTBa C yyeToM nosiBfieHUa 21 cenb-
CKOXO035INCTBEHHOro OGMOTEXHONOTMYECKOro MNpoAykKTa, B TOM
yycne COpPTOB Mac/MYHOro parca, KyKypy3bl U Xnomnka.



C/TIOBAPb OCHOBHbIX TEPMWVHOB
Mo BUNOTEXHOJIOIr NI

AOBEHTUVBHbBIE TMOYKW — noyky Ha pacTeHuUsX, BO3HUKLUUE
M3 KNEeTOK WM TKaHei, 06bIYHO NX He 06pasytoLmX.
AKPOMETA/IbHbI TPAHCIMOPT — TpaHCropT BeLlecTs B pac-
TEHUWN MO HanpaBNeHUI0 K anuKalbHbIM MepucTemMam cTebns.
ANNOCTEPNUYECKWNE ®EPMEHTbI — depMeHTbl, WU3MEHSI0-
e CBOKO aKTUBHOCTb B pe3ynbTaTe NMPUCOeAVHEHUA K UX Peryns-
TOpHOMY (annocTepuyeckomMy) LIEHTPY BellecTBa-adicheKTopa.
AMWHOAUWN-TPHK-CUHTETA3blI — depmeHTbl, OCyLLecTB-
NAOLWME KOBAIEHTHOE MPUCOEAVHEHME aMUHOKUCNOT K 2'- WUan
3'-OH koHuam TPHK.

AMONMNOUNKALNA — ob6pa3oBaHue [OMOMHUTENbHbIX KOMWiA
XPOMOCOMHbIX mocnegoBaTensHocTen JHK.

AHEYMNNOWMA — agpo, KneTka, opraHuU3M C YMC/OM XPOMOCOM,
OTKNOHAKWMMCA 0T X M OT 4mncen, KpaTHbIX X.

AHOPOINEHE3 — npougcc BO3HMKHOBEHUA PacTeEHUS U3 MUKPO-
cnopbl UAW MblIbLEBOro 3epHa 4Yepe3 COMaTU4ecKUin aMOpuoreHes
nmbo yepes obpaloBaHMe Kannyca.

AHTUTEHbI — 6enkun, nHayyupylouwme obpasoBaHe B UMMYH-
HO cUCTeMe aHTUTEeN, CMOCOOHbIX K CreumfpuyecKoMmy B3anMOAEe-
CTBUIO C BELLECTBOM, Bbi3blBaloLWMM obpasoBaHue aHTUTEeN.
AHTUCTPECCOBBbLIE TIPEMAPATblI — npenapaTbl, MoOBbILIAKO-
Lme yCcTOMYMBOCTb pacTeHUs B CTPECCOBbIX yCnoBuaxX. Kak npasu-
no, WX [JeNCTBME CBSA3aHO C aKTuBauueil cuHTe3a OpraHM3MOoM
CTpeccoBbIxX 6e/KOB.

ATIEKC — BepxyLUue4yHas 4yacTb CTeb6/1s UM KOPHS.
AMMKANTbHOE AOOMWHUWPOBAHWE — saBneHue nogasneHUA
pocTa BepXyLUEYHbIX Mo4YeK GOKOBbIX MO6eroB ropmMoHamu, Bbipa-
6aTbiBaeMbIMM B anuKajbHOW MepucTeme.

AP-OHAOHYK/NEA3bl — epmeHTbl, paspesarowme JHK B any-
PUHOBBIX NAN anMpUMUAVMHOBBLIX yyacTKax.
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ATTPATNPYHO W AA CMNOCOBHOCTb — crnocobHOCTb aKTMBUPO-
BaTb TPaHCMOPT MMTaTeNbHbIX BELLUECTB K OpraHy ¢ Hawbonbluer
KOHUEHTpaunein (OUTOropMoHOB-CTUMYNSATOPOB (ayKCUHbI, Tnb6e-
pennnHbl, UMTOKUHUHBI, BpacCUHOCTepoOuAbl).

AYKCUVHbI — dmtoropmonbl (MYK, HYK, 2,4-[1), akTUBM3NPYIO-
e pocT cTebne m KOpHein, CTUMynmMpyroune obpasoBaHue Kop-
Hel y MPOPOCTKOB.

AYTOCOMbI — Habop XpoMOCOM, He BK/oyatlowmii NonoBblie XpPo-
MOCOMbI (0603HavaloTca ungpamu: 1, 2, 3 n 1. 4.).

BA3UMETA/IbHbIA TPAHCMOPT — TpaHcnopT BeLecTs B pac-
TEHUM MO HanpasNeHMIO0 K annKalbHbIM MepucTeEMaM KOPHS.
BAKTEPNO®ATU (DPATN) — BUpYCbI, MHDULMPYIOLLME BaKTepun.
BENKW TEMNOBOINO LWOKA (BTLU) — cTpeccoBble 6enKu, Bbl-
pabaTblBaeMble OpraHM3MOM B OTBET Ha CBEPXONTUMa/lbHOe MOBbI-
LLieHVe TemneparTypbl.

BECCMbICNEHHbIA KOAOH — oauH 13 Tpex Tpunnetos (MAO,
UAA, 1)XA), BbI3blBalOWMX TepMUHauuo cuHTe3a 6enka (MAO
n3BecTeH Kak artber-kogoH, X1AA — Kak ocbre-kogoH, IICA —
Kak opal-kofoH). B HacTosilee BpeMsi HE PEKOMEHAYeTCA ynoTpe6-
NATb TEPMUH «BECCMbICNEHHbIV KOLOH», TaK KaK OH BbIMOJHAET
KOHKPETHYIO PYHKLUIO TepMUHAaTOpa TpaHCAAUUN.
BVBNTMOTEKA TEHOMA — Habop KIOHWPOBaHHbIX )parMeHTOB
OHK, copep>kaliunii BeCb reHOM.

BVOBE3OMACHOCTb — coCcTosAsHMe 3alULEeHHOCTU 4enoBeka,
obLecTBa, LMBUAN3ALMN N OKPY>KaIoLEN cpedpbl OT BpegHOro, onac-
HOro A1 >XU3HU W 340POBbS YenoBeKa BO3LAENCTBUSA TOKCUYECKUX
M annepreHHbIX 6M0N0rMYecKUX BELLECTB U COeAVHEHUIN, cofep Ka-
WMXCA B NPUPOAHLIX NN FeHHO-UHXXeHEPHO-MOANMIULMPOBAaHHbIX
BU0NOrNYECKNX 06BbEKTAX M MNOAYYEHHbIX U3 HUX MPoAyKTax.
BVNONOMMUYECKNIA KOHTPOJIb 3A NMOCEBAMUW — cuctema
MOHUTOPUHIra nokasaTtenel 6MoNOrMYecKUX MPOLIECCOB Yy PacTeHUiA
B OHTOreHese, KOppenupylowmnx ¢ XoaoMm hopMupoBaHUs ypoxkas
rnoceBaMy B KOHKPETHbIX YC/NOBUAX BblpalliBaHUS.

BVOMACCA — obuiasa macca ocobeii 0g4HOro Buaa, rpynnbl BUOOB
UM coobllecTBa B LENOM Ha eAuHMULY MOBepXHOCTU Mau obbema
MecToobUTaHusS.

BVNOPEMEANALINA — KomMieKc MeTO40B OYUCTKU BOA, FTPYHTOB
M armocepbl C MCNOMb30BaHMEM MeTabonmyeckoro noTeHUmana
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6MONIOrNYEeCKUX 06BEKTOB: pacTeHWil, rpmboB, HaCeKOMbIX, YepBeii
U SPYrx opraHm3moB.

BVNOTEXHONOINMMA KNACCUYECKAA — Hayka 0 mMeTogax u
TEXHONMOINAX NPON3BOACTBA, XPaHeHMA N NepepaboTKM cenbCKOXOo-
39ACTBEHHO M APYroi NpoAyKuuMu C UCMOMb30BaHUEM OO6bIYHbIX,
HeTPaHCreHHbIX, pacTeHUil, >XMUBOTHbIX U MUKPOOPraHU3MoB B
NPUPOAHbLIX (ECTECTBEHHbIX) U UCKYCCTBEHHbIX YCMOBUSAX.
BUOTEXHONOIMA HOBEWMLWIAS — HayKa O FeHHO-WH>KeHep-
HbIX N K/IETOYHbIX METofax U TeXHONOrMAX Co34aHus U UCMOJb30-
BaHMSA TeHeTU4YecKn TpaHCHOPMMPOBaHHbLIX (MoamdunumpoBaH-
HbIX) pacTeHWUi, >XMUBOTHbIX, MUKPOOPraHM3MoOB U BUPYCOB B Lie-
NAX WHTeHCcUdMKaunum rnpomsBoACTBa U MoOJlyYeHUSA HOBbIX BUAOB
NPOAYKTOB Pas/IMYHOro HasHadeHus.

BMOLEHO3 — COBOKYMHOCTb pPacTeHW, XXUBOTHbIX U MUKPOOP-
raHM3MoB, HacensAlWMX AaHHbIA y4acTOK CyLuy WM Bogoema u
XapaKTepu3yrLwnxXca onpeaeneHHbIMN OTHOLLUEHUSAMU MeXay CO-
60/ 1 NPMCNOCOBNEHHOCTLIO K YCNOBUSAM OKpYy>Katoulein cpeapl.
BUO3TUKA — o6nacTb MeXAUCUMMANHAPHbIX WUccnegoBaHU
3TNYECKUX, (PUNOCONCKNX N aHTPOMONOrMYeCKUX NpobaemM, BO3HU-
KaloLwmx B CBA3M C MPOrpeccoMm OMOMeAMLMHCKOW HayKn N BHe-
OpeHVieM HOBEMLUUX TEXHONOrUi B NPaKTUKY 34paBOOXPaHEHUS.
B/IOK TPUMBHOBA — KaHOHMYecKasa nocnefoBaTe/lbHOCTb
TATAATO, Haxopdaulascsa Ha paccTtosiHumM okono 10 n. H. nepes
CTapTOBOM TOUKOM TpaHCKpUNuuu 6akTepuanbHbIX reHoB. [lpea-
cTaBnseT Cco6oM 4YacTb MPOMOTOPa, OTBeYaloLlylo 3a CBA3biBaHue
PHK-nonnmepas.bl.

BNOTTVHI AHK MO CAY3EPHY — npougnypa nepeHoca feHa-
TypupoBaHHo OHK 13 arapo3HOro refs Ha HUTPOLLENHON03HbIN
PUnbTp AN rmépuansaunm ¢ KOMMIeMeHTapHbIMU HYKNeOTULHbI-
MW MnocnegoBaTebHOCTAMN.

BNOTTVHI PHK — nepeHoc PHK wn3 arapo3HoOro renss Ha HUTPO-
LLeNN0N03HbIM UAbLTP ANS nocneayloLen rmbpmamnsaymm ¢ Komn-
nemeHTapHoi AHK.

BPELWWb (MPOBEN) B AHK — oTcyTCcTBME OL4HONO0 MAN HECKO/b-
KUX Hykneotngos B uenn AHK.

BEOYWAA LEMNb — uenb AHK, cuHTe3mpytowasca B 6'-3'-Ha-
npasBfeHnNN.
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BEKTOP — camopenimuupylouwasca (aBTOHOMHad) Mojekyna
AHK, uncnonblyemasa B reHeTUYECKOW WHXXEHEPUW ANs1 MepeHoca
reHoB U Apyrmx nocnegoBaTtenbHOCTeN OT opraHu3ma-goHopa B op-
raHu3M-peumnmeHT, a TakxKe ONA K/IOHMPOBaHUA HYK/IEOTUAHbIX
nocnefoBaTelbHOCTEN.

BTOPUUYHbIN MOCPEAHWK — (uU3Monornyeckn akTUBHOE pe-
rynaTOpHOE BELLECTBO, CMeUNdIUYECKUN CTUMYNMPYIOLEE aKTUB-
HOCTb MPOTENHKMHA3-(PEPMEHTOB, MEepPEeHOCALLMX OCTaToK dhocdiop-
HOM KWCNOTbl Ha gpyrne 6enku, 4To NPUBOAUT K U3MEHEHUID KX
KOHhopMaumm n 6MoNorM4YecKor akKTUBHOCTU.

FAMNNONLO — sappo, KNeTka, OpraHnsMm, XapakTepusyrwmecs
OOMHapHbLIM Hab0pOM XPOMOCOM, MPeACTaBAAOWMM  MNONOBUHY
MonHoro Habopa, CBOMCTBEHHOro BMAY (CUMBO [a).

N’EH — eguHU4YHas CTPyKTypa reHeTUYeCcKoi MHdopmaymu, ydac-
TOK Xpomocombl (Monekynbl AHK), koaupyrowmini cTpyKTypy OA-
HOWM NN HECKONbKUX MOAUAEeNTUAHbIX Uenei, nnn monekyn PHK,
VNN OnNpeaeneHHY PerynaTopHyro yHKUUIO.

FTEHETUYECKAA MHXXEHEPWA — cOBOKYMHOCTb MPUEMOB, Me-
TOAOB N TEXHONOTMNA, B TOM YUCNe TEXHOMNOTUW NONyYeHUSA PeEKOM-
BUHaHTHbIX PUOGOHYKIENHOBbLIX N 0E30KCUPUOBOHYKIENHOBbLIX KUC-
JIOT, MO BbIAENEHUNIO TEHOB M3 OpraHmM3ma, OCYLLECTB/IEHUIO MaHU-
nynsyuini ¢ HUMU N BBEAEHUIO UX B ApPYrMe OpraHm3mbl.
FEHETUYECKWNI KO/ (TK) — cucTeMa 3anmncu HacneAcTBeHHO
MHdopMaumn B BUAe nocneoBaTe/lbHOCTU HYKIEOTUAOB B MONEKY-
nax HYKNEeUHOBbIX KUCNOT. EguHuuer TK cny>kKnuT KoAOH, unn
Tpunnet (TpuHykneotmna). MK onpegendetr nNopsgoK BKIOYEHUSA
aMWHOKMUCNOT B CUHTE3VPYIOLLYHOCA MOANNENTULHYIO Lierb.
FEHETUYECKWNA PUCK — BO3MOXHOCTb MPOSIBNEHUA Hernpej-
CKasyeMblX, OMacHbIX AN 300P0BbSA U >XU3HW 4efoBeKa U A/ OK-
py>katoulen cpefbl HacneACTBEHHbIX U3MEHEHU FreHoMa U Ka4yecT-
Ba opraHusma.

TEHOM — COBOKYMHOCTb FEHOB, COAep>KallMxXcs B rarnjongHom
(oaHapHoOM) Habope XPOMOCOM AaHHOro opraHmsama. AunaovgHble
opraHu3mbl coepykaT ABa reHoMa — OTLO0BCKUIA U MaTEPUHCKUIA.
FT’EHHO-MH>XXEHEPHAA AOEATE/NBHOCTb — pgeATenbHOCTb
YUeHbIX, CMEeUMaINCTOB, Hayu4HbIX OpraHM3auuii U rocyfapcTBeH-
HbIX OpraHoB, Harpas/fieHHas Ha Mnojiy4YeHune, MUCMbITaHue, TpaHC-
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NOPTMPOBKY W WCIMO/Mb30BaHWE FeHeTUYeCKU MOoaNULMPOBAaHHbIX
opraHnamoB (TMO) 1 MonyyYeHHbIX U3 HUX MPOAYKTOB.
FEEHOTEPAIMNA — ne4yeHme HacneAcTBeHHbIX 601e3He C Mo-
MOLLbIO BBEAEHHbIX B NEHOM pPeuurnmeHTa Yy>KepoaHbIX reHOB.
FTEHOTWI — KOHKpeTHbI Habop reHoB ocobu.

FETEPO3NC — noBblLLEHUE >XM3HECTOCOBHOCTU TMbpuaoB nepsBo-
ro rMoKONEHUA B pe3ynbTaTe CKPEeLMBaAHUA WCXOAHbIX POAUTE/b-
CKMX (DOPM, OTIMYAOLWUXCSA MeXAy co6oi Mo psigy NPU3HAKOB U
CBOICTB.

TMBBEPENNMNHbBI — dwmTtoropmoHsl (FK v gp.), aktuBu3npyto-
wme pocT cTebnein, Bbi3blBaloLLMe NpopacTaHWe CeMSH.
TNMHOIMEHE3 — npougecc BO3HUKHOBEHUSA pacTeHUS U3 KNETOK 3a-
poAbILLEBOro MeLuKa.

FTOMO3NTOTHOCTb — oOTCyTCTBUE pasnMunii Mexkgy uaeHTud-
HbIMW reHamun pogmuTenei.

FrOPMOHA/NIbHAA CUCTEMA PACTEHWW — perynsiTopHbiii
KOMMAEKC, COCTOAWMA U3 PUTOrOPMOHOB, UX PeLenTopoB U BTO-
PUYHBIX MOCPEAHMNKOB.

FOPMOHAJ/IbHbIA CTATYC — cocTosiHue ropMOHa/bHOW CUCTe-
Mbl B OHTOreHe3e pacTeHW N XXUBOTHbIX, YPOBHU FOPMOHOB U CO-
OTHOLUEHNA MeXXAy HUMMK B rpoleccax obpasoBaHWUs, NepeaBudKe-
HWA, MCMONb30BaHUA M MHaKTUBaUUW B OTBET Ha 3HAONEHHbIE U
9K30reHHble BO34ENCTBUS.

FOPMOH-PELEMNTOPHbIV KOMIM/IEKC — coeguHeHWe ropmMoHa
MU 6eNKOBOro peuenTopa, MepBbli HEOOXOOVMBLIA LWar B peannsa-
uMu AeiicTBUS rOPMOHa.

TOCYOJAPCTBEHHOE PEIMYNIMPOBAHUWE TEHHO-H>XXEHEP-
HOW AEATE/NbHOCTU — perynnpoBaHme rocyapCTBEHHbIMU
opraHamMmy B COOTBETCTBUM C 3aKOHaMu 1 ApYrMMuv npasoBbIMU aK-
TaMM OTHOLLUEHUA MeXAYy YYaCcTHUKaMW TeHHO-UHXXeHepHoW Ae-
ATENbHOCTW B cdiepe NPUPOAONoNb30BaHMSA, OXpaHbl OKpy»KatoLei
cpeabl 1 obecrnieveHUss 3KOMOrMYecKoil 6e30nacHOCTU.

AECTPYKUWMA — paspyLUeHMe BeLlecTBa, COMpPoBOXKAAaeMoe MnoTe-
per ero omM3nonornMyecKoim aKTUBHOCTU.

AEANPDPEPEHLINALLINA — nepexos cneymanv3npoBaHHbIX, Hefe-
NAWMNXCA KNeTOK K nponndgepaunn, T. e. K obpasoBaHUO Heand-
hepeHUMPOBaHHbIX AENALMXCA KanlyCHbIX K1eTOK (K HeopraHmso-
BaHHOMY Ka//lyCHOMY POCTY — yTpaTe crneunanmsaumm Knetkamm).
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OAETEPMWHALNA PA3BUTUA — npuobpeTeHMe KNeTKOW, TKa-
HblO, OpraHomMm WM OpPraHM3MOM COCTOAHUA FOTOBHOCTU K pasBu-
TUIO MO OMnpegeneHHoOMy MyTu, COMpPOBOXKAaloLeecsd OLHOBPEMEH-
HbIM OrpaHMyeHeM BO3MOXXHOCTEN pas3BuTUSA B APYTMX Hanpas-
neHuax. B nepuog pgeTepMMHaLMM  CO3LAIOTCA  HEO6XOAUMbIE
BHYTPEHHME YCNnoBuUA AN MOCnedyoLwen peanvsauvm HOBOro Ha-
npasneHns pasBUTUA.

AnNnnoung — «appo, Knetka, OpraHuM3Mm, XapaKTepusyroumecs
OBOVIHBIM HabopoM TFOMOIOTNYHbIX XPOMOCOM, MpeAcTaBNeHHbIX
UMCNOM, XapaKTepPHbIM AR AAaHHOro Buaa (CMMBON 2n).
ANNNonNan3ALUNA — npeBpalwieHmMe raniongHoro Habopa xpo-
MOCOM B AUMNNIONAHbIA MYTEM YABOEHUSA Ka>KAOM XPOMOCOMbI.
AVNNonaHbIN HABOP XPOMOCOM — faBa rannovgHbIx Habo-
pa XpomMocoM, cofepKaLlme XPOoMOCOMbl TOMIbKO O4HOro Unm oboux
poauTeneii.

ANOOPEPEHUNMALUNMA — KoMNieKc MpoLeccoB, NpUBOAALLNX K
pasmmunam Mexxay A0YEepHUMU KeTKamu, a TakxXke Mexay mare-
PUHCKUMU N AOYEPHUMU KeTKaMW.

ANPOPEPEHLUMNPOBKA — cocTosHMe crneuvanvsaumm KneTok,
oT/IMyaroLlee Nx OT APYrux.

AHK — monekyna Ae30KCUPUOBOHYKNENHOBOW KUCNOTbl — CUCTe-
Mbl, COCTOSILLIEM U3 HYKNeoTUAOB (af4€HWH, TyaHWH, LWTO3UH, Tu-
MWH), O0e30KCUPN603bl N OCTAaTKOB DOCIOPHOM KMUCNOTbI.
OOMUVHAHT — reH, NposBAsOLWWACA KakK MNpuUsHaK npu ycno-
BUW, KOrga roMosioruyHble Habopbl UMEKT pasHble TeHbl.

3TOTA — onnogoTBOpPEHHasA AWMLEKNeTKa.

3ATPABKA — KoOpoTKasi nocnefoBaTenbHOCTb (4acto ato PHK),
KOMMNEMEHTapHO B3ammogeicTBytowaa ¢ ogHon m3 uenen OHK;
06bpasyeT cB060AHbIN 3'-OH-KoHel, ucnonb3ys kKotopbi AHK-no-
nMMepasa HauMHaeT CUHTEe3 Ae30KCUPUOOHYKNEOTUAHON Lenw.

N30/IMPOBAHHbBLIN TMPOTOMJACT — pacTuTenbHas KneTka,
NVLLIEHHAA KNeTOYHOW CTEHKU C MOMOLLbIO DEPMEHTaTUBHOIO WA
MeXaHNYecKoro paspyLueHus.

NMMMOBUNNTN3ALNA — dmkcaumss HU3KOMONEKYNAPHbIX NNTaH-
[0B, MaKpOMOJIEKY/, K/IETOUYHbIX OpraHenn v KAeTOK Ha ornpene-
JIEHHOM HocwuTere.
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MHBEPTVPOBAHHbLIE NMOBTOPbl — pgBe Konunv oOAHOW M ToW
e nocnegosatensHocTn AHK B cocTaBe O4HOW MONEKY/bl, Haxo-
hAumecs B NpPOTUBOMOMIOXKHOW opueHTauuun. MNpunexkaline apyr K
OpPYry MHBEPTUPOBaHHbIE MNOBTOPbI 06pa3yoT NaiUHAPOM.
MHOKYJ/TKOM — 4acTb KNeTOYHOW CycneH3nmn, ucnonblyemas Ans
rnepeHoca Ha CBeXXyl NuTaTefbHYy0 cpeay.

MHTPOH — «monyawunity, TpaHCKpUBMpyeMblii y4acToOK reHa, He
cofep>Xallmii KOAOHOB U1 yaanstowmiics n3 monekynsl PHK B xoae
ee npoueccuHra.

KANNYC — rpynna geanddepeHUMpoBaHHbIX KNETOK, BO3HUK-
WX T uoo UAN T oWro nyTemM HeopraHM3oBaHHOW nponudepa-
umn.

KANbMOAY/NNH — BTOPUYHbIA NOCPegHUK rOPMOHOB pacTeHUi
M >XXMBOTHbIX. llocne npucoeanHeHNA ABYX WOHOB Ka/bLMA U3 He-
ro BblAeNsieTCa aKTUBHasA CyobeAuHMUa, aKTUBU3MPYIOLaa orpe-
[LeNneHHble NPOTENHKNHA3bI.

KAPNOTWI — Habop XpOMOCOM, XapaKTepHbIX Ans AaHHOro
BUAA.

KNETKN-MNWEHW — kneTkn, unmelowme peLenTopbl TOro nin
MHOro oMTOropmMoHa 1 M3MeHslowme mMeTabonmsm npm U3MeHeHUN
KOHUeHTpauuy ouToropmMoHa.

KNETOUHAA CENEKUNA — w™meTon BblAeNeHUA MYTaHTHbIX
KNeTOK N COMaK/OoHa/lbHbIX Bapuauuii C NOMOLLbIO CeNeKTUBHbIX
YCNOBWWA.

KNOHANBHOE MNKPOPA3SMHO>XEHWE — nonyyeHue T HUro
HernonoBbIM MyTeM pPacTeHU, reHeTUYeCKU UOEHTUYHbIX UCXOAHO-
My pacTeHuIo.

KNOHNPOBAHWE — nony4yeHVe reHeTUYeCcKU WUOEHTUYHbLIX MO-
Nynsuuii opraHN3moB.

KOMMNETEHUWMA — cnocobHOCTb KNeTKW, TKaHW, opraHa, opra-
HM3Ma BOCMPUHMMAaTb MHAYLMPYHOLLLee BO3AENCTBME N crnieuudunye-
CKM pearnposartb Ha Hero M3MeHeHMEM pPasBUTUA.

K/TIOH — 60/blU0e YNCNO KNEeTOK WUAN MONEKYN, UAEHTUYHbIX OA-
HOM poAoHayanbHOW KneTke unanu Monekyne (KynbTypa, BO3HUK-
wasi U3 OfHOW KNeTKMW).

KOOOH — TpunneT HyKNeoTWUAOB, COOTBETCTBYHOLLUWIA onpeaeneH-
HOV aMUWHOKMCNOTE UM TEPMUHUPYIOLLLEMY CUTHanYy.
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KOMNNEMEHTAPHAA UEMNb — ogHa n3 uenein AHK, ucnonb-
3yemMas B KayecTBe martpuubl ans cuHte3da PHK un cooTBeTCcTBYytO-
uas el no B3aMMOAEeNCTBUIO Nap HYKNeoTUAOB.

KYNTbTYPA 3UTOTUYECKUX 3APOAbLILWLEN 70 Y1TKO -
acenTM4YecKoe BbipallMBaHWe Ha UCKYCCTBEHHOW MUTaTeNnsHOW cpe-
0e He3penblX UAn 3pefbiX N30IMPOBaHHbIX 3apogbILlLei.
KYNbTYPA WN3OJIMPOBAHHbBIX TMPOTOIJ/IACTOB — Bblpa-
WVBaHNE KNeTOK, JIMLLEHHbIX CTEHOK, B XXUAKOA MM Ha arapuso-
BaHHO cpefe, cofepykallel B KavecTBe AOMONHUTENbHOIO KOMMO-
HeHTa OCMOTUYECKN aKTUBHOEe BeLLecTBO (cTabmnmsaTop) B ONTU-
Ma/lbHOM ANS AaHHOro Bumaa KOHUeHTpauun. Tpu pereHepauum
CTEHOK MN30/IMpoBaHHbIe NMPOoTonJacTbl NpeBpallaloTca B KyNbTypy
K/NeToK.

KYNbTYPA KANNYCOB W Y1TEO — BblpawmBaHve B O1U-
TeNbHOM nepecajoyHoON KynbType KannycoB, BO3HUKLLUMX MyTeMm
JeanddepeHumaumm 1 nponudepaunn KneTok, TKaHell, opraHoB
pacTeHWiA.

KYTbTYPA KOPHEW W Y1TEO — acenTuyeckoe BblpallyBa-
HMEe Ha UCKYCCTBEHHOW NuTaTeNbHON cpefe B rnepecagoyHOM peXku-
Me MN30/IMPOBAaHHbIX KOPHEWA.

KYNbTYPA MEPUCTEM W Y1TEO — acenTU4yecKoe Bblpalln-
BaHME Ha WCKYCCTBEHHOW NuTaTenbHOW cpede M30IMPOBaHHOIO
ariekca uny nasyLuHoM MoYKM rnobera KOHyca HapacTaHUsi C OAHUM
Unn ABYMSA NIUCTOBLIMU MPUMOPAUAMWA.

KYJTIbTYPA OPFrAHOB W Y1TKO — acenTtuyeckoe BblpauivBa-
HMe Ha UCKYCCTBEHHOW NMuTaTeNnbHON cpefe B rnepecajoduHOM pedku-
Me M30MPOBaHHbIX KOPHeW, cTebneBbiX arneKkcoB, He3pesnbiX 4ac-
Tell uBeTKa, He3penbiX MNoAoB.

KYNbTYPA «MPUBbIKLWIWX» TKAHEWN — BblpawmBaHue TKa-
Hel, BO3HUKLUMX nyTeM peaudddpepeHumaumm vam Mytaumm Kne-
TOK HOPMasibHbIX KanayCHbIX TKaHell M CNOCO6HbIX pacTv Ha Nu-
TaTeNbHbIX cpefax 6e3 ropmMoHOB.

KYNbTYPA CYCMNEH3MWNOHHAA, TN KYNbTYPA KI/ETOK
W Y1TEO — acenTUYecKoe BblpawmBaHUe OTAENbHbIX K/IETOK
UM nx HebonbLUMX rpynn BO B3BELLEHHOM COCTOSIHUU B >XUAKOWM
nuTaTenbHON cpege.

KYNbTYPA TKAHEW W Y1TKO — BbipaliuBaHue B AUTeNb-
HOM nepecajiovyHON KynbType TKaHeil, BO3HUKLUIMX MNyTeM Mpoan-
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q)epaLl,l/ll/l KNETOK M30/IMpPOBaHHbIX CErMEHTOB pPa3HbIX OpraHoB Unn
caMnx opraHos paCTEHI/II7I.

ITNTNPOBAHWE — obpasoBaHme ¢hocthoanacmpHOi CBA3N Mexxay
OBYMSI OCHOBaHUsIMM opgHoi uenm OHK, pasgeneHHbIMU paspbl-
BOM. JTOT TePMUH YNOTPe6NAIOT TakxKe B Clyvae CoefUVHEHUs Ty-
NMbiX KOHLOB U npu obpasoBaHum cBsa3m B PHK.

NMMHWA — KynbTypa, BO3HUKLLUAA M3 LWITaMMa NyTeEM cefeKuun
UNN KNOHNPOBaHUA, MMelolasa MapKepHbie Mpu3HaKu.

NNNKNN KOHEL, — cBo6oaHbIli ogHOLLENOYeYHbI KOHeL, ABYX-
uenodveyHon ONHK, KomMniaeMeHTapHOM OAHOLENOYEHYHOMY KOHLLY,
npuHagnexxawemy 3Ton >ke unm gpyroii monekyne OHK.

MAPKEP (AHK) — dparmeHT AHK m3BecTHOro pasmepa, MCroJib-
3yemMblii ONs KaMbpoBKU (parmMeHTOB B 31eKTPOdOpPeTUYECKOM
rene.

MAPKEPHbIN TEH — reH, NOEHTUPULMPOBAHHbIA MO MeCTy
pacnonoXXeHns N UMeLWMR YeTKoe heHOTUNMYECKOoe MposiBleHNe.
MAPKPOBKA MPOAYKTOB N3 MO — HaHeceHue crieumasb-
HbIX MeTOK-0603HavYeHni (CMMBOMOB) Ha YNaKoBKe TOBapoB U MNpo-
OYKTOB, MoJiydyeHHbIX U3 NMO, npu nx peannsauumn.

MEWO3 — npouecc AeneHns KNeToK, NPUBOAALUMI K peayKLun
ymcna XpoMocoM M peKoMbnHaumu reHos.

MEPVNCTEMA — ob6pa3soBaTefbHble TKaHW C aKTUBHO AeNswnumMmm-
CA KieTkamu.

METABOJ/IM3M — NpOMeXXyTOYHbIA 0O0MeH, T. €. npesBpaLlleHue
BELLECTB BHYTPU K/eTOK C MOMeHTa UX MOCTynneHna Ao obpasosa-
HUA KOHEYHbIX MNPOAYKTOB.

MOHOMNNOWMA — aapo, KneTka, opraHu3M, XapakTepusyloLlmecs
OCHOBHbIM YMCNOM XPOMOCOM B MonunaongHon cepumn (cumson X).
MOP®OIMEHE3 — npouecc copmMmupoBaHua opraHos (opraHore-
He3), TKaHel (rucrtoreHes) M KNeTOK (UUTOreHes, UAN KieTovHas
OndpbdepeHLNPOBKA).

MYTAUWMA — cnoHTaHHOe Uin UHAYLUPOBAHHOE U3MEHEHWEe re-
Ha, rnocnefoBaTe/lbHOCTU HYKNEOTUAO0B XPOMOCOMbI, FeHoma, Mnpwui-
BOASALLEE K U3MEHEHMIO TeX W/N UHbIX MPU3HAKOB M COXPaHEHUIO
X B MOKONEHUAX.

MMNTO3 — npouecc AeneHUsa 3YKapUoTUYECKUX COMaTUYECKUX
K/EeTOK.
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MYTATEHbI — dakTopbl, yBenMumearowme 4actoTy BO3HMKHOBE-
HUA myTayuini B monekyne AHK.

HE3AMEHVMbIE AMVMHOKWC/TOTbl — aMWMHOKWUCNOTbI, KOTO-
pble He CUHTE3UPYKOTCA B OpraHuU3Me 4yefioBeka U >XUBOTHbIX.
HYKJTEVMHOBBLIE KWC/NOTbl — Haubonee BbICOKOMOMEKYNSAp-
Hble MNPUPOAHbIE COeAMHEHMST (MOAMMEPbLI), COoCTosILMe W3 ocTaT-
KOB pasNyHbIX HYyKneoTnaos. CyulecTByeT ABa Tuna HYKIEWHO-
BbiX kucnot: PHK, OAHK.

OMHWMNOTEHTHOCTb AOEP — coxpaHeHue sppamMmy comMmaTtuye-
CKUX KNeTOK pacTeHuin BCex MOTeHUUV sigpa 3UroThbl, T. €. coxpa-
HeHMe BCel FeHeTUYECKOW MHdopMaymi.

OMEPOH — eguHMLUA reHeTUYECKOI PerynsaTopHOW CTPYKTypbl, B
COCTaB KOTOPOI BXOAAT OAWH WAU HECKOMbKO CBSA3aHHbLIX MeXAay
CO60 CTPYKTYPHbIX FEHOB, a Tak>Xe MPOMOTOPHbIN, onepaTopHbI
N Opyrve perynsatopHble y4YacTKU, KOHTPOAUPYIOLLME TPaHCKPWI-
LMIO OMnepoHa.

OPIFAHOIMEHE3 — npouecc BO3HUKHOBEHUS B HeopraHm3oBaHHO
pacTyLleil Macce KannyCHbIX K/eTOK 3a4aTKOB OpraHoB (KOPHeN u
nob6eros.).

OTPNUATENBbHAA CYMNEPCIMNPANN3AUMNA — BBegeHve B
LBYXLEernoyeyHyo KOBa/leHTHO 3aMKHYTy0 JHK cynepBuTKoB, Ha-
npasfeHne KOTOPbIX MPOTUBONMONOXKHO Harpas/leHNI0 BUTKOB Lie-
neii Monekynbl.

MAPTEHOIEHE3 — pa3BuTMe 0ocobu C ydyacTuem TONIbKO MaTe-
PUHCKUX TEHOB.

NNABNEHWE OHK — pgeHatypauua AHK.

MNMIASMNAOA — ocHoBa NnasMuUAHOIo BekKTopa: KosfbLeBas ABYX-
uenoyevHasa [AHK, ob6nagarowasi CNoCO6HOCTbIO K aBTOHOMHOW
penankKauuny, a TakxKe K BCTpavBaHWIO B Hee U Mnepefavye B reHOM
peumnueHTa 4y>XepogHbIX FeHOB U APYrux nocnegoBarteibHOCTen
AHK.

NONMMALEHVNINPOBAHWE — npucoenHeHne nocnefoBaTellb-
HOCTU MNOMNAfEHUINHOBOW KUCNOTbl K 3'-KOHLY 3YKapMOTUYECKOM
PHK nocne 3aBepLueHNA ee cCMHTe3a.

NnonNMNNoOnNaA — anpo, KMeTka, opraHuU3M, XapakKTepusyloLimecs
YMHOX>X€HHbIM OCHOBHbIM 4YMC/IOM XpPOMOCOM (cumBonbl 3X, 4X

T. A4.).
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MONOBbIE XPOMOCOMbI — xpomocombl, onpegenswouine rnon
ocobn (ob6o3HavarTca bykBamu: X, Y, "\, 2 n 1. o.).
MPOAYKLIMOHHBIW TMPOLIECC — cymma BCex OHOBPEMEHHO
npoTekawLWmMx B pacTeHUN (PUINONOrTNYECKUX, OUOXUMUYECKUX,
6Uon3nYeCcKNX 1 APYrnx NpoLeccoB 0bpasoBaHus 1 metabonmsma
BeLlecTB, obecreymBaromx HopMUpPOBaHME XO3ANCTBEHHO LIEHHbIX
opraHoB pacTeHWs 1 MPOAYyKTOB BTOPUYHOrNO 06MeHa Ha OCHOBe re-
HETNYECKOro KOHTPONSA U AOHOPHO-aKLEeNTOPHbIX OTHOLLEHWIA.
MNMPONMN®EPALLINA — HoBooGpa3oBaHMe KNETOK W TKaHel nyTem
PasMHOXXEeHUSA Y>Ke CYLLeCTBYIOLNX.

MPOMOTOP — yu4yacTOK reHa, OTBETCTBEHHbI 3a Haydano ero
TpaHCKpUMNumu.

MPOTOHHAA MOMITA — 6enku, nepeHocswme MPOTOHbI Yepes
KNeTO4YHble MeMbpaHbl.

MPOTOMJNIACT — cofep>XUmoe pacTUTeNbHOW KAeTKWU, NULLIEH-
HOW KNEeTOYHOM CTEHKM C MOMOLLbIO hepMeHTaTUBHOIO paspylue-
HUA NN MEeXaHUYECKMM CMOCOGOM.

MPO®AI — dparoBblii FTeHOM, WMHTErpMpoBaHHbLI B GaKTepuasb-
HYIO XPOMOCOMY.

MCEBAOANTINONA — AApo, KNeTKW, OpraHmn3m, XapakTepusylo-
wmecs AUNIoOUAHbIM YMCIOM XPOMOCOM, OTAUYalOLWMECA OT 3UTOT
[aHHOro ByMAa rno Kapuortumny.

PA3PbIB B AYIMNNEKCE AOHK — oTcyTcTBMe ¢hocthoanadmpHOi
CBA3N MeXXAy ABYMSI COCEAHVMMW HYKNeoTuaamu B O4HON M3 uenen
AByxuenoyeyHon AHK.

PETEHEPALUWMNA — BoccTaHoBNeHWE LIEIOCTHONO opraHusma u3
KNeTKN, TKaHW, opraHa.

PEANOPEPEHLUWALINA — nepexop cneunann3mpoBaHHbIX Kne-
TOK U3 OOHOro COCTOSHUA AnddpepeHUVPOBKU B OpYroe c npeg-
LUECTBYIOLLMMU AeNIeHNAMWU NN HEernocpeacTBeHHO.
PEAYMNMNIMNKAUNA OHK — camoyaBoeHve monekynbl AHK ny-
TeM o06pa3oBaHUSA ee KOMMU C MOMOLWbio Habopa epMeHTOB
(OQHK-nonumepas, nuras un gp.).

PEKOMBUHAHTHbIV FTEH — reH, COCTOSAILLMIA U3 KOMMOHEHTOB
pa3nnyHbIX reHoB.

PEKOMBVHAUWMA — nepepacnpeneneHne reHeTUYecKoro mare-
prnana poauTenen, npuBoAsllee K HacneACTBEHHOW KOMOGUHATUB-
HOV M3MEHYMBOCTM.
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PELLECCUB — reH vnn reHeTU4Yeckm 0OYCNOBMEHHbIV MpU3HaK,
NMPOSABNSAIOWMNIACA B AUMIONAHOM KNeTKe WAN OpraHu3Mme npu yc-
noBuun, Korga oba Habopa XPOMOCOM HeCyT AaHHbIe FeHbl.
PN3OIrEHE3 — npouecc 3anoXxXeHusi, pocta U pasBUTUS KOPHEN.
PHK — monekyna pu6oHYKNENHOBOM KUCNOTbI, B COCTaB KOTOPOii
BXOAAT HyKneoTuabl (a4eHWH, ryaHuH, UWUTO3UH, ypauun), pmbosa
M ocTaTKM (pocthopHOM KMCNOTbI.

POCTOBOW LINKJ/T — pocT NOonynsiummn KNeToK B LMKE MNepuo-
OVYECKOro BblpallyiBaHUsl, XapaKTepusyrLMica curMmonaanbHoM
(8-06pa3HoON) KpPMBOIA.

CVIHEPTN3M — ahdheKT B3aMMHOI0 YCUNEHUS [OeACTBUA Be-
LeCTB, MPOLLECCOB U APYTrUX (haKTOpoB.

CINAHNE UN3O0NNPOBAHHbLIX MPOTOMJIACTOB — dopmMmu-
poBaHMe OAHOW KNeTKU W3 ABYX W 6onee o6begMHEHMEM KX Mo-
BEPXHOCTHbIX MeM6paH.

COMAKIJTIOHbl — pereHepaHTbl pacTeHWUiA, MONy4YeHHbIE U3 COMa-
TUYECKUX KNETOK M obnajarolime onpefeneHHbIMU OTINYMAMU OT
MNCXOAHbIX hopM.

COMAKNOHANBHAA BAPUWABE/NILHOCTb — pasmax Koneba-
HUIA B Pasnnymm MpuU3HaAKOB y PacTeHUN, pereHepupoBaHHbIX U3
KyNbTUBMPYEMbIX COMaTUYECKNX KNETOK.

COMAKJ/TOHANBbHBLIE BAPNALUWMI N BAPUNAHTbI — cheHOTU-
nMyeckoe BblpadKeHWe HEeNoCTOSAHCTBA SAEPHOro M opraHenbHbIX
uuTonnasmMaTuU4ecKUx reHOMOB Ky/NbTUBUPYEMbIX KNeToK. OT uc-
TUHHbIX TEHHbIX MyTauui OTAnYaroTCca 60MbLUEl 4acToTOW BO3-
HUKHOBEHUS U KOMMNEKCHOCTbIO U3MEHEHUN (M3MEHEHUSA B CTPYK-
Type reHoB, XpOMOCOM, reHOMOB).

COMATUYECKAA (MAPACEKCYANBHAA) TMBPUNAN3ALUNA —
npoLecc BOB/EYEHUSA B reHEeTUYECKYIO PEKOMOUHALMIO XPOMOCOM U
reHoB sApa M opraHenn BHe CEKCYaNbHOrO UMKa, Hanpumep ny-
TeM CAUSIHUSA U30IMPOBAaHHbIX MpoTonnacToB. [NpmMBOAUT K MOSB-
NEHUIO TMOPUAHBIX KNETOYHbIX TMHUA N COMaTUYECKNX rMbpunaos
pacTeHMiA.

COMATUYECKUNI TUBPW[, — pacTeHVe-pereHepaHT, MONy4eH-
HOe NyTeM CMAHUA (TMbpuan3saLmnmn) cCoMaTUYeCcKnX KNeTok.
COMATUYECKN SMBPNOIMEHE3 — npouecc o6pa3oBaHUs 3a-
poAbILLENOAOGHbIX CTPYKTYP (3MOpMonA0B) B Ky/NbType TKaHu W
KNeToK.
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CTPECCOBbIE BEJIKN — cneynanbHble 6enKn, CUHTE3NpyeMble
OpraHnM3mMomM B HebNarornpuATHbIX YCNIOBUAX U NO3BONAIOWME CHU-
3UTb BPEAOHOCHOE BO3AENCTBME CTPECCOBbLIX (haKTOPOB Ha OpraHunsMm.
CYBBbEONHWLUbI — 6enkoBble rnobynbl, U3 KOTOPbIX COCTOAT
MONEeKyNbl 6e/KOB (YeTBEPTUYHAsS CTPYKTypa).
CYBKY/NTbTUBVNPOBAHWE — nepeHoC TpaHCMNaHTOB (MHOKY/O-
Ma) B OpPYroii KynbTypasibHbI COCYA Ha CBEXYI MUTATebHYH
cpegy.

CYCMNMEH3NOHHAA KY/IbTYPA — cycneH3ns KNeTOK WUIn ux
arperaToB (He60NbLUMX FPYrM) BO B3BELUEHHOM COCTOAHUU B XXU[-
KOW cpefe NMpuv MCMoMb30BaHUM anmnapaTtypbl, obecnevymBaroLlein nux
aspaumio N nepemeLLnBaHume.

CYBMPOTOMJIACT — un301MPOBaHHbI npoTonnacT, MnoTepsiB-
LN 4acTb LMTOMIa3Mbl, COXpaHUBLUMK S4p0.

TOTUMOTEHTHOCTb — CBOICTBO COMaTU4YeCKUX KNeTOK pacTe-
HWIA MOMHOCTBLIO pPeann3oBbiBaTb CBOKO HAaCMeACTBEHHYHO Mporpam-
My OHTOreHeTUYECKOro pasBUTUA TMpPU OMpenefieHHbIX YCN0BUAX
BblpallBaHus, BNIOTb A0 06pa3oBaHVsi B3POC/bIX PacTeHU U ce-
MSIH.

TPAHCIEHE3 — npougecc nepeHoca C NMOMOLLbIO PasMYHbIX BeEK-
TOPOB [OHOPCKUX, YY>XEPOAHbIX FeHOB B KI/ETKU PeuUrnmUeHTHbIX
pacTeHUin, >XUBOTHbIX N MUKPOOPraHN3MOB.

TPAHCIFreEHHbIE, TEHETUYECKW MOAN®NLUMNPOBAHHDBIE
OPFAHMN3MbIl (FTMO) — pacTeHusi, >XUBOTHbIE, MUKPOOPraHn3Mbl
U BUPYCbl C M3MEHEHHOW HacneACTBEHHOCTbIO, BbI3BAHHOW BKIIHO-
YeHVEM B UX TEHOM Yy>KepOAHbIX FeHOB C MOMOLLbIH FeHHO-UHXKe-
HEPHbIX MeTo40B.

TPAHCNAUMNA — cuHTe3 6enka Ha pubocomax npu y4yacTum MH-
dhopMaLOHHOM, TpaHcnopTHo PHK 1 apyrmux ¢akTtopos.
TPAHCKPUNMUNA — obpasoBaHne PHK-konun OHK ¢ no-
Moulbio hepmeHTa PHK-nonnmepassbi.

TPAHCMNAHT (MHOKY/TKOM) — 4acTb KannycHow (CycneH3u-
OHHOW) KynbTypbl, MCMONb3YEMOW ANs MepecajKy Ha CBEeXYH MNu-
TaTeNnbHYI cpeay.

®A3bl POCTOBOIO LWMKIA: nateHTHas (nar-tpasa), SKCMOHEH-
unanbHasa (nor-cpasa, pasa norapmdPmMunYeckoro pocrta), 3amegne-
HUA pocTa, cTaumoHapHas (nnaTo), cTapeHus (gerpagauun).
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CnoBapb OCHOBHbIX TEPMWHOB M0 6MOTEXHONOTNN

SPEHOTUIT — cymma BHeLWHUX MPU3HaAKOB OpPraHM3MoB, ornpeje-
NsieMbIX reHOTUMNOM U YCNOBUSAMU BbipallBaHUA.
®PEPMEHTUPOBAHHbIA COK — >Xuakuii 6enkoBblii pacTBop,
obpasyrouninca B npouecce epMeHTaUmMn pacTUTENbHOIO COKa.
PUNTOANIEKCVHBI — rnnotetnyeckme n peasibHble KOMMOHEHTbI
CUCTEMbI YCTOMUMBOCTU pacTeHUn K 60ne3HAM, 3amMegnsarolme
pa3sBunTue nartoreHa.

SPNTOTOPMOHDbI (ropMOHbI pacTeHui) — 6UONOrMYEecKN aKTUB-
Hble cOoegVIHEHUSA, 06pasyloLMecs B pacTeHUAX B MasbliX Konuye-
CTBax, Bbl3biBalolme crieynryecknuii pocToBo unn opmoobpa-
30BaTeNbHbI 30PeEKT.

PUTOPEINYNATOPbI — npupoaHble U CUHTETUYECKME npenapa-
Tbl, BbI3blBalOLLMEe pasNYHbIE POCTOBble AN opMaTUBHbIE 3-
doeKTbl 1 He obnagaroLme AericTBUEM yA0BpPeHNIA 1 repobrunaos.

XPOMOCOMbI — reHeTuU4ecKMe CTPYKTYpHble o6pasoBaHMsa sapa
KneTkun, coctoswme n3 JHK n 6enkoB. B Xxpomocomax 3ak/ioyeHa
HacneAcTBeHHas MHopMaLmsa opraHm3ma.

UNBPWNO — pacTeHue, nonyvyeHHOe Mpu CAUAHUN N30IMPOBaHHO-
ro nporonnacrta C UMTOoMnIacTomM, MpPoTonjiacToM C MHAKTUBUPOBAH-
HbIM A4POM WM C 3HYK/IENPOBAHHbLIM MPOTOMIACTOM.

LUK/ BbIPALWNBAHNA — nepuvof OoT NOMeELLeHNA KNeTOYHOro
VHOKYNIOMa WU KanjlyCHOro TpaHCrniaHTa Ha nuTaTeNbHY cpeny
[0 cneflytowero cyoKynbTUBUPOBaHUS.

UMNTOKNHWHbI — dmnToropmoHbl (KnMHeTUH, 6-BAI1), akTnBusn-
pylowme pasButMe MePUCTEM, CTUMYNINPYHOLLME obpa3oBaHMe Mo-
Yek.

LNTOMNACT — orpaHu4YeHHblii MeMbpaHoW y4acToK uuTonnas-
Mbl, BO3HUKLLWIA NpW hparMeHTaumMm n3onmpoBaHHOro npoTonnacTa.

LWUTAMM — KynbTypa, BO3HUKLUAsS Mocfie NepBoro CyoKynbTUBKU-
poBaHMA N cocTosILass U3 MHOTUX KNETOUHbIX TMHWUA, BO3HUKLLNX
M3 KNeTOK MepBUYHOrO Kannyca.

OKCMNAHT — dparmMeHT TKaHU UM opraHa, MHKyGMpyeMbli Ha
nuTaTeNbHON cpefe CaMOCTOATENlbHO WAM UCMONb3yeMbl Ans MNo-
NYYEHUA MepBUYHOIO Kasinyca.
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Mpunno>keHnsa

OKCIMPECCUA TEHA — nposiBNneHWe reHeTUYecKo MHGopMa-
unun, 3anucaHHoO B reHe, B hopme PUBOHYKIEMHOBOWN KUCNOTHI,
6enka 1 peHOTUNMUYECKOro npusHaka.

SNEKTPOIMOPALUMNA — mMeTof nepeHoca reHOB B K/IETKU C MO-
MOLLIbIO  3MEeKTPUYECKOro paspsa, Bbi3blBalollero obpasoBaHue
rnop B KIeTOYHOI MembpaHe.

OMBPNONAOINEHE3 — npouecc 06pa3oBaHMst 3apoAblLlenoaot-
HbIX CTPYKTYpP (3MO6pUOMAO0B) HEMONOBbIM MyTeM B Ky/lbType TKa-
Hel M KNeToK T wulro.

SMNTEHETNYECKUWE BAPNALUWMN — deHoTUNnYeckoe Bbipa-
>XeHve andhdepeHUnanbHOM aKTMBHOCTM reHoB. OT MyTauuii u co-
MakK/I0Ha/lbHbIX Bapuauuii 0TAINYalTCA TEM, UYTO He COXpaHsAlTCH
B LMK/Ee KNeTKa — pacTeHne — K/eTKa.

AYNiaonng — appo, KNeTKW, OpraHusM C YMC/IOM XPOMOCOM,
KpaTHbIM X.

IOBEHW/IbBHAA ®A3A PABBUTUNA — nepuof 3anod>KeHUs, poc-
Ta N pa3sBUTUA BereTtaTuBHbIX OPraHoB OT MNpopacTaHUsa CeMeHU
WU BereTaTMBHOM MOYKU A0 MOSABMEHUS CMOCOGHOCTU K 06pas3oBa-
HUIO PENPOAYKTUBHbLIX OPraHoB.

ATT-CANTbl — yyacTku ¢haroBoii U 6aKTepuansHOW XPOMOCOM,
peKkoMbunHauusa Mexxay KOTOpbIMU MNPUBOAUT K WMHTerpauyum unm
CKKYEHUIO dhara.

CAAT — yyacTOK KOHCepBaTMBHOIM MocnefoBaTeNbHOCTM, pacno-
NOXXEHHbIA MNPUMEPHO Ha pacCTosiHUM 75 Mmap OCHOBaHWI nepeq
CTapTOBOM TOYKON B TPAHCKPUMNLMOHHbIX eAVHULLAX 3yKapuoT.
O-BEJNTIKN — perynsaTopHble 6enKn, aKTuBupytowmne ¢epMEHT,
CUHTE3UPYIOLLNIA BTOPUYHBLIA NOCPEeaHUK.

EX Y1YO — nofnyyeHue M30NNPOBaHHbLIX K/NETOK, UCMpaBfieHne B
HUX reHeTU4ecKoro Aethekrta ¢ NMOMOLLBIO MepeHoca HY>KHOro reHa,
HapalwmBaHme «McrnpaBneHHbIX» KNeTOoK.

W 81T11 — coXpaHeHMe KynbTUBUPYEMbIX BMOOB B TOW cpege, B
KOTOPOW OHM NPUOBPenn CBOU OTINUUTENbHbIE CBOMCTBA.

W Y1TKO — BblpaljyBaHMe >XMBOFO Matepuana «B CTeK/e», Ha
WMCKYCCTBEHHbIX NUTaTe/bHbIX CpefAax, B CTePU/bHbIX YCNOBUSIX.
W Y1YO — BblpalMBaHMe >XMBOro MaTepuana B eCTeCTBEHHbIX
YCNOBUSIX.
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YuyebHoe nsgaHune

3arockmHa HaTtanba BUKTOPOBHaA,

Ha3apeHko JllogMmunna BnaguMmpoBHa,
KanawHmnkoBa EneHa AHaTo/1ILEBHA,
>XuByxmnHa EneHa AnekcaHgpoBHa

bunotexHonorunsa:
TEOPUA N NMNPaKTUKa

Y4yebHoOe nocobue onsa By30B

3aBegytowan pegakuven 1.B. AyaoHuk
PepakTop T./. BanawoBa
AnzaiiH 06n10>KKM C.B. MepKynos
Xy[o>KecTBeHHbI peaakTop C.B. Mepkynos
TexHnyecKuii pegakTop /1 A. JaHkoBa
KoppeKTop E.B. TymaHoBa
KomMnbioTepHasa BepcTka OO0 «beTa-®pelim»

O6Lepoccuiicknii KnaccndunkaTop npoayKLmnm
(>K-005-93, Tom 2; 953005 — nuTepaTypa y4ebHas

MognuncaHo B neyatb 25.08.2009. ®opmaT 60x90/1n
MeuaTb odpceTHasA. FapHUTypa «Talimc». Yen. ned. n. 31,0
Tupaxk 3000 ak3. 3aka3 Ne 0914160

OO0 «N3paTenscTBO OHUKCY
105082, MockBa, yn. b. lNoutoBasa, 4. 7, cTtp. 1
OTpen peanusauuu: ten. (499) 124-34-28, 129-07-27, 129-07-72
MHTepHeT-MarasuH: yy\r«r.onyx.rm

OTneyaTaHo B MOJIHOM COOTBETCTBUU C KAYECTBOM
rnpefocTaBNeHHOro 3/1eKTPOHHOI0 OpuUrnHan-makeTa
e 1 n kK BOAO «Apocnasckuit nonnrpaKoMomHaT»

e 150049, ApocnaBnb, yn. Ceoboabl, 97



N3paTenbCcTBO

A.B. MeHbkOB, B.A. OcTpelikoBCKWUIi

«TeopeTnyeckme ocHoBbI
aBTOMaTnU3NpPoBaHHOIO yripaB/1IEHNA»

EOVNHCTBEHHbIN YyY4EOHUK
no Teopun aBTOMaTU3NPOBaAHHOTO
ynpaB/eHus

B yue6HMKe pacCMOTPeHbl OCHOBHbIE
NOHATUA W MeTo[O0/I0TNA MnocTpoe-
HUA aBTOMAaTU3UPOBAHHbLIX CUCTEM
ynpasneHus (ACY), mogenu aHanusa
U cuHTesa cTpyktypbl ACY, mopenu
NPUHATUA peweHus. lMpueeneHsl
Bnapl ynpasneHna B ACY un obuiume
BOMPOCbLI CUCTEMHOro aHannsa.
Bonblioe BHUMaHWe yaeneHo pas-
NINYHBIM TUNaM U OCOGEHHOCTAM
knaccudunkauum ACY.

Ona ctyaeHTos,
oby4arLwmxcsa no cneymnasbHOCTH
«ABTOMaTU3NPOBaHHbIE
cucTeMbl ynpaBneHuUs»

MU HanpaBsieHUto «MHopmaTmnka
M BblUNCANTE/IbHAA TEXHUKA®.

PekomeHnpgoBaHo YMO

KHurn «M3patenibctBa OHUKC» MOXHO Nprobpectun
B MHTEpPHEeT-MarasnHe Ha caite MVVIM.OMyX.rm
wnu NOJSTYYUTb MO MOYTE, 3aKka3aB OecnsiaTHbIN KaTaslor No agpecy:
107140, MockBa, a/a 140 «KHMIM no noute»

OonToBas TOproBnsa:

Mocksa, yn. Kegposa, 4. 15, 2-i1 atax, nom. V
Ten. (499) 124-34-28, 129-07-27, 129-07-72



N3paTenbCcTBO

«KynbTyposiormsa»

Mop pepakunen 6.A. QpeHrpocc

3agava y4yebHuka — gaTb 6a30Bble
3HaHWSA O CYLLHOCTU KyNnbTypbl, €e
CTPYKTYype u OYHKUNSAX, 3aKOHOMeEp-
HOCTAX pasBUTUS U MHOroo6pasuu
NposiB/IEHUS, 06 OCHOBHbIX NCTOPU-
4yecKnx Tunax Ky/nbTYypHOro npouec-
ca. 3TU 3HaHuA [afyT NOHUMaHue
TOro, 4TO TOMILKO KynbTypa genaet
yesnoBeka YenoBekom, NOMOryT On-
pefnennTb oblieyesioBeYECKME LEeH-
HOCTW 1 ngeasbl U X MECTO B XKU3HU
COBpeMeHHOro obuiecTsa.

Ons BbicWKNX y4yebHbIX 3aBeneHul

PekomeHgoBaHO
HMC no kynbtyposiorum
MwnHucrtepcTtBa
ob6pasoBaHnA n Haykn PP

KHurn «/3gatenibctBa OHMKC» MOXHO NPrYoGpecTm
B UHTEPHET-MarasvHe Ha caiTe «/UUIM.oMyX.M

wnu NOJTYYUTb MO NOYTE, 3aKa3aB Oecn/iaTHbIN KaTaslor No agpecy:
107140, MockBa,

a/a 140 «KHUrm no noyrte»

OontoBasi TOProeif:

MockBa, yn. Kegposa, 4. 15, 2-it atax, nom. V
Ten. (499) 124-34-28, 129-07-27, 129-07-72



