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Mera6oanueckuii ko3ppuunent. Merabonuuecknii korpuumenT
AHaNOTHYeH (PEPMEHTHOMN aKTHBHOCTH H PaBeH:

q=wy 79)

Vpasuenne (7.9) ucnonssyercs ans onpenenerus norpebuocreit B
cy6cTpare, B 4ACTHOCTH, 3TO MOXET GBITH KHCIOPOA, ITOKO3A, YITIEPOA H
T.A.

VYpasnenne Muxadiuca-Menten. OnHoit u3 HauGonee Henons3ye-
MbIX MOZIE/IEH ONHCAHHA KHHETHKN (DEPMEHTATHBHBIX PeaKunii ABIAETCA
mozens Muxasnuca-Menren. Peakuus epmenta ¢ cyGerparom B 310i
MOJIE/H OMHCHIBAETCA CNEAYIOWMM 0pazom:

E+S &M ES, (7.10)
ES &2 E+P, (7.11)

e E — pepment; S — cyberpar; ES — depment-cybGerparhbiii komiuiekc;
P — npoxyxkT; k;— KOHCTaHTBI CKOPOCTeH peakumii.
CKopocTs 00pa3soBais IPOayKTa V B (hePMEHTATHBHBIX PEAKIHAX
(7.10 1 7.11) MokeT GbITb ONHCAHA COOTHOMIEHHEM:
kS VS VS a1
k;'tkf+ S k. + -
ko

e e, S u C — oblas KoHueHTpauns gepmenta, cyberpara u depmenT-
CyGCTpPaTHOrO KOMILIEKCA.,

Vpasnenue (7.13) smusercs ypasnennem Mixadmca-Merren, a K,
Ha3bIBACTCA KOHCTAHTOH Muxasimca-MenteH.

BiusinHe KOHUEHTPAHK cyGCTPATa HA CKOpOCTh pocta. Ecim k-
HeTHKa NoTpebieHHs CyGCTpaTa COOTBETCTBYET KHHETHKE (DEPMEHTATHB-
HOH peaKiuH, Toraa:

V=k,C=

=9, S(8+K)), .13

i K, HassiBaeTC KOHCTAHTOM HACHINEHHS, KOTOPAs IKBHBA/ICHTHA KOH-
cranTe Muxasnuca-MenTena.

Toxcrasus  ypassenue (7.13) anavenus g = WY 1 q, =,/ Y, nony-
uHM:
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P=p,S/(S+K). (7.14)

Vpasuenue (7.14) nasbisaior cooTHOWIEHHEM MOHO, KOTOPOE ONHCHI-
BACT 3aBHCHMOCTH CKOPOCTH POCTA MHKPOOPTaHH3MOB OT KOHLIEHTPALHH
cy6erpara (puc. 7.3). Heo6Xx0auMo OTMETHTS, 4To ypasHenne MoHo ana-
JIOTHYHO ypaBHeHHI0 Muxasnuca-MenTen,

3nayenme K, 06paTHo MpONoOpUHOHANKHO CTENEHH POACTBA MHKPOOP-
ranuama cyberpary.

Toraa Vp=K/Sp+ 1/, (7.15)

Puc. 7.3. VACTLHas CXOPOCTS OCTA Kax (yHKIUIA KoHUEHTpaIH S cyGerpara

T'padwx sasucumocty 1/t oF 1/S amnsercs mpsaMoii nismei, kotopas
nepecekaer och abeuuce B
Touke + 1/KS, a och opH-
Har — B Touke 1/p (puc.
7.4). Taxoe nocTpoense
CIYXHT yRoGHBIM CrOCO-
Gom rpapuuecxoro pacue-
Ta J1 B 3aBHCHMOCTH OT S.

0 o1 02 03

Prc. 7.4. 3asucnmocns /)L ot 1/S
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Onpenenenne AIHTEALHO-
CTH JIar-NePHOA POCTA MHK-
poopranuimoB. JUiHTE b
HOCTB J1ar-nepxona (¢pasa npu-
‘cniocobnenns) L onpenensercs
IpadUUECKHM MOCTPOEHHEM
3ABHCHMOCTH TOrapHOMa KOH-
LCHTPALHH MHKPOOPraHHIMOB
or BpemenH (puc. 7.5).
VpaBHeHHe A1% POCTa Kylb-
Puc. 7.5. Tpagmuccroe onpesencime wiu-  TYphl Gyner B 3Tom cayuae
TEABHOCTH JIar-nIEpHOTA MMeTh BHI:

Torapuipm Guomacess

Inx=p(t-L)+Inx,. (7.16)

Kontpoas pocra. TTox onpeenchyiem «Gnomaccay nopasymesaet-
5 O61LAs KOHUEHTPALS MUKPOOPIraHU3MOB WIH KIETOK Ha TBEpAOH WK
KHKOH MHTATENLHOMN CPEAIE NPH KyTHBHpOBanuH. Bribop Metona m3-
MCPCHHA 3aBHCHT OT 34724 HCCIICAOBAHHIH B OGTIACTH Ky ISTHBHPOBAHHS,
GHOXHMHUECKOH XapaKTEPUCTHKN Ky/ITypbL, NHTATELHOR CPEB H Tpe-
Gyemoii TOYHOCTH M3MepeHHi. HanMeHee ayBCTBHTENbHbIM SBIAETCH
METOJ| ONpE/IENEHMs BECa CyXOH GHoMacchi, a HanGonee HyBCTBHTENE-
HBIM — METOJ TOZICYeTa KIIETOK. OCHOBHBIE METO/IbI KOHTPO/IA GHOMACCH
10 KONMYECTBY KIETOK IPHBENEHHI B Tabu. 7.1.

7.3. Mepnoauyeckoe riyGHHHOE KY/ILTHBHPOBAHHE

MUKPOOPraHHIMOB

TepHonuieckoe TyGHIHOE KyIETUBHPOBAHHE MPE/CTABIAET OGO
3aKPBITYI0 CHCTEMY, B KOTOPO# CKOPOCTH POCTA GHOMACChI CTPEMHTCA K
HYIIO H3-32 HCYepIaHus cyGCTpaTa W Hakorienns MHrHouTopoB. Takne
CHCTEMBI BCETIa HAXOAATCA B HEYCTOHUHBOM COCTOSHHH.

®a3n1 pocra. Kunernyeckas KpHBas (assi pOCTa MHKPOOPTaHHIMOB
B 3AKDITHIX CHCTEMAX TIOKa3aHa Ha pic. 7.6.

1. Jlar-(hasa wiu HHIYKUMOHHBII TIEPHOX HAYHHAETCA TIOCHE NIOCEBA
(MHOKY/ISLIHH) B NIHTATENIBHYIO CPEYy MHKPOOPraHM3Ma H ABJIAETCA Te-
pHozOM HX azanTauyH. Bo Bpems 3T0ii (asbi NPOHCXOHT peopranmia-
LM MHKPOMOJIEKY/IAPHBIX H MaKPOMOJIEKYNAPHBIX COCTABHBIX yacTei
MHKPOGHOH Ky/IBTYpbl, CHHTE3 WM TIOABICHHE (EPMEHTOB WiIH CTPYK-
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Tabauua 7.1.
TlapaMeTpaI H METOIbI KOHTPONs GHOMacchi

Meton konTporx Tipweaanie
Buowacca —
GrACAEHE O KyALTYPATbHOR KWAKOCTH | TIpUNEHAETCA NpH OTCYTCT-
(ocaXaCHHE, UCHTPIGYTHPOBAHNE, YINTDA- | AWM HEXONTPOTHPYEMMX
GHALTPAUKS), OTWLISIHHE b CONCBOM pac- | BewiecTs
THOPE, GKIKOM K WIOTOHMNECKOMY, H Bt
_ cymusanwe npw 105+2°C
Ciapaa Gwo- | TIpamoe WIRCwMBANWE NOGTE OEAENNA 0T | HIEOOXONMa CTaNAIpTHI
wacea KyRLTyparHOR KHIKOCTH uma MeTona ovaencus o1
Ky RTYDATBHOR XHIXOCTH
WAk THEDAOR AN TATEARHOR
- cpean o ocratounol nose
Ocaxachne, TEMATOKPHT JAM C TIOMOIIO | HEOBX0AMA CTanAApTIOA-
EHTPHYXHMX CTAKAN1HKOD WK TPHGOPOR | WA TUIOTHOCTH GHOMACCH.
Paynnne wexay n7or-
HOCTBIO GHOMACE A0TKHO
R

FamncumocTs cymiecTayeT
orpamncHHom amanazone

__ | pocta kymrypms
1. BHypeToRa peaiiin Ha NEITHANME Cotin | PeaxThB CTAHAGPTHOYIOT
2 Peaans TAposmoRX K TpNITOGNTORLE | 50 Sy cursopeTEN

| ocTarxos ua peaxrus Gonua-Unoxamso. | Gure xposw.
| 3. Caxssisanme kpacutens Gpomcymdanenna | Camsil syscraurensimic
| ocHossimH rpynnamw Genxa weroa
‘OcHOBaH Ha PEAKIDIN, KATATHIHPYEMOR 7y- | METOA AOCTATONHO HymcTan-
| uwbeparof. Tymuepni OXHCIRETCA KHCTO- | TeamHwH MK HCOARI0BaHMK
| Pono 1 AT®, munenmiorcn jorons caera | doromerpos u cuni-
o , | ThnsunommuX cueTuHKOD
THK KGIOMETPHIECKOE ONPEACTEHHE AEIOKCHDH- | TPEBYeT IHAIMTEAHIX
o Tpat spemenn

BRacane | DUBEAcan TEuaE npn yTHAmIE Yo | B WomcT wepRIA
Tenna POACOACPXAIINX KOMTIOHENTOR NHTATEN- | A0MKHA GHTS OTKIONENa
HAIX CDEX H €10 WIMCDENME METOLIOM JWHA- | CHCTEMA TEPMOCTaTHPORS-
iscexo xaropw s
TAnTencHn- | H3MEPCHNE KONIICHTDALN BUACTACMOTO
WoCTH 4. | CO; MpH AMXSHHN B OTXORRUIEM BOLIYXE ©
Xanus__| IOMOLIBIO WHADAKDACHOFO 4308HAT3ATODS
HYECKINE METONM ONDEAEACHNR KOTHUECTRA KAETOK
[ 1.Caeramx Koyarepa (nexrpuicckoe co- | JLin GaxTepu anamerpom
poTHBACHN). 0T 1 20 3 MM (3cnniac).
2.Tlo yaensHof 31€KTPONPOBOINOCTK (KoH- | TpeByet npeanapureabmoit
AyxroMeTpns) | TapuposKM ans nioGux
| kymuryp (umase  mepr-
_ e lwg
3. METOR CocTOpacCeAniA (HCHENOMETpHA, | HIMEPACTCA 0Giian KoWuCeH-
ox_ KAIOPHMETpHS, CexTDOBOTOMETPHS) TpauKs (xnmme + wepTamc)
3.2 | Koawuectso | Meron oxpauinsani Onpeaeaenne konnvectsa
xwmecno. XA KneTok
cobmx

xnerox
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Yueno knemox

Bpeun
Pc. 7.6. Daski pOCTa MHKPOOPTAHHIMOB B IaKPSITMX cHeTeax: | — nar-(asa ($asa
NPHCTIOCOBAEHHS WIH (Basa OTCYTCTBHA POCTa); 2 — (a3a IKCHOHEHUHANLHOTO POCTa.
(basa norapuaseeckoro pocra wan nor-gasa); 3 - dua Auneiinoro pocra; 4 — pasa
3AMEJVICHHA POCTA; § — CTAUHOKApHAA (a3a; 6 — (a3a OTMHDANHA KYTLTYPH

TypHBIX KOMIIOHEHTOB KTk, JlanHas (basa, B 3aBHCHMOCTH OT BHELIHHX
YCI10BHi, MOKET GbITh KOPOTKOJ HIH JOBOBHO UTHHHOH. B Bpems 3Tol
(bathl KICTOMHAN MACCA MOKET H3MEHATHCA 603 HIMEHCHHA uHCna Ke-
TOK.

2. Jlar-dhasa nepexoaut B dasy axcnonenyuansrozo pocma. 1o — ne-
pHoz GICTPOro HakoneHns GHOMAcCh! H NPOAYKTOB peaxumn. Onucs-
BAETCH SKCHOHCHIMANLHOF KPHBOF,

3. Masa MHEFHOTO POCTA XAPAKTEPH3YETCA COATAHCHPOBAHHOCTEIO
POCTa B YCTAHOBHBLIEMCH COCTOSIHHH, T.€. CKOPOCTh POCTa OCTAeTCA Mo~
CTOAHHOH Ha NPOTXKEHHH BCETO NPOLECC KYNLTHBHPOBAHMSA, 8 XMMH-
YECKHii COCTaB KyJBTYPATbHOH KUJKOCTH HIMEHAETCS, MOCKONBKY 10~
TPeGASIOTCA NIHTATENBHBIE BEILECTBA H BHIPAGATHIBAIOTCA NPOXYKTHI Me-
TaGonu3ma. Kak cie/icTBHE 3TOr0, OKpYKalollas MHKPOOPraHH3MbI Cpe-
JIa HEIPEPBIBHO H3MEHAETCA, HO CKOPOCTh POCT B IIHPOKOM JMANA30He
KOHLEHTPALIHH MHTATEbHBIX BELIECTB HE 3aBHCHT OT HHUX.

4. da3a THHEHHOTO POCTA CMEHACTCA NEPHOJIOM, B TEYEHHE KOTOPOTO
CKOPOCTB POCTa Ky/BTYPl CHWXKAETCA JI0 HYIA — 9mo ¢asa 3amednenus
pocma.

5. Jlanee pocT Ky/IbTyphl MOXET NEPEXONHTH B ZOCTATOMHO YCTOHH-
BYIO CTAUHOHAPHYIO (asy, PH 9TOM CKOPOCTH HOCIH MHKOOPTaHH3-
MOB KOMIEHCHPYETCS CKOPOCTBIO MPHPOCTa GHoMacchl.

6. TIpH NONHOM MCTOLIEHHH MUTATENLHON cpeas! (CyGerpara) i 3Ha-
YHTENBHOM HAKOTUICHHH MHTHOMDYIOUHMX POCT NPOXYKTOB MPOHCXONST
CylieCTBEHHbIE (HIHONOTHIECKHE HIMEHEHHA KYNTYphI (JIM3HC)  Ha-
CTynaeT TaK HasbiBACMAN (A3 OMMUPAHUS KYTEMYPSL.

3aKOHOMEPHOCTH PA3MHOKEHHS MHKPOOPraHW3MOB NPH TEpHO-

125
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AHYECKOM KY/IbTHBHPOoBanuH. OCHOBHBIE I0JI0eHNs 0GPaTHMOrO pas-
HOBECHOTO aBTOKATAMTHYECKOTO POCTA NONYNAUMH MHKPOOPTaHH3MOB
MOXHO CHOPVYTHPOBATH CTEAYIOLIMM 0BPA3OM

- PA3MHOXEHHE MHKPOOPTaHH3MOB ONPEAE/IACTCS MPOTEKAHHEM JBYX
TIPOTHBONOJIOKHBIX NIPOLECCOB — 00Pa3OBanHs K rHGENH KIETOK, T.€. CHH-
T€3a W ACCTPYKIHMH;

- CKOPOCTH 06Pa30BAHKA MUKPOOPraHK3MOB (CHHTE3a GHoMaCChl) Npo-
MOPUHOHATBHA BCE YBEIHUMBAIOLIEHCA B IPOLIECCE MX KY/IBTHBHPOBAHMA
KOHLEHTpauH X H YMEHBIIACTCA C YMEHbIICHHEM KOHLCHTPAUHH JiH-
MHTHpYyIOWero cyberpara S;

CKOPOCTb OTMHPAHUA KJIETOK (ECTPYKLHMH GHOMACCHI) MPONOPLHMO-
HQJIbHA KBA/IPATy HX KOHLEHTPAUMH;

KOHUEHTPALMSA NHTATENBHBIX BEILECTB, HEOOXOMMMBIX /IS Pa3MHO-
JKEHMS MHKDOOPFraHH3MOB, ONPE/E/IAETCA CONCPKAHHEM B MUTATEILHOH
CPE/IC OZHOTO HiIH HECKOIBKHX JIMMHTHDYIOUHX KOMIIOHEHTOB;

NPOIYKTH! IM31CA MOTHBILINX KIIETOK (S¥) B KHHETHYECKOM OTHOIIE-
HHH (KOTHUECTBEHHO, HO HE KAYECTBEHHO) JKBHBANEHTHSI HCXOLHOMY
cyborpary;

NPOLECC PA3MHOKEHKA B YCIOBHAX NEPHOHUECKOrO CI0co6a Kyib-
THBHPOBAHHA 3aK2HYHBAETCA YCTAHOBIEHHEM PaBHOBECHS, TIPH KOTOPOM
CKOPOCTH CHHTE3a H AECTPYKLMH GHOMACCE! PaBHEI, & I03TOMy KOHIIEHT-
DALIMH MHKDOODTAHH3IMOB 1 CyGCTPATa HE MEHSIOTCH BO BPEMEHH

KOMIIOHEHTbI IHTATEABHOH CPEAbI IO XBPAKTEPY MX NPEBPALLICHHS B
TIPOLECCE PA3MHOKEHNS H BIHSHHIO Ha KHHETHKY POCTA NIOMYASLIHH MOXK
HO Pa3sfe/uTL Ha 1Be rPyMIbL:

BEILECTBA, KOTOPEIE TIPH BIUTINCHHH B CTPYKTYPY KJETOK M nocie-
JAyIOWIEM JIH3HCE NOrHOILMX KIETOK HE NPETEPIEBAIOT HIMEHEHHH, U He
HCKIIOYAIOT BO3MOXHOCTb HX NOBTOPHOTO HCMONB30BAHHA B MeTaboM-
\eckom oBMeHe NIpH 06PA3OBAIMM HOBBIX MHKPOOPTAHIMOB;

BEWIECTBA, KOTOPHIE B NPOLECCE CHHTE3a GHOMACCH! NpeTepneBaioT

e PEBPALLCHHA, YTO MX MOBTOPHOE HCNIOJB30BAHHE MHKPOOPIaHH3-
MaMH B KauecTBe CyGCTpaTa HeBO3MOXKHO.

Takum 06pa3om, KMHETHYECKAR HKBHBAICHTHOCTh HCXOIHOTO CyGCTpa-
Ta ¥ NPOYKTOB JH3KCA NOrMGIIMX KIETOK B PEaTbHON CHCTEME KileTKa-
Cpe/ia MOXET HMETh MECTO, EC/TH BEJIHYHHA CYGCTpaTa CBA3aHA C KOHIIEH-
TpauKeH B NHTATE/BHOMN CPEJle BEIECTB, OTHOCALIMXCA K NEpBOii rpyn-
1€, 4TO H NMPE/NIOarasioch NpH MOCTPOCHHH MOAETH 06PaTHMOIO paBHO-
BECHOO ABTOKATAHTHYECKOTO POCTA NONYIALMH.
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TIpoayKTHBHOCTE NEPHOIMYECKHX [IPOUECCOB KYILTHBHPOBAHHSL.
Obbemuas NPOAYKTHBHOCTH BHIPAXAETCS B rPaMMax TOTO WIM HHOTO
TIPOJYKTA HA JIATP CPE/Ibl B 4ac (WM KONHYECTBA MHKPOOGHBIX Te) U C1y-
XHT Mepoii oBmeit «nonesnocTiy npomecca. TIPH NEPHOMHYECKOM TPo-
1eCCe Ky/ITHBHPOBAHHA PACYET NIPO/lKTHBHOCTH JIOJDKEH BECTHCH Ha BCE

paGouee Bpems, B KOTOPOE HEOGXOMMMO BIUTIOUATH HE TONLKO BpeMs co6-
CTBEHHO Ky/IETHBHDOBAHMA, HO H BPEMs, HEOGXOIMMOE IS TOrO, YTOGbI
0cBOGOMTL GHOPEAKTOP OT NpeABIIYINEH 3arpy3KH, IPOMBITE €10, PO~
CTEPHIIH30BATH, 3aNOIHHTh HOBOH NAPTHE CPE/IBI M CHOBA MPOCTEPHIH-
30BaTh 3Ty cpesty ¢ Gopeakropom. Heobxomumsiit uis aToro nepnox spe-
MEHH MOXET OBITE Kax KOPOTKHMM (HArpHMep, 6 4 pH IPOH3BO/ICTBE APOXK-
JKeif), TAK M ZI0BOJIBHO UIHHHBIM (Harpumep, 20 4 MPH NPOM3BOJICTBE aH-
THEHOTHKOB).

Tumuynoe pasnenenue OOMIEro UMKIA KyTETHBHPOBAHHS HA OTAE/b-
HBIE YIEMEHTHI NPHBEICHO Ha puc. 7.7.

Pue. 7.7. TIpoxyxmisiiocTs nepi-
OmHeCcKOH KyBTYPHI: tr th, §, —
cooTBETCTBEAHO BPEMS OBOPaH-
BaCMOCTH TIPOKECCa NOATOTOBKH,
3aepAadt W Aar-nepoa; | —ma-
CHMYM TPOTYKTHBHOCTH; 2 — 06~
3% NPOYKTHBHOCTS; 3 — 3aBep-
wenne npouccea

Konuenrpauns xrerox

[T Bpewn

OO61uasi MPOAYKTHBHOCTh XAPAKTEPH3YETCH YITIOM HAKIOHA JTHHHH,
HIymeH OT Hayaa KOOPAWHAT K TOYKE OKOHYAHHA LHKIA Ky TTHBHPOBA-
Hust. MakCHMaJIbHas TIPOyKTHBHOCTb HAXOAHTCA TIO yITTy Hak/IOHA aHa-
JIOrHYHOM JIMHHH, MPOXOAAIIEH Yepe3s Hayano KoOpAMHaT. MakcHMyM
NPOAYKTHBHOCTH HAGIIONACTCS TOF/A, KO KOHLEHTPALHS KIETOK WK
MPOAYKTa NOANEPKUBACTCA HA YPOBHE HHKE MakcHManbHOMH. TTomoe
BPEMS Ky TETHBHPOBAHHA MOT GbiTh PACCHHTAHO 110 CCYIOIIEMY ypaB-
HEHHIO:

U, In X, /X,y + b+t + (7.17)

7€ L, t, t, — BpEMs ONOPOXHEHH, 3ANONTHEHKA H CTEpHIH3aLHK GHOpe-

axtopa; X, X, - HauanbHas ¥ KOHEYHAA KOHUCHTPAIHH KIIETOK.
TTostomy 061as NPOAYKTHBHOCTB:
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'y
_— (7.18)

T In X, /X + b+, 8

M3 57010 ypaBHeH!s BOIMOKHO ONPE/IC]IHTD BIHAHAE Pas/H4HbIX Tiepe-
MEHHBIX NIapaMeTpOB Mpolecca Ha oBILyI0 MPOIYKTHBHOCTL. YBENHue-
HHE KO/HHecTBa MHOKynATa Gyziet nosbiluars X, H enath Npouecc noi-
TOTOBKH 60716¢ KopoTKiM. COKpAIIICHHE BPEMEHH ONOPOKHEHHA GHOpe-
AKTOpa K NOIrOTOBKH €0 K CIIEIyIOLIeMy LMKy PaboThl WK e BpeMe-
HH OCTaHoBKH GyZIeT Takke yMCHBLIATH UHTENBLHOCTH Mpouecca. Axa-
JIOTHYHOE BiIHAHME GyJET OKa3biBaTh COKPALICHHE UIHTENbHOCTH Jlar-
assl 3a cueT MCMONBIOBAHHA AKTHBHO PACTYIIEH TOCEBHON KyJbTYphl.
Ecnm uMkn KynsTHBHpOBaHHs KopoTkuii (18 — 48 4), To onpenensiomee
3HAYEHHE MMEeT Bpems 0CBOGOXK/IEHNA GHOpeaKTopa OT TOTOBOIO Npo-
JYKTa H €r0 TIOAFOTOBKH K 0YEPEIIHOMY LHKCTY.

7.4. HenpepbiBHOe Ky ALTHBHDOBAHNE MHKDOOPraHH3IMOB

POCT KIETOK ¢ 0Bpa3OBAHHE NIPOJYKTOB GHOCHKTE3A NPH NIEPHOTH-
4ECKOM Ky/IETHBHPOBAHHH NIPE/ICTABIAIOT COBOH NPOLECCHI, KOTOPhIE 3a-
KaHYHBAIOTCA TIOCTIE HEKOTOPOTO OMPE/IENIEHKOro Bpemenn. B 1949 1.
MOHO MOIMGHIHPOBAT NPOLECC NEPHOIHIECKOTO KyTETHBHPOBAHHS TI0-
CPE/ICTBOM HEMPEPHIBHOTO BBE/ICHHA B XOPOIIO NEPEMEIIHBACMYIO KYTb-
TYPY CBEXEH NHTATENBHOM CPE/ibl IPH OITHOBPEMEHHOM YIANCHHH H3 CH-
CTEeMBI IKBHBAIICHTHOTO KONHYECTBA KY/TLTYPABHOH KHIKOCTH C COEp-
KAIHMHUCA B Hel MUKDOGHBIMH KJIETKAMH M NPOXYKTaMH GHOCHHTE3a
(oTBEMHO-10HBHOM cr0C0G). B HenpeprIBHOH MHKPOGHOH KyNsType pocT
MOXET NOJANEPKHBATLCA B TEYEHHE JUIHTENLHOTO BPEMEHH M MOXET ObITh
JIOCTHTHYTO M TIO/ICPXKHBATHCA YCTAHOBHBILICECS COCTOSHHE, MPH KOTO-
POM KOHLEHTPAUMS KIETOK, YACIbHAA CKOPOCTh POCTA H OKpYXAKowas
KJIETKH CPeaa (T.¢. KOHUEHTPAUMA HTATEBHBIX BEWECTB H NPOXYKTOB)
HE HIMEHAIOTCA CO BpeMenem. TAKoe COCTOTHHE ARISCTCH NPAMOH TPo-
THBOTOJIOXKHOCTBIO POCTY B NIEPHOJIHYECKOH KY/ILTYpE, KOIAIa YCIOBHSA B
KyJITYpasibHOli Cpefie H3MEHSIOTCA HenpepbiBro. Benesctsue toro He-
NpepLIBHAA KyJIbTYPa NPEOCTABNACT YHHKAIBHBIE BO3MOKHOCTH JUIS
HCC/IE/IOBAHHS PEAKIMH MHKPOOPraHH3MOB Ha HIMEHEHHE OKpYXaloweH
CPe/Ibl M JU1A HENPEPBIBHOTO NMPOAYUHPOBAHHS KIETOMHOH MACChl WIH 1.
TNIPOJYKTOB B ONTHMAIBHBIX YCIOBHSX.

Ilo creneny pacnpOCTPaHEHHA M3 CHCTEM HENPEPHIBHOIO KY/IETHBH-
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POBanHs HaHGONee IHPOKOE PACTIPOCTPAHEHHE TOTYIHIH TAKHE CHCTe-
MBbl, KAK XEMOCTAT, TypOH/IOCTAT M CHCTEMA HENPEPLIBHOTO KyTETHBHPO-
BaHUs TIOPUIHEBOTO THNA (TIOHOTO BHITECHEHNS).

7.4.1. XemocTaTHOE Ky/ILTHBHPOBaHHE

OCHOBO# U1 M3y4eHHs H NIPHMEHEHHS CHCTEM HENPEPBIBHOIO Ly-
GHHHOTO KyTbTHBHDOBAHH CTYKHT AHATH3
(byHKIMOHHPOBAHHA XemocTaTa (pHC. 7.8.).

XeMocTaTHOE Ky/ISTHBHPOBAHKE NIpe/i-
crasnser co6oi mpouecc, NpH KOTOPoM B
KY/ILTYpY C OCTOAHHOH CKOPOCTHIO HEMPEphiB-

HO TOIAETCA CBEXAs NMHTAaTeNbHAaA CPeAa, a
06beM KynbTYyph

NpH 5TOM moptep-  Pwe. 7.8. Cxema xemocrar
KMBACTCA Ha Mo- ;f';y'?.f,f.':f ':2‘;::"':”:’;""';‘:
CTOAHHOM YPOBHE  muareasmas cpena; 4 — kym
[yTem HempephiB-  TYPAIbHAS KHIKOCTS] §—AaT-
HOTO OTAMBa wacTy MK OWICHTpaHH
KyNBTypanbHOH XHKOCTH.

Marepuanbusiii 6ananc. s XapakTePHCTHKH YCTAHOBHBILErOCK
PEXHMa XEMOCTATHOO KyTHTHBHPOBAHHS MOXHO 3aMHCATh YPaBHEHHS,
CBA3HIBAIONIME KOHLCHTPAIMIO KICTOK M JIHMHTHPYIONIHX TIHTATENBHBIX
BEUIECTB C BAKHEHIINM HE3aBUCHMbIM TIEDEMEHHBIM NapaMETPOM — CKO-
POCTBIO MOTOKa CPE/Ibl. TO C/ENAHO MCXOAA W3 YPABHEHHS MarepHalb-
noro Ganarca. MarepraibHbIii GanaHC, 3aTUCAHHBIH U1 XEMOCTATa, Bbi-
PAXKACTCA ypaBHEHHEM:

Knemxus  Knemwu us Pocm Tubens  Haxomnenue
cucmemy cucmensi Kkaemox Kkiemox  xaemox

F(V)x - FOVX + px ax = dx/d,

TZI X;, X — MACCa KIIETOK B TIOBOIHMOM B CHCTEMY ITHTaHMH H B GHopeak-
Tope, cooTBETCTBEHHO, I/71; F — CKOpOCTB MOTOKa BOAEI, JW/4; V — 06bem
GHopeaxTopa, 1I; |1, O — YAEbHbIE CKOPOCTH POCTA M THOENH, COOTBET-
CTBEHHO, W' t — BPEMA, 4.

OB6BIYHO B CITy4ae OIHOCTAHHHOrO XeMOCTATa MOABOHMBIH K CHCTe-
M€ NOTOK MTUTATENLHON CPE/Ibl ABJIACTCA CTEPHITLHBIM H TO3TOMY X, = 0.
Kpome Toro, Ui GONBUIHHCTBA HENPEPHIBHLIX KYITYP YAe/bHas CKo-





image15.png
POCTh POCTa HEMHOTO NMPEBBIILIAET CKOPOCTH rHOemH (W > @), MOITOMY
ypastenue (7.19) Moxer 6bITb YNPOILEHO H 3aNHCAHO B BHAE:

F(V)x +px = dw/dt. (7.20)

TIpH YCTAHOBHBILIEMCA COCTORHHH, T.c. NP yCiIoBHH dX/dt=0, umeem

n=FV (7.21)

Taxum 06pa3oM, yaesbbiii 06LEM XapaKTEPH3YeTCs CKOPOCTBIO M0~
TOKA CpeJibl, IENCHHOM Ha 00BEM Ky/bTyphl. ITO COOTHOLICHHE Onpe/e-
JIAETCA KaK CKOpOCThb pasbasnenus D:

D=FV=p (7.22)

Tlpu ycTaHOBMBLIEMCS COCTOSHHH yAenbHas CKOPOCTb POCTa paBHA
ckopocTH pasbaBieHus.
MarepuanbHbiii 6ananc no JTHMHTHPYIOLIEMY POCT NHTATENLHOMY
BEILECTBY MOXHO 3AIIHCAT!
Muma-  IMuma-  [lompes-  [lo- Ilo-
meav- meab- 2memoe mpe6-  mpebno-  ITompetazemoe
nete neie numa- Hocmu  cmuna = numamenvwoe
seuye- sewe- mensHoe  Hanod- obpaso-  eewecmso
cmeas  cmsaus  seyecm-  Oepoca-  sanue
cuc- cucme- 6o nue npodyx-
memy Mol buo- ma
maccht

SoFV SFIV wY Mx QpXlyp = dS/dL, 7.23,

ae Y — kod(pHUHEHT BBIXOJA KIETOK 1O THMHTHPYIOLIEMY [THTATeNb-
HOMY BELLECTBY, PABHBIH OTHOUIEHHIO MACCh! 0GPA3OBABLUHXCH KIETOK K
Macce MHTATENBHOTO BEWecTBa; Sy 1 S — KOHUEHTPALMA JIMMHTHDYIOILE-
TO BEILIECTBA HA BXO/IE B GHOPEAKTOP H HA BBIXOE H3 HETO, COOTBETCTBEH-
HO; M — NOTpeGNEHHE NUTATE/ILHOTO BEWECTBA HA NOjAEP)aHHe GHO-
Macchl; q, — yAenbHas CKOPOCTh 06pasoBaHs UE/IEBOro NPOIyKTa; Yo -
koopuumeHT npeBpattenus cyberpaTa B UEACBOH NPOAYKT (BBIXOM).
Yacto notpebieHHe MUTATENLHOTO BEWIECTBA HA Noaaepkante G6uo-
MACChI OKA3bIBACTCA 3HAUMTEILHO MCHBLIHM, YeM Ha COBCTBEHHO pocT
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(X S PX/Y), 2 06pasoBaHMeM LENEBOro MPOAYKTa MOXHO NpeHebpess,
T.K. COOTBETCTBYIOLIHE 38TPaThl MHTATELHOTO BELIECTBA YPE3BLIYARHO
Maur. Torna npu ycraHoBHBIUEMCS CocToRHNH (dS/dt=0) pewuernem ypas-
Henus (7.24) Gyner 3aBuCHMOCTS:

D(S, S)=pX/. (7.24)

Toncrasnss B ypasHenie (7.24) ypasenia (7.22) npw ycnosis i
nonysaem:

X=Y(S,-8). (7.25)

Ipu ncnons3osanuu ypasuenui (7.21) cenaHo HECKONBKO AOMyille-
Huii. [[epBoe COCTOMT B TOM, YTO BBIXO/| KJIETOK HE 3aBHCHT OT POCTA WIH
cKopocTH pasbaBneHus. B To Bpems kak npu MHOrHX paboumx yCIOBHAX
TaKoe JIONyUEHHE BIIOIHE NPABOMEPHO, TEM HE MEHee, HeOOXOUMO Co-
6moIaTh H3BECTHYIO OCTOPOXHOCTH, T.K. BBIXOJI IPH LIHPOKOM BApbHPO-
BaHHMH /IHANA30Ha CKOPOCTEH Pa3baB/cHHs MOKET HIMEHATBCA.

BTopoe noMmylieHHe COCTOMT B TOM, YTO aBCOMOTHOE 3HAYEHHE KOH-
UEHTPaUHH KieTOK X HE 3aBHCHT OT BCEX HAXOLALIMXCH B CPe/le MH-
TATe/IbHBIX BEILECTB, 33 HCKITIOYEHHEM OJIHOFO — TMMHTHPYIOIIETO POCT.

Tperse HOMyIEHHE CBA3AHO C TIPEONCKEHHEM O TOM, HTO BEIXOX
KIETOK 10 JTAMHTHPYIOIIEMY THTATENBHOMY BEWIECTBY B PACCMATPHBAE-
MBIX YCJIOBHSX 3aBHCHT TOJBKO OT 3TOTO MHTATE/LHOrO BELIECTBA.

JiBa noc/eHUX AOMYIIEHNA OKa3bIBAIOTCS CNPABE/UTHBLIMH B Cllyya-
AX, KOT/Ia XeMOCTAT (QyHKLMOHHPYET NpH H3GLITKE BCEX MHTATE/bHBIX
BEILECTB, 33 HCKIIIOYEHHEM OZHOIO — JHMHTHPYIOUIETO POCT, H NIPH MO~
CTOAHCTBE APYTHX (aKTOpoB OKpyxatoweH xietkn cpeast (pH, Temne-
Ppatypa, pacTBOPEHHbIH KHCIOPOA 1 YI/IEKHCIbIi ras).

Moneas pocra. Ypasetis (7.22) 1 (7.24) ONpPeANsIOT yCTAHOBHB-
1ieecs COCTOSHHE JUlsi HENpephIBHON Ky/isTypsl. Yrobst cassats X u S co
CKOpOCTBIO pasbaBienus, HeOGXoMMa MOJENb, BRIPAKAIOLIAs CKOPOCT
pocta Kak (yHKuMIO MMETHpYIouero cyberpara. Haubonee wacto mc-
NONIB3YeTCR MOJIENb, NPE/UTOKeHHas MoHo:

R=H [S/(K,+S), (1.26)
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rae K, — KOHCTaHTa HaCILIeHHs, PaBHas KOHUeHTpauny cyberpata S B
TeX CITy4asX, KOrZia CKOPOCTh POCTA L yMEHbLIHHA B/IBOE.

OrTa MOJIENb OMHMCHIBAET CKOPOCTb POCTA KAK (DYHKLHIO TOJNBKO KOH-
LEHTPALMH IHMHTHPYIOIETO POCT IIHTATE/ILHOTO BELIECTBA H HE A0MyCKa-
€T CyIIECTBOBAHHS 3aBHCHMOCTH POCTA OT KOKUEHTPAUMH APYTHX THTa-
TENbHBIX BEWECTB WK HHBIX (HAKTOPOB CPE/Ib, KOTOPas OKpYHaeT KieT-
ku. Ecnn ypasuenns (7.22 u 7.24) npuMeHHTh K HENPEPLIBHOH  KYNIBTY-
Pe, TO OHO NPHHHMaET BHLL:

D=D,[S/(K,+S)], (7.27)

rae D, — kpuTHUeCKas CKOPOCTH pasbaBienus, npeacTaasiowas coboi
MaKCHMaJIbHYIO CKOPOCT pa3baBiieHis, MpH KOTOPO# XEMOCTAT elie Mo-
KeT yHKUMOHHPOBaT. 3a HEMHOTHM HCKmoucHHeM D 06bIuHO cooT-
BETCTBYET MakCHMATBHON CKODOCTH POCTa B NIEPHOAHUECKOH KYTBTYpE.

Pewenne ypasuennus (7.27) orsocutensHo S kak gynxkunn D npuso-
ZMT K COOTHOUICHHIO, ONHCHIBAIOIIEMY KOHUCHTPALMHIO JIMMHTHPYIOLLIE-
O POCT NHTATEBHOIO BEMIECTBA B YCTAHOBHBILIEMCH COCTOSHMH:

S=DK,/(D, D). (7.28)
Tloxcranosxa ypasnenns (7.28) B ypasuenue (7.27) 1aeT 32aBHCHMOCTS,

CBA3BIBAIONIYIO KOHUEHTPALMIO KIETOK B YCTAHOBHBIIEMCS COCTORHHH CO
CKOpOCTHIO pasarneHis:

X=Y[S, - DK, /(D,- D)]. (1.29)

Tpw ncnoms3oanmn. ypasenwii (7.25) u (7.26) MOXHO TeopeTHuec-
KH onucars xapakrep paGoTsl xemoctara (puc. 7.9).
Mozens MOHO SBIAETCA PE3ynbTaTOM IMIHPHYECKHX HabmoncHHH

Pre. 7.9. Teoperuseckue
KPHBIC 118 HCTIDEPHIBHO
KYALTYPH, NOKA3IMBaI0-
LIHE 3ABHCHMOCTS KOK-
uewpaim X, TMHTHD)

Joliero BeiecTsa S # npo-
RyxTusHOCTH P 0T CKOpO-

pasbancin D
om e Crooocma pasbabnenus
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TOTO, 4TO 3aBHCHMOCTb CKOPOCTH POCTa OT KOHUEHTpalMH cybeTpara
T101106Ha 3aBUCHMOCTH, OTMEYAEMOM NMPH HACHILCHHOH MOHOMOJIEKYIAP-
HO# ancopbumn, onuckiBaemoil H30TepMOil ancopbumu JIsurmiopa. ITo-
CKOJILKY 3Ta MOJE/Th TEOPETHUECKH HECTPOra, MOSBHIOCH MHOTO €e MO-
Anduxaumit u ap. moneneit. Tak, INayann npoananusuposan psg ansTep-
HATHBHBIX MOZENeH, IPHIOHBIX UIX MCTIONB30BAHHS MPHMEHHTENBHO K
HEMPEPLIBHOH Ky/IbType. OJIHAKO MHOTHE M3 NPEUIOKEHHBIX MOJeneH
OKa3auCh 3HAYHTENLHO Gonee CIoKHBIMH, YeM Mozenb MoHO.

Peansroe nosesenne xeMocTara He BCeraa NoAOGHO HACANLHOMY.
Toaromy Tpebyercs cobmoaaTh H3BECTHYKO OCTOPOXKHOCTb NPH NpHMe-
HEHHH MMEIOLIMXCS MOJENeH U JIONyLIEHHH, NpH aHanu3e U paspaborke
TEOPHH HENpepsIBHOI Ky/IbTyphl. B kauectse nepsoro npubmmkenus
moziess MoHO 0651410 06ecneyHBaeT NoyYeHHe PHEMIEMBIX JUIA IIPaK-
THYECKOIO HCTIOJb30BaHHS PE3YNIETATOB, a Gonee CI0XKHBIE MOJIe/H 06U~
HO HE HACTONBKO TO4HBI, HACKOIBKO CIIONKHEE.

Ha puc. 7.10 npexcrasniena 1abopaTopHas yCTaHOBKA /U1 HEMPEPhiB-
HOIO Ky/IbTHBHDOBAHHSA MHKDOOPTAHH3MOB.

O6beM cpe/ibl MOIEPKHBAIOT NIOCTOAHHEIM. Cpejly COCTABIAIOT TaK,
4T0GBI BCE (32 HCKIIOYEHHEM KAKOrO-THG0 OJIHOIO) MHTATENbHBIE KOMIIO-
HEHTbI NPHCYTCTBOBANH B Heli B H3GLITKE M0 CPABHEHHIO C KONHYECTBA-
MH, HEOOXOMBIMH JUIA CHHTE3a KICTOK B HY)KHOH KoHIUeHTparuy. Oc-
TABLIMACA B HEJOCTATKE IMHCTBEHHBIN KOMIOHEHT CpPE/ibl IMMHTHDYET

TEPE

Puc. 7.10. JlaGopatoptas yera-
HOBK 11 HETPEPHIBHON XYk~
THBHPOBANHS MHKPOOPTAHHIMOB
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POCT H KOHTPOTHPYeT BEMHUHHY MHKDOBHOF NOMYTALMH B YCTAHOBHB-
WIEMCA COCTOSHHH.

Ha3sanHe «xeMoCTan) OTpaxaeT NOCTORHCTBO XHMHUECKHX XapakTe-
PHCTHK H YCTAHOBHBUIMHCS COCTAB CPE/Ibl, B KOTOPOH HAXOAATCH MHKPO-
OpraHH3mbl. B kayecTse IMMHTHDYIOIETO POCT NUTATENLHOTO BEWECTBA
MOXET HCIONB30BaTLCS J1H060H HEOOXOMMMBIN JUIA POCTA NUTATETbHBIH
KOMTIOHEHT. 3T0 NO3BO/ISET PerynupoBarh GHOCHHTE3 pacTymlX MHKPO-
OPraHH3MOB ITyTEM H3MCPCHHS CPEJThI BHIPALIHBAHMUS.

7.4.2. Typbuaocraroe Ky/JIsTHBHpOBaHHE

Ilpn KyIBETHBHPOBZHHH MHKPOOPraHH3MOB B peXHMe Typbunocrara
KOHLICHTPALIMSA MHKPOOPIaHH3MOB TOICPXKHBACTCA NIOCTOAHHOH Nocpen-
CTBOM PETyIHPOBAHHS OMTHYECKOH MIIOTHOCTH KynsTypbl. IIpu npesbi-
IIEHHH YCTAHORJIEHHOH TOUKH BKTIOMAETCA HACOC, NOAIOMIMI CBEXKYIO
cpeny (prc. 7.11).

Peeynupnbonue_paSome nacoca

ot 4 g cuene
2 nd padomy numare-

wezo macoca

3
1
1
l
'
1
1
1

Konmpano odparmazo

803dyx

Pomgnpuennux

ngermasnnsie chema

osew u rmen
nepamypa Pequpnynayuonnas némae

Puc. 7.11. Cxema rypusoctara

TockonsKy 06BEM KyNbTypabHOM XHIKOCTH NOANEPKHBACTCA NIOCTO-
AHHBIM (C MOMOIBIO YCTPOHCTBA /U1 KOHTPOJIA BEPXHETO YPOBHS) H IPO-
M3BOJMTCA TIIATEBHOE MEPEMELIMBARKE COAEPKHMOIO, KyIbTypa npH
3TOM pa3banyAeTCs, a HEKOTOpAs YACTh YAANAeTCs M3 eMkocTH. HecMot-
PA Ha K@XYILYIOCA IPOCTOTY 3TOH CXEMBI, HCTIONB3OBAHKE €€ NPH HCce-
JIOBaHHAX OrPAHHYMBACTCA TPYAHOCTAMH A/IEKBATHOIO PEryIHPOBAHHS
KOHLIEHTPALMH KJIETOK BHYTPH EMKOCTH JUIst KyNbTHBHpOBaHHA. Kak Typ-
6u10CTaT, TAK M XEMOCTAT NPEANIONAraloT NpHMeHeHHe GHopeakTopoB,
CHAGMEHHbIX MELIATKAMH JU1A OCTOSHHOTO 1 TIONHORD MEPEMELIHBANKA
BCEX MIEMEHTOB JKHAKOCTH.

BO3MOXKHO TaKoKe I0CTHYb YCTAHOBHBIIENOCA COCTOAHHA MHKPOGHO-
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TO pocTa B GHOpeaKTOpe HACaNbHOrO BHECEHHs. B oTmHume ot GHopeak-
TOpa C MELIANKOH, B JAHHOM CJIy4ae KOHUEHTPALMA KICTOK H HTaTelb-
HBIX BELECTB H3MEHACTCA B 3aBHCHMOCTH OT MECTOTIONIOKEHHS KaX/IOH
paccmarpusaemoit ToukH. TIpeacTansercs Bo3MOXHBIM B GHOpeakTope
BBITECHUTENBHOTO THITA HMHTHPOBATE POCT MHKPOOPIaHH3MOB MIPH e~
PHOZIMHECKOM KyNIETHBHPOBAHHH TIPH YCIOBHH, 4TO NPOXOAKICHHE KHII-
KOCTBIO ONPE/IENIEHHOTO PACCTOSHMSA B 3TOM GHOPEAKTOPE MO3BONIMT KOM-
TICHCHPOBATE LHKJI MHKyOALMH.

‘TeopeTueckn HENMPEPLIBHO JEHCTBYIONMIT GHOPEAKTOP NOPIIHEBOTO
THIIA CITYXKHT NPEKPACHBIM CPEICTBOM JUIS M3YHEHHS ABICHHH, IPOHCXO-
JSUAX TPH NEPHOAHYECKOM KyIhTHBHPOBaHHH. OIHAKO TPYAHOCTH KOH-
CTPYKTHBHOTO OGOPMIIEHHS, CBA3AHHBIE C HEOOXOIMMOCTBIO TIOANEPKA-

HHsA H OCYILECTBICHNA adPAIHH, HHOTAA OrPAHHYHBAIOT NIPHMEHCHHE Ta-
Kux GHOpeakTopos B 1abOpPaTOPHSX.

CxeMa NPHHIMNHATLHON YCTAHOBKM C HCTIONB30BAHHEM NHHIMNA
HMICATLHOTO BLITECHEHMs MpHBE/ACHa Ha puc. 7.1

B

PHc. 7.12. BHOPEAKTOPH! HICATHHOTO BLTCCHEHHS. A — aHaIPOGHSI PEaKTOp BhTeCHH-
TEALHORO THNA 414 06PABOTKH CTONHBIX BOJL M OCAIKOB: | — IDHEMHAX KAMED; 2 — peax-
LIHOHHBIE KaMephi; 3, 4 — IEPETOPOKH; S — BOZHLH 3aTHOP; 6 — TPy, b~ peaxtop ¢
TBEPIIBIM CIOEM U1 HHTPODUKAIMH BOMb! B NOMY3ABOICKHX YCIOBHAX: | — PeaxTop; 2 —
KOHTEfiHEp; 3, 4 — WEAOTHO-KACOTHbIE 03ATOPS; 5, 6, 7, 8 — KOHTPOTEHO-HIMEPHTEb-
Was annapatypa; 9 — knanan; 10 - nacoc
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TponykTusHocTs. ITponece KynbTMBHPOBaHHA OLEHHBAETCA KOIG-
(uumenTOM npespamenns wu o6l MPOYKTHBHOCTSI0. B Henpepbis-
HO¥ Ky/IEType NpOAyKTHBHOCT P (r/(11-4)) Onpe/iensieTcs BhipakeHHEM

P=DX (7.30)

Toncrasnss 3uavenus ypastenns (7.29) B ypasuenne (7.30), nomy-
uHM:

P =DY {So-Ks [D/(Do - D)}}. (731)

TlomyyenHoe cOOTHOLICHHE 1103BONsET rpadHueckn H306pa3uTs Ipo-
JYKTHBHOCTB TpoLiecca Kak (yHKiMI0 ckopocTH pasbaBieHus (kak 310
noKasano Ha pHc. 7.9). CKOpOCTS pa3basnenus, HeoBXOMMMAs 1L MOTy-
YEHHA MAKCHMAIIHOMH MPOIYKTHBHOCTH, MOXeT ObITh paccumTana myTem
NPHPaBHUBAHMA NEPBOH MPOM3BOIHOM OT ypasHerus (7.31) vymo. B pe-
3yABTaTE NOAY4HM:

Dm =D~ {I- [Ks/(Kc + S0)]"2}. (7.32)

OTMedeHo, 9T MAKCHMATLHAA OTYKTHBHOCTS He 0BA3ATENBHO Ha-
Gmonaerca npH CKOPOCTH Pa3baBien s, COOTBETCTBYIOMIEH MaKCHMAb-
HoMy KoddmumenTy npeBpamenns cySctpata B xuerxh. [lo3TomMy npH
ONTHMH3ALHH MPOLECCA YACTO TPUXOHTCS WITH HA KOMNPOMMCC, MpH-
HHMast BO BHHMAHHE NPOAYKTHBHOCTS, k03()HIMEHT npeBpamenns cy6-
CTpaTa M OCTATOYHOE KOJIYECTBO CYOCTPATa B HKHIKOCTH, BBIXOASLIEH U3
CHCTEMBI Ky/TETHBHPOBAHHS.

TIpoayxTHBHOCTS GHOPEAKTOPA NEPHOAMYECKOTO H HENPEPBIBHOIO
NefiCTBHA MOXHO CPaBHUBATL Ha OCHOBE OTHOLEHHA 06eHX HacTel ypas-
Herua (7.18) x npoussenenmio D X, rae X — xoHueHTpauma Kietok
npu ckopoctH pasbasnenns D, nosyuaemas noAcTaHoBKO# ypaBHEHHS
(7.26) B ypasnenne (7.28). Iph 510

X, = Y[(So+Ks) - (KsSo+Ks)]'"? (7.33)

OTHOWEHHE NPOAYKTHBHOCTH GHOPEaKTOpa HENpPEPLIBHONO AeHCTBHA
K MPOyKTHBHOCTH GHOpEakTopa NEPHOAHHECKOTO ACHCTBHA PaBHO:
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Ipodyxmusrnocms . . .
6uopeaxmopa enpe- Y [(S + Ks)/ So - Ks/So)“]|*.

Ppeignozo deiicmeusn

Tpodyxmusnocms

6uopeaxmopa nepuo- b pulY(XoX) X,V In X/ X, +pt,.
ouseckozo deiicmeus

Tlpu nonywenusx, yto D= p,_ (Ks + So0) /So = | u Ks/So = 0, ypas-
Henue (7.30) Moxer GbiTh YIpOLICHO:

Hpodyxmusnocms Y [In (X,/ X)) +jt, +t]
6uopeaxmopa nenpe-
phignozo deiicmeus T

ITpodyxmusnocms KXY X,
Guopeaxmopa nepuo- mor .
Quueckozo delicmeus

BenMuHBa NOCEBHONO HHOKY/ATa 06LMHO cocTaBnser 5 % OT obbema
cpensl. Bpems OHOTO LMIUIA NPOLIECCA MPHUMEM B Ka4eCTBE NMpHMEpa
pasieiM 10 4, Bexoa KkieTok — 0,5 r kneTok r/cyberpara, KOHeuHyo
KOHIEHTpaimio K1etox — 30 1/11. Torsa as pasnHuHbIX 3HA4CHHI CKOpO-
CTH POCTA Ky/IETYPbl MOKHO PACCYHTAT: COOTBETCTBYIONLYIO NPOXYKTHB-
HOCTS.

7.5. TexHon0rus rAYGHHHOIO CNOCODA Ky/ILTHBHPOBAHHS

MMKPOOPranH3MoB

TeXHONOrHYECKas CXeMa CTA/IHH Ky/TETHBHPOBARHA MHKDOOPTaHHIMOB,
OTAENeHHs, KOHUCHTPHPOBAHHA GHOMACCHI M HHAKTHBALMH GHOMAcCh!
npuBesiea Ha puc. 7.13.

TexXHONOrHYECKHii NPOLECC TTYGHHHOrO BLIPALHBAHHA MHKPOODIa-
HH3MOB B GHOpeakTopax ((epMeHTEpax) CKIaabIBACTCS M3 CAETYIOMMX
ITanos:

1. Or6op LITAMMOB MHKPOOPTaHH3MOB H PaGoTa ¢ HHMH.

2. TIPHrOTORJIEHHE MOCEBHOH MHKPOGHOH KybTypbi.

3. TIpHTOTORNICHHE H CTEPHIIH3ALA TUTATEMBHBIX CPEML.
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Puc. 7.13. OBoGIeNHas TEXHONOMMHECKAR CXEMA MHKPOGHOTOTHHECKOTO IPOLECEa

4. TloaroToka GHOpPeakTopa K NOCesy.

5. BolpauMBaHne MHKPOOPraHH3MOB B GHOPEAKTOPE H KOHTPO/Ib HAl
TPOLECCOM Ky/IBTHBHPOBAHHS.

Kpome Toro, oH BK/IIO4AeT Psji BCIIOMOraTeIbHbIX ONepaimii:

- CTEpWIH3ALHIO 0GOPY/IOBAHHSA H KOMMYHHKALHH;

~ NPHIOTORNICHHE W CTEPHIIH3ALMIO NEHOTacHTeNeH, PaCTBOPOB H Jp.

7.5.1. OT60p WITAMMOB MHKPOOPTalNH3MOB W PaboTa ¢ HMMH

Omanonnvie win peghepermubie NITAMMBI XPAHATCA H TIOJACPXKHBA-
0TCA HA 32/JaHHOM YPOBHE B KOHTPOJIbHOM HHCTHTYTE BETEPHHAPHBIX
NIpEnapaToB. 3TH LITAMMBL, B CBOI0 0Y€PElb, ABIAIOTCA NIPOHIBOCTBEH-
HBIMH, TIOCKO/IBKY Ha HX OCHOBE FOTOBATCA BAKIHHBI.

Tlpu 5TOM HHAKTHBHPOBAHHLIE BAKLMHbI, KAK MPABHIIO, FOTOBATCA M3
8bICOKOBUPYICHMHbLX LITAMMOB, 2 )XUBbIC BAKLAHBI — H3 ammeHyupoean-
Hbix (0CnabNeHHBIX), GBUPYIEHMHbIX ITAMMOB.

Hapsty ¢ NpOM3BOCTBEHHBIMH, HTANOHHBIMH LITAMMAMH XPaHATC
KOHMPOAbHbIE IITAMMBI, KOTOPBIE HCTIONB3YIOT JUIA OLUCHKH KA4€CTBA Bak-
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UMHHBIX MPENapaTtoB. TH WITAMMbI JODKHBI OBITH T€HETHYECKH OJHO-
POAHBIMH NOMYNSUMAMH MHKPOOPraHU3MOB €O cTabHibHBIMH MOpdoI0-
THYECKHMH, CTIEUHBHUECKHMH 1 GHOTOTHYECKHMH CBOFCTBAMH. OCHOB-
HbIM TPEGOBAHHEM K ITHM LUTAMMAM SBIAETCA HX BBICOKHE AHTHTEHHBIE
H MMMYHOICHHLIC CBOWCTBA.

AHTHIEHHOCTE LITAMMOB OLCHHBACTCA 110 THTPY HTHTEN B ChiBO-
POTKE KPOBH HyBCTBHTE/IBHBIX JKHBOTHBIX 4€pE3 ONpe/eeHHbIe CPOKH
NOCNE BBEACHHA HM MHKPOOPTaHH3MOB.

HMIMMYHOTeHHBIE CBOHCTBA ITAMMOB ONPENENISIOTC 110 YCTOHYH-
BOCTH NPHBHTBIX XHBOTHBIX K 3apaxeHmio Bo3byauTenem Gonesuu onpe-
ZeNIeHHOli 1030/ KOHTPOBLHOIO (BHPY/IEHTHOIO) WITAMMA M BHIPAKAIOT
50%-ii no30# umMyHorennocTH (UMJL,)) n1H N0 HAPACTAHHIO THTPA aH-
THTEJ B CHIBOPOTKE KPOBH. IIpn 9T0M 80% NPHBHTHIX HBOTHBIX JIOJK-
Hbl GbITh CTIEUMbHYECKH HEBOCTIPHHMYHBbI K HHOEKIHH.

Be3BpeaHocTs (PeaKTOreHHOCTh) 3TAIOHHOTO, POH3BOACTBEHHOIO
LLITAMMa POBEPAIOT 110 BHIPAKEHHOCTH PEAKLUH Y TaGOPATOPHBIX H €c-
TECTBEHHO-BOCTIPHHMHYMBLIX JKHBOTHBIX Ha 5 — 10-kpaTHOE yBenH4eHHE
TIPUBHBOYHOH 21031,

TIPOU3BO/ICTBEHHbIE, ITANIOHHbIE LITAMMSbI JIODKHb! COXPARSTH TeHe-

THYECKYIO CTaGHIbHOCTD 2HTHTECHHBIX, HMMYHOTEHHBIX H JIp., IPHCYIIHX
1M GHONOrHYIECKHX CBOMCTB Ha mpoTskerHH 10 — 20 NocneaoBaTebHLIX
NIepeceBoB KaK in Vivo, Tak 1 in vitro.

7.5.2. TIpHIOTOBJIENHE NIOCEBHON MUKPOGHOH KyIETYphE

(OBBIYHO IPOH3BONICTBEHHOE KY/TETHBHPOBAHHE MHKPOOPraHH3MOB NPH
H3rOTOBJIEHHH BaKIHH OCYWIECTBIAIOT B Gonbumx ofvemax. [Tosromy
BHaYAJIE H3 HMEIOWIETOCA ITAIOHHOTO UITAMMA MHKPOOPIaHH3MA, HAXO-
ASIIEr0Cs, KaK NPaBuio, B IHODHIBHO BBICYIICHHOM COCTOSHHH B aMITy-
J1€, NAI0T I0CEBE! B HEGOMbIIHE EMKOCTH (HANDHMEP, BO (AAKOHbI eM-
KoCThi0 200 M, BioHEHHBIE 10 100 — 150 M1 IPOH3BOACTBEHHOf Cpe-
J210if). 3aTeM M3 (IAKOHOB JILNAIOT BHICEBbI B GoNbLIKE EMKOCTH-GYThUTH
Ha 18 -29 n.

Ilpx 10CTAaTOYHOM HAKOILUIEHHH MHKPOOPIaHH3MOB TaKylO KyJIbTYpY
BHOCAT B HHOKY/IATOP M Ha3bIBAIOT MOCEBHOH (MATPALHOMH, MaTPOBOH,
MaTo4HOH). [TpH 3TOM HYXKHO NPEABAPUTENBHO PACCYHTATL HEOGXOAHMOE
KOJIHYECTBO NOCEBHOH Ky/BTYPh! U1 IPOH3BOACTBEHHONO Ky/ILTHBHPO-
BaHMA MHKPOOPIaHH3MOB, HCXO/IA H3 MIOCEBHOH A03kl, KOTOpas OGBIYHO
cocrasiser ot | 10 10% no o6bemy. ITocesrbie MUKpOGHBIE KyNbTYphI
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TAIOKE KOHTPONHPYIOTCA Ha COXPAHEHHE THMHYHBIX MOPHOJIOrHYECKHX,
KyIBTYpanbHO-GHOXHMHYECKHX, QHTHIEHHBIX H HMMYHOTEHHBIX CBOHCTB
W orcyTcTBHe B HUX [IM®D.

7.53. TIpHroToBaenHe H CTEPHIH3ANMM NUTATEABHBIX CPel

B NIPOMBILTEHHBIX YCTIOBUAX TTHTATENLHBIE CPE/tbl OBBIYHO TOTOBAT B
OTAENBHOM Liexe, obecneun-

BAIOWLEM NOTPEOHOCTH BCEX
OCHOBHBIX LEXOB 3aBOJAA.
JLn% MpUrOTOBIEHHA MHTa-
TE/IbHBIX CPEAl MCTONB3YIOT
JIeMHHEPAH30BAHHYIO BOJLY
(puc. 7.14).

Cpensl rOTOBAT B eMKO-
CTAX, CHAG)KEHHBIX MEXAHH-
HECKHMH MELIaNKaMH, J10-
6apnas B ONpeneNEHHOH  Puc. 7.14. JleMUHEpAIHIATOPE BOT JUIN NPHIO-
[10C/IE/I0BATENILHOCTA Pa-  TOBICHHA MHTATETLHEX CPen
CTBOPHMBIE KOMIIOHEHTHI
(coesas Myka, KyKypy3Has myka, me). [IpH HEOGXOIHMOCTH OTAENbHEIC

= KOMIIOHEHTBI NO/IBEPTalOT JOMOMHH-

TebHOM PABOTKE: HIMENBYEHHIO, PO~
CEHBAHHIO, OTBAPHBAHHIO, IKCTPArMpO-
BaHHIO W T.JL; Kpaxmanocosiepxaliee
Chipbe CTepHIH3YIOT. JLA JyuIIero pa-
CTBOPEHHA KOMTIOHEHTOB CPEJTy Harpe-
BatoT 110 70 — 80° C ocTpeiM napom
(puc. 7.15).

TIpH NPHIOTOBIEHHH NHTATEALHBIX
CPen UIA TYGHHHONO KyTSTHBHDOBA-
HHA 0c060e BHMMAHHE YACNIOT Tiua-
TE/IbHOH TOMOreHH3aLHH KOMIOHEH-
TOB cpeyt. Teepable YaCTHIIbI HEPacTBO-
PHMbIX KOMIIOHEHTOB JIO/DKHBI ObITh J0CTATOYHO MENIKHMH, 370 obnerya-
eT ux noTpe6neHHe MHKPOOPraHH3MaMH 1 06ECTIeYHBAET HANEXHOCTD
CTEPHIN3ALMH, T.K. KPYTHBIC HACTHLbI MEJUIEHHEE NIPOTPEBAIOTCS, Pe3ko
TOBBILIAETCA BEPOATHOCTH COXPAHEHHA B HHX NOCTOPOHHEH MHKpodIo-
PBI, OCODEHHO TPH HENPEPLIBHOH CTEPHITH3AUMH.

Puc. 7.15. Crepwmsatop nuraress-
HAX Cpest
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IIpuroToBnerHyro NHTaTENBHYIO CPETy NIEPE/IAIOT B LEX KYJIETHBHPO-
BAHNA, CTEPHIHIYIOT B YCTAHOBKAX HEMPEPHIBHOH creprmsawnn (YHC)
H 3anOJIHAIOT €r0 NPeBAPUTENLHO NPOCTEPHIHIOBAHHEIE PeakTophl. B
HEKOTOPBIX CITy4asX Cpey CTEPHIH3YIOT HENOCPE/ICTBEHHO B GHOpeak-
Tope (06bruKO mpy HeGoMBUIMX 06BEMax cpeapt). BropeakTop 3anonHs-
107 Ha 0,7 ero ofbema. Tlepen HawaNoM Ky LTHBHPOBaHHA GepyT NPOGH
CPE/IbI C UEbIO ONpEENeHMs KaueCTBa CTEPHIH3ALH. ITO NOCTHIAETCS
ImyTem Bhicesa 13 otoGpannsx npo6 na MITB, MITA, arap CaGypo win
Yaneka.

7.5.4. BuopeakTopst

OcHoBHbIM 060pyOBaHHEM 1A FITyGMHHOTO KyIbTHBHPOBAHHA MHK-
POOpranH3MoB sBsercs Guopeakrop. Onpejiesiense JaHHONO 06opy/0-
BaHKA KaK GHOPEaxTOp GONbIE COOTRETCTBYET €10 (hyHKUHOHATEHOMY
Ha3HAYEHHIO — OCYIIECTRIIEHHE Npolieccon GuockuTesa. OcHoBHOM dyH-
KuueH GHOpEeakTopoB ABNAETCA p—
obecreyeHne yCnoBHi 11 pocTa
MHKDOOPIaHH3MOB, KIETOK HKH-
BOTHBIX H BHDYCOB B 33/IaHHBIX YC-
nosusx. CreaoBarenbHo, OCHOB-
Hofi 3a1a9€i NPH KCTIONB30BAKHA
6HOpeakTOpOB BARETCH Obeche-
YEHHE ero HA/IEKHOCTH NIPH KyNb-
THBHPOBAHHH B TCUCHHE NEPHOA
OT HECKOBKHX 9aCOB JIO MHOTHX
el (puc. 7.16).

Konctpykuuu 6HopeakTopos

pasnuunsl. PaGoanii o6sem Gnope-
axTopa 06sr4HO He npesbiaet 0,7
obwero ofnema. CeoboHoe mpo- Puc. 7.16. Cxema Guopeaxtopa
CTPAHCTBO HA/l IOBEPXHOCTBIO pa-
CTBOpA MCMIONB3yeTCs Kak GyepHoe, e HAKAMIHBAETCA MEHA M TaKHM
06pa3oM NpeaoTBpaLIAeTCA NIOTEPs KyILTypanbHoi xuakoctH. Hecne-
JIOBAHMS TOKA3ANH, YTO B NEHAUIEHCS KNIKOCTH YCTIOBHS a3PALHH JTyd-
111€, 4€M B TUIOTHEIX PACTBOPAX, PH YCTIOBHH HEMPEPBIBHOTO NEPEMENIH-
BAHHA W UMPKYIAUMH COS NEHBI, T.€. IIPH HCKIIOYEHHH JUIHTENLHOIO
HaXOXK/IEHHS MHKPOOPIAHH3MOB BHE KybTYPAbHOM KHIKOCTH.

Twn 6HOpeaKTopa, MeTaUl H APYTHE MaTEPHANbI, H3 KOTOPBIX OH H3-
TOTOBJIEH, YHCTOTA 06PaGOTKH BHYTPEHHHX CTEHOK anmapara H OTAeNb-

HoGagr

Tenaootiven
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HBIX €0 Y3/10B, EMKOCTb, KOI((HUHEHT 3aN0NHEHHS, IOBEPXHOCTE TEN-
Jlonepeaayy 1 cnocob orsoaa Ten-
112, THN NEPEMEUIHBAIOIIETO 1
A9PHPYIOLIErO YCTPOFHCTBA, apMa-
Typa M 3anopeie npucnocobne-
HH3, CNoco6 neHorameHus, cpe-
CTBA ABTOMATH3ALMH TEXHOJNOTH-
HECKHX NapaMeTpoB npouecca —
BOT /laNieKo HE MO/HBbIH nepeueHb
OT/IENBHBIX 71EMEHTOB, KOTOPHIE B
OTAENBHOCTH M BO B3AHMOCBA3H
RIHAIOT HA NPOLECC KYIBTHBHPO-
BaHUA MMKDOOPTaHA3MOB K Kie-
Tox (pHc. 7.17).

Xots KoHCTpyK1ms GHopeakTo- Puc. 7.17. BHopeaxtop eMKocTsio
POB /18 IITYGHHHOIO KyNBTHBHDO- 100 5 pupaast «NBS» CLUA
BaHMs MHKDOOPTAHH3MOB H HE NIOAIAETCA WAGNOHY, 0HAKO MOXKHO npefi-
BapHTE/LHO CHOPMYIHPOBATE PAL CIIEAYIOUIHX OCHOBHBIX TpebOBaNHii K
anmaparam nos06Horo THMA:

- FOMOTEHHOCTb KyNbTYpPaJbHO#H Cpejibl;

- ONTHMATHbIE MACCO- H TETIOOGMEHHBIE XAPAKTEPHCTHKH 11O 11O-
TpebNeHHIO MUTaTeNbHLIX BEIECTB H OTBOXY NPOAYKTOB MeTabonusMa;

- OBecreveHHE CTEPHILHOCTH [10CEBA, BIATHA NIPOG M NIPOLECCa Kylb-
THBHPOBAHHA;

- MPOCTOTA HANAIKH H OOCITY)XHBAHHS;

- CTaHAapTHOCTH 6210KOB 06OPYXOBAHUS 1A Ky/ITHBHPOBAHHS,

- BO3MOKHOCT OCYLIECTBIICHHS MacluTabHoro nepexona;

- BO3MOXHOCTh 2BTOMATHYECKOrO KOHTPOJIA H PCry/IHPOBAHHS OCHOB-
HBIX MAPAMETPOB KyJETHBHPOBAHHIL.

B nokckax ONTHMaIbHOH KOHCTPYKiMK GHOpeakTopa 4acTo Hewesne-
€006pa3HO OCTAHABHBATLCH HA HAHOONEE ICLICBOM, MOKHO PABOTATS 1
Ha MPOCTOM 00OpYA0BaHUH, HO HEOGXOANMO HMETH B BHIT, 4TO Ha HEM
HEJIB3s T0/1y4HTh HEOOXOIMMOli HHGOPMAUMH K BBLICOKHX PE3y/IbTaTOB.

Ipn BHIGOpE KOHCTPYKUMH NMOCEBHOr0 GHOpeakTopa (MHOKyNATOpa)
ClIE/lyeT y4HTHIBATL HEKOTOPbIE TEXHHUECKHE TPeOGOBaHMS:

- HHOKY/IATOP JI0/DKEH GBITh MAKCHMAJIHO MPOCTBIM 1O KOHCTPYKLMH
M C MHHHMAIBHBIM YHCIIOM LITYLEPOB H NEPEATOMHBIX YCTPONHCTB;
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- B HHOKYJIATOPE HEOOXOAMMO 0GECTIEYHTH ONTHMATEHBIE THAPOJHHA-
MHYECKHE H MacCCOGMEHHBIE YCIIOBHS.

BHOpEAKTOPh H3TOTABIHBAIOT H3 BEICOKONETHPOBAHHEIX MapOK CTa-
neil. BHYTpeHHSS TIOBEPXHOCTh GHOpeakTopa /ns HTYGHHHOIO Ky/IbTH-
BHPOBaHUA MHKPOOPraHW3MOB JI0/DKHA GbITh OTNIONMPOBaHA.

BHOpeakTopsl 10/KHE! GbITh OCTATOYHO NPOCTHIMH B OGCITyKHBA-
HUH: paboTa OTACTBHBIX Y3108 HEOGXOANMO KOHTPOIHPOBATH. JI0DKHBI
PerynHpOBATECA OTAE/bHBIC (PHIMKO-XHMHUYECKHE TIAPAMETPhl Ky/IETHBH-
PpOBaHHs (TeMNepaTypa CTEPHIH3ALMH U KyTbTuBHpoBanus, pH, eH, pO,,
PCO,, CKOPOCTS BpAIEHNS MEIANKH, AABICHHE, PACXOR BOIAYXA MK
ra3’oB Ha a’pauuio, nenoobpasosanne). CoOTBETCTBYIOWAS MHAPOIHHA-
MHyeckas 06cTaHoBKa B GHOpeakTope, a CIIeI0BATENbHO H NIPOLIECCH Ten-
JI0- H MaccOOGMEHa, TIOJVIEPXKHMBAIOTCA C TOMOIIIBIO CTIEHMATBHOH KOHCT-
PYKUHH NEPEMELIHBAIONIMX YCTPOHCTB, aHCMepraTopos rasa (6apbore-
Phi) M HATHUAA OTPAXATENBHEIX NEPETOPOAOK (OO HHKOB). Kpome Toro,
BKHOE 3HaYeHne (0COGEHHO MPH MACIUTAGHPOBAHHH Ky/ILTHBHPOBAHHA)
HMEIOT FEOMETPHHECKHE COOTHOLICHHA OTAGTHBIX HIEMEHTOB GHOpeaK-
Topa.

B 1a60PATOPHEIX H THTOTHBIX YCTAHOBKAX JUIS TTYGHHHOIO KynbTH-
BHPOBAHHA HACTO KOPITYC H3OTARTHBAIOT H3 TEPMOCTOKOFO H HEHTpas-
HOTO CTEeKJIa, a KPBIIIKY — H3 HEPKABEIOIEH CTaTH C BBOIOM 4epe3 Hee
NepEeMENMBAIOIIETD YCTPOHCTBa, ATPYGKOB H AGTYHKOB.

KnaccuHKais OCHOBHBIX aniapaTos Uis IyGHHHOIO KyJIBTHBHPO-
BaHusi NPHBEJEHA Ha pHc. 7.18.

Bonee noapoGHO pacCMOTPHM XapaKTEPHCTHKH GHOpeakTopos, pyH-
KUMOHHMPYIOUIMX C JKHIKOH M ra3oBoi da3oi, ¢ mMexanmueckum u 6ap6o-
TaXHBIM AMCTICPrHPOBAHHCM, KOTOPHIE YACTO MCTIONB3YIOT /UIA TYOHH-
HOTO Ky/IBTHBHPOBAHHA MMKPOOPTaHH3MOB NPH MPOH3BOACTBE GHOmpe-
naparos.

O6umii BUX OHOI M3 KOHCTPYKIMit GHOPEAKTOpa NPHBE/ICH HA PHC.
7.19.

ToMOreHHOCTD KY/ILTYPA/ILHOI cpeant B GuopeakTope B npouecce
KyasTuBHpoBanns. ITpouecc IyGHHHOTO KysnsTHBHpOBaHHs B GHope-
aKTOpax MpeyCMATPHBACT PHMEHEHHE COOTBETCTBYIOUIHX METO/IOB |
060pyn0BaHHA VIS MOANEPKAHHA rOMOreHHOCTH (oaHopoatocTh). Cy-
LLIECTBYIOT AIBE OCHOBHEIE TIPHYHHBI IO/IIEPKARMA TOMOTEHHOCTH CPE/IB
H KynbTyphl. [lepBas HENOCPEICTBEHHO CBA3AHA C HEOGXOMHMOCTBIO KOH-
TPOA H MOJNCPHKAHNS PAAa PHIHKO-XHMHHECKHX NTAPAMETPOB Ky/BTH-
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Puc. 7.19. Bropeaxrop ex-
xocTeio 150 5 pupMst

«Electrohuxy, Wsewns: 1 -

cocya; 2 - naposas pyGau-

Ka; 3~ umwraTens ¢ MaruHT-

HbIM PHBOZON; 4 ~ Typ-

Guniax 6 — ONACTHAs Me-

unKa; S - oTpaxaTEnLHIIE

neperopox (o1GoiimKH); 6 — GapGorep (rasopacnpe-

JAeTHTEAS); 7 — Y3EN KDEMIEHHS, IOBOPOTA H NICPENBH-

KeHus GHOpeaxTopa; 8 — kpIIIKa; 9 — CMOTPOBOE OKHO

(cTexno); 10— ceMs LITyNEpOB ¢ ATTYIIKAMH L3 APOG-

HOTO BBOAA WHIPEIHEHTOB, IIEHOTACHTENEH, JATHHKOB;

11,12 — BXOI0} H BHXONHOH CTEPHHIYIOLIME TONOB-

Hiie BosIymHBIE PuSTPSI; 13 — npetoxpansTeNsHi

Knanaw; 14— KANaH 13 BLIXOJAMERD W3 GHOpeaKTopa Bo3Ayxa (rasa); 15 — narimK TeM-
nepatypsi; 16, 17 — BXOA 1 BLIXOA U3 11apOBOF PyGAIKK; 18 — MAHOMETPbI NIapOBBIE H
Bos LI

BHposanus. M3amepennas HHQOPMaLHA aeT XapaKTEPHCTHKY JIHIITb O TOM
HeGoMbIIOM 00BeMe, Ky/la NomMeIeH faryuk. Eciu gpusmueckue ycnosus
B H3MEpAEMOM OObEME HE OTIHYAIOTCA OT BCEro 0GheMa KyTbTHBHPOBA-
HHA, TO TIOTY4aeMBIE JAHHBIE AB/IAIOTCS J0CTOBEPHEIMH, 3 9TO HMEET Me-
CTO TOJIBKO B TOMOIEHHO# KYJILTYpE, T.€. B KyJIbType, B KOTOPO#i BCE KOM-

TOHEHTE! PACTIPE/ICICHbI PABHOMEPHA.

B MHKPOGHOMIOFHH TIOHATHE (MHKPOCPEA@» HCTIOMB3YETCH /U1 Onpe-
JiesieHus IPOCTPAKCTBA, B KOTOPOM HAaGIIOAAETCA HENOCPECTBEHHOE B3a-
HMMOJICHCTBHE MEXTy MHKPOOPraHH3MaMH H OKPYKaloLei CPE/I0i, H TOMb-
KO €CITH BCA MHKDOCPEAA IHHOR KyJTKTYDbl OZMHAKOBA B KAk/IOH TOUKE,
TO TaKyI0 Ky/IbTYPy MOXCHO CYHTATh FTOMOTeHHOH. O/IHaKO BCe MPHBE/IEH-
HBIE PACCYXKICHHS PAaCIPOCTPAHAIOTCS TONBKO HA MAaKpOYPOBEHb, KOTAA
BE/IHYMHBI MHKPOOPFaHH3MOB He Goiee 1 MKM, a pa3Mephl TKaHEBBIX KIie-
ToK He Gonee 10 Mkm.

C nomousio 3$QeKTHBHOrO NepeMENIMBAHNS MOXKHO A0CTHYb PABHO-
MEpHO# KOHIUEHTPALHH BCEX KOMIOHEHTOB CPEBI M MHKPOOPTaHH3MOB
no Bcemy paGouemy oGeMy GuopeakTopa, a K MOTYHEHHOH KyIsType
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TIPHMEHUTB TEPMHH «rOMOreHHas». Koneyno, naeansHas roMOreHHOCTh
B peanbHbIX GHOpeakTopax NPaKTHYECKH HEAOCTHXKHMA W3-33 IPAIHEH-
Ta KOHUEHTPAUKii KOMIIOHEHTOB, KOTOpbIE AH(YHHPYIOT B KIETKH U M3
HUX B nponecce merabouama. To xe camoe CrpaseIMBO H V1A HEpa-
CTBOPEHHbIX Ta30B, MPHCYTCTBYIOWIMX B Ky/IbTYPAIbHbIX KHAKOCTAX B
BHAE My3bipbkos. OAHAKO, NPH PAIHBIX 3HAYCHHAX BCEX TPAAHEHTOB, B
paBouem o6Leme GHOPEAKTOA Ky/ILTYPANHYIO KHAKOCTS MOXKHO CYH-
TATh IPaKTHYECKH FOMOTEHHOM,

Bropoii npr4mHOi HEOGXOIMMOCTH MOANEPHKAHHA FOMOTEHHOCTH KyJlb-
TYpbi ABIAETCA TO, 4TO ONTHMAILHBIE YCIOBHS JUIA POCTA MHKPOOPra-
HH3MOB MOTYT GBITh CO37aHBI (TIPH NPOYHX PABHBIX YCNOBHSAX) TOILKO B
TOMOTeHHOH Ky/bType. HepeanbHOCTh TakuX yCTIOBHi PH KyJIETHBHDO-
BaHWH Ha TBEPABIX CPEIaX OMCBHM/IHA, EC/IH CPABHHTH YC/IOBHSA KICTKH B
BepXHE# YACTH KOOHHH 1 B cepeahe. [10ITOMY IPEHMYILLIECTB Ky L TH-
BHPOBAHMSA B JKHIKOH FOMOTEHHO Cpejie HE BBIILIBAIOT COMHEHHS.

BCe CHCTeMbI KyTSTHBHPOBAHHS! JIODKHEL OTBEYATH NPHHITAITY TOMO-
rennocTH, Tlepemewuupanne obecneunBacT HeOBXOMHMYIO SHEPIHIO i
CHHXEHHSA TPAIHEHTOB KOHLICHTPALHH NPOJlyKTOB MHTaHHA H MeTaboH3-
Ma H JIHKBHAMPYET rPaJMeHTEl MECTHBIX KOHLIEHTPalHH (Hanpumep, co-
CTaBHbIX YACTE}i CHIBOPOTKH Wik KoneGatus pH). TTpH HEpepEIBHOM KyiT-
THBHPOBAHWH TAaKOE NIEPEMEIIHBAHHE ABJIACTCA HENPEMEHHBIM YCIIOBH-
€M, II0CKOJIbKY BCA TEODHA TakorO KylhTHBHPOBAHHA 3aBHCHT OT TOMO-
TEHHOCTH KyIISTYPHI, @ 3HAUHTE/LHBIC HIMCHEHNS KOHLICHTPALHH KOMIIO-
HEHTOB WJIH KIIETOK HE NMO3BOHIM Obl IOCTHYb CTALHOHAPHBIX YCIOBHIA.

B a9p0GHbIX CHCTEMAX OCHOBHOi NIE/bIO [OMOTEHM3ALHM ABNSETCA
YBEHHEHHE TOBCPXHOCTH KOHTAKTA CHCTEMbI Fa3-KHAKOCTh, YTO CIIO-
cobeTByeT yyiemy nepexoay KHCIOPOAa H3 BO3TYXa B KyITYPAIBHYIO
KMJIKOCTB, @ TAKKE TPAHCIIOPTY PACTBOPEHHOrO KMC/IOPOAA K MOBEPXHO-
CTH MMKDOOPTaHH3MOB.

IlepememmnBanue ~ oaMH M3 Haubosee PAaCTIPOCTPAHEHHBIX MpoLEC-
coB B GnoTexHosoruu. KoHCTpyKims Mewankyu urpaer HanGonee Bax-
HYIO POJTb B paBoTe GHOPEAKTOPA C MEXAHHYECKHM NIEPEMELIHBAHHEM H
aspauHei (IHCTIEPrHpOBaHHEM BO3/lyXa WIH APYTOro rasa). dusnyeckue
SABJCHHS W XBPAKTEPHCTHKH TOTOKA IIPH IEPEMEIUHBAHHN IPUBE/CHBI HA
puc. 7.20.
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KowcTpyxians annapara w

ot suyr Cucmene wa
pernnx wnxpoyposme

e —

Phc. 7.20. DHIHIECKHE AWTEHHA W XEPAKTEPHCTHIH NIOTOKa TIDH MIEPEMELIHBAIHH B
Guopeaxtope

Memanku. Memanks MOXKHO YCIOBHO Pa3ieNHTh Ha ABE TPYTNEI —
GHICTpOXO/HBIE M THXOXOMbIE, K GHICTPOXOIHbIM MEIIATKaM OTHOCATCA

NponenepHsIe, TypOHHHLIE, JIONACTHBIE, AHCKOBEIE JIONACTHBIE (PHC.
7.21).

A4 i

2 3

Prc. 7.21. Memamcs: 1) TypGHiHas, 2) JONACTHAS (1% annapaTos HeGOLWOro Ofbe-
Ma), 3) IONACTHO-CKOBA

BHICTPOXO/IHBIE MEWIAIKH C GONBIOH U CPEHER LHPKYNALMOHHOM
MPOM3BOAHTENBHOCTHIO HCTIONB3YIOTCA B aNNaparax ¢ OTPAKATENbHLIMH
neperopoaxamy (otGoittnkamu). OTCYTCTBHE NEPErOPOAOK MPHBOHT K
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3ABHXPEHHIO JKHIKOCTH, CHIKEHHIO CKOPOCTH y CTEHKH annapara u o6-
PaloBanHI0 BOPOHKH (pHC. 7.22)..

Pac. 7.22. Cxema CTpyKTYPh IOTOKOB IpH PaGOTE TYPGHHHSIX 4 NPONEAEPHLX GHCTPO-
XOIHLIX MEWATOK: 8) TypOWHHax, GHOPEAKTOP C NIEPEropo;IXaMH; 6) nponensephas, Go-
PeaxTOp C IEpEropoAKaNH; B) TYPOHHHAS WIH NPONEEpHas, GHOPEaxTOp Ge3 meperopo-
ok

K THXOXOIHBIM MEIIATKaM OTHOCATCSA JIONACTHBIE, AKOPHBIE, PAMHBIE,
JIEHTOYHBIE, BHOPALMOHHbIE H CKPEOKOBBIE, KOTOPHIE HCTIONBIYIOTCA 1A
nepemeumBanns cpeaensskux (suime 0,5 Ia.c win 500 1) H BhICOKO-
Ba3kux xuaxoctei (Beime 1 TMa.c wan 1000 cn), puc. 7.23.

Puc. 7.23. THXOXOIHAIC MCLUATKH JUIA TIEPEMCIUHBANHA BASKHX CPEt: 8) SXOPHas, 6) pau-
Hax, B) IEHTOAHS, ) AEHTONHAS €O CKPEOKAMM, 1) CKPEOKOBAS, €) ILHEKOBAA € HANPANIA-

toutci Tpy6oi

HastGoniee HPOKO HCTIONL3yeMOi, POCTOH H OIHOBPEMEHHO ddex-
THBHO# JUIA NPOLECCOB LTyGHHHOrO KynbTHBHPOBanus B GHOpeakTopax
ABNAETCA TYpOMHHAS MEWANKA ¢ WECTBIO NPAMBIMH NONACTAMM, Pacno-
JIOXEHHBIMH PaHaNIbHO. BHEUHii BUL M OCHOBHBIE Pa3Mepbl TakoH Me-
WaKK NPHBE/EHB! Ha PHC. 7.24,

148





image34.png
Puc. 7.24, TypOussas Mewanxa: 8) BHELHAG BHJ,
8) OCHOBHME reomeTpiECKHE cooTHomEHH: d, —
nHamerp wemancn 0,3 — 0,4 D (wiamerp Gopeax-
‘Topa); d, - wamerp aicxa 0,65 - 0,8 d,; L - wmmia
nonacT 0,25 d,; b — wpniia sonacn 0,2 d,

Macco-Ten;1006men B npoueccax ryGHHHOrO Ky bTHBHPOBAHMS,

‘Maccoobmen. UIHTEHCHBHOCTB NIEPEHOCA XOPOLLIO PACTBOPHMBIX B BOJI-
HO# cpeae Cy6erpatoB (Imoko3a, pajnH4Hbie CONH H T.L) B GHOpeakTo-
Pax C JIOCTATOYHBLIM MEXaHHYECKHM nepemeimBankem (Rem 2 104 u
HHTEHCHBHOCTBO aspattui (0T 0,5 10 2 06/06 cpeisi B MitH) 06b4HO 06ec-
NeYMBACT MPOLECCH METaboNM3Ma NpH rTyGHHHOM KyJIETHBHPOBAHHH.

OzHaKo TP KyJITHBHPOBAHHH a9POGHBIX MHKPOOPTaHH3MOB BO3HH-
KatoT mpobNeMsl, CBA3aHHbIE C 0DeCIIeueHHEeM HX KHCI0poioM. Ponb kuc-
JI0pOA NNPH BLIPALHBAHHH TAKHX MHKPOOPTaHH3MOB, HCTIOB3YIONMX €10
M KaK HCTOYHHK SHEPIHH, M KaK CyGCTpAT, CTO/Ib 3HAUHTENBHA, YTO BIHSA-
HHE MacconepeiayH KHCI0poaa Ha GHOCHHTES a3POGHEIX MHKPOOPTaHH3-
MOB SBISETCS 4aCTO Onpeaenstomet.

PaccMOTpHM OCHOBHEIE (ha3kl CNIOXXHOTO MPOLECCA MACCONEPEHOCA
KHMC/IOPOZIa M3 ra3oBoii (askl K MHKPOOPTAHH3MY H METOJIb! pacueTa.

O611ee CONPOTHBIIEHHE NIEPEHOCA KHCIOPO/A H3 Ta30BOi (hasbl K KieT-
KaM CK/IaJIbIBAETCA H3 CONPOTHBIICHHH CIIEYIOUMM TpoLeccam:

1. TlepeHoc KHCIOPOAA Yepe3 rpaHuLLy pasiena (a3 ra3-KuaKocTb;

2. Jlnddy3ns pacTBOPEHHOrO rasa yepes cnafonepemMeIHBacMyio ra-
IOMHIKOCTHYIO hasy;

3. TlepeHOC KHCHOPOJA HYEPE3 XOPOLIO NEPEMELIMBAEMYIO XKHIKYIO
(basy k crabonepemMeLIHBACMOMY CIIOI0 (OKHIKOCTB-KIETKA»;

4. TlepeHOC KHCIIOPO/A Yepe3 CIOH KHAKOCTB-KIETKA» K KIETOYHOH
MemOpane;

5. TpaHCTOPTHPOBKa KHC/IOPOJIA epe3 KieTouHyto MemGpany. H3-sa
pacTBopuMOcTH KHcnopona B Boae (7 — 7,5 mr/n npu aasnenuu 0,210°
Ta win 0,21 xre/eM? npy t = 30 — 35 °C) OCHOBHBIM COMPOTHBIIEHHEM
MpOLECCy MaccoNepeHoca ABIACTCA CONPOTHBICHHE B KNAKOH dase.
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PacTBOPHMOCTL KHC/IOPOZA B KybTYaNbHbIX KHAKOCTAX YMEHbIIA-
€TCSA H3-32 YBE/IMYEHHS BA3KOCTH CpPebl H NPHCYTCTBUS coneii, obecne-
UMBAIOWMX MHHEPATHHOE MTAHHC KIETOK.

OTMeuaeTcs Pesoe CHHKEHHE PACTBOPHMOCTH KHCTIOPOAA IPH HC-
TOME30BAHMK NIOBEPXHOCTHO-aKTHBHBIX BewecTs (TTAB), KoTophie He-
TNIONB3YKOTCH JUIA NEHOTACHHs B NpoLecce ryGHHHOIO Ky/IbTHBHPOBa-
HHA.

CKOpOCTb M3MEHEHHA KOHUEHTPALUKH KHCIIOPOAa B KyNbTYPanbHOA
KHIAKOCTH MOXeT GhITh NPe/ICTaB/ieHa ciejyioum ypasHennem (7.36):

dcidC =k, (C,' - C)) -k, Cm. (7.36)

Jlns ancopbimu a3pupyeMbIX ra3oB B GHOPEAKTOPAX C MEXAHHYECKHM
IepeMEIIMBAHMEM OCHOBHOE CONPOTHBIICHHE OKA3bIBACT XKHAKOCTHAR
nuenka (0co6eHHO NpH PacTBOPEHHH KHCJIOPONA), T.K. COMPOTHBICHHE
ra30BOi IUICHKH HE3HAYMTENILHO.

KoHueHTpaums Kucnopo/ia Ha NOBEPXHOCTH Pa3/ieNa «ra3-KH/IKOCTb)
PHGAIHTENLHO paBHa ero pacTBOpHMOCTH, B ypasHewnH (7.36) Moker
GBITh Onpenenena KOHUEHTPAlMs KHCIOPOAa B O6bEME KyMbTypanbHOH
KuaKocTH C,, PasHOBECHaA KOHICHTPauHA C,’, CKOPOCTS MOTIOUIEHHA
xucnoposa dC,/dC, KoTopas MOKeT GhITh OLeHeHa N0 wiMeHenHio C, 1
C,,. Toncrasnss 3Tv 3Hauckus B ypasHenue (7.36), MOXHO ONpeEHTL
3Ha4enHe 0GbeMHOrO KodHIMENTA MacCOnepenatH Mo KHCIOpoIy M3
Fa30BBIX My3HPBKOB K, .

TaxKe MOXHO BHIMHCIMTH KOO(HLHEHT MACCOMEPEaYH B KUAKOH
(ase Ha eTMHMILY IOBEPXHOCTH pasniena a3 «ra3-xuakocTs» k,

kC, =k, AL(C,~C,). (137

Tepementivie kC , C, u A B ypasnenun (7.37) moryT GuiTs onpene-
JieHBI IKCTIEPHMEHTANIBHO, HO KOHUCHTPALKA KHCIOPO/A HA FPaHKLie pas-
JeN1a OKHAKOCT-KieTKa», C, , OGHIMHO H3MEPAETCA C NOMOLLIBIO TEXHH-
4eckHX ycTpoicTs. CywecTByioT Onpese/ieHHbIe TPYAHOCTH B onpesesie-
Wi 3Hadeis K, B ITOM yDaBHeHMH,

U3-3a cnoxsocTH onpesienenns K, (Hanuume cneumnansHoro o6opy-
JIOBaHHA) MOXHO PEKOMEH/I0BATH P/l IMIHPHYECKHX 3aBHCHMOCTEH,
TI03BOJIAOLINX ONPEEHTh KaYeCTBEHHBIE XaPAKTEPHCTHKH MPH aHaNH-
3€ MPOLECCOB MEPEHOCa KHCIOopoaa B GHopeakTopax.
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Hccnenosanmio nporeccos MaccooGMeHa kucaopoaa B Guopeakropax
PaWIMYHOTO THNA NOCBAWEHO P paboT u MoHOrpadwii, 06obmaommxX
TIO/Ty4eHHbIE NAHHBIE B 3TOH OGNACTH.

CrepubHbiii 0T60p NPOG H NEPEAaYa KYILTYPATLHOI KHIKOCTH.

CrepuiibHas nepeaaya KUIKOCTH MoXeT GbiTh Nerko u GsicTpo ocy-
LECTRIIEHA Yepe3 WTynepa naposoro 3atsopa (puc. 7.25). lanuas cxema
COCAMHEHMA MPOCTa B OGCHYXMBAHKM W rapaHTHPOBaHO obecnieunbacT
cTepribHOCTL. CriyckHOM (Jpenaxubiii) BeHTHAB (5) OAHOTO M3 annapa-
108 (1) COEAMHAETCH C NAPOBLIM 3aTBOPOM (3) K 3aTBOPOM (4) BTOPOrO
annapara (2) ¢ HCTONL30BAHHEM APMHPOBAHHOIO CTANBIO Te(IOHOBOIO
(roporLiacTosoro) uwianra (6). AceITHYECKHE yCIOBHA 0GCCTICHHBAIOTCH
GBICTPBIM NPHCOCIMHEHUEM IIUTAHIA C HCTIO/BL30BAHHEM GICTPOCHEMHOM
uturrosoit mapsi (7, 8). CrryCKHOI ¥ IONONHUTE/IbHEIC BEHTHIIH I0/DK-
Hbl PACTIONIAraThCA HA MHHHMA/IBHO BO3MOXKHOM PACCTOSHHH OT annapa-
T0B M pyr oT pyra. T1ap cBOGOIHO LMPKYMPYeT Yepes 06a 3aTBOpa npu
3aKphITOM WApOBoM Knanane. TToC/e CTEpHH3ALMH 3aTBOPOB, IAPOBOH
K/IaNaH 3aTBOPOB OTKDHLIBAETCA 1 OCYIIECTBISETCA CTEePHIbHAS Nepe/iaua
uaKocTH 13 annapara (1) B G1opeaktop (2). CoeMRHTETbHEE TITYIX
Pa JUIS LIUTAHIOB B [1aPOBBIX 33TBOPAX B3AHMO3AMEHAEMBI H MOTYT JIETKO

GBITh 3aMEHEHBI JUIS HCMIONB30BAHKS 1IUTAHTOB JAPYTOIO IHAaMeTpa.

Vicnions30BaHKe JaHHBIX KOHCTPYKIIHH 33TBOPOB H OBecnieuHBaeT cTe-
PHILHEE OTOOD ¥ NEpeaady XHUIKOCTH NDH [IyGHHHOM KyTSTHEHDOBA-
HHH MHKPOOPraHH3MOB.

Pitc. 7.25. Cxema CTEpITBHOH TIEPE/ANH KYTBTYPansHOf Wik APYrofi AHAKOCTH
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Jins o6ecrieuenns CTepHIBHOTO 0160pa NPOG U MEpEatH KyTsTypanb-
HO# xuaxocTH 13 Gropeaxtopa dupmoii NBS (CLUA) paspaGotana koH-
CTPYKUMSA NPOCTHIX H 3DQeKTHBHBIX 3aTBOPOB (16), MPE/ICTABNEHHBIX HA
puc. 7.26 u 7.27.

Puc. 7.26. 3aTnop s cTepusHO-
1O BITHA MPOG: A — CBapHOT BXO)
Hoi urryuep; B - naxwvias ra
xa; C — sxox napa; D ~ napooit
wonnax; E - cMennbii HakoHeunK
s IpHCoeTHENNS wianra, F —
WapoBoi KranaH

Puc. 7.27. 3ata0p A1s crepuIBHON rie-
PeAATH KyTSTYDATLHOIN KHAKOCTH

Texunonoruueckas o6psizka Guopeaxropa. CraHaapTHas TEXHONO-
ruyeckas o6Bs3ka GHOpeaKTopa NpHBECHA Ha pHC. 7.28, KOTOpas 0K~
Ha obecne4nBars NPOBEACHHE CIEYIOMHX ONepalHi

Puic. 7.28. Cxema Texsionoruaeckoil 06-
wacn Gopeaxtopa: B, @, — BROTHON 1
BL0xOMHON DsTpL; BT — Gak CHCTEMB
TepmoCTaTHpoRas; H ~ HACOC TEPMOCTa-
uponasnux; 11 — nap; ITK — napoKorieH-
car; BX - so1a wix oxnaxaenux; TBI,
TB2 ~ THTPYIOUIE BEWIECTBA HIH NHTa-
remuue murpenentsi; KK ~pyGorpo-
BOJLIUIA 38TPYIKH KYISTYPATSHOR XKHIKO-
cr; BIOK ~ Tpy60npoBOX A% BHTpY3KH
KyRTYpRTLHOR XaxocTH; B ~ BrOAHAX
rasosas cuecs; OF — oTpaGoTasHbIE rash
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OUHCTKY H CTEPHITH3ALIMIO TEXHONOMMUECKOTO BO3/TYXa,
obe3BpexuBaHHe OTPaGOTAHHBIX ra3os,

3arpy3Ky HHOKYJIAT2 M 100aBKy NHTATE/IbHbIX BENIECTB,

0T6Op NPOG 1 BHIrpy3Ky GakTepHANLHOH MaCCH,

084y THTPAHTOB.

Kaxias u3 naTH NOABOAAWMX NMHHI BHINOTHEHA € BOIMOKHOCTBIO
CTEPWIH3ALMH €€ OCTPLIM NAPOM OTAENBHO OT GHOPEAKTOPA H HE3ABHCH-
MO ipyr oT Apyra. Taxyio CTEpHIH3aLMI0 0GECTIEY N0 IPHMEHEHHE B CXe-
ME TEDMHYECKHX 3ATBOPOB — CHITH(OHHBIX WITH WIAPOBKIX BEHTHIEH
KOPITyCa KOTOpbIX Bpe3aHbi Narpy6ku [y1i NOBOAR Napa M OTBOAA KOH-
fencara (puc. 7.29).

TepmHuecKHe 3aTBOPHI,
PACHIONOKEHHEIE HA KPBILIKE
6HOpeaKTOpa, OTCEKAIOT €ro
OT TEXHOJOTHYECKOH 00Bs3-
KH, NO106HBIE y3/1bl OTEIA-
10T GaUKK 1% THTPAHTOB OT
JIHHHMH T0]19H B HHX BO3Ty-
Xa H OT JIHHHH NOJAYH THT-
PYIOLIHX areHTOB HENoCpea-
CTBEHHO NapOM, NOCTYTIAIO-
MM B uX pybamku. Tepmu-
ecKwuii 33TBOp, yCTAHOBIEN-
Huiif noc7e GrIkTpa, M03BO-
NACT NPUMEHATH B THHHH
OHMCTKM M CTEPHIH3ALHM
Ora GHopearmop BO3/1lyXa TOJIOBHOM (riIbTp,

HE CTEPHIH3YEMBIH OCTPHIM
napom.

CrepunsHOCTL BO3MyXa, NMOCTYNAIOWErO HA a3PAlMIO NHTATENbHONK
Cpeibi, 06CCIIeIHBAET CHCTEMA CKATHA H OYHCTKH TEXHOIOTHYECKOrO
BO3/TyXa.

EMKOCTB € I€3HHHLIMPYIOUIMM PACTBOPOM, YCTAHOBJIEHHAS NOCHIE HH-
JMBHIYansHOro ¢uibTpa B JiMkKy 06e3BpekuBatug OTpaboOTaHHbIX ra-
308, 06ecreuHBaeT ONONHHTENLHYIO 3alHTY aTMOC(EPBI OT MHKPOOP-
FaHH3MOB, Ky/ILTHBHpYeMbIX B GHopeakTope.

TexHonornyeckas 0bBa3ka obecneynsaeT HaIeXHOCTb C TOYKH 3pe-
HHA MCK/IIOYEHHA BO3MOXHOCTH KOHTAMHHHPOBAHHA Ky/LTYPanbHOH
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KHIKOCTH NOCTOPOHHEH MHKPOQIOPOI U NONanaHms IPOAYKTOB GHOCHH-
Te3a B OKPYKaIOLLyIO Cpey.

Hananka u ofcayxusanue. [[na obecnedeHus NPOCTOTH HANAAKH H
0BCTyXHBAHHA YCTaHOBOK /1Al FIyOMHHOTO Ky/IbTHBHPOBAHHA B HACTOS-
1i€e BPEMA MIHPOKO MCTIONb3YeTCs rHOKas aBTOMATHIHPOBaHHaA GnouHo-
MOJly/IbHAS CHCTEMA, BKUIIOYAIONIAs CETYIONIHE OCHOBHKIE 3EMEHTBI,
6nokn u Moynu:

CHCTEMA OYHCTKH H CTEPHJIH3ALIMH BOJYXa H Napa C HCTIOIB3OBAHH-
€M COBPEMCHHBIX META/UIOKEPAMHUECKHX H THTAHOBBIX (HIBTPYIOWMX
AEMEHTOB C NPAKTHYECKH HEOrPaHNUCHHBIM CPOKOM paboTsi;

GHopeaxTop WM rpynia GHOPEAKTOPOB B 3ABUCHMOCTH OT TEXHOJIO-
MM H 0OBEMa MPOM3BOACTBA, CHAGKEHHBIX MArHHTHBIMH NPOBOJAMM C
perynMpoBanHeM YHcIa 0GOPOTOB MeaNKH;

MOJIY/Ib HIH MOJYJH TEXHOJIOTHYECKOH 00BA3KM, conepikaliue asTo-
HOMHYIO CHCTEMY TEPMOCTATHDOBAHHS, 3aTIOPHYIO H PETYIHPYIOULYIO
apMarypy, HHAMBHIYaNbHbIE BXOJHBIE H BHIXOJHbIE DHIBTPBI, MEKTPO-
MHEBMONPE0oGPA3OBATENH H AHAIOTOBLIE PErYIHPYIOLIHE YCTPOHCTBA;

6NOK aBTOMATHYECKOTO KOHTPOJIA H yNpapieHus, Conepanmii npo-
TPaMMHOE YCTPOHCTBO, NPeoGpaloBATENH CHIHAJIOB OT H3MEPHTE/BHBIX
NEKTPONOB B AHAOTOBLIE, TA30aHANM3ATOPH! /Ul M3meperus O,, CO,
nameputenu pH, eH, remneparypst, pO,, pCO,, Ky bTHBHPOBAHHS H CTe-
PHIH3ALAN;

CHCTEMBI IOH(POBOT M MATPAMMHOH MHIMKALIMK TEKYLIMX NapameT-
POB KyIIETHBHPOBAHHS.

Kpome Toro, naHHbie YCTaHOBKH CHAGKEHB! GI0KaMH IHCTRHIMOHHO-
10 H3MEPEHHA JIaBTCHHA B GHOPEAKTOPE H €ro PyGALIKe, KOHTPONA MH-
TEHCHBHOCTH a3PaLIMH BO3TYXOM HIIH rasoBOH CMECHIO (KHCIOPOL # a30T,
KHCTIOPOJL M YITIEKHCIbIH a3, BO3yX H YITIEKHCIbIi a3, a30T WiH yrie-
KHCIIbIi ra3). BoK aBTOMAaTHY€CKOrO yNpas/ieHHA NO3BONAET KOHTPONH-
POBATH W IOJVIEPKHBATH HA 331aHHOM YPOBHE NPOrPAMMHYIO CTEPHIIH3a-
1HI0 OHOPEeaKTOpa H apMaTypEl, TeMIEPaTypy Ky/IbTHBHPOBAHHS, KOHLIEH-
TPALHIO BOAOPOAHBIX HOHOB (PH), OKHCAMTENBHO-BOCCTAHOBHTENbHBIH
notexuman cpeasi (¢H), napuuanbHoe AamieHHe PaCTBOPEHHBIX B KyJlb-
TypaubHo# cpene kucnoposa (pO,) u yrnekucnoro rasa (pCO,), ckopocts
BPALIEHHA MELATKH H AMCTAHUMOHHBIA KOHTPOIb OTKPHITHS WiIH 3aKpbi-
THA BEHTILIEH H PETyTHPYIOUIMX KIANIAHOB.

JlanHas aBTOMATH3HDOBAHHAs G/IOYHO-MOMY/IbHAS CHCTEMA TO3BOMA-
€T IIpoM3BOANTS GBICTPYIO NepeHananky 06opyaoBanms npy nepexone Ha
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HOBBIE TEXHONOTHH 6€3 IHAUATENLHEIX JONONTHHTENBHEIX 3aTpaT, Tpeby-
€T MMHHMYM TUIOWIA/ICH /UIA PasMellieHHs W MOxeT ObiTh GbiCcTpO nepe-
MEILIEHa IIPH MHHMMATBHBIX 33TPATAX HA JIEMOHTAX

MacurraGuposanme. HCeIe/l0BaHIA BIMAMA TPOLECCOB APALIHN 1
MEPEMELIHBAHMS, NPOLIECCOB MACCO- H TerlooOMena Ha GHOCHHTE3 NpH
IITyGHHHOM Ky/IbTHBHPOBAHHH HETOCPE/CTBECHHO CBA3aHLI ¢ NPOGIEMOi
MaciuTabupoBaHus,

Onpenenenne YCIIOBHIA, NPH KOTOPbIX BOIMOMKEH HENOCPEACTBEHHBIA
TEPEHOC ONBITHBIX NAHHBIX, NOJYYEHHbIX IS JAHHOH CHCTEMbI IITyOHH-
HOTO KyNILTHBHPOBAHHS C OHOTO GHOPEAKTOPA Ha PyToii (MacuTaBHpo-
BAHHE), OCYILECTBIIAETCSA B TPH 3Tana;

BBIGOP JTYHIIErO ITaMMa NOCEBHOr0 MATEPHAA H CPEAb 110 OCHOB-
HBIM GHOTEXHONOrHYECKHM TIOKA3ATEIAM;

CPaBHHTE/IbHAA OLEHKA POCTOBEIX CBOHCTB MHTATENBHOH CPe/ibl H
wramma B s1abopatopHoit nocyae (kon6a, npobupxa 1 T.1.);

OLIEHKa TEPMOJIMHAMHUECKHX, THAPOJHHAMHYECKHX NAPAMETPOB NPO-
Liecca KyNbTHBHPOBAHHS H HX ONTHMHU3ALMSA B YC/IOBHAX HCTIONB3OBAHHA
naGoparopoii nunoTHOH ycraHorku (0T | 10 10 71), cHaBXeHHOM CHC-
TEMaMH aBTOMATHYECKOIO KOHTPOIIA M YIPABICHNUS;

TNIEPeHOC MONYHEHHOTO ONTHMANLHOTO PEXHMA KyTETHBHPOBAHHS B
NpOMbILLIeHHEE 06BEME! (COBCTBEHHO MacIITaGHpOBaHHe)

Criextyer 0coB0 OTMETHTS, 4TO NIOCHEHHH STan MacIITAGHPOBAHHS
MMEET BaXHYIO XapaKTEHYI0 OCOBEHHOCTS, TaK Kak HEOBXOIHAMO Npeit-
BapHTE/LHO OCYLICCTBHTh MACITAaGHPOBAHHE THAPOIMHAMHYECKHX YC-
JIOBHi, a, CIE/I0BATENBHO, MACCO- H TEIUIOOGMEHHBIX XapaKTEPHCTHK NPO-
MBILLIEHHOTO GHOPEaKTOpa, NPH KOTOPLIX MOXHO OCYIIECTBHTL NIEPEHOC
ONTTHMATBHEIX PEXHMOB I7TyGHHHOIO KyTTHBHDOBAHHS, AOCTHIHYTHIX Ha
TIHIOTHO#H YCTaHOBKE.

Obuiee ypaBHeHHe TEIUIONEPENadH B NPOLEcce ITyGHHHOTO KyMbTH-
BUPOBAHHSA NpPH TYPOYJICHTHOM PEXHME NEPEMEIINBAHHA H BAIKOCTH
KyNBTYpanbHOi XHIAKOCTH, GIIM3KOH K BA3KOCTH BOJIbI, KOTOPOE MOXeT
6bITh HCTIONB3OBAHO MPH PACYETE POKMMOB H 0BOPY0BAHMS JUIA TEPMO-
CTaTHPOBAHHA M CTEPHIH3ALMH GHOPEaKTOpOB:

Nu=hD/K 0,023 Re" Pr*¢, (7.38)

rae Nu — kputepuii Hyccenbta; h —xo3¢duument Tennonepenaun B cuc-
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TEME (OKHIKOCTB-TBEPAOE TeNo» (CTeHka GHopeaxropa); D — auamerp
peaktopa, kM; K — TeronposoHocTs xuakocTH, kan/(c-cm-K); Re — kpn-
TepHit PeiiHons ca fuis Teuenns xuaxoctH, passii pUd/p; U — ckopocts
TEUCHHS KHIKOCTH, CM/C; P — BA3KOCTD, I1; d — auamerp Tpy6sI, cM; Pr—
kputepuii Ilpanans, pasubiii Cpp/K; Cp — TeNIOEMKOCTE XHAKOCTH,
Kan/r-rpaa.

Oro ypashenue cripasenuso npu 10 < Re < 1,2.10° (ryp6ynenhbiit
pexHM).

Jins noanepianus TeMnepatyphi KylbTHBUPOBaHuA B GHopeakTopax
€ TOYHOCTBIO He Menee +H),5 °C GHopeakTops cHabxXaloT pybaurkamu, B
KOTOPBIE NOCTYNIaeT TEPMOCTATHAA BO/IA, & IPH CTEPHIH3ALNH — Nap.

Tennonepenaya npx TypOYIEHTHOM PEXHME TEHECHHS KHAKOCTH B
TPOCTPAHCTBE MEXTY COOCHBIMH LWTHHAPAMH, KOTOPIMH ABAAIOTCH CTCH-
KH peaktopa  pybaiiku, MOker ObITh PACCUMTAHA H3 yPABHCHHS, NIPEa-
N0XeHHOro MOH4a/l C COaBT. H3 COOTHOMICHHS /IS TypOyJIeHTHOO pe-
XKHMa NEPeMENIMBAHHS:

0,23 Pr (stvm, '
S e, — wapyocnas cmewka
@ ~d, s T

h/CpG=
(7.39)

b.023-0.87(d,/a,Y]
(@, -4, )61 I

enympennsa cmenxa

e G ~ pacxon o C, — TemioesKkocTs; d, d, ~ HapykHbili # BHyTpes-
Huii mamerp GuopeaxTopa; Pr — kpurepuit Ipanuis = Cpp / Kf; Kf -
TEIUIONPOBOAHOCT KHIKOCTH; |, I, ~ BAIKOCTS JKMIKOCTH NPH TeMrie-
parype xuuxoii a3l u Temneparype kopiyca Gnopeaxropa.

CHCTEMBI aBTOMATHYECKOH NPOTPAMMHOM CTEPHITH3ALMH H TEPMOCTa-
THpOBAHHA GHOPEAKTOPOB GyTYT PACCMOTPEHI B IOCHE/TYIOUIHX [71aBaX.

TIpy MacuITaGHPOBAHHH MMAPOAMHAMHYECKHX YCIOBHIA B [IPOMBILLICH-
HOM GHOpeaKTOpe HEOOXOMMO COXPAHHTB IOCTORHCTBO CIEAYIOLIHX OC~
HOBHBIX KDHTEPHEB:

1. Typ6ynenroro uncna Pefinonsca

Re,="C4a 5 ygr, (7.40)

M
€ p — IWIOTHOCTh KyTBTYPANbHOH XHAKOCTH; N — CKOPOCTH BPAILEHHS
memanky; d — AMAMETP MEIANKH; |t — BA3KOCTb XKHAKOCTH.
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2. JIuHeHHO# CKOPOCTH BPAICHHs MEIIANKH V, ONpeeNsIomen MaK-
CHMAIBHYIO CKOPOCTb C/IBHTa, M, B CBOIO OYEpE/h, MAKCHMANBHBIH pas-
Mep My3BIPHKOB Ia3a B Ky/ETYPANIbHOH Cpeie, KOTOPHIE MOTYT BLI3BATH
NOBPEXIEHHE XHIHECTOMKHMX KIIETOK, PaBHON

V=rnnd, (7.41)

3. Tonsona Monmoct# N Ha exumnity paGodero oGsema cpemst V,
KOTOpast onpenenserT kodGPHUUHEHT MACCONEePeNadH H pa3Mep JacTHIl
JMCTIEPTHPOBAHHOMH (hasb

N_ncd
v, [7

(7.42)

4. BpeMenn nepeMeluHBaHus (BPEMEHH LMPKY/ALIH)

v,
G 7‘ <5, (7.43)
TA€ q — MePEKaYHBAIONIAs CIOCOGHOCTh MEIIAKH, PaBHast
g=p-n-d? . (7.44)

ECITH NIepEHCIIHHBIE BRILIE KPHTEPHH HCTIONE30BATHCH 1A MPEMBa-
PHTE/ILHOH CPAaBHMTE/IBHOH OLEHKH KOHCTPYKUMH IPOMBIILICHHBIX H
ITWIOTHBIX 6HOPEAKTOPOB, TO OBLEMHET KOI(HIHERT Macconepenadn
IIPHHAT 3 OCHOBHO¥ IPH MACHIITAGHPOBAHHH NPOLIECCOB 23POGHOTD Kylb-
THBHPOBAHHS.

5. O6beMHBIX CKOpOCTE# TIepe/layi KHCIIOPO/IA H OTBOJA YITIEKHCIIONO
rasa B KyIbTyPaJbHOH XHIKOCTH K MHKPOOPTaHH3MaM M KJIETKaM JKH-
BOTHBIX (06BeMHbIH Ko3pduimenT Macconeperoca) K, ,.

)

rze: V; — CKOPOCTB Pacxofia BO3TYXa Ha aspaLiiio, N, — KOIHYECTBO Jiona-
cTeii Mewanky, b — WHpHHA ONacTei.

Ilpy cobmoneHnH reOMEeTPHYECKHX CooTHOWEHHH (nofobue) Guope-
aKTOPOB, 3aBHCHMOCTS (7.45) MOXHO YNPOCTHTB:

K r[[%]x(m’} (7.46)
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TIpH Ky TETHBHPOBAHHM KJIETOK XMHBOTHLIX M3-32 HX BHICOKOH YYBCTBH-
TENBHOCTH K MEXaHHYECKHM TIOBpEXIEHHAM 3Hauenns Rem < 102, a
1 ep< 5, 4TO PE3KO CHIKAET MACCOOOGMEHHbIE XaPAKTEPHCTHKH Guopeax-
Topa. JlanHeiii 3eKT KOMNEHCHPYETCS TEM, Y4TO MAcCOOGMEHHBIE NPO-
LECCHI B CYCNEH3NH KyILTYPbl KICTOK HA HECKONBKO MOPAKOB MeHee
HHTEHCHBHBI, YeM B MHKPOG-

HOW KyNbType NpH HM3KO#H

IUIOTHOCTH H BA3KOCTH CyCIIeH-
3uu. Ha puc. 7.30 npuseneHst

Puc. 7.30. TIpuuumMnnansnas cxema
GHOpEAKTOPa H OCHOBHLIE TEOMETPH-
weckHe cooTHowenNs: D — AHAMETP
6nopeaxtopa; H — Bucota; H,— ypo-
Benn 3Arpy3Ka; d, — JMAMETP 3arpy3-
oty [ — ATHHa nonaCTH MewAm; b
LIMPHHa 7ONACTH MEWaIKi; k — pac-
CTOSHME HILKHETD PYCa MELIAIKH OT
043 h, ~ PACCTORHHE MEXIY APYCAMH;
¢ — uKpHHa OT6OMHIHKE

PACCHHTAHHbIE H MPOBEPEHHBIE ONTHMANBHBIE FEOMETPHHECKHE COOTHO-
LeHHs 1 GHODEAKTOPOB H OCHOBHBIE KPUTEPHH MACIITAGMPOBAHHA H
MX 3HAYEHHs U4 ONITHMH3HPOBAHHEIX 110 MMIPOHHMHKH H MaccoobMeHy
MPOLECCOB ITYGHHHOTO KyJIBTHBADOBAHHA MHKPOOPraHH3MOB.

B 1a61. 7.4 IPHBE/ICHE! ONITHMANBHBIE TEOMETPHHECKHE COOTHOLLIC-
HHMA 15 TIPOMBILLIEHHBIX GHOPEaKTOPOB.

Tabauna 7.
ONTHMATLHHE FCOMETPHUECKHE COOTHOWIEHHA AR MPOMBILLICHHIX
6HopeakTopos

TEOMETPHACCKHE COOTHOWICHNA _
Ormouienie nucoris GWOpeakTopa K Anamerpy H/D

OrHouIEINE NAMCTP MEWATIN K IMAMCTDY GHOpen
OTHOUEHME LIMHS! TOTIACTH K AWOMETDY MeUIATKH
OTHOLIEHHE JUTHIA TONACTH K HAMETPY MEUIAIKW
Konwaectso nonacreit

Konnuccrno oTooRANKoD _

PACCTOAHHE MCLLIATX OT 2HA GHOPCaxTopa, h

KoHi€CTBO 2PYCOB MEIATOK, 1,

PaccTORNME MeXy Spycami, by
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KoncTpyKTHBHBEIE 0cOBEHHOCTH GHOPEAKTOPOB, HX OCHALEHHOCTH
KOHTPO/LHO-H3MEPHTEIBHON W yNPaBIAIONIEH TEXHHKOH MHOTHM OMpe-
RensioT HPEKTHBHOCTH OCHOBHON CTAIMH MHKPOGHONOrHYECKOIO CHH-
Te3a — CTajAMM KyJIbTHBHPOBAHHA. Llenbiii psa pasBHTHIX 32pyOExHBIX
CTpaH CMEUHATH3HPYETCs HA BHIMYCKE LIMPOKONO accopTHMENTa 06opy-
JIOBIHHA /LIS Ky/IbTHBHPOBAHHA PANIHUHOIO HA3HAYEHHS.

BeaywumH CTpaHamH, SBIAIOUIMMHCS Pa3paGoTyHKaMH H OCTaBUIH-
KaMH 0BOpYAOBAHMS 1S Ky/ILTHBHPOBAHHA, ABIAIOTCA NPOUIBOIHTENH
Liiseunn («JIKB-mpu6opui», «Tonndepm», «Yastpadeps», «BuoTex»,
«Nova» u ap.), CIIA («Myastureny, «Mukporemy, «Muxpodepm,
«Marnadepm» 1 1p.), nonnn («MapyGHin»), BenukoSputatmn («JIH:
Depmenteiinm»), Tepmanmn («B.Bpay»).
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Inasa 7.
KYJIbTUBUPOBAHUE MUKPOOPTAHH3MOB

Jins ocymecTenenns Mo6oro GHOTEXHONOHYECKOrO MPOLECCa MHK-
POoOHOro CHHTE3a HEOOXOAMMBI KyIBTYpa MHKDOOPTaHH3MOB, MHTATENhb-

Has CPE/d, ANNapaTypa VIR BLIPALUHBAHHA H IPOBEACHHS BCTIOMOTaTENb-
HbIX OTEpaLWii, CPEACTBA KOHTPOJIA H YNPABICHHA.

KyneTHBHpOBaHHE ABIAETCH OCHOBHOH CTaaMel TEXHONOTHYECKOro
NpOLECCa H BO MHOTOM ONpEJIE/NAET KONHUECTBEHHBIE H KaYECTBEHHBIE
XapakTepHCTHKH TPOM3BOACTBA GHonpenaparos.

Ha CTazum KyIKTHBMDOBAHIA OCYINCCTRIAETCA HAKOTLICHHE Kak Ca-
MOii 6HOMACCHI, TaK H TIPOAYKTOB METaGONH3Ma (XKH3HEACATENLHOCTH)
MHKPOOPIaHH3MOB.

Mnoraa (Hanpumep, NpH MPOM3BOACTBE GaKTEPHANBHBIX MPENApPaToOB)
Lie/IeBLIM NPOTYKTOM ABNAETCH Cama Gromacca, B IPYTHX CIIyHasx — npo-
AYKTBI, CHHTE3HPyEMbIC KJIETKOH (aHTHGHOTHKH, (EPMEHTBI, AMHHOKHC-
n0Tst 1 Ap.). TIpH 3TOM CHHTE3HPYeMBIii POTYKT MOXET HAKAILIMBATHCA
KaK BHYTPH KJICTOK, TAK H BBUICIATLCA B Ky/IBTYPAIbHYIO KHIKOCTS.

HeobxomMbie NONE3HbIE CBOACTBA LENEBLIX MPOAYKTOB (KIETOK WIH
NPOZYKTOB MeTaGoNM3Ma) CO3/AI0TCH, B OCHOBHOM, Ha CTA/IMH Ky/TETHBH-
poBaus. OCHOBHAA 3a/1a4a Ha NMOCNE/YIOUIKX CTaAHAX COCTOMT B TOM,
4T0GBI MPH BBIAE/IEHHH, CYIUKE H APYTHX OMEPALMAX MAKCHMATBHO CO-
XPaHHUTb M CTaOWIH3MPOBATh ITH NOJIE3HBIE CBOHCTBA.

116
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7.1. Knaccuduxauus cnocoGoB H CHCTeM Ky/IbTHBHPOBAHNS

MHKPOOPraHH3MOB

KyAbTHBHpOBaHHE MHKPOOPTaHH3MOB OCYILECTRISETCA CTEAYIOUMMH
OCHOBHBIMH CTIOCOGaMH: MOBEPXHOCTHOE, rMYOHHHOE, MEPHONHYECKOE,
OTBEMHO-JI0THBHOE K HenpepsiBHOE (puc. 7.1).

Prc. 7.1. Knacompixauus criocoGoB 4 IIPOLIECCOB KyISTHEMPOBAHHS MHKPOOPTaHHIMOB

Tlpi TBEPAOGAIHOM TIOBCPXHOCTHOM Ky/IBTHBHPOBAHHH KICTKH Pac-
TYT Ha MOBEPXHOCTH TBEP/IOH (IUIOTHOM) Cpesb, CoAepkalIe 10CTaToY-
HOE KOJIMYECTBO BJIAr¥ H NUTATENbHBIX BEIIECTB.

TIpx xmnaxodasHoM MOBEPXHOCTHOM KYNBTHBHPOBAHHH MHKPOOpra-
HH3MBI PaCTyT Ha IOBEPXHOCTH XMIKOH MUTATe/TbHOH Cpe/bl, NOTpebss
CoZiepXaIHecs B Hel CYOCTPaThl M BBIIENAA B 3Ty CPEly NPOIYKTH Me-
TaGonusma.

TIpH rTyBUHHOM Ky TSTHBHPOBAHHH MHKPOOPIaHH3MBI PACTIPE/IENSIOT-
¢ o BceMy 06BeMy KHIKOi MHTATE/ILHOM CPe/ibl, @ HCTOYHHKH Ta3006-
Pa3sHbIX MPOAYKTOB ITHTAHHA (KHCJIOPOM, YIIEKHCIbIH a3, a30T) H KOMIO-
HEHTBI [TATATENBHOMH CPE/Ibl MOCTYIAIOT K MHKPOOPraHH3MaM B Pe3yJibTa-
Te aJpalMH H NEPCMELINBAHNS.

[nyGnuubiii Cn0co6 KyTbTHBUPOBaHHA MHKDOOPraHW3MOB HauGonee
LIMPOKO HCTIONB3YETCH B NPOH3BOACTBE GonblMHCTBA GHONpenaparos o
CHEAYIOUHM NPHYHHAM:

1. IMossonsier nomy4nTs 32 Gosee KOPOTKOE Bpems Gonbiuee KonHye-
CTBO GakTepHaIbHOMN MACCHI WIH NIPOAYKTOB GHocHHTe3a. Tak, npH Kyib-
THBHPOBAHHH MHKPOOPraHH3MOB IPYNINBI KHIIEYHOH NaJOYKH B NOBEPX-
HOCTHBIX YCTIOBHSX, KOJIMYECTBO MHKpOOOB He nmpeBbimaet 1 — 2 mipa B
M1, & C PHMEHEHHEM DITYGUHHOTO Ky/IbTHBHPOBAHHS, B 3aBHCHMOCTH OT
cOcTaBa MUTATENbHOM CPE/BI H PEXIMOB KyTHTHBHPOBAHHS, A0CTHIaET
50 — 60 mapa B ML

17





image3.png
2. BO3MOXHOCTS OCYLIECTBHT YNPABNAEMOE KYTETHBUPOBAHHE, MIPH
KOTOPOM OCHOBHBLIMH YNPaBNAIOMUMH BO3NCHCTBHAMH ABIAIOTCA: ajpa-
LKA, NEPEMEIIHBAHHE, TTOAYA X1A/J0ATEHTA HITH TETIOHOCHTEIA, THTPaH-
TOB JUIA PETYNHPOBAHHA KOHICHTPALMK BOJIOPOIHLIX HOHOB (pH), peny-
LEHTOB JUIA PEry/IHPOBAHHSA OKHCIIHTENBHO-BOCCTAHOBHTEIBHOTO MOTEH-
umana (eH) kynsTypanbHO# KHAKOCTH, NEHOracHTeNeH V1A Peryiuposa-
HHA ypOBHS MeEHEI B GHOpEaKTope, NO3HPOBaHHA HEOGXOMUMBIX 1A On-
THMAIBHOTO POCTA Ky/IbTYPhl MHKPOOPIaHH3MOB a30THBIX, YITICBOTHBIX,
ocdoprbix u APyrHX CyGCTPATOB, & TAKKE NPEIICCTBCHHHKOB GHOCHH-
Tea.

3. BO3MOXHOCTb HCTONIL30BAHMA CTAHAAPTHOrO MEXaHH3HPOBAHHOIO
M aBTOMATH3MPOBAHHOTO TEXHOJIOTHYECKOrO 0GOPYIOBAHMA A KY/IBTH-
BUPOBaHHA (HHOKYAATOP, GHOPEAKTOP, HTO OBCCTICUMBACT CHIKEHHE N0
TOTOBMTENBHBIX ONEpaLHii U onepaLmii cheMa GHOMACCHI) H MOBBILIEHHS
KavecTsa Guonpenapara.

Jina pocra 6uomaccs! # GuocuuTesa mpoaykTos Merabonuama npu
KyTbTMBHPOBaHHH HEOOXOAMMO CODMIOAEHHE CNEAYIOLMX YCTOBHH:

M3HECTIOCOOHOCTH TOCEBHOrO MarepHana;

- HAJIHYHE HCTOYHHKA SHEPTHH;

- COZCPXaHHE B MHTATEBHOM CPE/Ie KOMIOHCHTOB, HEOGXOIHMBIX JUIs
cHHTe3a GHoMacchI;

- OTCYTCTBHE B Cpefie HHrHONTOPOB;

- TIOJIEpKANHE B KyTLTYPATBHOM KHAKOCTH HEOBXOMHMBIX (HIHKO-
XHMHYECKHX YCIOBHH XKH3HEACATENLHOCTH KYNBTYPbl MHKPOOPTaHH3MOB.

7.2. llapameTpsi pocta

OcHoBHbie (aKTOpbl, BIMAIOLIME HA POCT H PA3BHTHE MHKPOOPraHH3-
MOB, MOXHO TO/IPA3/IC/IHTh Ha JIBE TPYNIIbI: BHYTPHK/IETO4HbIE (AKTOPBI,
obycnosnenHbie CTPYKTYpoii M CrieHdHUECKHMH 0COGEHHOCTAMH Opra-
HH3Ma, H BHEKJIETOUHBIE (hAKTOPBI, T.¢. YCIIOBHA BHELIHEH CPE/IBI KIETKH.
K BHYTPHK7IETOMHBIM (AKTOPAM OTHOCATCA CTPYKTYPA KIIETKH, MEXAHMH3-
MbI MeTabONH3Ma M IEHETHHECKNE XAPAKTEPHCTHKH, YTO ABSETCA Npe-
POraTHBO#H LMTONOrHYECKHX, GHONOrHYECKHX H TEHETHYECKHX HCCeno-
BaHui. OCHOBHOH LENbIO HCCIenoBaHi B GHOTEXHONOrMH ABARIOTCS
BHEKJIETOUHbIE (BHEWHHE) (aKTOPHI.

JInst KOAHYECTBEHHOH XapaKTEPHCTHKH POCTa MHKPOOPTaHH3MOB aHa-
JIH3HDYIOTCA OCHOBHbIE NIaPAMETPhi POCTa

VaenbHas CKOPOCTH POCTa. YBEIHUEHHE KOHUEHTpaunH GuoMaccst
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X 3a npomesxyTok BpeMenH dt, paroe dX, NPONOPLHOHATBHO KoMH4e-
CTBY GHOMACChI M HHTEPBANTY BPEMEHM, T.C.

dX /dt=pX. (7.1)

TlapameTp p Ha3bIBAETCSA YACHBHON CKOPOCTBIO POCTA M H3MEPSIOT B
yac”!

ECIH BeHIMBA ) TIOCTOSHHS, TO MHTErpHpOBaHHe ypasHeus (7.1)
naer

InX=InX,+pt, 12)

e X, — KOHUEHTpauua GHoMacchl npH t
W3 ypasuenns (7.2) cnenyer, uto

In (X/X) =pt, (73,
Torza X=X 13)
PocT, nogumxsmoutiics Bupaxeruio (7.3,), Ha3BIBACTCA IKCHOHEHYU-
arbHbLM.
Bpems ynBoenusi GuoMacchl. 3aBHCUMOCTb MEXITY YAEIBHOH CKOPO-
CTBIO POCTa M BPEMEHEM Y/IBOEHHS (t,) MOXHO MOMY4HTh, NOAICTABHB B
ypasuenue (7.3,) 3uauenus

Torna

Crenens pasmuoxennsi. Ecnn 6uomacca nperepnesaer n yiBoeHmi
(renepaumii), Torza:

X/X,=2,

Orxyna n=3,32log (X/X,). (7.5)

TIpH Ky bTHBHPOBAHHH LIENECO0GPA3HO HCTIONB30BATH 3aCEBHYIO ZI03Y
B konuyectse 10% OT OXKHAAEMOr0 KOHEYHOrO HAKOIUIEHHSA, TOTAA
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3aKOHA IKCTIOHEHIMANTBHOTO POCTA YHHBEPCAIEH U1S NPOKAPHOTOB M
3YKAPHOTOB, ECIIH YKAIAHHBIC BLILLE YCIIOBHA POCTA BHINONHAIOTCH.

DxoHOMHUECKHIH KOIPPHUHEHT. DKOHOMHYECKHIH KOIDPHUMEHT
(Bbixon GHomacch!) Y BhIpaXaeT KONMYECTBEHHbIE NOTPEGHOCTH Opra-
HH3M2 B THTATENbHEIX BELECTBAX 1 ONPEACIAIOT KaK:

Y =-dX/dS (7.6)

rae dX — npupoct 6HOMACChI, COOTBETCTBYIOLMH NOTPEGNEHHIO (YMEHB-
weHuio B cpenc) cyberpara dS.

3HAK MHHYC 03Ha¥aeT, 4TO POCT X BOIMOXKEH TONBKO NMPH yMeHbLue-
Huu S,

Ecan X, S, — Hauanshbie, a X S — TeKylllve KOHUCHTPALH NPH
pocre X, 0o

X-X,=Y(S,-S). &)

Korna 6uomacca nocturaer makcumyma X, a [CHTPALMSA JTHMH-
THpylomero cyberpara S ~

(18

TPagHK 3aBHCHMOCTH MAKCHMATSHOI GHOMACCH OT HAYRIBHON KOH-
LEHTPALHH THMHTHPYIOLIETO CyGCTPATa ABIAETCS MPAMOMH JIMHHEH C TaH-
TEHCOM YITa HAKIIOHa, pasHEM Y (pHe. 7.2).

Puc. 7.2. Bausuue
XOHUEHTP AWM M-
THpyloutero cyGcrpa-
T Ha pocT KykTYpM

MaKCHMATLHAR IOTHOCTS KOHCUHOM
nonynswm x 10°

Cyberpar, Mkr/mx





