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AnHoTanus. VccnenoBaHusaMu MOCAEAHUX JIET YCTAHOBJIEHO, YTO OCHOBHBIM CBIPBEM JJIS
MOJIy4YEHUsI BBICOKOI((EKTUBHBIX OPraHUYECKUX YOOOpeHHM miii (epMepcKoro M CeIbCKOTo
XO3SICTBA SIBJISIFOTCSL OKHCIICHHBIC B IJIACTaX Oypble YIJIM Pa3HBIX YTOJBHBIX 0AacCEHHOB, a TakKe
yriecoepaiiue OTXOMAbl, OOpa3yroluecss B Ipolecce yrieqoOblud U 00OTalieHus yriew.
[Tokazano, 4YTO OKUCJICHHBIC OypbI€ YIJIM COAEPkKAT MUPOKUNA HAOOP MaKpO- U MUKPORJIEMEHTOB, a
Takke OO0JIBIIIOE KOJIMYECTBO TYMUHOBBIX U (PYIBBOKHUCIIOT, KOTOPBIE IO CBOEMY COCTaBY OJM3KH K
nouyBeHHBIM. [10 CyTH, OHM SIBJISIOTCS KJIAIOBOM OPraHMYECKUX BEIIECTB U MOTYT OBITh HAJC)KHOU
OCHOBOI1 /1JIsl IPOU3BOJICTBA TYMYyca — BBICOKOI()(PEKTUBHOTO OPraHUYECKOT0 yHoOpeHus. Mexmy
TEM, BBIBETPEHHBIC B IUIACTAX M TEPPUKOHAX YIJIH, KaK Oypble, Tak U KaMEHHBIC, TPAKTUYCCKH HE
UCIOJIB3YIOTCSL B MPOMBILUICHHOCTH U HApOJHOM XO34HCTBE B KAU€CTBE TOILIMBA WU ChIphs. [Ipu
n00bIY€e yrisi OTKPHITHIM CIIOCOOOM OHH TMOCTYIAIOT B OTBAJIBI BMECTE CO BCKPBIIITHBIMU TTOPOJaMHU.
OO0beM OKHCIEHHBIX OypbIX YIJICHl OLIEHHMBAETCS MO KaXIAOMY MECTOPOXKICHUIO TOJBKO IpHU
JeTaIbHOM pa3Benke U pazpadborke. Tak, yCTaHOBJICHO, YTO KOJIMYECTBO OKUCICHHBIX OYpBIX YIJIeH
Kazaxcranckux MecTOpokIeHUH, MOCTYNAIOUINX B OTBAJIbI, COCTABISAET NECATKA MUJLTMOHOB TOHH
€XKErogHo. OTHU YIJIM, a TaKXKe YIJIEOTXOJbl, CKIATUPYIOTCS B XBOCTOXPAHWIHINA, TJI€ OHHU
BBIBETPUBAIOTCS B YCIOBUAX aTMOC(hEphl U Ha CETOIHAIIHUIN AeHb MPAKTUYECKU HE HUCIIONB3YIOTCS,
3arpsi3Hss atMocepy W 3aHUMas MPU ITOM COTHU TE€KTapoOB IUIOAOPOJHBIX 3eMellb. B cBsi3u ¢
BBIIIIECKa3aHHBIM, HCCIIEIOBAHUS TI0 pa3padOTKe TEXHOJIOTHH MOTyYeHHUS] KOMILIEKCHOTO YA00peHus
Ha OCHOBE OKHCJICHHBIX OYPBIX YTJIEH MPEACTABISIIOT TEOPETUUECKYIO U MPAKTHYECKYIO 3HAYMMOCTb.

Knrouesvle cnoea: nuskocopmuvie yeau, OKUCIIEHHble Oypble Velu, azpo-meauopaHmbl,
Kapmogernw.

OxwuciieHne pa3InIHBIX KCKOMIAEMBIX yTIIeH P WX 3aJIeTaHUH B TUIACTAX, T.€. BRIBETPHBAHMUH,
MIPOUCXOUT B KOJIOCCATIBHBIX MaclITabax U HEraTUBHO BIUSET HE TOJIBKO Ha CBOIMCTBA CAMUX YIJIEH,
HO M Ha COCTaB M CTPYKTYpPY BMEIIAIONIMX MOPOJ], CIIOCOOCTBYSI MX JErpajalii, KOHIEHTPAIHH,
paccestHUIO U BTOPUYHOMY IEPEHOCY AJIEMEHTOB B 36MHOM Kope. ABTOpaMu yCTaHOBIEHO [ 1], 4To «B
MPOLIECCe OKHUCIEHUS TBEPABIX YIJIeH KUCIOPOJOM BO3JlyXa 00pa3yroTcsi KapOOKCHIIbHBIE TPYIIIIBL,
CBSI3aHHBIE HETMIOCPEICTBEHHO C KOHJACHCHPOBAHHBIMHM apOMATHUYECKUMHU KOJBIAMHU, B OTIUYHE OT
MCXOJ/HOTO TBEPAOTO YIS, B KOTOPOM, KapOOKCWIIbHBIE TPYIIBI HAXOAATCS, B OCHOBHOM, TIpH
anudaTuyecKux rpynnupoBKax». B pe3ynpTaTe OKHCIECHUS MPOUCXOUT YXYIIICHUE KaYeCTBEHHBIX
XapaKTePUCTHK HCKOMAEMBIX yTJIeH KaK TOPIOYEro, MPH 3TOM B HEKOTOPBIX CIIydasiXx OHO HACTOJBEKO
BEJIMKO, YTO ATH YITU HE HAXOJAT JaKe DHEPro-TOILTUBHOTO HMCIIOIH30BAHMS, BCIEACTBUE HU3KOM
TEIUTOTHI CTOPaHUS ¥ AKCTPEMAIIBHON pa3apo0ieHHOCTH. Takue yrii He YIUTBIBAIOTCS ITPH pacueTax
SKOHOMHYECKUX MPHUOBUIEH, MOACUeTaX 3aMacoB U OTHOCITCS K TaK Ha3bIBAEMbBIM 3a0alaHCOBBIM
YTIISIM.

[Tpu moObIve TBEPIOTO TOIUIMBA OTKPBITHIM CIIOCOOOM 3HAUMTENbHASI YACTh €T0 Ha BBIXOAAX
TUTACTOB TIOJT HAHOCKI HE UCTIONIB3YETCS B CEJTHCKOM M HAPOTHOM XO3SHCTBAaX W HJIET B OTBAJIBI B BUJIC
TEPPUKOHOB, B CBS3M C YEM, BO3HHKaeT HEOOXOAUMOCTHh pa3pabOTKH HOBBIX CIOCOOOB UX
WCIOJIb30BaHUsA. 3arachl OKUCICHHBIX OYpbhIX M KAMEHHBIX yIJIed OYeHb BEIMKH M JOCTUTAIOT
MuMapaoB ToHH. OHHM pa3OpocaHbl Ha OONBIIMX TUIOMIAAX, YTO 3aTPYAHSET MX Pa3IebHYIO
T00OBIYy U IEpepadboTKYy.
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OxucieHHblE YU TOCIAE M3YYEHUs HX HPUPOJAbI MOTYT OBITh MCIOJNb30BaHbl IS
IIPOM3BO/ICTBA XUMUUECKOT'O ChIPhs, B TOM YUCIIE, YAOOPEHUH U Ul PeKyIbTUBALIUH 3arpsI3HEHHbIX
Y HapyILIEHHBIX 3€MEJb.

Ha Tteppuropun Kaszaxctana pacnosaraiorcs Takue MeCTOpOXxJaeHus Oyporo yris, kak Oii-
Kaparaiickuii 6acceitn (Anmartunckas obnacts), Jlenrepckuii 6acceiin (TypkecTanckas o0iacThb) U
Kuskrunckuit 6acceitn (Kaparanaunckas o6iacts). Bo3MOXHOCTh MCIOJIB30BaHUSI OKHCICHHBIX
yriaei s noiaydeHus yAoOpeHMid, B TOM 4YHCIe, A IPOU3BOJCTBA T'YMHMHOBBIX IIPENaparos,
M3y4aeTcsl B pa3HbIX cTpaHax [2-5].

BriBeTpenHble 1 MeTaMOP(U3UPOBAHHBIE YT COAEPIKAT OTPOMHOE KOJIMYECTBO T'YMUHOBBIX
KHCJIOT, KOTOPBIE 110 CBOUM CBOMCTBAM U COCTaBY OJIM3KU K TYMUHOBBIM BEIIECTBAM, COAEPIKAILIUMCS
B arpo(oHax, T.e. IJI0IOPOJHBIX MTOYBAX. DTO OOCTOATENBCTBO U SBUIIOCH ONPEACISAIONIeH OCHOBON
U JIeTaJbHOI0 U3YyYEHHMs] BO3MOXKHOCTU MOJYYEHHS XUMMUYECKHUM IIyTE€M T'YMHUHOBBIX KHCJIOT
(rymMaToB) IS WX HWCHOJB30BAHMS B TPOM3BOJCTBE TymMyca — MPUPOAHOTO YyOOOpEHUs IUis
IIOJIKOPMKH OBOLIHBIX KYJIbTYp. B HacTos1ee Bpemst myOuKyeTcst 3HaUMTENbHOE KOJMYECTBO padoT,
B KOTOPBIX TIOKA3aH IOJIOKUTENBHBIA 3(P(EKT TYMHHOBBIX KHCJIOT Ha IUIOJOPOJIWE TOYB M
YpOXKailHOCTb CEJIbCKOXO3SIICTBEHHBIX KYJIbTYp [6-8].

OnHuM U3 crocoOOB KCIOIb30BaHUS YIJICOTXOJIOB SIBJISIETCS NMPUMEHEHHE UX B KauecTBE
yaoOpeHuil 1oja 3epHOBBbIE KyIbTypbl M KapTodenb, a TakkKe B KauyecTBe KOMIIOHEHTa
PEKYJIbTUBALIMOHHOIO CJI0S IPY BOCCTAHOBJIEHUU 3arpsi3HEHHBIX U HapYIIEHHBIX 3eMelb. CoraacHo
JAHHBIM JIUTEpaTypbl, BHECEHHE OKHUCICHHBIX yIJed B KayecTBE MEJIHOpPAHTAa 3HAYUTEIBHO
MIOBBILIAET YpOKall CEMSH MHOTIOJIETHUX TpaB. Tak, HalpuMep, y HEKOTOPbIX KYJIbTYp BIUIOTh 10 2
pas3, a ypokail ceMsiH YMCICHHO coCcTaBysu1 MakcuMyM 11,1 1/ra. B mocneayromiem, npu HakoIIeHUN
OpraHMYEeCKOTO BEIIECTBA TIPYHTOB, Ha HHUX BO3MOXHO BO3JEJIbIBAHHE JIpyrux, Ooiee
TpeOOoBaTENbHBIX K TIOYBEHHOMY IJI0JIOPOINIO, KYJIbTYp pacTenuit [9]. [lo HekoTopeiM naHHbIM [10],
Oypblii yrojib U Npemnaparhl, MOJyY€HHbIE Ha €r0 OCHOBE, IPU €ro MPOLECCHUHIe OMOJIOTHYECKU
AKTUBHBIMHM BEIIECTBAMHU, MOBBIIAIOT NPOAYKTHUBHOCTH CEJIBCKOXO3SANCTBEHHBIX KYJBTYp, HE
OKa3bIBasi HETaTUBHOT'O BO3/EUCTBUS HA TYMYCHOE COCTOSIHUE YEPHO3EMa, YIIydllas MEXaHUYECKYIO
CTPYKTYpy THOYB M CHabOkasi ee NMUTATeJbHbIMHU BELIECTBAMHU 3a CUET IOBBIMIEHHS OHOMACChHl U
(U3MOIOrMYeCcKON aKTUBHOCTU MHMKpPOOpPraHM3MOB. J[aHHOE HcClieIoBaHUE CBUIETENILCTBYET, YTO
BHECEHHE Oyporo yrisi CocoOCTBYET MUTPAIMU TSDKEJIBIX METAJIOB B MaJIONOABHXKHBIE (DOPMBI, a
TaK)X€ yroJib CIIOCOOCTBYET CBSI3bIBAHMIO TIOJIBUKHBIX COCTUHEHHUH TSKEIIBIX METAJUIOB, YTO MOYKET
UMETh KaK IIOJIOKUTEIbHOE, TaK M OTPHULATEIbHOE 3HAUYEHUE, B 3aBUCUMOCTH OT YPOBHS
KOHILEHTPALlMU MUKPOIJIEMEHTOB B MIOYBE U UX (PU3HOIOTMYECKON POJIH.

Tak kak HHM3KOCOPTHBIC/HU3KOKAUYECTBEHHbIE YIJM HMEIOT JIMTHOILEIUII0I030-110/100HYI0
CTPYKTYpPY, MOXKHO OHUJaThb HUX BBICOKOH TpaHcopMalMy JUTHUH-TPaHCHOPMUPYIOIIUMU
MUKpPOOPTraHW3MaMH. bBOJBIIMHCTBO HMCCIENOBAaHUN IPOJEMOHCTPUPOBAIM  KIIIOUEBYIO POJIb
OakTepuii B miporiecce Onocomodunuzanuu oyporo yris [11].

W3yuenne npoueccoB OMOPa3NoKeHHs YTl OaKTepHsIMU C TOMOILBIO COBPEMEHHBIX METOIOB
MO3BOJIUT 00Jiee TOYHO MOJOUTH K OIIEHKE COCTOSHUS T'YMHUHOBBIX BELIECTB B YIJI€, PACHIMPUT
3HaHUS O OHMOCOJIOOMIM3AlMM AaKTUBHBIMM INTaMMaMU OaKTepuid, IMOMOXET B pa3padoTke
O0noynoOpeHnil Ha OCHOBE T'YMHHOBBIX KHUCIOT M3 Oyporo yrisi U MpakTHYeCKOM OOOCHOBaHUU
JEMCTBUS 3TUX NPENAPATOB HA PACTEHHUS.

[lo pesynbraram HccieOBaHHUS HaMU ObUIM C(HOPMUPOBAHBI arpo-MeTHOPAHTHI IEJIEBOTO
Ha3HAUYEHUS Ha OCHOBE OKHUCIIEHHBIX OypbIX YIJIeH M IITaMMOB MMKPOOPTaHM3MOB C II€JICBOU
MeTaboIMUeCKON aKTUBHOCTHIO.

[ToneBble 3KCIEPUMEHTHI TOKa3ald, YTO Ha POCT KapTodenss U ypoxKalHOCTb KIyOHEH
3HAYUTENbHOE BIUSHHE OKa3aJld arpo-MeIUOpaHTbl HAa OCHOBE YIJIe-MHUKPOOHOIO KOMILIEKCA.
XapaKTepHCTUKU POCTa KapTo(desst M KOJUYECTBO BBIPAIICHHBIX KIYOHEH B OMBITHBIX MPoOax Mo
CPAaBHEHMIO C KOHTpoJIeM IoKa3aHbl B TaOnuue 1. JloGaBieHHe arpo-MearopaHTa MpUBOIMIO K
YBEIUYEHUIO BBICOTHI PACTeHHUH, a TAKKe KOJIMYEeCTBA CTeOlel Ha pacTeHHM (BBICOTa PAcTEHUS
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yBenuuuiIach Ha 25,3%, a KonumuecTBo crediiell Ha pacTeHuu Ha 46,1% 1Mo CpaBHEHUIO C KOHTPOJIEM )
(puc.1).

Arpo-MenuopaHThl TAaK)Ke CYIIECTBEHHO MOBIIMSIN Ha 001ee KOINYECTBO KIyOHeil,
KJIACCU(UIIUPOBAHHBIX TI0 Pa3Mepy.

Tabnuua 1. Bnusaue npenapaTtoB Ha pocT KapToders 1 ypoKaiHOCTh KITyOHeH

Bericora Kon-Bo crebneit | KoanuecTBo kinyOHel Ha pacTeHHe
pacTeHun, cM Ha pacTCHHUEC Menkuit | Cpennuii | Kpynneiii | Beero
Kontpons | 37.6 £0.7%% 26+04° 33+£0.1 |2.1+0.1 [18+04 |72 <+
0.2°
Arpo- 47.1+£0.7% 3.8+0.4% 45+03 |48+02 [44+0.1 [13.7 +
MEIHOPAHT 0.2*

Ipumeuanue. *CymiecTBeHHasi pa3HHUIIA COTJIACHO YCJIOBUIO PAHTOBOTO KpuTepus JlyHkaHa
mpu p<0,05 o603HaueHa pa3HbBIMU OyKBaMU (CpefHee + CTaHAapTHOE OTKIOHEHHE; n = 15).

HaGntomaemoe moBBIIEHHE YpOKaHHOCTH KIyOHeH B OTBeT Ha 0OOpabOTKM arpo-
MeJIHOpPaHTaMHU, OYE€BUTHO, MOKHO OOBSICHUTH YBETMYEHHEM OTHOCUTEIBHOIO KOJIMYECTBa cTebei
u KiyOHeil. Hamm naHHble o CTUMyIUpyrOMmUX 3¢¢ekTax MeTHOpaHTa COINacylTcs C
pesynbTaTamu, npeactaBieHubiMu Z. Ekin [12] u R. Selladurai u np. [13], KoTOpbIe BBIABHIH, YTO
00paboTKa yrieM 3HaYUTEIbHO YBEIUYMBAET YPOKAMHOCTD KapTOdelis 0 CPAaBHEHUIO C KOHTPOJIEM
KaK B TETJTMYHBIX, TaK U B MOJEBBIX YCIOBHUSX.

Taxkum 006pa3zom, HallM pe3yabTaThl MOKA3aJIU CTUMYJIUPYIOIIEe BIUSHUE arpo-MeIHOPaHTOB,
MOJTYYEHHBIX U3 YIIe-MUKPOOHOTO KOHCOPIIMYMa, Ha POCT PACTEHUH M YPOXKaWHOCTh KITyOHEH
Kaptodens. JlaHHbIe arpo-MeIMOPaHThl MOTYT OBITh MCIIOJIb30BaHbI JJIs pa3pabOTKH YCTOHYMBBIX
CeJIbCKOXO03SICTBEHHBIX TEXHOJIOTUI 1 OPraHUYECKUX yI0OpEHUH 11 YITyqIlIeHHs arPOXUMUYECKIX
CBOWCTB IIOYB.
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VALORIZATION OF BIOMASS WASTE INTO HIGH EFFICIENT
MATERIALS FOR AIR PURIFICATION

Z.A Mansurov'?, P. Lodewyckx3, L.F. Velasco®, A.R. Kerimkulova'?, S. Azat'>*
!Institute of Combustion Problems, 172 Bogenbay batyr str., Almaty, Kazakhstan
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Abstract. This article is dedicated to development of the manufacturing method for carbon
sorbents used to absorb vapors of organic and inorganic matters. The microstructure analysis of the
samples reveals that the activation applied promotes the formation of a higher number of small pores
and the development of a spongy texture of the sorbents leading thus to carbon content increase. The
activated samples have apparent mesoporosity confirmed by the corresponding isotherms of low-
temperature adsorption of nitrogen and the pore size-distribution values obtained by the DFT method.
Furthermore, it has been shown that the activation procedure leads to samples with different acidity
and this surface property has a great influence on the performance of the materials. The results of a
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breakthrough time study for vapors of inorganic and organic substances, indicate that the activation
procedure for samples, impregnated by Cu and Ni are most suitable for obtaining a universal sorbent
in order to retain a wide range of inorganic vapors.

Keywords: sorption materials, nanostructure, toxic gases, adsorption.

Introduction

Nowadays, cleaning of aspiration and ventilation emissions from harmful substances is one of
the main air protection measures for most of industrial enterprises. The specific feature of the most
industrial emissions is the content of large number of harmful gaseous components in addition to
solid and liquid particles (dusts, gases, mists) [1-2]. Cleaning of gas flows from such contaminants
requires corresponding knowledge of theory to develop gas purification methods. Adsorption method
becomes more and more valuable among other known methods of industrial emissions cleaning as it
allows to remove contaminations from gas flows almost completely [3—5]. The solid materials with
extended surface made in form of granules (balls, pills, cylinders, etc.) or fine-grained materials are
usually used as adsorbents [6-9].

Depending on their chemical composition there are carbon and mineral adsorbents. Active coals
and activated carbon fibers relate to the first group, and silicagels, aluminogels relate to the second
group. Adsorption properties and capacity of these adsorbents to regenerate are determined, in
general, with chemical condition of their surface and nature of porosity. Highly extended surface is
peculiar for highly porous substances, substances with spongy structure or fine-grained ones. Among
all adsorbents used in practice the leading role belongs to different active coals (wood coal, bone coal,
etc.) [10-14].

Methods

Sample Preparation. As a raw material walnut shell was used. The walnut shell is characterized
by a very low content of mineral components, which is a favorable factor for the processing of raw
materials into carbon sorbents. Walnut shells are the most promising plant material for activated
carbon, which are used in the food industry and medicine. It is characterized by a low content of
sulfur, nitrogen and ash, and a high content of carbon [15].

First of all, the walnut shell was crushed. By the sieving method on sieves, a working fraction
with a diameter of 2—4 mm was selected from crushing products. This fraction was washed with
distilled water several times and dried under a room temperature within 6 h - 12 h.

The method of obtaining samples. The chemical activation of the samples was carried out using
70% phosphoric acid. During the heating, phosphoric acid forms a protective film of polyphosphoric
acids and phosphorus polyoxides on the surface of particles of wood raw materials, which prevents
wood from burning out from the surface without the formation of a developed porous structure of
activated carbon. In addition, phosphoric acid is an activating agent as well as atmospheric oxygen
and water vapor, which are released during simultaneous carbonization and activation. First of all,
the sample was impregnated with 70% phosphoric acid and thermostated at 150 °C for 12 h. 50 g of
sample was taken for the experiment. The resulting dark brown mixture was carbonized under
isothermal conditions and strict control using a rotating reactor under an inert gas-argon blanket,
which was constantly fed at a flow rate of 50 cm*/min. The resulting product was subjected to
carbonization at 750 + 50 °C. The rate of temperature increase was set at the «VARTA» temperature
controller at 10 degrees per minute. The carbonization time was about 90 min. After carbonization
process, it was important to wait until the temperature decreases to 200 °C. A chemically activated
sample of walnut shells was washed from the remains of phosphoric acid with distilled water until
pH = 7. After this, the resulting sample was placed in a microwave oven at 110 °C to dry for a night.
Then granules were made using a screw granulator.

Studies and measurements of the time of breakthrough in vapors of inorganic substances. For
the experiment, a filter (diameter 43 mm) filled with activated carbon was used, subsequently fixed
in a specially designed unit. The installation scheme is shown in Fig. 1.
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Figure 1. Schematic of the installation used to measure the breakthrough time of organic, inorganic
vapors.
Results and discussion
Raman spectroscopy is a universal method for identification of carbon nanomaterials [16]. there
are presented a determining method of graphene layers number according peak intensities Ip, I and
Iop and their ratios, respectively. Data for determining of layers number are presented in Table 1.

Table 1. Values of intensity ratio Ip, I and Ip for multilayered graphenes

No In/lc L/l Note

1 0.85 0.05 Graphenes are not formed
2 1.5 1 2-layered graphenes

3 1.29 0.55 S-layered graphenes

4 1.16 0.58 4-layered graphenes

5 0.62 0.65 3-layered graphenes

This technique allows to estimate the number of graphene layers, as well as the presence of
chemical impurities, and structural defects in graphene (Fig. 2).
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Figure 2. Raman spectra of graphene obtained from walnut-shell (left) and Graphene-oxide
framework (right) [17].

The Raman spectra of graphenes obtained from rice husk and greek walnut [17-18] showed that
the intensities of G and 2D peaks indicate that graphene film consists of regions with four or more
layers. Spectral analysis of graphene obtained from walnut-shell: the intensities of G and 2D peaks
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indicate that the film consists of regions with multi-layers. The Raman spectra of distribution 2D
indicate that formed structure is largely composed of multilayered graphenes. All spectra contain D,
G, and 2D peaks, indicating the presence of deformations in crystaline structure of graphene film, as
well as mechanical stresses. A detailed observation of Raman spectroscopy showed that obtained
samples from rice husks and walnut shells consisted of graphene layers with amorphous components.

The results of low-temperature nitrogen adsorption indicate the fact that an increase in the
amount of activating salt or acid contributes to the development of a porous structure and an increase
in the specific surface area of the adsorbents. However, the increased content of the activating agent
during the synthesis leads to a decrease in the particle size of the coals, which in most cases makes
them unsuitable for further use in air purification processes.

In order to perform the task, carbon samples modified with metal salts were obtained.
Modification of the samples was carried out by treatment with a 0.1 M metal solution in an ultrasonic
bath for 2 h (Table 2).

Table 2. Specific surface data of samples

Ne Samples Modifier C, Time sample in an | SgEr,
Modifier. ultrasonic bath, m?/g
hour
1 RH+ lignosulfonate CuSO4*5H,0 0.1M 2 620.0
2 GW1 CuSO4*5H,0 0.1IM 2 2308.0
3 GW 2 Co(NO3)2*H20 0.IM 2 1719.0
4 GW 3 Ni(NO3),*H20 0.1M 2 903.8

Further, the physicochemical characteristics of the prepared modified samples were studied.
Investigations were made of the time for the breakthrough in vapors of inorganic substances, such as
SOz and NH3, vapors of organic matter, cyclohexane. The pH of the surface of the samples was also
determined. Specific surface area and time of breakthrough in vapors of organic matter cyclohexane
(Table 3).

Table 3. Structural parameters obtained from absorption isotherms N2 of samples 1-5

Sample SgET, m%/g Vi,ecm’/g Vmicro DR, €M>/g Vimeso, cmM>/g)
1(BPL) 864 0.712 0.288 0.424
2(RH+LS) 390 0.316 0.151 0.165
3(GW+CuSO0y) 1397 0.920 0.441 0.479
4(GW+Co(NO3)2) 1591 0.806 0.520 0.286
5(GW+Ni(NO3)2) 1018 0.892 0.345 0.547

Due to the high specific surface area, impregnated samples 3 and 4 are promising candidates
for the absorption of inorganic gases. Moreover, they have different porous networks. Thus, the open
bending of the isotherm of sample 4, as well as the flat profile at higher relative pressures, indicate
the predominance of wide micropores and narrow micropores (dp <5 nm). However, in the case of
sample 3, there are larger mesopores.

The theoretical evaluation of the efficiency of synthesized coals was carried out using the
Wheeler-Jonas model [19]. Such calculations were conducted in order to assess the potential using
the Wheeler-Jonas model for the same types of coals, but if the experiment parameters are changed.

The Wheeler-Jonas equation used for calculations is given below (Eq. 1):
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(Eq. 1)

L

We M pbW€ I Cin - Caut
= — .n
Q' Cin kv' Cin C

out

where tp is the jump time required to reach the cout concentration, min; M — mass of coal, g; We
—equilibrium adsorption capacity, g/gcarbon; Q — volume air flow rate, cm?®/min; Cin — concentration of
pollutants in the air, g/cm?; cow — randomly selected maximum allowable concentration of the
pollutant at the filter outlet, g/cm3; P, — volume density, gcarbon/cm3, kv — coefficient of adsorption
rate, min"'.Two of the above parameters require additional calculations:the equilibrium adsorption
capacity (We) and the rate coefficient of adsorption-operation (ky). The first of them, the equilibrium
adsorption capacity We, determined by the nature of the adsorbate, its concentration, and structural
parameters. meters of the coal surface. This parameter is responsible for 80% of the total the filter
operation time. To determine this parameter, we used Dubinin-Radushkevich Eq. 2:

-BT* [ C
W, =W,.d,.exp 7.log el (Eq.2)

in

The second parameter of the Wheeler Jonas equation is kinetic. It depends to a large extent on
such parameters of the adsorption process as air flow rate, temperature, as well as on the equilibrium
adsorption capacity and size of carbon particles. This parameter was calculated using Lodewyckx-
wood Eq. 3:

W 0.5
k, = 800./30-33.v275.d;‘-5[—€ J (Eq. 3)
My,

Further, a breakthrough analysis of cyclohexane was carried out. For this, the following
experimental conditions were chosen: 5000 ppm cyclohexane, air flow
10 L/min, ~ 3% relative humidity, room temperature (~ 22 °C), filter diameter: 4 cm.

Since the retention of cyclohexane is more dependent on the structural properties of the
adsorbent, sample 2 (with a very low Sger value) was excluded from the test.

The experimental time indices and the breakthrough curves are presented in Table 4.

Table 4. Experimental time indices (cyclohexane)

Sample Time (cons. cyclohexane — 5 ppm) Time (cons. ;g(rzlll())hexane =30
1(BPL) 32min1s 33 min 38 s
2(RH+LS) 18 min 31 s 21 min 36 s
3(GW+ CuSOy) 37 min 28 s 40 min 58 s
4(GW+ Co(NO3)2) 47 min 40 s 50 min 55 s
S(GW+ Ni(NO3)2) 20 min 39 s 23 min40 s

As indicated above, the absorption of cyclohexane is enhanced by high structural development
and a narrow pore distribution. Thus, the breakthrough time of samples 3 and 4 is usually higher than
the time of the breakthrough of the BPL. In the case of samples 1 and 5, although they demonstrate
Sget values similar to those of BPL, the presence of wider pores leads to a reduction in breakthrough
time.

Studies and measurements of the time of breakthrough in vapors of inorganic substances.

Breakthrough tests were conducted using inorganic gases.
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For the analysis of the SOz slip, the following conditions were chosen: air flow 10 L/min, ~ 3%
relative humidity, room temperature (~ 32 °C), 1.77 g /m3 SO> (665 ppm SO»), filter diameter: 4 cm,
the tested samples: 1, 2, 3, 4 and 5.

The experimental curves and time parameters of the breakthrough are shown in Fig. 3.

Apparently, the chemistry of the surface of the samples plays an important role in the retention
of SO». The removal of SO; is accelerated by the presence of basic groups. Thus, samples 1, 2 and
3, having an acidic surface, exhibit a very short breakthrough time. In the case of sample 2, and also
due to its low structural development, an immediate breakthrough was obtained. In addition, it is
important to note that in the case of sample 3, despite its large specific surface area, its highly acidic
surface (pHpzc = 1.7) results in a short breakthrough time. On the other hand, samples 4 and 5 (with
a virtually neutral surface) showed better results. In this connection, of particular interest is sample
4, whose results significantly exceed the indicators of ACR (activated carbon for respirators). Such
a result is achieved by appropriate structural and surface properties.

For the NHj3 breakthrough analysis, the following conditions were selected: air flow 10 L/min,
~ 5.5% relative humidity, room temperature (~ 22 ° C), 0.46 g/m* NH;3 (650 ppm NH3), diameter of

the filter: 4 cm.
The experimental curves and time parameters of the breakthrough are shown in Fig. 4.
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Figure 3. Experimental breakthrough curves (NH3).
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Figure 4. Experimental breakthrough curves (SO2).
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Difference SO», the removal of NH3 is enhanced by the presence of acidic groups. Thus, the
acid surface of sample 3, as well as its high structural development, results in an exceptional absorbent
capacity (significantly higher than the commercial universal activated carbon for respirators (ACS)).
However, it is also important to note the result of sample 4, which is close to the result of ACR, which
indicates the possibility of active use of this material for organic and inorganic substances.

Finally, a test for the ability of samples 3 and 4 to hold a mixture of cyclohexane + 1,2-
dichloroethane was carried out (Table 5). Experimental conditions: 5000 ppm. of each component in
an air flow of 10 L/min, 3% relative humidity, at room temperature (~ 22 °C).

Table 5. Experimental time parameters of the breakthrough (cyclohexane + 1,2-dichloroethane)

Sample Time (conc. Cyclohexane + 1,2- Time (conc. Cyclohexane + 1,2-
P dichloroethane 5 ppm) dichloroethane 50 ppm)
The substance to be 1,2- 1,2-
loh ’ loh: ’
sorbed Cyclohexane dichloroethane Cyclohexane dichloroethane
3(GW+ CuSOaq) 19 min 54 s 2l min 12 s 21 min 48 s 23 min 40 s
4(GW+ Co(NO3)2) 25 min 28 s 26 min 14 s 27 min 21 s 28 min 19 s

The activity of the samples with respect to the mixture of organic substances is analogous to
the situation with one cyclohexane. Similarly, samples 3 and 4 exhibit a higher retention capacity
with respect to the mixture than commercial BPL.

Conclusion

The microstructure analysis of the samples reveals that the activation applied promotes the
formation of a higher number of small pores and the development of a spongy texture of the sorbents
leading thus to carbon content increase. The activated samples have apparent mesoporosity confirmed
by the corresponding isotherms of low-temperature adsorption of nitrogen and the pore size-
distribution values obtained by the DFT method. Furthermore, it has been shown that the activation
procedure leads to samples with different acidity and this surface property has a great influence on
the performance of the materials.
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Jlo cepeauHbl IeBSHOCTBIX OCHOBHBIM HampaBiieHHeM LleHTpa sBiIsuMch GyHIaMEeHTaIbHBIC
uccienoBaHus B o0jacTu MuKpoOuonoruu u Bupycosnoruu. I[locne momydenust Kazaxcranom
HE3aBHCUMOCTH M IOCTENEHHBIM IIEPEXO0JIOM CTpaHbl Ha PBIHOYHYIO 3KOHOMUKY lleHTp Hawan
yAeNsATh 0c000€ BHUMaHUE MPUKIAIHBIM MPOEKTaM C IeJIbI0 MOJYYeHHs] OTAAaud OT Hay4YHBIX
pa3paboTok.

OCHOBHBIM TpeaMeToM JesTeNbHOCTH LleHTpa cerojHst sBJseTCs MPOBEIECHUE HAyYHBIX
MCCIICIOBAaHUM B 00JIACTH MHUKPOOHMOJIOTHH U BUPYCOJOTHH, Pa3paboTKa MHUKPOOHBIX U BUPYCHBIX
MpernapaToB JJisi MEIUIUHBI, BETEPUHAPUH, CEIbCKOTO XO3sIICTBA, MUILEBON MPOMBIIUIEHHOCTH U
3aILUThI OKPYKAIOIIEH CpeJibl, TOArOTOBKA HAyYHBIX KapOB.

Pabora LlenTpa nocrasieHa Tak, AJis pealn3aliy MOJHOTO IIUKIa «HAYYHOe HCCileJ0BaHue
— pa3padoTKa TeXHOJIOTHM — BHeJpeHHe B NPOM3BOJACTBO — KOMMepuuaauzaums». [[is ero
ocymectBienuss npu Llentpe cozman  MukpoOuonornyeckuit  3aBoy  «lIpomblineHHas
MUKPOOHOJIOTHS» TI0 BBITYCKY OMOJIOTHYECKHX M METUIIMHCKHUX MPENapaToB, OCHAIIEHHBIA CaMbIM
COBPEMEHHBIM BBICOKOTEXHOJIOTUYHBIM 000pyAOBaHHEM. BriepBeie B pecnyOiuke pa3paOoTaHbI
TEXHOJIOTUU M OPraHU30BaHO MPOU3BOJICTBO HOBBIX OTEYECTBEHHBIX OMONpPENnapaToB AJisi CEIbCKOTO
XO035IICTBa, OXpaHbl OKPYKAIOIEH Cpefibl, MEIUIIMHBI U BETEpUHAPHH § HAUMEHOBAHUH, pealn3alus
KOTOpPBIX exeroHo coctasisger 40-50 TOHH.

B mnacrosmee Bpems B crpykrype lLlentpa wumeercs 7 HayyHBIX Jaboparopuid,
aJIMUHUCTPATUBHO-YIIPaBICHYECKHd anmapar, ¢uiman B r.Ke3butopaa u MHUKpOOHOIOTHYECKUH
3aBoj «IIpompbitienHas Mukpooduonorusi». B mrat Lentpa Bxoast 150 corpynuukos, Bkirodas 10
JOKTOPOB Hayk, 28 xaHaumara Hayk, 9 mokropa ¢unocopuu (PhD) u 40 maructpo. OOyueHue
npoxoasat 14 PhD-gokropantoB u 3 maructpanta. CpeqHuil BO3pacT COTPYAHHKOB cOCTaBisieT 39
JeT, 55 cnenuanaucToB SBISIOTCA MOJIOABIMU YYEHBIMH B Bo3pacte 10 35 ner. IlepcnexktuBHas
MOJIOJICKb 00ydaeTcsi B Maructpatype u PhD noktopanType, umeer Bce ycaoBHs AJIsi TBOPUYECKON
paboThI 1O PYKOBOJICTBOM OIBITHBIX HACTABHUKOB. E3KEroHO TadaHTIMBBIX MOJIOABIX YUEHBIX IO
uHunuatuse A. K. CagaHoBa noompsitoT UMEHHbIMH npeMusiMu (akageMukoB A H. WnsnernuHosa
n X. XK. XKymaroBa) 3a cueT BHEOIOIKETHBIX CPECTB.

OnHMM U3 OCHOBHBIX 2JIEMEHTOB MHHEPAJIBHOIO NMHUTAHUSA CEbCKOXO3SMCTBEHHBIX KYJIBTYP
aBigeTcs a3oT. HemoctaTok a30Ta BHI3BIBAET CYILIECTBEHHYIO 33/1€PKKY POCTa U Pa3BUTHUS pacTCHU,
B CBSI3U C ATHUM, KPYNHBIM JOCTH)KEHHEM KOJIJIEKTMBA MHKPOOMOJIOTOB SBMJIMCH pa3paboTka U
BHenpeHue  OuoynoOpenus «PuzoBut-AKCy», KOTOpBIM HakamimBaeT OHMOJOTMYECKHM a30Ta
KIIyOeHbKOBBIMH OAaKTEpUSMHU U3 aTMOC(HEPHOTr0 BO3/lyXa B KOpHEBOI cucteme. B cpetHemM moBbImas
YPOXKaHHOCTh KOPMOOOOOBBIX KyJIbTyp (Ha 5-7 1/ra) U IUIOJOPOAME TIOYB 33 CUET HAKOTUICHHS
OMOJIOTMYECKOTO a30Ta.

Jlis monydeHusi BBICOKHUX YPOXKAeB CEIbCKOXO3AMCTBEHHBIX KYJIbTYpP B IOUYBY €XKETOJHO
BHOcUTCS B cpeiHeM 100-120 kr/ra pocopHbIX y1oOpeHuit, U3 HUX TOCTYIHO JUIsl pacTeHUI BCEero
8-10%, ocTanpHasg 4yacTh 3TUX YAOOPEHHUI HAKalJIMBAaeTCs B MOYBE KaK «MEPTBBIM Tpy3» H
NEepeXoaUT B HEOOCTYNHYI0 (opMy, T.e. ¢ochaThl, BHOCUMbIE B MOYBY B BHJE MHUHEPAIbHBIX
yA0OpeHuH, yCBaBAIOTCSI PACTEHUSIMH C OYEHBb HU3KOHW 3(PEKTUBHOCTHIO.

B cBA3u ¢ 3TMM, OJHUM U3 aIbTEPHATUBHBIX IYTEH BOCCTAHOBJICHUS IUIOAOPOJUS MOYBAM
SBJIAIOTCST OMOJIOTUYECKUE METObl, C HCIOJb30BAaHHEM OHONpEnaparoB Ha OCHOBE Pa3IUYHBIX
MHUKPOOPIraHu3MoB. B npupose Toiapk0 oHM 00J1a/1a10T CIIOCOOHOCTHIO EPEBOIUTH HEPACTBOPUMBIE
MUHEpPAJIbHBIE COETMHEHUS B JOCTYIHYIO (OPMY /171l MUTAHUS PACTEHUH.

VYuensiMu LlenTpa paspabotan Ouornpenapar «Docdobarmpun-ACy», KOTOpHIH mpeaiaraer
Han0oJiee BBITOJHOE M SKOJOTUUYECKH Oe30IacHOe TMOBBIIEHHE ycBosiemocTH (ocdopa 3a cuer
bochaTMOOIITH3UPYIOMUX MUKPOOPTaHW3MOB, HAKOIUICHHOTO TOoJaMH W 0€3 JOMOJHUTEIHHOTO
BHECEHHS B TIOUYBY MHHEpalbHO-(hochopHOro ynoopenus. B pesynbrate ux npumenenus 20-30%
TPYAHOAOCTYNHBIX (hopM (hocdaToB npeBpariaioTcs B JOCTYIHBIE paCTEHUAM coenHeHus Gochopa
3a OJIMH BETeTAllMOHHBINA NEPUO/ MOBBIIIAsE YPOKAWHOCTD CEIbCKOX03IHCTBEHHBIX KYIBTYP.
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Hcnonb3oBanue OmonpenapatoB «PuzoBut-AKC» n «@Pochobdanepun-AC» 3KOHOMUYECKH
BBITOHO (B 25 pa3 JienieBiie) U MOJIHOCTHIO 3aMEHAIOT HEOOXOAUMOCTh IPUMEHEHHE MHUHEPaTbHBIX
yIoOpeHuit.

OnHoil M3 TpaguUMOHHBIX OTpacieil cenbckoro xossiictBa Kazaxcrana sBisercs
’KHUBOTHOBOJICTBO. J[JIs1 €ero yCTOWYHMBOTO pa3BUTH, OOECleYeHUs BHYTPEHHHMX MOTpeOHOCTEH B
KUBOTHOBO/JYECKON MPOAYKIMU U TOBBIIICHHUS SKCIOPTHOTO TMOTEHIMAa, IEPBOCTEIIEHHOE
3HAaYECHUE UMEET CO3J[aHNe YCTOMYNBOI KOPMOBOM 0a3bl.

B mpou3BOJICTBEHHBIX YCIOBHSX MpPH BbIPAIIMBAHUU MHOTOJETHHUX KOPMOBBIX 000OBBIX
KYJIbTYp — JIOHHHMKA U JIOLEPHBI CYHIECTBYET CEpbEe3Has MPoOIeMa HU3KOM BCXOKECTU CEMSH U3-32
TBEpPAOH 00OJOUYKH, MPENSATCTBYIONIEH MPOPACTAaHUIO BCXOAOB. B pe3ynbrare yero KpecThsHCKHE
XO035HICTBa MOJIY4al0T HU3KYIO YPOXKANHOCTh ATUX KYJIBTYP.

Jlnia perieHust 3TOro Bompoca HaMu pazpadotan Ouomnpenapar «Durobauupun». [lpu Hopme
BBICEBA CEMsIH IOHHMKA ¥ JTro1iepHbI 18-20 kr/ra, 6e3 00paboTku OuomnpenapaTtomM BCXOJUT TOIBKO Y4
CeMsiH, T.e. IPOpPACTAlOT BCEro JUIlb 4-5 Kr ceMsH, ocTajbHas 4acTh norubaer. [IpeamnoceBHas
obpaboTka Ouomnpemnaparom «PuTOOAMPUH» MOBBINIACT WX BcxokecTh 10 80-90% wu cHukaer
pacxona moceBHoro marepuana a0 10 kr/ra. DKOHOMHS, TOJIBKO 33 CYET MOBBIIIECHUS BCXOXKECTU
CEMSsIH, COCTaBIISIET 12-14 ThIC. TEHTE C OJHOTO TeKTapa.

Jns  ykpervieHHss  KOPMOBOM  0a3bl  KMBOTHOBOJACTBA  HEOOXOAMMO  3aroTOBKa
BBICOKOKAUECTBEHHBIX CHUJIOCOBAHHBIX U CEHAaXUPOBAHHBIX KOPMOB, KOTOPBIE JIOJKHBI 3aHUMATh
OCHOBHOI yAENbHBIM BeC B 3UMHHMX pPallMOHaX CKOTa, O0cOOeHHO B Tex pernoHax (CeBepHbId U
Hentpansubiii Kazaxcran), rie 3MuMHHAM TIEpUOJ COCTaBisgeT 6-7 mecsieB. i pemeHust JaHHON
npoOJieMbl  OpPraHM30BaHO TMPOM3BOACTBO M peaju3alus HOBBIX  CHEIHATU3UPOBAHHBIX
OaxkTepuanbHbIX 3akBacok «Ka30mocwin» 171 KOHCEPBHPOBAHUS PA3IUYHBIX KOPMOB. JlaHHBIN
npenapaT akTUBHO HCIIONIb3yeTCs JKUBOTHOBOTUECKMMHU X03siiicTBamu B 11 obnactsax Kazaxcrana, ¢
HCIOJIb30BaHNEM OMOKOHCEPBAHTOB 3aroTaBIIMBAETCS €XKETrOJHO OKOJIO 1 MJIH. TOHH cuioca u
CeHaxa.

[Tomumo Bompoca o0ecnedeHuss MOJHOLEHHBIMU KOpPMaMH, €€ OJHOM MpoOieMoH,
HaHOCSIIEH OO0NbIIoi yIepd >KUBOTHOBOAYECKHM XO3SHCTBAM M HYKJAIOLIECIHCS B pEIICHUH,
SABJIAIOTCSL  OOJIE3HM MOJIOAHSIKA. B nmepBele ABe Hemenu HKU3HM, MaaeX MOJOJTHSKA
CENIbCKOXO03SMCTBEHHBIX )KMBOTHBIX U MTHUI[ OT CMEIIAHHBIX KUIIEYHBIX WHGeKuud nocturaet 30-
40% (u3 100 romnos 35-40 moru6arot). s ux npoduaakTUKU U JeyeHus: pa3padoTaH MpOOHOTHK
«ITouIaKTOBUT» HAa OCHOBE MOJIOYHOKUCIBIX U MPOMTMOHOBOKUCIBIX OakTepwii. JlelicTBue 3TOTO
MpoOMOTHKA OOYCJIOBJIEHO IOAABJIEHHEM pPOCTAa MATOI€HHBIX U YCIOBHO-NIATOT€HHBIX
MUKpPOOPTaHW3MOB U CTUMYJALMEH HWMMYHHOM CHCTeMBbl >KMBOTHBIX. [Ipemapar ycmemHo
peanmusyetcs B 14 obnactax Kazaxcrana. B pe3ynbrare ero mpuMeHEHHs] COXPAaHHOCTH MPHUILIOIA
cocrasiseT 100%.

Emie onnuM Ouonpemnaparom, JUisl KCMIOJIb30BaHUS B )KHBOTHOBOAUECKHUX XO3SHUCTBAX SBISETCS
KopMmoBast ~ noOaBka  «beHTo0ak». IlpoOmoTMK Ha  OCHOBE  MPONHMOHOBOKHCIBIX U
LEJUTIONIO30JIMTHYECKUX OaKTepHil, yiaydllaeT mepeBapuBaHUS IpyObIX KOPMOB M ONTHUMU3UPYET
MpOIIeCChl OOMEHa BEUIECTB Yy CEIbCKOXO3SWCTBEHHBIX JXKMBOTHBIX W MTHII, YTO MPHUBOIUT K
MOBBILIEHUIO CPEHECYTOYHOIO MPUPOCTa KUBOM Macchl. «beHToOak» ycmemmHo peanusyercs B 9
obnactax Pecniybnuku. B pesynbTate mpuMeHeHus Ouornpenaparta, B 3aBUCUMOCTH OT pallMoOHa U
MOPOJIbI ’)KUBOTHBIX, CPETHECYTOUHBIN npuBec cocTaisieT B cpeaneM 800-1200 r., mpu yMeHbIIEHUH
3arpat kopMma Ha 5%.

B PecnyOnuke BBICOKUMHU TE€MIIaMU pa3BHUBaeTcsl He(TsAHAs MPOMBIIUIEHHOCTb, Mpobiema
3arpsi3HEHUST OKPYXKAIOIICH Cpeibl B MeCTax JOOBIYM CTOMT BEChMa OCTPO. B CBS3M ¢ 3TUM BaxKHOU
3ajauyeil SABISETCS CO3/aHue OMONpenapaTroB, CHOCOOHBIX AaKTHBHO pasjlaraTb 3TH COEAMHEHUS,
TpeOyIomuX OBICTPOTo ¥ KBATU(PHUITUPOBAHHOTO PEIICHUS, B TOM YHCIIE OMOIOTMYeCKUMH METOIAMH.
Cotpynuukamu LlenTpa co3man BeICOKO3(PhEKTHUBHBIN OaKkTepuanbHBIA Mpenapar cepun «bakoiia-
KZ» nnst MUKpOOHOIOTHYECKON OYUCTKH TTOYBBI, BOJJOEMOB U MPOMBITINIEHHBIX CTOKOB OT He(DTSHBIX
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3arpsizHenuil. C ucnonp3oBanueM Ouomnpenapara «bakoitn-KZ» exxerogno ounmaercst 100-150 ra.
HedTe3arpsisHeHHOro rpyHra B 3anaaHom Kazaxcrane. [Ipenapar nemieBiie 3apyOeKHbIX aHAJIOIOB,
IIPU ATOM MPEBOCXOAUT UX O 3PPEKTUBHOCTH.

dapmMareBTUIECKU PHIHOK — BOKHBIA CEKTOP AKOHOMHUKH JTFOOOM CTpaHbl, KOTOPBIN CITY>KUT
KpUTEPUEM €€ SKOHOMMYECKOTO U COLMAIBHOIO Ppa3BUTHS, I10KAa3aTelIeM HWHHOBALMOHHOCTU
9KOHOMHMKHU. CerojHs peajpHas [0Ji1 OTEUECTBEHHBIX IIPENapaToB Ha Ka3axXCTAaHCKOM pPBIHKE
COCTaBJISAET JUIIb OKoNo 11%, 4TO mouTH BABOE HUXKE YPOBHS, peKoMeHAoBaHHoro BO3 s
obecriedeHuss  crparernyeckoil  OesomacHocTH — cTpaHbl. Ilpm  3TOM,  OTedecTBEHHbIE
(apMIIpoON3BOIUTENN BBIMYCKAIOT IPOCTHIE JICKAPCTBEHHBIE CPEJACTBA — AHTHUCENTHKH M Tak
Ha3blBa€Mble TaJICHOBBIE Ipenaparbl (HACTOMKM M SKCTPAKThl M3 PACTUTENBHOTO ChIPbs), WIU
IpernapaThl -HKEHEPUKH Ha OCHOBE CyOCTaHIIMH, 3aKylTaeMbIX 3a pyOe:koM. MHOTHE OTeYeCTBEHHBIE
(bapMKOMIIAaHUN 3aHUMAIOTCS JIMIIb TAOJETUPOBAHUEM HMMIIOPTHBIX CYOCTaHLMM, TaK 4TO CIOBO
«OTEYECTBEHHBII» K JaHHBIM IpenaparaM MajJonpuMeHHMO. OpHUTMHajIbHbIE OTEYECTBEHHbIE
JIEKapCTBEHHBIE MTPENapaThbl IPAKTUUECKU HE POU3BOJATCS.

To, uro peiHOK (apmareBTHUeCKHX TpernaparoB B Kaszaxcrane mouyru Ha 99 % 3aHAT
UMIIOPTHOM MpOJyKUMEH CBUAETENbCTBYET O KaTacTpo(uyeckoil Hepa3BUTOCTH OTEYECTBEHHOTO
cekTopa (apMHHAYCTpUU. A Bedb o0OecredeHUue CTPaHbl COOCTBEHHBIMH JICKAPCTBECHHBIMH
CpeACTBaMH SBJSIETCS HE TOJBKO MPOOIEMOM 3ApaBOOXpPAHEHUS U HKOHOMHKH, HO U BOIPOCOM
HAIlMOHAJIBHON 0€30MacHOCTH.

Ocy1iecTBieHbl MEPONPUATHS, HAllpaBJIEHHbIE HA BHEIPEHUE B MEIUIUHCKYIO MPAKTUKY U
OpraHM3alMI0 IPOU3BOJICTBA EAMHCTBEHHOI'O, OTEYECTBEHHOIO OPUIMHAIBHOTO MEIULUHCKOIO
npenapara «PozeopyHruH-AC» - 3T0O  OpUTMHAJIBHBIA JIEKAPCTBEHHBIH IpenapaT LIMPOKOTO
CHEeKTpa JEHCTBUS JUIsl JIEYEHHsS] MOBEPXHOCTHBIX MHKO30B pPa3jiNM4HOM 3THONOrMM. [J1aBHBIM
MPEUMYIIECTBOM IpernapaTa MO CPaBHEHUIO C HUMIIOPTHBIMHU HPOTUBOTPHUOKOBBIMU CpPEICTBAMU
SBJIIETCS OTCYTCTBHE K HEMY YCTOMUYMBBIX (opM BO30yAuTENed, KpaTKUW KypCc U BBICOKas
spdexTuBHOCTh JieueHus. B 2017 roay npenapat "PozeopyHruH-AC» BKIIOUEH B
I'ocynapcrBennsiii Peectp nexkapctBennsix cpencts PecriyOnnku Kazaxcran. B 2018 rony npenapar
«Pozeoynrun-AC» Bomen B IlepedeHp nekapcTBeHHbIX cpeAcTB KiMHHYECKOro mnpoToKoJia
nuarHocTuku u jedeHus nepmaroputuii M3 PK na 2019-2023 roasl. B 2019 roay mpenapat
"Po3eoynrun-AC» BkmodeH B coctaB Kaszaxcranckoro HammonansHOro JlekapcTBEHHOTO
®opmynsapa (KH®D) B nHacrosiiee BpeMsi akTUBHO peaM3yeTcsi yepes anTeuHble cetu PecnyOnuku.

Ha Bce mpousBogumble npenapaTel uMeErOTcs, nareHTsl PK Ha mraMMmel, Ha npenapartsl,
CIOCOOBI MMPOU3BOICTBA, TOBAPHBIE 3HAKU, cepTUdUKaT o npoucxoxaeHuu npoaykuuu (CT-KZ) u
ceptudurar coorsercTBus npoaykuuu. C 2020 muxpoOuonorndeckuit 3aBoja «IIpomblnuieHHas
MUKpPOOHOJIOTHSI» 3aperuCTPUPOBAH B peecTpe oTedecTBeHHbIX NpousBoauteneii Topapos HIIIT PK
«Atameken» (Munycrpuaneubiii ceptupukatr Ne 102 0 00101 - 8 OGuompenaparoB BHECEHBI B
peecTp).

CeroHsi OTE€YECTBEHHBIN PBIHOK, MPAKTUYECKU IO BCEM BHMJIaM HAYKOEMKOM NMPOAYKLIUHU U
YCIIYT, 3aHAT KPYIHBIMU 3apyO€KHBIMH KOMIIAHUSIMU, YTO CO3/Ia€T TOTAJIbHYIO 3aBUCUMOCTh CTPaHbl
OT UMIIOpTa M TpPEJCTaBIseT Yrpo3y ee HalMoHaIbHOW Oe3omacHocTH. Berymnenne Kazaxcrana
B EBpaswuiickuii sxonomuueckuii coro3 (EADC) u BTO emie mmupe oTKphIBaET ABEPH JIJIT HMIIOPTHOM
NpoayKIMH. Pe3ynbrarel nesTenbHOCTH LeHTpa 1o ImpakTHUYecKON pealn3allii CXEMbl «HaydHas
ujiesi — TEXHOJIOTHS — BHEJIPEHHE — KOMMEepIUaIn3alysh JoKa3bIBaloT, 4YTo Hayka Ka3zaxcrana Moxer
ObITh KOHKYPEHTOCIIOCOOHOH M BHOCHUTH JIOCTOMHBIM BKJIQJ B pPa3BUTHE SKOHOMHUKU CTpaHBI.
I'pamoTHO BBICTpOEHA paboTa M0 KOMMEPLUATU3AINHN PE3YIbTaTOB HAyYHBIX UCCIIEAOBAHUN B CBSI3U
C TOTPEOHOCTSIMH pealIbHOM SKOHOMUKH, KOTOPast IPUHOCHUT OIIYTHMBIE IIOJIbI U TA€T YBEPEHHOCTH,
YTO OT€YECTBEHHAsI YKOHOMHKA UMEET BCE IIAHCHI AJIs JAJIbHEHIIEro pa3BUTHs 110 MHHOBALIUOHHOMY

IIyTH.
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ITPOBJIEMA MOHUTOPUHT A PA3BUTHS BOJIE3HEN
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AHHOTaUUsA. BoJje3HH CenbCKOXO3SHUCTBEHHBIX KYJIBTYp SIBISIOTCS OJHHUM M3 OCHOBHBIX
(aKkTOpOB, CACPKHUBAOIINX YCTOMYMBOE DPA3BUTHUE PACTEHUEBOMYCCKOW MPOAYKIIMU B CTPAHE.
MOHUTOPHHT pa3BUTUsI OOJIE3HEW, C KCIOJL30BAHHEM COBPEMECHHBIX METOJIOB, SIBJISCTCS
HEOOXOIUMBIM U 00s13aTETLHBIM KOMIIOHCHTOM CEJIbCKOXO3SIICTBEHHOTO TIPOU3BOJICTBA.

Knrwouesvie cnosa: Oonesnu pacmenuil, mecm-cucmemvl, NuleHuyd, s0OI0Hs, BUHOSPAO,
Kapmodgens

[IpobGnema pa3Butus OoJie3HEH CENbCKOXO3ANMCTBEHHBIX KYJIbTYp SBISETCS OJIHOM U3
OCHOBHBIX (PAKTOPOB CEP>KUBAIOLINX 3((HEKTUBHOE TPOU3BOACTBO PACTEHUEBOAYECKON MTPOAYKLIUU
B pecniyouuke. [1o nanubiM @AO exeroaHble MUPOBBIE IOTEPU ypoKast OT O0JIe3HEHN U BpeauTenei
CEJIbCKOXO3SMCTBEHHBIX KYJIBTYP BBIPOCIH C 52,2 MJIH.T. YCIOBHBIX 3€PHOBBIX equHUI] B 1986-1990
rr. 10 75 maH. T. B 2005-2015 rr. AnanoruuyHas TEHJAEHLUS YCUJIEHHS HUX BpPEJOHOCHOCTU
Habmonaercs u B Kazaxcrane. [Tpu 3TOM pa3BuTHE CUCTEMBI (PUTOCAHUTAPHOIN 0€30M1aCHOCTH B
pecnyOiivKe He BCerja COOTBETCTBYET MEXIAyHapOAHbIM CTaHaapTaM. B yacTHOCTH, UMEET MecTo
HE/I0CTaTOYHBI 00BEM MEpPONPUATHI MPOTUB 0COOO0 OMACHBIX OOJIe3HEH CeNbCKOX03AHCTBEHHBIX
KYJIbTYpP, OTCYTCTBHE COOCTBEHHBIX MPOU3BOICTBEHHBIX U JJAOOPATOPHBIX MOMEIIEHUH, OTCYTCTBUE
KaJpOBOr0 MOTEHIMaNa U Jp. Bce 3To nmpuBoauT HU3KOM 3(hGEKTUBHOCTH (DUTONATOIOTHMYECKON
paboThl, 0OCOOEHHO MOHUTOPHHIA PACHPOCTPAHEHHOCTH M BPEIOHOCHOCTH OMNACHBIX OoJie3HEH
pacTeHui.

B nanHOM nokiazie Mbl XOTEIH HE TOJIBKO OOO3HAYUTH MPOOJIEMY pa3BUTHUS OOJIE3HEH psiga
CEJIbCKOXO35MCTBEHHBIX KYIbTYp B KazaxcTane, HO M IPEJIOKUTH IIYTH €TO PELICHUS.

[IponoBonbcTBEHHAsT OOECIEUEHHOCTh W OMO0€30IacHOCTh CTpPaHbl, B IEPBYIO OYEpElb,
ONIPEAEIAIOTCA KOJWYECTBOM 3€PHOBBIX, B YACTHOCTM MUICHWIBI, NPUXOMALIMXCA HA IYyIIy
HaceneHus. I[lnomane Bo3nenbiBaHus 3TOW KynbTypbl B PecnyOnuke cocraBnser 11-12 muH. ra,
OCHOBHBIMM pailoHamMu mpousBojcTBa sBisAtoTcss Cesepo-Kazaxcranckas, Kocranaiickas un
AKMOJIMHCKAst 00JIaCTH, T/I€ COCPeIoTOUeHO 0K0JI0 80% OCHOBHBIX MOCEBHBIX IIomaaei. OMHUM 13
(bakTOpOB, CIAEPKUBAIOLIUM YBEJIWYEHHE MPOU3BOJACTBA 3€pHA MIIEHUIbI, KaK JJIsi BHYTPEHHETO
MOJIb30BaHUS, TaK U JJIsl KCIIOPTa, IBJIAIOTCS 00JI€3HU, BbI3bIBa€Mble OaKTEpUATbHBIMUA  TPUOHBIMU
rnaroreHamMu. E>KerogHo 3epHOBBIMHM KyJbTYpaMHM 3aceBaroTCs mopsAnaka 15,5 MiH. rexkrapoB H
IIPOU3BOJUTCS OKOJIO 17 MIIH. TOHH 3€pHa, U3 KOTOPBIX IPUMEPHO § MIJIH. TOHH BBIBO3UTCS Ha
skcropT. OgHAKO TOTEpH ypoxkas MIIEHWIbI B pecnyOnuke oT Oosie3Hell B IMOCIEIHHE TOMAbI
nocturatot 25-30%. Ilotepst ypoxkas — 3TO SKOHOMHYECKUH (PaKTOp, U OH CHJIBHO BIUSET Ha
YCTOMYHMBOCTD Pa3BUTHS CENbCKOXO35MCTBEHHOIO TPOU3BO/ICTBA.

OpnHOl M3 OCHOBHBIX INPUYMH BBICOKMX IIOTEPh ypokas 3epHa B Kazaxcrane sBuseTcs
MHTEHCUBHOE pa3BUTHE IPUOHBIX O0Jie3HEN MIleHUIbl. MI3BeCTHO, UTO MO/ BIUSIHUEM aOMOTUYECKUX
U OnoTHYeCKHX (aKTOPOB B MPUPOJAE MPOMCXOIAT IMOCTOSHHbIE HM3MEHEHHsI pacoBOr0 COCTaBa
Bo3Oynutenelt Oosne3neld. CoznaHMe HOBBIX COPTOB MIIEHUIBI C pazHOOOpa3HeM I0 TeHaM
YCTOMUMBOCTH K OOJIE3HU M pa3MeIlleHHe WX Ha TEPPUTOPHH PACIPOCTPAHEHHs OOJE3HM SIBISETCS
OCHOBHBIM CITOCOOOM 3alTUThI pacTeHU. ExxeroHbIii MOHUTOPUHT HanOoJiee OMacHbIX 0oJIe3HEH 1
aHaJIN3 CTPYKTYphl MOMYJSALUNA IAaTOr€Ha I03BOJISIET OLEHUTh JUHAMMKY MX HM3MEHUYHMBOCTH U
BBISIBUTH U30JIAThI C HOBBIM CIIEKTPOM BUPYJIEHTHOCTH.
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HccnenoBanus MO MOHUTOPHUHTY U M3YYEHHUIO CTPYKTYPHI TOMYIISAIUNA P>KaBUNHHBIX TPHOOB
COTPYIHUKAMHU HHCTUTYTA ipoBoaAuiuch 10 et Hazaa. OIHaKO B HACTOAIIEE BPEMS pacOBBIN COCTaB
[IaTOTEHOB  3HAYMUTEIbHO HW3MEHMJICS, II03TOMY HEOOXOIMMBI HOBBIE MCCIENOBAaHUS C
HCIOJIb30BAHUEM COBPEMEHHBIX T€HETUUECKUX U MOJIEKYJISPHBIX MOJIXO0/I0B.

OnHa W3 OCHOBHBIX NMPHYUH HemoOopa ypoxkas mnmeHuisl B Kasaxcrane — Gomne3Hu ¢
BO3JyIIHO-KAanenpHOo wuHpeknueil. M3BeCTHO, 4YTO [IOMHUHHpYIOIIEE IIOJIOKEHHE B COCTaBe
[IATOTEHHOTO0 KOMIUIEKCa IMIIEHUIIBI Ha Iore M 1ro-socroke KazaxcTaHa 3aHMMarlOT p)KaBUMHHbBIE
rpuObl (OkenTas, crebneBas W Oypas pKaBYMHA), a TakKKe OOJIE3HH JIMCTOBBIX ISITHUCTOCTEH
(mupenodopo3s u centopro3). bompioe pacnpocTpanenue cpeau 6oae3Hel MIISHHUIBI Ha 0Te U I0ro-
BocToke KazaxcraHa 3aHuMaeT xenras p)kaBuUMHA MIUeHMIBI Puccinia striiformis West. [lotepu
3epHa OT JKENTOM p)KaBUMHBI MIIEHUIBl BapbupyloT oT 10 go 70%, B 3aBUCHMOCTH OT
BOCIPUUMYHUBOCTU COPTa, CPOKA Pa3BUTHS MH(EKIUU, MPOJOJLDKUTEIILHOCTH U YPOBHS Pa3BUTHS
0ome3uu. [IpnanHO# BpeTOHOCHOCTH 0OJIC3HU B IMUPOKOM JIMANIA30HE KIIMMATUICCKIX 30H SIBIISCTCS
BBICOKasi BapraleIbHOCTh MAaTOT€HA U €ro CIOCOOHOCTh K MUTpaluu. BpenoHOCHOCTh piKaBUMHBI
3aKJII0YAeTCs B YMEHBLICHUM ACCUMWISLIMOHHOM IOBEPXHOCTH, BO3pPAcTaHWU TpPAaHCIHpPALUH,
YMEHBILICHUU HAKOIJICHUSI OPraHMYECKOro BemiecTBa. B pesynbrare oOpasyercs HIYIMJIOoe HU3KO-
HaTYpPHOE 3€pHO, YTO OTPULATENIFHO CKa3bIBaeTCS Ha XJeOONeKapHBIX MoKazarensx. Bo Bpems
snuaemMun 2009-2011 rr., OOIBITMHCTBO Ka3aXCTAHCKUX KOMMEPUYECKHUX COPTOB IIIICHMIIBI, TAKUX,
kak CreknoBunHas-24, [Iporpecc u XKeTpicy B 3HaUUTEIBHONW CTENIEHU ITOPAYKAIOCH PKABUMHOM (10
30-40%). Ha tepputopun KazaxcTana maToreH BCTpEYaeTcs MOYTH €KEr0JHO, UCKIIoYasi KpaiHe
3aCyILIMBbIE TOAbl. BOJBIIMHCTBO M3 3aperHCTPUPOBAHHBIX B KaTaJOre I'€HOB YCTOMYMBOCTU K
KENTON prkaBUMHE CTaHOBATCS HedddekTuBHbIMU. Ocobasi omacHOCTH 00se3HU O00yCIOBIIEHA
CIIOCOOHOCTBIO MATOreHa K MyTalMM M OBICTpOM CMEHe TeHepalMil, 4YTO YCKOpSEeT
pacooOpa3zoBaTeNbHBIN MpoLIEcC.

B ceBepnom pernone Kazaxcrana B 1990-2017 rr. snudurotuitHoe pazsutue 0ypoi pKaBunHbI
(Puccinia recondita Rob.et Desm f tritici Eriks) u centoprno3a HaOMOJAETCS MOYTH KaXJIbIi TOI.
3a0osieBaHue BCTpevaeTcsl Ha Beel Teppuropun Kazaxcrana, rie BO3/eNbIBaIOT SIPOBYIO U 03UMYIO
MIIEHUILY, B T.4. U B 3aCyILIUBBIX 001acTax — Kespuiopaunckoit, [lIsiMkenTckoit, Kaparanannckoi
1 CeMUNIATaTHHCKOM.

[Tupenodopo3 mmenuns (Tan spot, TS), Bo3Oyaurenem kotoporo sBisercss Pyrenophora
tritici-repentis (Died.) (PTR), siBnsercs oaHoi u3 Hanbosee BPETOHOCHBIX 3a00JIEBAHHI MSITKOM
(Triticum aestivum L.) u tBepmout (7. turgidum L. var. durum) mnIEHUIBI BO MHOTHX
CEJIbCKOXO3SIICTBEHHBIX pernoHax Mupa, Bkirodas Kazaxcran. Orta 00le3Hb OTHOCUTCSA K YHUCIY
HauboJiee pacrpoCTpaHEHHBIX U COBMECTHO C CENTOpUO30M (Septoria nodorum u Septoria tritici.)
00yCJIOBITMBAET MOTEPH yposkast oT 5 110 25%.

Jiis oBbieHus 3 PEKTUBHOCTH CENEKITNH Ha YCTOMYUBOCTE K OYpOI U KENTOH pKaBUMHE U
00s1e3Hel JIMCTOBBIX MATHUCTOCTEW MIIEHULBI HEOOXOAWMO MPOBOAUTH €XKETOJIHBI MOHUTOPHHT
Pa3BUTHS U paclpoCTpaHeHHs OOIe3HEN sl ONpeNieieHusl YPOBHS OMAacHOCTH BO30yauTeneit. 1o
MTO3BOJIUT OLEHUTh JUHAMHUKY U3MEHYMBOCTH MOMYJISIUHU TATOT€HOB, ONPEAEIUTh U30JISThI C HOBBIM
CHEKTPOM BHUPYJIEHTHOCTH U BBISIBUTH MEPCHEKTUBHBIM CEJNEKIIMOHHBIA MaTepuas MIIEHULIBI,
XapaKTepU3yIoIIMiicsa pa3HOOOpa3ueM 10 reHaM YCTOMYMBOCTH K 00JIE3HH, a 3aTeM pa3MellaTh UX Ha
TEPPUTOPUU pacTpocTpaHeHus 60ae3HU. [10CKOIbKY MO/ BIUSHUEM a0MOTHYECKUX U OMOTUYECKUX
(akToOpoB B MPHUPOJE MPOUCXOIAT MOCTOSIHHBIE H3MEHEHHUS pPAacoBOTO COCTaBa BO30yauTenen
0ose3Helt, He0OXOAUM PETyNSIPHBIA MOHUTOPHHT U aHAIIM3 CTPYKTYPHI MOMYIALIUNA MaToreHa. JTo
MO3BOJISIET OLICHUTHh JWHAMHUKY H3MEHYHMBOCTH DPACOBOTO COCTaBa B IMOMYJSLUU U OINPEAETUTH
M30JIATHI C HOBBIM CIIEKTPOM BUPYJIEHTHOCTH.

B HacTosAmmii MOMEHT, BHPYCHl 3aHHUMAlOT BTOPYIO MO3UIMIO TOcCje I'puOOB IO CTENEHU
BPEOHOCHOCTH JJIsl CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYp. OKOHOMHMYECKHE IOTEPU OT BHUPYCOB
pacTeHuii 1o BCeMy MUPY COCTaBIISIOT HECKOJIBKO MUJLTUAP/IOB J0UIapOB exeroqHo. Cpeau HeaBHO
OTKPBITBIX OOJIe3HEN pacTeHMid, BUpycHas HH(ekuus cocrapiset 47% cinydaeB. B Buay Toro, 4ro
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WH(UIMPOBAHHBIE PACTCHHUS BUPYCaAaMH HE TMOJICKAT JICYCHHIO XUMHUYCCKUMH BEIIECTBAMU,
He00X0IMMO CBOEBPEMEHHO 0OHAPYKUBATh MOPAKEHHbIE PACTEHUSI U SJIMMUHHUPOBATH U3 3J0POBOM
nomyssiiud. 11t JaHHBIX 1eNield He00X0JMMO UMETh BBICOKOCTICIIM(PHYHBIC CUCTEMBI OOHAPYKCHHUS,
C MIOMOILBIO KOTOPBIX BO3MOXKHO peain30BaTh KaUeCTBEHHBIN U OBICTPHII aHaIN3, KaK [M0CaI04HOTO
MaTepuana, TaK U pacTeHUil B cajgax, MOJSAX WM Temaunax. Pa3paboTraHHble HaMM CHCTEMBI
oOHapyXeHHs, OCHOBaHHbIE Ha OOpaTHOW TpaHCKpumuu coBMmenieHHoW ¢ [IIIP, mo3BosstorT
oOHapyXUTh HanOoJIee OMACHBIE MATh BUPYCOB SI0JIOHH M IIECTh BUPYCOB BUHOTpaaa. TecT-cucTemsl
MTO3BOJISIIOT OJTHOBPEMEHHO OIpeNeNuTh Apple stem grooving virus, Apple stem pitting virus, Apple
chlorotic leaf spot virus, Apple mosaic virus, Tomato ringspot virus BUpychl si0J10HU U Arabis mosaic
virus, Grapevine fleck virus, Grapevine fanleaf virus-2, Grapevine virus A, Grapevine leafroll virus
-3, Grapevine leafroll virus -1 Bupychl BUHOTpana. /lu3ailH BBICOKOCTICIIU(UYHBIX IpaiiMepoB
OCYILIECTBIISIICS K peTHOHAaM T'€HOMOB BUPYCOB, 00J1a/1al0IIUX BEICOKOW KOHCEPBATUBHOCTHIO BHYTPU
BU/IA U BBICOKOM BapuabeIbHOCTHIO 3a npeaenaMu Buaa. OCHOBHBIMU NEPCIIEKTUBHBIMU PETMOHAMU
JUIsl AM3aiiHa npaiMepoB sABIsUIMCH reH, koaupyromuii PHK-3aBucumyro PHK-nonumepasa u res,
KOJUPYIOIIMHA KarcuaHblid Oenok. s xaxaoro Bupyca paspadarbiBaioch 1o 3 mpaiiMepa, OJuH
npaiiMep UCHONB3YyeTCsl s TPOBEACHHS OOpaTHOM TPAaHCKPUIIMK C LEJIbI0 IMOBBIIICHUSI
YYBCTBUTEIBHO TecT-cucTeM. CHCTeMbl OOHapy)KeHUs BHUPYCOB OBUIM ampoOWpOBaHBI Ha
pacTUTENHFHOM MaTepHalie ¢ MPU3HAKaMH 3apaKEHUS U Ha 3J0POBOM Marepualie. B koMIiekT tect-
CUCTEMBbl  BKJIIOYEH KA4eCTBEHHBIM AaHAIW3 Ha  BbUACIECHHYIO ToTaibHyro PHK  wu3
HKCIIEPUMEHTAJILHOTO MaTepuala, ¢ LeIbl0 YAAJIeHUs JOKHO-OTPULIATEIbHBIX PE3YIbTaTOB U TEM
CaMbIM TIOBBIIIEHHUS KadecTBa cUCTeM OOHapyxkeHus. C momMompio pa3paboOTaHHON CHCTEMBI
oOHapyKEeHHsI BUPYCOB S0JIOHU MPOBOANIICSI MOHUTOPUHT MOCAI0UYHOT0 MaTepHralia, 3aBe3eHHOTO U3
Typuun u Utanuu. B pesynpraTe ananmsa Obuio BbIsIBIEHO 60 % MOCagoyHOro Marepuana,
3apaKeHHOT0 BUpYcoM Apple chlorotic leaf spot virus, 34% Apple stem pitting virus, 30% Apple stem
grooving virus u 2% Apple mosaic virus. TecT-cuctemsl i1 0OHApPYKE€HUS BUPYCOB SIOJIOHU U
BUHOTPAJa UCIHONB3YIOTCS AJIi MOHHUTOPUHTA 3apa)KeHHsl CaJOB W BUHOTPAJHUKOB CTpaHbl. Ha
JAHHBII MOMEHT, C TIOMOIIIBIO0 pa3pabOTaHHBIX TECT-CUCTEM ObLIO TTpoBepeHo cBbiie S00 oOpa3ioB
sI0JIOHU ¥ BUHOTPAJIa Ha HATUYKME BUPYCHBIX MATOTeHOB U3 10 CeNbCKOXO03SHCTBEHHBIX OpTaHU3aI[Hil.
Kpome Toro, pa3paboTaHHbIE TECT-CUCTEMBI 3alIaTEHTOBAHbI U MOTYT OBITh HCIOJB30BaHBI AJIS
cepTu(UKaMM TOCAJOYHOTO MaTepuala, B TOM YHCJIE 3aBE3CHHOTO WH3-3a pydexka s
MPEAOTBPAIIEHUST PACTIPOCTPAHCHHUSI HA TEPPUTOPUHM CTPaHBI OMACHBIX M BBICOKOMATOTE€HHBIX
IITAMMOB.

Kaprodens (Solanum tuberosum L.) cuutaercs 4eTBEpPTON MO BEIUYHMHE B MUPE OCHOBHOM
KyJIbTYpOH MOCIe prca, MIISHUIIB U KyKypy3bl. KapTodeneBoacTBO SBISETCS OJHUM U3 KIIFOUEBBIX
oTpaciieil pacTeHUEBOJCTBA, OIpEAENIoNIee IMPOIOBOJILCTBEHHYIO Oe3onacHocTh Kaszaxcrana.
PecniyOnuka  Omarojaps — NPUPOAHO-KIMMATHYECKUM  yCIOBHSM  OONagaeT  OrpOMHBIMU
BO3MOXXHOCTSIMU B TNPOM3BOJACTBE KapTodens ¢  OONBUIMM  SKCIOPTHBIM  IOTEHIIMAJIOM.
[TpousBocTBO KapTodenss B CTpaHE C KaKIABIM TOJOM pPacTeT B OCHOBHOM 32 CUET YBEIHUCHUS
momaau BozaensiBanus. [log kaprodenem B 2019 roxy 6p110 3aHsATO 20,3 THIC. TEKTapa MPHU ATOM,
BasIoBbIN cOop coctaBui 3912,1 Toic. ToHH. Tak yposkaitHocTs B 2019 roay B pecryOimke cocTaBuia
TOJIBKO JUIIb 19 TOHH C TeKTapa, 4TO SBJSETCS JOBOJBHO HU3KUM MokazareneMm. OIHUM u3
OCHOBHBIX MPUYHH HEAOCTATOYHOU ypoxkaitHocTu Kaptodens B KaszaxcraHe sBIseTCS HH3KOE
KauyecTBO CEMEHHOI'0 MaTepHala, a rIaBHbIM TpeOOBaHMUEM K KaUECTBEHHOMY CEMEHHOMY MaTepuaity
SBIIIETCS OTCYTCTBHE MATOTEHHBIX W KApAaHTHUHHBIX 3a0oneBaHuil. [l TOro 4TOOBI CHHU3UTH
pacmpocTpaHeHus OoJe3Her kaprodens HeoOXOIUMO CTPOro COONI0AaTh CEBOOOOPOT, OT/IABAThH
MpEANOYTEHNEe YCTOMYMBBIM COpTaM, 3aKymaTb CEMEHHOM MaTepuall y IMPOBEPEHHBIX
CEMEHOBOJUYECKHX XO3SIMCTB, a TakXe MPOBOJAUTH (PUTOCAHUTAPHYIO SKCIEPTH3y Ha HaIU4Yue
pa3IMYHBIX OoJe3Hel KapTodens.

B mnactosimee Bpemsi HacuuThiBaeTcss okojio 40 Hambosee pacmpOoCTpaHEHHBIX OOJIe3HEH,
€XKEroJIHbIC MOTEPU YpOXKast OT KOTOPBIX cocTaBisaioT oT 10 mo 70%. Pazmuoxxenue kaptodens
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KIYOHSIMH CIIOCOOCTBYET Tepelade M HAaKOIUICHWIO M3 TOAa B TOA MHOTHX (DUTONMATOTCHHBIX
MUKpooprann3MoB. [lotepu kaptoderns ot 601e3Hel BEIUKH, TOCKOIbKY OH MOKET OPaXKaTbCs UMU
€Ille /10 MOSBJIEHUS BCXOJ0B, BO BpeMs BEreTaluy U B MEPUOJ XpaHEHUs. MHorue Bo30yauTenn
Oosie3Hel CIIOCOOHBI TAK)KE HAKAIIIMBATHCSA U JUIUTEJIBHO COXPAHATHCS B IIOYBE.

OcCHOBHBIMU MH(EKIIMOHHBIMU OOJIE3HAMU KapTo(ens SBISAIOTCSA: TPUOBI, OOMMIETHI,
aKTMHOMMUIIETBI, OAaKTepHM, BUPYCHI, BUPOMUIbl M HEMaToAbl. VX OTIMUUTENBHBIM MPU3HAKOM
ABISICTCA  CIIOCOOHOCTH — MeEpefaBaThCs OT OJHOTO pacTeHuss K Jpyromy. HaumbGonee
pacripocTpaHeHHble TIpuOHble Oone3Hu B Kaszaxcrane 310 QurodTOopo3 u ambTepHapuo3. B
Kazaxcrane ¢urodTopo3 u amprepHapuo3 Kaprodess pacrnpoCTpaHEHBI BO MHOTHUX pPETrHOHAX
BO37eNbIBaHUs KapTodend. PuTopTopo3 3HAUNUTENBHO MOBpeXkAaeT KyinbTypy B I[laBrnomapckoif,
Kaparangunckoi, CeBepo-Kazaxcranckoir, AxmosuHckoii u  Kocranaiickoil — obnacTsx.
AnpTepHapno3 HauOonbliuii Bpen mnpuumHseT B AnMaruHckod, JKamObuickoi, HOxHo-
Kazaxcranckoit 001acTsix, a Takke B 3araiHOM PEruOHE CTPAHBI.

OrpanuumBaroImuM (aKTOPOM YCTONYHMBOTO MPOU3BOACTBA KapTOo(eas BO MHOIMX CTpaHax
SBIISIIOTCS] BUPYCHBIE 3a00sieBaHms. B oTimume ot rpuOHBIX O0se3Hel, BU3yaabHast OIEHKA BUPYCHBIX
OonesHelt 3atpynHeHa. [Ipu 3ToM ceMeHHOHM KapTodenb, Kak IpaBUiIo, cBOOOAEH OT IPUOHBIX U
OaKTepHaIbHBIX 3apPAKCHHUH, IOCKOIBKY pa3MHOXaeTcsa in vitro. OIHAKO 3TOTO HENb3sl C
YBEPEHHOCTbBIO YTBEP)KJIaTh JUIsl BUPYCHBIX OOJIE3HEH.

OcHOBHBIMHU BHPYCHBIMU O0Jie3HsIMU KapTodens B Kazaxcrane sSBistoTcs: BUpYyC KapTodens
Y (PVY), Bupyc kaptodens X (PVX), supyc kaprodens M (PVM), Bupyc kaptodens S (PVS) u
BUpyc ckpyuuBaHus jguctbeB (PLRV). B 3aBucumoctu oT mnopaxkeHus BHPYCHBIMH OOJIE3HSIMU
ypoxxaitHocTh nagaeTr 10 90% Ha NpoU3BOJACTBEHHBIX MOCEBaX. B CBS3M ¢ 3THM, BO3HMKAET OCTpas
HEOOXOMMOCTh MPOBECTH  MAacCHITAOHBI MOHUTOPHUHI  BHPYCHBIX OOJie3HEH B KPYIHBIX
CEMEHOBOUECKUX XO3sCTBaX, KOTOPBIE 3aKyMalOT MUTHBIA MOCAAOUYHBIM MaTepual 3a pyoexoMm
(mo 80%) u BHyTpH cTpanbl (20%). B uncTUTyTE pa3pabaThIBAlOTCS MOJICKYIISIPHBIE TECT-CUCTEMBI
Ha OIpeJielIeHne BUPYCOB JJIsi MAaCIITAOHOIO MOHUTOPUHIA KIYOHEH M BO3/ENbIBAEMbIX PACTEHUMN
KapToders.

Jlnst pereHust npoOaeMbl pa3BUTHsL 00JIe3HEH CeNbCKOX03HCTBEHHBIX KYIbTYP HEO0OX0AUMO
pa3paboTKa W BHEJIPEHUE HOBBIX OMOTEXHOJOTUUYECKHX MOAXoa0B Ha ocHoBe JIHK-Texnomoruii, ¢
1esbi0 3(G(GEeKTUBHON CHCTEMbl MOHUTOPHHIA M MpPEeayNnpexkaeHus Haubojee OMacHbIX Ooye3Hei
CEJIbCKOXO3SCTBEHHBIX KYJIBTYp C Y4E€TOM T€HOTHIMYECKOTo MOTEeHIHMala 00JIe3HeyCTONYNBOCTH
BO3/ICTIBIBAEMBIX COPTOB pAacTeHUWH M  BUPYJICHTHOCTH maToreHoB. Jlnsg  crabunmszanuu
(UTOCAHUTAPHOTO  COCTOSIHUS ~ arpoOMOIIEHO30B  HEOOXOAMMO  HCIOJB30BaTh  KOMILIEKC
(bUTONATONOINYECKUX, T€HETHUYECKUX METOJOB, a TAK)KE€ COBPEMEHHBIX OMOTEXHOJOTHUYECKUX H
MOJIEKYJISIPHBIX pa3paboToK, Takux Kak mMapkepHas cenekuus (Marker Assisted Selection), TP co
cnieuu(UYHBIMU TIpaiiMepaMd U MOJIEKYJISIpHBIE TECT-CHCTEeMBbl Uil HUIAeHTHU(UKanuu Oose3Hen
pactenuii. Pa3paboTrka u mnpuMeHeHue HOBOW 3(()EKTHUBHOW CHCTEMBbl MOHUTOPUHIA ITO3BOJMT
3HAYUTENBHO CHU3UTH 00BEMBI IPUMEHEHHS IECTULIUAOB, YIYUIIUTh SKOJIOTUYECKYIO CUTYaLUIO B
arpoueHo3ax. Kpome Toro, BHeapeHHE OHMOTEXHOJIOIMYECKHX U MOJEKYJISIPHBIX METOJIOB
MOHHUTOpHUHTra OOJIe3HEN MO3BOJIUT 3HAYUTEIHHO MOBBICUTH YPOXKAWHOCTH CEIbCKOXO3AHCTBEHHBIX
KynbTyp Ha 20-25%, 4uto OymeT cmocoOCTBOBAaTh PEIHICHUIO BaXKHBIX BOIMPOCOB, CBS3aHHBIX C
MIPOJIOBOJILCTBEHHOM 0€30MacHOCThIO CTpaHbl. B KoHeYHOM cueTe, HEoOXOAMMO pa3paboTaTh
CTpaTErui0 CUCTEMbI F€HETUUECKOM 3alUThl U YIPABJIEHUS PE3UCTEHTHOCTHIO COPTOB, OCHOBAaHHOM
Ha MOHHMTOPUHTE U TPOTHO3UPOBAHMM pPHCKA DPA3BUTHUA U BPEAOHOCHOCTH OOJe3HEH, cC
WCIOJIb30BAaHUEM CaMbIX MEPEJOBBIX IOAXO0J0B (PUTONATOIOTUM, MOJIEKYISIPHOM T€HETUKH U
OMOTEXHOJIOTHH.
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Biofuels are expected to become some of the major sources of renewable energy and mainly
include cellulosic ethanol, biodiesel, and biogas. Significant attention has been diverted to ethanol
from abundant renewable lignocellulosic feedstocks because of the low cost and good availability of
ethanol [1, 2]. However, this is a very costly process owing to the robust and complex structure of
lignocelluloses, which requires multi-step operations, including pre-treatment, enzymatic hydrolysis,
and fermentation (Fig. 1). Upon hydrolysis, lignocelluloses yield a mixture of monomeric hexoses
(glucose and galactose) and pentoses (xylose and arabinose).

Chemical, heat, Commercial Fermentative
power enzymes microbes

\ \ 2 I I/ CHOH
* Pretreatment Hydrolysis  Fermentation M

Biomass + + / Ethanol
SSF/NSSF/SSCF

Figure 1. Conventional process of ethanol production from lignocellulosic biomass

Biomass pre-treatment destructs the multi-layered cell walls through strong physical forces (e.g.
disc refining, steam explosion) and/or chemical degradation reactions under acidic, alkaline, or
solvent conditions [3]. After pretreatment, the lignin barrier is largely removed, and the
polysaccharides are sufficiently exposed to digestive enzymes (cellulases and hemicellulases) [4].
The third step involves the fermentation of sugars by microbes via different bioprocesses, such as
simultaneous saccharification and fermentation (SSF), separate enzymatic hydrolysis and
fermentation (SHF), simultaneous saccharification and co-fermentation (SSCF), non-isothermal
saccharification and fermentation (NSSF) [5, 6].

To develop an inexpensive process, a different metabolic engineering strategy have been
employed in attempts to enable S. cerevisiae to simultaneously ferment all available sugars in biomass
hydrolysates. For more efficient conversion of xylose to ethanol, either xylose reductase/xylitol
dehydrogenase (XR/XDH) pathway or xylose isomerase (XI) pathway was introduced into S.
cerevisiae strains together with overexpression of the host-encoded xylulokinase [7, 8]. Conversion
of L-arabinose into D-xylulose-5-phosphate is based on heterologous expression of bacterial genes
encoding L-arabinose L-arabinose isomerase (AraA), L-ribulokinase (AraB), and L-ribulose-5-
phosphate-4-epimerase (AraD). Further improvements alcoholic fermentation of these most abundant
pentoses have been obtained through directed-evolution strategies aimed to accumulate spontaneous
beneficial mutation [9-11]. A redox engineering study has revealed that deletion of S. cerevisiae genes
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encoding glycerol-3-phosphate dehydrogenase and expression of an acetylating acetaldehyde
dehydrogenase from E. coli (A-ALD) allows researchers to achieve conversion of inhibitory acetic
acid to ethanol and to eliminate glycerol formation in anaerobic cultures of yeast [12]. Likewise,
recombinant cellulases [endo-1,4-B-glucanase (ENG), exo-1,4-B-glucanase (CBH) and -
glucosidases (BGL)] is expressed as a cell surface displayed or secreted form [12]. In this strategy,
the cellulose is hydrolyzed extracellularly and then the glucose is transported into the cell and
metabolized. Another strategy involves heterologous expression of a cellodextrin transporter and an
intracellular B-glucosidase [13]. The cellodextrin transporter allows cellobiose to enter the cell, where
itis hydrolyzed to glucose by the intracellular BGL and metabolized by the cell. However, the ethanol
yield is not high enough when using engineered yeast strains and further engineering is required to
improve the cellobiose utilization.

One of the main challenges facing industrial bioethanol production from lignocellulose is the
large amount of cellulase enzymes required for the hydrolysis of cellulose. The cost of cellulase alone
is estimated to be as high as 25-50% of the total ethanol production costs. As a strategy for the
dramatic reduction of the enzyme cost associated with cellulosic bioethanol production, a technical
consolidation of cellulase production, saccharification, and fermentation using an engineered
microorganism in a single reactor has been proposed. CBP developments are classified into two
categories: (1) ethanol production by naturally cellulolytic organisms such as Trichoderma reesei,
Clostridium sp., and Bacillus subtilis, and (ii) cellulase production by naturally fermentative
organisms such as S. cerevisiae, Pichia stipitis, and Kluyveromyces marxianus. Because of the
difficulty of introducing the ethanol fermentation pathway into cellulolytic organisms, most of the
CBP developments proposed thus far have focused on the latter category. In general, three kinds of
enzymes are needed to degrade cellulose: endoglucanase (EC 3.2.1.4; EGL), B-glucosidase (EC
3.2.1.21; BGL), and cellobiohydrolase (EC 3.2.1.91; CBH). There are two major CBH classes: those
of the glycosyl hydrolase families GH7 (also called CBH1) and GH6 (CBH2)12. Both classes of
CBHs are used together because they synergistically act in cellulose hydrolysis.

For bioethanol production, tolerance to variations in osmotic stress, product inhibition such as
ethanol, variation in growth temperature, and presence of toxic compounds are important factor to
consider for CBP [14]. Unlike the laboratory S. cerevisiae strains, industrial strains are adapted to
overcome a variety of environmental stresses [14]. In our study, ATCC 24860, Y-1528, Y-2034 and
YB-2625 industrial S. cerevisiae strains (ARS Culture Collection at the National Center for
Agricultural Utilization Research, Peoria, USA) screened for resistance to several, widespread stress
factors by spot dilution growth assay: high temperature, high concentration of ethanol, and various
concentrations of KCl, acetic acid, furfural, and H,O,. All the yeast strains manifested high resistance
to osmo-stress, to varying concentrations of ethanol and furfural, and to high temperatures. It is worth
noting that Y-2034 and YB-2625 yeast strains showed excellent ethanol (up to 16%) and acetic acid
(up to 5 g/L) tolerance as compared with the other strains. Further, Y-2034 strain was chosen for
engineering a single yeast strain to produce all cellulases, including gene of cellodextrin transporters
(CDT-1). First, by means of gene engineering approaches the 3-TEF-ble-GAPDH-a-engl-GAPDH-
a-HA-a-cel6B-GAPDH-a-c-Myc-cel7A-0 integral cassette was constructed, including genes of
endo-B-1,4-glucanase (A. niger), exo-1, 4-p- glucanase (L. edodes, GH7), exo-1, 4-B-glucosidase (L.
edodes, GH6) and phleomycin resistance marker gene (ble). To secrete heterologous cellulases in
yeast, the signal peptide of S. cerevisiae mating factor alpha (MFa) used. Of note that the long
terminal repeats of the Ty element, known as & sequences, are good targets for integration by
homologous recombination, as there are about 425 copies throughout the yeast genome [15].
Selection of the yeast transformants was performed using YPD agar medium containing the antibiotic
phleomycin at a final concentration of 10 pg/ml. The presence of the integrated genes in the yeast
chromosome were verified using PCR. As a result, recombinant Y-2034 yeast strains with various
genes was constructed. Then, we constructed the integral pHO-TEF1-bgl1-PGK1-cdt1-KanMX4-HO
vector containing the sequences encoding the hybrid proteins 3xFlageBGLI and CDT1GFP, with the
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KanMX4 resistance gene and HO loci for integration into the genome of the yeast cell. The HO gene
encodes an endonuclease responsible for initiating mating type switching and initiation of
diploidization of heterothallic yeast [16]. It was shown that deletion of HO locus does not affect the
growth of yeast and nearly more part of industrial and laboratory strains of S. cerevisiae have a
mutation at the HO locus [17-19]. Thus, deleting the HO gene (by replacing with expression cassette)
in diploid industrial S. cerevisiae strains makes it possible to generate a cellobiose-fermenting haploid
strains with stable mating-type, making them amendable for further genetic manipulations. As results,
we have engineered an industrial S. cerevisiae strain co-expressing gene for cellulases and the
cellodextrin transporter for the purpose of improving the efficiency of direct ethanol fermentation
from cellulosic substrates (Fig. 2). It should be stressed that cellobiose is not catabolized by S.
cerevisiae and is not accumulated in the cytoplasm, expression of a functional cellodextrin transporter
gene from N. crassa and intracellular 7. aurantiacus BGLI endow S. cerevisiae with ability to grow
with cellobiose as the sole carbon source. In addition, in this strain, glucose will not accumulate in
the fermentation medium, which is advantageous to prevent or minimize contamination by other
microorganisms. This advantage would be especially useful for long-term, large-scale industrial
applications.

The characteristics of the strains expressing cellulase genes were investigated under anaerobic
growth conditions with cellobiose as the sole carbon source. Recombinant strain was able to grow
and produce ethanol from cellobiose as the sole carbon source. Recombinant yeast strain showed
faster growth, as indicated by the maximum specific growth rates, to eventually reach similar ODs in
the stationary phase. This strain consumed 90% cellobiose within 48 h. The maximum ethanol
production for this strain coincided with the level of consumption of the substrate. Ethanol yields was
0.43, which correspond to 79.9% of the theoretical ethanol yield (0.538 [g ethanol]/[g sugar
consumed]).

The engineered recombinant strain produced 22.44+1.7 g/L ethanol from 60 g/L. Avicel. The
resulting yield was about 0.39 gETOH/gGluc eq, which is 75% of the maximum theoretical yield.
The ethanol yield from wheat straw pretreated by 4% NaOH at 121°C was 5,43+0,1 g/L, which is
still so far from the critical threshold (~40 g/L of ethanol). To increase ethanol yield improvements
of pretreatment technology to make cellulose more accessible to enzymatic hydrolysis need. It is well
known that the dominant hemicellulose polymer in wheat straw is xylan consisting of D-xylose
backbone with different side groups including L-arabinose, D-galactose, acetyl, feruloyl, p-
coumaroyl and glucuronic acid residues [20].
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Figure 2. Schematic representation of engineered recombinant strain

Accordingly, construction of S. cerevisiae strains capable of an efficient xylose, arabinose and
galactose consumption and tolerant toward lignocellulose-derived inhibitors would allow a real
valorization of the hemicellulosic fraction, also can make an actual difference in terms of ethanol
titers.
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AnHoTanusa. [l Havana wuccnenoBaHuid  KyaeTypel  A.ferrooxidansm  A.caldulans
OTHOCHUTEJIBHO, JUIUTENbHOE BpeMs (5 MecsleB) NOAEPKUBAINUCH B XOJIOAUIBHUKE J1a00PaTOPHBIX
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YCJIOBHSIX, TO3TOMY CUHTAJIOCh HEOOXOIMMBIM U3YYUTh UX OCHOBHBIE MIPU3HAKHU: XapaKTep pocTa 1
OKHCIUTENBHYIO CIIOCOOHOCTh Ha JKUJIKOW NuTaTeabHoi cpene CribBepmana u Jlyarpena 9 K.
Knrwoueevie cnosa. Kynomypwr A.ferrooxidans u A.caldulans, cpeoa Cunveepmana u
Jlynoepena.

B xauecTBe 00beKTa UCCIIETOBAHMS CITY>KUITU JIBA IITaMMa aliu10(UIbHBIX XEMOIUTOTPOPHBIX
OakTepuii: A.ferrooxidans n A.caldulans.

OxucnutenpHass CrIOCOOHOCTh HCXOAHBIX IITaMMOB, BbIpamuBaeMbiXx Ha cpere 9K
CunbBepmana u Jlynarpena, ompeaemnsuiach €XECyTOYHO KOMILJIEKCOHOMETPUYECKH B IpoIecce
pocta KyabTyp [1,2]. B 3THX 3KkcriepuMeHTax HCXOJHOE COAepkKaHHe 3aKHCHOTO *keJle3a COCTABUIIO
5,0 r/n. TlomyueHHBIE TaHHBIE IPUBEIEHBI Ha pHC. 1.
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Pucynox 1. CpaBHuTeIbHAS XapaKTEPUCTHUKA OKUCTUTEIHLHOM CTIOCOOHOCTH MCXOTHBIX
mTaMMOB A.ferrooxidans v A.caldulans.

Kak BHIIHO M3 pUCYHKa, OKHCIIEHHE [BYXBAJEHTHOIO JKE€JI€3a OCYLIECTBIISZIOCH MEIJIEHHO B
nepsbie 10-12 cyTok. B oTpe3ok BpeMeHu Ha BTOpbIE CyTKH HanboJsiee akTUBHO OKHCIIEHUE 3aKHCHOTO
JKeJle3a OCYIIECTBISUIOCH C ABYMs IITAMMaMH, HAUMEHbIIasi aKTUBHOCTD MPOSIBIISIACH OT JIBYX A0 12
cyTok. OnHako, nocne 12 cyTok KapTuHa W3MeHUIach. AKTUBHOCTD A.caldulans Hadana BO3pacTaTh
u nocie 14 cyTok OoHa cTana omnepexarhb mTamMM A.ferrooxidans. B utore okucieHHe 3aKHCHOTO
kKeJe3a 3aBepIIniock Ha 18 cytku. Y mramma A.ferrooxidans akTUBHOCTb, HA00OpOT, Haudaia
najgath. bolee MeIeHHOE UCIIONB30BAHME CYOCTpaTa IPUBENIO K 3aTArUBaHKI0 okucienus Fe?* no
20 cyrok. Jly4mmue pe3ynbTaThl, O CpaBHEHUIO C A.ferrooxidans, nokaszan A.caldulans. Kpuas
JTUHAMUKH OKHUCJICHHS 3aKHCHOTO JKejle3a Obuta cxomHa 1o ¢opMe ¢ KpPUBOW Id  IITamMma
A.ferrooxidans, y mraMma nepeaoM B aKTMBHOCTH HAcTymui nocie 12 CyToK, HO 3aBepIICHHE
OKHCJIeHUs 1715 mTamMMma A.ferrooxidans npuiniiock Ha 20 CyTKH, T.€. Ha JBOE CYTOK MO3Ke KYJIbTYpPbI
A.caldulans.

Taxum 06pazom, eciiu B IepBOi OJIOBUHE KYJIbTUBUPOBAHUS IO OKHCIUTEIBHON CIOCOOHOCTH
MOMYJISAIUN THOOAIMIUT MOXKHO OBUIO pacrpelleNuTh: Ha 2 cyTkH A.ferrooxidans —A.caldulans, To
nocinie 12 cyTok nopsiiok usmenuics: A.caldulans—A.ferrooxidans.

OpHMM U3 paHHUX METO/OB TNOAJEpKaHUs KyJIbTyp A.ferrooxidans n A.caldulans B akTHUBHOM
COCTOSIHUU SIBJSIETCS  IIOCIIEOBATEIbHBIN IEPUOJUYECKUN IIepeceB KyJIbTYyp Ha  CBEXYIO
nutarenbHyio cpeny 9K CunmbBepmana u Jlynarpena [3,4]. ImenHo Omarogapsi 3TOMYy METOAY
yZ1aBaloCh MOAJEPKHUBATH KyJIbTYphl B TECUCHHE HECKOJIBKUX MECSIIEB B 1a0OPAaTOPHBIX YCIOBHUSX.
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Jlnist cremyromero moceBa B OCHOBHOM — OpajHch B Pa3IMUHbIE CPOKU POCTa MPEIbLAYIIEH
KynbTypbl. Kak BHIUM M3 pYyCyHKa, HaOIIOJAeTCs COKpAIllEHHE CPOKa 3aBEpIICHUS OKUCICHUS
JBYXBAJICHTHOTO keJie3a oT 18 cyTok (A.ferrooxidans) no 16 cyrok (A.caldulans) puc.2.
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Pucynok 2. OxucnurenbHast ciocOOHOCTh UCXOHBIX mTaMMOB A.ferrooxidansu A.caldulans
IpU BTOPOM IIepeceBe.

B o0meil cinoKHOCTM HPOBEIEHO BCErO YEThIPE IOCIEeN0BAaTEIbHBIX IE€peceBa JaHHbIX
KynbTyp. Pe3ynbTarsl npuBeneHs! Ha puc.3,4.
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Pucynok 3. OxucnutenbHas ciocoOHOCTh UCXOJIHBIX IITAMMOB A.ferrooxidans u A.caldulans
MIPU TPETHEM IIEPECEBE.

bakrepusi A.ferrooxidans ananmormdHpIM 00pa3oM, pearupoBajia Ha IOCJIEI0BaTEIbHbIE
MEPEeceBbl, TO €CTh C KaXIBIM IOCIEAYIOIIMM I€PECeBOM IOBBIINIATACH AKTUBHOCTH KYJIBTYpHI.
Brauane aktuBanus mramma A.ferrooxidans mina MeasieHHee, 9YeM KyJabTypsl A.caldulans, ogHako
II0CJIE YETBEPTOIO IIEPECEBA €r0 aKTUBHOCTD CpaBHsIAch ¢ A.caldulans puc.4.
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Pucynok 4. OxucnutenbHast ciocOOHOCTh UCXOTHBIX IITaMMOB A.ferrooxidans u A.caldulans
Y YETBEPTOM IIepeceBe.

Tak, A.caldulans 3ameTHO TpOsIBJIAJA CBOIO AKTUBHOCTh YK€ IIOCJIE TPETEero IepeceBa U
OKHUCJIEHHE 3aKMCHOIO JKejle3a MPUIUIOCh Ha BOCbMBIE CYTKH, T.€. Ha BOCEMb CYTOK paHbILIE
UCXOAHOM KynbTypbl. JlanpHeilmme mnepeceBbl emie OoJblIe aAKTUBUPOBAIU 3Ty KYJIBTYpY.
MakcumanbHOe aKTHBHPOBAaHUE Y 000MX KYJIBTYp OBLIO JOCTHTHYTO IOCIIE YETBEPTOTO IEpeceBa,
KOTI'JIa OKHCIIEHHUE KeJle3a 3aBEepIIaloCh Ha YETBEPThIE CYTKH.

Takum 00pa3oM, UCXOAHBIE IITAMMbI IOCJIE YETBEPTOIO MEpPEceBa aKTUBUPOBAIKUCH, O YEM
CBHJIETEIILCTBYET YCKOPEHHME KMHETUKM OKMCIEeHHUs jxene3a. CTerneHb akTHBAalMU Oblila pa3sHOH y
IBYX KyJIbTYp W MpOXOoAwia Mo pasHoMy. Tak, y A.ferrooxidans BpeMsl OKHCIEHUS >Kele3a
YCKOPUJIOCh Ha YETBIPHAAUAIb CYTOK, Y mTamma A.caldulans Ha nBeHaauats cyrok. HambGonee
3¢ (}EeKTUBHO NpPHU MOCIEIOBATEILHOM IE€PECEBE AKTHUBUPOBAJICS IITaMM KyJIbTypbl A.caldulans,
KOTOPBIH NEepBOHAYAIBHO 10 MOKA3aTeNIM OKHCICHHS 3aKHUCHOTO *kKeJie3a OblJT HEaKTHBEH.
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AHHoTanusi. B 1aHHON cTaTbe MpencTaBiCHbl JAaHHBIE O BBIICICHHH W3 PU30CHEPHI
MHUCKaHTyCa FMTaHTCKOT'0, pou3pacTtaBiux Ha TM-3arpsi3HeHHON OYBE MITAMMOB, 00JIaJal0LINX
PGPR cBoiictBamu u ycToitunBocThIO K MeTasiaMm. Co3nana komiekiuus 10 u30iToB yCTOWYUBBIX K
MetamiaM W obOnamaromue PGPR-coiictBa. [[si moBbiieHus 3(QQEKTUBHOCTH Tporiecca
dbuTopeMeMalluy  3arPA3HEHHBIX TSOKEIBIMH METaJIaMH  [M0YB HHOKYJIHUPOBAIU IMPOPOCTKHU
MuckaHnTyca Agrobacterium sp. mrammom Znl-18. llItamMmm o6naman yCTOMYMBOCTBIO K TSKEIBIM
metaiam u PGPR cBoiicTBamu (crmocoOHOCTBIO TpoayupoBath ¢putoropmon MYK, cunresupoBartsb
cunepodopsl, GukcupoBaTh aTMochepHBId a30T U pacTBOPATH Gocdarbr). OOHAPYKEHO, YTO MPU
OakTepu3alMy MTAMMOM CHHXKAJI0 BAJIOBOE COACPKAHHE 3JIEMEHTOB B BETeTaTHBHBIX OpraHax
PacTeHUi, 4YTO MOKET OBbITh CBA3aHO C CHUKEHUEM MacChl KOPHEH, YTO MPUBOJIUT K YMEHBIICHUIO UX
aJIcCOpOIIMOHHON TOBEPXHOCTH U M3MEHEHHMIO NapaMeTpoB ¢duropemenuanuu. BrisBieHo, 4to
puzobaktepun, oOnanatoue PGPR cBoiictBamMu Biausiim Ha KOd3(D(UIMEHT TpaHCIOKAIUH
JJIEMEHTOB W3 KOPHEBOM CHUCTEMBI B HAJ3E€MHYI0 4YacTb MHCKaHTyca, NPU INPOU3PACTAHUU Ha
3arpsiI3HEHHON MeTaljlaMu TIOYBE.

Knwoueswie cnoea: pumopemeouayus, puzocgepa, MUKpoopeaHusmel, msaxceivie Memaiib,
nouea

BBenenue

B Kazaxcrane, kak BO MHOTUX APYI'MX CTPaHaX MHpPA, BHICOKUE TEMIIbl IPOMBIIUIEHHOTO U
CEJIbCKOXO3STMCTBEHHOT'O PA3BUTHSI TIPUBEIU K 3arpSA3HEHUSAM 3€MEIIb TSKEIBIMU METaJlJIaMH, YTO
SBIIIETCS CEPHE3HOM HKOIOTHUECKOM TPOOIeMOil U3-3a MX TOKCUYHOCTH U HETAaTUBHOTO BO3CHCTBHS
Ha 3/70pOBbE YEJIOBEKAa U OKpyXawllyr cpeay. HakomneHue TsSKEIbIX METauIoB B
CEJIbCKOXO35MCTBEHHBIX MIOYBAX U MOMA/IaHUE B MUILIEBBIE LIETIOYKHA CTAHOBUTCS CEPhE3HOM Yrpo30id
JUIS IPOJIOBOJILCTBEHHON OE€301MaCHOCTH.

Pa3paboTka WHHOBAIIMOHHOW CTPAaTEeTMH BOCCTAHOBIEHUS IOYB, 3arpsI3HEHHBIX TKEITBIMU
MeTaJljlaMH, SBJIS€TCS BaXHOM M aKTyalbHOM 3amauedl. B Hacrosimiee Bpemsi pa3paboTaHbl U
BHEJIPEHBI TEXHOJIOTHH (PUTOPEMETNAIINU TIOYB, KOTOPHIE BOCIIPUHUMAIOTCS, KaK 00Jiee YCTOWUMBBIMA
MOJIXOJT K BOCCTAaHOBJIEHUIO HApYIICHHBIX 3€Mellb. TeM He MeHee, 3HAYUTENIbHBII Mporpecc B
3¢ (HEeKTUBHOCTH TPUMEHEHUs (PUTOpeMeTuaIii TOPMO3UTCS ATUTEILHOCTHIO TIEPUOAAa OYHCTKH,
HU3KOM OMOMAacco W MEIJICHHON M HEMOJHOW aerpananuei kceHoomotukoB [1-4]. NmeroTcs
OTJeNbHBIE PAa0OTHI TO YIYUYIIEHUIO IMPOU3BOJCTBA OMOMACCHI U TMOBBIMIEHUIO 3((HEKTUBHOCTU
¢dbuTopeMenraui 3a CYET NPUMEHEHHUS arpoTEeXHUYECKHX IPUEMOB, PETrYyISITOPOB pocTa U
MHUKPOOHBIX OPraHu3MOB |35, 6].

duTopemMeualus, OCHOBaHHAsI HA CHHEPTE€THUYECKOM B3aMMOICCTBUH PACTCHUH 1 CBSI3aHHBIX
C HUMHU PHU300aKTEepUM, SBISETCS OJHUM W3 TEPCHEKTUBHBIX MOJXOAOB MPU OYKUCTKE MOYB [7].
MHorue MUKpPOOPTraHW3MbI, OOUTAIONIME B KOPHEBOW 30HE PACTCHUN M OTHOCAIIUECS K TPYIIIE
CTUMYJIMPYIOIIMX pocT pacteHuil puzobakrepuit (PGPR), sBustorcs ycroiumBBIMEH K
3arpsI3HUTEINSIM, YYaCTBYIOT B TIpolieccax uX TpaHchopmaruu B pu3ocdepe, CrocoOCTBYIOT HX
(UTOAKKYMYJIISIIUU U OJHOBPEMEHHO, TIO3UTUBHO BIIHSIIOT Ha POCT pacTeHUI-peMeananToB [8]. Onu
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00JIeTYArOT aJanTalui0 PACTEHUN-X035IeB K CyOONTHMAIbHBIM TOYBEHHBIM YCIOBHSM BO BpeMs
CTPECCOBOr0 COCTOSIHUS U MOBBIMIAIOT 3()(PEKTUBHOCTH (PUTOPEMEANALINH, 32 CUET CTUMYIHUPOBAHUS
pocta pacTeHHWi, W3MEHEHUs OWOJOCTYITHOCTH OJJIEMEHTOB B IIOYBE IyTEM BOCCTAHOBJICHUS,
OKHCJICHU S, METHUJIMPOBAHHUS WIH JIEMETHINPOBAHUS, KOMIIAPTMEHTAIU3AMH U TPeoOpa3oBaHus UX
B MEHee TOKcu4yHoe cocTtosgHue [9, 10]. B 3Tol cBsI3u BblAENEHUE, U3yUYE€HUE U NPUMEHEHHE B
npouecce uropeMearani yCTOMUMBBIX K TspkenbiM MetamuiaM PGPR aktyansHO amst mpouecca
dbuTopeMenranuy 3arpsA3HeHHOW MetauiamMu 1ouBbl [11]. CUMTArOT, YTO BBIACIICHUE TSIKEIBIX
METaJIJIOB U3 MOYBBI C TOMOIIBIO (PUTOOAKTEPUAIBHBIX CUCTEM MPEANIOYTUTEIbHEE, YEM TPUMEHEHNE
¢utopemenuanuu [12, 13].

B 31Ol CcBSI3M BbLAENIEHUE, U3YYEHUE U JAJBHEUIIEE MCIIOIb30BAHUE CTUMYJIUPYIOIIUX POCT
pactenuit puzobaktepuit (PGPR), nposBasiomux 1eTOKCUKAIMOHHYIO aKTUBHOCTD 110 OTHOIICHUIO
K HEOPraHMYECKUM 3arpsi3HUTENSIM, TPEJCTaBiIsieT COO0OM aKTyalbHYIO 3a/ladyy COBPEMEHHBIX
UCCIIEIOBaHMIA B 001acTH pu3ochepHoii OMOIOTHH.

Marepuaja u MeTOIbI

st ompeneneHuss YMCICHHOCTH U KOJIMYECTBEHHOTO COCTaBa MHKPOOHOIO COOOIIECTBA B
puzocdepe Miscanthus % giganteus Greefet Deu (MmuckanTyc) mnpopamuBanu Ha TM-3arpsi3HeHHOM
noyBe. PacTeHne nMeeT JUIMTENbHBINA MTEPUO/T BeTeTaluu, 00JIbIION BbIX0 ] OMOMAacChl, ClIOCOOHOCTD
npouspactaTh B TeueHue 20-30 jieT, BBICOKYIO S3HEPTOEMKOCTb, YTO JEIAE€T €ro NePCIEeKTUBHBIM B
anbTepHATUBHOW »HHepreTuke [14]. Bpicokoe coaepkaHue JMTHOIEIUIIOIO03BI B OHoOMacce
MHUCKaHTyca  SIBJISIETCSI MEPCIEKTUBHBIM sl €e mepepaboTKu B OMOMPOAYKTHI: BoJoKHA [15] u
CTPOUTENbHBIC MaTepuasl [16].

B kauyecTBe NOUBEHHOM KYJIbTYpPbl UCIOJIb30BAJIM:

1) UCKyCcCTBEHHO-3arpsi3HEHHYI0 Mo4By coiisiMu ZnSO4 x 7H20 u Pb(NO3)2 B KOHLIEHTpaluu
15 ITAK (ITAK Zn B mouBe 55 mr/kr, ITIJIK Pb B mouBe 32 mr/kr);

2) mouBy u3 Teppuropuu Tekenuiickoro ropHo-o0orarutenbHoro kommiekca OAO
"KasuuHk";

3) He3arps3HEHHYIO TOYBY (KOHTPOJIB).

[Ipu orieHKe ypoBHS 3arpsI3HEHUS MTOYBBI U3 TEPPUTOPUH TOPHO-000TaTUTEIHHO-
ro KOMOMHATa METOJIOM aTOMHO-a0COPOIIMOHHON CIIEKTPOMETPUH BBISIBJICHO, UTO TIOYBA 3arpsi3HEHA
3JIEMEHTaMU, MPEBBIIAIOIINE TPEAECIIBHO JOMYCTUMbIE KOHIEHTP-
aruu (ITJIK) B necarku-cotan pa3z. OCHOBHBIMH 3arpsi3HUTENSIMH TTO4BBI ObUTH Pb, As, Zn, Cu, Ni,
Co u Cr. Hapsiny BBICOKOTOKCUYHBIMU TSKEIIBIMH METaJUIaMU B TOYBE ObUIM BBISBICHBI MEHEE
oTacHbIC JIEMEHTHI, Takue kKak Ba, Mn u Sr, a taxoke Fe u cienpt U. OTMedeHO, YTO KOHIICHTPALIUN
HekoTopsix MeTaisioB (Co, Ni, Cr, Cu, Ba, Sr) B He3arps3HeHnHoit mouse Takxe npesbimany [1[K B
JIECSITKH pas3, YTO CBUICTEIb-

CTBYET O PacipOCTpaHEHUs UX O MOYBEHHOMY MMOKPOBY B PE3YyJIbTATE€ BETPOBOM IPO3HH.

st BeIZIEIeHHS 13 pU30chephl MUCKAHTYCa MUKPOOPTaHU3MOB-JIECTPYKTOPOB (pU30chepHBIX
OakTepuil, aKTHHOMHUIIETOB ¥ TPUOOB) TSHKENBIX METAIIOB OIpeiese-

HUS MX POJOBBIX MPU3HAKOB HCIIOJIB30BAIN OOIIETIPUHATHIE MUKPOOHOIOrHYecKkre MeToasl [17].
Y CTOWYUBOCTD BBIIETIEHHBIX PU300AKTEpU K MOHAM TSDKEIBIX METal JIOB OLIEHUBAJIH 110 POCTY UX B
xuakon cpene LB, copepskamue Bo3pacTaromiyie KOHIEHTpAIlMHd METAIoB (cynbdara MUHKA U
anerata ceunia): 0,2; 0,5; 1,0; 1,5; 2,0; 2,5; 3,0; 4,0; 5,0 mM. YcToiuMBOCTH MUKPOOPTAaHU3MOB K
TSDKEITTBIM MeTaJlJIaM XapaKTEPU30BaJIH MO BEIMYNHE MUHUMAIIbHON MHTHOUPYIOICH KOHIIEHTPAIH
(MUMK) meranna B cpefe, mpu KOTOPOH HAOII01a10Ch TIOJJaBJICHHE POCTa MUKPOOpra-

Husma [18, 19]. Poctctumynupyromue cBoiictBa (PGPR-cBoiicTBa) BbIIEIEHHBIX H30JSATOB
OLIEHUBAJIM MO COCOOHOCTH MX K cuHTe3y UYK, k ¢uxcanuu armocdepHoro a3ora, IpOayKIHH
cunepodopoB u GochaTmModbuIM3yrOMIeH akTuBHOCTH [20-23].

s noBeimeHus dGPeKTUBHOCTH (UTOPEMEINANNN 3arpS3HEHHOW MeTalulaMH TOYBBI U3
TEPPUTOPUN TOPHO-00OTaTUTEIBHOTO KOMOHMHATa MPOBOIMIM WHOKYJSILUIO, BBIACIEHHBIM U3
puzocdepbl MUCKaHTyca mTamMmmMoM, obnagaromieid PGPR cBolicTBaMu U yCTOWYHBOCTHIO K METaJLIaM.
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JUi1st 3TOr0 MOTy4aarn MUKPOOHYIO OMOMaccy, BRIpAIBas X Ha MUTATEIbHON arapu30BaHHON cpejie
R2A. JIByXxcyTouHyt0 MHUKpOOHYH OHoMaccy coOupaiau, MpoMbIBalu (hU3pacTBOPOM ABAXKIbI U
pecycreHAUpOBAIA B BOJE JJIs N0JMBa pacTeHuil. bakTepusanuio pacTeHU IPOBOAWIN B IEPUO]
BCXOXKECTH, IOJMBasg COOTBETCTBYIOIME BapHaHThl MHUKPOOHON CyCHEH3MEeH 1O KOHEUHOH
KOHIIGHTPAIIHH KJIETOK B rouBe He MeHee 10° kiieTok Ha rpamm.

Omnpenenenue Tsokenbix MerauioB (As, Pb, Zn, Co, Ni, Cr, Cu, Sr, Mn, Ba, V) B He3ar-
PSA3HEHHOH U 3arps3HEHHOH 1OYBE, B BETETATUBHBIX OpraHax (KOpeHb, CTe0elb, TUCThs) MPOBOAUIH
Ha Macc-CIEeKTPOMETpe ¢ MHAYKTUBHO-cBs3aHHOH 11a3mor UCIT-MC, Agilent 7500 series.

Bce skcnepuMeHTalbHBIE JaHHBIE CTATUCTUYECKH 00palaThiBanmy OOIICTIPHHATHIMH METO-
JaMH, TIOCTPOEHUE Tpa(UKOB, AUArpaMM IIPOBOAMIM Iocae 00pabOTKH JaHHBIX, C UCIIOIb30BaHUEM
KoMIbloTepHOM mporpammel  «Microsoft Excel». JlocToBepHOCTh paziuuuil CpaBHUBAEMBIX
3HAa4eHUH JJOKa3bIBAJIM C UCIOIb30BaHUEM KpuTepHst CThIOZCHTA C yYETOM YPOBHEN 3HAYMMOCTH ().

PesyabTaThl U HX 00cy:KIeHHe

Ckpunune puzobaxmepuu 01 co30anus pacmumenbHO-pUu300aKmepuaiIbHblX AdcCoyuayuu Ha
0CHOBe MUCKanmyca 0Jisi NOGblue sl I dekmusHocmu pumopemeouayuu nOYEwl.

N3yuena accouuaTuBHas MUKpO(I0pa B puzocdepe MUCKaHTyca, IPOU3PACTAB-

IIUX Ha HE3arps3HEHHOM, MCKYCCTBEHHO-3arpsA3HEHHOW IIOYBE M IIOYBE M3 Tepputopuu Tekenu-
HCKOro ropHO-000raTUTENBHOIO KOMILIEKCA. Y CTaHOBJIEHO, YTO AaCCOLMATHBHAs MHUKpoO(iopa B
pusocdepe pacTeHHA TNpEACTaBlIeHA OAKTEPUSIMH, MHULCIHAIBHBIME TPUOAMH, IPOXOKAMU U
AKTUHOMMIIETAMHU. BBISBIEHO, 4YTO 3arps3HEHUE II0YBBI TSDKEIBIMH METaJLIaMU  BBI3BIBAET
CYIIECTBEHHBIE M3MEHEHHUS B COCTaBe pU30CHEpHOM MHUKPO(DIOPHI: CHUKECHHUE YHCICHHOCTH
0aKTepuM U aKTUHOMHUIIETOB /10 8,7 pa3 M yBEJIMUEHHUE YUCIEHHOCTH MUKPOMMLIETOB 110 3,4 pa3a 1o
CPaBHEHHIO C KOHTpoJieM. Brieneno 232 u3onatoB u3 pusocdepbl MUCKaHTyca, u3yueHbsl PGPR-
CBOMCTBA M YCTOMUMBOCTH UX K coemuHeHusM Zn*' u Pb*". U3 76 uccrienoBaHHBIX H30ATOB,
BBIIEJICHHBIX U3 pU30c(hepbl MHUCKAHTYCA, BBIPALEHHBIX HAa HCKYCCTBEHHO-3arps3HEHHOHN IOYBE
TOJIBKO OJIH IITaMM MposBIsi Bce uccienoBanusie PGPR cBoiictBa, mo mokazarensim MUK Obin
YCTOMYMB K IIMHKY U CBUHILY IpU KOHUEeHTpauuu 1.5 u 2.0 Mmoib/n cooTBeTcTBEHHO. OCTallbHbIE
M3yYEHHbIE IITAMMbI UMENIN OJUH-TpU U3 yeTbipex PGPR-npusnakos. 1o nokazarensm MUK (= 5.0
MMOJIb/J1) YCTOMYMBBIM K HUHKY MpOsABIsI mTaMM Zn 210, a ycTOWYUBBIM K CBUHILY mTamm Pb 24
(> 3.0 MMomB/m).

OrneHuBasi pacrpocTpaHeHHOCTh pu3obakTepun ¢ PGPR-cBolicTBaMu M yCTOWYHMBOCTHIO K
MeTajulaM Cpelu HCCIEeIOBaHHbIX 156 M30J9TOB, BBIAEICHHBIX M3 pU30Cc(epbl MHUCKAHTYCa,
MIPOM3PACTaBIIMX HAa TEXHOTE€HHO-3arpsi3HeHHo! nouse 30% mraMMoB, 00J1aau ClIOCOOHOCTBIO K
cuntesy ¢uroropmona UVYK, 11% — cnocobHocThio K pactBopeHuto ¢ocdaroB u 15% -
CIOCOOHOCTBIO K (puKkcaruu atMocdepHoro a3ota. [lo pesynapTaTaM McciaeaoBaHHS JBa ITaMMa
nposBIs Bee uccinenoBanHele PGPR cBoiicTBa, a Tpu mramma oOnajganu IByMs M3 TpeX STHX
npusHakoB. [lo mokazarensm MUK (= 4.0 MMOJB/1) yCTOMUMBBIM K IIMHKY M CBHUHILY TPOSIBIISLI
mramMMm CAl, a mramm Zn 1-18 — yCTOHYMBOCTBIO K IIUHKY.

Coznana xomtekius 10 u301TOB, YCTOMYMBBIX K MeTaiuiam u obnangatomme PGPR-cBoiicTBa,
KOTOpBIE MOTYT OBITH anpoOMpOBaHbI JJs MOBBIIIEHUS 3()(HEKTUBHOCTH (PUTOTEXHOJOTUH TOYB,
3arpsi3HEHHBIX  TSDKEIBIMU - MeTaulaMu. 11 KOHCTpYyMpOBaHHS  pacTHUTEIbHO-MHKPOOHBIX
accoIMalliy HCIOJb30BAJIM BBIICICHHBIH ImTaMMm Agrobacterium sp. Znl-18 w3 puzocdepsl
MuckanTyca, obnanaromeid PGPR cBoiictBamu (ctocoOHOCTBIO K (puKcanuu aTMOChEpHOro a3oTa,
PacTBOPEHUIO TPYIHOAOCTYIHBIX (pocdaToB, cuHTE3y cUAEPOPOPOB U MPOIYKIHUU (PUTOrOPMOHA
NYK) 1 criocoOHOCTBIO K POCTY MPH COJIEPKAHUU B cpesie MOHOB IMHKA 710 4.0 MMOJIb/JI, @ HOHOB
CBHMHIIA JI0 2,5 MMOJIB/II.

Brusnue pPacmumenbHO-MUuKpOOHbIX accoyuayuu Ha NPOOYKMUBHOCHb u
pumopemeouayuonrvle napamempvl MUCKAHMYCA.

IloneBble uccnenoBaHMs NMPOBOAMIM Ha HKCIEPUMEHTANbHOM ydacTke MHctuTyra (Menko-
nenstHounble yenous). [Tnomans nensuku 1x1 m. [loBTopHOCTH ombiTa 2X KpaTtHas. B kauectse
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MIOYBEHHOH KYJIbTYPBI UCIIOJIb30BAIM TIOYBY U3 TEPPUTOpUHN TeKeIHiiCKoro ropHo-000raTuTeIbHOTO
koMmOuHata. MHoKysmuto mrammoMm Agrobacterium sp. Znl-18 M x giganteus IpoOBOAWINA B TIEPHOT
BCXOXKECTH. B KadecTBe KOHTPOJIS HCIONB30BAIM HE3arpsA3HEHHYIO MOYBY c¢/0e3 OakTepu3aluu.
[lepuon KynbTUBUPOBaHUS 6 MECSILIEB.

B nonesix ycnoBusix mramm Agrobacterium sp. Znl-18 nmpoaeMOHCTpUPOBATI 3HAUUTEIILHOE
BIIUSTHUE Ha POCT PACTECHUI MUCKaHTYyca, KaK Ha HE3arpsi3HEHHOM, TaK U Ha 3arps3HEHHON MOYBE U3
TEPPUTOPUU  TOPHO-0OOTATUTENHHOTO KoMOWHaTa. Ilpu mpowmspacTaHuM MHCKAaHTyca Ha
3arpsiI3HEHHON TSDKENBIMU METaJUIaMH MOYBE B YCJIOBMSIX OaKTepH3alllH, BBISIBICHO, YTO IITaMM
Agrobacterium sp. Znl-18 cHIKaeT Maccy KOpHEBOM cucteMsbl 10 77%, HO MpU 3TOM YBEITUYUBAET
Haa3eMHY0 6nomMaccy 10 50% OTHOCUTENBHO 3arpsA3HEHHON MOYBBL. AHAM3UPOBAIIU COACPKAHHE
12 snementoB (As, Pb, Zn, Co, Ni, Cr, Cu, Sr, Mn, Ba, V, U) B kopHEe U HaJ3€MHBIX OpraHax
MHUCKaHTYycCa, MPOU3PACTABIINX Ha HE3arpA3HEHHON U 3arps3HEHHOI MouBe. Y CTaHOBIEHO, YTO MPH
BBIpAIIMBAaHUU MUCKAHTYyCa Ha 3arpsI3HEHHOMN MOYBE B YCJIIOBHIX 0€3 HHOKYJISALNH, 3JieMeHTHI Pb, Co,
V u U HakammBajJuch B OCHOBHOM B KOpHsX; Zn, Mn u Sr — B HagzemHol Omomacce; Ba u Ni
PaBHOMEPHO HAKAIIMBAIUCH B KOPHSIX M HaJ3eMHOM OnomMacce. OTMEUEHO, YTO 3Ta 3aKOHOMEPHOCTh
XapakTepHa JJIsl paCTeHHIA, IPOU3PACTAIOIINEe HE TOJIBKO Ha 3arpsi3HEHHOM, HO U Ha He3arpsi3HEHHOH
nmouyBe. HakomieHue TSKENBIX METAUIOB  PAacCTEHUEM, BBIPAIEHHBIX HAa  KOHTPOJIHHOU
He3arpsi3HEHHOU MOYBE, BEPOATHO, OBLJIO BBI3BAHO C MOBBIIICHHBIMUA KOHIICHTPAIIUSIMU, HECMOTPS Ha
TO, 4TO OOpaslpbl COOMpPANTHCh HA PACCTOSHUM | KM OT JMHIEHTpA 3arps3HEHUs. DTU JaHHBIC
MOATBEPAUIIN, YTO TSXKENble METaJZIbl MOTYT PACHpPOCTPAHSATHCS Ha 3HAYUTENBHBIE PACCTOSHUS
MOCPEJICTBOM BETPOBOM 3po3uu W3 snuieHTpa. s momoOHBIX HCCIEAOBAaHUN PEKOMEHAYEeM
MIPOBOAUTH OTOOP KOHTPOJILHBIX 0OOPA3IOB MOYBBI C OOJIBIIETO PACCTOSHUS, YeM | KM OT MHULIEHTpA.

[Ipu GakTepu3anyy pacTeHHS IIITAMMOM BBISIBIIEHO U3MEHEHHs B TIpoliecce PUTOpeMeTnalluu:
CHIDKEHHE OOIIero BaJOBOTO COACpMaHHUS DIIEMEHTOB B BETEaTHBHBIX OpPraHax, BEPOATHO ATO
CBA3aHO C YMEHBIIEHHEM MAacChl KOPHEHW, YTO €CTECTBEHHO WPHUBOJAUT K YMEHBIICHHUIO
aJIcCOpOIIMOHHON TOBEPXHOCTH KOPHEBOM cuCTeMbl. HecMOTps Ha CHIKEHHE KOHIEHTpAIluu
3JIEMEHTOB B BEI€TaTUBHBIX OpraHax, Ipu pacuere ko3 duirenrta tpanciokanuu (Kt) obnapyxkeno,
YTO MpHu OaKTEepHU3aIMK MPAKTHUECKU BCE AJIeMEHTHI, Takue kak As, Cr, Pb, Co, Ni, Cu, V, Zn, Sr,
Ba u U, 3a ucxmouennem Mn u Cu HakammBamuch B KopHeBoil cucreme (Kt <1), wuto
CBUJICTEIBCTBYET O CHW)KEHUM MUIpAIMUd WX W3 KOPHEBOM CHUCTEMBI B HAJ3€MHYIO 4acTb, IO
OTHOIIIEHUIO K HUM PAaCTEHUE BBICTYIAET, KaK SKCKItoep. Ho mpu 5ToM, TpU MHOKYJISIIMN IITAMMOM
noBbIaercss murpauuss Mn u Cu U3 KOpHEBOM CHUCTEMBI B HA/I3€MHYIO 4acTh: HakoruieHue Cu
BO3pocio B HaazeMHou vactu Ha 41% (p <0,001), a Mn Ha 10% o cpaBHEHUIO C ONBITOM 0€3
uHOKynsAuu (pucyHok 1). Jlns omneHku 3¢ (HEeKTUBHOCTH AETOKCHUKAIIMM METAJIOB B IMOYBE MpHU
accoIMaIuy pu300aKTeprUN U MUCKAHTYyCa OMIPEICIIUITN COJIEp KaHMe UX JI0 U Ttociie ombiTa (PucyHok
2). YCTaHOBIEHO, YTO NpU OaKTEepH3aIlMH CHUXKAECTCS BaJOBOE COJIEP)KAHME DJIEMEHTOB B TOYBE
MOCJIe PKCTIIEPUMEHTA, T.€. IPU OAKTEpPHU3alliK TOBBIMIACTCS UMMOOMIHN3aIUs UX B MMouBe. BamoBoe
coJiepKaHue TOKCUYHOTo 351eMenTa Pb cumxkaercs no 35%, Zn no
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Pucynok 1. BnusHue wuntponykuuu mramma Agrobacterium sp Znl-18 Ha murpanuio
3JIEMEHTOB U3 KOPHEBOM CUCTEMBI B HaJ[3¢MHYIO 4aCTh MHCKaHTyca
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Pucynok 2. Bnusiaue nHokynsauuu mramMma Agrobacterium sp. Znl-18 Ha u3MeHeHue
KOHIIEHTPALIUHU TSHKEIIBIX METAJUIOB B MTOYBE JI0 U TOCTIE
KYJIbTUBUPOBaHUS MUCKaHTycCa

42%, a KOHLIEHTpalMs OCTaJbHBIX METAUIOB OT 5 10 26% IO CPaBHEHUIO C HMCXOIHOU
3arpsiI3HEHHOMN MOYBOA.

[TomyueHHble pe3ynbTaThl CBUIETENBCTBYET, YTO OakTepu3alus Agrobacterium sp. pacTeHUS
MPUBOJIUT K U3MEHEHHIO TIOKa3aTesle MpOoTyKTUBHOCTH B CTOPOHY CHI)KEHHsI OMoMacchl KOPHEBOM
CHCTEMBI, YTO E€CTECTBEHHO BIHUSET Ha 3(()EKTUBHOCTH (PUTOpEMENUAIMH TOYB, 3arpsI3HEHHBIX
TsOKENBIMU MeTaiiamMu. [IpumeHeHne GakTepusanuy pu3o0aKTepueM MHCKaHTyCa Ha TEXHOTEHHO-
3arpsi3HEHHONM TIMOYBE CIIOCOOCTBOBANIA TMOBBIMICHUI0 J()(PEKTUBHOCTH BOCCTAHOBICHHS ITyTEM
¢duroskcpakuuu Mn, Cu u putocrabunuzamnuu Pb, Co, Ni, V, Cr, As, V, Zn, Sr, Ba u U (B 60nb1eit
crenenu Pb) B mouse.
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3akiioueHune

IIpoBeneHHOE HcCCaEqOBaHUE TOKA3aJl0, YTO BBIACIECHUE W HWHOKYJSIUS IPOPOCTKOB
MHUCKaHTyca pu3ochepHbIM mTammoM Agrobacterium sp.Znl-18 c¢ BelpaxkeHHbIMEH PGPR
CBOMCTBAMM U YCTOMYMBOCTHIO K METAJULy MPUBOAMUT K 3HAUUTEIHLHOMY MOBBIINICHUIO OMOMAacChl
KOPHEBOW CHUCTeMBI (puTOopeMenuanTa u u3MeHseT 3(PpPEeKTUBHOCTh OUMCTKU 3arPsS3HCHHOHN MMOYBHI.
CnoxxHble UM NOKa HE BIIOJIHE MOHSTHBIE B3aUMOJCHCTBUS B CUCTEME PACTEHUE-MUKPOOPTaHU3M-
3arpsI3HUTENb TPEOYIOT JAIbHEUIIIETO U3YUEHUS C 1EJIbI0 BBISICHEHUS MeXaHu3MoB neiicTBus PGPR
W TpelICKa3aHWsl CTpaTeruy IMOBEACHHUS MHKPOOHBIX HMHTPOAYLIEHTOB Uil pEIIeHUs 3aaady
¢buTopemeranuu.
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BBISIBJIEHUE U U3YYEHUE TEHOTOKCUYHBIX ®AKTOPOB OKPYKAIOIIEN
CPEJbI C MOMOUBbIO BAKTEPUAJIBHBIX
LUX-BUOCEHCOPOB
C.K. Abuines, E.B. Uronuna, JI.A. Ceupugosa, C.B. CmupHoBa

HUnemumym obweui eenemuxu um. HU. Basunosa Poccutickuil akademuu nayx, e.Mockea, Poccus
e-mail: abilev@vigg.ru

AnHorauusi. IlpuBefeHsl  pe3ynbTaThl  BBIABJIEGHUS W H3Y4YEHHs]  MEXaHH3Ma
TFE€HOTOKCHUYECKOI0 JEMCTBUSI ITUPOKOT0 KPyra BCTPEYAIOIINXCS B OKPYKAIOLIEN Cpefie XUMUYECKUX
areHTOB: JIEKApCTBEHHBbIE CPEACTBA, MeCTUIUAbI, BAJ[bI, KOMIJIEKCHbIE 3arpsA3HUTEIN CpeAbl C
nomoIikio lux-6nocencopos. bruocencopsl npencrannsAoT codoit Oakrepun Ha ocHoBe mTamMMma E.coli
MG1655, Hecymne peKOMOMHAHTHYIO IJIa3MUAY € luxX-OMepoHOM JIOMUHECHUpPYIOUIeH OakTepun
Photorhabdus luminescens, TpaHCKpUMNIIMOHHO CIUTBIM C MPOMOTOPAMHU HMHIYIHOEIbHBIX T€HOB
reHoB: recA, colD, dinl, alkA, soxS u katG. U3yueHno taxxke momauduupymoiiee IeHCTBHE
AHTUOKCHJIAaHTOB, paJUONPOTEKTOPOB M OKCHJAA JeiTepuss Ha TeHOTOKcHdeckue 3(PQeKTb
XUMHUYECKHUX areHTOB.

Knroueswie cnosa: lux-ouocencopwi, E.coli, nexapcmeennvle cpedcmaa, xumuieckue
azeHmbl, 3a2pA3HUMenU cpeobl, 2eHOMOKCUYHOCMb, AHMUOKCUOAHMbL

buoceHcops! mpecTaBIsaOT cO00M OpraHU3Mbl, KOTOPBIE OTBEYAIOT Ha BO3/eHCTBHE (haKTOPOB
OKpY>KaroIlel Cpe/Ibl, U 3TOT OTBET MOYKHO KOJMYECTBEHHO 3aperuCTPUPOBATh M HHTEPIPETUPOBATH
KaK OMpeJeIeHHYI0 OMOJIOTHYECKYIO aKTUBHOCTh (pakTopa Bo3nmelcTBus. B kauecTBe OMOCEHCOPOB
HauOoJIbIIIee pacpoCTpaHeHHe MOTYYWIH JIIOMUHECHUpYIoie Oakrepun. Pasmiuunbie npupoiHbIe
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U PEKOMOHMHAHTHBIE JIIOMUHECHHMPYIOUME OaKTepuu CTaId HHCTPYMEHTOM  IPOBEICHUS
9KOJIOTHYECKOro MOHMTOpUHra. Co3jaHbl crnenupHUUHbIE «PENOPTEPHbIE CUCTEMBD», KOTOPbIE
pacmpwin cepy NMPUMEHEHHUs JTIOMHUHECHEHTHOTO aHaiu3a. OHHM OCHOBAaHBI Ha pe3yJbTaTax
(GyHIaMEHTAJIbHBIX MCCIEJOBAHUNH MEXaHM3MOB pa0OThl CHUTHAJIBHBIX CHUCTEM Yy OaKTepui.
Wnentudukanyst U CEKBEHHUPOBAHHE T€HOB, KOHTPOJIUPYIOIIUX CHHTE3 OCJKOB, BXOMISIINX
CUTHQJIBHBIE  CHCTEMbI, IO3BOJWJIM  CO3[aBaTb  PEKOMOMHAHTHbBIE  JIIOMUHECIHPYIOLIHE
OakTepuanbHbie OnoceHcopsl [1,2].

B nacrosieit pabote npeacTaBieHbl OCHOBHBIE Pe3yJIbTaThl BAIUAALMOHHBIX UCCIIEJOBAHUI
c mpuMeHeHueM lux-OuoceHcopoB Ha ocHoBe mramma E. coli MG1655 ¢ uenpio ompesneneHus
BO3MOXKHOCTHM MX  MCIOJIb30BAaHMsS  JUISI  M3Y4YEHUS TE€HOTOKCMYHOCTH U MEXaHHU3MOB
IF€HOTOKCUYECKOr0 JECUCTBUS, AHTUOKCHUIAHTHOM M PaJUONPOTEKTOPHOM AKTUBHOCTU IIUPOKOTO
Kpyra XMMMYECKHX CO€AMHEHHH, 1711 MOHUTOPUHIA (PaKTOPOB OKPY>KAOLIECH Cpe/Ibl.

MaTtepuajbl H MeTObI

[Ipu popmupoBanun Habopa lux-OnoceHCOpoB HaMU OBUTM WCIIOJIB30BaHbI MTaMMBbI E. coli
MG1655, Hecymue mua3Muy ¢ IpOMOTOpaMU HHAYLMOENIbHBIX T€HOB I€HOB: recA, colD, dinl, alkA,
soxS ¥ katG, TpaHCKPUIIMOHHO CUIMTBIMM C lux-omepoHOM JIFOMUHEcCLUpYIolel Oakrepun
Photorhabdus luminescens. Habop Takumx OHOCEHCOpPOB 3aBHCEN OT 3aJayd HCCIICOBAHMS.
Hanpumep, 11 u3yd4eHus: TEHOTOKCMYHOCTH MHOTHUX XMMMYECKMX COEAMHEHHMH Ha OblLl BbIOpaH
TaMM C MPOMOTOpOoM KonuiumHoBoro reHa cda (pColD). ns m3ydeHusl crocoOHOCTH CoJieh
METAJUIOB U (papMaKOJOTHYECKU AKTUBHBIX IPENapaTroB MHAYLMPOBATH B OaKTEpHAIbHOU KIIETKE
oKuCIUTENbHBINA cTpecc U SOS-oTBeT ObUT KCMONB30BaH HAOOP luX-OMOCEHCOPOB, COCTOSIIMIA U3
Tpex mrammoB E. coli, HecymMX pEKOMOMHAHTHYIO IUIa3MHUAY C [uX-OIEPOHOM, CIMTBIM C
IIPOMOTOPaMH T€HOB CYNEePOKCUIANCMYTa3bl SoxS, kaTanassl KatG wiun konuuuza ColD.

Jletanu nporerypbl IpoBeIeHHs SKCIIEPUMEHTOB OIucaHbl B padortax [1-3].

OcHOBHbBIE pe3yJabTaThl

[Tpu Banuganuy HOBOM TECT-CUCTEMBI IPUHSATO CPABHUBATH MOJTYUYEHHBIE PE3YJIbTAThl C paHee
MOJTyYCHHBIMH TAHHBIMH B JIPYTHX TeCT-CHcTeMaX. bblla u3ydeHa akTUBHOCTh Ha lux-Onocencopax
47 BemiecTB, BKJIIOYasi TAKUE OPTaHUYECKUE PACTBOPUTEINH, KaK AUMETHICYIb(oKcua 1 3Tanoi. 20
BEIIECTB TIOKa3aJii AaKTUBHOCTh B UCIOJIb30BAaHHON Oatapee OMOCEHCOpPOB: 16 BemiecT
nHaynuposanu SOS-0TBET, 6 — MHIYIHUPOBAIN OKUCIUTENBHBIN cTpecc. CpaBHEHUE MOJIYYEHHBIX
pe3yabTaTOB C JAaHHBIMH O MYTareHHOW aKTUBHOCTH ITHX IPEMapaTroB B TecTe DiiMca IMOKa3ajo
MIOJTHOE COBMNajieHue pe3yibTratoB g 42 BemectB. Kpome Toro, Tect oTiIM4YaeTcs BBICOKOH
qYBCTBUTEIHHOCTHIO U OBICTPOTOM BBHITTOITHEHHUS, PE3YIIBTAThl MOJKHO TIOJIYYHTH B T€UeHHUE 3-4 4acoB,
U, B OTJIMYKE OT TecTa DilmMca, JIETKO MOAJIal0TCsl aBTOMAaTU3aluH [3].

CpaBHeHHE pe3yabTaTOB TeCTUPOBaHUS BemecTB Ha ceHcope pColD-lux coBmanu ¢ qaHHBIMH,
MIPUBEJICHHBIMU B CBOJIKE PE3YJIbTATOB M3yueHHs 00JbIIOro yucia Bemects B SOS-xpomotecte [4].
DTO O3HAYAEeT, YTO JaHHBIE MOJyYSHHBIE JTFOMHHECIICHTHBIM METOJIOM aHAJIIOTHYHBI Pe3yJIbTaTaMm
KOJIOPUMETPUYECKOTO MeToAa AeTeKTUpoBHUSA SOS-oTBeTa ¢ moMomibio mramma E. coli PQ37, y
KOTOPOTO TeH lacZ CIUT ¢ MPOMOTOPOM TeHa SfiA, Bxoasmero B cuctemy SOS-otBera [5]. OtBeT
moMHuHecHeHTHOTro ceHcopa pColD-lux peructpupyercst 10 HHTEHCUBHOCTH CBEYEHUS, TOTJa Kak
orBer mrtamMma E. coli PQ37 — mo pesynbraraM OMOXMMHMYECKON pEaKIUU TalaKTO3HIa3bl C
cyoctparom OHOI (o-HuTpodenun-f-D-ranakTonupano3un).

Taxom oOpa3om, HamMu ObLIO MOKa3zaHO, 4TO lux-TecT Ha SOS-oTBeT E.coli ¢ TOUKH 3peHus
TEXHUYECKOT'O BBIMIOJHEHUSI M M0 SKOHOMHYHOCTH Oosiee ynobOeH, yem SOS-XpoMOTecT, Tak Kak
perucTpanysi OTBETa IMPOUCXOAUT IO CBEUYCHHWIO OakTepuii W He TpeOyeT IOMOJHUTEIHHBIX
MaHMITYJISAIUH, TaKUX Kak JU3uc OakTepuil mocie MHKyOalMu W orpenerneHue (GpepMeHTaTUBHON
akTUBHOCTH. HemocpeICTBEHHbIN aHAIM3 JIIOMMHECIEHIUU OaKTepHil MO3BOJIAET OJHOBPEMEHHO
perucTpupoBaTh 3aBUCUMOCTh SOS-0TBeTa KaK OT KOHIIEHTPALUU TECTUPYEMOTO COSAMHEHUS, TaK U
OT MPOJIOKUTEILHOCTH BO3JEHCTBUSA B TMHAMUKE [3].
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buocencopsl pSoxS—lux um pKatG—lux ObTM WCHONB30BaHBI IS W3y4eHUs BIUSHUS 29
BEIIECTB, BKJIKOYas M3BECTHbIE AHTHOKCHUIAHTHI, NPOTHUBOJYYEBbIE CPEICTBA, aMUHOKMCIOTHI U
BUTAMHMHBI Ha OKHUCIIUTENBHBIA CTpecc B OakTepuanbHbIX KieTkax E. coli, WHAyIMpOBaHHBIN
[apakBaTOM M IEPEKUChIO, COOTBETCTBEHHO [5]. JlromuHecueHIMs OGMOCEHCOPOB IPOMCXOIUT B
pe3ysibTaTe aKTHBAaLlMM IIPOMOTOpA T'€HOB SOoXS U katA B OTBET Ha YBEIMYEHHUE KOHLICHTPALUU
cynepokcuia-pagukana u HoOz B kierke. B ciaydyae aHTHMOKCHUAAHTHOrO AEHUCTBUS H3y4aeMOro
BEUIECTBA HHTEHCUBHOCTb HWHIYLUMPOBAHHON JIIOMUHECUEHIIMM CHUXAeTcd, a B clydyae
IIPOOKCUJIAHTHOT'O J€HCTBUS — BO3pAcTaeT.

AHTHOKCUIAHTHYIO aKTUBHOCTH MposiBiM 23 u3 29 Bemects (79%) Ha 6uocencope pKatG-
lux u 22 u3 29 BemectB (76%) Ha 6uoceHcope pSoxS-lux. M3yueHHble NPOTHUBOIYyYEBbIE CPEICTBA
(10 BemiecTB) NpPOSBUIM pPA3HYIO CTENEHb IPO- M AHTHOKCUJAHTHOW aKTHBHOCTH. Bbicokyro
IIPOOKCUJAHTHYIO aKTUBHOCTh CPEM POTUBOJIYUEBBIX CpeCTB Ha GroceHcope pKatG-lux B HU3KuX
KOHIICHTPALUAX TPOSIBIJIN: JTUTUEBAsI 1 MAarHUEBasl CONU IUCYNIb(UIa TIyTaTHOHA, IIMHKOBAs COJb
BOCCTAQHOBJICHHOTO TIJyTaTHMOHA, MOJIMKCAH M HMHJIPAJIMH; Ha OHOCEHCcOpe PSOXS — IeHUCTEuH,
uctamud U AEJL. 1o uroram paGoThl OBLT C/ENIaH BHIBOA O IPHUMEHUMOCTH [uX-0MOCEHCOPOB IS
NEpBUYHOM OLEHKH TMOTCHUHATbHON aHTUOKCUJAHTHOM W PAaJUONPOTEKTOPHOM AaKTHBHOCTH
XHMHYECKUX COCTUHECHUH [6].

HccnenoBaHa aHTUOKCUJAHTHAsE AaKTHUBHOCTb OECKJIETOYHBIX CYNEPHATAHTOB KYJIbTYP
IITaMMOB JIAKTOOAUMJUI, BBIZCICHHBIX W3 MHUKPOOHMOTHI YeJOBeKa. B KadecTBe TeCT-CHCTEMBI
ucnoib30BaIn 6roceHcopsl pSoxS-lux u pKatG-lux, pearupyromuye Ha IpUCYTCTBUE CYNEPOKCU-
aHuoHa (TmapakBara) u nepekuch Bojgoposa. bonee 60% u3 uccnenoBanupix §1 mramMma MsATh BUIOB
JAKTOOALMIUT IEMOHCTPUPOBAIM AHTHOKCUAAHTHYIO aKTUBHOCTh. AKTHBHOCTB psijia IITAMMOB Oblia
MOJITBEP:K/I€HA METOJOM ONPEENIEHNsI CyMMapHOTO KOJIMYECTBa TIII0TaTHOHA [7].

Hamu BnepBble B Mupe ObUIO MOKa3aHO, YTO «TsDKedas Boja» — okcupn aeirepus (D20)
ycunuBaer SOS-otBeT KieTok E. coli, MHIyIMpPOBaHHBIH XUMHYECKMMHU T€HOTOKCHUKAaHTAMHM U
MyTareHamu. ITOT (paKT CBUAETEIBLCTBYET O TOM, UTO TSXKENBIM HepalnOaKTUBHBIN U30TOI BOAOPOIA
JefTepuil MOKHO pacCMaTpUBaTh B KayecTBe KoMyTareHa [8].

D¢ ekt neiirepupoBaHus B OMOJOIMUYECKHX CHUCTEMaxX 3aKII0YaeTCs B 3aMEJUIEHHH MHOTHX
(epMEHTAaTUBHBIX MPOLIECCOB, KOTOPOE CBSI3aHO C 3aMEIEHUEM BOJI0poaa Ha D B OHONOrHueckux
Moisiekynax, U cBia3p C-D mnpumepno B 10 pa3 mpounee, uem C-H. Ilostomy wusydenue
MOIU(PUIIMPYIOLIETO IEHCTBUS IEUTEPUs HA TeHETUYECKHUE MTPOLIECCHI B KJIETKAX KUBBIX OPraHU3MOB
uMeeT OoJbLIoe 3HaUeHHE XOTS Obl B CUJIy TOTO, YTO B HACTOsIEE BpeMsl HEOCTATOK MPUPOTHON
MMUTHEBOM ABJISIETCS rI100aMbHOM pobsieMoit. OHUM U3 CTTIOCOO0B TOOBIUY MTUTHEBOM BOJIBI SIBIISECTCS
OIIPECHEHHE MOPCKOM BOJABI C IOMOLIBI0 ATOMHBIX PEAKTOPHBIX YCTAHOBOK, 4YTO IOBBIIIAECT
CoZIep)KaHue AeUTepHUs B BOJE.

st u3ydenus BiaustHus D2O Ha uHayuOenbHbIe Mporecchl B KieTke E.coli ObU10 MPOBEAECHO
CpPaBHUTEIbHOE W3Y4YEHMUsS HHIYKIUU TeHOB recA u katA B NeNTepUpOBaHHBIX U
HEIEUTepUpPOBAaHHBIX  KyinbTypax. Mcmone3oBanm OuoceHcopsl pRecA-lux u  pKatA-lux,
JIOMUHECHUPYIOIINE B pe3yJbTaTe AaKTUBALMKM IPOMOTOPOB YKa3aHHBIX T'€HOB B OTBET Ha
Bo3aeicTBUE, BoI3BaHHOE H202. BrisiBiieHO, uTo D20 cHUXkaeT ypoBeHb dKCIIpECCUM reHa katA, uTo
MOXeET NpuBecTH HakorieHno H2O2, 1, COOTBETCTBEHHO, YBeNMYEHUIO ypoBHs nospexaeHui JJHK,
PETUCTPUPYEMBIX 110 YBEJIMYEHHIO SKCIIPECCUU IeHa recA [9].

[lomobHOoe CpaBHMTENbHOE W3Y4YEHHE C HCIoJb30oBaHWEeM OmoceHcopa pAIlkA-lux,
JIOMUHECHUPYIOLIETO B pe3yjbTaTe aKTUBALIMM IIPOMOTOpA reHa alkA B OTBET Ha aJIKWIMPOBAHHE
JIHK, moka3zaino, 4To mpeaBapuTeIbHOE IEUTEPUPOBAHIE OMOCEHCOPa YCHIIMBAET SKCIIPECCHIO TeHA
alkA, vHAYIIMPOBAHHYIO HUTPO30OMETHIMOUEBUHON U MEeTHIMETaHCylb(oHaToM, oT 1,3 1o 5 pa3 B
3aBUCUMOCTH OT KOHIeHTpauuu D>O u myrareHoB. Hamu Obl1O BBIIBUHYTO MPENIOIOKEHHUE, UYTO
JIeUTepUpOBaHUE MOXKET OBITh OJHUM M3 TIJIaBHBIX (DAKTOPOB CTAOWIM3ALMU CBSI3U MEXITY
IIPOMOTOPOM M AJIKWIMPOBaHHBIM OenkoM Ada, cienoBaTenbHO, YCWIEHUS TPAaHCKpUNLUU ada-
perynona [10].
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3akiioueHne

Takum 006pa3oM, HaMH YCTaHOBJIEHO, YTO PEKOMOMHAHTHBIC JIIOMUHECITUPYIOIIHE OMOCEHCOPHI
MOTYT OBITh C YCHEXOM HCIIOJIB30BAHBl JUIsl TEHETHYECKOTO MOHHUTOPUHTAa T'€HOTOKCHYHBIX
XUMUYECKUX COCIMHCHUM OKPYKAIOIIEH cpeabl, a Takke (aKTopoB, MOAMUPUIUPYIOIMIHUX HX
AKTHUBHOCTb.
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DIVERSITY AND DEGRADATIVE CAPABILITIES OF BACTERIA AND FUNGI
ISOLATED FROM OIL-CONTAMINATED AND HYDROCARBON-POLLUTED SOILS
IN KAZAKHSTAN
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Bacteria and fungi were isolated from eleven different soil samples from different regions in
Kazakhstan contaminated with oil or salt or aromatic compounds (Figure 1).
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Figure 1. Comparative presentation of the “culturome” biodiversity of the hydrocarbon
degraders of the polluted soils (E1-ES8) from the north bank of the Lake Balkhash to the Talgar Pass
and of the oil-polluted deposits of the Mangystau, the Kyzylorda and the Atyrau region (around 994
miles/ 1600 km, 466 miles/ 750 km, 1242 miles/ 2000 km further to the west)

For the isolation of the organisms, we used, on the one hand, typical hydrocarbons such as the
well utilizable aliphatic alkane tetradecane, the hardly degradable multiple-branched alkane pristane,
and the biaromatic compound biphenyl as enrichment substrates. Furthermore, we also used
oxygenated derivatives of alicyclic and monoaromatic hydrocarbons, such as cyclohexanone and p-
tert-amylphenol, which are known as problematic pollutants. On the other hand, especially for the
soil samples from oil deposits, we used crude oil for the isolation.

More than seventy bacterial and fungal strains were isolated, and nearly the half of them were
clearly able to metabolize some of the named isolation substrates, as tested by HPLC-UV/Vis and
GC-MS analyses. To study the effects of indigenous soil bacteria of oil-contaminated soil from oil
fields of the Kyzylorda, Mangystau and Atyrau region more than thirty bacterial and fungal strains
were isolated from heavily contaminated soils of these deposits and characterized for their abilities
to degrade crude oil components.

A lot of isolated strains from different genera belong to well-described hydrocarbon degraders
like some Rhodococci and Bacilli as well as Acinetobacter, Gordonia, Pseudomonas, Fusarium,
Candida, and Yarrowia species. However, species of the bacterial genus Curtobacterium, the yeast
genera Lodderomyces and Pseudozyma, as well as the filamentous fungal genera Purpureocillium
and Sarocladium, which have rarely been described as hydrocarbon degrading, were isolated and
shown to be efficient tetradecane degraders, mostly via monoterminal oxidation. Pristane was
exclusively degraded by Rhodococcus isolates. Candida, Fusarium, and Rhodotorula strains
degraded cyclohexanone, and in doing so accumulate e-caprolactone or hexanedioic acid as
metabolites. Biphenyl was transformed by Pseudomonas/Stenotrophomonas isolates, and
naphthalene by Bacillus, Rhodococcus, and Sphingobacterium strains. Mostly Gordonia and
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Rhodococcus isolates and one special Moniliella species used an unusually wide spectrum of
hydrocarbons of the crude oil as substrates (more than 80, one special strain more than 150), including
n-alkanes with chain lengths ranging from Ci2 to C3», monomethyl- and monoethyl-substituted
alkanes (C12—C23), n-alkylcyclo alkanes with alkyl chain lengths from 4 to 25 carbon atoms, as well
as substituted monoaromatic and diaromatic hydrocarbons. During their transformation of this wide
range of hydrocarbon substrates, a variety of organic acids from oil components, of which 59 were
identified and 11 of them are hitherto unknown acidic oil metabolites. Inoculating barley seeds
together with different combinations of the isalated strains restored normal growth of the plants on
contaminated soils, demonstrating the power of this approach for bioremediation.
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SOM- AND PARAFAC-ASSISTED FLUORESCENCE SPECTROSCOPY AS A TOOL FOR
UNSUPERVISED ENVIRONMENTAL MONITORING
Ilya Digel!, Thorsten Sichtermann!, Fouad Azar!, Nuraly Akimbekov?

Aachen University of Applied Sciences, Heinrich-Mussmann-StrafSe 1, D 52428, Jiilich, Germany
2 al-Farabi Kazakh National University, al-Farabi ave. 71, 050040, Almaty, Kazakhstan
e-mail: digel@fh-aachen.de

Abstract. Background: Automatization for environmental monitoring of water for quick and
reliable identification, quantification and characterization of dissolved organic material and
microorganisms has been actively pursued for several decades. The main goal of our pilot study was
to investigate the analytical potential of the 3-D fluorescence spectroscopy enhanced by self-
organizing maps and parallel factor analysis for the automated identification and quantification of
various dissolved compounds, such as amino acids, NADH, FAD, ATP, some inorganic salts etc.
individually and in mixtures. Methods: Excitation-emission matrices (EEMs) of different inorganic
compounds were recorded using the fluorescence spectrophotometer FP-8500 (Jasco Co. Japan). The
obtained spectroscopic data were then analyzed and systematized using both supervised and
unsupervised neuronal networks assisted by a k-means clustering or a parallel factor analysis. The
performance of the applied algorithms was evaluated by topographic criteria as well as subjectively.
Results and conclusions: To classify different chemical species, a feedforward neural network was
designed and trained using EEMs. Using PARAFAC, EEMs of mixtures could be broken down into
singular EEM components. Thus, EEMs could be distinguished (SOM) and correctly classified by
feedforward neural networks (FNN). Summarizing, it can be concluded that the applied combined
approaches (EEM-SOM-FNN and EEM-PARAFAC-FNN) provide adequate performance in
distinction between various substances and these methods may develop into a viable tool for detection
and identification of dissolved compounds in their mixtures by robotic probes in a highly autonomous
manner.

Keywords: fluorescence spectroscopy, self-organizing maps, k-means clustering, excitation-
emission matrix, PARAFAC

Background

Obviously, various water solutions are absolutely critical for the origin, health, wellbeing,
development and even the very existence of the mankind and the whole biosphere. The compositional
analysis of aqueous solutions is not only critical in assessing of ecological and medicinal factors, but
in understanding the origin of mankind and its biosphere. There is an increasingly growing set of
practical demands (such as biotechnological and environmental monitoring) as well as remaining
huge number open theoretical questions, related to artificial and natural aqueous systems — from
fundamental investigations of unique primeval aquatic habitats up to personalized medicine.
Unavoidably, future scientific and technical tools for various analytical tasks and research missions
will become more and more automatized. This is especially true for analytical monitoring in harsh
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and unusual environmental conditions, such as submarine or space exploration. In these and many
other cases, sampling and data analysis have to rely on fully automated technical solutions, preferably
those possessing self-learning features.

The ultimate goal of our research work is to contribute to the development of monitoring
methods that are (a) sensitive, (b) noninvasive, (c) require little to no sample handling, (d) can be
applied for unsupervised data analysis and (e) can guide autonomous navigation of robotic probes. In
the present study, we developed, tested and optimized methods where fluorescence spectroscopy is
accompanied by machine learning (supervised and unsupervised neuronal networks of different
architecture) as well as other methods such as k-means clustering and parallel factor analysis
(PARAFAC).

Materials and methods

Samples

The compounds tested in this study can be divided into four groups: inorganic salts, low-
molecular weight organic compounds, proteins and microorganisms (hydrothermal vent bacteria).

Table 1. Sample classes (including examples) that were included in this study.

Concentration
Group (examples) range
Inorganic compounds: ammonium persulfate (NH4S20g), calcium chloride
(CaCly), calcium sulfate (CaSOs), copper (II) sulfate (CuSOs), dipotassium 10M - 10-'M
phosphate (K2HPO4), iron (II) sulfate (FeSO4), magnesium sulfate (MgSOs),
sodium sulfide (Na2SQOs), sodium thiosulfate (Na2S>03)
Organic compounds: L-tryptophan, L-phenylalanine, L-arginine, L-histidine,
L-alanine, ATP, FAD, NADH, riboflavin, pyridoxine hydrochloride, 10®*M - 10°M
chlorophyll A.
Proteins: human hemoglobin, human serum albumin, bacteriorhodopsin from 8 14
. . 10°-10"M
Halobacterium salinarum
Microorganisms: Thiobacillus thioparus DSMZ Ref. 5369 and 0 109
Acidithiobacillus ferrooxidans DSMZ Ref. 585 10™-107CFU/mL

For each sample group, different mixtures of the compounds within a broad range of

concentrations were prepared and examined (Tab.1). Inorganic and organic samples were diluted
using ultrapure water. For the proteins and microorganisms, phosphate buffered saline (pH 7.4, 280
mosm) served as an aqueous medium.
Fluorescence spectroscopy measurements were performed using the FP-8500 device from Jasco Co.
(Japan) since this data acquisition technique can fulfil most of the previously declared methodological
criteria. By measuring the characteristic emission of a sample for given excitation wavelength range,
a spectroscopic dataset containing a spectral fingerprint in a form of an excitation-emission matrix
(EEM) was obtained. The measurement settings were based on the manufacturer recommendations
(5 nm bandwidth; 10 msec response time).

Data pre-processing: The raw measurement data were imported as ASCII by a batch script. All
further processing of the data (normalization, background correction, and removing Rayleigh
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scattering signals) were performed in Matlab® software package (MathWorks, Inc.). If needed, the
data were additionally formatted to fit the requirements from the artificial neuronal networks and the
toolboxes used (SOM, k-means, PARAFAC and FNN).

SOM analysis: After acquisition and pre-processing, the samples were used as input vectors for
a Kohonen self-organizing map (SOM). For a detailed description of the procedure steps, please refer
to an excellent tutorial by Bieroza et al. [1]. Briefly, a SOM translocates high-dimensional data into
a quantized two-dimensional image. The distance between the items in the two-dimensional data
reflects the similarities between the data [2].

Feedforward Neural Networks: The second learning algorithm used, besides SOMs, was an
FNN (Feedforward Neural Network) with a binary class output. The network was designed in Matlab
® to classify the chemical species and was trained using EEMs.

K-means clustering: After the labeling of the SOM-generated values in this study, as described
by J. Vesanto et al. [3], k-means were produced in order to group the samples based on similarity
factors.

Parallel factor analysis (PARAFAC) was also applied within the Matlab® environment (using
the N-Way toolbox) and actually represents an extension of the principle component analysis and is
based on the trilinear model by generalizing idea of parallel profiles factor rotation. Essentially,
PARAFAC is applied to resolve matrices into unique singular components, i.e. it can decompose an
EEM of a mixture into the EEMs of its constituents.

Results and discussion
As an important output of the study we consider a created database of fluorescence signatures,
including concentration-dependencies (Fig. 1).
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Figure 1. One of the numerous fluorescence profile records created in the frames of the study and
supposed to be used by machine-learning algorithms.

The further SOM processing applied on different sets of data readily revealed differences in
fluorescence signatures, as exemplified in Fig. 2.
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Figure 2A. Initial dataset of some inorganic substances with “walls” and “valleys” of different
similarity,. B: Respective sample distribution obtained by assigning similar samples into valleys. C:
12x3 histogram showing sample hits per cell. D: k-means clustering revealing spectral similarity
between samples unambiguously. E: exemplary EEMs of ferrous sulfate and Thiobacillus thioparus
samples

The shown dataset represents a (simplified) typical composition of seawater found at a
hydrothermal vent and represents a significant challenge for deconvolution and interpretation of the
measured data. The k-means clustering helped significantly during the interpretation process, having
divided the map into distinct regions. Two major benefits of clustering the SOM prototype vectors
were noise reduction the decrease in calculation time, since the amount of input vectors presented to
the k-means algorithm decreases to the number of nodes in the SOM. Correspondingly, the
quantization low error of 0.3 was achieved because the prototype vectors of the input data did not
need to be fit as much as it was for the 12x3 map.

In turn, processing of fluorescence data obtained from mixtures of different compounds (such
as ATP, NADH and FAD) by PARAFAC-module allowed the neural network to successfully identify
and report individual compounds.

Conclusions

By using fluorescence spectroscopy accompanied with SOM and k-means clustering, it was
possible to distinguish between different dissolved compounds in an autonomous manner. Also, the
compounds could be successfully classified due to differences in the pattern of their intrinsic
fluorescence. Our findings preliminary support the idea that an automatized fluorescence system
possesses high potential for the identification and characterization of environmental samples. For
further validation and proof of the performance of the tools, more complex mixtures of compounds
will need to be acquired and processed by the presented algorithms.
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THE PLANT MICROBIOME IN SUSTAINABLE AGRICULTURE
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Plant and soil microbiome has been extensively used for improvement of plant growth, stress
tolerance, and soil productivity under various abiotic stress conditions (Cho et al. 2015). Plant
rhizosphere is a nutrient rich ecosystem for microbes, where they colonize and use nutrients and
proliferate. It is reported that plant growth promoting rhizobacteria (PGPR) are able to colonize the
rhizosphere, the root surface, or even superficial intercellular spaces of the plants and facilitate to
develop a beneficial association with the plants. The microbial composition in the rhizosphere is
diverse and differs greatly from one plant species to another (Lugtenberg et al. 2001). They contribute
in soil nutrient mineralization making them available for plant uptake, through maintaining
biogeochemical cycle. These microbes have various adaptation strategies to drought and salt stress
through diverse physiological acclimation mechanisms (Mendes et al. 2013). There are many reports
on the diversity of salt tolerant plant beneficial bacteria which include various species such as
Acetobacter, Azospirillum, Arthrobacter, Bacillus, Pseudomonas, Rhizobium, Serratia and
Steretrophomonas (Choudhary etal. 2015). Over the past decades, plant associated microorganisms
have been utilized for enhanced plant growth and resistance to versatile abiotic stresses such as
drought, salinity and temperature maintaining agricultural productivity. It is believed that PGPR
effect on plant growth and physiology directly or indirectly through several mechanisms. Increased
nutrient uptake by plants inoculated with effective bacteria has been attributed to the production of
plant growth regulators by the bacteria at the root interface, which stimulated root growth and
facilitated greater absorption of water and nutrients from the subsoil. The traits include the production
of phytohormones such as auxins and gibberellins, production of low molecular weight organic acids
and exopolysaccharides, production of siderophores, synthesis of osmoprotectants,
exopolysaccharides, 1-aminocyclopropane-1-carboxylate (ACC) deaminase (Cho et al. 2015;
Egamberdieva et al. 2011, 2019), modulation of antioxidant enzymes antagonism against
phytopathogens and synthesising cell wall degrading enzymes such as pectinase, -1,3-glucanase,
and chitinase. Plant hormones play an important role in plant physiology, such as seed germination,
root formation, root elongation, and blossom formation. IAA is the most abundant naturally occurring
auxin with a well-documented ability to regulate many aspects of plant development. PGPR also
synthesize extracellular enzymes such as cellulase, protease, pectinase, which play a vital role in plant
protection against phytopathogens. Others have indirect roles protecting the plant against soil —borne
diseases, which are mainly caused by pathogenic microorganisms, maintaining nutrients availability
to plants and upregulation of antioxidant enzymes which protect plants from oxidative stress. Root
associated microbes produce EPS which contain glucose, galactose and mannose, helping them to
survive in extreme soil conditions. The genera Agrobacterium, Azospirillum, Bacillus, Burkholderia,
Enterobacter, Klebsiella, Ochromobacter, Pseudomonas, Rhizobium, Serratia and Streptomyces are
among the most beneficial and commonly used for improving the yield of agricultural crops under
saline conditions. The microbial inoculants also modify physiological processes in pants, e.g.
biosynthesis of organic acids, soluble sugars, antioxidant enzymes. Other important activities root
associated bacteria use in plant growth stimulation and stress tolerance are modulation of proline
synthesis, activation of plant defense mechanisms reducing the toxicity of reactive oxygen species.
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The inoculation of plants with beneficial microbes increase root system, root hairs thereby improve
water uptake under extreme conditions. Plant growth promoting microorganisms from extreme
conditions show diverse mechanisms of survival and abilities to improve the soil productivity and
growth in adverse conditions. These microbes need to be explored and utilized in agro-ecosystems,
particularly those facing the impact of abiotic stresses. These microbes have a great biotechnological
potential to improve soil productivity and plant health under various soil conditions.
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Abcrpakr. C ucnonszoBanueM ¢iayopumerpa M—-PEA-2 moka3aHo, 4TO HOHBI KaaMus
MHTUOMPYIOT AJIEKTPOHHBIN TpaHcnopT B (otocucreme II. Ilporcxoaut ymeHbIIeHHE KBAaHTOBOTO
BBIXOJIa DJIEKTPOHHOTO TpaHcnopTta B hotocucteme Il (¢ro), nnaekca mpousBoautenbHocTu (Plags)
u yBenmuenue paccenBanus sHeprun (DIo/RC) u ApH-3aBucHMOT0 HE(OTOXUMUYECKOTO TYIICHHUS
(qe). HambGonee uyBCTBUTENIBHBIM IMapaMeTpoOM OKazaics HHIEKC Mpou3BoguTeabHOCTH (Plags),
KOTOPBIM MOKHO NMPEAJIOKUTH AJIsi OOHAPYKEHHs PAaHHETO TOKCHYECKOIro JACHCTBUS MOHOB KaaMUs
Ha BOJIOPOCIIH.

Knrwueevie cnosa: Ankistrodesmus sp. B-11, uonvl kaomus, ¢pomocunmes, ¢hiyopecyenyus
xnopoghunna.

B cBsI31 ¢ aKTMBHO pa3BUBAIONIUIICS aHTPOIOT€HHON JeSITEIbHOCTBIO 3arpsisHeHne ouochepsl
TSOKEITBIMU MEeTaJlIaMU NpruoOpesio riaob0anbHbIi XapakTtep. Kaamuii oTHOCUTCS K unciy Hanboliee
OMAaCHBIX TSDKENBIX METAOB s 3Koyuoruu. [1]. ToOKCHYHBIE KOHLEHTpAlUUW KaaMus AJis
(OTOCUHTE3UPYIOLINX OPraHU3MOB YaCTO HaXOATCA B Ipeaenax Heckoabkux MKM. Ha ¢otocunres
pacTeHMii H3TOT MeETalJd BIUSET MHOTOOOpa3HO: Ha COJEpKaHWE U COCTaB IUTMEHTOB,
(OTOCUHTETUUECKUN DJIEKTPOHHBIM MOTOK, TUJIAKOWJHYIO CTPYKTYpY, padoty mukia KampBuHa-
bencona. IlpenmonararoT, 4To yka3aHHbIE KOHIICHTpAIMHM KaaMHUs JEHCTBYIOT Ha ()OTOCHHTE3 Ha
ypoBHe ¢otocuctemsl (DOCII), uarnbupys BoiaeneHue kuciaopoaa [1]. diyopecuieHTHbIE METOIBI
OLIEHKH MOTYT JaTh MOAPOOHYI0 HH(OPMAILIHIO 00 aKTUBHOCTH (JOTOCHHTETUYECKOTO ariapara npu
TOKCHYECKOM JIEHCTBUM TSDKEIBIX MeTawioB [1-5]. Takwe MeTOoapl TO3BOJSIOT MONTyYaTh
MH(POPMAIIHIO O COCTOSHUM MUKPOBOJIOPOCIEH B peKUME peallbHOro BpeMeHu. B nmociennee Bpems
JUIs OLIEHKH PalOOoThl (POTOCMHTETHUECKOTO ammapaTa BBICIIUX PACTEHHHM U KYJIbTYp BOJOpOCIEH
HAYMHAIOT UCTOIH30BaTh METOBI U3MEPEHUSI NHIYKIIMOHHBIX KPUBBIX (PIIYOPECIEHIIMU C BBICOKUM
BpEMEHHBIM paspernieHueM [2-4]. B paboTe Ob1IM H3ydeHbl U3MEHEHHS TapaMeTpoB (DIyopecleHInn
xJyopoduina B KiueTkax Ankistrodesmus sp. B-11 B IpUCYTCTBUU B Cpeie Pa3TUYHBIX KOHIICHTPAIIHA
MOHOB KaJIMUS.

Martepuajibl 1 METObI HCCJICI0BAHNS

OnHoxyeTouHas KynbTypa Ankistrodesmus sp. B-11 BblpaluBaiachk Mpyu OCBEUIEHUHU 3-5 THIC.
moke u Temneparype 22°C. B onbiTax kaamuii ncnoib3osainu B Buae coiau CdS04-8H20 (pupma OAO
peaktuB, Poccus) u Bogopocnu B (haze norapudmuueckoro pocta (4-7 cyrok) Ha 10 % cpene [Ipara
JUTSl IPEIOTBPAILICHHS] CBS3bIBAHUS TOKCUKAHTA.
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WHayKImoHHBIE KPUBBIE (QIIyOPECHEHIINN XJI0pOohHILIa U3MEPSUIH C TOMOIIBI0 mprdopa Multi-
function Plant Efficiency Analyser (M-PEA-2, Hansatech Instruments, BemukoOpuranus) [3].
Peructpaiuio (IyopecleHIuy IPOU3BOIMIN IPU KPacHOM cBeTe (MHTeHcuBHOCTH 1500 MKE/(M2¢),
625 HM) XapakTEepUCTUKH U MPOTOKOJI u3Mepenuid Ha M-PEA-2 nonpo6no onmcan panee [3]. s
KOJIMYECTBEHHOTI'O aHAIM3a XapaKTEPHCTUK MEPBHYHBIX MporeccoB (orocuHre3a Ha ocHoBe OJIP
rmapaMeTpoB HMHIYKIIMOHHOW KPUBOH, OBUT HCIIONB30BaH Tak HaszbiBaeMmbiid JIP-tect [2-4]. Ha
ocHoBaHuu JIP-tecta paccuuranbl cnenyronue napamerpsl: Fy/Fv — MakcumanbHbINA KBaHTOBBIN
BBIXOJT TIEPBUYHOM (POTOXMMHYECKON pEaKIIMu B OTKPBITHIX peaknnoHHBIX IeHTpax (PL) ®C II:
Fv/Fm=po; Vi — OTHOCUTENnbHAsS amruiuTyaa $haszsl O-J , oTpakaeT Koau4ecTBO 3aKphIThix PLI ; Vi—
OtHocutenpHas ammuTyga ¢aser  O-I; QOEo — KBaHTOBBIH BBIXOJ 3JIEKTPOHHOTO
tpancnopta; DIo/RC— ob1iee KoIM4ecTBO SHEPTUH, PACCENBAEMON OJTHUM PEaKIIMOHHBIM LIEHTPOM
(RC) B Buze temia; ABS/RC — [loTok sHEpruu, morjionaeMblii OJTHUM aKTUBHBIM PEaKIIMOHHBIM
uentpom (PLI), xapaxrtepusyeT oOTHOCUTENbHBbIM pa3mep aHTeHHBbl (ABS); Plaps — Wnnekc
IIPOM3BOIUTENILHOCTH, TMOKa3zaTesb (yHKuMoHaIbHOM aktuBHOCcTH DPC II, OTHeceHHbBIH K
nornomaemMon sHeprun; g — CmnocoOHocTh K pH-MHAYIMpOBaHHOMY HE()OTOXUMHUYECKOMY
TYIIEHUIO (PITyOpecleHInH.

PesyabTaTshl Hcc/ieqoBaHuii H 00CyXKIeHUe

[IpoBeneHubie wuccnenoBanus Ankistrodesmus sp. B-11 Toka3anw, 4YTO MaKCHUMAaJIbHBIN
KBAaHTOBBIN BBIXOJ] MEPBUYHBIX (hoToxumuueckux peakiuii Fv/Fum (@po) Y KOHTPONBHBIX KIIETOK
Haxowics Ha ypoBHe 0.6 (tabm. 1). B mpucyrctBum conu kagmus B konieHTpanusax 0.05 u 0.2 mr/n
YK€ 4epe3 CYTKHM MHKYyOallMM MPOUCXOJMIIO CHIXKEHUE 3Toro napamerpa. Cienyer OTMETUTh, YTO
IpHU KpaTKoBpeMeHHOH (24 1) mHKyOanuu BOAOpOCIel ¢ KaJMHUEM OTCYTCTBOBAIO BIMSHUS 3TOTO
MeTaJljla Ha MUTMEHTHBIN anmapar.

Jns  netanbHOM  OLIGHKM M3MEHEHMH (OTOCMHTETHYECKOH aKTUBHOCTH B  KIETKax
Ankistrodesmus sp. B-11 0bu11 n3MepeHbl HHAYKIIMOHHBIE TapaMeTpsl ObicTpoii (hiyopecuenuu. B
IPUCYTCTBUM B Cpe/ie CONU KaaMus MeHsuach Gopma kpuoil O-J-I-P u Habmronanocs cHUXKeHHE
BKJIaJia poroxumuyeckoit ¢asel J-1-P, yTo cBUIETENBCTBYET O HAPYIIEHUU MOTOKA 3JIEKTPOHOB OT
@CII B myn xuHOoHOB (Tabun.1) [4, 5]. KBanToBbI BeIX0O 31eKTpoHHOTO TpaHcnopta B PCII (¢ko) y
KJIETOK B IPUCYTCTBUM MOHOB KaJMMsI CHWXKEH. TO €CcTh OJIHO U3 MEPBBIX MECT NEHCTBUS KaaMUs
nokanu3oBaHo Ha akuentopHoi yactu @C II. VBennuenue OJ-dasbl, IPUBOIUT K BO3PACTAHUIO
napameTpa Vj, 4To yKa3bIBaeT Ha yBenudeHue noiau O HeBocctanapnuBatomuxcs P ot @CII. daza
JI (3-30 mc) cooTBeTcTBYeT BoccTaHOBIeHHMIO myia PQ, a mapamerp Vi sBiseTcss XOpOLIMM
WHIUKATOPOM COCTOSIHUSI pelloKc-cocTostHus myna PQ B rtemuore [4]. OOHapykeHO, 4TO B
NPUCYTCTBUM MOHOB KaJMMs HE HaOJIONANOCh M3MEHEHHH 3TOro mapamerpa, YTO yKa3blBaeT Ha
OTCYTCTBHE BJIMSIHUS METajla Ha HaJMyue OKUCIEHHBIX MoJiekys PQ caiita Qg y Bogopocien.

Ta6muma 1. ITapamerper OJIP-TecTa HHAYKITMOHHOW KMHETHKH (PIIyOPECIICHIINH MUKPOBOOPOCIIEH
Ankistrodesmus sp.B-11 npu AeNCTBUM pa3IMYHBIX KOHIIEHTpaUUWd Kaamusi yepe3 24 wyaca
MHKyOanuu. 3Be3ioukamu (*) 0003HaYeHbl CTATUCTHYECKHU 3HAUMMBbIE Pa3iHuds OT KOHTPOJIbHOM
rpynnsl 0pu p-ypoBHe 3Haunmoctu P<0,05.

KonTpoJas 0,05 mr/a 0,2 mr/a
Fv/Fwm 0.6+0.02 0.52+0.03* 0.46+0.02*
\4 0.65+0.03 0.67+0.02 0.73+0.03*
Vi 0.86+0.03 0.86+0.04 0.89+0.04
¢©Eo 0.21+0.01 0.17+0.02* 0.12+0.02*
Plags 0.24+0.02 0.12+0.02 * 0.06+0.03 *
ABS/RC 3.2+0.4 4.48+0.03 * 5.1£0.2 *
DIo/RC 1.29+0.04 2.14+0.05 * 2.75+0.05%*
qe 1.63+0.04 1.86+0.03 * 1.89+0.04*
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[Tapamerp ABS/RC, cBsi3aHHBII ¢ pa3MepoM CBeTOCOOMparoiieli aHTCHHBI Ha PEaKIIMOHHBIN
LIEHTP, Y KJIETOK BOJOpPOCJIEH B NPUCYTCTBUU KaJMHUs YBEIMYEH OTHOCUTENIBHO KOHTpOJS, 4TO
CBSI3aHO CO CHWKEHHMEM Y HUX JJ0JIM akTUBHBIX PLI, koTOpoe 00ycioBiieHO HapylIeHueM OMOCHHTE3a
6enkxa D1. ITapamerp Plaps siBnsieTcs 000OIIEHHBIM TOKa3aTeneM (yHKIHOHAIBHONW aKTHBHOCTHU
OCII [2]. D10 mapameTp uMeeT 0oJiee BHICOKHUE IMOKA3aTeIN Y KOHTPOIBHBIX KJIETOK MO0 CPAaBHEHHIO
C KJIETKaMu B TIpUCyTCTBUM KaaMmusa. Huskue mnokasatenu mnapamerpa Plass (unzexc
IIPOM3BOJIUTENIBHOCTH) Yy OOpa0OTaHHBIX KaJMHUEM BOJOPOCIEH YKa3bIBAalOT Ha HU3KYIO
¢ynkunonanbHylo akTuBHOCTH OCII, B OCHOBHOM H3-32 CHW)KEHHUS JOJIM akTUBHBIX PL[ u
IOBBIIIEHUS] TYLIEHHUS BO30YKIECHHBIX COCTOSIHMM B aHTeHHE. YMeHblIeHHE 3(QeKTHuBHOCTH
nepefayn dHEPrud  BO30OYXKIEHUS CO CcBerocoOmparomero komiuiekca Ha PI[  momxHO
COIIPOBOXAATHCS YBEINYEHUEM PACCEUBAHMSI HEUCIIOIb3YEMOU CBETOBOM YHEPIrUH. JlelCTBUTEIBHO,
s dextuBHOCTh paccenBanus sHeprun (DIo/RC) y ki1eTok B MpHCYTCTBUU KaaMHs HAXOIUTCS Ha
BBICOKOM YPOBHE. DTO KOppEJIUpPYET C yBeauueHrueM y Hux ApH-3aBUcUMOro HEOTOXMMHUYECKOTO
TYIIEHHUS (g, KOTOPOE PACCUUTHIBACTCS IO CHaay (pIyopecleHlny Mmociie JOCTHKEHUSI MaKCUMyMa
(qe=(Fm—Fes)/Fv).

CoBpeMeHHbIE TPEACTABIEHUS O MEPEHOCE 3JIEKTPOHA MO (POTOCHHTETHUUECKON 3JIEKTPOH-
tpancnoptHoit nenu (3TL]) npeanonaratot nocienoBarensHoe yyactue AByx ¢orocuctem (PCII u
@®CI), npu xoTopom mnepeHocunku, BocctaHoBiaeHHble DCII, cimyxaT nOHOpaMHU 3JIEKTPOHOB IS
OCI. Ces3p mexay OCII u OCI nposiBisercs Bo (hayopecleHIIuu XJI0poduslia, ypoBeHb KOTOPOi
3aBUCHUT OT PEIOKC-COCTOSIHUSI XUHOHHOTO akientopa Q.. @oropeakuust OC Il Boccranapnupaet Q,
HOBBIINIAsL YPOBEHb (uiyopecleHInH, a akTuBHOCTh OCI npuBOAUT K OKUCIEHUIO0 Q. U CHUKEHHUIO
¢nyopecueniuun  [2]. KuHeTuku CBETOBOM MHAYKIHMM TEpEeMEHHOW (QUIyOpecleHIMH B
MUJUINCEKYHIHOM JMANa30HE OTPa)kal0T M3MEHEHUs MIEKTpoHHOro tpa”cnopra BHyTtpu PCII n
Mexay OCII u OCI [2-4].

W3mepenus nokaszareneil gynkiuonanbHoi aktuBHOCTH PCII Takmx BenmuunH, kak Fv/Fum
(MmakcumainbHbIi kBaHTOBBIN Bbixoa DCII) u Plaps (MHIEKC TPONU3BOIUTENILHOCTH) JOKA3bIBAET, YTO
kaamuii Be3Bai nHaktuBanuo OCII, u 310 cornacyercs ¢ JaHHBIMH 00 MX TOKCHYECKOM JAeiCcTBUM
Ha @OCII, nmomydyeHHbBIMH paHee i JIpyrux QorocuHTeTHdeckux oO0bekToB [l]. Permcrpanus
MHAYKIIMOHHBIX KPUBBIX (DIyOpecleHLInH, MMO3BOJWIN BBISBUTH MEPBUYHBIE CTAIUM BO3IACHCTBUS
MOHOB KaJMHUsi Ha peakuuu (HOTOCHHTE3a Y BoJopocieil Ankistrodesmus sp. B-11. Ananus
MHIYKIMOHHBIX KPUBBIX IOKa3aJ, YTO OJHO W3 IEPBBIX MECT JCHCTBUS COCIMHEHUN KaaMus
nokanu3oBaHo Ha akuentopHoil yactu OCII mexny Qa 1 Qp. YMeHbIlIEHHE KBAaHTOBOI'O BBIXOZA
anekTpoHHoro TpaHcrnopra B @OCII mnpuBogUT K HMHTUOMPOBAHUIO 3HAYEHMsS HHJIEKCa
npou3BouTeNbHOCTH (PlaBs). DTOT mapamerp okazasics 0ojiee YyBCTBUTENBHBIM 110 CPAaBHEHHUIO C
Fv/FM 1 MoXeT ObITh PEKOMEHJOBaH B OMOTECTUPOBAHMHM KauecTBa BOJBI B E€CTECTBEHHBIX MU
HCKYCCTBEHHBIX BOJ0e€MaX. YMEHbIICHHE KoJndyecTBa akTUBHBIX PL[ v nM3MeHeHHe 371eKTpOHHOTO
TpPaHCHOPTa MPUBOAAT K HAPACTAHUIO HE(POTOXMMUYECKHUX IOTEPhb, CBA3AHHBIX C YBEIMUYCHHEM
KkBaHTOBON  »d¢exkruBHocTn  paccenBanus  sHeprun  (DIo/RC) wu  ApH-3aBucumoro
Hedoroxummuueckoro TymeHus (qg). [lomydeHHble B pamMKax JaHHOM pabOThI pe3yibTaThl MOTYT
OBITh HCIIOJIB30BaHbl B X0J1€ IPOBEJACHUS OL[EHKU 3KOJIOTUYECKOTO COCTOSIHUS BOJHBIX IKOCHCTEM,
3arps3HEHHBIX HOHAMU TSDKENbIX MeTaioB. PaboTa nmoxnep:xana no I'panty PODU N20-04-00465.
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The exploitation of phytoplanktons has been practiced since ancient period and continues to
be central to numerous modern biotechnological processes, in particular recovering nutrients from
agricultural run-off and wastewaters [1]. These unicellular photosynthetic eukaryotes not only serve
as initial producer of aquatic food webs but also play a very critical role in maintaining the ecological
balance of biosphere by secreting metabolic products such as extracellular enzymes, antimicrobial
compounds, antioxidants, and bioenergy-based products [2-4]. With the current trend towards
conservation and sustainable resource management, there is renewed interest in exploring microalgae
for biofuel production, bioremediation, value-added animal products, cosmaceutical and
biodegradable industrial products such as bioplastic [5-7]. Recent advancements in molecular
biology, biomolecular engineering, informatics, and other related sciences has greatly facilitated
scientists for tapping the maximum potential of microalgae with applications ranging from drug
development, agriculture, industry, to bioenergy and sustainable environment [8-9].

The polyphyletic origin and diversification of microalgae over the evolutionary times,
accounts for diverse morphologies and wide range of metabolic and enzymatic adaptations allowing
them to inhabit diverse ecological niches [10-13]. Many of the microalgal species are capable of
living in extreme conditions of temperature, pH, and alkaline saline conditions among others, which
has led to various modifications in its biomolecules or emergence of new metabolic pathways [14].
A number of novel bioactive secondary metabolites with enormous therapeutic and nutraceutical
potential are being produced by manipulating the microalgae metabolic pathways [15]. Microalgae
and Cyanobacteria considerably recognized for producing secondary metabolites belong to the genera
Botryococcus, Chlorella, Chlamydomonas, Chlorococum, Dunaliella, Nannochloropsis, Neochloris,
Scenedesmus, Tetraselmis, Nostoc, Oscillatoria, Spirogyra, Spirulina, and Synechococcus[16-18].

The comprehensive understanding of the ecological role and deeper exploration of
biotechnological potential of microalgae in areas of basic, applied and industrial research requires the
exploration and interactive analyses of both proteomes and genomes of microalgae. Microalgae
genome contains many diversified genes and proteins with important physiological functions, that
provide insight into evolutionary aspects of development of novel features of multicellular lineages
as well as provides a variety of genetic and metabolic engineering targets and strategies for focused
efforts to improve the productivity and cellular content of metabolites, such as Silacidins, silicon-
binding proteins, recently identified in T. pseudonana; the death-specific gene (ScDSP), recently
identified in Skeletonema costatum [19], potentially be used as marker for programmed cell death
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(PCD) processes; PUFA biosynthetic novel genes such as elongase (from Isochrysis sp.) and AS-
desaturase (from Pavlova sp) [20].

In addition, studies of features that are unique to microalgae (e.g., metabolic diversity, neutral
lipid accumulation under environmental stress, prevalence of unique gene families, episomal
replication capacity, insertion sequences at multiple sites of chloroplast genome) can prove useful in
many applications [21-22]. Producing recombinant proteins in Microalgae from chloroplast by
heterologous gene expression, with ability to process polycistronic transcription also affords a new
perspective for the development of therapeutic proteins, industrial production of primary and
secondary metabolites, and industrial enzymes [23-24]

A remarkable feature in the evolution history of microalgae is its polyphyletic origination with
mosaic genome derived from photosynthetic organisms, heterotrophic eukaryotes and bacteria. Three
driving evolutionary forces, endosymbiosis; vertical gene transfer and horizontal gene, behind this
genetic mosaicism led microalgae to adapt to a myriad of different environments [25].

The use of microalgae as a genetically tractable model system for gene knock-out studies
holds the potential to provide novel insights into novel pathways of biotechnological importance and
in understanding of algal-driven ecological processes [26]. In-depth exploration of the functionality
of deleted genes and of genome-wide association studies could also provide possible explanation of
biological processes from an evolutionary perspective, if it is an ancestral feature or a derived and
adapted feature that originated later in response to the needs of organism.

The past decade has witnessed a revolution in genome sequencing technology (i.e. next-
generation sequencing; NGS) that have had substantial impacts on the fields of ecology, evolution,
and conservation. Relative to frequently used small sets of neutral, anonymous markers such as
mitochondrial DNA and/or tens of microsatellite markers, Single Nucleotide Polymorphisms (SNPs)
have proven good predictors of genome-wide diversity and/or evolutionary potential [27]. NGS
technologies (high-throughput, massively parallel sequencing) are being rapidly adopted as an
important and rapid molecular tool from an environmental perspective to identify and quantify
microalgae from environmental samples for bio-indication and bio-monitoring [28].

Further extensive comparative genomic studies of microalgae using thousands of SNPs
markers generated from next-generation sequencing (NGS), will help molecular geneticists to provide
answers to many unresolved questions and draw useful inferences related to ecology, population
genetics, and conservation genetics, such as estimation of genetic variation within individuals and
populations of microalgae whose dominance or expansion in the community has resulted in alteration
of ecosystem function; adaptive history of genotype to better understand the mechanisms and identify
key factors for economically relevant biological processes within microalgae; correlation between
markers and phenotypic traits important for adaptation; what the balance is between natural selection,
gene flow and genetic drift of microalgae?; how does the population size and meta-population
dynamics of microalgae affect its neutral and adaptive genetic variation?; and how many genes, and
of what function, differentially express under certain environmental change?.

To define the functions of essential genes in microalgae, both genome data and a means to
edit the genome are indispensable. CRISPR/Cas (clustered regularly interspaced short palindromic
repeats/CRISPR-associated proteins) system using guide RNAs (gRNAs) emerged as a reliable and
facile genome editing tool for metabolic engineering revealing revolutionary impacts on agriculture,
pharmaceuticals, and environmental systems [29-30]. gRNAs can be easily synthesized based on
reference genome sequences to facilitate targeted modifications at any genomic locus [31].

Successful application of Cas9-driven type II system in microalgae significantly accelerating
transgenic manipulation is found to be its one of the promising potential as a model system for
studying manifestation of particular gene functions and developing industrial traits [32]. Using
microalgae for alternative rapid development of therapeutic molecules, biofuels, and recombinant
proteins will undoubtedly have revolutionary impacts on genetics, evolutionary, ecological, and
industrial research, which will radically alter our understanding of model organisms with heretofore
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unimaginable speed. Gene transformation techniques such as microparticle bombardment,
electroporation, Agrobacterium tumefaciens mediated transformation (ATMT), glass beads
vortexing, and agitation with silicon carbide (SiC) whiskers (camilo) are currently being used for
microalgae [33]. However, the transformation efficacy varies with species variation in morphology,
such as thickness and composition of membrane and diameter of cell, so a variety of microalgae
species.

The first study on CRISPR-Cas9-mediated genome editing in microalgae was published in
2014 [34]. Since then considerable effort has been made to determine the more efficient combination
of different strategies and methods for transformation of microalgae cells with CRISPR systems.
Recent studies on the use of CRISPR-Cas9 for genome engineering and manipulation of metabolic
pathways in microalgae such as Chlamydomonas reinhardtii [35], Nannochloropsis oceanica [36],
Nannochloropsis gaditana [37], Chlorella vulgaris [38], Dunaliella salina [39], Volvox carteri [40],
Phaeodactylum tricornutum [41] and Thalassiosira pseudonana [42], compliments the advances in
molecular biology tools and also facilitated our understanding on synthetic biological systems that
that would contribute to the acceleration of algae-based sustainable biofuel production.

Nowadays, researchers are focusing on modifying the preferable endogenous genes of
microalgae aimed at altering the chain length of fatty acid products by adjusting overexpression and
down-regulation of genes of key enzymes involved in fatty acid synthesis pathway [43]. These
developments would facilitate to build whole new metabolic pathways to increase the economical
yield of third generation biofuels derived from algal biomass.
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Abstract. Foods of animal origin are well-known contributors of human exposure to POPs due
to their lipophilicity. Soil ingestion represents in this context one of the main exposure pathways of
outdoor reared animals as it acts as a POPs reservoir. That would raise the question to quantify their
transfer into the food these animals would produce. Therefore, the aim of the current study was to
estimate the transfer of POPs into food of animal origin using 1) summarizing published knowledge
on POP transfer by a meta-analysis; ii) evaluate the transfer of the emerging pesticide chlordecone
(CLD) using new data of an in vivo study. Finally, these outcomes are used to assess the risk and, if
necessary, to manage using a remediation strategy to limit their transfer.

Key words: persistent organic pollutants, transfer, soil, agricultural animals

Introduction

Foods of animal origin are well-known contributors of human exposure to POPs due to their
lipophilicity. Soil ingestion represents in this context one of the main exposure pathways of outdoor
reared animals as it acts as a POPs reservoir. In such rearing practices, animals may ingest daily
considerable amounts of this matrix [1]. In this frame methodologies to evaluate POP transfer from
soil to food of animal origin is crucially needed as well as implementing strategies to limit it when
necessary. Therefore, the aim of the current study was to estimate the transfer of POPs into food of
animal origin using i) summarizing published knowledge on POP transfer by a meta-analysis; ii)
evaluate the transfer of the emerging pesticide chlordecone (CLD) using new data of an in vivo study.
Finally, these outcomes are used to assess the risk and, if necessary, to manage using a remediation
strategy to limit their transfer.

Materials and methods

Literature meta-analysis with 41 peer-reviewed articles reporting transfer of PCDD/Fs, PCBs,
OCPs to food of animal origin such as milk, eggs, and edible tissues as liver, muscles and adipose fat
were performed. Transfer into milk and eggs was quantified using the concept of transfer rate (TR)
calculated in steady state conditions. The accumulation in body tissues was expressed as a
bioconcentration factor (BCF) for body tissues. More details and equations for calculation TR and
BCF were presented in our latest study [2].

Then, a laboratory study involving 24 laying hens exposed daily to chlordecone contaminated
andosol (4.1 mg/kg soil corresponding to 18 ug/kg body weight daily) and nitisol (1.6 mg/kg soil
corresponding to 7 pg/kg body weight daily). According to a half-life of 5-6 days [3], animals were
exposed for 21 days to reach steady state and estimate CLD transfer to eggs and liver. To investigate
the reducing of the transfer, andosol and nitisol were amended (2% mass basis) by two different
activated carbons (ACs). New data of CLD transfer to eggs and liver were treated in the same way as
in the previous meta-analysis.

Results and discussion

Transfer of PCDD/Fs and PCBs (literature synthesis)

Generally, most of the studied compounds were transferred in a notable manner to the studied
food materials. In details, the most toxic compounds such as 2,3,7,8-TCDD (34% and 39%),
1,2,3,7,8-PeCDD (27% and 36%), 2,3,4,7,8-PeCDF (36% and 40%) were highly transferred into milk
and eggs respectively. Dioxin-like PCBs were also shown as extremely transferred with up to 50%
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of TR for congeners 105, 114, 118, 153, 156, 157, 167, 180, 189 and up to 40% of TR for congeners
126, 148 and 169 in both milk and eggs.

Intermediate TRs into milk were demonstrated for HXCDDs (13-23%) and HXCDFs (11-20%)
as well as TR into eggs for HpCDD/Fs (16-18%). In addition, the transfer of PCB congeners 28, 81
and 123 were observed to be similar into milk (9-22%). Nevertheless, hepta- and octachlorinated
CDD/Fs but also congeners 52 and 101 of ndl-PCBs were transferred at less than 5% into milk. In
eggs, only octachlorinated PCDD/Fs and these PCB congeners showed a relatively low transfer (<
7%).

Furthermore, bioaccumulation of PCDD/Fs and PCBs in meat of adult animals was observed
to be higher than in rapidly growing animals. This tendency appeared especially when BCFs in liver,
fat and muscles were compared. Indeed, comparing laying hens to broilers, mean BCFs found for
PCDDs were: 52 £19 vs 14+£5, 14+6 vs 2+0.9, 11+6 vs 1.5+0.6 respectively for liver, fat and muscles.
Moreover, mean BCFs in adipose tissue of laying hens and broilers were 11 vs 4 and 10 vs 3,
respectively for PCB congeners 126 and 169.

Transfer of OCPs into food

Generally, much less data were available in the literature to investigate OCP transfer into food
of animal origin.

Nevertheless, literature synthesis showed that TRs of DDTs and HCHs to chicken eggs were
up to 58% and up to 32% respectively. Although DDT congeners were in general highly transferred,
alpha or gamma HCH were reported to be transferred at a lesser extent. These two groups of pesticides
could also accumulate in similar extent in the chicken gizzard (BCF 17 and 5), liver (BCF 15 and 16)
and muscle (BCF 3 and 2).

In absence of existing knowledge on chlordecone transfer, the latest has been studied by
exposure of laying hens. These birds showed very high TRs to eggs when exposed to CLD
contaminated andosol or nitisol with respectively 78% and 65% (fig. 1), as well as BCFs in liver of
6 and 2 (fig. 2). Another study on ducks allow to calculate a BCF in liver of 37 [4]. Unfortunately,
missing data in this study did not allow to calculate TR into eggs. The much higher BCF in their liver
in comparison to our hen experiment may be explained by the low productivity of these ducks, and
by consequence a low excretion of chlordecone.

Risk assessment and strategies to reduce POP transfer

These approaches allow to predict the concentrations of POPs, which would respect the MRLs
in food of animal origin, and by consequence would allow to derive safe levels in soil to sustain
animal rearing systems in exposed areas. In case of moderate overpassing, a strategy to reduce the
transfer of POPs to animals may be implemented like using sequestration materials such as ACs. In
the chlordecone context, even a relatively low CLD concentrations in soil may lead to contaminations
close to MRLs in eggs. In such a frame, the studied amendment of contaminated soils allowed to
decrease the transfer of CLD to chicken eggs from 65% to 45% (nitisol) and from 78% to 52%
(andosol). In addition, BCF of CLD to liver reduced also from 2.4 to 1.5 (nitisol) and from 6 to 4
(andosol).
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Figure 1. Transfer rates of CLD to chicken eggs Figure 2. Bioconcentration factors of CLD to

chicken liver

Conclusions

POPs are generally highly transferred in food producing animals when they are raised on
contaminated soils. Specific methodologies as TRs and BCFs allow to quantify and ranking risk
focusing on food safety providing a relevant assessment. In this frame, it allows to derive safe levels
in soil in order to sustain animal rearing practices in contaminated areas. When a management
strategy is needed, an amendment of contaminated soils with sequestration materials like ACs may
be investigated to reduce this POP transfer.
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Abstract. The thesis examines the main land problems associated with emissions of harmful
substances, their impact on living organisms. The assessment of soil pollution in industrial zones is
given. The thesis shows the volume of certain pollutants, and also considers measures to prevent an
increase in heavy metal pollution of land resources adjacent to industrial areas.
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The problem of studying the ecological state of the urban environment is extremely relevant,
since the integral features of the modern world are the concentration of population in cities, an
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increase in the area of urbanized territories and an increase in the negative impact on the components
of urban ecosystems [1-3].

The main reason for the deterioration of the ecological situation in urbanized areas is the ever-
increasing technogenic pollution of the environment. Among the many pollutants, heavy metals (HM)
are considered the most toxic. To date, there is no sufficient data on the content and level of HM
accumulation in plants of urbanized territories of our republic.

The intensive development of industry and transport complex, which are the most powerful
sources of pollution of the biosphere with harmful ingredients, has become a serious environmental
problem over the last century. Among inorganic xenobiotics of anthropogenic origin, metals are
among the most dangerous and progressively developing in the natural environment. Intensive
industrial and agricultural use of natural resources caused significant changes in the biochemical
cycles of most of them [4].

The release of HM into the environment is associated with vigorous human activity. Their main
sources are industry, motor vehicles, boiler houses, waste incineration plants and agricultural
production. The industries polluting the TM environment include ferrous and non-ferrous metallurgy,
mining of solid and liquid fuels, mining and processing complexes, glass, ceramic, electrical
production, etc. Lead is widely used in the production of batteries, electrical cable sheaths, medical
technology, crystal , optical glass, paints, numerous alloys, etc., not to mention the production
associated with its receipt. In agricultural production, soil pollution with HM is associated with the
use of fertilizers and pesticides [5].

Environmental pollution with various chemical substances leads to unfavorable shifts in the
state of health of the population, especially children, which is expressed in changes in physiological
indicators, shifts in physical development, the occurrence of diseases and other effects. The most
socially significant problem, largely ecologically conditioned, is cancer incidence [6].

The study of the consequences of the technogenic accumulation of heavy metals and
anthropogenic pollution of the natural environment has now become extremely important for the
health and safety of the population. Plants, being producers, constitute the main level in the food
chain of any biocenosis. The accumulation of heavy metals in plant organisms leads to their
accumulation in the food chain and can cause severe diseases in humans and animals, which form the
consumer block [7].

Heavy metals differ from other metals by their high content in industrial waste and high toxicity,
their durability and practical non-removal from the system "soil - plants - animals - humans". These
metals belong to the category of nonspecific pollutants, since they are present in almost all soils in
one or another amount [8].

The physiological effect of metals on the human body and animals is different and depends on
the nature of the metal, the type of compound in which it exists in the natural environment, as well as
its concentration. Many heavy metals exhibit pronounced complexing properties. Thus, in aqueous
media, the ions of these metals are hydrated and are capable of forming various hydroxo complexes,
the composition of which depends on the acidity of the solution. If any anions or molecules of organic
compounds are present in the solution, then those of these metals form various complexes of different
structures and stability [9].

The danger of soil pollution as a risk factor for public health is determined by its functional use.
In cities, this problem is mainly associated with soil pollution with heavy metals. Hygienic studies
have established quantitative relationships between the content of heavy metals in the atmospheric
air and their fallout on the territory of cities, which is recorded by soil anomalies. The soil has a high
sorption and storage capacity, accumulates and disturbs the geochemical information inherent in
nature [10].

Methods of a research of content of harmful substances in the atmosphere and also the content
of heavy metals in soils and leaves a plant have a wide range.
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According to the RSE «KAZHYDROMET)» interactive map of environmental information,
observations of the state of soil pollution were carried out in 102 settlements points of 14 regions of
the republic and in the cities of Nur-Sultan, Shymkent, Almaty. Soil samples were taken at five points
of the settlement in the spring of 2020.

Table 1. Ratio of content of elements in Nur-Sultan city between 2019 — 2020 years.

Name of an The average content of an The average content of an
element element in 2019 (mg/kg) element in 2020 (mg/kg)
cadmium 0,61-2,11 0.02-0.4
chromium 0,87-2,66 0.004-0.01
lead 2,21-20,49 0.004-0.01
zinc 0,84-2,91 0.003-0.01

As aresult of a research these maintenance of the following basic elements in industrial regions.
In the city of Nur-Sultan in soil samples taken in various regions the content of cadmium was in the
range of 0.02-0.4 mg / kg, lead - 0.004-0.01 mg / kg, copper - 0.005-0.1 mg / kg, chromium - 0.05-
0.1 mg/ kg, zinc - 0.003-0.01 mg / kg (given in table 1).

Zinc content in soil samples taken in the village of Burabay amounted to 0.0028-0.0077 mg /
kg, copper - 0.0050-0.0066 mg / kg, lead - 0.0021- 0.0036 mg / kg, chromium - 0.0172-0.0530 mg /
kg, cadmium - 0.0042-0.1379 mg / kg.

The high content of toxic elements in the soil and the atmosphere has negative impact on
human health and therefore the question of reduction of volumes of harmful substances is always
relevant.

As a result of a research it was revealed that territories, adjacent to the industrial enterprises
have bad quality atmospheric air as in the contents have in bigger volume components of heavy
metals.

Sources of pollutants are various, also numerous types of waste and nature of their impact on
biosphere components. Biosphere becomes soiled solid waste, gas emissions and sewage steel,
metalworking and engineering plants.

Measures for prevention of air pollution are such as:

- establishment of filters for production objects;

- the translation of cars from gasoline on gas;

- use of alternative energy sources;

- sorting of waste, etc.
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Abstract. This article provides basic background information on the degree of study of soda
and saline lakes in Kazakhstan. Saline lakes are unique natural ecosystems with a significant amount
of mineral salts, and soda lakes are considered as a special type of such inland waters. The
multidisciplinary survey and biomonitoring will make it possible to assess the ecological state, which
is necessary for the wise use and management of the resources of saline-soda aquatic ecosystems in
Kazakhstan.
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On the territory of the Republic of Kazakhstan, there are more than 48 thousand lakes, of
which 21 are large, with an area more than 100 km?. Most of the lakes are located in the north of
Kazakhstan, in the central and southern - 36%, in other regions there are only 19% of lakes [1].

The study of the lakes located on the territory of Kazakhstan includes 3 stages. The first lasted
until the early 90s of the XIX century. During this period, the lakes were considered only as a source
of fishing, water transport and salt production; collected specific facts about the physical properties
of the lakes. The second period covers the 90s of the XIX century. At this time, the theoretical and
methodological foundations of lake studies as a science were accumulated and approved. The third
period lasts from the beginning of the XX century till now. At this time, research was carried out in
the interests of the economic use of their natural resources.

However, most of the lakes are still not poorly explored by ecological context. This is due to
the lack of research and the lack of reliable data, low efficiency in the collection and processing of
information, as well as analysis of the use of available lake resources.

Taking into account the objectives of the State Program for Water Resources Management in
Kazakhstan (Decree of the President of the Republic of Kazakhstan dated 04.04.2014 No. 786), it is
relevant to analyze the distribution and concretize the assessments of the quantitative and qualitative
characteristics of the lakes of Kazakhstan, the resources of which, with an integrated approach, can
be efficiently and effectively used in various industries economy [2].

On the territory of Kazakhstan, most of the lakes have an area of no more than 1 km?. In recent
years, there has been an increase in the tendency towards instability of the area and regime of lakes,
as well as the general mineralization and salt composition of waters. This is due to the variability of
climatic conditions. Water and salt balance is directly related to zonal features of lakes [3, 4].

The main reason for the mineralization of lakes is the lack of runoff (closed endorheic basins)
and high evaporation. Therefore, on the flat territory of Kazakhstan, there are many lakes with
brackish and saline water. In the most arid regions, there are self-sedimentary lakes, which contain a
significant amount of various salts in a wide range of salinity as sub-, meso and hypersaline waters.
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At present, increased attention is paid to the study of saline and soda lakes, since the unique
chemical composition of water and the diversity of life gave reason to believe that such inland waters
existed in the early stages of the Earth global ecosystem origin, moreover, they serve as important
natural resources with significant aesthetic, cultural, economic, recreational, scientific, environmental
and ecological values [5 - 6].

In many works of foreign authors, results are presented on the study of the chemical properties
of the water of saline and soda lakes, microbial and biological diversity of flora and fauna [7-12, 17,
19,].

Salt lakes are common across the Earth, but are most common in terrestrial biomes such as
deserts and steppes. Kazakhstan is located in the very center of Central Asia, and therefore, in addition
to environmental problems associated with unstable weather conditions, it faces the problem of lack
of access to the World Ocean. More arid climate trends, longer extreme dry seasons with
unpredictable precipitation distribution are the consequences of climate change and have a significant
negative impact on the inland waters of the region.

On the territory of Kazakhstan, studies were also performed out to study saline and soda lakes,
but most of them were aimed at studying only their chemical composition of water. For example,
from 1940 to 1950, Possokhov E.V. was engaged in the study of saline lakes in Central Kazakhstan.
Generalized data about them are published in the book "Salt Lakes of Kazakhstan" [13]. A group of
scientists led by Filonets P.P. carried out a lot of work on the study of lakes in central, southern,
northern, western and eastern Kazakhstan. They described in detail the location of more than 250
lakes, presented the results of chemical analysis of lake water for elements such as Na, K, Ca, Mg,
SO4 and C1[14-15].

A number of research works during the 19th and first half of the 20th centuries were aimed at
studying the lakes of the Alakol-Sasykkol system. For the first time, a chemical analysis of the water
of Lake Alakol was carried out in 1914 by Svirchevsky, and lakes Sasykkol and Zhalanashkol - in
1927 by Terletsky B.K. [16].

In recent years, one of the foreign authors, Emil Boros, has been conducting research on a
global scale to study the internal salty surface waters of Eurasia [17-18]. He performed out a number
of works to study the chemical composition and trophic state of small saline steppe lakes in Northern
Kazakhstan, taking into account the potential consequences of anthropogenic disturbances. Water
depth, temperature, pH, electrical conductivity, basic ions, total dissolved solids, total organic carbon,
total nitrogen and phosphorus, nitrates, soluble reactive phosphorus and chlorophyll a were measured.
The trophic state of these lakes in most cases exceeded the hypertrophic level [19-20].

Saline lakes are extreme natural ecosystems with a significant amount of mineral salts, which
are extensively integrated aquatic habitats of the steppe ecosystems. Soda lakes are also considered a
special type of such multiple extreme aquatic ecosystems [21]. They are characterized by dominance
of alkaline carbonates (Na-HCO3- COs3), which cause a permanent high pH level in these inland
waters [17]. Despite the harsh conditions, they are inhabited by abundant, mostly prokaryotic,
microbial communities [22]. Due to the high pH of the environment, soda lakes are unique habitats
of extremophilic fauna and flora, for example, some characteristic microorganisms that are not found
in other ecosystems [23], which indicates the need and importance of studying the biodiversity of
hypersaline and hyperalkaline habitats, mechanisms of adaptation of organisms to the multiple
extreme environmental conditions [21, 24].

The number of studies on soda and salt lakes, in comparison with other ecosystems, is very
small in the region. Carrying out ecological assessment and biomonitoring of soda lakes will help
scientists look at soda lakes from the outside, understand the similarities and differences with other
ecosystems, and analyze and predict the state of the lakes in more depth. Research into soda lakes,
which began in the 1920s, continues. It is necessary to combine the efforts of specialists in various
fields - microbiologists, hydrobiologists, ecologists, chemists, geologists for the wise use and
management of the resources of saline-soda aquatic ecosystems.
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Abstract. There are various methods for immobilizing yeast. The aim of this work is to
immobilize yeast cultures in cryogels to obtain ethanol from whey by fermentation, and compare the
amount of ethanol at the end of the process. Cryogels are formed as a result of freezing of concentrated
solutions, keeping them in a frozen state, and subsequent thawing. To prepare the cryogel, were used
an 8% solution of polyvinyl alcohol, 1% gellan, and 1% carrageenan solution. After 72 hours of
fermentation of whey in a thermal shaker at 30° C, a solution with immobilized yeast in a carrageenan
cryogel has a relatively high optical density, but the ethanol concentration did not exceed 1%. The
best ethanol yield was shown by a sample with immobilized yeast in a cryogel of polyvinyl alcohol -
5%, the optical density of which was high compared to other samples. This is explained by the stable
structure, high strength and mass transfer characteristics, and high chemical stability of the material
used.

Key words: ethanol, milk whey, fermentation, yeasts, cryogel.

Introduction

Disposal of milk whey is due to the need to protect the environment from pollution. It is known
that the oxidation of 1 liter of whey requires about 50 g of oxygen, while the oxidation of domestic
wastewater requires only 0.3 g of oxygen. Therefore, the accumulation of whey in the soil or water
bodies leads to a significant decrease in the oxygen concentration, which in turn leads to the death of
flora and fauna[1]. According to the International Dairy Federation, now about 50% of milk whey is
discharged into the sewer, and this amount will remain for a long time, since dairy products are among
the irreplaceable food products. One of the directions for the processing of milk whey and the
development of waste-free production is the production of bioethanol from milk whey.

Bioethanol of first generation is the leader biofuel in the world and it is produced by
fermentation proccess. With the unavoidable depletion of the world’s energy consuming, there has
been an increasing worldwide interest in alternative sources of energy. Although bio energy suggests
diverse range of promising alternatives, ethanol constitutes 99 % of all biofuel types. Ethanol is a
renewable, environmentally friendly fuel that is inherently cleaner than gasoline. Ethanol reduces
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harmful tailpipe emissions of carbon monoxide, particulate matters, oxides of nitrogen, and other
ozone-forming pollutants [2]. The economic sizing up of various materials for bioethanol production
was studied in depth previously [3]. The ever-increasing demand for ethanol requires the search for
new substrates that are cheaper than grain and potatoes. As one of such substrates, it is proposed to
use whey, the main carbohydrate of which is lactose [4].

The most commonly used ethanol producer microorganisms are yeasts. High level of ethanol
production requires a fast- speed fermentation leading to high ethanol concentrations, moreover a
yeast strain must have a good growth rate and good ethanol production rate at high osmotic condition
and ethanol concentration in the media.

Currently, there is an active search for new methods and technological approaches to improve
the efficiency of the processes for preparing bioethanol. One of the ways is the use of immobilized
yeast, which makes it possible to increase the productivity of technological processes. Immobilized
yeast cells differ from free cells with increased resistance to various unfavorable conditions of the
process and the possibility of them application to obtain a finished product with a higher content
ethanol, including in the mode of continuous technologies, and also allow significantly simplify the
separation of the finished product from the yeast biomass [5-7]. Many supporting materials have been
used for cell immobilization as calcium alginate, k-carrageenan gel, polyacrylamide, hydroxyapatite
and chamotte [8]. Another advantages of using immobilized cell system instead of free-cells during
batch or continuous fermentations are: greater volumetric productivity as a result of higher cell
density [9]. Previously we developed the method to cross-link membranes of bacterial cells in situ at
cryoconditions, allowing to fabricate cryogel structure composed of bacteria, which was utilized for
ethanol, butanol and aceton production[10].

The aim of this study was to immobilize yeast cells into different cryogels of gellan,
carrageenan and PV A carriers for ethanol fermentation. The parameters such as ethanol concentration
and ethanol yield, cell density and stability of the immobilized particles in flasks were assessed in
order to compare the data of the immobilization carriers for ethanol fermentation. Cryogels are
formed as a result of freezing of concentrated solutions, keeping them in a frozen state, and
subsequent thawing [11] Obviously, it is necessary to optimize the conditions for the immobilization
process and to establish the optimal ratio of the biocatalyst components to ensure high viability and
metabolic activity of the immobilized cells.

Materials and methods

Cryogel preparation and immobilization of yeast into cryogels

Cultivation of cells is carried out until the end of the logarithmic phase of bacterial growth,
which ensures the accumulation in the medium of the amount of biomass necessary for
immobilization, and obtaining the most productive cells. Immobilization of bacteria is carried out by
purifying them from the medium, washing with 0.9 % sodium chloride solution, suspending in a
PV A-al solution with a final concentration of 8% , gelan 1% and carrageenan 1% and quickly frozen
at -8 - -25 ° C, where the cross-linking of bacterial membranes is carried out in a semi-frozen state in
an unfrozen liquid microphase, which leads to the formation of a durable cryogel containing a matrix
of bacterial cells. A suspension of bacteria in solutions is frozen in an appropriate form. Frozen
samples are kept at a temperature of -8 - -25 ° C for 12 - 72 hours and thawed at room temperature[12].
And afterwards it were washed with sterile buffer or water. The viability of yeast cells in the washed
buffer was analysed using the methylene blue staining method[13].

Substrate

In the experiment was used the milk whey produced by LLP "Plant of the Kazakh Academy of
Nutrition Amiran”. The volume of the flask - 500 ml. Milk whey from 100% natural whole milk.
Nutritional and biological value of 100 g. product consist: fat - 0.2 g., protein - 0.8 g., carbohydrates
- 3.2 g, and moreover vitamins like A, B1, B2, B8, B12, C, E, and minerals, potassium, sodium,
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magnesium, phosphorus, calcium. Energy value of 100 g product: 20 kcal., 83.6 kJ. The milk whey
were obtained from the near market and stored at 4 °C until used.

Fermentation

The fermentation experiments in order to obtain ethanol were carried out using milk whey as
sole carbon source for yeasts . Milk whey was previously autoclaved. The pH was at 6.1. A volume
of 300 mL of fermentation mixture was added 10 g of the cryogels with 1 ml. immobilized yeast
cells.The fermentation conditions are described in the table no. 1. The fermentation was carried out
in a thermo shaker. The samples for analysis were taken after 24, 48 and 72 h. Bioethanol detection
was carried out with the help of laboratory Alcoholmeter 1-40% ABV.

Statistical analysis

The paired T-test was employed for comparing data between the parameters of the whey
samples at p <0.01. The adopted significance level for the analysis was always p <0.05.

Results and discussions
Results  presented in  Figures 1 indicated that the ethanol concentration
with the cells immobilized in PVA was greater than with the cells immobilized in another
polymers and in this system higher ethanol concentrations were achieved.

Table 1. The optical density and pH in the whey samples during fermentation at 30 "C.

0h 24 h 48 h 72 h
Exp. no | Type of support Yeast OD 600 | pH OD 600 | pH OD 600 | pH | OD60o | pH
1 PVA 0.735 | 6.1 1.498 | 4.6 1.738 [ 3.8 1.808 |4.3
2 Gellan 0.646 | 6.1 1.327 | 4.7 1.630 [ 4.3|1.697 | 3.7
3 Karageenan 0.648 | 6.1 1.458 | 4.6 1.690 |43 ]1.770 [ 4.3
4 (non immobilized) 0.631 | 6.1 1.228 | 4.7 1.508 451711 |44

By comparing maximum cell densities in the three assessed immobilization carriers it is
evident that much higher cell densities were attained in also in PVA based cryogels. However,
the Carrageenan carrier can provide better mechanical properties, that is why the yeasts grew well
during all fermentation time. Its optical density not much different from PV A based cryogel added
sample. Ethanol concentration achieve in the second day of fermentation to the 1 % , although no
changes were committed in the following day. The gellan based cryogel structure was not stable in
the whey and could not keep its structure stable. pH in the sample in the last day of fermentation was
near the 3.7(Table 1). These results were peculiar to a decreased formation of junction zones in the
conditions of high pH values due to greater electrostatic repulsion among the gellan molecules[14].
Under the circumstances, cryogels which form at neutral pH are more stable than gels in acidic
conditions.
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Figure 1. The ethanol concentration during the fermentation of milk whey.

Conclusion

Cryogels of various polymers were obtained by freezing concentrated solutions, keeping them
in a frozen state, and then thawing. The conditions for the immobilization process were optimized
and the optimal ratio of components was established to ensure high viability and metabolic activity
of the immobilized cells. The immobilized yeast cells were used for ethanol production from the milk
whey. The best support for immobilization of yeasts was found to be cryogels based on the PVA,
which showed good mechanical strength and high ethanol yield. Having selected the proper carrier,
the further experiments should focus on optimizing the conditions for ethanol production. Under the
same experimental conditions, high cell densities and ethanol concentrations were attained in the
fermentation  performed by yeasts 1immobilized into Carrageenan based cryogel
relative to the fermentation by gellan immobilized yeast.
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Abstract. In this study, methanol and acetone extracts of Inula viscosa and Inula graveolens
were screened for their toxicity using the brine shrimp lethality assay against Artemia salina. The
acetone extract of I. graveolens used in the experiment showed the highest toxicity at the
concentration of 0.5 mg/ml (86.11 &+ 2.78%). The lowest toxicity was shown in acetone extract of I.
viscosa at the concentration of 0.01 mg/ml (58.3 £ 0.00%). This study demonstrates that the brine
shrimp experiment is a simple, reliable, and useful method for evaluating the toxicity of medicinal
plants and supports their use in traditional medicine.

Keywords: Inula viscosa, Inula graveolens, Artemia salina, toxicity

Plants that have been used for medicinal purposes all over the world since prehistoric times are
known to be useful in their raw or developed form by providing a source of medicine in their pure
form [1]. The search for new drugs of plant origin has been receiving great interest by researchers
around the world in terms of discovering new drugs that have the potential to combat the threat of
drug-resistant pathogenic microorganisms, antitumor and anticancer agents [2,3]. Recently, more
emphasis has been placed on the use of medicinal plants in phytotherapy or healing diseases, as they
are effective, safe, and non-toxic [4]. Although many plants have valuable properties, some of them
are known to have toxicological properties [5]. A large number of recent studies have focused on both
the pharmacology and toxicity of medicinal herbs used by humans. This is very important to achieve
a safe treatment with herbal products [6]. The toxicity of plants can be caused by different pollutants
or plant chemical compounds that are part of the plant. Various experiments are used to investigate
the potential toxicity of herbal extracts based on different biological models, such as in vivo
experiments on laboratory animals. However, recent studies have endeavored for alternative
biological experiments involving Artemia salina, Artemia franciscana, Artemia urmiana, and
Thhamnocephalus platyurus species. These toxicity tests are considered a useful tool for the
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preliminary assessment of toxicity [7,8]. Over the past 30 years, the Brine Shrimp Test has been
widely used to test the toxicity of a wide variety of plant products. Brine shrimp (Artemia salina) is
the invertebrate component of saline aquatic and marine ecosystem fauna, the most extensively
studied of Artemia species and is estimated to represent more than 90% of studies using Artemia as
an experimental test organism [1,9]. The brine shrimp toxicity experiment was proposed and
developed by Michael et al. [10]. The test is considered a useful tool for the preliminary assessment
of toxicity and is used for the detection of cytotoxicity tests of fungal toxins, plant extract toxicity,
heavy metals, pesticides, and dental materials [11,12]. The Brine Shrimp toxicity test is a very useful
tool for the isolation of bioactive compounds from plant extracts. The method is attractive because it
is very simple, inexpensive and a small amount of sample material is sufficient to perform the test
[13,14].

In the Mediterranean region, Inula viscosa has been used in traditional medicine for years for
its anti-inflammatory, antipyretic, antiseptic, antiphlogistic, anti-scabies activities and to treat gastro-
duodenal diseases. In the Holy Land, the Arabs consider I. viscosa to be one of the most important
medicinal plants as it heals 40 different diseases [15]. I. graveolens L. is widely distributed from the
Mediterranean region and the Middle East to West Pakistan. According to data collected from some
herbalists, they have gathered information that the herb is useful for rheumatic fever, infant
convulsions, toothache, lowering blood sugar, dissolving internal blood clots, and aiding digestion
[16]. The aim of this study is to evaluate the toxic activity of acetone and methanol extracts of L
viscosa and I. graveolens species by using brine shrimp lethality assay method. 1. viscosa,, commonly
known as "sticky fleabane", is a perennial weed found in the Mediterranean basin.

In this study, based on the ethno-pharmacological literature I. viscosa from Mugla, Kavaklidere
and I. Graveolens plant was collected from Mugla, around the Ula Pond. Plants were allowed to dry
at room temperature to obtain a crude extract from both plant species. After the dried plant specimens
were cut into small pieces, they were placed in the beaker together with the solvent (methanol,
acetone) and kept in the shaking incubator for 6 hours. At the end of the period, the plant samples
were filtered and this process was repeated a second time. The solvent was then evaporated and
lyophilized. The resulting crude extract was kept at -20 ° C [17]. The brine shrimp lethality from plant
extracts exposure was determined using the procedure of Krishnaraju et al. [18]. Two days before the
experiment, commercially sold Artemias (Rotifish Artemia Mix Egg Salt Mix Fish Feed 18 g) were
placed in a jar containing 500-600 mL of distilled water, and then an air hose connected to the air
motor was placed inside the jar for continuous air. The jar was placed in the aquarium filled with 25%
water. The aquarium was kept bright at 28-29 °C. Artemia eggs were expected to hatch for 2 days.
After 2 days, 0.5 M sea saline solution was prepared. 5 ml of the prepared saline solution was put into
the control tube and 4.5 ml was put into the test tubes where the extract will be placed. By shining
light from the bottom, 12 pieces of living, mobile Artemia were added to the test tubes. Then, the
extract solution prepared with the extract in 5 different concentrations (0.01 mg/ml, 0.05 mg/ml, 0.1
mg/ml, 0.5 mg/ml and 1 mg/ml) were added to the test tubes. Each extract was repeated three times.
Test tubes were placed in a tube holder. The tube holder was placed in an aquarium kept brightly at
a temperature of 28-29 °C, during which Artemia hatched. After 24 hours, each test tube was poured
into a petri dish, and the Artemia that were still for a long time and were certain to be lifeless were
counted and noted. Percent mortality was calculated from the mean survival larvae of the treated
extracts and the control.

In the present study, the % death values of extracts and negative control are given in Tab. 1.
Accordingly, it was observed that 1. viscosa species had a higher toxicity than acetone extract with a
concentration of 0.5 mg / ml methanol extract with a value of 77.78 &+ 7.35%. It was found that acetone
extract had the highest toxicity among /. graveolens methanol and acetone extracts with a value of
86.11 + 2.78%. As a result, it has been concluded that the plant with the highest toxicity in both
species is 1. graveolens. The maximum death occurred at the concentration of 0.5 mg/ml and the least
death at the concentration of 0.01 mg/ml. The important lethality property of these plant extracts
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against brine shrimp is an indication of the presence of potent toxic components that warrant further
investigation.

Table 1. % values and standard error of toxicity activity of . viscosa and I. graveolens extract against
A. salina after 24 hour

Plant \ Conc. 0.01 mg/mL | 0.05 mg/mL | 0.1 mg/mL | .5 mg/mL
Inula viscosa — Methanol 66.67+8.33 | 69.44+2.78 | 69.44 £2.78 | 77.78 £ 7.35
Inula viscosa - Acetone 58.33+0.00 | 63.89+7.35 | 72.22 +£7.35 | 72.22 £ 7.35
Inula graveolens -Methanol 72.22+7.35|72.22+2.78 | 75.00 £ 4.81 | 80.56 + 2.78
Inula graveolens - Acetone 66.67 £4.81 | 72.22+2.78 | 72.22 +5.56 | 86.11 £2.78
Negative Control (Distille Water) 2222 +2.78

Conc.: Concentration
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Abstract. Nowadays, the distance that food travels from producer to consumer has increased
as a result of food trade globalization. With the outbreak of CoronoVirus Disease 2019 (COVID-19)
the up-keep of safety and quality along the food value chain is becoming a significant challenge. The
Food and Agriculture Organization (FAO) has reported that fruits and vegetables are the most wasted
commodities [1]. The magnitude of postharvest losses in Kazakhstan, for example, reached 19% in
2020 [2], that is very high for import-dependent country. Major losses of fresh fruits and vegetables
transpire during postharvest storage due to prompt senescence and diseases. The treatment of fresh
agro produce surface has to be as gentle as possible for keeping the integrity and freshness, nutritional
and functional qualities of perishable produce, particularly under COVID-19 conditions. Light-
emitting diodes (LEDs) with their unique properties can meet these requirements. LEDs have been
shown to preserve or enhance the nutritive quality of foods in the postharvest stage, as well as
manipulating ripening of fruits and reduce fungal infections. Therefore, LEDs provide a non-thermal
means of maintaining food safe without chemical sanitizers or additives, and do not accelerate
bacterial resistance. Thus, this paper aims to provide a general review of the application of LEDs
treatment on fresh fruits and vegetables surface and a better understanding of their role in postharvest
preservation, microbiological safety and in extending shelf life and quality of fresh agro produce.

Key words: Food safety, LEDs, chemical free treatment, microbiological safety, postharvest,
shelf life

Introduction
Fruits and vegetables are well known for their health promoting properties due to their contents
of vitamins, minerals, and antioxidants, which reduce the risk of chronic diseases and increased their
demand in the consumer diet [3]. With the worldwide outbreak of coronavirus infection (COVID-
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19), the problem of food quality and safety has arisen, which has a direct impact on the sufficient
supply of people with nutrients, micro and macro minerals, including vitamins C and D, which play
a crucial role in maintaining the human immune system.

The Food and Agriculture Organization (FAO) has reported that fruits and vegetables are the
most wasted commodities [4]. The major causes behind this wastage are an inefficient post-harvest
infrastructure [5], poor harvesting and storage techniques [6] and inappropriate marketing facilities
[7]. So, the major challenge lies in reducing the wastage of fruits and vegetables along with fulfilling
customer requirements of healthy, nutritious and safe food. The postharvest problem is a major global
issue, in both developed and developing countries. As per the report of the Minister of trade and
integration of Kazakhstan Bakhyt Sultanov, the emergency caused by the pandemic showed that there
are minimal storage facilities for agriculture produce and there is neither a warehouse or a grocery in
Kazakhstan that fully meets the temperature and humidity conditions and other requirements to agro
produce storage [8]. These factors cannot but influence postharvest losses, including over-ripening,
softening, decay, weight loss, senescence, firmness loss, and specific physiological disorders. The
shortening of fruits and vegetable loss is a leading issue for providing long-term storage across the
global population [9]. As a result, innovative fresh agro produce treatment technologies are being
developed to cope with these challenges. One of the examples of these approaches is the application
of light-emitting diodes (LEDs) [10].

The application of LEDs is a promising approach for the extension of shelf life and the reduction
of food spoilage. In fact, LEDs have various properties that can be harnessed to draw its potential.
These properties include (relatively) high power emission monochromatic light, long life expectancy,
low radiant heat emissions and adaptability [11]. Because of these favorable properties, LEDs are
gaining interest for their feasible and valuable use in various sectors, including agriculture [12].
Within agriculture, the use of LEDs has been reported to improve the nutritional quality in
horticultural produce, delaying senescence, affecting the ripening process, preventing microbial
contamination processes [13] and production of antioxidants [14]. Therefore, LEDs of different
wavelength can be used to affect the pre- and post-harvest reactions of fruits and vegetables and help
in post-harvest management [15].

Overview of LED systems

Light-emitting diodes (LEDs) are solid-state lighting devices that emit light with emission
wavelengths of narrow bandwidths, high photoelectric efficiency and photon flux or irradiance, low
thermal output, compactness, portability, and which are easily integrated into electronic systems. The
unique properties of LEDs allow for the convenient manipulation of the spectral characteristics,
radiant or luminous intensity, and temporal settings of the light produced [16].

LEDs have many advantageous properties that mark their use in postharvest storage of fruits
and vegetables [17]. LEDs have the potential to regulate senescence, lead to ripening, and improve
fruit quality and nutritional attributes in fruits and vegetables [18]. Other advantageous properties of
LEDs include their monochromatic nature, long life, prevention of thermal degradation, and high
photon efficiency. All these favorable characteristics make LEDs application beneficial for extending
the storage life of fruits and vegetables [19].

Another important advantage of LEDs is the low emissions of radiant which can last for around
50000 to 100000 hours compared with 15000 hours for conventional lighting, and their compact size
[20]. LED systems are energy efficient with high luminosity and high photon flux [21] and they do
not involve the use of heavy metals which are toxic in cases of leakage [22].

LED system for postharvest management

Post-harvest management is a process of developing technology and designing systems to
maintain the shelf life of food and reduce food losses. Activities such as handling, processing,
packaging, distribution, storage and transportation [23] and variables such as temperature and
moisture are involved at each and every stage of the food supply chain [24]. It is very important to
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regulate these activities and variables to control the qualitative and quantitative losses and maximize
the added value of fruits and vegetables.

Application of LEDs is an appropriate technology that can help in delaying senescence and
regulating respiration rates. Also, it can be employed for managing the nutritional and sensory
attributes and preventing microbial spoilage. Monitoring the above mentioned aspects can help in
preserving the quality and shelf life of fruits and vegetables, further, aiding in the post-harvest
management of food, and contribute to better health of people and preservation of the natural
environment.

Influence of LEDs in delaying senescence in postharvest fruits and vegetables

Senescence is an undesirable phenomenon in some horticultural crops, instigating deterioration
of fresh agro products, thus results in a loss of nutritional and commercial value [25]. The mechanism
of the senescence process involves the allocation of nutrients from one part of the tissue to another
and modification in both the physical characteristics and biochemical attributes of the cell structure
[26]. Moreover, oxidative metabolism results in the production of reactive oxygen species (ROS) in
fruits and vegetables. Overproduction and accumulation of ROS facilitate the degradation of
membrane lipids, proteins, macromolecules, and enzymatic changes, causing cell death [27].
Additionally, structural changes, chlorophyll degradation, protein and macromolecule breakdown,
and gene expression in horticultural crops cells are the factors responsible for the trait, texture, and
shelf life deterioration of fruit.

LEDs have significant utility in delay senescence as the optimum amount of light of a specific
wavelength and frequency affects stress conditions in fruits and vegetables [28]. The point at which
the light required for the pace of photosynthesis and respiration becomes adequate is called the light
compensation point, which defines this optimum level of light intensity. Senescence occurs below or
above this illumination level of brightness [29]. Mostly, blue LEDs (460 nm) and white LED (420—
700) lights are known to control the senescence by lowering the pigment degradation and affecting
the transpiration and respiration processes [30]. Blue LED light reduces the moisture content of fresh
produce during postharvest storage of crops, while the red LED light supports the moisture of tissues
of horticultural crops [31]. Both blue and red LEDs delay the senescence of vegetables and fruit by
decreasing the production of ethylene and ascorbates by regulating other hormones [32].

Light quality increases the production of nutrients and delay senescence during the storage of
fruits and vegetables [33]. Low intensity has been reported to improve the postharvest attribute of
fruits and prevent senescence during storage than those stored in the darkness [34]. Senescence may
vary in criteria with different vegetables, and loss of chlorophyll and wilting usually indicates
senescence in leafy vegetables. Based on the type of photoreceptors in fruits and vegetables,
responses generated due to light at different wavelengths are different [35].

Effects of LEDs on nutritional enhancement

Lights of different wavelengths regulate key phytochemical processes such as photosynthesis
and production/assimilation of secondary metabolites in plants [36]. The treatment of fruits and
vegetables with LEDs of different light (wavelength) can help to maintain the nutritional quality in
post-harvest conditions by inducing such mechanisms as the expression of genes in the biosynthesis
pathways or triggering of enzymatic changes. The irradiation can result in an increase of antioxidant
activity or enhancement of bioactive compounds in fruits and vegetables [37]. The impact of different
LED light colours can be diverse for the different fruits and vegetables affecting their nutritional
value in their own way, thereby affecting the functional components and quality. Thus, blue (400-
470 nm) and red (600- 650 nm) LED lights have been reported as having a significant effect on
nutritional quality [38]. Blue light is associated with its effect on various metabolic pathways and
accumulation of phenolic compounds, carotenoid, anthocyanin, ascorbic acid and polyphenols [39]
whereas red light regulates the concentration of phytochemicals like terpenes, sesquiterpenes and
tocopherols in fruits and vegetables [40]. The researchers proposed the use of blue light in the post-
harvest management of fruits like strawberries which are highly perishable. However, further and
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detailed studies are required to analyze the effect of different coloured LEDs at different intensities
to examine the potential of the LED system in the food industry.

Effect of LEDs on pathogenic microorganisms in fresh agro produce

The diseases caused by fungi during the storage period of fresh horticultural produce will cause
a lot of economic losses, which has been the focus of attention among researchers. Currently,
chemical synthesizes fungicides are still the best ones, but the application is limited to its safety [41].
LEDs are among the several techniques developed and introduced to reduce pathogenic
microorganisms in fruits and vegetables. Upon irradiation with LEDs, photosensitizers or
photoreceptors absorbs light to form reactive oxygen species that react with the biomolecules to
trigger the effect. These ROS interfere with the microbial cell structure causing the breakdown and
preventing the spoilage [42]. Moreover, LED light application triggers the defense related genes or
accumulation of defense hormones in fruits and vegetables which offers the resistance to microbial
growth and damage. However, different LED wavelengths can initiate different molecular responses
in microbial cells [43]. Many studies were conducted by researchers to investigate the effect of LEDs
on microbial damage at variable wavelengths and intensities.

It was observed that blue light was effective against Penicillium digitatum, Penicillium italicum
and Penicillium citri for both Fallglo and sweet oranges. The researchers report that one-hour
treatment of fruit is sufficient to control the growth of green mold, blue mold and stem end rot,
preventing decay. However, the effectiveness of the application of blue light was limited to the fruit
surface and was not efficient at low intensities. The use of blue LEDs still has the potential to
minimize the post-harvest losses by reducing fungal infections and fruit decay [44]. In another study,
the anti-bacterial action of LED system has been reported against Staphylococcus aureus, Salmonella
typhimurium and Escherichia coli. The studies conducted in this area are of great importance for the
post-harvest management of food as microbial spoilage is the major cause of postharvest losses in the
food industry.

Conclusion

The current global challenge is to provide food security and safety, particularly under COVID-
19 conditions. The possible ways to do so is to increase the production rate of food or to prevent the
food wastage so as to ensure the provision of quality and safe food to people. The use of light emitting
diodes is playing an important role in agriculture and can play an important role at the post-harvest
stage to comply with the above mentioned requirement. At present, the technology of light emitting
diodes (LEDs) is being employed for agricultural advancements and horticultural production of fruits
and vegetables. The distinctive properties of LEDs make it a noteworthy choice. Some of these
properties include monochromatic emission, high photon flux, long life and non-thermal operation.
Lights of different wavelengths regulate key phytochemical processes such as photosynthesis and
production/assimilation of secondary metabolites in plants. Similarly, the use of LEDs can help in
regulating the senescence, affecting the nutritional quality and reducing the microbial spoilage in
fruits and vegetables at the post-harvest stage. The application of LED technology holds a potential
for shelf life enhancement and management of post-harvest activities. It can help the processors and
distributors in bringing down wastage and help in the provision of long-term storage and
transportation. Thus, it is evident that LED technology brings unprecedented benefits to the full food
supply chain, from the production of agro products to the postharvest stage, and during the insuring
of food safety prior to human consumption. Their further development in postharvest management
will be of great benefit to the food industry and society.
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Abstract. In this paper, we presented some results of environmental toxicity of Almaty city
soils by phytotesting method. Our investigation was carried out at the laboratory of ecotoxicological
analysis of soils at the Soil Science Faculty, Lomonosov State University in Moscow, Russia. The
authors used a phytotesting method to determine the toxicity of urban areas or “urbanozems” of
Almaty contaminated with heavy metals (HM). Soil samples were taken at 4 urbanozem patches and
1 control (non-contaminated) patch. The test objects were white mustard seeds and freshwater
microalgae. For all 4 patches through the percentage of inhibition of mustard seedlings, an average
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toxicity was established: from 42 to 49%. The growth of microalgae cells on urbanozem soil extracts
(15 to 41%) was very low comparing to the control (212%). Thus, the method of phytotesting turned
out to be effective: the inhibition of the growth and development parameters of phytotests was
significant for urbanozems contaminated with HM.

Keywords: phytotesting method, phytotoxicity, urbanozems, test objects, heavy metals

Introduction

The ecological state of urban ecosystems causes public concern for variety of reasons. Among
them, a special place is occupied by an increase in transport load, which inevitably leads to chemical
pollution of soils. Soil is a good accumulator, which gathers many pollutants, including heavy metals
[1,2]. Heavy metal (HM) emissions from stationary and mobile sources of environmental pollution
enters the atmosphere, soil, accumulating in its upper horizons. HM are among the priority pollutants
of specific soils of urban areas - urbanozems [3].

Three factors may affect the level of air and soil pollution of city: exhaust gases from vehicles,
emissions (COz and SO») from thermal power plants and from the private sector, where solid fuel -
coal is burned [4]. According scientists combustible part and non-combustible mineral part of coal-
ash will cause irreversible damage to the environment when using coal as an energy source. So they
suggested the quick method to determine the sulphur and ash content of coal using X-ray fluorescence
analysis, which is one of the most suitable method among analytical methods [5].

Over the years scientists works have established that the soils of Almaty are contaminated
with heavy metals. According their research significant concentrations of heavy metals were found
in the soils of the city of Almaty, especially Pb and Cu concentrations. Cd content also exceeded the
MPC [6,7].

Earlier, the assessment of soil cover toxicity in Almaty was carried out on microbial
bioindicators and phytoindicators [8].

The ecological condition of soil in Almaty was also checked through the use of multisubstrate
testing (MST) [9].

The purpose of this study is to use phytotesting to determine the level of toxicity of
urbanozems in Almaty. The phytotesting method has high sensitivity, versatility, integrality and
simplicity. It is widely used to determine the toxicity of pollutants in both soil and water [10,11].

Objects and methods of research.

Soil samples were taken by “envelope” method (i.e. at 5 points on one patch) at 5 patches: patch
1 — al-Farabi KazNU park zone (control for urban soils), patch 2 — intersection Abai Ave./Seifullin
Ave., patch 3 — Raiymbek Ave./Rozybakiev St., patch 4 — intersection of Raiymbek Ave./Seifullin
Ave., patch 5 — intersection of Raiymbek Ave./Pushkin St., observing conditions for preservation of
native structures of soil microbocenoses. Then these samples were mixed, dried and sieved through
the medium with diameters of 1 and 2 mm. Water extract from soil for biotesting was prepared in the
ratio: 1 part of soil and 4 parts of cultivation water.

The test objects were: white mustard seeds Sindpis alba (L.1753) and algae culture
Scenedesmus quadricauda (Meyen 1829).

Biotesting was carried out at the Faculty of Soil Science of Lomonosov Moscow State
University in the laboratory of ecotoxicological analysis of soils (LETAP) [12].

Small seeds of white mustard with a small supply of nutrients and transparent plates with
vertical exposure were used to increase the expression of phytotesting. White mustard seeds were
decomposed into the plate cells. It is not necessary to use a traditional ruler and to open the chambers
to change the length of the seedlings. Each version of the test was conducted in 4 repetitions. Average
length of seedlings was used as an indicator of phytotoxicity of soil samples.

The average length of white mustard seedlings from patch 1 (KazNU al-Farabi park zone) was
taken as control (100%), the results in other versions were compared with control (in %). The
difference between the established percentage of the length of the seedlings and the control

78



International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

corresponds to the total toxicity in case of inhibition of the indicator. The following soil toxicity
ranking was used: the sample is toxic if the percentage inhibition of the seedlings length is equal to
or more than 20-50%; the sample is highly toxic - equal to or more than 50-75% and the sample is
very highly toxic - equal to or more than 75%.

The intensity of algae reproduction was established through the coefficient of cell growth in
the prepared soil extract. The test conditions were consistent with the procedure [12]. Conducting the
test: 100 ml of each salt solution were prepared separately; the nutrient medium was sterilized by
boiling on low heat for 20-30 minutes; algal culture flasks were sterilized with dry heat for 1 hour
when 180°C. In a flask with a volume of 1.5-2 liters with a previously prepared medium of Uspensky
No. 1, a suspension of algae was sterile before obtaining a number of 50-100 thousand kl/ml (weak
pale green staining). The algae suspension was then sterile spilled into test flasks (50 ml volume) and
soil extract was added. The flasks were placed in a well-lit place, protected from direct sunlight.
Duration of biotesting with algae: 96 hour. The total number of freshwater microalgae culture cells
was counted in the Goryaev chamber with a standard camera data volume of 0.0001 ml. Then, 1 ml
(= 1 cm®) was recalculated according to the following formula: X = t - 104, where X is the total
number of cells in 1 cm?; t is the number (sum) of cells in 25 large squares. The number of cells is
expressed in thousands and millions per 1 ml, or in billions per 1 1. At a higher initial density of
cultures, a two-mesh Goryaev counting chamber was used.

Results and discussion

According to the indicator the percentage inhibition of white Sindpis alba mustard seedlings
length, the soil sample from patch 1 (park zone of KazNU named after al-Farabi) was not toxic - the
average length of seedlings was 17% (below the permissible limit of 20%). Therefore, the soil on
patch 1 can be considered as control. The percentage inhibition of mustard seedlings on soils at

patches 2, 4 and 5 was 42, 38 and 44%, congruent with indicating average toxicity of soil samples
(Figure 1).
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Figure 1. Toxicity index (A%) of Paramecium caudatum
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The highest inhibition degree of mustard seedlings growth was 49%, which revealed in patch
3. The increasing number change of microalgae cells of Scenedesmus quadricauda, expressed in Nm.

x 105 kL/ml, showed that the number of microalgae cells at patches 2, 3, 4 and 5 was very low (Figure
2).
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Figure 2. Change in microalgae Scenedesmus quadricauda cell growth, Np. x10° ¢/ml

For example, cell growth was: 108.8% to control - at patch 2; 115.7% - at patch 3; 135.3% -
at patch 4 and 141.1% - at patch 5. Therefore, the low number of microalgae test objects indicated
high soil toxicity of these sites. Non-toxic soil turned out to be on the patch 1 (park zone of KazNU
named after al-Farabi): the microalgae increase number amounted to 311.7% to control.

The most toxic were the soil samples taken at patches 3 and 4 (interpatches ave. Rayymbek/st.
Rozybakiev and Ave. Rayymbek/Ave. Seyfullin). These highways from the selected patches of the
urbanized territory of Almaty have the most intensive traffic, therefore, we conclude that the results
of the used method of phytotesting with the help of white mustard seeds and microalgae reflect the
real contamination of HM in soils and the degree of toxicity.
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Abstract. Brachypodium distachyon — only annual wild cereal, phylogenetically close to
agriculturally significant cereal crops — wheat, barley, rice. Traditionally genetic transformation of
cereal crops includes getting callus tissue capable of plant regeneration, microclonal propagation of
plants, etc. The aim of research was to develop methodology for in vitro cultivation, study callus-
forming ability and regenerative potential of the generative and vegetative parts of B. distachyon
plants.

One of the significant issues of the modern world economy also relevant for Kazakhstan is food
quality assurance. Environmental stress factors of biotic and abiotic nature lead to a decrease in the
productivity of crops, and the annual loss of world crop yield from diseases, according to the FAO
UN, is estimated at more than $25 billion, which is equivalent to 35% of the potential harvest [1].
The mechanisms of plant defense response to the action of phytopathogens are very complex. These
are physical responses when the cell wall is a key element in plant defense; chemicals, including the
formation of reactive oxygen species, protective compounds, as secondary metabolites and proteins
related to pathogenesis [2]. The evolution of pathogens is ahead of the possibilities of practical
breeding. In this regard, one of the primary tasks of practical breeding is to identify and develop
mobile methods and ways of forming plant resistance to pathogens.

Brachypodium (B.) distachyon (L.) P. Beauv. (shown on Figure 1; synonyms: Bromus
distachyos L.; Trachinia distachya L.) is the only annual wild cereal, phylogenetically close to
agriculturally significant cereals — wheat, barley, rice. It has several advantages: small size (15-20
cm), short life cycle (8-12 weeks), small genome size (fully sequenced; ~ 310 Mb/1C; 2n=10
chromosomes).
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Figure 1. Growth of B. distach
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This facilitates its application for fundamental and innovative applied research in the fields of
cell biology, biochemistry, molecular genetics, and agricultural biotechnology.

Traditionally genetic transformation of cereal crops includes getting callus tissue capable of
plant regeneration, microclonal propagation of plants, etc. The aim of research was to develop
methodology for in vitro cultivation, study callus-forming ability and regenerative potential of the
generative and vegetative parts of B. distachyon plants.

Reproduction of B. distachyon in vitro included preparation of the initial plant material, its
sterilization, placing the fragments on a nutrient medium, their cultivation, microcutting, in vitro
rooting, transfer and adaptation of material on soil substrate. Young lateral shoots of greenhouse
plants 5-7 cm long with 3-4 internodes were used as a starting material. The original shoots were
washed in soapy water, followed by rinsing in running water for 30 minutes. Further sterilization of
the material was carried out under the conditions of a laminar according to the following scheme:
treatment with 70% ethanol for 1 min, mercuric chloride 0.1% for 9 min and 3-fold treatment with
sterile water for 5 min. Further, shoots were divided into single-node cuttings with the base of the
adjacent leaf (Fig. 2, A). They were planted on a Murashige and Skoog (MS) nutrient medium with
the inclusion of cytokinin kinetin, the material was transferred to the conditions of a light room (the
duration of one cultivation passage is 30 days), where the following parameters were maintained:
16-hr photoperiod, 60% humidity, temperature 22-24 °C. The growth and development of explants
were visually assessed weekly.

According to our results, regeneration of additional shoots occurs at the base of the node due to
the activity of the intercalary meristem located in this zone. The subsequent increase in the intensity
of reproduction is achieved by laying additional buds at the base of the resulting shoots as a result of
the stimulating effect of growth regulators of the nutrient medium. In cereal crops, intercalary growth,
as a rule, is often associated with the phase of removal of the inflorescence or peduncle on an already
established plant. It was in this actively growing meristematic zone that additional shoots were laid
and regenerated. The establishment and regeneration of additional shoots occurred 20-25 days post
cultivation on an inducing medium with the addition of kinetin.

Fig. 2, A and B show the regrowth and development of shoots from the primary explants of the
nodal segments of the shoots on the 20th day of cultivation on MS inducing medium supplemented
with cytokinin kinetin at a concentration of 2 mg/ L. (passage 0). The results obtained on the selection
of explants indicate that it is the nodal segments of vegetative shoots that are optimal for microclonal
reproduction of B. distachyon.

The shoots obtained at the first stage were then transplanted onto the main MS medium with
the addition of 2.0 mg/L 6-benzylaminopurine (BAP). In this case, the shoots elongated and additional
buds were laid in the leaf axils, from which adventive shoots developed. The regrown new shoots
were additionally separated and transplanted into a fresh nutrient medium for further reproduction
(Fig. 2, C). The procedure was repeated for several times to obtain conglomerates of shoots (Fig. 2,
D). Duration of cultivation — up to three passages, duration — up to 12 weeks. The shoot-forming
ability of primary explants was about 59%, the average reproduction rate for two passages equaled
8.7.
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Figure 2. Regeneration of Brachypodium distachyon shoots on explants of nodal segments of
shoots, where: A — explant 20 days after in vitro cultivation;
B — explant after a month of cultivation on MS medium with 2 mg/ L kinetin;
C — microcutting on MS medium with 2 mg/ L BAP, 1* passage;
D — conglomerates of shoots on MS medium 2, 2™ passage; E — rhizogenesis on ¥» MS medium
with 2 mg/L of NAA; F —regenerant plants in peat pots.

At the rooting stage, MS medium with half of salt concentration was used. As an inducer of
rhizogenesis, 2 mg/LL NAA was introduced into the medium. The well-developed single shoots
obtained at the previous stage, transferred to the medium for rooting MS with the addition of 2 mg/L
of NAA, form roots on 30-40 days of cultivation. It was revealed that for the induction and initiation
of root formation, the conglomerates of shoots obtained at the previous stage must be subjected to
cold stratification, keeping them in a refrigerating chamber at a low positive temperature (+ 2 °C) for
5-6 weeks. After that, shoots were passaged on MS rooting medium with addition of 2 mg/L of NAA,
where roots were formed on the 30-40'" days of cultivation (Fig. 2, E). The percentage of rooting of
passaged shoots is 49.3%, and when cultivated for a longer period (up to 50 days) reaches 80% (4
passage).

When transferring regenerant plants to a soil substrate and their adaptation under ex situ
conditions, test tube regenerant plants of 2-4 cm in height with well-developed roots were cleared
from agar, kept in water for 2 hrs and planted in peat pots with a soil substrate consisting of turf soil
and sand in a ratio of 3:1 (Fig. 2, F). The container culture was transferred to a greenhouse with a
temperature of 25 °C and a humidity of 70-80%. In 20-30 days after planting, feeding of the
established plants was carried out with solutions of the mineral salts of Murashige and Skoog. Further,
adapted soil culture was planted in open ground under favorable conditions. The total duration of
cultivation from the introduction of primary explants to obtaining regenerant plants was 5-6 months.

As a result, increased number of regenerated plants from one explant with a high percentage
(over 60%) of morphogenetically stable regenerants was obtained. It can also be concluded that it is
the nodal segments of vegetative shoots that are optimal for microclonal propagation of B. distachyon.
The regeneration of additional shoots occurs at the base of the node due to activity located in this
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zone of the intercalary meristem. A subsequent increase in the intensity of reproduction is achieved
by laying additional buds at the base of the shoots obtained as a result of the stimulating action of
growth medium growth regulators.
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Abstract. Since the beginning of history, the global world structure and medicinal aromatic
plants in our country have been used in very rich fields (Medicine making, perfumery industry etc.).
New human and environmentally friendly wood preservative materials are being developed, thereby
trying to create an antioxidant / antibacterial product structure in a wide range of areas such as
furniture, children's toys and hospitals that are harmless to health. In this study, the extract of Evelik
(Rumex patientia L.), which is one of the medicinal aromatic plant species and whose antioxidant /
antibacterial properties have been reported in the literature, was prepared and its extract was prepared
(3%). According to the results of the experiment; The highest air dry specific gravity value is 3%
Borax at 30 minutes diffusion (0.69 g/cm?), in the lowest control sample; highest retention 3% Borax
30 minutes vacuum at 30 minutes diffusion (3.16%).

Keywords: Impregnation, Wood, Technological Properties, Antioxidant, Furniture

It has been reported by the World Health Organization (WHO) that the number of plants used
for treatment and as a spice in the world is around 20,000. Extracts from plants are prepared and used
as medicine. It dates back to 2700 years. As in the countries of the world, many plants known as
medicinal plants among the people found in our country by trial and error method are used in the
treatment of diseases. However, the number of plants used for medical purposes is much higher
among the public [1, 2]. Medicinal and aromatic plants are an important part of the plants that are
traded today. This is an important issue not only in terms of maintaining the continuity of plant
species, but also in order to transfer it to future generations in line with the principle of 'sustainable
use' and to use it for many years by avoiding the consumption of all natural resources[3].The main
aim of the study is the rapid decrease in forest presence and exposure of synthetic / chemical effects
to the environment in which human beings pose serious threats; The fact that wood preservative
materials are of chemical / synthetic origin requires the presence of new natural / organic
preservatives the ability of the plant extract (3%, 5%) of Evelik (Rumex patientia L.) plant, whose
antioxidant / antibacterial properties have been determined, has been determined to be impregnated
with a vacuum system in various vacuum/diffusion (20-30 minutes, 35-45 minutes) concentrations.
Subsequently, by determining some technological features, it is aimed to transform the organic wood
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into an antibacterial/antioxidant structure, albeit partially. In this way, this plant extract will be used
in many areas (indoor, children's toys, hospitals, furniture in places requiring hygiene, etc.).

Maple (Acer platanoides L.) was preferred as the wood type in the study. Evelik (Rumex
patientia L.) plant, whose antibacterial/antioxidant properties are determined in the literature was
used [4]. While preparing the samples, the smoothness, crack, knot of the fiber structure of wood was
prepared according to TS 2470/2471 from sapwood without color distortion. The 30-minute vacuum
was subjected to diffusion for 30-40 minutes. Experimental samples have been completely dried to
prevent the impregnation agent from being affected by wood moisture [5]. Preparation of extract, the
residue was washed with 200 ml of hot distilled water and the residue was poured with the help of a
pump or another device that would serve as a suction, after drying the porous capsule and the contents
in the oven set at 103 °C for 16 hours, then it was cooled in the desiccator and weighed with 0.001 g
precision [6]. Retention amount (% Rate), Physical properties (Full / Air Dry Specific Gravity) and
Mechanical properties (Bending Strength / Elasticity Module) was calculated. Retention Rate; The
amount of retention that is obtained in both the single and double impregnation process of the extract
and borax used is given in Tab. 1. Air / full dry specific gravity (g/cm?) is given in Tab. 2.

Table 1. Retention Rate and Simple Variance Analysis (SVA) Results

Impregnation Material Vacuum Diffusion Time Retention Rate (%) HG
Minute (Minute)

03 Exelt 0 ol :

% 3 Borax 30 Minute ig ﬁig ;;2 E

% 3 Evelik+Borax 38 xig 82; Z

HG: Homogeneous groups; the bolded values are high values

When the table is examined; the highest% adhesion was 3% Borax 30 minutes diffusion
(3.16%), the lowest 3% evil extract 30 minutes diffusion (0.37%). The plant extract has yielded a
positive result both for use alone and for dual use with Borax. Considering the antioxidant / anti-
bacterial structure of the plant extract structure and the positive effect of boron structure on human /
environmental health, we can say that it can be used jointly in a wide range of areas, with its strong
effect against biotic / abiotic effects and fire retardant effect.

Wood samples impregnated yellow pine wood with boron compounds and kebracodan, and
reported that the highest retention occurred at a concentration of 1% [7]. In the study reported that he
found the retention values in beech wood (0.49%) in his study of isgin plant extract in various
concentrations (1.3%) [8]. In this study, they determined total retention and % retention in the wood
material impregnated with tea plant. As a result of their treatment, they found that the lowest %
retention was in iroko wood (1.58%) and the highest % retention rate was in beech wood (6.75%).
They reported that the lowest total retention was in iroko wood (31.27 kg/m3), the highest total
retention value was in beech wood (100.65 kg/m?). According to the retention results; they stated that
the organics obtained from the tea plant extract can be used as an impregnation agent in wood [9].
Air / full dry specific gravity values/ Duncan Test results are given in Tab. 2.
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Table 2. Air / Full Dry Specific Gravity Values and Duncan Test Results (g/cm?)

Wood . . Air Dry Full Dry
Diffusion 3 3
Type Vacuum . (g/cm”) (g/em’)
Extract Time Time St St

. Mi
Concentration (Minute) (Minute) Avr Dv. Avr Dv.

Control | 0.62| 2.15 | 0.58 | 1.86

. 30 Min | 0.63 | 1.34 | 0.61 | 2.34
Maple Wood | 73 Evelik Extract 40 Min | 0.61 | 2.12 | 0.59 | 5.17
30 Min 30Min | 0.69 | 3.61 | 0.65 | 4.49
40Min | 0.65 | 2.53 | 0.62 | 5.01
30Min | 0.64 | 1.12 | 0.62 | 2.85
40Min | 0.65| 2.90 | 0.62 | 3.11

% 3 Borax

% 3 Evelik+Borax

Avr: Average: Std Dv: Standard deviation

While both concentrations of plant extract (3%, 5%) showed a partial decrease in use alone, it
provided a partial increase in the specific weight value in dual use. This situation; the anatomical
structure of wood may be due to its extract structure and pH value. The highest air dry specific gravity
value 3% Borax was determined at 30 minutes diffusion (0.69 g /cm?) in the lowest control sample.
The lowest full dry specific gravity was determined at 5% diffusion (0.56 g/cm?) for 30 minutes in
Evelik extract.

The impregnation retention rates, exact dry densities and air dry densities of the samples were
determined. As a result; In sapelled wood material, which has impregnated the highest impregnation
retention rate (6.83 g / cm®) with boric acid, the highest dry density value (0.66 g / cm?), air dry
density value (0.72 g/ cm?®) with beech tree [10]. it reported that diffusion time increased the specific
gravity level and obtained a high specific gravity value compared to the control sample; highest air
dry specific gravity 20 minutes vacuum in hot plant extract 60 minutes diffusion (0.52 g / cm?), 20
minutes vacuum in the lowest wood oil 20 minutes diffusion (0.42 g/ cm?); reported that the highest
full dry specific gravity was 20 minutes vacuum in wood oil, 60 minutes diffusion (0.50 g/ cm?), and
the lowest 20 minutes vacuum in wood oil, 20 minutes diffusion (0.38 g/ cm®) [11].

Healthy life in the human-environment relationship is provided by the wooden equipment used
in the indoor and outdoor spaces where it lives. The natural strength of wood in simple use is not long
lasting. This causes huge losses in terms of the country's economy and forest resources. Many of the
wood preservatives are of chemical origin, which required orientation towards organic / natural
preservatives. Study; Suggestions have been made by determining the various technological features
of the Evelik plant, which has an important place in terms of healthy life, and also has antioxidant/
antibacterial properties, in order to determine the level of adhesion and usage areas in wood.
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Abstract. This work was designed to antioxidant and larvicidal (against Musca domestica and
Culex pipiens) activities of acetone, methanol and water extracts of different parts (fresh and
underground) of Arum rupicola var. virescens extracts. The antioxidant activities were determined
using two assays (DPPH, ABTS radical cation scavenging activity). The determination of contents
were evaluated using total phenolics, flavonoid contents and found maximum values 3.93 + 0.49
(mgGAE/g- extract), 11.44 + 0.33 (mg QE/g- extract) respectively. Fresh part is more toxic than
underground part with against M. domestica with 30.56 = 2.78 (5 mg/mL dose, %), and Cx. pipiens
after 72 h of exposure with 0.03 + 0.95 (mg/mL, LCsp). These results about A. rupicola var. virescens
was showed as source of natural antioxidant and have potential use of pharmaceutical with potential
of antioxidant and agricultural industry with potential of pesticide, insectiside activity.

Keywords: Arum rupicola var. virescens, Musca domestica, Culex pipiens, antioxidant

Free radicals are thought to be directly effective in the formation of many diseases, especially
in various disease types such as cancer, diabetes, neurological disorders, hypotension [1,2].
Antioxidants are considered to be possible preservatives that reduce oxidative damage caused by free
radicals in the human body. Although the antioxidant chemicals obtained from plants have been
working for decades, there are still thousands of plants in nature whose mystery has not been solved
[3]. Since prehistoric times, plants have been used not only as food but also in pharmaceutical
applications thanks to the chemicals they contain. Many drugs used synthetically are based on a plant
[4]. Accordingly, the studies on the plants that have antioxidant, larvicidal, anthelmintic,
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antimicrobial etc. effects of the chemicals in their ingredients gain more importance day by day [5].
House flies and mosquitoes are vector creatures that transmit the disease to humans. Especially,
mosquitoes are the main vector in the transmission of malaria, dengue fever, yellow fever, filariasis,
and various diseases [6]. Control of mosquito larvae often depends on the continuous application of
organophosphates (chlorpyrifos, temephos, and fenthion) and insect growth regulators (diflubenzuron
and methoprene) [7]. The effective and repeated use of control agents disrupts natural biological
control systems and leads to outbreaks of pesticide-resistant insect species. It has also led to
undesirable effects, including toxicity to non-target organisms, and raised concerns about the
environment and human health [6]. Arum genus belonging to the Araceae family and has 28 species
from Central Asia to Europe and 14 species, 17 taxa located in Turkey [8,9,10]. Tuber part of A.
rupicola is used against decoction diabetes [11]. In a study by Ozok and Giines [12], It was found
that A. rupicola species increased SOD, GPx, CAT activity in rats. The aim of this study larvicidal
activity against larvae of Culex pipiens and Musca domestica as a biolarvicidal with water solvent
and antioxidant activity with methanol, acetone, and water solvents extract of Arum rupicola var.
virescens was investigated.

A. rupicola var. virescens was collected from Tunceli province in July 2019 during the
flowering period. The plant material was identified by Dr. Olcay Diisen and stored with voucher
specimens (Herbarium No: 1003 M. Turan) at PAMUH in Pamukkale University, Denizli, Turkey.
Atroom temperature dried fresh parts (leaves and fruits), underground parts (stem and root). A beaker
with sample and solvent (acetone, methanol, water) was kept in a shaking water bath for 6 hours and
filtered. After filtration, the alcohol and water were evaporated. Extracts were kept at -20 °C [13]
Antioxidant properties of the extracts were determined by DPPH (2,2-Diphenyl-1-picryl hydrazyl
radical) [14] and ABTS (2,2’-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid) [15] radical cation
scavenging activity assays. Also, total phenolic [16] and flavonoid [17] contents in the extracts were
determined. The total phenolic contents in the extracts of A. rupicola var. virescens were expressed
as milligrams of gallic acid equivalents (mgGAE/g- extract), were determined with Folin-Ciocalteu
reagent (FCR). The total flavonoid content of the extracts was expressed as mg quercetin (mg QE/g-
extract) equivalents per gram of extract with aluminum chloride using the spectrophotometric
method. Second-third instars larvae of the Musca domestica [18] and Cx. pipiens [19] were exposed
to various concentrations (0.1, 0.25, 0.5, 1 mg/mL) of the extracts. All assays were performed in 3
replicates. The mean + standard error was analyzed using Microsoft Excel, and LCsomin), LCso,
LCs0(max)» LCo0, and x*> were made by Probit Analysis in STATPLUS [20] program in larvicidal effect
assays.

Since there are many different phytochemicals from the structure of plants, it can be misleading
to determine the antioxidant activities of products obtained from plants with a single experiment.
Therefore, it should support each other with more than one experiment and the quantitation should
be evaluated by experiments [21]. The lower the ICso value is the higher the antioxidant activity [22].
The methanol extract of the fresh part (2.10 + 0.06 mg/mL, ICso) showed the highest antioxidant
activity result in the DPPH experiment. Similar to DPPH in the ABTS assay, the highest antioxidant
value was obtained in the methanol extract of the fresh part (0.45 + 0.001 mg/ml, I1Cso). It was found
in the methanol extract of the fresh part with a maximum value of 3.93 + 0.49 mgGAE/g-extract in
the total phenolic contents assay and total flavonoid contents of A. rupicola var. virescens extracts
were determined and the results varied between 0.20 = 0.02 mg QE/g-extract and 11.44 £ 0.33 mg
QE/g-extract (Tab. 1).

In this assay, the larvicidal activity of A. rupicola var. virescens against Musca domestica and
Cx. pipiens were investigated. In the assays, only water extract was used against 2nd and 3rd instar
larvae. In the larvicidal activity against M. domestica, the best result was provided in the positive
control (Difluban %48 SC, active ingredient: Diflubenzuron, CAS No: 35367-38-5 and fresh part has
found to be more toxic with 30.56 +2.78 %. Results of larvicidal activity of A. rupicola var. virescens
extract against different instar larvae of Cx. pipiens are shown in Tab. 2. The best result was positive
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control (Mozkill 120 SC, active ingredient: Spinosad, CAS No: 168316-95-8) and 100% result was
observed within 1 hour. After 72 hours of exposure, the fresh part showed the most toxic effect with
63.89 + 2.78 % (0.03 + 0.95 mg/mL, LCso) results. Concentration and time of exposure were found
to be effective in increasing larvicidal activity. As a result, A. rupicola var. virescens given very close
results to synthetic antioxidant and the results shows that contains sufficient antioxidant and phenolic
substance, terms of LC50 value, suitable for larvicidal studies but the insecticidal study is needed.

Table 1. Antioxidant activity of A. rupicola var. virescens extracts.

Sample DPPH * ABTS * Total Phenolic Total Flavonoid
Contents** Contents ***
Fresh Part Acetone 2,18+ 0.63 + 2.54+0.57 6.65+0.28
0.015 0.003
Fresh Part Methanol 2.10 £ 045+ 3.93+0.49 11.44 +0.33
0.06 0.001
Fresh Part Water 272 + 0.78 £ 1.37+£0.19 0.49 +£0.02
0.019 0.002
Underground Part | 292+ 0.58 + 1.45+0.20 0.73 £0.08
Acetone 0.001 0.003
Underground Part | 2.19+ 0.56 + 2.33+0.33 0.87+0.04
Methanol 0.001 0.001
Underground Part | 423+ 091 + 0.98 +£0.07 0.20 +£0.02
Water 0.001 0.001
BHA 0.03 + 0.10 + - --
0.001 0.001

* ICso, pg/ml, ** mgGAE/g- extract, *** mg QE/g- extract

Table 2. Statistical values of A. rupicola var. virescens against mosquitos (Cx. pipiens).
Leaf Part Leaf Part  Leaf Part Tuber Part  Tuber Part Tuber Part
24 hlater 48 hlater 72 h later 24 h later 48 hlater 72 h later

LC50 (min) 0.81 0.17 0.0004 0.31 0.42 0.19
(mg/mL)
LCsp (me/nL) 1.23 + 033 + 0.03 + 264.12 + 0.93 + 0.63 +
50 (Mg 0.14 0.14 0.95 1.50 1.18 0.26
LCs0 max 2.76 0.62 1.88 >10000 >10000 2.09
(mg/mL)
24.32 82.07 2621.80
LCo (mg/mL) oAl 136 >10000 >10000 0,86 >10000
X2 2.74 0.24 0.003 0.36 0.03 0.07

x - If the upper cases in the line are the same, there is no statistical difference in Duncan's multiple
range test (p < 0.05). y - If the lower cases in the column are the same, there is no statistical difference
in Duncan's multiple range test (p < 0.05). * dH2O: distilled water **Mozkill 120 SC
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Absract. This study examined the key challenges for biodiversity conservation in the
Korgalzhyn State Nature Reserve (KSNR) in Kazakhstan. An understanding of these difficulties is
essential in achieving successful conservation outcomes. Semi-structured interviews were conducted
with participants who have links to the PA’s management and species conservation in Kazakhstan.
The results indicated that one of the the main challenges to successful biodiversity conservation in
the KSNR are certain human activities such as poaching, over-exploitation of natural resources in
areas surrounding the reserve. These problems could be explained by limited environmental
awareness and the low socio-economic development in rural areas which dramatically contributed to
the unsustainable use of natural resources.

Keywords: Protected areas, Kazakhstan, Korgalzhyn State Nature Reserve (KSNR),
biodiversity conservation unsustainable practices.

Introduction

Over the last few decades, management of natural resources and conservation of biodiversity
have become a concern across the globe. Biodiversity provides valuable direct and indirect ecosystem
services, resiliency, and social relations. Thus, protected areas (PAs) are essential at a national and
international level for preservation of biodiversity to maintain healthy ecological function
(Brockington et al., 2012).

The KSNR, located in the North Kazakhstan region, is the largest reserve in Kazakhstan and
has been included I a category of Pas (IUCN, 2004). It was established in 1974 and covers a surface
area of 543,131 hectares (Appendixes 1). The primary goals of the KSNR are preservation of
biodiversity and the unique ecosystems by monitoring the ecological condition and providing
scientific research and educational activities, and the sustainable use of its natural resources
(Mgov.kz, 2015). The KSNR possesses a rich biological diversity with many rare and endangered
species. The KSNR wetlands hold of 112 species water birds which are nearly 90% of the whole
water birds’ population of Kazakhstan (Kor.bk.kz, n.d.). The KSNR is located in the steppe zone of
the Central Asian-Indian and Sibir-East-African migratory ways of migratory birds with international
ecological value in conservation of species. There are more than 500 species of plants, more than
1400 species of water and terrestrial animals including 42 mammal species and 344 bird species
(Unesco.org, 2012).

The aim of this study is to examine the challenges of the biodiversity conservation of the
KSNR.

91



International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

Methodology

Semi-structured interviews were conducted to examine challenges in achieving successful
conservation outcomes in the KSNR. They were based on the challenges of PAs revealed by the
literature review. Representatives of the KSNR and local residents were interviewed. Korgalzhyn
administrative village was chosen as the study area. It is a centre of Korgalzhyn region with a large
population in close proximity to the reserve area boundary. The interview lasted for between
approximately 26 minutes and 1 hour 7 minutes and permission was asked from the respondents to
record their interview. The recorded interviews were translated from Kazakh to English and
transcribed. The transcribed semi-structured interviews were then analysed to identify common
themes (Bryman, 2016). Specific themes relating to parts of the text were recognized and formed into
groups.

In order to clarify direct references to themes evaluated by the question, descriptive coding
was applied to each response (Appendix 1, 2). Then, to establish connections between responses and
to clarify common subjects, all responses to questions and subjects within them were reviewed. This
review process identified a wide range of other subjects within the responses, forming various themes
to clarify different ideas covered by responses to the questions. Here, we present interview results
concerning unsustainable practices, such as hunting and fishing.

Results

The majority of participants (9 out 12) expressed concern about the commercial fishing which
had overused the natural resources and led to a decline of fish resources. One interviewee (N) stated
that “in one lake worked for 6-7 fishing companies during the year without any rest. Fishing was
conducted without proper control from environmental agencies or other ichthyological inspections.
Some water bodies are operated all year round without any rest. [ think the situation is becoming
worse on the river Nura. The entrance to the area is all blocked by fish networks. Respondent x stated
that ‘I can say that only the protected lakes are rich in fish, but on the rest of the lakes, fish stocks
are severely undermined”.

The study found that illegal activities being carried out within the reserve and surrounding
areas such as poaching and uncontrolled hunting are some of the key challenges to biodiversity
conservation in the reserve.

11 out of 12 informants expressed concern about poaching in this region. Interviewer I stated
that ‘543 thousand hectares is a huge territory, unprotected by any gorges, natural barriers and
everyone can access the protected area from everywhere on a snowmobile or by car and it is very
difficult to protect such a huge area ... and people hunting for Saiga antelope although it is an
endangered mammal ’.

Interviewee B note other environmental problems “Large clusters of a migrant game on the
local water bodies during the spring and autumn always attracted hunters here, not by accident at
the territory are there 10 hunting farms’. Interview F stated that ‘In recent years, the number of
attributable hunting farms have increased, cases of poaching have occurred frequently, and official
hunting is sometimes still performed in violation of all rules and regulations. All these violations have
led to a large number of detainees, as well as to a disturbance factor affecting bird populations in
the nesting period’.

The fact of poaching supported by another interviewee (P) who stated that ‘poachers come to
protected lakes not only catch to fish, mammals but also for Artemia ... it is really valuable on the
black market and it can bring big money. They are illegally sold to China.’

Artemia Salina is brine shrimp and found in salt lakes (Harzsch and Glotzner, 2002)
Respondents were asked to suggest the reason for poaching. The respondent (B) said that ‘young
people can do everything for money. The money is the main reason why people poach. They don’t
have any respect for nature’. However, participant D suggested that ‘I think that ... poaching is not
only a source of money to feed their family, some people in society poached in order to underline
their position, make hunting trophies’.
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A number of participants suggested that uncontrolled hunting is a threat to biodiversity
conservation. Interviewee (C), for example, commented that ‘hunters shoot birds or other animals in
surrounding areas and it is legal but I am sure 95% of them don’t know which birds, animals are
endangered. They shot any birds. It is like when you are at home... I mean in the protected area
nobody touches you but if go out from your home ... there is a risk that you will be shot... and we
physically couldn’t control every hunter’.

The result indicates that poaching and uncontrolled hunting is a significant threat to
conservation.

Discussion

The present study found that the development of anthropogenic human activities and over-
exploitation of natural resources within and around reserve areas (fishing, land-use change,
agricultural practices, poaching and unsustainable hunting) put pressure on the KSNR biodiversity
and ecosystem function. These threats challenge the integrity and stability of the ecosystem and
biodiversity conservation. For example, Saiga Antelopes (Saiga tatarica) were targeted by poachers
for their meat and valuable horns. They are widely used for medical purposes in China and are
consequently a significant source of income (Bekenov et al., 2001).

These findings agree with Kamp et al., (2016); Milner-Gulland, (2015); Bekenov et al.,
(2001); UNDP (2016) all of which identified that intense poaching pressure on endangered species
such as Saiga Antelopes and Brine Shrimp (Artemia) are the highest threats to biodiversity
conservation in the KSNR. The results seem to be consistent with other research which considered
poaching and unsustainable hunting to be an even greater threat to biodiversity particularly threatened
species and influencing mammal species extinction. This is serious conservation issue around the
world (Ormsby and Mannle, 2006; Bekenov et al., 1998; Robinson and Milner-Gulland, 2003;
Schielzeth et al., 2008; Okello and Kiringe, 2004; Linkie et al., 2003).

One of the main reasons for poaching can be commercial and another is obtaining a hunting
trophy. This is supported by Muth and Bowe, (1998); Meduna et al., (2009) who state that trophy
poaching is one of the motivations for poaching. However, according to Kiihl, et al., (2009) the Saiga
(tatarica) exploitation is directly linked to the poverty and socio-economic situation in the KSNR.
The lack of employment opportunities in countryside areas have triggered the poaching of the Saiga
because it is both a source of income and food (ibid).

On the other hand, hunting has a long history in human development and is valued as a cultural
tradition in Kazakhstan (Bekenov et al., 1998). Therefore, it could be controversial to completely
eliminate hunting. To this end, probably increasing the amount of fines for poaching, reducing quotas
for hunting and more effective awareness campaigns about sustainable hunting management might
reduce the hunting rate.

Another challenge to conservation in the KSNR is fish overexploitation outside safe biological
limits for commercial purposes in unprotected areas of the reserve. This situation reduces fish stock
and makes their recovery difficult. The fishing practices in unprotected wetlands of the KSNR
significantly impact on the reduction of fish stock (Burlibayeva et al., 2007). This alters the ecosystem
function and has negative implications (Agardy, 2000; Nath and Deka, 2012; Paterson and Chapman,
2009).

Thus, the commitment of local organisations to controlling fishing is questionable, the
overexploitation of fish resources continues to be an issue and was a concern raised by the majority
of interview respondents.

However, results indicate that it is challenging to prevent the unsustainable use of natural
resources by locals due to the area’s low economic development being strongly linked with nature
conservation outcomes. The regional economy contributed to these issues especially because of
limited unemployment opportunities and economically distressed areas challenging the priority given
to biodiversity conservation. This result is consistent with Linkie et al., (2003) who found that poverty
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triggered the development of illegal activities to nature. Without a change in poverty reduction
strategies, ‘biological diversity will pay the price for development yet again, and the human subsidy
from nature will tax biodiversity to death’ (Anderson sited in Sanderson and Redford, 2003:389).

Therefore, enhancement of the region’s economy and the preservation of biodiversity are two
distinct objectives and could be achieved with two separate approaches but there is a link in practice.
It means that these problems should be solved together with an integrated approach to natural resource
management based on environmental, social and scientific disciplines (Adams et al., 2004, Carlos et
al., 2013). In this regard, Steinmets et al., (2014) identified the key components as raising awareness,
offer opportunities for action, and generate social pressure against poaching. Such an approach has
proved effective, reducing poaching by 88% in the Kuiburi National Park, Thailand.

It is believed that implementation of these measures could be the initial stages in combatting
the unsustainable exploitation of natural resources in the KSNR but a more complex solution seems
to be required to tackle these issues. Therefore, this needs to be taken into account by conservation
managers during the development of the management plan for further sustainable development and
effective biodiversity conservation. Therefore, legislation enforcement, strict penalisation, and
increasing awareness from childhood thereby giving locals time to change their low cultural mentality
in a positive way to value nature all could be required to deal with the human pressures presented
above.

Conclusion

The present study was undertaken to understand challenges in biodiversity conservation in the
KSNR. It is clear that biodiversity conservation faces a number of different obstacles such as here
poaching, commercial fishing, and illegal hunting. These negative human activities alter the
ecosystem’s function within the boundaries and remain one of the main challenges of biodiversity
conservation in the KSNR. Therefore, it is necessary to increase the implementation of policies to
enhance sustainable development in the natural reserve management, to promote environmental
legislation to force to sustainable development of the reserve, to provide educational activities and
formation of an ecological culture.
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Abstract. Recent data about cancer incidence have demonstrated that colorectal cancer is the
third most common type of cancer in western countries and the fourth most common cause of cancer-
related death. Plants have many biological active molecules and pharmaceutical activities such as
anti-cancer, antioxidant, and anti-inflammatory. The study aims to determine the therapeutic effects
of Paeonia kesrouanensis methanolic underground extract on cell proliferation and mRNA expression
changes in Caco-2 colorectal cancer cells under in vitro conditions. The effects of the extract on cell
viability in time and dose dependent manner were detected by XTT method. Total RNA was isolated
by Trizol-reagent and subsequently mRNA cDNA was synthesized. Bax, BCI-2, and caspase-3
expression changes between control and dose groups were evaluated by the Real-Time PCR method.
The extract decreased cell viability and ICso value of extract in Caco-2 cells was determined as 65.153
ng/ml at 24™ hour. The extract also increased Bax and caspase-3 mRNA expression and decreased
Bcl-2 mRNA expression in colorectal cancer cells. According to results, Paeonia kesrouanensis
extract inhibits the proliferation of colorectal cancer cells and its effect mechanisms may be
associated by regulating the expression of apoptosis related genes. In conclusion, this study can
contribute further and detailed studies about Paeonia kesrouanensis extract and its therapeutic
potential for colorectal cancer treatment.

Keywords: Paeonia kesrouanensis, Caco-2 cells, colorectal cancer.

Cancer is a multi-step disease in which there are metabolic and behavioural changes
characterized by autonomous, excessive, and uncontrolled proliferation of cells, invading distant
tissues and organs and forming metastases [1] Molecular changes include point mutations,
chromosomal rearrangements, microsatellite instability, hypermethylation or inactivation of promoter
regions of tumor suppressor genes, activation of oncogenes and suppression apoptosis, etc. [2].
Colorectal cancer is the third most common cause of death from cancer. Colorectal cancer is
responsible for approximately 9% of cancer-related deaths, which are common worldwide, especially
in developed regions in North America, Western Europe, Scandinavia, New Zealand, and Australia
[3]. Despite advances in diagnosis and treatment, there are still unclear points in cancer disease. For
this reason, cancer remains the leading cause of death. In addition to all these treatment methods,
herbal and nutritional supplements within the scope of alternative and complementary therapy are
used in cancer patients to strengthen immune functions and reduce the side effects associated with
treatment [4].

Apoptosis is one of the most remarkable targets for cancer treatment and drug discovery.
Many novel studies have opened new discoveries into potential new anticancer agents such as plant
derived biological active molecules and therapeutic agents [5]. Paeonia have been utilized as
medicinal and herbal plants. For instance, the Ottomans used Paeonia sp. For the treatment of internal
diseases, pains, and epilepsy [6,7]. The genus Paeonia is also one of the most important crude drugs
and extensive medical use in Chinese traditional medicine used against disease such as atopic eczema
as well as for anticoagulant, anti-inflammatory, analgesic, and sedative purposes [8,9]. This study
aims to investigate the effects of methanolic extract from the underground of Paeonia kesrouanensis
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on cell proliferation and expressions of apoptosis related genes in Caco-2 colorectal cancer cells under
in vitro conditions. In this context, the following method steps have been applied.

Cell Culture: In this study, Caco-2 colorectal cancer cells were used. Cells were cultured in
DMEM medium supplemented with 10% FBS, 20 units/ml penicillin, and 20 pg/ml streptomycin and
maintained in a humidified atmosphere of 95% air and 5% COzat 37 °C. Colorectal cancer cells were
treated with 25 pg/ml, 50 pg/ml, 100 pg/ml, and 250 pg/ml extract during 24 h to understand the
antiproliferative effects of the extract with time and dose-dependent manner.

XTT Assay: Cytotoxic activity of the extract in Caco-2 colorectal cancer cells were
determined by using XTT assay according to manufacturers' instruction. Cells were seeded in 96-well
plates at a number of 2x 10* cells/well. After 24 h of incubation, the cells were treated with different
concentrations of extract and incubated for 24h. Formazan formations were quantified
spectrophotometrically at 450 nM (reference wavelength 630 nM) using a microplate reader
(Thermo). Cell viability was calculated using the background-corrected absorbance as follows:
Viability (%) = A of experiment well / A of control well x 100.

Total RNA isolation, cDNA Synthesis and RT- PCR: Total RNA was isolated with TRIzol
reagent (Invitrogen, USA) according to manufacturer instructions. Complementary DNA (cDNA)
synthesis was performed using WizScript™ cDNA Synthesis Kit, according to the manufacturers'
instructions. Quantitative expression analysis of Bax, Bcl-2 and caspase-3 were determined by Real-
Time PCR (RotorGene 6000, Qiagen). Beta-actin was used as housekeeping gene for the
normalization of RT-PCR data.

Statistical Analysis:RT-PCR data were analysed with the AACT method and quantitated with
an online program (https://geneglobe.qgiagen.com/tr/analyze/). The comparison of the groups has been
performed with “Volcano Plot” analysis, from “RT2- Profiles™PCR Array Data Analysis”, which is
assessed statistically using the “Student t-test”. (p < 0.05 was evaluated as significant statistically).

The results obtained from these experimental steps are as follows:

XTT Assay: After the treatment of extract to the Caco-2 colorectal cancer cells, the % cell
viability was determined via XTT assay according to time and dose dependant manner. The decrease
in cell viability of the colorectal cancer cells was observed in parallel with the increasing dose rate of
extract. In this study, Paeonia kesrouanensis extract decreased cell viability and ICso value of extract
in Caco-2cells was determined as 65.153 pg/ml at 24™ hour. In the next RT-PCR assay experiment
step, the ICso dose was compared with the control group. Cell viability (%) of Caco-2 cells were given
in figure 1.
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Figure 1. Cell viability of Caco-2 colorectal cells after treatment with different concentration
of extract between 25 pg/ml and 250 pg/ml were measured by XTT assay

Real-Time PCR Assay: Following total RNA isolation from control and extract treated cells,
the cDNA synthesis was performed. Real-time PCR was used to perform the expression analysis of
Bax, Bcl-2, and caspase-3 according to the WizPure™ gqPCR Master (SYBR, Biorad) protocol. The
extract increased Bax and caspase-3 mRNA expression and decreased Bcl-2 mRNA expression in
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colorectal cancer cells. Relative fold changes of mRNA expressions of apoptosis related genes were
given in figure 2.
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Figure 2. mRNA expression changes of Bax, Bcl-2 and caspase-3 genes in control and extract-
treated Caco-2 colorectal cancer cells. Expression increasing in Caspase-3 and Bax were found
statistically significant (p= 0.008452 and p= 0.000068, respectively) and decreasing BCL-2
expression in the dose group was found statistically insignificant (p>0.05)

Mutations in oncogenes, tumor suppressor genes, DNA repair genes and instability of
chromosomes and microsatellites, epigenetically changes and expression changes in these genes in
the genome have a role in the carcinogenesis of colorectal cancer [10,11]. In addition, drug resistance
is another major problem in the treatment [12,13]. Therefore, new therapeutic agents obtained from
plants that target different cellular signalling pathways of cancer cells with fewer side effects on
normal cells are being studied a lot. Low toxic activities of these substances are very attractive
research topics for the scientist to find potential and novel anticancer agents [10-13]. There have been
several studies on the antioxidative and pharmaceutical activities of Paeonia species of Chinese
origin. For instance, in a study [8], a herbal mixture was used as a tea in China consisting of many
Chinese plants including Paeonia species [7]. It was reported that Paeonia suffruticosa Andrews
extracts have tyrosinase inhibition and anti-proliferative activity on A2058 human melanoma cells
[14]. First data about Paeonia kesrouanensis and its anti-cancer effects were presented in the literature
with this study. In conclusion, these results showed that Paeonia kesrouanensis extract may inhibit
colorectal cancer cell proliferation via regulating mRNA expressions of apoptosis related genes.
These results will be researched with further detailed in vitro and in vivo molecular biological studies.
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Abstract. Nowadays using of the viticulture by-products can play key role as natural additive
with antioxidant effect for favourable influence of phenols on human health. Also as an agent to
stabilize the color of meat products; however, usage of these additives at high levels could lead to
toxicity and cancer originating from the formation of nitrosamines. Currently, application of natural
preservatives in order to reduce the nitrite content in meat products is increasing.

Beef and horse sausages are one of the popular foodstuffs, but is vulnerable to microbial
contamination, lipid oxidation, color changes and off-odors and flavours during storage. It was
important to investigate the effect of grape seeds polyphenols extract on chemical composition, lipid
oxidation and microbial growth. No doubt, the effectiveness of application of an extract as natural
antioxidant with idea to reduce using nitrite and other additives to processed meat basically beef and
horse sausage it is very economically effective from local winemaking industries and application it
in development of new product with improved qualities and with less harm to the health of people.

Keywords: extract, viticulture, by-products, antioxidant effect, processed meat products

Ways of preparation extract from viticulture byproducts

Grape (Vitis vinifera) is one of the largest fruit crops in the world, with an approximate annual
production of 61 million metric tons (FAO STAT Database). The main by-products are collected
during destemming (stems), grape crushing, and pressing (skins, seeds, and lees). Grape pomace
consists mainly of peels, stems, and seeds and accounts for about 20% of the weight of the grape
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processed into wine. Recent investigations have stressed the importance of by-products from wine
processing as plant materials particularly rich in a wide range of polyphenols. The effect of drying
temperature (60, 100, and 140 °C) on the polyphenols' content and antioxidant activity of red grape
pomace peels was studied. [1].

Although in one of the relevant study was aim to determine the total phenolic contents and
antibacterial effects of grape pomace extracts (cultivars Emir and Kalecik karasi) against 14 bacteria,
and the effects of the extracts on the growth and survival of two of the bacteria during storage. The
total phenolic contents of grape pomace of Emir and Kalecik karasi cultivars extracted with
acetone/water/acetic acid (90:9.5:0.5) were 68.77 and 96.25 mg GAE g !, respectively. The agar well
diffusion method was used to test the antibacterial activity of the extracts at 1, 2.5, 5, 10 and 20%
(w/v) concentrations in methanol on spoilage and pathogenic bacteria including Aeromonas
hydrophila, Bacillus cereus, Enterobacter aerogenes, Enterococcus faecalis, Escherichia coli,
Escherichia coli O157:H7. Mycobacterium smegmatis, Proteus vulgaris, Pseudomonas aeruginosa,
Pseudomonas fluorescens, Salmonella enteritidis, Salmonella typhimurium, Staphylococcus
aureus and Yersinia enterocolitica. All the bacteria tested were inhibited by extract concentrations of
2.5, 5, 10 and 20%, except for Y enterocolitica which was not inhibited by the 2.5% concentration.
[21.[3].

Agiorgitico red grape pomace by-products were dehydrated by air drying and accelerated solar
drying and sequentially extracted by three different extraction methods using water, water:ethanol
(1:1) and ethanol as solvents. The methods include microwave assisted (MAE) and ultrasound
assisted extraction (UAE) and the conventional Soxhlet extraction (SE)[4].

Other research evaluated the release of polyphenols, the solubilisation of carbohydrate, and
the antioxidant capacity of these grape by-products after enzymatic reaction with carbohydrases
(cellulolytic and pectinolytic activities) and tannase for 24 h. The use of tannase in these by-products,
and pectinase in grape pomace changed the galloylated form of catechin to its free form, releasing
gallic acid and increasing the antioxidant activity. In grape pomace, cellulase treatment was not
efficient for phenolic release and antioxidant activity improvement. [S]. Also one of the effective
approach extraction in a semi-batch extraction process. Methanol was used as solvent and the raw
material studied consisted of skins of the tempranillo grape, which was obtained from the pomace
from red wine vinification. The results show large diffusional effects due to strong control from the
mass transfer[6].

In contrast to mentioned above methods was proposed new method for grape pomace
application in food industries based on the ultrasound-assisted extraction of phenolics compounds.
Dehydration of grape pomace is the first step before extraction. [7].Also, was proposed more
optimized method of grape pomace application in food industries, based on the microwave-assisted
extraction of phenolic compounds followed by their encapsulation by spray drying.[8].

Latest research aims to prolong the storage stability of polyphenols, obtained from grape
pomace, using a spray drying-based microencapsulation technique. The microcapsules obtained
under optimal conditions were stored at two different relative humidities (33% and 52%) during
75 days. [9].

Application of extract of the viticulture by-products wit antioxidant effect in processed meat
products in Kazakhstan

The consumers in Kazakhstan like meat products for their characteristic sensory properties,
while some prefer them for their durability and minimal storage requirements. Microbially, these are
highly stable products. However, after an extended storage, another factor comes into play that
ultimately causes spoilage of these products, and that is the oxidation of fats. This undesirable
tendency in dry meat products is typically protected by the addition of antioxidants. The viticulture
by-products can play key role as natural additive with antioxidant effect for favourable influence of
phenols on human health.
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It is possible to apply knowledge and obtained results in antioxidant activity of extract of
grape pomace in appropriate way. One of the proposed method was use of extract from blue grapes
in the manufacturing of dry sausages in Czech Republic. The objective of this study was to evaluate
the effect of adding a powdered extract of grapes on the quality of Polican dry fermented sausages,
and Vysocina dry non-fermented sausages. Samples of these meat products were prepared by the
Department of Meat Hygiene and Technology, University of Veterinary and Pharmaceutical Sciences
in Brno [10].

Beef sausage is one of the popular foodstuffs, however, is vulnerable to microbial
contamination, lipid oxidation, color changes and off-odors and flavours during storage. It was
important to investigate the effect of grape seeds polyphenols extract (GPE) on chemical composition,
lipid oxidation and microbial growth in raw beef sausage which was made with (0.01%) or without
nitrite during frozen storage at -18°C for 3 months. GPE was added by 0.02 and 0.04% to beef sausage
during making sausage [11].

Moreover fruit pigments have always incorporated the natural pigments of fruits, vegetables
and spices into their dietary requirements. Naturally occurring red pigments in plants are carotenoids,
anthocyanins and betacyanins. Natural pigments, apart from colour, provide added properties and are
therefore considered to be bioactive constituents. Red natural colorants are one of the most widely
used in the food industry. The interest in these pigments lies in the enhancement of the healthy effects
of the diet. In this context, attention is given to carotenoids, anthocyanins and betacyanins, with
emphasis on the basic chemical and biochemical attributes and wide-ranging health-promoting
benefits of these pigments. Thus, in this review, were systematically present the advantages and
limitations of these natural pigments as food colorants in relation to their physico-chemical properties,
reactivity and bioactivity[12].

An addition important to underline the effect of different levels of red grape pomace (1 and
2%, w/w) on the color changes, lipid oxidation (TBARS), antioxidant activity, microbial counts, total
phenol content and sensory attributes of the sausages formulated with various levels of sodium nitrite
(30, 60 and 120 mg/kg). It was found that the addition of grape pomace (1%, w/w) in combination of
reduced nitrite levels to the beef sausage samples reduced TBARS content and the degree of lipid
oxidation. Antioxidant activity and total phenol contents were further evaluated based on DPPH
scavenging activity method. A significant reduction in lightness (L*) and yellowness (b*) of systems
containing grape pomace was observed, following by an increase in the oxidative stability and the
radical scavenging activity. Acceptability of beef sausages was not significantly (P > 0.05) affected
by the addition of grape pomace and had relatively greater scores from a sensory point of view [13].

In this context sodium nitrite and potassium nitrite have been traditionally used for inhibition
of Clostridium botulinum and also as an agent to stabilize the color of meat products; however, usage
of these additives at high levels could lead to toxicity and cancer originating from the formation of
nitrosamines. Nowadays, application of natural preservatives in order to reduce the nitrite content in
meat products is increasing. Moreover, the residual nitrite level declined both during the storage of
sausage and after the addition of DRGP. So the use of DRGP in combination with nitrite for sausages
was more effective in keeping the quality and safety of the refrigerated consumer products as
indicated by the lower nitrite levels, microbial count and similar composition as compared to the
samples treated with nitrite and without nitrite [14].

Recent study in Italy was dedicated to evaluation of the sensory and physical properties of
meat and fish derivatives containing grape pomace powders [15]. Then was searched the effects of
grape seed flour on the physical-chemical properties, microbiological and sensory properties of
Turkish dry fermented sausage, sucuk. After the sausages produced with beef, beef fat, sheep tail fat
and spices, they were ripened for 14 d. Then they were vacuum-packaged and stored for 80 d at 4°C.
It was concluded that grape seed flour has a potential application as an additive in dry fermented
sausages[16].
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Meanwhile studied fat replacement by vegetal fibres to improve the quality of sausages. Based
on the need to find alternatives for the use of meat from non-castrated male pigs that contains high
levels of androstenone and skatole, the production of meat products (raw and Frankfurt sausages)
with reduced fat content was proposed, as these compounds are lipophilic [17]. Research analyzed
dry-fermented pork sausages, from Cinta Senese local breed, were manufactured replacing sodium
nitrite (NIT) with two mixtures of natural antioxidants consisting of: 1) grape seed extract and olive
pomace hydroxytyrosol (GSE); ii) chestnut extract and olive pomace hydroxytyrosol (CHE) [18].

Conclusion

Currently in South Kazakhstan one of the biggest wine industry it is recently opened Chateau
Silk Alley which specializing primarily in production of white and red wine such as: Cabernet
Sauvignon, Cabernet Fran, Chardonnay, Muscat, Rkatseteli, Taifi and etc. The capacity of the plant
1s 3000 tons per season, its capacity base offers a one-time supply of 3 million liters of wine material.
Usually approximate quantity of by-products it is 30 % from whole amount.

Also considering that in the South Kazakhstan region there are about three primary and
secondary wine-making plants operating, the following applications of grape pomace are known: 1)
using grape pomace as a high-protein feed for cattle; 2) preparing grape vinegar; 3) obtaining alcohol
or grape brandy; 4) preparation of nutrient media for growing yeast.

But the consumers in Kazakhstan like meat products for their characteristic sensory properties,
while some prefer them for their durability and minimal storage requirements. Microbially, these are
highly stable products. However, after an extended storage, another factor comes into play that
ultimately causes spoilage of these products, and that is the oxidation of fats. This undesirable
tendency in dry meat products is typically protected by the addition of antioxidants. Grape pomace
extract can play key role as natural additive with antioxidant effect for favourable influence of phenols
on human health.

It is possible to apply knowledge and obtained results in antioxidant activity of extract of
grape pomace in appropriate way. One of the researched methods was use of extract from blue grapes
in the manufacturing of dry sausages in Czech Republic.

In conclusion, assumptions made by many researchers allow us to propose the effectiveness
of application of an extract as natural antioxidant with idea to reduce using nitrite and other additives
to processed meat basically beef and horse sausage. As a result we are planning to get extract from
grape pomace from local winemaking industries and apply it in development of new product wih
improved qualities and with less harm to the heath of people.
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Abstract. Coal is one of the most abundant and cheapest fossil fuels in the world, but its
traditional combustion leads to environmental pollution. In this regard, the problem of finding new
biotechnological methods of coal processing is relevant. The microbial community plays a central
role in regulating coal-contaminated sites. The main aim of this article is to provide a brief overview
of the coal microbiology and its importance in coal processing. In this review, we highlighted the coal
microbial community structure and functional diversity with emphasis on the current advances of
plant growth-promoting bacteria (PGPB), together with coal-derived humic substances (HS),
demonstrating their potential benefits. The number of studies reporting the combined application of
PGPB and HS is surprisingly small. Therefore, this area is an open niche for research.

103


https://www.researchgate.net/profile/Jose_Fernandez-Lopez
https://www.researchgate.net/scientific-contributions/Vicente-Fernandez-Lledo-2177049970
https://www.researchgate.net/scientific-contributions/Jose-M-Angosto-2006168008
https://pubs.rsc.org/en/journals/journal/ra?issueid=ra010041&type=current

International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

Key words: microbial community, low-rank coal, plant growth-promoting bacteria, humic
substances, bacterial inoculants.

Introduction

The coal and coal extracts fuel much of the global trade, contributing to energy production,
infrastructure development, and chemical handling/processing of materials. The production and use
of coal have a multiple impact on the surrounding land and atmosphere. In consequence of the
production activities of the Fuel and Energy Complex, annual atmospheric emissions from coal
combustion are about 90 million tons of sulfur oxides and 30 million tons of nitrogen oxides. A
serious problem is a relatively high proportion of CO; generated by coal combustion compared to
other fuels [1]. But coal continues to be a significant source of energy in the world because of being
one of the most abundant and cheapest fossil fuel energy sources.

In this regard, improving the quality of coal, processing it using environmentally friendly and
efficient technologies is very relevant. A promising direction in improving the energy and
environmental characteristics of fossil coals and coal waste is a biotechnological method of its
processing. The advantage of biotechnological methods of coal processing is that the processes take
place at moderate temperatures and atmospheric pressure, low energy consumption and no negative
impact on the environment. To date, the main direction of bioconversion of different coals is
optimization of their environmental characteristics for energy technological use by means of
biosolubilization, biodesulfurization, biodemineralization and biogasification [2]. Another direction
of lignite processing is the deriving of HS for further employment in industry and agriculture. All of
these processes conducted by microorganisms. But coal microbial communities have not been well
examined, despite their importance in formation and processing of coal and coal-contaminated sites.
The study of microbial populations in coal with pronounced enzymatic activity may open up new
prospects for coal utilization.

The purpose of the article is to provide a brief overview of the microbial community structure
and functional diversity of coal and its current applications in coal beneficiation.

Nowadays various microorganisms including bacteria (e.g., Bacillus sp. Proteobacteria,
Streptomyces badius, Streptomyces setoni, A. ferrooxidans and L. ferrooxidans), and fungi (e.g.,
Coriolus versicolor, Phanerochaete chrysporium, Poria placent, Piptoporus betulinus, Coprinus
sclerotigenis, Candida sp., Fusarium oxysporum, Aspergillus sp. and Trichoderma atroviride) are
known to be present in coal mines. In the works of Tauson and Fakoussa there is a mention of bacteria
and fungi found in brown coal. Mainly fungi with pronounced enzymatic activity were isolated from
brown coal, such as Phaenerochaete chrisosporium, Phlebia radiata, Trametes versicolor,
Bjercandera adusta and Nematoloma frovardii, Trichoderma atroviride. These fungi have enzymes
that decompose mainly the lignin found in brown coals [3]. It was suggested that microorganisms use
HS from the surface.

Investigation of soil microbial community of coal mine regions are also very important. The
reason of that the soil microorganisms and enzymes are suitable indicators for soil quality monitoring.
And only a few bacteria have been reported to live in the soil of coal mines. Of the
classifiable phylotypes, the genera Acidibacter, Acidothermus, Bacillus,
Pseudomonas,  Bradyrhizobium, Burkholderia-Caballeronia-Paraburkholderia, Candidatus
Udaeobacter, Candidatus Xiphinematobacter, Conexibacter and Sphingomonas were relatively
abundant across soils. It is also important to note that coal-bearing sediments are major reservoirs of
organic matter potentially accessible to methanogenic subsurface microbial communities. Analysis
of 16S rRNA gene sequences showed the presence of methanogenic Archaea, predominantly
belonging to the orders Methanosarcinales and Methanomicrobiales, capable of acetoclastic or
hydrogenotrophic methanogenesis. Furthermore, identified fermenting, sulfate-, nitrate-, and metal-
reducing, or acetogenic bacteria clustering within the phyla Proteobacteria, complemented by
members of the classes Actinobacteria, and Clostridia [4].
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In accordance with the provided information we can conclude that the most of the coal bacteria
composed of Gram-negative. The low number of Gram-positive bacteria in the coal may be due to a
greater leakage of toxic hydrogen ions into the structure of the Gram-positive cell walls.

From the context given here, it is clear that coal mines can be an important reservoir of useful
microorganisms. Therefore, the study of microorganisms contributes to the development of new
methods of coal biomodification.

Climate changes, global warming and anthropogenic factors contribute to the limited crop yield.
Based on these issues, there has been a call for a green revolution with a goal of enhancing crop yields
by development of new technologies and safety systems. And these processes could be mediated by
fertilizers based on PGPB and coal-derived HS.

PGPB are bacteria that can enhance plant growth and protect plants from disease and abiotic
stresses through a wide variety of mechanisms. Several important bacterial characteristics, such as
biological nitrogen fixation, phosphate solubilization, and production of siderophores and
phytohormones can be assessed as plant growth promotion traits. The PGPBs of roots associated with
the rhizosphere could be extracellular plant growth promoting rhizobacteria (ePGPR) or intracelluar
plant growth promoting rhizobacteria (iPGPR) depending on the level of interaction with the host
plant root cells. Most bacterial genera are ePGPR and include Erwinia,
Flavobacterium, Micrococcus, Pseudomonas, Serratia, Chromobacterium,
Caulobacter, Azospirillium, Azotobacter and Agrobacterium. These PGPR produce various
substances that enhance plant growth under abiotic stress. These include: siderophore production,
phosphate solubilization, Indole-3-acetic acid production, and etc. The PGPR is dominated by
members of the genus Pseudomonas and the genus Bacillus [5].

In the works A. Keith Cowan showed the relatedness of coal-degrading bacteria to known
PGPB in the NCBI database. They showed that the six isolates of ten coal-degrading strains revealed
> 99% homology with reference PGP strains of Bacillus, Escherichia, Citrobacter, Serratia,
Exiguobacterium and Microbacterium, while two strains showed 94% and 91% homology with
Proteus [6]. These works prove that PGPB can be isolated from coal slurry from discard dumps and
from the rhizosphere of coal-contaminated sites. The isolation of PGPB from coal-contaminated sites
is relevant because of the coal deposits are the most abundant mineral sources on Earth.

The use in the practice of agriculture of biological preparations created on the basis of nitrogen-
fixing microorganisms and rhizobacteria (PGPR-bacteria), stimulating the growth of legumes and
inhibiting the growth of phytopathogens, is one of the technological methods that contribute to
increasing the productivity of cultivated plants and food elements. Several vehicles for PGPB delivery
to crops are used including modified starch, corn starch, chitosan, alginate, polymeric inoculants,
vermiculite, perlite, clay pellets, talc, activated carbon filters, local soils, kaolin, clay minerals, clay
soils, poultry manure, wheat or oat bran [7]. But HS also can act like vehicle for PGPB delivery.

HS are a group of organic compounds obtained in the process of biochemical decomposition of
leaves, roots, animals and microorganisms. HS make up a significant, and sometimes the predominant
part of brown coals, oxidized brown coals, and hard coals. A characteristic feature of HS is their
physiological activity. The mechanism of action of HS is to stimulate all biochemical processes in
the plant body not only at the initial stage of seed germination and root system formation, but also
further growth and development of the plant. Coals with a humic acid content above 45% are
effectively used as raw materials for the production of humic fertilizers and various humates. And
coals with a humic acid content of up to 20% must be oxidized [8].

The most described effect of HS is the promotion of plant root system. Also, HS affect to plant
primary and secondary metabolism including changes on exudation profile, it is pertinent to consider
that HS may interfere with microorganism community in the rhizosphere. Puglisi et al. [9] used
DGGE analysis and showed that the influence of HS on microorganism diversity reaches the bulk
soil beyond the rhizosphere zone. Plants thus select their microbial community in order to improve

105



International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

their physiological processes involved in defence against pathogens, and mineralization and
solubilization of nutrients.

The first report using the approach considering the application of cell suspension of the PGPB
together with soluble HS at low concentration was in a sugarcane seed piece. The treatment of seed
pieces by Herbaspirillum seropedicae strain HRC54 combined with HS gave positive effect on root
and shoot. The same qualitative results were obtained with common beans, in plants co-inoculated
with Rhizobium tropici strains ‘BR322°, ‘BR520’, and ‘BR534 and H. seropedicae strain HRC 54 in
the presence of HA. Baldatto et al. [10] demonstrated that pineapple growth was affected by
Burkholderia strain inoculations, and further improvements were observed with combined
administration with HS, leading to higher shoot and root biomass, as well as nutrient contents (N
132%, P 131%, K 80%) when compared to uninoculated plantlets. Also, Zehra Ekin has investigated
the integrated and individual effects of PGPR Bacillus subtilis and Bacillus megatorium and HS on
potato crop performance, quality, and nutrient uptake, which were demonstrated under field
conditions. [11]. We compiled some examples of successful use of biotechnology process using
PGPB and HS as inoculant applied directly on different plants. There are very few studies on the
effect of HS as a carrier that contributes to the stability of PGPB in the system of the soil-rhizosphere-
plant continuum, considering the potential of biological resources and inoculation technologies in
modern agriculture, both in the processes of substitution of chemical resources, and in adaptation to
new production technologies or even environmental intensification. The use of biological products as
an alternative to chemical pesticides is very relevant and promising, as it is environmentally safe and
effective. In this regard, the search for and characterization of rhizosphere bacterial strains with
pronounced growth-stimulating activity is important for the development of new biotechnologies in
agriculture.

Conclusion

In this article, we examined the microbial communities of coal-associated systems isolated by
traditional and modern metagenomic methods. The most common microorganisms of coal-associated
systems were identified as Pseudomonas strains and Bacillus strains. Additionally, based on various
sources, we described the effect of HS and PGPB on the physiological and morphological features of
plants. Thus, these researches may help to overcome the complexity if HS influence on plant biology,
and allow developing new technologies to increase plant growth based on humic matter.
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Abstract. Microalgae and cyanobacteria are a renewable and economical natural source of
various metabolites and biologically active compounds with antiviral, antibacterial, antifungal and
antitumor effects. In recent years, they have attracted a lot of attention due to their potential
applications in biotechnology. In addition to their natural nature, other important aspects associated
with cyanobacteria are their ease of cultivation, their rapid growth and the ability to control the
production of certain biologically active compounds by changing the cultivation conditions, and they
can be an environmentally friendly way to discover new biological products., This review article
considers the immense competence in the use of cyanobacteria and microalgae as a potential and
promising source of new compounds.

Keywords: microalgae, cyanobacteria, bioactive compounds, biological products, secondary
metabolites, antiviral and antitumor activity.

Introduction

Cyanobacteria and microalgae are of great interest in medicine, cosmetic and food industries
as new and safe sources of valuable biologically active drugs [1]. They contain easily digestible
proteins, lipids and polysaccharides, characterized by a unique combination of biologically active
compounds, polyunsaturated fatty acids with a high content of gamma-linolenic acid, carotenoids,
chlorophyll, phycocyanin, as well as macro- and microelements [2].

Microalgae can be a very interesting natural source of new compounds with biological activity
that could be used as functional ingredients. In fact, some of microalgae are organisms that live in
complex habitats submitted to extreme conditions (e.g. changes in salinity, temperature, nutrients,
UV irradiation etc.), therefore, they must adapt rapidly to new environmental conditions to survive
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by producing a great variety of secondary (biologically active) metabolites which cannot found in
other organisms [3].

New bioactive compounds from cyanobacteria and microalgae

It is known that cyanobacteria produce intracellular and extracellular metabolites, the active
compounds that are mainly accumulated in the biomass and released into the nutrient medium are
known as exometabolites. The edible microalgae and cyanobacteria are a good source of proteins,
essential amino acids and unsaturated fatty acids (UFAs), phytosterols, carbohydrates, vitamins, and
other health-promoting compounds [4].

Cyanobacteria are a source of many valuable compounds that are widely sold in the food,
nutraceutical, cosmetic, and pharmaceutical industries [11]. These metabolites include proteins,
amino acids, polysaccharides, lipids, macrolides, pigments, and other active components [5, 12],
which can be formed as a result of primary or secondary metabolism and have various biological
functions corresponding to their various chemical structures [6].

The most common pigments of microalgae are chlorophyll, alpha and beta carotene, lycopene,
lutein, zeaxanthin and astaxanthin, phycocyanin, which are used in the food, nutraceutical and
cosmetic industries, as well as have antioxidant and antitumor properties [7]. Astaxanthin is one of
the pigments that has extensively used in the nutraceutical products due to its numerous properties
especially remarkable antioxidant and anti-tumor ability [11]. Of great interest in this area are sulfated
polysaccharides - fucoidans, which contain unique chemical compounds and have pronounced
immunomodulatory, antiviral, anticoagulant, anti-inflammatory, antitumor and antibacterial activity
[12].

In addition, phycobiliproteins are light-harvesting complex pigments that are used as dyes in
food. They have demonstrated biological activities such as antioxidant, anti-inflammatory, anti-
cancer, antiviral, and neuroprotective [11].

It should be noted that many secondary metabolites are potent toxins, causing health problems
in animals and humans when the producer organisms occur in masses in water bodies. Cyanobacterial
lipopeptides include various compounds such as cytotoxic (41%), antitumor (13%), antiviral (4%),
antibiotics (12%), and the remaining 18% activities include antimalarial, antimycotics, multi-drug
resistance reversers, antifeedants, herbicides and immunosuppressive agents (Fig. 1) [20].

no activity

anticancer

antiviral I
antifungal \

Figure: 1. Biological activities of cyanobacterial compounds [20]

Gamma linolenic acid (GLA) found rich in S. platensis and Arthrospira sp. is medically
important since it is converted in the human body into arachidionic acid and then into prostaglandin
E2. This compound has a lowering action on blood pressure and plays an important role in lipid
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metabolism. Some of the marine cyanobacteria constitute potential sources for large-scale production
of vitamins, such as vitamins B and E [19].

Some studies have shown that fucoxanthin has the following properties: reduces excess
weight, reduces blood glucose levels. Of particular note is the antitumor effect of fucoxanthin on
human leukemia cells, prostate and breast cancer, with low toxicity of the drug itself [8; 9].

Anti-inflammatory is one of the important biological features that have been exhibited by
different metabolites from microalgae and cyanobacteria, such as Chlorella, Dunaliella,
Phaeodactylum, etc. The chemical structures of these metabolites are classified as polysaccharides,
polyunsaturated fatty acids and carotenoids [4, 7].

Edible microalgae and cyanobacteria are a good source of proteins, essential amino acids and
essential fatty acids (EFA), phytosterols, carbohydrates, vitamins, and other health-promoting
compounds. Chlorella, Scenedesmus, Arthrospira, Spirulina, Nostoc, and Aphanizomenon are well-
known species producing active metabolites as promising nutrients and pharmaceuticals (Table 1)
[11, 14].

Table 1. Some bioactive substances in various strains of cyanobacteria [21].

Species of cyanobacteria Bioactive compounds Biological activity
Lyngbya majuscula Cyclic polypeptide Anti-HIV activity
Oscillatoria raoi Acetylated sulfoglyco-lipids Antiviral
Spirulina platensis Spirulan Antiviral
Nostoc sphaericum Indolocarbazoles Antiviral
Antiviral Anatoxin-a Inflammatory
Synechocystis sp. Naienones A-C Antitumoural
Microcystis aeruginosa Kawaguchipeptin B Antibacterial
Scytonema hofmanni Cyanobactericin Antialgal
Tolypothrix tenuis Toyocamycin Antifunga

Different metabolites with anticancer and antiviral properties

Many cyanobacteria produce compounds that are usually considered secondary metabolites,
that is, compounds that are not necessary for the general metabolism or growth of the organism and
are present in limited taxonomic groups [15].

Cyanobacteria have a wide range of enzymes responsible for methylation, oxidation, and other
changes described by a number of authors [8], leading to a variety of natural compounds, including
linear and cyclic peptides, as well as depsipeptides [9], characterized by anti-oncogenic activity.

One of the antitumor effects of cyanobacterial natural metabolites is the arrest of the cell cycle,
which is the basis for cell growth and division. Some substances can disrupt the normal functioning
of this complex mechanism. One of the damages is associated with suppression of microtubule
dynamics. Cyclic depsipeptides - cryptophycins - are a relatively new class of microtubule inhibitors
[9].

Cyanobacteria such as Microcystis, Nostoc and Oscillatoria produce a great variety of
secondary metabolites. A number of important marine cyanobacterial molecules, including dolastatin
10, cryptophycins and curacin A, have been discovered and these were either in preclinical or clinical
testing as anticancer agents [10]. The antitumor activity of brominated fatty acids from cyanobacteria
such as Anabaena have also been reported [15].

In many research studies, Spirulina has been reported to have strong antiviral activities. It is
established in various reports that at low dosages Spirulina results in inhibition in viral replication
however, at higher concentrations it completely results in blocking replication [22]. The Spirulina
extract, without suppressing host cell functions, inhibits viral protein synthesis. The antiviral activity
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of Spirulina is attributed to calcium —spirulan (Ca-Sp), which has been shown to inhibit replication
of many viruses by inhibition of viral penetration into target cells without host toxicit [23].

Highest antiviral activity was detected in S. maxima extracts prepared from methanol-water
(3:1) [16]. The extracts of cyanobacteria in methanol contain sulfated polysaccharides which
significantly prevents virus attachment to host cell. The inhibition of the fusion between uninfected
CD4+ lymphocytes greatly enhances antiviral activity as this makes virus unable to take over host
machinery. This stops the viral reproduction and multiplication [17, 18].

Conclusion

According to scientists, the commercial interest in cyanobacteria is determined by its unique
composition, high yield, energy efficiency and small area of land required for its cultivation.

Currently, we study the physiological and biochemical properties of the collection and newly
isolated strains of Chlorella, Chlomydomonas, Scenedesmus, Spirulina platensis and develop
technologies for intensive cultivation of cultures of phototrophic microorganisms in the laboratory.
Methods are being developed for obtaining large amounts of microalgae biomass to produce
biologically active substances for use in agriculture and the food industry.

There is also an active search for sources of fucoxanthin among different strains of
cyanobacteria in order to develop a technology for their industrial cultivation for further use in
medicine, cosmetology and the food industry. Our collection contains the phototrophic
microorganisms, strains of microalgae — fucoxanthin producer (Diacronema Noctivaga and
Chrysosaccus Sp.).

Thus, the prospect of studying the bioactive compounds of cyanobacteria and microalgae is
determined not only by economic profitability and environmental friendliness, but also by the
possibility of obtaining new unique dietary supplements and immunomodulators for various
companies and, in particular, human nutrition, therapeutic and prophylactic and antiviral effects.

References

1  Carlucci MJ, Scolaro LA, Damonte EB: Inhibitory action of naturalcarrageenans on
Herpes simplex virus infection of mouse astrocytes. Chemotherapy 1999; 45 (6): 429-36.

2 de Morais MG, Vaz BdS, de Morais EG, Costa JAV (2015) Biologically active
metabolites synthesized by microalgae. BioMed Res Int. https://doi.org/10.1155/2015/835761

3 Carlucci MJ, Scolaro LA, Damonte EB: Inhibitory action of naturalcarrageenans on
Herpes simplex virus infection of mouse astrocytes. Chemotherapy 1999; 45 (6): 429-36.

4 de Morais MG, Vaz BdS, de Morais EG, Costa JAV (2015) Biologically active
metabolites synthesized by microalgae. BioMed Res Int. https://doi.org/10.1155/2015/835761

5  Sigamani S, Ramamurthy D, Natarajan H (2016) A review on potential biotechnological
applications of microalgae. J Appl Pharm Sci 6(8):179-184. https://doi.org/10.7324/
JAPS.2016.60829

6 Lauritano C, Andersen JH, Hansen E, Albrigtsen M, Escalera L, Esposito F, Helland K,
Hanssen KO, Romano G, Ianora A (2016) Bioactivity screening of microalgae for antioxidant,
antiinfammatory, anticancer, anti-diabetes, and antibacterial activities. Front Mar Sci 3:68

7 Guzman S, Gato A, Lamela M, Freire-Garabal M, Calleja J (2003) Anti-infammatory and
immunomodulatory activities of polysaccharide from Chlorella stigmatophora and Phaeodactylum
tricornutum. Phytother Res 17(6):665-670

8  Zanchett G, Oliveira-Filho EC. Cyanobacteria and cyanotoxins: from impacts on aquatic
ecosystems and human health to anticarcinogenic effects. Toxins 2013; 5: 1896-917.

9 Costa M, Costa-Rodrigues J, Fernandes MH, Barros P, Vasconcelos V, Martins R.
Marine cyanobacteria compounds with anticancer properties: a review on the implication of
apoptosis. Mar Drugs 2012; 10(10): 2181-207.

110


https://doi.org/10.1155/2015/835761
https://doi.org/10.1155/2015/835761

International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

10 Tan, L.T. Filamentous tropical marine cyanobacteria: a rich source of natural products
for anticancer drug discovery. J. Appl. Phycol. 2010, 22, 659-676.

11 Urtubia HO, Betanzo LB, Vasquez M (2016) Microalgae and cyanobacteria as green
molecular factories: tools and perspectives. Algae: Organisms Imminent Biotechnol. https://doi.
org/10.5772/63006

12 Singh S, Kate BN, Banerjee U (2005) Bioactive compounds from cyanobacteria and
microalgae: an overview. Crit Rev Biotechnol 25(3):73-95

13 Skulberg OM (2000) Microalgae as a source of bioactive molecules—experience from
cyanophyte research. J Appl Phycol 12(3-5):341-348

14 Khan MI, Shin JH, Kim JD (2018) The promising future of microalgae: current status,
challenges, and optimization of a sustainable and renewable industry for biofuels, feed, and other
products. Microb Cell Fact 17(1):36

15 Cardozo KH, Guaratini T, Barros MP, Falcio VR, Tonon AP, Lopes NP, Campos S,
Torres MA, Souza AO, Colepicolo P (2007) Metabolites from algae with economical impact. Comp
Biochem Physiol C 146(1-2):60-78.

16 Simpore, J., Zongo, F., Kabore, F., Dansou, D., Bere, A., Nikiema, J.B., Pignatelli, S.,
Biondi, D.M., Ruberto, G. and Musumeci, S. 2005. Nutrition rehabilitation of HIV-infected and HIV-
negative undernourished children utilizing Spirulina. Ann Nutr Metab. 49 (6):373- 80.

17 Feldmann, S.C., Reynaldi, S., Stortz, C.A., Cerezo, A.S. and Damont, E.B. 1999.
Antiviral properties of fucoidan fractions from Leathesia difformis. Phytomedicine 6: 335-340.

18 Singh, R.K., Tiwari, S.P., Rai, A.K. and Mohapatra, T.M. 2011. Cyanobacteria: an
emerging source for drug discovery. The Journal of Antibiotics 64:401-412.

19 Plavsic, M., Terzic, S., Ahel, M. and van den Berg, C.M.G. (2004) Folic acid in coastal
waters of the Adriatic Sea. Mar Freshw Res 53, 1245-1252.

20 Burja AM, Banaigs EB, Abou-Mansour, Burgess JG, Wright PC: Marine cyanobacteria-
a prolific source of natural products. Tetrahedron 2001; 57: 9347-9377.

21 RM.M. Abed , S. Dobretsov and K. Sudesh, 2008. Applications of cyanobacteria in
biotechnology. Journal of Applied Microbiology. doi:10.1111/j.1365-2672.2008.03918.x

22 Hayashi, K., Hayashi, T. and Kojima, 1. 1996a. A natural sulfated polysaccharide,
calcium spirulan, isolated from Spirulina platensis: in vitro and ex vivo evaluation of anti-Herpes
simplex virus and anti-human immunodeficiency virus activities. AIDS Research and Human
Retroviruses, 12:1463-1471.

23 Deng, F., Lu, J.J,, Liu, HY., Lin, L.P., Ding, J. and Zhang, J.S. 2011. Synthesis and
antitumor activity of novel salvicine analogues. Chin Chem Lett. 22: 25-28.

90X 658.567.1(574)

KATTBI TYPMBICTBIK KAJIIBIKTAPMEH )K¥YMbIC ICTEY CAJIACBIHIATbI
HNETEJAIK ’)KOHE KASAKCTAH/IBIK TOKIPUBEI'E CAJIBICTBIPMAJIBI TAJIIAY
@ K. barecoBa, A.A. Xakum

Satbayev University, Xumusolx scane OUOI02UATbIK meXHoLo2usnap uncmumymol, Aimamel Kanacwl, Kazaxcman
Pecnybnukacut
e-mail: Anuarovna.07 @mail.ru

AnHoramusi: KazakcTaHHBIH €H Kypleiai npoOieMaliapblHBIH Oipl XaJbIKTBIH TIPIIUTIK
OpeKeTi MPOLECIHIE TYbIHAAUTBIH KATThl TYPMBICTHIK KaJABIKTap/bl KUHAY XKOHE KOJIEere jKapary
0O0JIBITT OTHIP. Makaiaga KaTThl TYPMBICTHIK KaJIABIKTAPAbl 06JIeK JKUHAY MEH KOJere yKapaTyablH
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merenaiKk Toxipubeci Kapacteipbuiagel. KTK-MeH sxymbIc icTey canachlHIAFBI IICTENIIK JKOHE
Kazakcran Toxxipubecine canbICThIpMAaIIbl TAIAY JKYPTi3iaei.

Kinmmik co3dep: wemendik madcipube, Kammvl MYPMbICMbIK KATObIKMAPObl Kadeze
arcapamy, Kammovl MYPMbICMbIK KALObIKMAPMEH HCYMbLC icmey, O6J1eK HCUHAYObL YUbIMOACmbIDY,
KOKbICbl Kauma eHoey.

CoHFbI KXbUTIAPHI OaliKaaFaH dKOJOTUSIIBIK JKaFJaiabIH KYPT HAIapiaybl KOpPIIaFraH OpPTaHbI
KaKcapTyFa OaFbITTaJIFaH IIapajiap KEHIeHIH o3ipJiey MEH €HTi3y KaXeTTUITH apTThIpy/a.
KazakcranHblH 0acThl TpoOJieMaaphIHBIH Oipi XaJIBIKTBIH TIPIIUTIK OPEKETI HOTHIKECIHIE Maiiia
00J1aThIH KaTThl TYPMBICTBIK KaJIBIKTap bl )KUHAY KOHE KoJIere Kapary O0JIbI TaObUIa bl

b1 callblH pyKcaT €TiIMEereH MOJMTOHIapAbIH CaHbl apThi Kenesi. 2019 sKbUTbI FapBIITHIK
MOHHUTOPHHT asChbIHAa 9 MBIHHAH acTaM KOKbIC YHiHIICI aHBIKTaIbI[ 1,6]. Ka3zakcTaHIIbIK KOKBIC
YHIHAUTepIHIH TIPOo0JIeMachl COJ KOKBICTBI JKaFyMEH OailIaHBICTBI KOHE TOJUTOHIAPIBIH OachiM
661111 (83%) PKOJIOTUSIIBIK KOHE CAHUTAPIIBIK HOpMaapra coiikec kenmei 1. Ocel mpobiemanapabiH
©3€KTi MemiMAepiHiH Oipi KaTThl TYPMBICTHIK KaIIBIKTAPMEH JKYMBIC ICTE€Y calachlHIa YIIKeH
KETICTIKTEpre >KeTKeH IIeT eNJep MEH OHIpJiepAiH TaxkipubeciH 3epiaeney OOJbIT TaObLIABI.
Conpaii-ak KemeHai FBUIBIMUA 3EPTTEYJIep JKYpPrizy KaxKeT, OJapIblH HOTHXKeENepi OChI cayara
XK10epiIeTiH KapKbUIBIK pECYypCTapbl YTHIMIBI NaiiananyFa MyYMKIHJIIK Oepe.

KP Crartuctiuka kKoMmMHUTeTiHIH AepekTtepi OoiibiHma Kazakcranma KauabIKTapIblH Iaiaa
OOJTYBIHBIH HET13T1 K631 Tay - KeH OHepKaciOl 00bIn Ta0bUIaAb-KbUTbiHA 449,8 MITH.TOHHA. DJIEKTD,
ra3 JkoHe OyMeH jkKa0JbIKTay KocimopsiHaaps! 20,5 MITH. TOHHAHBI KYpanabl, OHAey OHEpKICiOiHIH
yJieciHe KbUIIBIK KaNIbIK KeneMiHiH 31,5 muH. ToHHachl keneni. KoMMyHangplK KalgslKTap S5
MJTH.TOHHaHBI Kypaiasi[2]. 2019 kbuibiH KOPBITHIHABUIAPEI OoiibiHIIa KP xanmbl KanabIKTapIsiH
TY311y Ke3Jiepi Auarpamma -1 KepceTuireH.

4 ™
Tay-keH Mrepy eHIIPiCi JKoHE KapbepIep/i urepy - j 449.8
DnekTpMeH, razoeH, OyMeH KaMTy ' 20.5
OHIeVII 6HEPKICIM l 31,5
AybUT MIapyalbUIbIFbl, OpMaH J 24
IAPYaIIbUIBIFbI, OaJIBIK :
Kvpruisic ' 04
Backa 3KOHOMUKaIBIK KBI3MET TYpPJIEpi ; 11,0
KaTThl TYPMBICTBIK KaJIBIKTAD J 5.0
20 40 60 80 100
\_ JKbLJIBIHA MJIH. TOHHA J

Cyper 1. 2019 xbInabIH KOPBITHIHABLIAPEI OOMBIHIIA KATABIKTAPABIH TY31Ty Ke3aepi

2019 xpubl enimMizaig 3,2 MBIH TOJIMTOHBIHAA 125 MITH TOHHA KATThl TYPMBICTHIK KaJIJBIKTap
xuHakTanrad (1 kecre). XKt caiibiH 5 MiH ToHHagaH actam KTK kaneimracanel. KomMmyHanbix
KaJIIBIKTApABIH KbUT CalbIHFBI ociMi 5% - abl Kypaiael. KTK enaey ynecin 6 ecere - 2,6-nan 15% -
Fa JIeHiH apTThIpYFa KOJI KeTKi31ai. Anaiiga Oyt ete a3. Mplcaibl, JaMbIFaH enjaep/e Oy KepceTKill
30% - nman acanel. XKammber 2018-2019 xeuinap apansirbiHaarkl KP Ty3iireH KaTThl TYPMBICTHIK
KaJIIBIKTap KeJjeMi OipiHIIi KecTee CabICThIpMAIIbl TYpAe OepiireH.
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Onzeyaid xxorapsl yieci Manrbictay (33%), Anmater oonbicTapeiaa (23,3%) sxone HbiMkeHT
Kanaceinga (22,7%), an temen yiaeci Axkmona (3%), Ilsirsic Kazakcran (3,3%) obGubicTapeinia
Oatikamansl [1].

Kecre-1. 2018-2019 xpuinap apansirbiaaarsl KP Ty3iareH KaTThl TYPMBICTBIK KaJIIBIKTap KOJeMi
(MBIH.TOHHA).

ATayaap 2018 2019
1 | Opama maTepuangapsl 37,1 82,6
2 | Makynarypa 211,3 227,77
3 | InacTuk KajaabIKTapbl 13,3 68,84
4 | DIEeKTPOHBIK KOHE IIEKTP KaOAbIKTAPBIHBIH KAJIIBIKTAPhI 4,0 1,32
5 | Ipi kememai KaIIbIKTap 3,8 73,7
6 | Kypblibic MaTepuangapbIiHbIH KaJIbIKTapbl 69,0 486,1
7 | ©3re ne KanabIKTap 294 4953 334 511

2019 xpuTbl KanTamMa MaTepUalIapbl KaJIABIKTAPBIHBIH HETI3r YJECiH Kara3 >KOHE KapTOH
KaJIJILIKTAphl KYpassl. Ipi rabapuTTi KaaabIKTapIblH apackiHaa kuhas 6aceim[2].

KTK - MeH KyMbIC icTey-OYJI KYKBIKTBIK, TEXHHKAIBIK, SKOHOMHKAIBIK JKOHE KOJOTHSIIBIK
aCMeKTUIepAl KAMTUTBIH Kypleni mporecc. bipiHim Ke3ekTe KalIbIKTapAbl KOAEre Kapary
nporecTepiMeH TEXHUKAJIBIK acrekTinep OainmanbicThl. ['epmanus, [IBemws, Ascrpus, [lanusina
MOCEJICHI HICIIY/IiH YIII Heri3ri KaFuaacel 6ap:

1. KYH/Ibl KOMIIOHEHTTEP/I1 KaliTa OHICY;

2. KaJABIKTapAbl KailiTa eHIey MYMKiH OoilMaraH Hemece THiIMci3 OONFaH Kardaiina
oJlapJIbl KalTaama SHepPTeTHKAIIBIK pecypcTap peTiHIe naiaanany;

3. JKOFapbIJia aTaFaH 9/iicTep KoJaichl3 00NFaH1a KaJAbIKTap/abl MOJUTOHFa Kemy [3].

KanaslkrapMeH jKyMbIC 1CTEY/IH IETENIIK TOKIPUOECIH 3eperiey Ke31H /1€ MbIHa1al KiKTeMe
KOJIJaHBUIJbI, OFaH COHKeC MEeMJIEKETTep KaJJbIKTApMEH JKYMBIC icTey JeHredi OoiibIHIIA
"GacTaymibl", "KybII keTymni" xoHe "0ackin o3ymibl" Oobin OeniHeni. by Oaranay kaiita eHaeyre
HeMece KaJ/IbIKTapAbl kKafyra OainanblcThl yieciHe HerizgenreH. 0% - nman 41% - fa neifin
KaJABIKTapAbl OHICUTIH HEMece kKaraThlH MemiiekeTTep " Oactaymsl ", 41% - nan 80% - ra aeiiiH
"kybin xetymi", 81% - man 100% - ra geiiin "Oacwim o3ymibl" Oonbin caHanmaabl. 2019 >KbLIbI
Kazakcranma KanapIKTapasl KaidTa eHaey 15 mailei3asl Kypaabel, connbiktan KP Gipinim canaTka
kipai[4]. Tannanran enaepneri KalIblKTapMeH jKyMBIC XkKacay, 0akapy KepceTKilTepi JuarpamMma-2
OepinreH.

3epTTey OapbiChIHIA Tajjay XYprizy yiniH 4 memiekeT Tanfanasl. bym "Gaceim o3ymibr"
I'epmanus men lseuus, AKII " kysimn sxerymn " Kazakcran " Gactaymib .

[IBenusiia KOKBICTBIH 99% KaiiTa enjeneni. XKakcol yHBIMIACTBIPBUIFAH CYPBINTAY KYHECiHIH
apkacbiHAa [lIBenust KanAbIKTapAblH Kemn OeJjiriH sHeprusra aiHanasipanbl. TypMBICTBIK
KaJIIBIKTapAbl SHEPTHsIFa alHANBIpaThIH 32 3aybIT xKyMbIC icTeiai. IIIBerus Oyrinae ockl canaaarsl
aneMIiK Kembacuibl 60BN caHanaabl. KaTTbl TYpMBICTBIK KaNABIKTApAbl CYPBINITAYbIH MaHBI3/IbI
(bakTophI-IIBEATEp epTe KacTaH Oactan Oanajgapra TYPMBICTBIK KalJIbIKTap/abl 06JeK jKuHAy JKoHe
KaliTa eH/ey MaHbI3AbUIBIFbIH YiipeTeni. byrinri tanna op 1lIBex yiiHiH jKaHBIHJIA KOHTEHHepIep
6ap, oMap/AbIH 9pKANCHICHI KaJABIKTap/AbIH Oenrii O6ip TypiHe apHaiFaH. MbIcallbl: IIBIHBI, KaFas,
IJIACTUK, METaJl, TAMaK KaJIJbIKTaphl YIIH[S].

HIBenustabl Kapacteipsin Oombir, AKII-ka kememis. Ko caitbia AKLL-Ta 250 MiH ToHHaIaH
acTaM TYPMBICTBIK KOKbIC Ty3uledl. Kananblk caHuTapiblK OacKapMaHbIH CTaTUCTUKACBIHA COMKeC
Hrro-MopkTiH op TypreiHEHA antackiHa 11,33 xunorpamm kanasik xeneni. AKII kopuaras opTaHsl
KOpFay areHTTIriHiH Oaragaybl OOMBIHIIA, YKaJIbI )KbIIbIHA 30 MITH TOHHAJIAH acTaM TUIACTHK TY 31T,
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OHBIH OackIM OeJiri Kaiita enaenmeiini. XKanmsl, op mITAT MEeH Kajia IUIACTUKIICH JIJACTaHy MACENeCiH
o3 Oerinme memeni. Genepanast aenreiine 3R-reduce, reuse and recycl 6armapiamacel 0ap.

AKII-Tarer KaliTamama MHKi3aTThl 550-1eH acTaM 3aybIT OHJIEHI1, TaFbl MBIHFA JKYBIK 32YBIT
KaiiTajama IIMKi3aT Heri3iHae OMOoOThIH eHAipyre MamaniaHabipburraH. AKILI-ta xanabikTapisl
KOI0 OOMBIHIIA KenTereH skobanap 6ap. An albImmmyigap >Kyieci XaiabIKThl KOKBICTBI MaKyJIaTypa,
IIBIHBI, TIJIACTHK JKOHE 0acka Ja KalJbIKTapFa apHaJFaH KOHTeHHepiepre, Oenrim Oip opblHIapra
HIbIFapy¥a bIHTaJIaHAbIpasl [S].

1005
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B0%
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B Hary
MoauroHazg
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20%:
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Cyper 2. TagmanraH enepaeri KalabIKTapabl 0ackapy [4].

Tannay HoTwkenepi OoMbIHIIA OipKaTap MaHbBI3Jbl TYKbIpbIMIAp >kacayra Ooyiajbl. ATamn
ailiTKaH/Aa, KaTThl TYPMBICTBHIK KaJIBIKTap bl 06JIEK )KUHAY IBIH JaMbIFaH Kyiieci. OeMHIH KONTereH
eNJiepi MEH aliMaKTapbhIH/IA KATThl TYPMBICTBIK KaIBIKTapbl (IIACTHK, Karas, MWHAIAp) KakTa
OHJICY apKbUIbI aJIbIHFaH Tayapiap bl CAThIN aTyFa bIHTATAHABIPY KaKChl YIUBIMIACTHIPBUIFAH.

OneMHIH Keulip enaepinae, mbicansl LlIBerusaa, KaTThl TYPMBICTBIK KAJIJIBIKTAPIBI KOO IBIH
e31HIK dicTepi O6ap, aTam aliTKaHAa KOKBICTHI ©pTey apKbUIbl SHEprus any. JlaMbiran meTenaepae
KTK xunHay MeH KaiiTa eHAEyAl >Ky3ere achlpyFa MYMKIHIIK O€peTiH KaKeTTI MH(PaKypbUIbIM
KYPBUIBII 5KaKChI AKYMBIC jkacaiiibl. JlaMbIFan eniepiHid ToxipuOecid 3epTTey 6apbIChIHA, KOKBICTHI
OeJek KUHAYIbl YUBIMIACTBIPY 1C KY31HJIe OalaMachl3 KAKETTUTIK OOJIBI TaOBIIIATBIHBIH KOPCETEII.
TyYpPMBICTHIK KaJABIKTapAbl 06JIeK )KUHAY MIeTeAepAe Y3aK YaKbIT OOMbI KaldbITaCKaH KYHe.

OkiHimKe opai, 013/11H eiMi3/Ie TYPMBICTHIK KAIIBIKTApAbl O6JIEK KUHAY KOHE KalTa oHIeYy
KYMBICTaphl €HAl OacTasbIl KaThlp. bi3miH eniMizie TYPMBICTHIK KaJIIBIKTapbl KaObLUIAAY >KOHE
olapAbl OJaH opl OHJeyAl YHBIMAACTBIPY JKyheci JambpiMaraH. benek JkWHayFa apHalIFaH
KOHTEWHepep MEMJICKETIMI3IH Kol KajlaJapblHjaa, eJji-MeKeHAepiHae xeTkimikcid. Kaiira
IIMKI3aTThl KaObUIlay NYHKTTEp Hallap jKapHamallaHaJbl COHJAAl-aKk, OachlM OeJiirl XaJbIKKa
BIHFAIITBI JKepliepre opHanacmaiiapl. Kasakcrtanma MemIIeKeT Te, alllbl XalbIK Ta OWIaHYbI THIC
KOIITEeTeH JKOJIOTHUIBIK TpobemManap memiiared koK. et emgepmid ToxipuOeciH Tangan, oraH
cyiiene oTeIpbin, 0i13aiH emimizge KTK kaiiTa eHney callachlH JaMBITHIN, AlBIHFBI KaTapibl
KETICTIKTEP/Il EHT13yTe 00Iabl.

JerenimeHn, enimi3 courbl Oec xbpuiably imiHge KTK O6ackapyna kenTereH )KeTiCTIKTEpre Ko
xetki3ai. KTK kaiita enmey yreci 6 ecere - 2,6-nan 15% - ra aeitin apttel, KTK enaey canacweia
JAMBITy MaKCaThIH/Ia HOPMATHBTIK KYKBIKTBIK 0a3a KeTiaipiiai. Atam alTKaHaa, DKOJOTHSIIBIK
KOJIEKCKe Ty3eTysep eHrizuial. byrinri Tagma Kazakcranma KaTTbl TYPMBICTHIK KaJIJBIKTAP/IbI JKaFy
apKbUIbI SHEprusiFa KaidTa eHAeyHdi eHri3yal ke3ueuTiH "Waste-to-energy" >x00achlH iCKe achIpy
MYMKIHAITT KapacTeipblayna. "Waste-to-energy" »xob6acel Kazakcranma anramn per Kysere
aceipputyna. On Kazakcran eHipiepinaeri nmonuronnapaarsl KTK MopQoiorusislk KypambiH,
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(U3MKAIBIK-XUMUSUTBIK KACUETTEPIH JKOHE SHEPreTHUKAIBIK KepceTKimTepiH 3eprreiiai.byn xoba
KTK skafy apKbUIbl JKYMBIC ICTEHTIH OJIEKTp CTAQHIMSIJIAPBIH Cally YLIH TEXHOJOTHSUIBIK
Ky)KaTTaMaHbl KoHE WH)KEHEPJIIK IeIIiMIep Al JaibIHAay bl xKoHe 6acKa ga OarbITTap bl KO3AeH .

MemMiiekeT jKy3ere achlpaThlH TYpil pedopManapiblH, WHHOBALMSUIBIK OHJCY OMICTEPIHIH
COTTLIIr TeK YKIMET KYMBICBIHA OaiJIaHBICTBI €MeC, OJIap/bl KOFAMHBIH KOJIJIAIl XKoHE Oipire xyMbIC
’acayblHa OaiJIaHBICTHI.
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AHHOTanus. llens wuccnenoBaHMs: TMPOBECTH CPABHUTEIBHBIM aHAIU3  COJEPKAHUS
OMOdJIEMEHTOB B BOJIOCaX B3pOCJIOr0 HaceldeHUs ¢ pedepeHCHBIMU 3HAUEHUSMH JUIS BBIBICHUS
nrcOaIaHCcoOB COJIEPIKaHUS AIIEMEHTOB.

Mamepuanvt 1 memoOvi: AHATUTHUYECKHE WCCIEIOBAHUS 3JIEMEHTHOIO COCTaBa BOJIOC
MPOBOAMIIMCH METOAAMHM MacC CIEKTPOMETPHH C MHAYKTUBHO-cBsizaHHOM miazmoit (MC-UCII) u
aTOMHO-3MUCCHOHHOW CIIEKTPOMETPUHN C UHAYKTUBHO-CBsi3aHHOMU 11azmoii (ADC-UCII).

Pezynomamei: Ilo pe3ynpraTaM OLEHKH pPacHpOCTPAaHEHHOCTH OTKJIOHEHHMM COJepkKaHUs
XMMHUYECKHX 3JEMEHTOB B BOJIOCAX HAaCEJIEHUs, MpPOKUBAIOLIET0 B AKTIOOMHCKON o6nacTy,
HaOJII0JaeTCs BRIpAXKEHHBIN ASPUIIUT celleHa, KoOaabTa, MapraHiia, Hoja u U30BITOK JIUTHSI, MATHHUS,
xKenesa, HaTpus, Kamus, Gocdopa.

3axnouenue: HenocrarouHoe WM HM30BITOYHOE MOCTYIIEHUE MHOTHUX JKU3HEHHO Ba)KHBIX
MHUKPO3IJIEMEHTOB B OpPraHU3M U3 OKPYKAIOLIEH CPEeIbl MOXET CYIIECTBEHHO IIOBBIIIATh PUCK
Pa3BUTHSI SKOJIOT03aBUCUMBIX 3a00JI€BaHUI.

Knrwouegvle cnosa: muxposnemenmol, oucoanianc Ouos1emMeHmos, cenem
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3a mocnegHUE JBa JIECATWICTHS TOSBWIACH OOIIMPHBIC 3HAHUS O HEOOXOJUMOCTH U
TOKCUYHOCTH MHUKPOIJIEMEHTOB [UIsl 4YeJOBEeKa, MPU ITOM OTMEYaeTcsi, 4TO OHOJOTHYECKHi
MOHHUTOPHUHT KOHLIEHTPAIIMI MUKPOAJIEMEHTOB B Pa3JIMUHBIX cpelaXx UMeeT 0oJbIoe 3HayeHue [1].

buosnemenTHBIN POH Cpeabl MPOKUBAHUS OTpAXKAETCA B OMOIIEMEHTHOM CTaTyce OpraHu3mMa
yenoBeka. HeratuBHble (akTOphl AHTPOIIOTEHHOT'O BO3ICHCTBUS, BKIIOYAs HU30BITOYHOE
MOCTYIUIGHHUE TSDKENBIX METAIOB U Je(UUUT >KU3HEHHO BaXXHBIX XHMHUYECKHUX DJIEMEHTOB,
HEOJIaronpusATHbIE KJIMMATOreorpaguuecKkie YCIOBUS NPOKMBAaHUS OOJIBIION YacTH HACEICHUS
3amanHoro peruona Kazaxcrana MoryT cnocoOCTBOBATh YXY/IICHUIO 3J0POBbS HA HHINBUAYAIBHOM
Y TIONYJIALIMOHHOM YpOBHSX [2].

B Hacrosimee BpeMs Oouiblilyl0 MpoOJieMy TMPEACTaBISET POCT 3SKOJOr0-3aBUCHMON U
QJIMMEHTapHO-3aBUCHMOI IaTOJIOTUH, IOPAXKAIOIIEH 3HAUUTEIbHYIO YaCTh HACEIEHHS COBPEMEHHBIX
roCy/1apCcTB. DIIEMEHTHBIN CTaTyC B3POCIOro HaceIeHHUs B OONbILEH CTEIIEHU OTPa)kaeT JUIUTEIbHOe
BO3/JIEHICTBUE HEOIAronpUATHBIX (PAaKTOPOB Cpelibl OOMTaHUS U MPO(ECCUOHATIBHON NEATEIbHOCTH.
[To muenuto CkanpHOoro A.B., OogHMM M3 aJe€KBaTHBIX METOJIOB JKOJOTO-TUTUEHHUYECKONH H
TOKCUKOJIOIMYECKOHN IMarHOCTUKU COCTOSTHUSI MUHEPAIbHOIO0 0OMEHa Kak Ha MH/IMBUIyaJIbHOM, TaK
Y Ha MOMYJSIIUOHHOM YPOBHSIX, SIBJISIETCSI MHOTOAJIEMEHTHBIHN aHaau3 Boisoc [3].

[lo naHHBIM HCCIIEOBAHUMN, BBISBIEHBI TEXHOI'C€HHO-HAMPSKEHHbIE pallOHbl, 00YCIOBICHHbBIE
JEeSITeIbHOCTHIO MPOMBIIIUICEHHBIX TPEINPUITUN, B KOTOPBIX OOHAPY>KEHBI KOPPETSIIUOHHBIE CBSI3U
Mex Iy 3a00s1eBaeMOCThIO U conepkanueM Br, Cl, K, Na, Cu u Zn B Bonocax. [IpoBeneHHBIN aHAIIN3
MOKa3ajl, YTO BO3HUKHOBEHHE 3a00JIeBaHUN T€X WM MHBIX CUCTEM YelIOBEKa HAXOAUTCA B MPSAMOI
3aBUCHMOCTH OT COCTOSIHUSI OKPY’KaIOILlEel cpe/ibl, YpOBHS M XapakTepa ee 3arpsisHeHus. Makpo- u
MUKPODJIEMEHTHBI COCTaB BOJOC YENOBEKAa MOKHO CUHUTATh HWHAMKATOPOM SKOJOTHYECKOIO
He0J1aronoyy4ns TEppuTOpUi U MoKa3aTeseM 3J0pOBbs HaceaeHus [4].

Lenb uccnenoBaHus: MPOBECTH CPABHUTEIBHBIN aHAINU3 COJIEP>KaHUs OMO2JIEMEHTOB B BOJIOCAX
B3pPOCJIOTO HACEJEeHUs ¢ peQepeHCHbIMU 3HAYEHUSIMU JIJISl BBIABIICHUS AUCOANAHCOB COZIECpPKAHUSA
JJIEMEHTOB.

Martepuajbl M1 MeTOABI

C 1enpio OLIEeHKU OMO3JIEMEHTHOIO CTaTyca MPOBOIWICA MaKpO- U MUKPOAJIEMEHTHBINH aHAIIN3
BOJIOC METOJIOM CiIy4aiiHOW BbIOOpKH. B uccienoBanue BritoueHbl 329 B3pocnbix 18-60 ner,
MOCTOSIHHO IPOXKMBAIOILIME HA TEPPUTOPUM AKTIOOMHCKOH 00jacTu, HE MMEIOLIMEe B aHaMHE3e
XPOHUYECKHX JIEKOMIIEHCUPOBAHHBIX 3a00JI€eBaHUI BHYTPEHHUX OPIaHOB.

PabGora omoOpeHa  JIOKaldbHBIM  3THUECKUM  KOMHUTETOM  3amajgHo-KazaxcraHckoro
MEIUIIMHCKOTO yHHMBepcuTeTa uMeHH Mapata OcnanoBa (3acemanne Ne5 ot 13.05.2020).
HccnenoBatenbckast paboTa BBINOIHEHA B COOTBETCTBUU C MPUHIMNIAMH XeNbCUHKON Jleknmapanuu
U MOCJIEYIOIUX MoNnpaBoK. OLeHNBaI0Ch COAepKaHKE ABAILATH MATH XUMHUYECKHUX 3JIEMEHTOB: Al,
As, B, Be, Ca, Cd, Co, Cr, Cu, Fe, I, K, Li, Mn, Mg, Na, Ni, P, Pb, Se, Si, Sn, V, Hg, Zn. O6pa3isl
BOJIOC ObUIM MOJIyYEHBI IMyTEM COCTPUTaHHS YHMCTHIMU HOKHULIAMHU U3 HepraBeroulei cranu ¢ 3-5
Y4JacCTKOB 3aTbUIOYHOM YaCTH TOJIOBBI B KoaudecTBe He MeHee 0,1 r. [l a1eMeHTHOTr0 aHaIm3a BoJIoc
MCIOJIb30BAJIM MTPOKCUMaJIbHbIE YacTH npsiaen 1iuHoi 3-4 cM. [IpoOsl momemniaroTcs B KOHBEPTHI €
UICHTU(PUKAITMOHHBIMHE 3aIHCSIMH.

AHanuTHYECKHEe HCCIEA0BaHUs 3JIEMEHTHOTO COCTaBa BOJIOC MPOBOIMINCH METOAAaMH Macc
CHEKTPOMETPUM C WHAYKTUBHO-cBsizaHHOW mnazmoit (MC-UCII) u  aTOMHO-3MHCCHOHHOU
CIIEKTPOMETPHH C HHAYKTHBHO-CBsi3aHHOM Tu1azMoit (ADC-UCII). Ananu3 o0pa3moB mpoOBOIUIICS HA
aTOMHO-3MHUCCHOHHOM criekTpometpe Optima 2000 DV (Perkin Elmer, CIIIA) u kBaapuymnoisHOM
Mmacc-criekrpomerpe Nexion 300D (Perkin Elmer, CIIIA). Onpenenenue cojep:kanus XUMHYECKUX
anemeHTOB B Bojiocax ¢ mnomombio MerogoB HCII-ADC u UCII-MC 1no3BoJisieT KOMIUIEKCHO
OLICHHUBATh BO3ECHCTBHE IKOJIOTO-TUTHEHUYECKUX U (U3UOJIOTHUYECKUX (DaKTOPOB Ha OPraHHU3M Yy
JIIOJICH.

Ananmu3 Bosoc mpoBeneH B jabopatopunm OOO «MukponyTpueHTb» (I. MoOCKBa),
cepTuduIpoBaHHON Taboparopuu 1o cranaapram ISO Europe, ceprudunmponannoii no Cucreme
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MEHE/PKMEHTa KauecTBa, COOTBETCTBYIOIIECH TpeOOBaHUSM MexayHapoaHoro cranmgapra I[SO
9001:2008.

JUIs ~ OIEHKHM  CTAaTHCTUYECKOW 3HAYMMOCTH  Pa3IUYMid  KAaTeTOPUAIBHBIX  JAHHBIX
AHATM3UPOBAIM C TIOMOINIBI0 KpuTepus xu-kBaapar I[lupcona. [[ns BbIABICHHS TUCOAIAaHCOB
COJIEp’KaHUsl DIIEMEHTOB CPAaBHUBAIM COJEpKaHUE OHMOAIEMEHTOB B BOJIOCaX C pedepeHCHBIMU
3naueHusimu (Ckanpabiit A.B., 2003, 2004; Iyengar V., Woittiez J., 1988) [5, 6, 7].

Pe3yabTaThl U 00CyXKIEHUE

OmHuM W3 BaXHBIX MApaMETPOB, XapaKTEPU3YIOIIUX COCTOSHUE JJIEMEHTHOT'O TOMEOCTasa
OTJIEIPHOTO PETHOHA, SBISICTCS YacTOTa OTKJIOHECHUW COJEp)KAHUS XUMHUYECKUX DJIEMEHTOB B
BOJIOCaxX 00CIE0BAaHHOTO KOHTHHTEHTA OT TpaHull HOpMBI [8]. C 11e1bI0 BBISBICHUS TUCOATAHCOB
COJIEpKaHUsI AJIEMEHTOB MbI TIPOBEJIH CPABHUTEIBHBIN aHAIN3 COJIEPKaHUsI OMO3JIEMEHTOB B BOJIOCAX
¢ pedepencubiMu 3HaueHUsIME (Ckanbhblil A.B., 2003, 2004; Iyengar V., Woittiez J., 1988) [5, 6, 7].

3HAYUTENBHBIE OTKJIOHEHUS OT pedepeHCHBIX 3HAYCHHM, HAOIIOJAINCH IO COACPKAHHIO
kobanbta (Co), mutus (Li), xenesza (Fe), maraus (Mg), mapranua (Mn), kanusa (K), natpus (Na),
riona(l), dochopa (P), cemena (Se). AHanmM3 4acTOT pacHpoCTpaHeHUs nedUIUTAa U H3OBITKA
colepKaHUsl MaKpO- W MHKPOAJIEMEHTOB B BoOJiocax oOOCIEOBaHHBIX JACTCH IOKa3aa, dYTO
Ha0JII01aeTCs BRIPAXKECHHBIHN nedunut ceneHa y 97%, kobansta y 80%, mapranma 'y 35%, fiona 32%
obcnenoBanHbIX. Kpome Ttoro, mius 80% o00CIemOBaHHOTO B3pPOCIIOIO HACEJIICHHS XapaKTEpeH
n30bITOK JuTHsI, Ui 34% maraus, st 37% sxenesa, nius 59% nHarpus, aus 68% xamus, it 45%

docdopa (Puc. 1).
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Pucynok 1. PacnpocTpaHEHHOCTh OTKIIOHEHHH COAECP/KAHNSI XUMHUYECKHUX JIEMEHTOB B
BOJIOCAX B3POCIIOro HaceNeHHsI AKTIOOMHCKON 00JIACTH MO CPABHEHUIO C pepepeHTHBIMU
3HAQYECHUSIMU KOHIEHTPAIMi XUMHUYECKUX 2JIEMEHTOB

O6cy:kneHue
AKTIOOMHCKasi 00JIacTh MPEACTaBIsAET COOON KPYIHBIM MPOMBIIUICHHBIH pernoH. OCHOBHBIC
HHAYCTpHUAJIBHBIC OTpacin — FOpHO)IO6BIBaIOIHa$I N XUMHYECKasd IIPOMBINIICHHOCTD, qépHaﬂ

Metauryprus. B Hempax oOjacTu 3ajeraroT 3amachl TOJIE3HBIX HCKOIMAeMbIX: Ta3a, Hedrtw,
He(TerazokoHIeHCAaTa, HUKEIE-KOOAIBTOBBIX Py, dhochopuTa, TUTaHA, [IMHKA, MEIU, ATFOMUHHUS,
KaJIMUHBIX COJIEH. HC6JIaFOHpI/I5ITHaH OKOJIOTHYCCKas CUTyalus B PpCTUOHE CBsA3aHa C ACATCIbHOCTBIO
XPOMIIOOBIBAIOIINX M TepepadaThiBaONX, HedTera3ogo0bIBaAOMNUX MNpeanpustuid. B obmactu
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copMHpoBanach  yCTOMUMBAs  NPUPOAHO-TEXHOTEHHAass  OOPHO-XPOMOBas  T'€OXHMHUYECKast
npoBuHIms [9, 10].

[losnydyeHHble pe3ynbTaThl 4YacTUYHO coriacytorcss ¢ jgaHHeiMu A.B. Ckanshoro, E.B.
CanpaukoBoit u np. (2012), B OpenOyprckoit obmactu Takxke HabOIr0gaeTcs HeOJaronpusTHas
CUTYyalus 1o AucOanaHcy MUKPOIJIEMEHTOB CBSA3aHHAs C M30BITOYHBIM COJICPKAHUEM Kalus, HaTpus,
Marsus, jeJjie3a 1 HeIOCTaTOUYHBIM COJIepKaHUEM cereHa v uHka [11].

CHMKEHHOE COJIepIKaHNe ICCEHIIMATIBHBIX MUKPO3JIEMEHTOB B OPIraHU3ME JKUTEJIEH BEPOSITHO,
00YyCIIOBJIGHO 3KOJIOTO-TEOXUMHUYECKMMH OCOOEHHOCTSMHU peruoHa mpoxuBaHus. K mpumepy, k
HEJ0CTaTKy CEJIEHa MOXKET IPUBECTH BIUSHUE aHTArOHUCTOB 3TOr0 3JIEMEHTa — CBHMHIA U CEPBI
[12]. Kak u3BecTHO, cepocojeprKallie BEUIECTBA U TSKeNble METaJIbl B OOJBIIOM KOJIMYECTBE
BXOJSIT B COCTaB BHIOPOCOB METAJUTYPrHUECKHX, He(TerazonepepadaThBalONMX U JTOOBIBAIOIINX
MPOU3BOJICTB AKTIOOMHCKOM oOjactu. B cBOI ouepenb, HEIOCTATOK 3CCEHLUATBHBIX AJEMEHTOB
CHIDKAeT OMOJOCTYIHOCTh APYTHX 3CCEHIMATIbHBIX OMOdIeMEeHTOB. B wacTHOCTH, Tpu nedunmre
celieHa, KoOalbTa OpPraHW3M MOXKET HCIBITBIBATH JHJIOTEHHBIM AePUIMUT Hojaa naxe HpHU €ro
JIOCTaTOYHOM IOCTYIUIEHUH C IPOAYKTaMu nuTtanus [13].

BrisiBneHHble UCOalaHChl AJIEMEHTOB  OBITH PE3YyJIbTaTOM TEXHOTEHHOTO 3arpsi3HEHUS
OKpY>KaloIIel cpelbl, HeJJOCTaTKa WM U30BITKA B Cpe/ie IIEMEHTOB, (POPMUPOBAHHS TEXHOTCHHBIX
OMOTeOXMMHUYECKUX 30H. MI3MEHEeHUsI KOHIIEHTpaluii OMOAIEeMEHTOB B OMOJIOTHYECKUX CyOCTpaTax
YeJI0BEKa MOTYT OKa3bIBaTh 0OLIETOKCHYECKUH (D (HEeKT 1 HapyIIaTh €CTECTBEHHBIH OOMEH MaKpo- U
MUKPO3JIeMeHTOB. J{epHUIHT U U30BITOK MOCTYIICHHUS] MHOTHUX JKU3HEHHO BaKHBIX MUKPOJJIEMEHTOB
B OpraHu3M U3 OKpYy)Karollell cpelbl MOXET CYILIECTBEHHO IOBBIIIATH PUCK Pa3BUTHUSL
HKOJIOr03aBUCUMBIX 3a00JIeBaHUH.

PaGora BbINOJIHEHA B paMKaX Hay4HOTO MPOEKTa C TPaHTOBbIM (uHaHcupoBaHueM Komurera
Haykn MuHucTepcTBa oOpa3oBanus U Hayku Pecnyomuku Kazaxcran «Pa3paboTka oHnaliH-aTinaca
«DJIeMeHTHBI cTaTyc HaceneHusi 3amagHoro peruoHa Pecnyonuku Kazaxcram»» (MPH
AP08855535).
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O0XK 604.2

MUKPOBAJIIABIP JAKBIJIIAPBIHBIH AYBIP METAJIIAPAbBI COPBIIUAJIAYbBI
bayenoBa M.O., CanBakacoa A K., Kupbaesa JI.K., Typrambaii C.,
Onnipic b., Mycranaesa XX.O.

On-Qapabu ameinoasvl Kazax yimmolx yHueepcumeni
e-mail: Meruyert.Bauyenova@kaznu.kz

Abcrpakrt. Kymeicra Chlorella vulgaris BB-2, Ankistrodesmus sp.,. Chlamydomonas
reinhardtii B-4, Scenedesmus quadricauda B-1 muxpo6angsipnapsiabiy Cu, Cd. Zn, Pb nongapsix
CIHIpY KaOuneTi 3epTTeiiHAal. 3epTTeNliHreH MHUKpOOaIablp AaKbUIAApbIHAH MBIC YILUiH >KOFaphl
ounoakkymynarop - Chlorella vulgaris BB-2, kanmuit ymin - Ankistrodesmus sp. BI-1 xone
Chlamydomonas reinhardtii B-4, kopracsin yurin - Ankistrodesmus sp. BI-1 >xone Chlorella vulgaris
BB-2 ekeni asbIKTanabl. MBpIpbIl  OapiblK  3epTTEIiHIeH MHUKpOOANAbIp AAaKbUIIApbIMEH
akKyMynauusiananel.  OpTagarsl  ayelp MeTamgap  Zn>*>Cu?*>Cd**>Pb**  Gipisninirinme
MUKpOOATABIPIAPMEH CEIeKTUBTI CIHIPLIETiHI aHBIKTAJIbI.

Kinm ce30ep: muxpobanovip, ayvip memanoap, copoyus

CoHFbl KbUIAAPHI SKOJIOTTAp KOpIIaFraH OpTaHBIH JIACTAHY JIEHTeHiH Oaranamn >KoHe JacTaHy
KO3JIepiH aHBIKTall OTBIPHII, TAOUFU OpTaFa TYCKEH 3aTTap/iblH «TaOUFATBIH» aHBIKTAyFa, OJap/IbIH
e3repyiHe JKoHe Tipi ar3alapMeH OalaHbIChIHA YIIKEH MoH Oepim oTelp. OchIHIaM 3epTTeynep yIiH
BIHFAMIbl OOBEKT peTiHlle, KONTEereH AJIEMEHTTEepP/l KOFapbl KOHIEHTpAIUsAAa >KUHAKTayFa *KoHe
oJapbl TOKCHHJII eMec hopMara ailfHanIpIpyFa KabieTTi MUKpoOaabIpiaap KbI3MeT aTkapazs! [1].
DKkoxyienepie MUKpoOaIAbIpiIap MeTAap/Ibl «TONTHIK THID OOMBIHINIA aKKYMYJISIUsIANIbI, SFHU,
MeTaJAapAbIH Oenriii Oip TONTapbIH KOFaphl KMHaKTayFa KabineTti. CoHbIMEH KaTap, Oaysipiaap
MEH JKOFaphbl CaThIIaFbl CY O6CIMIIKTEPiHiH Oenriii Typiaepi Oec-keTi MeTajjaH TYPaThIH TONTApIbI
FaHa >KMHAKTal amybl MyMKiH. Meicanel, Ctramialis xen xarnmaiiga Ti, Mn, Fe, V cuskrel
MeTanjapael KoHueHTtpiaeyre kabinerti [2]. ConbiMeH Oipre, keibip Oanabipiap TOKCHHAIL
MeTaNap Il a CiHipy OOMBIHIIIA «ipiKTEMENi TUITKe» KATKbI3bUIaAbl. balapIpiapabH dJeMeHTTep i
ipiKTen CiHipyl JKOHE aF3aHbIH TOJICPAHTTHUIBIFBI TEHETHUKAJIBIK KacHeTTepiHe OalaHBICTBHI eKeHi
Oenrini. Mpicansl, kei0ip OanabIpiaap MBIPBIITHI CiHIpyre FaHa KabinerTi. OraH Fucus TybICBIHBIH
TypJiepi xaTkbl3buiaabl. HopBerus saranayblHAa, aHTPOIOT€H/IIK JIACTAHYFa YIlIbIpaFraH aiiMakTapa
Fucus evanescens xknetkanapbiHan 2207 MKI/T MBIPBIII HOHJAPHI TaObUTFaH. banapipaapasiy aysip
MeTaAap/bl IpiKTeN >KUHAKTAybl, OJAPJbIH TEHI3 Karajlaybl AKOXKYHECiHIH aOMOTHUKANIBIK YKOHE
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OMOTHKAIBIK KOMIIOHEHTTEPiHIH apachbHIAFbl MHUKPOIJIEMEHTTEPHiH, COHBIMEH KaTap aybIp
MeTaNJApIbIH TapajyblHIa MaHbI3[Abl OMOT€OXMMMSUIBIK peJl aTKapaTbiHbIH Kepceredi. KeiGip
OanabIpiIapAbIH OChl KACHETi KEpruTiKTi JIACTAHFaH Cy SKOXKYHeNepiH Tasajnay Ke3iHJe OJap/bl
OnogUIBTPIEP MEH KOHCOPIIMYMIAp KYpaMbIHA MaiaaanyFa MyMKiHIiK Oepeni [3].

AybIp MeTanaapAblH KOpIIaFraH opTara TYCYiHiH ()aKTOpIApBIHBIH HIBIFY Teri TaOuFu (Tay
KBIHBICHIHBIH HEMece MHUHEpaAbl 3aTTapJblH Kelre MYXUTyl, 3pO3USUIBIK YpIICTep, KaHapTay
opekeTi) KoHe TeXHoreHAl (makmanel Kaz0amapisl OHAIPY JKOHEe KalTa eHJey, OTBIH XKary,
TPAHCIOPTTHIH 9Cepi, aybll MAPYalIbUIbIFBI) 00JIybl MYMKiH. A3p030Jb TYPiHAE KOpILaFraH opTara
TYCETiH TEXHOTeH/Ii 3aTTapAbIH Oip O6eJIiri, y3aK KAlIbIKTHIKKA TapasiajIbl )KOHE FAJTIaMJIBIK JIACTAHY/IbI
Tyasipaasl. Keneci Oemiri arbIHIBI eMec Cyliapra Kellinm TycCeldi, COJI CeOenTi aybslp MeTanaap
KUHAKTAIA]BI )KOHE eKiHIIIIK JIACTAFBIIITAPABIH Ko3iHe aitHamaael. Con ce0enTi, )KYMBICHIMBI3/IBIH
MakcaThl, MUKpOOaIAbIpIapAblH JacTaHFaH Cy OOBEKTUIEpPIHEH ayblp MeTa/ll HOHJApPbIH CIHIpY
MYMKIHJIIT1H 3epTTeYy.

3epTTey MaTepuasiapbl MeH JicTepi

3eprrey o0bektinepi: Chlorella vulgaris BB-2, Ankistrodesmus sp.BI-1,. Chlamydomonas
reinhardtii B-4, Scenedesmus quadricauda B-1 Mmuxkpobansipiapsi.

Toxipube  3epTxaHanblK  JKargaina OeniHin aJIbIHFaH MUKpPOOaNIbIpIapAbIH
MOHOKYJIbTYpasapbiHa xypriziieni. Oun yiuiH sxapbiK KapKbIHABLIBIFEI 4000 sroKcTe, ann remneparypa
uHTepBansl 24-26°C Temmneparypana seprrensi [4]. Ery marepuansinbiy 6acTanks! cass 0,5x10°
KI/Ma  60aapl. MukpoOanisipiapAbl  ecipy — 3epTXaHalblK  JIIOMMHOCTAT  SKaFJdalbIHAA
KapbIKTaHABIPYMEH JKYPIi3iii.

XKacanap! nactanraH cy nanbsiaaay yuil Mbic cynbdaTsl (CuSO4x5H20), KopracsiH cynbdaTsl
(PbSO4xTH>0), mbipsii cynabhatel (ZnSO4x7H20), kagmuit xnopuni (CdClax5H20) cuskrel aybip
MeTaJAapbIHbIH Ccy epiTiHauiepi naiganansiiasl. Coiikecinme 0,1; 0,03; 0,1 xone 0,001 mr/a
KOHLEHTPALUAIAFbl ayblp METAJLT €piTIHAIEP] IUCTUIIIEHTeH Cy1a JalbIHAAIbI.

MukpoOanablp JaKbUIIAPBIHAAFEl ayblp MeTalAap KYPFaK KYJIJAeHY oficCiHeH KeHiH aTOM/IbI-
ancopOuumonnapl  crnekrpockonus «MI'A-915SMJI»  («Atommpubop», Poccus) cnekpromerpi
KOMeriMeH aHbIKTanbiHaabl [5].  Jlepektepai cratucTHKanblKk  eHaey Microsoft  Excel
MIPOrpaMMachIHbIH KOMETIMEH XKYpri3iiei.

3epTTEy HITHIKEJIEePi AKIHE 0JIapAbl TATKbBLIAY

MetanaplH TOKCHUHAUIIN >KOHE OWOKODKETIMIUTIT peakIusIblK KaOUIeTTUIIriHe >KoHe
epIrillTiriHe, sSIFHU 3JEMEHTTIH XUMHUSIBIK (hopMachiHa GalaaHbICThL. OpOip AJIeMEeHTTIH (opMackl
OHBIH TOTBIFY JI9peKeciHe KoHe (PU3MKAIBIK jKaraalibiHa OalinaHbICThl (MeTaym Ooc jKaFaaiina
HEeMece KelIeHJepiH, OeHOpraHuKalbIK >KOHE OpPTaHHKAIBIK O6INIIeKTep/iH, MHHepalIap/abiH,
KOHKpelus KoHe T.0. KypaMbIHa KOCbUTa Ibl). TaOUFU cynapaa ayblp MeTajgap KOHIIEHTPaUsIChIHBIH
apTypl Kemn JKaFdaiia Oacka JacTaFbIITApAbIH TyplepiMeH e OalIaHBICTBI, MBICAJIBI,
KBIIIKBUTaHYMeH. KpIKBIIAB KaABIKTApABIH TyCyli pH KepceTkilmHiH ToMeH/eyiHe XKoHe
copOIMsIaHFaH MeTaIbIH 00C KaFJaiiarbl MUHEPAJ/IBI J)KOHE OPTAaHUKAIBIK 3aTTapra alHATybIHA
Karmal skacaiipl. Metammap SKOXyiere TYCKeH YakbITTa Oip Mesriige OipHemie XoJgapMeH
Tapaybl MYMKIiH.

Jaxkpiaplk  oprara 1 MI/A KOHUEHTpaUUsarbl MBIC HOHBIH  CaJIFaH  yakbITTa
MUKpoOanaapiap/sl AakbUlgay YpliciH capantay Oapeiceinaa, Chlorella vulgaris BB-2 xone
Ankistrodesmus sp. BI-1 >xacymanapeiaaa 6 caraTTaH COH MBICTBIH MOJIIIEPiHIH JKbUIIaM OCKEeHIH
KOepCceTTi jkoHe 6 Toyiik 00iibl OipTiHAen kebelie 6actanpl. Sruu 6 Toyinikre Chlorella vulgaris BB-
2 xacymanapbiHblH Cu-1bl KUHaAKTaybl 92 % Kypansl, an Ankistrodesmus sp. BI-1 — 89 % Gonppl.
Chlamydomonas reinhardtii B-4, Scenedesmus quadricauda B-1 xacymanapsinia 24 carartad COH
MBICTHI 49 % KOHIIEHTapIIMA/1a )KUHAKTAY OaiiKaaFaHbIMeH, 6 TOYJIIKTeH KeiH MbIC HOHBIH )KHHAKTAY
Kepcerkinri, colikecinmie 30 %, 45 %-ra TomeHnereHi OalKabl.

Jaxkpuiasl ecipy ypAiciHAe AaKbUIABIK OpTagarbl Zn MOHBIHBIH a3al0 JWHAMUKACHIH 3epTTey
Ke3iHJle, MUKpPOOAIIBIp KIeTKaJapbIMEH MeTallap/ibl MaKCUMAIAbI CiHIpY, OJap/bl OpTara cajiFaH
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coH Oacrankbl 24 cararta xy3ere acanpl. 1,0 Mr/m Zn KOHIICHTPAIUSICBIH EHTI3TeHHEH KeHiH 6
caraTTaH COH OpTajarbl Zn HOHBIHBIH 75 % neiiH TeMeHaereHi Oakanapl. 24 caraTTaH COH OpTajaH
85 % MbIpBII MOHBI CIHIpUIIL, al 6 TOyNmiK JaKbUIAaHFaH COH oprama ecenmneH 90 %-ra neiin
CIHIpIJITeH] aHBIKTAJIJIBI.

Bapnbik 3epTTemiareH MUKpOOAIIBIp JaKbUIIAPhl MBIPBIIIKA KATBICTBI KOFAPhl KYMYJSTUBTI
OeJICeHIITIK KopceTTi, OipiHmIiaeH (HOTOCHHTE3 ey aF3alapAblH KAIBIIITHl ©CYyiHe, OHBIH IITiH/Ie
ANEeKTPOHIAP TPAHCIIOPTHIHA XKOHE KONTETeH MaHbI3Ibl (DEPMEHTTEP/IiH KAIBINTHI KbI3METiHE OHBIH
KaKeTTi 00JybIMEeH OaiJIaHBICThI, COHBIMEH KaTap OHBIH 0acKa 3epTTENIIHeTiH MeTa/ul HOHIapbIMEH
CAJIBICTBIPFaHa TOKCHHIUTITIHIH TOMEHJiriHe OainanbicThl 007ybl MyMKiH. CoHbIMEH Oipre, Zn
HMOHBIH KJIETKAHBIH 3aT aJIMAcybIHA JKETKUTIKTI MOJIIEp/ae alny YIIiH, oJapablH OailaHbIChIHA KOHE
TachIMAIAHYbIHA KATHICATBIH aKybI3JApJbIH OipHelle THNTepiH mainanaHaabsl. banmeipaap xoHe
ecimaikrep »xacymanapbiiaa CDF xoHe ZIP TybICBIHBIH aKybI3/1apbl MBIPBILITHl TAaChIMaNAAi
aJaThIHbI JI9JIeNIeHreH. MeTalil TpaHCMOPThIHA KAaThICAThIH aKybI3[ap TaChIMAJIIAHATHIH HOHIapFa
eTe Hemece a3 0oJca Ja YKCACTBIFBI Oonabl. TpaHCOPTTHI aKybI3JapAblH CHHTE31HE KaThICAThIH
TeHJEp/IiH KeH CIeKTpPi, KopliaraH opTagarkl AM >korapbl KOHIIEHTpalUsUIapbIHA OaJIIbIpIapAbIH
XKoHe ecCIMIIKTepAiH OeiimaenyiHe BIKIMAl €TeTiH peTTeylll MeXaHU3MIEPAiH KbI3MEeTi VIIiH
MYMKIHIIK TYFbI3aJIbI.

MeTtangap/isl CiHipy >KbULIAMIBIFBI OAJIIBIPIAPABIH JKacyIlIaTapbIHBIH 3aKbIMIAHY JI9peKeciHe
KATBICTBI 9p TYPJIi (PU3MOIOTHUSIBIK JKaFnaiibiHa OaimaHbICcThl 00yl MyMKiH. JKacymana xysere
acaTblH, OJIApMEH MeTalJapAblH CiHipyiHe MeTaOONMMTHUKAIBIK YPAICTEPAiH ocepi Kalibl KapChl
oiyap ma Gap: Oip aBTOpiap OYIJI ocep/li )KOKKa MIBIFApaJIbl XKOHE CiHIpYyIi maccuBTi quddy3usMeH
TyciHaipeni, am Oackamapbl — JKacylialapAblH MeTanaapAbl OelceHAl CiHipyi — oOJapJbiH
nuToruiazMaMen Oalmanbichl neiai. COHFbl MoJliMeTTep OOWBIHINA, METaJapiAbl, OHBIH IIIiHJE
MBIPBIII HOHBIH J1a MUKPOOAJIBIp jKacylajJapbIMEH CiHIpYIiH MEXaHU3Mi MaCCUBTI €KeHi, COHBIMEH
Karap ’kacylla KaObIKIIaChIHAA METalIap/ibl CiHIpY apKbUIbl )KY3€re acaTbIHbl JKalIbl MAJIIMETTED
Oap. K" nongaps! yuriH acyma MeMOpaHacBhIHBIH OTKi3rimTirine Zn** ocepi jkailibl MamiMeTTep,
ocep eTy THIMAUITIHIH KOHUEHTPJIEHreH Toyenaitiri Zn** Oamaplp skacymianapblHa €T€ TOMEH
KOHIIEHTpAallKAa TYCYiHiH MeTaboau3Mre OailTaHbICTHI en OohkayblHa MYMKIHIIIK Oepeni [6].

Kanmuiinig 0,01 Mr/m  KOHLEHTpalMsSCBhIH OpTara €Hri3y Ke3iHJeri MUKpoOaiablp
KacylanapblHbIH KaJMHUI HOHBIH )KUHAKTAY TMHAMUKACHIH 3epTTey OapbhIChIHIA, Ankistrodesmus sp.
BI-1 xone Chlamydomonas reinhardtii B-4 nakeingapbl nakepUigayabiH OipiHmii 6 caraTbiHAa
KaJIMUN1 OelceH/ Il )KMHaKTail 0acTalThIHBIH KopceTTi. bacTtankpl 6 caraTTa CYMBIKTHIKTAFbl KQIMHHA
KOHIIeHTpauusichl 32 %-ra JeliH TOMEHJEHIi, ajl oJIapblH KaCylIaJarsl KUHAKTAY Malbi3bl 58 %
xeTTl. JJakpinaayaeiy 6 TOyiriHAe OChI )KacyllaJapMeH MeTallIap/bl )KUHAKTay opTaiia ecenmneH 60
J0-nB1 KYypajbl.

Chlorella vulgaris BB-2 xone Scenedesmus quadricauda B-1 >xacymanapbl OacTamnksl
caraTTapja KaaMuWIi a3 wmemmepnae FaHa ciHipai. Kaamuit nonbl Oap oprTama maKbUIIAYbI
KaIFaCTBIPY Ke3iHe OyJ1 HOHIap IbIH JKacyIIailliik canbl 6ipas ecti. Chlorella vulgaris BB-2 xone
Scenedesmus quadricauda B-1 xacymanapbIMeH KaaMUWI )KUHAKTAy opramia ecernred 40 %-mpl
KYpaspbl.

0,3 Mr/n KOHUEHTpalusaarbl KOPFAChIH MOHBI 0ap KOPEKTIK OpTaja MUKpPOOAIIBIPIApAbI
JaKbUIIay Ke3iHJe KOPFACBIHJBI KHHAKTay capanTamachl, 6acka AM caJbICTBIpFaHla aTaIMBbIII
METAJABl Kacyliajap eadyip a3 XKWHAKTAaUTBIHBIH KepceTTi. KoprachiHapl KUHAKTay OOWMBIHIIIA
Ankistrodesmus sp.BI-1 xacymanapst 32 % xepcetti, 0y kepcerkimt Chlorella vulgaris BB-2 — 35
9 6onnpl, Scenedesmus quadricauda B-1 — 29 % xone Chlamydomonas reinhardtii B-4 — 30 %
JKUHAKTaUIbl.

Ochuraiiiia, 3epTTeTiHTeH MUKPOOapIpaap by immiHae AM GenceHii OM0aKKyMyJISTOpIaphl
Chlorella vulgaris BB-2 sxxone Ankistrodesmus sp.BI-1 6onnel. Kacymanapasia opragan AM ciHipyi
Keseci Katapasl Kypaasl: Zn>t > Cu?* > Cd** > Pb** (cyper 1).
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Cypert 1. MukpoOanaplp xacymaaapbIMeH ayblp METaJIJI HOHJAPbIH )KUHAKTAY

byn kepcerkimTep, op TYpiai MHKpOOAnIblp >KacylIaTapblHBIH ayblp MeTajIapibl
AKKyMYJSILIHSIIAY TOPEKEC] HKOHE KbUITAMIBIFbI OOWBIHIIIA 9P TYPJIi €KeHiH Kepcereai [6].
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CKOHCTPYHMPOBAHHBIX, “ONyXIaromux’’ MpaiiMepoB U MpailMepoB, CHeU(PUIHBIX K HYKJICOTUIHON
nocneaoBarenbHoCcTU. [IpogeMoHCTpUpoBaHa BO3MOXHOCTH HCIOJIB30BaHUSL pa3pabOTaHHOTO
METOAA IS UACHTH(PHUKAINN OUOIOTHIECKUX BUIOB.

Knroueewie cnosa: buopasznooopasue, I[P, /[HK ¢uneepnpunmune

BBenenue

['eHOMHBIH (PUHTEPIPUHTHHT JJIS PA3TUYHBIX IeJed HICHTU(UKAUKN Y)KE CTall PYTHHHOM
nporenypoi B cepax MOHUTOPHHra OMOpazHOOOpas3usi, KOHTPOJIS MPOU3BOACTBA, MOTPEOICHUS U
TPaHCIOPTUPOBKU NPOAYKTOB PACTUTENBHOIO NPOUCXOXKJIEHUS M caMux pacteHuil. Hosele
MOJICKYJISIPHO-T€HETUYECKME METOJbl JUIl CPAaBHEHUS ILEJbIX I'€HOMOB WM HICHTU(UKALMU
OIIpEICNICHHBIX T€HETUUECKUX MAPKEPOB MIOCTOSHHO Pa3BUBAIOTCS U KOHKYPHUPYIOT PYT C APYTOM
10 CBOUM CBOWCTBaM MH(OPMATUBHOCTH, 3aTPATHOCTH U T.J. B Hacrosmel pabore, HaMu omnucaHa
HOBasi TexHHMKa — nanuuapomHoraprerupoBanHas [IL[P (IIT-IIHP) u npencrasieHa kak HOBBIH
METOA (PUHIEPIPUHTUHIA, SBIJIAIOLIUICS KOHKYPETHOCHOCOOHBIM I10 OTHOUICHUIO K JPYTUM
aHAJIOTUYHBIM METOJIaM U MMEIOILIUM XOPOIIHNE NEPCIEKTUBBI JIsl 60JIee HIMPOKOT0 UCIIOIb30BaHMUS
B CHJIy CBOEW 3HAUMTENbHOM MH(OPMATUBHOCTH, HU3KOW CTOMMOCTH M HEOOJIbLIMX TpeOOBaHUN K
SMIUPUYECKON ONTUMHU3ALUH 110]] KOHKPETHBIN OMOJ0rn4ecKuii oopasel.

MartepuaJjbl 1 METOIBI

[IpencraButenu P. pratense ObUn COOpaHbl U3 Pa3IMYHBIX reorpapuueckux peruoHoB [1].
Jluctesa g nonydenus JJHK Obumn coOpansl y 28-AHEBHBIX PACTEHUM, BBIPAILCHHBIX B TEIUIULE.
[TonpoOuerii  mportokon  Beytenenus  JIHK — nmemonmpoBan  Ha  protocols.io  (DOI:
10.17504/protocols.io.mghc3t6). O6pa3ust JJHK 6bu1u pactBopenst B 1 XTE 6ydepe (10 mM Trizma
pH 7.5, 1 mM EDTA) u npouuiy mpoBepKy KauecTBa C HCIOJb30BAHHEM CIEKTpo(dOTOMETpa
Nanodrop (Thermo Fisher Scientific) u renb-anextpodopesa.

Huzaiin  “Onyxparommx” npaiiMepoB (IIT-mpaiiMepoB) COOTBETCTBOBANI — CIENYIOIIMM
KpUTEPUSM: HAJIMYME IIECTUYICHHON MaJUHAPOMHON HYKJIEOTHIHOHN IOCIEN0BAaTEIBHOCTH Ha 3’-
KOHIIE Teja TMpaiimMepa, mocienyromend (T.e. MO HAMpPaBIEHUIO K S5°-KOHILY) AECATHUJICHHOM,
MOJTHOCTBIO BBIPOXKJCHHOM, HYKJICOTHIHOM MOCIEI0BATENIbHOCTH M aJalTepHOM 0oO0NacTH ¢
HeBapualeIbHOW MOCIEI0BAaTENbHOCTRI0 JJMHOI B 19 HykineotaoB (cMm. Tabmuny). Tm
BBIUHCIISUIACH TOJIBKO JUISl IIECTHAALATUWICHHON HYKIEOTHIHOW nocienosaTesnbHocTH “‘sapa” 11T
npaiiMepa (COBOKYNMHOCTh HAJWHIAPOMHOM U BBIPOKJIEHHOW IMOCIIEIOBATEIBLHOCTH), IMOCKOJIBKY
TOJNBKO OHa oTxuraercs Ha obpasue JJHK. Pacuer T ObLT mpousBeneH Mo TepMOAMHAMUYECKOM
Mozenu Omkaimux cocenei. TepMolnHaMUYECKUE BBIYMCICHUS U MOJIEIMPOBAHUE BTOPUUHBIX
CTPYKTYp HpoBoAnUIuCh ¢ ucnosb3oBanueM 110 FastPCR [2-4].

Hyxneoruansie mocnenoatenbHocT TeHOB VERNALIZATION (VRNI) ot ipencTaBuTene
cemeiictBa Poaceae Obun 3arpyxkensl u3 GenBank u mcnosnb3oBamuch ai1st mojdopa mnpaiMepos,
cnenuduanbix k nocuenoBareabHocTu (CIIIT). HykmeoTuaHbie mMociaenoBaTeIbHOCTH OTACIBHBIX
9K30HOB TreHOB VRNI] W3BIEKaNMCh W HCIOJIB30BAINCH JJS IOCTPOEHUS MHOXXECTBEHHOI'O
BeipaBHUBaHus  mocpenctBoM  MULTALIN  (https://prabi.ibep.fr/htm/site/web/home) — [5].
BricokokoHcepBaTUBHBIE 00JacTH 3TUX 53K30HOB BO BCEX JOCTYMHBIX TeHax Poaceae VRNI
npuMmensuiich B kayectBe wmwumieHedt ans CIIII. beumn paspabGotansl aBa calT-crienupUYHBIX
IpanuMepa: OAUH Ul IepBOHAYaIbHO NpoBoaAuMoON IIL[P 1 BTOpOH, BIIOXKEHHBIN, OTKUTAIOLIUNCS C
JPYyrol CTOPOHBI OTHOCUTENBHO 3°-KOHIA MepBOro mpaiMmepa, ais nociuenyromeit [THP. /Iu3zaiin
HabopoB CIIII Obw1 ocymiecTBIeH TakuM 0Opa3oM, YTOObl OHM OBUIM HAleNeHbl Ha KOHI[BI
BBIOpAaHHBIX K30HOB M OJIHY KOHCEpBAaTHBHYIO 00jacTh B mpomortope reHa VRNI. Jlns noabopa
CIIII-oB MBI PYKOBOACTBOBAJIUCH CIEAYIOIIMMHU KpuTepusMmu: JymHa Kaxaoro CIIII nomxkna
COOTBETCTBOBATH JUANAa30HY OT 25 10 35 HYKJIEOTHA0B U UMETh cojiepxkanne GC B CBOEM COCTaBe B
paiione 40-60%, Tm >65°C.

[P mpoBoawiack B nBa 3Tama. (s mepBoro 3tama ObUIM MPUTOTOBJIEHBI PEAKIIMOHHBIC
cmecu oobemoM 30 pn ¢ comepxkanuem JIHK-oOpasma B kommuectBe 30 ur, 1xLong Amp Taq
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peaximonnoro 6ydepa u 1 U LongAmp Taq JHK-momumepassr (NEB), 2mM Mg?*, 200 pM
kaxnoro tTHT®, 0.2 uM oxnoro CIIII (BHemHero) u 0.5 uM oxnoro IIT nmpaiitmepa. 1o 3aBepmiennn
MIEPBOTO ATara, MOJIy4YeHHBIE peaKkIMOHHbIe cMecu pa3basisuin 1 xTE-O0ydepom B nmponopuuu 1/6 u
n00aByIsUIM B BUJE CyOCTpaTa B COCTaB pEaKLIMOHHBIX CMECEH, MpeAHa3HAYeHHBIX JIJIs1 BTOPOTO JTara.
Jlnsi mpoBeNeHHUs PEaKLUU BTOPOTO dTama ObUIM NMPUTOTOBJICHBI PEAKIHMOHHBIE cMecH (25 i),
cocrosimue u3 1xLongAmp Taq peakumonnoro 0ydepa, 1 U LongAmp Taq JIHK-mommmepassi
(NEB), 0.2 uM CIIII(Bnoxennoro) u 0.2 Wi yHUBEpCcaIbHOTO MpaiMepa.

Tabmuma 1. Ilpaiimeper mus TIT-IIHP. O6Go3nauenus: Tn, Temmeparypa tiasienus; CG%
(npouentax C u G); LC (%) — JIunrBuctuueckast ClnoxKHOCTb, paCCUUTaHHAS JUIsS O-HYKJICOTHIHBIX
CalTOB PECTPUKIIUU

ID Hykneoruanasa mnocienoBarenabHoctb | Caiit pecrpukuun/ | Tm | CG | LC
(5°-3%) undopmanus CC) | (%) | (%)

Ynueepcanvuouii npatimep (01 emopoeo smana I11[P)

5600 | GTTGCGGCAGGTCCTCACC | — [ 69.1 | 68.1 |89

1IT npavimepul (013 nepsoco smana I1L[P)

5601 GTTGCGGCAGGTCCTCACCnnnnnnn | Aatll 49.3 | 56.3 | 100
nnnGACGTC

5602 GTTGCGGCAGGTCCTCACCnnnnnnn | Acll 46.1 | 43.8 | 100
nnnAACGTT

5603 GTTGCGGCAGGTCCTCACCnnnnnnn | Asull 45.6 |43.8 | 100
nnnTTCGAA

5604 GTTGCGGCAGGTCCTCACCnnnnnnn | Ball 51.0 [ 56.3 | 100
nnnTGGCCA

5605 GTTGCGGCAGGTCCTCACCnnnnnnn | BamHI 48.3 | 56.3 | 100
nnnGGATCC

5606 GTTGCGGCAGGTCCTCACCnnnnnnn | Bell 447 | 43.8 | 100
nnnTGATCA

5326 GTTGCGGCAGGTCCTCACCnnnnnnn | BgllI 43.7 | 43.8 | 100
nnnAGATCT

5607 GTTGCGGCAGGTCCTCACCnnnnnnn | Clal 44.8 | 43.8 | 89
nnnATCGAT

5608 GTTGCGGCAGGTCCTCACCnnnnnnn | EcoRI 437 1 43.8 | 100
nnnGAATTC

5609 GTTGCGGCAGGTCCTCACCnnnnnnn | EcoRV 423 | 43.8 | 89
nnnGATATC

5610 GTTGCGGCAGGTCCTCACCnnnnnnn | HindIII 455 143.8 | 100
nnnAAGCTT

5611 GTTGCGGCAGGTCCTCACCnnnnnnn | Hpal 43.6 | 43.8 | 100
nnnGTTAAC

5612 GTTGCGGCAGGTCCTCACCnnnnnnn | Kpnl 48.2 | 56.3 | 100
nnnGGTACC

5613 GTTGCGGCAGGTCCTCACCnnnnnnn | Ncol 49.1 | 56.3 | 100
nnnCCATGG

5614 GTTGCGGCAGGTCCTCACCnnnnnnn | Nhel 49.3 1563 |89
nnnGCTAGC

5615 GTTGCGGCAGGTCCTCACCnnnnnnn | PmaClI 50.2 [ 56.3 | 100
nnnCACGTG
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5616 GTTGCGGCAGGTCCTCACCnnnnnnn | Pstl 49.7 |156.3 | 100
nnnCTGCAG

5617 GTTGCGGCAGGTCCTCACCnnnnnnn | Pvull 49.7 |156.3 | 100
nnnCAGCTG

5618 GTTGCGGCAGGTCCTCACCnnnnnnn | Sacl 48.8 | 56.3 | 100
nnnGAGCTC

5619 GTTGCGGCAGGTCCTCACCnnnnnnn | Sall 49.3 1563 | 100
nnnGTCGAC

5620 GTTGCGGCAGGTCCTCACCnnnnnnn | Scal 43.7 143.8 | 100
nnnAGTACT

5621 GTTGCGGCAGGTCCTCACCnnnnnnn | Sphl 509 [56.3 |89
nnnGCATGC

5622 GTTGCGGCAGGTCCTCACCnnnnnnn | Stul 50.1 [56.3 | 100
nnnAGGCCT

5327 GTTGCGGCAGGTCCTCACCnnnnnnn | Xbal 43.1 | 43.8 | 100
nnnTCTAGA

5623 GTTGCGGCAGGTCCTCACCnnnnnnn | Xhol 48.6 | 56.3 | 100
nnnCTCGAG

CIIII ona eena VRN npeocmasumeneti cemeticmsea Poaceae

5315 CTSAAGCGGATCGAGAACAAGATC | IIpsamotit, 3x30H1 61.5 [50.0 |78
AACC

5410 CTCATCATCTTCTCCACCAAGGGA | IIpsamotit, 3x30H1 66.2 |48.7 |81
AAGCTCTACGAGTTC

5299 GTTCTCGATCCGCTTSAGCTGCACC | ObpatHslit, 7k30H 1 64.5 |55.6 |89
TT

5411 GCACGGAGATCTCGTGCGCCTTCT | ObpatHslit, 2k30H 1 66.8 | 60.7 | 89
TGAG

5412 CTCGTAGAGCTTTCCCTTGGTGGA | Ob6patHslit, 2k30H 1 65.3 | 50.0 | 80
GAAGATGATGAG

5317 ARCGGTAYGAGCGYTACTCYTATG | [Ipsamoit, 3x30H2 62.3 | 50.0 | 87
CAGA

5413 GARCGGTATGAGCGCTAYTCYTAT | IIpsimoit, 3k30H2 62.4 |50.0 |83
GCAGA

5300 TARGAGTARCGCTCRTACCGYTCA | O6parHsrif, k3082 | 60.5 | 46.4 | 83
AGAA

5301 GTARCGCTCRTACCGYTCAAGAAT | O0OpatHbiid, 5k30H2 | 62.8 | 42.6 | 88
TTTGTCCATA

5416 CAGCCGTTGATGTGGCTCACCATC | OOpaTHbIii, 25K30HS 64.7 |57.7 |93
CA

5445 CTTGTTTTGGGCCGTCTCGCTTC OOpaTHbIi, 61.2 [56.5 |73

IPOMOTOP
5446 CGTCTCGCTTCTCCCGTTTGGGCAT | O0paTHbIid, 64.9 | 60.0 | 81
IPOMOTOP

[MIP-mpoaykThl pa3zmensiauchk MeTomoM sjektpodope3a B 1.2% araposznom rene (Wide
Range, SERVA Electrophoresis GmbH) u 0.5xTBE snexrpodopernueckom Oydepe B TedeHne 3-ex
gacoB nipu 70-90 B. I'enu Obutn okpamiersl EtBr v 3acHATHI TpU MOMOIIM CHUCTEMBI BU3YaTH3allN
FLA-5100 (Fuji Photo Film GmbH) ¢ pazpemenuem 50 pum.
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PesynbTarel u 00Cyx)aeHHs. Pe3ynbTaThl, MOTYYCHHBIE B HACTOSAIICH padoTe, MO3BOJISIOT HAM
npemtoxuth Meto [IT-ITIP kak meTon ans uaeHTUGUKAIMK OnoIorndeckux BuaoB. K npumepy,
I ceMmelictBa Poaceae, Kak MHUILIEHb, MOKHO HCHOIb30BaTh reH VRNI. B 3ToM OTHOIIEHHH,
MHO>KECTBEHHOE BBIpaBHHBaHHE OdKk30Ha 1 rena VRNI moka3piBaeT 00JIaCTH pa3IMYHOM
KOHCEPBATUBHOCTH, MOAXOISIIUE JUTSl pa3INUeHUs] BCEX OMOIOTMYECKHUX BUIOB ceMeiicTBa Poaceae.
I'en VRNI umeeT mnoTeHLHMal YHUBEPCAIBHOTO MapKepa Uis MPOBEACHUS (PUHTEPIPUHTHHTA
3JIaKOBBIX KYJbTYp. BbIpaBHHBaHHE HYKIEOTHMIHBIX mocienoBarenpbHocret [JHK 3k30HOB rena
VRNI pa3nu4HbIX npeactaButesneil Poaceae BBISIBUIO KaK KOHCEPBATHUBHBIC, TaK M BapuaOesIbHbBIE
obnactu. [lpaitmepbl ans 5k30Ha | OBUIM MPOTECTUPOBAHBI HA BCEX MpEACTaBUTENSX Phleum
pratense, UMEIOUINXCS B PACIOPSDKEHUU y aBTOPOB, M, B pe3yibTaTe, JaBald aMIUTH(PHUKAIUIO
xenaemoro [P mpoxykra. CexBenupoBanue JJHK BBISIBUIO cyliecTBOBaHWE MOTMMOPPU3MOB
HYKJICOTHIHBIX MOCJIEIOBATEIHLHOCTEH B IPOMOTOpPE U UHTPOHE | (CM. pUCYHOK).
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Pucynok 1. AHanu3 nonmumophu3MoB cpenu npeactaButeneit P. pratense B untpone 1 (a) u
npomotope (6) rena VRN y poayKTOB, MOTYYEHHBIX MOCIE MpoBeaeHus Broporo 3tamna [111[P,
MIOCPEJICTBOM Tenb-1ekTpodopesa. JlyHku coaepxkar cieayromye nepedrcieHnbie oopasipl: 1 -
251595 (6b1Buiast FOrocnasus); 2 - 319079 (Mcnanus); 3 - Kew 6091 (Uranus); 4 - 381926
(Dpanmus); 5 - Kew 51998 (Aurnus); 6 - Kew 6116 (Uranus); 7 - 3199 (Poccus); 8 - 3264
(Upnannus); 9 - 325461 (Poccus); 10 - 210426 (I'perus); 11 - Grindstad; 12 - RCAT41183
(Benrpus); 13 - A7E0001 (bonrapus); 14 - BORN21/1 (Ounnsuaus); 15 - 3267 (Pymbiaus); 16 —
319080 (Mcnanus); 17 - 539037 (Poccus); 18 - BOR0307 (OPunnsuaus); 19 - BOR112
(®unnsaus); 20 - NGB7596 (Hopserus); 21 - NGB1332 (IlIserus); 22 - NGB4140 (Mcnanaus);
23 - 14G2400152 (CnoBakwus); 24 - 325461 (Poccus)

3aKjao4eHue
AHanu3 MOJEKYJISIpHOW OpraHM3alMi I'eHa, BKIIIOYAIOLUIUMN B ce0s JJIUMHBI IPOMOTOpa U
MHTpOHa 1, a TakkKe YWUCI0 Bapvaluil KOMUW, I[O3BOJWJI TMOJYYUTh TOYHOE OMNHCAHUE

nosiuMop(dusmMoB, 4to, TakuMm obpazom, aemnaet [IT-IIHP npuroansm 1ias pUHrepnpuHTHHTA BCEX
Ouosiornueckux BUI0B Poaceae.
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CBHUHEN 1 IMHK B IIOYBAX I'OPOJA YCThb-KAMEHOI'OPCKA

JI.C. bonycnaesa, E.2K. butmanos, A.b. AGxarnenos
Eepazutickuii nayuonanvuwiti ynugepcumem um. JI. H. ['yumunesa, e. Hyp-Cyaman, Kasaxcman
e-mail: boluspaeva82 @mail.ru

AnHoTaunusi. Onpe/esieHo BajloBOE COJEP)KaHWE CBHUHIIA M IIMHKA B MOYBaxX ropoja YcCTb-
KameHnoropcka. BeisiBIIeHBI TEppUTOPUE TOPOA, HMEIOIIUE MAKCUMAIIbHOE HAKOIIJICHUE H3yYaeMbIX
TSAXKEIIbIX MCTAJIJIOB.

Knroueenie cnoea: msoicenvie Mmemailivl, 3A2PASHEHUE NOY6bL.

AKTYyaJIbHOCTb paboThI

Yerp-KameHoropck — KpynHeWIuili NpoMBIIUIEHHBIH TOpoJ Ha ceBepo-BocToke PecryOnuku
Kazaxcran. Pacnonorasice B nenTpe Bocrouno-KazaxcraHCckoil TEXHOT€HHOM MPOBUHIIMM, TUIOLIAb
ropoaa sBisiercss oSnuueHTpoM [lpumprhimickoro Hambosiee KpPYIMHOTO oOdYara TEXHOTEHHOTO
3arps3HEHUs] TOKCHMYHBIMU BellecTBaMHU. B pernone (pyHKUHMOHHUPYIOT MPENNpUATUS LBETHOH U
YEPHON METaJUTypruy, aTOMHO-ITPOMBIIIEHHOTO KOMILIEKCa U Tero-3HepreTuku. [To qanusim PI'TI
«Kasrugpomer» Ha nekabpp 2020 rosxa, ypoBeHb 3arpsi3HEHHsI aTMOC(EPHOTO BO3JyXa B I'. YCTh-
Kamenoropck xapakTepusyercst Kak BbICOKHI [1].

MarepuaJjbl 1 METOABI

OT60p NpO0 MOYB, UX TPAHCTIOPTUPOBKA, XPAaHEHHUE U MOATOTOBKA K aHAJU3Y OCYIIECTBIISLIUCH
corinacHo ['OCTawm 5681-84, 28168-89, 4979-49 [2,3,4] u MeTOaAUYECKUM pPEKOMEHIalusM [5,6].

Teppurtopust TOpoia YCIOBHO pa3jielieHa HAMHU Ha YeThIpe 30HBI: CeBEepHas (TPOMBIIIUICHHAS),
CeBEpO-BOCTOUHAs (IPOMBIIIJIEHHAs), LIeHTpalibHast (cenuTeOHast) U BOCTOUYHbIN nmpuropon. [lepas
30Ha-CeBepHAas MPOMBINUIEHHas mnpuypoueHa K mnpomiuiomankam TOO «Kasunubaky, AO
«Y npOuHCKUI MeTamutypruueckuii 3aBoa», AO «AES Ycrs-Kamenoropckuit TOL» u repputopusim,
HEMOCPEJACTBEHHO MpUJIETAIONMM K HUM. BTopasi 30Ha-ceBepo-BOCTOYHAs MPOMBINUICHHAS, Tie
pacnonaratorcst AO «Yctb-KameHoropckuii TuraHo-maraueBbiii komouHaty, Corpunckas TOLI.
Tpertbs - cenureOHas 30Ha, CI0/1a BXOIUT 3HAUUTENbHAS YaCTh KHUJIBIX MACCUBOB 00JIACTHOTO LIEHTpA!
MHOT03Ta)KHasl 3acTpoiika. UeTBepTas 30Ha - BOCTOUHAs MPUTOPOHAsL, Cloj1a BXoasT: JIeBblit Oeper,
AbIakeTka 1 KUJIble MaCCHUBBI, TpUMbIKatomue K Ycrb-Kamenorpekoit ['9C.

®donoBBIE MPOOBI ObUTH B3SATH B 80 KM. OT TOpPO/a B MPOTHBOMOJIOXHYIO CTOPOHY OT PO3BI
BeTpOB. BanoBoe coiepkaHue TSKETbIX METAIJIOB ONPEIeIeH0 METOJJOM aTOMHON abcopOuuu.

Pe3yabTaTsl Hcc/ienoBaHUS U UX 00Cy KAeHHe

IlouBEeHHBIII MOKPOB TEPPUTOPHUM IPEACTABIEH Pa3HBIMU POAAMHM U BHJIAMH YEPHO3EMHBIX
MOYB: YEPHO3EMbl OOBIKHOBEHHBIE, JIyTOBO-UEPHO3EMHBIE, YEPHO3EMbl IOKHBIE U  TOWMEHHBIE
JYrOBbl€ YepHO3eMHbIe (B Ipejenax J0JuH pek YOl u MpThiia, a Takke B BUAE Y3KUX JICHT
BJIOJIb UX MIPUTOKOB).

OmnuceiBaeMble TOYBBI XapaKTEPU3YIOTCA HEUTpalibHOW WK ciabomenounoi peakuueii — pH
or 6.7-8.0, cmabo- wu cpeanerymycupoBanubie (1.3-5.0%), MexaHWMYeCKHil cocTaB OT
JIETKOCYTTIMHHUCTBIX JI0 TSKEOCYIJIIMHUCTBIX, (u3udeckas rimHa oT 16 % mo 49 %. EMKocTb
KaTHOHHOTO 0OMeHa KosebseTcs B peaenax 9.7 - 36 mr-sks/100 r.mm.
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Cpenusis KOHIEHTpaIMs [IMHKAa ¥ CBUHIIA B TOYBaX I'. Y cTb-KameHoropcka npeBbIaeT Kiapk
B 3eMHOI — 3.7 pa3a. [IpeBblieHre Kiaapka B MOYBE COCTABWIIO /JIA IIMHKA — B 6.1 pa3a, cBUHIIA — B
5.9 paza (tabm. 1).

Tabmuia 1. CpaBHHTENBHAS OLIEHKA COJIEP)KaHUS CBUHIIA B TOYBax r. Y ctb-KameHoropcka, Mr/kr

Cpennee Knapk B 3eMHOM Krapk 5 TJIK, I‘II/IOCJ'IO po0
DneMeHT coJiepxKaHue ®on Kope, [7] (B %), BhIIIE
nouse, [8] [9]
IJK
Zn 306.8 67.4 83 50 23 94.8
Pb 59.5 17.8 16 10 32 76.2

YCTaHOBIEHO, UTO CpeaHsAs KOHILIEHTpalus CBHHLA B IIOYBax ropojga YCTb-
Kamenoropcka npesimaet ¢oH B 3.3 pa3a, iuHka B 4.5 pasa.

YcraHoBneHo, 4To B 76 % HCCIeAOBaHHBIX IMPoOax IMOYB BAJOBOE COJEpPKAHUE CBHUHIIA
npessbimaet [IJIK B 1.1-5.9 pa3za; B 95 % mnpobax no nunky B 1.1-16 paza.

Pernonansusiii kiapk B nouse BKO [10] 611 ipeBbllieH cpeHel KOHIIEHTpaIel [IMHKa - B
2 pa3a, cBUHIIA - B 2.7 pasza.

YpOBEHb KOHLEHTpPALMU HCCIEAYEMbIX 3JIEMEHTOB B IIOYBAaX pa3JIUYHbIX 30H I.YCThb-
Kamenoropcka HeonuHakoB (Tadi. 2).

Ta6J'II/II_[a 2. COI[Gp)KaHI/IC TAKCJIBIX METAJJIOB B ITIOYBAX PA3JIMYHBIX 30H r.yCTL—KaMeHOFOpCKa, MI/KT

One | CeBepHas CeBepo-BocTOUHAS LlenTpansHas Bocrounsrit
MEHT | MPOMBIIIIEHHAs | TPOMBIIUICHHAS cenuTeOHas MIPUTOPOJL
Zn 852.6+62.1 143.3+£10.4 159.6+6.2 108.4+5.0
78.6-3821.4 51.2-698.6 38.6-521.5 13.4-320.6
Pb 95.5+2.2 63.0+1.8 43.6+1.0 38.4+1.3
38.3-189.5 29.6-121.3 17.6-96.7 9.3-83.8

Ipumeyanue: B 9NCIUTENE — CPEAHSS apuMETHUECKas U €€ OIIMOKa; B 3HAMEHATENE — Mpee
KoJIcOaHUA.

Haubomnbime KOHIEHTpAlUK BaJOBOIO COIEPIKAHUS UCCIENYEMBIX METAJIIOB OOHApPY>KEHBI B
MoyBax ceBepHOW Mpom3oHbl. Ilpeanpustusmu 3Toi 30HBI BeIOpackiBaeTcs 10 70 % oT obiero
KOJIMYECTBA 3arpsA3HSIONINX BEUIECTB B TOI.

B atoii 30He 100 % uccnegoBaHHBIX MPOO MOYB XapaKTEPU3YIOTCS MPEBBIIIAIOIINMU HE TOJIBKO
¢donoBoe 3HaueHue, Ho u [1JIK nccnenyembIx TSHKETbIX METALIOB.

B paiione Bo3aeiictBust AO YK «Turano-maruuessiit kom6uHat» 1 TOO «Corpunckas TOL»
Tak)xe HaOJIroaeTcs BhICOKAs KOHIIEHTPAIUS HCCIEyeMbIX AIEMEHTOB. Tak, cpeiHee coepKaHue
IIMHKAa B IIOYBAaX CEBEPO-BOCTOYHON IPOM3OHBI IIPEBBHIIIAET TAKOBOE B I0YBAX BOCTOYHOI'O
npuropona B 1.3 pa3za, ceunna — 1.6 pasa.

HaumeHnpiie KOHLIEHTpAlMU UCCIEAYEMBIX METAJIJIOB XapaKTEpHBI [UIsl IOYB BOCTOYHOTO
MPUTOPOAa, YTO OOBACHAETCS OTHAJIEHHOCTbIO OT  IPOMBIIUIEHHBIX MPEANPUATHH U
MPOTHBOIOJOXKHBIM  PACIOIO)KEHHEM  OT  TOCHOJCTBYIOUIMX  BETPOB  (CeBepo-3amajHoe
HaIpaBJIEHUE).

B nenom mo mepe ypaneHHs OT MCTOYHHMKA 3arpsi3HEHHs HAOIIOAAeTCsl 3aKOHOMEpPHOE
YMEHBIIIEHNE KOJINYECTBA TSHKEJBIX METaIoB. Tak, cojepkanue Zn B mouBax Ha paccTostHuM oT 500
M 110 7 kM oT YK MK TOO «Ka3nusak» ymensimuiocs B 6.1 paza, Pb —B 1.7 pa3a.
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BrIBOaBI

1. CpenHss BanoBasi KOHIIEHTpAIMs CBUHIIA U IIMHKA B TOYBax I'. Y cTh-KaMeHoropcka Bbliie ux
KJIapKa B 3¢€MHOM U KJIapKa B IMOYBE, a TaKkXke mpeBbimaeT ¢oH. B mousax ropoaa ot 76,2 % m0 95 %
po0, coaepKaluxX ucciaeayemMbie MeTallibl, IpeBbimaoT ux [TIK.

2. Haubonpine KOHIIGHTPAIIMH BAJIOBOTO COJACPIKAHHS CBUHIIA M IIMHKA OOHApYyXeEHBI B
MOYBAX CEBEPHOI MPOM3OHBI.

3. Hawmbosiee BBIpaKCHHBIC KOHIEHTPALMU TSDKENBIX METAIOB B TOYBEHHOM TIOKPOBE
OTIPEEISIOTCA HaIlPaBJICHUEM TOCIOJACTBYIOUIMX BETPOB M PACCTOSHHUEM OT MPOMBIIUIEHHBIX
IIEHTPOB.
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VK. 595.763.7

PACITIPOCTPAHEHUE KOKIIUHEJUIMJIOB (COCCINELLIDAE) B BUOIIEHO3AX
IO’ KHOU KAIIKAJJAPBU B PASJIMUHBIX TAHAINA®TAX
bypuesa X.I1., Mup3zaesa I'.C.

AH PY3 uncmumyma 300n02uu
e-mail: arabova_nodira@mail.ru

AnHoTanusi. B ganHoii crathe upeHTUGUIIMPOBAHO 22 BHUAA KOKIIMHEIUTHA B OHMOIIEHO3aX
KamkagappuHckoii 001acTi. Y CTaHOBIIGHO YTO CPEAH M3YYECHHBIX TEPPUTOPHSIX PaclpOCTpaHEHUE
KOKIIMHEUTUJIOB B JaHAmadTax Trop ¢ TPEArOpHUil, XOJIMOB, TYyraHbIX M arpoIleHO3HBIX
naHAmagdToB.

Knroueevie cnosa: xoxyunenniuo, 8uo, ianouiaghm, 2opa, nycmits, azpoyeros, XoaM.
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Beenenune

MHorue Bubpl KOKIMHEIUAOB U3BECTHBI KaK AHTOMO(MAru KyJIbTYypHBIX U AMKOPACTYLIMX
pacrenuii. CrnenoBarenbHo, OoiblIas 4acTh paOOThl MO OMOJOTHH M 3KOJOTHHM 3TOH TPYIIIBI
COCPEOTOUYCHA HAa N3YYEHHUE AUHAMUKH MONMYJISIIMU U OLIEHKE IT0JIE3HOCTH OTIENbHBIX BUIOB [1, 2,
3].

O6cnenoBannble Teppuropun KamkanapbuHCKOM 001acTu ObUIM pa3zieeHbl Ha IPUPOAHBIE U
aHTpornoreHHsle JanmmadTel. PacnpocTpaHeHne KOKIMHEIMAOB B OMOTONAx CBS3aHO C HX
cCrieluaNu3anyeil Ha MUIIEBbIX PAcTeHUsX, ajanTauuedl K oOpa3y >KU3HHU, reorpapuueckol u
9KOJIOTUYECKOM Tpynmoii [2, 3].

Teppurtopus Kamkanapbuackoil o6nacti 00pa3yeT KOMIUIEKC Pa3HOI'O pacTUTENIBHOIO MOKPOBA
Ha Pa3HBIX TUIAX MOYB. Takue CTAaHIMU SIBISIOTCS OJIATONPUATHOW CpenoW IIsl Pa3BUTUSA U
Pa3sMHOXKEHUs KOKIMHEUIUAOB. ArposiaHamadT BKIOYAET XJIONKOBBIE IOJIs, 3aHATHIE Ha 3THX
TEPPUTOPHUAX CEIBCKOXO3AMCTBEHHBIMU KyJIbTypaMmu. Mcxons W3 3TOro, Mbl IPOaHAIM3UPOBAIH
BUJIOBOM COCTaB KOKLMHEJJIUAOB, PACIPOCTPAHEHHBIX B 3THUX PErMoHax Ha 4 jaHAmadTHBIX
yudacTkax (tabnuua 1).

Tabmuma 1. PacnpocTpaHeHHOCTh KOKIMHEUTHAOB OuoreHo3oB HOxkuoit Kamkagapeu B
nanmadTax

Ne Ha3Banue Buaa Topan Ilyerbins u Tyxkait Arpoue-
npearopbe NOJIY-IIyCThIHS HO3

1 | Chilocorus kuwanae + + + +
(Silvestri, 1909)

2 | Coccidula rufa (Herbst, 1783) - + - +

3 | Stethorus pusillus (Herbst, 1797) - + - +

4 | Adania Variegata - + - +

5 | Anisosticta novemdecimpunctata + - + +
(Linnaeus, 1758)

6 | Hippodamia tredecimpunctata + + + -
(Linnaeus, 1758)-2

7 | Bulaea lichatschovi (Hummel, - + - +
1827)

8 | Adalia  bipunctata  (Linnaeus, + - - +
1758)

9 | Adalia decimpuncata (Linnaeus, - - + +
1758)

10 | Coccinella septempunctata + + + +
(Linnaeus, 1758)

11 | Coccinella undecimpunctata - + + +
(Linnaeus, 1758)

12 | Coccinula quatuordecimpustulata - + - +
(Linnaeus, 1758)

13 | Coccinula sinuatomarginata - + - +
(Faldermann, 1837)

14 | Propylaea quatuordecimpunctata - + - +
(Linnaeus, 1758)

15 | Oenopia oncina (Olivier, 1808) - + + -

16 | Hippodamia tredecimpunctata + + + +
(Linnaeus, 1758)
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17 | Anisosticta novemdecimpunctata - + + +
(Linnaeus, 1758)

18 | Subcoccinella  quatuorpunctata - + - +
(Linnaeus, 1758)

19 | Coccinella reitteri (Weise, 1891) - + - +

20 | Harmonia axyridis (Pallas, 1773) + + + +

21 | Coccinella sedakovii (Mulsant, + + - +
1850)

22 | Calvia duodecimmaculata + + + +
(Gebler, 1832)

Kak BumnO u3 Tabmmibl, 40,9% BBISIBICHHBIX KOKIMHEIUTHIBL, T. €. 9 BUAOB, BCTPEYAIOTCS B TOPHBIX
U npearopHsix Janamadrax, 19 sunos (86,36%), tyrau, 11 BumoB (50%) u 20 Bunos (90,9%) B
arponaamadrax (pucyHok 1).
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lopa v Npegropbe MyCTbIHA ¥ NOAYNYCTbIHA Tykai ArpoueHo3s

PI/ICYHOK 1. PaCHpOCTpaHeHI/Ie oo J'IaHI[IJ_Ia(l)TaM BUJ0B KOKIIUHCIIJINA0B

KokuuHemmmasl MO0 BHAOBOMY COCTaBY 4Yalle BCTPEYAIOTCS B CEIHCKOXO3SHCTBEHHBIX
arpo6uorieno3zax KamkagapbruHCKO# 001acTH, HO 0OUeHb peaku (7-8 BUIOB) B XJIOTTKOBBIX U O3UMBIX
arpoOHOIIeHO3aX. ITO CBSA3aHO C TEM, YTO B IMOCIIEIHEE BPEeMs JIJIsl 3aIUThI CEIbCKOXO03SHCTBEHHBIX
KYJIBTYp OT BpeAHuTeNIeld He0OX0IUMMO OOPOTHCS € TIOMOIIBIO CHITBHOACHCTBYIONINX XUMHUKATOB.
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OCOBEHHOCTH MUKPOBOJIOPOCJHN DUNALIELLA SALINA AR-1 BBIJIEJTEHHON
U3 BOJOEMOB ITPHAPAJIbS.
Bepymxkuna O.A.!, Tonxux A.K.!, Baiimypsaes E.H.!, Koaupos C.B.?
! Uncmumym muxpobuonozuu AH PY3, Vibexucman, 2. Tawkenm
2 Hayuonanvnwiii Yuusepcumem Ysoexucmana umenu Mupso Yayzbexa, Ysbexucman, 2. Tawkenm
e-mail: olga.verushkina@bk.ru

AHHoTanus. B nannoi nyonukanum coopanbl 0000IIEHHBIE CBEICHUS O BIIEPBHIC BBIICIEHHOM
mTaMMe MHUKPOBOJOPOCTH U3 BojgoeMoB [lpuapanbs. Iloka3an xumudeckuid coctaB, MOp(hoIoro-
KyJIbTypalibHble 0cOOeHHOCTH. Takke 0COOCHHOCTH NeHCTBUS OMOMacChl Ha HEHpOIereHepaTHBHOE
COCTOSIHME U MTPOTUBOOITYX0JIEBOE ICHCTBHE HA MPUMEPE COJIUTHON OMYXOIH Dpiuxa.

Knrwoueesvie cnosa: Dunaliella salina, dunaliella, cunepconénvie 6000émbt Apanvckozo mops,
CONUOHASL ONYXONb DPAuxa, HetlpoOeceHepamueHoe COCHOsIHUE, MOKCUYHOCHb.

N3BectHas mukpoBogopocias Dunaliella salina, obuTaromas B THIEPCOIEHBIX BOJOEMAX,
UMEIoIasi OMOTEXHOJOTUIECKYIO IIEHHOCTh KaK MPOoAyIeHT KapoTuHOUA0B (B 1000 pa3 Gombiie, uem
B MOPKOBH), JIMIIUJOB M TIHUIEPUHA, HCIIOJIB3YeTCS B MPOMBIIUICHHBIX MaciiTabax BO MHOTHX
ctpanax. CornacHo nanubeiM 50-90r.r., B 6acceitne Apanbckoro Mops D. salina ve oburana [1,13].

B cBsa3u ¢ BbichIXaHMEM ApajgbCKOrO MOpS B OCTaBIIEMCsS 3amaJHOM y4YacTKe U
MHOTrouuciIeHHbIX 03€épax [Ipuapanes koHIEHTpalus coneil moausuiack Boie 100 /1. OueBuaHoO, ¢
THM CBS3aH TOT (DaKT, 4TO B HACTOSAIIEE BpeMs B ATHX BOJOEMaxX HAOIMIOAAETCS TOSBICHHE
Dunaliella salina.

Dunaliella salina — pactutenbHas COCTaBISAIONIAs TUTAHKTOHA, OJIMH M3 CaMbIX OOTaThIX
HMCTOYHUKOB MHUKPOIJEMEHTOB (B TOM uMcle ceneHa), Oera-kapotuHa (1:15), BakHBIM JyIs
nojJep>KaHusl HopMaabHOU (QyHKIMU 3peHus. Kpome Toro, colepkut KaHTaKCaHTHH U (PUKOTHH,
KOTOpbIE B KOMIUIEKCE C JPYIMMH OHOJOIMYECKMMM AaKTHBHBIMH KOMIIOHEHTAMH IyHaJUEIUIbl
YCWJIMBAIOT MPOTHUBOOMYXOJIEBBII MMMYHUTET, MPENATCTBYIOIIMI BO3HUKHOBEHUIO U Pa3BUTHIO
onyxoneil. Dunaliella salina npuMeHsieTcs Kak NpoduIaKTUYECKOe, 0310POBUTEIBHOE U JIeueOHOe
CPEICTBO.

[To nanasiM FAO UN, nedunut ButamuHa A (-kapotrHa) ucnbitbiBaeT 53% neteit u 38,4%
B3pOC/IbIX B Y30ekucrtane. OQHaKo, B MHOTOYMCIIEHHBIX THIEpPCOJIEHBIX Boaoémax Ilpumapanbs
(coneit 6onbure 100 1/m1) nmosiBUIIaCh: MUKpoBojiopocib Dunaliella salina, koTopas SIBISIETCS CaMbIM
OoratbIM MPUPOAHBIM HCTOYHUKOM KApPOTHMHOB . Ty MHKPOBOAOPOCIb MMPOMBIIIIEHHO
KYJIBTUBUPYIOT BO MHOTHX CTpaHaxX M3-3a -KapoTMHOHIOB (110 12% Guomaccsr), munuaos (10 10%
o6uomaccel) u rmrepuna (10 30% 6momaccer). [lepcnekTHBHO Takke KyIbTHBUPOBAThH AyHATUEILTY
B KayeCcTBE KOpMa JUIsl MUKPOPAayKOB apTEMMU, KOTOPBIE, B CBOIO OUYEPE]b, ABIAIOTCS LIEHHBIM
KOPMOM IpH MPOMBIIIJIEHHOM BBIPALIMBAaHUU OCETPOBBIX PbIO [1].

Dunaliella salina conep>uT npoBUTaMHH A OeTa-KapOTHH, BATaMUHBI Tpynnbl B, Butamun C,
ButamMuH E — Tokodepon, GonueByro KUCIOTY, Meb, CElIE€H, MapraHel, CTPOHLIUNA, OJEUHOBYIO,
JIMIIOJIEBYIO U JIUIIOJIEHOBYIO MOJMHACHIIICHHBIE JKUPHbIE KUCIOTHl 1 aMMHOKHUCIIOTHI: TJIIOTAMHUH H
apruHuH. PerymspHoe ymoTpebiaeHne TyHaIUeIbl CIIOCOOCTBYET HOpMaTU3aIlid 0OMEeHa BEIIECTB,
CHID)KEHHUIO YPOBHS B KPOBH XOJIECTEPUHA U TPUTIIMLEPHUIOB, CTUMYJIUPYET BBIBEACHUE TOKCUUECKUX
BEIIECTB, PAJAUOHYKIIUJOB U COJIEH TSKENbIX METAJIJIOB.

Marepuansl ¥ METOBI. Bhienenne 4ucThiX KynbTyp U uneHtudukanuto Dunaliella salina
AR-1 nipoBosunu Kak onucano B MoHorpaduu Mactok H.II. [8]. CoOpaHHbIii MaTepuas OeisaT Ha
TPU YaCTH: OJIHY COXPAHSIOT B €CTECTBEHHOM COCTOSHHHM; BTOPYIO OOOTamarT OHOreHHBIMU
3JIeMEHTaMHU, a30TOM U (hochopom, mpubasiisist oHY Karuiio crepuiibHoro 10%-noro pacrsopa KNO3
U oJHYy - 2%-Horo pactBopa KoHPOy; TpeTbio nCnonp3yroT 171 MONMYy4eHHs YUCThIX KyJIbTyp. Jis
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IIOJIyYEHUS YUCTBIX KYJIbTYp UCIOIb3YIOT 1BA METO/IA: METO/I TaCCaKEN Ha arapoBOU Cpelie U METO
pa3BelICHUH.

bbutn M3y4eHbl OCOOCHHOCTH IUKJIA PAa3BUTHUS BBIIEICHHOTO HOBOTO apalibCKOTO MITaMMa
Dunaliella salina AR-1. Jlano omucaHue BHEIIHETO BHJIa, CTPOCHHS W PAa3MHOXKCHHUS 3€JICHOMN
MUKpOBoOJIopociiu. [loka3aHo, 4TO OCHOBHBIM €0 TUIIOM DPa3MHOXKEHHS SIBISETCS Pa3sMHOKEHUE
yepe3 00pa3oBaHKEe NaJIbMEILI.

Jlis monydeHuss OOJBIIMX KOJIMYECTB OMOMACCHI HKCIIOJIB30BAIM  KOJIBIIEBOM JIOTOK C
[epeMEIIMBaHUEM CPE/Ibl POTOPHOM MEIIAIKOM.

Jlis kaXaoro TUIa KyJbTUBaTOpa MoAOUpalld OCBETUTENb, Naroluil ocBeméHHOCTh 5000 —
10000 mroxe (n3mepsum JirokemerpoMm HO-116 (Poccus) mnum usmepurenem ocBeménnocta CA813
komnann AEMC Instrments (USA).

Jis oboramieHust KylbTypaJbHOM Cpelbl YIJIEKHCIIBIM Ta30M 4epe3 KyJbTypallbHYI0 Cpery
6apOOTHPOBAIIH BO3yX UM CMECHh BO3yXa C YTJIEKUCIIBIM Tra30M.

Temnepatypy KynbTypalbHO# cpenbl 24 - 28°C obecnieunBany 3a CYET KOHAUIIMOHUPOBAHUS
BO3/lyXa B [IOMEIICHUH.

Jis monnepkaHus MOCTOSIHHOM KOHLEHTpAalMM cojiell B cpele KaxIbli JIeHb U3MEpsu
VIENbHYIO IUIOTHOCTH CpEIbl WIM TOKa3aTeidb IPEJIOMJICHHS M, B Cllydae HEOOXOIMMOCTH,
IIOJUTMBAJIM BOAY.

Hakomnenne Omomacchl KOHTPOJMPOBAIHA (POTOMETPUYECKH, HU3MEPSS KaKIbIH JCHb
nponyckanue (Tsso) cBeTa yepe3 00pa31ibl KyIbTYpajabHOM cpelibl Ha poTo3nekTpokoiaopumerpe KF-
77 Zalimp (Ilonpma), B3BemmBas GUIBTPHI, Yepe3 KoTopble (puinpTpoBanu 10 M cpenbl u cunTas
KOJINYECTBO KJIETOK B | MJI cpelibl MUKPOCKOIMYECKH B Kamepe ['opsieBa.

Xumnueckuit ananus D. Salina AR-1 npoBoawiu, kak B padore [15].

HccnenoBan cocTaB OMOIOTMYECKH aKTUBHBIX BEILIECTB, B TOM YHUCIIE KAPOTHHOMIOB,
BUTAaMUHOB, JIUIIUI0B U XJ10poduiuios[7]. B rekcaHOBOM 3KCTpakTe 6MOMAacChl BBIXO] OOIIMX
JIMIHA0B MUKPOBOIOPOCIH cOCTaBIs1 70 MI/T CyXoi Macchl.

WccnenoBanue TokcnuHoctu 6uomaccsl Dunaliella salina AR-1 6s110 npoBenieHo B UHCTUTYTE
CaHWUTapUH, TUTHEHBI U Tpod3adoneBanuit M3 PVY3.

UccnepoBanue ocTpoil TOKCHUYHOCTH Omomacchl MukpoBogopocieit Dunaliella salina AR-1
MPOBOJIMIIM Ha OenbIx OecriopofHbIXx kpbicax maccoil 100-120 r. IIpemapar BBOIWIM OJHOKpPATHO
NepOpaibHO TpU TOMOIIM METAJUIMYECKOro 30HJa B KOHLEHTpauuud S5 T/MJ, pacTBOpss B
JUCTULTMPOBaHHOM Boje. KoHTponbHOW Tpymmne >XKUBOTHBIX (n=0) B aHAJOTUYECKHX YCIIOBHSIX
OTIbITa BBOAWMJIN CTEPHJIbHYIO BOJY JUIS MHBEKIUH. Pe3ynbraTamu MpOBENEHHBIX HCCIIEIOBAHUI
YCTaHOBJICHO, YTO IMpernapar Mpu OJHOKPAaTHOM MEpOpaibHOM MPUMEHEHHM B BBIIIE YKa3aHHOMN
KOHIICHTPAIIMU HE BBI3BIBACT THOEITH MOJIOMBITHRIX OENTBIX OECITOPOTHBIX KPBIC B TeueHue 14 cyTok
HaOroAeHuS.

Tabmuua 1. Pe3ynpTaThl uccleoBaHHUs OCTPOM TOKCHYHOCTH MHUKpoBojaopocieil Dunaliella
salina Ha 6enpIX OECTIOPOAHBIX KpbICax

HazBaumue Ho3a, Koanuect Kype Hao0uonenne 1-14 nenb
NPoayKTa rp/mJ BO KpBbIC BBejle

HUS
MukpoBoaopo 3abo0 [Ta Bookn
ci Dunaliella 5 6 1 JIET0 J10 J10
salina 0 0 6

ITocne 3206051 KUBOTHBIX MPH MAKPOCKOIIMYECKOM OCMOTpPE BHYTPEHHHUX OPIaHOB BUAMMBIX
[aTOJIOTMYECKUX U3MEHEHUH He BBISBIICHO.
Cnenan BbIBOJ, uTO OromMacca MukpoBoaopocnu Dunaliella salina AR-1 o napameTrpam ocTpoit
TOKCUYHOCTH MpPU BHYTPUIKEITYJOYHOM IPUMEHEHHHM COIJIACHO METOIMYECKOMY pPYKOBOJCTBY
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«IIopssmOK M METOHO0JIOTHS MNPEIPETUCTPALUOHHON TOKCHKOJIOIO-TUTMEHUYECKON OKCIEPTHU3BI
MUIIEBBIX J100aBOK» U METOIOJOTHYECKOMY TMOocoOui0 «MeTofoaorusi KOMIUIEKCHOTO U
YCKOPEHHOTO HOPMHPOBAHHUS MECTUIMAOB B 00BEKTaX OKPYXKAIOIICH Cpelbl» OTHOCUTCS K 4-My
KJIacCy MaJIOTOKCUYHBIX IIPENapaToB.

Pesynbratel u ux obcyxaenue. [lpu uccneqoBanuu npod U3 pa3IMYHBIX TUIEPCOIEHBIX 03EP
[Ipuapanibst 6610 06HaApY)keHO OT 30 10 60 BHIOB Pa3aIUYHBIX TaATIOGUTHBIX MUKPOBOJOPOCICH, U
cpeld HUX JOMUHUPYIOIIMMH BHJIaMU SIBISUTUCH MHKpoBojaopocinu poxaa Jynamuemra. C
HCIIOIB30BaHUEM CIIENUAIbHBIX METONOB, OBLIN BEIACACHBI N1Ba BUna: Dunaliella minuta v Dunaliella
salina. I3 »THX JOBYX BHUJAOB TOJIbKO D.salina crocoOHa HaKamivMBaTh OOJBIINE KOJWYECTBA [3-
KapOTHHOB, IMO3TOMY 3Ta MHUKPOBOJOpOCIL ObUIa HccienoBaHa HauOonee moapodHo [15].
Okazainoch, 4To, B OTJIMYKE OT ONMUCAHHBIX ITAMMOB D.salina, KOTOpbIe pa3MHOXAIOTCSI B OCHOBHOM
MIPOJIOJIBHBIM JICJIEHUEM B IOJBHKHOM COCTOSIHMM, Apanbckuid mramm D.salina AR-1 paxe B
OJIArONPHATHBIX YCIOBHSX Pa3MHOXACTCS B CIU3UCTBIX MEIIKax MajgbMeliaX. B OCHOBHOM,
MOJIBIDKHBIE KJIETKM BbIpactas A0 10 - 15 MKM MOKpPBIBAIOTCA CIHM3BI0 U 00pa3ylT MaabMEIo-
MOA00HBIE CTPYKTYPBI, KOTOPBIE OITYCKAIOTCS Ha THO U MPUKPETUISIFOTCS K CTEHKaM KYJIbTYPaJIbHOTO
cocyaa. [To MUKPOCKOIIOM 3TH MajJbMEIJIO-I0I00HBIE CTPYKTYPHI IEpEeMEIaloTcs Mo100H0 amEDe,
3a CUET MEPETEKAHUS CIIU3H.

Xumnueckuii ananmus D.salina AR-1 Ha coaepkaHue OOMIMX KapOTHHOWJIOB, JIMITHJIOB M
BUTAMHUHOB TOKAa3aJ1, YTO JAHHBIH IITAMM B OCHOBHOM HE OTJIMYAETCS 110 COJECP>KAHUIO 3TUX BEIIECTB
OT JPYTUX, ONUCAaHHBIX B TUTEpaType mraMmmMoB. buomacca sxéntoii popmsl cogepxkut 1.6 - 2.3% ot
CyXO# Macchl OOIIMX KApOTUHOUIOB, 7% OOMIMX TUMUAOB U3 |7 KUPHBIX KUCIOT, H3 KOTOPBIX OKOJIO
24% - »To Hambonee MeHHBIC M1 IMUTAHUS YEJIOBEeKa He3aMEeHHMbIe (dcCeHIHaNbHbIe) [16- 18:2 n
[13-18:3 xucnotsl. Ux % ot o6mmx aunuaos caeayrommii: 16:1 - 48,4%; [19-18:1+13-18:3 -16,3%;
18:0 - 9,3%; [16-18:2 - 8,5%; 14:0 - 3,3%; [J6-20:1- 3,0%; [09-16:1- 2,5%; 9,10-1J6-18:1 - 1,5%;
22:0- 1,1%; 15:0 - 1,0%; 9,10-1-18:0-0,89%; 20:0 — 0,83%; 24:0 — 0,75%; 17:0 — 0,75%; 12:0
0,73%; 12,13-[1-9-18:1 — 0,68%; 10:0 — 0,48%.

CocraB OCHOBHBIX BUTAMUHOB cieaytomuii: B — 3,9 mxr/r, B — 5,7 mxr/r, Bz — 0,6 Mxr/r, Be
— 15,7 mxr/r, Bo- 1,8 Mkr/t, C — 7,4 Mxr/r, D- 39,8 MKT/T, a-Tokodepon — 60,5 MKI/T.

B cBsi3u ¢ coobiieHneM o MpOTUBOPAKOBOM JEHCTBUM AKCTpakToB U3 D. salina [12,16,17],
ObUTH TIPOBENIEHBI OMBITHI MO U3YYEHHUIO MPOTUBOPAKOBOTO ACUCTBUSA JTHO(DUIHLHO BBICYIIEHHON
o6uomaccel D. salina AR-1, na Mmogenu conuauoi onyxonu Dpnuxa (COD) meimeit. [Tokazano, 4to
nepopaibHOe BBeleHHE Mblliam ¢ mepeButoir COD Ouomacchl, MPUBOAWIO Ha 28 AE€Hb K
TOpMOXKEHHIO pocTa omyxonu Ha 60%. CnenaH BBIBOJ O TMEPCIEKTUBHOCTH JabHEUIINX
uccnenoBanuii 6nomaccsl D. salina AR-1 Ha IPOTUBOOITYXOJIEBYIO aKTUBHOCTb.

B nurepatype mMeercs cooOIIeHHE, YTO CIHPTOBBIN JKCTpakT D. salina BBENEHHBIN
MepopaibHO  BBI3BIBAET  HOPMAIM3AIMIO  HEKOTOPHIX  OMOXMMHYECKHX  IOKaszarelnell y
sKcrepuMeHTaIbHBIX Kpbic ¢ AlCI3-unaynupoBaHHbIM HelipoiereHapaTuBHbIM coctosinueM (HJIC),
CXOAHBIM ¢ Oose3HbI0 AnbIreiimMepa [5, 6, 10, 11]. B Hamux skcriepuMeHTax nepopaibHOE BBEICHUE
o6uomaccel D. salina AR-1 xpbicaM C MOJENIbIO HEHPOJETreHEepPaTUBHOIO  COCTOSHUA,
HUHIYIUPOBAHHOTO XyopuaoM amoMuHus (AlCl3) BEI3bIBaET HEKOTOPOE BOCCTAHOBIICHUE U3MEHEHHIMA
B MMOBE/ICHYECKON aKTUBHOCTH JKUBOTHBIX.

YcranosneHo, uto MukpoBogopocinu Dunaliella salina no mapameTpaM OCTpOl TOKCUYHOCTH
MIPU BHYTPIDKEITYI0YHOM NMTPUMEHEHUHN B IKCIIEPUMEHTE OTHOCHUTCS K 4-My KJIACCy MaJTOTOKCHYHBIX
npenaparoB. T NPOAYKTHl HE BBI3BIBAIOT MATOJOTUYECKUX U3MEHEHUI B OPraHU3Me >KMBOTHBIX B
IKCIIEPUMEHTE.

buomacca mukpoBogopocnu Dunaliella salina AR-1 OTHOCUTCS K YETBEPTOMY Kiaccy
TOKCUYHOCTH, HE OKa3blBa€T KOXKHO-PE30POTUBHOTO, KOKHO-pa3Ipa’karollero AecTBus,
pa3apaXkaromiero JIeHCTBUS HA CIM3HCTYI0 OOOJIOYKY TJa3 J1ab0paTOPHBIX KUBOTHBIX.
KyMynsTuBHBIE CBOMCTBA B N3yUYEHHOM IIPENapare TaKKe OTCYTCTBOBAIIH.
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Takum o00pa3om, HamM JaHHBIE [IOKA3bIBAIOT, YTO OMOMacca ApaibCKOro MITaMma
MuKpoBojopociu D.salina AR-1 MoeT ObITh HCII0JIb30BaHa B KAYECTBE MpenapaToB OUOJIOTHYECKU
akTUBHBIX J00aBoK (BAJl) ans mpoduiakTUKKM aBUTaMHHO30B, HEKOTOPBIX OHKOJIOTHUECKUX W
HeipoJiereHepaTUBHBIX 3a00J€BaHUM.
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AJAKOJ KOJI BAJIBIPJIAP TYPJEPIHIH AMMAKTBIK KE3JECYIHIETT
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TyxbipbiM. Enimizne kenTereH epekine KOprayFa allblHFaH TaOWFu ailMakTap Ke3ieceni:
MMUTOMHUKTEP, YITTHIK casiOaKTap, KOpBIKTap, *abaiibl TaAOUFU aliMakTap, TaOUFaT €CKEPTKIIITEP],
OOTaHMKAIBIK OaKTap MEMIJICKETTIH OHOJIOTHSUIBIK OPTYPJIUIITiH cakTay YyInH Kypblirad. Ochbl
caytanapapiH Ke0iHae (DIOPUCT FAIBIMIAP TaMBIPJIBI OCIMIIKTEPl TYT€HACYTe KATBICHIN, FHUIBIMU
3epTTeysiep JKyprizai. OcCIMIOIKTepai 3epTTeyre YJIKEH KbI3BIFYIIBUIBIK OoJjicaa Ja, opTypii
TaOUFaTThl KOpPFay KAaybIMIACTBIKTApbIHIA OJAPJbIH alyaH TYPJIUTIriHe OalJlaHBICTBI 3€pTTEyIIep,
ocipece, cy 00beKTiNepiHiH (propackiH 3epTTey keTKimikci3. Cy OanabIpaapblHbIH KYPaMbIH 3€pTTEY
TOMEHT1 JIeHTeiie Kanbin oThIp. JlereHmeHn amnbrosor ransiMaap KazakcTaHHBIH TYpJll eHIpJIepiHiH
epeKIlie KOpFalaThlH TaOWFH ayMaKTapbhlHIa Oanabipiap ¢uopacblH 3epTTeydi KYpri3mik. byn
Makanaaa asTopinap 15 esennmep kemin KydateiH (Ypxkap, Kareiacy, Emenkyiica, blpraiiTsl,
XKamanTsl, Kamanetkens, TacTsl T.0) Anaken KediHAET! JUATOMbI OaAbIpIapIbIH KOJ OOMBIHAAFbI
Ke3/Iecy €epeKIIeNiKTepl jkalblHAa ajnFam per Majimerrep Oeputin otelp. Ken aliMakrapbiHaH
aHbIKTaIFaH Oanabipiap Typiaepi; Kexrtyma-114, Kambickana-76, Akmm-18 Typiep. AHBIKTalFaH
TYpPJEpAiH OWONOTHSUIBIK CHIATTaMachl Kacajiblll, 3aMaHayd CHUCTEMAaTHKAchl >KacaJIbIHFaH.
3epTTenyili KeJJAeH aHbIKTaIFaH OanabIpiIapIblH KOIIIUTr opTypii Cy alaplHIapbIHAAa KEHIHEH
TapajifaH — KOCMOIIOJNIUT Typiep Oombin caHanaibl. KepceTininm OThIpFaH TYpJepAiH KOMILIiIiri
NJIAHKMOHOBIK, NePUDUMOHOBIK JHCIHE A30a8an mypiepi OeHMoCcmulK, mypJiiepee Heamaobi.

Kinmmik co3dep: ouamomowvl 6anovipaap, niaHKmoH, nepugpumon, 6eHmoc, cucmemamuxa,
Anaxen keni.

Kipicne

Amnaxen kem Kazakcranaarsl Ik Cy KOMMallapbIHbIH 11I1HAE K6JeMi KaFbIHaH €KIHIII OPbIH
aJlaThIH Opi1  pecrmyOIuKaMbI3[arbl TYWBIKTAIFaH (aFbIN MIBIKMAWTRIH) Koll. AnMaTtel MeH ILIbiFbic
Kazakctan oOJbICTApBIHBIH IIETiHAE OpHAlTacKaH AJlakesl COJTYCTIK IIBIFBICHIHAA bankari-
Anaken oimareiHaarsl JKericy (JKoHrap) AnaTayblHBIH IBIFBIC JKOTaNapbl MeH TapOaraTaiilbiH
KYHTeH >KOTalapblHbIH apachklHa *KaTblp. Kei xapThulail menelTTi aifmakTa opHanackad. 1998 x
21 coyipne Kazakcran PecnyOnMKachlHBIH YKIMET KaylbICBIMEH OCIMIIKTEp MEH >KaHyapiap
JTYHHUECIH, TAOMFU KeUIeHAEP/ll, COHBIMEH Koca AJIakesl KeJll apajJapbIHAarbl PEUKTI IIaraiaiap
MEH OTBIPHIKIIBI KYCTAPMEH TaHbICY MaKcaThiHa Anaken MemieketTik Taburu KopbIFbl KyphUIIbI
(AMTK). by xopsik Anmatel 00mbickl Anaken aynanbl MeH LlIbirpic-KazakcTan o6mbickl Ypikap
ayJaHbl IIeKapanapbiHaa opHanacein, 20743 ra aymMakThl aiblll KaTblp, MyHbIH iminge 18453 ra
AnMaTel  OOJBICBIHBIH TeppuTopmsichiHna ©Oosca, 2290 ra Ileireic-Kazakcran 0OIBICHIHBIH
TEePPUTOPHUSCHIHA KaTajbl. -TeHi3 neHrelineH-247,3 M abCcoMOTTIK OMIKTIKTE opHanackaH. KemmiH
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ATl ayMarbl-2696 KM%, y3bIHABIFBI-104 KM, €H IIBIFBIHKBL €Hi-52 KM, KarajayiapbIHbIH

Y3BIHIBIFBI-384 KM, opTaia TepeHairi-22,1 m, eH TepeH xepi-54 M, kenjeri cy keyemi-58-60 KM, cy
JKMHATATBIH a1a6b1-47859 kw2, cyabiH TyHBIKTEIFBI-0,6-0,8 M apansirsiaaa [1, 2].

Cyper 1. Anaken KeJiHiH KapTachl

Marepnain :xoHe 3epTTey daicTepi

Makanara o3ipsienred matepuamaap 2015-2018 xpuigaper Aakesn KeJliHe apHAWbl FAUTBIME
HKCHEUIMS Ke31H 1€ )KUHAKTAAbI. DKCIeUINs 0apbIChIHAa MUKPOOAIbIpIap IbIH XKAaJIbl CaHbl 82
QITBTOJIOTHSJIBIK CHIHAMAJIAPBl KUHAKTAJBIN, (GOpManuHHIH 4%-IbIK epiTiHgici MeH 96%-abIK
cupTTe (UKCAUMsIaHbl, 3epTTey HbICAaHbIHBIH OacbiHAa reorpadusiaslk GPS koopauHaTtanbik
HYKTeTepi, cyasiH pH-KoHIEHTpanmsichl omM0eban WHIMKATOPIbI Kara30eH AaHBIKTAJIbI, CYIBbIH
TeMIepaTypachl-TEPMOMETPMEH OJIILIEHIN KypHaJIFa ’Ka3bUIJIbl, CYAbIH TYHBIKTBUIBIFBI 1a oMOebar
Secchi muckiciMen emmennai. Matepuan )uHay OapbICBIHIA OaIBIPIAPIbl SKOJIOTHSIIBIK TOOBIHA
OaiiTaHBICTBl ITUIAHKTOHABI Oanisipaapisl - Ne76 AmnmrTeldH TOPBIHBIH KOMETIMEH >KHHAbI,
OCHTOCTBIK OanabIpiap-pyTHEp OATOMETPiHIH KOMETIMEH allblHCa MEePUPUTOHIIBIK OaJIIbIpIap bl
OpPTYPJli KBIPFBILITAp KOMETIMeH XHHAKTaabl. banasipnap Typiepin anbikrayna «Motic BA 400,
MPBU-3, Amplival, CarlZeiss Axioskop-40» 3>apblK MHUKPOCKOINTApPhl KOJIAHBUIALL. bapibik
Oannplpiap TYpJEPiHIH MHUKPOCKONTHIK OKYJISP-MUKPOMETP KOMETiMeH oJIleMAepl eJIIeHil,
dopmacet OMAXA35100U» sxone «Motic BA-400» 3amaHaylm MHKPOCKONTapbIMEH CypETKe
Tycipinai. banapipiaapabiy TypaiK KypamMblH aHBIKTay/la allbIOJOTHUSIIBIK KOHE THAPOOOTaHUKAIBIK
OICTEP MEH XaJbIKapPAJIBIK aHBIKTAYBIII 91e0ueT ko3aepi nanganansiiasl (Round F.E 1.6 1990., O.
B. Anucumona, M.A. T'onono6osa 2006., C. U. T'erkan 1.6. 2013), an aHbIKTanFan Ganabipiaapibl
3aMaHayl CHCTEMAaTHKaIBIK JXyhere kenripyae «Algaebase (Guiry and Guiry, 2018)» 6a3zaceia
KOJIJIAaHBUIAEI [3-9].

AJIBIHFAH HITHIKeJIeP KOHe 0J1apAbl TAIKbLIAY

Anaken KeJliHEH >XHMHAKTalfaH OaJJbIpiap ChlHaMalapblHA MUKPOCKOMUSUIBIK capanTay
KYMBICTaphl TOJBIKTAl asKTAJBIN, HOTHIKEJEP OPTraHUKAJbIK JIACTaHy KO3JepiH aHBbIKTay YILiH
OMOMHIUKAIMSAHBIH TalJayblH Kyprisyre aiein kemai. Ocbkl Makcarta 013 OangslpiapIbiH
ChIHaMaJlapbl MEH YJITUIEp] albIHFaH HYKTeNep e TaObLIFaH 0apiIblK MHIMKATOPIIBIK TYPJIEPIH KOJIIH
’Karayaybl OOMBIMEH COJITYCTIKTEH OHTYCTIKKE YII ipikTey aiimarbiHa Oemjik, ojap: Kambickana,
Axmmm xoHe KekTyma aiimakrapel. Op alWMaKTBhIH ©31HIIK Oaljsipiap adyaHTypJuiri Oap,
Kawmebickana — 76 Typ, Akmu -18 Typ xoHe Kokryma — 114 6anapipiaap Typi aHbIKTainrad. TeMeHeri
(2 a cyperTe) Ko YIII OOJITIH/E aHBIKTAIFAaH OaIbIpiap TYPJEpiHiH caHbl KopceTinreH. bapibik
afiMakTapJa JuaToMibl Oanmasipiaap OackM CGKEHJIriH KepcerTi, Oipak Kawmpickaia aiimarbiHIa
Oipmiama esremiemikTep Oalikamaapl, Oy aiiMakTa OanabIpiapAbiH OapiblK OemiMm  Typiepi
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Ke3JlecKeHiH kepcerei. Ko aiimarbIHbIH AKIIH KaFallaybIHIa OEHTOCTHIK OaabIpiaap 6ackiM 00 IbI
(2 b cyper). CynsiH TemmnepaTypa KepceTkimTepine OaiimanbicThl KenaiH KekTyma aliMarbiHIa
(OHTYCTIK JKaranaybl) OamapIpiiap TYPJEPIHIH Ke3[ecyl allyaHTypili, al coaTycTik Kambickana
aliMarpIH/Ia CYBIK CyJla MEKEH eTYIIIEp MEH KaTap, XKbUIbl Cy/Ibl MEKEH ETYIII TypJiepie TaObUIIbI (2
c cyper). byaii 6onmypIiHa KOpIlaFraH OpTaHBIH €Ki pakTophl ceden 6oma anaapl; o1 OIpIHIIIACH cas3
OyXTayapliarbl CYIbIH >KbUIBIHYBI, CKIHIIJIEH JXEPAaCThl CYbl aFBICBIHBIH ocepi. DKOJOTHSIIBIK
TONTAPBIHBIH 0achkiM OONybIHA Kapall AKIIM aiMarblHAA CY KypaMbl OTTETiIMEH KaKChl KaHBIKKAH,
Oipak a’poduibaep Kol alMarbIHBIH OHTYCTITIMEH CONTYCTiriHAeae ke3neckeH (2 d cyper) [10, 11].

Ul
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Cypert 2. Anaxen kemniniH Kambickana, Ak xoHe KekTyma aliMakTapblHaH ajbIHFAH ChIHAMAJIap
MEH YJTUIep/Ieri TaKCOHOMHAIIBIK OemiMaepinae 6anasipiap Typiiepid Oeily koHe CyOCTpaTThIH
HKOJIOTUSUIBIK KOPCETKIIITEPl MEH Cy TEMIIepaTypachl )KOHE OKCUTEHAIUS ePEeKIIIETiri.
Abbpesuamypacul: a- TYpIEpAiH TAKCOHOMUSUTBIK Oetimaepre O0esiHyi. b-MekeH ety opTtachl: P -
IUTAHKTOH/IbI, P-B — MiIaHKTOHABI koHE OEHTOCTHIK, B - 6EHTOCTHIK, K€H ayKbIMJIa. S - TOMBIPAK. C-
Cy TeMITepaTypachIHBIH MOHI: Warm — KbUIBI CyJla MEKEeH eTYIIIIEp; cool — CATKBIH CyJIbl MEKEH
eTyIILIep; femp - Cy TEMIEpaTypachl opTallia HeMece cy TeMIepaTypachl MaHbI3/Ibl EMecC, eferm -
aBpuUTEpM/Ii. d- OKCUTCHAITNN WHANKATOPIIAPHI: St — aFBIHCHI3 CY, SI7' — aFBIHIIBI CY, S7-SI7 — aFbIHBI
TOMEH CY.

KopbITbIHABI

Enimizne GipHemie ipi kengep MeH TeHi3aep Oap, atam aitap Ooscak, Kacmuit sxone Apan
TeHi3aepi, banxam xone Anaken 1.0 xenaep. CoHABIKTaH 013 OHMOWMHIMKAIUS O/iCIMEH AJaKel
KOJIIHE 3epTTey JKYMBICTapbIH kacaablK. OChIFaH JACHIH emiMi3feri KapThulail KYpraK aiiMaKTaFbl
banxam kesiHiH 6asabIpiapbiHa OMOMHIMKALMS o/1ICIMEH 3epTTeY KYMbICTaphl *kacaibinFad (Kpyna
u np., 2014; bapunoa u ap., 2017; Kpyna u ap., 2017a, b, ¢; Barinova et al., 2018a, b).
buonnaukanus oMmiCiMEH JKacallbIHATBIH 3€pPTTEY JKYMBICTAphl ©3€H-KOJIJIEPAiH JKOHE CYy
KOWMaJIapbIHBIH aHTPOTIOTEH/I1 JIACTaHYhI KE31HJE THUIMJI €KEHIITIH KepceTell. AJakes KeJHIH
ononnaukanusiceina 2015-2018 xpurmaphl KUHATFAH ChIHAMAJIAPAAaH aHBIKTAIFAH OallbIpIapabIH
208 Typi anbIHIBI. 3epTTEYAiIH HETi3T1 Taja0dbl AJIaKes KeJHe TaObUIFaH OajabIpiap Ti3IMIHICT
MH/UKATOPJIBI TYPJEPiH aHBIKTAY >XKOHE OMOMHAMKALMSHBIH CTATUCTUKAJIBIK OMICTEPIH KOJIJaHY
apKbUIBIl CYABIH CamlachlH JKOHE HETI3T1 ocep eTy mnapametpiiepin Oaramay. JKorapwigarsl
KeTipiIreHiei Ko aiiMarbiHia Oansipiap TypIepiHiH Tapatysl Oipieit eMec, KepceTiireH 3 aitMak
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apacbinaa kenaiH Kektyma sxaranaybsinaa 0apiiblK Oaygsipiaap TYpIEpiHiH adyaHTYPIIUTIr KOFaphl
OoJica, KeJiH OapJblK aliMarbIHIa TUATOMIBI OAJIIBIpIap TypJiepl JOMUHAHT €KEHIIT1H KOopCceTe i,
JeMEeK, OChl aliMaK IUaTOMJbI OalAbIpIapAbIH TIPUIUIIK €TyiHe BIHFAWIbl, OyFaH ajbll KeJeTiH
Oipremre cebenrepal aTan aWTyra OoJsianbl, OipiHIIiAeH Oy aiiMakTa cyablH pH KOHIEHTpanuschl
(7,5) 6acka aiiMakka KaparaHaa TOMEHIpEK OOJybl, eKiHIIIiIeH Oy ailMakTa KeJI Cybl 0acka aiilMakka
kKaparaHga Ttaza (Juck Sechi emmemi 1.25-1.40 ™), ymiHmigeH Oy alMakTarbl CY/IbIH
TeMIIepaTypachl 6acka aiiMakka KaparaHaa KbUtbl 60mysl (23-24°C), cyaslH MyHail 5KbITbI GOIyHI
kenre JKaMaHTBl ©3€HIHIH aFblll KOCBUIYBIHAH eI KapacThlpyra Oojazapl, cebeOi aHBIKTaIFaH
OanapIpIIapablH HHIUKATOPIBIK TYPIIEPl OCBIHIAN HOTHXKeNIepai kepcerei [12].
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AHHOTanus. B cTarbe moka3zaHO MIMPOKOE MPUMEHEHHE OMOTEXHOJIIOTHMYECKUX METOJIOB
OYHMCTKH OKpYKarolel cpeiapl oT HeTH W HeTEenpoayKTOB, OCHOBAHHBIX HA HWCIOJIb30BAHUH
BBICOKOAKTHBHBIX MHKPOOPTAaHU3MOB-JIECTPYKTOPOB, CIIOCOOHBIX HCIOIB30BATh YTIIEBOAOPOIbI
HepTn. [lpuBeneHBI pe3ylnbTaThl COOCTBEHHBIX WCCICIOBAHUN TI0 pPa3pabOTKE TEXHOJIOTHIA
Ouopemenuanuy, IpeIyCMaTPUBAIONICH  HCIIONB30BaHHE OaKTepHalbHOTO INTaMMa  poja
Pseudomonas, cmocoOHOro K  Jerpajaimid  TOJNIyojda — TOKCHYHOTO  HE(PTEeNpoayKTa
He()TEXUMHYECKUX TPOU3BOJICTB.

Knroueevie cnoea: nedmenpodykmol, OUOMEXHONIO2US, MUKPOOUOIOUHECKUL MemOO0,
3aepA3HenUsl, MOLYOI, 0eCMPYKYUsl, CMOYHble B00bL.

3arps3HEeHne MPUPOJHON cpeabl He(THIO U MPOJYKTaMH €€ IepepadOTKH SBISETCS OJTHOU W3
CIIOKHEHIuX npobiem coBpeMeHHOCcTH. Hu oiuH Apyroi 3arpsi3HUTeNb, Kak Obl OITaCeH OH HU ObLII,
HE MOXET CpPaBHUTHCS C HE(PTHIO MO MIMPOTE PACHPOCTPAHEHUS, KOJMYECTBY HCTOYHHUKOB
3arps3HEHUs U BEJIMYUHE €IMHOBPEMEHHBIX HArpy30K Ha BCe KOMIIOHEHTBI IPUPOIHON cpelibl

Bospacraromiee 3arpsizHeHne okpysxarole cpepl HepThio U HePTenpo-IyKTaMH PUBOJIUT K
Cepbe3HbIM  HApyLIEHHSM  IMPHUPOJIHBIX  3KOCHCTEM, OHOJOTHYECKOT0  paBHOBECHS U
ouopaszHooOpazus. HepTb u HedTEenpoAYKTHl BBI3BIBAIOT IMPAKTUYECKH IOJHYIO JETPECCHI0
(GYHKIMOHATIBLHON aKTUBHOCTH (IOphI U (hayHBbl, MaryOHO AEWCTBYS HA BCE 3BE€HbSI OMOJIOTHYECKON
uenu [1,2].

Jns npeanpustuil  HedTenepepabaThiBaOled W HEPTEXMMHUYECKONW MPOMBIIIJIEHHOCTH
BOIIPOCHI OXpaHbl OKpY’Kalollled cpedbl CTAaHOBATCA Bce Oosiee akTyalbHbIMH. Bospocumias
HKOJIOTHYECKasi OMACHOCTh JaHHBIX HPEANPHUATHH CBsi3aHA C BBIOPOCAMU B OKPYXKAIOIIYIO Cpeay
OMACHBIX  BEIIECTB, IIOSIBJIEHHEM HOBBIX, 3a4acTyl0 TpYJAHOpA3JaraéMblX OTXOAOB U
HECOBEPUICHHBIMU IIPUPOJOOXPAHHBIMH MEPOIIPUATHSAMM.

Hedtps u npoaykTel ee nepepaboOTKu (TOIXYOJ, KCUIIOIbI, CTUPOJ, TU3EJIbHOE TOILUIMBO U Jp.)
OKa3bIBalOT OTPHUILATEILHOE BO3JEHCTBUE HAa BO3AYX, BOAY M IOYBY U NOTOMY IPEINPHUATHS I10
no0pue U mepepaboTke HePTH OCTAIOTCS KPYMHEWIIMMH B IMPOMBIIIJIEHHOCTH HCTOYHUKAMU
3arpsI3HEHUS OKPYKAIOLEH CPEIbl.

buopemenuanus, T.e. ourcTka HedTe3arpsA3HEHHON IMOYBBI U BOJBI C HCIOIb30BAaHUEM
MPEnapaToB yIJI€BOJAOPOJAOKUCISIONIUX MHKPOOPTaHM3MOB, OTHOCHUTCSI K Hauboyiee IIMPOKO
MPUMEHSIEMbIM OMOTEXHOJIOTMYECKMM METOoAaM JIMKBUAALWK YIJI€BOJIOPOAHOIO 3arpsi3HEHUs
OKpy»Karolen cpeasl [3,4].

Onpenensitoniasi pojib yriaeBOJOPOJAOKUCISIONNX MUKPOOPTraHU3MOB B MPOIECCE OYUCTKU
HedTe3arpsI3HEHHbIX YKOCUCTEM ObUIa ONMCcaHa MHOTUMU HccienoBarensiMu [5-7]. Tem He MmeHee,
HECMOTpSl Ha 3HAYUTEJIHbHOE KOJMYECTBO HCCIECJOBAHUNM B 3TOM HAMpaBiIeHUM, IMOMCK MyTel
s dexTuBHON OHoaerpaganuu HehTH UM HEPTENPOIYKTOB HAa OCHOBE ITHX MHUKPOOPTaHHU3MOB
MIpe/ICTaBIsIeTCsl BecbMa aKTyalbHbIM. OOLIENPU3HAHHO, YTO MHKPOOPTaHU3MbI CIIOCOOHBI
CPaBHMUTEJBHO JIETKO MPEBPALLATh MOJIEKYJIB aPOMAaTHYECKUX YTIEBOIOPOAOB, IPUUYEM 110 MHEHHUIO
MHOTHX aBTOPOB, IPUOPUTETHAS POJIb B MPOLECCAX UX OKUCIEHHS MPUHAMICKUT OaKTEepUsM poJja
Pseudomonas [8,9].
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Tonyon CsHs(CH3), kOoTOpBIid SBHIICS OOBEKTOM HCCIIECIOBAHUS, 00JAdaeT BBIPAKCHHBIM
TOKCHYECKUM JIeUCTBUEM. TEeXHOre€HHbIMU MCTOYHMKAMHU MOCTYIUIEHUS TOJIyOJla B OKPY’KAOILIYIO
Cpeny SBISIOTCS BEIOPOCHI MPOU3BOJICTB OPTaHUYECKOTO CHHTE3a, IPU OYHCTKE He(TH, B KaUeCTBE
KOMITOHEHTa aBTOMOOWJIbHBIX BBIXJIOMHBIX ra3oB U T.1. [lomagas B OKpysKarollyio cpemy, TOIyol
OKa3bIBAaeTCs, B OCHOBHOM, B aTMoc(epe M MOBEPXHOCTHBIX BoOJax. Toiyond, SBISSCH SA0OM
OOIIETOKCUYECKOTO ACHCTBUS, ICUCTBYET Ha )KUBbIE OPraHU3MbI B O4eHb HU3KOM KoHeHTpauuu (0,6
%) [10].

VY CTaHOBIEHO, YTO ACCUMWIALMS apOMATUYECKUX YIIEBOJAOPOJOB XAPAaKTEpHA JIMIIb JJIs
OTJEJbHBIX ILITAMMOB HEKOTOPBIX BHUIOB MHKPOOPraHU3MOB U SIBJISIETCS] IITAMMOBBIM CBOWMCTBOM,
BO3HHUKAIOIIMM B pe3yJbTaTe JUINTEIbHON aanTalu.

[ToaTomy rimaBHOM 3a1a4eii mpu pa3padboTKe OMOTEXHOIOTHH TSI OYMCTKH OKPYKAFOIIEH Cpebl
OT OpTraHWYEeCKUX TOJUTIOTAHTOB SIBISIETCA BBIJICIEHHE M OTOOpP BBICOKOAKTHUBHBIX KYJIBTYP
MHUKPOOPIaHU3MOB — JIECTPYKTOPOB TOKCUUHBIX OPIraHUYECKUX COEAUHEHUH.

B Hacrosiiee BpeMsl MOUCK TaKUX MUKPOOPTaHU3MOB-IECTPYKTOPOB MOXKET BECTUCH BIIOJHE
LIEJICHANIPaBICHHO, €CJIM HCIIOJIb30BaTh AJalTUPOBAaHHYIO K OINpeAENeHHbIM cyOcTparaMm
Mukpoduiopy. YcioBus And  1oJoOHON — ajanTanMM  CKJIQABIBAIOTCS,  HAmpuUMep, B
HedTe3arpsI3HEHHBIX M0YBAX, AaKTUBHBIX WJIAX OYUCTHBIX COOPYKEHHI U CTOYHBIX BOJIAX Pa3IMYHBIX
XUMHUYECKUX TPOU3BOICTB.

Co3naHue TakuxX CEJeKTHBHBIX BO3MOKHOCTEW IMMO3BOJIMIIO HAM BBIICIUTH OaKTEepHAaIbHBIHI
mramMm poaa Pseudomonas, 06manaroninii BBICOKOW JeCTPYKTUBHOW aKTUBHOCTBIO M CITIOCOOHOCTHIO
K pOCTY IIpU BBICOKHX KOHIIEHTPALMIX TOJyoJla B KaueCTBE €IMHCTBEHHOI'O UCTOYHMKA YIiIepoJa U
SHEPIHUH.

JlanpHelie npoBeeHHbIE NCCIEI0BAaHUS B J1A0OPAaTOPHBIX YCIOBHSIX Ha MPUMEPE OUUCTKU
IIPOMBIIIJIEHHBIX CTOKOB, COJEPIKAIIMX BBICOKOTOKCHUYHBIN 3arps3HUTENb - TOIYOJI, MO3BOJIMIH
BBIIEJIUTh HECKOJIBKO ATAallOB MHUKPOOMOJIOIMYECKON OYHMCTKM CTOYHBIX BOJI IPOMBIIIIEHHOTO
MpEeANPUITHS:

- IPOBEPKa OKUCIUTENBbHON CHOCOOHOCTH MUKPOOPTaHU3MOB 110 OTHOLLIEHUIO K CHHTETHUECKOMY
OpPraHUYECKOMY BELIECTBY;
- OmpeeNieHrne IPOAYKTOB TpaHCHOpMALIUU U AECTPYKIMH 3arpsi3HUTENS;
- pa3paboTKa TEXHOJIOTUH OMOXUMHUYECKONW OUMCTKU MOJETBHBIX CTOYHBIX BOJ] C IPUMEHEHHEM
mTamMMa — IeCTpyKTOpa TOJIyoJIa.

Takum o0pa3oM, A OCYIIECTBIEHHS MOCJIEIHEro 3Tamna ObUIM MPOBEAEHBI HCCIIEAOBAHMUS,
pe3yiabTaTOM KOTOPBIX SBWJIOCH BBIICICHHE U IOCIEAYIOIIEE HU3YYEHHUE aKTHUBHOT'O
YTJIEBOIOPOIOKUCIIAIONIEr0  OakTepualbHOro  mrTamma poja  Pseudomonas,  cnocoOHOTO
MeTaboIM3UPOBATh 3arpsA3HUTEIND 10 HETOKCUUHBIX WM MEHEee TOKCUYHBIX coequHeHul. M3yuenue
nyTell JecTpyKLUMU TojyoJia, HanOoJiee MIMPOKO BCTPEUAIOIIMICS B MPOMBIIIICHHBIX cOpocax U
BbIOpocax, OakTepuasbHOM KynbTypoil  P.aeruginosa JIC-26 BBISBWIO HaJIW4YUE B KIIETKaX
3TOrO MHUKpPOOpraHu3Ma  crneuu@uyeckux  (EepMEHTOB  OKHCICHHMS  apOMaTHYECKHX
YIIIEBOJIOPOAOB. M3ydyeHue mporecca OKMCIEHHsS apOMAaTHYECKOrO KOJIbLIA IIPH POCTE KYIbTYPhI
P.aeruginosa J1C-26 Ha TollyoJe TOKa3ajio HaIU4Me B KIETKaX J3TON OaKTepUU KaK KIIFOUEBBIX
(epMEeHTOB pacIlelIeHHs] apOMaTHYeCKOro KoJblla - MeTanupoKaTexasbl, MUpoKaTrexas3bl, TaK U
crnenu(puIecKux TOJIYOJIOKHUCIISIOIINX bepmeHTOB -
TOJIYOJIMOKCUTEHA3bl U OEH3MJIAIKOTOJIbJIETUIPOT€HA3HI.

bnaronaps takomy (epMeHTHOMY pa3HOOOpa3Hio, OakTepHalbHOE OKUCIEHUE TOJyoJia
OCYUIECTBJISIIOCH IO IBYM MYTSAM: MPSMOMY T'MAPOKCHIIMPOBAHUIO apOMATHYECKOr0 KOJIbIIA Yepes3
oOpa3zoBaHHMe 3-METWJIKATeXxoja M MOCJIeN0BATEIbHOMY OKHCICHHIO METHIBHOTO (pparmeHTta c
o0pa3zoBaHHEM MHTEpPMEIHUaTa, T.e. OEH30MHOM KUCIIOTHI.

[IpenBaputenbHOe U3yyeHHE MyTEH AECTPYKIMM TOJyosa MO3BOJIMIO PEKOMEHI0BAThH
BBIICJICHHYIO AaKTHBHYIO OaKTepUalbHYIO KYyJIbTYpYy [UIsl HCCIENOBAaHUN MO OHOXHMHUYECKOM
OUUCTKU MOJIENBHBIX CTOKOB, , COAEpXKAIMX B KAYECTBE OCHOBHBIX 3arpsi3HUTENIEH TOIYOJI.
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OneITEl  TPOBOAWIN HAa TaOOPATOPHON MOAENTH YCTAaHOBKU adPOTEHK-adpO(UIBTP MO OYHCTKE
MPOMBIIUICHHBIX CTOYHBIX BOJ| C UCMOJb30BAHUEM aKTUBHOTO mTamMma P. aeruginosa J1C-26 . Jlis
MOJIy4eHUsI CTAOUIILHBIX PE3YJIBTATOB OIBIT MPOJIOJKAIICS B TEYCHHUE 2-X MECSIICB.

JlanHbIe, TOTy4eHHBIE Ha Ta00PaTOPHON MOJIETN YCTAHOBKH 110 OYUCTKE CHHTETUYECKOTO CTOKA
OT TOJIyOJia, IPEJICTABICHBl B Tabyuile 1, U3 KOTOPOH CleayeT, YTO UCIOJIb30BAHUE BBIJICICHHOTO
OaKTepUaIBHOTO IITAMMa B JAHHOW MOJIEIIH 00ECTICUMBACT IMOJTHYIO OYUCTKY BOJIBI, COJEPKAIIICH 10
2 r/n Toiyomna.

Tabmuua 1. Ilokaszarenu paboOThl YCTAaHOBKHU 110 MUKPOOHON OYHMCTKE BOJIBI OT TOJIYOJIa IITAMMOM P.
aeruginosa JIC-26 B yCIOBUSIX HEIPEPHIBHOTO KYJIbTUBUPOBAHUS

IIramm Konnenrtpanus XIIK KonmgectBo Oakte-puit B 1 M
TOJIyOJIa, MI/JI pH JKUJIKOC- TH a3POTEHKA

P. aeru-ginosa I II I |0 |1 I

AC-26 1000 0 |72]69]2160]75 (9,5+0,7) x 107
1500 0 7,116,9| 4220 | 120 (5,8+0,4) x 108
2000 0 7,2 16,8 |5340 | 170 (2,5+0,1) x 10°

Ilpumeuanue: 1 — B nogaBaeMom xKuJIKOCTH, I — B BeITeKaronien

IIporiecc OMOXUMHUECKOTO Pa3I0kKEeHUs TOJIy0sIa COMPOBOXKAAJICS HE3HAUNTENIbHBIM CHUKEHUEM
pH ctoka — ¢ 7,2 no 6,8. Camxkanock takxe B 30 paz XIIK Beixopasiien KuIKOCTH MPU UCXOTHOM
KOHIIEHTPALMU TOJyojia 2 T/J, U3MEHSJIach YUCIEHHOCTh MUKPOOPTaHU3MOB B 1 MII JKHUAKOCTH
a’pOTEHKa MpPH Pa3IMYHBIX HMCXOJIHBIX KOHLEHTpALUAX BellecTBa B cToke. [lolHOCTBIO TONyOn
paspymaics KyJapTypoit P. aeruginosa JIC-26 B yca0BHSIX HENPEPBIBHOTO KyJIbTUBUPOBaHUSA 3a 24
yaca MpU MaKCUMalbHOM KOHUEHTpauuu BemiectBa 2 r1/i. Ilpu stom kommdectBo OaxTtepuit
JECTPYKTOPOB TOJIyoJla Ha ycTaHOBKe npu BeiceBe Ha MIIA cocraBisno 85 u 70% cOOTBETCTBEHHO
OT BCEX MUKPOOPTaHU3MOB KUAKOCTH a9POTEHKA.

Takum o0pa3oM, NpPOBEICHHBIE HCCIEAOBAHUS IO3BOJIMIM IOKa3aTh MPEUMYIIECTBA
MUKpPOOHOJIOTHYECKUX METOJI0B OUHCTKH CTOYHBIX BOJ oT TOKCUYHOTO
IIPOJYKTa HEe(PTEXUMHUECKUX TPOM3BOJACTB C MEJIbI0 MX JalbHEHIIEro BHEApPEHHs B
MIPOU3BOJICTBEHHBIX YCIOBUSX.
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UDC 574

MMPOBJIEMBI 3ATPA3HEHUSA BOJJOEMOB B PE3YJIBTATE CEPOCA B HUX
CTOYHBIX BO/J1 HA ITIPUMEPE O3EPA TAJI/IBIKOJIb.
1.0. Esneena, A.C. KacsimoBa, A.b. AGxanenos, A.M.KapeimcakoB

Eepazutickuii nayuonanvuwiii ynugepcumem umenu JIL.H.I'ymunesa, e.Hyp-Cyaiman, Kazaxcman
e-mail: evdior@gmail.com

AnHoTanus. B HacTosmiee BpeMs poOiieMa OXpaHbl BOJHBIX OOBEKTOB CTalla OJHOW W3
MPUOPUTETHBIX. B NaHHOW cTaThbe MOJHUMAETCS BOMPOC O MpodiemMax 3arps3eHus BOJAOEMOB
CTOYHBIMHU BojaMu. [Toka3zaHa KpaTkas HCTOpHs 00pa30BaHUs U 3arpsA3HCHUS 03epa TaIbIKOITb.

Knrouesnie cnosa: cmounvie 600bl, 3a2psa3HeHUe 8000EMOB.

B mporiecce X03SCTBEHHOHM NEATEILHOCTH YEIOBEKAa MOTPEOIAETCS OTPOMHOE KOJUYECTBO
BOJIbI, KOTOPAsl TOCIIE UCIIOJIb30BAHUsI 00pa3yeT CTOKH, 3arpsi3HEHHBIC PAa3TUYHBIMU BEIIECTBAMHU.

[IpobGneMa CTOYHBIX BOJ B KPYIMHBIX TOpOAaX MPHOOPETaeT OOJBITYI0 aKTyallbHOCTh BO BCEM
Mupe, B ToM unciie B Kazaxcrane. Exerogno denoBedecTBO moTpedIIIeT OrpOMHOE KOJUYECTBO
Bojbl. Ilocae MCIOAL30BaHUS B X035SCTBEHHO-OBITOBOM JKHU3HENEITEIbHOCTH OOJIbIIAsA YacTh BOIBI
cOpachIBaeTCs B PEKH U BOJOEMBI, IIPH 3TOM CTOKH CTaHOBSITCS Bce OoJiee u Oosiee 3arpsi3HEHHBIMU
[1].

CrtouHbIC BOJBI, B 3aBUCUMOCTH OT MCTOYHHMKA, BKJIIOYAIOT B ce€0€ Pa3IMYHBIC COACPKAHMUS,
KOTOpBIE B JAJIbHEWILEM SIBJISIFOTCS OJHOW M3 IPUYMH 3arpsi3HEHUN BOJOEMOB. BenencrBue atoro,
mpo0JieMa OYUCTKU CTOYHBIX BOJI UMEET 0OCOOYIO OCTPOTY.

[ToMruMO MEXaHMYECKOT0 W XHWMHYECKOTO 3arps3HEHHs, CYIIECTBYET TaK Has3bIBaeMoe,
TEIJIOBOE 3arps3HEHUE BOJIOEMOB, KOTOPOE MPEACTBISIET CO0O0M COpPOC TOMOTPETON BOJBI C
MIPOMBIIIIJICHHBIX MPEANPUATHI. Bece 3TO MPUBOAUT K TOMY, UTO CIOCOOHOCTH B CAMOOYHUIIEHUIO Y
BOJIOEMOB TEPSIETCA.

Pemenre nmpo6ieMbl OUMCTKH CTOYHBIX BOJI BO3MOYKHO C MCIOJIb30BaHUEM WHHOBAIIMOHHBIX
TEXHOJIOTUI ¥ COBPEMEHHOTO 000py1oBaHus [2].

B 1960-e rons! B ropojae LlenuHorpas riiaBHbIM U € IMHCTBEHHBIM TPUEMHUKOM CTOYHBIX BOJT
ctas bonpmon TaiapIKob.

Hcropruecku TamabIKKOJIbCKAsE CUCTEMA 03€p — 3TO €CTECTBEHHBINH BOJIOEM, COCTOSIIIMI W3
LIEJION IIeNu 03€p, COCMMHEHHBIX Meaxy co0oil. O3epo TanmbIikonbs pacloioKeHO B JIEBOOEPEKHOM
noiime pexu Ecunb ropoga Hyp-Cynras.
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[Ipuponnoe o3epo TaybIKKOJIb CIYKUI0 HAKOIUTEIEM-UCIAPUTETIEM CTOYHBIX BOJ ¢ 1960-x
ros1oB. O3epo ObIII0 0OHECEHO UCKYCCTBEHHOM 1aM00i 1 03epy bonbiioi Tanasikons ObLUT IPUCBOCH
CTaTyC HaKOMUTEJSI CTOYHBIX BOJ (puc. 1).

N3nauvanpHO muiomanb o3epa cocrapisuia 700 ra. Co BpeMeHeM ero pazMepsl Beipociu 10 2020
ra. B mepuoj Havana sKCITyaTauy o3epa B KaueCTBE HAKOIHUTENsI OHO ObUIO 00BajioBaHO 1amMO0ii -
riiyOrHa o3epa ¢ IByX METPOB BbIpociia 10 BocbMH. Ho, TeM He MeHee, MoclieJHIe HECKOJIBKO JIET
13-3a PE3KOT0 YBEIMUEHUS KOJIMYECTBA CTOUHBIX BOJI, COPACHIBAEMBIX B 03€PO, UMEIACh IIOCTOSIHHAS
yrpo3a npopbiBa 1aMObl U 3aTOIUIEHUS TOPOJIa.

HakornuTenb sSBISETCS OMHUM W3 CEPhE3HBIX OYAroB BO3JCHCTBUS HA TUAPOTPaGUUECKYIO
cpeny ropona. Bokpyr o3zepa o6pa3oBanuch 00510Ta, 3apociirie KaMbIloMm [2].

Pucynok 1. ®parment kaptsl ropoga Llenunorpan 1983 roga

B nakonutens ¢ TeueHue 6onee 50 met cOpachlBaINCh U aKKYMYJIHPOBAIUCH CTOYHBIE BOJIBI
Pa3IMYHOTO KAa4eCTBA, YTO MPHUBEIIO K BBIICICHUIO HEMPUATHOTO 3aIaxa, KOTOPhIM Pa3HOCHUTCS Ha
Onu3nexaniue TepPUTOPHH.

C 2015 rona cOpoc cTouHBIX BOJ B Tanmapikoiib ObLIT MPEKpalieH, HO Mpo0yieMa 37I0BOHbS €IIIe
HE JI0 KOHIIa pellieHa.

C pazpacrtaHueM ropoja €ro rpaHHIbl OYCHb OJIM3KO IMOJOILIA K 03€py, PAcCTOSHHE OT
o3epaTanpikonb, HampuMmep, A0 pa3BiekaTenbHOro meHtpa Xas-lllatelp cocraBmsieT 3 KM, 10
momaaku DKCIIO - 5 kM 1 3TO A0CTaBIsAeT HEMAIO TIPOOJIEM KUTEISIM TOpOJia, a TAaK)KE MEIIaeT
UMUIDKY TOPOJIa.

B cBs3M ¢ OTpUIIATCIIBHBIM BO3JCHCTBHEM HA JKOJOTHYCCKYIO CHUTYAIHIO PYKOBOJCTBOM
ropojia ObLJIO MPUHATO pelIeHue 00 OYUCTKE 03epa, a UMEHHO M3BICYCHUU JOHHOTO CIIOS Wia U
MTOCIICAYIONUM CO3/IaHUEM TIPOTYJIIOYHBIX MECT Ha TEPPUTOPHH 03€epa.

K xonmy 2017 roga Obutn 3aBepiiieHbl pabOTHI MO OYUCTKE BOJOEMAa M YMEHBIICHHIO €0
aKBaTOpHUU 10 ecTecTBeHHBIX TpaHull ¢ 2200 mo 700 rexrapos [3] (puc. 2).
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Fpanuus: cucrems osep Tanasikons 1950-1980 ropos na P " xapre (n
NUKBMAAUMKM HakonuTenn) 3a ocHony BIATA Texywan ceemua ¢ Google Map.

Mpanmua ozep B 1950-e roas (A0 cozpnaHua HakonuTenn)
Mpanwmua ozep 8 1980-e roasr (Nocne coO3naHWA HAKONUTENR)

MorunbHmukm v knaabuwa (no xapre 1952 rona)
Mecra Kaszaxckux nerosok-xaunay (no kapre 1952 roga)
MecTa Ka3zaxckmx 3MMoBox-keicTay (no kapre 1952 rona)

i |

Pucynok 2. I'panunibl cucremsl 03€p Tanabikosns 1950-1980 rogos Ha coBpeMeHHOI KapTe

Ceifuac B 03epO TMOCTYIMAIOT TOJBKO MOBEPXHOCTHBIC U TPYHTOBBIE BOJBI C €CTECTBEHHBIM
TUAPOJIOTHYECKUM peXUMOM. OJIHAKO HCMOJIb30BAHME HAKOMMUTENS KakK MPUPOJHOTO 03epa
BO3MOXXHO TIIOCJI€ JIOBEJCHHUS KauecTBAa BOJBI JIO HEOOXOJMMBIX HOPM, COOTBETCBYIONIUX
IOBEPXHOCTHBIM BOJIAM.

B HacTosiee Bpemst KauecTBO BOJBI B 03€PE YJIYUIINUIOCh, HO HE COOTBETCBYET HOPMAaTHBaM.
Ha sTo mokassiBaeT TOT (akT, YTO MPOUCXOIUT OOMIHHOE IIBETEHUE U 3a001aYNBaHUE 03€Pa B JIETHEE
Bpems. K ToMy e B BECEHHHI EPUOJI B paiilOHE HAKOMUTENS TaaabIKOIb HATKOJAETCS HEMPUATHBIN
3amnax, KOTOpbId JOHOCUTCSA JI0 >KHJIBIX KBapTayoB ropoza. [loaromy HEOX0IMMO 03I0pOBUTH 03€pO,
OUYHCTUTH OT OPTAaHUYECKUX 3arpsI3HEHUN, YTOOBI HCKITIOUNTD 1IBETCHHUE B JICTHUN TTEPUOI.
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BOBI[EI?‘ICTBI/IE PEKPEAIIMOHHBIX HATPY30K
HA JIECHBIE 9 KOCUCTEMBbI POLIBI BAYMA
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AnHoTanus. M3naratorcs mpoOiieMbl BO3ICHCTBUS PEKPEAlMOHHBIX HATPY30K HA TMPHPOJIHEIC
3KOocucTeMbl. PekpealinonHas Harpy3ka — 3TO CTENEHb HENOCPEACTBEHHOTO BIUSHUS OTABIXAIOIINX
monen (TypusM, cOOp «IapoB» Jieca, pPBIOOJIOBCTBO U [p.), UX TPAHCIOPTHBIX CPEJCTB,
CTPOMUTENLCTBA BPEMEHHBIX M BTOPBIX (JaYHBIX) JKWIHI U JAPYTUX COOPYKEHUH Ha MPHUPOIHbBIE
KOMIUIEKChI MJIM PEKpealMOHHbIE 00BEKThI. PekpeanmonHasi Harpy3ka BBIPAXKACTCsl KOJIUYECTBOM
JIIOJIEH WK YeI0BEeKO-IHeH Ha eIMHUILY TUIOIIA/IU UITH Ha PEKPeallnOHHBIA 0OBEKT 3a OIpPe/IeICHHBIH
MIPOMEXKYTOK BpeMEHH (OOBIYHO ACHBb WJIM TOJ). PexpealinoHHBbIE HArpy3KH MOJPa3eisioTCs Ha
Oe3omacHble, BKIIOYAIONINE KaK HHU3KWE, TaK W TMPEIENIbHO JOMYCTHMbIE HArpy3KH, OMACHBIE,
KpUTHYeCKHEe ¥  KatacTpopuueckue. Llenmpro  wccinenoBaHus — SIBUJIOCH — HCCJIEIOBAHUE
3aKOHOMEpPHOCTEH TpaHc(opMalMi HAMOYBEHHOIO TIOKPOBA M OILIEHKA €ro COCTOSHHS Ha
PEKpealMOHHBIX TEPPUTOPUSX pouta baymaH.

Knrouegwvie cnosa: pexpeayus, pekpeayuonnas Hazpy3sKd, peKpeayuoHHas OUuspeccusl.

Pekpeanusi paccmaTpuBaercs Kak OJMH M3 AaHTPOINOIEHHBIX (DAaKTOPOB BIIMAHUS Ha
PacTUTENBHOCTD, MPUBOASIINX K € cMeHe [1]. Pekpeanus — 3TO OTABIX BHE KWIMILA C LEJIBIO
BOCCTAHOBJICHUSI 3/J0POBbS U TPYAOCHOCOOHOCTH, MPOUCXOAAIIUI Ha JIOHE MPUPOIbI, UM BO BPEMS
TYPUCTUYECKON MOE3]IKH, CBSI3aHHOW C IMOCEIICHWEM HHTEpPEeCHBIX i 0003peHust mect [2].
PexpeanonHass Harpy3ka — 3TO CTEIEHb HENOCPEACTBEHHOTO BIIMSAHMUS OTABIXAIOLIUX JIFOAEH
(TypusM, cOop «1apoB» Jieca, PHIOOJIOBCTBO U Jp.), UX TPAHCIOPTHBIX CPENCTB, CTPOUTENIHCTBA
BPEMEHHBIX U BTOPBIX (IaYHBIX) >KUJIUIL U APYTUX COOPYKEHHH Ha MPHUPOJIHBIE KOMIUIEKCHl MU
peKpeanoHHble 00BEKThl. BbIpakaeTcst KOIMYEeCTBOM JIFOJeH MM Ha €AMHUIlY IUIOMIA N WIN Ha
pEeKpealnoHHbI 00BEKT 3a OMPEENIEHHBIM NMPOMEXKYTOK BpeMeHU (O0ObIYHO JAEHb WU roa) [2].
PexpeannoHHble Harpy3ku HOJpa3leNsAioTcs Ha Oe3omacHble, BKIIOYAIOIIME KaK HU3KHE, TaK U
MpesielbHO JOMYyCTUMbIE HArpy3KH, ONacHble, KpuTnyeckue u karacrpopuueckue [1]. bezonacHoi
MOKHO CYMTAaTh TaKyl Harpy3Ky, IpH KOTOpPOHl B IPHUPOJHOM KOMIUIEKCE HE IPOUCXOIUT
HeoOpaTUMbIX U3MeHeHNH. Bo3aelicTBre Takux Harpy30K Ha MPUPOIHBIA KOMILJIEKC TPUBOIUT KO 2
ol uimu 3-1 craguu aerpajgauuu. Harpysky, COOTBETCTBYIOIIYIO 2-OM CTaJMH, YCIOBHO HAa3bIBAIOT
«HU3KOM», TaK KaKk MPUPOIHBIA KOMIUIEKC CIIOCOOEH BbIIEPKATh OOJBIIYI0 HATPY3KY, HE Tepss MpU
9TOM BOCCTaHOBMTENbHOW cuibl. [lpenenpHO nomycTuMas peKkpeallMoOHHAash Harpyska INPUBOIUT
MIPUPOJHBIN KOMIUIEKC K 3-H cTaauM Jurpeccud. B ToMm ciydae, KOorja IpUPOIAHBIM KOMILUIEKC
NEPEXOAUT C 3-i Ha 4-10 CTaJuI0 AUTPECCHU, T.€. IMEPEIIAruBacT TIPAHMIYy YCTOWYUBOCTH,
pPEKpealoOHHbIE HArpy3KH, BO3JECHCTBYIOIIME HA HEr0, CUYUTAKOTCS omacHelMH. Kpurnueckue
Harpy3ku COOTBETCTBYIOT 4-i cragum aurpeccu. M, HakoHel, KaTacTpOpUUECKUMH OyIyT
Harpy3Kku, IPUBOIAIIME IPUPOAHBIA KOMILIEKC K 5-1 CTaINH JUTPECCUH, TIPU KOTOPOW HApyLIAKOTCS
CBSI3M KaK MEXKIy IPUPOAHBIMU KOMIIOHEHTAMH, TaK M MEK/Ly UX COCTaBHBIMU YacTsAMH [3]. B Hauane
rpolrecca IUTPECCHH, MOKA BO3JEMCTBUE OTIBIXAIOIIMUX €II€ HE BEJINKO, 3aMETHBIM M3MEHEHUSIM
MOJIBEPratoTcs JUIIb OWOTHYECKME KOMIIOHEHTHI: PACTUTEIBHOCTh U JKUBOTHBIM MHp. OTH
U3MEHEHMsSI MOXHO CYMTaTh OOpaTHMMBIMM, TaK KakK €CIM IPEKpaTUTh BHELIHEE BO3JEHCTBHE,
IIPUPOJHBIM KOMIUJIEKC CO BpPEMEHEM BHOBb BEPHETCA B HCXOJHOE COCTOSHHE IIyTeM
camoBoccTa”oBieHus. [Iponecc BOCCTaHOBIEHNS HCXOJHOTO IPUPOJIHOTO KOMILIIEKCA ITOCIIE CHATHS
pEeKpearMoHHON HArpy3KH MOXKET ObITh Ha3BaH peBEpPCHEN AUTPECCHH, a CaM NPOLECC TUTPECCHU
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MPUPOJHOTO KOMILJIEKCA MOKHO CUMTaTh 00paTHUMbIM. CyIIHOCTH IpoIecca IUTPECCUU COCTOUT B
M3MEHEHUHU BCEro MPUPOJAHOIO KOMIUIEKCa B Pe3yJIbTaTe MOCTENEHHOI0 HAaKOIUICHUSI H3MEHEHUN He
TOJIBKO €ro OMOTHI, HO U, 4TO O0Jiee CyIIeCTBEHHO, TEOMAarHUTHON CPE/Ibl, B pE3yJbTaTe 4ero K 4-i
CTalul JUTPECCUU OHa JIOCTUTaeT TaKOro COCTOSHUS, NMPU KOTOPOM (DUTOIIEHO3 YTpauuBaeT
CIOCOOHOCTh K BOCCTAHOBIICHHIO JApeBocTos. MccrmemoBanust 1o mpoOiiemMe  BO3IEHCTBHS
PEKpealMoOHHBIX Harpy30K Ha JIECHBIE 3KOCHCTEMBbl NPOBOAMIUCH B poula bayma. bosbiioe
Konn4yecTBO 0a3 OTnbIXa, pa3HooOpa3Hble JaHIA(TH PEKPEAMOHHBIX TeppUTOpHil poma bayma
MIPUBJIEKAIOT OOJIBIIIOE KOJTHMYECTBO FOPOKaH.

L]envro uccnenoBaHus SIBJISETCS 3aKOHOMEPHOCTH TpaHC(HOpMAIMKM HAITOYBEHHOTO MMOKPOBA U
OLIEHKA €r0 COCTOSIHUS Ha pEeKpEeallMOHHbIX TeppUTOpusiX poilsl bayma.

3a0auu wWccnenoBaHMA: HMCCIENOBATh JWHAMHUKY pa3BUTHS HANOYBEHHOTO IOKpPOBa
pacTUTENbHBIX cooOlmiecTB poul bayma B ycloOBUSX BO3JIEHCTBUS pPEKPEAIMOHHOM HaArpy3Ku;
pa3paboTaTh KOMIUIEKCHYIO HIKaJIy OaJTbHOH OIEHKH HANOYBEHHOTO ITOKPOBA PACTUTEIBHBIX
cooburecTB pomu bayma.

O0beKTHI 1 METOAbI HCCIeI0BAHUS

[Ipu u3yyeHnn BIUSHUS PEKPEALMOHHBIX HATPY30K HA PACTUTENBbHBII MOKPOB YUUTHIBAIIH:

1) mocemaeMocTb paCTUTENBHBIX TPYIITUPOBOK JIFOIbMU — MOCTOSIHHBINA U BPEMEHHBIN OT/IBIX;

2) KOJIMYECTBO €IUHUI] aBTOTPAHCIIOPTA (B CYTKH);

4) cnopTUBHBIE MEPOIIPUATHS (CIIOPTUBHBIE UTPHI).

B kauectBe 0a30BOro MeroAa pacueTa MU3MEpPEHHUs PEKPEalMOHHBIX HArpy30K OBbLIN B3ATHI:
BBEIOOPOYHBIA METOA W METOJ MOMCHTHBIX HaOtojeHuil [6]. B kadyecTBe 0OBEKTOB HAOJIIOICHUI
Opanu npobHeIe riomany (1 ra) B konuuectse 4-eX, ¢ mpeodiajaHueM ONpeIeICHHOTO BI1a OT/AbIXA.
Cytb HaOMIOJEHUI COCTOMT B TOM, YTO Ha MNPOOHOH IuIomaaM (UKCHUPOBAIM YHCIEHHOCTh
OT/JIBIXAIOIIMX B MOMEHT y4€Ta, JJaHHbIE 3aHOCUJIM B CIIEIMAIIBHYIO BEJOMOCTb. B CBsI3M ¢ TeM, 4TO
YHCJIO OTABIXAIOIIMX HA OJHOM M TOM K€ Y4acTKE BapbUpyeT B TEUEHHE CYTOK, HEJIEIH, a TaK¥Ke
MEHSIOTCS TI0 MEpe JPYTUX 0OCTOSATENHCTB, YUEThl BHIMOIHUIACH CIEAYIOUIIM 00pa3oM: CyTOYHbIE
y4eThbl POBOJWIM B TeueHHe 1 4 yTpom, 1Baxabl AHeM U BeuepoM (¢ 9 10 104, c 12 no 13 unc 16
no 17, ¢ 19 go 20 u), 3 pa3 B Mecsl (exekBapTaibHO). JlaHHbIe HaOMIOEHUN 3aHOCHINCH B
CHelHaIbHYI0 BEIOMOCTh. /laHHBIE B OyJHU U BBIXOJHBIE AHM (UKCHPOBAIU OTAEIHHO. 3aTeM
BBIUHCIISUIA CpE/IHEe 3HaueHUe M yMHOKaiau Ha 10 (KOJTM4ecTBO 4acoB CBETOBOTO JIHS, B TEUCHHE
KOTOpPOTO OTIBIXAIOUIME MPOXOAST MO TEPPUTOPUU OTAbIXa). Takum oOpa3om, pekpearrioHHas
Harpy3ka cocTapisieT BenuuuHy B 10 pa3 Oounbliyro, 4eM paccuMTaHHAas B 4Yel.-u/Ta. 3aTeMm
BBIUHCIISUIM MIPUMEPHOE Cpe/iHee KOJIMYECTBO MOCELIEeHUH 3a Mecdll. PekpeallnoHHYI0 HAarpys3ky B
nenb (N) onpenesnsiau o popmyie:

N=M x 10,
rae M - KOJIMUYeCcTBO OTABIXAIOUINX KaK cpeaHeapudmernieckoe (3a 4 yYTEHHBIX Yaca);
10 - o011IEE KOTUYECTBO YACOB CBETOBOI'O IHS.

3a mecsair M = Nx23 (s Oyaaux gHei); M=NX8 (ass BBIXOAHBIX HEH). 3aTeM MOoTydeHHbIE
BEJIMYMHBI CKJIQJBIBAJIM U MOJy4YaId BEIMUYMHY PEKpEealMOHHOM Harpy3ku B mecsil. CymmapHyro
TI0IIa b CONTHIX TUTomaaeH (Sd) BeIpakaay B MPOLEHTAX OT OOLIeH MIoMa I TEPPUTOPUHN O0BEKTA.

Pe3yabTaThl M MX 00Cy:KIEeHUE

BriTanTeiBaHue SIBISETCS BaXKHBIM (DAKTOPOM BO3/ICHCTBUS HAa HAIIOYBEHHBIN TTOKPOB U BEJIET
K CYIIECTBEHHOMY HW3MEHEHHMIO YCIOBHI MecTOOOWTaHUS, BBI3bIBAasl IOJHOE HCYE3HOBEHHE
cnienn(puyeckoil BHyTpeHHe! cpenbl cooduiectBa [7]. Ik pekpeallmoHHBIX Harpy30K MPUXOAUTCS
Ha JIETHUE MECSILIBI — HIOJIb U aBrycT. B cpennem 3a 1 4 Ha 1 ra pekpeanimoHHasi Harpy3Ka CoCTaBJsieT
38 yen. YMHoxkast 3T0 3HaueHue Ha 10 4 cBeTOBOro AHS, MOJIydaeM cpenHee 3HaueHue — 380 yer.-
ra/aeHn. Takum oOpa3oM, B MeCSI] BETMYMHA PEKPEAITMOHHOM HArpy3KH cocTaBsieT B cpeaaem 11000
IIOCEILLIEHUI, Ha HEKOTOPBIX y4acTKaxX YMCIIO IoceuieHui B 3ToT nepuox — 1o 18000 B mecsau. B
cpennem 3a moTok (12 nueit) otasixaet 260 ven., T.e. 1000 gen. 3a oIk U aBrycT. Takoe KOJTHU4IeCTBO
OT/IBIXAIOUINX, MPOKUBAIOIIKUX HAa OTPAHUYEHHOM IIJIOIA/U, OKa3bIBAET OTPULIATEIHLHOE BO3JICHCTBUE
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Ha COCTOSIHHE PACTHUTEIHHOCTH. MHOTHME pacTeHUs MMEIOT ClIeAbl (PU3MUECKUX MOBpEXICHHUUA. B
OCHOBHOM HCCIIelyeMas TEppUTOpHUsl HPEACTaBIsieT COOOH IMPOCTPAHCTBO C IEPEyIJIOTHEHHOMH
IIOYBOM M PEAKUMHU PaCTECHUSIMH, PACTYIIMMHM y KOpPHEH JE€pEBbEB U B CTOPOHE OT OCHOBHBIX
NeIeXOAHbIX JopokeK. [lapamienbHo ¢ BbITaNThIBAHMEM HAOJIOAAETCS  3aMyCOpPHUBAaHUE
PEKPEAMOHHBIX TEPPUTOPHM, YCYTYOJSIOMMKA STOT mpolecc. IDTO CYIIECTBEHHO CHHYKAeT
3CTETUYECKYIO LIEHHOCTh TeppuTopuu. Hanbosbiee ynciao 0a3 oTapixa COCPEIOTOUEHO B COCHSIKE
OopycauunoMm A2. IIpoBefeHHbIE HCCIIEIOBAHUS TOKA3ald, YTO ATOT THII Jieca SBJsieTCs Hanbolee
IIPUBJICKATEIbHBIM JUI OT/ABIXAIOLINX, IpeobnagatoT HacaxaeHus I-11 kiaccoB GoHuTETA € MEHBLIEH
IIOJIHOTOM, XOPOLIMMH YCJIOBUSIMU OCBELIEHHOCTH, IIPOXOJUMOCTBIO U CAHUTAPHBIM COCTOSTHUEM:
BO3JyX YHUCTBIA, XOpOIIas BEHTWIALMS, OTCYTCTBHE IIapa3uTOB, TyCTBIX 3apOCiei, Halnudue
apomMaTHYeckux 3anaxoB. Ha BTopoM MecTe MO MNpPUBIEKATEILHOCTH COCHSK TpPaBSIHON
Pa3sHOTPABHBIM C AyOOM U Ha TPETbEM MECT€ — COCHSK J1yOOBO-CHBITHEBBIH B CBSI3U C T€M, YTO
OTMEYAIOTCSl MEHbILIAsl OCBEIIEHHOCTh M BEHTWIALMS, JOCTaTOYHO TIyCTOM IOAJIECOK, MEHbLIas
IPOXOAUMOCTh, OOJIbIIAsl BIAXHOCTh BO3Ayxa. JKUBON HamouBeHHBIH NOKpoOB (Livingsoilcover;
Groundvegetation) TpaBsTHUCTbIE pPAaCTEHUS, MXU U TOJYKYCTapHMKH, IPOMU3PACTAIOLIUE TOJ
nosioroM Jjeca [8]. [1ockosIbKy HallOUBEHHBIN ITOKPOB SIBIISETCS IVIABHBIM MHIMKATOPOM COCTOSTHUS
cooOmiecTBa, IMEHHO OH OBUI BBIOpaH B KaueCTBE OCHOBHOT'O KPHUTEpHs OIeHKH. HamouyBeHHBIN
IIOKPOB, SBJISIOIIMNACS OAHUM M3 OCHOBHBIX KOMIIOHEHTOB OHMOI€OIICHO03a, CIY>)KUT HHJIUKATOPOM
COCTOSIHUSI YCIIOBH cpeapl. Mcxons W3 BEIMUYMH PEKpeallMOHHBIX Harpy3ok, ObUIa COCTaBlieHa
IIKaJIa OLIEHKH HaIllOYBEHHOT'0 IOKPOBa COOOLIECTB, HAXOSAIUXCS 110 BO3AEHCTBIEM HHTEHCUBHON
PEKpEeallnOHHON Harpy3KHu.

3akiroyeHnue

B cocHsike ay0OBO-CHBITHEBOM COXpPAHSIETCS HaumOOJbIIEe KOJIMYECTBO JIECHBIX BHUJOB,
JYroBblE M COpHBIE BUABI INPEACTABIEHBl MEHEE 3HAYUTENIBHO, Y€M B JPYIMX THIIAX JEca.
CooTHOIIEHNE JIECHBIX, JIYTOBBIX M COPHBIX BHMJIOB cocTaBisieT 17:11:8, cocHske-OpycCHUYHHKE
14:9:11, B cocHsake pazHoTpaBHOM — 9:16:10. Hamo4BeHHBIM MOKPOB COCHsIKa OpPYCHUYHOIO U
TPaBSHOTO Pa3HOTPABHOIO OJIM30K K JErpajallvd, HalO4YBEHHbIE COOOIIECTBA COCHSAKAa TyOOBO-
CHBITHEBOI'O M3MEHEHbl B MeHbIlei crerneHH. TakuM o0Opa3oM, B COCHSKE JyOOBO-CHBITHEBOM
COXpaHSIIOTCS coo0IIecTBa 0osiee yCTOMUNBBIE K KOMIUIEKCY BHEIIHUX (PAKTOPOB, IO CPAaBHEHUIO C
APYTUMH TUIIAMHU Jieca U Haubosee NpUuOIMKEHHbIE K KOHTPOJIBHBIM YCIOBUSM.

CocraBieHHas miKaja OauIbHOM OLIEHKM HAIlOYBEHHOI'O IIOKPOBA JUISL JIECHBIX COOOIIECTB
II03BOJIMJIA OLIEHUTh COCTOSIHME HAllOYBEHHOT'O MOKPOBA B MECTAaX C OTCYTCTBUEM PEKPEallMOHHON
Harpy3KM M B MeCTax C MHTEHCUBHOM PEKPEAllMOHHOW Harpy3koi. Ha OCHOBaHMM OLIEHKH C
MPUMEHEHHEM 3TOM HIKaJIbl OBUIO BBISBICHO, YTO HCCIENyeMble COOOIIECTBA B MECTaX MaCCOBOI0
OTJbIXa CHJIBHO H3MEHEHBl. DTO MPOUCXOIUT IOJ BO3ACHCTBUEM pPEKPEAllMOHHBIX Harpy3okK.
Pe3ynbrarel MccnenoBaHUN MOKa3ald, YTO pPEKpPEAllMOHHAs Harpys3ka NPUBOAMT K YBEJIUYEHHIO
IUIOUIAIA TPOI M MPOTaliuH, CHUYKEHUIO COMKHYTOCTH JIPEBOCTOS, CJIEIOBATENbHO, K U3MEHEHHIO
MUKPOKJIMMATa, YBEJIMYEHUI0 MHTEHCUBHOCTU COJIHEYHOW paJMalliid U aMIUIMTYABI TEMIEPATYp,
YMEHbIIIAeTCsl BIAXKHOCTh BO3/yXa, YXYIIAI0TCS BOJIHO-(PU3NYECKUE CBOMCTBA 1OoYB. B pesynbTare
MPOUCXOIUT TIOCTENIEHHas 3aMeHa pPa3sHOOOpa3HBIX KOPEHHBIX COOOIIECTB OJHOTHUITHBIMU
MPOM3BOJHBIMU. TpaBsiHOM MOKPOB IOJl TOJOrOM Jeca MpuoOpeTaeT uepThl oiyroBeHus. Ha
OIIpeJICIEHHOM dTare Ha0JII0JaeTcsl YBEINYEHNE KOJIMYECTBA BUJIOB 32 CUET BHEJPEHUS JIYTOBBIX U
COPHBIX BHJIOB HEXApPAKTEPHBIX JJII UCXOJHBIX YCIOBUH JIECONMpPOU3pACTaHUs. 3aTeM MPOUCXOIUT
YIIPOLIEHNUE COOOIIECTB MO KOJIWYECTBY BUAOB U IK3EMIUIIPOB, IPYTHMHU CIOBaMH, — CHHKCHHE
o6uopaszHooOpazus. Ha ocHOBaHMM NpPOBENEHHBIX MCCIEAOBAHUNW MOMKHO CHelaTh CIEAYIOLUN
BBIBOJI: HAIIOYBEHHBIN MOKPOB, SIBISIOIIUICS OJHUM M3 OCHOBHBIX KOMIIOHEHTOB OMOTEOIEHO3a,
CIIy’)KUT UHAMKATOPOM COCTOSIHUS YCJIOBHHM cpefbl. TakuM 0Opa3oM, BO3EHCTBHE PEKPEALIMOHHBIX
(aKTOPOB CHIIBHO M3MEHSET TEHICHIINH €CTECTBEHHON AMHAMHKH JIECHBIX coo0IIecTB poma bayma.
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NCCIEJOBAHMUA 110 PABPABOTKE ITOJYYEHUSA CT'YIHEHHOI'O KYMBICA

JKyma6aesa A.H.!, Toxramsic A.B.2, Toneren I'.A%, Mrip3axmeroBa b.5.%, Tynrym6aesa 3.5!
! KazHITY .um.Abas, 2. Anmamol
2HYO «KPMY» Monexynapuas buonozus ¢ xypcamu obweti xumuu u 6uoxumuu, Kazaxcman, 2.Arimamol
e-mail: gtolegenkz @mail.ru

AnHoTanusi. B nganHO#M paboTe mpencTaBlieHbl Pe3yibTaThl MCCIEAOBAHUN IO pa3paboTKe
MOJTYYEHHUIO CTYILEHHOT'O KUCIIOMOJIOYHOTO HAlIUTKa KyMbICa, KOTOPBII OBLJI MOJTy4eH U3 KOOBUILEro
MOJIOKa, B Pe3yJbTaTe MOJIOYHOKHUCIOr0o OpoxkeHus. Pa3paboTka TEXHOJOTUYU CTYLIEHHOTO KymbIca
OTHOCHUTCS] K MOJIOYHOH MPOMBIIIIEHHOCTH, @ UMEHHO K CrIoco0aM MOoTy4eHus: KOHCEPBUPOBAHHOTO
HaTypaJIbHOTO KyMbIca U3 KOObUIbEero MoJioKa. [Ipeanaraemplii cnoco0 Mo3BOJSET MOTYYUTh KYMBIC,
CTIOCOOHBIN JUIMTENBHO XpaHUThbcs - 10 10 - mecsueB npu Temmneparype 10-18 °C. TexHonorus
MIPUTOTOBJIEHUS! KyMbICa BKJIIOYAeT B ce0s OpokeHHe KOOBUIHEro MOJIOKA KYMBICHOM 3aKBAacCKOM,
IIEpEMEIIMBAaHUE, CO3pEBaHNE B TeueHue 8-12 yacoB mpu temneparype 26-28" C, BbliepKUBaHHE
OXJIQXk/IEHHOTO KyMbIca B TeueHue 9-14 gacos.

B nanHoii ctaThe OyZeT pacCMOTPEHbI METO/IbI MTOJTYYEHHSI CTYIIIEHHOTO KyMbICa, KaK OJIMH U3
JPEBHUX METO/I0B KOHCEPBUPOBAHUS, KOTOPHIN MO3BOJISET YBEIUYUTH CPOK XpaHEHUS MPOJIYKTa, a
TaK)K€ COXPAHUTD MTUTATEIIbHBIE BELLIECTBA.

Knrouegwie cnosa: xymvic, ccyujeHHblil KyMbiC, MOIOYHAS CMECH, MOJOYHOKUCASA U CHUPMOBAS.
gepmenmayus.

Kazaxcran aBnsiercst PoguHoil MOIOYHOr0 KOHEBOJICTBA M KyMbica. Elie B TpeTheM Beke 110
Hamiei 3pbl CKU(BI U3TOTOBJISUTH KYMBIC M3 KOOBUIBEro MoJIOKa. KyMBIC 1711 KOUEBHUKOB OBLIT U
MUIIEH, 1 HAITUTKOM.

Ha nene6Hbie cBOICTBA KOOBUTHETO MOJIOKA M KyMbICA CTalli 00OpaiaTh BHUMaHUE ¢ Hadasa
XI Beka nmocie paboThI cpeHea3snaTckoro yueHoro-spaua 61 Cuna (ABuLIeHHA), KOTOPBIH MOKa3al,
YTO TIPH sI3B€ MOYCHCITYCKATEIHLHOTO KaHajla XOPOIIIOo MTOMOTaeT KOOBLIEE MOJIOKO, @ MOYCKAMEHHYIO
00J1€3Hb OH M3JICYHII TIPY TOMOIIH KyMBICA.
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CoBpeMeHHAasT ¥ HapoJHas MEAWIIMHA WCIONB3yeT KyMBIC s 3(PQPEKTUBHOTO JICUCHUS
TyOepkyne3a Jerkux. OH TOJOXUTENbHBIE PEe3yNbTaThl JaeT NPU KEITYAOYHO-KHIIEYHBIX
3a00JIeBaHUSX, TOKA3aH MpU O0IE3HIX NIEUYCHH, IOYEK, IPU aHEMUH, ABUTAMUHO3aX, PEKOMEH/TYETCSI
JUIS YKpEIUIeHHS MMMYHHOM M HEpBHOM cucTeM dYenoBeka. Kymbic OOHOBISIET KIIETKM M TKaHU
OpraHu3Ma, OMOJaXuBaeT yenoBeka. OO0 3TOM CBUICTEIBCTBYIOT PabOTHI BBIJAIOIINXCS YUEHBIX
muorux ctpan: H.B. Iloctaukoa, C.I1. borkuna, H.B. Cknmudocosckoro, B.A. Manacenna, H.A
Kpamosa, IL.II. bepauna, M.H. Kapnayxosa, C.B. Bummnesckoro, A.B. Curpucra, 3.II.
3aruaymnuna, M.I'. Kypammmuno#, C.B. bazanosoii, T.IL. [lapmanoBa, A.H. Xacenoa, A.K.
JKanrabeuiosa, P.X. KaneipoBoii u MHOTHX Opyrux [1].

YHUKaIbHOCTh 03/J0POBUTEIBHO-TICUEOHOT0 IEUCTBUS KyMbICa 3aKIIFOYACTCS B XUMHUYECKOM
cocTaBe KOOBUILErO MOJIOKa M B BEUIECTBAaX, KOTOPBIE 00Opa3yroTcs Mpu  (QEepMEHTAIIMH MOJIOKA C
MOMOIIbI0 OaKTepuanbHOH U JAPOXIKEBOM 3akBacKM. B  KoObUIbEM MOJOKE COJepsKaTcs
OMOJIOTMYECKH aKTHBHBIE O€NKW JIaKTODeppHH, aHTHOTCHWH, WMMYHOTJIOOYIWHBI, JTH3OIHM,
HE3aMEHHMbIE MOJIMHEHACHIIIEHHBIE >KUPHBIE KHUCIOTHI, OHO 0OOrato acKOpOMHOBOW KHCIOTOM.
Jlaktopeppun  oOnmagaeT AHTUKOHIIEPOTCHHBIMH, AHTUBHUPYCHBIMH, AaHTHOAKTEPHAILHBIMH,
UMMYHOCTUMYJIUPYIOUIUMH CBOMCTBAMU. AHTHOTEHUH CIIOCOOCTBYET POCTY KPOBEHOCHBIX COCYIOB,
UrpaeT OOJBIIYIO POJb MPU WH(APKTE MUOKApJa W WHCYJIBTE. DCCEHIIUAIBHBIC )KHUPHBIC KHCIOTHI
SIBJIAIOTCS TIPEIIECTBEHHUKAMH 3MKO3aHOUIOB, PETYJISITOPOB XUMUYECKUX MPOIIECCOB B KIIETKAX.
Bricoka ¢pyHKIMs acKOpOMHOBOW KUCIIOTHI B 03/I0POBUTENILHBIX JIEHCTBUAX KymbIca[1-2].

Lenbto uccrienoBanus siBsieTcs pa3paboTKa TEXHOJIOTUH MOJYYEHHS CTYIIEHHOTO KyMbIca C
MTOBBIIICHHBIM COZIEP>KaHUEM O€JIKOB, JTUIUI0B, MUKPOIJIEMEHTOB U APYTHX OMOJIOTHYECKHU IIEHHBIX
KOMITOHEHTOB KOOBUIBETO MOJIOKA M MPOIYKTOB (pepMeHTaI kKyMbica. CryllleHHBI KyMbIC HAMU
OBLIT TMOJY4YeH JBYMS CIOCOOAMHU: COCTABIICHHMEM KOMIIO3HMIIMM W3 CYXOTO KOOBUIBETO MOJIOKA U
BaKyyM CTYyIIEHHEM MOJIOKa C TMocienymoleld (epMeHTanueld MOJIOYHON CMecH C TOMOIIBIO
KYMBICHBIH 3aKBack [2].

CrymeHHbli KyMBIC — 3TO TacTa, COCTOSUIAs W3 KOHIEHTPUPOBAHHBIX IHTATENbHBIX H
1eJIeOHBIX BEIIECTB, MPETHA3HAUYCHHAs] KaK MPO(HIaKTHYECKOE, O3J0POBUTEIHHOE M JIeueOHOE
CpPEeJICTBO.

B Tabnuue 1 npuBeneHbl XUMHUECKUH COCTaB U HEKOTOPbIE (PH3UKO-XUMUYECKHUE CBOMCTBA
CT'YUIEHHOTO KyMbICa.

Tabnuua 1. XuMudeckuii cocTaB ¥ CBOWCTBA CTYIIEHHOTO KyMmbica, /100 1, n=3

[Tokaszarenn Kommno3sumus u3 cyxoro monoka, M | Bakyym CTyILIEHHE

+m MOJIOKa

M +m

1.MaccoBas oA cyxux | 31,2 +1,90 33,6 +1,50
BEIIIECTB
2.MaccoBas nons Biaru 68,8 +1,85 64,4 +2,00
3.MaccoBas 1011 O€IKOB 12,8 +0,90 13,5 +1,05
4 MaccoBasi 107151 )Kupa 7,1 +1,00 8,0 +0,95
5.MaccoBast 10y 3TaHOJIa 2,6 +0,05 2,5 +0,05
6. Turpyemasi KUCIIOTHOCTD 130 +4,00 135 +2,50
7.AxTUBHAas KUCIOTHOCTh, pH | 3,9 3,9

Kak BHIHO W3 TaONMUYHBIX MaTepHanioB, 00a BHJA CTYIIEHHOTO KyMbIca COAEpX AT MOYTH
OJIMHAKOBOE KOJMYECTBO cyxux Bemects ,31,2 +1,90 u 33,6 +1,50 r B 100r mpoaykra. Ilo
COJIepKaHUI0 OCIKOB W KHpa OHU PE3KO HE OTIMYAIOTCS ApPYyr oT apyra. [IpomykTsl obmamanu
OJIMHAKOBBIMH OPTaHOJIENTHYECKUMH KayecTBamu: [3-5].

¢ BKyc — K1CIOBaTHIH, CIETKA CO CIAJAKOBATHIM PUBKYCOM

e 3amax — KMCJIbI, XapaKTEPHBIN 111 KymMbIca
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e [IBeT- MOIOYHO- OENbIi
o KoHcucreHnuus — oJHopoIHasi TyCTOBaTask KUAKOCTh
« ['a3000pa3zoBanue — cpenHee

Cnocobvl npuecomognenus c2yujeHHo20 KyMblca.

1. M3 xomno3uyuu cyxo2o MooKa.

[Ipumep. B3sats 700r cyxoro Mojoka, 100aBuTh 1,371 MPOKKUIAYEHHOH U oxnaxaeHHoi 10 30°
C Bogpl. PacTtBopuTh nyrem nepememinBanus U BHecT 400 M1 KyMBICHON 3aKBacKH, COCTOSIIEH U3
MOJIOUHOKHUCIIBIX OaKTepuil M MOJIOUYHBIX APOXoKeH. Moo4yHas cMech XOpOIIO MEepelInBaeTcs U
ocraBnsercss s (epmentanuu Ha 10 uwacoB npu Temmeparype 28-30° C. 3areM BHOBB
MepeMEeLINBACTCS AJIsl YCUIIEHUsI COUPTOBOro OpoxenHwus. [locie sToro ocrasisiercs uisi CO3pEBaHUS
npu temneparype 14-16° C, npu aBykpartHoM nepememupanuy, Ha 20-24 4aca 10 JDOCTHKEHHS
kuciornoctr 130-140° T. TMokasarenu CTYIIEHHOTO KyMbICa MPUBEICHBI B TAOIHUIIE.

2. Ilpucomoenenue c2yueHno2o KyMulca U3 8aKyymM c2yujeHHo20 MOJIOKA.

[lenpbHOE KOOBLIBE MOJIOKA KOHIICHTPUPOBAJIOCH B BaKyyM YCTaHOBKE /10 COJAEPIKAHUS CYXHUX
BeuiecTB 42-46%. [Ipumep. B3t 5,0 kr k0ObUIbETO MOJIOKA, BBITAPUTDH BIIATY IPU Pa3pe’KEHUU KakK
yKa3zaHo B paszzeine 2,8. Beixop crymenHoro mosoka cocrasisier 0,85 kr, B Hero BHocutes 170 min
KYMBICHOM  3aKBacKd, XOpOIIO mepeMemuBaerca. MoJjouyHas CMeChb OCTaBJsieTCsl Ul
MOJIOYHOKHUCIION ¥ CIUPTOBOM (hepMEHTALIUU B YCIOBUAX, YKA3aHHBIX B IEPBOM CIIOCOOE MOTyUEHUS
CTYILIEHHOTO KymbIca [3-5].

Takum oOpa3zaM MONTy4YeH CTYIIEHHBIH KyMbIC, MPEACTABISIONINI CO00M KOHIIEHTpAT OENKOB,
JIUIHUI0B, MUKPO3JIEMEHTOB, OPIraHUYECKUX KHUCIJIOT, 3TAHOJA U JAPYTUX LEJCOHbIX KOMIIOHEHTOB
KOOBLIBETO MOJIOKA U CO3PEBIIIET0 Kymbica. OH MpeacTaBisieT co00i macTy ¢ NPUSTHBIM KUCIOBATHIM
U cllaKoBaThIM BKycoM. IlacTa Mo)keT OBITh MCIHOJB30BaHA KaK O3J0POBUTEIbHBIA M JI€UEOHBIN

IIPOJYKT.
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AHHOTauusl. B nmanHoi crarhe mpejacraBieHa wH(opMamus 1Mo mnpodiieMaM 3arps3HEHUs
MOYBHI He(PTENPOAYKTaMHU, YTO HEOIATONPUSATHO BIUSAET Ha €€ FKOoJIoruueckoe cocrosinue. [lokazansl
ocoOeHHOCTH  cocTosiHus To4B  Kacmmiickoro  permoHa, Kak OJHOTO W3  BEIYLIMX
He(Te100BIBAIOIIIUX TEPPUTOPHUH.

[IpencraBneHsl pe3yibTaThl HMCCIEJOBAHWMN YHCICHHOCTH Oaktepuii poma Pseudomonas,
Acetobacter, Acinetobacter u OakTepuit pona Bacillus.

KuroueBsble ciioBa: 3acpsazuenue, negpmenpoodykmel, Kacnutickoe mope, MUKDPOOP2AHUZMbL.

OnHOI M3 Cepbe3HBIX MPOOJIEM OXpPaHbl OKPYXKAIOIIEH Cpeapl TNpHU pa3paboTKe HEPTIHBIX
MECTOPOXKJICHUN SBJISIETCS JIMKBUALMS OCIEICTBUM HEPTSIHOTO 3arpsiI3HEHUs IOYBBI. 3arpsi3HEHUE
MOYBBI HE(PTENPOAYKTAMH HAPYIIAET €€ HKOJIOTHIECKOE COCTOSHUE U JePOPMUPYET €CTECTBEHHYIO
CTPYKTYpY OHMOI€OL€HO30B.

YcrpaneHue pa3niuBoB HE(PTH MO3BOJISET 3HAYUTEIHHO YAYUIIUTH IKOJIOTHUECKYI0 00CTaHOBKY
B pailOHaxX HEMOCPEJICTBEHHO NMPHJIETAIOLINX K TEXHOJIOIHUeCKUM oobexTam| 1].

[Inomany 3arpsA3HEHHBIX 3€MENb MPOJOJDKAIOT YBEIMYMBATHCA B pE3yibTaTe aBapUNHBIX
pa3nuBoB He(PTH. DTO NPUBOJUT K HEOOPATUMBIM HM3MEHEHUSM MOP(OIOrHYECKOro COCTaBa,
(U3UKO-XMMHUYECKUX U MUKPOOHOJIOTMYECKUX CBOWCTB ITOYBEHHOT0 MOKpoBa[2,3].

JlanbHeliliee  HaKOIUIEHWME  3aMa3ydeHHbIX  TPYHTOB  HEJIONYCTMMO M Tpedyer
HE3aMEe/UINTEIBbHOTO MPOBEJACHUS PEKYJbTUBALMOHHBIX MEPOINPHUATHH 1O BOCCTAHOBJICHHIO
io0poaus 3emelb. CyliecTBYIOIME TEXHOIOIMH BOCCTAHOBJICHUSI He(Te3arps3HEHHBIX 3eMeTb, a
MMEHHO MeXaHHuecKue, GU3NKO-XMMHUECKHE U TEPMUYECKUE, HE OTBEUaIOT TPEOOBAHUSAM IKOJIOTO-
HKOHOMHYECKOH 3((HEKTUBHOCTH U MOT'YT HAaHECTH JOJTOBPEMEHHBIN Bpe]l SKOCUCTEME.

Dkosorudeckoe coctosiHue Kacrnuiickoro Mopst ¥ pujieralouux TEPPUTOPUN HaXOAUTCS O
yrpo3oii gecrabunuszanmu. [losTomy KpaiiHe BakHO Hanmuyhe OOBEKTHBHOM WHpOpManuu
O  COCTOSIHUM OHOJIOTMYECKOW Cpelbl BOAOEMa, YTO CO3AACT BO3MOXKHOCTH JUISl TPUHSTHS
JIeWCTBEHHBIX Mep M0 COXPAHEHUIO U BOCHOJIHEHUI0 Onopecypcos Kacnmiickoro mops. Ilonydyenue
KOJIMYECTBEHHOW MH(OpMalKUU O MPOCTPAaHCTBEHHO-BPEMEHHONW M3MEHYMBOCTU OCHOBHBIX TPYIII
rerepoTpodHOro OakTepmo-, ambro- W 300mutaHkToHa Kacnuiickoro mensa B paiioHax
HepTeI00BIYM U TMPUJIETAIOIIUX PETHOHAX aKTYaJbHO M TMO3BOJHUT MONYYUTh 0a3y NaHHBIX IS
OMOJIOrMYeCKOr0 MOHUTOPUHTA He(Te3arps3HEHHBIX MOPCKUX BOJ [4-5].

Takum oOpazom, B HedTenoObBatomux pernonax Kacnuiikoro menbda, rae mpoucxoaur
3arpsi3HeHNUEe He(PThbIO MOBEPXHOCTHBIX BOJA M JIOHHBIX OTJIOKEHUH, mpoliema pa3pabOTKu
TEXHOJIOTUI UX BOCCTAHOBIJICHHS BECbMa aKTyaJlbHa.

[IpoObI BOABI M MOHHBIX OTJIOXKEHWM ObutH oTOOpanbl corimacHo 'OCT17.1.5.01 — 80 [6].
OmnpeneneHre YUCIEHHOCTH (PU3MOIOIMYECKHX TPYII MHUKPOOPraHM3MOB B OTOOPAaHHBIX Mpobax
MPOBOAMIIM C HCIOJB30BaHMEM cTaHfgapTtHoro merona Koxa. Jlns ompeneneHuss 4HCIEHHOCTH
reTepoTpoPHBIX OaKTepHil Jenain BbICEB MCXOTHOW BOJbI M3 pa3BeneHus 1:10 Ha MOBEPXHOCTh
MJIOTHOW mUTaTeNnbHON cpeanl PIIA, an3 moHHBIX OTNIOXKEHUH — u3 pasBeaeHuitl:10, 1:10%, 1:10°,
T10CeB MOYBEHHOM CycreHs3uu — u3 passenenuit 1:107, 1:10% u 1:10*. Yamku IeTpu BhLIEpKUBATY B
teueHue 3-4 cytok B Tepmoctare mpu Temneparype 28-30°C. [To okoHYaHUH TEePMOCTATHPOBAHUS
IIPOU3BOJUIN ITOJACYET KOJIOHUN MUKPOOPTaHU3MOB C YYETOM pa3BEACHUM.
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B pesynbrare mpoBeIeHHBIX MapUIPYTHBIX TOJEBBIX MUCCIICIOBAHMA, HAMU OBLTH OTOOpPAHBI
nmpoObl MmMoYB. B Xoje ucciienoBanuii HAaMH OBLIO MPOBEEHO M3YYCHHE COCTaBa MHUKPOOOIIEHO3a
npubpexHbIx 1oyB 30HbI CeBepo-Bocrounoro [Mpukacnus(tabnuna 1).

Tabnuua 1. Onpenenenne YUCIEHHOCTH MUKPOOPTaHU3MOB B ITOYBE

Touxk Uucnennocts Mukpoopranu3mon, KOE/r

u I'eTrepoTpo Cnopoo6Gpa3y Munenuan AKTUHOMH YO
o100 | (ubIe GakTepum o1me bHBIE TPUOBI LIETBI M, HBY
pa MHUKPOOPTraHU3MBbI KJI/MJT
I/rl | (1,1£1,2)x107 (4£1,2)x10* (4,6+1,6)x10° (5,5+2,3)x10° 3x10°
I1/12 (9,9£1,1)x10° (5,0£1,9)x10* (5,4£2,2)x10° (5,6£2,4)x10° 70x10°
I1/13 (1,2+1,2)x107 (4,6£1,6)x10* (5,4+2,2)x10° (4,841,7)x10° 2x10°
I1/T4 (1,5+1,8)x107 (4,2+1,3)x10° (4,6£1,6)x10° (6,943,6)x10° 2x10°
I1/15 (1,6£2,0)x107 (4,7£1,6)x10° (3,9£1,1)x10° (8,245,1)x10° 5x10°

B xone mpoBeieHHBIX HMCCIIE0BaHUN TOYBEHHON MUKPOQIIOPHI OBLIO BBISABICHO, YTO TAKKE
HanOollee MHOTOYHMCICHHOW Tpynmod Obm  Tereporpodubie  Oakrepun. UHCICHHOCTH
CIIOpOOPa3yIOUIMX MHUKPOOPTaHM3MOB W MHUIEIHAIBHBIX TPUOOB, TaK XK€ KaK W B JOHHBIX
OTJIIOXKEHHUAX, OblJa HAa OAWH-ABA TMOpAAKAa MeHblle. KoOIMYecTBO aKTHHOMHUIETOB U
YTJIEBOIOPOAOKHUCISIOINX MUKPOOPTaHU3MOB BO BCEX MMPOOax ObLIO HA OJJHOM YPOBHE U COCTABIISIIO
10° KOE/mn.

Taxxxe pe3ynbTaThl HCCIEAOBAaHMN TOKa3ald, YTO B 0Opaslax MOYBHI IMPHCYTCTBOBAJIIO
0oJpIIIOE KOJIMUECTBO Oaktepuil pona Pseudomonas, Acetobacter, Acinetobacter ¢ OonbIIUM
npeobiaaHleM IpecTaBuTeNel cropoodpasyromux oaktepuil pona Bacillus (pucyHok 1).

a) 0)

Pucynox 1. Mopdonorus 6akrepuit pona (a)Bacillusv(6)Pseudomonas

OnmHUM U3 33/1a49 TIPOBEACHHBIX MCCIIEAOBAHHUHA OBLT MPOIecC WACHTU(GUKAINH BBIICICHHBIX
MUILIETHAIBHBIX TIpuboB. [Ipm 3TOM B ceBepHO 30HE, KOTOpas OTJIMYAETCs ClIa0bIMU
MUHEPATU3alMOHHBIMU  TPOIECCAMU, OTMEUYEHO Haiuuue TpudboB poaoB Penicillium n
Mucor,pa3MHOXaroIuecss Ha cyOcTparax C OOJNBIIMM KOJWYECTBOM CBEXHX PaCTUTEIBHBIX
octaTkoB. [1o Mepe mpoaBHKEHUS K I0TY UX BBITECHSIOT IpeACTaBUTeNU poaa Aspergillus (pucyHok
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2) Taxoke BcTpedanuch rpudsl pona Fusarium.
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Pucynok 2. Mopdonorust rpu6oB ponoB (a) Aspergillus n(6)Penicillium

[To mopdonoruyeckuM MpU3HAKaM ObLUTH WICHTU(PHUIIMPOBAHBI BbIACICHHBIC I[MOYBCHHbBIC
AKTHHOMHUIIETHI, HanboJiee pacIpOCTPaHEHHBIMH M3 KOTOPBIX OKa3aJUCh AKTHHOMMIIETBHI CEpUH
Ruber, Albocoloratus, Flavus,Micromonospora.

ITo pe3ynpTatam naeHTU(HUKALUN TeTEPOTPO(HBIX OaKTepuii HaMH OOHAPYKEHO, YTO B IPoOax
MIPUCYTCTBOBAIIN MIPEACTaBUTETHN POJIOB Pseudomonas,Acetobacter, Acinetobacteru
criopooOpasytomniie Oakrepuu pona Bacillus. Tlo pesyiabTaramMm UACHTH()HKAIMN MULCITHATEHBIX
rpu0OoB, HaMOOJBIIIEE UX KOJIMYECTBO OTHECEHO K MpelncTaBUTeNIM poaa Penicilliumu Mucor. U3
UCCIIETyeMbIX aKTHHOMUIIETOB HauOOoJIbIIIee KOJIMYECTBO OTHOCUIIOCH K cepun Albocoloratus.

Takum oOpa3om, Mo pe3ynbTaTaM MPOBEAECHHBIX HUCCIEIOBAHUI YCTAaHOBIEHO, YTO BO BCEX
OTOOpaHHBIX MpoOax NPUOPEKHOW MOYBHI MPUCYTCTBOBAJIM BCE H3ydaeMmble (PU3MOJIOTHYECKUE
IPYIIbl MHUKPOOPraHU3MOB. JIOMUHHMpYIOUMMH ObUTH TerepoTpodHble OakTepuu. Bbicokas
YHCJIEHHOCTh MUKPOOPTaHU3MOB B 3TOT BETETAL[MOHHBIN MEpHOJ OOBSCHSETCS OJaronpHUsITHBIM
TEMIIEPATYPHBIM PEKMMOM M HAJIMYMEM JOCTATOYHOIO KOJIMYECTBA OPraHMYECKOIO BELIECTBA B
uccienyeMbix OuoneHo3ax. HeoOXoauMo OTMETHTH,UTO COIJIACHO pe3yjbTaTaM HCCIIEAOBAHUS,
YHUCJIEHHOCTH BCEX MUKPOOHBIX COOOIIECTB 3HAUUTEIBHO M3MEHSUIMCh B 3aBUCUMOCTH OT CE€30HA
roga. Ha ocHOBaHMM IpPOBEIEHHOTO HWCCIEIOBAaHUS MOXHO YTBEpXKJIaTh, UYTO COCTOSHUE
MHUKpOOOIIeHO3a mpubepekHOH 30HBI  Kacmuiickoro Mopst OLIEHHMBAeTCs OTHOCUTENIbHBIM
MIOCTOSIHCTBOM. B COBpeMEHHBIX YCIOBUSAX ONTHUMAaJIbHOM cTpaTerueil coxpaHeHHusi OMOIOrHYeCKUX
pecypcoB, U B LenoM, mpuponsl Kacnus, nmoasepraéMoMy KOMIUIEKCHOMY aHTPOIOT€HHOMY
BO3JICHCTBUIO, MOXKET OBITH TOJIBKO MUHUMH3AIUS 00bEMOB MMOCTYIUICHHSI 3arpA3HIIONINX BEIIECTB
B MOpE U CBOEBPEMEHHBIN A(PPEKTUBHBII MOHUTOPHUHT.
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O0XK 604.2

TY3bl )KOHE OCIM,Z[IK HIUKIBATTAPBIH KOCMETOJIOTI'UAJIBIK OHIM AJTYJIA
INMAUOAJTAHY APTBIKIIBIJIBIKTAPBIH 3EPTTEY
Ucaesa A.Y. ", Jlecka b.2, A6ybakuposa A.A. >

P[lvimkenm ynusepcumemi, Lllvimxenm x.
2A. Muyxeeeuy amvindazwl memaexemmix ynusepcumem, Iosnanw kanacwl, Ilonvua
3M.Bye306 amvinoazvl OKY, Lvivkenm x.
e-mail: akissayeva@mail.ru

AnHotamusi. byn 3eprrey xympichiMbI3  KaszakcTaHmaa KOCMETOJIOTHSIIBIK ©OHIMIEPIiH
ACCOPTUMEHTIH apTThIPy MaKCaThIH/IA, OTAHJIBIK TY3/IbI IIMKi3aTTapMeH Ka3akcTaHHBIH OHTYCTITIHIE
eceTiH Keneci eciMaikrepain: Jopmene (Artemisia cina), Komimri tyiimemeren (Tanacétum vulgare),
Konimri must (Glycyrrhiza glébra), Kyc tapan (Polygonum aviculare), Illanesiasik conben (Salvia
pratensis), tacmeOiHiH (Thymus) mHMKI3aTTBIK KOpbIHA Cai, aJaMHBIH TEPICIH eMACYII KOHE
TepiHIH KYPBUIBIMJIBIK KACHETIH KaKCapTYIIbl KOCMETOJIOTUSIIBIK OHIMAED alyIbIH THIM/II 9/IiCTEPiH
3epTTEeyre apHaIaIbl.

Kinm ce30ep: my3061 Kkonoep, my30bl wWuKizam, OCiMOIK WUKI3amovl, OAIUbIK,
KOCMEMONI02UsIbIK OHIMOep.

Kipicne

CoHrbl KbUTAAPHl KYpaMbl TAOUFU KOMIOHEHTTEpre 0ail KOCMETOJIOTUSIIBIK OHIMAEpre AereH
CYpaHbIC KYH apThin ecyze [1]. Ocipece, KOCMETONOTHSIIBIK OHIM KYpaMbIHAA Tepi KacyliachlH
YABTPAKYJITIH CAyJeNepieH KOPFalThIH TOTHIFY/Ibl OOJIBIPMANThHIH, CTPECKE KapChl OpEKeTTi, epTe
KapTaroJpl OoJabIpMayFa  KaOUIETTI aHTHOKCHIAHTTap: (PEHONJbl KOCBUIBICTApAbIH OipHele
KJ1acTapbl, (pJIaBaHOUATAP, ATKOJIOUITAP, JIUIUATED XKoHE T.0. 0071ybl Te MaHbI3/bI[2]. COHABIKTaH
na,  OMOJOTHSUNIBIK  aKTUBTI KOCBUIBIC ~ PETIHAE  OCIMAIK  3KCTPAKTbIH,  TY3/bI
KOCBUIBICTAp/Ibl KOCMETOJIOTUSUIIBIK OHIMICP/l aly/a naijanany OapbIChlH 3epTTey ©3€KTi OOJIBII
OTBIP.

Kymvicmoity  makcamoi.  KazakCTaHHBIH — TY37bl  JKOHE  OCIMIIK HIMKI3aTTapblHaH
KOCMETOJIOTUSUIIBIK ©HIM ally/IbIH OHTAMIIbI JKaF1aiiylapblH 3epTTey

3eprreyne  JKakChIKBUIBIII kKoHE byraxkailnel KenjepiHiH IMIMKi3aTTapbl,  OalIbIKTap,
KaszakcTaHHBIH OHTYCTIT1H]IE ©CETIH 6CIMJIIKTEp 3€pPTTEY HbICAHbl PETIH/E Mai1alaHbUIIbI.

opinix ecimoixmep:

1. Dopmene (Artemisia cina)

2. Konimri tyitmeriereH (Tanacétum vulgare)

3. Komimri must (Glycyrrhiza gldbra)

4. Kyc tapan (Polygonum aviculdre)

5. lanreiapk conbeH (Salvia stepposa Schost)

6. Konimri racme6i (Thymus)

3eptTey OapbhIChIHAA OCHl OCIMAIKTEPAIH OCy *)arFaaiiapsl MeH Ka3akcTaHHBIH OHTYCTITIH]IE
TapallyblHA IOy Kacalibl JKoHE OCIMIIKTepAiH OoifbiHAa OWONOTHUSIIBIK  OenceH i
KOMITOHEHTTEP/IIH Mep3iMre OalIaHbICThl KMHAKTATYbl, OJIApAbl MIMKI3AT PETIHJE KUHAY KOHE
cakTay KaTaH TajanTapra cail opbIHAAIIH [3].
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Kecre 1. Jlopinik eciMAIKTepiH CHUIAaTTamMagapbl MEH KOCMETOJIOTHSUIBIK OHIMJICPAIH IINKi3aThl
peTiHe naigaiany

OciMaik Buikriri | Ocerin opusl | Ilaiinamanater | bencenni Kunay | Emmix Kocmeromorn
aTaysl ,CM HeMmece H 3arrap Mep3imi | MakcaTTa SUTBIK ~ OHIM
Tapaisysl Oeuriri KOJJAHBUTYBl | alyma KoJjzma
HY
Keiemm | 300 JKa3zpikTa TambIpsI Opranukansik | Keipky#t | Ackazan et | berri
ust eneiiTTe KeMici KBIIIKBUIAAP eK KOJIIAPBI BITFaJIAAH/IBIP
Janamns rymi IMIIUPU3UH, | Ka3aH yUIbl  Macka,
HIAJFBIHAA (henoxapboH aybI3
Konpipka KyMapuH, KyBICBIH  IlIa
KJIMMaTTa (maBoHoOM A, I0Fa apHaJIFaH
WJIET1II KOCIa, €Mk
3aTTap, BaHHa
JKOFAPFBI
amudaTThl
KOMIPCYTEKTE
p JKOHE
CIHPTTEP
Tacmen 12-13 Anaca Tay | Xameiparer,ca | Wik 3aTTap, Bytipek, xybIk | Berrtik
JKoTamapnaa Oarpl, )keMici | IaibIp aypyJapbslH KYPBUIBIMBIH
OpMaH 1Bl (aBaHonaTAp KaKcapTyra
JTaJiaibl , opTypi apHayFaH
aiiMmakrapna KBILIKBLIAP, CKpao,
a¢up Maiibl ceprityre
apHaJlFaH
BaHHAJIBIK
Kocra
Tyiimerre | 30-150 | Opmanusl, JKAITBIPaFEI, Kamgpop waii, | linne | bac Tepinig
TeH Jasansl, cabarsbl AIKOJIONUATAp, | KBIPKYH | aypyJlapblH, BITFaJIAaH/IBIP
Keine WJIETINI 3aTTap | €K peBMaTH3Mi, | yFa apHaifaH
copTayg KypTTapjaa BaHHAJIBIK
TOIIBIPAKTHI ackaszaH Kypam, TepiHi
JKepiepue aypyJiapblH HOPJCHIIPYII
Tebenrik emzeyzae i Macka
Oaypaitnapna
[Hanreia | 20-150 | Tay JKambiparsl, D¢up Mawmsip | JKorapsl AysbI3
JIBIK HmIaTKasiapel | cabarbl Maiiapsl, ailblHaH | THIHBIC al | KybICBIH
conbeH HJ1a eceni (maBaHOMATAp | KBIPKYH | MYILIENIipH, IIar0Fa
, WIIK 3arTap, | ek ailbl | KaObIHyFa apHaJIFaH
CaJlbBHH, KapcHl, IIaHBIH]IBI
ypcout, aypyJsl KocIa, eMJIK
JIMHOJIEH GacaTblH, KaH | MaKcaTTarbl
XJIOPOTEeH/I1 TOKTaTyIIbl, BaHHAJIBIK
KBILIKBUIIAP HepB XKyieciH | Kypam
OepikTirin
apTTHIpaIB,
KaH auabeTiH
II TYypiHIe
KaHTTBIH
MeJIepiH
TYPaKTaHJbIP
YIIBI,
KaKbIPBIK
LIBIFapyHIb]
Apsipacn | 30-80 Kyprax Kansiparsl, I'epmun, Maycst | Kypek Tepini
aH JKaWbplIbIMIa | cabarbl, TrepMaMHUH,IIET | M, KYMBICHIH emueyre
paa, JKeMici aHWH, JKaKcTapanubl, | OarbITTaJIFaH
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©3CHACPIIH XUHHU30JIMH, KBIPKYH | KaH KbICBIMH | BaHHAJBIK
KYMJIBI WHJIOT T.0 | ek alibl | TOMEHIeTeni, | KypaM, aybic
JKaFalynapbl AJIKOJIOUATAp aCTMaHBI, KYBICBIH
HZa HEpB IIaoFa
KYHECIH eMI | apHalFaH
eyzne Kocra
KOJITaHbLIA
Bl
Kycrapa | 60 Kazpix JKansiparsl, ABukynsapuH, | Maycel | KaObiHyra Kocmeromnoru
H anaHKainapy | cabarsl KBEPLUTHH, M, Kapchl, KaH | SUIBIK
a, AapBIKTHIH ACKOpOMH TambI3 YHBITY B, MaKCcaTTarbl
JKarajayap KBILIKBLIBI, ackaszaH BaHHAJIBIK
BIHJI, K.E JKapajapbIH Kypawm,
KYpFaK BUTaMHHJIEPI, emaeyne. Kan | TepiHiH
JKaWBIIIBIMIA KapoTHH, KbICBIMBIH KYPBUIBIMBIH
pra KpEeMHHH TYCIpyZe Kl | XKaKcapTyIIb
KBIIITKBLIBI, naljanasanpl | Macka, ckpab
MIalelp, WIIK
3arTap

JXorapeinarbel KecTeie KeATipuIreH 0araibl KOMIIOHEHTTEepre 0aii ©CIMIIK MINKi3aTTapbIH,
KazakcTaHHBIH TY3/1bI KOJAEPiHIH IIHKi3aTTapbIMEH KypMasiay KOCMETOJIOTHSIIBIK KaHa OHIMIep

aJlyFa ap3aH IIUKi3aT Ke3i 001a anaibl.

OcpliraH opaii KYpri3iireH 13/1eHICTep HOTHKECIHIE, Ka3ip aybl3 KybICHIH [IAIOFa apHaJlFaH
KOCTIa, TePiHiH KYPBUIBIMBIH JKaKcapTyFa OaFbITTaIFaH TYPJl BAHHAIBIK Kypam/iap, Macka xoHe
ckpab naibinaanabl. KyHael KoMnoHneTTepiHe OaiaHbICThI O1apAbIH KYpaMbl HATKbIJIaHbII

THUIMOIC]I TaHIAJIIBL.

Kecte 2. Taburu mumkizaTTapMeH KypMalaHFaH KeiO1p KOCMETOIOTHUSIIBIK OHIMIEP IIH HET13T1

KYpaMbl
Ne | ©OHiM OcimuikTep Ty3ner
Kyprak 3KTCcTpakT Macca KaThIHACKIHIaY%0: IIUKI3aTTap
Kbbl | Tacme | tyiimemere | Anwslpacna | LllamFsinasl | KycTapa | Ty3 OarmIbr
IMUS | IO H H K colbeH H K
1 | CaybIKTBIpYIIBI 0,08- 0,09- 0,09-0,2 0,09-0,2 0,09-0,1 0,08-0,2 | 99,03 | -
BaHHara apHairad | 0,2 0,1 -
KypaMm 98,00
2 | Ceprity Bannara | 0,01- | 0,05- | 0,09-0,2; - - 0,05- 99,30 | -
apHaiFraH Kypam 0,02 0,1 0,3; -
99,28
3 | mopnennenaipym | 0,04- | 0,05- | - - - 0,01-0,5 | 98,7- | -
BaHHara apHayFad | 0,5 0,4 98,20
Kypam .
4 | KocMeTHKaIbIK 0,05- | 0,05 - - - 0,03-0,1 - 97,81 | -
MaKCaTTarbl 0,1 0,1 -
BaHHAFa apHaJIFaH 97,18
Kypam .
5 | AybI3 KyBICBIH 0,1- 0,15- - 0,15-0,25 0,7-0,75 - 1,5- -
marora apaanran | 0,2 0,25 2,5
KocIa
6 | blmranmanaeipym | 0,5- 0,5- - 0,3-0,5 0,5-0,65 - - 50
Bl MacKa 0,65 0,65
7 | Emaik ckpab 0,1- 0,1-0,2 | 0,1-0,2 0,1-0,2 0,1-0,2 0,1-0,2 70
0,2
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CoHfFbI XKbU11apbl OalKaraHbIMBI3ail, KOCMETHKAJIBIK Tayapiiapra AETeH CYPaHbIC KAPKBIH/IbI
TYpIE 6Cyi MEH Kartap, oJlapFa KOMbUIATHIH Tanantap ga apthin xkaTeip[4]. KocmeTnkanbik Tayapiap
CBIPTKBI KEJIOETKE OJEMITIK KeJOETIIeH Karap TEepiHi eMJIel, CAyBIKTBIPaJbl, COHABIKTaH YJIKEH
TUTUEHAJIBIK, SCTETUKAJIBIK JKOHE TICUXOJIOTHSIIBIK MaHbI3/bI N aiTa ajnaMbi3[5,0].

ConnpikTanga, 013 3epTTey JKYMBICBIMBI3BI  TEK OHIM alyAblH THIMII YpAiCTEpiH
KapacThIpyMEeH ILIEKTeN KaHa KoWMail, eHIMAEpAIH camacbiH Oaranay OOWBIHINIA 1A dKYMBICTApMEH
TOJIBIKTHIPBIK. Temenaeri kecrene (Kkecte 3) KOCMETOJOTHSIIBIK OHIMIEPTe EpiKTI a3aMaTTap IbIH
KaTBICYBIMEH KYPTi3UIT€H, OHIMHIH Tepire a/uIeprusuIblK KAacHEeTi JKOHE TEpIiHIH JKaFdailbIH
KaKkcapTyra ocepi OOIBIHIIA 3epTTey HOTHXKENEpl KeATIpil.

Kecte 3. KocMeTonorusuibIKk eHIMACPAIH aJJIeprUsIIbIK KaCHETTepi

Ne | ©3 epximen Konnany OHIMHIH TepiHiH >karnailbIHbIH O3 epkimMeH
3epITeyre KaThbiCKaH | JKaraaiyiapsl MeJIepi,r/in Kakcapysl KaTbICKaH/ap Jaa
ajamziap caHbl QJUIEPTHSIIBIK CUIIATTHIH

OPBIH AITYBI

1 10 CrIpTTait 5 10 0

2 |10 CrIpTTait 5 10 0

3 |10 CeipTTaii 5 10 0

4 110 CeipTTaii 5 8 0

5 |10 CeipTTaii 2 10 0

6 |10 CeipTTaii 2 10 0

7 |10 CeipTTaii 2 10 0

KopbIThIHABI

Ka3zakcranHblH Oaranbl KOMIIOHEHTTepre Oail ecCiMAIK HIMKI3aTTapbIHBIH MOJI KOpPBI, COJI
cusAKThl JKaKCBHIKBUIBIII JKoHE byFaxailibl KeNJepiHIH OpraHUKalblK MUHepanjapra Oall Ty3/bl
IIMKI3aTTapbl KaHa 3aMaH TajaOblHa cail, camachl )KOFaphbl XKaHa Olp KOCMETOJIOTHSIIBIK OHIMIEP
CaJlachlH KAJIBINITACTRIPY/Ia ap3aH MIMKi3aT 00Jia alaThlHBIHA 3€PTTEY HOTMIKECIH/IE KO3 JKETKI3IIK,
OyJ1 ©3 Ke3eriHjae opiik- 9JEeMUTIK KaHa eMec, TepiHi eMJieyre OH BIKMaJIAbl ©OHIMIEPIiH THiIMIi
OMOTEXHOJIOTHSICHIH KYpacTbIpy OOWBIHINIA KYPTi3UIN KaTKaH 3€pTTEyJepIlH MAaHBI3bIH AallbIIl,
MaKcaTbIH alKbIH/IAM OTBIP.

Ty3apl muKi3aTTap MEH JOPUIIK OCIMJIIK HETI31HJe ajblHFaH OlpKaTap KOCMETOJIOTHSIIBIK
OHIMJIEpAIH AIJIeprusiblK KacuerTepl OOMHBIHIIA 3epTTeyiep epikTi agampapra 25-55 jxac
apajbIFbIHA OUTIKTI IEPMOTOJIOT , KOCMETOJIOT MEH KOFapbl CAHHATTAaFbl CTOMATOJIOT MaMaH1ap/1bIH
KaThICYbIMEH JKYPIi3ililN, albIHFAH KOPBITBIHJBIFA cail Ty3/bl LIMKI3aT MEH ©CIMAIK Heri3iHjae
aNbpIHFaH oHIMAEpAiH 97 % mailbI3bl OH HOTHIKEHI KOPCETTI JEN CEeHIMJI aiTa anambi3. TepiHiH
KarJaiibiHa acepl OOMBIHIIA CKpal »KoHE Macka KOCMETOJIOTUSIIBIK eHimaepl Visioscan® VC 98
KOHJIBIPFBICBIH/IA €PIKTUIEPIH TepiiepiHe JKarbll, >karyra neiinri (A) xxone keitinri (b) TEWL
KOHE HSIMHJIEPMUCTIH THAPATAIUACH CUSKTBl KOPCETKIII OOMbIHIIA e3repicTep 5,6 MackalapMeH 2
CKpal YATICIHIH ©Te bUIFAIJaHbIPFBIII )KOFaphl KACUETKE Ue EKEHIH KepceTe allJibl, COHbIMEH KaTap
by enimai runoanmiepren i TOmkKa JKaTKbI3yFa TOJBIK MYMKIHIIK Oepe amajbl.
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BUOJIOTUYECKASI OYUCTKA PbIBOXO3SMCTBEHHBIX CTOUHBIX BOJ] HA
OCHOBE MUKPOBOJOPOCJIEM CHLORELLA VULGARIS SP BB-2

b.K. 3aanan, H.P. Akmyxanosa, M.M. Topexanosa, A.K. CagBakacosa, M.O. bayeHnoBa
Kasaxckuii nayuonanvhulii ynugepcumem umenu anv-@apadu, 2. Armamul, Kazaxcman
e-mail: akmukhanova.nurziya@ gmail.com

AHHOTanus. B cTatbe moka3aHa BO3MOXHOCTb MCHOJIb30BaHUS 3€JEHBIX MHUKPOBOJOPOCIEH
st 2QPEeKTHBHON OMOJOTMYECKOW OYMCTKH CTOYHBIX BOJ PBHIOHOTO XO3SIMCTBA C IMOJyYCHHEM
O6uomaccel, KOTOpas MOKET IPUMEHSThCS B KaueCTBE KOPMOBOM 100aBKHU AJIsl PbIO B aKBAKYJIbTYpE.
[To pesynbraraM mccienoBaHuil ObUTO 0TOOpaHO mTamMM MukpoBogopocieii Chlorella vulgaris SP
BB-2, xoTophlii MOKa3aa MOBBIIMIEHHYI0 CKOPOCTh POCTa Ha CTOYHBIX BOJAAX PHIOHOTO XO3SHCTBA.
W3yueHne THUIPOXMMHUYECKUX TIOKa3aTeleld 3arps3HEHHOW BOJABI TOCIE KYJbTHBHPOBAHUS
BOJIOPOCIIEH MOKa3aJI0 MePCIEeKTHBHOCTh MPUMEHEHHUS OTYYEHHOTO [ITaMMa JIsl OYMCTKHU BOJBI U3
PBIOHBIX TIPY/IOB.

Knwuesvie cnoea: muxpogooopocnu, Ouonocuueckas OYUCMKA, CMOYHAS 8004, DblOHOE
X03AUCMEBO0.

3amuTa BOJHBIX PECYPCOB OT UCTOIICHUS U 3aTrPSI3HEHHS U UX PAllUOHAIBHOE UCTIOJIb30BAaHUE
JUIS  HYXJ HapoJHOTO XO3SHCTBA OJHA U3 HaumOoJee BaXKHBIX MpoOieM, TPeOYIOIMX
Oe3oTiaratenbHOro pemenus. Ceifyac BO MHOTUX CTpaHax MIMPOKO OCYIIECTBIISIOTCS MEPOIIPUSATHS
[0 OXpaHE OKPYXAIIIEeW Cpelpl, B YACTHOCTU MO PALMOHAIBHOMY HCIOJb30BAHUIO BOJHBIX
pecypcoB. OgHMUM W3 OCHOBHBIX HaIlpaBJIEHUW pabOTHI MO OXpaHE BOJHBIX PECYpCOB SIBISETCS
BHEJIPEHUE HOBBIX TEXHOJOIMYECKUX IMPOIECCOB MPOU3BOJACTBA, IEPEXOJ] Ha 3aMKHYThIC
(6eccTouHBIC) TUKIBI BOJOCHAOXKEHMS, TJE OYHUIICHHBIE CTOYHBIC BOJABI HE COpachIBalOTCS, a
MHOT'OKPAaTHO UCIOJIB3YIOTCS B TEXHOJIOTMYECKUX mporeccax [1].

Pr16HOE XO3SIICTBO HEMOCPEACTBEHHO CBSI3aHO C HCIIOIB30BAHMEM BOJHBIX PECYPCOB H
MPEIbSABISET OYEHb BBICOKHE TPEOOBAaHUS K MX PEKUMY, KOJIMYECTBEHHOMY U KauyeCTBEHHOMY
COCTOSIHHIO. BhIpamyBanue peiObl B CHCTEMAaxX € 3aMKHYTBHIM BOJIOCHA0KEHHUEM SIBJISIETCS] BEPIITMHOM
WHTEHCU(HUKAIIMU MPOU3BOJICTBA, MO3BOJISIET MOMYy4aTh MaKCHUMAIbHYIO MPOIYKIUIO C €IMHUIIBI
MJIOMIAIN WIIH 00BheMa PHIOOBOHBIX €MKOCTEH NMPHU MUHUMAJIBHOM TOTpeOieHuu Boabl. OMHON U3
mpo0yieM, BO3HUKAIOIIMX TPH HCIONb30BaHUM Y 3B, sBIseTCSs IOCTENIEHHOE HAKOIUIEHHE B
000POTHOM BO/IE TPOTYKTOB KU3HEACATEIIHHOCTH BOTHBIX KUBOTHBIX B BUJIE OPTaHUYECKUX BEIIIECTB
U TIPOM3BOJHBIX OT HHUX HHUTpaToB U ¢ocdaroB. Ilpocteitmmii cocod MxX ymaneHUs 4acTUUIHAS
MoJAMEHAa BOJIbI B CHCTEME, OJHAKO B cliydae JeduIMTa BOJBI 3Ta MPOIEAypa CTaHOBHUTCS
Ype3BBIYAIHO JOPOTOCTOSIICH. ATBTEpPHATUBHBIM CITIOCOOOM, UMEIOIINM PsiJ] TPEUMYIIIECTB, MOXKET
CTaTh KyJbTHBHUpPOBaHUE MHUKpoBojgopociel. IlomoOHbie cucTeMbl ObUIM pa3paboTaHbl U B
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HEKOTOPBIX CIIy4asiX HCHOJB3YIOTCS B IPECHOBOJHOM pPBIOOBOACTBE [2], OIHAKO BO3MOXKHOCTBH
IIPUMEHEHHS 3TOTO IPUHIIMIIA HA CETOMHAIIHUMI I€Hb OYE€Hb MaJIO U3y4YeHa.

MUKpPOBOIOPOCIH MOTPEOISAIOT HUTPATHBINA a30T U (PocdaThl, YTIACKUCIBINA ra3, HCIOJIb3Ys HX
IUIsl TIOCTPOEHUS KJIETOK CBOETO TeJa, BBIACIAIOT KUCIOPOJ. DTO OJUH U3 HauboJiee IKOJOTHUHBIX
CIOCO0OB OYMCTKM BOJbL. Kak HM3BECTHO, MHUKPOBOJOPOCIH 32 CUeT (OTOCHHTE3a OOOTramaroT
BOJHYIO Cpelly KHUCIOPOJOM, YCKOPSIsl TEM CaMbIM OKHCIMTEIbHBIE MPOLECCHl U MUHEPAIH3ALUI0
OpraHu4ecKux npumeceil. lcrnonp30BaHME AKTUBHBIX IITAMMOB MHKPOBOJOPOCIEH B OYHUCTKE
PBIOOXO3SICTBEHHBIX BOJOEMOB, IMPEIOCTABISET BO3MOYKHOCTh IOJYYEHHUsS JELIeBOH Onomaccsl
MHUKPOBOJIOpOCIEii, 001aarommeil BBICOKON MUTATebHONM IIEHHOCTBIO Juis PhIO [3].

B oTOM CBA3M M3ydeHHE POJM MHUKPOBOIOPOCIM B OYUCTKE BOJ 3aMKHYTBIX CHUCTEM
BOJIOTIOJIB30BAHUS SIBJISCTCS OHOM U3 aKTyaJIbHEUITNX MPOOJIEM CETOIHSIIHETO JHS.

Martepuanbl 1 METOABI HCCJICIOBAHUS

B kauectBe o0OBEKTa [ U3YyYEHUS OYUCTUTENBHOTO dpdexTta MUKPOBOIOPOCIEH
ucnonb3zoBanuck wrammel Chlorella vulgaris SP BB-2, Chlorella vulgaris C-1 u Chlorella vulgaris
C-2 BblIENEHHBIM W3 3arpsA3HEHHOIO BOJOEMa M IIOJBEPTrHYTHI aBTOCENEKLUU Ha pPa3HBIX
3arps3HEeHHBIX cpenax. s BBIABICHUS CHOCOOHOCTH MHMKPOBOJOPOCIM PACTH HA 3arps3HEHHOU
BOJI€ IITAMMBI KYJIbTUBUPOBAJIU B JIAOOPATOPHBIX YCIOBHUSIX Ha CTOYHON BOJIE PHIOHOIO XO35HCTBO.
MukpoBOIOpOCIN NIPEABAPUTENBHO BBIPAILIMBAIN HA TUTATEIbHBIX cpenax 04, Tamus B KOHHYECKUX
koimbax oOwvemom 250-1000 mu mpu ocBemenuu jammnamu gHeBHOro cBeta (4000 nrokc) u
temneparype 25-28°C. B sKcrmepuMeHTe MCIIONB30Balcs J1abOpaTopHblii MHKPOOMOPEAKTOP
oobemoMm 40 151. B omnbiTe wucnonb3oBajliack CTOYHAs BOAAa PHIOOXO3SHUCTBEHHBIX BOJOEMOB
AnmatuHCcKoN oOnactu. B kauecTBe KOHTPOJIS MCIIONIb30BaNach xuakas cpena Tamus. Kontposns 3a
TEMIIOM POCTa U Pa3MHOKEHHMEM BOJIOPOCIIEH B KYJIbTYPE OCYIIECTBISIM HAa OCHOBAHWUU Y4YeTa
M3MEHEHHMH UX YMCIEHHOCTH U OMoMacchl ¢ moMolIbto kamepsl ['opsieBa [4]. ConepxaHue aMMHuaka
Y NOHOB aMMOHUS OIIpenelsiin ¢ peakTuBoM Hecciiepa, HUTpUTHBIA a30T — ¢ peakTUBOM I'pucca,
HUTpaThl — ¢ canuiiatoM Hatpus [5]. Conepxanue ¢ocdaToB onmpenensiim mMerogoM Mopdu-
Paiimu. Jlns ompenenenuss BIIKS mnpoObl Boabl MHKYOMpOBaJM B TEMHOTE IPU IOCTOSHHOM
temneparype 20°C B Tedyenuu 6 JHeil ¢ MOCTEAyIOIIMM ONpEENCHAEM KOHIIEHTPAIUHU
PacTBOPEHHOIO B BOJIE KMCIOPO/ia JI0 U MOC)Ie MHKyOauuu. XHUMHUYECKOe NOTpeOIeHre KUCIopoaa
(XTIK) ompenensian THTPUMETPUIECKUM METOJIOM [6].

PesyabTaTsl ucciienoBanuii U 00cyKIeHHe

Pocm muxposooopocneii na mooenvhvix cmouHbIX 600aX

MuKpoBOJOpOCIN JaBHO TNPUMEHSIOTCS YYEHBIMM B KauecTBE OOBEKTa pa3zHOOOpPa3HBIX
uccieoBaHui. [ KyJbTUBHPOBAHUS MUKPOBOAOPOCHEH OOBIYHO MCIIOJIB3YIOT CHHTETHYECKUE
MUHepalibHble cpenbl. OJHAKO MpU MCIOJIb30BAaHUM TaKUX Cpell ceO0EeCTOMMOCTh MOTy4yaeMon
O6uomacchl OKa3bIBaeTCsl JOCTATOYHO BBICOKOM, MOCKOJBKY TpeOyeT HCHOJIb30BaHUS Pa3THUYHBIX
pEaKTUBOB, WX B3BEUIMBAHUS, pPACTBOPEHHS, TPAHCIOPTUPOBKM K MECTy HapalluBaHUA
MHUKpoOBojiopocieil.  [pyrum  cmocoOoM — TOBBIIEHHS  YKOHOMHMYECKOH  3((HEeKTUBHOCTU
MIPE/ICTABIsIeTCS] BbIpAlllMBAaHUE KIETOK HAa CTOYHBIX BOJAaX, 3arpsA3HEHHBIX PpPa3IuYHBIMU
COEMHEHUSIMH, CITIOCOOHBIMU BBITOJIHATH POJIb OMOT€HOB JJIs1 MUKpOBoopociei [7]. B aToit cszn
aKTyajibHa OTOOp MPOJYKTUBHBIX IITAMMOB MHKPOBOAOPOCIEH Kak KOHIIEHTPATOPOB OMOTE€HHBIX
AJIEMEHTOB, COAEPKAINXCS B CTOYHBIX BOJAX.

I[lo pe3ynpraTaM  H3y4eHHE JUHAMHKHA  pOCTa  MHKPOBOAOPOCAM B  CTOYHBIX
BOJIaX PpPbIOOXO3SAHCTBEHHOTO BOJIOEMA, OBLIO YCTAHOBIEHO (pHC.l), YTO CTOUHBIE BOJBI PHIOHBIX
XO035ICTB MOTYT OBITh 3(pPEKTUBHO HCIIOIH30BAHbI B KAUECTBE MUTATENIbHBIX CPeJ] AJI1 HAKOIUICHUS
KJIETOK MUKPOBOJIOPOCIIEH.

HcxonHoe KOMMYECTBO B HAadajle SKCIEPUMEHTA KJIETOK COCTAaBIISIO 0,5x10° xi/mn Bo Beex
OTBITHBIX BapUaHTaX. DKCIEPUMEHTAIbHBIE MCCIEN0BAaHUS MapaMETPOB POCTa MUKPOBOJOPOCIEH
[IOKa3ajJy, YTO BCE WITAMMBI XOPOWIO pAacTyT M pa3BUBAIOTCA IPU 3aJaHHBIX YCIOBHAX
KynbTUBUpOBaHMA. Cpenu HCCIeOBAaHHBIX INTAMMOB MHKPOBOJOpOCIEH Oosee NpOAYyKTHBHBIM
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mrammam okazanock Chlorella vulgaris SP BB-2, k03 (}UIIMEHT CKOPOCTH POCTa KIETOK COCTABIISICT
-0.5. B ocranpHbIX mTammax koddduuueHt ckopoctu pocra cocrasiuser Chlorella vulgaris C 1-
0.39, Chlorella vulgaris C 2- 0.38 (puc. 1).

Hanunuue opraHnnyeckux BeEIIECTB MO3BOJIMIIO MOBBICUTH CKOPOCTh pocTa kietok Chlorella
vulgaris SP BB-2 na 20 % 110 cpaBHEHUIO C CTaHIAPTHOW nUTaTeabHOM cpenoi Tamust. Heobxonumo
TaK)X€ OTMETHUTh, YTO B CPABHEHUU C Pe3yIbTaTaMU, OJYy4YECHHBIMU MPU KYJIbTUBUPOBAHUU KJIETOK B
nuTaTenpbHol cpeie Tamusi, MoaydeHo, 4TO POCT KIETOK MUKpoBojaopociei Chlorella vulgaris C-1
u Chlorella vulgaris C-2 Ha MOJIEIBLHON CTOYHOM BOJE, COACpIKAIlEH OpraHWYECKHE BEIIeCTBa
(OmBIT), MPAKTUYECKH HE OTIIMYAJICS OT pOCTa KJIETOK Ha cpene Tamust. 3 ncciae10BaHHBIX IITAMMOB
MHUKPOBOJIOPOCIIEH BBICOKYIO TPOAYKTUBHOCTE NIoka3an Chlorella vulgaris SP BB-2.

0.6
Bonerr M EoHTpOTE
0.5

0.4

0.3

KoadduumeHT ckopoctn pocta

Chlorella vulgaris SP - Chlorella vulgaris C-1 Chlorella vulgaris C-2
BB-2
Pucynok 1. Koaddunuentsr ckopoctu pocta mITaMMOB MUKPOBOAOPOCIIEH MPU
KYJIbTUBUPOBAHUHU B pBI6OXO3HﬁCTBeHHLIX CTOYHLBIX BOAAX

OunctutenbHbli  AP(GEKT  CTOYHBIX  BOJ  PHIOOXO3SIICTBEHHBIX  BOJOEMOB  IPHU
KYJIbTUBUPOBAaHUH MUKPOBOIOPOCTICH.

Hapsiny ¢ BeICOKUM coliep>KaHHeM HEOpTraHMYEeCKHX MOHOB CTOYHBIE BOJBI PHIOHBIX XO3SHCTB
OTJIMYAIOTCS 3HAYMTEIHHON KOHIEHTpAIMEe OpTraHWYeCKUX 3arps3HUTEIn. B  CcOBpeMEeHHBIX
OUYHCTHBIX COOPYKEHUSX WHTEHCHUBHAs a’palusi CTOYHBIX BOJ OOECTIeuMBaeT TMOCTYIUICHUE
KHCJIOPO/Aa, HEOOXOIUMOTO Il OKHCICHHSI OPTaHWYECKHX 3arps3HUTENICH, PerHCTpUpyeMoe Kak
camkenne mapameTpoB BIIK u XIIK, TpagumnuoHHO NPUMEHSEMBIX TpU OLEHKE COJAEp KaHUS
OpraHWYeCcKUX 3arps3HuTenei B Bojae [8]. Ilpu ouncTke CTOKOB C MCMONMB30BaHUEM (HOTOTPOGHBIX
MHUKpPOOPTaHU3MOB KHCIIOPOJI BBIIETSETCS KIeTKaMH Mpu (HOTOCUHTE3E, UCKIIIoUas MOTPEOHOCTh B
JOTIOJTHUTEBHOM adparuu [9].

OunctuTenbHbI 3G(HEKT CTOYHBIX BOJ PHIOOXO3SUCTBEHHBIX BOJOEMOB HCCIIEOBAIU C
kinetkamMu Chlorella vulgaris SP BB-2, Tak KaK BBICOKYIO NMPOJYKTUBHOCTh Ha CTOYHBIX BOJAAX
MOKa3aJl KMEHHO 3TOT IITaMM.

B ycnoBusx skcnepumenTta nokasarenb XIIK npu ounctke ¢ knetkamu Chlorella vulgaris SP
BB-2 wMmen TEHIIEHIMIO K CHIDKEHHI0. Takke MbI OMpeAeNsif MOKa3aTeb, XapaKTePU3YIOIIHiA
CTETIeHb OPraHWYEeCKOro 3arps3HEHHs] BOJIOEMA M CTOYHBIX BOJ - OMOXMMHYECKOE MOTpebiieHne
kuciopona (BIIK). B Tteuenue Bcero mnepuosa TMpPOBEIACHUS OSKCIEPUMEHTa HAOMI01aNach
aHaJIOTMYHAasl KapTUHA, KaK U B ciiydae ¢ moka3areynem XIIK.

ConeprkaHue B3BEIICHHBIX YaCTHI] B YCIOBUAX SKCIIEPUMEHTA Ha MPOTSKEHUU BCETO NMEPUOJIa
UCCIIEIOBAaHUM MMela TEHACHIINIO K YMEHBIIECHUIO, TaK B IIEpBbIe 2 JHS 3KCIEPUMEHTa HaMTydlIne
pe3yabTaThl HAOMIOJATUCH B OMBITHOM BapUaHTE, KOJUYECTBO B3BEIICHHBIX YAaCTHUI] CHU3HMIOCH Ha
15%, HO yxe Bo BpeMmsl cienyromiero oroopa mnpo0 mnocie 4 nHed KyJIbTUBUPOBAaHHUS MOKa3aTeln
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MOYTH BBIPOBHSJIUCH U COCTaBWIM 56-58% OT uX mepBOHAYalIbHOTO cojepkanus. Ha momeHT
3aBepUICHUSI SKCIIEPUMEHTA 00111ee CHIXKEHUE COJIePKAHUS B3BEIIEHHBIX YacTHI] cocTaBuiio 90%.

KpomMme opranonentudeckux mokasaTesied OCHOBHOM I'PYIIIBI IIPU IIPOBENCHUM UCCIIENOBAHUM
MbI o0Opailiajgyl BHUMaHUE U Ha IPYNIY XUMUKO-OpraHOJENTHYECKUX nokaszareneil u pH Boasl. Bo
BpEMS BBIPAILLIMBAaHUS MUKPOBOAOPOCIEN B yCiI0BUAX onbiTa pH BoAbI BO BCe UCCIIEAyEMbIE IEPUOABI
coctaBwia 7.0-7.9, yto coorBeTcTBYeT 3HaYeHusM [1/1K.

Ocoboe 3HaueHHe NpU OMOJOTHYECKOW OYMCTKE CTOYHBIX BOJ MMEET COJep:KaHWE a30Ta U
docdopa. [To pezynpTaTam HalIMX UCCIEAOBAHUMN, TOKA3aTEIU a30THOTO OOMEHa UMENTU TeHICHITHIO
K 3HAQUUTENIbHBIM KOJIeOaHHsIM B TEUEHHE BCETo Mepuojia uccieaoBanuii. O4eBHIHO, 3TO CBSI3aHO C
BBICOKMM COJIEp)KaHHEM aMMHAYHOTO a30Ta B Haydaje SKCIEPUMEHTa U €ro IMpeBpalleHueM H3
aMMHa4YHON (OPMBI B HUTPUTHYIO, a B TOCIEACTBHM M HUTpaTHYI0. OO 3TOM CBHUIETEIbCTBYIOT
MOKa3aTeIu JUHAMHUKHU COJepKaHUSI aMMHAavyHOTOo a30Ta B Boje. Hanboee MHTEHCMBHO aMMHAYHBIH
a30T OKHUCJISUICSA B IEpBbIE 2 JHS SKCIIEPUMEHTA, 3@ TOT MEPUOJ Pa3pylIaNOCh OKOJIO TPETH €ro
o0miero conep:kaHusa. B mepBble AHM DKCIEPUMEHTa KOJIWYECTBO HHUTPAT-MOHOB MEHSAETCS
He3HauuTenbHo. HaumHas ¢ 4 CyTOK, KOHIIEHTpalUsi HUTPAaTOB YMEHBIIAETCA, TO €CThb OHHU
MPAKTUYECKH MOJIHOCTHIO YTHIIM3UPYIOTCS THAPOOUOHTAMH U yKE K KOHILY SKCIIEPUMEHTa HUTPATOB
obOHapyxeHo He Obuto. [losiBieHme OKHCICHHBIX ()OpPM a30Ta CBUAETENBCTBYET O TIYOOKOM
MIPOXO>KICHHUSI ITpoliecca OYUCTKH, Belb UX MOBbIIIeHHE Ha QoHe obmiero cumxkenus BITK rosopur o
TOM, YTO YIJIEPOJICOJEPIKALLME COECIMHEHUS HMHTEHCUBHO OKMCIstoTcsA. MTak, mo mnokaszaTensm
HUTPATHOTO oOOMEeHa HaONI0/IaeTCsl TMOJIOKUTENbHAST TEHIEHIUS TMpH HCIOJIb30BAaHUHU IS
OMOOYHMCTKH MUKpOBOIopociiel. Kak moka3anu pe3ynpTaTsl HCCliefoBaHMsL, oTpedienne GpocdaTton
MUKPOBOJIOPOCIISIMA TPOUCXOJMIIO JTOCTATOYHO OBICTPHIMH Temnamu. Ha MoMeHT 3aBepiieHus
JKCIIEpUMEHTA U3BJieUeHue GocdaToB ObLIO TpUMEpHO, 87%.

Takum 00pa3om, Kak BUJHO U3 MOJYYEHHBIX PE3YJIbTATOB, NMPH ANbIOJIM3alMU BOJOEMOB C
L[EJIbI0 UX OYMCTKH OT OpPraHO-MUHEPaIbHBIX 3arpsi3HEHUH, B Ka4yecTBE TOOOYHOT0 MPOIyKTa MOXKHO
MOJyYUTh JEIIEBYI0O U LEHHYI OHOoMaccy, KOTOpas MOXKET MPUMEHSThCS B KaueCTBE KOPMOBOM
n00aBKM B JKMBOTHOBOJICTBE, NMTHUIIEBOJICTBE, PHIOHOM XO3SIMCTBE. DTa TEXHOJIOTHS TO3BOJISIET, C
OJTHOW CTOPOHBI, MPOBOJAUTH Mpolecc 3(PPeKTUBHON OMOOYMCTKH BOJIOEMOB OT OPraHUYECKOTO
3arpsi3HEHUs, C JAPYrol — HCIOJIb30BaTh CTOYHbBIE BOJbI B KAUeCTBE MHUTATEIBHOW Cpeabl IJid
MaccoBOT'0 KyJIbTUBUPOBaHHUS MUKPOBOJIOPOCIIEH C ENbIO MOTy4eHUs JeleBoi bruomaccel, OoraToi
OenkaMy, YIJIeBOAaMM W BUTaMHHAMM, KOTOpas SBJISETCS KOPMOBOM J00aBKOWH C JeueOHO-
npopUIAKTUYECKUM JIeMCTBUEM M MOXKET ObITh PEKOMEHJOBaHAa K MPUMEHEHHMIO B pPHIOHOM U
CEJIbCKOM XO03siiicTBe (pHC. 2).

Sunlight
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. i treat water
waste water R
fish pool Microalgae cultivation in wastewater fish pool
BIOMASS

Pucynok 2. buonormdeckas o4HCTKa pbIOOXO3SHCTBEHHBIX CTOYHBIX BOJ C MOMOIIBIO
MHKPOBOJIOPOCIIEH.
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Ucnonb3oBanue mramma Chlorella vulgaris SP BB-2 ¢ 3aJ10)KeHHBIMH B HEM BO3MOKHOCTSIMU
OHMOJIOTMYECKON peaOdMIINTAIMU CTOYHBIX BOJ MO3BOJIIET U3MEHUThH JKOJIOTHYCCKYI0 OOCTAaHOBKY M
CO3/1aTh HAJICKHYIO CHUCTEMY O3JIOPOBJICHHUS OKpYyKaroiield cpeapl. [Ipu 3TOM AOMOIHUTEIBHO
MOSIBJISICTCS. BO3MOXKHOCTD ITOJTYYCHHSI OMOMACChl MUKPOBOJIOPOCIICH, KOTOpask SIBJISCTCS KOPMOBOM
100aBKOM ¢ J1e4eOHO-TPO(YUITAKTUYECKIM JICHCTBUEM U MOXET OBITh PEKOMEHI0BaHa K IPUMEHEHHUIO
B )KUBOTHOBOJICTBE, ITHIICBOJICTBE M JPYIMX OTPACIIAX CEIbCKOTO X03SMCTBA

Jlumepamypa

1 Bypnagenko, N.B. HoBble OIXOBI K COBEPIICHCTBOBAHUIO OMOJIOTHYECKON OYHCTKU B
CHUCTEMax C 3aMKHYTBIM IIMKJIOM BojooOecrieueHus s BeipamuBanus peid / U.B. Bypnadyenko //
Martep. lokn. / Hay4.-tipakT. koH}. 154 154 TIpecHOBOJHAS aKBaKYIbTYpa: COCTOSIHUE, TCHICHIIUN
U TIepCcreKTUBHI pa3Butus TroMensb, 18-20 Hos6. 2008r. — Tromens: ['ocpeidbuentp, 2010. — C. 37-39.

2 3asgan B.K. ®otoTpodHBIE MHKPOOPraHH3MBI B OKOJOTHYECKOM MOHHUTOPHUHTE U
OropeMenIuaIuu 3arpsiI3HEHHBIX BOJAHBIX dKocrcTeM. MoHorpadust. — Anmatsl, Apeic, 2010. — C. 380

3 Makapoa E.U., Orypuna W.IL., Cumsxun A.U. [lpukinagHbie acmekThl NPUMEHEHHS
MHUKPOBOJIOpOCIIe -o0uTaTeneld BOJHBIX SKOCUCTEM. DKOCUCTEMBI, UX ONTUMHM3AIMs U oxpaHa Nel
(20). 2009. c.120-133

4 Cupenko JILLA., Cakesnu A.U., OcunoB JL.®., Jlykuna JI.D. u ap. Meronsl ¢usnonoro-
OMOXMMHYECKOTO MCCIICIOBAaHUs BOJOPOCIICH B THAPOOHOIOTHYECKOM mpakThke. — Kues: HaykoBa
nymka, 1975. -247c.

5 ATI. MypaBbeB. PykoBoICTBO 1O ONpEACIICHUIO TIOKa3aTeleld KauyecTBa BOJBI
nonieBbIMU MeToaamu. Tpetwe u3nanue Kpucmac + Cankr-IlerepOypr. 2004

6 bparunckuit JLII., KpaiinrokoBa A.H. MeToasl OIeHKHM TOKCHYHOCTH CTOYHBIX BOJ U
MEPCIEeKTHBBl MX HCMOJb30BAaHUH B KOHTPOJIE MPUPOIHBIX BOA // Metoapl OWOMHAWKAIIMM U
ouorecTrpoBaHus NpupoAHbIX BoI. JI.:I'mapomereonsnar, 1989.- C.194-203

7 Al-Darmaki A, Govindrajan L, Talebi S, Al-Rajhi S, Al-Barwani T, Al-Bulashi Z (2012)
Cultivation and characterization of microalgae for wastewater treatment. Proceedings of the World
Congress on Engineering 2012 vol I. WCE 2012, London4—6 July 2012,

8 Ansari F.A., Singh P., Guldhe A., Bux F. Microalgal cultivation using aquaculture
wastewater: integrated biomass generation and nutrientremediation. Algal Res21:169—177(2017)

9 Camargo J. A., Alonso A. Ecological and toxicological effects of in organic nitrogen
pollution in aquatic ecosystems: a global assessment. Environlnt 32:831-849(2006).

VIIK: 604.2

BO3MOKHOCTH MPUMEHEHUWSI BOIHBIX PACTEHUI U BOJOPOCJIEN B
OUTOPEMEJIUAIINU HE®TE3AT'PA3HEHHbBIX CTOYHbIX BO/I
b.K. 3asnan, XK.M. byxap6aesa, I'.I1. Epnazapon

Kazaxckuii nayuonanvnulil ynusepcumem umenu anv-Papabu, Kazaxcman, 2. Aimamol
e-mail: zbuharbaeva@mail.ru

AHHOTaUUs. 3arps3HEeHNe OKpY)Kalollel cpebl HeThi0 U HEPTENPOAYKTaMH B HACTOsIIEE
BpeMs sBIsieTCs TN00adbHOM MpoOJIeMOl, 3aHKMMalOT BTOPOE MECTO IMOC]Ee PaAHOaKTUBHOTO
3arpsisHeHus. CrieicTBUEM HE(TSHBIX Pa3IMBOB SBISIIOTCA HKOJOTHYECKUE KaTacTpodbl BO BCEM
MHUpe. AKTYaJTbHOCTh SKOJIOTUIECKUX MTPOOIEM OUUCTKH HEPTe3arpsi3HEHHBIX CTOYHBIX BOJT TIUKTYET
HEOOXOJAUMOCTh TPUMEHEHHUS HECTaHIAPTHBIX TEXHOJIOTUH OYMCTKH COPOCOB 3arps3HSIOLINX
BEIECTB TNPOMBIIIJICHHBIMH NpeanpusiTuIMu. HeoOXommM KOMIUIEKCHBIE M B TO JK€ BpeMs
JIOKAJbHBIA B3V Ha TMpobnemy 3arpssHeHus. [losTomy HeoOX0oIMMOCTh pa3pabOTKu U
NPUMEHEHHS HOBBIX, 3 (EKTHBHBIX, HEIOPOTHX U IKOJIOTNIECKH O€3BPEIHBIX METOJIOB OUUCTKU OT
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He(TAHBIX 3arps3HCHM OuYeBHIHA. B 3TOM 0030pe paccMaTpuBaIOTCS OCHOBHBIE POJH U
BO3MOYKHOCTH BOJIHBIX PACTCHHI M BOJOPOCICH B (pUTOpEeMeInaui HeTe3arpss3HEHHBIX CTOYHBIX
Boa. lllupokoe mpuMeHEeHNEe BOIAHBIX PACTCHUN W BOAOPOCICH OOYCIOBJICHO MX JIOCTYITHOCTHIO,
YCTOMUYUBOCTBHIO B TOKCHYHOM Cpejie, TOTESHIIMAIOM OMOaKKyMYJISIIUY, HHBa3UBHBIM MEXaHU3MOM U
MOTEHIAJIOM OMOMACCHI.

Knroueevie cnosa: negpmo, negpmenpoOdykmul, oxpydcarowas cpeoa, CmMouHvle B00bl,
buopemeduayus, ouoayemenmayus, evicuiue 800Hble PACMEHUS, MUKPOOP2AHUIMbL, 8000pPOCell-
maxkpogumos, buomacca, buonpenapamol

B HacTofiee BpeMs OUYMCTKY CTOYHBIX BOJA OT He(PTU U YIIIEBOJAOPOJOB OCYIIECTBIISIOT
MPUMEHEHHEM MEXaHUYECKUX, PU3UKO-XUMHUYECKUX, XUMUYECKUX METOJO0B OYUCTKH, ITH METOIbI
HE TOJIBKO JOPOTH W HEN0CTaTOYHO 3((EKTHBHBI, HO U MOTYT HAHOCUTH TOTOJIHUTEIBHBIA BpE.
okpykatotei cpene.llokazano, uTo OmopeMeuanysi UMEET OTPOMHBIN MOTEHITUAT U KOHKYPEHTHBIE
MIPEUMYIIIECTBA, MPEXKAE BCETO, BCIEACTBUE IKOJIOTUYECKOM OE30MaCHOCTH M HU3KOW CTOMMOCTH.
CrocoOHOCTh MHKPOOPTaHM3MOB M BOJHBIX PAcTCHHU K TpaHcHOpMAUKM WM JACTPaalluu
yIJI€BOJIOPOAOB HE(TH XOPOIIO M3BECTHA M IO3BOJISIET HCIOJB30BAaTh UX Ui OHOpeMeauanuu
3arpsA3HEHHBIX TEPPUTOPHUI. MeTobl OropeMeuanuu OCHOBAaHbI Ha MCIOJBb30BAaHUU IHIAOTEHHBIX
(Ouopemenuanus in situ ¥ ex situ) WIKM UHTPOIYLHUPYEMBIX (OHMOayrMEeHTAIUsl) MUKPOOPTaHU3MOB
JUTSI OYMCTKY 3arps3HEHHON OKpy»Karotei cpenbl. [Ipeaioxen cnocod ouncTKU MOBEPXHOCTHBIX BOJ
B MPUOPEKHBIX pailoHaX MOps, OyXTax v JPYTUX 30HaX BO3MOKHOTO MPOMBIIIIEHHOTO 3arpsi3HEeHUs
He(TENPOAYKTaMU ITyTeM OWOJIOTHYECKOH OOpabOTKH BOJBI C HCIIOJB30BAHHEM BOJOPOCICH B
COYETAHHHM C MHUKPOOpraHM3MaMHu. DTOT CHOcOo0 BKJIIOYAET pa3MEUICHHE B pailoHe 3arpsi3HEHUs
¢bunpTpa,  3aMOJIHEHHOTO  COpPOHMpYIOWMIEH  Cpefoi,  3aceleHHOM  HE(PTECOKUCISIOMUMU
MHUKpPOOpPTaHW3MaMH, B Ka4yeCTBE COPOMPYIONICH Cpelbl MpeajaraeTcsi HCMOJIb30BaTh IIABYUYYIO
BOJIOPOCJIEBYIO IUIAHTAILMIO, OCHOBY KOTOPOM COCTaBISIET CHCTEMa COEAMHEHHBIX MEXIy COO0Oi
CUHTETUYECKUX KAaHATOB, 3aCA)KCHHBIX TaMHUHapued 1 PyKyCOBBIMU BOAOPOCISIMH [ 1].

Bcé€ yare 1 OUMCTKH TEPPUTOPUNA M aKBATOPU OT HEPTHU U HE(PTEPOYKTOB UCTIOIB3YIOTCS
OouomnpenapaTbl, KOTOpPBIE COAEpXKAT >KU3HECTOCOOHBIE KJIETKHM KaK OTAEIbHBIX IITaMMOB
YTJIEBOJIOPOJOKHUCISIOMUX  MUKpoopranusmoB  («llytumoiiny», «duzoin», «buomectpykropy,
«Muxkpomuiietr», «bamucnenun»), Tak U OakTepuanbHble acconuanuu («JeBopoitny, «buooiiny,
«OneBopuny, «Ponepy, «YHuBepcan», «JIeHOWN»). AHAIU3 TUTEPATYPHBIX JAHHBIX U MATECHTHBIN
MOKCK CYIIECTBYIOIIMX OMOMpEnapaToB MoKa3ai, 4TO B Ps/I€ CIy4aeB WX HEAOCTATKaMU SIBIISIFOTCS
Majasi TaJoTOJIEPaHTHOCTh MUKPOOPTaHU3MOB B MX COCTaBe, y3Kuil auanazoH pH u temmepatyp;
9acTO OTCYTCTBYIOT BaKHbIe JaHHBIE O CIIOCOOHOCTH MHUKPOOPTaHU3MOB MPOAYIIUPOBATH
OmosMynbpratopel, 00 dS(PGEeKTHBHOCTH Jerpajalid  BBICOKMX KOHIEHTpanmuid HePTH U
He(TENPOAYKTOB; O HATWYUH KaTaOOJIMYECKUX IIa3MU] B KJIETKaX MHUKPOOPTaHU3MOB-
HedTeaecTpyKTOpoB [2].

B Hacrosiiee Bpemsi mpeniokeH OHMOTHIPOOOTaHUYECKUI CIOCOO OYMCTKH CTOYHBIX BOJ. B
€ro OCHOBE JieKaT OMOXUMHYECKHE TIPOIECChl OKHCICHUS, (UIBTPOBAHMS, TOTJIOMICHHUS,
HaKOIUIEHUS OPraHMYeCKMX M HEOPraHMYEeCKUX BEIIECTB, MHUHEpaIM3alMU, JAETOKCUKALIWH,
azcopOuuu, xeMocopOuuu u apyrue. Boicokuit ounctutensHblid 3¢ (eKT JocTUraeTcs Tam, rje Boja
MPOTEKaeT Yepe3 COOOIIEeCTBO MOMYMOTPYKEHHBIX, MIABAIOIINX U TOTPYKEHHBIX B BOAY PAaCTCHHIA.
Nmerommasicst Ha TOBEPXHOCTH PaCcTeHUH ClIM3b (MEPUPHUTOH), a TAK)KE CHIKEHNE CKOPOCTH TEUEHUS
KHUJIKOCTH B 30HAX 3apacTaHMs CIIOCOOCTBYET OCaXJACHHUIO B3BEIIEHHBIX BEIIECTB OPraHUUYECKOTO U
MUHEPATBHOTO MPOUCXOKICHHS, YTO MOBBIIIAET MPO3PAYHOCTh BOJBI. BEICITHE BOIHBIE paCTEHUS
CIIOCOOHBI OCYIIIECTBIATH JETOKCUKAIMIO PA3IMYHBIX BPEIHBIX BEIIECTB, COPACKIBAEMBIX B BOJIOEM.
B pesynprate copOIuu OHMOTE€HHBIX BEIIECTB M HACBIIICHHS BOJbI BOJIOEMa PACTBOPEHHBIM
KHUCJIOPOJIOM, BBIJIEISIEMbIM BBICIIEH BOJAHOW PACTUTENILHOCTHIO B IMPOLIECCE KU3HEEATEIbHOCTH,
BOJIOpOCIEH - MaKpO(pUTOB MO3BOJIAIOT MPEIOTBPATUTh «IIBETEHHE» BoJoeMOB. KopHeBas cucrema
BBICIIE BOJHBIC PACTEHUS BBIJCISACT BEIIECTBA OAKTEPUIUIHOTO NEHCTBUS — (UTOHIUIBI, B
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pe3yabTaTe 4ero MpOMCXOAUT oOe33apakMBaHUE BOJOEMOB. TakuM 00pa3oM, MHUKPOIJIEMEHTHBIH
COCTaB BBICIIME BOJAHBIE PACTEHUs TECHO CBA3aH C COCTaBOM CyOcTpaTra, Ha KOTOpPOM OHH
MIPOU3PACTAIOT, PACTUTENLHBIE OPTaHU3MbI HE TOJBKO CaMH INPHUCIOCAOIMBAIOTCA K (hru3nyecKon
cpeae, HO M CBOCH JEATENIBHOCTBIO IPUCIOCAOINBAIOT T'€OXMMHUYECKYI0 Cpeldy K CBOUM
OuoorudeckuM noTpedHocTsM [3].

3a pyOexoM, B IMpaKTHKE S3KCILIyaTallud MaJIbIX OYUCTHBIX COOPYKEHUH, Uil ylaleHus
OMOTEHHBIX DJIEMEHTOB HapsAy C TMpPyAaMd C BBICIIME BOJHBIE pACTEHUS MPUMEHSIOTCS
HCKYCCTBEHHbBIE YYAaCTKH OOBOJHEHHBIX 3€MeElb C BBICAKCHHBIMM Ha HUX PACTCHUSMHU — Tak
Ha3bIBaeMble «wetlend», KOpHU pacTeHMII MPOHU3BIBAIOT 3arpy3Ky (Kak MpaBWIIO, TpaBHii), yepes
KOTOPYIO CIUIOHUIHBIM ITOTOKOM JBMJKETCS OYMIaeMasi BOJAa. JTU Y4AaCTKH B NPAKTUKE HaA3bIBAIOT
o6uomato. Ilpu mcmonb30BaHMs OMOIIATO B CEBEPHBIX CTpPAaHAX, HECMOTPS HA CHIKCHHE €ro
3G GEKTUBHOCTH U3-32 HU3KUX TeMIepaTyp U 00pa30BaHUsl Jb/1a, OHO YCIICIIHO 3KCIITYyaTUPYIOTCS B
Kanapne (67 coopyxenuit), Januu (130), HIBenun nu Hopseruu (71), Yexuu (28), u CHI" (30). IIpu
00paboTKe CTOYHBIX BOJ B OMOIIATO OOJIBIIMHCTBO OPraHMYECKUX BEIIECTB U B paCTBOPE, U B BUJIE
HEPACTBOPEHHBIX YACTHUIL pa3jiaraeTcs 10 YIJeKUCIOoro ra3a u BoJbl, IPU 3TOM OTMEYAETCsI BBICOKAs
3GGEKTUBHOCTh yAAJNCHHUsI OHOTCHHBIX JJIEMEHTOB, TOKCHUYHBIX META/NIOB M IATOI'€HHBIX
MUKpPOOPTaHu3MOB [4].

Pactenuss accumMmiupyloT OHMOreHHbIE BellecTBa B Omomacce, a B IPUKOPHEBOM cucrteme
CO3/1al0TCsl YCJIOBUS, TIOBBIIIAIOIINE AaKTUBHOCTh OMOXMMHUYECKUX PEAKLUH, TO €CTh BOJOPOCIEH -
Makpo(pUTOB CIyXaT KaTajau3aropaMd mporeccoB OYUCTKU. CrOCOOHOCTh BBICIINE BOJIHBIE
pacTeHUsI K OYMILEHUIO BOJI OT Pa3IMUHbIX 3arPsA3HEHUH Yallle BCEr0 KOHTPOIUPYETCs OoKa3aTeNIIMU
— OMONOrMYeCKMM M XHMHYECKHUM IOTpebieHueM Kuciaopoaa. Bo MHorux crpanax Amepuku
JIOBOJIBHO IIMPOKO HMCHOJb3YETCS CUCTEMbl OYMCTKM IIAXTHBIX BOJl HA IUIAHTALUSAX KaMbllla U
TPOCTHUKA. B nMTepaType Takke ONMCaHbl COOPYKEHUs C KaMBIIIOBOW PACTUTEIBHOCTBIO JUIS
OUYHCTKHU XO3SHWCTBEHHO-OBITOBBIX CTOUYHBIX BoA B Hunepmanmax, SAnonwn, Kurtae; mns ouuctku
3arpsI3HEHHOrO MOBEPXHOCTHOrO cToka B HopBeruu, ABctpanuu u B Ipyrux crpaHax. CTOWKOCTb
KaMblllla K JEWCTBHIO OOJIBIIMX KOHILIEHTPALMH 3arpsi3HSAIOIIMX BEHIECTB MO3BOJMJIA JTOBOJBHO
YCIIEITHO HCIOJIB30BAaTh €ro JJIs OYUCTKHM CTOYHBIX BOJ CBHHOBOJYECKHX KOMIUIEKCOB B
BenukoOputanuu [5].

OuuncTHBIE CUCTEMBI BTOPUYHONW M TPETUYHOW OYUCTKU OBITOBBIX CTOYHBIX BOJ, OCHOBAHHBIE
Ha HCIIOJIb30BAaHUU 3JIOJIEU, NMPUTOAHBI JUISl MCHOJIB30BAHUSI B YMEPEHHOM KJIMMAaTe, II€ MOTYT
KPYIJIBIA TOJl YAANsATh OMOT€HHBIE 3JEMEHTBl U3 CTOYHBIX BOJ. Ilo pe3ynpTaTaM NMpOMBIIUIEHHO-
AKCIIEPUMEHTAJIbHBIX UCCIIEOBAHUN MPOIIECCa OUUCTKH OBITOBBIX CTOYHBIX BOJ| C UCIOJIb30BaHUEM
BoaHoro ruanunaTa B CIIA, crenens ounctku no BIIKS nocturaer 97-98%. Ilpu ouncTke cTOUHbIX
BOJl 4Yallle BCEro KCIOJb3YIOT TaKM€ BHUJbI BBHICIIME BOJHBIE PACTEHHS, KaK KaMblll, TPOCTHUK
03€pHBIH, POTr0o3 Y3KOJUCTHI M INUPOKOJUCTHIN, pAeCT rpebeHuarslii U KypuaBblid, CHOHpOJENIa
MHOTOKOpPEHHas1, 3J0Jes, BOAHBIA THAUHT (3MXOpHHUS), KAacaTUK KENThbI, Cycak, CTpPEIOJHCT
OOBIYHBIH, rpeyrxa 3eMHOBOJIHAS, pe3yXa MOpCKas, ypyTb, Xxapa, upuc u npouue. Ilog BiusHuem
3arpsi3HUTENEN B KJIETKaX JKUBBIX OPraHU3MOB YCHUIIMBAETCS 00pa30BaHNE META0OINYECKH aKTUBHBIX
CBOOOJHBIX PaJUKaIOB, BBI3BIBAIOIIUX MOBPEXKICHHE KOMIIOHEHTOB KIIETOK, TaKO€ COCTOSHUE
Ha3bIBAETCSl OKCHUIAHTHBIM cTpeccoM. Jlyis TpenoTBpalleHHss €ro BO3HMKHOBEHMSI B KJETKax
CYLIECTBYIOT aHTUOKCUAAHTHbIE (AQO) CHUCTEMBI KaK dH3MMATUYECKOM, TaK U HEIH3UMATHUECKON
MPUPOABI. Y CTaHOBJIEHO, YTO Y Bogopocieil AO akTUBHOCTbIO 00a/aeT rpymmna OHOMoINMEPOB.
Bosbiryto posb B 3TOM mporecce urpatot Butamusl (A, C, E) u rmyratnon. Cuurtaercs, 4To peakuus
AO cucrtembl KJIETOK THAPOOMOHTOB Ha Pa3IMYHbIE BUJIbI 3arPA3HEHUS SIBJISIETCS] YHUBEPCAIBHON U
€€ M0Ka3aTesy MOT'YT UCII0JIb30BaThCs AJI1 KOHTPOJIS KauecTBa BOAHOM cpelbl [6].

Ka3zaxcTaH OTHOCHTCS K KaTeropuM CTpaH ¢ OOJbIIMM Je(pHUIMTOM BOIHBIX pecypcoB. B
HacTosIee BpeMsi B OBEPXHOCTHBIE BojoeMbl KazaxcTana cOpaceiBatoT 6e3 ourictku nodtu 50 %
CTOKOB. OTO CBSI3aHO C T€M, YTO OOJBIIMHCTBO NPEANPUATHH IepepadaThIBAIOIEro |
HHEPIreTUYECKOT0 KOMIUIEKCOB PecriyOInKy MMEIOT HECOBEPIICHHBIE TEXHOJIOTHH OYUCTKH CTOYHBIX
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BoJ. Bo mHorux o6nacrax (Kesuiopaa, llsiMkeHT, AkTay) JnmuTensHOE BpeMs 0e3 peKOHCTPYKIIUN
OKCIUTYaTUPYIOTCSI OYMCTHBIE COOPYXCHHs mpennpusituii. M3 Bcex  (GyHKIMOHHUPYIOIIMX
IMPOMBIIIJICHHBIX HpeﬂHpI/IHTHf/’I Kazaxcrana noioBuHa He IMEET JIOKAIbHBIX OUUCTHEIX COOpy)KCHI/Iﬁ
ouncTKH. HedTenpomyKThl MpencTaBisSiOT HAWOOJBIIYID TOKCHKOJIOTMYECKYI) OINMACHOCTh IS
BOAHBIX 3KocucTeM Kazaxcrana. B 3aBucumMocTy OT cocTaBa HEPTEPOAYKTOB U BPEMEHH KOHTAKTa
C BOJIOM UX BOJOpacTBOpHMasl U KoJutouaHas ¢pakiuu (coctosmue Ha 90 % U3 apoMaTHYeCKUX
YTIEBOJIOPOAOB) OOHAPYKHUBAKOTCS B Bojgoemax B KoHIeHTpanusx 0,5-40 mr/m. [{ns oducTku
HeTe3arpsi3HEHHBIX ~ CTOYHBIX BOJl OT PAacCTBOPEHHBIX W  KOJUIOMJHBIX TpUMeced Ha
HedTenepepadbaThIBAIONINX 3aBOAAX MPUMEHSIOT OTCTauBaHUE, ()IOTAIUI0, OMOIOTUYECKUE METOIBI.
OmHaKo HE BCer/ia ATH MPOIECCHI TO3BOJISIOT OYUCTUTH BOJIBI JI0 HOPMATUBHBIX 3HAYCHUH, PA0OTAIOT
HC B OITUMAJIBHBIX PCKUMaAX, HC HCIOJB3YIOTCA HOBBIC PCArCHTbI, MaTCpHaibl U TCXHOJIOTUU
BOJIOOYHMCTKH, YTO HE IO3BOJIACT OCYIIECTBUTh HAa NPEIIPUATHAX MPHHIUIBI PAIHOHAIEHOTO
BOI[OHOJH)?;OBaHI/I?LHO:)TOMy OJHa U3 BaKHEHIIINX HAIIMOHAJIBHBIX DKOJIOTHUYCCKUX 3aJa4 Kazaxcrana
- peneHue mpooIieM, CBI3aHHBIX C UCTOIICHUEM U 3arPsS3HEHUEM BOJIHBIX pecypcoB PecnyOmuku [7].

Takxum 00pa3om, B CBSI3H 3arpsA3HCHUEM BOIHBIX PECYPCOB HE(PTHIO H HEPTEIIPOTYKTAMH, IS
pelieHusl 3aJaud HaJ0 CO31aTh HOBBIC, 3(PQEKTHBHBIC, HEIOPOTHE METOABI OYHUCTKU BOIHBIX
pecypcoB. CienoBarenbHO, HEOOXOMMO pa3BUBATh PUTOTEXHOIOTHIO, KOTOPAsi COKPAIIAET OTXOIbI
YIJIEBOJIOPOJIOB M BTOPUYHBIC HWCTOYHUKHA TEXHOTCHHBIX CBIPbS W3 BOJHBIX HMCTOYHHKOB
3arpsA3HCHHBIX He(l)TfIHBIMI/I OTXO0aaMHU.
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kenripeni. Hemartomamap Tikenel 3amanmaH  0acka eCIMIIKTEp aypyjlapblH — TYAbIPATHIH
MHUKPOOPTaHU3M/ICP/IIH 6CIM/IIK TaMBIPBIHBIH TiHIHE €HYIHE BIKNA eTeni. HemaTomanapmeHn kypecy
YIIIH XUMHSJIBIK ~ [Iperaparrapra Kaparanga TUQOMHLETTI  HEeMaTo(arThlK  KBIPTKBIII
CaHBIPAyKYJIaKTap €H KOIl MPAKTUKAIBIK KbI3BIFYIIBUIBIK TYIbIPAJIbl, OWUTKEHI 3HSIHKECTEPIiH
TYPaKTBUIBIFBIH ~ TYABIPMAWIbI, TOMBIPAKTHl TOKCHHICPMEH JlaCTaMaiJbl JKOHE MalJalibl
opranusmzepre Tepic ocep erneiimi. OcbIFaH COWKEC IKYMBICBIMBI3IIBIH ~ MaKcaTbl —
(duUTOMAPA3UTTIK HEMATOAATAPMEH KYpPECy VIIIH KBIPTKBIII CaHbIPAYKYJIAKTAPAbIH IITaMIaphbl
HeTi31H1e Ouompenaparrap kacay.

Kympic OapbIChIHIA SKBIPTKBIII CAHBIPAYKYIAKTAp INTaMMIApbiH Oeny ymmiH OHTYCTIK
Ka3zakctaHHbIH 7 HYKTECIHEH allbIHFaH ChIHAMaJIap KOJJIAHBUIABL IpIKTENiN ajblHFaH TOIBIPAK
ChIHAMaJIapblHaH KeJecl MHUKPOMHUIETTEp TYybICTaphl OemiHinm ansiHabl — Mucor, Alternaria,
Phusarium. beninin ansiaFan ®beIpTKbII caHbipayKytakTap Dactylella Tybiceina sxxaranst (Dactylella
heterospora sxone Dactylella gephyropaga). JKyprizinrer 3epTTey >KYMBICTAPhI JKOHE HOTHIKENIEpi
OCIMJIIKTEpAl Mapa3uTTIK HeMaToAalap/iaH KOpFayabl KaMTaMachl3 €TeTiH OuolpemnapaTTap eHaey
MYMKIHJIIT1H KeHEHTe .

Kinmmix ce3dep: Qumonapasummix HemMamooaniap, JHCbIpmMKblUL CaAHbIPAYKYIAKmap,
Hemamogazcmulk 6encenoinix.

Kipicne

OJIEMHIH TYpJIi e/IepiHiH aybUl IapyallbUIbIFbIHA (UTOMAPA3UTTIK HEMaToalnapAaH YIKEH
3ustH Keseni. OnmapIbIH oCepiHeH OHIMHIH 9JIeMJIIK IMIBIFBIHBEI opTatia ecerreH 7-10% xypaiasr [1].
bi3niH enimi3fe aybul LIApyalIbUIBIFBIHA CYJIBI, KapToll, KbI3bLIINA, TaUIAbl JKoHE Oacka Ja
HeMaTojayiap auTapJybIKTai 3usiH Kentipeai. Koprairan TombipakTa rajuisl HeMaToganap eHIMHIH
50% >xoHe oJaH J1a Kell LIBIFBIHBIH TYIbIpYbl MyMKiH [2]. Hemaronanap Tikenei 3anmangaH Gacka
OCIMJIIKTEp aypyJlapblH TYIbIPaThIH MUKPOOPTraHU3MJEPJIH ©CIMIIK TaMbIPBIHBIH TIHIHE €HYIHE
piknan eredl [3]. PUTOreIbMHHTTEp CaHBIHBIH TaOWFM peTTeyUIliepl Typajlbl MOJIIMETTEp
OMOJIOTHSUTBIK KYPEC TOCUTIEPIH JaMBITY YIIiH MPAKTUKAIBIK KbI3BIFYIIBUIBIK TYIBIPY/Ia.

duronapasuTTik HemaTojanap Taburarrta keH TapanradH. 20 000 cumarTanraH HemaToja
Typaepinig 4000-Fa >KybIK TYpl ©CIMIIKTEpMEH Tikenel OalnaHbICThl [4]. AIBIK XKoHE KOpFaJlFaH
TOMBIPAKTa TapajiFaH rayuliel Hemaroaanap (Meloidogyne incognita, M.hapla xone T. 6.) epexiie
3USIHIIBUIBIKIIEH epekiienieHel. Onap eciMIiK TaMbIpapbIH/ia ICIKTEp/iH Naiiaa O0IybIH TyAbIPabl,
COHBIH HOTHIKECIHJIe OHIM €Ki ece JepIiK TeMeH eyl MyMKiH [5]. MyHaii HemaToaTap KbI3aHAKTHI,
KUAP/ABl JKOHE KayblHFa JEHiHTl KemnTereH MaKbpuIIapAbl 3aKkeIMAaiasl. backa ma mapasuTTik
HEeMaToJanap Ja YJIKEeH 3UsH KenTipedi: Mblcanbl, cabakrarsl Hemarona (Anguillulina ipsaci)
Oynmipreni, anTeiH Kapton Hemaroaacsl (Globodera rostochiensis) Ci0Oipae HarbI3 «EKIiHII HaH
OoniFaH KapTolKa 3UsH Kentipeni. KimMaTThiH e3repyiHe, COHAal-aK eHipJep apachlHIaFbl cayna
OaiilaHBICTApPbIHBIH KEHEI01HE OalaHbICThl KOITEreH Iapa3uTTep, COHBIH I1IIIHJAE OypbIH
KapaHTUHAIK 00beKTiziep 00BN caHaFaH Keilip guromapasuTTik HeMaToAanap *KaHa ayMakrapaa
KeH Tapaja 6actasusl [6].

Aybll IIapyallbUIBIFBIHAA  (UTONMAPA3UTTIK HEMaTOJAJap/blH CaHbIH Oakpliay YIIiH,
OCIMIIKTEPAl KOPFayAblH WHTETPANMUIBIK >KyHeciHiH Oip Oesiri OObIl TaOBLIATBIH XUMUSUTBIK
HEMaTOLMITep KoNaaHbuIazbs! [7]. Anaiina, eciMaikTepi GUTONapa3uTTiK HeMaToJalapiaH Kopray
OMOJIOTHSUTBIK, TpoOJieMa OOJIBITT TaOBUIATHIHABIKTAH, OYJI MOCEJEHI €H alJbIMEH OMOJOTHSIIBIK
onicTepi MaijanaHy >KOJNJapbl apKbUIbl IICHIEl: HEMaToJalapFa Te3IMi aybll IIapyallblIbIFbI
JaKbUIIApbIHBIH COPTTAPBIH LIBIFAPY, HEMATOAAJIAP IbIH AHTaTOHUCTEP1 MEH ENIKTIPrilTepl peTiHIe
KOFapbl CaTBIAAFbl OCIMIIKTEPl KOJJIAHY, KBIPTKBII CaHBIpAYKYJIAKTap — TeJIbMHHTO(Artapsl
naianany 9icTepin a3ipiaey [8], conaaii-ak BEpMHUKOMIIOCTHI Maiaanany [9]. Amaiina, Kazakcranmga
HEMAaToJaJapMeH Kypecy VIIIH aTajJfaH OHOJOTHUSJIBIK SIICTep iC XKY3iHIE KOJAAHBUIMAMIBL.
JXorapel ybITTBI XMMHUSUIBIK IIpenaparTap KosjgaHbulafsl. HemaronanapMmeH KypecyliH aTajafaH
OMOJIOTHSUIBIK ~ KYpaJIapblHAH  JKBIPTKBIII  CaHBIpayKyJakTap —  TrelbMUHTO(Artap/sl

167



International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

BEPMUKOMIIOCTIICH NailajiaHy o/1icTepi HEFYPIIBIM MepCreKTUBTI. OChI 9/IiCTepAiH HEeTi31H1e KaObIK
KOHE allbIK TONBIpAaKTap/a MaiijanaHy YILIH jKaHa Owompenaparrap Kypbulybl MyMKiH. Kanran
OHMOJIOTHSUITBIK QJIICTEp arpoHOM-ceneKmonepiepaid y3ak (10-15 sxpur) sKyMbIChIH Tanan eteni [ 10-
11].

3epTTey MaTepuaJiapbl MeH JicTepi

3eprrey marepuanbl peringe OHTycTik KasakcTaHHBIH 7 HYKTECIHEH IpIKTENIN albIHFaH
TONBIPAK YATUIEpl adblHABL. TOMBIpAaK ChIHAMajapbl ChIHAY aJlaHbIHAH Oip Hemece OipHere
KabaTTapjaH JKoHEe »ail KabarrapIaH KOHBEpPT OJICIMEH, MUAroHaib OOWBIHINA amblHABI [12].
OKEJIHTeH ChIHaMajlapFa XUMUSUIBIK JKOHE MHUKPOOHOJIOTHSUIBIK Tajfaysap >Kypri3iiii.

KeIpTKBIT HEeMaTO(arThlK CaHbIpayKyJIaKTapasl OeJiin ajly YIIiH KaHTTBIH MeJIepi a3
00aThIH KeJlel KOPEeKTIK opTajap maiananbulasl: xkyrepi-arapiasl opta (XKA), cycno-arap (CCA),
UYanexka opracel, cynsl arap (CA) Tonbipak-arapiasl opta (TA).

Tomblpak >KBIPTKBIII CaHbIPAyKYJIAKTapAblH KaThICTBUIBIFBIHA TEPEHMAIK JaKpUIAay oici
OOMBIHIIIA AHBIKTAJIIBL.

XKBIpTKBIII  CaHBIPAYKYJIAKTapAblH Ta3a MJaKbUIbl JKYIepi-arapibl OpTachlHA JA9CTYPIi
MUKPOOHOIOTHSIIBIK 9/1ic OOMBIHIIIA OOITIHIIT AJTBIHIBI.

Tonbipak yarinepiHeH 061iHIN albIHFAaH MUKPOMULIETTEP CAHBIPAYKYJIAKTAP aHBIKTAYbBIIIBIMEH
UACHTU(DUKAIMSIIAH/IbI, aHBIKTAYBII OOHBIHIIIA KBIPTKBIII KOHE )KBIPTKBIII €MEC CaHbIPAyKyJIaKTap
KbIPAThUIbIN, JlaITUHTOHHBIH aHBIKTAYBIIIBIMEH HAKThI KBIPTKBIII CaHBIPAYKYJIAKTBIH TYpJiepi
uneHTuuKanusuIanis [ 13].

KeipTkpimn HemMaTo(darThlK CaHbIpAyKYJIaKTapAblH HeMaTo(arTelK OEJCeHIUTINH aHBIKTay
YIIIH arapibsl KOPEKTIK OpTajarbl TM(QPOMHULETTI CaHBIPAYKYJIAK JaKbUIBIHAH MeETall TYTIKIIEHIH
KeMeTiMeH auameTpi 3 MM 010K Kecil, o quamerpi 15-20 MM mapaduHi cakuHazapsel 6ap3aTThIK
IIBIHBIFA CaJIbIHFAaH HeMaToJajap/blH CYCIEeH3UAChIHA eHTI3Ual. Opbip cakuHara 0,1 mu, an
Tabakmanapra 1,5 M HemaTtoja CyCHeH3UsChl eHri3inai. HemaTona cycreH3UsICHIHBIH OpTachIHA
CaHbIpayKyJIaK JaKbUIBIHBIH OJIOTH OpHANACTRIpbULILI. [Ipemapartapra 2-6 caraTTaH KeliH OakblIay
Kyprizuiai. Busyanmpai Gakplmay apKpulbl Tipl KajlFaH HeMaroJanap/bl MUKPOCKONTA CaHay
KYpri3inin, HemMaTodarTelK OeJICeHIUTIK popMyIia OoiibiHIIA ecenTemiual [14].

3epTTey HITH:IKEJIePi MeH OHBIH TaJAayJIapbl

Onryctik Ka3zakcran eHIpiHEH IpIKTENIN aJblHFAaH TOMBIPAKTHIH 7 ChIHAMaJapblHAH OETTIK
JaKbLIay 9/1ici OOMBIHIIIA OPTYPIIl KOPEKTIK opTasapaa MUKpomuierrep OemniHin anbia sl (Cyper 1).

Cypert 1. TonbIpak ynrinepiHeH O6JiHII aJbIHFaH MUKPOMUIIET KOJOHHSITAPHI

MopdonorusiblK KepceTKImTepi OONBIHIIA TOMbIPAKTaH OOJIHIN aJbIHFAaH MUKPOMHIIETTEP
KaTapblHaH JlaJMHITOHHBIH AaHBIKTAYBIIIBI OOMBIHINA JKBIPTKBIII CAaHBIPAYKYJIAKTap aHBIKTAJIIIbI
(Kecte 1).
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Kecte 1. CanplpayKyakTapAblH Ta3a JaKpUIbIH ally YIIiH OeIiHIN aJbIHFAaH MUKPOMHUIETTEPIIIH
TypJepi

Coinama Ne Tywic Typ
Yori 3 Mucor Mucor mucedo
Fusarium Fusarium oxysporum
Dactylella Dactylella gephyropaga
Yori 6 Mucor Mucor mucedo
Alternaria Alternaria alternate
Dactylella Dactylella heterospora

Tonsipakteiy Yari 3, Yuri 6 ceiHamanapeinan Dactylella TybICbIHA KaTaThIH KBIPTKBIII
CaHbIpaYKYJIaKTapIbIH €Ki TYpl aHBIKTAIJIbI KOHE Ta3a NakbUIbl anblHbl: Dactylella gephyropaga,
Dactylella heterospora.

beninin anbplHFaH KBIPTKBIII CAHBIPAYKYJIAK IITaMIAPBIHBIH HeMaTo(arThlK OeceHimir
YKCYCTBIK HeMaTo/1a Herizinnae anbikTanasl (Kecre 2).

Kecre 2. XXpIpTKBIII cCaHBIpayKYJIaAKTap IbIH HEMAaTO(ar ThIK OCICEHIUTIT1

Itamm ATTpakTHUBTI OenceHainiK (6 car KeliH HemarodarTsik 6enceH ik
caHblpayKyJjaK OJIOT1HJEer1 HeMaToianap (enreH HemaTOaJIap CAHbI)
CaHbI)
|KyHHEH KeliH 2 KYHHEH
KEHiH
Dactylella 50 80 100
gephyropaga
Dactylella 87 100 100
heterospora
KopbITbIHABI

dutonapa3suTTiKk HeMaToJanapra Kapchl Ouompemnapar xacay OapwickiHaa Dactylella
TywsICBIHBIH Dactylella gephyropaga, Dactylella heterospora Typnepi OeiHin aabiH bl EXi ITaMHBIH
HeMaTo(arTelK OeJICeHILTIr aHbIKTanabl. HoTmkere colikec ekl IITaMM Ja »OFapbl aTTPaKkTUBTI
OeNCeHITIK KOPCEeTTi, OYJI COHFBl HOTIIKEre OH ocep eTTi. bipiHm mTamaa HemaTtomalapIblH
KbIpeUTYBI 80 Oosica, exinmriae 100 maitb3 60l OChl qanenaepre cail, 06IiHIN aJbIHFaH KBIPTKBIII
CaHBIPAYKYJIAKTApJbIH  INTaMAApbl  OCIMIIKTEpJi Mapa3uTTiK HeMmarojalaplaH KOpFaymbl
KaMTaMachl3 €TEeTiH OuompenapaTTap *acayza Heri3ri o0beKT 00Jja anajibl.
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AHHoTanus. V3BecTHO, UTO IpeBECHbBIE, U OCOOEHHO XBOIHbBIE paCTEHUS, XapaKTePU3yIOTCs
MEIJICHHBIM POCTOM, TPYAHO YKOPEHSIOTCS, COjepKaT OOJbIIOe KOJIMYECTBO BTOPUYHBIX
coequHeHu ((heHobl, TEpIEHBI U T.J.), KOTOPBIE B U30JUPOBAHHBIX TKaHIX aKTUBUPYIOTCSA. OJTHAKO
UCTOJb30BAHUE METOJOB KYJIbTYphl TKaHH HEOOXOOUMO Kak M COXpaHeHHs U OBICTPOro
Pa3MHOXKEHHUS SJIUTHBIX T€HOTHIIOB XBOMHBIX B CPAaBHUTEIHHO HEOONBIINE CPOKU M HE3aBUCHMO OT
ce30Ha. MeToa 03BOJISET NOJIYYUTh MaCCOBOE KOJIMYECTBO 0310POBIIEHHOI0, FOBEHUIIN3UPOBAHHOIO
II0CaJ0YHOr0 Martepuasna. llocTeneHHOEe COBEPIIEHCTBOBAHUE METOJOB MHUKPOKIOHAIBHOTO
pasMHOXKEHHs 00ECNeYUuT UIMPOKOE BHEAPEHHE B pPEAIM3alMI0 NPOrpaMM pa3MHOXKEHHUS H
BOCCTAHOBJICHHSI XBOWHBIX JiecoB B PecnyOnuke Kazaxcran. PazMHo)keHne XBOWHBIX pacTeHMH in
Vitro MOXeT CTaTh Ba)XHBIM HHCTPYMEHTOM TOJIEP>KaHMs CYIIECTBYIOLIET0 OMOpa3zHOOOpasus
PEIOKHX ¥ MCUE3AIOIINX BUOB.

Knrouesvie cnosa: necroii @poHo, coxpaneHue OUOPAZHOOOPA3US, MUKDOKIOHAIbHOE
DAasMHOMCEHUe.

O6m1as momaask JiecHoro gonna Kazaxcrana — 27,7 MiH. ra, a JIECCHCTOCTh COCTaBIsIeT 5.6 %
Tepputopun ctpasbl. IlokpeiTas necom teppuropus coctasiser 12,3 muH. ra u3 Hux 1,6 MiH. ra
(13,08 %) cocTaBinsoT BeUHO3€EIEHbIEe XBOMHBIE Jieca. Cpenn XBOWHBIX ek (Picea L.) coctapnser 1,9
ra (1,52 %). XBoliHble pacTeHHUs UMEIOT HEOLIEHHMMOE SKOHOMHYECKOE 3Hau€HHE, B OCHOBHOM B
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Ka4yecTBe JiecoMaTepuana U ChIpbs JJIs MPOU3BOJACTBA OyMaru, Tak’kKe MHOTHE XBOHHBIC PAacTCHUS
UMEIOT OO0JbIIOE 3HAYCHHE B O3€JCHEHHMM W B KayecTBE [EKOPATHUBHBIX CaJOBBIX PACTCHHIA.
HecmoTpss Ha BbllIE NEpeUMCIEHHBIE JOCTOMHCTBA, B HACTOSIIIUA MOMEHT OTMEUEHO pE3KOE
COKpallleHHE BHIOBOTO pa3HO00pa3us XBOMHBIX PACTEHU B €CTECTBEHHBIX dKOocHUcTeMax. B cBs3u ¢
STHM COXpaHEHHE TeHO(OHAA PACTEHUH U pallMOHATIFHOE UCIIOJIb30BAHUE PACTUTEILHBIX PECYpPCOB
SBJSICTCS. aKTyaJIbHOW HaydHOW mpoOsiemoil. [Ipm 3TOM yKOpEeHEHHE YEepeHKOB XBOWHBIX IIPH
TPaIUIIMIOHHOM METOJIe Pa3MHOXKEHHsSI — YEPEHKOBAHHHM YacTO OBIBAET OYEHb JIUTEIHHBIM, OT
HECKOJIbKUX MECSALEB JI0 MOJIyTOpa JIET, YTo Hed(h(HEKTUBHO ISl BOCCTAHOBIIEHUSI OMOpa3HOOOpasus
XBOMHBIX pacTeHuid. Jleca moaBepraroTcs BO3ACHCTBUIO LEJIOr0 psiia NPUPOAHBIX SIBJICHHUU
(Hanpumep, NPUPOTHBIX M0KAPOB, BpeauTee, Oone3Hell, HeOIaronpUsITHBIX MOTOIHBIX SIBICHUH,
KOTOPBIE MOTYT OTPHIIATENILHO CKA3aThCS HA MX 370POBbE M KH3HECTIOCOOHOCTH, BBI3bIBAsi THOEINb
JIepeBbEB WJIM CHIDKAas HMX CHOCOOHOCTh oOecmeurBaTh BeCh CIEKTp ToBapoB u ycuyr. [lo
pe3yibTaTaM aHaIKu3a MJIOMIAHU JIECOB MUPA, TOCTPagaBIIuX oT moxapoB B 2003—2012 roxax, 06110
BBISICHEHO, UYTO €XEroAHO IMOXapaMH YHUYTOKaeTcs npumepHo 67 muH ra [1]. B 2015 roay ot
[10’KapOB MOCTPAJAJI0 OKOJIO0 98 MIIH ra J1ecoB.

TexHoI0THS MUKPOKIIOHAILHOTO PA3MHOKEHHUS M BBIpAIIMBAHUS [T0CAI0YHOTO MaTepuaia s
XBOMHBIX TOPOJ HA CErOJHAIIHMANA JEHb JO KOHIIAa HE pa3padoTaHa MU HE YCOBEPIICHCTBOBAHA.
XBOWHBIE pacTeHUs HauOoJiee CIOKHBIE OOBEKTHI i1 MUKPOKJIOHATIHHOTO Pa3MHOKEHUS in Vitro.
Bce Tumbl TkaHeil ¥ OPraHOB y HUX CHIJIBHO 3apakK€HbI TPHOAMU M OaKTEPUSAMH, YTO 3HAYUTEIHHO
3aTpyqHSIeT pPa3MHOXKEHHE B KYyIbType in Vitro, OJHAKO pa3paboTKa TaKOW TEXHOJOTHH JacT
BO3MOKHOCTb  yJIOBJIETBOPUTh CIPOC Ha IOCAJOYHBIM MaTepHall XBOMHBIX PAaCTCHUM.
MUKpOKJIOHAIBHOE Pa3MHOKEHHE IO3BOJISIET MPOU3BOIUTH OOJIBIIOE KOJIHMYECTBO IMOOETOB U3
OTHOCHUTEJIbHO HEOOJBIIOr0 KOJIMYECTBO HCXOAHOIO pacTUTeNbHOro marepuana. OH 0COOEHHO
3¢ (deKkTHBeH B CiIy4ae HOBBIX PAa3HOBUIHOCTEH, KOTJa pacTUTEIbHBIA MaTepuad OTpaHUYEH B
nocraske. Hampumep, 370 sHAEMHUYHBIE BU/bI XBOMHBIX pAaCcTEeHHUH, TaKue Kak CTJIaHUKOBas ¢opMma
enu lllpenxka (Picea schrenkiana f. prostrata K.Isakov) u MoxokeBenbHUK 3epaBIIaHCKui (Juniperus
seravschanica Kom.).

B Pecniybnuke Kazaxcran paGoThl M0 MUKPOKIOHATEHOMY Pa3MHOKEHUIO XBOWHBIX PaCTEHUN
Majno4ucieHHbl. [IoNbITKM MO M3YYEHHI0O MUKPOKIOHAJILHOTO Pa3MHOMKEHHUSI HEKOTOPBIX XBOMHBIX
pacTeHuii, a UMEHHO COCHBI OOBIKHOBEHHOMU (Pinus sylvestris L.) u enu oObikHOBeHHOU (Picea abies
L.) Obutn mpoBeneHsl B uccienoBanusix P.M. Typnanosoit u ap. HecmoTps Ha oOpa3oBaHue
a/IBEHTUBHBIX NOYEK HA XBOE COCHBI OOBIKHOBEHHOMW, IMOJYYHTh XOPOILO pPACTyIIMe MOOErd He
ynanoch [2]. YacTh HaydHBIX HMCCIEAOBAHHUN IO MHUKPOKJIOHAIBHOMY Pa3MHOXEHHMIO XBOWHBIX
pacTeHuii Oblla MPOBENEHA POCCHICKUMHU YUEHBIMH, TaK HCCIEAOBAHUSA MO0 MUKPOKJIOHAILHOMY
pasMHOXKeHHIO XBOWHBIX mpoBomwiu E.A. IllamaeB, U.H. Tperssaxos, N.B. Tadwumkas, A.B.
babuxosa, .H. Tperbsikos, E.B. Bopommunos, /I.H. llysaes, M.3. Ilak, M.C. Cynranosa [3-6].
Taxxe umeroTcsi 3apyOe)kHble HAay4HbBIE HCCIEIOBaHUS 10 MUKPOKJIOHAIBHOMY Pa3MHOXEHHIO
XBOWHBIX pacTeHUH. Tak, UTaIbIHCKMMH YY€HBIMHU OBIJIO POBEJICHO Pa3MHOKEHUE HOPBEXKCKOH enn
(Picea abies (L.) Karst.). B uccnenoBanuu 4actb ceMsiH Obljia MOCEsHA B TEIUIUIIBI, @ Ipyras 4acTh
MCMOJIb30BATacCh I MHAYKIIUA COMAaTHYECKOro smMOpHrorenesa. ¢ (GeKTUBHOCTh pa3MHOXKeHUs P.
abies W3 CEMSH W TIyTeM COMAaTHYECKOT0 3MOpHOTeHe3a OblIa TECHO CBSI3aHA C MPOUCXOXKICHUEM
pacTuTenpbHOro Marepuana [7].

AHanu3 JUTEpaTypHBIX HCTOYHUKOB IIOKa3ajd, YTO YCHEIIHOCTh >XKM3HECHOCOOHOCTH U
YKOPEHSIEMOCTH. XBOWHBIX PAaCTEHUH B KYJIbTYpPE in Vitro 3aBUCSAT OT MHOTHUX (DaKTOPOB: (PU3UKO-
XUMHUYECKUI cocTaB cyOcTpara, Ipupo/ia U KOHIEHTpAIsl (UTOrOPMOHOB B Cpelie, COOCTBEHHBIN
BO3PACT OTOOPAHHOI'O PACTUTEIBHOIO MaTepuana, ero (uznonoruyeckoe cocrostuue. Kpome toro,
3¢ (HEeKTUBHOCT, MHKPOKJIOHAJIBHOTO Pa3MHOXKEHHSI CHUJIBHO BapbUPYeT MEXAY pa3IndHbIMU
TCHOTUTIAMHU TIPH OJWHAKOBBIX YCIOBUSAX KYJIbTHBUPOBAHUS, TAKXKE JUMUTHPYIOIMIHM (HaKTOpOM
SBIIAIOTCS OaKkTepHalibHble U IpUOKOBble MH(EKIMU, KOTOpble Ha MHUTATEIbHOW Cpele 3a CYeT
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ONTUMAJIBHBIX YCIOBUM M JOCTATOYHOTO KOJUYECTBA MUTATEIbHBIX BEIIECTB AKTUBHO HHTHOUPYIOT
pOCT caMHX pacTeHui [8].

B nacrosiee Bpems ctiaanukoBas popma enu Llpenka u MokKeBeTbHUK 3epaBIIaHCKUI U3-3a
XO3SIICTBEHHOM JESITeNbHOCTU: MOPYOKH Ha TOILJIMBO, BbIMIAca CKOTA, OTHOCATCSA K PEIKUM BHUIAM
pacrenwuii [9]. CtnanukoBast popma enu 3aHeceHa B Kpacuyro kaury Kasaxcrana u npuHaaiIexxuT K
KaTeropuu cratyca 2- peakas ¢opma. lVmeroTcs HayudHble UCCIIEJOBaHMsS, CBSI3aHHBIE C
pacnpoctpanenuem enu lllpenka B ropax Tsup- Illane [10-11], omHako uccrnegoBaHUs IO
Pa3MHOKEHHUIO BECbMa OIPaHMYEHBI, IpUYeM He TosbKO N0 Kazaxcrany. B HacTosiiee Bpems enb
[llpenka He KyJIbTUBHUPYETCS, paHEe IMOMBITKA KYJIbTUBHUPOBAHUS B BBICOKOTOPBIX 3aUIUHCKOTO
Amnatay nipoBoauinack B PI'TI na IIXB HUucturyr Gotanuku u dutonntpoaykiuu KH MOH PK.
OpHako ceMeHa €1u B JIaHHOM MCCIIEJAOBAHWM UMENIHM HU3KHE IIOCEBHBIE KAauyecTBa: IPYHTOBAs
BCXO0XKECThb BapbUpoBaia ot 3 10 13%, MakcumanbHasi BCX0KeCTh ceMsH coctaBuiia 40% Ha nmouse ¢
onunkamu [12]. B ectecTBeHHbIX ycnoBUsAX yueHbIMH Kutast Obu1o M3y4eHO BIUSHHUE JTOOABICHUS
a30Ta B MOYBY, B pe3yJIbTaTe ObLIO MOKA3aHO, YTO MOBBIIIEHHOE KOJIMYECTBO a30Ta MOKET YIYUIIUTh
pOCT JIepeBBEB, a TaKXKe CKOpocTh ¢orocuHTe3a u TpaHcnupamuu [13]. Texnomorus xe
MUKPOKJIOHATBHOT'O pa3MHOKEHHUS K pa3HbIM ¢popMmam enu LlIpenka panee He mpuMeHsiack. OaHako,
YUUTBIBAsl, YTO OMOJOTMYECKOW OCOOEHHOCTHIO EJIOBBIX JIECOB SIBJSIETCSI HU3Kasl CIOCOOHOCTH K
€CTECTBEHHOMY BO300HOBIICHHUIO, MOSBISETCS HEOOXOJUMOCTh B CO3/1aHUU YCTOMYHUBBIX TPOTOKOJIOB
II0 BBIPAILMBAHUIO €JIEM B KOPOTKHE CPOKM. MOKKEBEIBHUK 3€PABIIAHCKUIN, OCHOBHAs IOpPOJAA
necoB 3ananHoro TsHb-1llans, )kuBeT 10 ThICAYM JIET, Takke 3aHeceH B KpacHyto kauury PK u umeer
Kareroputo 3 (peokuid  BHI, C  COKpAalIAIOMIEHCS  YHUCIEHHOCTHIO). D (HEeKTUBHOCTH
MUKPOKJIOHAJIBHOTO Pa3MHOXKEHUS XBOMHBIX PAacTEHUH BO MHOI'OM 3aBUCHT OT BHJa CaMOro
pactenus [9]. YcmemHas monsITKa ONTUMU3ALMU MUKPOKJIOHAJIBHOTO PAa3MHOMKEHUS TPEX BUJOB
MO>KEBEIbHHKA Oblia mpoBeneHa B [lakucrane, rie UCMONB30BAIKMCH TPU BapuaHTa MUTATEIbHBIX
cpen Mypacure um Ckyra, nurarenbHas cpega Woody m N6 ¢ pa3HbiMM KOMOWHAIMEW U
COOTHOIIIEHHEM (PUTOrOPMOHOB B cpene. Hamnydiue pe3ynbTratsl ObLUTH MOTYYEHBI HA MUTATEIHHON
cpene Mypacure u Ckyra. s yBenuueHUs KOJMYECTBA W POCTa IMOOEToB, a Takke
KOpHEeooOpa3oBaHUs MOXOKEeBENbHUKA Hanbomee moaxoauiia nurareiabHas cpeaa Woody [14].

W3BecTHO, 4TO JpeBeCHbIE, 1 OCOOCHHO XBOIHBIE PACTEHHUS, XapaKTEPU3YIOTCS MEJIEHHBIM
POCTOM, TPYJTHO YKOPEHSIOTCS, COJepkKaT O0JIbII0E KOJTMYECTBO BTOPUUHBIX COEIMHEHUHN ((EeHObI,
TEPIEHbI U T.J.), KOTOPHIE B U30JIMPOBAHHBIX TKAHAX aKTHUBUPYIOTCS. TpaJUIIMOHHBIE METOIbBI HE
MOTYT OBITh MPUMEHEHBI JUISI HEKOTOPHIX XBOMHBIX PACTCHH, TaK KJIACCHYECKOE YEPEHKOBaHUE
YCHEIIHO MPUMEHSIOT A MOXOKEBEJIbHHUKA, TYyHW, HEKOTOPBIX BHJOB €JIM, OJHAKO METOJ
HEMPUMEHUM JUISL COCHBI, 1y0a, OpeXOIUIOAHBIX U T.A. [15]. OgHUM U3 MPUOPUTETHBIX HAIPABICHUN
B 00JaCTH OMOTEXHOJOTHUU PACTEHUHN SIBISETCS MHUKPOKJIOHAJIBLHOE pa3MHOXeHHe. B HacTosiiee
BpeMs HET YCTOMUYMBBIX MPOTOKOJIOB MO MHUKPOKJIOHAIHHOMY Pa3MHOXKEHUIO MHOTHX XBOWHBIX
pactenuii. Mcrionb3oBaHue METOJ0B KyJIbTYPbl TKAHU HEOOXOAMMO KakK JIJIsl COXpaHEHHsI U OBICTPOTO
Pa3MHOXKEHHUS DITUTHBIX TEHOTUIIOB XBOWHBIX B CPABHUTEIHHO HEOOINBIITNE CPOKHU M HE3aBUCUMO OT
ce30Ha. MeTo/1 MO3BOJISET MOIYYUTh MAaCCOBOE KOJIMYECTBO 03/I0POBICHHOI0, FOBEHUJIM3UPOBAHHOTO
IIOCAaJIOYHOT0 Marepuana. IlocTeneHHOe COBEPLIEHCTBOBAHUE METOJOB MHUKPOKJIOHAIBHOIO
pa3MHOXXEHHS OOECHEeUUT IIMPOKOE BHEIPEHHE B pealM3alfio0 MporpaMM pPa3sMHOXKEHUS H
BOCCTAHOBJICHHSI XBOWHBIX JiecoB B PecnyOmuke Kazaxcran. PazMHOXKeHHE XBOWHBIX pacTeHU in
Vitro MOXET CTaTh Ba)XKHBIM HHCTPYMEHTOM IMOJJIEpP)KaHUsl CYIIECTBYIOLIET0 OHopazHooOpa3us
pPEeIKUX U McUe3armuXx BUaI0B. Ha 0OCHOBE MONMy4YeHHBIX pe3ylnbTaTOB MO ONTUMM3AIUN TEXHOJIOTUH
MUKpPOKJIOHAIBHOTO Pa3MHOXEHHsS, B CBA3M C OTCYTCTBHEM Ha JIaHHOE BpeMS YCTOWYMBBIX
MIPOTOKOJIOB IO MHUKPOKIIOHATLHOMY Pa3MHOKEHUIO XBOMHBIX PACTECHHUI, MOTYT OBITh pa3pabOTaHbI
COOTBETCTBYIOIIME TEXHOJIOTUU MUKPOKIOHATBHOTO PA3MHOXKEHHUS 1151 OTOOPAaHHBIX TUKOPACTYIIHUX
BUJIOB XBOMHBIX PACTCHUM.
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AHHoOTanus. Makanaja KaHT KbI3BUIIIACKIHBIH IIPYIH TYIBIPaThIH MUKpOAF3ajapra Kapchl
AQHTArOHUCT-JAKBUIAP/BI 13JIECTIpUTYl  KapacTBIPBUIABL. TEeCT-KyJIbTypa PETiHAC KOJUICKIIUSIIBIK
nakTobakTepusuiap MeH Bacillus TybicbiHa xaTaThiH OaKTepHsIap aNbIHIBL. AHTarOHUCTIK OenceHai
JaKbUIIApAbl Talfay »>KOHE CKPUHUHI HOTIIKECIHAE KAHT KbI3bUIIIACH MIIPIKTIH OipHele
KO3JIBIPFBIIITAPBIHA JKOFAPBI KOPCETKIMITEp OCPEeTiH JaKbUIIap TaHIAIIbl. bapiblk kaTeropusuiapaa
CKb nmakplngapbl 6acbiM OOJIIBI.

Tyiiin co30ep: Kanm Kbl3bLIUAcl, OUOIO2UATLIK OAKbLAAY, OAKMEPUALAP, CARbipaAyKYIaKmap,
Kacammulk wipy, aumaconucmep, CKb.

OJIeMIIIK EeTIHIIUIIKTe KaHT KbI3bUIIIACK aNTapibIKTaili ayMaKThl amnbilm Karblp. KaHT
KBI3bUIIIACKl QJIBIIT JKATKAH €H YJKEH aynaHnap YkpaumHana, Peceiine, Keitaiina, Ilosbuiana,
Opannusnga, ¥iasloputanusaa, ['epmanusna, Utanusaa; on bensrus, benapycs, Kanonwus, Benrpus,
Typxus, I'py3usna ecipiteni. Eypoma ennepinae KbI3bUIa KaHTHI d1eMIeri xanmsl erinaiyg 80% -
Ha aeiin enmipineni [1,2].

KaHT KBI3BUIIIACHIH CaKTay KE31HJIe KAHTTBIH JKOFAybl JKOHE OHBIH TEXHOJIOTHSIIBIK
carmachblHBIH HAaIapiiaybl KOKOHICTEP/IH THIHBIC ATyblHA >KOHE MHUKPOOHUOJOTHSIIBIK MPOLeCTepre
OaitmanpicThl. Oap COHBIMEH KaTap caKTayFa apHaJIFaH IIMKI3aTThIH CallachblHa XKOHE CaKTay Mmpoleci
KYpETIH Karjaimapra OaiimanbpicThl. CakTay MpOIECIHIE MHKPOOPTaHU3MACPIiH KOOCIiHIH
caigapbl - karar Imipiri. Kasipri yakpITTa KaHT KbI3bUIIIACBIHBIH KaraT IIipiri - OyJ KaHT
KBI3BUIIIACKIHBIH aypybl FaHa eMec, COHBIMEH KaTap eric alKanTapbIHbIH HeTi3T1 perreymiici [3,4].

Karar mripirinig Heri3ri KO3ABIPFBIIITApEl Botrytis cinerea, Fusarium sp., Penicillium sp.,
Alternaria alternate, Oospora betae, Verticillium sp. xone T.0.

Botritis cinerea, Phoma betae, Fusarium culmorum - Tipl TaMbIpFa 9cep €TETiH oTe OeJICeH 1
KO3JBIpFBIITAP. OpTYpai Typiaepi Aspergillus, Penicillium, Cladosporium oHe T. 0. - KaHT
KBI3BUIIIACHI TAMBIPBIHBIH ©J11 TIHIHJIE JAMUTHIH CaHbIpayKyJakTap [5,6,7].

Kyxknansl aypynapAblH KO3ABIPFRIITAPBIH OacyAblH OHAMl OJiCi XUMHSUIBIK KOPFaHBIC
KypaligapelH KojgaHy Ooneim  TaObuiampl. OHBIH — OipKaTap JKaFbIMCBI3 — ocepiiepi  Oap:
¢duTomaToreHAepAlH TYpPaKThl TYpJEpiHIH MHaina O00aybl, MHKpOOHOLIEHO3ZapAarbl Maiiaasl
MUKPOOPTaHU3M/IEP CaHBIHBIH a3al0bl )KOHE TOMBIPAKTa YIIbI 3aTTapAbIH KUHATYHI [8,9].

KpI3pUTIaHbl CaKTayabIH MEPCIEKTUBAIBI OAFBITH OPTYPIIl OHONOTHSUIBIK CTHMYIISITOPJIAP IBI
KOJIJ1aHy 60bIN TaObUIAbI. MyHnait OuonpenapaTTapabH HeTi31 — aypy
KO3ABIPYIIBUIAPBIH AHTATOHUCTEPIHIH OEJICEeH I KOFaphl mTaMmaapbl. Omap SKOJOTHUSUIBIK Ta3a,
ajzlamj1ap MeH KoplIllaraH opTa yIuiH Kayinciz[10].

Kymbic OapbIChIHIa cakTayFa ACHIHTI KoHE KEWIHT1 KaHT KbI3bUIMIANIAPEI KOJIAHBLIIBI
(Cypettepl,2). Cakray anapiHAa KbI3BUIIAHBIH OeTi Kyprak Oonmel. Keiilip ynarizepae KilkeHe
3aKbIM 00JIJIbI. Opl Kapak, mipik maiaa 00y YIIiH KbI3bUIIIA 3epTXaHaaa 0eMe TemnepaTypachiHaa
BUTFANIIBI JKaFAaiia cakTanasl. Eki antagad KeiiH KbI3bUIIIAAA MIBIHAAPABI KECY OpPHBIHIA YKOHE
3aKbIMIQIIFAH KepJiep/ie Korepy naiia OoJbl, KaFbIMChI3 UiC Maii1a OOk,
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Cyper 2. Exi anTaiaH KeWiHT1 KaHT KbI3bLIIIACHI

MukpoopraHuzMaep/i OKIIayiay YIIiH opTajap MaiJalaHbUIIb: KOPEKTIK arap, arap DHJIO,
Yamnek opracel, kapromn-ritoko3a arapel (KI'A). baktepusiibik diopansl 6eny yimiH gakeuigap 24
carat imiage 37°C temmeparypaga, MAKPOCKONHSUIBIK CaHBIPAYKYJIAKTapAbl 06y yIIiH — 5 KyH
Hemece ofiaH ja kem 25°C Temmeparypana MHKyOauusnanael. KopekTik arap MeH DHAO opTachl
OaKTepUSIIBIK JTAKbUIApAbI, Yamek opTackl MEH KapTOI-TJIFOKO3a arapblH MHUKPOCKOTIHSUIBIK
CaHpIpayKyJlaKkTap  ecipy VUIIH mMaiganaHbuiasl.  MUKpPOCKOMMSIIBIK —CaHBIpayKyJaKTapra,
OakTepusapra, KaHT KbBI3BUIIIACHIHBIH OCTIHEH aJbIHFaH AalllbITKhUIApFa KApChl AHTATOHHU3M
mymkinairi ymin CKb makeinaapsl MeH rpam-oH OakTepusiiapAblH AaKbUIAAphl TeKcepini. 1-mi
Ke3CeHJ/Ie KAaHT KBI3BUIIIACKIHBIH KaraT IIIPITiHIH HETi3T1 KO3JBIPFBINIBI PETIHJE CAKTAJIFaH KAaHT
KBI3BUIIIACBIHAH ~OKIIAyJaHFaH MHUIEIHANABl CaHbIpAayKYJaKTapFa AaHTAarOHHUCTEP TaHJAJbI.
MUKpOCKOTIUANBIK ~CaHbIpAayKYJIaKTap JakbULIapbl TOymiK Ooiibl Yamek arapeiHjgarel lletpu
pIbICTapbIHa 28 © C Temmeparypaaa ecipiiiil. Oicke OaiaHbICTBI TECIKTEP JKacabl, OJOKTap
KOUBUIIBL. Opi Kapai, 3epTreneTin [leTpu mIbIHBIAsKTaphl TEPMOCTATTa KAJAbl )KOHE KYH CallbiH 7
KYH OO#BI CaHBIPAYKYJIaKTapIbIH 6Cyl OaliKaIbl.

CepiHaK —mTamaapsl  peTiHae JakTobaummn MeH 51 OGamwniaiH 61 KyneTypachl
KOJITAHBUIIBL. 3eprreynep uHotmxkecinae CKb wmen OaruuIamap by (duTONmaTOTeHIIK
CaHBIpAYKYJIAKTapJblH OCYiH TeXeWTiH KabinmeTi Oap ekeHmiri anwikramabl (Cyper 3). bapmabik
kareropusutapaa CKb LB2, LB4, LB96 xone Bacillus B154 xxone Bacillus 41b naxpuinapsl 6acbim.
Koraps! nopexeni kepceTkimrep 9-20 MM apasbIFbIHAA.
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Cyper 3. 3eprreneTin 6akTepusaapabiH GUTONATOTEH I CaHbIPAayKYJIaKTapFa KapChl TECT-
KYJIbTYpaJlapbIHBIH aHTATOHUCTIK OCJICEHIUTIT]

Ochbuiaiiia, cCaKkTaldFaH KaHT KbI3bUIIIACKIHAH OKIIAyJIaHFaH MUIICIIUAJIIbI CAHbIPAyKYJIaKTapFa
aHTaroOHHCTEP TaHAAIbL. 2-1111 K€3E€HIe CaKTaIFaH KaHT KbI3bUIIIACKIHAH OOIIHIeH OaKkTepHsiap MeH
aIIBITKBUIApPFA aHTAaroHUCTEp TaHAaiabl. baramay OnmokTap, ery, TeCIKTep 9ICiH KOJaHa OTBIPHI
xyprizinai. CelHaK JakpuLapbl peTiHae 42 nakbpUl HaiaasaHbuiabl. AHTaroHU3M 7 OGanusuianap
MeH ambITKbuapra Oaranannbl. CKB-HbIH eH Oencenai qakpuigapsl LB32, 13LHB — 5 gakeun xxoHe
LB28 6 makpinra Oencenmi. XKorapel gopexeni kepcerkimrep 9-20 MM apanbirbiHaa. bakTepusibik
KOHE AaIIBITKBl WHGEKIWsUIapblHa OalWyll aHTAarOHW3MIH 3€pPTTeY HOTHXKelepi 4-cyperte
KOPCETIJITEH.

Cyper 4. 3eprrenreH OanusuagapIsIH TECT-TaKbUIIAPBIHBIH alllbITKbUIApFa (a), 6anusuianapra (0)
KapChl aHTarOHUCTIK OeNCeH LTI

Conpait — ak, TeCikTep MEH OJIOKTap 9jici Oanmiuiaiapra, ajl ery d[ici JlakToOanusiaiapra
KOJAiIbl Jen TYXXBIPBIMIANbBI, OHJA OJIap aKchl HoTkenep Oepai. Ery kesinge Oamnmsianap
emkaHgai oH HoTwke Oepmeni, an CKB karmaifpiHga OJOKTap MEH TECIKTEp OJICIMEH
OakTepHsIap/IbIH TeXeY KOPIHICTEpiH aHBIKTayFa O0Jabl.

Ocpinaifima, OakTepUSUTBIK —JaKbUIIAPJAbIH AHTHOMOTHKANBIK 3aTTaplbl KaJBIITACTHIPY
KaOljeTiHe OaiaHbICTBl ojlap OipkaTap (PUTOMATOreHNIK CAaHBIpAyKyJIaKTapra, OakTepusiiap MeH
aIIBITKBIIAPFa KaPChl aHTATOHKUCTIK OETICEHILTIKKE e eKeHIIT1 aHBIKTaNIbI.
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Ha tepputopun Kazaxcrana mmeercss OrpoMHOE KOJIMYECTBO I€OTEPMAJIBHBIX MCTOYHUKOB,
KOTOpbIE Ha CETOJHAIIHUMN JIeHb HEJOCTAaTOYHO M3Y4YEHbl KaK C TOUKH 3PEHUS SKOJIOTMH, TaK U C
TOUYKHU 3peHUs] OMOTEXHOJIOIMYECKOTr0 OTEHIIHANA.

OnHUM M3 TaKMX MCTOYHUKOB sBIsieTCA JKapKEHTCKHM Te0TepMallbHBIA TOPSIYM MCTOYHHK,
KOTOPBII HaxoauTcsi B AnMMaTuHCKoM obnactu Kazaxcrana.

CoBpeMEHHBIM U BBICOKOTIPOU3BOJUTEILHBIM METO/IOM B HACTOSIIIEE BPEMS SBISETCS - METOL
OCHOBAHHBIM Ha aHalW3€ TEHOMHBIX W aMIUIMCeK OMONMOTEK, MOJYyYeHHbIH Ui 00pa3loB
MUKpPOOHBIX COOOIIECTB METOJaMH CEKBEHHWPOBAHUSA. OTOT TPEHIOBBIM IMOAXOJA MOJIYYHSI CBOE
Ha3BaHUE KaK «METareHOMHUKa», IMEHHO 3TUM METOJOM B paboTe OBbLIM UCCIEI0BaHbI IPUPOIHBIE
ropsiuve UCTOYHUKHU.

B Xxoze BbINONIHEHHUS SKCHEPUMEHTAIBHBIX Pa0OT BHUMaHUE OBLIO CPOKYCHPOBAHO KaK Ha
M3Y4YEHUH MUKPOOHOTO COOOIIECTBA, TaK U HA MOMCKE HOBBIX IITAMMOB JIJIsl OMOTEXHOJIOTHYECKOTO
NPUMEHEHHsI, B YaCTHOCTU Ha BBIJCICHUM TEPMOQIIBHBIX OaKTepHi M TMOUCKAa COBPEMEHHBIX
MIPOMBIIIJIEHHO BaXKHBIX (PEPMEHTOB.

MetareHomHble UcciieoBaHMs JKapKEHTCKOrO Ie0TEpPMajIbHOIO TOpsSYero MCTOYHMKA JaIu
OTpeIeJICHHBI 00beM 3HAaHWUKW O OMOpa3zHOOOpa3MM MHUKPOOHBIX COOOIIECTB M MX OOHWTAaTEsCH.
Kpome Toro, Hamu ObUIO MOKa3aHO, YTO MUKPOOHOE co001IecTBO JKapKEeHTCKOTO Te0TepMaIbHOTIO
ropsiuYero UCTOYHUKA COAEPXKUT B ceOe 0O0JIbIIOe KOJIMUECTBO MUKPOOPTaHU3MOB, KOTOPbIE HE ObLIN
oOHapy»KeHbI B IpYT'HX reoTepMaibHbIX MecTtax obutanus Kazaxcrana. Mccnenys TepmoduibHbie
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MUKpOOHBIE  OWOIUIGHKH, HECMOTpS Ha pPa3BUTHE COBPEMEHHBIX TIOJIXOJOB  aHAU3a
MUKPOOHOJIOITMYECKUX COOOIIECTB, MO-MIPEKHEMY aKTyalbHBIMU OCTAIOTCS U KJIACCUYECKUE METOIbI
MUKpPOOUOJIOTHH, HAIIPABJICHHBIC HA BBIJICICHUE HOBBIX IITAMMOB OAaKTepUN M3 MPUPOIHBIX MECT
oOuTaHus, C MOCIEAYIOIUM X (PUITOTEHETUYECKUM OMHMCAHUEM U T€HOMHBIM CEKBEHHUPOBAHUEM.

B pamkax uccnemoBaHus ObUIM BBIIEICHBI MPEICTABUTENH PA3HBIX TEPMO(HIBHBIX POJIOB
OakTepuii, Takux kak Thermoactinomyces, Geobacillus, Anoxybacillus v T.1.

© Kucray6aesa A.C., Mannkan A., Casunkas WU.C.!, Bupkenann H. Pa6oTa Gblia BeITIOIHEHA
npu noanepxkke MexaynapogHoro rpanta CPEA-LT-2017/10061. «Network for research-based
higher education in microbial biotechnology».

bouto ycranoBneHo, uyto poa Anoxybacillus Obl1 IIHPOKO TNPEACTABICH B JaHHOM
reoTepMaIbHOM HCTOYHHKE. M3BecTHO, uTo poxa Oakrepuit Anoxybacillus coctout u3 22 BUAOB U
JIBYX TOJIBUJIOB, HO CBSI3b MEXJIy €r0 00pa3oM >KM3HU M TEHOMOM Mallo U3y4eHa.

B cBs13u ¢ 3TUM, HaMu ObLTH TOAPOOHO U3YyUYeHBI BCe BhielieHHbIE KynbTyphel 3A1AC, 3A2AC,
3A3AC, 3A4AC, 3A5AC wu oxapakTepu3oBaHbl KaK OHOXMMHYECKMMH TECTaMH, TaK H
MoJIeKYJIsIpHbIME MeTosnaMu. Ha ocHoBanuu monekynspHoro ananusa 3A1AC, 3A2AC, 3A3AC,
3A4AC, 3A5AC Bce mTaMMbl ObLTH UIACHTU(UIMPOBAHBI M OTHECEHBI K IMPEACTABUTEISAM POJia
Anoxybacillus.

Jlnis onipenenenus GUIOTEHETHUECKOT0 MOJI0XKEHHS 0 TocheaoBaTenbHoCTIM reHa 16S pPHK
OBUIO MTOCTPOEHO (PMIIOTEHETUYECKOE JIEPEBO C MCIOJIb30BAaHUEM OCIEI0BATEIIEHOCTEH BCEX IMATH
OTOOpaHHBIX IITAMMOB M MOCJeI0BaTeNIbHOCTBhIO UX reHoB 16S pPHK ¢ ncnonb3oBanue TUIOBBIX
ITAaMMOB, IPUHAAIEKAIINX K poay Anoxybacillus.

B xone uccnenoBanuii Hamu ObLTHM ycTaHOBIEHBI, 4TO mTaMM 3A1AC npoaeMoHCTpUpPOBa
BbICOKHUI ypoBeHb cxoncTBa 100,00% ¢ TunoBsiM mrammom Anoxybacillus sp. DR02 u Anoxybacillus
salavatliensis, 4To TO3BOJIAET OTHECTH €ro K A3TOMYy BHIy. Bsigenennsiii mramm 3A2AC
MIPOJEMOHCTpHUPOBaI cX0Kyto cBs3b Ha 100,00% c TunossiMu mrtammamu Anoxybacillus sp. K-103
Anoxybacillus kamchatkensis G10, mramm Anoxybacillus salavatliensis, mramm Anoxybacillus
gonensis G2 u ¢ KIOHUPOBaHHBIM mTaMMoM Anoxybacillus flavithermus 1LK4. llltamm 3A3AC
cxozacTBO 1o nocnenosarensHocTaM 16S pPHK nponemonctpuposan ¢ Anoxybacillus sp. DR04 Ha
99,80%, mtamm Anoxybacillus gonensis G2 na 99,80% u mrramm Anoxybacillus kamchatkensis G10
nposiBuiI cxoactBoO Ha 99,80%. llltamm 3A4AC nmpoeMOHCTPUPOBAT TECHYIO CBs3b ¢ 99,93% co
cxoncTtBoM ¢ Anoxybacillus sp. DRO2, mramm Anoxybacillus kamchatkensis TS13 u ¢
OaxTepuaibHBIM KJIOHOM bac50, B To Bpems kak mtamMM 3ASAC ObUT TECHO CBSI3aH CO CXOJCTBOM Ha
100,00% ¢ Anoxybacillus sp. DR0O2, Anoxybacillus salavatliensis.

BoigenenHple  mMTaMMbl TOKa3add XOPOIIyl0 (EPMEHTATUBHYIO XapaKTEPUCTHKY IO
pe3ylibraTaM WX KYyJbTUBHPOBAHWS HA TBEPAOH NHUTATCNbHOW cpezae. | BBIABICHUS TEHOB
(epMEeHTOB, CIOCOOHBIX K THAPOIU3Y KOMIIOHEHTOB OHWOMAacChl, HaMU OBbUIA TMPOBEACHBI
MTOJITHOTCHOMHBIC CEKBCHHPOBAHMS BCEX BBIJCIICHHBIX 5 IITAMMOB JUIS CO3JIaHUS MPOMBIILICHHO
[[EHHBIX IIITAMMOB.

Jlumepamypa
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AnHoTauusi. B pabote mpencraBieHbl pe3yibTaThl 03HAKOMHTEIBHBIX SKCIEPUMEHTOB IO
BIMSIHUIO yIOOpEHUH, coepKaluxX THOMOUYEBHHY Ha CEpACUHYIO AEATelIbHOCTh MOJUIIOCKOB poJia
Sinanodonta mpoBunimn Kxan Xoa, BeerHam. [lyi1 HEMHBa3UBHOTO KOHTPOJISA KapJHOPUTMOB
HEMOCPEJCTBEHHO 4Yepe3 pPaKOBUHY, MCIOJb30BaJIcs onTokapauorpad c onrtomapoir CNY70.
PacTtBOpBI ¢ KOHIEHTpauusiMu THOMOYeBHHBI 0,5-1,5 /11 BBI3BIBAM HE3HAYUTEIHHOE 3aMe/IJICHHE
KapAMOpUTMa B IiepBble 3 yaca. B TeueHune nocnenyomux 8§ CyToKk aMIUIMTYy1a KapJUOUMITYJIbCOB,
MX 4aCTOTa BOCCTAHABIMBAINCH IIPAKTUYECKHU 10 HOPMBL. PacTBOp ¢ KOHLEHTpauuel THOMOYEBUHBI
5r/n pe3Ko HEeraTMBHO BIMSIET Ha CEpJCUHYIO JIEATENbHOCTb, BBI3BIBAECT MOSBICHHE MATTEPHOB
KapAHUOUMITYJIbCOB C PA3HOM aMIUIUTYJOW MU CTPYKTYpPOM HMITyJIbCa, HO HE BBI3BIBAET I'MOEIN
MOJUTIOCKOB B TeueHue 4 cyrok. ConepaHue MOJUIIOCKOB B cpesie ¢ KoHueHTpauuen 10r/m pesko
U3MEHSIET MIOBEJICHUE, YACTOTY CEP/ICUHBIX COKpAIllEHU U MPUBOUT K OJTHOBPEMEHHOM rudenu Bcex
MOJUIIOCKOB Ha 4 —e CYTKU. OKCIEePHUMEHTHl IOKa3ajh, 4TO MOJUIIOCKM pojaa Sinanodonta,
oOuTtatoue B OacceitHe peku Kail, cuiabHO 3arpsi3HeHHON yA00pEHUIMHU, UMEIOT BBICOKYIO CTENIEHb
aJlanTallli K 3arps3HEHMsIM yI00pEHUMH, CIOCOOHBI KHUTh U Pa3MHOXKaThCsl B 3THX YCIOBUSX.

Knrwoueswvie cnosa: asmomamuueckue cucmembl HENpepvbl6HO2O0 OUOMOHUMOPUHSA, NYIbC
MUOULL, MUOMOUEBUHA, 3A2PAZHEHUE BOObL.

Beenenue

Cucrema KOHTPOJISl KauecTBa BOJBI B BOJHBIX 3KOCHCTEMaX BO BCEX CTPAaHAaX B HACTOAIIEE
BpEMS HY)KJIA€TCS B KOPEHHOM IIEPECMOTPE MOAXO0I0B, B HOBOW annapaTypHOH M METOIUYECKOU
6aze. Ilo gaHHBIM XMMHUYECKMX aHAJIW30B BOJbl, B MPHUHIMUIE HEBO3MOXHO IpeacKa3aTh
OMOJIOTMYECKUN pe3yNIbTaT OJHOBPEMEHHOTo JeiicTBus BceX (akTopoB. Ha mpaktuke Tpebyetcs
HENpPEPBhIBHOE CIIEKEHUE 3a Ka4eCTBOM BOJBI AJi1 OBICTPOro OOHapyeHHe 3arps3HEHHs BOIbI B
pe3yibTaTe TEXHOTEHHBIX aBapuil WM MPUPOJHBIX KatacTpod. Hanbomnee anekBaTHBIMU METOAAMU
OLIEHKH CyMMapHOTO BPEIHOTO BO3JICHCTBUS Ha CPeAY ABIIAIOTCS OMOJIOTHYECKHE METOAbI KOHTPOJIS,
WCIOJIb3YIOUIME DPEAKLUU JKUBBIX OPraHW3MOB Ha 3arps3HEHHE BOJbl. B 2TOil CBA3M O4YEHB
MEPCIeKTUBHBIMUA TMPEACTABISAIOTCS YCTAHOBKH, HCIIOJIB3YIOIME B KayecTBe OHOCEHCOpPOB
MIPECHOBOAHBIX U MOPCKHX JIBYCTBOPYATHIX MOJUTFOCKOB, QUIBTpaHTOB. [IpH yXy/meHun KkauecTBa
BOJIbI 3TH KUBOTHBIE 3aKPbIBAIOT CTBOPKH PAKOBHHBI, PE3KO CHUKAIOT YACTOTY CEpJCYHOT0 PUTMA.
Bo Bpems 1ab0paTOpHBIX TOKCUKOJIOTMYECKHX SKCIIEPUMEHTOB UX HE HAaJI0 KOPMUTH, OHU MTEPEHOCAT
JUTATEIbHOE TooAaHe. MOJUTFOCKH MaJloNOIBUKHBI, HAKJIEEHHBIE C TOMOIIBIO0 BOAOCTOMKOTO Kiles
JaTYNKHU UM HE MELIAOT.

B nHacrosimee Bpemsi Bo BreTHame MCHONB3YyeTCsl 3HAUYUTENIBHOE KOJIMYECTBO MUHEPATbHBIX
ya0OpeHuil ¢ BBICOKMM COJIep)KaHHEM THOMOYEBHUHBL. OHa sBIseTCS OMOJOTMYECKH AKTUBHBIM
BEIIECTBOM, BJIMSET Ha SHAOKPUHHYIO CUCTEMY (IIUTOBUAHYIO Kelle3y ¥ TOHa/lbl) PO, B YaCTHOCTHU
IIPU COJIEPKAHUU B BOJIE C KOHIEHTparmued TuomoueBuHbI 0,3 r/n y kimapueBbix comoB Clarias
gariepinus B TeueHue 21 nua pasBuBaerca runotupeo3 [l]. Coxpepxkanme cura Singi npu
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KOHIICHTPALMU THOMOYEBUHBI B cpezie 11/ uepes 45 qHel NpuBOIUT K CHUKEHUIO MAaCcChl TOJIOBHOTO
MO3ra, MO3XeuKa, IPOJ0JIrOBaTOr0 U CPeIHEro Mo3ra. [2].

B nuteparype OTCYTCTBYIOT JaHHBIE O BIMSHUM THOMOYEBHMHBI Ha MOJUIIOCKOB poja
Sinanodonta.

Metoabl 1 MaTepHAJIbI

Peructpanusi KapJuOPUTMOB HPOU3BOJUTCS C IOMOIIBIO  pa3pabOTaHHOTO  HaMU
nabopaTOpHOTO OnTOoKapAuorpada, KOTOPHIA MpeAHa3HAYeH JUIsl OJHOBPEMEHHOW PETrHUCTpaIiH
(dbu3noIorHUYecKuX PUTMOB 6 KWMBOTHBIX. MH(pakpacHas onromapa CNY70 ¢ ImIacTUKOBBIM
JiepKaTesieM IPUKPEIUISETCS. BOJOCTOMKUM KJIEEM Ha BHEIIHIOK CTOPOHY PAKOBUHBI BOJIM3H ceplia
MOJUTIOCKOB 0€3 MOBpEXIIEHUSI CTBOPKU U cOoeAMHsAETCs ¢ mpubopom kabeneM. KoHTponb ypoBHsS
PacKpbITUSL PAKOBUHBI U BBIIBUIKEHUE «HOT'M» OINPEAEIIAIOCH BU3YaIbHO.

Momnntocku Sinanodonta sp. otnoBinensl 27 nekadps B kanaine B Ninh Son, Ninh Hoa, Khanh
Hoa B Oacceiine pexu Kait. Onpenenenue 10 BUIa HE MPOU3BOAMIOCK. s SKCiepuMeHTa ObLIN
0TOOpaHbl KPYMHBIE MOJUTIOCKUA pasmepom Oonee 10 cM, Bo3pactom Oonee 10 mer. Mommtocku
COZIEPIKAIMCh B OOJBIINX MJIACTUKOBBIX EMKOCTSX (0onee 100 TUTPOB) ¢ BO3AYIIHON MPOAYBKOH H
MepEeMETNBAHUEM BOJIBI C TOMOIIBIO aKBAPUYMHBIX TOMIT. MOJITIOCKH MOTyYalyd MEJIKOAUCIIEPCHBIN
OpraHMYeCKHA KOPM B BHJE IIEKapCKUX JpOXKIKEH M BBIBAPEHHOM MOPKOBH. Bo Bpewms
HKCIIEPUMEHTOB >KMBOTHBIE KOPM HE MOJIYYalld U COACPKAIUCH B aKBapuymMax ¢ 00beMOM BOJbI 13
mutpoB. CyTouHas TeMIiepaTypa BoJbl B TEUEHHE BCEX IKCIIEPUMEHTOB BapbUpoBala B Ipenenax 25-
26 rpagycoB, cBeTOBOIl pexum 12/12 vacos.

Bo Bpems ajzanTallMOHHOrO IeEpUOJa COJAEp’KaHUS B J1aOOPATOPHBIX YCJIOBHSIX SIBICHUE
«3aMHpaHus» CepAeUHOro put™a y Sinanodonta He OOHapYX EHO, BpEMS MEXIY CEepICHYHBIMHU
COKpauleHusiMH B Hopme cocrtaBisieT 8-10 cekyHna. Puc.l OObIUHO HCIONB3yeMBbIl Mapamerp
"qyacToTa CEepAECUHBIX COKpalleHHH" HaMM B ONMCAHUU HE MHCIOJb3yeTCs H3-3a HEeyJ00CTB
MOCTOSIHHOTO Tiepecuera. Mcmomb3yercs mpsiMOil U3MepseMbld KapauorpagoMm mapamerp -
JUINTEIBHOCTh UHTEPBajla BPEMEHU MEX]y CEPIACUYHBIMUA COKPALLEHUSAMH.

Ucnonsizyemeie peaktuBsl: Uccnenyemoe munepanbHoe yaoopenue “Thiourea 99” copepkut
N-35 %, S-40 %. ConepxaHue UMEHHO MOUYEBUHBI (GUPMOIl He mpuBoauTcsa. HaBecku ynoOpenus
“Thiourea 99” paccUMTBHIBAIUCH C YIETOM TOT'O, YTO COJEPKaHUE THOMOUYEBUHBI cocTaBisieT 75 % ot
o011ero Beca ya00peHusl.

Pe3yabTaThl M MX 00CyKIECHUE

HccnenoBanue BIMSHME TUOMOYEBUHBI Ha IMOBENCHUE U CEPICUYHYIO PUTMHKY MOJUIIOCKOB
pona Sinanodonta.

IlockonbKy HaHHBIE O BIMSHHUUM THOMOYEBHMHBI Ha >KM3HEAEATEIBHOCTH MOJIIIOCKOB poOJa
Sinanodonta B nutepatype OTCYTCTBYIOT, HO W3BECTHO, 4TO KOHIeHTpauus 0,5 /1 oka3piBaia
CHJIbHOE HETaTMBHOE BIUSHHE Ha PbIO, MBI PEIIMIM HA4YaTh SKCIIEPUMEHT C TaKOH KOHLEHTpAIHH,
TaKk KaKk MOJUIIOCKM 0oJjiee YCTOMUYMBBHI K 3arps3HEHUsIM. Bblmu BbIOpaHbI cleayloliye Tpajaluu
KOHIIeHTpalui pactBopa Tuomouesussl: 0,5; 1,0; 1,5; 5; 10 r/m.

Jlia uccnenoBanus BiMsHUS KoHUeHTpauuu 0.5 r/m Obuin chopMUpOBAaHBI KOHTPOJIbHAS U
9KCIIEPUMEHTAJIbHAS TPYIIIBI MOJUIFOCKOB, 11O 3 MOJUIIOCKA B KaX/10M.

Jlo Hauana BO3/1eHCTBUS BO BCEX CEpUSX MPOU3BOINIIACH KOHTPOJIbHAS 3alKUCh KapUOTrpaMM
KaKJOT0 MOJIIIOCKA, IIOCKOJBKY BCE MOJUIIOCKM HMMEIOT HHIUBUAYAIbHBIE KapAHOIPaMMBI,
KOHTPOJIEM JUIsl MOJUIIOCKOB OSKCIIEPUMEHTAIbHOM TIpyNIbl MOTYT OBITh TOJBKO 3TH Camble
MOJITFOCKH.
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Pucynox 1. Bug onrokapauorpamm Sinanodonta B 4icToi Boje

B HOpME BpeMs Mexay KapAHOUMIYIbCaMU MPAKTUYECKU I BceX ocobel cocrapiseT 8-10
cekyHa. @opma KapIMOMMITYJIbCa YETKasi CUTHAJa, YaCTOTa CTA0MIbHAsL.

Cryers monyaca mociie Hayaja BO3JEMCTBUS pacTBOpa ¢ KOHUeHTpauuei 0,5 /1 Havanuch
HE3HAYUTENIbHBIC U3MEHEHUsI ()OPMBI U YACTOTHI CEPACUHBIX COKpamieHuil. B skcrnepuMeHTampHON
rpynne BpeMms Mexay ynapamu cocrasisieT 11-13 cex. Cnycra 3 dyaca Bce MOJUIFOCKH
SKCIIEPUMEHTAJIBbHOW TIpYNIbl BBITYCTUIM "HOTY", UYTO CBMJETENBCTBYET O HAMEpPEHUU K
nepemenieHnto. Crycrs eme 30 MUHYT pUTMHUKA SKCIIEPUMEHTAJIBHBIX )KUBOTHBIX BOCCTAHOBMJIACH
1o cpenHero nepuoja 10 cex, OHM BTAHYJIU HOTY U 3aKpbUIM PaKOBHHY. B nanbHeiiiiem B Teuenue 3-
X JHEW MpOoUCXoAiT HeOOoJbIIne 0OpaTHMble OTKIOHEHMS B CEPJIEYHOM aKTUBHOCTH MOJUIIOCKOB.
OTOT KCHEPUMEHT MOKa3all, YTO PacTBOP THOMOUYEBUHBI KOHIEHTparuu 0,5 1/1 cnabo BiIuseT Ha
CEpACYHYIO aKTUBHOCTD, TOJIBKO B IepBbIe 3 yaca. Jlanee npou3oluia ajantanys K JaHHOMY YPOBHIO
Bo3zeicTBus. [1loaToMy Ha 4-i 1eHb SKcniepuMeHT ObUT mpekpaieH. Crabasi peakuusi MOJUTFOCKOB
ObuIa 17151 HAC HEOXKUJJAHHOM, BElb THOMOUYEBUHA SBJISETCS JOBOJIbHO TOKCUYHBIM BEILIECTBOM.

B nanpHeieM sKCiepUMEHTHI € COJIEP)KAHUEM MOJUTIOCKOB B PAacTBOpax C KOHIIEHTpaluen
THOMOYEeBUHBI 1 1 1,5 r/n npoBoaumck B TeueHue 8 cyrok. Habmoganucs peakiys Ha THOMOUYEBUHY
B IEpPBbIE Yachl, B OCTAJIbHOE BPEMsI MHTEPBAJI MEXAY KapAHOPUTMAMHM B SKCIIEPUMEHTAIBHBIX
rpynnax He3HaYUTEIbHO MPEBBIIIAI [T0KA3aTelb B KOHTpOJIE, cocTaBisl 10-12 cexyHn.

[Tpu xoHLIEHTpalMu 5 /71 B HaYaJIbHBIM MEepuoJ BO3JACHCTBUS BBISIBICHO PE3KOE HApyLIEHUE
CEpIACYHON [EeATENBHOCTH. B NepBBI 4Yac MOJUIIOCKM PE3KO YCKOPHWIM YacTOTy CEPICYHBIX
cokpatienuii. Takoi "CTUMYIUPYIOMHI" Pe3ynbTaT BO3ACHCTBUS HA CEPIICUHYIO JESITEIILHOCTh HE
HaOIroAaICcs B MpebIAYIIMX 3KcrepuMeHTax. KpoMe Toro, y HEKOTOpBIX ocobel HaliromaroTcs
HeoObIUHblE NAaTTepHbl KapauocurHana. llepuoanuecku mosBISETCS PUTMHUKA, KOrja Iocie
KAapAMOLMKIIOB, B KOTOPBIX IOCIE 2-X YAapOB ¢ HOPMaJIbHOW 4aCTOTOM M aMIUIUTYJOW CIENYIOT 3
yAapa ¢ MaJo aMIIUTYI0M U MEHBIIEH JUTMTENBHOCTBIO KapArnocurHana. Kpome Toro, y HEKOTOpbIX
oco0ell BCTpedaeTcst puTM, MPH KOTOPOM € 4acTOTOM mpumepHO B 1 cekyHay umeercs 4 yaapa c
BBICOKOW aMITUTYAOU ¢ mocienyromieit nayzou 15-20 cexynz.
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Pucynok 2. VI3MeHenus B kapuorpaMMax MOJUTIOCKOB B PE3yJIThaTe CUIIbHBIX BO3ACHCTBUI

B Teuenue 2-x cyTOK IOciie€ Hayajga BO3JEHUCTBUS MOJUIFOCKA IPAKTHUECKHU OJIHOBPEMEHHO
BBIIYCTUIM HOTYy. Peakius BTSruBaHMsI IpU NPUKOCHOBEHUM K Hore Obuia OblcTpoil. Yactora
CEpJCUHbIX COKpAIllEHUH YBEJIMYMBACTCS JIMIIb Ha KOPOTKOE BpeMs, yepe3 24 uaca y Bcex
MOJUTIOCKOB HalJII0JJaeTcsl pe3kast Opaaukapmsi, 4acToTa CepIeYHbIX COKPALIEHUH YMEHbUINIACh B
cpenHeM B 2 pasza. Ho kapamocurHaimbel IMEIOT BBICOKYIO aMIUIMTYXy, ¢opMa KapIuOCHUTHalIa He
IIPETEpPIIeBACT CYIIECTBEHHBIX U3MeHeHul. CrycTs 72 yaca Bce MOJIIFOCKH €IlI€ KUBBI, PEaKIMs Ha
BTSTHBAHWE HOTW CPENHsSA, BCE MOJUTIOCKMA BTSHYIM HOTY. Y OKCIEPUMEHTAIBHOW TPYIIIIBI
MOJUTIOCKOB JUIMTEIBHOCTh MEXAY yAapaMu yBeauuwioch a0 23-25 cexyHna. Ilpu comepikanuu B
cpene ¢ KoHIeHTpaluend TnomoueBuHbI 10 /1 yepe3 96 yacoB HKCIEPUMEHTa BCE MOJUTIOCKH €IIIe
KMBBI, HO Ha TPETbH CYTKHM HAONIOAeTCs pe3Koe MajieHue aMIUIMTYJbl CUTHAJIOB, BPEMs MEXAY
cllabbIMU  KapAUOUMITyJIbcaMu cocTaBiisieT 25-40 cexkyHa. Y BceX MOJUIIOCKOB peaklus Ha
BTArMBaHue "Horu" orcyTcTBYeT. [oHOE NpekpalieHre cepeuHol aKTUBHOCTH HACTYIUIIO CITYCTS
104 yaca (4 cyTok) c MOMEHTa Hadajla 3KCIEpUMEHTa U HaOJoaeTcsi THOesb BCEX MOJIIIOCKOB
MPAaKTUYECKH OJHOBpeMeHHO. OTCYTCTBYET peakliusi Ha BTATMBaHUE "HOTU", paKOBHMHA CBOOOIHO
OTKPBIBACTCS.

Peructpupyemast BBICOKAs YCTOMUMBOCTh CEPAEYHO -COCYIAMCTOM W HEPBHOM CHCTEMBI
MOJUTIOCKOB pojia Sinanodonta Kk THOMOYEBHHE TOBOPHUT O BBICOKOM CTENEHU alalTalluy MOMYIISLHUN
MOJUTIOCKOB, OOMTalOIMX B BOJOTOKAX, MPOTEKAIOIIUX B pEruoHax, TIJe OTCYTCTBYET
MPOMBIIIJICHHOE MPOM3BOACTBO. IIpyM KOHIEHTpaluyu THOMOUYEBMHBI 5 T/ y HEKOTOPBIX OcobOei
Ha0Jt0/1aeTCsl KapAUOLMKIIbI, B KOTOPBIX MOCHE 2-X yIapoB ¢ HOpMaJIbHOW YacTOTOW U aMILIUTYAON
CIIEAYIOT 3 UMITyJbca ¢ MajJol aMIuTynoi. Kpome Toro, y HEeKOTOphIX 0cobeil BCTpedaeTcs: pUTM,
IIPU KOTOPOM C YacTOTOW MpPHUMEPHO B 1 cekyHIy umeercs 4 ynapa ¢ BBICOKOW aMIUIMTYIOM C
nocienyomeil nayzoit 15-20 cexkyHI. DTo MOXeT OBITh CBS3aHO C HapyIIEHHSIMH pPabOThI
npencepauit. [lockonpky padoTa cep/iia MOy IUpYyeTCss HEHPOHAMU MEPETHEr0 HEPBHOTO TaHIIINA,
MBI TIOJIaraeM, YTO 3TO MOXKET CIYXHUTh MapKepoM Hayaja yrHEeTaloLlero ACHCTBUS Ha HEPBHYIO
CUCTEMY MOJUTIOCKA.

BriBOaBI

1. Monmtocku, obutaromue B OacceitHe peku Kaif amanTupoBaHbl K BBICOKOMY YPOBHIO
3arps3HEHUS] OPraHMYECKUMHU yI00PEHUSIMH, B YACTHOCTH THOMOYEBHUHOM.

2. BiausiHue THOMOYEBUHBI TIPH KOHIEHTparuu e€ pactBopa 0,5 Mr/i, KoTopas OKa3bIBaeT
CHJIPHOE BO3JeiicTBME Ha pbIO, HE3HAUUTEIHHO BIHMSET HAa HEPBHYIO M CEpPACYHO-COCYIUCTYIO
cucTeMbl MOJUTIOCKOB. OHH 0ojiee YCTOHYMBBI K 3arps3HEHHIO. 3HAUUTEIbHbIE KOHLIEHTpPALUH
THOMOYEBUHBI 10 I/ MPUBOAAT K TMOEIN MOJUTIOCKOB B T€UECHHUE 4 CYTOK.
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3. Ilpu oTCYTCTBHHM 3arpsi3HEHUS TSHKEIBIMU METAIIJIAMU, XJIOPOPTaHUYECKUMH COCTUHEHUSIMU,
(buUIbTPaHTHI peYHBIX dKOcUCTeM peku Kail ciocoOHbI BEDKUBATh, PA3MHOXKATHCS U BBIMOIHITH CBOU
(YHKIIUY 110 OYMCTKE BOJBI JaXKE TIPU BHICOKOM COACPKAHHUH B BOJIC MUHEPATHHBIX M OPTaHHUECKUX
ya00peHHi.

baarogapuoctu

ABTOpBI BBIpakaloT OyarogapHocTh akaaemuky IlaBiaoBy Jmutpuio CepreeBudy M C.H.C.
[TaBnoBy Edumy JIMutpreBuuy 3a MpeIoCTaBICHHYI0 BO3MOKHOCTh BBITIOJIHUTH UCCIICOBAHUS, a
Takxke corpyaHukaMm [Ipumopckoro otaenenus Poccuiicko-BrerHamckoro Tponuueckoro IlenTpa
byt ba Cyan (Bui Ba Xuan), Hryen Hxy Xynr (Nguyen Nhu Hung), ®wmueBy Huxomnaio
JleoHnoBM4Yy 3a OOJIBIIYIO IOMOILB B padoTe.

Jumepamypa

1 Swapna M., Rajasekhar A., Supriya K., Raghuveer G., Sreenivasulu M.K., Rasheeda K.C.,
Majumdar H., Kagawa H., Tanaka A., Dutta-Gupta B. Senthilkumaran Thiourea-induced thyroid
hormone depletion impairs testicular recrudescence in the air-breathing catfish, Clarias gariepinus //
Comp Biochem Physiol A Mol Integr Physiol. — 2006. — Vol. 144, No 1. — P. 1-10.

2 Medda A.K., Ghosh R.K. Inhibitory influence of thiourea on brain of singi fish
(Heteropneustes fossilis Bloch) and subsequent recovery by L-triiodothyronine // Neurochem Int. —
1984. - Vol. 6, No 4. — P. 527-532.

YK 579.66

N3YUEHUE POJIM HUTPOPEAYKTA3bI B I'TEHEPAIIUA CYIIEPOKCHUJIA C
NOMOUIBbIO BAKTEPUAJIBHOI'O LUX-BUOCEHCOPA
Mauuros D.A., A6unes C.K., Uronunna E.B.
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Annortanus. [TokazaHo, 4TO MyTaHTHBIN 110 HUTPOPEAYKTa3e MITaMM OMOCEHCOpa, HECYIIErO
MIPOMOTOpP TeHa SOXS, 3HAUMTENBHO cllabee pearupyeT JTIOMUHECHeHIell Ha mapakBaT, 4HXO u
JUOKCHUJIMH, HEXENU HCXOJHBIM ITaMM. DTO CBHUJETENbCTBYET O TOM, YTO HapylleHHe paboThI
HUTPOPEIYKTA3bl MOJIaBIIET TEHEPALIMIO CYIIEPOKCUIA. DTO MOKHO CUUTATh J0KA3aTE€IbCTBOM TOTO,
YTO HUTPOpPEAyKTa3a HrpaeT 3HAUUTENbHYIO pOJb B Ipolecce oOpa3oBaHHUs CyHEpOKCHa
HCCIIEIOBAHHBIX XUMUYECKUX COCIUHEHUM.

Knrouegwie cnosa: cynepoxcuod, Humpopeoykmasa, Ouocencop, ToMUHeCyeHyusl.

MHorue BelecTBa IpH MOMNalaHuu B )KUBYIO KJIETKY BBI3bIBAIOT 00pa30BaHNUE aKTUBHBIX (OPM
KHCJIOPO/a, K KOTOPBIM OTHOCSATCS MOHBI KHCIIOpPOJa U CBOOOAHBIE paauKaibl. AKTUBHBIE (POPMBI
KHCJIOPOJIa M3-3a CBOEH BBICOKOW PEAKIIMOHHOW CITOCOOHOCTH SIBJISIOTCS (haKTOpaMu, HAHOCSIIUMHU
MOBPEXKACHNUSI BHYTPHUKJIETOUHBIM CTPYKTypaMm BCIJIEJCTBHE OKCHJIATUBHOro crpecca. OgHuUM u3
MPOSIBJIEHUIN TaKOIro IMOBPEKIAIONIEr0 CBOICTBA SIBISETCS T€HOTOKCUYHOCTH, T. €. CIIOCOOHOCTH
BBI3bIBaTh CTPYKTYPHBIE IOBpEXJEHUs TreHeTtmueckoro wmartepuana [1]. Cymepokcun (0O2)
MpeiCTaBiIsieT cO00M aHMOH MOJIEKYJISIPHOTO KUCIOpoa ¢ 3apaaoM (-). Byayun noHom u cBOOOAHBIM
panuKaioM, NPUHAMISKUAT K aKTUBHBIM (popMaM KHCIOpoJa, T. €., SIBISETCS OJHUM U3 TJIaBHBIX
(haKTOPOB OKHCIHUTEIBLHOTO cTpecca KIEeTKH [2, 3]. VBenudeHne KOHIEHTpAIUU CYINEPOKCHIa B
KJIETKE aKTUBUPYET TeHbl (DEPMEHTOB, y4aCTBYIOUIMX B €ro MOJM(HKAIMU, TJIaBHBIM 00pa3oM
CYHNEPOKCUIMCMYTAa3bl, KaTATU3UPYIOIIEH peakluio AUCMYTAlMHM CylepoKcuia ¢ oOpa3oBaHHEM
MOJIEKYJT KHCJIOpOoAa U nepekucu Bogopoaa. OmHuM u3 (GakTopoB, IPUBOAALIIMX K 0Opa30BaHUIO
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CYNEPOKCHIA, ABISETCS MOIU(PHUIIMPOBAHNE HEKOTOPBIX a30TCOJEPKAIIUX COSAMHEHUH, HAIpUMEp
napakBata, 4HXO u auokcuauHa pasHpIMU Tpynnamu ¢epmeHToB. [Ipeamnonaraercs, 4To riaiaBHYO
poJb B Ipoliecce 0Opa3oBaHUsl CYNEPOKCHAA BBIMONHSAET B (PEPMEHT HUTPOPEAYKTa3a, KOTOPBIH
KaTaJu3upyeT peakiui BOCCTAHOBJICHUE a30TCOACPKAIIMX COCTUHEHUM [4].

Lenu u 3a0auu. 1enpio nccnenoBanus ObUTO U3yYEHUE POJIM HUTPOPEIYKTa3bl B 00pa3oBaHUU
cylepokcu/ia B 0akTepuaibHOU KIETKE MPU BO3ACHCTBUM a30TCOAEPKAIIMX COSIMHEHHM, TAKUX KaK
napaksaT, 4HXO u quokcunuH. i JOCTHKEHUS 3TOH 11eJi ObUIH MTOCTABJICHBI CIICTYIOIINE 3a1a4H:
nonydenue u3 lux-6uocencopa E. coli pSoXS MyTaHTHOTO 110 HUTPOPEIKYTA3€ IITaMMa, CPaBHEHUE
JIFOMUHECIIEHTHOTO OTBETa MYTAHTHOI'O M MCXOJIHOTO ITaMMOB Ha napaksar, 4HXO u auokcuau.

MarepuaJjbl 1 METOIbI

B pabore wucnomb3oBamu lux-6uocencop E. coli K12 MG1655 pSoxS, necymmii
PEKOMOMHAHTHYIO TUIa3MHUAY C lux-OMepoHOM JTIOMUHECIHHUPYIOIIEH OaKTepuu TPaHCKPUIIIMOHHO
CIIUTBIM C TIPOMOTOPOM T'€Ha CYMEPOKCHATUCMYTa3bl SOXS [4], a Tak ke MOTYYeHHBIH U3 3Toro lux-
OroceHcopa MyTaHTHBIN [0 HUTPOPEAKYTa3e MTaMM (Janee, COOTBETCTBEHHO pSoxS u pSoxS-NR).
[lIramm pSoxS-NR monyyanu myTem MOCIeI0BATEIBHOTO MepeceBa PSOXS B Cpelibl € PEryssipHO
YBEJIMYMBAEMOM KOHIIEHTpanuel Hutpodypana (dhypauuiuna) Brsiots 10 0.00075M.

N3mepenue TFIOMUHECIICHIIUA TPOBOIWIIN CIIeAyIOIIIM oopa3om: B 20 M cBexxero LB-0ynpoHa
¢ 20 MKa aMmuUWUIMHA A00aBmsiii 2 Ma 16-4acoBOM HOYHOM KyIbTYphI, C MOCIEAYIOIIEH
kynbTuBanuen npu 37°C B TeueHue ByX 4acoB. Jlanee KyJIbTHBUPOBAHHBIN IITAMM pa3iuBaIU 110
TUTAHILETaM ¢ J00aBICHUEM UCCIIEyeMOT0 BEIIeCTBA B Pa3HBIX KOHLIEHTPALIUSX, IPH COOTHOIICHUN
obbemMa KynbTyphl u BemectBa 9:1, u kympruBupoBam 90 mua npu 37°C. 3areM, ¢ OMOIIBIO
JIOMUHOMETpPA CUYUTHIBAIM MHTEHCHUBHOCTH JIOMUHECIEHIIMM B YCJIOBHBIX EAMHHIIAX. MeTOoJIbI
TECTUpPOBaHUA BellecTB Ha lux-OmoceHcopax ommcansl [1-3]. BemecrBa Opanuch B ceMU pa3HBIX
KOHIIEHTpAllMAX B cleaylounmx auamasonax: mapaksar (0.000001M - 1M), 4HXO (0.0001M -
0.0064M), nuokcuaus (0.00005M - 0.045M).

PesyibTaTsl

[Tog pgeiictBueM  OuUOKCcHIWHA PSOXS  TPOSBISUT  JIIOMHUHECHEHTHYIO  aKTHBHOCT,
YCUJIMBAIOIIYIOCS C YBEIMYEHUEM KOHIEHTpaluu JauokcuauHa BIuioTe a0 0.005M, a npu
JTaTbHEHIIEM YBEJIIMUEHUHU KOHIICHTPAIMM HMAYIIYI0O Ha YyObUIb. JIFOMUHECHEHIIUS MpPU MHUKOBOU
koHneHTpauud B 0.005M auokcuaumuHa Obima B 1.8 pa3 Bbime ¢oHOoBoH. pSoxS-NR mokazan
oOpaTHBIN pe3yabTaT, OCHa0Isisi WHTEHCHUBHOCTh JIIOMHUHECIEHIIMM C POCTOM KOHUEHTpAluu
auokcuauHa (puc. 1).

12000

10000

8000

4000 ~ M pSoxS
pSoxS-NR

NMHHecUeHUHWA B OTH. eg.

KOHLUEHTPauuK AMOKCUAHWHA

Pucynok 1. Jlromunecuenuust pSoxS-NR u pSoxS ¢ nuokcunannom
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[TapakBaT Mmokaszajq HEMHOTO APYroil pe3yiabTaT, 3HAYUTENIbHO YCHUJIMBAs JIIOMUHECHEHIIHIO
pSoxS ¢ moBbiieHHeM KOHIEHTpanuu BIUIOTh 10 0.001M, W numb HE3HAYUTEIBHO YCUIIUBAS
momuHecteHuuo pSoxS-NR. [Ipu nukoBoii koHneHTpanuu napaksara B 0.001M mromuHecieHIUA
pSoxS B 6.2 pa3a Bbile POHOBOIA, a P JATBHEUIIIEM YBEIHUECHUU KOHIICHTPAIIMH JTFOMUHECIICHITHS
mTamma ociadeBaeT. [ pSoxS-NR mukoBoi konnentpamnueit spisercs 0.01M, npu koTtopoit
JIOMHHECLEHIIMS BCETo JUIb B 1.6 pa3 BbIiie (oHOBOH (pHC. 2).
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Pucynox 2. Jlromunecnenius pSoxS-NR u pSoxS ¢ mapakBatom

Amnanoruunslii pesynsrat nokaszan 4HXO, 3HaunTenbHO yCUIIMBask JIOMUHECHEHINIO PSOXS ¢
MOBBIIIEHUEM KOHLEHTpauu BmioTh 10 0.0008M, u nMiib HE3HAYUTENbHO YCUIIMBas
momuHecteHIoo pSoxS-NR. [Ipu nukoBoit konuentpaiuu 4HXO B 0.0008M 1roMHUHECTICHITUS
pSoxS B 2.9 pa3a Bbitie POHOBOIA, a P JANbHEUIIIEM YBEIMUECHUU KOHIICHTPAIINH JTIOMUHECIICHIIHS
mramMMa ociabeBaer. lnsg pSoxS-NR nukoBoil koHueHTpauuen spisgercs takxke 0.0008M, mpu
KOTOPO¥ TIOMUHECIIEHITHSI BCETo JTUIIb B 1.6 pa3 BhIlie (JOHOBOIA.

3akioueHune

HccnemoBanne TOKa3bIBAaeT, 4YTO TaKWe a30TCOJACpIKAIINE COCJMHEHHWS, KakK ITapakBar,
muokcuanH U 4HXO BBI3BIBAIOT 3HAUYUTEIBHO OOJ€€ HU3KYIO JTIOMUHECHEHTHYIO aKTUBHOCTh
MYTaHTHOTO TI0 HHUTpopenykraze mramma lux-Oumocencopa E. coli K12 MG1655 (pSoxS-NR),
pearupymoImero Ha CYNEpOKCHI, B CpPaBHEHHUU C HCXOMHBIM MmTamMMoM (pSoxS). DTo MOXKHO
paccMaTpuBaTh Kak JJOKa3aTeIbCTBO TOTO, YTO HUTPOPEAYKTa3a, MyTAHTHBIM IO KOTOPOU SBIISICTCS
pSoxS-NR, urpaer BakHyIO poJib B MpoIiecce TeHepaly CYMepOKCUAa MPH BO3ACHCTBUN JaHHBIX
BEIIIECTB Ha OaKTepUATHHYIO KIIETKY.
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MN3YUYEHUE KOPPEJALIUU MEXIY COOJEPXKXAHUEM IMI'MEHTOB B
JIMCTHAX U HAKOIIVIEHUEM KAYYYKA B KOPHSAX TAY-CAI'BI3A (SCORZONERA
TAU-SAGHY?Z)
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Annorauus. Tay-carsi3, s3a1emMuuHOe pacrenue Kazaxcrana, oTHocsmeecs K poty Scorsonera
(K03eNbII0B), KOPHH KOTOPOT'O IPOHU3aHbI KPEMKUMU 3JIACTHUHBIMHA HUTSIMH KaydyKa, PeACTaBIseT
co00if  O00BEKT WCKIOUMTENbHOrO uHTepeca. Opmmako, Tay-carei3  oOmamaer  crmaboi
KOHKYPEHTOCTIOCOOHOCTBIO 110 CPaBHEHHUIO C APYTUMHU PACTCHHUSIMH, MPOU3PACTAIOIIUMU PAIOM C
HUM, 2 UHTCHCUBHOE OCBOCHHE TEPPUTOPHI BEAET K eIe OOJbIIEMYy COKPAIIEHHIO YHCICHHOCTH
peakoro pactenus. [loaToMy BCTalm BOIPOC O BOCCTAaHOBIEHUHU Tay-carbi3a, 00 HM3Yy4EHHH €ro
MOTEHIMAJIBHBIX BO3MOXXHOCTEH, M3MEHEHHH €ro CBOWCTB C WCIIOJIb30BAHUEM COBPEMEHHBIX
METOJIOB MOJICKYJISIPHON OMOJIOTUU AJIsi BBEICHHS €ro B KYJIbTYPY Kak albTepHATHUBHBIN HCTOYHUK
Kaydyyka. B JaHHOM HCCIIeOBaHMHM TMPOBOJIWIICS AHAIN3 KOPPESIIUU 1O MOP(OIOTHYECKHM M
OMOXMMHYECKUM MPU3HAKaM MOMYJISIHNHA Tay-carbi3a, CBI3aHHBIX C HAKOIUICHHEeM Kayuyka. JlaHHbIe
MOKa3aJid, 9YTO HU OJIMH W3 MHTMEHTOB B JINCTHSIX HE CBSI3aH C HAKOIUICHHEM Kaydyka B KOPHSX
Scorzonera tau-saghyz.

Knroueswvie cnosa: HamypanbHulil Kayuyk, X10poguii, may- cazwis.

Harypanenpiii kayuyk (HK) - 3T0 pacTuTenpHBIM moiaumep, 00JaNaloImuil CBOMCTBaMH,
KOTOpbIE HEBO3MOXKHO 3aMEHHUTh CHHTeTHUYecKHMM KayuykoM. HK - 310 Oumomommmep, xoTopsli
HaKaruIMBaeTcs B JiaTekce 0osiee yem 2500 BUIOB pacTeHU. 3a MOCiIeIHee ASCATHIETHE TPOU3O0IILIO
3HauuTeNnbHOE yBenuueHue npousBoactsa HK, xoropoe B 2016 roxy nocrurio 12,4 miH TOHH, a
cipoc goctur 12,6 MIIH TOHH, TO €cTh Ae@uuuT coctaBuwi moutu 200 Teic. ToHH. OXKUaeTcs, 4To
MHUpOBO€ NoOTpelieHne Kaydyka OyJeT IOCTOSIHHO pacTH M3-3a pacTyIIUX MOTpeOHOCTen
pa3BUBAIOIMIMXCA CTpaH, Takux kak Kwuraii, Uanus u bpasunus [1, 2]. Cienxyer oTMETHTB, 9TO U3
noutu 2500 BUIOB TaKUX PACTEHUH JIMIIb HECKOJIBKO BUJIOB CIIOCOOHBI TPOU3BOAUTH 3HAUUTEIbHYIO
Maccy BBICOKOMOJIEKYJISIPHOTO Kayuyka [1].

[Ipon3BOICTBO HATypalbHOTO KaydyKa SIBISETCS CIOXHBIM IPOIECCOM, TPeOyIoUm
OO0JIBIIIOrO KOJIMUYECTBA YIiiepoAa. BHOCHMHTE3 HaTypalbHOTO KaydyyKa MOKET CIY)KUTh 3allUTHOMN
LeIU MyTeM MpeBpallleHus B KaydyK H30bITKa caxapoB W APYTrUX BEIIECTB, 0Opa3yroIIuXcs B
nporecce GorocuHTe3a. OHAKO 0 CHX MOP HEM3BECTHO, MOCTYMAET JM YIIIepoA Ui OMOCHHTE3a
KaydyKa HETOCPEICTBEHHO U3 (DOTOCHHTETHYECKOIO armnapara pacTeHHs WIM U3 CMEIIaHHOTO ITyJia
YTIEBOJIOB BHYTPHU pacTeHHs. DTOT BOMpoc ObLT MccneaoBan rpynmnoii Tanepa @ununna [3] B 2016
roxay. Jlis uccienoBaHusl 3TOr0 BOMPOCA OHU KCIOJIB30BAIM M30TOIBI YIiiepoJa U B YAaCTHOCTHU
u3oton °C, KOTOpHI MHPOKO MCHOb3yeTcsl B HayKe O pacTeHHsAX B KadecTBe MHAMKAaTOpa. B
SKCTIEPUMEHTE OHM MCIIONB30BAIM YITIEKHCIbIH a3, MeueHblii '°C, 4TOOBI OTCIEKHBATh IYTh
yriaepoaa yepe3 (gunosmy. [Ipumenenue 3Toro MeToja NO3BOJIMIO UM OTCIIEKHBATH paclpeesieHue
yriaepoAa B pPa3IMYHBIX OpraHax M TKaHSX, MPeNocTaBiss HMHGOpMalui0 00 acCUMWIISLUU U
UCTOJIBb30BaHUU yriiepoaa. B pesynbraTe cBoeil pabOThl OHM MPUIUIM K BBIBOAY, YTO JATEKCHBIN
YTIEpOa, KOTOPBI UCIOIB3YETCsl BO BpeMsi OMOCHHTE3a KaydyKa, IPOUCXOAUT HE HETIOCPEICTBEHHO

186


mailto:mutalkhanov2010@gmail.com

International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

u3 (OTOCHHTE3a, a U3 CMELIAHHOTO MyJa YIJIEBOJIOB B pacTeHuH [3]. DTO ucciegoBaHmue MOKasaso,
YTO 3allaCEHHBIE YIIIEBO/bI, TAKME KAK KpaxMall, y4acTBYIOT B JJOCTaBKE yIriepoja B BUJIE CaXapO3bl
B MJIEUHUKH PACTEHHSL.

B nameii mabopatopuu Ha MpOTSHKEHUU TIOCTeHUX 6-7 JeT BeaeTcs pa3padoTka Tay-careiza B
KayecTBE MCTOYHMKA OTEUYECTBEHHOTO HATypalbHOro Kayuyka B Kazaxcrane, koTopas Moria Obl
o0ecrneunTh 06€30MacCHOCTh OCTABOK CTPATErMYECKOTO ChIPbs, BBITECHUTh HE(TAHBIE MaTepUalbl B
IIPOM3BOJICTBE IIMH, U CO3[aTh 3€JIEHbIE pA00OYNE MECTA B CEJIbCKOM XO3SIICTBE.

DKCTpaKIUI0 XJ0poduiia TPOBOIWIM IO METOaMKe, omucaHHod D. Aron [4]. s
OTIpeJIeNIeHUs COJepKaHus Kayuyka B oOpa3uax Tay-carbiza, Opajin HaBECKY CyXHX M3MEIbYCHHbIX
KopHeil (4r). Jlns ompeneneHus CTENEHU CBA3M MEXIYy HaKOIUIeHHEM (OTOCHHTETHUYECKUX
MUTMEHTOB B JIUCTHAX U HAKOIUICHUEM KaydyKa B KOPHSX HCIOJIB30BAIH K03(duumeHT nuneiHon
Kkoppessauuu r-Ilupcona.

B pesynbpraTe McciaenoBaHUN NUTMEHTOB Tay-carbi3a ObUIO YCTAHOBJIEHO, YTO COJIEp)KaHUE
IIUTMEHTA B JIUCThSAX HE KOPPEIHUPYET C HAKOTUIEHHEM KaydyKa B KOPHSIX. ITO MPOUCXOAUT HECMOTPS
Ha YETKYIO KOPPEISIIHIO MKy CO/Iep)KaHUuEeM XJIopodunia, a, 0, o0II. ¥ KApOTHHOHUIOB B JINCTHSIX
Scorzonera tau-saghyz. OgHOW U3 TPUYUH OTCYTCTBUSA KOPPEISIIHMH MOXKET OBITh TOT (aKT, YToO
CYLIECTBYET IpsiMasi KOHKYPEHIIHS 32 OPraHUYECKUE COEIMHEHUSI MEXKIY MPOLIECCaMy HAKOIIJICHUS
OroMaccel U HaKOIIEHUs Kayuyka. [IpuHuMas BO BHMMaHHE TOT (DaKT, YTO KaydyK SIBISETCS
BTOPUYHBIM METa0OJIUTOM, CTAaHOBUTCS SICHO, 4YTO HAaKOIUIeHHe OumomMacchl OyneT WMeTh
MEepPBOCTENIEHHOE 3HAYeHHE Ji1 opranusma. boiee Toro, mockonbKy oOpaslibl JUCThEB U KOpHEH
MOJIHUMAJINCh B (pa3y LIBETEHHUs Tay-carbi3a, B CJIEACTBHUE YEro 3aTpaTHBIN Ipoliecc 0Opa3oBaHuUs
Kayuyka Mor ObITh mojaBieH. Tem He MeHee, KynpTtuacoB H.A. [5] yka3piBaeT Ha HECKONBKO ¢a3
pa3BUTHSA Tay-carbi3a, OJHa U3 KOTOPBIX - (haza MOKOsI, BO BpeMsi KOTOPOIl HaKOIJIeHue 6MOMacchl B
OpraHM3Me Tay-carbl3a pe3ko ymeHbluaercs. IIpenmosaraercsd, 4To Ha 3TOM JTale HaKOIUIEHUE
Kaydyka OyJeT YBETMUEHO M3-3a OTCYTCTBUSI KOHKYPEHIIMH 3a OPraHU4eCKHe COeTUHEHNUS.

Bropoii BO3MOXXHOI NPUYMHOM OTCYTCTBHSI IPSAMOM KOPPETSAILMHA MOXKET OBITh TOT (PAKT, UTO
OpraHMYEeCKHE COEAMHEHMs, yJacTBYIOIIME B CHHTE3€ HATypaJbHOIO KaydyKa, MOCTYMAalT He
HEMOCPEJCTBEHHO M3 (POTOCHHTETUYECKOTI'0 arniapara, a U3 HAKOMUTEIbHBIX COSAMHEHUH, TAKNX KaK
Kpaxmajl. OTO O3HA4yaeT HAJM4HME TOJIbKO KOCBEHHOH CBSI3M MEXAY COJEp)KaHWEM MUTMEHTOB U
COJIEp/KaHUEM KaydyKa.
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OEHOJIO'NYECKHUE ®A3bI I6JIOHU CUBEPCA
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AnHOTanus. B crathe npoaHaan3upoBaHbl UTOTH HAOIIOACHUHN 32 MPOXO0KICHHUEM OCHOBHBIX
¢benonornyeckux (a3 s6monu CuBepca B ycnoBusix JKoHrap-AnaTayCKoro rocyJIapCTBEHHOTO
HallMOHAJIBHOTO MPUPOJHOTO TMApK, pacTymux Ha pa3HbiXx Bbicotax: 1200-1500. WccnemoBanus
MOKa3ajy, YTo JUKHUE 0J0HU Ha TeppuTopun JKoHrap-Aarayckoro NpupoJHOTO MapKa MpOXOAsT
BCE CTaJMU CE30HHOTO pa3BUTHUA, OTIMYAIOTCS MPOJOJDKUTEIBHBIM IIBETEHHUEM, XOpOIIeH
3UMOCTOMKOCTBIO.

Knrwouesvie cnosa: sonons Cusepca, nioovl, ¢henonozus, HaAOIOOeHUs, Gecemayus,
HACAadicOenus, pe3epeamboi.

B cBA3u c 1100anbHBIMM M3MEHEHUSIMH KJIMMaTa OCTPO CTOST MpoOJIeMbl H3Y4EHUs
OMOJIOTHYECKOTO Pa3HOOOPa3Hsi, B TOM YHCIIE U pa3Ho00pa3us AuKopacTyuux Gopm si610ub. [lnoasr
Tyqmux GopM AUKOH S0JOHM HE YCTYNAIOT 10 KaYeCTBY HEKOTOPHIM PaHOHHPOBAHHBIM COPTAM.
I'enodonnx aukOW  S0MOHM MOXKET CIY)KUTh OCHOBOH JUISI  CO3JIaHUS  3MMOCTOMKUX,
3aCyXOYCTOMUUBBIX, yCTOMUUBBIX K O0JIE3HSAM U BpPEAUTENSIM COPTOB. Vcrob30BaHNe AUKUX 0JI0HD
B KYJIbTYPE JA€T HAPOJHOMY XO3SIMCTBY THICSYM TOHH LIEHHOT'O IIUILEBOIO IPOAYKTA — SIOJIOK.

B stoit cBa3u JXKonrap-AnaTayCKOM HallMOHAJIBHOM Iapke 0co00oe BHHUMAaHHE YyAEIsIeTcs
COXPAHEHHUIO U BOCCTAHOBJICHHIO YHUKAJIbHBIX S0JOHEBBIX JIECOB B T.4. 10;10HU CuBepca, KoTopas
SBIISICTCS MIPAPOJAUTEIbHULIEH BCEX KYIbTYPHBIX COPTOB sIOJIOHM MHUpa — HCTOYHUKOM I'€HETHYECKUX
PECYpPCOB MUPOBOIO 3HAYEHHUSI.

Jlukast 16JI0Hs pacTeT BBICOKO B ropax, Han0oJsiee OOMIbHBIE MOMYJISLUU Ha CeBEPHBIX CKIOHAX
1200-1600 M. Hax ypoBHEM MOpsl M IO peyHBIM TeppacaM. B 3amnuniickoM Anatay BcTpeyaeTcsl Ha
BbicoTe 0T 900 o 1800 m., B [xxynrapckom Anatay — 1200-1500 m. B cBsi3u ¢ 9TUM uMeeT Takue
reHbl, KOTOPBIE OTBEYAIOT 33 MOPO30CTOMKOCTD, 32 aJalTUPOBAHHOCTD K CYpPOBBIM KIMMATHUYECKUM
ycnoBusM. IMEHHO 3T0 JiesiaeT ee yHUKalabHOW, Kak reHeThuueckuil pecypce. Ha tepputopun XXonrap-
Anarayckoro MpUpPOAHOrO MapKa HAaXOAWUTCA MATh T'€HETUYECKUX pE3epBATOB (OXpaHseMble
npupoHbIe 30HbI) 10510HM CuBepca. J[ukue s6JI0HM pacTyT B SKOJOTMYECKHU YMCTHIX MPUPOAHBIX
ycioBusix. Ha BKyc OHM — OT KHMCIIBIX 10 ClaJIKMX, [10 LIBETY — OT pO30BaThIX J0 SPKO-KpacHbIX. B
aBI'yCTe—CEHTSA0pe S0JOKH HATMBAIOTCS COKOM M IIBETOM. BbIcoTa MI0A0BBIX JepeBbeB — OT 2 10 §
METpPOB

AMepHKaHCKUE HCCleoBaTely, MoObIBaBIINEe B Mapke, Hauuld AWKy sOioH0 CuBepca,
KOTOpO#, 1o ux oueHke, 180 yer, u 3TO0 Aameko He ee BO3pacTHOM mpexnen. s cpaBHEHMS:
MIPOJIOJKUTEIIBHOCTD KU3HU JoMalnrHer siomoHu — 50-70 ner. B ce30H omgHa nukast si0JI0HS MOXET
naBath ypoxai 10 200 kr.

B konme nmpommioro Beka akagemMukoMm A. J[kaHraineBbIM OBLJIO OPTAaHM30BAaHO HECKOJIBKO
MEXIYHapOAHBIX 3KCIeIUIni B 3auimickuil u JLKkyHrapckuii Anaray, KOTOpPbIE 1aji COBEPIIEHHO
OLIEJIOMJISIFOIIME  Pe3yJbTaThl. MOJIEKYISIPHO-TEHETUYECKOE  MCCIEI0BaHWE TIepMOIUIa3MBbl,
yBe3eHHOM ydyeHbiMH AHrimu, CIIA, ®@pannun, I'epmannn u Kanaasl oqHO3HA4YHO NMOATBEPANIIH,
YTO Halla JMYKa MOCIYXWJIa HUCTOYHUKOM — MpapojuTesieM OOJIbIIMHCTBA KYJIBTYPHBIX COPTOB
S0JIOHH, YHUCIIO KOTOPBIX B MUpe cocTasisieT okoio 15000. ITo Benukomy IllenkoBoMy myTu si6I0Hs
pacnpoctpanunacek cHadaia B Mpak u Typuuto, 3arem B EBponty 1 o Bcemy Mupy.

VYrpo3a cokpaieHus momanei canoB aukoi si0inonn Cuepca B JKyHrapckoMm Anaray, K
COXAJICHUIO, coxpaHsaeTcs. OJHAKO OTeUECTBEHHBIE YUCHbBIE HE YHBIBAIOT, TEM Oouiee ceiuac, Korjaa
MOSIBUJIACH PealibHasl MOJAEPKKA M YK€ HE TOJIBKO CO CTOPOHBI MHOCTPAHHBIX CHELMAIUCTOB,
KOTOpbIE, K CIIOBY, IaBHO YBJIEUCHBI TEMOH YHUKaIbHOM sI070HM, HO U MecTHbIX. Kpome Toro,
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EnGacer B cBoeii crathe «CeMb TpaHeil Benukol cremm» 4eTKo 0003HAUMII 3HAYUMOCTH SIOJOHU
Cuepca u HeoOXxoauMocTh ee coxpaHneHus. Eme B 30-e¢ roapl XX Beka BETUKHI ydeHBIH, aBTOP
TEOPUM O LIEHTpax MPOUCXOKIAEHUS KyIbTypHBIX pacteHnid Huxosaii ViBanoBu4 BaBuioB BBICOKO
oueHun s6moHI0 CHuBepca, Kak CeJIeKIMOHHO-TEHETHYECKUIl MaTepuai Jis BBIBEICHUS HOBBIX
COPTOB 510JI0Hb. Bce ycmins mo coOXpaHeHHIo ¥ MPEYMHOKEHUIO YHUKAIBHOTO PACTEHHS, KOTOPOE C
OJTHOM CTOPOHBI HAXOUTCS MOJ] YIPO30il HICUE3HOBEHUS, a C IPYrOi — C HUM CBA3BIBAaeTCA Oyayiiee
MHUPOBOH SI0JIOYHOM MHYCTPUHU U MPOJOBOJILCTBEHHOH 0€30MacHOCTH, OYIyT HApPaCHBIMH, €CIIH B
€ro 3alUTy HE BKJIIOYUTCS TOCYAAPCTBO CO CBOMM MHCTPYMEHTApHEM: 3aKOHAMM, Pa3pELICHUSIMH,
OTBETCTBEHHOCThI0. KoOHEuHO, Henb3s cOpachlBaTh CO CYETOB MW JpPyrue HWHCTPYMEHTHI:
(dbopMUpOBaHHE HKOJIOIMYECKOTO CO3HAHHUA, ACSITEIbHOCTh HENPABUTEIbCTBEHHBIX OpPTraHU3aLUU,
yceunusi yaeHslx. Ho rocymapcTBy B Halleil MOJIUTUKO-TIPABOBOM pealbHOCTH — OTBOJUTCS 0co0ast
pOJIb.

OcHOBaHHMEM MJISi 3TOTO YTBEPXKICHHS SIBISIETCS CO3JaHMe W ycreurHas pabora JKoHrap-
AnaTayCKOro TOCYyAapCTBEHHOIO HAIlMOHAJIBHOIO MPUPOJHOTO MapKa, AESITENIbHOCTb KOTOPOTO
HalpaBJieCHa HAa COXPAHEHUE HTUX YHUKAIbHBIX MPUPOAHBIX KOMIUIEKCOB M PEryJIUpOBaHUE
WCII0JIB30BaHUS IPUPOIHBIX pecypcoB. M Hall peruoH AeMCTBUTENBHO SIBISETCS BaXXHBIM LEHTPOM
COCpEIOTOUYCHHUSI TOPHOTO arpoduopaszHoobpazus. Ilpuuem 1,05% ot oOmiei miomaam mapka
3aHMMAIOT TUKOIUIOAOBBIE HacaxaeHus s01oHu CuBepca, KOTOpas SBISETCS MPapoIUTENbHULICH
BCEX KYJIbTYPHBIX COPTOB SI0JIOHb MUpPa U TpeOyeT 0co00it OXpaHbl, YTOOBI 00ECTIEYUTh COXPAaHEHHE
1 BOCCTAHOBJICHHE YHUKAJIBHOTO arpoOnopa3zHoo0pas3usi IIOA0BBIX JIECOB INI00ATLHOTO 3HAUCHUSI.

B mpenenax ecrectBeHHoro apeana s0yoHs CHBepca XapaKTEepHU3YeTCs IMOPa3UTEIbHBIM
BHYTPUBUJIOBBIM pa3zHOOOpa3ueM. YHHUKAIIbHbIE MPUPOIHBIC YCIOBUS OMpPENSIUIN HEoObualiHOe
6orarctBO MOpP(OJIOrHUECKHX M OMOJIOTMUECKHUX MpHU3HAKOB. B s0510HEBOM Jiecy MOKHO HaWTH
JIepeBb C III0AAMHU CaMOT0 Pa3IMUYHOTO BKYyCa, PACLBETOK, pa3MepoB. J{ukas s0J0Hs LIeHHa TeM, YTO
€l HECKOJIbKO JIeCTKOB Thicsiu JieT. OHa, 1Moa BO3AEHCTBHEM M3MEHSIOLIEHCS MPUPOJAHON CPEebl,
(dbopmHpoBanach Kak BUJ, MPUCIOCA0INBAsICh K Pa3INYHBIM (aKTOpaM: K IepenajiaM TeMIepaTypsl,
BpPEIUTEISIM U OOJIE3HSM.

S16n0us CuBepca — yHMKaJIbHBIH HCXOJIHBIH OOTaHUKO-reorpauueckuii M CeIeKIMOHHO-
TeHETUYECKUH Marepuall, W 3HaueHue ee TIeHO(QOHJA BBIIUIO JAJEKO 3a MpPEeIesibl PEeruoHa,
HEeCIyyailHO Tak BEJIMK MHTepec K Hell 3apyOexHbIX ydeHbIX. OJHO U3 yrpo3 Juis TaKoro
YHUKQJIbHOIO TE€HO(OHAAa NPEACTABISIOT IEPUOJUYECKasl BCIBIINIKA MAacCOBOTO Pa3MHOKEHUS
BpenuTeneil u snuduroTus 6oe3Hel, KOTOpbIe HEPEIKO CIYYaroTCsl B 9TOM PErHOHE.

[leproguueckne BCIBIIKKM MAacCOBOTO Pa3MHOXKEHHUS BpeAMTeNed U snu@uToTUs OO0se3HEei
SIBJISIIOTCS CJIE/ICTBUEM BIIMSIHUS QHTPOIIOT€HHBIX (DaKTOPOB U OTCYTCTBUSI IIOCTOSHHOTO I€TAIILHOTO
MOHHUTOPHHTa UTOCAHUTAPHOTO COCTOSIHUS JIECOB, UTO B KOHEYHOM HTOT'€ MPUBOJIUT K HAPYILICHHUIO
OMOJIOTMYECKOTO PaBHOBECHS, KOT/Ia PE3KO MEHSETCS] COOTHOIICHHE YMCICHHOCTH MOJIE3HBIX BHJIOB
u Bpeaurteneil. M3BecTHO, YTO MPH OTCYTCTBUM MJIM OCJIA0JIEHUH OMOJIOrMYECKOro KOHTPOJS 3a
pa3BUTHEM BpeauTeNell B OMOLIEHO3aX MPOUCXOIAT Cephe3Hble N3MEHEHHS, KOTOphIe, KaK MPaBUIIO,
MPUBOJIAT K MACCOBOMY PacHpOCTPAHEHHUIO TEX WJIM UHBIX BUJOB BPEIHBIX OPraHU3MOB.

Ha pa3Butne u pacrpocTpaHeHHEe BPEJHBIX OPraHU3MOB, a TAaKXKE MMPOXOKIACHUE PaCTEHUSIMU
(denonornyeckux (pas3 pa3BUTHS, KaK U3BECTHO OOJIBIIOE BIMSHUE OKA3bIBAIOT IIOTO/IHBIE YCIOBUS.

deHonornvyeckue HaOMIOJIEHUsS SABISAIOTCS Haubosiee JOCTYMHBIMH U 3()()EeKTUBHBIMU
METOJIaMU H3Y4YEeHHMs] OCOOCHHOCTEH pAa3BUTHS PACTEHUN B OINpPEAENEHHBIX HSKOJIOTMYECKUX U
KIIMMaTUYECKUX YCIIOBHUSAX, I03BOJISAS YCTAaHOBUTb CPOKM HX BEreTaluy, IPOAOKUTEIBHOCTH
OTIeNbHBIX (peHodas, a Takke YyCTONYMBOCTh U IPOAYKTUBHOCTh Pa3IMYHBIX COPTOB U ocobeit [3].

B 2018 rogy ObUT0O M3y4eHO COBPEMEHHOE COCTOSHHE HacaxaeHWil sionmonu CuBepca Ha
tepputopun Konrap-Anarayckoro I'HIIII, a uMeHHO Ha ydacTKax T€HETHYECKHX pPE3€pPBATOB.
deHonornveckre HaOIIOACHUS MPOBOJMWINCH HA MOHUTOPHHIOBBIX IUJIOMIAJKAX B T€HETHYECKHX
pesepBarax [IuxtoBas u Conmarckas mens — TomoneBckuit Y Capkanackoro ¢unmana, yp. Kpyroe,
yp. UepHas peuka — UepnoBckuiit 1Y JlencuHckoro ¢unnana.
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Kpyroe 04.0 | 10. [27.0 | 03.0 | 21. | 25. [ 29.08 | 24. | 30.0 |25.09 | 30.0 | 05. | 17.
4 04 4 5 05 05 09 8 9 10 10
Yepuas peuka | 19.0 | 25. | 30.0 | 07.0 | 11. | 26. |25.08 | 15. | 10.0 | 25.09 | 03.1 | 10. | 24.
4 04 |4 5 05 |05 09 |9 0 10 |10
IInxtomas,Co | 17.0 | 29. | 29.0 10.0 | 18. | 27. | 20.08 | 10. | 12.0 | 23.09 | 10.1 | 12. | 02.
JaaTcKas 4 04 4 5 05 05 09 9 0 10 11

Kak BuHO 13 JaHHBIX TaOIMIBI CAMBIii KOPOTKUH TMEPHO BEreTaluy HaOII0AasCs B yIIEIbe
Kpyroe, 31eck HaOyxanue nouek 6su10 04.04, xoner nmucronana npoucxoawt 17.10. B To Bpems kak
B ymienbe [IuxroBas HaOmoganock 3anasasiBanne Gpenodas Ha 13 u 15 qHEl COOTBETCTBEHHO.

VYCTaHOBIIEHO, KOTJa y OPEBECHBIX PACTEHUI HaONOJaeTcsl paHHEe HAdalo M OKOHYaHHE
BEreTay, TO MOXXHO CYIUTh 00 OTHOCHUTENHHO BBICOKOM 3MMOCTOMKOCTH; MO3JHEE Hayajlo U
3aBCPIICHUEC BEr€Tallii YKA3bIBAOT HAa UX HU3KYIO 3UMOCTOMKOCTb.

Hamu 6butn u3ydens! ¢peHonornyeckue ¢aspl 16100 CuBepcea, pacTyIluX Ha Pa3HbIX BBICOTaX
XKounrapckoro Anatay: 1200-1500.

Tabnuia 2. ®enonornueckue ¢assl 1610Hu CuBepca Ha BeicoTax 1200-1500 m H.y. M.
<

SA6nons Cusepca, y i . § % § é % _ E
=
prieota, M 2 ° 0 s |8 |8 |2 |5 |& |g |§ |8
= o Q T = = S S o Q

= 0] o] < < o < <

e |5 |§ |2 |2 |E |3z |¢g = |2

= S A 2 L g o T = = ¢ =

g 5 Es8 | E = = 2 g R o| x| E =

S8 2 oA | 8 e & 2, 2, EE| ES| 2 =

= m =

€ |5 |82|2 |2 |B |B |B |BE|25|8 |8

as) [ A H jonf = = Q Q ocm|lOoE|lH =
1200 M| 0504 | 07.04 | 11.04 | 16.04 | 01.05 | 25.05 | 13.08 | 02.09 | 26.08 | 30.08 | 16.09 | 26.09
Jlencuuckuit Y
1250 M | 12.04 | 20.04 | 15.05 | 22.04 | 10.05 | 21.05 | 28.08 | 15.09 | 16.09 | 20.09 | 25.09 | 08.10
Jlencunckuit Y
1300 M| 09.04 | 10.04 | 11.04 | 12.04 | 27.04 | 20.05 | 23.08 | 02.10 | 17.09 | 20.09 | 23.09 | 05.10
UYepHosckuit 1Y
1300 M | 30.03 | 05.04 | 10.04 | 15.04 | 28.04 | 27.05 | 05.09 | 23.09 | 20.09 | 25.09 | 27.09 | 07.10
YepHosckuit 1Y
1350 M | 02.04 | 10.04 | 12.04 | 15.04 | 30.04 | 17.05 | 15.09 | 25.09 | 17.09 | 23.09 | 30.09 | 02.10
Kamanamckui
ny
1400 M | 08.04 | 10.04 | 14.04 | 17.04 | 26.04 | 15.05 | 20.08 | 10.09 | 15.09 | 20.09 | 25.09 | 30.09
Jlencunckuiit Y
1500 M | 02.04 | 08.04 | 09.04 | 14.04 | 27.04 | 15.05 | 23.08 | 05.09 | 10.09 | 20.09 | 17.09 | 26.09
Jlencunckuiit Y
1500 M | 1503 | 23.03 | 11.04 | 14.04 | 20.04 | 15.05 | 28.07 | 05.09 | 15.09 | 22.09 | 25.09 | 30.09
UYepHoBckuit 1Y
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W3 TaGnuibl BUAHO, YTO HAOyXaHUE [TOYEK — HayaJlo BereTaluy — IPOXOAUT C KOHIIA MapTa Ji0
cepenunsl anpeis. [Ipuuem B BepxHeM mojmnosice 3ta ¢asa npoxoauia ObicTpee npumepHo Ha 10
JTHEH.

Hauano uBerenus s610H1 0TMEYaeTCst BO BTOPO — TPEThel AeKaiax amnpesis, KOHEl| [IBEeTCHHS
— 15 — 27 mas. Co3peBaHue IUI0A0B HAUMHAETCS B 3aBUCMOCTH OT COpTa A0JIOHH, Y PAHHUX COPTOB
9TO 28 utond, y no3aHux — 15 centsaops. OueHka yposkaifHOCTH TUIOAOB COCTaBMJIAa Ha ydacTkax 4
OaJa, T.e. XOpOIIHi yporkaid (0OMIIbHOE TUIOJOHOIIIEHUE Ha OOJIBIITMHCTBE JCPEBHEB).

Takum oOpa3oM, wHcCClIeqOBaHUS TIOKa3ald, AWKHE s0I0HM Ha Teppuropun JKoHrap-
AnarayCckoro IpHpOJHOIO IlapKa MPOXOAAT BCE CTaJUU CE30HHOIO pPa3BUTHsA, OTIMYAKOTCS
IIPOJOJKUTEIBHBIM [IBETEHUEM, XOPOLIEH 3MMOCTONKOCTBI0. KpoMe Toro, U3 MpUBEAEHHBIX JaHHBIX
MOJKHO CZ€JaTh BBIBOJ O 3HAYUTEIBHOM COPTOBOM DPAa3HOOOPa3uM SOJIOHHU MO (EHOIOTHYECKUM
[IOKAa3aTesiM, CPeIM HUX €CThb C PaHHMM HadyajloM M OKOHYAHMEM BEreTalluM, YTO IO3BOJIAET
n30exaTh 0OMep3aHe BEreTUPYIOIIKX T0OErOB U FTeHepaTUBHbBIX OPIaHOB.

Jumepamypa

1 H.Hazap6aes. Cratbs ['maBsl rocynapcrsa PK «Cewmp rpaneit Benmkoii crenu» 21 HOSOps
2018.

2 Myxkanosa I'.C., CankaitbaeBa A.I'., [llanmanosa JI.II., Kymxka6eprenosa III.H. Copra-
KIOHBI sIOIOHM cHBepca KaK TEepPCHEKTUBHBI HMCTOYHMK HATypalbHBIX aAHTHOKCHJIAHTOB.
ITnonoBoacTBo u ssrogoBoacTBo Poccun. 2017;49:241-244.

3 CagpiroB A.H. ®enonoruss coptoB s0yoHU cenekuun AsepOaimkanckoro HUUN
CaJIOBOJICTBA M CYOTPOTIMYECKHUX KYJIbTYP B arpOKIUMATHICCKHUX YCIOBUSX Kyba—Xaumacckoid 30HbI
Azep0aiimxaHckoil pecriyonnku // ArpapHblii HaydHblH xkypHai. 2014. Ne 8. C.38-40.

90X 62.01

OOCOATMOBUINBAEYIII MUKPOAF3AJIAP HITAMIAPBIH BOJIIIT AJTY,
3EPTTEY JKOHE OJIAP/IbI BUOTHIHANTKBIIITAP JAUBIHIAYIA KOJJIAHY
A K.Myxtapos', 5.M.Meip3a6aes!, A.Bb.Kanen', JI.Hypkaiisip !

JLH.I'ymunes amwinoazor Eypasus ynmmuix ynusepcumemi, Kazaxcman, Hyp-Cynman
e-mail: abilkhas@mail.ru

AnHoTtanus. Maxkanama ¢ochaTMoOMmIM3ACYIITT MUKpOAF3aIap MTaMAapbIiH 06N ary *KoHe
3epTTey ypaictepi 6epinred. TombIpakka Kypri3iireH capantamaiap HOTHXKECI ajblHFaH 9 ChiHaMa
YJITiIepiHe MUKpOaF3aiap ecyine KaKeTTi a30T, F'yMYC jK9HE KbUDKbIMAIbI (hOchOp KOCBUIBICTAPbI
KETKUTIKTI MeJIIepae eKeHAIriH kepcerti. DochaTrMoOunusaeymr MUKpoar3agapabl 0ein ary
COHBIH/IA 23 MOHOM3ONAT TaHjam aibiHAbl. Kombamap WHKYOAIlMsChIHAH KEHiH KyJIbTYpasabl
CYMBIKTBIKTAFBI epiren gochop men pH-ka capanTama sxkacaisl.

Kinmmix ce30ep: a3zvik-mynik Kayincizoiei, meiyaumgsiuumap, gocpammoodbunuzoeyuli
baxmepusiiap, uoeHmugukayus, monvipax CblHAMAIApsl, WMamoap.

Eremenai enimi3iH arpoeHepKaciOl Kyieci anablHAaFbl HET13T1 OareITTapAbIH Oipl — a3bIK-
TYJIK KayilCI3AIriHIH TYPaKThl, KAJBIITHI )KYHeciH Kypy, arpoOU3HECTI JaMbITy, UMIIOPTTAJIAThIH
a3plK TYpJIEpIH a3aliTy »J»KoHE OTaHABIK OHIMJIEpaiH Oocekere KaOUIETTUIITH apTThIpy.
AybulapyambUIbIK  CEKTOPBIHBIH ~ OHIMIUIITIH  apTThIpyaarbl  Oipereid  OarbITTapablH  Oipi
OpPTaHUKAJIBIK THIHAWTKBIIITAP/IbIH, MUHEPAJIbI KOMIOHEHTTEP/IIH YHICCIMII MOJIIEpiH €HTI3y,
TOTBIPAKTHI Maiiaabpl MUKpoQIIopaMeH 0aibITy apKbUIbI Maii1aaHbUIaThIH KEpIePAIH OHIMIUTITH
apTTHIPY OOJIBIT TaOBLIAIBI.
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By GarbITTaFb! )KYMBICTap ©T€ KypJeini opi Kem carbuibl. lllenryin KyTTipMeHTiH MaHbI3AbI
ic-TIapaapra eHICIIHETIH KePJIePIiH AKOJIOTHSIIBIK Kayirci3 )KYyHelepiH xKacaKkTay >KoHe SHIIIpyIi
KaTKbI3yFa 0omabl. TonbIpak KYHAPIIBIFBIH JKaKcapTyFa OarbITTaIFaH OMOJIOTHSUIBIK IpernaparTap
JaiblHay YHEMI JaMbIll Keneli: Ooamarbl 30p MUKpOaF3ajap aHbIKTaJbII, OJIapJAbIH HEri3iHie
TUIMAI OHompenapaTTap HapbIKKa IbIFa OacTaibl.

Ochl ypaicTepaiiH THIMII >KOHE SKOJOTHUSUIBIK TYPFBIIAaH KAyYIICi3 JKOJbl — TOIBIPAKTAFbI
KYpJeli KochUIbICTapAaH (ocopabiH MOOUIM3AEHYIH KYIIEHTETIH OaKTepHUSIIBIK MpenapaTTap bl
naiiayiany.

ATanraH MocemeNepAl ISy >KONBIHAA KYMBICBIMBI3IBIH HEri3r1 MaKcaThl — OMOJIOTHSIIBIK
TBHIHAUTKBIIITAp kKacakrayaa pocharmoOunus ey MUKpoar3anap OeaceH Il mTaMIapbiH O6JIim ary
KOHE UICHTH(PHUKAIUATIAY.

3epTTey omicTepi.

3eprrey oOmwektici peringe JKUIIC «Biolife» (Axmona o6macel, CTEemHOTOpCK K.)
aiiMarbIHaH €pKiH TIPUILUTIK eTeTiH ¢pochaTModbunaeyr 6aKkTepusiiap mraMaapsl aablHAbL. TonmbIpak
cerHamanapel [OCT 28168—-89 Ooiibiama eTkizinai [1,2], an chiHaMamarsl TyMyC MeJmepi —
TOMNBIPAK CamachlH aHBIKTAYy oAicTepi apkpUibl aHbIKTanael [3]. Kaxkerrti arzamapapl Oemin aiy
xymbictapel NBRIP-BPB Thirb13 KOpekTik optana xone NBRIP cyifbik oprama xyprizingi [4].
Epitianineri ¢ochop koHueHtpauuschiH anbikrayna Biomate 3 (Thermo Ficher Scientific)
cnektpodoromerpinge crnekrpodoromerpmik  omic [5], Turpre NBRIP KOpekTik opracse
KOJIaHbUIIBl. Mukpoar3anapiabiy cauablk ecebi Kox ery omicimen »xyprizinai [6]. 3eprreniin
oteipran epiTinaiep mamacel Mettler Toledo SevenMulti kemkanannet pH meTp kemeriMen
AHBIKTAJIIBL.

Bakrepusinap naeHTH(HUKAMSACHIH MOP(OIOTHSIIBIK, KYJIbTYPAIbIBIK JKOHE (PU3UOTOTHSIIBIK
epekulenikrepi HeriziHne «bep/ku OakTepusuiap aHBIKTAFBIIIBIHY MMaliJaNaHbIl, 1CKE achIPbUI/IBL.
Anbiarad HoTHxkenep CThIOJEHT KPUTEPHIH MaliJallaHbIl OHAEII].

Hormxenep.

Tomnblpak KypambiHAarbsl QocharMoOUIU3ACYIIl MHUKpoOar3ajap/bl Oeiin anyabl aTalFaH
ailiMakTarbl xKepJepJeH alblHFaH 9 cbiHama OolbIHIIA KYypri3inai. Temenneri 1-kectene ipikTenreH
ChIHaMaJsiap caparTaMachlHbIH MAJIIMETTEpP1 KOPCETUITEH.

Kecre 1. TonbIpak cblHamMasiapbl capantaMaiapblHbIH HOTHIKEC]

Crinama NepH blnrangeueik, % PKammer N, %  [['ymye, P >KbUDKBIMAaIIBI

% (KypaMbl) [KOCBUIBICTAPHI, MI/KT
(Kypamsr)

1 7,9 5,4 0,3605 6 (oprama) |113 (;xorapsl)

2 6,65 2,5 0,1413 2,5 (temen) |99 (opramia)

3 6,34 2,1 0,1684 2,4 (temen) (113 (5xorapsl)

4 6,25 2,4 0,4473 3,4 (temen) |95 (oprama)

5 6,36 24 0,2413 2,7 (temen) (139 (5xorapsl)

6 7,79 5,2 0,4315 6,4 (>xorapsl)|93 (opTama)

7 8,0 4,6 0,3789 5,5 (oprama)|2,8 (eTe TOMEH)

8 6,93 3,8 0,0063 3,2 (temen) |21 (eTe TOMEH)

9 6,81 4,0 0,2284 3,2 (temen) |27 (TeMeH)

Tonbipak capanTamanapblHa cail ipiKTENTeH YArUIepAe MHKpoar3ajap JaMyblHa KaXKeT
YKaJTBI a30T, TYMYC JKOHE JKBUDKBIMaJBI (pocop KOChUIBICTApBhI KETKUTIKTI MOJIIIIEPIe Ke3eCe .

KyMbICTBIH HOTHXKecl OoMbIHIIA alTapibIKTail GochaTrmodbunuzaeymi Oencenainik Bacillus
megaterium FT1 mramnapeiana asbikTangsl xoHe 120 carar imiage 100 % docdopas
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epitked. An Bacillus sp. FT2 xone Serratia plymuthica N11 mrtamaapeiHaarsl epireH docdop
wblFbIMbl 168 carar iminge 50,0 xone 54,2 % gawl kypaasl. Epiren ¢ochop xoHIEHTpaIusch
optanblH pHBI TeMeHaeyine OaitmanblcThUIBIFBI Oaiikanael. JXKymbic consinaa Bacillus megaterium
FT1 xone Serratia plymuthica N116enceH1iIiKk KOPCETKEH MTaMIapbl OPTaHUKATIBIK OMOTHIHAWTKBIIIT
KYHeepiH Kypy MaKCaThIH/Ia TAHAI aJIbIH]IBI.

dochopasl MoOmIM3IAEyne OakTepusulapAaH TY3UITeH KbIKBUT ecebineH oprta pH
TeMeH/ieyi 6acThl poib arkapaabl. Pochopasiy eq kem epyi pH mamacer 6,0 1an Temen GonraHaa
OaliKayI kL.

KopbITbIHABI.

OpraHuKaibIK 6HIM ecCipy OHE TOTBIPAKTHIH KYHAPJIBUIBIFBIH aPTTHIPY YIIIH OPraHUKAaJIbIK
THIHAUTKBIIITAp KYPYy MakcaTblHAA €pKiH TipHIulik eTeTiH (ocdarmobunmsaeymi OGaxTepusiiap
OeJiHIT  aJdblHABI  JKOHE  ojapiablH  OenmceHaimiri  3eprreminami. Llrammap  imniHeH
docharmodmmz ey 6akrepustiapasie Bacillus megaterium FT1 xone Serratia plymuthica N11
€Ki IITaMbl 1PIKTEII aJTbIHIbI.

Hotmwxeciane Bacillus megaterium FT1 xana mrambl eH >XKOFaprbl GpochaTMoOHIn3 Ay
6encenaunik kepcerti, on 120 carart iminae opranarsl pochopast 100 % epitri. Bacillus spp. FT2
xoHe Serratia plymuthica NIl wmramaapeiana epiren  ¢ochop mbeFeIMBL 168 carar
Ooiibl colikecinme 50,0 xone 54,2 % 1Bl KypaJibl.

doeduemmep
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NPEBUOTUKITEH BAUBITBLIIFAH CUBIP CYTIHIH ®EPMEHTAIIAA
IMPOLECIH 3EPTTEY
Hapmypatosa X.b., XKynicoekosa J[.111., Kamangunosa ¥.P., [llakeposa A.,
Hapmyparosa M.X.

an-Dapabu amvinoazel Kazax ynmmulk ynmeepcumemi, Aimamul, Kazaxcman
e-mail: Janarka.90n@mail.ru

AnHoranus. JXaHa caybUIFaH CHUBIP CYTIHEH CAJIBICTBIPMAIBI TYPAE SPTYPJIi YJT1 ajJbIHIBL.
AJBIHFaH YATUIEPIH KOPEKTIK OpTajapbl )KOHE MUKPOOPTranH3MIepl opTyp:i Oosbin keneai. COHFbI
QJIbIHFaH OHIMHIH OPTaHOJENTHUKAIBIK KACHUETTepi: ©31He TOH Hici, JoMi, KOHCUCTEHIIUICHI Oap.
3epTTey HOTHXKECIHAE, OUPUA0 — KOHE JTAaKTOOAKTEpUsI KOHCOPLIMYMBI JK9HE 6cy (DaKTOpbl peTiHAe
aJIbIHFaH WHYJIMH Oap YJTi epekile Ke3re TYCTi. AJIbIHFaH OHIMHIH, KbIIIKbUI TY3y KacHeTi MEH
KOIOJIaHY JKBULIAMJBIFBI  JKOHE OPTraHOJENTUKAIBIK KOPCETKIITepl OOWBIHIIA epeKIIeNiri
alKbIHIAIIAEL.

Kinmmi ce30ep: cym, hepmenmayus, npebuomux
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CyT — exi Ky3/leH acTaM OpPraHUKaJbIK XoHE MUHEPAIAbl 3aTTapAaH KypajaFaH OUOIOTHsIIBIK
CYHBIKTBIK. CYTTIH TaraMAbIK KYHIBUIBIFBI — aZaM OpraHM3MiHE KaKeTTi 3aTrTap (cy, OelloK, Maif,
KOMIpCy, BUTAMUHJIEP MEH MUHEPAJIbI 3aTTap T.0.) )KaKChl TENe-TeHIIK KaThIHACKIMEH, aF3aFa KeH1I
CiHipineTiH Kyiae OomybiMeH Oarananangsl. CYTTEH albIHATHIH OHIMJIECPAC OPraHU3MIC KaXeTTi
OpraHMKaJIBIK 3aTTapAblH KypaMbl MEH KAaTbIHACHl aKchl yiecTipuireH. CyTTiH opraHusmje
ciHiMaimiri 96-98%. ®AO-HBIH KOPTHIHIBICH OOWBIHINIA, CYTTIH SHEPreTUKAIBIK KYHIBUIBIFBI
YKaHyapJapablH TypiHe OanmaHbICThI [1-5].

AnaM ar3achlHAarbl TaOWFM MHMKpPOOMOLIEHO3/BIH pOJbl  KOMIILTIKKe Oenrimi. Ar3anga
OoudugodakTeprsUIap MEH JaKTOoOAIMLIadapIblH IMEKTe KaJIbIIThl JCHrehje OO0Jybl aF3aHbIH
CayJbIFbIH KaJIBIITACTBIpY/la MaHbI3Ibl. llaToreHai MUKpOOpraHM3MIEP/iH aF3ara €HyiHE JKOHE
ar3ara KipreH »arjaiiia onapiablH eMip cypyiHe keaepri kenrtipeai. Kanbimtel mMuxpodiopaHsl
TY3yIIijiep OMOJIOTHSUTBIK ~ aKTHUBTI )KOHE aHTHOMOTHUK TOpi3/IeC 3aTTap TY3yiMEeH epeKIiiencHeni [6-
11]. Kazipri yakpITTa, aF3aHbIH DYPBIC KYMBIC Kacaybl MEH OaKTEepHSUIBIK, BUPYCTHIK aypylapra
ar3aHbIH KapChl TYPY KAOIIETIH JKaKcapTy YIIiH (yHKITMOHAIBI TaFaM OHIMI PETiHIe MPEOUOTHKTIK
- KacueTi 6ap CyT TaraMbIH JalbIHAAy ©3€KTi Macese Ooibln Typ. bi3aiH 3epTreynepimizie cublp
CYTiH yitbITaThiH Lactobacillus acidophilus nen VHYJTMHHIH 9cepi 3epTTEII.

3epTTey MaTepuasiapbl MeH JicTepi

3epmmey obwvexmici: 3eprrey XyMbIchl on-DPapabu arermarel KazYVY-Ti, Ononorus xoHe
ouorexHonorust (akynapTeTi, OHOTexHONOrus KadeapachiHblH «TaraM OHOTEXHOJIOTHUACHD)
3epTXaHAChIH/IA JKYPri3inai. AIMaThl 00JBICH, ¥ 3bIHAFAII ayBUIBIHAH CHBIP CYTI 3€pPTTEYyIe aIbIH/bI.
3epTTeyne KOJMAAHBUIFAH CYT KBIIIKBUIABI OakTepusuiap >koHe mnpedbuotukrep: Lactobacillus
acidophilus (L.b.); Bifidobacterium bifidum(B.b.)

Kviugwinoviivikmot anvikmay. Tepaep onici 6oitbiaima ansikranisl. Teprep (°T) omici 100 M
CYWbIK 00BeKTiHI OelTapanrtayra >kxymcanraH 0,1 H cuITI epiTIHAICIHIH MeJIIepiH KepceTei.
CoritbiMabuibirsl 100 Mt kontbara 3epTreyre anbinFaH o0bekTiaeH 10 mi asbir, 20 MIT TUCTUIIBICHTeH
Cy KOCBIN, apanacTelpbUiAbl. JlaWbIHAaNFaH epITIHAIHIH HWHAUKATOp peTiHae  1%-apIK
(benondrarenHHIH COUPTTETI epiTiHici Kocbuiasl. Kocmanst 0. 1H cinTi epiTiHIICIMEH 9JICi3 KbI3FBUIT
TYCKE JIeH1H TUTPJICHE 1. OJCI3 KbI3FBUIT TYC | MUHYTTa TYCIH ©3repTIiey Kepek.

Tutpneyre »xyMcanfraH CUITI €piTIHIICIHIH MeJIIIEpiH TOMEHAET1 popMyJlaMeH ecenTeiHe 1.

T = V*10
V - ¢dunprpartel TUTpaEyre keTkeH 0,1H cUITI epiTiHIICIHIH MeJIepl

Cym ananuzamopwvinoa JIAKTAH I—4anvikmay. Cublp CYTIHIH KYpPaMbIHAAFbl MailJIbUIBIFbI,
TBHIFBI3JIBIFBI, KYPFaK CYT KaJAbIFbI OipHelle KaiiTagama >kacay apKbUIbI HMPOIEHTTIK KOpPCeTKill
AHBIKTAJIIBI.

AJIBIHFaH HITHIKeJIep MeH TAJIKbLIay

Kana cayburFaH CHBIP CYTIHIH  KBIIIKBULIBIFBI 17°T. Cyrti cakray OapbIChIHIA
MHUKPOOPIraHU3MIEpAiH KoOetoiHe OalIaHbICTbl CYTTIH THTPJIEHY KBIIIKBUIIABIFBI JKOFapbUIAiIbL.
KbIIKBUIABIKTBIH JKOFapiiaybl CYT KaCHETTEpIHIH e3repyiHe ajblll Kelyl MYMKiH, erepje, CyTTiH
KbIIKBLLIBIFR! 22°T %0Faphl 60JIca, OHBI 3aYBITTapFa OTKI3yTe KapaMChI3IbIKThl KOPCETEIi.

CyT KBIIKBULABI OHIMIEPAlI anyaa Heri3ri MiHnet Lactobacillus acidophilus mramMmmaapbiH
tagjaan any. Onapsl CyphINTal any Ke3iH/e MUKPOOpPraHU3MIEpAiH KeOeroiHe TiKeJel acep eTeTiH
OHE CYT KBIMIKbUIABI allly MpPOLECiH MHTEHCUBTI JKYPYlH KaMTamachl3 €TEeTiH KYJIbTHBHUPJEY
KaFalbIH PEeTTey MaHbI3Abl. OneduerTepae KeaTipuiren manimMertepae, Lactobacillus acidophilus
NaTOreH/I MUKPOOpraHU3Mepre Kapchl Typa ajlaThlH aHTATOHUCTIK KAacHETi Typalibl alThlIajbl.
YUBITKBI KYpaMbIHAAFbl MUKPOOPTaHU3MAEP/AIH SCIpeH TY3UIETIH aHTHOAKTEepHaJIbIK KacueTi 0ap
CYT OHIMEPIHIH CaKTaJIy Mep3iMiHe Jie alTapabiKTail ocep erei. DepMeHTaTUBTI CYT OHIMIEPI YIIIiH
YHUBITKBIIApBI TYPBIC TaHJAAN aly Oenriiai Oip Jopexkene ©HIMHIH TOMiHE, HMiCiHE, COHBIMEH Koca
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KOIOJNIBIFBIHA ocep eredi. Lactobacillus acidophilus KOChUTFaH ©HIMIe MIHICTTI TYypHAe
OpraHOJICTITUKANIBIK Oaranay Xyprizy Kaxer. Lactobacillus acidophilus camanblK KepceTKimTepi
OipiHIII KecTee KeNTipuIai.

Kecre 1. Lactobacillus acidophilus cananblk KepceTKimTepi

CanaybIK KOpCETKIIITIH aTaybl CuraTTamMachl )XoHE KaJIbINThI KOPCETKIII

KoHcucTeHIusICh MEH CHIPKBI TYPi BipTekTi, Teric

Jomi sxoHe mici Ta3a CYTKBIIIKBUIIBI, OOrie noMi HeMece Hici
JKOK

Tyci AK TyCTi asfrajjaraH CapFhINITAy TYCTi, OYKiT
Maccachl OOMbIHIIIA OIPTEKTI

TuTpaiK KIIKbUIIBLIBIFR, ©T 65-75

Bbencenni KbIIKbUIIBLIBIFBL, pH 4,70-4,80

Lactobacillus acidophilus Tipi xneTkanmapbHbIH caHBbL | 10Y
KOE/r kem emec

50 r-marpl  imieK  TasKmamapsl TOOBIHA — KipeTiH|Ke3necremi
OaxTepusiap

AmipiTKbUTAp 1T-12 Kesnecneni
Me3zodunbi aHa3poOThl OaKTepHUsIIap Criopackl 1r-1a Ke3aecre/i

ITatorenmai MUKPOOpraHUMJIED, COHBIM 1L HAE | Ke3aeceai
caigpMoHertanap,100 r-na

ExiHmn kecrene, Cublp CYTIHIH OpTYpJll AaIIBITKBIHBIH KeMeriMeH (Ou¢uao- xoHe
NaKkTOOAaKTepHUs), KBILKBUT Ty3y KacueTi kepcerinreH. 37°C TepMocTaTTa op caraT caiibH
KBIIIKBUIABUIBIFBI aHBIKTANIbl. KOpeKkTik opTachkl opTypiai Oec yiriHi aniblK. 1-11i yiarijie taza cublp
CYTI, 2-1111 yirize cyTke 6uduio0akTepus KoHe 6Cy CTUMYIIATOPHI peTiHae 0amt Kochliabl. A, 3-1mi
yiarire CyTKe JakToOakTepus, 4-11i yirire CyTKe JaKTOOaKTepHus >XoHE Oanabl KOCBUIABL. S-m1i
yarizgeri cytke Lactobacillus acidophilus nien Bifidobacterium bifidum, ecy cTUMYNATOpBI pETiHAE
0aJ1 KOCBUTZIBI. OCy CTUMYIISTOPBIHBIH MoJIiepi 1%.

Kecre 2. Cublp CyTIHIH 9pTYpJIl YaKbIT apalibIFbIHIaFbl (hepMEHTAIINs TPOLIECIH 3€PTTEY

bakrepus MmeH | 1 carar | 2 carar | 3 carar | 4 carar | 5carar | 12 carar | 35carar
KOPEKTIK opTackl *
Cuslp cyTi 14 14 22 22 22 31 66
B.b+6an 14 18 32 42 33 70 84
L.a 14 21 28 33 43 63 70
L.a+6an 14 24 33 38 50 63 79
B.b+L.a+ 6an 14 25 40 50 60 70 93

*KOpeKTik opTa JereHiMi3 - OM(uI0-KoHE JTaKTOOAKTepUsUIapIbIH O6CyiH KaMTaMachl3 eTeTiH
(bakTop, SFHU IPEOUOTUKTED.

Lactobacillus acidophilus men Bifidobacterium bifidum xoncopuuymsr (1:1) xoHe ecy
daktoper 1%. Cebebi, oudunodbakTepust MeH JaKToOaKTepusi Oip-OipiHIH ©CyiHE OH oCep eTell.
Oumnap/bIH ecyine NpeOUOTUKTIH (MHYJIMH) OH dcepi aiikpIHaanasl. becini yarige 6acka yariiepmeH
CaJTBICTBIPFaH/1a )KaKChl HOTH)KE aJTbIH/IBI.
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YakpbIT (caraT)

Cyper 1. Cubip cyTi )xoHe Lactobacillus acidophilus (L.b.); Bifidobacterium bifidum(B.b.)
YKOHE 0aJ1 KOChUTFaH KbIIIKbUIABIFBIH aHBIKTAY

[IpeOuoTHKTEpre TaFAMHBIH BIABIPAMAUTHIH KYPaMbIH JKaTKbI3aMbI3, oJ1ap Oip HeMece OipHele
TOT OaKTepHsIIAPIbIH KOOCIOIHE KOHE META0OIMTTIK aKTUBTUIITIH BIHTAAHABIPAIbL. TaraM KOCIaChI
npeOUOTHK peTiHAe KiaccuUUUpleHy YIIiH, aJaMHBIH acKa3aHbIHJAFbl (epMEHTTEpPiHIH
THIPOJIM3iHE YIIbIpaMay KEepeK, acKasaH »KOJIApBIHBIH JKOFaprel Oerimiaepiniue abcopOmieHoey
Kepek, Oipak TOK IIIEKTeri Oeirim TOm MHUKPOOPTaHU3MIEPHAIH 6cCyiHEe >KOHE MEeTabOIUTTIK
aKTUBUIITIHE CENEKTHUBTI cyOcTpaT 001y Kepek. MHKpoopraHu3MIEp KaTbIHACBIHBIH PETTENyl
MaHBI3/Ibl POJIb ATKAPAIbI.

byn rtamantapra caii  TaraMHBIH =~ KOCHaJapbl TOMEHI1  MOJIEKYJalbl  KeMipcyiap
Oonbin TaOblIanbl. [IpeOnoTHK KacueTTepi aHbIK O00JbIN (PYKTOONHUrOCaxapuiaTe, HHYIUHJE,
TaJIaKTO-0JIUTOCaXapu/ITe, JTAKTYJI03a/1a KOPCETIE I,
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3KOJIOTMYECKUE ACHEKTBI PA3SBUTHSI PAKOBBIX 3AFOJIEBAHU B
MPUAPAJILCKOM OBJIACTH
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AHHoTanus. CocTaB T€HOTHUIIA U OKPY)KAIOIlas Cpeia UrParoT PelIatollylo posib B pa3BUTUU
Takux 3a00JieBaHUHN Kak pak. YenoBek, Oy1ydn 4acTblO SKOCUCTEMBI, 3aBUCUT OT YUCTOTHI BOJHBIX,
MMOYBEHHBIX U BO3JYIIHBIX IKOCUCTEM. TsDKENble METAJIBI U COJIM, KOTOPBIE ObLIM OOHApPY)KEHBI B
ApasibcKOM MOpe TI0CTIE OCYIICHHUSI, CKOPEE BCETO SIBJISIFOTCS IPUYUHOM pa3BUTHUS psifa 3a00IeBaHU,
B TOM YHCJI€ OHKOJIOTUYECKHUX.

Knroueswie cnosa: skonozus, onkono2uieckue 3a001e6anus, msiiceivlie Memaivl

DKOJIOTHSI HAa MHOTHX YPOBHSIX BJIMSIET Ha 3/I0pOBbe uesoBeka [1]. UenoBek sABISIETCS 4acThb
HKOCUCTEMBI U 3aBHCUT OT YMCTOTO BO3[yXa, BOJbI M MOYBbl. HemaBHUE M3MEHEHHs] B DKOJIOTUU
MOBBICHJIM SKCIO3UIMIO YEJIOBEKAa TOKCHMHAMH, B TOM YHCIE TSHKEJIBIMH METaJVIaMU U COJISIMH.
CymiecTByeT MaKCUMAaIIbHBIN 00beM MOTPEOIeHUS PeCypCOB, KOTOPBIN UCTOIIAETCS B COBPEMEHHOM
aHTporojorudyeckom Mmupe. llenn pa3BuTus Teicsyenetus — 0opbda ¢ OETHOCTHIO U TOJIOAOM;
yIydIIeHue OXpaHbl 3J0POBHs; BO30OHOBIEHHE YKOJOTUYECKONW YCTOMUYMBOCTH — HE MOTYT OBITh
JOCTUTHYTHI 6€3 TOJTHOTO HOPMATBHOTO (PYHKITMOHHPOBaHUS SKocucTeM. CleyeT OTMETUTD, YTO HE
TOJIBKO  DKOJIOTHS BJHMSET Ha UeJIOBeKa, HO W UEJIOBEK CBOEW  HepalMOHAIbHBIM
MIPUPOJIOTIONBE30BAHUEM U aHTPOTIOTEHHOM JCSITEIHHOCThIO BIUsET Ha ociabnenue sxonorun (Puc
D).

HeratnBHoe BnustHuE
Ha 3/I0POBbE UEJIOBEKA
- COKpalIeHue
IMaXOTHBIX 3€MeJIb

- OHKOJIOTHYECKUE
3a0071€BaHUs

- acTMa, aHeEMHUH,

Brinenenne TOKCHIeCKUX
BEILIECTB B OKPYXKAIOLLYIO

cpeny

-3arpsA3HEHHE PEK, 03P U _|

Mopei
-3p0O3Usl IOYBBI
-BBICBIXaHUE BOJIOEMOB

HepauunonansHoe
IIPUPOAOIIOIB30BAHUE
-TIECTUITA BT
-TSIKEJIbIe METAIIbI
-OTXOJBI XUMHUYECKOMN
MIPOMBILUIEHHOCTH
-OTXOJIBI CEIBCKOTO

AJIJICPIrun XO03siCcTBa

Pucynox 1. Cxema BiIHsTHHE YeJIOBEKA Ha OKPYKAIOIIYIO CPEly M COOCTBEHHOE 3/I0POBhE

B Ksnsuopaunackoit O6mactu HaxomuTcs Apanbckoe Mope, KOTOpoe 3a TOoCHeTHue
HECKOJIbKO JIECATKOB JIET MEPecoXJI0 W YMEHbIIWIOCh B oObemMax Ha Ooznee 80%. JlanHble
nmokaseiBatoT, 4To B 2010 roay no cpaBHeHuro ¢ 1960 muionaaps o3epa yMEHBIINIACh YyTh MEHEE B
ISTh pa3, a 00beM Bozbl — B 14 pas [2]. Peku Coipaapes 1 AMynapbsi, KOTOpble uTaiu Apai, Obuin
MCIOJIb30BaHbI JJIs1 OPOLIEHHSI TOCEBHBIX IUIAHTAIUI U CKOTOBOJICTBA, CTOYHBIE BOJIbI COPACHIBATIUCH
B pexu. Bony Opanu BbIlIe 1O TEYEHUIO, YTO MPUBOAMIIO K MOCTENICHHOMY CHIDKEHHIO YPOBHS MODSI
U IepecelxaHuio. B mporecce nepecbixaHus 00pa30BajIMCh COJOHYAKM M IYCTBIHS € OOJBIINM
KOJINYECTBOM MOPCKOM COJIU.

B mnpouecce 3emnenenus ObUIM HCHOJIB30BAHBI NECTULUABI, COJHM TSDKENBIX METANJIOB,
MUHepasibHble ynoOpeHus [3-4]. B ycrnoBusX cyXoil COJIOHYAaKOBOW MOYBBI OHHM PA3HOCATCS Ha
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OOJIbIIIME PACCTOSHUS U TIOMAAIOT B JBIXATEIbHBIC MYTH, HA KOXKY, B )KEIyIOYHO-KUIIICUHBIA TPAKT
JOJEl 1 JKUBOTHBIX. DTO MPHUBOJIUT K COOTBETCTBYIOIIMM 3a00JI€BaHUSM U C OOJbIICH aoiei
BEPOSITHOCTH K MaJUTHU3AIUH.

Tspkenple MeTamibl, TakMe Kak KaJMHUA U MBIIIbSIK, KOTOpble OBLIM BBIIEICHBI B IpOLIECCe
arpecCUBHOTO 3€MIJIEJICIUS, CKOPEE BCErO SIBJISIIOTCA MPUUYMHAMU CHUKEHUS 370POBbsI HACEJICHUS,
npoxkuBatomiero B Ilpmapansckori obOmactu [5]. Kaamuit u Mblmbsk o0iamaroT  OoNbIIeH
CBSI3BIBAIOIIEH CIOCOOHOCTHIO C JIUTAaHIaMH IUTOXPOMOB, B 0COOEHHOCTH IeMOTI00MHA U (haKTOPOB
neueHu [6]. OOmuii Tokcuaeckuil YPPEeKT yCUIMBaeTCsl HATMYMEM BBICOKMX KOHIIGHTpAIUN COJIEH,
KOTOpbIE UMEIOT CBOMCTBO OCaXAaTh TsKeible MeTallibl. OKpysKarolas cpesia, Takke Kak U COCTaB
TEHOTHIIA YEJIOBEKa, UTPAIOT PEIIAIOIIYIO POJIb B pa3BUTHH paka [ 1-6]. CymiecTByeT He0OX0IUMOCTh
paboThl 3KOJOTOB B KA4eCTBE OPraHU3alUM IMPEBEHTHBHBIX MEP IO YCTPAHEHUIO HMCTOYHUKOB
XUMHUYECKOTO 3arps3HEHHsI TSHKEIBIMU METAJUIAMH U COJISIMHU.
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AnHoTauus. llnanoGakrepusnapIblH alyaHTYpJiri MEH (U3HOJIOTHSUIBIK epeKIIeTiKTepl
TYPFBICBIH/IAFBI OCHI YaKbITKA JICHIHT1 3epTTEITCH HKYMBICTAp OJapbIH OMOTEXHOJIOTHS CaTaChIH A
MaHbI3/Ibl HBICAH eKeHAIriH nonenenneiai. COHFBI KbUIIApAarel HAHOOAKTepUsiap OMOaKTUBTI
KOCBUIBICTAp/IBIH Oail Ke31 peTiHAe Ha3apra He OOJIIbI JKOHE oJlap OWOJOTHSIIBIK KONTETreH
METa0OJIUTTEP Il OHJIPE aNaThlH HETi3r1 MPOAYLEHTTEp PETiHAE TaHbUIABL. 3epTTey *KYMBICHIHJA
OeJI1HIN aJIbIHFaH MITaMIapIblH a30TQUKcAIUIIAay KaOlleTi 3epTTey HoTuxkeciHae Anabaena sp. Bl-
4 mTaMbIHBIH O€JICEHITIr aHbIKTambi, Anabaena sp. Bl-4 mramMeiaaa 6acka OemiHIN andblHFaH
Typiiepmen canbicThipranaa CoHs ra3bIHBIH TOTHIFYBIHBIH JKOFAphl KOPCETKIIIH TIPKEI 1, €H JKOFapbl
sTHIIeH Kepcetkimi 3,5+0,2 MKMOJb 3TUJICH/MI XJ1 a/caF Kypaasl. Anabaena sp. Bl-4 mraMbiHbIH
24x10° xn/mi sxone 48x10° wm/mi KOHIICHTpAIMAIaFbl KJIETKa OMOMaccachl a30TCHI3 OpPTAaJlaFbl
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0aKpUIayMEH CalIBICTBIPFaHIa KYPIWITIH ecyiHe OH ocepiH Oeperini Tipkenai. Ocbkl mTaMM
arpoOMOTEXHOJIOTUSAIAFbI MAHBI3EI OOBEKTI PETIHC TAHJAIBIHBII AJTBIH/IBL.
Kinm ce3dep: yuanobaxmepus, uoenmupurayus, Humpozenesa, 2emepoyucma, ayemuieH

Kipicne

[{nanoGakTepusIapAbIH SPTYPILIITT MEH (PU3HOJIOTHUSICHI TYPFBICHIHIAFBI OChI YaKbITKA JIEHIHT1
3epPTTEITeH KYMBICTAp ONapIbIH OMOTEXHOJIOTHUSIA KSH KOJIIaHbUTybIHA MYMKIHIIK Oeperi. COHFBI
KBUIIAPAAFl 3€pPTTEY KYMbBICTapbIHAA IIHaHOOAKTepUsiap OMOAKTUBTI KOCBUIBICTAp/bIH Oall Ke3i
peTiHge Hazapra ue OOJJIbI JKOHE OJap OMOJOTHSUIBIK KOINTEreH METa0OIUTTEepAl OHIIpe anaThiH
HETi3rl MpoAylUeHTTep peTiHae TaHbuiabl [1]. bByn 1mMaHOOaKkTEepUSIBIK METa0OJHUTTEpre
anTHOaKkTepuansl [2], anTudyranapl, aHTUBHPYCTHIK, aHTHKAHIIED, aHTHILIA3MO/IUAIIbI, AJITHITH/ITI
KOHE  HMMYHOCYNPECCHUBTI  areHTTep  KaTrajabl. AHTUOMOTHUKTEpD  OHIIpyre  KaOuleTTi
MaHO0AKTePHUSUTAPABIH CYPBINITAY KYMBICTAPBIH KYPri3y jKaHa MpenapaTTapiblH jKacaTyblHa KOJI
amtel. KeliGip nuanoOakTepusuiap KacueTrTepl OOWBIHINA TOJMATUIICH MEH MOJIUIPONUICHMEH
CAJTBICTBIPBUTATHIH KJICTKAIMILIIK TOJUTHIPOKCHIIKAHATTApP 16l )KUHAKTai 6! [3]. HuTporenasa — a3or
(uKcanuschIHa XkKayar OepeTiH, KOl callajibl, MyJIbTHCYOCTPATThI Kypaeli (epMEeHT jKoHE HETi31HEeH
N-HiH OapiblK OHOXMMMSUIBIK TY3UIyIH KaTaJu3JICHUTIH NPOKApUOTTApIblH KIIETKaJlapbIiHaa
Ke3qecei, COHbIMEH Katap, N 1i100aibi OMOTeOXMMHUSUIBIK a30T IMKJIIH JKYPri3yal KaMTaMachl3
ereni. Hutporenasa kemnrereH cyOcTparTap/sl (IPOTOHIAPIBI KOCKAH/IA) KAJbIHA KEITIpy YIIiH
Marauii aneHo3uH yuidocharsin (MgATP) sxoHe anekTpoHAapAbl KOJITaHA/IbI.

3epTTey JKYMBICBIHIA op TYpJi OJKo-XKyienepiaeH OeJliHIN  alblHFaH 5  Typiai
a30T(UKCAIUATIAYIIBI  ITHAHOOAKTEPHS INTaMMIApBIHBIH OHIMAUINIIH Oarajiay, HUTPOreHe3a
AKTUBTLIITIH 3€pTTEY KOHE KYPILITIH OHIMAUIITTHE 3CEPiH aHBIKTAY *KYMBICTapbl KEJITIPLUITeH.

3eprTey daicTepi MeH MaTepuaIAapbl

3eprTey Matepuammapel petinae Kpi3puiopma o0mbickl, JKaHaKOpFaH ayJaHBIHBIH Kypill
aJIKaNTapbIHBIH KeJeciiel InaHo0aKTepusIapbl KONAaHbIIAbL: Anabaena sp. Bl-4, Cylindrospermum
sp. J-8, Anabaena variabilis K-31, Oscillatoria Sh-11, Tolypothrix tenuis J-1. KopekTik opTara
eriUIreH YATUIEPIiH >KapbhIKTaHIBIPBLUTYBl JIOMHUHECHEHTTI jJammanap apksuibl 50-200 MxMoInb
q)OTOH/Mz/ceK KapKBIHIBUIBIKTA XKYprizunai [4]. [{uanobakTepusiiapapIH )KUHAKBI JaKbULIAPBIH aly
yuria BG-11, I'pomog, [Ipata sxoHe Z1 KopeKkTik opTanapbl KoiaaHbUiabl. OChl KOPEKTIK OpTalapMeH
karap, BGo-11 xoHe 3appyka mMoaudukauusiaHFaH KOPEKTIK opTajapbl Ja naiganaHbuiabl [S].
3epTTey >KYMBICTApBhIHIA >KapBIKTHIH KapKbIHABUIBIFBI Quantum Q 40555 LI- 250A (LI-COR
Biosciences, Lincoln, NE, USA) sxapbIK e:ierim apKblIbl bIIBICTBIH 5 KEPIHEH OJIIIENIH/ KOHE
OpTaK KOPCETKillli aNbIHBII, MKMOJb (OTOH/M?/cek eimieM  Oipiirinie KOpCEeTUII.
[{naHoOaKTepUSIIBIK TaKpLIAAp CTEPHIIbII Ta30eH adparusiianabl skone 1% CO; ra3 RMA-0,063 G
(Peceif) poTamepiMeH ecenTelniHin, ayaHbIH KypambiHa KochUiabl [6]. Jakeuimay BOYU S-4000B
(KpriTait) aya komnpeccopbIHbIH keMmeriMeH 0epini. Hutporenasansiy Oencenauniri J{aBun sxouHe T.6.
(1980) »xympiceiHa coiikec 10% ametunen/90% aproH ra3aslK KOCMAaHbI BHANABIH imriHe 30 MUH
6oifbIHA eHTi3y TocimiMeH aHbIKTaIAE! [7]. 30 Mi BHangars! KneTkanap 250 MKMonb GOTOH M2/cek
KapbIK KapKBIHABUIBIFBIHAA 24 caraT OolbiHa AakbuinaHibl. MHkyOanmsnan keitin 500 Mk ra3
YIITiIepl albIHBIN, Ta37blK KOCHAHBIH KYPaMBIHIAFbl STHJICHHIH KOHIICHTPAIMSACHI AHBIKTAJJIBL.
AueruneHHiH ToThIKcbI3Aany Oencenainiri GC-15A (Shumadzu, AKI) razasr xpomaTtorpadsiaia
aHBIKTAJIbI, HMOJIb dTUJIeH/MT Kb/car kepceTkinniHae YChHBIIIBL.

3epTTey HITHIKEJIepi

boninin  anvinzan yuanobaxmepusnapovly WMAMOAPLIHLIY HUMPO2EHA3d OelceHOLNIcIH
3epmmey.

ABOTCBHI3 OpTajiarbl JAKbUIIAPABIH OHIMAUIIH aHbikTay yiriH BGo-11 (a30T ke3iH Kocrmaii)
KOPEKTIK OpTachl KOJIJAHBUIBI JKOHE ©CY KbUITaMIbIFBIHBIH K03()(UIIMEHTI MEH KYpFaK Ouomacca
HIBIFBIMBI aHBIKTANBIHABL. HoTrxkenep 1-cyperte KenTipiireH.

3epTTenreH mTaMaapablH OapibiFbl a30TCHI3 OpTaga ocy KabineTiHe ue OOJFaHABIFBIH aTamn
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OTKECH XOH. OcCipy Ke3iHJe 3epTTeNreH ITaMIapIblH 6cy KO3IPQPUIUEHTI opTypii MOHIEpre ue
O0onabpl KoHE €H OeiceHal ecy Anabaena exinuepinae OaWKanabl. DKCIEPUMEHTTIH COHBIHJIA
Anabaena sp. Bl-4, Tolypothrix tenuis J-1 xone Nostoc sp. J-14 mrampapbeiHBIH KypFak
OMoMacCaHbIH IIBIFBIMBI, colikecine, 2,93+0,1 r/mn, 2,61+0,1 r/n xone 2,41+0,11 r/n 60nasp1 (CypeT
1).

['a3 xpomarorpad HOTHKEIEpl TeTePOLUCTAIBI [MaHOOAKTEPHUSIIAPABIH OAPJIBIK IITaMIAPhI
alleTWICH K OpTaJa HUTPOreHa3a OeICeHAUTITH KOPCEeTeTIHIITIH TipKeIi.

0,6 35

0,5 3
Ly I
=04 I 2.5
= I
2 03 I 2 =5
g I 7]
8 0,2 15 &
~
>
3 01 !

0 I 0’5

0
Bl-4 J-14 J-8 mK-31 mJ-1

[MITamaap

Cyper 1. A30TCBI3 OpTaja HaHOOaKTepUsIapAbIH OOIIIHII albIHFaH JaKbUIIapbIHBIH
OHIMJILIITIH aHBIKTAy HOTHXKeNepi

AJbIHFaH HOTHKeNep OOMBIHILA, KYTUIT€HEH, 3epTTenreH TypiaepAid apacbinaa K-31 nakpist
(Anabaena) canpicTbIpMalnbl TypJe ToMeH 3TuieH Menmepi (1,2+0,11 MKMOIb 3THUIIEH/MT XJI a/car)
KUHAIIBL, all Anabaena sp. Bl-4 mitaMbIHa 3TUIEHHIH KoFapbl Metiepl 0onsl (3,5+0,2 MkMoIb
sTuaIeH/Mr X1 a/car). CoHbIMeH Katap, Nostoc sp. J-14 mramaapst (1,5£0,5 MKMOJIb 3TUIIEH/MT 4l
a/car) xoHe Tolypothrix tenuis J-1 (2,8€0,13 MKMOIb O>TWIEH/MI XJI a/caF) IITaMJapsbl
CaJIBICTBIPMAJIBI TYPJIE JKAKChl HOTHXKE KopceTTi. J-8 makpuibl yiiH 6y kepcerkim 2,9+0,21 MkMouib
STUJIEH/MT X7 a/car Kypassl (Cyper 2).

4

0

Anabaena sp. BI-4  Nostoc calcicola J- Anabaena variabilis Tolypothrix tenuis J- Cylindrospermum
14 K-31 1 sp. J-8

W

C,H,, mxmons/mr X1 a/car
(S}

Cyper 2. bemniHin anblHFaH IUAHOOAKTEPHS TAKbUIAAPBIHBIH HUTPOT€HAa3a OEJICEHIUTITH
3epTTey HOTHXKeNepi

Ocsunaiima, Anabaena sp. Bl-4, Nostoc sp. J-14 xxone Tolypothrix J-1 mTamaapbIMeH KOFapbl
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a3or  (Qukcauusay — KaOimertimi  Tmipkemingi.  JKypriziiren — ToxipuOenep — HeriziHze
[IMaHOOAKTepUsIapAbIH OapibIK O6JiHIN ajJblHFaH INTaMAAPBIHBIH Op TYpJl JCHIEHIe a30TThI
¢bukcanmsay Kadineti 6ap eKeHIr1 aHbIKTaJIbI.

beninin anvinean yuanobaxkmepus mmamoapblHbl, OUOMACCACLIHbIY KYPIUKe dCepin 3epmmey.

Keneci xe3exre Anabaena sp. Bl-4 mTaMMbIHBIH OMOMacCachIHBIH KYPIIITIH ©CYyiHE dCepiH
3epTTeY KYMBICTAphI KYprizinai. A3oTdukcamusuiay OeICeHIUTITH apTTeIpy YimiH 1 MkMosib Mo
KOCBUIFaH, MOIU(UKAIMsIIAaHFaH AJUIEH KOPEKTIK OPTACHI KOJIIAHBUIBIH/IBI.

Keneci ke3ekre reTeponucTaibl IUAHOOAKTEpHs] IITAMBIHBIH OHOMAcCCACBIHBIH 9CEpiH
KYPIITIH ©6Cy KOpCeTKIIITepiHe THTI3eTiH ocepi 3epTrenii. 3epTTeNreH IITaMJap apachbiHaa
HUTpOTEHAa3a OeJICCHIUIIrT OoWbIHINA epekieneren Anabaena sp. Bl-4 mramblHBIH op Typdi
KOHIICHTPALMAAAFbl CYCHCH3MACBIHBIH AKMapocan COPTHIHBIH —~ ©CYy KOpCeTKIITepiHe acepi
3eprreninai. Anabaena sp. Bl-4 cycneH3MsICBIHBIH 9p TYpJl KOHUEHTPAUUSICBIHBIH AKMapaican
COPTBIHA 9CEPiH 3epTTeyAe | MII-JeTi KIIeTKa CaHbl €CEITEIIH .

Kecre 1. Azorduxcanusnaymsl Anabaena sp. Bl-4 mraMbIHBIH 9pTYPITi CyCIIEH3USCBIHBIH KYPIIITIH
OOMBIHBIH 6CYyiHE dcepi

Neo | ToxipuOeHiH HYCKanapbl Kypim O0HBIHBIH Y3BIHIBIFBI, CM
1 | bakputay 1 — a3orTel Mypacure-Ckyra KOpeKTiK 35+1,4
OpTachl
2 | bakpuiay 2 — a3otcei3 Mypacure-Ckyra KOpeKTik 20+1,3
OpTachl
3 | 1-aycka — 6x10° k1/mit 24+1,3
4 | 2-Hycka — 12x10° xin/mn 28+1,2
5 | 3-nycka — 24x10° kin/mn 34+1,9
6 | 4-HycKa — 48x10° /M 32+1,1
7 | 5-nycka — 96x10° kin/mn 29+1,1
8 | 6-Hycka — 192x1 0° x/Mot 25+1,9

I-kecTene KepceTUIreHel, KypIlTIH ecy KepceTKilTepi oapTypii Oonasl. byn 3eprrey
KYMBICBIHIA O©CIIT IIBIKKAH KYpIIITEpAiH OOWBIHBIH Y3BIHIABIFBI ecenke aibiHabl. Cebeoi,
TOMBIPAKTAFbl A30TTHIH KaJIbINThl KOHIEHTPAIMACH OCIMIIKTEPAIH ©OCYiH/AE MaHbI3Jbl KbI3MET
aTKapaJibl ’KoHE TaMbIP/IbIH 6CYIHE OH 9CEpiH TUT13e/l. 3epTTey )KYMbIChIH 1A Oakbliay 1 HycKachIH1a
©CIII IIBIKKAH KYPIIITEePAiH opTala y3bIHIbIFbI 35+1,4 cM Kypajbl, all a30TChI3 OpTajarsl 6akpuiay 2
HycKachlHaa 0y kepcetkim 20+1,3 cm Kypaasl, sFHU, Oakpuiay 1-MeH canbIcThIpraHia 15 cMm-re
TOMeH KepceTKim Tipkeami. 6x10° kin/mi KoHLeHTpalnusaarbl KypilITepAiH MaKCHUMAIIbl ocy
kepcetkint 24+1,3 Gonca, 12x10° kn/Mn Hyckacsl 4 cM-Te xorapsl 60mas! (28+1,2 cm). Taxipube
GapBICHIHIA €H ONTUMAIBI KJIeTKa KOHIeHTpamusachl 24x10° kn/mn (34+1,9 cm) sxone 48x10° xn/mn
(32+1,1 cm) HyckanapeiHaa Oonabl. KieTkamapablH CyCHEH3MSUIapbIHBIH IIaMajiaH ThIC OOJybI
OCIMIIKTIH ©CyiHE Tepic dcep eTil, Keleci eKi HyCKaaa

Anabaena sp. Bl-4 umanoOaktepusi mrTambl AKMapKaH COPTBHIHBIH ©CYylHE dcep eTeTiH1
Oaiikanapl. Kypim ankaObiHaH —OesTiHIN — alblHFAaH I[ITaMM  HHUTpPOTreHa3a (epMeHTepiHiH
OenceHAUTINIMEH ayaJarbl a30TThl (QUKcAlUsIay MPOIECIH JKYPri3il, TOMBIPAKTHIH KYpaMbIH
MOJIEKYJabIK a30TIeH OaifbiTanel. Toxipubeneri reTepoulUCcTanbl [MAHOOAKTEpUS JaKbLIbI
OroMaccachlHbIH SPTYPJIl KOHIEHTPALUACH! KYPIIITIH OOWBIHBIH ©CyIHE SCepiH SpKaiail TUTi3eTiHi
tipkenai. KopbIThIHABLIAN KeTe, 24x10° wi/mn xoHe 48x10° wi/mn KOHIIEHTpALHUsIaFrbl KIIETKa
Omomaccachl KYpIMITIH ©CYIHE OH OCEpIH THTI3ETiHI aHBIKTAIABl JKOHE OChI IITaMM
arpoOMOTEXHOJOTHSIaFbl  OoJjamiaFrbl  MOJI  OOBEKTI  peTiHJe  aybUIIapYaIlbUIbIK-ETiCTIK
KYMBICTapbIHA YChIHBUIAIBI.

KopsbIThIHABI
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3epTTey HOTMKENEpi op TYpJi IKOXKYHIEpACH O6IiHIN albIHFaH UaHOOAKTEPHsIIAPIbIH
mTamaapbl apKbUIbl aJbIHABL. 3€pTTEY HOTHXKeNepl OoibiHIa Anabaena sp. Bl-4 mitaMMbl akTUBTI
O6uomacca eHAIPETIH TYp PETiHAC TaHJAJIAHBIN AJBIHBIN, HUTPOTEHEe3a OesiceHalTiri OoiibiHIIa 1a
Oacka OeJiHII aJIbIHFaH TYPJEPMEH CaBICThIPFaH/Ia KOFaphl 0obl. IpikTenin ansiaFan Anabaena
sp. Bl-4 mrambinbIg 24x10° /Mot (34%1,9 cm) xoHe 48x10° xi1/mi (32+1,1 cm) KOHIIEHTpALUSI AAFbI
KJIeTKa OrMoMaccachl a30TChI3 opTaaarbl 6akputayMmeH (20+1,3 ¢M) canbICTBIpFaHIa KYPIIITIH 6CyiHE
OH ocepiH OeperiHi Tipkenmi. Ochbl kaFmaiifa OaiJIaHBICTHI HUTPOTEHA3a OEJICEHIUTITT KOFaphl
[IMaHOOAKTEPUSIAPIbIH ~aKTHUBTI INTaMJApPbIH OeJlim aiay >kKoHe OHOTBIHAWTKBIILTAD —allyFa
naigananyra OarbITTalFaH 3epTTEyJIep OMOTEXHOJOTHUS CalachIHBIH ©3CKTI MAceNepiHiH Oip OOk
TaOBLUIAIBI.
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OKCHUJ JEMTEPUS YBEJIMYUBAET SOS-OTBET B KJIETKAX ESCHERICHIA COLI,
NHAYUUPOBAHHBIU JHK-ITIOBPEXJIAIOLIUM JEUCTBUEM ®YPALIUJINHA
C.B. Cmupnosa, T.H. Illanupo, C.K. A6unes

Dedepanvroe cocyoapcmeaentoe br00xcemuoe yupesicoenue Hayku Mnemumym obweil cenemuxu
um. HU. Basunosa Poccuiickou akademuu Hayk, 2. Mockea, Poccus
e-mail: s.v.smirnova.genet@gmail.com

AHHoTanusi. B pabore mpoBedeHO UCClENOBaHHE BIUAHUS  IPEABAPUTEIHHOIO
nelrepupoBaHus KieTok lux-OmocencopoB Escherichia coli K12 MG1655 (pColD—lux), (pRecA—
lux) wm (pDinl-lux) nwa wuHaymupytomyo SOS-otBer JHK-moBpexparoniyro akTHBHOCTH
¢bypaunnuna. Ilokazano, uro okcua geitepus (D20) B konuenrpauusx 5-10% ycunuBaer
T€HOTOKCUYHOCTh (pypammaa B 1.4-4.0 pasa B knetkax E. coli.

Knrouegwle cnosa: oxcuo oeiimepus, pypayunun, E. coli, lux-6uocencopol, SOS-omsem

Oxcun naeiirepus (D20), coequHEHHE TAXKENOTo M30TONa Bojgopona (*H), BAMSET Ha KUBbIE
OpPraHu3Mbl 3a CYET M30TOMHBIX 3(P(PEKTOB, KOTOpbIE OOYCIOBIEHBI CYIIECTBEHHBIM DPA3JINYUEM
anepHbIx Macc napsl H/D. JlefiTepupoBaHne oKa3bIBa€T aHTUMUTOTUYECKOE ACHCTBUE HA KIETKH, a
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TaKXe MOBBIIIAET UX YYBCTBUTEIBHOCTh K IIMTOTOKCUYECKOMY JICMCTBUIO XMMUYECKHUX BEILIECTB U
BO3JICHCTBUIO PAIUOAKTUBHOTO U3ITy4EHUSI.

Lenbto 1aHHON PabOTHI SIBIISIETCS U3yYeHHE MOIUDUITUPYIONIETO ASHCTBUS OKCHJIA ACUTEpHUs
Ha uaayupyromyo SOS-oteer JIHK-noBpexaaroniyto akTHBHOCTh GypaluianHa B kKieTkax E.coli.
J1J1s1 3TOTO HCTIONB30BAIMCH TPU OMOCEeHCcopa Ha ocHOBe mtamma E. coli K12: MG1655 (pColD—lux),
MG1655 (pRecA-lux) u MG1655 (pDinl-lux), Hecynme pekOMOMHAHTHYIO TUIa3MUAy C lux-
OTIEPOHOM JIFOMHHECHIUpYIolel 0akrepun Photorhabdus luminescens, TpPaHCKPUIIIIMOHHO CIIUTHIM C
npomMotopamu TeHoB cda(colD), recA n dinl — PColD, PRecA u PDinl, coorBerctBenno [1].
buoceHncopsl MIOMUHECITUPYIOT B pE3yJIbTaTe aKTUBAIIMU YKa3aHHBIX IPOMOTOPOB, BXOASIIHNX B SOS-
peryioH, B otBeT Ha noBpexaenue JJHK. [TonpoOHOCTH METOIMKH HUCCIIEOBAHNUS T€HOTOKCHYHOCTH
XUMHYECKHUX COCTUHEHMI [uX-0noceHcopoB omucansl B padborax [2,3].

B kauectBe unnykropa SOS-0TBeTa UCHOIB30BAJICA LIUPOKO MIPUMEHSAEMbBINA B MEAUIIMHCKON
MPAaKTUKE OAKTEPHUIMIHBIN Mpenapat GypauuinH, MeTaboIMThl KOTOPOTO IPUBOJAAT K 00Pa30BaHUIO
JHK-annyktoB. B KOHTponpHBIE 00pa3lbl BMECTO HWHAYKTOpa [A00aBIsIach CTEpUIIbHAS
TUCTHJUTMPOBaHHAS Boja. TecTupoBaHye TeHOTOKCUKAHTA MPOBOIMIIOCH HA Tpex lux-0noceHcopax B
8 MOBTOPHOCTSX B TPEX HE3aBUCHUMBIX IKCIIEPUMEHTAX.

Ha puc. 1 mpencraBieHbl pe3ysibTaThl U3YUCHHUS CIIOCOOHOCTH (ypalliiIiHa HHIYIIHPOBATH Y
kierok mramMmoB PColD, PRecA um PDinl nmromuuecuenmuio npu 60 m 90 MHH 3KCIIO3HIIHMH.
PerucrpupoBasiach 3aBHCHUMOCTh JIIOMUHECIICHIIMM OHOCEHCOPOB B OTHOCHUTENBHBIX E€AMHHUIAX
WHTEHCUBHOCTHU CBEYEHHUS (OTH. €]1.) OT KOHIICHTpaIMil pypanuinHa B MOJIb/I.
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BypawuauK, monb/n
Pucynok 1. Ilokazarenu nHTeHCUBHOCTH JitoMuHecHeHIuN Onocencopos PColD, PRecA u PDinl
npu AeWcTBuM QyparminHa; skcrno3uust 60 u 90 muH.

Takum o6pazom, ¢pypanuianH y OMOCEHCOPOB MHIYLMPOBAI JIIOMUHECIIEHIIUIO B MHTEpBaJe
xoHuenTpamuit 10°-10"! Mmons/n, ¢ MakcuMansHON MHAYKIUEH cBeuenns Ha Guocerncope PColD npu
konueHTpanuy 7.5x102 monb/n u pu 2.5x1072 Mons/nm Ha mrammax PRecA u PDinl.
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Pucynox 2. ITokazarenu AO 6uocerncopoB PColD, PRecA u PDinl npu nefictBuu ¢pypanuinnna B
pa3HbIX KOHUEHTpAUAX U 3Kcno3uuu 60 u 90 MuH.

Jnst onpenenenns 3¢ dekTuBHOCTH ¢ypanminHa kak uHAykTopa SOS-otBeta E.coli mo
WHTEHCUBHOCTSIM JIIOMUHECIICHIIUN PACCYUTHIBATNCH aMIUTHTYABI oTBeTa (AQ) 6uocercopos mpu 60
u 90 muH skcrosunuu (puc. 2). AO MOKa3bIBa€T KPaTHOCTh IPEBBIIICHUS JIIOMUHECIICHIINA B
OTBITHBIX 00pa3lax, SBISASICH OTHOIICHWEM IIOKa3aTelsi WHTCHCHBHOCTH JIIOMUHECIICHIINA B
MPUCYTCTBUHU MHIYKTOPA K JAHHOMY IOKa3aTeNi0 B KOHTPOJIE HA MOMEHT u3MepeHus. Oypaiiva
MIPOSIBIISLT OOJIBIIYIO AKTUBHOCTH MPH 90 MUH 3KCIIO3UIINY C KIIETKaMHi OMOCEHCOPOB. MakcuManbHast
a¢ddexTuBHOCTH Ipenapara Habmoaanack Ha mrTamme PDinl mpu AO>4.0. Ha Tom e OuoceHncope
ripu 60 MUH SKCIIO3UIINH ¢ ypaluInHOM 3a)UKCUPOBAHO HAUOOJIBIIIEE TIOBBIIIICHUE HHTEHCUBHOCTH
JmoMuHecHeHnun ¢ AO=2.2.

Jnst uzyyenust BiusiHust D>O Ha wuayknuio dypauunuaom SOS-oTBeTa y OMOCEHCOPOB
WCIIOJIb30BaJIM pa3Hble PEXKUMBI NpeaelTeprupoBaHusi Oaktepuil. Pe3ynbTaThl, MONTy4YeHHBIE MPU
MpeABAPUTEIIbHON HHKYOAIMHM KJIETOK OMOCEHCOPOB B CpPEJE C COAEPKAaHHEM OKCUJA JIEUTEpHs B
koH1eHTpauusx 5-10 % B Teuenue 90 MuH, BeIpakeHbl B equHUIaX AO — OTHOIICHHUS MTOKAa3aTes
WHTCHCUBHOCTH  JIFOMUHECIICHIIMM  JCHTEPUPOBAHHBIX KJIETOK K OTOMY I[IOKa3aTeli0 B
HEeJeUTepUPOBAHHBIX.

Tabmuma 1. ITokazarenu AO npenBapuTenbHO AeitepupoBanHbix O0nocencopoB PColD, PRecA u
PDinl npu uaaykuuu SOS-oTBeTa QypaminHoM B KoHIeHTpamuu 2.5x 107 mons/o.

Lux-6uocencop Konuentpaus DO
5% 7.5% 9% 10%
PColD 8.22;3 04 1.8‘:;(1)0‘9 3.12;1;0-4 5.3%2?0-7
PRecA 9.43{12 013 3.81'15 0! 1.01;1‘0-6 2.7(:30-2
PDinl 1.51;150-6 9.61x.(150‘6 2.82;1)0-8 1.21)30-7

*nonyocupnvim evioenenvl snavenus AO, nudice 8 sAuelike npusedeHvl 3HaveHus p-value

HauOonpmmii  moreHuuupyromuid  >PQexT okcuaa jAedrtepuss  HaOmomancs  Opu
nentepupoBannu kietok onocencopa PColD, nuanazon AO coctasui 2.0-4.0.Camoii 3¢ dhekTuBHOM
xonnenrpanueit DO B fanHOM ciydae 6b11a 7.5% (AO=4.0; p=1.8x107).

Ha mramme PRecA MakcumanbHbiii Moauduuupyomuid 3¢deKkT aeidTepupoBaHus TakkKe
TnokasaH s Konnentparuu D,O pasHoit 7.5% (AO=2.5; p=3.8x10"!"). 3nauenus AO HaXomUIHCh B
nuanasone 0.9-2.5.

JIroMHMHecHeHIIUs AeUTepUpOBaHHBIX KIETOK 6nocencopa PDinl npu nnaykuuun SOS-otBeta
(dbypanrIMHOM MpeBHICKIA B 2 pa3a KOHTPOJBHBIN YPOBEHb MpHu coAepkanuu D,O B KOHIICHTpaINH
9.0% B uHKy6amuonHoi cpeae (AO=2.0; p=2.8x10?), cocraBus mMakcumansHOe 3HaueHne AO npu
o0meM auamnasone 1.6-2.0.

3akiro4yeHue

[Tokazano, 49to peiTepupoBaHue 3HauuMo ycuwiauBaeT SOS-otBer kietok E. coli,
MHAYIMPOBaHHBIA (ypaumnuHoM. Hambonee 3¢p¢GeKTUBHBIMU Ui YCHJICHHS T€HOTOKCHYHOCTH
n3y4aeMoro npenapara Obutn koHuenTpauuu D20 7.5 u 9.0% B cpene npeaBapuTenbHO HHKYyOaun
KJIETOK OunoceHcopoB. MakcumanbHb 3¢ dekt aelrepupoBaHus HaOMIOJANCS NPU HHIYKLIUU
dbypammimHOM 3Kcnpeccuu TeHa cda(colD) 1o M3MEHEHHI0 WHTEHCHMBHOCTH JIFOMHUHECIICHIIHH
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6uocencopa E. coli K12 MG1655 (pColD—lux). Panee Ha 1anHOM mITaMMe NMpOJEeMOHCTPHUPOBAHO
ycuinenne SOS-0TBeTa, MHAYIIMPOBAHHOTO APYTHM aJaykTooOpaszoBareneM 4-HUTPOXUHOIHUH-]1-
OKCHJIOM, a TaK:ke MUTOMHUIIMHOM C, BHOCSIIIIUM OJIHOHUTEBBIE U MexkHUTEBbIe ciinBku B JJHK [2],
HaJUIUKCOBON KHUCIOTHI, opapisitoniedt peruukanuio JIHK nyrem uaruouposanus JIHK-rupasbr
[4], u npyrux BemiecTB ¢ pa3HbiMu Mexanuzmamu JIHK-nospexnatomero neiictsus [4,5]. Uto
CBUJETEIHCTBYET O IIUPOKHUX BO3MOXKHOCTSAX MOTEHLMAIbHOTro mpuMeHeHust D>O B kauecTBe arexra,
YCUJIMBAIOILIETO JIeHCTBHE (hapMITperaparoB.
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AnHoTauus. TombIpak TEH ep acThl CyJapbIHBIH TECTUIHITEPMEH, HUTPATTAPMEH KOHE
OpPTYPJIi TY3JapAbIH JIACTaHYbl, TONBIPAKTBIH OFapFbl KAOAThIHBIH THIFBI3AATYbI, TO3YbI JKOHE TaFbl
Oacka MocenenepiHiH maiiga OomybrHa ocep ereni. COHIBIKTaH COHFBI KbUIIAPHI SKOJOTUSIIBIK
KayiIci3 eriHMIUIK XKYHeciH a3ipiaey Typayibl Macene o3eKTi 00ibin oTelp. COHBIH imIiHAe OYTiHri
TaH/Ja TONBIPAKTHIH TY3AaHYBl ©T€ ©3€KTI Mocelere aWHaNbIT OTHIP. TOIMBIPAKTBIH TY3IaHYBI
OCIMIIKTIH OHIMJIUIriHe Tikeded ocep ereni. TOMBIPAKTBIH TY3JaHYbl oJIeM eJJepiHje
CAJIBICTRIPMAJIBI TYPJAE OPTYpJi AeHreiae TapanraH. Ocbl Makaiajga HETi3rl JaKpUIIapAbiH Oipi
CaHaJaThIH COAFa TY3JaHY IbIH oCepi KapacThIPbLIAIbI.

Kinm ce3dep: xopwazan opma, monvlpax, my3oamy, epumin my3oap, cosi.

«XanbikapanslK Kopimaran oprta skoHe Jamy» KoHe «OJemaik Pecypcrap MHCTUTYTBIHBIHY
nepektepi OoibIHIIA KOHTHHEHTTep OeTiHiH ImamameH 10% Ty37bl TOMBIPAKIEH >KaObUIFaH.
Ty3nany moceneci anemuiH 75 eninae (Asctpanus, Keitait, Yamicran, Upak, Mekcuka, [Tokictan,
AKHI xone T.6.) Gaiikanansl. 222 MITH. ra €ricTik kepaid 40 MIH. Ta cCOpTaH  TOIBIPAKTHI AJIbII
xaTeip. CyapMalibl )KepJiep YIIiH arpOXUMUSIIBIK Meoparus 211 MbIH ra ankanTta KaKeT, ajl KaTThl
Ty3nanraH Tonslpak 101 MbIH ra-nan acaapl. Peceliaig Ty3ab! TonbipakTapsl 53 997 MbIH ra Hemece
Peceiinin xanmpl aynaHbHBIH 3,3% JKOHE Ka3BIKTApIbIH TOMBIPAK aymaHbIHBIH 5,0% Kypansl.
Ty3nb1 Tonbipak KazakcTaHHBIH OHTYCTIK KOHE OpTajbIK ayJdaHIapblHIa KE€H TapairaH. bysl Kyprak
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KepIepe KbUIIBIK KayblH-manbiH Meumepi 100-150 mm, an OynaHy KayblH-IIAIIBIHHAH acajlbl.
AyJaHHBIH TOIBIPAFrbl OpTaIla KoHE KaTThl TY3bI[1].

TonblpakTelH TY3HaHYBI-TY3IbI (TEPEH Ty3laHy), TY3Abl (OCTKi Ty3JaHy) KOHE cojia-
TY3/bI TOIBIPAKTAP/IbIH Maiia OOTybIHA OKEJETIH ePUTIH TY3apAblH )KMHAKTAy npoteci. Ty3aany
OacTankpl )KoHE KaiiTamama 601ysl MYMKiH[2].

Ty3ael TOomBIpak - OyJI op TypJli TEHE3WCl MEH KacuerTepi Oap TOmbIpaK TOOBI, OJIAPIIbIH
KYpaMBbIHJIa OHAail epHUTiH Ty31ap Oap, ojap TONMbIPaK KYHAPJIBUIBIFBIH HAIIApIaTaabl )KOHE KONTereH
OCIMIIKTEPIiH OCyiHE JKOHE JaMmyblHa Tepic ocep eremi. Ty3many xumusmi OoibiHma PH < 8,5
(xmopunTi, cynbhaTThl — XJIOPUATI, XJIOPUATI-CYIbPATTHI, CyIb(ATTHI) )KOHE CLITUI Ty3aany-pH >
8,5 (xymopuari — coma, CoOHa-XJOPHATI, CYIb(ATThI-cOMA, CYIbGATThI, CYIb()ATTHI-XJIOPHUATI-
rHIpOKapOOHATTHI) OelTapan Ty3AaHybl Oap TOMBIPAKTHI aKbIpaTaibl. TOMBIPAKTHIH TY3JaHYBIH
Oaranay Ke3iHJe, 9feTTe , OHail epuTiH Ty3AapAbiH annoHAapeia (CO3 2 -, HCO3 -, Cl -, SO4 2-)
xoHe KatroHaapbiH (Ca2+, Ma 2+, Na+, K+ ) anpikraiiger. KeiiOip xarmaiinapaa HUTpAT KoHE
HUTPUT HOHJAPHl KOCBHIMIIA aHbIKTanagsl. OHall epuTiH TY3MaplblH YBITTBL OCEpi TOMBIPAK
BUIFAJIBIHBIH, OCMOTHKAJIBIK KBICBIMBIHBIH JKOFApPBUIAYBIMEH, OCIMIIKTEpre KOJ >KETIMIUTITIHIH
TOMEH/IeyIMEH, MUHEPaJ/Ibl TAMaKTaHy 3JIEMEHTTEPIHIH KaJbINThl KATHIHACHIHBIH OY3bLTYbIMEH KOHE
TOMBIPAK KACHETTEPiHE Tepic acepiMeH Kepinexdi. by karmaiiaa Ty3ap eciMaiKTepre HaKThl YBITTHI
ocep erTyi MyMmKiH. Ty31pl TombIpakTapja OHail €pUTIH TY3/Jap TONBIPAK EpPITIHIICIHAEC >KOHE
TOTBIPAKTHIH KAaTTHI (ha3anapbiHia O0naibl.

TomnbIpakThiH TY3/1aHybIHA OKETyl MYMKIH HET13T1 3JieMeHTTep, KocsuisicTap — Ca, Mg, Na, K,
CL S, C, n, B, Si. TonbIlpakTslH Ty37aHybl HETi3iHEH Ty37ap Typinae xypeni: ximopunrep — NaCl,
KCl, MgCl12, CaCl2; cynbdarrap — Na2SO4, MgS04, K2S0O4; kapbonarrap — Na2CO3, NaHCO3,
MgCQO3, CaCO3, Ca(HCO3)2; murparrap — NaNO3, KNO3; 6oparrap — na2b202 xoHe T.0.
TonbipakTa oHall epuTiH Ty31ap 00Jybl MYMKIH YJIbI %KOHE YJIbl €eMeC. YBITThI TY3/ap XJIOpUATEpre
(NaCl, CaCl2, MgCl12), cynsdarrapra (Na2S0O4, MgS04), kapoonatrapra (Na2CO3, NaHCO3)
xoHe Hutpartapra (NaNOS5, KNO3) Oesineni. ©OciMikTepre ocep €Ty apKbUlbl Ty3Jap
JENPECCUsUIBIK 9CEpAIH TOMEHJEY Jopekeci OoibIHINA KaTapra opHamacTelppuiaabl: Na2CO3
—NaHCO3 —NaCl —-NaNO3 —CaCl2 —Na2504 —MgCl2 —MgSO4. YbITTH emec Ty3aapFra
CaCO3, CaS0O4 xaranpl. Cyna epuTiH HETi3ri MUHEpalJjapFa MbIHAIAp KaTaiael: — CyibdaTTap:
apKaHWT, TJa3epUT, SICOMWT, THUIIC, KApPThUIAll THApAT, AHTUAPUT, TIAyOEpUT, TEKCAruJapur,
CTapKEUT, MUPAOWINT, TCHAPIUT, KU3EPUT; — XJOPHITEP: TATUT, KAaWHUT, KapHAUTUT, CHUJIbBHH,
oumodur; — kapOOHaTTap: MOJOMHUT, KallbLIUT, aparoHUT, JIOOMUHUT, MarHe3uT, OypKewuT,
TeIyCenT, HAaXKOJHUT, MUPCOHUT, TEPMOHATPUT, TPOH; - HHUTpATTAp: KaJUi HUTPATHl, HATPHUU
HUTPATHI, KAIbLUUNA HUTPAThl. TOMBIPAKTHIH OHAW EPHUTIH TY3Japbl Ty3[ap KelleHIH Kypa ajajbl:
nosuranut (K2S04+MgS04+CaS02+2H20), cunbunut (KCleNaCl), kapnanut (KMgCI2:6H20),
kauHUT (KCl*MgSO4+6H20). OciMaikTep YIIiH €H )OFaphl YBITTHUIBIK HATPUN KapOOHATTapbIHA HE,
COJlaH KeHiH XJIOpUATEP MEH CUITUIIK HUTpaTTap; cyjiabdaTTap €H a3 YBITTHl OOJBIN KeJesi.
TomblpakThlH ~ KYHApIBUIBIFBI  TYPFBICBIHAH €H  MaHBI3[bl  KOPCETKIMI-)KOFapFbl  METPJIK
(TambIpiaHFaH) KaOaTThIH Ty3[aHybl. TombIpak MpodWIIiHIH EKIHII METpIHIE >KOHE aCTBIHJIAFBI
KBIHBICTapAA TY3JapAblH O0Mybl KaiiTanaMa Ty3AaHybIH JJaMybIHa bIKHAN eTel. Mop(homorusibIK
TYPFBIIAH TY3/1bl TONBIPAKTHl TEPEHJIIT, XUMUSCHI KOHE TY3/IaHy Jopexkeci OONbIHIIA 061y KHUbIH,
COHIBIKTaH TY3/1bI TOIIBIPAKThI OKIIAYJIay, oJapbl IMAarHOCTUKAJIAY XKOHE )KIKTeY XMMUSJIBIK Talaay
HOTWIKeNepiHe Herizaenred [3,4,5,6].

KazakcranublH Ty3abl Tomblparbl. KazakcrtaH aymarbl OOWBIHIIA COPTaHJAHFAH TOIBIPAK
Oipkenki OeminOereH. Kazakcran Pecmybmukacel «Kep pecypcrapbiH Oackapy areHTTITIHIH
nepekTepi OoibIHINIA, TY3aHFaH TOIBIPAK, COPTAH kKOHE COpTaH >kepiep (acipece KyaH Jana ’KoHe
mes-ana aiiMakTapbIHAa) >Kanmbl adaHHbH 41% - qaH acTamblH ajbin kaTelp. COHBIMEH KaTap,
KazakcTaHHBIH Aananbl ailMarbIHBIH Kapa TOMBIPAKTAPHI, KBIFBUIT TOIBIPAKTAPHI KOHE Oacka na
TONBIpaKTapbel 0ap. AyYMakTBIK - TeorpadusuIblK TYPFBIAAH COpPTAaHJAHFAH TOMBIPAK OipKeNKi
Oeminbeiini. Komimri koHE CUITUIEHTEH TONBIPAKTHIH ilIiHIE onap ayaaHHbH 29-30%, OHTYCTIK
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TOMBIPAKTApAbIH 37% anajpl, ajl aliblK KallTaH TOMBIPAKTAPBIHBIH KYPFaK KarJaiiapblHIa oyap
51% >xereni, KOHbIp IOl TomblpakTapnaa-55% kypaiiabl. Cyp-KOHBIp >KOHE Takblp Topi3fi
TOMBIPAKTAP apaChIHIAFbl €H KYPFaK *XoHE M KaFaaiiaapAa TY3Abl TONBIPAKTap CYO30HHBIH
KaJIbl ayAaHbIHbIH TeK 46% - Ha skeTel. Ty3/bl TONBIpAKTapFa COPTaH JKaTabl.

Kazakcrangarsl Ty3[pl TONBIpaK Typiepi. Ty3abl Oarmakrap-Oyi Ty3map Tikesnei OeriHze
’KMHAJAThIH eH Ty3/1bl TonbIpak. CopTaH sxepiep KazakcTaHHbBIH 85 MBIH KM2 ayMaFbIH aJIblIl KaTbIp.
Ounap KOHBIp KOHE CYp-KOHBIP TOMBIPAK alMaKTapblHIAA IIOFbIpiaHFaH. Ka3zakcTaHHBIH JKa3bIK
ayMarbIHbIH 0ackIM O6JIiIiH 1l aiMakTap/a TapajlfaH coOpTaHJIap ajblll XKaTblp. Anaiiaa, KOHbIP
KOHE CYp-KOHBIP TOIBIPAK alMaKTapbIHIAFbl TY3/bl OaTmakTapblH yieci OipHelle ece apThlll,
corikecinme 7.9% sxoHe 5.0% xeremi. [lama aliMakTapblHIarbl OapibIK COPTaHJAAHFAH TOIBIPAK
aJlaHbIHAH COpPTaHIapAbIH yieci 1-nen 3%-ra nelin, menmi aitmakra-13.2-7.2% - ¥a AeiiH aybITKUIbI
[7,8].

Cost omemieri HeTi3Ti MaKpUIIapAbIH Oipi OOJIBIT TaObUIABI, COHFBI €Ki OHXKBUIJIBIKTA a3bIK-
TYJIIKKE JIETeH CYPAHBICTHIH apTybIMEH KaTap OHIIPICTI €Ki ece apTThIPAbI, OYJ SNEMJET] ETiCTIiK
KepIIepIiH KOJI )KEeTIMAUTITiHe KbICBIMIIBI apTTHIPABL. ByJT cost Ka3ip IoCTypIIi eTicTiK kepiep/e FaHa
€MeC, COHbIMEH KaTap MapruHajJbl TOIBbIpaKTapAa Ja OpHanacybiHbIH OacTbl ce0edi. CosiHbIH
Tapaxybl JIEMHIH 9PTYPIi O6IKTepiHIET] TY3/IbI TOMBIpaKTap/a Ky)KaTTaJlFaH.

Cos 0,5 cM/M miekTi MoH1 Oap Ty3aHyFa opTaila Te31MAl peTiHAe KiKTelel, CoJaH KeiiH ecy
alTapibIKTall TOMeHAeHal. Amaiifga, 6acka aBTOpJIap TOMEHT1 IMIEKTI MOHIEPAl YCBIH/ABI, IIaMaMeH
0,2 cm/M. Anaiija COSHBIH Ty3/aHyFa peakUMAChl (DEHOJOTMSUIBIK Ke3eHaepae e3repeni. by
3epTTeyJepl MeKTey — oJlap TYPaKThl TY3/bl IeHreHMeH Kypri3inai. Eputin Ty3map TonsipakTa eTe
MOOUITBA1 OONTFAaHABIKTAH, YaKbIT ©T€ Kelle TOMBIPAKTBIH TY3AaHybl e3repeni. Kelibip Tonsipakrapaa
KoOiHece Ty3[aHy KOHIIGHTPALMSCHl TOMEH; Oipak oJlap TOMBIPAKTHIH TY3AaHYBIHBIH KEHETTEH
KOFapblIayblHa YINIbIpam, >XaHOBIPJIAaH KEWiH TeMEH JeHrediHe opanybl MyMKiH. byn sxarmait
TY3ABUIBIK IIBIHAAPHI JET aTajalbl KOHE jKa3 ME3TUTIHAC BUIFAIIbl KOHE KYPFaK JKepiepiae >Kui
Ke3necei. Ty3/bl IbIHAapAbIH OOTYBIHBIH TaFbl O1p KOHTEKCTI - OYJI TY3/1bI CY KO31HEH Cyapy Hemece
OaTnakTaHy cajaJapblHaH TY3JaHY/bIH XKOFapbulayblHa OeifiM Tonbipak[9].

Hatpuit (Na) xone xmopua (Cl) - Ty31el TONBIpaKTarbl HETi3ri HOHJap. XJIOpUA
(DUTOTOKCUKAIIBIK OOJIBIT TaOBLIaAbI, OIpaK OCIMIIKTEpIIH OFaH CE3IMTaJABIFBI TYpJIEp MeEH
TeHOTUIITEP/IIH aibIpMallIbUIbIFbIHA OaliIaHbICThl aliTapibikTail e3repesi. CosFa GUTOTOKCUKAIIBIK
oCep €TETIH TOMBIPAK XJIOPUIIHIH MUHIUMAJJIBI KOHIIEHTpAIUsIChI 911 6enrici3[10].

KopbITbiHABIIAN Kene, Ty3/bl TONBIpaK KYpFak JaHImadTTapaslH KeH TapajlfaH Kypamiac
Oeuiri Oombin TaObutagbl. TONMBIPAKTHIH Ty3daHYbl TOMNBIPAKTBIH TO3y OenruiepiHiH Oipi Oombn
TaObUIAIbI JKOHE OJIAp/IbIH KYHAPIBUIBIFBIH alTapibIKTail ToMenaereni. Ty3aanyiblH Kepi ocepi cos
OCIMJIITTHIH TY3/bl CTPECCKE TO3IMAUIITH apThIpy MEXaHU3M/IEPIH 3epTTeyre KomMekTeceal. Te3iMal
COpTTap/Ibl aHBIKTAY CTPECCTI XKaFAalia ©CeTiH OCIMIIKTEP/IiH eTiHIIUIITH apTThIpyFa bIKIAI eTel.
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KA3AKCTAHHBIH OHTYCTIK-IIBIFBICBIHIA OCIPUI'EH TPUTUKAJIE
COPTTAPBIHBIH J9H CAITACBIHA TAJIJAY KKACAY

K.K. Taraes', K.K. Koskaxmetos?, A.A. TopexaHOBl, 3.b. Camaxoga’, I1I.A. Meznerosa®
I «¥nmmuix azpapnoi evinvimu-6iniv 6epy opmanvizory KeAK., Hyp-Cyaman,
2 «Kasax ezinwinix oicane ocimoix wiapyauwliviabl uiavimu-sepmmey uncmumymoly XKIUIC, Anvmanoibax, Anmamol
007bICH
3 «Kasax ynmmuix azpapavix sepmmey ynueepcumemin KeAK., Anmamut,
4 «an-Dapadbu amvinoasvl Kazax ynmmuix ynueepcumemin KeAK., Anmamut
zagipa.sapakhova @kaznau.kz

AnHoTanusi. Makanaga Ka3akcTaHHBIH OHTYCTIK-IIBIFBIC >KaraaiiapbiHaa (AmMaThl,
Kamb6b11, TypkicTan 0OdBICHI) ©CIpUIr€H TpUTHKaje copTTapblHblH Taza, Opna xoHe bamayca 8
COPTTApBIHBIH JIOH Camachl, YH MIBIFBIMBI, TOHHIH XUMUSIIBIK KYpaMbl MEH HIAPYyaIlbLUTBIKKA KYH/IbI
oenrinepi 3eprrenred. 1000 noHHIH canMarbl OOMbIHIIA €H JKOFapbl kKepceTkim JKaMmOblT 00JIbICHI
xargaiteiaga (43,0-51,0 r.) Gaiikanasl. 3epTTey HOTHXKECIH IE aKybI3AbIH MedIiepi Taza copTeiHaa —
7,3-14,8%, Opna copteinna — 10,7-13,0%, banayca 8 copteinna — 7,9-15,8% xypanbl. Kpaxmanasig
kepcetkimn Ta3za copreina — 57,1-67,6%, Opna copteinaa — 60,9-67,3%, banayca copteinaa — 58,7-
66,8% O6omnapl. Taza copTeiHbIH TypKicTaH OOJBICH JKaFJalbIHIA JOHIHIH KaTTBUIBIFBI 55% Ooiica,
ATnMaTBIHBIH TOIM Karnaieiaaa 21% sxone XKamoObut xargaiisiaga 29% kypaabl. Taza copThIHIA €H
X)OFapel 1oH Memaipairi (97%) Typkictan oOabICH kaFmaibiHAa 00sca, €H TOMEH JoH MOJIIIPIIr
Anmatel cyapmanel xkargaiieiaga (39%) Oalikanapl. Harypanblk canmarel ecipy KarqaiibiHa
OaitmanpIcThl 627 T/1-1eH 751 1/71-re neiiH aybITKbIIbL.

Kipicne

bunait (Triticum) men kKapabumaiinbl (Secale) OymaHAAacTHIPy HOTHXKECIHIIE €H AalIFalllKbl
aNBIHFaH OCIMIIT] JOHA1 JAKbUT TPUTHUKAJE ACT aTaujabl. TpuUTHKaIe AOHIHIH CENEKIUsIChIHA HET13
canran OnuHOypr Ooranuri A.C. Yuucod (1975). OHbIH MakcaThl OChI €Ki JAaKbUIIBIH JKaKChI
KacueTTepi 0ip opraHu3mMie OOJATHIH JIOH aly OOJIbl. AJIBIHFAH OCIM/IIKTIH aTayblHa 0acTanmKbl €Ki
OCIMJIIKTIH JaThlH aTaybl — Triticum xoHe Secale anviHabpl. OHBIH OacTamachiH [ epMaHusIAFbI
Oacka na cenekmuoHepiep Kommanel [1]. Toxipubemep COTTI IMIBIKTHI, XaHAa JaKbUT OYKLUI
KOHTHHEHTKE Tapajabl — 1975 KbUIbl TPUTUKAIE COPTHIHBIH OYKiTaIeM ik chiHaybl CONTYCTIK KoHE
Jlatein  Amepukana, Eypomanma, Ontyctik-Ibirpic sxoHe Opranmbik Asmsga MeH Adpukana
Kyprizunai. JXaHa Aakpul OYHHE JKY31HJAE YJIKEH KBI3BIFYIIBUIBIK TYFbI3bl. Ky3mik OumannaH
apTHIKIIBUIBIFBI  @30TThl  THIHAWTKBIINTAPABIH a3 MOJIIEpiH CHAIPreHAe aKybl3 MeJmepi
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*orapbutaiiael [2]. On Oupaiira kaparanaa 1,5-2 ece kel eHiM Oepei, 6cipy KUbIH eMeC, KYHAPIIBIFbI
TOMEH TOIBIpAKTapaa ecyre KaOijeTi, aypyjiapfa, KyaHIIBUIBIK II€H as3fa TO3IMJIUIIT OHBIH
aybUIIIAPYalIbUTBIFEI YIITIH MaHBI3IBUIBIFBIH apTThIpa Tycei [3].

TputHkaneHiH IoHIHIH TaFaMJIbIK KYH/IBUIBIFBI TAMAK OHIPICI YIIIH YIKEH KbI3bIFYIIBIIBIKKA
ue. bunaii 1oHIMEH callbICThIpFaH/Ia TPUTHKAJIE JIOH1 JIN3UH, TPEOHUH JKOHE JISHITUH CUSKTHI TYPAKTHI
aMHUH KbIIIKbUIAapblHA Oail, eWTKEeH1 aJMachmalThlH aMUH KbIIIKBUIZApbl aJaM OpraHu3MiHJEe
CUHTE3CIMEHTIH OOJMFaHIBIKTaH, OJap CHIPTKBI OpTajgaH Tycyl KaxeT [4]. Anm Oupail aKybI3bIHIA
CIIPUT IEH KBIMIKbLIAA €pUTIH (ppakmusiap (TIMaguHaep MEH NIF0TaMUHEp) 6ackiM. TpUTHKaICHIH
Kpaxmalibl KapaOujail MeH OumaiiblH KpaxMaiblHa KaparaH/la aMuiIo3achl a3, COHJBIKTAH ajaM
opraHusMinzie oHai ciHipineni. OFaH KOca TPUTHKAJICHIH MIBIPHIIITH KACUETI HaH MICipy KacUeTiHe
OH acep eTe/i.

byrinri Tagaa TpuTrKane IoHIHIH KOJIJaHy aschl XKaHyapliapra KOpeK peTiHae, OJIaH JKeM-I1eIl
XKOHE CITUPT MaiibiHaaiapl. COHBIMEH KaTap HaH Micipy/e, KOHIUTEPIIiK OHIMIEp NaibIHaayaa, ChIpa
almbITYaa Kojaaneuiansl. Kyc mapyalbuiblFbl JKOHE Maja3bIKTBIK JaKbLUT peTiHae Ounai, xyrepi,
apma MeH KOHaKTapblAaH apTHIKIIBUIBIKTAphl Oap [5]. Kemreren enaepae TpuTHUKaide aKybl3 OcH
KpaxMaJblH KOCBIMIIA KO31 peTiHae Oenriii. TpuTHKaNeHIH COPTTapblH €HIIPY €pTe JKOHE Kell
OpBUIATBIH KOFApbl aKybI3Mbl JKACBLUI J>KEM-IIOI, ap3aH JKOFAphl aKybI3Ibl MAaTa3bIKTHIK JKOHE
JTUETANBIK HaH MiCipy YIIiH MIKMKI3aT MAceeNepiH menryre komekreceai [6].

JlerenMeH TpUTHKAIICHIH KOPEKTIK KacweTTepi Kiti 3eprrenMercH. OHBIH TaraM peTiHeri
KOJIJIaHy asiChIH KEHEHTYy YIIIH OHBIH UIMKI3aT PETIHAET! TEeXHOJOTHSUIBIK apTHIKIIBUIBIKTAPbIH
AHBIKTAWTBIH KACHETTEpiH 3epTTey KakeT. TpUTHKaNeHIH OHIMIUIIK TOTeHIUAIbl OumaiMeH
CAJIBICTBIPFaHAa KOFapbl, OipaKk OChl KaCHETIH pealu3alusiiay HOTEHIHAalbl TOMEH, ©WTKEeHI
TPUTHKAJICHIH MacarbIH/Ia JaMbIMaraH Macakiajgap Kel 00JaJbl )KOHE )KOFaphl MacaKTapiblH JI0H
calybl OWJaliMeH calbICThIpFaHIa TOMEH Ooabim keneni [7]. Artanran Oenri OOWBIHINA OHBIH
OHIMJILIITIH apTThIPy MaHbI3/Abl 00k TaObuIaabl. TpUTHKANE AAKBLIBI OHIIPICTE KEH KOJIJaHbICKA
He eMec KOHE KONJaHy YIIH COPTTApAbIH OPTYPILIriT MEH CaHbIH apTThIPy MEH CeNeKIMSUIBIK
KaKcapTyabl Tajal eTel.

Tputukane cenekHUACHIHAAFBI €H KUBIH MIHACTTEepAiH Oipi JaKbUIABIH TIACTHKAIBIFBIH
apTTeipy. Jlakpuimbl jkakcapTy OOWBIHINA CENEKIUS YIIH OacTanmKbl MaTepHajiaH aJlaThIH,
TPUTHKAJICHIH TAOUFH IIBIFY OPHBI KOK, CeJICKIUAAAFbl €H O1piHII MiHIETTepiH Oipi TPUTHKATICHIH
TE€HETUKAIBIK opTYp aiiiri. COHABIKTaH KoJia 0ap CENEKIHUSIIBIK TOCUIAEPIIH OapIbIFbIH KOJIIAHBII,
ONIapJIbIH TEpPCMEeKTUBTI (QopMalapblH TYpJi TaOUFU-KIUMATTHIK aiiMaKTa >KOHE OSKOJOTHSIIBIK
ChIHAYJIap/IaH OTKI31I, KaTaH CEJEKIMUIBIK 1PIKTEY/l KaKeT eTe [8].

Kazakcranma Kazak eriHiriiik xoHe 0CIMIIK MapyalIbUIbIFbl FBITBIMUA-3€PTTEY HHCTUTYTHIHBIH
KbI3METKepJiepl TPUTUKAJIEHIH jKaHa copTTapbiH mbiFapyaa [9]. Ibrapbuibl )KaTKaH COPTTap.IbIH
OpTYPJi SKOJOTHSUIBIK HYKTENepie OCIpiIreH >Xaraaija JOH camachblH aHBIKTay MakcaThl TYP.
OpTypiii reorpadusIbIK aiiMakka OeiliMaenTeH, KOFapbl OHIM/II TPUTHKAIE COPTTapbIH IpIKTEyTre
6omanel. CoHbIMEeH Katap, KazakcTaHHBIH OHTYCTIT MEH OHTYCTIK-IIBIFBICH! YIIIH aya-panbl jKoHE
TONBIPAK JKaFJaiibiHa OeHiMIEeNTeH, ka3 ainapbiHAa OalKalaThlH KyaHIIBUIBIK SKaFgaiiapbiHa
TO3IM/Il TPUTUKAJIE COPTTAPBIH IPIKTEY ©3EKTI Mocenenep iy 6ipi O0bIN TaObLIA b

3epmmey srcymuicoinbiy makcamol: Ka3zakCTaHHBIH OHTYCTIK - HIBIFBIC JKaFTaiibIHIa TPUTHKATIE
COPTTApBIHBIH IIAPYaNIBIIBIKKA KYHABI OCNTIEpl MEH J0H CalachlH 3€PTTEY.

3epTTey HbICAHBI MEH dicTepi

3epTTey KyMbIChl Ka3zakcTaHHBIH OHTYCTIK-IIBIFBICBIHAA, SFHU AJMatbl o0ibicel, Kapacait
ay/llaHblHa KapacThl AJManblOaK aybpUIbIHAA OpHamackaH Kazak eriHmijIik J>KoHe eCIMIIK
[IapPYaIIbUIBIFBl  FBUTBIMU-3€PTTEY HMHCTUTYTBHIHBIH TOXKIpUOENiK JKep MONTEeKTepiHAe, ToliM
xeprepae XKamObu1 001pIckl MeH TypKicTaH OOJIBICBIHBIH TOMIM/II JKEPIICPIH/IC XKYPri3imi. 3epTTey
HBICAHBl peTiHAE TpUTHKaje copThiHBIH Tasza, Opna »xoHe bamayca 8 coprrapsl aneiHabl. bunait
ericTirigaer: GpeHOJOTHUIBIK JKOHE OHIMAUTK KepceTkimrtepi b.A. JlocexoB omiciHIH HETi3iH]IEe
anbikTanasl [10]. Jou canaceid ansiktay MEMCT coiikec sxacanst [11].
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3epTTey HOTH:IKEJIEPi KIHE 0JIapAbl TAIIAY

Ka3zakcTaHHBIH OHTYCTIK-IIBIFBIC JKaFJaiblHIa TpuTUKaeHiH Ta3a, Opna xoHe bamayca 8
COPTTApBIHBIH JIOH HATYypachl, JOHIHIH KATTBUIBIFBI, JIOH MOJIIPIIri, YH IIBIFBIMBI MEH JTOHHIH
XUMUSIIBIK Kypambl aHbIKTaIAbl. COHBIMEH KaTap OHIMJIUIIK KOPCETKIIITEePIHIH MaHbI3AbLIaPbIHBIH
6ipi 1000 monniH canmarbl anbikTanasl (Kecre 1). TpuTHkane eciMAiriHiH MIapyambUIbIK-KYH/IbI
oenrinepiniy imriHaeri e MaHbs3asickl — 1000 moHHIH canmarbl ecentenai. 1000 ToHHIH calMaFbl
OOMBIHIIIA €H JKOFaphl KopceTkin XKaMObin 00bIck xaFaaitbiaaa (43,0-51,0 r.) O6aiikanaer. OpTypii
IKOJIOTHSIIBIK HYKTENep/ie ocipiared Tputukaie coprrapbiabiy 1000 moniHiH canmars 21,1-51,0 r.
apaNbIFbIHA ayBITKBLIBL. Ta3a copThl yiIiH atanFad kepcerkim — 39,4-51,0 r., Opaa copThl yIiH —
33,7-43,0 r., an banayca 8 copter ymin 21,1-45,0 r. 6onasl. ConbiMeH, 1000 moHHIH camMarbl
OOIibIHINIA, 3EPTTENTCH TPUTHKAJIEHIH YII COPTHIHBIH JASHAEp] alTapiblKTail ipi aeyre Oonaibl.
TpuTHKaICHIH 3epTTEIATCH YIII COPTHIHBIH JIOHAEPIHIH XUMUSIIBIK KYpambl J1a MbIHA KOPCETKIIITEP 1
KOPCETTi. 3epTTey HOTWKECIHAE aKybI3IbIH Meiepi Ta3a copreiaaa — 7,3-14,8%, Opna copThiHaa
—10,7-13,0%, banayca 8 copteinga — 7,9-15,8% kypaasl. Kpaxmanneig kepcetkinii Taza copTeinaa
—57,1-67,6%, Opna copteinna — 60,9-67,3%, banayca 8 copteinna — 58,7-66,8% 6onabl. Maitabiy
menmiepi Taza coptel MeH bamayca 8 copteinmait 6ipaeit 6omnnel aeyre Gomansr (1,7-2,3%), an
banayca 8 coptbr 1,9-2,4% wne Gomnel. JIoHHIH KATTHUIBIFBI JOHHIH TEXHOJOTHSIIBIK CHIHBIOBIHBIH
WHIUKATOPBI O0JbIm TaObuTanbl. Taza copThIHBIH TypkicTaH OOJBICHI JKaFdaiibIHIA JIOHIHIH
KaTTBUIBIFEL 55% Oosica, AIMAaTBIHEIH TATIM kargaieiaaa 21% xone XKamObLn xarmaiieinaa 29%
Kypanbl. AJIMaThl cyapMallbl )KaFJaibIHIa 10H KaTThUIBIFBL 15% OO0IbIT, TOMEH KOPCETKIIT KOPCETTI.
Opna copteiaga Oy kepcerkim JKamObu1 sxoHe TypkicTaH OOJIBICHI JKaFmaiiapblHAa ecipiareH
ecimuikrepae 31% xone 39% Oonca, AnmaTbel cyapmaibl aliMarbl MeH AJIMATBIHBIH TOIIM
xargaiibinga 26% xoHe 29% kypanapl. COHBIMEH TPUTHKAJIEHIH YILI COPTHIHBIH SPTYpII XKarjaiia
ecipUIreH OCIMIIKTEPiHIH ASHIEPIHIH KATTBUIBIFBIH aHBIKTay OapbIChIHAA >KYMCAaK IOHJI JKOHE
opTamia KaTThl JIQHJII JIeN KIKTeN 1, sSsFHU Ta3a COPTBHIHBIH AQHAEpl OopTaia KaTThl Ao, an Opra
MeH bamayca 8 copTTapbIHBIH ISHIEpi >KyYMcak ASHII Jen Herizfaeni. [[oH Menmipiniri JoHHIH
carachblH KOpCeTEeTIH MaHbI3/Ibl KOPCETKIMITEPAIH Oipi.

Kecre 1. Tputukane cOpTTapbIHbIH JI9HIHIH XUMUSJIBIK KYpaMbl, CAJIMaFbl, OH MEH YH Calachl

DKOJIOTUSUIBIK ChIHAY MMYHKTTEP1 \ Taza \ Opna \ banayca
1000 moHiHIH calIMarbl, T
AnmaTsl CyapMaJibl aliMarsl 42,1 40,2 38,8
AnMaTbl TOTIMI1 aiiMarsl 394 41,3 33,2
JKaMOBLUT 00JIBICEHI 51,0 43.0 45,0
Typxkictan 001BICHI 43.4 33,7 21,1
TOHHIH XUMUSIIBIK KYpambl, %o
AKyBbI3 7,3-14,8 10,7-13,0 7,9-15,8
Kpaxmain 57,1-67,6 | 60,9-67,3 58,7-66,8
Kup 1,7-2,3 1,9-2,4 1,7-2,2
KnetuaTtka 0,2-2,4 0,8-2,4 0,8-2,8
Kynaimix 1,0-2,0 1,4-2,3 1,6-2,0
IIOH KATTBUIBIFEL, %0
AnMaTel cyapMabl aliMaFbl 15 26 20
AnMAaTeI TOMMII aiiMarbl 21 29 35
JKaMmOBbI11 00JIBICH 29 31 28
Typxkicran 001bICH 55 39 38
TOHIHIH MeJAipiri, %
AJnMaTel cyapMaibl aiMaFbl 39 45 44
AnMaTsI TAMMII aiiMarsl 59 58 87
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2KaMOb11 00JIBICH 86 94 88
Typxkicran 001bICHI 97 53 95
JIOH HATYPACHI, I/
AnmaTsl cyapMalibl aliMaFsl 691 726 627
AMaThI TOIIM/I1 alfMarbl 679 722 651
2KaMOB11 00JIBICHI 696 751 699
TypkicTan 00IbICH 637 637 680
VH HIBIFBIMBI, %0
AnmaThl cyapMalibl aliMaFsl 68 69 67
AJMaTsl TATIMII aliMarsl 68 66 67
JKamOb11 00JTBICH 70 59 67
TypkicTan 00IbICHI 65 63 68

Hon Memnmipniri OoiibiHiia Ta3za copTblHAa €H >KoFapel AoH Meuaipiuiri (97%) Typkicrtan
OO0JIBICHI JKaFmalbIHIa 00JIca, €H TOMEH JoH MeJIipiiri Aamarel cyapMmaiibl karmaibiaaa (39%)
Oaiikanael. Tputukanenin Taza, Opaa xone banayca 8 copTTapbIHBIH HaTypaiblK CalMarbl ©Cipy
KarjaibiHa OaitnanbIlcThl 627 1/1-1eH 751 r/a-re peiiin aybITKpib! (kecte 1). Opaa COpThIHBIH A0H
HaTypacsl Ta3a meH banayca 8 copTTapbIMeH caibICThIpFan/ia eadyip >korapsl (722-751 1/m) Gonsl.
OPTYpJIi aliMaKTap/a 6cipiireH TPUTHKAICHIH YIII COPTHIH/A JIOH CallaChIMEH KaTap YHHBIH IIBIFBIMBI
Jla aHbIKTanAbl. ¥YH 1bIFbIMBI Ta3za copteiHaa 65-70%, Opaa copteinaa 59-69% sxone bamayca 8
copteiHaa 67-68% kypanel. EH Jxorapbl yH mbiFbIMbI Taza copteiHga KamObLT OOJIBICHI
xargaiibinga, Opaa copThl YIIiH AJMathl TONIMAL JKarnaibiHIa skoHe bamayca 8 copThl yiniH
TypkicTan 00JBICHI JKaFJalbIHIa OOIFaHbl OaliKan Ibl.

KopsbIThIHABI

OPTYPIIi SKOJOTUSIIBIK HYKTEJIEpe OCIpiIreH TpuTHKaje copTTapeiHbiH 1000 1oHIHIH caiMarbl
21,1-51,0 1. apanbIFbIHAA AyBITKBIIBL. 3€PTTEY HOTHIKECIHIE aKybI3bIH MedIiepi Ta3a copTeiHaa —
7,3-14,8%, Opna copteinga — 10,7-13,0%, bamayca copteinaa — 7,9-15,8% xypanbl. Kpaxmanasig
kepcetkinn Ta3za copreina — 57,1-67,6%, Opna copteinaa — 60,9-67,3%, banayca copteinaa — 58,7-
66,8% O6omnapl. Taza copThiHbIH TypKicTaH OOJBICH JKaFJalbIHAA JOHIHIH KaTTBUIBIFBI 55% Ooiica,
AJNMaTBIHBIH ToNIM Karaaiieiaaa 2 1% sxone XKamObu1 xaraiisiaga 29% kypaabl. Taza copThIHIA €H
)oFapel 1oH Memaipiiri (97%) Typkictan oObICH karnaWbiHAa 00sca, €H TOMEH JoH MOJIIIPIIri
Anmatel cyapmanbl okarmaiipiaga (39%) Oalikanapl. HaTypanblk canmarbel ecipy KarqaiibiHa
OaitmanpicThl 627 1/1-1eH 751 1/1-re neiiH aybITKbIIbL.

doeduemmep

1 Mergoum V., Gomez-Macpherson H. Triticale improvement and production. — Food and
Agriculture organization of the United Nations. — Rome, 2004. — 36 p

2 CouxoB H.II. [locTixeHus B CEIEKIIMN U OCOOCHHOCTH BO3/IENBIBAHUS BBICOKO-OEIKOBBIX
coptoB TputHkaine / BHUMTOU Arpompom. — 1991. — 12 c.

3 T'opbynoB B.H. CeneknnoHHO-TeHETHUECKHUE aCTIeKThl CHHTE3a HOBBIX (hOpPM TPUTHKAJE U
MX MCIOJIb30BAHUE B CEJEKIMU Ha MPOAYKTUBHOCTH: JlucC. ... KaHM. c.-X. HayK. — benropon, 1994. —
24 c.

4 ®enoposa T.H. [lutonornueckne u Ouoxumudeckue ocooeHHocTH TpuTukaine. O030pHas
unpopmanus / BHUUTOUarponpom. Cepust pacteHHeBoACTBO. — 1978. — 42c¢.

5 HImmeuex K., BampmaBuk I1. buomornyeckas meHHOCTh Oellka W MUTATEIbHBIC KadecTBa
3epHa TPUTHUKAJE B ONBITAX Ha KpbIcax U cBUHbAX. — M.: Konoc, 1999. — 305 c.

6 TI'ymses I'.B. Cenexumsi o3umbix Tputukaie B [lonbmre // Cenexkuust ¥ CEMEHOBOJICTBO —
1986. — Ne 2. — C. 55-57.

7 Ceunsk JL.K., Cynuma FO.I'. Tputukane. — M.: Komnoc, 1984. — 299 c.

211



International scientific and practical conference
""Aspects and innovations of environmental biotechnology and bioenergy"'

8 Opnosa H.C. Cenexnust tputukaie B Huwxuem [loBomkbe. — Jlucc. ... IOKT.C-X HayK. —
Caparos, 2002. — 327 c.

9 VpazanmueB A.P., Koxemskun E.B., [llerebaes O.I., KoxaxmeroB K.K., KommiekcHas
rmporpamMma CeJICKIIMM arpodKOTHIOB o3umoi mmeHunbl s Kaszaxckoir CCP (OITAKC). —
Kaiinap,1980 — 79 c.

10 TocniexoB b.A. Metouka mmosieBoro omnbsita. — M.: Arponpomusaar, 1985. — 351 c.

11 HattmonaneHsbiii crangapt Poccuiickoit @enepaunn. Tputukaie kopmoBoe. TexHuueckue
ycnosus. — M.; Craamaptundopm, 2011. — 10 c.

OO0K 631.86

OCIMIIK BUOCTUMYJISATOPJIAPBIHBIH )KAHA BYbIHbI: TYPAKTbI
AYBUIIHTAPY AJIBIFBIHBIH HET'131
H.O. Tonemnobaesa, B.111. Kegennbaen

M. Oyeso6 amvinoasvr Oymycmix Kazaxcman ynueepcumemi, Lllvimkenm ., Kazaxcman
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AHHoTanus. Makara oy Ka3ipri TaHIa TYPaKThl aybUIIIAPyallbUIBIFBIH JAMBITYFa, SIFHA
TaOUFU Ta3a eHIMJEpAl ally MocenesepiHe OarbiTTanFaH. Makana ©3eKTi, 3epTTeyiepii Tajiam
€TCTiH, OMOCTUMYJISATOpIAp TOOBIHA KATKBI3BUIATHIH, KEH CICPKTPII IIMKI3aTTapJaH aJlblHATHIH
npenapaTTapabpl KapacTeipyFa apHaiabl. OJapIplH aHBIKTaMachl, KIAaCCU(UKALUACH XKoHE ocepi
XKalblHIa TATKbUTaHIbl. JKaHa OybIH OMOCTUMYISTOPIAPBIH JaWbIHAAYABIH CUIIATTaMAChl OepiIIi.
buoctumynsTopiap/sl 3epTTEy/IiH MePCIeKTUBAIAPhl Kapaslibl.

Kinmmik ce30ep: mypaxmul aybliuuapyaublivlabl, KHcaya OyblH OUOCUMYIAMOPAADYL,
2YMUHOIK KOCBLILLCIAP, NPOMeEUH SUOPOIUZAMMAPbL, MeHi3 6ani0blpIapbl Col@bIHObICHL

CoHFBI KMBIpMa JKBUIIBIKTAa aybUIIIAPYaIlIbUIBIFbl OaFbITBIHAAFBl 3€PTTEYNEPAIH apachblHAa
OMOCTUMYIISATOpPIAPABI  3€pTTEyre apHalFaH FbUIBIMA €HOCKTEpAIH aWTapibIKTall KeOeHreHi
Oalikanaznpl. BuocTuMynsTopiaap eriH mapyambUIbIFbIHA €TiHHIH OHIMAUIITIH apTThIpy, CanachlH
KAKCApTy IKOHE AaOMOTHUKAIBIK CTpPEcCTepre TO3IMIUIINH KamMTamMachl3 €Ty MakKcaTbIiHa
naianaHplIaThIH WHHOBAIMSUIBIK TpemapaTtTap. Onapapl maiiianaHfaHga THIHAWTKBIIITAPIBIH
KOJIZIAaHBICHI a3asi/bl, ce0ed1 TOMBIPAKTaFbl «Ialiaibly MHUKPOOPTAaHU3MIIEPAIH OEJICEHAUTIT KoHe
OCIMIIKTEp/IH TOMNBIPAKTaH KyHapibl 3aTTapabl ciHipyi aptaigsl [1]. CosbIMeH Katap,
OMOCTUMYNATOPNAPABIH ~ KYPFAaKIIBUIBIK, TY3/aHy, JKOFapbl JKOHE TOMEH TeMmIepaTypa,
KCEHOOMOTHUKTEP/IIH Kepi acepi jkaHe T.0. cTpeccTepre Kapchl KacUeTTepi 6ap eKeHir KepceTureH
[2]. BuoctumynsTopiapabiH apachlHIa TATOTEHAl CaHbIpayKyJIaKTapiaH, HEMOTOATApIaH J>KOHE
BHpYCTap/laH KOPFaWTBIH Kacuerrepre wue Typiuepi ne kesmecedl [3]. buoctumymsitoprapas
naiiananyaelH OMOXUMMSUIBIK acCTeKTUIepl OCIMAIKTEPAiH TOPMOHIBIK CTAaTYChl MEH MeTaboJIn3M
MPOIIECIHIH 63repyiMeH OaimaHbICThl. MOJIEKYIABIK JKOHE TEHETUKAIBIK aCMeKTUIepiHe OJapablH
TYpJl TEHJAEp SKCIPEeCCHsiCbl MEH ayTOMYTareHIiK ocepiHe BIKMad €Tyl OoJblll TaObUIadbI.
buoctumynsTopnap ¢puTOropMOHIapAbIH CUHTE3/IETY1H OelICeH Il eTyiHEeH jKOHEe aKybI3/ap, Maitnap,
KeMipcyJap MEH OpraHMKaJbIK KBIIIKBUIIAP KON MeJIIIepAe HHATyblHa MYMKIHJIK *KacayblHaH
OMOJIOTHSUTBIK, OCEpJIEpiHIH OOJybl TYCIHAIpUIEAl. AJl TOKCHKOJOTHSIIBIK JKOHE HKOJIOTHSIIBIK-
TOKCHKOJIOTHSUIBIK ~ aCHEKTIepi  OMOCTUMYNATOPJIAPABIH ~TOMEH  JOPEKEAEri  YBITTBHUIBIFHI,
OMOJIOTHUSUTBIK, BIABIPAFBIIITHIFRI KOHE META00IM3MIe TyceTiHAiriHe HerizaenreH. COHABIKTaH oJiap
KOpIIaraH OpTaHbIH JacTaHy KayliH a3zaiTajabl KOHE a3bIK-TYJIK MIMKI3aTBIHBIH KayiNCi3IiriH
KaMTaMmachl3 €Ty VIIIH ©Te MaHBI3Abl. bHoCTUMYISITOpiapAbl MaiifadaHyIblH KOHOMHKAIIBIK
ACTIEKTIC1 OJapJbIH OHJIPICIHIE YHEPTHsI MEH IIBIFEIHHBIH a3 00JIYblI, IMUKI3aTTHIH KOJI KEeTIMILUTITr1
MEH KaJABIKTBIH a3 MeJIIepJe HeMece JKOK OOyl >KoHE OaFachlHBIH ap3aH O0o0Jlybl MEH
aybUIIIAPYaIIbUTBIK KOCIMOPBIHIAPBIH KipiCiHIH apTybl OOJIBIN TaObLIA b
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BuoctumynsaTopnap mIbIFy TeTri MEH KYPBUIBIMBIHA Kapail OpraHuKalblK MHUKpPOOTBIK emec
OCIMIIK OMOCTUMYJISATOPJIAPHI )KOHE MUKPOOTHIK OCIMAIK OMOCTUMYJISTOPJIAPHI JIETT €Ki YIKEH TOIKa
Oemineni. OpraHuKagblK MHUKPOOTBHIK €MeC OCIMIIK OHOCTHMYISATOpJIAphl KaTapblHA TYMHUHIIK
KOCBUIBICTAp, MPOTEUH TUIPOIU3ATTaphl >KOHE TEHI3 OaabIpbl CHIFBIHABICHI CHUSKTBHI TaOWUFH
KOCBUIBICTAp Kipei. AJFaIIKbl €Ki KaTerOPUSICH HAPBIKTHIH XKAPTHICHIH, all OaIbIpiiap ChIFBIHIBICHI
JKaJIbl HAPBIKTBIH 37% Kypaiiasl [4].

'yMHHJIIK KOCBUIBICTapFa KaTaTblH TYMHH JKOHE (yJIbBO KBIIIKBUIAAPHI €11 OpPraHUKaJIbIK
3aTTapAblH OUOJIOTHSUIBIK JKOHE XHUMHSUIBIK TpaHchopMmanuschiHaH maifia OoJaTblH TaOUFH
OpraHuKanbK MoJekynanap [S]. ['yMHHIIK KOCBUIBICTap TONBIpaKKa ce0y apKbLIbl kKOHE KEeHOip
Karjaiiia skanbIipakka ceOy apKbpUIbl Aa naiganansuiaabl [6]. ['yMUHAIK KOCBUIBICTap TOMBIPAKTHIH
KYHapibl 3aTTapblH KOJDKETIMAL €Ty MOHE COpyJdarbl OHMOCTUMYISATOPJBIK JpeKeTi OipHere
MeXaHu3MJepre KaTbICabl, aTan aWTKaHJa: TOMBIPAK KYPBUIBIMBIH JKaKcapTy, Tombipak pH
OeliTapanTaHIBIPy JKOHE KATHOH alMacy CHUBIMIBUIBIFBIH JKOFapbuIaTy, (pocopiablH epirimTirin
KaKCapTy KOHE MUKPOHYTPHUEHTTEP/iH KOJDKETIMAL OOybl, ayKCHUHTe YKcac OelCeHAlTIK eceOiHeH
Oyiip TaMbIpABIH WHAYKIUSCHI MEH TaMbIp TYKIIEIEPIHIH OCYiH KaKcapTy, HUTpPAT KXHUHATYBIH
BIHTANAHABIPY. ['yMHUHJIK KOCBUIBICTApABIH OUOCTHUMYJISTOPJIBIK OpEKETiHE TOMBIPAKTHIH THIHAIO
KaFgalbl TBIFBI3 ocep ereli, cebebi onap TOMBIPAKTHIH HAIIap THIHAKO >KarJaibIHAA IKOHE
OpraHUKAaJIBIK 3aTTap a3 OOJFaH/Ia THIMILIIT] )KoFapbl 0oaas [7].

['yMHHIIIK KOCBUIBICTApIBIH OCIMIIK MeTa0oIM3Mi KoHE (PH3HONOTHACHIHA TIKEJIeH >KoHE
KaHama acepiiepiMeH Katap OMOCTUMYIATOPIBIK OEICEHALIIr CTPeCCTEeH KOpFay, acipece, TY3AbUIBIK
MeH KYPFaKIIBUIBIKKA Kapchl KacHeTiH OipHemre 3eprreyiepnae kepceTkeH [8]. Ty3apUIbIK TICH
KYPFaKIIbUIBIKKA TO3IMIUTIKTIH OOJDKaMasbl MEXaHU3MIEpl: CyTeri acKbIH TOTHIFBI MEH JIMMUATI
TOTBIFYJIBI a3alTy, TPOJIMH KYpPaMblH >KOFapbUIaTy, T€H O3KCIPECCUSCHIHBIH TU(epeHIHaIIb]
perTey, TaMBIPAbIH ©OCYIH >KOHE TONBIPAKTBIH XHUMHSUIIBIK, MHUKPOOHOJIOTUSIBIK, (PU3HKAIIBIK
KAacHeTTepiH xkakcapty [9].

XKanyap »*oHe eCIMIIK HETi3Jeri MPOTeHH TUAPOIM3aTTaphl OPTaHUKAIBIK MUKPOOTHIK eMec
OCIMIIK  OMOCTHMYJSTOPJIAphl ~ MaHBI3/IBI  CaHAThIHA  KATKbI3bUIaAbl.  ONapaplH  HETI3Ti
KOMIIOHEHTTEpiHEe 00C aMHH KbIIIKbUIIAPBIHBIH KOCIACHI, OJIUTO JKOHE MOJUMENTUATEP CUTHAIIBIK
MoJIeKyJajiap peTiHae KbI3MeT atkapaabl. [IpoTenH ruaponnsarrapsl KeOiHe KamnblpakTapra OypKy
KOHE TYKBIMIBI OHICY apKbUibl mnaimanansiiaasl [10]. bipHemie NapHUKTIK JKOHE JallalbIK
3epTTeysiepAe MPOTEUH TUIPOJIU3ATTAPEl ©CY MEH OHIMJIUIIKTI BIHTATAHABIPATHIH (PU3NOTOTHSIIBIK
KOHE MOJIEKYJIAJBIK MpoLecTeplli ICKe KOCYy apKbUIbl OHOCTUMYJATOPJBIK OCEpPiH KepceTy
HOTWDKECIHJIE JaKbUIAap/arbl aOMOTHUKANBIK CcTpeccTepal azaiTkad [11]. buocTuMymsiusibik
OenceHAUTiK TeH aOMOTHKAaJBIK CTPecCKe TO3IMILUIITN HEeTi3iHIerl TiKelel ocepiepiHe a30TThIH
KHUHAIIy doHE KeMepTeri MeTaboJIM3Mi MPoLeCcTEPiHEe KAThICAThIH HETI3r1 (pepMeHTTepAl icKe Kocy,
ayKCUH MEH rub0epenuHre ykcac O€JICeHAUTIKTI KOFapbUIaTy YKOHE EKIHIIUIIK MeTaOOIUTTEpIiH
TY3UTylH, MUTMEHTTep OMOCHHTE31H, aHTHOKCUJIAHTTHIK (PEpPMEHTTEpIiH OeNCEeHAUNIrH apTThIpy
xatajsl [12]. [IporenH ruAponu3aTTapblHbIH €TIHHIH OHIMIUIIT MEH KOPEKTIK JKaFaalbiHa TiKeIeH
ocepiepineH Oeniek >kaHama ocepiepi ge kepceriuiren [13]. Ilporemn rumpoau3aTTapbiH
naiganaHFana TaMbIp TYKIIEJIEPiHIH TUAMETPI, THIFBI3ABIFBI KOHE Y3BIHABIFBI KAFbIHAH YIIFasiIbl
71a, TOTIBIPAKTaH KyHapJbl 3aTTapbl CiHIpy TUiMAUTIT apTaasl [14]. CoHbIMEH KaTap, COHFbI yaKbITTa
IIBIKKAH HIOJTyJIapJa IpOTEeUH THAPOIN3aTTaphl ©CIMIIKTIH MUKPOOHOMBIHIAFbI pru3ocdepanap MeH
¢dunochepanapra acep €Ty apKbliIbl TONBIPAKTaH Cy MEH KOPEKTIK 3aTTap/blH CIHIPUTYIH apTThIpyFa
MYMKIHJIIK JKacaiibl.

Teni3 OanmgpIpiaapblHa KOHBIP, JXachbUl JKOHE KBI3BUT MAaKpOOANIbIpiap KAaTKBI3bLIAIbL.
buoctumynsaTopnap HapbIFbIHAA TEHI3 OaNIbIpIaphl YHTAK, TpaHya, CYHBIKTBHIK 3KCTPAKT TYPIHIE
ke3neceni. KoMmepuusuiblk TeHI3 OannmbIpiapbl KypamblHIA IOJucaxapuuarep, (HeHoaukTep,
BUTaMHH/JIEP MPEKYPCOPIIApPbl, OCMOIUTTEP, PUTOTOPMOHIAP JKOHE TOPMOHFA YKCAC KOMIIOHEHTTEP
oonanwl. Ascophyllum, Ecklonia, Fucus, Laminaria >xoHe Sargassum KOHBIP MaKpoOaabIp
TYybICTApbl OCIMAIK OMOCTUMYJISATOPHI PETiHAE KEHIHEH KoyaHbuiaabl. OnapablH ecCiMAIK ecyiHe
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BIKIAJ €TETiH, a0OMOTUKAJBIK CTPECCTepre TO3IMAUIIK OEpeTiH >KOHE eTriHAl KMHAaFaHHAH KEHiHTi
camacel MEH CakTay Mep3iMiH JKaKcapTyFa bIKIaJ €TEeTIHAIr aHbIKTaFaH. TeHi3 OanapIpiaapbIHbIH
naianel ocepiepiH aHBIKTAWTBIH MEXaHH3MJAEpPre MHUKPOHYTPHEHTTEpP/iH Ke0erol, TeHIepAiH
muddepeHInaNIbl peTTenyi, pu3o0aKTepusiap MEH MHUKOpPH3aJapAblH OCJICEHIUTITIHIH apTybl
KATKpI3BLIAABI [15]. Opranukanblk MUKPOOTHIK eMeC OCIMIIK OMOCTHUMYIISTOPIAPBIHBIH dCEP €Ty
MEXaHU3MAEpPl MEH peXUMAEpl >KalWblHIa aWTapibIKTall KETICTIKTEp OachUIbIMFA IIBIKKAHBIMEH,
oJapApl MaianaHyabpl OHTAMIAHIBIPY, CTAHAAPTTAY, KOJJaHy 103aChl MEH Y3aKTHIFBIH aHBIKTAayFa
OarpITTaIFaH KOChIMIIIA 3EPTTEYJIEP KaKeT.

MukpoOTapra  HETi3IENreH  OCIMAIK  OMOCTUMYNSTOpJIApblHA  OCIMAIKTIH  ©CyiH
BIHTAJIAH/BIPATHIH  PU300aKTepUsiIap MEH MHKOPHU3AJAbl CaHBIPAYKYJIAKTapAbl KaTKbI3aIbl.
OCIMIIIKTIH 6CYiH BIHTAIAHABIPATHIH pU300aKTEPUsIIAP HET131HIeTT OMOCTUMYIIATOpIAp JabIHAay 1A
Azospirillum, Azotobacter xoHe Rhizobium TybicTacTapbl KOJAAHbUIAJABl. OCIMIIKTIH 6©CYiH
BIHTAJIAH/IBIPATHIH PU300aKTEpHUsIIAp MCH MUKOPHU3aJIJIbI CAHBIPAayKYJIaKTapFa OaFrbITTaIFaH OipHeIie
3epTTeyiepAe OJapAblH puzochepalblK MUKPOOTHIK MOMYJSIIUSIHBIH CAaHABIK >KOHE CalabIK
KaFbIHAH PETTEH alaThIHABIFBI TOTBIPAK YKOXKYHECiHe OH dcep eTeTiHAiriMeH OaitansicTsl [16].

By MuKkpoOTBHIK OMOCTUMYIIATOpIIAP ONITUMAJIIBI XKOHE CYOONTHUMAIIIBI JKaFAaiinapa OipHerie
TiKeJIeH )KOHe JKaHaMa MeXaHU3MJIepre, aTar aiiTKaH1a, MUKPOAJIEMEHTTEPIiH, KOPEKTIK 3aTTapblH,
coHbIH imiHAe (ochop MEH a30TTHIH CIHIPUIYl MEH KO3FalyblH KakcapTyFa, (OTOCHUHTE3ICY
KaOUIeTiH jKaKcapTyFa, aHTHOKCHIAHTTHIK KOPFAaHBIII KYHECIH KYLIEWTy, ©CIMIIIK TOPMOHIApPBIH
perTeyre, KOPEKTIK 3aTTapibl TachkIMalgay OCJCEHIUIINH bIHTANaHABIPYFa, (ocdoTazanapabiy
CHHTE3/IeNTyl MEH MOJICKYJIAIBIK Maccachl TOMEH JKOHE JKOFaphl OPTaHUKAIBIK KOCBUIBICTAP.IBIH
pusocdepara OeninyiH Oenceni eTyre Katbicas [17].

AyBUTIIAPYalIbUIBIK  CEKTOPHl OPTaHUKAIBIK JKOHE OCHOpPraHWKAIBIK TBIHAWTKBIIITAPFA
TOYENJIUTIKTI a3alTyapl MakcaT eTilm oThlp. byn ThIHAWTKbIIITap KOplIaraH OopTara Kepi ocepiH
TUTI13€/11 J)KOHE ETIHHIH ©Cyl MEH OHIMJIUIITIH a3alTaThlH TONMBIPAKTBIH JErPaJalldsiChiH TYABIPAJIbI.
buoctumynsaTopnap  a3oTThl  MalianaHy  THIMAUICH — KaKCapTaThIHABIKTAH, JaKbUIAapra
a0MOTHUKAJBIK CTPECCTEP Al a3alTaThIHABIKTAH HAPBIKTA 63 OPHBIH Taly/Ia.

CoHFbI KbULIAPHl OMOCTUMYISTOPIAPABIH ©3apa dcepiiepl KalblHAa 3epTTeylep Kyprizije
6actanpl. Rouphael makanaceiHma MUKPOOTHIK 5KOHE MUKPOOTHIK eMeC OMOCTUMYJIATOPIIAPABIH 63apa
OpeKeTTeCYiHIH THIMIUIrIHE Kapaidl yII TypiH aXbIpaTajJbl: AHTArOHUCTIK, KOCHIMILIA KOHE
cuHeprusuiblk  [18]. AHTaroHucTik opekerrecyne Oipiaed karnaia OHMOCTUMYISTOPIAPIBIH
KOMIUIEKCTIK OCEpiHIH THIMJILIIT JKeKe-)Keke TMaijanaHFaHHaH TeMeH Oonansl. Kocbimina
opekeTTecyne  OMOCTUMYJISTOPIAPABIH ~ KOMIUIEKCTIK  OCEpIHIH  THIMIUITT  YKEKe-)KeKe
naiganaHFaHMeH Oipjel, ajl CHHEPTrHsUIBIK JpeKeTTecyle OMOCTUMYISATOPIAPABIH KOMILJIEKCTIK
oCepiHIH THIMILUIIT jKeKe-KeKe NaiiiaJaHFaHHaH >Kkorapel 0o0aabl. Ocbulail OMOCTUMYISTOPIAPABIH
e3apa ocepiepiH 3epTTey OJIapAbIH JKaHaIa dcepliepiHiH OOTATHIHABIFBIH KOPCETEI].

Kaszipri ke3ae eciMaik OMOCTUMYIISITOPJIAPBIHBIH KOCHIMIIIA HEMECE CHUHEPTHUSIIBIK dCepIIepiH
OaraaliThIH OSKCIEPUMEHTANIBIK 3epTTeyiep MIeKTeydi. 3epTTeyleplAiH HOTHXKeci OOWbIHIIA
MUKpPOOTBIK OCIMAIK OHOCTUMYJISATOPJIAphl TYMHUHAIK KOCBUIBICTApDMEH, TEHI3 OaliabIpiapsl
CBHIFBIHIBICEIMEH HEMECE MPOTEHH TUAPOIU3ATTaphIMEH KOMOMHAIIMIAHFaH 14 OCIMAIKTIH 6Cyl MEeH
eHIM/IUTITIHE Ko0ipek maimaceH Turizenl [19].

buoctumynsaTopnap Typaibl ONeMAIK 3epTTeyiepli Tajjaldl OTBIPBIN, Ka3ipri TaHza
OMOCTUMYJISATOPJIAp KaTapblHAa >KAaTaThlH OHIMIEPAl OHAIpYIll KOMIaHMsIIAp TapalblHaH Ja,
OMOCTUMYJSATOPNAPABl AalbIHAAY MEH TMalJaNaHyAblH AacleKTUIepiH 3epTTEeHTIH FaiasIMaap
TaparnblHaH Ja, OMOCTUMYIISITOPJIAP IbIH 6CIMIIKTEP/1 KOpFay *KYHeCIHIeTr1 OPHBIH aHBIKTANUTHIH KoHE
HOPMATHUBTI-KYKBIKTBIK PETTEYNEeri Heri3ri KpUTEepHiapibl 93ipJeHTiH MEMJIEKEeTTIK OpraHiap
TaparnblHaH /1a HAKThl TEHCHIIUSI MEH YMTBUIBIC KAJIbIITACKAH.

Amnaiina, OMOCTHMYISITOPJIBIK OPEKETTIH HEri3iHAe XKaTKaH MOJEKYNalblK MeXaHU3MICP/Ii;
OCIMIIKTIH CTpeccTepre TO3IMAUIINT MEH OHIMIUIITNH JXKaKcapTy YIIIH OHOCTUMYJIATOPJIAPIbI
naigananyaIblH OHTAWIBI OJICi, YaKbITHl JKOHE KOJIJAHYy KHLUIr KaHAai; OHOCTUMYISTOpPIApIbI
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KOJJIaHy  OMICTEpiHIH  ImIiHAE: JKambIpaKKa CEeNmKEHJE, TYKBIMIBI OHJICTEHIC HeMece
cyapraHa MUKPOOTBIK TIOMYJISIIMSFA CAHJABIK JKOHE Camlaliblk odcepiiepl  KaHIIAIBIKTHI;
OMOCTUMYJISATOPJIAP/ABIH, CUHEPTHSUIBIK KACHETTEpiHe Heri3 OonFaH (U3HONIOTHSIIBIK JKOHE
MOJICKYJIAJIBIK MEXaHU3MJIep KaHJall JereH cypakTapra HaKThl jKayanTapibl Ta0y MaKCaThIHIaFbl
3epTTeyiep Kaxer.
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AHHoTauus. B cratee nmpencraBiena nH(GOpMAIKs MO UCIOIB30BAaHUIO MUKPOBOJOPOCIIEH 1
UaHOOAKTEPHH Ul MOBBIIICHUS YPOXKAMHOCTU CEJIbCKOXO3AHCTBEHHBIX KYJIbTYp, UX BIUSHHUE Ha
poct pacreHuil. IIpuBOAMTCS CHMCOK TNEPCHEKTUBHBIX IITAMMOB MHUKPOBOJOPOCIEH U
uaHoOakTepuii M3 Koyuiekiuu (GotorpodHbIXx MHKpoopraHusmMoB KasHY umenn anb-dapabdwy,
BO3MO>KHBIX ITPOJIYLIEHTB OMOCTUMYJIAITOPOB POCTa PACTEHUM

Knwouesvie cnosa: oO6uocmumynsimopul, MUKpo8OOOpOCIU, YUuaHobakmepuu, noGvluieHUe
YPOHCAUHOCIMU CENbCKOXO3AUCMEEHHBIX KYAbIMYP

B nocnennee Bpems CenbCKOXO3SIMICTBEHHBIN CEKTOP CTAJIKMBAETCSI C HOBBIMH BBI30BAMHU I10
MTOBBIIIEHHUIO IPOU3BOJANUTENBHOCTH C LIEJIbI0 HAKOPMHUTB PACTYILEE HACEIEHUE MUPA, OJHOBPEMEHHO
yMEHbIlIasl BO3JICHCTBUE HA OKPYXKAIOILYIO CPEy M COXpaHss MPHUPOJIHbIE pecypchl JUIsl Oyaymux
IIOKOJICHUH. B cenbCKOM XO3SICTBE HIMPOKO MPUMEHSIOTCS Ppa3IUYHbIE CTUMYJSATOPBl U
OMOJIOrMYeCKHEe aKTUBATOPBI pocTa pacTeHu. CTUMYISITOPBI IPUMEHSIOTCS B YACTHBIX X03siCTBaX,
JIMYHBIX TOJCOOHBIX U MpUYycafeOHBIX XO34HCTBAX, HA CEIbCKOXO3IHCTBEHHBIX MPOU3BOJICTBAX, B
KOJUIEKTUBHBIX XO3siiicTBax. OJHAKO HU OJUH M3 IMpenaparoB He SBISETCS NaHaleed OT Bcex
Hanacteil. Kpome Toro, ykazanHasi «3kojoruyeckasi 0e3BpeIHOCTb) TOJIBKO Ka)KyIasicsl.

DKOJIOTHYECKH YHUCTHIM METOJOM IMOBBIIIEHUS YpPOKAMHOCTH SIBJISETCS HMCIOJIb30BaHUE
PACTUTENBHBIX OMOCTHUMYJIATOPOB, KOTOPBIE, KaK OXHJAETCS, TTOMOTYT CHU3UTh 3aBHCUMOCTH OT
XUMHUYECKHUX BELIECTB, B YACTHOCTH CHUHTETUYECKUX ynoOpeHuil. [IpuBiexaTenbHbl B 3TOM IUIaHE
MHOT'OYHCIICHHBIE TPYMIIbI HOTOTPOGHBIX MUKPOOPTaHU3MOB — MUKPOBOJIOPOCIH U ITMaHOOAKTEpUN
[1,2]. TIpexxne Bcero, BHUMaHUE K HUM IPHUBICYEHO Oylaromapsi HaIW4uuio azoTduxcaruu [3] u
LIIMPOKOMY CIEKTPY aJalTaluy K pa3JIndHbIM [TIOYBEHHBIM U I'MIPOTEPMHUYECKUM YCIOBUAM [4], HO
TaK)kK€ HEMaJOBAKHO OTMETUTh MX POCT CTUMyiHpyrommue crnocodHoctu [5]. C Touku 3peHHs
IIPUKJIAJHOTO HCIIOJIb30BAHUSA, OHM TEXHOJIOTMYHBI, 4YTO BKJIKOYAET JCIIEBBIE CPEAbl IS
KYJIbTUBHPOBaHUS (OTCYTCTBUE B Cpeie OPraHMYECKUX COECJUHEHHH W MCTOYHHKOB MHHEPAIBHOTO
a3oTa) M OBICTPOE HAKOIUIEHHE OMOMACCHl Ja)K€ B SKCTEHCHBHBIX KYJIbTYypax, HE TPEOYHOIIHX
nopororo odopynoBanusi [6]. Bmecte ¢ Tem, Ha oOmieM (oHE HCCIIeTOBaHUI MUKPOBOAOPOCIU H
[IUaHOOAKTEPHH HE JOCTATOYHO U3YUYCHBI B arpOOMOTEXHOJIIOTHH, KPOME PUCOBBIX MOJIEH. A MEXIY
TEM MPUMEHEHHE 3TUX TMOTEHIMAIbHBIX areHTOB MOXET CMSTYUTh NaryOHble MOCIEeICTBUS
aOMOTHYECKHX CTPECCOB, TaKMX KaK COJIGHOCTh M 3acyxa. IloaTomMy BHUMaHME K 3TOW Tpymie
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OpPraHU3MOB B IPAKTUYECKOM AaCIIEKTE€ COCPENOTOYEHO Ha U3YyYEHUM UX JIEHCTBUS HAa PACTEHUS U
BO3MO>KHOCTH COCTaBJICHHsI HA UX OCHOBE POCT CTUMYJIMPYIOIIMUX IIPENapaToB Ul PACTCHUN.

M3BeCTHO YTO MHMKPOBOAOPOCIM W LHMAHOOAKTEPUH CHHTE3UPYIOT (DUTOTOPMOHBI pa3zHOU
OpPUPOJBI, B TOM UHUCIE, AYKCHUHBI, LMTOKHMHMHBI, TI'MOOEpe/UIMHbl, OpacCUHOCTEPOINIB,
3aICUCTBOBAHHBIE B PEryJSLMM AKTUBALMM POCTOBBIX IpoueccoB [7].  buoctumynupyromas
aKTUBHOCTh 3KCTPAKTOB MHKPOBOJOPOCIEH CBf3aHA C COAEP)KaHUEM IEPBUUYHBIX METaOOJIUTOB
(YyrneBogoB u O€NKOB, JUIHUIOB), KJIFOUYEBBIX aMUHOKHUCIIOT (aprMHUH U TpUNTO(haH), BATAMUHOB,
OCMOJIUTOB (TIPOJIMH ¥ TJIMITMH O€TanH) U morcaxapuaoB (B-rurokan) [8].

WHTepecHO, UYTO  HECKOJIBKO  IITAMMOB  MHKPOBOJOPOCIEH, MpUHAMIEKAILUX K
cemeiictBam Charophyceae, Chlorophyceae, Trebouxiophyceae n Ulvophyceae, XapakTepu30Baluch
(GUTOrOpMOHONIOJOOHON AKTUBHOCTHIO, BKJIIOYAash AayKCHUHBI, LUTOKMHUHBL, T'HOOEpPEINHBI,
a0CIU30BYI0 KHCIOTY M OpaccuHoctepouibl. CienoBaTenbHO, BBISABICHHE M BBIOOP SKCTPAKTOB
MHUKPOBOJIOPOCIIEH, COIEPIKALUX IPUPOIHBIE PUTOTOPMOHBI, B YaCTHOCTU AYKCHUHBI U IUTOKUHUHBI,
KOTOpBIE CUMTAIOTCS BaKHBIMU (haKTOpamMM Ui YJIy4IIEHHs poCTa pacTeHUi, ypoxKailHOCTH u
3alUTHONW peaklUd, OCOOEHHO MNPOTUB aOMOTHYECKOIO CTPECCa, MOXKHO paccMaTpuBaTh Kak
YBEJIMYUBAIOLIYIOCS] BO3MOYKHOCTD MTOBBIIIEHUS LIECHHOCTH MUKPOBOAOpOCen [9].

MuKpoBOJOpOCIN  COAEPKAT MAKCUMAJIbHOE  KOJIMYECTBO  HATYpPaJIbHbIX  AKTHUBHBIX
KOMIIOHEHTOB, HEOOXOAMMBIX JJIsi CTUMYJSLUM pOCTa M PEryaslud pa3BUTHS  JHOOBIX
pazHOBUAHOCTEN (UIOpHI. YUeHblE BBISIBWIM B CTPYKType KJIETOK IIaHKTOHA Oojee 650 1EHHBIX
MHIPEIMEHTOB, YAAYHO COYETAIOLUIMXCA U TMOJJEPKUBAIOIIMX ONTHMAaJbHbIM OanaHc. AYKCHUHBI
HaJIaKMBalOT 00pa30BaHUE KPENKON KOPHEBOM CUCTEMBI U NOCTYIUIEHUE Yepe3 HUX MUTATENbHbIX
BemlecTB. ['mOOepeuinHbl OTBEYAIOT 3a PEryJSIMI0 MPOLIECCOB IIBETEHUS U IJIOJOHOLICHHUS.
[{UTOKMHUHBI KOOPAWHUPYIOT pa3BUTHE MOYEK, BETBEH, OyTOHOB. Penkue 3yeMeHTH B cOCTaBe
CYCIEH3UM XJIOPEJUIbl MOJHOLEHHO O0eCleYnBaloT MPaBUIbHOE COOTHOLIEHHWE BEILECTB JUIS
0€3yKOPU3HEHHOT0 NMPOTEKaHMsI BCETO LIMKJIAa pa3BUTHs pacTeHus [10].

HccnenoBanust mokaszaiy, 4To cycneH3us Mukposopopocinu Chlorella vulgaris obnanaer
BBICOKOW MPOJYKTUBHOCTBIO M €€ NpPUMEHEHHE B COYETAaHUH C OPraHUYECKUMH YI0OpEeHUsIMU
MO3BOJISIET OBBICUTH 3aCYX0YCTOWYMBOCTH MJI0JJOPOJHOIO CJI0s, 00€CIEUNTh CTPECCOYCTOIMUNBOCTD
pacTeHUN K MPUPOJHBIM KaTakJIW3MaM (3acyxe, 3aMopo3KkaM, u3nuinHen Biare). [IpemmoceBHas
00paboTKa CeMsiH CYCIEeH3Hel XJIOpPeJUIbl Pe3KO MOBBIIIAET UX BCXOXKECTh, CUIIy M SHEPTHIO POCTa
BCXO/JIOB, YCTOMYMBOCTb PACTEHHI K IPUPOIHBIM (paKTOpaM U MOBBILIAET YPOXKAHHOCTh KYJIbTYp Ha
15-20%. Cycnensus xJiopesl 000oramaer no4By OpraHM4eCKMMHM BEIECTBAMH, YIIydLIaoIUMH e
CTPYKTYpYy, CTUMYJHPYET PpOCT IMOJIE3HBIX TOYBEHHBIX MHUKPOOPraHM3MOB, CIOCOOCTBYET
HAKOIUIEHHIO TYMYCOBBIX BEIIECTB, IOBBIIIAET MOJBUKHOCTH MHKDPORJIEMEHTOB U COJAEpKaHHE
CBOOO/HBIX AMHHOKHCIIOT, YIydllaeT (epMEHTaTHUBHYIO AaKTUBHOCTb MOYBBI M KOA(h(UIUEHT
MCMOJIb30BAaHUS A30THBIX YIOOPEHUH, YTUIM3UPYET OKUCIBI TSHKEIBIX METAIJIOB, PaJlUOHYKIUIH,
MECTHUIIU/IbI, COKpaIaeT pacxo]l BOJbI IJIs MOJIMBA, CHUXKaeT 3a00J1eBaeMOCTh pacTeHUil. BBeneHue
CYCHEH3UHM XJIOpEeJUIbl B TOYBY YCKOpSIET CpOKM co3peBaHusi Ha 7—10 pgHeil, cmocoOcTByeT
MOBBIIEHUIO ypoxkaitHocTH. OTMEUYEHO, YTO BHECEHHE CYCIIEH3UH XJIOPEJUTHI B IOYBY CIIOCOOCTBYET
YBEITUUEHUIO KOJMYECTBA MOJIE3HBIX MUKpoopranu3mMoB 70 400 mMiH kieTok u 6oisee B 1 rp. ['ymyca
[11,12].

B kauectBe mpumepa OJaroTBOPHOTO BIMSHHUS CYCHEH3UH 3€JI€HBIX MHKPOBOJOPOCIEH Ha
IJI0JJOPOJIME MTOYUBHI U CENbXO03KYIbTYPhI TAKKE MOKHO IPUBECTHU JJAHHBIE 110 BO3/IEJIBIBAHUIO SUMEHS
SpOBOTO Ha JIECHOM TEMHO-CEpON MouBe. B BapuaHTax IJl€ MCHOJB30BAJICS IITAMM XJIOPEIUIBI
(Chlorella vulgaris Beijer), KOTOpYO BHOCUJIH TIEpeI 10K AeM, ObUT OTMEUEH 00Jiee aKTUBHBIN POCT
U YBEIMYCHHUE YPOKAWMHOCTU HAJ3€MHOM Macchl U 3epHA ssuMeHs. [Ipu sTom BHeceHune XIIOpeiuisl
MOBBIIIATI0 KOJIMYECTBO F'YMUHOBBIX KHCIOT B IIOYBE. ABTOPBI OOBSACHSIOT 3TO OYpHBIM Pa3BUTHEM
MHUKPOOHOJIOTUYECKMX W OMOXMMHYECKHX TIpPOLECCOB B IMouBe. B pesymbraTe 00pa3yroTcs
JIETKOJOCTYIIHbIE TYMYCOBBIE BEILIECTBA.
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Corpynuuku mHCTUTYTa OMOodum3uku u kierouHoi wmmxkeHepun HAH bemapycu nokaszamu
BBICOKYIO 3()(heKTUBHOCTh CPe/ibl KYJIbTUBUPOBAHUS XJIOPEILJIbl KaK CTUMYJISITOPBI POCTa M Pa3BUTHUS
pactenuid. CoryiacHO MCCJEIOBaHUSIM, NMPAUMUHT (3aMayUBAHKE), CEMSIH Pa3IUYHBIX I[BETOYHBIX,
OBOILIHBIX, 36pPHOBBIX U 3€pHOOOOOBBIX KYJIBTYpP B pa30aBICHHON BOJOW KyJIbTypajbHOU cpene
xsiopesutbl (Chlorella vulgaris) yBennuuBaeT Kak BCXOXECTh TaK U SHEPIUIO IPOPACTAHUS CEMSH
[13].

NmeroTcst Takke IKCIEPUMEHTHI JIOKa3bIBAIOUIUE BIMSHUE ITUAHOOAKTEPUM HA CTUMYJISAIHUIO
poCTa pacTeHHUM, TaK HapUMep YYeHHbIMU YHUBepcuTeTa Sher-e-Bangla, /lakka, banrmanem, Oplia
MpoBeJicHa OIICHKA IMaHoOakTepuii ponoB Spirulina u Oscillatoria xak OuoymoOpeHue s
mpou3BojcTBAa Oamuu. B sxcnepumenTe ucnoib3oBaiics copT BARI-1 okpa u cocTosut U3 yeThipex
onbiToB. Konrpons (To), Oscillatoria (Tos), Spirulina (Tsp) u Spirulina + Oscillatoria (Tsp+os).
HccnenoBanusa mokaszanu, 4To MHIAMBHUAYalbHOE NpuUMeHeHue Spirulina u Oscillatoria nOBBIIIaET
POCT pacTeHus, BHICOTY CTpYUYKa U JTUCTh 00pa3oBaHus B cpeaHeM Ha 25,5% [14].

W3BecTHBl 3amaTeHTOBaHHbIE W300peTeHUs TNpeJHa3HAYEHbIE [JIsI CTUMYIALHUUA POCTa
pacTeHUM, TMOBBIIICHUS YPOXKAWHOCTH U 3alIUThl OT (UTONATOTeHHBIX TpuboB. Crocod
npexycMarpuBaeT oOpabOTKy ceMsH M pacTeHUH TMepel BBICAAKOW B TPYHT CyCHEeH3Uel
nuanoOakrepuii Anabaena constricta IPPAS B-2020 B teuenue 1 waca. Ilpu 3tom cycneH3us
COJICPXKHT 5 T. cyXoi Omomaccel nanobakrepuii Anabaena constricta IPPAS B-2020 na 1 11 BobI.
N300peTeHue mo3BoIsieT OBBICUTH BCX0KECTh CEMSTH M YPOKAWHOCTh PACTCHUN M UX YCTOHYUBOCTh
K ¢uronarorenam [ 15]. M3pecren IllTamm nmnano6akrepuii Nostoc muscorum f. linckia (Roth) Born
et. Flash 28-1 106 - akTuBHBIH HecUMOHMOTHYECKHH a3oTdukcarop w3 kKoywekuun BHUU
CeJIbCKOXO03SCTBEHHOW MUKPOOUOJIOTUH JIs TOBBILICHHS YPOKAMHOCTH pacTeHuil puca [16].

CtouT Takke OTMETUTh YTO, BHECEHHbIE B TPYHT MHKPOBOJOPOCIN U IMAaHOOAKTEpUU
paznaratorcs ObICcTpee, YeM OpraHMYecKue yAO0OpeHHs, He 3acOpSIOT MOYBY CEMEHAMU COPHSIKOB,
JUYMHKaMH HaCEKOMBIX M criopaMu (puronaroreHHbIx rpubos [13].

K coxanenuto uccrneioBaHus MO WX MPUMEHEHHIO B KayecTBe OMOCTHUMYJISTOPOB pPOCTa
pacrennii B Kaszaxcrane n0 cux mop HE MNPOBOJWIMCH, HO B KOJUIEKIMH (HOTOTPOPHBIX
MHUKpPOOPTraHu3MoB Jabopatopuu Ouorexnonorun KasHY umenun anp-dapabu UMEIOTCS MITaAMMBI
MUKpPOBOJIOpOCIIE M IMaHOoOakTepuid (Tabnmia) KOTOpble MOTYT OBITh HCIOJIb30BaHBI IS
JalbHEUINX uccaenoBanuil. FIMEIoTes mTaMMbl BbIZIEIEHHBIE H3 00pa3IioB MOYBBI C PUCOBBIX MOJIEH
Y B JAaHHOE BPEMs TIPOBOISTCS OMBITHI IO U3YUYEHUIO UX POCTCTUMYIUPYIOIICH aKTUBHOCTH.

Tabnuna. Iltammsl  MukpoBojmopocied W 1uaHOOAaKTepuil  KOMIeKIuU  (OTOTPOPHBIX
MHUKPOOpPraHu3MoB Jsaboparopun OuorexHojmorun KasHY wumenn anp-®Papabu, BO3MOXXHBIE
MIPOYLEHTHl OMOCTUMYIIATOPOB POCTA PACTEHHIM

Ne | HammMeHoBaHHe IITAMMA MecToO BbIEJIeHUS

1 Oscillatoria sp. KV-2 C ropsiuero ucrounnka Kapiossl Bapsr (Uexust)

2 Nostoc sp. T-2 N3 mouB AnMaTuHCKOM 00acTu

5 Spirulina MertonoM cemIeKnuu, UCXOAHBIM mTamMM u3 Kosutexkiuun

ZBK-1m-2 KyJIBTYp Bogopocieit nadopatopun Mukpoouonoruu CII6IY

r. Cankr- [lerepOypr

6 Spirulina sp.BB-21 Belgenen w3 moYBBl  pUCOBOrO IOy  cena bupiuk,
banxamickoro paitoHa, AJTMaTHHCKONW 00JIaCTH.

8 Chlorella sp K-5 n3 Kanmaraiickoro Bogoxpanuiniina AIMaTUHCKON
o0nacTH.

9 Pediastrum sp BB-3 BeineneH w3 NOYBBI pUCOBOrO MOJds  cena  bupiuk,
banmxamickoro paiiona, ATMaTHHCKOM 00JIacTH.

10 | Scenedesmus sp BB-5 BeimeneH W3 mNOYBBI PUCOBOrO TMOJsA cena buUpIUK,
banxamickoro paifona, AJTMaTHHCKON 00JIacTH.
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11 | Ankistrodesmus sp BB-17 Boinenen w3 mouBBl  prcoBOro moisist cena bupmiuk,
banxarmickoro paiiona, AJTMaTHHCKON 00JIacTH.

12 | Desertifilum sp.IIPAS B 12-20 | Ozepo Illapuyp, Monronsckas PecriyOmnmka
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AnHoTauusi. B Hacrosimeii paboTte mpencTaBieHBl COBPEMEHHBIE B3IUIAABI K MpoOiemMam
JKOJIOTMYECKOTO KpHU3HMCa C TOYKHM 3pEHMS TEepMOAMHAMMKHU. PaccMaTpuBarOTCsl IPUYMHBL,
MEXaHU3MBI U IIyTH OOPHOBI C IKOKPUUCOM.

Knwuesvie cnoea: sxkonocuueckuti Kpusuc, mepmooOuHamuyeckoe pagHosecue, dHMpPONUs,
aymocmadunuzayus, c60000HAS IHEPUs, CEA3AHHAS IHepUs, YNOPAOOUEHHOCMb, IKOCucmemd,
ompuyamenbHas 00PaAmMHas C653b, NOLOAICUMENbHAS 0OPAMHASL CEA3b

Ha coBpeMeHHOM »JTane pa3BUTHs YEJIOBEYECTBA Mbl CTOJKHYJIMCH C 3KOJOTMYECKHM
KpU3UCOM. OKOJOIMYECKMH KpHU3UC BO3HUK C MOMEHTa BO3HUKHOBEHHS KpHU3UCa BO
B3aMMOOTHOULICHHUSAX YEJIOBEKA CO CPeOH OOUTAHUS.

DKOJIOTUYECKHE MCCIEAOBAHUS JI0Ka3alld, 4YTO XUBOM MHpP — HE IpOCTas COBOKYIHOCTh
CYLIECTB, a €IMHAas CUCTEMA, CLIEMEHTUPOBAHHAs] MHOXXECTBOM ILIEMOYEK IUTAaHUS W HWHBIX
B3auMOAECUCTBUM. KaKaplii OpraHu3M MOKET CYIECTBOBaTb TOJBKO IPU YCIOBHUU IOCTOSHHOW
TECHOM CBSA3M CO CPENIOi, T. €. C IPYTMMHU OpraHu3MaMu (MUKPOOPIaHU3MBbI, paCTE€HUs, ’KUBOTHbIE,
monn) U GusudeckuMu (akTopaMu OKPYXKarolehd cpebl (JIEKTPOMAarHUTHBIE BOJIHBI, JaBJICHUE,
Temneparypa u T. 1.). [lone3Has B3aMMOCBSI3b MEXJY OTACIbHBIMH KOMIIOHEHTaMU OHOCHUCTEM
HEeOoOXOIuMBl i1 MX cyliecTBoBaHUA. OTHEIbHBIE OpPraHU3Mbl HE TOJBKO INPUCIOCOOJIEHBI K
¢du3nveckoil cpene, HO CBOUM COBMECTHBIM JEMCTBHEM B paMKax 3KOCHCTEMbl IPUCHIOCAOINBAIOT
T€OXMMHUYECKYIO Cpely K CBOMM OmosiorndeckuM notpedHoctsM [ 1, 2]. Tak, Hapumep, B CO31aHUH
KHUCJIOpoAa aTMoc(epbl U OpraHMYeCKHX BEIIECTB IJIaBHYIO POJib UIpaeT (OTOCHHTE3, KOTOPBIH
MIPOTEKaeT IO TaKOH cXeMme: YIVIEKHCIbIM Ta3 + Boja + conHeuyHas sHeprus (00s3aTenbHO B
NPUCYTCTBUM (PEPMEHTOB, CBA3aHHBIX C XJIOPO(PUIIOM) = IIII0K03a (YIJIeBOA) + KUCIOPO/I.

N3BecTHO, 4TO cOaaHCUPOBAHHOCTh MPOAYLIUPOBAHUS U PA3JI0KEHHSI €CTh OCHOBHOE YCIIOBUE
CYLIECTBOBAHMSI BCETO KUBOTO B Onocdepe. Takxke MokazaHo, 4YTO OTCTaBaHUE YTHIIM3AlUU BEILIECTB,
MPOU3BEJCHHOIO0 aBTOTpO(aMu, HE TOJBKO OOECHeyrBaeT IOCTPOEHUE OUOCTPYKTYp, HO U
MpeoyiaraeT CyHIeCTBOBAHME KHUCIOPOAHOW aTrMmocdepsl. Ha coBpemeHHOM »3Tarme pa3BUTUA
o01IecTBa, 4eloBeK (pa3syMeeTcs HEOCO3HAHHO) HAuMHAeT YCKOPATh MPOLECCHl Pa3IOXKEeHHUS B
ouocdepe, cxuras opraHMdeckoe BewmecTBO (yroiab, HepTh, Tra3z) U HUHTEHCUPUIUPYST
CEeNIbCKOXO035ICTBEHHYIO JIEATEIIBHOCTh (CEIbXO3TEXHHUKA, OMOTEXHOJIOTHUS, XUMHU3allus), KOTopas
MOBBIIIAET CKOPOCTb pPa3jOKeHUs rymyca (FyMycC SBJSIETCS CAaMbIM YCTOMYMBBIM HPOAYKTOM
pas3ioKeHusi, KOTOPbIi HEOOXOIUM MOYBE Il pOCTa PACTEHMI) U B PE3yJbTaTe BCETO 3TOTO MbI
YBEJIMUMBAEM COJIep)KaHUE YTIIEKUCIIOTo ra3a B atMocdepe, KOTOPBIN, MOJI00HO CTEKITY, MOTJIOMAET
uH(pPaKpacHOE H3IIyuyeHHe, HCIIyCKaeMoe 3e€MHOW IMOBEPXHOCTHIO, CO3/1aBasi TaK Ha3bIBa€MbI
napHUKOBBIN ¢ ¢deKT. JIroau oka3pIBalOTCs Kak Obl B THTAHTCKOM U IJI00aIbHOM MapHUKE CO BCEMU
BBITEKAIOIMMH OTCIOIa HETAaTUBHBIMU TTOCIIEACTBUSAMH i KiuMmarta. JlaHHas mpoOiiema ceroaHs
ABJIsIETCA IJI00aNbHOM 3a7adell yeloBeuecTBa, cyuecTByeT [laprkckoe cornameHue 1no KiuMary.
Bce 3T0 cBUIETENBCTBYET O CEPbEIHOCTH KIMMATUUECKO podiiemsl |3, 4].
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Tak, nmpu wu3MeHeHUH cpeaHeriodbanbHol Temmeparypbl Ha 10°C, T. e. B 1,5 paza ot
COBPEMEHHOT'0 YpOBHS, CKOpee OHa MpHUBEAET K HapylleHuto neicTBus npunnuna Jle-Ilartenbe-
Bbpayna [5, 6], T. e. npuHun ayrocrabunu3anuu. Otkinonenue ot npuniuna Jle-Illatense-bpayna
CBUJETEIHCTBYET O CHUKEHUH YCTOMUNBOCTH CTALIMOHAPHOTO COCTOSIHUSA OMOCHCTEM, T. €. IPUBOIUT
K HapylieHuro paBHoBecHus. CyIIHOCTh JaHHOTO MPUHITUIA TAKXKE 3aKIFOYAeTCsl B TOM, 4TO TPHU
JEHCTBUM Ha CHCTEMY CHWJI, BBI3BIBAIOIIMX HAPYIIECHHUE PaBHOBECHS, CUCTEMa MEPEXOJIUT B TaKOe
COCTOsIHME, B KOTOpOM 3G (EKT BHENIHErO BO3ACUCTBUS oOciadisercs. Tak, MpH MOBBIMICHUU
TEMIIEpPaTypbl paBHOBECHE CMEIIAETCS B CTOPOHY pPeakIuil, MAYIINX C MOTJIOUIEHHUEM TeIUla, a pH
MOBBIIICHUH JABJICHUS — B CTOPOHY PEAKIINi, UAYIINX C YMEHbIIEHHEM 00beMa; B 000MX CITydasx
KOHEYHbIE MPUPOCTHI TEMIIEPATyphl U aBJICHUS OyIyT MEHbIIE 0XXHUJaeMbIX. Takum o0pa3om, u B
IpUpOJIe, U B OMOJIOTHYECKUX CHCTEMax BCE MPOLIECCHI HAIEJCHBl HA COXPAaHEHHE YCTOHYHMBOCTU
CUCTEMBI, & HCKYCCTBEHHO CO3/IaHHBIE JKOJOTHYECKHE MpOOJIeMbl HaIpaBJICHbl Ha HapyIICHUE
paBHOBECHUSI 3TUX CUCTEM [6].

CranmoHapHOE COCTOSHUE OpPraHM3MOB TMOJJIEPKUBACTCA C TMOMOIIBI0 MEXaHH3MOB
ayTOPETyJIUPOBAHHS, UMCIOIIUX OTPHUIATEIBbHYIO 0OpaTHYIO CBi3b. PaboTa Taknx MEXaHHU3MOB Y
MJIEKOMHTAIONINX XOPOIIIO U3BECTHA. Tak, MOBBIIICHHE TEMIIEPATYPhl BHEIIHEH CPE/Ibl, ACHCTBYS Ha
MEXaHH3Mbl TEPMOPETYJISALNUN, TPUBOAUT K YMEHBIICHHIO OPraHU3MOM TCIUIOMPOAYKIMA U K
YBEJIMYCHUIO TEIUIOOTAAa4YM. 3a CYeT OSTOro TeMIeparypa Tela TOMOHOTEPMHBIX IKUBOTHBIX
MOJIJICP’KUBACTCS MMOCTOSHHOM B IIMPOKOM WHTEPBAJIe U3MEHEHUH TEMIIEpaTyphl CPe/Ibl. A BJIBIXaHHE
BO3/lyXa, COJIEPIKAIIETO MOBBLIIIEHHOE KOJIWYECTBO YIJIEKUCIIOIO ra3a, He MPUBOAUT K CTOHKOMY
YBEJIMUCHUIO €T0 HAINPSHKCHUS KPOBH, MMOTOMY YTO YIJICKHUCIIBIN Ta3 NeHCTBYS Ha XeMOPEUEITOPHI,
YCUITUBAET BO30OYKICHHE JbIXaTeIbHOTO IIEHTPAa U MHTEHCUBHOCTH ra3000MeHa, YTO HEMPEMEHHO
MIPUBOJIUT K CHUKCHHIO HAMPSDKEHUS YIIICKHCIIOTO Ta3a B KPOBH JI0 HOPMBIL. Takxke, MOCTYIJICHHUE B
OpraHM3M C MHIIeH OOJBIIOro KOJIMYECTBa COJIel He U3MEHSIET 3aMETHBIM 00pa3oM OCMOTHUYECKOTO
JIABJICHUS KPOBH, IIOCKOJIBKY MTOYKH B 3TOM CITydae HAYMHAIOT BBIBOJIUTH THIIEPTOHUICCKYIO MOTY U
KOMIIEHCUPYIOT H30BITOYHOE MOCTYIUIEHHE coyieid. TakuM o0pa3oM MOXKHO 3aKIIYHTh, YTO B
OMOJIOTMYECKHX CHUCTEMaX MMEIOTCS CIIeIMaIbHbIe MEXaHHU3MBI, TTOIJICPKUBAIONINE YCTOMYNBOCTh
CTAIllMOHAPHOTO COCTOSIHUS OpraHu3Ma, T. €. paBHOBecue. VM mpu JeHCTBUUM HA OpraHu3M
HEOJAronpUATHBIX JKOJOTMYECKHX (aKTOPOB TIOCTOSHHO COBEpIIAeTCs padoTa IMPOTHB OSTHX
(haKkTOPOB C 1EeNbI0 COXPaHEHHS PABHOBECHS OUOCHCTEM.

Ecin Ouocucrema WUCHBITBIBAET HEOOJBIIOE BHEIIHEE BO3JEHCTBUE, TO pPaBHOBECHE
coxpaHsieTca. A B ciydae JEHCTBUS BO3MYIIEHUN cHCTeMa MEePEeXOJUT OT OJHOTO YpPOBHS
CTallMOHAPHOTO COCTOSIHHS K APYroMy, OoJiee BBITOAHOMY ITPH HOBBIX YCIOBHSX. B 3 TOM ciydae Bce
YPOBHH JIeXkaT B npeaenax GU3noIorudeckux HOpM OTKIOHEHHI.

Jloka3aHO, YTO DKOCHUCTEMBI, MOJOOHO OpraHW3MaM, CIIOCOOHBI K CaMOpPETYJIHPOBAHHIO,
MIPOTUBOCTOSI U3MEHEHUSIM U COXPAHsIsl COCTOsSIHUE paBHOBeCHS. Takke, OTHON M3 BaXKHEUIIIHX 3a7a4
9KOJIOTHH SIBJISICTCSI MCCIICJIOBAHUE TPEBPAICHUS SHEPTHH BHYTPU SKOCUCTeMBl. C TOYKH 3PCHHUS
M3YYCHHUS TOTOKOB OJHEPTUM BaKHBI 3aKOHBI TepMOAWHAMUKH. COriacHO TEPBOMY 3aKOHY
TEPMOJIMHAMUKH SHEPTHS HE MOKET CO3aBaThCs 3aHOBO M MCUE3aTh, & TOJIBKO IMEPEXOIUT U3 OJTHOU
dbopMBI B JApPYryl0, a COTJIACHO BTOPOMY 3aKOHY TEPMOJIMHAMHUKH TMIPOLECCHI, CBSI3aHHBIE C
MIPEBPAIICHUSMHI YHEPTHH MOTYT TPOTEKATh CaMOIPOW3BOJILHO JIMING IPU YCIOBUH, YTO SHEPTHUS
MEePEXOIUT U3 KOHIICHTPUPOBAHHOM (CBOOOIHOI) (hOPMBI B pacCcestHHYIO (CBSA3aHHYIO), T. €. U3 ATOTO
CJIEJTyeT, YTO SHEPTHUS TIPH JTFOOBIX TPEBPANICHHUSIX CTPEMUTCS TIEPEHTH B TEILIO (0OSCIICHEHHBIN BHT
sHeprun). Mcxons U3 3Toro cieayer, 4To OTIAMYUTENTbHON K€ 0COOEHHOCTBIO OMOCHCTEM, SKOCUCTEM
u OWocdepsl B IEIOM SBISIETCS CHOCOOHOCTh CO3/1aBaTh M IIOJIEPYKUBATH BBICOKYIO CTETIEHB
BHYTpPEHHEH YHOPSAOYCHHOCTH U JUHAMUYHOCTH, T. €. COCTOSHHS C HH3KOH SHTpornuei. JKuBbie
CHUCTEMBI M3BJICKAIOT CBOOOIHYIO DHEPTHIO (HETIHTPOIIHIO) U3 OKpYXKaromen cpeabl [7].

Takum 00pa3oM, MOKHO 3aKIIOYHTh, YTO MPUHIUII PABHOBECHS UTPAECT B KUBOH MPUPOC
OTpOMHYIO poJib. PaBHOBecHe cCylIecTBYeT MEXIy BHUJAMH M CMEIICHHE €ro B OJHY CTOpPOHY,
HanpUMep YHHUYTOKEHUE XUIIHUKOB MOXKET MPUBECTU K UCYE3HOBEHHIO KEPTB, KOTOPHIM HE OyaeT
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XBaTaTh MUIIHA. ECTECTBEHHOE paBHOBECHE CYIIECTBYET M MEXKIy OPTraHM3MOM U OKPYXKAIOIICH ero
HEXUBOH cpenoid. MHOrOYMCIIEHHOE paBHOBECHE B KOHEYHOM CYETE IOAJEPKHBACT OOIIee
paBHOBecHeE B Ipupoie. [ 1aBHAS pOJIb B OEP)KUBAHUN STUX PABHOBECUH OTBEJICHO YE€TIOBEUCCTRY.
Taxoke ycTaHOBIICHO, YTO paBHOBECHE B KUBOMW MPHUPOJIE HE CTATUYHO, KaK PABHOBECHE KPUCTAILIA,
a IMHAMHUYHO, KaK JIBUKCHHE BOKPYT TOYKH YCTOMYMBOCTH. ECIM 3Ta TOUYKA HE MEHSETCSI, TO TaKOe
COCTOSIHUE HA3bIBACTCSI TOMEOCTa30M. ['OMeocTa3 SBISICTCS MEXaHU3MOM, IOCPEACTBOM KOTOPOTO
KUBOW OpraHW3M, IMPOTUBOACHUCTBYS BHEIIHUM BO3MYIIAIONINM BO3JCHCTBUSM, IOIICPKUBACT
napaMeTphl CBOCH BHYTPEHHEH Cpellbl Ha TaKOM KOHCTAHTHOM YpPOBHE, KOTOPBIH OOecriedrBacT
HATUBHYIO (HOPMaJIbHYIO) XKM3HB. HampuMep, 4acToTra myiibca, KpOBSHOE JIaBIICHUE U TeMIIepaTypa
TeNa — BCE ATO OOYCIIOBIIEHO TOMEOCTATHUYECKUMHU MEXaHU3MaMH, KOTOpPbIE PabOTalOT HACTOJBKO
XOpOIIIO, YTO MBI OOBIYHO WX HE 3aMeyaeM. Tak Kak, B MpeaeliaX «rOMEOCTaTUYECKOTO ILIATO
JCUCTBYET OTpHIAaTeNIbHAs oOpaTHas CBs3b, Onaromaps, KoTopodi 3ddekr BHemHero
OTPULATEILHOIO JEWCTBUS CHUXKAeTcs, T. €. coriacHo npuHuuny Jle-Ilarense-bpayna
(ayrocTabwimzanusi), a 3a MpeaeiaMd «TOMEOCTATHYECKOTO IUIATO» JCHCTBYET IMOJIOKUTEIbHAS
oOparHas CBsI3b, KOTOPAs MPUBOANT CHCTEMY K HEYCTOWYMBOMY CTAI[AOHAPHOMY COCTOSTHUIO H JIJIS
JAHHOTO COCTOSIHHS XapaKTepHa MaKCUMaJIbHAsI CKOPOCTh MPeBpanieHus S3HTponru. OCOOCHHOCTHIO
HEYCTOMYMBOTO CTAIlMOHAPHOTO COCTOSHUS SBISICTCS HAJIMYME MEXaHW3Ma CaMOYCWJICHUS,
paboTaromiero Mo THITY MOJOXHUTEIbHONH 00paTHOW CBsi3u. braromapsi mojgoXHUTENbHON 00paTHOM
CBSI3M BHEIIHUE BO3JICHCTBUS BBI3BIBAIOT B HEYCTOWYMBOW CTALMOHAPHON CHCTEME HapacTaOIINE
W3MCHCHHS, B pe3yJbTaTe KOTOPBIX CUCTEMa IEPEXOIUT WJIM B YCTOHYMBOE CTAallMOHAPHOE
COCTOSIHME, WJIM B COCTOSIHHE TEPMOJAMHAMHYECKOTO PAaBHOBECHSA, T. €. ITO TAaKOE COCTOSHHE
CUCTEMBI, KOTJla B cucTeMe cBoOoAHAas (He 0OeCIIeHeHHAsT) YHEPTUs paBHA HYIIO, a SQHTPOIHS (Xa0c)
UMEeT MaKCUMalbHOe 3HaueHue. [mbenh OHOCUCTEMBI CBHJETCIBCTBYET O HACTYIUICHUU
TEPMOJUHAMHYECKOTO PaBHOBECHOTO cocTosiHusA. ObeciieHuBaHue CBOOOTHON PHEPTHH, KOTOPYIO
MBI [TOJTy9aeM U3 BHEITHEH Cpejibl, MPUBOJANT K TEPMOJUHAMHYESCKOMY PaBHOBECHIO [7].

Taxum 00pa3oM HCX01 U3 BBIIIECKA3aHHOTO MOYKHO 3aKIIIOYUTh, YTO, U3y4das U IOHUMAs CYTH
OCHOBOTIOJIATAONIUX 3aKOHOB MPUPOJIBI MBI JIOJDKHBI CJIEIOBATh MPUHIIAIIAM JTHX 3aKOHOB, a HE
CTPEMUTHCS TOJUUHUTH MPUPOJY, T.€. TIOMOTas MPHUpOJie HEOOECIIeHUBATh CBOOOIHYIO DHEPIHIO,
COXPAaHHTh DPABHOBECHE MEXKIy OHOCHCTEMaMH M JKOCHCTEMaMH W TEM CaMbIM HEJIOMYCTUTh
HKOJIOTHYECKOTO KPHU3HCa.
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AHHOTanus. JIOMIHUPYIOIME XUMUYECKUE METOABI KOHTPOJIS KA4€CTBA BOJBI HE ITO3BOJISIOT
OIIpEENIUTh CUHEPreTUUECKOE BO3JCUCTBUE BCEX BELIECTB, COJAEpKaIlIMXCi B Boje. PeanbHyro
TOKCHUYHOCTh BOJIbI MOXKHO OLIEHUTb TOJIBKO HAa OCHOBAHMU (DU3MOJIOTMYECKUX pPEaKLUil >KMBBIX
OpraHu3MoB. B craTbe paccMOTpEeHbl MEPCHEKTUBBI CO3/1aHUS COBPEMEHHBIX OMO3JIEKTPOHHBIX
KOMIUIEKCOB JIJIsl OCYLIECTBIIEHUSI aBTOMaTHYECKOI0 HEIIPEPBIBHOIO KOHTPOJISL Ka4eCTBA BOJBI PEKU
Wnu, Pecnybnuka Kaszaxcran. IlpoBeneHHble HaMM — I[peiBApUTENIbHBIE  MCCIIEI0BaHUS
¢bu3nonornueckux ocobeHHOCTe BUAOB MOJUIIOCKOB BO Brername, Kutae u Poccuu no3sosmnu
OCTaHOBUTH BBIOOpP B KaueCTBE OMOCEHCOPOB MOJUIFOCKOB poaoB Nodularia w Sinanodonta. Hamm
HCCIIeIOBAaHMsI TIOKA3ally, 4TO JJISl HAJEKHOM perucTpalyy OOHApYKEHUs HACTYIUIEHUS MOMEHTa
OMOJIOTUYECKH 3HAYUMOT'O YPOBHS 3arpsSi3HEHUS BOIBI HEOOXO0AUMO OJJHOBPEMEHHO KOHTPOJIUPOBAThH
JBM)KEHUE CTBOPOK, M3MEHEHHs (OpMBbI KapHOUMIIYJIbCa U YAaCTOThl CEPJEUYHBIX COKPALICHHH.
ABTOpaMu pa3paboTaHbl U M3TOTOBJIEHBl OMOAJIEKTPOHHBIE MNPHUOOPHI i aBTOMATHYECKOIO
KOHTpPOJISI YKa3aHHBbIX napameTpoB. Ha 3Tu TexHuueckue pemieHus noisiydeHsl nateHTsl PO. Jlns
MIPOEKTUPOBAHMSI U U3TOTOBIIEHUS! OMO3JIEKTPOHHBIX MPUOOPOB AJis paboThl B ycinoBusix Kazaxcrana,
HeoOxoauMo mnpoectd HUP st usydenus Qusnonorndeckux peakuuil BbIOpaHHBIX BHUJIOB B
Oacceline pexku My, KOppEeKIIUU CXEMHBIX PELIEHU U TPOrpaMMHOT0 00ecTieyeHusl.

Knwouesvie cnosa: asmomamuueckue cucmembl HENpepvleHOZO0 OUOMOHUMOPUHSA, NYIbC
muouti, pexa Mnu, 3aepsaznenue 600ul.

BBenenue

CoBpeMEeHHBIII KOHTPOJIb 3a KaueCTBOM BOJbI JIOJKEH OCYILECTBIIATHCS B HENPEPHIBHOM
pexxume. TpaJUIIMOHHO TPUMEHSIEMbIE 1T MOHUTOPHHTA BOJHOW CpEeIbl XMMHYECKHE METO/bBI B
MPUHIUIE HE MOTYT OCYIIECTBJISTH HENPEPHIBHBIA KOHTPOJIb THICAY BEILIECTB, COAEPIKALIMXCS B
BOJIE, 3a)MKCUPOBATh TOT MOMEHT, KOTJIa CHHEPTEeTHYECKOE BO3/ICHCTBHE CTAHOBUTCS OTIACHBIM JIJISI
KHBBIX CYIIECTB. A €CIIM Y4eCTb, YTO CKOPOCTb CHHTE3a HOBEWIIMX OMOJOTHMYECKH AKTHBHBIX
BEIIECTB 3HAYUTEIHHO MPEBHIIIACT BOBMOKHOCTH BCECTOPOHHETO aHAJIN3a X CBOWCTB, CTAHOBHTCS
MOHATHBIM, UYTO 0€3 OMOJIOTHYECKOT0 KOHTPOJISI 0OOWTHUCH HEBO3MOXKHO.

BrodneKTpOHHBIE YCTAHOBKHM UISI  OCYIIECTBIICHHS HENPEPBIBHOTO aBTOMATHYECKOTO
KOHTPOJIS, MCIIONB3YIOIME B KauecTBE OHWOCEHCOPOB JBYCTBOPYATHIX MOJUIIOCKOB, Hayalln
CO3/1aBaThes €lIe B CepeuHe MpoIuIoro Beka [1, 2], Ho moka He MOIY4YHIIU HIMPOKOTO MPUMEHEHHS
Mo pAay NOpUYMH.  OTO OOYCJIOBIEHO TEM, 4YTO B cllyyae OOHapyXeHHUs >KUBOTHBIMU
HEOJIarompusITHOTO BO3ACHCTBHS, XWMHUYECKHUMH METOAAMH PENKO YyAaeTcsi HAaWTH BElIecTBa,
KOTOpBIE 3TO BBI3BAJIHM, IMOCKOJIBKY CHHEPreTMYECKOE BO3CHCTBUE BEIIECTB COBEPIIEHHO HE
n3ydeHo. Ho MMEHHO 3a 3THM METOaMH MOHHUTOPHHTA OyayIiee, Tak Kak OHU TIO3BOJISIFOT OIICHUTh
peaTbHyI0 TOKCUYHOCTD BOJBI JUIS dKHUBBIX OPTaHU3MOB.

[Ipo6nembr  ‘online’ koHTponst coctosiHus OacceliHa pekn Mimm  Bechbma akTyasbHa.
Heo6xonuMo ObICTpO (UKCHUpOBATh CiIydyad aBapHMHBIX COPOCOB, ONPENENATh HCTOYHHK,
KOHTPOJIMPOBATh TPAHCTPAHWYHBIN MEPEHOC 3arps3HEHHsI ISl TIPUHATHS Mep T10 3aIlUuThl OUOTHI U
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HaceneHus. [t mpoekTupoBaHus GMOAIEKTPOHHBIX TPUOOPOB It pabOTHI B yciaoBUsAX PecryOnuku
Ka3axcran HeoOXOQMMO OmMpaTbcs HA PE3ysbTaThl HALIMX IPEBAPUTENIBHBIX HCCIIEIOBAaHUI B
Poccun, Kutae u Beetname. B nepByto ouepens He00X0AMMO UMETh JaHHBIE O BHIOBOM COCTaBE U
IIOBEJICHUECKUX OCOOCHHOCTSX MECTHBIX BHJIOB JIBYCTBOPYAThIX MOJIIFOCKOB B HOpPME, PEaKLUIO Ha
M3MEHEHUE TEMIIEPATYphl, U3MEHEHUS PEKMMA [TUTAHUS, BIUSIHUE OCBEILEHUS, a TAK)KE UX PEeaKLIUU
XOTs1 Obl Ha OpJMHApHbIE BHJbI 3arps3HeHus. HeoOxonumo 3HaTh (U3MOJIOTMUYECKUE JaHHbBIE:
MaKCHMAaJIbHYIO aMIUIUTYly PACKPBITHSI U CKOPOCTb ABH)KEHUSI CTBOPOK, BAPUALIMIO B HOPME YaCTOThI
CEpAECYHOr0 MyJbca, OCOOEHHOCTH PEAKIINS BBIIBUKEHUS «HOTW».

IIpobremvl 6b100pa U006 MONLIIOCKO8 8 Kauecmsee OUOCEHCOPOs

Ha ocHoBaHMU Halllero oneiTa B peruoHax A3UM Mbl CUUTaEM, YTO MOJUIFOCKOB Ul paOOThHI B
ycTaHOBKax B OacceifHe peku Mnu cienyer oTOuparh M3 He3arps3HEHHBIX YYacTKOB BOJOTOKA
OJIHOTO pa3mepa Hu Bo3pacTa. bosiee Toro, cieayer oroupaTh MOJIIIFOCKOB C OJIMHAKOBBIMU TEMITaMU
pocra, ompeAenseMoM IO IIMPUHE TOAWYHBIX Kosed. Ho, naxe mpu TakoM cTporoMm otobope,
HCXO/IHOE€ HAKOIUIEHHE IOJUIIOTAHTOB B »Kabpax W MedyeHu MoxeT paziauuarbes Ha 50-70%
(HeomyOMMKOBaHHBIE COOCTBEHHBIE JAaHHBIC). DTO CYHMIECTBEHHO BIMSET HAa HHIUBHIYaJIbHOE
[IOBEJICHHE MOJUIIOCKOB B HopMme. Hamm skcnepumeHTtsl ¢ 6e33yOkamu Anodonta anatina u
nepiaoBuniamu Unio tumidus pexu OKu MOKa3ajid, 4TO 3TH BHJbI MOTYT CIIOHTaHHO, HAaXOJIsCh B
YMCTON a’pUPOBAHHOM BOJE, HA 3-5 4acoB 3aMENNIATh CEPICUYHBIN PUTM, YBEIMUUBas BPEMS MEXKAY
CepACYHBIMH COKpamieHussMu 10 12-16 cexyHn u Ooree, a 3aTeM BOCCTaHABJIMBATH €T0 (PUCYHOK 1).
YepenoBaHne TakMX I[EPUONOB XAaOTHYHO. IJTO CEPHE3HO OCIOXKHSAET IOHMMAHHE TOIO, YTO
IIPOM30LLIO: 3TO PE3KOE YXYAUIEHHE KaUYeCTBA BOJIbl WIIK 3TO UHIUBUAYaIbHAsi OCOOCHHOCTh JaHHOU
ocoOu B JJaHHBI MOMEHT. B 3TOoM cilydae cienyer OpueHTUPOBATHCS Ha KOJUIEKTUBHYIO PEAKIIMIO
Bcell rpynnsl MounockoB. B pekax Cpenneit Azum, Kutae, BeeTHame mIMpoOKO pacrpocTpaHEHbI
MOJUTIOCKU ponioB Nodularia, Sinanodonta, Cristaria. Hamm 3KCIIEpUMEHTHI C MEPBBIMH JIBYMS
BHUJIaMU TTOKA3aJIH, YTO OHU HE MOJBEPKEHBI «3aMUPAHUSI PUTMa», UMEIOT YCTOWYUBYIO aMIUIUTYAY
1 GopMy KapJHMOCUTHANA, YCTOMYMBBIM EPUOA MEXTy KapIMOUMITYJIbCAMU B HOPME (PUCYHOK 2).

[Ipu npenbsiBieHnn cTaHAApTHOTO cTpecc Tecta (morpyxenue B 4% pactBop NaCl B Teuenue
OJIHOT0 Yaca) 4aCTOTa CEPACUHBIX COKPAILEHU! Y MOJUTFOCKOB PE3KO YMEHBIIIAETCS, aMIUIUTYZA TOKE
ymenbinaercs. ®opma kapauoumnynsca Nodularia coxpaHsieTcss nyduie, 4em y Sinanodonta.
Momtocku pona Cristaria UMEIOT Mallyto aMIUIUTY]ly CUTHaJa U3-3a OCOOCHHOCTEH pacioI0kKeHUs
cepaua, hopma curHana OJv3Ka K TPEyrojbHOW. JTO BUJ HE TOAUTCS B KauecTBe OuoceHncopa. He
roasTcs Takke Buabl Anodonta anatina n Unio tumidus 1o MpUuMHaAM yKa3aHHBIM paHee.
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Pucynok 1. Och opauHaT- BpeMsi MeX]ly yAapaMu B CEKyH/Iax, 110 adciucce BpeMs B CyTKax
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Pucynok 2. Onrokapauorpamma Nodularia (A) u Sinanodonta (b)
Oacceiina pexu CyHnrapu, Kurait

Jli1g mpoBeieHust SKCIIEPUMEHTOB C LIENbI0 U3YUEHHS PU3UOIOTUYECKUX PeaKuii MOJUTFOCKOB
9KCIIEPUMEHTATOPBI IPAKTUUECKU BCETA UCTIOIb3YIOT )KUBOTHBIX, B3ATBIX U3 IPUPOIHBIX BOJLOEMOB.
Ho B npupojie 3T1 MOJUIFOCKH HAKAIIJIMBAIOT ONPEAEICHHOE KOJIMUYECTBO 3arpsA3HAIOIINX BEIIECTB U
aJlalITHPOBAIIUCH K ONPEACIEHHOMY YPOBHIO 3arps3HEHMsI. B cTaThsAX MPaKTUYECKU HE NPUBOIATCS
JaHHBIE O COCTOSIHUU OMOTOINA, U3 KOTOPOTO B3SIThI dKUBOTHBIE U YPOBHSAX HAKOILJICHHS OJUTIOTAHTOB
B TKaHAX, I03TOMY JaHHbBIE PA3JIMYHBIX aBTOPOB O MOPOTrax YyBCTBUTEIBHOCTH OJHOTO U TOTO kKe
BUJAa MOJUIIOCKOB K OJMHAaKOBBIM areHTaM CHJIBHO pasinuyarorcs. CojepikaHue MOJUIFOTAHTOB B
TKaHSIX MOJIJTIOCKOB MOXKET HE KOPPEIUPOBATh C UX COACPKAHUEM B JTOHHBIX OTJIOKEHUSAX CTBOPOB.
[TosTOMy HEIOCTATOYHO CAENaTh TOJIBKO aHAJIN3 JIOHHBIX OTioXeHWi. HeoOxoaumo mposectn
XMMHUUYECKUH aHAJIN3 HAKOIJIEHHsI BELIECTB B TKAHSIX MOJUIIOCKOB, OTJIOBJIEHHBIX B Pa3HBIX CTBOPAX
U BBIOpATh JKMBOTHBIX M3 HalMEHEE 3arpsA3HEHHOIro CTBOpa. B mpupoiHbIXx BogoEéMax MOJUIIOCKU
MOTYT OBITh MOJIBEPKEHBI PA3IMYHBIM 3200JI€BaHUSIM.

Pa3paboranHpile B Hacrosiiee BpeMmsi OWODJIEKTPOHHBIE TPUOOPHI MalblX Cepuit
PETUCTPUPYIOT WM JABMXKEHHS CTBOPOK WM CEpACUHYI0 aKTMBHOCTh. Hamm skcnepuMeHTHI 1O
W3Y4YEHHIO BIIMSHHS Ha JIBYCTBOpYATBIX MOJUIIOCKOB Anodonta anatina TOKCUYHBIX HAHO YacCTHIL
MOKa3ajy, YTO IMPH 3HAYUTEILHOM YpPOBHE TOKCHMYHOCTH BELIECTB MOJUIIOCKM THOHYT (TIOJIHAs
OCTaHOBKa Cep/lla), He YCIEB 3aKpbITh PakoBUHY [3]. DTO CBUIETENBCTBYET O TOM, UYTO Haubolee
YYBCTBUTEJILHOM K HETATUBHBIM BO3JCHCTBUSIM SIBJISETCS HEPBHAsl CUCTEMa MOJUIFOCKOB, KOTOpas
YIPaBIsAET IBUKEHUEM CTBOPOK, HOTH U MOYJIUPYET CEPACUYHYIO aKTUBHOCTD.

Texnuueckue acnekmul pazpabomku npubopos.
dopma, aMITUTYAa CUTHAJIA C ONITOJATYMKA 3aBUCUT OT MHOTHX (DakTOpoB. Bo- mepBbIX, 3TO 3aBUCUT
OT IIOJIOKEHHsI ONTOJAaTYMKa. BHYTpeHHee CTpOeHHE PpaKOBUHBI B O0JACTH PaclOJIOKEHUS
KENylouKa W TOJNIIMHA MaHTUM, JBWXKEHHME JKUJIKOCTH BHYTPHM pAKOBUHBI BJIMSIOT Ha
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WHIMBUIYAIBHYIO (OPMY M aMIUIMTYly cuTHaja. PopMa CUTHANA CHIIBHO 3aBUCHUT OT (PU3NYECKOTO
COCTOSIHMSI MOJUIIOCKAa. B HacTosmiee BpeMs Il KOHTPOJIA CEPACYHOM aKTMBHOCTH MOJUIKOCKOB
mHUpoKo ucnogapiyercst onronapa CNY 70. Ona ycnenHo npuMeHseTcsl JUIsl JOBOJIBHO KPYIHBIX
MOJUTIOCKOB, HO UMEIOIIUX TOHKYIO (10 1 MM) IIafiKyro pakOBHHY TakuX Kak Anodonta, Sinadonta,
Nodularia w np. Jnd 3akperuleHHs AAaTYMKOB HAa PAKOBHMHAX Mbl MCIOJIB3YEM KOHUYECKHM
IUTACTUKOBBIN JIepKaTeib, KOTOPBIM KIEUTCS MPSMO Ha PAaKOBUHY BOJOCTOMKHUM KieeM 0e3 eé
IIOBPEXKICHMUSL.

Koumponw 0suoicenus cmsopox.

JIBU>KEHME CTBOPOK SIBJISIETCS BXKHBIM [10KA3aTEIEM COCTOSIHUS MOJIITIOCKA. 3aKPBITHE CTBOPOK
P HEOJIaroNPHUATHBIX BO3EHCTBUSX TPOUCXOJUT PaHbllle, YeM HaYMHAET pearuposath cepie. Ha
YPOBEHb pPAacKpbITUS W JUHAMHUKY JIBWJKEHUS CTBOPOK BIIMSAET TEMIIEpaTypa, COJEp>KaHHe
OCBEILIEHHOCTh, HAJIMYUE TMHILIW, 3BYKU. BiusHUE 3arps3HEHUs MPOUCXOTUT Ha (OHE STHX
€CTECTBEHHBIX yclIoBUH. [Iporiecc OTKPBITUS - 3aKpBITUS PAKOBHHBI B CBOIO OYEpE]b BIMSET Ha
ceplieuHbll puTM. PUTM u3MeHsieTcss B ciy4yae, €Clu MOJUIFOCK BBIINYCKAeT «HOTY» U IBITAeTCs
JBUTATHCSI. DTOT aCHEKT MOBEACHHUS Cia00 m3ydeH. s KOHTpOJS ABMKEHHSI CTBOPOK HIMPOKO
UCIOJIB3YIOTCS pa3Nu4Hble JaTyuku Xoila. Hamu pazpaboTaHa mpUHIMIUAIBHO Ipyras CUCTEMa,
uMerolas 0ojee BBICOKYIO UYyBCTBUTEIBHOCTb, MCHOJb3YIOIIAsl 3JeKTpuueckuii meron. Ha stor
METO/ MOJyYEeH NaTeHT [4].

Oocyxaenne

[Ipn nmpoexkTHpoBaHUM OMOIIEKTPOHHBIX KOMILUIEKCOB MJii OpraHU3allii OMOMOHUTOPHHTA
pexku WMnm cnemyer ydecth ombiT paboTel B Poccuu, Kutae n Brername. Ha navanbHOM 5Tame
He00X0IMMO MPOBECTH PEBU3HIO BUOBOTO cocTaBa O6acceiina My 1 mpoBeCTH XUMUYECKUE aHAITU3BI
YpOBHS 3arpsAI3HEHUSI JOHHBIX OTJIOXKEHUH U TKaHEeW MOJUTFOCKOB B BBIOPAHHBIX CTBOpaX, OMPENEIUTh
T€ CTBOpBI, B KOTOPBIX 3arps3HeHHE KCEHOOMOTHKAMU HauMeHbllee. OTH CTBOPbl OyAyT B
JabHENIIeM ONMoOpHbIMU. [t u3yueHus: Gu3HONIOrHYECKUX MapaMeTpoB HEOOXOIUMO BBITOJIHUTH
3HAYUTENbHBIN 00BbeM 1a00paTOPHBIX MCCIETOBAHUN HAa UMEIOLIEMCS TPOrpaMMHO-aNIapaTypHOM
koMIuiekce. [Iporpamma ucciieJoBaHMI JTOJKHA BKIIIOYATh UCCIIEOBAHMUE JIBUYKEHHUS CTBOPOK U
U3MEHEHHUE CEPJACYHOM pUTMHUKHA MOJUIFOCKOB TIIpM HM3MEHEHHM TEMIEpaTypbl, YCIOBUMI
OCBEILEHHOCTH, COJIep KaHUs Kuciopoga. Ha ocHOBaHMM ATHX HCCIIEIOBaHUI MOKHO MPOU3BECTH
oT60p Hanbosee MoAXOAAIINX BU10B. Ha OCHOBaHMY 3TUX JAHHBIX MOXKHO OyJ€T U3TrOTOBUTH MAIIYIO
CEpUI0 YCTPOWCTB, PErMCTPUPYIOIIMX OJHOBPEMEHHO CEpJCUYHYK) PpUTMUKY U JIBUJKEHHUE
CTBOPOK.  BTOpbIM 3TamoM HEOOXOIMMO BBIMOJHHUTH MOJEBBIE MCCIEAOBAHUS I KOPPEKLUU
CXEMHBIX PEIIEHWH M MPOrpaMMHOTO OOECIedeHHs: JJisi BBIMYCKa pabodueil cepuu mpudopos. B
nporecce paboThl HaJ H3TOTOBJIEHHEM OWO3JIEKTPOHHBIX MHPUOOPOB HEOOXOAMMO MPOBECTU
oOyueHue CeHaIucTOB Uid paboThl B KAUECTBE ONEPATOPOB.

BriBoabI

1. Insg co3maHusi OTEUECTBEHHBIX COBPEMEHHBIX OMOAJIEKTPOHHBIX YCTPOWCTB Uil CETU
O6uoMoHUTOpUHTA B OacceitHe peku M nmeercs xopomuit 3aae. Hamm ucenenoBanus no3BoIHIn
OTIpEICTUTh MEPCIEKTUBHBIE BUIbI MOJITIOCKOB ISl UCIIOJIb30BAaHUS B KaueCTBE OMOCEHCOPOB. ITO
IIPECHOBO/IHBIE MOJUIIOCKHU poioB Nodularia v Sinanodonta.

2. Han nopa®oTkoi KOHCTPYKIIMHA CYIIECTBYIOIMINX 3aIIaTEHTOBAHHBIX YCTPOUCTB HEOOXOIMMO
MPOJOJKUTH COBMECTHYIO pabOTy JJIsl MU3TOTOBJICHUS MPUOOPOB Ha COBPEMEHHOMN 3JIEMEHTHOM 6a3e,
KOTOpBIE CMOTYT paboTaTh B MOJEBBIX ycinoBusx Kazaxcrana.

3. IlporpamMmMHoe oOecriedyeHre HeoOX0IMMO NepepadoTaTh /Ul Ka3aXxCKUX MOJIb30BaTeNeH ¢
ydeToM TpeboBaHnit MUHHCTEPCTBA 3KOJIOTHH, I€0JIOTUU U PUPOAHBIX pecypcoB KazaxcraHa.
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KOPHWIAFAH OPTAHBIH O3EKTI MOCEJIECI - DJHEPT'ETUKAJIBIK CYCBIH 3USIHbI
3.b. Tynrymb6aesa, I'.C. Oppin6aii

T Abaii amomoaser Kaszax yammoix nedozo2uxanvix yuueepcumemi, Aimamet k., Kazaxcman
e-mail: gulzhaira.orynbay@mail.ru

Angatna. byn makanana OyriHri KyHIE XallblK KeIl MaiJaliaHaThIH JKOHE ajaM ar3achlHa
3USIHIBI Ta3JaJiFaH CYCBIHIAPJBIH, OHBIH imiHAe — “Gorilla” CyChIHBIHBIH 3USHBI, OaybIPJIbIH
yiBIMIACy KYpPBUIBIMBIH/IA TYBIHJATAThIH ©3repicTepi Typaisl MamiMerTep OepiireH. Momimertep
OKCHEPUMEHT IKYPTi3y HOTHIKECIHIE albIHIBl. OKCIEpUMEHT BuCTp canacblHa JKaTaThlH aK
€reyKypbhIKTapFa >KYpri3iifi. OKCHepUMEHT Ke3iHIe KaHyapilapFa OSHEPreTUKAIbIK CYChIH —
«Gorilla» exi xapbIM aif GapbICBIHIIA TYPAKTHI TYPAE CYIBIH OpHBbIHA Oepini. Exi xappiM aif ©TKeH
COH JailbIHJaNlfaH TUCTOJOTHUSUIBIK IMpenapaTTapibsl 3epTTey OapbIChIHAA, OaybIpJBIH YHBIMOACY
KYPBUIBIMBIHA CYCBIHHBIH 3USHIBI OCep KOPCETKEHI aHBIKTAIIAbl. CYCBIHHBIH ocep KOpPCeTyIHCH
OaybIpABIH THUCTOJOTHUSIIBIK KYPBUIBIMBI CaKTaJMaFaH, SFHU OY3bUIbICTAP JaMbIFaH KOHE OaybIp
Kacyliajgapbl TeNnaTOIUTTEPIIH PEeTCi3 OpHalacKaHbl KepiHic Oepiai. baywslpasiH  yitbIMaacy
KYpBUIBIMBIH/IA TYBIHIAFaH MYHJAll e3repicTep ar3aFa 3USHIBI 9cep KOPCETIM, MapeHXHUMAaJbIK
OENIOKThI JUCTPOPUSFA KOHE JTOOYIIAPIIBI TeNaTUTKE AJIbII KeTyl MYMKIH.

Tyiiin co30ep: >3HepeemuKanvlK CYCblH, OAyblp, 2enamoyum, NapeHxUMansvlk Oucmpogus,
JIOOYNAPILL 2enamum.

DHEPreTUKANBIK CYChIHAAp Ka3ipri Ke3lie KoM ejiepie alKarojibCi3 CYChIH PETiHIE KeHIHEH
TaparaH. OHEPreTUKaIbIK CYCHIHHBIH 3HSHBI JKaillibl ecTil, OUICeKTe HaKThl KaHAai 3usH
KENTIPETiHIH Kenmutik 0u1e 6epmeiiai. OHBIH KypamblHJa 0071aThiH KOEenH, TaypuH, KaHT ajiaM3ar
JIeHCAYNbIFbIHA 3USIH KENTIpiM, TYpJl aypyjiapra WalIsIKTeipyaa. Jlopirepiaep MeH FajabIMIap.ibIH
3epTTeyiepine KapalTbiH Oojcak, Oyl CyChIH IIIEKTiH CO3BUIMalbl aypybIMEH, acKa3aH, oT
KOJIAAPBIHBIH aypyJapblHa ajsin kenexi [1,2].

DHepreTUKAaJIbIK CYChIHIBI KU1 KOJJIaHy aF3afiarbl MYLIETIEpPAiH KbI3METIH OY3blIl, CHIpKATTap
TYBIHJATAThIHBIH JKacecHipiMIIep MeH kactap Ouie Oepmeiini. FaasiMaapaslH 3epTTey HITHXKeENepi,
OJ1 CYCBIH XXYHKe >XyHeciHe Oipa3 yakbIT Kyml Oepim, iIIKi MymIeJIepiiH KbI3METiH 0ipa3 yakbIT
apTThIpaJbl €KeH, all cofaH KeWiH kepiciHme aicipereai. JKylke KyHeciH »oHe 1Kl MyIIenepi
T03abIpazbl. CyCHIHHBIH KYpaMbIHAAFbl XUMHSUIBIK 3aTTap *KYPEK MEH )KyHKe KyleciHe KaTThl acep
ereni. O TaxukapausFa, )KYHKEeHIH aybITKyblHA, alllyJaHFBIIITHIKKA, JEMPECCHUsi, CycaMblp CHUSKTHI
aypyJap/AblH TybIHAaybIHa abi Keneni. Kazip Oyn cycbiHFa jkacTap MEH jKacecIipimMaep apachbiHia
CYpaHBIC ©T€ KOITIT TeK O13/1IH eJiMi3/ie eMeC KONTETeH eNepIe 03€KTI Macenenepaid 0ipi OObI
TaObLIaas! [1,2].

baybipra ocep eTeTiH CBIPTKBI OpTa (akKTopJiapblHA: alKaroibAl CYCHIHAAp, Ta3fajFaH
CYCBIHZAp, aybIp METaJUIIap, XUMUSUIBIK KOCBUIBICTBIP JKoHE T.0. skataasl [3].
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DHEepreTUKaIblK CYChIH JKOFapblla aTajfaH MyYLIeNep CHUSKThl aTKapaThlH KbI3METIHE
OailaHpICTBI OaybIpFa Ja ocep Kepcereni, cebedi Oaybip (hepar) - eH ylKeH ac KOphITy 0e3i.
OMBIpTKaIBl KaHyapiap MeH aaaMaa Oayblp - KypAedi opraH, oJl OpraHM3MJEri 3aT aiMmacy
MpoIIeCiHe KaThICAIbl 9pi OHJA ac KOPBITY CONIEpiHiH Oipi - oT Ty3uieni. bayblpabiH O€T KaFbIHBIH
opTachlHa Kapaii OaybIp KaKIackl IeN aTajaTblH KeJIeHeH OWBbIK opHajacKaH. Ol apKeLIbl OaybIpra
apTepusi, KaklaiblK BEHA TaMbIPJIaphl, )KYHKe TaJIIBIKTaphl 6T 1€, OAaH JUM(}a TaMbIpiapbl MEH
©T TYTIrl WbIFaIbl. Bayblp KaKImachIHBIH aJIIBIHFBI XKaFbIH/A 6T KAIIIIFbI )KaTa Ibl. bayblp KOpraHbIII
KBI3METIH JI¢ aTKapajbl, sSIFHM TaMaK KypambIHIa OOJIBIN, 1MIEKTe CIHIPUITeH 3USHIABI 3aTTap MEH
OCNOK aJIMAaCybIHBIH HOTHKECIHJIE TY3UICTIH KAaHHBIH KYpPaMBIHIAFBl YIIBl OHiIMIep Oaybipna
3aJaichI3IaHAbIpblIaabl. baybipabiH TuMda Ty3y/eri, KaH YIObIH peTTeyIerl XKoHe KaHHbIH TYPaKThI
KYpaMBbIH CaKTay/Aarbl MaHBI3bI ©T€ 30D.

BbaypipabIH Heri3ri KbI3MeTTepi:

1. A¥3aHbl yBITTHI 3aTTap/laH Ta3apTy — KOPIIAFaH OPTaJaH aJIKOTroJb, AOPLITIK 3aTTap, TiKeneH
YBITTap KoHE T.0. apKbUIbI KETETIH YBITThI KOCBUIBICTAP/IbI 3aJAJICHI3IAaHIBIPY;

2. Jlunuari anMacyabl perTey (Maiiibl KbIIIKBUTIAPABIH, XOJIECTePHHHIH, JTUIIOPOTEHHACPAIH
&KoHe T.0. 3aT anMacysl);

3. 3ar anMacy eHIMAEPiH KoJiere xapaTy - TIPIIUTIK 9peKeTi yAepici Ke3iHe KONTEreH bIAbIpay
YBITTBI ©HIM/IEp] (alleTOH, (PeHOJ, KETOH/IBIK KOCBIIBICTAp) Maiiaa 60mabl;

4. XKempic xoHE OYHpek ycTi Oe3nepiHiH KenTereH TOpPMOHIAPBIHBIH TiKeleH CHHTEe3iHe
KaTbICYBI;

5. Ar3ara TyceTiH BUTAMUH/IEP MEH MHUHEPAIIAPAbI peTTey, T.0. [4]

ConbIMeH, 0aybIpJIbIH OMBIPTKAJbUIAP aF3achlHAa aTKapaThlH KbI3METI 30p YKOHE MaHbI3/Ibl
eKeH1 OeNrii, ocblFaH OaiylaHbICThI 013 FRUIBIMU KYMBICBIMBI3/Ia SHEPTeTUKAJIBIK CYCHIHHBIH OaybIp,
allpl IIIeK JKOHE aHAJBIK KBIHBIC O€31HIH YHbIMIACy KYpbUIBIMBIHJA TYBIHIATATBIH ©3repicTepii
3epTTeyl aJAbIMbI3Fa MaKcaT eTil KoubIK. Ce0ebi, 013 KapacThIpFaH o1e0ueTTepAe YHEPreTUKAIIBIK
CYCBIHHBIH OaybIpFa, allbl 1IEKKEe KOHE aHaJbIK JKbIHbIC Oe3/IepiHiH YilbIMAacy KYpBIIbIMBIHA dCEP
KopceTyJiepl Typaabl MOJIIMETTEP KOKTBIH KAChI JIET alTyFa 00JajIbl.

KazakcranapIk 3eprreyuiiep OipkaTap FhUIBIMHU 13[I€HIC dKYMBICTApbIH XKYpri3reH. Mpicaisl,
HazapoBa A. H. (2015) «Optypai CyCBIHAApABIH acKa3aH YJIMAachklHA 9CEp KOPCETyl»
TaKbIPBIOBIHIAFb] ©31HIH AUTUIOMBIK )KYMBICBIH/A: 3 — aif 00MbI KOKa — KOJIa CYCBIHBIH JKaHyapJiapra
Oepit, Toxiprude Kyprizy OapbIChIH/Ia, OYJI CYCBIHHBIH aCKa3aHHBIH YHbIMIACY KYPbUIBIMBIHA 3USH/IbI
ocep KOpCeTeTiHIH aHbIKTAal, KJIeCl HOTHXKeJIep ajFaH:

1. AcKa3aHHBIH LIBIPBIIITHI KaOaTTapbl ICIHI€H, KaH TaMbIPJBIPBIHBIH Tapaiybl MEH CTa3bl
KYpPreH.

2. AckazaH OYJIIIBIK €T IJIACTMHKACBIHBIH OY3bUIBICTaphl JaMbII, COHBIMEH KaTap OHbBIH
KaJIbIHAAybl MEH OYJIIIBIK €T TaJIIIBIKTAPBIHBIH BIIBIPAYHI )KYpreH [S].

An, Onrapb6aesa I'. K. (2014) «AybI3 CybIHBIH Oayblp YJINaTapbIHBIH KYPBUIBIMBIHA 9CEPi»
TaKbIPBIOBIHIAFEl JAMCCEPTALMUIBIK JKYMBICHIHBIH 3epTTey HoTmxkecinae «Taccait» aybi3 cy
KYpaMBIHJAFbI 3aTTap/AbIH KaHyapiap OaybIpBIHBIH YHBIMAACY KYPBUIBIMBIHA 9CE€p KOPCETETiHIITiH
aHbIKTaFaH:

1. Baysip ynmnanapsl anuTenniiiHiy iciHyiHe, KeiOip jKacyIIagapblHbIH MMKHO3FA YIIbIpayblHA
aJIBIIN KEJITeH.

2. Bayplp xacymanapabiH MOp(hONOTHsUIBIK YHBIMIACYbIHAA JIECTPYKTUBTI ©3repicTep MeH
MeMOPaHOTONTHIK AP GEKT TypiHJeri Oy3blUIbICTapbl TYbIHAATKAH [6].

Byrinre neilin razmanFaH CyCHIHHBIH 3USHBI Typalibl OCBIHJIAH KONTEreH JEpeKTep >KOHE
3epTTeyiep oap.

Kaszipri Tanna 613 Buctp canaceiHa )KaTaThlH aK TYCTI €T€yKYHUPBIKTapFa YHEPTETUKANIBIK CYyChIH
—«Qorillay Gepin omapasiH Mymenepi - Oayblp, ambl iMIEK MEH aHAIBIK Oe3iHiH yibIMAacy
KYPBUIBIMBIH 3€pTTEY YCTIHIAEMI3.
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MatepuaJjaap MeH dicTep

Toxipube b.AtmabapoB ateiHmarel [KMEP3W FreutbiMu — ToXipHOENiK OpTaJBIFBIHBIH
3epTXaHANBIK JKaHyapiap BUBapwiiiae xyprizinmi. 3eprrey 20 Buctp canacelHa KaTaTblH ak
ereykyhpoikTapra (4 O0axpuiay, 16 ToxipuOenmik) eki skapbiM ait 60iibl «Gorillay — sHEpreTUKaNBIK
CYCBIH O€py apKbUIbI XKYPri3iii.

Toxipube OapbICBIHIA ETeYKYHPBIKTAP KaJbINThI BUBAPUMJIIK JKaFaaina, KYHACHTIKTI
6akputayna 6omel. bakpiiay TOOBIHAAFE! ereyKyipbikTapra 200 rpaMMIBIK HIBIHBI KYThIFa KYWBUTFaH
aybl3 CYbI JKOHE KaJBINThl KOPEKTIK 3aTTap KYHIETIKTI Oepiminm oTeipAbl. KamraH ToxipuOesnik
TonTarbl ereykyipbikrapra 200 TpamMablK IIBIHBL KyThiFa KyHAenmikTi «Gorillay cychiHbIH
KYWBUIIBI JKOHE BHUBApUIJIIK KaJbIThl KOpeTik 3arrap Oepinmi. JKaHyapnapra KyHAENTIKTI
MopdomorusuIbIK OaKeUIay Kyprizinai. XKanyapmapasl Tona 6eny 1 kectene KopceTiireH.

Kecre 1. 3eprrenren sxanyapiap/IbIH TOKIPHOEIIiK TONTAPHI

Ne Kanyapnap Canbl XKyprizinren mapanap
TOTTAP
1 | bakpuiay ToObI 4 arajbIK BuBapuiinik KajabllThl KOPEK + aybI3 Cy
2 | Toxipubenik Tor 14 aTanbIk BuBnapuitnik kaneinitel  Kopek +  «Gorillay
CYCBHIHBI
3 | Toxipubenik Tor laTtaabik+1 BuBnapuitnik  kaneintel Kopek +  «Gorillay
aHAJTBIK CYCBHIHBI

XKanyapnapra  mopdonormsuiblk  Oakputay — kyprisy — OapeiceiHblH 10 ToymiriHe
NeiiH e3repic Oalikaamabl.

3 anta eTkeHe, 11 — Toxipube ToOBIHAAFbI €reyKYUPBIKTBIH O1peyl TIPIIUIITIH KONAbI, KalFaH
ereyKyMpbIKTap/a calMaKTapblHbIH apTybl )KOHE arpecCcHUsUIbIK KyOblIbicTap Oaiikansl, 6ip — OipiH
TICTENEeN, ThIpHAFraH, KeWOipeynepiHae [eHeciHIH >KaObIHIbl JKYHIHIE KapailFaH es3repicTep
OalKaIabl.

1 ait eTkenze, Il — 3eprrey ToObIHAAFb! 1 aTanbiK xoHe | aHANBIK ereyKyHpbIKTap OipiHiIl 5
YpIIaKThl AYHUETe ajblll Kelfi, Oy yprnakrap oyci3ziey, AeHEeCIHIer! KaObIHIbI )KYHIEpl CUPEKTEY
OosraHbl OalKaIbl.

2 ait etkenae III — 3epTTey TOOBIHAAFBI €reyKYHpBIKTap €KiHIII 5 ypHakThl JYHHUEre ajiblil
KeIIi, OyJ1 ypriakTap 9JCi3, JeHEeCIH er1 KaObIHIbI KYHIEP1 6T€ CUPEreH, 2 — anTaJaH COH OapIIbIFbI
TIPIIUTITIH KON IBI.

Toxipube asixranran cod Il TonmTarel >kaHyapiapra KeHUI 3(QUpIIK HapKo3 Oepy apKbLIbl
AexkanurTanus okacanapl. JlekanuTtanms «3epTXaHaNbIK SKaHyapiapAsl KOJIJAHbBIN, MEIUKO —
OMOJIOTHSUTBIK 3€pPTTEYJIEp KYPTi3yre apHajiFaH XaJbIKapalblK YCHIHBICKA COMKEC IEKaIrTuTaIHs»
o/liciMeH )Ky3€ere achIpbUIIbl )KoHe 0aybIp, OYHpeK, alllbl 111eK, acKa3aH, aTaJbIK XKOHE aHAJIBIK KBIHBIC
Oe3nepl anbIHABL. AJBIHFAH Marepuanfap apHaiibl ¢(raakonnarsl 10% ¢opManuH KyWbulFaH
(bakoHAapFa CaJIbIHBIIN, TUCTOJIOTUSIIBIK 3ePTTEY KYPrizyre JalbIHIANbIN, dAETTEr1 Yiri OOWbIHIIA
THCTOJIOTHSUTBIK TIpeTaparTap JalbIHIANIAbl, TeMAaOKCHIIMH OOSybIMEH OOsUIBIN, OMHOKYISPIIBI
mukpockorn ZEISS Primo StarMeH TECTONOTHSUIBIK 3€pPTTEY KYPTi3iiii.

3epTTey HITHKeECH

bakputay TOOBIHIAFbI ereyKYHpPBIKTBIH OaybIpblHAH JailblHAAIFaH IpenaparTbl 3epTTey
0aphICBIHIA, OHBIH TUCTOJIOTHSUTBIK KYPBUTBIMBI cakTanFaH. [lopTanbasl BeHaTaH pajnanbli Typle
KYH COyJeCiHeW renaroluTTep OpHajackKaH. | emaTouuTTepAiH 3MUTENNl allbIK TYCTI, sIpOIaphl
nomayiak mimiHai. [lopTanpai TpakT T KamWwuIApbl, apTepus >KOHE BEHA KalWJUIApJapbIHAH
KypairaH. bayblp kamcymacel jkyka IoHekep TiHHeH TysiareH (1 cyper). ToxipuOere anmbiHFaH
ereyKyMphIK OayblpplHAaH JalbIHIAIFaH IpenaparTbl 3epTTey OapbIChIHAA T'MCTOJIOTHSIIBIK
KYpPBUIBIMBI CaKTaJIMaraHbl, Oy3blIFaHbl Oaiikanael. [ emaronurrepi perci3 opHanackas. ['emarouut
apaybIK KEHICTIKTEp KeHeHreH. I'emaTonuT nuroniasMalapblHblH IIeKapalapbl aliKblH €MeC jKoHe
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Ty#ipiiikrepre ToiraH. KemrTereH rematomuTTepiH SApOJaphbl >KOWbUIFaH. [emaTonuT apajbIk
KCHICTIKTEpJIE OINAKThl JIUMQOIMUTTEp MEH TUCTUOLUTTEp >kuHaiFaH. Keibip remaTomuTTepiiH
SIpOJIapbl MAaHBIHAH alIBIK KeHicTIKTep Oaiikanazsl. OmakThl 06JiKTiK TU(POTrHCTULIUTAPIIBI CiHOSIEp
KOHE JIOOYJISApibl Maila OINaKThl Hekposaap Oaiikamaawl (2 cyper). ToxipuOenik TONTaFbl
MpermapaTTsl 3epTTey OaphICHIHIAFB AHBIKTATFAH ©3TEepICTEp KeNeCi MaToNOTHsIIapFa allbIl Keiryl
MyMKiH. [lapeHXumanblKk OCNOKTBI (TYHIPIIIKTI) IUCTPO(US >KOHE THAPONUSIBIK IUCTPOQUS.
OmakTel SAPOJAPABIH JKOHE IMTOIUIA3MaNapAblH HEKpo3bl. llaromopdonorusislk  KepiHici
CO3BLIMAJIBI JIOOYIIAPIIBI TeAaTUTKE TOH.

I'enaTouuT — 6aysIp OeniKienepiHiH OaraHIapbIH KypaiThIH, OaybIpIbIH KbI3METIH i€ XKY3iHIe
aTKapaThbIH >KacCyIIacChl.

['emaTouuTTepAiH HETI3ri KBI3METI - KaHFa HEMece OTKe OeJiHeTiH OeNCeHIUNIri apTypii
3aTTapiabl cakTayra, Ty3yre, >KHHayFa KaTbICabl, ac KOPBITYyFa KaKeT oT Oeiin oThIpaabl. by
nporecTepIiH Oy3bUTybl TOMEHE aTallFaH aKayJIbIKTapFa ajIbI KeJIei.
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Cyper 1. bakpuiay ToObIHIaFbI OaybIp Cyper 2. ToxipuOenik TonTarsl 0aybip
KeciHAiCiHIH KepiHici, 40x KeCiHAICiHIH KepiHici, 40x

Huctpodus - sxacymanap MeH yiImajlapblHAa 3aT aJIMAacyYbIHBIH Oy3bUTybIHA OailIaHBICTHI
JAMUTBIH TaTOJIOTUSUIBIK ©3repicTepAl alTaibl, 3aT ajMacy YPAICIHIH TeK jKacylla iiHae Oy3bUTybl.
Bbynap: 1) 6enokThIK; 2) Maiiiibl; 3) KeMipCyJsibl TapeHXUMANBIK JUCTpOodusIap Aen OesiHeal.

BenoKThIK MapeHXUMaiblK JUcTpodusiap - kKacymaaa OeloK aaMacyblHbIH OY3bUTybIMEH
KaTap Cy-3JIEKTPOJIMT aJIMacyhl Jla ©3repir, [IUTOIIa3Majia Cy MeJIIepi oTe Kooeiei.

CoHBIMEH, SHEPreTUKAJBIK CYBIHIBI €Ki jKapbhIM ail yakbIT KaOblijay OaybIpJblH YHbIMIAcCy
KYPBUIBIMBIHA 3USTH/IBI 9CEP KOPCETIN, KeJecl o3repicTep il TybIHAATaThIHBIH KOPCEeTTI:

e BaybIp/IbIH TUCTONOTUAIIBIK KYPBUIBIMBI OY3BLIBII, T€MaTOLUTTEPAIH KYPBUIBICH ©3repicKe

YUIBIpaNIbL;

e ['emaTouuTTepaeri sIponapablH KOUBLTYBI KYPEi;

e Jluctpodusira, co3puIMaibl TeMaTUTTI 1aMbITYbl MYMKIH;

o JIoOys1pIbI renaTUTKE alibll Kelyl MYMKIH.

Ocpiran  OailJTaHBICTBI, DHEPTETHUKAIBIK CYCHIHHBIH 3WUSHABUIBIFBI TYpaJbl Makaiaiap
JKapusuIal, )kacTap MEH OKYIIbUIap apachIHia AOHTeJIeK YCTe XKYPri3il, OoJamaKTa >kacTapAblH AeH1
cay OOJIBIIT 6CYIH JKQHE canayaTThl OMIpP CAITHIH YCTaHYbl YHPETY KasKeT.

9oebuemmep
1 XKXymabaer C., /Almaty-akshamy.kz/OneymeT/DHepreTUKAIBIK CyChIHIAD aJaM ar3achlHa
ete KayinTi. - 2019 Ne 28,29 (5222) ¢ 27.
2 Kypoukuna M., Myslide.ru.«Bpen sHeprernueckux HamutkoB» 2012-06-22.
3 3enenyxuna JLIL.. BiusHue sHepreTuyecknx HAIMMTKOB Ha OPTaHU3M UYesIoBeKa //
CoBpeMeHHbIE Hay4HbIe UccienoBanus 1 nHHoBaruu. 2012. Ne 2 [DnexTpoHHBIH pecypc] / calT —
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TA3JAJIFAH CYCBIH O9CEPIHEH ATAJIBIK ’)KbIHBIC BE3IH/IE TYBIHIAWTHIH
O3I'EPICTEP
3.b. Tynrymb6aesa, K. X. Caiinaybek

Abaii amvinoazel Kazax yimmulx nedocoeukansly yHugepcumemi, Aimamol K-col, Kazaxcman
e-mail: kazyna.12.1997 @mail.ru

AHHoTauusl. lazmanFaH CyCBIHIApABl JKAacCTapAbIH KeIl KOJJAaHybl Ka3ipri TaHIa
ITYHHUEXKY3UTIK MOceeH1 TybIHAAThII OThIp. Ka3zakcTanaa xacTapAblH OChI CyCHIHAAPABI Mai1alaHybl
aptnaca kemimeyne. ['a3manraH CyChIHAApAbl KHMi KOJNJIAHYy JACHCAyJbIKKa Kepi acep OepeTiHiH
FaJIBIMZAp 3€PTTEIN, MaKajajap Kapusulara. 3epTTey OapbhIChIHIAra3/lalfaH CyCHIHHBIH KypaMbIHIa
ar3ara 3UsH KeNTIPETiH Kocrnayiap 0ap eKeHi aHbIKTaIabl: opTodocdop KBIIIKbUIBI, KOKarH, KOQEHH,
CYCBIHFa TYC OepeTin Oostynap. bostynmap KypaMbIHIa KaHIIEpOTeH1 KapaKOMIKbLT OaIKpIManap xKoHe
KaTepJi 1CIKKe ajblll KeJIeTiH popMaabAerul — 01 KaHIICPOreHIe aifHAIaThIH METHJI CITUPTIH O6JIiI,
ar3ara 3USHIBI ocep KOPCETETiHIH OipKarap 3eprreymiiep MamiMaereH. Meicaibl, mpodeccop
3.b.Tynrbi0aeBaHbIH KETEKIIUTINIMEH OipKaTap 3epTTey >KyMBICTaphl >Kypri3inin, Koka-konaHblH
OaybIpAbIH, OYHPEKTIH >KOHE OKIIEHIH YHbIMIAacy KYpbUIbIMBIHA CO3bUIMAJIbl 3CEP KOPCEeTYl, OChI
MyIenepe e3repicTep TybIHAATaThIHBI aHBIKTANAbl. Koka-Kona KypaMbIHIaFbl )KOFaphlia aTiaraH
Kocranmap Oyiipexk meH Oayblp KypbUIBIMIAPBIHAA KACYIIAIBIK JEHTEWUJeri esrepicrep
MAapeHXUMATO3/IbIK aKybI3IbI-TAMIIBLIBI JUCTPOPUSHBIH JaMybIHA aJIbIll KETIETiHIH KOPCETKEH.

Kinmmik ce30ep: eceyKyupbviK, amanvlk HCbIHbIC 0e3i, YUbIMOAC)y KYPblIblMbl, 2a30418AH
CYCbIH, WaYem KaHaIuaniapsl, CRepmamo3ouomap, UHmepCcmuyus, SNUmenruoyummep

AMepuKaHABIK FaJdbIMAAPABIH MIKIpiHIIE, Ta3JajifaH CYChIHAapJa Ma3achl3/IbIK IE€H
YHUKBICBI3JIBIK, AETUApATAILMS, aC KOPBITY KYHECIHIH TITIpKEHYI, XKYiKe jKyleci, TepiHIH KbI3apybl,
30p LIBIFAPYIBIH  JKOFApbUIAybl, JKYPEK COFBICHIHBIH  ©3TepylH  TYIBIPAThIH  KETKUIIKTI
BIHTAJIAaHABIPYIIBI 3aTTap 0ap eKeHi Typaibl ManiMertep Oepinred [1,2,3].

Xorapel OKy OpbIHIApbIHIA CTYIEHTTEp apachlHAa cayalHama >KYprizy OapbIChIHIA
pecnionfeHTTepAiH kenmiiiri (74,4 %) kyHiHe Oip 0GaHKa MeJIEpiHJE ra3JajifaH CYChIHIap.bl
TYThIHFaHbI Oenrini Oonpl. Herisri cebentep-TYHI1 OKy Ke3iH7e ©HIMIUTIKTIH jKoFrapbuiaybl (28%)
KOHE KapamailbiM KbI3BIFYIIBUIBIK (23%) koHe ne OipkaTapbl ra3iaifaH CYCBIHIBI 3USHIBI Jem
caHaiiaipl (44,4%), CTYIEHTTEp/iH KapThICHl ©3/1ePiH YHEPreTHUKAIBIK CYChIHFA TOYeJIi eMec Jel
canauel (51,2%). Hotmxecinae crynentrepaid 80% OCHI CyCBIHIBI CYHIN IMIETIHAIT KOHE OHBIH
ar3ara KaHJai 3MsSH KeNTIpeTiHI Typaibl MOJIIMETIIEH TaHBIC eMeC eKeHiH aHbIKTanisl [4,5]. A,
Oayblp MeH OyHpeK OopraHu3Mi TOKCHHII 3aTTapAaH KOPFAWTHIH >KOHE TOMEOCTa3/bl CaKTaWTHIH
myuenepre okaranpl. COHBIMEH KaTap, OYHPEKTIH KbI3METI JKBIHBIC JKYHeCIMEH Jie TBIFbI3
OaiilaHbICTHI OOTFAHABIKTAH, KaYIIITI ©3repicTep penpoayKTUBTI KaFblHaH Oailkanybl MyMKiH. bipak,
ra3jlajifaH CyChIHJApJbIH KBIHBIC Oe3liepiHe acep KepceTyi Oi3fiH pecryOnMKaMbI3a eTe a3
3epTTENTCH JKOHE ra3/lajiFaH CYChIHIAP/IbIH JKaHa Typiiepiae apryaa [6,7].

lazmanran CychIHABI KWl KOJJAHY ar3aJaFbl MYIIENEPAiH KbI3METIH OY3BIN, CBIPKATTap
TYBIH/IATATHIHBIH JKacocHipiMaep MEH kactap Oune Oepmeiini. Fambimaapabiy 3epTTey HOTHXKENIEpi,
OJ1 CYCBIH XXYHKe >XyleciHe Oipa3 yakbIT Kyml Oepim, iIIKi MymIeJIepAiH KbI3METiH 0ipa3 yakbIT
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apTTBHIPAJBl €KEH, al COAaH KeHiH kepiciHmie ancipereni. JXKylke xylieciH *oHe 1IIKi MyIuenepai
T031bIpaabl. CyChIHHBIH KYPaMbIHAaFbl XUMUSJIBIK 3aTTap KYPEK MEH KYHKe kKyleciHe KaTThl acep
ereni. On TaXWKapAusra, )KYHKEHIH aybITKYbIHA, alllyJTaHFBIIITHIKKA, EIPECCHs, CyCaMbIp CHSKTHI
aypyJapJblH TybIHIAybIHA anbin keneai. Kazip Oy cyceiHFa ’acTap MeH kKacecHipiMaep apacbiHaa
CYpaHBIC ©T€ KOIITIr1 TeK Oi3]iH eliMi3/ie eMec KOITEereH eliepe 63eKTi Macenenepain 0ipi 0obIm
TaObLIaab! [8,9].

3eprTey 9aicTepi JKoHe MaTepHaJAapbl

Toxipube b.AtmabapoB ateiHmarbl [KME3UW FreutbiMu — ToXIpUOENiK OpTaJBIFBIHBIH
3epTXaHAJBIK XKaHyapliap BUBapUUiH/e )KYpri3immi. 3eprrey yiriH aeHe canmarsl 180-200 r, sxacer 5-
6 ailnbIK «BucTtap» TYKbIMIaChIHA )KATAThIH aK €reyKYWPBIKTAPAbIH aTalbIKTaphl TAHJANIBII AJTbIHBIII,
eKi JKapbIM aii 6o1ibl « Gorillay — cycbIHBIH Oepy apKbUIbl XKYprizingi. bi3nin Oy xanyapabH TYpiH
TaHJaMn alybIMbI3Fa, OMOJOTUSUIIBIK KOHE MEIUIIMHAJIBIK SKCIIEPUMEHTTEP 1€ KEHIHEH KOJIAaHbUIAThIH
KaHyapiapabIH Oip TYpi, OChl TYKBIMAACKA JKaTaThIH €TeYKYHPBIKTapFa *KYPTi3UIeTiHI HETi3 OOJIbI.
OnapablH TIPIWIUTIK €Ty JXaFJalbIHbIH JUAllO30Hbl KeH OONFaHIIBIKTaH, SPTYpPJ MyIIenepi MeH
KYHENepiHiH peakuusuIaphbl, aJaMHBIH MYIIEJIepi MEH JKyHelepiHiH peakuusIapblHa YKCACTHIFBI 1a
ceberri 60mb1. COHBIMEH KaTap, MaHbI3AbI OaCHIMIBLIBIFBI, SKCIIEPUMEHTTI KOII KaHyapJiap CaHbIHA
KYprizyre MyMKiHmiK Oepe anmaapl. DkcrepumenT 20 ereykyipboikka xxyprizuiai. XKanyapnapaas 3
Ton KypsULAbl. bipinini Ton — 6akpuiay TOObI, eKiHIl TOI — ['opuiIa ra3aanFal CyChbIHbIH 2 jKoHE 2,5
ail KaObUIIaFaH XaHyapJiap, YIIiHII Ton — [‘opuiia CychIHBIH 2 koHE 2,5 ail 00ibl KaObUTIaraH
xanyapnap. Toxipube GapbIChIHIA €TeyKYUPBIKTAp KAJBINTHl BUBAPUIIIK KaFaaiaa, KYHIEIIKTI
Oakputayna 6onbl. bakpinay TOOBIHAAFE ereyKyipbikTapra 200 rpaMMIBIK IIBIHBI KYTHIFA KYWBUTFaH
aybl3 Cybl JKOHE KAJBIMTHI KOPEKTIK 3aTTap KYHIEMIKTI Oepiminm oTeipabl. Kamran Toxipubenik
TonTarkl ereykyipoikrapra 200 rpamMabIK MIBIHBI KYThIFa KyHAETIKTI «Gorillay cycChbIHBIH KYHBUIJIBI
’KOHE BMBAPHIIIIK KaJIBINTHI KOPEKTIK 3arTap Oepinai. KaHyapiapra KYHIENIKTI MOP(OIOTUSIIBIK
OaKplIay HKYPri3uil.

3epTTey 00BEKTICI peTiHJIe ereyKYHPBIKTApIbIH aTalbIK XKBIHBIC 0e3/1epl SIKCIepUMEHTANb11
KOHe Oakpliay TONTApbIHAH ajbIHABL. ~ 3€pTTTENTeH JKaHyapjap TOOBIHBIH CaHbI | Kecrenue
KOPCETLUITeH.

Kecte 1. XKanyapaap/s! TonTapra xoHe SKCIEPUMEHT Mep3iMaepi OoiibiHIIa 0oy

Kanyapaap IKCNepUMEeHTTiH 60 75 IKCNepUMEHTTIiH
Ne | TOOBI oacrany Ke3iHaeri | TOyJiK | TOYJIK | COHbIHAAFBI
JKaHyapJiap caHbl JKaHyapJiap caHbl
1 | bakputay ToOBI 8 4 4 0
2 | 'opuina 10 5 5 0
CYCBIHBIH
KaObUIIaranaap
3 | l'opwia 1+1 2 2 2
CYCBIHBIH
KaObUIIaFaHap
6 | bapabirel 20 9 9 2

XKanyapnapra Mopdonorusiblk 6akpuiay Kyprizy O6apbichiHbIH 10 Toynirine AeiiH e3repic
OaiKaaMabl.

3 amnta eTKeHne, [I-Toxipube TOOBIHAAFBI €TeYKYHPBIKTHIH Oipeyi TIPIIUIITiH KOUIBI, KaJdFaH
ereyKyHphIKTapa calMaKTapbIHBIH apTybl KOHE arpecCUsUIbIK KYObUIbICTap Oaiikanisl, 0ip-OipiH
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TicTenen, ThIPHAFaH, KeiOipeynepiHae AeHeciHiH XaObIHIBI KYHIHAE KapaiiFaH es3repicrep
OaliKayI kL.

1 aif eTkenne, I1I-3epTTey TOOBIHAAFEI 1 aTANBIK *)oHE | aHANBIK ereyKYWpBIKTap OipiHmIi 5
YpHaKThl JYHUETE aJIbIll KeJl, Oyl yprakrap oyci3fey, JeHECIiHIET1 KaObIHABI KYHIEPl CHPEKTEY
OorraHbl OaliKam bl

2,5 aii etkenne Ill-3epTTey TOOBIHIAFBI €reyKYHPBIKTAp CKIiHII 5 YPHaKThl JYHUETe aJIbII
KeJi, OyJ1 ypriakrap oJci3, IEHECIHAeT] KaObIH bl )KYHIEPl O6TE CUpEreH, 2-anTagaH COH OapiIbIFbI
TIPUIUTITIH JKOUIBI.

Toxipube asikranran coH Il Tomrarel >kaHyapiapra xKeHUT dQHUpIIK HApKO3 Oepy apKbLIbI
neKanuTanus skacanabl. JKapbIK coylienal MUKPOCKOIIEH aTalblK >KbIHBIC O€31H 3epTTey YIIiH,
matepuan 10% ¢opmanun epitinaicinae pukcanusuianapl. YATiiep KaObUITaHFAH JKaIIbl 9ICTEp
OolbiHIIA nadipiHOanael. Mymenep 5-6% Ta3za Oamayca KockUFaH mnapadunai OJoKTapMeH
KanTtaiasl. MHKPOTOMHBIH KOMETIMEH aTalblK JKBIHBIC O€3iHIH y3blHAa OOWBIH Ooiiynail xoHe
KOJIJICHEH KECIHIICI apKbUIbl OTKI3UITeH KaJbIHABIFI 5-6 MKM mapaduHIi  KeCiHauIep
TN BIH/TAJITBI. KecinminepaiH MHUKPOAHATOMHSUIBIK ~YHBIMAACYBIH 3epTTey YmIiH Maiiep
reMaTOKCUJIMHIMEH, 03UHMEH, koHe a3yp Il - so3unmen Oosuiael. bosutran mpenaparrapabiH OeTi
KaHaJaJbIK Oajib3aMMEH KaObUIJIbI.

3epTTey HITHIKECH

Bakpuiay TonTarsl )kaHyapJiapIbIH aTAJIbIK KBIHBIC O€31HEH JalbIHIAIIFaH MPENapaTThl 3epTTey
OapbIChIH/IAa KYpaMbIHJAFbI YPBIK IIBIFAPY ©3€T1, OYIIIBIK €T, KaH aifHally jkoHe JuMda TaMbIpliaphl,
HEpB JKOHE INAHABIpIAp KIPETiH YPBIK KAaHAIIIACHl AaHBIK KepiHic Oepai. ¥YpBIK IIBIFapy
KaHAJJAApBIHBIH SIUTEIUOMUTTEPIHIH MeMOpaHalapbl >KaKChl KOpIHEMl, sIpojapbl OpTachIHIAA
OpHaJIaCKaH, YPHIK IIbIFapy Oe3/1epiHiH MilliHep] ToMalaK, COMaKIiia xoHe 0api OipKeki KaTapiiaca
opHajlacKaH. ATanblK 0e3 KeCiHJICI KUMa >Ka3bIKThIFbIHA OaiJIaHBICTBHI HE JOMalaK HE COMakiia
mimiHgl Oonbim  Kenmeqal. ¥YPbhIK KaHANIIBIKTApBbIHBIH apachlHaa JoHekep yima MeH Jledaur
Kacylanapsl opHajackaH. Jledaur xacymanapblHblH 0aCThl KbI3METI - CEPMATOr€HE3/IIH JKy3ere
acybIHA KQKETTI aTalbIK KBIHBIC TOPMOHBI TECTOCTEPOH Bl CHHTE3/1ey. KaHAIIIBIKTHIH KaOBIPFAaChIH
muddepeHIMAIaHaThIH KIeTKaJapaH TYpaTbiH OipHelle Kabat kieTkanap Ty3eni. OnapaslH AaMybl
0asasippl MeMOpaHa/laH KaHAJIIBIKTBIH ©3€riHe Kapail OarbiTTanaabl. KaHammblKk KaObIpFachblH
CIiepMaToreH1l AMUTENNN KiIeTKajdapblHaH 0acka coMaTHKaNbIK CepTOIUTTI KIEeTKaIapbl Kypauibl.
Onap TpodUKaIbIK, TIPEKTIK, PETTETIm >XoHE (arormuTapiblK KbI3MeT arkapanabl. CepToiauTTi
KJIETKaJIap/IblH apachlH/a CIepMaTOroHuiIep opHanacasl. Onap ipi AApoJIbl )KOHE KeJeMi Killlipek
OoubIn kenreH. KaHambIKTBIH 19JT OPTAChIH/IA CIIEPMAaTO30MATAp OpPHAIACKAH.

Toxipubenik TonTarsl 2,5 aif MEp31MIHJIE CIHAK JKYPIi3UIreH JKaHyapiaapAblH aTajlbIK KbIHBIC
Oe3iHEeH AalbIHAANFaH TpenaparThl 3epTTey OapbIChIHIA KYpaMblHAAFbl YPBIK IIBIFApy ©3€ri,
OyIImIBIK €T, KaH aiiHamy »XoHe JuMda TaMblpiapbl, HEpB OHE MLIAHJBIPIAp KIPETIH YPBIK
KAaHAJIIIIACHBIH 1CIHIeH1 aHbIK KepiHic Oepai. IciHy GapbIchiHAa YPBIK KaHATIIBIKTAPBbIHBIH MILITHAEP1
e3repicke yiblparad. TyTikimeneri *acyma apajiblK KEHICTIKTEp apTKaH, KeHOip TyTikienepae
CTiepMaTUATEp MEH CHEPMAaTO30MATAp AYPHIC KalbINTACIaFaH, SFHH KeHOip crepMa3ouaTap.IbiH
KYHpBIKTappl —KaJbllITacllaraH. ©Ojae0HeTTepaeri MoNIMETTepAeH Oenruli  CrepMaTo30MIThIH
KYUPBIFBIHBIH KYPBUTBIMBIHIA MHUKPOTYTIKIIENep OOJIATBIHBI JKOHE O TYOYJIMH aKybI3bIHAH
TYpaTBIHBI, SIFHU, CIIEPMATO30MATap KYHPBIKTAPBIHBIH KaJBIITACTIaybl )KaCYIIAJBIK ACHI€H I TYKbIM
KyaJIalTBIH aKnapaTThIH IYphIC OepiiMeyi HeMece CYChIHHBIH KYPaMbIHAAFbl XUMHSIIBIK 3aTTap IbIH
ocep KOpCeTyiHeH KaKeTTi aKMapaTThlH ©3repiCKe YIIbIpay HOTH)KECIHEH apHailbl aKybI3IbIH
CUHTe3enMeyiHe OalmaHbICThl 00ybl 1a MyYMKiH. Ce6ebi, 3HepreTUKabIK CyChIH KYpaMbIHIaFbl
KOoCmayuiap »KaHyap OpTraHM3MiHE MYTareHzi dcep KOpCeTil, TYKbIM KyaJalThlH akmapaTTapiblH
e3repicTepre yIIbIpayblHa allbIll Kelyl J€ MYMKiH. be3nepliH KeHeWreH KybIChl KOWBIPTIAK
CEKPETIEeH TOJIBII, CHIPTKBI KAOBIFBIH JKaphIll, KOMBIPTIAK Y03MHO(HIIBAI MaCCaMEH TOJFaH YJIKEH
KybIC Ty3UIreH. KucTosbl KybIic KaOBIPFachl KIHIMIKE KOHE KaJbIH JOHEKEp YINAachlHAH KypaJiFaH.
KucTo3mbl KybICTBIH iIIKI aliMarbl eMi3iKIIeNi »oHe TYOyJsapiibl KypbUIBIMIBI KyparaH. ExiHmri
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ailMarbl KOWMAJDKBIH CYHWBIKTBIK KYBICTBI TYOYISPIBI KYpBUIBIMHAH KypanFad. Onap TBIFbI3
(buOpO3abI YIIITAMEH KOPIIaIFaH.

CoHbIMEH, YHEPreTHKANBIK CYChIH «[ opuilia» skaHyapiap ar3achlHa 3USHIBI dCEP KOPCETI,
OipkaTtap e3repicTep/i JamMbITThl. MbICalbl, CIIEPMATO30HITAp KAJIBINTACATHIH YPHIK KaHAJIIIAIAPhI
iCiHAI, jKacymla apaliblK KEHICTIKTEpi apTThl, CIEPMATO30MATAPABIH MIIIHAEPl e3repicTepre
yuieipaabl. OHIal e3repicTep KarapblHa CIIEPMAaTO30HMATap OacTapblHBIH MOMBIHIAPBIHBIH JKOHE
KYHPBIKTAPBIHBIH ~ JYPHIC KAJBINTACAyblH JKaTKbI3yFa Oomanbl. bynm  e3repictep  kemneci
MATOJNOTHUSIIAPABl  TYBIHAATAIBI: ACIIEPMHUsSI, OJUTOCIIEPMHUSI, A300CIEPMUs, OCTCHO300CIIEPMHUSI,
TepaTo300CcIepMus. ACIIepMus - CliepMaHbIH TOJBIK 00JIMaybl; OnurocrnepMusi — O6JIIHICH criepMa
KOJIEMIHJIE CIIEPMATO30MITAp CAHBIHBIH a3 00Jybl; A3oocrepmus — OOIHTeH criepMa KeJeMiHe
criepMaTo30uaTapIbiH 0onMaybl; OCTEHO300CTIepPMUS — CIIEPMATO30UATAP KO3FAIBICHIHBIH TOMEH
6omysl; TepaTo3oocmepmus -  CIepMATO30MATHIH 0Oackl MEH KYWPBIFBI MIMIHIHIH AYPHIC
KAJTBIIITACTIAYHI.

CoOHJIIBIKTAH, KacTap, CTYACHTTEp, MEKTEN OKYIIbLIAphl apachblH/a Ta3/iajfaH CYChIHIApIbI
[IaMaJial ThIC apThIK KOJIIaHY/BIH 3USHBIH TYCIHIIPETIH IIapaiap, Ke3Iecyep, JoMalaK yCcTeaep
OTKI3y JKOHE JKapHaMaJlap yKapusiay KaKeT eKCHi aiiKbIH.
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AHHoOTanus. byn makamana Ka3ipri ke3le KEHIHEH KOJJaHBUIBIN KYPIeH YHEPTeTHUKAIBIK
CYCBIHJIAp OCEpIHEH alll MIeKTIH KYPBUIBIMBIHIA OOJIAThIH ©3TepiCTep Typalibl aKmapaT OepiireH.
Hepektep Toxipube HoTmkenepi OoibiHIIA anbiHFaH. ToxipnOe Bucrtep aliMarbiHa KaTaThiH aK
ereyKyHhphIKTapra xyprizuiai. ToxipuOenik kaHyapiapra €Ki apblM aii OOWBI CYIbIH OpPHBIHA
HEPreTHKANBIK CYChIH - «[opmmiay Oepunmi. ['MCTONOTHSIIBIK ChIHAMATIAPLI 3EPTTEY HOTHIKECI
CYCBHIHHBIH alllbl 1IIEeKTiH YIUBIMIACy KYPbUIBIMBIHA 3USH/IBI 9CEP €TETIHIITH KOPCETTI.

Kinmmik ce30ep: Awpl iwex, snepeemukanslk CYCblH, e2eyKYUupblK, OUCmpous, HeKpo3

Jlopirepiiep MeH FalbIMAApIbIH capanTamMachblHa Ha3ap aynapcak, YHEPreTUKAIBIK CyChIHIAp
acKa3aH, eT KOJIJIJapbIHbIH aypyJapblHa aJIbIIl KeJIe 1, CYChIH 1IKEH 5KacecIipiMIep apacbiHia cemMipy
XKUier, arpeccusicel aptanbl ekeH [1]. Kazak Taramrany akaneMusicel, «AmaH-cayiblky KK xoHe
Anmatel MeHEKMEHT Y HUBEPCUTETI AJIMAThI )KOFapbl OKY OPBIHAphl MEH KOJUISIKIEP] apachlHaa
CTYICHTTEPAIH TaMaKTaHybl OOMBIHIIIA 3epTTEY JKYPri3il, cayaaHama airaH: CTyAeHTTepiHiH 31%-ra
KYBIFBI JKOHE KOJUIEIK CTYACHTTEPiHIH 24%-bI IEHCAYIBIKTAPBIHAAFBI MACENENIepAiH pacT Gy xKoHe
SHEPreTUKAIBIK TOTTI CYChIHJIApAbl TYThIHYbIMEH OaillaHbICTBl €KEeHIH MoWbIHIaiiabl. byn perre
KOO crynentrepi 69%-1a, KOJUIEIK CTyASHTTEPl 56% - a MEIUIIMHAIBIK KOMEKKE KYTIHTeH [2].
DHepreTUKablK CyChIHAApAbI KOl Meullepe KaObuiaay, ar3aarsl CyJbl - Ty3/bl OalaHCTHI Oy3a/ibl,
OHBIH YCTIHE ra3fajirad OOJIFaH/IbIKTaH JEHCAYJIbIFbIMbI3FaA NaiaacbiHad 3usHbl ken. AKII-ta 2018
xputel $11 Mmmmapn KapakaTKa SHEPreTHKalbIK CYChIHAAp caTbulFaH, Oyi Oip enmiH FaHa
kepcerkimi. OpaH KaHIIama aJamMAapJblH JCHCAYNbIFbl 3USH IIEKKEHIH €CKepceK, MaKTaHyFa
TYpapJbIK XKaraail emec. OneM OOMBIHIIA TaHBIMAJIBUIBIFBI apThIN Kelle skaTtkaH Gorilla Energy-min
7ie TYTBIHYIIBIIApBI KOOeHin kemnemi. Byst MBIKTBI CYyCBIHIBI JKapHAMaJIal KaTKaH KYJIIbI31ap Aa KOTl.
Onpiy iminae UFC yemnuons! parectanablk Xabud Hypmaromenos te 6ap. Kemke TanbIMan
CTIOPTHIIIBIIAP Kac (paHATTApABIH SHEPTETUKAJIBIK CYCBIHHBIH YJKEH CYpaHBICKa Me OOJybhIHA ©3
ysiecin xochin xkatbip. Kazip Kazakcranna na «Gorilla Energy» epecexkrep MeH jkacTap apachlHAa
YJIKEH cypaHbIcKa ue [3].

Monikkpi3bl I'. quccepranusuiblk sxymbicbiHaa Koka-Kona cyceiHbIH xkaHyapiapra 60 Toymik
Oolbl Oepin, ackKa3aHbIHBIH YHbIMJACy KYpPBUIBIMBIH 3€pTTey OapbIChIHAA, OHBIH OapiibIK
KOMITIOHEHTTEPIHJE e3repicTep OONFaHIBIFBIH aHbIKTaFaH. ACKa3aHHBIH IIBIPHIIITHl KaOaThIHAAFbI
AMUTETUONUTTEPIIH CHUIBIHYBI, KeHOip O6IKTepiHIe KaHHBIH KYWBUTYbI, 0€3€epiHiH ICiHY1, )Kacylra
apanblK OaiaHbICTapAbIH Oy3bUTybl, MIBIPBINTH CYHBIKTBIKTap a3aiffaH, SMUTEIMOLUTTEpPAET]
Oypiiep Kimmipeiin, aTpodus *oHe AUCTpPodUs KepiHICTepl KYpil, yinaiapaa >kapajap naija
OonranbiH OalikaraH. bys esrepicTep ra3jnanfaH CyChlH KOKa-KOJIAaHBIH acKa3aH yJIrajapblHa
TOKCHUHII ocep KepceTkeHiH panengeiial  [4]. Onryctik KanmdopHuss yHUBEpPCHUTETIHIH
KbI3METKepJepl jkacecmipiM KyHiHe Oip KyThl Ta3JlalfaH CYyChIH IIICe, €cTe cakray KaoOineTi
HaIapJiaiibl 1ereH KOPBIThIHABIFA Keai. CoHaii-aK, SJHEPTeTUKANIBIK CYChIH OJIapJbIH O1TIM UTepy
KabineTiHe ae Kepi acep kepcerei. Jlapirepiaep MeH FalbIMIapblH capanTaMachlHa Hazap ayaapcak,
SHEPTeTUKAIBIK CYCHIH/IAP aCKa3aH, OT JKOJIAPbIHBIH aypyJIapbIHa aJIbIIl KeJill, TEHCAYIBIKTaphIHBIH
Oy3bTaThIHBl MaTiMaenreH [5]. bipak, xacrap MeH »acecnipimMaep apacblHia Oyl TOTTI rasfajifaH
CYCBIHJIapFa CYPAHBICTHIH KYH CallbIH apThIN KeJe KaTKaHbl TEK O13/11H eIiMi3/ie FaHa eMeC KOTTeTeH
enjiepae e3eKTi Macenenepain Oipi Oonbin TaObutaabl. SIFHU, jKacTap JACHCAYJIBIFBIHBIH TOMEHECYI
apTa TYCIIEK.
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Ocpiran Kapail OTBIPBIN SHEPTeTUKAJIBIK CYCBIHAAPBIH JKaHyapiiap MYLIEIepiHe acepi, COHBIH
IIIHE aImbl 1IeK KYPBhUIBIMBIH/A TYIBIPAThIH ©3repiCTePiH KapacThIpy MaHbI3IbL. [mek  Oypepi
apKbUIBI KOPHITBUTFAH TaFamiap KaHFa CiHIpiIim, OYKUT aF3agarel MyIIeJepre Tapaibsl. SIFHu, erep
alllpl 1IIEKKe 3MsH KeJice, 1K KaHa 3aKbIMAAHBIN KolMail, 0acka Myuienep 1€ >KapakaTTaHybl
MYMKIH.

AIIBI 1IIEK ac KOPBITY JKYHECIHIH €H Y3bIH OeJiiri 0obin Tabbutanbl. ImiekTiH imki OeTiHe
Oypiep OoJFaHIBIKTaH, OApKBIT CEKUIICHIN KOPIHEIi, COJapJblH KaThICBIMEH OCJIOK, Mall MEH
KOMIPCYBIH BIJIbIpAy OHIMJEP! KaHFa CiHeal. bypurikTepaid eTe koer O00Jybl ail eKTIH Kilerei
KaOBIKIIACKIHBIH CiHIpY OCTiH e19yip apTThIpaabl. Byp/liH opKalichIChIHA KaH TaMbIpJiapbl MEH TuM(pa
TambIpiiap keneni. Onap KOPEKTiK 3aTTap/IbIH Cy/ia epireH bIAbIpay OHIMACPIH ©31HE CIHIPIN anajbl.
CiHipy AereHimi3 - cy3iny, nuddy3us cekini Ta3a GU3MKaIbIK IPOIece KaHa €eMEC, COHBIMEH KaTap
OJ1 KOPEKTIK 3aTTapblH OYpJiepJeH oTyl apKbUIbl )KYy3€ere acaTblH (PU3HOJIOTUAIIBIK IPOLEcC OOIbII
TabbuTabl. Byprep imekrepae TipuIiliK eTeTiH MEKpOOPTraHU3MICPIiH KaH tuMdara eTyiHe Keepri
’Kacail OTBIPBIT, KOPFaHy KbI3METIH i€ aTKapaabl [6].

MaTtepuaJjaap MeH dicTep

3eprrey-TaxiprOe kyMmbIcTapbiHa Bucrtap canmacbiHa *aTaThlH, Kalibl caHbl 20 ereyKyHpbIK
anmeraabl.  JKanyaprmap 4 Oakpiiay, 16 ToxipuOemik erim TomTapra Oeiik. bBapibIFbIHBIH
KOPEKTIKTeHYi, eMip CYpy OpTa TeMIeparypackl Oipaei, Tek 0akbuiay TOObI ereyKyHpbIKTapbIHbIHA
KYHJICTIKTI TYTBIHATBIH aybl3 CYBl, TOXKIPUOENIK TONTAFbl JXaHyapiap YVIIH SHEPTeTHKAIBIK
cychiH «Gorillay Tannaneim, 6enriienren Mep3iM arbIMbIHA 200MII-J1IK KYTHIMEH Oepislin OTBIP/bI.

AJFamkel Ke3eHaep/ae Kanyapiapaa 0opi OipKaibITel OOJBII, €l e3repic OakaiMassl. Exi
afnTa yakplT OTKEHHEH COH SHEPreTHKAJIbIK CYChIH OCEpIHEH, CBIPTKBI MOPQOJIOTHSIIBIK
KepIHICTepiHe e3repicTep (KakTapblHAA ICIHY, KO3JEpiHIH KIIIiperol, )KYHAEpIHJe Kapa AaKTap)
naiina 6oxa Oactajpl, ereyKyWpbIKTap/aH arpeccust Oaiikanapl (0ipiH-Oipi TeipMmanaysl, OipiH-0ipi
TicTeneyi).

3 anta eTkeHHeH KeiliH II TonTarel Gip ereykyipbIK €3 TIpUIUIIriH TOKTaTThl. [V — 3eprTey
TOOBIHAAFEl | aTanblK KoHE | aHaNbIK ereykKyHpbIKTap Oip aiiiaH COH ajfallKbl 5 ypHak Ty[bl.
¥prakrapbl MOP(QOIOTHSIIBIK JKaFbIHAH KAJIBIITHI XKOHE TOKIPHOEIK )KYMBICTap Ke31H/e TIPIILIITiH
cakTan Kaja ajabl. A, ocel TONThIH II ypriakTapsl TybulFaH CoH, 2 — antajaH KeWiH TIpUIUTIKTEpiH
xoiabl. OcblFaH OallIaHBICTBl SHEPreTUKANBIK CYCBHIHHBIH JKbIHBIC JKYHECIHIH KYpbUIBIMBIHIA
@3repicTep TYbIHAATYbl MYMKIH JIET€H KyMOHIMI3 OOJI/IbI.

Toxipubenik >KyMbICTap XKYPri3UIil )KaTKaHbIHA 2,5 aif ©TKEH COH 3epTXaHaJIbIK JKaHyapJap/sl
KOJIJIaHbIN, TUCTOJIOTUSJIBIK 3€pTTEYJep JKYpri3yre AeKamuTalMs Kacalabl, TIKIPUOETIK >KoHE
0akpulay TOINTApbIHJIAFbl €reyKYMpBIK amibl IMIEKTepiHEH KECIHAl aJbIHBII, THCTOJIOTHSIIBIK
npenaparrap JanbIHIAIbL.

Exi oxapelM aif KyprisreH ToxipuOeneH KeliH, Oakpulay JKOHE HKCIEPUMEHTTIK
TONTapJiaH ajJblHFaH JKaHyapJjlapFa >KeH1T 3(UpiiK HapKo3 Oepy apKbUIbl JEKAalUTalUs >Kacajjlbl.
JlekanuTanust OapbpIChIHa SKCHEPUMEHTTIK TOINTAaFbl KaHyapiap[AblH 1MIKI MylIenaepiH Oakbuiay
TOOBIHJIAFBIIAPMEH CATBICTHIPFAHIA OlpKaTap EpeKIISTKTEp, MBICATbl, acKa3aHbl, aIllbl 1IIeri,
OayBIpBIHBIH KaTThl ICIHTeHl, Maii OackaHbl, OaybIpbIHAA KbI3bUI TEHOLIAEp mMakga OOoNFaHbI
Oaiikanapl. ALIbl 1MIEKTIH YHBIMIACY KYPBUIBIMBIHIAFBI ©3TepiTepl 3epTTey VIIIH, TIKIPUOEeTiK
XKoHe Oakpljay TONTApbIHIAFbl E€reyKYHWphIK amlbl IMIEKTepiHeH KECIHJI albIHAbL. AJBIHFaH
Matepuanaap apHaiiel (Quakongarel  10% QopmanuH KyHbUIFaH —(IaKoOHAApFa  CaNbIHBIIIL,
THCTOJIOTHSUIBIK 3€PTTEY KYPri3yre THUCTOJOTHSUIBIK TMpernaparrap JaiblHAAAbl, FeMaOKCHINH
0ostybIMeH 00ssbIN, OMHOKYISIpabl Mukpockon ZEISS Primo StarmMeH T'HCTONOTHSUIBIK 3€pTTey
KYPrizimi.

3eprrey HITHKECI

bakpuiay TOOBIHIAFbI JKaHyapJIap alibl iMIeTiHIH YHBIMIACY KYPBUIBICHIH 3epTTey OapbIChIHAA,
OHBIH KUIETreilsni, eTTi KoHe Cipil KaOBIKTapaaH TYpaThIHBI KepiHic Oepai. Kimereini KaOBIFBIHBIH
SMUTEINNA KabaTbiHAa CiHipy OeTiH yiIFaiTaTelH Karmapiap, imek Oypiepi, imek Kipmesepi,
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MUKpOOYpiiepi opHamackaH. Kijereitni KaOBIKTBIH imki OeriHzeri Oypiep MeH Kpunraiap Oip
Ka0aTThl MIPU3Ma TOPI3/l KHUEKTI IMUTSIMUMEH KanTajaraH. ANIbl 1MIETIHIH 3MUTEINA KaObIFbIHBIH
IIIIEK KYBICBI MEH KaJIBIHIBIFBI KOHE OJIIIeMIepl OipKeIKi.

bakplmay TOOBI ereyKyHpBIKTApPBIHBIH Aalllbl 1MICTiHJE IIBIPHIIITE KadaTTa THIEPILUIa3Us
oenrinepi ®okK TuMPouTh QosutHKynanap Oaikanaasl. BYIIIBIK eT KadaThl JOHTENICK KOHE Y3bIHA
OOMBIMEH KaJIBIHIBIFBI OIpKENKI eKeHi KepiHic Oepmi. ByamblKk eT apayiblk KaOaThIHIArbl HEPB
yIrapsl OipKeIKi Tapaliras, oyiapjaa HeHpouuTTepi Oalikayra 6onaasl (1 cyper).

Cyper 1. bakpinay TOOBIHIAFbI alllbl i1lIEK KECIHIICIHIH KOPiHIC1
'eMOTOKCUIMH-203UHMEH OOSIIFaH

DKCIepUMEHTTIK TOINTAFbl €reyKYHWPBIK alll 11eK KabaTTapAblH KeJJeHeH KuMalapblHaa ICIHY1
Oaiikananel. KaGaTTap WIBIPBIIITHI, IIBIPBIIT aCThl HETI3/IEH, 1IIKI LUPKYISPIbl, CHIPTKbI Y3bIHA
OOMJIBI OYJIIIBIK €T JKOHE cepo3/bl KaObIKTapAaH TYpaThiHbl KepiHic Oepal. ILIbIpbImTsl KaOBIKTHIH
kpunraiapsl ken. COHBIMEH KaTap, LIBIPHILTHI KabaTTa (MOPUHHIH KYKa KaOaTbIMEH »aOblUTFaH
IIBIHAWBI APO3USIIApP JaMBIFaH KOHE AMUTEIHIIIH Ka0bIHIbI Ka0aThl KaOBIpIIIaKTaHFaH.

Eryky#pbIKTapplH allbl IIETiHIH Kei KepiepiHae KpunTtauap AeGopMalusIaHFaH KoHE
IJIa3MOLMTTEPMEH MOJI HHOUIbTpalUsIaHFaH, KYpaMbIH/Ia 1IEKTIH 3MUTENINH Kacylianapsl, 00Kas
Topi3al kacymamap Oap. [lepopmanumsiianraH —KpuOTajgap oKajJaHall, LWIMHAP TOpi3i
JKacyllanap/iaH TYpaTblH SNUTeNNi1 koK. CaKkTaiaFaH KpUnTajaapIelH KeHoipi xKyKa, ann kenoipeynepi
KaJIbIH/IaFaH oHE KbICKapFaH.

HIsipeItn acTel Herize TUMQOIUTTEP MEH TUCTHOIUTTED MHHMIbTparysuianFad. [siperm
acThl Heri3zeri muMda TyHiHAepiHiH MilliHI TaKeT Topi3/ai 00BN yiFaiiFanbl Oalikanipl. Bysmsik et
Ka0aThl CO3BIIFAH, JKIHIIITKEPTeH KepJiepl )KyKa Tacra CUIKThI OOJIBIN KopiHic 6ep/i. bymmbik erreri
apaybIK JKYHKe TaJIIBIKTapBIHBIH COHBI XKaFbl ayblp TUAPONMSIBIK TUCTPO(pUsFa >KOHE HEKpO3Fa
yIbIparadbl OaiKanasl (2 cyper).
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Cyper 2. ToxipuOeInik TONTarbl aiisl illeK KeCIHIICIHIH KOpiHic
['eMOTOKCHIIMH-303UHMEH OOsITFaH

JKyprizinaren Toxipuoe OOMBIHINA KeJIeCl TYKbIPhIMIAP KacallJIbl:

1. DHepreTuKanbK CYCHIHAAP allbl IMIEKTe Mail KacyllalapblH apTTHIPHIN, KbI3METIH JKOHE
yibIMIacy KYPBUIBIMBIH OY3bIII, KEpi ocep KOpCeTTi;

2. BynmmbIk et KabaThl CO3BUTBIIL, JKIHIIIKEP/i. BYJIIIIBIK eTTiH apaibIK KYyHKe TalIIbIKTapbIHBIH
COHBI )KaFbl aybIp TUAPONHUSIIBIK JUCTPODUSIFA )KOHE HEKPO3Fa YIIBIPAIBL.

3. Ambl imiekTiH KabaTTapbl YHEPTETHKAIBIK CYCHIHHBIH 9cep KOPCETYiHEeH iCiHI, KpUTTanap
CaHbl apThIMN, TimriHAepi nedopmanusnaHaabl. [mek skacymanapblHIa 3aT aaMacyIblH OY3bLTYbIH
TYBIHIATTEHIL.
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CO3JAHUE CEJEKTUBHBIX CUCTEM IN VITRO JJIA CO3JAHUSA
CTPECCOYCTOMYMBBIX ®OPM PACTEHUI
P.M. Typnanosa', K. K. Ceiman?, A.U. Tacau6uesa', Xomxkakce A K!, /1. K. Kymkanosa?,
blckak Kammar?
! Espasutickuti nayuonanshoui ynueepcumem um. JI. H. I'ymuneea

2Kazaxcruti Hayuonanvnwiii nedazozuyeckuii ynusepcumem umenu Abas
e-mail: Rauza ENU@mail.ru

CtpeccoBbIM MOKET ObITh JH000H BHEIIHUHN (DAKTOP, BBI3BIBAIOLIUE Yy PACTCHUH XUMHUYECKUE
WM (pru3nYecKre U3MEHEHHs], OKa3bIBAIOIIME HETaTUBHOE BIMSHUE HA UX POCT U Pa3BUTHE, a TAKKe
IIPUBOJALIEE K CHHKEHUIO IIPOAYKTUBHOCTH M KaueCTBa ypOKas CEJIbCKOXO3SANCTBEHHBIX KYJIbTYpP
[1].

Cepbe3Holl poOJEeMON TPaJUIMOHHOIO HAINPABICHUS CEJIEKLUU OCTAeTCs JUINTENIbHBIN
IIEpUOJ] BBIBEJICHUSI COPTa, KOTOPBIH, KaK MpaBuio, coctanisier He MeHee 10 ner. Jlns yckopeHus
CEJICKIIMOHHBIX METO/0B INPUMEHSIOT KyJIbTHBUPOBAHUE KJIETOK M TKaHEH pacTeHMi in vitro Ha
UCKYCCTBEHHBIX  MUTATENbHBIX  cpelax ¢  J100aBJIEHMEM  CEJEKTUBHBIX  arcHTOB,
UMUTHPYIOLUINX/MOJICJIMPYIOIIUX BO3JEHCTBUE NMPUPOJHBIX CTPECCOB, YTO IO3BOJSET MPOBOAMUTH
IeJICHANPABJICHHBIA 0TOOP YCTOMUMBBIX KALTYCHBIX KYJIBTYP ¥ paCTEHUH-pEreHEPaHTOB.

B nacrosmee Bpems pa3paboTaHbl METO/Ibl HHAYKLUHU U KyJIbTUBUPOBAHMS KaJlIyca, a TaKkxKe
YCIIOBUSI PETE€HEPALMU PACTEHUN MPAKTUYECKH JUIsl BCEX LIEHHBIX B XO35MICTBEHHOM OTHOIIEHUU
pacTeHuil, B T.4. U 3epHOBBIX KyibTyp. [IpucyTcTBHe B mo4yBe B OOJIBLIOM KOJIMYECTBE MOHOB
METAJIJIOB, TOKCHYECKH BIMSIOMIMX HA pACTEHHs, WM HENOCTaTOK HOHOB, HCIOJIb3YEMBIX
pacTeHUsIMHM B KaueCTBE MUTATEIbHBIX BELIECTB, MOT'YT OBITh MPUUYMHONW MOHHOTO (MUHEPAIBHOTO)
cTpecca y pacTenuii [2].

[Tonmaganue Ttspkenbix MetamwioB (TM) B arpoduToneHO3bl MOPOXKIAET JBE OCHOBHBIE
npoOneMbl: 1) CHUXKEHUE MPOAYKTUBHOCTH CEJIHCKOXO3SMCTBEHHBIX PACTCHH; 2) 3arpsi3HEHHE
IIPOAYKTUBHBIX opraHoB TM M nomanaHue TeX C MUIIEH B OpraHW3M JKUBOTHBIX M 4eloBeKa. B
HACTOAIIEE BPEMsI OCTAeTCsl A0 KOHILA HEPELIEHHBIM BOIPOC O CYIIECTBOBAHUM CBSI3U MEXKAY
YCTOMYMBOCTBIO OPraHU3MOB M HAaKOIJIEHHEM B HUX TM.

B HekoTOphIX ciyyasix OTMEYEHO OTCYTCTBHE 3aBUCHMOCTH MEXIY COJEpKaHHUEM MeTaia B
PacTEeHHSX U €ro COep KaHUEM B mouse [3].

Cpenn TM BBICOKOM TOKCHYHOCTBIO JJISi PAacCTeHHM M JKMBOTHBIX, JaXe IpU HU3KON
KOHIIeHTpaluy, Bbiensercss kaaMuil (Cd), OTHOCHUMBIM CaHUTapHO-TUTMEHUYECKUMHU HOpMaMu K |
KJIaCCy OMacHOCTH.

OTKpbITHE MEXAaHU3MOB METANIOYCTOMYHNBOCTH M HAJIMYUE €CTECTBEHHOT0 MOIMMOp(dH3Ma 1o
JAHHOMY TpPU3HAKy IIO3BOJIIET HAJEAThCS HA YCIEX OSKCIEPUMEHTAIBHOIO KOHCTPYHWPOBAHHUSA
TOJIEPAHTHBIX T€HOTUIIOB [4].

Ceneknus Ha yCTOMUMBOCTh K TM MOXET OCYIIECTBIIATHCS HE TOJIBKO HAa YPOBHE B3POCIIOrO
pacTeHus, HO B KyJbType in vitro. B HacTosiiiee BpeMs n3BeCTHBI pabOTHI 10 MOTYUYEHUIO PACTeHUN
3JIaKOBBIX U O00OBBIX KYJIBTYpP, YCTOMYMBBIX K HOHAM MEJIH, CBUHIIA, [IMHKA, HUKETS [S].

BrrsiBiieHa Koppessiius MeXly YCTOHUMBOCTBIO K HOHHOM TokcuuHOCcTH TM in vivo u in vitro
y TOMATOB, JIIOLEPHbI, KYKypy3bl, CaXapHOTO TPOCTHHKA, MIIeHUlbl [6,7]. [IpoBeneHo HECKOIBKO
YCIEIIHBIX paboT MO 0TOOPY KJIETOK, YCTOMUMBBIX K HOHAM KaJMHUsd, B KyJIbTYypax JypMaHa, Tabaka,
tomara. Konnenrpanus nonos Cd2+ (B coctaBe XJI0pHA0B U cylb(]aToB) B cpese konedanach oT 1,5
MM 10 100MM. B 3TOM cityyae, y KaJTyCHBIX KYJIbTYp HAOJIOAAIN CYIIECTBEHHOE OTCTaBaHUE B
pOCTe U MaJEHHE PEreHepalMoOHHOW CIocoOHOCTH. B OosbIIMHCTBE ciydaeB, Ha CEJIEKTHBHBIX
cpefax ¢ KaaMHeM He yJaBalloCh PereHepHpoBaTh pacTeHus. VICKiIroueHHe cOCTaBMIA PabOTHI 11O
CO3JIaHUIO PErCHEPAHTOB JIbHA, TIOJICBHUIIBI TOOETOHOCHOM, MITICHUIIH [8,9].
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W3BecTHBI (DaKThI, KOT/Ia OAHOBPEMEHHO C YCTOHYMBOCTBIO K TOKCHYHOCTU KaJIMUS KICTKH
npuodpeTany yCTOMYMBOCTh K HOHaM cBuHIA [ 10].

Jnst cozmaHust yCTOMUMBBIX (GopMm K noHaM TM, 1enecooOpa3HO HCIONIB30BaTh MPSIMYIO
KJIETOYHYIO CEJEKIUIO (MO3UTUBHYIO), IPU KOTOPOW BBDKMBAET TOJIBKO OINpPEAETICHHBIA HCKOMBIN
MYTaHTHBIM THI KJIETOK; WJIM HNPUMEHSTh CTyNEHYAaThle CXEMbI CEJIEKIMH (TJe Ha MEPBbIX ATanax
BHOCST aJaliTUBHbIE KOHLIEHTPALIMUA CTPECCOBOTO (paKkTopa U JIUIIB [OC]Ie 000TralleHus TOMyIsun
PE3UCTEHTHBIMU KJIETKAMH YCJIOBHUS CEJIEKIIUH Y)KECTOUAIOTCS).

[Tocneanuit meron 1eaecooOpa3zHO UCIONIB30BATh I MOJIYUYEeHUs YCTOMYUBBIX (OPM K TAKUM
BBICOKOTOKCHYHBIM HOHAM, Kak KaaMuid. CyIIecTBYIOT TPYIHOCTH B pa3pabOTKe CEIEKTUBHBIX CpPEI,
B COCTaB€ KOTOPBIX PUCYTCTBYIOT METAJIbI.

HoHbl MeTanaoB B3aMMOACWUCTBYIOT C JPYTMMH HOHAMH C 0Opa3oBaHHEM HEPaCTBOPHUMBIX
ocaJkoB. B arapoBoil cpene GUTOTOKCUYHOCTD ACHCTBUS METAIIJIOB MOXKET ObITh CHIKEHA. Takxke
UMEIOTCS TPYAHOCTUM HPU IPOBEACHUU KIETOYHOW CEJIEKUUMU Ha Ccpefax C HECKOJIbKUMU
CTpeccoBbIMU (hAKTOpaMU: KYMYJSTUBHBIM TOKCHYECKUH 3(PQPEeKT Ha CEeNEeKTHBHOW cpele Mpu
HaJIMYMU JIBYX U 00Jiee METAJUIOB B HEOJIArONpPUATHBIX JUIS PACTEHUS 103aX MOXKET KaK YCUJINBAThCSA
(anOUTUBHBIA CHHEpPru3M), Tak W ocnalmsaThes (antaronusMm) [11]. Hyxknpaiorcs B yTOuyHEHUH
TOKCUYHBIE JJIsI pACTEHUH KOHIIEHTpauuu HOHOB TM B cocTaBe coJiel ¢ pa3InyHbIMUA aHHOHAMM.

[IupokoOMy NPUMEHEHHUIO KIIETOYHOW CEJICKUUU SUMEHS MPENATCTBYEeT HHU3Kas 4acToTa
pereHepanyy pacTeHUH, ypOBEHb KOTOPOM B KaJUIyCHBIX KYJbTypax JOIOJHUTEIbHO CHUXKAETCS B
pe3ynbTaTe JUIMTEeNbHOTO KYJIbTUBUPOBAHUS U /MU KYJIbTUBUPOBAHUS B CTPECCOBBIX YCIOBHUSAX Ha
CEJIEKTUBHBIX CpPE/Iax.

Mopdorenerndeckasi criocCOOHOCTh KJIETOK B 9THUX YCIOBHUSX OOHApYKHUBAaeT TEHACHIIMIO K
3aTyXaHHUI0, YTO CHUYKAET Pe3yIbTaTUBHOCTH OTOOPA JKEeIaeMbIX T€HOTUIIOB HE3aBHUCUMO OT CBOMCTBA
UCXOAHOrOo copTa. B To ke Bpems Mop¢oreHes, 3ayacTyro, NPHOOpETaeT HalpaBIEHHOCTh
pHU30reHes3a, Nocjae KOTOPOro He YAAeTCs BOCCTAHOBUTH AMOPHOT€HHbIE TOTEHIIMH KYJIbTHBUPYEMBbIX
KJIETOK U MOJTYYUTh PACTEHUS-PETEHEPAHTHI.

[TosToMy, mpu pa3paboTKe CENEeKTHBHBIX CHCTEM in Vitro HEOOXOJUMO BBISBUTH YCJIOBHS,
CHOCOOCTBYIOIIHE MOBBIIIEHUIO MOP(HOTeHETHIECKONH aKTUBHOCTH OTOMPAaeMOil KaJlTyCHON TKaHU B
HampasJieHUU o0pa30BaHMsI MOPPOTreHHOTO KaJlTyca.

Jlns ympaBineHus mporieccaMu MopdoreHesa W pereHepaluy sSuMeHs B KYJIbType TKaHU
UCHOJIB3YIOT HMHAYKTOPHI (U3NYECKOM, XUMHUYECKONM u Oumoruuyeckoil mnpupozsl. M3BectHO o
MOBBIIIEHUH MOP(POTEHETHUYECKON aKTUBHOCTH B KAJTYCHOW TKaHHW KYKYpPY3bl MyTeM CTUMYJISIIIHH
KJIETOK DJIEKTPUYECKUM TOKOM [12].

BrisiBneHo 6maronpusTHOE BO3ACHCTBHE HA KATYCHYIO TKaHb JABYJOJIBHBIX M OJHOJOIBHBIX
pacTeHMii HU3KHUX J103 raMMa-u3iydeHus. B dacTHocTH, oOiydyeHue MoBbIIaio 3(PQPeKTUBHOCTD
pere’epanmu U3 Kauuryca suMeHs, MOJIYYEHHOTO B KYJIbType MbUIbHUKOB [ 13].

Ha perenepanuio 3epHOBBIX 371aKOB In Vitro MOJIOKHUTEIFHOE BO3/EHCTBHE OKa3bIBAJIO
MOACYIIMBAaHNUE KaTyCHOUM TKkaHu. [Ipeanonarator, yTo AeruapaTaius BbI3bIBAET UHIYKIIUIO T€HOB,
KOJUPYIOIIMX CUHTE3 a0CLM30BOM KUCIOTHI [14].

Jns unTeHcH(UKanu MopdoreHe3a B KATYCHBIX KyIbTypax HapsAy C HHIYKTOpaMu
(U3MYECKOTO MPOUCXOXKACHUS TMPUMEHSIOT XUMHYECKHE peryisTopel pocta. KiroueBbimMu
PETYIATOPHBIMHU (YHKITUSIMHU 00J1a/1at0T PUTOrOPMOHBI, MPEXK]IE BCETO ONTHMAILHOE COOTHOIICHHE
ayKCHHOB M IUTOKUHUHOB. OnpeIeI€HHYIO POJIb UTPAIOT U JPYTHE PEryISTOPBI POCTa, B YaCTHOCTH,
rub6epemnoBas kuciora (I'K), abcruzoBas Kuciora, STUIEH, KOTOPIE UCHOIB3YIOT 3K30T€HHO IS
MIOBBIIICHUS pereHepaIiy B KyJIbType in vitro [15]. KpoMe Toro, moBeIIeHNIO pereHepaluy sIMeHs
B KQJUTyCHOW KyIbType CHOCOOCTBYIOT pa3iIWYHbIE MOTU(MUKAIMA MUKPO- U MaKpOAIJIEMEHTHOTO
cocTaBa CpeJibl, B YACTHOCTU KOPPEKTUPOBKA YpOBHEH MeaH, xkKeyeza, 0opa, OpraHu4eckoro a3ora
[16].

Crumynupyroliee IEeWCTBUE Ha PETCHEpPAlMI0 SYMEHS OKA3bIBAalOT MHOTHME OpPraHWYECKHe
BEILIECTBA: MAJIbTO3a, MUOUHO3UTOJ, TUAPOJIU3AT Ka3erHa, AMUHOKHUCIIOTHI (T1yTaMHUH, acliaparu,
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THaMUH), KOKOCOBas Bojia — )uakuit aocnepm Cocos nucifera [17]. Ctumynsaiuio mopdorexnesa B
KYJIbTYpE TKaHU PACTEHUH CIIOCOOHBI TAKXKE BBI3BIBATH HEKOTOPHIE MUKPOOPTaHU3MBI U MTPOTYKThI
ux kusHenesTenbHOCTH [18]. Muaykumum wmopdoreHesa pacTHTENbHOW TKAHH CIHOCOOCTBYIOT
METHUII00aKTEPHH, CHHTE3UPYIOIINE IUTOKMHUHBI U/UIIM ayKCUHBI [19].

B wuccienoBaHMsX H3ydyeHME PEAKIMM KAJUIyCHOM TKAaHU SA4YMEHS Ha IPUCYTCTBUE B
CEJIGKTUBHBIX CpellaX KaaMusl MpeABapUTENIbHO ONpPENeNsUId B KYJIbTYpPE HPOPOCTKOB SUMEHS B
KOHIIeHTpauuu Jutst kKagmust 0 — 30 mr/i.

Kamnyc stamens uaaynupoBanu Ha cpeaax MS 1 (mis uaayknuu kamryca) ¢ monamu Cd2+ (5
MI/1) ¥ Ha cpene 0e3 TOKCHMKaHTa (KOHTpoJb). B Bo3pacte Tpex Henenb KaJUTyCHbIE KYJIbTYpPBI
nepeHocwi Ha cpeny MS2 (mis nponudepanun) ¢ KaIMUEeM B pa3indHbIX KoHmeHTpanusx (0-30
mr/im). CpenHuil ypoBeHb MHIYKIIMU MOpdoreHHoro kamryca Ha cpeae (MS 1) ¢ xagmmem He
npesbimain 12-15 %.

Ha cpene MS 2 ¢ Cd2+ Beriie 20 M1/ BBDKHBa€MOCTb KaJUTyCHOM TKaHH, MHIYIIMPOBAaHHOU B
CEJIEKTUBHBIX YCIOBUSX (ABYKpATHBIN 0TOOD), ObllIa B 1Ba pa3a BbIIIE IO CPABHEHHIO C KYJIbTYPaMH,
MOJTYYEHHBIMH Ha cpefie 6e3 KaaMusi (OAHOKPATHBIA 0TOOD).

CnocoOHocTh K MopdoreHesy, HE3aBHUCHMO OT BapHaHTa, HEIUHEHHO 3aBHcena OT
KOHLEHTPALMU 3TOr0 METAJLIA B CPEJIE, HO, B OCHOBHOM, ObLIa BBILIE JJIs1 KYJIBTYP, UHAYLHPOBAHHBIX
Ha KOHTPOJIbHOHM cpene, nocturas mMakcumyma (80%) mpu BBICOKON CENEKTUBHON Harpyske u
cHIKanach 10 33-66% B ycnoBusx Oosee MArkoro ordopa. MopdoreHeTuuecKuid MoTeHIHAT
KaJulyca, MHAYIHMPOBAHHOTO, B NPUCYTCTBHE KaAMus, He mpeBbiman 3,7% Ha cpege MS 2 ¢
KoHIeHTpauueil nonoB Cd2+ 15 mr/im u Beimie, T.€. OBUT HENOCTATOUYEH IS TPOBEACHUS O0TOOpa in
vitro.

Jnst pa3paboTku 3(P(EKTUBHBIX CXEM KJICTOYHOM CENEKIMH BBIABISUIA ONTHMAIBHYIO
KpPaTHOCTb BBEJICHUSI TOKCHMYHBIX MOHOB B CEJIEKTHBHBIE Cpeibl. Peakiuio Ha cTpecc OLeHHUBAIH,
YUUTBIBasi BBDKMUBAEMOCTh U CIIOCOOHOCTB K pereHepaluy Ha dTarne npoiudepanuu 1 MmopgporeHesa
KaJUIyCHOM TKaHU pa3JIMYHbIX T€HOTUIOB sSuMeHs. PaHee ObUIO OTMEUEHO MOBBILIEHHE YPOBHS
BBDKMBAaeMOCTH Ha cpene c¢ woHamu Cd2+ mpu nBykpaTHOM oOTOOpe Ha JTamax HHIYKIHMH-
nponrdepannu Kaulyca Mo CpaBHEHUIO OJHOKPATHBIM O0TOOpOM Ha 3Tane nposnudepanuu. Mexons
U3 3TOT0, MOXHO MPEANONO0KUTH 3PPEKTUBHOCT IPUMEHEHUS IS OJTyueHus: (HOpM, YCTONUUBBIX
K BBICOKOTOKCHUHBIM HOHaM Cd2+ cTyneH4aTyro cxeMy celleKIMU — Ha 3Tarne nponaudeparuu (MS2)
BHOCHUTbH a/1aliTUBHbIE KOHIEHTpauu (10-15 mr/i) TokcukaHTta, a mociie 000rameHus: Nomysiiuu
PE3UCTEHTHBIMU KJIETKAMH, YXECTOUUTh YCJIOBUS CEJIEKIMH, HUCIONb3ysl Oojee BBICOKHE €ro
KoH1eHTpanuu (20-25 mr/in) Ha atane mopdorenesa (MS3). [Tocnenyromue ucciae10BaHus BBISBUIH
3¢ GEKTUBHOCTh HCIIOJIB30BaHUS CTYNEHUYATBIX CXEM CeJIEKLIMHU, TJe HauOoJbliIee KOIUYECTBO
kayurycoB (60,3%) BbDKHBAJIO M MPOSIBISUIO criocoOHOCTh K pereHepanuu (18,1 % nocroBepHoe
pasnuuue) mpu IByKpaTHOM oroope ¢ moHamu Cd2+: 10 mr/n - mponudepauus u 15 mr/m —
Moporenes.

[IpumeHeHHe cXeM C OAHOKPATHBIM OTOOPOM WJIM CTYIEHYATHIM MMOHMKEHHEM CEeNeKTUBHON
Harpy3kd oOKazajiocb Hed(QQEKTUBHBIM, T.K. B OTUX VYCIOBHSX HE YAAJIOCh HOJYyYUTh
KHM3HECTIOCOOHbIE PaCTEHHsI-PETeHePaHThI B KAJUTYCHOM KyJbTYype.

Hcnonp3oBaHue cenekTUBHOro (axtopa Hambonee 3¢(eKTUBHO Ha dTane npoiudepanuu
KaJUTyCcHOM TkaHu. J{nama3zoHsl KoHIeHTpanui Cd2+, mpu KOTOpBIX oOecreueHa BBIKHBAEMOCTb,
omm3kas k ypoBHio LD50, u perenepanmonnas cnocooHocts He HUXE 10 % coorBeTcTByrOT 15-20
MI/I1.

Jlisg orOopa KalTyCHBIX JIMHUW STUMEHS, YCTOWYMBBIX K BBICOKOTOKCHYHBIM MOHAM KaJIMUs
11eJIeCO00pa3HO HMCIOJIb30BaTh CTYNEHUYATYI0 CXEMY CEJEeKIMH C MOBBIIIAIONUM T'PAJAUEHTOM
KOHIIGHTpaluu Ha stanax nposmdepanun (10 mr/m) u mopdorenesa (15 mr/m).
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2

Annorauusi. CtaThsl TMOCBSIIEHa aKTUBHO pa3BUBAIOMIEMYCS MOJIXOAY B HCCIEIOBAHUU
o6uopaznoobpaszuss - anamuzy JHK oxpyxaromeit cpenst (environmental DNA, eDNA).
OOcyxaaroTcsi COBpEMEHHBIE MpezcTaBieHus o npupoge eDNA, oxapakTepu30BaHbI OCHOBHBIE
Mmetoabl aHanu3a €DNA. OnucaHbl OCHOBHBIE HAaNpaBlIEHUs COBPEMEHHBIX HCCIIEI0BaHUM,
UCToNB3yonmx MeToabl eDNA, 1 mepcreKTHBBI HX TPUMEHEHUS ISl U3y4eHus: OnopazHooOpaszusi.

Knwuesvie cnosa: JIHK oxpyorcaioweli cpeovl, MemazeHoMuka, Ouopasnoobpasue,
ouono2uueckuli MOHUMOPUH2, NPUPOOOOXPAHHASL OUONOUSL.

OaHMM W3 COBPEMEHHBIX U MEPCHEKTHUBHBIX MOJIXOJO0B K H3Y4YEHHIO OMOpa3HOOOpazus
apnsierca uccnenosanue JTHK okpysxatomieit cpenst, uinu environmental DNA (nanee - eDNA). Bee
KUBBIE OPraHMU3MBbl OCTaBISIOT B cpeAe OOWTaHUS NPOAYKTHI CBOEH JKHU3HEIEATEIbHOCTH,
conepxatue cnenst JJHK [1].

eDNA - 370 reHeTnueckuii marepuan (SA€pHBIA, MUTOXOHIPHANBHBIM, XJIOPOIUIACTHBIN),
BBIJIENIIEMBIA M3 TPOO pa3zHOOOpPA3HBIX MPUPOJHBIX CYOCTpaToB (TOYBBI, OCAAKH, MOPCKHE H
MIPECHBIE BOJIbI) B OTCYTCTBHE B IpoOe caMOro HCTOYHMKA JaHHOTro marepuana. K Hanbonee
pacnpoCTpaHEHHBIM IyTsAM HocTymieHuss €DNA B OKpy»Karllyl CpeAy OTHOCST €CTECTBEHHYIO
JIECKBaMallMI0 KOXXHOTO SMUTENNs, TpaBMaTU3allMI0 TKaHEH, BbIAENEHHE MPOAYKTOB OOMEHa U
PENPOAYKTUBHBIX KJIETOK, a TAK)KE€ pasilokeHue ymepmux opranusmos [2]. Ilocne storo eDNA
MOKET TPAHCHOPTHUPOBATHCS U COXPAHATHCA B PA3IUYHBIX CyOCTpaTax OT HECKOJIbKHX HEJENb B
BOJIOEMAaxX YMEPEHHOIO Iosica 10 COTEH ThICSY JIET B BEYHOM Mepsnore. MHTeHcuBHOCTE €eDNA
CUTHAJIa 3aBUCUT KaK OT TEMIIOB BBIICJICHHAs] OPraHM3MAaMH I'€HETHYECKOr0 MaTepuaia B Cpeay, TaK
u oT yctoitunBoctr eDNA B 3T0if cpezie, TO ecTh MPOAOKUTENIEHOCTH CYIIECTBOBaHUS ()parMeHTOB
JIHK mocne ynanenus ux UCTOYHUKA U3 cucTembl [3]. Takol mokazaTenb CBsI3aH C TUIOTHOCTBIO
MOMYJISIUN BHJIA, pa3MepaMu €ro oco0eil, COOTHOIIEHHWEM MEXAy BBIACIAEMOW B Cpeny u
nerpagupyemoit JIHK aiis naHHOTO BHa M 3aBUCUT OT aOMOTHYECKHUX (DaKTOPOB, BIMSIIONTUX KaK Ha
Jerpajialiiio, TaKk U Ha TPAaHCIIOPTHUPOBKY M'€HETUUECKOI0 MaTepraia.
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Pucynok 1. IlocnenoBaTenbHOCTB pOLEYpP, UCIIONB3YEMBIX B HccinenoBaHusax eDNA

HccnenoBatenbeckuil moaxos ¢ ucnosib3oBaHueM €eDNA MOKHO paccMaTpuBaTh Kak HOBYIO
BETBb METareHOMHUKH, KoTopass HauumHas ¢ 1980-x rojoB, m3ydaer pasHOOOpa3ve eCTECTBEHHBIX
MUKpPOOHBIX coo0miecTB. Yxke Ha pyoeske X X-XXI BB. ObLJIO TOKa3aHO, YTO METAT€HOMHBIE METO/TbI
MOryT ObITh 3(Q(EKTHBHBI B OLIEHKE pa3HOOOpa3usi MHOTOKJIETOYHBIX OpraHu3MoB. Bmepsble
pe3ynbrathl aHann3a eDNA MHOTOKJIETOYHBIX OPraHU3MOB B IP00axX BOJbI OBLITH OMYOJIUKOBAHBI B
2005 roxy [4]. UccnenoBanust MpOBOAMIIUCH /IS ONIPEACIICHUS] MICTOYHHUKA (DEKATBLHOTO 3arpsi3HEHUS
MOBEPXHOCTHBIX BOJ (crostia 3amaya ompenenuts JHK mroneil, kopoB, cBuHel u oBen).
ITepcnexTuBHOCTE €DNA 10aX0/12 B MOHUTOPHHIE OMOpa3HO0Opa3usi BIEpBble ObLIa MOKa3aHa B
paboTe, MOCBALICHHOW NETEKIMHM HWHBAa3MBHOI'O BHJA aMEpUKAHCKOW Oblubed msarymku Rana
catesbeiana Shaw 1802, B 6osnorax ®pannuu [5]. OHa NpoEMOHCTPUPOBAIa KpaiiHe BBICOKYIO
YyBCTBUTEIBHOCTh METOI0B €DNA.

ITocnenoBarenbHOCTh MPOLENYP, UCIOIB3YEMBIX B HccienoBanusx eDNA [6], moka3ana Ha
pucynke 1. BpiemdroT ABa  OCHOBHBIX HAIPaBJIEHUS HCCIENOBAHMM C HMCIOJb30BaHUEM
metonosiornn eDNA. [lepBelii HanpaBiieH Ha W3Y4YEHHE OJHOTO KOHKPETHOTO BHJAa OPraHM3MOB
(single-taxon approach). B sTom ciyudae wucmonb3yroT mpoTtokoibl e€DNA-aHanmm3a, KOTOpbIE
npenycmarpuBatoT nposenaeHue [1L[P B peaabHOM BpeMeHHM ¢ BUAOCHEHU(PUYHBIMU IpaiiMepamH.
OTOT MeToj MO03BOJseT 3(PGHEKTUBHO MPOBOJUTH JECTEKIIUIO OMPENEIECHHBIX BUIOB (0COOEHHO
THJIPOOMOHTOB) B pa3IMUHBIX MecTax ooutanus. B HacTosIee BpemMs B IPAaKTUKY 3KOJIOTMYECKOTO
MOHUTOPHUHTA BBOJASTCS MPOTOKOIBI eDNA 1t aHanm3a MHOXKECTBa peakux BHAOB. Tak, B 2014
rogy Nature England (HerocynapctBeHHass OpHaHU3alMsl, CHOHCHUpyeMas MHHHCTEPCTBOM
OKpYJKaloIel cpeapl U MpoI0BONIBCTBUSI BenmukoOputanuun) omodpuina npotokon eDNA anammza)
Ui oOHapyxeHHs rpebeHdaroro TpuToHa Triturus cristatus, 3aHECEHHOTO B MEXIYHAPOIHYIO
Kpacuyto Knaury. HcneiTanue 3TOro mpoTOKOJa, MOKa3ajo €ro CYIIECTBEHHO 0oJiee BBICOKYIO
3G PEKTUBHOCTH 1O CPABHEHHIO C TPAIUIIMOHHBIMU METOJIaMH (B TOM YHCIIE BU3YaJIbHBIM ITOMCKOM
B JIHEBHOE BpEMsi, IOMCKOM HKpBI, HCIOIb30BAaHUEM OYTBIJIOYHBIX JIOBYHIEK W T.II.): BpEMEHHbBIE
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3aTparhl COKpaTWiauch Oosee yem B 10 pa3, mpu 3TOM (UHAHCOBBIE PACXOJbl HA IPOBEACHUE
UCCleoBaHus oka3aiauch B 6-10 pa3 Huxe. [IpucyrcTBue rpedGeHUYaThIX TPUTOHOB B X0J1€ TAHHOTO
MUJIOTHOTO MPOEKTa OBbLIO BBISIBICHO B 99.3% ciyuaes [7].

Bropoii Ttun wuccinenoBanuii eDNA HameneH Ha ONpPeAeICHME TaKCOHOMUYECKOM
MPUHAUICKHOCTH Bcex mocnenoBarenpHocteir JJHK B mpoGe (multiple-taxon approach) c
UCIOJIb30BaHUEM NpaiiMepoB, OOLIUX [JIsi KPYHHBIX TPYII OPraHU3MOB, M IOCIEIYIOIIEro
CEKBEHHPOBAHHUS IOJIYYEHHBIX aMIUIMKOHOB. B Takux ciydasx 4acTO MCHOJb3YIOT METOJ METa-
mMTpUXKoaupoBaHusi  (metabarcoding), KOTOpbIH OCHOBaH Ha TOM, 4YTO KOPOTKHE
crannapru3upoBanubie ydactku JIHK moryt ObITh aMmmuuIupoBaHbl U HCIIOJB30BAHBI Kak
ITPUX-KOJBI ISl UIEHTU(UKAIUN TaKCOHOB. JIaHHBIN METOJ| MCHOJB3YIOT AJS PEKOHCTPYKIIMU
LENbIX SKOJIOIMUYECKHUX CETEH, MPOBEPKU HKOJOTMYECKUX THUIOTE3, JJIS YCTAaHOBJIEHUS HOBBIX
WHIUKATOPHBIX TAaKCOHOB M B JAPYyrux wuccieaoBanuax. CTaHIapTHHIMH B OapKOJIWPOBAHUU
JTUATHOCTHYSCKUMU pPETHOHAMHU SIBJISIOTCS: JIJIL  JKMBOTHBIX — MHTOXOHAPUAIBHBIA TI'eH
cyobenuuunbl 1 muroxpomokcuaassl  (COI), ansg  pacteHuid —  MJIACTUAHBIE  TEHBI
pubynozooucdocharkapookcmnaszel (rbcl) m marypaser K (matK), mis rpuboB — BHyTpeHHHE
TpaHcKpuOupyembie crieiicepsl sinepHbix reHoB pudocomanbubix PHK (ITS) [8].

B Hacrosiiee Bpemst metoanl €eDNA akTUBHO HNPUMEHSIIOT B O0JACTAX, CBSI3aHHBIX C
9KOJIOTHEH M OXPaHON MPUPOJBI: B MaJCOTCHETHUECKUX HCCIIEIOBAHUIX, AJIS U3YYCHHs APEBHUX
COOOIIECTB; B OMOMOHUTOPHHTE, JUIS JCTCKIMH WHBA3WBHBIX M PEIKUX BHJIOB W BBISIBICHUS
«CKPBITOTO OMOpa3HO00pa3us»; MPU KOHTPOJIE 3arPs3HEHUN OKPYKAIOIIEeH CPe/ibl M yCTaHOBJICHUU
HOBBIX OKOJOIMYECKUX WHJIUKATOPOB €€ COCTOSIHMS, Ul OTCJIEKHUBAaHUSA PacIpOCTpaHEHUs
MH(EKIMOHHBIX 3a001eBaHu [6].

OpuuMm u3 10CcTOMHCTB MeTofoB €DNA 1ist MOHUTOpUHIa OMOpazHOOOpa3usl SBISETCS
BO3MOXXHOCTh BOBJICUEHHUS B HCCIIEJOBAHUS TIOOUTENCH-BOJIOHTEPOB M TMPUOOIICHUS TaKUM
o0pa3oM IIMPOKOro Kpyra JIOJeH K 3KOJOrMYecKuM IpobiemaM. B xone ymomsiHyToro Bbllie
TECTOBOI'0 MOHUTOPUHTA IPeOEHYATOr0 TPUTOHA UMEHHO BOJIOHTEpaMH ObLIA OTOOPaHBI TPOOBI U3
239 npynoB B Aurnuu, Yanbce, lllotnanaun. IllupoxomacmtabHas nmporpaMma MOHUTOpPUHIA
6uopaszHooOpasusi ¢ nmomoinbio eDNA, B OCHOBY KOTOpOIl Jeria BOJOHTepcKas pabora, Oblia
yupexneHa YuuepcutetoM Kamudopuuu B 2017 romy. B xome 3Toit mporpaMMbl BOJIOHTEPHI
OTOMPAIOT MPOOBI MOYBBI U OCAJIKOB, UCCIeAOBaTeNN aHATU3UPYIOT eDNA u nenstes nomydyeHHbIMU
pe3yibTaTaMd Ha CIEeUUalbHO pa3pabOTaHHOM caiTe, KOTOpBIA Oyiarojaps IpyKECTBEHHOMY
uHTepdeiicy ymoOeH Kak Uisi HccieloBaTeNeld, TaKk W AN IIUPOKOW MYONHMKH, COAECPKHUT
oOpazoBarenbubie U aHanmuTuueckue moayiu (CALeDNA. CALeDNA n.d., http://ucedna.com). B
paMKkax 3THUX paboT yxke uccienoBano 6omuee 1679 nokaruid.

Takum o00pa3om, odeBUIHBIE mpeuMmymiecTBa MeTona €DNA cocToST B TOBBINIEHUU
9yBCTBUTEIILHOCTH OOHapy:keHUs U d(H(PEKTUBHOCTH OILEHOK BHIOBOTO COCTaBa THAPOOHMOHTOB B
MOJIEBBIX YCJIOBMSIX B TPYJHOJOCTYIHBIX BOJOeMax. MeTol akTUBHO pa3BUBAETCS B TpeX
HaMpaBIICHUSAX: OOHApYXEHHE HAXOMSIIUXCS TOJ YIPO30i MCUE3HOBEHUS BHJIOB, OTCIICKUBAHHE
WHBA3WBHBIX BHJIOB W ONTHMH3AIUS MOHHUTOPHHTA B TIOJIEBBIX M JIAOOPATOPHBIX YCIOBUAX. OH
MO3BOJISIET OMNEPATUBHO TONy4YaTh MONHYI WH(pOpMaIKMi0o O OMOTe BOJOEeMa, HE Hapyllas ero
€CTECTBEHHOTO COCTOsHUA, uTo jAemaer eDNA momaxonm eme Oosiee TPUBJICKATEIBHBIM IS
peanuzanuu 3a1a4 OMOMOHUTOPHUHTA.
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BUOTECT JJIA TEHETHYECKOI'O MOHUTOPUHI'A HOHU3UPYIOLIEI'O
W3JTYUEHHUS HA PAJJOHOOIIACHOM TEPPUTOPUH

A M. llatizagunoBa, A.b. Axk6ota, b. Ucxanosa, 3.M. busmesa
Kaszaxckuii nayuonanenuiil ynueepcumem umenu anv-Papabu, 2. Aimamel, Kazaxcman
e-mail: shaizadinova @bk.ru

AHHoTanusi. B Hacrosimiee Bpemsi KaKIbli 4YETOBEK, a OCOOCHHO J>KUTENbh MEramoJuca,
€XKETHEBHO CTAJKHUBAETCS C TAaKOM IMpOOJIEMOIl Kak 3arpsi3HEHHE OKpYXKarolle cpeibl, HeraTuBHO
BIUSIONIEE HA 370POBbE U MPOBOLUPYIOIIEE MOABICHUE MYyTallUii ¢ TEHOTOKCHUECKUM d(hPeKxToM.
OpuuM M3 TakuxX (aAKTOPOB 3arps3HEHUs SIBISETCS HOHU3UPYIOLIEE HU3IyYeHHE, OCHOBHBIM
HMCTOYHUKOM KOTOPOTO BBICTYIA€T PaJOH M JOUYEpHUE MPOAYKTHI €ro pacnaaa. [ns onmpeneneHus
T€HOTOKCHUYECKOTO JCHCTBUA pajgoHa M ero mnpoayktoB pacnaga (JAITP) mcmonb3oBamach Tect-
cucrema Drosophila melanogaster comeprxaiias crerieHHbie X-XpoOMOCOMBI 1 X-Y-XpoMocoMbl. C
MOMOIIBIO O-U3TYYECHUSI MOICIIUPOBAIIN BiUsiHUE pasioHa U ero JIIP. 'eMOTOKCHYHOCTh MpOsSIBUIIACH
yepe3 MOSIBJICHUE YCIOBHBIX MYyTallMi, KOTOpPbBIE “NO0 MPUPOJAE” CBOEH OTHOCATCS K MyTalUsM C
3¢ (}HeKToM TMONI0KEHHUs TeHa - 3TO MOP(O3bI KPBUIbEB, TIa3, OPIOIIKa, TPYJHON KIIETKH, aHTEHH U
MEJIAaHOMBI Ha BCEX 4acTiX Tejda. bbIIo yCTaHOBIIEHO, YTO TECT-CUCTEMA COJIEpKallasl CLUEIIJICHHBIE
X-XpOMOCOMBI MEHEE UYBCTBUTENIbHA K TEHOTOKCUYECKOMY BIUSHUIO PAIUALIUU, YEM TECT-CUCTEMA
coJieprkariasi cuersieHHble X-Y-xpoMocoMbl. boree Toro, mox BiausHUEM anb(a- M3TydyeHUS B
TecToBOU cructeMe X-Y-CIEeTIEHHOW XPOMOCOMBI 0BT 00HApYXKeH THHaHIpOoMOp(, codeTaromuii B
cebe dYepThl MYXKCKOTO M JKEHCKOrO Tejla, a CIIOHTaHHas YacToTa TaKOro SBJIEHHUS OKOJIO
onHorocnydas H 90 Teicsiu mmaro. Hemapamerpuueckuili TecT %2 MOKa3ald, YTO 4YacTOTHBIE
pacupeneneHns B SKCIIEPUMEHTE U KOHTPOJIE CTATUCTUYECKH PA3JINYAIOTCS HA YPOBHE BEPOSITHOCTH
99%. OTu pe3ynabTaThl YKa3bIBAIOT Ha MYTAareHHYIO0 U KaHIIEPOT€HHYIO aKTUBHOCTb PaJioHA U €ro
JIIP, a Tak:ke TOCTaTOYHYIO UYBCTBUTEIBHOCTh UCIIOJIb30BAHHOM T€CT-CUCTEMBI ISl TEHETHYECKOTO
MOHUTOPHHTA.

Knroueewie cnosa: paoon, anvpa-uznyuenue, cuHaopomopd, mymayuu, opozogpuna
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Beenenune

AJMaThl — TOPOJI C CaMbIM BBICOKMM €CTECTBEHHBIM pajualvoHHBIM GoHOM B Kazaxcrane,
MPUYHHON ATOMY SBIISIETCS €T0 BBICOKOTOPHOE PACIIONOKEHHE B 9-TH OaJUTbHOM ceiicMUYecKoil 30He.
Tepputopuio ropoga mnepecekaroT 5 TEKTOHHYECKHX Pa3jIOMOB, uepe3 KOTOpble Ha MOBEPXHOCTh
3eMJIM BBIXOJUT PAJIOH, a MPOAYKTHI €r0 pachaia sBISITCS HCTOYHUKAMH o-u3aydeHus. [IpoGiema
OXpaHbl OKPYKAIOIIel Cpe/ibl 3aHUMAET OJTHO U3 IIEHTPAIbHBIX MECT B (PyH/IaMEHTaIbHBIX, a TAKXKE
MPUKIIAQJHBIX acTIeKTaX MOHUTOPUHIA OOBEKTOB OKPYIKAIOIIEH Cpebl, KOTOpPbIE BKIIOYAIOT B ceOs
TaKhe METO/Ibl Kak OMOMOHUTOPHUHT, OMOTECTUPOBAHUE U OMOMHAMKAIMS. 3a IOCJIeTHIUE HECKOIBKO
JeT 3HAYMUTENBHO BBIPOC HMHTEPEC K OHMOMEAMIMHCKUM U OSKOT€HETHUYECKHM mpolbiiemam,
BKJIIOUAOIIME B ce0s1 HEraTUBHOE BO3/ICCTBHE PaJiOHa U €T0 I0UepHUX MIPOAYKTOB pacnana. Ucxoas
u3 oneHok Hayunoro Komurera no neiicteuto aromuoit paguanuu (HKIAP), 6omee 75% romooi
WHIUBUAYAIBHON J103bI OOTy4eHHUS] HaceJeHHE MOoJydaeT OT pafoHa u ero u3otomnoB [1]. Takum
o0pa3oM, paJMOaKTHBHOE 3arps3HEHHE 3aHMMAaeT 0co00e MECTO B IPOILEccax 3arps3HEHUs
aTMoc(epHOro BO3[yXa, BOJbL, TMOYBHI W OKpY’KalOLIEeH NPUPOTHON cpensl. PaanoakTuBHOE
3arpsi3HEHUE XapaKTepU3yeTcs HAIMYUEM PalMOaKTUBHBIX BEILECTB HA IIOBEPXHOCTH, B BO3AYXE, B
OpraHM3Me YeJOBeKa WU TNe-TH00 elle B KOJIMYECTBaX, KOTOPHIC MPEBBIIIAIOT YCTaHOBJICHHBIE
YPOBHH W MOTYT BBI3bIBaTh KaK MyTareHHbIE Tak M KaHueporeHuHsle 3¢dexrsr [2]. Ogaum u3
pPaZMOaKTUBHBIX BEIIECTB, CO3JAIONIMX PAIHOAKTUBHOE 3arpsi3HEHUE, SBISETCS PaJOH U €ro
JIOYEpHUE MPOAYKTHI pacnafa. PajoH sBiaseTcs pajanoaKTUBHBIM Ia30M M IPOAYKTHI €ro pacmnana
CO3/1al0T 3HAYMUTEIBHYIO OINACHOCTb JMJIsi 3/0pPOBbsS UEIOBEKAa IyTEM IMOMaJaHus B OPraHU3M
YEJIOBEKa, a MPU PA3JIOKEHUU BHYTPU OpraHu3Ma BhleseT o-dactuibl [3]. CpegHuil ypoBEHb
paananroHHoro (oHa, BHI3BAHHOTO PaJJOHOM B aTMOC(HEPHOM BO3yXe, KOJeOIeTcs B [uana3oHe S—
15 Bx/m>. OnHako B 3aKpBITHIX MTOMEIICHUSAX KOHUEHTpAIMs pajgoHa Beille. B 3qanusax, Hanpumep,
KHWIIBIX JIOMax, IIKOJIAaX M O(QUCHBIX TOMEUICHHSIX, YPOBEHb PaJMOAKTUBHOCTH, CBS3aHHOW C
PaOHOM, MOXeT cocTaBisaTh oT 10 Bx/M® o Gonmee 10 000 Bx/m>. Micxoas u3 3Toro, Ha MecTax
3arpsi3HEHUS PaJlOHOM U €ro JOYEPHUMU NPOAYKTaMH paciiajia POBOJAT PaIUALIMOHHBINA KOHTPOJIb,
IIpU KOTOPOM 3aMepSIOT 103bl ab(a-u3inydeHus. M3MepeHHbI ypoBEeHb MOKHO HCIIOJIb30BATH B
MOHHUTOPHHTE, & TAK)K€ MOJEIMPOBATh B OMBITE C MCIOIb30BaHHEM OHOTecTOB [4]. B cBsizu ¢ aTUM
JUIS OTIpE/IETICHUS] BO3MOKHOT'O T€HETHUECKOI 0 BO3/IEHCTBUS PU3NUECKUX MU XUMHUUECKHUX areHTOB,
BKJIIOYAas PaJiloH U €ro MpOAYKTHl pacnaja, HCHOJB3YIOTCS HE WHAMBUAYaJbHbIE TECTHI, a
crelHaibHble Ha0Opbl TECTOB, OTBEYAIOIIUX TPEOOBAHUSAM YYBCTBUTEIBHOCTU U CIEUU(UIHOCTU
[5].

Marepuanbl M1 MeTOABI

JIaHHBINA SKCIIEPUMEHT MPOBOJMIICA MOCPEACTBOM METOAA, COJAEPIKaIlero B cebe cucremy
CIIETVIEHHBIX MOJIOBBIX XpoMocoM. CyTh JaHHOTO METO/a 3aKJIF0YaeTCsl B TOM, UTO CUEIUIEHHbIe X-
XPOMOCOMBI BCETJIa MEepeatoTcs BMECTe, TaK KaK OHU CBSI3aHBI MEXIY COOOM. A Takke JaHHBIN
METOJI TO3BOJIIET YYUTHIBATh BUIMMbIE BHOBb BO3HHUKAIOIIUME MyTallMu B X-XpoMocome [6], a
JIOTIOJTHUTEbHBIE  Y-XpOMOCOMBI B TEHOTHUIIE SBISIOTCA CHIBHEHIIMMU MOIUPUKATOpaMU
no3unroHHoro 3¢ dexra. Kpome Toro, 3ToT MeTon crnocoOeH (hUKCUPOBATh MO3aWYHBIC TATHA B
(heHOoTHUIIe C MENBI0 BHIABICHUS KAHIIEPOTEHHBIX (DaKTOPOB OKPYKAIOIIEH Cpe/lbl, a HIMEHHO pajioHa
U €T0 JI0YEepHUX MPOIYKTOB pacraja.

B nanHOM ombITe B KayecTBE Marepuaia MCCIEIOBAHMS JJi M3YUYEHHUS] T€HOTOKCHUYECKOrO
BIIMSHUSL O- W3JydeHUs] OBUIM BBIOpAHBI CIEAyIOIIHe H30TOmbl: Pu238 ¢ paanoHyKIMAHON
akTUBHOCTBhIO ucTouHUKa 4.01*104 bk, Pu239 c¢ paauoHyKIMIHONW AaKTUBHOCTHIO HCTOYHHMKA
3.80*103 bk, Tpumner (Pu238 + Pu239 + U233) ¢ paauoHyKIMAHON aKTUBHOCTHIO MCTOYHHKA
3.86*10* Bk.

JI71st IpOBEpPKH TEHETUUECKOTO BO3JEHCTBUS (PaKTOPOB OKPYKAIOIIEH CpeIbl B BUAEC U30TOIOB
pasoHa, Mbl HMCIOJIb30BAIM TPU IeHeTHUeckue JMHUMU Drosophila melanogaster (1-112, OI1-2,
OperoH), KOTOpBIE COZEPKAT CUCTEMY CLETIIICHHBIX TIOJIOBBIX XpoMocoM. TecToBast TMHUS TI0A0BOM
mymiku O11-2 conepuT B cede Tak Ha3bIBaeMblil MO3UIIMOHHBIHN 3 (EKT, KOTOPHI XapaKTepu3yeTcs
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U3MEHEHUEM aKTUBHOCTH I'€HOB B 3aBHUCHUMOCTH OT UX IIOJIOKEHMsI B reHoMme. B cBoro ouepenp,
Drosophila melanogaster TecroBoit nuaun 1-112 HeceT HEOOBITYIO, IUTOJIOTHICCKH HEBUIUMYIO,
PEHTT€HOBCKU MHAYLUPOBaHHYO jenenuto [7]. Jluaus Operon sBisierca Myxoil nukoro tuna. Ecnu
0o0paboTaHHbIE MYTareHOM CaMIlbl CKpPEUIMBAIOTCS C CaMKaMM, TO BC€ MYyTallMH, BO3HHUKIIHE B
raMerax B X-XpoOMOCOME CaMIOB, IIEPEJAIOTCS IIOTOMKAaM CaMIIOB, U IIO3TOMY BCE PELECCHBHbBIE
MyTaluu OyayT IPOSBISATHCSA B IEPBOM MOKOJIEHUU T€MU3UTOTHBIX CaMIIOB [§].

Pe3yabTarsl

JUis OLlEHKHM MYTareHHOHW aKTUBHOCTH paJlOHa M €ro J04YEpHUX IPOIYKTOB pacnaia B
Apo30¢uie ObUT UCIIOIB30BaH METOJI COZIEPIKAIIMHI clLietuIeHHbIe X-XpoMocoMbl. KyinbTuBHpOBaHueE,
CEJIEKIIMSI M CKpEIIMBAaHME MyX HPOBOAMIUCH Ipu Temmeparype 23-25 °C, 4yro dBisgercs
ONTUMAJIbHOW TeMIIepaTypoi JUisl CoJlep KaHusl III0I0BbIX Mylek Drosophila melanogaster. CaMok
apo3odunsl smHUE 1-112 u DII-2 orOupanuce Kaxzaple 6-8 dYacoB, Tak Kak 3a 3TO BpeMs
BBUTYIIUBIIMECS MMaro He JIOCTUTAIOT IOJIOBOM 3peoCTH U HE CIIOCOOHBI K OIUIOAOTBOPEHHIO.
CaminoB nuHun OperoH moABeprain OONydeHHIO allb(a-UCTOYHMKAMHU PAJOHA U €ro JOYEpHHX
IIPOAYKTOB pacnaja B TeueHuH 24 yacoB. [Tocie yero o0myd4eHHBIX CaMILIOB CKPELIMBAJIH C 3apaHee
0TOOpaHHBIMHU JIEBCTBEHHBIMU CaMKaMH. B kaxmyio mpobupky nomemanu 1 o0aydeHHOro caMia u
JBYX JAE€BCTBEHHBIX caMOK. CIycTs 3 JHS pOIUTENILCKOE MOKOJIEHUE YIAIAIOCh U3 IPOOUPOK, a U3
OTJIOKEHHBIX SIMI] HAadyajlo pa3BUBATHCA HOBOE IOKOJEHHE. AHAJINU3 MPOBOAWIN IOCJE IOJHOTO
BbUIeTa MMaro Drosophila melanogaster (10-15 quei).

r

Pucynok 1 — OOHnapyxeHHble MOpho3bl Y Drosophila melanogaster B IepBOM MOKOJIEHUH,
MHIYLIUPOBAHHBIE O] BO3JEHCTBHEM allb(a-U3TydeHHsI OT Pa3IMUHbIX HCTOYHUKOB: A) OTCYTCTBUE
onuoro kpsina (Pu238, tecr-cucrema JI1-2), B) Mopdo3b! KpbUIbEB — CKpy4eHHBIE KpbUIbs (Pu239,
tecT-cucteMa Jl1-2), B) uepHoe nATHBINIKO Ha OpIOIIKe - MeTaHOMa (TPUILIET, TecT-cuctema D11-2);
I') mo3anumsm Ha rnazy (Pu238, tecr-cucrema 1-112); /1) runagpomopd (TpuIuieT, TecT-cuctemMa
OI1-2); E) nedopmarius riazo-aHTEHHOT O anmnapara (TpHUILIET, TecT-cucrema 1-112).

Taxxe B xo/e dKcIeprMeHTa Oblia OOHapykeHa ocoOb ruHanapomopda. JlaHHbI ciaydaii
apnsieTcd peHoMeHoM. B momynsiun Apo30Quisl HHOTAA BCTPEYAIOTCS OCOOHM, Y KOTOPBIX OJHU
4acTH Teja 00JaaloT MpU3HAKaMU MY)KCKOTO OpTaHu3Ma, JIpyrue — skeHckoro [9]. Takue ocobu
HasbIBAIOTCs THHaHApoMopdamu. YacTroTra MosSBIEHUS THHAHAPOMOP(HOB COCTABISET MPUMEPHO
onua ciaydair Ha 90 000 [10]. O6HapyxeH runagpomopd B ymHUN OI1-2 mox BiusHUEM anbda-
W3IY4YCHUsl TpUIUIeTa. DTO JOKA3bIBae€T TO, YTO 034 OOJMy4YEeHHs TPHUIUIETa UMEET HauOOJBIIYIO
MYTareHHYI0 W KaHIEPOTEHHYI0 aKTUBHOCTh. BH3yalbHBI aHAU3 COMPOBOXKIAJICS ITOACYETOM
guclia MyX ¢ MyranusmMu U Mopdosoit u 6e3 Hux. PaccuntanHbie U OOOOIICHHBIE PE3YJIBTATHI
MpUBeIeHBI HIDKE (Tadu. 1).
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Tabmuua 1. Pe3ynpTaThl CTaTUCTUYECKOIO aHAIM3a B TECT-CUCTEME CLEIUIEHHBIX X-XpOMOCOM U
cleIIeHHBIX X-Y-XpoMOCcOM

0-MCTOYHUKH [TnyTonnii 238 [Tnyronuii 239 Tpuner
TECT-CUCTEMBI Pu238 Pu239 U233+Pu239+ Pu239
Cuennensble X-Y-
xpomocomsl (D11-2) 19.4 49.2 38,8
Cuemuiennbie X 2.6 0.38 3.9

xpoMocoMmsl (1-112)
Kputnueckue 3HaueHus 3,841 mpu df=1u 6,635 nmpu df=1 u 10,828 mpu df =1 u
X2 TIPU pa3HBIX YPOBHSAX | YPOBHE 3HAYMMOCTH | YPOBHE 3HAUMMOCTH | YPOBHE 3HAYUMOCTHU

BEPOATHOCTH 0=0,05 0=0,01 00,001

Crartuctuueckass 00pabOTKa OKCIEPUMEHTAJIBHBIX JaHHBIX TIOKa3ajla B TECT-CHCTEME
cruemieHHbIx XxpomocoM (OI1-2) mokazana, yro 2exp > 2crit at P < 0.05. Takke cratuctuyeckuit
aHanmM3 1mokasai, uro 2exp< 2crit at P < 0.05 B TecT-cucTeMe CueruieHHbIX XpOMOCOM B TiHHAA 1-112
¢ ucnoib3oBanueM anbda-ucrounukoB Pu238, Pu239and tpumner (U233+Pu239+Pu238). beuio
OOHapy»EeHO, YTO TecT-cucTema 1-112 MeHee 4YyBCTBUTENbHA K T€HOTOKCHYECKOMY BIIUSHUIO
paauanuu, 4yeM tecT-cuctema OIl-2, mockoabKy B MOTOMCTBE Mpeo0afal0T TeHOTHIBl 0e3
XPOMOCOMHBIX a0eppariuid.

3akiroyenue

Jnst onpeneneHusi reHoTOKcndeckoro 3ddekra pagoHa U ero JoYepHUX HPOIYKTOB pacmana
HCIIOJIB30BaHA TECT-CUCTEMA CO CLEIUIEHHBIMM X-XpOMOCOMAaMHM M  CLEIUICHHBIMM X-Y-
xpomocoMamu. Takum 06pa3om, ObLIO TPOBEACHO CPABHEHUE JIBYX TECT-CUCTEM CO CBSI3aHHBIMHU X-
xpomocomamu DI1-2 u 1-112. OcHOBHasI uAEs 3TOr0 CPaBHEHM S 3aKJIFOUAETCS B IPOBEICHUN aHATIN3a
paiMallMOHHONW YYBCTBUTENBHOCTH. lMcnonb3yeMmplii HaMM HENapaMeTPUYECKHM KpUTEepuil x2
MIPOJIEMOHCTPUPOBAJI, YTO paclpeesieHnuss 4acTOT B IKCHEPUMEHTE M KOHTPOJE CTaTUCTUYECKU
omnyaroTcess mpu 99% ypoBHE BepOSATHOCTU.N BbIiBIEHB MOpP(OIOTHYECKUE MPOSIBICHUS O-
U3ITy4eHUs: 3TO MOp(O3bl KPbUIbEB, IJ1a3, OPIOIIHOM MOJIOCTH, TPYAHON KJIETKU, aHTEHH, MEJIaHOMBI
Ha BCEX yyacTKax Teja. DT MOpP(OJOTHYECKHe TPOSBICHHUS YKa3blBalOT HA MYTareHHyl |
KaHIIEPOTE€HHYIO aKTUBHOCTh PaJIOHA U JOUYEPHHUX MPOJTYKTOB €ro pacrnasa.
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H. XK. Beraingaesa?
lan-Dapabu amemoaser Kaszax ynmmotx ynueepcumemi, Aimameot K-col, Kazaxcman,
2«Anumuzeny FOK, Kazaxcman, Anmamot 061vichl
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AnHoramusi: TyHeHIH MUKI CyTi >KOHE OHBIH HETI3IHJC alllbITBUIFAaH OHIMIEPI YKOFapFhI
POOMOTHKAIIBIK MIOTSHIIMAIIFA He CYT KBIIIKBUIIB OakTepusuiapra Oaii 6onbin kenexi. Tylie cyTiHiH
KYpaMbIHAAa JKHl Ke3JlececeTiH MHKpoopranmsmaep: Lactobacillus, Enterococcus, Lactococcus,
Weissella, Pediococcus. AtanraH 3epTTey XYMBICHIMBI3Fa aJJbIH-aJIa JKEPTUTIKTI Ty#e CyTiHEH
OeiHIN anbpIHFAH JXKOHE HAeHTU(UKauusnanran Enterococcus faecium, Lactobacillus casei cyt
KBIIIKBUIB OaKTePUSUTAPBIHBIH IITAMM H30JISTTaphl KOJIaHbUIIbL. Olap el 63 Ke3eriHae 3epTxaHana
*acaHbl (Invitro) KOPEeKTIK OpTaja acKa3zaH-11IeK >KOJIJapbIHbIH [MIapTTapblHa TO3IMALIITT OOMbIHIIA
3epTTeNiK, aTran aWTKaHJa acKa3aH CeNIHIH KypaMbIHJIafrbl IMENCUH (DEPMEHTIHE >KOHE TOMEHTI
KBIIIKbUIIBUIBIKKA, OT KBIILIKbUIBI TY3/1apbIHa, (PEHOJIFa TYPAKTBUIBIK KACHET KOPCETY1 JKOHE TIPIILIIK
KaOlneTiH cakrtail Outyl. HoTwkecinze, 3eprrey HbICaHIAapbl >KOFapFbl NMPOOUMOTHKANBIK dJI€yeT
KOpPCeTTI, OJapAbIH TIPLIUIIKKE KaOUIeTTI KOJIOHUAIAphl CaH >KaFbIHAH JKOHE calla YKarbIHAH J1a Kell
0onp1.Ocbutaiiiia  JKeprulikTl  CYT KBIIIKBUIABL  OakTepusuiap Heri3iHAe MpOOHMOTHUKAIIBIK
npernaparTap Kypbll, oJlapJbl ayblil LIapyallbUIBIFbIHIA KOJIAHY JKOFApFbl ©HIM[I, SKOJIOTHSIIBIK
Ta3a, carnachl )KOFapbl, 5KOHOMUKAJIBIK KaFbIHAH TUIM1 OHIMJEP alyFa MyMKIHJIK Oepeni.

Kinmmik ce3dep: myiie cymi, cym KbluKblL10bl Oakmepusnap, npoouomuKaivl Kacumemmep,
ACKA3aH-IUeK HCONOAPLIHBIY WAPMMApbl, AYbll WAPYAUbLIbIEb

Kipicne

AUIBITBUIFaH CYT OHIMJEPIHIH TaFaMbIK KYH/BUIBIFbBI )KOFAphI XKOHE 0J1ap aJaM aF3achlHa OHal
ciHemi. FampimMpap MyHBI IIMKI CYTTIH Kypampaac Oesiktepi (GepMeHTTep, CYT KbIILKbUIbI
MHUKpPO(hIOpackl apKbUIbl META00IM3/IEHIN, OPTaHUKAIBIK KOCBUIBICTApFa TUAPOIN3ACHETIHIINIMEH
tycinaipeai. Cyt kpiukbuiasl Oaxtepusiap (CKB) OMOTEXHOJOTHSUIBIK calafja KeH TapaliFaH,
POOMOTHUKAIIBIK KACHETTEPl MEH EPEKILENIIKTePl OTe KaKChl 3epTTENIM, SJIEMIIK JeHIei e 5KOFapFbl
KOPCETKIIINEH MPOOUOTHKAIBIK IIpernapaTTapAblH eHAIPICIHIE KOJAAHbUTYAA, all MPOOUOTUKTEPIIH
ayblJ IIApyalIbUIBIFBIH/IA, aTall alTKAaH/a KYC JKoHe MaJl, OaJIbIK eHipiciHae MaHbI3bI 30p [3, 4, 12].

Bbyrinri Tana aknmaparThiH Kell 0eJIiri CHUbIp CYTiH 3€pTTeyre NIOFbIPJIaHFaH, all )KaHyapJapablH
O6acka TypiepiHiH (KOH, emki, Oyfbl, OMe »MoHE TyiHe) CYTi Typajbl 3epTTeylep oJeMJIK
KaybIMAACThIKTa a3 KamThuiFraH. OCBl TYPFBIIAH TYHE CYTIH OJaH opl 3€PTTEY ©3€KTI OOJIBII
TaObLIAIEI.
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Tyiie cyTi eTe KyHapIibl, KOPEKTIK KaCHETI JKaKChl XKOHE TYThIHYFa MyJieM Kayircis. TyieHin
IIUKI CYTI )KOHE OHBIH HET131H/I€ aJblHFaH (DEPMEHTATUBTI OHIMACPI CYT KBIIIKBUIIbI OaKTepUsIapra
6aii 6o Kenei.

[IpoObuoTukTep Kazipri MarblHaga Tipi MUKPOOTHIK aKbUIApJAH aJbIHFAaH OaKTEPHUSIIBIK
npemnaparrap 00BN TaObLIA IbI, OJIAp ACKA3aH-1IIEK KOIAAPBIHBIH MUKPO(IOPACHIH TY3ETYTe KOHE
ajlaMJap MeH KaHyapJiap, KyCTapIslH OipKaTap aypyJapblH eMIeyre apHajFaH, SFHU IPOOUOTUKTED
acKazaH - IIIeK >KOJIJapbIHBIH TMAaTOTEH/AI MHMKpPOOPTaHM3MJIEPIH TeXeyre, IMIeKTeri maiiianbl
OakTepusIapIblH CaHbIH apTTHIPYFa, aC KOPBITY >KOJBIHBIH MUKPO(MIOpachl KYPaMbIHBIH CarachlH
KakcapTyra KaOurerti. JKammbl, npoOMOTHKANBIK OHIMIEp aly VIIH  KOJJAaHBUIATHIH
MUKpPOOPTaHU3M/JIEp KOIITEreH mapTrapra cail kenyi kepek. COHbIH 1IIiH]Ie epeKIle aTar eTeTiHIepi,
NpOOMOTHUKANIBIK OHIMAEP KypaMblHA KIipeTiH OakTepusapAblH MIAPTThl MAaTOTreHAI OOIMaysbl,
aCKOPBITY JKYHECIHIH opTypial (epMeHTTepiHe, ©T KOHICHTpalusuiapbiHa, (EHONFa TO3IMILIIK
KacueT Kepceryl skoHe pH-H keH cnekTpinme OenceHmumnirin cakran Kainybl. Cebe0i, 3eprreynep
KOpCEeTKeH 1e!, MPOOMOTUKAIBIK OaKTepUsIIapIbIH e19yip Oeiri eHIMI1 cakTay Ke3iHae, COHIai-aK
acKa3aH-IlIeK J>KOJAAphl apKbUIBI OTY MPOLECIHIAEC MHUKPOOPTaHU3MICPAIH TIPHIUIITiH >KOIOBIHA
OallJTaHBICTBI ©3 OCJICEHIUTIKTEePIH XKOFanTaabl. MyHBIH ce0eli - albIThUIFaH CYT oHimMzAepiHiH pH
MOHIHIH TOMEHJIIT1, TY3 KBIIIKBUIBIHBIH, OT, (CHOIIBIH JKOHE acKa3aH COJIHACTI NETICHHHIH BIKIAT
eTyl. Amly mporieci Ke3iHJAe I1IeKTe HHIOJN, CKaTol, (eHon maiga Oojaabl, ojap Maiganbl
MUKPO(DIOpaHbIH 6CYyl MEH AaMybIH Texeii. JlakrobakrepusimapabH Genonra Te3imai hopmanapsl
FaHa acKa3aH-1IIeK JXONBIHJA TypaKTan Kamyra KaOurerti. OH ekl eni iMIeKKe Kedil TYCKeH T
ilmeKTeri KemTereH OaKTepHsUIapIblH O KOHBUIYbIHA albIll  KeJeldi, SFHU OaKTepusuiapra
AHTUMHUKPOOTHIK KAaCHET KOpCEeTe OTBIPHIN, OJapiblH >KacymanblKk MeMmOpananapbl mMeH JIHK-u
3aKbIMJIaiIbI, OUTKEHI JIMTUATEP MEH Mail KBIIIKBUIIApbIHAH TYPATHIH jKacylia MeMOpaHaiapsl T
TY3/4apbl apKbLIbl )KOWBLUTYFa ©Te ce3iMTal. AJl, IencuH (pepMeHTI Kol XKaFaia OakTepusiap IblH
AHTUMHUKPOOTHIK KAaCHETIH TOMEHJETIN TacTaiibl, opTypil auanazoHgarel pH  peHreiii
OakTepHsIapJblH TIPLIUIIK KaOUIeTiHE >XoHE AHTUMHUKPOOTBHIK aKTHBTUIIIIHE TYpJl acep eTell.
Ocpiran  OalyIaHbICTBl MPOOMOTHKAIBIK MHUKPOOPTaHM3MIAEPAIH THUIMAUII  OJapAblH  OChI
¢bakTopiapra Te3iMAUTIrIHEe OalIaHbICThI 00BN Keneal [5, 6].

ConppblKTaH 013 JKEpruliKTi A9CTYpill CyCchlH — Iy0OarTaH OejiHIN ajblHFaH >KaHa CYT
KBIILIKBUIbl OaKTepHsUIapblH OChl aTajfaH IIapTTapFa TYPaKThUIBIK KAaCHET KepceTyiH Oaranay/ibl
MakcaT €TTIK oHE OChl MaKaJlaJa abIHFaH MOJIIMETTEP 11 KOPCETTIK.

KaxerTi mukizaTrrap MeH daicrep

Toxipube 6apbIchbIHIa 3€PTTENETIH TYHe CyTIHEH OOJI1HIN ajblHFaH )KaHa ITaMMIap TaHJaJIbIIT
aneiHabl: Lactobacillus casei (B 3.2 wzonsatel), Enterococcus faecium (B 5.2 wzonarer). byn
mTaMMIap YITTBIK CYT KBIIIKBUIABI CYCHIH — IIyOarTaH OeJHIN aJlbIHFaH J>KOHE «¥YJITTHIK
buortexnonorust Opransirbiaay» uaeHTUGuKanusiian otkeH, «Anturen» FOK XKIIC mypaxaiibiana
cakranagel. MRS xoHe EITA KopekTik opTamapbl KOJJaHbUIABL. BapiiblK XUMHUSIIBIK bIABICTAp,
epITIHALIEp MEH KOPEKTIK OpTaslap 3aJaJIChI3IaHABIPBUIBIT OTHIPBUIJIBL.

Tylie cyTi MeH OHBIH HeriziHne ambIThUFaH eHimaepAiH CKb 3eprrey keneci ke3eHaepai
KaMTH/IbI:

CYT KBIIIKBUTABI OaKTepUSUIAP IbIH Ta3aIbIFBIH, MOPQOIOTHSICHIH 3epTTey. O YIIIiH ajIbH-ana
Oeminin aneiHFaH CKB-nei MRS cy#BIK KOpEKTIK OpTachlHAa OTBIPFbI3aMbl3, KeOeireH
KyabTypanapasl ['paMmm OosybIMeH 0OS, MHUKPOCKOTHUSJIBIK OJICTICH TY3UIT€H KOJOHHSIIAPIBIH
MiIIiHIH, KeJIeMiH, OpHAJIaCybIH, CIIOpa TY3YyiH KapaiMbI3.

AckazaH cesl KypaMbIHJarbl MENCUHTE TO3IMILIITIH TeKcepy. AcKa3aH COJiHIH epiTiHIICIHE
(GI) mencun (3r/n, Sigma, Cent-Jlyuc, Muccypu) kocsir, Ty3 Kelmikeiisl (HCI) epiTinaicinig
kemMeriMeH pH nenreiiin 2-re kenripemis. 1 ma pH 7,2 docdartei-Oydepii epiTinal MmeH 1 M kieTka
cycrmeHsuschiH  apanacthipambis, 10  wmun  25°C  Temmeparypama 6000  aiimaneivza
neHTpudyranaitMbrs. OFaH 5 MJT acKa3aH celiHiH epiTiHicin Kockim, 37°C-ta 90 MuH GOBI TYPaKThI
apanacThlpa OTBIPBII HWHKYOAIMsUIaliMbI3. OpTYpii yakbIT apanbikrapbiga (0-0akpuiay HYKTecH,
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30mun, 60 MuH, 90MUH) chIHAMAJIAP ATBIHBIN, MUKpOOpranusM mejepin 10% nopexecine xenripy
yirin ¢usukansik epitinaiMen (0.85r/m) 10 ece cyiputelabl (1Ma+9mi), oman opi MRS +EITA
KATThI KOPEKTIiK OpTachlHa OTHIPFBI3bIN, 37°C-Ta 48 carar TepMoCTaTTa MHKyOAnusananasl. Temenri
KBIIIKBULIBIKKA TO3IMILIITIH TEKCEPreH e 197 OChl 9/Iic KoJIanbutaabl, Tek pH mouaepin 1.5; 2.0;
2.5-ke xenripemi3 xoHe chiHamanapabl 0 MeH 90 MHUH apalbIFbIHIAFBl HYKTEIEPAE allblll, KOPEKTIK
oprara erin, 37°C-ta 48 cararTa MHKYOALHUANAI, OCIII IILIKKAH KOJOHHUAIAPIbI ©3apa CATbICTHIPAMBI3.

OT KBIIKBUTBI TY3/JapblHA TO3IMAUITIH TeKCepy. AJIABIMEH IITAMMIAPAbI JalbIHIaWMBI3,
CHEKTPOMEPTHUSI KYPBUIFBICBIHBIH KOMETIMEH MUKPOOpPraHu3M Mediepin opramia 0.2 re KenTipemis,
Ol MHKPOOPraHH3M >Kacyma ThIFbI3AbIFbHBIH 108 KOE/Mn nopesxecine TeH (OT (onTHKasbIK
ThIFBI3ABIFBI) — 0.2; 620 HM — TONKbIH Y3bIHABIFEI). CKB-H pH 7.2 PBS epitinaiciaae cyiiburteim, 10
muH 25°C Temneparypaza 6000 aiinaneivaa nenTpudyranaiiver. Kypameiaaa 0.3% et Ty3sl 6ap
»aHa MRS copnaceiH KocambI3, opi Kapaii 6 carat O0HbI 37°C-ta TEPMOCTATTa UHKYOAIUSITaiMBbI3.
Kacymamapapiy Tipmritikke kabdinerrutiria 0 car, 3 car, 6 car apaJIbIFbIHIa ChIHaMamap anbi, MRS
+EITA KarThl KOPEKTIK OpTachblHAa €ril, ©cil MIBIKKAaH KOJOHUSUIApAbl ©3apa CallbICTHIPHII
AHBIKTAMBI3.

®denonra TO3IMALIITH Tekcepy. CeKTpoMepTHsl KYPBUIFBICHIHBIH KOMETIMEH IITaMMAp.IbIH
Meumiepin oprama 0.2-re kentipemi3. DEHONABIH OPTYPil KOHIEHTPAUSIAPBIH JaibIHIANMBI3:
6axpinay (200 max MRS ¢enoncsiz); 0.1% (200 mn MRS + 0.2 r dpenomn), 0.2% (200 ma MRS +0.4 ¢
¢denon), 0.3% (200 mm MRS + 0.6 r d¢enon), 04% (200 mn MRS + 0.8 r denon).
3apapchI3IaHAbIPbUTFAaH  TpoOupKamapra 9 wmi-neH Kyibin mbiFambi3, ycrineH 1 min CKb
JaKpULIApbIH KocaMbis, 37°C-ta 24 carar uHKyOamusnaiimMbls. VMHKyGAUMSHBIH aiIblHIA JKOHE
conbigaa OT emmeiimiz. MRS + arap xopektik opraceiHa 0.1 mi «0» HYKTecl MeH «1» HYKTeciHe
eremi3. 24 carartaH KeiiH, | HyKTeHI cyilbIK KOopekTik oprara (MRS) aysicTeipsin, OT Tekcepy
apKbUIBI IITaMIAPAbIH OMIPIICHIITIH oJIIey apKbUIbl Oaranaiimbl3 [1, 2]. bapasik 3epTreynep yun
PETTEH KalTAIaHbII JKacaJlibl.

HoTu:kesiep MeH TaJKbLIay

Kywmsic Oapbicbinga «AHTUren» FOK XIIC mypaxkaiiblHaa y3aK yakbIT OOWBI caKTalfaH
MTAMMJIAPJBIH ~ Ta3albIFbl, MOPGOJOTHUSIIBIK CHIIATTaMalapbl, AacKa3aH-1IIeK >KOJJIapPbIHBIH
[apTTapblHa TO3IMJILIITT CATBICTBIPMAIIBI TYPJI€ AHBIKTAJIIBI.

bakTepusibik xacymranap (GopMachHBIH CHIPTKBI curiatTamachl, [ paMMen 0osutysl OOHBIHIIA
YKacaJlFaH MHUKPOCKOIMSUIBIK 9JIiC HOTWXKemepl OoubiHIIA Lactobacillus casei (B 3.2 uzonsamot) —
JIOFaJl COHJBI TasKIIa TOPI3Mi, JKEeKe jkKoHe Ti30eKTep Ty3e opHanackaH, ['pamm oH, Enterococcus
faecium (B 5.1 uzonamet) - noManak MINIHAL, KONTEreH OPTYPJl Y3bIHABIKTAFbl TI30€KTEp Ty3e
opHanackaH, ['pamm oH OGakTepusiiap OOIBIN TaHBUIIBI.

Kanmel, Lactobacillus nien Enterococcus TybICTapbIHA KaTaThIH OaKTEpUsIap MATOTEH/II €MEC,
criopa Ty30eii1i, MeTabOIM3MHIH COHFbI ©HIMI PETiHAE CYT KbIIIKbUIBI MEH MPOMUOH KBIIIKBUIBIH
Ty3ei, ajamaap MeH >KaHyapiapIblH KaJIbIITBl MUKPOQIIOPACHIH TY3€WIi, SFHU TaOWFU TYpHAeC
acKazaH MEH OH €Ki elli 1IeKTe, alll ieKTe 0Te KONTeN Ke3/Aecel ®KoHe KabINThI TipPIILTITiHIe OH
ocep eTel.

JlakToOakTepusIapAblH (DU3HONOTHSUIBIK €PEeKIIeNIri - ONapJAblH KBIMIKbIIFA TO31MILIITI.
JlakroGakrepusmapapiH ocyl ymiH pH 5.4-6.4 a3man KbIIIKBUIIAHFAH OpTaap KOJIAWIIBI OOJIBIT
Tabbimanel, an pH 3.6-4.0 sxeTkeHie JaKbUIIAPIBIH 6CYyi, TYpPJepi MEH ITaMMAapbliHa OalIaHBICTHI
Oastynmaiinel. L. casei pH 2.8 ke3inne e oCcy KaOiIeTiH caKTaiabl. AJT DHTEPOKOKTAP IbIH KaKChI 6CY
aiimarsl pH 4.5-10 kypaiiapl. OpuHe CUITLIIK *koHe OeliTapan opTaja oJlapIblH ecyi Oasynail Oepeni
[7, 8].
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Cypert 1. Lactobacillus casei (B 3.2 uzonamot) MmeH Enterococcus faecium (B 5.1 uzonamot)
TOMEHT1 KBIIIKBUIIBIIBIKTA ©6CY KOPCETKIIITepi

Cyperre kepcerinrenaeid B 5.2 mramsl pH 2.0-1e 90 MunyTTa 6T€ KaKChl 6CiM KOPCETTI, ipi
KoJHUsap Ty3unai, an B 3.2 mramel pH 1,5 mMen 2.0-n1e 90 MuHyTTa KONTETeH YCaK KOJIOHUsIIAP
TY3iIl, JKOFapFbl OMIPIICHIIK Kacuer Kepcerri. SrHm, ontumanasl pH 2,0 >xoHe TeMmeHTi
KBIIIKBUILIBUIBIKKA TO3IMI1 OO0JIbBIH MIBIKTEL.

Kecre 1. Lactobacillus casei (B 3.2 uzonamul) men Enterococcus faecium (B 5.1 usonam) 6ipHenie
YaKBIT apaJIbIFbIHIAFBI IETICHHTE TO3IMIIIIK KOPCETKIITEPi

[ITammaap bakpuiay 0 MmuH 30 muH 60 muH 90 MuH
Lactobacillus casei 176 151 120 57 39
Enterococcus faecium 206 187 184 170 168

AckazaH ceuni KypaMmbIHIarsl nienicu ¢epmentine pH 2.0 nexreitinae B 3.2 mrambr oprama
TYPaKTBIIBIK KACHET KOpCeTTl, 0aKpljIay CaThIChIH/IA JKAKChl 6CIM KOPCETKEHIMEH, YaKbIT ©Te Kelle
Kacylianap caHsl azas TycTi. An B 5.2 mitamel, KepiciHile, ©Te KaKChl HOTU)KE KOpCETT, OaKbliay
caTbICbl MEH COHFbl 90 MHUH apaibIfblHAA TIPLIUTIKKE KAaOUIETTI kacyllanap CaHbl CaJbICThIPMAbl
TYypae Oip neHrenae Kaiibl.

Kecte 2. (B 3.2 uzonamut) men (B 5.1 uzonam) 0-nen — 6 carat apansirbiagars! 0,3% oT Ty3biHA
TO3IMAUIIK KOPCETKIIITEepi

[Itammpaap bakpliay 0 carar 3 carar 6 carar
Lactobacillus casei 154 146 108 35
Enterococcus faecium 176 161 104 58

AcKazaH-111IeK JKOJIBIH/IaFbl 6TKE PE3UCTEHTTI OaKTepHsuIap/Abl aHbIKTayAa €Kl IITaMM Jia OH
HOTHKE KOpPCETTI, OaKbliay caTbIchbiHa, 0 koHe 3 caraT apaslbIFbIH/a ©CII MIBIKKAH KOJIOHUIAp CaHbl
B 3.2 ymin 154-108, B 5.2 ymin 176-104 apansireiaga 6011, 6 car coH, THicCiHIIE, 35 koHE 58
KOJIOHMsITApFa KeMi/Ii.
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200
Bakelnay MRS- nakeln copnacel
120 (deHonCH3)

B ©eHon 0,1% 0 car

W ©eHon 0,2% 0 caF.

B oenon 0,3% 0 car.

B ©enon 0,4% 0 car.

CleHon 0,1% 24 caf.

B ©eHon 0,2% 24 car.

W ©eHon 0,3% 24 car.

W ©enon 0,4% 24 car.

B3.2 B5.2

Cyper 1. Lactobacillus casei (B 3.2 uzonstel) MmeH Enterococcus faecium (B 5.1 uzonsr)
(deHoFa Te3IMILTIT

®denoun — pepMeHTanus POLIEC] Ke3iH/Ie TY31IETiH OHIM, OHBIH aF3ara, OH/JIaFbl MUKpOQIIopara
ocepi kepi Oombin skaranasl. COHABIKTAH MATOT€HJI OAaKTEpUSsIApIbIH CaHBIH IMIEKTEN, MakiJabl
MUKPOOPTaHU3MJICP/IiH CAHBIH apTTHIpyaIa GEHOJFA TYPAKTHUIBIK KOPCETY MaHbI3AbI. Jluarpammara
Kapacak, ekl OakTepusuiap Aa 6akbuiay caThIChIH/IA )KaKChl ocin kebeii, B 3.2 mrams 0 car-ta 0.1%
, et 0.3% optaga 140-120, an 0.2% 6en 0.4%-na 86-68 xononus mamaceiaaa, 24 car-ta 0.1-0.3%
apacbiHaa 98-79 6oinca, 0.4% xypT 17 KOJOHUSAFa KEMII KETTi, CaJIbICTBIpMalIbl TYPAE TYPaKThl. Al
B 5.2 mrramer O car-ta 0.1-0.4% ¢eronabr opraga 118-52, 24 car-ta 81-36 TeHIpeTiHIAe TipIILTIKKE
KaOUIeTTI KOJIOHMAJAp TY3il, OIPKaIBINTHI a3JaFraH MeJIIIepAe KEeMill OTBIPAbl JKOHE KAKChI
TYPaKTBUIBIK KOPCETTI.

Jlemek, 3epTTeyre ajlblHFaH €Ki TYPre JKaTaThlH CYT KIIIKBULIBI OaKTepUsIapAbIH €Ki IITaMbl
Jla acKa3aH-1IeK >KOJAApBIHHBIH IIapTTapblHA KaHaFaTTAHAPJIBIK JTOpeXene TO3IMIIIIK KachueT
kepcere Oinai. XKoraprel TPOOMOTUKATBIK MOTEHIIMATFA HE KOHE KOJIJAHBICKA €HT13y MYMKIHJIr
HKOFaphbI.

KopsbITbIHABI

Enimizaig aypln mapyanibUTBIFBIHBIH 1IIK1 )KOHE CHIPTKBI HAPBIKTAFbl 00ceKere KaOuIeTTIITH
apTTHIPY MIHACTI OHAIPICTIH IKOHOMHUKAJIBIK THIMJILIITIH apTThIPa OTHIPHIT, OJIAPABIH SKOJIOTHSITBIK
KAyilCi3airi TYPFBICBIHAH KOFapbl camalbl OHIM aly KaKeTTUNIH KaTThl Talam eTei.
AHTHOMOTUKTEP/I1 6CIPY CTUMYIISITOPJIAPHI PETIH/E MaJl IIAPYaIIbUIBIFBIH/IA, KYC TIEH OAJIBIK OCIpyIe
KEeHIHEH KOJJIaHy Te31MJi MHKpOQIOpaHblH Ty3uayiHe okenai. COHABIKTAH 3€pTTEYAIH MaHbI3/IbI
OarbIThl MPOOMOTUKANBIK MperapaTTap Kypy apKbUIbl aybll IIApyallbUIBIFBIHAA, CYT OHAIPICIHIIE
SKOJIOTHSUIBIK Ta3a, JCHCAYJIbIKKA OH ocep €TETiH, TUIMII OHIMIEP/iH CaHBbIH apTThIpy OOJBIIT
tabputanpl. Cebebi, Oy mpemapaTrap ac KOPBITYABI jKaKcapTaabl, acKa3aH-iIIEK KOJaapbl
aypyJapblH eMICH I >KOHE KAIBIMTEI MUKPOQIIOPACKIH PETTEN OTHIPAJbI, KYKIAIbl aypyliapablH
QJIJIBIH aJIaJibl )KOHE YKac OyBIHHBIH ocyiHe bIKnai etemi [14, 15].
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Tyiie cyTiHiH mHKi XoHE PEepMEHTATHBTI OHIMIECPIHAE CYT KBIIKBUIIHI OaKTepUsIap KONTer
kezgecemi. IIpoOMOTHKANBIK KacHeTTepi MEH CcHUIaTrTaManapbl I[ITaMMaapra OailylaHbICTHI
OOJIFaHIBIKTAH, aJIaM JKOHE XKaHyap JICHCAYJIBIFbIHA OH 9CEp €TETiH CYT KbIIIbUIAbI OaKTepUsIapabIH
’KaHa INTaMMJAPBIHBIH HPOOMOTHKAJIBIK MOTCHIMAJINAPbIH AHBIKTAY JKOHE IaljaiaHy YIIiH,
OJIapJIbIH acKa3aH-1IIeK XKOJIIapbIHAH 6Tyl OAPBICHIHAA dp TYPJi KBIIIKBUIIBLIIBIKKA, (hepMEHTTEpTE,
©T KBIIIKBUIBI TY3JapblHa, (EHOJI CEKUIAI METa0ONUTTIK TOKCHHAEPre MOFApFbl TYPAKTHUIBIK
KOPCEeTYIH 3epTTEYAiH aybUl HIapyalIbUIbIK, OHIIPICTIK KOHE FHUIBIMH MaHbI3bI Oap [11, 12].

bonmamakta Tarel Ja KOCBHIMIIA 3epTTEyJep JKYPrisil, COHAai-ak aHTHOMOTHKTEpre
PE3UCTEHTTIH, aHTOTOHUCTTIK KAaCHETIH, acKa3aH-1llIeK SMHUTEINHIHIE CIHIPUTY JOpEkKECiH 3epTTer
oteipbin, Lactobacillus casei B 3.2 uzonamur MeH Enterococcus faecium B 5.1 uzonamapeinvly
HETi31H/1e MPOOMOTUKANIBIK MpenapaTTap aty MYMKIHJIT1 )KOFaphl A€M aiiTa alamMbI3.
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GK: FG (GK-Zn) UHCCJIIEJOBAHUE BJIUSAHUSA CYIIPAMOJIEKYJISAPHBIX
KOMIIVIEKCOB HA AKTUBHOCTb AMMJIA3bI ITPU PA3BUTHUU U PA3SBUTUU
3EPHA INIIEHUILbI
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Tynucmanckuii F'ocyoapcmeennviii Yuusepcumem, Y3oexucman
e-mail: idilmurod298 @ gmail.com

AbcTpakt. CoryiacHO pe3ysbTaTaM UCCII€JOBaHUM, aKTUBALUS TUAPOIUTUYECKUX (PEPMEHTOB
®OI' (o-ammnassl, npoteassl U 1p.) Kak crtumynsaropa mporecca NnpopacTaHHsl CEMsSH pacTeHUM
YBEJIIMUUBAET KOJUYECTBO TPYAHO NPOPACTAIOLIMX pacTeHM. B Xxome wuccinenoBaHus Takke
n3y4ajoch BiausiHuE Komiuiekca GK-Zn Ha mpopacTaHue 3epHa MILEHUIbl, IPU 3TOM akTuBHOCTh FG
CBsI3aHa C aKTUBHBIM OCYIIECTBJICHUEM META00IMUYECKUX MPOIIECCOB B TKAHAX U KJIETKAaX pacTeHUH.

Knwuesvie cnoea: npupoomvie ¢husuonocuuecku — aKkmueHvie — Gewjecmed,  ypoGeHbv
MONEePAHMHOCMU, 3ACOleHUe, NUYUPPUSUHOBAS. KUCIOMA, QUMOOPMOHbL, CYNPAMONEKYIAPHbIU
KoMnaeKke, buo102uuecKy aKkmugHvle, CelbCKOX03AUCMBEHHbIE PACEHUSL.

MHorue HayyHbI€ LEHTPbHl O BCEMY MHUpPY YACNIAIOT 0co00€ BHUMAHHUE OIPEAEICHUIO
MeXaHu3Ma ACUCTBUS MPUPOIHBIX (U3UOJOTMUECKHM AKTUBHBIX BEIIECTB C IETbIO0 TMOBBIIICHUS
ypoxxaitHOCTH pacteHuid. OpHa W3 BaXKHEWINIMX 3a/7ad B CEIIbCKOM XO3SHUCTBE - TOBBIIICHUE
YCTOMYMBOCTH PACTeHHUI K HEOIArompuUATHBIM (DaKTOpaM OKpYKawled cpeabl, B TOM YHUCIE K
3acoyieHn10. B TO e BpeMsi BBICOKO OLIEHHMBAIOTCS MEPCHEKTUBbI MCIOIb30BaHUS (PUTOTOPMOHOB,
BBICTYNAIOUIUX B Kaye€CTBE MEIUMATOPOB BHEIIHMX CUTHAJIOB B TKAHAX M KJIETKAX PACTEHMIA.
[ToBbIlIEHNE YCTOMYHUBOCTH PACTEHUI K CTPECCOBOMY (PaKTOPY 3a CUET CTAOMIIN3ALUU U TIOBBIIICHUS
YPOBHSI (PYHKIIMOHATHHONW AKTUBHOCTH OHMOJOTHMYECKON MeMOpaHbI PACTHUTENbHOW KIETKU IO
neiicTBreM (pUTOropMOHOB, HOPMAJU3alUd OOMEHHBIX IPOIECCOB B KIIETKE.

Takum o00pa3oM, TIHOUPPU3UHOBAST KHCIOTa - OJHO W3 BAKHEHIINX MPUPOTHBIX
(bU3MOIOTHYECKH AaKTHUBHBIX BEIIECTB M MHOrooOemarmux areHtoB. Llems wuccnemoBanus -
MOJIy4eHHUE CYIPAMOIEKYISIPHBIX KOMILIEKCOB TIUIMPPpU3NHOBOM KuciaoThl (['A) ¢ puroropmonamu
(®T') u onpenenenre UX OMOJIOTHUECKOM aKTUBHOCTH B CEJIbCKOXO3SHCTBEHHBIX PACTEHUSX.

Takum obOpazom, cemeHa pacteHuid FG BaxHBI B mpolecce mpopactanus. Takxke ObUIO
oOHapyXeHo, 4To B Tporecce mpopactanus cemssH OI' B3amMonelHCTBYIOT CIOKHBIM 00pazoM,
KOHTPOIHPYS dPPEKTH APYT Apyra. ITH MEXaHU3MBI, BKIIIOUAs MEXaHU3MbI PABHOBECHS MEepeIavu
curHasioB GC3 / ABK, 0buti mogpoOHO MpoaHaTU3UuPOBAHBI B pab0TaX HEKOTOPHIX UCCIIEI0BATEIICH.

OTMeUeHO, UTO aKTUBHOCTh O-aMHUJIa3bl B POCTKAX MIIEHUI[bl YBEIMUYUBAETCS BHECKOJBKO pa3
B mporecce npopactanusa. @I' B mpoiiecce npopacTaHus NIIEHUIbI MeXxaHu3Mbl CTUMYJIAPYIOIIETO
JEeNCTBUS M3ydanuch psoM uccienonareneil. GC3 BakeH BO BpeMsl pocTa M pa3BUTHS 3J1aKOB U
BCEro IMpoliecca OHTOreHe3a, a aKTUBHOCTh MHIMOUTOpa o-aMuiiassl nof BiausHuem GC3 B kieTkax
aJICHPOHOBOTO CJIOSI IPU MPOPACTAHUH 3€PHA IIICHULIBI, B CBOIO 0OYepe/ib, 00YCIIOBIIEHA 0-aMUJIa30H.
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[61; Tabmuma 1.6] B cienyromiei Tabmuie 5.6 mOKa3aHbl pe3ybTaThl BIUSHUS CYIIPaMOJICKYIISIPHBIX
komiiekcoB GC: FG Ha akTHBHOCTH (hepMeHTa - U J-aMuiIa3bl B pa3BUTHUHU 3€pHA MIIEHUIBI (pUC.
D).

—#— KOHTpPOTHL
—®— T'K:HUCK (4:1) 100 mxM
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Bpems nasenus 3epHoO (B CYyTKH)

Pucynok 1. I'K: [lunamuka BausiHus cynpamosnekynsapHbix komiiekcoB FG (ISK, NSK, IMK
Y KMHETHH) Ha aKTUBHOCTb O-aMUJIa3bl B MPOIIECCE NMPOpaIUBaHMsl MIIEHUIBI copTa «lycTauk» (2,
5, 7 u 10 cyt) B nmaboparopHbix ycinoBusax. [Io ocu opaumHaT - aKTMBHOCTH G-aMmMiasbl (Mr. Mr
kpaxmana x 30 mMuH / T); mo ocu abcumcc - Bpems omnafaHus (B JIHAX) 3epHa (* - CTemneHb
CTaTUCTUYECKOW JOCTOBEPHOCTH 3HAYEHUI ONBITHOTO BapuaHTa OTHOCUTENIBHO KOHTpous p <0,05;
*# - p<0,01).

Tak, B OMBITHOM KOHTPOJIbHOM BapHaHTE BEJIMYMHA CYMMAapHOW aMUJIOTHYECKOM aKTUBHOCTH
TMIIIEHUIIBI B MPOLIECCE MPOPALIUBAHUS TIICHUIIBI B JTA0OPATOPHBIX yCcIoBHUsAX HA 2, 5, 7 u 10 nHu
cocrapisieT 14,5 +£3,6; 58,9 £4,8; 73,6 £ 3,5 u 55,2 + 4,4 (ruap. Mr kpaxmana x 30 mus / 7). Bugno,
4TO B MpOIlEcCe MPOpaITUBaHUs 00IIas aMUIOTUTHYECKass aKTUBHOCTD MIIEHUIBI YBEINYHUBATIACh
yepe3 2-7 AHeH, TocTurajia MakCUMyMa depes3 7 THeH u cHikanachk yepe3 10 auaeit (puc. 1).

B skcnepumenTax npu konneHTpanuu 100 MM T'K: UCK (4: 1), T'K: HCK (4: 1), 'K: UMK
(5: 1) m cynpamonekynsapubix koMmiiekcoB ['K: KuHetnH B yciaoBusSX MHKyOaluu TIICHUIBI B
MIPOLIeCCE MPOpaCTaHUs 00Ias aMIIIOTHYECKasi aKTHBHOCTH B 3epHe 2, Ha 5, 7 u 10 nuu Habmoganu
3HAYUTEIIbHOE YBEIWYEHUE OOIIeH aMUIIOJIMTHYECKOW aKTUBHOCTH IO CPAaBHEHHIO C KOHTpoJieM. B
YaCTHOCTH, 3HAYEHHE 3TOT0 MOKa3aTelsi Ha MaKCUMaJIbHOM YpOBHE 3a 7 AHel cocrasisier 127,3 +
4,8; 104,5 = 6,6; Onpenemsumm 96,7 £ 5,3 u 115,6 + 6,4 (ruapa. Mr kpaxmana x 30 muH / r) (Tabnuia
D).
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Tabnuua 1. I'X: Bausinue cynpamosnexynsapubix komiuiekcoB @I (ISK, NSK, IMK u kuneTnn) Ha
aKTUBHOCTbH (- U [-aMHJIa3bl B 3epHE MIICHUIIBI copTa «/lycTiauk» B mabopatopubix yciaoBusx (M =+
m)

DKCIIepUMEHTHI AKTHBHOCTb 0i-aMUJIa3bl (THIP. -amunasHast akTUBHOCTD (THUJP.
kpaxmai X 30 MuH / T) kpaxmai x 30 MuH / T)
KoHntposb NaCl (200 mm) KonTtponb NacCl (200 mm)

Kontponb

(mucTUITMpOBaHHAS 54,5+2,7 18,3+£0,4** 19,1+0,3 6,5+0,4*%*

BOJA

I'K:MCK (4:1)

100 MmxM 74,6+3,5%* 46,3+4,5* 52,741,2%* 12,84+0,4*

PI": NSK (4: 1)

100 NEA 58,3%5,6* 33,442,8%* 46,242 5** 15,5+0,2%*

PI: UMK (5: 1)

100 NEA 63,5+4,4* 42,7+£3,9* 33,242 4% 10,4+0,3*

PT": Kunetunsr (4: 1)

100 CB 59,4+5,2%* 45,2+43,3* 56,244, 1%* 16,8+0,2*

Ilpumeuanue: * - cTerneHb CTATUCTUUECKONW TOCTOBEPHOCTH OTHOCUTEIBHO KOHTpouts p <0,05, ** - p
<0,01 (n =3-4).

B koHTponbpHBIX 1 onbITHBIX yenoBusix 3aconenus ['K: UCK (4: 1), 'K: HCK (4: 1), 'K: UMK
(5: 1) u cynpamonexynsapHsle komiuiekcsl I'K: Kunerun B nporecce pocra (7 AHeil) B 3epHe o- U fB -
W3ydeHno BiusiHEE Ha aKTUBHOCTH amuiasbl (Tabmuna 1).

Tak, B ombITax aKTHBHOCTh O- U [-aMujIa3bl B KOHTPOJILHOM BapuaHTE uepe3 7 JHEeW pocTa
3epHa coctaBuna 54,5 + 2,7 u 19,1 + 0,3 ruapsl COOTBETCTBEHHO. MT kpaxmaina X 30 MuH / T, a ipu
onbiTHOM 3acojieHuu (NaCl = 200 MM) 3HaueHus 3TOro mokaszaress aaekBarHol - 18,3 £ 0,4 u 6,5 +
0,4 runpsl. Mr kpaxmaia x 30 MuH / T.

Konnenrpanuu cynpamosexynsipabix komruiekcoB ['K: UCK (4: 1), T'K: HCK (4: 1), I'K: UMK
(5: 1) u I'K: kunetun B koHueHTpaiuu 100 MKkM 3HAUNTENBHO MOBBIMIATH aKTUBHOCTD Ol-aMHJIa3bl
10 CPABHEHHUIO C KOHTPOJIEM, T.€. B IyTH - 74,6 + 3,5; 58,3 £5,6; 63,5 + 4,4 u 59,4 + 5,2 runpel. Mr
kpaxmana X 30 muH / r. Tawke npu skcnepumenTtanbHoM 3acoieHuu (NaCl = 200 mM) B
koHueHTpauuu 100 MkM o-amuiiasbl o BIUsHUEM cynpamoiekynspHbix komriekcoB ['K: UCK (4:
1), 'K: HCK (4: 1), I'K: UMK (5: 1) u I'K: KuneTuH. akTHBHOCTh COOTBETCTBYMOMmIas - 46,3 £ 4.,5;
33,4+2,8;42,7+3,9u45,2 £ 3,3 ruapsl. BRIASIAIOT M Kpaxmana X 30 MuH / T.

B skcnepumentax mpu koHrertpamuu 100 MmkM GC: ISK (4: 1), GK: NSK (4: 1), GK: IMK
(5: 1) u cynpamonexynsapubie kommuiekcbl GK: Kinetin mpu wHKyOauy 3HAYUTETHHO MOBBIIIATN
aKTUBHOCTbH [3-aMUIIa3bl 110 CPAaBHEHHUIO C KOHTPOJIEM, T.€. COOTBETCTBYIOIIUM 00pa3om - 52,7 + 1,2;
46,2+2,5;33,2+2,4u56,2+4,1 runpsl. Mr kpaxmaia x 30 muH / . Takke pH 3KCIEPUMEHTATHHOM
3aconenun (NaCl = 200 mMM) B konuentpauuu 100 MxM [-amunassl ToJ BO3ACHCTBHEM
cynpamonekynapHbix komiuiekco ['K: UCK (4: 1), 'K: HCK (4: 1), 'K: UMK (5: 1) u I'K: Kunerus.
AKTUBHOCTH COOTBETCTBYIOIUM 00pa3om - 12,8 +0,4; 15,5+ 0,2; 10,4 + 0,3 u 16,8 = 0,2 ruapel. Mr
kpaxmana x 30 MuH. / T.

B HOpMe akTHMBHOCTH O-aMHJIa3bl B 3€pHAaX B COCTOSHUU IOKOS MHHHUMallbHa M PE3KO
BO3pacTaeT mpu MpopacTaHud. B 4acTHOCTH, UCCIIEOBAHUS MTOKA3all YBEIMUYeHUE OMOCHHTE3a -
ammiasbl Bo BpeMst pocta. CHHTE3MpOBaHHAs O-aMuUIa3a CEKPETUPYETCS SHAOCEITUKOM U Y4aCTBYET
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B THApPONW3e Kpaxmaia.MakcuManbHas aKTHBHOCTh aMWJIOJIHTHYECKUX (PEPMEHTOB
MPOPACTaHUH MIIEHUIIBI OOBIYHO HAOIIOAACTCs Yepes ~ 3-6 THEeH.

[lo pesynbratam wuccienoBaHus oxxkujpaercd, uyro aktuBamus O ruaponuTUUeCKUMU
dbepmenTamu (0-amMmmiiaza, mporeaza u ap.) Kak ctumynsrtopa mporecca pocTta CEeMsSiH pacTeHUM
MIPUBEJIET K YBEIMUYCHHUIO KOJUYECTBA TPYJHOPACTYIINX BUIOB PACTEHUH.

B wuccinenoBanun Taxke u3ydanoch BiausHHE Komiuiekca GK-Zn Ha mpopactaHue 3epeH
TIIICHUIIBI, TPH 3TOM aKTUBHOCTEH FG CBsI3aHa ¢ akTMBHOM peanu3anueil MeTaboIMIeCKHX MPOIIECCOB
B TKaHAX W KJIeTKax pacteHuil. I[Ipomecc oOMeHa BemIeCTB TakKe CBs3aH C HaJIUYHEM
MHUKPO3JIEMEHTOB B KJIETKaX U TKaHsAX. VcclienoBanus mokasanu, YT0O MUKPOHYTPUEHT Zn BIMSIET HA
0OMEH BeIeCTB W MPOJYKTUBHOCTH pacTeHui. [loaToMy B X0j€ McCaea0oBaHUs ObUIM BBISBICHBI
MEepPCHEKTUBBl  HCMOJb30BaHus  Komiuiekca GK-Zn  ayng  moBbllieHUsT — ypOXKaWHOCTH
CEJIbCKOXO35IMCTBEHHBIX KYJIbTYP B CEJIIbCKOM XO3SMCTBE 3a CYET ONTUMU3ALMM IOKazaresen
AKTUBHOCTH B POCTE M Pa3BUTUU MIICHUIIBI.

B xone ouepenHoil cepum J1a0OpaTOPHBIX HCCIICIOBaHMK B JjabopaTopuu HaOIIOIaTH
KOHUEHTPALUIO0 MIMIUPPU3IUHOBON KHUCHIOTH ¢ Zn2 + (GC-Zn) (0,5-100 mxM) copTa HILEHUIBI
KpacHonap n3y4anoch BIUSHUE HA aKTUBHOCTh aHTHOKCHIAHTHBIX (PepMEHTOB (Tabnuia 2).

pu

Tabnuia 2. Bnusnue kommnexkca GK-Zn Ha yposkaiiHOCTh HOBOM  meHuIlb! «KpacHonap» (M + m)

Okcnepumentanbieie | Temn | nuna tpaBsl | Jlnuna kopus | Macca Macca
BapUaHThI pocta | (MM) (Mm) Oromaccel BO | OMOMacchl B
(%) BJIQXKHOM CyXOM
COCTOSIHUH (T) | COCTOSIHUM (T)
Kontpouns
(mucTumMpoBaHHas 84,1 13,13+0,55 10,04+0,43 2,004+0,32 0,201+0,03
BOJIA)
GK-Zn (5 x 107 5M) | 92,1** | 14,54+0,54 10,98+0,31* | 2,011+£0,12* | 0,208+0,01*
GK-Zn (1 x 10-6 M) | 95,2*%* | 18,34+0,33%* | 14,13£0,45** | 2,213+0,22** | 0,234+0,02**
GK-Zn (1 x 10-5M) | 91,3*%* | 16,02+0,41%* | 14,04+£0,64** | 2,105+£0,17** | 0,228+0,02**
GK-Zn (5 x 10-5 M) | 90,1*%* | 13,65+0,37* | 11,12+£0,23** | 2,065+0,13* | 0,219£0,05**
GK-Zn (1 x 10-4 M) | 88,5* | 13,02+0,28* | 10,34+0,53* | 2,011+0,53* | 0,213+0,03*
GK-Zn (1 x 10-3 M) | 85,8* | 14,45+0,55%* | 9,43+0,54* 2,008+0,23* | 0,205+0,03*

[Tpumeuanue: nmpeacTapisieT co0O0M CTeNeHb CTATUCTUYECKON TOCTOBEPHOCTH PAa3HUIIbI 3HAUEHU I
AKCIIEPUMEHTAIIBHBIX TPYIIT OTHOCUTEIBHO KOHTPOJIbHOU Tpymisl (* - p <0,05; ** - p <0,01).

[Ton neiictBuem I'K-Zn cremeHp mpopacTaHus KpacHOJAPCKOM MIIEHHIBI B Ja0OpaTOPHBIX
YCIIOBHSIX W, B CBOIO OYEpEe[lb, JUTMHA KOPHS, Macca OMOMAcChl BO BIQXKHOM M CYyXOM COCTOSIHHH
YBEIUYMBAINCH IO CPAaBHEHHIO C KOHTpoJeM (Tadu. 2).
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AHHoOTanus. buoynobpenust craHoBsTCs Bce OoJiee MOMYJISIPHBIMUA BO MHOTUX CTpaHax M Juis
MHO’KECTBa KYyJIbTYp, HO OYEHb MaJIO UCCIIEIOBAaHUI 10 UX BIMSHUIO HAa ypoxail puca. Hamu Obuin
IIPOBE/ICHBl HUCCIEIOBaHMs JBYX pa3HbIX OuompenaparoB Ha I[Ipuapanbe B TedeHHE UETBIPEX
CEJIbCKOXO3SMCTBEHHBIX ce30HOB Mexay 2016 um 2019 rr. B crathe npuBeieHbl pe3yibTaThl
UCCIIEIOBAHMsI 110 HCHOJb30BAHUIO KOMIUICKCHBIX KHJIKHUX YHOOpeHMH U OHOJOrMYECKHX
npenapaTtoB. Llenpio nccienoBaHus SBISETCS NPUMEHEHUS KOMIUIEKCHBIX JKUIKHUX YIOOpEHMIH,
OMOJIOTMYECKUX MPernapaToB M aHAJIMU3 arpo3KOoJIOTHYecKod 3(QEeKTHUBHOCTH Ha pOCT puca B
ycnoBusx [Ipuapanss.

Knrwouesvie cnosa: dOuonozuueckoe yoobpenue, npenapamvl, puc, CmpeccoycmouyusoCcms,
SHep2aUs NPOPACMAHUSL, YPOACANIHOCIb, AHMUOENPECCaAHM.

BBenenune
OcHoBHasi W cTpaTeruyeckas 3aqada arpolpOMBIIIIEHHOTO0 KoMIulekca PecmyOnuku
Kazaxcran — 3TO mOBBIIEHHE NPOU3BOACTBA 3€pHA M OOECHEeUeHUs MPOJOBOJILCTBEHHBIN

O6e3omacHOCTH CTpaHbl. [l0ATOMY YCKOpPEHHOE€ M YCTOMYMBOE pa3BUTHE 3€PHOBOM OTpaciu Hu
IuBepcU(UKAIS PACTEHUEBOICTBA — 3TO IEPBOCTENIEHHAs 3a/1a4a arpolpOMBIIIIJIEHHOT0 KOMILJIEKca
CTpaHbl. Benymum HampaBieHHEM pa3BUTHS CEIbCKOIO XO3sHMCTBA B YCIOBHUSAX OCHOBHOIO
pucocetoiiero pernona — Kazaxcranckoro Ilpuapanbst 370 ycToilunBO€ pa3BUTHE PHUCOBOJICTBA U
MOBBILIEHUE YPOKaMHOCTH 3epHa [1-3].

braronaps npuMeHEHHsI KOMILJIEKCHON, MHTETPUPOBAHHOM TEXHOJIOTHI BO3/JEIBIBAHUS pUCa
U IIPU CTPOrOM UX COOJIOACHUHN B YCIOBHSX ABCTpaiuu M Erunra cpenHsst ypoxaiHOCTb 3epHa
coctraBun 102,9; 93,7 n/ra, 8 CIIIA — 81,1 w/ra, Typuuu — 79,3 w/ra, B Kurae 65 — 68 n/ra (na
TIoImaau cBbiire 32 miH.ra). OJiHako, BO MHOTHX CTpaHaX TaKoW BBHICOKOH ypOoxKaiHOCTH 3epHa puca
Ha 0oJIBIIOH TTomaau, B ToM unciie B Kazaxcranckom [Ipuapaibe moayuuTs He Tak mpocTo [4-5].

CrnoxuBIInecs: KpUTHYEeCKHe dKosiorndyeckue obcraHoBku B Kazaxcranckom [Ipuapanse
BBIHYX/A€T PHCOBOJOB COKPATUTh IUIOUIA[M OpOIIAEMBIX 3€Melb, 3aHAThIX pucoM. [loaromy
MOBBIIIEHUE YPOXKAWHOCTU 3€pHa puca SBISAETCS aKTyalbHOH 3amaueil. Pemenue »Toit mpobiembl
CBSI3aHBI C TTTyOOKUM U BCECOJIEPKALIUM U3YUEHHEM POJIM MUKPOYAOOpEeHUi B cucTeMe yoOopeHus
puca B ycioBusix Kazaxcranckoro IIpuapanbs.

A3or (N) - 3TO OCHOBHOE HHUTATEIbHOE BEILIECTBO, HEOOXOAWMOE JJIsi POCTa U Pa3BUTHS
pacrenuil. IIOMCK SKOJOTMYECKH YHCTOTO M 3KOHOMHUYHOI'O 3aMEHHTENsl a30THBIX yIO0OpeHuil B
HACTOSIIIIEE BPEMSI COCPENOTOYECH Ha HHAODHUTHBIC IUa30TpodHBIE OAKTEPHH, KOTOpBIE, Kak
MPEIoIaraioch, HECYT OTBETCTBEHHOCTH 3a o0ecreyeHne OnoJornuecku GuKkcupoBaHHOro azora N
[6-7].

Buonornyeckue mnpemaparbl M MHUKPOYIOOpEHHs JUIsl 3allUThl PACTCHUN  SIBIISIOTCS
9KOJIOTUYECKH O€30MacHOM  albTepHAaTHMBOM XMMHUYECKMM (CHHTETHYECKMM) MECTHLHUIAM.
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3aMenieHne XUMHYECKHX TEeCTHIMIOB OuompenapaTaMd B CEIbCKOM U JIECHOM XO3SHCTBE
MIPOUCXOJUT HE CTOJIb OBICTPHIMU TEMITAMH, KaK MO>KHO OBbLITO OBl 03kH1aTh. [loka3aHbl BO3MOKHOCTH
MMMYHHU3aIIMH 00pabOTaHHBIX PACTEHUH W TOCIEAYIOMIEr0 CHWKEHHUS NMOPAKEHHOCTH MOCEBOB U
MOCAJIOK Pa3IUYHBIX KYJIbTYp PsIIOM UH(PEKIUH, IepelaloluXcs C CEMEHAaMU, Yepe3 MOYBY, a TAaK¥Ke
BO3/IYIIHO-KaNeJIbHbIM IyTem[8-9].

B cBs3u ¢ atum, B 2016-2019 rogax npoBOAMIMCE UCCIIEA0BAHUS C UCIIOJIb30BAaHUEM BBIIIE
yKka3zaHHbIX OuonpenapatoB ®durton 8,67 m OmoynoOpenuii Naclee. buonmormueckuii mpemnapar
@umon 8.67 — COBpEeMEHHBI OHOJIOTHYECKU MONMPYHKIMOHAIBHBI Tpenapar. OoOnmagaeT
KOMILIEKCHBIM JIEUCTBHEM Ha KYJIbTYPHBIC PACTCHUSI, BPEAHBIE OPTaHU3MBbI U ITOYBY.

B cocraB mpemapata BXOASAT B pPaBHBIX MPONOPHUSAX 3 mTaMma CanpoTpodHBIX
Oakrepuii: Bacillus subtilis BKIIM B 10641, B. Amyloliquefaciens BKIIM B 10642, B.
Amyloliquefaciens BKIIM B 10643 u3 kominexkunn OOO HII® «MccnenoBarenbCckuil LEHTP,
BBIZICJICHHBIX B OKOJOTMYECKU YHUCTHIX palioHax CuOUpU U OTCEIEKTUPOBAHHBIX aBTOpPaMU-
pa3paboTUruKamH.

[Ipenapar ®urton 8.67 ob6namaer caeAyOMMUMHI CBONCTBAMU:

- CTUMYJIMPYET POCT KOPHEBOI CUCTEMBI, HAJI3EMHOM YacTH U 00111el OuoMacchl y pacTeHUII;

- I0/1aBJIsIE€T BO30yquTENel O0e3HEN pacTeHUH;

- MOBBIMIAET AKTUBHOCTh MOYBEHHONW MUKPO(DIOpPHI, OUYHIIAET MOYBY OT OOJIE3HETBOPHBIX
MHUKPOOOB U MOBBIIACT €€ II0A0POANE;

- IOBBIIIAET CTPECCOBYIO YCTOMUYUBOCTh PACTEHUHN — 3UMOCTOMKOCTD, 3aCyX0YCTOWYUBOCTb;

- B pe3yJIbTaTe MOBBIMIAET YPOKAHHOCTH — 110 25-30%.

buonoruueckoe ynobpenue Naclee — 3T0 sKkonoruuecku 6e30macHoe KUAKOE ynoOpeHue,
HaIpaBJICHHOE HAa COXpPAHEHHE W 3allUTy NMPUPOIbl U SKOCUCTEMbI 0€3 NPUUYMHEHMS Bpeaa AUKUM
NITALIAM U CKOTaM. FIMeeT MHOTO NMpeuMyIlecTB, B TOM YUCJIE TOYBEHHOE MUTAHUE U MPUKOPHEBYIO
MOJIKOPMKY, YTO CIIOCOOCTBYET cOajJaHCUPOBAaHHOMY POCTY, PAa3BUTHUIO PACTEHUH U OTIMYHOMY
OIIOIOTBOPEHUIO, U LIBETEHUIO.

Matepuanbl M1 MeTOABI HCCJIEJOBAHUI

B Hamux uccrnenoBaHusX MpoBeIeHbI MpearnoceBHas o0paboTka cemsH NacLee B 1o3e 1 u
®dutonoMm B 03¢ 2 MJI HAa TOHHY CEMSIH pHUCa, YTO CYIIECTBEHHO IOBJIUSJIO Ha MOIIHOCTH U
BBDKMBAEMOCTh KOpHed puca. Ha ombiTHbIX Bapuantax ¢ ®duronom um Naclee B cpaBHEHHM C
KOHTPOJIEM JIJIMHA KOPHEW YBEIMUMUIUCH B 1,5 paza. AHaIM3bl OKa3aiH, YTO MPOTPABIEHUE CEMSH
Y BHEKOpPHEBas NOJIKOPMKa BO BpeMsl BereTaluu KyJabTypsl puca NacLee u @utonom 8.67 morydeHsl
YpOXalHOCTh prica B onbITax Ha 89.2 1/ra u 82,4 11/Ta COOTBETCTBEHHO.

[ToneBoit ombIT OBIT 3aJ0XKEH Ha pUCOBOM opocutenbHOM cucrteme Kazaxckoro HUU
pucoBojacta uM. M. )Kaxaera. [loceB prca mpoBOAMIH CENEKITMOHHON CESITKOU PSATOBBIM CIIOCOOOM
riyouHa 3afenku ceMsiH 2-3¢cM. Hopma BbiceBa 7,5 MITH. BCXOXKHUX 3€peH Ha TeKTap.

Pe3yabTaTsl M 00Cy:KI€HUE

[IpoBeneHHBIE UCCIIENOBaHMS [MOKA3aJd, 4YTO MNpUMeHeHHs Ouompenapara Purtonm 8,67,
ouoynoOpenuss Naclee u Apyrux MUHEpaIbHBIX ynoOpeHHil oueHb 3(G(EKTHBHO MOBIMSIIO Ha
MOBBIIICHUS YPOKAWMHOCTH pHca.

Tabmuua 1. Pe3ynbrarsl yuera OMOJIOrMUECKON YPOXKafHOCTH KYJIBTYPBI pHca MPH UCIOIb30BaHUH
KUJKUX Ononorndecknx Mukpoynobpenus NaclLee u npenapata ®uron 8,67

Bapuant YpoxkaliHOCTb, T)/Ta
I II III | Cpennee
KonTpoms 64,2 | 61,2 | 60,0 61,8
NacLee (mpoTpaBnrBaHie CEMsH, BHEKOPHEBas MOIKOPMKA) 82,0 | 82,8 | 82,3 82,4
®wurorn 8,67 (MpOTpaBIMBaHUE CEMSH, BHEKOPHEBAS ITOKOPMKA) 89,5 | 88,9 | 89,1 89,2
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VYpokaliHOCTh prca MO BIUSHUEM JTAHHOTO OMOJIOTMYECKOTO KUIKOTO MUKPOYAOOpeHUS U
npernapara B OCHOBHOM IPOMCXOJMJIO 3a CueT OoJibLIed COXPAHHOCTH PACTEHUH M IMOBBILICHUS
MPOAYKTHUBHOTO cTebiiecTos, yBenndenue macca 1000 ceMsiH, MOBBIIIEHUEM 03aPEHHOCTH METEIKH.

Tabnuna 2. BereralinoHHbIN IEpUOJ, I'YCTOTA CTOSIHUS PACTEHUN U yposKallHOCTh copTa puca Ceip
Cynysl ot 00paboTku npenaparoM «dutom 8,67» 2019 T.

Ne Cont Bapuanr BereraunoHHbII I'ycroTa crosHuss | Y POKAHHOCTh
n/a P OIbITa MepuoI, JHei paCT.mT/M2 wra %
1| ¥ | Gesobpaborin 110 59 575 | 100
Cyinysl
> Crip 00paboTaHHbBIC 108 65 62.2 108
Cynysl
Tabnua 3. Bnusiaue npenapata «NaclLee» Ha cTpykTypy yposxkas copta puca Ceip Cynysl, 2019 r.
['maBHast MeTenka
Koy
Ne Bricora eCTBO | Ypoxau
Bapuant . | Kycrucrocrs,
n/ | Copr pacTeHHid, BCEr0 | HOCTH,
OIIbITA IIT. KOJI
il CM 3epeH, /ra
- | muuHa, | Macca
IIT.
BO, cM ,T
IIT
1 | Cop | Ges00pab |y gy g 3.0 30| 130 | 896 | 3652 | 37.0
Cynysl
Croip o0p.
2 143.,0 6,2 6,0 15,8 11,5 392 40,0
Cynysl

[lo naHHBIM OHMOMETPUYECKOTO aHaiM3a Ha KOHTPOJIBHOM BapHaHTE MPOJYyKTUBHAs
KYCTHUCTOCTh — 2,9, IUTMHA TJIaBHOM MeTeNKHU — 18,7; KOJIM4ecTBO 3epeH Ha TJIaBHOU MeTenke — 89,7
HITYK U Bec 3epHa — 2,9; xonuuecTBo 3epeH ¢ | pactenus — 117,5 mryk. Ha Bapuante ¢ NacLee
MIPOLYKTUBHOCTh KYCTUCTOCTD — 3,3; JUIMHA INIABHOW METENKH — 19,9; Konr4uecTBO 3epeH Ha IIaBHON
Mmertenke — 104,6 u Bec 3epHa — 3,4; 1 KOIM4YECTBO 3epeH ¢ 1 pacteHus — 167,6 mryk. A Ha BapuaHTe
¢ ucnosib3oBanueM ®dutona 8,67 MPOAYKTHUBHAS KYyCTUCTOCTh COCTaBWIa — 3,3; JJIMHA TJIaBHOU
Merenku — 21,1; konmuyecTBO 3epeH Ha riaBHble MeTenku — 121,0 u Bec 3epHa — 4,5; U KOJIMYECTBO
3epHa ¢ | pacrenus — 177,3 mTyk.

3akiroueHue

buonoruueckue mnpemnapatbl U MHUKPOYyIOOpeHHUs s 3allUThl PACTEHUN  SIBISIFOTCS
HKOJIOTUYECKH Oe30MacHOi  aJbTepHATHMBOM XMMHUYECKMM (CHHTETHYECKHM) MECTULHUIAM.
Pe3ynbTaThl MOJIEBBIX OMBITOB ¢ OMOJIOTMUYECKUM KUIKUM MUKpoynoOpeHrem Naclee u mpenaparom
Quron 8.67 Ha puce mNoKazauu, 4YTo HambOonee OS(P(HEKTUBHBIMU TpPHUEMaMU BHECEHHS
MUKPOYIOOPEHHI SBISIOTCS MPEANOoCceBHAs 00paboTKa CEMsH U BHEKOpPHEBas MOAKOPMKa B (hazax
KYIIEHUS] M KOJIOIIEHHUS KyJbTypbl puca. OOBSCHSIETCS 3TO TE€M, YTO ITH MHUKPOYIOOpEeHUs U
Mpenapar, CTAMYJIUPYIOT POCT MOITHONM KOPHEBOM CHCTEMBI M HAJ3€MHOM MacChl pacCTEHUH puca.
ITpu obpabotke puca B ¢aze KyLIeHHS MUHEPATIbHBIM yI00peHueM MUKpOKaT 3epHOBOI CTapT U
Kemuk K + Si B (ase Beixog B TpyOKy IIOMIA[b JIMCTHEB OAHOTO PACTEHHUS IO CPABHEHHIO C
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KOHTPOJIbHBIM YBEJIMUYMIIOCH B JBa pa3a. ITO 00ECHEeUrBAIO IOBBIIIEHUE YPOXKAHHOCTU TIJIaBHBIM
00pa3oM 3a cYET CHHKEHHS IyCTO3EPHOCTH M YBEJIIMUEHUSI MacChl 3epHa C PaCTEHHUS.

Taxum 00pazom, pe3ylbTaThl MOJIEBBIX OMBITOB ¢ OMOIOTHYECKUM XKHUJIKUM MUKPOYI0OpEeHHEM
NacLee u npemaparom ®duton 8.67 Ha puce Moka3aiu, 4To Hanbosee F3HPEKTUBHBIMUA MPUEMAMH
BHECEHUS MUKPOYJOOPEHUH SIBJISIOTCS MPEANIOCEBHAsE 00padOTKa CEMSIH U BHEKOPHEBas MOJIKOPMKa
B (pa3ax KyIlleHHs U KOJIOWEHUs KyIbTypbl puca. OOBSICHIETCA 3TO TE€M, UTO 3TU MUKPOYIOOpEHUs
U IIpernapar, CTUMYJIUPYIOT POCT MOIIHOM KOPHEBOM CUCTEMBI U HAJI36MHOM MAacChl pACTEHHUU pHCA.
B xoHeuHOM uTOre 3TO 0OECIEYNBAET JOBOJIBHO CYILECTBEHHYIO IPUOABKY ypoxKasi.
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Abstract. The growth of energy consumption and environmental protection are the two main
trends that are the main reasons for the search for new sources of energy. Currently, there is a need
to develop new clean energy technologies based on the use of renewable energy sources, which, in
turn, can replace non-renewable energy resources as they become depleted or become more
expensive. Molecular hydrogen is one of the potential future energy sources as an alternative to the
limited fossil fuel resources of today. Its advantages as fuel are numerous: it is eco-friendly, efficient,
renewable, and during its production and utilization no CO; and at most only small amounts of NO x
are generated. In this review we aim to discuss about photobiological hydrogen production by
cyanobacteria and enzyme systems for hydrogen production.

Keywords: cyanobacteria, hydrogen production, hydrogenase, nitrogenase

Introductuion

The current direction in bioenergy is the search for objects capable of producing hydrogen that
do not pollute the environment, as well as the development of technologies that allow you to get a
high yield of hydrogen. Photosynthetic organisms attract special attention in this regard, the most
promising of which are cyanobacteria [1]. The use of cyanobacteria as possible producers of hydrogen
is very relevant and profitable, since they form hydrogen as a result of solar energy conversion and do
not require complex or expensive nutrient media for in vitro cultivation [2].

Biohydrogen production

Hydrogen is the most abundant element in the universe, comprising approximately 75% of all
matter by weight, molecular hydrogen exists in only trace amounts within the Earth’s atmosphere. As
a gaseous and carbon-free fuel, hydrogen can be combusted with water and therefore is regarded as a
clean nonpolluting fuel. Hydrogen is produced by steam reformation of methane, gasification of coal
and biomass, and metabolic pathway of special type of microorganisms, commonly known as
biological hydrogen production. Biological hydrogen evolution provides a sustainable and
environmentally friendly way to produce clean energy from renewable resources. Biological
hydrogen production processes are mostly controlled by either photosynthetic or fermentative
organisms. Hydrogen can be produced biologically by direct biophotolysis, indirect biophotolysis,
photofermentation, dark fermentation, combination of these processes (such as integration of dark-
and photofermentation, etc.) or by water—gas shift reaction. Among a selection of biological systems,
cyanobacteria have become a major source as potential cell factories for hydrogen production. They
are highly promising microorganisms for biological photohydrogen production. Cyanobacteria grow
by photosynthesis, and essentially contain chlorophyll and various carotenoids whose main functions
are light-harvesting and photoprotection. They produce chlorophyll a, and most also have
characteristic pigments called phycobilins, which function as accessory pigments in photosynthesis
[3].

The production of hydrogen, as a by-product of the metabolism of microorganisms, is a
relatively new direction of technological development and a promising renewable energy source.
Since the possibility of such reactions in living organisms was demonstrated more than half a century
ago, the process of biophotolysis carried out by cyanobacteria has been actively studied over the past
35 years. During this time, the main molecular mechanisms of hydrogen formation by living systems
were studied. Hydrogen production has been studied in a wide range of cyanobacteria species and
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strains. The efficiency of hydrogen production depends on the metabolic potential of microorganisms,
which in turn depends on the type of cyanobacteria. To date, it is known that representatives of more
than 14 genera of cyanobacteria produce hydrogen under various cultivation conditions. It is necessary
to highlight some of them, for example: single-celled non-nitrogen-fixing cyanobacteria Gloeocapsa
alpicola under conditions of sulfur starvation showed increased hydrogen production [4]. In addition,
it was found that Arthrospira can produce hydrogen (1 micromol / mg / dry cell mass / hour) under
dark anaerobic conditions [5]. The hydrogen-producing activity of members of the genus Anabaena
has been well studied. For example, Anabaena cylindrica produced hydrogen and oxygen
simultaneously in an argon atmosphere for 30 days under limited light conditions [6]. Anabaena spp.
is able to produce a significant amount of hydrogen, and Anabaena cylindrica produces the largest
amount of hydrogen under conditions of nitrogen deficiency. In addition, Cyanothece 51142 is
currently one of the most promising nitrogen-fixing cyanobacteria. There is also a complete metabolic
model of Cyanothece 51142 for evaluating the general theoretical ability of this organism to produce
hydrogen [7]. There are some data on the production of hydrogen by halotolerant cyanobacteria,
among which Aphanothece halophytica demonstrated a good potential [8].

The morphological features of cyanobacteria make them the most promising producers of
hydrogen. This is especially true for heterocystic forms of cyanobacteria, in which the processes of
oxygen and hydrogen release are spatially separated. Because of these features, heterocystic
cyanobacteria are able to release hydrogen in the presence of molecular oxygen and conduct light-
dependent hydrogen release [9, 10].

Enzyme systems for hydrogen production

The rate of hydrogen release by cyanobacteria is determined by the genetic ability to synthesize
the necessary enzymes, as well as by the internal and external metabolic and environmental conditions
that provide the necessary energy [11].

Cyanobacteria can release protons and electrons in the process of splitting water, using solar
energy [12]. Hydrogen is formed by the direct absorption of light and the transfer of electrons through
two different enzymes, namely hydrogenases and nitrogenases. This reaction is shown below:

2H20 + sun light — 2H2 + 02 (1)

The first one is hydrogenase. Hydrogenase catalyzes the simplest chemical reaction - the
reversible reduction of hydrogen from protons and electrons. The study showed that the electrons and
protons formed as a result of water splitting reactions are remixed with hydrogenase with the release
of high-purity H>. Hydrogenases occur as two distinct types in different cyanobacterial species. One
type of them, uptake hydrogenase, has the ability to oxidize hydrogen and the other type of
hydrogenase is reversible or bidirectional hydrogenase [13]. The biological role of bidirectional or
reversible hydrogenase is poorly understood and thought to control ion levels in the organism.
Reversible hydrogenase is associated with the cytoplasmic membrane and likely functions as an
electron acceptor from both NADH and H». The reversible hydrogenase is a multimeric enzyme
consisting of either four or five different subunits apparently depending on the species. Unlike uptake
hydrogenase, reversible hydrogenases are helpful in hydrogen production.

The second enzyme is Nitrogenase and it is found in the heterocysts of filamentous
cyanobacteria when they grow under nitrogen limiting conditions. Nitrogenase catalyzes the
formation of hydrogen and simultaneously reduces nitrogen to ammonia. It is activated in the
heterocysts of filamentous cyanobacteria under conditions of low nitrogen content. Hydrogen is
formed as a by-product. The reaction consumes ATP and has the general form shown in Figure 1.

N2 + 8H + 8e- + 16 ATP — 2NH3 +H2 + 16 ADP + Pi 2)
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Figure 1. Photobiological production of Hz in cyanobacteria cells

A Nitrogenase enzyme consists of two parts: one is dinitrogenase and the other is dinitrogenase
reductase. Dinitrogenase is a heterotetramer, breaks apart the atoms of nitrogen. Dinitrogenase
reductase is a homodimer and plays the specific role of mediating the transfer of electrons from the
external electron donor to the dinitrogenase. There are three types of dinitrogenase found in
Nitrogenase, which vary depending on the metal content. Type one contains molybdenum, type two
contains vanadium, and type three has contains iron [14].

Hydrogen photo evolution catalyzed by nitrogenases or hydrogenases can only function under
anaerobic conditions due to their extreme sensitivity to oxygen. Since oxygen is a byproduct of
photosynthesis, organisms have developed the following spatial and temporal strategies to protect the
enzyme from inactivation by oxygen. Those heterocyst-containing cyanobacteria physically separate
oxygen evolution from nitrogenase activity by segregating oxygenic photosynthetic activity in
vegetative cells and nitrogenase activity in heterocystis with reduced oxygen-permeability and non-
heterocystous cyanobacteria separate oxygen-evolution from nitrogenase activity by performing
these functions during light and dark periods respectively [15].

Conclusion

The biological production of molecular hydrogen through photosynthesis, which has several
advantages over other methods for producing H», is increasingly attracting researchers as a possible
alternative to modern non-renewable energy technologies. This technology can be put into practice if
you choose the right path for the efficient use of sunlight by phototrophic microorganisms that can
potentially turn solar energy into hydrogen energy. The future of such technologies depends on such
scientific achievements as the search for active strains with the required characteristics and the
selection of appropriate strategies for improving their strains for the photobiological production of
hydrogen. Cyanobacteria attract more attention from researchers for hydrogen production. Among
species of cyanobacteria, special attention is paid to filament cyanobacteria, which use the enzyme
nitrogenase to produce hydrogen under conditions of nitrogen deficiency. These advantages of
heterocystous cyanobacteria make them the only organisms capable of releasing hydrogen in the
presence of molecular oxygen in the air.
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PRINCIPLES AND APPLICATION OF PLANT MICROBIAL FUEL CELLS
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Abstract. Plant microbial fuel cell (PMFC) is a system that uses vital active microorganisms
to convert organic matter into bioelectricity. As a result of the loss of organic compounds by plant
roots, i.e., rhizodeposition, the generation of electricity by electrogenic active bacteria in the
microbial fuel cell (MFC) occurs. PMFC is a pure renewable device due to the process of
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photosynthesis. This review examines the basic principles of the PMFC system in the process of
bioelectricity formation, as well as the possibilities of their application in various fields of activity.

Keywords: plant microbial fuel cell, bioelectricity, rhizodepozition, organic matter,
electrogenic bacteria.

Introduction

One of the main tasks of modern society is to solve the problem of providing the constantly
growing human population with the required amount of energy. According to research by experts, the
reserves of fossil fuel and energy resources are rapidly decreasing, in connection with this, the need
has increased to develop new methods of generating energy based on renewable sources. Since the
1950s, the world's population has grown from 2.5 billion to 6 billion. In 2000, over 11 years another
million was added, and by 2050 the population of the Earth is expected to grow to 9 billion people.
Accordingly, in the 50s, carbon dioxide emissions were 7 Gt/year, in the 80s — 20 Gt/year. Currently
— 30 Gt/year. If the current trend continues, by 2050, emissions may amount to 40 Gt/year of carbon
dioxide, which may lead to an increase in the temperature on the planet to +4 °C or more. The
consequences of such an increase in temperature are catastrophic [1].

Microbial fuel cells, in which bacteria are able to generate electricity during their vital activity,
can be considered as a promising source of alternative electricity [2]. One of the relatively new areas
is PMFC technology, which allows the production of sustainable electricity from the symbiosis of
plants and microorganisms, which is superior to the previous MFC system, the output power of which
was 0.42 mW [3], while PMTE — 466.9 mW [4] from wastewater. PMFC is of particular interest in
connection with the possibility of utilizing organic waste with the simultaneous generation of
electricity. Waste from agriculture and wood processing industry, food, etc. can provide energy to
consumers in settlements, agricultural and industrial zones through small processing plants. This will
solve the problem of excessive accumulation of organic waste and reduce the dependence of
consumers on traditional energy sources [5]. A wide range of bacteria can be used in PMFC, but
preference is given to anaerobes, since approximately 90% of their metabolism are catabolic
processes, therefore, the increase in biomass is minimal compared to aerobic processes [6].

The aim of this review is to familiarize with the fundamental aspects inherent in PMFC in the
interaction of living plants and microorganisms and the mechanism of transformation and utilization
of the substrate, and the transfer of electrons for the production of bioelectricity.

Principles of PMFC

The work of the PMFC is carried out due to a natural phenomenon -photosynthesis. Solar
energy is converted in plant leaves into organic matter, which is then removed through the root system
into the surrounding water. During their life, microorganisms living in this environment convert them
into carbon dioxide, and in the process electrons and protons are released. The power generating
element in a PMFC system usually consists of three parts: an aerobic cathode chamber (cathode), an
ion-selective membrane (baffle), and an anaerobic anode chamber (anode). Free electrons arrive at
the anode, which are then transferred to the cathode through an external conductor. To it, at the same
time, positively charged hydrogen ions are supplied through the membrane. Electric current is
generated as a result of the formation of water after combining oxygen and hydrogen in the cathode
chamber (Fig. 1) [2, 7].
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Figure 1. Schematic illustration PMFC [2]

D. Strik et al. confirmed in 2008 the principle of operation of the PMFC by planting sugar cane
(Glyceria maxima) on the anode and achieved a maximum output power of 67 mW/m? [2]. In order
to improve the PMFC current density and power, three factors need to be controlled: the rate of
photosynthesis, the amount of rhizodeposition, and energy recovery in the MFC [8].

Application of PMFC

PMEFC has attracted a lot of attention in recent years as it has many applications in the formation
of bioelectricity (Fig. 2).

Ecological Engineering Systems
(EES)

Roof top plant MFC
Pollutants degradation

Fig.2 Application of PMFCs and their flow systems, [9]
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One of the actual applications is biological wastewater treatment, including heavy metals. Some
studies have shown that Chromium (Cr VI) was removed with a 98% efficiency in PMFC [10]. Also,
a COD removal of 86.7% was achieved with successful color and turbidity reduction in a miniature
ecological system that used PMFC principles [11]. Although the electrical capacity of the PMFC
system is low, it shows promising opportunities for wastewater treatment. The maximum power of
1.6 mW/km? can be achieved when using the PMFC system in a natural environment [8]. Green roof
gardens are widely used to reduce the negative impact of dense urban development [12]. Moreover,
on-site power generation and reduction of greenhouse gas emissions from rice paddies have already
been demonstrated to combat climate change and improve environmental quality [13]. Also another
area for application of the PMFC system could be the use in a greenhouse system of hydroponics or
a pond system. In addition, soil restoration, biosensors and plant disease control are potential
applications for PMFC technology.

In 2010Timmers et al. showed long-term results using Spartina anglica in the PMFC system.
The maximum production capacity is 100 mW/m?[14].

Currently, the Plant-e company, created in 2013 at the Department of Environmental
Technology at the University of Wageningen (created by Dutch scientists David Streck and Marjole
in Helder), is working on optimal production of energy from ordinary marsh grass. Such an
installation allows you to generate electricity from an area of 1 m?, planted with marsh plants with a
power of 0.4 W. The technology does not harm the environment and the plants themselves, which
continue to grow. At present, this is still a low-power installation, but in the near future the developers
are planning to create more powerful systems that allow to receive from 100 m? up to 2800 kW/h per
year, that is, from one square meter to 3.2 W [15].

Conclusion

Fossil fuels are a limited resource, so constant consumption over time will eventually lead to
complete depletion. Among all approaches to bioelectricity production, PMFC has been identified as
a promising alternative to traditional energy sources. PMFCs make it possible to generate energy in
an independent and environmentally friendly way with minimal or zero pollutant emissions and for
as long as energy carriers will be produced from renewable sources, sun and biomass. The advantages
of fuel cells over other types of devices that produce energy are as follows: higher efficiency; no
moving parts and, as a result, no sound pollution; no emissions of environmentally polluting gases
such as SOy, NOy, CO., CO, etc. In contrast to the advantages, there is only one drawback of fuel
cells, and that is their high cost, but this problem is solved by applying new technologies, as well as
mass production of these fuel cells. Thus, a holistic understanding of the relationships between plants
and microorganisms that unravels the world of the rhizosphere is key to the effective operation of
PMEFC technology. For this, the application of the biosystem principle in PMFC research seems to be
possible in the near future. Resistant and vigorous plants with higher rhizodegradation and efficient
engineering for a higher electron transfer rate will ultimately lead to the practical application of this
system.
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PROSPECTS FOR THE USE OF WASTE FROM INDUSTRIAL PROCESSING OF
GRAPES AS A SOURCE OF POLYPHENOL-RESVERATROL
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Annotation. The waste (grape pomace) of the main production contains a significant amount
of biologically active substances, including resveratrol. In all the conducted comparative experiments
on the extraction of resveratrol from grape pomace by the Aspergillus awamori strain F-RKM 0719
and the enzyme preparation Pectinol F-RKM 0719, an increase in the amount of isolated resveratrol
was observed when using the enzyme preparation. Moreover, the highest efficiency was shown by
the multienzyme complex of the enzyme preparation Pectinol F-RKM 0719 for the Cabernet
Sauvignon variety, the yield of resveratrol was 699.62 mg/dm?, (the optimal extraction temperature
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was chosen at 35°C, with a duration of 30 minutes). Also, the prospect of using grape peel extract
containing resveratrol in the formulation of fermented vegetable juice to enhance the antioxidant
effect was shown. Thus, the results of this work will partially solve the problems of ecology in the
processing of wine waste.

Keywords: waste, grape pomace, resveratrol, Aspergillus awamori strain F-RKM 071, Pectinol
F-RKM 0719, fermented juice

One of the most acute problems of modern science and practice is the disposal and processing
of organic industrial, household and agricultural waste, which is alien to the biosphere and does not
fit into the natural biological cycle, which leads to air, water, soil pollution and negatively affects
human health.

This trend is particularly relevant in industries engaged in the processing of agricultural raw
materials, since in this case, production waste is of biological origin and can be the starting material
for the production of feed, food products, and in some cases, functional compounds [1].

In Kazakhstan, about 85 thousand tons of grapes are produced with an area of 14 thousand
hectares, of which the technical direction (80%) is 68 thousand tons. Pomace (combs, skins and seeds)
in the amount of about 10 thousand tons, formed during the industrial processing of grapes for juices
and wine, 1s practically not used due to the lack of technologies for their processing. An analysis of
the activities of many enterprises of Kazakhstan in winemaking and juice production (JSC "Bacchus",
JSC "Kaplanbek", JSC "Issyk", JSC "Turgen", JSC "Gold Product", LLP "Kazakhstan", LLP "Bio
Tau Zher", etc.) shows that almost none of them uses by-products (grape pomace) of the main
production [2].

At the same time, in such countries as Italy, France, and Spain, special enterprises have been
built for the processing of secondary resources in order to obtain high-quality and expensive products
(grape oil, tartaric acid, eno dye, biologically active additives, cosmetics).

Thus, the study of existing methods of waste processing should allow us to identify the most
effective ways of using secondary resources. Special attention should be paid to the production of
high-tech products, including dietary supplements [3].

During the processing of grapes into wort, fermentation of wort, processing and distillation of
wine materials, waste is formed, which includes valuable components, including resveratrol. Grape
skins (Vitis vinifera L.) contain 50 to 100 pg of resveratrol per gram of dry weight, seeds and stems-
about 6 pg/g - [4].

Resveratrol is a natural biologically active substance from the group of polyphenols, isolated
from dark grapes and grape seeds, which has proven anti-carcinogenic, hepatoprotective and anti-
inflammatory properties [5].

We used a previously isolated and studied promising strain of A. awamori, which produces a
wide range of enzymes and does not have pathogenic properties for warm-blooded animals and
humans. The resulting enzyme preparation Pectinol F-RKM 0719 is essentially already a multi-
enzyme complex [6].

One of the most common technical grape varieties is Cabernet Sauvignon, Cabernet Franc,
Saperavi and Matrassa, which are used for the preparation of red table wines.

The total content of resveratrol in the extract was determined using a spectrophotometer with
the construction of standard curves, the analyses were carried out in three repetitions, the calculation
was carried out taking into account the error of +£0.05.

Extraction experiments were carried out in three combinations using culture Aspergillus
awamori F-RKM 0719, the enzyme preparation Pectinol F-RKM 0719 and the control one using
only chemical reagents.

Experiments have shown: with the Cabernet Sauvignon variety, the amount of resveratrol is
maximum and increased from 392.66 control sample, when using the strain Aspergillus awamori F-
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RKM 0719 - 497,66, and when resveratrol was extracted with the enzyme preparation Pectinol F-
RKM 0719, 699.62 mg/dm3 was extracted.

Graph 1 shows that the highest efficiency was shown by the multienzyme complex of the
enzyme preparation Pectinol F-RKM 0719, (the optimal extraction temperature was chosen at 35 °C,
with a duration of 30 minutes).
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300+
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1004 — M Pectinol F-RKM 07159
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Figure 1. Effect of the enzyme preparation Pectinol F-RKM 0719 produced by the Aspergillus
awamori strain F-RKM 0719 on the extraction of resveratrol (mg / dm?)

Further, to increase the biological value due to the additional introduction of an antioxidant that
is found in the skin of red grapes, an extract from the skin of red grapes is added to the canned juice

containing watermelon juice, pomegranate juice with the following content of components (Table 1).

Table 1. Content of components

Raw materials weight. %
Watermelon juice 80,0-82,0
Pomegranate juice 10,0-12,0
The extract from the peel of red grapes 2,65-2,87

As aresult of the selection work, the strains of Saccharomyces cerevisiae isolated from grapes,
sugar sargo and pomegranate were selected, which were obtained by multiple replanting of individual
yeast colonies on dense nutrient media. identified as Saccharomyces cerevisiae Al-06,
Saccharomyces cerevisiae Gl -8 and Saccharomyces cerevisiae Az- 12.

The most promising were Saccharomyces cerevisiae Az-12, which are able to ferment fruit
juices relatively quickly, and the leading factor was the high quality of the products: organoleptic
characteristics, a natural fruit smell, without the appearance of turbidity and a pleasant slightly sweet,
slightly sour taste. Saccharomyces cerevisiae Az-12 is resistant to gentamicin, oxacillin, cefazolin,
amoxiclav, tetracycline, norfloxacin, vancomycin, erythromycin, cefotaxime, -ciprofloxacin,
cefuroxime, metronidazole, ketonazole, amphotericin. They exhibit pronounced antagonistic
properties in relation to Escherichia coli, Pseudomonas aeruginosa u Staphylococcus aureus.
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Table 2. Chemical indicators and taste evaluation of mixed fruit juices and fermented on the
experimental yeast

Fruit The yeast Volume Sugar Mass Mass of Taste
juice race fraction of | weight, titr. acids, volatile evaluation
alcohol, % | g/dm 3 g/dm 3 acids,g/dm 3
Water- S. cerevisiae 1,5 4,2 5,01 0,45 6
melon Al-06
juice S. cerevisiae 2.3 3.1 5,64 0,51 7
GI-8
S.cerevisiae— 1,6 3,9 5,21 0,54 8
Az- 12
Pome- S. cerevisiae 2,6 5,8 6,93 0,72 8
granate Al-06
juice S. cerevisiae 3,7 4.1 7,82 0,75 8
GI-8
S.cerevisiae— 2,8 5,3 6,15 0,78 9
Az- 12
Mixed S. cerevisiae 2,3 4,9 5,92 0,55 8
juice Al-06
(tablel) | S. cerevisiae 3,1 2,7 8,43 0,59 9
GI-8
S.cerevisiae— 1,8 4,5 5,15 0,64 10
Az- 12

Resveratrol, which is part of the grape peel, has a positive effect on the cells of the human body.
However, being in a bound state, the use of it by the body is significantly reduced. In this connection,
there is a need to use enzyme preparations to maximize the extraction of resveratrol from the skin of
grapes.

It was experimentally proved that the amount of resveratrol from grape pomace of the Cabernet
Sauvignon variety was also maximum, and increased from 392.66 mg/dm? control sample, when
using the Aspergillus awamori strain F-RKM 0719-497.66 mg/dm?, and when extracting resveratrol
with the enzyme preparation Pectinol F-RKM 0719, 699.62 mg/dm® was extracted. The effectiveness
of further use of grape peel extract in combined fermented juice has been proven. Based on
watermelon and pomegranate with the addition of 2.65-2.87 % red grape peel extract.
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IOUCK ¥ BBIIEJJEHUE AKCEHUYHBIX KYJIbTYP MUKPOBOJOPOCJIEA U3
PA3JIMYHBIX IPUPOJHBIX UCTOYHUKOB, IOTEHIIUAJIBHBIX ITPOAYHUEHTOB
JJA BUOJAU3EJBHOI'O ITPOU3BOJICTBA
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Kasaxckuii nayuonanvnulii ynueepcumem umenu anv-Papadu, Armamel, Kazaxcman
e-mail: bkenzhegul23 @ gmail.com

AHHOTanusi. DOTOTpPOQHBIE  MUKPOOPraHU3MbI  MPOAYLUHUPYIOT  LIMPOKHH  CHEKTp
METa0OJUTOB, TAKUX KaK OEJNKH, YIIIeBOAbI, KAPOTUHOUBI, BATAMUHBI M JIUIH/bI, KOTOPHIE MOTYT
UCIOJIb30BAThCS B KAUECTBE MCTOYHUKOB IHILIY JUIS JIO/I€H M KUBOTHBIX, B (hapMalleBTUYECKUX U
KOCMETHYECKHMX IPOU3BOJICTBAX, & TAKXKE B KayeCTBE MCTOYHMKA 3Hepruu. OJHOU U3 aKTyarabHOU
po06JIeMOI COBPEMEHHOM IIUBUIIN3ALMHU SBJISAETCS TOTPEOHOCTH B UCIIOJIb30BAaHUH BO30OHOBIISIEMbIX
HMCTOYHUKOB 3HEPIUH, B TOM uHciie Ouomacchl. OJHUM M3 HamOoJjiee MEPCIEKTUBHBIX BUOB
Ouomaccel SIBISIOTCS MUKPOBOAOPOCIU. MHUKPOBOJOPOCIH SIBIIAIOTCA HaubOosee 3¢P(HEeKTUBHBIMU
OMOJIOTUYECKUMHU TIPOIYLEHTAMHU JKUPHBIX KHUCIOT, a TaKKe€ YHHUBEPCAIBHBIM BO300HOBIISEMBIM
MCTOYHHUKOM OMOMAcChI JUIsl TOJy4eHHUs OMOAN3EIbHOI0 TOIUINBA. B cTaThe npuBeieHb! pe3ybTaThl
MIOMCKA W BBIJCJICHUS MPOAYKTUBHBIX IITAMMOB MHKPOBOJOPOCIEH - MPOJYLEHTOB JIMIUIOB, U3
Pa3IUYHBIX BOJHBIX 3KOCHCTEM, a TAKXKE OXapaKTEPU30BAHbI UX KYJIbTYpallbHO-MOP(}OIOTHYHbIE
cBoiicTBa. B pabore ObuiM BbIieneHb! 16 BUIOB U pa3HOBUIHOCTEW MUKPOBOJOPOCIEH 13 po0 BOIbI
ropsiyero UCTOYHMKa YHUTypcKoro paiiona, 70 BUIOB U pa3sHOBUAHOCTEH MUKPOBOJOPOCIEH 13 Ipod
Bo/IbI 03epa banxam, 89 - u3 o3epe Anakonp u 14 — ¢ mo4B pucoBbIX NoJei cen Axkoi, Kenmuarobe
u AGpauranmap. B pe3ynbraTe MHOTOKpaTHBIX MEPECEBOB YAaloch MONy4uTh 10 aKCeHMYHBIX
KyJIbTYp MHKpPOBOJOpPOCIEH HWIACHTU(PUIMPOBAHHBIE IO KYJIbTYpaJbHO-MOP(POJIOTHYECKUM U
¢duznonornueckuM npuszHakaMm kak Chlorella vulgaris U1, Chlorella sp. U2, Scenedesmus obliquus
US, Gleocapsa sp. U6, Parachlorella kessleri B2, Ankistrodesmus falkatus BS5, Dunaliella salina
B10, Monoraphidium arcuatum A7, Navicula sp. A5 u Chlamydomonas reinhardtii A8 n
QJIbIrOJIOTUYECKU YHCTasg KyJIbTypa MHUKPOBOJOPOCIHM ONpefesieHHass Kak Botryococcus sp. Zh-5.
BbinenenHple  mMTaMMbl ~ MHKPOBOJOPOCIM  J10OaBIE€Hbl B KOJUIEKIHIO  (OTOTPO(HBIX
Mukpooprann3moB KasHY um. anp-®apabu il JanbHEWIIUX HCCIEIOBaHUM UX (QHU3MOJIOrO-
OMOXMMHUYECKUX CBOMCTB C LIENbIO ONpPEIENeHHs MOTEHLIUANbHBIX MPOIYLIEHTOB OHOIU3EIBbHOTO
TOIINBA.

Knroueswie cnosa: muxposooopociu, gvioenienue, akCceHuyHvle Wmammsl, Ouoouseisb

BBeaenne

B Hacrosiiiee Bpems CymiecTByeT He00X0IUMOCTh pa3pa0O0TKH HOBBIX DKOJIOTUYECKH YUCTBIX
SHEPTETUYECKUX TEXHOJIOTHI, KOTOPhIE, B CBOI OYEpEeIh, MOTYT 3aMEHUTh HE BO300OHOBIISIEMBIC
SHEPTOpeCypChl MO Mepe WX HUCTOIICHUS Wiu yaopokanus [1]. buomusens mpeacraBmsieTr coOoit
OKOJIOTUYECKH YHCTOE, AIbTEPHATUBHOE TOIIUBO, KOTOPOE MOXXET OBITh TPOUW3BEICHO U3
BO300OHOBJISIEMBIX ~HMCTOYHHMKOB. bHoaM3ens MpoOCT B  HCIOIb30BAaHHH, OHOpa3iaracMbIi,
SKOJIOTUYECKH YHCTBIM M MPAKTUYECKHU HE COJACPKHUT CEpbl U apOMATUUYECKUX COCIMHEHUM.
dusuyeckue CBOICTBa OWOAM3ENs] OUYEHb CXOXKHU CO CBONCTBAMH, MPHUCYIIUMU HEPTIHOMY
U3EITbHOMY TOIUIMBY. [2]. DOTOCHHTE3MPYIONIHME OpPTraHW3MBI, BKJIOUYash BBICIINE PACTEHUS,
MHUKPOBOJIOPOCIH ¥ IMaHOOAKTEPUH, UTPAIOT BAXKHYIO POJIb B MOTJIOMICHUH COTHEYHON DHEPTUU U
MPEBPAIICHUU €€ B DHEPTHI0 XMMHYECKHUX CBSI3e. bHOIM3€1hp MOKHO MOJYYHTh U3 PACTEHUU H
BOJIOPOCIIEM HW3-3a MX Macel. PsAx  TEXHOIOTMYECKUX MPEUMYIIECTB  KYJIbTUBUPOBAHUS
MHKPOBOJOPOCTEH TMO3BOJSET MM YCHEHNIHO KOHKYPUPOBaTh C HA3€MHBIMHU, B TOM 4YHUCIE
MIPOJIOBOJILCTBEHHBIMU KYJIBTYPAMH, 110 UCIIOJIb30BAHUIO TUIOIIA N, BOJHBIX PECYPCOB, YAOOPEHHIA.
JlokazaHa BO3MOKHOCTh BbIpalllMBaHUA MHUKPOBOJOPOCIIEH HAa HEIJIOJAOPOAHBIX 3€MIISIX, BOIAHBIX
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aKBaTOPHUSX, a TAK)KE BO3MOKHOCTb aJalTalluy IITAMMOB BOJOPOCIIEN K pOCTY Ha COJIEHBIX BOAAX U
IIPUMEHEHHs MX B KAa4eCTBE MCTOYHUKOB OMOI€HHBIX JIEMEHTOB CTOYHBIX BOJ. BhlpamuBanue u
SHEPreTUYECKOE  HUCIOJb30BAaHME  MHUKPOBOJOPOCIEH B OTIMYME  OT  TPAJUIMOHHBIX
CEJIbCKOXO35IIICTBEHHBIX KYJIBTYp HalpsAMyl0 HE YCYryOJsisieT IpOJOBOJILCTBEHHON MpPOOIEMBI.
BripamuBanue Boopociieil MOXKET JaTh HaM JICUIEBYIO €1y, JCHIEBYIO SHEPruio U OMoTomimso. B
CIIA u EBpone 1 npou3BoACcTBa OMOAM3€ENs IEPBOHAYAIBHO HCIIOJIb30BAINCH B KAYECTBE ChIPhS
TOJIBKO COEeBBbIE O0OBI M paricoBoe Macyio. OJHAaKO, MOTEHIMATIBHBIN PBIHOK CIIpoca Ha OMOIU3EINb
JUMHUTUPYETCS JOCTYIMHOCTBIO ChIPbs, HEIPUIOAHOTO JJIsl MHBIX IPOMBIIUICHHBIX Liesed. MIMeHHO
[I03TOMY B HAcTOsIIEE BPEMsS 3HAYUTENIBHO BO3POC HMHTEpPEC K JIMIMJAM, COJEp)KallUMCs B
MHUKPOBOJIOPOCISAX, KaK K Haubojee MepCleKTUBHOMY M PEHTA0EIbHOMY HMCTOYHHMKY CBIPbS JAJIS
pou3BoIcTBa Omoau3ens [3-6].

Matepuajbl M MeTOABI HCCIEI0BAHUSA

B kauectBe 00BEKTOB ObUIM BbIOpaHBl BOAHBIE 00pa3lbl M3 AnMaTHHCKOM M BocTouHo-
Kazaxcranckoil obnacteii: TepMaibHble HCTOUHUKN YHTypckoro paiiona, o3ep banxam u Anakoss,
pucoBsie mons JKanakopranckoro paiiona Keizputopamackoit obnactu. OmnpeneneHue BHAOBOTO
COCTaBa MHUKPOBOJOPOCIEH B po0ax M3 pa3IUuHbIX BOAHBIX 3KOCHUCTEM IPOBOJIWIN IO METOJUKE
Cupenko [7] ¢ ucnons3oBanuem omnpenenutene [8, 9]. g BeiaeaeHUsT albrOJIOTHYECKA YHUCTHIX
KYJIBTYp W3 HAKONMTEIbHBIX NPUMEHSUIM MUKpoOHojoruyeckue merozasbl. IlepeceBbl nenanu Ha
KUJKUE U arapu3oBaHHble TBepjabie cpeanl Tamusa, TAP u HSM B konbax u Ha vamkax [lerpw,
KOTOpbIE IIOMEILAIN Ha CBET. J[J1s1 HEKOTOPBIX U30JISTOB UCIOIb30BATINCH AHTUOMOTUKY aMITULIMIIIMH
u xyuopampeHnkon B KoHieHTpauuu oT 2000 en/mi ¢ MOMOIIBIO KOTOPBIX YIaloCh MOJIYYHTH
0aKTEePUOJIOTMYECKH YHCTHIE IIITaMMbl MUKPOBOI0pocieit [10-12].

PesyabTaThl Hcc/ienoBaHUS U UX 00Cy KAeHHE

O10op 00pa3lioB M3 BOAHBIX HMCTOYHUKOB AJMaTUHCKOW, Bocrouno-Kaszaxcranckoil u
Ko13putopinHckoit obnacteil nmpooawin B nepuos ¢ Mas no urosib 2020 roga. B pesynbrare ananuza
OIIpEEIIEHHBIX BUJIOB MHMKpOBOAOpocie mcrounnka «Kapa namay», HamMu BBISBICHO Hannuue 16
BHJIOB M Pa3HOBUJHOCTEH MHUKpPOBOAOpOCHEH. YacTo BCTpeyaroTCs IPEACTABUTENM CEMEWUCTB
Chlorella, Dunaliella, Scenedesmus. CoriacHO MOJIyY€HHBIM Pe3yJbTaTaM BO BCEX MPOOAaX BOJBI
0TOOpaHHBIX B paiioHe 3.TopaHransik o3epo banxai mo BUI0BOMY COCTaBy JOMUHUPYIOT 3€JI€HbIE
MHUKPOBOJIOPOCIH U IHAHOOAKTEPUH, OJJTHAKO IO YACTOTE BCTPEUYAEMOCTH JOMUHUPYIOT JUATOMOBBIE
MUKpoBoiopociiu. OmpeneneHo 29 BuoB MUKpoBoAopociei. B mpo6ax Bojibl 0TOOpaHHBIX B palioHe
3anuBa baliTan 4nciao onpeneneHHbIX BUJIOBBIX TAKCOHOB MUKPOBOJOpOCIEH Bo3pocio ao 41. B
o3epe AJakoJib Takke Kak M B o3epe banxain, ocHOBHYI0 OMomaccy COCTaBUIM MUKPOBOIOPOCITH
otnena Chlorophyta (39,32 %). B o3epe Anakonb Bcero oOHapyxeHo 89 BumoB Bogopocneit. C
MOYBBI PHUCOBBIX Tmojel cem Axxon, Kemnnrobe, AOmuranmap JXaHakopranckoro paiioHa
Kb3puopaunuckoit  obmactu  O6buto  oToOpaHo 33 oOpasua BoAsl M BBIABICHO 14 BUAOB
MUKpOBOJIopociiel. V3 BBISIBIEHHBIX BUOB MUKPOOOB 12% - 3enensie, 18% - nuatomoBeie, 50%-
cuHe - 3eneHble M 20% - 9BIVIEHOBBIE BOAOPOCHH. BblaeneHa KyiabTypa MHKPOBOJOPOCIH
omnpezaeneHHas kak Botryococcus sp.Creyronmm 3tarom paboThl ObUIO BbIAEIEHUE YUCTHIX KYIbTYP
MHUKPOBOJIOPOCIEH U3 OTOOpaHHBIX MPOO BOABI TOpsSYero UCTOUHMKA. OmnucaHHBIM 00pazom u3 19
HAaKOMUTENIbHBIX KYJIbTYP, METOJIOM MHOTOKPATHBIX MEPECEBOB U HCIOJIb30BaHUS aHTUOMOTHKOB
ObutH mostydeHb! 10 aKCEHUYHBIX KYJIBTYP MUKPOBOJOPOCIIEH OTIMYABIINXCS CTAOUIBHBIM POCTOM
B J1a0OpaTOpHBIX YycioBUAX. M3 mpoO BOJBI TOpsiuero HCTOYHMKA YUTypcKoro paiioHa Obuin
BbIJIeJIEHBl 4 anbrojIoTHYecKue U OaKTepHOJIOrHyecku 4yucTbie KynbTypsl Chlorella vulgaris Ul,
Chlorella sp. U2, Scenedesmus obliquus US u Gleocapsa sp. U6 (pucysok 1).
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Pucynok 1. Mopdomorust KJIeToK BbIACIEHHBIX KyJIbTYp MUKPOBOJOPOCIIEH U3 TOPSIUEro
UCTOYHUKA B paiione 6a3bl «Kapa gana» (Yirypckuit p/H)

Chlorella vulgaris Ul: xneTku mapoBUAHbIE, 000JI0UKA TOHKAas, XpOMaTo(op IIHMPOKO
MOSICKOBUIHBIN, TPOCMATPHUBAIOTCS BaKyOJIH. SIIpO B KUBBIX KJIETKaX HE BUIHBL. JlMameTp KIETOK
1,7-6,7 mxMm, uHoraa 1o 15, tuameTp MaTepUHCKON KIIETKU ¢ AodepHbIME 10 28 MkM. Chlorella sp.
U2: KIeTKM IapoBUAHBIE, OOOJOYKAa TOHKas, XpoMaropop IMUPOKO IOSICKOBHUIHBIN,
MIPOCMATPUBAIOTCS BaKyOJIH. SIAPO B KMUBBIX KJIETKAaX HE BUAHBL. /[uameTp KieTok 2-5 MKM, HHOT/IA
no 10, nuamerp MarepuHCKOW KieTku ¢ jgodepHbiMu g0 20 mxMm. [lutatenbHas cpema - 04.
Scenedesmus obliquus US: xJ1eTKH MIacCTUHYATHIC, 4-8-KJIETOUHBIE, KOKKOUTHOU (hopmbl. OBalibHbIE
KIJICTKH COCJIMHSIOTCS CBOUMHU OOKOBBIMH ITOBEPXHOCTSIMH, 00pa3ysi OJHO- WM IBYPSTHBIC TIIIOCKHE
WM HECKOJIbKO 3arHyThle MIIACTUHKU. B KileTke BUAEH MacCUBHBIN YalIeBHAHBIN XpomaTodop ¢
onauM tpeHounoM. Gleocapsa sp. U6: KIIETKH MApOBHUIHBIC WM SJUTUIICOHMIHBIC, COOpaHBI B
MUKpOCKOMMYecKre KoJoHuu. KojoHuuu ciausucTeie, HIapoBUAHbBIE, MHOT/IA paciuibiBatoTcs. 13 o3epa
banxam ObUM BBIIENIEHBI 3 KYnbTYphl - Parachlorella kessleri B2, Ankistrodesmus falkatus BS5 u
Dunaliella salina B10 (pucynok 9) u u3 o3epa Ajakons ObUTH BbiAeNeHbl Monoraphidium arcuatum
A7, Navicula sp. AS u Chlamydomonas reinhardtii A8 (pucyHok 2).

Parachlorella Ankistrodesmus ~ Dunaliella salina
kessleri B2 falkatus BS B10

Monoraphidium Navicula sp. A5 Chlamydomonas

arcuatum A’ reinhardtii A8

Pucynox 2. Mopdonorust KIeTok BBIEICHHBIX KYJIbTYP MUKPOBOAOpOCIer u3 o3ep bamxarm
u Anakosns.

Parachlorella kessleri B2: HeoABUXHbBIE KJIETKU MIAPOBUIHON (OPMBI, TUAMETPOM 3-8 MKM.
Krytuku oTcyTcTBYIOT. B Xs10pormiactax uMeeTcs 3eeHbId MTUTMEHT — XJIopodui. Ankistrodesmus
falkatus B5: knetku o ¢hopMe BepeTeHOBUIHBIE, COCTOSIINE U3 1IeHOOHBIX (opM. [leHOOUHU B CBOIO
odepeib COCTOSIT U3 2, 4, KIIETOK, KOTOPBIE COMPUKACAIOTCS MEXTY CO00i OOKOBBIMH CTOPOHAMH U
pacrioyio’keHbl B OJMH Pl (MHOTAA, B 2 WM 3 psijfa) W HE UMErOT mmmnoB. Kaxias KieTka umeer
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muncoBUARYIO hopmy. CpenHuil pa3mep KIETOK COCTaBisieT —2,5-4 | B mupuHy u 4,5-5 | B JUIUHY.
[ToBepxHOCTh KJIETKM TIIajkas ©0e3 BBIPOCTOB, MOKPBITHl TIUagkoil oOonoukoil. HMmeror
nepugepuyecknii xpomorodop ¢ omHuMm nepeHounoM. Dunaliella salina B10: ¢dopma KieTok
paananbHO-CUMMETpUYHAs (JUTMIICOMAHAS, SIMIIEeBUIHAS UM OOpaTHOSHIEBUAHAS, TPYIIEBUIHAS,
UMWJTUHIpUYECKas, BEPETCHOBUAHAS WIIM IIAPOBUJHAS, HAa IMONEPEUHBIX Cpe3ax MO BCEW JIMHE
KJIeTKU Kpyriaas). KineTku nmoaBmkHbBI Oyaronapsi HAIUYUIO OJHOW Maphl KTYTUKOB. OTCYTCTBYET
npoyHas KieToyHas obonouka. Pazmep knetok Bapsupyet ot 10 1o 18 MM B mmunHy. Monoraphidium
arcuatum A’7: KIETKH AyrOBUIHbIC, U30THYTHIC, JiiMHA 35-40 MkM, mupuHa 2,2-3,1 MKM, pacCTOsTHUE
MEXIYy KOHIIAMH KJIETKH COCTaBIsIo 3.4-16.5 MkMm. Xpomarodop pacroiokeH PaBHOMEPHO H
3aMeTHbI Bakyonu. Navicula sp. AS: KieTku oluHOUYHBIE, B BUJIE JIOJIOUYKHU. BONBIIMHCTBO BUJOB B
npernapare BUIHBI CO CTBOPKH, OJJHAKO HECKOJIBKO BHJIOB, CHJIBHO CIUTIOCHYTBHIE C OOKOB, BHJIHBI C
MOsICKa. XJIOPOILIACTHI YHCIIOM JBa, MNpPUXKaThle K TMOSICKY, MO OJHOMY C KaXJOH CTOpPOHBI
IIPOJIOJIBHOM IIJIOCKOCTH, KaXKIbI CONEPKUT MPOJOJITOBATHIN CTEPKHEBUIHBIN NUpeHoun. [[nuHa
kietku 7-10 Mxwm, mmpuna 1-3 mxm. Chlamydomonas reinhardtii A8: Knetku mapoBuaHble, aKTUBHO
MEPEABUTAIOTCS C TIOMOIIBIO BPAIIATEIbHOTO JIBIXKEHUSI IBYX KT'YTHKOB. Kakiast KieTka coiepKuT
JIBE BaKyoOJd, OJMH KpPYMHBIA XJIOPOIUIACT C MHUPEHOMJIOM B €ro HIKHEH YacTu H
KpacHOE MUTMEHTHOE Telble. XJIOPOIUIACT MPEICTaBIIEH B BHUJE YalllH, 3aHUMAOIIEH OOJBIIYIO
yacTh kieTku. Juamerp kinetku 8-10 mxm. Takke ¢ pucoBbix mosieil JKaHakopranckoro panoHa
Ke3putopanHCcKOl 00jacTh ObUTHM  TIOMy4YeHBI MPOOBI IMOYB, W3 KOTOPBIX ObLIa BBIJICICHA
MHUKPOBOJIOPOCIb poaa Botryococcus sp. Zh-5 (pucynox 3).

: . 3 el i)
Pucynok 3. Mopdomnorus knetok Botryococcus sp. Zh-5 BbIIETIEHHOTO U3 PUCOBBIX MOJEH
Kanaxoprauckoro paitona Ke3putopanHcKoit o01acTi

Botryococcus sp. Zh-5: Knetku  ymIMHEHHBIC, CIErKa OOpPAaTHOSUIIEBUAHBIC 10 TOYTH
LWINHAPUYECKUX, HAa alMKaJIbHON KOHIlE OOBIYHO OKpYIJIEHHO-ycedeHHble, jiuuHoi 11,5-12-13,8
MKM, IIUPUHOH 5,75-6-6,9 MkM. XJ10poruiacT NpuCTEHHBIN, allMKaIbHbIM WX JIATEPaIbHbIA, OOBIYHO
C HelpaBWIbHBIMU Kpasimu. [IupeHon He paznuyaercs.

Taxum 006pa3oM, B pe3ynbraTe padboThl noiydeHbl 10 akCeHMUHBIX KyJIbTYp MUKPOBOJOPOCTEH
UACHTU(DUIMPOBAHHBIE 110 KYJIbTYPaTbHO-MOP(HOIOTHUECKUM U (PU3HOIOTUUECKUM MPU3HAKAM Kak
Chlorella vulgaris U1, Chlorella sp. U2, Scenedesmus obliquus US, Gleocapsa sp. U6, Parachlorella
kessleri B2, Ankistrodesmus falkatus BS, Dunaliella salina B10, Monoraphidium arcuatum A7,
Navicula sp. A5 w Chlamydomonas reinhardtii A8 w 1 anbroJoruyecKu YHUCTas KyJIbTypa
MHUKpPOBOJIOPOCIIN  ONpeAeneHHas Kak Botryococcus sp. Zh-5. Boigenennsle  ITaMMBbI
MHUKPOBOJIOPOCITH A00aBleHbl B KOJUIEKIHIO (poTtoTpodHbx Mukpoopranu3smoB KazHY wuwm. anb-
@apabu uig nanbHEHIIMX HCCIENOBaHUNA MX (DU3MOIOr0-OMOXMMHUYECKHX CBOMCTB C IIEJIbIO
orpezieNieHUs] MOTEHIIUAIbHBIX MTPOAYLEHTOB OMOIN3EbHOTO TOIUINBA.

Jlumepamypa
1 Voloshin R.A., Rodionova M.V., Zharmukhamedov S.K., Veziroglu T.N., Allakhverdiev
S.I. Biofuel production from plant and algal biomass // Int. J. Hydrogen Energy. - 2016. - Vol. 41. -
P. 17257-17273.
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HEPCIIEKTUBbI BUOTEXHOJIOT'MHX ITPOU3BOJACTBA BUOTOIIJINBA HA
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Knrwueevie cnosa: buoousenv, npodyyenmovl aunuoos, MuKpo8ooopoCiu, YuaHobakxmepuu,
HCUPHOKUCTIOMHDBIU cOCMAas, buopemeouayus CMmo4HbiX 600

B nocnennee BpeMst BeCh MUp CTAJIKHBAETCS C JBYMSI OCHOBHBIMU MPOOJIEMaMU: HEXBATKOM
MPECHOW BOABI M DHEPreTHYECKUM KpHu3UcoM. DOTOTpodHBIE MHUKPOOPTAHWU3MBI SBISIOTCS
MEPCTIIEKTUBHBIM OOBEKTOM JUIS TMPOM3BOJCTBA OMOTOIIMBA TJIABHBIM 00pa3oM H3-3a BBICOKOM
CKOPOCTH Pa3MHOXKEHHUS, BBICOKON (POTOCHHTETHUYECKOW CIIOCOOHOCTH W HU3KUX TpeOOBaHUU K
UCTOYHUKAM THUTaHus. KylbTHBHpOBaHHE IMAHOOAKTEPHII Ha CTOYHBIX BOJAaX MOXET CTaTh
MEePCIEKTUBHBIM TIOJXOJIOM Il TIPOM3BOJACTBa OmoToruioBa [1]. DTa wuHTErpamusi SBISICTCS
SKOHOMHUYECKHU BBITOJHOW U DKOJOTHMYECKH YUCTOW TEXHOJIOTHEN Ui YCTOMYMBOIO ITPOU3BOJCTBA
OMOTOIJIMBA HA OCHOBE MHKPOBOIOPOCIEH U IIMaHOOAKTEpHid, TOCKOIbKY OTPOMHOE KOJMYECTBO
BOJIbI ¥ TUTATEJIbHBIX BEIIECTB B HEH MOTYT ObITh BTOPHYHO MCIOJIB30BaHBI UMM JJs pocTa [2]. B
CBSI3U C 3TUM, (POTOTpO(PHBIE MHUKPOOPraHU3MBI HUMEIOT JBOMHOE NMPUMEHEHHE - MPOU3BOACTBO
OMOMAacCCHI JJI1 YCTOHYHBOTO MTPOU3BOJICTBA OMOTOILTMBA U OMOpEeMEINAIIHs CTOYHBIX BOJ.
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Lenb naHHO#M pabOTHI — MOTYYSHHUE U COBEPIICHCTBOBAHNE aKTUBHBIX IITAMMOB (DOTOTPOHBIX
MUKpPOOPTaHW3MOB - TMPOJYLUEHTOB JHUIHAOB, C ONTUMHU3AIMEH YCIOBHM KX MaccoBOIO
KYJIbTUBUPOBAHMS VIS JAJIbHEUIIETO MOMyYeHHS HAa UX OCHOBE KUJKOT0 OMOAM3EIbHOTO TOIUIHBA.

Boigenenue akCeHWYHBIX KyJIbTYp MHKPOBOAOPOCIEH, MX KYJIbTHBUPOBAHHE U XPaHEHHUE
OCYILECTBISUIM IO CTAaHAAPTHBIM aJbIOJIOTMUECKUM METOAaM. OKCTPaKLUMIO JMIHAOB U3
npeodpaboTaHHOM OHOMAacChl OCYIIECTBISUIM MO MeTony Doipya W OmpesesieHue CyMMapHBIX
JIUTIAI0B IPOBOIMIM KasiopuMeTpuuecku o meroay Aratosoit JILU. [3]. IlonyueHHble METHIIOBBIE
3(GUpPBl KUPHBIX KUCIOT aHAIM3UPOBAIM IPU MOMOIIU ra30-)KUIKOCTHOrO Xpomartorpada macc-
CHEKTPOMETpHUECKUM JeTekTopoM Agilent 59758S.

C uenbio omnpeneiaeHus] MOTEHIHAIBHBIX MHPOAYIEHTOB OHOIM3EIBHOTO TOIUIMBA OBLIN
MCCIIEIOBAaHbl KOJUICKIIMOHHBIEC INITAaMMBI IUAHOOAKTEPHI U MUKPOBOAOPOCIEH, OCHOBY KOTOPBIX
COCTaBJISIIOT IITAMMBI, BblJIeJICHHbIE U3 bombioro AnMatuHckoro ozepa, o3epa banxar, Anakons u
U3 ropssYMX UCTOUYHUKOB AnmaTtuHckon obnactu Pecnyonuku Kazaxcran B nepuon ¢ 2017 o 2020
roJbpl, a TaKXKe pa3M4YHble MYTAaHTHBIC IITAMMbl MHUKPOBOJOPOCIEH, MOJIYYCHHbIE METOJaMHU
WHAYIHUPOBAHHOTO  MyTareHe3a.  HoBble  BBIIEICHBIE ~ INTAMMBI  MHKPOBOJIOPOCIEH
uneHtuuuupoBansl kKak Parachlorella kessleri K-6, Chlorella sorokiniana, Monoraphidium sp.
ZBD-06, Dunaliella salina- B-1, Parachlorella kessleri-BZB, Chlorella vulgari K-35,
Chlamydomonas sp, Chlamydomonas reinhardtii, Chlorella pyrenoidosa C-2 u ap.

W3 3eneHbIX MUKpPOBOJOPOCIEH, OOJBIION MHTEpPEC HPEICTABISIIOT MYTAaHTHBIE ILITaMMBI
Chlorella pyrenoidosa C-2ml w Chlorella pyrenoidosa C-2m2, TOXy4YeHHbIE HAa OCHOBE
koutekuuoHHoro wmtamma Chlorella pyrenoidosa C-2 metonaMum MyTareHe3a M CEJIEKLUUU U
XapaKTePU3YIOIIHUECs BHICOKON MPOIYKTUBHOCTHIO U HAKOTUICHUEM JIMITHUIOB.

Cy1iecTByrolme CrnocoObl TMOMy4YeHUs OMOAM3EIBHOTO TOIIMBA U3 BO300HOBIISIEMBIX
MCTOYHUKOB JHEPrHM IMpeanojaralT MpeABapUTEeIbHOE BbIIEICHUE JIMINUAHOM (Gpakuuu u3
OMOMAacChl CyXUM OT)KUMOM JIMOO PA3IMYHBIMH BUAAMHU dKCTPAKIUH [4].

JIunuaHeii cocTaB  (OTOCHHTE3UPYIOIIUX KIETOK B BBICOKOH CTENEHHM OTpakaeT uX
(YHKIIMOHATBHYIO aKTUBHOCTh W BEChbMa YYBCTBHTEJIECH K M3MEHEHHUIO YCIOBHH POCTa KYJIBTYpHI.
ConepxkaHue M COCTaB JIMIUAOB TUJIAKOUAHBIX MEMOpaH, MOCPEICTBOM JIMIUJ-OEIKOBBIX
B3alMOJICHCTBUI, 00YyCIOBIMBAIOT (PU3MKO-XMMUYECKHE CBOWCTBa OmMoMeMOpaH, ONTUMHU3UPYS
(GYHKIIMOHMPOBAHUE TUIMEHT-OEJIKOBBIX KOMIUIEKCOB, BXOJSIIMX B COCTaB  (DOTOCUCTEM.
MeTaboa13M JIMIUA0B HIPAET BAXKHYIO PETYISATOPHYIO POJIb B aJaNnTallii PaCTHTEIbHBIX KIETOK K
cTpeccy [S].

[TockonbKy BbIXOA OMOIM3ENBHOTO TOIUIMBA B pe3ylbTaTe MNepedTepUPHUKALUU KUPHBIX
KHUCJIOT HE3HAuMTENIbHBIN, 3aJauedl cieayrolero itamna paboThl ObUIO IMPOBEACHHE MAacCOBOTO
KYJIbTUBUPOBAHUS IITAMMOB MUKpoBojiopociiei P. kessleri DZP-5 w Chlorella pyrenoidosa C-2m?2
B JIa0OPaTOPHBIX YCIOBUX (puc. 1).

KynsTuBHpOBaHME aKTUBHBIX IITAMMOB ITPOU3BOIIIIM B OMOpEaKkTope, Mpu Temmeparype 27-
28°C u HenpepsiBHOM ocBeteHud B 6000 mokc. Ha ocHOBe paHee Moy4yeHHBIX Pe3yIbTaToB s
KyJIbTUBUPOBAHHS [ITaMMa HaMu Obl1a BeIOpana cpena TAP, ¢ gecaTHKpaTHO CHUYKEHHBIM
conepxxanueM NHy™ (0,75 MM).
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Pucynok 1. KynpTuBHpOBaHNE aKTUBHBIX ITAMMOB B J1a00paTOPHBIX YCIOBUIX

HavanpHast onrtuyeckas IUIOTHOCTh KYJBTYpPhl HCCIEIYyEMbIX LITAMMOB B OHOpeakTope
coctaBisia 0,1. B mponecce omnbiTa 4nCiIo KIETOK IMITAMMOB MUKPOBOZOPOCIHN YBEIUYHUBAIOCH U
JOCTUTIIO MakcuMyMa K 11 cyTkam KyJbTUBUPOBAHUS.

Hamu Obuio ompezaeneHo, uto cyxoil Bec 6momaccel mramma Parachlorella kessleri DZP-5
COCTaBJIseT B cpenHeM S 1/1, a y mramma Chlorella pyrenoidosa C-2m2 - 6 r/n. Uccnemyembie
IITaMMBbI OBITH BhIpAIlleHbl B Ja0opaTopHOM OnopeakTope Ha 10 J1., B pe3ynbTaTe 06110 noay4deHo 50
T cyxoit ouomaccel mramma P. kessleri DZP-5 u 60r - mramma Ch. pyrenoidosa C-2m?2.

Jns mostydyeHust OMOAM3EIBHOIO TOIUIMBA M3 OMOMACCHI ONBITHBIX IITAMMOB, BBIJICIISIH
TUnuabl ¢ npenodpadorkoit kunsguenuem npu 100°C B reuenne 10 MuH.

B pesynbrare 6bu10 3kcTparupoBaHo 14 r aunuaos u3 50 r Guomaccel mramma Parachlorella
kessleri DZP-5, 1 19,2 r u3 60 r 6uomaccel mtamma Ch. pyrenoidosa C-2m2 (puc.2).

B pe3ynbTare MaccoBOro KylnbTUBUPOBaHUS aKTUBHBIX IITaMMOB B cpeie TAP ¢ necsitukparno
CHIKEHHBIM conepkanreM NHi*, Hamm Obu1o 3KkcTparupoBano 14 r mumuaoB u3 50 r cyxoi
6uomaccel mrtamma P. kessleri DZP-5 u 19,2 r nunuaoB u3 60 r cyxoii 6uomaccel mramma Ch.
pyrenoidosa C-2m2.

60

50 +—

40

50
20 —

10 — —
1 19,2

cyxoW Bec, r [0N1A SKCTParMpoBaHHbIX
MNUA0B, 1

Pucynok 2. CooTHOIIEHHE SKCTPAarupOBaHHBIX JIUMHIOB K OMoMacce mraMMoB P. kessleri
DZP-5 u Ch. pyrenoidosa C-2m2
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VYcraHoBiaeHo, 4TO 001ast J0JIs IMIUA0B B OuoMacce mramMma P. kessleri DZP-5 coctaBiser
28%, a 'y mrramma Ch. pyrenoidosa C-2m?2 - 32% 4rto enaetT BO3MOKHBIM HUCIOJIb30BaTh JaHHbIE
IITAMMBI JIJIs1 TalTbHEHIIIETO MOIYyIeHUsT OMOIU3eIbHOTO TOTINBA.

TexHosorHs NCNONB30BaHNs MUKPOBOJOPCIIEH B Ka4eCTBE TOILIMBHOTO ChIPhS 3aHUMAET OJIHO
U3 LIEHTPAJIbHBIX MECT CPEIU MOAX0A0B COBPEMEHHOM allbTePHATUBHOM SHEpreTuku. VccienoBanus
MOKAa3ajy, YTO MHUKPOBOJOPOCIH IMPEBOCXOAAT MO MOTEHIMAILHOMY HEPreTUYECKOMY BBIXOAY
TUMHUYHBIX NPEJCTABUTEIEH PACTUTENbHBIX MAaCIICHUUHBIX KYJIbTYp: MaJIbMOBOE Macjo — B 8-25 pa3s,
u paricoBoe macio — B 40-120 pas.

B pamkax nanHoil paGoThl ObUIa HCCIEIOBaHAa BO3MOXXKHOCTH HCIIOJNIB30BaHHS CHocoOa
MOJIy4eHus: OWMOAM3ENIbHOTO TOIUIMBAa M3 XJIOPO(GOPMHO-METAHONBHBIX IKCTPAKTOB JIUIUIOB U3
ouomaccel mrammoB Parachlorella kessleri DZP-5 u Chlorella pyrenoidosa C-2m?2.

[Ipu HenpepbIBHOM KYJIbTUBUPOBAHUU IITAMMOB P. kessleri DZP-5n Ch. pyrenoidosa C-2m?2
B cpene TAP ¢ nmecatukpaTHO CHMKEHHBIM conepkanueM NHs*, exxeqHeBHO MbI modydayiud 6 I
cycrnieH3uu. buomaccy moiydanay cTaHAApTHBIM METOAAaM U3 6 J1 CycrieH3uu HaMu ObLUI0 moxydeHo 30
r cyxoro Beca mrtamma P. kessleri DZP-5, u a 40 r mmramma Ch. pyrenoidosa C-2m2. Jlanee Hamu
ObUTH SKCTparupoBaHbl Tunuabl, u3 30 T cyxoro Beca mrtamma P. kessleri DZP-5 6bu10 BbieneHo 6
r IUnuoB, a u3 40 r mramma Ch. pyrenoidosa C-2m2- 10 r.

DKCTparupoBaHHbIE JUIH/IbI BHAYAJIE HATPEBAIH IPU HOPMAJILHOM JIaBIICHUU JI0 TEMIIEPATypPhI
60°C. 3arem B HEro J0OABJISUTA METAHOJ B MPHUCYTCTBUH IIEIOYHOTO KaTalM3aTopa, B KauyeCTBE
KaTajan3aTopa HCIOIb30BAIM TUAPOOKCH I Kanus. CMech OmpeleleHHOe BpeMs MepeMelInBalId U
nanu orcrostes. [locne orcrauBaHusi cMech pacciianuBaercs, 00pasys B BEPXHEM CJI0€ METHJIOBBIM
a¢up Omoau3enb, 3aTeM CJION MbUTa U Ha JIHE ocTaeTcs ruuepuH. [locie oTaenenus rmunepuHoBoOMl
($ha3pl METHIIOBBIE dPUPHI TPOMBIBAIOTCS BOJION 71l YIAJICHHUS OCTAaTKOB TJIMIIEPHMHA, METAHOJA U
JIPYTUX BOJIOPACTBOPUMBIX COEIMHEHUN B HECKOJIBKO O3TaloB. 3aTeM OWOAM3eNb OCYIIAIT U
¢unbTpyroT. Huke npeacrabieHa cxeMa NojaydyeHus: OMoau3ems U3 akTUBHBIX IITaMMOB (puc. 3).

B pesynbTarte onbiTa BEIXOA KOHEYHOTO MpoaykTa gqocturaet 12,8 % ot cyxoit 6uomaccsr (30r)
witamma P. kessleri DZP-5 u cocrapuser 4,8 M1 MmetunoBoro s¢upa (Onoausens) IOIy4EHHOTO B
nabopatopHbix ycnoBusx. M3 40 r cyxoit Ouomaccel mrtamma Ch. pyrenoidosa C-2m2 Hamu
MOJTy4eHo 8,5 Ml MeTHI0BOro 3¢gupa, uro cocrasiset 21,25% ot Guomaccsl.

Ha ocHOBe mNOJy4YeHHBIX pe3y/lbTAaTOB, aKTHBHbIE IITaMMbl P. kessleri DZP-5 u Ch.
pyrenoidosa C-2m2 MOTYyT OBITh PEKOMEHIIOBaHBI JJIsl JalbHEHIIEro MaciTaOHOTO MOJy4eHUs
OMOIN3EIbHOIO TOILIMBA.
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Pucynok 3. Cxema nonydenusi Ononusens u3z 6momacchl HoToTpopHBIX MUKPOOPTaHU3MOB

Cpemu uccnenoOBaHHBIX LUAHOOAKTEPHH, YCTAHOBIEHO, YTO KOJUICKIIMOHHBIE INTaMMBbI
Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 u mramwm,
BBIJICJICHHBI M3 PHCOBBIX MoJiell mpoBuHuMU barman, Adranucran Anabaena variabilis R-1-5
obyafaroT Hambosiee BBICOKMMH II0Ka3aTeNIIMU IO CKOPOCTH pOCTa, (IIyOpeCUEHIMH, BBIXOIY
OouoMaccel M CyMMapHOMYy KojudecTBy maunuaoB. Cpeau HHX, IITaMM OJHOKJIETOYHOMN
nuanobaxkrepun Cyanobacterium sp. IPPAS B-1200 nenoHupoBaH He TOIbKO B «Pecny0inkaHCcKoi
Konnekuun mukpoopranusmoB» Komurera Hayku MunucrepctBa oOpasoBanus u Hayku PK, a
takxe B Komuekunun mukpoBogopocieit Macturyra ¢pusuonorun pactennii um. K.A. Tumupszena
Poccuiickoit Akanemun Hayk nox perucrpaunonasiM HomepoMm IPPAS B-1200. ITonydyen nareHT
Pecny6onukn Kazaxcran Ha mnosiesnyo Mmojnens «llltamm Cyanobacterium sp. IPPAS-1200 B
KAaueCTBE ChIPbs /ISl IPOU3BOACTBA OMOTOILUINBAY.

C nenpl0 ONTUMHU3ALMK YCIOBUH MAacCOBOTO KYJIbTHMBHUPOBAaHHUSA ILITaMMOB-IIPOJLYLIEHTOB
mutiuaoB  Cyanobacterium sp. IPPAS-1200, Cyanobacterium aponium IPPAS B-1201, Osbina
IIPOBEJIEHA CEPHUsS DKCIEPUMEHTOB II0 BBIPAIMBAHUIO JAHHBIX KYJIbTYp HAa CTOYHOM BOJAE W3
BOJIOKAaHaja T1ocie Ouojormyeckoi ouncTku. IlomyueHHBbIE pe3ynbTaThl CBUIETENHLCTBYIOT O
BBICOKOM DPEMEAMALMOHHOM IOTEHIMaJe y HCCIEAOBAaHHBIX IITaMMOB IMaHoOaktepuid. Tak,
YCTAQHOBJICHO, YTO TIOCJIE BBIPAIIMBAHUS KYJIbTYyp LMAHOOAKTepUil Ha CTOYHOH BoOJE, yIaloch
MOHU3UTh KOHIIEHTPALMIO OPraHWYeCKUX 3arps3HEHUN U (U3MKO-XMMHUYECKHX IOoKa3aTesleld B
cpenseM Ha 94,3%. Ilpu 3TOM MakcUMalbHBINA MOKA3aTENb OYMCTKH MCCIEAYEMOM CTOYHOM BOJbI
coctaBuil 98%. AHamu3 XKUPHOKUCIOTHOTO COCTaBa, IMOJYYEHHOW TakuM oOpa3oMm Omomacchl
MOKa3aj, 4To KoJUleKUHOHHbIE mTammbl Cyanobacterium sp. IPPAS B-1200 u Cyanobacterium
aponium IPPAS B-1201 xapakTepn3oBanuch BBICOKOW MPOAYKTHBHOCTBIO IO HAKOTUIEHHUIO KMPHBIX
KHCJIOT, IaHHbIE TTOKa3aTeNnu cocTaBuian 59,9 mr u 45,8 mr Ha 1 r cyXoro Beca COOTBECTBEHHO.

[TonydeHHbIe pe3yabTaThl MO3BOJISIIOT peKOMEH10BaTh TaMMbl Cyanobacterium sp. IPPAS B-
1200 u Cyanobacterium aponium IPPAS B-1201 xak B 6GMopeMenuaniii KOMMYHaJIbHO-OBITOBBIX
CTOYHBIX BOJI, TAK U JUIsI MMOJIy4EeHUsI OMOMACChI JIsl POU3BOACTBA OMOIU3EIHHOTO TOTINBA.
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AnHoTauus. Ha 1aHHbI MOMEHT OJJHOM M3 HanboJee MepCreKTUBHBIX TEXHOJIOT U 3e1eHOM
SHEPreTUKHU SIBJISIETCS MepepadoTKa OpraHMYecKUX OTXOJ0B B MHKPOOHOM TOIIJIMBHOM 3JIEMEHTE
(MTD). Ilpunuun pabGotsl Bcex MTD 3akimoyaercss B TOM, YTO MHUKPOOPTaHU3MbI OKHCISIOT
OopraHMyeckuil cyOcTpar, mpeBpaiias OMOXMMHMYECKYI0 HHEpPIrHI0, 3allaCeHHYI0 B MOJEKYJax
cyOcTpara, B snekTpuyeckyro. s cozmanus BbicokodpdextuBHbIX MTD, HeoOXxoanMo BecTH
HCCIIEA0BAHMS B HAIIPABJICHUH COBEPIICHCTBOBAHMS YCTAHOBOK I10 BCEM ITapaMeTpaMm, IIPEXKJIe BCETO
TEXHUYECKMM U OMOJIOTMYECKUM. B 1aHHOW cTaThe paccMaTpUBAIOTCS KOHCTPYKIMHM OyMa)KHBIX
MTD kak HauboJee enieBas albTePHATHBA TPAIULUOHHBIM MTDO.

Knrwouesvie cnosa: Oymasicnvie MUKpOOHbIE MONIUSHBIE INEMEHMbl, IHEPIUs, MOUJHOCMb,
91eKmpoo, baxmepuu

BBenenue

MukpoOHBIE TOIUIMBHBIC DJIEMEHTHI TMPEJCTABISAIOT COOOH TMOTEHIMAIBLHOE pPEIICHUE
HHEPreTHUECKUX MOTPEOHOCTEH 3a CUeT BO3OOHOBISEMBIX M DKOJOTUYECKH YHCTHIX HCTOYHHUKOB
sHepruu. MTD MOryT MCHOJIB30BaThCS I OYMCTKM CTOYHBIX BOJ MPEANPHUATHNA U Ja)Xe IETbIX
TOpPOJIOB, a TaKXKe JJIsi YaCTUYHOW TepepabOTKU TBEPIBIX OBITOBBIX OTXOM0B. JlaHHBIN cmoco0
SKOHOMHUYEH W BBITOJICH, a TaK)Ke TMPEANOUYTUTENIEH C TOYKH 3peHus skoyoruu. OpHaKo, y
KJ1accuueckod moaenu MTD ecTh CyllecTBEeHHBIM HEJOCTATOK - UCIOJIb3yeMasi B OpUTHHAIBHOU
Mozenu mpotoHmnponumaemas memopana (I1IIIM) «Nafion 117» sBisieTcsi 04eHb TOPOTOCTOSAIIAM
MatepuagoM. COOTBETCTBEHHO, Mepel YYEHBIMU-UCCIEAOBATEIIMU CTOMUT 3ajJada HaWTH Oojee
JIENIEBYIO U JIOCTYITHYIO albTEPHATUBY JaHHON MemOpane [1].

OnHuM Y3 UHTEPECHBIX HAMpaBlIeHUW B pa3BUTHM TexHojorun MTD sBusercs wux
M3rOTOBJICHHE C HCIIOJIb30BAaHMEM B KauyecTBE Marepuaia s MeMOpaHbl OObIYHOM Oymarwu.
bymaxknas Mozenb UMeeT psAll MPEUMYIIECTB IO CPAaBHEHUIO C APYTMMH KOHCTpyKUMsMHU. Bo-
MepPBbIX, OyMara B pa3bl JCIICBIIC, BO-BTOPHIX UCIIOIB30BaTh MOXKHO JTF000M BHI OyMaru (OymMaKHbIC
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candeTky, MepraMmenT, ra3ery, OyMmary Ui pucoBaHHs U T.1.) - 3QdexT Oyner oguHakoB. Kpome
TOro, U3 OymMaru MOXHO CJieNaTh Kak KOpIyc, TaK 1 MeMOpaHy ¢ MpoBOAHUKOM. C TOUYKU 3peHus
KoJM4yecTBa BeIpabaThiBaeMoii sHeprun Oymaxkueie MTD He ycrymaror mo cBoeit adekTuBHOCTH
OOBIYHBIM OOIEU3BECTHBIM MOIEIISM.

Pa3znuynvie ousaiinwt 6ymasxcruvix MTO

OnHUMHU M3 NEpBBIX, KOMY YAAJIOCh JOCTHYb IPOrpecca B JAaHHOM HAIpPaBICHUHU, CTaIU
uccnenoBaTeny u3 YHuBepcutera Pouectepa. OHM ONBITHBIM MYTEM MOKA3aJId, YTO Y OyMaKHOTO
JIEKTPOJA IUIOTHOCTh TOKA MOYTH B JBa pa3a MPEBBbIIACT JaHHOE 3HAYEHHUE 10 CPABHEHUIO C
MOJIEJIBIO C YTIIEPOAUCTHIM BOWIOKOM. MMy Obu1a co3ana Moiesb B BU/IE€ CIIOUCTOTO «COHIBUYA» U3
OyMaru, yriaepoaHOH macThl, IPOBOIAIIETO MTOJIMMEpa U TIeHKH Oaktepuit (puc.1). CpenHuiil BIX0a
sHeprun y 3toro MTD cocrasnsn 2,4 A/m? o cpasuenuto ¢ 0,94A/m? Boitnounoit moaenu [2].

CPPE
ANODE
SANDWICH
CROSS

SECTION

CARBON PASTE
CATHODE | PAPER

~ Y ———

Pucynok 1. Cxemarnyeckoe nuzoopaxkenue oymaxknoro MTO B Buie CIOUCTOTO «CIHABHUAY,

[2]

Komanza yueHsix I'ocynapcTBeHHoro yHmBepcuteTa Hblo-Mopka mokasana, 4to GymaxkHas
aHOJHas M KaTOJHas Kamephl IMO3BOJIAIOT OBICTPO ajcopOupoBaTh OakTepuu. OTa aacopOrus
CHOCOOCTBYET MPUKPEIICHUIO OaKTepHANIbHBIX KJIETOK K AJIEKTPONY, TJe Mpoliecc OaKTepruaibHOro
IBbIXaHHUs TIO3BOJISIET IIEPEHOCHUTH DJJIEKTPOHBI M3 OKPYXKAlOLEH JKUAKOCTH Ha DIEKTPOZ.
WccnenoBarenu coOpanu SKCIEPUMEHTAIbHYIO YCTaHOBKY, OymMara B KOTOPOW JIBaXKIbl
CKJIaJpIBaIach JJIsi TOCJIEOBAaTEIbHOTO MOJKIIOUeHUs ueTbipex MTD (puc.2). B pesynbraTe
YTJIEPOJIHBIE AHOJHBIE U KATOAHBIE IEKTPO/IbI aJIbTEPHATUBHO COEANHSIINCH IPYT C APYIOM, a BCE
Oarapen OBUIM TOIKIIOYEHBI MOCJIEIOBATENbHO. bBBIIM TOJIy4eHBl CIEAYIOIIUE pPe3ybTaThl:
HarpspDKeHre paBHsIoOCH 1,6 B, a cua Toka 4 MxA [3].

let fi
Mydrophobic Inlet for anolyte

“" wax paper cover

Carbon cloth = _ Anode

Filter paper - L Part

reservoir " Mydrogiiic region.

Parchment - PEM
paper

S - Cathode
o Part

Inlet for catholyte

Pucynok 2. Cxema MHOTOCIOITHOTO OyMaxkHOoro MTD, [3]
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CymiecTByIOT Takke Mozaenu Oymaxnoro MTD B Buae opuramu, He yCTYIAIOMIUE MO0 CBOUM
TEXHUYECKHM XapaKTePUCTUKAM OOBIYHBIM MOAEISAM (puc.3).

«‘6

A/

S ——

Pucynok 3. M3rorosnenue moaenu MTD B Buae opuramu, [4]

B wuzpanum «Journal of Materials Chemistry A» roBoputrcs o aByx MTD: omun wu3
OuoerpalupyeMBbIX TOJUIPONUICHOBBIX COJIOMHHOK, a BTOPOH - TETPa’ApHUECKUil OyMasKHBIN
MTD. B obeux mMozaemnsx UCMONb3yeTcs NPOBOJAIINNA CUHTETUYECKHUH JaTekc u Oymara. B mepsoit
KOHCTPYKLIMU B KauecTBEe MeMOpaHbl Obla BbIOpaHa razetrHas Oymara. AHOAHas kamepa Obuia
3anonHeHa pactBopoMm 1% Ttpuntona u 0,5% apoxokeBoro skcrpakra. Bropas mozens —
TPEYTroJbHBIA TeTpasap U3 Oymaru, oOpabOTaHHBIM CHAPY U CUHTETUYECKUM JIATEKCOM JIJIsl TOTO,
4TOOBI HE MPOMYCKaTh KHUAKOCTh. K nannoit kateropun MTDO Tarxke MOXXHO OTHECTH KyOHUECKYIO
MOJIETb, CIIOKEHHYI0 M3 Oymaru 0e3 Kakux-Inbo HacocoB Ui TpyO. [InkoBasi MOLUTHOCTh TAKOIO
ycTpoiicTBa 1oxoaut 10 168 B/m? [4].

Wccnenosatenu n3 YHuBepcutera mrarta AioBa IJ1aBHbIM IpeuMyIiecTBoM OyMaxHbix MTO
CUMTAIOT TO, YTO OHM MOTYT (YHKIMOHHPOBATH NPU KOHTAKTE€ C pabOuYMMH KUAKOCTIMH Oe3
HEOOXOTUMOCTH B JIOTTOJTHUTEITbHOM 000pyIOBaHUH. Hcnonp3oBanue CIIOMCTOM
xpomarorpaduyeckoit OymMaru ¢ HAaHECEHHBIM Ha Hee BOCKOBBIM PHCYHKOM OO€CIeUMBaeT MPUTOK
xuakoctu B MTD, a Takke OrpaHUYMBAET €€ TeKy4eCTh ITPU JOCTaBKE B KaMepy, 1eUCTBYS MOJ00HO
TpyOKaMm B 0OBIYHOM MHUKPOOHOM TOINIUBHOM 3JieMeHTe. JlaHHbII MUKPOOHBIN TOIUIMBHBINA 3JIEMEHT
CrocoOeH co3JaBaTh TOK, KOTOpBIM OyneT MOANep>KUBAaThCS Ha MPOTSKEHHHM ONpPEEICHHOIO
nepuoja BpeMeHu. MakcuMalnbpHas CHila ToKa, IOJIy4eHHasl U3 9TOro JIeMEHTa, cocTaBuia 0,7 MKA.
3TO rOBOPUT O TOM, YTO BO3MOXKHO co37aHue 1eaoro Habopa MTO Ha OymakHOH OCHOBE, KOTOPbIE
CMOTYT o0ecnieuuTh (QYHKIIMOHUPOBAHHWE HEOOIBIINX CXEM MPH HCIOJIb30BaHUH MOCIE0BATEIBHO
WJTU TIapaJijIesIbHO [5].

Kapa bpeHn u e€ xomaH/1a HCHOIB30BATN OYMaXKHBIH JIEKTPOJ] C HOKPHITUEM U3 YIIIEPOAUCTON
MacThl B KAYECTBE aHO/1a B OMOAJIEKTPOXUMHUUYECKOH sTYCHUKE ¢ DIIEKTPOreHHOM OakTepueit Shewanella
oneidensis. VIaroraBnuBaeTcs nanHbiii MTD MpocThIM HaHECEHUEM YTIIEPOTHOM MacThl HA OyMary ¢
MOCIIEAYIOIUM J0OaBICHHEM OJUAaHMIINHA, KOTOPBIN MOBBIIIAET MPOBOIUMOCTD 3JIEKTPOIOB [6, 7].

Komanner Seung n Nguyen U3roToBWIN HEAOPOTOCTOSIINN, OTHOPA30BBIH, OyMakHBIH MTD
0€3 MCIO0JIb30BaHUS XUMUYECKOH 00pabOTKU. AHOM U KaToJl ObUIM U3TOTOBJIEHBI ITyTEM HAHECEHUS
yacTull rpagura Ha Oymary kKapaHpamom (mTpuxom). ['mapodoOHyro mepraMeHTHyio Oymary
UCIIOJIb30BAJIM B Ka4eCTBE NMPOTOHOOOMEHHON MeMOpaHBI, YTOOBI MPOIYCKAaTh TOJBKO MOHBI HY.
Hauneiii MTD renepupyet Tok B TeueHue 10 cex mocine n06aBiaeHus 6akTepruaabHbIX KieTok. OauH
takoi MTD renepupoBan MakcuMalibHbIN ToTeHran B 300 MB 1 MakcumanbHbIN TOK criton 11 MkA
B TeueHue 100 MHUH mocie OTHOKPATHOTO H00aBiIeHUs KyIbTyphl Shewanella oneidensis [8, 9].
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B naboparopuu sxonorudeckoit 6norexsHonoruu HanronansHoro nentpa duorexnonoruu KH
MOH PK 06b11 npoBeieH cpaBHUTENbHBIN aHanu3 () (HEeKTUBHOCTH HECKOJIBKHUX BUIOB u3aiina MTD
¢ 3aMeHoi nmpoToHnpoHunaemort memopansl (I11IM) Nafion memOpanamu u3 Oymaru B MTO B Bune
OyMa)XHOTO Ky0a U MOJUIPONUICHOBBIX COJIOMUHOK 110 [4], B MTD u3 kepaMHUKu B BUE TNIMHSIHOTO
ropurka cornacHo [11] u mouBennsnii MTD ¢ memOpanoii u3 arapa. KoHCTpyKIIMM HCIIOIb30BaHHBIX
MTD npencraBieHbl Ha pucyHKax 4 u 5.

FPaper membrane

Anode

o e~ < Cathode wire

H e Anode wire

A- TIMHSHBINA, OyMaXHBIN (KyO 1 comoMuHKHM), b — 6atapes mouBeHHBIX MTO
Pucynok 5. /luzaiiH MUKPOOHBIX TOIIJIMBHBIX DJIEMEHTOB

DNEeKTpoJaMH MOCTYXKHIIU YTOJbHBIE IUIACTHHBI OT 3JEKTPONPUOOPOB, paboueil )KUAKOCThIO —
Wibl TOpoAckux cTouHbIX Boa I. Hyp-Cynran. 3aMepsl CHIIbl TOKa M HaIlPsKEHHs! BBITOJIHSIINCH C
MIOMOIIIbI0O MUKPOBOJIETMETPA.

B teuenue 10 mHel m3yyanach CHOCOOHOCTH TEHEPUPOBATh TOK pasHBIMU MTD. bymaxHsbIii
MTD renepupoBal TOK C MaKCUMaJIbHBIM HanpspkeHueM 64,9 MB Ha 3 cytku. [Iuk HanpspkeHus ais
MTD w3 OuomerpaaupyeMbIX MOJHIPONMUICHOBBIX COJIOMHUHOK coctaBui 21,5 mMB Ha 4 cyTtkm
HaOmonenuil. HauOomnee 3Haummble pe3ysbTaThl IOKa3ajdd TIJMHSAHbIE M TOYBeHHble MTD.
MakcumanbHBIM TIOKa3aTenb HanpsokeHus 1 rauHsHoro MTO coctasun 351,9 mB Ha 10 cyTku
HKCIEPUMEHTa, a JuIsd nouBeHHoro MTD 3tot nokaszarens Obu1 paBeH 401,8 MB Ha 8 cytku. B MTD
¢ oymaxxasivu [1TIM Tok renepupoBaiics paHsiie, yem B Apyrux MTO c [111IM u3 kepamuku u arapa,
HO €ro BeIU4rHa Obljla MEHBIIIE.

YuuteiBas nemeBu3Hy oymaru kak [1[IM MukpoOHBIE TOIIJTMBHBIE SJIEMEHTHI HAa €€ OCHOBE
UMEIOT OOJIbIIINE MEPCTIEKTUBDI I MPUKIIAJAHOTO TPUMEHCHHS.
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