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Kazaxckuii HallMOHAIBHBIN TTEAATOrMYCCKH YHUBEPCUTET UM. Alasi,
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COBPEMEHHbIE TEHAEHLIMU MEPEPABOTKU
SAEKTPOHHbIX OTXOAOB
KAK SO ®EKTUBHbIN MYTb 3ALLMUTDI
OKPYXAIOLLLEM CPEADI

lNpobArema 06pa3oBaHUsi OTXOAOB SAEKTPOHHOIO M 3AEKTpUYeckoro obopyaosanus (O390)
Ha CEroAHSILLHUIA AEHb SBASETCS OAHOWM M3 CaMbIX aKTyaAbHbIX. KOAMYECTBO 3AEKTPOHHOrO M
SAEKTPUYUECKOro 06OpPYAOBaHMS pPacTeT Ha PblHKE C OrPOMHOM CKOPOCTbIO, OAHAKO, 6GAaropaps
TEXHMYECKOMY MPOrpeccy OHM ObICTPO ycTapeBaloT. B pesyabrate, no BCceMy MMpY CKarAMBaeTcs
OrPOMHOE KOAMYECTBO 060pPYAOBaHMS, KOTOPOE HEOOXOAMMO YTMAM3MPOBATL M nepepaboTaTb.
YCTaHOBAEHO, UTO B COCTaB SAEKTPOHHOIO M SAEKTPUUECKOro 0O0PYAOBAHUSI BXOAMUT LIEAbINA CMEKTP
TOKCMYHBIX BELLECTB, BPEAHbIX AAS OKpY>Kaloller cpeAbl M 3A0poBbsi yeroBeka. OAHaKo rmpwm
NMpPaBMAbHOM nepepaboTke OTPabOTaHHOM TEXHMKM 3TWM BELLECTBA MPEACTABASIOT CO0OIM LEeHHOe
CbIpbe, KOTOPOE MOXKET BMOCAEACTBUMN MCMOAb30BaThCsl MOBTOPHO AASI M3TOTOBAEHUSI HOBbIX AETaA€eN.
MHHOBALMOHHbBI KPUTEPUIA TEXHOAOTMIA NEPEPABOTKM SIAEKTPOHHbIX 1 SAEKTPUUECKMX OTXOAOB MOXKHO
OLEHMBATb C TOYKM 3PEHUS M SIKOHOMUYECKMX, SKOAOMMYECKMX U COUMAAbHbIX 3hdekToB. ABTOpamu
KPaTKO MPOaHaAM3MPOBaH 3apyOeXKHbIN OMbIT YNPaBAEHMS SAEKTPOHHbIMM OTXOAAMM M PACCMOTPEHDI
KOHLIEMNUMM YNPABAEHMS MPOAYKLMEN M IAEKTPOHHbBIMM OTXOAAMM, HaMboAee PacrpoCTPaHEHHbIE B
pa3BUTbIX CTpaHax. [peAcTaBAEHbl HEKOTOPbIE AAHHbIE MO PEFYAUPOBAHMIO YTUAM3ALMM SIAEKTPOHHbIX
0TX0A0B B PK Ha COBpEMEHHOM 3Tare, 0TMEYEHbl AOCTMXKEHNS 1 MPOOAEMbI Ha MYTHN K 3(PPEKTUBHOM
nepepaboTKe 3AEKTPOHHbIX OTX0AOB B pecnybamke. OTmeueHo, uTo B KasaxcraHe ecTb OCHOBa
AASl PasBUTUSI cuCTeMbl yrnipaBAeHnst O30, Ho TpebyeTcs koorepaums, a TakKe 3anmMCTBOBaHMe
3apy0OexKHOro orbiTa, YTo, 6E3YCAOBHO, NMOMOIAO Obl GbICTPEE Pa3peLnTb NPOBAEMbI, UMEIOLLMECS B
AQHHOM 06AACTH.

KAloueBble CAOBa: OTXOAbI SAEKTPUYECKOTO M SAEKTPOHHOIO 060PYAOBAHMS, OMacHble BELLEeCTBa,
yTHAM3aums, nepepaboTka (PELMKAMHT), OKpYy>KaloLlwas cpeaa.

Dzhusupova D.B.", Sailaubekova P.N.?

"Doctor of biological sciences, professor, e-mail: dariya_2507@mail.ru; 2graduate student,
Kazakh National Pedagogical University named after Abay,
Kazakhstan, Almaty

Modern trends in the processing of electronic waste as an effective way
of protecting the environment

The problem of waste generation of electronic and electrical equipment today is one of the most
actual. The quantity of electronic and electrical equipment is growing in the market with great speed,
however, due to technical progress, they quickly become obsolete. As a result, a huge amount of equip-
ment is accumulated all over the world, which must be utilized and recycled. It is established that the
electronic and electrical equipment includes a whole range of toxic substances that are harmful to the
environment and human health. However, with proper recycling of waste equipment, these substances
are a valuable raw material, which can subsequently be reused for manufacturing new components. An
innovative criterion for technologies for processing electronic and electrical waste can be assessed from
the point of view of economic, environmental and social effects. Foreign experience in managing elec-
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Jxycynosa /JI.b., Caitnay6exosa IT.H.

tronic waste has been briefly analyzed and the concept of electronic waste management and the concept
of product management, which are the most common in developed countries, are considered. Presented
some data on the disposal of electronic waste management in the Republic of Kazakhstan at the present
stage and marked achievements and problems on the way to effective processing of electronic waste in
the republic. It is noted that in Kazakhstan there is a basis for the development of a waste management
system for electronic and electrical equipment, but cooperation is required, as well as borrowing of for-
eign experience, which would certainly help to solve the problems in this area more quickly.

Key words: waste electrical and electronic equipments, hazardous substances, utilization, process-
ing (recycling), environment.

Axxycynosa A.B.", Caraaybekosa I.H.?

16.F.A., npoeccop, e-mail: dariya_2507@mail.ru; 2marucrpaHr,
Aban atbiHAaFbl Kasak, YATTbIK, MeAArOrMKaablk, yHuBepcuTeTi, Kasakcran, AAMaThl K.

KopLuaraH opTaHbl KOpFay YLUiH TUIMAI TACIAi peTiHAe
3AEKTPOHABIK, KaAABIKTapAbl KdAere ykapaTy 6o¥blHLUIA Ka3ipri TeHAeHLUUsSIAapPbI

DAEKTPOHABIK, )KOHE 3AEKTP >KAOAbIKTAPbIHbIH KAAAbIKTapbl XXMHAAY MOCEAeCi OYriHri KyHi eH
©3eKTi MaceAe OOAbIN TabblAaAbl. IAEKTPOHAbBIK, >KOHE 3AEKTP >KabAbIKTapblHbIH CaHbl HapbIKTa
YAKEH >KbIAAAMABIKIEH 6Cin KeAeAi, 6ipak, TeXHMKaAbIK nporpecke 6aMAaHbICTbl OAApP Te3 eckipeAi.
HeTtumxeciHae, OyKiA 9AeMAE KONTereH sAeKTPOHADIK, KabAbIKTap XXMHAKTaAAAbl, OAAP KalTa eHAEYyre
JKOHE OHAEAYre THIC. DAEKTPOHADIK >K8HE 3AEKTP >KabAbIKTapbl KOpLUaFaH opTaFa >XKoHe asam
AEHCAYAbIFbIHA 3USIH KEATIPETIH YAbl 3aTTapAblH OapPAbIK, TYPiH KaMTUAbI A€M OEATiAeHreH. AereHMeH,
3AEKTPOHABIK, KAAABIKTapAbl TUICTi KariTa ©HAEM OTbIPbIMN, COA 3aTTap KeriHHEH >KaHa KOMMOHEHTTEPA|
OHAIPY YLIiH KanTa nanpaAaHyra 60AATbIH KYHAb! LIMKi3aT GOAbIM TabblAaAbl. DAEKTPOHADBIK, >KOHE
AEKTP KAAABIKTAPAbIH TEXHOAOTMSACHIH KarlTa 6HAEY WMHHOBAUMSIAbIK KPUTEPUMi DKOHOMMKAABIK,
SKOAOTUSIABIK, KOHE DAEYMETTIK CaAAapPbl TYPFbICbIHAH GaFraAayFa 60AaAbl. DAEKTPOHABIK, KAAAbIKTapAbl
backapyAarbl LIETEAAIK Taxipnbe KbicKalla TaAAAHAbI JKOHE AAMbIFaH EAAEPAE €H KO TapaAFaH
SAEKTPOHAbI KAAAbIKTapAbl 6ackapy Ty>KbIpbIMAAMacbl MEH 6HIMAI 6ackapy Ty>KbIpbIMAAMAChI
KapacTbipbiAAbl. Kasipri keseHae Kasakcrtan Pecriy6AMKacbiHAQ 3AEKTPOHADBI KAAABIKTapAbI peTTey
TypaAbl Kenbip AepekTep KeATipiAreH, pecrnybAMKasa SAEKTPOHABIK, KAAAbIKTAPAbl TUIMAI ©HAEY
JKOAbIHAQFbI XKETICTIKTEP MeH npobAemanap beariaeHreH. KasakcraHaa WEEE meHeAXMeHT sxymeciH
AAMbITY YLIiH Heri3 6ap, 6ipaK, bIHTLIMAKTACTBIKTbl KAXXET €TeAl, COHbIMEH KaTap OCbl CaAaAarbl
npo6AemMasapAbl TE3ipeK LeLyre KOMEKTECETIH LETEAAIK ToXKipMOEHi TapTbin aAy KaxerT.

Ty#iH ce3aep: SAEKTPOHADBIK, XKOHE DAEKTP »KaOAbIKTapbIHbIH KAAAbIKTapPbl, KAyinTi 3aTTap, Koaere
’KapaTy, KarnTa eHAeY (PELMKAMHI), KopluaFaH opTa.

BBenenue

HayuHo-TexHruYecKHuil Iporpecc BO BCEM MHUpPE
NPUBEN K PE3KOMY POCTY 3JEKTPOHHOH MPOMBILI-
neHHOCTH B XX BEKe, 4YTO TMPUBHECIO C COOOHU
6omabime npobiemsl B XXI Bek, CBA3aHHBIE C YTH-
nu3anreil oTpaboTaHHOTO WM YCTapeBILEro 3JCK-
TPOHHOTO O00OPYIOBaHUA. BBICTPBIA AKOHOMHUYE-
CKHH pOCT M YBEJIMUYEHHE YUCIEHHOCTH HACEeJIEeHUs
BO BCEX CTpaHaX, a TAK)KE CHIKCHUE 1IEH Ha TaHHYIO
HPOLYKIMIO IPUBEIN K 00J€e aKTUBHOMY HCIIOJNb-
30BaHMIO HACEJIEHHEM JJIEKTPOHHBIX Npubopos. K
COXaJICHHIO, 3TOT MPOLECC ONEePenI IO CKOPOCTH
IPOLIECC BHEAPEHUS COBPEMEHHBIX U 3KOJIOTHYECKU
0e30MacHbIX CHCTEM 00pabOTKH OTXOJIOB M MPHUBEI
K TOMY, YTO OTXOZBI JIEKTPOHHOTO U BJIEKTpUYe-
CKOTO 00OpYNOBaHUS CTalU CaMOM OBICTpOpacTy-
el KaTeropueil 0TXo 0B BO BceM mupe. CoriiacHo
nmanaeiM FOHEIL, Bo Bcem Mupe exerogHo oopasy-
ercs ot 30 1o 50 MJTH. T 3JICKTPOHHBIX OTXO/I0B, UTO
cocraBisieT 6osee 5 % ot o0mero oobemMa TBEpAbIX
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obrToBbIX 0TX070B (UNEP, 2009.). Ilpn 3TOM KOMMH-
YECTBO AJIEKTPOHHOTO U AIIEKTPHYECKOTO 000pyI0-
BaHUs, IPOU3BOAMMOTO B MUPE, PACTET C OTPOMHOMN
CKOpOCThIO. BMmecTe ¢ aTum, cienndurka 371eKTpoH-
HBIX YCTPOMCTB TakoBa, 4TO, OJaromaps TeXHHUYe-
CKOMY Iporpeccy, OHU KaracTpoduuecku ObICTpO
yCTapeBalOT MOPAIbHO, BCJICICTBUE YETO HEHYXK-
HBIMH CTaHOBSITCSI HE TOJIBKO CJIOMaHHBIE M3/IEIHS,
HO U elle padoTarolue yCTporucTBa.

W3BecTHO, 9TO ANMEKTPOHHOE H IEKTPHUECKOE
o0opymoBaHMe, B OCHOBHOM, COCTOWT U3 TUTaCTMAacC-
CBl, IBETHBIX METAJIOB, KepaMuKu u ctekina (Terzi,
2016: 502-507). OgHako, B HUX MOTYT COJIEPKaTh-
Csl M OTIACHBIE BEIEeCTBA, TAKME KaK CBHHEI, PTYTh,
acoect, XJI0pHTOPYIIIEBOAOPOABI U APYTUE COCIH-
HEHUSI, KOTOpBIC TPEACTABISIOT PUCK JJIS OKpYXKa-
FOIIeH cpesl ¥ 310poBhs yemoBeka (Woodell, 2008:
72-73; Hilty, 2004:853-874).

B 3101 cBsizn, mpobiiemMa yTUIHM3AIMHA U TIepe-
PpabOTKM OTXOOB AJIEKTPOHHOTO U AIIEKTPHUECKOTO
000pyZIOBaHMS aKTyallbHa Ha CErOJAHSIIHUHN JeHb
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CoBpeMeHHbIE TeH/ICHIINH TTepepabOTKH IEKTPOHHBIX OTXOI0B Kak 3((EKTHBHEIN ITyTh 3alIUTHI OKPY’KarOIIei Cpeibl

MPAaKTUYECKA BO BCEX PA3BUTHIX U Pa3BUBAIOIINX-
cs ctpanax mupa (CremamumkoBa, 2009: 60-65;
[roiik, 2008: 18-22).

Marepuajbl H METOABI HCCIETOBAHMS

[Tpu mpoBeneHnn padOThHl OBLITH MCIOIB30BAHBI
CJICAYIOIINE METO/IbI UCCIIEIOBAHUS: OITMCATEIIbHBII
U CPaBHUTEIILHO-aHATUTUYECKUI METO/BI, a TaKXKe
00paboTka uH(pOpMALNH, TOTYYSCHHOW U3 OTYETOB
nepsoro stana JewkeHus E-waste B Kazaxcrane.
TeopeTrueckyto OCHOBY IMpPEICTABICHHOTO HCCIIe-
JIOBaHHsI COCTABWJIM TPYIbl OTEUECTBEHHBIX M 3a-
PYOEKHBIX aBTOPOB IO 3JIEKTPOHHBIM OTXOAAM, a
TaKke (aKTUYeCKWe W CTATUCTHYECKHE J[aHHBIC,
oryOJIMKOBaHHbIE B TMEPUOJMYECKUX H3AAHUSIX HU
JaHHBIE AIEKTPOHHBIX pecypcos (Ogungbuyi, 2012:
94; Rolf, 2005: 436-458; Bonkosa, 2009: 27; Ku-
taiinieB, 2009: 34-35). O pacrymem o0beMe Tpou3-
BOJMMBIX IEKTPOHHBIX TOBAPOB CBUACTEIILCTBYIOT
cnenyromue ganueie: B 2003 roay Ha peiake CIHA
ObUT0 TpoaHO OKOJI0 80 MWIIJIMOHOB YCTPOWCTB
cBs3M, a K 2008 romy 3TOT Mokas3aTeslb IMPEBBICUI
152 muH., uro cocraBuio 6omee 90% 3a 5 mer. Ha
peiHKe cTpaH EBpomneiickoro coroza B 2009 romy
OBLIIO pasMernieHo 265 MITH. KOMIIBIOTEPOB, OKOJIO
245 MJH. OBITOBOM AIIEKTPOHUKU U 197 MIH. ObITO-
BbIX npubopos (M. Khurrum S, 2011:8). B Kurae
B 2001 romy Obut0 mMposaHo okoso 20 MITH. XO0Jo-
JIWIBHUKOB U OoJiee 48 MJIH. TeJIeBU30poB, a B 2009
rogy ObUIO MPOAAHO TOJBKO KOMIIBIOTEPOB OKOJIO
40 moma (W. He, 2006: 502-512). Bce atu nanHbIe
CBHUJICTENILCTBYIOT O TEMIIaX POCTa MPOU3BOJIUMOMN
MPOAYKIHH, YBEINYUBAIOMINXCS C KaXIbIM TOJIOM,
YTO HAIPSIMYIO CBSI3aHO C PACTyIIUM OOBEMOM OT-
XOZIOB DIIEKTPUYECKOTO U AIIEKTPOHHOTO 000pyII0-
Banus (L. M. Hilty, 2005: 431-435, 2005; Ongondo
F.O, 2011: 714-730).

Pe3yabTathl u 00cy:KI1€eHUE

Onextporable oTxoasl (a0p. WEEE, e-waste)
— OJIMH W3 BUJOB OTXOJIOB, COJEpXKAIlUX OTpado-
TaHHBIC W BBINICJIINEC W3 CTPOSI DJIEKTPOHHBIC U
MPOYKE AJIEKTPUUYECKHE YCTPONCTBA, a TAKKE HUX
4acT. DIEKTPOHHBIE OTXOJbI MOTYT UMETh BBICO-
KHE KJIaCChl OMTACHOCTH HM3-3a COJCPKAIIMXCS B HUX
BCHICCTB, TAKHUX KaK CBUHEI, PTYTh, IMOJIUXJIOPHUPO-
BaHHBIC NU()EHWIBI, TTOMUBHHUIXIOPHU (U3-32 II0-
SIBIICHUS JINOKCHHOB TP CTOPAHUN ).

DJEKTPOHHOE U DIEKTPUIECKOe 000pyAOBaHHE
JUTS TIEPEPaOOTKH MOXHO Pa3/IeNIUTh HA TPH TPYIIIBI
(Hemeo, 2009: 73-77):

— MPHUOOPHI TS OXITAKIECHHUS U 3aMOPO3KH;

— WH()OPMAIMOHHBIE W KOMMYHHKAIIHOHHbBIC
texuosorun (MKT);

— TEJIEBU30PbI U MOHUTOPBL.

[loTreHman pbIHKA WHHOBAIIMOHHBIX TEXHO-
JIOTHH IS TIPEIBAPUTEIBHON 00pabOTKH OTXOJIOB
OIICHUBAETCS 110 TPEM KPUTEPHSIM:

— pYYHOI JJIEMOHTaXX U COPTUPOBKA (PpaKInii;

— nerazarust xsopdropyriaeponoB (XP) u ru-
npoxiopdropyriepoos (DY),

— TMOJIyaBTOMAaTHYECKOE YIaJICHHE JICKTPOHHO-
Jy4eBOi TPyOKH U OYHCTKA.

CrnenyeT 00paTuTh BHUMaHHUE HA TOT (PAKT, 4TO
9JIEKTPOHHBIE M d3JEeKTpHueckue oTxonsl (290)
SIBIITIOTCS OJHUM W3 HanOoJiee OBICTPO PacTyIIUX
HCTOYHUKOB Mycopa BO BceM Mupe. OO 3TOM CBH-
JIETENILCTBYET TOT (DaKT, 4TO OOBEM IIECKTPOHHBIX
0TX040B BbIpoC ¢ 19,5 mMuH. ToHH B 1990 roay no
57,4 muH. ToHH B 2010 roxy u Oojiee yeM BTpoe
(mpubmusuTensHo 10 75 MuH. ToHH) B 2015 romy
(Kouypos, 2010: 43-44; Bonkos, 2012: 4-12; Jlanu-
moB, 2000: 263; Ipuneno, 2009: 70-72; Komucca-
pos, 2010).

B rtabmmme 1 mpuBeneH o0beM 00pa30BaHHBIX
0550 no gauaeM Ha 2014 rox:

Taomuua 1 — OTX0aBI BIEKTPOHHOTO U AIEKTPHYECKOTO 000-
PYZOBaHUs Ha CPEAHECTATUCTHYECKOTO sKuTens B crpanax CHI®

Crpana Koi-Bo, xr/ron
Poccus 8,7
benapycn 7,7
Kazaxcran 7,7
Ykpanna 5,7
AzepOaiimkaH 5,1
ApmeHus 4,6
MongoBa 1,8
V30ekucran 1,5
Kupruszus 1,2
TamxukucTan 0,8

Jyist TOro 4TOOBI OHSATH, MMOYEMY IieJiecoo0pas-
HO yTUJIM3UPOBATH OBIBIIYIO B OKCIUTyaTaI[UH JJICK-
TPOHHYO TEXHHKY, HEOOXOIUMO 3HATh, YTO BXOIUT
B COCTaB MaTEPUAJIOB, U3 KOTOPBIX OHA W3TOTABIIH-
Baercs. M3BECTHO, YTO OHA SIBJISIETCS TEXHUYECKHU
CJIOXHBIM TOBApOM, COCTOSIIIIUM M3 OTPOMHOIO KO-
JIMYECTBA JIeTalieH, C/IeJIaHHbBIX U3 Pa3HbIX MaTepH-
aJioB, KOTOPBIC MOTYT OBITh TOKCHYHBIMHU WA SIJI0-
BuTthiMu (Maiickas, 2001: 52-55; MacneHHUKOB,
2012: 46-51; Huisman, 2012: 93-119).

6 Becrruk. Cepust sxonornueckas. Ne2 (55). 2018
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WX nepeueHs BKIIOYAET:

— BEIIECTBA, BEAYIINE K YMEHBIIEHUIO 030HO-
BOoro cnosi ((hpeoHsl B XOJOAMIBHHUKAX, CHCTEMax
KOHMIIMOHUPOBAHNS, YBIQKHUTENAX H JIp.);

— MOJUXJIOpUPOBaHHbIe OupeHusl (KaHIepo-
TeHBI, COJEpIKalIiecs B KOHJEHCATOpax MHOTHX
YCTPOKMCTB);

— TsDKENble MEeTaJUThl (CTEKJITHHBIE yCTPOWCTBA,
coJepKallIie TaKue TsHKEIIbIe METaIIbI, KaK Oapui,
CTPOHIIMH, CBUHEII, KaJIMUI, CBUHEIl B UICTOUHUKAX
TOKa, PTYTh B PTYThCOJAEPkAIIUX OCBETHUTEIbHBIX
npudopax);

— OpOMMpPOBAaHHbBIC AHTUIHMPEHBI (B TMEYaTHBIX
TUTaTax MM KOHHEKTOpax U Kabemsix), BO3EUCTBY-
IOII[M€ Ha HEPBHYIO CUCTEMY WJIM BBI3BIBAIOIINE pa-
KOBBIC 3a00JICBAHNUS;

— nUTUH (B JUTUEBBIX, JIMTHH-MOHHBIX W JIU-
TUH-TIONTMMEPHBIX aKKyMYJISITOpax), 00Janaromuii
M0KapOONaCHBIMUA CBOMCTBAMU B BH/JIE UUCTOTO Me-
Taa.

CrnenyeT OTMETUTB, UTO NPH NMPaBUIBHOM nepe-
paboTke OTpabOTaHHOW TEXHHWKH OJTH BEIIECTBA
NPEACTaBIAIOT COO0H LIEHHOE ChIphe, KOTOPOE MO-
KET BIOCJE/ICTBUHM UCTIOIH30BATHCS MIOBTOPHO (pe-
LUKJIMHT) AJI51 U3TOTOBJICHUSI HOBBIX JleTajeid. AHa-
JIU3 TIOKA3bIBAET, UTO 3apyOeKHbIE KOMITAHWUH Yalle
BCErO HCIOJB3YIOT B KauecTBE MPOMBIIUIEHHON
mIomanaKky s nepepadbotku 930 Kwuraii u mpyrue
ctpansl (Lates, 2016: 840-847; Nguyen, 2017: 651-
656; Wong, 2006: 649-662; Zheng, 2011: 696-703;
Terazono, 2006: 1-9).

Jna ManbsIx mpeanpusTHi mepepadoTKa dJeK-
TPOHHBIX OTXOJIOB SIBJSIETCA, C OJHOH CTOPOHBI,
SKOHOMMYECKOH HUILIEH, C IPyToi — MO3BOJISET IKO-
HOMMWTB U3JIEP’KKH MPOU3BOJCTBA 3a CUET UCIOJb-
30BaHUS CHIPHSI, MIPEICTABIAIONIETO COOOH MPOIYKT
BTOPHYHON mepepaboTku Matepuanos (Tannuesa,
2015: 88-92). HemanoBaxHO U TO, UTO YTHJIN3ALINS
950 uMeeT He TOIBKO OOJBIIYI0 YKOHOMHYECKYIO
3HaYMMOCTh, HO W OKa3bIBA€T OIPOMHBIN MOJIO0XKH-
TEJIbHBIN AQQEKT Ha OKPY’KAIOILYIO Cpely ¥ MUHH-
Musupyet HeratuHoe BiausiHue KT Ha 310poBbe
HaCeJIEHUS BCIIEJICTBHE:

— YTHJIM3allMW OTACHBIX (Dpakiuii 3KoJorude-
cKu 0e30MacHBIM crIoco00M;

— MAaKCHMaJIbHOTO BOCCTAQHOBJICHUSI IIEHHOTO
Marepuaia (HalpruMmep, METaJUIOB U CIIaBOB);

— CcOo3MaHusl dKoNoTndeckd dS()(PEeKTHBHBIX U
YCTOHYMBBIX MPEINPUHUMATENBCKUAX CTPYKTYP;

— OIICHKH COMHaIbHON 3((PeKTUBHOCTH Ha
MECTHOM YPOBHE.

VHHOBaLIMOHHBIN KpPUTEPUI TEXHOJIOIUI mepe-
pabdotkn 330 MOKHO OLIEHUBATDH C TOUKU 3PEHUS U
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9KOHOMHMYECKHX, ¥ IKOJIOTMYECKHUX, U COLHAIBHBIX
3¢ dexToB.

Haubonee pacnpocTpaHeHHON — KOHIEMIMEH
yIpaBlIeHUS DJICKTPOHHBIMU OTXOJaMU B DPa3BH-
TBIX CTpaHax SBJSETCS KOHLEMLHUS PaclIMpeHHUs
cthep oTBeTcTBeHHOCTH Mpom3BoauTeneit (Extended
Producer Responsibility — EPR). Ona mpomomxa-
eT WJIeW KOHIICMIUN YCTOHYMBOTO Pa3BUTHUS U CO-
JIepKUT B ceOe Bce ee OCHOBHBIC MpuHUMIEL. [Tpn
9TOM OHAa YUYHTHIBAET, C OJIHON CTOPOHBI, COBPEMEH-
HbIC TEHACHUMH Hay4YHO-TEXHHYECKOTO IpOrpec-
ca, BEIyIero K poCTy CIpoca Ha 3JIEKTPUYECKOoe
U JIEKTPOHHOE 00OpYAOBaHHE, a ¢ APYTOH CTOPO-
HBI, TIOTPEOHOCTh OKPY’KAIOIIEH Cpelbl B 3aluTe
OT HAIUIbIBA JICKTPOHHBIX OTXOAOB, SIBJISIFOLIMXCS
pe3yNbTaTOM IOCTOSTHHO COKpAIaroIencs mpo-
JOJDKUTEIBHOCTH JKU3HEHHOTO IUKJIA TEXHHKH.
OTa KOHIENIHS MPUMEHSIETCS B XO/e pa3padoTKu
MPOrpaMM 3KOHOMHYECKOTO PAa3BUTHSI U TPHOO-
peTaeT MHUPOKOe PacpOCTPAaHEHUE BO BCEM MHPE.
B 2003 r. ona nmomyumsia 3aKpervieHue B IBYX JH-
pextuBax EC (Directive 2002/96/EC, 2003: 58;
Directive 2002/95/EC, 2003: 47):

— 00 0TX0J[ax DIEKTPUIECKOTO U AIEKTPOHHO-
ro 000pyI0BaHMsI, KOTOpast 00s3bIBAET MPOU3BOIH-
TeJel, TUIePOB U UMIIOPTEPOB IEKTPUUECKOTO U
3NIEKTPOHHOTO0 00O0PYAOBaHUS MIPUHUMATH OTpado-
TaBIIYIO TEXHUKY C LIENBI0 €€ epepadOTKH U Pery-
KIMPOBAHUS;

— 00 OrpaHMYEHUH HCIIOIH30BAHUS HEKOTOPBIX
OTIACHBIX BEIIECTB B 3JEKTPHUECKOM M DJIEKTPOH-
HOM 000pYIOBaHUH, KOTOPAsl YCTAHABINBACT JINMHU-
TBI Ha IPUMEHEHHE PsAJa TOKCHYHBIX MaTEpPHAaJIOB B
MIPOM3BOJICTBE DJIEKTPHUECKOTO M DJIEKTPOHHOTO
000pYAOBaHHMS, YTO IKOJIOTHIECKH 000CHOBAHO, O~
CKOJIbKY MUHUMHU3UPYETCS] aHTPOTIOTEHHOE BO3ICH-
CTBHE Ha OKPYXAaIOLIyI0 Cpeay IpH IepepabdoTke
Y KOHEYHOM 3aXOPOHEHUH DJICKTPOHHBIX OTXOJIOB.
Kpome Toro, nupexTHBa CTUMYIUPYET MPOU3BOA-
CTBO IKOJIOTHYHBIX TOBAPOB, T.K. KOMIAHWH, BBI-
Ty CKAaIOLIHNE SJICKTPUIECKOE U AIEKTPOHHOE 000py-
JIOBaHHE C TIETBIO €T0 PeaTn3allii Ha eBPOIIEHCKUX
PBIHKaX, BBIHYKJCHBI IPOU3BOAUTH €ro, COOIoaas
TpeOOBaHUS ATOI TUPEKTHBHI.

Tepmun «Pacmmpenne chep 0TBETCTBEHHOCTH
MIPOU3BOJIUTENICH» OBLT ONpEJeNIeH MBEICKUM HC-
cnenosareneM Lindhqvist (Lindhqvist, 2003: 56) B
JoKJ1ajie MHUHHUCTEPCTBY JKOJIOTUU U TPUPOIHBIX
pecypcoB llBenuu cneayommuM o0pa3oM: 3TO
CTpaTerus 3allUThl OKPYKAIOUICH Cpejibl, CTaBs-
masi UeNbl0 yMEHbIIEHHE OOMIero BO3ACHCTBUS
MPONYKIIMA Ha OKPYXKAIOIIyI0 Cpeay, Mocpen-
CTBOM BO3JI0KECHHS OTBETCTBEHHOCTH Ha IIPOU3BO-
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CoBpeMeHHBIE TeH/ICHIINH TTepepabOTKH IEKTPOHHBIX OTXOI0B Kak (P (EKTHBHBIN ITyTh 3aIIUTHI OKPY’KarOIIeH Cpeib!

JUTEJIS 38 BECh €€ JKU3HEHHBIN UK, B YaCTHOCTH,
3a cucreMy «take-back» (oOs3aTenpHOTO TIpEEMa
MPOU3BOAMUTEIEM OTPa0OTABIIETO 3JIEKTPOHHOTO
000pyI0BaHMsI), PELMKJINPOBAHUE U KOHEYHOE 3a-
XOpOHEHHeE.

l'ocynapcTBeHHBIE HHCTUTYTHI NIPH pa3paboTke
MIpOrpamMM IO YIPaBIEHHUIO AEKTPOHHBIMH OTXO/a-
MU TIePEMEIIAIOT OOJIBIITYIO YaCTh OTBETCTBEHHOCTH
C MYHHUIUIIAJIBHBIX OpPTaHOB Ha HpOI/ISBOI[HTeJIeﬁ
MPOAYKIIMH, OCHOBBIBasACh Ha mpuHIune «llmatut
ToT, KTO 3arpsizHseT» (Polluter-Pays Principle), xo-
TOPBIA TOMYYMJI OTPaKEHHE B 3aKOHOAATEIHCTBE
MHOTUX cTpaH Mupa. CyTh 3TOro MpUHLKIA — TPO-
W3BOJUTENN HECYT MaTepUalbHYI0 OTBETCTBEH-
HOCTb 32 BpE€Jl, HAHOCUMBIN OKpY>Karollenl cpene
CBOEH aHTPOIOT€HHOM JESITETbHOCTBIO, U HE BO3TIa-
TaloOT ATH PaCXOJIbI Ha OOIIECTBO.

Takolf Moaxoj CTUMYJIHPYET BBITYCK 3KOJIO-
TUYHOM TPOAYKIUH, OKa3bIBAIOIEH MUHUMAJIEHOE
HEraTHBHOE BO3/CHCTBHE HA OKPYKAIONIYIO CPETy B
TCUYCHUEC CBOCTO KM3HCHHOI'O HHMKJIA U IMMPUBJICKACT
MIPOU3BOAUTEEN 1 UMIIOPTEPOB IEKTPUUECKOTO U
AJIEKTPOHHOTO 000pyI0BaHM K pa3padoTke 3hdex-
TUBHOT'O MCXaHW3Ma YIIPaBJICHHUA KU3HCHHBIM LI~
KJIOM CBOEH NpPOAYKLNH, BKIHOYas KOHEYHYIO CTa-
IUi0 (PEeIUKINPOBAaHNE W KOHEYHOE 3aXOPOHEHHE
JJIEKTPOHHBIX OTXOJIOB).

[Nomumo konnenuuu EPR, cymecTtByer apyroi
MOXO0J] K YMIPAaBICHHUIO D3JEKTPOHHBIMH OTXOJa-
Mu, pazpaboranublii CeBepo-3ananasiM CoBeToM
VYnpasnenus [Iponyxiueit CILIA.

Konnenmus ynpasnenus npoaykuunei (Products
Stewardship — PS) ompenensiercss cnienuaaiucTaMu
9TOW TrOCYAApCTBEHHON OpraHM3allM{ CIEAYIOIINM
o0pa3oM: 3TO CTpaTerusi 3amuThl OKPYXKaromien
Cp€abl, CTaBsAllasd LEJIbH0 MHUHHUMU3UPOBATH HEra-
TUBHOE BO3AEHCTBUE MPOJYKIMH, YTO JOCTUTAETCS
IyTeM pacIpeeIeHns OTBETCTBEHHOCTH MEXIY
BCEMH YYaCTHHUKaAMM KMU3HCHHOI'O HHUKJIa IMPOAYK-
i (IpOM3BOAUTENIEM, AMJIEPOM, MOTpeOUTEIEeM,
KOMMYHAaJIbHBIMH XO3SHiCTBaMH). MakcuMaibHas
OTBCTCTBCHHOCTH JIOXKHUTCA Ha TOro, 4Yb€ HEraTUB-
HOE BO3/ICHCTBHE Ha OKPY)KAIOUIYyIO Cpeay Haubo-
Jiee 3HAUYUTENBHO.

Konuernmust PS wacto ommbo4HO OTOXKAECT-
Bisierca ¢ koHuenmueil EPR. Ha mpaxtuke onu
3HAYUTENFHO OTiM4atoTcs. Pacmmpenue chep oT-
BETCTBEHHOCTHU MPOU3BOJIUTEIIEH MpelycCMaTpUBAET
BO3JIO’KEHHE MOJTHOM OTBETCTBEHHOCTH 110 o0Opare-
HUIO C DJIEKTPOHHBIMH OTXO0/IaMH1 Ha TIPOU3BOIATEIS
(uMmopTepa) 3JIEKTPUUECKOTO WM DIEKTPOHHOTO
000pyAOBaHMs, TOTAa KaK KOHLEMINS YIPaBICHUS
MPOAYKIMEH HE WCKIIOYaeT HAJOXKEHHSI OTBET-
CTBCHHOCTH HM Ha OJJHOT'O M3 YUYAaCTHUKOB JXU3HCH-

HOr0 IHKIA TpoAyKuuu. Hampumep, pacxompl 1o
cOopy, TpPaHCHOPTHPOBKE, MepepaboTKe OTXOI0B
MOTYT TIOJHOCTBHIO BO3JIaraThCsi Ha IMOKYyIaTeseu.
Kpome Toro, B otnnume ot koHuenuuu PS, ocHoOB-
Hoit nenbio EPR sBisiercst o0s3aTenbHas yrunmsa-
UA 3JICKTPOHHBIX OTXOO0B.

Lindhqvist (Lindhqvist, 2005: 89) BbinenseT He-
CKOJIbKO THITIOB OTBETCTBEHHOCTH MPOHM3BOIMTEIIS,
KOTOpbIE MOT'YT OBITh OITPEIeNICHBI CIEAYIONINM 00-
paszomM:

— OTBETCTBEHHOCTh, HACTYMAIOIAs B CIIydyac
HaHECEHHsI IKOJOTMYECKOTO Bpeaa MpoAyKIHel Ha
000# cTanuu ee )KU3HEHHOTOo nukia. CTeneHs oT-
BETCTBEHHOCTH OIPE/ICIIACTCS ACHCTBYIOIINM 3aK0-
HOJIATEIbCTBOM;

— 3KOHOMHYECKas (MaTepuaibHast) OTBETCTBCH-
HOCTh O3HAYaeT, YTO MPOU3BOJUTEIH MMOKPHIBACT
BCE WJIM 4acTh 3aTpar Ha cOOp, repepadboTKy, KO-
HEYHOE 3aXOPOHEHHE HIICKTPOHHBIX OTXOJI0B;

— (usmyeckass OTBETCTBEHHOCTh — IPOU3BOJIU-
TeJIb HECET OTBETCTBEHHOCTh 3a CEPBUCHOE 00CITY-
JKUBaHUE TIPOJIYKIIMY, e¢ Au3aiiH 1 kadecTBo. [1po-
W3BOJIUTENIL OTBETCTBEHEH 32 CBOIO MPOJIYKIHIO B
TEYEHHE BCETO €€ JKU3HEHHOTO IHKIIa;

— nH(pOPMAIMOHHAS OTBETCTBEHHOCTH 3aKIIO-
qyaercsi B 0053aTENbCTBE MPOU3BOJUTENS TPEIO-
CTaBJIATh MH(DOPMALIUIO 00 IKOJOTHUYECKUX CBOM-
CTBaX CBOEH MPOYKIIMH, O HATMYUH B HEW BPEIHBIX
BEIIIECTB M AJIEMEHTOB, 00 00beMaxX COOpAaHHBIX U
YTUWIN3UPOBAHHBIX 3JICKTPOHHBIX OTXOI0B.

Briienenue pas3iauuHBIX THIIOB OTBETCTBEHHO-
CTH JaeT BO3MOXKHOCTH PACIpPENCIUTh €€ MEXKIY
Y4aCTHUKaM#M JKU3HCHHOI'O HHWKJIa MMPOAYKIHWH,
OJIHAKO B OOJIBIITMHCTBE 3aKOHOJATENIBHBIX aKTOB,
JICHCTBYIOIIMX B CTpaHax C Pa3BUTOM PHIHOYHOU
9KOHOMHKOM, MPOCIEKUBACTCS BO3JIOKCHUE BCEH
OTBETCTBEHHOCTH Ha NPOM3BOAMTENICH (AMIEPOB,
UMIIOPTEpOB) obOopyaoBaHus. Takum oOpazom,
B PpE3yJIbTaTe KOM6I/IHI/Ip0BaHI/I$I BCEX THUIIOB OT-
BETCTBEHHOCTH JIOCTUTAETCSI CHHEPreTHYECKUI
addexr, Omaromaps KOTOPOMY BBIMTPHIBAIOT BCE
YYaCTHUKH KU3HCHHOI'O MUKJIA IMTPOAYKIIH.

CyIiecTByIOT Clieayromue Tambl 3 (HEeKTUBHO-
TO YIpaBJICHUs] 0OpalICHUEM C SJICKTPOHHBIMH OT-
XO/IaMu:

1) cOop 37AEKTPOHHBIX OTXOAO0B;

2) pa3bopka u mepepaboTka dIEKTPOHHBIX OT-
XOJI0B;

3) u3BJICUCHUE BTOPUYHBIX MaTEPHUAJIOB;

4) TIOBTOpPHOE WCIIOJNB30BAHUE H3BJICYCHHBIX
MaTepHajoB B IIPOU3BOJICTBE;

5) MakcUMabHO 0€30TacHOe ISl OKPYKaroIeh
Cpeibl 3aXOPOHEHUE TOTO 00beMa DIIEKTPOHHBIX OT-
XO/I0B, KOTOPBI HE MOKET OBITh YTHIM3HPOBaH.
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Jxycynosa /JI.b., Caitnay6exosa IT.H.

Konnenmust EPR mmpoko npumensiercs B Hu-
nepaannax, bensrum, [lIBenuu, I'epmanuu npu pas-
paboOTKe MporpaMM IO yMpaBJICHUIO OOpalleHueM
¢ anektpoHHbiME oTxoaamu (Espejo, 2010: 32-37;
Huisman, 2012: 46). Ona Bce Jaie HaXOIUT T0JI-
JIEP’KKY CO CTOPOHBI BBICIIUX JOJKHOCTHBIX JIHII,
JIeITENIbHOCTh KOTOPBIX CBsI3aHa ¢ 3KoJorueil. B oc-
HOBE ATOH CTpATErHH JISKUT MoIepKaHne Oananca
MEXY 3aIUTON OKPYIKAOLIEH CPEJIbl U DKOHOMMYE-
CKUM pa3BUTHEM, T. K. 3KOJI0TH4ecKu 3¢ pekTuBHOE
YIPaBJICHUE NPOAYKLUHEH U IMPOU3BOICTBEHHBIMU
MIPOIIECCAMH TIOBBIIIAET HAJAEKHOCTh U PEMyTaILUIO
MPOU3BOANTENEH, YBEIUUNBAET BO3MOKHOCTH IS
KOMMEpPYECKOTO Pa3BUTHS W OOJerdaeT TUalloT U
COTPYJIHHYECTBO CO BCEMH YYaCTHHUKAMHU KH3HEH-
HOTO LIUKJIA MPOTYKIUH.

Cornacao Esponeiickoit Jupektuse EC 00
YTHIIA3AIUN  DJIEKTPUYECKOTO H  DIEKTPOHHOTO
o0opynoBanusi, HaunHas ¢ 2006 roma, coop orpa-
OOTaHHBIX JIEKTPONPUOOPOB U AIEKTPOOOOPYHO-
BaHMS SABJIsAETCS 00g3aTeNbHBIM. OCHOBHOM IIEIBIO
HupextuBslt WEEE sBnsgercsa npengoTBpalleHue
BpeJa NpH YTUIH3AIUU OTXOJIOB AJICKTPHYECKOTO
1 DJIEKTPOHHOTO O0OpYJOBaHHUS, CO3/IaHUE YCIIO-
BHUI ISl IOBTOPHOTO HCIIOJIB30BAHUS U yTHIIH3A-
WY, U Ipyrux GOpM BO3MEIICHUS HUCIOJIB3YEeMbIX
MaTepHaioB ¥ KOMIIOHEHTOB, a TakXKe IS yiIyd-
[IIEHUS DKOJIOTHUYECKUX TOKA3aTeIell BCeX ydacT-
HUKOB. B Tabmune 2 npoBoautcs O0s3aTenbHBIH
no EC noxka3zarenb 1Mo BOCCTAaHOBIEHUIO, TTIOBTOP-
HOMY HUCIIOJIb30BAHUIO 00OPYIOBAaHUS OT KOJIHWYE-
CTBA UCIOJIB3YEMOTO.

Tadanna 2 — O6s13aTelIbHBIN T0Ka3aTellb 110 BOCCTAHOBJICHHUIO ¥ TOBTOPHOMY HCIIOJIL30BAHUIO 000PYI0BaHUS

Kareroprs oGopyosasms BoccraHoBneHHbIH [ToBTOPHO HCTIOIB3YEMBIi
00BeKT, % 00BeKT, %
BeITOBas TEXHUKA MMPOKOTIO IPUMEHEHUS 80 75
BBITOBas TEXHMKA y3KOTO MPUMEHEHHS 70 50
IT- u TenekOMMYHUKAIMOHHOE 000PYyIOBaHUE 75 65
briToBas annaparypa 75 65
OcBetuTenbHOE 000pyI0BaHHE 70 50
OneKTpuYecKue U AIEKTPOHHbIE HHCTPYMEHTbI 70 50
Urpymixu, TIOBCEIHEBHOE o0opyoBaHUE 1 70 50
CIIOPTHBHBINH HHBEHTAPh
WHCTpyMEHTHI [l MOHUTOPHHIA U KOHTPOJIS 70 50
ABTOMaTHYECKHE pacnpenenuTenbHbie 80 75
VYerpoiictsa

B Kazaxctane TOCTUTHYTBI ONpeEJeNICHHBIC pe-
3ynbTaThl B chepe obpanienus ¢ 02D0: pazpaboran
npoekT crangapra Pecryonunku Kazaxcran «Otxo-
JIbI DJIEKTPOHHOTO M 3JIEKTPUYECKOTO 000pya0Ba-
HUsI. MeToibl 0e3011acHOTO OOpaIeHHsD), COTJIACHO
KOTOPOMY COOCTBEHHUKHU OTXOJIOB OOSI3YFOTCS ITPH-
HUMATh ONPEJICICHHBIC MEPhI MO WX YTHIIU3AIHH,
IIPOABJIAA MAaKCUMAJIbHYIO OTBETCTBCHHOCTD 3a BO3-
MOJKHOE IPUYMHEHHE BpeAa OKpYXKarolleh cpee.
B cBoro ouepenp, MPOU3BOJUTENN DICKTPOHHOTO
M 3JICKTPOTEXHUYECKOI0 O0OPYJIOBaHHUS JIOJIKHBI
CTPEMUTHCS CO3/IaBaTh TAKYIO MPOYKIIHIO, KOTOpast
MorJia Obl TIOBTOPHO MepepadaThiBATHCS U UCTIONb-
30BaThcA. Takke MpOU3BOUTEND JOJKEH HANAUTh
CXeMy IMpHeMa OTXOJI0B CBOETO OpeH/a OT Hacese-
HUsl. UTO KacaeTcsl perMOHANBHBIX BIACTEH, TO OHU
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00513yI0TCSl IPUHUMATh BCe HEOOXOAMMEBIE MEPHI TIO
pasznensHOMY cObopy ODD0 ot Hacenenus (Pricky-
noBa, 2016: 45-48).

HeobOxoaumo Takke OTMETHTH, 4uTOo B 2015
rojly B pecryOlMKe MPUHSITH MOMPAaBKH K DKO-
JIOTHYECKOMY KOJAEKCY, BBOJSLIME PacIIUpEHHBIC
obs3aTenpcTBa mpousBoautenei (POIT) (Mycra-
¢una, 2016), yreepxaen oneparop POII (uactHas
KOMIaHHMsI ), KOTOPBI obecreunBaeT OpraHn3aluio
cbopa, TpaHCTIOPTHUPOBKH, TIepepadoTKH, 00e3Bpe-
JKUBAHWMSI, UCTIOIb30BAHMS U YTHIIN3AIUU OTXO0B,
oOpa3yromuxcs mocie yrpaTbl NOTPeOUTENbCKUX
CBOWCTB TIPOJYKIINU (TOBapoB), HA KOTOPYIO pac-
npoctpansiercs POIL IToka POII me pacmpoctpa-
Haercd Ha OO0300. B nepeuHe ToBapoB €CTh 3JIEK-
TPUYECKUE aKKyMYJISTOPHl W HEKOTOPHIE APYTHE
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toBapbl. Coop OO0, Kak W B APYrHX CTpaHax
CHI', ocymecTBisieTcs TIaBHBIM 00pa3oM y I0pH-
JTUYECKUX JHIL. [IpeAnpuHIMAatOTCs TIONBITKHA pas-
PabOTKH MUJIOTHBIX MPOSKTOB U MPOBEICHUS KaM-
maHud mo cbopy O3D0 B HEKOTOPBIX TOPOJAX
Kazaxcrana.

B Kazaxcrane B rog oOpasyercs no 343 000
TOHH DJIEKTPOHHBIX OTXO0JI0B. Tak, 1O JaHHBIM
MIpe/ICTaBUTENbCTBA KOMIaHuu «Samsung» B Ka-
3axcraHe, mojacuyuTano, uro B 2014 rogy komuue-
CTBO BBIOPONICHHBIX MOOMJIBHBIX TEIC(HOHOB CO-
cTaBwiIO 22 MIH. TYyK, win 2300 toun (AymkuHa,
2014). Cnemyer OTMETHTh, YTO Ha CETOIHSIITHHMA
JIeHb B pecyOJIMKe ITOKa HeT YeTKOW U 00OCHOBAH-
HOW CTpaTeruu 1o yTHIM3alUU TEXHUYECKH CIO0XK-
HOTO «3JIEKTPOHHOTO MyCOPa», KyJa OTHOCST TaKOH
TOBap KakK: KOMITBIOTEpHAs TEXHUKA U mepudepuii-
HBIE YCTPONCTBA, OPITEXHUKA, OBITOBAas TEXHHKA,
ayJIno- ¥ BUJICOTEXHHKA U JAPYTasi JICKTPOHHAS TEX-
HHUKa (MOOWJIBHBIC TOMAIITHHUE PAaado U TPOBOIHBIC
TeNe()OHBI, palry, DIIEKTPOHHBIC YaChl-OyIUIbHH-
K4 U T.7.). EcTecTBeHHO, mpogaxa OBIBIIErO B YIIO-
TpeOJIeHnN TOBapa, HAIIEIIIero HOBOTO XO35SHHA,
He pemaer npodsiemMy ero yruinsaiun. Ha pucynke
1 mpejncTaBiIeHBI OCHOBHBIE ACTIEKTHI YIPaBJICHUS
90 B Kazaxcrane.

B Hacrosiiee Bpemst Ha TEpPUTOPHU PECIyOITu-
KM cyllecTByeT 12 mpeanpuatuii mo mepepaboTke
05950 B Takux ropojax, kak AimMarel, Actana, Ka-
paranna, Ateipay. Kaxaoe U3 HUX MOXeT Tiepepa-
OateiBaTh 0k0110 500 T 0TX010B B roA. Brinenenusie
(hpakuum HATIPABIISTIOTCS IS MadbHEHIIEH miepepa-
OOTKH W WCIOJIb30BaHMS B IIPOM3BOJICTBE HA TpEi-

npusitus Kazaxcrana (IIBETHBIC ¥ YEPHBIC METAJLTHI,
neHorriacT, Oymara, ynakoBKa, IEpeBo), a TakKe Ha
poccuiickue npeanpusaTus (MeyaTHble IIaThl, IJia-
ctuku ABC, IIDT®, I1I1, I1B/) (Kuraiies, 2009:
34-35).

Moppep:Ha co

CTOPOHEI HudpacTpykTypa no
roCyAapcTea H chopy u
NPOH3BOAMTENEH nepepabotke 30
(3aHOHOAATENBETEO

PO}

[NoBbiLEHHE
noTeHLMana
KOMNaHHHA No
nepepabotre 30

Pucynox 1 — OcHOBHBIE aceKTHI yripaBieHus D0
B Kazaxcrane

B tabmunie 3 mpuBeneH CIUCOK JEHCTBYIONUX
MIPEANPHUATHN T. ATTMATBI, 3aHUMAIONTUXCS YTHIN3a-
[HEeH AIEKTPOHHBIX OTXOJIOB.

Tabsmua 3 — JleficTByronye NpeupusaTus I. AIMaThl, 3aHUMAIOIUeCs yTUIN3alUeld 2IeKTPOHHBIX OTX0J0B

Ne | HanmeHoBaHue peANPUATHS

OCHOBHO#1 BKJIaJl B YTHJIM3ALUIO 3JIEKTPOHHBIX OTXOJI0B

1 | TOO «New Capital Company»

Pa3paboraH cepBHC 110 6€30TXOAHOI 1 0€30MaCHOI YTHIN3AIUU IEKTPOHHOTO
obOopynoBanus. [Iprem pazHO0Opa3HON 37EKTPOHHON TEXHUKU

2 | TOO «AnTBIHKO»

[Tpuem Ha nepepabOTKy SIEKTPOHHBIX IIATOB, AKKYMYIISITOPOB, PaANOACTANICH,
KOMIIbIOTEpHOU TeXHUKU. [Tpuem nBETHBIX METAILIOB.

TOO «IIpomTexHo
Pecypc»

CriichIBaHUE M yTHITH3AIHS TIPOMBIIITIEHHOTO 000pyI0BaHNs; KOMIBIOTEPHON TEXHUKH
U OPTTEXHUKH; OBITOBOI TEXHUKH; aKKyMYJIATOPOB M OaTapeil; sHeprocoeperaronux,
JIIOMUHECLCHTHBIX, PTYThCOAEPKAIUX JIAMIL.

4 | UIT «9KO-/10M KZ»

VYTunuzauusi IpOMBIIUICHHOTO 000PY0BaHUsI, OPITEXHUKH, O(HCHOI U OBITOBOM
TeXHHKH, aKKyMYJIATOPOB U Oarapeil.

TOO «Technic Destroy»

OCyIJ.IeCTBJ'IeHI/Ie yTUin3auuu OBITOBOI TCXHUKU, OPTTEXHUKHU, PATUOTCXHUKU

TOO «¥Ytumns Oxo CepBuc»

VYTunmmsanust OprTeXHUKH, aKKyMYJISITOPHBIX OaTapeil.

TOO «D&D Technology»

VYTunuszanust OprTeXHUKH, aKKyMYJISITOPHBIX OaTapeil.

TOO «KbI36U16 OB

[epepaboTka 37EKTPOHHOTO JIOMa B 000PYAOBaHNUS

O | X | Q||

HII «TexnocepBuc»

Vrunnzanus ObITOBBIX QJICKTPOHHBIX OTXO40B
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Ipooonacenue mabruyvr 3

Ne | HaumeHoBaHMe MPEANPHUATHS

OCHOBHOI! BKJ1aJl B yTUIIN3ALIUIO JIEKTPOHHBIX OTXO/I0B

10 | TOO «Kaitnap AKB»

YTunmszanust akkyMyJIsITOpoB

11 | AkkymynsitopHbIi neHTp «bape»

YTunuzanus akkyMyJIsITOpoB

12 |RG-Service

VTunu3zauusi OprrexHUKH, aKKyMYJSITOPHBIX OaTapeit

13 | HUII «Crpoii MHxkeHUpUHI»

VYrunuzanus OBITOBBIX DJICKTPOHHBIX OTXOA0B

W3 maHHBIX TaOMUIBI CAEAYET, 9TO B T. AllMa-
ThI CYIIECTBYET JOCTATOYHOE KOJHUYECTBO Opra-
HU3aIWH, 3aHUMAIOIIUXCS TpodiIeMamMu o0pariie-
HUsI, YTUIN3AIUN U TIepepadOTKH dIEKTPOHHBIX
0TX0J0B. HeoOXxoaumMo oOmoOBeaTh HACEICHHE
0 CYIIECTBOBAHMUM TOYEK IO YTUIHU3ALHHU OTpa-
OOTaHHBIX DJIEKTPOHHBIX YCTPOMCTB — MX Telle-
¢onax u aapecax. lllupe npeacTaBisiTh Takue
YCIyTH B TOPTOBBIX TOYKaX, IJe MPOJACTCS 3Ta
MPOAYKITHS.

Takum 00pa3oM, BO3MOKHOCTH JUIsS Iiepepa-
00TKH 0TX0Z0B HMeroTca. OmHako, MO OLEHKaM
SKCIEPTOB, CYIIECTBYET psiJ MpoOJIeM Ha MyTH K
s dextuBHOI mepepadboTke ODD0 B HarIEH pecmy-
0JuKe, a IMEHHO:

— HEJ0CTaTOYHas TMOMOIIb TocyaapcrBa (cyO-
CUIUH, 3aKOHOIaTeIbHas 0a3a, u T. 11.);

— HEXBaTKa OIbITA M MPAKTHKH I10 MepepadoTke
OIIACHBIX OTXOJIOB;

— HM3KHUH KOHTPOJIb CO CTOPOHBI FOCYIaPCTBEH-
HBIX OPTraHOB 32 UCTIOJHEHUEM TPEOOBAHUI 10 YTH-
mmzanuu 0050,

— HH3Kas 3aMHTEPECOBAHHOCTH OM3HECA B Iepe-
pabotke O220;

— cnabas MH()OPMUPOBAHHOCTH HACEJIECHUS O
MpaBWiIax ¥ CHoco0ax yTHWIIM3AIUK JaHHBIX OTXO-
noB (Kuratines, 2009: 34-35).

B 3axitoueHme xo4ercss OTMETHTD, uTo B Kazax-
CTaHE €CTh OCHOBA ISl PA3BUTHS CHUCTEMBI YIIpaB-
aenust 0220, HO TpebyeTcst Koomepanus, a TaKkkKe
3aMMCTBOBaHHE 3apyOeKHOr0 OIbITa, 4TO, Oe3yc-
JIOBHO, TIOMOTJIO OBI OBICTpEe pa3pemmuTh Mpooire-
MBI, UMEOIIUECS B JaHHOW obOyacTu. [loBbimieHue
TEXHUYECKOW OCHAIEHHOCTH MPeIIpUITHH-TIepe-
paboOTYNKOB, TOCTHKEHNE 00JIee BEICOKOTO YPOBHS
m3piiedeHus u3 OO0 IEHHBIX (Ppakiuid HEBO3-
MOXKHO 0e3 oOecrieueHnsi BBICOKOTO YPOBHSI cOopa
0TX010B. CTOUT OTMETHUTH, YTO OOIIIECTBEHHBIE Op-
raHu3alMid BO MHOTHX CTpaHaX Y€ MMEIOT HeMa-
JIBIA OTIBIT PaboTHI C HACEIEHHUEM, YTO, B CBOIO OYe-
pens, OyaeT Takke CIoCOOCTBOBATH JabHEUIIIEMY
WHPOPMHUPOBAHHUIO M JKOJIOTHYECKOMY OOYUYEHHUIO
rpaxaaH. BaxHbpIM sSBIsIeTCA U 00IIeUeI0BEYeCKHIA
(haxTop, T.€. TO, KAKMM MBI BUANM OyIyIee Harei
IJTAHETHI. Y CUIIHS TI0 UCTIOBL30BAHUIO BCEX MEp IS
3aIUTHI IPUPOJIBI Ceifuac KpaitHe HEOOXOIUMBI, TaK
KaK aHTPOIOTeHHBIN DSKOIUJ MPHOIMKAET HAC K
KPYITHOMY 9KOJIOTHYECKOMY KPH3HCY.

Jluteparypa

UNEP, Recycling — From E-Waste to Resources: Step solving the e-waste problem // 2009.

Terzi S., Rosa P. (2016) Waste Electrical and Electronic Equipments versus End of Life Vehicles: a state of the art analysis and
quantification of potential profits — Procedia CIRP 48, pp. 502 — 507.

Woodell D. High-tech trash. // National Geographic. —2008. — P. 72—73.

Hilty L. M., Som C., and K6hler A. Assessing the human, social, and environmental risks of pervasive computing. / Human and
Ecological Risk Assessment. —2004. — V. 10. — No. 5. — P. 853-874.

CrenmanunkoBa W.I'. CoBpeMeHHBIE TEXHOJOTWH cOOpa W YTWIM3AUH OTPAOOTaBIIMX XWMHYECKHX HCTOYHHKOB TOKa. //
DHeprusi: PKOHOMHKA, TeXHUKa, dKoJorus. — 2009. — Ne 12. — C. 60-65.

roiik C. I'. YTunmszanus oTpaboTaBIINX aKKYMYJITOPHBIX OaTapeid //DKonorus u mpoMbInuieHHOCTh Poccnu. — 2008. — Ne 4.

- C. 18-22.

Ogungbuyi O., Nnorom I.C., Osibanjo O., Schluep M. E-Waste Country Assessment Nigeria: e-Waste Africa project of the
Secretariat of the Basel Convention, Basel Convention Coordinating Centre. // Nigeria and Swiss Federal Laboratories for Materials

Science and Technology (Empa). — Switzerland. — 2012. — P. 94.

Rolf W, Oswald-Krapf H, Sinha-Khetriwal D, Schnellmann M, Boni H. Global Perspectives on E-waste. // Environmental Im-

pact Assessment Review. — 2005. — V. 25. — P. 436-458.

Bonxoga I'.I1., [TekuH 4epe3 HECKOIBKO JIET 0XKHUAAET «MYCOPHBIH Kpnu3ucy // Perukiauar otxomos. — 2009. — Ne 3. — C. 27.
KuraiieB A. Anodeos nporpecca. // JlenoBoii skonormdecknit xypaai. — Ne 1. — C. 34-35.

ISSN 1563-034X

Eurasian Journal of Ecology. Ne2 (55). 2018 11



CoBpeMeHHbIE TeH/ICHIINH TTepepabOTKH IEKTPOHHBIX OTXOI0B Kak 3((EKTHBHEIN ITyTh 3alIUTHI OKPY’KarOIIei Cpeibl

Khurrum M., Bhutta S., Omar A., Yang X. Electronic Waste: A Growing Concern in Today’s Environment. / Economics
Research International. — 2011.- Volume 2011 (2011). — P. 8.

He W., Li G., Ma X. et al. WEEE recovery strategies and the WEEE treatment status in China// Journal of Hazardous Materi-
als. —2006. — V. 136. —No.3. — P. 502-512.

Hilty L. M. Electronic waste — an emerging risk? // Environmental Impact Assessment Review. — 2005. — V. 25. — No. 5. —
P.431-435.

Ongondo F.O., Williams [.D., Cherrett T.J. How are WEEE doing? A global review of the management of electrical and elec-
tronic wastes. /Waste Manag. —2011. — V. 31(4). — P. 714-730.

Heneo JIx. YTuimzanus 35eKTpoHHBIX 0TX010B // PC Magazine. — 2009. — Ne 5. — C.73-77.

Kouypo A. B., Tumommn B.H. O pemennn mpo0ieM yTUIHM3alUHM SHEProcOeperaromux pTyTbCOASpKAMIMX Jami //
CeerorexHuka. —2010. — Ne 3. — C. 43-44.

Bounkos A. Ilo cienam TenedonoB BuepamHux aHei // 3nanne-cuna. — 2012, — Ne 2. — C. 4-12.

Janmnos-/lanmnesa B.U., Jlocer K.C. Dkonorudeckuii BpI30B U ycroiunBoe paszsutue // Ilporpecc-Tpamummsa. — 2000. —
C. 263.

[Mpueno FO.I1. O TepMOAIICKTPUUSCKUX XOJIOAMIBHUKAX // DHEprus: )KOHOMHUKA, TeXHHUKa, Kkojorus. — 2009. — Ne 1. —
C.70-72.

Kommuccapos B.A. Curyanus ¢ opranuzanueii ynpasienus 990 B Poccun u npyrux crpanax CHI // Tlpe3enranus ot aupekropa
OtpacneBoii Accoranuy nepepadoTIYNKOB ITEKTPOHHOM U AIEKTPOOBITOBOM TEXHUKH, HalIMOHANBHBIN 3kcniepT KOHWJ1O. —2010.
— http://ac.gov.ru/files/content/2535/komissarov-v-a-pdf.pdf.

Maiickas B. [IpoOiemMbl 03e1eHeHHs 2TIeKTPOHUKY // DIEeKTPOHUKA: HayKa, TexHomorus, ousznec. —2001. — Ne 5. — C. 52-55.

MacnennukoB A. BropuaHoe ucrnosib3oBanue 21eKTpoHUKH // TBepapie ObiToBble 0TX0b1. — 2012, — Ne 10. — C. 46-51.

Huisman J. Eco-efficiency evaluation of WEEE take-back systems / Waste Electrical and Electronic Equipment (WEEE).
Handbook. —2012. — P. 93-119.

Lates D., Moica S. Analysis of WEEE recovery strategies and the WEEE treatment status in China and Romania // Procedia
Technology. — 2016. — Ne 22. — P. 840-847.

Nguyen D.Q., Ha V.H. Material flows from electronic waste understanding the shortages for extended procedure responsibility
implementation in Vietnam // The 24-th CIRP Conference on Life Cycle Engineering. —2017. — P. 651-656.

Wong C.S. Sources and trends of environmental mercury emissions in Asia. // Science of the Total Environment. — 2006. —
Ne 368. — P. 649-662.

Zheng J. Heavy metals in hair of residents in an e-waste recycling area, South China contents and assessment of bodily state //
Arch.Environ.Contam.Toxicol. — 2011. — Ne 61 (4). — P. 696-703.

Terazono A, Murakami S. Abe N. Inanc B, Moriguchi Y, Sakai SI, Williams E. Current status and research on E-waste issues
in Asia // Journal of Material Cycles and Waste Management. — 2006. — Ne 8 (1). — P. 1-9.

TannueBa T.C. MexaHu3m obecrieueHns yCTOWYMBOTO pa3BUTHSA Maibix npeanpuatuii / Becrauk BI'TY um. B.I'. lllyxoBa. —
2015. - Ne 1. - C. 88-92.

Directive 2002/96/EC on waste electrical and electronic equipment of 27 January 2003. European Parliament and council //
Official Journal of the European Union. — 2003. P. 58.

Directive 2002/95/EC on the restriction of the use of certain hazardous substances in electrical and electronic equipment of 27
January 2003. European Parliament and council // Official Journal of the European Union. —2003. — P. 47.

Lindhqvist T. Extended producer responsibility / The WEEE Report made by Greenpeace International and European Environ-
mental Bureau. —2003. — P. 56.

Lindhqvist T. Extended Producer Responsibility in Cleaner Production // The International Institute for Industrial Environmen-
tal Economics. —2005. — P. 89.

Espejo D. Assessment of the Flow and Driving Forces of Used Electrical and Electronic Equipment From Germany to Nigeria
//2010. —P. 32-37.

Huisman J., van der Maesen M., Eijsbouts R.J.J., Wang F., Bald¢ C.P., Wielenga C.A. The Dutch WEEE Flows // ISP —
SCYCLE. - 2012. - P. 46.

PeickynoBa A. Tekymasi cutyauus B cdepe nepepaboTKH 3JIEKTPOHHBIX OTX070B B PecmyOnmke Kaszaxcran // C6. marep.
peruoHaipHOro cemuHapa. bumkek. — 2016. — C. 45-48.

Mycradpuna B.B., dymxuna H0.JI. POIl B 3akonomarensctBe PK. IlepcrieKTHBBI BIUSHHS HOBOTO 3aKOHOAATENBCTBA Ha
passutre nepepaborkn 0990 B crpane // Kazwaste. — 2016.

Hymxunaa 0. Ananms cutyaumu B cdepe oOpamieHHst ¢ OTXOJaMH 3JIEKTPOHHOTO U 3JIEKTPHYECKOTO O00OpYIOBaHHS B
Pecrry6nike Kazaxcran. —2014.

12 Becrruk. Cepust sxonornueckas. Ne2 (55). 2018



Jxycynosa /JI.b., Caitnay6exosa IT.H.

References

UNEP, (2009) Recycling — From E-Waste to Resources. Step solving the e-waste problem.

Terzi S., Rosa P. (2016) Waste Electrical and Electronic Equipments versus End of Life Vehicles: a state of the art analysis and
quantification of potential profits — Procedia CIRP 48, pp. 502 — 507.

Woodell D. (2008) High-tech trash. National Geographic, pp.72—73.

Hilty L. M., Som C., and Kohler A. (2004) Assessing the human, social, and environmental risks of pervasive computing. Hu-
man and Ecological Risk Assessment, v. 10, no. 5, pp. 853-874.

Stepanchikova 1.G. (2009) Sovremennye tehnologii sbora i utilizatsii otrabotavshih himicheskih istochnikov toka [Modern
technologies for the collection and disposal of spent chemical sources of current]. Energija: ekonomika, tehnika, ekologija, no 12,
pp. 60-65.

Shtojk S.G. (2008) Utilizatsija otrabotavshih akkumuljatornyh batarej [Utilization of used batteries]. Ekologija i promyshlen-
nost’ Rossii, no 4, pp. 18-22.

Ogungbuyi O., Nnorom I.C., Osibanjo O., Schluep M. (2012) e-Waste Country Assessment Nigeria, e-Waste Africa project of
the Secretariat of the Basel Convention, Basel Convention Coordinating Centre. Nigeria and Swiss Federal Laboratories for Materi-
als Science and Technology (Empa), Switzerland, p. 94.

Rolf W, Oswald-Krapf H, Sinha-Khetriwal D, Schnellmann M, Boni H. (2005) Global Perspectives on E-waste. Environmental
Impact Assessment Revie, vol. 25, pp. 436—458.

Volkova. G.P. (2009) Pekin cherez neskol’ko let ozhidaet «musornyj krizis» [Beijing in a few years expects a «garbage crisis»].
Retsikling othodov, no 3, p. 27.

Kitajtsev A. (2009) Apofeoz progressa [The apotheosis of progress]. Delovoj ekologicheskij zhurnal, no 1, pp. 34-35.

Khurrum M., Bhutta S., Omar A., Yang X. (2011) Electronic Waste: A Growing Concern in Today’s Environment. Economics
Research International, vol. 2011, — p. 8.

He W., Li G., Ma X. et al. (2006) WEEE recovery strategies and the WEEE treatment status in China.Journal of Hazardous
Materials, vol. 136, no.3, pp. 502-512.

Hilty L. M. (2005) Electronic waste —an emerging risk? Environmental Impact Assessment Review, vol. 25, no. 5, pp. 431-435.

Ongondo F.O., Williams I.D., Cherrett T.J. (2011) How are WEEE doing? A global review of the management of electrical and
electronic wastes. Waste Manag, vol. 31(4), pp. 714-730.

Deleo Dzh. (2009) Utilizatsija elektronnyh othodov [Recycling of electronic waste]. PC Magazine, no 5, pp. 73-77.

Kochurov A.V., Timoshin V.N. (2010) O reshenii problem utilizatsii energosberegajuschih rtut’soderzhaschih lamp [On the
solution of problems of utilization of energy-saving mercury-containing lamps]. Svetotehnika, no 3, pp. 43-44.

Volkov A. (2012) Po sledam telefonov vcherashnih dnej [In the footsteps of the phones of yesterday]. Znanie-sila, no 2, pp. 4—12.

Danilov-Danil’jan V.I., Losev K.S. (2000) Ekologicheskij vyzov i ustojchivoe razvitie [Ecological challenge and sustainable
development]. Progress-Traditsija, pp. 263.

Prilepo Ju.P. (2009) O termo elektricheskih holodil’nikah [About thermoelectric coolers]. Energija: ekonomika, tehnika,
ekologija, no 1, pp. 70-72.

Komissarov V.A. Situatsija s organizatsiej upravlenija EEO v Rossii i drugih stranah SNG [The situation with organization of
management of EEE in Russia and other CIS countries]. Presentation from Director of the Sectoral Association of WEEE Recyclers,
National UNIDO expert. http://ac.gov.ru/files/content/2535/komissarov-v-a-pdf.pdf.

Majskaja V. (2001) Problemy ozelenenija elektroniki [Problems of greenery of electronics]. Elektronika: nauka, tehnologija,
biznes, pp. 52-55.

Maslennikov A. (2012) Vtorichnoe ispol’zovanie elektroniki [Secondary use of electronics]. Tverdye bytovye othody, no. 10,
pp. 46-51.

Huisman J. (2012) Eco-efficiency evaluation of WEEE take-back systems. Waste Electrical and Electronic Equipment (WEEE)
Handbook, pp. 93-119.

Lates D., Moica S. (2016) Analysis of WEEE recovery strategies and the WEEE treatment status in China and Romania. Pro-
cedia Technology, no. 22, pp. 840-847.

Nguyen D.Q., Ha V.H. (2017) Material flows from electronic waste understanding the shortages for extended procedure respon-
sibility implementation in Vietnam. The 24-th CIRP Conference on Life Cycle Engineering, pp. 651-656.

Wong C.S. (2006) Sources and trends of environmental mercury emissions in Asia. Science of the Total Environment, no. 368,
pp. 649-662.

Zheng J. (2011) Heavy metals in hair of residents in an e-waste recycling area, South China contents and assessment of bodily
state. Arch.Environ.Contam.Toxicol., no. 61(4), pp. 696-703.

Terazono A., Murakami S., Abe N., Inanc B., Moriguchi Y., Sakai SI., Williams E. (2006) Current status and research on E-
waste issues in Asia. Journal of Material Cycles and Waste Management, no. 8(1), pp. 1-9.

Tanicheva T.S. (2015) Mehanizm obespechenija ustojchivogo razvitija malyh predprijatij [Mechanism for sustainable develop-
ment of small enterprises]. Vestnik BGTU im. V.G. Shuhova, no 1, pp. 88-92.

(2003) Directive 2002/96/EC on waste electrical and electronic equipment of 27 January 2003, European Parliament and coun-
cil. Official Journal of the European Union, p. 58.

ISSN 1563-034X Eurasian Journal of Ecology. Ne2 (55). 2018 13



CoBpeMeHHbIE TeH/ICHIINH TTepepabOTKH IEKTPOHHBIX OTXOI0B Kak 3((EKTHBHEIN ITyTh 3alIUTHI OKPY’KarOIIei Cpeibl

(2003) Directive 2002/95/EC on the restriction of the use of certain hazardous substances in electrical and electronic equipment
of 27 January 2003, European Parliament and council. Official Journal of the European Union, p. 47.

Lindhqvist T. (2003) Extended producer responsibility. The WEEE Report made by Greenpeace International and European
Environmental Bureau, p. 56.

Lindhqvist T. (2005) Extended Producer Responsibility in Cleaner Production. The International Institute for Industrial Envi-
ronmental Economics, p. 89.

Espejo D. (2010) Assessment of the Flow and Driving Forces of Used Electrical and Electronic Equipment From Germany to
Nigeria, pp. 32-37.

Huisman J., van der Maesen M., Eijsbouts R.J.J., Wang F., Baldé C.P., Wielenga C.A. (2012) The Dutch WEEE Flows. ISP —
SCYCLE, p. 46.

Ryskulova A. (2016) Tekuschaja situatsija v sfere pererabotki elektronnyh othodov v Respublike Kazahstan [Current situation
in the field of electronic waste processing in the Republic of Kazakhstan]. Cb. mater. regional’nogo seminara, pp. 45-48.

Mustafina V.V, Dushkina Ju.L. (2016) ROP v Zakonodatel’stve RK. Perspektivy vlijanija novogo zakonodatel’stva na razvitie
pererabotki OEEO v strane [RRP in the Legislation of the RK. Prospects for the impact of new legislation on the development of
WEEE processing in the country]. Kazwaste.

Dushkina Ju. (2014) Analiz situatsii v sfere obraschenija s othodami elektronnogo i elektricheskogo oborudovanija v Respub-
like Kazahstan [Analysis of the situation in the field of waste management of electronic and electrical equipment in the Republic of
Kazakhstan].

14 Becrruk. Cepust sxonornueckas. Ne2 (55). 2018



]1-0Oenim
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Paznen 1
BO3JIENCTBUE HA OKPYKAIOIIYIO CPEIY
AHTPOIIOTEHHBIX ®PAKTOPOB
U 3AILIUTA OKPYKAIOUIEN CPEJIbI

Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY
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ITEHETUYECKMNE DO ODEKTbl PAAOHA
N ETO AOYEPHUX NMPOAYKTOB PACITAAA
B KPATKOCPOYHbIX TECT-CUCTEMAX
DROSOPHILA MELANOGASTER

Bbicokuii pasMaumoHHbiit o TeppuTopum KasaxcTaHa OOYCAOBAEH KPYMHbIMM  3aAeKamu
YPaHOBbIX PYA M MX AOObIYE, HAKOMAEHMEM OTXOAOB FOPHOAODObIBAIOLLET O M ypaHorepepabaTbiBaloLLEero
NPOU3BOACTBA, MOCAEACTBMEM UCTIbITAHNIA ATOMHOIO OPYXXMS U APYTMMU MPUPOAHBIMUM 1 TEXHOMEHHBIMM
dakTopamun. Bce 3TO MPMBOAMT K 3arpssHEHMIO OKpY>Katlolen CpeAbl PAaAMOHYKAMAAMM, a Takxke
BbIAEAEHMIO M HAKOMAEHMIO PaAOHa, 06pasylolerocst npu pacnase PaAMOAKTUBHBIX 3AEMEHTOB.
PaAMOHYKAMABI paaOHa 06YCAOBAMBAIOT 6GOAEE MOAOBUHBI BCEI AO3bl PAAMALIMK, KOTOPYIO B CPEAHEM
MOAyYaeT OpPraHM3m YeAoBeka OT MPUPOAHBIX M TEXHOTEHHbIX PAAMOHYKAMAOB OKPYXKAIOLLE CpeAbl.
AO0Ka3aHo, UTO PAAOH SIBASIETCS BTOPOM MO YaCTOTE MPUUMHOM BO3HMKHOBEHMS paka Aerkux. DTO CBSI3aHO
C BblAEAEHMEM MNPU ero pacrnase KpyrHbIX MOAOKMTEAbHO 3apsiXKeHHbIX YacTuL, — o-vacTul. [oaTomy
LeAbIO HacTosilen paboThbl SIBASIAACh OLEHKA reHeTuueckux 3((EeKToB pasoHa B KPAaTKOCPOUHOM
TECT-CUCTEME CO CLEMAEHHbIMM  X-XPOMOCOMamM U CLEMAEHHbIMK  X-Y-xpomocomamu Drosophi-
la melanogaster. KpaTkocpouHble TeCT-CUCTEMbl Ha MyLLKax APO30MAbI MO3BOASIOT OMPEAEAUTH
MyTareHHble M KaHueporeHHble 3geKTbl KOMMOHEHTOB OKPYXKaloWen CPeAbl M «MPUMEPUTb» MAK
nepeHecTu pesyAbTaTbl Ha deAaoBeka. [MpeumyutectBom myliku Drosophila melanogaster kak Tect-
06beKTa FBASETCS XOPOLUO M3y4YeHHasl reHeTuka, MUHUMAAbHbIE OrFPAHUYEHMs HA WMCMOAb30BaHME
B AabopaTopuM, OTHOCWUTEAbHAsl AELIEBM3HA, a TakKe OTCYTCTBME CAOXHbIX MaHUMYASLMIA Mpu
coaepxaHun. YTobbl onpeaeAnTb reHoTokcuueckne 3heKTbl PaAOHA Mbl MCMOAb30BAAM CAMOK
AvHMM OM1-2 €O cuenAeHHbIMM X-XpOMOCOoMammn 1 X-Y-XPOMOCOMamu 1 OOAYUYEHHbIX CaMLIOB AMHMM
Oregon AMKOro Tuna. B kauecTBe MCTOUHUKOB 0-M3AYUYEHUS BbIAM MCMOAb30BaHbI U30TOMbI MAYTOHMS U
ypaHa. AnHus Il-2 coaep>XUT XPOMOCOMHbIE MepecTporikn ¢ 3hekToM NOAOXKeHUs reHa. [NosBAeHne
YCAOBHbIX MyTaLMiA IBASIETCS CAEACTBUEM 3(D(heKTa MOAOXKEHNS FreHa, OHW BO3HMKAIOT MPU HapyLUEHUN
CTPYKTYpPbl PEryASITOPHbIX TFEHOB, OTBETCTBEHHbIX 3a 3arnacHble MyTW pas3BuTUs U obpasoBaHue
BHYTPMBUAOBBIX MPU3HAKOB OpraHm3ma. [NposiBAeHMe MX Ha YpOBHE OpraHvM3ama 3aBUCUT (LEAMKOM
MAM YaCTWYHO) OT CTPYKTYPbl APYTrMX paiioHOB reHoMa. OAHMM M3 9PKMX CBOMCTB YCAOBHBIX MyTaLMi
ABASETCS 06pa3oBaHne MOPGO30B — HEHACAEAYEMbIX MOPOAOrMUECKMX HAPYLLEHWI, 06Pa3yoLLImMXCs
npy BO3AENCTBUM Ha OpPraHM3M CTPeccoBbIX (DaKTOPOB OKpYXKalollen CpeAbl. B pe3yabTaTe aHaAm3a
MyX MepBOro MOKOAEHMs ObIAU BbISIBAEHbI CAEAYIOLME MOPO3bl: YepHbIE NITHA MAM MEAAHOMbI Ha
OpIOLLKE, TOPAKCE, KPbIAbSIX; 3aKPYUeHHbIE, M30MHYThie, HEPACTPABAEHHbIE KPbIAbS MAM MX OTCYTCTBUE;
HapyLUeHWe JXMAKOBaHUSI KPbIAbEB, AeopMmaliMsl TOAOBbI, TAA3a, Topakca; obpasoBaHue My3bipein Ha
KPbIAbSIX 1 Ha 6pioluke 1 Ap. Bce HapylweHns UMeAn HeCCUMETPUYHOE MPOSIBAEHUE U BbIFASAEAM KaK
ypoacTBa. Habaoaaembie MOPOAOTMUECKME U3MEHEHUSI M PE3YAbTATbl CTAaTMCTMUECKOro aHaAm3a
yKa3bIBalOT Ha FEHOTOKCMYECKYI0 aKTMBHOCTb 0-M3AYY€HMs, UICTOYHMKOM KOTOPOro B MPUPOAE 4acTo
SIBASIETCS PAAOH M ero A0UYepHUe NpPoAyKTbl pacrnasa (AP).

KAtoueBble caoBa: MOPhO3bl, PAAOH, a-M3AyUYeHNE, APO30hMAQ, FTEHOTOKCUYHOCTD.
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Genetic effects of radon and its daughter decay products
in short-term Drosophila melanogaster test-systems

The high radiation background of Kazakhstan territory is due to large deposits of uranium ores and
their extraction, the accumulation of mining and uranium processing waste, the consequence of nuclear
weapons tests and other natural and man-made factors. All this leads to contamination of the environ-
ment with radionuclides as well as the radon release and accumulation, formed during the decay of
radioactive elements. Radon radionuclides compose more than half of the entire radiation dose which
on average the human body receives from natural and technogenic radionuclides of the environment.
It is proved that radon is the second most frequent cause of lung cancer. This is due to the release of
large positively charged particles — o-particles — during its decay. Therefore, the aim of this work was to
evaluate radon genetic effects in a short-term test-system with attached X chromosomes and attached
X-Y chromosomes of Drosophila melanogaster. Short-term test-systems on Drosophila melanogaster flies
allow determining the mutagenic and carcinogenic effects of environmental components and «trying
on» or transfer the results to human’s organism. The advantage of Drosophila melanogaster flies as a
test object is a well-studied genetics, minimum restrictions on laboratory use, relative cheapness, and
the absence of complex manipulations in content. To determine the genotoxic effects of radon, we used
females EP-2 with attached X-chromosomes and X-Y chromosomes and irradiated wild-type Oregon
males. The isotopes of plutonium and uranium were used as sources of o-radiation. Line EP-2 contains
chromosomal rearrangements with the gene position effect. The emergence of conditional mutations is a
consequence of gene position effect, they arise when the structure of regulatory genes responsible for the
developmental alternate path and the formation of intraspecific features of the organism are disturbed.
Their manifestation at the level of the organism (entirely or in part) depends on the structure of other
regions of the genome. One of the conditional mutation bright properties is morphoses formation — non-
inherited morphological disorders that are formed when the stressful environmental factors influence the
organism. As a result of flies analysis in first generation the following morphoses were identified: black
spots or melanoma on the abdomen, thorax, wings; twisted, curved, undirected wings or their absence;
disturbance of wings venation, deformation of the head, eye, thorax;; the formation of blisters on the
wings and on the abdomen, etc. All the disturbances had an asymmetric manifestation and looked like
ugliness. The observed morphological changes and the results of statistical analysis indicate the geno-
toxic activity of a-radiation, the source of which in nature is often radon and its daughter decay products
(DDP).

Key words: morphoses, radon, a-radiation, Drosophila, genotoxicity.
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Drosophila melanogaster-AiH KbICKayakbITTbl TECT-)XKYHEAEPAEri pAAOHHbIH, XXoHe
OHbIH, eHIUIAEC bIAbIPAY OHIMAEPiHIH reHeTUKAAbIK, HOTHXKeAepi

KasakcraH aymMarblHAQFbl XKOFapbl PAAMALMSAbIK (DOHHbIH cebebi ipi ypaH KeH OpbIHAAPbIHbIH,
OAAPAbI LWbIFAPYbIHbIH, Tay-KeH Ka3y >XoHe ypaH eHAEYLUi eHAIPICTEP KAAAbIKTapbIHbIH, XXMHAKTAAYbI,
aTOMAbIK, KApyAbl CblHay >aHe 6acka TabuFM MeH TexHoreHAi aktopAapAbiH 6ap 6oaybl. Ocbl
>KarAanAapAbIH 6APAbIFbI PAAMOHYKAMATEPMEH, COHbIMEH KaTap PAaAMOAKTUBTI SIAEMEHTTEPAIH, bIAbIpaybl
Ke3IHAE PAAOHHDBIH LUbIFYbl YK8HE YKMHAKTaAybl KOpLIaFaH OpTaHblH, AaCTaHyblHa anapaApbl. PaAOHHbIH,
PAAMOHYKAMATEPI aAaM aF3acbiHa bIKMAA €TeTiH TabWFK XKOHe TEXHOTEHAI PAAMOHYKAMATEPAIH opTallia
pPaAMALIMSIABIK, AO3AChbIHAH XKAPTbIChIH KaMTamMachi3 eTeal. PaaoH ekneae KaTepAi icikTiH nanaa 60AybiHa
SAEMAEri eKiHLLI OpblHAAFbl Cebern ekeHAIri AdAeapeHreH. ByA paAOHHbIH blablpay KesiHae ipi OH
3apsATaAFaH GOALLIKTEPAIH — a-0OALLIIKTEpAIH OOAiHYyiHe GaiAaHbICTbl. COHABIKTAH OCbl >KYMbICTbIH
MakcaTbl PAaAOHHbIH a3 Mep3imaeri reHetukaablk, acepaepit Drosophila melanogaster wbiGbiHAQPABIH
X-XpOMOCOMaAapbIMeH >kaHe X-Y-XpOMOCOMaAapbIMEH TIPKECKEH TeCT->KyreciHae Oaraaay. Apo3odmaa
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I'eneTnueckue 3(1)(1)CKTBI paJloHa U €ro JOYCPHUX IMPOAYKTOB pacriajia B KPaTKOCPOUHBIX TECT-CUCTEMAX ...

WbIObIHAQPAQ a3 MEpP3iMAI TecT-XyleAepi KopliaraH opTa KOMIMOHEHTTEPIiHIH MyTareHAIK >keHe
KaHLLePOreHAIK &CepAepiH aHblKTayFa >KOHE aAblHFaH HOTWXKEAEPAI aAaM arF3acbiMEH CaAbICTbIpyFa
MYMKiHAIK  Oepeai. Drosophila melanogaster Tect-o6bekT peTiHAE KOAAAHY apTbIKLIbIAbIKTaPbI:
reHeTMKAchl >KakChl 3ePTTEAreH, 3epTXaHaAa MaAaAaHyFa eH a3 wekTeyaepi 6ap, CaAbICTbIPMAAbI
ap3aHADbIFbl, 6CIpYy Ke3iHAEe KYPAEAI opekeTTepAiH 60AMaybl. PaAOHHbIH FeHOTOKCMKAAbIK, 8CEepPAepiH
aHbIKTay YLWiH 6i3 X-XxpoMacomarapmeH >kaHe X-Y-XpomocOoMaArapbiMeH TipkeckeH DIM-2 eAicCiHiH
yprauibiAapbiH xaHe Oregon >KeAiCiHiH CoyAeAeHAIpPIAreH >kabarbl TUMTI aTaAbIKTapbl ManAAAAHbIAADI.
AAba-CayreAepAiH, Ke3Aepi peTiHAe MAYTOHWIA MeH ypaH M30TonTapbl KOAAAQHAbL. DI1-2 eaiciHae
reHHiH OpHAAaCy HETMXKeCiHe 6anAaHbICTbl XPOMOCOMAAbIK, KaiTa KypblAyAapbl 6ap. LLIapTTbl MyTaumsAap
reHHiH OpPHAAACy HOTMXKECIHIH CAaAAApPbI, OIMTKEHI OAAP KOCAAKbI AAMY >KOAbI XX8HE TYPILLIAIK 6eAriaepre
>KayanTbl peTTeyuli reHAepAiH Oy3biAybiHaH nanaa 60Aaabl. OAapAbIH aF3a AeHreniHAe (TOAbIK, Hemece
iliHapa) KepiHyi reHoMHbIH 6acka ayAaHAAp KypPbiAbIMbiHA GaiAaHbICTbl. LLlapTTbl MyTaumsAapAbiH
anKbIH KacueTTepiHiH 6ipi Mopdo3AapAbIH MarAa GOAYbl — OpraHmM3amre KopLuaraH OpTaHblH CTPecc
(hakTOpAApbIHbIH 8cep eTyiHAe naiaa 60AATbIH TYKbIM KYaAalTbiH MOPQOAOTUSIAbIK,  aKayAapbl.
bipiHwi ypnakTa nanaa GOAFaH LibIObIHAAPABI TaAAQy HOTMXKECIHAE KkeAeci Mopdo3aap GalkaAAbl:
KapblHAQ, TOPAKCTa, KAHATTapblHAA Kapa AakTap Hemece MeAaHOMaAap; OpPaAFaH, MiAreH, >kasblAMaraH
KaHaTTap; KaHaTTapblHbIH >KYMKEAEHYiHiH Oy3blAybl; 6acTapblHbIH, KO3AEPiHIH, TOPAKCTbIH, akayAapbi;
KaHaTTblH, GOAMaybl; KapblHAQ, KaHATTapbiHAQ KemiplikTepAiH namaa 6oAybl eHe T.6. bapabik,
aKayAap CMMMETPMSIAbIK, eMeC PeTiHAE KOPIHAI >KoHEe KeMTapAbiKTap peTiHAe Oarikasabl. barkaaraH
MOPMOAOIMSABIK, ©3repicTep »oHe CTAaTUCTUKAAbIK, TaAAQy 0-COYAEHIH FeHOTOKCMHAIK OGeACeHAIAIriH

KepceTTi, cebebi TabuFn XKaraaiAa OHbIH KO3i — PAAOH >K8HE OHbIH EHLLIAEC blAbIpay 6HIMAEPI.
Ty#iH ce3aep: Mopd0o3Aap, PAAOH, a-CBYAE, APO30HMAQ, TEHOTOKCUHAIAIK.

BBenenue

B mocnieqHue rofipl CyIIeCTBEHHO BO3POC WH-
Tepec K DKOTEHETHYECKUM M OHOMETUIIMHCKHM
rmpoOjemMaM, CBS3aHHBIM C BO3ICHCTBHEM Ha Ha-
CCJICHUE PaJioHa U €ro JIOUEPHUX MPOIYKTOB pac-
naga. Ilo ouenkam Hayunoro Komurera mo nei-
ctButo aromHoi panuarun (HKIAP), 6onmee 75%
rOJIOBOM WHAMBUYaTbHOW J03bI OOJy4YEHHUs Hace-
JIHWE TIOJy4yaeT OT pajJioHa W ero u3oTonos. [lpu
CpemHel CyMMapHOH 1103¢ OOJMydeHHUS YeJOBEKa B
3,46 M>B/TOJT Ha TOJTIO H30TOIOB PAIOHA TPUXOIHT-
ca 2,12 vs/rox (Onurenko, 2008: 9-11).

Ha cerommsmanii nenas Kazaxcran 3anmMaeT
BTOpPOE MECTO B MHpe Mo 3amacam ypana (12% ot
MHPOBOTO 00BhEMa) U TIEPBOE MECTO TI0 €ro J00bIYe
(World nuclear Association). EcrectBerHast ¢oHO-
Bas pajuanus B peruoHax KaszaxcraHa B cpeiqHeM
cocrasisier 3,1 M*B/rox. Ilomumo »>TOro, Hacele-
HHE IOTOJHUTEIRHO MmomydaerT okomo 1,1 m’/ron
OT UCKYCCTBEHHBIX UCTOYHHKOB ITPU METUIIMHCKOM
oOcnemoBannu U 0T ObITOBOM TexHuKkH (Kazymbet,
2014: 19-55). Takum obpaszoM, o0OIIas g03a paanua-
LMK B CpeJiHEM Ha uenoBeka B Kazaxcrane cocras-
JsIeT OKOJIO 4 MPB/TO/I, YTO B MOJTOpA pasa BHIIIE
cpenHero ypoBHs B Mupe (Xycamnos, 2012: 115).
[ToaToMy, HECOMHEHHO, aKTyaJIbHbIM SIBJISICTCS BO-
poc 00 OICHKE TeHeTHYeCKUuX A(PQPEKTOB pajoHa
1 €T0 JOUYSPHHUX MPOAYKTOB pacIiaja, SBIISIOIIHXCS
OCHOBHBIM UCTOYHHUKOM 0L-U3JTyUCHHUSI.

Panon oOnamaeT BecbMa KOPOTKHM TIEPHOJIOM
noypacnana — 3,8 CyTOK, M, KaKeTCs, 4TO OH He
npencTarisier co0oit onacHoctu. OIHAKO, €ro U30-

TOTBI MOTYT COpPOMPOBATHCS TMBUIBIO W BIArod M
HAKaIUIMBAaTbCS B 3aKPBITHIX, CIa0ONPOBETPUBAC-
MBIX romerneHusx. O0pasyronmecs: a3po30Iu MO-
TYT TIONIAcTh B JBIXaTeNbHbBIE ITyTH YEJIOBEeKa W Ha-
karuBaTtbess B HUX (Puxsanos, 2009: 430). Ilpu
pacmajzie M30TOMOB PajoHa 00pa3ylTCs JA0YEpHHUE
MPOAYKTHI U TOJIOKUTENEHO 3apsKeHHBIE SIpa Te-
mus-4 (3He'?), xoTopble HA3BIBAIOTCA (-YACTUI[AMHU
(Karam, 2009: 7-13). DTu yacTHIIBI OYEHb KPYITHBIE,
MO3TOMY MUMEIOT Majblii IPoOer W HU3KYIO TIPOHH-
KAyl crocoOHocTh. OAHAKO BAOJIB KOPOTKOTO
MyTH anb(a-4yacTULIbl CO3JA0T OOJIBIIIOE YHCIIO UO-
HOB, TO €CTh OOYCIIOBJIUBAIOT OOJBIITYIO THHEHHYTO
IUIOTHOCTh MOHU3AIMU. JTO O0CCIICYMBACT BhIpa-
JKEHHYI0 OTHOCHTEIIbHYI OHOJIOTHYECKYHO 3dek-
THBHOCTH, B 10 pa3 OomipmIyto, ueM MpH BO3ACH-
CTBHHM PEHTTEHOBCKOro W ramma-usnyudenuii (Hei,
1997: 3765-70). IToaToMy BaxHO HCCIEI0BATH JCH-
cTBUE anb()a-d9acTUI] Ha KUBBIE OPTaHU3MBI, OCO-
6enno Ha JIHK. Eme B XVI Beke Obu1a ycTaHOBJICHA
CBsI3b PaJIOHA C BBICOKOM CMEPTHOCTHIO OT paKa Jier-
KX IaXTepOB YPAHOBBIX pyaHUKOB (Abbatt, 1987:
40-44). lokazano, 4To B CTpaHax EBpombl BKIaf
pajioHa B CMEPTHOCTh OT pakKa JIETKUX COCTaBISET
9%, a B Kanage stor mokasarens pocturaet 10%
(Copes, 2007: 1229-31) (Schnelzer, 2010: 20-28)
(Jean—Christopher, 2009: 613-321).

MarepuaJjibl U METOABI
Marepuranom nuccleIOBaHU TSI OTIPEICIICHUS

TeHOTOKCHYHOCTH (aKTOPOB OKpYysKaroleil cpe-
JIbl, & UMEHHO HOHU3UPYIOMIEr0 H3Iy4YCHHUs, IM0-
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CIy’)KWJIM PaJMOAKTUBHBIC W30TOINbI ITUTYyTOHHS H
ypana — Pu®®, Pu®’, a Takxe X coyeTaHHE B TPH-
wiete (Pu*® + Pu*” + U*¥), koTopbie reHepupyoT
a-u3nydeHue (tabmuna 1), ocBoOOXmarolieecs B
npolecce pacraja pajuoakTHUBHBIX BemiecTs. [1o-
najasi B OpraHu3M 4eI0BeKa 0-4aCTUI[bI MOTYT BbI-
3BaTh TsDKEble mociencTBus. O6nanas OOJbIION
SHEprueH, amb(a-gacTUIBI TPH B3aUMOICHCTBUU
C JPYTUMH BEIECTBAMU MOTYT BBI3bIBATH MX 3HA-
yuTeIbHYI0 HoHM3anuio (Vogiannis, 2015: 1-10).
Tak, B TKaHAX W KIJIETKAX JKUBBIX OPraHU3MOB IPH
TaKOM B3aUMO/ICHCTBHHU MPOUCXOTUT 00pa30BaHUE

cB0oOOIHBIX MOHOB U paaukanos (Laughlin, 2012:
2-8). PammoakTWBHBIC H30TONBI (DAKTHUECKU HE
BBIBOJISITCSI M3 OpraHM3Ma CaMOCTOSITENBHO, TI0-
3TOMy, MOMajgas BHYTPb OpraHu3Ma, OHH OyAyT
00JTydaTh TKaHU U3HYTPH HA MPOTSHKCHUN MHOTHX
JIeT, MOKa HE MPUBEYT K CEPhE3HBIM M3MEHEHHUSIM
B reneruueckom marepuaine (Kendall 2002: 389-
406). Opranu3M 4YeJIOBeKa HE CIIOCOOEH HEWTpa-
JM30BaTh, nepepaboTarb, YCBOUTh MU YTHIIN3H-
poBaTh OOJNBIIMHCTBO PaJMOAKTHUBHBIX H30TOIOB,
rnonaBmux BHYTph opranm3Mma (Robertson, 2013:
14024-63).

Ta6auua 1 — PagnonyknnaHas akTHBHOCTh HCTOYHHKOB 0L-M3ITy4€HHUs, HCTIONB3YEeMbIX B 3KCIIEPUMEHTE

HcTounuk O-HU3JIy4CHHUSA U €0 CUMBOJI

[TnyTonnii-238
Pu238

InyTonnii-239
Pu239

Tpunner
(]233 + Pu239 + Pu238

PasmoHyKnIHas akTHBHOCTh HCTOYHHKA,
Bexkepens (bk)

4.01*10*

3.80*10° 3.86%10*

HccnenoBanne TEHOTOKCHYECKHX J(PPEKTOB
0-M3ITydeHus] ObLTO OCYIIECTBIEHO C WCIOJIH30Ba-
HUEM IUI0JI0BOM MyIiku Drosophila melanogaster,
JUTSE KOTOpPOH pa3paboTaH psifi TECTOB IO OIICHKE
YaCTOTHl BOHWKHOBEHUS PAa3HBIX THIIOB MYTAaIlWH.
HcnonpzoBanue apo30(uibl Kak MOAETBHOTO 00b-
eKTa B TCHETHYECKHX HCCIICIOBAaHUAX HUMEET Pl
npeumyiects (borgapenko, 2007: 42-44). Mymku
Drosophila melanogaster OTHOCUTEIILHO HEIOPO-
TH U He TPEOYIOT CIIOKHBIX MAHHITYJISIAN TIPU CO-
nepkanun. Kpome Toro, Kak mpaBuiio, CyIIecTBYET
OUYCHb Majl0 OTPaHMYEHUH Ha HMX HCIIOJIb30BaHUE
B J1a00paTOpPHUH MO0 3TUYECKHM TPEOOBAHHUSM U BO-
npocam Oe3zomacHoctr (Kohler, 1994: 216-223).
Kaxnas sxeHcKas Myxa MOXKET OTKJIaJbIBaTh OO0 ~
100 saun B nens cpokom a0 20 auei. [Ipumepno 10
nmueit mpu 25°C TpedyeTcst sl SMOpPHOHA, YTOOBI
JOCTHYB CTAJAHMU B3pociiol Myxu. TakuM oOpazom,
OTHOCHUTEIHHO MPOCTO MOIYYUTh OOJBIIIOE KOJINYe-
CTBO SMOpPMOHOB WJIM MyX JUIS aHAJIN3a B TEUCHHE
KopoTkoro Bpemen# (Stocker, 2008: 27-44). Taxk xe
MpeuMyIIecTBoM Mymku Drosophila melanogaster
KaK TecT-00BbeKTa SBISIETCS XOPOIIO H3YyYEeHHAs
reHeTHKa 3Toro Buja. boiee Toro ocHoBHBIE OHO-
XUMHYECKHE TIPOIlecchl B KieTkax Drosophila
melanogaster W MIEKONUTAIOMNX WICHTHYHBI.
Xopomuio M3BECTHO, YTO OOJBIIMHCTBO OCHOBHBIX
OMOJIOTMYECKUX MEXaHW3MOB W TYTeH, KOTOpBIC
KOHTPOJIMPYIOT pa3BUTHE W BBDKHBAHUE, Y JPO30-
¢ u moaei oueHb moxoxu: 50% aHaTOTUYHBIX C
MJICKOITUTAIOIIMMA OEJIKOBBIX IOCIIET0BATEIEHO-
creit, okojio 60% COOTBETCTBHI C YEIOBCYCCKUMH
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3aboneBanusmu (Jennings, 2011: 190-195). K no-
CTOMHCTBAM MOKHO TaK € OTHECTH M TOT (hakr,
uto y Drosophila melanogaster B nporiecce Meta-
0on3Ma, Kak U y 4eJ0BeKa, MPOUCXOIUT MUKPO-
COMaJIbHAas aKTHUBAIHSI BEIIECTB, B PE3yJIbTaTe Yero
MIPOMYTareHbl MOTYT MPEBPAIIAThCS B MYTarcHbI.
3TO MO3BOJIAET BBISIBIATH CKPBITHIC MYTareHsbl, KO-
TOpBIE MPHOOPETAIOT TeHOTOKCHYHOCTh B MPOIEC-
ce merabommsma (AOwuies, 2004: 12-21). Tectsl ¢
ucrnonp3oBanueM Drosophila melanogaster pexo-
MeHmoBaHel BO3 it mcciemoBanuss MyTareHHON
U TOKCUYECKOW aKTUBHOCTH KCEHOOMOTUKOB | (hap-
Makosoruueckux cpenacts (Ashby, 1994: 3-12).
Jnst  oueHKM  MyTareHHOM  aKTUBHOCTH
O-MBTYYEHUS Y Jpo30(MIIbl HCIIONB30BAIH Me-
TOJl CHAsHHBIX (CIIETUICHHBIX) X-XpPOMOCOM Ha
Drosophila melanogaster. HacnenoBanue cmnasH-
HBIX, WM CUEIUICHHBIX, X-XpOMOCOM OBLIO BIIEp-
Bble oOmucaHo MEnnepoM MpH HM3YYCHUH MyTa-
TEeHHBIX J(PQPEKTOB PEHTTEHOBCKOTO H3IYUYCHUS
(y-m3nmyuenue). Tect-cucremMa CHasHHBIX, WU
CIICTJICHHBIX, X-XPOMOCOM MOET MPUMEHSITHCS
JUIss OOHApYKEHUsS BUIAMMBIX PEIECCCUBHBIX, CIIE-
IUIGHHBIX C TI0JIOM MYTalWd B MEPBOM TOKOJICHHU
y caMIlOB, JTHOO Ui OOHAPYKECHUST MyTalluil ¢ He-
ABTOHOMHBIM TIPOSIBJICHUEM, Ha3bIBAEMBIX YCJIOB-
HbIMU. MeTo/ OCHOBaH Ha TOM, YTO CLEIJICHHBIC
X-XpOMOCOMBI Bcerjia TepelaroTcs BMECTE, Tak
KaK OHHW COEJIMHEHBI 10 LeHTpoMepe. Y CaMOK CO
CICTUICHHBIMH X-XpOMOCOMaMHU B TE€HOTHIIE MpHU-
CYTCTBYET TaKKe Y-XpOMOCOMa, KOTOPYIO OHH TO-
JAy4aroT ot otna. [Ipy ckpenmBaHuKM TaKUX CaMOK
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(XXY) ¢ HopmanbHbiMu camuamu (XY) B cienyro-
1IIeM TIOKONIEHHH poskaaroTcsa caMku (XXY) u camIisl
(XY), nonyuaromue oaHy X-XpoMOCOMY OT OTILIOB-
CKOI1 0cobOm, a Y-xpomocomy oT MatepuHckoi (JKu-
Mmynes, 2007: 2-11).

Comarnueckasi peKOMOMHAIUS — 3TO OOMEH
TCHETHYECKHM MAaTepHaJioM MEXIY I'OMOJIOTHY-
HBIMH XPOMOCOMaMH COMAaTHYECKUX KIIETOK B MH-
TO3€, YTO MPHUBOAUT K OOpa30BAHUIO MO3AMYHBIX
ocobeii (Pragya, 2010: 261-265). Llempto sTOTO
METO/Ia SIBIISICTCS KOMILIGKCHOE OOHapy>KeHHE MY-
TalMid, MHAYOUPOBAHHBIX B COMAaTHYECKHUX KJIETKaX
JPO30(HITBL.

Ecim 06paboTaHHBIX MyTareHOM CaMIIOB CKpe-
CTUTBh C CAMKaMHM, TO BCE MYTalll{, BOHUKAIOIINE
B X-XpOMOCOME CaMLOB, NIEPEAAIOTCS CaMLaM-I10-
TOMKaM, TIO3TOMY BCE PEIIECCHBHBIC MyTallUH TIPO-
SIBIISIIOTCS. B TIEPBOM TOKOJICHUH Y Te€MHU3MTOTHBIX
cam1oB. KonnuecTBo nccie10BaHHbIX X-XpOMOCOM
COOTBETCTBYET KOJIMYECTBY CaMIIOB, HCIIOJIb30BaH-
HBIX B CKPELIMBAHWH, & YACTOTa MyTallMid OIpese-
JSieTCsl KaK OTHOLICHHE KOJIMYECTBa CaMIOB, y KO-
TOPBIX TIOSIBUJINCH MYTAIMH, K 00IIEMY KOJMYECTBY
HCCIIeyeMbIX CaMIIOB B MIEPBOM MOKOJIeHHH. Tor-
Jla MyTareHHasi o0OpaboTKa caMIOB, UMEIOLIUX He-
CKOJIbKO PEIIECCUBHBIX MyTallUi, MOXKET OOBSICHUTh
4acTOTy OOpaTHBIX MyTalUi B 3TUX MapKepax — OT
PELEeCCUBHOTO O AUKOTO (DEHOTHIIA.

B okcriepuMeHTe MCIOJIB30BAUCH JIBE TECTO-
Beie JuHUM Drosophila melanogaster: Dl1-2 wu
Oregon. Jlunaus DI1-2 Ovina cozmana B MHCTHTYTE
MOJICKYJIIpHOW M KieTouHoi Omonormu CO PAH
U JM00e3HO HaM mpefocTaBieHa. DeHOTUITHYECKH-
Mu Mapkepamu nuHuE OI1-2 sBrstores y (vellow)
— kenroe teno, v (vermillion) — anple TI1a3a y ca-
MOK 1 y (yellow) — xenToe Teno, v- — KpacHbIC riia3a
(normal) y cammioB. Oregon — ato nmuuust Drosophila
melanogaster nukoro tuma. B muamm myx OI1-2
Habmronaetrcs 3QPEeKT MONOKEHHS TeHa — U3MEHe-
HHUE aKTUBHOCTH T€HOB B 3aBUCHMOCTH OT €ro II0-
JIOXKCHUSI B TCHOME, OOYCIIOBJICHHBIN HaIHMYHeM
CIICTUIEHHBIX X-XpOMOCOM MEXIy COOOH M cle-
IIeHHBIX X U Y-XpoMmocoM. J[aHHOe sBIIeHNe OBLIO
oTkpbITo A. CtépreBantom emie B 1925 romy, a B
1935 r. H.I1. Ay6unun u b. H. CugopoB 3ametniy,
4yTo npu 3P PeKTe MONOKEHUs TeH He Tepsiercs, a
U3MEHSIETCS JIUIIb ero coctosiaue (yomnun, 1934:
304-331). C a¢dexroM MON0KESHHUS T'eHa CBsI3aHbI
Y TaK Ha3bIBa€MBbIE YCIOBHBIE MyTauu (MOPQO36I),
MOTOMY KakK TPU TaKUX MYTalUsIX Yalle MOBPEkK/Ia-
I0TCSl HE CTPYKTYpHBIE, a PETYJIATOPHBIE IIEMEHTHI
IC€HOMa, OTBETCTBEHHBIE 38 TPAHCKPHIILIUIO, PETIIH-
KallUIo0, KOMITAKTH3AIIHIO U JIPYTHe BaXKHBIC MPOIEC-

CBI PETYJISIIAN U peaTH3alii TeHETHYSCKON HHPOP-
marun (OKumynes, 1993: 490).

PesyabTartsl

Meron cuemieHHbIXx X-XpomMocoM HU  X-Y-
XpOMOCOM OBLI HCHOJNB30BaH Ui OLEHKH MyTa-
TeHHOI aKTUBHOCTH PaJlOHAa W €ro JOYEPHUX TIPO-
IyKTOB pacnana y Drosophila melanogaster. B
9KCIEPUMEHTE HCIOIb30BAINCH CAMKU JIMHUH C
XPOMOCOMHBIMM TiepecTporikamu JII-2, ckpereH-
HBIE C OOJYYeHHBIMHU caMIlaM{ AUKOTO THUTIA JTMHUN
Oregon.

KyneruBupoBanne Myx, 0TOOp W CKpEIIHBaHHE
MPOBOJVMIINCE TIPH TeMIlepaType MPHOINZUTEIHLHO
22°C. Cammnos nuaun Oregon mojBepraim o0myde-
HUIO TpeMs THUTIaMH MCTOYHHKOB B T€UEHHE CYTOK
(24 gaca). Camku U caMIbl cTapie 5 JHei He Hc-
MOJIB30BAINCh B JKCIIEPUMEHTE, T.K. CTapble 0CO-
OM HaKaITUBAIOT B IPOIIECCE JKU3HEEATSILHOCTH
CIIOHTaHHBIEC MYTAIlMM B TCHETHYECKOM MaTepuae,
KOTOpbIE MOTYT MCKa3UTh MOJyYeHHbIC JaHHbIC. B
KOKAYI0 TPOOUPKY MOMEIAIN 10 OJHOMY O0ITy-
YEHHOMY caMIly U T10 JIBe BUPTHHHBIE camku. O0-
JMy4€HHBIX CAMIIOB CKPCIIUBAIH C BUPTHHHBIMU
camkamu ymmHAN Jl1-2 1o cremytomieit cxeme (pu-
CyHOK 1).

Kaxnas kynbTypa wim mpobupka mepBoro mo-
xonenns (F) momsepranach Bu3yanbHOMY aHa-
T3y TOCJe MOJIHOTO BBUIETAa TeHepamuu. IJTOT
aHaJIM3 MPOBOJWIICS Ul BBISIBICHUS MOP(O30B U
Mmonudukanuu. OOpazoBanne MOpPQPO30B — OIHO
13 CBOMCTB YCJIOBHBIX MYTAallUil, KOTOPOE HE CBS-
3aHO ¢ nepBu4HOM cTpykTypoit IHK n Bo3HuKaer
B PEeryJIATOPHBIX T'€HaxX, OTBETCTBEHHBIX 3a 00pa-
30BaHUE MPHU3HAKOB BHYTPHBHJIOBOTO CXOJICTBA
(Chadov, 2000b: 423-426). Mop$o3s1 — 3TO He-
HacJe/JICTBEHHBIE MOP(OIOTHYECKHEe HAPYIICHUS
(ypozcTBa), KOTOpbIE OOpa3yrOTCs B PE3yJIbTAaTe
BO3JICHCTBHS HA OPTaHU3M CTPECCOBBIX (DaKTOPOB
BHemHEH cpeasl (Chadov, 2006: 1053-65). B Ha-
HIeM cllydae CTPECCOBBIM (DaKTOpOM SBISIIOCH
O-M3JTy4YEeHHE.

B nepsom nokonenun (F) Obuti oOHapyKeHbI
MOp(O3bI KPBUIBEB, IJ1a3, TeJa, TOpaKca, aHTeHH, a
TaKke 00pa3oBaHUE MEJTAaHOM Ha pa3HbIX y4acTKax
Tena (PUCYHOK 2). DT MOp]OIOTHIECKHEe N3MEHe-
HUS YKa3bIBAIOT HA MyTAareHHYIO U KaHIIEPOTEHHYIO
aKTMBHOCTb pazoHa u ero JIIP.

AHanm3 uMaro ¢ Mop(o3amMu MoKasaj, 4To I1o-
CIIeJIHAE TMPAKTUYECKW HE BIUSIOT HA JKH3HEICS-
TEJBHOCTh MyX: HE MEIIAIOT CYIIECTBOBATh, CIa-
pUBATHCS M JJaXKEe JaBaTh MOTOMCTBO. Y TIOTOMKOB
OOJIyYEHHBIX MyX B Cliefyromux nokonenusx (F, u
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F,) wacto MoxHO HaOMIOIATL YPOJCTBA PA3TUYHON
CTEIIEHH BBIPAKCHHOCTH, HE BIIMSIOIINE HA KHU3HE-
CIOCOOHOCTh U pazMHOKeHue MyX. [Ipu 0OBIYHBIX
YCIOBUSAX KYJIBTUBUPOBAHUS JPO30(UI B OTCYT-

CTBHE CTPECCOBBIX (DAKTOPOB 3KCIIEPUMEHTATOPHI
TaKKe MOTYT BCTPETHTBCS CO CiTydasiMu oOpa3oBa-
HUsE MOP($030B, HO TIOAOOHOE MPOUCXOJNUT KpaiiHe
penxo (Pamomopt, 1939: 415-417).

yv
< y vt
PP: ¢ 3I1-2 yv' X 3 Oregon
— —
Fi: yv y vt
y< yv*
¢ y vt ? %
yv'

3%

—_—

Pucynox 1 — Cxema mpoBeIcHUsI KPATKOCPOUYHOTO TECTA HA TCHOTOKCHYHOCTh
¢ UCIOJIb30BaHueM JUHUM Drosophila melanogaster D11-2, conepikaliieii ClenicHHbIC
X-XpOMOCOMBI U clieryieHHble X U Y-XpoMocombl 1 i Oregon-R

Kak BujHO Ha pucyske, Mop]o3bl MOryT oOpa-
30BaThCs Ha JIFOOOH YacTu Tena, MO0 OIHOBPEMEH-
HO Ha pa3HbIX YacTiaX. B kmaccudumkarmm Mopgo30B
MOXKHO BBIJICIUTD JiBa OOJBIIMX KJIAcca: «TKaHbt» U
«tkanp-» (Chadov, 2011: 224-240) (Chadov, 2000a:
16-18). «Tkaubt» — 3TO paszIMIHBIC HOBOOOpA30Ba-
HUSI TKaHeH: TeMHbIe MATHA (WM MEJTaHOMBI), TTOXO-
JKMe Ha HEKPOTUYECKHE TISATHA, ITy3bIPH Ha KPBUIbSIX U
Ha Opromike. «TkaHb-» — 3TO OTCYTCTBHE YacTH TKa-
HH WIIK OPTaHOB: OTCYTCTBHE KpbLIa, (haceTok riasa
WM TIEJIOTO TJIa3a, OTCYTCTBHE HOrH. Kak oTMeuarot
WCCIeZIOBaTeNl W HAOOAAN0Ch B HAIINX AKCIIEPH-

MEHTaX, o0IIel 4epToil MOp(O30B SBISETCS acCH-
metpraHOCTh (Uanos, 2004: 1157-72). O6pazoBanue
Mopd030B y nepsoro nokosenus (F) ue 3aBuceno or
ToJ1a MyX, 4TO OOBSICHSIETCSI HApYILICHHEM PabOTHI pe-
TYJISITOPHBIX TEHOB ayTOCOMHBIX XPOMOCOM B PE3yJib-
Tare 0-00mydeHus. Kpome Toro, B CIIeIyrONHX MOKO-
nenusix (F, u F,) tunbsr Mopdo30B He HaCIEn0BATNCE.

BusyanpHblil aHanu3 compoBOXKAAJICA MOJCYE-
TOM KOJINYEeCTBa MyX 0€3 MyTaluii — a, ¢, ¥ C yCIIOB-
HBIMU MyTanmsMu (Mopdozamu) — b, d. O6001IeH-
HBIE PE3YJIbTAThI U UTOT'H CTATUCTUYECKOTO aHAIH3a
MIPEACTABIICHBI B TaOMUIaX 2 1 3.

Tabmnna 2 — Pesynprare! ananmsa Myx F| B TeCT-CHCTeMe CIEIUIEHHBIX X-XPOMOCOM H CHEIIIEHHBIX X-Y-xpomocom (DI1-2)

Hcrounmk Pu®® Pu?’ Tpumer (Pu®® + Pu? + U?3)
a b ) b > a b 2
OnbIT
1797 38 1835 666 28 694 657 24 681
c d d c d
KonTpons
1778 7 1785 1778 7 1785 1778 7 1785
> 3575 45 3620 2444 35 2479 2435 31 2466
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Pucynok 2 — O6napysennbie Mophossl y Myx F, Drosophila melanogaster, nnaylupoBaHHbIE
0J] BO3/ICHCTBHEM alb(ha-H3IyUeHHs OT Pa3nYHbIX HCTOYHMKOB: &) OTCYTCTBHE OJHOTO KpblIia U Menanoma (Pu?®),

d) mstHO Ha Topakce (Pu*);

CpaBHeHHE pe3yJIbTATOB B OIbBITE M KOHTPOJIE
MIpOBOAWIIM IO METOAY XH-KBaJApar C HOHpaBKOﬁ
Ueiitca (Greenwood, 1996: 3-22). Pacuérel Obuin
BBITIOJIHEHBI 110 hopmyie:

_ (Iad—bclg)zN
(a+b)c+d)(atc)(b+d)

xZ

e
- a, ¢ — Myxu 0e3 MyTaIiii B OIBITE;
- b, d — Myx¥ ¢ MyTallUsIMH B OTIBITE;
- N — o01iiee 4ncio Myx.

b) MenaHoma Ha npaBoii cropoHe Gpromika (Pu?®),

€) HapyLIeHHE KMUIKOBaHHs KpbUIa U accuMeTpust; f) sITHO Ha Opromike (TPUILIeT).

C) YepHBbIe MATHBIKK Ha Oprotike (Pu®?);

Craructruekass o0paboTKa TaHHBIX JKCIIEPH-
MECHTa B OIIBITC CIHCIIJICHHBIX X-XpOMOCOM n cue-
wieHHbIX X-Y-xpoMmocoM snuHuE OlI-2 ¢ mcnons-
30BaHHEM HCTOYHHMKOB O-m3iaydeHus Pu*s, Pu®’ u
tpumera (Pu*® + Pu”’ + U*’) nokasana, 4to
X s, TP P<0,05, mosydennbie 3HaueHus x* 3Kc-
NEePUMEHTOB OOJIbIIE, YeM KPUTHYECKHE MPHU TPeX
ypoBusx 3Hagumoctu 0<0,05, 0<0,01, 0<0,001 (mo
tabmuue ans df = 1). CnenoBatensHO, MBI OTBEpra-
€M HYJIEBYIO THUIIOTE3y O TOM, YTO MHIYKIHS MOp-
¢$o30B He 3aBUCUT OT a-uzinydeHus (Imortos, 1982:
264).
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Tabauna 3 — Pe3ynbrarsl CTaTUCTUUECKOTO aHAJIN3a B TECT-CUCTEME CIETUIEHHBIX X-XPOMOCOM M CHEIUIEHHBIX X-Y-XpOMOCOM

IInyTonuii-238 [TnyTonuii-239 Tpumer
HcTounnKy o-M3IydeHus Py Pu PutH4 P+ 5
3HaueHus > IKCICPUMCHTA 19,4 49,2 38,8

Kpurraeckne 3HaueHus x> Ipu
pa3sHbIX YPOBHSIX BEPOSITHOCTU

3,841 npu df = 1 u ypoBHe
3Haunmoctu 0<0,05

6,635 pu df = 1 u ypoBHe
3Haunmoctu 0<0,01

10,828 mpu df = 1 u ypoBHE
3HaunMocTu 0.<0,001

3akjaoueHmne

Jnst  ompeneneHus: T'€HOTOKCHYECKOTO  3-
(dexTa paJioHa M €ro JOYEpPHUX IPOJYKTOB pac-
Maja HCMONb30BaHA TECT-CUCTEMa CO  ClIie-
IUIEHHBIMH ~ X-XpOMOCOMaMH ¥ CLEIUIEHHBIMU
X-Y-xpomocoMaMH. ['€HOTOKCUYHOCTb 0O-H3JIy4e-
HUSI IPOSIBIISUIACH B 00Pa30BaHUU YCIOBHBIX MyTa-
LU, KOTOpbIE OTHOCSTCA K MyTalusaM ¢ 3G dexTom
TMIOJIO’KEHUS T€Ha, TO €CTh MX MPOSBICHUE 3aBUCHUT
OT M3MEHEHHUsl MOJIOKEeHUs TeHa B reHome. OHHU
3aTparnBalOT HMMEHHO PETYJSATOPHBIE 3JIEMEHTEI
T€HOMa, OTBETCTBEHHBIE 32 BAXKHBIE IPOIIECCHI pe-
TYJISIIMH, Peaju3alui TeHeTHIecKol HH(popManuu
u 3a o0Opa3oBaHHME INPHU3HAKOB BHYTPUBHUIOBOTO
CXO/JICTBA.

CornacHo NOTy4YeHHBIM pe3yJbTaTaM ObLIO BbI-
SBJICHO CTATUCTHUYECKN 3HAYNMOE Pa3In4Me 10 4a-
cToTe MOP(0O30B, HHIYIIUPOBAHHBIX B X-XpPOMOCOME
camioB Drosophila melanogaster nuauu Oregon
npu anbda-o0nydenun. Mcrnons3yeMslii HaMu He-
napaMeTpUYEeCKuil KpuTepuil y> MpoaeMOHCTPHPO-
BaJ, YTO paclpeseieHNus 4acTOT B J3KCIEpUMEHTE

1 KOHTPOJIE CTaTUCTUYECKU OTIM4YatoTcs npu 99%
ypoBHE BeposiTHOCTU. TakuM oOpas3om, mpu o0iy-
YeHUH AP0o30(UIIbl anb(ha-IydaMu MPOSBISETCS UX
FCHOTOKCHYECKAasi aKTUBHOCTD.

B sToM nccrnemoBaHMm ObUI M3y4€H T'€HOTOK-
cudecknii 9 (PexT a-u3mydeHus pajgoHa U ero Mmpo-
IOYKTOB pacrajga Ha pa3BUTHE B TECT-CUCTEME CO
CLCIUICHHBIMH X-XpPOMOCOMAaMHU U CLEMJICHHBIMU
X-Y-xpomocomamu  Drosophila  melanogaster.
Boutn BeIsIBIEHBI MOpP(OIOrHYecKUe TPOSBICHHUS
FCHOTOKCUYHOCTH O-U3Ty4EeHUS:: MOP(HO3BI KpbI-
JbEB, TJa3, XKUBOTA, TPYIAHON KIETKH, aHTCHH WU
MEJIaHOMBI Ha BCEX YacTSAX Tesa. DTH pe3yJIbTaThl
YKa3bIBAlOT Ha MYTAareHHYI0 U KaHLEPOTECHHYIO
AKTHBHOCTh PaJIOHA M €ro JIOUYEPHUX NPOIYKTOB
pacnaza.

HUccnedosanus nposedenvt 6 pamrax HpoekK-
ma Munucmepcmea obpazosanusi u Hayku Pe-
cenyonuxu  Kazaxcman —«Ouxopaouocennoe  no-
pasceHue HaceneHus: U30mMonamu padoHa U e2o
MOOenuposane Ha NyuKax arbga-vacmuy 6 Ouo-
mecmaxy Ne0118PK00050.
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TY3AbI XXKAFAAMAAPADIH, (NACL) COSl ©CIMAITIHIH, (GLYCINE MAX)
MAPAMETPAEPIHE )XOHE CAAbICTbIPMAADbI CY MOALUEPIMEH
XAIbIPAKTAPbIHbIH ®OTOCUHTE3 NMUIMEHTTEPIHIH,
MOALLEPIHE SCEPI

Makanaaa Tysabl >KaraamAapAblH cost ecimMairiHib (Glycine max) ecy napameTpAepiHe >XoHe
CaAbICTbIPMaAbl Cy MeALlepiMeH (DOTOCMHTE3 MUIMEHTTEPIHIH MOALLepiHe acepi 3epTTeAAi. 3epTTey
HbICaHbI peTiHAE COsIHbIH 3 copTbl AAMaTbl, BuTa, Aactouka aabiHAbI. COost ABHAEPIH KeAeCi BapMaHTTap
6ombiHwa 6akpiray, 0,01% NaCl, 0,1% NaCl epiTiHaici KocbiAFaH TonbipakTa 14 KyH ecipiaai. XKep
yCTi MywieAepaAiH y3biHAbIFbI 0,1% NaCl koHueHTpaumsaaa AamaTtbl copTbiHAQ 17%-Fa, BuTta copTbiHAQ
19%-Fa TemeHAereH, aa Aactouka copTbiHAa 28%-Fa. YKep yCTi MyLLeAepiHiH y3bIHAbIFbI GOMbIHLIA
0,1% NaCl >xkorapfbl KOHUEHTpaumsacbiHa AAMaTbl >kaHe BuTa copTTapbl Te3imMAi, aa Aactouka
copTTap cesimMTan GOAbIN TabbiAAbl. Ty3AbIH >KOFaPFbl KOHLIEHTPAUMSICbIHbIH dCEepPiHEH COs COpPTTapbl
TaMbIPbIHbIH KYPFaK, CaAMarbl 6akblAay AEHreniMeH caAbICTbipFraHAa Buta copTbl 32 %-Fa )KorFapblAaraH,
aA Aactouka >aHe AAmatbl copTTapbl 9%-ra >xoHe 19%-Fa TeMeHAereH. AA Ty3abiH ofapbl 0,1%
NaCl KoHUeHTpaumsachiHAQ CYAbIH CaAbiCTbipMaAbl (RWC) mMealwepi Buta coptbiHaa 5%-Fa, AAMaThbl
copTbiHAQ 8%-Fa, AacTtouka copTbiHaa 15%-Fa TemeHaereH. (OOTOCUMHTE3AIK MUIMEHTTEPIHIH
MOALLEPIHIH, e3repyiH aHblKTay ecCy MpOLECTEPiHiH TeXeAy MeXaHM3MAEPIH 3epTTeyiHe MYMKIHAIK
6epeai. XAOPOMAA @ MUIMEHTI MOALLEPi TY3AblH, >KOFapfbl KOHUeHTpaumsicbiHaa (0,1% NaCl) Buta
>xaHe AAmatbl coptTapbl 10%-Fa >eHe 13%-rFa, an Aactouka copTbl 14%-ra GakbiAay AeHremimeH
CaAbICTbIpFaHAa Gipliama TemeHAereH. XAOPOMUAA b MUrMEHTTIH >KMHAKTaAybl MeALLEPi BuTa copTbl
92%, Aactouka copTbl 90%, AAmaTbl copTbl 89% GakbirayFa KaparaHAa KOPCETKILLKE e 60AFaHAbIFbI
aHbikTanAbl. CosHblH, Buta copTtbiHaa 21%-Fa, aA AAMaTbl eHe Aactouka copTtapbiHaa 16%-ra
KapOTMHOMATAPAbIH >KMHAKTaAybl MOALLEPI XKOFapblAaFaHAbIFbl GainkaAabl. OCbl CTPECTEPAIH SCepiHeH
TO3iMAI COg CcOpTTapbiHAQ (POTOCUHTE3AIK MUIMEHTTEP MOALUEPiHIH TOMEHAEYIMEeH, OAApAbIH ecy
AeHreni 60blHLIA TO3IMAIAIrIMEH ©3apa 6aAaHbICTbIH 6ap eKeHAIr 6arkaAAbl.

TyiiiH ce3aep: Cosl, Ty3Abl >KaraaiAap, POTOCUHTES, XAOPOMPUAA, KAPOTUHOMA, COPT, TO3IMAIAIK.
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The effect of salinity (NaCl) on growth parameters and the relative water content,
on the content of photosynthetic pigments in the leaves of soybean (Glycine max)

It was studied by NaCl in the content of in the leaves of soybean plants (Glycine max). The objects of

research were 3 varieties of soybean plants — Almaty, Vita and Lastochka. The plants were grown in the
soils with different concentration of NaCl — 0 (control), 0.01%, 0.1% for 14 days. Photosynthesis plays
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a key role in the process of growth and biomass accumulation. The length of the above-ground organs
at a concentration of 0.1% NaCl in the Almaty variety decreased by 17%, in the Vita variety — by 19%,
while in the Lastochka variety — by 28%. At a given concentration, the root length of varieties Lastochka
and Vita increased by 20% and 14%, respectively. With the action of 0.1% NaCl, the dry biomass of the
aerial organs was reduced in all varieties. To a lesser extent, this indicator decreased in the Vita variety
— by 17%, while in the other varieties Lastochka and Almaty — by 24%. At this concentration, the dry
mass of the roots only increased in the Vita variety by 32%, while in the other varieties it decreased. In
the Lastochka variety, the dry mass of roots decreased by 9% , in Almaty variety — by 19%. The relative
water content (RWC) decreased in all varieties under the action of salinity. With the action of 0.1% NaCl
in Vita variety, this indicator decreased in the least degree — by 5%, in Almaty variety — by 8%, in Las-
tochka variety — by 15%. According to the results of research at concentration 0.1% NaCl, chlorophyll
content was decrease in Vita and Almaty variety by 10% and 13 %, respectively, and in Lastochka variety
— by 14%. Content of chlorophyll b pigment content it was found to be 92% to control for Vita, 90%
— for Lastochka and 89% — for Almaty variety. At 0.1% NaCl concentration, the concentration of carot-
enoids in Vita variety increased by 21%, while in Almaty and Lastochka varieties — by 16%. Thus, the
amount of chlorophyll a and b has declined in the soybean varieties under salinity stress. It was shown
that the chlorophyll content in a resistant Vita variety has diminished to a minor degree in comparison
with the other varieties.
Key words: soybean, salinity, photosynthesis, chlorophyll, carotenoid, variety, resistance.
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Bausinne 3acorenms (NaCl) Ha pocToBbie napameTpbl M OTHOCUTEAbHOE COAEpPXKaHue BOAbI
1 Ha POTOCHMHTETHYECKHE MUTMEHTbI B AMCTbSAX pacteHunit coun (Glycine max)

M3yyueHo Bamnstme 3acorermnst (NaCl) Ha coaep>kaHme (POTOCMHTETUYECKMX MUTMEHTOB B AMCTbSIX
pactenmni com (Glycine max). O6bekTamm MCCAEAOBaHMS IBUAMCb 3 copTa con AAMaThl, Butamn Aactouka.
PacTeHus BbipallMBaAmM B MouBe npwm caeaytolimx koHueHTpaumsax NaCl — 0 (koHTpoab), 0,01%, 0,1% B
noyse B TedyeHme 14 AHen. AAMHa HaA3eMHbIx opraHoB npu koHueHTpaum 0,1% NaCl y copta Aamarbi
CHM>Kanacb 17%, y copta Buta — Ha 19%, B TO Bpems Kak y copTa AacTtouka — Ha 28%. [pn aencrenmn
0,1% NaCl cyxas 61Momacca HaA3EMHbIX OPraHOB CHMXAAACh Y BCEX COPTOB. B HavMMeHbLUen cTeneHm
AQ@HHbI MoKa3aTeAb CHMXaACS y copTa Buta Ha 17%, a y oCTaAbHbIX COPTOB AacTouka U AAMaTbl —
Ha 24%. [pu AQHHOM KOHUEHTpaLMM Cyxas Macca KOpHer YBeAMuMBaAaCb TOAbKO Yy copTa Bura Ha
32%, a y oCTaAbHbIX COPTOB CHMYKAAacb. Y copTa AacTouka cyxas Macca KOpHel CHM>KaAacb Ha 9%
y copta AAmaTbl — Ha 19%. OTHocuTeAbHOe coaepykaHue BoAbl (RWC) cHMXAAOChb y BCEX COpPTOB
npu aAencTBumn 3acoaeHus. INpu aecteun 0,1% NaCl y copTta BuTa AaHHBIM NMOKA3aeTAb CHUMXKAACS B
HauMeHblLLeln cTeneHn — Ha 5%, y copTa AAMaTbl — Ha 8%, y copTa Aactouka — Ha 15%. DoTocmHTE3
UIPAeT KAIOYEBYIO POAb B MPOLIECCE POCTA M HAKOMAEHWMsS BrMoMacchl pacteHusiMu. 1o pesyAbTaTam
UCCAEAOBaHMS COAEP>KaHME XAOPOUAAA @ CHMXKAAOCH Mpu KoHueHTpaumn 0,1% NaCl y copta Buta u
AAmatbl Ha 10% 1 13%, a 'y copTta Aactouka — Ha 14% cooTtBeTcTBeHHO. CoaepykaHue xaopoduraaa b
CHMYKAAOCh B MEHbLLEN CTEMEHM MO CPABHEHMIO C XAOPO(UAAOM a — y copTa BuTa AaHHbI Noka3aTeAb
6bIA paBeH 92%, y copta Aactouka — 90%, y copta Aamatbl — 89%. [Mpur MakCUMaAbHOM KOHLEHTpaLmm
0,1% NaCl HabAAAAOCH YBEAMUYEHWE KOHLEHTPaLMM KapOTUHOUAOB Y copTa Buta Ha 21%, a'y copToB
AAMaTbl M AacTouka — Ha 16%. Takrm 06pasom, KOAMYECTBO XAOPOMAAA A M b YMEHbLLIMAOCH Y COPTOB
COM MOA AENCTBMEM 3acOAeHMs. [1oka3aHO, UTO y YCTOMUMBOrO CopTa COAep KaHWe XAOpPOoMAAa
YMEHbLUAAOCh B MEHbLLE CTEMEHU MO CPABHEHUIO C HEYCTONUMBBIMM.

KatoueBble caoBa: cosl, 3aconeHne, POTOCUHTES, XAOPOUAA, KAPOTUHOUA, COPT, YCTOMUMBOCTD.

Kipicne

Ty3nany — cy karajaybslH/1a OpHaJIacKaH TyYHHE
KY31HIH aybUIIIapyallbUIBIKIICH aliHaIbICAThIH aii-
MaKTapbIHBIH YJIKCH Po0IeMachl.

Kemnreren Kyprak »oHE KapThUIall KypFak
)KEpJIep/ie  TOMBIPAKTHIH  TY3JBUIBIFBl  TaOMFH

ISSN 1563-034X

NPOIIECTEP/ICH HEMECe eTiCTIKTepAl TY3Ibl Cy-
MeH cyrapyra OainaneicThl TyblHAaran (Meloni
2004: 39). bipikken ¥Ynartap YWbIMBIHBIH (BYY)
KOpIlIaFaH oOpTa JKeHiHjaeri OargapiamMachiHia
aybUIILIAPYaIIbUIBIK JKEPICPAiH AyHHE KY31 OOWBIH-
wa 20%-bl Ty3JaHFaH JEN TYXKbIPbIMAAMa KacaraH
(Yan 2008: 1268, Munns 2005: 645).
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Ty3net xxarpaitnapasiy (NaCl) cost ecimairinig (Glycine max) napaMeTpiiepine oHe CalBICTEIPMAIbI Cy MOJIICPIMEH ...

Ty3ap1 TOMBIpaKTap *ep MIApBIHAAFbl MeMJIe-
KETTep/IiH KONTEreH ailMaKTapblH ajbIl JKaThIp.
Ty31b1 TonbIpaKTapAbIH Kol OeJiri HerisineH, Opra
A3HsT MEMIIEKETTEpPIiHJIE OpPBIH albIl OThIp. OCHI
MEMIICKETTEP/IIH CyapMalibl alMaKTaphl IIaMaMeH
65% a31bI-KOeIITi TY3/Ibl TOTBIPAKTapaH TYPaIbl 1T
aiiryra Oomnanel. CoublH imiHze TypikmeHcTaHza
89%, ©Os0ekcranma 70%, Kazakcranma 65%,
Toxikcranga 30%, Keipreiscranna 25% yiecinze.
TomnbIpakTeIH TY3ABUIBIFEI Op TYPJi JKarnaiimapra
OalaHbICThl KanbInTacaibl. KyaHIIBUIBIK, IO
Jlaia ailMaKTap/a Ty3/aHy ke opbiH anajbl. Ce0eoi,
OHJal aiiMakTapia aya palbIHBIH BICTBHIFBIHAH,
JKEJIIH KYIITUTITiHEeH ep OeTiHeH CyIbIH OyJIaHybI
eTe KapKbiHIbl Kypedi. CoraH OalIaHBICTBI Kep
KabaTTapblHAaFel TOMBIPAK epiTiHAicT OyJaHbII
JKOFaphl KOTEPIUITCH CalblH KYpPaMBIHIAFBI €pireH
TY311ap Jia )KOFapbl KOTEPUTiN, TOMBIPAKTHIH YCTIHT1
OcTiHEe KeNTeHJle IPIKTEeNIN JKWHAIBIT KajaJbl.
Ericrikrepai cyapy HOTIKECIHAE J1€, TONBIPAKTHIH
YCTIHIT OeTiHIeri Ty3Jap/blH KOHIICHTPAIMSIChI
keOeiieni, eciMAIK ocyiHe Kepi ocepiH THTi3ei.
Coi cebenTenae Ka3ipri TaHaa 6CIMIIKTepAiH Ty3Fa
TO3IMAUIITIH 3epTTEey MaHbBI3bI OOJIBIN TaObLIAIbI.
Ty3napabiH ocepiHeH 6CiMIIKTEPAiH CBIPTKbI OpTara
peakmmsutapsl na e3repexi ( Usaros 2010: 303).

Kepnin Oetinge 1/15 OGesiri TY3abl Kepiep
OoxbIn caHamanbl. Erep OeilopraHuKajiblK HOH-
mapaeiH emmemi 0,2% acmaca, oHmai Jkepiepi
Ty3chi3 gen caHaiinpl. CombimMeneHn 0,2-0,4 % —
a3 tyabl; 0,4-0,7% — oprama ty3ael, 0,7-1,0%
— KATTBI-KYIITI TY31bl JKEpliep Jel aTallajibl.
Beitopranukaibik noHmapabiH mejrepi 1,0%-ten
kern OoJica, OJapJbl COJOHYAKTap JEM aTaiibl.
Ty31bl TONBIpAKTa 9ETTe KaTHUOHAApJaH Na ke
ke3neceni, Oipak Mg * men Ca?-nma kesmecrtipyre
ooxaner (Cramer 1993: 15).

Ty31e!1 sxepaepie TIHKOQUTTEPE CYIbIH KOHE
MHOHJIAPJIbIH TOMEOCTa3bl KJETKA JKOHE OCIMIIIK
neHredinge Oy3putanel. O TOKCHUKANBIK — dcep
Ocpemi, OwomomuMepiepai 3aKbIMIANABI, ©CyiH
Oastynatansl (Munns 1993: 15).

Ty3neabIkKa Oefiimaeny onapaa kelbip gpusno-
JIOTHSITBIK MEXaHU3MJICPiHC MOHIAPAbI TaHIayIIbl
CiHIpYiH oOpbIHIAyJa Oailikanaasl. MpIcasbl, Yibl
HATpUH Kanuiffa KaparaHaa a3 ciipimemi. Tys-
JApJbIH  apTHIKIIBUIBIFEl JICTITECIKTEp/IeH OeIiHy
apKbUIbl OeyiceHai OesiHinm a3asjbl, COHJBIKTAaH
Jla acCTBIHFBI AMUJACPMHUC TY3Ibl KaOBIPIILIKICH
JKaOBITFaH OoJyazel. by Ty3gap OackagaH KOHFaH
€MeC, IIBIHBIMEH JKallbIpaKTaH OeJiHTeHIIriH
WHTAKTUT JKambIPaKThl IIaiFaHHAH KEWiH TY3IIbI
KaOBIPIIBIKTRIH KaliTa Taina OonyblHaH OaifKayra
0osazbl, ocipece, <OKEeNIi KOJCHKEAES» TY3Ibl

IIAHHBIH KOHYBI MYMKIiH eMec OoJiFaH/ia OaiiKalraH
(Cosgrove 1993: 1321).

Ty3mapabIH KOFapbl KOHIICHTPALUSIAPbI OCIM-
IUKTIH ecyiH Texelai. Orap MUTOKHHUH TOPMO-
HBIHBIH a3a0bIMEH KOHE aOCIM3 KBIIIKbUIBIHBIH
keOeroiMeH OainanpicThl. Knerkanmapaa 1-amuHO-
LUKJIOTpoIan-1-kapOoH KBIIKBUIBI Kebeieni, o1
STHJICHHIH QJIJIBIHFbI KOCBIHJBICHI. [ OpMOHIAP IBIH
MOJIIIEPiHiH 03repyl OCIMIIKTEPAiH TYPAKTHUIBIFbIH
KorapbUtataapl.  KeilOip  3eprreymrinep — ecim-
NIKTEepHIiH ©cCyiHiH OasyayplHbIH ce0edi TY3IbIH
3aKbIMJIAMTBIH OCEPIHEH eMec, OHbIH ce0eOi
aJlanTanusuIbIK  TOPMOHJAP/BIH  JKayalTapbIMEeH
OaiimanpICThl. TYPaKTBUIBIKTBIH ACHTeHl ocyIliH
KBUIIAMIBIFBIMEH TEPIC KOPPEIISAIUS KaThIHACHIH/IA.
basty ecy kopraHbIlI peaknusiapra KEepeK Kol
pecypcTapibl — KYpbUIbIC OSIOKTAP/IbI, SHEPTUSHBI
— 0ocatans! (Kisimes 1989: 195).

Ty3manyIbIH ocepi aybll MAPYaIIbUIBIK JaKbLI-
JTApBIHBIH JKEMICIHIH KeTUTyiHe jKoHe TYIICeHYiHe,
ecyl MEeH OMOMAcCachIHBbIH >KMHAKTAIYbl CEKIJIJI
nporecrepre kepi ocep eremi. COHIBIKTaH aybul
IapyambUIblK - OHIMIEPIHIH carmackl MEH ©OHIM
OepyiH TemeHaeTeli. TY3/bIH )KOFapFbl KOHIICHTpA-
IUSICHI TOTIBIPAK EPITIHIICIHACTT OCMOTHKAJIBIK, O-
TEHIIMAJBIH TOMECHIETE I, OCIMIIKTEpIE Cy CTPECiH
TyblHAATaAbl. EKiHINIIEH, TY3[1aHy ©CIMIIKTep
OpTraHU3MIiHJIC NOH]IbI HHTOKCUKAIUSHBI TYFbI3a/IbI.
Hormxkecinae Ty3nany opTachiHaa YIIIECIMIIK KOHE
KJICTKaJaFbl MOHBI FOMeocTa3 Oy3butajsl (Sairam
2004: 407).

Ty3IbpIH YJIKEH KOHIICHTPAIMSIAPBI JKOHE CY
TalIBUIBIFBI KJICTKaHbIH OeiHyiH xoHe mudde-
peHIMPOBKa TmpouecTepai Texeiai. On  keiOip
TeHICPIIH YKCITpecCHsUIapbIMeH OalmaHbIcThI. Oap
KaJIBINITBI  JKaFJaiga asKcripeccusuianOaiapl. O
TeHJICP/IiH OHIMI KJIICTKaHBIH 06JIIHY JKOHE CO3BUIBII
ecy mporiectepin Texerini (A6bacosa 1993: 464).

Ty3many — Ty3fa Te3iM/Ii )KOHE Ce3IMTaJl OCiM-
NIKTEpHIiH J¢ OcyiH Texehmi. Aumnaiima, omap-
JIBIH  apachlHIAFbl ©CY KBUIJAM/IBIFBIHBIH albIp-
MAaIIBUIBIFBIH TY3/1aHy dcepi OalKanraHHaH KeWiH
OipHemre antanma Oalikayra Oomnanel (Kacymos
1983:142). MyHbI Obliaiima TyciHIipyre OoJajibl,
TY37aHyAbIH OIPIHII CaThICHIHAA OCMOTHUKAJIBIK
KOMIIOHEHT 0OJIa]IbI, SIFHU CY IBIH )KETICIIEYiHE KapChI
peaknmsi Oadkanmaael, COmaH KeWiH HWOHIAPIBIH
TOKCUKAJIBIK 9CEPIHEH OCIMIIKTEp/iH ©3iH-631
Kopray KaOineTiHaeri adblpMalIbUIBIKTAp Maina
oonanpl (bankonwn:45). Ty3nel skarmaitiiapaa ecy
KaJIIIBIH YCTAl TYPY CYy aJMacCybIHbIH PETTETyIMEH,
OCMaTHKaJIbIK OCHiMIeTyMeH KoHe OCIM/IIK KIIEeTKa
KaOBIKIIACBIHBIH KACHETTEPiHIH e3repyimMeH Oaiina-
HeIcThI (DensgeBa 1989: 99).

28 Xabapubl. Dxonorus cepusicbl. No2 (55). 2018



Hypmaxanosa A.C. xone T.0.

¥Ynmnanarel CyAbIH TaIlIbUIBIFBI, SFHU, TY3IbIH
OCMOCTBHIK OCEpiHIH HOTW)KECIHIE OJIAPABIH TOK-
CHUHIHIH KOPiHYl, KYpIeJIeHyl MyMKIiH, SIFHH KJIeTKa
MUTOIUIa3MachlHIa OJKWHANAAbl. by  karmaiina
HOHJBIK TOKCHHIEPAIH ocepi Typa (Oemok meHa-
Typanusicel) ocepi Oalikananbl. TOKCUHIIK TY3/IbIH
BU3YyaJIb/Ibl KOPIHICIH XKarblpaKkTap MEH ca0aKTarbl
HEKPO3JIbIH TY3UTyiMeH OailaHBICTBIpYFa OOJabl.
MyHpaait Ty3abIK 3(G(EKT opTagarbl TY3JbIH KOH-
LHEHTPALUMSICHIHBIH ~ KE3ACHCOK  KOFapbUIayMeH
JKakchl Oarikananel (Munraes 1992: 17).

JKorapel KOHIIEHTPAIHSIIBI TY3/IBIH dCEpi IIUTO-
TUTa3MaHbIH JKOFAPFhl KAOBIFBIHBIH OY3BUTYBIMEH
0alJIaHBICTHI, IIUTOINIA3MAaHbIH OTKI3TIIITIK KaCHET1
JKOFaphl, 3aTTapAblH TaHJaMallbl  JKUHAKTaIy
KaOinerTimiri Temenneini. Ty3 KieTkara CyabIH
TPAHCKPUIIIMSIIBIK  KymmiMeH Oipre enemi. Kerr
JKaraalaa copTaHIaHFaH TOMBIPAK TPAHCKPUIIIIHS
MIPOIIECIHIH KOFaphl KapPKBIHIBUIBIFBIMEH CHIIAT-
TaJaThIH Ka3bl BICTHIK alMaKTap/IaFbl OCIMAIKTEpIe
Ke3J/iece/ll, HOTHIKECIH/IC TY3/IbIH €Hyl KOorapbLiarl,
OCIMIIKTIH 3aKpIMIaHybl apta Tyceni. CoHbIMEH
Kartap TY3Ibl TONBIPAK KYPAMBIHAAFBl XJIOPIIBI
HATPUH[IH JKOFapbhl KOHLEHTpamuschl Oacka Ja
KaTHOHJIAP/IBIH, 9Cipece OCIMIIKTIH TipIILTIIr YIIiH
KOKET Kani, KalblUN CHAKTBI DJIEMEHTTEPIIH
JKUHAKTaIyblHa Kenxepri kacaiinel (Llapunxanosa
2001: 111).

XT0pITbI TY3/aHY JKaFIalbIHIa OCIMAIKTIH OHIM-
JUTITIHIH TOMEHICYl, CBIPTKBI OPTAaHbIH ©3repyiHe
OCIMIIKTIH JaMy MpOLECTepiHiH TeKelyiMeH
chTIaTTaNanbl. OCIMOIKTIH JaMy TIPOIECTEPiHiH
TEXeJy JICHreli MeH OMOMAacCachiHBIH TOMEHIIEYI
cyOcTparTarbl TY3 KOHIEHTPALUSICHI MEH TY3bIH
dcep eTy yaKbIThI apachIHAAFbI TIKEJIeH KOPPEISATUBTI
TOYCJAUIIrT  aHBIKTAIABL. ~ AJaiiga, ©ciMJiKTeri
WOHJIAP/JIbIH JKUHAKTATybl MEH OJIapJbIH TY3¥Fa
TO3IM/IIITIK IEHT €l apachIH/Iarbl TIKEJIeH ToyeI Tk,
OCIMJIIKTIH ©cCyiHe Ty3 JkaHama ocep eTejl.
Keiibip aBTOpnmapAblH alTybl OOMBIHIIA TY3IaHY
IIaFBIHJAFBl  OCIMIIKTEPAIH ©Ccy TPOIECTEPiHiH
TexenyiHe 6acTel ceben yInaaarsl Ty3 MOJIePiHiH
n1aMajal ThIC apTybl eMec, TaMblp ©CKIHAEPiHiH
ecyiHe KaXKeTTi MeTa0OJIU3M OHIMLIITIHIH Tackl-
MaJlJIlaHy Ypaici TemMeHuehai. OCIMIIK TaMybIHbIH
TEXeNyl OHTOTEeHE3JliH OacTamKbel CaThUIAPBIHIA
MUHEPAIIBIK  JJEMEHTTEepHiH  TY3yl  azasjsl
(Crporanos 1973: 51).

Ty3nanyablH >KOFapbsl KOHIEHTpalMschl Oac-
TaIKbIa OCIMIIKTIH TaMbBIp JKYHECiHe ocep eTeni.
byn kxarpaiima TambeIpAarbl  Ty3  epiTiHIiCIMEH
OailyTaHBICATBIH KAXKETTI KJIETKaJap 3aKbIMJaHAJIbI.
TompIpakTarsl HATPHA XJIOPUTIHIH KOHIICHTpA-
[USICBIHBIH KEHETTEH ThIC apTYhI, TAMBIP XKYHECIHeT1
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HMOHJBIK OTKI3TIIUTIKTIH CEeKipMenl Typae apTyblHa
okeneni (ITomesoit 1989: 428). Ty3meH Memmiepi
[IaMajaH ThIC apTKaH Ke3Jle ©CIMJIIK TaMbIPHIHBIH
TYpPrOPJIBIK KACHETi JKOFANBIN, TaMbIp KapaublIil
ketemi (MmxaiinoBckas 1977: 81). TysmeiH Kepi
ocepi eOCIMJIIKTEpJe HEri3ri MHUHEPaJIbIK 3Je-
MEHTTEp MEH KOPEKTIK 3aTTapMeH IKETKLIIKTi
KaMTaMachl3 €TIJIMETeH JKaFjaima apra TyCemi.
CoHbIMEH Karap, 3epTTeY JKYMBICTAphl TaMBbIP
KYHECIHIH CIHIpY KacHeTi Ty3AaHy >KarnaibiHna
TaMBIPJABIH ~ JKalIbl  CIHIpYII  KaOUIETTUIITiHIH
KBICKAPAThIH/BIFBIH KOPCETTI. OCIiMIIK cabarbiH
3epTTEY KYMBICTAPHI TY3JIbIH KJICTKAHBIH OTKI3TiIlI
JKy#eciHe ocepi, ocipece Ty3 CpiTIHIICIHIH XKep
YCTi MyIlIeJepiHe TachIMaJlJaHAThIHBIH KOPCETTI
(Demirae 2006: 72). Xnopnasl HaTpuii TY3bIMEH
TY37aHy Ke3iH/Ie OCKiHAep KBICKApPHII, 6Cy TpoIieci
KbUIIaM ToKTaiabl. Ty3maHy mporiecine acipece
OCIMJIIK JKambIpaFbl ©Te ce3iMTan kenemi. JKammsl
aybul TIAPYyamIbUIBIK JaKbIaphl YIIH TOMEHTI
JKaTbIPAKTAPBIHBIH COJYbl HOTHIKECIH KepCeTe/l.
Makra, ®yrepi, Kypill eCIMIIKTEepiHiH ocy ACHIreni
TOMEHJIETCH, Ty3[daHy — Ty3Fa TO3iMai JKoHe
ce3iMTa ©CIMJIIKTEPIiH JIe 6CYiH Texenal. Analia,
OJIApJIbIH ~ apachIHIAFbl  ©CY  KBUIIaMIIBIFBIHBIH
allBIPMAIIBUIBIFBIH  TY37IaHy dcepi OaliKarraHHaH
KeliiH OipHemie anrtaga kepyre Oomansl (Maggio
2007: 276, Singh :117). Kypiw, )xyrepi, MaKTa ecim-
IIKTEepIe ocy ImapaMeTpiiepi TOMEHIeTeH1 OaitKaapl
(Maggio: 276, Singh 2009: 117, Khan: 11).

TaMbIpIIbIH aliMaKTapbIHAAFbl TY3apJIbIH KO-
Fapbl KOHIEHTPAIMACH TOMBIPAKTAFbl CY/BIH II0-
TEHIMAJIBIH a3aiiTaibl. JleMek, oCIMIIK TOIbIpaKTaH
CyZBl €pKiH CiHIpe aaMai/bl )KOHE CY TaIllIbUIBIFbI
JKacyIlia JCeHrediHae OeruapaTalidsra OKelemi
(Mannan 2013: 31, Kabir 2004: 103, Dolatabadian
2011: 223).

Ty3mel cTpecc ocepiHeH COSHBIH OCy KOpCeT-
KIIITepIMEH KYPBUIBIMABIK ©3repicTepi 3epTTeni.
Cost TepiHUT TIEH BEPMUKYJUTIICH TOJTHIPBUIFaH
IIACTUKAJBIK BIIBICTAPFa OTHIPFBI3BUIIABL. 3epTTey
(5 XyHHEH KeHiH eryleH KeiliH) Ty3Abl CTPECTIiK
oprama 0.25, 50, 100 MkM KOHIIEHTpaIUsCHl Oap
NaCl-i epiTiHOICIH KOCY apKbUIBI SKYPTi3ijImi.
OTBI3 KYH 6TKEHHEH COH 6CYy KOPCETKIIITEePI KOHE
aHaTOMUSUIBIK e3repicTepi 3eprrenai. Hotmxkecinne
TY3IBI CTPECCTIH OCEPIHEH TaMBIp CajaMarbl
afTapibIKTall TeMeEHJereHi OalKalibl, COHBI-
MEH KaTap TY3IBUIBIKTBIH KEpHEYl cailapbiHaH
JKaJIIbl ©CIMJIIK caJMarbl, ©CIMIIK OWIKTIIT MeH
JKaTbIPaK CaHbl a3aiibl. Bip KbI3bIFbI, JKANBIPAKTHIH
KeJeMi TY3[aHy CTPECIHEH 3apjall IICKKEH JKOK.
MUKpOCKOIUSITBIK 3epTTEeYIiH HeT131 KOPCeTKEeH e,
TY3/aHy CTPEC AMUICPMUSIIBIK )KaCyIlagapaarbl Ky-
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Ty3net xxarpaitnapasiy (NaCl) cost ecimairinig (Glycine max) napaMeTpiiepine oHe CalBICTEIPMAIbI Cy MOJIICPIMEH ...

THH Maccachl MEH TPUXOMa CAHBIHBIH alTapIIbIKTai
aApTKAHABIFEI Oalikamrad. EKiHIII kaFbIHAH, TY3IBIH
JKOFapFbl KOHIICHTPALMSCHIHIA 6CIPIITeH COsl COPT-
Tapbl SMUACPMHUC KICTKA KaOBIFBIHBIH KaJbIHIAYBI
TY3IBI CpecC dCepiHeH JKYKapraH, ajl KepiciHIme
KcuiieMa KaObIFbl KasbiHIaabl. COHBIMEH Kartap,
CTpecc JCepiHEH OCIMIIKTE KCHIIEMaHbIH Ty3inyi
MeH opHainacysl esrepres (Tsui-Hung 2008: 1196).

Cost ecimairi axybI3ra 0Oaif, TY3Ibl CTpecc
OCepiHEeH OHIMJIUIrT alTapibIKTail TOMEHIEHII.
Ty3 w™emmepiHiH Ke0ei TYKBIMHBIH OcCyiHe,
TYHIH KYPBUIBIMBIHA, arpOHOMJIBIK CHIIaTTaMa-
JapblHa, TYKBIMJIAPIBIH Carmackl MEH CaHBIHBIH
apTyplHa Kepi ocep eTeli, OChIFaH OalIaHbIC-
Thl  COSHBIH  OHIMAUIH  ToMeHzaeremi. Ty3
CTpeciMeH Kypecy YIIiH cosi OipHelle Te3iMJIiIiK
JIEHTeiiH apTTBIPyBl KEepeK, COHBIH INIiHJe: WOH
FOMEOCTa3blH YCTay; OCMOTHUKAJBIK CTPECKE IKa-
yam peTiHJAe Ty3eTy; OCMOTHKAIBIK OalaHCThI
KaJIlIbIHA KeNTIpY; KoHe 0acka MeTaboym3M KoHe
KYpBUIBIMAIBIK ~ Oelimaenyai  apTteipy. JKorapsl
caThIIaFbl OCIMJIIKTEp/Ie aOMOTHUKAIBIK CTPECCTIK
peakmusUIapasIH HOPMATHUBTIK kemici Arabidopsis
thaliana CcWSIKTBI MOJIENBIIK OCIMIIKTEpJE KeHi-
HEH 3epTTenreH. Ty3 cTpecc peaklusChiHA KaTbl-
CaTBIH KEWOip TOMOJIOTTHIK KOMIIOHCHTTEP COsI-
na aHbIKTayael. Ochbl 1Ioiya 013 Cost KYMBICHIHA
KATBICTBl JKYMBICTApAbl OIpIKTIpyre THIPBICTHIK
JKOHE MOJIEKYJISIPIIBIK JCHTei1e TY3/Ibl CTpecc xKa-
yanTapblH CUIATTAUTBIH JKYMBIC YJTICIH YCBIHJIBIK
(basT 2010: 744).

TombIpakThIH TY3IBUIBIFE QIIEMHIH KOINTEreH
afimMakTapbiHa OypIIaK eHIMACPIH ecipyre YJIKeH
mIeKTey OOJNBIT TaObUIa/bl. TYKBIM OHIMILUIITIH,
cabaK TeH TaMBIPABIH KYpPFaK MaccachlH, COHJaii-
aK JKambIpak KypamblHA TY37bIH 9CEPIH aHBIKTAy
YIIiH OCBl OpTaja ecipUIreH COSHBIH ce3iMTal
copTTapsl  3epTrenmi.  Ty3mapaslH — opTypui
JeHrernepingeri tomnbipakra costbiH Jlu, Koky-
uT xoHe Knapk 63 copTrapsl OTBIPFBI3BLIABL. OCHI
OKCIIEPUMEHTTE  TalJallaHbIIFAaH  TOIBIPAKTHIH
anextp etkisrimTiri (EC) 0,5 dS m 'ten 6ol
TonbipakTeiH TY3abUIBIFEL 0.5, 2.5, 4.5, 6.5 xoHe
8.5 dS m™. JXKep acrtel yirinepin ewjaey YuIiH
KKETTI TY3[bUIBIK JeHrerin any ymid, EC 15 dS
m-1 Gap ApeHaXAbl KaHAIIAH IPCHAXKIBI Cy Taii-
Jananbuibl. OHBL OTBIPFBI3yAAH 10 KYH eTKeHJe
ecy MaibI3bl TipKeNi. 45 KyH/IIK 6CIMAIKTIH KYpFaK
JKOHE KYPFaK CaJMarbIHBIH OJIIeMIepi OJIICH/I.
Na +, K +, Ca2 +, Mg2 + xone Cl-HIH KOpeKTiK
KOHIICHTPAIMACHl  AHBIKTAABL.  TY3JbUIBIKTHIH
JeHreili keOeWreH caiblH, ©CyAiH MHaibI3bl
memmepi Oiprmama temenaereH. CosHbIH JIu cop-
Th1, Koxut men Kmapk 63 coprrapsiHa KaparaHnia

TY3/aHyFa TO3AUIK JCHIeHiH KOFapbUIATTHL. 8.5
dS m™' ke3iHze GapibIK yII COPTTA J1a 6Cy JCHreii
adTapibIKTal TeMmeHueyl Oadkanibl. JlereHmew,
JIu cost copteiia Oacka eki CopTKa KaparaHia ecy
KOPCETKIMT >KOFaphl O00NABL. TY3MBUIBIKTEIH KYIITi
Oapinblk coprrapaa HaTpuit (Na +) jKoHEe XJIOpH[
(Cl-) sxambIpaKTapbIHBIH alTapibIKTall ecyiHe ce-
Oen 60mab1. TY3IBI CTpece 3epTTENTSH COPTTAPIBIH
xanbipakTapeiiga K+, kameuuiinin (Ca2 +)
JKoHe MarHuwiniH (Mg2 +) KMHAIYyBIH a3alTThI.
by 3eprreynin HoTMXKeciHIE COSHBIH JIM copTh
OpTYpPJi KOHICHTPAIMSUIBI TY3Fa TO3IMI JKOHE
JKambIpaKTaparbkl MAKPOHYTPUEHTTEP/IiH KHUHATYBI
apacwIHIAFBI Oaianbic Oap ekeHiH kopceTemi (Raul
2003: 329).

Ty3mpl cTpecc AyHUE >KY3iHAE aybpuIIapya-
IIBUTBIK JTaKBUTIAPBIHBIH IIBIFBIMBIHA KEpl dCepiH
TUTi3yne. OCIMIIKTEPIIH TY3IbUIBIKKA SKayarl
peaKIUsIChl  KIETKAJAAaFbl THIEPOCMOCTBIK IKOHE
WOHJIBIK ~ TeTe-TeHIIKTI JKEHUIIETyre apHalFaH
Oip-OipiMeH yisleciMl OpEeKeT eTETIH KOINTereH
yaepictepaeH Typaabl. Te3IMIiTiK TEeH IBIFBIM
TYPaKTBUIBIFBl  €TiHHIH OHIMJUITIH aHBIKTayFa
KHUBIH/IBIK TYFBI3aThIH KYPJEIl TeHETUKAJBIK MOH
00JIBII TAOBUTAIEI.

Ty30BIH TOKCHKANBIK OCEPIHIH MEXaHU3MIi
oJli TOJILIK 3epTTeiaMereH. MoHAapablH KOFaphl
KOHIICHTPAIIHMSICHI KIICTKAJIAP/IbIH 6CyiH TOKTATa/Ibl,
TBIHBIC aiy, (POTOCHHTE3 MpOIECTEepiHiH Hamap-
JlayblHa aJIblll KeJieJi, ociMIiKke Oacka MuHe-
panabl 3aTTapAblH CiHIPiTYiH, COHBIMEH Karap
KJIETKaJa CyAbl CakTam Typy KaOileTiH Harmap-
nmatanel. EH  anjpIMeH  TY3[apiblH  KOFaphbl
KOHIICHTPAIMSICHl  OCIMIIKTIH ~ MeMOpaHAChIHBIH
KBI3METIH HaIapiaTei, (GepMEHTTEPIiH OeIICeH-
IUTIriH TeMeHzeTeni. MoHaapablH KOFaphl KOH-
HEHTPAIUSICHIHBIH TOMEHJIEYl MOH aJIMaCThIPFBIII
MEeXaHM3MJIep apKbuIbl ky3ere acanbl. COHBIMEH
CYIbIH JKOFQITYbIH OOJIIBIPMANTBIH OCMOCTBIK
KOPFaHBIII KYyHesepi KOChUT bl SIFHH OCMOJIUTTED
HEMECe  OCMONPOTEKTOPJIAPABIH  CHUHTE3/eNyl
xypeni (Gama 2007: 79).

JKanmer Ty3a61 ocep — OyJ1 eCiMAIKTEp OCYyiHIH
Texxenmyi. Ty3mbIH  KOHIEHTpamuscel  Oenrimi
JIEHreire JeiiH JKorapbuiaca, OCIMIIKTIH ecy
YPHAICIHIH KBUIJAMIBIFBl  TEKEIII, ©CIMIIKTIH
MYIIIENIepiapachlHIaFbl KATEIHACTAPBI 03T €PIll, TYTAC
ollapIbIH OMOMacCachIHbIH OIpTIHIET TOMEH/ICYiHe
okenexi. Ty3ablH ocepiHEH OCIMIIKTIH JaMybl,
MeTaboau3Mi MeH (POTOCHHTE3[iH OeICeHIIIIr,
COHBIMEH KaTap TBhIHBIC ajly MeEH (OTOCHUHTE3
OPOLECiHIH ~ KalbIITBl  XKYpyl  Oy3bUIajbl.
OcCIMIIKTET] aCCUMUIISTHTTAPIBIH TachIMalaayhl,
OCJIOK CHHTE31, TOPMOHJIBIK OajlaHC, a30T IIeH
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KYKIPTTiH CiHipiTyi Texeneni, kemipcy, dhochop
JKOHE KYKIpT anMacysl Oy3buiansl. COHBIMEH
Karap, MeMOpaHa MEH OpraHesIanapAblH KbI3METi
MeH oTKisrimTiri Hamapnaigsl (IlomeBoii: 428).
JKyprizinren 3eprreynepre colikec, TY3IBUIBIKTHIH
OCIMJIIK JKalbIpaKTapblHA 3USHIBI 9CEPI KOHIICH-
Tpanusira OalnmaHbicThl ga aptaasl (Jamil 2005:
121, Ha 2008: 74, Bayuelo 2002: 2184, Niaz 2005:
113). Kenteren 3eprreynepae TY3IbIH KOHIICH-
TpauusAchl eciMIIKTepre Keiine Tepic Hemece OH
ocepin turizeTiHairin kepceremi (Taffouo 2009:
135, Memon 2010: 248, Saffan 2008: 159, Turan
2007: 484, Saqib 2006:542, Sultana 2000:211,
Tort 2004:1). bipuemie 3eprreynep TY3AaHYIBIH
OMOXUMUSAIBIK  TPOLECTEPre  HWHTUOMPIEHTEH
dCepiH pacTaiibl, oJlapIblH €H MaHBI3bICH (HOTO-
cruHTEe3 OO0JBIT TaObuIaAbl. Ty3abIH (POTOCHHTE3TE
acep eTyi, o1 (POTOCUHTETHKAJIBIK MUTMEHTTEPTe
JIe 9cep eTeji JereH co3. ApHaibl 3epTTeylepaiy
HOTIDKENIEPIHAE  TY3OBIH  dCepi  3epTTENreH
ecimiikTepae (OTOCHUHTETUKAIBIK MUTMEHTTIH
menmiepi azasabl (Murillo-Amador 2007: 413,
Taffouo 2010: 53).

3epTTey MaTepHaJAaphbl JKIHe dTicTepi

3eprrey 3ep3arel: Cost eciMuiridig 14-KyHIiK
OCKiHJepiHiH yII copThl — Buta, Anmatsl, JlacTou-
ka. Cost eckinaepi 14 kyH tombpakTa (6akpLIay),
0,01% xone 0,1% 0,0 NaCl koHIeHTpaIsIChIHIa
ecipini.

Cosi copmmapuinbiy OUOMEMPUSLIBIK NAPaAMemp-
Jiepine manoay sHcacay

3epTTey Kypri3zy OapbIChIH/A 3epTTEY 0OBEKTIiCl
petinae cosHBIH AnmMatel, Jlacrouka, Bura copt-
Tapbl anblHABL. SIFHU OHBI CaOBIHIBI CYMEH JKYBIIL,
KMnO, anciz epitingicimen 10 MHHYT eHuEWI.
OHIeTeHHEH KeliH OHBI AUCTUIIB/ICHT€H CyMEH Iai-
BIIT, OTBIPFBI3YFa JaibiHAaiabl. Cosi COPTTapbIHBIH
HETI3r ecy OpTachl TOMBIPaKTa YII HYcKa OOWBIH-
ma: 6akputay, NaCl-0,01%, NaCl-0,1% koHmen-
TpauusceiHIa Kyprizinai. Ocel epiTiHaiiepae apma
copTTapbiH 14 KyH ecipin, ecinm HIBIKKaH COsCOPT-
TapelHa CKPUHHUHT JKYPTi3lIei KoHe cabdaFbl MEH
TaMbIpbIHA OMoMacca JKUHAKTATybl aHBIKTaJIaJlbl.
Cost eciMAIriHIH OpKaNHCBHICBIHBIH Ca0aFbIHBIH KOHE
TaMbBIPBIHBIH Y3bIHIBIKTAPBIH OJIICH I JKOHEe OHO-
MaccachlH aHBIKTAy YIIIH ca0arbl MEH TaMbIPBIHBIH
BIIFAJI )KOHE KYPFaK KYH/Ieri calMaKTaphbl oJIIIeHe .
Kyprak canMarbin emiey yiniH 3 caratka 105°C
TEPMOCTaTKa OCIMAIK Myiienepi Koubuiagpl. Cost
COPTTApBIHBIH TY3/IaHyFa TO3IMJIUIIIH aHBIKTAY
MAaKCaThIH/[a KAl KOJJIAaHBICTAFbl OMOMETPHUSIIBIK
QIicl KOJIaHBUIIBL.
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Op TYpai BapuaHTTapJa ecipiireH apra copT-
TapBIHBIH JKaITBIPAFbIHIAFBI CYABIH CaJIbICTHIPMAIIBI
MOJIIICPIH aHbIKTaY

CyneiH cansicTbipmansl Menmiepin (RWC) tady
YIIiH OCIMIIKTIH JKaIbIPaFbIHBIH BIIFAIABl Mac-
cacetH (FW), typropasix Maccace (TW), Kyprax
MaccacbiH (DW) aHbIKTay Kaxer.

JKyMBICTBIH OapbICBl: AJNBIHFAaH COSHBIH 3
COPTBHIH TMETPU TaOaKIIAChIHIA OHJIPIN ajaMbI3.
OcimaikTi eHmipyre 3 KyH KeTelni. OHreH apma
MOHACPIH alIbIH aja MalbIHAaIFaH OpTYpil Ty3
KOHIICHTpalMsUIapblHa ~ OTBIPFBI3aMbI3.  OCIMJIIK-
TEpJli OCHI KOHIIEHTpanusiaa 7 KyH OOMBI ecipemis.
Op BapHWAHTTHIH OCIMIITIHEH S5 OCKIHAI aJblll,
OJNIapABIH MaccachlH emimen anambi3. Ochbl emiemM
0i3ae eciMuikTiH bUTFanabl Maccachl (FW) Gombim
caHajanmpl. OJIMEHTeH ocKiHmepmi 16-18 carat
apaJbIFbIHA JUCTUICHICH CYMEH MHKYyOalusiaii-
MBI3. OCIMAIKTIH Typropislk MaccacbiH (TW) uH-
KyOammsaH kedin emmeiini. Keckinmepai emmey
anjeiHaa QUIBTP Kara3JapbIMEH apThIK bUIFAJIaH
apeITy YwiH KenTipin amazael. Keckinpepni 72
carar 70° C ma xemriprim mkadrTa KenTipemis.
KenriprenHeH keiliH eCIMIIKTIH KypraK MacCachlH
(DW) aHBIKTa#TBIL.

Bapneik emmemaepai ansin O0FaH COH, CyIbIH
canbicteipMasibl Mestmepin (RWC) keneci Gpopmyia
OOMBIHIIIA aHBIKTANBL:

RWC = [(FW-DW)/ (TW-DW)]x100 (1)

RWC — cynpy cansicTeipMaitsl Memmiepi, FW —
putFanael Macca, TW — Typropisik macca, DW —
Kyprak mMacca (Schonfeld 1988: 526).

Tluemenmmepoiy monuwepin canovlk 20icnen
AHBIKMAY

X70po(hUIIT MEH KapaTHHOUTAP JKATTBIPAKTAFbI
(hOoTOCHHTE3TIK aImapaTThIH HETi3Ti KOMIIOHEHTTEP1
0oJbIn TaObUTA BRI, JKamnbipakTarbl MUTMEHTTEPIIIH
MOJIIepl OpraHU3MHIH TIPLIUIIK OpEeKeTiHEe MXOoHE
TeHETUKANBIK ~ TaOWFaThlHA  TAyenai  OoJyaabl.
CoHJIBIKTaH, OHBbI OCIMJIKTIH »ac epeKIIeIiriHe,
OHTOTOHE3/IK KOHE TeHETHKAJBIK €PEeKIIEeITIKTeP Il
CUTIATTANTBIH (PU3NOJIOTHSUIBIK KOPCETKIII PETiHIe
KapacTeipyra Oouyiagpl. [lUurMeHTTepiH Meepi
OCIMJIIKTIH OHIM-O6CKEeH JXepiHe e OailaHBICTHI
oomanel. Cost eciMIIriHIH >KampIpakTapsiHaH 30
mr emmen anbim, 90% cnupT epitiHaiciH ¢ap-
(dhop kemiciHme ce3eMis, SFHH SKCTPAKIHMSIARMBI3.
JlalibIHIaFaH rOMOTE€HATTHl MEKPOLICHTPH(YTaTbIK
npoOupkara ayzaapambiz. llentpudyramay 7000
aitn/mMua 10-15 MUHYT apanbiFblHOA XYpPrizijemi.
AJBIHFaH SKCTPAKTTBhIH KYPaMbBIHIAFbl MTUTMEHT-
TEpJiH KOHILEHTPALMSCHIH CHEKTPOPOTOMETPMEH
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aHBIKTaMBI3. by THUrMEHTTEepAiH  MeJepiH
oTe IONJIIKIICH CaHIBIK OJIICIIEH aHBIKTayFa MYyM-
Kigmik Oepemi. [lurMeHTTEpIiH KOHIEHTpAI[HS-
CBIH CIIEKTPO(OTOMETpPJIE aHBIKTAY (POTOIIEKTPO-
KOJOPHMETpPJErifiell  ONTHKAIBIK  ThIFBI3IBIFbI
OoiibrHIIa aHbIKTal Bl CIEKTPO(hOTOMETp/IE AaHBIK-
Tay (OTOIIEKTPOKOIOPUMETPACTIACH ONTHUKAIBIK
THIFBI3IBIFEI  OOWBIHINA aHBIKTAWIel. CriekTpodo-
TOMETP/IC JKCTPAKTThI ONTHUKAJIBIK ThIFbI3/IbIFbI
XJIOPODWILITIH CIHIPETIH KbI3BLI CIIEKTPJCTI a MCH
b TOJNKBIH Y3BIHABIKTAPbIHA JKOHE KapOTHHOU/I-
Tap CiHIPETiH MaKCHUMYM TOJKBIH Y3bIHJBIKTapbIHA
colikec eJeHeAl. Y I TYPIIi TOJIKBIH Y3bIHBIFBIHIA
emmenik (440,649,665 um).

[MurMeHTTep/IiH KOHIEHTPAIMSICHIH TOMEH/IET1
TEHJICYJICPMEH €CeITeHIi:

90% compTt epiTiHzici
OOMBIHIIA):

Cxm.a=11,63 D663 —2,39 D649

Cxn.b =20,11 D649 — 5,18 D665

Cxia + xin.b = 6,45 D665 + 17,72 D649

Ckap = 4,695 D440,5 — 0,228 Cxit.a + xi1.b

Mynnarel, Cxi.a, Cxn.b, Cxn.a + xm.b, Cxap
— colikeciHIe XJI0poduILT a, b, MEH OJapblH KaJl-
bl MOJIIEPi JKOHE KApOTHHOWJ KOHICHTpAIlHsI-
nmapel, Mr/ir; D — TOJNKBIH V3BIHIOBIKTApFa COHKec
TOXKIPUOEITIK ONTHUKAJIBIK THIFBI3ABIKTAP.

ymin  (Betmreitn

3epTTey HITHKETEPi MEH TAJKbLIAY

Kazakcrannarbl HErisri SKOJOTHSUIBIK Macele-
nepaiy 6ipi on — Ty3maHy. Tomblpak KypaMbIHBIH
MOJIIEPCH ThIC TY3JaHybl aybUIIIAPYalIbUIBIK
JAKBUIIAPBIHBIH OHIM Oepy JCHICHIH TOMCHICTE/I.
TombIpakTeIH ~ TY3IBUTBIFBI  QJIEMHIH ~ KOIITETeH
OeuikTepinae Oypimak eHiMIepiH OHAIPYIIH HeTi3ri
mekTeyi 0onbin Tabbuiagbl. CoraH OaiyIaHBICTHI
TIOHHIH OHY KOPCETKIIITepiHe, Kep acThl, JKep YCTi
MYIIENEepiHiH KypFaK >KOHE BUIFAl MaccachlHa,
COHBIMEH KaTrap >KalbIpaKTapbIHIAFbl CYJIBIH Ca-
JIBICTBIPMANIBI MOJIIIEpPIiH aHBIKTAy YIIIH COSHBIH
TY3ABUIBIKKA CE3IMTaJIbLIBIFBI 3€PTTEIII.

3eptrey oObekTinep perinae 14-KyHAIK COSHBIH
(Glycine max) eckinuepi ambIHIBL. 3epTTEY KYPTi3y
yiIiH costHbIH Buta, Anmarsl, Jlactouka coprrapsl
anbiHbl. COSTHBIH JIOHJIEPiH KeJleci BapruaHTTap Ook-
piama 6akputay, 0,01% NaCl, 0,1% NaCl epitinai
KOCTIachbIMEH TONbIpakTa 7 KYH ecipinmi. XKep actsl
MYIIIEIEPiHIH JKOHE TaMbIpJIapbIHbIH Y3bIHIBIFBIHA,
BUTFaJl J)KOHE KYpFaK cajMaKTapblHA, CYABIH CaJbIC-
THIPMAJIbl MOJIIEpiHe TY3/bl JKaFJalaapablH ocepi
3epTTEII.

Kepycri mymrenepiniH Y3bIHABIFB OOMBIHIIIA
0,1% NaCl xoraprbl KOHIIGHTpAIHMAChIHA AJl-

MaThl JkoHe JlacTouka copTTapbl Te3iMii, ai
Buta coptel cesimTanm Oombim  TaOBUTABL.  OCHI
KOHIICHTpAIMsila JKEPYCTI  MyIIEJIepiHiH — ecyi
0aKplIayMeH CalIBICTHIpFaHIa AJMathl jkoHe Bura
coprrapeiaaa 17% xone 19% xpickapca, an Jlactou-
Ka copThiHa 28%-Fa TeXeNareH. 3epTTey HOTHKECI
OOWBIHINIA, TY3/BIH KOFApFbl KOHIICHTPAIUSCHIH-
Jla COS COPTTapbIHBIH JKEPYCTI MYIIECiHIH ©ocyiH
KeJleciieriied KaTapMeH OpHajacThipyFa OoJajbl:
Anmarsl (83) >Bura (81) > Jlactouka (72). XKepycri
MyIenepinge Omomacca >KMHaKTaysl Burta cop-
teiHAa 17%-ra, an Jlactouka MeH AJMaThl COp-
TeiHAa 24%-ra ToMeHgereni Oaikanasl. bruomacca
KUHAKTAIybl OOWBIHINA IKEPYCTi MYUIeNepiHiH
TO3IMIUIIK KaTrapblH Kejieci Kartap OoMbIMEH
opHanacTelpaMbI3 (OakplIayaaH maibe3el %): Bura
(83) >Anmarsl (76) =JlacTouka (76). (1-cyper).

JKepyel mymmenepiHiH GHOMAacca

JlacTouka
0,19 NaCl

Brira AnmaTel

B Bakpinay 0.01%NaCl

1-cyper — Ty3xs xxarnaitnsig NaCl cost copTTapbIHBIH
Mylenepiniyg 6momacca KHUHAKTaIybIHA acepi
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&0
Bura AnMatet Tactouka
BRakpinay 0,01%NaCl H0,1%NaCl

2-cypet — Ty3nsr xxarnaitneie NaCl cost xepycTi cCOpTTapbIHBIH
TaMBIPBIHBIH OMOMacca XHHAKTAIYbIHa dcepi

Cost  COpTTapblHBIH JKE€p YCTI MYIIENepaiH
BUIFAJT CajMarbl OOWBIHINA 3epPTTEY HOTIKEIepi
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Hypmaxanosa A.C. xone T.0.

HeTi3iHAe Oakpulay JCHIeWiIMEH CalbICThIPFaH/a
Bura copter 11%-ra, an JlacTouka »xoHe AMaThI
coptrapsl 12%-ra sxone 25%-ra ToMmenmerex. JKep
YCTi MYIIENEepAiH bUIFajl caiMarbl OOMbBIHIIA 3epT-
Tey HOTIIKEJIepiHe Keneci KaTap OOibIHAH Kepyre
Oomanel (OakputaymaH maibiel %): Buta (89%) >
Jlactouka (88%) >Anmatsl (75%).

Ty3IbIH JKOFapFbl KOHIICHTPAIMSACHIHIA COS
COpTTapbl TaMBIPBIHBIH ocyi Bura xone Jlacrouka
COpTTapbIHA KaparaHJia AJIMaThl COPTHIHBIH TaMBIP
Y3BIHIBIFBI OipIIIaMa KbICKapFaH. AJIMAThl COPTHIH/IA
TaMBIp Y3BIHIABIFEI 26%-Fa TeMeHzece, an Buta
skoHe JlacTouka COpPTTapbhIHIA TaMbIp Y3BIHJIBIFEI
OaxbutayMeH canbicTeipranaa 14%-ra sxone 20%-ra
JKOFapbLIaraH.

TaMmplp  y3bIHABIFBI  OOWBIHINA — TO3IMALIIK
KaTapblH KeJeciJieri KaTapMeH OpHaJIacThIpyFa 00-
nanpl (0akpUIayaaH naib3el %): Jlactouka (120%)
> Bura (114%) > Anmatsl (74%).

3eprTey OarbIThl OOWBIHINA TY3IBIH JKOFapFBI
KOHIICHTPAIMSACBIHBIH ~9CEPIHEH COSl  COPTTaphl
TaMBIPBIHBIH KYPFaK caJiMarbl OaKblIay JeHreHiMeH
canbicTeiprania Burta coptel 32% -Fa )xoFapbliaraH,
an JlacTouka »oHe AlMaThl copTTapbl 9%-Fa KoHe
19%-ra TeMeH ieTEH.

TaMBIpIBIH KYpFaK caaMarbl OOWBIHINA aJTbIH-
FaH KOPCETKITepl Keeci Ti30eKKe OpHaacThl-
pambi3 (OakputaynaH manbi3el %): Bura (132%)
> Jlacrouka(91%) > Ammarter (81%) (2 cyper).
Ty3apl KaFgaiija TaMbIPABIH Y3BIHJIBIFBI JKEPYCTi
MYLIeJepiMeH cajbICThIpFanaa Oipimama JeHreine
JKoFapbuiarad. KypraKIIbUTBIK sKaFJaldbIHIA ©CiM-
JIKTepAe CTPECCTeH Kally MEXaHH3Mi KOCBLTYBI
MYMKiH, OyJ1 jKarjaia TaMblp KYHECIHIH y3apybl
OaifKaraspl.

CoHBIMEH JKepycTi Mymienepinge Ouomacca
JKUHAKTaIlybl OOWBIHINIA AJnMarel JkoHe Bwuta
copTTapsl Ty3fa Te3immi, amn JlacTouka copThI
cesiMran OoJibill TaObUTABL. Ty3IbIH KOHIICHTpa-
[USUTapbl JKOFAPBUIAHFAH CalbIH (DU3HUOJIOTHSITBIK
nmapameTpiepi TexenreH. JKammmbel TY3IOBIH ocepi
Oy eciMIIKTEp OCYiHIH TeXelylHe oKeJe/l.
Ty3IbIH  KOHILGHTpAIUsCHl  Oenrini  JeHreire
JIeiiH  JKoFrappllaca, OCIMIIKTIH ©cCy YpHiCiHIH
JKBULIAM/IBIFBl  TEXKEJII, OCIMIIKTIH MyIIenepi
apachIHJIaFbl KATBIHACTAPBI ©3TEPIIl, TYTAC OJIAP]IbIH
OroMaccachIHBIH OipTiH/ACT TOMEHACYIHE SKeIe/i.

Ty3IbIH op TYpJli KOHLEHTPAIMSCHIHAA OCKECH
COSl COPTTapbIHAA CATbICHBIPMAILL CY  MOauepi
azaiiran. Temenri 0,01% NaCl koHnieHTpanuscpHIa
OCKEH COsI COPTTapbIHBIH JKAIbIPAKTapbIHAAFbI
CaJIBICTBIPMaNbl Cy Meuuiepi OakpllayMeH Callblc-
ThIpraHga AnMatel copTeiHa 4%-ra, Burta cop-
TeiHma S5%-ra, Jlactouka copteiHma 12%-ra
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teMmeHgiereH. CyablH  CalbICTBIPMANIBI  MOJIIEPi
OOWBIHIIIA  COPTTApPABI  Kelleciferige KaTapra
opHanacTeipyra Oomaapl: Anmatel (96%) >Buta
(95%) > Jlactouka (88%).
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Nacrouka
10,1%NaCl

Bura Anmatel
BEakpinay 0.01%NaCl

3-cypet — Ty3zb! xarnaiinsiH NaCl cost copTTapbIHbIH
cansicThipMaltsl ¢y Metnepine (RWC) acepi

An ty3neiH korapel 0,1% NaCl xkonnen-
TPALMACHIHIA CY/ABIH CAJBICTBIPMAJIbl  MOJIIIEpi
Bura copteiHga 5%-ra, Anmatel copTeiHza 8%-
ra, Jlacrouka copteiaaa 15%-ra TemenaereH. Ocel
KOepCceTKill OoMbIHIIA Kejieci Ti30ek OOHbIMEH
opHayacTeipyra Oonanel: Buta (95%) >Anmats
(92%) >Jlactouka (85%) (3 cyper).

Ty3nany nporiecite acipece eCiMIIK Karbiparbl
ete cesimrtan keineni. COHBIMEH, TY3/bI JKarjaiiia
CYIBTH CATBICTRIPMAJTBI MOJIIIIEPi CE3IMTa COpTTapFa
KaparaHJia Te31M/Ii copTTap/ia }Korapbl 001b1. SIFHH,
Bura xoHe AsMaThl copTTapbl TY3[bl JKaraaiira
Te3iMmi Oonmel, am JlacTouka COPTBIHIA CYABIH
CaJIBICTBIPMAJIbl MOJIIIeP] CE3IMTAJIJBIK TAHBITTHI.
Ty3nany ocepiHeH Jierpaaaius )KoHe OCMOTHKAIBIK
cTpecc maiima Ooyanmbl, COHBIMEH KaTap ©CIMIIK
yiInajgapblHIarel ¢y Meepi Temenaeiai. Harpuit
XJIOPUJIHIH  KOHIIGHTPALUSACHIHBIH  apTybIMEH
OCIMIIK MyImenepi Cymbl cakTay KaOUTIeTTUTITiH
JKOFaJITabl, ajl OYJI ©3 Ke3eriHJie OoCIMIIKTIH Ty3Fa
Te3iMci3lirin kepcereni. bipak eciMaikTiH Typiepi
03 YINaNaphIHIa Cy MOJIIIEPIH 3epTTey KACHETIHIH
oprypaitiriMer cunarraiajibl. COHIBIKTaH ©CIMIIK
JKaTbIPAKTAPBIHJAFEl Cy MOJIIEPIH aHBIKTAy Ma-
HBI3IIBI TO3IMIUTIK KOPCETKIIII OOJIBITT TaOBITA b,

OCIMIIKTEp/IiH OCYiHIe XKoHE OromMacca >Ku-
HakTajdyblHAa  (OTOCUHTE3AIH  OeNCeHaiIiri
Tikemed ocep eremi. POTOCHHTE3MIK ammapar
(dboToCHHTE3 TPOLECIHE HEri3ri pes aTKapaibl.
COHIIBIKTaH (POTOCHHTE3 IIK MUTMEHTTEPiHIH MOJI-
MIepiHIH ©3TepyiH aHBIKTAy ©Cy IPOIECTEPiHiH
TEXeJNy MEXaHMU3MJICPIH 3epTTeyiHe MYMKIHIIK
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Oepeni. Ty3ael karmaiia cos copTTap apachliH-
na (OTOCHHTE3MIK MUTMEHTTEPIIH MOJIICPiHiH
epeKIICNIKTePl KapacThIPBUIABL. 3ePTTeY KYPrizy
OarpiThiHAAa cOsiHBIH (Glycine max) Bura, An-
Mathl, Jlactouka coprrapbl anbiHAbl. Cos copT-
tapeid Oaxpuiay, 0,01% NaCl, 0,1% NaCl kos-
LeHTpanusIchiHaa 14-KyH TombIpakTa ecipifir,
COST COPTTApBIHBIH OCKiHAepi adblHABl. DOTOo-
CUHTE3 TMHUTMEHTTEPIHIH MeJImepiHe  TY3/bI
xKarpainapnery ocepi 3eprrenni. CosHbiH Bura,
Anmatsl s)xoHe JlacTouka copTTapbl KYpaMbIHIAFbI
XJIopohuT @, XJIopoGuil b KOHE KapOTHHOU]
MUTMEHTTEPiHIH MOJIIEPiH CIEKTPOPOTOMETPIIIK
omicTep apKBUIBI JKy3ere achIpblIabl. COSHBIH
Buta, Anmatel, JlacTouka COpPTTapblH TY3/bIH
teMeHri (0,01% NaCl) koHIIeHTpaIusChIHIa XJI0-
podHILT @ TUTMEHTTEPIHIH MOJIIIepi TOMEHACTCHI
Oaiikanapl. Ocel aTtanFaH TY3/bl opTara TO3IMIl
Bura xoHe AnMaThl COPTTapbIHBIH XJIOPO-
¢unn a nmurmentrepinigy Mmemmepi 6%-ra (94%
Oakpuiayra) sxkoHe 7%-ra (93% Oakblinayra)
TOMEHJICTCH, CE3IMTAJJIBUIBIK TaHBITKaH JlacTou-
Ka copTsl 7%-Fa ToeMeHniereH. Cosi COPTTapbIHBIH
TOMEHT1 Ty3 KOHIEHTPAIMICHIHIA XJIOPOPUILT a
MUTMEHTTEPiHIH MOJIIIEPiHiH TOMEHACY ACHIeHiH
Keneci KatapaaH kepyre Oomnanbl (OakpLiaynaH
naiieizel %): Buta (94%)> Anmatsr (93%) = Jla-
crouka (93%).

3eprTey HOTWXKecCi OOWBIHINE, XJIOPOPWIT a
MUTMEHTI MeJIepi TY3IbIH JKOFaprbl KOHIICH-
tpaumsceiaaa (0,1% NaCl) Bura xone AnmaTsl
coprrapsl 10%-ra xone 13%-ra, an Jlacrouka cop-
Thl 14%-ra OakplIay JEHIeHIMEH CajbICThIpFaHa
Oipmama temenpaereH. Keneci Ti30ek KaTrapblHaH
XJIopopwsT @ MeNmIepiHiH IKUHAKTATY pEeTiH
kepyre Oosajbl (OakbulaygaH maibizel %): Buta
(90%)> Anmater (87%) > Jlactouka (86%)
(4-cyper).

Xnopoduiut b TUrMEeHTIHIH )KUHAKTATY MOJIILEpi
ochbl TOJKbIH Y3bIHIBIFRIHA 0,01% NaCl koHIeH-
TpanusAckiHIa Buta copThl Oakpuiay IeHTreiiHeH
1%-¥a, an Anmatsl copTsl 4%-ra, Jlactouka 10%-ra
TemenzaereH. Kesneci Ti30ek KaTtapblHaH XJI0POQHILIT
b MemmiepiHiH XUHAKTAly PETiH Kepyre Ooaisl
(6akputaynan maiibzel %): Buta (99%)> Anmatsl
(96%) = Jlactouka (96%).

3eprreyre amsiHFaH Buta, Anmarsl, JlacTod-
ka coptrapbibi 0,1% NaCl Ty3aslH KOFaprbl
KOHIICHTPAIMSCHIHAA ~ XJIOPOPWIT b  MHIMEHTI
MOJIIIEePiHIH JKUHAKTAIYBl OalKaiabl. XIopoQui
b UTMEHTTIH JKUHAKTAIybl Meiepi Bura copTe
92 % , Jlactouka copTsl 90%, AamaTsl copThl 89%
OaxplIayFa KaparaHa KOPCETKIIIKe e OOJFaH bIFbI
AHBIKTAJIbI.
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Bura AnMaTel JlacTouka
B Baxpiiay 0,01%NaCl H(,1%NaCl
4-cypet — Cost COpPTTapbIHBIH XJIOPODUILT
a IMUTMEHTTEPiHE TY3 HOHAPBIHBIH dcepi
B 120
E
2100 - I :
B &
53? 80
)g E 60 _
v B
ey
= 40 4
=
T 20
o
=]
“ 0
Bura ATNMaTBL JlacTotka
B Bakpimay 0.01%NaCl B0,1%NaCl

5-cypet — Cost COpPTTapBIHBIH XJIOPODUILT
b murMeHTTepiHe TY3 HOHAAPBIHBIH dcepi

Ty3maHyIbIH JKOFApPFhl TY3IBUIBIFBIHBIH dCepi-
HEH XJIOPOoQWII1 b MUTMEHTI MONIIEPIHIH KUHAK-
Taly JCHTeHiH Keyeci KaTapra OpHAJIACTHIPAMbI3
(bakputayman maibi3el %): Bura (92) > JlacTouka
(90) > Anmmarsr (89) (5-cyper).

Ty3meig 0,01% NaCl TemeHri KOHIICHTpa-
OUSCBIHAA a+b xymopodwin Mednmepi Oakbpuiay
neHreiiinen Buta coptemma 2%-ra, an Anma-
Thl koHe JlacTouka COpTTapbIHIAa XJIOPOPHILIISP
Meuepi 5%-ra TOMEH/JIETEH.

Ty3merr (0,01% NaCl) TemeHri KoHIEHTpa-
OUSChIHAA —a+b  XJIOpOPHIUT  KOCBIHBICHIHBIH
MOJIIIepiHiH TOMEHeY JIeHreliH Kemeci Ti30eKTeH
Kepemi3 (0akpUTayaaH mabI3el %): Bura (98) > Au-
Marthbl (95) =JlacTouka (95) (6-cyper).

Ty3neig xoraprel 0,1% NaCl koHmeHTparms-
ChIHaH a+b XJTopodHIT KOCKIHIBICHIHBIH MeJIIepi
Bura coprteiHna Oakpiiayra kaparanga 90%, Aj-
MaTel copTbiHAa 88%, JlacTouka copTeiHma 89%
kypansl (3-cypet). Conmplkran Bwurta copThiHIA
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0,1% NaCl xonueHTpaumsaceinaa a+b xyiopodumn
memmiepi  10%-ra, Jlacrouka copteiama 11%-ra,
Anmatel  copteiHna 12%-ra TemennereH. Cos
coprrapbiabiH TY3161H (0,1% NaCl) xoraprbl KOH-
[EHTPAIMSICHIHA a+b XJIOPOGHIIT KOCHIHIBICBIHBIH
MeJIIIEPiH Kelieci KaTapra OpHaNacThipaMbl3 (0aKbI-
naypaaH naisizel %): Bura (90) > Anmats (88) >Jla-
crouka (89).

105

100

at+b xnopoduinmenmepi, %o

AnMMaTeL

Bura

JacTouka

B BakpLnay 0,01%NaCl m0,1%NaCl
6-cypeT — Cost COPTTapbIHbIH a-+b XI0podut

KOCBIH/IbICBIHBIH HI/II‘MCHTTepiHe TY3 HOHJIaPBIHbIH chpi

Ty3nbig Temenri 0,01% NaCl koHLEHTpaIusCh
SCepiHEeH COSHBIH 3ePTTEYTe ANbIHFAH COPTTAPHIH/IA
KapOTHHOM/ITAP/IbIH KUHAKTATY MeJIIIepi OaKbLiay
JieHreliMeH canbIcThiprania Bura xkone Jlactou-
Ka coptbiHaa 13%-ra, Anmatsl copThiHAa — 9%-Fa
xorapbutaran (7-cyper). Ty3IbIH TOMEHI1 KOH-
HEHTPAIUACHl OCEPIHEH KapOTHUHOWJ MOJIIEPiHiH
JKUHAKTAITybIH KeJleci KaTap OOWbIHA OpHaIacThIpa-
MbI3 (OakpuTaygaH manbe3el %): Buta (113) = Jla-
crouka (113)> Ammatst (109).

3epTTeyre ajlblHFaH COsHbIH Buta, AnmMarsl,
Jlacrouka coprrapsl Ty31bIH 0,1% NaCl xoraprsr

KOHIICHTPAIUACHIHIA KapOTUHOUJTAPABIH KH-
HaKTajJy MeJInepiaae OipiramMa e3repicTeplliH
Oap ekenxiri aikpiHaanabl. CostHeiH Buta cop-
teiHga 21%-ra, an Ainmarel xkoHe JlacTou-
Ka coprrapeiHaa 16%-ra KapOTHHOWITAPIIBIH
JKUHAKTaJTybl MeOJIIepl >KOFapblUIaraHABIFbl Oaii-
Kanabl (4-cypet). Ty3nmplH IKOFaprbl KOHIICH-
TpamUsACHl OCEPIHEH KapOTHHOHWI MOJIICPiHiH
JKUHAKTaJIybIH Keliecl TI30eKKe OpHalacThIpaMbl3
(6axpmaynan maibIzel %): Buta (121) > JlacTou-
ka (116) = Anmmatser (116).
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100
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40

KapomiHoHuaTap Memmepi,%o

Brura

AnMaTel JlacTouka

B Bakprnay 0,01%NaCl (1% NaCl

7-cypet — Cosl COPTTapbIHBIH KAPOTUHOUATAP
MUTMEHTTEPiHe TY3 HOHIAPBIHBIH cepi

JeMek, Ty3 HMOHAAPBIHBIH OCEpiHEH 3epTTey-
re anblHFaH COs COPTTapblHAa (OTOCHHTE3IIK
MMATMEHTTEPIIH IMIHAe XITOPODUIIT @, XJIOPOPHUILT
b, xoHe a+b X10pOhUILT KOCHIHABICBIHBIH MOJIIIEPI
CosHBIH ~Bura koHE AJMaTBl  COPTTApbIHIA
JKOFapbUIaraH, ai JlJacTouka copThIH/Ia TOMEH IETeHI
Oaiikaypl. AJI KapOTHHOMJI MOJIIICPIHIH KUHAK-
TaJTybl COSTHBIH 3epPTTEYTe aJbIHFAH OapIIbIK COPTTA-
PBIH/IA )KOFApbLIaFaH.
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TYPAKTbl OPTAHUKAADBIK AACTAFbILUTAPADIH,
AAAM AEHCAYAbIFbIHA ©CEPI

TypakTbl opraHukablk, AacTarbiwTap (TOA) AEreHiMi3 — XUMMSIAbIK, >KOHE OMOAOTUSIAbIK,
TYPFblAQH KMbIH aXXbIpalTbliH, CyAQ Hawap epin, Tipi aF3aHbiH Mail KabaTblHAQ >KMHAKTaAyFa
GeriMm 60AATBIH YAbl XMMMSABIK, 3aTTap TOObI. TypakTbl OPraHMKAAbIK, AACTaFbllUTAP KaTapblHa aAaMm
AEHCayAblFbl MEH KOpLlUaFaH opTara Kepi acepiH TUriseTiH 12 TOKCMKOAOIMSIAbIK, 3aT Kipeai. Kaaa
3KOXYMeciHAeri Tonblpak, KabatbiHbiH [1XBb-mMeH AacTaHy aeHreitiH adbikTay. 2003-2009 >kbiApap
apaablfbiHAa «KopluaraH opTaHbl KOpFay caAacbl OOMbIHLLIA FbIAbIMUA 3€PTTEYAEP» FbIAbIMU BarbiT
afACbIHAQ XKYpri3iAreH, xaanbl Kazakcran Gorbitiia tipkeareH MXb KaaabikTapbiHbiH, 80% ©ckemeH
KAAaCbIHAQ OPHAAACKAHAbIFbI aHbIKTaAbIM, 06AbIC GoibiHWwa 1200 rektap »xep [MXB-meH AacTaHFaHbl
GeAriai 6oAAbL. ByA 3epTTey HaTMxeAaepi OckemeH Kaaacbl 6oVbIHILIA TOMbIpaK, KabaTbiHaarbl [Xb-
HbIH, >KMHAKTaAy AEHreimiHe 3epTTey >KYPrizy MoceAeciH OYriHri TaHAa ©3eKTi eTin OTbIPFaHAbIFbIH
ANKbIHAQMABL. 3epTTey 6apbICbIHAQ AAbIHFAH HOTMXKEAEp TYPaKTbl OPraHUKaAbIK, AACTaFbILLTAPADI,
COHbIH, iLiHAE MOAMXAOPOUMDEHMAAT TYPaKThl MEHrepyAiH 6acbiM GarFbIThiH aHbikTay, KasakcTaHHbIH
LUbirbic, OHTYCTIK LUbIFbIC aiMarbiHAQFbI SKOAOTUSIABIK, KaFAQMAbI FbIAbIMM TYpFblAQH GaFaray MeH
TYPAKTbl OPraHMKaAbIK, AQCTaFbILLTAP MOCEAECIHE KOFaM MEH LLeLLiM KabbIAAAYFa KYKblIFbl 6ap TyAFaAap
Ha3apblH ayAapyfa KeHiHeH KOAAaHblAaAbl. Tomblpak, YAriaepi n-rekcaHmeH CoKcAeT anmnapaTbiHAQ
KYbIAbIM, KYPambIHAAFbl MOAMXAOPOUEHUA MoALLepi 17,4,3,01-83 MemAekeTTiK CTaHAQPThbl GOMbIHLLA
«Dexsil L2000DX» TMXBb aHaamzaTopbl 6ap «MASTER GC» rasabik Xxpomatorpadta aHblKTaAAbI.
KasaxcratHbiH [Xb-mMeH AacTaHy kafaanbiHa woAy «LLIKO >xeHe Gacka aimakTapbiHbiH [1XBb-meH
AACTaHybl: TeppUTOPUSIHBI GakpiAay >kaHe [Xb Ke3iH Tekcepy — MaCeAeHi ety >KOAAAPbl» >K06ACh!
adCblHAQ OpbIHAAAADBI. 3epTTeyaeH OckemeH KoHAeHcaTop 3aybiThl («YKK3» AK) TeppuTopumscbiHaH
aAbIHFaH TorbIpak, KabaTtbl MeH yluxaopoudenna (TXB) KarabiKTapbl (liamMameH 6-9 ToHHA) ©ckemeH
KAAQCbIHAAFbI XMHAKTayLIbl KOMOEAE CaKTaAbIM, aA 3aybiT 6acka 6arama TEXHOAOIMsFA KOLipiAreHi
GeArini 60AAbl. JKac opraHuM3mAe Ke3 KeAreH aypyAblH TyblHAQybl CbIPTKbl OpTa (DaKTOPbIHbIH
acepiHeH GacTaraTbIHAbIFbI GEATiAT 9FHU, BPTYPAI BerimaeAy hakTopAapbiH GacbiHaH KellipreH xac
OpraHM3MHIH AEHCayAbIK, >KafaalblHa, ©cCin-AamMyblHa 8cep eTyLli CbIpTKbl OpTaHblH, SFHW, TYPaKTbl
OpraHUKaAbIK, AACTaFbILITAPAbIH, KOAANCbI3 8cep eTy cebenTtepiH 3epTTey OYriHri TaHAQ KYHAbI GOAbIN
OTbIp. 3epTTey HOTUXKECIHAE aAblHFaH KOPCETKIlTep OBAbICTbIK, AEHCAYAbIK CakKTay AernapTameHTiHe,
>Kac OpraHM3MHIH, AEHCayAblK, >KafaaiblH 3epTTer, (U3MKAAbIK, AaMyblHA MOHUTOPMHI >KacayAa
KOCbIMLLIA MaTepuaAn peTiHAe >kaHe KasakCTaHHbIH 3KOAOTUSIABIK, XKAFAAMbIH FbIAbIMU TYpFbiAQ Gara
6epin, TypakTbhl OpPraHUKaAbIK, AACTaFbILITAP MOCEAECIH 3epTTer, OHbl 3aHAbl MEKEMEAEPAIH LeLliM
Kabbiapaybl 6OMbIHLLIA 30P MYMKIHLLIAIK 6epeTiH KOCbIMLLIA YCbIHbIC PETIHAE KOAAAHbIAYbIHA 60AQAbI.

Tyrin ce3aep: MOAMXAOPOMMEHUA, TypakTbl OpPraHMKaAbIK, AACTaFbllTap, MNEeCTULMATEP,
TOKCMKOAOT M.
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Impact of persistent organic pollutants on human health

Nowadays pollution of the environment is an actual problem. Persistent organic pollutants (POPs)
are a group of toxic chemicals and poorly digested in water, able to accumulate in the fat layer of a living
organism. Persistent organic pollutants include 12 toxicological substances that adversely affect human
health and the environment. Determination of soil pollution level of PCBs in the urban ecosystem. It was
found that 80% of PCB waste registered in Kazakhstan, and 1200 hectares of land were contaminated
with PCBs. The study was conducted in Ust-Kamenogorsk in the directions of «Environmental Protection
Research» from 2003 to 2009. The results of this study show that today the problem of accumulation
of PCBs in the soil layer in Ust-Kamenogorsk is becoming topical. The results of the study are widely
used to identify priority areas for persistent organic pollutants, including polychlorinated biphenyls,
for scientific assessment of the environmental situation in the East Kazakhstan, South-East region and
to attract attention of those who have the right to make decisions on the issue of persistent organic
pollutants. The soil samples were washed with n-hexane in a soxlet apparatus and the content of poly-
chlorobiphenyl in gas chromatography «MASTER GC» using «Dexsil L2000DX», analyzed according to
state standard 17,4,3,01-83. An overview of the pollution of PCBs in Kazakhstan was carried out within
the framework of the project «Pollution of IVF and other regions of PCBs: control over the territory and
verification of PCBs — problem solving». From the study, the soil and trichlorobiphenyl residues from the
Ust-Kamenogorsk Condenser Plant (UKCP) were stored in the Ust-Kamenogorsk storage compartment
and the plant was transferred to another alternative technology. Today it is known that the onset of any
disease in a young organism begins with the influence of the external environment, that is, the study of
the level and causes of the adverse environmental effects, that is persistent organic pollutants that affect
the health, growth and development of a young organism that has undergone various adaptation factors.
The results of the research showed that the regional health department became an additional material in
the study of the health and physical development of the young organism and scientifically evaluated the
environmental situation in Kazakhstan and studied the problem of persistent organic pollutants and used
it as an additional opportunity for making legal decisions.

Key words: Polychlorobiphenyl, persistent organic pollutants, pesticides, toxicology.
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BAusiHMe CTOVMKMX OpraHM4ecKMX 3arpsi3BHMTeAei Ha 3A0pPOBbe YeAoBeKa

B Hawe Bpemsi 3arpsi3HEHME OKPY>KAIOWEn CPeAbl SIBASETCS akTyaAbHOW npobaemoit. Croiikue
opranunueckue 3arpsasautean (CO3) NpeACTaBASiOT cO60i Pyny TOKCUUYHBIX XMMMUUECKMX BELLEeCTB
M MAOXO YCBaMBalOTCS B BOAE, CMOCOGHbI HAKAMAMBATHLCS B XKMPOBOM CAOE >KUMBOrO opraHmama. OHu
BKAIOYAIOT 12 TOKCMKOAOIMYECKMX BELLeCTB, KOTOPble OTPULIATEABHO BAMSIOT Ha 3A0POBbE YeAOBeKa
M OKPY>KAIOLLYIO CpeAy. ABTOpamu BbIAO NMPOBEAEHO OrNpeAeAeHne YPOBHS 3arpsisHeHus nousbl [1X6 B
ropoACKon skocucteme. bbino o6HapyskeHo 80% otxoaoB [1XB, 3apernctprpoBanHbix B KazaxcraHe,
a 1200 rektapoB 3emAn Obian 3arpsisHerbl [Xb. MccaeaoBaHue npoBoamAoch B YcTb-KameHoropcke
B HarnpaBAeHusx «MccaepoBaHMs MO oxpaHe okpyrkatolen cpeabl» ¢ 2003 no 2009 roa. Pesyabrathbl
3TOr0 MCCAEAOBAHMS MOKA3bIBAIOT, YTO CEroAHs npobaema HakoraeHus [1Xb B mouBeHHOM caoe
B YCcTb-KameHoropcke CTaHOBMTCS aKTyaAbHOWM. Pe3yAbTartbl, MOAyYeHHble B XOAE MCCAEAOBaHWUS,
LUMPOKO UCMOAB3YIOTCS AAS OMPEAEAEHUS NPUOPUTETHBIX 0OAACTEN AASl YCTOMUMBBLIX OPraHUYUECcKmMX
3arpsi3HUTEAEN, BKAIOYAs MOAMXAOPMPOBAHHbIE AMMEHMABI, AAS HAyUYHOWM OLEHKM 3KOAOrMYEeCKOWM
cutyaumm B BoctouHo-Kasaxcrarckoi, KOro-BoctouHoi 06AacTax v npuBAeYEHUs BHUMAHMS TeX, KTO
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MaycymbaeBa A. xxoHE T.0.

MMEET MPaBo MPUHMMATb PeLLEeHUs MO0 BOMPOCY O CTOMKMX OpraHMueckmx 3arpssHmuteasx. O6pasubl
MOYBbI MPOMbIBAAM N-TEKCAHOM B annapate COKCAET M COAEp>KaHWe MOAUMXAOPOUdEHMAA B ra3oBoi
xpomarorpacpmm «MASTER GC» ¢ nomotpio «Dexsil L2000DX» aHaAM3MPOBaAM MO rOCYAAPCTBEHHOMY
ctaHaapty 17,4,3,01-83. O630p coctosiHms 3arpsisHenms MXB KasaxcraHa npoBOAMACS B pamkax
npoekTa «3arpsizHeHre DKO u apyrux pernoHoB NXb: KOHTPOAb Haa TeppuTopueit 1 npoepka MXb —
petueHue npobaem». M3 MccAeA0BaHUS OCTATKM MOYUBbI M TPUXAOPOMdEHNAa 3 YcTb-KameHoropckoro
KoHAeHcaTopHoro 3aBoaa (YKPK) xpaHuanch B YcTb-KamMeHOropckom oTceke XpaHeHus, 1 3aBoA, OblA
nepeBeAeH Ha APYTyI0 aAbTEPHATUBHYIO TEXHOAOTMIO. CeroaHs M3BECTHO, YTO BO3HMKHOBEHUE A0OOW
6OAE3HM B MOAOAOM OPraHM3Me HAUYMHAETCS! C BAMSIHWS BHELIHEN CPEAbl, TO €CTb M3YUYeHUs! YPOBHS
M MPUYMH HeBAAronpusSTHOrO BO3AENCTBUSI OKPY>KAIOLLE CPeAbl, TO €CTb CTOMKMX OpraHnMuYeckmx
3arps3HUTEAen, KOTOpble BAMSIOT Ha 3AOPOBbE, POCT M Pa3BUTME MOAOAOIO OPraHu3ma, KOTOpbI
NMoABEPrcs pa3AnYHbIM (hbakTopam apanTaumn. [oAyYeHHble pe3yAbTaTbl MICCAEAOBAHWMS MOKa3aAM, UTO
pPEervoHaAbHbIA OTAEA 3APABOOXPAHEHMS CTaA AOMOAHMTEAbHbIM MATEPUAAOM B M3YyUYEHWWN 3A0POBbS
M (PU3MYECKOro pasBUTUS MOAOAOTO OPraHM3ma M HAy4YHO OLEHMA 3KOAOTMYECKYIO CUTyaumio B
KazaxcraHe 1 13yuma npobAeMy CTOMKMX OPraHUYecKUX 3arpsisHUTEAEN 1 UCMOAb30BaA ee B KauecTBe

AOTIOAHUTEABHOM BO3MOXKHOCTU AAS TIPUHSTUS IOPUAMYECKMX PELLEHNIT ByAeT.
KAtoueBble CAOBa: MOAMXAOPOUMEHMA, CTOMKME OpraHuMyeckue 3arpsi3HUTEAM, MecTULMADI,

TOKCUKOAOIMN4.

Kipicne

Tagvipoinmer  mayoay — Hezizdemeci  dcaHe
o3exminiei. OTKEH FachIpIbIH 80-KBUIIAPBIHBIH

asrpiaaa [1XB-HbIH KONIaHy KesieMi ojieM OOWbIH-
ma 4 muH. ToHHanaH ackad. [IXDB-HbIH ameMaik
MacmTabTa KeH KOJIAHBUTYBI, OHOJerpamalnsra
TYPaKTBUIBIFBl MEH OHOaKKyMYJISLUsIFa KaOieT-
TINITT KopmiaraH opTaHbl >xahaHABIK JacTaHyra
ymeipaTThl. Keiibip momimertep Ooitpiama [1Xb
JKUHAKTAJIATBIH COHFBI OPBIH OYKIUJIONIEMIIK MYXHT
ekeHi Oenrini Oomnbin oTeIp (PoBuHCKHIA 1990:75).

2003-2009 xpmmap apalbIFBIHAA KYPTi3iITeH
«Kopmaran opranbl Kopray canachkl OOWBIH-
Iia FBUIBIMUA 3€pPTTEYJIepP» IKYMBICHI asiChIH/A,
xkanmel  Kazakcran Ooifpiama  Tipkenren [1Xb
KaIaeIKTapbIHBIH 80% OcKeMeH KanachlHAa OpHa-
JIACKAHIBIFBI aHBIKTAJIBIN, 00JbIc OoMbiHIIA 1200
rektap xep [IXb-men macranransl OenTim OOIIBI
(MenbuukoB 1989:8). Byn 3eprrey HoTHMKemnepi
OckeMeH KaJtachl OOMBIHIIIA TOTBIPAK Ka0aThIHIaFbI
[IXB-HbIH XKUHAKTATy ACHTEHIHE 3epTTEy KYPrizy
MaceJIeCiH OYTiHT1 TaHIa ©3€KTI €Till OThIPFaH IbIFbIH
ankeiHganael. COHABIKTAH J1a, ar3aHbl JACTAaWTBHIH
TYpPaKThl OPTaHUKAJBIK JIACTAFBIITAPIBIH alMaK
OOHBIHIIA TapaldyblHBIH EPEKILIENIriH aHBIKTay
OYriHri TaHza e3eKTi Macese OOJIBII OTBI.

3epmmey mvicanvl. OckeMeH Kamackl AoOma-
KEeTKa BIKIIAM ayJaHbl ayMarbIHIAaFbl TOIBIPAK
yJirinepinig kypambinaars! [IXB memnepi.

3epTTey MeH
MiHeTTepi

KYMBICBIHBIH MaKCaThbl

Kana oskoxyiecinaeri Tomblpak KaOaThbIHBIH
[IXb-meH nactany AeHreliH aHBIKTaY.

ISSN 1563-034X

«OckeMeH KOHJeHcaTop 3aybiThD» AK-HbIH
OckeMeH Kajiachl TOIbIpaK KabaThlHA OCEPiH aHBIK-
Tay YIIiH 3epTTey HBICaHAaphiH Oenriney. Typak-
Thl OpPraHUKAJIBIK JIACTAFBIIITAP, COHBIH IMIIHIC
MOJIUXJIOPOU(EHUIIIH  TONBIpAK KabaTblHA Ta-
pay epekIleniriie apHaiFaH 3epTTeYIiH TOIbI-
paK yarijzepi anblHATBIH OpPBIHIApPBIH Oenriney,
yJriiepai ananusre gaibiHaay. TombIpak yirisie-
piageri IIXB wmemmepin n-rekcanMmeH Cokciet
anmapaTtblHAa XKYBII, KYPaMbIHJAFbl OIUXIOPOU-
(heHnn MemepiH aHbIKTay. 3epTTeYy HOTHXKeNepiH
capartay ’oHe KOPBITHIHABLIAY.

3epmmey  orcymulcoinbly  20icmepi. 3epTTey
JKYMBICBIHA K2)KETTI TOMBIpAK yJIriiepi OckemeH
KaJachl «OCKEeMEH KOHJeHcaTop 3aybiThy AK
OpHalackaH ayMaKTaH op TYpJili KallbIKTBIKTa
3epTTEIICTIH HYKTENIEp OpHBbIHAH aiibiHAb! (1-Kec-
Te, l-cyper). AnbIHFaH yiTinep Kapra OOWBIHIIA
OeNTriNeHin, TOMBIPaKTHIH HYKTEIIK YATiIepl «aua-
rOHaJb OOWBIHIIA KOHBEPT» OJICIMEH ajbIHAJIbI.
Tomeipak  yarinepineH I[IXbB-HbI »KcTpaknmsnay
N-reKCaH epiTKiII KOMETiIMEH COKCIICT annapaThiHa
xky3ere acanbl. [IXB-HbIH caHBIK MOIIIEpPi Ta3/IbIK
xpomarorpadusi KOHIBIPFHICHIH/IA AHBIKTAIBIHAIBI
(Kiroes 2000: 31).

3epmmey  JHCYMbICHINBIY — 2UNOME3ACHL  MeH
HCYMBIC MAHBIZOBbLILIZbL. OIEMAIK SKOHOMHUKAIBIK
MoceleepaiH Oipi KOpIllaraH OPTAHBIH TYPaKThl
OpPTraHUKAJIBIK JIACTAFBIIITAPMEH JIACTAHYBIH TOK-
TaTy Oonbim TaObUIambl. TypaKTbl OpPraHWUKAaBbIK
JaCTaFBIIITAPBIH aIaMAaP/IbIH JICHCAYIIBIFBI KOHE
9KOJIOTHSI )KaFIaliblHa Kay1NTi 9cepi oJIeMHIH )KY31CH
acTaM MeMJIeKeTi KoJl KowraH CTOKTroiibM KOHBEH-
[USICBl  CHUSIKTBI OJIapAbl JIMKBUAAIMSIIAY HeMmece
TapalyblH KbICKAPTY MaKCAThIHJIAFbl XaJIBIKAPAIIBIK
KeJliciM ImapTTapApl OHJAeY YIIiH TackIMajiay-
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bl HYKTE icnerrec Oonabl. Tomblpak TEXHOTEHII
TYBIH/BIIAPIBIH, XJIOPOPTAHUKAIBIK NECTHIUATED
JKOHE T.0. TYPaKThl OPraHUKAIIBIK JTaCTaFbIIITAPIBIH
KHMHAKTAJTybl YIIiH €H KYLITi K3 OOJbIT TaOblIa bl
Kagzipri Tanna xep OeriHae, TaOUFU KOPBIKTAPIIBI
ecenTereHie MEeCTUIUATEPIH KaJIBIKTaphl KOK
xepai Taby MYMKiH eMec.

MarepuaJ skaHe dicTepi

3epTTey KYMBIChIHA KaXETTi TOMBIPaK YATUIEpi
OckeMeH Kallachl «OCKeMeH KOHEHCATOpP 3aybIThD)

AK opnanackan aymMakTaH 9p TYpPJi KalIbIKTHIKTa
3epTTeneTiH Hykrenep Oenrinenmi. (1-kecre, 1-cy-
peT). ANbIHFaH yJariiep kapta OoibIHIIIA OSNTiIeH .

Ierreic KazakcTan o0bIchl AONIaKkeTKa MIaFbiH
aynanbsiHa opHanackaH «YKK3» AK-»1 MaHbIHAH
ANBIHFAH TONBIPAK YITUIEpl albIHIBL. ToOIbIpaK
yirinepinen [1Xb-HbI 3KcTpakuusuiay n-rekcat
epiTKilm  KeMeriMeH  COKCIeT  amnmapaThiHAa
sKy3ere acthl. [IXB-HbIH CaHABIK MeJIIEpi ra3jblK
XpoMaTtorpaus  KOHABIPFBICBIHIA  aHBIKTAJIBL.

Komnnansmran [1Xb-HBIH cTaHAapTTHI epiTIHAICIHIA
KOHIICHTPAIMSIChI 1MI/MIL.

1-cyper — Tombipax yirinepi anslHFaH OpBIHAAD

AJbIHFaH YITUIEp aKkT OOMbIHIIA TipKemim,
pacimaeni.

Tomeipak yarinepin amy 'OCT 28168 mewm-
JICKETTIK CTaHJIapThiHA colikec kyprizingi (Dno-
puHckuit 1990:4). TonblpakThIH HYKTEIIK yITitepi
«JIMaroHaJib OOMBIHIIIA KOHBEPT» dICIMEH aJIbIH]IbI.
Bakpulayra anblHFaH «3JIEMEHTApIbD» Kep TemiMi
HykTecinig 10 cm kabateiHan maccacer 0,2 xr Gona-
TBHIH TONBIPAK YJITiCi KYOBIPIIBI YITiaJIFBIIITEH aJTbIH-
abl. TombIpak yJrijiepi MOJMATUICH KOpanTapblHa
canbrHE! (2-cypet). KonBept amiciMeH 5 HyKTeneH
IBIHFAH TONBIPAK apajacThIpbil, onaH 1 yuri
QJIBIHJIBI.

Ynri anplHATBIH OPBIHHBIH HOMEPI JKOHE KO-
opauHatel Oenrinenai. Tombipak yarinepi xep
KBIPTBHICBIHBIH, KaOaTbIHaH 5 CM TEpeHJIKTE aJbIH-
Iel. Makcumansl TOTBIpaK YITICIHIH Maccachl
cTaHmapt OoibiHIIA 1 Kr KeM emec. AJIbIHFaH
YJTiiepai Tipkey YIUiH yari Hemepi, aJlblHFaH Yari
OpHBI MEH TEPEHJIIT1, TOIBIPAKTHIH THUIIi, JIACTAYIITHI

TYPAIH OOJKaMBbl JKOHE YJTI aly KYHI MaJiMeTTepi
OenrineHai. 1-xecTene TOMbBIpaK YATiIEpi aJbIHFaH
HYKTEJep CUIIaTTaMachl KOPCETITeH.

2-cypeT — OCKeMEH KaTachbIHBIH
TOIBIPAK Ka0aThIHAH AJIBIHFAH TOIBIPAK YIITiIepi
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1-kecTe — TonbIpak yiriiepi ajnbIHFaH HYKTeIEp CHIIATTaMachl

Yori aJlbIHFaH OPbIH Kapra 601‘/'1},.1H111a Anprara yiri aykrenepinig «YKK3» AK- Yri aniran yaxpit
HeMepi HeMepi HAaH KalIbIKTBIFbI, KM

1 15p 0,6 Mayceim, 2013 x.

2 1,1 0.4 Mayceim, 2013 x.

3 1,2 1,0 Mayceim, 2013 x.

4 1,3 1,2 Mayceim, 2013 x.

5 1,4 0,8 Maycebim, 2013 k.

6 13 2 MaycbiM, 2013 x.
Tomblpak  yAriciH — aHamusre — JadiblHAay.  Jail eTilm TericTemn Terim, TepT HYKTeleH allblHFaH
Tomplpak  yiriiepiH Kyprak-aya JKarFgaiiblHa  TONbBIPAK ChIHAMAJapbIH YKAKChLIAI apajaCThIPHIII,

KeJTIpy YIIiH Tac, TaMbIp T.0. KOKbIM TYpJepiHEeH
TazapThil, Qapdop KemiciHIE YCaKTalIbl KOHE
CaHbUIAYbIHBIH auaMeTpi 1-2 MM OOJIaThIH €JIeK-
TeH otkizeni (3-cypet). byn cerHamamapasr 40°C
Temneparypajga kenrtiprim mkadra 1-1,5 carar
ycraiapl. Kenrtipisren ceiHaMajgapibl IOJUITH-
JIeH TUICHKAaChlHAA CaKTalapl. AHajIu3 ajjablHaa
TONBIPAKTBl KAJIBIHIABIFBI | CM-JI€H acHaiThIH-

TiK TOPTOYPHIII KeJIeMiHJe KaliFaH COH, CbIHa-
MaJaH aHaJM3re KaKeTTI MaccachblH KAaChIK HeMe-
ce ImmaTeiab apKbUIBI alafibl a dKCTpaKIHsIayFa
Ka)KeTTI KOJIeM1 OJIIIEH .

4-cyperTe TOMBIpAK YJTICIHEH SKCTPAKT aiy
COKCJICT KOHJBIPFIChIHAA Kyprizinai. Cokcier
KOHJIBIPFBICHI YITIEP/i SKCTpaKIHsiiayFa apHaIFaH
OipHele KypbUIFbUIAP )KUBIHTBIFBIHAH TYPaIbl.

4-cyper — Tombipak ynrinepin CoKcieT KOHIBIPFBICBIH/A
IKCTPAKIMSIIAY JKOHE N-TeKCAHHAH aliay apKbUIbI 0ol ary
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T¥pa1<n,1 OpraHUKaJbIK JIaCTarbIIITAPABIH a/1aM JICHCAYJIbIFbIHA chpi

OkceTpakuusiayra emmeHin ansiaFan 40-50 T
TONBIPAK VATUIEpi CY3Till Kara3zra OpajbIll, COK-
cnerke canblHael 1a, 160 mu n-rexkcanmen 80°C
Temreparypana eki Toyiik Oo#bl Kybuiabl. Kysl-
JBII OOJIFAaH SKCTPAKT KYpPaMbIHIAFbl N-TE€KCaH[b
aiinay oziciMeH OeiHIN anbIHAbI (4-Cyper).

JadplHaanFad TOMBIpaK YJATUIEpiHIH —Kypa-
MbIHAaFel [IXb MemmepiHiH caHABIK MeJmepi

53217-2008 MemCT P memiekeTTiK CTaHIapThI-
Ha coiikec «Dexsil L2000DX» IIXBb anamnuzarto-
pol 6ap «MASTER GC» razasik xpomatorpadus
KoHABIpFeIChIHA aHbIKTanasl (TOCT P: 3217-
2008).

5-7-cypertepae Ttombipak yiriiepin I1XB-ra
aHanm3ney OapbICHIH/IA AlbIHFAH XpoMarorpamma-
nap Oepinrex.
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Result Table (ESTD - CALIBISOIL-KAZGEK2-1-10IZOKTAN26.11.2012 12 27 15- ECD B)

Reten. Time Response Amount Amount Peak Compound
[min] [rcr/n] [%] Type Name
T 3,683 5,961 371,192 29,1]  Ordnr _ {2,4,4-Trichlorobiphenyl
3 4,000 5315 5306,077 781 Ordnr 13,375 5 tetrachiorobiphenyl
& 5557 535 51457 BT ST B S Bentac hiorpbipheny]
I
7 5467 2938 NiA N/A Eror | i2,3,44"5 Pentachlorobipheny]
|
8 5670 3767 WA A Error 13,244,555 Hexachlorobiphe
nyl
Total 831,767 100,0

5-cyper — «YKK3» AK-Han 0,4 KM KalIBIKTHIKTA aJIbIHFAH TONBIPAK YATICIHIH XpOMaTOrpaMMachl
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Result Table (ESTD - CALIB\SOIL-KAZGEKN5-1-10IZOOKTANE 26.11.2012 15 16 56 - ECD B)

Reten. Time Response Amount Amount Peak Compound
[min] [Micr/n] [%] Type Name
1 3,680 1,207 243,248 100,0 Ordnr 2,4,4-Trichlorobipheny|
B3 4167 0,648 N/A N/A Error 2,355 tetrachlorobipheny|
5 5337 1967 N/A NjA Error 3,345 5 Pentac hior pbipheny|
|
6 5,507 0,136 N/A N/A Error 2,3',4,4', 5 Pentachlorobipheny]|
|
Total 243,248 100,0

6-cyper — «YKK3» AK-Han 1,2 KM KalIbIKTBIKTa aJIbIHFAaH TOMBIPAK YJTICIHIH XpOMaTOrpaMMachl
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Result Table (ESTD - CALIB|SOIL-KAZBENZOLN6-1-10ISOOKTANE26.11.2012 16 12 56 - ECD B)

Reten. Time
[min]

Amount

[mir/n]

Response

Peak
Type

Amount
[%]

Compound
Name

3,680 13,042

5630,778

63,07 Ordnr  12,4,4-Trichlorobiphenyl

w

3,993 6,960

314,873

3527  Ordnr 12,255 tetrachlorobiphenyl

5335 457

156,180

175G dnr Y, 345 5 Bentachior pbipheny]

5,667 2,641

N/A

N/A Error 2,2',4,4,5,5-Hexachlorobiphe

nyl

16 6,247 1,568

N/A

NjA Error 12,235,445 Hexachiorobiphe

nyl

Total

8931,830

100,0

7-cypet — « YKK3» AK-HaH 2 KM KalIBIKTBIKTA aJIbIHFAaH TOIIPAK YJTICIHIH XpOMaTorpaMmachl

Tomeipak yirinepiageri [IXb memmepi miexTi
payasibl KOHIICHTpAIUsIaH OipHEeIe ece KeIl eKeHi
Oaiikanmubl (2-xecte). Tombipak ynrinepinnmeri [1Xb
2.4 4-tpuxmopoudenmn,  2,2-,5,5-terpaxioponde-
Hui, 2,2,4,5,5-nenraxnopoudenwn, 2,2,4,4,5,5-rex-
caxyiopOuQeHw, 2,2,3,4,4,5, -renrtaxnopOudeH
TypJiepiMeH cumartanamsl (5, 6, 7-cyperrep, 2-Kecte).

2-kecte — Tombipak ynrinepinaeri [IXb-HbIH caHABIK MeIIepi

3aybIT MaHbIHAH ATBIHFAH TOMBIpaKTarel [IXb men-
mepi 2164,2 — 80439,685 Mr/kr apanbFbiHaa OOJIBII
OTBIp. bapIbIK TOMBIpaK yirijepinae TpuxIioponueHu
anpIkTanapl, 0y1 « YKK3» AK 3aybIThIHIA KO KBIT
KeJIEeMiH/Ie TPUXJIOPOU(EHWIIIH  KOJIAHBUTYbIMEH
TYCiHipineni. 2-KecTele TOMBIPAK —YITUIepiHIET
ITXb-HBIH caHIBIK MOJIIIePi KOPCETLITCH.

Ne TomeIpak ynTici ambIHFaH OPBIH .. . [1Xb xoHTeHEpiHIH HIPK-nman
[IXb xoHrenepiHiy Typi .
Ne CHTIATTaMachl MOJIIIepi, MKI/KT ece apThIK
2 «YKK3» AK-Han 0,4 KM KallIBIKTHIKTA 2,4,4-TpuxiopoudeHrn 33874,171 564,57
1 2,2,5,5-terpaxnopoudeHnn 32986,814 549,78
2,2,4,5,5-neHTaxsopou eHmI 2164,24 36,07
2,2,4,4,5,5-rekcaxnopOudpeHmI I3mikmenmiep
2,2,3,4,4,5,-rentaxiopoueHun I3mikmentiep
4 «YKK3» AK-HaH 1,2 KM KallIBIKTBIKTA 2,4, 4-TpuxnopoudeHun 3474,97 57,91
2 2,2,5,5-terpaxnopoudeHnn I3nikmenep
2,2,4,5,5-nenTaxnopoueHun I3nikmennep
6 «YKK3» AK-HaH 2 KM KallIbIKTBIKTa 2,4, 4-rpuxnopoudenun 80439,685 1340,66
3 2,2,'5,5-terpaxnopoudennn 44926,757 748,78
2,2,4,5,5-nentaxsnopoupeHnn 2231,14 37,19
2,2,4,4,5,5-rexkcaxnopoupennn I3nikmenep
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3aybiTTad  0,4-2 KM KAlIBIKTaH ajbIHFaH
TONBIPAKTHIH OapiblK YATUIEpiHAEC XJIOPABIH 3-6
aTOMBbl Ke3Jlecelli. 8-CyperTe allbIHFaH TOIbIPaK
yarinepinzeri [1Xb memmepi HIPK 36,07-1340,66
ece JKOFapbl eKEeHIIT1 OeTisi OOIbL.

2001 sxputbl CTOKIOJbM KajlachiHAA bipikkeH
¥Yarrap YHbIMBI KypaMmblHa KipeTiH OipHerie
MeMJICKeTTep Oipirim, TYpakThl OpraHUKaJIbIK
JIACTaFBIIITAP/IbI JKOI0 JKOHE KOJIJIaHy asChIH a3aii-
Ty MoceneciHe OalIaHBICTBI FalaMJIBIK KericiMre
KON KoWmpel. bym kemiciMm keiiinHeH CTOKIOIBM
KOHBeHUMCH Aemn artaibln, oraH 2001 KBLIIbIH
23 wmawmbipeigia  Kazakcran PecrmyOnmukachiHBIH
Yxkimeri KochUimbl. CTOKIoiabM KOHBEHIASACHI-
Ha KOJI KOWFaHHAH KEWiH TYpaKThl OpraHUKaJbIK
nactarplrapmMer  kypecynae  KP-meiH  GacTer
MIHIETTEpl KeJecisep OONbIN TaOBUIABI: KOFaMIbI
aKnapaTTaHablpy JeHreiin xorapeuiaty; TOJI
-Ipl Oackapy jkoHe Oaxpuiay OOWBIHIIA apHabI
YKIMETTIK emec opraHmap xoHe Opranmblk A3us

OacKapylIlbl )KOHE aTKapyllbl OMIIIK OprangapbIMeH
KapbIM-KaThIHAC jkacay; TOJI mocenecin memnry »xo-
CHapbIH KYPY JKOHE )KY3€eTe achlpy; MEeMJICKeTapabIK
KapbIM-KaTeiHacTapael opHaTy; TOJI mocenecin
memry OOWMBIHIIA aKusIap, IOHTENeK CToJaap
yiteiMaacteipy (Ctokroipmckas koHBeHuuss UNEP
2001:53).

Kazipri ke3me KopmaraH oOpTaHbBl KOpFay,
0apibIK MEMJICEKETTE ©3CKTI MaceJiere anHalIbIIl,
skahauaplk cunatka ue Oonbin oThlp. CTOKronbsM
KoHBEHIWSCHI OHBIH JKY3€Te€ acCyBIHBIH HETi3ri
MIHJCTTEPiHIH Oipi KOFaMHbBIH OeJiceHe apaliacybl,
COHBIH 1MIiHJAE YKIMETTIK eMeC YHBIMIApbIH KYpY,
Kactap KOFaMbIHBIH OeliCeHe aTCallbICyhl OOJIBII
OTBIp.

Okinilke opaii, Kazakcranaa TypakThl Opranu-
KaJIbIK JIACTaFBIIITAPMEH KYpecy IIapaiapbl apTTa
Kanbin kaThip. Kaszakcranma TOJI macenecimen
Kypecyle YKIMETTIK emec YHBIMAapbl Typajbl
MOTIMETTEp MaMalbl. SIFHU, aFapTyIIBUIBIK KYMBIC

MEMIICKETTepiHIH  OalijlaHblc  JKYHECIH KyYpy;  IIapalapblH KYPri3y KaeT eKeHIIIT1 alflKbIHIa bl

1400 -

—

1200 -

1000 1 O1pux10p6HpennT
800 C OTerpaxaopdHdernT
600 1 i Onearax;topoudenun

i Orexcaxiopéndenna
400 - i
BrenTaxiopdudennt
200 A
0 T T T T
0,4KM 1.2KMm 2KM

8-cypet — TonsIpak KabarsiHaars! nonuxiaopoudenun konrenepinepiniy [IIPK-nan ece apThik Mommepi

3epTTey HATHIKECI

3eprTey  HOTWXKeci  OOMBIHIIA  TOMBIPAK
yarinepinzeri [1Xb menmiepi mekTi payainsl KOH-
LEHTpalusIAan OipHele ece KON eKeHi OalKaiibl
(2-xecre). Tonbipak yarinepiageri [1Xb 2,4,4-Tpux-

J0pOUQeHunI, 2,2:,5,5-TeTpaxiaopoudenu,
2,2.,4,5,5-nenraxmopoudennm, 2,2,4,4.5,5-rek-
caxyopoudenun, 2,2,3,4,4,5,-rentaxiaopoude-

HWI TypJiepiMeH cumattaiangsl (5, 6, 7-cyperrep,

2-kecte). [IXb xoHreHepnepi Tombipak KadaThIHAA
KYPETIH KypAeni YpIicKke KaTbIcaapl. 3aybIT
MaHbIHAH anblHFaH TomblpakTarsl [1Xb wmemmepi
2164,2—-80439,685 Mr/KT apabIFbIHIA OOJIBITI OTHIP.
Anpraran Tombelpak yarinepiageri [IXb memmepi
IPK 36,07-1340,66 ece >xoFapbl eKEHAIri Oenriii
6onner (8-cyper). bapmbik TombIpak yirinepiHige
TpuxiopOudenmn anpikTangsl, 0y «YKK3» AK 3a-
YBITBIHJIA KOTI KbLUT KOJIEMiHAe TPUXJIopOueHUIIIH
KOJIJIAHBITYBIMEH TYCIH i pUTe/Ii.
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MaycymbaeBa A. xxoHE T.0.

KopsIThIHABI

1. IIXb-meH macrtanfaH TEppUTOpPHUIApAA
JKYPTi3iireH KallblHA KeNTipy JKYMbICTapbIHA
KaTBICTBI MOJIIMETTEp OTe a3, SFHU KOIITEreH 3epT-
Teylep JKYMBICHI Karazra TYyCipiJIMETeH J>KOHE
Jepek kesnepi koraynran. Coy cebenti Kasipri
yakpitta TOJI-ra KatbicThl, coHblH iminae [1Xb
KAl HAKTHl aKMmapaTTel Ta0y MYMKIH eMec. by
KOCBIMIIIA 3EPTTEYJICp/Ii Tajan eTeii, ojapibl 3a-
nancei3nanasipyaa [IXb kKypamabl KaaablKTapabiH
CaHBI, yIIBUTBIFBI, XUMISUTBIK KIIACHI TypaTbl aKmapar
kaxeT. TOJI-ra KaThICTBI oI KYHIe JCHIH 3epTTe-
METeH TYPMBICTBIK KAaTThl KJIJIBIKTapbIH KaJIaTbIK
KorimMacel  (Ockemen, [laBmomap  Kamamapsl),
myHjaa I[IXB kypamael maTtepuangap TacbiMal-
JAH/BI,  aybUINIAPYallbUIBIK  OaFbITTaFbl  JKEP
HYKTEJEpiHE JKaKbIH Tay-KeH KOMIUICKCI JKOHE
3JIEKTPOIHEPIrEeTUKANBIK CEKTOpJIap TEPPUTOPHsLIa-
poiana [IXb-HbiH TaOWFy HBICAaHAApFa TapaTybIHBIH
HET'I3T1 3aHIBUTBIKTAPhl aHBIKTAIMATEL.

2. 3epTTey KYMBICHI KOpIIAaraH OpTa HBICaH-
JapbeIHBIH  (TOIBIPAK, Cy, Cy IueriHaiigepi, Ouo-
ta) [IXb-MeH macrany mocenenepi 6ap eKeHIITiH
kepcerTi. Anpiaran monimMertep [1XB-HBIH TOIBI-
pakka xxuHakTany neHreii, [IXb OHoTHKaNBIK KOM-
MMOHEHTTep/le KUHAKTATYBl JKOHE OJIapJbIH TaraM
eHIMJIepiHe TYCy KaymiH cunaTtaiTeid, [1Xb Kypam-
Il Kypajiap/ibl CakTay XKOHE TachIMallfay OpbIH-
JApBIHIAFBl )KHHAKTATY JCHTeHiH CUTIaTTal bl

3. PecnyOnukana kypambigma [IXB  Gap
KYpaJiapbl YTHIU3AUsIIay TEXHOJOTHACHI KOK.
IIXb xypamMasl KOHACHcATOpiIap MEH TpaHchop-

MaTopjap KaJIJABIKTapblH JKOIO/A 3KOJIOTHUSUIIBIK
KayiIci3 TeXHOJIOTUSHBI ETIMi3Te €HT13y KaXeT.
4. 3eprrey HoOTHXKeci OOWBIHIIA TOMBIPAK

yiarinepinzgeri  IIXb  2,4,4-tpuxnopOoudennn,
2,2:,5,5-TeTpaxnopoudeHm, 2,2,4,5,5-nenrax-
nopoudenu, 2,2,4,4,5,5-rekcaxyiopOu(eHIII,

2,2,3.,4,4,5,-rentaxaopOudeHnn TYpJiepiMeH
CHIATTANAJbl. 3aybIT MaHBIHAH AJILIHFAH TOTBIPAK-
tarbl [IXBb wmemmepi 2164,2 — 80439,685 wmr/kr
apanbIFeIHAa OOJBIN OTHIP. OpOip TOMBIPAK YJIri-
nepiageri [1Xb memmepi IIPK 36,07-1340,66 ece
JKOFapbl ekeHairi Oenrim Oosiasl. OchiFaH opaii,
TYPaKThl OPTaHUKAJBIK JIACTAFBIIITAP/IBIH aaM-
JIApJbIH JICHCAYIIBIFBI JKOHE JKOJIOTHS JKarJalbiHa
KayinTi acepi oNeMIIK JECHIeHAe TOJIBIKKAHIbI
3epTTEeyi Tanam eTei.

5. bapnplk TOMBIpAK YATIIEPIHAE TPUXIOP-
oudenun anbikrange, Oyn «YKK3» AK 3aysbl-
TBIHJIA KOI bIJI KOJIEMIHJE TPUXJIOPOUPECHIIIIH
KOJIIaHBLTYBIMEH TYCIHIpisIei.

AJllamMaapbIH JIeHCAYJIBIFbIHA 9Cepi JKaFbIHaH
HerypJibiM kUi kezneceTin [1Xb ke menmepaeri
SKCHO3UIHACKH TEPi aypyJiapbl OOIBIT TaOBLIAEI.
[IXB OykisoneMIIiK aiHaJIBIMFa TYCII, CY JKOHE
aya aFbIMbl apKbIJIbl YJIKCH KAIIBIKTBIKTAPFA Ta-
pananer. [IXB-HBIH KonmaHy AeHTeWiHIH a3aro-
BIHA KapamacTaH, oJlap KOpIIaraH OpTaHbl Jiac-
Tam, ajaM ar3achblHAa Ja Ke3JecKeH. SIFHH, Kac
ar3aHbIH OCIM-/1aMybl 0APBICHIH/IA KAH KYPaMBbIH]Ia
TOJI-tap OousiraH jkarjaiia on 3USHABI 3aTTap
SHAOKPHUH/I KYHEHIH Oy3bUTybIHA, aF3aHbIH aHO-
MaJldsJIBl TaMyblHA ocep eTymli Herisri (axTop
00JIBII TaObLIAIbL.
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INVESTIGATION OF PHYSICO-CHEMICAL
AND MICROBIAL PROPERTIES OF LIGNITE SAMPLES

The main factor in necessity for soil fertility restoration technologies is the catastrophic loss of qual-
ity and volume of soil because of its barbaric exploitation over the past 50 years. 12 million hectares of
land is transformed into deserts and 25 billion tons of fertile soil is lost every year. In this regard, many
countries of the world are potential for new technologies of humus production and creation of eco-black-
earths. It is intended to use lignite as the raw material, which is rich in humic acids. Research aimed at
developing methods to increase crop yields and restore soil fertility is relevant for any country. The basis
for successfully combating catastrophic losses of soil qualities and volumes is laid in the understanding
of the physical and chemical properties of brown coal. Coal is a multicomponent rock, which consists of
a heterogeneous organic mass: coal, moisture and mineral moieties of various composition. Inclusions
of rocks and minerals in coal vary depending on the geological features of the deposits and can be repre-
sented by silicates, carbonates, sulfates, oxides, sulphides, and also salts of humic acids. Microelements
such as Ge, W, Be, U, Se, Zn, Mo, Re, Ag, As, Sb, Pb can also be present.

It was shown for the first time that samples of brown coal lying at a depth of 15-20 cm are sig-
nificantly enriched with bacteria. In addition to the theoretical interest, the study of microorganisms in
brown coal is of practical importance, since brown coal, in addition to its traditional use as fuel, is widely
used in biotechnology as a raw material for the production of humic fertilizers.

The purpose of this work is to study the physico-chemical parameters and the microbiological char-
acteristics of brown coals.

Key words: Lignite, microbial landscape, humus, coal deposit, productivity, soil fertility.
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KoHbIp Kemip yAriaepiHiH, oM3MKa-XMMMUSIADBIK, JKoHe
MMKPOOMOAOTUSIAbIK, KOPCETKILLTEePIH 3epTTey

TonbIpakTbiH KYHAPAbIAbIFbIH KAAMbIHA KEATIPY TEXHOAOIMSCbIHA AereH >kahaHAbIK, CypaHbIC XaHe
OCIMAIK OHIMAIAITIHIH apTybl COHFbI 50 >KblAAQ OHbIH TaObICTbI NAMAAAAHY HOTMXKECIHAE XKEPAIH canachl
MEH KOAEMIHIH anaTka yuiblpaybiHa 6ainAaHbICTbl 60Ayaa. OCblAaiLLa, XKbIA CaibliH 9AEMAE 12 MUAAMOH
rekTap >kep LeAENTTepre arHaAbIm, 25 MUAAMAPA TOHHA KYHapAbl TOMbIPaK, >KOFaAaAbl. By sxafaariaap
arpoeHEepPKaCINTIK TEXHOAOIMSIAAP CaAACbIHAAFbI )KaHa MapaAnrMara GEACEHAT TYPAE KOLLIYAI TaAar eTeAl,
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aran amTkaHAQ, OAapAbl TOMbIPAKTbIH, KYHAPAbIAbIFbIH TYMyCrieH 6aiibiTy apKbiAbl apTTbipy. OcbiFaH
opait, KernTereH eAAepAe ryMyC eHAIPETiH 3KOTOMbIpak, »kacay YLUiH KaHa G1noTexHoAormsiaap 6eAceHA|
TYPAE eHrisiayae. [yMyCTbiH OHAIPICI YIiH TYMUHAT KbILIKbIAFA 6ai LWMKi3aT PeTiHAE KOHbIP KOMIpA|
KOAAQHY YCbIHbIAQAbI. Eric @HIMAIAITIH apTTbipy »K8He TOMbIPakKTbiH KYHAPABIAbIFbIH KAAMbIHA KEATIpY
BAICTepiH a3ipAeyre OGarbITTaAFaH 3ePTTEYAEP KE3 KEATEH €A YLUiH MaHbI3Abl. TOMbIpakTbiH canacbl MeH
KOAEMIHIH, anaTTbl WbIFbIHAAPbIHA KAPCbl KYPECTiH Heri3i KOHbIP KOMipAiH (PU3MKAADIK, XKOHE XUMUSADIK,
KACMeTTepiH TYCiHyre Heri3aAeAreH, COHAbIKTaH KeH OPbIHAAPbIHbIH KOMiPAEPiHE TEXHMKAABIK, capanTay
JKYPri3iAin, OAapAblH XMMUSABIK, Kypambl aHblKTaAAbl. Kemip — TypAi KOMMO3MUMSAAAPAbIH, OHbIH,
ilWIHAE KOMIP, bIAFAA XXOHE MMHEPAAAbIK, KOCbIHAbIAAPbI 6ap reTeporeHAl OpraHMKaAblK, MacCaAaH
TypaTblH KOMKOMMOHEHTTI >XbIHbIC. KeMipaeri Tactap MeH MUHepPaAAApPAbIH KOCBIHABIAAPbI KEHAEPAIH,
reOAOTMSIAbIK, €pPeKLLEAIKTEPIHE BANAAHbBICTbI XKOHE CMAMKATTap, KapboHaTTap, CyAbdaTTap, OKCHMATEP,
CYAb(UATEP, COHAAM-AK, T'YMMH KbILIKbIAAAPbIHbIH, Ty3Aapbl 60Aybl MymMkiH. CoHaan-ak, kemipae Ge,
W, Be, U, Se, Zn, Mo, Re, Ag, As, Sb, Pb cnsakTbl MmkpoaaemeHTTep 6ap.

15-20 cM TepeHAIKTe OpHaAaCKaH KOHbIP KOMIPAIH YATiAepi 6akTepusinapmeH arTapAbIKTan
GanbITbIAFAHADIFbI  aAFall PET KOPCETIAreH. TeOpUSIAbIK, KbI3bIFYLLUbIAbIKTAH 0acka, KOHbIP Kemip
MMKpPOaF3aAapblH 3epTTey NPakTUKaAbIK MaHbI3bl 6ap, OMTKEHI KOHbIP KOMIpP, OTbIH PETIHAE ASCTYPAI
TYPAE MarMAaAaHypaaH 6acka, GMOTEXHOAOTMSIAQ TYMWMHAI TbIHAMTKbIWITAPAbI OHAIPY YILUiH LMKi3aT
peTiHAE KeHiHeH nanAaAaHblAQAbI.

PKyMbICTbIH MaK.caTbl — KOHbIP KOMiPAiH (hM3MKa-XMMUSIAbIK, MapameTpAEpi MeH MUMKPOOMOAOTMSIABIK,
cMnaTTamanapbiH 3epTTey.

Ty#iH ce3aep: KOHbIP KEMIP, MUKPOOTbIK, MEeN3axk, l'yMycC, KOMip KeH OpPHbl, OHIMAIAIK, TOMbIPAKTbIH,
KYHaPABIAbIFbI.
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N3yueHne hU3UKO-XUMHUYECKUX U
MMKPOOMOAOTMYECKMX CBOMCTB NPo6 6yporo yras

MupoBOit CNpPOC Ha TEXHOAOrMM BOCCTAHOBAEHMS MAOAOPOAMS TMOYB M, CAEAOBATEAbHO,
MOBbILLEHUS YPOXKANHOCTM PACTEHUI, AUKTYETCS KaTaCTPOMUECKMMM NMOTEPSIMU KauecTBa U 00 beMoB
MOYBbI B pe3yAbTaTe ee BapBapCKOW 3KCMAyaTaumm 3a nocaeaHve 50 Aet. Tak, exxeropaHo B mupe 12
MAH Fa 3eMAM MPEBPALLAETCS B MYCTbIHW, TEPSIS TakMM 06pasom 25 MAPA TOHH MAOAOPOAHOM MOYBbI.
ITM 06CTOATEALCTBA TPEBYIOT aKTUBHOIO MEPEXOAA K HOBOWM MapaaMrme B cpepe arpoOTeXHOAOTMA,
a MMEHHO MOBbIWEHNS MAOAOPOAMS MOYB MyTem oboraleHus Mx rymycom. B cBsi3u ¢ aTum BO
MHOMMX CTpaHaxX akTMBHO BHEAPSIOTCS HOBble GMOTEXHOAOIMMU MPOM3BOACTBA FYMyCa AAS CO3AAHMS
KOYEpHO3eMOB. AAS MPOM3BOACTBA MyMyCa MPEANoAaraeTcst MCNOAb30BaTh Bypblil YrOAb KaK Cbipbe,
6oratoe ryMMHOBbIMM KWUCAOTamM. McCCAeAOBaHMS, HampaBA€HHble Ha pa3paboTKy METOAOB MO
MOBbILIEHWIO YPOXKAMHOCTU CEAbCKOXO3IMCTBEHHbBIX PACTEHMIA U BOCCTAHOBAEHMS MAOAOPOAMS MOYB,
aKTyaAbHbl AASI A0GOI CcTpaHbl. OCHOBA ycnelHon 60pb6bl C KaTaCTPOPUUECKMMM NMOTEPSIMU KAueCTB
1 06bEMOB MOYBbI 3aA0XKEHA B MOHMMaHUN (DUBUKO-XMMUYECKMX CBOMCTB BYPOro yrasi, nostomy ObiA
NPOBEAEH TEXHUYECKMIA aHAAU3 YTAEN MCCAEAYEMbIX Pa3pe3oB M OMPeAEAEH MX XMMUYECKMIA COCTaB.
Yroab npeacTtaBaget cob60it MHOFOKOMIMOHEHTHYIO FOPHYIO MOPOAY, KOTOpast COCTOMT 13 HEOAHOPOAHOM
OpraHMYecKoM MaccChl: YrAsl, BAArM U MMHEPAAbHbIX BKAIOYEHMIA Pa3AMYHOrO COCTaBa. BkaloueHus
FOPHbIX MOPOA M MUHEPAAOB B YIASIX BapbMPYIOT B 3aBUCMMOCTM OT FEOAOMMUYECKMX OCOOGEHHOCTE
MECTOPOXXAEHMUI 1 MOTYT ObITb MPEACTaBAEHbI CMAMKATaMM, KapOoHaTamu, CyAbdaTamm, OKCUAAMM,
CYAb(MAAMM, @ TAKKE COASIMU FYMUHOBbIX KUCAOT. Tak>Ke B yrAe BCTPEYAIOTCS TakMe MUKPOIAEMEHTI,
kak Ge, W, Be, U, Se, Zn, Mo, Re, Ag, As, Sb, Pb.

BriepBble nokasaHo, 4to o6pasLibl 6yporo yrasi, 3aaeraiouero Ha rayomHe 15-20 ¢M, 3HaUMTEAbHO
oboratieHbl 6akTepusmu. NMOMMMO TEOPETUYECKOrO MHTEepeca, M3ydeHue MUKPOOPraH13mMoB Gyporo
YIAS MMEET U MPaKTUUYECKYID 3HAYMMOCTb, MOCKOAbKY Oypblii YrOAb, MOMMMO TPAAMLMOHHOMO
MCMOAb30BaHMUS €ro Kak TOMAMBA, HAYMHAET LIMPOKO UCMOAb30BaTbCS B OMOTEXHOAOTMM Kak CbiPbe AAS
NPOM3BOACTBA MYMUHOBbIX YAOBPEHMIA.

Lleab 31O paboTbl — M3ydyeHue (U3NKO-XMMMUYECKMX MapaMeTpoB M MUKPOOMOAOrMYECKON
XapaKTEPUCTUKM OYpPbIX YrAEH.

KatoueBble cAoBa: Oypble yrAM, MMKPOOHbINA Mei3ax, rymMyC, YrOAbHOE MEeCTOPOXAEHME,
NPOAYKTUBHOCTb, MAOAOPOAME MOYB.
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Investigation of physico-chemical and microbial properties of lignite samples

Introduction

Coal fossil is a combustible sedimentary rock of
organic origin, consisting of carbon, hydrogen, oxy-
gen, nitrogen and other minor components. Color
varies from light brown to black, gloss — from matte
to bright shiny. It is usually clearly pronounced
stratification, or banding, which causes its splitting
into blocks or tabloid masses (Altieri, 2002: 1-24;
Aguiar, 2013: 61-174).

Coals of different species significantly differ
from each other in characteristics. Moreover, coals
of the same brand often have different quality in-
dicators. Characteristics depend on the conditions
in which coal was formed, they are necessary for
choosing the type and grade of coal corresponding
to the conditions of use (Atiyeh, 2002: 7—14; Boy-
han, 2001: 38-42)

The main components of coal: organic matter,
mineral impurities and moisture. The mass of organ-
ic matter is 50-97% of the total weight of dry mass.
The chemical composition of the organic part of the
coal includes C, H, O, S, N, etc. chemical elements.
Carbon predominates, which accounts for 60-98%
of the mass of the coal substance. Mineral impuri-
ties are dispersed in the organic mass in the form
of crystals, concretions, thin layers and lenses (Ols-
son, 2000: 8-10). The most common clay minerals,
their content on the average is 60-80% of the total
mass of inorganic material. Carbonates, iron sul-
phides and quartz have a subordinate significance.
In minor quantities, there are sulfides of non-ferrous
and rare metals, phosphates, sulfates, and alkali
metal. The relative content of mineral impurities in
the dry matter of coal varies widely (Busato, 2012:
390-395). The moisture of the coal is mainly sorp-
tion, capillary and porous, partly moisture is part of
the organic mass or is contained in the crystalliza-
tion lattices of minerals. The mass fraction of total
moisture ranges from 60% in soft loose to 16% in
dense brown coal, decreasing to 6-10% in coal and
anthracites (Saranya, 2016: 2014-2019). The value
of this indicator is one of the main parameters of
the classification of brown coal. The highest heat of
combustion of dry ash-free coal fluctuates within
the limits (MJ / kg): for brown 25,5-32,6, for stone
30,5-36,2 and for anthracites 35,6-33,9. The lowest
heat of combustion in terms of working fuel (MJ /
kg): 6,1-18 for brown coal, 22,0-22,5 for coal and
20-26 for anthracite (Bezuglova, 2004: 210; Abdel-
Razzak, 2013: 48-63; Ameri, 2012: 77-79).

Properties of brown coal. This is the least high-
quality coal. The price is the lowest. Brown coal was
formed in ancient bogs by pressing peat at a depth

of about 0.9 km. This is the cheapest fuel, which
contains a large amount of water (Monistrol, 1994:
205-216; Demin, 2003: 38). In addition, lignite has
a rather low heat of combustion. It contains a large
amount (up to 50%) of volatile gases. If brown coal
is used for furnace heating, then it will resemble raw
firewood in its qualitative characteristics. The prod-
uct burns heavily, smokes strongly and leaves be-
hind a large amount of ash. Often raw briquettes are
prepared from this raw material or used for obtain-
ing biohumus. They have good performance charac-
teristics (Canellas, 2011: 202-211; Golubkov, 2004:
127-129; Biryukov, 2006: 24).

The physical properties of coals and mineral im-
purities significantly influence the formation of the
main parameters characterizing the granulometric
and fractional compositions, the change in the lat-
ter in the extraction, transportation and enrichment
processes (Enev, 2014: 9-17). The main task in
studying the physical properties of coal is to reveal
the content of combustible constituents of coal. In
the production of technical analysis, moisture, ash,
volatiles, coke residue (sintering) and sulfur are de-
termined (Kaiyrbekov, 2012: 83; Buzoleva, 2001:
89-91).

The solution of the problem of food security in
Kazakhstan should be based on the use of modern
environmentally friendly land-use technologies.
One of the most important aspects of this problem is
the need to restore and improve the fertility of agri-
cultural land (Lysak, 2003: 120; Charzynski, 2013:
11-34).

As a huge resource for the production of envi-
ronmentally friendly and highly efficient organic
fertilizers, sub-standard and off-balance coals may
be disposed, by millions of tones removed to dumps
during the development of deposits (Huot, 2014:
389-398; Canellas, 2012: 315-324). Another large-
tonnage source of raw materials for the production
of fertilizers is coal fines, which are irretrievably
lost during transportation and overloads (Canellas,
2008: 624-637). In addition, it is a source of anthro-
pogenic pollution, since coal fines form fine dust and
promote the emission of CO, during spontaneous
combustion in storage (Canellas, 2008: 157-166).

For the production of organic humic fertilizers,
coal wastes must be aerobically bioprocessed with
adapted strains of microorganisms (Dobbss, 2010:
3681-3688).

A distinctive feature of biotechnological meth-
ods of obtaining humic fertilizers from coals is that
they do not require the use of expensive chemical
reagents, high temperatures and pressures (Dumat,
2006: 521-529; Filip, 2003: 175-182). Biotechno-
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logical processing of coal is carried out at a tempera-
ture of 25-30°C, and the process of fertilizer produc-
tion is easily scaled and automated (Nardi, 2002: 11;
Ivanov, 2015: 45-52).

In this connection, studies aimed at developing
methods for increasing yields and restoring soil
fertility are of considerable scientific and practical
interest, relevant for any country (Ivanov, 2015: 430-
438; Klein, 2013: 65-73). The basis for successfully
combating the catastrophic losses of soil qualities and
volumes is laid in the understanding of the physical
and chemical properties of brown coal. Therefore,
technical and chemical analyses of the lignite were
carried out and their microbial composition was
determined.

Materials and Methods

Coal samples

Four samples of brown coal from Karagan-
da, Lenger, Oikaragai, Yekibastuz (Kazakhstan)
coalmines are used. Samples were collected from
15-20 cm depth and stored at 4°C. The sample was
sieved using a 70-mesh sieve (1-2 mm coal parti-
cles), dried at 80°C, sealed and stored, for the use of
further analyses.

Coal samples:

No.l. Karagandy: Name «KLI» lignite

No.2. Lenger: Name «LLI» lignite

No.3. Oikaragai: Name «OLI» lignite

No.4. Yekibastuz: Name «YLI» lignite

Elemental analysis of coal

Elemental analysis is performed to determine
the quantitative ratio (in percent) of the elemental
composition of the organic matter of coals. The con-
tent of C, H, O, N and S, is determined. The content
of P is deteected, which is important for establishing
the quality of coking coal.

Elemental composition of lignite was analyzed
by the element analyzer Vario-EL (Germany). H, N,
C, O, S and trace elements such as Al, Si, Ca, Fe,
Mn from lignite were detected.

Determination of the ash content of coal

Initially the empty crucible is weighted. 1 g of
coal sample is hold in a muffle furnace at 450°C for
30 minutes and the temperature is slowly raised to
850°C for one hour. Then the crucible is taken out
and placed in a desiccator and weighed.

The ash content of the analytical fuel sample A
(mass%) in both methods is calculated by the for-
mula:

ISSN 1563-034X

A, =(ml/m) 100, (%) (1)

Where, m1 is the mass of ash residue obtained
after ashing and control calcinations to constant
mass, g; m is the mass of the coal sample, g.

Determination of the moisture content of coal

The weighing bottle placed in 105,0-110,0°C
drying closet and dried for 30-40 minutes. Drying
carried out at a constant mass.

The moisture content is calculated by the
formula:

W=G1x100/G, (%) 2)

where, G is the weight of coal, g; G1 — weight loss
on drying, g.

Screening of solubilizing microorganisms of
brown coal

To isolate and screen the effectiveness of native
microorganisms, a sample of crushed coal (1 g) was
added to 100 ml of LB for bacterial enrichment.
Bacterial strains were cultured at 28°C for 48 h
on medium LB (10 g tryptone, 5 g yeast extract,
10 g NaCl, and 18 g agar per liter of distilled
water), solidified with agar in Petri dishes. Then
the particles of sterile brown coal, were placed on
bacterial colonies and incubation of plates (at 28°C)
continued to select strains that cause the appearance
of brown halos around bacterial colonies (indicating
the presence of solubilization products).

Results and Discussion

Elemental analysis consists in determining the
quantitative content of the main elements in the coal
samples, including C, H, O, N and S. In total, they
make up almost 100% of the organic mass of coal.
As shown in figure 1-4 and in table 1.

As can be seen from the results, the sample
«LLI» is poor in the elemental composition. The
main percentage in lignite belongs to C, the content
of which increases from 63 to 98% with an increase
in the degree of metamorphism (from 63 to 75% in
brown coal, 75 to 90% in coal, and 90 to 98% in
anthracites).

Oxygen is a constant undesirable admixture of
coal, as it reduces their heat of combustion. The
studies (Cao 2008: 3:30-4) shows that the oxygen
content of the coal decreases with increasing n
degrees of metamorphism from 30 to 1% (brown —
from 30 to 10%, coal — from 10 to 2%, anthracites
from 8 to 1 and less%).
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Figure 1 — The basic elemental composition of «KLI» lignite sample
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Figure 3 — The basic elemental composition of «OLI» lignite sample
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Figure 4 — The basic elemental composition of «YLI» lignite sample
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Table 1 — The basic elemental composition of brown coal samples (%)

No. s]ﬁ;llz C 0 H N S Al Si Fe Mn Ca
1 «KLI» 64,68 | 2728 | 3324 | 047 | 035 | 666 | 594 0 0 0
2 «LLI» 70,08 | 1847 | 1518 | 340 | 1,07 0 061 | 004 | 029 | 6,04
3 «OLI» 7952 | 1841 | 4526 | 026 | 063 | 004 | 015 | 033 0 0,66
4 «YLI» 5954 | 1744 | 4121 | 083 | 039 0 0.26 0 002 | 005

It was find out that the samples belong to the
low-grade coals according to the results.

Brown coals contain a significant amount of
minerals that form ash after burning and the content
in brown coals is very high. The ash of 95-97%
consists of oxides of Al, Fe, Ca, Mg, Na, Si, K; the
rest is compounds of P, Mn, Ba, Ti, Sb and dispersed
elements. As noticed, the analyzed samples contain
the highest specified elements.

All coals compose a certain amount of moisture.
Depending on its condition, the surface moisture
is distinguished. It is easily removed by drying on
the muffle stove. The increased content of external
moisture also leads to increased coalescence of coal

fines. To this end, the moisture content of the coal
is determined.

By the examination of the ash and moisture
content, the following results were recieved (Table 2):

Table 2 — Ash (A) and moisture (W) content of coal samples

(%)
Ne Sample Name A W
1 «KLI» lignite 1 0,29
2 «LLI» lignite 30 0,09
3 «OLI» lignite 9 0,45
4 «YLI» lignite 10 0,59

Figure 5 — Solubilization of coal based on bacteria (10 days):
a — Solubilization of brown coal by bacteria, b — control, without bacteria.
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According to ash content, LLI sample is revealed
as low-quality coal. Because the analysis showed
30% of the ash. The samples of YLI and OLI had
around 10% of ash.

Coals with high moisture content are not suitable
for long-term storage, since moisture promotes self-
heating and spontaneous combustion. Brown coals,
according to the content of moisture are divided into
3 groups: B1 W>40%, B2 W =30 + 40%, and B3
W <30%. According to the results of the research,
all samples of lignite belong to group B3.

Bacteria species were isolated from samples
collected from Karaganda, Lenger, Oikaragai,
Yekibastuz (Kazakhstan). Coal samples were
inoculated on Petri dishes containing agar with
and Lurian Bertani (LB). Petri dishes were
incubated at 30°C for 7 days. Bacterial colonies
that appeared on the plates were isolated and
purified by of cells on the LB plates. The isolated
pure colonies were kept at 4°C. They were selected
after biosolubilization.

Among the several bacterial strains that
degraded hydrocarbons of coal, only five strains
were able to carry out biosolubilization of lignite.
These bacteria strains caused an obvious change in
color of agar medium supplemented with unrefined
coal for 7 days (Fig. 5 a). Such changes were not

observed in control samples that were not inoculated
with bacteria (Fig. 5 b). The remaining strains did
not dissolve the raw brown coal.

As aresult, five bacteria strains were isolated and
identified. The resulted colonies were designated
as RKBI1, RKB2, RKB5, RKB7, RKBI10 and
identified as Acinetobacter sp., Bacillus sp., Delftia
sp., Providencia sp. based on the analysis of the
sequence of 16S rRNA genes.

Conclusion

As a result, extensive analyses were carried out,
includingtheelementalcomposition,ashandmoisture
content of lignite. By moisture characteristics, all
lignite samples belong to group B3. According to
ash content, LLI sample is revealed as low-quality
coal (30% of ash). The samples of YLI and OLI had
around 10% of ash. Then, five strains of bacteria
with solubilization properties were identified. In
this study, microorganisms were isolated from the
lignites Yekibastuz, Lenger, Karaganda, Oikaragai
(Kazakhstan). After the isolation studies, five
different bacteria were obtained. And their molecular
identification of the 16S rRNA gene showed that
these bacteria were Acinetobacter sp., Bacillus sp.,
Delftia sp., Providencia sp.
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ANTIBIOTIC ACTIVITY OF ACTINOMYCETES
OF THE GENUS STREPTOMYCES AGAINST THE CAUSATIVE AGENT
OF THE FIRE BLIGHT OF FRUIT CROPS

The article presents the study results of the antibiotic activity of extracts, culture liquids obtained
from 20 different strains of actinomycetes of the genus Streptomyces isolated from different types of soils
in the Almaty and Kostanai regions of Kazakhstan, against the causative agent of the Erwinia amylovora
fire blight. It was found that the extracts of strains studied inhibited the growth of Erwinia amylovora
to a greater or lesser extent. While the extracts of strains No. 7, 9 and 28 isolated from the sandy soil
of Ili district of Almaty region possessing the greatest antibiotic activity. The growth inhibition zones of
Erwinia amylovora as a result of their effect were 18.3 mm, 21.3 mm and 14.3 mm, respectively. In the
variant with the reference product of the Russian production «Fitolavin», recommended for use against
fire blight of fruit crops and taken for comparison, the average size of the growth inhibition zone of the
causative agent of fire blight was 13.5+0.29 mm, which is 1.57 times less, than in the case of using
the extract of strain No. 9. These strains can later be used for the development of products intended for
biocontrol over the spread of fire blight of fruit crops in Kazakhstan.

Key words: fruit crops, fire blight, actinomycetes, Streptomyces, extract, antibiotic activity, growth
inhibition.
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XKemic AakbIAAAPbIHbIH, 6AKTEPUSIAbIK, KYHiK KO3AbIPFbILLIbIHA KAPCbl
Streptomyces TybICbIHA YKaTaTblH aKTHHOMMLLETTEPAH, aHTUOMOTUKAABIK, G@ACEHA AT

Makanapa Erwinia amylovora 6akTepusiablK, KyHMiK KO3AbIPFbILbIHA KApCbl, AAMATbl >KoHe
KocTaHai 06AbICTapbiHbIH 8P TYPAI TOMbIpak, TUNTepiHeH GeAiHreH, Streptomyces TybIChiHA XKaTaTblH
AKTUHOMMLETTEPAIH 20 TYPAI LUTAMAAPBIHBIH KYABTYPaAbAbI CYMbIKTbIFbIHAH AaAbIHFAH SKCTaPKTIAEPiHiH
AHTUOMOTMKAABIK,  BGEACEHAIAIrIH 3epTTey HOTUXKEAEpi YCbIHbIAbIM OTbIp. 3epTTeAiHin >kaTkad
LITaMAAPAbIH 3KCTpakTiAepi Erwinia amylovora KyAbTypachiHbIH 6CyiH Gipliama wekTenai, 6ya perre
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OHbIH, iLLIHAETT eH )KOFapfbl aHTMOMOTHKAABIK, GEACEHAIAIK KOpceTKeH AAMaTbl 0OAbICHI, IAe ayAaHbIHbIH,
KYMAbI TomMblpakTapbiHaH 6eAiHred N27, 9 >keHe 28 wTamAapblHAaH aAblHFaH 3KCTPAKTIAEp eKeHi
aHbIKTAAAbI. DKCTpaKTIAEpAiH ocepiHeH Erwinia amylovora KyAbTypacbiHbIH ©CYy 30HACbIH LLEKTEYi
18,3 MM, 21,3 MM xaHe 14,3 MM Kypaabl. JKemMiC AakbIAAApbIHAQ KE3AECETIH GaKTEPUSIAbIK, KYMiK
KO3AbIPFbIlIbIHA KAPCbl KOAAAHYFA YCbIHbIAFAH Peceit eHaipiciHiH «DuUTOAaBMH» NpenapaTtbiH 3TAaAOH
PETIHAE aAblIM, CaAbICTbIPMaAbl TOXipMOEAep >KYPri3iAin, KeAeci HaTMXKeAep aAblHAbl. ByA eHiMHIH
KepceTKillli opTalua ecenneH 6aKTEPULABIK, KYMiK KO3AbIPFbILLbIHbIH ©CY 30HacbIH wekTeyi 13,5+0,29
MM KypaAbl, 9FHM N29 iTaMM 3KCTPAKTICIH ManAaAaHFaH >KaraanaaH 1,57 ece a3 ekeHi aHbIKTAAAbI.
KaszakcraHAaFbl KEMIC AAKbIAAAPbIHAQ KE3AECETIH OaKTEPUSIAbIK, KYMIK aypybiHbIH TapaAyblHa
OGMOAOTUSIAbIK, 6AKbIAQY XKYPTi3Y YLLiH, GOAIHIN aAbIHFAH OYA LITaMAAp >KaHa OTaHAbIK, MpenapaTTapAbiH
Herisi peTiHAe KOAAAHBIAYbl MYMKIH.

Tyiin ce3aep: XemiC AakbiAAApbl, 6GaKTEPUSABIK —KYMIK,
3KCTpaKTiAep, aHTMOMOTHKAABIK, ODEACEHAIAIK, ©CYiH LeKTey.

aKTMHOMMLIETTEp, Streptomyces,
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AHTUOMOTHYECKAsi aKTUBHOCTb aKTMHOMULLETOB poaa Streptomyces
B OTHOLLIEHUU BO36YAUTEAS] HAKTEPUAABHOIO 0XKOra MAOAOBBIX KYAbTYP

B crtatbe npeacTaBAeHbl pe3yAbTaTbl MCCAEAOBAHUS aHTUBUOTUUECKOM aKTUBHOCTM DKCTPAKTOB,
KYABTYPAAbHOM XMAKOCTU, MOAYYEHHbIX M3 20 pa3AMYHbIX LUTAMMOB aKTMHOMMLIETOB poAa Streptomy-
ces, BbIAEAEHHbIX M3 PAa3AMYUHbIX TMUIMOB MOYB AAMATMHCKOM M KycTaHanckon obaactsax KasaxcraHa, B
OTHOLLEHWM BO3OyAMTEAS GakTepuaAbHOro oxkora Erwinia amylovora. YcTaHOBAEHO, UTO 3KCTPaKThI
MCCAEAYEMBIX LUITAMMOB B TOM MAM MHOM Mepe MOAABASIAM POCT BO3BYAMTEASs GaKTEPUAABHOIO OXora
Erwinia amylovora, npu 3TOoM HanbOAbLUE aHTUOMOTUUECKON AKTUBHOCTbIO OOAAAAAM BKCTPAKTbI
wrammoB N27, 9 1 28, BbIAEAEHHbIE M3 NecYaHoi NouBbl MAMICKOro panoHa AAMaTMHCKOM 06AACTH.
30Hbl MHIMOMpPOBaHKUS pocta Erwinia amylovora B pesyAbtraTe MX BO3AEMCTBUS COCTaBUAM 18,3 MM,
21,3 Mm#n 14,3 MM COOTBETCTBEHHO. B BapraHTe C 3TaAOHHbIM MPenapaTom pOCCUIMCKOro NpomM3BOACTBA
«(DUTOAABUNH», PEKOMEHAYEMbIM AAS IPUMEHEHMS MPOTUB OAKTEPUAABHOIO 0XKOra MAOAOBbBIX KYALTYP 1
B39TbIM AASl CDABHEHMSI, CPEAHSISI BEAUUMHA 30HbI MHIMOUPOBaHUS POCTa BO3OYAUTEAS BaKTEPUAABHOIO
oxora coctaBuAa 13,5+£0,29 mm, uto B 1,57 pa3a MeHblle, YeM B CAyYae MCMOAb30BaHUY 3KCTPaKTa
wtamma N29. AaHHble LTaMMbl MOTYT B AQAbHerLLIEM ObITb MCMOAb30BaHbl AAS Pa3paboTKM NpenapaTos,
npeAHasHauYeHHbIX AAst OMOKOHTPOAS 3a pacrpocTpaHeHeM GakTePUAAbHOTO 0XKOra NMAOAOBbIX KYALTYP
B Ka3zaxcraHe.

KAloueBble cAOBa: MAOAOBbIE KYAbTYPbl, GakTepuaAbHbIA OXOr, akKTUHOMMWLETHI, Streptomyces,
3KCTPAKT, aHTMOMOTMYECKas aKTMBHOCTb, MHIMOMpPOBaHMe pocTa.

Introduction

Fire blight is considered one of the most dan-
gerous diseases of fruit crops, which is common in
many countries (Drenova 2013:56-57, Komardina
2016:66-71, Bobev 2016:22, Saygili 2016:34-35,
Demchynska 2016:23-26, Sobiczewski 2010:69-
76). The disease is caused by the bacterium Erwinia
amylovora (Burrill) and affects both cultivated and
wild-growing plants of the family Rosaceae and is
one of the most dangerous diseases that cause enor-
mous economic damage to fruit-growing. Its harm-
fulness is expressed in the reduction or total loss of

crops, the death of fruit trees, the costs of uproot-
ing the dead and injured trees and the creation of a
new garden. For the damage caused, the fire blight
is more harmful than the all fruit crops diseases
combined. The disease manifests itself as follows:
in the spring — the flowers that have just blos-
somed suddenly fade, darken and dry out. Darken,
starting from the edge of the leaf blade, and the
leaves are folded. Flowers and leaves change color
to beige, light brown, reddish brown, dark brown
or even black, depending on the species and va-
riety of the plant. Affected flowers and leaves do
not fall off, they remain on the branches for a long
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time, and this resembles trees scorched after a fire.
On the branches and trunks appear ulcers, the size
of which depends on the age of the trees and the
disease development period. A characteristic sign
of the disease is also the formation of hook-like
bends by young shoots. The dried hook-shaped
shoots stay on the tree for a while. In highly con-
taminated gardens, the causative agent of the dis-
ease can affect from 20 to 50%, in some cases up to
100% of trees, some of which completely die (Isin
2016:107-112, M. Awais Khan 2012:247-260, Le-
wandowski 2014:493-498). During the growing
season, bacterial leakage with a viscous consisten-
cy can appear on all infected organs: initially gray-
white, then yellowed and finally takes amber color.
The leakage occurrence is an exceptional feature
of a fire blight.

Until recently, there was no disease in Ka-
zakhstan, but in 2006 the first lesions of fire blight
were recorded on the apple tree in Enbekshikazakh
district of Almaty region. To date, lesions with a
fire blight have been found in all cultivation areas
of fruit crops in Almaty, Zhambyl and South Ka-
zakhstan regions. Due to the high harmfulness, the
causative agent of fire blight classified as quarantine
objects. Under favorable conditions for the disease
development from infection to the complete death of
the tree, it can take just a few weeks. The pathogen
affects all parts of plants. The most affected to in-
fection are flowers, young (fresh) shoots and young
sets of fruit crops. (Ajnabekov 2016:35-36, Drenova
2013:38-48).

To date there are no effective measures against
this disease. Previously existing chemical methods
are used to reduce the infection development and
prevent new infections. Modern fungicides, except
for copper-bearing ones, do not affect the causative
agent of the blight. In the literature concerning pre-
ventive control measures, it is proposed to spray
trees with a 0.5-1% Bordeaux mixture, or 0.3% cop-
per oxychloride at the beginning of budding, before
flowering and immediately after it, and after harvest-
ing (Kopzhasarov 2016:174-178, Popov 2003:208).
Regular spraying of copper-containing mixtures in
orchards in the Washington and California states led
to mutations of E. amylovora bacteria, which result-
ed in its varieties resistant to this protection method
(Sundin 2016:126-130).

The most effective method of protecting plants
in the lesions of infection spread is the use of strep-
tomyces cultures and antibiotics during the flower-
ing period. The most popular is streptomycin, which
is used in the United States, Israel, New Zealand
and other countries. The efficacy of the antibiotic
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drugs used to inhibit the E. amylovora bacterium
ranges from 90 to 95% (Doolotkeldieva 2016:831-
851, Stockwell 1996:834-840, Norelli 2003:756-
765, Jurgens 2016:156-162, Srdan G.Acimovi¢
2015:16, McGhee 2011:192-204, Russo 2008:714-
718, Fried 2013:55-56). The prospects for prevent-
ing a fire blight are created by biological prepara-
tions based on antagonistic bacteria, mainly from
the genera Pseudomonas and Pantoea. In some
countries, such products are already available for
use during flowering of apple and pear. At present,
an integrated system is proposed to prevent the dis-
ease, covering various methods — covering various
methods, from chemical-biological to agrotechnical
(Sobiczewski 2011:6-13, Ozaktan 2016:162-168,
Stockwell 2007:244-249, Mikicinski 2016:531-539,
Mikicinski 2016:265-276).

In this regard, the search for new strains of
microorganisms that have an inhibitory effect on
the growth of the causative agent of E. amylovora
fire blight, the subsequent creation on their basis of
new biological preparations and the development
of technology for their use in production is very
relevant for Kazakhstan.

Based on the above-mentioned, the purpose
of our studies was to screen the extracts of the
culture liquid obtained from their various strains of
actinomycetes of the genus Streptomyces relating to
antibiotic activity against the causative agent of fire
blight of fruit crops.

Materials and methods

The study objects were 20 strains of
actinomycetes of the genus Streptomyces, isolated
from various soil types (sandy, solonchak, takyr-
like, meadow) of 1li & Bakanas districts of Almaty
region and Mendykara district of Kostanai region of
Kazakhstan.

A test culture was the causative agent of the fire
blight E. amylovora of the fruit crops. The strain
of this bacterium was isolated in a pure culture
from the apple fruit of the variety «Zarya Alatauy,
which grows in Karasai district of Almaty region.
To determine pathogenicity, unripe pear fruits were
inoculated with a suspension of E. amylovoracells
in saline (10° cells/ml). The pear fruit was placed in
a humidity chamber for 5 days at 25 °C. The test
results were considered positive for the development
of symptoms of plant tissue necrosis and the
isolation of milky white exudates in the inoculation
area (White’s test).

E. amylovora bacteria were identified according
to the Bergey’s Manual (J. Hoult 1997:432) and PCR
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analysis by using specific primers to the Erwinia
amylovora hrpN gene.

To obtain an antibiotic complex, strains of
actinomycetes of the genus Streptomyces were
cultured by the «poured plate» method.

Poured plate culturing of strains was carried
out in two stages. The vegetative inoculum was
grown in Erlenmeyer’s flasks on an orbital shaker
at a temperature 28°C for 48 hours. The inoculums
amount, used to inoculate the inoculum, was 1%,
the inoculum amount necessary for inoculating
the fermentation medium was 3%. Fermentation
was carried out on medium A, on an orbital
shaker at a temperature 28°C for 96 hours. The
titer of the resulting microbial suspension was
2.7x10* CFU/ml.

Composition of medium A, (g/L): Soya flour
=10; Glucose=10; NaCl=5.0; CaCO,=1; Distilled
water =1; pH =7.2-7.4.

The culture fluid was separated from the
mycelium by centrifugation at 2000 rpm for 20
minutes. From the culture liquid, the antibiotic
complex was extracted with n-butanol in a 3:1 ratio
at pH 7.0. The extraction was carried out by stirring
with a magnetic stirrer for an hour, then the extract
was separated by a separating funnel, filtered and
concentrated in vacuum to a dry residue on an «IKA
RV 10 basic» rotor, the resulting antibiotic complex
was dissolved in 70% ethanol.

Antibiotic activity of extracts against FE.
amylovora was studied in vitro by the method
of placing sterile paper disks, 8mm in diameter,
impregnated with extracts of various strains of
actinomycetes of the genus Streptomyces on the
surface of the nutrient/growth medium (fish-peptone
agar), with the previously cultured test culture
(Egorov 2004:528, Mounyr Balouiri 2016:71-79).

The reference was Fitolavin  (Russia)
recommended in Kazakhstan to prevent fire blight
of fruit crops and is a complex of streptotricin
antibiotics with a flow rate = 20ml per 10 liters of
water. Andthe control was paper disks soaked in
70% ethanol were used.

The antagonistic activity degree of the tested
strains extracts of actinomycetes was determined
by the size of the growth inhibition zone of the
test strain around the paper disks. A positive result
was taken into account by the appearance around
the filter paper disc of the E.amylovora culture on-
growth zone. Replication of the test was 5-fold.

The study’s results were statistically processed
by using the «Statistica» software for Statistica for
Windows 9.0 (StatSoft Inc., Tulsa, OK, USA).

Results and discussion

From milky white exudate of the affected apple
fruit of the variety «Zarya Alatau» to the nutrient
medium, were isolated round, small, smooth, with
even edges, white, shiny, oily consistencies of the
colony of E. amylovora bacteria (Figure 1), which
were then isolated after a series of passages in a pure
culture.

Figure 1 — Colonies of E. amylovora
bacteria on a nutrient medium

When infected with E. amylovora monoculture,
on the pear slices, there are drops of milky white
exudate has already appeared on the second day.
The exudate amount increased in the following
days, which indicated the pathogenicity of bacteria
isolated from the affected apple fruits.

Based on these data, the isolates were identified
as phytopathogen bacteria Erwinia amylovora. The
result was fully confirmed by PCR and using specific
primers to the Erwinia amylovora hrpN gene.

In the course of studies relating to the antibiotic
activity of extracts of various strains of actinomycetes
against E. amylovora bacteria, it was established
that of the 20 extracts analyzed, 8 extracts inhibited
the growth of the fire blight pathogen to a greater or
lesser extent (Table 1, Figure 2).

Growth absence zones are ranged from 10.8
+ 0.75Smm (strain 3/2) to 21.3 = 1.9mm (strain
9). The maximum growth inhibition zone of the
E. amylovora bacterium (21.3 £ 1.9mm) was
found in strain No. 9 isolated from the sandy
soil of Ili district of the Almaty region. Growth
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inhibition zones of fire blight in the case of using
extracts of strains No. 7 and 28 were less than in
the variant with the extract of strain No. 9 by 3.0
and 6.7mm, respectively. Antibiotic activity of
extracts of strains N, . 22T , 17T NI, K, and
3/2 was weaker in comparison with the activity of
«Fitolavin» preparation (Model). In the remaining
10 strains, the growth inhibitor zones of E.

amylovora fire blight were absent. Of the eight

strains whose extracts showed antibiotic activity,
four strains were isolated from sandy soils, two
— from solonchak soils in Ili district of Almaty
region and two strains — from the takyr-like soils
of Bakanas district of Almaty region. Antibiotic
activity of ethanol extracts obtained from strains
isolated from meadow soils of Mendikara district
of Kostanai region in relation to the causative agent
of fire blight E.amylovora was absent.

Table 1 — Inhibitory effect of extracts of the investigated strains of actinomycetes of the genus Streptomyces against the causative

agent of fire blight E. amylovora

Soil type from Diameter of E. Retention period
No. Strain number which the strain Location of soil sample amy I'mfo'ra growth | - of E. anmy I.o vora
as isolated inhibition zone, growth inhibition
W mm zone, days
1 2 3 4 5 6
1 7 sandy Almaty region, Ili district 18.3+2.1 23+1.5
2 KZ takyr-like Almaty region, Bakanas district 0 0
3 9 sandy Almaty region, Ili district 21.3£1.9 30+1.8
4 K7NA sandy Almaty region, Bakanas district 0 0
5 28 sandy Almaty region, Ili district 14.3+1.6 20+1.3
6 12 meadow Kostanai region, Mendikara district 0 0
7 K7 meadow Kostanai region, Mendikara district 0 0
8 N takyr-like Almaty region, Bakanas district 12.0+1.5 15+£1.9
9 K2N3 sandy Almaty region, Ili district 0 0
10 T1 takyr-like Almaty region, Bakanas district 0 0
11 T2 takyr-like Almaty region, Bakanas district 0 0
12 N12 meadow Kostanai region, Mendikara district 0 0
13 N14 meadow Kostanai region, Mendikara district 0 0
14 N22 meadow Kostanai region, Mendikara district 0 0
15 N23 meadow Kostanai region, Mendikara district 0 0
16 N37 meadow Kostanai region, Mendikara district 0 0
17 22T, solonchak Almaty region, Ili district 10.9+1.1 12+0.75
18 17T N 1 takyr-like Almaty region, Bakanas district 11.0£1.3 11+1.2
19 K, sandy Almaty region, Ili district 11.3+£1.3 10£1.6
20 32 solonchak Almaty region, Ili district 10.8+0.75 7+1.8
21 M°de(;$‘sti‘:)avm” - 13.540.29 1341.9
Control (70%
22 ethanol) . 0 0
ISSN 1563-034X Eurasian Journal of Ecology. Ne2 (55). 2018 65



Antibiotic activity of actinomycetes of the genus Streptomyces against the causative agent ...

a—No 7, b- No 9, c—No 28; Control (70% ethanol) in the center of the cup
Figure 2 — Growth inhibition zones of the pathogen of fire blight with the use of extracts of actinomycetes

inhibition zone of the causative agent of the fire
blight was 13.5 = 0.29mm (Figure 3), which is 1.57
times less than in case of using the extract of strain
No. 9. In the control variant, where 70% ethyl
alcohol was used, the pathogen inhibition zone was
completely absent.

Thus, the conducted studies have shown the
prospects of using actinomycetes of the genus
e Streptomyces as producers of the growth inhibitor of

Figure 3 — Growth inhibition zones of fire blight agent when the causative agent of fire blight of fruit crops. The
using preparation «Fitolavin» (control in the center) antibiotic complexes from the strains No 9, 7 and
28, selected in the course of the study, can be further

used for the development of preparations intended

In the variant with the reference preparation  for biocontrol over the spread of fire blight of fruit
«Fitolavin», the average size of the growth  crops in Kazakhstan.
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AALITODPAOPA U BUOAOTUYECKASA OLLIEHKA
KOAbCAUCKHNX O3EP

B cratbe m3yuyeHa aabroaopa Koabcanckmx o3ep v aaHa GMOAOrMUeckas oueHKa MX COCTOSHUIO
MEeTOAOM 6GuoMHAMKauMK. B coctaBe aabroAopbl McCAeAyembix 03ep o6Hapy>keHo 124 Buaa m3 6
OTAEAOB MUKPOBOAOPOCAEN. HanboAbliiee KOAMYECTBO BMAOB (72) 3apermcTpvpoBaHO B MEPBOM
KoAbcalickom 03epe, B TOM uMcAe AMATOMOBbIX — 41, 3eAeHbx — 19, cuHe3eAeHbix — 12 BMAOB. B
COCTaBe aAbropAOpbl BTOPOro 03epa MbIHXOAKM OOHAPYKEHO 52 BMAQ, OTHOCSLMXCS K YeTbipem
oTaeAam: Bacillariophyta — 24 Buaa, CGyanophyta — 9, Chlorophyta — 14, Dinophyta — 5. Hanboaee
MHOIOYMCAEHHbIMU U Pa3HOOOPA3HbIMU B BUAOBOM OTHOLLEHWUU SIBASIIOTCS AMAaTOMOBbIE BOAOPOCAU
(Bacillariophyta), otaea npeactaBaeH 14 poaamu un 7 cemeiictBamu. B BepxHem KoAbcae oTmeueHO
CPaBHUTEABHO MeHbllIee BUAOBOE pasHoobpasme — 45 BMAOB, OTHOCsLMECS K 5 oTaeAam, 10 Kaaccam,
13 nopsiakam. NMpu 3TOM HaMBOABLIMM KOAMYECTBOM BMAOB MPEACTABAEH TAKXKE OTAEA AMATOMOBbIX
BOAOPOCAEN, Bcero ob6HapyxeH 31 BuA. YCTaHOBAEHO, 4TO BMAOBOE (OraTCTBO BOAOPOCAEN
KoAbcarckmx 03ep KOAEOAETCS B 3aBUCUMMOCTM OT  PACTIOAOXKEHUS UCCAEAYEMbIX MecCT. Tak,
BMAOBOWM COCTaB BOAOPOCAEN XapakTepu3yeTcsi CPAaBHUTEAbHO BbICOKMM pa3Hoobpasvem B HudkHem
KoAbcarickom o3epe, pacnoAo>XeHHOM Ha BbicoTe 1818 M Haa ypoBHEM MOpS. AHaAM3 MHAMKATOPHO-
canpobHbix BAOB KOAbCAMCKMX 03ep CBUAETEALCTBYET 06 OTCYTCTBUMM B HUX MPU3HAKOB 3arPA3HEHUIA.
[NokazateAm UMCTbIX BOA — OAMrocanpobbl 3Aechb OblAM HaMbGOAee MHOrOUMCAEHHbl. WMHAEKCbI
canpobHocTn KoAaebAloTCs B npeaesax 1,15-1,5, UTo COOTBETCTBYET OAMIOCANpPOOHbIM YCAOBUSM
CcpeAbl.

KAtoueBblie cAOBa: aAbroAopa MUKPOBOAOPOCAEN, BUOMHAMKALMS, UHAEKC CanpoBGHOCTU.
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Algal flora and biological assessment of Kolsai lakes

The article studies the algal flora of Kolsai lakes and provides a biological assessment of their state
by the bioindication method. There are 124 species from 6 microalgae divisions were found in the
algal flora of investigated lakes. The greatest number of species (72) is recorded in the first Kolsai lake,
including diatoms — 41 species, green — 19 species and blue-green — 12. In the composition of second
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Mynzholka Lake’s algal flora, there are 52 species belonging to four divisions: Bacillariophyta — 24 spe-
cies, Gyanophyta — 9 species, Chlorophyta — 14 species and Dinophyta — 5 species were identified. The
most numerous and diverse in a specific respect are the diatoms (Bacillariophyta), the division is repre-
sented by 14 genera and 7 families. In the Upper Kolsai there is a relatively smaller species diversity — 45
species belonging to 5 divisions, 10 classes, 13 orders. At the same time, the largest number of species
is also represented by the diatom algae division, totally 31 species were found. It is established that the
species richness of Kolsai lakes’ algae varies depending on the location of the studied places, so the al-
gal species’ composition characterized by relatively high diversity in the Lower Kolsai Lake, located at
the altitude 1818 m above sea level. Analysis of indicator-saprobic species of Kolsai lakes testify to the
absence of signs of contamination in them. Indicators of pure water — oligosaprobes here were the most
numerous. The index of saprobity fluctuate within 1.15-1.5, which corresponds to oligosaprobic condi-
tions of the medium.
Key words: algal flora of microalgae, bioindication, saprobity index.
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KeAcaii keaaepiHiH aAbrocpaopachl XKaHe GMOAOTUSIAbIK, baFaray

Makanapa Keacan keaasepiHiH, aAbroAOpachl 3epTTeAreH >eHe OUOMHAMKALMSAQY BAicCiMeH
oAapra 6MOAOTUSIAbIK, 6aFa GepiAreH. 3epTTEeAreH KOAAIH KypamblHaH MUKPOBAAAbIDAAPAbIH, 6 GOAiMre
KapanTbiH 124 Typi aHbIKTaAAbl. TypAepAiH >KoFapbl MeAlepi (72) GipiHwi KeAcan KeAiHAE TipKeAA,
OHbIH, iWiHAE AMATOMABI 6aaabipAap — 41, xacbiA — 19, KOk >acblA GaaabipAap — 12 Typ. ExiHwi
MBIHXKOAKBI KOAIHAE 52 TYp aHbIKTaAAbl, oAap TepT 6eaimre: Bacillariophyta — 24 Bmuaa, Cyanophyta
— 9, Chlorophyta — 14, Dinophyta -5 kapaiabl. TypAik kaTbiHacTa AMaTOMAbI 6aaabipAap (Bacillari-
ophyta) ken »xaHe aAayaHTYpAi, 6yA 66AiM 14 TybiC X8He 7 TyKbiMaacTaH Typaabl. JKorapbl Keacarnaa
CaAbICTbIPMaAbI a3 aAyaHTYPAIAIK — 45 Typ 6eArineHAl, oaap 5 6eaimre, 10 kaacc, 13 karapra >KiKTeAeAl.
CoHbIMeH KaTtap, aHbIKTaAFaH GAaAAbIPAAPAbIH, 6acbiM KeruiAiri AMaTomabl GaAAbIpAapFa KapanAbl,
oAapAbiH, 6apAbiFbl 31 Typi aHbIkTaAAbl. KeAcail KeAAepiHiH TYpAIK GaiAblFbl 3€PTTEATEH aiMaKTbiH
OopHaAacyblHa Tayeaai Tepbeaesi, GaAAbIPAAPAbIH, TYPAIK Kypambl TEHi3 AeHreriHeH 1818 M >koFapblaa
opHaAackaH TemeHri KeaAcail KeAiHAE CaAbICTbIPMAAbl YKOFapbl cuMaTTaAAbl. Keacai KeAaaepiHiH
MHAMKATOPAbI-CANpPOOTbl TYPAEPIHIH HEri3iHAE XKYPri3iAreH TaaaayAap GoibIHLLA AACTaHy OeAriAepiHiH
JKOKTbIFbl ADAEAAEHAI. Taza CyAbIH KepceTKilTepi — OAMrocanpoOTbiAap >KOFapbl XXMIAIKTE KE3AECEA.
Canpo6TbIAbIK, MHAEKCI OpTaHbIH OAMrocanpo6Tbl xaraai ToH — 1,15-1,5 weriHae TepOenea;.

Ty#in ce3aep: MUKPOGAAABIPAAD aAbrOAOPACh], BUOMHAMKALMS, CAnPOBTHIAbIK, MHAEKCI.

BBenenune

Wzyuenne ambrodopsl BOAHBIX OOBEKTOB —
BaKHasl 3a7laya, PELICHHE KOTOPOW IO3BOJIUT HE
TOJIBKO 00JIee YETKO OXapaKTepHU30BaTh caMmy OHO-
Ty, HO WM TOKa3aTh JKOJIOTHYECKOE U CAHUTAPHO-
OMOJIOTHUECKOE COCTOSIHUE BOJA, BBIACIUTH BH[bI-
WH/IMKATOPBI JIIsl MOHHTOpHHTa. [loka3arenbHbIM
SIBIISIETCSL HE TOJBKO BHMJOBOM COCTaB BOJOPOC-
JIEBBIX KOMIUIEKCOB, HO TaKXe M OOWJIME BUAOB B
Bogoeme (Baron 2006: 433-439; Gonzalez 2008:
2060-2067). MuxkpoBOoAOpOCIH SIBISIOTCS OYCHB
YyBCTBHUTEJIBHBIM IIOKa3aTEJIeM CYMMapHOTO 3a-
rpsA3HeHns BogoeMoB. OcoOeHHO TMEepCIeKTHBHBIM
SIBIISIETCSL TIOMCK M pa3pabOTKa METOIMKH HCIIOJb-
30BaHMs B KauecTBe (PUTOMHIMKATOPOB BHUIOB

MECTHOH ambroiopsl — PEernOHAIBHBIX (DUTOHMH-
mukaropoB (Bjerke 2003: 361-367; Martin 2002).
Buonoruueckre MeTo1bl HHIUKAIMY 3aHUMAIOT BCE
OoJee BaXKHOE MECTO B PELICHHH MTPOOIIEMBI 3arpsi3-
HeHus npupoaHeix Bof (Iames 2001: 645-650). Otu
METO/IbI 1aI0T BO3MOXXHOCTD BBISIBIATH U KOHTPOJIH-
pOBaTh MOSBICHHUE 3aTrPSI3HAIONINX BEIIECTB B BOJIE
ropas/io paHblle, 4YeM MPOUCXOJST HeoOpaTumbie
Tokcuyeckue 3¢ pexTsl y TuapoononToB (Ishchenko
2017:37-46; Rogival 2007: 516-528). Ilpu sTom
MPEUMYIIECTBOM OWOMOHHTOPHHIA SIBIISIETCS TO,
YTO COOOIIECTBA BOAHBIX OPTaHU3MOB HE TOJBKO
pearupyroT Ha OOJIBIIOE pasHOOOpa3ne Pa3TMYHBIX
(haKTOpoB, ONMpPEACISIONUX Ka4yecTBO BOJBI, HO U
CYMMHPYIOT 3P (PEKT CMEIIAHHBIX 3arpsI3HCHHIA, YTO
HeJOoCTYITHO XuMmuieckomy koHTpoiro (DellaSala
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1999: 300-319; Yecnokxora 2004: 144). BumgHoe
MECTO TP MPOBEACHNY OMOMOHUTOPHHTA TIPUHA-
JICKUT UCCIICIOBAHUAM Q)HTOHHaHKTOHa — IEepBOro
3BeHa Tpo(HUUecKoil Lenu, BO MHOTOM OMNpeaess-
fomero (pyHKIMOHUPOBAaHWE BOJHBIX DKOCHUCTEM
u kauectBo ux Boj (Easterling 2000: 2068-2074;
Antoine 2004: 82-87). MccnenoBanust (puTOIIIAH-
KTOHA TO3BOJISIOT TIO3HATH MPOIECCHl CaMOOYHIIIe-
HUA BOJ U PEIIUTH MHOT'Y€ BOIIPOCHL paHHOHaHBHOﬁ
JKCIUTyaTallud BOJOEMOB. (DHUTOIIAHKTOHY IIPH-
HQUISKAT BeAyIIas POJb B WHAWKAIWW TIPUPO-
HBIX MOJU(HKAIUN TPECHOBOIHBIX HKOCHUCTEM,
AQHTPOIIOTEHHOE BO3JICHCTBUE HA KOTOPHIC BBI3bIBA-
€T Kak 3BTpo(HPYOMINil, TaK U PErpecCUpyIOIHi
a¢pdexrnr (Klochenko 2017:283-293; Remke 2011:
87-97). Bunosoii coctas, CTpyKTypa u oouinue ¢hu-
TOTIAHKTOHA ABIISIOTCS BKHEHITUMH TIOKa3aTes-
MH, TO3BOJISIONIMMU OIEHUTHh TPO(PHUUECKUN ypo-
BEHb M CAaHUTAPHOE COCTOSIHHE BOJIHBIX OOBEKTOB,
OTIPEICTUTH UX IKOJOTHYECKOE COCTOSHUE B IIEJIOM
M BBIIBUTH HaIlPaBJICHUC IPOUCXOOAIINX B HHUX
nporeccoB (Parmesan 2003: 37-42; Rogival 2007:
516-528).

Kousbcalickue 03€pa — 3T0 cucTeMa U3 TpeX Bbl-
COKOTOPHBIX 03ep B ceBepHOM TsHb-11laHe, B yuie-
nse Kombcaii. Ansrodiropa Konbcaifickux o3ep B Ha-
cTodIIee BpeMsl MPAKTUYECKH He H3ydeHa. Mexay
TEeM, MPEIONaraeTcsi BO3pacTaHue aHTPOIIOTCHHON
Harpy3KHy Ha 03epo B CBSI3U C T€M, UTO B ITOCIICAHNE
oAbl OTOT pa1710H CTaHOBUTCS MONYJAPHBIM IJIA Ty-
pHU3Ma U KeMIIMHIOBOTO OTxAbIXa. OYeBUAHO, U4TO B
TaKUX YCJIOBHAX HEOOXOAMMEI ()OHOBBIE THAPOOH-
OJIOTHUYECKHE CBEJICHUSI O COCTOSHUH albro(iopbl
9THX 03ep. B cioxuBiieiics cuTyanuu KOHTPOIb
COCTOsIHUS 3KocucTeMbl Konbcalickux 03ep U Kaue-
CTBa €r0 BOJI SBJISIETCS BECbMa BAXKHOM aKTyalbHOMN
3agauen.

B cBs3u ¢ 3TUM 1LI€NIbIO HAaLIEH UCCIea0BATENb-
CKOM paboThl SBUJIOCH M3YYEHHE BHIIOBOTO Pa3HO-
oOpasust MukpoBogopociieii Kombcaiickux o3ep.
[TomyuenHsbIe Tpu ©X ONOMOHUTOPHUHTE JAHHBIE MO-
ryT OBITH HeO6XOI[I/IMLI JJI TUNITaHWUPOBAaHUA U IPOBE-
JICHUS TIPUPOIOOXPAHHBIX MEPOTIPUSATHI B BOJTHBIX
OacceliHax.

MarepuaJjibl 1 METO/bI

B kadecTBe 00BEKTOB HCCIIeJOBaHMS BEIOPaHBI
3 Beicokoropsbeix Konbcalickux o3epa, pacrnosora-
romuxes B yuienbe Konbcaid, B 300 kmiiomerpax ot
r.AnMaTsl. MakcuMalibHast TIyOHHA 03€p COCTaBIIS-
et okosio 50 MetpoB. Huxnoe Konbcaiickoe o3epo
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MpoTsiHYyJIoch Ha 1 kM 1o ymiensto. Ero mmpuna
coctasiger 400 m. Pacnioniaraercst 03epo Ha BbBICO-
te 1818 M Hag ypoBHeM mops. Cpennee (BTopoe)
Konnbcaiickoe 03epo (MBIHXKBUITB) — HAXOJUTCS Ha
BBICOTE 2252, camoe 6obImoe u3 Tpéx 03€p. [1o Oe-
peram BToporo Koibcalickoro o3epa npouspactaror
MHOTOUYHUCIICHHBIC aJbIIMICKHIE IIBETHI, B TOM YHCIIC
u apomatHble 3jienbBeiickl. [lepBoe Kombcaiickoe
o3epo, win Bepxuuii Konbcail, HaX0UTCs Ha BBICO-
Te 2850 M. D10 camoe MalleHbKOe 03ep0o. OHO OKpy-
JKEHO CKaJlaMH{ U JIEPEBhSIMHA apUOBOT0 KyCTapHHKA.
Ha pucynke 1 mpencraBnena kapta 0ObEKTOB HC-
CJIeIOBaHUS — cXeMa pacroyioskeHus: Kombcaiickux
o3ep.

[IpoObl BoABI OTOMpanM B HIOHE U aBTyCTe
2017 r. B mpuOpeXHOH METPOBOH 30HE Ha IIyOH-
He 0.5-1 M. KonmdecTBeHHBIC MTPOOBI OTOMPAH C
ucnosas3oBanreM pamku (S = 0.01 m?). Obpacra-
HUSI MUKPOBOJIOPOCIIEH COCKaOnIMuBaimu ¢ cyocTpa-
Ta C TIOMOUIBIO MIETKH, PUKCUPOBAIH PACTBOPOM
Jlioronss mo meroauke ['.B. Kyspmmna (I'OCT
17.1.3.07-82. 1982). IlpocmarpuBanu 50 monei
3peHUsl He MEHee YeM Ha 3 npenaparax. Pesynbpra-
ThI BhIpakaJii B KOJIMYCCTBC KJICTOK Ha 1 M BO/JBI.
Yucao MHKPOBOJIOPOCHEH OICHMBAIM IO MIKaJe
yacToT nociie nepeuucienus Ha 100 moseit 3penus
(Pozenbepr 1994:266). YactoTy BCTpedaeMOCTH
YYHUTBIBAIN 10 JIEBITHOAUIBHON MIECTHCTYIIEHYA-
TOH IIKalle 9YacTOT CO CIEAYIONUMHU 0003HAUCHH-
sSMH: 1 — OYeHb pelKo; 2 — peaKo; 3 — HepeaKo;
5 —yacto; 7 — o4eHb yacto; 9 — macca (MenexoBa
2008:288). OnpeneneHne BUIOB BOIOPOCIICH TIPO-
BOJIMJIM B )KMBOM M (PUKCUPOBAHHOM COCTOSIHUU. B
KauecTBe (uUKcaTopa Hcrosb3oBain 4%-blii pac-
TBOp (opmanpaerumaa. OMHOBPEMEHHO CO COOpOM
po0 U3MEPSITH TEMIIEPATy Py, KUCIOTHOCTH U MPO-
3pa4HOCTb BOJBI. Bomopocin u3yyanu ¢ ToMOIIBI0
CBETOBBIX MUKPOCKOIIOB «Primo Stary (I'epmanus)
¢ yBenmuuenueMm oT 40 mo 100 pa3. Bugsr Mmukpo-
BOJOPOCIEH YCTAaHaBIMBAJIU C HCIOJIb30BAHHEM
onpenenurenei (I'ommrepbax 1980:200; Macrok
1989:608; Ompenenutens MPECHOBOIHBIX BOJO-
pocieit CCCP 1951:618; Onpenenutens npecHO-
BonmHBIX Bomopocieit CCCP 1953:646; Ompene-
JUTENb MpecHOBOAHBIX Bogopocieir CCCP 1982:
624). Nuaekc campoOHOCTH BOJOEMa BBIYUCIISI-
mu o meroxny llantie u bykka B mMomudukanum
(Sladecek 1973: 218). UnaukaTtopHasi 3HAYMMOCTh
OTHIETBHBIX BHJIOB 6000pOC/ell OIICHUBAIACH II0
CITUCKaM CanpoOHBIX OpraHu3MoB (YHHUIH-
POBAHHBIC METOABI HCCICAOBAaHUA KadyeCTBa BOJ
1977: 42-141).
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Pucynok 1 — Kapra-cxema paiioHa uccienoBaHus
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Pesynbratel 1 X 00cyKaeHHe

Bunosas cTpykTypa coollecTBa XapakTepH-
3yeTcs YHCIOM TaKCOHOB, (IOPUCTUYECKUM CO-
CTaBOM, PA3JIMYHBIMH HMHAEKCAMH CXOJCTBA U BU-
JIOBOTO pa3zHOOOpa3usi W SIBISIETCS MHTETPaTbHBIM
MOKa3aTesieM BO3JCHCTBHUSI KOMIUIEKca (haKTOPOB,
KaKk NPUPOIHBIX, TaK W aHTPOIOreHHelx (Myca-
toBa 2006:32; Richardson 2004:1-22). B coctaBe
anbro(Iopsl HCCIEAYEMBIX 03ep oOHapyxkeHo 124
BrIa u3 6 oTAenoB Bogopociei. [lo cooTHomeHno
BUJIOBOTO Pa3HOOOpa3usi MepBOe MECTO 3aHUMAaIIU
JIMaTOMOBBIE, BTOPOE — 3€JICHbIE, TPEThE — CHHE-3e-
nensle Bogopocnu (PucyHok 2). U3 muHO(DHUTOBBIX
BOJIOPOCIIEH OIpEeesIeHO TOJNBKO 5 BUIOB, U OJWH
BUJ U3 OoTAena KpunToputoBbix. Hanbomnbiee Bu-
JoBoe 00TaTCTBO MpHHAAIEXKANIo poaam: Navicula,
Cyclotella, Cosmarium, Scenedesmus, Synechococ-
cus, Anabaena.

JIOMUHUPYIOIIMM OTZAEJIOM IO YHCIY BHUIOB
ow1 oTen Bacillariophyta. [IpencraButenu 3Toro
otnena oOHapyKEHbI BO BCEX HAONIOIAEMBIX 03€-
pax. M3 nuaToMOBBIX NOMHHHMPOBAIN BHIBI pona
Cyclotella, npudem oOOWIBHBI OHM OBUIM MpakK-
THYECKH BO BCEX M3YyUEHHBIX TpeX o3epax. 3ee-
HBbIE BOJOPOCIN OBUIH HE TOJIBKO Pa3HOOOpa3HEI,
HO W OOWJBHBI 1O BcTpewaeMoctu. Ha Gepery u

Ha MEJIKOBOJIHBIX 4YacTSX 03ep OOHapy>KeHhI 3a-
pOCIIA HUTYATHIX BOJOPOCIIEH U3 PONIOB Spirogira
u Ulotrix. YacTo BcTpeda nch BUABI M3 MOPSIKA
Desmidiales, Chlorococcales. Hanbonbuee xo-
JIUYECTBO BHJOB BKItouanu poasl Cosmarium,
Scenedesmus, Closterium. HecMoTpss Ha TO, 4TO
CUHE-3eJICHbIC BOJIOPOCIIH — OOBIYHBIC OOUTATENN
MEJIKHX, TEIUIBIX, SBTPO(HBIX BOZOEMOB, B UCCIIE-
JIOBAaHHBIX HAMH 03epax OHU OBbUIM TMpEJCTaBJIC-
HBI JIOBOJIBHO Pa3HOOOpa3HO, OCOOEHHO JiBa poja
Anabaena n Synechococcus. Habnromaercs Takxke
MpHUCYTCTBHE Bojopocieil poxa Gloeocapsa, co-
CTOSIIIIAX W3 MOCJIEIOBATEIHHO BKIFOUCHHBIX JIPYT
B JIpyTa CIU3UCTHIX My3bIpei, HANMEHBIINE U3 KO-
TOPBIX OKPYKAKT HEMOCPEACTBEHHO 1IAPOBU/THBIC
WU DIUTUICOUHBIE KiIeTku. Kpunrodurosbie u
TUHO(PUTOBBIE BOJIOPOCITH OOBIYHO Pa3HOOOPA3HEI
W Pa3BUBAIOTCS B Macce B XOJIOJHOE BpeMs Toja,
0oco0eHHO B TojyieiHOM riaHkToHe (Bondarenko
2002; Van 2002:141-154; Fraenzle 2007: 404-
413). Ho B Hamux uCCIEIOBAaHHBIX 03€paxX ITUHO-
(buTOBBIC BCTPEUAIUCH CAMHUYHO U TIPEICTABICHBI
Bcero 5 Busamu Bo BTopoM o3epe Koubcail. Kpur-
TO(QHUOTOBBIE BOJIOPOCITH ObUIN OOHAPYKEHBI HAMU
ToNbKO B BepxHeM o3epe Kombcail. Hekoropsie
BHJIbI 3apETUCTPUPOBAHHBIX BOAOPOCIEH BCTpeda-
JIUCh BO BCEX MCCIIEIOBAHHBIX 03epax.

Cryptophyta

yta

® Chlorophyta ™ Cyanophyta

= Bacillariophyta

Dinophyta ®Cryptophyta

Pucynox 2 — [IporieHTHOE CCOOTHOLIEHHE ONPEEICHHBIX BUI0B MUKpOBoAopocieil B o3epax Konbcail
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Bopopocan 00manaroT BBICOKOW YyBCTBUTEIb-
HOCTBIO K MPHUCYTCTBUIO B BOJIC OPraHHMYECKHUX BE-
LIECTB U SIBJISAIOTCS MHIUKATOPaMU 3arpsI3HEHNUS BOJT
OpraHUKOH U MPOAYKTAMHU €€ pacmajaa. AHaIu3 Bceil
anerodopsr Konbcaiickux o3ep mokasal, 4To WH-
JMKATOpaMH CTETIeHH CanpOOHOCTH BOJBI SIBIISIFOT-
cs1 48 BUIOB BOJOPOCIIEH, UTO cocTaBisieT 38,7% ot
ob1ero ux yucia. OaurocanpoOMOHTHI U OJIUro-0e-
Tame30canpoOHOHTHI MpeJicTaBieHbl 35,4 u 27% ot
0011Iero yucia MUKpOBOJIOPOCIICH COOTBETCTBEHHO.
MeHee MHOTOYHCIICHHBIC TPYIIIbI OJUTO-KCEHOCA-
MPOOMOHTOB ¥ KCEHOCAITPOOWOHTOB BKIIIOYAIOT 8 1
4 Bunma cooTBeTcTBeHHO. KceHo-OeracanpoOnoToB
1 ME30CarpoOHOHTOB — IO 2 BHUJA, U IO OAHOMY
BHly oJiuro-ajibha M KCeHO-anb(hacarnpoOrHOHTOB
(Tabmuua 1). MHAEKCHI calpOOHOCTH KOJICOIIOTCS
B mpenenax 1,15-1,5, 4To cooTBETCTBYET OnMuroca-
MPOOHBIM YCIIOBHSIM.

HauOonpiee xonmuectBo BUIOB (72) 3aperu-
CTpUpPOBaHO B nepBoM KonbcalickoM 03epo, B TOM
Yypclie AUAaTOMOBBIX — 41, 3enenbix — 19, cunese-

Navicula

Scenedesmus

Synechococcus

nensix — 12 BunoB. B nepsom KonbcaiickoM o3epe
BBISIBJICHO HAaHOOJIBIIOE YHCIIO TIOPSIIKOB, CEMEHCTB
U POJIOB TI0 CPABHEHHMIO C IPYTUMHU UCCIEAYyEMbIMU
o3epamMH. YCTAaHOBIIECHO, YTO AMAaTOMOBBIC Mpea-
CTaBJICHbI HAMOOJBIINM pPa3HOOOpa3ueM pOOB:
Navicula, Pinnularia, Gomphonema, Cymbella,
Achnanthes; 3eneHble MUKPOBOJIOPOCIH MPEICTaB-
nensl npencrasutensiMu popa Cosmarium. Cpenn
CHHE3€JICHBIX BOJOpOCIed MASHTU(PUIPOBAHO 12
BUAOB. MHOTOYHCICHHBI IO KOJUYECTBY BHIOB
Boznopociu pona Oscillatoria, Phormidium. Oxo-
10 50% MHUKPOBOIOPOCIEH U3 BCEX ONpPEAENIEeHHBIX
BHUJ0B B nepBoM KosbcaiickoM o3epe SBISIFOTCS MTOo-
Ka3aTeJsiMU callpoOHOCTH BOABL. 3/1€Ch BCTPEYAIOT-
Csl ’HIMKATOPHBIE BUIBI MUKPOBOJOPOCIIEH OJIUTO-,
KCEHO- U Me30CanpOOHBIX 30H, U3 HUX JOMHUHHPYIOT
OJIMTO- ¥ Me30CanpoOHbIe MHKPOBOZOPOCIIH, TAKHE,
Kak Gloeocapsa sanguinea, Cyclotella comta, Pin-
nularia nobilis, Navicula graclis (Pucynok 3). Un-
nekc canpodHoctu 1o meroxny Ilantie — bykka S
paBeH 1,5.

Cyclotella

Anabaena

Pucynok 3 — Mukpodororpadun gacto BecTpedaeMbIX MUKPOBOZOpocIeii B o3epax Konbcait
(pu yBenmueruu x100)
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B cocraBe anbrogopsr Broporo ozepa MpIH-
JKOJTKA OOHapyXeHO 52 Buaa, OTHOCSIUXCA K 4
otnenam: Bacillariophyta — 24 Buna, Cyanophyta
— 9, Chlorophyta — 14, Dinophyta — 5. Haubonee
MHOTOYHCIICHHBIMH M Pa3HOOOPA3HBIMHU B BUJIOBOM
OTHOILICHUU OTMEYEHbI JTMaTOMOBBIE BOJOPOCIH
(Bacillariophyta), otnen npezacrasieH 14 pogamu
u 7 cemeiicrBamu. OO11ee CHUKEHUE YHCIa BUAOB
MIPUBENI0O K YMEHBIIEHHIO BUIOBOTO pa3HOOOpa-
3us B 1eioMm. HauOomnbiee BuaoBoe pazHooOpa-
3M€ OTMEUYeHO y ponoB nuaTtoMoBbIXx Cymbella,
Cyclotella v Gomphonema. 3eieHble BOJIOPOCIH
(Chlorophyta) B 03epe MBIHXOJIKH M0 YUCICHHOCTH
3aHMMAIOT BTOPOE MECTO, ompejesieHo 14 BUIOB.
UYacto BcTpevanuch BUABI U3 nopsiaka Desmidiales,
Chlorococcales. [Tpu3ToM HanbobIICE KOINIECTBO
BUJIOB BKJIOUaK ponbl Cosmarium, Scenedesmus,

m-canpoobl
10%

X -canmpoobr
20%

0-Canmpossl
30%

Closterium Staurastrum., Pediastrum. OcoOeHHO
MHOTO UX Ha Oepery o3epa, TJie BoJia CPaBHUTEIHHO
TerIas, Mpo3pavHas 1 MHOTO BBICIITUX BOJHBIX pac-
TeHuil. Ha Oepery u Ha MEIKOBOJHBIX YacTsAX 03epa
0oOHaApyXEHBI 3apOCIIM HUTYATHIX BOJOPOCIEH U3
ponoB Spirogira, Ulotrix Ha KOTOPBIX OBUTH BBISIB-
JICHBI Pa3HOOOPAa3HbIC AMUPUTHBIC BUIbI MUKPOBO-
nmopociei. JInHOPUTOBBIE BCTPEUATUCH SIUHUTHO
U TIPEICTABJICHBI BCETO 5 BHaamu. B pesymbTaTte
aHaJlM3a MHJIMKAaTOPHO-CAIIPOOHBIX BUJIOB MHKPO-
BOJIOpOCIIE BTOPOro o3epa MBIHXKOJIKHA HAMHU Bbl-
sBiieHO Hanmmure 20 BUIOB U Pa3HOBUIHOCTEU WH-
JIUKATOPHBIX BUJIOB, U3 HUX OJIMTO-KCEHOCAITPOOOB
(x-0) -8, onurocamnpo6oB (0) — 6, KceHocanpoOoB (X)
— 4, me3ocamnpo6os (m) -2 (Tabxuma 1, pucynox 4).
CanpoOnblit uaekc no merony [lantne un bykka pa-
BeH 1,25.

X-0-canpoObl
40%

Pucynok 4 — [IporieHTHOE CCOOTHOUICHUE WHINKATOPHBIX BHJ0B MHUKPOBOJOPOCIICH
Broporo o3epa Konbcaii

HanMeHpmMM BUAOBBIM pa3HOOOpa3weM IIo
CPaBHEHHUIO C JIByMs OIIMCAHHBIMHU 03€paMU XapaK-
tepusyetcst o3epo Konbcaii Bepxuee. 3neck oOHa-
pyxeHo 45 BUJ0B, OTHOCSIIMXCS K 5 oTnenam, 10
kiaccam, 13 mopsiakam. Kak 1 B mpeasIayIux uc-
CJIEIOBAaHHBIX 03€pax, HANOOJIBITUM KOJTUYECTBOM
BHJIOB TYT TOXX€ MPEICTaBIEH OTACN JIHaTOMO-
BBIX Bojopocnel, onpenened 31 Bua. [Ipu stowm,
OoJbIIas 4acTh OMpPEICIIEHHBIX BUJIOB OTHOCSTCS
Kk poxam: Navicula (10 BumoB, pa3sHOBHUIHOCTEH
u Qopm), Pinnularia (8 BUAOBBIX, BHYTPUBHUIO-
BBIX TakcoHOB), Cymbella — 4, Gomphonema — 3,
Nitzschia — 6. Otnenst Chlorophyta u Cyanophyta
HACYHUTBIBAIN MO 6-7 BHAOB COOTBETCTBEHHO M 1
BHJI OTHOCUTCA K oTHeny Cryptophyta. I1o oTHOTIE-
HUIO K CalipOOHOCTH BOHOMW TOJIIIN aHAJIU3 COCTa-
Ba MHJIMKATOPHO-CANIPOOHBIX BOJIOPOCIIEH MOKa3al
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HanOOoJbIIIee KOJMYECTBO KCEHOCATIPOOHOHTOB,
3HAYUTEILHO MEHEe pPa3HOOOpa3Hbl Me30Canpo-
ObI, XOTSl OCTaTOYHO Pa3HOOOPA3HBI WHIMKATO-
PBI IPOMEXKYTOYHOHN CTENEHH 3arpsI3HEHUS MEXK Ty
KCEHO U OJUrocamnpoOHoi 30HOMH. O1eHKa COCTOs-
Hus BoJbl BepxHoro Koibcas mo MHAMKATOPHBIM
BHaM (UTOIJIAHKTOHA ITOKa3aia ee MpUHaIIeK-
HOCTh K KaTeropuu KceHocarnpoOHoi. Haunboib-
LI€€ YMCIIO BBISIBICHHBIX MHIUKATOPOB OTHOCHUTCS
K IMaTOMOBBIM BoZopociisiM (44 % ot oGriero drc-
Jla MHAWKATOPOB) U B IIEJIOM COOTBETCTBYET 3HAUH-
MOCTH 3THX OTAEJIOB B CTPYKTYpE (PUTOMIAHKTOHA
o3epa. Hmxe, B Tabmuime 1 mpencraBieHbl WHIN-
KaTOPHO-CANpoOHbBIE MHUKPOBOJIOPOCIH, OOHApPY-
xeHHble B o3epax Kombcail. CanpoOHBIH HHIEKC
BojibI 03epa Konbcait Bepxuee no merony [TanTie
u bykka pasen 1,15.
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Ta6auna 1 — MHaukaTopHO-canpoOHbIe MUKPOBOIOPOCIH, OOHApYKeHHbIC B 03epax Koubcaii

Neo Bug CanpoOHOCTD EH)KHHIEI CpeHHHfI BerHHfI
onbcaif Konbcait Komnbcait
Cyclotella comta o + +
Pinnularia nobilis o + +
Navicula graclis o- +
Navicula pontica (Mereschk.) m + +
Aulacoseira italica o- +
Fragilaria bicapitata o + +
Fragilaria capucina o- +
Nitzschia acicularis m + +
Diatoma anceps 0 -y +
Diatoma hiemale X +
Diatoma hiemale var. mesodon X +
Melosira varians o- +
Meridion circulare Ag. var. circulare 0 -y +
Tabellaria fenestrata (Lyngb.) Kiitz. o- +
T. flocculosa (Roth) Kiitz. 0-Y + +
Pinnularia braunii (Grun.) 0 -y
Pinnularia gibba Ehr. var. gibba X + +
Achnanthes lanceolata (Breb.) Grun. var. lanceolata x-B
Amphora ovalis Kiitz. var. ovalis o-
Ceratoneis arcus 0-Y
Gomphonema longiceps var. montanum (Schum) CI. X
Gomphonema angustatum
Cymbella ventricosa X0
Nitzschia. linearis W. Sm. o-fB
Cryptomonas marssonii o-
Synechococcus aeruginosus 0-Y
Ceratium hirundinella o +
Chroococcus turgidus o-
Chroococcus limneticus o-
Gloeocapsa sanguinea 0 +
Gloeocapsa minuta o +
Anabaena solitaria o-p +
Ankistrodesmus densus Korsch 0
Ulothrix zonata (Web. et Mohr) Kiitz. o + +
Closterium kuetzingii Breb. 0
Cosmarium cyclicum Lund. 0 -y +
Desmidium schwartzii Ag. ¥ -B +
Pediastrum biradiatum o +
QOocystis lacustris o-p +
1, Ulothrix zonata 0 +
2. Microspore amoena 0 -y + +
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Ipooonocenue mabauywr 1

e Bux Canpodwoets | 7 | Comeati | Komeai
3. Ulothrix tenuissima o +
Zygnema stellinum 0 +
Euastrum elegans o +
Crucigenia tetrapedia 0-0 +
Cosmarium turpini o +
Desmidium swartzii 0 + +

TpuMeyaHue: X — KCeHOCanpoo, 0-X — OJIUr0-KCEHOCANpoo, 0 — onurocanpod, o-f — onuro-6eracanpol, 0-0 —onuro-anbhaca-
po0, y -B — kceno-6eracanpoO, m — Me3acanpod); 3HaK «+» — MPUCYTCTBUE BUJA.

YCTaHOBIEHO, YTO BUJOBOE OOTaTCTBO BOJIO-
pocieti Konbcaiickux o3ep KoieOJaeTcss B 3aBHCH-
MOCTH OT PACIOJIOKCHHS UCCIEAYEMbIX MeCT. Tak,
BHUJIOBOM COCTaB BOAOPOCIECH XapaKTepU3yeTcCs
CPaBHHTEIBHO BBICOKMM pazHooOpazmeM B Huk-
HeMm Kosbcalickom o3epe, paciioyioKeHHOM Ha BbI-
cote 1818 M Hax ypoBHeM Mops. CTeneHb CXOACTBA
BOJIOPOCIIEH, pPa3BHBAIOIINXCS B HCCIEIOBAHHBIX
TpeX 03epax, HU3Kas, YTO BEPOSTHO OOBSICHSICTCS
0COOCHHOCTSIMH TH/IPOJIOTHYECKOTO U TUAPOTSPMH-
YECKOTO PEXMMOB H3Y9aeMbIX 00BEKTOB, KOTOPEIE,
BUJIUMO, U SIBJISIIOTCSI OCHOBHOW MPUYUHOMN TOrO,
4TO B KaXKIOM 03epe c(HOpMHpOBAICS CBOH cHell-
n(UIECKHA aabroIeH03. BBISBICHO, YTO BHIOBOI
COCTaB BOAOPOCIEH, BXOIANIUX B COCTaB JTOMUHU-
PYIOIIUX 110 YUCICHHOCTH U OMOMAcCe KOMILIEKCOB,
TaKk)Ke OTIMYAETCS B MCCIIEIOBAaHHBIX 03epax. AHa-
3 anbroduiopbl Kosibcalickux 03ep Ha HaIU4ue
WHIMKaTOPHO-CAITPOOHBIX BUIOB CBHUJICTEILCTBYET
00 OTCYTCTBMM B HAX MPU3HAKOB 3arps3HEHMA. BbI-
SIBJICHO, YTO TMOKA3aTeNd YUCTOU BOJBI — OJIUTOCA-
nmpoObl 3/1ech OBLTM HamOOJIee MHOTOYHCIICHHBI.
WNHnekchl campoOHOCTH KOJICONIOTCS B IMpeienax

1,15-1,5, 9TO COOTBETCTBYET OJUTOCANPOOHBIM
ycnoBusiM. Anbrodiopa Komnbcalickux o3ep mpe-
CTaBJICHA B OCHOBHOM JTUATOMOBEIMHU, CHHE3EJICHBI-
MU ¥ 3€JICHBIMA MUKPOBOIOPOCIISIMHU.

OtobpanHbIC TIPOOBI BOJBI U3 HCCIICIOBAHHBIX
03ep JIOCTaBJICHBI B JTA0OPATOPHIO JIJISl BBIJICICHUS
YHUCTHIX KYJIBTYP OJIUTOCATIPOOHBIX BHIOB MUKPOBO-
nopoceii. [I[peumymiecTBoM UCIIOTB30BaHMS B O1O-
TECTUPOBAaHHU BUAOB (POTOTPO(HBIX MHKpOOpra-
HU3MOB, BBIJICIICHHBIX M3 YHACTBIX OJHUTOCAITPOOHBIX
BOJIOEMOB, SABIISIETCS TO, YTO STH BUIBI MHKPOBOJIO-
pociieii B OOJBIIMHCTBE CIIy4aeB HE aalTHPOBAHbI
K pa3IMYHBbIM 3arpPs3HSIONIAM BEIECTBAM, B CBS3H
C €M TIPEJICTaBIAIOT OOIBIION HHTEPEC B KAUECTBE
MEPCIIEKTUBHBIX YYBCTBUTENBHBIX TECT-00BEKTOB
py OMOMOHHUTOPUHTE BOJHBIX 3KOCHUCTEM, 3arpsi3-
HEHHBIX Pa3IMYHBIMHA TOKCHKAHTAMHU.

Hccnedosanus blnoIHANUCH 8 PAMKAX NPOEK-
ma «Paspabomra HayuHO-Memoouueckux OCHO8
mexHono2uY OUOMOHUMOPUHEA U NPOCHOZUPOBAHUS
COCMOSIHUAL 3A2PA3HEHHBIX BOOHBIX IKOCUCHEM C
npumMeHeHuem GomompopHvIX MUKPOOPESAHUZMOBY
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CTPYKTYPHbIE U MEXAHUYECKUE CBOUCTBA
BAKTEPUAABHOM LIEAAKOAO3DbI,
NMOAYYEHHOM NPU KYAbTUBUPOBAHUU MPOAYLIEHTA
HA CPEAAX C MPON3BOACTBEHHbIMHN OTXOAAMU

bakTepmanbHas ueaaonosa (bBL) — nepcrniekTvBHbIN 6G1OMOAMMEP, 0OAAQIOLLMIA YHUKAAbHbBIMM
CBOVICTBaMM, MO3BOASIOLLMMM LIMPOKO MCMOAb30BaTh €ro B OMOMEAMLIMHE, TKAHEBOW WHXEHepuw,
DAEKTPOTEXHUKE, MULLEBOIN U TEKCTUABHOW MPOMbILIAEHHOCTH. LleAblo paboThbl IBASAOCH ONpeAeAeHne
NMPOAYKTUBHOCTM GMOCKHHTE3a 6aKTEPUAABHOI LIEAAIOAO3bI MYTEM BbIpALLMBAHMS LITAMMA-TPOAYLIEHTA
Ha CpeAax M3 CEeAbCKOXO3SMCTBEHHbIX M MULLEBbIX OTXOAOB. B HacToswen paboTe n3yuyeHo BAMSIHME
Pa3AMUHBIX KYABTYPaAAbHbIX CpeA Ha MPOAYKTMBHOCTb LUTaMMa WM CTPYKTypHble cBoicTBa bLl.
Mcnoab3oBaam 3 BUAA (hepMeHTaLMOHHbBIX CpeA Ha OCHOBE OTXOAOB arpo- 1 NULLLEBON MPOMbILLAEHHOCTY.
IMpPOAYKTMBHOCTb LLITaMMa OLieHMBaAACh MO BbIX0Ay BromMacchl 1 Beca bL| rpaBrumMeTpruyeckm METOAOM.
Mopdonaoruio naeHok bL| nayuaan metoaom CIOM, a MexaHnuyeckme XxapakTepUCTUKM — HA PA3PbIBHOM
MatmHe «Instron». MakcrmaAabHbIi Bbixoa BL| — 8,21+40,02 /A AOCTUraAcst npu KyABTMBMPOBaHMM
MPOAYLIEHTA Ha CpeAe, COAep>Kalleill OTXOA CaxapHOro MpOM3BOACTBA — MeAaccy. [loAyyeHHble
maTtepmanbl, 06pa3oBaHHbIe Ha KAACCHYecKkor cpeAe HS 1 cpeaax Ha OCHOBE MPOMBbILLAEHHbIX OTXOAOB,
MMEAU B3aMMOCB$I3aHHYIO MOPUCTYIO MATPUUHYIO CTPYKTYPY C GOAbLLIOM MOBEPXHOCTHOWM MAOLLAADIO.
Muikpo- (15-35 Hm) 1 Makpobnbpuraabl (50-150 HM) B nAaeHkax bLI, 06pa3oBaHHbIX Ha CPEAE C MeAACCOH,
COEAMHSIIOTCS B AEHTOBMAHbIE BOAOKHA, 0O0ecrneuMBaloliMe BbICOKYID MEXaHWUecKylo MpPOYHOCTb
(NpoYHOCTb Ha pa3pbiB: 37,12+ 0,2; oTHOCUTEAbHOE YyAAMHeHMe: 3,28 +0,2 %).

KaloueBble cAoBa: bakTepmrasbHas LeAAOAO3a, hepmeHTaumoHHas cpeaa, Gluconacetobacter xyli-
Nus, OTXOAbI MPOM3BOACTBA.
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Structural and mechanical properties of bacterial cellulose obtained by cultivation
of a producer strain on media with industrial wastes

Bacterial cellulose (BC) is a promising biopolymer with unique properties that make it possible to
widely use it in biomedicine, tissue engineering, electrical engineering, food and textile industries. The
aim of a work was to determine the productivity of bacterial cellulose biosynthesis by propagation of
a producer strain on media on the basis of agricultural and food wastes. In present work, the effect of
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various culture media on strain productivity and structural properties of BC was studied. Three types of
fermentation media on the basis of agro- and food-processing wastes were used. The productivity of the
strain was evaluated according to biomass yield and BC weight by gravimetric method. The morphology
of BC films was studied by SEM method, and mechanical characteristics — by «Instron» tensile machine.
The maximum yield of BC — 8.21+0.02 g/l was achieved by cultivating of a producer on medium con-
taining wastes of sugar production — molasses. The resulting materials formed on classical HS medium
and industrial waste media had an interconnected porous matrix structure with a large surface area.
Micro- (15-35 nm) and macrofibrils (50-150 nm) in BC films formed on a medium with molasses joined
into ribbon-like fibers, providing high mechanical strength (tensile strength: 37.12+0.2, elongation :
3.28+0.2%).

Key words: bacterial cellulose, fermentation medium, Gluconacetobacter xylinus, industrial wastes.
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OHepKaCinTiK KAAAbIKTapAAH )XacaAFaH OpTaAapAa NMPOAYLLEHTTi 6Cipy apKbIAbl aAbIHFaH
6aKTepPUSIAADBI LLEAAKOAO3AHbIH, KYPbIAbIMADIK, )XOHE MeXaHMKaAbIK, KacueTTepi

bakTepuanabl ueaAono3a (BLI) — 6romMeaMUMHAAQ, DAEKTPOTEXHMKAAQ, TaFamM >KOHE TOKbIMa
eHepKkacibiHAe KeHiHEeH KOAAAHYyFa MYMKIHAIK OepeTiH epekiile KacuerTepre wue Kkeaeweri 6ap
6uonoanmep. XKyMbICTbIH MaKCaTbl aybIALLIAPYALLbIAbIK, >KOHE TaFamAblK, KAaAAbIKTapAaH >KacaAfaH
opTaAapAa WTaMM-TIPOAYLIEHTTI ©Cipy apKblAbl GaKTepraAAbl LEEAAOAO3aHbIH OMOCKMHTE3 BHIMAIAITIH
aHblkTay GOAbIM TabbiAAbl. BepiAreH XXymbIiCTa TYPAI AQKbIAADBIK, OPTaAaPAbIH, LITAM OHIMAIAITT XKoHe
BLI-HbIH KYPbIAbIMABIK, KACUETTEpiHe acepi 3epTTEAAL. Arpo >KaHe TaFram 6HepPKaCiOiHIH KaAAbIKTapbiHa
HerizaeAreH 3 TYPAiI (bepMeHTaUMSAbIK, OpTaAap KOAAQHABIK. LLITaMHbIH ©HIMAIAIF FpaBUMETPUSIAbIK,
aaicneH BLI-HbiH 6GMOoMacca WbIFbIMbI MEH CaAMarblHa Kapar OaraAaHAbl. bl KabblkuacbiHbIH
MopdporormsgcbiH COM 8AiCIMEH, aA MexaHMKAAbIK, cMMaTTaMaAapbliH «Instron» y3yuli MallMHACbIHAQ
3epTreaik. 8,21+0,02 r/A BLI-HbIH MakcMMaAAbl ©HIMi MPOAYLEHTTIH KAHT OHAIPICIHIH KaAAbIFbI,
SFHU MeAacca Gap opTasa 6oaabl. HS KAaccukaAblk, opTasa >keHe eHAIPIC KAAAbIKTapbl HeriiHAeri
opTarapaa TY3iAreH Mmartepuansap YAKeH 6eTTik ayaaHbl 6ap e3apa 6aiAaHbICTbl  GOPMbIAAAK,
MaTPULIAABIK KYPbIAbIMFA Me GOAAbl. Meaaccacbl Gap opTasa Ty3iAreH BLI-HbiH KabbikacbiHAAFbI
MUKPO- (15-35 HM) eHe Makpodubpuararap (50-150 HM) >KoFapbl MEXaHUKaAbIK, GepIKTIK (y3iayre
GepikTik: 37,12 +0,2; caAbICTbIpMaAbl y3apy: 3,28 +0,2 %) GepeTiH Xin Topi3ai TaAlbIKTapra Gipirea.

Tyiin cesaep: GakTepuasAbl LEAAIOAO3a, hepMeHTaumsAblk, opTta, Gluconacetobacter xylinus,
OHAIPIC KAaAAbIKTapbl.

BBenenne

Bbakxrepuanbnas nemmonosa (bL]) npeacraBnsier
c0o00¥ TIPUPOAHBINA TOJIMMEP, OOJIATAIOIINA YHU-
KaJbHBIMU CBOWMCTBAaMH, KOTOPBIE OTCYTCTBYIOT B
[EJUTION03€ PACTUTEIHLHOTO TPOUCXOKIACHHUI. DTO
XUMHYECKH YHUCTBI BHEKJIETOYHBIH MPOIYKT, TaK
KakK OH HE COJCPIKUT JINTHUHA, CMOJ, )KUPOB U BOC-
KOB U 1o3ToMy He Tpebyet oroenku (Klemm 2005:
3358-3393). Mukpodpubpmwmuist bLL B 100 pa3 ToHb-
e MUKpo(QUOPHUILT PaCTUTEILHON LEJUTIONO03bI, YTO
MO3BOJISIET MCIOJIB30BATh €€ JIUISl CO3IMaHUS CBEpPX-
MPOYHBIX OOJIErYeHHBIX HAHOKOMIIO3UIIOHHBIX Ma-
TEPUAJIOB: BOJIOKOH, TUICHOK, TPYOOK, a’poreinei,
MeMOpaH OINTHYECKH IMPO3PAYHBIX KOMITO3UTOB, B
MPOM3BOCTBE OyMaru, a Tak)Ke B KadecTBE 3ary-
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CTHTEJISI M CTA0MIN3aTOpa B TUIIEBOM MTPOMBIIIIICH-
Hoctu (Sherif 2014: 2-7).

Bl mMeer BBICOKHME MOKAa3aTeIU KpUCTAIAY-
HOCTH, 00JIaJlaeT BBICOKUMH aJICOPOLIMOHHBIMU U
(msuko-mexanudeckumu  cBorictBamu  (Bielecki
2005: 31-85). B cBs3u ¢ 3TUM, OHA TIPUMCHSICTCS
B KauyecTBe ckadoijga B TKAHCBOW HHKCHEPHH,
PAHO3KUBJISIONIMX MOKPHITHIX, CO3AaHUU HCKYC-
CTBCHHOW KOXH TIPH OOIIMPHBIX 0KOTaX, MUCKYC-
CTBCHHBIX KPOBEHOCHBIX COCYJOB JUISI MHUKPOXH-
pyprun (Czaja 2007: 1-12). Hanbonee u3BecTHBIM
MPOJIYIICHTOM MHKPOOHOW TIEIUTIONO3bI  SIBIISICTCS
Gluconacetobacter xylinus (Ruka 2015: 1-21).

Cyns no 601bIIOMY KOJIMYECTBY MyOIHMKaINM,
u3ydyenue u BHenpenue bl pazBuBaercs crpemu-
TeabHbIMH TeMnamu. OaHOW W3 mpoldiiem, orpa-
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HUYUBAIOIUX €€ TIOJyYEeHHUE B TMPOMBIIUICHHBIX
MacmTabax, SBISETCS BBICOKas ce0ecTOMMOCTh
KOHEYHOr0 NpojykTa. Mcrmoiab30BaHUE MPOMBIIII-
JICHHBIX OTXOJIOB U MOOOYHBIX MPOJYKTOB HEKO-
TOPBIX OTpacie TPOMBINIJIEHHOCTH B KadecTBE
(hepMEHTAIIMOHHBIX CPEJI MOXKET MOBBICUTH PEH-
TabenpHOCTh Mpou3BojacTBa bL[. B cBsizu ¢ atHMm,
MHOTHE HCCIIEIOBAaHUS OBLTH COCPENOTOYEHBI Ha
pa3paboTke (hepMEHTAIMOHHBIX CpeJ JUIsl Tpo-
n3BozcTBa BIl, HAa oTXOmax MUIEBOM MPOMBIIII-
JIEHHOCTH: CYXOT0 KOHBSYHOTO dKcTpakra (Hong
2008: 545-549), dpykroBbix cokoB (Kurosumi
2009: 333-335), kneHoBoro cupomna (Zeng 2011:
506-513), coka caxapHOTO TPOCTHHKA, CTOYHBIX
BOJI OT MPOU3BOJACTBA pucoBoro BuHa (Wu 2012:
116-121), Bunorpaanoro xwmbixa (Vazquez 2013:
545-554), cTOYHBIX BOJ KOHAMTEPCKUX (PaOpHK,
MeJIacChl, KyKypy3HOTO JIMKEPa, MOJIOYHON U coe-
Bo#i ceiBopoTke (Li 2015: 115-119). B psine padot
JUTSI OTHX TIeJIed OBLTH UCTIBITAHBI OTXOIBI arPOTIPO-
MBIIIICHHOCTH: NIeHUYHOHN conoMbl (Chen 2013:
464-468), Bosnokaucroro mwia (Adnan 2013: 25),
enoBoro ruaponusara (Guo 2013: 1-14), ruaponn-
3aThl TEXHUYECKOM IICJUTIONO3bI; @ TAKIKE OTXO/IbI
OMOIM3EILHOTO MPOU3BOJICTBA, TAKHE KAK HEOUH-
IIEHHBIA TJIMIEPUH W MOOOYHBIE MPOIYKTHI alle-
TOH-OyTaHOJ-3TaHOIbHOU (epmenTanuu (Huang
2015: 491-496). Takum 00Opa3oM, acCCOPTHMEHT
CETHCKOXO3SIICTBEHHBIX U TIPOMBIIIJIEHHBIX OTXO-
JIOB, KOTOpPbIE MOTJIK ObI UCIIOJIb30BAaThCS B (ep-
MEHTAIlMOHHBIX CPe/ax Uil pOCTa MPOIYIICHTOB H
obpa3zoBanus umu bll, mocTaTogHO MHUPOK.

B Pecniy0nmke Kazaxcran Xopoiio pa3BuTo Mo-
JIOYHOE M CaxapHOE MPOU3BOJICTBO, OTXOJaMH KO-
TOPBIX SBIISIOTCS MOJIOYHASI CHIBOPOTKA M MeJacca.
OnuH U3 coco00B MX HCIOIB30BaHUS — Pa3padoT-
Ka Ha UX OCHOBE MPOCTHIX U JICIICBBIX MTUTATEIHHBIX
cpen mns nonydenust bLI. ITomumo sToro, B 60i1B-
IIUX KOJUYECTBAX UMEITCS MOOOYHBIC MPOMYKTHI
repepaboTKH 3JTaKOBEIX KYJIBTYp — 000JI0OUKH 3€PCH
SIPOBOY TIIIEHMIIBI, pUCa, OBCA, SYMEHS, KOTOPHIE
nociie (PepPMEHTATUBHOIO THAPOJIM3a M OCaxapH-
BaHUs TAK)KE MOTYT OBITh MPUMEHEHBI B Ka4eCTBE
WCTOYHHKA yTIEpo/ia B IPOU3BOICTBEHHBIX Cpeiax
s npoxayuentoB BLI. TlpencraBnsiercs, uto Takon
MOJIXOJ HE TOJIBKO ITO3BOJIUT YJICHIEBUTH CE0ECTO-
MMOCTb JIaHHOTO TIOJIMCaxapuaa, HO W IpeJiaraeT
CHoCco0 yTUIU3AIMH STHX OTXOJIOB.

MatrepuaJibl 1 METOAbI HCCJIET0BAHUS
Obvexkmubl  ucciedosanull; HOBBIM  IITAMM-

npoayueHTt BL: Gluconoacetobacter xylinus C-3,
BBIJICJICHHBIH M3 4aiHOro rpuba B nabopaTopuu

npukiagHod mMukpobuonoruu KasHY wum. anb-
®apabdbu (Casurkas 2016: 80) u renp-mieHKH bL,
MOJyYEeHHBIE Ha CPEe/IaX U3 OTXOJIOB.

Mamepuanvt uccredosanuii: OTXOIBI TIepepa-
OOTKH 3JTaKOBBIX KYJIBTYP — 000JIOYKH SPOBOH IIIIIe-
HUIBI, OBCA, SYMEHS;, OOOYHBIC MPOIYKTHI caxap-
HOW W MOJIOYHOH MPOMBINUICHHOCTH — Melacca U
MOJIOYHAS CHIBOPOTKA.

Tlumamenvnvie cpedwvl

Krnaccuueckas cpemna Hestrin-Schramm (HS),
PEKOMEHIOBaHHAs I TPOMBIIIEHHOTO CHHTE3a
BII (r/m): rmoko3a — 20, ruapodocdat natpus — 2,7,
MENTOH — 5, JPOXIKEBOU IKCTPAKT — 5, JIMMOHHAS
kucnora — 1,15;

I1C-1 (r/n): monouHast ceiBopoTka — 20, MENnTOH
— 5, APOKKEBON IKCTPAKT — 5;

I1C-2 (r/7): Mmenacca — 20, IenToH — 5, IpoXKxKe-
BOM 3KCTPaKT — 3;

I1C-3 (r/n): rumponu3aTsl OTXOIO0B MepepadoT-
KM 3JIaKOBBIX KyJIbTyp — 20, IEOTOH — 5, APOXIKe-
BOM 3KCTPakKT — 3.

[TpOMBINIUIEHHBIE OTXOJbBI CIYXKWJIH HCTOYHH-
KOM yTJIepo/ia U a30Ta B cpejie. B kauecTBe BocTio-
HUTENs feuIuTa a30Ta B Cpely BHOCHIIM IEITOH,
B KQueCTBE MCTOYHHMKA BHUTAMHUHOB — IPOXKIKEBOM
JKCTPAKT.

Cpensr noBogumu 1o pH 6,5-7,0 nensHoN yK-
cycHoil kucnoroir m 6H NaOH. Crepununzanuto
npoBoAwIM aBTokiaaBuponuem npu 110 °C B Teue-
Hue 20 MuH.

THonyuenue mexnuueckou Yeinrono3ul

Texanueckyto memmonody (TLl) momywanu u3
OTXOZIOB MEepepadOTKH 3JTaKOBBIX KYJIBTYp a30THO-
KHCJIBIM CIIOCOOOM, 3aKITIOYAIOIIUMCS B IOCTE0-
BaTeILHON 00pa0bOTKE CHIPhS Pa30aBICHHBIMU pac-
TBOPAMHU a30THON KHUCJIOTHI M THAPOKCHUIA HATPUSI.
st ompesieneHUs XMMHUYECKOTO COCTaBa ChIPhE
OBUTIO TIpEJBapUTEIBHO HW3MENbYCHO HOKHHUIIAMH.
OnpeeseHne MacCOBOM JTOM SKCTPAKTUBHBIX Be-
IIECTB TPOBOJWIM TIO0 CTaHIAPTHBIM METOJNKAM
aHajn3a pacTUTEIBHOTO ChIphs (O0oneHckas 1991:
254). T umena cnenyrommii coctas (%): TUTHUH —
0,67; 30ma — 2,20, a-uemnrono3a — 95,10; meHTo3aHbI
—2,03.

THonyuenue pepmenmamusrnoco 2udpoauzama
YeLon03bl

®epMmentatuBHbi THaponu3 TI[ mpooauiu
B (epmenTepe B BogHO# cpene npu 50 °C B Teye-
HUE 72 4 C MOMOIIBI0 MYJIbTHIH3UMHOM KOMITO3H-
MU TIPOMBINIUICHHBIX (EPMEHTHBIX IperapaToB
«emmomokc-A» (0,04 kr/kr cyoctpara) u «bpro-
3aiitm BGX» (0,1 n/kr cyOctpara) (Ckuba 2013:
195-198). Ilomy4eHHbIi THAPOIN3AT OTHUIBTPOBEI-
BaJICsl OT OCTAaTKOB CyOCTpaTa moji BAKYYMOM.
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[Hoxaraesa J[.X. u ap.

Ilpedsapumenvras 0opabomxa colpoil Menaccol

Memnaccy pa36asistiu Bofo B konndectse 1:10
W yJIJISUTH B3BEIIICHHBIC BEIIECTBA C TOMOIIBIO [ICH-
tpudyruposanus npu 6000 o6/mun B Teuenue 20
MMH; BbIJEpXUBaiu B TeueHue 24 4 B 1IN pacTBo-
pe H,SO,, cnosa nentpudyruposamu npu 6000 06/
MuH B Teyenue 20 muH; U obpabatbBanu 1% pac-
tBopoM Ca,(PO,), (Soher 2016: 954-969).

Onpedenenue pedyyupyromux caxapos

OO0miee KOJIMYECTBO PEAYLHUPYIOLIMX Caxapos,
OTIPEETSIIOCh  CHEKTPOOTOMETPUIECKH C  HC-
MOJIb30BAHUEM 3,5-TUHUTPOCATUIIMIOBOM KUCIOTHI
(Miller 1959: 426-429). B ruaponnzate 1eJUTION0-
3Bl KOJIMYECTBO PEAYIUPYIONINX CaxapoB COCTaBH-
710 43,8 /i, B menacce — 119,2 r/a, a B MOIOYHOM
ceiBOpoTKe — 47,4 /1.

Ionyuenue cenv-nnenxu BLJ.

Cunres 1euoio3sl mramMmom Gluconoaceto-
bacter xylinus C-3 oCyIIECTBIISUIM IIyTEM IMOBEPX-
HOCTHOTO KyJIbTUBHUPOBAHUS Ha KJIACCHYECKOU
nutatensHOl cpene Hestrin-Schramm u cpenax
Ha OCHOBE MPOMBIIUIEHHBIX OTX0n0B, pH 6,5 —
7,0. IToceBHBIM MaTepHalioM ciykuja 48-yacoBas
KYJIbTYpa YKCYCHOKHCIIBIX OaKTepui, BhIpalleHHAS
Ha cpeze, colepauias APOXIKEBOH HJKCTPAKT M
nuBHOE cycyo (6° banuara) B cootHomennu 1:1 ¢ 2
Mmac. % riroko3sl 1 00. % sTaHona.

[MapamiensHO  OLIEHWBA M  MPOAYKTUBHOCTH
[ITaMMa Ha IMTaTeNbHBIX CpeJiaX, CONePIKaIINX MO-
JIOYHYIO CBIBOPOTKY, THJIPOJIHM3ATHI HEJITI0I0301ep-
JKAILETo CHIPbS M MeJlaccy B KaueCTBE MCTOYHHKOB
yTIepo/ia u a3ora.

KynstuBuposanue Benu npu 29-30°C B Teue-
HHUE 6-7 CYTOK, MOCIe Yero LEJUII0N03y OTACISUIN
u nepuoanyecku npomeiBanu 0,5-1% BoaHbIM pac-
tBopoM NaOH npu kunsueHuu 10 yJaleHus Kie-
TOK. 3aTeM LEJUTIOJIO3HYIO IJICHKY OTMBIBAJIM JIUC-
TUJUIMPOBAHHOM BOJ0M, 0,5% pacTBOpOM yKCYCHOM
KHCJIOTBI M BHOBb JINCTHJUIMPOBAHHOW BOJOW 1O
HEUTpaJIIbHON peakuuu. [loiydeHHYI0 LEI0I03y
XPaHWIH B BUJIE TENb-TUIEHKH B TUCTHIUTMPOBAHHOM
Bojie mpu 5°C. buomaccy mienok bl onpenensau
M0CJIe TIPEIBAPUTENFHOTO BEICYIIMBAHUS B CYyX0XKa-
poBoM TepmocTate ipu 80°C 10 MOCTOSHHON Mac-
ChI 00pasma.

DnexmpoHHO-MUKPOCKONUYECKOe UCCTe008AHUe
eenv-nienox bIJ

OO6pasipl TUIEHOK MPeABapUTENEHO MOKPHIBAIN
TOHKHM CJIOEM IIaTHHO-NaJuIaaneBoro ciuiasa (Pt/
Pd 80/20) u mccnmenoBaii Ha pacTPOBOM DIIEKTPOH-
HoM Mukpockorie JSM-7800F (Jeol, Japan). B xone
MCCIIeIOBAHUSI U3MEPSUTH TUaMeTp MUKPOPUOPUILT
BI[. B pacuere mcmonp3oBaiu BBIOOPKY aHHBIX,
BruTIOHaroIyo 100 usmMepeHui.
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Hccnedosanue mexanuueckux c80UCmMs NIEHOK
OakmepuanbHoU Yernon03bsl

Mexanunueckue cpoiictBa Bl onpenensnu Ha
paspeiBHOM MamuHe «Instrony» (CLIA) npu omgHo-
OCHOM pEXHME II0 ToKa3aTelsM: MPOYHOCTh Ha
paspeiB (MIla) 1 OTHOCHUTENBHOE yIIWHEHUE TIPH
paspeiBe (%) (Akturk 2011: 279-88). Usmepenus
MIPOBOAMIINCH Tipu Temrieparype (25 + 2) °C u oTHO-
cUTeNnpHON BiaxkHocTH (55 + 5) %, ¢ ycraHOBIEeH-
HO¥ cKOpoCThIO Aedopmanuu obpasua 100 Mm/MuH.

Pe3yJ’[bTaTbI H UX 06cy>lc21e}me

CroumocTh (epMEHTAIMOHHOW CpeIbl  Co-
craBiser 30-50% ot oOmieit cToMMOCTH Iiee-
BOTO MPOAYKTa W WIPAET PELIAIONIYIO0 POJb IpHU
MHKPOOHBIX (epMeHTauAx. [Ipon3BoacTBeHHAS
nUTaTeIbHAasl HE TOJNBLKO B 3HAYUTEIHLHOU CTEIICHU
BIUSET HA ce€0ECTOMMOCTD MOIy4aeMbIX MaTepHa-
JIOB, HO W OTpeJIeNsieT uX KadecTBo. HecmoTps Ha
TO, YTO MMEETCSI MHOXKECTBO MyOIUKAIUH, ¢ HC-
M0JIb30BAHUEM JICIIEBbIX HCTOYHUKOB CBIPbS JIs
noygyenus bIl (Hong 2008: 545-549; Kurosumi
2009: 333-335; Zeng 2011: 506-513; Wu 2012:
116—-121), nast KaKAOro NpoJyleHTa U KOHKpET-
HOTO IITaMMa HEOOXOJMMO yTOYHSTH TE€XHOJOTH-
YecKue rnapaMerpsl. Heb3s mepeHecTd onTuMab-
HbIE YCJIOBHS, BBIABICHHBIE JUIsI OJHOTO HITaMMa
Ha Jpyrod, MOCKOJBKY BCErJa Hal0 YYUTHIBATH
OMOCHHTETUYECKUE OCOOCHHOCTH  KOHKPETHO-
ro mpoayueHTa. B paboTe mcronb30Baid HOBBIN
wramMMm Gluconoacetobacter xylinus C-3, xoto-
pBI TIO YPOBHIO MPOJAYKTHBHOCTH MPEBOCXOIMT
KOJUIeKIMOHHbIe mTaMMbl  Gluconoacetobacter
xylinus B-11240 u Gluconoacetobacter hansenii
B-6756, pekoMeHIOBaHHBIC MIJIST TPOMBIIIIICHHOTO
nosryueHus: nesunonossl (Casunkas 2016: 80). B
CBSI3U C 3THUM, IPOBOIMICS MOAOOP ONTUMATBHON
MIPOU3BOJICTBEHHOW Cpe/bl ISl KyJIbTUBUPOBAHUS
3TOr0 MTaMMa, 00ecreunBaomeil MaKCUMalbHBINA
YPOBEHb CHHTE3a IeJUTI0NI036l. B Tabmmme 1 mpu-
BEJICHBI JIAHHBIC, OTPAXKAIOUIUE PE3YIbTATHI IO
onpezaeneHnio Macchl wieHok bLI, o6pa3oBaHHBIX
Ha cpenax HS, TIC-1, TIC-2 u T1C-3.

Cyns 1o TONyYeHHBIM JAHHBIM, KOJIMYECTBO
BILl, oOpa3zyeMoe maHHBIM IITAMMOM Ha cpele ¢
MOJIOYHOM CBIBOPOTKOM, COMOCTABUMO C TAKOBBIM,
CUHTE3NpyeMOM Ha craHaapTHoil cperne HS. Ha
cpene 1IC-3 ¢ ruaponuzaTamMu LETIONO3I 371aKO-
BBIX KYJIBTYD, UCTIOJIB3yEeMBIMH B Ka4eCTBE MCTOY-
HUKa yriepozaa, Bbixo mnosmMepa BII cocraBun
6,89+0,01 r/n. 1 x0T B 3THX CyOCTpaTax ColepKuT-
Csl IPUMEPHO OJMHAKOBOE KOJIMYECTBO PENyIIHPYFO-
mmx caxapos (43,8 1/ B TUApOIIN3aTe HEUTIOI03bI
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u 47,4 T/11 B MOJIOYHOM CBIBOPOTKE), COCTAB MX Pa3-
nmugaercs. [IpoayleHT cHHTe3upyeT MEeTioN03y u3
roKo3el. [ToaToMy mmo0bIe caxapa, coliepKaiecs
B (hepMEHTUPYEMOM CyOCTpaTe, JTOJKHBI ObITh KOH-
BEpPTHPOBAHHI B TIIOKO3Yy. JlakTo3a, MPUCYTCTBYIO-
masi B MOJIOYHOHN CBHIBOPOTKE, SIBJIICTCS JUCAXapH-
JIOM, pacrlaalolUMCs Ha TIIOKO3y W TalaKTo3y.
lNamakro3a cumraeTcss HaMMEHee TMOAXOMISAIINM HC-
TOYHUKOM YIJIEpOAa Ul LEJUTI0I03000pa3yomux

oaxtepuit (Mikkelsen 2009: 576-583). Oto cBs3a-
HO C TE€M, YTO MEMOpPaHHBIH TPAHCIOPT I'aJaKTO3bI
MPOXOJIUT HEAIPPEKTUBHO, MOITOMY W TpeBpalie-
HHE €€ B I[EJUTIONIO3Y TIPOXOIUT C HU3KUM BBIXOJIOM
(Chawla 2009: 107-124). Cnenyer y4ecTb U TO, 4TO
MOJIOYHAsI CIBOPOTKA SIBJISICTCS CKOPOTIOPTSIIIMMCSI
NPOJIYKTOM, 3TO SIBJSIETCS CYIIECTBEHHBIM HEJO-
CTaTKOM MIMPOKOTO HCIIOJIB30BAHUS IHTATEIbHOM
Cpellbl Ha ee OCHOBE.

Taomuua 1 — [poaykruBHOCTE mTaMMa Gluconoacetobacter xylinus C-3 Ha kiaccudeckoit cpene HS u cpenax Ha 0OCHOBE OTXO/I0B

[TurarenbHas cpena

Bec murenxu BIT (/i)

I[OCTOBCPHOCTB PpasHUIbI C KOHTPOJIEM

HS ¢ mroxo30it

4,56+0,02 (KOHTpOJIb)

[1C-1 ¢ MOIOUHOH CBIBOPOTKOM 4,7340,03 p >0,01
T1C-2 ¢ menaccoit 8,21+0,02 p <0,01
[1C-3 ¢ rugponu3zaramu 000IOUYCK 3JIAKOB 6,89+0,01 p <0,01

aHAJTM3UPOBAIIUCH C UCIIONB30BaHNEM t-KpuTepus CThIofeHTa

anMe‘IaHHeZ >kl_IOJ'ly‘[eHHLIe PE3YJIBTAThl IOKA3bIBAIOT CPEAHEEC 3HAUYCHUEC + CPECAHCKBAJAPATUYHOEC OTKIIOHCHHUE. I[aHHBIe

C Ipyroil CTOpOHBI, YUYHUTHIBAs BBICOKUU BBI-
xo1 BI (6,89+0,01 /i) Ha cpejie ¢ rUApOIU3aTAMK
3€PHOBBIX 000JI0YEK, MOJA0OHBIE CPEIbl MPEICTaB-
JISIIOTCS JOCTaTOYHO MEPCHEKTUBHBIMU IPH YCIIO-
BUW HaJIH4Ms JICIEBBIX TEXHOJOTHUH MONyYCHUs
rHIpoNn3aToB. Takas TeXHOJIOTHS pa3padoTaHa CH-
OMPCKUMHU YYEHBIMH, TJI€ B KAUEeCTBE IMHUTATEIbHON
cpensl s nomyueHust bl ucnonesyercst pepmen-
TaTUBHBIA THAPOJIM3AT IJIOAOBBIX 00OJIOYEK OBCa,
MuckanTyca u jibHa (bynaesa 2015). [Toka3aHo, uTo
(epMeHTaTHBHBIC THAPOINU3ATHl SBISIOTCS OHO-
JIOTHYECKH TOOPOKAuYECTBEHHBIMH, PUTOAHBIMU
JUISL TIOJTyYEHUS IPOLYKTOB MUKPOOHOIOTHUECKOTO
CHHTE3a M HE HYXJIAIOTCS B JIOTIOJHUTEIBHOMN TeX-
HOJIOTUYECKON 00paboTKe Ui OCBOOOXKICHUS WX
ot BpeaHbIx npumeceit (Cknbda 2013: 214-219). [o-
CKOJIbKY TaKue THIPOIHU3aThl MOXKHO TIOJNydYaTh M3
JOOBIX BO30OHOBIISIEMBIX IIEIUTIOI030COACPKAIINX
pacTUTENbHBIX PECYPCOB, a CPebl HA UX OCHOBE UC-
MOJIb30BATh B Pa3HbBIX MPOU3BOJICTBAX MHUKPOOHOTO
CHHTE3a, MOJO0HBIE Pa3pabOTKH BBINVISAIAT JOCTa-
TOYHO INEPCHEKTHBHBIMUA M C TEXHOJIOTUYECKOH, U
3KOJIOTUYECKOM TOYEK 3pEHUSI.

Cpena IIC-2 na ocHOBE Menacchl SIBISETCS HAK-
OoJiee OaronpusATHOW /ISt CHHTE3a OaKTepHaaIbHON
LIEJUTFOJIO3bl B CPAaBHEHMM CO CTaHJApPTHOM cpenoi
HS u cpenamu, conepxamyMu OTXOABI MOJIOYHON
U arpo- NpOMBIIUIEHHOCTH. BBIX0a Macchl monume-
pa Ha cpeae I1C-2 cocrasun 8,21+0,02 r/m, uto B

1,8 pa3 Oombllie, ueM Ha Kiaccuiecko cpene HS
(4,56+0,02 /). D10 MOXKET OBITH CBSI3aHO C TE€M, B
Menacce MpUCYTCTBYET CMECh YIJIEBOJIOB (caxapo-
3bl, TJIOKO3bI U (ppykTo3bl). IlepBoHauanbHO TpO-
JIyIIEHT pacxXoayeT TIIOKO3Yy, a 3aTeM IOCTETIEHHO
u npyrue caxapa. Ilo anamorun ¢ mMetabomu3MOM
B OpPraHM3M€ 4eJIOBEKa, MOKHO HPEACTaBUTb, YTO
9TH caxapa o0JIafjafoT «HU3KUM TIUKEMHUYECKHM
MHAEKCOMY.

XOopouo M3BECTHO, YTO YKCYCHOKHCIbIC Oak-
TEepHUH, TMPOAYLUPYIOUINE IIeJUTIOJIO3Y, OKUCISIOT
TIIIOKO3Y B TITIOKOHOBYIO KucnoTy (Mikkelsen 2009:
576-583). Tpancdopmanus TIOKO3EI B TIIFOKOHO-
BYIO KHCJIOTY MIPHUBOANT K 3HAYUTEIHLHOMY CHHKE-
Huto pH KynbTypanbHOTO OyjiboHa W OJOKUpYET
cunte3 BL. Ilpu BelpamuBaHuM NpOAyLEHTA Ha
Menacce MHTEHCHBHOTO 00pa30oBaHMS TIIFOKOHOBOU
KHCIIOTBl HE MPOUCXOAWT, ypoBeHb pH ocraercs
[IPaKTUYECKU Ha TOM e ypoBHe (Pucynok 1).

Kpome Toro, memacca conmepxHT (heHOJIbHbIC
COEJIMHEHMsI, UMEIOIle IBallalluJIbHbIE U CHUPUIIb-
HBIC 3BEHBS, CXOIHbIC ¢ TUrHHHOM (Kurosumi 2009:
333-335), KOTOpBIE TAaK)KE MEIJICHHO PacXoyloT-
s, 1 To3ToMy pH HE3HaUMTENbHO MEHSJICS, UTO CO-
MIPOBOXAJIOCH YCUJICHHEM CKOPOCTH POCTA KIIETOK
n obpazoanust umu bll. Cunre3 Bl compspken c
POCTOM YKCYCHOKHCIBIX OakTepwid, WX YHCIICH-
HOCTb MOXXET CIIYXHUTh MapKkepoM 3((EeKTUBHOCTU
OnocuHTe3a OaKTepHaIbHOM IEIITIONO3bI.
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Pucynok 1 — /lunamuka cuHTe3a OakTepHUanbHON IEIUTIONIO3bI IITAMMOM
Gluconoacetobacter xylinus C-3 na cpene I1C-2

[TomumoO yriIeBOJOB, B Mellacce MPUCYTCTBYIOT
M COEIMHEHHUSI a30Ta: HEKOTOPhle aMHHOKHCIIOTHI,
HYKJICHHOBBIC KHCJIOTBI, BUTAMUHBI. VX Hanndne
0CBOOOXKIaeT OT HEOOXOJMMOCTH HCIIOIB30BAHUS
JOTIOJTHUTENIBHBIX MCTOYHUKOB a30THOTO MHUTAHHS,
TaKUX KaK HENTOH U JPOKKEBON IKCTPAKT.

OnHako, clieyer OTMETHUTh, YTO B Mellacce
UMEIOTCSl MUHEpaJlbl M TSKENble METalllbl, KOTO-
PBI€ OKa3bIBaIOT TOKCHUECKOE BO3JIEHCTBUE HA POCT
MHKPOOPTaHU3MOB H CUHTE3 poaykTa (Jahan 2012:
1157—-1171). B3BemeHHbIE MPUMECH U TSKENbIE Me-
TaJUTBI MENTACChl MOTYT OBITH YAaJIeHBl 00PaOOTKOM
H,SO,, n Ca,(PO,), koTopas u Obla HCIIOIE30BaHA B
pabote 11 TOBBILICHUS PEPMEHTATUBHOTO BBIXO/1A
nonucaxapuga. Kpome toro, Takas npeaBapuTeib-
Hast 00pabOTKa MPUBOJMUT K CHUKEHHIO COJIEpKa-
HUSI YTJIEBOJIOB, COJIEPKAHNE KOTOPBIX B HATUBHON
MeJacce JIOCTaTOYHO BBICOKO (1m0 23,6 00BEMHBIX
%) (Soher 2016: 954-969), a OTHOCUTEIPHO HU3Kast
KOHILIEHTpalMs caxapa B Menacce (10 5 00beMHBIX
%) siByIsieTCsl HEOOXOANMBIM ycaoBUeM ISt 3 dek-
TUBHOM IIPOYKLUU LEJJIIOJIO03BL.

[Tony4yeHHbIe pe3ynbTaThl CBHIACTEIBCTBYIOT O
TOM, MeJjlacca — MPOAYKT KOHEYHOH CTaauu KpH-
CTaJUIM3allMM  Tpoliecca MPOM3BOJICTBA  caxapa,
ABIISIETCSl WACATbHBIM MCTOYHHMKOM YTJIEpoja IS
KyJbTUBUPOBaHUS npoayueHrta bIl.

CocraB nUTaTENBHOMN Cpebl MOXKET BIUSATH Ha
ctpykrypy BLI (Sherif 2014: 2-7; Bielecki 2005: 31-
85; Ruka 2015: 1-21). Onpenenstonumu KadecTBO
9TOTrO MOJMMEpPa CBOWCTBAMH SBISIFOTCS €€ CTPYK-
TypHBIE OCOOEHHOCTH, OOYCIIOBIHMBAIOLINE MeXa-
HUYECKYI0 MpodHocTh. CTpPyKTypHBIE CBOICTBa
IIOJIy4EeHHBIX Ielb-11eHOK Bl nccenenoBanu Ha pac-
TPOBOM 3JIEKTPOHHOM MUKpockorne JSM-7800F nis
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00HapYKEHHUSI BOSMOYKHBIX OTIIMYHNA B MOP(OIOTUI
MMOBEPXHOCTH IJICHOK, & TaK)Ke CPaBHEHUS Auame-
Tpa M PacIoyiokKeHNUs1 MUKpO(GUOPMWIT MOIMMEPOB
OTHOCHTEJBHO ApyYT apyra (Pucynok 2).
MukpopuOpuibl OakTepHaIbHOW LIEUTION03bI
CYLIECTBEHHO HE OTJINYAIOTCS APYT OT Aapyra. Tou-
[IMHA eIMHIYHOTO BOJIOKHA HAXOJ/UTCS B ITpejeriax
15-150 1M, uto B 100 pa3 ToHbIIE MUKPOPHOPUILIT
pactuTenbHON 1Hemmono3bl. [ ompeneneHus
CPeJHEro JraMeTpa MUKPOPHUOPHIT MPOBOIUIN
CTaTUCTUYECKYI0 00pabOTKY IO CIIELHaIbHOM Mpo-
rpamme. B pacuere ucnonbp3oBaiu BHIOOPKY HdaH-
HBIX, BKIogaromyto 100 m3mepenuii. CoriacHo
MIPOBEICHHBIM pacueTaM, CpEeAHUH AuaMeTp HaHO-
¢udpmn BL] cocraBmr oxono 40+5 HM.
I'enb-muieHkH, MoONydYeHHbIE Ha Cpefax ¢ pas-
HBIMH THUIIAMU OTXOJOB, HMEIOT B3aUMOCBSI3aHHYIO
MOPUCTYI0O MAaTPUYHYIO CTPYKTYPY C OOJBIIOH IT0-
BEpPXHOCTHOM Tuiomabio. Bee mienku BII nmeror
POBHYIO U INIaJKyl0 OBEPXHOCTb. MuKpopuodpui-
a1 Bl coeauHSIOTCS B JICHTOBHIHBIC BOJOKHA
TOJIIMHON B OJTHY MIJJTHOHHYIO caHTUMeTpa. bia-
rofapsi TAKOMY CTPOEHHIO yJaeTcsl He TOJIBKO 00e-
CIICYUTh HEOOXOOMMYIO Iapo- W Ta30NpOoHHUIAe-
MOCTb, HO M YJep)KaTh Pa3lU4Hble OHMOJIOTHYECKU
AKTHBHBIE COCAMHEHHS B CTPYKTYpPE IICHOK.
Hannune paBHOMEpPHOro MO IUNIOTHOCTH pac-
MPOCTpaHEHHUsT BOJIOKOH Kapkaca bl obecmeunBa-
€T BBICOKYI0 MEXaHHYECKYI0 IMPOYHOCThH IUICHOK,
KOTOpasi SIBJISIETCS] BXKHBIM IIOKa3aTesIeM KayecTBa
6uomatepuanoB. [IpoyHOCTh MIIEHOK ONpeaessuin
Ha yHHBEPCAIbHOW pa3pbIlBHON MmamuHe «Instron»
IIPU OJJHOOCHOM PEXXHME I10 ABYM IapaMeTpam: 1o-
Ka3aTelo MpoyHocTH Ha pa3psiB (Mlla) u oTHOCH-
TEJILHOMY yIUIMHEHHIO TpH paspbise (%).
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Pucynok 2 — COM-uzobpaxenns mwieHok BLI, cuaTe3upoBanHoil mrammom Gluconoacetobacter xylinus
C-3 ma cpene: A —HS; b —IIC-1; B —I1C-2; I — TIC-3 (yBemmuenue x25 000)

Tabauna 2 — Mexanuyeckue CBOiicTBa OaKTepuaabHON LEJUTI0N03bI, 00pa30BaHHON HA Pa3iIMYHBIX MUTATEIBHBIX CpeIax

Cpena I1C-1 Cpena I1C-3
MexaHuueckue noxkasarenu Cpena HS C MOJIOYHOH Slﬁél;algc(;_; ¢ TUAPOIN3aTaMHU
CBIBOPOTKOM 000J109eK 371aKOB
[Ipounocts Ha pa3pei (MIla) 17,01+0,5 26,16+0,6 37,1240,2 20,03+0,3
OTHOCHUTENIBHOE YIUIMHEHHE [TPU 8.0140.7 456401 398402 6.2340.1
paSpBIBe (%) 2 — B — b — > —

Cyns 1o pe3ynbrataMm, MpeJICTaBICHHBIM B Ta-
Onure 2, mMpoYHOCTH Ha pa3psiB bll, oOpazoBanHON
Ha cranmapTHou cpene HS, cocrasmser 17,01+0,5
MIllIa, a nokazarens yanunenus — 8,01+0,7 %. Ilo-
kazaresnp yanuHeHus (%) renb-ruieHok BLI, oOpa-
3oBaHHBIX Ha cpenax [1C-1, [1C-2, I1C-3, cocraBmi
4,56+0,1; 3,28+0,2 1 6,23+0,1, COOTBETCTBEHHO.

IInenxu BlI, cuHTe3npoBaHHbIE Ha Cpele C Me-
JIACCOM, MPOJAEMOHCTPUPOBAIM BBICOKUIN MOKA3aTEIb
npounoctH (37,12+0,2) 1Mo cpaBHEHUIO CO «CTaHAAPT-
HBIMI». DTO 3HAUEHHE SIBISETCS JOCTATOYHO BHICO-
KUM IO CPaBHEHHIO C MEXaHWYECKUMH TTOKa3aTeIIIMU
MHOTHX IUIOCKO OPUEHTHPOBAHHBIX CIIOEB OpraHuye-
ckux nomuMmepoB (Lin 2013: 603-611). Ipounocts
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MaTepHaia, CHHTE3UPOBAHHOTO Ha CPEJIe C MENACcCOoM,
MOXeET OBITh CBs3aHAa C BO3HHMKHOBEHHEM BOIOPO/I-
HBIX cBs3eil Mmexy OH-rpyrmamu resutonosst 1 OH-
TpyMIaMH BELECTB B COCTABE MEIACCHL. Y BEJIMUCHHE
BOJIOPOJTHBIX CBSI3€i KOPPEIUPYET C BEICOKMM TTOKa3a-
TEJIeM MMPOYHOCTH Ha Pa3phIB B MaTepHae.
Croumocts 1 nutpa cranmapTHoil cpensl HS
cocrasingeT 196 tenre, cpeasl [1C-2 Ha ocHOBE Me-
naccel — 19 tenre. Otcrona cebectoumocts 1 r BI]
Ha cpene HS — 43 Tenre, a na cpene [1C-2 -2 Tenre.
Takum oOpa3om, HOBasI cpeia ¢ MeIaccoil, KyJIbTH-
BHPOBAHUE MPOAYIICHTA HA KOTOPOH 00ecrednBaeT
BBICOKHI ypoBeHb OnocuHTe3a b1, sBnseTcs 3xoHo-
Mudeckd d(PeKTUBHON. B 11e710M, HCITONB30BaHUE
Cpel Ha OCHOBE OTXOJIOB ITUIIICBOM U arpOTPOMBIIII-
JICHHOCTH MOXET 3HAaYUTEIbHO CHU3UTHh CEOSCTOU-
MOCTb TEXHOJIOTMH NOJy4yeHUs He ToibKo BbLI, HO u
JIPYTHUX MPOYKTOB MUKPOOHOIOIrMYECKOr0 CHHTE3a
Y OTKPBIBACT IIMPOKHE MIEPCIIEKTHUBHI JUIS pa3padoT-
KM HOBBIX TEXHOJIOTHH yTUIM3AINH ITHX OTXOJIOB.

3ak/ouyenne

Maxkcumanbabiii Beixon BI[ — 8,21+0,02 r/n
JMOCTUTAJICSI MPU KyJIbTUBUPOBAHUU MPOIYIICHTA
Ha cpene IIC-2, comepikamieil 0TXoj caxapHOTro
pou3BoACTBa — Menaccy. [lomydeHHsle mMatepu-
anbl, oOpa3oBaHHBIE Ha Kiaccwueckoi cpene HS
U cpedax Ha OCHOBE IPOMBIIUICHHBIX OTXOJOB
MMEJH B3aWMOCBSI3aHHYIO TOPUCTYIO MAaTPUYHYIO
CTPYKTYpY C OOJBIION MOBEPXHOCTHOW ILIOIIA-
nbp10. Mukpo- (15-35 am) u makpopudpumisr (50-
150 am) B menkax bIl, oOpazoBaHHBIX Ha cpere
IIC-2, coenuMHSAIOTCA B JICHTOBHUJIHBLIC BOJIOKHA,
o0ecIieuynBarIre BRICOKYI0 MEXaHHYECKYIO TIPOY-
HOCTB (MMPOYHOCTH Ha pa3phiB: 37,12+0,2; oTHOCH-
tenbHOe ynnunenue: 3,28+0,2 %). CTpyKTypHbBIE
U MexaHuueckue cBoricta bl mo3BonsiT BBOOUTH
B HEe camble pa3HOOOpa3Hble KOMIOHEHTHI IS
CO3JIaHUSI CBEPXMPOYHBIX HAHOKOMIIO3UIIMOHHBIX
MAaTEepHUAJIOB.
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ENVIRONMENTAL ANALYSIS
OF GORGE REMIZOVKA TRANS-ILI ALATAU

This article presents the results of the study, obtained during the ecological analysis of the gorge
Remizovka of the Trans-Ili Alatau. Due to the fact that the flora is a defining component of ecosystems
and is subject to changes over time, it serves as an indicator of the changes that are occurring, and its
current state is the result of phenomena that occurred earlier under the influence of natural and anthro-
pogenic factors. In this regard, the inventory and analysis of the flora of any region were, and will always
be relevant. One of the global challenges of our time is the study of problems and the conservation of
biological diversity. Gorge Remizovka is previously poorly known, therefore the purpose of our work
was to conduct an ecological analysis of the flora of this region.

Flora was studied using both traditional methods of field geobotanical research and new method-
ological methods.

The distribution of plant species in the life-forms of Remizovka has shown that perennials (623
species or 69.69%), annuals (143 species or 15.99%) and shrubs (55 species or 6.15%) are predomi-
nant. The smallest part of the species refers to biennials (46 species or 5.14%), semishrubs (9 species or
1.01%) trees (8 species or 0.89%), and a small number of semi-shrubs (6 species or 0.67 %), shrubs (2
species or 0.22%) and lianas (2 species or 0.22%).

As a result of the ecological analysis of the flora of Remizovka gorge, which is based on the classifi-
cation of groups with respect to soil moisture, it was found that most of them are mezoxerophytes (423
species or 47.32%), xerophytes (194 species, 21.70% mesophytes (175 species, 19.57%), xeromeso-
phytes (92 species or 10.29%). The smallest part of the flora of the region consists of gigromesophytes
(7 species, 0.78%) and meso-hygrophytes (3 species, 0.34%).

Key words: Gorge Remizovka, ecological analysis, life forms, ecological groups.
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Ine A/\aTaYbIHbIH, PemusoBka LaTKAaAblHA 3KOAOIMAAbIK daHAAU3

byAa Makarasa Ine AaaTaybiHbiH PeMmn30BKa LWAaTKAAbIHAQFbI 3KOAOTUSIABIK, TaAAQY KE3IHAE aAbIHFaH
3ePTTEYAiH HoTMXKeAepi KeATipiareH. DAaopasap 3KOXKYMeHi Kypam OOAIKTEPIH aHbIKTayFa GaiAaHbICTbI
>KOHE y3aK, yakbIT 60ibl ©3repicTep MHAMKATOPbI PETIHAE KbI3MET €TEA| XKOHE OHbIH, Ka3ipri >karaaibl
TabUFN KOHE aHTPOIMOreHAIK (PaKTOPAAPAbIH, 8CEPIHEH OYPbIH OPbIH aAFaH OKMFAAAPAbIH HOTUXKECI
60AbIN Tabbiraabl. OcbiFaH 6aMAAHBICTbI K€3 KEAreH aiMakTbiH (DAOPACbIH MHBEHTAPU3ALIMSIAAY XKOHE
TaAAdy 9PAANbIM MaHbI3Abl. Bi3AiH 3amMaHbIMbI3AbIH, >kahaHAbIK, MPO6AEMarapbliHbIH 6ipi GUOAOTUSIABIK,
BPTYPAIAIKTI caKTay XoHe MaCeAeAepAi 3epTTey 6OAbIN TabblAaAbl. PeMM30BKa LATKAAbl OYPbIH-COHAbI
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a3 3epTTeAreH, COHAbIKTAH Bi3AiIH )KYMbICbIMbI3AbIH MaK.CaTbl OCbl aMaKTbIH, (DAOPAChIHA SKOAOTUSIAIK,
capanray Xyprizy 60AbIM TabbIAAAbI.

Aananbik reob60TaHMKaAAbIK, 3ePTTEY DAICTEPI XKOHEe >KaHa dAiCHaMaAap apKbiAbl hAOPa 3EPTTEAAI.

Tipuwiaik hopmacbiHa 6arAaHbICTbl Pemir3oBKa 6ciMAiKTep KOMXKbIAAbIK, (623 Typ Hemece 69,69 %),
6ip>KbIAABIK, (143 Typ Hemece 15.99%) xeHe OyTaaap (55 Typ Hemece 6,15%) 60AbIn GeAiHAL. EH a3
CaHbl eKixXXKbIAAbIKTAp (46 Typ Hemece 5.14%), 6yTaaap (9 Typi Hemece 1,01%) arawTap (8 Typi Hemece
0,89%) xapTblAanbyTasap caHbl (6 Typ Hemece 0,67 %), 6ytaaap (2 Typ Hemece 0,22 %) >kaHe AnaHaAap
(2 Typ Hemece 0,22%).

HeTuxeciHae Pemm3oBka LWIATKAABIHBIH, (hbAOpaAapblHA SKOAOTMSABIK, TAAAQY apKbIAbl TOMTApAbIH
KAQCCM(UMKAUMIChl  TOMbIPAK,  bIAFAAAbIAbIFbIHA — OarAaHbiCTbl.  COHA@M-aK,  KeruwiAik — GeAiriH
me3okcepouTtTep (423 TYyp Hemece 47,32%), kcepocputtep (21.70%-biH 194 TYp), Me3oduTTep
(175 Typi, 19,57%), Kcepomesouttep (92 Typi Hemece 10,29%) Kypanabl. DropaHbiH, eH a3 GeAiri
rurpomesodutTep (7 HbicaHbl, 0,78%) >kaHe me3orurpocdutTep (3 Typi, 0,34%) Kypanabl.

TyiiH ce3aep: Pemn3oBKka LWATKAAbl, DKOAOTMSIAbIK, aHaAM3, TipWiAiK (DOPMAChl, 3KOAOTUSIABIK,
TonTap.
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DKOAOTMYECKUI aHaAM3 yueAbs Pemu3zoBku 3auaunitickoro Aaartay

B aAaHHOM cTaTbe nMpeaCTaBAEHbl PE3yAbTATbl MCCAEAOBAHMS, MOAYYEHHbIE B XOAE MPOBEAEHMS
3KOAOTMYECKOro aHaAM3a yuleAbst Pemn3oBkM 3amamiickoro Aaatay. B cBg3m ¢ Tem, uto paopa
SBASIETCS OMPEAEASIOLLEA COCTAaBHOM YaCTbio 3KOCUCTEM M MOABEPraeTcs U3MEHEHWSIM C TeYeHUeM
BPEMEHM, OHa CAYXKMT MOKA3aTEAEM MMPOUCXOASLUMX M3MEHEHWI, a €€ COBPEMEHHOE COCTOSHWE
SBASIETCS PE3YABTATOM SIBAEHUIA, MPOUCXOAMBLLMX PAHEE MOA BAMSIHUEM MPUPOAHBIX M @aHTPOMOTrEHHbIX
hpakTopoB. B CBA3M C 3TMM MHBEHTapu3aUMa U aHaAM3 (PAOPbI AOOOro pervoHa GblAM, ecTb U OYAYT
BCEraa aKkTyaAbHbIMU. OAHOM M3 TAOBAAbHbBIX 3aAa¥ COBPEMEHHOCTU SIBASIETCS M3ydeHue npobAem U
CoXpaHeHue BGMOAOrMYEeCcKoro pasHoobOpasus. Yiueabe Pemm3oBKa SBASETCS paHee MaAOM3YyUeHHbIM,
NMO3TOMY LIEAbIO Hallel paboTbl ObIAO MPOBECTM SKOAOTMYECKUIA aHaAM3 PAOPbI AQHHOIO PervoHa.

daropa M3yyvaracb C MCMOAb30BaHMEM TPAAMLMOHHBLIX METOAOB MOAEBbIX €060TaHUYECKMX
MCCAEAOBAHUN.

PacnpeaeneHve BWAOB pacTteHnit PemMM30BKM MO >KM3HEHHbIM (OpMaM MOKa3aAo, uTO
Npeo6AAAAIOLIMMI IBASHOTCS MHOTOAETHUKM (623 BMAQ, MAM 69,69%), 0AHOAETHMKM (143 BUAQ, UAM
15,99%) v kyctapHukn (55 B1AOB, AN 6,15%). HarMeHbLLag YacTb BUAOB OTHOCUTCS K ABYAETHMKaM
(46 BMAOB, MAM 5,14%), noaykycTapHukam (9 BnaoB, namn 1,01%) aepesbsm (8 Buaos, nam 0,89%),
M, HE3HAUUTEAbHOE KOAMYECTBO COCTABASIOT MOAYKYCTAPHUYKK (6 BMAOB, MAM 0,67 %), KYCTapHUYKM
(2 BuAQ, A 0,22%) n AnaHbl (2 BuaAa, nam 0,22 %).

B pe3syabtaTe 3KoAormueckoro aHaamsa (AopbI yuleAbs PeMM30BKM, B OCHOBY KOTOPOro MpuHSATA
KAACcCHUKaLMs Py no OTHOLLEHMIO K BAQXKHOCTM MOYB, BbISIBAEHO, YTO GOAbLLYIO YaCTb COCTABASIIOT
me3okcepouTbl (423 Buaa, nam 47,32 %), kcepocputbl (194 Buaa, uto coctaBageT 21,70 %),
me3opuTbl (175 B1aoB, 19,57 %), kcepomeszoduTbl (92 Buaa, nam 10,29 %). MeHbLuyio YacTb hAaopbl
pernoHa cocTaBAsIOT rurpome3ouTbl (7 BMAOB, 0,78 %) u mesorurpocmTsl (3 Bruaa, 0,34%).

KaroueBble caoBa: YiLeabe PeM30BKa, 5KOAOrMYECKMIA aHAAW3, KM3HEHHbIE (DOPMbl, SKOAOTMYECKMe
rpynnbl.

Introduction

Flora as a natural history formation, is a defining
component of ecosystems, subject to changes over
time. The refore, the flora of the research region
serves as an indicator of the current changes, and
its current state is the result of phenomena that
occurred earlier under the influence of natural and
anthropogenic factors. In this regard, the inventory
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and analysis of the flora of any region were, are and
will always be relevant. The problem of studying
and preserving biological diversity is a global task
of the present day.

One of the characteristic features of the current
stage of development of society is the strengthening
of anthropogenic impact on the environment. This
process is accompanied by synergistic effects and
leads to a deterioration in the quality of the natural
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environment, which in the long term leads to a
reduction in biodiversity (Lebedeva 2002: 432,
Nesterova 2017: 289-296).

Kazakhstan, as a party to the Convention on
the Conservation of Biological Diversity, has
its obligations to conserve biological diversity.
In accordance with the UN Convention on
Biodiversity, the first stage for conservation is the
inventory (Convention: 1992). Therefore, in modern
conditions of the inventory of flora and natural
plant resources, both at the regional and national
levels, along with generalization and replenishment
with new information on useful properties, is the
foundation for the development of a scientifically
grounded algorithm for the rational use of plant
resources (Romanova 1993: 304).

The vegetative world of Kazakhstan, including
the Remizovka gorge of the Trans-Ili Alatau, is
characterized by a rich gene pool and unique
reserves of useful plants, primarily wild-growing
species with medicinal properties, a significant part
of which is promising for research into the chemical
composition and biologically active substances,
which are science-intensive and competitive
production, which enjoys an increasing demand in
the world market (Grudzinskaya 2012: 139).

The Trans-Ili Alatau including the Remizovka
gorge, is the central ridge of the mountain system of
the Northern Tien Shan, and the flora of the Trans-
Ili Alatau is one of the richest floras, reflecting with
minor exceptions the flora of the entire Northern
Tien Shan (Beketova 2017: 290-298, Kokoreva
1996: 38, Inelova 2017: 49).

A characteristic feature of the territory of the
Remizovka gorge of the Trans-1li Alatau is the
saturation of the flora and the uniqueness of the
structure of the vegetation cover. The structure
of the cover is dominated by complexes of plant
communities (Nesterova 2016: 50-53, Ogar. 2016:
36-42). The composition of plant communities
and their distribution in space are determined by
habitat conditions. The main factors determining
the distribution of vegetation in space are the
conditions of moistening, salinity and mechanical
composition of soils, and groundwater, as well as
geomorphological conditions (Sadyrova 2017: 299-
308).

A whole galaxy of scientists has for many years
studied the flora and vegetation of the Northern Tien
Shan, including the Trans-Ili Alatau.

Dueto the fact that the Remizovka gorge is poorly
understood and there is insufficient information
about the region, research on the natural diversity
and structure of communities at the ecological,

floristic, geobotanical and other levels is extremely
important (Proskuryakov 2012: 228).

Materials and methods

A list of the field expedition research routes for
studying the flora of the gorge Remizovka for 2017-
2018 is developed.

The material of the studies was the herbarium
material of the Department of Biodiversity and
Bioresources of the Kazakh National University
named after al-Farabi, as well as own collections of
species composition, conducted during the period of
2017-2018.

The classical methods of floristic, geobotanical
research are used. The main method of investigation
was route-reconnaissance.

Several expeditions were carried out in the gorge
of Remizovka, Trans-1Ili Alatau (Figure 1), including
spring, summer and autumn periods. As a result,
more than 500 herbarium sheets of higher vascular
plants were collected. The processing, identification
and comparison of plants were carried out using a
morphological-geographical method.

When determining herbarium specimens,
the floras of the USSR, Flora of Kazakhstan, the
Determinant of Plants of Central Asia, Illustrated
Plant Determiner of Kazakhstan, as well as work
and the determination of families and genera were
used as sources for sources with the help of the Flora
of Kazakhstan M .C. Baitenova (Goloskokov 1969:
289-231, Baitenov 2001: 245-251).

The location of species and supratemporal
categories in the abstract of the flora and the floral
spectrum are made according to the system of
A.L. Takhtadzhyan (Takhtadzhyan 1987: 439).
The spelling of Latin names, the nomenclatural
changes in taxa were reconciled in accordance with
S.K. Cherepanov (Cherepanov 1981: 509).

Results and discussion

Based on the literary data «Flora of
Kazakhstany, «lllustrated determinant of plants of
Kazakhstan» and own research in the flora of the
Remizovka gorge, 894 species belonging to 380
genera from 81 families were identified. Analysis
of the largest families of the Remizovka gorge flora
allowed the identification of 10 largest families in
the largest number of species (Asteraceae, Poaceae,
Fabaceae, Rocaseae, Ranunculaceae, Lamiaceae,
Caryophyllaceae, Brassicaceae, Apiaceae,
Scrophulariaceae). (Barkley 2000: 253-258, Bruce
2005: 15-29, Hudaberdi 2000: 52-61). The listed
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10 families include 586 species or 65.55% of the  species or 2.01%), Artemisia (18 species or 2.01%),
total species composition of the flora of the studied  Erigeron (15 species or 1.68%), Potentilla (11
region. The largest genera are Astragalus (18  species or 1.23%).
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Figure 1 — Map of the Remizovka Gorge

Plants grow and develop under the influence  following ecological groups stand out: hydrophytes,
of a complex complex of simultaneously acting  hygrophytes, mesophytes, xerophytes (Lotova 2007:
on them factors that cause adaptive reactions. The  295-3006).
struggle for moisture was the main stimulus for the Since the flora of the research area is constantly
evolution of the plant world, as evidenced by the  changing and depends on the water regime, 6 groups
history of the formation of modern floras of various  were identified in the study area: mesohygrophytes,
regions of the globe (since the Cretaceous period)  hygromesophytes, mesophytes, mesoxerophytes,
(Goryshen 2005: 686). So, in relation to water, the = xeromesophytes and xerophytes (Table 1).

Table 1 — Distribution of the flora species of the Remizovka gorge in confinement to habitat types

Ecological type Type of site of growth Number of species %o of t(};; stl());e;li;umber
Mesoxerophytes With periodic inadequate moistening 423 47,32
Xerophytes With strong moisture shortcoming 194 21,70
Mesohygrophytes With sufficient moisture 175 19,57
Xeromesophytes With periodic aridity 92 10,29
Hygromesophytes Periodically over much waterlogging 7 0,78
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As a result of the ecological analysis of the
Remizovka gorge flora, which is based on the
classification of groups with respect to soil moisture,
it was found that most of them are mezoxerophytes
(423 species or 47.32%). These plants are adapted
to conditions somewhat less than the average for
moisture reserves in the soil, intermediate between
xeromesophytes and xerophytes (Serebryakov
1962a: 377, Archibold 1995: 510). Mesoxerophytes
are characteristic of sandy and clayey mountainous
areas, as well as tugai. This is Ceratocephala
testiculata (Crantz) Bess. Papaver pavoninum
Schrenk and others.

The second place is occupied by xerophytes
(194 species, 21.70%), plant species adapted to live
in conditions with periodically insufficient moisture
or with a permanent lack of moisture. They are
adapted to life in conditions of low water supply
(Serebryakov 1962a: 377). Xerophytes are plants of
dry habitats capable of suffering a significant lack of
moisture — soil and atmospheric drought. This group
includes species of mountain territories, dry steppes.
They have various adaptations to the conditions of
lack of moisture: a strongly developed root system,
a water-conducting system (ie, leaves have a dense
vein arrangement), strongly reduced leaf blades,
have thick cover tissues (thick-walled, multilayered
epidermis with outgrowths and hairs that form thick
«felt» pubescence) (Michael 2001: 156.). Xerophytes
include Ephedra equisetina Bunge and others.

The third ecological type is mesophytes (175
species or 19.57%) — species adapted to life in
conditions of medium water supply (average
moisture of soils and air). Plants of this ecological
group are characteristic for floodplains of rivers
and tugai. These are species such as Equisetum
hyemale L., Clematis songarica Bunge, C. glauca
Willd., Thalictrum alpinum L., Th. simplex L. and
others. The same group includes ephemerals and
ephemeroids (Serebryakov 1978v: 431-461), which
form the spring flora.

Fourth place is occupied by xeromesophytes.
This is an intermediate ecological type between
proper mesophytes and mezoxerophytes in the
flora of the Trans-Ili Alatau. There are 92 species
in the flora of the region, or 10.29%. These plants
are adapted to conditions with moisture reserves in
the soil slightly below average. Xeromesophytes,
species with a periodically arid habitat — Delphinium
camptocarpum Fich. et C.A.Mey., Hypecoum
parviflorum Kar. et Kir.,, H. trilobum Trautv. and
others.

Theleastpartofthefloraoftheregioniscomposed
of gigromesophytes (7 species or 0.78%) and meso-

hygrophytes (3 species or 0.34%). Gigromesophytes,
periodically over-powerful overmoistening species
— Potentilla supina L., Veronica anagallis — aquatica
L., Cyperus glomeratus L. and others.

Thus, the conducted ecological analysis of the
flora of the region showed us all the diversity of
ecological types. The dominance of mezoxerophytes,
xerophytes and mesophytes indicates the inner-
continental position of the Remizovka gorge.

As a result of the studies, the life forms of the
Remizovka gorge flora were analyzed. Under the
life form is meant the totality of adult individuals
of this species under certain growing conditions,
possessing a peculiar general appearance (habitus),
including overground and underground organs
(underground shoots and root system) (Vasiliev
1988: 447-450, Du Rietz 1931: 95). An analysis of
the life forms of the Remizovka species is shown in
Figure 2. Among the plants growing on this territory
there are perennials, biennials, annuals, half-shrubs,
shrubs, shrubs, shrubs, trees, and lianas. The
distribution of the species of the Remizovka gorge
in lifeforms has shown that perennials (623 species
or 69.69%), annuals (143 species or 15.99%) and
shrubs (55 species or 6.15%) are predominant. The
smallest part of the species refers to biennials (46
species or 5.14%), semishrubs (9 species or 1.01%)
trees (8 species or 0.89%), and a small number of
semi-shrubs (6 species or 0.67 %), shrubs (2 species
or 0.22%) and lianas (2 species or 0.22%).

The analysis of life forms according to
I.G. Serebryakov (Serebryakov 1952b: 390),
Serebryakov 1962a: 377) showed that the basis of the
flora of the Remizovka gorge of the Trans-1li Alatau
is grassy polycarpica of 669 species, accounting for
74.83% of the total, monocarpic species represented
by 143 species or 16%, shrubs are represented by 55
species or 6.15%, half-shrubs and semishrubs have
1.68% (15 species), the number of trees is 8 species,
which is 0.89%, the smallest number of species is
represented by saprophytic and parasitic grasses
perennials and shrubs and, including 2 species or
0.22% (Table 2).

Thus, the analysis of the life forms of the
Remizovka gorge flora showed the whole variety
of life forms with a predominance of herbaceous
polycarpicles and monocarpic grasses.

However, many researchers believe that the
system of distribution of species according to life
forms according to [.G. Serebryakov does not cover
the complete biological characteristics of the flora
(Serebryakov 1978v: 431-461), and the system of
«biological types» K. Raunkire is an indicator of
the fitness of the species of a particular flora to
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carry an unfavorable period, since it is based on
the location of the kidneys of renewal with respect
to the surface soil. In this regard, we resulted in

the distribution of species among the «biological
types» of K. Raunkire for the flora of the region
under study (Table 3).

B Perennial
m Trees

= Lianas

H Annual
m Semishrubs
m Sapling

u Shrubs
® Subshurbs

= Biennial
B Dwarf semishrubs

Figure 2 — Life forms of the Remizovka species

Table 2 — Distribution of species of the Remizovka flora
according to I.G. Serebryakov

Life form Number of species % of the total
number of species

1. Trees (tree) 8 0,89

II. shrubs 55 6,15

II1. subshurb 2 0,22

IV.Semishrubs and 15 1,68

dwarf semishrub

V. Grass 669 74,83

polycarpics

VI. Saprophytic 2 0,22

and parasitic

herbaceous

perennials

VII. Monocarpic 143 16

grass

Total: 894 100

The distribution of the species of the Remizovka
gorge in life forms, according to the classification of
K. Raunkier (Raunkier 1934: 632), showed that the
overwhelming majority are hemicryptophytes (570
species, which is 63.76% of the total), followed by
terophytes (130 species or 14.54%), cryptophytes
(112 species or 12.53%), phanerophytes (65 species
or 7.27%), chamefits (17 or 1.90%).

Table 3 — Distribution of the flora species of the Remizovka
gorge by the «biological types» of K. Raunkire

«Biological types» | Number of species % of the total
of Raunkire number of species

Phanerophytes 65 7,27
Hamefites 17 1,90
Hemicryptophytes 570 63,76
Cryptophytes 112 12,53
Terophytes 130 14,54

Total 894 100
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Conclusion

On the basis of the conducted researches and the
analysis of results of the received data the following
conclusions are made:

Based on the analysis of the literature data,
the research of the herbarium fund of the Institute
of Botany and Phyto-Introduction of the Chinese
Academy of Sciences and its own research into the
collection and study of plants in the Remizovka
gorge of the Trans-Ili Alatau, a preliminary annotated
list of flora including 894 species belonging to 380
genera and 81 families.

6 ecological groups of plants are distinguished,
among which the leading place is occupied by
mezoxerophytes (423 species), which is typical for
this territory. Nevertheless, a significant proportion
of the opposite ecological groups — xerophytes and

mesophytes — testify to the inland position of the
Remizovka gorge of the Trans-Ili Alatau.

Analysis of the life forms of the Remizovka gorge
of the Trans-Ili Alatau showed the whole diversity of life
forms with a predominance of herbaceous polycarpicles
and monocarpic grasses, which is a typical sign of the
flora of a given territory. According to K. Raunkire’s
system, the overwhelming number of species belongs
to groups of hemicryptophytes (570 species or 63.76%)
and terophytes (130 species or 14.54%).

Due to the fact that the flora is a defining
component of ecosystems and is subject to changes
over time, it serves as an indicator of the changes
that are occurring, and its current state is the result of
phenomena that occurred earlier under the influence
of natural and anthropogenic factors. Thus, it is
necessary to develop monitoring and forecasting of
the situation in order to improve it.
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MOP®OAOTUYECKOE PASBHOOBPA3HE CA3AHA
CYPRINUS CARPIO B 3ATTAAHOU YACTU
O3EPA BAAKALL U KAMNMWATAUCKOM BOAOXPAHNUAULLE

HeratuBHOe aHTPOMNOreHHoe BO3AENCTBUE HA MPECHOBOAHbBIE 3KOCUCTEMbI NPUBEAO K YMEHbLLIEHMIO
pasHoo6pasnsi U CHUXKEHUIO YAOBOB PbiObl BO BCeM MMpe. PbiObl IBASIOTCS OAHMM M3 MHAMKATOPOB
COCTOSIHUSI BOAHbIX 3KOCUCTEM. B CBSI3M C CMAbHbBIM HEraTMBHbIM @HTPOMOreHHbIM BO3AENCTBMEM Ha
6acceiH 03.baakall M GOAbLIMM MPOMBICAOBbIM 3HaueHnem casaHa Cyprinus carpio 3TOT BMA ObiA
BblOpaH B KauyecTBe 0ObeKTa MCCAeAOBaHMs. Lleablo Hateit paboTbl SIBASAOCH M3yUeHME BHELLUHEro
MopOAOrMYeckoro pasHoobpasms casaHa M3 Kanwaraickoro BOAOXpPaHMAMLLA M 3aMaAHOM 4acTu
o3epa baakauw. M3yuyaancb Haanume moporormyeckmx aHomaauii (peHoaeBmat), AYKTYMpyioLLas
aCUMMETpPKs BMAATEPAAbHBIX MPU3HAKOB, M3MeHUMBOCTb 30 nAaacTuyeckux, 12 CUETHbIX MPU3HAKOB
M PacroAOXKeHWe Mop CEHCOPHOM CUCTEMbI Ha FOAOBE. AAS OLIEHKM MOMYASLUMOHHOIO pa3HoobOpasus
MCMOAb30BaH METOA TAQBHbIX KOMMOHEHT. YMMUTaHHOCTb GOABLUMHCTBA PblO HAXOAMTCS HA XOPOLLEM
ypoBHe. OAHaKo MpeAeAbl BapbMpOBaHUSI 3TOrO MOKa3aTeAsl B KAaXXAOM M3 BOAOEMOB OKa3aAMCb
BbllUE, YeM B HaYaAe MHTEHCMBHOIO aHTPOMOreHHOrO BO3AEWCTBUS HA BOAHbIE 3KOCUMCTEMbI 3TOrO
6acceiiHa. B 060mx BoaooeMax romMeocrtas MHAMBMAYaAAbHOTO pa3BmTuns HapylueH. Obe BbIGOpKM ca3aHa
NPEACTaBAEHbI CXOAHBIMU MOPMOAOTMUECKMMU TUMAMU C HEOOABLLMM YMCAOM YKAOHSIIOLLMXCS (DOPM.
BbisiBAeHa GOAblLas yacToTa (heHOAEBMAT y casaHa M3 3amaAHoi vactu o3.baakaw. I1o gBaseTcs
PE3YAbTAaTOM TOrO, YTO aAAMTALMOHHbIE BO3MOXXHOCTM BUAA HE MOMYyT KOMIMEHCUMPOBaTb HeraTMBHOE
AHTPOMOreHHOe BO3AENCTBME Ha 3Ty YacTb HacceiiHa.

KAtoueBble CAOBa: MXTMOMOHUTOPUHI, M3MEHUMBOCTb, Ca3aH, baAkaluckuit 6accenH, romeocTas.
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Morphological diversity of carp Cyprinus carpio
in the western part of the Balkhash Lake and Kapshagay water reservoir

Negative human impact on freshwater ecosystems lead to decreasing of diversity and fall down of
fish catches around the world. Fishes are one of the biological indicators of state of aquatic ecosystems.
And so, carp Cyprinus carpio from the Balkhash watershed was chosen for the investigation in respect to
high level of human impact and big commercial importance of the fish here. Investigation of variability
of external morphology of carp from the western part of the Balkhash Lake and the Kapshagay water
reservoir had been done. Existence of external morphological abnormalities (malformations), fluctuat-
ing asymmetry of bilateral characteristics, variability of 30 morphometric and 12 meristic measures as
well as distribution of pores of the head lateral line. Principal components analysis was applied to intra-
population variability assessment. Many of the investigated fishes were in well condition, but individual
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variability for both water bodies became larger then it was before strong human impact. Developmental
homeostasis was disturbed in the both water bodies. The carp was presented generally with similar
morphological forms in the western part of the Balkhash Lake and Kapshagay water reservoir samples
of carps with a few specific forms. Big percent of external malformations was revealed in the sample of
carp from the western part of the Balkhash Lake. That could be a result of lack of adaptation ability in
conditions of strong negative human impact in this part of the lake.

Key words: ichthyomonitoring, variability, carp, Balkhash basin, homeostasis.
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baakalu KeAiHiH 6aTbic 6eAirinae xxaHe Kanuuarai cy KoMMacbIHAAFbl Ca3aH GaAbIFbIHbIH,
Cyprinus carpio MopOAOTUSIAbIK, AAYaHTYPAIAIri

Tywibl Cy 3KOXYMEAepiHe aAaMHbIH, >KaFbIMCbI3 8cepi OYKIA 9AeMAIK OaAbIKTapAblH asaloblHa
JKOHE aAYAHTYPAIAIKTIH TOMeEHAEYiHe aAbil KeAeai. baablk — Cy 3KOXXyMeAepiHiH >KarparblHbIH,
KepceTKilTepiHiH, 6ipi 60AbIN TabbiAaabl. baakall keAiHiH 6acceiHiHe »xoHe CasaH 6aAbiFbiHbIH Cyp-
rinus carpio KecCinTik MaHbI3AbIAbIFbIHA TEPIC aHTPOMOreHAiK acepi ceben GOAFaHAbIKTaH, OYA Typ
3epTTey OObeKTICi peTiHAe TaHAaAAbl. bisaiH 3epTTeyimisain Makcatbl — baAkaw KeAiHiH 6atbic
GeairiHaeri >koHe Kanwarait cy KonMMacbiHAAFbl Ca3aH GaAbIFbIHbIH MOP(OAOTUSIABIK, aAyaHTYPAIAITiH
3epTrey OOAbIM TabblAaAbl. BaAbIKTbIH MOPMOAOIUSABIK —aybITKYAAPAbIH 00Aybl  (peHoAeBMaT),
6uaatepasbabl kepceTkilTepi, 30 NAACTMKAABIK, >kaHe 12 caHay 6eAriAepiHiH e3repriwTikrepi, 6acTarbi
CEHCOPAbIK, >XKYMEHiH OPHAAACybl 3epTTeAAI. [TONyASLMS CaHbIHbIH aAyaHTYPAIAIriH 6arasay yLuiH Herisri
KOMIMOHEHTTIK SAIC MamAaAaHbIAAbl. KernTereH 6OaAblk, TYPAEPIHAE KOHABIAbIFbI >KaKCbl AEHIEMAE.
AAaiaa, Cy KOMMaAapAbIH SPKaMCbICbIHbIH ©3repy AMMMTTEpPI, OCbl 6acCeMHAEri Cy 3KOXyieAepiHe
KApKbIHAbI aHTPOMOreHAIK 9CepAiH 0acTaAyblHa KaparaHAa >oFapbl GOAAbl. Eki cykonmapa aa
JKEKe AAMYAbIH, romeocTasbl Oy3biaraH. Ca3aH GaAbIFbiHbIH €Ki 6ipAen YAriAepiHAE MOPGOAOTMSABIK,
GeAriaepiHAE KillKeHe ayblTKyAap Ke3AeceAi. baakall KeAiHiH 6atbiC GeAiriHeH casaH GaAblFbIHbIH
heHOAOBUTTEPIHIH >KMIAITT XOFapbl. baccenHHiH ocbl GOAIrIHAETT TYPAIH GEMIMAEAY MYMKIHAIKTEpPI

TepiC aHTPOMOreHAIK acep HOTUXKECIHAE KAAMbIHA KEeAe aAMarAbI.
Ty#iH ce3aep: MXTMOMOHUTOPUHT, ©3reprilTik, casaH, baakaw 6accerHi, romeocras.

BBenenue

PpIOBI mpuBNIEKalOT 0c000€ BHUMAaHHE HCCIIe-
JIOBaTeJIeH, MOCKOJIbKY WX BHEIIHHW OOJIMK IO
BO3JICHICTBHEM OCOOCHHOCTEH KOHKPETHOW CpPEIbl
00UTaHUS M3MEHSIETCSI TOPa3io CHIIbHEE, YeM 0O0JIb-
IIMHCTBA JPYTUX BUJIOB )KUBOTHBIX. DTO MPE/ICTAB-
JsieT OOJIBIION WHTEpeC IS Pa3paboTKA CHUCTEMBI
paHHEN JUArHOCTUKM 3arpsi3HEHUs MPUPOJHBIX
BOJ — JI0 JOCTIDKEHUS YPOBHS, TPEICTABISIONIC-
ro yrposy Omaromonyunto yenoseka (Norton et al.,
1995: 287-304; CaBBautoBa u ap., 1985: 182-188;
PemwernukoB u ap., 1999: 165-177; YeborapeBa u
np., 1999: 142-146; [lonos, 2004: 507-512). Yruy-
ONleHHOEe HM3yueHHe OCOOCHHOCTEH HM3MEHYHMBOCTH
pBIO B Pa3HOTHUITHBIX BOJIOEMAax ITO3BOJISET BHISB-
JSTh HOBBIE BHUIBI, TOJHEE HM3ydaTh 3aKOHOMEp-
HOCTH (DYHKIIMOHMPOBAHHS U KOHTPOJIUPOBATH CO-
CTOSIHAE €CTEeCTBEHHBIX 3kocucTeMm (Munkittrick,
Dixon, 1989:123-135; Motta et al., 1995: 11-20;
Lexer, Fay, 2005: 893-900; Grabarkiewicz, Davis,
2008: 1 —96).
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PazHooOpasue cuHTE3UpPYEeMBIX M HCHONb3Yye-
MBIX YEJIOBEKOM XMMHYECKHX BEIECTB HACTOJIILKO
BEJMKO, YTO KOHTPOJb COJEPKAHUS OTAEIBHBIX
BEIIECTB B IMPHUPOAHBIX BOJAAX CTal KpalHe J0-
POTOCTOSIIIMM W BO MHOTHX CIIydasx Majod(Qex-
TUBHBIM. [103TOMY U1 OLIEHKH COCTOSIHUSI BOJHOU
Cpe/bl M OJIaronoyyusi ppIOHOTO HAacelIeHHs ObLIN
NPETIOKECHBl Pa3IMYHbIC TOKA3aTEeNM CaMUX PbIO
(CaBBautoBa u np., 1985: 182-188; PemeTnukoB u
ap., 1999: 165-177; Yeborapesa u ap., 1999: 142-
146; ITomos, 2004: 507-512; Shuter, 1990:145-166).

HecmoTpst Ha BBICOKYIO cTeTieHb (DEHOTHUITHYE-
CKOM ajanTanuny pel0, OHa HOCUT (a30BbIi XapakTep
— IEPUOJI OTHOCUTEIIBHO BHICOKOM YCTOMYMBOCTH K
TOKCHKAaHTaM CMEHSIETCSI €€ PE3KUM CHM)KCHHEM U
rubenpio pe10. CriokuBIIeeCss MHEHHE O OOJIBIION
a/IanTallMOHHON TUIACTHYHOCTH PBIO M X CIIOco0-
HOCTH BBIHOCUTH OOJIbILIME TOKCHYECKHE HArpy3Ku
MIPOTUBOPEUYUT MHOTOYHMCICHHBIM  3KCIIEPUMEH-
TanbHbIM JaHHBIM (JIykbsHenko, 1983: 1-320; Ilo-
moB, 2004: 507-512). /laBHO M3BECTHO MpsIMOE Ce-
JICKTHBHOE BO3ICHCTBHE CTPECCOBBIX COCTOSHHMH

Eurasian Journal of Ecology. Ne2 (55). 2018 101
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OKpY’Karoleil cpeapl B CBS3M C MPOOIeMOi nucues-
HOBEHWSI BUIOB, HO IIPH ATOM OOBIYHO HE y/IeTSeTCS
AOCTATOYHOI'0O BHMUMAHUA BO3MOKHOCTIAM MOAJACP-
YKaHHsI TOMEOCTa3a MOMYJISIUSIMHA U COOOIIECTBAMHE
(Lexer, Fay, 2005: 893-900).

Lenpto Hameil pabOThl SBISIIOCH H3y4YEHHE
Mopdoorudeckoro paszHoobpasus cazana Cypri-
nus carpio Linnaeus, 1758 u3 Kammaraiickoro Bo-
JIOXpaHWIMILA M 3alaJHOM yacTu o3epa baskari.
Bri0op o0bekTa MccaenoBaHusl ONpenesiseTcss UH-
TEHCHBHBIM aHTPOINOTEHHBIM BO3JEHCTBHEM Ha
9KOCHCTeMbl bankaiickoro OacceiiHa U OOJBIIMM
3HAYCHHEM Ca3aHa KaK MPOMBICIOBOTO BHJA PHIO
(Mwutpodanos u ap., 1988: 231-279; MutpodaHoB,
1992: 372-411).

MatepuaJibl 1 METOAUKH

Ot6op pbIO [UIsl aHATM30B OBLT MPOBEICH B
2017 r. MeTOmOM PAHIOMH3HPOBAHHBIX BBIOO-
POK M3 MPOMBICIIOBBIX YJIOBOB B 3alaJHON 4YacTh
o3.bankamr w KammaraiickoM BOIOXpaHUIIHUILE.
EnuHCTBEHHBIM KpHUTepHeM OBLT pa3Mep phI0 —
mmHoH Tenma ot 300 mo 500 mm. PeiObl MeHbIIEro
pasmepa B IPOMBICIIOBBIC OPY/HS JIOBA ITOTAJaTh HE
JIOJDKHBI, phIO OOJBIIETo pazMepa HeyAoOHO (HK-
CHpOBaTh W XpaHUTh. Mopdosornieckuii aHamms
PBIO OCYIIIECTBIIEH B COOTBETCTBUH C PYKOBOACTBOM
N.®. TlpaBouna (IlpaBmuH, 1966:1-376). {11 060-
3HA4YEeHUS] MOPPOMETPUUECKUX TPU3HAKOB UCIIOIb-
30BaHbl PACHPOCTPAHCHHBIE B HMXTHOJOTHYECKUX
pabotax cuMBOJIBL: L — obmas mmmHa Teaa B MuM; Ist
— JUIMHA Tella 0 XBOCTOBOTO IJIaBHUKA B MM; Q —
Macca Tena B rpaMMax; q — Macca Tea 06e3 BHyTpeH-
HocTeil B rpammax; Fulton — ynuranHOCTS 110 DYyI1b-
tony; Clark — ynuranaocts no Kmapk; paccrosiHue
JI0 CIIMHHOTO I1aBHUKa (aD), mocTnopcanbHOe pac-
crostHEE (pD), paccTosIHUE 10 aHATLHOTO IIABHUKA
(aA), paccrosHue no OpromHOrO TUTaBHUKA (aV),
paccrosiHue 10 TPyAHOTro IutaBHUKa (aP), paccros-
HUE MEXAY TPYAHBIMHU U OPIONIHBIME TUTABHUKAMH
(PV), paccrosinue Mex 1y OpIOIIHBIMU M aHATbHBIM
wiaBHrKamu (VA), uirHa XBocToBOTO cTeds (Ica),
HanOospmas BeicoTa Tena (H), HamMeHbImas BbICO-
ta tena (h), nmuHa TONOBRI (C), JUIMHA phLIa (20),
JUaMeTp TIJla3a TOpU3OHTaNbHBIA (oh), muameTp
rJ1a3a BEPTUKAIBHBIN (OV), 3aryla3HUYHOE PacCTO-
ssaue (op), JuimHa HiokHed uyemoct (Imd), amina
BepxHel uentoctr (Imx), barbel 1 u barbel 2 — nu-
Ha COOTBETCTBEHHO IIEPBOTO M BTOPOT'O YCHKOB OT
MepeHEro Kpast pblia K Kparo pTa, TOJNIIUHA BepX-
Heit u HwkHeii ryost (lip T, lip B), BeicoTa ronosst
yepes a3 (hco), BeicoTa romossl y 3aThuika (hc),
MEXIJIA3HUYHOE paccTosiHue (10), [UIMHA CIIMHHOTO

wiaBauka (ID), BeicoTa crimaHOTO MmnaBHuKa (hD),
IUTMHA aHAJIBHOTO TIaBHUKA (1A), BEICOTa aHAILHO-
ro miaBauka (hA), anmHa rpyaHeix miaBHuKosB (1P),
JuinHa OpromHbIX w1aBHuKoB (1V), mmHa BepxHen
norracti xBocta (1Cs), mmMHA cpeqHux Jydei XBo-
cra (ICm), mmHa HwkHe#d nomactu xBocrta (1Ci),
KOJINYECTBO YelIyd B OOKOBOH JIMHHH, XBOCTOBOM
credite, HaJ OOKOBOM JIMHUEH U 1O HEH — COOTBET-
ctBenHo (L1, sup., inf.); 4ncio aydeit B CIMHHOM
raBHuke (D), B aHabHOM, TPYJHOM, OPIOITHOM U
XBOCTOBOM IIIaBHHUKAaX — COOTBETCTBEHHO A, P, V,
C, uncIno )kadepHBIX THIYHHOK — Sp.br. ¥ TO3BOHKOB,
Bkitouasi BeOepoB ammapar (Vert.). [lns o6o3Ha-
YEHHUSI OTBEPCTUM CEHCOPHOW CHCTEMBbI Ha T'OJIOBE
KOCTHCTBIX PBIO OBUIM HMCIIOJIb30BAHBI CIICAYIOIINE
ob6o3nauenus (pucyHok 1): CIO — yucimo G0KOBBIX
BBIXOJHBIX OTBEPCTUM MOJATTIa3HUYHON BETBU CEHC-
MoceHcopHoro kaHaia; CSO — yncino oTBepCTHil B
HAATTa3HUYHO-TO0OHOH OO0JIACTH CUYUTAIM BMECTE
C YUCJIOM OTBepcTHil B TeMeHHOH obOmactu (CT);
CPMpop — uuciio OOKOBBIX BBIXOJHBIX OTBEPCTHI
MPEAKPBIIIECYHO-HIKHEYETIOCTHO ~ BETBU  Ceiic-
MOCEHCOPHOTO KaHaja B MPEAKPBIIICYHBIX KOCTSIX
cineBa u cnpaa; CPMden — 4ncino GOKOBBIX H Tep-
MUHAQJIBHBIX BBIXOJIHBIX OTBEPCTUH MPEAKPHIIICY-
HO-HU)KHEUYEIOCTHOM BETBU CEHUCMOCEHCOPHOrO
KaHaJla B HIDKHEUENIOCTHBIX KOCTSIX ClIeBa U CIIpaBa
(boryuxkast, 1988:367-382; [TumosH, 2011:25-37).

CIO — 4ncio OOKOBBIX BBIXOJHBIX OTBEPCTHIl OATTA3HUYHON
BeTBH ceficMoceHcopHOit cucteMbl; CSO — 4ncIo 0TBEpCTHi
B HaJIIA3HNYHO-TT00HO# obnact; CPMpop — 4rciio G0KOBBIX
BBIXOJIHBIX OTBEPCTHIl PEAKPBIICYHO-HIKHEYCITFOCTHOM
BETBH CEHCMOCEHCOPHOTO KaHala B IIPEIKPBIILIEYHBIX KOCTIX
cneBa u cripaBa; CPMden — 4ynciio GOKOBBIX U TEPMHHAIBHBIX
BBIXOJIHBIX OTBEPCTHIl PEAKPBIICYHO-HIKHEYCITFOCTHOM
BeTBH ceiicMoceHcopHOro kaHana, CT — 9ncio BBIXOIHBIX
OTBEPCTHH CEHCMOCEHCOPHOTO KaHalla B TEMEHHON 00J1acTi

Pucynoxk 1 — OGo3HaueHus BeTBel ceiicMOCeHCOpHOI
CHCTEMBI Ha I'0JI0BE Ca3aHa
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Mawmwuios H.IIIL u nip.

JokazaHo, 4Tro cpaBHEHHE MOpQoMeTpHye-
CKHAX JIaHHBIX, TOJYYEHHBIX Pa3HBIMH aBTOPAMHU
(onepatopamu), HEIPHEKTHBHO TMpPH UIYYCHUH
BHYTPHUBUAOBBIX rpynnupoBok (Pemernukos, Ilo-
moBa, 2015:114-131; Mina et al., 2005:284-294;
Mironovskii, 2006: 178—189), no3romy nipu oOpa-
0OTKE HCIOIB30BATUCH MOPPOMETPHUUCCKHE TaH-
HBIC, TIOJYYCHHBIE BTOPHIM aBTOPOM JAHHOM ITy-
OJIMKAINH.

Bennuuny ¢uykryupyromeid acHMMETpUH OH-
JaTepaNbHBIX BHEUTHUX MOP(]OIOTHYECKUX TpH-
3HaKOB (Asm) Ompesensn Mo MeToJuKe 3axapoBa
u z1p. (3axapos u 1p., 2000: 1-68). st 3Toro 6putn
MCTIOJIH30BaHbI IPU3HAKH: YUCIIO YelTyil B O0KOBOU
JIMHUY, HAJ U TI0]] Hel; YHCIIO JTyUYeH B MApHBIX IJIaB-
HHUKaX, YACJIO Ka0CPHBIX THIYMHOK, YHCIIO CEHCMO-
CEHCOPHBIX TOp Ha HIDKHEW YeJIOCTH, KaOepHOI
MPEAKPHINIKE, NOArMIa3HUYHOW, HAATJIa3HU3HOW M
TEMEHHOH BETBAX CEHCMOCEHCOPHOU CUCTEMBI.

Cratuctuueckyro 00pabOTKy IaHHBIX IPOBO-
T COTJIacHO pykoBojcTtBaM Press W.H. et al.
(1986: 1-818) u I'.®.Jlakuna (1990: 1-352), wuc-
MOJIB3YST KOMITbIOTEpHYIO0 Tporpammy Excel. UToOst
n30ekKaTh BIUSHHS pa3MepoB PbIO Ha Pe3yibTaThl
aHain3a, Bce MOpQOMETpHUYECKHE MPU3HAKU ObUIN
crangaptrzoBansl (Elliot et al., 1995: 202-220).

st cpaBHEHHUST BBIOOPOK MCIIONIB30BAH TTOKa-
saremn T (Jlakun, 1990: 1-352), «xosddumuent
pazmmaus»y CD (Matip, 1971:1-454) u «auBepres-
ws» — &, (Angpees, Pewernuxos, 1977: 862-
878). llomynsannoHHOe pa3HOOOpa3We OlEHUBAIN
C MTOMOMIBI0 METOJI0OB MHOTOMEPHOTO CTaTHCTHYE-
CKOro aHanu3a (METOJ TJaBHBIX KOMIIOHEHT) CO-
rnacHo pykoBoactBaM (Humphries et al., 1981:
291-308; Darroch, Mosimann, 1985: 241-252;
Rohlf, Bookstein, 1988: 356-367; Legendre, Leg-
endre, 2012: 1-990), ucnonp3ys MakeT KOMITLIOTEP-
HbIx nporpamm «NTSYSpe» Bepcus 2.02. iuny
BEKTOpa BO BCEX CIy4YasX MPUHUMAIIN PaBHOU eIH-
HUIle. AHaJIM3UpYEMblE NaHHbBIC MPEABAPUTEIHHO
CTaHIAPTU3MPOBAIIM, YTO IIO3BOJIMJIIO YCTPAHHUTH
pasnnyrs, BO3HUKAIOUIME TMPU BBIYUCICHUU COO-
CTBEHHBIX BEKTOPOB IO BapUallMOHHO-KOBapHallH-
OHHBIM WJIM KOPPEIIHOHHBIM MaTpuiiaM (Mina et
al., 2001:241-252). JInsg miuacTU4eCKUX MPH3HAKOB
HIMPOKO MpHHATOU siBisiercst uuTepnpetauus (Tis-
sot, 1988:71-91), cormacHO KOTOpO¥ NEPBYIO TIIaB-
HYI0 KOMIIOHEHTY paccCMaTpUBAIOT KaK XapaKTepH-
3YIOIIYIO pa3Mep 0COOH, a BTOPYIO M TPETBIO — KaK
xapakrepu3yromue popmy tera. O ToMm, Kakue mpu-
3HAKW ONPEACISIFOT PAa3IIMyusl B MOJIOKEHUH 0co0ei
M0 OCH OPAMHAT, MOKHO CYJUTB 110 HAarpy3KaM co0-
ctBeHHBIX BekTOopoB (Rohlf, Bookstein, 1988: 356-
367; Legendre, Legendre, 2012: 1-990).

ISSN 1563-034X

Pe3yabTathl u 00cy:KI€eHUE

Pesynbrarel craTUCTUYECKONW 0OpabOTKU MOp-
(hoOMOIIOTHYECKNX JaHHBIX MPEJCTABICHBI B Ta-
omune 1, uxX cpaBHEHHE W HArpy3KH MPU3HAKOB Ha
rJIaBHbIE KOMIIOHEHTHI — B Ta0imax 2 u 3. O0e BbI-
OOpKM IpeACTaBICHbl CXOJHBIMH O Pa3Mepy OCo-
OsIMH, 4TO J1elaeT KOPPEKTHBIM JNajbHENIee cpaB-
HeHrne Mopodomerpudeckux npusHakoB. CpeaHue
MOKAa3aTeJId YIUTAHHOCTH Ca3aHa B BHIOOpKax W3
o3.bankam wu Kammaraiickoro BoJOXpaHUIUIIA
BBIIIIE CPEJHUX MHOTOJIETHUX ITOKa3aTeslell BTOPOil
MTOJIOBUHBI MPOLIJIOTO BEKa IS COOTBETCTBYIOIINX
BogoemoB (MwutpodanoB u mp., 1988:231-279).
OnHako ¥ Tpenenbl BapbUPOBAHUSI B KaXKIOM M3
BOJIOEMOB OKa3aJMCh BBILIE, YEM B Hayase MHTCH-
CHUBHOTO aHTPOIIOT€HHOTO BO3/CUCTBUS Ha BOJTHBIC
3KOCHCTEMbI OacceliHa. ITO MOXKET ObITh 00YCIIOB-
JICHO ABYMS HE UCKITFOUYAONIUMHU JIPYT JIpyTa MpH-
yuHaM#: 1) yBEJIMUYUBIICHCS TETEPOT€HHOCTHIO
cpeabl oOWTaHUS W/WIW 2) WHIAMBHIYAIbHBIMU
0COOEHHOCTSAMH PEaKLUH OPraHU3MOB Ha BHEIIHUE
BO3JICUCTBHSI. YBEJIMYEHUE 3HAYEHUH IOKA3aTess
ACHMMETPHUH BHEUTHUX MOP(]OIOrHUecKuX MpHu3Ha-
KOB Asm OTpakaeT BO3pacTaHHEe HapPYIICHUH romMe-
0CTaza WHAMBHUIYaFHOTO pa3BuTHs. Kak mpemerns
WHIIMBUIyabHON WM3MEHUYMBOCTH, TaK M CpPEIAHUE
JUIs1 BBIOOPOK 3HAYEHUSI 3TOrO MOKa3aTeNs y ca3aHa
u3 o3.bankam n Kanmaraifickoro BogoXpaHuIvIia
MOYTH TIOJIHOCTBIO coBmajaroT. CpeHue 3HaYCHUS
Asm y ca3aHa U3 000MX BOJOEMOB HAaxXOIATCS Ha
OuYeHb BHICOKOM ypoBHE (>0.44 mo 3axapoB u jp.,
2000:1-65), 9TO CBUAETEILCTBYET O CEPHE3HBIX Ha-
pyLIIeHUSIX (YHKIIMOHUPOBAHUS OpPTraHU3Ma B paH-
HHAW TIepuoJ ku3HU. B BeIOOpKe M3 Kammaraicko-
ro BOJOXpaHHIHIIA MOP(HOIOTHYECKUX aHOMAaTHN
(penonesuar) e HabOMONAIOCH. BRICOKHI ypOBEHB
u OoJbIIIoe pasHooOpasme GpeHoaeBuaT ObTH 00HA-
PYKEHBI B BEIOOpKE cazaHa M3 3aIlaJHO YacTH 03e-
pa bankam: y onHOH peIOBI OB pa3aBOEH BTOPOH
YCHK, Y OJHOUM pBIObI peaylnpOBaHbl OPIOIIHBIE H
JIEBBI TPYAHOH TIABHHK, €I Y OJHOW PBIOBI ObLI
3aMETHO KOpOUe CIUHHOM IJIaBHUK, Y YETBIPEX PbIO
HaOII0/JAIOCh HAPYIICHNE PSAIOB eIy B Pe3yilb-
TaTe TOSBIICHHUS JIOTIOJIHUTEIBHBIX YBEIUYEHHBIX
WM YMEHBIICHHBIX Yerryil. TakuM oOpa3om, B BbI-
Oopke w3 03.bakamt MPOIEHT BBIIBICHHBIX (PEHO-
neBuat BapbupoBai oT 3 10 13 %, uTo Takxke yka-
3bIBACT Ha HEONIArONpUSTHBIC YCIOBHUS DPa3BUTHS
pBIO B 9TO¥ yacTu O6acceiHa.

Hu no omnomy u3 m3yuaBmmxcst Mopdoioru-
YECKUX ITOKa3aTeJiel HEe BBISBICHO Pa3iMyuil MOJ-
BHJIOBOTO YPOBHS 10 KpuTeputo D.Maiipa (Maiip,
1971: 1-454) (tabnuua 2). DTOT pe3yibTaT sSBIsSCT-
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s O)KUJIAEMBIM, TIOCKOJIBKY B TEUCHHUE JOJITOTO Bpe-
MEHHM T0CcJIe aKKIMMaTH3auu B banmkamnickom Gac-
celiHe ca3aH MOT CBOOO/HO MepEeMeIaThCsl 0 BCEM
THIPOJIOTHUECKH CBSI3aHHBIM BoJ0eMaM. TOJBKO
MocJie 3aBepIICHHs] CTPOUTENHCTBA IUIOTHHBI Karr-

maraiickol ['9C murpanuu crtaam TEOpeTHYECKH
BO3MOXHBI TOJIbKO B OIHOM HarpasieHuu (Mutpo-
¢danoB u np., 1988:231-279). [Ipakrudeckn Takue
MUTpaI MaJOBEPOSATHBI B CBA3H C OTCYTCTBHEM
CIELUAIBHOTO PIOOXOHOTO KaHaa.

Ta6mmua 1 —MopdoOuonornueckue mokasaresn BHIOOPOK cazaHa U3 3amaHoi yactu 03.bankam u Kamniaraiickoro BoqoXpaHuinina

Hpussraka . bamxam, 2017 r., n=30 .KanmaraﬁCKoe Baxp-1ue, 2017 ., n=28
min max M +s min max M +s

1 2 3 4 5 6 7 8 9

AOCOIOTHBIC 3HAUCHHUS:
L, mm 341 468 396.1 25.56 295 465 360.6 37.37
Ist, mm 261 335 301.2 19.00 230 398 288.4 33.71
Q,g 586 990 740.5 114.90 535 1305 759.0 193.85
q, g 500 790 630.5 75.36 495 1165 699.8 172.25
KoadppummeHTsr:
DyneroH 1.87 3.65 2.72 0.379 1.25 4.82 3.22 0.705
Knapxk 1.73 3.12 2.33 0.345 1.18 4.41 2.97 0.642
Asm 0.22 0.78 0.46 0.151 0.22 0.78 0.48 0.157
CueTHBIC IPU3HAKH:

1 33 37 343 0.96 33 36 344 0.79
sup 5 7 6.2 0.46 6 7 6.3 0.47
inf 5 6.2 0.59 5 7 6.0 0.59
D 18 22 19.5 1.04 18 24 19.6 1.40

A 4 6 5.7 0.55 5 6 54 0.49

P 13 18 15.7 1.11 15 18 16.3 0.71
\Y 7 9 8.6 0.57 8 9 8.9 0.32

C 22 27 25.0 1.27 23 31 26.7 1.81
thD 16 30 20.5 2.78 13 28 20.2 4.13
thA 14 27 21.2 2.75 19 30 233 3.47

CPMden 5 8 6.6 0.77 2 9 5.7 2.03
CPMpop 9 17 12.8 2.16 18 13.4 3.61
CIO 14 30 21.5 3.90 28 21.0 7.01
CSO 6 19 12.8 3.63 17 10.1 5.15
spbr 21 27 23.7 1.54 19 25 22.6 1.58
vert 36 38 36.5 0.57 34 40 36.4 1.50

MepHble npu3Haky B % oT 1iuHb Tena (Ist):

aD 47.4 55.9 51.5 1.93 41.5 63.0 53.5 3.930
pD 11.3 18.6 14.6 1.85 8.4 18.5 13.1 2.367
aP 24.7 29.5 27.2 1.16 22.1 313 28.0 1.988
aV 47.2 52.9 50.0 1.46 37.9 53.9 49.6 2.703
aA 73.8 83.0 78.0 2.23 59.3 81.7 77.8 4.002
Ica 11.3 15.0 13.0 0.79 11.3 18.9 15.6 1.641

c 25.0 30.7 28.4 1.43 23.6 339 28.8 2.175
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Mawmunos H.III. u np.

Ipooonocenue mabauywr 1

banxamr, 2017 r., n=30 Karmaraiickoe Buxp-iue, 2017 ., n=28
IIpuznaku - -
min max M +s min max M +s
1 2 3 4 5 6 7 8 9

ao 6.3 10.4 8.4 1.11 7.2 15.2 9.5 1.632
oh 3.6 5.5 44 0.46 33 4.9 4.2 0.395
ov 3.9 5.6 4.5 0.44 3.0 4.9 4.2 0.394
op 12.9 15.1 14.1 0.55 11.3 15.6 14.1 0.963
Imx 9.2 12.0 10.3 0.62 8.3 13.4 10.8 1.285
Imd 7.8 9.8 8.9 0.49 7.5 12.7 9.4 1.209
lipT 0.6 1.7 1.0 0.27 0.7 1.7 1.1 0.267
lip B 0.8 1.7 1.2 0.25 0.7 1.9 1.3 0.330
barbel 1 1.5 3.8 2.6 0.45 1.3 3.6 2.7 0.561
barbel 2 4.0 7.5 5.5 0.87 3.5 6.8 53 0.841
hco 14.1 17.4 15.5 0.79 12.8 20.4 17.0 1.663
he 19.8 24.1 21.2 1.00 17.1 27.8 22.8 1.974
hmd 15.4 20.3 16.9 1.18 133 23.0 18.3 1.878
io 9.9 12.6 11.0 0.61 8.8 14.4 12.2 1.155
ID 37.6 46.7 422 2.33 30.9 48.1 42.8 3.270
hD 13.1 19.2 16.5 1.20 11.6 23.5 16.3 2.159
1A 7.5 10.7 9.3 0.89 7.3 11.8 10.2 1.107
hA 14.0 19.2 16.8 0.98 11.6 19.0 16.0 1.663
1P 19.7 23.9 21.6 1.13 14.6 234 20.1 1.789
v 17.8 22.1 19.8 1.14 13.1 21.7 18.9 1.744
Cs 26.0 33.6 29.4 1.69 19.3 30.0 26.4 2.338
Ci 24.7 34.0 29.7 1.97 18.8 31.1 26.7 2.638
Cm 5.1 11.4 8.9 1.37 5.5 13.8 8.8 1.596

HocTtoBepHble pa3auuusi CpPeAHUX 3HAYCHUUN
MeX]ly BBIOOpKamu cazana u3 o3.bankam n Karma-
raiickoro BOJOXpaHWIMIIA HAOIIOAAIOTCS B JJTHHE
XBOCTa U XBOCTOBOTO CTEOJIsI, MOJIOKEHUU U opMe
OTJIENBHBIX TUIABHUKOB, (hopMe ToJIoBBl. Y ca3aHa
u3 o3.baskanr JyiMHHEE XBOCTOBOM cTeOeb, a y ca-
3aHa u3 Kammraraiickoro BOJOXpaHWIHIIA — OOJIb-
IIIe JIONAcTH XBOCTOBOTO IaBHUKA. [Ipu onmHako-
BOW CpeJlHEeW JIJIMHE TOJIOBBI €€ BhICOTA B CPEIHEM
HECKOJIBbKO HUXKe Yy ca3aHa u3 Kammaraiickoro Bo-
JIOXpaHWIHINA. DTA MPU3HAKK BO MHOTOM OITpe/ie-
JISIIOT TUAPOIMHAMUYECKHE cBoiicTBa pbid (Webb et
al., 1996: 7-14; West-Eberhard, 2005: 610-618).

Ilo cueTHBIM TpHW3HAKaM JOCTOBEpPHBIC pa3-
mnuanst (P<0.05) mexnay BeIOOpKamMH ca3aHa W3
o3.bankam w Kammaraiickoro BoJOXpaHUIIUINA
0OHapy’KeHbI 10 YUCIy JIy4deil B aHaJbHOM, XBO-
CTOBOM M NAapHOM ILIaBHUKaX, YUCITY 3Y6‘II/IKOB
Ha JIy4e aHaJbHOTO IUIABHHMKA, YUCITY OTBEPCTUU
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CEHCOPHOU JIMHUY Ha HIDKHEW YENFOCTH U CBEPXY
TOJIOBBI, YUCITY aOEepHBIX THIYMHOK (Tabmuma 3).
CocTosiHuEe METaMEPHBIX CUETHBIX MPU3HAKOB PBHIO
(4Mcnmo TMO3BOHKOB, 4Yellydl B OOKOBOW JWHHH WU
JIp.) ONpENessITCS KaK TeHOTHIIOM, TaK U YCIIOBHSI-
MU OKpyxaroteit cpenst (JIrobuukas, Jopodeena,
1961: 497-509; Tarapko, 1968: 425-439; Levin,
2010: 303-306). OcranbHble CYETHBIE TPHU3HAKU
MEHbIIIE, YeM IUIACTUYECKUE, 3aBUCIT OT YCIOBHMA
OKPYIKAIOIIEH CpeIbl M OMPEICISIIOTCS B OCHOBHOM
FCHOTUIIOM. B 1eJIoM MOoJyueHHBIC PEe3yJIbTAThI
aHajM3a M3MEHYMBOCTU CUCTHBIX MPU3HAKOB CO-
[JIACYIOTCS C Pe3yJIbTaTaMU aHAJIA3a CYCTHBIX MTPH-
3HAKOB W MMOKAa3bIBAIOT OOJIBIIIOE CXOJICTBO Ca3aHa
B o3.bankam n Kammaraiickom BogoxXpaHWUIIHUIIE.
OTKIIOHEHHE OTICNIBHBIX 0co0eil (1Be pHIOBI Ha
TepeIHeM TIIaHe) U3 OaIKaICKOW BEIOOPKH MOYKET
OBITh OOYCJIOBJICHO MPOSIBJICHUEM PEIKuX Mopd
(TEeHOTHUIIOB) HMJTU K€ MYTAI[USMU.
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Taﬁ.lmua 2 - CpaBHeHI/Ie BI)I60pOK Ca3aHa U HarpysKa Ha INIaBHbIC KOMIIOHEHTBI MEPHBIX IPU3HAKOB

CpaBHeHHE BEIOOPOK ['maBHBIE KOMIIOHEHTBI
[Ipusnaku
d? CD Tst 1 2 3

Ist 0.58 0.24 1.82 0.3202 0.0262 0.1126
aD 0.75 0.36 2.60 -0.0168 0.4531 -0.2629

pD 0.01 0.36 2.79 Koppenupyet ¢ anuHoi Tena (1=0.83)
aP 0.51 0.23 1.76 0.3211 0.0551 0.1179
aVv 0.85 0.09 0.67 -0.0192 0.4204 -0.3063
aA 0.76 0.04 0.29 0.3204 0.0477 0.1198
Ica 2.71 1.04 7.63 0.2320 0.1519 -0.0021
c 0.22 0.16 1.22 0.0222 -0.0791 -0.2009
ao 0.07 0.38 2.92 0.2554 0.2573 -0.0682
oh 0.07 0.21 1.64 -0.0738 0.1683 0.4437
ov 0.08 0.37 2.86 0.1071 -0.0227 -0.0630
op 0.70 0.00 0.02 0.1071 -0.0227 -0.0630
Imx 1.04 0.25 1.85 -0.0627 -0.0394 0.0737
Imd 1.62 0.32 2.26 0.1985 -0.0431 -0.1573
lipT 0.00 0.19 1.50 0.2450 0.0022 0.1182
lip B 0.13 0.10 0.79 -0.0159 0.0532 -0.0804
barbel 1 0.08 0.11 0.84 -0.0453 -0.0611 0.0269
barbel 2 0.00 0.13 1.03 0.2269 0.0167 0.0099
hco 0.04 0.61 4.42 -0.1059 -0.0853 0.0339
he 0.13 0.54 3.95 0.3493 -0.0070 0.0361
hmd 0.00 0.48 3.61 -0.1030 -0.0688 0.0153
io 0.62 0.72 5.30 0.3272 0.0405 0.0961
1D 0.23 0.10 0.78 -0.0651 0.4251 -0.2424
hD 0.76 0.05 0.40 0.0630 -0.0395 -0.0770
1A 0.11 0.48 3.73 -0.0694 0.3984 0.1105
hA 0.40 0.29 221 0.1042 -0.1431 -0.2000
1P 0.05 0.50 3.80 -0.0491 0.2009 0.4166
Y% 0.21 0.30 231 0.2211 -0.1016 -0.1191
Cs 0.53 0.74 5.67 -0.0482 0.1932 0.3739
Ci 0.36 0.67 5.10 0.2598 -0.0768 -0.0319
Cm 0.05 0.01 0.06 -0.0328 0.0344 0.0108

I'padraeckoe n3o00paskeHne Pe3yIHTaTOB MHO-
FOMEPHOI'0 aHaju3a pPa3HOo00pa3us MPECTaBICHO
Ha pucyHke 2. Ilo COBOKYIMHOCTH ILIaCTHYECKUX
MIPU3HAKOB B 00OMX CpPaBHUBAECMBIX BOJOEMax ca-
3aH TIpE/CTaBlICH CXOAHBIMH Mopdorunamu. Mc-
KIIFOYCHHE COCTaBISIOT JIMIIb (DEHOJEBHATHI U3
o3.bankar.

H3BectHo, uro B bankamickom Oacceiine casaH
SIBIISIETCSL aKKITMMATU3UPOBAHHBIM BHJIOM, €r0 MECT-
Hasl TTOMYJISAIS TTPON30IIIIa OT HEOOJBIIIOTO YHCIIa

ocHoBateled. B nanpHeiieM npoBoIuiInCch HEOAHO-
KpaTHBIE BBIITYCKH Pa3JIMYHbIX JIMHUAN Kapla u3 Mpy-
JIOBBIX XO3HCTB, PacIIOJI0KEHHBIX B 3TOM OacceiiHe
(Murpodanos u ap., 1988: 231-279; Jlykpaser, Mu-
TpodaHoB, 1992:6-44). B T0 e BpeMsi YUCICHHOCTb
ca3aHa CHHM3WJIAChH B CBSI3U C MHTCHCHBHBIM ITPOMBIC-
moMm (Murpodano, 1992:372-411; Hcbekos, Tu-
MupxaHos, 2009:1-182). B pe3ynbrare COBMECTHOTO
JeWCTBUSl 3arpsi3HEHUs], HEYCTOHYMBOIO THAPOIIO-
THYECKOTO pEeKMMa W TPOMBICTIA TIOMYJISIH ca3a-
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Ha B o3.bankam n Kammaraiickom BOJOXpPaHWINIIC
OKa3aJIMChb B COCTOSAHHMHM, KOraa aJalTalliOHHBIC
BO3MOXXHOCTU BUAA HE MOI'YT KOMIICHCUPOBATbH HE-

PucyHnok 2 — B3anmopacmnosnoxenue ocobeii cazana u3 03.banmkam n Kanmaraifickoro BoqoXpaHuInIna:
A — 110 COBOKYITHOCTH IJIACTHUECKUX TIPHU3HAKOB, b — M0 COBOKYITHOCTH CUETHBIX MPH3HAKOB.

a

TaTUBHOC aHTPOIIOTCHHOC BOBHCﬁCTBHC, YTO MPHBO-
AUT K HApYHICHHUIO I'OMEOCTasa paHHEI o pa3BUTUA U

OSIBJICHHIO OOJIBIIIOTO KOJIMYeCTBa (DEHOICBUAT.

6

Wupekcrpl moka3aHbl TOJIBKO sl KpaiiHUX ocobeii: «b» — o3.bankar, «k» — Kamaraiickoe BoJoXpaHUITHIIE.

Tabauma 3 — CpaBHeHI/Ie BI)I60p0K Ca3aHa U Harpy3ka Ha ITIaBHBIC KOMIIOHCHTBI CHETHBIX [IPU3HAKOB

Mpusias CpaBHeHHE BEIOOPOK [maBHBIC KOMIIOHEHTHI
d? CD Tst 1 2 3

1 0.07 0.02 0.16 0.0473 0.3038 0.2622
sup 0.00 0.14 1.05 0.1465 -0.1429 -0.0966
inf 0.00 0.11 0.83 -0.2454 0.0550 0.1901
D 0.18 0.02 0.17 -0.0764 -0.0147 -0.2201
A 0.06 0.29 2.15 0.0018 0.4563 -0.2332
P 0.60 0.31 2.31 0.2125 0.3933 -0.3229
\Y% 1.08 0.36 2.67 0.0037 0.0514 -0.4544
C 0.21 0.56 4.14 -0.0941 0.2074 -0.4854
thD 0.33 0.05 0.33 -0.3211 -0.2899 -0.1696
thA 0.01 0.33 2.47 -0.2454 -0.3198 -0.2870
CPMden 1.98 0.32 2.15 -0.3682 0.1644 0.2102
CPMpop 0.55 0.10 0.76 -0.3121 0.3052 -0.0434
CIO 0.76 0.05 0.35 -0.4699 0.1532 0.0600
CSTpar 0.12 0.31 227 -0.3664 0.2237 0.1295
spbr 0.01 0.36 2.69 -0.0927 0.0354 -0.1619
vert 2.52 0.03 0.19 0.3105 0.3070 0.1810
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GROWTH AND DEVELOPMENT
OF THE GREEN TOAD (BUFO VIRIDIS) FROM THE WATER BODIES
OF THE OIL PRODUCING REGIONS OF KAZAKHSTAN

Environmental pollution with oil and petroleum products leads to a decrease in animal biodiversity
and human diseases. Due to the intense pollution of Kazakhstan’s water bodies located on the territory
of oil producing regions, the purpose of this study was to study the effect of different concentrations of
oil on the growth and development of the green toad (Bufo viridis). This species of anuran amphibians
is widespread in Kazakhstan, which is especially important given the aridity of the lands of the oil-pro-
ducing regions. A chronic exposure to the concentrations of oil hydrocarbons found in the water of the
reservoirs of the Aktobe, Atyrau and Mangistau regions on the tadpoles of the green toad (Bufo viridis)
was carried out The results of the study revealed suppression of growth (size and weight) and a devel-
opmental delay in tadpoles from experimental groups. To determine the reasons for the slowdown in
growth and development, the content of lipid peroxidation products (LHO and MDA) and the activity of
antioxidant defense enzymes in the liver of tadpoles of the green toad (Bufo viridis) were studied. It has
been shown that the production of LHO and MDA increases after exposure of the tadpoles to oil hydro-
carbons, while the activity of antioxidant enzymes, on the contrary, decreases, which indicates enhanced
oxidative stress in the liver of the treated tadpoles. Thus, exposure to oil hydrocarbons in concentrations
found in the water bodies of the oil producing regions of Kazakhstan suppresses the growth and devel-
opment of the green toad (Bufo viridis), one of the reasons of which is the increase of oxidative stress.

Key words: water soluble fraction of oil, Bufo viridis, growth, development, oxidative stress, lipid
peroxidation, antioxidant enzymes.
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Ka3zakcTaHHbIH, MYHali @BHAENUTIH OHipPAEpPiHiH, CYyKOMMaAapbIiHAQ
MeKEHAEHTIH XacbIA KypbakaHbiH, (Bufo viridis) ecyi xoaHe Aamybl

KopluaraH opTaHbiH MyHaliMeH >X8He MyHaill eHIMAEepiMeH AacCTaHybl >KaHyapAapAblH, aAyaH-

TYPAIAITIHIH a3alobl MEH aAaMAAPAbIH, aypyblHa aKeAeai. MyHai eHAIpeTiH aMakTapaa OpHaAackaH
KasakcTaH cykoMMaAapbiHbIH KapKbIHAbI AaCTaHyblHa OGarAaHbICTbl Oi3AIH 3epTTeyimi3AiH MakcaTbl
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Growth and development of the green toad (Bufo viridis) from the water bodies of the oil producing regions of Kazakhstan

TYPAI MOALLIEPAETT MYHaMABIH >KacblA KypbOakaHbiH (Bufo viridis) ecyi men aamybiHa acepi. Kypbikcbi3
amMunomsHbiH 6y Typi KasakcraH aymarblHAQ KeHiHeH TaparaH, OyA acipece MyHail 6HAIpeTiH
anNMaKTapAbIH 8CepiHiH KYPFAKTbIFbIH ECKEpreHAE eTe MaHbI3Abl. AkTebe, ATbipay eHe MaHfbicTay
CYKOMNMAAApPbIHAQ KE3AECKEH KOHLIEHTPALMSIAAPbIHbIH MYHAl KOMIpCYTeKTepi apKblAbl XacbIA Kypbaka
(Bufo viridis) mTwabakTapbiHa CO3bIAMaAbl 9cep eTTi. 3epTTeyAep HOTMXKECI CbIHaMaAbIK, TOMTaFbl
ntwabakTapAbiH AaMy KapKbIHbIHbIH TOMEHAEYI (Y3bIHABIFbI >KOHE CaAMarbl) >kaHe ©CYiHiH 6acbiAbIM
KaAFaHbIH KepCeTTi. Aamybl XkaHe ecyiHiH 6asiyAaybiHbIH cebebiH TyCiHy MakcaTbIHAbI XKacbiA Kypbaka
(Bufo viridis) utwabaktapbiHbiH, 6ayblpbiHAAFbI AMIIMATEPAIH TMAPONEPEKMCI KOHE MAAOH AMAABAETUAI
(AT >keHe MAA) MEH aHTMOKCUMAQHTTbIK, KOpFay hepMeHTTEPAIH BEACEHAIAITT 3epTTeAAi. 3epTTeyaep
HaTmxeciHae AlT1 xeHe MAA eHiMaepi MyHal KeMipCyTEKTEpPiHiIH 8CepiHeH 6CceAi, aA AHTUOKCUMAQHTTbIK,
hbepMeHTTEPAIH OEACEHAIAIT KepiciHlie TemeHaenal, OyA >karaari 3epTTeAreH utwabakTapAbiH
GaybIpblHAAFbl  OKCMAQTMBTI  KYM3EAICTIH  KyweireHiH kepceteai. Ocbiaaiwa KasakcTaHHbIH,
MYHail OHAIPEeTiH aMMaKTapbliHAAFbl CyKOMMaAapblHaH TabbIAFaH KOHLEHTPAUMSIAAPbIHAAFbI MyHail
KeMipcyTekTepi »acbiA KypbOakaHbiH, (Bufo viridis) ecyi MeH AamybliHbIH TeXeAyiHe akeAeTiH cebebi
OKCUAQTMBTI KyM3eAiCTiH epOyi 60AbIN TabblAaAbl.

Tyiiin ce3aep: MyHalAbiH CyAa epuTiH dpakumschl, Bufo viridis, ecyi, aAamybl, okcnaatmsTi
KYM3eAiC, AMIMATEPAIH TOTBIKIMEH KbILLKbIAAAHABIPYbI, RHTMOKCUAAHTTbI (hepMeHTTep.
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PocT u pasButHe 3eAeHoM xabbl (Bufo viridis)
M3 BOAOEMOB HedpTeA06bIBaloLLIMX pernoHoB KasaxcraHa

3arpsgsHeHne OKpyKalowen cpeabl HedTblo M HedTENpPoOAYKTaMM MPUBOAMT K CHMXKEHMIO
61opa3HO06pa3ns KMBOTHbIX M 3aBOAEBaHMSM ueaoBeka. B CBSA3M C MHTEHCMBHbBIM 3arpsisHeHUem
BoAOEMOB KaszaxcraHa, HaxXOASLMXCS Ha TeppuTopuM HedTeAOObIBAIOWMX PErMOHOB, LIEAbIO
HaCTOSLWEro MCCAEAOBAHMS SBUAOCH M3YUeHMe BAMSHUS Pa3AMUHbIX KOHLEHTPAUMA HepTH Ha POCT M
pasBuTHe 3eAeHol >kabbl (Bufo viridis). AaHHbIN BUA 6eCXBOCTbIX aMMOMIA LUMPOKO pacrnpocTpaHeH
Ha TeppuToprn KazaxcraHa, Uto 0CO6EHHO BaXKHO, YUMUTbIBAs apMAHOCTb 3eMeAb HePTEAOBbIBAIOLLMX
pernMoHoB. bbIAO MPOBEAEHO XPOHWYECKOE BO3AENCTBME YIAEBOAOPOAAMM HE(PTM Ha rOAOBACTMKOB
3eAeHol xkabbl (Bufo viridis) B KoHLEHTpaLmsIx, 06HAPY>KEHHbIX B BoAOEMax AKTIOBUMHCKOM, ATbIpayCKoi
1 MaHrucrayckoi obAacTeit. Pe3yAbTaTbl MCCAEAOBAHMS BbISBUAM MOAABAEHUE POCTa (pasMep 1 BeC) U1
CHMXKEHMe TEMMOB Pa3BUTMS FOAOBACTUKOB B OMbITHbIX rPynnax. AAS BbISCHEHWS MPUUMH 3aMEAAEHMS
pocTa 1 pasBuTMS ObIAO M3YUEHO COAEpPIKAHWE MPOAYKTOB MEPEKUCHOrO OKMUCAeHUs AMNMAOB (ITIA
n MAA) M aKTMBHOCTb (DEPMEHTOB QHTMOKCUMAQHTHOM CMCTEMbl 3alyMTbl B MEYEHW FOAOBACTUKOB
3eAeHon abbl (Bufo viridis). Bbino nokasaHo, uto npoaykums TIA u MAA noBblwaeTcs npm
BO3AENCTBMM YTAEBOAOPOAAMM HE(PTH, B TO BpemMs KaK aKTMBHOCTb aHTMOKCMAQHTHbIX (DEPMEHTOB,
HaNpOTUB, CHMXKAETCH, UTO YKa3blBaeT HA YCUAEHHbI OKCMAATMBHbINA CTPECC B NMeYEHN MCCAEAOBAHHbIX
rOAOBACTMKOB. TakMM 06pa3oMm, BO3AEHCTBME YTAEBOAOPOAOB HE(DTH B KOHLIEHTPALMSX, OOHAPY KEHHbIX
B BoAOeMax HedTeaobbiBalolwmx permoHoB KasaxcraHa, Bbi3biBaeT MOAABAEHME POCTA M PasBUTHE
3eAeHoM xabbl (Bufo viridis), 0AHOW M3 MPUUMH KOTOPOTO SBASIETCS YCUAEHME OKCMAATMBHOIO CTpecca.

KatoueBble caoBa: BopopacTBopuMast hpakums Hedtu, Bufo viridis, pocT, paseuTie, okcMaaTUBHbIN
CTpecc, NepeknCcHOe OKMCAEHNE AMMMAOB, aHTUOKCUAQHTHbIE (DEPMEHTDI.

Introduction

Pollution of the environment by oil and oil
products is one of the main problems in the world.
In Kazakhstan, where oil production is one of the
main branches of the economy, vast territories
are actively involved in the development of oil
and gas fields. Herewith, the bulk of oil and gas

producing enterprises are concentrated in the west
of the country: in the Aktobe, Atyrau and Mangistau
regions. The result of the increased anthropogenic
load is the deterioration of the ecological situation
in the oil producing regions (Askarova 2014: 456).
The number of animal populations and
biodiversity is negatively affected by intensive
pollution of the environment with oil and oil
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products (Kolesnikov 2011: 19). The most effective
method for assessing the response of living
organisms to environmental pollution is biological
monitoring of terrestrial and aquatic ecosystems,
including bioindication and biotesting. Amphibians
are particularly sensitive organisms-bioindicators
due to the biphasic lifestyle and developmental
features, the early stages of which pass in the water,
and the later ones are associated with the transition
of young individuals to land. (Gutleb 1999: 1-14;
NAVFAC 2004: 26). In Kazakhstan, one of the most
widespread species of amphibians is the green toad
(Bufo viridis), since it inhabits a variety of biotopes
from the forest-steppe to the desert. This feature is
of particular importance for bioindication of the oil-
producing regions of the country, since most of the
territories where oil production is located belong to
the arid zones.

Normal passage of early individual development
of amphibians determines the formation of systems
and various functions of the organism, defining
survival and other qualities of larvae (Simon
2011: 141-145). Many researchers note the
relationship between the frequency of teratogenic
phenomena and the degree of anthropogenic
impact on the environment (Saka 2004: 1065-
1073; Melvin 2012: 178-183; Melvin 2013: 22-
27; Falfushynska 2015: 172-173; Cheng 2017:
3096-3102). Due to their low level of tolerance
the amphibian larvae are extremely susceptible to
low concentrations of chemical compounds. The
impact of these substances is expressed not only in
the appearance of developmental defects, but also
in the modification of a number of cytological,
morphophysiological and biochemical parameters
(Salin 2012: 864; Salvaterra 2013: 191). The
response to the toxic effects of xenobiotics is based
on oxidative stress (Falfushinska 2008: 1100). In
conditions of increased oxidative stress or enhanced
formation of active forms of oxygen, the functioning
of the enzymes of the antioxidant system and, as a
consequence, the formation and accumulation of
oxidative damages may occur, which accompanies a
number of pathophysiological phenomena (Pigeolet
1990: 285). The use of change in enzyme activity of
the antioxidant system as biomarkers helps to confirm
the effects of anthropogenic action at the biochemical
level (Venturino 2005: 338). For example, it was
shown that morphological disturbances accompanied
by changes in the work of the antioxidant system are
observed in tadpoles exposed to petroleum products
(Amaeze 2014: 4256; Wu 2017: 103).

Thus, the purpose of this work was to study
the growth and development of the green toad
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(Bufo viridis) from various water bodies of the oil
producing regions of Kazakhstan.

Materials and methods

Collection of material was carried out during
expeditions to the Temir river (Aktobe region),
Uil river (Atyrau region) and the coast of the
Caspian Sea (Mangistau region). Here, the eggs
of the green toad (Bufo viridis) were collected,
the water parameters (temperature, pH, dissolved
oxygen content) were measured and water samples
were taken from the collection sites for further
chemical analysis. The eggs were delivered to the
laboratory and placed separately in accordance
with the reservoir from which it was taken in 50 L
aquariums with pure aerated dechlorinated water
with a temperature maintained within 21-25°C. The
eggs were incubated for 5 days under the conditions
described until the hatching of tadpoles. Next, after
tadpoles reached Gosner stage 25 they were moved
to 18 L aquaria (15 tadpoles per each), filled with
15 liters of pure aerated declorinated water. The
tadpoles were divided into 4 groups, each consisting
of 45 tadpoles in total: 1) control (pure water); 2)
Temir river (Aktobe region); 3) Uil river (Atyrau
region); 4) the coast of the Caspian Sea (Mangistau
region). Tadpoles were fed daily with boiled lettuces
and aquarium fish food ad libitum, and excess food
and feces were removed every day. To determine
the content of oil hydrocarbons in water from the
studied water bodies, the water samples were
analyzed using the method of gas chromatography-
mass spectrometry (GC/MS) in accordance with
GOST 31953-2012 (GOST 31953-2012: 1-18).
Water-soluble fraction of crude oil (WSFO) was
added into the aquaria with B. viridis tadpoles at
the concentrations corresponding to the results of
GC/MS for each natural reservoir (Temir river, Uil
river, Caspian sea). Every 2 days following 80%
water change the corresponding concentration of
the WSFO was added into aquaria. The preparation
of the water-soluble oil fraction was carried out
according to Anderson J.W. et al. (Anderson 1974:
75-88) taking into account the recommendations of
Singer et al. (Singer 2000: 1007-1016).

The weighing and morphometric measurements
of B. viridis tadpoles were carried out on the first
day of the experiment and every 2 weeks thereafter
until the tadpoles reached metamorphic climax,
when all 4 limbs appear and metamorphosis begins
(Gosner stage 42). The tadpoles that reached the
Gosner stage 42 were euthanized in a buffered
solution of MS-222 (3-aminobenzoic acid ethyl
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ester, Sigma-Aldrich), weighed, photographed using
a stereoscopic microscope Motic DM 143 (China) to
measure the morphometric parameters, and the liver
was sampled for further biochemical research.

In the liver of tadpoles, the content of lipid
hydroperoxides was determined by a method based
on measuring the light absorption of conjugated
diene structures of lipid hydroperoxides in the
232-234 nm region (Gavrilov 1983: 23-25). The
content of malonic dialdehyde was determined by
the method with thiobarbituric acid (Pradnya 2006:
262-265). The activity of superoxide dismutase
(SOD) was determined by measuring the red-
formazan precipitation reaction during the reduction
of nitroblue tetrazolium and superoxide radicals
generated by xanthine oxidase (Guengerich 1994:
1259-1313). The catalase activity was determined
by the method of H. Luck (Guengerich 1994: 1259-
1313).

Results and discussion
The results of the chemical analysis of water

samples from the reservoirs in which the eggs were
collected by GC/MS are shown in table 1.

Table 1 — Results of quantitative determination of oil
concentrations in water samples

Concentration of
Ne Sample total oil content in
water samples, mg/L
1 Tengiz river (Aktobe region) 0,52
2 Uil river (Atyrau region) 0,38
3 Caspian sea cqast (Mangistau 1.07
region)

As can be seen from the table 1, the greatest
content of oil hydrocarbons (HC) was found in wa-
ter samples taken from the coastal sections of the
Caspian Sea. It should be noted that in all three res-
ervoirs, an excess of maximum permitted concen-
tration (MPC) of petroleum products in water used
for fishery purposes (0.05 mg / 1) (Obobschennyi
perechen’ predel’no dopustimyh koncentracii 1990:
11) was detected. The concentration of petroleum
products exceeded the MPC by 10-fold In the Ten-
giz river, 7-fold in the Uil river, and 21-fold in the
Caspian Sea.

To assess the effect of oil hydrocarbons on the
growth and development of B. viridis, the follow-

ing parameters were studied: the change in full body
length, weight, and rate of development (develop-
ment time from stage 25 to stage 42) of tadpoles
during a chronic experiment.

The results of measurements of the full body
length and weight of B. viridis tadpoles are shown
in figure 1 and 2. Analysis of the change in full
body length during 3 months of chronic exposure
to WSFO showed that the presence of oil hydrocar-
bons in water suppresses the growth of B. viridis
tadpoles. Herewith, the tadpoles that had the small-
est body length at the end of the experiment were
those exposed to WSFO in the concentration found
in the coastal waters of the Caspian Sea (1.07 mg/L):
the tadpoles were 1.4-fold smaller (p <0.01) than the
those of control group. Similarly, the weight of the
body of tadpoles exposed to different concentrations
of oil HC (0.38 mg/L, 0.52 mg/L, and 1.07 mg/L)
was 1.3-fold, 1.8-fold and 2.1-fold lower, respec-
tively (p <0.01).

The developmental rate was assessed according
to the time required for B. viridis tadpoles to
undergo developmental stages from Gosner 25
(free swimming and feeding stage), to stage 42
(metamorphic climax, onset of metamorphosis)
(figure 3). As shown in figure 3, tadpoles of
experimental groups developed more slowly than
those in the control group. The tadpoles of the control
groups passed the stages 25-42 for 8243 days, while
tadpoles exposed to 0.38 mg/L, 0.52 mg/L and
1.07 mg/ L, required 97+5, 105+4, 116+6 days,
respectively.

The decrease in the rate of development,
accompanied by the suppression of the growth
of amphibian tadpoles, has been noted by many
researchers (Eriyamremu 2008: 284-290; Brunelli
2009: 135-142; Giirkan 2015: 153-163). This
reaction is caused by intoxication with heavy
metals, pesticides, petroleum hydrocarbons and
other xenobiotics. Thus, disruption of growth
and development of amphibian tadpoles is an
important indicator of environmental pollution.
However, it is necessary to identify the cause of
such violations.

To identify the causes of suppression of
growth and development, the content of primary
and secondary LPO products, as well as the state
of the antioxidant defense system in the liver of
B. viridis tadpoles were studied (figures 4 and
5). As can be seen from fig. 4, in the liver of
B. viridis tadpoles exposed to oil hydrocarbons,
enhanced production of lipid hydroperoxides
(LHO) and malonic dialdehyde (MDA) occurs.
The content of LHO in the liver of tadpoles
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exposed to WSFO at concentrations of 0.38 mg/L,
0.52 mg/L, and 1.07 mg/L was 17%, 44% and
80% higher, respectively (p<0.01). The level of

MDA in the liver of tadpoles exposed to the same
corncentrations was also increased by 23%, 36%
and 68%, respectively (p<0.01).
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Figure 1 — Change in full body length of B. viridis tadpoles during chronic exposure to
different concentrations of the WSFO. All data presented are statistically significantly
differ from control (p<0.01)
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Figure 2 — Change in body weight of B. viridis tadpoles during chronic exposure to
different concentrations of the WSFO. All data presented are statistically significantly
differ from control (p<0.01)

The level of LPO processes is normally regulated
by endogenous antioxidants and the activity
of antioxidant enzymes. In case of insufficient
protection, the process of peroxidation becomes
uncontrolled, and leads to the accumulation of
reactive oxygen species and free radicals and the
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development of pathological processes in cells,
primarily the destruction of internal membranes
(Wu 2017: 102).

The state of the antioxidant system of tadpoles
of B. viridis after 3 months of exposure to different
concentrations of WSFO was assessed by the
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activity of key antioxidant enzymes, superoxide
dismutase and catalase in the liver (figure 5).
Superoxide dismutase performs inactivation of
oxygen radicals, which can arise during biological
reactions of electron transport or under the action of

metals with variable valence, toxic substances, and
radiation. Catalase is a heme enzyme that catalyzes
the hydrogen peroxide decomposition reaction,
with the formation of water and molecular oxygen
(Eriyamremu 2008: 285).
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Figure 3 — The time of development of B. viridis tadpoles from Gosner stage 25 to stage
42 during chronic exposure to various concentrations of the WSFO. *P<0,05; **P<0,01
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Figure 4 — The content of LHO and MDA in the liver of B. viridis
tadpoles after chronic exposure to various concentrations of the WSFO. **P<0,01

The results of biochemical analysis of SOD
activity showed a decrease in the activity of this
enzyme in the liver of B. viridis tadpoles exposed
to the three concentrations of WSFO (0.38 mg/L,
0.52 mg/L and 1.07 mg/L) by 17%(p<0.05), 29%

(p<0.01) and 43% (p<0.01), respectively. The
activity of CAT was also reduced by 23% (p<0.05),
33%(p<0.01) and 49% (p<0.01) after chronic
exposure to 0.38 mg/L, 0.52 mg/L and 1.07 mg/L of
WSFO, respectively.
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One of the reasons for the suppression of the Conclusion
antioxidant defense system (decrease in the activity
of SOD and catalase) in B. viridis tadpoles may be Thus, it was shown that the chronic impact of

the accumulation of reactive oxygen species and  crude oil hydrocarbons in the concentrations found
toxic peroxide products (lipid peroxides, aldehydes,  in the water bodies of the oil producing regions of
ketones and other products) as a result of the toxic =~ Kazakhstan adversely affects the developmental
effect of oil HC. In addition, a high level of LPO  rate, and size and weight of B. viridis tadpoles.
products and a decreased activity of antioxidant  The increased oxidative stress can be a cause
enzymes may indicate the damage and death of  of suppression of growth and development, as
liver cells (Costa 2008: 160; Burraco 2016: 471).  evidenced by increased accumulation of lipid
It should be noted that in the study of the size, peroxidation products and reduced activity of
weight and growth rate, as well as the biochemical  antioxidant defense enzymes in the livers of the
parameters of the liver of the B. viridis tadpoles,  tadpoles studied.

the dose-dependent character of the disruptions

of the investigated endpoints was observed. This Acknowledgements
may indicate a correlation between the changes
in the biochemical functions of the cells and the This work was supported by the Ministry of
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SCREENING OF ISOLATED AND COLLECTION STRAINS
OF CYANOBACTERIA ON PRODUCTIVITY
FOR DETERMINING THEIR BIOTECHNOLOGICAL POTENTIAL

Cyanobacteria produce a wide range of metabolites, such as proteins, carbohydrates, carotenoids,
vitamins and lipids which can be used as potential food sources for human and animals, in pharmaceuti-
cal and cosmetic industries and also as energy source. It is known that the technology of using cyanobac-
teria as fuel raw materials makes one of the central places among the approaches of modern alternative
energy. To date, the possibility of using cyanobacteria in wastewater treatment with the further use of
biomass for obtaining biodiesel fuel is being considered. For their application in biotechnology the strain
screening for producers is needed. Prospectivity of types and species for use in biotechnology is firstly
determined by their productivity. The article presents data of screening of collection and isolated strains
of cyanobacteria: Gyanobacterium sp. B-1200, Cyanobacterium aponium IPPAS B-1201, Synechococcus
elongatus 7942, Anabaena variabilis R-1-5 and Nostoc calsicola RI-3. Comparative analysis of constant
fluorescence indices, cell growth rate and accumulation of dry weight in cyanobacteria was carried
out. Thus, as a result of investigations, the greatest optical density was noted in Anabaena variabilis
R-1-5 strains (1,191) and Cyanobacterium sp. B-1200 (1,281). Fluorescence indices also confirmed the
high photosynthetic activity of cyanobacteria Cyanobacterium sp. B-1200 (26101 rel.un.) and Anabaena
variabilis R-1-5 (25054 rel.un). Also, investigated strains Anabaena variabilis R-I-5 and Gyanobacterium
aponium IPPAS B-1201 were characterized by relatively high biomass accumulation — 1,19 g/l n 1,36
g/l correspondingly. According to obtained data, it was established that cyanobacteria Gyanobacterium
sp. B-1200 and Anabaena variabilis R-I-5 have a relatively high values of growth rate, fluorescence and
biomass yield which determine their high productivity. Thus, in the result of screening strains Gyano-
bacterium stanieri B-1 and Anabaena variabilis R-I-5 were selected for further investigations of their
physiological and biochemical properties with the purpose to determine potential producers of valuable
metabolites for biotechnology.

Key words: screening, cyanobacteria, biomass, fluorescence, biotechnological potential.
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buoTexHOAOrMsIAAFbl MOTEHLMAABIH aHbIKTAy MAKCaTbIHAQ
uMaHOOaKTepPUSIAAPADbIH, 6OAIHIM AAbIHFAH YKoHE KOAAEKLMSIABIK,
LUTAMAQApPbIH OHIMAIAIri 60¥bIHLIA cypbinTay

LinaHo6akTepusianap 6eAOKTap, KOMIPCyAap, KAPOTUHOMATAP, BUTAMUHAED XKOHE AUMTUATED TOPIi3AI
KEeH, CeKTpAi METabOAUTTEPAT BHAIPEA] XKOHE OAApPAbl aAaMAAP MEH >KaHyapAapfFa KOpPeK peTiHae,
hapMaLleBTMKAABIK, >K8HE KOCMETMKAAbIK OHAIpPICTepAE, COHbIMEH KaTap 3Heprus Kesi peTiHAe
nanaaaHyra 60AaAbl. beariai 6oaraHaal, LmaHo6aKTepUSAAPAbI KaHapPMaK LLMKi3aTbl PETIHAE KOAAAHY
TEXHOAOTIMSIChI KA3ipri TaHAAFbl 6aAaMaAbl SHEPTUS KO3AEPIH MalAAAQHY SKOAAAPbIHBIH apAChiHAQ HEri3ri
GOAbIM CaHaAaTbIH GEATiAI OpbIHAAPABIH, OipiH araAbl. ByriHri TaHAa LUMaHOBAKTEPUSAAPABIH, TYPAEPIH
aFblH CyAQpAbl KOAAQHA OTbIPbIN, OHbIH, G1OMAcCcacbiHaH OMOAM3EAbAT OTbIH AAy MAKCATbIHAQ NMaAAAAHY
SKYMbICTapbl KapacTbipbiayaa. OAapabl GMOTEXHOAOTMSIAQ MAMAAAQHY YLUIiH OHAIPICTIK LWTamMaapFa
CYpbINTay XKYPri3iAyi Ka>keT. BUOTEXHOAOIrMSAQ KOAAAHBIAATBIH LUTAMAAP MEH TYPAEPAIH MaHbI3ABIAbIFbI,
OipiHLI Ke3eKTe, OAAPAbIH OHIMAIAIriHe TikeAel OGaiAaHbICTbl. Makarapa UMaHOOAKTEPUSAAPAbIH
GOAIHIN aAbIHFAH >kaHE KOAAEKLMSIAbIK, wTamAapbid (Cyanobacterium sp. B-1200, Cyanobacterium
aponium IPPAS B-1201, Synechococcus elongatus 7942, Anabaena variabilis R-1-5 »xeHe Nostoc calsicola
RI-3) cypbinTay >KyMbICTapbIHbIH HOTUXKEAEPI KEATIPIAAi: 3epTTeAreH uuaHobakTepusianapAbiH TYPaK bl
(hAyOpeCLLeHUMSICBIHBIH, CaAbICTbIPDMaAbl KOPCETKIlITEPiHe, KAETKAAAPAbIH, 6CYy >KbIAAAMAbIKTapbiHa
JK8He KYPFaK, CAaAMaFbIHbIH KMHAKTaAyblHA TaAAQy >KacaAblHAbL. OCbl TYPFbIAQ, €H YKOFapbl OMTUKAABIK,
TbIFbI3AbIK, Anabaena variabilis R-I-5 (1,191) xeHe CGyanobacterium sp. B-1200 (1,281) wramaapbiHaa
aHbikTarsbl. DayopecueHums kepcetkilwi GorbiHwa Cyanobacterium sp. B-1200 (26101 caa.6ipA)
>xoHe Anabaena variabilis R-I-5 (25054 caA.6ipA) uMaHOGAKTEPUSIAAPBIHBIH, XKOFapbl POTOCHMHTE3AIK
KapKbIHABIAbIFbI TipkeAai. CoHbIMeH KaTap, 3epTTeAred Anabaena variabilis R-I-5 >xene Gyanobacteri-
um aponium IPPAS B-1201 wTamaapbiHAQ CaAbICTbIPMaAbI TYPFblAA >KOFapbl GriomMacca aAbiHAbl — 1,19
r/A sxeHe 1,36 r/A. AAbiHFaH HaTVKeAep GorbiHiia, Gyanobacterium sp. B-1200 >aHe Anabaena variabi-
lis R-I-5 umaHob6akTepmns WTamMAapPbIHbIH OHIMAIAITIH KOPCETETIH 6CY KapKbIHABIAbIFbI, (DAyopecLeHUms
>KaHe BromMacca KMHaKTaAybl GOMbIHLLA XXOFAPbl KOPCETKITEPre ne ekeHi aHblKTaAabl. OCbl TYPFbIA,
CypbINTay HATMXeCi OoMbIHLLIA GMOTEXHOAOTMSAA GaraAbl METAOOAUTTEPAIH DAEYETTI eHAIPYLLIAEpPiH
aHbIKTay MakcaTblHAQ (hM3MOAOrO-BUOXMMUSABIK KAacUeTTepiH keAewekTe 3eptTey yuwiH Cyanobacte-
rium stanieri B-1 >xeHe Anabaena variabilis R-I-5 wrammaapbl cypbinTarn aAbiHAbI.

Tynin cesaep: cypbinTay, umaHobakTepusiaap, Gromacca, ayopecueHLms, 6UOTEXHOAOTUSABIK,
MoTeHLMAA.
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CKpMHMHl' BbIAC€AC€HHDbIX U KOAAEKLIMOHHbIX LUITAMMOB u,uauoﬁamepuﬁ
Nno NMPOAYKTUBHOCTU C LL€AbIO OMNMpeAeAeHUsA UxX 6MOTEXHOAOrMYECKOro noTeHumaaa

LinaHo6akTepmm MpoAyUMPYIOT LIMPOKMIA CreKTP MEeTabOAMTOB, TakMX Kak OEAKM, YrA€BOAbI,
KQpOTMHOMAbI, BUTaMMHbI U AUMWABI, KOTOpPblE MOTyT MCMOAb30BaTbCSl B KayeCcTBe WMCTOYHWMKOB
MUWM AAS AIOAEM M SKMBOTHbBIX, B (PapMaLLeBTUUYECKMX M KOCMETUUYECKMX MPOM3BOACTBAX, a TaKXKe
B KauyecTBe MCTOYHMKA 3Heprum. Kak M3BECTHO, TEXHOAOIMsl MCMOAb30BaHWs LMaHoOakTepuii B
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KayecTBe TOMAMBHOIO CbiPbsl 3aHMMAET OAHO M3 LIEHTPAAbHbIX MECT CpeAM MOAXOAOB COBPEMEHHOM
AAbTEPHATMBHOM 3HepreTnkn. Ha ceroaHsWHMA AeHb pacCMaTPUBAETCS BO3MOXKHOCTb UCTMOAb30BaHMs
LUITAaMMOB LIMAHOGAKTEPUIA B OUMCTKE CTOUYHbIX BOA C AAAbHEMLLUMM MCMOAb30BaHMEM GMOMACChl AAs
MOAyYeHUst GUOAM3EABHOIO TOMAMBA. AAS UCMOAb30BaHUS UX B BUOTEXHOAOTMK TPEOYETCS CKPUHUHT
LUITaMMOB — NMPOAYLLEHTOB. [1epCneKTMBHOCTb LUTAaMMOB U BUAOB AASl UCTTIOAb30BaHMSI B GUOTEXHOAOT UM
OMnpeAeAsieTcsl, B MepBYyl0 o4epeAb, MX MPOAYKTUBHOCTbIO. B cTaTbe mpuBeAeHbl AaHHble CKPUHMHIA
KOAAEKLIMOHHbIX M BbIAEAEHHbIX LWITaMMOB wumaHobakeTpui: Cyanobacterium sp. B-1200, Gyano-
bacterium aponium IPPAS B-1201, Synechococcus elongatus 7942, Anabaena variabilis R-1-5 1 Nos-
toc calsicola RI-3. lNpoBeaeH CpaBHUTEAbHbIM aHaAM3 MOKasaTeAelr MOCTOSIHHOM (PAyOpecLeHUmMm,
CKOPOCTU POCTA KAETOK M HAKOMAEHME CyXOro BeCa y MCCAEAYEMbIX LiMaHOOaKTepuii. Tak, B pe3yAbTaTe
MNCCAEAOBaAHMI HanmbBOAbLLIAS OMTMYECKasi MAOTHOCTb OblAa OTMEYeHa y wrTammoB Anabaena variabilis
R-1-5 (1,191) n Gyanobacterium sp. B-1200 (1,281). Noka3ateAn (hAyopecLeHLMM TakKe NMOATBEPANAK
BbICOKYIO (DOTOCMHTETMYECKYIO aKTMBHOCTb LmaHobakTepuin Gyanobacterium sp. B-1200 (26101 oTH.
ea) n Anabaena variabilis R-I-5 (25054 oTH.ea). Takxke nccaeayembie wtammbl Anabaena variabilis R-1-5
n Cyanobacterium aponium IPPAS B-1201 xapakTep130BaAnCb OTHOCUTEABHO BbICOKMM HAKOMAEHMEM
6nomaccbl — 1,19 r/a 1 1,36 /A cootBecTBeHHO. COrAaCHO MOAYYEHHbIM AAHHbIM, YCTAHOBAEHO, UYTO
umnaHobakTepum Gyanobacterium sp. B-1200 1 Anabaena variabilis R-I-5 nmeloT 0oTHOCMTEABHO BbICOKME
rokKasaTteAn Mo CKOPOCTU PocCTa, (DAYOPECLEHLMM U BbIXOAY OMOMACChl, KOTOPbIE OMPEAEASIIOT WX
BbICOKYIO MPOAYKTUBHOCTb. Takvm 06pa3om, B pesyAsbtate ckpuHura 6bian otobparbl wtammbl Cya-
nobacterium stanieri B-1 n Anabaena variabilis R-1-5 AAST AQABHENLLMX MCCAEAOBAHMIA MX (DU3MOAOTO-
OMOXMMUYECKMX CBOWMCTB C LEAbIO OMPEAEAEHUSI MOTEHUMAAbHbIX MPOM3BOAMTEAEN  LIEHHbIX

MeTaboAUTOB AAS OMOTEXHOAOTMM.

KAroueBble cAOBa: CKPUMHMHT, LiMaHobakTepnn, Gruomacca, payopecueHums, GUOTEXHOAOrMUYECKMIA

MoTEHUMAA.

Introduction

Cyanobacteria are promising model objects
for studying various biological processes. Accord-
ing to the structure of the cell membrane and the
organization of the genome cyanobacteria belong
to the gram-negative bacteria, then the structure of
the photosynthetic apparatus and the ability for oxy-
genic photosynthesis bring them closer to the higher
plants. At the moment, cyanobacteria together with
Escherichia coli or Basillus subtilis are considered
as one of the more actively studied groups of micro-
organisms (Zavarzin, 2001:923; Kotani, 1994:304).

Thus, cyanobacteria produce a wide range of
metabolites, such as proteins, carbohydrates, carot-
enoids, vitamins and lipids, which can be used as
food sources for humans and animals, in pharma-
ceutical and cosmetic industries, and as an energy
source (Ducat, 2011:99; Sarsekeyeva, 2015:329).
Due to the limitation of fossil fuel reserves and neg-
ative impact of its combustion products on the envi-
ronment and climate, it became necessary to create
«new» energy based on non-traditional renewable
energy sources. Hydrogen is considered as the most
promising high-energy environmentally friendly
energy carrier (Serebryakova, 2001:99; Tamagnini,
2002:13; Dutta, 2005:36; Rupprecht, 2006:445). To
date, the production of hydrogen by existing technol-
ogies is associated with the use of traditional energy
carriers and, consequently, the formation of green-
house gases and environmentally hazardous waste.
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Thus, cyanobacteria which are capable to photosyn-
thetic conversion of sunlight into H, could become a
biohydrogen generator. The light-dependent forma-
tion of hydrogen by these microorganisms is suffi-
ciently well studied and attracts attention due to the
fact that both solar energy and the substrate-water
are actually inexhaustible and renewable, as well as
the non-toxicity of the byproduct — oxygen (Schutz,
2004:354; Prince, 2005:28). One of the most widely
used types of biofuel is biodiesel. Biodiesel is usu-
ally obtained from oil crops, such as rape, soybean,
sunflower and palm. At the same time, large land
plots are allocated for the production of raw mate-
rials for biodiesel, often using increased doses of
plant protection chemicals. This leads to biodegra-
dation of soils and a decrease in the quality of soils.
It is known that the technology of using cyanobac-
teria as fuel raw materials makes one of the central
places among the approaches of modern alternative
energy. Cyanobacteria are characterized by plastic
metabolism and ability to adopt to various condi-
tions of environment, they are potential producers
of variety of useful compounds including fatty ac-
ids which can be used for biodiesel production. (Li,
2008:817). The creation of a new technology for the
production of biodiesel from the biomass of cyano-
bacteria actively producing fatty acids is considered
as very promising and of great interest for the de-
velopment of alternative energy in the world now
(Chisti, 2007:253; Al-Thani, 2012:431; Ruffing,
2012:2197; Naik, 2010:581). Along with this, many
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species of cyanobacteria are able to grow in waste-
water due to their ability to use organic carbon, inor-
ganic nitrogen and phosphorus in excess contained
in wastewater (Cabanelas, 2012:432; EIl-Sheekh,
2005:362; Martins, 2011:247). Cultivation of cya-
nobacteria is used for biological treatment of waste-
water for two main reasons: first, the release of free
oxygen by these microorganisms is of great impor-
tance in the enrichment of wastewater and the pro-
motion of aerobic degradation processes. Secondly,
cultivation on wastewater leads to the accumulation
of valuable biological compounds, including lipids
in the biomass of cyanobacteria. Laboratory stud-
ies have shown the possibility of moderate biomass
production and high productivity of cyanobacterial
lipids grown in wastewater (Mehrabadi, 2015:209;
Acién, 2016:9015). One way to investigate the pos-
sibility of algae to decompose organic pollutants is
to cultivate cells in the presence of contaminants. To
date, the possibility of using cyanobacteria in waste-
water treatment with the further use of biomass for
bioenergy is being considered. Cultivation of cyano-
bacteria in wastewater can be a promising approach
for the production of biodiesel. This integration is
economically viable and environmentally friendly
technology for sustainable production of cyanobac-
terial biofuels, since a huge amount of water and nu-
trients (for example, nitrogen and phosphorus can
be reused by cyanobacteria for growth during culti-
vation in wastewater) (Kharayat, 2012:84; Olguin,
2012:1042; Wang, 2016:493).

The purpose of this study was to screen
isolated and collection strains of cyanobacteria by
productivity with the purpose to determine their
biotechnological potential.

Materials and methods of research

As a material for research cyanobacteria from
the phototrophic microorganisms collection of al-
Farabi KazNU were used: Cyanobacterium sp.
B-1200, Cyanobacterium aponium IPPAS B-1201,
Synechococcus elongatus 7942 and filamentous
strains Anabaena variabilis R-1-5 and Nostoc
calsicola RI-3 isolated from the rice soils of Baghlan
Province of Afghanistan.

For conducting experiment cells of investigated
cyanobacteria were grown in laboratory luminostate
continuously in 250 ml vessels with glass bubblers
at 27°C temperature under artificial light with 300
umol m?s! light intensity and aeration by sterile gas
and air mixture enriched by 1% CO, (Vladimirova
1962: 21). Aeration was supplied with the help of air
compressor BOYU air-pump S-4000B (China). CO,

concentration was regulated by rotamer RMA-0,063
G (Russia). All experimental strains were grown on
BG-11 (Semenenko, 1991:52). Constant fluores-
cence of chlorophyll a (F)) in cells of investigated
strains (Goltsev, 2014:125) was measured with
the help of fluorimeter AquaPen AP 100 (Czech
Republic). Growth of cyanobacteria cultures was
controlled with the help of spectrophotometer PD —
303UV (Japan) according to the change of optical
density of cell suspension at wave length A = 750
nm (OD,, ). The rate of growth of cultures of cya-
nobacteria was calculated from the increase in the
number of cells in experimental vessels according
to equation (Sirenko, 1975:248):

1, Nt
k==In—
£ MO

N, — initial number of cells; N, — number of cells
after t time.

Determination of dry weight was carried out in
two stages. At the first stage, the total dry weight
(cyanobacteria + salts) was determined. For this,
cells were precipitated with a 58 10R centrifuge (Ep-
pendorf, Germany) at a rotation speed of 5000 rpm.
/ min. Culture was dried at 80°C during 3 days. Af-
ter evaporation and drying of the material, the plates
were again weighed on the anatomical weights and
the total weight was determined in terms of the total
weight (g / 1). On the second stage, the dry residue
was purified with a small amount of distilled wa-
ter. After complete dissolution of the salt, the so-
lution was mixed and together with the insoluble
substance was placed in a measuring tube, where
the distilled water was adjusted to the volume of the
entire volume of the sample on the first stage and
then subjected to centrifugation. After centrifuging
supernatant was taken away by the same way as for
dry weight determination and the dry weight of salt
was determined in investigated sample(g/1). Statisti-
cal processing of experimental data was carried out
in the 2013 Excel program.

Results of investigation and their discussion

The high growth rates, relative easiness of
genetic manipulation, small sizes of genomes
(Kaneko, 1996:182) make cyanobacteria a
suitable model objects for the studying of various
physiological processes and metabolic pathways in
photosynthetic cells. Thus, cyanobacteria present a
great interest both for fundamental and for practical
researches. Currently, cyanobacteria attract the
attention of many researchers and entrepreneurs a
variety of metabolites, some of which can be used
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in the fuel industry (Da Rés, 2013:2070; Kiaei,
2015:240). Thus, for the use of cyanobacteria in
bioenergetics screening of strains — producers is
required. Prospectivity of types and species for
use in biotechnology is determined, firstly by their
productivity. The most important indicators of
the productivity of phototrophic microorganisms
include the growth rate, photosynthetic activity
and yield of dry biomass. In connection with this
the screening of collection and isolated strains of
cyanobacteria on productivity was carried out.
The objects of investigation were collection strains
Cyanobacterium sp. B-1200, Cyanobacterium
aponium IPPAS B-1201, Synechococcus elongatus
7942 and isolated strains Anabaena variabilis
R-1-5 and Nostoc calsicola RI-3. Screening of the
experimental cultures of cyanobacteria was carried
out based on the results of a comparative analysis of
the productivity, which included the determination
of growth rate, fluorescence and dry weight. The
initial optical density in all cases was 0.03. The
change in the optical density of the cells of the
experimental strains was measured to every day.
The active growth from the first day of cultivation
was detected on Cyanobacterium sp. B-1200 strain.
The results could be assessed visually by the color
and density of the cell suspension of the grown
strains (Figure 1).

Designations: 1 — Cyanobacterium sp. B-1200;
2 — Nostoc calsicola R1-3; 3 — Anabaena variabilis R-1-5;
4 — Cyanobacterium aponium IPPAS B-1201;
5 — Synechococcus elongatus 7942.

Figure 1 — Growth of experimental cultures of cyanobacteria
in laboratory conditions
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Results of experiments on growth of studied
strains of cyanobacteria showed that during 8 days the
exponential growth of strains Anabaena variabilis
R-I-5, Nostoc calsicola R1-3 and Cyanobacterium
sp. B-1200, then the decrease of growth activity
was detected. Wherein, maximum cell density of
Anabaena variabilis R-1-5 and Nostoc calsicola
RI-3 was made up 1,191 and 1.103 correspondingly,
strain Cyanobacterium sp. B-1200 — ]1.281. While
strains Cyanobacterium aponium IPPAS B-1201
and Synechococcus elongatus 7942 this value was
0.921 and 0.977 respectively, which indicates a
relatively low growth rate. It should be noted that
Cyanobacterium aponium 1PPAS B-1201 and
Synechococcus elongatus 7942 pass to the stationary
phase already on the 6th-7th day of cultivation
and by the end of the seventh day — the phase of
death. Growth curves of strains Cyanobacterium
sp. B-1200, Anabaena variabilis R-1-5, Nostoc
calsicola RI-3, Cyanobacterium aponium IPPAS
B-1201 and Synechococcus elongatus 7942 are
shown in Figure 2.

As it shown on Figure 2, cells of Cyanobacte-
rium sp. B-1200, Anabaena variabilis R-1-5 and
Nostoc calsicola RI-3 are characterized by more lin-
ear growth comparing to Cyanobacterium aponium
IPPAS B-1201 and Synechococcus elongatus 7942.
Similar results were obtained during determination
of growth rate coefficients. The calculated data on
growth rate coefficients for cyanobacteria are pre-
sented in Figure 3.

As it shown on Figure 3, the highest rate of
growth was observed in strains Cyanobacterium sp.
B-1200 and Anabaena variabilis R-1-5 and com-
posed 0.47 and 0.46 correspondingly.

In addition to the optical density of the studied
cultures, constant fluorescence is used to determine
the concentration of cyanobacteria in the suspen-
sion and to estimate their growth rate — F | (Matorin,
2010:48). The measurement of F was carried out in
all studied strains during 8 days of cultivation. Re-
sults of measurements are shown of Figure 4.

According to data of experiments, the greatest
photosynthetic activity is manifested in cyanobacte-
ria Cyanobacterium sp. B-1200 and Anabaena vari-
abilis R-1-5 and compose 26101 and 25054 relative
units respectivelyWhile in the remaining collection
strains the maximum values of this parameter were
within 12775-21310 relative units, and due to this
the slowing down of their growth appeared already
on the 6th-7th day of cultivation.
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Designations: 1 — Anabaena variabilis R-1-5; 2 — Nostoc calsicola R1-3; 3 — Cyanobacterium aponium IPPAS
B-1201; 4 — Synechococcus elongatus 7942; 5 — Cyanobacterium sp. B-1200.

Figure 2 — Growth curves of cells of collection and isolated strains of cyanobacteria
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1201

Figure 3 — Cell growth rate coefficients of collection and isolated strains of cyanobacteria

The ability of cyanobacteria to photosynthesis, as  strains of cyanobacteria. After 8 days of cultivation,
well as belonging to prokaryotes, the possibility of cul-  the accumulation of dry matter was determined in the
tivation on media containing only mineral elements in  cells of all tested strains. For this purpose dense culture
the base, all these features make it possible to obtain  suspension were concentrated with the help of centri-
more biomass (Georgianna, 2012:331). In this regard,  fuge and dried at 80°C during 3 days. Results obtained
we have determined the biomass of the experimental  in the experiment are shown on Figure 5.
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Designations: 1 — Anabaena variabilis R-1-5; 2 — Nostoc calsicola R1-3; 3 — Cyanobacterium aponium IPPAS
B-1201; 4 — Synechococcus elongatus 7942; 5 — Cyanobacterium sp. B-1200.

Figure 4 — Curve of constant fluorescence (F,) of collection strains of cyanobacteria
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Figure 5 — Accumulation of biomass on the 8th day of cultivation
of cells of collection and isolated cyanobacteria strains

Average values of dry biomass accumulation was
for culture Cyanobacterium sp. B-1200 — 1,36 g/l,
for strain Anabaena variabilis R-1-5 — 1,19 g/, for
the strain Nostoc calsicola R1-3 — 1,11 g/, for strain
Cyanobacterium aponium IPPAS B-1201 — 0,45 g/1
and for Synechococcus elongatus 7942 — 0,56 g/l.
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As it shown on Figure 5 the relatively high biomass
accumulation was detected in Cyanobacterium sp.
B-1200 — 1,36 g/l, Anabaena variabilis R-1-5 —

1,19 g/l.
It was  detected that cyanobacteria
Cyanobacterium sp. B-1200 and Anabaena
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variabilis R-1-5 have the highest indices for the rate
of growth, fluorescence and biomass yield which
determine their high productivity. Thus, in the result
of screening strains Cyanobacterium stanieri B-1
and Anabaena variabilis R-1-5 were selected for
following investigations of their physiological and
biochemical properties with the purpose to determine
potential producers of valuable metabolites for
biotechnology.
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