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KOPIIAFAH OPTAHBI KOPFAY
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AHTPONOTEHAIK ®AKTOPJIAPIBLIH OCEPI

ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY

BO3JIENCTBUE HA OKPYKAIOLIYIO CPEY
AHTPOIIOTEHHBIX ®AKTOPOB
U 3AIIIUTA OKPYKAIOIUIEN CPE/IbI



ISSN 1563-034X; eISSN 2617-7358 Oxomnorust cepusicel. Nel (66). 2021 https://bulletin-ecology.kaznu.kz

FTAMP 62.09.00 https://doi.org/10.26577/EJE.2021.v66.11.01

K. AoaueBa ~, I1.C. YaaueBa ', A.A. /KybanoBa
AM. Maaixk" , H.IIl. AkumoexoB

On-Dapadu ateiHnarsl Kasak YWiTThIK yHEBepcuTeTi, KasakcTaH, AJMaTHI K.
*e-mail: azhar.malikkyzy@gmail.com

OPTYPAI TABUTU CYBCTPATTAPAAH
XOTAPbI MAKCATTbl BEACEHAIAIKKE
ME ALLILITKbI AAKbIAAAPbBIH BOAIIT AAY

Kasipri TaHsa MaA wWapyallblAbIFbIHAQ ©3€KTi MOCEAeAepAiH 6ipi XKemAiK asblk, eHAipiciHAe
KeMAIK BEeAOKTbIH, >KeTicreywiAiri. 3aMaHaym Taram eHepkacibiHaeri 6acTbl 6arbiTTapAblH Oipi — MaA
LIapyaLlbIAbIFbl >KaHyapAap YWiH 6eAoKneH GamblTbIAFAH >KEMAIK a3blK-TYAIK OHIMAEPI MEH >KEMAIK
KOCMaAapAbl ©HAIPY OOAbIN TabbiAaabl. MaA  LUAPYaLLbIAbIFBIHAQ >KaHyapAap >OHe KyCTapAblH
KOpeKTeHyiHe apHaAfaH asblk 6G0AMaraH >karpanaa, OEAOK Kesi peTiHAe MMKPOOTbIK, Gromaccara
epeKlle Hazap ayAapbiAaabl. MMKPOOTbIK, B1oMacca eHAIpICi >XaHyapAapAblH KOPEKTEHYIHAEr 6EAOK
>KeTicreyLwiAiriH >koloAblH 6ipAeH 6ip XKOAbI PETIHAE KapacTbIpbIAaAbl. AYbIA WAPYaLbIAbIK, OHAIPICiHIH
KaAAbIKTapblH MUKPOOTbIK, 6EAOKNEH GaiibITy KanTa eHAEY TEXHOAOTMSAAPbIH >KY3ere acblpy KesiHae
TYbIHAQNTBIH SKOAOTUSIABIK, MOCEAEAEPAI, COHbIMEH KaTap XKEMAIK 8HIMAEPAI aAy YLUIH LUMKi3aT KOPbIH
KEHENTYyre MYMKIHAIK GepeAi. 3epTTey >KyMbICbIHbIH, MakcaTbl — MaA LIAPYALbIAbIFbl YILIIH TUIMAI
KEMAIK BEAOK aAy MakcaTblHAQ BPTYPAI TabuFn cybcTpaTTapAaH XXeHe KOAAEKUMSIAbIK, AaKbIAAAPAAH
MaKCaTTbl OEACEHAIAIr >KOFapbl allbITKbl AAKbIAAAPbIH BOAIMN aAy.

JKyMbicTa 6 aWbITKbl WTaMbl KOAAAHBIAAbBI, OHbIH iWwiHAe 9A-Dapabu atbiHaarbl Kasak, YATTbIK,
YHUBEPCUTETIHIH KOAAAHOAABI MMKPOOMOAOTUS 3epTxaHackl KopbiHaH Rhodotorula glutinis var glutinis
R12, Torulopsis kefyr var.kumis T-17, Candida inconspicua TD-6 3 awbITKpbl WITamMAapPbl TaHAAAAbI.
CyT eHiMAepi MeH eciMaik cybcTpaTTapblHaH 3 awbITKbl LWTaMbl GOAIHIN aAbiHABL. ByA wTamaap
aybIALLAPYALLbIABIK, KaHyapAapblHA TOAbIKKAHAbI >KEMAIK GEAOK aAy YLIiH MepcrnekTUBTI LWTamAap
6GOAbIN TabblAAADI.

TyiiiH ce3aep: CyT capbiCybl, MMKPOOTbLIK aAYaHTYPAIAIK, XXeMAIK GeAOK, allbITKbiAap, TabuFu
cybcTparTap.

G.Zh. Abdieva, P.S. Ualieva, A.A. Zhubanova, A.M. Malik*, N.Sh. Akimbekov

Al-Farabi Kazakh National University, Kazakhstan, Almaty,
*e-mail: azhar.malikkyzy@gmail.com

Isolation of yeast crops from different natural substrates
with high target efficiency

Currently, one of the most pressing problems in animal husbandry is the lack of feed protein in the
production of feed. One of the main directions of the modern food industry is the production of protein
feed and feed additives for animal husbandry. Due to the lack of feed for animals and birds in animal
husbandry, special attention is paid to microbial biomass as a source of protein. Microbial biomass
production is considered the only way to eliminate protein deficiencies in animal diets. Enrichment of
agricultural waste with microbial protein makes it possible to expand stocks of raw materials for the pro-
duction of feed, as well as to solve environmental problems arising from the introduction of processing
technologies. The aim of the study is to isolate highly active yeast cultures from various natural substrates
and collection crops in order to obtain an effective fodder protein for animal husbandry.

In the work, 6 yeast strains were used, including 3 yeast strains Rhodotorula glutinis var glutinis R12,
Torulopsis kefyr var.kumis T-17, Candida inconspicua TD-6 from the laboratory of applied microbiology
of KazNU named after Al-Farabi. Three yeast strains were isolated from dairy products and plant sub-
strates. These strains hold promise for providing complete feed protein for farm animals.

Key words: milk whey, microbial diversity, fodder protein, yeast, natural substrates.
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BblaeAeHne APOXOKEBbIX KYAbTYP M3 Pa3AMUHbIX MPUPOAHBIX CyGCcTpaToB
C BbICOKOV¥i LL.eAeBOit 3¢pheKTUBHOCTDIO

B HacTosiLee BpemMsi OAHOM M3 CaMbIX aKTYaAbHbIX MPOBAEM B SKMBOTHOBOACTBE SIBASIETCSI HEXBATKA
KOPMOBOTo 6GeAka Mpu Mpou3BOACTBE KOPMOB. OAHUM M3 OCHOBHbIX HarpaBAE€HWUIA COBPEMEHHOM
MULEBOM MPOMBILLAEHHOCTU SBASIETCS MPOM3BOACTBO GEAKOBbLIX KOMOMKOPMOB M KOPMOBbIX AOGABOK
AAS )KMBOTHOBOACTBA. B CBSI3W C OTCYTCTBMEM KOPMOB AASl KMBOTHbBIX M MTUL, B >KMBOTHOBOACTBE
0C060€ BHUMAaHME YAEASIETCS MUKPOBHOM GroMacce Kak MCTOMHUKY 6eAka. Mpom3BOACTBO MUKPOGHOWA
6MOMaCChl CUMTAETCS €AMHCTBEHHbIM CMOCOBOM YCTPaHUTb AePUUMT BeAKa B MUTAHUM SKMBOTHBIX.
O6oralleHre CeAbCKOXO3AMCTBEHHbIX OTXOAOB MUKPOGHBIM GEAKOM MO3BOASIET PACLUMPUTh 3arachbl
CbIPbsi AASl POM3BOACTBA KOPMOB, a TakKe PELLNTb 3KOAOrMYECKMe NMpPoBAEMbI, BO3HUKAIOLWIME MPU
BHEAPEHUM TEXHOAOTMI nepepaboTku. LieAb MCCAEAOBAHUS — BbIAEAUTD BbICOKOAKTUBHbIE APOSKIKEBbIE
KYAbTYPbl M3 Pa3AMYHbBIX MPUPOAHBIX CyBCTPATOB M KOAAEKLIMOHHBIX KYAbTYP C LIEAbIO MOAYYEHMS
3(pHEKTUBHOrO KOPMOBOFO GEAKa AASI KMBOTHOBOACTBA.

B paboTe ObIAM MCMOAB30BaHbl 6 LITAMMOB APOXOKEN, B TOM HYMCAE 3 WTaMMma APoxoken Rho-
dotorula glutinis var glutinis R12, Torulopsis kefyr var.kumis T-17, Candida inconspicua TD-6 u3
AabopaTopun npukAaaHon mukpobuosormm KasHY um. aab-Mapabu. M3 MOAOUHBIX MPOAYKTOB U
PaCTUTEAbHbIX CyGCTPaTOB BbIAEAEHO 3 LITaMMa APOXOKEN. DTU LITaMMbl BYAYT MCMOAb30BaHbI AAS

MOAYY€EHUS MOAHOLIEHHOTO KOPMOBOIO GEAKA AAS CEAbCKOXO3SMCTBEHHbIX KMBOTHbIX.
KAtoueBble CAOBa: MOAOYHAS ChIBOPOTKA, MUKPOBHOE pa3HoOo6pasme, KOPMOBOM HEAOK, APOXIKH,

NpUPOAHbIE Cy6CTPaTDI.

Kipicne

ATpOOHEPKOCITITIK  KeMmIeH KYHECiHIe CYT
OHEpKaci0l KociMopbIHAApEl KOplIaraH opTara 0a-
pbiHIIA ocep erexmi. Kasipri yakpITTa CYTTI Kaita
OHJICY KoHE IpIMIIIK, cy30e KoHe Ka3eWH OHAIpY
ke3iHjae kputbiHa 1500 MBIH TOHHAJAaH acTaM CYT
capeicybl Ty3ineni [1]. byn memmepain 25%-nan
acTaMbl KaHaJIW3alHdsFa TOTUIII, KOpIIaraH opTara
afiTapnbIKTail 3UsH KenTipenai. by perte cyT capsi-
CYBIH/Ia CYTTiH KYpFakK 3aTTapbiHbH 50%-b1 O0Nambl,
250-re meiiiH TYpii KOCBUIBICTApAbl (OHBIH IIIiHAE
a30T, MHKPO 9HE MaKpO KOCBUIBICTAp, CYT Maibl,
MHUHEpaJIAbl TY34ap, JaKTo3a, BUTaMUHIED, (dep-
MEHTTEP, OPTAHUKAIBIK KBITIIKbUTIAp 250-Te meiin)
kamtuzabl [2]. CyT capbiCyblH KaiiTa eHICYIIH 3a-
MaHayH TEXHOJIOTHsIapbl OHBI KOJIAHY MACEJIECiH
KapTbulail memyre MyMKIiHIIK Oepeni, ce0eOi
OJIapIIbIH OHIMIHIH KypaMbIHJa KEMJIK KOCIAChI
peTiHIe TaijjanaHy YIIH ETKUIKTI Meiepie
aKkybI3 6ommaier [3].

Cappicybl KOJNJAHYABIH €H YTBIMIBI >KOJIBI
— JIAKTO3aHbl SHEPTUsl PETiHAE KOJIJaHa ajaThlH
JKOHE MHUHEPAJ/Ibl a30TThl TOJBIK aKybI3Fa aifHai-
JBIpaThIH Oipkacyliajbl aF3anapibl 6cipy apKbUIbl
OHBIH KOMITOHEHTTEPIH aKybI3¥a OMOKOHBEPCHSIAY
00J1bIT TaOBLTAABI. MUKPOOTBIK CHHTE3 MPOLIECIH/IS
capeiCy JXKaHa camajlblK KacueTTepre ue Oojajibl,
MHUKPOOPTraHM3MIEpP OHBI A9pyMEHIEpMeEH, (dep-
MEHTTEPMEH, OPTaHUKANIBIK KBIIIKbUIIAPMEH KOHE
OuosorusuIbIK  OeceHal KOCBUIBICTapMEH Oaibl-

tanel [4]. Capeicynpl OMOKOHBEpCHsay VIIiH
AlIBITKBI, CYT KBIIIKBUIBI OaKTEepHsIapbl, MHKPO-
CKONVSUTBIK ~CaHBIPAyKYJIAKTap, COHBIMEH KaTap
OPTYPJIi MHUKPOOPTAaHM3MICPIIH apaiac JdaKblI-
Japbl KOJJaHbUIaAbl. bBapiblk Oenriii  MHKpO-
OpraHM3MJIEP/IiH IlIiHJE aIlbITKBUIAD CapBICYIbI
MUKpPOOTHIK aKybI3Fa aifHANABIPYABIH €H KOFaphl
ko3 dunuentine ue. Onap KOFaphl KbUIIAMIbI-
FBIMEH epeKIIeIICHEeAl XOHEe OMOTEXHOIOTHUSIBIK
OHJIIpicTepIe aKybI3, 3TAHOI XKoHE PEPMEHTTEP ATy
YIIIiH KeHIHEH KOJIaHbLUIaIb! [6].

CoHbIMEH KaTap, a3 MaijalaHbUIATHIH IITHKi-
3aTTHl KEIICH[I KaiTa eHJey OaphICHIHIA KEMIIIK
aKybI3BIHBIH ~TaMIIBUIBIFBI, aJaM YIIiH 3USH-
CBI3 OCIMIIKTEpAI KOpFay Kypaimapbl XKoHE T.0.
MaceNeNiepiH IIenly Ke3iHJe SKOJOTHSUIBIK Tas3a
eHIMZEpAl aly e3eKkTi Oojbin Tadbutaabl. Ocbl
TYPFBIZIAH allFaH/a, aybUIIApyalIbUIbIK XKaHyapia-
pBhIHA TOJBIKKAHIIBI TEHACCTIPIITECH JKeM Iy YIIIiH
Ka3ipri yakpITTa OHOTEXHOJOTHSIIBIK OIiCTepHi
KOJIJIaHy MePCIIeKTUBAIIBI OOJIBIT TaObIIaabI [7].

KorapsiaaaliTeurFaHAapFa6aiIaHbICTEIOPTYPIIL
TOCUIJIEPMEH aJIbIHFaH MUKPOOPTaHU3M/IEP/IiH Oro-
Maccachl HeT131HIe OMOJIOTUSIIBIK OeIceH 1l KOMIIO-
HEHTTEPMEH OalbITBIIFAH JKEMIIK aKybI3IapbIH aTy
TEXHOJIOTHUSACKHIH KacayFa OarbITTalFaH 3epTTeyliep
©3eKTi OOJIBIT KOPiHEe/I.

XKorapeiga aifTbuFaHgapra OaiIaHbICTBI OYII
3epTTEeYAIH MaKCaThl KOJUICKIHSIIBIK TAaKbUIIap MCH
opTypdi Taburu cybcTpaTTapaH )KoFapbl MaKCaTThI
OesiceHALTIrT 0ap albITKBl JaKbULAAPBIH Ol
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OpTyp:i Tabury cyOcTpaTTapaaH JKOraphl MaKCaTTHI OSNICEHALTIKKE He allBITKBI JaKbUIIapbIH OO ary

almy, TaHAay XKoHE WAcHTH(UKanusiay OOJBII
TaOBLUIAIBI.

Martepuajaap »xoHe 3epTTey dicTep

JKyMmpicTa ambITKBIHBIH 6 IITaMMBI Taiimana-
HBUIIBL, OHBIH imiHAe 3 mramm Torulopsis kefyr var.
kumis, Rhodotorula glutinis, Candida inconspicua
T/-6 ambiTkbUIap TYBICH on-Papabu aTBIHAAFBI
Kazak yiATTBIK YHUBEpPCHTETIHIH KOJZaHOAbI
MHUKpPOOHOJIOTHST 3€PTXaHACHIHBIH KOJUIEKIIHSCHI-
HaH IpIKTeN/i. ANIBITKBIHBIH *aHa 3 IITaMMBbI CYT
eHIMZEPl MEH eciMIiK cyOcTparrapblHaH OeiHin
AJBIH/IBI.

AIBITKBIHEI ©CIpY YIIiH KOPEKTIK OpTa peTiHjae
Cabypo opracsl naiganaHbUbl (AIIBITKBl YLIIH),
(t/m): rmroko3a — 40,0; merrron-10,0; arap-18,0-20,0;
KYOBIp CYBI.

JKympIcTa ambITKBl NaKbUIIApBIH Oeinm  amy
JKOHE WICHTU(UKANMSUIAY YIIH JOCTYPI MHKPO-
OMOJIOTHSITBIK OMICTEP KOJIAHBULIBI [5]. AIIBITKBI
optypni Taburm cyOcrparrapgaH (ecimMumik cyo-
CTpaTTaphl, CYT KBIMKBUIBI OHIMAEpi) OemiHII
QJIBIH]IBI.

ATIBITKBIHBIH KUBIHTHIKTHI JAKBUIBIH Ty OJIap-
JIBIH a3/laFaH KBIIIKbLI PEAKIMICHl 0ap KaHThI Oap
cyOcTpaTTap/a ecy KaOiJIeTiHe KoHE OJIapIbIH ST
CIHUpTiHE TO3IMIINIriHE HeTi3AeNTeH. AMIBITKbI-
JIapJIbIH KOPEKTIK opTaga ecyiH TyHOa Ty3inyi,
OJIAPJIBIH TIPIIUIIK OEJNCEHILTITiHIH TOH eHIMIepi
KOMET1MEH BU3YalIb/Ibl YKOHE MUKPOCKOTIHS SIiCiIMEH
AHBIKTAIIHI [8].

Muxkpoopranu3mMaepiiH  MOp}OIOTrus-KybTy-
panbIK, (PU3HONOTHSIIBIK XKoHE OMOXUMUSIIBIK Ka-
CHETTEepiH 3epTTey IOCTYpJi OIICTEPMEH KYp-
ri3inmi.  AIIBITKBIHBIH ~ MOPQOJIOTHSUIBIK — KOHE
KYJIBTYpaIAbIK KacHeTTepi Keieci OenriiepMeH
AHBIKTAJIBI: KJICTKAJAPJAbIH IillliHI MEH OpHaja-
CYBI, KJIETKa MOJIIepi, KATThl KOPEKTIK OpTaJarbl
KOJIOHUSTHBIH ~ CHUIATTaMachl, CYHBIK KOPEKTIK
opTajarel ecy Oenrici, KUFaml arapAarbl ecy CH-
natel. AIIBITKBUIAPABIH — (U3UOJIOTHSIIBIK —KOHE
OMOXUMUSIIBIK KacHeTTepl Kemeci OenritepMeH
aHBIKTAJIBL: ambITKeIHBIH 20°C, 28°C, 37°C, 45°C
Temmeparypara te3imainiri, NaCl ap Typiii KOHIEH-
Tpanusnapeiaa 2%, 4% xone 6% Te3IMIiTIr KoHe
OpTYpPJIi KeMipCyapIblH bIIABIPAYHI [S].

ATIBITKBl TAaKBUIIAPBIH COHKeCTeHipy Mopdo-
JIOTUS-KYJIBTYPAIIBIK, (QU3HOIOTHSIIBIK JKOHE OHO-
XUMHSUIBIK KACHUETTEPiH 3€pTTey IOCTYpJi oJIic-
TEPMEH J>KYPTi3ini. AIIBITKBIHBI aHBIKTAy VIIiH
W.I1. babrena, B.W. I'ony0GeBaHbIH « ATIBITKBUIAP BT
Oeminm aiy >KoHE WACHTH(QHKALMSIIAY oSIicTepi»
aHBIKTaMaJbIK Kypaibsl Kommaueuimel [9]. Toxi-

pubenep AambBITKBIHBIH 9P
KalTamamMaMeH XKYpri3iii.

Tabusu cybcmpammapovly abopuceHOiK MuK-
PODOPACHIHbIY CAnanblK HCIHE CAHObIK KYPAMbIH
AHBIKMAY

Mukpoopraam3mMaepaie (PU3HOIOTHUSIBIK, TOTI-
TapbIH JKOHE CAaHBIH aHBIKTAY THIFBI3 KOPEKTIK Op-
Taga Taburu cyOcTpaTTapIblH YITUIEpiH CYHBII-
Ty apKpuTbl Xypri3inmi. CelHamamapaa MHKPOOp-
TaHU3MAEPIH KOJIOHUS TY3y OipJIiKTepiHiH TUTPiH
anbIKTay Kox omiciMeH Xypri3inmi. OIiCTiH MoHI
3epTTENETIH CYCICH3USHBIH Oenriiai Oip KejemiH
[eTpu BIIBICHIHA THIFBI3 OPTaFa €Ty JKOHE UHKyOa-
LUSIaH KeHiH ©CKeH KOJIOHUSUIapAbl caHay OOJIBII
tabputanel. Ery Ilerpum TabakmamapeiHma arap-
JBl KaTThl KOPEKTIK OpTaja Ky3ere achIpbUIIBbL.
Jakpuiaapapl MHKyOaIusiaraHHaH KediH ecipiireH
KOJIOHWMSUTAPABIH CaHABIK ece0i JKYpri3iimi JKoHe
1 T yarigeri xonoHust Ty3yui Oipnikrepiniy (KTH)
CaHbl aHBIKTANABI. TaOuru cyOCTpaTTapIblH MHUK-
podIOpackIHBIH CaNaNbIK KOHE CAaHABIK KYpaMmbIH
3epTTeY MUKPOOUOJIOTUSHBIH JIOCTYPJIL 9iCTEPIMEH
Kyprizingi. Mukpoopranmmaepain. MADGAM
JKaJMbl CaHBIH aHBIKTAy YIIiH eT-TENTOHJBI arap
(EITA) mukpoopraHuaMaepaiH apTypii (u3noio-
THSUTBIK, TOTITAPBIHBIH CaHBIH aHBIKTAYy YIIIH AJIEK-
THBTI KOPEKTIK opTaiap KOJTAHBLIAAbI. AIBITKEIHBI
Oeuin anmy ymin Cabypo KaTThl )oHE CYHBIK OpTa-
Japbl ambIHABL. AIIBITKBUIAPAB! AaKbUIIAY TEPMO-
cratra 28°C-30°C 2-5 toymikTe xyprizinmi [10].

Tabueu cybcmpammapovly yaciiepiHeH maza
O0axwvL10aposl benin any adicmepi

Taza jakpUImapAbsl  aily THIFBI3  KOPEKTIK
OpTaHbIH OeTiHe MEXaHHUKAJIBIK )KOJIMEH CHPEKTETIIl
ery apkputbl OKyprizinmi. (baxTepmonmorusuibik
inMexTi Kb13abIpy apkeuibl LTpux amici) [11]. XKeke
KOJIOHUSUTAP/ABIH ~ Ta3ajJbIFBIH  MUKPOCKOIHSIIBIK
YKOJIMEH TEKCEPIIT, Ta3a JaKbLT 0TI aTy YIITiH KUFaI
arapra OTBIPFBI3BULIBI. MUKpOOpraHU3MIIep/IiH Ta3a
Jaxkeuigapel 2-5 Toynik 28°C-30°C temneparypasaa
JTAKBUTIAH Tb.

Awvimioi O0aKbLIOAPbIH
2CHEeMUKANbIK UOCHMUPDUKAYUACHI

ATTBITKBIHBIH HaeHTHQuKausacel GeneBank xa-
JIBIKAPAJIBIK JICPEKTEp 0a3achlHIa CaKTalFaH Tiz0eri
0ap HYKICOTHUITIK COMKECTIKTI aHBIKTAH OTBIPHIIL,
ITS atimMarsIHBIH (TCH apajbIK TPAHCKPUIIIHSUTAHFAH
aliMaK) TiKeJed HYKICOTHUATIK Ti30€riH aHbBIKTay
omiciMmeH xyprizinmi [12-15].

AmbiTkbl  mTammaapbiabiH  JIHK-ce1 Norgen
Biotek Corp. xommanusiceiabiH (Ontario, Cana-
da) enmipymmiHiH xarramaceiHa coiikec «Plant/
Fungi DNA Isolation Kit» ecimuikrep/caHbIpay-
kynakrapeiHad JIHK-HbI Gerin anmy »KUBIHTHIFBIHBIH

TYpiHE KaTBICTHI 3

MONEKYIIAPIIbLK-
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kemeriMmeH Oeminin ambHael. Yariepaeri JJHK — Cycle Sequencing Kit (Applide Biosystems,
kouneHTpanmsacel Qubit™ dsDNA HS Assay Kit
(Life Technologies, Oregon, USA) dayopumeTpiHiH
keMmeriMeH asblKTaxnel. dsDNA HS ymin mka-
nma OoferHma. JKyMbicTa ambITKeDIapabH [TS
aliMarbIHBIH oMOe0an mpaiiMepriepi KOJIaHbLIIbI-;

ITS1 (5-TCCSTAGGTGAACCTGCGG-3’) sxone  xkyprizingi. CekBeHupiiey HOTIKEIEpi

AMIUIH(UKaIMsIFa apHAIFaH PEaKIus KOCIACHI:

Mix, 1,25 mxn Forward npaiimep (10 MxM), 1,25
Mk Reverse mpaiimep (10 mxM), 1,5 mxin JIJHK  cbl  nepekTepMeH CaibICTBIPBUIAB  (WWW.Ncbi.
xkoHe 8,5 cy. IITP kocmackiHbiH sxanmmbl kejemi  nih.gov). CexkBeHHpiey peakIUsChIHAH KeiiH
25 mxn 6onmel. IITP ammmdukarus pexuminge
Eppendorf ProS (Hamburg, Germany) ammnudu-

(5’-TSSTSSTATTATTATGC-3”). (Aplide Biosystems, USA) O0armapiamaceiaia
enyenai. Anbiaran [TS aiiMarbIHBIH HYKJICOTHITIK
12,5 mxn Q5 ® not Start High-Fidelity 2x Master  T1izbektrep — BLAST Oarnapiamachl apKbUIbI
Gene Bank 6a3acer aiimarerHbIH ambITKEl JITHK-

kartopbeiHaa xkyprizinmi: 94°C — 30 cex; 55°C — 1 TazapTy  JKHBIHTBIFBIMEH  KYPTi3uiai

muH; 72°C — 40 cex — Oapmbrrsl 30 muk; 72°C —
10 MuH. ammmudukanus HaTKenepi 1,2% arapist
renbae kapanabl. [ITP enimaepi CleanSweep™PCR
Purification reagent (Applide Biosystems, USA)
peareHTiMeH Ta3apThUIIBL. TCHETHKAIBIK aramrapasl Kypy yuriH Neiigh-

CekBeHHpIey peakUuschl eHAIpywIiHiH Hyc-  bor-Joining (NJ) “kepurinepni Oipiktipy” amici

3500 reHeTHKANBIK aHAIN3aTOPBIHA KYKTEIII.

KaynmapeiHa coiikec BigDye Terminator v3.1 — KOIZaHBUIABL

o

T e e i i e e e e

1-cyper — AB 3500 acmtaGpIHIaFBl KAMJULPIBIK JEKTPOPE3TiH MEKTPOoGHOoporpaMmMacst

HoTu:xesiep skoHe oJIapAbl TAIKbLIAY WBIPBIHAAPAA, CHPOITapaa, IKEeMicTeple,
IIBIPBIHAAPBIHA, KAIBIPaKTapAbIH OeTiHae, cyna

Opmypai mabugu cyocmpammapOaH HeaHe Koi-
JEKYUSTLIK 0aKbLIOApOaH maKcammuol benceHoiniei
2ACO2APLL AULIMEKDLL OAKLLIOAPLIH 06NN ANy HCIHE

AUIBITKBUIAP TAOUFATTA KOHE a1aM/Ibl KOPIIIaFraH
oprana ere KeH TapainraH. Onap KeMIpPTEKTiH
epuTiH Ke3epi Oap cyOcTpaTTapaa — KapamaibiM
CIIUPT,

JIoMi MEH HiCiH e3repre anazpl [16].

USA) [BIGDYE ® Terminator v3.1 CYCLE Se-
quencing Kit PROTOCOL APPLIED Biosystems
CIIA], conan keitin ¢parmentrepai 3500 DNA
Analyzer (Applide Biosystems, USA) aBTOMaTTHI
FCHETUKANBIK aHalu3aTOphIHAa 06y apKbUIbl

IITP enimin ekinmi tazapty BigDye XTermina-
tor Purification Kit cexBeHupiney peakuusiapbiH

KalmuUIApIBIK 3JekTdopesni xkyprizy ymin ABI

Ounorenetukanslk Tanmay MEGA6 OGarmap-
JaMachlH KOJJIaHY apKbUIbl Kypriziuimi. ®wuiio-

JKOHE TOMbBIpaKTa OeyceHai KeOehedl. AIIBITKbI
TaMaK eHIMJEpiHAe Taijna OONFaH Ke3Je YIIb
3aTTap/bIH Maija O0JybIHA SKeIMece JIe, ONapIbIH

Omap akchl 3epTTENTeH XoHEe 0acka MHUKPO-
OpraHU3MIICPMEH CaNBICTRIpFaHaa OipKaTap apTHIK-
IIBUTBIKTapFa We. AIIBITKEI OMOMaccachl aKybi3
OpPTaHMKAJNBIK KBIIIKBIAAP, SFHH  MeIIepikorapsl (63% AeiiiH), TCHIECTIpiaTreH aMuH
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KBIIKBLTBI KYPaMBIMEH CUIIATTAIA b, ATIIBITKBIHBIH
MaHBI3/Ibl KACHeTI — KOFaphl ©Cy KapKBIHBI KOHE
KOPEKTiK OpTa peTiHjAe KOnTereH cyOcTpaTTaplbl,
COHBIH INIIHAE OHJEY OHMIPICIHIH TOMEH KYHIbI
KUIOBIKTAPBIH — TaimamaHy MYMKIHOITT — OOJBIT
caHayaabl. MyHBIH 0opi amibITKbl OMOMAacCachiH
TaFraMJIbIK AaKybI3Jbl, TaFaMIbIK HHIPEIUCHTTED
MEH OHMOJIOTHSIIBIK OCJCeHMI 3aTTapAbl aiy YIIiH
MEPCIIEKTUBTI OMOTEXHOJIOTHSIIBIK ITUKI3aT PETiHIC
KapacThIpyFa MYyMKIiHIIK Oepemi. ATIBITKBLIAD
XEMOOPTaHOTETePOTPOhTap OOIBIT TAOBLIAIEI JKOHE
OPTraHUKAJIBIK KOCBLIBICTAP/bl 3HEPTUS YIIIH e,
KOMIpTEK Ke3i peTiHae Ne maijanaHaipl. bapibik
AIIBITKBIIAP YOIIH a30T Ke3l aMMOHHHA Ty3Aaphl
0o TaObUIAABI, TYPICPAIH JKAPTHICBIHA KYBIFBI
HUTpPAT peAyKTa3achlHa We >KOHE HHUTPATTap.IbI
ciripe anmansi [16].

Byn xymbICTa amIbITKbUIAp SPTYPJI TaOUFH
cybcTparrapnan (eciMaik cyOcTpaTrTapsl, CYT
KBIIIKBIIBI OHIMIEP1) O6JIIHIN albIHABI. AIIBITKBI
JaKbUIIApPBIH  OpTYpJi cyOcTpaTTapaan Oedim
aJy IOCTYpii MHUKPOOHWOJOTHSIIBIK 9ICTIEH XYP-
rizuiai.

AIIBITKBIHBIH, ~ KUBIHTBIKTBI  JIAKBUIBIH ATy
OJIAPIBIH a3[al KBIIIKBIT PEaKIUsACH 0ap KaHTTHI
cyOcTpaTTap/a ecy KaOiJIeTiHe KOHE OJIApIbIH STHII
CIHUPTiHE TO3IMIIIIriHE HETi3eNTeH. ANIBITKbI-

70
60
50 1

40

Mnaxkpod KJIeTKACHIHBIH CAHBI
x10 SKTh/ma

bunaii cabanel Brmaii aaH1

JApIBIH JKMHAKTAIYbl KOPEKTIK opTana TYHOAaHBIH
TY3UIIN, ONapAblH TIPIIUTIK OENCeHIUNITHIH ToH
OHIMJICPIHIH OONYBIMEH JXOHE MHKPOCKOIHUSIBIK
YKOJIMEH aHBIKTANIHI [18].

AIIBITKBI  TaKbUIIApbl  aiipaH, Ccy30€ JKoHe
Oumaii xkeOeriHeH koHe DHTEPONI MPOOHOTHKAIBIK
npenapaTbiHaH OOJiHIT aJbIH/IBL. 2-CypeTTe TAOUFH
cyOcTparTap/slH ~ MUKPOGMIOPACHIHBIH — CamajblK
JKOHE CaHIBIK KOPCETKIMITePl KOPCETLITeH.

2-CypeTTeH KOpiHill TYpFaHmal, CYT KBIIIKBLTBI
OaKkTepuUsUIaphl MEH alIBITKBLIIAP KOI MOJIIepAe Vil
cysoecinne 1,2X10” KTB/r apasibiFbiHIa Ke3aecei.
AiipannblH sxanmnbel Mukpoduopacs! 4,0x107 KThb/r
Kypaiinpl. bunaii cabaHbI xoHe OMmai AoHI CHUAKTHI
oCiMIIK CyOCTpaTTapblHBIH MHUKPOQIIOpachIHIA
xacymanap canel 5,1x10° KTB/r xone 2,5x10°
KTb/r xypamel. [lpoOWOTHKAIBIK Ipemaparrta
alIBITKBI JKacyImanapbiHbH canbl 5,6x107 KTh/r
Kypajel. JKyMbic OapbICBIHIIA OCBI CyOCTpaTTapAaH
AINBITKBIHBIH 3 IITAMMBI OOJIIHIII aJbIHIEL.

Opman opi 3epTTeyliep YIIIH alIbITKBIHBIH 6
IITAMMBI TTAiIaaHbUIIbI, OHBIH iIIiHJE 3 alIBITKBI
mrammbl  Candida inconspicua-TI16, Rhodotoru-
la glutinis var glutinis R12, Torulopsis kefyr var.
kumis T-17 on-®apabu atbiHnarel Kazak yiTTBIK
YHUBEPCUTETIHIH KOJIAaHOATBl MHKPOOHOIOTHS
3€pTXaHACBIHBIH KOJUICKIIUSAChIHAH 1PIKTEIIII.

1

e
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20
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Afipan Yii cy30eci DHTEpOn

2-cypet — Op TYpIi TabUFH cyOCTpaTTapIbIH Kalsl MUKpodIopacs!

Tanoan anvinzan awilmibl OAKbLIOAPbIHGIH
MOPPONOCUANBIK-KYTIMYPALObIK, (DUSUOIOSUSTBIK-
OUOXUMUATILIK Kacuemmepin 3epmmey

AMIBITKE IITAMMIAPBIHBIH ~TYPiH aHBIKTAY
YIIiH I9CTYPIi MOP(GOJIOTHSIBIK — KYJIBTYPaJb/IbIK,
(bMBHUOIIOTHSIIBIK JKOHE OMOXUMUSUIIBIK KacHUETTepi
3eprrenmi [19-20].

Mopdonorusibik Oenriiepi OOMbIHIINA AIIBITKbI
JKacylianapbl Iap Topi3fi, COmakiia, *eke opHa-
JIacKaH, TIICEBIOMUIICTNN Ty3edi. AIIBITKEIHBIH

MOP(OJIOTHUSIIBIK KOHE KYJIbTYPAIILIK KacHETTepl
1-kecTeae KenTipiareH.

l-xectene Kepinm TypFaHIail, KaTTbl OpTa-
HBIH O€TiHIeri ambITKBl IITaMIaphl JOHTEICK
KOJIOHUSITIAp TYpiHIAE, COHAaii-ak IOyphIC emec
MIIIHJI, aliblK Capbl XOHE Capbhl KOJOHUSIAP
Typiame Oonnel. Mopdomorus OoibsrHma I11A2
MITaMAApBIHBIH — JKacyliamapbl [map Topishi,
DAl xone UMKI] mrTaMaapbIlHBIH >Kacyllaizapsl
comakima (3-cyper).
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1-KecTe — AIIBITKBIHBIH MOP(]OJIOTHSUTBIK-KYJIBTYpabIK Oenrinepi

JTaKbL1 KonoHusmapsiy cHiaTTaMacsl Kaerxa MOp(bOHOF.MCH BereTam.B i
MEH MeJIepi keberoi

DAL IlimmiHi KeHresneK, Teric KUEeKTepiMeH, aK, )KbUITBIP Comakiia, 3,0-4,7 MKM Bypruikreny

I1A2 ITinmiHi 1eHrenek, conakiia, XHEeKTepi Teric emMec, aK, JKbUITHIP Jlenrenex, 2,5-3,8 MxM Bypurikreny

HK1 [Miurini geHrenex, )XUeKTepi Teric eMec, akK, KbUITHIP Comnakuma, 3,4-4,2 MM Bypurikreny

DAl I1A2 UK1
3-cyper — AUIBITKBI IITAMIAPIHBIH KACYIATAPBIHBIH MOP(OIOTHSCHI

Knerka memmepi 2,5-4,7 MKM apanbIFblHIA  KeOeliedi, IICEeBIOMHIETNA Ty3eli. AIIBITKBI
e3repeni. BererarnBTi keOero OOHBIHINIA OONIHIN  IMTAMMIAPHl KOJOHHSUIAPBIHBIH ~ MOP(HOIOTHSACH

ANBIHFaH alIbITKBI JaKBUIAAPH! OYPUIIKTEHY apKBIIBI

4-cypeTTe KOpCeTiIreH.

DAl

IT1A2

HK1

4-cypet — Kononusumapasiq MOpQOIOTHSCH

Opan opi KYMBICTa OOJIHIN ajabIHFaH alllbIT-
Kbl TAKbUIIAPBIHBIH (DU3UOJIOTHSIIBIK KOHE OUOXH-
MUSUIBIK ~ KACHETTEPl  3epTTENAi.  AIIBITKBIHBIH
(DU3NONOTHAJIBIK KOHE OMOXMMHUSIIBIK KacHeTTepi
KeJeci KpuTepuiisiep OOMBIHINA aHBIKTAJIBI: AIlIbIT-
keiabIH 20°C, 28°C, 37°C, 45°C Temmeparypana-
peiHIA ecyi, 2%, 4% xone 6% NaCl epitiHaiciHig
OPTYpil KOHIEHTPANMACHIHA TO3IMILIIT, SpTYpIi
KOMIpCyJap KoHEe CIUPTTEP/Ii alllbITYHI.

AIBITKBL Me30(UIbII MUKPOOPTaHU3M/IEP-
re Karajpl, ojap YIIiH ONTHMAJbJbl TeMIepa-
typa 20-30°C kypaiigsl. 20-36°C temmepartypa
apaNbIFbIHAA OCYAIH MEHIIKTI JKBUIIAaMJIBIFBI
TEeMIIepaTypaHblH JKOFapblIayblHA TIKeNel Mpo-
nopiuoHanabl Typae ecemi. 36°C xorapbl TeM-
nepaTypajga caxapoMHULETTEpIiH MEHIIIKTI ecy
KBUIIAMIIBIFBl KYPT TeMeHxewai xoHe 40°C-ta
TOKTAMAbI, ajl CaxapoOMHIIETTEpP eMeC TypJiepi
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OCYyIH KaJFacThIpajbl. ANIBITKBUIAPIBIH AaMYbl
YuIiH MuHUMaIAbl Temmeparypa 5°C Kypawumbl.
TeMeH TemIiepaTypa amIBITKBIHBI OJTipMEH],
Oipak OHBIH KbI3METIH TOKTaTaabl. AHAOHO3
JKargaiipl OacTananbl, coOJaH KeHiH KOJaijbl
JKarjainapna KaubllThl (yHKIUSIAp KaJllblHA

Keneni. AINBITKBUIAD TOMEHT1 TeMmIepaTrypa
MOHIHE TO3IMIi XKOHE Y3aK YaKbIT MY3IaTBUIFaH
Ky#ae cakramansl [21].

Kecrene ambITKpl JaKbULIAPBIHBIH — ©CYiHE
TeMITepaTypaHbIHdCEePi KIHE OPTYPIIi KOMIPCYIapIbI
BIJIBIPATy 3€PTTEY HOTHIKEJIEPi KOPCETUITeH.

2-kecTe — AIIBITKB! TAKbUIIAPBIHBIH (PH3HOIOTHSIIBIK KOHE OHOXUMIUIBIK KaCHETTepl

Temneparypa, T°C Kemipcynapsly amrysr
Haxpin Manb- | Caxa- | Kcu- Jak- | TFanak- | Pam- | Dmo-
20°C | 28°C | 37°C | 45°C
TO3a po3a n03a TO3a TO3a HO3a Ko3a
1 2 3

DAl +++ +++ + - +++ +++ ++ +++ +++ +++ +++
K1 +++ +++ - - - ++ +++ +++ + +++

A2 ++ ++ + - + ++ + + + ++ ++

Rhodotorula glutinis ++ ++ ++ - ++ ++ + ++ ++ + +
Torulopsis k.efj/ rvar ++ ++ ++ - + ++ ++ +++ + ++ +++

kumis
Candida inconspicua ++ ++ + - + ++ ++ - - + ++
EckepTy — «+++» — )KaKchl 0CiM, «++» — opTaiia ecim, «+» — Halap ecim, «-» — 6CiM KOK
XKymbicta GapyblK amIbITKBl MITaMAaphl YIIiH JKymbIcTa TraJoTONEPAHTTHUIBIKTEI  aHBIKTAY

onTuManpIel ecy Temneparypacsl 20°-30°C ma-
MacbIHAa OOJIATHIHABIFEI KepceTimred. 37°C TeM-
neparypaga Candida inconspicua — T/6 xoHe
[TA2 mrrampapeiHbeIH 97Ci3 ecyai, an Rhodotorula
glutinis var glutinis R12, Torulopsis kefyr var.
kumis T-17 mtamMmmaapsl opTaiia ecyli Kepcerce,
OAl1, UKI1 mrampapsmpa 37°C temmnepaTtypana
ecyl TOKTaimbpl. bapiblK ambITKBl IMITaMIapBIHBIH
ecyi 45°C temnepatypaja OaiikaiMaiibl.

AUIBITKBl TYpJEpIHE TOJNBIK CHIATTaMa Oepy
YIIIiH a30TCHI3 KOMIPTEK KO3CPiH aCCUMUIIATINSIIAY
KaO1JIeTTIIIriH TeKcepy MiHAETT] OOJBIN TaObIIa bl
Kemiprek ke3nepiHiH YTHIM3aLMATIAybIH 3€pTTEY
CHHTETUKAJBIK CYUBIK OpTaza opTypiii KeMipcyap
KOCY apKbUIbI JKYPTi3inai. Byi skymeicta kemipcynap
peTiHze TIIF0KO03a, caxapo3a, MajbTo3a, ralakro3a,
JIAKTO3a, PaMHO3a, KCHJIO3a CHUSKTHI MOHO- JKOHE
oucaxapuaTep  Konganeuigpl.  KemipcymapibiH
Kosnany Hotmxkenepi 6oitbiamma A1, UK1 ammbITKer
mramMaapsl xoHe Rhodotorula glutinis var glutinis
R12, Torulopsis kefyr var. kumis T-17 amipITKbUIapbI
KaHTTBIH OapJBIK TYPJIEpiH OelceHAl Typie BIIbI-
pattel. [IA2 mTaMbl TIIOKO3aHBIH, Caxapo3aHbIH
KOHE PaMHO3aHBIH KAaTBICYBIMEH OpTalla ecimii
KepceTce, TalakTo3a, JIAKT03a JKOHE KCHII03a, Majlh-
T03a OOJIFaH Ke3je aici3 ecy Oaiikanasl. Candida
inconspicua — T/[6 ambITKBICH TaJlaKTO3a MEH JIaK-
TO3aHBI BIABIPATIIAIBL.

10

YIIiH TY37apAblH KOFaphl KOHIEHTpAIUsUIaphIHAA
AlIBITKBUIAPBIH OCyl 3epTTeNi. AIIBITKBUIAPIBI
TY3AapJbIH OpPTYPJi KOHIEHTPAIMACHIHA TO31MIi-
miria 3eprrey ymiiH NaCl 2%, 4% xone 6% KoH-
LIEHTpalusChl anblHAbl. HoTmxkenep cyWblK opra-
Ja aIlbITKbl AAaKbUINAPBIHBIH ©CYIMEH BH3YalbIbl
Typae OaramaHibl, ajd TIpHIUIK KabOiTeTi KireTka-
JapAbl ecemnTey, KaTThl opTaiapia ecipy apKbUIbI
JKYPri3iai.

ATIBITKBIHBIH,  OPTYPMiI TY3 KOHIEHTpAIus-
CBIHAAFBl OCYiH 3epTTey HOTHXKeJepi S-cyperre

KENTipiJTeH.

5-cyperTeH Kepinm oTweipraHbiMbI3nail, NaCl-
IIBIH ~ OPTYPAi  KOHIEHTPAIMSCHIHIA  AIIBITKBI
JNAaKBUINAPBIHBIH,  ©Ccyi opTypii Oommel. DAl

xoHe MK1 mrampmaper Oencenai ecyni KepceTrTi,
TIpIIITIKKE  KaOineTTi  KJIeTKaJapAblH  CaHbl
coiikecinme 9,2x107 — 1,2x10% KTB/mn xone
7,5x107 — 9,9x107 KTB/mMn apansirsiaga 6071-
nel. Candida inconspicua — T/[6 miTampl TY3IBIH
OapibIK  KOHIEHTpAIMACHIHAA  OpTama  ecy
kepcetkimin kepceTTi. I[IA2 mrambr NaCl 2%
KOHIIEHTPAIMACBIHIIA JKaKChl OCyAl KOepCeTTi,
0ipaK Ty3 KOHIICHTPALUSICHIHBIH KOFaphLIaybIMEH
ecyi texenni. Torulopsis kefyr var. kumis T-17
aIBITKBICH YIIiH ONTUMAJIbABI KOHIEHTpAus 4%
NaCl xypaiinbl. 4% NaCl KOHIEHTpaUSICHIHIAFbI
raJoTOJCPAHTTHl Kacymanapasly canbl 7,8x107



I')K. A6auesa xoHe T.0.

KTb/mn kypanei, 6% NaCl xoHIIEHTpaIuschIHIa
1,6x10° KTB/mi, colikeciniie qakbUIAapABIH OCyi
temeHaeini. Rhodotorula glutinis var glutinis
RI2 mTamMMBIHZAa TY3 KOHIICHTPAITUSCHIHBIH
JKOFapbUIaybIMEH ocy OipTiHIeT TOMEHICHI.

Ocsinaiima, TY3[apAblH OpTYpAl KOHIIGHTpa-
LUAZAFbl AlBITKBI JTaKbUIIAPBIHBIH OCYIH 3epTTey
notmkecinae DA1, UK1 xone Candida inconspicua
— TJ/[6 mTaMmapbIHBIH TalOTOJEPAHTTH EKEHJIT]
aHBIKTAJIIEL.

Boninin anvinean auiblmibl WMAMOAPLIHIY
MONEKYAANbIK-2eHEMUKANbIK UOeHMUDUKAYUACHL

AuibITKbIHBL uaeHTU(UKanusaay TS aiima-
FBIHBIH TIKEJEeW HYKICOTUATIK JOMEKTUIIKTEPIiH
aHBIKTay oficiMeH (TeHapaiblK TPaHCKPUIIIIHS-
naHraH aimak) xoHe GeneBank xanbikapaibik
MoiMeTTep Oa3achlHIa CaKTalFaH Ti30eKTEepMEH
HYKJICOTHATEPIH COWKECTUTITiH aHBIKTAy apKbLIBI
JKy3ere aceIpsULabl (3-kecte) [22].

JHK KOHIIEHTpanuschl HI/MKI-MEH OJIIeH/I
)koHe Qubit 2.0 droopoMeTpiHiH KepceTKimrepi
OOBIHIIIA.

ITS npaiimepnepiMer aMIuinpuKanusiay HITH-
skeciaae xkesemi 750 bp IITP enimzaepi aasrHIbL.

—_
9
(=]

—
o
o

]
(=]

=
(=]

MHKPOD KIeTKACBIHBIH caabl X10 SKTH/ma
[ (=)}
(=) (=]

f=]

2% 4%

NaCl koHTeHTpaANHICHI

m34]
m K1
w742
Candida inconspicua
u Torulopsis kefir var kumis

W Rhodotorula glutinis

6%

5-cypet — NaCl opTypii KOHIICHTPAIUSIChIHA allIBITKBI JAKbLIIAPBIHBIH TO3IMILTITI

3-kecre — AmbITKpUTapasH JJHK KoHIIEHTpanuscer

Ne Yori arayst

KOHLIE:HTpaLU/IHCLI, HI/MKJT

1 Nel (Ca surepon 10-%)

56,2

6-cyper — JIHK-u51 ITS mpaiimepriepiven ammmoukanmsiaranaan kedinri [1TP-enimi
Eckepry: 1-ceiHaMa yirinepi —
(Ca surepon 107%; M — GeneRuler 1 kb DNA Ladder THK mapxkepi
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OpTyp:i Tabury cyOcTpaTTapaaH JKOraphl MaKCaTTHI OSNICEHALTIKKE He allBITKBI JaKbUIIapbIH OO ary

1- Saccharomyces sp. Boulardii

Nel ynriHiH HYKI€OTHATI O1pi3miiri:

TTTTTTGTTTTGGCAAGAGCATGAGA-
GCTTTTACTGGGCAAGAAGACAAGA-
GATGGAGAGTCCAGCCGGGCCTGCGCT-
TAAGTGCGCGGTCTTGCTAGGCTTGTA-
AGTTTCTTTCTTGCTATTCCAAACGGT-
GAGAGATTTCTGTGCTTTTGTTATAG-
GACAATTAAAACCGTTTCAATACAA-
CACACTGTGGAGTTTTCATATCTTTG-
CAACTTTTTCTTTGGGCATTCGAGCAATC-
GGGGCCCAGAGGTAACAAACACAAA-
CAATTTTATCTATTCATTAAATTTTT-
GTCAAAAACAAGAATTTTCGTAACTG-
GAAATTTTAAAATATTAAAAACTTTCAA-

CAACGGATCTCTTGGTTCTCGCATCGAT-
GAAGAACGCAGCGAAATGCGATACGTA-
ATGTGAATTGCAGAATTCCGTGAATCATC-
GAATCTTTGAACGCACATTGCGCCCCTTG-
GTATTCCAGGGGGCATGCCTGTTTGAGC-
GTCATTTCCTTCTCAAACATTCTGTTTG-
GTAGTGAGTGATACTCTTTGGAGTTA-
ACTTGAAATTGCTGGCCTTTTCATTGGAT-
GTTTTTTTTCCAAAGAGAGGTTTCTCT-
GCGTGCTTGAGGTATAATGCAAGTACG-
GTCGTTTTAGGTTTTACCAACTGCGGCTA-
ATCTTTTTTTATACTGAGCGTATTGGAAC-
GTTATCGATAAGAAGAGAGCGTCTAG-
GCGAACAATGTTCTTAAAGTTTGACCT-
CAAATC

—
MK672872.1:70-807 Saccharomyces sp. boulardii isolate 7-TS4

MK672870.1:74-811 Saccharomyces sp. boulardii isolate 4-TS4
MK672869.1:74-811 Saccharomyces sp. boulardii isolate 3-TS4
MKO079214.1:5-742 Saccharomyces cerevisiae strain JYC2532
MH001970.1:34-771 Saccharomycotina sp. isolate ACBL-14
KY105175.1:38-774 Saccharomyces cf. cerevisiae/paradoxus culture CBS:1429

{ LT577618.1:19-755 Saccharomyces bayanus x Saccharomyces cerevisiae
AY796126.1:29-765 Saccharomycete sp. jbra611

7-cypet — Ne | yrriciHiH (GHIOreHETHKAIIBIK aFallbl

3epTTey HOTHXKeCi OOMBIHINA 1 -IITAMHBIH TaKCO-
HOMUSUIBIK ~HaeHTHGUKammsicel MK672872.1:70-
807 Saccharomyces sp. boulardii ambITKBICBIHA
XKaKplH LITaMM eKeHiH KkepcerTi. [‘omonorus
mopexeci 100% xypansl.

AUIBITKB! JaKbUIAPBIHBIH MOP(OTOTHSITBIK-
JNAaKbUIABIK, (DM3HOJIOTHSUIBIK KOHE OMOXMMUSIIBIK
KaCHETTEpIH IOCTYPIl OIICTEPMEH 3epTTEy JKOHE
[ITP aHanu3i ambBITKBI [ITaMBIH KeJeci Typ-
Jepre >KaTKbI3yFa MYMKIHOIK Oepai: DAl wma-
Mol Saccharomyces boulardii-OA1 Typine xat-
KBI3BLIIBL.

Onmumanovl opmada auiblmisbl OaKbLIOAPbIHbIY
oCcy OUHAMUKACHIH 3epmmey

Kazipri yakpiTTa mHKi3aT TEH SHEprus
LIBIFBIHAAPBIHBIH KOFapbl OOJybIHA OaiIaHBICTHI
JKeMIik Oermok eHmipici Trimai emec. COHIBIKTAH,
KEMJIK alllbITKbIIApAbI ©CipyTre apHajFaH cyOcTpat-
Tap peTiH/e KaIbIHA KeJETiH OCIMIIK MIUKI3aTTaphl
KapacTeipbuianbl. COHBIMEH Oipre amibITKBI ecipy
YWiH cyOcTpaT peTiHZe aybUIlapyambUIbIK
JaKbUIIAPBIHBIH OMOMaccachlH FaHa EMEC, COHBIMEH
Katap olapibl KalTa eHJIey/iH *KaHaMa OHIMICPiH
HEMece OCBIHJAll OHIIpICTepIiH KaJJbIKTapblH
naiigananyra Oonanel. by Tocim manm ecipy yiniH
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KOCBHIMIIIa MUKPOOTHIK O€JIOK ayFa KoHE COHBIMEH
Oipre KopiiaraH OPTaHbI JACTAUTBIH KaJIbIKTapbl
KO0 MAceJIeciH Iemyre MyMKiHaik oepeni [23].

JKeMIik ammpITKBUTApABI ©CIpYy VIIiH cybcTpaT
peTiHIIEe KOMIPCYTEKTEP, aFralll OHJIey OHEPKICIOIHIH
OPTYPI KAJBIKTAPBIHBIH THAPOIU3ATTAPHI, a3bIK-
TYJTIKKE JKaTHAHUTBIH OCIMIIKTEp MaTepHaIIaphl
KOHE TaraM OHJIPICIHIH KaJJBIKTapbl KOJIIa-
HBUTATBIHBI Oenriii [24].

OckhIran 0ailylaHBICTEL, OyIaH opi )KYMBICTA OII-
TUMaJIBJIbI OpPTa/lia KOJUICKIMSUIBIK JKOHE OemiHin
QIIBIHFAH alIBITKBl JAaKbUIIAPBIHBIH 6Cy JUHAMU-
Kachl 3epTTenai. 8-9 cypeTTe onTUMaibIbl OpTaaa
OOJIHIN aJbIHFAH JKOHE KOJUICKIIUSUIBIK AalllbITKbI
JMAKpUIIAPBIHBIH ~ ©CY  JIMHAMHUKACBIH  3EpTTey
HOTIIKEJIepl KOpCeTUIre .

8-cyperre Saccharomyces boulardii ambITKbI
mramaapbl — DA xone K1 Gacka mrampapmen
CaNBICTBIPFaH/a ONTHMAJIbAbI OpTaga ecy Kap-
KBIH/IBUTBIFBI KOHE OMOMAaCCaHbIH KHHAKTATYbIMCH
epeKIIeNeHeTiHI KepceTinai. Saccharomyces bou-
lardii — 5A 1 naxpu1 MTaMIapBIHBIH KIIETKATAPBIHBIH
canbl 2 — 4 Toymik 6,7 — 8,1x10° ki/mn kypaca, UK1
mramMMbiHaa Oy kepcetkim 5,6 — 7,1x10° ki/mi
apasbIFbIHAA OOTa b,



I')K. A6auesa xoHe T.0.
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9-cypeT — KOJ'IJ'ICKIII/IS[J'H)IK AIlIbITKbI JaKbUIIaPbIHBIH ONTUMAJIBABI OpTajaa 6Cy JTMHAMUKAChI

9-cypeTTe KeNTipilreH HOTHKEIep ONTHMAIb-
JbI KOPEKTIK OpTajia allbITKbl IITaMAAPBIHBIH 6Cy
KapKbIHBIH KepceTeli. DKCIOHEHIHANAbl Ke3eH e
OCBHI MITAMIAPABIH 6cyi Ke3iHIe KJIeTKanxap CaHBI
3,3-3,6x10% kim/Mi-re »kerTi. 5-mii Toyiikre Gap-
JBIK NaKbUIgapa allbITKbl KJIETKaJIapbIHbIH ©Cyi-
HiH TeMeHzaeyi Oaiikanasl. by mporecc KOpeKTik
opTa KOMIIOHEHTTEpiHIH TOMEHJIEYIMEH JKOHE
MeTa0oJIu3M IpoIieci 0apbhIChIHIa TOKCUH/II KOCHI-
JMBICTApABIH TY3UTyiMeH cumartanagsl [25]. 3ept-
TE€y HOTHXEJepiHe Colikec, TaOWFu cyOcTpat-
TapIpl AIIBITKBUIAPMEH OalbITy MaKcaThIHIA
WK1, Saccharomyces boulardii —2A41, Candida

inconspicua —T/[6, Rhodotorula glutinis var
glutinis R12, Torulopsis kefyr var.kumis T-17
mTamMaaphl ipiKTemin anblHABL JKeMIik aKybI3-
JapablH TaramIbIK KYHABUIBIFBIH apTTHIPy Mak-
CaThIHIA  IEJUTIOJIO3aKypaMIbl  IIMKI3aTTapbl
alIBITKBUIAPJBIH ~ OMOKOHBEPCHSICHI  HETi3iHIe
MHKPOOPTaHU3M/IEPAIH  aKybI3BIMEH  OailbITy
THUIMI] OOJIBII CaHaJIAIbI.

3eprrey xymbicel KP BFM kapskpimanabsipran
Ne0220PK01900 MPH AP08957608 «CyT capbicybl
JKOHE OCIMJIIK IIHKI3aTTapbhl HETI3IHAE KEeMJIK
OeNoKTap aily VIIH AaIlbITKl KOHCOPIIMYMBIH
KYpacThIpy» K00achl asChIH/Ia )KacaIbl.
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OpTyp:i Tabury cyOcTpaTTapaaH JKOraphl MaKCaTTHI OSNICEHALTIKKE He allBITKBI JaKbUIIapbIH OO ary

KopbITBIHABI

1. Taburm cyOcTpaTTapIblH MHKPOOTHIK ajl-
YaHTYPJIUTIrT 3epTTEeN/Ii JKOHE 3 allIbITKbI IITAMBI
Oexminin aneiHABL. KonmmanOambl MHKpOOHWOIIOTHS
3epTXaHACBIHAH KOJUIEKIFSUTBIK 3 aIllbITKBI IITaMBI
ipikrenin aneiaasl: Candida inconspicua —T][6,
Rhodotorula glutinis var glutinis R 12, Torulopsis
kefyr var.kumis T-17.

2. IpikTenin ajnbIHFaH alIBITKBI IITAMIAPBIHBIH
MOP(}OIOTUA-KYNBTypaNbIIbIK,  (U3NOIOTHA-O10-
XUMUSIIBIK, KACHETTEPl 3ePTTENIl. 3epTTey KYMBIC-
TapbIHBIH HOTHIKENIEpiHE COWKEC AIIBITKBI INTaM-
Japbl YIIH onTHManbasl Temneparypa 20°C-30°C
apanbIFbIHAA. AIIBITKB  JaKbUIIAPBIHBIH — TY3-
JapAbIH  OpPTYPJi KOHLEHTpaUMsIapblHAa ecyre
Oencenainirin 3eprrey Oapwiceima OAl, UKI
xkoue Candida inconspicua — TJ/[6 mTammapsl
raJOTOJIEPAHTTHUIBIK KOPCETTI.

3. AWBITKE IITaMAAPBIHBIH  MOP(OIOTHS-
KyJIbTypaJbabIK, (QHU3HOIOTHSI-OMOXUMUSITBIK —Ka-
CHUETTEpIiH JCTYpii ojmicmieH 3eprrey koHe I1TP-
tangay HoTmwxkecinae DAl mramsl Saccharomyces
boulardii Typine neiin uaeHTAGUKAITISITAHTEL

4. KoJUIeKIMsUIBIK KOHE OOJIIHIN ajbIHFaH
aIIBITKB! TaKbUIIAPBIHBIH ONTHMAIBABI OpTaja ecy
OenceHmumirt 3eprrenmi. Saccharomyces boular-
dii —DAl NaxbUIBIHBIH KJIETKAa CaHbl 2-4 TOYIIKTE
6,7 — 8,1 x 10° xkin/mn kypaca, K1 mramsr 5,6-7,1
x 10° xi/mi kepcerti. OCymiH 3KCIOHEHIHAbIbI
CaTBICBIHJA KOJUICKIUSJIBIK IITaMIap/IblH KJIETKa
canbl 3,3-3,6x 108 kii/Mi1 feiiH KeTTi.

3eprrey kymbichl KP BFM kapxblianabipran
NPH AP08957608 «KonctpympoBanue ApoxK-
JKEBBIX KOHCOPIIUYMOB JUJISI TTOJIYYESHUS KOPMO-
BBIX OEIKOB Ha OCHOBE MOJIOYHOW CHIBOPOTKH
U PACTHUTEJBHOTO ChIPbsI» K00acChl asiChlHIa ¥Ka-
CaJIJIBL.
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GENOTOXICITY OF ESENTAI AND ULKEN ALMATY
RIVERS WATER ON ANIMAL TEST-SYSTEMS

Ecological monitoring, including water resources, is included in a set of measures for the rational
use and protection of the environment. Currently, the assessment of water resources’ genotoxicity and
mutagenicity is an essential component of ecological monitoring. This research aimed to investigate
water’s genotoxicity from the Esentai and Ulken Almaty rivers flowing in Almaty. It was established
that the content of Fe, Cu, Co, Ni, Pb, and Cd in the Almaty rivers water does not exceed the maxi-
mum permissible concentration (MPC). In contrast, zinc content in the Esentai and Ulken Almaty riv-
ers’ water exceeded the MPC, respectively, by 1.1 and 7.7-folds, manganese — 2.1, and 1.9-folds. It
was found that water samples from the Esentai and Ulken Almaty rivers showed a DNA-damaging
effect on the studied cells (bone marrow, liver, kidneys, and spleen) of laboratory mice. DNA damage
was determined using the Comet assay. In the cells of the studied organs in the experimental groups,
the frequency of single-strand DNA breaks a statistically significant increase compared to the control
group’s animal. The genotoxic action’s organospecificity of the studied river waters on laboratory mice
was established. According to their sensitivity to water’s genotoxic effect, experimental mice’s organs
can arrange in the following order: spleen and bone marrow > liver> kidneys. An increase in lipid
peroxidation products was found in the laboratory mice’ liver that drank water from the Esentai and
Ulken Almaty rivers. Thus, the results of the physicochemical, molecular-genetic, and biochemical
analysis of water on animal test objects indicate the presence in the investigated natural surface waters
of chemicals with genotoxic and toxic activity.

Key words: surface waters; heavy metals; DNA comet assay, organ specificity, lipid
peroxidation.
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EcenTaii xaHe YAKeH AAMaTbl ©63eHAEPi CybIHbIH,
»KaHyapAapAbl CbIHAy XXYHeAepiHAEeri reHOTOKCHMKaAbIK, 3cpcpekTi

Cy pecypcTapbiHblH MOHUTOPUHT| — TaOMFX OPTaHbl KOPFay >KoHE YTbIMAbI MafAaAaHy LapaAapbl
>KYMECiHiH MaHbI3Abl 6ybiHbl. Cy 0ObEKTIAEPiH 3epTTey Ke3iHAE OHblH MaHbI3Abl KypamAac 6GeAiri
PETIHAE CYAbIH FEHOTOKCMKAADIK, 3(DMEKTIH XXaHEe MyTareHAIAIriH 6araAaybl XXaTaabl. byA 3epTTeyain
MakcaTbl AAMaTbl KaAacblHAQ aFfbin >KaTkaH EceHTal MeH YAkeH AAMaTbl ©3eHAEpIiHEH KeAeTiH
CYAbIH F€HOTOKCMKaAbIFbIH 3epTTey 60AbIN TabbiAAbl. 3epTTey HaTuxeci Fe, Cu, Co, Ni, Pb, xxoHe
Cdayblp MeTaAAapbiHbIH, KypamMbl EceHTan >koHe YAKeH AAMaTbl ©3EHAEPIHAE LEKTI pyKcaT eTiAreH
KOoHueHTpaumsgaaH (LLIPK) acnafTbiHAbIFbIH KepceTTi, aA Mbipbill MeAwepi LLIPK-aaH 1,1 >xaHe
7,7 ecere, TUiCiHWe MapraHel KepceTkiwi 2,1 >xeHe 1,9 ecere apTKaHAbIFbIH aHbIKTaAbl. EceHTan
>koHe YAKeH AAMaTbl ©3EHAEPIHIH CY YAriAepi 6akbiAay TOObIHbIH >KaHyapAapbIMEH CaAbICTbIpFaHAA
AHK-HbIH  6ip KiNTi a)blpay >KMIAIFIHIH CTATUCTUKAABLIK, MaHbI3Abl YAFAIObIHAH KOPIHreH
3epTXaHaAblK, ThILIKAHAAPAbIH CyMek Kemiri, 6ayblp, Oympek >XoHe KekOayblp >kacyllaAapbiHAA
AHK-HblI 3akbiMpaywibl acepiH kepceTTi. AHK-HbIH 3akbiMpaHybl AHK-komeTa 8aici apKblAbl
aHbIKTAAAbI. 3epTXaHaAblK, TbhIlUKAHAAPFa 3epTTEAreH ©3eHAEpP CYbIHbIH FeHOTOKCUKAABIK, ©CEpPiHiH,
opraHocreumdmkacbl aHbikTaAAbl. CyAblH TFeHOTOKCMKAAbIK, 9CepiHe Ce3iMTaAAbIFbl  OOMbIHLLA
SKCMEPUMEHTTIK ThILIKAHAAPAbIH OpraHAapbl KEAeCi TOpTINTe OpHaAacTbipyFa 0oAaAbl: Kekbaybip
>KOHE CyMeK Kemiri > 6ayblp > 6yipek. CoHbiIMeH KaTap, EceHTai skoHe YAKeH AAMaTbl ©3eHAEPiHEH
cy KabblaAaFaH 3epTXaHaAbIK, ThilLKAHAAPAbIH, OaybIpbIHAA AUMTMATEPAIH aCKblH TOTbIFY OHIMAEPIHIH
— AUIMUATEPAIH TMAPO MEPOKCUAI MEH MAAOHAMAAbAETUAIHIH — YAFalobl aHbliKTaAAbl. COHbIMEH,
>KaHyapAap CblHaK, OGbEKTIAePIHAErT CyAbl (PM3UKA-XUMMUSABIK, MOAEKYAAAbIK-TEHETUKAABIK, KOHE
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OUOXMMMSIABIK, TAaAAQY HOTMXKEAEPI 3epPTTEeAETIH TabuFn XKep YCTi CyAapbiHAA F€HOTOKCMKAABIK, )XOHE
YbITTbl BEACEHAIAITT 6ap XMMMSABIK, 3aTTapAblH BOAYbIH KOPCETEAI.

TyiiH ce3aep: >Xep YCTi cyaapbl, ayblp meTanpap, AHK-komeT saici, opraHHbIH epekLleAiri,
AVMIUATEPAIH TOTBIFYbI.
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lFeHOoTOKCHMYHOCTb BoAbI pek EceHTai u YAkeH AAMaTbl
Ha >XMBOTHDbIX TeCT-CUCTEMAX

IKOAOTMYECKMA MOHUTOPWHI, B TOM UMCAE BOAHbIX PECYPCOB, BXOAWUT B KOMMAEKC Mep Mo
pPaUMOHAABHOMY WMCMOAB30BaHMIO M OXpaHe MPUPOAHOM cpeAbl. B HacTosuwee Bpems oueHka
reHOTOKCMUYHOCTMMMYTAr eHHOCTUBOABIIBASIETCS BaXKHOM COCTABASIIOLLLEN SKOAOT MYECKOTOMOHUTOPUHIA
BOAHbIX pecypcoB. LleAblo HacTosLLero nCCAeA0BaHUS IBUAOCH M3yveHUe reHOTOKCMUYHOCTU BOAbI U3
pek EceHTal m YAkeH AAmatbl, npoTekalowmx B r. AAmatbl. [1okasaHo, UYTO COAEp>KaHME TSXKEAbIX
metaanoB, Takux kak Fe, Cu, Co, Ni, Pb 1 Cd, He npeBbilLar0 NpeAeAbHO AOMYCTUMbIE KOHLIEHTPaLMK
(MAK) B pekax EceHTailt u YAKeH AAMaTbl, B TO Bpem$ Kak CoAeprkaHue LmHKa npesbiwaro MAK
B 1,1n 7,7 pa3a, mapraHua — B 2,1 1 1,9 pasa, cootserctBeHHO. C nomouibio metopa AHK-komet
yCTaHOBAEHO, UTO 06pasupl BoAbl pek EceHTait u YAkeH Aamatbl nposisuan AHK-nospexxaaioiimii
3(ppekT B KAETKAX KOCTHOIO MO3ra, MevYeHu, NoYveK M CeAe3eHKM AabopaTopHbIX Mbillen. B kaeTkax
MCCAEAYEMbIX OPraHOB OMbITHbIX PYMI MbILLE YacToTa OAHOHMTEBbIX pa3pbiBoB AHK ctatuctnyeckm
3HAYMMO YBEAMYMBAETCH MO CPABHEHMIO C >XMBOTHbIM M3 KOHTPOAbHOWM rpynmnbl. YCTaHOBAEHa
opraHocneumM@UUHOCTb FEHOTOKCUYECKOTrO AEMCTBMS BOAbI M3YUEHHbIX PEK Ha AaBOPATOPHbIX MbILLIAX.
1o 4YyBCTBMTEABHOCTM K MEHOTOKCMYECKOMY AEMCTBMIO BOAbI OpraHbl 3KCMEePUMEHTAAbHbIX MbILLIEN
MOXXHO PACMOAOXKMUTb B CAEAYIOLLEM MOPSAKE: CeAe3eHKA M KOCTHbIM MO3I > neyeHb > Noyku. Takxke
ObIAO BbISIBAEHO YBEAUYEHME MPOAYKTOB MEPEKMCHOrO OKUCAEHUS AMMIMAOB B NeveHr AabopaTopHbIX
MblILLEN, MPUHUMABLLMX BOAY M3 peKk EceHTan n YakeH Aamatbl. Takum 06pa3om, pesyAbTaTbl (hU3MKO-
XUMMUECKOr0, MOAEKYASPHO-TEHETUYECKOro M BUOXMMMUYECKOr0 aHaAM3a BOAbI HA >KMBOTHbIX TeCT-
00beKTax CBUAETEABCTBYIOT O HAAUUMM B UICCAEAYEMbIX MPUPOAHBIX MOBEPXHOCTHBIX BOAAX XMMUUECKUX

BeLlecCTB, 06/\aAa|ou_qu reHOTOKCMYECKOM M TOKCUYECKOM aKTUBHOCTbIO.
KAroueBblie caoBa: NMOBEPXHOCTHbIE BOAbI, TA>XXE€Able METaAAbl, METOA ,A,H K—KOMeT, opraHocneun-

Cbl/ILIHOCTb, nepekncHoe OKMCAeHne AMNMAOB.

Introduction

Environmental pollution with household and in-
dustrial waste is one of the severe ecological prob-
lems since waste can be genotoxic, mutagenic, car-
cinogenic, embryotoxic activities. Most pollutants
can disrupt living organisms’ genetic structures,
including humans, increasing the population’s ge-
netic burden. The danger of mutagenic effects lies in
the manifestation of the occurred harmful mutations
in subsequent generations. Ultimately, this can de-
crease the number of biodiversities, the species dis-
appearance, and increase the birth frequency with
hereditary pathology [1]. In this regard, the problem
of identifying and assessing genotoxic and muta-
genic factors in the environment is acute.

Surface natural waters are a natural habitat for
many species of living organisms and a vital re-
source for humans. There are 3,000 chemical pol-
lutants in water resources, and about 700 of them
can get into drinking water, according to the World
Health Organization [2]. Priority water pollutants

include heavy metals, persistent organic pollutants,
phenols, pesticides, and fertilizers, which lead to the
subsequent death of all life in the aquatic environ-
ment.

In recent years, interest in studying the geno-
toxicity of surface natural waters has significantly
increased. A complex of substances in natural wa-
ters can cause gene and chromosomal mutations,
DNA breaks, micronuclei, and other disorders [3-
11]. There is a demand for a comprehensive study of
aquatic ecosystems, including the genotoxic activ-
ity, subject to anthropogenic impact. Studying the
genotoxic activity of chemical substances helps de-
termine environmental threats and form current nor-
mative actions to mitigate their impact. However,
environmental pollutants’ molecular influence may
transcend their interaction with the DNA sequence
[12, 13]. Industrial waste impurities can cause a
weakening of the human immune and reproductive
systems, kidney failure. The spread of infectious
gastroenteritis diseases, diarrhea, vomiting, skin,
and kidney problems occurs through contaminated
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water [4, 13]. Increasing pollutants’ content in water
resources, the concentration of which goes beyond
the maximum permissible concentration (MPC),
results in a deterioration of the sanitary and epi-
demiological situation, a reduction in their use for
household needs, changes of environment, mainly
adverse changes in the aquatic ecological system,
among them deterioration of health of living beings
[14]. Xenobiotics of mutagenic action increase the
“genetic load” - a complex of detrimental mutations
in the population due to gametes’ mutations can be
inherited [15].

On the territory of Almaty, there are rivers Es-
entai and Ulken Almaty. There is a reinforced con-
crete mudflow protection dam with mudfiow stor-
age, a cascade of hydroelectric power plants, a water
supply system in Almaty, a recreation area, and the
Sairan reservoir in the River Ulken Almaty valley.
Almaty’s territory along the river Esentai riverbed,
an embankment, and recreation area have been cre-
ated, including the KazNUgrad University com-

plex, the amusement park, and attractions “Fantasy
World,” the park near Auezov theater. The water
of the River Esentai is used for household purposes
and irrigation. According to monitoring data for De-
cember 2020, the Ulken Almaty river belongs to the
4th class of pollution: water is suitable for irrigation
and industry; for household and drinking water sup-
ply, intensive water treatment is required; Esentai
- to class 2: water is suitable for all categories of
water use; for domestic and drinking water supply,
simple water treatment is required [16].

From the above, the research aimed to study the
genotoxic effects of the Esentai River and the Ulken
Almaty River on laboratory mice.

Materials and Methods

The Esentai River and Ulken Almaty River’s
water, which flows in the Almaty city, was selected
as the study’s object. Figure 1 shows the location of
the sampling points.

Figure 1 — The location of water sampling points:
No. 1 — the Esentai River: coordinates: 43°13°35.66” N, 76°55°29.47” E;
No.2 — Ulken Almaty River: coordinates: 43°14°14.96” N, 76°52°11.28’E

Collection, filtration, and conservation of wa-
ter samples were carried out according to standard
recommendations [17]. The water’s physical pa-
rameters were measured using portable analyz-
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ers pH-meter PH-009(I) (Barry Century, China),
TDS&EC-meter (Barry Century, China), ORP-me-
ter ORP169E (Barry Century, China), DO-pen type
DO-meter (Alvin Instrument, China). The content of
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heavy metals (Fe, Pb, Cu, Zn, Mn, Co, Ni, Cr, Cd)
in water samples was determined using an MGA-
915MD atomic absorption spectrophotometer (Lu-
mex, Russia) [18].

The research test object was laboratory mice.
Mice were with an average weight of 25 grams and
two to three months of age. Laboratory mice drank
the test water for seven days. The aqueous solution
of mutagen cyclophosphamide at a 50.0 mg/kg dose
was used as the positive control and was injected in-
traperitoneally. Drinking water was used as the neg-
ative control. The genotoxic potential of water sam-
ples in organs (bone marrow, liver, kidney, spleen)
of laboratory mice was investigated using the DNA
comet assay [19, 20]. Giemsa stain was used to
stain the preparations [21]. We visually analyzed
randomly at least 100 DNA-comets without over-
lapping “tails” for each preparation using Olympus
microscope BX-43 (Olympus Corporation, Japan)
with increasing the resolution 40x. DNA comets
were ranked into five conditional types: class I: 0
- 6.0%; class II: 6.1 - 17%; class III: 17.1 - 35.0%;
class IV: 35.1 - 60.0%; class V: 60.1-100.0% DNA
single- and double-strand breaks in the “comet tails”
[22]. The index of DNA comets (IDC) as the de-
gree of DNA damage was calculated by the formula:
IDC = M2t ts \where n,-n, is the number
of DNA come%sn of each class, 2n is the sum of the
calculated DNA comets. The damage index (DI)
was calculated using the formula:DI = 2% where
IDC, — the index of DNA comets in the experimen-
tal group, IDC — the index of DNA comets in the
negative control [23].

The content of primary (LOOH - lipid hydro-
peroxide) and secondary (MDA - malonic dialde-
hyde) lipid peroxidation products was determined
to assess water’s toxic properties in the hepatic tis-
sue homogenate of the laboratory mice. The method
for determining LOOH is based on measuring the
absorption of light by conjugated diene structures
extracted with a mixture of heptane and isopropyl
alcohol (1:1). The heptane phase’s optical density
was measured at a wavelength of 233 nm on an Apel
PD-303 spectrophotometer (Japan). MDA was de-
termined by the 2-thiobarbituric acid method. Op-
tical density was measured at 532 nm on an Apel
PD-303 spectrophotometer (Japan) [24].

Statistical data analysis was in the Data Analysis
add-in Microsoft Excel program and the StatPlus®5
Pro version 5.9.9.4/Core v6.7.3 (AnalystSoft Inc.,
USA). Each result is expressed as mean =+ standard
error (SE). The distribution of data for normality
was checked using the Shapiro-Wilk W-test. Differ-
ences between groups were considered significant

with a confidence level of 95% and higher (p <0.05)
and were calculated using Student’s t-test.

Research results and discussion

It is crucial to test the water for various physical
and chemical parameters before using it for drink-
ing, domestic, agricultural, or industrial use. Table
1 shows the physicochemical parameters of water
samples. The studied water sources’ pH value was
within normal values (pH = 6.0-9.0). Water from
the River Ulken Almaty can be attributed to slight-
ly acidic waters (pH 5.0-6.5), water from the Riv-
er Esentai can be attributed to neutral waters (pH
6.6-7.5). Within the oxidation-reduction potential
(ORP) context, all waters had values in the norma-
tive values range. The total dissolved solids (TDS)
and electrical conductivity (EC) of water from the
River Esentai aligned the standard, but from the
River Ulken Almaty - less than the standard. The
dissolved oxygen in the water of the investigated
sources was 1.8-2.2 mg/L. Low levels of dissolved
oxygen (<7.0 mg/L) implicitly show that the river
Ulken Almaty is dirty; Esentai is very dirty. Howev-
er, a decrease in dissolved oxygen in water can be re-
lated to increased ambient temperature and increased
microbial activity [25]. The content of Ni, Co, Pb, Cr,
Fe, Cu, and Cd in the Almaty’s rivers waters did not
exceed the MPC. The excess of MPC was observed
for Mn and Zn in the Esentai river water by 2.1 and
1.1-fold, respectively, in the Ulken Almaty river wa-
ter was observed by 1.9 and 7.7-fold.

Laboratory mice were exposed to water samples
from Esentai and Ulken Almaty rivers for seven
days to study water’s genotoxic activity. The geno-
toxic effects of water samples were examined on
bone marrow cells, liver, kidney, and spleen using
the Comet assay. Table 2 shows the indexes of DNA
comets (IDC) in cells of the studied organs.

In intact laboratory mice, we observed class I
DNA comets; when exposed to cyclophosphamide
has class III and I'V; when exposed to water from the
rivers Esentai and Ulken Almaty has II and III dam-
age classes (Figure 2) [22]. Comparative analysis of
the data on the index of DNA comets in the studied
organs’ cells showed a statistically significant in-
crease in DNA breaks in the experimental groups’
mice compared with the negative control (p<0.05-
0.01). The damage index (DI), which shows the
degree of genotoxicity in bone marrow cells, was
2.07 when exposed to cyclophosphamide, 2.10 -
Esentai river, 2.17 - Ulken Almaty water. The DI
in liver cells was 2.32 when exposed to cyclophos-
phamide, water from the river Esentai was 1.98, the
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river Ulken Almaty was 1.94. The kidney cells’ DI
was 1.94 when exposed to cyclophosphamide, water
from the rivers Esentai —1.51, Ulken Almaty - 1.42.

Table 1 — Physicochemical parameters of water samples from rivers of Almaty city

The DI in spleen cells was 2.16; 2.26; 2.19 when
exposed to cyclophosphamide, water from the rivers
Esentai and Ulken Almaty, respectively.

Physicochemical parameter River Esentai, (M+SE) River Ulken Almaty, (M+SE) Standard or MPC
t (°C) 11.0 12.8 -
pH 6.6 6.4 6.0-9.0
ORP (mv) 208 145 +80.0-300.0
TDS (ppm) 127 47 50.0-150.0
EC (uSm/sm) 246 94 100.0- 1200.0
DO(mg/L) 1.8 22 7.0-9.0
Fe (mg/dm?) 0.0783+ 0.0002 0.0337+ 0.0002 0.1
Pb (mg/dm?) 0.0045+ 0.0002 0.0040+ 0.0001 0.006
Cu (mg/dm?) 0.0006+ 0.0001 0.0007+ 0.0000 0.001
Zn (mg/dm?) 0.0106+ 0.0003* 0.0767+ 0.0001* 0.01
Mn (mg/dm?) 0.0212+0.0011* 0.0185+0.0014* 0.01
Ni(mg/dm?) 0.0013+0.0002 0.0019+0.0003 0.01
Cr (mg/dm?) 0.0054+ 0.0001 0.0052+ 0.0001 0.02
Co(mg/dm?) 0.0031+0.0003 0.0025+ 0.0004 0.01
Cd(mg/dm?) 0.0004=+ 0.0000 0.0004=+ 0.0000 0.005
Note: MPC - maximum permissible concentration, t - temperature, ORP — oxidation-redox potential, TDS - total dissolved solids,
EC—electrical conductivity, DO-dissolved oxygen in water
* - exceeds or at the level of MPC
M=SE - mean + standard error

Table 2 — The Indexes of DNA-comets in the organs’ cells of laboratory mice that received water from the Almaty rivers

Index of DNA comets in the cell (M+SE)
Experimental groups
bone marrow liver kidney spleen
drinking water (negative control) 1.08 £ 0.05 1.03 £0.02 1.17+0.10 1.06 £ 0.05
cyclophosphamide, 50 mg/kg 2.24 % 0.04%5 2.39 £ 0.06%** 2.27+0.07%% 2.29 £ 0.06%**
(positive control) ' ' ’ ’ ’ ’ ’ '
river Esentai 2.27+0.50* 2.04 +0.42* 1.77 £0.23% 240+ 0.38**
river Ulken Almaty 2.34 +£0.28** 2.00+0.35* 1.67 +0.19* 233+0.41*
Note: * p<0.05; **p<0.01; ***p<0.001 in comparison with negative control
M=+SE - mean = standard error
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Figure 2 — DNA-comets in the cells of bone marrow treated with water of Esentai (A),
with water of Ulken Almaty (B), and with cyclophosphamide (C)

Comparative analysis of the data obtained that
under the cyclophosphamide action at a dose of
50 mg/kg, DNA breaks increased statistically sig-
nificant (p<<0.01) compared to the negative control.
The studied organs can be arranged by their sen-
sitivity to cyclophosphamide’s DNA-damaging
action in the following order: liver> spleen> bone
marrow> kidneys. Under the influence of the water
from the Esentai and Ulken Almaty River, there
is also a statistically significant increase in DNA
breaks compared (p<0.05-0.01) with intact mice.
The studied organs can be arranged by their sensi-
tivity to water samples’ DNA-damaging action in
the following order: spleen> bone marrow> liver>
kidneys.

Thus, the organ-specificity of the studied riv-
ers water’s genotoxic action on laboratory animals
was established. The studied water samples induced
single-strand DNA breaks in the cells of the mice’
organs.

The lipid peroxidation product levels in labora-
tory mice’s liver were studied using the extraction-
spectrometric method. The lipid hydroperoxide
(LOOH) accumulation in the cell occurs at the first
stage of free radical oxidation of polyunsaturated
fatty acids. Hydroperoxides have mutagenic and
pronounced cytotoxicity. They inhibit glycolysis
and oxidative phosphorylation activity, inhibit the
synthesis of protein and nucleic acids, disrupt the
secretion of triglycerides by hepatocytes, and in-
hibit various membrane-bound enzymes. LOOHs
then metabolize to malondialdehyde (MDA). Malo-
ndialdehyde crosslinks lipid molecules and reduces
membrane fluidity, as a result of which the process-
es associated with phagocytosis, pinocytosis, and
cell migration are disrupted [24, 26].

Figure 3 shows the primary and secondary LPO
product’s content exposed to Esentai and Ulken Al-
maty’s water samples. The LOOHs level in the mice

liver exposed to the Esentai and Ulken Almaty rivers’
water samples was8.71+£0.76 and 8.60+0.86mMol/
mg, respectively. These data were statistically sig-
nificantly higher, respectively, in 3.93 (p=0,0011)
and 3.88-fold (p=0,0019) than the control. The
malondialdehyde levels in the liver of experimen-
tal animals are statistically significantly higher in
5.48-fold (p=0,0003, Esentai), 5.02-fold (p=0,0083,
Ulken Almaty), and 5.67-fold (p=0,0001, cyclo-
phosphamide) than the control values.

Population growth in large cities and the expan-
sion of old cities have significantly increased do-
mestic wastewater flow into surface water. These
runoffs have become a source of pollution of rivers
and lakes with pathogenic bacteria and helminths.
To an even greater extent, synthetic detergents,
widely used in everyday life, pollute water bodies.
They are also commonly used in industry and agri-
culture. The chemicals in them, getting into water
bodies with wastewater, affect their biological and
physical regime.

Water temperature controls the speed of all
chemical reactions in aquatic ecosystems and affects
fish growth, immunity, and reproduction. The main
processes that ensure an organism’s vital activity are
redox reactions, i.e., reactions associated with elec-
trons’ transfer or attachment. Usually, the ORP of
the human body ranges from -90 mV to -200 mV,
and the ORP of ordinary drinking water is almost
always much higher than zero, tap water - from +80
mV to +300 mV [27]. The Total Dissolved Solids
determines the total content of inorganic salts and
inorganic substances. Electrical conductivity corre-
lates with pH, temperature, TDS, chemical oxygen
demand, CI, Fe*", and Ca*' content in the water [28].
Dissolved oxygen is an indirect indicator of surface
waters’ quality and correlates with bacterial activity,
photosynthesis, nutrient availability, and stratifica-
tion [25, 28].
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Figure 3 — The lipid peroxidation product level in the liver
of laboratory mice exposed to Almaty rivers waters

Urbanization has led to the deterioration of
aquatic ecosystems and introduced many pollutants
in water resources. Heavy metals, metalloids, and
hydrocarbons, organic compounds can cause geno-
toxic damage to different organisms [5-7]. In many
chemical elements entering water bodies, metals are
essential because of their association with domestic
and industrial wastewater, vehicle emissions [29].
Metals such as Pb, Cr, Zn, Cu, Cd, and Ni are typi-
cal potential water and sediment pollutants in urban
areas [8, 30]. Our studies found that in the water of
the studied rivers flowing in Almaty, Ni, Co, Pb, Cr,
Fe, Cu, Cd, Mn, and Zn are determined, while levels
of Mn and Zn exceed the MPC. Several studies have
shown that natural water contaminated with heavy
metals may exhibit genotoxic activity in aquatic liv-
ing beings [5, 31, 32]. For example, Ni acts as a mu-
tagen on the physiology and behavior of fish [33].
Pb can suppress the enzyme’s activity interfering
with the DNA repair system [34]. Excess copper in
the organism inhibits the immune system, leading to
anemia and non-infectious hepatitis. Zinc has muta-
genic and carcinogenic activity [26].

There are numerous data on water’s genotoxic-
ity in various rivers, including those in areas asso-
ciated with large settlements and industrial centers.
For example, a study of the Pitimbu River (an es-
sential source of water supply for the city of Natal,
Rio Grande do Norte, Brazil) revealed changes in
the mitotic index for two samples, an increase in
the frequency of chromosomal aberrations, and mi-
cronuclei in the root meristem of Allium sulfur for
all water samples compared with the control group.
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The data show that the surface waters of the Pitimbu
River contain compounds with potential genotoxic-
ity that can affect the ecosystem. The highest geno-
toxic activity was noted near the industrial center
[35]. Ames and SOS/umu tests indicated that organ-
ic extracts of water from Pearl River (Guangzhou
city, China) induced mutagenicity and genotoxicity
[36].

At present, water bodies, due to anthropogenic
impact on them, can contain a complex mixture of
chemicals. Physicochemical analysis of water can
not always determine the content of various sub-
stances, especially in low concentrations. How-
ever, the chemicals present’ combined effect can
negatively affect the body even at low concentra-
tions [9]. Stankevi¢iuté M. et al.showed that the
metal mixture’s toxicity might change and be
stronger or weaker than expected. Besides, it was
determined that after a 10-fold decrease in the
concentration of one metal in a mixture of several
metals, the accumulation of some other metals
in fish tissues may increase. Accordingly, a de-
crease in the concentration of a particular metal
in a mixture does not necessarily lead to a signifi-
cantly lower accumulation of metal in fish tissues
compared to the amount accumulated in fish con-
tained in mixtures with a reduced concentration
of any other heavy metals. This shows that in the
presence of other metals in the environment, the
MPC established for a specific metal may be un-
safe for aquatic organisms. Combined metals can
strengthen toxic, genotoxic effects in comparison
to isolated chemicals [5, 37].
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In practice, conventional monitoring programs
measure almost exclusively chemical/physical pa-
rameters [27, 28]. Concentrations of pollutants can
provide detailed descriptions of pollution levels and
indirectly indicate the potential biological effects of
mixed environmental pollution. Biological analyzes,
in turn, make it possible to determine the biological
effects of mixtures. The combination of these two
approaches makes it possible to identify the prima-
ry sources of risk that require constant monitoring;
therefore, an adequate assessment of the environ-
mental risk caused by any pollution should be based
on the use of chemical methods for controlling pol-
lutants, followed by biological tests [9, 38].

Thus, the revealed genotoxic effect of water on
the laboratory mice is determined by the combined
impact of pollutants’ mixed activity, such as heavy
metals, organic and non-organic compounds, geno-
toxicants of physical and biological origin, and oth-
er anthropogenic water pollutants.

Conclusion

Thus, research results were established that the
MPC was exceeded for manganese and zinc. The

toxic and genotoxic activities were shown for all
studied surface waters. It was shown that in animals
that received water from the Esentai and Ulken Al-
maty rivers, the frequency of single-strand DNA
breaks in all studied organs (bone marrow, liver,
kidney, and spleen) was statistically significantly
higher (p<0.05) compared to the control. The in-
creased lipid peroxidation products (lipid hydroper-
oxide and malondialdehyde) in the liver of experi-
mental mice were also observed compared to intact
animals. The research results indicate Esentai and
Ulken Almaty rivers’ pollution with environmental-
ly hazardous factors that threaten biota and human
health. Further studies are planned to identify the
main inorganic and organic pollutants in the Esen-
tai and Ulken Almaty rivers to determine the water
genotoxicity mechanism.

Acknowledgment

This research has been funded by the Science
Committee of the Ministry of Education and Sci-
ence of the Republic of Kazakhstan (Grant No.
AP05130546, A.V. Lovinskaya is the Project super-
visor).

References

1 T'mues O.II. arps3Henue okpysxaromieil cpepl 1 KOIoruyeckas 00yCIOBISHHOCTh IIATOOTHH YeoBeka // Environment

Pollution and Ecology- related Human Pathology. — 2003. — C.138.

2 O®pymuH I.T. Dxonoruyeckas Tokcukonorus (3xotokcukoinorus). — CI16.: PTTMY, 2013. — 179 c.

3 Anexkcannpora T.B., Haxaesa B.I. 'eHOTOKCHYECKHIT aHATN3 BOTHBIX MPOO €CTECTBEHHOTO HCTOYHUKA MTUTHEBON BOIBI U3
pexr OMb Ha TeHHBIE U XpOMOCOMHBIe MyTanun// CoBpeMeHHBIE polieMbl HayKu U o6pa3oBanus. —2014. — Ne 6. — C. 1-9

4 Juneja T, Chauhdary A. Assessment of water quality and its effect on the health of residents of Jhunjhunu district, Rajast-
han: A cross sectional study // Journal of public health and epidemiology. — 2013. — No. 5 (4). — P.186-191.

5 da Silva E.P., Benvindo-Souza M., Cotrim C.F.C., Motta A.G.C., Lucena M.M., Filho N.R.A., Pereira Ju., Formiga K.T.M.,
e Silva D.M. Genotoxic effect of heavy metals on Astyanaxlacustris in an urban stream // Heliyon. — 2020. — Vol. 6, No. 9. — 05034

- https://doi.org/10.1016/j.heliyon.2020.¢05034

6 Yi X, Li H, Ma P, You J. Identifying the causes of sediment-associated toxicity in urban Waterways in south China:
incorporating bioavailability-based Measurements into whole-sediment toxicity identification evaluation // Environ. Toxicol. Chem.

—2015. —Vol. 8., No.34. — P. 1744-1750.

7 Sestinova O., Findorakova L., Han¢ul’ak J., Spaldon T. Investigation of genotoxicity in river sediments // Nova Biotechno-

logicaet Chem. —2017. — Vol. 2, No. 12. — P. 86-91.

8  Patel P., Raju M.J., Reddy BCSR, Suresh U., Sankar D.B., Reddy T.V.K. Heavy metal contamination in river water and
sediments of the Swarnamukhi River Basin, India: risk assessment and environmental implications // Environ. Geochem. Health. —

2017. - Vol. 2, No. 40. — P. 609-623.

9  Geras’kin S., Oudalova A., Michalik B., Dikareva N., Dikarev V. Genotoxicity assay of sediment and water samples from
the Upper Silesia post-mining areas, Poland by means of Allium-test // Chemosphere. — 2011. — Vol. 83, No. 8. — P.1133-1146.

10  Suares, R.P. Sediment genotoxicity in the Tiete River (Sao Paulo. Brazil): In vitro comet assay versus in situ micronucleus
assay studies / R.P. Suares, G.L. Luvizotto, T. Kosmehla et al. // Ecotoxicology and Environmental Safety. — 2009. — V. 72.

11 Han Yi., Li N., Oda Yo., Ma M., Rao K., Wang Z., JinW., Hong G., Li Zh., Luo Yi. Evaluation of genotoxic effects of
surface waters using a battery of bioassays indicating different mode of action // Ecotoxicol Environ Saf . 2016 Nov;133:448-56.

12 Carpenter D.O., Bushkin-Bedient S. Exposure to chemicals and radiation during childhood and risk for cancer later in life
// Journal of Adolescent Health. — 2013. — Vol. 52, No. 5. — P. S21-S29.

13 Abilev S.K., Glazer V.M. Genetic toxicology: Findings and challenges // Russian Journal of Genetics. — 2013. — Vol. 49.

—P.70-80.

25


https://doi.org/10.1016/j.heliyon.2020.e05034

Genotoxicity of Esentai and Ulken Almaty rivers water on animal test-systems

14 Komymbaesa C.K., berumberoa /1. A. Mytarenubie 3p()eKThl XUMUYECKUX 3arps3HUTEIICH OKPYKAFOIICH cpelibl. — AMa-
tol: Kazak YHuBepcureti, 2013. — 196 c.

15 Ao6unes C.K., ['mazep B.M. Mytarenes ¢ ocHoBamH TeHOTOKcHuKonorun. — M.; CI16.: Hectop-Hcrtopus, 2015. — 304 c.

16 PI'Il “Kasrugpomer” MUHHCTEPCTBO 3KOJIOTHH, T€OJOTUH U NPUPOAHBEIX pecypcoB PK. MHpopmamonHslid OromieTeHb
0 COCTOSIHUH OKpYy»xaromie cpenpbl Pecyonuku Kaszaxcran. — 2020. — T. 248, Ne06. — C. 25. [Daexrponnsiiipecypc]. URL: https://
www.kazhydromet.kz/ecology/informacionnye-byulleteni-o-sostoyanii-okruzhayuschey-sredy-respubliki-kazahstan

17 TOCT 31861-2012. MexnayHnaponsslii cranaapt. Boga. O6mue tpeboBanns k or6opy npo6. — M.: Cranmaprundopm,
2013. - 64 c.

18 TIHA @ 14.1:2:4.214-06. Konn4yecTBeHHBI XUMHUECKUI aHAN3 BOA. MeTOANKaN3MEepPEHUI MacCOBBIX KOHIICHTPALIUI
xKeJiesa, KaaMus, KoOalibTa, MapraHiia, HUKeJs, MEIH, [IMHKA, XpOMa U CBUHIIA B IUTHEBBIX, MIOBEPXHOCTHBIX M CTOYHBIX BOJAX
METO/IOM ITAMEHHO# aTOMHO-a0copOIOHHO# ciekTpomerpur. — M., 2006. — 22 c.

19 JKanaraes A.K., Hukutuna B.A., Boponuna E.C., lypue A.Jl. Metonnueckue acnektsl oneHku JJHK-noBpexnenuit
metonoMm JIHK-komert // Tpuknamnas tokcukonorus. —2011. —T. 2, Ne 4. — C. 27-37.

20 Dhawan A., Bajpayee M., Pandey A.K., Parmar D. Protocol for the single cell gel electrophoresis / Comet assay for rapid
genotoxicity assessment // ITRC. —2007. — P. 1-10.

21 Osipov A., Arkhangelskaya E., Vinokurov A., Smetanina N., Zhavoronkov A., Klokov D. DNA comet Giemsa staining
for conventional bright-field microscopy // International Journal of Molecular Sciences. — 2014. — Vol. 15, No. 4. — P. 6086—6095.

22 Giovannelli L., Cozzi A., Guarnieri 1., Dolara P., Moroni F. Comet Assay as a Novel Approach for Studying DNA Damage
in Focal Cerebral Ischemia: Differential Effects of NMDA Receptor Antagonists and Poly (ADP-Ribose) Polymerase Inhibitors //
Journal of Cerebral Blood Flow & Metabolism. — 2002. — Vol. 22. — P. 697-704.

23 Komymbaesa C.)K., JloBuHckas A.B., Kanmnmaramberos A.M. LluToreHeTnueckne METObI B TEHETUIECKOM MOHUTOPUHTE:
yueb.-meton. mocobue. — Anmarsl: Kazak yn-1i, 2018. — 161 c.

24 Yepuanuyk C.C., @enopko H.JI., 3axapuesa 3.E., bBynusak A.K., IlerpoB C.A., 3anopoxuenko A.B. Metons! oneHku
COCTOSIHUSI OKCHUJIAHTHOH W aHTHOKCHJIAHTHOM CHCTEeM OMosiorndeckux o0bekToB. — Onecca: Onecckuii HallMOHaIbHBIN YHUBEPCUTET
uMm. .. Meunukosa, 2010. — 53 c.

25 Ilpoxopuna T.M. Dkonoro-aHaauTUYECKUE METOIbl UCCIEAOBAHUS OKpyKaromei cpenbl. — Boponex: Mcroku, 2010. —
304 c.

26  Singh R., Gautam N., Mishra A., Gupta R. Heavy metals and living systems: An overview // Indian J Pharmacol. —2011.
—V. 43, No. 3. — P.246-253.

27 Kpuomyukuit A.C., Kynarun B.A. V3MeHeHue OKUCIUTENbHO-BOCCTAHOBUTEJIBHOIO MOTEHLMANA BOJABl B pe3yibTaTe
KaBUTAIIMOHHOH 00paboTky // BectHuk Kpacl'AY. — 2007. — Ne 2.— C. 139-146.

28 Patil P.N, Sawant D.V, Deshmukh R.N. Physico-Chemical Parameters for Testing of Water—a Review // International Jour-
nal of Environmental Sciences. —2012. — Vol. 3, Ne 3. — P.1194-1207.

29 Zhao H., Li X., Wang X. Heavy metal contents of road-deposited sediment along the urban-rural gradient around Beijing
and its potential contribution to runoff pollution // Environ. Sci. Technol. — 2011. —Vol.17, No. 45. — P. 7120-7127.

30 Kumar B., Singh U.K. Source apportionment of heavy metals and their ecological risk in a tropical river basin system //
Environ. Sci. Pollut. Control Ser. — 2018. — Vol. 25, No. 25. — P. 25443-25457.

31 Turan F.,, Karan S., Ergenler A. Effect of heavy metals on toxicogenetic damage of European eels Anguilla Anguilla //
Environ. Sci. Pollut. Control Ser. —2020. — Vol. 27. — P. 38047-38055

32 Kontas S, Bostanci D. Genotoxic effects of environmental pollutant heavy metals on Alburnus chalcoides (Pisces: Cyprini-
dae) inhabiting lower melet river (Ordu, Turkey) // Bull. Environ. Contam. Toxicol. — 2020. — Vol. 104. — P. 763-769.

33 Viana L.F., Suarez Y.R., Cardoso C.A.L., Crispim B.A., Cavalcante D.N.C., Grisolia A.B., Lima-Junior S.E.The response
of neotropical fish species (Brazil) on the water pollution: metal bioaccumulation and genotoxicity / Arch. Environ. Contam. Toxi-
col. —2018. — Vol. 3, No. 75. — P. 476-485.

34 Zhang W., Xie H.Q., Zou X., LiJ., Xu L., Li Y., Zhou Z., Jin T., Ma D., Zhao B.The toxic effects of in situ exposure of
a native fish species (Anabas testudineus) to electronic waste pollution // Sci. Total Environ. — 2019. — Vol. 690. — P. 1170-1177.

35 Egito, L.C.M. Cytotoxic and genotoxic potential of surface water from the Pitimbu river northeastern/RN Brazil / L.C.M.
Egito, M.G. Medeiros, S.R.B. Medeiros et al. // Genetics and Molecular Biology. —2007. — V. 30. — Ne 2.

36 YeY, Weiwei J, Na L, et al. Assessing of genotoxicity of 16 centralized source-waters in China by means of the SOS/umu
assay and the micronucleus test: initial identification of the potential genotoxicants by use of a GC/MS method and the QSAR Tool-
box 3.0. Mutat Res Genet Toxicol Environ Mutagen. 2014;763:36-43. https://doi.org/10.1016/j. mrgentox.2013.11.003.

37 Stankeviciute M., Sauliuté G., Svecevicius G., Kazlauskiené N., BarSien¢ J. Genotoxicity and cytotoxicity response to
environmentally relevant complex metal mixture (Zn, Cu, Ni, Cr, Pb, Cd) accumulated in Atlantic salmon (Sa/mo Salar). Part
I:Importance of exposure time and tissue dependence // Ecotoxicology. —2017. - Vol. 8, No. 26. — P. 1051-1064.

38 Guan Y, Wang X, Wong M, Sun G, An T, Guo J, et al. (2017) Evaluation of Genotoxic and Mutagenic Activity of Organic
Extracts from Drinking Water Sources. PLoS ONE 12(1): e0170454. https://doi.org/10.1371/journal.pone.0170454

26


file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%201-2021/%d0%be%d1%82%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d0%bd%d0%be/ 
file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%201-2021/%d0%be%d1%82%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d0%bd%d0%be/ 
https://doi.org/10.1016/j. mrgentox.2013.11.003
https://doi.org/10.1371/journal.pone.0170454

A.B. Karazhanova et al.

References

1 Gichev Yu.P. Environmental pollution and ecological conditionality of human pathology // Environmental pollution and
human pathology associated with ecology. - 2003 .- p. 138.

2 Frumin, G.T. Ekologicheskaya toksikologiya (ekotoksikologiya) [Environmental toxicology (ecotoxicology)]. Saint Peters-
burg: RGTMU, 2013.

3 Aleksandrova, T.V., Nakhaeva, V.I. “Genotoksicheskiy analiz vodnykh prob estestvennogo istochnika pit’evoy vody iz
reki Om’ na gennye i khromosomnye mutatsii [Genotoxic analysis of water samples from a natural source of drinking water from the
Om River for gene and chromosomal mutations].”Modern problems of science and education 6 (2014): 1-9

4 Juneja, T, Chauhdary, A. “Assessment of water quality and its effect on the health of residents of Jhunjhunu district, Raj-
asthan: A cross sectional study.”Journal of public health and epidemiology 4, no 5 (2013): 186-191.

5  da Silva, E.P,, Benvindo-Souza, M., Cotrim, C.F.C., Motta, A.G.C., Lucena, M.M., Filho, N.R.A., Pereira, Ju., Formiga,
K.T.M.,, e Silva, D.M. “Genotoxic effect of heavy metals on Astyanax lacustris in an urban stream.” Heliyon6, no 9 (2020): e05034
- https://doi.org/10.1016/j.heliyon.2020.¢05034

6 Yi, X, Li, H, Ma, P, You, J. “Identifying the causes of sediment-associated toxicity in urban Waterways in south China:
incorporating bioavailability-based Measurements into whole-sediment toxicity identification evaluation.”Environ. Toxicol. Chem.8,
no 34 (2015): 1744-1750.

7 Sestinova, O., Findorakova, L., Hanéul'ak, J., gpaldon, T. “Investigation of genotoxicity in river sediments. “Nova Biotech-
nologica et Chem. 2,n0 12 (2017): 86-91.

8  Patel, P, Raju, M.J., Reddy, BCSR, Suresh, U., Sankar, D.B., Reddy, T.V.K. “Heavy metal contamination in river water
and sediments of the Swarnamukhi River Basin, India: risk assessment and environmental implications.” Environ. Geochem. Health.
2,10 40 (2017): 609-623.

9  Geras’kin, S., Oudalova, A., Michalik, B., Dikareva, N., Dikarev, V. “Genotoxicity assay of sediment and water samples
from the Upper Silesia post-mining areas, Poland by means of Allium-test.”Chemosphere.83, no 8 (2011): 1133-1146.

10  Suares, R.P. Sediment genotoxicity in the Tiete River (Sao Paulo. Brazil): In vitro comet assay versus in situ micronucleus
assay studies / R.P. Suares, G.L. Luvizotto, T. Kosmehla et al. // Ecotoxicology and Environmental Safety. — 2009. — V. 72.

11 Han Yi., Li N., Oda Yo., Ma M., Rao K., Wang Z., JinW., Hong G., Li Zh., Luo Yi. Evaluation of genotoxic effects of
surface waters using a battery of bioassays indicating different mode of action // Ecotoxicol Environ Saf. 2016 Nov;133:448-56.

12 Carpenter, D.O., Bushkin-Bedient, S. “Exposure to chemicals and radiation during childhood and risk for cancer later in
life.”Journal of Adolescent Health 52, no 5 (2013): S21-S29.

13 Abilev S.K., Glazer V.M. “Genetic toxicology: Findings and challenges.”Russian Journal of Genetics49 (2013): 70-80.

14 Kolumbayeva, S.Zh., and D.A. Begimbetova Mutagennye effekty khimicheskikh zagryazniteley okruzhayushchey sredy
[Mutagenic effects of chemical, environmental pollutants]. Almaty: Kazakh University, 2013

15 Abilev, S.K., and V.M. Glazer. Mutagenez s osnovamigenotoksikologii [Mutagenesis with the basics of genotoxicology].
Moscow; Saint Petersburg: Nestor-Istoriya, 2015.

16 RSE “Kazhydromet” Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan.”Informatsionnyi
biulleten’ o sostoianii okruzhaiushchei sredy Respubliki Kazakhstan [Information bulletin on the state of the environment of the
Republic of Kazakhstan].”URL: https://www.kazhydromet.kz/ecology/informacionnye-byulleteni-o-sostoyanii-okruzhayuschey-
sredy-respubliki-kazahstan

17 GOST 31861-2012. Mezhdunarodnyy standart. Voda. Obshchie trebovaniya k otboru prob [International standard. Water.
General requirements for sampling]. Moscow: Standartinform, 2013.

18 PND F 14.1:2:4.214-06. Kolichestvennyi khimicheskii analiz vod. Metodikaizmerenii massovykh kontsentratsii zheleza,
kadmiia, kobal ta, margantsa, nikelia, medi, tsinka, khroma i svintsa v pit’evykh, poverkhnostnykh i stochnykh vodakh metodom
plamennoi atomno-absorbtsionnoi spektrometrii [ Quantitative chemical analysis of waters. Methods for measuring mass concentra-
tions of iron, cadmium, cobalt, manganese, nickel, copper, zinc, chromium, and lead in drinking, surface, and wastewaters by the
flame atomic absorption method spectrometry]. Moscow: Standartinform, 2006.

19  Zhanataev, A.K., Nikitina, V.A., Voronina, E.S., Durnev, A.D. “Metodicheskie aspektyotsenki DNK-povrezhdeniy meto-
dom DNK-komet [Methodological aspects of DNA damage assessment by the DNA comet assay].”Applied Toxicology 2, no 4
(2011): 27-37.

20 Dhawan, A., Bajpayee, M., Pandey, A.K., Parmar, D. “Protocol for the single cell gel electrophoresis / Comet assay for
rapid genotoxicity assessment.”/TRC(2007): 1-10.

21 Osipov, A., Arkhangelskaya, E., Vinokurov, A., Smetanina, N., Zhavoronkov, A., Klokov, D. “DNA comet Giemsa staining
for conventional bright-field microscopy.”International Journal of Molecular Sciences15, no 4 (2014): 6086—6095.

22 Giovannelli, L., Cozzi, A., Guarnieri, 1., Dolara, P., Moroni, F. “Comet Assay as a Novel Approach for Studying DNA
Damage in Focal Cerebral Ischemia: Differential Effects of NMDA Receptor Antagonists and Poly (ADP-Ribose) Polymerase
Inhibitors.”Journal of Cerebral Blood Flow & Metabolism22 (2002): 697-704.

23 Kolumbayeva, S.Zh., Lovinskaya, A.V., and A.M., Kalimagambetov. Tsitogeneticheskie metody v geneticheskom monitor-
inge [Cytogenetic methods in genetic monitoring]. Almaty: Kazak universiteti, 2018.

24  Chernadchuk, S.S., Fedorko, N.L., Zakharieva, Z.E., Budnyak, A K., Petrov, S.A., and A.V. Zaporozhchenko Metody
otsenki sostoyaniya oksidantnoy i antioksidantnoy sistem biologicheskikh ob "ektov [Methods for assessing of the oxidative and
antioxidant systems of biological objects] Odessa: Mechnikov Odessa National University, 2010.

27


https://doi.org/10.1016/j.heliyon.2020.e05034
https://www.kazhydromet.kz/ecology/informacionnye-byulleteni-o-sostoyanii-okruzhayuschey-sredy-respubliki-kazahstan
https://www.kazhydromet.kz/ecology/informacionnye-byulleteni-o-sostoyanii-okruzhayuschey-sredy-respubliki-kazahstan

Genotoxicity of Esentai and Ulken Almaty rivers water on animal test-systems

25  Prozhorina, T.I. Ekologo-analiticheskie metody issledovaniia okruzhaiushchei sredy [Ecological and analytical methods
of environmental research]. Voronezh: Istoki, 2010

26  Singh, R., Gautam, N., Mishra, A., Gupta, R. “Heavy metals and living systems: An overview.” Indian J Pharmacol.3, no
43 (2011): 246-253.

27  Krivolutskiy, A.S., Kulagin, V.A. “Izmenenie okislitel’'no-vosstanovitel 'nogo potentsiala vody v rezul’tate kavitatsionnoy
obrabotki [Change in the redox potential of water as a result of cavitation treatment].” VestnikKrasGAU no 2 (2007): 139-146.

28 Patil, P.N, Sawant, D.V, Deshmukh, R.N. “Physico-Chemical Parameters for Testing of Water—a Review.”International
Journal of Environmental Sciences 3 no 3 (2012): 1194-1207.

29 Zhao, H., Li, X., Wang, X. “Heavy metal contents of road-deposited sediment along the urban-rural gradient around Bei-
jing and its potential contribution to runoff pollution.” Environ. Sci. Technol.7, no 17 (2011): 7120-7127.

30 Kumar, B., Singh, U.K. “Source apportionment of heavy metals and their ecological risk in a tropical river basin
system.”Environ. Sci. Pollut. Control Ser. =25, no 25 (2018): 25443-25457.

31 Turan, F., Karan, S., Ergenler, A. “Effect of heavy metals on toxicogenetic damage of European eels Anguilla
Anguilla.”Environ. Sci. Pollut. Control Ser.27 (2020): 38047-38055.

32 Kontas, S, Bostanci, D. “Genotoxic effects of environmental pollutant heavy metals on Alburnus chalcoides (Pisces: Cy-
prinidae) inhabiting lower melet river (Ordu, Turkey).”Bull. Environ. Contam. Toxicol. 104 (2020): 763-769.

33 Viana, L.F.,, Suarez, Y.R., Cardoso, C.A.L., Crispim, B.A., Cavalcante, D.N.C., Grisolia, A.B., Lima-Junior, S.E. “The re-
sponse of neotropical fish species (Brazil) on the water pollution: metal bioaccumulation and genotoxicity.”Arch. Environ. Contam.
Toxicol.3,no 7 (2018): 476-485.

34 Zhang, W., Xie, H.Q., Zou, X., Li, J., Xu, L., Li, Y., Zhou, Z., Jin, T., Ma, D., Zhao, B. “The toxic effects of in situ exposure
of a native fish species (4dnabas testudineus) to electronic waste pollution.”Sci. Total Environ.690 (2019): 1170-1177.

35 Egito, L.C.M. Cytotoxic and genotoxic potential of surface water from the Pitimbu river northeastern/RN Brazil / L.C.M.
Egito, M.G. Medeiros, S.R.B. Medeiros et al. // Genetics and Molecular Biology. —2007. — V. 30. — Ne 2.

36  YeY, Weiwei J, Na L, et al. Assessing of genotoxicity of 16 centralized source-waters in China by means of the SOS/umu
assay and the micronucleus test: initial identification of the potential genotoxicants by use of a GC/MS method and the QSAR Tool-
box 3.0. Mutat Res Genet Toxicol Environ Mutagen. 2014;763:36-43. https://doi.org/10.1016/j. mrgentox.2013.11.003.

37 Stankeviciuté, M., Sauliuté, G., SveceviCius, G., Kazlauskiené, N., Bar$ieng¢, J. “Genotoxicity and cytotoxicity response
to environmentally relevant complex metal mixture (Zn, Cu, Ni, Cr, Pb, Cd) accumulated in Atlantic salmon (Salmo Salar). Part I:
Importance of exposure time and tissue dependence.” Ecotoxicology.8, no 26 (2017): 1051-1064.

38 Guan Y, Wang X, Wong M, Sun G, An T, Guo J, et al. (2017) Evaluation of Genotoxic and Mutagenic Activity of Organic
Extracts from Drinking Water Sources. PLoS ONE 12(1): e0170454. https://doi.org/10.1371/journal.pone.0170454.

28


https://doi.org/10.1016/j. mrgentox.2013.11.003
https://doi.org/10.1371/journal.pone.0170454

ISSN 1563-034X; eISSN 2617-7358 Orkonorus ceprsichl. Nel (66). 2021 https://bulletin-ecology.kaznu.kz

MPHTMU 87.26.25 https://doi.org/10.26577/EJE.2021.v66.11.03

I.E. BaiikenoBa'", H.B. bapanosckan®, P.. Bepcum6aesn?,
A.A. Kaka6aes', I.K. Tyaunaunosa®, I.b. Tokraranosa®.

"Kokmrerayckuit yanBepcutet uM. 111, Vamuxanosa, Kazaxcran, . Kokmeray
*ToMCKHI MTOJUTEXHUYECKHi yHUBepcuTeT, Pocenst , . ToMck
SEspaswuiickuii Haronanbueiit yuusepcutet uM. JI.H. I'ymunesa, Kazaxcran, r. Hyp-Cynran
“‘TlaBrogapckuii menarorndeckuii yausepcuret, Kasaxcra, . ITaBnoxap
SKbI3butOpaHHCKHI yHHBEpcHTET nMeHn Kopkeit ara, Kazaxcran, . Kezsutopaa
*e-mail: guliander@bk.ru

SAEMEHTHbIN COCTAB COAEBbIX OTAOXEHUM
NMUTbEBbIX BOA CEBEPHOTO KA3AXCTAHA
(Ha npumepe AkmoanHckoi u CeBepo-KasaxcTaHckoi ob6AacTen)

AKTYaAbHOCTb paboTbl 06YCAOBAEHA TEM, UTO MHAMKATOPOM KayecTBa BOAblI BO3MOXXHO NpuMe-
HEHME COAEBbIX OTAOXKEHMIN MUTbEBbIX BOA. [TpeACTaBAEHbl PE3YAbTATbl MCCAEAOBAHUI COAEBbIX OT-
AOKEHWI MUTbEBbIX BOA AKMOAMHCKOM 1 CeBepo-KaszaxcTaHCKOM 06AACTeN, MOAYYEHHbIE METOAOM MH-
CTPYMEHTAAbHOIrO HEMTPOHHO-aKTMBALIMOHHOIO aHaAM3a B AabopaTtopmnmn TOMCKOro MOAUTEXHUYECKOTO
yHuBepcuteTa. OnpeaeAeHbl CoAep KaHMS CAeAytoWmx 28 xnummnueckmnx anemeHToB: Na, Ca, Sc, Cr, Fe,
Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au, Th, U. o pe3yAbTaTam
aHaAM3a MPOBEAEH pacyeT CTAaTUCTUMYECKMX MapamMeTPOB COAEP>KaHUS XMMMUECKMX SAEMEHTOB B Ha-
kmnn CeBepHoro KasaxcTaHa. [puBeAeHbl AaHHbIE MO COAEP>KaHUIO HAKUMM OTHOCUTEABHO CPEeAHEro
3HaueHUs1 Mo AKMOAMHCKOM 06AACTU, KOTOPbIE MOKa3aAM HAKOMAEHWE CKaHAMS, MblllbsKa, cepedpa,
CYpbMbl, Le3us, Gapusl, HEOAMMa, camapusi, Tepous, uttepous n Aloteums, a aas Cesepo-Kasaxcran-
CKOM 0OAACTU — HaTpusi, XPOMa, AaHTaHa M ypaHa. [oCTpoeHbl reoXMMMUECKne PsiAbl U BbISIBAEHbI
cAepyiolLme crielMUUHbIE SAEMEHTbI MO KO3M(UUMEHTY KOHLEHTPALMM HA U3YYaEMbIX TEPPUTOPUSIX:
Sc, Fe, Co, Ag, Cs, Hf, Ta, Th, Nd, Sm, Sr, Sb. HaAanumne AaHHbIX SAEMEHTOB B HAKMMW MUTbEBbIX BOA
CeBepHoro KasaxcraHa MO>KHO 06bICHUTb OCOOEHHOCTSIMM FT€OAOTMYUYECKOrO CTPOEHMS TEPPUTOPUIA U
AHTPOMOreHHOM Harpy3kon. Pe3yAbTaTbl HOPMMPOBaHUSI OTHOCUTEABHO HakMnu 13 balikaAbCckol BOADI
NMoKa3aAM HaKOMAEHME CAEAYIOLMX 3AeMeHToB aas CeBepo-KasaxcraHckon o6aactu: Ca u Cr.

KAroueBble CAOBa: XMMUYECKNE SIAEMEHTbI, MHAMKATOP, COAEBbIE OTAOXKEHUSI, HAKMMb, MHCTPYMEH-
TaAbHbIA HEMTPOHHO-aKTMBALMOHHBIM aHaAmn3, CeBepHblii Ka3axcTaH.
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Elemental composition of salt sediments of drinking water
in Northern Kazakhstan
(the case of Akmola and Northern Kazakhstan regions)

The relevance of the work is due to the possibility of using drinking water scale as an indicator of wa-
ter quality. The results of studies of salt deposits (scale) of drinking water in Akmola and North Kazakh-
stan regions, obtained by the method of instrumental neutron activation analysis in a certified laboratory
of Tomsk Polytechnic University, are presented. The contents of the following 28 chemical elements are
determined: Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu,
Hf, Ta, Au, Th, U. Based on the results of the analysis, the calculation of the statistical parameters of the
content of chemical elements in the scale in Northern Kazakhstan was carried out. The data on the scale
content relative to the average value for the Akmola region, which showed the accumulation of scandi-
um, arsenic, silver, antimony, cesium, barium, neodymium, samarium, terbium, ytterbium and lutetium,
and for the North Kazakhstan region of sodium, chromium, lanthanum and uranium. Geochemical series
have been constructed and the following specific elements have been identified in terms of the concen-
tration coefficient in the studied territories: Sc, Fe, Co, Ag, Cs, Hf, Ta, Th, Nd, Sm, Sr, Sb. The presence
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of these elements in the salt deposits of drinking water in Northern Kazakhstan can be explained by the
peculiarities of the geological structure of the territories and anthropogenic load.

Key words: chemical elements, indicator, salt deposits, scale, instrumental neutron activation analy-
sis, Northern Kazakhstan.
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CoaTtyctik Ka3zakcraH aybl3 CyAapbIHbIH,
TY3Abl LUGTHAAEPIHIH, 9AeMEHTTIK Kypambl
(Akmona xoHe CoATycTik Ka3zakcTaH 06AbICTapbl MbICAAbIHAQ)

2KYMBICTbIH, ©3EKTIAIr Cy canacbiHbIH KOPCETKIiLLI PeTiHAE aybl3 CY KaFblH KOAAQHY MYMKiHAIriMeH
6aiAaHbICTbl.  TOMCK  MOAMTEXHWMKAABIK,  YHUBEPCUTETIHIH  cepTudMKaTTaAFaH  3epTxaHacbiHAQ
WHCTPYMEHTaAAbl HEMTPOHAbI akTMBaUMsIAQY aHaAM3i 8AICiMeH aAblHFaH AKMoAa >keHe COATYCTIK
KasakcTaH OOABICTapbiHbIH, aybl3 CyAapbiHblH, TY3Abl LIGTIHAIAEPIH (Kak) 3epTTey HaTuMXKeAepi
YCbIHbIAFaH. AHbIKTaAFaH XMMUSIAbIK, SAEMEHTTEPAIH KypaMbliHbliH, caHbl 28: Na, Ca, Sc, Cr, Fe, Co, Zn,
As, Br, Rb, Sr, Ag, Sh, Cs, Ba, La, Ce, Nd, Sm, Eu, Th, Yb, Lu, Hf, Ta, Au, Th, U. Taaaay HaTum>KeAepi
6onbiHIWa COATYCTiK KasakCTaHHbIH, KaFbIHAQFbl XMMMSIAbIK, SAEMEHTTED KYPaMblHbIH CTaTUCTUKAABIK,
napameTpaepi ecenteaai. AKMOAa OOAbICbl GOMbIHILA OpTalla M8Hre KaTbiCTbl KAKTbIH Kypambl
6OMbIHILA AEPEKTEP KEATIpIATeH, OAap CKaHAMM, KYLISH, KYMIC, Cypme, ue3ui, Gapuii, HEOAMM,
camapui, Tepomii, UTTepOMIn >KaHE AIOTELMI DAEMEHTTEpPIHIH >XMHaKTaAybiH kepceTTi, an COATYCTiK
KasakcTtaH 06AbICHI YLLiH HATPUI, XPOM, AQHTaH X8He ypaH. [eOXUMUSABIK, KaTapAap CaAblHAbBI >KaHe
3epTTeAeTiH TeEPPUTOPUSIAAPAA LIOFbIPAAHY KO3(MULMEHTI BOMbIHLLIA MbIHAAAM epeKLle IAEMEHTTEP
aHblkTanabl: Sc, Fe, Co, Ag, Cs, Hf, Ta, Th, Nd, Sm, Sr, Sb. CoaTycTik KasakcTaHHbIH aybl3 CyAapbIHbIH,
TY3Abl LIEMHAIAEPIHAE OCbl SAEMEHTTEPAIH GOAYbIH TEPPUTOPMSIHBIH FE€OAOTUSIABIK, KYPbIAbIMbIHbIH,

epeKLIeAIKTEPIMEH XKOHE aHTPOMOTEHAIK XXYKTEMEMEH TyCiHAIpyre 60AaAbI.
TyiiiH ce3aep: XUMUSABIK, SAEMEHTTep, MHAMKATOP, Ty3Abl LWGriHAIAep, Kak, MHCTPYMEHTaAADI
HeMTPOHAbI akTuBaumsiaay aHaamsi, CoaTycTik KasakcraH.

BBenenue

OHUM W3 OCHOBHBIX (JAaKTOPOB OKpYXKarolien
cpenbl SIBISIETCS MUTHEBasl BOJA, YEpe3 KOTOPYIO
XUMUYECKHAE DJIEMEHTHI TOCTYIAIOT B OPTaHU3M
YeJoBeKa. OJIEMEHTHBIM COCTaB BOABI OTpaKaeT
MaHAMAPTHYIO, TEOXUMHUYECKYIO U T€0JIOTHYECKYTO
cnenuduKy paloHa, a TakXKe BO3ICHCTBUE TEXHO-
TeHHOTO XapakTepa. VH(OPMATUBHOCTH AJIEMEHT-
HOTO COCTaBa BOZBI CIIOCOOCTBYET MCIIOIH30BAHUIO
€ro 3JIEMEHTHOTO COCTaBa IIPU MOMCKE MECTOPOXKIE-
HUU NOJE3HBIX UCKOMaeMbIX [1-2] u olleHKe 3KOI0-
THYECKOTO COCTOSIHUSI BOIHBIX OOBEKTOB, KOTOPHIE
OBLITN TIOJIBEPYKCHBI aHTPOIIOTCHHOMY BO3/ICHCTBHIO
[3-7].

HccnemoBanus mokaspBaroT [8-12], 9To HaKo-
MUTENLHOW CPeIoi MOXKET BBICTYITHTh HAKUIIb, 00-
pa3oBaHHas MOCIE KUMSYCHUS, KOTOpask OTPaKaeT
JUTATENIbHBIA BPEMEHHON MHTEpBAJ €€ JAEMOHUPO-
BaHus. Poccuiickue u 3apyOeXHbIE YYEHBIC OIy-
OnmukoBasH psi paboT Mo BompocaM oOpa3oBaHUs
Y MHHEPAJIOTHUH COJIEBBIX 00pa3oBanwmii [13-15].

30

AKTyallbHOCTh PabOThI OOYCIIOBJIEHA TE€M, 4YTO
COMIaCHO WHAMKATOPY KadyecTBa BOJBI BO3MOXKHO
MPUMEHEHHUE CONICBBIX OTIIOKECHUH MUTHEBBIX BOJ, a
TaKXXe TO, YTO JIaHHAs TeMa Majlo M3y4YeHa C TOYKH
3pEeHHs 3JIEMEHTHOTO COCTaBa Il Il IKOTeOX M-
Mun. Hekotopble paboThl y4YEeHBIX MOKA3alH, YTO
AJIEMEHTHBIN COCTaB HAKUIK OTPaKaeT U3MCHCHUS
TCOXMMHUYCCKOW OOCTAHOBKHM PErHOHa, KOTOPBIC
OBLTU MOJIBEPKEHBI AaHTPOIIOTCHHOMY H TIPUPOTHO-
My Bo3zeicTBuio. [16-17].

Iens uccnenoBaHus — OMPENCICHUE DICMEHT-
HOTO COCTaBa COJICBBIX OTJIOXKECHUU MHUTHEBBIX BOJI
Cesepnoro Kazaxcrana.

MaTepuaﬂ bl U ME€TObI

B 2018 r. HaMu IPOBEAEHO U3yUYECHUE DIEMEHT-
HOTO COCTaBa COJIEBBIX OTIIOKEHUH MUTHEBBIX BOJ,
KOTOpBIe OBLTH B3STHI ¢ TeppuTopuii CeBepHoro Ka-
3axcraHa (AxmonuHckas u CeBepo-Kazaxcranckas
ob6mactn). beimo oTo6pano Beero 58 mpod HAKUTIH C
uccnenyemsix Teppuropun. [Ipodootdop u nx noa-


mailto:guliander@bk.ru

I'.E. baiikenoBa u ap.

TOTOBKa OCYIIECTBIILIUCH COITIacCHO mareHty [18] B
Koxkmerayckom yHusepcurere um. Ill. Yanuxanosa
n TomckoMm IlomurexHndyeckom yHuBepcurere. C
MTOMOIIIBI0 HEPYKABEIOIIEr0 HOXKa CO CTEHOK dMaJlH-
POBaHHOH M IJIACTUKOBOW mocydbl (YaiHUKH, ca-
MOBApBI, KOTJIbI, KACTPIONHN), IJIe KUMATHIACh BOJa,
otOupanack HakuIlb. [Ipu B3saTHH P00 HUKCHpOBa-
JIUCH TUIM TOCYABI U MpUMepHas ITyOHHa TOpHU30H-
Ta BOJOCHAOXKEHHMS, OTKyJa ObLIa B3ATa MUThHEBAs
BoJa. B3sTyto mpoOy BBICYIIMBAIM IPU KOMHATHON
TeMIIepaType, 3aTeM MCTUPAIX B araroBOil CTyIKe
JI0 cocTostHUs myapbl. [1poOy yrmakoBBIBaIM B ajro-
MUHHEBYIO ¢onbry mo 100 mr.

OJeMEeHTHBIH COCTaB HAKWMIM IHUTHEBBIX BOJ
OIIpeNesuICss METOIOM HHCTPYMEHTAJIBHOIO HeM-
TpoHHO-akTUBanMOHHOro aHanm3a (MHAA) B ak-
KPEIUTOBAHHON J1a00paToOpuu SIIEPHO-TE€OXHUMUYE-
CKHX METOJOB MCCJIEJOBAaHUS Ha MCCIIEN0BaTelb-
ckoMm sanepHoMm peaktope MPT-T Tomckoro momiu-
TeXHHYecKoro yHuBepcurera (aHanutuku JI.d. bo-
ryrckas u ¢.H.c. A.®. Cynsiko) Ha 28 XUMHAYECKHUX
JNIEMEHTaXx.

Pe3ynpraTel mccnenoBanus oOpaboOTaHBI ¢ IO-
mouipto nakera nporpamm STATISTICA 10 u Excel.

OnucaHue uccjexyeMoil TepPpUTOPHHA

Teppumopus AkMoAUHCKOU 001acmY HAXOANUTCS
Ha ceBepe IEeHTPaIbHON YacTu Hamel cTpanbl. O6-
JacTh 3aHUMaET 5,4% TeppUTOPUU CTPAHBI, YUCIICH-
HOCTPH HacejieHus — Oonee 1,2 MITH yeoBeK. AaMu-
HUCTpATUBHBIN LIEHTp — I. Kokmieray.

KoHTHHEHTabHBIM ~ KJIMMAaTOM  OTIMYAeTCs
TEPPUTOPHsI 00JACTH, TAKXKE XapPaKTEPHO BBICOKOE
ucmapenne (700-950 mm/rom) W HeLOCTATOUHOE
yBnaxxneane (200-300 mwm/rom). Ha Tteppurtopuu
00JIaCTH C HU3KOTOPBSIMH U XOJIMOTOPBSIMH TIPE00-
JaaeT MEJIKOCOIIOYHbIM penbed, B CBOIO ouepenb
OHM YEpPEeAyIOTCS C MEJIKOCOMOYHBIMU O3€pHBIMU
CEIJIOBUHAMU M KOTJIIOBUHAaMH. BpicoTa BepIinH
xonmoB gocturaer 800-1050 M, caMbIX HH3KHX
03ep — 205 M. Bogopaznenom mexnay OacceitHamu
pex Mpteim 1 Mmum City>kKUT BO3BBILIEHHAS YacTh
MEJIKOCOIIOYHUKA. BHYTpeHHU CTOK peann3yeTcs B
03epHbIE BHAJIUHBI, HANOOJIee KPYIMHBIMUA U3 KOTO-
poix sBisroTcs Cenetsl-Teran3 u Tearu3. YacTuaHo
3aperyaupoBaHHbIN BsuecaaBckuM BOROXpaHUIH-
meM CTok p. UmmmM dhopMupyeTcs B FOT0-3armatHoi
4acTH MeNKOCOoNnoyHuKka. CpenHuil MHOTOJETHHH
pacxon p. Mmmm Hioke copoca 7,7 m3/c. Beero Ha
TeppuUTOpHH AKMOJIHMHCKOW 007acTh pa3BenaHo 26
KPYITHBIX MECTOPOXAECHUH MOA3eMHBIX Box. B 11e-

JIOM TePPUTOPUS AKMOJIMHCKON 00IaCTH OTHOCHUTCS
k LentpanbHo-KazaxcTaHCkOMy THApPOTeoIoruye-
CKOMY paiioHy MepBOTo MOPSIKa.

B ob6nactu mnpeoOnagaroT 30HAJILHBIC IOYBBI:
4yepHO3eMBbI U Oyphle YepHO3EeMbI — Ha CeBepe, CBET-
70-0ypble U JIyTOBO-COJIOHYAKOBBIE MAaJIOMOIIIHBIE
TIOYBHI C OYEHb HU3KOHU MPOAYKTUBHOCTEIO — Ha FOTE.

ATpapHO-TIPOMBIIIJIEHHYI0 ~ HalpaBJI€HHOCTb
“MeeT SKoHOMHUKa obnactu. OHA OCHOBaHA Ha 3€M-
Jie/leNUY, BhIPAIlMBaHUHN 3€PHOBBIX KYJIBTYp U KH-
BOTHOBOJICTBE, a TaKke IepepadoTke MPOXyKITHH
CeJNIbCKOTO XO03siCcTBa. [OpHOMOOBIBarOIIAs TPO-
MBIIIIEHHOCTh OPUEHTHUPOBaHA Ha 30JI0TOHOOBIUE,
Jn00bIYe MOA3EMHBIX BOA U pa3paboTke MECTOPOXK-
JIEHUM cTporMaTepranos.

Ha pucynke 1 npencrasneHa kapTra-cxema TO4EK
0oTOOpa MpoO COJEBBIX OTIOKEHUH MATHEBBIX BOI B
HCCIIeyeMBbIX HAaMH 00JIACTAX.

Cesepo-Kazaxcmanckas o0nacTp SBIAETCS ca-
MOM CeBEepHOW YacThlO Hallei pecryOIuKd U Tpa-
HAYUT ¢ obmactssmu Poccutickoit denepammm: Tro-
MeHckas, Kpyranckas u Omckas. ['paHuaunT Taxoke ¢
obmactsmu Kazaxcrana: [laBnomapckas, Kocranaii-
ckast 1 AkmonuHckas. [lnomane obnactu — okono
60 ThIC. KM?. AIMHHUCTPATHUBHBII IIEHTP 00JAaCTH
— 1. IleTponaBnoBck.

B obnactu xnumam pe3ko KOHTUHEHTANbHBIN. B
XOJIOMHOE BpeMsI TeMIIeparypa BO3AyXa 4acTo CHH-
xaetcs 1o MuHyC 35-48°C. CyTouHas cpeiHeMecsd-
Has aMIUTUTY[a TeMIepaTypsl Bo3myxa — 37-38 °C.
Jlarmmadt u penbed peruoHa MpeonpeeeHbl ero
HaxoXJeHueM B IeHTpe EBpa3uiickoro KOHTUHEHTA
1 IOKHOW 4vactu 3amagHo-CHOMpCKOW HH3MEHHO-
CTH, THe obnacth coeaunsercs ¢ llenrpanpao-Ka-
3aXCTaHCKMM MEIKOCONOYHHKOM. Ha roro-3amaze
00y1acTu pa3BUT HENTYOOKUH CKIIOHOBBIH penbed.

AtmocdepHbie ocaaku koneomores ot 270 mo
620 mm/ron ipu HopMe 333 mM (T. [leTponaBnoBck).
IIpumepno 78% u3 HUX NpUXOIUTCA Ha JeTo. Peu-
Hasi CeTh pa3BUTa OuYeHb C€1a00 W MpeCTaBIeHA
p- M ¢ KopoTKuMu paBoOEpeKHBIMHU MPUTOKA-
mu AkkasH-bypnyk nu Uman-bypayk. Croxk p. UM
ABIsieTCs TpaH3UTHBIM. O3epa pernoHa — Xapaxkrep-
Hasi ocobeHHocTh saHamadra. CaMble KpacuBbIe
03epa cocpenoTodeHsl B Meikocomounuke (Mman-
tay, Caymankoins, [llankap). B CeBepo-Kazaxcran-
CKOW 00sacTd OOHApyX)eHO 8 MECTOPOXKICHUN H
378 mposiBIEHUH MHUHEpANbHBIX MOJ3EMHBIX BOZ.
MuHepasabpHbIe BOABI IIMPOKO PACTIPOCTPAHEHBI O
BCEMY PETHOHY M MPUYPOUYEHBI KO BCEM CTpaTUTpa-
(o-reHeTHYeCKHM KOMILIEKCaM TMOPOJ OT YeTBep-
TUYHBIX JO IPOTEPO30HCKHUX.
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Pucynok 1 — Kapra-cxema Touek otbopa mpo6
B AxmonuHckoi U CeBepo-Kazaxcranckoit obmacTsax

[TouBbl 00JIACTH NPEUMYIISCTBEHHO OOBIKHO-
BEHHBIE YEPHO3EeMbI cpenHerymycoBble. Ha Bomo-
pasnenax ux MOImHOCTh — 35-50 cM. YUepHO3eMbI
MOA30JIbI C HU3KUM COJIEPKaHUEM T'yMyca pa3BUBa-
IOTCSl B HM3MHAX U JIECHBIX MOPYOKax, CONOHICBA-
ThIC TOYBBI U COJIOHIIBI BCTPEYAIOTCA Ha THE KPYII-
HBIX 03€p.

3epHOBas ¥ KUBOTHOBOAYECKAS OTPACIb CEllb-
CKOI'0 XO3SICTBA MO-TIPEXKHEMY 3aHUMAET JIMJIUPY-
IOLIMe TMO3UIMK B YKOHOMHKE obOnacTH. [Ipombiii-
JICHHOCTh PErHOHa TPENCTaBICHA OO0OPOHHBIMU
npeanpuATuaAMu, 4YaCTUYHO KOHBCPCHUPOBAHHLIC,
SHEPTeTHKH, CBS3H, TPAHCIOPTA, MUILEBON U Iepe-
pabarsIBatoleil mpOMBITITIEHHOCTH. B HemacTat-
HOM 00BEMe BENETCsl TOOBIBAIOTCS CTpoHMaTepua-
JIBI ¥ PO3JIMB MUHEPAJIbHBIX BOI. MIMeeTcst MOITHBII
TTOTCHITMAIT JIJI Pa3BUTHSA TOOBIYHM W TepepadoTKH
OEHHOTO0 MHUHEPATBLHOI'O ChIpbA, NPEACTABICHHO-
r0 MECTOPOXACHHMSIMU ypaHa, 30J10Ta M ajiMa30B,
TUTaHA W [UPKOHUS, OJIOBA W PEIKO3EMEIbHBIX
METaJUIOB.

Pe3yabTaThl Hcc/IeI0BaHUSA U UX 00CY:KIeHHe
C noMouIpl0 MHCTPYMEHTAIBHOIO HEHUTPOHHO-

AKTUBAITMOHHOI'O aHaJin3a B COCTAaBC HAKHUIIHU ITUTHEC-
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BBIX BOJI OBLIM OIPEEIICHBI CONCPIKAHUS XUMUYC-
CKHX DJIEMEHTOB, Taknx, kak: Na, Ca, Sc,Cr, Fe, Co,
Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce,Nd, Sm,
Eu,Tb, Yb, Lu,Hf, Ta, Au,Th, U. Ilo pe3ynsraram
aHanM3a TPOBENIEH PacyeT CTATHCTUYECKUX Iapa-
METPOB COJICPIKAHUS XUMUYECKUX JIEMEHTOB B CO-
JICBBIX OTJIOKCHHSIX TTUTHEBBIX BOJ HA TEPPUTOPUHU
Cesepnoro Kazaxcrana (tabmuma 1).

Hamu ObIn BhICUHMTAH KOXQQHUIIMEHT BapHAIUH,
KOTOPBIN IIMPOKO BaphUPYET B Tpeaenax oT 29 1o
524. Taxxke aHanu3 ko3¢ duIMeHTa BapUaluu I0-
3BOJIMJI Pa3ieUTh U3yUCHHBIC XUMHUCCKHE 3Jie-
MEHTHI B COOTBETCTBUU C UX PACIPOCTPAHCHHEM B
HAKWITH U3 TUTHEBBIX BOJ!

V <50% — kanpLuii;

V —ot1 50 no 100% — cTpoHLHii;

V > 100% — Hatpuii, CKaHIUH, XpOM, JKeJe30,
KOOaJIBT, IIUHK, MBIIIbSIK, OpoM, pyoumuii, cepedpo,
CyppMa, Ie3Wii, Oapuwii, JIaHTaH, LEPHI, HEOIUM,
caMapuii, eBpOIHiA, TepOwi, UTTEPOU, JIFOTCIIHA,
radHuit, TaHTal, 30JI0TO, TOPHIA, YpaH.

BoNBIIMHCTBO XUMUYECKUX DJIEMEHTOB Xapak-
TEPU3YIOTCS BBICOKOW HEOTHOPOIHOCTHIO COomeprka-
HUS, O YeM CBUJCTEIbCTBYET BBICOKAs BapHUaIlMsl.
3aKoHY HOPMAIILHOTO PacIpe/elIeHuUs TOTINHSIECTCS
tonbko Ca (pucyHOK 2). OcTajapbHbIE XUMUYCCKUC
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3NIEMEHTHl XapaKTEpU3YIOTCS BECbMa HEOJHOPO-
HBIM XapaKTEepPOM PpaclpelesIeHUs] U JIOTHOPMAaJb-
HBIM XapakTepoM KpHUBOW. DTO CBSI3aHO C KpaifHe
HEOJHOPOAHOM 3KOJIOTO-reOXUMHUYECKON XapakTe-

PHUCTHKOH TEPPUTOPHH HCCICI0BAHHMS, 00YCIOBICH-
HOW, B MEPBYI0 o4epelb, (HaKTOpaMu MPHUPOITHOTO
XapakTepa, a TaKKC HAJIMIUEM HCTOYHHUKOB TCXHO-
TCHHOTO BIIMSIHUS HA KQUECTBO MOI3EMHBIX BOJ.

Taﬁmma 1 — Cratuctrueckue JAaHHBIC XUMHUYECKUX JJIEMCHTOB B COJIECBBIX OTJIOKCHUAX MUTHEBBIX BOJX HA TEPPUTOPUN CeBep-

Horo Kazaxcrana (N=58)

SmeMeHTEL X4 Koapdmment | Snementa, | X+ 1 Koadhmment
MI/ET min ... max papuamEs, %o | MO/ETD min .. max | BapHamEH, %
Na 1468 + 951 355 Ba 68,5+ 15.4 123
15..28680 3,5..450,6
Ca 2 3+ 12779 20 La 221094 220

60564...369906 0,04..26,3
Sc 0.2+ 007 180 Ce 34+1326 206
0,002..1,5 0,08..38,7
Cr 49+239 324 Nd 63+3.72 324
0,2..82,5 0,67..113,5
Fe 32774+ 872 146 Sm 21+ 187 498
667..26127 0,01..56,4
Co 15,3+ 4.4 156 Fu 0,04+ 0,03 EVE]
1..115 0,0006..0,8
Zn 1728+ 483 155 b 075+ 071 520
24..10825 0,01..21,4
As 2405 136 Th 3.2+ 3.05 524
0.05..13,5 0,01..91,6
Br B3+ 15 101 Lu 04+ 0,39 497
0,5..36,8 0,01..11,9
Rb l3t03 118 Hf 034022 385
0.2.81 0,01..6.4
Sr 2393+ 327,4 75 Ta 0,03+ 0,01 243
30..6815 0,0002..0,4
Ag Lifoda 217 An 0.0033 0,001 127
0,07..9,8 0,0004..0,02
Sh 0,3+ 0.21 402 Th 0.1+ 0.04 170
0,04...6,4 0,01...1
Cs 0024 0.01_ 162 u 49+ 1438 161
0,0005...0.2 1,58..326.8

Hpuveyanne cpenpee spudMeTHdeckoe  CTARIANTHAS omubEa

FIHHHMYM.. MAKCHMTM

Variable: Ca, Distribution: Normal
Kolmogorov-Smirnov d=0,25314, p<0,05 ; Lilliefors p<0,01
Chi-Square = 16,73101, df = 2 (adjusted), p = 0,00023
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Pucynok 2 — I'mcrorpamma pacnpenenenus cogepxanus Ca ¢ KpuBoit
IUTOTHOCTH HOPMAJIBHOTO PACTIPENeIeHHs
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CpaBHeHHE CpeJHEr0 3HaueHHs 3JIEMEHTHOTO
coctaBa Hakumu AxMonuHCKoN m CeBepo-Kazax-
CTAaHCKOM oOmacteit (pucyHOK 3) TmoOKa3ajo, YTO
MOBBIIIICHHBIMHI KOHIIEHTPAIUSAMH XpOoMa, HaTpus,
ypaHa | JIaHTaHa oTiH4aeTcst Teppuropus Cesepo-
Kazaxcranckoii o6iactu, B TO BpeMs Kak B AKMO-

100000
1000

10

0,1 Na Ca S$& Cr Fe Co Zn As Br Rb 5r Ag Sp @€ Ba La Ce NdSm B Tp Yb L Hf 18 A Th U

AKMOAMHCKaA oBnacTb
0,001

Cepepo-KazaxcTaHckana obnacts

JIMHCKON 00nacT npeobiagaeT MbIIIbIK, CKaHIUH,
Oapuii, cypbpMa, cepeOpo, Ie3uid, HEOMUM, HTTEp-
Owmii, TepOuii, camapuii, moTenmii. Bo3moxHo, Ha-
JIMYYE BBHINICHA3BAHHBIX 3JIEMEHTOB B HAKUIH IH-
TBEBBIX BOJ JIEMOHCTPHPYET OMOTCOXUMHUYECKYIO
ocobenHocth Hesip CeepHoro KazaxcraHa.

Pucynok 3 — CpaBHUTENIBHBII aHAIN3 2JIEMEHTHOTO COCTaBa COJIEBBIX OTIOKEHUIN MUTHEBBIX BOJ B
AxmornuHckoi 1 CeBepo-KazaxcraHckoid o6nacTsx (MI/KT, IIKaja JorapupmMuiecKas)

Kosdppuument xonnenrpanun (K,), pacuuran-
HBII I KaX1ol 00JIacTH OTHOCHTENBHO CpeIHe-
rO 10 BBIOOPKE, OTPa)KaeT PErHOHAIBHYIO T'€OXH-
MUYECKYI0 CHEIM(UKY TeppUTOpPUH (PUCYHOK 4).

Na
h 100 Qo
Au Cr
Ta 10 Fe
Hf Co
1
Lu Zn
Yb 0,1 As
Th Br
Eu Rb
Sm Sr
Nd Ag
Ce L3 Cs Sh
Ba
A

OnemenTol, K  KOTOpBIX OOJIEE €AMHULIBI, SBISAIOTCS
CBOCOOpa3HBIMH WHIWKATOPaMH, CHUTHATH3HPYIO-
IIMMH O TEOXMMHUYECKOH CIEIU(PUKU KaKIOW U3
obnacrei.

Na
Th 10O €2 g
Au Cr
Ta 10 Fe
Hf Co
Lu Zn
Yb As
Th Br
Eu Rb
Sm Sr
Nd Ag
Ce G Cs Sb
Ba
b

Pucynoxk 4 — Ko puipeHTbl KOHIEHTPAUH XUMHIECKUX JIEMEHTOB B COJIEBBIX OTIOKEHHSX MUTHEBBIX BOJ
AxmonmHcko# (A) u CeBepo-Kazaxcranckoii (b) obmacTelt OTHOCHTENBEHO CPETHETO CONEPKAHMUS
o Tepputopun Ceeproro Kazaxcrana

AHammupys  KOI(Q(OUIMEHTH  KOHIEHTpPALUN
WIEMEHTOB B COJICBBIX OTIOKECHUSIX ITHTHEBBIX BOJ
IBYX OOmacTell OTHOCHTENBHO CPEIHEro Comepika-
Husi o tepputopun CeBepHoro Kazaxcrana, Obuio
OOHapy»eHO, 9T0 B AKMOJMHCKOW OOJNacTH KOHIICH-
TPHUPYIOTCS CIIEIYIOIIIE IEMEHTBI: JKee30, CKaH I,
MBIIIBSK, KOOAQIIBT, IMHK, PyOHIMi, cepeOpo, Le3ui,
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Oapuii, HeomquM, HTTepOUii, TepOui, camapwuii, JIroTe-
1IN, €BPOITHIA, TapHHIA, TaHTAJI, 30J10TO, TOPHIA, a TAKHe
TOKCHUYHBIE JIEMEHTBI, KaK CTPOHIIMIA 1 CypbMa, Xapak-
TEpU3YIOTCS MaKCHUMaJIbHBIM HakoIieHHeM. Bo3Mox-
HO, TIPUCYTCTBHE 3TUX JIEMEHTOB B HAKUITY [IUTHEBOH
BOJIBI CBSI3aHO C OCOOEHHOCTSIMH T€0JIOTUYECKOTO CTPO-
€HUS TEPPUTOPUI U AHTPOIIOTEHHOW HATPY3KOMU.
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Heo0xoauMo OTMETHTB, YTO AJIsl KaKIOU Tep-
PUTOPHUU HAOIIONAETCS CBOSI TEOXMMHYECKasI CIICIH-
aju3anys Hakumu. Tak, Hanbosee BHICOKMMH KOH-
HEHTPAIUSIMHU H3YYCHHBIX XHMUYECKUX AJIEMEHTOB
xapakreprusyercs Hakwumb n3 CeBepo-Kazaxcran-
ckoii obnactu. Takke OpocaeTcs B Iia3a cojepxa-
HUE B COJICEBBIX OTIIOKEHUSIX CKaHIMS, XKelesa, Opo-
Ma, KoOaibTa, cepeOpa, Ie3ws, TaHTaja, radHUs,
TOpUs, pEAKHUX 3€MECJIb, d TAKXKC aHOMAJIbHBIX KOH-
[EHTPaIUil CypbMBI U CTPOHITNS, KaK U B AKMOJTHH-
cKoit obmactu. Beicokue comepkanus Str, Sb B 1ByX
0051aCTAX BO3MOXKHO CBSI3aHO C MPOHM3BOICTBEHHBI-
MU BBEIOPOCAMH M UCIIOIB30BAHUEM B CEITBCKOM XO-
3STICTBE MUHEPAIBHBIX yIOOPEHUH M TECTHIIUIOB.
CrenupuaHBIME 3JIEMEHTaMHU IS ABYX Onm3Jiexa-
IIUX TeppUTOpUl sBIAIOTCS caeayromue: Sc, Fe,
Co, Ag, Cs, Hf, Ta, Th, Nd, Sm, Sr, Sb.

HaubGonee spko 3Ty cnenuduky oTpaxkaror reo-
XUMHUYECKHE PSIbI HAKOTUICHUS JJIEMEHTOB B COJle-
BbBIX OTJIOXKCHUAX IMUTHEBBIX BOA M3Yy4YacMbIX obOna-
CTeH, MOCTPOCHHBIX MO 3HAYCHUSAM KOA(DPUIIUCHTA
xoHuenTpauuu (K ) ¢ pacnonoxxkeHnem 31eMEHTOB B
MOPSIIKE €T0 yOBIBaHUS:

AxmonuHcKas obmacts — Sh,, > Sr, ;> Nd, >
Sm,,>Lu = Th,,=Tb > Cs ,=Yb ,>Sc =
Agl,Z = Eul,Z = Tal,Z = As1,2 = Bal,Z >Zn1,15 = Au1,15
> Hfl,]S > F‘el,07> Rbl,05> C01,02> Ca] > Br]> Ce]>
LaO,S = U0,7 = Na0,4 = Cr0,4

Cesepo-Kasaxcranckas obnmacte — Sb, > Sr,,
>Hf275=Ag2’5 >Taz,3> Cs1,s>Th1,7 >Nd1,s= Sml,s >Fe1,4
>Co, ,>Sc ,=Br ,>Ca ~Zn = Ba ~Rb >Au >
ASO,6 = CeO,5> La0,4>U0,3: CrO,} >Lu0,2:Tb0,2:
Eu,,>Na

JKupabiM  mpudTOM  BBIICICHBI  3JIEMEHTHI
uMeromue Kod(h(OUIMEHT KOHIIEHTPAIMH BhIMIE 1,
YTO TOBOPHUT O HAKOIUICHUHW JAHHLIX 3JICMCHTOB B
HAKUITU TIUTHEBBIX BOJ| B H3Y4a€MbIX TEPPUTOPHUSIX.

02

OueBHIHO, YTO TIPH CXOIHOM XapakTepe
HAaKOIUICHUS DJIEMCHTOB B HAKUIIK YPOBEHBb
UX comep:KaHUs 3HAYUMO OTiIuMYaeTrcs. Tak,

KO3 GUITMEHTH KOHIIEHTPAIIUH CYpBbMBI, cepedpa,
CTPOHIIUA, TaHTaJla ABHO 3HAYMMO BBIIIC B HAKUIIN
MUTHEBBIX BOA TeppuTopun Ceepo-Kaszaxcranckoit
obmacT B cpaBHGHHH C AKMOJHMHCKOH. J[ms
MOCJEHEN XapaKTEPHBIM SIBISETCS IIPUCYTCTBUE B
psAAax C TOBBIIMICHHBIMH KOX(PQPHUIMEHTAMH TaKUX
DJIECMEHTOB, KaK MBIIBIK, Oapuii, 30JI0TO, MUHK U
HEKOTOPBIE IPYTHE.

B menom, CymecTBEHHBIX pPa3IAYUA MEXKIY
JIBYMsI TEPPUTOPUSIMH, SBIAIOIIUMUCIA COCTaB-
JNSIONMMHA ~ OfHOTO  permoHa —  CeBepHOTo
Kazaxcrana, He BbIABIEHO. OJHAKO, OHH HMEIOT
MECTO MHpu CpPaBHCHHU C BHCPCTUOHAJILHBIM

mokaszareneM. Tak, NMPH CPAaBHEHHWH C HAKHIIBIO
baiikansckoit Boasl [19], sBisromieiicst cBoeoOpas-
HBIM JTaJIOHOM YHCTOM MHUTHEBOM BOJbI, MOKHO Ha-
OIIonaTh CIEeMYIOIIYI0 CTIenn(UKY:

AxMonmHCKast 00J1acThb — an’83 > Tbsz’5 >Yb31’85
> Lu30 > AgZO > Sm18,6 > U8,55 > Eu6,25 > TaZ,SS > Fe2,34
> HfZ > Sr1 6 > IJal > CaO 97 > COO 9 > SbO 88 > CeO,66 >

As _>Sc . >Br

0,56 0,53 0,43

>Ba,, >Th,, . >Rb , >Cr,, >

0,38 0,25 0,21

CSO,05 > Na0,04 > Au0,02

Cesepo-Kasaxcranckas obmacts —Zn o, > U, .
>lAg4,l4 > Eu3,75 > Tb2,5 > S1112,47 = Luz > Fel,sl > Lal’ﬁ
> Crl,s =Yb1,5 > Hfl,47 > Tal,43 > Srl,lS > Cal,OG > C00,83
>Ce, >Br,, >Th . _Na >As . >Sc . >Ba

0,65 0,46 0,28 = 0,28 0,27 0,22 0,21
= Rb0,19> Sb0,07 > CSO,02=Au0,02

Takum 00pa3oMm, B IBYX 0O0JacTsx HaOmroma-
€TCS CXOKasl CIielU(UKa CICAYIONINX SIIEMEHTOB:
Zn, Tb, Yb, Lu, Ag, Sm, U, Eu, Ta, Fe, Hf, Sr, La.
OnHako ecTh U pa3Indusl B HAKOIJICHIH HEKOTOPBIX
anemeHToB B CeBepo-Kazaxcranckoi obmacrtu, Ta-

knx kKak Ca u Cr.
BrIiBOABI

Hamu wusydeno 28 »31eMEHTOB B HAKHUIIH,
o0Opa3yemoli B OBITOBBIX MPHOOpaX MPH KUTITIYCHUN
MUTheBOM  Bombl  AkmonmHckor u  CeBepo-
Kazaxcranckoit o6nacru.

B pesynbrare mpoBeIeHHOTO aHaIN3a AIEMEHT-
HOTO COCTaBa HAKWIU MUTHEBOW BONBI YCTAaHOBJIE-
HO, YTO BCE HCCIEAYEMbIE XMMHYCCKUE SICMEHTHI
MMEIOT HEOJHOPOAHBIN XapakTep pacupeaeieHIs,
kpome Ca. CopepkaHue HAKWUIHA OTHOCHUTEIHHO
CPEIHEro 3HaueHUs M0 AKMOJIMHCKOW 00JIACTH I10-
Ka3all0 HaKOIUIEHHE TaKHUX JIIEMEHTOB, Kak: Sc, As,
Ag, Sb, Cs, Ba, Nd, Sm, Tb, Yb, Lu, a ayiz CeBepo-
Kazaxcranckoii oomactu — Na, Cr, La, U. Ha teppu-
TOpPHUH ABYX oOMacTeil B Xo/ie N3yUeHUs] HAaKOTIICHHS
3JIEMEHTOB OTHOCHUTENILHO KOA((PHUIMEHTa KOHICH-
Tpanuu ObLTH BBISIBICHBI TAKKUE CIICU(UIHBIC JIe-
meHThl, kak: Hf, Sc, Ta, Fe, Co, Cs, Ag, Nd, Sm, Sr,
Th, Sb.

HopmupoBanue cpeHUX 3HAYCHUH HAKHIIU OT-
HOCHTEITbHO balKambCKOM BOABI ITOKAa3ajo, YTO B
Cesepo-Kazaxcranckoii o0nactu B OOJIBIICH cTerne-
Hu HakoruisroTea Ca u Cr.

Ha ocHOBaHUM BBIIEN3IOKEHHOTO MOXKHO CIie-
JIaTh BBIBOJ O TOM, YTO XMMHYECKUN COCTAB HAKHUITH
MMMTHEBOW BOIBI, (DOpMUpYIOIIENics B OBITOBBIX yC-
JIOBHSAX, MOXKET OBITh MCIIONB30BaH KaK MHIUKATOP
Ka4eCTBa ITUTHEBBIX BOJI.

Konduukr unrepecoB. Bce aBropsl mpouu-
TajJu U O3HAKOMIICHBI C CONIEP’KaHUEM CTaThH U HE
MMEIOT KOH(IINKTa MHTEPECOB.
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AMHAMMUKA MOP®OBUOAOTUYECKMX MOKA3ATEAEM AELLIA
ABRAMIS BRAMA (CYPRINIDAE; CYPRINIFORMES; ACTINOPTERYGlII)
B KAMLUATAMCKOM BOAOXPAHUAMULLLE
(BAAXALLUCKMUM BACCEMH)

Mopdonaormnueckme 1 GrUoAorMyeckme NoKasaTeAr pbib BO MHOrOM ONPEAEASIOTCS YCAOBUSIMUA Cpe-
Abl 061TaHUs. M3ydeHre M3MEHUMBOCTHM Pbi NMO3BOASIET OLLEHWUTb MX SKOAOTMUYECKYIO MAACTUYHOCTb U
COCTOSIHWE CpeAbl 06UTaHMs. BbIAO MPOBEAEHO CPABHUTEAbHOE M3yUYeHne MOPOAOTMUECKON M3MEH-
UYMBOCTM BO BpemeHHOM acriekte Aewta Abramis brama (Linnaeus, 1758) 13 Kanuaranckoro Bopoxpa-
HUAMLIA. DTOT BMA PbIb SIBASETCS aKKAMMATM3aHTOM B baAxalickom GaccerHe M OCHOBHbIM OObEKTOM
npomMbicAa B Kanuaraickom BoAOXpaHuAMLLEe. [103TOMY M3yYeHWe ero M3MEHYMBOCTU NMPEACTABASET
GOAbLLON MHTEPEC AAS MOHUMAHMWS MPOLECCOB MUKPO3BOAIOLMM U MPAKTUYECKYIO 3HAUMMOCTb AAS
paLMOHAAbHOM OpraHM3aLmMm NpPombicAa. M3yueHo cocTosiHme GMOAOrMYecKux rnokasareaen, 22 naa-
CTUYECKMX M 7 CYETHBIX NPM3HaKoB Bbibopok 1974, 1992 1 2020 rr. AAS CTaTMCTMYECKOrO aHaAM3a
MCMOAb30BaH METOA FAABHbIX KOMMOHEHT. Bbibopka 2020 r. OTAMYAETCS Aydlleit YMUTaHHOCTbIO, HO
MEHbLUMMKM pasmepamm pblb. OCHOBHOM MPUUYMHON U3MEHEHWMIA MOXKET SIBASITbCS MHTEHCUBHDBINA MPO-
MbICeA. 3a nocaeaHMe 28 AeT MPOMN30LLAO CYLLECTBEHHOE M3MeHeHWe BHeLLHeln Mmopdoaorum Aella. MN3-
MEHMAUCb TMAPOAMHAMMYECKME MOKa3aTeAn 1 popma roroBbl. OTMEYEHHbIe M3MEHEHUSI MOTYT ObiTb
pe3yAbTaTOM U3MEHEHWSI SKOAOTMYECKOM HULLK. B HacTosiLLee Bpems B KanyaraickoM BOAOXPAHMAMLLE
HapyLLleH roMeocTas pasBmUTUS Aellia, OAHAKO BOAbLLIAsI IKOAOTMYECKas MAACTUUHOCTb MO3BOASIET 3TOMY
BMAY CYLLECTBOBATb B MEHSIOLMXCH YCAOBUSAX OKPY>KAIOLWEN CPEeAbI.

KatoueBblie caoBa: MOpPHOAOTMs, M3MEHUMBOCTb, Aell, Abramis brama, Kanuaraickoe BoaooxpaHu-
AVLLE.

N.Sh. Mamilov'", T.G. Konysbayev', S.Zh. Makambetov'

TAl-Farabi Kazakh National University, Kazakhstan, Almaty
2Science and industrial center of Fishery, Kazakhstan, Almaty
*e-mail: mamilov@gmail.com

Dynamics of morphobiological parameters of bream Abramis brama
(Cyprinidae; Cypriniformes; Actinopterygii) in the Kapshagai reservoir
(Balkhash basin)

The morphological and biological characteristics of fish are largely determined by environmental
conditions. The study of the variability of fish makes it possible to assess their ecological plasticity and
the state of the habitat. A comparative study of morphological variability in the temporal aspect of the
bream Abramis brama (Linnaeus, 1758) from the Kapchagai water reservoir was carried out. The state
of biological indices, 22 plastic and 7 counting characteristics of samples from 1974, 1992 and 2020
was studied. The method of principal components was used for statistical analysis. The 2020 sample is
distinguished by better body condition, but smaller fish sizes. Over the past 28 years, there has been a
significant change in the external morphology of bream. The hydrodynamic parameters and the shape
of the head have changed. The noted changes may be the result of changes in the ecological niche. At
present, the homeostasis of bream development is disturbed in the Kapchagai reservoir, however, high
ecological plasticity allows this species to exist in changing environmental conditions

Key words: morphology, variability, freshwater bream, Abramis brama, Kapchagai water reservoir.
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Kanwarai cykormacbiHaafFbl (baAkain 6acceiiHi) ToipaHHbiH, Abramis brama
(Cyprinidae; Cypriniformes; Actinopterygii)
MOpP06HMOAOTUSIABIK, KOPCETKILLITEPiHIH, AMHAMMKACDI

BaAbIkTapAblIH MOPGOAOTUSIAbIK, K8HE OMOAOTUSABIK, KOPCETKIlUTePi Kermn >KarAahnAa MeKeH
€Ty OpTacbliHbIH, >XaFAaAapbIMEH aHbIKTaAaAbl. BaAblkTapAblH e3repriwTiriH 3epTTey OAapAbIH,
3KOAOTUSIAbIK, MKEMAIAITIH XKOHE MEKeH eTy OpTacCblHblH >KaFAalblH aHbIKTayFa MYMKIHAIK Oepeai.
Kanwarai cykormMacbiHAaFbl ThipaHHbiH Abramis brama (Linnaeus, 1758) yakbIT acnekriciHaeri
MOPOAOTMSABIK, ©3reprilTiri  CaAbICTbIPMaAbl TYpAE 3epTTeAai. baabikTbiH OyA Typi baakauw
baccernHiHAe >KepciHAipreH aHe Kanwaran cy KonmMacbiHAAFbl Herisri 6aAblK, ayAay HbiCaHbl OOAbII
TabblraAbl. COHAbIKTaH OHbIH ©3reprillTiriH 3epTTey MUKPO3BOAIOLLMS MPOLECTEPIH XaHe BaAbIK, ayAay-
Abl YTbIMABI YIbIMAQCTBIPY YLUiH NPAKTUKAABIK, MaHbI3AbIAbIFbIH TYCiHY YLWiH YAKEH KbI3bIFYLUbIAbIK TY-
Ablpaabl. 1972, 1992 xxoHe 2020 XblAAApAFbl ayAaHFaH 6aAbIKTapAblH 6BMOAOTUSIABIK, 22 MAACTUKAAIK,
KeHe 7 caHaAaTbiH OeAriaepiHiH kepceTkiwTepi 3epTTeAai. CTaTMCTUKAABIK, aHaAM3 YLIiH 6ACTbl KOM-
MOHEHT BAICI KOAAAHbBIAABL. 2020 >KblAbl ayAaHFaH GaAbIKTap XKaKCbl KOHAbIAbIFbIMEH €pPEKLLEAEHEA]
aranaa GyA GaAblKTapAblH ©ALLIEMIHIH KiwiAiri Gaikarasbl. COHFbl 28 >KbIAAQ, ThIPaHHbIH, CbIPTKbI
MOPMOAOTMAChIHbIH,  ©3repyi >YpreH. TblpaHHbIH, TMAPOAMHAMMKAABIK, KOPCETKILUTEPIHIH >KoHe
6acbiHbIH, (hopMachl e3repreH. ATaAFaH ©3repicTep 3KOAOMMSAbIK, KYbICTbIH ©3repyiHiH HoTuxeci 60-
AYbl MYMKiH. Kasipri ke3ae Kaniuarai cyKonMmMacbiHAAFbl ThipaHHbIH AaMy FrOMeOCTasbl 6y3blAFaH, aram-
Abl XKOFapfFbl 3KOAOTUSIAbIK, MKEMAIAITT OYA Typre KopluaraH OopTaHblH ©3repy >KarAaiAapblHAQ eMip

Cypyre MyMKIHAIK 6epeai.

Ty#in ce3aep: mopdoaorus, esrepriwTik, TbipaH, Abramis brama, Kanwarai cykomnmachi.

BBenenue

KocTHble pBIOBI SIBISIIOTCS caMoil pa3HO0Opas-
HOMl M MHOTOYMCIIEHHON TpYINIION MO3BOHOYHBIX
JKUBOTHBIX, a TaK)K€ Ba)KHBIM MUIIEBBIM 00BEKTOM
JUTSL 4eJioBeKa. BHEmHWN oONHMK phIO TpUBIEKAET
00JBIIOE BHUMAHHUE YYEHBIX, TIOCKOIBKY IO/ BO3-
JeiCTBUEM BHEIIHUX (aKTOPOB CIIOCOOEH MpOsIB-
JATh YAWBHUTENBHYIO TUIACTHYHOCTH. Y CHIIEHHOE
AHTPONMYECKOE BO3ACHCTBHE NMPHUBOIUT K 3HAYH-
TEIbHBIM U3MCHCHUSIM B TOMYJANUAX Kak Ha re-
HeTHYecKoM ypoBHe [1], Tak m Ha Mopdoduzno-
smorudeckoM [2; 3]. DT cBOMCTBa PHIO JIENAOT MX
B2)XHBIMU U YAOOHBIMU OOBEKTaMU IS pa3padOTKH
CHUCTEMBI OHMOJIOTHYECKON WHAMKAIMHA COCTOSHUS
BOJIHBIX dKOCHCTEM [4-6].

Banxamickuii O6acceiiH ABnseTcs KPYMHEHIINM
oaszucoM lleHTpanbHON A3HMH, SKOJIOTMYECKOE CO-
CTOSHHE KOTOPOrO 3HAYUTENBHO YXYIIIMWIOCH 32
nocieanue npecsatuietus [7-12]. Kammaraiickoe
BOJIOXpaHIUTHIIE OBITIO CO3/IaHO B CPETHEM TEUCHHUU
p.Wne B 1970 1. ¢ 11eN1bI0 MOYYCHHS JIEKTPOIHED-
TUH, PA3BUTHS OPOIIAEMOTO 3eMIIEJIENHS, PHIOHOTO
x03s1cTBa. B chopMHpOBaHHOM BOIOXPAHHUIIHIIE
MEJIKOBOIHAS (10 2 M TJIyOWHBI) 30Ha COCTaBJISICT
oxoJo Y4 miomanu. [lostomy rumponoruueckuie u
br3uKo-xuMHUYecKre ocobeHHocTrn Kamaaraiicko-
ro BOJOXpaHHWJIMIIA HE CHOCOOCTBYIOT Pa3MHO-

xenuro cazana Cyprinus carpio [13]. K MmomeHTy
HaIOJTHeHHsI BOJOXPAHIIIUINA PHIOHOE HaceleHHe
Banxamickoro OacceiiHa ObIJIO KOPEHHBIM 00pa3oM
HM3MEHEHO 3a CUET BCENICHHs OOJBIIOro 4Hcia 4y-
JKEPOJHBIX BHJIOB, KOTOPHIE TOAABIIN a0OpHUTEH-
HYIO TIPOMBICTIOBYIO UXTHO(]AayHy, COCTOSBIIYIO M3
Oamxamickoro okyHst Perca schrenkii, 6anxanickon
MapuHKH Schizothorax argentatus, WIAHACKONH Ma-
pusHKH Schizothorax pseudaksaiensis, TATHHCTOTO
rybaua Triplophysa strauchii [14; 15]. Ilocne Ha-
MIOJTHEHMSI BOAOXPAHWINIIA U O HACTOSIIETO Bpe-
MeHHu ey Abramis brama (Linnaeus, 1758) ocraer-
Csl OJHAM U3 OCHOBHBIX MPOMBICIOBEIX BHIOB PhIO
[16; 17]. Ans Banxamckoro OacceifHa jiemt sBiseT-
sl 4y’)KepoAHbIM BHIOM. [lepBasi mapTHsl B3POCIBIX
pwI0 (698 mpousBoaUTENE) ObLIA IPUBE3EHA CIOa
ocerpto 1949 r. u3 ycres p.Creipmapsu [18; 19].
Mopdonornueckoe omnucaHue H OHOJIOTHYECKas
xapaktepuctuka jema n3 p.Mmm mo m cpasy mo-
cne coopyxxkenusi Kamuaralickoro BoJOXpaHUIUIIA
obun cienanbl A A. banmbGeToBeIM U np. [19; 20].
B 1982 u 1983 rr. ans ynydmnieHns OMOIOTHIECKUX
nokazarenei B Kamuaraiickoe BoAOXpaHUIUIIE J10-
MTOJTHUTEJIBHO BCEJSUIM Pa3HOBO3PACTHBIX PBIO U3
03.buiinmukons (mo sToro B 03.buitnmukons ema
Beenmwiu u3 p.Ypai) [21]. Takum oOpa3om, momysis-
uus nema B Kamyaraiickom BOIOXpaHUIIHUILE HPO-
M30IIJIa OT YPaJIbCKOM M ChIPJIAPbUHCKOMN MOIyJIs-
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uuii. Uzydyenne mMopdonornueckoil M3MEHIUBOCTH
AKKIIMMATH3UPOBAHHBIX BUIOB MO3BOJISIET OIICHUTH
aJlanTalliOHHBIE BO3MOXXHOCTH ATHUX BHJIIOB U IPO-
CJIETUTh MHUKPOAIBOJIOIMOHHBIE MPEOOPa30BaHus B
HOBBIX JKOJOTHYECKUX ycioBmsax [22]. C aToi 1e-
JIbIO HaMu OBUIO TPOBEACHO H3yueHHe MOpdoIio-
rU4ecKkol m3MeHuuBOCTH Jjema u3 Kamuaraiickoro
BOAOXpaHWIUIIA. /{75 OIeHKH CTaOMIBLHOCTH yC-
noBu# cymectBoBanus pei0 B 2020 . Takxke ObUIO
MPOBEJICHO M3ydeHHe (GIyKTyHpYyIOUled acumme-
TpHUH OHMIIaTepaTbHBIX TPU3HAKOB.

MarepuaJibl 1 METOAUKHA

OmiioB peiO mpousBoamics B Kamuaraiickom
BojioXpaHuuiie B oktsaope 1992 u 2020 rr. cras-
HBEIMHU ceTssMH ¢ paszmepoM staen 30, 40, 50, 60 u
70 MM mgnuHOM 50 M Kaxaas. MopdomeTpuaeckas
00paboTKa CBEXUX PHIO MPOBOAMIACH IO TPATUIIH-
OHHO HcToib3yemMort B Kazaxcrane meromuke [23;
24]. Bce mpoMepsI BBIIIOJIHEHBI OJTHUM OTIEPaTOPOM
WM TIOJT HETIOCPEACTBEHHBIM KOHTPOIIEM IIEPBOTO
oTIepaTopa, YTO CBOAUT K MUHUMYMY PACXOXKICHIS
B OlleHKaxX Mpu3HaKoB [25]. [{ist o0o3HaueHus u3sy-
YaBIIUXCS IIOKa3aTese (MPU3HAKOB) Jaliee B TEKCTE
HCIIOJIb30BaHbl CUMBOJIBL: L — 00Iast JyinHa phiOb
(Mm), Ist — Tema Ge3 XBOCTOBOTO TUTABHHKA (MM),
Q — monHas Macca (T), q — Macca 6e3 BHYTPEHHO-
cTei (T); MHAeKCHl ynuTaHHoCcTH 110 Fulton n Clark;
aD, aP, aV, aA — paccTosiHUSI 10 OCHOBaHUS CIIMH-
HOTO, TPYIHBIX, OPIOITHBIX ¥ aHAIBHOTO TIABHUKOB
COOTBETCTBEHHO; pD — mocTaopcaibHOE paccTo-
suue; lca — quHa xBoctoBoro credis; 1D, 1A, 1P,
IV — nnmuHA COOTBETCTBEHHO CIIMHHOTO, aHAIBHO-
ro, TPyAHOr0 M OPIOIIHOTO IUIABHUKOB; hD — BBI-
COTa CITMHHOTO IIaBHKKA, hA — BBICOTa aHATBLHOTO
miaBuyka; H — nanOospiras BeicoTa Tena; h — Hau-
MEHbIIIask BLICOTA TEJa; C — JAJIMHA TOJIOBBI; he — BhI-
coTa roJjioBbl; hco — BEICOTA TOJIOBHI Uepe3 CEPeIUHY
rimaza, hop — BeIcoTa >kaOepHOU MPEIKPHIIIKH; a0 —
JUTMHA PBUIA; O — TOPU3OHTAIBHBINA AUAMETp Tiia3a,
Op — ANUHA 3arjia3bs, i0 — mmpuHa 16a. CueTHbIe
npu3HaKy: 1l — KonmmaecTBo psAAOB Yenryii B O0KOBOMH
muann;, Dr, Ds — 4nCiI0 HEBETBUCTHIX M BETBUCTHIX
JTy4yed B CIMHHOM INIaBHUKE; Ar, AS — YHCIIO HEBET-
BHCTBIX M BETBUCTHIX JTydeil B aHAJIHLHOM TNIABHUKE;
Sp.br. — uncno xabepHBIX THIYMHOK Ha MEPBOIi XKa-
OepHoii ayre; Vert. — o0Iiee 4uciIo TO3BOHKOB.

Cratuctuyeckyro o0paOOTKy MaHHBIX IPOBO-
JIWIN COTIaCHO pyKoBozacTBaM [26; 27]. CtatucTu-
YeCcKHe MoKa3aTelln 0003HaYeHbl CHMBOJIAMU: min —
MHUHUMAaJIbHOE, MaxX — MakCuMalibHOe, M — cpeiHee
3HAUEHHUS;, £m — CpelHee OTKIOHEHHE, £S5 — CTaH-
nmaptHoe oTkioHeHue, CV — koaduIerT papua-
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uuu. s cpaBHeHHS BBHIOOPOK pPa3HBIX JIET MPUMe-
HWIN OIUH U3 METOAOB MHOT'OMEpPHOI'O CTaTHUCTH-
YECKOTO aHaln3a — METOJ IJIaBHBIX KOMIIOHEHT,
COTJIaCHO PYKOBOJICTBaM [26; 28], NCITONIB3YsI TAKET
KoMmbloTepHbIX mporpamMM “NTSYSpc” Bepcus
2.02k [29]. CobcTBeHHBIE BEKTOPHI BRIYHCISIIN TIO
BapHaIlMOHHO-KOBapUAIlMOHHOW MaTpuIle, AJIuHa
cOOCTBEHHOTO BEKTOpa paBHseTcs 1. AHanusupye-
MbI€ JaHHBIE NIPEIBAPUTEIHHO CTAHJAPTU3UPOBAIIH,
YTO TO3BOJIMJIO YCTPAHUTH PA3INUMs, BO3HUKAIO-
IIMEe MPU BBIYUCICHUH COOCTBEHHBIX BEKTOPOB IO
BapHaLIOHHO-KOBAPUALIMOHHBIM HJIM KOPPEJSLH-
oHHBIM MaTpumam [30].

Jns mHTerpanbHOM 3KCHEPTHOM OLEHKH, IO-
3BOJISIIOIIEN IIO COCTOSIHMIO OPTaHU3MOB OLICHH-
BaTh COCTOSIHUE CpeAbl OOMTaHUS, UCIOIH30BAIN
METOOUKY ydeTa (IYKTYUpYIOIIeH acuMMETpUu
OmaTepabHBIX MPU3HAKOB (KOY(POUIIHEHT acuM-
Metpun — KA) no 3axapoBy u ap. [31]. U3yuenue
¢GayKkTyupymoomeid acuMMETpUH OuitarepaabHBIX
[IPU3HAKOB [I03BOJIIET OLEHUTH CTAOUIBHOCTH I'0-
MeOoCTa3a WMHJWBHUIYyaJIbHOI'O Pa3BUTUSA OpraHu3-
MOB M JaTh MHTETPAIbHYIO SKCIEPTHYIO OLICHKY
cocTosiHuA cpeabl ooutanus. Koaddunuent acum-
METPUU PACCUMTHIBAIICSA KaK cpelnHee apupMeTH-
YEeCKOEe YUCIIO ACUMMETPUYHBIX PU3HAKOB y KaX-
JoW 0cOOM, OTHECEHHOE K YHCIY HCIOIb3yeMbIX
npu3HaKoB. B JaHHOM citydae He yunThIBajach Be-
JUYMHA PAa3InYIMsI MEKAY CTOPOHAMH, a JIUIIb caM
(hakT HEcx0/CTBa 3HAYCHHUM NMpPHU3HAKA HA Pa3HBIX
CTOpOHax Tena. 3a CUeT 3TOr0 yCTPaHAETCS BO3-
MOJKHO€ BJIMSIHUE OTACIBHBIX CHIIBHO YKJIOHSIO-
IIUXCS BAPUAHTOB.

Pe3yabTarhl u o0cy:xaeHue

Buemnwuii Bun nzydeHHsIx Hamu B 1992 u 2020
IT. newmei coorBercTBoBan onucanuto JI.C. bep-
ra [32]: BEICOKOE TENO CHJIBHO CXaTo ¢ OOKOB; OT
OpIOLTHBIX ILIABHUKOB JI0 aHAJIBHOTO OTBEPCTHUS
TSHETCSI KWb, HE MOKPBITHIA 4Yellyell; aHaabHBIA
IUIABHMK JITMHHBIN, HAYUHACTCS BIEPEIN BEpPTHKA-
JIY 4epe3 3aTHUI KOHEI] CIIMHHOTO TUTaBHUKA; OOKO-
Bas JMHHA B BUJE M30THYTOW BHU3 IOJIOTOW TyTH.
Buonoruueckue mokasaTesid BHIOOPOK Pa3HBIX JIET
npencTaBieHsl B Ttabmune 1. M3mepenus 1992 r.
MPOBOJIMIIM COBMECTHO U 10 KOHTpojeM A.A. ba-
MMOETOBA, YTO MO3BOIHIIO H30exkarh 3ddekra omne-
paTopa B olleHKax nmpu3HakoB. CpaBHEHHE NaHHBIX
Pa3HBIX JIET MMOKAa3ajJ0, YTO MaKCUMAalIbHBIE pa3Me-
pBI Jielia B BBIOOPKAX Pa3HBIX JIET OCTAIOTCS MpH-
MEPHO OJIMHAKOBBIMH, OJHAKO CpPEIHHE DPa3MephI
BBIOOpKH 2020 T. OKa3aIuCh 3HAYUTEIIHPHO MEHBIIIE,
4yeM paHblle. MakcuManbHBIE U CPEAHHUE 3HAYCHUS
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nokasaresned ynuraHHoctd peid B 2020 r. Obutn
0onpIIMMHU, MUHUMAJIbHBIC IIOKA3aTeNN — 3aMETHO
Oonbmie, ueM B 1974 r. DTO CBUIETENBCTBYET O XO-
porreli 06eclieYeHHOCTH MUILEH U 0IaronpusTHBIX
YCIIOBUSX Haryja pel0 B mocienHue roxsl. Ilosy-

YEHHBIE JIaHHBIC MOTYT YKa3bIBaTh Ha MOBBIIIICHHOE
BO3/ICHCTBHE MPOMBICIOBOTO U3BITHS B IEPUO]T ITO-
cie 1990 r., KoTOpoe HE TOJIBKO 3aMETHO CHU3HIIO
WHTEHCUBHOCTh BHYTPHUBHIOBON KOHKYPEHIIHH, HO
MOBJIEKJIO YMEHBIIIEHUE Pa3MepOoB.

Taéanua 1 — buonoruueckre nokasarean BHIOOPOK Jiell[a pa3HbIX JET

1974 . mo
[19: 20] 1992 r. 2020 1.
ITokazarenn -
min-max/ min | max M (0% min max M +s CvV
M+tm
L, mm HET JaHHBIX 336 382 353.2 14.78 4.18 242 398 297.1 62.99 21.20
Ist, MM 275-300 265 304 280.0 12.81 4.57 186 300 226.4 44.04 19.45
Q,r 370 630 483.0 88.45 18.31 146 661 3174 220.60 69.50
HET JIJAHHBIX
q,T 345 520 429.0 62.13 14.48 136 610 289.3 197.19 68.17
Fulton 1'021-13(')13/ 1.97 | 245 2.18 0.153 7.03 1.55 291 2.37 0.370 15.59
Clark 0‘819_823’88/ 1.76 | 2.07 1.94 0.107 5.52 1.35 2.58 2.18 0.334 15.32

Januble MOP(OIOrHYecKoro aHanmsa Ipen-
ctaBieHbl B Tabnuuax 2 u 3. Beibopka 2020 r. 3a-
METHO OTJIMYAeTCs] OT BBIOOPOK MPENbIAYyIIUX JIET
MEHBIINM YUCIIOM Yellyii B OOKOBOW TMHHUH, HEBET-
BHCTBIX JIy4el B CHMHHOM U aHAJIbHOM IJIABHUKAX.

Tadauua 2 — CueTHbIe MPU3HAKH BEIOOPOK JIEIIa Pa3HBIX JET

Haubonpiee uncio sxadepHBIX THIYMMHOK Ha TIEPBOH
xabepHOH ayre mpeBbIlIaeT qaHHble XX Beka. Jlo-
CTOBEPHBIX PA3JIUYUIL [10 YHCITy BETBUCTHIX JIydel B
CIIMHHOM M aHAJIbHOM IUIaBHUKAX U YHUCIY MTO3BOH-
KOB HE BBISIBJICHO.

1974 . mo
[puznak [19: 20] 1992 1. 2020

1l 50-57/535 | 50 | s8 | s34 | 246 | 460 | 44 | 54 | 496 | 3.06 6.17

Dr 3 2 3 Het nanubIxX 2 0 0
Ds 9-10.5/9.8 9 10 9.3 | 0.48 | 5.19 9 10 9,3 0,46 5.00
Ar 3 3 2 3 2.6 0.52 19.72
As 222;228.5 25 28 26.4 1.18 4.48 25 28 26.4 0.92 3.47
Sp.Br 20-32/26.6 24 32 27.2 2.66 9.77 20 35 27.5 3.80 13.83
Vert. 39-45/43.7 CocrosiHue npu3HaKa He U3y4daaoch 41 45 42.8 1.19 2.79

[To cBoeMy (pyHKIIMOHATBPHOMY Ha3HAUCHUIO BCE
M3y4aBIIUecs TUIACTHYECKHUE TPU3HaKH (Tabnuma 3)
MOJKHO pa3fienuTh Ha 3 rpynnsl: 1) onpepenstomnime
THIPOIMHAMUYECKHE CBOWMCTBA (BBICOTA Tela, JIH-
Ha XBOCTOBOTO CTEOJIs, MOJIOKEHHE IUIABHUKOB);
2) ompeeNsIoNTiue MAaHEBPEHHOCTD (pa3Mephl IIaB-

HUKOB); 3) CBS3aHHBIEC C OPHEHTAIUEH 1 T0ObIBaHU-
eM mui (IpoMepsl rosioBsl) [33-36].

Y GonpmmHCTBA pBIO BEIOOPKH 2020 T. CTUHHOM
TUTAaBHUK OTCTABJIEH Jajbllle OT TOJOBbI, XBOCTOBON
cTebens Kopoue, pa3Mephl CIIMHHOTO, aHAJBHOTO,
TPYAHBIX 1 OPIOIIHBIX TUIABHUKOB, Pa3MEPHI TOIOBBI
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U ee OTAENbHBIX JacTel Ooiblle, yeM B BBIOOpPKax  IOKa3aJd SBHOE M3MEHEHHE MOP(OJIOrHH Jiema 1o
IIPOIIIOTO BEKa. DTO YKa3bIBaeT HA CYIIECTBEHHOE  CPAaBHEHHUIO C HAYaJIbHBIM IIEPHOAOM HAIOJIHEHHS
W3MEHEHUE YCIOBUI oOuraHus nema. Pesynpratel  Kamyaraiickoro Bogoxpanwnmmia (Tabnuna 2, pu-
MHOTOMEPHOI'O aHaji3a IJIAaCTUYEeCKUX MPHU3HAKOB  CYHKH 1-3)

Ta6auna 3 — CpaBHUTENbHAS XapaKTEPHCTHKA IUIACTHYECKUX TPH3HAKOB (B % o Ist) nenta u3 Kamyaraiickoro BomoxpaHmwinma

1974 r. o [19; 20] 1992 1. 2020 r.
min-max/M+m CvV min-max/M=£m CvV min-max/M+m (O\Y%
51.9-57.9 55.9-59.3 52.2-65.5
aD 2.1 1.78 5.67
55.0£0.22 57.5£1.02 60.5+3.43
22.2-24.5 22.2-26.5
aP CocrosHUE IPU3HAKOB HE H3Y4aI0Ch 3.51 5.54
23.4+0.82 24.6+1.36
30.7- 36.5 31.3-34.4
pD 34 CocTosiHUE MTPU3HAKOB HE 397
33.9+0.22 U3ydalloch 33.0+1.31
44.2-47.2 41.7-48.7
aV 2.07 3.82
45.8 +0.95 46.8+1.79
CocrosiHHE TPU3HAKOB HE H3y4aloCh
63.2-67.8 57.4-71.4
aA 2.29 5.53
65.5+1.50 65.8 +£3.63
8.9-154 10.6-14.0 10.0-12.9
Ica 11.5 7.41 7.76
12.4+0.27 12.3+0.91 11.5+0.89
12.4-16.1 13.0-14.9 13.0-15.7
ID 5.5 4.25 7.72
13.7+0.14 13.9+£0.59 143 +£1.10
22.0-28.3 22.2-28.9 27.1-29.0
hD 6.4 7.79 2.87
25.4+0.31 26.6£2.07 28.2+0.81
19.3-30.4 26.5-29.2 27.4-29.3
1A 8.6 3.58 3.01
27.1£0.44 27.9£1.00 28.1+£0.85
13.8-214 17.7-20.4 17.3-22.7
hA 12.3 4.95 10.88
17.1+£0.39 19.1+£0.95 20.2+£2.19
17.9-21.5 22.6-23.7
1P 3.8 2.00
19.3+0.14 CocTosHYE TIPU3HAKOB HE 23.2+£046
15.2-17.9 U3ydajloch 17.9-19.4
v 4.0 3.66
16.9+0.13 18.9+0.69
34.0-43.6 37.2-40.7 32.6-42.7
H 3.6 2.30 7.15
37.5+0.27 39.3+0.90 38.6+£2.76
8.2-10.9 9.7-12.0 10.0-15.2
h 43 6.96 11.70
10.1£0.08 10.9+£0.76 11.3+£1.32
19.3-21.5 20.1-22.6 21.7-254
c 4.6 3.81 5.04
20.6+0.18 21.5+0.82 24.1£1.22
Her nanubIX 16.1-21.5
he Her 8.17
16.5+£0.18 JlaHHBIX 19.1£1.56
11.7-14.7
hop CocrosiHre IPU3HAKOB HE 784
H3yqalloch 12.8+£1.00
CocrosiHHE TIPU3HAKOB HE H3y4aloCh
12.2-15.2
hco 5.85
13.8+0.80
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IIpooonacenue mabruyvr 3

1974 1. o [19; 20] 1992 1. 2020 1.
min-max/M+m Cv min-max/M+m ()% min-max/M+m CcvV
5.9-7.2 5.8-7.5 7.3-15.2
ao 2.6 8.13 25.68
6.4+0.03 6.7+0.54 8.5+2.17
Her nanusix 4.5-5.3 4.7-6.1
0 Her 5.22 8.11
4.6+0.13 JaHHbIX 4.8+0.25 5.5+0.45
9.3-11.5 9.8-10.9 11.3-13.2
op 3.8 4.46 3.74
10.3+0.07 10.3+0.46 12.3+0.46
. 6.8-8.3 7.6-9.1 7.8-10.2
io 5.1 5.65 6.46
7.7+0.07 8.4+0.47 8.9+0,57
Ta0muua 4 — Harpy3ku miacTUYeCKUX NPU3HAKOB Ha 1-3 IIaBHbIC KOMIIOHEHTBI
I'maeubie kommoHeHTH (PC) «Becy» npuznaxos (Eigenvalue)
[Ipuznaku
1 2 3 Oakrnueckuit (%) | Oxunmaemsiit (%)
aD 0.1659 0.7381 0.1180 4.283 (53.54 %) 33.97
aP 0.3305 -0.2618 0.5076 1.361 (17.00%) 21.47
aVv -0.3969 0.3095 0.1377 0.705 (8.81%) 15.22
aA 0.3242 0.1218 -0.7165 0.557 (6.97 %) 11.06
1D -0.4090 0.2977 0.1201 0.430 (5.38 %) 7.93
hD 0.3987 0.1888 0.4213 0.292 (3.65%) 543
1A -0.3862 0.1014 -0.0086 0.205 (2.56%) 3.34
hA 0.3539 0.3761 -0.0637 0.167 (2.08%) 1.56

J1d macTUYeCKUX MPU3HAKOB HIMPOKO MPUHS-
TOM SIBIIIETCS MHTEPIPETAIHs, COTIIACHO KOTOPOM
MEPBYI0 TJIaBHYIO KOMIIOHEHTY pPacCMaTpHUBAIOT
KaK XapaKTEepHU3YIOIIyI0 pa3Mep ocoOu, a BTOPYIO
U TPEThI0 — KakK XapakTepusyrolue (opMmy Tesa
[36]. Boibopku pasHBIX JET XOPOIIO pa3AeisioTcs
B ITpocTpaHcTBe 1-2 1 2-3 r1aBHBIX KOMIIOHEHT, YTO
MO3BOJISIET TOBOPUTH O 3HAYUTEIBHBIX N3MEHEHUSIX
B Mopdostorun snenta Kanuarafickoro BogoxpaHu-
JIMIIA, TTPOU3ONISANINX 32 U3y4YaeMblii BpeMEHHOU
nHTepBal. I[IOCKOIBKY TI'MIPOJIOTHYECKHH PEXKUM
3a 3TO BpeMs HE MpeTepren CYIIECTBEHHBIX W3-
MEHCHHH, BBIIBICHHBIE W3MEHEHHS BO BHEIIHEM
BUJIE PBI0O MOTYT YKa3blBaTh Ha M3MCHEHHS B HMX
9KOJIOTUH.

MHOTOMEPHOCTD IKOJIOTHIECKON HHIITH JTF000TO
BUJA pBIO TpyIHO ompeaenuTb. OaHako Mopgoiio-
THYECKHE XapaKTepUCTUKU PbIO SBISIOTCSA MOJIE3-
HBIMH HWHAWKATOPaMH Pa3MEpPOB IKOIOTHIECKUX
HUII, TOCKOJNBKY YaCTUYHO OTPAXKAIOT 3BOJIOIM-
OHHOE€ BO3JICUCTBUE YCIOBUW OKPY>KaOIIEH Cpenbl

[37]. Ucnionp3yss mmpokuii HAOOp IIACTHIECKUX
MIPU3HAKOB, CBSI3aHHBIX C JJOOBIBAHUEM ITHUINU U Me-
CTOOOHUTAaHUSAMH, U METOJBI CTATUCTHIECKOTO aHa-
mu3a, J. Findley [38] u A. Gatz [39; 40] oganMu u3
MEPBBIX MPEANIOKUIN MOAXO0J K CHUCTeMaTH3alluu
BHJIOB B CBSI3U C WX DKOJIOTHYECKUMHU HHUIIIAMH. 3a-
TE€M 3TOT IOAXOJ] OBLI MCIONB30BAH MJISI OIEHKH
pasMepoB HHII BHYTPH W MEXIy COOOIIecTBaMU
pei0 [41], BBISICHEHHSI 3aKOHOMEPHOCTEH 3IKOMOp-
(hostornyeckoli KOHBEPICHIMU U JTUBEPreHInn [42;
43], omneHkM camux MecT obOuTanus [45], onpene-
neHnst (PYHKIIMOHAIBHBIX TPYIMI W YCTAaHOBJICHHS
CBsI3CH MEXy CIIOKHOCTBIO OOMTaHMU U MOpQo-
JorudeckuM paszHooOpasuem [44]. [lomyuyennsie
HaMU JTaHHBIE TIOKa3alli, OTHOCHUTENFHBIE Pa3MephI
rojioBsl Jemnia B KamgaraiickoM BOJOXpaHHUIHUINE B
HacTosiiee BpeMs OoJblie, YeM B BBIOOPKAx MHpo-
[UTOTO BeKa. YUHUTHIBAS LUTHPOBAHHBIE BHIIIE pa-
0OTBI, 3TH U3MEHEHHUS MOTYT OBITh CBSI3aHBI C H3-
MEHEHHUSIMH B 3KOJOTMHM NUTAHUS W WU3MEHEHHEM
9KOJIOTHYECKOW HUIIN B IIEITOM.

45



Jlunamuka Mop¢oOnoNIornyeckux Imokasareinei ema Abramis brama ...

46

1.00
10¢
4 Py
0.57 A
] Be
Q‘\.\
2 015
-0.27
'0 .10 T T T T T T T T T T T T T T T T T T T
-1.50 -0.82 -0.15 0.53 120
1
Pucynox 1 — [TonoxxeHne BEIOOPOK pa3HEIX JIET B IPOCTPAHCTBE | 1 2 IIIaBHBIX KOMIIOHEHT:
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Pucynok 2 — [TonoxxeHre BBIOOPOK Pa3HbIX JIET B IPOCTPAHCTBE | M 3 IIaBHBIX KOMIIOHEHT.
O6o3HaueHue ocobeil, kak Ha pucyHKe 1
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Pucynok 3 — [TonoxeHre BBIOOPOK pa3HbIX JICT B IPOCTPAHCTBE 2 U 3 IIABHBIX KOMIIOHEHT.
O06o03Ha4yeHne ocobeil, kak Ha puUcyHKe 1

K.O. Winemiller [42] Takxke NpeANONIONKUT,
9T0 MOP(OIOTHUECKOE pPa3HOOOpa3ne BO3pacTaeT
C YBEIMYCHUEM 00beMa MeCT OOUTaHMS, UX CIIOXK-
HOCTBIO, CTAOMIBHOCTBIO OKPYXKAIOIIEH Cpeasl U
YPOBHSIMH MEXBUJIOBOH KOHKYPEHIIMU M XUITHHYE-
ctBa. B BeIOOpKe nema 2020 1. KA pasesn 0,58, uto
YKa3bIBACT HA CYIICCTBCHHBbIC HAPYIICHUS TOMEO-
CTa3a pa3BUTHS M M3MEHEHHs Cpejbl CYNIeCTBOBA-
Hus jema B KamyaraiickoM BOJOXpaHWIHIIE. DTO
MOJTBEPXKIACT paHee CHACTaHHBIA BBIBOA O 0OJb-
IIOM 9KOJIOIMYECKOW TUIACTUYHOCTH JIella B HeCTa-
OMJILHBIX YCIIOBUSAX OKPYXKAIOIICH CPeIbl.

BroiBoabl

1. Xopormast ymuTaHHOCTh U YMCHBIIICHUE CPEe/I-
HUX pa3MepoB B BeIOopke 2020 T. 110 cpaBHEHUIO C
JaHHBIMU NPOIJIOTO BEKAa MOT'YT YKAa3bIBaTh HA BJIU-
SIHUE TIPOMBICIIA, KOTOPOE HE TOJBKO 3aMETHO CHH-
3WJI0 WHTEHCUBHOCTh BHYTPUBHUAOBON KOHKYpEH-
1A, HO U MOBJICKJIO YMCHBIICHUC pa3MEpPOB JICIIa.

2. Ilo cpaBHEHHIO C MPOLLIBIM BEKOM MPOHU30-
IO CYIIECTBEHHOE M3MEHEHUE BHEMIHEH MOpdo-
JIOTHH JIela, KOTOPOE MOXKET ObITh BBI3BAHO M3ME-
HEHHEM SKOJIOTHUSCKON HUIIIH.

3. B Hacrosmiee Bpems B Kamuaraiickom BoJ1o-
XpaHWJIMLIE HAPYLIEH FOMEOCTa3 Pa3BUTHUSA JIEIIa,
OJHAKO OO0JIbIIAast SKOJIOTHYECKas IIIAaCTHIHOCTE I10-
3BOJISIET 3TOMY BUY CYIIECTBOBATH B MEHAIOIIUXCS
YCJIOBUAX OKPY>KaloILLEH Cpebl.

BaaropapHocTn

JaHHYIO CTaThl0 aBTOPHI IMOCBAIMIAIOT IaMsi-
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HOBAS HAXOAKA ME3030MCKOTIO MXTUO3ABPA
HA 3AINAAE KA3AXCTAHA

CraTbsl NOCBsILLLEHA OMMCAHUIO HOBOrO MpeAcTaBmTeAs cemenctea Undorosauridae, HaAeHHOro
BrepBble Ha TeppuTopmum 3anaaHo-KasaxcraHckon obaactu Pecnybankm KasaxcraH. BoiaeaeH HOBbIi
poa nxtro3saspos cemeitctea Undorosauridae. OCHOBHbIMW AMArHOCTUYECKMMM MPM3HAKAMM AQHHOTO
CEeMEeNCTBA SBASIIOTCS HEMOAHOE MEAMAAbHOE CpalMBaHUE CEAAAMILIHON U AOGKOBOM KOCTEM, a TakxKe
cBoeobpasHoe CTpoeHue uvepena (KpyrnHoe HOCOBOe OTBEPCTUE, OBAaAbHAS FAA3HMLA, LUMPOKas 3arAas-
HMYHAs YacCTb M CTPOEHME 3aTbIAOYHOM YacTh). B aaHHOM paboTe GbiAM MpUMEHEHbI O6LEeNPUHATbIE
MaAEOHTOAOTMYECKME METOADBI MOAEBbIX M KaMepaAbHbIX MCCAEAOBAHMI: CTaHAAPTHAs METOAMKA pa-
6OTbI C MAAEOHTOAOTMYECKMM MaTEPUAAOM AAS M3BAEUEHUS UCCAEAYEMbIX 06Pa3LIOB U3 BMELLAIOLLEN
NMOPOAbI; MOPGOAOIMUECKMIA U MOPOMETPUYECKMI aHAAM3 UCKOMAEeMbIX OCTaTKOB MpY BUAOBOM AMa-
rHocTuke. CXOXeCTb B CTPOEHMM Yeperna, MOCTKPaHWAAbHOIO CKEAETa, MOSiCOB, BEPXHUX M HUKHUX
KOHEYHOCTEN MO3BOASIET OTHECTM OMUCLIBAEMbI CKEAeT MxTHo3aBpa K cemencTBy Undorosauridae. B
TO >Ke Bpemsi MPUCYTCTBUE B Yepere CBoeo6pasHoro CTpoeHus (y3Kom CeproBUMAHOM NOCTOPOUTAAbHOM
KOCTU, LUIMPOKOM KBAAPATHOCKYAOBOM KOCTM, MOLLIHOM CUAOBOM AYrM 3aTbIAOYHOIO KOMIAEKCA), a TaK-
e ABYX(haCeTOUHbIE MAEYEBbIE KOCTU U GOKOBOE NMPUUAEHEHME MEPBOro MaAbLia MO3BOASOT BbIAEAWTD
HOBbIN POA. Bo3pacT HaxOAKM OTHOCUTCSI K MO3AHEN l0pe, CPEAHEBOAXKCKMI pyC, 30Ha Zaraiskites
zarajskensis.

KatoueBbie caoBa: cemeiictBo Undorosauridae, Me30301, CpeAHEBOAXKCKMIA SpyC, 3anaaHblii Ka-
3axCTaH.

D.B. Yakupova

Kazan (Volga region) federal University, Russia, Kazan,
*e-mail: yakupova_j@mail.ru

New finding of mesozoic ichthyosaur in Western Kazakhstan

The article is devoted to the description of a new representative of the family Undorosauridae, found
on the territory of the West Kazakhstan region. A new genus of ichthyosaurs of the family Undorosauri-
dae has been identified. The main diagnostic features of this family are incomplete medial fusion of the
sciatic and pubic bones, as well as a peculiar structure of the skull (large nasal opening, oval eye socket,
wide occipital part and the structure of the occipital part. In this work, we applied the generally accepted
paleontological methods of field and laboratory research: standard procedure for working with paleon-
tological material to extract the studied samples from the host rock; morphological and morphometric
analysis of fossils in species diagnostics. The similarity in the structure of the skull, postcranial skeleton,
belts, limbs allows us to attribute the described ichthyosaur skeleton to the family Undorosauridae. Geo-
logical age: late Jurassic, Middle Volga tier, Zaraiskites Zarajskensis zone.

Key words: family Undorosauridae, mesozoic, middle Volga tier, Western Kazakhstan.
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batbic Ka3akcTaH aiMarblHAAFbI
Me3030# UXTUO3AaBPbIHbIH, XKaHA OAXKaACbl

Makara KasakcraH PecnybamkacbiHbiH, baTtbic KasakcTaH 0OAbICHI aymarbiHAQ aAFall peT
TabbiaFaH Undorosauridae TyKbIMAQCbIHbIH >KaHa OKIAiHIH cunaTTamacbiHa apHaarad. Undorosau-
ridae TyKbIMAACbIHbIH, MXTMO3aBPAApPbIHbIH, >KaHa TyKbIMbl OKLIayAaHfaH. BYA TYKbIMAQCTbIH Herisri
AMarHOCTUMKaAbIK, OeArinepi — OyA Kacara >KoHe >KambaC CYyMeKTEpiHiH TOAbIK, eMeC MeAMaAbAbI
CMHTE3i, COHAAM-aK, 6ac CyMeriHiH ©3iHAIK KYPbIAbIMbI (YAKEH MYPbIH CaHblAQybl, COMaKLia Ke3 ysCbl,
KEH MOCTOPOUTaAbAbl GOAIK XXKOHE OKCMMUTaAbAbl OOAIKTIH KypblAbIMbI. BYA >KyMbiCTa AaAaAbK,
JKOHE KaMEpPaAAbIK, 3ePTTEYAEPAIH >KaArbl KabbIAAAHFAH MAAEOHTOAOIMSIABIK SAICTEPI KOAAAHBIAAbI:
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Hogas HaXoaKa ME3030MCKOTO HXTHO3aBpa Ha 3amnajc Kazaxcrana

MaAEOHTOAOTUSIAbIK, MaTEPUAAMEH YKYMBIC iCTEYAiH CTAHAAPTTbl BAICTEMECI 3ePTTEAETIH YATIAEPAI Cblit-
bIMAbI XbIHbICTAPAAH aAy; MOPOAOTUSIABIK, JKOHE TYPAIK AMArHOCTMKA Ke3iHAeri Ka3ba KaAAbIKTApbIH
MOpPdOMETPUSIABIK, TaAAay. bac cyiteriHiH, MOCTKpaHMaAbAbl KaHKaHbIH, OEAAIKTEPAIH, XOFapFbl XXKoHe
TOMEHT| asKTapAbIH, KYPbIAbIMbIHAAFbI YKCACTbIK, CMMaTTaAfaH MXTMo3aBp KaHkacbiH Undorosauridae
TYKbIMAQCbBIHA XaTKbI3yFa MyMKiHAIK 6epeai. CoHbiMeH KaTtap, 6ac cyreriHae epekile KypbIAbIMHbIH
6OAYbI (Tap opak Topi3Ai MOCTOPOMTAAbAbI CYMEK, KEH TOPTOYPbILLTHI CYMeK, OKCUMMTaAbAbI KELLIEHHIH,
KyaTTbl AOFaCbl), COHAAM-aK, eKi KabaTTbl r'yMepyc >oeHe OipiHLi caycakTbiH OYMipAiK 6aiAaHbIChI kaHa
TYKbIMABI @>KblpaTyFa MYMKIHAIK 6epeai. TabbiaraH yAriHiH xacbl kew KOpara, OpTta Eaia kabatbiHa,

zaraiskites zarajskensis arfimMarbiHa >kaTaAbl.

Ty#in ce3aep: Undorosauridae TykbiMaachl, Me3030i, opTta Eaia kabatbl, batbic KasakcTaH.

BBeaenue

Me3030iicKre MPECMBIKAIOLINECS] — BhIMEpIIas
BETBb ME3030HMCKUX MOPCKUX PENTUIIUN, BO3HHK-
Imas B Tpuace W yracuias B MeJIOBOM nepuoje. B
HacTosIIee BpeMsi cCOOpaH OOMIMPHBINA MaTepHall 1o
3THUM ME3030MCKUM PENTHINSAM, OIUCAHO HECKOIb-
KO HOBBIX POJIOB ¥ BUJIOB IOPCKHX U MEJIOBBIX MXTH-
03aBpos [1, 2].

Kak coobmaer Psowmama A.H. [3], B 1926 T.
[IPU TPOU3BOJCTBE MIYPHOBOYHBIX paboT B MecKax
HeokoMa Ha rope Koii-Kapa ['ypseBckoro yesna
Ypanbckoit ry0., B OaccefiHe HIDKHETO TCUCHUS
p. OMOer .M. Kpomom ObutM HalijieHBI J1Ba IO-
3BOHKA penTWiINy. B pe3ynbraTe n3ydeHus JaHHBIX
MO3BOHKOB yJIAJIOCh YCTaHOBHTH, YTO OHU MPHHAJI-
aexkat quHo3aBpy Dinosauria u3 nogorpsaaa Thero-
poda.

Panee coobmranocsk [4], yto B Havane mast 1952
rozga B oBpare TanoBka, 6nu3 noc. Hlyukuna [Ipu-
ypajbckoro paifona 3amagHo-KazaxcraHckoil 00-
JIACTH MECTHBIMHU JKUTENSIMH OBbLTH OOHapY KEHBI
BBIMBITBIE BECEHHEH BOJOW OKaMEHENble KOCTH,
KOTOpBIE OBLTH OTHECEHBI K CEMEHCTBY ILTHO3aB-
poB Pliosauridae Seley. B 1970 r. npu npoxoxe-
HUM CTYIOCHTaMH YPaJbCKOrO IE€JaroruuecKoro
WHCTHUTYTA TIOJIEBOI MPAKTUKHU 110 TEOMOP(OIOTHH
B.C. BoponuHOBBIM ObLITH HaiiICHBI KOCTH JIBYX UX-
THO3aBPOB, MECTOHAXOKJCHUE KOTOPBIX Ha JaHHOE
BpeMsI HEU3BECTHO [5].

B coBpeMeHHBII IEPHOJ] ONUCAHBI HOBBIE POJIBL
Sveltonectes u Leninia [6, 7], ocoOeHHOCTH CTPO-
€HHUsI WXTHO3aBPOB OMHUCAHBI B Tpymax [8, 9, 10].
HoBble OTKpBITHS WXTHO3aBPOBOTO MaTepuala U3
Canp0ap 3HAYUTEIHHO PACIIUPSIIOT 3HAHUS O Pa3-
HOOOpa3uu W paclpeeiCHHH O(PTATEMO3aBPHUIIOB
Bo Bpems nocneanero FOpckoro nepuona [11]. B pa-
oote JI.JI. JlencerT onmcaH HOBBIA TaKCOH O(Tah-
mo3zaBpunl Keilhauia nui et sp. OIWH U3 3TUX HOBBIX
9K3EMILIIPOB, KOTOPBIM COXpaHsIeT caMblii EJIO0CT-
HBII Ta30BBIH MOSIC KXTHO33aBpa U3 MEIOBOTO MEPH-
oma [12]. O. PoGepTc u np. ONMUCHIBAIOT YaCTHIHEII
CKeJeT HOBOI'O TaKCOHAa WXTHO3aBpa, Janusaurus
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lundi, xoTopelii BKiIOUaeT B ceOs OOJNBIIYIO YacTh
gyeperna 1 pernpe3eHTaTUBHbIE YacTH IOCTYepena 13
apxunenara lnuu6epren Hopeeruu [13].

Llenpio JaHHOM paboTHI SIBUJIOCH OMHMCAHUE HO-
BOT'0 DK3EMILIsIpa NXTHO3aBpa u3 3anajaHoro Kazax-
CTaHa M MpOBeACHUE (QUIOTEHETHYECKOTo aHalu3a
IUISL OTIpENIeNICHHS MTOJI0KEHUST Hanboiee eJI0CTHO-
ro obpasma.

Marepuajasl 1 METOABI HCCJIEAOBAHUS

Kak mpow3BOACTBO TeosiornuecKkux Halmose-
HHUH, TaK U MeToIuKa cOopa oKaMeHenocTe Obun
OCYIIIECTBIICHBI B COOTBETCTBUHU C OOIIEH3BECTHON
JUTEpaTypol 1o noneBoit reonoruu B.H. Bebepa n
B.A. O6pyuesa, a Taxxe mo metoauke [".51. Kpbim-
romeiia [14].

Marepuan ans ucciemoBaHus Obll HaiineH B
2016 rogy HMIKONbHUKAMHU 3KOJIOTCHYECKOT0 KPYK-
Ka paiiona baiirepex 3amanno-Kazaxcranckoi 06-
nactu nox pykoBoacteom O.B. Cy06oTunoit 613
c. HlyukuHo.

PeIxJibie OKaMEHENOCTH YKpeIUleHbl 3acThIBa-
oMy pactBopaMu. CoOpaHHBIE OKaMEHENIOCTU
TIIATEJIFHO ObUTH YIIAKOBaHbI, IPOHYMEPOBAHBI.

Bbutn  mpuMeHeHBl MeXaHWYEeCKHe CIOCOOBI
npenapupoBKU. MexaHnveckas pernapupoBKa ocy-
LIECTBJISIIOCh B JIA0OPAaTOPUM IPH ITOMOILM IIpe-
MapupOBATIBHBIX WIJI, IIMATeNeH, Kycadyek, METOK.
[Ipy BbIOMBaHMM OPraHUYECKUX OCTATKOB U3 ILIa-
CTOB NPUMEHSIOCH 3yOnio, MojoToK. g BoccTa-
HOBJICHHSI Pa3pO3HEHHBIX YacTed ObUI NMpPUMEHEH
kJei. [Jyis BeAeIeHns U3 IIOTHBIX TIOPOJ OKaMeHe-
JIOCTEH OBLTH TIPUMEHEHBI TEMITEpaTypHBIC BO3ICH-
ctBust. HarpeBast oOpaseln Ha 21eKTpHYECKOH IUTUT-
Ke 1 OBICTPO MOTpYXast ero B XOJIOIHYIO BOAY, Obla
paspeIxjieHa mopoja. boiee rirybokme yacTi ObUTH
paspyleHbl Py NPONUTHIBAHUM BOAOH W TOCIe-
IYIOLIeM 3aMOpakuBaHMU 00pasuoB. lanpHelas
obOpaboTka OblTa TpOBeAEHA MPU TOMOINK pPOTa-
UOHHOTO MHCTPYMEHTA JJIsl TpaBUpoBKM Hummer
plex (Uexusi) 1 MHEBMaTHYECKOTO MHCTPYMEHTa Su-
per Jack PaleoTools (CIIIA).
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[IpomMeps! ObUTM TPOU3BEACHBI MTAHTCHIIUPKY-
JIeM ¢ TOYHOCTRIO 710 0,1 MMm.

B xonme uccienoBaHus ObUIM HM3BJICYCHBI PO-
cTpanbHasi, OOKOBas, 3aThUIOYHAs YacTH dYepena,
3yOBbl, CKIEPOTHICCKUE KOJIbITA, TTO3BOHOYHBIC Tela
52 mIT., IJIEYEBOI U TA30BHIN MOsCa, IEPETHSA U 3a-
JTHSIS KOHEYHOCTH, pedpa 1 HEBpaJbHBIC JTYTH.

Pe3y.]'leaTbI Hu chymeﬂne

Hassanne poma ocHoBano mo Pecmyonmke Ka-
3axXCTaH, Ha TEPPUTOPUH KOTOPOU ObLIT HAWICH CKe-
JIET UXTHO3aBpa.

Tunosoit BUJ - Kazakhstanosaurus
shuchkinensis sp. nov.; BepxHeropckuit nepuon,
CpeHeBOIKCKUM sIpyc, 30Ha Zaraiskites zarajsken-
sis; Samagaeiii KazaxcraH.

CucremMaTHKa BBITJISIUT CICIYIOIUM 00pa3oM:

Kuacc Reptilia Linnaeus, 1758
IMoaxmnacc Diapsida Osborn, 1903
Ortpsin Ichthyosauria de Blainville, 1835
HancemetictBo Shastosauroidea Tatarinov, 1964
CemeiictBo Undorosauridae Efimov, 1999
Pox Kazakhstanosaurus

Hwuarno3: uxTtmozaBpsl miuuHONH 6-7 M. Uepen
140 cm B qnuHy, 45 cM B mmpuHy U 30 CM B BBICOTY.
[IpenoceBoii cerMeHT BEpXHEN U HUXKHEN YenrocTeit
MMEET XapaKTEePHOE JIJIsl CEMEHCTBA CTPOEHUE, XOPO-
0 pa3BUTHIE MOIIHKEIE 3yObl. HocoBoe oTBepcTHe
nMeeT Kpyriyio dopmy d 45 mm. OpOuta SIIIUNTH-
4yeckoil Gopmbl. CKIIEPOTUYECKOE KOJBIIO COCTOMUT
u3 16 TUIACTHHOK, U30THYTHIX U YTOJNIICHHBIX K Ha-
pyxHOMY Kpato 10 7 mm. [loctopburanpHas 001acTh
IIMPOKA U COCTABJSET MOJOBUHY OpOUTHL. OCHOB-
Hasl 3aTBUIOYHAsI KOCTh — KPYITHAsI KOCTh C MOIIHBIM
OKpYTJIBIM MBIIIETTKOM 0€3 BEHTPAILHONW BBIEMKH.
OcHOBHas KIMHOBHHAS KOCTh — MOIIHAS KOCTh C
MeoNaTepaIbHBIM MaKCUMAaJbHBIM KO3 UIIEH-
toM 1,32. OOmmpHbIe 0a3UNTEPUTOUIHBIE OTPOCTKH
HampaBICHBI JIaTepanbHO. [lneueBas KOCThH KOPOT-
Kasi, Tosctas (auadu3 82 MM) ¢ IByMs TUCTAIbHBIMA
rpaasmu. [lepemass Hora UMeeT YeTKuid Tpe3yoerr ¢
XOPOIO Pa3BUTHIMU BTOPBIM, TPETHUM U YETBEPTHIM
nansiaMy. [lepBeIi, AT TaTbIBI c1a00 Pa3BUTEHI,
UMEIOT OKpyTibie Qamanru. daceTka s TOTOTHU-
TEIBHOTO MPEAKCHATLHOTO MabIa PACTIONOKEeHA Ha
TiepeTHel TOBEPXHOCTH JUCTATIHHOTO KOHIIA TIjIeye-
BoM koctH. CenayMiHAs KOCTh JJIMHHAS, IUIOCKas,
paBHa JUIMHE KJIOBOBHUJIHOM KOCTH. Ta30BbId MoOsic
LIMPOKUI, paBHBIM miieueBoMy. MaccuBHas cena-
JIUIIHAS KOCTh CPAcTaeTCsl C MaJIOUYKOBUIHOHN JI00-
KOBOM KOCTBIO HAa MPOKCUMANbHBIX KOHLAx. I[lon-

B3JIOIITHAS KOCTh y3Kas, | '-00pa3Has. 3amHss KOHed-
HOCTB XOPOILO pa3BHTa, OEIpo ABYrpaHHOE, PaBHOE
2/3 nneya. GangaHry OKPYTIIBIE.

Pox Kazakhstanosaurus gen. nov. oTin4aer-
cs oT Yunoposaspa B. E¢pumosa, 1999 [15] 6onee
MPUMUTHBHBIM CTPOCHHEM CKEJeTa, BBIPAKCHHBIM
CICIYIONUMHU TIpU3HAKaMu: InHHAS mes (mo 20
MI03BOHKOB), JIByrpaHHbIe pedpa U MO3BOHKH, Mac-
CUBHBIC JBYTPAHHBIC IJICUEBHIE KOCTH C IMUPOKUM
mradu30M; OTHOIIEHUE JITMHBI K ITUPUHE TIIeYEBOH
Koctu coctaBisieT 1,4, y Yuaoposaspa — 1,3; Tpex-
JAKTUIIBHOE CTPOEHUE TEePEHUX W 3a/JJHUX KOHEU-
Hoctei Kazaxcrano3zaBpa gen. nov. Ipu HeJ10pa3BU-
TBIX YETBEPTOM M IISITOM MaibliaX, B TO BPeMs Kak
3aJIHUE KOHEYHOCTH XOPOIIO Pa3BUTHI U COCTaBIIS-
0T 2/3 mepeaHux, B TO BpeMs Kak y YHI0OpO3aBpa
1/3; Ta30BBIi MOAC paBeH MO LIMPHHE NEpEAHEMY,
OTINYaeTCs OONBITUME pa3MepPaMH COCTABIISIOIIX
3JIEMEHTOB, YeM Y YHJI0pO3aBpa.

Ha3zBanue Buaa mo MecTy HaxoKACHUs, HA Tep-
puTOpHH KOTOpOoro ObLT HaiiieH ckener (1. [ly4uku-
HO, 3amagHo-Kazaxcranckas obmacts PecnyGnukn
Kazaxcran).

lNonorun — 3anagno-Kaszaxcranckuil rocynap-
ctBeHHbIN yHUBepcuTeT (3KI'Y), akc. Ne 750, wacth
yepena (PocrpanbHas, natepanbHasi, 3aThUIOYHAS
4acTH, 3yObl, INTACTHHKH CKIIEPOTHIECKOTO KOJIbIIA),
MO3BOHOYHBIH cTONIO (ATiac u snuctpodus, 52 mo-
3BOHKA U3 Pa3HbIX 4acTeil), peOpa U HEepBHBIE AyTH
C OCTHUCTBIMH OTPOCTKAaMH, IJICYEBOM U Ta30BbII
nosica, NepeJiHUe W 3aJHUE KOHEYHOCTH; BepxHe-
1opckuii, CpeTHEBOIKCKUM sIipyc, 30Ha Zaraiskites
zarajskensis (cM. puc 1-5).

[pu OTIMCaHUN CKeJleTa  HMXTHO3aBpa
Kazakhstanosaurus ~ schuchkinensis  sp.  nov.
Op1o m3ydeHo Oosee 200 KoCTeW C XapakTepu-
CTHKaMH, COIOCTaBUMBIMH C TOJIOTUIIAMU Ce-
merictea Undorosauridae, ¢ BblAeneHHEM poja
Kazakhstanosaurus gen. nov. O0muM I ceMeii-
ctBa Undorosauridaec sBiisiercst  cBoeoOpasHOe
CTPOCHHE Ta30BOTO I0siCa, 3aKIOYaroIeecs B He-
ITOJTHOM CpAIICHUH JIOOKOBOW W CENATUIIHON KO-
creii. CTpoeHHe Ta30BOTO Mosica U OOIIUE YEPTHI
cTpoerns ckeneta cemelictB Undorosauridae u
Ophthalmosauridae  TO3BOJSIOT  TIPEATIONOKHTS,
YTO y HUX ObUT 00mmmi npenok. OaHako y Kazakh-
stanosaurus gen. nov €CTh XapaKTEPHOE TOJIBKO JIJIs
HETO CTPOCHUE HEKOTOPBIX KOCTEH CKelleTa.

Uepen  BHOa  HMXTHO3aBPOB  CeMEWCTBa
Undorosauridae nmeet 6onbmmue pazmepst (0,8-1,5
M), MAaCCHBHYIO TPUOYHY C MHOTOUHCIICHHBIMH 3y0a-
mu. Koctu pocrpanshoii yactu Kazakhstanosaurus
schuchkinensis sp. nov. 6oiiee CTpOHHOrO CTpoOe-
HUS, YEM Y OCTAJIBHBIX NIPEACTABUTENIEH CEMENCTBRA.
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Bce Buanl cemeiicta Undorosauridae uMmeroT
OBaJIbHYIO TJIA3HUILY CO ClIa00 Pa3BUTHIM CKIIEPOTHU-
YECKUM KOJIBI[OM, OT/ICJIbHBIC IJIACTUHKHA KOTOPOTO
CJIeTKa YTONIIEHBI JI0 HApy>XHOTO JHaMETpa, 4To
Takke xopomro Habmogaercsa y Kazakhstanosaurus
schuchkinensis sp. nov.

TlocTokynspHas yacTh depemna YJICHOB ceMei-
CTBa pacIIMpEHa 3a CYET KayJdaJIbHOIO KOHLA CKYy-
JIOBOM KOCTH M IIMPOKOW KBaJApPaTHO-CKYJIOBOU KO-
ctu (ot 7 1o 15 cm).

V npencrasuteneii Undorosauridae HabGiroma-
€TCsl yKPEIUICHHE KOCTeH CTEP>KHEBOTO Baja.

comd

Pucynok 1 — OcuosHble anemenTsl depena Kazakhstanosaurus shchuchkinensis sp. nov., romorumn
WKSU, Ne 750: 1 — I'naBHas 3aTbiI04Hast KOCTh, THIL: 1A — nopcansHas, 1b — narepanbuas,
1C — mepenHsis; 2 — MaBHAs KIMHOBUAHAS KOCTb, TUII: 2a — JaTepanbHas, 20 — BEHTpalbHas,
2C — mepennsis; 3 — narepajbHas 3aThUIOYHAS KOCTh: 3a — JaTepaibHas HOBEPXHOCTb,
30 — paauasnpHast IOBEPXHOCTD; 4 — 3aIHAS YIIHAS KOCTh: 4a — BEHTpaJIbHAS IOBEPXHOCTH,
4b — xaynanpHas IOBEPXHOCTD; 5 — epeiHee YXO KOCTh: 5a — arepaibHas MOBEPXHOCTh, 50 —
Me/nalibHas TOBEPXHOCTD; 6 — KBaapaTHas KOCTh, BUA: 6a — arepaibHas, 60 — meauanapHas, 6C
— nepenHsist; 7 — cTpeMs: 7a — Kay/iaiabHas OBEPXHOCTb, /b — narepasnbHas rpaHb ¢ KBaJpaTHOU
MOBEPXHOCTHIO, 7C — MeMaNbHbIA BUA; 8 — 3aThUTOYHAS KOCTH (cieBa): Bua ¢ nopcanbHOI cTOPOHBI
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Pucynok 2 — OcHoBHBIE 31eMeHTHI cKylIoBoi koct Kazakhstanosaurus schuchkinensis sp.
nov., ronotutt 3KY, Ne 750: 1 — HOocoBast KOCTb: HOpCaIbHO-00KOBOI1 BUM; 2 — CKYJIOBAst KOCTh:
OOKOBOH BHI; 3 — OKKITFO3UOHHAS KOCTh, BU: 3a — mepenHsis, 30 — 00KoBast; 4 — yIioBasi KOCTh!

OOKOBOH BHI; 5 — MOIBS3BIYHAS KOCTh, BUA: 5a — CBEpXY, S0 —MenunansHast; 6 — 3y0, BUA:
6a — ¢ SI3BIYHOI CTOPOHEI, 66 — cOOKY; 7 — CKIepOTHUYeCKas! INIACTHHKA, BHJ: 7a — CBEPXY,
76 — cOoky; 8 — yemyituatas KOCTh: 8a — OOKOBast MOBEPXHOCTb, 80 — BUI C3aH

[1o3BoHOUHBIH cTONO YHAOPO3aBPUA COCTOUT U3
KPYIHBIX aM(UUEIbHBIX TEJT MO3BOHKOB. J{jist aTOM
TpyMIIBl XapaKTepHa AJIMHHA LIes, BKITI0YaroIas J10
20 mo3BoHKOB. OnHcaHHbIE 00pa3Lbl MIEHHBIX IO-
3BOHKOB OTJIMYAIOTCS aM(UIETBHOCTBIO TepenHeit
U 3aJHel MOBEpPXHOCTEH, a TakKe JIUHOU BepXHEH
W HIDKHEN YacTel MO3BOHKA, YTO MPUJAET IIee KpH-
BU3HY. OnncaHHbIe 00pa3bl TYJOBHIIHBIX ITO3BOH-

KOB JIOCTUTAIOT CBOMX MaKCHMAJIBHBIX Pa3MepoB B
KpecTIoBOil yacTH. OT KPECTIOBBIX MO3BOHKOB 0
cruba MO3BOHOYHHKA OHHM CYKarOTCs, TOCIE CIH-
0a JOpCOBEHTPAIBHO CXXHMAlOTCI. B cemelicTBe
Undorosauridae BriepBbie ObUTH UACHTH()UITUPOBAHBI
HECKOJIBKO THUIOB pebep: pedpa OceBOro ckeiera,
OprorHbIe pedpa (IUTacTPOH) W KOCTHBIE HUTH, CO-
€IMHSIONINE IUTACTPOH U OCEBOM CKEJIeT.
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12

Pucynok 3 — [To3BonounsIi ctonb Kazakhstanosaurus shchuchkinensis, romorun 3KI'Y, mopsika
750: 1 — meiika MaTku (peKOHCTPYKIHs); 2 — ATnanTt+epistropheus: 2a — mepefHssE HOBEPXHOCTS,
26 — 60KOBas IIOBEPXHOCTb, 2C — AOpCaIbHAsI HOBEPXHOCTH; 3 — MICIHBII TO3BOHOK: 3a — MepeIHsst
TIOBEPXHOCTH, 30 — GOKOBAst TIOBEPXHOCTH; 4 — 3a/IHNI ITO3BOHOK: 4a — MEpeJHSS TOBEPXHOCTD,
46 — GoKOBas TIOBEPXHOCTH; 5 — IMIeHHBIC HEBPATBHBIC IyTH: OT 1 0 7 — JaTepanbHas IIOBEPXHOCTH;
6, 7 — epBBIe HEBPATBHBIE IYTH aTiaca U3 IBYX IUIACTHH: IIEPeIHIE TOBEPXHOCTH; 8 — TPEThU
HEeBpaJIbHBIE TYTH IEHHOTO IT03BOHKA: MIepeJHNE OBEPXHOCTH; 9 — cejbMast HepBHAs yTa
HICI{HOTO MO3BOHKA: TIEPEAHSS MOBEPXHOCTD; 10 — HEpBHBIE AYTH TYIOBHIIHBIX II03BOHKOB: OOKOBBIE
TIOBEPXHOCTH; 11 — HEepBHAs Jyra XBOCTOBOTO ITO3BOHKA: OOKOBas TOBEPXHOCTH; 12 — HepBHAs AyTra
XBOCTOBOTO ITO3BOHKA: OOKOBas TOBEPXHOCTD

IlneueBoil mosic YHAOpO3aBpUI COCTOUT U3
KPYTJIBIX BOPOHBHMX KOCTEH C MOIIHBIM MEH-
ANBbHBIM COYICHCHHEM, C JJIMHHBIMU Y3KUMH JIO-
natkamu. Dopma KOpaKOHWJOB IUIEUYEBOro TMosca
cxoaHa ¢ Gopmoit OTambpMo3aBpu], HO TUICUEBOM
MOSIC OTIMYACTCS MACCHBHOCTBIO JJIEMEHTOB. B
Kazakhstanosaurus shchuchkinensis sp. nov. Ha me-
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HHaHBHOﬁ CYCTaBHOfI JIMa IMOABJISICTCS BBIIIAYNBA-
HHUE CrpaBa KIOBOBUIHBIN U IEMPECCUN HA JICBOM
KJIIOBOBUAHBIN. Korna kopakouasl COETUHEHBI BME-
cre, obecrmeYnBaeTCss MPOYHOCTh UX COECTUHEHWS.
Y Kazakhstanosaurus shchuchkinensis sp. nov. ot-
HOIIICHUE JTHHBI KOPAKOUIa K IUPUHE COCTABIISET
1:1, y U. gorodischensis u U. kristiansenae — 1: 2.



J.b. Sxynosa

Pucynox 4 — I'pynnoit otnen Kazakhstanosaurus shchuchkinensis, ronorun 3KI'Y, nopsiaka 750: 1 —
coracoids: 1A — cneBa oT gopcanbHOit cTopoHsbl, 16 — cripaBa 0T gopcaIbHON CTOPOHBI,
1C — mepenHss MOBEPXHOCTH coracoids; 2 — anterial CTOPOH KITFOBOBHIHBII; 3 — MeIHallbHAsI TPaHb
KJIIFOBOBHUIHOM KOCTH; 4 — IteueBast KOcTh (1paBast): 4a — CIIUHHAs IIOBEPXHOCTH, 4b — mepenusis
[IOBEPXHOCTb, 4C — MpOKCcUMalIbHas IOBEPXHOCTD, 4/] — AUCTaIbHAS IOBEPXHOCTh; 5 — IpaBas
JIomaTKa: 5a — BeHTpaJIbHas IOBEPXHOCTb, 50 — KayaaibHas IOBEPXHOCTh

IlepenHss KOHEYHOCTh YHAOPO3aBPUA UMEET
VJIMHEHHYIO TUICYEBYI0 KOCTh C OONIMPHBIM Tic-
pellHe-3aHUM pacCUIMPEHUEM MPOKCHUMAIbHOTO
KOHIIa, CNa0bIil BepTeNl W JeIbTONEKTOPATbHBII
rpedennp. OcoOenHocTeio poma Undorosaurus
SIBJISIETCS HAJIMYUE TPeX IpaHed Ha JUCTAIbHOM
koHme. Y KazaxcranozaBpa mMmeeTcs KOPOTKas

MacCHBHasl IJieuyeBas KOCTb C JBYMS IHCTajb-
HBIMH TPAaHSIMH M TPEXJAKTIJIBHBIM CTPOCHHEM
KOHEYHOCTH, HAYMHAIOT (OPMHUPOBATHCA M Clia-
00 pa3BUTHI JOMOIHUTEIbHBIE NaNbIel 4 U 5, 4
Majblia KOHTAaKTHUPYIOT ¢ OOKOBOMW MOBEPXHOCTHIO
nepeaHel 4acTH MUCTAIBHOrO KOHIIA TJICUEBOMU
KOCTH.
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Pucynok 5 — Koneunoctu Kazakhstanosaurus shchuchkinensis, ronorun 3KI'Y, mopsiaka 750:

1 — namer (JieBas); 2 — 3a{HIE KOHEYHOCTH (JieBas); 3 — OeqpeHHas KoCcTh (cieBa): 3a — KaygajabHas
CTOpOHa, 30 — MPOKCUMAaJIbHBIH KoHell, 3C — IUCTaNbHbIH KOHell; 4 — sciatico-T00KOBOM KOCTH
(cmeBa): 4a — ciHHAs cTOpOHA, 4b — KaynanbpHas CTOpoHa; 5 — sciatico-T00KoBast KOCTh (TIpaBasi):
Sa — cnuHHAs CTOpOHA, 50 — KaynanbHas CTOPOHA; 6 — MOAB3AOIIHAS KOCTh (IIpaBasi): 6a — mepeaHsI
CTOpOHa, 60 — MPOKCUMAaIIbHAs CTOPOHA

TazoBbIil Mosic YHI0pO3aBpU SIBISETCS TJaB-
HOW O0COOEHHOCTBIO, 3aKITI0YAIOLICHCS] B HETIOJIHOM
CpallleHNH CEIaNIIHON U JOOKOBOW KOCTEH, OT-
nuyaronieit ux or OdranbmMo3aBpu. AHATIOTHIHOE
CTPOCHHE Ta30BOro Mosica HabII0AaeTCs y TOJNIOTHU-
nos U. gorodischensis u U. kristiansenae. Hannune
y Kazakhstanosaurus schuchkinensis sp. nov. ana-
JIOTHYHOTO TA30BOTO Mosica, HO Oojiee MPUMUTHUB-
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HOTO CTPOCHMSI CEAAJUIIHON U JIOOKOBOH KOCTEH,
XOpOILIO Pa3BUTHIX 3aJHUX KOHEYHOCTEH, COCTaB-
NAIOMMX 2/3 TepeaHnX KOHEYHOCTEH, MO3BOJSET
MPenoiokuTh, 4To poj Kazakhstanosaurus gen.
nov. OblIa MPeaKoBOi PopMolt YHI0pO3aBpHU/I.
3amHue  KOHEYHOCTHM  OMHCAaHHBIX  BUOB
Undorosauridae cXofHbl 1O CTPOCHHUIO, HO CY-
IIECTBEHHO pa3lMYaloTcs Mo  pasMepam. Y



J.b. fxynosa

Schuchkinensis sp. nov. oHu kpymHee u OoJee pas-
BuThL, ipudeM U. gorodischensis u U. kristiansenae
MMPOABJIAIOT TCHACHIIUIO K A€Tpadali 3aJHUX KO-
HEYHOCTEH.

3akJ04eHye ¥ BHIBOJLI

OnucaHHble OCTATKU TO3HEIOPCKUX TPECMBbI-
Karomuxcs Ha Tepputopun Pecriyonuku Kazaxcran
obOoramarT WHPOPMAIMIO O CTPOSHHH CKeJeTa
npeacraButeneil cemeiictBa Undorosauridae. 3a-
MOJIHEHO MYCTYIOIIEE 10 HACTOSIIETO BPEMEHH Me-
cto npenkoB Undorosauridae, oOuraBmux B tope,
BpPEMEHHM TIOJJIMHHOTO paciiBeTa HWXTHO3aBPOB,
W JaBIIMX K Hayally MeJOBOro mepuonaa (hopmbl,
KOTOpbIC TIPUBENIM K MOsBICHUIO poma Platypter-

ygius. Onnako y Kazakhstanosaurus gen. nov. Ha-
OJIFOTATIOTCS] TIOXOXKHE YePTHI CTPOSHHS CKelleTa C
HWXTHO3aBpaMH paHHe#l ropel Temnodontosaurus
Lydekker, 1889, a Taxke ¢ uxrtuozaBpamu Shon-
isaurus Mo3/JHETo Tpuaca.

ABTOp cepAeYyHO NpPU3HATEIEH pPYKOBOJICTBY
[ToropaeBckoli cpeaneil wmkoisl 3anaaHo-Kazax-
CTaHCKOH 00J1aCTH 3a IEpeJaHHbIe Ha HCCIIEIOBAHNE
marepuaisl, kpacseny E.B. MuxaiiioBy 3a moMouip
B M3Y4YEHUH AOJUHBL p. TamoBas, IIKOJIbHUKAM U3
LenTpa nerckoro Typu3ma KpacHOBCKOTO CenbCKO-
ro OKpyra paiona baiiTepek, IpMHMMAaBIINX HETIO-
CPENCTBEHHOE YYaCTHE B MOJIEBBIX UCCIECAOBAHMSIX,
naneonronory B.M. EdumoBy, npopekropy no HP
u MC 3KY um. M. Yremucosa K.M. AxmeneHoBy
3a LICHHbIE KOHCYJbTAllUU IIPU HAIIUCAHUU CTaThU.
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PLANT COMMUNITIES WITH THE PARTICIPATION
OF TULIPA TARDA STAPF IN KAZAKHSTAN:
FLORISTIC COMPOSITION AND ANALYSIS

The article presents the results of studies on distribution, ecological preferences and floristic compo-
sition of communities with the participation of the rare northern Tian-Shan endemic Tulipa tarda Stapf.
As a result of the analysis of our own materials, data from herbaria, literature and some Internet sources,
a point map of the distribution of the species in Kazakhstan was compiled. Based on the descriptions of
13 geobotanical plots, the altitudinal distribution range of the species (1100-1900 m above sea level)
was determined, and relative indifference of the species to the steepness and exposure of slopes, as well
as its confinement to multicomponent plant communities, mainly of the steppe and semi-steppe type,
were established. According to our results combined with two descriptions from the adjacent territory of
Kyrgyzstan, the flora of communities with the participation of T. tarda comprises 199 species of higher
plants from 140 genera and 45 families. The 16 most species rich families (from Asteraceae to Crassu-
laceae) comprise 78% of the entire flora of the surveyed communities. The floristic core of the commu-
nities consists of only 13 species, most of which are steppe and petro-lithophilic ecological elements.
The communities with the participation of Tulipa tarda include eight species listed in the Red Book of
Kazakhstan, which stresses the need for special protection of not only of the species under study, but
also of all plant communities with its participation.

Key words: Tulipa tarda Stapf, plant community, floristic composition, endemic, Red Book, ecologi-
cal element.
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KaszakcraHaa¥bl Tulipa tarda Stapf kaTbicaTbiH ©6CIMAIKTEP KaybIMAACTbIFbI:
hAopanbIK, KypamMbl XK9He TaApay

Makanapa cupek KesaeceTiH COATYCTIK TsHb-waHb 3HAemuri Tulipa tarda Stapf kaybimaac-
ThIFbIHbIH, (PAOPaAbIK  KypPambl, 3KOAOTMSIAbIK, COMKECTIri >K8He TapaAybl OOMbIHLIA HOTUXEAep
KeATipiaeai. JKeke MaTepransapbiMbi3Abl, repbapuini MOAIMETTEpiH, S8AeOMEeT >K8He WHTepHeT
KO3AEPiH BHALY HOTUMXKECIHAE TYPAIH TapaAybiHbIH HYKTEAIK KapTacbl KacaAAbl. 13 reoboTaHMKaAAbIK,
CblHaK aAaHAQpPbIHbIH CHMaTTamaAapblHbiH MBAIMETTEpPI OOMbIHIIA TYPAIH 6CYiHiH OMIKTIK MHTEPBAAbI
(1100-1900 M TeHi3 AeHreiiHeH >KorFapbl) aHbIKTAaAAbl, OHbIH GeTKeAepAiH KeAbeyiHe KaHe 3KCro-
3UUMSCbIHA CaAbICTbIPMaAbl TypAe BeiiMcCi3Airi, coHaan-aK kebiHece aana >KaHe AaAa TUMIHAErT Ken
KOMTMOHEHTTI OCIMAIKTEP KaybIMAACTbIKTapblHA >KAaTaTbIHAbIFbI aHbIKTAaAAbl. ABTOPAAPAbIH 3epTTey
HeTuxKeAepi GoiblHIa KbIpFbI3CTaHHbIH, ipreAec aymarblHaH eki curnaTtTamaHbl TOAbIKTbIPa OTbIPbIr,
T. tarda KaTbICybIMEH KaybIMAACTbIKTAPAbIH, XKaAMbl pAOPaAbiK, Kypambl 140 TybiC XaHe 45 TyKbiM-
AQCTaH >KOFapbl ecCiMAIKTEPAIH 199 Typi Kypanabl. 16 >KeTekwi TykKbIMAQAC KypambliHa (Asteraceae-
AeH Crassulaceae-re aeniH) 3epTTeAreH KaybIMAACTbIKTapAbIH 6apAbIK, (PAOPaAbIK, KypambiHbiH 78 %
Kipeai. KaybiIMAACTbIKTapAbIH (PAOPaAbIK SAPOCbI HeGapi 13 TypAi KypanAbl, OAapAbIH KOMLWiAiri
AaAQ >KBHE MeTPO-AMTOUAbAI SKOAOTMSABIK dAeMeHTTep 6oAbIn Tabbiraabl. Tulipa tarda katbicaTbiH
KaybIMAACTbIKTapAbIH  KypambiHaa KaszakcraHHbiH  Kbi3blA KiTabbiHa (2014) eHrisiareH Tarbl 8
Typi 6ap. ByAa 3epTTeAeTiH TypAi faHa emec, COHbIMeH 6ipre OHbIH KaTbiCybiMeH 6GapAblK, 6CIMAIK
KAYbIMAQCTbIKTapblH epeKlle KOpFay KaXKeTTIAIrH pacTanAbl.

Tyiin ce3aep: Tulipa tarda Stapf, eciMAiK KaybiIMAACTbIFbI, (PAOPAABIK, KypaM, SHAEMMK, Kbi3biA
KiTarn, 3KOAOTMSAAbIK, SAEMEHT.
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PactuteabHble coobuiectBa ¢ ydactuem Tulipa tarda Stapf B Kazaxcrane:
cbAOpPUCTUYECKHMIA COCTAB M AaHAAU3

B cTaTbe NpuBOASTCS pe3yAbTaTbl MICCAEAOBAHWI MO PACMPOCTPAHEHMIO, SKOAOTMYECKON NMPUypo-
UYEHHOCTU M (PAOPUCTUHYECKOMY COCTaBy COOOLIECTB C y4acTMeM PEAKOrO, CEBEPOTSbLIAHCKOrO 3HAE-
muka Tulipa tarda Stapf. B pe3yabTate 06pabGoTki COOCTBEHHbBIX MaTEPUAAOB, AAHHbIX repbapmes, An-
TepaTypHbIX U HEKOTOPbIX MHTEPHET-MCTOYHMKOB, COCTaBAEHA TOUeYHas KapTa pacnpoCcTpaHeH s BUAQ
B KasaxcraHe. 1o AaHHbIM onvcaHui 13 Npo6HbIX reo60TaHUYECKMX MAOLLLAAOK OMPEAEAEH BbICOTHbII
MHTepBaA npouspactaHns BuAa (1100-1900 M Hap ypOBHEM MOP$), YCTaHOBA€HA OTHOCUTEAbHAs MH-
AMPPEPEHTHOCTD €ro K KPyTU3HE M 3KCMO3MLMM CKAOHOB, a Tak>Ke MpUypoYeHHOCTb K MHOTOKOMIO-
HEHTHbIM PACTUTEAbHbIM COOOLLECTBAM MPEUMYLLLECTBEHHO CTEMHOro M ocTenHeHHoro tuna. O6umii
hAropurCTMUECKMIA cOCTaB coobLEeCTB € yyacTrem T. tarda, no pesyAbTaTam MCCAEAOBAHUI aBTOPOB,
C AOMOAHEHMSIMM ABYX OMMUCAHWI C MpuAeratoLlenn Teppmtopumn KblprbidcTaHa, BkAloYaeT 199 B1MAOB
BbICLUIMX pacTeHuii n3 140 poaoB 1 45 cemenctB. B coctaB 16 Beaylmx ceMencTB (0T Asteraceae A0
Crassulaceae) BxoauT 78% OT BCero (hpAOPUCTUUECKOro cocTaBa 06CAeAOBaHHbIX coobLecTs. Daopu-
CTUYeCKoe SAPO COOOLLECTB COCTaBAsIeT BCero 13 BUAOB, 6OABLUMHCTBO M3 KOTOPbIX SIBASIOTCS CTEMHbI-
MU 1 NETPO-AUTOUALHBIMU IKOAOTUUECKMMM IAeMeHTaMu. B coctase coobuiects ¢ yuactmem Tulipa
tarda nmeetcs eue 8 BMAOB, 3aHeceHHbIX B KpacHyio kHury KasaxcraHa (2014), uTo noATBep>KAaeT
HEOOXOAMMOCTb 0COO0M OXPaHbl HE TOALKO MCCAEAYEMOrO BUAQ, HO U BCEX PACTUTEAbHbIX COOOLLECTB

C €ero yvyactmem.

KatoueBbie caoBa: Tulipa tarda Stapf, pactuteabHoe coobuiecTBo, (hAOPUCTUUECKUIA COCTaB, SHAE-

MUK, KpaCHaﬂ KHUrQq, 3KOAOIMYECKMIN SIAEMEHT.

Introduction

The vast territory of Kazakhstan and a wide
variety of natural conditions including three natu-
ral plains and several elevation belts of mountain
ranges create the wealth and in many respects the
uniqueness of the vegetation cover of this country.
A significant proportion of floristic elements repre-
sented by almost six thousand species has various
useful properties and has long been used by humans
as food, fodder, medicinal, technical and ornamental
plants [1-3]. The latter are not only a valuable fea-
ture of natural landscapes which makes them par-
ticularly attractive; it is also an object of ecological
tourism which has become especially popular in our
country in recent decades [4, 5]. Ornamental plants
also have practical importance, because they are
used in landscape architecture and also as a source
of valuable genetic material for the development of
new cultivars and races. Among such plants, one of
the leading places is occupied by representatives of
bulbous ephemeroids. They are especially valued
because of early flowering, frost resistance, ease
of reproduction and wide possibilities of use, from
flower beds, borders and rock gardens to landscape
installation projects, etc.

Within this group of plants, representatives of
the genus Tulipa L. are most popular and famous
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[6]. South Kazakhstan and the adjoining regions of
the mountainous Central Asia are the center of ori-
gin of tulips, from where they distributed throughout
the territory of the Ancient Mediterranean [7]. Both
wild species of this genus and man-made cultivars,
which have been in cultivation for more than five
hundred years [8] and still are a focus of gardening
activities in Western Europe, the CIS, Turkey, and
Japan, have been a focus of research by scientists
from various countries [9-18]. Still, there are many
white spots in the taxonomy, distribution, and biol-
ogy of wild tulips.

Even the species diversity of the genus within
Kazakhstan turned out to have been insufficiently
studied. Recently the number of species has in-
creased from 32 [19, 1] to 42 due to new discoveries
of the already known and descriptions of new spe-
cies for science: Tulipa lemmersi Peterse et J. Groot,
T. berkariensis Ruksans, T. ivasczenkoae Epiktetov
et Belyalov, T. auliecolica Perezhogin, T. turgaica
Perezhogin , and 7. kolbintsevii Zonn [20-24].

Being highly decorative early flowering species,
wild tulips and their populations are under strong
anthropogenic pressure, especially in the vicin-
ity of large cities. Therefore, most of Kazakh wild
species need special protection. The Red Book of
Kazakhstan [25] lists 18 species for the conserva-
tion of which the development of special measures
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is required. The latter should be based on the results
of a detailed study of the species distribution, abun-
dance, density and age spectrum of its populations,
as well as the identification of the most vulnerable
populations in areas of habitat disturbance and in-
creased anthropogenic pressure.

However, to date most of these 18 species have
been insufficiently studied. In the literature, there
are data mostly on several large-flowered species
[26-28]. It is of interest that even such a narrow en-
demic as Tulipa tarda, the natural distribution range
of which is limited to a small area in the Northern
Tien-Shan within Kazakhstan and Kyrgyzstan [29],
has been studied mainly in cultivation [30, 9, 7, 31-
33].

It should be emphasized that this species is pop-
ular in cultivation almost all over the world. Thus,
in the reference book on the introduction of rare and
endangered plants of the USSR [34], of 59 species
of wild tulips it ranks along with one of the most
popular Tulipa greigii Regel (cultivated in 21 cit-
ies) and is second only to Tulipa schrenkii Regel
(grown in 26 cities). The latter has a vast distribu-
tion range from the Black Sea region to Western Si-
beria and has been cultivated in Europe since 1554,
and in Turkey, since earlier tmes [8]. T. tarda, by
contrast, has been cultivated only since 1905 [35].
At the same time, the rate of reproduction (includ-
ing vegetative reproduction), and early and abun-
dant flowering brought popularity and worldwide
recognition to 7. tarda; it is now an indispensable
element of most botanical gardens of the CIS coun-
tries, Europe, North America and private collections
[36-40].

In this regard, it was T. tarda that was chosen
by us as a study object. Our research addressed the
distribution of the species within Kazakhstan, its
ecological and phytocenotic preferences, floristic
composition of communities with its participation,
as well as the numbers and state of its natural popu-
lations in Kazakhstan.

In this article, we present the results of the first
stage of our research, taking into account the analy-
sis of the available herbarium and literature data.

Materials and methods

To verify the natural distribution range of T.
tarda, in addition to the review of the available
literature, we used data from herbariums of the In-
stitute of Botany and Phytointroduction (Almaty),
the Botanical Institute named after [. V.L. Komarov
RAS (St. Petersburg), the Moscow State University,
some digital European repositories available on the

Internet, as well as Plantarium.ru reports [38-40]. In
total, 29 herbarium sheets (about 50 samples) and
21 photographs were studied, mainly of cultivars
from various locations in Russia (from St. Peters-
burg to Vladivostok), Ukraine (Kiev), Kyrgyzstan
(Bishkek) and Germany (Dusseldorf). Only two im-
ages from natural populations were available: those
taken in the valley of the river Kastek (Kazakhstan)
and the basin of the river Kichi-Kemin (Kyrgyzstan).
We recorded the Tulipa tarda populations at 17 lo-
cations on the northern slope of the Zailiyskiy Ala-
tau, from the valley of the river Karakastek to Kara-
kunuz valley (near the border with Kyrgyzstan). All
these data became the basis for a point map of the
species distribution range in Kazakhstan (Figure 1).
In four gorges (Kastek, Karakastek, Zhamanty and
Chubarbaytal), we examined the populations of this
species and described 13 geobotanical sites. The de-
scriptions were carried out according to generally
accepted methods [41].

For each species, the height and phenophase
were recorded. Species abundance was recorded ac-
cording to the Drude scale [42], in which the follow-
ing grades were adopted:

- soc (socialis) — “abundant”, the above-ground
parts of plants are close together; other species are
very rare, with only single individuals observed;

- cop,( copiosus) — “numerous”, plants form the
background;

- cop,- “quite numerous”, plants are found oc-
casionally, they are scattered;

- sp (sparsus) — “sparse”, plants are very rare.

- sol (solitarius) — “solitary”, only a few speci-
mens can be observed in the surveyed area;

- un (unicum) — “single plant™.

To clarify taxonomic affiliation of certain spe-
cies, a herbarium was collected. Species identifica-
tion was carried out according to relevant summa-
ries and keys [19, 43]. The nomenclature of species
and families is given according to the summary by
S.A. Abdulina [1].

Results

Tulipa tarda Stapf, of the family Liliaceae, be-
longs to the section Biflores AD Hall ex Zonn. et
Veldk., subgenus Eriostemones (Boiss.) Ramsd., ac-
cording to the latest classification of the genus [21,
44] This species was described by O. Stapfin 1935.
The place of growth of type specimens was indi-
cated vaguely: “probably Turkestan”. Perhaps Stapf
described cultivated plants. In Western Europe, the
species was known since 1905 under the name 7.
dasystemon hort., that is, the hairy-stalked “garden”
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tulip. 7. tarda is a herbaceous perennial with a bulb
enveloped in black-brown, leathery, completely
non-pubescent outer covering (tunic). The stem is
very short, glabrous, with 3-7 very close, almost
whorled, lanceolate, bright green leaves with purple
edging along the margin. Usually the flower is soli-
tary, but sometimes there are 2 — 3 — 5 flowers, and
in cultivation the number can be up to 10-18. Sepals
are up to 3-4 cm long, white, with a large yellow
spot, sharp at the base; the outer sepals are greenish-
violet along the back. In sunny weather, the flowers
open wide in the form of a flat star up to 6 cm in di-
ameter. Filaments are yellow at the base with dense
hairy rings; anthers are yellow, with gray edging.
The fruit is a rounded capsule up to 3.8 cm long and
1-1.8 cm wide, with a tip elongated into a spout; the
number of viable seeds is 120. Seed reproduction, as
well as intensive vegetative reproduction are due to
stolons and axillary bulbs. Plants bloom from mid-
April to mid-May, and bear fruit in June [19, 45].
Some authors [44, 46] do not recognize the in-
dependence of 7. farda describing it as a synonym
of the Iranian endemic 7. urumiensis Stapf. How-
ever, in the latest nomenclature summary [47] both
are recognised as distinct species; moreover, due
to a disjunction of ranges and certain morphologi-

cal differences, we also consider them to be distinct
species. According to the results of studies of intro-
duction of both species in Russia, Belarus and Swit-
zerland [9-11], T. urumiensis differs from 7. tarda
not only in the exclusively yellow color of the flow-
ers, but also in its smaller size (up to 8 cm, not 15-
26 cm), the length of the lower leaf (up to 10-12.8
cm, not 20-26 cm), and flower height (up to 5 cm,
not 3-4); it also has fewer leaves (2-4, not 3-7) and
flowers (1-2 and not 1-6 (13)) and a lower coeffi-
cient of vegetative propagation (2.1 versus 2.9). In
addition, these descriptions indicate that the anthers
in T. urumiensis are yellow, while in T. tarda they
are bordered along their entire length by a clear dark
gray stripe. The latter trait is characteristic of all the
individuals we have examined, both in natural popu-
lations and in cultivation.

According to the habitat type, T tarda is a north-
ern Tien-Shan endemic that grows in the western
part of the Zailiyskiy Alatau ridge and adjacent re-
gions of northern Kyrgyzstan (the valley of the Chu
and Chon-Kemin rivers with the adjacent northern
slopes of the Kyrgyz ridge and Kungey Alatau) [19,
48].

Thus, the main part of its distribution range is
located in Kazakhstan (Figure 1).

Figure 1 — Distribution area of Tulipa tarda Stapf in Kazakhstan

In relation to the ecological preferences of T.
tarda, according to our descriptions, the follow-
ing has been established. This species grows in
the lower and middle mountain belts, that is in the
steppe and shrub and forest-meadow belts according
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to Baitulin et al. [49], in the range of 1100-1900 m
above sea level. It is found mainly on gravelly and
rocky slopes, often on rocks. The steepness of the
plots varies substantially; from gentle, almost level
sections of the foothills to steep, 60-70°. In relation
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to the exposure of the slopes, T. tarda does not show
any particular preferences. It can be found on the
southern and northern, eastern and western, as well
as on the slopes of intermediate exposure, mostly on
north-western and south-eastern slopes.

On the sites studied by us, the plant communi-
ties with the participation of 7. tarda were predomi-
nantly multicomponent, of the steppe, semi-steppe,
or meadow-steppe type, often with shrubs. They can
be classified as grass and herb or herb and grass,
sometimes with the dominance of sedges (Carex
praecox, C. turkestanica), herbaceous plants ([ris
alberti, Sedum hybrida, S. ewersii), and in rare cas-
es, of Andropogon ischaemum.

Using the data from 13 descriptions made by us
in the western part of the Zailiyskiy Alatau ridge and
in the valleys of four rivers (Karakastek, eight sites;
Kastek, two sites; Zhamanty, one site; and Chubar-
baital, two sites), as well as the data of Isakov [50]
from the valley of the river Chon-Kemin on the ter-
ritory of Kyrgyzstan, we compiled a list of plants
recorded in plant communities with the participation
of T. tarda. The list is presented in Table 1, in which
the five listed sites are indicated under the following
numbers: 1) the valley of the river Karakastek; 2)
the valley of the river Castek; 3) the valley of the
river Zhamanty; 4) the valley of the river Chubar-
baytal; 5) the valley of the river Chon — Kemin.

Table 1 — Floristic composition of plant communities with the participation of 7. tarda

Family, species Number of descriptions and abundance of species
1 | 2 | 3 R | 5
Aceraceae
Acer semenovii Regel et Herd. | - | - | - | 1 sol | -
Berberidaceae
Berberis sphaerocarpa Kar. et Kir. | - | - | - | - | 2 sol
Celastraceae
Euonymus semenovii Regel et Herd. | 3 sol | 1 sol | 1 sol | - | -
Caprifoliaceae
Lonicera altmannii Regel et Schmalh. 1 un - - - -
L. microphylla Willd. ex Roem. et. Schult. 1 un 2 sol - - -
Cupressaceae
Juniperus sabina L. - - - - 1 sol
Ephedraceae
Ephedra equisetina Bunge 2 un 2 un - 1 un -
E. intermedia Schrenk et C. A. Mey. - 1 sol - - 2 sol
Fabaceae
Caragana kirghisorum Pojark. - - - - 2 sol
Polygonaceae
Atraphaxis pyrifolia Bunge 1 sol 1 un - 2 un -
A. spinosa L. - - - - 1 sol
A. virgata (Regel) Krasn. - 1 sol - 2 sol -
Ranunculaceae
Atragene sibirica L. 1 un - - - -
Clematis songarica Bunge - - - - 2 un — sol
Rhamnaceae
Rhamnus cathartica L. | 1 un | - | - | 1 un | -
Rosaceae
Cerasus tianshanica Pojark. | - | 2 sol | - | 2 sol | -
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Continuation of table 1

) ) Number of descriptions and abundance of species
Family, species
1 2 3 4 5
Cotoneaster multiflora Bunge 3 un - 1 un - -
C. suavis Pojark. - - - - 2 un - sol
Rosa platyacantha Schrenk 3 sol-sp 1sp 1sp 2 sp 2 sol
Spiraea hypericifolia L. 2 sol 1 sol - 2 sp 2 cop:
S. lasiocarpa Kar. et Kir. 2 un - - - -
Herbs
Aspleniaceae
Ceterach officinarum DC. 1 un | - - - | -
Athyriaceae
Cystopteris fragilis (L.) Bernh. 4 sol | - - 1 sol | -
Poaceae
Agropyron cristatum (L.) Beauv. - - - - 1 cop:
Anisantha tectorum (L.) Nevski 1 sol 1 cop: - - 2 sol
Botriochloa ischaemum (L.) Keng 1 cop: 1sp - - 1 sol
Bromus oxyodon Schrenk 1sp 1 sol - - 2sp
Dactylis glomerata L. 2 un-sol - - - -
Elytrigia geniculata (Trip.) Nevski - Isp - - 2 sol
Festuca arundinacea Schreb. 1 un - - - -
F valesiaca Gaud. 5 sol Isp - - 1sp
Helictotrichon hookeri (Scribn.) Hern. 1 sol - - - -
Koeleria cristata (L.) Pers. - - - - 2 sol
Leymus flexilis (Nevski) Tzvel. - - - - 2 sol
Milium effusum L. 1 un - - - -
Phleum phleoides (L.) Karst. 1un - - - -
Piptatherum songaricum (jFr.in. et Rupr.) Roshev. i ) ) 1 sol 2 50l
ex E. Nikit.
Poa angustifolia L. 3 sp-cop: - - - -
P. bulbosa L. - Isp - - 1 sol
P. nemoralis L. 2 sol-sp - - - -
P. relaxa Ovcz. 4 sol-sp - - - 1 sol
Stipa caucasica Schmalh. - - - - 1 sol
S. capillata L. - - - - 2 sol
Cyperaceae
Carex praecox Schreb. 2 sp - - - -
C. turkestanica Regel. 1sp 1sp 1sp 2 sp-cop: 2 sol
Asphodeliaceae
Eremurus cristatus Vved. - 1sp-sol 1 sol 1 sol 2 sol
Liliaceae
Gagea bulbifera (Pall.) Roem. et Schult. - 1 sol - - -
G. filiformis (Ledeb.) Kunth 3 sol 1 sol 1 sol - -
G. tenera Pascher - 1 sol - 1 sol -
G. turkestanica Pascher 1 sol - - - -
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Continuation of table 1

Number of descriptions and abundance of species

Family, species " 5 3 2 .
Tulipa alberti Regel - - - 1 cop: -
T. greigii Regel - - - 1 sp-cop: -
T. kolpakovouskiana Regel - - - - 1 sol
T. ostrouskiana Regel 1 sol 1 sol - 2 sol -
T. tarda Stapf sol-copi Sp-copi sp Sp-copi sol-sp
Alliaceae
Allium caesium Schrenk 1 sol - - - 1 sol
A. galanthum Kar. et Kir. - - - - 1 sol
A. pallasii Murr. - 1 sol - - -
A. petraeum Kar. et Kir. 1 un - - - -
A.setifolium Schrenk 1 cop - - - -
Ixioliriaceae
Ixiolirion tataricum (Pall.) Herb. - 2 2sp Isp - -
Iridaceae
Crocus alatavicus Regel et Semen. - 1 sol - - -
Iris alberti Regel 3 sol-cop: 1sp - - -
Urticaceae
Urtica dioica L. 1 un - - - -
Polygonaceae
Polygonum alpinum All. 2 un-sol - - - -
P, nitens (Fisch. et C.A. Mey.) | un ) i ) )
V.Petrov ex Kom.
Rheum cordatum Losinsk. - - - - 1sp
R. wittrockii Lundstr. 2 sol - - - -
Rumex tianshanicus Losinsk. - 1 sol - - -
Chenopodiaceae
Kochia prostrata (L.) Schrad. - - - 2 sol 1 sol
Caryophyllaceae
Arenaria leptoclada Guss. 1sp - - - -
Cerastium bungeanum Vved. 1 sol - - - -
C. davuricum Fisch. ex Spreng. 1 sol - - - -
C. tianschanicum Schischk. 1 sol - - - -
Dianthus kuschakewiczii Regel et Schmalh. 2 sol - - - 1 sol
Silene brahuica Boiss. - 1 sol - - -
S. venosa (Gilib.) Aschers. 1 un - - - -
S. kuschakewiczii Regel et Schmalh. 1sp - - 1 sol -
Stellaria graminea L. 1sp - - - -
Paeoniaceae
Paeonia intermedia C.A. Mey. 1sp - - - -
Ranunculaceae
Aconitum leucostomum Worosch. 1 sol - - - -
Aquilegia atrovinosa M.Pop.ex Gamajun. 1 un - - - -
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Continuation of table 1

) ) Number of descriptions and abundance of species
Family, species
1 2 3 4 5
Ceratocephalus testiculatus (Crantz) Bess. - 1sp - - -
Delphinium iliense Huth 3 sol - - - -
Ranunculus polyanthemus L. 1 sol - - - -
Thalictrum isopyroides C.A. Mey. - 1 sol - - -
Th. minus L. 3 sol - 1 sol 1 sol -
Papaveraceae
Glaucium fimbrilligerum Boiss. - - - - 2 sol
Papaver litwinowii Fedde ex Boiss. - 1 sol - - 2 sol
Fumariceae
Corydalis glaucescens Regel 1 sol - - 1 sol -
Fumaria vaillantii Loisel. - - - - 2 sol
Brassicaceae
Alyssum desertorum Stapf 1 sol - - - 2 sol
Crambe kotschyana Boiss. - - - - 2 cop,,
Draba subamplexicaulis C.A.Mey. 2 sol - - - -
Erysimum diffusum Ehrh. 1 sol 2 sol 1 sol - -
Neuroloma sub};i(fig:}isum (M.Pop.) 1 sol ) ) 1 sol 1 sol
Sisymbrium brassiciforme C. A. Mey. 1 un - - 1 sol 2 sol
Thlaspi perfoliatum L. 2 sol - - - -
Crassulaceae
Pseudosedum longidentatum Boriss. 1 sol - - 1 sol -
Rosularia turkestanica (Regel et C.Winkl.) Berger 1 sol 2 sol - - -
Sedum alberti L. - - - 1sp -
S. ewersii Ledeb. 4 sp - 1sp - -
S.hybridum L. 5 sol -cop, - 1sp - -
Saxifragaceae
Saxifraga sibirica L. 1 sol - - - -
Rosaceae
Alchemilla tianschanica Juz. 2 sol - - - -
Geum urbanum L. 2 un - - - -
Potentilla multifida L. - - - - 1 sol
Porientalis L. 1sp - - 1 sol 1 sol
Ptranscaspia Th.Wolf. 2 un 1 un - -
Pvirgata Lehm. 2 sol 1 sol - - -
Fabaceae
Astragalus alpinus L. 1 sol - - - -
A. fedtschenkoanus Lipsky - - - 1 sol -
A. keminensis Isakov - - - - 1 sol
A.schmalhausenii Bunge - - - - 1 sol
Cicer songaricum Steph.ex DC. - - - - 1 sol
Medicago falcata L. 1 un - - - 2 sol
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Continuation of table 1

Number of descriptions and abundance of species

Family, species " 5 3 p .
M. lupulina L. 1 sol - - - -
Melilotus officinalis (L.) Pall. 1 sol - - - -
Oxytropis macrocarpa Kar. et Kir. - - - - 2 sol
Trifolium repens L. 1 sol - - - -
Vicia cracca L. 2 sol - - - -
V. subvillosa (Ledeb.) Boiss. - - - 1sp -
Geraniaceae
Geranium collinum Steph. ex Willd. 4sp - - - -
G. transversale (Kar. et Kir.) Vved. - - 1 sol 1 sol -
Polygalaceae
Polygala hybrida DC. 2 sol - - - -
Euphorbiaceae
Euphorbia jaxartica Prokh. - - - - 1 sol
E. pachyrrhiza Kar.et Kir. 1 sol 2 sol - - -
Balsaminaceae
Impatiens parviflora DC. 1 sol - - - -
Malvaceae
Alcea nudiflora (Lindl.) Boiss. - 1un - - -
Hypericaceae
Hypericum hirsutum L. 1 un - - - -
H. perforatum L. 1 sol 1 sol 1 sol - -
H. scabrum L. - - - - 1 sol
Violaceae
Viola acutifolia (Kar.et Kir.) W. Beck. 3 sol -sp - - - -
V.occulta Lehm. - 1 sol - - -
V.rupestris E.W. Schmidt lun - - - -
V.suavis M. Bieb. 1 sol - - - -
Viola sp. 2 sol - - - -
Apiaceae
Aegopodium tadschikorum Schischk. 3 sol - - - -
Bupleurum aureum Fisch. 1 sol - - - -
B. tianschanicum Freyn - 1 sol - - -
Ferula akitschkensis B. Fedtsch. ex K.- Pol. 3un - - - -
F. ovina (Boiss.) Boiss. 1 un 2 sol - 1 sol -
F. samarkandica Korov. - 1 sol - - 1 sol
Heracleum dissectum Ledeb. lun - - - -
Hymenolyma trichophyllum (Schrenk) ) 1 sol ) ) 1 sol
Korov.
Bunium setaceum (Schrenk) H. Wolff 3 sol - - - -
Seseli schrenkia.num (C.A. Mey. ex Schischk. 5 sp-sol ) i ) )
M.Pimen. et Sdobnina
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Continuation of table 1

) ) Number of descriptions and abundance of species
Family, species
1 2 3 4 5
Vicatia atrosanguinea (Kar.et Kir.) P. K. Mukher-
. 3 sp -sol - - - -
ee et M. Pimen.
Primulaceae
Primula kaufmanniana Regel 3 sp -sol | - - - -
Gentianaceae
Gentiana tianschanica Rupr. 1 sol | - - - -
Boraginaceae
Lappula sinaica (DC.) Aschers ex
. - - - - 2 sol
Schweinf.
Lithospermum arvense L. 1 sp - - - -
L. officinalis L. 1 un - - - -
L. tenuiflorum L fil. 1 sp - - - -
Mpyosotis caespitosa K.F.Schultz 1 un - - - -
Onosma irritans M. Pop. ex Pavl. - 1 sol - - -
Lamiaceae
Betonica foliosa Rupr. 3 sol -sp - - - -
Dracocephalum integrifolium Bunge 1 sol - - - -
Lagocholus platycalyx Schrenk ex Fisch.et ) ) ) i 2 sol
C.A Mey.
Lallemantia royleana (Benth.) Benth. - - - - 2 sol
Leonurus turkestanicus V. Krecz. et
. 1 un - - - 2 sol
Kuprian.
Nepeta pannonica L. - - - - 1 sol
Origanum vulgare L. 3 sol-sp - - - -
Phomoides pratensis (Kar.et Kir.) 2 un ) ) i )
Adyl., R. Kam. et Machmedov
Ph. speciosa (Rupr.) Adyl., R. Kam. et 1 sol 1 sol 1 sol sol 1 sol
Machmedov
Ziziphora bungeana Juz. - 1 sp - - -
Scrophulariaceae
Dodartia orientalis L. 1sp - - sol -
Euphrasia pectinata Ten. - - - - 1 sol
Linaria transiliensis Kuprian. - - - - 1 sol
Pedicularis alberti Regel 2 sol - - - -
Scrophularia heicheriiflora Schrenk - - - sol -
Verbascum songoricum Schrenk ex Fisch. et C.
- 1 un - - 2 sol
A. Mey.
Veronica cardiocarpa (Kar. et Kir.) Valpers - - 1sp - -
V. spuria L. 2 sol - - - -
Rubiaceae
Galium aparine L. - 1 cop, 1sp - -
G. turkestanicum Pobed. 2 sol - - - -
Galium sp. 1 sol - - - -
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Continuation of table 1

) ) Number of descriptions and abundance of species
Family, species
1 2 3 4 | s
Valerianaceae

Patrinia intermesalig u(lilorn.) Roem. et 1 sol lun 1 sol 1 sol )

Valeriana chionophila M. Pop. et Kult. - - - 1 sol -
Valerianella plagiostephana Fisch.et. C. A. Mey. - - - - 1 sol

Campanulaceae
Campanula glomerata L. 3 sol -sp - - - -
Asteraceae

Achillea millefolium L. 3sp—cop, 1sp - - -

Allredia acantholepis Kar. et Kir. 1 sol - - - -

Artemisia absinthium L. 3 un-sol - - - -

A. dracunculus L. 3 sol -sp 1 sol - 2 sol -

A. santolinifolia (Turcz. ex Pamp.) Krasch. 3 sol 1 sol - - -

A.sublessingiana Krasch. ex Poljak. - 2 sol - - -
A.tianschanica Krasch. ex Poljak. - - - - 2 sp

A. vulgaris L. 2 sol - - 1 sol -

Aster canescens (Nees) Fisjun 1 sol - - - -

Centaurea ruthenica Lam. - - - - 2 sol-sp

Cichorium intybus L. - 1 sol - - -

Cirsium semenovii Regel 1un - - - -

Galatella coriacea Novopokr. 1 sol - - - -

Ligularia alpigena Pojark. 1 sol - - - -

L.thomsonii (Clarke) Pojark. 2 sol - - - -

Picris nuristanica Bornm. 1 un - - - -

Rhinactinidia limoniifolia (Less.) Novopokr. et

Pojark. Isol i i ) )

Serratula alatavica C. A. Mey. - 1 sol - - -

Steptorhamphus crgssicaulis (Trautv.) 1 sol 1 un i ) )

Kirp.

Taraxacum officinale L. 4 un-sol - - - -

Tragopogon dubius Scop. - - - - 1 sol

Note: Abbreviations in the table indicate the degree of abundance of species according to Drude, deciphered in the section Materials
and methods of research, and the numbers before the abbreviation indicate the number of descriptions.

Thus, the flora of plant communities with the
participation of 7. tarda comprises 199 species from
140 genera and 45 families, 17 of which are repre-
sented by only one species (Table 1). There is al-
most the same number (16) of the most species rich
families (with 5 to 21 species). In total, the latter
comprise 157 species, i.e. 78% of the flora of the
surveyed communities with the participation of 7.
tarda. In descending order of the number of species,

these families are: Asteraceae, Poaceae, Fabaceae,
Rosaceae, Apiaceae, Lamiaceae, Ranunculaceae,
Caryophyllaceae, Liliaceae, Scrophulariaceae, Po-
lygonaceae, Brassicaceae, Boraginaceae, Alliace-
ae, Violaceae, and Crassae. This arrangement is in
many ways similar to that of the top ten species rich
families of the entire flora of the Zailiyskiy Alatau
[49], with the exception of Brassicaceae and Che-
nopodiaceae. On our list, the former occupies the
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12th place instead of the fourth on the list of flora
of the entire ridge. The family Chenopodiaceae is
represented by only one species, while in the entire
flora of the ridge there are 68 species of Chenopo-
diaceae. In the communities with the participation
of T. tarda, the top ten families were Apiaceae and
Liliaceae (11 and nine species, respectively). This
can be explained by the greater dryness and rocki-
ness of the habitats of the species studied.

Among the life forms represented in the de-
scribed communities, herbaceous plants, in particu-
lar perennials, predominate (about 90%); the share
of annuals and biennials is only 13% . Shrubs are
represented by 20 species (about 10%); of the trees,
only Acer semenovii was recorded. We presented
the general floristic composition of communities
with the participation of 7. tarda within the entire
natural distribution range of the species, taking into
account data from Kyrgyzstan [50]. It should be em-
phasized that 34 species recorded by K. Isakov were
not present in our descriptions. However, almost all
of them, with the exception of the endemic of Kyr-
gyzstan Astragalus kemenensis, are known to grow
Kazakhstan; therefore, they can be found in other
locations that have not yet been examined by us.

Comparing the obtained data with the results of
our studies on other species, it should be emphasized
that in terms of floristic richness (199 species), com-
munities with the participation of 7. farda occupy
an intermediate position in comparison with other
species of Kazakh tulips; that is between the rich
communities (with the participation of 7. greigii
and T. altaica, and 320 and 246 accompanying spe-
cies, respectively) and poor communities (with the
participation of local endemics 7. ivaschenkoae and
T. lemmersii, and 46 and 59 accompanying species,
respectively) [51].

The floristic core of the plant communities with
the participation of 7. tarda consists of 13 spe-
cies recorded in 40% or more descriptions: Rosa
platyacantha, Spiraea hypericifolia, Ephedra equi-
setina, Festuca valesiaca, Sedum hybridum, S. ew-
ersii, Artemisia dracunculus, Euonymus semenovii,
Atraphaxis pyrifolia, Cystopteris fragilis, Tulipa
ostrouskiana, Thalictrum minus, and Taraxacum of-
ficinale. According to their ecological preferences,
Most of the species listed above are steppe or petro-
lithophytic elements.

The importance of preserving communities with
the participation of the Red Book listed species T.
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tarda is enhanced by the fact that they include eight
more species of the same category: T. alberti, T.
greigii, T. koplakovskiana, T. ostrowskiana, Crocus
altavicus, Iris alberti, Rheum wittrockii, Valeriana
chinophila.

Conclusion

T. tarda is a narrow endemic of the Northern
Tien-Shan listed in the Red Book of Kazakhstan
[25]; it occurs sporadically and forms isolated pop-
ulations in the western part of the Zailiyskiy Alatau
ridge, from the Uzun-Kargaly gorge to Karakunuz
valley. As a result of the analysis of the descrip-
tions of 13 geobotanical sites, ecological and phy-
tocenotic preferences of 7. tarda and the floristic
composition of communities with its participation
have been established. The altitudinal distribu-
tion range of this species comprises two mountain
zones, steppe and shrub — forest-meadow, within
the range of 1100-1900 m above sea level. The pre-
ferred habitats of the species are confined to slopes
of various exposures and steepness, from gentle
to almost steep, on gravel and rocky slopes. The
vegetation cover ranges from sparse, with a total
projective cover of 30% or more on rocks, to dense
(85-95%). The plant communities with the partici-
pation of T. tarda are predominantly multicompo-
nent, of the steppe, semi-steppe, or meadow-steppe
type, most often with the presence of shrubs. In to-
tal, these communities comprise 199 species from
140 genera and 45 families. The most species rich
(from 5 to 21 species) are 16 families, which com-
prise 78% of the entire flora.

In terms of life forms, herbaceous plants pre-
dominate (about 90%); there are 20 species of shrubs
and only one tree species (Acer semenovii). The flo-
ristic core of the communities with the participation
of T. tarda is represented by five shrubs and eight
herbaceous perennials, most of which, like the spe-
cies studied, belong to the steppe and petro-litho-
philic ecological elements. 7. tarda is a rare species
listed in the Red Book of Kazakhstan. Therefore it
deserves special protection, alongside with the com-
munities with its participation. The importance of
conservation and protection of these communities is
enhanced by the presence of eight other Red Book
listed species: T. alberti, T. greigii, T. kolpakowski-
ana, T. ostrowskiana, Iris alberti, Crocus alatavi-
cus, Rheum wittrockii, and Valeriana chinophila.
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