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BETTIK AfbIHAbI CYAAPAATDBI AACTAYLLbI 3ATTAPADI
COPBUUSAADBIK, TASAAAY YPAICIH 3EPTTEY

KaAanapablH AaMy TYPFbICbIHAH >KaFbIMCbI3 CaAAaPbl Cy 6TKi30eNTiH 6eTTIKTepAIH YAECTIK YAFalObl,
TEXHOrEHAIK KOCrMaAap TYPAEpiHiH Kebeiyi >keHe OeTTiK aFblHAbl CyAapAaFbl OAAPAbIH, LLOFbIPbIHbIH
apTbIn KeTyi ecebiHeH aFbiHABI CYy KOAEMIHiH apTybl )X8HE LIEKTEH TbIC AACTaHybl GOAbIM TabbIAAAbI.
ByA MaceaeAep KaranapAa Ty3iAreH GeTTiK aFblHAbI CyAapAbl Ta3apTyAblH ©3€KTIAIriH aiKbiHAQM Ty-
ceai. beTTiK aFblHAbI CyAQp KypaMblHAQFbl AACTayllbl 3aTTapAbIH, Heri3ri YAeCi CyAblH XXMHAAy aAaH-
AapblHbIH, GeTTiriHeH WwarbiAbin KeAeAi. OCbiHAAM XKOAMEH MUHEPAAAbI >K&HE OpraHMKaAbIK, TEKTEri
TapasblAaHFaH 3aTTapAblH, MyHa ®HIMAEPIHIH XX8He ayblp MeTaAAaPAbIH Heri3ri 6eAiri 6eTTik aFbIHAbI
cyAapfa TyceAi. YCbIHbIAFAH 3epTTeY XKYMbICbIHbIH, MaKcaTbl TabuFU COPOEHTTEP MEPAUT >KBHE BEPMM-
KYAMTTIH KaAaAbIK, 6ETTIK aFbIHAbI CyAapAaFbl MyHar ©HIMAEPI MEH ayblp METaAAAPAbl CiHIPY YPAICiH
KMHETMKAAbIK, 3epTTeyre HerispeAreH. ©CiMAIKTEP MEH TOrbIpaK, MUKPOar3aAapblHbiH, GEACEHAIAITHIH,
TOMEH LLapTTapbiHAQ OMOCY3ri >KYMbIChIHbIH >KOFapbl TMIMAIAITIH cakTay, cy3riaey opTachbiHAa COpO-
LMSABIK, >KOHE MOHaAamacy KacueTTepiHe Me KOMMOHEHTTEPAI Ma3MYHAANTBIH NEPAUT MeH BEPMUKY-
AUTTIH GOAYbIMEH KamTamacbl3 eTiAeAi. DAICHaMaAbIK, TOCIAAI COPOEHTTEPAIH AacTayllbl 3aTTapAbl
apcopbumsiaay msoTepmanapbiH DperHAAMX MOAEAbIMEH TOABIK, CUMATTayFa MYMKIHAIK GepAi >keHe
>KOFapbl KoppeAasums koadpduumeHTiH (R2 > 93-98 apanbliblHAQ) kepceTTi. MyHaH 6eAek, aAblHFaH
TOXIPUOEAIK MOAIMETTEPAI BHAEY XKOHE COPOEHTTEPAIH COPOLMSABIK, KOPCETKILITEPIH aHbikTay L-Tmn-
Ti U30TEPMAAAPAbI TOABIKKAHABI CMMATTaMTbiH AEHTMIOPAIH, MOHOMOAEKYASIPABIK, COPOLMS TEOPUSIChIH
KOAAQHY apKbIAbl >Ky3ere acblpblAAbl. TaBUFU NEPAUT, BEPMUKYAUT KOHE KYPbIABICTbIK, KYM Heri3iHae
MOAMKOMIMOHEHTTI COPOEHTTEP KelleHi BeTTiK aFbiIHAbI CYAapAaFbl AACTayLbl 3aTTapAbl TYPAKTbl KeHe
DKOAOMMUSIABIK, Ta3a XKOAMEH Ta3apTyFa MyMKIHAIK 6epeai. 3epTTeyaep 6apbICbIHAQ aAbIHFaH HOTUXXEAEP
>K8HE OAapPAbIH HETi3IHAE TY>KbIPbIMAAAFAH FbIAbIMM KOPbIThIHABIAAP TypKicTaH 06AbIChl KeHTay KaAa-
CblHbIH, OETTiK aFblHAbI CyAapbIH COPOLMSIABIK Ta3aAay >KOAbIMeH KOCKOpPFaH Cy KOMMachIHbIH, AaCTaHy
Kayinci3airiH KamTamcbi3 eTyre 6arbITTaAFaH aAAAFbl 3ePTTeY JKYMbICTapblHa Heri3 60Aa aAaAbl.

Ty¥in ce3aep: 6eTTiK arblHAbI CyAap, AacTaylubl 3aTTap, MyHai eHiMAEpI, ayblp MeTaaaap, copo-
LMSABIK Ta3aAay.
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Study of sorption treatment of pollutants
in surface wastewater

The negative consequences of cities in terms of development are the increase in wastewater vol-
umes and excessive pollution due to the increase in the proportion of impermeable surfaces, the increase
in the types of technogenic impurities and their concentration in surface wastewater. These problems
emphasize the relevance of surface wastewater treatment in cities. The main part of pollutants contained
in surface wastewater is washed off the surface of catchment basins. Thus, the main part of suspended
substances of mineral and organic origin, oil products and heavy metals gets into surface wastewater.
The objective of the proposed research work is based on the kinetic study of the absorption of oil prod-
ucts and heavy metals of urban surface wastewater by natural sorbents perlite and vermiculite. Maintain-
ing high efficiency of the biofilter under conditions of low activity of plants and soil microorganisms is
ensured by the presence in the filter medium of components with sorption and ion-exchange properties
such as perlite and vermiculite. The methodical approach allowed to fully describe the adsorption iso-
therms of pollutants by the Freundlich model and showed a high correlation coefficient (R2> 93-98). In
addition, the processing of the obtained experimental data and the determination of the sorption indices
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of the sorbents were carried out using the Langmuir monomolecular sorption theory, which fully de-
scribes the L-type isotherms. A complex of polycomponent sorbents based on natural perlite, vermiculite
and construction sand allows for the purification of surface wastewater from pollutants in a sustainable
and environmentally friendly way. The results obtained during the research and the scientific conclu-
sions based on them can form the basis for future research aimed at ensuring the safety of pollution of
the Koskorgan Reservoir by sorption purification of surface wastewater in the city of Kentau, Turkestan
region.

Key words: surface wastewater, pollutants, petroleum products, heavy metals, sorption purification.

b.5. Aanesa’, E.H. Kouepos', A.N. Pamatyanaesa’, K.K. KyAabimbeT?*
"FO>KHO-KasaxcTaHckuit yHuBepcuTeT uMeHn M. Aya308Ba, LLIbiMkeHT, KasaxcTaH
2Ka3axckmit HayYHO-MCCAEAOBATEAbCKMI MHCTUTYT MOYBOBEAEHUS M arpoxummmn nmenn Y.Y. YcnaHosa,
AAMaTbl, KazaxcrtaH
*e-mail: qulymbet.qanat@gmail.com

MN3yyeHne COpOLMOHHON OUMCTKU 3arpsA3HSIIOLLUX BeLLeCTB
B MOBEPXHOCTHbIX CTOYHbIX BOAAX

HeraTtmMBHbIMW MOCAEACTBUSIMU TOPOAOB C TOUKM 3PEHUsI Pa3BUTUS SIBASIOTCS yBeAnUeHune o0b-
€MOB CTOYHbIX BOA M Upe3MepHoe 3arpsi3HeHne 13-3a yBeAMYEeHUsT AOAM HEMPOHMLLAEMbIX MOBEPXHO-
CTell, yBeAUYEHMS BUAOB TEXHOMEHHBIX NMPUMeCcei M MX KOHLEHTPALMK B MOBEPXHOCTHBIX CTOYHbIX BO-
AaX. DTV NPOOAEMbI MOAYEPKMBAIOT AKTYaAbHOCTb OUMCTKM MOBEPXHOCTHBIX CTOYHbIX BOA B FOPOAAX.
OCHOBHa$ 4acCTb 3arps3HSOLLMX BELLECTB, COAEPXKALLMXCS B MOBEPXHOCTHbIX CTOYHbIX BOAAX, CMbl-
BAeTCsl C MNOBEPXHOCTM BOAOCHOPHbIX 6acceitHoB. Takum 06pa3om, B MOBEPXHOCTHbIE CTOYHbIE BOAbI
rnornaaaeT OCHOBHAs YacCTb B3BELUEHHbIX BELLECTB MMHEPAABHOIO M OPraHMyecKoro NpPOMCXOXKAEHUS,
He(TENPOAYKTOB M TIXKEAbIX METAAAOB. LleAb npeaAaaraemoit HayYHO-MCCAEAOBATEAbCKON PaboTbl OC-
HOBaHa Ha KMHETMYECKOM MCCAEAOBAHMM MOTAOLLEHMS HEDTENPOAYKTOB M TAXKEABIX METAAAOB FOPOA-
CKMX MOBEPXHOCTHbIX CTOUYHbIX BOA MPUPOAHBIMM COPOEHTaMM NEPAUTOM 1 BepMuKyAnTOM. CoxpaHe-
HVe BbICOKOW 3(D(EKTUBHOCTU BUOUALTPA B YCAOBMSIX HU3KOM aKTMBHOCTM PACTEHUI U MOYBEHHbIX
MMKPOOPraHM3mMoB 06eCcreunBaeTcsi HaAMuMem B (UAbTPYIOLLEN CPEAE, COAEPIKALUMX KOMIMOHEHTbI,
ob6AaaaoLme COpOLUMOHHBIMU 1 MOHOOOMEHHbBIMM CBOMCTBAMM TAKMX Kak MEPAMT 1 BEPMUKYAUT. Me-
TOAMYECKUIA MOAXOA MO3BOAMA MOAHOCTHIO OMMCATbh M30TEPMbI AACOPOLIMM 3arps3HSIOWMX BELLECTB
MoaeAbio DpetHAAMXa M MOKa3aA BbICOKMI KO3 MUUMEHT Koppeasiummn (R? > 93-98). Kpome Toro,
06paboTKa MNOAYUYEHHbIX IKCMEPUMEHTAAbHBIX AQHHbIX U OMpPeAeAeHue rnokasaTeAei copbumm copbeH-
TOB MPOBOAMAMCH C UCMOAb30BaHUEM TEOPUU MOHOMOAEKYASPHOM COpPOLMM AEHIMIOpa, MOAHOCTbIO
onucblBaloLLen M3oTepmbl L-tuna. KOMIAeKC NOAMKOMMOHEHTHbIX COPOGEHTOB Ha OCHOBE MPUPOAHOMO
nepAMTa, BEPMUKYAUTA U CTPOUTEABHOIO Mecka MO3BOASET OUMLLATb MOBEPXHOCTHbIE CTOYHbIE BOABI
OT 3arpsi3HEHUI YCTOMUMBBIM M 9KOAOTMUYECKM YMCTbIM CNIOCOOOM. Pe3yAbTaTbl, MOAYUEHHbIE B XOAE
MCCAEAOBAHMWI, M OCHOBAHHbIE HA HMX HAyUHble BbIBOAbI MOTYT CTaTh OCHOBOM AAS OYAYLLMX MCCAEAO-
BaHWI, HaMpaBAEHHbIX Ha o6ecrneyeHne 6e30MacHOCTH 3arps3HeHns KockopraHckoro BOAOXpaHUAMLLA
nyTem COpOLMOHHOM OUMCTKM MOBEPXHOCTHbIX CTOUHbIX BOA ropoaa KeHtay TypkecTtaHckor o6AacTu.

KAtoueBble cAOBa: MOBEPXHOCTHbIE CTOUHbIE BOAbI, 3arps3HsiollMe BeLecTBa, HedTenpoAyKTbl,
TSIXKEAbIE METAAAbI, COPOLIMOHHAS OUMCTKA.

Kipicne

XaJIblK, CaHBIHBIH 6CYi, 8Cipece AaMyIiibl eJiaep-
JIe KaTThl TYPMBICTBIK KaJIJILIKTApP/IbIH KOHE Kalia-
JIBIK, aFBIH/IBI CYJIAP/IBIH TY31TY KOJIEMiH apTTHIpY/Ia.
byn e3 keserinjme OeTTIK aFbIHIbBI CyJiapibl KaiTa
naijajnany YIIiH KbpIpyap HHBECTUIUSUIBIK Kapa-
JKaTTHI TaJar eTe/Ii.

AFBIHIIBI CyJIapJbl Ta3ajay YpHiCiHIH KamOaT
OonyblHa OaiyaHbICTHI, KeHOIp aFgainapaa Tasza-
nay yiMepeTTepiHeH TOTiJIeTiH aFbIHIBI CyJap Kop-
[IaFaH OpTara Teryre pykcar OepeTiH TajanTtap.IbiH
epeKIeikTepine colikec kenameiiai. OcbiFan opaii,
TIPIITIKTIH KONTETeH TYpJepiHe Kayill TeHIipe
OTBIPBII, OTKIp aypyJiap/iaH OacTarn Co3bLIMAIIbI ay-

pyJapIbIH TapalyblHa, KOpIIaraH OpTaHbIH JacTa-
HyBIHA ajbi keneni [1,2].

Kananeik OeTTiK aFbIHIBI CyJap 9/CTTE Maro-
reHJl koHe a30T, ¢pochop Ma3MYHAANUTBIH 3aTTap-
b1, TapasblUIaHFaH KATThl 3aTTap MEH OPTaHUKAIIBIK,
JacTaymbuiapasl MasMyHaaiael. Kopmaran oprara
KEJIETIH aybIPTIAbIK OCepiiepiH TOMEHICTY YLIiH,
aTalFaH JacTaylIbl 3aTTapblH MOJIIepiH MYMKIH
IICKTIK MIOFBIPbIHA JICHIH TOMEHJICTIII, aFbIHIBI CY-
Jappl KAyinci3 KaKeTKe xapary Kaxer [3.,4].

BerTik aFbIH/BI CyJlapiaFbl JIACTAYIIbI 3aTTap-
JIbIH IIOFBIPBIH, OTTETTHIH XHMHSUIBIK KaXXeTTii-
rin (OXK), orreriHiH OHWOJIOTHSIIBIK KaXETTiJi-
rin (OBK), TapasputanFaH KaTThl OeJIIEKTEPAiH
YKaJITbl MOJIIEPiH, a30T k0HE (OCHOPABIH KaIIbl
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Ma3MYHBIH TOMEHJETY JKOXKYHere KeJeTiH 3HsH-
IIBI Dcepiiepi azaTanbl. beTTik aFBIHIBI CyIapabl
TazajayblH TOCTYPI TEXHOIOTHSIIAPBIHBIH KYPbI-
JIBICBI, KBI3MET1 MEH JJaMy caTtajapsl, dcipece opTa-
JIBIKTaHBIIBIPBUIMAaFaH KaybIMIACTHIKTAp YIIiH aca
KbIMOAT. AFBIHJIBI CyJIap/Ibl Ta3ajday/IblH €1 THIMJII
dJIicTepiHiH 0ipi agcopOUUsIBIK ypaic OOIbII Ta-
OBLIa/1BI, 01 J)K00aay/1a xKaHe IKCIUTyaTalusIayia
KapanaibiM, KOJIIaHyJa BbIHFalJbl JKOHE epeKuie
KYTIM YIIIH KapanailbiM TajanTapabl KaXKeT eTeli
[5].

Byn TexHONOTHSI OpraHUKAIBIK, XKoHe Oelopra-
HUKAJIBIK, JIACTAYIIbI 3aTTaP/IbIH IIOFBIPHIH TOMCH-
JeTyre, OJapAblH IIIiHAE CyAarbl HHUTPATTAPIbIH
[6], mepxmnopartapasiH [ 7], hocharrapasiy [8] xkoHe
¢dropunrepnin [9] mWOFHIPBIH coliKeciHiIe ancopo-
OUSUTBIK, MaTepHalapisl  KOJIAHBIT TOMEHAETY-
re MyMKiHaik Oepeai. COHIBIKTAaH IKOHOMHUKAJIBIK
THIMJII )KOHE SKOJIOTHSUIBIK Ta3a aJcopOLUsIIayIbl
MaTepraniapabl KOJjaHa OTBIPHII, KallalbIK OeT-
TIK aFbIHABI CyJIap/bl KOpIIaFaH OpTara TacTaylaH
QJIJIBIH Ta3aslay TIPLIIK Kayilci3Airid KaMramMmachl3
eTyIIi menriM 6oJa ajabl.

Teiimypu sxoHe T.0. [3] Maiina 1oH1 KepaM3UTTI
TOJIBIKTHIPFBILL, TIEM3a, IEPIIUT )KOHE HEOIUTTCH TY-
paTBIH KeyeKTi OETOHHBIH KaJaJlbIK OCTTIK aFbIH/IbI
CyJIapJbIH CallachblH XKaKcapTyda KOJIJAaHy MYMKiH-
JIKTEepiH 3epTTereH. 3epTTey HOTHKENIEpl KopceT-
KCHJICH, Maia OoHIi OeJIIeKTep MEH aJacopOeHT-
TEpIi KOCY KEyeKTI OCTOHHBIH ChIFyFa OEpIKTIriH
KOFapbUIaTKaHBIMEH, Oip Me3riije OTKi3rimTiri
MEH KeyeKTUIIriHiH ToMeHaeyiHe anmbit kenmi. Leo-
JIUT KEYeKTI OCTOHHBIH aKChl OEpIKTIK CHMATTa-
MaJlapblH KepceTce, Mem3a THIMAI OTKI3TiIUTIriH
KamTaMachl3 eTkeH. [lepnut cexinmi amcopOeHTTIH
0O0JIybl OpraHUKAIBIK JACTAYIIbl 3aTTapJIbIH MeJl-
mepin 40%, OXK 48% sxone ObK 30,5% Temenne-
Tyre MYMKIHJIIK OepreH.

Kautaspik OeTTik aFbIHABI CyJIap bl OacKapy Ka-
3ipri yakpITTa KypAeJeHe TYCIM, TYpJi JIacTayIIbl
3aTTap MEH Kocmajap YIIiH KpeaTHUBTI MIeNTiMaep-
ni kaxet etyje [10]. AFBIHIBI CyJIap bl Ta3aayIbl
JaMBITYIaFbl MaHbI3/Ibl ©3TepiCTepAl Tajall eTeTiH
memimMzep, Tazanay YUMepeTTepiHiH YHePTUs THIM-
JUTITIH skOFapbutaTy bl [ 11], OETTiK aFbIHIBI CyIap-
JlaH Tapa3bUIaHFaH 3aTTap/bl anacTaTyas! [ 12] xxoHe
Oaranpl KOChIMINIA eHIMIepai Oemin amyast [13,14]
KapacThelpasbl. Kananelk arbHIBI CyJapabl HHHO-
BallMSIUIBIK,  JJIBIHFBI  KATapiibl KOH(UTYpaIHsIIbI
OipiHIIiNelt Ta3anay >KOJBIMEH KaTThl OeImIeKTep i
MaKCUMaJJIbl OOJIN almyabl YChIHAIBI. 3epTTEeyIi-
nepiiy Oaramaybl OOMBIHINA, KATTHI OOJIICKTEP/i

MaKCHUMAaJIJIbI OOJIIN ally SHEPTHUsFa JereH TYThIHY-
wbIBIKTEL 45 kBt car 28 kBt-car neiin Toemenne-
Tyre MyMKiHJliKk 6epreH [15].

CoHbIMEH KaTap OCTTIK aFbIHIIBI CYJIapAarbl
ayblp METaJIapJblH HWOHIAPBIH aJacTaTy YIIiH
KYrepl IeJUTI0N03achlHaH  MOJU(UKANMsIIaHFaH
JIUTaHJaHbl KOJIJaHYbl YCBIHFaH. AJcopOIusuiay
ypaici opransiH pH kepcetkimrine Toyeinni Oona-
THIHBI AQHBIKTAJIFAH JKOHE 3epPTTEY IIapTTapbIHIA
pH — 6 maHiH KonmanFaH. by skarnaiiga MbIC HOH-
Japhl )KaKCHI aJICOPOITUSIIBIK KaOlIeTiH KOPCETKEH,
0JlaH KeiiH TeMip, KOOaITh, XPOM JKOHE HUKEIbIiH
ColKeciHIIe aicopOnusIbIK, Kabineri 280, 240, 220
»koHe 205 mr/T opHaTBUTFaH [16].

[lepauT, 1EOIUT, TUTHUT, TEMIP KOXbI, IeM3a,
METaKaOJIMH, YIIKBII KYJ, KPEMHE3eM JKOHE Ko-
MIp CeKii aJcopOeHTTEep i KeyeKTi OTKI3Tim Oe-
TOHHBIH KYpaMbIHJIa KOJIJJaHy CyJlaH, epireH cyJaH
JKoHE OCTTIK aFbIHJIBI CyJIapJlaH OpraHHUKAIIBIK JIac-
TaylIbUIAP MEH aybIp METaIIap bl )KOOFa apHAIFaH.
AranraH aJCOpOCHTTEp Kejeci aBTopiiap 3epTTey-
JiepiHze CyJnbl epiTIHAUIEpACH TYPJi KOocHalapasl
ajacTaTy YIIiH KoJiJaHbuIFaH [17].

JKorapbl MOHJBIK anMacy KaOUIeTiH Kepcere-
TIH ME3aKeyeKTEpJiH KOIITereH MOJIIepi LEOIuT
TIeH TIEPIUTTIH Oaraibl KacweTTepiHiH Oipi OOJBITT
tabbutanel [18-21]. Onap OypbIHFBI yakbiTTa Oe-
TOHHBIH KYPaMbIH/Ia TOJBIKTBIPFBIII MaTepUal pe-
TiHJE KOJJIAHBUIFAH XOHE 3epTTEYyJICpMEH JoJe-
JIieHTeH el KkeyekTinirin 40% jxoHe OTKI3TIIITIrH
20% TeMeHzaeTe OTBHIPHIN, ChIFyFa OepikTirin 20%
xorapeuiatkad. Conbimer Katap OXK (81%), OBK
(80%) sxoHEe aFpIHABI CYABIH JalinbUIbIFBIH (81%)
TOMEHJICTY KaOiJieTi eTe KOJauibl 0OIbIN TaObLIa-
Il [22,23].

3epTTey MaTepHaJAapbl MeH aicTepi

[epnut >xoHE BEPMUKYIUTTIH MyHall oHIMIEpi
MEH ayblp MeTajjiapFa KaThICThI COPOIUSUIBIK Ka-
CHETTEpiH aHBIKTAY KMHETUKAIBIK KHCHIKTAD MEH
azicopOIMsl M30TEPMAChIH TaJay HEri3iHlIe Kypri-
3iai. 3epTTey Marepuainapsl perinae Typoat ken
OPHBIHBIH TIEPJIMTTI MINKI3aTHI jk0HEe KynaHnTay keHn
OpHBIHBIH BEPMHUKYIUTI TaHIAIbL. 3epTTeny/eri
MaTepuaIap/IbIH HET13T1 cunarraManaps 1 xoHe 2
KecTelepIe KeNTipiiareH.

Cysriniey OpTachIHBIH HETI3iHE aJlTFOBHAJI/IbI
KYPBUIBIC KYMBI allbIHJIBI. KYPBUIBICTBIK KYMHBIH
COpOIUSIBIK, KalijdeTi TOMeH OOJaTBIHBI aHBIK,
OCBIFaH Opail OHBIH COPOIMSUIBIK ChIMBIMIBUIBIFBIH
aHBIKTAY TaJIall eTiIME]I.



b.b. Anuesa xoHe T.0.

1-kecte — TypOar KeH OpHBI NEPIUTIHIH HETi3ri KacHeTTepi

ToTbIKTapABIH Ma3MYHbI, % Macca 0oiibIHIIA
Sio, TiO, ALO, Fe,O, CaO MgO Na,0 K,0 H,0 K.K.K
64,28 0,33 16,02 2,66 2,73 0,67 2,94 4,67 1,86 3,84
Du3nKa-MeXaHHKAJIBIK KacueTTepi
Keyexrenyniy Temmepatypaibik apaisisl, °C 1360-1380
Konemuik canmarsl, Kr/m? 1700-2290
Opraiiia THIFBI3IBIFGL, I/CM? 0,64
Ce0iny THIFBI3IBIFBI, T/CM? 0,31
Keykereny kod¢duimenTi 3,5-4,5
T'mapaBnukanbIk OeICeHAITIr, MT 68,7
2-kecte — Kynanray KeH OpHbI BEpPMHUKYJIUTIHIH HETi3ri KacuerTepi
ToThIKTapABIH Ma3MYHBI, % Macca 0oiibIHIIA
SiO, TiO, Al10, Fe O, FeO MgO MnO N12223+ PO, H,0
44,57 1,92 13,34 11,46 3,57 10,51 6,95 0,19 2,45 1,55 3,49
MuHepaJorusuibIK Kypamsl, %
Jlana mrmaret 37,2
Amdubon munepanaap To0bt 28,8
Tuppocnromanap 24,8
Kapbonarrap 4,1
Ksapuut 2,7
Amnatut 0,8
Coen 0,6
I'panar 0,4
Onunor 0,4
ouzut 0,2
Du3uKa-MeXaHUKAJIbIK KacueTrTepi
bliran cinipimainiri, % 334-635
Keyexreny xoaddurmenti 9-17
Ce0iity TBHIFBI3IBIFBI, KI/M> 80-200
Konemaik canMarel, r/cm? 0,08-0,2
CHIHFBIITHIFEL, %o 2,1-5,0
Jedopmanusianysl, % 4,9-6,0

KuneTHkanblK KUCHIK CBI3BIFBIH TYPFBI3Y YIIIH
3epTTENETIH ayblp MeTaIap/I6IH OipiH HeMece My-
Hail eHIMJIepiH Ma3MyHIaiTeiH 500 Mi epiTiHzire
10 r copOeHT KochuLAbl. JlaibIHAaIFaH epiTiHII
MarHdTTi apaNacTBIPFBINTHIH KemeriMmeH 5, 10,
20, 40, 80, 160 >xone 320 MUHYT apaqacTBIPBLIBI,
JacTaylibl 3aTTapAblH KaJlAbIK IIOFBIPHIH aHBIK-
Tay YIUiH YATiIep aablHAbl. BepMHUKYyIMT KarThl

iciHeTiH copOeHT OoiybiHA OalnaHbICTBI, 1 TOYIIK
OOWBIHAA ai/blH aja JUCTHIBACHICH CYMEH blI-
FaJIIaHIBIPbIIFAHHAH KEeWIH MyHail eHIMJIepi MEH
ayblp MeTalAaplblH COpOLMsIIaHy KepceTKimTepi
3epTTENI.

Bacrankpl epitingigeri MyHall eHimiepi MeH
ayblp MeTaJapblH LIOFBIPBI 3 KecTene KelTipil-
TEH.




Berrik arpIHIBI CymapIaFsl 1acTayIIbl 3aTTap/Ibl COPOIMSUIBIK Ta3ajay YPAICIH 3epTTey

3-kecte — [leput sxoHE BEPMUKYINTTET] COPOLMSIIAHY KHHE-
THKACBIH aHBIKTay OapBICHIHIAFEI ePITIHAIIET] MYHAll oHIMEpI
MEH aybIp MeTaJIIapAbIH MOFBIPHI

KepceTtim oFpIp, Mr/a
MyHait eHiMIEpi 50
Temip 50
Msic 50
Kopracein 50
MpIpbImn 50
AnroMuHUR 50
Kanmuit 50

Copbuusinay ypaiciHe AeHiHr jkOHE YPIICTeH
KeiHri MYHail OHIMJIEpiHiH Ma3MYHBIH OakblIay
TPaBUMETPUSAIIBIK, OAICTIEH MYHall OHIMJIEpIH TOPT
XJIOPJIBI  KOMIPTETIMEH OSKCTPAKUUSIIANH OTBIPHIIL,
apbl Kapail MOJSPIbIK KOMIPTEKTEpIi altOMHHUI
TOTBIFBIMEH BOPOHKA apKbIIbl aJacTaTy »OJBIMECH

Oakputanabl [24]. Ayblp MeTangapAblH Ma3MYHbI
Spectroquant acrmaOBIHBIH KOMETIMEH (OTOMETPHSI-
JIBIK, OIICTIEH aHBIKTAIABI [25].

3epTTey HATH:KeIePi MeH TAJIKbLIAYJIap

CopOeHTTiH COPOLUSIIBIK, CHIMBIMIBUIBIFEI A TO-
MeHieri popMmysia OOMBIHINA ecenTeneIi:

4= (CD_EE:I'V (1)
m

MYHJIaFbI:

C, — epiTinpigeri 6acTankpl LOFBIP, MI/JI;

C_— Teme-TeHIIK IIOFBIPHI, MT/JT;

— epITIHAIHIH KeJeMi, J;

m — cCOpOCHT YATICiHIH CaJIMaFFbl, T.

CraTHKabIK apTTap/a MepiIuT MeH BEPMUKY-
JIUTTET] ayblp MeTaIAapAbIH COPOLIMsIaHy YpaicTe-
piHIH KWHETHKAIIBIK KUCBIKTaphl 1 — 4 cyperTtepie
KEINTipiireH.
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B.b. Anuesa xone T.0.
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Berrik arpIHIBI CymapIaFsl 1acTayIIbl 3aTTap/Ibl COPOIMSUIBIK Ta3ajay YPAICIH 3epTTey

KuneTnkanblk KMUCBIKTapAbl Tajiay HOTHXKeIe-
Pl KepceTKeHAeH, ayblp METAIAAPAbIH KOHE MyHal
OHIMJIEPIHIH TEpJIUTTErl >KOHE BEPMHKYJIUTTET]
Tene-TeHaiK moFbipiapbl 40-60 MHUHYTTaH KeHiH
OPBIH aJlaJbl.

[epautTeri )oHe BEpMUKYIUTTET] aybIp METAal-
Jap MEH MyHail eHIMJAEPiHiH COpPOLMSIIBIK H30TEp-
MAacbhIH KYPY YLIIH TYPaKThl YJITUIep MEH alfHbIMAaIb
LIOFBIPJIAP BJIICI KONIAaHbLIbI. AZCOPOEHT (TIEepauT
HEMece BEPMUKYJIUT) YATICiHIH cajJMarbl TYPaKThl
typae 10 r, am ayelp MeTammapAblH HIOFBIPEI 50-

150 mr/n apanbliFbiHIa, MYHAH ©HIMICPIHIH HIOFBI-
pur 50-250 mr/m apanbiFpiHaa KaObUImanabl. KaTTer
(azanbIH cyibIK (pa3ara KareiHackl 10:500 Kypabl.
CopOrust Yp/IiCiHIH KUHETUKAIBIK, KMCBIKTAPhI HET'i-
3iH]Ie OpPHATBUIFAH COPOIUSITBIK TeIe-TeHIIK yaKbl-
Thl 60 MUHYT Ke3iHJe, ayblp MeTaJap MEH MyHal
OHIMJICPIHIH KalJbIK HIOFBIPBIHBIH TYpPaKTaHybl
OpBIH ajlaibl.

[NepnutTeri )oHE BEPMHUKYIUTTET] aybIp METAa-
Jlap MEH MYHail eHIMAEPiHiH COPOLMSIIBIK H30TEp-
Mayapsl 5 — 8 cyperrepie KenTipiireH.

co

CopdnHAIBIK CBIHBLIMABLILIFEL A, MI/T

60 80 100

Teme-teraik morsipbl C,_, MT/1

e TeMip ==fll=MEBIC ==fe=KOpPFACHIH ==pé==MNBIPEII === ATIOMHHHH ==@=Kammmuit

5-cypet — [lepiuTTeri ayblp METaIAAPIbIH COPOLIUSITBIK H30TEPMACHI
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8-cyper — BepmukyuTreri MyHail oHIMIEpiHIH COPOLMSUIBIK H30TEPMAChI

ToxipuOenik MOIIMETTepAl OHAEY KOHE COp-
OCHTTEPIIH COPOIUSITBIK KOPCETKIMITEPiH aHBIKTAY
L-tunti m3orepManapibl TOJBIKKAHIBI CHUIATTaii-
TeIH Opelinux neH JIGHrMIOpAiH MOHOMOJIEKY-
JISIPIIBIK COPOILMS TEOPUSCHIH KOJIJaHy apKbLIbI )KY-
3ere achIpbUIIbI.

JleHrMIop TeHAEY1 KeJleci CUIaTKa ue:

— Kp-C
A=4. 14Ky -Cr 2)
MYH/IaFbI:

A — canbICTBIPMAIIbI aACOPOLHs, MI/T;

A,, — EKTIK aficopOnus, MI/T;

K| — ancopOuusiibIk Tene-TeHIiK KOHCTaHTAChI;

C — afncopOTHBTIH Tere-TeH IIK IIOFBIPHI, MI/I.

IlexTik amcopOrus A, KoHE anCOPOIUSITBIK,
TeNe-TeHIIK KOHCTaHTachl K, Monzepin ecenrey
yiIiH (2) epHEK Keseci TyYpHeri ChI3BIKTBIK TEHACY-
MEH YCBIHBUIIBL:

1
= 3)

JlenrMiop TeHJIEYiHIH CHI3BIKTHIK, (opmachl (3)
C/A — C koopauHaTagapbIHIaFel COPOIUsS U30TEp-
Machl OOMBIHIIA TPapUKAIIBIK KOHE AaHATUTUKAIBIK
KONMeEH A, xoHe K| TeHneynepinin KOHCTaHTaa-
PBIH aHBIKTayFa MYMKIHIIK Oepeni.

11



Berrix ArbIH/BI CyJIapJarbl JIaCTAayHIbl 3aTTap/Abl COp6III/ISIJILIK Taszajnay YpIIiCiH 3EpPTTCY

Opelinmx TeHaeyi Kelieci cunarka ue 0oiazpl:
A=f-C" “)

(4) TeHneyniH CHI3BIKTHIK (opmachl IgA-HBTS
1gC-naH ChI3BIKTBIK TOYEIIUIITIH KOPCETE/ Il )KOHE B
MEH /1 KOPCETKIMITEPiH rpadKabIK KOHE aHAINTH-
KaJIBIK aHBIKTayFa MYMKIH/IIK Oepei:

IgA = lgf +£Ig£‘ (5)

n

MYH/IaFbI:

A — caJIBICTBIpMAITBI aACOPOIIHS, MI/T;

B, n — amcopOuuMsIap KOHCTAHTACHI;

C — aficopOTUBTIH Tere-TeHIIK IIOFBIPBI, MT/JL.

Jlearmiop koHe DpeHHIMX TEHACYIEPiHIH
CBI3BIKTHIK (hOpMaapblHbIH KOOpAWHATANAPBIHIIA
TYPFBI3BUIFAH TIEPIUTTEr1 KOHE BEPMHKYJIUTTET]
MYHaii OHIMJIEpi MEH aybIp MeTaJIapablH COPOIIHs-
JIBIK, ©30TepMajiapel 9 — 16 cypeTTepae KeaTipiiareH.

AnbIHFaH COpPOIUSUITBIK U30TepMaliap OOMBIHIIIA
aHbIKTanFad JleHrmiop xoHe PpelHIINX TEHACY-
Jiepinaeri ko3 GUuIueHTTepaiH MoHaepl 4 KoHe 5
KecTenepAe KeATipiireH.

@ Tewmip v=0,3529x+2,8571
R2=09754
B Msic y=03186x+ 15048
R2=0,9855
y=0,1386x+0,9048
= A Koprachin R2=09823
o
+Msip v=0,1629x+0,8571
I R2=0,9875
¥ AmFoMHEEHE ¥ =0.1529x+ 11905
R2=09804
. y=0,09x+13333
O Kammit R2=09321
C
9-cypet — JIeHrMIOp TCHJCYiHIH KOOPAMHATATIAPBIH/IA IEPIUTTET]
aybIp ME€TAJIAapAbIH COp6HI/IHJ'ILIK H30TEPMAChI
! =046x-0,5
& Tewi y=U.Aa0%- U,
08 P R2=0,9888
=034x-0,15
BM Yo :
0,6 ¢ R2=0,9797
=0,26x+04
A Yy s A
- o Koprackist ~ 5. 7 0657
< 0,2 y=0,26x+03
’ XMEIpeI " o = ) 9657
0 Ly =0,26x+ 0,33
* AmoMuEHIE ’ i
" R2=0,9657
072 —
! . y=0,28x+0,1
OKammit " g2~ 0 8909
0,4

10-cyper — OpeitHAIMX TeHACYIHIH KOOPIUHATATIAPBIH/IA IEPIUTTET]
ayblp MeTaJIIapABbIH COPOLMSIIBIK H30TePMaCch



B.b. Anuesa xone T.0.
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12-cyper — OpeifHaIMX TeHACYIHIH KOOpIHHATAIAPBIH/IA TEPIUTTEr
MYHal OHIMAEPIHIH COPOLUSIIBIK H30TepPMAaCHI

p o ®Tewmip y =0.,0254x+0,1581
: R2=09811
EMbic y =0,024x+ 02752
R2=0,9903
AKopracerr Y — 0:02x+0.1
Kops: v
XMeipprm = Y T 0,0434x+0,1489
R2=10,9982
X AmoMunrHH v = 0,0457x+0,3278
R2=0,9988
OKammit Y - 0:0156x+0,3244
R2=0,9239

13-cypert — Jlenrmiop TeHeyiHIH KOOpANHATAIAPBIHA BEPMUKYINTTET]
aybIp MeTaiapAbIH COPOIMSIIBIK, N30TEPMAChI
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Berrik arpIHIBI CymapIaFsl 1acTayIIbl 3aTTap/Ibl COPOIMSUIBIK Ta3ajay YPAICIH 3epTTey

2,5
. y=0.44x +0.9
¢ Teumip R2=0.9453
2 0.4x +0,82
y=bax U,
B Mere R2=0,9804
1,5
AKopracsm y=038x+1
3 R2=0.981
—
1 -
y=0.42x +0.62
¥ Me1psim R2=0.9757
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lgC
14-cyper — OpeitHanmx TeHACYIHIH KOOPIUHATANIAPBIH/IA BEPMHUKYIHTTET
aybIp MeTaJIap/blH COPOLHSIBIK H30TEPMaChI
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15-cypet — JIeHrMIop TeH/eyiHIH KOOpAXHATAIAPBIH/A BEPMUKYIUTTET]
MYHail OHIMAEPIHIH COPOLMSIIBIK H30TEPMACHI
2,5
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1,5 o
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16-cypet — OpeifHATNX TEHACYiHIH KOOPAWHATAIAPBIHIA BEPMUKYIUTTET]
MYHall eHIMJEepiHiH COPOIHSIBIK H30TEPMaCh
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b.b. Anuesa xoHe T.0.

4-kecte — [lepauTiieH MyHaii eHIMJEpi MEH aybIp MeTaiapAsl copOrmsiiay kesinaeri Jlenrmrop sxone dpeitHammx TeHaeynepinieri
kodddunmenTTepAiH MOHIEP]

Jacrayuet M.Yﬂaﬁ . Kopracbin Mbic Mbipbim Temip AJIIoMHHU Kapmuii
3arTap eHiMepi
Jlenrmrop Mozemnbi
As 3,77 8,89 3,17 6,07 3,21 6,19 13,68
K, 0,01 0,11 0,13 0,20 0,07 0,29 0,18
DpeitHITHX MOIEITbI
s 0,09 1,94 0,78 2,06 0,27 2,39 1,67
n 1,37 3,02 3,14 3,86 1,79 4,25 3,52

5-kecte — BepMmuKkynmuTHEH MyHall eHiMzIEpi MeH
TeHIeyIepiHieri KodQPpUIUeHTTEPIIH MOHAEP1

ayplp MeTajmapabl copOuumsnay kesingeri Jlenrmiop jxoHe DpeiHIIIX

Jacrayurr M.Yﬂaﬁ . Kopracbin Mpic MpIpbIin Temip AJIIOMUHUH Kagmuii
3arrap eHimepi
Jlerrmrop Mozmemnbi
A, 377,14 47,11 39,67 25,84 43,02 23,07 21,03
K, 0,01 0,17 0,14 0,16 0,12 0,11 0,09
OpeitHTIX MOl
0,91 4,87 6,51 4,81 6,37 2,93 1,96
n 1,06 2,28 2,15 2,16 1,89 1,90 1,76
KopbIThIHIBI [lepauT >x0HE BEPMHUKYJIUTTE ayblp METAIIAP

AJBIHFaH 3aHJBUTBIKTAPMEH MEPIIUT JKOHE Bep-
MUKYJHUTTIH ayblp METajlaap MEH MYHal eHiMIepiH
copOrusmay KaOileTiH KepceTeTiHI aHBIKTAJIbI.
byn xarnaiina BEpMHUKYJIUTTIH OapIibIK 3epTTEIy-
Jleri JacTaylibl 3aTTapFa KaTbICThl COPOLMSUIBIK
CBIMBIMIIBUTBIFEl TIEPIIATTEH JKOFaphl €KeHI OpHa-
TBIJIJIBL.

MEH MYHail eHIMJEpiHIH COpOIMSIIBIK H30TEepMa-
Japbl )KOHE KWHETUKAIBIK KUCBIKTAPhI TYPFBI3BLI-
nel. Toxipubenmik Mmomimerrep JIeHTMIOp JkoHE
OpeHilIMX TeHJeYyJepl IeHOepIHae anmpoKCH-
MalusJIaHbl. ATalFaH TCHJACYJIEP/iH CHI3BIKTHIK
(dopManapelH KOJJaHa OTBIPBIN, MEPIUT IKOHE
BEPMHKYJIUTTIH COpOLMsIIAY 3aHIBUIBIKTAphl Op-
HATBUIJIBI.
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AATAM XXOTACbIHAAFbI TYPU3M SCEPIHEH AYbIP METAAMEH
AACTAHFfAH TOIbIPAKTbIH TABUTU XKOAMEH TA3APYbI

OAeMAi KayAaraH naHaemust kesiHae KasakctaHabik, AaTanrFa 32-40 MbiH, MoHFOA AATanaa 13
MbIHFA XKYbIK, KOAIK casgxaTTaraH. AATaM XXOTaCblHAQ XXOAAADP acaAbTTaAMaraH, TYPUCTIK AasiallbIAbIK,
KbIBMETi XKETKIAIKTI AambIMaraHAbIKTaH Oeit-6epekeTci3 Typr3m OeAeH aAbll, Tapam >KOAAAP ManAa
GOAABIPY, >Kep KbIPTbICbIH 3aKbiMAdy, Ca3 OaTrnakTapAbl Kellin eTy apKblAbl TOMbIPAK, >KaMbIAFbICHI
ayblp METAAMEH AQCTaHFaHbIH aHbIKTaFraH. 3epTTey HOTUXKECIHAE OHAAFbl OYAIHIEH TOMbIpakTapAa Tasa
TOMbIPaKMNeH CaAbICTbIPFaHAQ KOPFACbIH, HUKEAb, MbIPbILL KATapAbl ayblp METAAAbIH MeAllepi 2-4 ece
apTKaHbl, xeHeae KasakcTaHAbIK AATariaa Typu3m acepiHeH 705.7 ra, MoHFoA AaTanaa 182.7 ra
aAaHHbIH, TOTMbIPafFbl 3aKbIMAAAFaHbI TypaAbl XasfaH. byA 3eptTey HaTukeci 60MbIHLA MOHFOAMSIHBIH,
Kopuwaran OpTa, Typu3am MUHUCTEpPAIriHe KapacTbl MOHFOA AATai >KOTacbIHbIHAAFbI Epekiue Koprasa-
ThiH ayMakTap backapmacbitbiH 2023 biaabiH 28-Huii LLiaaeaeri A/14 Gyiipbirbl 60MbIHLLA KOAIK KO3~
FaAAbICbIH LIEKTEreH. AacTaHFaH TOMbIPAKTbl Ta3apTy, SKOAOTMSIHbI KAATbIHA KEATIPY KaTapAbl 6ackasai
>KYMbICTap aTKapblAMaraHABIKTAH aBTOPAAP MyHAQ AaCTaHfFaH TOMbIPaK, TeK TabMFM KOAMEH TasapfaH
6GOAYbI MYMKIH AEreH FbIAbIMM BOAXKAM >KaCaAbl.

BypblHFbI KOPAMHATTAH CbiHAaMa aAbil, AabOpaTOpUsSiAQ aTOM CrEKTPOMETPIH CiHIpY amaAAapbl
6OMbIHLLIA TOMbIPaKTbiH KyPaMbIHAAFbl 6 ayblp METaAAbIH AEHreiri aHblKTaAAbl. TOrMbIpaKTarbl XPOM-
HbIH MOALLIEPI XKOAAbIH YCTiHAE 3.8-6.3Mr/Kr-Fa asaiblr, aA XXOAAbIH TOMEHT| >KaFblHAQ KENOip KopAn-
HaTTapAa asanbir, Kenbmpinae kebenreH. KopracbiH MOALLIEPI KOA YCTiHAE 2.7-6.8 Mr/kr-Fa asaiibir,
>KOAAbBIH, TOMEHTI XaFblHAQ 5.5-8.8 Mr/kr-ra aeniH kebeitin, >xnHakTara GacTaraHbl aHbIKTaAAbl. Mbl-
PbILWTbIH KOAEMI 8p KOPAMHATTA alTapAbIKTai e3repreHiMeH KaHAam 6ip TypakTbiAbIK, OaiKaAMaAbl.
3epTTey HOTUXKECIHAE ayblp METAAMEH AACTaHFaH TOMbIPAK, 8P TYPAI 3PO3Ust apKbIAbl TABUFM >KOAMEH
Tasapyfra 60AATbIHbl HAKTbl ABAEAAEHA|..

Ty¥in ce3aep: AATal XOTachl, TOMbIPAKTbIH AACTaHYbl, ayblp METaAAAP, TabOWUFK )KOAMEH Tasapy.
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Natural remediation of soil contaminated with heavy metals
due to tourism in the Altai mountains

This article examines the natural remediation rate of soil contaminated with heavy metals from
uncontrolled tourism in the Mongolian Altai Range. During the pandemic, domestic tourism surged in
Kazakhstan and Mongolia, with the Altai Range becoming a popular destination. This led to an influx of
32-40 thousand vehicles to the Kazakhstani Altai and about 13 thousand to the Mongolian Altai. Due
to limited infrastructure, tourists often traveled on unpaved roads, created new paths, crossed swamps
to access the mountains, and caused significant environmental impact. The contamination analysis re-
vealed that the levels of heavy metals like lead, nickel, and zinc were 2-4 times higher in affected soils
compared to uncontaminated areas. In total, tourism impacted 705.7 hectares of soil in the Kazakh Altai
and 182.7 hectares in the Mongolian Altai. Following the publication of this study, the authors presented
their findings to the Mongolian Ministry of Environment and Tourism. Subsequently, the Mongolian Altai
Specially Protected Areas Administration issued Order A/14 on July 28, 2023, which limited vehicle
access in the area.

In the absence of any active remediation efforts to clean the contaminated soil or restore the envi-
ronment, the authors hypothesized that the observed reduction in contamination levels may be attrib-
uted solely to natural processes. Soil samples were collected from previously recorded coordinates, and
the concentrations of six heavy metals were analyzed using atomic absorption spectrometry. The results
revealed that chromium levels in the soil decreased by 3.8-6.3 mg/kg above the road surface. Below
the road, chromium concentrations varied, with decreases observed in some locations and increases
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in others. Lead concentrations showed a reduction of 2.7-6.8 mg/kg above the road, whereas below

the road, lead levels increased by 5.5-8.8 mg/kg, indicating a tendency to accumulate in these areas.

Zinc concentrations exhibited significant variation across different locations, but no consistent trend or

stability was identified. These findings provide evidence that soil contaminated with heavy metals can

undergo natural remediation through processes such as erosion and other environmental mechanisms.
Key words: Altai mountains soil pollution, heavy metals, natural remediation.

E. Baaearaxn!'*, b.A. Kancaaamos!, I. ©OHepxaH?

TEBpasminckmii HauMoHaAbHbIN yHUBepcuTeT M. A.H. N'ymuaeBa, ActaHa, KazaxcraH
2Ka3axcKkmm YHUBEPCUTET TEXHOAOrMM 1 Gu3Heca, AcTaHa, KasaxcraH
*e-mail: Erbahit.tourism@gmail.com

[MpupoAHOe oumLLeHMe NOUB, 3arPsAI3HEHHDbIX TSHKEABIMU MeTaAAaMMU
MoA BAMSIHMEM Typu3mMa B AATalCKUX XpebTax

B AaHHOW cTaTbe paccMaTprBaeTCsl CKOPOCTb €CTECTBEHHOIO BOCCTAHOBAEHMS MOYBbI, 3arpa3HeH-
HOWM TS>KEAbIMW METAaAAAMM BCAEACTBME HEKOHTPOAMPYEMOTO Typu3ma B MOHIOAbCKOM AATae. B nepwm-
OA MAaHAEMMU BHYTPEHHWI Typu3m B KazaxcTtaHe 1 MOHFOAMKM 3HAaUMTEABHO BO3POC, M AATANCKMIA pe-
FMOH CTaA MOMYASPHbIM HanpaBAEHMEM, YTO NPUBEAO K MPUTOKY 32—40 TbICIY TPAHCMOPTHBIX CPEACTB
B Kasaxckuini AATar 1 okoAO 13 Tbicay B MOHroAbckmnii AATai. M3-3a HepoCTaTKa MHPPACTPYKTYpbl
TYPUCTbI YaCTO NEPEABUIAAMCH MO FPYHTOBbIM AOPOraM, MPOKAAAbIBAAM HOBbIE MyTH, Nepecekar 60-
AOTa AAST AOCTYTA K FOPaM, UTO MPMBEAO K 3HAUUTEABHOMY BO3AENCTBMIO HA OKPY>KAIOLLYIO CPEAY.

AHAAM3 3arps3HeHns Mokasaa, YTo YPOBHM TSXKEAbIX METAAAOB, TakMX KaK CBMHELL, HUKEAb U LMHK,
ObiAM B 2—4 pasa Bbllle B 3arpsi3HEHHbIX MOYBAX MO CPABHEHMIO C He3arpsis3HEHHbIMK ydyacTkamu. B
LLeAOM, TYPU3M 3aTpPOHYA 705,7 rektapa nousbl B Kazaxckom AAtae n 182,7 rektapa B MOHIOAbCKOM
AnaTae. Nocae nybAMKaumMM AQHHOTO UCCAEAOBAHMS aBTOPbI MPEACTAaBUAM Pe3yAbTaTbl MUHUCTEPCTBY
OKpy>Karowen cpeabl M Typmama MoHroann. BnocaeacTBum YNpaBAeHME CreumaAbHO OXPaHAeMbIX
TeppUTOPMIA MOHIOABCKOTO AATas M3AaAo npukas A/14 ot 28 mioast 2023 roaa, orpaHMuMBaIOLLMiA
AOCTYMN TPAHCMOPTHbIX CPEACTB B 3TOT PaoH.

B TeueHune nocaeAHero ropa 6bIAO NMPOBEAEHO UCCAEAOBAHME, HAMPABAEHHOE Ha M3y4YeHune ecTe-
CTBEHHbIX MPOLECCOB OUMCTKM NMOYB. B xoae paboTbl 3atpMKCMPOBAHO CHUKEHME COALPIKAHMS TAKEADIX
METaAAOB B MOYBAX Ha psiae 06CAEAOBAHHbIX YUYACTKOB. MEeTOAOM aTOMHO-abCOPOLIMOHHOM CNEKTPO-
MeTpun OGbIA MPOBEAEH aHaAM3 NMPOG6 MOUBbl, COOPAHHBIX HA MPEXHUX KOOPAMHATAX, AASI ONPEAEAEHUS]
KOHLUEHTPALMK LLIECTH TSXKEAbIX METAaAAOB. Pe3yAbTaTbl MCCAEAOBAHMS MOKA3aAM, UTO KOHLLEHTpaums
XpOMa Ha MOBEPXHOCTM AOPOr CHM3MAACh Ha 3,8—6,3 MI/Kr, TOraa Kak noA AOPOrow HabGAIOAAAUCH
KaK YMeHblUEeHWe, TaK U YBEAMUYEHNE COAEP>KaHMS B 3aBMCMMOCTM OT yyacTka. KoHLeHTpaumns CBMHLA
YMEHbILMAACh Ha 2,7—6,8 MI/KI Ha MOBEPXHOCTU AOPOT, HO YBEAMUMAACh AO 5,5-8,8 MI/KI B HUMXKHMX
CAOSIX, TAE METAAA HavaA HakanAmBaTbcs. KoHLeHTpauus uuHKa, HanpoTMB, CYLLECTBEHHO BapbMpOBa-
AQCb U HEe MPOAEMOHCTPUPOBaAA CTAaBUAbHBIX TEHAEHLMIA. TakMm 06pa3oM, MCCAEAOBAHME MOATBEp-
AMAO BO3MO>KHOCTb €CTECTBEHHOM OUMCTKM MOYUB, 3arPsS3HEHHbIX TIXKEAbIMU MEeTaAAaMM, 32 CUET NPo-
LLeCCOB 3P03UKN N APYTUX MPUPOAHDBIX (DaKTOPOB.

KatoueBble croBa: XpebeT AATasi, 3arpsisHEHME MOYB, TSIXKEAbIE METAAAbI, ECTECTBEHHAs peabuAn-
Taums.

Kipicne ConpgpikTan Oyl Makanajaa d1ae0u HIoy KbICKalla
TypIe skacanasl. Kaszipri TaHga Scopus FEUTBIMEU 0a-
JKypriziiren  3epTTey KOPBITBIHABICBIHA  3achiHaa Aunrail skoTackl Typaibl 900-mel Makaia

moJy: TepT enjiiH niekapacsiH OeJin TypraH AJi-
Taid xoTackl OpTra A3USHBIH KIUMaTblHA EpEKILe
ocep eremi. (Aizen E.M., et all, 2001). Anraii xo-
TachlHAaFbl Typu3Mm mnoteHnmaisl (Braden K.A,
Prudnikova N.B, 2008), oHmarbl Typu3MIi Jambl-
Ty >kocmapiapel Typansl (EpmaBmeros.C.P, 2015,
p. 27), (Government of Mongolia, 1996), (Great
Khural of Mongolia, 2016), (Great Khural of
Mongolia, 2020), Typu3M IaMBITYIaFsl MOCEIEIep
(UNDP & GEFG, 2011, p. 14), (Chlachula J.A, et
all, 2021), (JICA, 1999), (Jennifer Castner , 2019)
Typalibl aJIBIHFEI MaKayiaga KeHIpeK OasHmIaFaH.

JKapUsJIaHFAaHBIMEH TaKbIPBITIKA TiKeIel OalIaHpIC-
THI MaKaja TaObLIMaIbl.

Monron AnTaii )xoHe Ka3aKCTaHAbIK ATaiiga
TypHU3M KOJIKTEPiHEH TOIBIPAKTHIH aybIp METal-
MCH JIACTAHBIN JKATKAHBI TYpaJibl aBTOPJIAPIBIH
Makanacbl 2023 KbUIBl JKapblK KepreH. bym ma-
Kanaga MoHron AnTail KoTacklHIA 5 KOpPIUHAT,
Kazakcranapik AnTaitia 3 KOpJAWHATTaH ChlHaMa
aJIbIIl, 3ePTTEY JKOTHXKECIH CAJIBICThIPFaH/Ia OHJA-
FBI aybIp METaNJbIH Meimepi 2-4 ece apTKaHBIH,
JPITIpeK alTKaHma KOpFacklH Memmepi 12,5-15,8
MI/Kr-Fa, HHKeNnb Meimepi 16,1-33,7 mr/kr-ra,
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MBIpbII Memepi 15,6-17,1 mr/kr-ra aprkan (E.b.
banenraxsr, et all, 2023). Mynnaii 3eprreyni Pe-
cell TeppUTOPHSICHIHAAFEI AnTal KoTackl, bemyxa-
Jla MaHbIH/a XKYpri3reH. bexyxa manbanars! 2023
JKBUTBI TaMBI3JAFbl AKCISAUINAAA KaAMHUH aHBIK-
TaJMaraH, KOPFachlH MOJIIIEP] KAJBIIThI HOPMaa,
aJ XpoM MeJIepi kel KOpJuHATTa KaJIbIIThI, Kel
KOpAMHATTA 2 ece KOIl, MBIPBIII, MBIC, HHUKEIIiH
kejeMi MOHFOJIMS CTaHIaPThl OOWBIHINIA KAYBITIThI
neHreire xermnereuMmen Peceil sxone Kaszakcrtan
CTaHIApPTHl OOWBIHINA KABINTE HOpMamaH 2-4 ece
KOIl eKE€H1 aHBIKTAJIFaH.

Kone kazakctanablk AnTaiija Typus3M oce-
piHEH 55 KM y3akka co3purraH 705.7 ra, MoHFoOI
Anraiinbig O0ateic Oemiringe 24.7 KM y3aKKa co-
3pUTFaH, 182.7 ra ajmaHHBIH TOIBIPAFbI 3aKbIM[A-
JBIT, OYN ayMakThiH 56%-bI TOJBIK TalKaHIal-
raHbIH aHbiKTaraH (Badyelgajy.Y., et all, 2022.).
Byn 3eprTeyre xanama OaiinanbsIchl 6ap Keneci 0ip
3epTTey/ie KaHap, KarapMaiMeH JIacTaHFaH TOIIbI-
pakThl KypambiHIa Acinetobacter calcoaceticus
24, Microbacterium lacticum 41-3, Arthrobacter
terregens I11 xone Micrococcus roseus 49 mram-
Japbl 0ap MUKPOOUOJIOTHSIIBIK ITPernapaTTap apKbl-
JBl Tazajay TOXIpHOeciH Kyprizim, mpemneparrap
apKBUTBI OMOpeMeAuanysuIan Ta3apTyFa OoJiaThl-
HbIH npnesnaere (I.OuepxaH, et all, 2023). XKone-
e AnTall oTachlHIa casxaTTaraH Oip TYpHUCTEH
Kazakcranaeik Anrtadima 612 rp KOoKbIc, MOHFOI
Anraiina 441 Tp KOKBIC KaJaThIHBIH aHBIKTAFaH
(Yerbakhyt, 2023).
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TonblpaK, ColHaMackiH anfaH KopaWHaTTap

L TypucTik HeicaHgap
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TypucTik MapwpyT -
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AynaHpap wekapacsl

.MEMHEKeT LeKapackl

e

CbiHaMa anfaH KopguHat
: -

flomaHun my3 e3eni

3eprrey HoTmkenepi 2023 xbuiapiH KaHtap
aiteiHna MonronmusiHeiH Kopmaran Opra, Typusm
MUHHCTEPIIriHe TaHBICTHIPBUIABL. Ken Kemrikmein
MuHHCTEpIIKTIH HYyCKaybiMeH MOHFOI AJTaill KO-
TachIHbIHJAFbl Epekuie KopranaTeiH aymakrap bac-
Kapy okimmitirini 2023 sxeuiabiy 28-Himi [Hinme-
neri A/14 OyHpbIFsl OOMBIHINIA KOJIK KO3FAIIBICHIH
NIEKTEY KAYJBICHI MIBIKThI. OChI KayJibl KYIIiHE CH-
TCHHEH KeHiH O1p *bL IIIH/IE MYH/Ia eIIKaHal Ko-
JIK KaTeiHaMaabl. MyH7a 2 5KbUT OOMBI KaybIH IIIa-
IIBIH MOJI, DPO3HUs TPOIIecci MOJ OOJIFaHBI 3ePTTEY
OaphIChIHIA aHBIKTANBL. JKoHe e ca3pl OaTmakTa-
FBI TAJIKAH/IAJIFaH KOJIap KaJllblHa Keyie OacTaraH.
COHJIIBIKTaH MYHJIaFbl ayblp METaJIMEH JIACTAHFaH
TOTIBIPAK Ta3apy MPOILIECC] KYPiy Oap >KOFbIH eKe-
HiH aHBIKTAy ©3€KTi MOcese OOJIBIT TaObLIAIbI.

onicreme

Maxcamei: Antait )KOTacbIHIAFBl TYPHUCTIK KO-
JIKTEP apKbLIbl JIACTAHFAH TOIBIPAKTHIH KYpPaMbIH-
JIaFbl aybIp METAJIBIH ©3TepyiH OaKbLIai OTHIPHII,
TaOWFH JKOJIMEH Ta3apy MPOIIECCiH aHbIKTAY

3epmmey nvicanvi: TeMeHperi kapraia Kepce-
TiireH Monron Anrail kortacelHaarsl “Anrail bec
Borma” ynTTeIK mapki, oHmars! I[Ipe3uaeHT odackina
KOTEPIJICTIH €H KOl TapaMjairaH 13 KM CcO3bUIFaH
JKOJT OOWBIHAH 5 KOPJAMHATTaH ChIHAMA aJIbIHJIBI.
AnFamkel 3epTTey KesiHae Oazara TIpKeNTeH Kop-
muHaTThl GPS Kypaiel GOHbIHIIA aHBIKTAH OTHIPHII
JIT aJIFalIKbl KOPAMHATTAH aJIbIH/IbI.

ARk

5

1-cypet — ChiHama aJbIHFaH MapIIPyT )KOHE KOPIAUHATTAP
(EckepTy: aBTOp/IBIH 63 ChI30achl)
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E. bagenraxs! xoHe T.0.

MyHIIa SKCHEAMIUSIBIK 3epTTey MOHFOIHS
PecrryOnmkaceiaaa xypinai. Kazakcran aymarsiaaa
3epTTey KYprizy MyMKiH Oosmajabl. Byran OacThl
ceber, Ka3zakcTranaplk, ANTaiira casxaTTaraH Mallli-
HaJiap caHbl a3aiiMaraH KOHE KOIKTep KO3FaIbIChIH
HIeKTey, 0ackasaii ic mapa xyprizoered. CoHIbIK-
TaH aBTOpJap SKCICIUIMS YHBIMIACThIPFAHMEH,
HOTW)KECIH/IE alfTapIIbIKTall e3repic 60IMaybl MyM-
KiH JIeTT Kep/Ii.

3epTTey aaicTemeci

Temenzeri 3epTrey opicreMmerepi mnaiimana-
HBUIJIBI.

- Oxcneouyus  yuvimoacmulpy: Tanmanran
MapuipyT OoibiHIIa 2024 KBUIIBIH TaMbI3JIbIH 5-9
KyHIepi Onruii KamacelHaH “Anrtaii bec borma”
VITTBIK TapK OarbIThIHAA apHafbl SKCIICTULIHS
YUBIMIACTHIPHII, apHANHBI ChIHAMA AJTBIH]IBI.

- Tonvipakman cvinama any: TompIpak chIHAMa-
CBIH “KOHBEPT” amaJibl OOMBIHIIIA YKOJIJIaH, YKOJJIbIH
€Ki JKarbIH/Ia 2 METp XKOHE 5 METp KAIlbIKTHIKTaH,
SFHA Oip KOpIWHATTaH 5, OapnbIFel 25 ChIHaMa
anbiHbl. CanbICTBIPAThIH Ta3a CHIHAMAHBI YKOJJIBIH
Oac xarpiHan 10 merpaeH anbiHAbl. bapibirsr 30
ChIHaMa aHaJIu3re Kipi.

- Jlabopamopusnviy  3epmmeynep: bapibik
ceiHaMa MOHFONMS acTaHackl YiaaHOaaTapaarsl
“HapT” arThl TombIpak JadOpaTOPHUACHIHIA TEKCe-
pinai. ATom criekrpomeTpin ciHipy amainsl (Llapsc-
Kas BojJka-Aqua-regia digestion (open beaker))
OOMBIHIIIA TOMBIPAKTHIH KYPAMBIHIAFEI O aybIp dJ1e-
MEHT KeJeMi aHBIKTaJ bl JIabopaTopusiIbIK, 3epT-
TeyJi apHaiibl MaMaHaap KYPri3ai.

Cmanoapmmulx  canvicmolpy: TonbIpaKTarbl
ayblp MeTalJapAblH CTaHIAPTHIK Meiiepi MoH-
roiusa Pecnybnukaceinbin “MNS 5546:2005 “To-
MBIPAKTHl JIACTAYIIBl MeTalfap, »IIEMEHTTEP/iH
pYKCaT eTUITeH J>KOFapFbl MeJuepi” CcTaHIapThl

1-kecTe — TonbIpaKTarsl ayblp METAIap/IbIH KOJIEMi, MI/KT

(Mongolian Agency for Standart Metrology, 2008)
xoHe Kazakcran PecryOnmkacwiHbiH JleHcaymmbIk
muHKCTepiHiH 2021 KbUTbl coyipaiH 21-kyHi Oe-
kitinren, ACM-32 nomepini “Kopiiaran opTaHbIH
rureHanbslk HopMmatuBbl’, Kazakcran PecryOmnmka-
cbl JleHcaynblk cakray, KoplillaraH opTaHbl KOpFay
MUHHCTPiHIH OipieckeH OyHpbiFsl OolibiHmma 2004
KeUTFBI 30 KaHTapma Oekitinrer, N99/N21 Homep-
i “TomnbIpakThl JIACTANTBIH 3USHIBI MHKPOOpra-
HU3MJEP XOHE OacKagail OMOJIOTHSUIBIK, KaJIbIK-
TapblH PYKCAaT €TUINeH KOHLEHTPALMsI HOPMaTUB,
cranaapt”-bl OoibiHIIAa (MuHUCTpa 3apaBooxpa-
nenus Pecnybnuku Kazaxcran, 2004), (Munuctpa
3npaBooxpanennst Pecyonmku Kazaxcran, 2021).
Peceiinig «2.1.7. Tombipak, enui MEKeHIEPAl Ta3a-
nay, OHIpic JKOHE TYTHIHY KalJbIKTaphl, TOMBIPAK-
THI caHHWTapibIK Kopray» GN 2.1.7.2041-06, GN
2.1.7.2042-06 T'urneHanbIK cTaHIAPTTAPHI OOMBIH-
1a canbICThIpbULAbI (DegepanbHbIi HEHTP THTHEHB
u snuaemMuoiorun Pocorpeduamsopa, 2006).

Hoarum:xesnep

Tanpanran MapiipyT OOoWbIMEH ONTUi KaJlachl-
HaH “Anraii bec Borna” ynTThIK mapki OarbITBIHIA
2024 XbITbl TaMbI3 alibIH/IA SKCIICIULINS YHBIMIAC-
TBIPBII, TONBIPAKTAH ChIHAMA aJIbIHJIBL. JKoHee Ty-
PHCTIK KONIKTEp 9CepiHeH OYIIiHTeH, TalKaHlaJIFaH
alaHIapBIH KaJIbIHA KeTy, 0ackanai apo3ust Ipo-
LECCIHE 3epTTeyJiep IKYPri3ilim, 3KCIETUIHSIIBIK
Oenrisiey *ka3blll aNbIHIBL. By aBTOpIapAbiH OCHI
ayMaKTaFrbl 6 SKCIICIUIHSCHI OOJIIBI.

3epTTey HOTHXKECIH TYCIHIKTI OOJABIPY YIIIiH 8p
KOPJIMHATTAH Ta3a TOIBIPAK, KOJIJIbIH YCTi, KO IbIH
asiK JKarblHaH 5 METPJICH ajJiFaH TOIBIPAKTHI CaJIbIC-
THIPABIK. By/an OyphIHFBI 3epTTEyie Op KOpAUHAT-
TaH 3 HYKTEHI CaJbICTBIPbUIFAH. TeMEHeri KecTe
9p KOPIWHATTAaFbl ayblp METaJJbIH KOPCETKIIi
2022 xoHe 2024 b1 OOMBIHINA KOPCETLUII.

Mertannap Xpom Kopracbin Kaamuii Mpipbi Mpbic Huxean
o <t o < [\ < N <t [\ < N <t
JKpBI 8 S S 8 S 8 S 8 S 8 S S
o [\ o [¢\] (@)l [¢\] o o [\ [\ (@] [\l
JKonbis JKOFapFbl KarbIHAH- | 19 0 | ye1 | 167 | 187 | 0,0 | 0.0 | 42.0 | 407 | 302 | 310 | 104 | 113
: Jarel Ta3a Tonbipak (10 metp)
= | Ko yerinen 173 | 13,5 | 13,9 0,0 | 00 | 42,7 | 334 | 31,0 | 309 | 9,1 | 102
=] .
. ﬁi‘gm’m TOMCHITKAFBIHAH 5 | 2o 3 | 350 | 205 | 17,1 | 0,0 | 00 | 59.1 | 312 | 285 | 201 | 433 | 46,7
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Kecmeniy orcanzacwor

MeTtannap Xpom Kopracbin Kaamuii Mbipbim Mpbic Hukenn
[\l <t [\ < o~ < [\l <t [\ < o~ <
JKbLbI = = = 8 8 8 = S = 8 8 =
()] o [\l o o o ()] o [\l o o [\l
Ko b sKOFapFbl KaFbIHat- | o5 | 506 | 177 | 183 | 0,0 | 00 | 42.8 | 380 | 355 | 33.7 | 86 | 135
([1' JTaFbI Ta3a TomsIpak, (10 MeTp)
= | Ko yerinen 20,7 | 234 [ 2221192 | 0,0 | 00 | 50,6 | 47,3 | 47,0 | 44,5 | 22,9 | 26,7
Q .
> ﬁi‘gﬂ"m TOMEHTIKAFBIHAH 5 | g 3 | 356 | 318 | 373 | 0.0 | 00 | 744 | 647 | 140 | 168 | 250 | 33.1
JKonbH skoFaprbl KarbiHat- | 515 | 501 {206 | 220 | 0.0 | 00 | 69.1 | 43,7 | 302 | 300 | 105 | 140
T,: JIaFel Ta3a TomnsIpak, (10 meTp)
= | Kon yerinen 224 | 16,1 [ 334 (261 | 00 | 00 | 762 | 54,0 | 47,0 | 442 | 30,2 | 38,1
[} .
> ﬁi‘%m’m TOMEHILKAFBIHAN S | o7 ¢ | 398 | 455 | 450 | 0,0 | 0.0 | 567 | 732 | 30.0 | 33.7 | 443 | 492
JKonpis KOFaPFbl KAFLIHAH- | 19 ¢ | 190 | 202 | 218 | 0,0 | 0.0 | 435 | 400 | 302 | 312 | 9.6 | 102
?; JaFel Ta3a Tomnsipak, (10 metp)
= | Kon yerinen 20,7 | 16,7 | 334 (30,7 | 00 | 00 | 51,1 | 37,9 | 345 | 29,7 | 21,1 | 19,0
(=] .
> 32;2“"“ TOMCHII KAFIHAH 3 | o9 6 | 383 | 455 | 46.1 | 0,0 | 00 | 59.1 | 48,9 | 28.5 | 29.1 | 433 | 50.7
JKonpiH KOFapFbl KAFBIHAH- | 19 | 95 | 187 [ 201 | 0,0 | 0.0 | 42,0 | 43.0 | 309 | 31.0 | 100 | 12.1
‘[f,: JiaFel Ta3a Tomsipak (10 meTp)
= | Ko yerinen 190 [ 13,7 [ 250 ] 182 | 0,0 | 00 | 42,7 | 350 | 34,5 | 28,1 | 349 | 26,5
=] .
> ﬁe";;’l““ TOMCHITKAFBIHAH 5 | g 3| 500 | 228 | 31,6 | 0.0 | 0.0 | 460 | 535 | 305 | 357 | 314 | 432
Eckepty — 3epTTey KOPTHIHABICHI OOMBIHINA KYPACTHIPBLUIIBI

Peceiimen KaszakcTaHHbIH CTaHAApTBIHAA KOI
albIpMAIIBUIBIK, JKOK, anaija MoHFOIus cTaHaap-
TBIHJIaFbl TOTBIPAKTBIH KAYBINIChI3 KOPCETKIIII 6T
orapbl. TeMeHzeri rpauKkTa ajaFamiKbl €Ki KeK
OHJII KOJIaKMeH “Taza TombIpak’-Tarel 2022, 2024
JKBUIFbI KOPCETKIIlll, OpTaJarbl KbI3bUICAPHI OHJII
€Ki JKOJIAaKIIeH ‘KOJIJIBIH YCTi”-HEH aJIbIHFaH ChIHA-
MaJIaFbl ayblp METAJT IEHT e, COHFBI KaChLI OHII
€Ki JKOJIAaKTa “YKOJIJIBIH asiK JKarblHAH 5 MeTp’-JIeH
aJFaH CbIHAMAJIaFbl MAIIIMET KOPCETIIIII.

MoHron AnTalJblH Ta3a TOIbIPAFbIHAFBI
XPOMHBIH Meuiiepi OapiblK KOpJUHATTA [IaMaMeH
18.1-22 mr/kr-ra xerr. 2022 xbputrbl MeH 2024 XKblI-
IIBIK, KOPCETKIMIIH/IE KOI aibIpMAIIbUIBIK, KOK. AJl
YKOJIJIBIH, YCTiHACTT XpOMHBIH Memepi 2022 5KbUTbl
17.3-22.4 mr/kr 6onca 2024 >xpuisl 13.5-23.4 wmr/
KT OoJbITI a3aifraH. Tek eKiHII KopAwHATTaH Oac-
Ka 0apiblK KOpAMHATTA “¥KOJ YCTIHJIETi” XPOMHBIH
Meutiepi azaiiraH. JKoHene KONABIH “‘TOMEHTI *kKa-
FBI -HIAFBl XPOMHBIH Memmepiae -7,1-9,3mr/kr-ra
azaitran. An kop-1, xkop-4-te 5.7-5.8-7.1-9.3mr/kr-
MeH Ke0eireH. MOHFOIUSHBIH CTaHapblHA CYHEeH-
CeK OYJI KOPCETKII JIaCTaHy JACHTCHiHEe )KEeTIeTeHi-

22

MmeH, Ka3akcran xoHe Peceli cranmapTer OolbIHIIA
Tasza TOMBIPaKTaFsl MeIepi 3 ece, *OJIIbIH YCTiH-
e 3-3.5 ece Oosca KOIABIH TOMEH KareiHaa 4-4.8
ece ke0eifinm aca KayinTi neHreiire xetkeH. JKoHeme
OapybIK KOpAMHATTAp TOMbBIPAK KaOaThl MIANBLTY
MIPOIECC] apKbUIBI XPOM IKOJIJIBIH TOMEHT YKaFbIHA
JKUHaIFaHbl Oalikamansl. Keibip kopauHatTa Tim-
TeH MANBUTBIT 0acKa aKKa aFblll KETKEH OOy
MyMmKiH. Ce0Oebi keit0ip KOpAMHATTA KOJJBIH asiK
JKarbIH/Ia a XpOMHBIH MOJIIIEpPi a3aiiraH.

ANl KOpPFAacHIHHBIH MOJIIIEPi Ta3a TOMBIpaKTa
(OapyblK KOpJAMHATTA) COJI apTKAHbI OaiKanalbl.
YKonaplH ycTiHAETI TONBIpAKTaFbl KOPFACKIH MOJI-
mepi 2022 xbisl 13.9-33.4 mr/kr-ra apacwiHfa,
op KopauHATTa dp TYpJi Oosel. Kop-3 xoHe Kop-
4-teri KopracklH MeJIIepi 0acka KopauHatTaH 1-2
ece xemn OonraH. 2024 KBUTFBI ChIHAMana OapIIbIK
KOpJIMHATTA KOPFachiH Mesiepi -3.0-7.3 Mr/kr-meH
azaifran. An Kop-3, KOp-4-Te >KONJIbIH asK >KaFblH-
Jla KOPFaChIH MOJIIEPIHIAE KOI o3repic KoK, 2022
JKBUTFBI KOpCETKIIINEH Oipaei. A Kop-2, Kop-5-Te-
T'l %KOJIIBIH TOMEH KaFbIH/IaFbI TOTIBIPAKTAFbI KOPFa-
CBHIH 5.5-8.8 MI/Kr-MeH apTKaH.




E. bagenraxs! xoHe T.0.

mm Ta3a Tonblpar,

Xpom (Cr) CeuHey (Pb)
100 100 80 80 mmm Ta3a TONbIpaK2
90 90 70 70 0 MeTp-2022
80 80 60 50
70 70 e () MeTp-2024
60 60 50 50
50 50 40 40 w5 wetp-2022
40 40 30 30
5 meTp-2024
30 30
20 20 20 20
ol § o Il
0 0 0 o Ka3aKCTaH
cTaHgapThl
*9& @QQ *gq% @Qﬂ\' *g& @@ @QQ \@? @@ @QQ e Peceil CTaHAapThI
Kagmwii (Cd) Lk (Zn) = Tasa Toneipa
2 9 160 160 mmm Ta3a TONbIpaK2
140 140 0 meTp-2022
16 16 120
e () MeTp-2024
12 12 100 100
80 go e 5 metp-2022
o8 08 60 60 5 veTp-2024
40 40
" o 2t
0 0 0 0 o Ka3aKcTaH
» L » > » cTaHfiapTel
@& *9@ *gq% *gQQ *_OQQ @@ @Q% @Qv \@9 @QQ e Peceil CTaHAapThI
Mbic (Cu) Hukenb (Ni) e tnoTeli 1pyHT-2022
100 100 100 100 mm YycThIA rpyHT-2024
90 90 90 90 0 metp-2022
80 80 80 80
70 70 70 70 () meTp-2024
60 60 60 60
50 50 50 5o e 5 Metp-2022
40 40 40 40
30 30 30 30 5 meTp-2024
20 20 20 20
0 I o 0 e
0 ., 0 0 . 0 e——Kasakcran
: K CTaHAapTHI
@? @QQ @QQ' *QQQ @Qﬂ} @QQ @QQ @QQ @QQ @Qﬁ? = Peceil CTaH4apThl

2-cypet — TonbIpakTarsl ayblp MeTalabIH AeHreiiHiH 2022 sxoHe 2024 5KbUTFBI MOJIIEP1, MI/KT
Eckepry — 3epTTey KOPTHIHABICH OOMBIHINIA aBTOP KYpPACThIPFAH

Kagmuii sneMeHTiH aHBIKTAy YIIH alfaliKbl
ChIHaMaJla KYPBUIFBIHBIH TOJIKBIH Y3BIHABIFEI 600
nm-ra KOWBIN capanTaMa kacaibiHapl. Onan Keiin
KYPBUIFBIHBIH TOJIKBIH Y3BIHIBIFBIH 228.8nm-Fa 1ie-
WiH a3alTHIT, TOJKBIH Y3bIHIBIFBIHBIH HAKTHUTBIFBIH
0.10 nm-ra geitin, anpikray merid -0.004 mr/kr-ra

JefllH KOCKAHBIMEH EIKAaHAal KaJMUHU DIIEMEHTI
AHBIKTAJIMAIbI.

MeipeimTeiH, KepeeTkinn 2022 KbIIbl Taza To-
neipakTa 42.0-42.8 mr/kr 6onran 6osca 2024 xKbui-
FBI ChIHaMaJia 0apIIbIK KOpIUHATTA a3aiiFaH. Ocipece
Kop-3-te 25,4 Mr/kr-meH azaitran. JKoHe KOJIBIH
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YCTIHJIETT MBIPBIIITEIH Memepine 3.3-22.2 Mr/kr-
MeH azaitraH. Ocipece Kop-3,4-Te kebipek azaiira-
Hbl Oaiikanaabl. A Kop-3-Ta »oJIbIH TOMEHTI kKa-
FBIHJAFbI TOTIBIPAKTA MBIPBIIITHIH Kejemi 16.5 mr/
KT-MCEH apTKaH, ax 0acka KopJauHaTTap/Ia a3aliraH.

Ta3a TombIpakTarbl MBICTBIH Mejiepi 2024
JKBUTFBI ChIHAMAJIaH KOl albIpMaIlbUIBIK, KOK, CH
KOIT albIpMamblIbIK He Oopi -1.8 mr/kr. JKomapH
YCTIHJIET1 aJIbIHFAH ChIHAMAJAFbl MBICTBIH KOJeMi
COJl a3alifaHMEH aWTapibIKTail albIpMAIIbLIBIK as3.
Tex kop-4-te, -4.8 MI/KT-Fa, KOp-5-T¢ 6.4 MI/KT-Fa
azaitrad. AJI KOJIIBIH TOMEH KaFbIH/IaFLI ChIHAMAA
MBICTBIH MOJIIIepi CoJl apTKaHBIMEH alTapIIbIKTai
MOJI JIeTI aiiTyFa kenameii. Tex xop-5-te 5.2 mMr/kr-
Fa apbITKaHbl O0NMaca, Kop-1 MeH Kop-3-Teri aibIp-
MaIlbUIBIK, 1 MI/Kr-Ta J1a »KeTHen .

Huxennin memmepi Taza TomslpakTa 0ipa3 ec-
keHi Oaiikanaael. Kop-2,3,5-te 2.1-4.9 mr/kr-fa ne-
WiH apTKaH. AJI “)KOJIBIH YCTi -HJIeT1 ChIHaMa 1a aj-
FaIIKbl 3 KOPJIMHATTA apThIll, COHFbI 2 KOpAMHATTA
azaitrad. JKonaplH “ToMeHT] xKarbl -HIaFbl CbIHAMa-
Ja GapIbIK KOpAWHATTA HUKENIiH MOJIIIEepi apTKaH.

3epTTey HOTHKECIH TATKbLIAY

YATTBIK TapKTepre TYpUCTEpIiH KemnTen Oa-
pPYbIHaH TONBIPAK, >KaMBUIFBICHI ayBIp MeETaJIMEH
nactanyra OonateiH WtanusiHeiH BesyBH yATTBHIK
mapki (Valeria Memoli, et all, 2019), Kerraitapia
9KOTYypHU3M KypopTtap MaHbiHAa (Qifa Sun, et all,
2022) >xypri3uirex 3epTrey 0apbIChIH/IA aHBIKTAFaH.
Typusm sKoIOrusIIBIK, (haKTOpIapra kaHaMma TYpIe
acep €Ty COJI apKbUIbl TOIBIPAKTAFbl KEHOIp aybIp
metangapeiabiy (Cr, Ni, Cu, Zn, As, Cd, Pb) kon-
LIEHTPALMSChIHA aPKbLIbI JIACTAUTHIHBIH KpbITal 1bIH
[NostanT KeutiHAe KYPri3reH 3epTTey HOTHIKECIHe
anbiKTarad (Jinying Xu, et all, 2021). Typusm ToO-
MIBIpaK TeMIIepaTypachIHBIH OCcyiHee acep eTeni (St
Fatimah Azzahra, et all, 2019). MyHaFbI TONbIpaK-
Tarbl KOPFAChIH KOJIIKTEpIiH OCH3UHII epTeyiHeH
TyckeHneyre Oomanel. Ce0ebi KOpFachlH MeETalIb

MoHFOHUs KOIl KePEKTCHETIH ap3aH, YKOJOTHSIIBIK
Taza emec OceH3WHACp KypaMbiHma Oap. A80 OeH-
3uHHIH Kypambiaaa 0.17r/n, A93- 0.37r/n kopra-
ceiH O0onanel (Cadbpanues.H.C, et all, 2021, p. 36).

3eprTey XKypinreH mekapaiblk 3oHara 2016-
2023 xpiapsl apHaiibl pykcar anrad 41,168 ma-
mHaHbIH 21719-b1 A80 OeH3uHIH TYTHIHATEIH Y A3
MapKaJIbl KeJIiKTep. AybIp apaMeH 0asy xXypy Kyp-
I'eH KoJIiK OCH3UH/II 111ajla @PTEeIl, MOJIbIPAK YJIbI ra3
Oemin meirapaspl. CaratbiHa 31.7 KM KBULIAMIBIK-
TTeH JKYPTeH KouTik caraTeiHa 1.11T HEMece op KM-1e
0.035r xopracein Oemnin mbiFapansl. Ocbuiail MyH-
JIaFbl KOPFachIH KOJIEMi apTKaH.

AN MBIpBITI 3JEKTp OarapesurapblHAa KOITen
ke3neceai (Opazoaes.©.E, 2017, p. 64). Monrosusi-
Jla MalIuHanapel 0osyaa HUKEIbJI KOCHalIapbl
ken KosgaHanel. COHFBI KBUIIaphl MYHJA KeITeH
KOIKTEeP/IiH apachiHia Oarepesyibl TUOPU]] Malllu-
HaJIap CaHbl apThII, KNIl KOJIiK CaHbIHBIH 3.2%-H
KypauTeiH OosraH. JKoi Kemip-OyabIpIBIFEI OpacaH
30p OOJIFAHJIBIKTAH MYH/A KEII'eH JKEHLIT KOJIKTEep
kenrten Oy3puanel. OceiHAal cebenTepMeH MyHIa-
FBI MBIPBIIITHIH KOJEMi 63repreH 001y MyMKiH. Al
XPOMHBIH MOJIIIEpi METallbl aHTPOIIOTSHIIK dcepi-
HEH ayblp METaJIJ]ap KOHIIGHTPALUSCHI apKbLIbI ©3-
TepreH JIeT )KOFaphIIaFsl FRUTBIMU 3epTTeyJiiepre He-
Ti3/1ell OTHIPBIN MalbIMAAY Kacayra Oomazpl. Jlemek
MYHJIaFbl aybIp 3JEMEHTTEp TiKeJeH aBTOKOJIKTEp
ApKBUTBI TOTIFIPAKKA TYCKEH.

KopauHaTTarel ayslp METalIbIH €3repyi TYCi-
HiKTi 00Ty YIIIiH TOMEH/IET1 KecTe1e OHMEH Oenriiern
KepceTinai. A3aifraH 00Jca KbI3bUT ©HMEH MHHYC,
OCKEH 00J1 »Kachl OH/I IUIFOC OeNriMeH, KOl e3re-
pic koK Oosica “KbI3bUI capbl” @HMEH OeNTiNeiK.
JKonene skcrenunus OapbICBIHIA OCINTINET aTbIH-
FaH Mmarepuanaap, 2022 >KbUIFBI ajJiFaH CypeTTepre
HET13/Iel OTHIPHII, ChIHAMA aJIbIHFAaH KOPJUHATTHIH
9PO3USAFa KaHIIAJIBIKTHI YIIBIPAFaHbIH aHBIKTAIBIK.
Kecrezne 1 caHbIMEH >KOJIIbIH YCTIHACTI, 2 CAHBIMEH
JKOJIZIBIH, TOMEH JKarbIHIAFbl 5 METPJACH allbIHFaH
ChIHaMaaFbl KOPCETKIII KOPCETUII.

2-KkecTe — AybIp METaJUT KOJIEMiHIH 03repyiH CabICThIPy KOJIeMi, MI/KT

) Xpowm (Cr) Koprackia (Pb) Mgipbrm (Zn) Msic (Cu) Hukens (Ni)
Kop Opo3us neHreiii

1| 2 1 2
Kop-1 Az +0.6 [+1.1 +3.4
Kop-2 Opraia +2.8 +3.8  |+8.1
Kop-3 Korapsl +7.9 |+4.9
Kop-4 Oprama
Kop-5 A3

Eckepry — XKyiieni taniay HOTHKECIHE aBTOP KYPACThIPFaH
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MyHaFbl chiHaMa anblHFaH KopauHat-1 Ilpe-
3UICHTTIK 002 MaHBIHIAFHI JKa3bIK ajlaH, all Kop-
JIMHAT 5 MalluHa Typarbl OOJIFAaH TEric, Ka3bIK
ajmaH. ANl KallFaH 3 KOpAHWHAT OJI OOWBIHJAFBI
epeKIle TalKaHJIalFaH Kusg OeTKeWiey KelreH
ajmapjap. Ocipece KOpAWHAT-3 ©3€HIe JKAKbIH,
JKOFaphl JKarbl ep, IeHecTey KeireH ankan. CoH-
IBIKTaHAa MYHJa JXKayblH IIAIIBIH, €pireH Kap

= .

FATﬁ- ;Bﬁfo;#fasnﬁ .
gor-4 ]

CYBIHAH JKOJBIH YCTIHJIET] TONBIpaK KadaThl TO-
JIBIK, aFBII KETKCH.

XpoM, KOPFaChIH, MBIPBIII, MbIC KaTapJjbl aybIp
MeTajiap oJ YCTiHAe OipiiaMa a3aifFaH, TEK HH-
KEJIIH KeJleMi apTKaH. AJ JKOJABIH asK JKaFbIHIIA
op Typii. MbICIieH HUKEJJIIH KeJieMi JKOJbIH TO-
MEH JKarbIH/Ia keOelreH Ooiyica 6acka JIEMEHTTED
Op KOPJAMHATTA dp TYPJIi.

i
FE 225"
hop-¢ /1,,(’79\

2-cypet — TonbIpak KaOaThIHBIH APO3HUSFA YIIbIpaybl, KOPJHHAT-2
a)2022 b1 6) 2024 xbL1

TonblpakTarbl MBIPBIIITHIH ~KOJIeMi OapIibiK
kopauHatTa (Kop-3-Ti ecenrtemerenne) asaroyblH
ce0eOiH TYCIHIIPY KWUBIH. Erep MBIPBHIIITHIH MOJ-
miepi 1Ialbuly, JKayblH IHAIIBIH 3PO3HUSICHl apKbLIbI
azaifFaH Jem Kepcek, apo3ust a3 xypiaren Kop-1,5-
Te A€ a3aiffaH. AJl Ta3a TOIBIPAKTHIH ChIHAMACHI
aJIFaH XKepJiep COHJal Oip 3po3usiFa yIIbIpaMaraH.
COH/IBIKTaH MYHBI TYCIHJIIPY KHBIHFA COFY/Ia.

JKon Gotipraaa OYpeIH ca3 0aTmaKThl, TOKTAY CY-
nap Mo, me0i MOJI, NIATFBIHBI, KOIIap OaTnaKThl
OonFaH OoJica COHFBI KBIIIAPhl MYH/IA ca3 OaTIak-
Tap Keyill, KOJJIaFsl TOKTAy cyiap skoranrad. 2024
JKBUTBI Ka3/la MIaJFBIHIBI IIONTEp a3aibll, IenTep
KBICKa OCKEH, epTe capraiifaH. JKoHe >koJ1 yCTiHaeri
OaTmakTap Keyil, »oJl 0aTmakKchI3, OapiIbIK Marn-
Ha )KYpe ajaTblHJai jeHreiire sxetkeH. JKammbiia-
Ma ajJFaHja MYHJAFbl ca3 OaTmakTap Keyil, KayblH
IIANTBIH MOJITIepi azairan. JKoHe e KOIIbIH YCTiH-
JIeTi J)KYMCaK Kapa TOIBIpaKTap MIalbUIbIN, KATThI
TacTakTay KaOaThl IIBIFBIN KayFad. MyH/a sFHY Ta-
OuFH KOJIMEH Ta3apyJaH repi ManbLTy calaapblHaH
aybIp METAJIJIbIH JICHICH1 a3aiiraHbl Oeriai O0JIIbL.

KopbIThIHABI

Momnron Anrtaii xoHe KazakcraHnmplk Aunrait
JKOTACBIHJAFbl TYPHUCTEP KOI KBIABIPATHIH ayMak-
TapJa KOJIKTep OCepiHeH TOMBIpaK KadaThbl aybIp
MeTaJJJapMEH JIACTaHFaHBI Typalbl 3epTTeyai 2022
JKBUTBI KYprizim, 2023 KpIIbl OaChUIBIT IITBIKTHI.
Ocpsl 3eprTey HOTHXKECiHAe MoHFON AnTaii )KoTa-
ceiHAa “Anrtaii bec borna” ynTThIK mapkiHe Kipe-
TiH KOJIIK KO3FaJIbICHIH IIEKTEereH. /o oChl MM
IIBIKKAHHAH KEWiH aBTOpJap JIACTAHFAH TOIBIPAK-
TBHIH KYPaMBIH/IaFbI ayBIP METAIIBIH 63TepYiH OaKbl-
nay, TAOWFU KOJIMEH Ta3zapy Iporecci 0ap KOFBIH
AHBIKTAy MaKCAThIHIA 3epTTey YUBIMIACTHIPFaH.
3eprrey skcneaunusicel Monronusana 2024 5xbuibl
TambI3 aifbIHIA YHBIMIACTHIPBUIBIN, OYPHIH CHIHAMA
aJIFaH 5 KOpJMHATTAaH “KOHBEPT  aMajbl OOMBIHIIA
ChIHaMa aJIbIll, TOTIBIPAKIaFbl XPOM, KOPFAChIH, Ka-
MU, MBIC, MBIPBIIII, HUKEIb KaTapJIbl aybIp JIEMEHT
KOJIEMI aHBIKTAIIbI.

Aypip MeTanabiy AeHrerin 2022 KbIIFBI KOp-
CEeTKINITIEH CaNbICTRIPFAHIa Ta3a TOIBIPAKTAFHI
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KOPCETKIMITEP/IC KOI 63repic kKOK. A “IKOJJIBIH
yeri’-aae XpoM -3.8-6.3 Mr/kr-ra asaibIn, KOJI-
JIbIH TOMEH JKarblHJa 3 KopauHarta -7.1-9.3 mr/
KT-MEH a3aifblll, 2 KOpAWHATTA 5.7 MI/KT-TICH Ke-
OciireH. bByr kol ycTiHAETI TOMBIPAKTaFBl XPOM
AL 0acKa jKaKKa aFbIll KETKeHIH KepceTe/l.
AJ KoM YCTiHAeT1 KopFachlH Medmepi 2.7-6.8 mr/
KT-Fa a3ailblIl, )KOJIBIH TOMEHT1 )KaFbIHA KUHAKTAa-
s1a bactaraHbl aHBIKTAIIbI. JKOJIIBIH asK JKaFbIH/1a-
FBI TOIBIPAKTaFbl KOPFAChIH MedIiepi 5.5-8.8 mr/
KT-Fa JeHiH apTKaH.

EH xen e3repic MBIpBIII 3JIEMEHTIHAE Oaiikai-
11, Kopauaat-1 e apo3wust a3 00FaHbIMEH KOJ YC-
TiHJET1 MBIPBIIITHIH Keyiemi 9.3 MTI/Kr-Fa, KOJIBIH
TOMEH >karblHAa 27.9 mr/kr-fa azaitraH. MyHpaii

MOJI MOJIIEp/eri e3repic opTamia 3pO3UsFa YIIbI-
paran Kopmunat-4-Te Oaiikamapl. Al KOpauHAT 3
KOHE 5-Te KOJI YCTIHAET1 MBIPBIII KOJieMi a3aiFaH-
MEH KOJIJbIH TOMEH JKaFblHAa Oipiiama MojaiFaH.
ATl mbicnen nuxendiy KejieMi OapIBIK KOpAWHATTA
JKOJI YCTiHIE a3albll, KOJJBIH TOMEH KarblH/a
KeOelreH. Ayblp MeTaIIbIH JACHIeHl e3repyiHe eH
OipiHIIi cebemn JKaybIH, MAMIBIH Cybl apKbIIBI TOITHI-
pak KabaThl MANHBLIYHI el TyHiHaeaik. YKonene ap
KOPJMHATTA PO3Hs JCHICHiH aHbIKTAll, OHAAFBI ©3-
repicrepre KpICKalmra aHpIKTama oepinmi. Tombipak
KabaTbl e3repiciH kepcery ymriH 2022 sxone 2024
JKBUIFBl CYPETTEP YCHIHBULABL. MYHAAFBl JlacTaHy
TpoIiecci Tikenel KeikTepre 0aillIaHbICTHI TYPaJIbI
HaKTBI JIEPEKTEP KEATIPiIIL.
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THE INTERSECTION OF WATER POLICY AND TECHNOLOGY:
SOLAR INNOVATIONS FOR SUSTAINABLE AGRICULTURE
IN ABSHERON PENINSULA OF THE AZERBAIJAN REPUBLIC

This paper investigates the multifaceted challenges of water scarcity and sustainable agricultural
development in arid and semi-arid regions, using the Absheron Peninsula as a case study. Emphasizing
the critical role of renewable energy integration, the research explores how solar-powered technolo-
gies — ranging from solar treatment systems to photovoltaic-driven irrigation — can revolutionize water
resource management for agricultural purposes. A 12-month empirical study, employing high-precision
solar radiation measurements and advanced statistical analyses, reveals significant seasonal variability in
solar energy availability and its synchronicity with agricultural water demands.

The study synthesizes data on solar energy vyields, system efficiencies, and temperature correla-
tions to evaluate the feasibility of solar-powered solutions. By correlating solar energy availability with
regional irrigation requirements, the research underscores the operational viability of technologies such
as desalination, filtration, and UV disinfection in addressing seasonal water scarcity. Furthermore, the
integration of sustainability metrics, including energy return on investment (EROI) and carbon offset po-
tential, highlights the broader environmental and economic benefits of adopting solar-powered systems.
This work also delves into the intersection of policy and technology, arguing for the alignment of innova-
tive water policies with renewable energy frameworks to ensure long-term sustainability. The findings
provide actionable insights for policymakers, engineers, and agricultural practitioners, advocating for
scalable, adaptable solutions that enhance food security, minimize dependency on non-renewable re-
sources, and foster climate resilience. By situating these innovations within the context of global sustain-
ability goals, the study offers a replicable model for integrating renewable energy into agricultural water
management, with implications for similarly resource-constrained regions worldwide.

Key words: solar-powered technologies, water scarcity, solar irrigation systems, photovoltaic en-
ergy, agricultural sustainability.
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Cy casicaTbl M€H TEXHOAOTMSICbIHbIH, KMbIAbICbI: O3ip6aitkaH Pecny6AnKacbIHbIH,
AniuepoH TyOeriHAeri TypakTbl aybiA LLIAPYALLUbIAbIFbIHA aPHAAFAH
KYH MHHOBaLMSIAAPDI

byA Makanapa AnwepoH Ty6eriH MbiCaA peTiHAE MaAaAaHa OTbIPbIN, KYPFaK, >XOHE >KapTblAai
KYPFaK, aiMaKTapAafbl Cy TarlblAblFbl MEH TYPAKTbl ayblA LIAPYaLUbIAbIFbIH AAMbITYAbIH, K6M KbIPAbI
MaceAeAepi 3epTTeaeai. XXaHapTblAaTbiH 3HEPTUS KO3AEpiH GipiKTIPyAiH MaHbI3AbI POAIHE Hazap ay-
Aapa OTbIpbIMN, 3epTTey KYH COYAeCiHEH KyaT aAaTblH TEXHOAOIMSIAAP — KYH COYAECIHEeH Ta3apTy >Ky-
reAepiHeH OTOIAEKTPAIK CyapyFa AeMiH — ayblA LIApyallblAbIFbl MakKcaTTapbl YLWiH CYy pecypCTapblH
6ackapyAa TOHKePIC >Kacal aAaTblHbIH 3epTTenai. dKoFapbl ADAAIKTEr KYH PaAMALMSICBIH BALLIEY XOHe
JKETIAAIPIArEeH CTaTUCTMKAABIK, TaAAQYAAPAbI KOAAQHATBIH 12 aiAbIK, SMMUPKMKAABIK, 3€PTTeY KYH 3Hep-
TMSCbIHbIH, KOA YKETIMAIAITIHIH MaHbI3Abl MayCbIMADIK, ©3repPMEAIAITiH KHE OHbIH, aybIALLIAPYaLUbIAbIK,
CY KQXKeTTIAIKTePIMEH CMHXPOHADBIABIFbIH KOPCeTeAi. 3epTTey KYH SHEPrUsCbhIHbIH, LbIFBIMABIABIFbI, >KY-
MEeHIH, TMIMAIAITT K&He TeMnepaTypaAblk, KOPPEASILMS TYpaAbl AEPeKTEPAI CUHTE3AEMAl, KYH 3Heprus-
CbIMEH >KYMbIC ICTEMTIH LELIMAEPAIH OPbIHAbIAbIFbIH 6aFaAay. KyH 3HEpruschbiHbiH KOAXETIMAIAIriH
aMaKTbIK, Cyapy TaAanTapbIMEH CaAbICTbIpA OTbIPbIN, 3ePTTEY MayCbIMABIK, CYy TarlbIAbIFbIH LIELWyAe
TYLUBIAQHABIPY, CY3Y XK8HE YAbTPAKYATiH COYAEMEH 3aAaACBI3AAHABIPY CUAKTbl TEXHOAOTUSAQPAbIH, >KY-
MbIC KabiAeTTiAiriH kepceTeai. COHbIMEH KaTap, TYPaKThIAbIK KOPCETKILLTEPIHIH MHTErpaumscbl, COHbIH
ilWiHAE MHBECTULMSHDBIH 3Heprus KanTtapbimMbl (EROI) >keHe kemipTeriHiH, OpHbIH TOATBIPY ©AeyeTi KyH
SHEPIUSCIMEH XKYMbIC ICTEMTIH XyneAepAi KabbIAAQYAbIH KEHIPEK 3KOAOTMSIABIK, KOHE IKOHOMMKAADIK,
namAacbliH kepceTeAi. byA >KyMbIC COHA@I-aK, y3ak, Mep3iMAi TYPaKTbIAbIKTbl KaMTaMachl3 eTy YLWiH UH-
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HOBALMSABIK Cy CasiCaTblH >KaHAPTbIAATbIH S3HEPrust HerisaepiMeH CaKeCcTeHAIPYAI ASAEAAEN OTbIPbIM,
cagcart rneH TeXHOAOTUSHbIH, KMbIAbICYbIH KapacTblpaAbl. KOpbITbIHAbIAGD a3bIK-TYAIK KaYiMCi3AiriH
JKaKCapTaTblH, KAAMbIHA KEAMEMTIH pecypcTapFa TOYEAAIAIKTI a3aiTaTblH )KOHE KAMMATKA TO3IMAIAIKTI
apTTbIpaTbiH ayKbIMAbI, BEMIMAEATILL LLELTMAEPAIT XKaKTaNTbIH CasiCaTKEPAEPre, MHXKEHEPAEpre XoHe
ayblALLAPYALLbIAbIK, MPAKTUKTEPIHE BPEKeT eTeTiH TYCiHikTep Gepeai. byAa MHHOBaumsaAapAbl kahaHAbIK,
TYPaKTbIAbIK, MaKcCaTTapbl KOHTEKCTIHAE OPHAAACTbIPY apKbIAbl 3epTTey >KaHAPTbIAATbIH SHEPrusiHbl
ayblALLAPYaLLIbIAbIK, Cy pecypcTapbiH 6ackapyfa OipikTipyAiH KaiTaAaHATbIH YATICIH yCbiHAaAbI, OyA Gy-
KiA @AeM BOMbIHLLIA PecypCTapbl LWEKTEYAI aiMakTapra acep eTeAi.

TyjiiH ce3aep: KyH 3HEPruscbIMEH XKYMbIC ICTEMTIH TEXHOAOTMSAQP, CY TamnWbIAbIFbI, KYH Cyapy
>KyeAepi, POTOIAEKTPAIK S3HEPrus, aybIA LAPYaLLIbIAbIFbIHBIH TYPAKTbIABIFbI.

®.I. Aames, H.A. 3oxpab6enan”

A3ep6anAXKaHCKMI apXUMTEKTYPHO-CTPOUTEAbHbIN yHUBEpCUTeT, baky, AsepbaiiaxaH
*e-mail: zohrabbayli.nurana@azmiu.edu.az

lNepeceuyeHne BOAHOM NOAUTUKU U TEXHOAOTUI: COAHEYHbIE€ MHHOBALUM
AASl YCTOMYMBOIO CEAbCKOr0 X03SIMCTBa Ha AMLLEPOHCKOM MOAYOCTpOBe
A3zep6aiiaxaHckon Pecry6Anku

B 370N cTaTbe MCCAEAYIOTCS MHOTOrpaHHble MPOOAEMbl HEXBATKM BOAbI M YCTOMUMBOIO Pa3BUTUS
CEAbCKOr0 X034CTBa B 3aCYLUAMBBIX M MOAY3aCyLUAMBBIX PErMOHaX Ha Npumepe AMLLIEPOHCKOro MOAY-
ocTpoBa. [MoAYepKkMBas BaXKHYI0 POAb MHTErpaLMn BO30OHOBASIEMbIX MICTOUYHUKOB SHEPT UK, B UCCAEAO-
BaHMM PaCcCMaTPMBAETCSl, Kak TEXHOAOTMM HAa COAHEUYHOM SHEPrum — OT cucTem 06paboTKM COAHEUYHOM
3Heprum A0 (POTOIAEKTPUUECKOrO OPOLLEHNS — MOTYT MPOU3BECTU PEBOAIOLIMIO B YNPABAEHWUM BO-
AHBIMW pecypcammn AAS CEAbCKOXO3SIMCTBEHHbIX LieAer. 12-MecsiyHoe 3IMMUPUUecKoe UCCAEAOBAHME,
MCMOAb3YIOLLEe BbICOKOTOUHbIE M3MEPEHUS COAHEUYHOW paAMaLMM U PaCLUMPEHHbIN CTaTUCTUYECKMIA
aHaAM3, BbISIBASIET 3HAUMTEABHYIO CE30HHYIO M3MEHUMBOCTb AOCTYMHOCTM COAHEYHOW 3Heprun u ee
CMHXPOHHOCTb C CEAbCKOXO3SMCTBEHHbIMM NMOTPEOHOCTIMU B BOAE. B MccaepaOBaHUM CUHTE3UPYIOT-
CS AQHHbIE O BbIXOAAX COAHEYHOW 3HEprum, 3(pPeKTUBHOCTU CUCTEM M TEMMeEPATYPHbIX KOPPEAILMSX
AASl OLIEHKM OCYLLECTBUMOCTM PELLEHNIA HA OCHOBE COAHEYHOWM 3Heprun. ComnocTaBAsSS AOCTYMHOCTb
COAHEYHOW 3HEepPruu C PerroHaAbHbIMU MOTPEGHOCTSIMN B OPOLLEHNMM, UCCAEAOBAHME MOAUYEpPKMBAET
3KCMAYaTALMOHHYIO >KM3HECMOCOBHOCTb TakMX TEXHOAOTMI, Kak OrpecHeHue, uabTpauns n Y-
Ae3uHeKLMs, B peLeHn Ce30HHOro Aecprumta BoAbl. KpoMe Toro, MHTerpaums nokasareAei ycTon-
UYMBOCTU, BKAIOYAS OKYMAEMOCTb MHBECTULIMIA B SHEPTMIO M MOTEHLMAA KOMIMEHCaLMM BbIGPOCOB yrae-
poAa, NMoAYEpKMBaeT HoAee LIMPOKME IKOAOTMUYECKME M 3KOHOMMYECKME MPEMMYLLECTBA BHEAPEHUS
CMCTEM Ha COAHEYHbIX 6GaTapesix. DTa paboTa TakxKe yrAyBASeTCs B nepeceveHue MOAMTUKU U TeX-
HOAOTMIA, YTBEPXKAAS HEOOXOAMMOCTb COrAACOBaHWSI MHHOBALMOHHOW BOAHOM MOAMTMKM C pamKamu
BO30OHOBASIEMOW 3HEPTUN AAST 0OecrneyeHns AOATOCPOYHOM YCTOMYMBOCTU. Pe3yAbTaTbl MpeAoCTaB-
ASIIOT AEMCTBEHHbIE MAEN AAS TOAMTUKOB, MHXXEHEPOB W MPaKTUKOB CEAbCKOrO XO35IMCTBA, BbICTYMNas
3a MacluTabrpyemble, aAanTUPYEMbIE PELLEHMS, KOTOPbIE MOBbILIAIOT NMPOAOBOAbCTBEHHYIO Ge3omnac-
HOCTb, MUHUMM3MPYIOT 3aBUCHMOCTb OT HEBO30OHOBASIEMbIX PECYPCOB M CMOCOOCTBYIOT YCTOMUMBOCTHU
K M3MeHEeHMIO KAMMaTa. Pacroaarasi 3Tm MHHOBaLUMKM B KOHTEKCTE FAOOAAbHbBIX LIEAEN YCTOMYMBOCTH,
MCCAEAOBaHWE MpPeAAaraeT BOCMPOM3BOAMMYIO MOAEAb AAS MHTErpauyn BO30OHOBASIEMON 3Hepruun B
yrpaBAEHWE CEAbCKOXO3SMCTBEHHBIMW BOAHBIMW pecypcamm C NMOCAEACTBUSMU AASI PEFTMOHOB C aHAAO-
FMYHBIMW OrPaHNYEHUSAMM MO pecypcam BO BCEM MUPE.

KAtoueBble cAOBa: TEXHOAOTMM Ha OCHOBE COAHEYHOM 3HEPrnn, AePULINT BOAbI, COAHEYHbIE CUCTe-
Mbl OpOLUeHMs, POTOIAEKTPUYECKAs SHEPrUs, YCTOMUMBOE Pa3BUTHE CEAbCKOIrO XO34CTBA.

Introduction climate change intensifies water stress,

Water scarcity and the adoption of sustainable
agricultural practices represent two of the most
critical challenges of the 21st century, particularly
in arid and semi-arid regions. The Absheron
Peninsula, with its distinct climatic conditions and
limited freshwater resources, highlights the urgent
need for innovative strategies to address these
issues. As global populations continue to rise and

30

integration of advanced technologies with effective
water management policies has become crucial for
ensuring both food security and environmental
sustainability [1,26].

In recent years, solar-powered technologies
have emerged as a game-changer in agriculture,
providing  energy-efficient and eco-friendly
solutions for water management [27]. Innovations
such as solar desalination, photovoltaic (PV)-
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driven irrigation, and solar-powered water filtration
systems have shown great potential in mitigating
water shortages, especially in regions with
abundant solar energy [2—4]. Among these, solar
irrigation systems have proven particularly
effective in improving water-use efficiency and
enhancing agricultural productivity in semi-arid
environments [5,6].

A growing body of research highlights the
feasibility of integrating solar energy into
agricultural water management systems. Studies
indicate that seasonal variability in solar energy
availability  often  aligns  with  irrigation
requirements, enabling the efficient use of
renewable energy resources [7, 8]. Furthermore,
solar-powered innovations such as UV disinfection
and thermal desalination contribute to improving
water quality and reducing the environmental
impact of agricultural practices [9, 10]. These
systems also offer broader sustainability benefits,
including lower greenhouse gas emissions and
enhanced energy return on investment (EROI),
thereby supporting global climate goals [11, 12].

However, the successful adoption of solar-
powered solutions necessitates the alignment of
technological advancements with supportive policy
frameworks. Research underscores the importance
of integrating water, energy, and agricultural
policies to maximize the scalability and long-term
viability of renewable energy systems in
agriculture [13, 14]. For instance, case studies from
semi-arid regions demonstrate that robust policy
support and financial incentives significantly
influence the deployment of solar-powered
technologies [15]. Moreover, the socio-economic
benefits of renewable energy integration, such as
increased rural employment and reduced energy
costs, further justify its adoption [16, 17].

This paper investigates the role of solar-
powered innovations in promoting sustainable
agriculture on the Absheron Peninsula. By
synthesizing empirical data on solar energy yields,
system efficiencies, and correlations with climatic
conditions, this study evaluates the operational
feasibility of solar-powered solutions [18, 19].
Furthermore, the analysis incorporates
sustainability metrics, including carbon offset
potential and lifecycle energy costs, to assess the
broader environmental and economic implications
of adopting these systems [20, 21]. The findings
provide actionable recommendations for
policymakers, engineers, and practitioners,

emphasizing the need for integrated strategies that
align renewable energy technologies with
agricultural water management [22-25].

Materials and methods

The methodology employed in this study was
designed to evaluate the feasibility and efficiency
of solar-powered technologies for sustainable
agricultural water management in the Absheron
Peninsula. The research was conducted over a 12-
month period, from January to December 2023,
and involved high-precision measurements of solar
radiation and ambient temperature. The following
key steps were undertaken:

1. Solar radiation measurements: High-
precision pyranometers (Model SR-100, accuracy
+0.5%) were used to measure global and diffuse
solar radiation. Temperature sensors (PT-100,
accuracy £0.1°C) monitored ambient temperature.
Data was collected at 10-minute intervals and
averaged hourly.

2. Data analysis: The collected data was
analyzed to determine seasonal variability in solar
energy availability, system efficiency, and
temperature correlations. Key parameters such as
global radiation, diffuse radiation, clearness index,
solar energy density, and system efficiency were
calculated.

3. Statistical analysis: Statistical tools,
including one-way ANOVA, were used to assess
the variability and significance of the data. The
coefficient of wvariation (CV) was calculated to
quantify the variability in solar radiation.

4. System performance optimization: The
study evaluated the performance of solar-powered
water treatment and irrigation systems by analyzing
hydraulic energy requirements, solar array sizing,
and the levelized cost of water (LCOW).

5. Sustainability metrics: key sustainability
metrics, including Water Use Efficiency (WUE),
Energy Return on Investment (EROI), and Carbon
Offset Potential (COP), were calculated to assess
the environmental and economic benefits of solar-
powered systems.

Results and discussion
The experimental study was conducted in the
Absheron Peninsula (40°24'N, 49°53'E) over a 12-

month period, from January to December 2023
(Table 1). The primary objective was to evaluate
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the solar radiation potential and its seasonal
variability (Figure 1), with a focus on its
applicability to sustainable agricultural practices.
High-precision pyranometers (Model SR-100,
accuracy +0.5%) were employed to measure global

Table 1 — Monthly Solar Radiation and Derived Parameters

and diffuse solar radiation, while calibrated
temperature sensors (PT-100, accuracy #0.1°C)
were used to monitor ambient temperature. Data
acquisition was performed at 10-minute intervals,
with automatic averaging to hourly values.

Global Diffuse Solar Energy
o . . Clearness Index . System Temperature
Month Radiation Radiation (KT) Density Efficiency (%) | Coefficient (oT)
(kWh/m?) (kWh/m?) (kWh/m?*/day) y (7o
Jan 352+ 1.8 30.1+1.5 0.41 £0.02 1.13 +£0.06 15.8+0.4 -0.42+£0.03
Feb 504+20 402+ 1.7 0.45+0.02 1.80+0.07 16.2+0.4 -0.40 £0.03
Mar 70.6 +2.1 503+1.8 0.52 +0.03 2.28 +£0.07 16.8+0.5 -0.38 £0.03
Apr 90.3+2.2 60.4+1.9 0.58 £0.03 3.01 £0.08 17.2£0.5 -0.35+0.02
May 110.5+2.3 65.2+2.0 0.64 +£0.03 3.56 £0.08 17.5+0.5 -0.33£0.02
Jun 120.8 £+2.4 70.3+2.0 0.68 +£0.03 4.03 +£0.09 17.8+0.5 -0.31+£0.02
Jul 1253 +24 75.4+2.1 0.70 £0.03 4.04 +0.09 17.6 £0.5 -0.32+0.02
Aug 120.1 £2.3 70.2+2.0 0.67+0.03 3.87+0.08 17.4+0.5 -0.33£0.02
Sep 1004 £2.2 60.1 +1.9 0.61 +£0.03 3.35+0.08 17.0+0.5 -0.35+0.02
Oct 80.2 2.1 502+1.8 0.54 +0.03 2.59 +0.07 16.5+0.4 -0.37£0.03
Nov 503+2.0 40.1+£1.7 0.44 +0.02 1.68 £0.07 16.0+0.4 -0.41 £0.03
Dec 352+1.8 30.1+1.5 0.40 £0.02 1.14 £ 0.06 15.7+0.4 -0.43£0.03
Monthly Solar Radiation Potential - Absheron Peninsula
Global Radiation
120 —&— Diffuse Radiation
100
E 80
£
5 w
40
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Figure 1 — Monthly solar radiation in absheron peninsula
The graph illustrates the monthly solar - Solar Energy Density (kWh/m?/day): £0.06 to

radiation potential in the Absheron Peninsula,
including global and diffuse radiation values with
respective uncertainties. The data accounts for the
following error margins:

- Global Radiation (kWh/m?): +1.8 to +2.4

- Diffuse Radiation (kWh/m?): £1.5 to 2.1

- Clearness Index (KT): +£0.02 to £0.03
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+0.09

- System Efficiency (%): 0.4 to +0.5

- Temperature Coefficient (aT): £0.02 to +£0.03

These uncertainties reflect variations due to
measurement  precision and  environmental
conditions. The shaded areas between global and
diffuse radiation curves highlight the difference in
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direct solar radiation potential across different
months.

Solar radiation measurements

The temporal distribution of solar radiation
exhibited significant seasonal variation. Global
radiation values ranged from 35.2+1.8 kWh/m? in
December to 125.342.4 kWh/m? in July. Similarly,
diffuse radiation varied from 30.1+1.5kWh/m? to
75.4+2.1kWh/m?,

The relationship between global (IG) and
diffuse (ID) radiation was characterized by the
following empirical correlation [28]:

I—D=a+b(£)

Ig Hy

(1)

where: H — represents the measured daily radiation;

Hy, — represents the extraterrestrial radiation
coefficients ;

a and b were determined to be 0.384 and 0.216
respectively (R2=0.91).

This strong correlation clearly highlights the
proportional contribution of diffuse radiation to
total solar energy, particularly under overcast
conditions, which is a critical consideration for
consistent energy output in water-dependent
agricultural systems. The experimental solar
radiation data measured in the Absheron Peninsula
over the 12-month period demonstrates clear
seasonal trends and performance metrics, thereby

Table 2 — Derived Performance Metrics

directly supporting the feasibility of solar-powered
lake water treatment systems for sustainable
agriculture.

Specifically, the total solar energy yield of
985.6 + 124 kWh/m*year, with summer
contributing 366.2 + 7.1 kWh/m?> and winter
providing 120.8 + 5.6 kWh/m?, highlights the
region's abundant energy potential. During the
summer months, when agricultural water demands
peak, the high energy availability ensures that
solar-powered water treatment systems such as
filtration, distillation, or desalination can operate at
maximum capacity to treat lake water for irrigation.
Conversely, in winter, when solar energy yield
decreases, the recorded average daily insolation of
1.36 = 0.12 kWh/m?*/day remains sufficient to
sustain essential water treatment processes,
particularly when coupled with energy storage
systems or low-power technologies like UV water
disinfection (Table 2).

The clearness index (KT), which varies from
0.40 to 0.70, reflects a combination of clear and
diffuse radiation throughout the year. Importantly,
on overcast days, the diffuse fraction, averaging
0.62 annually and peaking at 0.78 in winter, plays a
critical role in ensuring that photovoltaic (PV)
systems maintain operational efficiency. This
aspect is vital for the continuous operation of lake
water treatment systems under cloudy conditions,
thereby enhancing reliability in winter when direct
solar radiation is limited (Table 1).

Parameter Annual Average Summer (Jun-Aug) Winter (Dec-Feb) Units
Total Solar Energy Yield 985.6+12.4 366.2+7.1 120.8£5.6 kWh/m?/year
Average Daily Insolation 2.70 £0.15 3.98+0.18 1.36 £0.12 kWh/m?/day
Diffuse Fraction 0.62 +0.03 0.58 £0.03 0.78 £0.04 -
Performance Ratio 0.84 +0.02 0.86 +0.02 0.81 +0.02 -
Energy Conversion Efficiency 16.8 £0.5 17.6 £0.5 159+04 %
Temperature Loss Factor -0.36 £0.02 -0.32+£0.02 -0.42+£0.03 %/°C

Furthermore, system efficiency data PV system performance during the critical summer

underscores this suitability, with peak values
reaching 17.8% in summer and dropping modestly
to 15.7% in December. The temperature coefficient
(aT), which ranges from -0.31%/°C in summer to -
0.43%/°C in winter, reflects minimal efficiency
losses in warmer conditions, thus ensuring optimal

irrigation period.

The strong seasonal correlation between solar
energy availability and agricultural water needs
clearly reveals that solar-powered technologies can
effectively address water resource challenges in
Absheron. Notably, in summer, when the solar
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energy density reaches its maximum at 4.03—4.04
kWh/m?/day, systems like solar desalination and
high-volume filtration can process larger water
volumes to meet irrigation demands. In contrast,
during winter, the combination of diffuse radiation
and steady insolation supports smaller-scale water
treatment, such as UV disinfection, which ensures
year-round reliability.

By aligning water policies with these findings,
stakeholders can promote the adoption of solar-
powered lake water treatment systems to enhance
sustainable  agriculture. ~ Consequently, the
measured global and diffuse radiation values
demonstrate that Absheron’s solar potential is
sufficient to provide a renewable and reliable
energy source for water management. This, in turn,
supports the intersection of technology and policy
in addressing agricultural water demands.
Ultimately, this integration highlights the viability
of solar innovations to transform water resource
management and achieve agricultural sustainability
in regions with similar climatic challenges.

Temperature and solar radiation
correlation:

The relationship between ambient temperature
(T) and solar radiation (I) demonstrated a strong
positive  correlation  (1=0.89,p<0.001).  The
functional relationship was best described by the
exponential model:

I = lyexp(aT) 2)

where,

Iy =31.5kWh/m?
radiation and;

0=0.028°C™" is the temperature coefficient.

This correlation demonstrates how increasing
temperatures significantly enhance solar radiation
intensity, especially during the summer months
when both parameters peak. For instance, in July
and August, temperatures climb to around 30°C,
and solar radiation values reach 7.8-8.0
kWh/m?/day, creating optimal conditions for the
operation of solar-powered systems (Figure 2).
This seasonal synergy between higher temperatures
and increased solar energy availability is

represents the baseline
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particularly advantageous for implementing solar-
powered lake water treatment technologies to
address peak irrigation needs.

When viewed alongside the tabular data, the
practicality of such systems becomes even clearer.
During the summer months, solar energy density
reaches its highest levels, at approximately 4.03—
4.04 kWh/m?/day, while system efficiency achieves
its peak values of 17.6-17.8%. Notably, the low
temperature loss factor (-0.31%/°C) ensures that
elevated summer temperatures do not significantly
reduce the performance of photovoltaic (PV)
systems. Consequently, technologies such as solar
desalination, large-scale filtration, and pumping
systems can function at full capacity to treat lake
water for irrigation, providing a reliable and
sustainable solution to meet agricultural demands.
In contrast, the winter months (December—
February) exhibit reduced solar radiation levels,
averaging 2.0-3.0 kWh/m?/day, as well as lower
temperatures of 5-6°C. However, the increase in
the diffuse fraction to 0.78 during this period
ensures that PV systems continue to generate
usable power under cloudy conditions. This allows
for the operation of smaller-scale water treatment
processes, such as UV sterilization or basic
filtration systems, which are sufficient to support
agricultural activities that require minimal water
input during the off-season.

The scatter plot represents the relationship
between temperature (°C) and solar radiation
(kWh/m?/day) across different months. Each point
corresponds to a specific month, showing varia-
tions in solar radiation with increasing temperature.
The following error margins apply to the data:

- Temperature (°C): £0.5 to £1.0

- Solar Radiation (kWh/m?/day): +£0.06 to £0.09

- System Efficiency (%): £0.4 to +£0.5

- Temperature Coefficient (aT): +0.02 to +0.03

The distribution indicates a general trend where
higher temperatures correlate with increased solar
radiation, peaking during the summer months
(June—August). However, seasonal variations and
atmospheric conditions contribute to fluctuations in
solar energy availability.
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Temperature vs. Solar Radiation
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Figure 2 — Temperature and Solar Radiation Correlation in Absheron Peninsula

This interplay between temperature, solar
radiation intensity, and diffuse fraction highlights
the resilience of solar-powered technologies in
Absheron’s climatic conditions. During summer,
the natural alignment of high solar energy
availability with peak agricultural water needs
enables large-scale operations, while in winter, the
presence of diffuse radiation sustains essential
baseline activities. These findings emphasize the
significant potential for integrating solar-powered
lake water treatment systems into regional water
management strategies. By leveraging the seasonal
patterns in solar radiation and temperature,
policymakers and stakeholders can establish a
robust framework for sustainable water resource
management. The data demonstrates that
Absheron’s solar potential is not only sufficient but
also consistent enough to support year-round
applications, ensuring water availability for
agricultural purposes. Ultimately, the integration of
solar-powered technologies aligns with the goals of
enhancing  agricultural  resilience, reducing
dependency on non-renewable energy sources, and
promoting a sustainable water-energy nexus in
regions with similar semi-arid climates.

Cumulative solar radiation

The annual cumulative solar radiation (E total)
was calculated using numerical integration [29]:

¢ n
Etotal = ftlzl(t)dt ~ .leiAti (3)
i=

The annual cumulative solar radiation (Etotal)
for the Absheron Peninsula was calculated using
numerical integration, yielding a total solar energy
potential of 985.6 £+ 12.4 kWh/m?*year.

The cumulative radiation curve demonstrates a
quasi-linear trend during the summer months
(May—August), with a consistent average daily
increment of 4.2 = 0.3 kWh/m?day. This steady
accumulation of solar energy aligns seamlessly
with the critical agricultural growing season,
during which water demands for irrigation are at
their peak.

The tabular data reinforces this trend, showing
that the solar energy density reaches maximum
values of 4.03—4.04 kWh/m?*/day in June and July,
alongside high global radiation values of 120.8 +
2.4 kWh/m? (June) and 125.3 + 2.4 kWh/m? (July).
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System efficiency, which peaks at 17.8%, ensures
that photovoltaic (PV) systems can effectively
convert this abundant solar radiation into usable
energy. Importantly, the minimal temperature loss
factor of -0.31%/°C during the summer months
indicates that high ambient temperatures have little
negative impact on PV performance, making
summer an optimal period for harnessing solar
power.

This alignment between the quasi-linear
cumulative solar energy trend and the seasonal
energy performance metrics underscores the
significant potential for solar-powered agricultural
water treatment

operate at full capacity throughout the peak
irrigation period. Moreover, the gradual increase in
cumulative radiation observed between April and
August provides a reliable energy supply that
matches the water requirements of crops during the
growing season.

In contrast, the slower accumulation of solar
radiation in winter reflects lower daily solar energy
density values (1.14-1.80 kWh/m?*/day) and a
higher contribution from diffuse radiation. Despite
this reduction, the data indicates that baseline
energy levels remain sufficient to support smaller-
scale water treatment processes, such as UV
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systems. The steady energy  disinfection or low-volume filtration, ensuring
accumulation ensures that systems such as solar  year-round  agricultural  water  availability
desalination, filtration, and pumping units can  (Figure 3).
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Figure 3 — Cumulative Solar Radiation of Absheron Peninsula

The graph presents the cumulative solar
radiation (kWh/m?) over the months, showing the
accumulation of solar energy throughout the year.
The steady increase indicates seasonal variations in
solar radiation availability. The following
uncertainties apply to the data:

- Cumulative Radiation (kWh/m?): +1.8 to +2.4
per month

- Monthly Global Radiation (kWh/m?): £1.8 to
+2.4

- System Efficiency (%): £0.4 to +0.5

- Temperature Coefficient (aT): £0.02 to £0.03
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Statistical Analysis

Statistical analysis was conducted to evaluate
the variability and significance of the measured
data. The standard deviation for global radiation
was 0=32.5kWh/m?, while that for diffuse radiation
was 6=15.8kWh/m?. The coefficient of variation
(CV) was calculated as

cv %x 100 (4)
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Where, i represents the mean radiation value.

This variability is further quantified by the
coefficient of variation (CV), calculated as 27.8%
for global radiation, indicating moderate variability
across the annual cycle. Such a degree of
variability aligns with seasonal solar radiation
trends, as observed in the monthly data, and
underscores the predictable shifts in energy
availability that are essential for the design and
implementation  of  reliable  solar-powered
agricultural water treatment systems.

The results of the one-way ANOVA test,
yielding F(11,354) = 128.3, p < 0.001, further
validate these seasonal differences. This statistical
significance highlights the sharp contrast between
summer and winter radiation levels, which directly
informs the planning and operation of solar-
powered technologies. Specifically, during the
summer months, when global radiation peaks
between 120.8—125.3 kWh/m?, the abundant energy
availability ensures that high-capacity water
treatment systems, such as solar desalination
plants, high-volume filtration units, and pumping
systems, can operate at maximum efficiency to
meet increased irrigation demands. This seasonal
synergy between energy supply and water needs
represents a critical opportunity for integrating
solar-powered solutions into agricultural practices.

In contrast, during winter, while global
radiation decreases to values as low as 35.2 + 1.8
kWh/m?, the consistent contribution of diffuse
radiation mitigates this reduction to some extent.
The diffuse radiation component, which peaks at
75.4 = 2.1 kWh/m? in overcast conditions, ensures
that solar photovoltaic (PV) systems maintain
functional output even when direct sunlight is
limited. This provides a foundation for the
operation of low-power technologies, such as UV
water disinfection systems or small-scale filtration
units, which can sustain essential agricultural
activities during the off-season.

The moderate variability, as indicated by the
CV, further emphasizes the importance of system
resilience and adaptability. Solar-powered water
treatment systems can be designed to accommodate
seasonal fluctuations through energy storage
solutions or hybrid configurations, combining solar
energy with backup power sources to ensure
uninterrupted water treatment services. Such
adaptive  designs address variability = while
maximizing efficiency, ensuring a steady supply of
treated water for irrigation year-round.

The statistical findings also highlight the role
of solar radiation variability in shaping water
policy frameworks. By aligning water policies with
the observed seasonal energy patterns, stakeholders
can promote efficient resource allocation. For
instance, policies could encourage large-scale
water treatment and storage during summer months
when solar energy availability is highest, enabling
the storage of treated water for use during winter
when energy production is reduced. This strategic
approach would optimize resource utilization and
enhance agricultural productivity.

In conclusion, the statistical analysis
demonstrates a clear correlation between the
variability of solar radiation and its applicability to
solar-powered agricultural water treatment systems.
The statistically significant seasonal differences
provide a robust basis for aligning technological
solutions with energy availability and water
demand. By leveraging high solar energy yields
during summer and accounting for variability
during winter, stakeholders can implement reliable
and efficient solar-powered water solutions. This
integration of technology, policy, and resource
management supports the broader goal of achieving
sustainable agriculture in Absheron and other
regions with similar climatic conditions.

Measurement Validation

The provided quality control procedures and
uncertainty assessment for solar radiation
measurements are highly relevant to the
intersection of water policy and technology,
specifically for solar innovations supporting
sustainable agriculture in the Absheron Peninsula.
Adhering to ISO 9847 standards and using rigorous
statistical approaches ensures that solar radiation
data is both accurate and reliable—essential for

optimizing solar-powered systems in water
management.
The acceptance criteria for measurement
accuracy, defined as:
Imeasured_lrgference < 0.02 (5)
1 reference

ensures that deviations in measured solar radiation
remain within 2% of the reference values. This
level of precision is crucial for applications like
solar desalination, filtration systems, and solar-
powered pumping units because these technologies
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rely on precise solar radiation input to determine
energy availability and system performance. Small
deviations could lead to underperformance or
inefficiencies, particularly in agricultural irrigation,
where reliable water delivery is essential during
critical growing periods.

The calculation of expanded uncertainty U,
expressed as:

(6)

where:

U — Expanded uncertainty, representing the
combined uncertainty of a measurement;

K — Coverage factor, which accounts for the
confidence level of the uncertainty (commonly

k=2 for a 95% confidence level);

Ui — Standard uncertainty of each contributing
factor, where i ranges from 1 to n;

N — The total number of uncertainty
components contributing to the measurement;

>, u? — Summation of the squares of each

individual standard uncertainty.

By maintaining overall uncertainties at £2% for
global radiation and £3% for diffuse radiation, the
data achieves a level of reliability necessary for
solar energy system design and deployment.

Solar-Water system integration analysis and
policy implementation framework

The experimental findings necessitate a
comprehensive analysis of the solar-water nexus
for agricultural applications in the Absheron
Peninsula. The integration framework encompasses
multiple interconnected parameters that directly
influence system efficiency, sustainability, and
policy implementation strategies. This section
explores the correlations between solar radiation
data, water management needs, and agricultural
productivity, while providing a detailed framework
for integrating solar-powered irrigation systems
into the region's agricultural practices.

Radiation-Water = Pumping  Correlation
Analysis
The relationship between solar radiation

intensity and water pumping capacity follows a
non-linear correlation expressed by:

_ Ig-Apy
Qw = Nsys W (7)
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where,

Ow represents the volumetric water flow rate
(m/h);

ns — is the system efficiency;

1 denotes global radiation (W/m?);

Apy is the photovoltaic array area (m?);

P — is water density (kg/m?), g is gravitational
acceleration (m/s?);

and £ is the total dynamic head (m).

The experimental data yields an average system
efficiency of 16.8£0.5% during peak radiation
periods, enabling optimal water delivery for
irrigation purposes.

The annual average solar energy yield of
985.6£12.4 kWh/m?, as derived from the
experimental data, highlights the significant solar
resource availability in Absheron. This energy
potential is particularly critical during the summer
months (June—August), where the total solar energy
yield reaches 366.2+7.1kWh/m?. This period
coincides with the peak agricultural water demand
due to higher evapotranspiration rates. The high
clearness index (KT) wvalues during summer,
averaging 0.68+0.03, further indicate optimal
conditions for solar energy harvesting, ensuring

reliable operation of solar-powered irrigation
systems.
Temporal distribution and agricultural

water demand

The temporal correlation between solar radia-
tion availability and agricultural water demand, as
captured by the synchronicity coefficient (Sc),
plays a pivotal role in understanding the feasibility
of solar-powered systems for sustainable
agriculture in the Absheron Peninsula. The
synchronicity coefficient is defined as:

¢ - ILRERWW)
c _ —
P RRS w2

®)

where,

Ri — represents daily solar radiation values;

Wi — denotes daily water demand;

R and W are the mean values of solar radiation
and water demand, respectively.

The calculated Sc =0.83 indicates a strong
positive  correlation between solar energy
availability and irrigation water needs. This
synchronicity highlights the natural alignment
between energy supply from solar resources and
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the seasonal peak in agricultural water demand,
particularly during the critical growing seasons.

In Absheron, where water scarcity remains a
pressing challenge, the peak availability of solar
radiation during summer months provides a
renewable and reliable energy source for water
treatment systems. The data demonstrates that
during June to August, when global solar radiation
reaches maximum values (120.8-125.3 kWh/m?),
agricultural water requirements are also at their
highest due to increased evapotranspiration rates.
This overlap ensures that solar-powered water
treatment technologies, such as desalination
systems, filtration units, and pumping systems, can
operate at maximum efficiency to provide treated
water for irrigation. By aligning solar energy
availability with water demand, these systems can
significantly enhance agricultural water manage-
ment, reducing dependence on conventional energy
sources and increasing water-use efficiency.

Furthermore, the strong correlation between
radiation and water demand supports the year-
round viability of solar-powered systems. While
global radiation decreases in winter months (to
values as low as 352 + 1.8 kWh/m?), the
contribution of diffuse radiation ensures that
smaller-scale treatment systems, such as UV
disinfection or basic filtration units, continue to
operate reliably. The steady presence of diffuse
radiation, averaging 62% annually and peaking at
78% in winter, mitigates energy losses under
overcast conditions, ensuring a consistent baseline
output for water treatment processes. This
adaptability of solar-powered systems to seasonal
variations underscores their resilience and
practicality for sustaining agricultural activities
throughout the year.

The correlation between solar radiation trends
and irrigation demand also highlights the
scalability of solar-powered treatment systems in
water resource management. For example, during
the summer months, high-capacity systems can be
deployed to treat and distribute large volumes of
lake water for irrigation, supporting agricultural
productivity. In contrast, during the off-peak winter
season, energy-efficient technologies can maintain
essential water treatment operations with lower
energy input. This flexibility ensures that water
treatment remains uninterrupted, improving water
accessibility for farmers while optimizing energy
use.

In conclusion, the strong synchronicity
(Sc=0.83) between solar radiation availability and
agricultural water demand demonstrates the critical
role of solar-powered treatment systems in
addressing water resource challenges in Absheron.
By leveraging peak solar energy availability during
critical growing seasons, these systems provide a
sustainable solution for water treatment and
irrigation. Their adaptability to seasonal variations
ensures consistent performance throughout the
year, enhancing water-use efficiency and
supporting  agricultural  sustainability.  This
alignment between solar resource availability and
irrigation requirements showcases the
transformative  potential  of  solar-powered
technologies in improving water management and
fostering sustainable agricultural practices in
regions facing similar climatic challenges.

System performance optimization

The optimization of system performance for
solar-powered water treatment and irrigation
systems integrates multiple critical variables,
ensuring efficiency, reliability, and economic
viability. The framework revolves around key
components such as hydraulic energy requirements,
solar array sizing, and the levelized cost of water
(LCOW), each of which is influenced by solar
energy availability, system design, and operational
parameters [30].

Hydraulic Energy Requirement (Eh):

Ep = pghQyt €)
where,

p is the water density, g is the gravitational
constant;

h represents the height of water lifted;

Ow is the water flow rate, and t is the
operational duration.

This equation highlights the direct relationship
between energy requirements and water pumping
conditions, such as the lifting height and flow rate.
For example, to pump water to a height of 10
meters with an efficiency of 70%, a system would
require approximately 0.1 kWh/m?® of energy. This
parameter is particularly relevant for solar-powered
water systems in agricultural contexts, where
irrigation demands often require significant
volumes of water to be pumped over variable
terrain.

Solar Array Sizing Factor (Sf):
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The sizing of the solar array determines the
capacity of the photovoltaic (PV) system to meet
the hydraulic energy demands. It is given as:

P ed
Sp =g Neon (10)
where,
P peak is the peak power output of the solar
array;

E} is the hydraulic energy requirement;

N conv 18 the conversion efficiency of the PV
system.

This factor is critical in ensuring that the solar
array is sized appropriately to match water
pumping needs. Given the daily solar energy
density in Absheron, which averages 3.98 + 0.18
kWh/m?*/day during summer, a PV system with
sufficient area can reliably generate the energy
required to pump water. For instance, a properly
sized system could pump up to 6.7 m® of water per
square meter of solar panel area, meeting the
irrigation demands of most crops during the peak
growing season. This highlights the importance of
aligning solar array size with energy availability to
achieve maximum performance during critical
agricultural periods.

Levelized Cost of Water (LCOW):

The economic performance of solar-powered
water systems is assessed using the levelized cost
of water, defined as:

2 e
t=1(1+1)t

- (1)

t=1(1+1)t

LCOW =

where,

Ct represents the total costs in year t;

Wt is the water volume delivered in year t;

r is the discount rate.

The LCOW provides a comprehensive measure
of the lifecycle cost of water production,
accounting for capital costs, operational
expenditures, and the volume of water delivered
over time. By minimizing the LCOW, solar-
powered systems can offer a cost-effective
alternative to conventional water pumping methods
that rely on fossil fuels or grid electricity. The
availability of abundant solar radiation in Absheron
ensures that these systems can operate with low
operational costs, enhancing their economic
viability for farmers and stakeholders.

The solar energy density, averaging 3.98+0.18
kWh/m?/day during summer, provides sufficient

40

power to operate photovoltaic (PV) systems for
water pumping and distribution. For instance, a
system designed to pump water to a height of 10
meters with an efficiency of 70% would require
approximately 0.1kWh/m* of energy. Given the
daily solar energy density, such a system could
pump up to 6.7 m? of water per square meter of PV
panel area during summer, meeting the irrigation
needs of most crops.

The optimization framework, which
incorporates hydraulic energy requirements, solar
array sizing, and lifecycle costs, ensures that solar-
powered water treatment systems in Absheron are
not only efficient but also economically feasible.
By leveraging high solar energy availability, these
systems can reliably deliver water for irrigation
during critical growing seasons, reducing operatio-
nal costs and increasing energy independence for
farmers. The ability to optimize system
performance based on local solar conditions further
supports the adoption of solar-powered innovations
in sustainable agriculture, addressing the
challenges of water scarcity and energy reliance.

Sustainability metrics
indicators

The integration of sustainability metrics with
performance indicators establishes a robust
analytical framework for evaluating the efficiency,
energy performance, and environmental impact of
solar-powered water management systems. Key
metrics, namely Water Use Efficiency (WUE),
Energy Return on Investment (EROI), and Carbon
Offset Potential (COp ), provide critical insights
into the operational feasibility and long-term
implications of  deploying solar-powered
technologies within the context of sustainable
agricultural practices in the Absheron Peninsula.
By systematically assessing these parameters, the
analysis demonstrates the potential of solar-driven
systems to address water scarcity, optimize energy
utilization, and contribute to environmental
sustainability in arid and semi-arid regions [31].

The integration of experimental data yields key
sustainability metrics:

Water Use Efficiency (WUE):

and performance

(12)

where,
Yc is crop yield;
Vw is volume of water used.
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This metric highlights the effectiveness of
water usage in agricultural production. In the
context of solar-powered water treatment systems,
WUE becomes a critical performance indicator
because these systems optimize water availability
by treating and delivering lake water for irrigation.
Higher WUE values indicate that water resources
are being used efficiently, maximizing crop yield
per unit of water consumed. For arid regions like
Absheron, where water scarcity limits agricultural
productivity, achieving high WUE through precise
irrigation supported by solar technologies can
transform water management practices. By aligning
energy input with water delivery systems, solar-
powered technologies ensure that treated water
meets irrigation demands while minimizing waste.

Energy Return on Investement (EROI):

t
Egut _ fo Pout(t)dt

EROI = =
Ej fOtP,'n(t)dt

(13)

where,

Pout(t) — Power output over time t;

Pin (1) — Power input over time t.

This ratio provides a measure of the energy
efficiency of the system. Solar-powered water
treatment and pumping systems, driven by
photovoltaic (PV) technology, inherently offer high
EROI values due to the abundant solar energy
available in Absheron. The daily solar energy
density, averaging 3.98 + 0.18 kWh/m?*day during
summer, ensures that energy input from solar
arrays is consistently high, enabling significant
energy output for water treatment and delivery
processes.

A high EROI confirms that the energy
generated from solar systems far exceeds the
energy invested in operating and maintaining them,
making these systems both economically and
environmentally  sustainable.  This indicator
strengthens the argument for transitioning to solar-
powered solutions for agricultural water
management, reducing reliance on fossil fuels
while ensuring consistent energy performance.

Carbon Offset Potential (COp):

n
COp = .Zl(Esol,i ' EFgrid) (14)
i=

where,
Esol i- is solar energy generated ;
EFgrid- is grid emission factor.

The use of solar-powered water treatment
systems significantly reduces carbon emissions by
replacing fossil fuel-based pumping and treatment
technologies with clean, renewable solar energy.
Given Absheron’s high solar energy availability,
the cumulative carbon offset can be substantial. For
instance, solar pumping systems operating during
summer months, when solar energy peaks, can
deliver water for irrigation without contributing to
greenhouse gas emissions. This reduction supports
global climate targets while addressing local
environmental concerns such as air quality and
ecosystem preservation.

Contextual framework: alignment with sdgs
and local legislation

The Absheron Peninsula faces mounting
challenges of water scarcity, energy sustainability,
and climate resilience due to its semi-arid
conditions and growing agricultural demands. By
integrating solar-powered technologies into water
management systems, Absheron can address these
interconnected challenges while aligning with
global sustainability goals and local legislative
frameworks [32]. This approach not only supports
the region's agricultural productivity but also
demonstrates the transformative potential of solar
energy innovations in achieving long-term water
and energy security.

Broader sustainable
agriculture

The integration of solar energy into water
management systems directly complements the
previously  discussed precision-driven  solar
radiation measurements and their role in system
optimization. High-accuracy data, ensured through
adherence to ISO 9847 standards and rigorous
uncertainty controls, provides the technical
foundation necessary for reliable system design.
These systems, such as solar-powered irrigation,
desalination, and filtration technologies, represent
practical solutions for agricultural water needs in
Absheron.

Alignment with Global Sustainability Goals

The adoption of solar innovations aligns
seamlessly with the United Nations Sustainable
Development Goals (SDGs), specifically SDG 6
(Clean Water and Sanitation) and SDG 7
(Affordable and Clean Energy). Accurate solar
radiation data, with a maintained measurement
uncertainty of +2% for global radiation and +3%

implications  for
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for diffuse radiation, ensures these systems perform
optimally to deliver clean water for irrigation and
energy for agricultural operations.

By fostering water-use efficiency and energy
access, solar-powered water systems address the
dual challenges of water scarcity and energy
dependency. For instance, during summer months,
when global radiation peaks (120.8-125.3
kWh/m?), technologies like solar desalination
plants and high-capacity pumps can be operated at
maximum output to meet agricultural irrigation
demands. These innovations align  with
Azerbaijan’s commitments under COP 29,
contributing to climate adaptation and greenhouse
gas emission reductions, key components of a low-
emission economy.

Integration with Local Legislation and Policy
Frameworks

The deployment of solar-powered technologies
also aligns with Azerbaijan’s Long-Term Low-
Emission Development Strategy (LT-LEDS). The
LT-LEDS framework prioritizes the development
of resilient infrastructure and the transition to
renewable energy  solutions.  Solar-powered
irrigation systems, as highlighted in previous
analyses, directly contribute to these goals by
ensuring:

1. Resilient water infrastructure that can
operate consistently under variable environmental
conditions.

2. Sustainable energy access for rural
agricultural areas, reducing reliance on external
energy sources.

3. Improved climate resilience through
renewable energy adoption, addressing both water
and energy challenges.

4. This synergy between solar energy
systems, water management policies, and climate
strategies provides a unified pathway to achieving
sustainable agricultural development in Absheron.

Environmental and economic benefits

The integration of solar-powered water systems
offers significant environmental and economic
advantages, as demonstrated through previous
contextual analyses:

1. Environmental Benefits: By replacing
fossil fuel-based technologies, solar-powered
systems reduce greenhouse gas emissions and
contribute to Azerbaijan’s Paris Agreement
commitments. This aligns with the observed
seasonal trends in global and diffuse radiation,
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where abundant summer solar energy ensures
maximum performance of high-capacity systems.

2. Economic Benefits: Solar-powered systems
lower operational costs for farmers by eliminating
expensive fuel and electricity requirements. This
enhances the economic resilience of rural
communities, allowing for reinvestment into
agricultural productivity, crop diversification, and
land improvements.

The previously discussed coefficient of
variation (27.8%) and statistically significant
seasonal differences (F(11,354) = 128.3, p < 0.001)
ensure reliable energy projections for both peak
irrigation needs and baseline water treatment
activities during winter. This data-driven reliability
further reinforces the economic viability of solar-
powered systems in Absheron.

Case Study: Baku general and
environmental remediation

The previously highlighted Baku General Plan
identifies critical areas for ecological remediation,
including lakes such as Boyuk Shor Lake and
Khojahasan Lake. The deployment of solar-
powered water treatment systems aligns with these
efforts by providing:

1. Clean energy for lake water treatment and
irrigation.

2. Support for land restoration in key
remediation corridors like Boyuk Shor-Binagadi-
Balakhani and Khojahasan-Lokbatan.

3. Sustainable agricultural practices on
remediated lands, fostering ecological recovery and
improved agricultural productivity.

By integrating solar-powered systems into
environmental remediation initiatives, Absheron
can simultaneously address water quality concerns,
restore degraded ecosystems, and promote
sustainable agricultural practices. This directly
correlates with the earlier discussions on solar
energy's role in sustainable water management.

The integration of solar-powered water
management systems into Absheron’s agricultural
sector is grounded in high-precision solar radiation
measurements, robust policy frameworks, and
alignment with global sustainability goals.
Accurate and reliable radiation data, combined
with the broader implications of solar energy
technologies, ensures that these systems can
address water scarcity, climate resilience, and
agricultural sustainability effectively. By aligning
these innovations with Azerbaijan’s LT-LEDS

plan
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strategy, COP 29 objectives, and environmental
remediation plans, Absheron can pave the way for
a transformative approach to water-energy
management. This approach not only meets
immediate agricultural needs but also contributes to
a low-emission, climate-resilient economy, setting
a replicable model for regions facing similar
challenges worldwide.

Conclusion

The results of the study revealed significant
seasonal variability in solar energy availability,
with global radiation values ranging from 35.2+1.8
kWh/m? in December to 125.342.4 kWh/m? in July.
The annual cumulative solar radiation was
calculated to be 985.6£12.4 kWh/m?/year, with
summer months contributing 366.2+7.1 kWh/m?.
The clearness index (KT) varied from 0.40 to 0.70,
indicating a combination of clear and diffuse
radiation throughout the year. The study found a
strong positive correlation between solar radiation
intensity and water pumping capacity, with an
average system efficiency of 16.8+0.5% during
peak radiation periods.

The findings of this study underscore the
potential of solar-powered technologies to address

water scarcity and enhance sustainable agricultural
practices in the Absheron Peninsula. The strong
seasonal correlation between solar energy
availability and agricultural water demand suggests
that solar-powered systems can effectively meet
irrigation needs, particularly during the critical
summer months. The integration of solar-powered
water treatment systems, such as desalination,
filtration, and UV disinfection, offers a reliable and
sustainable solution for water management in arid
and semi-arid regions. The high solar energy
density during summer ensures that these systems
can operate at maximum capacity, while the
presence of diffuse radiation in winter supports
smaller-scale operations.

The study also highlights the importance of
aligning water policies with renewable energy
frameworks to ensure the long-term viability of
solar-powered systems. By leveraging the abundant
solar energy resources in the Absheron Peninsula,
policymakers can promote the adoption of scalable
and adaptable solutions that enhance food security,
minimize dependency on non-renewable resources,
and foster climate resilience.
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ASSESSMENT OF SOLAR ENERGY POTENTIAL IN ZANGILAN,
KALBAJAR AND QUBADLI DISTRICTS OF AZERBAIJAN
ON THE SPRING EQUINOX

This article considers the main problems contributing East Zangezur, a region of strategic and eco-
logical significance in Azerbaijan, has emerged as a focus of large-scale restoration efforts following
its liberation. Comprising Jabrayil, Kalbajar, Lachin, Gubadli, and Zangilan districts, the district boasts
diverse natural resources, including forests, rivers, and fertile soils. Despite the damage inflicted during
the occupation, substantial progress is being made to restore the ecological balance, including forest re-
generation, water purification, and renewable energy initiatives. This study emphasizes the solar energy
potential of Zangilan, Kalbajar, and Gubadli districts, highlighting their geographical advantages and
year-round sunlight availability. Detailed calculations of solar radiation and zenith angles on March 20th
2024 demonstrate the viability of solar projects in these areas. The findings underscore East Zangezur’s
renewable energy prospects and its role in Azerbaijan’s sustainable development strategy.

Key words: East Zangezur, sustainable development, renewable energy, solar energy potential, solar
panel installations.

M.M. IOcndposa*, LLI.H. Aanzaae

Baky MEMAEKETTIK YHMBEPCUTETI, SKOAOTUS XKOHE ToMbipakTaHy akyAbTeTi, baky, O3ipbaikaH
* e-mail: mehluge_yusifli@mail.ru

O3ip6ai>kaH KaracbiHbIH, 39HriAaH, Kar6axkap xaHe Kyb6aaAbl ayAaHbIHAAFDBI
KYH DHEprusiCbiHbIH, dAeyeTiH OaFaray

ByA Makarapa O3ipbar>kaHHbIH, CTPATErnsAbIK, XXOHe 3KOAOMMSAbIK, MaHpI3bl 6ap anmarbl GOAbIM
TabbiAaTbiH LLbiFbIC 38Hre3ypai asaT eTKeHHEH KeWiH ayKbIMAbl KAATMbIHA KEATIPY >KYMbICTapbIHbIH
oluarbl peTiHAe narnaa 60AFaH Herisri npobAaemasap KapacTbipbiraabl. XKabparbia, Karbaxap, AaublH,
Fyb6aanbl xeHe 38HriAaH ayAaHAAPbIH KAMTUTbIH aliMaK, OPMaHAAPbl, ©3EHAEPI >K&HE KYHapAbl TOMbI-
pakTapbl CUSIKTbl aAyaH TYPAi Taburn pecypcrapra ne. OKKynaums Ke3iHAe KEeATIPIAreH 3aAaAFa Kapa-
MaCTaH, 3KOAOIUSIAbIK, TeMe-TEHAIKTI KQAMNbIHA KEATIPYAE, COHbIH, iLLIHAE OPMaHAAPAb! KAATMbIHA KEATI-
pY, CyAbl Ta3apTy XeHe >KaHapTblAATbIH 3HEPrM1s 6acTamaAapbl OOMbIHLLA alTapAbIKTaN XKeTicTikTepre
KOA >eTKi3iAAi. ByA 3epTTey 3aHriaaH, Kaabaxap >xaHe KybaaAbl aysaHAAPbIHbIH, KYH SHEPrUsiCbIHbIH
aAeyeTiHe 6aca Hazap ayAapbin, OAAPAbIH, FreorpaUsAbIK, apTbIKLLIbIAbIKTAPbl MEH XblA 6OMbI KYH Cay-
AECiHIH KOAXKETIMAIAITH kepceTeai. 2024 xbiaAbIH 20 HaypbI3blHAQ KYH PAAMALMSICBIHBIH, )KOHE 3€HUT
OypbIUTAPbIHbIH, ErXKen-TerkenAi ecenteyaepi GyA anmakTapaarbl KYH »K06aAapbiHbIH, ©MipLIeHAriH
KepceTeai. KopbiTbiHAbIAAP LLbIFbIC 38Hre3ypAiH >KaHapTblAaTblH 3HEPrug nepcrekTMBasapbl MeH
OHbIH O3ip6aii>kaHHbIH TYPaKThl AaMy CTpaTermsCbiHAAFbI POAIH aTarn KepCeTeAi.

Tyiin cesaep: LUbiFbic 38Hre3yp, TypakTbl AaMy, >KaHAPTbIAATbIH SHEPrusl, KYH SHEpPrusiCbiHbIH
aAeyeTi, KyH 6aTapesirapbl KOHABIPFbIAAPbI.

M.M. IOcndposa*, LLI.H. Aanzaae
bakunHckuin FocyaapcTBeHHblin YHuBepcuTeT, baky, AsepbanakaH
*e-mail: mehluge_yusifli@mail.ru
OueHKa NoTeHLMAAd COAHEYHOM 3Heprun B 3aHrMAaHCkom, Keabbaakapckom
n Ky6aaAMHCKOM paiioHax Asep6aiia)kaHa B NepuoA BeCEHHEro paBHOAEHCTBUS

B 37Ol cTaTbe paccMaTpMBAIOTCS OCHOBHbIE MPOGAEMbI, criocobcTBytolmMe BocTouHomy 3aHresy-
Py, PErMoHy CTPaTerMyeckoro 1 3KOAOrMYeCKoro 3HadeHus B AsepbainaskaHe, KOTOPbIA CTaA LEHTPOM
KpYMHOMACLLTabHbIX BOCCTAHOBUTEAbHbIX paboT nocae ero ocBo60OXAeHus. Brarouaiowmin Axebpa-
nAbckni, Keabbaaskapckmnii, AaumnHckmi, ['yGaAAMHCKMIA M 3aHIMAQHCKWI PaiOHbl, PEFMOH MOXKET Mo-
XBaCTaTbCs Pa3HOOBPa3HbIMU MPUPOAHBIMM PECYPCAMM, BKAIOUAS AECA, PEKM 1 MAOAOPOAHBIE MOYBbI.
HecmoTps Ha yuiep6, HaHECEHHbIM BO BPEMS OKKYMaLmn, AOCTUIAeTCsl 3HAUMTEAbHbIN NMPOrpecc B BOC-

© 2025 Al-Farabi Kazakh National University 45


https://orcid.org/0000-0002-5055-1359
https://orcid.org/0000-0002-9822-7304
mailto:mehluqe_yusifli@mail.ru
mailto:mehluqe_yusifli@mail.ru
file:///E:/%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%201-2025/%d0%be%d1%82%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d0%bd%d0%be/ 

Assessment of solar energy potential in Zangilan, Kalbajar and Qubadli districts of Azerbaijan on the spring equinox

CTAaHOBAEHUM IKOAOTMUECKOro 6aaHca, BKAIOYAs MHULMATMBbI MO BOCCTAHOBAEHMIO AECOB, OUMCTKE
BOAbI U BO30OHOBASIEMbIM MCTOYHMKAM 3Hepruun. B aTom nccaepaoBaHUM NMPEACTABASETCS MOTEHLUMAA
COAHeYHOW 3Heprum 3aHrnaarckoro, Keabbaaykapckoro n Ky6aaAMHCKOro paiioHOB, MOAYEPKMBAOTCS
MX reorpauueckme nNpemmMyLLLecTBa 1 KPyrAoroAMuHas AOCTYMHOCTb COAHEYHOro ceeTa. MoApob6Hble
pacyeTbl COAHEUHONM paAamMaLmm 1 3eHUTHbIX YrAoB 20 mMapTa 2024 r. AEMOHCTPUPYIOT >KM3HECNoCo6-
HOCTb COAHEUHbIX MPOEKTOB B 3TUX paroHax. PesyAbTaTbl MOAUYEPKMBAIOT NEPCMEKTHBbI BO30GHOBASIE-
MOV 3Heprum BocTtouHoro 3aHresypa u ee poAb B CTpaTernm yCTomumBoro passmntus AsepbanaskaHa.

KAtoueBble cAoBa: BocTouHbllii 3aHresyp, yCcTonumMBoe pas3BmTue, BO30OHOBASIEMAs SHEPrus, no-
TEHUMAA COAHEUYHOM 3Heprmm, yCTaHOBKA COAHEUHBIX MaHeAen.

Introduction

East Zangezur is a historical and geographical
region located in western Azerbaijan, covering the
eastern part of the Zangezur mountain range. This
area is one of the important regions of the country
with its strategic location, natural resources and
ancient cultural heritage. After the liberation of East
Zangezur from occupation, large-scale restoration
work has begun here.

The total area of the region is approximately
7,748 square kilometers and includes five main
districts: Jabrayil, Kalbajar, Lachin, Gubadli and
Zangilan. Each district has its own unique natural
and geographical features. The area is known for its
mountainous terrain, dense forests, rich water
resources and biological diversity.

Forests are the main ecological wealth of East
Zangezur. The  mountain-forest landscape,
especially in the Kalbajar and Lachin districts, is of
great importance for the natural balance of the
region. However, during the occupation, these
forests were seriously destroyed by illegal logging
and fires. As a result, soil erosion increased, and the
habitat of rare plant and animal species was
disrupted [1].

East Zangezur is also rich in water resources.
Rivers such as Hakari, Okchuchay and Basitchay
flow through the region. These rivers are important
both as a source of drinking water and for agriculture
and industry. However, during the occupation,
industrial waste was discharged into these rivers by
Armenia. In particular, a high concentration of
heavy metals (mercury, zinc, cadmium) was found
in Okchuchay, which seriously damaged the flora
and fauna of the river [2].

The soils of the region are highly productive.
However, during the occupation, the soils were
contaminated with heavy metals and other
chemicals. This created difficulties for agriculture
and disrupted the ecological balance of the region.
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The unique ecosystem of East Zangezur is home
to rare flora and fauna. The Caucasian leopard,
mountain goat and other rare animal species live
here. However, illegal hunting and destruction of the
ecosystem have reduced the population of these
species.

After liberation from occupation, large-scale
measures are being taken by the Azerbaijani
government to improve the ecological situation of
the region. Special projects are being implemented
to restore forests, clean up polluted water bodies and
protect natural resources. At the same time, work is
being carried out to use alternative energy sources
and develop ecotourism.

East Zangezur, with its rich natural resources
and strategic location, is one of the most promising
regions of Azerbaijan in economic and ecological
terms. Solving ecological problems and ensuring
sustainable development are one of the main
conditions for fully revealing the potential of this
region.

The East Zangezur region stands out as one of
Azerbaijan's primary economic and geographical
zones with significant renewable energy potential.
Its favorable natural and climatic conditions make it
well-suited for the production of solar, wind, hydro,
biomass, and geothermal energy. Each energy type
contributes substantially to regional economic
progress and energy security [3].

Zangilan district is located in the south-western
part of Azerbaijan and is an important area in terms
of solar energy potential. The terrain characteristics
and geographical position of the district allow for a
high level of solar radiation, which increases the
interest in the production of solar energy. In this
article, the solar radiation potential of Zangilan
district will be analyzed, and information will be
provided about favorable conditions for the use of
solar energy and energy production in the region.

Solar radiation refers to the amount of energy
reaching the earth's surface from the sun and is
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largely related to the length of the day, weather
conditions, and geographic location. The annual
average value of solar radiation for Zangilan district
ranges from 1,600 kWh/m? to 1,800 kWh/m?. This
is an indicator that provides ideal conditions for the
production of solar energy [4].

Zangilan district is characterized by numerous
sunny days, especially in spring and summer. The
district has 250-280 days of sunshine per year,
which is very favorable for increasing the efficiency
of solar panels. The high number of sunny days is
one of the main factors that ensure the constant
production of solar energy.

Since Zangilan district is located in the
southwest, the influence of solar radiation on this
area is high. Being close to the equator increases the
intense influence of the sun for most of the year.
Mountainous and plain areas of the district are met
with different degrees of strong solar radiation. Flat
areas are more suitable for installing solar panels
because these areas allow better reception of the
sun's rays.

The annual distribution of solar radiation in
Zangilan district is different in different seasons.
The radiation level is at its highest during the spring
and summer months, when solar panels can provide
maximum energy production. In winter and autumn,
the amount of radiation decreases, but this period
also retains a certain potential for solar energy
production [5].

Kalbajar district is located in the western part of
Azerbaijan, in a high mountainous area with
significant strategic importance. The district lies
within the Karabakh mountain range and shares
borders with Lachin district to the east and Armenia
to the west. The total area of the district is 3,054
square kilometers, with an average elevation
ranging between 1,500 and 2,000 meters above sea
level [6].

The geographic location of Kalbajar provides
access to abundant natural resources, including
water reserves. The Tartar River, Bazarchay, and
their tributaries traverse the region, making it one of
the richest areas in terms of water resources in
Azerbaijan. These rivers are vital for hydroelectric
power generation and agricultural irrigation. The
district is also known for its mineral springs, thermal
waters, and medicinal water sources, contributing to
its potential for health tourism and economic
development.

Kalbajar has a mild mountain climate, characte-
rized by cool summers and cold winters. The
average annual temperature ranges between 6-10°C,
with significant snow cover during winter months.
Annual precipitation varies from 600 to 800
millimeters, which enhances the district's water
reserves and supports year-round river flow. The
mountainous terrain plays a crucial role in shaping
the climate, creating favorable conditions for both
renewable energy projects and agricultural activities
[7].

Gubadli is a strategically significant district
located in the southwestern part of Azerbaijan.
Established in 1930, it covers an area of 802 square
kilometers. The district shares borders with Lachin
to the north, Khojavend to the northeast, Jabrayil to
the east, and Armenia to the south and west. The
area is predominantly mountainous, situated in the
southern part of the Zangezur mountain range. One
of the highest peaks in the district is Mount
Garachig.

Gubadli experiences a moderate warm
mountain-steppe climate, characterized by hot and
dry summers and relatively mild winters. The
average annual temperature ranges between 10-
12°C, while annual precipitation amounts to 600-
800 mm, mainly occurring in spring and autumn. In
the mountainous areas, a snow cover forms during
the winter months, which plays a crucial role in
replenishing the district's water resources [8].

Gubadli is rich in natural resources.
Approximately 20-25% of its territory is covered
with forests, consisting of oak, walnut, elm, and
other valuable tree species. The district is home to
diverse wildlife, including deer, mountain goats,
bears, foxes, and various bird species.

The district also has significant potential for
agriculture. Fertile plains are suitable for crop
cultivation, while forest resources and pastures
support livestock farming.

Gubadli is abundant in water resources. The
main rivers flowing through the district are the
Hakari River and the Bargushad River, which are
vital for agricultural irrigation and hydroelectric
energy production. The district also has numerous
springs and freshwater sources, which provide
drinking water and support various economic
activities [9].

Gubadli
Azerbaijan’s

holds a
renewable

significant
energy

position in
strategy. Its
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geographical location and natural conditions create
favorable opportunities for the development of
alternative energy sources, including solar, wind,
hydro, and biomass energy.

Solar Energy — With 2,500-2,800 hours of
annual sunlight, Gubadli is well-suited for solar
power projects. The implementation of solar energy
systems can significantly contribute to the region's
energy sustainability.

Wind Energy — The mountainous terrain and
frequent winds make the district ideal for wind
power generation. Wind turbines can be installed in
high-altitude areas to produce clean, renewable
energy.

Hydropower — The steady flow of the Hakari
and Bargushad rivers provides an excellent
opportunity for the construction of small
hydropower plants, which could enhance the
district's energy infrastructure.

Biomass Energy — Forest resources, agricultural
waste, and organic materials in Gubadli can be used
to produce biomass energy. This approach not only
offers an alternative energy source but also ensures
effective waste management [10].

Gubadli is not only a district of natural and
historical significance but also a strategically vital
area. Liberated from occupation during the 2020
Patriotic War, the district is now undergoing
extensive reconstruction and redevelopment.
Significant investments are being made in modern
infrastructure ~ projects,  renewable  energy
development, and environmental conservation [11].

The district’s geographical location, abundant
natural resources, and renewable energy potential
are expected to make substantial contributions to
Azerbaijan’s economic growth and energy security.
The ongoing restoration efforts will transform
Gubadli into a thriving region, ensuring its
integration into the country’s broader development
framework [12].

Materials and methods

Zangilan district has high potential for solar
energy production. The vast plains of the district
provide ideal conditions for the construction of solar
power stations. In particular, the use of solar energy
is proposed to meet the energy needs of Zangilan's
agricultural and industrial sectors. Installing solar
panels will help protect the environment, reduce
energy costs and ensure energy independence [13].
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To calculate the solar radiation and solar energy
production for March 20™ 2024, we need to calculate
the following parameters: declination (3), sun
angles, and other factors. Let’s go through these
steps [14]:

1. Declination (8) — March 20" 2024.

The solar declination angle represents the angle
at which the sun's rays strike the Earth, varying
throughout the year based on Earth's position in its
orbit. To calculate the solar declination angle, the
following formula is used [15]:

§ = 23.44° X sin (% x (N + 10)) (1)

Where:

N is the day of the year. For March 20, N = 79
since it is the 79th day of the year.

23.44° represents the Earth's maximum tilt
relative to its orbital plane.

Using the formula for March 20 2024:

§ = 23.44° X sin (% x (79 + 10))

6 = 23.44° X sin(87.6°)
0 = 23.44° x 0.998 = 23.34°

Therefore, the solar declination angle on March
20 is approximately 23.34°.

2. Calculation of Solar Hour Angle (H):

The solar hour angle H represents the position of
the sun relative to a given meridian at a specific time
of day. The formula 2 to calculate the hour angle is
[16]:

H=15°x (T — 12) )

Where:

T is the time of day in hours.

For this calculation, we will use T = 12, which
corresponds to 12:00 PM.

H=15°x (12 — 12) = 0°

Thus, at 12:00 PM, the hour angle is 0°.

3. Calculation of Zenith Angle (0):

The zenith angle represents the angle between
the sun and a point directly overhead (zenith). To
calculate the zenith angle, the formula 3 is used [17]:
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6 = arccos (sin (¢) X sin(8) + cos (¢) X
cos (8) X cos (H)) (3)
Where:
¢ is the geographic latitude of the location,
which for Zangilan is 39.4°.

0 is the solar declination angle, which we
calculated as 23.34°.

1200

1000

800

Solar Radiation (W/m2)

600 4

400 1

H is the solar hour angle, which is 0°.
Substituting into the formula [18]:
6 = arccos (sin (39.4°)
X sin(23.34°)
+ cos (39.4°) X cos (23.34°)
X cos (0°)) = 16.2°
Thus, the zenith angle on March 20 2024 at
12:00 PM is approximately 16.2°.

T T T T T T
6 7 8 9 10 11

T T T T T T T
12 13 14 15 16 17 18

Hour of the Day (Local Time)

Figure 1 — Solar radiation in Zangilan on March 20 2024

4. Calculation of solar radiation (Ed):

Solar radiation is the amount of energy received
per unit area from the sun. To calculate the solar
radiation, we use the base value of solar radiation G,
= 1361 W/m? and the zenith angle 0 we just
calculated.

The formula 4 to calculate solar radiation is [19]:

Ed = Gy X cos(0) 4)

Where:

Gy is the base value of solar radiation, which is
1361 W/m?,

0 is the zenith angle, which we found to be 16.2°.

Calculating the solar radiation:

Ed = 1361 x 0.961 = 1309.5 W /m?

Thus, the solar radiation in Zangilan on March
20 at 12:00 PM is approximately 1309.5 W/m?.

Kalbajar’s renewable energy resources align
with  Azerbaijan's long-term energy security
strategy. Utilizing hydropower, solar, wind, and
biomass energy can help reduce reliance on fossil
fuels while improving the region’s environmental
sustainability. Renewable energy development also
plays a key role in fostering economic growth and
creating job opportunities in the region.

1. Solar Radiation Analysis for Kalbajar on
March 20 2024

To analyze the solar radiation in Kalbajar on
March 20, we follow similar steps as for Zangilan,
adjusting the calculations based on Kalbajar's
latitude.

The geographical latitude of Kalbajar is
approximately 40.1°.
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2. Solar Declination Angle (8)
The solar declination angle represents the tilt of
the Earth's axis relative to the sun. For March 20:

§ = 23.44° X sin (% x (79 + 10)) =0

Where:

79 is the day of the year (March 20 is the 79th
day).

The Earth's axial tilt is 23.44°.

Substituting into the formula:

6 = 23.44° x 0.998 = 23.34°
Thus, the solar declination
approximately 23.34°.

3. Solar Hour Angle (H)

The solar hour angle determines the sun's
position relative to the observer's meridian. For noon
(12:00 PM):

H=15°%x(12-12)=0°

angle s

Thus, the hour angle is 0°.
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Figure 2 — Solar radiation in Gubadli on March 20 2024

4. Zenith Angle (0)

The zenith angle represents the angle between
the sun and the vertical line overhead. The formula
1S:

6 = arccos (sin (40.1°)
X sin(23.34°)
+ cos (40.1°) X cos (23.34°)
X cos (0°)) = 17.3°

Thus, the zenith angle is approximately 17.3° at
12:00 PM.

5. Solar Radiation (Ed)

Solar radiation is calculated using the base solar
constant Gy = 1361 W/m? and the zenith angle:
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Ed = 1361 X cos 17.3°
Ed = 1361 X 0.955 = 1299.2 W /m?

Thus, the solar radiation in Kalbajar on March
20 at 12:00 PM is approximately 1299.2 W/m?.

Solar Radiation and Zenith Angle Calculation
for Gubadli on March 20" 2024 (Table).

e Latitude (d): 39.2° (Qubadli
approximate geographical latitude).

e Solar Declination (3): 0° (corresponds to the
spring equinox).

e Solar Constant (Go): 1361 W/m* (average
solar energy reaching the Earth).

e Hour Angles (H): These represent the Sun's
position at different times of the day

region’s
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Table — Hourly Results for March 20"

Time (Hours) Hour Angle (H) Zenith Angle () Solar l};ﬁl/i;tzi)"“ (Ea)
6:00 AM —90° 108.05° 0
9:00 AM —45° 70.39° 465.36
12:00 PM 0° 39.2° 1057.40
3:00 PM 45° 70.39° 465.36
6:00 PM 90° 108.05° 0

e At 6:00 AM and 6:00 PM, the Sun is at a low
position, leading to a zenith angle exceeding 90°.
Thus, no direct solar radiation reaches the surface.

o At 12:00 PM, the Sun is at its highest point
with a zenith angle of 39.2°.

o Peak radiation of 1057.40 W/m?* occurs at
solar noon.

e Morning and evening radiation values are
significantly lower due to the higher zenith angle.

Errors:

When considering an £0.5° error in the zenith
angle (0) calculation, it affects the results and can
cause a £5 W/m? variation in the solar radiation
value. Let's explain this in detail:

There can be a +0.5° error in measuring the
zenith angle. This will change the position of the
sun, and in turn, the solar radiation values.

A £0.5° error in 0 directly affects the calculated
radiation value because the cos(0) function is very
sensitive to small changes in 0.

A #0.5° error in 0 can cause a +5 W/m? change
in solar radiation. This happens because the cos
function changes significantly with small variations
in the angle.

For example, when 6 = 16.2°, a +0.5° error
means 0 could range from 15.7° to 16.7°, leading to
a 5 W/m? variation in the radiation value.

This error is a approximate error and should
always be included in the results as error margins.
Thus, when presenting the calculation, the £5 W/m?
variation should be specified to indicate the
potential error in the result.

The +0.5° error in the zenith angle results in a
+5 W/m? variation in solar radiation. This is a typical
error margin that should be considered during

calculations and reflected in the results to ensure the
data 1s accurate and reliable.

Results and discussion

Gubadli, Zangilan, and Kalbajar, located in
Azerbaijan, are ideal regions for solar energy
development due to their geographical location,
climate conditions, and solar irradiation potential.
These areas receive significant sunlight throughout
the year, making them suitable for renewable energy
projects like solar panel installations. Below is an
analysis of the energy potential and proposed
installations.

To estimate energy production, we assume the
installation of 1 hectare (10,000 m?) of solar panels
with an efficiency (1) of 18%. The formula 5 is used
[20]:

P=E;xXAXn ®))

Where,

P: Power output (W);

Eq: Solar radiation (W/m?);

A: Panel area (m?);

n: Panel efficiency.

Annual energy production is estimated using
[21]:

Eyear = P X Annual Sunshine Hours (6)

Assuming 2000 sunshine hours per year, the

results are calculated below.
2. Solar Energy Potential Calculations [22]:
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a. Kalbajar
P =1299.2-10,000 - 0.18 = 2,338,560W = 2.34MW
Eyear = 2.34 - 2000 = 4680MW /year
b. Zangilan
P =1309.5-10,000-0.18 = 2,357,100W = 2.36 MW
Eyear = 2.36 - 2000 = 4720MW /year
c. Gubadli
P =1057.4-10,000-0.18 = 1,903,320W = 1.90MW
Eyear = 1.90 - 2000 = 3806.6MW /year
2.0f -
_ 15} ,
=
=
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Figure 3 — Annual Solar Energy Production Potential in Kalbajar, Zangilan, and Gubadli

The regions of Kalbajar, Zangilan, and Gubadli
have significant potential for solar energy
production, with an estimated combined annual
output of approximately 13,206.6 MW/year.
Harnessing this energy will support Azerbaijan's
renewable energy goals and contribute to
sustainable development in these areas.

Conclusion

The regions of Zangilan, Kalbajar, and
Gubadli possess significant potential for solar
energy production, contributing to Azerbaijan's
renewable energy strategy. The calculations were
conducted for March 20 2024, which
corresponds to the spring equinox. This date was
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chosen because the distribution of solar radiation
is equal worldwide, providing a precise reference
point for energy assessments. On this day, the
equal length of day and night creates ideal
conditions for evaluating solar energy generation
potential.

Based on the research findings, the annual
energy output from 1 hectare (10,000 m?) of solar
panels in these regions amounts to a total of 13,206.6
MW. Zangilan (4,720 MW/year) and Kalbajar
(4,680 MW/year) demonstrate higher solar radiation
levels, resulting in greater energy production
capacity.

Utilizing solar energy in these areas will signi-
ficantly reduce greenhouse gas emissions,
contributing to environmental conservation and
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enhancing energy security. Additionally, this
technology will lower energy costs and stimulate
economic development in the regions. The study
highlights that the installation of solar panels in
Zangilan, Kalbajar and Gubadli not only boosts

renewable energy generation but also aligns with
Azerbaijan’s long-term energy strategy. These
initiatives support sustainable economic growth and
play a pivotal role in fostering environmental
sustainability.
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«lUbIMKEHT-KOKbIC»
TYPMbBICTbIK KAAABIKTAP NMOAUTOHbIHDbIH,
MUKPOBUOMACDBIH 3EPTTEY TEHAEHUMACDI

EAiMi3Ae JKoHE SAEMAIK AEHrenAe 3KOAOTMSIABIK, AAFAAPBIC TYFbI3bIM OTbIPFAH MOCEAEAEPAIH 6ipi
OHAIPICTIK >K&HE TYPMbICTbIK, TYThITY KaAAbIKTapbl. CTaTUCTMKaAbIK, MaAIMeTTep BorbiHILa KasakcTaHaa
4,6 MMAAMOH TOHHA (T) KaTTbl TYPMbICTbIK, KaaabikTap (KTK) >KMHaKkTaAraAbl €eKeH, OHbIH, iliHAe 2,8 MAH
T eAiMi3aeri apTypAi KacinopbIHAAP MEH BHAIPIC OPbIHAAPDI LibIFAPFaH KAAAbIKTAP GOAbIN ecenTeAeai.
71% TYPMbICTbIK, KAAABIKTap, 8HAIPIC KaAAbIKTapbl 14,6%, kelle KaaabikTapbl 10%, 6a3ap KAAAbIKTapbl
2% wbIFapbIHAbIAAPBI GOABIN ecenTeAreH. TYPMbICTbIK KAAAbIKTapAbl >KOO MeH GMOYTUAM3BALMSAAYAbI
YTbIMADBI YIbIMAACTBIPYAbIH GipAeH 6ip 5KOAbI KQAABIKCbI3 TEXHOAOMMSIHbI KYPATbIH AIC KO3iH Taby 60-
AbIN Tabbiraabl. XKyprisiareH 3epTtey HoTuxkeAepi GombiHwwa LLbiIMKeHT-KOKbIC MOAMIOHbI aiHaAaCbiHaH
aAbIHFaH TOMbIPaK, CbiHAMaAaPbIHAAFbI MMKpoar3aaap TMTPi 1-10 KTB\r meawepiHae kesaecTi. Tonbipak,
rOPU30HTTAPbIHAAFbI MMKpPOaF3aAapAbiH, TUTPI 20-30 cM TepeHaiKTepAe >koFapbl 60AAbI, TUTP 10°KA/MA
MeallepiHae Ke3AecTi. LLbiIMkeHT-KOKbIC MOAMIoHbl aHAAAChIHAH aAblHFaH TOMbIPAK, MMKPOOMOMachI-
HbIH KYPbIAbIMbIH aKTMHOMULIETTEP, MUKPOMMLIETTEP, reTepoTPOdThl GaKkTepUIAap, HUTPUDMLMPAEYLLI,
asoTdmkempAaeyuli baktepusiaap, sHTepobakTepmsAap, COHAAM-ak, GarAbIpAAp MEH KaparanbIMAbIAAP
KypaAbl. MrkpoAopaabIK, KypambiHaa reTepoTpodTbl bakTepusiaapAar Bacillus sp., Brevibacterium sp.,
Pseudomonas sp., Micrococcus sp., Enterobacteriaceae TybicbiHbIH, oKiaaepi Salmonella sp., Klebsiella
sp., Streptococcus sp., Staphylococcus sp., HuTpudmrumpaeyLli 6akTepusiaapaar Nitrospira sp. exiaaepi,
a30TdMKCHMpAeYLIT GaKTepUsAap >KoHe 3HTepobaKTePHIAAD KESAECCE, aA MUKPOCKOMUSABIK, CaHbIpayKy-
AaKTapAaH Mucorales, Aspergillus, Fusarium TybiCTapbIHbIH, ©KiAAEPI KE3AECTI.

Ty#in ce3aep: MmKpoar3asap, Mukpobroma, Salmonella, Klebsiella, Streptococcus, Staphylococcus,
KATTbI-TYPMbICTbIK, KAAABIKTAP, MOAMIOHAAP.
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Trend of research of the microbiome
of municipal solid waste lands «Shymkent-kokhys»

One of the problems causing the environmental crisis in the country and at the global level are in-
dustrial and household waste. According to statistical data, Kazakhstan is accumulating 4.6 million tons
(t) of solid household waste, of which 2.8 million tons are waste produced by various enterprises and
industries of the country. 71% is household waste, 14.6% is industrial waste, 10% is street waste, 2%
is market waste. One way to rationally organize the destruction and bioutilization of household waste
is to find a source of waste-free technology. According to the study conducted by us it was established
that on the territory of the Shymkent garbage landfill titer of microorganisms studied groups consists
of 1-10 g in soils taken around the debris. The titer of microorganisms in the soil horizon was high at
a depth of 20-30 cm, titer is 10° kl/ml. The soil microbiome structure obtained around the Shymkent-
Garbage Landfill consists of actinomycetes, micromycetes, heterotrophic bacteria, nitrifying, nitrogen-
fixing bacteria, enterobacteria, and algae and protozoa. Among the heterotrophic bacteria present in the
microflora are members of the family Bacillus sp., Brevibacterium sp., Pseudomonas sp., Micrococcus
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sp., nitrifying bacteria include Nitrospira sp., nitrogen-fixing bacteria and Enterobacteria, Klebsiella sp,
Streptococcus sp., Staphylococcus sp., and from microscopic fungi there are members of the genus Mu-
corales, Aspergillus and Fusarium.

Key words: microorganisms, microbiome, Salmonella, Klebsiella, Streptococcus, Staphylococcus,
municipal solid waste, landfills.
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TeHAEHLMSI CCAEAOBAHUSI MUKPOOMOMbI MOAMIOHOB
6bITOBbIX OTX0AO0B «LLIbIMKEHT-KOKbIC»

OAHO 13 NPO6AEM, BbI3bIBAIOLIMX SKOAOTMUECKUIA KPU3UC B CTPAHE 1 Ha MUPOBOM YPOBHE, SIBASI-
I0TCSt OTXOAbI MPOMBILIAEHHOTO 1 BbITOBOrO NoTpedAeHus. 1o cTaTMCTUYECKMM AaHHbIM, B KasaxcTaHe
HakarnAmBaeTcs 4,6 MUAAMOHA TOHH (T) TBEPABIX ObITOBbIX 0TX0A0B (TBO), M3 KOTOPbIX 2,8 MUAAMOHA
TOHH IBASIIOTCSl OTXOAAMU NMPOM3BOACTBA PA3AMUHbIX NPEATNPUATHI U MPOU3BOACTB CTPaHbl. 71% — 310
6bITOBble O0TXOAbI, 14,6% — OTXOAblI NMPOU3BOACTBA, 10% — YAMUHbIE OTXOAbI, 2% — OTXOAbI pPbIHKA.
OAHUM 13 CMOCO6OB PaLMOHAALHOM OpraHM3auUmMu YHUUTOXKEHUS 1 BUOYTUAM3aLMU ObITOBbIX OTXO-
AOB SIBASETCS HAXOXKAEHME MCTOUYHMKA GE30TXOAHOM TEXHOAOrMU. [10 MCCAEAOBAHUMIO NMPOBEAEHHbBIMM
HamMK BbIAO YCTAaHOBAEHO YTO, Ha TeppuUTOopmi LLIBIMKEHTCKOrO MyCOPHOIO MOAMIOHA TUTP MUKPOOPTa-
HM3MOB MCCAEAOBaHHbIX rpyrnn coctoBasieT 1-10 KOE\r B nousax, oToOGpaHHbIX BOKPYr Mycopa. Tutp
MMWKPOOPraHM3MOB B NMOYBEHHbIX FOPU3OHTaxX ObIA BbICOKMM Ha rAyOuHe 20-30 €M, TUTP COCTaBASIET B
o6beme 10° KA/MA. CTPYKTYpPYy MMKPOBMOMBI MOYBbI, MOAYYEeHHOM BOKPYT LLIbIMKeHTCKO-MycopHOro
MOAUIOHA, COCTABASIIOT aKTMHOMMLIETbI, MUKPOMULIETbI, FeTepoTpocbHble 6AKTEPUM, HUTPUDULMPYIO-
e, asoTmkeupytolme 6aktepum, sHTepobakTeprn, a Tak>ke BOAOPOCAM U npocTerniume. M3 retepo-
TpohHbIX GakTepuin B MUKpodAaope npucyTcteytoT Bacillus sp., Brevibacterium sp., Pseudomonas sp.,
Micrococcus sp., npeactaButean poasa Enterobacteriaceae, Salmonella sp., Klebsiella sp., Streptococcus
sp., Staphylococcus sp., 13 HuTpudmumpylowmx 6akTepuin BcTpedaiotcs npeactasutean Nitrospira
Sp., a30TUKCUPYIOLMX BaKTepuin U SHTEPOBAKTEPUIA, @ U3 MUKPOCKOMUYECKUX rpMBOB BCTPeYaloTCs
npeactaBuTean poaa Mucorales, Aspergillus, Fusarium, Peniccilium v Candida.

KatoueBble cAOBa: MMKpPOOpPraHuambl, Mukpobuoma, Salmonella, Klebsiella,
Staphylococcus, TBepAO-ObITOBbIE OTXOAbI, MOAUIOHbI.

Streptococcus.

KeickapTtysaap MeH Tycinaipmenep

KTb — xononus Ty3yui 6ipaikrep, TKK — Typ-
MBICTBIK KaTThl KalJIbIKTap

Kipicme

Kasipri taHaa KopliaraH OpTaHbl KOpPFay Mo-
celnenepi, OHbIH iIIiHAE OHIIPICTIK KOHE TYPMBIC-
TBIK, KaJIJBIKTAp/Ibl KO0 MEH OMOyTHUIM3aLusIIay,
epeKiIe MaHbI3Ibl OOMNbIN OTHIp. byn macenenepai
TUIMII IIEIly SKOJOTHSJIBIK TYPAKTBUIBIKTBI CaK-
TayFa, TAOMFU pecypcTap/bl YHEMACYTE JKOHE KO-
HOMUKaHBI JAMBITYFa 30D bIKMaN eTefi. Kanaslkcoi3
TEXHOJIOTHSJIAP/AbI €HT13Y MEH KaJAbIKTap/Abl KaiTa
OHJICY PKOHOMUKAJIBIK TYPFBIJAH Jia THIMI1 OOJIBII
TabbIaabpl, cebebi o KaHa KYMBIC OPBIHIAPHIH
aIllbIN, PHEPrHsi MEH MaTepualaapibl YHEMAEyre
MYMKIiHJIK Oeperi.

Kasakcranga, onbiy imriage IlIsIMKeHT Kana-
CBIHJIa TYPMBICTBIK KaTThl Kamabikrap (TKK) mace-
neci oTKip mMoacerne Oonbin Typ. Kazakcranna xbui

caitbia 4,6 muuon TorHa TKK eHmipineni, OHbIH
2,8 MWIIHOH T KOCIMOpPBIHIAPJAH IIBIKKAH Kaj-
IBIKTap €KeH. OpOip Ka3aKCTaHIBIK KbUI CalbIH
400 kr-HaH acTaM KOKBIC IIBIFapaibl, al Oyl Ke-
JIeMJIeT] KaJIbIKTap IbIH YIIKeH Oelliri pecMu TOoJH-
rouaapaa xuHanansl [1-3]. KanaeikrapasiH gypsic
OHJIEIIMEY1 AKOJIOTHSIIBIK, 3UsIH KEeNTIpyMeH Karap,
JICHCAyJBIKKa Ja KayinTi 0oxysl MyMKiH. byn mo-
CEJICHIH IIeNIiMi peTiHIe KaJAbIKTapIbl OHJeYIiH
IKOJIOTHSIIBIK, BIICTEPi, Bcipece MUKpOaF3aliapIblH
KOMETIMEH OpTaHWKAJbIK KaJJIbIKTap/ bl BIIBIPATY
MaHBI3]IbI poll aTKapasl [4-6].

Muxkpoar3anap, acipece OakTepusuiap, MHKpPO-
MUIETTEP, aKTHHOMHIIETTED XOHE KypTTap, opra-
HUKaJBIK, KaJIBIKTAP/IbIH BIIBIpay Mpoliecinae oac-
THI pei aTKapaabl. bynm Mukpoar3amap aHa’poOTHI
JKOHE adpOOTHI )KaFIalIapa )KyMBIC iCTEH OTHIPHITI,
OpTaHUKAIIBIK, 3aTTap/Ibl BIABIPATYFa KaoinerTi. As-
POOTHI BIABIPATY BIICI KAIABIKTAPIBI SKOIOTHSITBIK
TYPFBIIAH THIMII TYPJIE OHJIEYyTe MYMKIHIIK Oepe/ti.
Byn oxic OapbicbiHIa OTTEri MEH TeMIepaTypaHbl
KaKeTTi JIeHrelae ycTail OTBIPBIN, MHKpOar3aiap
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OpTaHHMKAIBIK, KaJIIBIKTap/Abl BIABIPATHII, SKOXKYiie-
re Kayincis 3arrapra atHanasipas [7-10].

Wang C. et al. 3eprreynepi HOTHXKECiHIE,
Bacillus, Pseudomonas xoune Oceanobacillus Tybic-
TapbIHBIH aC KaJJABIKTapblH KOMITOCTayda THIMII
exenziri ansikTanFad [11]. bByn mukpoarzanap kai-
JBIKTap/Ibl OH/EY OapbICHIHIA KOPEKTIK 3aTTapIbIH
KYPaMBIH >KaKCapThII, a30T MOJIIEPIH apTThIPabL.
OcbIFan opaii, TYPMBICTBIK KaJIbIKTapabl Onoio-
THSJIBIK, OHJACY OAICTepl SKOJOTHSUIBIK, TYPFBIAAH
TUIM/II KOHE SKOHOMMKAJIBIK >KaFbIHAH J1a Talijasbl
Oonbin TaObianel. JKanmel anFanaa, TYPMBICTBIK
KaJABIKTapbIH 3KOJIOTUSUIBIK Mpobdiemacsk! xahan-
JIBIK, JICHTE/Ie ©3eKTi Mocenere aiiHaya. byn mo-
CEJICHI IIIeNly YIIH KaJJIBIKTapAbl KalTa eHJIeyliH
TUIMJII BICTEPiH CHTi3y, COHBIMEH KaTap XaJbIKThI
KaJABIKTap bl JYPHIC Maijanany MeH Kaiita eHjiey-
JiH MaHbBI3ABUIBIFEl Typaslbl aKlapaTTaHAbIpy Ka-
xet. 2017 x. 3eprreyminep 8,3 MIpA T KalAbIKTap
OHJIpIIETIH aHBIKTaFaH, FalbMaap Oyl KeJeMHiH
YIITEH eKiCi NOJIMIOHAapFa HEMece MyXUTKA KeTill,
«KOKBIC apajJiapblH» TOJNBIKTBIPIBI JIeN €cenTei i
[12-14].

LIpIMKEHT KOKBIC MOJMTOHAAPHI MEH TYPFBIH
yiiJiep aynachIHAaFbl KOKBIC TACTAUTHIH ajaHIIanap
TOTBIPAFbIHBIH MUKPOOHOMACKIH 3€pTTeY Oy Kazip-
I'l 9KOJIOTHSI MEH KOPILIaFaH OpTa YIIiH 0T¢ MaHbI3/Ibl
Mmocese. KoKbIC MOIUMTroHIapbIHBIH TOTBIPaFbIHIAFbI
MHUKpoar3aiap Onopemenuanus mpouecine Kareica
OTBIPHII, TYPJI KAJIJABIKTAPAbl, OHBIH IIIiH/E IUIac-
TUKAJBIK 3aTTapAbl, MOJUATUICHAI BIABIpaTy Kaoi-
neTine ue O60iybl MyMKiH. 3epTTeynep OapbIChIHAA
MUKPOOTBIK, TOIITap, 8cipece Bacillus, Pseudomonas
TYBICTapbl X0He Aspergillus tubengensis CUSKTBI
MHUKpOaFr3ajap MOJUITWICH MEH IIacTMaccalap/bl
BIIBIpaTyia OejiceHal ekeHiH KepcerTi. byn muk-

Google

poar3anap oyiapjablH MeTabOJIMKAIBIK, OSICEeHUTIT]
apKBUIbl TJIACTUKAIBIK KaJIBIKTapAbl bIIBIPaTyFa
pIKnan ere anagbl. COHBIMEH KaTap, Kehoip 3ept-
teynepae Galleria mellonella xebOenexrepiniy aep-
HOCLIEep] MOMUATUIICH II TE3 BIBIPATATBIHBIFBI TY-
pasiel MasiMeTTep KenTipinreH. byn skarnaiina, Gip
3eprreyae 12 carat imiHae 92 MILTUTPaMM MOJTU3-
TUJICHII OHJIeyl MYMKIiH eKeH/IiTi aitburras [15-17].
Ocbl Typrbiga, LIIBIMKEHT Kajnachl ayMarbIHIAFbl
KOKBIC TIOJIMTOHJAphl MEH TYPFbIH YHJIEpAiH ayia-
CBIHAAFBl aNaHIIANapAbIH TONbIPaFbIHAA OCBIHAAN
MHUKPOOTBIK, KaybIMIACTBIKTAPAbIH OOJIYBI OJap IbIH
MOJMATHIICH T KOHE 0acKa IUIaCTUKAIBIK KaJlIbIK-
TapAbl bIABIpATy dJeyeTiH OaranayFa MYMKIHIIK
Oepeni. by 3epTrey, 3KONMOTUSIBIK TYPFBIAAH, Kal-
JBIKTapIbIH OMOJeTpagalusChl IPOLECIH TaMBITYFa
OaFpITTaJFAaH FBUIBIMU KYMBICTapAbl KOJJAi OTHI-
PBII, XKaHa 9/1iCTepAl YChIHYFa MYMKIHIIK Oepeti.

3epTTey HbICAHBI MEH dicTepi

3eprrey wHbicanel petinge «llsmvkent-Ko-
KbIC  TIOJUTOHBD»  TEPPUTOPHUSCHL  aiiMarbIHAH
aJpIHFaH TOMNBIpaK Yiruiepi anbrHabl. [biMkeHT
KajnachlHblH KOKBIC TIOJMIOHBI Kajla MaHbIHAH
SFMJ+5J6 makeipeim, 42.182787597958956 c.uu.,
69.48165957487062 0.11. KalIBIKTBIKTa TallIKeHT
Tpaccachl OolbiHAa opHanackaH. [IsmkenT-Kokpic
nonurousiHbly, 4 akiMarpiHan MECT Ttamantapst
OoMBIHIIIA TOTBIpAK YATiAepi anbiHabl. CeiHamManap
anpriaFad opeiHAap Al, A2, A3, A4 nen GenrineHi.
Al- «llIeivkeHT KOKBIC TOTUTOHBDY ICHIHTI HYKTE,
A2- «IlIpiMkeHT KOKBIC MONMUTOHBI» OPTACHIHIAFBI
Hykre, A3 — «llIpiMmkeHT KOKBIC MOJUTOHBD) Ka-
HbIHAaFel HYKTE, A4- «llsiMkenT Kokpic momauro-
HBD» JKOJI KarachIHJarbl HyKTE (1-cyper).

1-cyper — IlIpivkeHT-K OKBIC TIOIUTOHBL
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A. Axmer xoHe T.0.

3eprTey aaicrepi

IIpIMKEHT KOKBIC MOJHUIOHBI TOIBIPAFbIHBIH
MUKPOOUOJIOTHSAJIBIK, aHAU3IH JKYPTi3yAe, MHUKPO-
OMOJIOTUSUIBIK, TAKCOHOMMSIIIBIK, MUKPOCKOIIUSUIBIK,
(U3UKO-XUMUSUTBIK BJICTEPAIH JOCTYPJIl KOHE 3a-
MaHayH dJicTepi KongaHbuiabl. ChlHaManap ajiblH-
FaH aliMak TomnbIpakTapbIHBIH pH, TemnepaTypachl,
OpHBI OeNTiIeH .

Muxkpobduonoeusnvix sepmmeyinep: MuxpoOuo-
sorusslk 3eprreyiaep MECT 17.4.4.02-2017 ra-
JanTtapbl MEH JKaJIIbIFa OPTaK MHUKPOOHOIOTHUSUIBIK
3epTTey daicrepine cait opsiHaans [18,19]. Muk-
poar3aiiap THICTI CYHBIK KOHE KATThI JJICKTUBTI KO-
PEKTIK opTajiapja ecipiiai. MHUKpOOUOIOTHSIIBIK
ery >kymbictapbinga Kox opicrepi, cupertinm ery,
IIEKTI OH €CeJiK CYHBUITY SJiCTepi KOJNIaHBLIIbI.
Beuninin ansiHFaH MUKpOAF3aap/IblH Ta3a TaKblUIaa-
PBI KUCBIK arapzia ecipiii.

Konmanburran KOPEKTiK opTanapiabl JalbIHaay
MEH MHUKPOOUONOTHSIIBIK, BIIBICTAPABI 3apapchi3-
JaHJBIPY KE3iHJAE 3apapchi3aHAbIpy MIapTTapblHA
colikec OaKTepUOJIOTHAJIBIK ABTOKJIAB KOJIAHBUI-
1wl (CIIT'A-100-1-HH Ne 141). KopekTik opTaHbIH
KOMIIOHEHTTepiH emmen amnyaa BJI-120 NeA009
2007>x. aHATUTUKAJIBIK Tapa3bl KOJAAHBLIIBI, OaK-
TEpUSUIBIK THUTPII aHBIKTAay YIOIH KBapTTaylaH
Kedin anpiaFan kesemi 1 r yarini 100 ma cymen
apaylacThIpbUIbII, IIaikaysiuTa 30 MUHYT apajac-
TBIPBUIIBL. AJIBIHFAH CYCIICH3USIHBI KOPEKTIK OpTa-
JapFa OH €CEeNIK CYMBUITY OAiCIMEH CYWBUITBUIBII
20 mut mpoOMpKaIapra, alr KaTThl KOPEKTIK opTayiap
[Merpu Tabakmanapeiaa eringi. MUKpoar3anapbH
ecipinyi Oargapnamananran Tepmoctarta (TC1/80)
JKYPTi3Uii, OHTalJlaHFaH TeMIlepaTrypara COUKec
5-7 TOyMIKTE JaKbUIIaH]IbI.

Mukpoar3anap/isl ocipy YLIIH KeJeci KOPEKTiK
opTaiap InaiijiaJaHbUIIbl:

Mukpomuyemmep yuiH Yareka KOPEKTiK op-
Tacel, 1JI. IUCTWIIGHTEH CyFa, I/1: caxaposa -30,0
Hemece rioko3a-20,0, NaN0,-2,0, K,HPO,-1,0,
MgS0,x7H,0-0,5, KC1-0,5; FeS0,x7H,0-0,1.

Humpudghuxamopner baxmepusinap yuin Bunor-
PalICKOro KOPEKTIK OpTachl, 1J1. AMCTUIIACHTEH CyFa,
r/n: rmoxo3a-20,0; K.HPO,-1,0; MgS0,%x7H,0-0,5;
CaC03-20,0; MukposneMeHnTTep epitingici-1,0mi.

T'emepompogpmul baxkmepusiapovl ecipy yIIiH
I'PM kopekTik opracel, T\l NaiaalaHbUIIbI, Kypa-
MBI: OaJIbIK YHBIHBIH NMaHKPEATHKAIBIK, THAPOIN3a-
1B -12,0 T, pepmentaruBTi nenTon-12,0 T, NaCl-6,0
r; MuKpoOuonorusuibiK arap 10,0+£2,0 r, naiieramay
omici: 38,5 T yHTaKkTHl 1 JUTp IUCTUIICHIEH CyFa
apajacThIpbUIa/ibl, arap TOJBIFBIMEH epireHie 2
MUHYT KaiHaTBUIBIN, MaKTa-JOKe CY3rici apKbLIbl

cy3ireni, konbamapaa 121-gen 15 MuHyTKa AeiiH
ABTOKJIABIICH 3apapchi3AaHablpbuIajibl. OpTaHbl 45-
50°C neliiH calKbIHAATBUIBIN, CTepuibai [letpu
TabakmiamapeiHa 4-6 MM KeJeMiHIe KYWHbUIaIbI.
Kopexrik opra 37 C temneparypana 40-60 munyT
KOJIEMIHJIC CYBITBUIbIN, KaTasjabl. JlaiibiH OoJiFaH
KOPEKTIK OpTaHbIH TYCi capbl, MOJIip OONbIT Ka-
TaliFaHa, ery KYMBICTaphl Xyprizinmai. OpTaHbIH
KBIIKBUIABIFBL: 25°C Temmneparypa, pH 7,3+0,2 xy-
painbl.

Azomepuxcupneywi  bakmepusniapea  IMOH
KOPEKTIK OpTachl MalbIHAAMAbI: MaHHUT HeMme-
ce rmmoko3a-20,0r; K HPO,-0,2r; NaCl-0,2r;
MgSO,x7H,0 - 0,2r; K-0,1r; CaCO, — 5r; numcr.
cy—1 mutp.

Muxpoaazanapoviy canvin anvikmay. bakre-
PHUSUTBIK THTPJi aHBIKTAY YIIiH KBapTTay dJiCiMEH
yirinep apanactbipbutbin, T:)K 1:1 katbiceinaa 1 T
yirini 90 M cy KyOBIpbIHAH albIHFaH CyMEH apa-
nacTeIpbuIAbl, 30 MUHYT maiiKaysIITa TEPOSTII .
Haiipia Oonran cycrieH3usiHbl 10 ece cyHbuITy 9i-
CIMEH CYHMBUITBUIBIN €TiJIi, MHKpOar3ajap KaTThl
KopekTik opranapra Kox omici apksiis! erimi [20].

Mopgonocusinvis  3epmmeynep: Mukpoarsa-
JapJblH  JAaKbULIBIK-MOP(OJIOTUSIIBIK,  CHIIATTaphI
[lerpu TabakmapbIHIa ©CKEH KOJIOHUSIIAP aPKBLIBI
aHBIKTAIBl. Arap OETiHJEe ©CKEeH KOJOHHUSIAp/IbI
cUnarTay Ke3iHje MillliHi, KeJIJICHeH KUMaChl, KOJIO-
HUS TIeTTepi, KYPhUTBIMBI, TYCi, TUTMEHTTI Tuddy-
3USICHI CHITATTAJI/IBL.

Taxconomusnvix sepmmeynep: Muxpoarsanap-
IBIH TaKCOHOMUSACH «Ormpenenurtens OaxTepuii»
Bepmxu  aHbIKTaFbIIIBl, MUKpoMulieTTep CarToH
AHBIKTAFBIIITApbIHA CYHEHIN xacanbHas! [21,22].

QuauKo-XuMuAIblK, ~ 3epmmeynep:  DIEMeH-
TI KypaMbl aTOM/IbI-aJCOPOIMOHIBI SIC aPKbLIbI
AAnalyst 800 (Perkin-Elmer) cnextpomerpinze
koHe Varian-Pro (Iommanmwst) THIMIUITI *KOFapbI
CYMBIK XpOMOTOrpadbIHIa aHBIKTAJIIbI. X UMHSIIBIK
Kypambl HK-gypve crnekTpooTOMETpiHAE KOHE
Varian-820 MS (ABcTpayids) CHEKTPOMETPHUSIIBIK
JECTEKIMSIMEH MHYKTHBTI OalIaHbICKAH I1a3Malibl
Macc-CIeKTpOMETpiHze Kyprizinai [23-25].

[IemMkenT- Kokpic momumronsHbiH Al, A2,
A3, A4 wuykresepiHAeri TOMbIPAK KACHETTEPiHIH
KBIIIKBUI-HET13/1i  OalaHCBIHBIH  KOPCETKIITepi
3epTTEIII.

Cmamucmuransiy manoayiap mMmeH mamemamu-
Kanvlx onoeynep: Dkcnepumentrep 0,95> P> 0,80
JEHTefiHIe CTAaHMAPTThl ayBITKYIbl €CenTel OThI-
pein, Oec per KaiTtanaymeH oTkizimai. CtaTucTHKa-
neiK, exyiey «Pentium-1V» JIK-ne Microsoft Excel
CTAaTUCTUKAJIBIK OaFmapiiaMajblK TaKeTiH maigana-
HY apKbUIBI XKYpri3inmi [26].
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3epTTey HOTHKeIePi MeH 0J1apAbl TAJIAAY

L piMkeHT-KOKBIC TOIUTOHBI aiMaFbIHBIH (H-
TOOMOLIEHO3IbIK, 3000MOLEHO3/BIK KOHE MHUKPO-
OMOIICHO3 AP ABIH PKOJIOTHSUTBIK, JKaFaiibl OaraiaH-
JIbl, MOHUTOPHHTTIK 3epPTTEYJIep JKYPTri3iii.

«I1IpiMKeHT-KOKBIC» TOJIUTOHBI TOMBIPAFBIHBIH
MHKPOOMOMIIBIK, KYPBUTBIMBIH T€TepOTPOdTHI Oak-
Tepusiap, OHBIH IIIHAE a30THUKCUpIICYI OaKTe-
pusiiap, HUTpUQUUUPIEYILi, ASHUTPUPHULIUPICYIL]
OakTepusuIap, DSHAOOAKTEPHSIIAp, MHKPOMUIIETTI
3€H CaHbBIpayKyJaKTap, ambITKbUIAp KYPaWTBIHBI
Oenrimi Oonabl. KOKbIC MOJMIOHBI TEPPUTOPHUSICHI

alfHaJachbIHAH aJbIHFAH TOIBIPAK YJITUIEPiHIH MHUK-
podropanbIk KypamblH 3epTTey HOTIKeciHne Al,
A2, A3, A4 TombIpak YiIriIepinae MUKPOMHLIETTED,
ACKOMHUILETTEp MEH TeTepoTpOodThl OakTepusiap
JKOHE DSHTEpoOaKTeprmsuiap 0achiM Kenmi. MuKpo-
munerrepaes Mucorales, Aspergillus, Fusarium,
Candida TybICBIHBIH OKiNAEP]1 KON Ke3[eCTi, COHbI-
MEH KaTap reTepoTpodTsl OaKTepusIap, OHBIH iMIiH-
ne Hutpudunmpieymi oakrepusiapaan Nitrospira
oKinepi, a30TUKCUpIIeyI OaKTepHsIap KoHe H-
TepoOaKkTepusyIap Ke3IeCTi.

MUKpOOHOIOTHUSIIBIK TAAY THTPiHIH HOTHIKE-
nepi 1-kecrene KOpCeTiareH.

1-kecte — «lIpiMreHT-K0KBIC MOnuronsn XILC TeHiperiHiH MUKPOOHOIOTHAIBIK KYpaMbl

Muxpoar3anapasiy TuTpi, KTh xm\mn
No ChlHamanap ajablHFaH e "
° o emepompodmul
aifiMaxTa]
p Mukpomuyemmep baxmepuntap Humpudghuxamopnap Azamoghuxamopn
Al
0-10 cm (2,340.2)x10° (2,5+0.2)x10? (1,8+0.2)x10? -
1 10-20 cm (5,70,5)x10° (5,7£0,5)x10° (5,7£0,5)x10° (5,7+0,5)x10°
20-30 cm (7,3£0,7)x107 (5,7£0,5)x10° (6,8+0,6)x10° (3,3£0,3)x10*
30-40 cm (6,7+0,6)x10* (4,4+0,4)x10° (6,5+0,6)x10° (2,3£0,2)x10?
A2
0-10 cm (2,3£0.2)x10° (2,3£0.2)x10° (2,3£0.2)x10° (2,3+0.2)x10°
2 10-20 cm (6,5+0,6)x10° (5,740,5)x107 (5,240,5)x10° (4,5+0,5)x10*
20-30 cm (7,1£0,7)x10° (8,340,8)x10° (6,340,6)x10° (7,3+0,7)x107
30-40 cm (5,340,5)x10° (3,740,3)x10* (1,940,1)x10? (6,5+0,6)x108
A3
0-10 cm (2,340.2)x10° (2,3+0.2)x10° (2,3+0.2)x10° (2,3£0.2)x10°
3 10-20 cm (5,740,5)x10° (5,7+0,5)x107 (6,3+0,6)x10% (5,7£0,5)x10°
20-30 cm (7,9+0,7)x10° (7,3+0,7)x10° (4,7+£0,4)x107 (7,4+0,7)x107
30-40 cm (3,740,3)x10? (3,3+0,3)x10? (3,5+0,3)x10? (4,2+0,3)x10°
A4
0-10 cm (2,3£0.2)x10° (2,3£0.2)x10° (2,3£0.2)x10° -
4 10-20 cm (5,6+0,5)x10° (5,6+0,5)x107 (5,840,5)x10° (2,3+0.2)x10°
20-30 cm (7,7£0,7)x10° (7,34£0,7)x10° (7,940,7)x107 (4,5+0,4)x108
30-40 cm (1,6+0,1)x10° (1,240,1)x10° (1,740,1)x10° (1,3+0,1)x10?
-ecreni

KoKbIC HONUTOHBI allHANAaChIHAH aJIbIHFaH TO-
IBIPAaK ChIHAMaJIapblHAH 3€PTTEJreH TONTAPIbIH
MuKpoar3anapbiHblH THTPi 1-10 KTB\r meme-
pinge ke3gecti. TomblpakTa Ke3geceTiH MUK-
poar3ayiapAblH TUTPI TONBIPAKTHIH KOJACHEH XKa-
3pIKTapbiHAa 10° Ki/Mil TUTP MeJIIepiH Kypaibl,
MUKpoOa¥r3aiapblH KOFaphl TUTPi ocipece A3, A4
HYKTEJICpIHEH ajbIHFaH TOMBIpaK YJITUIepiHIe
aHbIKTabl. TONBIPaKThIH OapJblK YJITLICpiH/e
10-20 cm xoHe 20-30 cM TepeHIIKTE MHUKPOAF-
3aJapablH JKOFaphl KOPCETKIMmTepi Ke3mecTi, Oy
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TONBIPAKTBIH KOJIACHEH jKa3bIKTapblHAa MUKPOAF-
3ajap YIIiH OHTAHIIbI )KaFaaitnap, oTTeri OamaHChl
MEH JKCTKUIIKTI MeJIIePAeri bUIFAJIIBUIBIK, I'a3-
-aya, OMOTEHIIK 3JEMEHTTEePIiH alMacy pexuMi
KOJIaibl OONFAaHIBIFBIH KopceTedi. TombIpak Te-
PEeHAITT TOPU30HTTApPbI OETiHAETi MUKpOaF3anap-
IBIH a3 Meduepi acipece 0-5 cm Oonnbl, Oya KYH
COyJIeCiHIH OaKTEPHITUATIK OCEPIMEH KOHE Kl
9pO3usICHl (HaKTOPBIHBIH KENTIPYMEH TYCIHAIPIIII.
0-5 cM TepeHAiIKTE MUKpOar3aiapAblH OOIMaybl
HEeMece CUPEK Ke3amecyi MUKpohIopaHbIH JaMybl-



A. Axmer xoHe T.0.

Ha BIKNJI eTHEHTIH QU3nKa-XUMUSIIBIK, QaKTop-
JApABIH TYTacC KelleHIMeH OaiIaHbICTHI AT caHa-
nanpl. TombIpakTarsl MEKpOAF3alapiblH KypaMbl
JKBUT ME3TUTiHE OalJIaHBICTHI ©3repeli: oJiap Ke-
OiHece KOKTEMHIH asFbIH/A KOHE XKa3blH OachlH-
Jla, COHAA — aK Ky3/e, €H a3bl KbICTa Ke3/1ece/Ii.
Mukpoar3anapJblH OpTYpi GU3HOTOTUSIIBIK TOTI-
TapbIHBIH 20 TYBICH ipiKTENiN, OOJIHIT aTbIHIIbL.
KoOKBIC KMHAKTaJIFaH TMOJUTOH aifHaiachl TOIbI-
paFBIHBIH MUKPOQIIOpANIBIK KYpambl reTepoTpod-
THI OakTepusiapaan Bacillus TybICBIHBIH TYpIepi
KOIl Ke3JecTi, COHbIMEH Katap Brevibacterium
sp.,  Pseudomonas sp., Micrococcus  sp,

E.coli

Bacillus sp.

Rodococcus sp., Enterobacteriaceae TYbICBIHBIH
exinaepi Salmonella, Klebsiella, Streptococcus.
Staphylococcus, MUKPOCKOTHSIJIBIK CaHBIPAYKY-
nakrapnan Mucorales, Aspergillus, Fusarium
xoHe Candida TybICTapbIHBIH OKIJAEPI KE3AECTI.

Kana TypFeIHIapBIHBIH TACTaWTBIH KOKBIC KOH-
TeiiHepiiepi aifHaIaChIHBIH MUKpOaF3aiapblHaH Oa-
CBIMIIBIK, Aspergillus TyBICBIHBIH OKiIAEpi OOIIbI,
oJlaH KeiH Fusarium sp. sxoue Penicillium sp. exii-
nepi 17-48% apanbirbiHia OOJIbL.

Op TYpAl HYKTeJepAeH OeliHin anblHFaH rere-
pOTPOdTHI GakTepUsIIApIbIH KOJTOHHSIAPHI (2,3-cy-
pertep)
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Monococcus sp

2-cypet — 10-20 cM TepeH/iKTeH OOIiHiIl aJbIHFaH reTepoTpOdThl OaKTepHUsIaAP/IbIH KOJIOHHSIIAPHI

TYPMBICTBIK KaJIBIKTAp IOJUTOHBIH TOIBIpa-
FBI MHKpPO(DIOPACBIHBIH TYPIIK Kypambl OHTYCTIK
OHIPIHIETI TEXHOI'CH I KAJABIKTAPIbIH MUKPO]IIO-
PACBIHBIH TYPJIK KypaMblHaH aHbIPMAIIBUIBIK Ka-
ThIHAChI Oalkaiael [27-29]. Ocipece Al xoHe A2
HYKTEJIEpiHJe NaTOreHIiK MHKpoar3anapiblH Oa-
CBIM TYpJepiHeH Fusarium sp. xoue Aspergillus sp,
COHJIali-aK HUTpHU(UKAIMSIIAY Bl OaKTEPHSLIAP IbIH
OipiHIi (aszackHbIH OakTepusiapsl Nitrosomonas,
a3zoTdukcupeyi OaKTepusuIapablH caHbl A3 jxoHe
A4 yarinepinge, a3 Mesep/e Al yariiep/e TadbLI-
Ibl. A2 yAri KOMMYHQJIIBIK-TYPMBICTBIK, KOHE Mal
KJIIBIKTapBIMEH JIACTAaHFaH TOMBIPAK JKOXKYiie-
nepinae Fusarium TYBICBIHBIH OKUIACP] TOMUHAHT

00JBIT TAOBUIBI, OakTepusnapaan Escherichia coli
(E. coli), Streptococcus sp., Staphylococcus sp. A2
HYKTeNepiHae Ken Kes3necTi, onapabiH TuTpi 107
KTB\mn kypanst. ['erepoTpodTsl OakTepusiap, SH-
no0akTepusiap MEH MHUKPOMHUIICTTEPAIH JKOFaphl
tatpi Al xoHe A2, A3 ynrinepinge 10% —gen 10°
KI\MJI-Te JieiiiH aHnbIKTanasl. Al— A4 ynrinepi yria
tutp 10%-man 10° k1\Mi-re geitin, 6aKpliay cChiHaMa-
aapbl 10° ka\mut Kypansl. Tepenaikke OailiaHbICThI
MUKpOAaF3aiap CaHbIHBIH a3af0bl MEKTEYIIT (PaKTop-
Jap/bIH OCEPIiHIH KOFapbUIaybIMCH OaiIaHbICTHI:
raz-aya peXHMiHiH Hallapiaybl, TeMIepaTypa MEH
BUIFAJIBUTBIK, JIEHT€WiHIH TOMEHJeYyiMeH TYCIHLIi-
pinai. KeiiGip Oakrepusiiap/ibiH 00JIMaybl TOMBIPAK,

61



((H_ILIMKGHT-KOKLIC)) TYPMBICTBIK KQJIABIKTAP MOJIUTOHBIHBIH MI/IKpO6I/IOMaCI>IH 3€PTTCY TCHACHIUACHI

KAQJIBIHJIBIFBI, TAOWFU IKaFJaiylapJIblH MHKpPOOUO- Al1-A2  wHyKTenepiHIAE  MHKPOMHIICTTEP/ICH
JIOTHSUIBIK, TIPOLIECTEP] )KYPMEHUTIHAIrIH Kepcereni,  Aspergillus TybICbIHBIH ©Kinaepi (4-cyper), COH-
oyn1 pH 6,5-6,8 oinci3 cinTini KepceTKiluTepiMeH  Jai-ak (uTomaroreHai MUKpOMULETTep Fusarium
pacTanaisl. sp.(5-cyper) kel Ke3/ecTi.

Staphylococcus sp Bacillus sp. Microccus sp

3-cypet — Optypui HykTenepaiy 20-30 cM TepeHIiKTeH OeIiHIT albIHFaH OaKTepusiap

4-cypet — Aspergillus TybICBIHBIH OKiIIEP1
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T

5-cyper — Fusarium sp.KOJIOHUsUIAp MEH KJE€TKaJapbl

Koxkpic monurons! aitHanackiHbiH A3-A4 HYK-
tenepingeri TonblpakThiy 10-20 cM TepeHmik xa-
3BIKTApBIHA a30TOUKCHPIICYINT KOHE HHTPU(U-
nupiieyIn OakTepusiap KeH TapajFaHbl OaiiKai bl
(6-cypet). Tomblpak, yariiepiaae azoThuKcupiey-
1ri skoHe HUpTUGUIUpIeynn oakrepusapabiH 10-
20 cM TepeHJIIK Ka3bIKTapbIHJA JKAKChl Tapaiaybl

TONBIPAKTBIH a30T AaWHAJBIMbl YIIIH MaHbI3/IbI
eKeHJIIriH Kepcerei. TombpIpaKkThlH OChI KaOaThIH-
Jla BUTFAJJIBLTBIK,, TEMITEPATyPa )KOHE OPTaHUKAIIBIK,
3aTTapIbIH KETKITIKTI 00TYybl CHSAKTHI (pakTopiap-
JIBIH OHTAMJIBI ©CEPi MEH OJIApbIH OCICeHIUTITiHIH
JKOFapbl 0OJybIHA OAaWIAHBICTHI CKSHIIIH Kepce-
Teml.

Hurpudpnnupneymi 6akrepusiiap

Aszorduxcupneynri 6akTepusap

6-cypet — Oprypni HykrenepaeH 20-30 cM TepeHIIKTe Ke31eCKeH a30TPUKCUPICYIIT
JKOHE HUTPUDUIUPIEYI GaKTepHsnapAbIH KOTOHUSIAPHI
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KOKBIC MOJUTOHBI OPTACBIHAH AJIBIHFAH TOTIBI-
pakK YATUIepiHAC MAaTOTCHII MHKPOMUIIETTED MEH
sHTepobakTepustap TUTpi 10° KI\WMIT Iopexecin
Kypazsl, ocipece Fusarium sp., Candida sp., 6ak-
Tepusiapaan Streptococcus sp., Staphylococcus sp.
T.0. maToreH/ii MUKpoar3ajap TypJiepi Ke3/IeceTiHi
Oenristi 0osmbl. KOKBIC IMOJMTOHBIHBIH TOMBIPAK
YATUIEpiHAEe TATOTeHAI MHUKPOMHIICTTEp MCEH JH-
TepobakTepusiapabiH TUTPi 107 Ki/mMi 1opesxecin-
Jic JKETKCHI, TOMBIPAKTHIH JIACTAHFAH/IBIFBIH JKOHE
OHBIH AKOJIOTHSIIBIK, TYPFBIJIAH KAYINTLUTIriH Kepce-
teai. byn skarmai, ocipece, agaM MeH JKaHyapJap
JICHCAYJIBIFBIHA 3USH KENTIPETiH MaTOTeH]lI MHK-
poopaHu3MIepAiH KenTiriHn Ourmipeni. TomsipakTa
OCBIHJIall MAaTOTeH Il MUKPOAF3aJIapIblH OOy, KO-
KBIC TTOJTUTOHBIHAH aJIBIHFAH TOTBIPAKTHIH CAHUTAP-

-,p.'

C. vulgaris

JIBIK-TUTHCHANBIK, KAFIAalbIHBIH HaIlap CKeHJITiH
KOHE ajaMJap MEH JKOXYHe YIIH KOJOTHSUIBIK
KayiNTUIIK TYFhI3aThIHBIH KepceTeai. MyHnai nac-
TaHFaH afiMaKTap/ia KYMBICTAp KYPri3y Ke3iHfe
KOPFaHbBIC MIapayiapbl MEH CaHHUTApJbIK OaKbLiay
MaHbI3/1bI OOJIBIIT TAOBLIAIBI.

KOKBIC TMONUTOHBI aifHATAChl TOMBIPAFBIHBIH
MUKPOOTBIK, OMYJISIIIUSACHIH AKTHHOMUIIETTEP, MUK-
pOMHUILIETTEP, TeTepOTPOdThl OakTepusIapan Oac-
Ka, OanapIpiap, KapanabIMIbpUIAp Kypaasl. MUKpO-
OanapIpnapaad Oip jKacymianbl Kachkul OaabIpiIap
Chlorella vulgaris, Scenedesmus sp., KOK- 5KachbLl
Oanapipnapaan Anabene 1.0. Ke3/IECETiHI aHBIKTAN-
1wl (7-cypet). ConbiMeH katap llIsiMkenT-KoKbIC
MOJIMTOHBI TOIBIPAK, KYpaMbIHa MUKPOOAJIbIpIIAp,
KapamaibIMIBUIApMEH KaTap, KypTTap Oailkamnsl.

Scenedesmus sp.,

7-cypet — I1IpiMkeHT-KOKBIC OJIMTOHBI TONBIPaFBIHAH OOJIIN aJIFaH MUKPOOAabIpIap

[piMkeHT-KOKBIC ~ [TONMIOHBI  TOINBIPAFBI-
HBIH (PU3UKO-XUMUSIIBIK KypaMbIHa JKYPri3iirexn
3epTTey HOTHKEJIEpiHEH MOJUTOH TOMBIPaFbIHBIH
pH 5-6, temneparypacer +21- +25°C apanbIFbiH
Kypambl.

1

Tmm FNeKTRoHHOE K30 GpaeHM:

o

JKyprizinren xumusiiblK, TanpaynapiaaH  Lem-
KEeHT-KOKPBIC TTOJMTOHBIHBIH TOIBIPAFBIHAAFEI  dJIe-
MEHTTIK Kypam/ia KaJiui, MarHui, aTFOMUHINA, HATPHH,
TeMip >keHe (GTOPABIH KOHIeHTparwsuiapsl 21,3%-1an
38,9%-ra neiiin apanbIFbpHIa 006! (8-cyperT).

i 2 4 i
lonHaa wana 46696 uan, Kypeap: 0.000

8-cypeT - ]_HLIMKGHT-KOKLIC TIOJIMTOHBI TOIBIPAFbIHBIH DIIEMEHTTIK KYpaMbl
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By xepceTkimTep MOJUTOH TOMBIPAK, KYpaMbl-
HBIH MUHEPAJJIbl )KOHE XHUMUSUIBIK ePEKIIeIIKTePiH
CUIIATTAll, OHbIH 3KOJIOTHSUIBIK YKaFaaiiapbiH Oara-
JlayFa MaHbI3Jbl MaJIiMeTTep Oepeai. TompIpakTarsl
AIIEMEHTTEP/IIH OCBhIHIal KOHIICHTPAIHSIIAPI OHBIH
KYHapJIBIFBIH, OCIMJIIK ©cipy KaOileTiH >koHe jKaJ-
Bl AKOJIOTHSUTBIK JKaFIali bl aHBIKTAUTBIH (PaKToOp-
Japra acep eTyi MyMKiH. JKypri3iireH seprreynep
HOTHIKECIH/IC MOJIMTOHIAPAAFbl YKOJIOTHSIIBIK, (DaK-
TOpJap MEH MHKpOar3allap/lblH PeJli aHBIKTAJIbI.
byn 3eprreyiep TONMMIOHAAPIBIH JKOJOTHSUIIBIK
JKaFIaiiblH, 8Cipece OpraHUKaJIbIK 3aTTap IbIH bIIbI-
paybl MEH TpaHC(OPMAIUSCHI MPOIECIH TePEHIPEeK
TYCIHyTe MYMKIiHAIK Oepeti.

KopbIThIHABI

HIBIMKEHT KOKBIC MOJHMTOHBIHBIH TOTBIPAFbIH-
JIaFbl  MUKPOOHMOMAJBIK KYPBUIBIMBI AIIBITKBLIAD,
MHKPOMHIIETTEP, TEeTepOTPOPTHI  OakTepusIap,
HUTpUPHUIUPIICYIIi XoHE a30ThUKCUpieym Oak-
TepusIapiad TypaTbiHbl Oenrini 6onael. bynm muk-
poar3anap MOJHMIOHIAFbl OPTaHUKAIBIK, 3aTTaP.IbIH
BIJIBIPAybIHA KAThICA OTBHIPBII, YKOXKYHEHIH Typak-
TBUIBIFBIH CaKTayFa KeMekTeceni. Mukpodiopa Ky-
pameraaarel Bacillus sp., E. coli, Monococcus sp.,
Staphylococcus sp., connaii-ak Aspergillus sp. xoHe

Fusarium sp. MUKPOMHUIIETTEP] MOJIMTOHBIHBIH TO-
MTBIPAFBIHIAFEl 0ACTHI MUKpOAr3anap OOJBI TaOBI-
nanel. Byn Mukpoar3anap e3jepiHiH MeTa0osHKa-
JIBIK, OCJICEHIUTITT apKbLIbl KAIJIBIKTAP/bl OHICYTES
KaTbICaJlbl, COHBIMEH KaTap TOIBIPAKTHIH CAHHTAP-
JIBI-3MHUIEMHUOJIOTHSUTBIK,  KaFIalbIH  JKaKcapTyFa
BIKIIAJI €TEI.

MUKpOOHONOTHSIBIK, ~ aHAIU3AeP, COHIal-aK
MOJIUTOH/IAP/IbIH  CAaHUTAPIIBIK-IKOJIOTUSIIBIK, JKaii-
KYHiH Oaranayra MYMKiHIIK Oepeni, Oysl KayabIK-
TapJIbIH OHIENyl MeH KaiTa eHIeNyiHiH THiMIiTi-
riH apTThipaabl. [10JUrOHAAPIBIH METHOPALUSCHI
MEH PEKYJbTUBAIMACH apKbUIbI KOPIIAFaH OpTara
acepiH TeMmeHjaeTyre Oomanmel, cebedi MHUKpoar-
3ajap/iblH KOMETIMEH OPTaHUKaJIbIK KaJABIKTap-
JIbI DKOJIOTHSUIBIK TYPFBIJIAH Kayilci3 eTy mporieci
Kyprizineni. bym 6arpiTTa KYprizinren 3eprreynep
KaJIJIBIKTapIbl 0aCKapy/IbIH TUIM/II ©/1ICTEPiH, OHBIH
iminae OMopeMeanalMsIHbl KeTiAipyre KoMeKTe-
cemi.

KokpIc ToIMroHgapiarsl TeMIepaTypa, blUIFaj-
IBUIBIK, pH feHreill xoHe OMOXUMHUSUTBIK WHTUOU-
TOPJIAPBIH, OOyl KAJJIBIKTAPJABIH BIABIPAY TPO-
HeciHe eneyii Typae ocep eremi. byn dakropiap
MHUKpOaFr3ajapAblH OeJICeHIUIIrT MEH OJapAbIH Op-
TaHWKAIBIK KAJIJIBIKTapIbl OHICY KaOUIeTiH aHBIK-
TaWabl.

oneduerrep

1. MHHHCTEPCTBO HKOJIOTHH, T€OJOTUH M MPHUPOAHBIX pecypcoB Pecrrybmukn Kazaxcran. (2021). Cocmosnue oxpysrcarouseri
cpeodvl U UCNOIb308aHUe NPUPOOHBIX pecypcos Pecnybnuxku Kazaxcman: HayuonaneHuili 0okaiad. ActaHa.

2. Issayeva, A. U., Pankiewicz, R., & Otarbekova, A. A. (2020). Bioleaching of metals from wastes of phosphoric fertilizers
production. Polish Journal of Environmental Studies, 29(6). https://doi.org/10.15244/pjoes/118319

3. Issayeva, A., Syzdykova, M., Akhmet, A., et al. (2023). Use of Acidithiobacillus ferrooxidans for decontamination of
explosive waste from oil refineries. Journal of Ecological Engineering, 24(7), 1-10.

4. Erur.kz. (2020, October 3). LLIsiMkeHTTE KOKBIC Maceneci Kaman menrineni. Retrieved from https://ernur.kz/aleum

5. Rana, A. K., Thakur, M. K., Saini, A. K., Mokhta, S. K., Moradi, O., Rydzkowski, T., & Thakur, V. K. (2022). Recent
developments in microbial degradation of polypropylene: Integrated approaches towards a sustainable environment. Science of the

Total Environment, 826, 154056.

6. Mohammad, A., et al. (2022). Leachate characteristics: Potential indicators for monitoring various phases of municipal solid
waste decomposition in a bioreactor landfill. Journal of Environmental Management, 309, 114683.
7. Beromkun, A. I'. (2019). Texnuxa u mexnonozus obpawenus ¢ omxooamu xcusneoesmenvrHocmu (Kommiaekr u3 2-x gac-

teit). Ungpa-Umxenepus.

8. Pymakosa, JI. B., benuk, E. C., & Cmtocaps, H. H. (2015). MukpoOuonoruueckas olieHKa CBaJIOYHBIX HOBOOOPA30BaHUH Ha
PEKYIbTUBUPOBAHHBIX CBAJIKAX TBEPIBIX OBITOBBIX OTXOAOB. BecmHuux mexnonrocuueckozo ynugepcumema, 18(13), 230-235.

9. bomsamkuna, M. A. (2022). TenaeHIus U3y4eHUs COCTOSHIS MUKPOOHOMAa B TOYBEHHOM MTOKPOBE HA MOJIMTOHAX TEXHOTCH-
HBIX CBAJIOK. MeocOyHapoOHbill cmydeHuecKull Hayunslil 6ecmHuuk, 6, 1-4.

10. Ulepbuna, E. B. (2005). Hayuno-memoodonrozuueckue 0CHOBbl 2€03KON02UYECKO20 NPOEKMUPOBANUS NOIUSOHOE MEEPObIX
Obimosvix omxo0o6 ([uccepTanus Ha COMCKaHUE KaH/I. cTerneHn). Mockaa.

11. Wang, C., et al. (2022). Bacterial dynamics and functions driven by a novel microbial agent to promote kitchen waste
composting and reduce environmental burden. Journal of Cleaner Production, 337, 130491.

12. Chenebault, C., et al. (2022). Lactic acid production from food waste using a microbial consortium: Focus on key parameters
for process upscaling and fermentation residues valorization. Bioresource Technology, 354, 127230.

13. Saravanan, A., Kumar, P. S., Nhung, T. C., Ramesh, B., Srinivasan, S., & Rangasamy, G. (2022). A review on biological
methodologies in municipal solid waste management and landfilling: Resource and energy recovery. Chemosphere, 136630.

65



«ILIBIMKEHT-KOKBIC) TYPMBICTBIK KaJIABIKTAP MOJIUTOHBIHBIH MI/IKp06I/IOMaCI>IH 3E€PTTCY TCHACHINUACHL

14. Ebrahimian, F., Karimi, K., & Angelidaki, I. (2022). Coproduction of hydrogen, butanol, butanediol, ethanol, and biogas
from the organic fraction of municipal solid waste using bacterial cocultivation followed by anaerobic digestion. Renewable Energy,
194, 552-560.

15. Vila-Costa, M., et al. (2022). Advanced analytical, chemometric, and genomic tools to identify polymer degradation
products and potential microbial consumers in wastewater environments. Chemical Engineering Journal, 442, 136175.

16. Song, L., et al. (2023). Microbial mediation of carbon, nitrogen, and sulfur cycles during solid waste decomposition.
Microbial Ecology, 86(1),311-324.

17. Skariyachan, S., Taskeen, N., Kishore, A. P., & Krishna, B. V. (2022). Recent advances in plastic degradation—From
microbial consortia-based methods to data sciences and computational biology driven approaches. Journal of Hazardous Materials,
426, 128086.

18. TOCT 17.4.4.02-2017. (2018). Oxpana npupoowr (CCOII). [Tousbi. Memoovl ombopa u no02omosku npod 0 XuMu4ecko-
20, 6AKMEPUONIO2UUECKO20, 2eNbMUHMON02UYecKo20 ananuza (¢ [Tonpaexoit). CTaHAapTUHPOPM.

19. I'punkeruy, E. P., u np. (Pen.). (2017). Jlabopamopnwiti npakmuxym no muxpoduosoeuu. Munck: BL Munduna.

20. COB. (1975). Vuuguyuposannvie memoowvl uccied08anus Kauecmsea 600: Memoovl MUKPOOUoLo2uyecko2o ananusa oo (4.
4). Mockaa.

21. Xoyar, Ix., u ap. (Pen.). (1997). Onpedenumenv 6axmepuii bepoocu (T. 1). Mocksa: Mup.

22. Catron, /1., Doteprmni, A., & Punansau, M. (2001). Onpederumens namozennwix u ycio6Ho namozenuvix epu6os. Mock-
Ba: Mup.

23. Shimadzu. (2020, August 15). Amomro-abcopbyuonnas cnekmpockonus: 00beKmvl AHAIU3A, GbINOTHAEMbIE CHIAHOAPMbL.
Retrieved from https://www.shimadzu.ru/SMO/gost/aas

24. Barbara, L. D., & Christine, M. C. (2020, August 15). X-ray Powder Diffraction (XRD). Retrieved from https://serc.carleton.
edu/research_education/geochemsheets/techniques

25. CT PK MCO 17294-2-2006. (2006). Kauecmeso 600bl. [Ipumenenue macc-cnekmpomempuu ¢ UHOUKMUBHO-CEA3AHHOU NA3-
motl (MCII-MC). Acrana.

26. Schabenberger, O., & Pierce, F. J. (2002). Contemporary Statistical Models for the Plant and Soil Sciences. CRC Press.

27. Ucaesa, A. V., [lankuesuy, P., OtapbekoBa, A. A., & Pyouosa, JI. B. (2020). Mukpodiopa pocdopconepxkanux 0TX0a0B
IOxnoro Kasaxcrana. Becmuux KazHY umenu ano-@apabu. Cepusi buonoeus, 1(82), 96-108. https://doi.org/10.26577/eb.2020.v82.
i1.08

28. Ucaesa, A. Y., [Tankuesuy, P., & Otap6ekosa, A. A. (2020). OxTyCTIK OHipiHIET] KypambIHaa Gpochopbl 6ap KaibIKTapbl-
HBIH MUKPOOMOJIOTUSUIBIK aHau3i. o1-Papabu am. Kaz¥V. Xabapwwl. buonozus cepuscol, 3(84), 38-51. https://doi.org/10.26577/
€b.2020.v84.i3.04

29. Akhmet, A., Karimova, S., Zhumadullayeva, A., et al. (2024). Microorganisms of solid waste as an opportunity for waste
disposal and increasing environmental sustainability in the south of Kazakhstan. Journal of Infrastructure, Policy and Development,
8(13), 7880. https://doi.org/10.24294/jipd 7880

References

1. Ministerstvo ekologii, geologii i prirodnykh resursov Respubliki Kazakhstan. (2021). Sostoianie okruzhaiushchei sredy i
ispolzovanie prirodnykh resursov Respubliki Kazakhstan: natsionalnyi doklad [State of the environment and natural resource use in
the Republic of Kazakhstan: National report]. Astana. (In Russian)

2. Issayeva A. U., Pankiewicz R., Otarbekova A. A. (2020). Bioleaching of metals from wastes of phosphoric fertilizers
production. Polish Journal of Environmental Studies, 29(6), 1-8. https://doi.org/10.15244/pjoes/118319

3. Issayeva A., Syzdykova M., Akhmet A., et al. (2023). Use of Acidithiobacillus ferrooxidans for decontamination of
explosive waste from oil refineries. Journal of Ecological Engineering, 24(7), 1-10.

4. Ernur.kz. (2020, October 3). Shymkentte kokys maselesi qashan sheshiledi [When will the waste problem be solved in
Shymkent?]. Retrieved from https://ernur.kz/aleumet/shymkentte-kokys-maselesi-kashan-sheshiledi. (In Kazakh)

5. Rana A. K., Thakur M. K., Saini A. K., Mokhta S. K., Moradi O., Rydzkowski T., Thakur V. K. (2022). Recent
developments in microbial degradation of polypropylene: Integrated approaches towards a sustainable environment. Science of the
Total Environment, 826, 154056.

6. Mohammad A., et al. (2022). Leachate characteristics: Potential indicators for monitoring various phases of municipal solid
waste decomposition in a bioreactor landfill. Journal of Environmental Management, 309, 114683.

7. Vetoshkin A. G. (2019). Tekhnika i tekhnologiia obrashcheniia s otkhodami zhiznedeiatelnosti [ Technology and techniques
for handling waste of human activity]. Infra-Engineering. (In Russian)

8. Rudakova L. V., Belik E. S., Sliusar N. N. (2015). Mikrobiologicheskaia otsenka svalochnykh novoobrazovanii na
rekultivirovannykh svalkakh tverdykh bytovykh otkhodov [Microbiological assessment of landfill formations on reclaimed municipal
solid waste dumps)]. Vestnik tekhnologicheskogo universiteta, 18(13), 230-235. (In Russian)

9. Bodyashkina M. A. (2022). Tendentsiia izucheniia sostoianiia mikrobioma v pochvennom pokrove na poligonakh
tekhnogennykh svalok [Trends in studying the state of the microbiome in the soil cover at industrial landfill sites]. Mezhdunarodnyi
studencheskii nauchnyi vestnik, 6, 1-4. (In Russian)

10. Shcherbina E. V. (2005). Nauchnometodologicheskie osnovy geoekologicheskogo proektirovaniia poligonov tverdykh
bytovykh otkhodov [Scientific and methodological foundations of geoecological design of municipal solid waste landfills] (PhD
thesis). Moscow. (In Russian)

66



A. Axmer xoHe T.0.

11. Wang C., et al. (2022). Bacterial dynamics and functions driven by a novel microbial agent to promote kitchen waste
composting and reduce environmental burden. Journal of Cleaner Production, 337, 130491.

12. Chenebault C., et al. (2022). Lactic acid production from food waste using a microbial consortium: Focus on key parameters
for process upscaling and fermentation residues valorization. Bioresource Technology, 354, 127230.

13. Saravanan A., Kumar P. S., Nhung T. C., Ramesh B., Srinivasan S., Rangasamy G. (2022). A review on biological
methodologies in municipal solid waste management and landfilling: Resource and energy recovery. Chemosphere, 136630.

14. Ebrahimian F., Karimi K., Angelidaki I. (2022). Coproduction of hydrogen, butanol, butanediol, ethanol, and biogas from
the organic fraction of municipal solid waste using bacterial cocultivation followed by anaerobic digestion. Renewable Energy, 194,
552-560.

15. Vila-Costa M., et al. (2022). Advanced analytical, chemometric, and genomic tools to identify polymer degradation products
and potential microbial consumers in wastewater environments. Chemical Engineering Journal, 442, 136175.

16. Song L., et al. (2023). Microbial mediation of carbon, nitrogen, and sulfur cycles during solid waste decomposition.
Microbial Ecology, 86(1), 311-324.

17. Skariyachan S., Taskeen N., Kishore A. P., Krishna B. V. (2022). Recent advances in plastic degradation—From microbial
consortia-based methods to data sciences and computational biology driven approaches. Journal of Hazardous Materials, 426,
128086.

18. GOST 17.4.4.02-2017. (2018). Okhrana prirody (SSOP). Pochvy. Metody otbora i podgotovki prob dlia khimicheskogo,
bakteriologicheskogo, gelmintologicheskogo analiza [Environmental protection (SSOP). Soils. Methods of sampling and preparation
for chemical, bacteriological, and helminthological analysis]. Standartinform. (In Russian)

19. Gritskevich E. R., et al. (Eds.). (2017). Laboratornyi praktikum po mikrobiologii [Laboratory practicum on microbiology].
Minsk: IVC Minfina. (In Russian)

20. SEV. (1975). Unifitsirovannye metody issledovaniia kachestva vod: metody mikrobiologicheskogo analiza vod [Unified
methods for water quality research: Methods of microbiological analysis of water] (Part 4). Moscow. (In Russian)

21. Hoult J., et al. (Eds.). (1997). Opredelitel bakterii Berdzhi [Bergey’s Manual of Determinative Bacteriology] (Vol. 1).
Moscow: Mir. (In Russian)

22. Sutton D., Fothergill A., Rinaldi M. (2001). Opredelitel patogennykh i uslovno-patogennykh gribov [Identification of
pathogenic and opportunistic fungi]. Moscow: Mir. (In Russian)

23. Shimadzu. (2020, August 15). Atomno-absorbtsionnaia spektroskopiia: obekty analiza, vypolniaemye standarty [Atomic
absorption spectroscopy: Analytical objects and standards performed]. Retrieved from https://www.shimadzu.ru/SMO/gost/aas. (In
Russian)

24. Barbara L. D., Christine M. C. (2020, August 15). X-ray Powder Diffraction (XRD). Retrieved from https://serc.carleton.
edu/research_education/geochemsheets/techniques.

25. ST RK ISO 17294-2-2006. (2006). Kachestvo vody. Primeneniie mass-spektrometrii s indikativno-sviazannoi plazmoi
(ISP-MS) [Water quality. Application of mass spectrometry with inductively coupled plasma (ICP-MS)]. Astana. (In Russian)

26. Schabenberger O., Pierce F. J. (2002). Contemporary Statistical Models for the Plant and Soil Sciences. CRC Press.

27. Issayeva A. U., Pankiewicz R., Otarbekova A. A., Rubtsova L. V. (2020). Mikroflora fosforsoderzhashchikh otkhodov
Iuzhnogo Kazakhstana [Microflora of phosphorus-containing wastes of Southern Kazakhstan]. Vestnik KazNU. Seriia Biologiia,
1(82), 96-108. https://doi.org/10.26577/eb.2020.v82.11.08 (In Russian)

28. Issayeva A. U., Pankiewicz R., Otarbekova A. A. (2020). Ontystik enirindegi kuramynda fosfory bar kandyktarynyn
mikrobiologiialyk analizi [Microbiological analysis of phosphorus-containing wastes in the southern region]. 9/-Farabi at. KazNU.
Khabarshy. Biologiia seriiasy, 3(84), 38-51. https://doi.org/10.26577/eb.2020.v84.13.04 (In Kazakh)

29. Akhmet A., Karimova S., Zhumadullayeva A., et al. (2024). Microorganisms of solid waste as an opportunity for waste
disposal and increasing environmental sustainability in the south of Kazakhstan. Journal of Infrastructure, Policy and Development,
8(13), 7880. https://doi.org/10.24294/jipd 7880

Aemopnap mypanvt mojiimemmep:

Axmem Atinazyn — PhD ooxmop, M. Ayezos amvindazvl Oymycmix Kasaxcman ynusepcumeminiy « OHOIpicmix 6uomexHono-
eusiy F33 orcemexui eviivimu koizsmemxepi. (LLlvivkenm, Kazaxcman, e-mail: aina_756@mail.ru)

Ucaesa Axmapan Ymupbexosna — 6.2.0., npogeccop, M. Ayezo6 amvinoazer Oymycmix Kasaxcman ynusepcumeminiy «buo-
mexnonocusy Kageopacwviviy npogeccopwl, Llvimkenm ynusepcumeminiy Folnvimu icmepi 6otivinua npopekmopel, «buonozus
arcone axonoeusy F3U oupexmopeut, ([Llvivmkenm, Kazaxcman, e-mail: akissayeva@mail.ru)

Paxumbepouesa JKanap [llepaxmemosna — PhD doxkmop, doyenm m.a., Lllvivmkenm ynugepcumemi, «lledazozuxa scone ncu-
xonoeusy F3U oupexmopwi, M. Ayezo6 amvinoaevt Oymycmix Kazaxcman ynusepcumeminiy «buonocusy kagheopacuvinviy aza oxvi-
mywpwicol, ([Lvimkenm, Kazaxcman, e-mail:rakhimberdiyeva80@mail.ru)

Apanbaesa Paiixan — I1I. Ecenos amvinoaevl Kacnuii mexHono2usniap jdcone unyicuHupune ynugepcumemi, (Axkmay, Kazaxcman,
e-mail: raihan-14.88@mail.ru )

baiimyrkaweesa L. X. — 11I. Ecenosé amvindazvl Kacnuili mexHono2usnap jdcone uHiICUHupune ynusepcumemi, (Axmay, Kazax-
cmat, e-mail: shynar.baimukasheva@yu.edu.kz )

Typanuesa M. A. — PhD doxmop, M. Ayez06 amvinoazvl Oymymix Kazaxcman ynueepcumeminiy « Buomexnonoeusy xageopa-
coinvly ooyenmi, (Llvivkenm, Kazaxcman, e-mail: nazanovamoldir@mail.ru )

Eprexynosa Kanus Kyoaiikynosna — Oymycmix Kazaxcman Meouyunanvix Axademusmviy “Xumusinoix nonoep, 6uonocus dcone
ouoxumus” kageopacwinviy aza oxvimyuvicyl, (Llvivkenm, Kaszaxeman, e-mail: ekk.33@mail.ru )

67



«ILIBIMKEHT-KOKBIC) TYPMBICTBIK KaJIABIKTAP MOJIUTOHBIHBIH MI/IKp06I/IOMaCI)IH 3E€PTTCY TCHACHINUACHL

Information about the authors:

Akhmet Ainagul — PhD Doctor, Leading Researcher of the Research Institute “Industrial Biotechnology” of the M. Auezov
South Kazakhstan University, (Shymkent, Kazakhstan e-mail: aina_756@mail.ru)

Issayeva Akmaral — Doctor of Biological Sciences, Professor, Professor of the Department of Biotechnology, M. Auezov South
Kazakhstan University, Vice-Rector for Scientific Affairs of Shymkent University, Director of the Research Institute of Biology and
Ecology, (Shymkent, Kazakhstan, e-mail: akissayeva@mail.ru)

Rakhimberdiyeva Zhanar — PhD Doctor, Associate Professor, Shymkent University, Director of the Research Institute of
Pedagogy and Psychology, Senior Lecturer of the Department of Biology, M. Auezov South Kazakhstan University, (Shymkent,
Kazakhstan, e-mail: rakhimberdiyeva80@mail.ru )

Aralbayeva Raihan — Yessenov University (Aktau, Kazakhstan, raihan-14.88@mail.ru )

Baimukasheva Shynar — Yessenov University (Aktau, Kazakhstan, shynar.baimukasheva@yu.edu.kz)

Turalieva Moldir — PhD Doctor, Associate Professor of the Department of Biotechnology of M. Auezov South Kazakhstan
University, (Shymkent, Kazakhstan e-mail: nazanovamoldir@mail.ru)

Yerkekulova Kaliya — Senior lecturer of the Department of ““Chemical Disciplines, Biology

and Biochemistry” of the South Kazakhstan Medical Academy, (Shymkent, Kazakhstan, e-mail: ekk.33@mail.ru )

Kenin mycmi: 24 kazan 2024 scoin
Kabvinoanowi: 10 naypoiz 2025 oscoin

68



ISSN 1563-034X; eISSN 2617-7358 Oxonorus ceprsichl. Nel (82). 2025 https://bulletin-ecology.kaznu.kz

IRSTI 34.31.33; 34.15.25 https://doi.org/10.26577/EJE202582106

G.A. AKkhmetova' — , K. Bolatkhan'"= " A.A. Dauletova'"
A.K. Toktybay' =", A.B. Kakimova'" =", S.K. Sandybayeva'" ",

S.K. Abilev?", B.K. Zayadan'*

'Faculty of Biology and Biotechnology, Al-Farabi Kazakh National University, Almaty, Kazakhstan
2«N.I. Vavilov Institute of General Genetics» RAS, Moscow, Russia
*e-mail: zbolathkan@gmail.com

STUDY OF ALGAE FROM WASTEWATER TREATMENT PLANTS
IN ALMATY AND THEIR ROLE IN BIOMONITORING

This study focuses on investigating the algae of the wastewater treatment plants of Almaty City
and its role in biomonitoring. Algae, including microalgae and cyanobacteria, performs self-purification
functions, regulates biogeochemical cycles, and maintains the balance of substances in ecosystems.
A comprehensive analysis of the composition of algal flora and the dynamics of microbial community
abundance was conducted in the sedimentation tank after mechanical treatment, the wastewater chan-
nel after biological treatment, the wastewater divider, and the Sorbulak Storage Lake. A comprehensive
analysis of the composition and dynamics of the algae was conducted in the sedimentation tank after
mechanical treatment, the wastewater channel after biological treatment, the wastewater divider, and
the Sorbulak Storage Lake. The key role of algae in biological treatment and biomonitoring processes
was established. The variation in species composition aligns with pollution levels: cyanobacteria prevail
in regions with elevated organic contamination, whereas green algae and diatoms become more promi-
nent as pollution diminishes. Bacteriological indicators demonstrate the effectiveness of the treatment,
showing a sequential reduction in the number of microorganisms at each stage of the process. Analysis
of the saprobity index revealed a gradual decrease in organic pollution, transitioning from polysaprobic
conditions in the sedimentation tank to significant water quality improvement in the Sorbulak Storage
Lake. The results of the study confirm active processes of biological self-purification and stabilization of
biological balance at the final stages of purification of the wastewater treatment plants of Almaty.

Key words: algae, biomonitoring, wastewater, bioindication, microalgae indicators of saprobity.
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AAMAaTbI Ta3apTy KOHABIPFbIAAPbIHbIH, aFbIHAbI CYAAPbIHbIH,
aAbrodpAOpachbiH 3epTTey XKoHe OAAPAbIH, OMOMOHUTOPUHITErT POAI

byA 3epTTey AAMaThbl KaAacbl Ta3apTy KOHAbIPFbIAAPbIHbIH, aFbIHAbI CYA@pbIHAAFbl aAbroAopa-
Hbl >KOHE OHbIH GMOMOHMTOPUHITErT POAIH 3epTTeyre apHaAraH. AAbrodAOpa, COHbIH, ilLIHAE MUKPO-
GarAbIpAAP MeH LiMaHobakTepusAap, 3KOXKYMEAEPAE ©3iH-63i Ta3apTy, GMOreOXMMMSIAbIK, LIMKAAEPAI
peTTey >KoHe 3aTTapAblH Tene-TEHAITH cakTay KbI3MeTTepiH aTKapaAbl. MexaHMKaAbIK, TadaAayAaH
KEMIHr TYHABIPFBILITA, OMOAOTUSIAbIK, Ta3aAayAaH KEMiHTi aFbIHAbI CyAa, cybeariuTe sxoHe Copbyaak,
CY KOMMacbIHAQ aAbrohAOpa KypambiHbIH, KELLEHAT TaAAAYbl MEH MUKPOOTBIK, KAybIMAACTbIK, CAaHbIHbIH
AMHAMMKAChI 3€pTTEAAi. AAbrOAOPaHbIH BMOAOIMSABIK, Ta3apTy >KoHe BMOMOHUTOPUHT NMPOLECTEPiH-
A€ri Heri3ri peAi aHbIKTaAAbl. TYPAIK KypamblHbIH AMHAMMKAChI AACTaHy AEHreniMeH Tbifbi3 6alAaHbIC-
Thl: OPraHMKaAbIK, 3aTTap >KOfapbl aiMakTapAa UmaHobakTepmsiAap 6acbiM, aA AaCTaHy asaiFaH canblH
>KaCbIA XKOHE AMATOMAbI GaAAbIpAap apTa 6acTamAbl. Ta3apTy Ke3eHAEPIiHIH eTyiHe Kapar MUKPOOp-
raHnM3MAEp CaHbl BIPTIHAEN a3asiTbiHbl aHbIKTaAAbI, OYA 6aKTEPUOAOIMSAbIK Ta3apTy MPOLECIHIH THiM-
AlAiriMeH aoreasereai. CanpobTbiK, MHAEKCIH TaaAdy 6apbiCbIHAQ OPraHMKaAbIK, AACTaHy AEHremriHiH
TOMEHAEYI aHbIKTaAAbl, TYHAbIPFbILITA MOAMCANPOOBTHLIK, >KaFaaaap 6acbiM 60Aca, CopOyAaak Cy Koit-
MacbIHAQ Cy CanacbIiHbIH alTapAbIKTal >kakcapybl 0ankaAbl. 3epTTey HoTuxXeAepi AAMaTbl KaAaCbIHbIH
Ta3apTy KOHAbIPFbIAGPbIHbIH, Ta3apTYAbIH COHFbl KE3€HAEPIHAE OMOAOTUSIAbIK, ©3iH-63i Ta3apTyAblH
>koHe BMOAOIMSIABIK TEMe-TEHAIKTI TypakTaHAbIPYAbIH GEACEHA] MpoLeCcTepiH pacTanAbl.

Ty#in cesaep: arbrohaopa, GUOMOHMTOPUMHT, aFbIHABI CyAap, BUOMHAMKALMS, CanpOOTbIK, MHAM-
KaTop-MMKPODOAAABIPAAp.
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Study of algae from wastewater treatment plants in Almaty and their role in biomonitoring
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M3yquue a/\bI'OdI)/\Opbl U3 CTOYHbIX BOA OYMUCTHbIX COOPY)KEHMl:i AAMaTtbl
U UX POAb B 6MOMOHMTOpMHl'e

Hacrosilee nccaepoBaHme MOCBSLWEHO M3YUEHMIO aAbrO(AOPbI CTOUYHbIX BOA OUMCTHbBIX COOpY-
XKEHWI ropoAa AAMATbl U €€ POAM B BMOMOHMTOPUHIe. AAbrOAOpPa, BKAIOYAS MMKPOBOAOPOCAM M
uMaHo6aKTeEPHM, BLIMOAHSIET (PYHKLMM CAMOOUMLLIEHUS, PEMYASILIMM GUOr€OXMMMYECKMX LIMKAOB M MOA-
AepykaHus 6araHca BeLLecTB B aKocucTeMax. KOMMAEKCHbIN aHaAM3 cOCTaBa aAbroAOpbl U AMHAMUKK
YUCAEHHOCTU MUKPOBHOTO COOOLLECTBA BbIA MPOBEAEH B OTCTOMHUKE MOCAE MEXAHMUECKOM OUMCTKM,
B CTOYHOM KaHaAe nocae BUOAOrMYECKOM OUMCTKM, B BOAOAEAMTEAE CTOUHbIX BOA M B 03epe-HaKomu-
Tere CopbOyaak. YCTaHOBAEHA KAIOYEBAsi POAb aAbrOIAOPbI B Mpoueccax GMOAOrMUYECKON OUUCTKMU 1
GMOMOHMTOpPMHIa. AMHamMKKa BUAOBOrO COCTaBa CBsi3aHa C YPOBHEM 3arpsi3HEHMS: B 30HaX BbICOKOM
OpraHNYecKoi Harpy3ku NPeobAAAAIOT LIMAHOOAKTEPHM, NMPU CHUXKEHWM 3arpsi3HEHUS BO3PACTaeT AOAS
3eAEHbIX M AMATOMOBbIX BOAOPOCAEN. bakTeproAoriyeckme nokasateAn CBMAETEALCTBYIOT 06 ahpek-
TMBHOCTM OUMCTKM, AEMOHCTPMPYS MOCAEAOBATEABHOE CHUXKEHWE YMCAEHHOCTU MUKPOOPraHM3MOB Ha
Ka>kAOM 3Tare npouecca. AHaAM3 MHAEKCA CanpoBGHOCTH MOKa3aA NMOCAEAOBATEABHOE CHUXKEHME Op-
raHMYecKoro 3arpsisHeHus, OT NMOAMCANPOOHbIX YCAOBMIA B OTCTOMHUKE AO 3HAUMTEABHOTO YAYYLLEHUS
KayecTBa BOAbI B 03epe-HakonuTeae Copbyaak. PesyAabTaTbl MCCAEAOBaAHMS NMOATBEPXKAQIOT aKTUBHbIE
npoLeccbl GUOAOrMYECKOro CaMOOUMLLEHUS M CTabMAM3aUMIo OBMOAOrMUYECKOro PaBHOBECUSI HA MO-

CAEAHMX 3Tarnax OUYMCTKM OUMCTHbIX COOPY>KEHUIA rOpoAA AAMATbI.
KatoueBble cAoBa: aabroparopa, GIOMOHUTOPUHI, CTOYHbIE BOAbI, GBMOMHAMKALLMS, MMKPOBOAOPOC-

AV-MHAMKATOPbI Canpo6HOCTH.

Introduction

The quality of wastewater discharged into res-
ervoirs is a key indicator of the state of ecosystems
and water resources in urbanized areas. Wastewater
treatment, especially from radioactive and organic
pollutants, is a serious environmental problem re-
quiring cost-effective and environmentally safe so-
lutions. In this framework, utilizing microalgae for
wastewater treatment and nutrient recovery aligns
with the principles of circular bioeconomy, which
focus on waste management and ecosystem pres-
ervation. Integrating microalgae cultivation with
wastewater treatment not only enhances water qual-
ity but also generates valuable biomass for further
applications. Due to their ability to bioaccumulate,
biotransformation and adsorption, microalgae are
considered as natural agents capable of reducing
the level of various pollutants, including radioactive
substances [1].

One of the largest artificial reservoirs in Kazakh-
stan and the world are wastewater storage facilities
in Almaty and Almaty region, such as the Sorbulak
Storage Lake and ponds of the Right-Bank Sorbu-
lak Canal (RSC). Sorbulak Storage Lake, located
northwest of Almaty, is a natural enclosed basin
used for the collection, post-treatment and storage
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of wastewater. These reservoirs accumulate signifi-
cant amounts of fresh, but not clean enough water,
which can potentially be used for household needs.
However, pollution of water bodies by wastewater
from wastewater treatment plants requires system-
atic monitoring and assessment of their impact on
aquatic ecosystems [2].

Phototrophic microorganisms grown on waste-
water can serve as raw materials for the production
of liquid fertilizers, biodiesel, glycerin and biogas.
The main indicator of water quality is the specific
and quantitative composition of the biocenosis.
Even minor changes in the species composition of
the biocenosis may indicate contamination of water
bodies, which makes the analysis of aquatic bioce-
noses an important tool for assessing water quality.
The predominance of organisms resistant to certain
types of pollution indicates the presence of relevant
pollutants. Thus, the composition of microalgae is
a key indicator of the productivity of reservoirs and
the state of aquatic ecosystems [3, 4, 5].

Under anthropogenic influence in Almaty, key
indicators of the ecological state of water bodies
include fluctuations in bacterial abundance and the
saprobity index, which reflects the level of organic
pollution. These parameters reflect the ability of
aquatic ecosystems to self-purify. Microalgae and
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cyanobacteria, due to their ability to absorb nutri-
ents and decompose organic compounds, are active-
ly used in the biological purification of reservoirs.
They help to reduce the level of microbiological
contamination and improve water quality. However,
the influence of these organisms on the dynamics
of bacterial abundance and the saprobicity index in
water bodies, such as Sorbulak Storage Lake and the
Almaty sewage treatment plants, requires a more
detailed study.

In this context, investigating the species diversi-
ty of algae in the reservoirs of wastewater treatment
plants in Almaty and their role in biomonitoring is
a relevant research priority. The scientific novelty
of this study lies in the comprehensive assessment
of wastewater quality at Almaty’s treatment facili-
ties and the Sorbulak Storage Lake, along with an
in-depth analysis of algal species diversity and its
significance in biomonitoring.

Materials and Methods

Location of the study and sampling. Water
samples were collected from wastewater treatment
plants in Almaty and the Sorbulak Storage Lake
(43°41°8” N, 76°35°21” E). The pH of the analyzed
samples ranged from neutral to mildly alkaline. Wa-
ter temperature during the sampling period varied
between 15 and 23°C, influenced by seasonal and
climatic factors.

Sampling was conducted using pre-sterilized
1-liter plastic bottles. For microbiological and hy-
drochemical analysis, water samples were filtered
through membrane filters with a pore size of 0.45
microns. The collected samples were transported to
the laboratory and stored at 4°C until further pro-
cessing [6, 7].

Biological mats, concretions, and sediments
were collected using sterile forceps and spatulas,
then transferred into sterile glass containers. For
analyzing planktonic cyanobacteria strains, water
samples were preserved in sterile glass vials and test
tubes. Sampling took place during the spring and au-
tumn seasons of 2023 and 2024.

Water temperature was measured on-site using
a thermometer, while pH values were determined
with a digital pH meter (HM Digital PH-80, USA)

(8].

Species composition determination and bioin-
dication methods. To study the algae, Premere and
Betical light microscopes were used with magnifi-
cation from x40 to x100, with the ability to display
images on a monitor. In each sample, 30-40 visual
fields were analyzed on five specimens. The number
of detected cells was expressed in cells per 1 ml of
water.

The identification of algae species was carried
out both in the native and in the fixed state of cells.
Solutions of formaldehyde (4%) and iodine (Lu-
gol’s solution) were used as fixatives. The species
identification was carried out using modern deter-
minants [9-18].

Indices of species richness and diversity were
used to characterize the species structure of commu-
nities. The state of freshwater ecosystems was as-
sessed by phytoplankton using the Pantle and Bukka
method modified by Sladechka [19-23].

The physico-chemical composition of water, in-
cluding the content of petroleum products, was de-
termined in the Republican Scientific-Industrial and
Informational Center “Kazecology” using the cur-
rent regulatory documents [24-28].

Results and discussions

The wastewater treatment plants are situated
southwest of the village of Japek-Batyr (December
12). Mechanical treatment facilities are positioned
on the right bank, whereas biological treatment
takes place on the left bank, beyond the coastal wa-
ter protection zone. Following the complete cycle of
mechanical and biological purification, the treated
wastewater is discharged into the Sorbulak Storage
Lake. In order to prevent possible emergencies, an
emergency discharge system of treated wastewater
into the Ili River is provided. Additionally, before
being discharged into a water body, the water under-
goes the final stage of post-treatment in biological
ponds (Figure 1).

The results of the study of the physical
and chemical composition of wastewater from
the reservoir system of the Almaty wastewater
treatment plants and the Sorbulak Storage Lake
showed that the concentrations of a number of
substances exceed the maximum permissible
values (Table 1).
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Wastewater divider,
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Figure 1 — Scheme of wastewater treatment plants in Almaty
Table 1 — Physical and chemical composition of wastewater treatment plants in Almaty
Indicators Sediment:ation tank after Wasfcewa!:er channel after Wa;te{water Sorbulak Storage

mechanical treatment biological treatment divider Lake

1 | Temperature (°C) 16 18-20 18-23 18-23

2 |pH 7.0 7.8 7,5 7,2

3 |BOD,, O, mg/dm? 83,4 55,4 38,9 27,1

4 | Oxidation, O, mg/dm’ 23,6 19,1 14,7 9,0

5 | Chloride, mg/dm? 281,52 69,34 42,6 35,66

6 | Sulfate, mg/dm? 86,6 59,6 43,6 18,1
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Continuation of the table

Indicators Sedimentgtion tank after Was.tewaFer channel after Wagtgwater Sorbulak Storage
mechanical treatment biological treatment divider Lake
7 | Ammonia, mg/dm? 29,0 13,6 4,6 1,4
8 | Ammonium nitrogen, mg/dm? 35,2 28,1 12,3 5,0
9 | Nitrite nitrogen, mg/dm? 7,7 1,4 0,3 0,001
10 |Nitrate nitrogen, mg/dm? 13,2 7,8 3,0 2,1
11 |Phosphate, mg/dm? 5,9 3,6 1,7 0,6
12 | Phenol, mg/dm? 0,027 0,017 0,002 -
13 |Iron, mg/dm? 1,32 0,29 0,14 0,11
14 |Lead, mg/dm? 0,0038 0,0032 0,0017 -
15 | Copper, mg/dm? 0,033 0,023 0,021 -
16 |Zinc, mg/dm? 0,043 0,035 0,023 -
17 |Cadmium, mg/dm? 0,00089 0,00074 0,0005 -
18 | Calcium, mg/dm? 59,82 58,71 53,22 50,0
19 | Petroleum products, mg/dm? 3,29 2,77 0,81 0,40

Comparative analysis of the algae from the res-
ervoir system of the Almaty wastewater treatment
plants. We have studied the species diversity of mi-
croalgae — inhabiting the reservoirs from wastewater
treatment plants in Almaty. According to the results
of an algological study, 22 types of microalgae were
identified in the sedimentation tank after mechanical
treatment.

All microalgae develop, forming films on the
walls of the sump. Of the specific types of micro-
algae, 36% are green, 20% are diatoms, 40% are
blue-green, and 4% are euglenic algae (Figure 2).
Blue-green algae, such as Phormidium foveolarum,
Oscillatoria tenius, Oscillatoria irrigua, and Oscil-
latoria willei, dominate among all microalgae. It is
known that species of the Oscillatoria genera are
found in large numbers at the initial stages of waste-
water treatment plants.

56 species of microalgae were identified in
samples of water from the wastewater channel after
biological treatment. Of these, green and diatoms
dominate in terms of species composition (Figure
2). Most often often found species: Ankistrodes-
mus minutissimus, Chlorella vulgaris var. vulgaris,
Coelastrum microporum, Closterium acerosum,
Oocystis crassa, Pediastrum angulosum var. angu-
losum, Pediastrum simplex var. simplex, Scenedes-
mus obliquus var. obliquus, Scenedesmus granula-
tus, Scenedesmus quadricauda var. quadricauda,
Cyclotella kuetzingiana, Cyclotella meneghiniana,
Navicula cryptocephala, Navicula hasta, Nitzschia
frustulum, Nitzschia hantzschiana, Stauroneis an-
ceps, Stauroneis anceps f. gracilis, Synedra ulna,

Synedra pulchella var. lanceolata, Stephanodiscus
hantzschii, Anabaena variabilis, Anabaena con-
stricta, Merismopedia punctata, Merismopedia
glauca, Phormidium foveolarum, Phormidium am-
biguum, Oscillatoria angustissima, Oscillatoria
tenuis, Oscillatoria irrigua, Oscillatoria willei, Spi-
rulina meneghiniana, Euglena viridis, Euglena cau-
data, Euglena satelles, Euglena acus. The studied
reservoirs differ in the species diversity of microal-
gae. Among certain species, diatoms play a leading
role (36%).

A total of 62 species of microalgae have been
identified in the wastewater divider of the Almaty
city wastewater treatment plants, of which 36% are
green, 33% are diatoms, 20% are blue-green, and
11% are euglenic algae (Figure 2). Among certain
types of microalgae, green ones dominate, espe-
cially species of the order Chlorococcales, of which
the most common are Ankistrodesmus minutissi-
mus, Chlorella vulgaris var. vulgaris, Coelastrum
microporum, Pediastrum boryanum var. borya-
num, Pediastrum duplex var. duplex, Scenedesmus
obliquus var. obliquus, as well as the types of
genera Volvocales, Desmidiales. In the order or
Chlamydomonadales most frequently found spe-
cies are Chlamydomonas rubrifila, Chlamydomo-
nas monadina, Chlamydomonas reinhardtii and
from the order Desmidiales — Closterium acerosum.
As can be seen from Figure 2, diatoms occupy the
second place. Of the specific types of microalgae,
21 belong to diatoms. The following species have
been identified from the order Thalassiosirales:
Cyclotella kuetzingiana, Cyclotella meneghiniana,
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Stephanodiscus hantzschii; from the order Araph-
idiales — Synedra ulna, Synedra acusfrom the order
Bacillariales and Naviculales — species Achnanthes,
Cymbella, Gomphonema, Hantzschia, Navicula,
Nitzschia, Pinnularia, Stauroneis.

Among the blue-green algae, 12 species have
been identified, of which the dominant ones are
Anabaena flos-aquae f. minor, Anabaena constric-
ta, Phormidium foveolarum. Among the euglenovs
most frequently meet species Euglena satelles. Of
all the specific types of algae, 60% are indicators of
water saprobicity.

At the last stage of the Almaty wastewater
treatment plants, 98 species of microalgae were
identified in the Sorbulak Storage Lake. The great-
est diversity is observed among green algae (45%),
which is typical for polluted aquatic ecosystems
(Figure 2). The main representatives of this de-
partment were such species as: Ankistrodesmus
minutissimus, Ankistrodesmus longissimus var.
longissimus, Ankistrodesmus arcuatus, Actino-
chloris sphaerica, Chlorella vulgaris var. vulgaris,
Chlorella ellipsoidea, Chlamydomonas rubrifilum,
Chlamydomonas elliptica, Chlamydomonas ve-
lata, Chlamydomonas flosculariae, Coelastrum
microporum, Coelastrum sphaericum, Cosmarium
connatum, Closterium acerosum, Closterium acu-
tum, Closterium lanceolatum, Closterium reticu-
latum, Chaetopeltis orbicularis var. orbicularis,
Didymocystis planctonica, Qocystis crassa, Oo-
cystis marssonii, Qocystis solitoria, Pediastrum
integrum, Pediastrum boryanum var. boryanum,
Pediastrum duplex var. duplex, Pediastrum sim-
plex var. simplex, Pediastrum boryanum var. lon-
gicorne, Palmellocystis planctonica, Pleodorina
californica, Palmellopsis gelatinosa, Scenedesmus
granulatus, Scenedesmus quadricauda var. quad-
ricauda, Scenedesmus acuminatus var. bisseriatus,
Scenedesmus obliquus var. obliquus, Scenedesmus
platydiscus, Scourfieldia complanata, Trochiscia
granulata, Volvox aureus, Zygnema sp.

In terms of quantitative composition, diatoms
occupy the second place (Figure 2). Among them,
the leading role is played by species of the Pennato-
phyceae class, and there is also a large species diver-
sity of the genera Navicula, Nitzschia. The species
of the Thalassiosirales order developed in the great-
est number: Cyclotella kuetzingiana, Stephanodis-
cus hantzschii.

Of the certain species in the ecosystem of the
Sorbulak Storage Lake, 20% are blue-green algae.
Representatives of the order Chroococcales are
found among them: Gloeocapsa minor, Microcystis
aeruginosa, Microcystis aeruginosa f. sphaerodicty-
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cides, Microcystis aeruginosa f. flos-aquae, Micro-
cystis aeruginosa f- aeruginosa, Merismopedia glau-
ca. From the order of Nostocales were found species
of Anabaena variabilis, Anabaena flos-aquae f. mi-
nor, Anabaena constricta, as well as representatives
of the order Oscillatoriales: Oscillatoria irrigua,
Oscillatoria brevis, Oscillatoria planctonica, Oscil-
latoria angustissima, Oscillatoria willei, Spirulina
major, Spirulina laxissima, Spirulina meneghini-
ana, Spirulina minima. In addition, euglenic algae
(10 species) were found in the waters of Sorbulak
Storage Lake, which played a secondary role in the
formation of algocenosis. Among them there are rep-
resentatives of the genus Euglena, as well as Strom-
bomonas urceolata and Phacus longicauda. Among
all the studied reservoirs of the Almaty wastewa-
ter treatment plants, the Sorbulak Storage Lake is
distinguished by the greatest species diversity of
algae. There are indicator species of microalgae of
all saprobicity zones, dominated by -mesosaprobic
organisms such as Scenedesmus quadricauda var.
quadricauda, Scenedesmus obliquus var. obliquus,
Pediastrum boryanum var. boryanum, Pediastrum
duplex var. duplex, Microcystis aeruginosa, Mer-
ismopedia glauca. Among a-mesosaprobic organ-
isms, Stephanodiscus hantzschii and Oscillatoria
brevis predominate in number and occurrence.

Thus, we have established that, according to the
systematic position, algae from wastewater treat-
ment plants belong to 112 species and subspecies.

The main part of the algae consists of green,
blue-green, diatom and euglenic algae, while the
species diversity is dominated by green algae (Fig-
ure 3). As shown in Figure 3, 45 species (40%) of
microalgae of the Chlorophyta (green) division, 29
species (26%) of Bacillariophyta (diatoms), 25 spe-
cies (22%) of Cyanophyta (blue-green), 13 species
(12%) of Euglenophyta (euglenic).

Among green algae, the most common are An-
kistrodesmus minutissimus, Qocystis marssonii,
Cosmarium connatum, Pediastrum boryanum var.
boryanum, Scenedesmus obliquus var. obliquus,
Chlorella vulgaris var. vulgaris. Among diatoms
(29 species) most frequently found species are Gom-
phonema augur, Hantzschia amphioxys, Navicula
cryptocephala, Stephanodiscus hantzschii, Stauro-
neis anceps, Cyclotella kuetzingiana. Among the
blue-green reservoirs, most commonly found spe-
cies are Oscillatoria willei, Anabaena flos-aquae f.
minor, Anabaena constricta, Oscillatoria irrigua,
Oscillatoria tenuis, Phormidium foveolarum, Spi-
rulina meneghiniana. Among euglenic algae, fre-
quently meet species are Euglena viridis, Euglena
proxima, and Euglena acus.
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The biological balance of aquatic ecosystems is
maintained by the connections between organisms
and the environment. It is disrupted by harmful ef-
fects, which in turn affects the species composition
of the biocenosis. In sanitary and biological analy-
sis, the main indicator is the quantity and species
composition of the biocenosis.

We conducted a comparative analysis of the
occurrence of microalgae representatives in a sedi-
mentation tank after mechanical treatment, the

wastewater channel after biological treatment, the
wastewater divider, and the Sorbulak Storage Lake.
As can be seen from Figure 2, the species and quan-
titative composition of microalgae in Almaty waste-
water treatment plants increases markedly as the
degree of purification increases.

So, if in the sedimentation tank after mechani-
cal treatment the main part of the algae is represent-
ed by blue-green species, then at the last stages of
cleaning there is an increase in all types of micro-
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algae. For example, the frequency of occurrence of
microalgae, as well as the diversity of their species
composition in the waters of Sorbulak Storage Lake,
is much higher than in the initial purification sites.

Comparative analysis of the microflora from
reservoirs of the Almaty wastewater treatment
plants. One of the consequences of pollution of
aquatic ecosystems is changes in microbial ceno-
ses. The microflora of reservoirs, as the most sig-
nificant and sensitive factor determining biologi-
cal balance, reacts earlier than others to changes
in environmental conditions. Timely and complete
information about these phenomena helps to pre-
vent the impact of water pollution on human health
and the environment. Almost all representatives
of the systematic and physiological groups of bac-
teria that occur in the biosphere are identified in
reservoirs. However, the microflora of reservoirs
is characterized by specificity, which significantly
distinguishes it from those coming from outside. In
clean water bodies, the incoming microflora makes
up an insignificant part of its total amount. With an
increase in the degree of contamination, the intro-
duced microflora can change the quantitative ratio
of microorganisms in the reservoir. In this regard,
all aquatic microorganisms are divided into alloch-
thonous, coming from outside, and autochthonous,
or aquatic, adapted to the ecological conditions of
the reservoir.

The allochthonous microflora of the reservoir is
doomed to die off. However, with prolonged intake
of pollutants that change the ecological balance, the
species composition of the reservoir’s own micro-
flora changes. The autochthonous microflora is di-
vided into 3 groups: strict autotrophs, mixotrophs
and heterotrophs. Autotrophs include microorgan-
isms capable of using carbon dioxide for their en-
ergy needs, heterotrophs need ready-made organic
substances for these purposes, mixotrophs are able
to switch from autotrophic nutrition to heterotro-
phic.

From a hygienic point of view, the allochthonous
group of microorganisms is of the greatest impor-
tance, which may pose a potential epidemic danger
due to the possible presence of pathogenic microor-
ganisms in it. At the same time, the allochthonous
saprophytic microflora consists of a complex of
various physiological groups of bacteria that miner-
alize the organic matter of the reservoir. Depending
on the degree of contamination of the reservoir, the
number of allochthonous bacteria increases.

To identify the risk of epidemic danger in a pol-
luted reservoir, both direct indicators of the presence
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of human infectious agents and indirect indicators
of faecal contamination are used. Among the latter,
representatives of the microflora of human intesti-
nal diseases are more often used. Basically, these
indicators are used in combination with indicators
of the sanitary and hygienic condition of the facility
— general microbial contamination, the presence of
heterotrophs, nitrifiers [29].

L.A.Vinogradova emphasizes that the influence
of pollution factors on the environment can be de-
termined by the reaction of microorganisms to these
pollutants [30]. The initial changes are in the ratio of
microorganisms in the biocenosis. Thus, it has been
established that in reservoirs with a predominance
of organic pollutants, all representatives of the mi-
crobiocenosis, including pathogenic bacteria, are in-
dicators. The number of non-fermenting bacteria of-
ten increases in these conditions. Wastewater rich in
organic substances is a suitable environment for the
development of water microflora. One of the most
important features of natural reservoirs is the vital
activity of aquatic organisms in them — microorgan-
isms, algae, invertebrates and higher aquatic plants,
which have a direct impact on water quality, and the
development of pathogenic microorganisms in them
leads to a sanitary and epidemiological risk. Among
pathogenic microorganisms, salmonella, shigella,
enterobacteria, enteroviruses, etc. are found more
often than others.

Thus, from an ecological point of view, micro-
organisms in wastewater can be divided into two
groups — saprophytic and pathogenic microorgan-
isms.

Various bacteria develop in reservoirs from the
Almaty wastewater treatment plants. In the sedi-
mentation tank after mechanical treatment, the total
number of microorganisms is 1200 thousand cells/
ml, n the wastewater channel after biological treat-
ment — 1000 thousand cells/ml, in the wastewater
divider — 900 thousand cells/ml, in the Sorbulak
Storage Lake — 700 thousand cells/ml. Our deter-
mination of the total number of bacteria revealed
that in polluted aquatic ecosystems, changes in the
number of bacterioplankton occur in parallel with an
increase in the biomass and species composition of
microalgae (Figure 4).

According to the values of the studied indica-
tors, it can be seen that the number of bacterioplank-
ton in the sump is higher compared to other stages
of purification, i.e. a decrease in the number of bac-
terioplankton is accompanied by a gradual increase
in algae biomass and an increase in their species di-
versity (Figure 3).
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Thus, pollution of reservoirs is accompanied by
drastic qualitative and quantitative changes in mi-
crobial cenoses of reservoirs, which are aimed at
leveling and maintaining ecological balance in the
reservoir.

Bioindication in reservoirs from the Almaty
wastewater treatment plants using microalgae. As
is well known, algae serve as the primary produc-
ers of organic matter and oxygen in aquatic ecosys-
tems. In addition to their numerous ecological func-
tions, microalgae play a crucial role in biological
water analysis due to the stenotopic nature of many
species and their high sensitivity to environmental
conditions. The quantitative and qualitative com-
position of microalgae provides a reliable tool for
accurately assessing the overall state of an aquatic
ecosystem [31].

As can be seen from Figure 5, the qualitative
and quantitative composition of microalgae, indeed,
allows us to accurately assess the state of the aquatic
ecosystem as a whole. When a reservoir is polluted,
some forms of microalgae die, while others gain ad-
vantages for their development. As a result of these
events, a change of biocenosis occurs in the contam-
inated area. Depending on the organic pollution of
water bodies, the spectrum of indicator species of
microalgae, which are indicators of water saprobic-
ity, changes. This is due to the fact that the composi-
tion of microalgae depends on the class and amount
of organic substances.

Thus, the sedimentation tank after mechanical
treatment for organic contamination is character-

ized as a polysaprobe zone containing high con-
centrations of unstable organic substances and
products of their anaerobic decomposition, very
low concentrations of oxygen and high concentra-
tions of dissolved carbon dioxide. The main part of
microalgae species are polysaprobionts, of which
Chlorella vulgaris, Oscillatoria willei, Phormidi-
um autumnale, and Oscillatoria brevis are domi-
nant [32]. The saprobic index according to the
Pantle and Bucca method is 4.

According to organic pollution, the wastewater
channel after biological treatment is characterized as
a polysaprobic zone, with a saprobic index of 3.51.

As the purification process progresses, the sap-
robic index of polluted waters increases. Thus, the
composition of the indicator species of microalgae
in the wastewater divider characterizes the reser-
voir as an alpha-mesosaprobe zone of organic pol-
lution, in which aerobic decomposition of organic
substances begins, redox processes occur, resulting
in intensive self-purification of water, and microal-
gae actively participate in it. The main representa-
tives of indicator microalgae in the water separator
are — Closterium acutum, Cosmarium sublatereu-
datum, Navicula radiosa, Merismopedia tenussima,
Oscillatoria angustissima, Euglena caudata, and
Euglena viridis. According to this, the saprobic in-
dex is 2.8. At the final stages of purification, rep-
resentatives of -mesosaprobic microalgae species
are Ankistrodesmus minutissimus, Qocystis crassa,
Nitzschia Hantzschiana, Microcystis aeruginosa, In-
dicator microalgae of oligosaprobic zones are found
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in smaller numbers. — Synedra pulchela, Achnantes
minutissima, Cyclotella Kuetzingiana, Scourfieldia
complanata, the saprobicity index is 2.5. According
to this, the water of the reservoirs under consider-
ation can be attributed to the B-mesosaprobic type
of organic pollution.

The data obtained make it possible to classify
the initial reservoirs from the Almaty wastewater
treatment plants as a polysaprobic zone of organic

Sorbulak Lake

Wastewater
divider

Wastewater
channel

Sedimentation

pollution, the latter as ‘moderately polluted’ accord-
ing to the af3-mesosaprobic type.

This means that the natural process of self-pu-
rification is actively underway in the last stages of
purification.

Thus, as pollution levels decrease and water
quality improves, there is a gradual decrease in sap-
robicity. The saprobic index in the studied samples
varies from 4 to 2.5 (Figure 5).
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3 4 5

Saprobity index

Figure 5 — Saprobity index of the wastewater treatment plants in Almaty

The results of our research indicate that as water
is purified, the quantitative and qualitative composi-
tion of microalgae changes, and a parallel decrease
in the values of key physical and chemical indica-
tors of pollution is observed (Table 1). These data
confirm the role of microalgae in the processes of
natural self-purification of water. In addition, the
massive development of algocenoses indicates the
activity of biological purification, during which mi-
croalgae utilize organic pollutants and participate in
the transformation of biogenic elements.

Conclusion

The study of algae from wastewater treatment
plants revealed gradual changes in the species and
quantitative composition of algae, which is an im-
portant indicator of the state of the aquatic envi-
ronment. The sedimentation tank after mechanical
treatment and the wastewater channel after biologi-
cal treatment are dominated by diatoms and blue-
green algae (Bacillariophyta, Cyanophyta), which
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indicates a high level of eutrophication. During the
purification process, the proportion of green algae
(Chlorophyta) increases, especially in the final Sor-
bulak Storage Lake, which indicates a stabilization
of the ecological state and a decrease in the level of
pollutants.

The study revealed the significant role of mi-
croalgae in the processes of biological wastewater
treatment and biomonitoring from wastewater treat-
ment plants in Almaty and the Sorbulak Storage
Lake. A direct dependence of the dynamics of the
species composition of microalgae and cyanobacte-
ria on the level of anthropogenic load has been es-
tablished: in conditions of high concentration of or-
ganic substances, cyanobacteria dominate, whereas
with a decrease in pollution levels, the abundance of
green and diatoms increases.

The analysis of bacteriological parameters con-
firmed the effectiveness of the purification process-
es: the number of microorganisms gradually de-
creases as the water passes through the purification
stages. In the sedimentation tank after mechanical
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treatment, the total number of bacteria reaches 1200
thousand cells/ml, in the wastewater channel after
biological treatment — 1000 thousand cells/ml, in
the wastewater divider — 900 thousand cells/ml, and
in the final reservoir (Sorbulak Storage Lake) — 700
thousand cells/ml. This confirms the reduction of
sanitary and epidemiological risks and indicates the
effectiveness of biological purification processes, as
well as an improvement in the hygienic condition
of water.

The analysis of the saprobic index showed
that as the purification stages go through, the
level of organic pollution decreases significantly,
and the processes of natural self-purification be-
come more active. In the sedimentation tank after
mechanical treatment, the saprobicity level cor-
responds to the polysaprobic zone, and at the fi-
nal stages there is a transition to a-mesosaprobic
and B-mesosaprobic conditions, which indicates
a significant reduction in organic pollution. This
confirms the effectiveness of wastewater treat-
ment plants and the use of microalgae as indica-
tors of water quality. Based on the analysis of the
saprobicity index, it was found that during water
purification there is a consistent decrease in the
level of organic pollution.

Thus, the conducted studies allowed us to es-
tablish the key role of algae in the processes of

biological wastewater treatment and biomonitoring
from wastewater treatment plants in Almaty and the
Sorbulak Storage Lake. It has also been shown that
wastewater treatment plants effectively reduce the
level of pollutants and contribute to the restoration
of the aquatic environment. The study found that
changes in the species structure of algae are closely
related to the level of pollution of aquatic ecosys-
tems. In conditions of high organic load, blue-green
algae (Cyanophyta) predominate, while with a de-
crease in pollution, an increase in the proportion of
green (Chlorophyta) and diatoms (Bacillariophyta)
is observed.
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STUDY OF BERYLLIUM INFLUENCE
ON PSYCHOPHYSIOLOGICAL PARAMETERS
OF HUMAN ORGANISM

il

The leading place in research and forecasting of professional activity is occupied by the problem of
diagnostics of psychophysiological properties of a person. The most typical state of workers engaged in
hazardous production is emotional tension, which affects the efficiency of production activity. Highly
toxic substances, which include beryllium used in beryllium production, can cause psychophysiological
tension and can serve as a basis for acute and chronic emotional stress. The scientific article describes
the influence of production factors on the psychophysiological status of workers of beryllium shop of JSC
‘UMP’ depending on age. The psychophysiological status of workers of the examined groups is distrib-
uted unevenly. The increase in the number of workers with values of high personal anxiety and low rate
of motor activity is mutually conditioned by the work associated with a high degree of emotional ten-
sion. The highest level of reactive and personal anxiety in combination with a low rate of motor activity
is observed in workers of the third group (aged 45-65 years), and is accompanied by an increase in stress
values in the Lusher test and low values of mental efficiency. Inclusion of psychophysiological testing in
the course of professional selection allows to reveal the peculiarities of protective and adaptive reactions
in workers of different age groups.

Key words: beryllium production workers, toxic effect, anxiety level, reactive anxiety, personality
anxiety.
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*e-mail: sanat_kv@mail.ru

bepuAAMIAIH, aaam aF3acbiHbIH, NCMXO(M3UOAOTUSIADIK,
napameTpAepiHe acepiH 3epTTey

Kacibu KbI3METTi 3epTTey MeH 6oAXKayAa XKeTeKLli OPbIHAbI AAAMHbIH, MCMXOMU3MOAOTUSABIK, Ka-
CMeTTepiH AMAarHOCTUKaAay MOCEAeCi anaabl. 3USHAbBI OHAIPICTEPMEH alHAAbICATbIH >KYMbICLLbIAAPAA
>KMi Ke3AECETIH Xaraali — BYA OHAIPICTIK KbI3BMETTIH, TMIMAIAIriHE 8cep eTeTiH SMOLIMOHAAAbBI CTPEecC.
bepuaAnin eHAIpiCiHAE KOAAQHBIAATbIH BEPUAAMI CUSIKTbI YbITTbIABIFbI XKOFapbl 3aTTap NCUXOM3MOAO-
TUSIABIK, LLIMEAEHICTI TYABIPYbl MYMKIH YK8HE YKEAEA KOHE CO3bIAMaAbl SMOLIMOHAAAbBI CTPECCTIH NanAa
60AYbIHa Heri3 60AaAbl. FbIABIMM MaKaAaAQ XKaCbIHA, XKYMbIC ©TiAiHe 6arnAaHbICTbl «<YM3» AK 6epraamii
LEXbl >KYMbICLUBIAAPbIHbIH, MCUXOMU3MOAOTUSIABIK, MOpTEBECiHE BHAIPICTIK (DaKTOPAApPAbIH 8cepi Cu-
natTaAraH. 3epTTEAreH >KYMbIC TOMTapPbIHbIH NMCMXOMU3MOAOTUSIABIK, MopTebeci bipkeaki emec. Xeke
Ma3acCbI3AbIK, AEHIeNi XKoFapbl XXOHE MOTOPAbIK, BEACEHAIAIKTIH TOMEH KapKblHbl 0ap >KYMbICLIbIAGD
CaHbIHbIH, apTybl 3MOLIMOHAAABI LLIMEAEHICTIH >KOFapbl A€HremiMeH GalAaHbICTbl XKyMbICTapra OaiAa-
HbICTbI. PeakTMBTI >koHe XXeKe Mas3acbi3AbIKTbIH €H >KOFapbl AEHreni, MOTOp GEeACEHAIAIriHIH TemeH
KaPKbIHbI YLLIHLLI TOMTaFbl XXyMbICLIbIAAPAA (45-65 Kac apaAbifbiHAAFbI) 6akaAAbl. bya ke3ae Atowep
CblHafbl OOWbIHILA CTPECC MOHAEPIHIH >KOFapblAar, aKbIA-OM >KYMbICKAOIAETIAITIHIH MOHAEpPI TeMeH
60AABI. Kacibu ipikTey KesiHAe NCMXOM3MOAOTUSIABIK, TECTIAGYAI KOCY SPTYPAI >KaCTarbl XKYMbICLLbI-
AapAa KOPFaHbIC-0eMIMAEAY pPeakLMSIAAPbIHbIH €PEKLIIEAIKTEPIH aHbIKTayFa MyMKIHAIK Oepea.

Tyiin cesaep: GEPUAAMIA, YBITTbI 8CEP, Ma3achI3AbIK, AEHIeii, PeakTMBTI Ma3acbI3AbIK, XKEKEe Ma-
3aCbI3AbIK.
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Study of beryllium influence on psychophysiological parameters of human organism
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U3yuyeHne BAUSIHUSI GEpUAAUS
Ha ncuxopusamMoAorMyeckue napaMmeTpbl OpraHM3ma YeAoBeKa

Beaylllee MeCTo B MCCAEAOBAHMSX M MPOrHO3MPOBAHUM MPOECCUOHAABHOM AESTEABHOCTU 3a-
HMMaeT NpPobAeMa AMArHOCTUKM NCUXO(U3MOAOTMUECKMX CBOMCTB YeAoBeKa. Y paboumx, 3aHSTbIX Ha
BPEAHbIX MPOU3BOACTBAX, HaMbBOAEE TUMNYHBIM COCTOSIHUEM SIBASIETCS SMOLIMOHAABHOE Harpsi>KeHue,
KOTOpoe OTpakaeTcs Ha 3(pheKTUBHOCTU MPOM3BOACTBEHHOM AESITEAbHOCTU. BbICOKOTOKCMYHbIE Be-
WeCTBa, K KOTOPbIM OTHOCUTCS GEPUAAMIA, UCMIOAb3YEMbIT B GEPUAAMEBOM MPOU3BOACTBE CMOCOOHbI
BbI3BaTb MCUXO(U3UOAOIMUECKYIO HAMPSXKEHHOCTb, U MOTYT CAY>KMT OCHOBOW AASl BO3HMKHOBEHWS
OCTPOro 1 XPOHUYECKOr0 3MOLMOHAAbHOIO CTpecca. B HayuHoM cTaTbe ONMCbIBaeTCs BAUSIHUE NMPOU3-
BOACTBEHHbIX (DAKTOPOB Ha NCUXOU3MOAOIMUECKMIA CTATyC pabounx Gepraresoro texa AO «YM3» B
3aBMCUMMOCTM OT BO3pacTa. [1cuxoduramnoaornyeckmin cratyc paboumnx 06CAeAOBaHHbIX FPyMn pacrnpe-
AEAEH HepaBHOMEPHO. YBeAnUeHue YncAa paboumx co 3HaUEHUSIMU BbICOKOWM AMYHOCTHOM TPEBOXKHO-
CTW U HU3KMM TEMIMOM MOTOPHOM AESITEABHOCTU B3aMMOOOYCAOBAEHO PaBOTOM, CBA3AHHOW C BbICOKOM
CTeneHbl0 3MOLIMOHAABHOIO HarpsikeHus. Hanboaee BbICOKMIA ypOBEHb PEAKTUBHOM M AMYHOCTHOM
TPEBOXHOCTM B COYETAHUM C HU3KUM TEMIOM MOTOPHOM AEITEALHOCTU HabAIDAQeTCs Y paboumx Tpe-
Tbel rpynnbl (B Bo3pacte 45-65 AeT), U COMPOBOXAAETCS C YBEAMUEHMEM 3HAUEHUI CcTpecca Mo TecTy
Aiowiepa, HU3KMMM 3HAYeHUsIMM YMCTBEHHOM paboToCnocobHOCTU. BkaloueHne ncuxodmamonornue-
CKOro TECTUPOBaHUS MpW NPOBeAEHUM NPOMECCUOHAALHOrO 0TOOPA MO3BOASIOT BbISIBUTH OCOOEHHO-

CTV NPOTEKAHMS 3aLUMTHO-NMPUCTIOCOOUTEABHBIX peakUmit y paboumx pa3HOBO3PACTHbIX rpymr.
KatoueBble croBa: paboune 6EpUAAMEBOrO MPOU3BOACTBA, TOKCUMYECKU 3heKT, ypoBeHb Tpe-
BOXXHOCTM, peakTUBHAs TPEBOXXHOCTb, AMUHOCTHAS! TPEBOXKHOCTb.

Introduction

Beryllium is a light grey metal with high strength
but is brittle, especially at low temperatures and in
the presence of impurities. At elevated temperatures
it can be forged and rolled. It is easily permeable
to X-rays, reflects neutrons well, and emits neutrons
when irradiated with a-particles. Owing to its valu-
able physical and chemical properties, it is widely
used in industry. It is widely used in aviation, space
technology, rocket construction, as well as in the nu-
clear industry, the production of X-ray tubes, radio
lamps, and the manufacture of fluorescent composi-
tions [1]. The International Agency for Research on
Cancer (IARC) classifies beryllium as carcinogenic
to humans [2], belongs to the first class of extremely
hazardous substances, which even in small doses
can have toxic effects.

Both beryllium and its salts are very toxic, and
their toxicity depends not only on dispersibility and
solubility, but also on the type of beryllium com-
pound and the way it enters the body [3]. As a rule,
soluble beryllium is highly toxic and insoluble be-
ryllium is less toxic. It is most toxic when ingested
into the blood, then into the respiratory tract, and
least toxic when ingested into the digestive tract and
skin. Beryllium oxide, beryllium fluoride, beryllium
chloride, beryllium sulfate, and beryllium nitrate are
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all toxic, while metallic beryllium is relatively less
toxic. Once beryllium is ingested, insoluble beryl-
lium oxide mainly accumulates in the lungs, which
can lead to chemical bronchitis and pneumonia. Sol-
uble beryllium compounds are mainly stored in the
bones, liver, kidneys and lymph nodes. Beryllium in
lungs and bones can be a carcinogen.

The main source of harmful impact of beryl-
lium in Ust-Kamenogorsk city is Ulba Metallurgi-
cal Plant JSC (UMP JSC), which includes beryllium
production. Beryllium production of UMP JSC is
one of three enterprises in the world that has a full
production cycle from ore concentrate processing to
the production of finished products with specified
quality parameters. The technological scheme de-
veloped at the enterprise allows processing almost
any type of beryllium-containing raw materials [4].
Highly toxic substances used in beryllium produc-
tion can serve as a basis for acute and chronic emo-
tional stress and pathological conditions [5]. Emo-
tional stress is the most typical condition in workers
engaged in hazardous production, which affects the
efficiency of production [6]. When functional sys-
tems are exhausted, professional reliability may
decrease. Therefore, it is important to identify the
signs that reflect psychophysiological adaptation
and resistance to the action of adverse environmen-
tal factors.
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At present, practical medicine has accumulated
experience in studying the influence of harmful in-
dustrial environments on morphophysiological pa-
rameters and psychophysiological state of a person
[7-9]. At the same time in the described literature
there are single works devoted to the study of the
influence of industrial wastes of beryllium produc-
tion on morphofunctional indices of a person. In the
available literature it was not possible to find works
devoted to the influence of beryllium production
conditions on human psychophysiological reac-
tions, which was the reason for this study.

Materials and methods

A total of 139 people working in the beryllium
production shop were examined. The workers were
divided into 3 groups: group I included workers aged
18-30 years (26 persons, 18,7 % (per cent)); group
IT — workers aged 31-44 years (57 persons, 41 %),
group III — workers aged 45-65 years (56 persons,
40,3%). The average duration of work in the shop
is 4,0+0,2 years in group I, 1,4+0,82 in group II,
25,5+1,21 years in group III. The first group served
as a comparison group. The examination was car-
ried out in the morning at the same time in autumn.

Taking into account that workers of Ulba Met-
allurgical Plant (UMP) are exposed to a number of
unfavourable factors of production, such as harm-
fulness of production, shift nature of work, high
demands for work performance, basic psychophysi-
ological functions were investigated.

Indicators of individual-typological features of
the emotional sphere of personality, indicators of
functional state and subjective indicators of well-
being were determined using standard methods of
C.D. Spielberg and Y.I. Khanin, as well as Lusher
[10]. The Spielberger method was used to assess the
level of personality and reactive anxiety as indica-
tors of basic personality characteristics. The method
allows us to find out the level of personal anxiety,
which depends on the character traits of the tested
person, the test is a reliable and informative way of
self-assessment of anxiety levels.

The Lusher colour test is used to study individ-
ual typological features of the human organism, to
reveal the functional state, the degree of adaptability
to various situations. The test in a short time can give
a deep and extensive, and free from the conscious
control of the test subject, characterisation. Cor-
relations of colour diagrams for studying mood at
the moment of examination and personal character-

istics of psychoemotional sphere were considered.
Three parameters were assessed by the correlation
of colours — the level of stress, anxiety and vegeta-
tive balance. This method belongs to non-verbal and
allows individual and group examination within a
short period of time. It demonstrates the connection
between constitutionally inherent properties and the
type of response to environmental influences.

The strength of nervous processes is an indica-
tor of the efficiency of nerve cells and the nervous
system as a whole. A strong nervous system with-
stands a greater load in magnitude and duration than
a weak one. To diagnose the strength of the nervous
system we used the tapping test method [11]. It is
based on determining the dynamics of the maximum
tempo of hand movements. The experiment is car-
ried out sequentially first with the right and then
with the left hand.

Results and discussion

Nowadays it is known that when ecological con-
ditions of human habitat change, there is a change
in psychophysiological properties of a person. The
study of these properties in conditions of ecologi-
cal disadvantage will allow solving the problems of
vocational guidance, forecasting the state of human
performance and individual-psychological proper-
ties of personality. Since the basis of psychophysi-
ological properties of a personality is formed by
individual-typological features of higher nervous
activity, therefore, an important issue in the study
of psychophysiological properties of a person is to
determine the influence of heredity and environment
on the properties of different constitutional levels.

Since the test of C.D. Spielberg and Y.I. Khanin
well reveals the peculiarities of states of the emo-
tional sphere of personality and their changes in
each group, the obtained results show that the level
of reactive anxiety is higher in the workers of the
second group by 35 % (Figure 1).

Moderate level of personal anxiety is noted in
all the surveyed groups, and it is the highest in the
workers of the third group. Analysis of the results
shows that the level of personal anxiety exceeds
reactive anxiety by 25.2%. The dynamics of indi-
cators is characterised by a peak of moderate reac-
tive and personality anxiety. Low reactive anxiety is
most pronounced in workers of the second and third
groups. Indicators of high reactive anxiety differ
insignificantly in the groups. High personal anxiety
prevails in the second and third groups.
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Figure 1 — Reactive anxiety level of beryllium shop workers

Along with the values of low and moderate
anxiety, workers in the second and third groups
have high reactive and personal anxiety, and these
indicators are distributed as follows: in the second

group reactive anxiety is equal to 2.94 %, personal
anxiety — 32.35%. In the third group reactive anxi-
ety is equal to 4.76 %, personal anxiety — 28.5 %
(Table 1).

Table 1 — Indicators of reactive and personality anxiety according to the test C.D. Spielberg and Y.I. Khanin in beryllium shop

workers
Indicators P Age Iglroup e
Reactive Anxiety:

low 2,99+0,39 14,87+2,97 9,99+1,99

moderate 19,01+2,8 40,51+4,10 43,3+4,66
high 4,0+0,81 1,62+0,32 2,71+0,54

Personality Anxiety:

low 3,57+0,6 3,97+0,67 2,79+0,13

moderate 16,04+0,31 34,63+6,68 36,97+0,73
high 6,38+0,1 18,43+3,68 16,24+0,32

High level of anxiety is a predisposing moment
to manifestation of emotional breakdowns leading
to stress. The nature of industrial stress is caused
by many factors, and first of all, undoubtedly, the
influence of unfavourable production conditions.
High level of personal anxiety is caused by changes
in somatic state of human organism and character-
ises personal peculiarities of individual-typologi-
cal properties of personality. Most likely, changes
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in the level of anxiety cause maladaptation in the
psychoemotional sphere, which is reflected in other
psychophysiological reactions and contributes to
changes not only in the psychological state of a per-
son, but also in other morphophysiological indica-
tors, which forms a risk group.

Measurement of stress and balance indicators on
the basis of the Lusher test showed that in the groups
of examined workers of the first group and consti-
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tute 35.3 % of the total number of examined workers
in this group with a gradual decrease in stress data
in the second and third groups. Such changes are
also characteristic of the trait characterising anxiety

with a subsequent decrease in the older age groups
of workers. The character of the balance indicator is
characterised by increasing values with increasing
age (Table 2).

Table 2 — Correlation of stress and balance according to the Lusher test in beryllium shop workers

Age group Stress Anxiety Balance
I 9,17+0,45 8,39+0,41 8,65+0,43
11 13,3+0,66 11,68+0,58 31,8+1,59
111 5,33+0,26 15,96+0,79 34,66+1,73

The highest variability of the trait was observed
in the balance indices in the third group of work-
ers and makes 64.31£7.81. Lusher test in complex
with other methods is currently used to assess the
functional state. Assessment of balance shows good
correlation of this indicator with other studied psy-
chophysiological reactions.

The obtained results show a high percentage of
workers in the first group who are stressed accord-
ing to the Lusher test. The smallest percentage of
workers with low stress values is observed in the

Table 3 — Distribution of indicators by tapping test

third group. The index reflecting the anxiety of the
workers does not differ significantly in all the three
groups examined. ‘Balance’ increases with age, as
evidenced by the values of this indicator in the sec-
ond and third groups.

The assessment of nervous system strength, i.e.
the study of motor activity as a temperament trait,
was recorded using the tapping test and charac-
terised as follows (Table 3). In the first group, the
indicators of typological properties of the nervous
system are unevenly distributed.

Age group Low Medium High
I 8,6+0,43 6,3+0,43 12,610,43
I 25,1311,25 18,43+0,55 13,4010,40
111 31,9910,95 18,64+0,54 5,3310,26

The second group is dominated by workers with
a low rate of 44.1 per cent followed by a decrease in
the rates i.e. medium rate of 32.35 per cent and high
rate of 23.52 per cent.

In the third group, the highest percentage —
57.14 per cent are workers who can be classified as
the group with low rate of working capacity. The
group with average performance includes 33.3 %, a
small percentage of 9.52 % are workers with a high
rate of performance.

The analysis of the obtained results shows that
in the second and third groups under study the in-
dicators of nervous system strength are distributed
unevenly with the predominance of typological
properties characterising as ‘weak’ type of nervous
system. This index is especially high in the workers
of the third group and amounts to 57.14 % with a de-

crease in the second and first groups. The indicators
of the strength of nervous activity, characterising the
‘average’ type, are characterised by a smaller scatter
of data. The lowest percentage is found in workers
of the first group with some increase in average val-
ues in the second and third groups. As for the indi-
cator of the ‘strong’ type, a significant decrease in
the third group (9.52 per cent) and an increase in the
second (23.52 per cent) and first groups (48.46 per
cent) can be noted.

Conclusion
The following conclusions were made on the
basis of the conducted research: 1) psychophysi-

ological reactions in beryllium shop workers are
characterised by a slight increase in reactive anxiety
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K U3YHEHUIO BUAOBOTO PABHOOBPA3UA
BECEHHEM ®AOPbI OXPAHSIEMbIX TEPPUTOPUU
MAHIUCTAYCKOU OBAACTU

B cTaTbe NMpUBOASITCS pe3yAbTaTbl MOHWUTOPMHIA COBPEMEHHOIO BMAOBOIO COCTaBa BbICLUMX CO-
CYAMCTbIX pacTeHuit 0CO60 OXPaHSIEMbIX MPUPOAHbIX TEPPUTOPUIA, PACMOAOXKEHHDBIX Ha tore MaHrucra-
yckon obAaactn — YcTiopTckoro [ocyAapCTBEHHOrO MPUPOAHOro 3anoBeaHuka UM KeHaepam-KascaH-
CKOM roCyAQpCTBEHHOM 3arnoBEAHOM 30Hbl pecrnyb6AMKAHCKOro 3HauyeHusl. B yacTHOCTM, NMPUBOAMTCS
KapTa OTMEeYeHHbIX B MPOLLECCe MOHUTOPUHIOBbIX UCCAEAOBaHMI 2024 . MECTOHaXOXAeHUI 2 (13 5)
PEeAKMX AASI PErMOHa BUAOB, 3aHeceHHbIX B KpacHyto kHury Pecnybankmn Kasaxcrad (2014) (Euphorbia
sclerocyathium Korov. et Popov, Xylosalsola chiwensis (Popov) Akhani et Roalson (=Salsola chiwensis
Popov) 1 8 (13 40) — BKAOYEHHbIX B KaTtaAor peAKMx M ncyesalowmx BUAOB pacTeHnin MaHrncrayckon
ob6aactn (2006) (Salsola arbusculiformis Drob., Ephedra aurantiaca Takht. et Pachom., Zygophyllum
turcomanicum Fisch. ex Boiss., Haloxylon aphyllum (Minkw.) lljin, H. persicum Bunge, Nitraria schoberi
L., Capparis herbacea Willd., Tulipa sogdiana Bunge). B nepeueHb peAKMX pacTeHuit 06AaCTH MpeA-
AaraeTcsl BHECTU Isatis armena L., BCTpeyvalolwmincs B npeaeAax YCTIOPTCKOro 3arnoBeAHVKa TOAbKO B
ypouuie Korycem, a Takxke AekapCTBeHHbI Bua — Ferula foetida (Bunge) Regel, npouspacratouimit
B neckax BraauHbl KapblHxapblk KeHaepaun-KasicaHckol 3anoBeaHoM 30Hbl. CnMCOK 3arnoBeAHMKa
AOTOAHEH AHTPOMOMUAbHBIM MpPEACTaBUTEAEM cemelicTBa Brassicaceae Burnett. — Olimarabidopsis
pumila (Stephan) Al-Shehbaz, O’Kane & R.A. Price (=Arabidopsis pumila (Stephan) N. Busch). Tak-
K€ MPUBOASITCS PE3yAbTaThl aHaAM3a OMyBAMKOBAHHbIX HAy4HbIX paboT Mo U3y4YeHMio BUAOBOIO CO-
cTaBa (pAOpbl YCTIOPCTKOro 3arnoBeAHMKA APYTMMU aBTOPaMM, MPOBEAEHHbIX 3a MocAeAHue 20 AerT.
B TOoM umcae 06Cy>KAQeTCs BOMPOC O TaKCOHOMUYECKOM 06beme LLIMPOKO PacrpoCTpaHEHHOro BUAA
Phragmites australis (Cav.) Trin. ex Steud. BbiABUraioTCS NPEANOAOKEHUS O MPOU3PACTaHMM Ha TeppU-
TOPUY 3aMOBEAHVKA HEKOTOPbIX BUAOB poaa Allium L.

KAloueBble CAOBa: MOHUTOPUWHT, peAKMe BUAbI, YCTIOPTCKMI 3anoBeatuk, KeHaepAan-KascaHckas
3arnoBeAHas 30Ha.
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Study of species diversity of spring flora
of protected areas of mangistau region

The article presents the results of monitoring of the current species composition of higher vascular
plants of specially protected natural territories located in the south of Mangistau region — Ustyurt State
Nature Reserve and Kenderli-Kayasan state protected area of republican significance. A map of the loca-
tions of 2 (out of 5) rare for the region species listed in the Red Data Book of the Republic of Kazakhstan
(2014) (Euphorbia sclerocyathium Korov. et Popov, Xylosalsola chiwensis (Popov) Akhani et Roalson
(=Salsola chiwensis Popov) and 8 (out of 40) — included in the Catalogue of rare and endangered plant
species of Mangistau region (2006) (Salsola arbusculiformis Drob, Ephedra aurantiaca Takht. et Pachom.,
Zygophyllum turcomanicum Fisch. ex Boiss., Haloxylon aphyllum (Minkw.) Iljin, H. persicum Bunge,
Nitraria schoberi L., Capparis herbacea Willd., Tulipa sogdiana Bunge). Isatis armena L., occurring with-
in the Ustyurt Reserve only in the Kogusem tract, is proposed to be added to the list of rare species of the

90 © 2025 Al-Farabi Kazakh National University


https://orcid.org/0000-0002-3903-6276
https://orcid.org/0000-0001-7315-4033
https://orcid.org/0000-0002-0681-5468
https://orcid.org/0000-0003-3547-3257
https://orcid.org/0000-0001-5032-2065
https://orcid.org/0000-0003-3060-8597
https://orcid.org/0000-0001-8778-5848
https://orcid.org/0000-0002-5144-028X
mailto:abdildanov00@mail.ru
mailto:abdildanov00@mail.ru

I1.B. BecenoBa u 1p.

region, as well as a medicinal species — Ferula foetida (Bunge) Regel, growing in the sands of the Karyn-
zharyk depression of the Kenderli-Kayasan protected area. The list of the Reserve is supplemented with
an anthropophilic representative of the family Brassicaceae Burnett. — Olimarabidopsis pumila (Stephan)
Al-Shehbaz, O’Kane & R.A. Price (= Arabidopsis pumila (Stephan) N. Busch). The results of analyses of
published scientific works on the study of the species composition of the flora of the Ustyurst Reserve
by other authors carried out over the last 20 years are also presented. Among other things, the question
about the taxonomic volume of the widespread species Phragmites australis (Cav.) Trin. ex Steud. It is
suggested that some species of the genus Allium L. grow on the territory of the reserve.
Key words: monitoring, rare species, Ustyurt reserve, Kenderli-Kayasan protected area.
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MaH#bicTay 06AbICHIHBIH, KOPFAAQTbIH ayMaFbIHbIH,
KeKTemri pAopachbl TYp aAyaHAbIFbIH 3epTTey

Makanaaa MaHgbicTay OBAbICbIHbIH OHTYCTIrHAE OpPHAAACKaH epeklie KOPFaAaTbiH TabUFK aymMak-
TapAbIH — YCTIPT MEMAEKETTIK TabUFM KOPbIFbIHbIH XXaHe pecrybAMKaAbIK, MaHbI3bl 6ap KeHaipAi-Kan-
CaK, MEMAEKETTIK KOPbIK, aiMarblHbIH, XXOFapbl CaTblAAFbl OCIMAIKTEPIHIH, Ka3ipri KaFAarbIHAAFbI TYp-
AIK Kypambl MOHUTOPUHTIHIH, HBTUXKEAepi KeATipiAeAi. ATan anTkaHAd, 2024 >KbIAFbI MOHUTOPUHITIK
3epTTeyAep npoueciHae 6eariaeHred Kasakcran Pecrny6AnkacbiHbiH Kbi3blA KiTaOblHA €Hri3iAreH eHip
YLIiH crpek Ke3aeceTiH 2 (5-TeH) TYpAiH OpHaAacKaH epiHiH KapTachl KeATipiaeai (2014) Euphorbia
sclerocyathium Korov. et Popov, Xylosalsola chiwensis (Popov) Akhani et Roalson (=Salsola chiwensis
Popov) >xeHe 8 (40-TaH) — MaHFbICTay OOABICHIHbIH ©CIMAIKTEPAIH CUMPEK KE3AECETIH >KoHe KOMbl-
AbIM 6apa >aTKaH TYPAepiHiH KaTaAorbiHa eHrisiareH (2006) (Salsola arbusculiformis Drob., Ephedra
aurantiaca Takht. et Pachom., Zygophyllum turcomanicum Fisch. ex Boiss., Haloxylon aphyllum
(Minkw.) lljin, H. persicum Bunge, Nitraria schoberi L., Capparis herbacea Willd., Tulipa sogdiana
Bunge). OB6AbICTbIH CMpeK Ke3AECeTiH TypAepiHiH Tid6eciHe YCTIpT KOpbIFbl WeriHAe Tek KaHa Kerycem
LIATKAAbIHAQ Ke3AECeTiH [satis armena L. eHri3y ycblHblAQAbI, COHAQM-aK, ABpPiAiK Ferula foetida (Bunge)
Regel Typi, KeHnaipai-KaricaH Kopblk, aimMarbiHbiH, KapblHXKapbIK, oMnaTbiHbiH KyMAApbiHAQ eceai. Ko-
pbik Ti3iMi Brassicaceae Burnett. TykbiMaacbiHbiH, — Olimarabidopsis pumila (Stephan) Al-Shehbaz,
O’Kane & R.A. Price (=Arabidopsis pumila (Stephan) N. Busch). aHTponogmnAbai 6KiAiMEH TOAbIKTbI-
pbiAAbl. CoHpalt-ak, YCTIPT KOpbIfbl (hAOPAChIHbIH, TYPAIK KypamMblH 6acka aBTopAap CoHfbl 20 XblAAA
JKYPri3reH 3epAeAey XKeHIHAET | KapusiaaHFaH FbIAbIMU XKYMbICTApAbIH TAAAQY HOTUXKEAEPI KEATIpIAeA|.
OHblIH iWwiHAe KeH TapaaraH Phragmites australis (Cav.) Trin. ex Steud TypiHiH TaKCOHOMMSIABIK, KOAEMI
TypaAbl MaCeAe TaAKbIAaHbIM >KaTbip. Kopbik aymarbiHaa Allium L TybICbIHbIH, KEM6ip TYpAEpAiH ecyi
TypaAbl 60AXKAMAAP >KaCaAaAbl.

TyiiH ce3aep: MOHUTOPUHI, CUpPEK Ke3AeCeTiH TypAep, YCTipT KopbiFbl, KeHaipAi-KascaH Kopblk,
arMarbl.

BBenenue

OnHO¥ 13 OCHOBHBIX 3a/1a4 HAYYHOTO METarpo-
ekra PH: BR21882122 «YcroitunBoe pa3BUTHE
MIPUPOTHO-XO3SMCTBEHHBIX U COIMATHHO-DKOHOMH-
YECKUX CHCTeM 3amajHo-KazaxcraHCKOro pernoHa
B KOHTEKCTE 3€JIEHOTO0 POCTa: KOMILJIEKCHBINH aHa-
JIU3, KOHIEMIIHS, TPOTHO3HBIE OIIEHKH U CLIEHAPU
SIBIISIETCS] MHBEHTAPU3alNs BUIOBOTO COCTaBa 00b-
€KTOB pacTuTeNbHOro Mupa 3amnajgHoro Kazaxcrana,
B TOM YHCJI€ TEPPUTOPUU MaHTHCTAyCKOW 00JIaCTH.
B 2024 r. ¢ 1menpi0 MOHUTOPHUHTA COBPEMEHHOTO
COCTOSIHUSI Pa3HOOOpa3usi BBICHIMX COCYIUCTBIX
pacTeHui W, MPeXAe BCETo, PEIKUX IpeACcTaBUTe-
neit ¢aopsl Ha 0c000 OXpaHSIEMBIX TEPPUTOPHUSIX

(OOIIT) aToit obnacTu OBUTH BBHIIOJHEHBI OOTaHU-
YECKHUE U3BICKAHUS.

B Hacrosiee Bpemsi Ha rore MaHrucrayckoin
obmactn Kazaxcrana pacnonoxxeno asa OOIIT, a
UMEHHO YCTIoOpTcKui I'ocynapcTBEHHBIN NPUPO/I-
ueiit 3anoBequuk (I'TI3) n Kennepnu-Kascanckas
rocynapcrBenHast 3anosennas 3oHa (I'33) peciry-
OJIMKaHCKOTO 3HAYCHUSI.

Pacnonoxxennsiit B KapakusHckom paiione
Masnrucrayckoit obmnactu Ycrioprekuii I'TI3 Obut
co3nas B uroisie 1984 r. Ero o0mias niomans cocTas-
asiet 223 342 ra [1]. 3anoBenHUK ObUT CO3[aH s
COXPAHEHUS MyCTHIHHOTO MPUPOIHOIO KOMIUIEKCA
CesepHoro YcTiopTra, B TOM YHCIIE PSAAA PEAKUX BU-
noB daynsl u guopsl. Uto kacaercs Kenaepnu-Ka-
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sicanckoil 1'33, pacnonoxeHHOM B 3amaHON YacTu
YcTIopTCKOTO 3aMoBeHNKa, TO OHA ObIJIa OpraHu-
3oBana B Mapte 2001 r. Ee mmomans — 1 230 290 ra,
4T0 B 5,5 pa3a MpeBhIIacT IUIONIab, COOCTBEHHO,
YceTioprekoro 3amoBearka. Co3/iaHa 3Ta 3armoBe]-
Has 30Ha B IEJIAX COXPAaHEHUS Cpeibl OOUTAHHS U
€CTECTBEHHOT'O BOCIIPOU3BOICTBA IPOQBI-KPACOTKU
1 cokona-OamobaHa.

CBocoOpazrie  BHJOBOrOo  cocraBa  (IIOpHI
YcropTekoro 3amoBenHuKa (pucyHok 1 A) 00-
yCIIaBIUBaeTCsl pasHooOpasueMm penbeda W TOYB
sToro miaro. I[loka3aTeJIbHBIMH OCOOCHHOCTSIMH
reoMop(oJIOTHYECKOT0 CTPOSHUSI HETOCPEICTBEH-
HO TEPPUTOPHH 3aIOBEAHHUKA SBISIOTCS: D0JIOBBIC
(hopmbi penbeda, a TaK)Ke BEIPOBHEHHBIE TITMHUCTHIC

A — Yeroprekuit I'TI3
ypouuiie Onepe

MPOCTPAHCTBA, CyXHE pycia M MHOTOYHCICHHBIC
OeccTodHbIe BIAIMHBI, TPUYEM BEChMa OOIINPHEIE.
3anoBeHUK OXBAaTHIBAET YaCTh 3alaJHOr0 YHMHKA
wIaTo YCTIOPT, a MMEHHO Y3KYIO0 NPUYMHKOBYIO
nosiocy ¥ Kennupiucop. I[Ipu 3Tom camasi BeICOKast
TOYKA 3alIOBEJHMKA HAXOJUTCS B paliOHE KOJOLA
Korycem (+340 M Hax yp. M.), a camast HU3Kasi — B
ceBepHoit yactu Kennepmucopa (-52 m).

Kenpepnu-Kasicanckas 3arnoBeiHast 30Ha BKITIO-
qaeT B ce0st, TOMUMO OonbIneii yacTu BraguHbl Ka-
parue (-132 M HIKE y.M.) U TIPOJIOJDKAIOIINXCS OT
Hee Ha ceBep BhICOKHX (10 200 M) YHMHKOB, TaKXe
BraauHy bacrypunel, ypounmia XKasrypisl (pucyHOK
1 B) u Kyanzsl, a Taxke Kenmepmm-Kasicanckoe
r1aro (¢ neckamu KapbeIHKapbIk).

B — Kenpnepnu-Kascanckuii I'33
ypouute JKa3rypist

Pucynox 1 — OOIIT Manrucrayckoif odnactu

MarepuaJibl 1 METOABI HCCIIEIOBAHMS

Ilpu BBIIOJIHEHWM HCCIENOBAHUM  HCIOJIb-
30BaJICh TakKWe OOTAHWYECKHE METOMABI, Kak:
MapIIpyTHO-PEKOTHOCIIUPOBOYHBIN;  AKOJOTO-CH-
CTEeMaTUYECKHI, 3KOJIOro-reorpaduueckuii; ¢u-
toueHotnueckuii [2]. COop repbapHOoro martepu-
aja OCYLIECTBIUICA IO KIIACCHUYECKOH METOJIHKE
A K.Cxksoprrona [3].

Onpenenenue BUAOBOM MPUHAIJIEKHOCTH pac-
TEHUN MPOBOJUIIOCH HA OCHOBE JIMXOTOMHYECKHX
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KITIo4el guopucTruecknx cBoaok: «Dmopsr Kazax-
cranay [4], «amocTpupOBaHHOTO OMPEACITUTEIS
pactenuit Kazaxcranay [5], «Onpenenurens pacrte-
Huit Cpenneit Azunm» [6]. HomeHkmatypa TakcoHOB
BbiBepeHa 1o POWO [7]. Kaprtel OblIH clienaHsl ¢
nomolpso nporpamMMsl QGIS 3.34.

B 2024 r. Ha TeppuTopuio YCTIOPTCKOTO 3ario-
BeJHMKA (BKIIIOUYAs MPUMBIKAOINTYTO K HeMy Kennep-
m-KasicaHCKy0 3aroBeIHyI0 30HY) OBLIO OCYIIECT-
BJICHO JIBAa OKCIEIWIMOHHBIX BbIE3[a (BECEHHHM
— amnpelib U OCCHHHUN — CEHTS0Pb) (PUCYHOK 2).
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Pucynok 2 — Kapra MecTomonoeHus: Touek 00TaHHIECKOTo 00CIIeI0BaHUS

PesynbTaThl 1 X 00cyKaeHHE

ITockompKy OCHOBHOM 3amadeil OOTAaHWYECKUX
HCCIIEJIOBAHMHI B paMKax MerarpaHra siBjseTcs HH-
BEHTapH3auusi OOTAaHWYECKOro pazHooOpasus, Mo-
CTOJIBKY B TIEPBYIO OYepeab ObUT MPOBEACH aHalIU3
pe3yIbTAaTOB OMYOJIMKOBAHHBIX HAYYHBIX paboT MO
M3yUYCHHIO BUAOBOTO COCTaBa (hI0pbl Y CTIOPTCKOTO
3aroBeTHHKA.

Pesynbrarel u3ydenus: (iopbel Y CTIOPTCKOTO
3armoBeHUKA TpeJCTaBiIeHbl B padorax [1, 8-10].
OcymiecTBisieMoe  MOCIEN0BATEIHbHOE  MOHHTO-
PHHIOBOE 00CiIeJOBaHNE TEPPUTOPUH C MEPUOJIOM
oIy OJIMKOBaHUS PE3yJIbTaTOB B 2-6 JIET MO3BOJIMIO
JIeTanu3npoBaTh (YyTOYHNUTH) BUAOBOM coctaB. Co-
IJIACHO OMyOJNMKOBaHHBIM JMaHHbIM, Ha 2009 rox
¢opa 3amoBenHWKa HacuuThiBaia 267 BUIOB U3
43 cemeticTs, B 2011 TOmy YMCIEHHBIA COCTaB OBLT
npeacTaBieH 325 Bunamu u3 48 CEMEICTB, a yiKe B
nmyOnukarm 2017 roga B ciiucok (propucTuyecKo-
ro cocrasa BkmoueHo 403 Buma u3 51 cemericTra.
Takum 00pa3om, 3a 3TH TOABI PaCIIMPEH TaKCOHO-
MHUECKUH cocTaB (DIOpbI 3alIOBEAHUKA HE TOJIBKO
Ha BHJIOBOM, HO ¥ Ha CEMEHCTBEHHOM YPOBHE.

WHTEepecHO OTMETHUTH, YTO JIJIsi OTICIBHBIX Ce-
MEHCTB MPOU3ONLIN HanOoJiee 3HAYUTEIbHBIE KO-
JIMYECTBCHHBIC U3MEHEHHS BHJIOBOTO cocTaBa. Tak
B Chenopodiaceae uuciio BUAOB H3MEHHUIIOCH C 46
(2009) no 65 (2017); B Asteraceae — ¢ 39 mo 52 BU-
noB; B Brassicaceae — ¢ 33 no 46; B Fabaceae — 17
no 29. Takoe 3HAUUTENBHOE KOJIMYECTBEHHOE W3-
MEHEHHE COCTaBa CEeMEICTB 0OyCIIaBIUBAaETCS pe-
TYJSIPHBIM M II€JICHANPABICHHBIM 00CIICIOBAaHHEM
TEPPUTOPUH 3allOBeIHUKA B TeueHue §-10 neT.

PaccmoTrpum Ha pumepe 2 KPYITHBIX CEMEHCTB
3a CYCT KaKUX BUJIOB IIPOU3OIILIO MOMOJIHEHUE TaK-
COHOMHYECKOTO COCTaBa (PIOPHI.

CorracHo mocaeaHeH myomkamny [ 1] mo cpas-
HCHHUIO C HAdaJbHBIMU Marepuajamu 00cjeoBa-
Hus [8], B coctaB cemeiicTBa Asteraceae mo0aBiie-
HEBI BUIBL: Amberboa nana (Boiss.) 1ljin, Artemisia
kemrudica Krasch., A. santolina Schrenk, Cousinia
prolifera Jaub. et Spach, Echinops ritro Bieb.,
Epilasia mirabilis Lipsch., Jurinea derderioides
C. Winkl, Koelpinia tenuissima Pavl. et Lipsch.,
K. turanica Vass., Lagoseris macrantha (Bunge)
Iljin (Crepis sancta subsp. sancta), Scorzonera
raddeana C. Winkl, S. tuberosa Pall., S. noeanus
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Rupr., Stemmacantha nitida (Fisch.) Dittrich,
Takhtajaniantha pusilla (Pall.) Nasarova. [Tpumaem
pacipeHnre BHJIOBOTO COCTaBa MPOUCXOUT Y PO-
JIOB, YK€ paHee MPUBOUMBIX JIJIsl 3TOU TEPPUTOPHH,
a He 3a CYeT YBEJIMYCHHUS POJIOBOTO KOMILIIEKCA.

Pacmmpenne coctaBa cemeiicTBa Brassicaceae
MIPOMCXOINT 3a CUET BKIIOUeHHUs1 BUI0B: Cryptospora
omissa Botsch., Goldbachia laevigata (Bieb.) DC.,
Litwinowia tenuissima (Pall.) Woronow ex Pavl.,
Matthiola suberba Conti, M. tatarica (Pall.) DC.,
Neotorularia torulosa (Desf.) Hedge et J. Leonard.,
Streptoloma  desertorum  Bunge,  Strigosella
grandiflora (Bunge) Botsch., S. intermedia (C. A.
Mey.) Botsch., S. scorpioides (Bunge) Botsch.,
Syrenia  siliculosa (Bieb.) Andrz., Tauscheria
lasiocarpa Fisch. ex DC., Tetracme quadricornis
(Steph.) Bunge, T recurvata Bunge u np.

st 3TOro cemeicTBa XapakTEpPHO HE TOJIBKO
yBEJIUYEHHE YHCIIa BUIOB, HO U PACIIUPEHHUE CIIH-

cKka posioB (propsl 3anoBeIHUKA. B dncie 60bmmH-
CTBa JI00ABJICHHBIX POJOB MPHCYTCTBYIOT BHIBI,
“MeroIue copHbIi xapaktep (Cryptospora omissa,
Goldbachia laevigata, Litwinowia tenuissima,
Strigosella intermedia, S. scorpioides, Tauscheria
lasiocarpa, Tetracme quadricornis, T. recurvata).

B 9T0ii cBSI3M clemyeT OTMETHTB, YTO B TIPO-
necce SKCHEAMIMOHHBIX uccnenoBaHui 2024 r.
JUIsl  pacCMaTpUBacMON TEPPUTOPUHU  BBISBIICHA
reorpaduieckas HOBUHKa U3 ceM. Brassicaceae —
Olimarabidopsis pumila (Stephan) Al-Shehbaz,
O’Kane & R.A. Price (=Arabidopsis pumila
(Stephan) N. Busch) [11] (pucyHok 4). DTOT BOC-
TOYHO-JIPEBHECPEAM3EMHOMOPCKUIT  Me30-KCepo-
¢utHbI BUA B Tipesenax Kazaxcrana Bcrpedaercs
B OCHOBHOM B TYPaHCKHX IYCTBIHSX, TIOJYITYCThIH-
HBIX PETHOHAX, & TAKXKE B MMyCTBIHHBIX TOPaXx, MPe/I-
ropbsiX M HHU3KOTOpbsix JIKyHrapckoro Ajartay u
xpeotoB Tsup-11ans.

53°54" 55°0"

42°54°

T e e
e

) :D Haloxylon aphyllum
" ¥ Haloxylon persicum
Nitravia schoberi
Zygaphyvllum furcomanicum
- @ Tulipa sogdiana
Euphorbia sclerocyathium
Ephedra aurantiaca
Arabidopsis pumila
Salsola chiwensis
Salsola arbusculiformis
Capparis herbacea
’ Isatis armena

52°48"

53°54' 55°0"

Pucynoxk 3 — Kapra Touex nponspacranus peakux Bunos OOIIT Manrucrayckoit obiacty,
OTMEUYEHHBIX B pe3yibraTe ucciaegopanuii 2004 rona
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HecMmotpst Ha yka3aHHe Ha HaJW4Yue DTOTO aH-
TPOMODHUILHOTO BHIA, OO0JIAMAIONMIETO JTOBOJBHO
IIMPOKUM pacIlpocTpaHeHueMm, Ha Ycrtiopte [12]
B CITMCKU BBICIIUX COCYIUCTBIX PACTCHUN WMEHHO
VYeroprekoro 3amoBeanuka [1] Olimarabidopsis
pumila He onan.

BepHemcs k aHanu3y UCTOpPUM H3ydeHUs (IIo-
psI 3anoBeanka. B 2004 roxy Obin omyOIMKoBaH
KoncnekT ¢iopsl Manrucrayckoi odnactu. Ydu-
TBIBas, 9YTO TEPPUTOPUS Y CTIOPTCKOTO 3aIOBEHUKA
HaXOJUTCSI Ha TEPPUTOPUHU OOJACTH, OBIIO TPOBE-
JICHO COTIOCTABIICHWE HepapXUiyecKoro pacrpese-
JICHUS1 YUCIIEHHOCTH HanOosiee KPYyMHbBIX ceMeicTB
B cocTaBe (IOpBI 00J1acTH U (PIIOPHI 3aITOBETHUKA.
Pe3ynpTaThl CBUAETENBCTBYIOT B LIEJIOM 00 aHao-
TUYHOCTH pacrlpeiesieHUs] Hauboee KPymHbIX TaK-
COHOB IO Mepe YObIBAaHHS WX YHUCICHHOCTH. DTO
kacaercsi cemeiictB: Chenopodiaceae, Asteraceae,
Brassicaceae, Poaceae, Fabaceae, Boraginaceae,
Caryophyllaceae, Scrophulariaceae. OnHako Heko-
TOpOE OTJINYKE OT 00TACTHBIX TIOKa3aTelNei HabIro-
Jaetcs Bo (iope 3amoBegHuKa 1o ceM. Fabaceae. B
cocraBe (IIOpHI 3aMIOBETHHKA 3TO CEMEHCTBO mepe-
MelaeTcst Ha 0oJiee BBICOKOE HePapXHUECKOe MOJI0-
JKeHHe, pacroyarasich Beieq 3a Brassicaceae.

AHanmu3 BHJIOBOTO COCTaBa BBICIIMX COCYJH-
cThix pactenuit Yctioprckoro I'TI3 BbisiBmI He-
00X0IMMOCTb PEILIeHUs] BOIPOCA O EAWHOM IIOJ-
X0Zic K O00BEeMYy OTHEIBHBIX TaKCOHOMHUECKHX
eaunull. Peub uner o Phragmites australis s. 1. u3
KOTOPOTO PsiJi aBTOPOB B KAUECTBE OTACIbHBIX BH-
noB BeiAensitoT P. flavescens (Cust.) Hegetschw. u
P.stenophyllus (Boiss.) Rouy. B Takom xe o0beme
3TH BUJBI paccMmarpuBaioT /1.0, Hypmyxamberosa ¢
coaBTopamu [1].

B pesynbrare u3ydeHus: TUTEPaTypPHBIX HCTOY-
HHUKOB, TrepOapHOTO Marepuaia M, COTJIacHO co0-
CTBCHHBIM HAOJIOJICHUSIM, MBI MPHIIUIA K BBIBOJY,
BCJen 3a psaoM aBTopoB [13-15], uro HeoOXou-
MBI JIOTIOJIHUTENILHBIC UCCIICIOBaHUS (B TOM YHUCIIC
U MOJIEKYJSPHO-TEHETHYECKUE) TSI TOTO, YTOOBI
MOJTBEP/UTh BHIOBYIO CaMOCTOSATENHLHOCTh JIBYX
TakcoHOB pona Phragmites. Tak, Ph. flavescens
BO MHOTOM cXojeH ¢ Ph. australis (Cav.) Trin ex
Steud., oTaMYasCch OT HEro CHayaia CBETIIO-Oypo-
BaThIMU, & 3aT€M CBETJIO-)KEIATHIMU METEIKaMU U
OOBIYHO IPUYPOUYCHHOCTBIO K 3aCOJICHHBIM MECTO-
oburanusm. Ph. stenophyllus 4acTo mpuHUMAETCS
3a rajnouIbHBIN 3KoTHIl Ph. australis.

Becennuii monumopune 6udosoz2o cocmasa ¢io-
pbl svicuiux cocyoucmuolx pacmenuti oboux OOIIT
RO380UT NOOMEEPOUINb NPOUPACAHUE HA UX ep-
pumopuu 6 yenom e mernee 50 61008, OMHOCAUUXCS

K epynne agemepos (puc. 4 A. Gagea kunawurensis
(Royle) Greuter (Gagea ova Stapf) [16]) u adpemepo-
unoB (puc. 4 B. Megacarpaea megalocarpa (Fisch.
ex DC.) Schischk. ex B. Fedtsch. [17-18], Ferula
foetida (Bunge) Regel), Brirouas penkue s Man-
ructayckoit oonactu [19] (puc. 4 C. Tulipa sogdiana)
u Kazaxcrana (puc. 4 D. Euphorbia sclerocyathium)
BUJIBL. Beero jxe Bo BpeMsi BECEHHEH dKCIEeAULUY B
OOIIT Manrucrayckuit oonact 0bUI0 3aUKCHUpPO-
BaHO 122 BeIcIMX cocyaucThix pactenuil (Kenaep-
nu-Kascanckuii ['33 — 30 BugoB u Yctroprekuit ['TI3
—92). B nepros oceHHUX N3bICKaHUI Ha TEPPUTOPUHU
Kenpnepmu-Kascanckoii ['33 0bu10 OTMEUEHO HOBOE
MecTOHaxopkeHue Salsola chiwensis [20], Taxxke
BKJIFOUCHHOTO B pecyOnnKancKyto KpacHyro KHATY
[21] 1 yka3bIBaeMOT0 paHee TOJIBKO It Y CTIOPTCKO-
ro I'TI3 (puc. 4 E).

B pesynbrare OoTaHMUYECKMX W3BICKAHWH Ha
teppuropun OOIIT Manrucrayckoit obnacTu:

- B mpenenax Yctioprckoro I'TI3 Obumm oTme-
YCHBI CJICIYIOIINE PEIKHE BHUJIbI BHICIIUX COCY/IH-
CTBIX pactenuii: Euphorbia sclerocyathium — Kpac-
Has xaura Kazaxcrana [21]; Haloxylon aphyllum,
Tulipa sogdiana, Zygophyllum turcomanicum —
Karanor peikux M HCYe3arolMX BUJIOB PACTCHHM
Manrucrayckoit oomactu [19].

- B mpenenax Kennepnu-Kascanckoit 1733
Takke OBUIM OTMEYEHBI peIKhe BUIbL Salsola
chiwensis wn  Euphorbia sclerocyathium [21];
Salsola arbusculiformis, Capparis herbacea, Tulipa
sogdiana, Zygophyllum turcomanicum, Nitraria
schoberi, Ephedra aurantiaca [19].

[Ipu mocemiennu ypounma Korycem Obut 3a-
(bMKCUpOBaH BCTPEYANOIIUICS TONBKO B TIpele-
nax YCTIOPTCKOIo 3anoBeAHuKa Isatis armena L.
(=Sameraria bidentata Botsch.) [1, 22]. DTot BUL
SIBJIICTCSL BEChMa PEJIKMM W BCTPEYAETCs, KaK Tpa-
BHJIO, TI0 CYXHM pycllaM BPEMEHHBIX BOJIOTOKOB.
WuTepecHo, 4TO A0 CHX TOp IOKHEE YKa3aHHOI'O
MeCTOOOUTaHUs OH He HaijeH Hu Bo (iope Typ-
KMeHnHW, HA BO (iope Y30ekucrana. Mexay Tem
Isatis armena yka3piBaercs Juist yiop OONBITHHCTBA
cTpaH roro-3anaaHoii [laneapkruku (Adranucrana,
Wpana, Upaka, [lakucrana, Cupum, Ilamectusl,
Wzpaung u ap.) [22-23]. B 2022 r. /1. I'epmanom
Baiijla apMsHCKas OblIa BIIEPBBIC MPHUBEICHA IS
tepputopun Poccuu («... PocToBckast 067acTh ...»)
[24] u cooTBeTcTBeHHO (ByTOpHI EBpOMEI B 11E€TOM.
Takum 00pazom, o KpalHEH Mepe ceildac MOXKHO
Mpenrnoiarath MU3IBIOHKINIO B PacIpOCTpaHEHHUH
9TOTO BHJA BaWAbl. YUUTHIBAs BEIIICCKA3aHHOE,
npenjiaraeM BHecTH Isatis armena L. (puc. SA) B
repedeHb peAKUX BUIO0B 00JIacTH.
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Pucynok 4 — Beicuve cocyauctbie pactenust ¢uopst OOIIT Manrucrayckoii obiactu
A — Gagea kunawurensis, B — Megacarpaea megalocarpa, C —Tulipa sogdiana,
D — Euphorbia sclerocyathium, E — Salsola chiwensis

Kpome Toro, cuntaeM HEOOXOIUMBIM BHECTU
B CIIMCOK DPEJKUX pacTeHUH 00JIacTH, BCTpedaro-
LIUICS TONBKO B 10KHOM yactu Ka3zaxcraHa xo3si-
CTBEHHO IIEHHBIN (JICKAPCTBEHHBIN) W aKTHUBHO 3a-
rOTaBJIMBACMBI Ha HEOXPAHSIEMBIX TEPPUTOPHUIX
nicammo(uTHBINA BUA — (epyiny BoHIOUYIO (Ferula
foetida) (puc. 5B).

[To nanupiM KaTanora penkux M McUe3aroIuX
BHJI0OB MaHrucrayckoii oomactu [19] Tompko Ha
Mamnrsmuiake 1 B HOxHOM YCTIOpTE BCTpedaeT-
csi cokpartatomuicst Bug Allium rubellum M.Bieb.
(Allium albanum Grossh.), co cratycom 3(R), ume-
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omui pazopBaHHbI apean. [lanuerii Bug Ha Ce-
BEPHOM YCTIOpTE OBUI 3a(MKCHpOBAH y IOCEIKa
Beiiney: «BogHUCTasi paBHUHA, CKJIOH K COJIOHYAKY
(45.426810, 56.003603); cepo-Oypble, CYIJIUHH-
cThie mouBbI (45.427993, 55.220273)» [19]. Tak kak
MECTOOOUTaHMS CO CXOXKHMHU 3KOJIOTHYECKUMH yC-
JIOBUSIMM [IPOU3PACTAHUS JOCTATOYHO YacCTO BCTPe-
yaroTcst B npenenax nzydaeMbeix OOIIT Bnosne 3a-
KOHOMEPHO OBUIO OBl MPENOI0KHUTh, UTO Allium
rubellum MoxeT ObITh BCTPEYEH, KaK Ha TEPPUTO-
pun Ycrioptekoro I'TI3, tak u Kennepnu-Kascan-
ckoii I'33.
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Pucynox 5 — Bujpl, npeiaraemble A7t BKIIOUYSHHUS B TIEPEUCHBb PEIKUX BUIOB 00IaCTH
A — Isatis armena, B — Ferula foetida

Crenyer OTMETHUTh M BBICOKYIO BEPOSITHOCTH
HaxokJeHus: B mpenenax omucbiBaeMbix OOIIT
W Takoro mpejacraBurens pona Allium L., xak
A.borszczowii Regel, mpomspacratomiero oObI4-
HO B TECYAHBIX CTEISAX M MYCTHIHAX, Ha MECTPOII-
BETHBIX MOPOAax M Huleld(ax MEIKOCOMOYHHKA.
Ilo maHHBIM ATHKETOK KOJIIEKIIMOHHBIX 00pas-
o ['epOapusi (AA) »TOT BUJ JlyKa BCTpEUaeTCs
Ha COMNpEAECIbHBIX C HCCIEAYEeMBIMU TEPPUTOPHU-
ax («3amamgHpli YMHK YCTh-YpTa, Ha HAHOCHBIX
meonucteix rmHax 03.05.1926. Pycanos @.H.;
AnaeBckuil y. Manrsinaka Mexay p. Yara u me-
JIOBBEIM JemoBHeM Tophl AfipakTel. 05.06.1926.
CrupunonoB M./1.). OnHako, 4TOOBI JOCTOBEPHO
yKa3bIBaTh NpUHAANCKHOCTb Allium rubellum n
A. borszczowii k diiope, HapuMep Y CTIOPTCKOTO
3aroBEIHMKA, HY)KHBI JajbHEHIINE UCCIIeA0BaAHUS
MX BHJOBOI'O COCTaBa.

3akjaouenne

Taxum 00pa3zoM, pe3yIbTaTbl MOHUTOPHUHIOBBIX
Y aHAJIMUTUYECKUX HCCIIeI0BaHUM BUOBOTO COCTaBa
BBICILINX COCYUCTBIX pacTeHuit repputopuit OOIIT
ManrucTaycKoi 001acTH TTO3BOIHITH:

— BBISIBUTH HOBBIU JJIs1 Y CTIOPTCKOIO 3arOBE-
HUKa BUJI;

— BBISIBUTh HOBBIE MECTOHAXOXKICHHS DPEIKUX
BHI0B Juis obnmacT 1 KazaxcTtana B 1eom, Kak Ha
TEppUTOpHH 3aroBeHKKa, Tak Kenpepiu-Kascan-
CKOI 30HBI;

— BBISIBUTH M TIPEIOKUTH K BHECEHHUIO B CITH-
COK PEJIKUX PAacTEHUI 001acTu HOBBIC BUIIBI (Isatis
armena W Ferula foetida);

— PaCUIMPUTH CIHCOK BHOB, MEPCIIEKTUBHBIX K
MOMCKY MX HaXOXJICHUH Ha M3y4aeMOH TEPPUTOPHUH
(Allium rubellum v A. borszczowii);

— KPUTHYECKH B3TJISTHYTh HAa KOJMYECTBO TPH-
BOJIMMBIX TAKCOHOMHYECKUX CIUHUIL JUIS TCPPHUTO-
puu Ycrroprekoro I'TI3.

DuHAHCUPOBaHHE

PaboTta BEITIONHEHA B paMKax TPaHTOBOTO (H-
HancupoBanus Ha 2023-2025 rr. Ne BR21882122
«YcToYnBOE pa3BUTHE MPUPOIHO-XO3SHCTBEHHBIX
1 COIMATbHO-PKOHOMUYECKHNX crcTeM 3amaano-Ka-
3aXCTAHCKOT'O PErruoHa B KOHTEKCTE 3€JIEHOrO po-
CTa: KOMIUJICKCHBIA aHalu3, KOHIICIIUS, POTHO3-
HBIE OTICHKH W CIIEHAPUI.
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OLIEHKA COBPEMEHHOTIO COCTOSHUA MOMNYASILUIA BUAA
TROLLIUS DSCHUNGARICUS REGEL
BO ®AOPE XPEBTA KETINEH KYHITEMCKOTIO AAATAY

CraTbsl MOCBSILLIEHA MCCAEAOBaHMIO COBPEMEHHOIO COCTOSIHMS ABYX nonyAsiumin Buaa Trollius
dschungaricus Regel, Bctpevatowmxcs Bo paope KetneHckoro yueabs KyHrenckoro Aaaray. B pa6ote
NnpeACTaBA€Hbl TAKCOHOMMYECKUI, IKOAOTMYECKUI 1 reorpacmyeckuini aHaAm3 pAOpPUCTUYECKOrO CO-
CTaBa MOMNyAsLMIA 3TOrO BUAQ.

DaopucTnuecknit coctas nonyasumii T. dschungaricus BKAlOYaeT 73 BUAQ paCTeHUI, OTHOCSALLMXCS
K 61 poAy n 25 cemeincTBam. HanboAbllee KOAMYEeCTBO BUAOB npeAcTaBAeHO cemencTBamu Poaceae
(3nakoBble) — 15 BUAOB, Asteraceae (cAoxkHouBeTHble) — 14 BuaoB, Chenopodiaceae (MapeBble) — 9
BMAOB, Fabaceae (6060Bble) — 7 BAOB, Lamiaceae (ry6ouseTHblie) — 4 BUAQ, Rosaceae (po3oLBeTHbIe)
— 3 BMAQ, a Takxke Ranunculaceae (ntoTukoBbie) n Berberidaceae (6ap6apucosbie), Mo 2 BuAa Ka>kAOe,
ApYyrve npuBeAeHHble CEMENCTBA BKAIOYAIOT AMLLb MO OAHOMY BUAY.

AHaAM3 BO3pacTHOM CTPYKTYpbl nonyasumit T. dschungaricus B KeTneHCKOM ylleAbe MoKasaA ux
cTabuAbHOE COCTOSIHME, MPU 3TOM MPeobAAAAET IPYMNa BUPTMHUABHBIX U F€HepaTUBHbIX PACTEHMIA.
AOAS NPOPOCTKOB B UCCAEAYEMbIX MOMYASILUMSAX CPAaBHUTEAbHO HEBEAMKA, COCTaBASS OT 2 A0 9 %. B
06eux NonyAaumsx npeobAaAAlOT reHepaTHBHbIE 0COOM, a UMMATYpPHbIE PACTEHMSI MPEACTABAEHbI B HE-
6OAbLIOM MpoLeHTe. DTO CBSI3aHO C HEAOCTATOUYHbIM CEMEHHbIM BO30OHOBAEHUEM 3a NMOCAEAHUE FOADI
U ObICTPbIM MEPEXOAOM MMMATYPHbIX PACTEHUI B BUPFMHUABHOE COCTOSIHME. [pr 3TOM B MOMyASLMSX
OTCYTCTBYIOT CTapble, CEHUAbHbIE PAaCTEHMUS.

Ha >xm3HecnocobHocTb ocobern T. dschungaricus B nonyAsiumsx B NMepBylo ovepeAb BAMSET TUI
MecToobuTaHms. MccaepoBaHHas BO3pacTHast CTPYKTYpa CBUAETEALCTBYET O XOPOLLEM COCTOSHUM MO~
MYASLUMIA, 0OMTAIOLLMX B FOPHO-AYTOBbIX M Pa3HOTPaBHbIx mToueHo3ax Kernenckoro xpe6ta KyHren-
ckoro AaaTtay.

KatoueBble caoBa: KynaabHMUA AXKYHrapckasi, nonyasiums, xpeber KeTrneH, Bo3pacTHas CTPyKTypa,
(HAOPUCTUYECKNIA COCTAB.

M.S. Kurmanbayeva', D.E. Karabalayeva'”,
M.Zh. Zhumagul'?3, A.B. Kusmangazinov'

' Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Astana International University, Astana, Kazakhstan

3 Astana Botanical Garden, Astana, Kazakhstan
*e-mail: dina.20.1996@mail.ru

Assessment of the current status of the populations of Trollius Dschungaricus Regel
in the flora of the Ketpen ridge of the Kungey Alatau

The article is dedicated to the study of the current status of two populations of Trollius dschungari-
cus Regel found in the flora of the Ketpen Gorge of the Kungey Alatau. The work presents a taxonomic,
ecological, and geographical analysis of the floristic composition of these populations.

The floristic composition of the T. dschungaricus populations includes 73 plant species belonging
to 61 genera and 25 families. The largest number of species is represented by the families Poaceae with
15 species, Asteraceae with 14 species, Chenopodiaceae with 9 species, Fabaceae with 7 species, La-
miaceae with 4 species, Rosaceae with 3 species, as well as Ranunculaceae and Berberidaceae with 2
species each. The remaining families are represented by one species.

An analysis of the age structure of the T. dschungaricus populations in Ketpen Gorge showed their
stable condition, with a predominance of virginile and generative plants. The proportion of seedlings in
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OmueHka COBPEMEHHOTO COCTOSTHUS Tomyitsitmii Buna Trollius dschungaricus Regel Bo dope xpedra Kernen Kynrelickoro Anaray

the studied populations is relatively small, ranging from 2 to 9%. In both populations, generative indi-
viduals dominate, while immature plants are represented in small percentages. This is due to insufficient
seed regeneration in recent years and the rapid transition of immature plants to the virginile stage. At the
same time, there are no old, senile plants in the populations.

The viability of T. dschungaricus individuals in the populations is primarily influenced by the type
of habitat. The studied age structure indicates the good condition of populations living in the mountain
meadows and mixed herbaceous phytocenoses of the Ketpen Ridge of the Kungey Alatau.

Key words: Trollius dschungaricus, population, Ketpen Ridge, age structure, floristic composition.
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KyHreit AraTtaybl KeTneH )oTacbiHbiH, (pAOpPaCbIHAAFbI
Trollius Dschungaricus Regel TypiHin, ka3ipri XaraaiblH 6araray

Makana KyHrei AaataybiHbliH KeTrneH xxoTacbiHbIH (haopacbiHaa Ke3aeceTiH Trollius dschungaricus
Regel TypiHiH eki MonyAsuMsCbIHbIH, Kas3ipri >karAaiiblH 3epTTeyre apHaAraH. XKyMbICTa OCbl TYpAeri
NonyASUMAAAPAbIH (DAOPUCTUKAABIK, KYPamMbliHa TaKCOHOMMSIABIK, SKOAOTUSABIK, XKOHe reorpamsAbIK,
TaAAQY YCbIHbIAFAH.

T. dschungaricus nonyAsiumsinapbliHbiH (PAOPUCTUKAABIK, KyPaMblHa 61 TybICKa XeHe 25 TyKbiMAaC-
Ka >KaTaTblH eciMAiKTepAiH 73 Typi Kipeai. TypaepaiH eH ken caHbl Poaceae (ACTbIK) TYKbIMAAChI-
Ha >kataTblH — 15 Typ, Asteraceae (KypaeAiryaainep) — 14 1yp, Chenopodiaceae (anabota) — 9 Typ,
Fabaceae (6ypwak) — 7 Typ, Lamiaceae (epiHryaainep) — 4 Typ, Rosaceae (paywaHryaainep) — 3 Typ,
coHpai-ak, Ranunculaceae (capranpakrap) xoHe Berberidaceae (6epikapakarrap), apkancbicbl 2 Typ-
AeH Kespeceai. KaaraH TykbiMaacTap 6ip TYPMEH YCbIHbIAFAH.

KeTtneH »otacbiHAarbl T. dschungaricus nonyAsumMsiAapblHbiH, XKaCTbIK, KYPbIAbIMbIH TaAAQy OAap-
AbIH TYPaKTbl KYMiH KOPCETTi, BUPIMHUAAIL >KOHE reHepaTMBTi eciMAiKTep TOObI 6acbiM GOAAbI. 3epT-
TEAETIH MOoNyAsLUMIAaPAAFbl KOLIETTEPAIH YAECI CAaAbICTbIPMaAbl TYPAE a3, 2-AeH 9%-Fa AeliH. Exi no-
NyASUMSIAQ AQ TEHepaTUBTI AapaAap 6acbiM, aA MMMAaTYpPaAbIK, 6CIMAIKTED a3 Mambi36eH YCbIHbIAFAH.
BYA COHFbI XXbIAAAPAAFbI TYKBIMHBIH, XKETKIAIKCI3 >KaHapyblHa >KOHe MMMaTypaAaHFaH ©CIMAIKTEPAIH,
BUPIMHUMAbAI KyMiHe Te3 aybiCybiHa GaiAaHbICTbl. COHbIMEH KaTap, MOMyASUMSAAPAQ €CKi, CEHUAbAI
OCIMAIKTED XOK.

Monyasumsianapaarbl T. dschungaricus aapaapbiHbiH, 6MIPLIEHAITIHE H aAAbIMEH TipLLIAIK €Ty op-
TaCbIHbIH, TYpi 8cep eTeai. 3epTTeAreH »kac KypblAbiMbl KyHrein Aaataybl KeTreH >KoTacblHbIH TayAbl-
LUIAAFbIHADBI XKOHE TYPAI WenTi (hUTOLLEHO3AAPbIHAQ MEKEHAEMTIH MOMNYAILMIAAPAbIH, >KaKCbl XKar-KyMiH
KepCeTeAi.

Tyiin ce3aep: XKoHrap KyHreaai, nonyasums, KetneH »oTtachl, >KacTblK, KYpPbIAbIMbl, (DAOPAAbIK,
KYpambl.

Beenenue okouio 40 BHIIOB, pacIpOCTPAHEHHBIX B HETPOITHYC-
ckux pernonax CesepHoro nosymapus [4]. Ha tep-
CemeiictBo  Ranunculaceac  (JliotukoBbie)  putopun Kaszaxcrana mpouspacTtaeT 5 BHIOB poja

BKTIO9aeT okoyio 50 poxoB u Gomee 2 000 BHIOB.
OTH pacTeHUs OTIMYAIOTCS pa3HooOpazueM GopM u
cpen oOuTaHMsI, BCTPEUAIOTCS IPEUMYIIECTBEHHO B
YMEPEHHBIX H CYOTPOMUYECKUX 30HAX, HO HEKOTO-
pbI€ BH/IBI TAKXKE TIPOU3PACTAIOT B Tpomukax. B co-
CTaB CEMEHCTBA BXOJISAT PA3IUYHBIC POIbI, BKIIFOUAs
pox Trollius, koTopsrii, cormacao 6aze POWO, Ha-
cunthiBaeT 40 MpU3HAHHBIX BUIIOB.

T. dschungaricus otHocutcs K pony Trollius L.
(cemeiictBo Ranunculaceae). B pon Trollius Ovtam
oObenuHeHbl pojabl Hegemone n Megaleranensis
[1]. B nHacrosimee Bpemst poja Trollius BrirodaeT
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Trollius L.: Trollius dschungaricus Regel, Trollius
altaicus C.A. Mey., Trollius asiaticus L., Trollius
lilacinus Bunge, Trollius micranthus (Winkl. et
Kom.) Pachom [2-3].

PacteT B nosice XBOMHBIX U JTUCTBEHHBIX JIECOB,
a Tak)Ke Ha albNUUCKUX Jyrax 10 BbIcOThl 3800 M
HaJl ypoBHEM Mmopsl. Berpeuaerca B [xyHrapckom
Anaray, 3aunuiickom u Kynreiickom Anaray, Ker-
neHckoMm xpeOte, Tepckeit Amaray, Kuprusckom
Amnaray u 3anagnom Tsanp-llane. O6macts ob1iero
pacmpoctpanenus BkiaodaeT Cpeanioro A3uio (Boc-
TOYHBIE TOPHI) U 3amaabii Kuraii.
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Buner pona Trollius sSBRSIOTCS TEHHBIMU Jie-
KapCTBEHHBIMHU pacTeHusMH [4]. X duroxmmmde-
CKHIl cOCTaB UMeeT OOJBINOe 3HAUEHUE Oyaromaps
HAJIMYUIO Pa3IMYHBIX OMOAKTUBHBIX COSAMHEHUH C
MOTEHITUAIBHBIMHA  (PAPMaKOIOTHIECKIMH TIPUME-
HEHHUSIMHU. DTU COCTMHEHUS BKIIIOYAIOT OCH30aTHBIE
3¢upbl, (GIABOHOWIBI, TUTEPICHBI W 1-apui-u30-
XpOMaH, KOTOpbIe, KaK OBLIO IMOKa3aHOo, 00JIamaroT
MIPOTUBOPAKOBBIMHU, aHTUOAKTEPUAIILHBIMU, IIPO-
TUBOTPUOKOBBIMH, IPOTUBOBOCHAIUTEIBHBIMU |
AHTUOKCHUIAHTHBIMH CBOMCTBAaMH [5-6].

Hanuuue sTuX coeauHeHu, 0COOCHHO B LIBET-
Kax BUJIOB pojna Trollius, nenaer ux ICHHBIMH IS
TPaJUIIMOHHON KUTAWCKOM MEIMIIMHBI. 371eCh OHU
HCHOJB3YIOTCS IS JICUCHUST PECIMPATOPHBIX HH-
Gbexuuii 1 gpyrux 3adoseBanui [7].

ITomudenonsr, BkIoYas (IaBOHOWIBI U (e-
HOJIbHBIC KHCJIOTHI, SIBJISIIOTCSI OJJHOM M3 Hamboee
W3YYCHHBIX TPYNI XUMUYECKHX COCIUHEHHM, 00-
JATAlONUX [TUPOKAM CHEKTPOM OHOJIOTHYECKOM
akTUBHOCTH. HambGonee moOApOOHO H3YYEHHBIM
CBOMCTBOM A3THX COCIWHCHHUH SBISICTCS WX aHTH-
OKCHJIaHTHOE JEWCTBHE, KOTOPOE HTPaeT BAXKHYIO
POJIb B MEIUITMHE M IPO(PUIAKTUKE, B YACTHOCTHU B
00oprOe C OIMyXO0JIIMH, JIETeHEPATUBHBIMHU 3200JICBa-
HUSIMU | TIPOIECCAMH CTapeHUsI.

VY4eHple 10 BCEMy MUPY TPOJODKAIOT UCKATh
HOBBIE U A(PPEKTUBHBIC PACTUTEIBHBIC HCTOYHUKU
moinpeHOTBHBIX coeTMHCHUH. Buasl pona Trollius
ooratbl MONMU(DEHOIBHBIMUA COCIUHEHUSIMHU, OCO-
ocerHO (praBoHOMIHBIME C-TITUKO3UIaMHU, KOTOPBIC
BCTPEUAIOTCS B PACTUTEIIEHOM MUPE JOBOJIBHO peji-
Ko [8-9].

Wccnenoanus mokasanu, 4To (pIaBOHOUIBI SIB-
JISTIOTCS] OCHOBHBIMH KOMITOHEHTAMH PacTeHUH pojia
Trollius, » UMEHHO OHH OOYCIJIOBJIMBAIOT MPOTHUBO-
BOCTIAJIUTEILHYIO U IPOTUBOBUPYCHYIO aKTUBHOCTh
[10]. OT; pactenust 60raThl XUMUICCKUMHU COCIH-
HEHUSIMHM, B YacTHOCTH (DJIABOHOMJIaMH, KOTOPBIC
MIPHUBIICKIN 3HAYUTEIILHOC BHUMAaHHE OJarojaps
CBOMIM aHTHOAKTEPHAIBLHBIM W TPOTHBOBHPYCHBIM
CBOICTBaM.

CoBpeMeHHbIe (apMaleBTHUECKHAE HUCCIIeI0Ba-
HUS TTOKa3bIBAIOT, UTO pacTeHus poxa Trollius co-
JepKaT amKaloubl, (IaBOHOWIBI, OpraHHMYECKHe
KHUCJIOTHI U JIPYTHe XUMHYECKUE KOMIIOHEHTHI, 00-
JaTafoNe  MPOTHBOBOCHAINTENBHBIM, TIPOTHUBO-
BUPYCHBIM W aHTUOAKTEpUATbHBIM JICHCTBUEM.
Oco0eHHO B KOHTEKCTE aHTHOAKTEpUaTbHON aKTHB-
HOCTH pacTeHus pona Trollius IpOSBISIOT HHTHON-
pyromuii 3 (HeKT B OTHONICHUH pa3IMuHbIX OaKTe-
pui, Takux Kak Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa wm Streptococcus
pneumoniae [11].

W3BecTHO, 4TO 3TH BUBI CIIOCOOHBI 00Pa30BHI-
BaTh BHYTPHU- H MEXKBUAOBbIe THOpuabl. Omnpenene-
HUC BI/II[OBOI71 YHUCTOTHI ABJISICTCA BaA)KHBIM aACIIEKTOM
cOXpaHeHus1 OnopazHooOpa3us U UHTPOIYKILINH Jie-
KapCTBEHHBIX pacTeHuid. OIHaKO WCCIeToBaHus,
MOCBSIIICHHBIC THOPUAM3AIMM W PACIPEICIICHUIO
MIPU3HAKOB, IPOBOSTCS KpalfHE PEIKO.

CoBpeMeHHOE COCTOSIHHE BHIOB ponaa Trollius
B Kazaxcrane u3y4eHo HEOCTATOYHO, U JIJIsl MOHU-
TOPHHIA UX PACHPOCTPAHCHHS M OLIEHKU COCTOSIHHUS
MIOMyYJISIAKA HeOOXOMMBI KOMIUIEKCHBIE HCCIIeIO0-
BaHUs. HSy‘IeHHLIe BH/IbI O6Ha}:[aIOT YHUKAJIbHbI-
MU XapaKTePHCTUKaMHU, TAKUMH KaK €CTECTBCHHAS
ruOpuan3anys, 1eKOpaTHBHAs IIEHHOCTh W JIeKap-
CTBEHHBIE CBOMcTBa. TakuMm o0Opa3zoMm, MaHHOE HC-
CJIEZIOBAaHME HE TOJIBKO pacIIUpseT HAIIM 3HAHUS O
poxe Trollius, HO M BHOCHT BKJIaJ B COXpaHEHHUE €TI0
pa3HO00pa3us U UCIOJIb30BAHUE B MEIUIIUHE.

Bun pona Trollius, kynanpHHIIA JOKYHTApCKas
(T. dschungaricus), — MHOTOJIETHEE TPaBSIHUCTOE
pacrenue. Xo34WCTBEHHOE 3HAUYEHUE — BECbhbMa
JIEKOpaTUBHOE, TPeOyeT HCIBITAHUH B KYJBTYpE.
T.dschungaricus BcTpedaercss B ropax LleHTpais-
HOH A3uu, B yacTHOCTH, B Ka3zaxcraHe.

Apean u skonorust: T. dschungaricus npeamno-
YUTAaeT BBICOKOTOPHBIC PAalOHBI W BCTpEYaeTcs Ha
BJI&KHBIX CKIIOHAX, B JIOJIMHAX PeK M Ha yyrax. OH
pacTeT B yCJIIOBHAX YMEPEHHOIO KJIMMata, Mpearo-
YUTas BIIXHBIE yYACTKH, TaKHE KaK pPEYHBIE JI0-
JIMHBI, TOPHBLIC JIyTra, MOKPBIC CKJIOHBI W BJIAKHBIC
JIeCHBIC TOJISIHBL. TakXKe pacTeHHe MOXKET BBLACP-
JKUBATh HU3KHUE TeMrepatypsr [12].

T. dschungaricus BcTpeyaeTcs B yCIOBHIX yMe-
PEHHOTO KJIMMaTa C XOJOHBIMU 3UMaMH U YMEPCH-
HO TEIUTBIM JIETOM. DTO pacTeHUE XOPOIIO MEPEHO-
CUT HU3KHUE TEMIIEPATYPBI U MOXKET PACTH B PaliOHax
C XOJIONHBIM KIIMMAaToM. By ycToiHunB kK MOpo3am
Y TIPEATIOYNTAET MECTA, T M0YBa OCTAETCS BIIAXK-
HOHU B T€UEHHE 3HAUUTEILHOU YacTH roja. Pacrenue
MPEANOYNTACT KUCIBIE U YMEPEHHO BIIa)KHBIC IO-
YBBI, OOTaThle OPraHNYECKIMH BemecTBaMu. Yacto
€ro MO’KHO BCTPETHTDH Ha TMIOYBaX C XOPOIIEH BOJIO-
yIEPKHUBAIOLIEH CIIOCOOHOCTBIO, TAaKUX KakK TOP-
(hssHUKM WU BOHO-0O0JIOTHBIE TIOYBHL. B ycmoBmsix
CBOCTO €CTECTBEHHOTO apeana 1. dschungaricus
4acTo pacTéT HA COMHEYHBIX MJIHM MOTy3aTCHEHHBIX
ydactkax. OHO MOXXeT OBITh 9acThi0 00Jiee OTKPHI-
ThIX 3KOCHUCTEM, HO TAKXKC BCTPCHACTCA B JICCHBIX
y4acTKax C PacCesiHHBIM CBETOM. BIa)KHOCTH Io-
YBBI — BaXHBIA (DAKTOp IS €r0 POCTa, U B CyXHe
IIEPUO/Ibl PACTEHUE MOKET 3aMEIATh CBOM pocT. B
uesioM, 1. dschungaricus XOpomIo aganTHPOBaH K
BBICOKOTOPHBIM U BJIQXKHBIM YCIIOBHUSM, YTO JENAeT
€ro yCTOMUYMBBIM K 3KCTPEMAJIbHBIM TEMIIEpPATYpam
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U B TO )K€ BPEeMs 3aBHCHMBIM OT CTaOWJIBHOM BIIaXK-
HOCTH TIOYBHI [T HOPMAJIBHOTO Pa3BHUTHSI.

DTO MHOTOJIETHEE TPABSIHUCTOE pacTeHHE, 00-
pasyrolee IIOTHBIE KyCTUCThIe (OpMBI. JIMCThS
KpyIHBIEC, TaJIbYaTO-pacCeYEHHbIE, C JJINHHBI-
MM 4epelikaMu. [[BeTKH spKo-kENThle, KaK U Y
Ipyrux BUAoB pona Trollius, ¢ MHOTOYHCIICHHBI-
MH THIYMHKaMH. l[BeTkm coOpaHBI B COIIBETHS.
T.dschungaricus XxopoIi1o NpucrnocoOIeH K X0JI0-
HBIM H BIIQXXHBIM YCIIOBHUSM, YTO TO3BOJIICT MY
pacTu B TOPHBIX pailoHax, re Ipyrue pacTeHus He
MOT'YT BBIKHTh. JTO JICKOPATUBHOE PACTCHHE Ie-
HUTCS 32 SIPKUE I[BETHI U YCTOMYMUBOCTh K XOJIOA-
HBIM YCJIOBHSIM.

Honynsuuu 7. dschungaricus BCTpedaroT-
Csl CIIOPAIUYECKH, 3a4acTyH) B BHJIC CIMHUYHBIX
SK3EMIUISIPOB WM HEOONBIINX KYpPTHH Ha pa3zHO-
TPaBHBIX JIyraxX JIECHOH 30HBI, MPEHUMYIIIECTBEHHO
B YBIQXXHEHHBIX JYTOBO-PAa3HOTPABHBIX MECTaX C
XOpolIeld OCBEUIEHHOCTbIO. AHaIU3 BO3PACTHBIX
CIICKTPOB MOKa3ajl JOMUHUPOBAHUE MOJIOJIBIX U I'e-
HEpaTUBHBIX pacTeHui. VMccreayembie momymsium
BHJIa, IPOU3PACTAIONINE B €CTECTBEHHBIX TPUPOJI-
HbIX nanamagdrax Kernenckoro xpedra, OTHOCSTCS
K 9KOJIOTHYECKOM TpyTIie Me30(UTOB U ME30KCEPO-
(bUTOB, UTO CBUIETENHCTBYET O BRICOKUX /1l TaIlH-
OHHBIX CIIOCOOHOCTSIX 3THX PACTCHHU W WX 3HAYH-
TEJBHOM IKOJIOTHYECKOM THOKOCTH.

T. dschungaricus SBAS€TCS TEPCIIEKTHBHBIM
pacteHreM JUisi O3eJIeHeHHUs1 Oyiaroiapsi CBOMM Jie-
KOPaTHBHBIM KaueCTBaM M BBICOKOH YCTOWYHBOCTH.
Bricokas 3MMOCTOMKOCTH 3TOr0 BHJA IMO3BOJISET
€My YCIEIIHO aJanTHPOBAaThCs K HEOIarompusT-
HBIM YCJIOBHUSIM, YTO JICNIAeT €ro yIO0OHBIM JIJIS pa3-
BEJICHUsS] M HWCIIOJB30BAaHUS B JIaHAMA(THOM M-
3aitae. [omymsmuu 7. dschungaricus MOKa3bIBAIOT
OTIIMYHBIC Pe3yNbTaThl KaK B CEMEHHOM, TaK U B

BEreTaTMBHOM Pa3MHOKCHHH, a UX YCTOWYHUBOCTB K
0OJIC3HSIM CHIKACT IOTPEOHOCTh B XUMHUYIECKUX 00-
paboTKax U CIIOCOOCTBYET COXPAHEHHIO €CTECTBEH-
HOro OaxaHca SKOCHCTEMBI.

Kpome TOro, coxpaneHue xapakTepHOro radu-
Tyca W BBICOKasl JCKOPATUBHOCTH nenatoT Trollius
dschungaricus naeanbHbIM BEIOOPOM AJISI CO3JaHUS
LBETOYHBIX KOMIIO3ULIUH, OOPIIOPOB U APYTHX 3JI€-
MeHTOB JNaHmmadra. PacteHust takke mnpuBieka-
TEJBHBI I MYENT M APYTHX ONBUIMTENEH, 4TO Je-
JIaeT UX LIEHHBIM 3JIEMEHTOM KaK B OOILECTBEHHBIX,
TaK ¥ B YaCTHBIX o3eeHeHusx [13].

CrieniajbHble TOMYJISALMOHHBIC HUCCIIEIOBAHUS
T. dschungaricus B Ka3zaxcTane He TpOBEIECHHI,
B CBS3M C 4YeM JIeTallbHOE W3y4YeHHE CYLIECTBY-
IOUIMX TIOMYJISIMUM 3TOro BHJIA HEOOXOAWMO ISt
COXpaHEHHs OMOpa3sHOOOpaswsi Ha TEPPUTOPUH
Kazaxcrana. B HacTosiee Bpemsl CTpyKTypa IO-
OyJSIIMA 1 MOPQOIOT0-OHOIOTHIECKHE OCOOCH-
Hoctu T.dschungaricus, IpOU3pacTalOMINX B €CTe-
CTBEHHBIX YCIIOBHSX Ha MCCIECIYyEMOU TEPPUTOPUH
Kymnrelickoro Anaray, ocTaroTcsl MPaKTHYECKH He-
n3y4eHHbIMU. PaboTa nocBsiiieHa H3y4eHHIO COBpE-
MEHHOTO COCTOSIHUS momyisinuid 7. dschungaricus,
(IIOPUCTUYECKOTO COCTaBa MOIMYJISIUNA STHX BHIOB
B Kynretickom Anaray. Llenbto maHHO#H pabOTHI SB-
JSIeTCs M3yUYeHHE MOIMYJISIIHOHHBIX OCOOCHHOCTEH
T. dschungaricus B IpupOAHBIX TOMYJISIIUAX Xpeo-
ta Kernen Kynrelickoro Anaray.

MarepuaJjibl H METOABI

Wccnenosanus nposoaunucsk B 2022-2024 rr.
B MPHUPOJIHBIX (PUTOLIEHO3aX HA TEPPUTOPUU XPeO-
ta KyHrefickoro Amnaray, B paiione xpedta Kerren,
Viirypckoro paiioHa AJIMaTUHCKON oOnactu (Ta-
omuma 1).

Ta6anua 1 — GPS-xoopaunars! nByx nomyssinuii Buna 7. Dschungaricus

HasBanue Buma,
HOMEp LICHOTOMYJISLIUU

Feorpaqmqecme MECTOIIOJIOKCHUC

KOOpIII/IHaTLI MCCTOHAXOXIACHUSA

T. dschungaricus,

AnmaruHcKast 005acTb, YUrypckuit

43°33761.19" c.m., 80°33'45.42" B.11.,

[omymsus-1 paiion, xpebet Kernen 2733 M.H.y.M.
T. dschungaricus, AnMaTuHCKas 001acTh, YUTYpCKuit 43°34°68.01» c.ur., 80°33°76.32" B.1.,
[omynsanus-2 paiion, xpebet Kernen 2453 M.H.y.M.

Xpeber Kernien Bxoaut B cuctemy rop Cesep-
Horo Tsub-Illans. AGcomoTHas BeIcOTa XpeOTa co-
craBiser 3600 M Hax ypoBHeM Mops. Xpeber Ker-
[IeH TMPEACTABIICH YEPEIOBAaHUEM y3KHX T'peOHEH ¢
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TIIyOOKUMH YIIENbIMU U MEKTOPHBIMU MTOHMKEHH-
MH. B HEKOTOpBIX ydacTKax y3Kue rpeOHH CMEHS-
IOTCSI IIMPOKUMHU TJIOCKOTOPBSIMH, KOTOPbIE IOCTE-
TIEHHO TIEPEeXOJAT B Y3KHE YBajbl, YepeayIOIIrecs
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MEXKIY co00H 1 00pasyrolue LeNylo CeTh YIICIHH.
Bricokoropbe ycTymaer MecTo CpemHeropbio (BbI-
cota 1400-2100 M Ham ypoBHEM MOpsi), KOTOPOE,
B CBOIO Ouepeib, nmepexoauT B Huskoropse (1200-
1400 m Han ypoBHeM Mopsi). Huszkoropse u cpen-
HETophe MPEACTABISIOT cOO0H CKOIUIEHUE COIMOK U
HEOONbIINX XpeOTOB, pa30pOCAHHBIX B Pa3IMYHbIX
HaTpaBJICHUSIX, CO3/]aBasi XOJIMHUCTO-YBaJIHCThIA pe-
Jbed) ¢ KPYMHBIMH CKJIOHAMHU FOT0-BOCTOYHOU DKC-
MO3ULKU. MeXyBanucThie MOHMKEHUS BBIPAXKEHBI B
BUJIE TITyOOKHX OallOK. Y3KHe yBalbl 4acTO MePeXo-
JISIT B 3HAYUTEINIbHBIE TTIOCKOTOPbsI, 00pa3ys o0uwii
NPEArOpHBIA e, KOTOPBI MOCTENeHHO mepe-
xonut B Unuiickyro nonuny. IlpearopHas paBHuHa
MUMEET XOJIMHCTO-YBAIHUCTBIN pelibed) ¢ MIOCKUMH U
OTHOCUTEIBHO POBHBIMU yUaCTKAMH, KOTOPBIC, Ha-
KIIOHSSICHh K CEBEPY, pacCeueHbl CyXHMH JioraMu. B
I0)KHOM YacTH JIOTH TITyOOKHe, a B CEBEPHOI — OoIee
MEJKHE.

KimmaTnuaeckne ycinoBus o0ciaenoBaHHON Tep-
PUTOPUU PE3KO KOHTUHEHTAJIBHBIE. [[71s1 HUX Xapak-
TEPHBI OOJIBIIIAS PA3HUIIA TEMIIEPATYP MEXKIY THEM
Y HOYBIO, XOJIOJTHAS MAaJIOCHEKHAsA 3MMa U JKapKoe
cyxoe jieto. CorlacHO CyIIECTBYIOIIEMY arpOKIIH-
MaTHYECKOMY pPallOHUPOBAHMIO, TEPPUTOPHA 00-
CIIETOBAaHMS PACIOJIOXKEHa B OUYEHb 3aCyILIHBOM
noJropHo-paBHuHHOM paiione ¢ I'TK = 0,5+0,7 u
cymmoii remnieparyp Beie 10°C —3400-3500°C. B
JTAaHHOM paiioHe 3a MEpUOJ C CYMMOW TeMIlepaTyp
Boime 10°C Bemamaer 150-200 mm ocagkoB. Cymma
0CaJIKOB 32 BECEHHMH MEPHO/I BETETALINN COCTaBIISI-
et 70 MM, 3a ocerHnii — 40 MM; cymma neduimTa
BIIQ)KHOCTH BO3/yXa BECHOM M OCEHBIO COCTaBIISIET
260 MM, a 3a nepuoj ¢ TemnepaTypoi Beime 10°C
nocturaer 1720-1800 MM. YCTONYMBBIN CHEXHBIN
nokpoB aepxkutcs 80-100 gHeid, ero BeICOTa COCTaB-
aseT 15-30 cm, a 3amacel BoAbl B cHere — 35-70 M.
Becennmne 3aMOpo3KH B BO3ayXe HAOMIOMar0TCs ¢ 15
ampens o 1 mas.

CpenHerojoBoe KOJIMYECTBO OCAJKOB 10 MHO-
TOJIETHUM JIaHHBIM B TIPEATOPHOW YacTH XpedTa
Kernen cocraBnser 376,1 mm. Takoe KOIMYIECTBO
0CaZKOB OOBSICHACTCSI TEM, UYTO CEBEPHBIC CKIOHBI
Kermnenckoro xpedTa 3amuineHsl OT BIAXKHBIX Be-
TpoB. [lodTOMY myCThIHHO-CTEITHAsE 30Ha XpedTa
Kernenp oxBaTbIBaeT MOJOCY HpeAropuid ¢ abco-
JIIOTHBIMU BBICOTHbIMH oTMeTKamu oT 1000-1200
10 1300-1400 m.

CpennerozioBas TeMIeparypa BO3AyXa COCTaB-
nsger +8,7°C, MakCMMaJIbHO BO3MOYKHAasi TeMIlepa-
Typa nocruraet +38,2°C, a munnumanpsHas — -27°C.
I'maporpaduueckas ceTb TEPPUTOPUH MTPECTABIIE-
Ha pexkamu KeneOymakcaid, JlOKkeHBITIIKUCAH, PYIbsi-
mu KeneOynaxcaii, bonpmoi Kermencaii (Kermnen),

oxenumke, Mansiii KetMmencaii, Apinbikrosucaii, a
TaK)Ke CE30HHBIMU py4dbsiMu [14].

Tepputopust palioHa oOcieT0BaHUsI OTHOCUTCS
K TOPHOW W TOJTOPHO-PAaBHUHHOW 00JacTsM, TOJI-
30HE YEpHO3EMOB CPEIHEMOIIHBIX, TEMHO-KAIlTa-
HOBBIX, CBETJIO-KallITAHOBBIX, CEPO3EMOB OOBIKHO-
BEHHBIX CEBEPHBIX M CBETJIBIX CEPO3EMOB CEBEPHBIX
mouB. OCHOBHBIE THITHI pelbeda — TOPHI U JIOJIUHBI
TOpHBIX peuek [15].

Pacturensnocts Kermenckoro xpeOta mpen-
CTaBIieHa eNbHUKaMH (Juniperus turkestanica Kom.,
Picea schrenkiana Fisch. et Mey.), a Takxe 371aK0-
BbIMH Bunamu: Botriochloa ischaemum (L.) Keng.,
Elymus angustus Trin., Dactylis glomerata L., Stipa
capillata L., Alopecurus soongoricus (Roshev.) V.
Petr., Eremopyrum orientale (L.) Jaub. et Spach.,
Poa pratensis L., Poa bulbosa L., Poa stepposa
Kryl., Roshev., Festuca sulcata Hack., Aeluropus
intermedius Rgl., Agropyron repens (L.) Beauv.,
Koeleria gracilis Pers., Phragmites communis Trin.,
Lasiagrostis splendens (Trin.) Kunth.

OO0BekT uccneaoBanus — Buja poaa Irollius L.
cemeiictBa Ranunculaceae — Trollius dschungaricus
U3 NPUPOAHBIX nonyssinuid. KynanbHuna JHoKyH-
rapckas (7. dschungaricus) — MHOTOJIETHEE Tpa-
BSIHUCTOE pacTeHue BbricoTo 15-70 cM ¢ KOpoT-
KUM KopHeBuiieM. Cte0enb MpsiMOi, Yy OCHOBaHUS
CJerka MpUNOJHUMAIOLUKCs, 1-3-1BETKOBBIH,
TJIaJIKA, Y OCHOBAaHUS OJET OCTATKAMH IPOIILIO-
TFOJIHUX JIUCThEB. JIMCThsI IPUKOPHEBBIC, JIIMHHO-
YEPEeNIKOBhIE, MAThYaTO-TISATHIONACTHBIC, JIOTACTH
UX IIMPOKUE, HaJpe3aHHble HAa 3-5 CErMEHTOB C
Tyno-3y0uyareiMu  Kpasmu. CTeOieBble JIUCTHS:
HIOKHUE — YEPEeIIKOBBIC, BEPXHUE — CHISYHE,
C TJIACTMHKOM, CXOJHOW C NPUKOPHEBBIMH WU
HEeMHOTo Oojee TIyOOKO pacceuéHHOM; camble
BEpXHHE IOCTENEHHO YMeHblIarTcsa. L[BeToHoC
JIUHON 2-15 cM, npu mioaax yIJIUHSIOUIUNCS.
LBeTku kpymHbIC, 70 6 CM B JAMAMETpE, Yalleiu-
CTUKH SIPKO-30JIOTHUCTO-XKEIIThIE, CHAPYKU CIIeTKa
KpacHOBaTkIe, B KonumaecTBe oT 4 10 15 (20). Jle-
MECTKU-HEKTAPHUKH JUTMHON OKOJIO 8§ MM, OpaHXKe-
BbI€, TIOYTH PaBHBIC THIYUHOYHBIM HUTSM, JTHHCH-
HbIE, C OKPYIJIEHHON BEPXYIIKOM, pacIIUPEHHbIE U
HEMHOT0 yTOJIIEHHBIE. MegoBast IMKa HaXOJUTCS
Ha BBICOTE OKOJIO 1 MM, 1O/ HEH JIENEeCTOK HEMHO-
ro cyxaetcs. PrlabIia skenTeie, 3aBsizu OypoBaThIe,
BO BpEMs IIBETCHHUSI Y OCHOBAHHS CTOJIOMKA MOp-
IIUHUCTBIC. MHOXKECTBEHHBIE JINCTOBKH, 710 10 MM
JUTHHOMW, COOpaHbI B IApOBUIHYIO TOIOBKY. Hocnk
JUCTOBKHU JUTMHOM OKOJO 2 MM, TPSIMOH, CJIerka
oTkJIOHEHHBIH. CeMeHa Oypo-uepHble, OyecTsIue,
OKpYTJIbIe, clierka yrioBartelie. [[BeTéT B utorne [16-
19].
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Pucynoxk 1 — Kapra-cxema xpedta Kerren Kynreiickoro Anaray

MeTtoabl HccC/IeT0OBAHUS

Jist ©3y4eHus] COBPEMEHHOT'O COCTOSIHUS TOITY-
nsuuid Buna 7. dschungaricus B €ro eCTECTBEHHbBIX
MPUPOAHBIX MECTaX OOMTaHMs OBUIM 3aIlIaHUPOBa-
HBI 3KCIIEAULUOHHBIC TOJIEBbIE PAOOTHl MAPLIPYT-
HO-PEKOTHOCLUPOBOYHBIM METOOM I10 TEPPUTOPUU
Kernenckoro xpedra. O0uiue BU0B B (PUTOLICHO-
3ax ompeaesIocs no mkane oounus Hpyne [20].

['eoOoTaHNueCKrEe HCCIENOBAHUS  NPOBOJU-
JIUCh B TPM 3Tala: IMOATOTOBUTEIBHBIN, IOJIEBOU
u KamepanbHbli. Ha mnoaroroBurensHOM 3tame
coOupanich OO30pHBIE JIUTEpaTypHBIE W KapTo-
rpaduuecKiue MaTepualibl, OTPAXKAIOIIUE CTEIICHb
H3YyYEHHOCTH NPUPOAHBIX YCIOBHH HCCIeTyeMon
TeppuTopur. B Xoze moseBoro srama M3bICKaHUS
BBIMOJIHSUIMCH MapUIPYTHBIM METOAOM B Maciitade
1:50000 ¢ nHTEpBaIOM MEXIY MapumpyTamMu 1 KM.
B npouecce paboThl OCYIIECTBISUIOCH KapTHPOBa-
HUE PaCTUTEIBHOCTH, HAHECEHUE T€000TaHNUECKUX
KOHTYpPOB Ha TONOTpaduiIecKylo OCHOBY U OIUCa-
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HUE PacTHTENbHBIX coobmiectB. [Ton mociaeqauMu
MOHUMAIOTCSl TPYMIbl PACTUTEIBHOCTH, CXOJIHBIC
[0 BHJIOBOMY COCTaBy, CTPYKType, OUHAMHUKE U
MPUBSI3KE K ONpeIeIEHHBIM MECTOOOUTaHUsIM. [ 'eo-
OoTaHnvecKue ONMCaHMs ObLIM BHECEHBI B OJaHK,
BKJIIOYasl Ha3BaHHE COOOLIECTBA, XapaKTepUCTUKU
penbeda, MOYBHI, YCIOBHSI YBIAXXHEHUS, POSKTHB-
HOE TIOKPBITHE TOYBbI PACTCHUSAMH (B MPOLIEHTAX),
BEICOTY, (peHOda3y 1 )KU3HEHHOCTh pacTeHuid. [Ipu
BO3MOXXKHOCTH B TIpe/ielax KOHTypa BBIJICISUIHCH
YYacTKH C OJHOPOJHOH pacTUTENbHOCTHIO. OaHO-
BPEMEHHO C 3TMM Ha 4YeTBIPEX MJIOMIAJKaX IUIO-
maapio 1 M? Kakaas MpOBOAMIUCH YKOCHL TpaBs-
HUCTBIE pacTEeHUs cpe3aluch Ha BbIcoTe 1-3 cwM,
KpPYIHOTpaBHBIE — Ha 4—6 CM, a y TTOTyKyCTaPHUKOB
yAaIsIcsl WM 00JaMbIBajIcsd TPHPOCT TEKYIIETO
rona [21]. Jlns yrouHeHust (QIOPUCTHYUECKOTO CO-
CTaBa COMHMTEJIbHBIC BUIBI PACTCHUH 3aKJIa/bIBa-
JUCh B TepOapuii M yTOUHSUIIUCH B KaMepalbHBIN
nepuoa. Coop u 00paboTka repbapHOro MaTepuaia
BKITIOYAIN pa3Menienne oopasnos 7. dschungaricus



M.C. Kypmanbaesa u ap.

B repOapHble TalnkW C yKa3aHHEM MeCTa M JaThl
cbopa, a Taxke UMEHM KoJuleKiuoHepa. Ilocne mo-
JIEBBIX MCCIIEOBaHUI MaTepuai CyIIWIN U aHallu-
3UPOBAIN C UCIIOJIB30BaHUEM OWHOKYJISPHBIX JIYTI.
Bce paboter mo cbopy u 00paboTke repbdapHOTO
MaTepuana BBITIOJIHINCH B COOTBETCTBHH C METO-
nukoit A.K. CkBopuosa [22]. [ns u3ydeHus reo-
rpaduyeckoro pacnpoctpanenus 1. dschungaricus
MIPUMEHEH MapLIPYTHO-PEKOTHOCLIMPOBOYHBINA Me-
TOJI, a TAaKXKE HMCIOJIb30BaHbl KJIaCCHUECKUE 00IIe-
HPUHSTBIE METOIUKH AJSl U3y4deHus: Mopdojaoruu
pacTeHuii B MOMyJSIHAX, (GUTOLEHO30B, SKOJIOTHH
u O6uonorun. OnpenenceHue BUJOBOTO COCTaBa pac-
TUTEJIBHBIX COOOIIECTB OCYILIECTBIISIIOCH C UCIOIIb-
30BaHMEM COOTBETCTBYIOIIMX OOTAHWYECKUX OIpe-
JIeIATENEN, CIPAaBOYHUKOB M JIPYTMX HCTOYHHUKOB,
takux kak: «Dnopa Kazaxcrana», «Omnpenennurensb
pactennii Cpenneit Asum» u ap. CTpykTypa ce-
MelcTB yKazaHa no cucteme A.JI. Taxtamksna [23].
Buasl 1 pona B cemeiicTBax pacoioKeHbl M0 al-
(daButy. Bunosas uneHTHUKAMS U CHCTEMAaTHKa
MPOBOZSTCS B TaOOPATOPHH MOCIIE MOJIEBBIX PadoT.
Jlist 3TOr0 MCIONB3YIOTCS MHOTOTOMHBIE OTYETHI
U crpaBouYHUKH, Takue Kak «Diopa CCCP» [24],

«Dnopa Kazaxcrana» [25], «Omnpeaenurensb pac-
tennit Cpennert Azum» [26] u apyrue. Bumossie u
ponoBsie Ha3Bauus T. dschungaricus B Ketrienckom
xpebte Kynrefickoro Anatay npuBeIeHbI COTITacHO
6asze manubix Plants of the World Online (POWO), a
take 1o C.K. Uepenanosy u C.A. AGaynuHoii [27,
28, 29]. B xo/e moaeBbIX SKCIEIUIIMOHHBIX HCCle-
JIOBaHWW B HCCIeIyeMoM paiioHe xpeOrta Kernen
ObuTM OOHapyskeHbI 3 onynsinun 1. dschungaricus.
Mopdonornueckue nupuszHaku 1. dschungaricus
M3YYaJUCh HA KUBBIX PACTCHHUAX C MPUBJICYECHHEM
repbapHOTo MaTepHaa.

Pe3yabTarhl 1 00cy:KI1eHUE
Jis yTOUHEHMsI PUPOIHBIX MECT Mpou3pacTa-

Hus nomynsiwid Buna 1. dschungaricus B Kynreit-
ckoM Anaray, Ha xpeOre Kerren, a takxe st mo-

CTPOCHHUSI MapHIpyTa SKCHEIULIMOHHBIX BbIC3/IOB,
YCTaHOBJICHHUS CPOKOB IIBETEHHS M 3aHIMAEMBbIX KO-
JIOTUYECKUX HHII, ObUIO TIPOBEIEHO M3y4YeHHUE rep-
OapHOro Marepuaga OCHOBHOrO repdapHoro ¢onzaa
WuctrutyTa O0TaHWKH ¥ (PUTOMHTPOIYKIINH, a TAKKE
JIUTEPATyPHBIX (PIOPUCTUUECKHUX CBEJICHUH.

Pucynox 2 — [onymnsuwus T dschungaricus Ha Xpedte
Kernen Kynreiickoro Anaray: A-nonymnsauus 1, B- momysmsiuus 2

Uccnenosanus nonyisiuuid T. dschungaricus,
npouspacraomux Ha xpeodte Kernen Kynreii-
ckoro Aulatay, W HM3yueHue repOoapHOro mare-
puana mokKa3ajld, YTO HUCCIENYyEeMblil BUJ HMe-
€T XOpOUIYI0 JKOJOTHYECKYH AaMIUIUTYyAy H
JOCTaTOYHO XOPOLIO PacnpocTpaHEH HA AaHHOU

tepputopur. OJHAKO LEHOTHYECKAas MPHYpPO-
YEeHHOCTb 3THX BUJOB HECKOJBKO YK€, U JOMH-
HUpYIOMAasl 4acTh monyisuuid 7. dschungaricus
oOHapy>XeHa INPEUMYILIECTBEHHO B pPa3HOTPAaB-
HO-TPaBSIHUCTBIX TPYNIHUPOBKAX, TJ€ BHUIBI Ha-
XoasT Ooyiee ONArONMPUSTHBIE yCIOBHUSA. JTO Kak
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OTKPBITBIC, TaK U TEHUCTBIE MECTa C XOPOIIUM
yBIQXHEHHEM. B pesynbpTaTe 3KCHEAMIIMOHHBIX
HCCIIeIOBaHUM ObUTH 3apUKCHPOBAHBI JBA Me-
croHaxoxaeHust nomyisiuuii T. dschungaricus B
PA3IUYHBIX JKOJIOTO-(QUTOICHOTUYECKUX YCIIO-
BHUSIX: Ha YBJIQXHEHHBIX MECTOOOUTAHUSX CPEIH
JIyTOBO-Pa3HOTPABHOM M KYCTapHHUKOBO-Pa3HO-
TPaBHOM PaCTUTEIBLHOCTU. TUIIMYHBIMU MECTaMHu

paccenenust T. dschungaricus Ha xpedre Kermnen,
KyHnreiickoro Anaray sBASIOTCS OTKPBITBIE CBET-
Jple Jieca W JIOCTaTOYHO YBJIAXKHEHHBIE pPa3HO-
TpaBHBIE JIyTa CPEAHETO JIECHOTO Mosica.
DIOPUCTUUECKUI COCTaB € YyYacTHEM BHUIA
T.dschungaricus, ooHapyxxeHHOro Ha xpedre Kert-
neH, YHUrypckoro paiioHa AJIMAaTHHCKOW 00JIacTH,
Kymnretickoro Anaray, mpeacrasieH B Tabmuie 2.

Tabmuua 2 — Onopuctudeckuii cocras ¢ yaactueM 1. dschungaricus Ha xpedte Kerren Kynreiickoro Axnaray

Ne
i Pycckoe HazBaHue JlatuHCcKOe Ha3BaHHE Kasaxckoe Ha3Banue | JKusHeHHast ¢popma
1 2 4 5
CemeiicTBo cocHoOBbIe — Pinaceae Lindl.
1 | Enp llpenka | Picea schrenkiana Fisch.et Mey. | [lpeHk msIpmacet | Jepeso
CemeiicTBo kunapucosbie — Cupressaceae Neger.
2 | MosxKeBeNbHUK TypPKECTaHCKHM | Juniperus turkestanica Kom. | TypxkicTan aprracs | JHepeso
CemelicTBO 3/1aK0BbIe — Gramineae Juss.
3 bopoza . Botriochloa ischaemum (L.) Keng. Kanrtusp 6o3marbut MHOTroJIeTHUK
KPOBOOCTAHABIMBAIOIHI
4 Bonocuern y3kuit Elymus angustus Trin. JKiHinke KUK MHoroneTHuk
5 Esxa cOopnas Dactylis glomerata L. [loFsIp TapFakmen MHoroneTHUK
6 KoBbuts BomocucTsIit Stipa capillata L. Kpurra ceney, MHoroneTHUK
camax603 Kay
7 JIucoxBoct xyHrapckuit Alopecurus soong:ti;lcus (Roshev.) V. YKorrap TYNIKIKYHpHIK | MHOTOIETHUK
8 MopTyk BOCTOUYHBII Eremopyrum o;;zrét;zle (L.) Jaub. et HIBIFBIC MOPTBIFEI OHONETHUK
9 Msmiuk ayroBoi Poa pratensis L. lanFeiH KOHBIpOAC MHoroneTHuk
10 MSTINK JTyKOBUYHBIH Poa bulbosa L. KyambikTer MHOTrOJIETHUK
KOHBIpOac
11 MsTink cTenHoi Poa stepposa ( Jlana KoHbIpOAac MHoroneTHuk
12 | OBcsHMIA Oopo3auaras (munyax) Festuca sulcata Hack. Konimri 6erere MHOr0JIETHUK
13 | TlpubpexHHUIA TPOMEKYTOUHAS Aeluropus intermedius Rgl. Tyitekapbia MHOTroJeTHUK
14 [Te1peit monzyymii Agropyron repens (L). Beauv. JKararan OunmaitbIk MHOTrOoJIeTHUK
15 TOHKOHOT TOHKHUI Koeleria gracilis Pers. Konpipbac mucabax MHOTroJeTHUK
16 TpocTHHK OOBIKHOBEHHBIH Phragmites communis Trin. KomiMmri kambIic MHOroJIETHUK
17 Uwii OnecTsimuit Lasiagrostis splendens (Trin.) Kunth. AK it MHOTrOoJIeTHUK
CemeiicTBo ocokoBble — Cyperaceae Juss.
18 | Ocoxka yepHOKosIocast | Carex melanostachya M.B. | Kapamacax kusikesnex | MHoroneTHUK
CemeilicTBo auieiinbie — Liliaceae Juss.
19 | JIyk "uepHo-KpacHbIi | Allium atrosangui-neum Schrenk. | Kapaxpi3but xxya | MHoroneTHHK
CemeiicTBo kpanuBHble-Urticaceae Juss.
20 | Kpanusa xryuas | Urtica urens L. | Ky#iniprim xanaxait | MHoroneTHuK
CemeiicTBo rpeunmnsbie — Polygonaceae Lindl.
21 | Kypuaska kycTapHHKOBast | Atraphaxis frutescens (L.) Eversm | byra Ttyitecinip | Kycrapaux
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TIpooonacenue mabauyvl

CemeiicTBo MapeBble — Chenopodiaceae Vent.

22 EsxoBHHK COOHYAaKOBBII Anabasis salsa (C.A.Mey.) Benth. Copran OyiibIpran [Momyxycrapauk
23 cylijjoiﬁgﬁ)?;lecﬂ?{aﬂ Climacoptera brachiata (Pall.) Botsch. TapOak TOpraiioThI OnHONETHUK
24 Koxwus npocrepras Kochia prostrata (L.) Schrad. JKararan nzen [NonykycrapHuuex
25 IToramnuk xacnuickuit Kalidium caspicum (L.) IIsITEIp COpKaHOAK Kycrapauuex
26 Porau necuansbrii Ceratocarpus arenarius L. Kymeobenex OnHONETHUK
27 Porau cymuarsrii Ceratocarpus utriculosus Bluk. Kanrainsr ebenex OHONETHUK
28 Caena B3y TOILTOAHAS Suaeda physophora Pall. Ypmexemic akcopa Kycrapuudek
29 CosiHKa BOCTOYHAs Salsola orientalis S. G. Gmel. Kyiipeyik [onyxycrapHux
30 TepeckeH poroBuIHbII Eurotia ceratoides (L.) Gueldenst. Myiti3 TepickeH Kycrapauuex
CemeiicTBo reo3auunbie — Caryophylaceae Juss.
31 KomrouenncTHUK KOMIOUni Acanthophyllum pungens (Bge.) Boiss. Tikenai 603TikeH MHoroneTHUK
CemeiicTBo J10THKOBBIe —Ranunculaceae Juss.
32 PorornaBruk npsamoporuit Ceratocephalus orthoceras DS. Mwmex menredac OpHoneTHUK
33 Jlrotuk 3amnuiickuit Ranunculus transiliensis M. Pop. e caprangarst MHOT0IeTHUK
34 KynaasHuua qpkyHrapekas Trollius dschungaricus L. Kourap xkynreai MHoro/ieTHUK
CemelicTBo 0apO0apucoBblie — Berberidaceae Juss.
35 | Bapbapuc pa3HOIBETO-HOKKOBEI Berberis heteropoda Schrenk 6];;?2;;2?{1121 Kycrapauk
36 Bapbapuc uenbHOKpaitHuit Berberis integerrima Bge. 6]:3 ‘;Tiiz);;;; Kycrapauk
CemeiicTBo KpecTouBeTHBIe — Cruciferae Juss.
37 Bypa4ok myCThIHHBIN Alyssum desertorum Stapf. | e »xayputia OMHOJETHUK
CemelicTBO po3ouBeTHbIE — Rosaceae Juss.
38 TaBonra 3BepoOoenucTHAS Spiraea hypericifolia L. [ajikypaii TOOBUTFBI Kycrapauk
39 IumoBHUK Ansbepra Rosa alberti Rgl. Anp0epT paynraHst Kycrapauk
40 II1moBHUK MKW POKOLIUITOBBIH Rosa platyacantha Schrenk. X;:;?II;E;CH Kycrapauk
CemeiicTBo 0000BbIe — Leguminosae Juss.
41 lopomex MbIIIMHBIH Vicia cracca L. CHB;I;ELI;::HM MHOroneTHUK
42 Kaparana xycrapHukoBas Caragana frutex (L.) C. Koch. byra kaparan Kycrapuuk
43 Krnesep myroBoii (kpacHbIit) Trifolium pratense L. Kp13pmbac Gene MHoroneTHUK
44 Knesep mon3yunii Trifolium repens L. Ak Oene MHoroneTHUK
45 Jlronepua ceprioBuaHas Medicago falcata L. Cappbl0ac KOHBIIIKA MHoroneTHUK
46 Counojika rosast Glicyrrhiza glabra L. Kanan must MHoroneTHUK
47 YuHrua cepeOpucToiit Halimodendron halodendron (Pall.) Voss. AK1eHren Kycrapauk
CemeiicTBo repannesbie — Geraniaceae Juss.
48 ['epanb nyrosas | Geranium pratense L. | [anFeiH Ka3TamMaK | MHoroneTHUK
CeMmelicTBO 3Bepo0oiinble — Guttiferae Juss.
49 3Bep0o0Oi MPOIBIPSIBICHHBIN | Hypericum perforatum L. | [adimen maikypai | MHoroneTHuK
CemeiicTBo rpedenuiukoBble — Tamaricaceae Link.
50 ['pebeHIIMK MHOTOBETBHUCTHIH | Tamarix ramosissima Ledeb. | KpI3b11 KBIHFBLT | Kycrapauk
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Ipooonscenue mabauywvl

CemeiicTBO cBUHYATKOBbIe — Plumbaginaceae Juss.
51 Kepvex yskonmcThiii Limonium leptophyllum (Schrenk.) AWBITKAIBIPAK Tonykycrapix
Kuntze. KepMeK
CemeiicTBo 0ypauHuKOBbIe — Boraginaceae Juss.
52 JIumyuka MenkomioaHas Lappula microcarpa (Ledeb.) Gurke. Y cakkeMic KopiKbI3 JIByneTHuK
CewmeiicTBo ry6ousernsie — Labiatae Juss.
53 3aiitery6 AByHrOMHATHI Lagochilus diacanthophyllus (Pall.) Kocrikeni VT —
Benth. KOSTHIKAITbIPaK,
54 3mudopa ByHrosckas Ziziphora bungeana Juz. ByHnre kuikoTb MHoOTroJIeTHIK
55 3usudopa maxyyxkoBHIHAS Ziziphora clinopodiooides Lam. I'ynpaiixaH KHiKOTBI MHOTrOoJIeTHHK
56 TuMBSH MapIIaTHEB-CKUI Thymus marschallianus Willd. Mapman xebipi [MomykycrapHIuex
CemeiicTBO Mo10po:KHUKOBBIE — Plantaginaceae Juss.
57 [TonopoKHUK TaHIIETOBUIHBIN Plantago lanceolata L. 6:221);?2:;2;& MHOroJIETHUK
CemeiicTBo MapeHoBbIe — Rubiaceae Juss.
58 ITogmapeHHUK HacTOAIIUI Galium verum L. | HarbI3 KpI3b11005y MHoroneTHUK
CemelicTBO xuMoJ0cTHBIE — Caprifoliaceae Juss.
59 JKumonocts Tartapckas Lonicera tatarica L. | TaTap ymkarst Kycrapauk
CemeiicTBo cio:kHoUBeTHBIe — Compositae Giseke.
60 AsiHYUS IUTKOBAs Ajania fastigiata Poljak. Kainkan rayxxycan MHoroneTHuk
61 By3ynbHUK KpyTHOIUCTHBII Ligularia macrophylla (Ledeb.) DC. Icp;;j;[;gﬁ: MHoroneTHuk
62 Topuax nmomsyunit (kexpe) Acroptilon repens (L.) DC. JKararan y kekipe MHoroneTHuk
63 Kapenunus kacnuiickas Karelinia caspia (Pall.) Less. Kacnuii ak6acriren MHOTroJeTHIK
64 OnyBaHYHK OOBIKHOBEHHBIH Taraxacum officinale Wigg. Konimri 6akbax MHOT0JIETHUK
65 ITwxma TeICSTYETUCTHAS Tanacetum millefolium L. hf;’?;;ﬁ;;iiK MHOroJIETHUK
66 [onbiap Oeno3emenbHas Artemisia terrae-albae Krasch. bo3 xxycan ITonykycrapaudek
67 [MosneHb 3aunuiickas Artemisia transiliensis Poljak. Ineaprsl KycaHsl TomyxycrapHuk
68 [TonbIHb neccUHroBUHAS Artemisia sublessingiana JleccuHrTYCTI JKycaH MHoroneTHUK
(Kell.) Krasch.
69 [TonbiHb OCeHHsSL Artemisia serotina Bge. Ky3nix xycan MHoroneTHuK
70 [onbIHb cemMupedeHcKast Artemisia heptapotamica Poljak. XKericy xxycan MHoroaeTHIK
71 [TonbIHb TAHBLIAHCKAS Artemisia tianschanica Krasch. ToHIIGH KycaHbI ITomykycrapHuk
72 [onss LlpenkoBckas Artemisia schrenkiana Ledeb. IpeHK xycaHbI MHoroneTHUK
73 | ThICSYETUCTHUK OOBIKHOBEHHBIH Achillea millefolium L. Axkbac MBIHXKAIBIPaK, MHoroneTHUK
CemeiicTBo amapuiinucoBsle — Amarillidaceae Jaume.
74 MKkcnonmmproH TaTtapcKuit [xiolirion tataré'it}tlrglt(Pall.) Roem. et Tarap mermxuapst MHOTOIETHUK
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@DIOPUCTUYECKUM COCTaB 10 MaTrepuaiam Io-
JIEBBIX HCCJENIOBAaHUM, BKIOYAeT 73 BuAa, Ipu-
Hajuiexkanmie K 61 pomy u 25 cemeiictBam (Tabmm-
ua 2). HauGonpliee 4ncio BHIOB TPEACTaBICHO
cemerictBamu Poaceae (15 BugoB), Asteraceae (14
BunoB), Chenopodiaceae (9 Bumos), Fabaceae (7

BujoB), Lamiaceae (4 Buma), Rosaceae (3 Buna),
Ranunculaceae m Berberidaceae (o 2 Buma).
OcranbHbIE cCeMENHCTBA BKIIOYAIOT TI0 OTHOMY BHILY.

JloMHHAaHTaMH PACTUTEIHLHOTO TIOKPOBA SIBIIS-
torcs 15 BuoB. bonpmuHCcTBO pactennii (70 BUIOB,
i 96 %) moegaercs CKOTOM, SITOBUTBHIMHU CUHTA-
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10TCs 3 BHJIA, & 7 BHJIOB 00JIa/1al0T JICKAPCTBEHHBI-
MU CBOHCTBaMHU.

[Ipeobiianaronnyto KU3HEHHYIO (POPMY COCTaB-
JISIIOT MHOTOJICTHUE pacTeHus: (66 BHIOB), Cpeiu
KOTOPBIX JUIUTEILHOBETCTHPYIONIHE MHOTOJICTHHC
TpaBsl (43 Buaa), kycrapuuku (10 BumoB), KycTap-
HUYKH (3 BUIA), TOTYKYCTapHUKH (5 BUIOB), Oy~
KycTapHUYKH (3 BHIA) U AepeBhs (2 BUIA).

K MHOTOJIETHUM TpaBaM OTHOCSITCSI IMpeJcTa-
Butenu cemeiictB Poaceae, Cyperaceae, a Takxke
BHIIBI posa Artemisia U pa3HOTpaBbe U3 Asteraceae,
MHOTHE U3 KOTOPBIX BBIMOJHIIOT [[EHOOOpa3y-
oy  ysknuio.  KycrapHuku, moiykycrap-
HUKH, KYCTapHUYKH, TMOJYKYCTAPHWUYKH W Jepe-
Bbs TpUHAISKAT K cemeiictBam Cupressaceae,
Pinaceae, Chenopodiaceae, Berberidaceae,
Rosaceae, Fabaceae, Tamaricaceae, Lamiaceae,
Caprifoliaceae, Asteraceae, Polygonaceae.

MHoroneTHie pacTeHuss UrparT dauduka-
TOPHYIO pOJb B HCCICIYyEeMOM palioHe, Cpeau
Hux: Festuca valesiaca, Artemisia tianschanica,
Artemisia sieversiana, Artemisia lessingiana, Carex
melanostachya, Poa stepposa, Poa pratensis,
Achillea millefolium, Phragmites australis v npyrue.

I'pynny  onHonerHukoB (6  BHAOB)  CO-
CTaBJISIIOT ~ MpeJcTaBuUTeNM ceMmeiicTB  Poaceae,
Chenopodiaceae, Ranunculaceae u Brassicaceae.
OHu GOpMHPYIOT B OCHOBHOM MOJU(UKAITHIOHHBIC
TpaBOCTOH, cpeau KoTopeix Climacoptera lanata n
Bassia prostrata. K n1ByJeTHUM pacT€HUSIM OTHO-
cutcst Lappula microcarpa.

DKOJIOTHUECKHA aHamn3 (QJIOPHI MTOKa3bIBACT
HIMPOKOE PaclpOCTpaHeHUE KCepOPUTOB B Mpejie-
JlaX CPEeIHErophsi, Me30()UTOB U TaI0(QUTOB — B JIO-
JIMHAX PEK U pyciiax BPEMEHHBIX BOJIOTOKOB.

Penbed urpaer 3HaUMTEIBHYIO POJIb B pacrpe-
JICJICHUU PaCTUTEIHHOTO MOKpoBa. Ha ocHoBaHUM
NPOBENEHHBIX HCCIICAOBAHUN MPUPOHBIC KOPMO-
BbIC yrojibs ObUIA CHCTEMATHU3UPOBAHBI B 3aBUCH-
MOCTHA OT YCIIOBHH MECTOOOWTAHWSI W BHJIOBOTO
cocTaBa B TIpeneiiaX OCHOBHBIX (opM penbeda:
CpeIHEropbe, HU3KOTOPhE U MPEAropHasi paBHUHA.

Benymumu  pacTHTENBHBIME  COOOIIECTBAMHU
CpeZIHeropbsi sIBNSIOTCS  Festucetum valesiacae-
Artemisietum sublessingianae, Gramineto-
Herbosum,  Fruticoso-Gramineto-Herbosum n
Artemisietum sublessingianae-Graminetum.

EcTecTBeHHas pacTUTEIILHOCTh HHU3KOTOPBS C
XOJIMUCTO-YBaJMCTON U BOJHUCTOW TTOBEPXHOCTHIO
XapaKTepU3yeTcsl TOCHOJCTBOM KYCTAPHUKOBBIX H
Y3KOI0JIbUATOIOJIBIHHBIX COOOIIECTB, MECTaMU C
3HAYUTEILHBIM yUACTHEM 3aillery0a KOJIH4ero.

B pesynbrate mepesbiliaca B HEJABHEM MPO-
IUIOM C(OPMHUPOBAIUCH BTOPUYHBIE MOaH(pHKa-

[IMOHHBIC TPaBOCTOW, 3aHUMAIOIINE HEOOIbIINEe
mwiomanyu. Ha cuibHO meperpyXeHHBIX ydacTKax
KYyCTapHUKOBO-TIOJBIHHO-3()eMEPOBBIX, TOJIbIH-
HO-THUITYAaKOBBIX BHJIOB PacCIpPOCTPaHEHBI KycTap-
HUKOBO-TIOJILIHHO-COJITHKOBBIE M MEIKOKYyCTap-
HUYKOBO-Y3KO00JbYaTO-IIOJIBIHHO-TUITUAKOBbBIC
MOIU(DUKAIIMOHHBIE TPABOCTOMH.

WNnnukaTopamu c00s SABISIOTCS KIMMaKONTEpa
CYNPOTHUBHOJIMCTHAS, 3alIery0 KOJIOUUNA M BbIO-
HOK TparakanTOBWIHBIN. KopMoBas IIeHHOCTH CO-
00IIecTB CO BTOPUYHON PACTHTEIHHOCTHIO PE3KO
nasaer.

[TonbiHHBIE BUIBI U3-32 CHWIIBHOM TeperpyKeH-
HOCTH BBITACOM TIOJIBEPIKEHBI aHTPOIIOT€HHOM
Jerpagannd. 3ech OTMEYEHO IOSBICHHE HEIo-
efaeMbIX 3pemepoB (Oypadok MyCTHIHHBIN, MOPTYK
BOCTOYHBIH, pOTOTJIABHUK TPSIMOPOTHH).

Ha Ttepputopum o00CHenoOBaHHOIO ydyacTKa
OoJblle BCErO paclpoCTpaHeHa pPaCTHTENbHOCTh
MIPErOpPhs.

KycTapHuKOBbBIE M MOJIBIHHBIC BHJIbI PAaCIpO-
CTpaHEHBI B MPEIrophe M0 KPYTOCKIOHOBEIM (Op-
MaM penbeda Ha cepo3eMax OOBIKHOBEHHBIX CEBEp-
HBIX CMBITBIX, HETIOJIHOPA3BUTHIX U MaJOPa3BUTHIX,
a TakKe Ha CepO3eMax CBETJIBIX CEBEPHBIX COJIOHYA-
KOBAaTBIX CYTJIMHUCTHIX ITOYBAX M 3aHUMAIOT 3HAYH-
TEJILHYIO TUIOIIATb.

C npubmmxkenneMm kK pexe Mimu Ha myroBo-ce-
pPO3eMHBIX OOBIKHOBEHHBIX CEBEPHBIX CpPETHECO-
JIOHYAKOBBIX CYIJIMHUCTBIX TOYBaX JIOMHUHHUPY-
FOT 3J1aKOBBIE BHJIBI C MPEOOIaJaHieM YHHTHIIA |
TpocTHHKA. J[IsI pacTHTEIHHOrO TMOKPOBa OCHOB-
HOT'O Y4acTKa HCCIIeyeMON TepPPUTOPUH XapaKTep-
Ha BBICOKAasl CTEICHb 3aKyCTapeHHOCTH, 00YyCIIOB-
JIeHHas pacmpocTpaHeHueM Spiraea hypericifolia
L. u Atraphaxis frutescens (L.) Eversm. Cnenyet
OTMETHUTh, YTO HaWOOJIee TYCThIe KYCTapHUKOBBIC
3apOCIH ¥ TUIOTHBIE TTOMYJISINH JaHHBIX BHIOB Ha-
OJIFOJTAIOTCS MPEUMYIIIECTBEHHO CPEIU COOOIIECTB
¢ npeoOiaganreM Artemisia B 3armaHON ¥ FOKHOU
yacTax ydyacTka. Bemyiee mojoxeHHE cpenu Ky-
CTapHUKOB 3aHUMaET S. hypericifolia, A. frutescens
u Tamarix ramosissima Ledeb.

[TouBBI TOA 3TUMHU PACTUTEIHLHBIMH COOOIIIE-
CTBaMH IPEJICTABICHbI TEMHO-KAIITAHOBBIMUA Kap-
OOHATHBIMHU TIOYBAMH, YESPHO3EMaMHU OOBIKHOBCH-
HBIMH, CPEIHECYTJIMHHUCTHIMUA TIOYBAMH CpPETHEH
MOIIHOCTH ¥ JIyTOBBIMH COJIOHYAKAMHU.

[Nopasmstonas yacts nomyssiuuid 7. dschungaricus,
BcTpevaronxcs B xpedre Kernen Kynretickoro Ana-
Tay, IIPEACTABIEHAa IMMAaTypPHOW U T'€HEPATUBHON BO3-
PacTHOI TPYTIIOH, 4TO CBSI3aHO € IPeodialaHieM Bere-
TaTUBHOTO Pa3MHOMKEHUSI, M HAOMIOAAeTCS OTCYTCTBHE
CCHUIILHBIX pacTeHui (puc. 3).
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Pucynoxk 3 — Bospactroii cuexrp Trollius dschungaricus B xpedte Ketnen

Bo3pacTHoll criekTp mnpoJBUraercsi cieBa Ha-
mpaBo Ha rpaduke, oTpaxkas €CTECTBEHHBIH MpO-
LIECC POCTa U pa3BUTHUs ocobel B momysiun. [Bu-
JKEHUE UIET OT CAMBIX MOJIONBIX CTaauil (cieBa) K
cTapbM (cnpasa). Eciau B momymnsiuy Mano MoJio-
IBIX ocoOell, a TpeobiasaT cTapble, ITO MOXKET
YKa3bIBaTh Ha CHWYKEHNE YHCIICHHOCTH B Oy TyIIIEM.
Ecnu sxe mmeercst 60IbIIOe KOJIMYECTBO MPOPOCT-
KOB M FOBEHWJIBHBIX 0COOEH, IMOMYJISIIHAS IMEET I10-
TEHITHAJ K POCTY.

[Ipopoctku (Seedlings) — nepBbie cTaAnN KH3-
HU. Ha »TOM 3Tame HabmoaeTcss BRICOKAsi CMEPT-
HOCTh, HO BEDKHBIIIHME 0COOW MEPEeXOAsT Ha TMOcIe-
nytomue craauu. KOBenuibHbe 0coOu (Juvenile)
MIPOJIOJDKAIOT POCT, HO €Ille He CIIOCOOHBI K pa3-
MHOEHHUIO. BhICOKAsi YMCIEHHOCTh ATUX CTaaui
CBUJIETENIBCTBYET O XOpOIIEM MOTEHIMale pocTa
nonynsanud. Ecnmu mepexon OT FOBEHWIBHOTO K
BUPTMHWIBHOMY BO3pacTy MAaJjOYHUCIECHHBIH, 3TO
MOET 03HayaTh TPYAHOCTH C BOCIIPOM3BOJICTBOM.
Ecnm npeoOnanaroT reHepaTUBHBIE CTAIUH, TTOITY-
JAUMA aKTUBHO pa3MHOKaeTcd. Eciu ke ux maio,
a cTapbelX 0co0eil MHOTO, MOMYJISIIHS MOXKET CO-
KpaIaThCsl.

JIBIkKeHne uaeT ciaeBa HalmpaBoO — OT MOJIOABIX
CTaguii K cTapbiM. bamanc Mexay BO3pacTHBIMH
rpynIiaMu orpesenser Oymyiee momyisaun. Ecim
MOJIOJIbIE 0COOM TMPeoOIa AT, MOMYJISALUs Iep-
cniekTuBHa. Ecim jxe 0oJjble cTapbix ocodeid, Bo3-
MOJKEH CTaJl YACICHHOCTH.

Kax BuaHO 13 pucyHka 3, BO3pacCTHON CHEKTp
MOKa3bIBaeT pachpeiesieHne oco0eil Mo BO3pacT-
HBIM T'pyIIaM | ITO3BOJISIET OIIEHUThH AHHAMUKY Tie-
PEXOO0B MEXKAY CTaAUAMU pa3BUTUS. PaCCMOTpI/IM,

112

KaK 0COOH MepexoaT U3 OJHOU CTaJINHU B IPYTYIO B
00enX MOMmyJIALHUsIX.

B ofeux mnomymauusx HaOMIOgaeTcsi cxXoxee
KOJIMYECTBO IMPOPOCTKOB. OMHAKO B FOBEHHMJIBLHON
CTaguu YucieHHOCTh B [lomynsuu-1 Bole, 4eM B
[Honynsauuu-2. 3T0 MOXKET TOBOPUTH O JTYUIIEH BbI-
JKUBAEMOCTH MOJIOJBIX PACTEHUH B NEPBOW MOMYy-
JSIIIMM, YTO CIIOCOOCTBYET MX JTAIbHEHIIIEMY POCTY.
B Ionynsuuu-1 nepexon B UMMATYPHYIO CTaJHIO
0oiee BbIpaXKeH, TaK KaK YHCICHHOCTh 3TOW IpyT-
bl 3HAYUTENBHO BbIE, yeM B [lomynsuu-2. Bro-
past HOIyJISIMS, HAIPOTHUB, TEPSET YacTh 0coOel Ha
3TOM 3Tare, YTO MOXKET OBITh CBS3aHO C Heblaro-
MPUSATHBIMH YCIOBHSIMU CPEJIbI HITM KOHKYPEHIHEH.
BuprunuibHas cTagus NpeacTaBieHa NPUMEPHO
OJIMTHAKOBBLIM KOJIMYECTBOM 0OCO00ei B 00eux I10-
MYJSIIUSAX, YTO CBUACTENBCTBYET O CTAOMIBHOCTU
repexosa: HeCMOTPsl Ha PasHMLy B UYHCIECHHOCTU
MMMAaTYpHBIX O0COO€W, M0JId TeX, KTO JIOCTHUTraeT
BUPTUHWIBHOM CTaJMH, OCTAETCS CXOXKEH.

Ha cragun ['enepartuBHBIN-1 00e momyssiun
JIEMOHCTPHUPYIOT CXOKHE MTOKa3aTeNn, HO BO BTOPOit
MOMYJISIIMM HEMHOTO Ooibie ocobeill. DTo MOXKeT
03Hayath, 4to B [lomymauuun-2 ckopocTh nepexona
K TEHEPaTHUBHOMY COCTOSIHAIO BBINIE, YTO MOXKET
OBITH CBSI3aHO C ONAronpuATHBIMHU (hakTopamu, Ta-
KUMH Kak 0oyiee KOPOTKUH IOBEHWJIbHBIM MEPHOJ
WIN BBICOKas TUIONOBUTOCTh. Ha craamm ['enepa-
TUBHBIN-2 [lomynsus-2 npoaoKaeT JIMAUPOBaTh,
YTO yKa3bIBaeT Ha OOJBIINI MPOLEHT 3PEeibIX pas-
MHOXaroIuxcsi ocodeil. KonmnuecTBo ceHHambHbBIX
ocobell B 00enx MOMyJSALIUSX MUHHUMAIbHO, HO BO
BTOPOH MOMYJSIUUH UX YyTb MEHbLIE. DTO MOXKET
CBHUJIETETLCTBOBATH O 0OJIee aKTUBHOM OOHOBJICHUH
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Y MEHBIIEH MPOAOIKUTENBHOCTH )KU3HH B 3TOM MO-
ITyJIALAN.

[onmynsimusi-1 AeMOHCTpUPYET BBICOKUN ypo-
BEHb BBDKHMBAHUS HA PAHHUX CTAIMSIX, 4TO JETacT
€e MEePCHEeKTUBHOM Il JanbHeiero pocra. Ilo-
nyJsinus-2  ObICTpee  JIOCTUTAeT TeHEepaTHBHBIX
CTajuii, 4TO YBEITMUYMBAET €€ PENPOYKTUBHBIN IMO-
TEHLIHAJ, HO MOKET yKa3blBaTh Ha 00Jiee KOPOTKHUH
JKU3HEHHBIN MK, Hu3kas 4ucIIEHHOCTh CEeHHAJIb-
HBIX 0c00ei B 00eHX MOMYJSIIHUAX TOBOPHUT O BBI-
COKOW CMEPTHOCTH I10CJIE TEHEPATUBHOIO MEPHOMA
WIM aKTHBHOM OOHOBJIEHHMH TOIMynsuui. Takum
obpazom, [lomynsuusi-1 opueHTHpOBaHAa Ha POCT
U yBEJIMYEHUE YUCICHHOCTH, a [lomynsuusa-2 — Ha
OBICTpOE pa3MHOKEHUE U OOHOBIICHHE.

3akaiouenue

T. dschungaricus otHocutcs K pony Trollius,
cemeiictBo Ranunculaceae. B pon Trollius 6p1am
00BbeuHeHBI poabl Hegemone u Megaleranensis.
[Toatomy B Hactosimiee Bpemsi poxn Trollius L.
(cem. Ranunculaceae, xkynmanpauma) Bxiaogaet 40
BHJIOB, PACTIPOCTPAHEHHBIX BO BHE TPOIHYECKHX
perunonax CesepHoro mnonymapusi. Ha Tepputo-
pun KazaxcraHa mnpouspactaroT 5 BHIO0B poja
Trollius L.: Trollius dschungaricus Rgl., Trollius
altaicus C.A. Mey., Trollius asiaticus L., Trollius
lilacinus Bunge u Trollius micranthus (Winkl. et
Kom.) Pachom. CemeiictBo Ranunculaceae (ito-
TUKOBBIC) HaCUUTHIBaeT 0KoJo 50 pooB u Oosee
2 000 BuoB.

T. dschungaricus IpeINIOYUTAET BEHICOKOTOPHEIE
paiioHBI, BCTpEYaeTCs Ha BIAXKHBIX CKJIOHAX, B JIO-
JMHAX pek u Ha jryrax. OH MpenrnoYynTaeT BlIakKHbIe
YYACTKH, TAKHE KaK pEUHbIE JIOJIMHBI, TOPHBIE JyTa,
MOKpBIE CKJIOHBI U BIIQJKHBIC JIECHBIC MOJISHEI. Pac-
TET B YCJIOBHUAX YMEPEHHOTO KIIMMAaTa M MOXET BbI-
JIep’KUBaTh HU3KHE TEMIIEPaTyphbI.

Xpeber Kernen Kynrelickoro Anatay pazHoo-
OpaszeH Omaromapsi CMeHE BBICOTHBIX 30H. B BBICO-
KOTOphE TPeo0JIafaloT XOJOJHBIC YCIIOBHS C Ma-
JBIM KOJINYECTBOM PACTUTEIBHOCTH, B OCHOBHOM
MXH, JHUIIAHHUKA U PEIKHE BHICOKOTOPHBIE pacTe-
HUSL, Takue Kak 1. dschungaricus.

OnopUcTHYECKUI ~ cOocTaB € y4acTHEM
T.dschungaricus B xpedte Kermen Kymnrelickoro
Anaray BkmouaeT 73 BuAa, mpuHamiexammx 61
pony u 25 cemetrictBam (cM. Tabmuiy 2). Cpenu ce-
MeHCTB HanboJbIee KOJIMIECTBO BUIOB TIPE/ICTAB-
neHsl 31aKkoBeMH (15 BuaoB), ClI0KHOIBETHBIMU
(14 BumoB), Mapseimu (9 BunoB), bo6oBbMHE (7 BH-
noB), Pozonerneimu (3 Buma), ['yoouserHpiMu (4
BUa), a Takke JlrotukoBbimu (3 Buna) u bapbapu-

coBbIMU (2 Bua). OcTalbHbIC CEMEHCTBA MTPEICTaB-
JICHBI OJTHUM BHJIOM.

Bospactroii cniektp 7. dschungaricus B xpe0Te
Kerrien mponBuraetcs ciieBa HampaBo, 4YTO OTpaxa-
€T ECTECTBECHHBIN IMPOIIECC POCTA B PA3BUTHS 0COOCH
B IOMYJISIUSIX. Bocnpon3BeneHue 3Toro Buaa ocy-
LIECTBIIACTCS] PEUMYILECTBEHHO 4Yepe3 CEMEHHOE
BO300HOBJICHHE. Ba30BBIM CIEKTP MMEET IOJHOY-
JICHHBIH, IPABOCTOPOHHUI XapakTep ¢ mpeobaja-
HUEM TeHEPATUBHBIX 0COOCH, YTO CBUICTEIBCTBYET
0 OJaroNpUATHBIX YCIOBHSIX JUISI OXPaHBI BU/IA B TIe-
PHO/JT €0 IIBETCHUS. DTH XapaKTEPUCTUKH BO3PACT-
HOM CTPYKTYpHI TOMYJISIIIAY YKa3bIBAIOT HA HAJH-
e OIaroNpHsITHBIX YCIOBUN JIJISl CYIIECTBOBAHHS
T. dschungaricus B UCCIEyEeMOM MECTE OOUTAHUSI.
OpHAaKO JBHYKEHHE BO3PACTHOTO CIEKTPa OT MOJIO-
IIBIX 0coOel cieBa K OoJiee CTaphIM CIIpaBa TaKKe
MOJKET YKa3bIBaTh HAa CHUKCHHUE YUCIICHHOCTH B OY-
JIYIIIEM, €CJIU B TIOMYJISINH OyIeT HaO0aThCs He-
XBaTKa MOJIOABIX CTaINi ¥ Ipeobialanne CTapiInx
BO3PACTHBIX TPYIIIL.

B cBsi3u ¢ 3TUM HEOOXOAMMO MPHHSATH MEPHI JIS
coxpanenust 1. dschungaricus B xpebre Kernes.
BaxxHo o0ecrieunTh OXpaHy KITIOYEBBIX MECTOOOH-
TaHUI 3TOTO BUJA, OCOOCHHO B TIEPUO]I I[BETCHUSI,
KorJa pacteHue HanbOomee ys3Bumo. Criemyer pas-
paboTaTh W BHEIPHUTH MPOTPaMMy MOHHUTOPHHIA
MIOMYJISIIIA, HANpPaBICHHYI) Ha OTCICKUBAHUE
BO3PACTHOH CTPYKTYpbl U AMHAMUKHA YHCICHHOCTH
Buja. Takxke HEOOXOAMMO MPOBOIUTH PabOTHI IO
3alUTe OT AHTPOIOTEHHBIX BO3JCUCTBUH, TaKUX
KaK BBITANTHIBAaHUE U N3MEHEHHUE MTPUPOJIHBIX YCIIO-
BUH, KOTOPbIE MOTYT NMPHUBECTH K JCTrpajiallid Me-
CTOOOUTAHUIHA.

JIs BOCCTaHOBIIEHUS YHCICHHOCTH MOJIOABIX
oco0eit MOKHO PacCMOTPETh BO3MOYKHOCTH HCKYC-
CTBEHHOT'O TIOCEBA CEMSH B MECTaxX, IJIe IPUPOTHOL
BO300HOBJICHHE OTpaHW4YeHO. BakHO Takke oOe-
CIICUYUTh KOHTPOJb 3@ COCTOSHUEM 3KOCHUCTEMBI,
BKJIFOUAs YIIPABIICHUE BOJHBIM PEKHUMOM M COXpa-
HEHUE EeCTECTBEHHBIX PACTHTEIBHBIX COOOIIECTB,
NOJJIEPKUBAIOIIMX TIonyisuuto 1. dschungaricus.
Coxpanenue 6nopazHooOpasusi B JaHHOM pPETHOHE
TpeOyeT KOMILIEKCHOTO TOIX0/1a, KOTOPBIH JTOJIKEeH
BKJIIOYAaTh KakK 3allUTy CYIICCTBYIOIIUX IOMYyJIs-
LUK, TaK U MEPBI TI0O BOCCTAHOBJICHUIO U MOJIICPKa-
HUIO YCTOMYNBOCTH IKOCUCTEMBI B IIEITOM.

baarogapHocTh, KOH(PJIMKT HHTEPECOB
HccnenoBarenbckast paboTa BbIINOJIHEHA B paM-
kax npoekTta NeAP26194223 Komurtera Munucrep-

CTBa HAYKH W BBICIIET0 oOpa3oBaHus PecryOnukn
Kazaxcran.

113



OmueHka COBPEMEHHOTO COCTOSTHUS Tomyitsitmii Buna Trollius dschungaricus Regel Bo dope xpedra Kernen Kynrelickoro Anaray

Jluteparypa

1. LiJ,Du Y. Xie, L., Jin, X., Zhang, Z., & Yang, M. Comparative plastome genomics and phylogenetic relationships of
the genus Trollius //Frontiers in Plant Science. — 2023. — T. 14. — C. 1293091.
2. Aogymuna, C. A. (1999). Criucok cocyauctsix pactenuit Kasaxcrana / [Tox penaknueii P. B. Kamenuna. — Anmarsr, 187

3. He, L., Wang, Z., Lu, J., Qin, C., He, J., Ren, W., & Liu, X. Trollius chinensis Bunge: A Comprehensive Review of
Research on Botany, Materia Medica, Ethnopharmacological Use, Phytochemistry, Pharmacology, and Quality Control /Molecules.
—2024. - T.29. - Ne. 2. - C. 421.

4.  ZhangZ., Wang M., Yang C. Phytochemical and chemotaxonomic studies on Trollius ranunculoides Hemsl //Biochemical
Systematics and Ecology. —2023. — T. 109. — C. 104674.

5. YangK. etal. A Comprehensive Research Review of Herbal Textual Research, Phytochemistry, Pharmacology, Traditional
Uses, Clinical Application, Safety Evaluation, and Quality Control of Trollius chinensis Bunge //Pharmaceuticals. — 2024. — T. 17.
—Ne. 6. — C. 800.

6. Fiorito, S., Epifano, F., Preziuso, F., Taddeo, V. A., & Genovese, S. Selenylated plant polysaccharides: A survey of their
chemical and pharmacological properties //Phytochemistry. — 2018. — T. 153. — C. 1-10.

7. Song Z. et al. On-line study of flavonoids of Trollius chinensis Bunge binding to DNA with ethidium bromide using a
novel combination of chromatographic, mass spectrometric and fluorescence techniques //Journal of Chromatography A. —2013. —
T. 1282.-C. 102-112.

8. Witkowska-Banaszczak E., Radzikowska D., Ratajczak K. Chemical profile and antioxidant activity of Trollius europaeus
under the influence of feeding aphids //Open life sciences. — 2018. — T. 13. — Ne. 1. — C. 312-318.

9. Fan W., Luo Y. Impacts of climate change on the distribution of suitable habitats and ecological niche for Trollius
wildflowers in Ili River Valley, Tacheng, Altay prefecture //Plants. —2024. — T. 13. — Ne. 13. - C. 1752.

10. An, F,, Yang, G., Tian, J. and Wang, S. Antioxidant effects of the orientin and vitexin in Trollius chinensis Bunge in
D-galactose-aged mice //Neural Regeneration Research. —2012. — T. 7. — Ne. 33. — C. 2565-2575.

11. Zuo, J., Ma, P, Geng, S., Kong, Y., Li, X., Fan, Z., Zhang, Y., Dong, A. and Zhou, Q., Optimization of the extraction
process of flavonoids from Trollius ledebouri with natural deep eutectic solvents //Journal of Separation Science. — 2022. — T. 45. —
Ne. 3. -C.717-727.

12. Yan L., Wu W., Tian S. Antibacterial and antibiofilm activities of Trollius altaicus CA Mey. On Streptococcus mutans //
Microbial pathogenesis. — 2020. — T. 149. — C. 104265.

13. Ali T., Michael B. O., Ogbesejana A. B. Flavonoids with Monoamine Oxidase A and B Inhibitory and Anti-Inflammatory
Effects from Vitex Grandifolia /Malaysian Journal of Analytical Sciences. —2020. — T. 24. — Ne. 6. — C. 1035-1044.

14. Arpoxnumarudeckue pecypcbl Anma-ATtuHckon obmactu Kazaxckoum CCP. Jlenunrpan. Msn-o «['mapomereonsnary,
1978

15. Tlamxkos C. B. Arpomopdorenes crapoocBoeHHbIX paiioHoB Kazaxcrana //JlannmadroBenenne u JaHamadTHas YKOI0-
TS KoaganTtanus JanamadTa u xo3sticTBeHHo! aestensHocTH. — 2020. — C. 359-363.

16. ®nopa Kazaxcrana. Tom IV, Anma-ata: U3za. AH KazCCP, 1961. C. 14-16.

17. Sulborska-Rozycka A., Weryszko-Chmielewska E. Detaling morphological traits of Trollius europeus L. flowers, nectary
structure, and holocrine nectar secretion through combined light and electron microscopy //Micron. —2022. — T. 162. — C. 103345.

18. Chen, J., Wang, J., Xu, W., Wuyun, T., & Zhang, L. Physiological and molecular responses of Trollius chinensis seedlings
to waterlogging stress and subsequent drainage //Environmental and Experimental Botany. — 2023. — T. 214. — C. 105481.

19. Witkowska-Banaszczak E. The genus Trollius-review of pharmacological and chemical research //Phytotherapy Research.
—2015.—T.29.—Ne. 4. — C. 475-500.

20. 3BayrosabhoBa JI.b., Jlenucosa JI.B., Hukuruna C.B. [Toaxoasl K OIEHKE COCTOSHUS [ICHOTOMYJISAINI pacTeHuit // bro.
MOMII. Ota. buon. — 1993. — T. 98, Beim. 5. — C. 100-108.

21. Wneua M.M. Obmue BOpoCH! H3y4eHNUs CHIPhEBBIX pacTeHuH //MeToiuKa IToJIeBoro NCCIIeI0BAHNs CHIPBEBBIX PACTEHUIL.
—M_J1.: U3n-Bo AH CCCP, 1948.- C. 7-24.

22. Cxksopuos A.K. I'epbapmii. — M., 1977. — 199 c.

23. Taxrtamxsa A.JI. Cucrema marHonuodutos. — 1987. — M.: J1., 439 c.

24. ®nopa CCCP. — M.—JI., 1955. T. 22.

25. ®@nopa Kazaxcrana. Tom 4. 1958. — 245 c.

26. Baenmenckuit A. U. Allium L.-JIykx /Onpenemntens pacrennit Cpexneit Aznn. — 1971. — T. 2. — C. 39-89.

27. UYepenanor C.K. Cocynuctsie pactenus: Poccun u conpenenbHbIX rocynapcts (B npenenax ossmiero CCCP). — C.-I16.,
1995.-990 c.

28. Aogymuna C.A. Cocyaucteie pactenus Kasaxcrana. — Anmatsl, 1998. — 188 c.

29. POWO (2024). “Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. Published on the Internet;
http://www.plantsoftheworldonline.org/ (Retrieved 10 October 2024.)

114



M.C. Kypmanbaesa u zip.

References

1. LiJ,DuY. Xie, L., Jin, X, Zhang, Z., & Yang, M. Comparative plastome genomics and phylogenetic relationships of
the genus Trollius //Frontiers in Plant Science. — 2023. — V. 14. — S. 1293091.

2. Abdulina S. A. —1999,. Spisok sosudistih rastenii Kazahstana [List of vascular plants of Kazakhstan]/ Pod redakciei R. V.
Kamelina. — Almati, 187 s. (in Russian)

3. He, L., Wang, Z., Lu, J., Qin, C., He, J., Ren, W., & Liu, X. Trollius chinensis Bunge: A Comprehensive Review of
Research on Botany, Materia Medica, Ethnopharmacological Use, Phytochemistry, Pharmacology, and Quality Control //Molecules.
—2024.—-V.29.—No. 2. —S. 421.

4. ZhangZ., Wang M., Yang C. Phytochemical and chemotaxonomic studies on Trollius ranunculoides Hemsl //Biochemical
Systematics and Ecology. —2023. — V. 109. — S. 104674.

5. YangK. etal. A Comprehensive Research Review of Herbal Textual Research, Phytochemistry, Pharmacology, Traditional
Uses, Clinical Application, Safety Evaluation, and Quality Control of Trollius chinensis Bunge //Pharmaceuticals. — 2024. — V. 17.
—Ne. 6. —S. 800.

6.  Fiorito, S., Epifano, F., Preziuso, F., Taddeo, V. A., & Genovese, S. Selenylated plant polysaccharides: A survey of their
chemical and pharmacological properties //Phytochemistry. —2018. — V. 153. — S. 1-10.

7. Song Z. et al. On-line study of flavonoids of Trollius chinensis Bunge binding to DNA with ethidium bromide using a
novel combination of chromatographic, mass spectrometric and fluorescence techniques //Journal of Chromatography A. —2013. —
V. 1282.-S.102-112.

8.  Witkowska-Banaszczak E., Radzikowska D., Ratajczak K. Chemical profile and antioxidant activity of Trollius europaeus
under the influence of feeding aphids //Open life sciences. —2018. — V. 13. — Ne. 1. — S. 312-318.

9. Fan W., Luo Y. Impacts of climate change on the distribution of suitable habitats and ecological niche for Trollius
wildflowers in Ili River Valley, Tacheng, Altay prefecture //Plants. —2024. — V. 13. — Ne. 13. - S. 1752.

10. An, F., Yang, G., Tian, J. and Wang, S. Antioxidant effects of the orientin and vitexin in 7rollius chinensis Bunge in
D-galactose-aged mice //Neural Regeneration Research. —2012. — V. 7. — Ne. 33. — S. 2565-2575.

11. Zuo, J., Ma, P, Geng, S., Kong, Y., Li, X., Fan, Z., Zhang, Y., Dong, A. and Zhou, Q., Optimization of the extraction
process of flavonoids from Trollius ledebouri with natural deep eutectic solvents //Journal of Separation Science. —2022. — V. 45. —
Ne.3.-8S.717-727.

12. Yan L., Wu W., Tian S. Antibacterial and antibiofilm activities of Trollius altaicus CA Mey. On Streptococcus mutans //
Microbial pathogenesis. — 2020. — V. 149. — S. 104265.

13. Ali T., Michael B. O., Ogbesejana A. B. Flavonoids with Monoamine Oxidase A and B Inhibitory and Anti-Inflammatory
Effects from Vitex Grandifolia /Malaysian Journal of Analytical Sciences. —2020. — V. 24. — Ne. 6. — S. 1035-1044.

14. Agroklimaticheskie resursi Alma-Atinskoi oblasti Kazahskoi SSR [Agroclimatic resources of the Alma-Ata region of the
Kazakh SSR]. Leningrad. Izd-vo «Gidrometeoizdat». — 1978. (in Russian)

15. Pashkov S. V. Agromorfogenez staroosvoennih raionov Kazahstana //Landshaftovedenie i landshaftnaya ekologiya
koadaptaciya landshafta i hozyaistvennoi deyatelnosti [Agromorphogenesis of old-developed areas of Kazakhstan // Landscape
science and landscape ecology: co-adaptation of landscape and economic activity]. — 2020. — S. 359 363. (in Russian)

16. Flora Kazahstana [Flora of Kazakhstan]. Tom IV Alma-ata. Izd. AN KazSSR 1961. S. 14-16. (in Russian)

17. Sulborska-Rozycka A., Weryszko-Chmielewska E. Detaling morphological traits of Trollius europeus L. flowers, nectary
structure, and holocrine nectar secretion through combined light and electron microscopy //Micron. —2022. — V. 162. — S. 103345.

18. Chen, J., Wang, J., Xu, W., Wuyun, T., & Zhang, L. Physiological and molecular responses of Trollius chinensis seedlings
to waterlogging stress and subsequent drainage //Environmental and Experimental Botany. —2023. — V. 214. — S. 105481.

19. Witkowska1Banaszczak E. The genus Trollius-review of pharmacological and chemical research /Phytotherapy Research.
—2015.-V.29. - Ne. 4. - S. 475-500.

20. Zaugolnova L.B. Denisova L.V. Nikitina S.V. Podhodi k ocenke sostoyaniya cenopopulyacii rastenii [Approaches to
assessing the status of plant populations] // Byul. MOIP. Otd. Biol. — 1993. — V. 98 vip. 5. — S. 100-108. (in Russian)

21. Ilin M.M. Obschie voprosi izucheniya sirevih rastenii //Metodika polevogo issledovaniya sirevih rastenii [General
questions of raw plants study //Methodology of field study of raw plants]. M.L. Izd-vo AN SSSR 1948.- S. 7-24. (in Russian)

22. Skvorcov A.K. Gerbarii [Herbarium]. — M. 1977. — 199 s. (in Russian)

23. Tahtadjyan A.L. Sistema magnoliofitov [Magnoliophyte system]. — 1987. M. L. 439 s. (in Russian)

24. Flora SSSR [Flora of the USSR]. — M.—L. 1955. V. 22. (in Russian)

25. Flora Kazahstana [Flora of Kazakhstan]. Tom 4. 1958. — 245 s. (in Russian)

26. Vvedenskii A. I. Allium L. Luk //Opredelitel rastenii Srednei Azii [Central Asia Plant Identifier]. — 1971. - T.2.—S. 39-89.
(in Russian)

27. Cherepanov S.K. Sosudistie rasteniya Rossii i sopredelnih gosudarstv v predelah bivshego SSSR, [Vascular plants of
Russia and neighboring countries (within the former USSR)]. — S. Pb. 1995. — 990 s. (in Russian)

28. Abdulina S.A. Sosudistie rasteniya Kazahstana [Vascular plants of Kazakhstan]. — Almati, 1998. — 188 s. (in Russian)

29. POWO (2024). “Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. Published on the Internet;
http://www.plantsoftheworldonline.org/ (Retrieved 10 October 2024.)

115



OmueHka COBPEMEHHOTO COCTOSTHUS Tomyitsitmii Buna Trollius dschungaricus Regel Bo dope xpedra Kernen Kynrelickoro Anaray

Aemopnap mypansl manimem

Kypmanbaesa Mepyepm Caxenosna — 0Ouonozus evliblMoapbinuly 00Kkmopul, on-Papabu ameindazbl Kazax yaimmoix
yHusepcumemi Buonoeus scone 6UOmMexnono2us Gaxkyibmeminiy Oekamvl, OUOALYAHMYPAINIK dHcone buopecypcmap Kageopaculituiy
npogeccopur (Armamet, Kazaxcman, e-mail: kurmanbayevakz@gmail.com )

Kapabanaesa /Juna I3umxanosua (koppecnonoeHm asmop) — mexHuKa H#coHe mexHONI02Us 2blIbIMOAPbIHbIY MA2UCIpI, o7l
Dapabu amvinoazel Kaszax ynmmoix ynugepcumemi, Ouoanyanmypainix scone buopecypcmap xageopacvinviyy PhD doxmopanmor
(Anmameol, Kazaxcman, e-mail: dina.20.1996@mail.ru)

JKymazyn Monoup Kaxwinowcanoena — PhD, Acmana Xanvixapanelx Ynueepcumeminiy KayblmMOACmuIpblican npogeccop
M.a., Acmana 60manuxanvly 6azbinbiy HeemeKui eblivimu Koismemxepi, on-Dapabu amvinoazel Kazax yimmuly yHUSEpCUMeminiy
ebLblMu Kbismemrkepi (Acmana, Kazaxcman, snekmponouvix nowma: mzhakypzhan@mail.ru)

Kycmaneasunoe 9oin boramynvt — PhD, on-@Papadbu ameinoazvr Kaszax ynmmuix ynusepcumemi buonozus swcone dbuomexuo-
J02us pakynomemi OeKaHHbIY OKY-90icmeMeNniK Hcone mapoue dHCyMuicvl Hconinoezi opuinbacapsl, 6UOALYaHmypiliK sxHone ouo-
pecypcmap kagheopacwinwiy aza oxeimyusicol (Animamel, Kazaxcman, e-mail: adil_06.1996@mail.ru)

Information about authors:

Kurmanbayeva Meruert Sakenovna — Doctor of Biological Sciences, Dean of the Faculty of Biology and Biotechnology at Al-
Farabi Kazakh National University, Professor of the Department of Biodiversity and Bioresources (Almaty, Kazakhstan, e-mail:
kurmanbayevakz@gmail.com).

Karabalayeva Dina Ezimkhanovna (corresponding author) — Master of Technical and Technological Sciences, PhD student
of the Department of Biodiversity and Bioresources at Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail:
dina.20.1996@mail.ru).

Zhumagul Moldir Zhakypzhanovna — PhD, Acting Associate Professor of the Astana International University, Senior
Researcher of the Astana Botanical Garden, and Researcher at Al-Farabi Kazakh National University (Astana, Kazakhstan, e-mail:
mzhakypzhan@mail.ru).

Kusmangazinov Adil Bolatuly — PhD, Deputy Dean for Academic and Educational Work at the Faculty of Biology and
Biotechnology of Al-Farabi Kazakh National University, Senior Lecturer at the Department of Biodiversity and Bioresources
(Almaty, Kazakhstan, e-mail: adil_06.1996@mail.ru).

Iocmynuna 15 cenmaobpa 2024 2o0a
Hpunama 10 mapma 2025 200a

116



ISSN 1563-034X; eISSN 2617-7358 Oxonorus ceprsichl. Nel (82). 2025 https://bulletin-ecology.kaznu.kz
MPHTMU 34.35.17 https://doi.org/10.26577/EJE2025821010

A.C. MycaeBa" ', A K. BekuraeBa! =, lll. BaxTbI6eKKbI3bI!
3.C. Opa3bimberoBa' =, b.C. Apbiarazues' =, O.X. XamaueBa' =,
E.Bb. Ky3oBaeBa' ', C.B. becnanos’> =, M.O. bermanoBa' =,

O.B. Bumnsakosa®

'Uucruryt renetuky u ¢pusuonornd KH MHBO PK, Anmarsr, Kazaxcran
2NucrutyT 300m0orun KH MHBO PK, Anmarter, Kaszaxcran
3 Accommarnus «Konconap», Anmarsl, Kazaxcran
*e-mail: azadahamdieva@gmail.com

OLUEHKA MOP®OAOTINYECKUX XAPAKTEPUCTUK
LUEPCTU COBAK INMOPOADbI TOBET

CoBpeMeHHasi KMHOAOTUSI aKTMBHO M3y4aeT MOPOAHbIE XapaKTEPUCTUKMU COOAK AASl COXPaHEHMs
reHeTMYeCcKoro pasHoobpasus U 3A0poBbs Nopos. OAHUM M3 MEePCNEKTUBHbBIX MOAXOAOB SIBASETCS UC-
NMOAb30BaHMe BOAOC, Kak MAaAOWHBA3MBHOMO UCTOUHMKA MH(DOPMALMK, KOTOPbIA 06AAAAET BO3MOXKHO-
CTblO OMPEAEAEHUS BUAQ AU AAXKE MOPOAbI MAEKOMUTAIOLLMX MyTeM aHaAM3a KOMOWMHALMU OCHOBHbIX
MMKPOCTPYKTYP BOAOC. BOAOC SIBASIETCS LIEHHbBIM, U B TO XXe BPemsl, NPOCTENLIMM MOAEAbHbIM 06beK-
TOM (DyHAAMEHTaAbHbIX M MPUKAAAHBIX MICCAEAOBaHUIM. ITO MCCAEAOBAHME HANPABAEHO Ha BbISBAEHWE
YHMKAAbHbIX 0OCOBGEHHOCTEN CTPYKTYpbI WepcTu cobak nopoabl To6eT, KOTopblie MOTYT ObITb UCMOAb-
30BaHbl AASl MAEHTUMDMKALMMU M CEAEKLIMOHHOM paboTbl C 3TOM MOPOAOM, a TakxKe AAs pa3paboTku
HayYHO 06OCHOBaHHbIX MOAXOAOB K COXPAHEHMIO FeHETMUYECKOro pasHoobpasusi 1 3A0POBbS MOPOA.
Hawe mnccaepoBaHWe BbISIBUAO, UTO WwepcTb TobeT obAasaeT 0COOEHHOCTIMM: OAHOPSIAHOM, hpar-
MEHTapHOWM CTPYKTYpPO CEPALEBUHDBI C 3y6GUaThiMM KpPasiMi KAETOK M MPOMEXKYTOUHbBIM MOAOXKEHMEM
KYTWMKYAbI, UMeloLLiel y30p “06bluHasi BOAHA” M 6AM3KOE pacCTosHWE MEXAY ueLlylikamu. PesyabTtaTtbl
AEMOHCTPUPYIOT MOTEHLMAA UCMOAb30BaHUSI MOP(OAOTMYECKMX XapakTepUCTUK LLIEPCTU B KayecTBe
NopoAOCHeLMPUIECKOrO MapKepa, OOAeryas STMUYECKME MCCAEAOBAHUSI PEAKMX M OXPAHSIEMbIX MOPOA,
UYTO OCOBEHHO aKTYaAbHO AASI CEAEKLIMM M COXPAHEHMS! YHUKAAbHOM HALLMOHAALHOM MOPOABI.

KatoueBble caoBa: ToGeT, LepCTb, CTEP>KEHb BOAOCA, CEPALIEBMHA, KYTHKYAQ.
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Evaluation of the morphological characteristics of tobet dog hair

Modern cynology actively studies the breed characteristics of dogs to preserve genetic diversity and
maintain breed health. One of the promising approaches involves the use of hair as a minimally invasive
source of information, capable of determining the species or even the breed of a mammal through the
analysis of primary microstructural features of hair. Hair serves as a valuable yet simple model object
for both fundamental and applied research. This study focuses on identifying unique structural features
of the hair in the Tobet dog breed, which can be applied for breed identification and breeding works,
as well as for developing scientifically grounded approaches to preserving genetic diversity and ensur-
ing breed health. Our research revealed that Tobet hair is characterized by a single-layered, fragmented
medulla with serrated cell edges, an intermediate cuticle position featuring a “regular wave” pattern, and
closely spaced scales. The findings highlight the potential of utilizing the morphological characteristics
of hair as a breed-specific marker, facilitating ethical research on rare and protected breeds, which is
particularly significant for the breeding and conservation of this unique national breed.

Key words: Tobet, hair, medulla, cuticle.
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Teb6eT TYKbIMAbI MTTEPAH, XXYHIHIH, MOPPOAOTUSIABIK, CUMTATTaMaAapbiH Oafaray

Kasipri 3amMaH KMHOAOTMSACHl UTTEPAIH FeHETUKAABIK, BPTYPAIAINT MEH AEHCAYAbIFbIH CaKTay YLUIH
TYKbIMAbIK €peKLLIeAiKTePiHe 30p KOHiA 0OAIN, GeACEHAT TYpAe 3epTTenAi. [epcnekTuBaAbIk ToCiAAep-
AiH 6ipi 6OAbIN TabbIAATbIH, XKYH TaALbIFbIHbIH, (LIALWITbIH) HETi3r MUKPOCTPYKTYpPaAapbIHbIH, KOMGMHA-
UMSCbIH TaAAQYy — CYTKOPEKTIAEPAIH TYPIH aHbIKTayFa HEMece TiMTi TYKbIMbIH CMMaTTayFa MYyMKIHAIK
GepeTiH MHBA3MBTI eMec dAIC peTiHAe KapacTbipbiAaabl. LLlawr — ipreai >keHe KoAaaHGaAbI 3epTTeyAep
YLIiH KYHAbI 8pi KapanambiM MOAEAbAIK 06beKT. ByA 3epTTey TOGETTIH >KYH TaALLbIFbl KYPbIAbIMbIHbIH
Giperen epekilleAiKTepPiH aHbikTayFa GarbiTTaAFaH, GYA TYKbIMMEH COMKECTEHAIPY >KOHE CEAEKLMSADIK,
>KYMBbIC YLiH ManAA@HbIAYbl MYMKiH, COHAQI-AK, TYKbIMAAPAbIH, T€HETUKAAbIK, PTYPAIAINT MEH AEH-
CayAbIFbIH CaKTayAblH FbIAbIMM HEri3AEAreH TOCIAAEPIH 83ipAey YLIiH KOAAaHyFa 6oAaabl. 3epTrey
HOTMXECIHAE TOOET >KYHIHIH KeAeci epeklleAiKTepi aHbIKTaAAbl: GipKaTapAbl, (PparMeHTTEAreH Ky-
PbIAbIMAQFbI ©3€ri, Xacylla XMeKTepi MPEeKTEeAreH XXoHe KYTUKYAaHbIH, apaAblK, OPHAAACybl, “KaAbIMTbI
TOAKbIH” ©pHeri >kaHe KabblpLUakTapbiHbIH XakblH OpHaAacybl. HaTukeAep Te6eT >kKyHiHiH MOpdoAo-
FMSIAbIK, CMMaTTaMaAapbiH TYKbIMABIK, Mapkep peTiHAE KOAAQHYAbIH 9AEYEeTiH KepceTin oTblp, cMpek
YKOHE KOpFayFa aAblHFaH TYKbIMAAPAbIH 3TUKAAbIK, 3epPTTeYAEpiH XKeHiAAETEA, BYA YATTbIK, TYKbIMHbIH

epekKLe reHeTUKacblH CaKTay XXOHe CEeAeKLIMS YLLUIH aca MaHbI3AbI.
Ty#in ce3aep: TebeT, XKYH, XXYH TaALLbIFbI, LLALLl, MEAYAAQ, KYTUKYAQ

BBenenue

CoBpeMeHHasi KHHOJIOTHS yIeNseT OoJbIIoe
BHUMAHHE H3YUYCHUIO IOPOJHBIX XapaKTEPUCTUK
co0ak, 4TO TO3BOJISIET 0OECHeynBaTh COXpaHEHUE
TCHETHUYECKOTO pa3zHooOpa3us M MOJJICPKUBATH
310poBbe Mopol. OAHUM M3 BAXKHBIX ACIEKTOB SB-
JiseTcsl pa3paboTka A(PQGEKTUBHBIX M JIOCTYITHBIX
METOAOB OLIEHKU CHEUH(UUYECKUX IMOPOIHBIX OCO-
oennocrteil. lllepcTh )KUBOTHBIX MPEACTaBIISET CO-
00# EeHHBIM NCTOYHUK MH()OPMAIIMK O COCTOSTHUN
UX 310pOBbs, (PU3MOJIOTMYECKUX OCOOCHHOCTSIX U
reHeTHIecKou mpuHaaiexxHoctu [ 1, 2]. bonee Toro,
MOPGOJIOrHIecKHe U MUKPOMETPUYECKUE XapaKTe-
PUCTHKH IIEPCTH MOTYT CIIY>KUTh WH(POPMAaTHBHBI-
MH MapKepaMmH, IO3BOJISIOIINMH [IPOBOAUTE BHIIO-
cneruduueckyro [3-7] u mopoaocrnenupuIecKyro
unerrudukanuto [8-9].

Bosnoc coctouT U3 1ByX OCHOBHBIX YacTel: KOp-
HSl BOJIOCA, KOTOPBIA HAXOAWTCS B JEpME KOXKH, U
CTEPIHS BOJIOCA, BBICTYIIAIOILIETO Hal 3ITUICPMHUCOM.
CreprkeHb BOJIOCA BKIFOYAET TPH MOP(OIOTrHIECKU
pa3UuUMBbIe CIOSI: CEp/IIICBUHY WIIH MeIyIuTy (IIeH-
TpaJIbHBIH, CJI01), KOPKOBBIN CJIOH (CpeHUH CII0i) 1
KyTUKyqy (BHeuHui cioit) [7,10/. Cron BonocsiHO-
IO CTEpXKHS OTIIMYAroTCsl Mopdoioruei popmupy-
IOUIMX MX KJIETOK U COCTABOM CTPYKTYPHBIX OCJIKOB
(KepaTuHBI, KEPATUHOIIOAOOHBIE H KEPATHHACCOIIHH-
poBannsle Oenkn) [11, 12]. CepaueBuna (Memysuia)
WHOT/Ia MOKET OTCYTCTBOBATH HA TIPOTSKEHUU BCETO
BOJIOCA MJIM B HEKOTOPBIX €ro ydactkax. Ecin ona
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MPUCYTCTBYET, COCTOUT U3 OPOTOBEBIIMX KJIETOK Ha
ocHoBe kepatmHa. Conepkanne (GpuOpwIT KepaTH-
Ha B 3THUX KJIETKAX MHUHUMAaJIbHOE, YTO MPUBOJUT K
TOMY, YTO OCHOBHOE IPOCTPAHCTBO KJIETKU 3aHIMAET
BO3JyX M OCTaTK{ LUTOILIA3MBbI, KOTOPHIE MOTYT CO-
JiepKaTh METaHOCOMBL. MOp(OIOTHS STHX KIETOK U
MEKKJIETOUHBIE 3aII0JJHEHHbIE BO3IYXOM IIPOCTpPaH-
CTBa ONPENEISIOT CHeUUPUICCKIE XapaKTEPUCTUKN
cepaleBuHbl. Ee CTpyKTypa MOXET pa3iuyarhcs B
3aBUCHMOCTH OT BHJA )KUBOTHOT'O U OBITh CILIOLIHON
WM TipepbIBUCTOM, pparmenTapHoi [10]. KopkoBsrit
CJION COCTABIISIET OCHOBHYIO 4aCTh BOJIOKHA BOJIOCA U
COCTOHT U3 YJUIMHEHHBIX KepaTUHU3UPOBAHHBIX, BE-
peTeH000pa3HbIX KIETOK, TEPEMEKAIOIINXCS C MeJIa-
Hocomamu. Kietku takoll ¢OopMbl, IPUTHAHHBIE IO
cBoell hopme APy K ApyTy, 00pa3yroT IJIOTHBIH 3J1a-
CTUYHBIN CJIOH, IPOYHO COCTUHEHHBIN B OJTHO LIEJIOE.
MenanocoMBI — 5TO MUTMEHTHBIE TPaHYJIbl, KOTOPbIE
NPUAAIOT BOJIOCY LBeT. BOKpyr KOpKoBOro cios pac-
roJiaraeTcsi KyTHKyJia, KoTopasi 00pa3yeT TOHKHHI 3a-
IUTHBIN Gapsep BOkpyT Bosoca [10]. Kytukyma co-
CTOMT 13 | psja KJIETOK B TOJIIUHY WK U3 2 1 Oojee
PSIIOB, Tie KIETKH KpasiMU HaJIETArOT IPYT Ha JpyTa.
PacrionoxeHne KJI€TOK MOTYT OBITh IOIIEPEUHBIMH,
KOCBIMH (C YMEPEHHBIM YKIIOHOM, C CHJIBHBIM YKIIO-
HOM) HJTH ITPOJIOTIBHBIMH, 110 HATIPABIICHUIO K OCH BO-
Joca. BeIAENSIOT 1Ba OCHOBHBIX THIIA Y30POB YELIy-
€K KYTHKYJIbl: BOJIHHCTBIM — KJIETOUHBIE Kpast UMEIOT
M3rHOBl WIIM BOJHOOOpaszHyo (opMy; KOPOHHBIH
POCTOii (B JOpME KOPOHBI) — KIIETKHU KaK JICTIECTKH,
[EPEKPBIBAIOT OAHA Apyryro. Takxe BcTpedaroTcs



A.C. Mycaesa u 1ip.

Y30pbl MO3aUYHOT'O THUIIA, I/1€ KYTUKYJIbl HEMPABUIIb-
HOW MHOTOYTOJIbHOH (hOpMBI ¢ OECCUCTEMHBIM pac-
nonoxenueM. CTpoeHne CBOOOIHOTO Kpast allKajlb-
HOW YacTH KJIETOK KYTHKYJBI TOXE Pa3HOOOpa3HBI,
BCTPEUAIOTCS — POBHBINA, HEPOBHBIH, 3a3yOpEHHBIH,
OKpYTIJI0-3y04aThlii, OCTpO3yO4aThlii, HEPOBHBIA C
OKPYTJILIMHA BEPIITHHAMA F OCTPBIMHU yTITyOJICHUSIMHI
u 1p. Paccrosinue Mex 1y ociieioBaTeIbHBIMU Kpasi-
MU YeIIyeK MOXKET ObITh OJIM3KUM, TIPOMEKYTOUHBIM
WM IIUPOKUM, B 3aBHCHMOCTH OT BHJIa )KHBOTHOTO
[13]. XapaxTepucTUKH y30pa dYellyeK KYyTHKYJIbI,
TUTIA U TUaMEeTpa MEIyJUTbl, a Takke MATMEHTAIHS
BOJIOCA SIBJISIFOTCSI BYKHBIMU TIPU3HAKAMMU TSI UICH-
Tr(UKaIUK BUAA )XUBOTHOTO [14-16].

Hcrnonp3oBanue MmiepcTd A ONPEAeTeHHS
BUJIa WK MTOPOJIbI )KUBOTHBIX 00JIaJIaeT PSIIOM Ipe-
MMYIIECTB 10 CPAaBHEHUIO C WHBA3WBHBIMH METO-
JaMy. OTOT MOAXOJ SBISIETCS MaJTOUMHBA3UBHBIM,
(HenHBa3MBHBIM) O€30MACHBIM W TYMaHHBIM, TaK
KaK He BBI3bIBAET CTPECC Y JKUBOTHBIX U HE TpeOyeT
cioxkHoro obopynosanus. Illepcts jerko cobupa-
eTCs, COXpaHseTcs B TEUYEHHUE JJINTEIHHOTO Bpe-
MeHU 0e3 CIeIUabHBIX YCIOBUH 3a CUET BBICOKO-
ro colepkaHus (PUOPHUILIAPHOTO OelKa-KepaTHHA,
0oraToro MUCTEMHOM, 1 MHHUMAJIBHO MOJBEPKCHA
PUCKY KOHTaMHUHAIUH [7]. MeTo TakXKe dTUIECKU
npuemMyieM Ui paboThl C PEAKIUMH U OXPaHsSIEMbIMA
BUJIAMU.

Cobaxku mopoasl ToOeT, sBISIOIIHECS Tpa-
JMUIIMOHHBIM HaciequeMm Kazaxcrana, o0yajgaroT
YHUKQJIBHBIMH JKCTEPhEPHBIMA W TEHETHICCKUMU
XapaKTePUCTUKAMH, YTO JIeIaeT UX U3YYCHHE OCO-
OeHHO akTyanbHBIM [17]. OgHAKO IO HACTOSIIETO
BPEMEHH Hay4YHbIE JaHHBIE O MOP(OIOTHIECKUX
0COOEHHOCTAX IIEPCTH ITOU MOPOJIBI OCTAIOTCS HE-
IOCTAaTOYHBIMH. 1akum oopazom, 6 0auHol pabome
Mbl UCCe008aU MOPGhOTIO2UYECKUe U MUKPOCTPYK-
MypHble Xapakmepucmuku 60J0C c0OaK nopoosl
Tobem u oyeHUIU BO3MONCHOCTL UX UCHOLL308AHUS
6 Kauecmee ManlouHgasueHo20 O0CMynHo20 Hopooo-
cneyughuyeckoeo mapkepa. Pe3ynbTaTsl HCCIIeI0Ba-
HUSI MOTYT OBITh MCITOJIb30BaHbI JJIsi CO3/IaHUS Ha-
YIHO 0OOCHOBAHHBIX TOIXOJOB K UACHTH(PUKAIIAN
U CEJICKIIMOHHOM paboTe ¢ JaHHOH MOPOIoH.

MarepuaJjibl 1 METObI

O0beKTHI HccTeI0BAHUS

B pabote ucnonb3oBaHbl 00pa3lbl MIEPCTH OT
npezcraButeneid mopossl TobeT U apyrux mopof,
NPOKMBAIOIIMX B Pa3jInuHbBIX pernoHax Kaszaxcra-
Ha: TobOer — 133 oOpasia u 39 o0OpasioB oT cobak
JIPYyTUX MOPOJ CO CXOXKHUM MM HE TIOXO0KUM THUIIOM
HIEPCTHOT'O MOKpOBa, a uMeHHO Tasbl — 13 oOpas-
1o, Hemenkast opuapka — 7 o0pasmnos, Tuberckuii

Mactug — 3 obpasua, Xacku -1 obpazen, FOxHo-
appukaHckuit OypOyiab — 1 oOpasen, [onaen pe-
TpuBep -1 oOpasen, ANSCKUHCKAN MalaMyT -3 00-
pasua, Jladbpamop — 1 oOpa3seri, KaBka3sckas oBuapka
— 2 obpasma, KaBkasckuit BoJkogaB — 7 00pasImoB.
OrneHka COOTBETCTBHSI CTaHIApTaM IIOPOJ coOaK
ObLTa MpoBeneHa AKCIepTaMu-KHHOIoraMu Pecrry-
OJINKAHCKOW accolMaliyd OOIIECTBEHHBIX O0BEIU-
HEHHMM OXOTHHUKOB M OXOTHHYbMX X03s1icTB «KAH-
COHAP». O0pa3s1psl mepcTi coOupan B cpeaHen
JIOpCaIbHOM 00JIaCTH Tea CO0aK C UCIOIb30BaHUEM
pacuecky TOcie IMONyYeHHUs COTJIACHs BIIaelblia.
OO0pasibel coOupaIich U XPaHWIHCh B MTPO3PAYHBIX
TFepPMETUYHBIX TUIACTUKOBBIX ITAKETaX C 3aCTEKKOM-
MOJIHUEH 110 IPOBEACHUS TIEPBUYHON 00pabOTKU |
BU3YaJIbHOTO aHaJN3a, Jlajiee XpaHWINCh B OyMax-
HBIX KOHBEPTaX, MOMEYEHHBIX JAaHHBIMH O TIOPOJIE,
nare coopa u Homepe Matepuaia. Kaxapiii oOpasen
cojzieprkan He MeHee 50 BoJIOC pa3HOTO THWIIA, B UC-
CJIEJIOBAHUY HMCTIOJIB30BAJIMCh JOPCAIbHBIC OCTEBBIC
BOJIOCBL. DTOT BBIOOp OBLT OOYCIIOBIIEH TEM, YTO
OCTEBBIE BOJIOCHI O0JaNalOT JUAarHOCTHYECKHA Ha-
JISKHBIMH MPU3HAKAMH, YTO JCJIACT MX Ba)KHBIMH
1ot uneHTudukanmy Bunaa [ 14, 18-21]. Bee cobaku,
BKJIFOUCHHBIE B 3TO MCCJICIOBAHKE, ObLITH KIMHUYC-
CKH 37I0POBBI M HE MMEJIM MPU3HAKOB KOXHBIX 3a-
Oonesanuii. [Iporecc momy4eHns oOpa3ios mepeTu
ObLT 6€300JI€3HCHHBIM [Tl )KUBOTHBIX M HE TPeOo-
BaJl aHAIBIETHKOB WM aHecTe3nd. MccnemoBaHue
MoNy4Yusio onoOpeHue buostuueckoll KoMmuccun
PT'TI na ITXB «MHCTUTYT MOJCKYISIPHOIN OMOJIOTHH
u ouoxumun uM. M. A.Alitxoxuaay KH MHBO PK.

BusyaibHasi omeHKa BOJIOC, OMNpeaeIeHHe
JAJUHBI M IUaMeTpa BoJI0ca

BuzyanpHyto OIEHKY MpOBOAMIN Cpa3zy IOCTe
cOopa ¥ MpOMBIBaHUSI OOPa3LOB MBUILHO-COIOBBIM
PacTBOPOM C MOCIEAYIOIIMM BBICYIIMBAHUEM Ha BIIU-
TBIBAIOIIIEH OyMare Impy KOMHATHOW TeMITepaType.

ITocne BU3yanbHON OLEHKH IIPOBOJWINA CHELU-
aNbHYI0 00pabOTKY C IENBI0 MOATOTOBKH Iperapa-
TOB JUISl WCCIIEAOBAHUS KYTHKYJBl M CEpPJIIEBUHBI
BOJIOCA: COOpaHHbBIE BOJIOCH IPOMBIBAITUCH B CITHP-
Te ¢ 100aBICHUEM MOIOLIETO CPEACTBA C ITIOMOILBIO
MarHuTHOM MCIIAJIKH, 3aTCM BBICYIIMBAJIMNCL Ha
BIUTHIBAOIIEH Oymare.

IosyyeHne oTnevYaTKa KyTHKYJIbI BOJIOCA

s momydeHus OTnedaTka KyTHKYJIbI UCTIOb-
30Baji BOJIOCHI, MPOILIEIIINE COOTBETCTBYIOIIYIO
00pabotky. ToHKwWI cioii OECI[BETHOTO JaKa s
HOI'TEH MO0 CHHTETHYECKOTO Oanb3aMa HaHOCHIN
Ha YHCTOE MPEAMETHOE CTEKiI0. I1ociie HemoaIHoro
BBICBIXaHUS NP KOMHATHOW TEeMIIepaType B Teue-
HUE HECKOJBKUX MHUHYT IOBEPX 3TOTO CIIOS MTOME-
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maiyd BOJOCKL [lociie MOMHOTO BBICHIXAHHS JIaKa
00 Oanb3aMa BOJIOCH! yaaisiian. OIbIThI IOBTOPSI-
JIUCH 70 T€X TIOP, TIOKA He OBLIN MMOJTy9eHBI OTIIeYaT-
KU KyTHKYJIBI XOPOIIIET0 Ka4ecTBa C 2-5-10 OCTEBBI-
MU Bosiocamu. [loirydeHHbIe OTIIEYaTKH OIIEHUBAIIH
[0/ CBETOBBIM MHUKPOCKOIIOM IIPH YBEIWYCHUU B
10x u 40x [22].

[Monyyenne nmpenapaToB 1Jjsl U3yYeHHUS TH-
MOB CepALeBHHBI BOJIOCA

Bomnocsl mpombiBaiy MBIITEHO-COAOBBIM PACTBO-
pom, 3ateM B 3¢upe u morpyxanu B pactBop 70%
niepekucu Bojoposa u 30% amMuaka Juist ooeciiBe-
yuBaHust. OOECIBEYCHHBIC BOJIOCHI MPOMBIBAJIN B
JTUCTHJUTMPOBAHHOM BOJIE MU yIaJICHHUS PacTBOpa U
MIPOBOJIMJIN HACHIIICHUE MapaGMHOM WIIH TIHUIICPH-
HOM JUIS 3aIlOJTHEHHS] BO3YITHOTO MPOCTPAHCTBA,
YTO JeNalio UX mpo3payHbiMu. [lomydennsie npemna-
paThI OIEHUBAJIHN TI0]T CBETOBBIM MHKPOCKOIIOM TIPH
yBenuueHuu B 10x u 40x.

Pe3yabTarbl

B Tabmumax 1 u 2 nmpencTaBIeHBI XapaKTepH-
CTUKHU CEPAIICBUHBI U KyTUKYJBI BOJIOC, OOHAPY-

JKEHHBIE Y CO0aK pa3HbIX MOPOJ B XO/1€ MPOBEACH-
HOTO WCCIIeJJOBaHUS. AHAIN3 XapaKTePUCTHUKU
KpaeB CEpALEBUHBI MPOBOAMUIN A0 HACBHILIECHUS
BOJIOC apa)MHOM WIIH TITUIEPUHOM, TaK KaK Kpas
OBUIM YETKO BHIHBI JO 00paboTKH. Y TPOCMO-
TPEHHBIX BOJIOC MPEACTaBUTENCH Pa3HBIX MOPOJ
cobak (Ta3bpl, 30JI0TUCTHI pETPUBEp, AISICKHUH-
CKHMI MajaMyT, HEeMeLKasl OBYapKa, ToO0eT) OblIn
MPEUMYIIECTBEHHO 0OHAPYKEHBI KIIETKH ¢ 3yOua-
TBIMU (B TOHKHX CETMEHTaX 0axpoMooOpa3HEIE)
KpasiMH, PEKO — ¢ POBHBIMHU Kpasimu (Pucynox
1, cnesa). beuto mMoOKazaHO, YTO PACIOJIOKCHHE
KJIETOK TOYTH BCETJa OTHOPAIHOE, CTPYKTypa
Cep/ILIEBUHBI MPEUMYIIECTBEHHO OJIHOKIETOYHAS
HEpaBHOMEpHas, y30p (parMeHTAapHBIM, pPeaKo
CIUIOINHOW. DBBUIM PHUCYHKH, TJ€ MEXKAY BCEMHU
KJIETKaMH PACIIOJIarajuch CBETJIbIE YUYaCTKH OJIU-
HAKOBOT'0 pa3Mepa, GopMUpys y30p, HAIOMUHAIO-
IIUH TeCTHUITY (HeMelKasi OBYapKa U 30JI0THCTBIN
perpuBep). Y HEKOTOPBIX MOPOJ TAKXKe HaOI0a-
JIUCH CBETJIbIE YYACTKH MOLIUPE U Pa3HOTO pa3Me-
pa, co3naromue pemetyaTsiii pucyHok (Tober). B
HEKOTOPBIX IpernapaTax CepALEeBHHBI TAKKE MOXK-
HO OBLTO pa3riIsaaeTh U300paKeHUs OYKB, K TIPHU-
mepy, N, K, V, X.

Ta6mmua 1 — OcoOeHHOCTH Cep/LICBHHBI BOJIOC COOAK Pa3IHMYHBIX TTOPO

ITopona Crpykrypa Pacrnionoxenue VY30p Kpas knerok [upuna Kopbl
OIHOKJICTOUHBIE . .
Tas3bl A OpHOpsHBIN ®dparmeHTapHbII 3ybuaras Cpenusis
HepeTyIsIpHbIe
30JI0TUCTBIH OZHOKJICTOYHBIE . .
OpHOpSIHBIN ®OparmeHTapHBII 3ybuaras Cpennss
perpusep HeperyJsipHbIe
AJSACKUHCKAN OHOKJIETOUHBIE . . .
OpnHopsHBII CrutomHon 3y6uaras Bosnbie cpenneit
MajgamyT HEpETyISIpHbIE
OIHOKJIETOUHBIE . . o
Hewmernkas oBuapka OnHOpsHBIN ®OparmeHTapHBII 3y6uaras MeHbl11e cpenHei
HeperyJsipHbIe
OIHOKJIETOUHBIE . .
TobGer A OpnHopsHBII ®parMeHTapHbII 3y6uaras Cpennss
HEpETyIsIpHbIE

Tabauna 2 — Oco6eHHOCTH KyTHKYJIBI BOJIOC COOAK Pa3IMIHBIX MOPOT

Paccrostue Mexay
ITopona ITozunus Kpas genryex V3o0p uemyex
KpasMH YeIIyeK

Tazer [IpomexyTouHas 3y0Ouarsle OObIuHas BOJIHA Cpennee
30JI0TUCTHIH peTpUBEP Tonepeunas Imankue OO0bIuHas BOTHA Cpennee
AJSICKMHCKUH MaaMyT ITonepeunas I'manxue OOBbIvYHAs BOJTHA Bbonboe
Hewmenkas oBuapka ITonepeunas OxpyTi0-3y04aTsiit OO0bIuHast BOTHA Bosnbmoe
TobGer IIpomexyTounas 3yGuarsie OObIyHas BOJTHA bnuskoe
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Pasmep u popma yemryek KyTHKYIIBI BapbUpOBa-
Jla B 3aBUCUMOCTH OT MX PACIIOJIOKEHHSI Ha BOJIOCE.
Ha xoHuuke BoJiOCa NepBble YEHIYWKU MMEIU He-
OonpiIre pa3Mepsl. B camoii mrpoKkoii 4acTH CTepiK-
HSl YEHIyHKH OBIIM 3HAYMTENBHO KpYyIHEe W pac-
MOJIAraJIUCh TOMEPEYHO (C YKIOHOM, 03 YKJIOHA).
IIpn oueHke cTpoeHHMs 4YEHIyHdaToro ciosi BOJIOC
OBlIa MCIOJB30BaHA paHee ONMCAaHHAs KIACCH(H-
kauus [23]. KyTukyiy B OCHOBHOM aHaJIH3UpPOBAIN
T0 €€ YelTyH4aToMy y30py U pacroiokKeHHIO Ha BO-
nocax (PucyHok 2). B m3ydeHHBIX mopojax cobak
BCTPEYAINCh HECKOJIBKO OCHOBHBIX THIIOB PUCYHKa
YenryivaToro cjosi BOJIOca: MPOCTOH (MM MPaBUIIb-
HBII) PETYJAPHBIA BOJTHHUCTHINA, HETIPABUIILHBINA He-
peryJsipHbIA BOTHHUCTBIN y30p. Kpast kinetok Obuin
B BUJIC POBHOM JIMHUY, TTIAJIKUE, OKPYTI03y0UaTsIe,
HEPOBHbIE C HEITIyOOKHMH BIAJAMHAMHM U OTHOCH-
TEIbHO OCTPHIMM YIJIAMHU, BOJIHHUCTBIE, HEPOBHBIC

Cep/eBuna

—

¢ MIyOOKMMHM BIIaJMHAMU M 3aKpYTJICHHBIMH yTJia-
MH, @ TaKKe YCIIYHKH, PAcIIOIOKEHHBIEC 1000HO
JlerecTkaM IIBeTKa pa3Horo pasmepa. PaccrosHue
MEXy KpasMH YelllyeK OTMEUYaNoch pa3HOeE.
AHanu3 MONyYEHHBIX HpenapaToB KyTHKYJIbI
Mokazall HEeoOXOJUMOCTb JJIbHEHIero mpeoo-
pasoBanusi Mukpogororpaduii B cxeMaTHYECKHE
M300pakKeHUs [T YCTpaHEHUs IIBETOBBIX apTedax-
TOB, YTO OyAET CHOCOOCTBOBATH CTaHIAPTU3AIMU
BHM3YaJIbHOT'O BOCHPHUATHUS U MOBBIIIEHUIO KAYECTBA
aHanusa. /[aHHBI npoLecc BKIIOYAET YHPOLICHUE
nN300paKeHNH, YCTpaHEHUE IIBETOBBIX BapHAIMi U
aKIEHTUPOBaHMWE Ha (GopMax M KOHTYpax 4YelryeK
KyTHKYJbl Bosioc. [loyueHHble M300pakeHusl 10-
3BOJISIT MPOBOJUTH O0Jiee TOYHBIH CPaBHUTEIIBbHBIN
aHanu3 ¥ 3(QQEeKTUBHO BBLBIATH MOpQoIornye-
CKHE Pa3jIM4Msl U CXOACTBA MEXKAY 00pazLamMu, YTo
Ba)XHO I HAIIUX JAILHEUIITNX HUCCIIeJOBAHUM.

Tazpr (T 11)

Sonotuctslii perpusep (3P 16)

s

Hewmenkas osuapka (HO 25)

AlnsickuHcKui ManamyT (AM 17)

ToGer (TB 30)

Pucynok 1 — [Ipenaparsr 00pa3oB BoJI0c cOOaK pa3HBIX MOPOJ, IEMOHCTPHPYIOIINE
Y30DPBI CEPALICBUHBI M KyTUKYIBI (CBETOBOI MHKPOCKOII, 00BbEeKTUB 20X)
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Tuberckuit mactud (TM 12) (2) 1
HETPABIIbHAS BOJHHCTAS C HETIOJTHBIMU KPasMU
YeIIyeK, Kpasi [J1a/IKue, PACCTOSHHIE CPEIHee

Kaskasckas osuapka (KO 7) (2) 3
rnonepeyHast BOJHUCTASL, C [IIAKHMH KPAsMH,
ACCTOsTHKE OJIH3KOE

Xacku (X 13) (2)_1
IUPOKHI pOMOOBUIHBIH JIENIECTOK, Kpasi IIaJIKHe,
accTOSHUE 60JbIIOE

Tober (TB1) (2)_1 (x40)
HpaB]/[J'ILHaﬂ HAKJIOHHAs BOJIHUCTAs

Ansickunckuit Manamyt (AM 18) (1) 4

Honepeqﬂo B HETIpaBUJIbHAS BOJIHUCTAA C HETIOJHBIMA
KpadgMH 4€UIYy€K, Kpas riiagKue,

paccTosIHUE OOJIBIIOE

Taspr (T 7)_1
IPOMEXKYTOUHbII THIT PUCYHKA, IONEPEYHO-
BOJIHHCTAs, Kpas 3y0uaThle, pacCTOsHUE Cpe/iHee

Kasxkasckuit Bonkonas (KB-2) (2)
HETpaBIIbHAs BOJHUCTAS C 3y0UaThIMU KpassMu
YeIryex

Tober (TB 42) (1) 2

PerynsipHas BoJIHa, ¢ 3y04aThIMH KpasiMi, paccTOSHIE

O3Koe

PucyHok 2 — MUKPOCKOIIMYECKUE XapaKTEPUCTUKH KYTHKYJIbI BOJIOC COOAaK Pa3IMYHBIX ITOPOJ,
(cBeTOBOI MHKPOCKOII, 00BEKTUB 40X)

Oobcyxnenue

B nanHoii paboTte MbI HccienoBanu MophoIio-
THYECKre 0COOCHHOCTH OCTEBBIX BOJIOC COOAKH IT0-
pousl ToOet u pyrue mopopl codaK ¢ MOXOKUM U
HEIMOXO0XKUM THIIAMH IIEPCTSHOTO MMOKPOBa. Xapak-
TEpPHOI 0COOEHHOCTHIO MIEPCTH BCEX MOPOJ cobaK
OBLIO TPUCYTCTBUE CEPIICBHHBI Bojoca. JlaHHBIC
pe3yJIbTaThl COTJIACYHOTCSI C pPaHee OIMCaHHBIMU
paboTamu, TIOKa3aBIIMMH HaJHM4YWE CEPALEBUHBI y
npencraButeneit cemerictea Canidae [1]. OqHako
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MpHU3HAKaM MaJlo OTJIMYANIach OT JIPYTHX MOPOJT CO-
0ax, M3y4eHHBIX B JJaHHOW paboTe (OAHOKIETOHAS
HeperyJsipHasi CTPYKTYpa, OTHOPSITHOE PACIOI0KE-
HUe, pparMeHTapHbBIN y30p, 3yOUaThie Kpas KISTOK
1 pasHas IMHUpPHHA KOPBI). Y HCCIICIOBAaHHBIX COOAK
He HaOJI0JaeTCs OYCBUHAS KOPPEISIUS MEKITY
JIMaMETPOM OCTEBOTO BOJIOCA M HAIMYUEM, U CTEIle-
HBIO PAa3BUTOCTH B HEM cepAleBrUHBL. Hanbombias
TOJIMHA CEPAUCBHUHBI OTHOCHUTCIIBHO TOJIIHWHBI
BCErO CTEepKHsI Bojoca oOHapykeHa y Hemernkoi
OBYAPKH (IHAMETpP CaMOTO BOJIOCa HEOOJBIIOH, HO
Cep/IIeBUHA 3aHUMAET MOYTH BCIO TOJIIHUHY), MHU-
HUMAJIBHBIA TIOKa3aTellb HAMH BBHISBICH y COOaKd
MOpOJIbI AJISICKUHCKAN MaiaMmyT (IHaMeTp camoro
BOJIOca OOJBINON, HO cepaieBuHa ToHKas) (Pucy-
HOK.1, cieBa).

[Toponocnennduaekne 0cOOCHHOCTH OBLITH
BBIABJICHBI IIPU aHAJIMW3C KYTUKYJIbI IEPCTU cobak
ToGet. MbI moKa3anu, 4TO KyTHUKYJa HIEPCTH CO-
Oax moposner Tober xapakTepu3oBagach MPOMEKY-
TOYHOM IMO3UIMEH, 3yOUaThIMU KpasMH YEIyeK C
Y30pOM «OOBIYHAS BOJIHA» U OJIM3KUM PACCTOSTHUEM
MeXly KpasMu derryek. MIHTepecHo, uTo Hauboee
CXOXKHE OCOOCHHOCTH CTPOCHHSI KYTHKYJbI OBLIH
TaK)Ke BBISBJICHBI y JIPYTOi Ka3aXCKOW HAIMOHAIb-
HOH MMOpoasl co0ak — Ta3sl. BO3MOKHBIM 00BsICHE-
HHMEM TAaKOIO0 CXOJCTBA MEXIy ABYMS IOPOJAAMH
co0ak MOTyT OBITh aJIalTUBHBIC U3MEHEHHS, 00Y-
CJIOBJICHHBIE CXOXXHMH KIMMATHYECKUMH yCIIOBHSI-
MU pa3BUTHA JaHHBIX Topoj cobak. Kyrukyna Bo-
JIoca, SBISISCH BHEIIHEH 4acThIO BOJIOCA, Hanboee
[IO/IBEP’KEHA BO3ACHCTBUIO OKpYKAIOIIEH Ccpenbl
[24, 25]. bonbmMHCTBO TpeacTaBUTENEH COOaK B
HaIlleM HWCCIICJIOBAHUU XapaKTEPU30BAIHCH IIHPO-
KO- WM CPEAHEOTCTOSIINMHU YelTyiKaMu KyTHKY-
Jibl, B TO BpeMs Kak y ToOer paccTosiHue MExXITy
yeuryiikamu Obutn OJIM3KOe.

BrisiBneHHBIE HAMH 3aKOHOMEPHOCTH CTPOCHHS
BOJIOC CO0AK HEOOXO0IMMO TIOJATBEPUTH B OoJiee Jie-

TaJBHOM HCCJICJIOBAHUU C y4acTHeM OOJIBIIEro KO-
JIMYECTBA YKUBOTHBIX, BKJIIOYAsl pa3Hble KaTErOPHU
Bosioc. TeM He MeHee, pe3yJIbTaThl, IOJYyYECHHBIE
Ha JIAaHHOM 3Talle yKa3bIBalOT HA HaJIMYUE MTOPOJIO-
cnenupuIecKux 0COOEHHOCTEH CTPOEHHS BOJIOC Y
cobak Tober u, ciief0BaTENbHO, Ha OOJIBIIIYIO MEp-
CIIEKTUBHOCTh WCIOJIB30BaHMS MIEPCTH COOAK IT0-
poxbl Tober B KadecTBE MOPOAOCIICIH(DHICSCKOTO
Mapkepa.

3ak/aouyeHne

[TonyueHHBle B paMKax BBIMOJHEHHS HCCIIe-
JIOBaHUS PE3YJIbTaThl BIEPBBIC ONMCHIBAIOT MOP-
(donoruyeckre 0COOEHHOCTH IEpCTH cobak To-
poxasl ToOeT B cpaBHEHMH € IPYTUMHU MTOPOAAMH U
YKa3bIBAIOT Ha IEPCIEKTHBHOCTH HCIIOJIb30BaHUS
COBOKYITHOCTH MOP(]OIOrHYeCKUX 0COOCHHOCTEH
mepct ToOeT B KauecTBe MaJIOMHBA3MBHOTO ITOPO-
JocTIelM(PUIECKOro Mapkepa. A TakKe HpeICTaB-
JSI0T O0Jiee MIMPOKHH UHTEpEeC B IUIAHE MEXaHU3-
MOB MopdoreHnesa BoJoc.
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PEAKUX BUAOB PACTEHUA
(Ha npumepe obAacTH YAbITay)

Mccaep0BaHMS, HanpaBAEHHbIE HA ONTMMM3ALIMIO MCMTOAb30BaHMSI MPUPOAHBIX PECYPCOB U COXpa-
HeHue GMopasHoobHpasms Ha YPOBHE BUAA M MOMYASILMIA, NPEACTABASIIOT COOOM OAHO M3 BEAYLUMX Ha-
NpaBAEeHUI HayYHbIX MCCAEAOBAHUM.

B 0630pHOI CTaThe NPeACTaBAEH aHAAM3 MPUMEHEHMS MOAEKYASIPHBIX MAPKEPOB AAS MCCAEAOBA-
HUS TEHETUYECKOWN CTPYKTYPbl 1 MOMYASILIMOHHONM BaprabeAbHOCTU peakmx «KpacHOKHUKHbIX» BUAOB
pacTeHui, BCTpevalolwmxcs B YAbITayckon 06AacTn. AHaAM3 AaHHbIX KpacHon kHurn KasaxcraHa [1]
BbISIBUA HaAMume 6oaee 20 BUAOB, HAXOASLLMXCS MOA YTPO30iM MCUE3HOBEHUS U IBASIIOLLIMXCS PEAKMMMU,
Ha MCCAEAYEMOI TEPPUTOPUU. AHAAU3 AUTEPATYPHBIX UCTOUHMKOB MO3BOAMA MOAYUMUTb MH(DOPMALIMIO
0 NPEeAbIAYLLMX UCCAEAOBAHMSIX M NMOAYUYEHHbIX PE3YAbTATaX C LIEAbIO MPEAOTBPALLEHNS AYOAMPOBaHUS
y>K€ BbINOAHEHHbIX PaboT. BbiAM BbISIBAEHbI NEPCMNEKTUBHbBIE HATNPABAEHUS AASI OYAYLUMX MCCAEAOBA-
HWI, a Tak>Ke MPOGEAbI B MU3yUEHMM HEKOTOPbIX BUAOB. OTMEUYEHO, UTO MOAEKYASIPHBIE MapKepPbl UMEIOT
3HaUMTeAbHble MPENMYLLLECTBA MO CPAaBHEHMIO C APYTMMU MHCTPYMEHTaMU UCCAeAOBaHMS. HemaroBax-
HbIM IBASIETCSI BbIGOP MOAEKYASIPHO-TEHETUYECKMX METOAOB U MAPKEPOB AASl M3YUEHUS TEHETUUECKOM
CTPYKTYPbl PEAKMX BUAOB PACTEHMIA.

AHaAM3 NpUMeEHeHMs Pa3AMYHBIX MOAEKYASIPHBIX MAapKEPOB AAS U3YUeHUs PEAKMX BUAOB PacTeHUN
nokasaA MH(POPMATUBHOCTb U AOCTOBEepHOCTb ISSR 1 SSR MapkepoB mpu M3yyeHUM reHeTUYecKoro
pasHoo6pasms BHYTPU U MEXKAY MOMYASILMIA PEAKMX U/MAM MCUE3AIOLLMX BUAOB PACTEHUI, MOTEHLMAAD-
HO BCTPEYAIoWMXCS B YAbITAyCKOM 06AACTU.

KAtoueBble CAOBa: AUTEPATYPHbIE AAHHbIE, MOAEKYASIPHbBIE MapKepPbl, 0630PHbIN aHAAM3, PACTEHMS,
peAkue BUABI, YAbITay.
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Study of genetic characterization of rare plant species
(based on the example of Ulytau region)

Studies aimed at optimizing the use of natural resources and conservation of biodiversity at the spe-
cies and population level represent one of the leading directions of scientific research.

This review article presents an analysis of the application of molecular markers to study the genetic
structure and population variability of rare «<Red Book» plant species occurring in the Ulytau region.
Analysis of data from the Red Data Book of Kazakhstan [1] revealed the presence of more than 20 en-
dangered and rare species in the study area. Analysis of literary sources provided information on previ-
ous studies and results obtained in order to prevent duplication of already performed work. Promising
directions for future research were identified, as well as gaps in the study of some species. It was noted
that molecular markers have significant advantages over other research tools. The choice of molecular
genetic methods and markers to study the genetic structure of rare plant species is not insignificant.

The analysis of application of different molecular markers for studying rare plant species showed the
informativeness and reliability of ISSR and SSR markers in studying genetic diversity within and between
populations of rare and/or endangered plant species potentially occurring in Ulytau region.

Key words: literature data, molecular markers, survey analysis, plants, rare species, Ulytau.
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Cupek Ke3AeceTiH 6CIMAIK TYpAepiHiH reHeTUKaAbIK, CMIMAaTTaMaCbIHbIH, 3epTTeyAepi
(¥AbITay 06ABICBIHbIH, MbICAABIHAQ)

Taburu pecypcTapAbl nanAaraHyAbl OHTaNAAHADBIPYFA KaHe BMOAAYaHABIABIKTbI TYPAEP MEH Momy-
ASILMSIAQD AEHreriHAe cakTayFa GaFbITTaAFaH 3epTTeyAep FbIAbIMU 3ePTTEYAEPAIH XKeTeKLi 6arbiTTa-
pbIHbIH Gipi GOAbIN TabblAaAbl.

LLloAy MakaAacbiHaa YAbITay OBGAbICbIHAQ KE3AECETiH cupek KesaeceTiH «KbI3bIA KiTarnka» eHreH
OCIMAIK TYPAEPIHIH reHEeTUKAAbIK, KYPbIAbIMbI MEH MOMYASLMSAABIK, ©3repriliTiriH 3epTTey YLUiH MOAEeKY-
AQABIK, MapKEPAEPAI KOAAQHY TaAAdYbl KeATipiareH. KasakcraHHbiH Kbi3bIA KiTabbiHbiH [1] AepekTepiH
Taapay 6apbiCbiHAQ 3E€PTTEAETIH ayMaKTa CUPeK Ke3AECETIH >KoHe XOWMbIAbIN KeTy Kayni 6ap 20-aaH
acTaM TYPAIH OGOAYbl aHbIKTaAAbl. DAEOU AEPEKKO3AEPAI TarAay BYpPbIH XKYPri3iAreH >KyMbICTapAbIH
KanmTaraHOaybiH, COHbIMEH KaTap OYpbIH JKYPri3iAreH 3epTTeyAep MEH OAapPAbIH, HOTUMXEAEpi TypaAbi
akrapar aAyFa MyMKIHAIK 6epeai. boaaluak 3epTTeyAepaiH nepcnekTMBabiK 6arbiTTapbl, COHAAM-aK,
Kenbip TYPAEPAI 3epTTeyAeri XeTicrneywiAikTep aHbIKTaAAbl. MOAEKYAaAbIK, MapkepAep backa 3epT-
Tey KypaAAapbIMeH CaAbICTbIpFaHAQ alMTapAbIKTan apTbIKLbIAbIKTapFa Me ekeHAiri atan eTiaai. Cupek
KE3AECETIH OCIMAIK TYPAEPIHIH reHeTUKaAbIK, KYPbIAbIMbIH 3€pTTeY YLUiH MOAEKYAQAbIK-TEHETUKAADIK,
BAICTEP MEH MAapKEPAEPAI TaHAQY MAHbI3ADI.

Cupek Ke3peceTiH 6CIMAIK TYPAEPIH 3epTTey YLUiH 8PTYPAI MOAEKYAQABIK, MAaPKEPAEPAT KOAAAHY-
Abl Taapay YAbITay OOAbICBIHAQ KE3AECYI MYMKIH CMPEK >KaHe/HeMece XKOMbIAbIN KeTy Kayni 6ap ecim-
AIK TYPAEPIHIH MONyASUMSAaPbIHAAFbI )KOHE OAAPAbBIH, apacblHAAFbl FEHETUKAABIK, 8PTYPAIAIKTI 3epTTey
ke3iHae ISSR >xaHe SSR MapkepAepiHiH aknapaTTbIAbIFbl MEH CEHIMAIAITIH KepCeTeAl.

TyHiH ce3aep: 9Ae0M AepeKTeP, MOAEKYAAAbIK, MAPKEPAEP, 6CIMAIKTEpP, CUPEK KE3AECETIH TYPAEP,

LLOAY TaAAaybl, YAbITAY.

BBenenne

KiroueBbIMH  HampaBIeHUSIMH  OOTaHUYECKUX
HCCIICIOBAaHUN SIBJISIIOTCSl aHAllM3 PErHOHAJIBHBIX
(dop M oxpaHa peAKHX BUIOB PACTCHHH B MECTax
UX €CTECTBEHHOTO MPOHM3PACTAHUSI.

3HauynTeNbHas MHUPOTHAS M JOJITOTHAs MPOTS-
xeHHocTh KazaxcraHa B coueTaHnM ¢ pa3HO00pa3u-
eM penbedha TEPPUTOPUH PECITyOTUKH 00YCIIaBIIH-
BaeT CeUn(UIHOCTH (IIOPHI OTACTBHBIX PETHOHOB,
BBIP@KAIOIIYIOCSI B TOM YHCIIE€ B OIPEACICHHOM
Habope penkux s Hee BumoB [2]. Tak, pasHoo-
Opasue (Gaopsl 00BsCHIETCS CIEHU(PHUKON pEernoHa,
YTO TPOSABISIETCS B HKOJOTMYECKOM M TAKCOHOMM-
YeCKOM MHOT000pa3WH PacTHTENBHBIX BUAOB. ['e-
TEPOT€HHOCTh PUPOJIHBIX YCIOBUI BbIpakaeTcs B
MHOT000pa3nu JaHAmapTOB TEPPUTOPHUH: Ha CeBe-
pe cTpaHbl MpeobiasaeT 30Ha JIECOCTENH, I0KHEe
PAacIoyioKeHbI CTENH W 3aCyLLIMBBIE CTENH, a elIe
F0’KHEE — MOJIYIIYCTBIHU U MYCTHIHU [3].

VibiTayckast o6nacTe ObLIa OpraHu3oOBaHa ITy-
TEM BBIJeJICHHs U3 3amagHoil yactu Kaparanmus-
ckoit obmactu 2022 roy ¥ 3aHUMAeT EHTPAIHHYIO
yacth Kazaxckoro meskoconoyHuka. Penbed naH-
HOW 00JIaCTH XapaKTepusyeTcsi HeOONbIIMMU BO3-
BBIIICHHOCTSIMH U TOHWXKEHUsAMHU. Pa3zHooOpasue
(IIopBI MPENICTABICHO CTEMHBIMH M TIOJYITYCThIH-
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HBIMH TpaBaMH M KyCTapHUKaMH, HPUCIOCOOIIECH-
HBIE K 3aCYIIIUBBIM YCIOBUSAM LeHTpajpHOro Ka-
3aXCTaHa, JECHbIE HACAXKIEHUS BCTPEUAIOTCS PEIKO.
Taxxe manHast 001aCTh ABISIETCS MHILY CTPHATEHBIM
pernoHoM cTpansl [4]. 31ech HaX0AATCS HECKOIBKO
MECTOPOX/IEHUH TOJIE3HBIX UCKOMAEMBIX, KOTOpBIE
MMEIOT BaXXHYIO POJIb B TOPHOOOBIBAOIIEH OTpac-
mu. B To ke BpeMs 1o0ObIua yriis ¥ METaJUIOB MPH-
BOJISIT K (DOPMUPOBAHUIO OTBAJIOB U HETATHBHO BO3-
JIEHCTBYIOT Ha OKPYIKAIONIYIO cpey. B cBs3u ¢ uem,
KOMIUIEKCHOE U3yYeHHE U MOHUTOPUHT PAaCTHTEIb-
HOCTH JIAaHHOW 00JIaCTH TPEJICTABIISIOT HAYYHBIN H
MPAKTHYECKUH UHTEPEC /ISl COXPAHEHUS U yCTOM-
YUBOTO MCTIOJIB30BAHMS €T0 OMOPa3HOOOpa3usl.

Kak wu3BecTHO, MCUe3HOBEHHE IOOOro BHUAA
pacTeHust SBISETCS KaTacTpOPHUECKOW W HEBOC-
MMOJTHUMOHN ToTepeit st mpupoasl. Ocoboit omac-
HOCTH TOJBEPTAIOTCS BUIBI, YUCICHHOCTh KOTOPBIX
OTpaHMYeHa WM KOTOPbIE BCTPEYAIOTCS HA CIEIH-
¢uueckoii reorpaduUecKoil TEPPUTOPUU U OMPEIe-
JISIOIIMECS KaK «PEAKHID», «HCUS3aAIOUTUIy W/ WU
«OHJIEMHUYHBII» BUI.

DddekTUBHOE COXpaHCHHE PEIKMX BHIOB He-
BO3MOXHO 0€3 yueTa ero TeHEeTHYECKOH KOMIIO-
HeHTHl. J[aHHBIE O TEHETHYECKOM pPa3HOOOpa3uu H
CTPYKTYpPE MPUPOTHBIX MOMYJISAIUN pPEIKUX pac-
TEHUH SBISIOTCS HEOOXOJAMMBIMH i pa3paboTKu
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CTpaTETruy UX COXPAHEHUS, TIO3BOJISIOT OIICHUTH JIH-
HaMHUYECKOe TIOBEJICHHE B MX €CTECTBEHHOU cpejie
o0uTaHMsI U TIOMOTAET OICHUTh UX YCTOMYUBOCTH
K OKCTPEeMalbHBIM JKOJIOTHYCCKHM  SIBICHUSM,
BCITBIIITKaM OOJIE3HEW W M3MEHEHHIO KIIMMAaTa.

TakuM 00pa3oM, TMOHHMMaHHE TEHETHYECKOTO
pa3Hoo0pasus TMOMyJSIHKA PEAKUX BUOB I03BO-
nseT 3QQPEKTUBHO YMPABIATh U COXPAHSITH HCUe-
3alolIMe JUKOpACTyIUEe PACTeHHs IyTeM OTOOpa
COOTBETCTBYIOIIUX mnomyisuuid [5]. Kpome Toro,
TeHeTHYeCKoe pa3HooOpasne SBISETCS HCTOYHH-
KOM TPHU3HAKOB, KOTOPhIE MOKHO HCIOJb30BaTh B
CCJICKIIMOHHBIX TPOTpaMMax JJis IIOJIy49CHUs CO-
PTOB C BBICOKOW YCTOHYHNBOCTHIO K OMOTUYECKUM H
a0MOTHUYECKUM CTpeccaM [6].

AHanu3 JUTEpaTYpPHBIX JaHHBIX MOXET CIIy-
JKUTh OCHOBOH ISl TUTAHUPOBAHUS MOJIEKYJISIPHO-
TeHETHYECKHUX MCCIICIOBAHUI PEKUX BUIOB pacTe-
HUH Y7bITayCKON 00J1aCTH, C LEIbI0 ONpeeIeHN,
MIPOBOJIMJIVICH JI paHee aHAJIOTUYHBIE HCCIIe0Ba-
HUSI TI0 9THM BHUJIAM WJIM XK€ JaHHasi 00JIacThb OCTa-
eTcs HeJIOCTaTOYHO U3yYCHHOM.

PesyabTarnl

MN3yuuB matepuansl KpacHoih kHuru Kazax-
crana (2014), MBI yCTaHOBWJIH, YTO Ha TeppH-
TOPUM YIJBITAyCKOH 00JacTh MOTYT BCTpeuaTcs
Oomee 20 BHIOB pPACTCHHHA, HAXOISAIIUXCS TIOT
YIPO30i HMCYE3HOBEHHSI W OTHOCSILIMXCS K KaTe-
ropun penakux: Tulipa biebersteiniana Schult.
et Schultfil., Tulipa borszczowii Regel., Tulipa
schrénkii Regel, Tulipa biflora Pall., Tulipa patens
C. Agardh, Scirpus kazakhstanicus Dobroch,
Tanacetum ulutavicum Tzvel., Alnus glutinésa
(L) Gaerth., 8. Anabasis turgaica lljin et Krasch.,
Berberis karkaralensis Kornilov et Potapov, Adonis
wolgénsis Stev., Pulsatilla flavescens (Zucc.) Regel
Pulsatilla patens (L.) Mill., Drosera rotundifolia L.,
Oxytropis subverticillaris C.A.Mey., Stipa pennata
L., Ornithogalum fischerianum Krasch, Astragalus
Sumneviczii Pavlov, Hedysarum bectauatavicum
Bajtenov, Betula kirghisorum Sawicz, Nymphoides
peltata  (S.G.Gmel.) Kuntze, Craniospermum
echioides (Schrenk) Bunge, Crambe tataria Sebedk,
Berberis karkaralensis Kornil. & Potopov.

B Kasaxcrane 18 BumoB pona Tulipa HaxogsaTcs
M0/ OXPAaHOM, 5 U3 KOTOPBIX BCTPEUAIOTCS B YJIbITa-
yCKO# 001acTu.

AHaIM3 JIUTEpaTypHBIX HUCTOYHUKOB MOKA3al,
YTO IS WCCIENOBAHUS TCHETHUYECKOTO Pa3HOO-
Opasusi BUAOB TIOJBIIAHOB aKTHMBHO MPUMEHSIOTCS
MOJIEKYJIIpHBIE MapKepbl, BKItoYast Mapkepbl EST-
SSR (3kcmpeccupyemMbie TPaHCKPUIIIIUOHHBIEC T10-

CJICIOBATEIBHOCTH — MPOCTHIC HYKJICOTHIHBIE TO-
BTOPHI), KOTOPBIE HAXOMIAT IIMPOKOE NMPHUMEHEHHE
B M3yYEHHH T'C€HETHYECKOW BapHaOEIbHOCTH STHX
BuoB [7]. Takke HCCIEIOBaHUS OCYIIECTBISIOT-
cs ¢ mcmnois3oBaHneM MapkepoB RAPD (Random
Amplified Polymorphic DNA), ISSR (Inter-Simple
Sequence Repeat) m SNP (Single Nucleotide
Polymorphism) st MOIEKyISIpHOH XapaKTepuCTH-
KM BUJIOB THOJIbIIaHOB [8-11].

Ha nmannbpIit MOMEHT MHOTHE BUIBI pona Tulipa
CO BCEro Mupa ObLTH MPOAHATH3UPOBAHBI C UCTIONh-
30BaHHMEM SIJIEPHBIX U XJIOPOIUIACTHBIX MapKepoB
(nrITS, accD-psal, rpsl16-trnQ, rpl32-trnl, rpsl5-
ycfl, rpsd4-trnT, trnE-trnT, matK, psbA-trnH, and
rbcL u gp) [9-11; 14-16]. D10 00YCIOBUIO pEKO-
Menzpanuio mapkepos ycfl, matK u nrITS xak nau-
JYYIIAX JUTSE OTIUPOKOTO TPHUMEHEHUS B M3yUYCHHH
UX FeHeTH4YecKor CTpyKTypsl [13].

KommekcHoe m3yyeHne reHeTHYECKOH CTPYK-
TYPHI TTOMYJISIHNA TIOJIBIIAHOB OBLIO TIPOBEIEHO IS
Tulipa biebersteiniana, T. patens, T. scytica u T.
riparia ¢ ucnonb3oBanueM AFLP-mapkepos [14].
B xozae nmaHHOrO uccCien0BaHUs FEHETUYECKUI MO-
TMMOP(GU3M KaKIO0ro BHJA TIOJBITAHOB OBLT OTpe-
JIeTICH C MCIIOJIb30BAHUEM TPEX Pa3TUYHBIX KOMOH-
Hauui npaiiMepos 1o 87 jokycam. AHAIU3 JaHHBIX
BbISIBIUT 23% WM3MEHUMBOCTH CPEIN H3YYEHHBIX
BHJIOB U 56% pa3HOOOpa3usi BHYTPU TOITYJISIINH.
HccnenoBanns mMo3BOIMIIN OIICHUTH B3aUMHOE POJI-
CTBO Pa3IMYHBIX MOMYJISIHA 1 UX aJalTUBHOCTb C
MTOMOILBI0 METOJd CEKBEHUPOBAHMS C MUCIIOJIB30Ba-
areM MapkepoB ITS u xnJIHK (RbCI, matK). Ilo-
ckonbky Tulipa patens neMOHCTPUPYET BBICOKUI
YPOBEHb T€HETUYECKOTO Pa3Ho00pasus, He0OX 0 TH-
MOCTB 3()(DEKTUBHBIX MEp MO COXPAHCHHIO U 3aIllH-
TE ITOTO BU/Ia OCOOCHHO BayKHA JIJISl UCTIOJIb30BAHMUS
B CeJICKIMH U Oyaylield yCTOWYMBOCTH BHIA B JH-
kot mipupone. Tulipa biebersteiniana Ovlna WIeH-
TUPHUIMPOBAHA KaK BUJI PACTCHUSI C HU3KUM ypOB-
HEM TeHETHYECKOro pazHooOpasus. ['eHernueckas
OJTHOPOJTHOCTh JTOTO BHJIA CBs3aHA ¢ (hakTopaMu
OKpPY’KaroILEel Cpefibl U €ro €CTECTBEHHON CHUCTe-
MOM BEreTaTMBHOTO pa3MHOKeHUs. EcTecTBeHHBIN
BETETATUBHBIN CITOCOO Pa3MHOKEHHS 1 CAMOHECOB-
MECTUMOCTb MOBBIIIAIOT OAHOPOTHOCTH ATOTO BHIA
U OTrPaHWYMBAIOT T'CHETHYECKYI0 H3MEHUYHMBOCTb.
Pesynprartel  WcciemoBaHHWS — MMOKa3bIBAIOT, YTO
T.biebersteiniana BHICOKO BOCIIPUIMYHBHEI K BO30Y-
qurento Puccinia prostii, 4TO yBEJIIMYUBAET PUCK UX
WCYE3HOBEHUS, YTO YKa3bIBaeT HA HEOOXOAMMOCTh
NPUHSITHS MEP M0 YBEIIMYCHUIO TeHETHYECKOTO pa3-
HOOOpa3us 1715l COXpaHEHHsI JAaHHOTO BUJIA.

Pourkhaloee u ap. [15] Taxke ycTaHOBWIH
CBSI3b MEXKJy JTUKUMHU U KYJIBTUBHPYEMBIMH TIOJIb-
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naHaMu, coOpaB JaHHbIC, MO3BOJISIOUINE TITyOXKe
MTOHSTHh UCTOPHIO WX DBOJIIONHU W BIUSHUE YeIo-
BEUECKOHN JEATEIbHOCTH HAa UX I€HETUYECKUH Co-
CTaB. DTH CBEACHUS MCHOIB3YIOTCS Ui pa3paldoT-
KU CTpaTeTruii OXpaHbl U CEIIEKIIMOHHON pabOThI C
TronbrianamMu. AHann3 AMOVA BBISIBHIT MEXKIIO-
MyJIIHUOHHYK W3MEHUYMBOCTh Ha 23% cpenn H3-
YY9EHHBIX BHJOB W BHYTPHUIIOIYJISIMOHHYIO [TUC-
nepcuto Ha 56% BHyTpu nomnyJsiiuii. Hanbosbias
BugoBas auddepenuuanus (33%) oOnapyxkena y
T. biebersteiniana, a HaNMEHBIINA yPOBEHb TUQ-
¢depenumanuu (13%) ormeuen y 7. riparia. Otun
pe3yJIbTaThl CBUAETENBCTBYIOT O HEPAaBHOMEPHOCTH
TeHETUYECKOT0 IIOTOKA MEXKY PA3HBIMHU TTOITYJIISIIH-
SIMU Y MX aJIalITUBHBIX OCOOCHHOCTEH B 3aBUCHMO-
CTH OT YCJIOBUI OKpY KalOIIel Cpebl.

Buner ponos Ornithogalum w Stipa paccmatpu-
BAIOTCS KaK PECYpPCHbIE PACTEHHS W BBINOJIHSIOT
KIIIOUEBYIO POJIb B TOAJEPKAHUM YCTOHYHMBOCTH
akocucteM. Ornithogalum fischerianum Krasch
(3Be3na durmiepa) MMEET MUIIEBOE, JEKOPATUBHOE
U JIEKapCTBEHHOE 3HaveHue [l], HO mHpopManus
0 €ro reHeTHYECKOM pPa3HOO00pa3uu W pazMmepe re-
HOMa orpaHuueHa. Jljisi U3ydyeHUs] TeHEeTHUYEeCKOH
CTPYKTYPBI HEKOTOPBIX BHIOB poja Ornithogalum
kosmuectBo siaepHoit JIHK omnpenensnu Metoaom
[IPOTOYHONW LHUTOMETPHUM. [l M3ydeHus] TeHeTu-
YECKOTO CXOJACTBA M Pa3iINyus €ro MOMyJsSIUNA Uc-
TOJIE30BAJIMCH MOJIEKYJISIPHBIE MapKephl, TAaKHUe Kak
RAPD, ISSR u SRAP [17].

Stipa pennata — HaxOJUTCs TOJ YTpo30il uc-
4ye3HOBEHUs He TosbKo B Kazaxcrane, HO u B LleH-
TpasibHOM EBpoIe H3-3a COKpAILLEHUSI €ro Cpeabl
oburanusi. s M3ydeHUs] TEHETHYECKOTO pa3Ho-
o0pa3ust U CTPYKTYpHI MOMyJsiuu Stipa pennata
ObutM  pa3paboTaHbl JIECSITh MHUKPOCATEILTUTHBIX
MapKepoB C HCIHOJIb30BAaHHEM TEXHOJOTMH CEKBE-
aupoBaHus [llumina. Cpenn HUX ceMb MapKepoB
MOKa3alii MOJIUMOP(H3M, YTO TIO3BOJIMIIO M3YUYHTh
reHeTHYeCcKoe pa3zHooOpasue Kaxaoro jokyca. C
ITOMOIIBIO MUKPOCATEIUTUTHBIX MAPKEPOB YHCIIO ajl-
JIeJe KaKI0TO JIOKyca BapbupoBasio oT 7 1o 12, a
ypoBeHb rerepo3urotrHoctu nocturan 0,000-1,000
[18]. CornacHo uccienosanuto Dong, P [19] meTox
RAPD okazasncs 3QpeKTHBHBIM TIPU H3YUYCHUH Te-
HETHYECKOTO pazHoo0pas3us momynsiuui Astragalus
membranaceus reorpapuuecKu yIaleHHBIX PETHO-
HOB. Hammpumep, B 15 oOpasmax u3 4eTrIpex pa3HbIX
MIPOBUHIUI OBUIO WACHTU(DUIIUPOBAHO 85 auieib-
HBIX BapUaHTOB, a JIOJISI MOJMMOPGHBIX (parMeH-
ToB cocraBuia 78,16%. OreHka TIeHeTHYeCKOro
pacCTOSTHUSL MEXIYy IUKUM U KYJIbTHBHUDPYEMBIM
A.membranaceus cocrasuio 0,7026, 9yTo yKa3biBa-
€T Ha TO, YTO OHH JIOBOJBHO JAJIEKH JPYT OT JIpyTa.
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Nymphoides peltata — MHOTOIIETHEE BOIHOE
pacTeHune, mupoKo pactupoctpaHeHHoe B CeBEpHOM
MOJTyIIAPUN, XapaKTepU3YIoleecss OYHINAIOIIH-
MU BOJy cBoWcTBaMu. B SlnmoHum ero momyJisauus
B TIOCIIEIHWE TOIBl COKpAIIAaeTCs, a BHUJ MPHU3HAH
«HAXOJSIIIUMCS TI0J] YTPO30i HcUe3HOBEHUS» [22].
OcHOBHO# c110c00 pa3MHOXKEHHUSI — BEreTaTUBHOE
pa3MHOKEeHHEe KOPHEBHUIIIAMH, YTO TIO3BOJISIET pac-
MIPOCTPAHUTHCS HA HOBBIC TEPPUTOPUU B COXPAHUTH
FEHETUYECKYI0 YHUKAIBHOCTD.

HccrnenoBanne SAMOHCKUX YYEHBIX I10Ka3alio,
YTO YPOBEHb '€HETHYECKOTO Pa3HOOOpa3us U KIo-
HasbHOCTH Nymphoides peltata ¢ ncnonb30BaHHEM
MapkepoB SNP ObII0 MEHBIIIE, YeM B MTPEIBITYIINX
WCCIIEJIOBAHUSAX C TpUMEHeHHeM MapkepoB SSR.
Takoe CHHYKEHHE MOXHO OOBSCHUTH COKpaIlEHHEM
YHICIEHHOCTH 0CcO0el B TocienHue rofsl. Pe3yin-
TaThl TEHETHMYECKOM OSKCIEePTH3bl IOKa3ajd, YTO
MEXJly BOCTOYHBIMH W 3alaJIHBIMH PETHOHAMH B
TeHETUYECKOH CTPYKTYpEe, U3yUYEHHBIX TOMYJISAIIHA
MMEIOTCSI CYIIECTBEHHBIE T€HETHYECKUE Paziuyuus
[23].

B mnHacrosimiee Bpemsi mMeeTcsl OTpaHWYeHHAS
WHPOPMAITHS O MOJIEKYJISIPHO-TEHETHYCCKHUX HCCIIe-
JIOBaHUSX pacTeHHi, BCTpevaromuxcs B Kazaxcra-
He, TaKuX Kak Astragalus sumneviczii, Hedysarum
bectauatavicum, Craniospermum echioides,
Tanacetum ulutavicum v Betula kirghisorum.

Opnnako Mmapkepsl AFLP, ISSR u SNP wuc-
MOJIB3YIOTCS] B UCCIIEZIOBAHUAX JAPYTUX BUIOB POja
Hedysarum, Tanacetum, Craniospermum, 4To TO-
3BOJISIET OIIEHNUTH MX T€HETHYECKOE pa3HooOpa3ue u
(UITOTEHETHYECKYIO CTPYKTYpY [24-25].

Alnus glutinosa Wrpaer pelamouyo poib B
0oprOC C HABOTHCHUSAMH, CTAOMIHM3AIIUN OEpEeroB
pek u ouncTke BobI [28]. B ucciemoBanuu, mpose-
JIEHHOM OTEYECTBEHHBIMHU YUEHBIMU U3ydaslaCh I'e-
HEeTHYeCKast HI3MEHUYNBOCTbD OISl 4. glutinosa
B Kazaxcrane. Ananms cemu nomyssinuii basHa-
YJIBCKOTO TOPHO-JIECHOIO MaccHBa M CEBEPHBIX
Typraiickux pailoHOB ¢ ucrnosb3oBaHuem 12 SSR-
MapKepOB BBISBHJ BBICOKOE BHYTPHIIOYJISIIIHOH-
HOE reHeTHuYecKoe pasHooopasue. [lepeso UPGMA,
OCHOBaHHO€ Ha TEHETHYecKoM paccrosHum Hes,
BBISIBUJIO TPU OT/EIBHBIX KJIACTEPA, YTO yKA3bIBAeT
Ha reorpapuuecKu CTPYKTYPUPOBAHHYIO FeHETUYC-
CKYIO0 U3MEHYHMBOCTH B MOMYJISIUSIX A. glutinosa.

CpaBHUTENBHBIN  aHAMM3 TomymAuuil  Alnus
glutinosa n Alnus lusitanica 6e11 nposeseH B Mcmna-
HUH ¥ OTIACBHIBAET TEHETHIECKOE Pa3HOOOpasme, BHY-
TPUBHIOBBIE B3aMMOOTHOIIEHHS M apeasibl pacipo-
CTpaHeHus: momyJsiuid. YToObl NpoaHAIM3UPOBATh
TeHETHYECKYIO CTPYKTYPY 3THX JIEPEBbEB, UCCIIE/IO0-
BaTeNH UCIOIb30BAIN aHAIN3 IUIOMIHOCTH, TIOZICYET
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XpOMOCOM, TMPOTOYHYIO ITUTOMETPUI0 U MHKpOCa-
temmTHBIe Mapkepbl (SSR). B pesymnpraTte wmccire-
JIOBaHO 627 NepeBBbEB, BBIABICHO 92 MUIUIOWIHBIX
(4. glutinosa) n 535 terparutonansix (4. lusitanica)
JIEPEBbEB. JTO YKa3bIBACT HA TO, YTO Pa3HbIC YPOB-
HU TUIOUJHOCTU OBUIM BIIEPBBIC 3apErUCTPUPOBAHbBI
B Vcnanuu u He OBUTO OOHAPYKEHO HUKAKUX JIOKA-
3aTeNbCTB THOPUIM3AIHH, JIAKE €CIU JIBA BHJA MPO-

M3pacTalii B OJHOM PaCTHTEIEHOM coobmiectBe. C
MTOMOIIIBI0 MapkepoB SSR Obutn 00HApYKEHBI YeT-
KHC TCHCTUYCCKHUC pa3inung MEXIAY ABYMs BUIAMU,
0co0eHHO B momysiiusix A.glutinosa [29]. B Tabmu-
e | mpejicTaBIeHbI JAHHBIC JIMTEPATYPHOTO aHAIN3a
JUTSL PEIKMX BUJIOB 00J1aCTH YJIbITAY, apeall KOTOPBIX
OBUT 3apErUCTPUPOBAH WM MOXET BCTPEUaThCs Ha
JIAHHOM TEPPUTOPUH.

Tabmuma 1 — HpI/IMeHeHI/IG MOJICKYJIAPHBIX MapKEpOB JJId UCCIICAOBaHUS TEHETUYECCKOW M3MEHUMBOCTHU PECAKUX BUOAOB paCTeHHﬁ,

TMOTECHIUAJIBHO BCTPEYAOIINXCS B yJ'II;ITayCKOfI obactu

Bix pactemus Tun IHK-Mapxepa JlureparypHsrii
RAPD AFLP ISSR SSR SNP ITS cpDNA | rDNA HCTOYHHK
1 2 3 4 5 6 7 8 9 10
biebZiiltlepiZiana ) - ) * ) ) i [9; 10;12; 14; 13]
Tulipa biflora - + - - - + + [9; 10; 16]
Tulipa patens - - - + + [12; 14; 15; 16]
Tulipa schrenkii - - + - - - - [10; 15]
Buowi Ornithogalum + - - - - - - [12; 14; 16]
Buow Scirpus - + - + - - - I\E[lf:? ’Ylai]g
Stipa pennata + + - - [20]
Buow Astragalus + - - + [21]
Buowr Hedysarum - - - + - + + [24; 25]
Nymphoides peltata - - - + - - - [22; 23]
Buowt Tanacetum - - + + - - - - [26; 27]
Alnus glutinosa - - + - - - - - [28;29; 30]
Adonis wolgensis - + [31]
Pulsatilla flavescens - + + - - - [28-30]
Pulsatilla patens - - - - - - - [32-33]
Crambe tataria - + [34-35]

JlanHaple TaOMUIBI TOATBEPXKIAIOT, YTO HCCIe-
JIOBaHUSI TEHETHUYECKOM CTPYKTYpbl PEIKHX pac-
TEHUH YaIie MpoBOJAATCS HAa OCHOBE METOJIOB aHO-
HAMHOTO ToiauMopdu3Ma aMILTH(GUIIHPOBAHHBIX
¢parmenrtos, Takux kak AFLP, RAPD, ISSR, SSR.
Otu Mapkepbl Hanbosiee MH(POPMATUBHBI IS BbI-
SIBIICHUSI U OIEHKH TeHETHYECKOI'0 Pa3sHOOOpasws
PaCTUTCIbHBIX HOHy.]ISII_[I/Iﬁ U HUX HCIOJIB30BaHUEC
MOJKET CYIIECTBEHHO CIOCOOCTBOBATH Pa3padOTKe
CTpaTernii OXpaHbl U PAIMOHAIBHOTO YIIPABJICHUS
TeHETHYECKHMH PEcypcaMy pacTeHH.

Mapkephbl SJICpHOM, TUTACTUJIHON U MHUTOXOH-
npuansHoi JIHK BbIMOTHSAIOT 3a/1a4n, CBA3aHHBIE C
¢dunoreHeTHUECKUMH, (hrtoreorpaduuecKUMH HC-
cienoBaHusMu. Takum 00pa3om, IpUMEHEHHE JJaH-

HBIX MapKePOB 3aBUCHT OT CIIEITU(UKNA KOHKPETHBIX
3aja4, KOTOpBIE CTaBUT mepen coOol HccienoBa-
TEJNb.

3ak/ouyeHnune

Jlo pa3paboTku MEeTOJI0B MOJEKYJISpHOH Ono-
JIOTUM OOTAaHUYECKUE UCCIICAOBAHUS MTPOBOIUIKNCH
Ha OCHOBE MOP(OJIOTUYECKHX, (PESHOTUITHMUSCKUX,
OMOJIOTHYECKUX OCOOCHHOCTEH pa3BUTHS PACTCHUSI.
I'eneTnyeckass M3MEHYHBOCTH nsydajacb C IIpU-
MEHEHHEM OHOXMMUYECKUX, KapUOJIOTUYECKHX H
[UTOT€HETUYECKUX METOJIOB. MOJIEKyISIpHBIE Map-
Kepbl 00JIaJaloT BBICOKOH CTENEHBIO HAJIKHOCTH
U TOYHOCTH, YTO JIeJaeT MX MOJE3HBIMU HHCTPY-
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MEHTaMH¥ JUIsl TUITAHUPOBAHHS M pealu3alliid Mepo-
MIPUSTANA TI0 COXPAHEHHIO PACTUTEIHFHOCTH, O YeM
CBUICTCIILCTBYCT HpOBeI[eHHBIﬁ HaMH aHaJIWu3 JIU-
TEpaTypHBIX MCTOYHUKOB. B Xxone nurtepaTypHOro
0030pa OBLIO TPOAHATU3UPOBAHO HCITOJIH30BAHUE
pa3sIUYHBIX MOJIEKYJISAPHBIX MapKepoOB I HCCIIE-
JIOBaHUS TCHETUYECKHX XapaKTCPUCTHK PEIKUX
pactenuii obmactu Yipitay. Ha ocHOBaHWHM mpo-
BEJICHHOT'O aHajK3a ObLIO YCTAHOBJICHO, YTO Iapa-
METp TEHETHYECKOW W3MEHUMBOCTU pPa3IHyacTCs
MEXTy BUJAMH U MOXKET BaphUPOBATHCS B 3aBUCH-
MOCTHU OT THIIA JIOKYCa. HemanoBaXHbBIM SIBISETCS
BBIOOP MOJICKYJISIPHO-TCHETUYECKMX METOJIOB H
MapKepoB JUIS U3yUeHHs] TeHETHIECKON CTPYKTYPHBI
PEAKUX BUIOB PACTECHUI.

CTOuT OTMETUTH BO3POCIIMM HHTEPEC K U3yUe-
HUIO TEHETHYECKOW CTPYKTYPHI MOMYJISIUI BUIOB
pona Tulipa, BO3MOKHO CBSI3aHHBII C BBICOKOH Jie-
KOPaTHBHOM U CEJICKIIMOHHOHN IIEHHOCTHIO THOJIbIIA-
HOB, 4TO 00yCIIaBJIMBAaeT HEOOXOIUMOCTh HX COXpa-
HEHUA U yCTOfI‘-IHBOFO HUCIIOJIB30BAHUA.

CpaBHUTENBHBIN aHAMU3 MyONIMKaLWil mocien-
HUX JIET C MUCIIOJb30BAHUEM MOJICKYJISIPHBIX MapKe-
pOB ToKazan MH(GOPMATHBHOCTh U JIOCTOBEPHOCTH
ISSR u SSR mapkepoB nisi M3ydeHHUs reHEeTHYe-
CKOr'0 Pa3HOOOpa3usi BHYTPU M MEXIY HOIYJISIUN
PEeAKHUX BHJIOB paCTeHUH, MOTEHIIHAIIBHO BCTPEYaro-
mMXcs B YIIBITAYCKOW OOJIACTH.
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ECOLOGICAL SUBSTANTIATION OF CONTROL MEASURES
AGAINST HORSEFLIES (DIPTERA, TABANIDAE)
IN THE STEPPE ZONE OF NORTH-EASTERN KAZAKHSTAN

The largest livestock-breeding region of our country is the north-east of Kazakhstan. In order to en-
sure veterinary well-being of the region and profitability of livestock development, it is important to solve
a number of situational tasks. In conditions of sharp-continental climate of the north-east of Kazakhstan
one of the main aspects of development, preservation and increase of productivity of cattle population
is the most common measures to minimize the damage caused by blood-sucking two-winged insects,
including horseflies. As a result of the conducted studies, it was revealed that in the season of insect
activity milk productivity of cattle decreased up to 30%, and loss of live weight of young cattle varied
from 25% to 40% per day when attacked by dominant species of horseflies. As a result of conducted re-
searches in Pavlodar Priirtyshye 27 species of horseflies belonging to 5 genera were identified. Faunistic
complex of the region is represented by European, Turkestan, Mediterranean, Mongolian and Central
Asian groups, with predominance of boreal species. The highest species diversity and population den-
sity were observed in intrazonal landscapes of the middle Yertis floodplain. Two peaks of mass activity
of horseflies have been established: in June and July, which is caused by irregularity of their departure.
The main places of occurrence are floodplain lakes, channels and swamps. The activity of gadfly attacks
is determined by climatic conditions, with the main influence of temperature and light intensity. The
obtained data on seasonal and daily activity of horseflies can be used to develop effective measures to
control their mass species.

Key words: entomology, horseflies, bloodsucking two-winged, gnus, livestock, insects, control mea-
sures, insecticides.
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CoatycTik-LUbiFbic Ka3akcTaHHbIH, AdAa aliMarbl XXaFAAQibIHAQ COHaAapFa
(diptera, tabanidae) kapcbl Kypec L1apaAapbIHbIH, 3KOAOIMSIAbIK HErizpAemeci

KasakCTaHHbIH COATYCTIK-LUbIFbICbI PeCryOAMKaHbIH ipi MaA LLapyallbIAbIFbl aiMaKTapblHbIH Oipi
60AbIN TabblAaAbl. MaA WapyawbIAbIFbIH TabbICTbl AAMbITY YWIiH Gipkartap GipiHii Ke3ekTeri MaceAe-
AEPAI LeLlly, eH aAAbIMEH, pecrnybAMKa YLLiH aca MaHbI3Abl CaAaAa BETEPUHAPABIK, CaAaHbl KamMTamachl3
ety KaxeT. COATYCTiK-lbIFbIC Ka3akcTaH »KaFAariblHAQ MaA GacbiH CaKTayAblH >XOHE MaA OHIMAIAITIH
apPTTbIPYAbIH HEri3ri pe3epBTepiHiH 6ipi — MaAFa KaHCOPFbILL XKiHILLKE XXOHAIKTEPAIH, COHbIH iWiHAE
cexipriw wbibbiIHAAPAbIH 8CepiHeH GOAATbIH 3USHABI XKO00. MaccarapAblH, XKannan WwabyblAbl Ke3iHAE
CUbIPAAPABIH, CYT OHIMAIAIrM 25-30%-Fa TOMEHAEMTIHI, aA XKac MaAAAPAbIH KOHAIKTEPAIH GeACeHAI
Ke3eHiHAe TayAiriHe 25-40%-Fa AeiiiH TipiAel CaAMarblH >XOFaATaTbiHbl GeAriai. [MaBaosap EpTic eHi-
piHAE XXYPri3iAreH 3epTTeyAep HOTMXKECIHAE 5 TYKbIMAACKA >KaTaTblH 27 LWOHAMHAK, TYPi aHbIKTaA-
Abl. AMMaKTbIH (bayHaAbIK, KELIEHi eypornaAblK, TYPKICTaHAbIK, XXepopTa TeHI3AIK, MOHFOAADIK, >XKOHe
OpTaasmaAbIK, TOMTapMeH YCbIHbIAFaH, 6opeaaabik, TypAep 6acbim. OpTa EpTic >KabIAMaCbIHbIH, MHT-
pa3oHaAbAbIK, AQHALIATTAPbIHAA €H KOm TYPAEPAiIH SPTYPAIAITi MEH MOMYASLUMSCbIHbIH ThIFbI3AbIFbI
Gaikaraabl. LLIoHanHaKTapAbIH >Kanmnai GeACEHAIAITIHIH eKi LWbiHbl GEATIAEHA: MayCbIM XXOHe LIAAE
anAapbiHAa, 6YA OAapAbIH YWYbIHbIH 6Yy3blAyblHa GaiAaHbICTbl. Herisri nainaa 60AaTbIH XXepAep — >Ka-
MbIAMa KOAAEP, apHaAap MeH 6GartnakTtap. CoHaAapAblH, WAGYbIAbIHLIH GEACEHAIAITT KAMMATTbIK, XKar-
AAVAAPMEH aHbIKTaAaAbl, aA TEMMEPATYPA MEH >KapbIKTbIH, KapKbIHAbIAbIFbI Herisri acep eteai. CoHa
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LLbIObIHAAPbIHBIH MAYCbIMABIK, KOHE TOYAIKTIK BEACEHAIAITT TYpaAbl aAbIHFAH MOAIMETTEP OAAPAbIH, KEH
TapaAFaH TYPAEPIMEH KYPECYAiH TMIMAI LAapaAapblH 83ipAey YLUiH NanAdAaHbIAYbl MYMKIH.

TyitiH ce3aep: SHTOMOAOIMS, COHAAAP, KaH COPFbIll KOCKAHATTbIAAP, THYC, MaA LIapyallblAbIfbl,
JKOHAIKTEpP, 6aKblAQy LAPAAAPbl, MHCEKTULMATEP.
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DKoAormyeckoe o60cHoBaHMe mep 60pb6bl co caenHsimu (diptera, tabanidae)
B YCAOBMSIX CTernHo# 30Hbl CeBepo-BocTouHoro KasaxcraHa

KpynHenwwmm >KMBOTHOBOAYECKMM PErMOHOM Halllel CTPaHbl IBASIETCS CEBEPO-BOCTOK KasaxcTaHa.
C ueablo obecreyeHns BETEPUHAPHOTro GAAronoAyUms permoHa 1 peHTabeAbHOCTH Pa3BUTUS XKMBOTHO-
BOACTBA BaXKHO peLleHue PsSAd CUTYAUMOHHbIX 33aad. B yCAOBMSX Pe3KO-KOHTMHEHTAAbHOIO KAMMATa
CceBepo-BOCTOKA KasaxcTtaHa OAHMM M3 FAQBHbIX ACMEKTOB Pa3BUTMS, COXPAHEHNS M MOBbILLEHNS NPO-
AYKTUBHOCTM MOrOAOBbSI KPYMHOIO pOraToro ckota HanboAee pacnpocTpaHeHbl MEPONpUSTUS MO M-
HVYMM3aLMK yliep6a, HAHOCUMOTO KPOBOCOCYLUMMU ABYKPbBIABIMM HACEKOMbIMM, B TOM UMCAE CAEMHS-
MW. B pe3yAbTaTe NpoBeAeHHbIX MCCAEAOBAHWI, ObIAO BbISBAEHO, UTO B CE30H aKTMBHOCTM HACEKOMBbIX
MOAOYHAs MPOAYKTMBHOCTb Yy KPYMHOrO poratoro ckota CHmxaAacb A0 30 %, a noTeps >KMBOWM MaccCbl
Y MOAOAHSIKQ BapbMpoBaAacb OT 25 A0 40 % B CyTKM NpuM HanaAeHWM AOMMHAHTHBIX BUAOB CAer-
Hel. B pe3yAbTate NpoBeAEHHbIX MCCAeAOBaHWUI B [1aBAOAapCKOM [punpThIlbe BbISIBAEHO 27 BUAOB
CA€rnHel, oTHocawmxcsd kK 5 poaam. DayHUCTUYECKMIT KOMIAEKC permoHa NpeACTaBAEH eBPOMencKom,
TYPKECTAHCKOM, CPEAM3EMHOMOPCKOM, MOHIOABCKOM M LLEHTPAAbHO-a3MaTCKOM rpymnnamu, ¢ npeobaa-
AaHvem 6opeaabHbix BUAOB. Hanboabluee BUAOBOE pasHOO6Pasme 1 MAOTHOCTb HACEAEHMS OTMEYEHbI
B MHTPa30HaAbHbIX AaHALLIAdTaX NOMMbI cpeaHero MpTbiwa. YCTaHOBAEHbI ABa MMKa MaCCOBOM aKTMB-
HOCTW CAEMHEN: B MIOHE U MIOAE, UYTO OOYCAOBAEHO HEPEryAsSPHOCTbIO MX BbiAeTa. OCHOBHbIMK Me-
CTamy MOSIBAEHUS SIBASIOTCSI MOVMEHHbIE 03epa, NMPOTOKM U GOAOTA. AKTMBHOCTb HarMaAEHWs CAEMHew
OMPEeAEAIETCd KAUMATUYECKMMM YCAOBUSAMM, NIPU 3TOM OCHOBHOE BAMSHME OKa3blBalOT TemMreparypa u
MHTEHCMBHOCTb OCBelleHMs. [ToAyyeHHble AQHHble O CE30HHOM M CYTOYHOM aKTUBHOCTU CAEMHEN MOTYT

ObITb UCMOAb30BaHbI ANA pa3pa60T|<m Sq)(lbeKTMBHbIX mep 60pb6bl C MX MaCCOBbIMMN BUAAMWN.
KAroueBble croBa: 3HTOMOAOIMA, CA€NHN, KpoBOCOCYyUiMe ABYKPbIAblE, THYC, >)KWBOTHOBOACTBO, Ha-

CeKOMbIe, Mepbl 60PbObl, MHCEKTULMADI.

Introduction

The species composition, distribution, variabil-
ity and ecological features of horseflies have been
studied in Kazakhstan in different years and by dif-
ferent scientists-biologists. The level of negative
impact of gadfly toxicity is revealed by the mass of
dominant species, duration of flight and prevalence
in the study area. Gadflies as massively distributed
ectoparasites cause serious damage to cattle, reduc-
ing their milk production and live weight. Gadfly
bites are not only distressing but also pose a risk of
transmission of various diseases such as anthrax,
tularemia, trypanosomiasis in camels, horses and
cattle, infectious anemia in horses and other poorly
understood diseases of domestic and wild animals.
At the same time, in tropical regions gadflies are
vectors of filariasis (loiasis) in humans and wild ani-
mals. Due to their widespread prevalence, horseflies
cause significant economic damage to thousands of
livestock farms located in the territory of the Re-
public of Kazakhstan and commonwealth coun-

tries (Skulovec, 2005: 412), (Isimbekov, 1994: 35),
(Sivkova, 2019: 575-579), (Sivkova, 2022: 251-
258), (Miraballes, 2019: 579-593), (Shevchenko,
1985: 130-149).

In 1975, the first study of the species composi-
tion of the Palearctic horseflies was carried out by M.
Leclerg and N. Olsufiev (1977), which was the reason
for writing a monograph in which they described and
systematized 195 species of horseflies of the fauna of
the commonwealth countries. Along with the above-
mentioned authors there are researches of other
authors on finding new species of horseflies in Ka-
zakhstan. The study of horseflies in different natural
zones of the Republic, including mountain systems
Tarbagatai, Saur, Southern Altai, as well as Karkarala
and Bayanaul mountain forest massif, including des-
erts and steppes, intrazonal landscapes of the Yertis
river valley and other regions, contributed to a more
extensive characterization of the faunistic composi-
tion of these insects. In the period from 2004 to 2009
the study of faunistic diversity of horseflies in South-
West Altai, in particular in Katon-Karagai district on
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summer pastures of red deer in high-mountainous
terrain significantly enriched and clarified their sys-
tematic classification. Thus, the fauna of horseflies
of Kazakhstan has 84 species and 2 subspecies of
horseflies, it was enriched with 12 species of in-
sects, described earlier by V.V. Shevchenko (1961).
Shevchenko (1961). We would like to note that the
above list is not complete and is supplemented as new
data appear, which allows us to expand knowledge
about the fauna of tabanids (Krolow, 2017a: 107),
(Krolow, 2022b: 447-457), (Aldabergenov, 1975:
28), (Rodrigues, 2022: 518-522), (Zhanetov, 1975:
28), (Nurlina, 2009: 120), (Fermino, 2019: 1-17),
(Skuf’in, 1973: 104).

In Russia the study of species composition,
gonotrophic cycle, peculiarities of gadfly devel-
opment, starting from the end of the 19th century
and up to the present time has been carried out by a
number of authors and large research institutes and
laboratories, such as All-Russian Research Institute
of Veterinary Entomology and Arachnology (Tyu-
men), Zoological Institute (St. Petersburg), Institute
of Systematics and Ecology of Animals SB RAS
(Novosibirsk).

The main approaches in the fight against horse-
flies are sanitary and preventive measures aimed at
reducing and regulating their numbers. The most
common and effective method is the use of chemi-
cal preparations. An important aspect of this issue
is the choice of not only the most effective prepara-
tions, but also environmentally safe means, as well
as the definition and development of optimal meth-
ods and modes of their application, corresponding
to the conditions of specific regions. A review of the
current scientific literature revealed that the best re-
sults in terms of efficacy and duration of insecticidal
action, as well as safety for animals and ecosystems
are demonstrated by preparations presented in the
form of individual polymeric plates, such as ear tags
and tail tapes. The active substances of the above-
mentioned preparations are released evenly and for
a long period of time and penetrate into the ducts of
sebaceous glands, gradually spreading over the en-
tire surface of the animal’s body, causing the death
of blood-sucking two-winged insects in contact with
the skin and hair cover of the animal. This form of
the drug is characterized by low consumption, and
synthetic pyrethroids and their combinations used
as active components are relatively safe for animals
and humans. This is due to the fact that they are rap-
idly metabolized in animals and rapidly degraded in
the environment, which makes them more compli-
ant with environmental safety standards (Ma, 2023:
286), (Andrianov, 2023: 578-584).
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Material and methods of research

The material for the study was own collections
of gadflies. Entomological collections of insects
were carried out in the north-east of Kazakhstan
(Pavlodar oblast), in different natural-climatic con-
ditions. Collection of winged forms was carried out
with a standard entomological net during a certain
period of time in places of cattle grazing and mow-
ing on vegetation, by method of catching from ani-
mals. The captured adult forms of horseflies were
placed in entomological stain with ether. After
killing, the insects were pricked on entomological
pins or spread on cotton mattresses. The species
affiliation of horseflies was determined using a mi-
croscope MBS-10 and special identifiers edited by
V. V. Shevchenko and N. G. Olsufiev (Engashev,
2019a: 34-37), (Engashev, 2020b: 5-8), (Isimbekov,
1994: 35), (Krolow, 2017a: 107), (Krolow, 2022b:
447-457)

Seasonal changes in the number of gadfiies were
studied by regular collections once a decade from
the time of their appearance in spring to their dis-
appearance in autumn. Counting collections were
20-minute captures at the beginning of each hour —
from 8 to 20 hours. In total, about 500 specimens of
gadfly winged forms were collected.

Scientific articles, reviews and reports of a num-
ber of authors and scientific laboratories served as
material for analyses of effective measures of gadfly
control.

Results and discussion

As a result of our research we identified 27
species of horseflies belonging to 5 genera:
Chrysops relictus Mg., Tabanus sabuletorum
sabuletorum Lw, T. maculicornis Ztt., Tabanus b.
bromius Zinne., Tabanus bromius flavofemoratus
Strobl., T. bovinus L., T. autumnalis autumnalis,
Tabanus autumnalis brunessens Szil., Atylotus
pallitarsis Ols., Atylotus rusticus L., Hybomitra
lurida Flln, Hybomitra nitidifrons nitidifrons,
Hybomitra nitidifrons nitidifrons confiformis, Hy-
bomitra sareptana Szil., Hybomitra distinquenda
distinquenda Verr., Hybomitra ciureai, Hybomi-
tra muehlfeldi Br., Hybomitra bimaculata Macq.,
Hybomitra lundbecki lundbecki Lyn, Hybomitra
montana montana Mg., Hybomitra montana mor-
gani Surc., Hybomitra expollicata expollicata
Pand., Hybomitra erberi Br., Haematopota pal-
lidula Krob., Haematopota subcylindrica Pand.,
Haematopota pluvialis pluvialis L., Haematopota
turkestanica turkestanica Krob.
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Figure 1 — Types of horseflies
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Figure 2 — Quantitative ratio of horseflies

In Kazakhstan gadflies are represented by Eu-
ropean, Turkestan, Mediterranean, Mongolian and
Central Asian faunal groups. Faunistic composi-
tion of horseflies of Pavlodar region is represented
by boreal species belonging to forest-steppe and
European-Siberian forest species. Nevertheless, the
distribution of horseflies in natural zones of the re-
gion differs both in quantitative and qualitative in-
dicators. In the intrazonal landscape of the middle

part of the Ertis River valley the faunistic diversity
of species and the highest density of tabanids were
revealed.

In the middle reaches of the Yertis River we
traced the flight of the Common Pestling from 30
June to 2 August. The period of tabanid activity
was detected from 9 a.m. to late evening and was
accompanied by annoying attacks on humans and
animals. It was recorded that in the period from
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12 to 13 hours there was an active flight of gad-
flies. In the study area (upper reaches of the river
Ertis) tabanids fly from the beginning of July to
the end of July, being active during the daytime
from 10 to 20 pm. The highest activity of Taba-
nus females is observed from 12-14 hours at tem-
peratures of 28-30 °C. Atylotus pallitarsis inhabits
birch-aspen groves and mixed grass meadows with
willow overgrowth, is rare, fly from the second
to the third decade of summer. According to our
observations, in the floodplain of the Ertis River
Atylotus rusticus species is active from mid-June
to mid-August, while in the Bayanaulsky moun-

tainous forest massif it starts its flight later — from
the first decade of July and continues until the first
decade of August. These insects are most active in
attacking animals and people between 8 am and 8
pm. The greatest intensity of the gadfly attack oc-
curs from 12 to 13 hours at a temperature of 30-32
°C. In the floodplain of the Yertis River we traced
the flight of gadflies of the genus Hybomitra from
the second decade of June to the third decade of
August. Haematopota subcylindrica is dominant in
the upper Yertis River valley, especially in the dry-
steppe plain part; it flies from the beginning of the
second decade of June to the end of July (Table 1).

Table 1 — Daily flying activity of horseflies in the intrazonal landscape of the Yertis River floodplain

. Trapping time in hours Maximum flight
Ne Types of gadflies - .
The first one Mass flight The last one time in hours

1 Chr. relictus 9-10 12-13 21-22 13
2 T. s. sabuletorum 8-9 12-14 20-22 14
3 |T b. bromius 10-11 12-14 20 10
3a | T b. flavofemoratus 9-10 11-13 19 10
4 | T bovinus 7-8 13-16 20-22 15
T a. autumnalis 6-7 8-11; 17-19 21 15
Sa | T a. brunescens 7-8 14-15 18-20 13
A. rusticus 8-9 12-13 19-20 12
7 | H. n. nitidifrons 8-9 11-12 20 12
7a | H. n. confiformes 7-8 11-13 19-20 13
H. sareptana 9-10 11-12 18-19 10
9 | H. d. distinguenda Verr. 8-9 10-13 20-22 14
10 | H. ciureai 8-9 12-14 20-22 14
11 | H. muehlfeldi Br. 7-8 12-15 18-19 12
12 | H. I lundbecki 8-9 11-12 19-20 12
13 | H. m. montana 8-9 12-14 20-21 13
13a | H. m. morgani 8-9 12-13 20-21 13
14 | H. exp. expollicata 8-9 10-13 18-19 11
15 | H. erberi 8-9 12-13 17-20 12
16 | Haem. subcylindrica 7-8 11-13 18-20 13
17 | Haem. p. pluvialis 7-8 11-14 18-21 14
18 | Haem. turkestanica 8-9 12-13 17-20 12

Compiled by the authors based on the results of
observation of the daily rhythm of gadfly activity.

Thus, in the intrazonal landscape of the Yertis
River floodplain and the adjacent plain steppe gad-
flies are active from June to the end of August. Due
to irregularity of departure of gadflies distributed

140

there in floodplain biotopes two periods of their
mass activity were marked: the first period of activ-
ity was recorded from the second to the third decade
of June and lasted up to 15 days; the second peak
was recorded from the end of the first decade of July
and lasted 3 weeks.
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In spite of short duration of the gadfly season of
75-80 days, the period of their mass annoyance to
animals is 30-40 days, i.e. 40-50 % of the season of
activity.

Such species as T. bovinus L., T. autumna-
lis autumnalis, Hybomitra nitidifrons confiformis,

5000
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Haematopota subcylindrica occur everywhere in
the studied region and belong to dominant and mass
species. According to our data, in the valley of the
middle reaches of the Yertis River, in the afforested
floodplain, Haematopota pluvialis pluvialis is also a
mass species. Detailed data are presented in figure 3.
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Figure 3 — Seasonal course of abundance of mass species of horseflies
in the plain part of Pavlodar Priirtyshye (based on cattle counts)

In different natural zones, as the results of our
studies showed, the places of gadfly emergence are
confined to overgrown banks of lakes, streams, chan-
nels, bogs, extensive swamps. This once again indi-
cates the difficulty of identification and study of ecol-
ogy of preimaginal phases of gadfly development.

In different natural zones, as the results of our
studies showed, the places of gadfly emergence
are confined to overgrown banks of lakes, streams,

Table 2 — Typisation of gadfly breeding sites in Pavlodar oblast

channels, bogs, extensive swamps. This once again
indicates the difficulty of identification and study of
ecology of preimaginal phases of gadfly develop-
ment.

In the floodplain of the Yertis River the main
habitats of larvae of haemahydrobiont horseflies
(genus Chrysops) are channels, river channels,
floodplain lakes, ‘karasu’ (Table 2). There they are
common and numerous.

Ne Types Steppe lakes Staritsa, chanr?els Floodplain lakes, karasu, marshes
n/n of the Yertis River from flood waters

1 Chrysops relictus - ++ +

2 Tabanus a. autumnalis + ++

3 T. bovinus - 4t

4 | Hybomitra nitidifrons confiformis - - ++

5 | Haem. subcylindrica - - +

Note: ++ — common
+ — few in number
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Daily rhythm of gadfly activity. Features of
landscape and faunistic complex, as well as climatic
factors have a great influence on the activity of gad-
fly attack. Daily activity of gadfly attack in different
climatic conditions manifests itself differently.

In the complex of environmental factors de-
pressing years and daily activity, the first place is
occupied by the influence of temperature and light
intensity. Other ecoclimatic factors (wind, humid-
ity, precipitation) are of secondary importance.

However, the activity of gadfly attack in specific
conditions is determined by the totality of all these
factors.

The data obtained by us on species composition,
flight time and intensity of gadfly attack according
to seasonal and daily course of mass species abun-
dance can serve as ecological substantiation for the
development of rational and effective measures to
reduce their numbers.

Conclusion

In the north-east of Kazakhstan there are vast ar-
eas of characteristic habitats of horseflies. Detection
of seasonal course of number, daily activity of gadfly
attacks in local conditions, identification of places of
gadfly larvae haul-out and accumulations is impossible
without complete study of their biology and ecology.

The study showed that the fauna of blood-
sucking insects in the north-east of Kazakhstan, in

particular in Pavlodar region includes the follow-
ing 5 genera: Chrysops, Atylotus, Tabanus, Hy-
bomitra, Haematopota. Biological and ecological
characteristics of horseflies, as well as their de-
velopment depend on climatic conditions and are
in close relationship with the presence of animals
in the area.

Sanitary and preventive measures aimed at re-
ducing and regulating their numbers are considered
to be the main approaches in the fight against horse-
flies. The most widespread and effective method is
the use of chemical preparations. An important as-
pect of this issue is the choice of not only the most
effective preparations, but also environmentally safe
means, as well as the definition and development of
optimal methods and modes of their application,
corresponding to the conditions of specific regions.

Treatments of animals with contact insecticides
are considered environmentally safe and cost-ef-
fective, most of which, along with high insecticidal
activity and low toxicity to warm-blooded animals,
have a longer residual effect. It has been proved that
the use of individual polymeric products impregnat-
ed with synthetic pyrethroids and their combinations
in livestock farming may well replace permanent
treatments with repellents and insecticidal solutions.
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ECOLOGICAL ASSESSMENT OF THE CONDITION
OF PASTURES IN THE AKTOBE REGION

Pastures are essential to agriculture, particularly in areas with harsh climates and limited nutrient
availability. They serve as an effective and economically viable alternative to conventional ruminant
feeding methods while enabling the simultaneous production of other agricultural goods. In Kazakh-
stan’s Aktobe region, conducting ecological assessments of pasture lands is a key priority for agricultural
producers, as these lands form the primary feed source for cattle, sheep, and horses.

The main goal of this study was to scientifically evaluate the current state of pasture ecosystems and
perform an ecological assessment to ensure their sustainable use. Analysis of the pasture load across the
region’s districts revealed clear signs of ecosystem recovery and measured the extent of anthropogenic
impact on these lands. From 1991 to 2023, the decline in livestock numbers has led to a reduction in
pasture load and the gradual re-establishment of ecological equilibrium.

Furthermore, the study identifies the critical factors that contribute to the restoration of degraded
pastures and offers comparative indicators for each district. This approach allows for a comprehensive
assessment of the recovery levels of degraded pastures in the Aktobe region and helps chart out strate-
gies for their further rational and sustainable utilization.

Key words: ecosystems, pastures, grazing load, environmental assessment, degradation, desertifica-
tion.

M. K. MaxambeTos*, P. M3nmoBa, I'.A. UceHraamesa, I'.A. FaTtayanHa

K. Xy6aHoB atbiHAarbl AKTe6e eHipAiK yHMBepcuTeTi, AkTebe, KasakcTaH
*e-mail: muratkim.87@mail.ru

AKTO6€ 00AbICHI )XalbIALIMAAPbIHbIH, XXaFAAMbIH
3KOAOTUSIAbIK Bararay

JKarblAbIMA@P KAMMATbI KaTaA >KoHe KOPEKTiK 3aTTapFa KOA XXETIMAIAITI LeKTeyAl XXaFaanaa aybla
LapyalbIAbIFbIHAQ MaHbI3Abl PeA aTkapaasbl. OAapAbl MaaaAaHy ayblALLAPYALLbIAbIK, OHIMAEPIH Ka-
TapAac eHAiIpyre MyMKIHAIK 6epe OTbIpbIn, KYMIiC KarblpaTblH MAaAAAPAbl a3blKTaHAbIPYAbIH ASCTYPAI
aAicTepiHe THIMAT XoHe YHemal 6arama 6OAbIN Keaeai. KaszakcTaHHbIH AKTe6e 0BAbICbIHAA >KabIAbIM-
AbIK, KEPAEPAT SKOAOTUSIABIK, 6aFaAay aybiA LIAPYALLbIAbIFbI TayapbliH OHAIPYLLIAEP YLIiH MaHbI3AbI Ga-
FbIT GOAbIN TabblAaAbl, BATKEHI BYA XKepAep ipi Kapa, KON >kaHe XbIAKbl MAAAAPbIH a3blKTaHAbIPYAbIH
Heri3ri ke3i 60AbIN TabbIAAAbI.

ByA 3epTTeyaiH Heri3ri MakcaTbl >KalbIAbIMABIK, SKOXKYMEAEPAIH Ka3ipri >KaFAarblH FbIAbIMKW TYp-
FblAQ aHbIKTay >K8HE OAAPAbl YTbIMAbBI MaMAAAAHYAbIH DKOAOTUSABIK, CapanTamacbiH XYPrizy 60AAbI.
OO6AbIC aMaK TapbIHAAFbI >KAMbIABIMADIK, XXYKTEMEHI TaAAQY HOTUXKECIHAE BKOXKYMEHI KAATbIHA KEATIpY
GeAriAepi aHbIKTaAAbl )KOHE OAAPAbIH XaFAaliblHa aHTPOMOreHAIK (hakTOpAAPAbIH 8Cep eTy AdpeXeci
aHbIkTaAAbl. 1991-2023 XbIAAAP aPaAbIFbIHAA XKalbIAbIMAAPAAFbI MaA GAChIHbIH a3atoblHa GAMAAHBICTbI
JKYKTEMEHI a3aiTy >X8HE 3KOAOTUSIAbIK, TENe-TEHAIKTI OpHaTy npouecTepi 6ankaaabl.

CoHbIMeH KaTap, »KYMbICTA TO3FaH >KalbIAbIMAAPAbI KAAMbIHA KEATIpYre biKMaA eTeTiH dhakTopAap
aHbIKTaAbIM, 8p aiMMak, GOMbIHILA Heri3ri caAbICTbIpMaAbl kepceTkiwTep 6epiareH. bya Aktebe 06AbI-
CbIHA@Fbl TO3FaH >KaMbIAbIMAAPAbI KAAMbIHA KEATIpY ApexKeciH GararayFa XKeHe OCbl pecypcTapAbl
OAQH 8pi YTbIMAbI NMaaaAaHy GarbITTapblH aHbIKTayFa MYMKIHAIK 6epeai.

Ty#iH ce3aep: 3KOXKYMEAEP, XKaMbIAbIM, XKaMbIAbIMABIK, XXYKTEME, SKOAOMMSIAbIK, Bararay, Aerpasa-
M9, LUOGAENTTEHY.
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Ecological assessment of the condition of pastures in the Aktobe region

MK, MaxambeTtos*, P. M3umoea, I'.A. UceHraamesa, I'.A. F'aTtayAnHa

AKTIOOMHCKMIA pernoHaAbHbIi yHMBepcuTeT umenn K. J)KybaHosa, AkTo6e, KasaxcraH
*e-mail: muratkim.87@mail.ru

JKOAOrMYecKas OLeHKa COCTOSHUS NnacToumLL,
B AKTIHOOMHCKOM 06AQCTH

[MacTbuiia MrpaloT BaskKHENMLLYIO POAb B CEAbCKOM XO3SIMCTBE B YCAOBUSIX CYPOBOIO KAMMATa M Orpa-
HMYEHHOro AOCTYMa K MMUTAaTeAbHbIM BellecTBam. MX ncrnoab3oBaHue gBAgeTcs 3(deKTUBHOMN U 3KO-
HOMMYECKM OMpPaBAAHHOM aAbTEPHATMBOM TPAAMLMOHHBIM CMOCO6aM KOPMAEHMS >KBAUHbIX KMBOTHbIX,
NPV 3TOM MO3BOASS MAPAAAEABHO MPOM3BOAUTb CEAbCKOXO3SIMCTBEHHYIO MPOAYKLMIO. B AKTIOGMHCKOM
o6AacTm KasaxcTaHa 3KOAOrMyeckast oueHKa nacTOMLLIHbBIX YrOAMIA SIBASETCS BaXKHbIM HarpaBAEHMEM
AAS CEAbXO3MPOU3BOAUTEAEN, TaK KaK 3T 3EMAM CAY>KAT OCHOBHbIM MCTOYHMKOM KOPMOB AAS KPYTHO-
ro poraToro CKoTa, OBEL, 1 AOLLAAEN.

OCHOBHOW LIEAbIO AQHHOTO MCCAEAOBAHMS ObIAO HayYHOE OMPEAEAEHME COBPEMEHHOIO COCTOSIHMS
NacTOMLLHbIX SKOCUCTEM M MPOBEAEHNE IKOAOTMYECKOM OLEHKM AAS MX PALMOHAAbHOIO MCMOAb30Ba-
HUs. B pesyAbTaTe aHaAM3a Harpysku Ha nactéuila no panoHam 06AaCTM ObIAM BbISIBAE€HbI MPU3HAKM
BOCCTAHOBAEHMS 3KOCUCTEM U OMNPEeAEAEHA CTerneHb BAUSHWUS aHTPOMOreHHbIX (DaKTOPOB Ha UX COCTO-
aHne. C 1991 no 2023 roa B CBSI3M C COKPALLEHMEM TMOrOAOBbS CKOTa Ha nactouiiax HabAIOAQIOTCS
NMPOLECChl CHUYKEHMS Harpy3ku U YCTAaHOBAEHMSI SKOAOMMYECKOro paBHOBECHUS.

Kpome Toro, B paboTe BbisiBAEHbI (paKTOPbl, CMOCOOCTBYIOLIME BOCCTAHOBAEHUIO AErPaAMpPOBaH-
HbIX NMacTOuLL, M NPUBEAEHbI OCHOBHbIE CPABHUTEAbHbIE MOKA3aTEAM MO KAXKAOMY paroHy. ITO AaeT
BO3MO>XHOCTb OLIEHWUTb CTEreHb BOCCTAHOBAEHUSI AErPAAMPOBaHHbIX NacTomiL B AKTIOOMHCKOM 06Aa-

CT1 N OMNpeAeAnTb HalnpaBAEHNA AaAbHenwero PauMOHAaAbHOI O MCMNOAb30BaHMA 3TUX PECYPCOB.
KaroueBble caoBa: 3KOCUCTEMDI, l'IaCT6l/IU.la, l'laCT6l/IUJ,Haﬂ Harpy3ska, 3KOAOrmyeckaqa oueHka, Aerpa-

Aalingd, ornyCtbiIHMBaHUE.

Introduction

In modern world practice, in connection with
global climate change and intensification of de-
sertification processes, there is an acute problem
of developing and implementing effective manage-
ment of natural resource potential, which allows to
abandon resource-intensive technologies and flex-
ibly manipulate the level of anthropogenic load on
ecosystems, preserving soil and plant resources of
arid areas [1].

Pastures represent one of the most extensive ter-
restrial ecosystems, occupying approximately 20% of
the Earth’s surface [2]. Their primary role is to serve
as grazing lands for livestock. However, factors such
as overpopulation and climate change are markedly
accelerating the degradation of these rangelands, par-
ticularly in arid and semi-arid regions of the world
[3]. Such degradation can lead to reduced productiv-
ity, fragmentation of the grass cover, loss of soil fer-
tility, compaction and an increase in the proportion of
plant species unsuitable for fodder.

Excessive grazing is the primary cause of pas-
ture degradation; however, factors such as trans-
port activities, water and wind erosion, geological
exploration, oil and gas operations, and others also
contribute negatively. The state of pastures directly
influences the development of livestock farming, the
formation of vegetation, the efficient use of natural
resources, agricultural practices, ecosystem sustain-
ability, the preservation of farmland, soil fertility,
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and overall environmental quality [4]. It is estimated
that degradation processes and poor management
lead to a loss in productivity on approximately 20%
of the world’s rangelands [5]. In countries where
livestock primarily grazes on grass, degradation is
the main driver behind the decline in pasture quality
[6]. Although the factors contributing to degradation
are diverse, overgrazing remains the most important
[7]. In addition, the reduction in forage production
caused by global climate change — lack of rainfall
and rising temperatures — is a major contributor to
pasture degradation [8].

One of the reasons for the low sustainability
of natural communities is also the loss of biodi-
versity, which manifests itself in the phylogenetic
incompleteness of ecosystems under changing en-
vironmental conditions, where the optimal balance
of bio-ecological groups is disturbed. The system of
adaptive landscape environmental management is
becoming increasingly popular in the world, espe-
cially in arid countries [9].

In the early stages, rangeland degradation is so
slow and imperceptible that it often goes unnoticed
in the short term [10]. However, when the process
reaches a critical stage, restoration becomes ex-
tremely difficult or even impractical, as it requires
significant investment to repair the damage, which
is often beyond the economic capacity of most
countries [11].

The impact of grazing on the soil, and therefore
on the plant, is also diverse. Loosening and fractur-
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ing of the soil are of great importance, leading to
the development of deflation processes in a sandy
desert. However, moderate loosening of the soil by
animals is a positive factor, helping to break up the
crust on the soil surface, improving aeration and
seed placement [12].

Kazakhstan’s latitude determines the diversity
of its agricultural land. The country is ranked sixth
globally for its grassland resources, with natural
forage areas spanning 188 million hectares—ac-
counting for 70% of its territory [13]. These lands
are primarily utilized for grazing. Before the disso-
lution of the Soviet Union, Kazakhstan had numer-
ous state farms (2,452) and collective farms (395),
and approximately 120 million conventional sheep
were registered. Due to the large number of animals,
long-distance grazing was practised over consider-
able distances [14].

In the Aktobe region, nearly 77% of the land
is used as pasture, which supports the practice of
extensive, long-distance grazing. However, the
constant exploitation of these pastures contributes
significantly to the pressing environmental issue of
desertification—a process that is especially rapid
and noticeable in arid ecosystems [15]. Addition-
ally, compared to more fertile areas, desert pastures
offer lower productivity due to restricted plant bio-
mass and a limited variety of forage, thereby reduc-
ing the availability of essential nutrients for animals.
Unpredictable weather patterns, including drought
and scant rainfall, further lead to uneven vegetation
distribution in these regions [16].

Despite these challenges, desert rangelands
continue to provide an important source of forage
for livestock. The natural adaptation of their plant
species to extreme conditions renders them highly
resistant to climate change. For instance, species
like saxaul and camel thorn can endure prolonged
drought periods, while their leaves and stems still
supply sufficient nutrients for animal consumption
[17].

The main objective of this work was to provide
a scientifically based identification of the current
ecological situation of rangeland ecosystems and to
conduct an environmental assessment with a view to
their rational use.

In 1996, experts from the UNCCD noted that
Kazakhstan had 179.9 million hectares of deserti-
fied land—about 60% of its total territory. By 2020,
official figures predicted that almost 66% of the
country’s land would be affected by desertification.
This environmental degradation is largely due to the
overgrazing of natural forage areas, such as pastures
and hayfields, which has significantly worsened the
state of the ecosystems.

After the collapse of the Soviet Union, Ka-
zakhstan’s agricultural sector underwent a major
restructuring beginning in 1991. Agricultural pro-
duction plummeted, vast areas of arable land were
abandoned, and many collective and state farms
ceased to exist, leading to a notable decline in live-
stock numbers in rural areas. In 1994, the removal
of livestock subsidies and the dissolution of state
and collective farms forced many residents to leave
their homes and move to district centers and towns.
Then, starting in 1995, legislative changes stripped
collective and state farms of their legal status, trans-
forming them into production cooperatives or peas-
ant farms.

All these factors emphasise the need to review
the extent of degradation of pastureland, as they
play a decisive role in shaping the current state of
the land and require special attention for further ra-
tional use of natural resources.

Study area

The Aktobe region is located in the north-
western part of Kazakhstan. It is a vast physical-
geographical and economic region with an area of
30.062 million hectares, which is about 11% of the
total area of the republic. The Aktobe region is the
second largest region of Kazakhstan in terms of area.

The territory of the Aktobe Oblast (total area
30.062 million hectares) is located in several geo-
morphological regions: the Mugalzhar Mountains,
the Podural Plateau, the Turgai Tableland, the Usty-
urt Plateau and the Caspian Sea Lowland.

The great length from north to south (700 km)
and from west to east (800 km), as well as the rather
complex terrain, determine the diversity of the re-
gion’s natural and economic conditions. According
to the nature of the relief, the territory of the region
is divided into five geomorphological regions: the
Mugalzhar Mountains, the Poduralskoe (Ural-Em-
ben) Plateau, the Turgai Plateau, the Ustyurt Plateau
and the Caspian Lowland.

The region’s climate is marked by abrupt tem-
perature fluctuations, with harsh, cold winters giv-
ing way to hot summers. The shift from winter to
summer happens quickly, resulting in a brief spring
season. In addition, there is instability and scarcity
of precipitation, high air dryness, intense evapora-
tion and constant direct sunlight throughout the
spring-summer season [18].

In summer, dry, heated tropical air masses from
the deserts of Central Asia and Iran enter the region
from the south, and arctic air masses from the Urals
from the north. These cold, dry air masses undergo
further dehydration due to the influence of the un-
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derlying surface, transforming into continental-trop-
ical air masses, which contribute to droughts and hot
winds.

As of January 1, 2024, statistical data indicate
that Aktobe Oblast comprises 323 settlements, in-
cluding 12 administrative districts, one city of re-
gional significance (Aktobe), seven cities of dis-
trict significance (Alga, Kandyagash, Emba, Zhem,
Temir, Khromtau, Shalkar), and 315 rural settle-
ments organized into 134 rural districts.

The region’s ecological situation is shaped by
both natural and human-induced factors, such as
moisture deficiency, temperature variations, harsh
winters, and scorching summers. Additionally, deg-
radation processes, overgrazing, vegetation burning
for fuel, and mining activities contribute to environ-
mental challenges. Special attention is given to the
deterioration of soil and vegetation cover, as it re-
flects the overall state of the territory and serves as a
key indicator of desertification.

Materials and research methods

This is study leveraged statistical data from of
the Statistics Agency of the Republic of Kazakhstan
alongside various cartographic resources to deter-
mine of the pasture load in the Aktobe region. The
main goal was to the present pasture load assessment
results for the period 1991-2023 years, identify of
the most degraded pasture areas, and pinpoint zones
with either low or high load variability as a result of
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overgrazing. Notably, there has been a shortage of
detailed analyses on pasture load degradation in Ak-
tobe; therefore, the methods and analyses used here
can also be applied in other regions of Kazakhstan.
The data gathered offer a deeper insight into the dy-
namics and variability of pasture load.

To calculate the potential (or standard) load on
the pastures, the study employed the formula K = a/b,
where ‘a’ is the actual yield of the pasture and ‘b’
represents the amount of feed consumed by one sheep
during the grazing period (with a daily requirement
of 2.5 kg of pasture feed per sheep) [21]. The impact
of animals on the pasture ecosystem was assessed
using the FAO/UNEP methodology, which involves
calculating the ratio of the actual load (expressed in
conventional sheep heads per hectare) to the potential
load. The conventional population was determined
using conversion factors: sheep and goats count as 1
sheep, cattle as 5 sheep, horses as 6 sheep, and camels
as 7 sheep. This approach differs from calculations
based on live weight. Additionally, the pasture load
was computed based on the grazing period, which in
this the region averages 270 days.

Results and discussion

In the Aktobe region, the number of main live-
stock species decreased from 1991 to 2023, with
sheep and goats accounting for more than half of
the total number of animals compared to 1991 (Fig-
ure 1).

Camels Sheep and goats

- T T T T T T —

Figure 1 — Dynamics of the main types of livestock in the Aktobe region, thousands of head
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According to Figure 1, we see a significant
decrease in the number of livestock from 1992 to
1998. by 72% due to restructuring, while there were
significant changes in the total number of livestock
associated with an increase from 1999 to 2023, but
the main increase in livestock did not even reach the
level of 1991-1992 [22-23].

Under the conditions of year-round grazing in
the Aktobe region, the amount of fodder consumed

by one sheep during the grazing period is 9.1 cent-
ners per year. Therefore, in order to assess the deg-
radation of pastures, we converted all livestock into
conditional sheep (Table 1).

As can be seen from the table, before the collapse
of the state collective farm system the main livestock
was sheep (more than 2.83 million head or 74%), cur-
rently the number of sheep is 1.60 million or 30% of
the total conditional sheep head (Figure 2).

Table 1 — Conversion into conditional sheep heads, taking into account private livestock in Aktobe region

Years Sheep Large Cattle Horses Camels Total'in sheep
heads
1991 2753200 585600 = 2892800 Sheep | 108400 = 650400 Sheep | 14300 = 100100 Sheep 6431700
1992 2831000 594500 = 2972500 Sheep | 108300 = 649800 Sheep | 14500 = 101500 Sheep 6554800
1998 629500 300200 = 1501000 Sheep | 55900 = 335400 Sheep 10600 = 74200 Sheep 2540100
2011 1174000 471300 = 2356500 Sheep | 76500 = 459000 Sheep | 17100 = 119700 Sheep 4109200
2020 1153376 531432 =2657160 Sheep | 178051 = 1068306 Sheep | 17613 = 123291 Sheep 5002133
2023 1608702 700995 = 3504975 Sheep | 294803 = 1768818 Sheep | 21335 = 149345 Sheep 7031840
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000
0
NI O~NONO T NMTUNONMNODIO T NMTN O~ O —=ONM
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Figure 2 — Dynamics of changes in livestock numbers
in Aktobe region, thousands of conventional sheep

By the end of 2023, the livestock popula-
tion in the Aktobe region was recorded at 7,031.8
thousand conventional sheep heads. This included
1,608.7 thousand sheep and goats, 700.9 thousand
cattle (equivalent to 3,504.9 thousand conventional
sheep heads), 294.8 thousand horses (equivalent to

1,768.8 thousand conventional sheep heads), and
21.3 thousand camels (149.3 thousand conventional
sheep heads).

According to the data in the table, the total num-
ber of livestock, measured in conventional sheep
heads, has shown a steady increase since 2000. The
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most significant growth has been observed in the
population of cattle, horses, and camels, which has
increased 1.5 times compared to 1991. However, the
number of sheep and goats has not yet returned to
the levels recorded in 1996.

Livestock distribution across the region remains
uneven, with the highest concentration in the Mugal-

zhar district, which had 812.4 thousand conven-
tional sheep heads in 2023. This is attributed to the
district’s favorable conditions for livestock farming.
Most of the livestock is concentrated in the western-
southern and northern areas, particularly in Baigan-
in (682.8 thousand), Kobda (758.0 thousand), and
Shalkar (800.2 thousand conventional sheep heads).

Table 2 — Main indicators of livestock production by districts of Aktobe region for 2023 [24]

Distits ofthe Aktoberegion | (oo et sieen | s b
Alga 525,4 70,0 12,0
Aitekebi 572,5 15,5 27,7
Baiganin 682,8 12,5 29,7
Kargaly 240,5 48,1 15,6
Trgiz 459,2 11,6 33,0
Martuk 350,4 53,1 11,8
Mugalzhar 812,4 67,2 12,3
Temir 535,6 46,9 14,9
Wil 485,1 46,8 30,1
Kobda 758,0 54,0 47,4
Khromtau 4428 34,2 9,5
Shalkar 800,2 13,5 18,9
Suburb of Aktobe 159,2 62,9 0,28
Total for the region 6023,9 41,2 20,3

Over the last twenty years, the number of
livestock in the suburbs of Aktobe has decreased
by 77%, in the Temir district by 18%, in the Uil-
sky district by 11% (of the total number of live-
stock in 1991), in the Kargaly region the number
of livestock has not changed, in other areas it
has increased by 1.5 times (Figure 3). Among the
districts, a slight increase occurred in Shalkar-
sky — 121,6%, Mugalzharsky — 125,1%, Khrom-
tausky — 128,6%, Kobdinsky — 149,8%, i.e. the
increase on occurred is mainly in the northern
and west-southern regions of the region, where
the conditions for animal husbandry are most fa-
vourable. The are decrease in the livestock oc-
curred mainly in the western and eastern regions,
at the such as Irgiz — 3,8% and Uil — 10,6%. In
the studied sareas of the Aktobe region there is
a dynamic increase in the number of livestock
in the condition sheep, but for the main types
of the livestock, horses, cattle and camels have
increaseds. The number of the sheep and goats in
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all the districts of Aktobe region has not reached
of the level in 1991 year.

With the growth of the livestock population,
pressure on pastures has also increased. Currently,
efforts are underway to restore the degraded steppe.
Over the past 33 years, pasture restoration processes
have contributed to a reduction in the baseline level
of desertification, which is now considered weak.

The primary factors driving vegetation recovery
have been a significant decline in grazing livestock
numbers and a shift from an arid climate cycle to a
more humid one. Pastures cover 77% of the region,
with an average yield per hectare ranging from 2.2 to
10.5 c/ha, depending on the district. However, over
the last 30 years, the total area of natural pastures in
the Aktobe region has decreased by 9%, largely due
to industrial and manufacturing development.

At the same time, livestock density has in-
creased. In 2018, the number of livestock per hect-
are was recorded at 0.07, rising to 0.11 by 2023 as
livestock numbers continued to grow (Table 3).



M.Zh. Makhambetov et al.

900000
800000
700000
600000
500000
400000
300000
200000
100000

0

1991 2008

—4—Alga

== |rgiz

— Wil

== Suburb Aktobe

== Aitekebi
=0- Martuk
——4— Kobda

2011

2016 2020 2023
=i Baiganin Kargaly
=+ Mugalzhar == Temir
—— Khromtau —i— Shalkar

Figure 3 — Dynamics of changes in livestock numbers by districts
of the Aktobe region, thousand conditional sheep

Table 3 — Dynamics of livestock and pastures in the Aktobe region, 1991-2023.

Years Livestock, thousand heads.. Pastures thousand hectares Li\;?t?;i,f?i% ; er
1991 3461,5 25390,4 0,13
1995 1996,4 24999, 1 0,08
2007 1528,5 24660,7 0,06
2012 1435,6 244372 0,05
2018 1719,9 23150,8 0,07
2023 2411,8 23037,3 0,11

Pasture digression is an exogenous succession
of a recessive type. This phenomenon was first de-
scribed by G.N. Vysotsky in Ergeni, where it is de-
fined as a successive change in plant communities
in a certain area, arising under the influence of over-

grazing. The pasture load was determined based on
the length of the grazing period, which in the region
averages 270 days. Following this approach, the au-
thors [25] developed a scale to assess the impact of
livestock on pastures (Table 4).

Table 4 — Scale for determining the impact of livestock on pastures (GSP)

Actual livestock load in relation to potential, (%)

Degree of influence of animals on the pasture ecosystem

350 and more Very high
250 -350 Tall
150 —250 Moderate
100 — 150 Low
10 -100 Ecological balance
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It is known that a sheep’s daily forage requirement
is 2.5 kg, amounting to 9.1 kg annually. The scientifi-
cally grounded potential pasture load is calculated us-

ing the formula K = a/b, where “a” represents the actual

yield, and “b” denotes the amount of fodder consumed
by a sheep during the grazing period. The actual yield
for each district in the region was determined from the
average yield of dry edible matter (Table 5).

Table 5 — Dynamics of the influence of livestock on pasture ecosystems in the Aktobe region (1991-2023)

Livestock (thousand heads) . .
Pasture — Ayerage Ratio of potential Ratio of actual over- Th.e degree
= 8 | yieldkg/ | to actual load per 1 . of influence
- area - s 5o S s load to potential .
Districts (thousand 52 |2 33| 5.2 2 |haofdry hectare of animals on
ha) % S S EEl B S & | consumed pasture 1991-
=2 82| mass 1991 2023 1991 2012 2014
1 2 3 4 5 6 7 8 9 10 11
Aloa 518,1 2139 276,0 489,9 3,8 0,42 0,39 2,24 222 moderate
& 3930 1054 | 420,0 | 5254 3,6 0,94 1,33 3,41 341 tall
Aitekebi 3170,6 187,8 | 4053 593,1 59 0,65 0,86 0,29 29 ecol. balance
2687,1 87,7 484,9 572,6 7,8 0,19 0,21 0,24 24 ecol. balance
Baicanin 5200,5 415,0 | 2804 695,4 7.2 0,79 0,96 0,16 16 ecol. balance
g 5649,4 166,6 | 516,2 682,8 8,7 0,13 0,12 0,12 12 ecol. balance
Karcal 302,0 33,2 210,1 2433 3,5 0,38 0,26 2,13 213 moderate
Y1 3004 | 366 | 2039 | 2405 2,4 0,81 0,80 3,08 308 tall
Iroiz 3367,8 249,7 | 2209 470,6 3,1 0,34 0,57 0,41 41 ecol. balance
& 32242 114,9 | 3443 459,2 52 0,14 0,14 0,24 24 ecol. balance
Martuk 443.,8 54,0 308,0 362,0 4,5 0,49 0,64 1,67 167 moderate
269,6 54,0 296,3 350,3 5,8 0,82 1,30 2,03 203 moderate
Mugal- | 24827 | 2942 | 354,7 648,9 3,6 0,39 0,64 0,67 67 ecol. balance
zhar 1162,4 169,2 | 6432 812,4 5,8 0,26 0,70 1,09 109 low
Temir 1124,0 305,5 | 320,8 626,3 42 0,46 0,38 1,22 122 low
7642 123,3 | 412,3 535,6 3,5 0,56 0,70 1,84 184 moderate
Wil 1022,9 317,0 | 226,0 543.0 6,7 0,74 0,51 0,72 72 ecol. balance
1013,0 137,6 | 347,5 485,1 4,6 0,53 0,49 0,96 95 ecol. balance
Kobda 1199,8 191,0 | 3149 505,9 3,0 0,33 0,38 1,27 127 low
1164,8 | 201,0 | 556,9 757,9 3,5 0,42 0,65 1,71 171 moderate
Khromtau 1082,5 106,3 | 2378 3441 2,6 0,29 0,26 1,10 110 low
991,7 65,5 | 3772 4427 2,4 0,32 0,45 1,73 173 moderate
Shalkar 5318,9 297,7 | 360,3 658,0 6,9 0,76 0,81 0,16 16 ecol. balance
5385,0 108,4 | 691,7 800,1 7,4 0,12 0,15 0,20 20 ecol. balance
Suburb of | 156,8 81,2 158,7 239,9 2,2 0,24 023 6,37 637 very high
Aktobe 145,8 293 | 1298 159,1 2,1 1,53 1,09 4,74 474 very high

Here, on the pastures of on Baiganin district to
the 695,4 thousand conventional sheeps were grazed
in 1991 year, with an average grass yield of 7,2 ¢/
ha of air-dry edible phytomass. In the Aitekebi,
Baiganin, Irgiz, Mugalzhar, Uil and Shalkar dis-
tricts, pasture of the overload was not exceeded and
was in ecological balance. Only in Alginsky, Karga-
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linsky and Martuksky districts was there a moderate
grazing pressure in 1991. In the Temir and Kobdin-
sky districts in 1991 there was a low level of pres-
sure on pastures by farm animals. In this respect,
the pastures were in the middle stage of desertifica-
tion. In 2023, with a pasture yield of 2,4-3,6 c¢/ha in
the Alginsky and Kargalinsky districts, the pasture
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load was at a high level, increasing almost 1,5 times.
However, in 2014, in the Aitekebisky, Baiganinsky,
Irgizsky and Uilsky districts, the number of live-
stock grazing decreased, which contributes to the
intensive restoration of the grass cover and the for-
mation of an ecological balance. In addition, despite
the increase in the number of conventional sheep
from 658,0 to 800,1 in the Shalkar region, ecologi-
cal equilibrium is observed in the pastures. Only in
the suburbs of Aktobe has there been a very high
degradation of pastures since 1991.

Unsystematic grazing and excessive livestock
pressure on pastures can result in significant wind
erosion and the formation of large-scale desertifica-
tion zones. However, over the past 30 years, pas-
ture ecosystems in most areas of the Aktobe region
have experienced minimal degradation and have re-
mained in a state of ecological balance.

As a result, on sandy-soil pastures that have un-
dergone improvement, restoration and demutation
processes occur at an accelerated rate, allowing pas-
ture loads to be maintained at a sustainable ecologi-
cal level.

Conclusion
The influence of livestock and human activ-

ity on the semiarid ecosystems of the Aktobe
region is a significant concern, as it leads to the

transformation of natural ecosystems into an-
thropogenic ones. A detailed analysis of changes
that took place in the 20th and early 21st centu-
ries due to livestock grazing revealed the follow-
ing trend: during periods of high pasture loads
(1991-1995), a regressive exogenous succession
occurs, where the original climax community is
replaced by short-term derivative groups. Grazing
on brown soils has been found to contribute to the
displacement of light soils, the formation of dune
landscapes, a decline in floristic and phytocenotic
diversity, and the erosion of boundaries between
plant communities.

On the other hand, when grazing pressure de-
creases or is absent, particularly in combination with
increasing climate humidity, the opposite process
takes place—endogenous succession, which facili-
tates the restoration of the primary vegetation cover
(demutation). This phenomenon has been observed
in the region since 1991 and continues to the present
day. Despite the fluctuations in the livestock popu-
lation, which saw a decline from 3461.5 thousand
conventional sheep heads in 1991 to 1995-1996, and
a further decrease to 2411.8 thousand conventional
sheep heads in 2023, the pastures have, in general,
maintained ecological balance, with the exception
of specific areas. Presently, ecological balance is
maintained on all pastures within the districts; how-
ever, adherence to the established norms of pasture
load is imperative.
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ECOLOGICAL TESTING OF PROSO MILLET COLLECTION
UNDER CONDITIONS OF WESTERN
AND NORTHERN KAZAKHSTAN

Proso millet (Panicum miliaceum L.) is a highly valuable cereal crop and one of the key food crops
grown by humans. Proso millet is widespread in America, Europe and Asia. Therefore, the search for
ways to increase the production of millet crops due to the growth of the world’s population is very rel-
evant today. Of all grain crops, proso millet stands out for its biological characteristics, such as drought
and heat resistance. For this reason, proso millet can be grown in different soil and climatic conditions of
Kazakhstan. However, this requires a comprehensive assessment of the adaptability of genotypes from
various origins for the subsequent expansion of the cultivation range of this crop. For this purpose, do-
mestic and foreign collection varieties of proso millet were selected for ecological testing in two regions:
Northern and Western Kazakhstan, which are characterized by different climatic conditions. In our stud-
ies, the agricultural technology developed for these regions was used, as well as the guidelines for variety
study of the world collection of proso millet. According to the methodology, phenological observations
of plant growth and development and analysis of crop structure elements were carried out during the
study. The statistical analysis revealed a significant relationship between the traits of productive tillering,
weight of 1000 seeds, and number of grains in the main panicle, which can enhance the efficiency of
plant breeding efforts aimed at increasing variety yield. Based on the assessment results, highly produc-
tive genotypes were identified for the two regions: K-10215 (671.9 g/m?), K-2468 (885.3 g/m?), Yarkoe
5 (572 g/m?), Shortandinskoe 7 (548 g/m?), and Saratovskoe 3 (492.6 g/m?). These genotypes can be
utilized in breeding programs to develop new highly adaptive proso millet varieties.

Key words: proso millet, germplasm, ecological testing, correlation analysis.
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barbic xoHe CoATycTik KasakcraH KaFAambiHAQ
Tapbl KOAAEKLUSICbIH DKOAOTUSIABIK, CbIHaY

Kaaimri Tapbl (Panicum miliaceum L.) AMepukaaa, Eyponasa xxeHe A3usiaa KeHiHeH TapaAraH Oa-
FaAbl ASHAI AAKbIA >KOHE MaHbI3Abl a3blK-TYAIK AAKbIAAAPbIHLIH Oipi 60AbIN caHaraabl. COHAbIKTaH
>Kep WapbIHAAFbl XaAblK, CaHbIHbIH 6CYiH eCKepe OTbIpbIM, Tapbl AAKbIAAAPbIH OHAIPYAI apTTbIPY >KOA-
AapblH i3AeCTipy 6YriHri TaHAQ eTe ©3eKTi MoceAere aHaAAbl. bapAblK ASHAI AAKbIAAAPAbIH, iLLIiHEH
Tapbl KYPFaKLWbIAbIK, MeH bICTbIKKA TO3IMAIAIK CUAKTbl GMOAOIMAABIK, KAaCMETTEPIMEH epeKLIEAEHEA].
OcbiFaH 6aAaHbICTbI Tapbl KasakcTaHHbIH 9PTYPAI TOMbIPAK-KAMMATTbIK, >KaFAaibIHAA ©CIPYre TUIMAI.
AereHmeH, OYA AAKbIAAbIH COPTTapbIH 6CIPY aAaHbIH KEHENTY YLiH SPTYPAI LbIKKAH FEHOTUMNTEPAIH
GeMiMAGATILTITIH KeweHAl 6ararayAbl Taaan eteai. Ocbl MakcaTTa 9pPTYPAI KAMMATTBIK, >KarF AanAap-
MeH cunatTaAaTtbiH COATYCTiK »kaHe baTtbic Ka3akcTaHAQ 3KOAOTMSIABIK, CbiHAY YLLIH TapbiHbIH OTAHABIK,
JKOHE LIETEAAIK KOAAEKLUMSAABIK, COPTTapbl IpiKTeAAl. 3epTTey XYMbICbIMbI3AA OCbl 6HIpAep YLUiH 83ip-
AEHIeH arpoTEXHOAOIUSICbIH, COHAAM-aK, BAEMAIK Tapbl KOAAEKLMSCbIH 3epTTeyY YLLUiH Tapbl AAKbIAbIHbIH,
aAyaH TYPAIAITiH 3epTTeyre apHaAFaH SAICTEMEAIK HYCKayAapAbl ManAaAaHbIAAbL. DAicTeme 60MbIHLLA
3epTTey Ke3eHiHAE OCIMAIKTEPAIH ©Cyi MeH AaMybiH (DEHOAOTMSABIK, BaKblAayAap >KoHe OHIMAIAIKTIH
KYPbIAbIMADBIABIK, IAEMEHTEpPIHE TaApay XKYprisiaai. OcbliAarilla, CTaTUCTUKAABIK, TaAAdy HOTUXKeAepi
GoiibiHLLIA BHIMAT TynTeHy 6eArici MeH 1000 TYKbIMHbIH, CAaAMarbl MEH HEri3ri WallarbiHbIH ASHAEP CaHbl
apacblHAQA ThiFbI3 6aMAAHbIC aHbIKTAAAbI. AHbIKTAAFaH GaAaHbICTAP COPTTAPAbIH OHIMAIAIFIH apTTbIpy
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6OVbIHLLIA CEAEKLMSIABIK, XXYMbICTaPAbIH TUIMAIAITIH apTTbipyFa MyMKIHAIK Gepai. baraaay HeTuxeaepi
GoMblHLLIA eKi armakTa GaraAbl XXoFapbl 6HiMAT reHoTunTep: K-10215 — 671,9 r/m?, K-2468 — 885,3 1/
M?, Sipkoe 5-572 r/m?, LLlopTtaHabl 7 -548 r/m?, CapaTtoBckoe 69 M? aHbIKTaAAbl. BOAIN aAbiHFaH copTyA-
riAepAi >kaHa >koFapbl OeniMAI Tapbl COPTTapbIH 83ipAey YLIiH nanAasaHyra 60AaAbl.

TyviiHn ce3aep: Tapbl, FreHAIK KOP, 3KOAOTUSIAbIK, CbIHAK, KOPPEASILIMSABIK, TAAAQY.
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JKOAOrMYecKoe UcnbiTaHue KOAAEKU MM Mpoca
B YCAOBUAX 3al’laAHOr0 4 Cesepuoro KasaxcTtaHa

INpoco o6bikHOBeHHOe (Panicum miliaceum L.) — ueHHas KpynsHasi KYAbTypa sIBASIETCSI OAHOM 13
Ba>KHENMLLMX MPOAOBOABCTBEHHbIX KYAbTYP, KOTOpAs LUMPOKO pacrnpocTpaHeHa B Amepuke, EBpore n
A3nn. CAep0BATEALHO, MOUCK MyTEN YBEAMYEHMS MPOU3BOACTBA MPOCSHbIX KYAbTYP MpPW pPOCTe Ha-
CEeAEHMS 3EMAM BECbMa aKTYaA€H Ha CErOAHSLLHUIA AeHb. M3 BCeX 3€PHOBbIX KYAbTYP MPOCO BbIAEAS-
€TCs CBOMMM BUOAOTMUYECKMMM OCOBEHHOCTSAMM, KaK 3aCyXOYCTOMUYMBOCTBIO, a TaKXKe >KapoyCTONYM-
BOCTbO. 10 3TOM NpMYMHE NPOCO MO>XKHO BbIPALLMBaTh B Pa3HbIX MOYBEHHO-KAMMATUYECKMNX YCAOBUSX
KasaxcraHa. OaHaKo, 3T0 TpebyeT KOMIMAEKCHOW OLEHKM aAanTUBHOCTU FEHOTMIOB Pa3AMUYHOIO NMpo-
MNCXOXKAEHMS AAS MOCAEAYIOLLEro paclUMpeHns apeasd BO3AEAbIBAHUS COPTOB AQHHOM KyAbTypbl. C
3TOM LEeAbIO BbIAM MOAOGPAHbI OTEYECTBEHHbIE M 3apyBesKHbIE KOAAEKLMOHHbIE COPTOOBpasLibl Npoca
AAS 9KOAOTMYEKOro UCMbITaHMa B ABYX pernoHax: CeBepHoro m 3anaaHoro KasaxcraHa, xapakTtepu-
3UBYIOLIMXCS Pa3HbIMU KAMMATUUYECKMMM YCAOBMSAMM. B HalmMx nccaepoBaHUMSIX OblAa MCMOAb30BaHa
arpoTexHuka, paspaboTaHHasl K AQHHbIM PErvoHam, a TakXKe MEeTOAMYECKME yKa3aHUsl M0 COPTOMU3Y-
YEHMIO KYAbTYpPbl NMpoca MO M3yYeHMIO MUMPOBOM KOAAEKLMN. COrAaCHO METOAOAOIMU B MEPUOA UC-
CAEAOBaHUS ObIAM MPOBEAEHbI (PeHOAOrMYECKME HAOAIOAEHMS 32 POCTOM M PasBUTMEM PacTeHUI U
QHAAM3 M0 SAEMEHTAM CTPYKTYpbl Yporkast. Tak, Mo pe3yAbTaTaM CTaTMCTUUYECKOro aHaAM3a yCTaHOBAE-
Ha 3HAYMTEeAbHas CBA3b NMpPU3HaKa NMPOAYKTMBHAs KYCTUCTOCTb € Maccor 1000 ceMsH M UMCAOM 3epeH
C IAQBHOWM METEAKM, UTO MO3BOAUT MOBbICUTb 3(PPEKTUBHOCTb CEAEKLMOHbIX PaboT Ha MOBbILEHWIO
NMPOAYKTUMBHOCTM copTO06pasLoB. 1o MTOram 3KOAOrMUYECcKon OLEHKM MO ABYM PErMoHam BblAEAEHDI
LieHHble BbICOKOMPOAYKTMBHbIE reHoTurbl: K-10215 — 671,9 r/m?, K-2468 — 885,3 r/m?, Slpkoe 5 — 572
r/m?, LLlopTaHamHckoe 7 — 548 r/m?, CapaTtoBckoe 3 — 492,6 r/m2, KOTOpble MOTYT 6bITb MCMOAb30BaHbI
B CEAEKLIMOHHBIX MPOrpammax npu CO3AaHMM HOBbIX BbICOKOAAAMTUBHbIX Y MPOAYKTUBHbIX COPTOB MPO-
ca B ycaoBmsix CeBepHoro u 3anaaHoro KasaxcraHa.

KAtoueBble croBa: Npoco, reHoPOHA, SKOAOTMYECKOE UCTbITaHWE, KOPPEASLMOHHBINA aHAAMS.

Introduction

Proso millet (Panicum miliaceum L.) has a sig-
nificant weight in the grain balance of multiple re-
gions of Kazakhstan [1]. This cereal crop belongs
to annual cereals. Archaeological data suggests
that proso millet was first cultivated in Northern
China approximately 10,000 years ago [2]. Today,
it is widely cultivated across America, Europe, and
Asia and remains one of the most important food
crops globally [3]. Proso millet is valued for its short
growth cycle and low moisture requirements, mak-
ing it an excellent choice for crop rotation. Its in-
clusion in rotation helps conserve moisture in deep
soil layers, suppress winter weeds, and reduce pest
and disease incidence, making it an ideal compan-
ion crop for other cereals [4]. Additionally, in cases
where adverse weather conditions delay or prevent
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the sowing of other crops, proso millet can be used
as an intercrop to minimize economic losses [5]. Be-
yond its role as a food crop, proso millet is widely
utilized in poultry and livestock feed, snack produc-
tion, and winemaking, with the highest demand cur-
rently observed in poultry fodder production [6].
However, one of the reasons for proso millet
low yield is drastic continentality and aridity of the
climate in the main regions of the country [7]. Due
to global climate change and complex natural and
climatic conditions of Kazakhstan, the development
of adaptive properties in cultivated plants becomes a
priority direction of agricultural science in address-
ing the issues of food security of the country [8].
In order to expand the area of distribution of agri-
cultural plants, it is necessary to assess the response
rate of varieties in different soil and climatic zones.
This approach has proven to be one of the most ef-
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fective methods in plant breeding, enabling the
identification of a variety adaptive potential, stress
tolerance, genetic flexibility and plasticity, as well
as its resistance to abiotic and biotic stresses. Since
different crop genotypes respond differently to the
same cultivation environment, ecological testing
and study of variety-environment interactions are
crucial steps before introducing new varieties into
agricultural production [9].

The success of crop breeding relies on under-
standing the genotypically determined interrelation-
ships of quality traits, selecting suitable parental
forms for hybridization, and conducting an objec-
tive evaluation and selection of breeding material
[10]. Correlation analysis between traits is widely
used in breeding, particularly in the early stages of
cereal crop development, where a large number of
genotypes is assessed with limited seed material.
Grain quality traits exhibit variability in their cor-
relations depending on individual characteristics,
growth periods, and environmental conditions.
Therefore, identifying traits that consistently exhibit
stable relationships or significant divergence is es-
sential. When the absolute value of the correlation
coefficient is sufficiently high or approaches a linear
dependence, correlation coefficients can be effec-
tively utilized in breeding programs [11]. For suc-
cessful variety development, it is crucial to combine

multiple quality traits while ensuring stability across
different years. To avoid random selection, plant
breeders should focus on key indicators of quality
and productivity that demonstrate consistency and
strong correlations with other important traits. The
analysis of correlations consists in selecting the
most significant genotypes from a set of quantitative
indicators for improving the efficiency of selection
[12]. Thus, the aim of the research was the ecologi-
cal testing of proso millet collection samples of dif-
ferent ecological and geographical origins in the
Western and Northern regions of Kazakhstan and
the selection of highly adaptive variety samples for
their subsequent involvement in the breeding pro-
cess aimed at improvement of the quality and pro-
ductivity of the crop.

Materials and methods

The proso millet gene pool was used as research
material. There were 90 samples obtained from dif-
ferent countries such as Kyrgyzstan (1), Argentina
(1), Pakistan (1), France (1), Afghanistan, USA (1),
Uzbekistan (1), Canada (1), Iran (2), Australia (2),
Belarus (2), Hungary (2), China (3), Tajikistan (3),
India (5), Ukraine (5), Turkey (12), Russia (20),
Kazakhstan (22), as well as 4 local breeding lines
(Figure 1).

12
2,

m Kyrgyzstan m Pakistan m France Afghanistan mUSA

B Argentina B Uzbekistan B Canada B [ran B Australia

H Belarus m Hungary u China = Tajikistan = India
Ukraine B Turkey = Russia E Kazakhstan

Figure 1 — Proso millet varieties and samples from different ecological and geographical origins

Field experiments were laid in the growing sea-
son of 2024 on experimental plots of two regions of
the country: dry-steppe zone of Akmola region (A.IL
Baraev Research and Production Centre for Grain

Farming) and steppe zone of Aktobe region (Aktobe
Agricultural Experimental Station).

The research was conducted according to the
methodology for studying the world collection of
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proso millet [13]. The soils of the experimental plot
were dark chestnut, the distance between plants was
10 cm, the arrangement of plots was systematic with

three repetitions for each sample. Meteorological data
during the growing season of the ecological trial were
provided by local meteorological stations (Table 1).

Table 1 — Location and soil and climatic data of the two study regions, 2024 (June-August)

Region Akmola region Aktobe region
Geographical coordinates 51.41'/70.59’ 50.27/57.20'
The type of soil The chestnut dark brown The chestnut dark and black soil
(3.6-4.1% humus) (2.7% humus)
Precipitation, Mmm 309,1 223.1
Temperature, °C 18,2 22,0
Max, °C 27 28,0
Min, °C 13,6 18,9

The meteorological conditions during the study
period were characterized by a relatively uniform
temperature regime compared to the long-term av-
erage data for these regions. Thus, the distribution
of average daily air temperatures for 2024 for the
period June-August amounted to — 18.2 °C in Ak-
mola region, which was almost at the level of av-
erage multiyear data of recent years. Similar tem-
perature conditions during the growing season were
observed in Aktobe region, they did not exceed 22.0
°C. Although these regions are characterized by in-
sufficient moisture, the precipitation is distributed
unevenly both across years and within a given year.
However, during the summer period, the annual pre-
cipitation exceeded long-term averages, reaching
309.1 mm and 223.1 mm, respectively. Throughout
the study period, the temperature conditions and the
precipitation generally ensured optimal soil mois-
ture, promoting uniform emergence of proso millet
sprouts. This, in its turn, had a significant impact on
the duration of the vegetation period of the studied
collection genotypes.

25 plants from each sample were selected to eval-
uate their qualitative and quantitative parameters for
the structural analysis of productivity elements. The
average values of key plant traits, including plant
height (PH), number of seeds per panicle (NSPP),
seed weight per panicle (SWPP, g), and productive
tillering (PT) at the maturity stage, were recorded.
Additionally, the weight of 1000 seeds (MTS) and
productivity per square meter (Y) were measured
after harvest. To ensure a comprehensive and ac-
curate assessment of the growth and development
characteristics of proso millet varieties, two groups
of traits were analyzed: plant adaptation traits and
productivity component traits. The plant adaptation
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traits included emergence to tillering duration (ETD,
days), tube formation from the fifth leaf emergence
to tillering (FLPI, days), flowering-to-maturity du-
ration (FMD, days), sprouting-to-maturity vegeta-
tion duration (SMD, days), total vegetation period
(VP, days), and plant height (PH, cm).

Statistical analysis of the obtained data was per-
formed using Excel 2007, while primary data analy-
sis, including correlation coefficient calculations,
was conducted using R Studio (IDE) for Windows
(version R 3.6.0, 2019). For the environmental test
data, the following parameters were calculated:
mean, minimum and maximum values, spread, and
standard deviation. Correlation coefficients were
used to analyze the mean values of 90 genotypes for
six quantitative traits.

Results and discussion

The characterization of agronomic traits within
a gene pool is a crucial step in selecting genotypes
that are adaptable to various environmental condi-
tions and possess desirable productive traits for
future breeding programs aimed at developing im-
proved varieties [14]. During the 2024 growing sea-
son, a comprehensive evaluation of 90 proso millet
varieties was conducted in the Northern (A.l. Baraev
Research and Production Centre for Grain Farm-
ing) and Western (Aktobe Agricultural Experimen-
tal Station) regions of the country. The assessment
focused on identifying valuable agronomic traits to
support breeding efforts for enhanced crop perfor-
mance. The study of the world collection of proso
millet including 61 foreign varieties and 29 local va-
rieties analysed phenotypic variability between the
two regions, including the important traits as plant
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height, productive tillering, number and weight of
grains from the main panicle, weight of 1000 seeds,
plant productivity and vegetation period. As a result,
it was revealed that that in the current year under
the prevailing soil and climatic conditions of the
A.L. Barayev Research and Production Centre the
average height value, varied from 92 to 154 cm, and
in the Western region it was 78.7-144.7 cm, which
indicates the influence of weather conditions (223.1-
309.1 mm of precipitation), as in both regions the
average height of proso millet plants in the past
years was only 73.4+4.2 and 73.3+2.9, respectively.

For the trait of productive tillering the stable re-
sults of 1.7+0.9 was obtained in the Northern region
of the country. However, in the Western region the
climatic conditions did not favour the development
of productive tillering and varied between 0.68 and

1.48. The number and the weight of grains from the
main panicle had the most significant differences, as
well as the ecological conditions of growth. Thus,
observations on the experimental plots showed that
there were fluctuations of 128-1392 grains from each
panicle in the conditions of Northern region, which
averaged 621+0.7 grains, while in the Western re-
gion the fluctuations were 102-1072 grains and the
average was 429+0.5, respectively. The weight of
grains from the panicle, according to the data from
the experimental plots of A.l. Baraev Research and
Production Centre for Grain Farming was 5.24+0.1 g,
which was not a big difference comparing to the one
from the Western region; this trait had a large vari-
ability between genotypes: 0.9-15 g for the North-
ern region and 0.26-8.82 g for the Western region
(Table 2).

Table 2 — Mean values and variability of the main traits depending on the growing conditions

2024
Traits Units Region*
mean=+ variability
Northern 12442 92-154
Plant height sm
Western 106+0,4 78,7-144,7
o Northern 1,7+0,9 1-3,2
Productive tillering pc/1 plant
Western 1,0+0,4 0,68-1,48
. . Northern 621+0,7 128-1392
Number of seeds in panicle pc
Western 429+0,5 102-1072
) ) ) Northern 5,2+0,1 0,9-15
Weight of seeds in panicle g
Western 3,44+0,8 0,26-8,82
Northern 7,73+0,3 4,5-11,5
1000 seeds weight g
Western 7,01+£0,8 3,9-9,93
o Northern 269+0,6 85-1259
Productivity g/m?
Western 289+0,4 35-636
Northern 88,8+0,8 78-98
Vegetation period days
Western 89,3+0,3 76-106
Note: different climatic regions of the Republic of Kazakhstan: Northern region — A.I. Baraev Research and Production Centre for
Grain Farming (Akmola); Western region — Aktobe Agricultural Experimental Station (Aktobe).

Large grain size shows the seed and food sig-
nificance of the variety and determines the nutrient
content, germination, food and fodder qualities of
the genotype. At the same time, it is limited by the
varietal characteristics of the plant, duration of its
development, i.e. varietal specificity in combination
with environmental conditions. Lack of productive
moisture and increased temperatures during the
grain filling period lead to a significant reduction in
grain size [15]. Therefore, the need to determine the

adaptive potential of proso millet gene pool for the
1000 seeds weight trait by testing in different con-
ditions is an urgent task for plant breeding. During
the study period from May to August, the most fa-
vourable conditions for the formation of large grain
were present for the both regions of the country
(7.73+0.3), when the mass of 1000 seeds of some
varieties (K-10215, Pamyati Bersieva, Yarkoye 5,
Shortandinskoye 7) was up to 9.9-11.5 g. Similar
results of 1000 seeds weight were obtained in the
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conditions of Aktobe Agricultural Experimental
Station, where it was 7.01+0.8 g in average and var-
ied from 3.9 g to 9.93 g depending on the genotype.
However, previous studies have shown that there
were worse conditions for grain filling in the both
studied regions (5.8+0.12 g) in previous years. The
experimental data indicate that the evaluation of the
average plant productivity (Y) of proso millet va-
rieties showed similar productivity levels between
the Northern and Western regions of the country,
with an average yield of 269+0.6 g/m?. The analy-
sis of seed productivity per square meter allowed
for the identification of the most productive geno-
types, which demonstrated stable yields regardless
of environmental conditions: K-10215 — 671.9 g/
m?, K-2468 — 885.3 g/m?, Yarkoye 5 — 572 g/m?,
Shortandinskoye 7 — 548 g/m?, Saratovskoye 3 —
492.6 g/m?. These genotypes can serve as promising
candidates for further breeding programs aimed at
improving proso millet productivity.

The climate of Northern Kazakhstan is not able
to ensure reliable ripening of medium-ripening and
late-ripening forms of proso millet, which compli-
cates attempts of their introduction in this region.
Proso millet sprouts tolerate short-term temperature
drops to +5°C. Autumn frosts below +2°C disrupt
seed development and cause leaf freezing. In Akmo-
la region May and September often have an average
daily temperature below 9 ° C, and frosts can occur
from early September, so, the main requirement for
proso millet varieties is a short growing season. In

a
MTS_2024 015
Y_2024 03 0
Cour
SWPP_2024 023 028 013 1o
05
0.0
NSPP_2024 023 016  -021 055 05
-
PT_2024 . 0.01 019 024 051
PH 2024 018 025 008 020 023 | 058
& & AE{:" s s s
AR R i e Q
¢ \@Q EJQ\Q & -

this context, a key objective of the study was the
selection and genetic evaluation of the gene pool to
identify promising genotypes for the development
of new proso millet varieties adapted for cultivation
in the Northern region of the country.

The analysis of the vegetation period (VP) in
proso millet plants revealed that the samples can
be classified into three distinct groups based on
their duration of vegetation: early-ripening (70-
80 days); mid-ripening (81-95 days); late-ripening
forms (100 days and more). The weather condi-
tions of this region in 2024 were characterised by
abundant precipitation of 223.1 mm, which led to
an increase in the duration of the growing season,
but it was still possible to identify 15 early-ripen-
ing genotypes, they accounted for 25% of the total
foreign collection. Thus, according to the results
of phenological studies in conditions of Akmola
and Aktobe regions, the vegetation period was in-
creased by almost 13 days and averaged 88.8+0.8
and 89.3%0.3, respectively.

As aresult of ecological testing of the proso mil-
let collection, the early-ripening and high-yielding
samples (up to 1200 g/m?) with vegetation period
of 67-82 days suitable for cultivation in the condi-
tions of dry-steppe and steppe zone of the Republic
of Kazakhstan were selected.

Correlation analysis related to the climatic con-
ditions of proso millet gene pool has been studied
insufficiently in comparison with the main agricul-
tural crops (Figure 2).
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Note: PH — plant height (cm), NSPP — number of seeds per panicle (pcs), SWPP — seed weight per panicle (g),
PT — productive tillering (pcs/1 plant), MTS — 1000 seeds weight (g), Y — grain yield per square metre (g/m2),
VP — vegetation eriod (day). Highlights: red is positive correlation and blue is negative correlation (p < 0.05).

Figure 2 — The correlation coefficient (r) between valuable agronomic traits under specific conditions
of A.I. Baraev Research and Production Centre for Grain Farming (Akmola): a — domestic collection; b — foreign collection.
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In this study, the correlation coefficients be-
tween key agronomic traits of proso millet varieties
were analyzed to assess their interrelationships. This
analysis provides valuable insights into trait associ-
ations, aiding in the selection of genotypes with de-
sirable characteristics for plant breeding programs.
Thus, in the conditions of Akmola region, the data
obtained in the current year indicate that productiv-
ity of local genotypes of proso millet Y is not related
to weight of 1000 seeds MTS and weight of grains
per panicle SWPP (r=-0.23, -0.33).

For the domestic collection, a positive correla-
tion was observed between productive tillering PT
and number of seeds per panicle NSPP (r=0-0.93).
Less stable positive correlation was found for num-
ber of seeds per panicle NSPP and vegetation period
VP; productive tillering PT and vegetation period
VP; plant height PH and vegetation period VP, their
correlation was 0.55, 0.51 and 0.58, respectively.

For the foreign collection under conditions of
A.L. Baraev Research and Production Centre for
Grain Farming, a positive correlation was revealed
for multiple traits (r=0.14-0.45). Nevertheless, a sig-
nificantly stable correlation was revealed between
the traits of plant height PH and productive tiller-
ing PT (r=0,37); and between number of grains per
panicle NSPP and plant height PH (r=0,45).

For the domestic and foreign collection, there
was negative relationship between number of grains
per panicle NSPP and plant productivity per square
metre Y (r=-0.11-0.23); productive tillering PT and
weight of 1000 seeds MTS (r=-0.24-0.3).

According to the results of the research in the
conditions of Aktobe Agricultural Experimental
Station (Western region), positive relationships
were found between the traits: plant height PH and
productive tillering PT; productive tillering PT
and number of seeds per panicle NSPP; number of
seeds per panicle NSPP and seed weight per pani-
cle SWPP, number of seeds per panicle NSPP and
weight of 1000 seeds MTS, productive tillering PT
and weight of 1000 seeds MTS, weight of 1000
seeds MTS and vegetation period VP, productive
tillering PT and vegetation period VP. The coef-
ficient for these traits was r=0.11-0.85 for the do-
mestic varieties, while the foreign samples showed
0.1-0.62.

In general, productive tillering was significant
at seed filling phase and impacted both the number
of grains per panicle and the weight of 1000 seeds.
However, it was evident from the study that plant
height PH did not affect productivity (Figure 3) as
reported in the other similar crop breeding studies
[16-18].
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Note: PH — plant height (cm), NSPP — number of seeds per panicle (pcs), SWPP — seed weight per panicle (g),
PT — productive tillering (pcs/1 plant), MTS — 1000 seeds weight (g), Y — grain yield per square metre (g/m2).
Highlights: red is positive correlation and blue is negative correlation (p < 0.05).

Figure 3 — The correlation coefficient (r) between valuable agronomic traits under specific conditions
of Aktobe Agricultural Experimental Station (Aktobe): a — domestic collection; b — foreign collection.
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According to the research data, duration of
vegetation period in the Western region insigni-
ficantly influenced the yield: the longer were the
interphase periods of samples, the better productiv-
ity they showed (r=0.05-0.24). Also, the vegetation
period affects the trait of 1000 seed weight. Thus,
the conducted correlation analysis allowed to iden-
tify the traits affecting the overall productivity of
proso millet genotypes depending on environmen-
tal factors.

Conclusion

According to the results of ecological testing of
the proso millet collection of domestic and foreign
selection, weak relationship between genotype and
environment was revealed, as no significant differ-
ences between correlations were observed. Statisti-
cal processing of experimental data confirmed the
interaction of individual valuable traits, with a sig-

nificant relationship established for the pair of traits
of productive tillering and number of grains per
panicle (r=0.45-0.93). Thus, the analyses of proso
millet in two regions (Northern and Western parts
of Kazakhstan) significantly differing in bioclimatic
potential allowed to highlight the varieties K-10215,
K-2468, Yarkoye 5, Shortandinskoye 7, Saratovs-
koye 3 as productive and possesing high adaptive
capacity for their introduction and expansion of the
sowing area.
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ASSESSMENT OF THE INFLUENCE OF THUJA OCCIDENTALIS L.
AND PLATYCLADUS ORIENTALIS L. SPECIES ON THE ECOLOGICAL
COMPOSITION OF SOILS IN ALMATY CONDITIONS

Most of the pollutants from the atmosphere of the urbanised area get into the soil. Due to the in-
crease in population and motor transport in Almaty city there is a high level of atmospheric air pollution,
increased content of heavy metals in the soil. Accumulation of heavy metals by green trees from the soil
positively affects soil conditions, in this regard, it is relevant to assess the current state of soil cover of
regions where Thuja occidentalis L. and Platycladus orientalis L. trees grow. In the article, to determine
the influence of western and eastern thuja trees on soil composition, soil were obtained with coordinates
at point 2 and control point, where trees of thuja species grew side by side. Total and mobile content of
heavy metals in soil (Cu, Zn, Mn, Fe) were determined by atomic absorption spectrometry. Morphologi-
cal characterisation of the soil cover was made, granulometric composition and soil types were deter-
mined by the Tyurin method. Point 1 Thuja occidentalis L. humus content in soil cuttings on which the
tree was growing showed maximum content of 3.82% in 0-10 cm, while Platycladus orientalis L. when
growing the humus content is low 1.86%, the soil in point 2 opposite Platycladus orientalis L. humus
content of 2.96% when growing Thuja occidentalis L. (2.14%) has a higher humus content compared to
the augmented soil.

Thuja occidentalis L. and Platycladus orientalis L. in the control, where the species grew together,
the humus content is 3.1%. the pH value ranged from 8.26 to 8.81, with soil cuttings generally showing
a strong alkaline environment. Among the heavy metals, Zn, Cu and Fe were found to be significantly
above the MAC in the soil, meaning that the soils of the study area were contaminated with heavy met-
als. At profile 1, the soil on which western thuja grew has less amount of Zn, Cu, Mn, Fe compared to
the soil on which eastern thuja grew, Mn- and others are above MAC. At profile 3, only the Fe size of
Platycladus orientalis L. is higher in the overgrown soil. Thuja occidentalis L. and Platycladus orientalis L.
where the species grew together, the amount of Mn decreased by 452.2ug/kg. The study showed that the
accumulation of heavy metals in the soil decreased when growing the western thuja species compared
to the eastern thuja species.

Key words: Thuja, soil cover, granulometric composition, humus, heavy metals, MPC.
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AAMaTbl KaAachl XafaaibiHaa Tys Thuja Occidentalis L. xane Platycladus Orientalis L.
TYPAEPiHiH, TOMbIPAKTbIH, SKOAOTUSIAbIK, KYpaMbiHa 9cepiH Oararay

YpbaHu3zaumsiAaHFaH ayMakTbliH, atMocdepacbiHaH AacTaylibl 3aTTapAblH, Ker OeAiri Torbipakka
TyCeAi. AAMaTbl KaAaCbIHAQ XaAblK, CaHbIHbIH Ke0eloiHe, aBTOKOAIKTEPAIH apTybiHa GaMAaHbICTbI aT-
MocCepaAblK, ayaHblH AaCTaHy AEHreri KoFapbl, TOMbIpak, KYpaMblHAQ ayblp METAAA MOALLEPi apTKaH.
JKacbIA aFawiTapAblH, TOMbIpakTaH ayblp METAAAAPAbBI aKKYMYASILIMSAQYbI TOMbIPAK, XKaFAdiblHA OH ace-
piH TUri3eai, ocbl opanaa AAMaTbl KaaacbiHAarbl Thuja occidentalis L. >xaHe Platycladus orientalis L.
araluTapbl 6CeTiH aiMakTapAblH TOMbIPAK, )KaMbIAFbIAAPbIHbIH, Ka3ipri >karAanblH OaFraAay ©3eKTi.

Makanaaa batbic kaHe LLIbIFbIC Tys aFalTapbiHbIH TOMbIPAK, KypamblHA TWUMi3eTiH acepiH an-
KbIHAQY YLUiH TOMbIpaK, KECKIHAEPI KOOPAMHATTAPbl 2-KECIHAI XK8He Tysl TYPAEPiHiH aFalTapbl KaTtap
ecKeH 6aKblAQy HYKTECIHEH aAblHAbI. Ayblp METaAAAPAbIH TOMbIPaKTaFbl XKAAMbl XKOHE XXbIAXKbIMAAbI
mealepaepi (Cu, Zn, Mn, Fe) atoMAbl-a6COPOLMSABIK, CNEKTPOMETPUS dAICIMEH aHbIKTaAAbI. TormbIpak,
>KaMbIAFbICbIHbIH, MOPOAOTMSIABIK, CUMATTAMaChl >KacCaAbIM, FPAaHYAOMETPUSIAbIK, KypaMbl >K8He TOomMbl-
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pak, TunTepi TOpuH dAiciMeH aHbikTaAAbl. 1-keciHaiae Thuja occidentalis L. aralubl ©CKeH TOMbIpak,
KeciHAIAepiHAeri r'yMyc mealuepi 0-10cM KecKiHIHAE eH >KoFaprbl MeALllepAi 3,82 %-Abl KOPCETTi, aA
Platycladus orientalis L. eckeH >karaanaa rymyc meauwiepi temeH 1,86%, 2-HyKTe TOmMbIparbiHAA Kepi-
ciHwe Platycladus orientalis L. eckeH >xaraanaa rymyc meawepi 2,96% Thuja occidentalis L. (2,14%)
©CKEH TOMbIPaKMEeH CaAbICTbIpFaHAQ XKOFapbl kepceTkilke ve. Thuja occidentalis L. xene Platycladus
orientalis L. Typaepi Gipre eckeH Oakbiray BapuaHTbiHAQ rymyc meaLepi 3,1%. pH- meHi 8,26-8,81
apaAbIFblIHAQ aybITKblAbI, TOMbIPAK, KECIHAIAEPI YKAAMbl aAFaHAQ KYLUTI CIATIAI OpTaHbl KepceTTi. AybIp
MeTaaaap apacbiHaa Zn, Cu xeHe Fe TonbipakTarbl LLIPK MeAllepiHeH anTapAbIKTan XXOFapbl eKeHAITI
SFHU, 3ePTTEAreH aliMaK, TOMbIPAKTAPbl ayblp METAAAAPMEH AACTAHFAHAbIFbI aHbIKTaAAbL. 1-KeCiHAiAe
baTtbic Tyscbl ©CKeH TonblipakTa LLIbIFbIC Tys aFallbl ©CKEH TOMbIPAKMNEH CaAblCTbipFaHaa Zn, Cu, Mn, Fe
MeALLepi asbipak, Mn-6ackacbl LLIPK-aaH >korapbl. 3-keciHaiae Tek Fe meawepi Platycladus orientalis
L. eckeH TomnbipakTa kebipek. Eki baTbic xaHe LLIbIFbIC TysCbl KaTap ©CKeH >kaFaanaa Mn MeALlepi
452,2 azairaH. 3epTTey HaTuXKeci baTbic Tys eckeH TonbipakTa, LLIbIFbIC Tys eckeH Tomnblipak, Kypambl-
MEH CaAbICTbIPFAHAQ ayblp METAAAAPAbIH XXMHAKTaAYbl TOMEHAEIEHIH KOPCeTTi.

Ty#iH ce3aep: TOMbIpak, XaMbIAFbIChI, FPAHYAOMETPUSIABIK, KYPaMbl, T'yMyc, aybip MeTaaaap, LLIPK.
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Ouenka Banusiius BuAOB Thuja Occidentalis L. v Platycladus Orientalis L.
Ha 9KOAOTMUYECKHIA COCTaB MOYB B YCAOBMUSIX TOPOAA AAMATDI

BoAbLLas YacTb 3arpsA3HAOLLIMX BELWECTB M3 aTMocdepbl ypOaHU3MPOBAHHOW TEPPUTOPUM MOoMa-
AQeT B MoYBYy. B cBSI3M C yBeAMUEHMEM UMCAEHHOCTU HaCeAeHWs M aBTOTPaHCMopTa B ropoae AAMaThl
HabAIOAQETCS BbICOKMIA YPOBEHb 3arpsi3HEHMs aTMOCEPHOr0 BO3AYXa, MOBbILLEHHOE COAEP>KAHME TS
JKEeAbIX METAAAOB B MOYBE. AKKYMYASILIMS TIXKEAbIX METAAAOB 3EAEHbIMW AEPEBbSIMU M3 MOUBbI MOAO-
>KUTEAbHO BAMSIET Ha MOYBEHHbIE YCAOBMS, B CBSI3M C YeM aKTyaAbHA OLIEHKA COBPEMEHHOIr0 COCTOSIHMS
MOYBEHHbIX NMOKPOBOB PErMOHOB, TA€ PacTyT Aepesbsi Thuja occidentalis L. v Platycladus orientalis L.

B cTaTbe AASI ONPEAEAEHMS BAUSIHWSI AEPEBLEB 3aMaAHOM M BOCTOUHOM TyW Ha COCTAaB MOYBbI ObIAK
MOAYU€eHb! M306paXKEHMs NPOGUAS NMOUYBbI C KOOPAMHATaMK B NpomAae 3 1 KOHTPOABHOW TOUKM, TAE
AEPEBbSI BUAOB TyU pocAn 60K 0 6oK. ObLiee 1 MOABUNKHOE COAEPIKAHUE TIXKEAbIX METAAAOB B MO-
yse (Cu, Zn, Mn, Fe) onpeaeAsiAu METOAOM aTOMHO-abcopbLUMoHHONM crniekTpomeTpuun. CocTaBAeHa
Mopchoaormyeckast XxapakTepucTrka NoYBEHHOrO MOKPOBA, FPaHYAOMETPUYECKMIA COCTaB M TUMbI MOYB
onpeaeAeHbl MeToaoM TiopuHa. B npoduae 1, rae pocam aepeebsi Thuja occidentalis L. coaep>katue
rymyca B MOYBEHHbIX MPOUALIX MOKA3aA0 MAaKCMMaAbHOe coaep>kaHme 3,82% B npoduae 0-10 cm, npu
BbipawmBanmmn Platycladus orientalis L. coaep>kaHmne rymyca 6oaee Huskoe 1,86%, B MOUBEHHOM MpPO-
dmAe B Touke 2, HaNpoTMB, rae PocAo aepeso Platycladus orientalis L. coaep>kaHme rymyca nmeet 60-
A€€ BbICOKMI nokasaTeAb — 2,96%, a npu BbipalumBaHnm Thuja occidentalis L. -2,14%. B KOHTPOAbHOM
BapuaHTe, rae BuAbl Thuja occidentalis L. vi Platycladus orientalis L. pocan BMecTe, coaepskaHme rymyca
coctaBasieT 3,1%, 3HaueHre pH koaeb6aroch ot 8,26 A0 8,81, Npy 3TOM MOYUBbI B LIEAOM AEMOHCTPM-
POBAAU CUABHYIO LLEAOUHYIO cpeay. Cpeamr TaXeAbIX METAaAAOB BblA0 06Hapy>keHo, uto Zn, Cu u Fe
3HauUMTEAbHO MpeBbiwaloT MAK B nouse, 3TO NOKa3bIBAET, UTO MOUBbI MCCAEAYEMOI 06AACTU BbIAM 3a-
rpsi3HeHbI TSXKeAbIMU MeTaAAaMK. B npochmae 1, Ha KOTOPOV pocAa 3anaAHas Tysl, B oYBe KOAMYECTBO
Zn, Cu, Mn meHblue, YyeM Fe Mo cpaBHEHMIO C MOYBOM, HAa KOTOPOM POCAA BOCTOYHAs Tyst Mn un aApyrue
sAeMeHTbl npesbiwaeTt NMAK. B npoduae 3 ToAbko KoAnvectBo Fe 60Ablie, B MOUYBE KOTOPOM pPOCAa
Platycladus orientalis. B no4se, rae COBMECTHO MPOM3PaACTaAU Tysi 3aMaAHas M BOCTOUHAs!, KOAUUYECTBO
Mn cHuauAaoch Ha 452,2 MKr/Kr. MiccaepOBaHMe NMoKasaAo, uTo Npu BbipallMBaHWM BUAQ TyM 3anaAHOM
B MOYBE aKKYMYASILIMS TSDKEABIX METAAAOB MOHUXKAETCS, MO CPAaBHEHMIO C BUAOM TyM BOCTOUHOM.

KAtoueBble cAOBa: MOUBEHHbIV MOKPOB, FPaHYAOMETPUYECKMI COCTaB, T'YMYC, TS>KEeAble METaAAbI,
MAK.

Introduction

The urban environment is defined by unique
ecological processes and specific anthropogenic in-
fluences that lead to significant environmental trans-
formations [1]. The city of Almaty, being the largest
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megacity in Kazakhstan, faces a number of environ-
mental problems related to urbanisation, air, soil and
water pollution. Plants play a key role in stabilising
urban ecosystems, including improving soil quality.
Assessing the impact of different plant species on
the ecological composition of soils in Almaty city
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conditions is an important area of research aimed at
developing strategies for sustainable urban greening
and rehabilitation of degraded areas [2]. Urban en-
vironments also have specific light conditions that
disrupt natural biological rhythms. [3]. Urban soils
are subjected to considerable human-induced altera-
tions, experiencing extensive changes due to factors
such as compaction, contamination, and the prolif-
eration of impermeable surfaces like asphalt. These
factors negatively affect soil temperature, air circu-
lation, and water exchange, which in turn influence
vegetation health [4].

Despite being exposed to complex chemical,
physical, and biogenic stressors from atmospheric,
surface, and groundwater pollution, plants remain
crucial for ecological stabilization in urban areas,
primarily through photosynthesis and pollutant ab-
sorption [5, 6].

In urban environments, soils subjected to con-
siderable human influence undergo substantial al-
terations. Urban ecosystems are complex anthropo-
genic formations in which natural components are
significantly influenced by human economic activ-
ity. Soils are an important component of urbanised
areas, performing key ecological functions such
as absorbing pollutants, regulating hydrological
processes, maintaining biodiversity and providing
conditions for vegetation growth. However, active
land use, construction, transport infrastructure and
air pollution lead to the deterioration of urban soils,
reducing their fertility and ability to self-repair [7].

One of the promising directions of preserving
and improving the ecological state of soils in cities
is the use of vegetation, which has a complex ef-
fect on their physical and chemical properties and
biological parameters. Various plant species con-
tribute to the improvement of soil structure, prevent
soil erosion, regulate moisture levels, participate in
the processes of organic matter decomposition and
stimulate the development of soil microbiota. In ad-
dition, green spaces can accumulate and neutralise
pollutants, including heavy metals, petroleum prod-
ucts and other toxicants [8].

Annual harvesting of fallen leaves, mowing of
lawn grasses change the elemental composition of
the soil, which can lead to the unravelling of natu-
ral biogeochemical cycles. In addition, urban soils
become alkalised, reducing the availability of nutri-
ent elements. Fertility is largely determined by the
activity of soil microflora and mesofauna, but for
the reasons mentioned earlier, urban soils are practi-
cally sterile almost to a metre depth [9].

The study of the influence of various plant spe-
cies on the composition and properties of urban

soils is an urgent task in the context of sustainable
development of urban areas and improvement of
their ecological condition. Currently, studies are
underway to assess the ability of woody, shrub and
herbaceous plants to adapt to contaminated soils,
their role in soil formation processes, as well as
their potential in phytoremediation and bioreme-
diation [10].

Conifers play a significant role in enhancing the
quality of the urban environment. Most conifers are
evergreen, making them particularly valuable for
landscaping in temperate zones, as they contribute
to air purification by filtering dust and harmful gas-
es even during winter. However, their use in urban
landscaping can be challenging due to their high
sensitivity to various pollutants, largely attributed
to the long lifespan of their needles. Despite this,
some conifer species show remarkable resistance to
anthropogenic pollution. Among these, species from
the genus Thuja (Thuja L.) are especially notewor-
thy, as they not only have high ornamental appeal
but also exhibit greater tolerance to toxic gases com-
pared to other conifers [11].

Soil texture and organic matter were the main
factors in plant distribution [12]. The city of Almaty
1s situated on the south-eastern side of Kazakhstan,
in a region characterised by physical-geographical
and natural-climatic conditions that place it within
the Tien Shan Mountain system, at an altitude of
670-970 metres above sea level, along the Big and
Malaya Almaty rivers. The city is home to a diverse
range of natural ecosystems, including glaciers on
the southern border and semi-deserts on the northern
border. The high-mountainous tier of the Zailiyskiy
Alatau mountain range is characterised by alpine
forms of relief. In the foothills, there is a steppe belt.
In the northern part of the city, the uneven relief be-
gins to level off sharply, and the steppe belt runs
along the rivers Bolshaya and Malaya Almatinka,
Esentai (Vesnovka), Remizovka.

The mountains in the Almaty region are formed
by layers of crystalline slab-stone rocks, which were
formed by the Tien Shan Mountain system and date
back to the Precambrian period.

Today, Almaty is included in the list of 25 pol-
luted cities in the world. The main problem in the
ecology of Almaty is the pollution of the urban at-
mosphere and soil cover. A variety of harmful sub-
stances are emitted into the atmosphere of the city
from industrial enterprises, heat and power systems,
motor transport and other sources. As a result, harm-
ful substances contaminate the soil, water sources,
living organisms, plants, animals, and humans [13-
15].
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In Almaty, one of the most urgent environmen-
tal issues is the pollution of air and soil by heavy
metals. The health of the local plant life serves as a
critical indicator of the city’s ecological well-being,
as plants play a fundamental role in enhancing the
urban ecosystem.

The mobility of heavy metals is contingent upon
their geochemical state and the degree of techno-
genic impact. It is important to consider that the
presence of a heavy granulometric composition in
the soil environment can affect the binding of heavy
metals. Furthermore, an increase in the degree of
soil pH can enhance the absorption capacity of cat-
ionic metals (copper, zinc, lead). These conditions
may therefore affect the accumulation of heavy met-
als in upper amounts in the studied soils.

The principal sources of heavy metal inputs
are industrial pollution of the city, thermal power
plants, metallurgical plants, transport, chemicals
used in agriculture, waste incineration, ferrous and
non-ferrous metallurgy industry. The impact of pol-
lutants is felt over distances of tens of kilometres
[16,17].

It was observed that the magnesium (Mg) and
iron (Fe) content of the Western Thuja, Thuja oc-
cidentalis L., The concentrations of magnesium
(Mg) and iron (Fe) were notably higher in plants
growing near the institution compared to those in
areas influenced by heavy vehicular traffic. In con-
trast, calcium (Ca) levels nearly doubled in plants
from the cleaner environment.The Eastern Thuja,
Platycladus orientalis L. Franco, exhibited a Mg
content of 1.91% in the vicinity of the institution
and 1.70% in an area with elevated vehicular traf-
fic [18].

This article aims to evaluate the soil conditions
in which Thuja occidentalis L. and Platycladus ori-
entalis L. trees are growing. To this end, the follow-
ing objectives were established:

1. To determine the impact of Thuja occidentalis
and Platycladus orientalis trees on soil conditions in
the context of Almaty city;

2. To analyse the chemical composition of the
soil cover in which Thuja occidentalis L. and Platy-
cladus orientalis L. grow in the context of Almaty
city.

The soil cover of Almaty city exhibits clear in-
dications of high altitude belts, with the presence of
foothill desert and steppe zones. In contrast to the
natural landscapes that once existed, the city now
displays a landscape that is largely cultural in na-
ture. In some areas, the soil is characterised by the
presence of chernozems, while in the majority of the

168

city, the soil is composed of dark-brown and light-
brown soils [19].

Materials and methods

Soil coordinates were obtained (near Al-Farabi
Kazakh National University), (near Kazakh Nation-
al Pedagogical University named after Abai (P3-4))
and Almaty-1 district. These zones have their own
features of soil formation.

Field survey and laboratory methods

Field methods (1). In the course of field studies,
natural conditions of the study sites were described,
soil profiles were laid down, their morphological
features were described, soil samples were selected
for laboratory studies. In the course of field research
5 soil profiles were laid and studied. Field studies,
sampling and preparation of samples were carried
out in accordance with generally accepted methods
[20-21].

Laboratory methods (2). In total, 5 soil profiles
were laid in the areas where the sites were found.
For chemical soil analysis, 19 samples were col-
lected, each analyzed in four replicates. Soil sam-
ples were analyzed in the analytical laboratory of
U.U. Uspanov Kazakh Scientific Research Institute
of Soil Science and Agrochemistry. Soil organic
matter content was determined by Tyurin method.
Total nitrogen was analysed by titration (Keldal
method). Total phosphorus and potassium were
measured using a spectrophotometer (Specord 210
Plus, Germany). Soil pH was determined using a
pH-meter (I-160MI, 2007, Russia). CO, content —
using a calcimeter. Granulometric composition was
determined by Kachinsky method. Total salt con-
tent in soil was analysed using a flame photometer
(Flapho4, Germany). Total and mobile amounts of
heavy metals in the soil (Cu, Zn, Mn, Fe, etc.) were
determined by atomic absorption spectrometry.

Research results and analysis

Morphological description of soils

The analysis of morphological features revealed
that the soil profile near KazNU (P1-2) belong to
dark chestnut soil types, while those near KazNPU
(P3-4) and near Almaty-1 (P5) belong to chestnut
soil types.

P1. The projective cover of vegetation is 85-
90%. Coordinates: N 43.224444°; E 76.922778°.
Height above sea level H: 870 m. The depth of the
profile is 100 cm.
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Depth,
cm

Horizon

Thickness,
Cm

Description

A 0-10

10

Dark brown, fresh, loose, medium-grown,
coarse-grained, granular-grained, slit
(porous), with small veins, with dead plant
remains, medium boiling.

AB 10-40

30

Brown, in some places with brown tints,
compacted, fresh, sandy, fine-grained, veins
moderately scattered, with traces of insect
marks, with slightly small stone particles,
strongly boiling.

B 40-65

25

Light brown, with dark spots in between,
dense, sandy, fine-grained, with a few
small stony compounds, roots and insect
pathways occur, transition to the second
layer is evident, strongly boiling

C 65-100

35

Light brown, yellowish tone, structureless,
dry, sandy-powdery, fine-porous, root-
dominated, weakly boiling

P2. The second soil profile was also built near Ka-
zNU. The projective cover of vegetation cover is 85-90%.

Coordinates: N 43.216667°; E 76.916667°. Height above
sea level H: 878 m. The depth of the profile is 100 cm.

Depth,
cm

Horizon

Thickness,
Cm

Description

A 0-23

23

Dark brown, grey, whitish tinged, fresh,
compacted, sandy-grained, lumpy-
powdery, alkaline, with insect tracks, roots
in abundance, with vegetable remains,
strongly boiling with hydrochloric acid.

B 23-33

10

Brown, with brown tinge, compacted, fresh,
medium sandy, alkaline, lumpy, small veins,
traces and traces of insects, not boiled by
hydrochloric acid.

B 33-57

24

Light brown, fresh, loose, structureless,
sandy loam, coarse stones and fine stones,
with small veins, not boiling, occur.

C 57-100

43

Greyish, dry, structureless,
sandstones,stones and small stones are
found, there are also middle-sized stones
and stubs.

P3. The third profile of the soil was near KazN-
PU. The projective cover of vegetation is 90-95%.

Coordinates: N: 43.257222°; E: 76.93°. Height above
sea level H: 780 m. The depth of the profile is 80 cm.
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Depth,
cm

Horizon

Thickness,
Cm

Description

A 0-10

10

Grey, fresh, dense, lumpy-grained, light
sandy, with fine veins, with salt crystals,
small stones and rocks occur, there are
traces of insects, crevices, very hard boiling

B 10-35

25

Grey, in some places with brown tints,
compacted, fresh, sandy, fine-grained, veins
moderately scattered, with traces of insect
marks, with slightly small stone particles,
strongly boiling from hydrochloric acid.

BC 35-80

45

Light grey, with whitish tinge, very dense,
fresh, crumpled, light sandy, fine-grained,
root-dominated, with salt crystals, with
many stones, very strongly boiling.

P4. The fourth soil profile was also near KazNPU.
The projective cover of vegetation is 85-90%. Coor-

dinates: N:43.258889°; E: 76.930278°. Height above
sea level H: 780 m. The depth of the profile is 100 cm.

Depth,
cm

Horizon

Thickness,
Cm

Description

10

Dark grey, fresh, loose, medium-grown,
coarse-grained, granular-grained, slit
(porous), with small veins, with dead plant
remains, boiling from hydrochloric acid
medium.

AB 10-30

20

Grey, dry, lumpy, coarse-grained, medium-
grained, with paths and insect burrows,
with plant roots, small stones, with salt
crystals, compacted, slightly boiling from
hydrochloric acid.

B 30-63

33

Grey, with distinct brown spots, dry,
compacted, light sandy, powdery, slit-like,
with few salt crystals, plant roots occur,
there are large stones, not boiling

C 63-100

37

Light brown, dry, granular, compacted,
slightly sandy, with small salt crystals, with
fine veins, with few stones, not boiling from
hydrochloric acid.

PS. The fifth soil profile was built near the Almaty-1.
The projective cover of vegetation cover is 85-90%. Co-
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ordinates: N: 43.326111°; E:76.940833°. Height above
sea level H: 700 m. The depth of the profile is 100 cm.
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Thickness,

Cm Description

Light-coloured, dry, very dense, lumpy-
dusty, lightly mucilaginous, slit-like,

10 without visible salts, with thin veins, with
thin insect traces, transition to the next layer
obvious, strongly boiling in acid

Light coloured, dry, slightly compacted,
lumpy — powdery, light grained, with

20 thin gaps, spines occur, there are stony
compounds, alternate at once in structure,
boils strongly in hydrochloric acid.

Light grey, light tinged, dry, very dense,
prismatic-dusty, sandy, with small pebbles,
roots occur, transition gradual, boils very
strongly in hydrochloric acid.

33

Horizon Depth,
cm
A 0-26
B 26-50
BC 50-77
C 77-100

Snow-white, dry, powdery-dusty, weakly
37 compacted, lightweight, with many roots,
with traces of insects.

Granulometric composition. Soil mechanical
composition is of great importance in soil forma-
tion, use of soil for agricultural and other purposes.
Mechanical composition of soil and its properties
such as porosity, water-holding capacity, water per-
meability, water capacity, ability to accumulate sub-
stances, air and heat regimes are closely connected
[22].

The granulometric composition of the first soil
profile was dominated by fine sand fraction (0.25-0.05
mm) which was 28.12% followed by fine dust frac-
tion (23.1%). The second soil profile was dominated
by coarse sand (1.0-0.25 mm) and fine sand (0.25-0.05
mm) fractions (28.4 and 26.66 %). The third soil pro-
file was dominated by fine sand (0.25 — 0.05 mm) and
fine dust (0.005 — 0.001 mm) (26.1 and 25.01 %).

Granulometric composition of the soil, %

—_ [ =] w (]
wn o wn (=1 o

Soil layers, cm

—_
(=]

0-100 cm 0-100 cm 0-80 cm

Soil image Nol Soil image No2

0

Soil image No3

® Coarse sand
1,0-0,25 mm

Fine sand
0,25-0,05 mm

Coarse dust
0.05-0,01 mm

Medium dust
0.01-0,005 mm

Fine dust
0,005-0,001 mm

" Dust specks

0-100 cm <0,001 mm

0-100 cm

Soil image No4 Soil image Nos

0-100 cm soil depth

Figure 6 — Granulometric composition of soil on which Thuja occidentalis L.
and Platycladus orientalis L. trees grew in Almaty city
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In the fourth soil profile, fine sand (0.25 — 0.05
mm) and fine dust (0.005 — 0.001 mm) were predomi-
nant (27.82 and 25.38 %). The granulometric com-
position is heavy sandy-clayey. The fifth soil profile
was also dominated by fine sand (0.25 — 0.05 mm)
and fine dust (0.005 — 0.001 mm) (27.43 and 28.1 %).

Four of the soil profile studied for particle size
distribution were heavy sandy-clayey and one was
medium sandy-clayey. Heavy sandy clayey soils are
muddy, freeze on drying, and require agrochemical
management with machinery.

Chemical composition pH soil acidity. In the
first soil profile, the humus content is 3.82 — 0.86%
in 0 — 50 cm soil layer. Accordingly, the surface
soil layer was higher. The soil medium reaction
ranged from 8.33 — 8.75 at 0 — 100 cm soil layer,
i.e. showed a strong alkaline environment (Fig.7).
In the second soil profile (KazNU), the humus con-
tent ranged from 0.07 to 2.02% in 0-50 cm layer of
soil. The reaction of soil medium was in the range of
8.26 — 8.51 at 0 — 100 cm of soil layer, i.e. strongly
alkaline (Fig.7).

mpH ®humus, %

Figure 7 — The indicators of humus and pH of soil in which Thuja occidentalis L.
and Platycladus orientalis L. trees grew in Almaty city
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In the third soil profile, the humus content ranged
from 1.55 to 2.14% in the 0-50 cm layer. The reac-
tion of soil medium in 0-100 cm soil layer between
8.46 and 8.59 showed strong alkalinity (Fig.7). The
humus content in the fourth soil profile (KazNPU)
was 1.72 - 2.96% in 0 — 50 cm layer. The reaction of
soil medium showed strong alkalinity in 0-100 cm
of soil layer ranging from 8.33 — 8.81 (Fig.7).

In the fifth soil profile, the humus content was in
the range of 2.84 — 3.10% in 0-50 cm of soil layer.
The reaction of soil medium showed strong alkalin-
ity in 0 — 100 c¢m of soil layer in the range of 8.37
—8.72 (Fig.7).

It was found that all studied soil profile were
covered with humus to a lesser extent in terms of

humus content. And the reaction of soil medium was
strongly alkaline in all profile soils.

All heavy metals in a certain minimum amount
are among the trace elements necessary for the vital
activity of living organisms and plant growth and
development. However, their accumulation in soil
above threshold amounts causes significant damage
to living organisms and plants [23-25].

The presence of heavy metals in soil is higher
compared to other components of the biosphere,
thus heavy metal contamination of soil lasts longer.
Metals are gradually destroyed in the process of
leaching with accumulation in the soil, during use
by plants, in the processes of erosion and deflation
(Cabata-Pendias, Pendias, 1989) [26].

Table 1 — Content of heavy metals in soils of Thuja occidentalis L. and Platycladus orientalis L. in Almaty, mg/kg

N Soil depth, em Mobile forms of micronutrients, mg/kg
Zn Cu Mn Fe

0-10 91,6+0,55 26,8+0,08 538,4+0,26 400,0+0,15

10-40 56,8+0,75 18,4+0,09 470,0+0,25 2780,0+1,45

Profile 1 40-65 67,2+0,92 19,2+0,12 508,4+0,25 7200,0+2,05
65-100 54,4+0,65 12,4+0,1 389,6+0,35 10192,0+1,1

Average amount 67,5+0,7 19,2+40,1 476,6+0,3 5143,0+1,2

0-23 72,8+0,35 35,2+0,05 550,0+0,40 13688,0+0,7

23-33 66,0+0,1 38,0+0,08 573,6+0,46 16824,0+0,7
Profile 2 33-57 44,8+0,03 27,6+0,05 372,4+0,15 19240,0+1,15
57-100 119,6+0,2 33,6+0,09 563,6+1,35 20384,0+0,66

Average amount 75,8+0,2 33,6+0,1 514,9+0,6 17534,0+0,8
0-10 98,4+0,15 27,2+0,08 480,8+1,25 17224,0+0,55
Profile 3 10-35 82,8+0,25 28,8+0,14 524,4+0,32 19152,0+1,85
35-80 82,0+0,25 36,0+0,05 564,4+0,18 18672,0+1,12

Average amount 87,7+0,2 30,6+0,1 532,2+0,6 18349,0+1,1
0-10 134,4+0,15 89,2+0,45 500,0+0,15 15376,0+0,64
10-30 112,8+0,35 128,8+0,15 504,0+0,35 15800,0+0,76
Profile 4 30-63 72,0+0,25 36,0+0,25 550,4+0,25 17744,0+1,53
63-100 74,8+0,15 37,2+0,55 586,0£1,6 18256,0+2,52

Average amount 98,5+0,2 72,8+0,4 535,1+£0,6 16794,0+1,4
0-26 108,0+0,2 39,2+0,7 434,4+0,35 13024,0+0,57
26-50 81,6+0,28 37,6£0,35 449,2+0,85 13784,0+1,16
Profile 5 50-77 66,0+0,35 35,240,4 463,6+0,25 14880,0+1,53
77-100 64,0+0,17 32,8+0,45 461,6+0,4 17040,0+1,7

Average amount 79,9+0,2 36,2+0,5 452,2+0,5 14682,0+1,2

Amount of TLV in soil [25] 23 3 1500 4200
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When determining the mobile forms of trace ele-
ments it was noticed that in all variants the amount
of Zn, Cu, Fe exceeded the limit concentration 3-4
times, and the amount of Mn was 2-3 times less than
the threshold limit value (TLV). In the Profile 1,
shows that in the soil where Thuja occidentalis L. was
growing, the content of heavy metals was lower com-
pared to the soil where Platycladus orientalis L. was
growing, whereas the Profile 3 (KazNPU) presumes

Table 2 — Physico-chemical indicators of soils in research areas

that in the content of Cu decreased twice where Thuja
occidentalis L.was growing compared to the profile
where Platycladus orientalis L. was growing. In Al-
maty-1 conditions, Mn was relatively decreased in
the soil where two species of trees grew.

The study showed that the mobile amounts of
Zn, Cu and Fe are significantly higher than the TLV
in Almaty, and the amount of Mn is 3 times less than
the TLV.

. . . Mass fraction of organic TS
Study areas from which soil profile are obtained matter (humus), % pH value Humidity, %
Thuja occidentalis L. in Al-Farabi KazNU vicinity (N:
1 43.224444%; E: 76.922778°) 3.82+0.33 8.33+0,98 5.93+0,45
Platycladus orientalis L. In Al-Farabi KazNU vicinity
2 (N:43.216667°: E:76.916667°) 1.86+0,21 8.51+0,97 3.68+0,36
KazNPU vicinity (Thuja occidentalis L.) 2.96+0,27 8.42+0,94 3.29+0,38
4 | KazNPU vicinity (Platycladus orientalis L.) 2.14+0.28 8.46+0.87 5.65+0,69
5 Allrnaty-.l vicinity (Thuja occidentalis L., Platycladus 3.10+0,29 8.3740.88 3.5240.61
orientalis L.)

It was also shown in the study that in case of
Thuja occidentalis L. growing in Point 1, the humus
content is higher than 3.82%, pH value indicates al-
kaline environment and moisture content is higher
than 5.93%. In Point 2, in case of growing Thuja
occidentalis L., the humus has higher percentage as
compared to the soil on which of Platycladus orien-
talis L. was grown. In Point 3, the humus content is
3.10 per cent in case of cultivation of Almaty-1 trees
(Thuja occidentalis L., Platycladus orientalis L.).

Conclusion

According to the analysis of morphological
features of soils on which Thuja occidentalis L.,
Platycladus orientalis L. grew in the vicinities of
KazNPU and Almaty-1, dark chestnut soil type and
chestnut soil type were identified in the vicinities
of KazNPU and Almaty-1. Most of the soil profile

studied by granulometric composition were heavy
sandy-clayey.

Humus content was 1.86 — 3.82% in all soil
samples studied, soil medium showed strong alka-
line medium 8.33-8.51 in all soil samples.

The levels of Zn (2.9 — 4.2 times), Cu (6.4 —24.2
times) and Fe (1.2 — 4.3 times) were above the TLV
in all soil samples tested. The fourth soil profile
where Platycladus orientalis L. grew among the soil
profile had the highest values of Zn, Cu and Fe. It
was observed that Mn was 3 times less than TLV in
all the profile.

In conclusion, it was found that the soil in which
Thuja occidentalis L. grew had increased humus
content and less heavy metal content as compared
to the soil in which Platycladus orientalis L. grew.
Thus, Thuja occidentalis L. can be recommended
for cultivation as a phytoremediant capable of ab-
sorbing heavy metals from soil.
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