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M3MEHEHUE NOHHO-COAEBOTIO COCTABA BOAbI PEKU LY
(KASAXCTAHCKASA YACTb) B MHOTOAETHEM LIUKAE

lNpuBeAeHbl MaTepuaAbl MCCAEAOBAHMS MOHHO-COAEBOIO COCTaBa BOAbI MO TeueHumio p. Ly B
nyHkTax n. KaiHap v n. KoHaesa >XKam6bIACKOM 06AACTM 32 MHOTOAETHMIA NeproA (2014...2023 rr.).
YCTaHOBAEHO, YTO MOHHbIA COCTaB BOAbI BepxHero yyactka p. LUy (n. KaiHap) xapakrtepm3oBaAcs oT-
HOCUTEAbHO YCTOMUMBbIM TMAPOKAPOOHATHO-KAAbLIMEBBIM COCTABOM, BCAEACTBME BbIMbIBaHUSI UX U3
KapOOHaTHbIX MOPOA, PACNPOCTPAHEHHBIX B BOAOCOOPHOM HacceiHe.

CoAeBoi runoteTnyeckmin coctaB Boabl p. LUy (n. KaiHap) npeacTaBAeH WECTbIo COASIMM:
Ca(HCO,), (22,1...59,2), MgSO, (6,7...41,1), Na, SO, (0,8...55,4), NaCl (3,3...17,9), Mg(HCO,),
(0,0...16,5) n CaSO, (0,0...10,2% 3KBMBaAEHTOB OT OOLLEN CyMMbl COAel). [peAeAbl M3MeHeHnst 06-
wern mMrHepaamnsauumn soabl p. LUy (n. Konaesa) B 2019...2023 rr. cocTaBasiam 447,2...897,8 mr/am?,
YTO MpEeBbILLAET €e MaKCMMaAbHbIE 3HAaUYeHMsI 3a 3T XXe roAbl B . KaiHap Ha 38,5...282,5 mr/am.
Boaa 3aech valle caaboleAoUHas CpeAHeit XeCTKOCTU. B MoHHOM cocTaBe npeobAasaloT cyabdat- 1
KaAbLMIA MAM HaTpuii MOHbI. B coneBom cocTaBe Boabl p. LUy (n. KoHaeBa) kpome BbilenpmBeAEHHbIX
COAEM MOSIBASIETCS XAOPUA MArHM$, YTO MPUBEAO K NMPOTEKAHMIO MPOLECCOB MeTaMopdm3aLmm B nps-
MOM HarpaBAEeHUN.

[MpY MCNOAb30BAHUM LLIYINCKOM BOAbI HA OPOLLIEHNE MAM B TEXHUUECKUX LIEASIX BO3MOXKHO 06paso-
BaHue TBEPADIX COAel kapboHaTa KaAbLms U CyAbdaTa KaAbLms. AAS COAOHLEBATbIX MOYB, TakbiPOB
peuyHoro 6acceriHa Takue COAM OKaXKyT MEAMOPUPYIOLLEE BAUSIHWE, @ MPY HAarpeBaHUM BeCbMa BEPOSITHA
aKTVMBM3aLLMS BbIMaAEHUS KapOOHATOB M CYyAb(ATOB KaAbLMS B TEXHUUYECKOM 060PYAOBaHUM.

KAloueBble cAOBa: MOHHBIN M COAEBOM COCTaB, MMHEPAAM3ALIME, KECTKOCTb, TMAPOXUMMS, IKOAO-
rms.
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Changes in the ion-salt composition of the Shu river
water (Kazakhstan part) in the long-term cycle

The materials of a study of the ion-salt composition of water along the Shu River in the village of
Kainar and village of Konaeva, Zhambyl region, over a long-term period (2014...2023) are presented. It
was found that the ionic composition of the water in the upper section of the Shu River (Kainar village)
was characterized by a relatively stable bicarbonate-calcium composition. due to their leaching from
carbonate rocks common in the drainage basin.

The hypothetical salt composition of the water of the Shu River (Kainar village) is represented by six
salts: Ca(HCO,), (22,1...59.2), MgSO, (6,7...41,1), Na,SO, (0,8...55,4), NaCl (3,3...17,9), Mg (HCO,),
(0,0...16,5) and CaSO, (0,0...10,2 % equivalents of the total amount of salts). The limits of changes in the
total salinity of the Shu River (Konaeva village) in 2019...2023 were 447,2...897,8 mg/dm?, which ex-
ceeds its maximum values for the same years in Kainar village by 38,5...282,5 mg/dm?. The water here is
more often slightly alkaline of medium hardness. The ionic composition is dominated by sulfate and cal-
cium or sodium ions. In addition to the above salts, magnesium chloride appears in the salt composition
of the Shu River (Konaeva village), which led to the processes of metamorphosis in the forward direction.

When using Shu water for irrigation or for technical purposes, the formation of solid salts of calcium
carbonate and calcium sulfate is possible. For brackish soils, such as those of the river basin, such salts
will have a reclamation effect, and when heated, the precipitation of calcium carbonates and sulfates in
technical equipment is very likely to intensify.

Keywords: ionic and salt composition, mineralization, hardness, hydrochemistry, ecology.
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KermkbIAAbIK KepceTkiluTep 6oibiHILa Ka3akcTaH 6eAiriHaeri
LLly e3eHiHiH, MOHABIK-TY3AbIK, KYPaMblIHbIH, 63repyi

Makanrapa >Kamb6bia 06Abicbl KaiiHap keHTi MeH KoHaeB KeHTi nyHkTTepiHae (2014...2023 »oK.)
LLly e3eHiHiH aFbICbl GOMbIHLLIA CYAbIH MOHABIK-TY3AbIK, KYPaMbiH 3€pTTEY MaTEPUAAAAPbI KEATIPIAreH.
LLly e3eHiHiH, (KaiHap keHTi) >KoFapfbl GOAINHAET CYAbIH MOHABIK, KYPambl CaAbICTbIPMaAbl TYPAE Ty-
PaKTbl FTMAPOKAPOOHAT-KAAbLMIA KYPAaMbIMEH CUMATTaAaAbl Heri3ri cebenTtepain, 6ipi ApeHaxxabl 6ac-
CenHAE TapaAFaH KapOOHATTb XKbIHBICTAPMEH LLIAMbIAYbI HOTUXKECIHAE.

LLly e3eHiHae (KaiHap) CyAblH TY3AbIK, TUMOTETUKAADBIK, KYPaMbl aATbl TYPAI GaMAQHBICTIEH YCbIHbIA-
ran: Ca(HCO,)), (22,1...59,2), MgSO, (6,7...41,1), Na,SO, (0,8...55,4), NaCl (3,3...17,9), Mg(HCO,),
(0,0...16,5) »xoHe CaSO, (0,0...10,2% Ty3AapAbIH XaAMbl COMacbiHaH 3KBMBaAeHTTePi). 2019 XKblAbl
LLly (KoHaeB) CyblHbIH >aAMbl MWHEpaAAaHybiHbiH, e3repy Lwweri 2014..2023 >XbIApAp apaAbIfblH-
Aa 447,2...897,8 mr/am® 60AAbl, B6yA KarHap KeHTIHAEr OCbl >KbIAAAPAAFbl €H >KOFapbl MOHAEPIHEH
38,5...282,5 Mr/am? acbin TycTi. MyHAarbl cy KeBiHece CIATIAI XXoHe COA CIATIAI, opTalla KepMEKTIAIKKe
ne. MOoHABIK, Kypamaa CyAb(aTt neH KaAbLMin HeMece HaTpuit MoHAapbl 6acbiM. CyAblH TY3Abl Kypa-
MbiHaarbl p. LUy (KoHaes) >korapbiaa ataaraH Ty3aapAaH 6acka MarHuin XAopuai nanaa 6oaaabl, Gya
MeTamopu3aLms NPOLECTEPIHIH TikeAein GarbiTTa XXYPYiHE SKEAAI.

LLly e3eHi cyblH Ccyapy YLUiH HeMece TEXHUKAAbIK, MaKcaTTa nanAaAaHFaH Ke3Ae KaAbLMi KapOoHa-
Tbl MEH KaAbLIMI CyAb(aTbIHbIH KATThbl TY3AAPbl NanAa 60AYbl MyMKiH. Takbip K8HE Ty3Abl TOMbIpakTap
YLWiH MYHAQM TY3AQP KAATMbIHA KEATIPETIH 8Cep eTeAl, aA TEXHUKAABIK, MaKcaTTapFa KOAAAHY GapbiChiH-
AQ CYAbl KbI3AbIPFaH Ke3Ae KapboHATTAp MEH KaAbLMI CyAb(ATTapbiHbIH TyH6ara TyCyiH GeACEHAIpYi

MYMKIH.

Ty#iiH ce3aep: MOHABIK, XXKOHe Ty3AbIK, Kypam, MMHEPAAAAHY, KEPMEKTIAIK, TMAPOXUMMS, SKOAOTUSI.

BBengenue

[IpupoHbIe BOBI IO CYIIECTBY SIBJISIFOTCSI pac-
TBOpPaMHU TPUPOIHBIX COCTUHCHHI, TTOATOMY OHH
paccMaTpuBarOTCS Kak MPHUPOTHBIE PAaBHOBECHBIC
(U3UKO-XUMUYECKHE DKOCUCTEMBI, COCTOSIIHE U3
BOJIBI ¥ PACTBOPCHHBIX B Hell BemecTB. K HuM mpu-
MEHUMBI 3aKOHBI U TEOPUHU PACTBOPOB M WHAUBHTY-
AJIbHBIX BEHICCTB. Cocrasn MMPUPOAHBIX BOA apUAHBIX
Y TYMHJIHBIX 00JIacTel oTpakaeT (PU3MKO-XUMUYE-
CKH€ YCIIOBHUS UX MPOUCXOXICHUS U CYIIECTBOBA-
HUS B OKpYykatorie cpene. [Tporeccel o0pa3oBanus
Y HAaKOTUICHUS COJICH JJOCTATOYHO XOPOIIO U3yUeHBI
11t parrHeIX o3ep (I'poxosckuii JI. M., 1972; IToco-
xoB E.B., 1955; Huxonbckas FO.I1., 1961; 3amana
JL.B., 2010; Konmakoa M.H. u np., 2015). OgHako
JUTSL PEYHBIX BOJ, UMEIOIINX MAIYIO FIIU CPEIHIO0
MUHEpAIU3aIMI0, 3TH TPOIECChl OCBEIIECHBI HE0-
cTaTo4Ho, a s p. llly Takue uccienoBanus panee
He MpoBOIMIINCH. 110 MHEHHIO aBTOPOB HACTOSIIIE-
ro COOOIIEHUSI TPOIECCH 00pa3oBaHUS COJEH, B
YaCTHOCTU, KapOOHATOB, CyJIh(aTOB MIEIOYHO3E-
MEJBHBIX METAJLIOB MPOTEKAIOT HE TOIBKO B MUHE-
pajin30BaHHBIX BOJax 0O3€p, HO U B PCUHBLIX MaJIO-
MUHEPAJIN30BAHHBIX BOJIaX C MEHBIIEH CKOPOCTHIO
(bepemxanos b.A., 1968; Pomanosa C.M., 2004).

Ha dopmupoBaHie XMMHUYECKOTO COCTaBa BOJIbI
peK, TMPOTEKaHWE TPOIECCOB OOpa30BaHUs COJCH

B HUX BJIMSIOT €CTECTBEHHBIC (KIMMAT, MOYBBI BO-
nocOopa, JIOHHBIE OTJIOKEHUS, PACTUTECIBHOCTD,
MOp(GOMETPUUECKHE U THIAPOJIOTHYECKHE Xapak-
TEPUCTUKH, B MEPBYIO OUYEpeab Majass BOAHOCTD,
MPOTSDKEHHOCTh) W aHTPOTOreHHbIe (akTopsl (3a-
peryiIupoBaHre CTOKa PEKH, UCIOIb30BAHUE BOJbI
Ha OPOILEHHE, TOCTYIJICHNE COPOCHBIX BOA U JIp.).

Pexa Illy otHOcHTCs K OacceitHy ApaibCKo-
ro Mops, umeer quHy 1067 kM, mpoTekaer Mo
tepputopun 1ByXx PecmyOmuk Keipreicran u Ka-
3axCTaH, TAe IUIOImaib OacceifHa PEeKW COCTaBIs-
er 200,36 TbIC. KM%, U3 HUX 164,56 ThHIC. KM? ... Ha
tepputopun Kazaxcrana (Mycradaes XK.C. u nap.,
2014).

[y obpasyercst ot cnusiaust pek Kouxop u Jxy-
BaHapbIK B ropHbiXx cucremax Tsub-Illans. Umeer
crok B Uccbik-Kynbckon kotnoBuHe, Yylckoil 10-
JMHEe, Jajnee IepecekaeT MyCThIHI0 MYIOHKYM H
TepsieTcsl BO BHaauHe AmuKonb. CpeaHuil pacxon
BOJIbI 0K0JI0 70 M*/c, KOTOpasi HCIOJIb3yeTCs B OC-
HOBHOM Ul OPOILEHUS CEIbCKOXO3HCTBEHHBIX
yroguii. Ha peke Ly noctpoensl 2 BOJOXpaHWIN-
ma (OproTtokoiickoe B Kupruszun n TacoTkensckoe
B Kazaxcrane) m apyrue uppuraupoHHBIE COOPY-
skeHust. OcHOBHBIE MPUTOKU: cripaBa YoH-KeMmuH,
blpraiiter, Kakmarac; cneBa AmamenuH, AKCy,
Kyparatsl. Peka Ily otHocutcs k Ily-Tanacckoit
MPUPOJHO-X035IUCTBEHHO cucteMe. Ilo mokasza-



M3MeHeHne HOHHO-COJIEBOTO COCTaBa BOIBI PCKH H_Iy (Ka3aXCTaHCKaH IlacTI)) B MHOT'OJICTHEM ITUKJIC

TEJsIM BOJHOTO CTpecca, OMPEesIeMOro Kak A0
€XXETOJTHO WCIIOJIb3YEeMBIX 3aIlacoB BOJBI B CTpaHE
Ha oOlIecTBEeHHbIE HYXIIbI ([uis1 OaccelinoBoit 1y-
Tanacckoit IIXC onu cocrasisiror 4,1 km’/rox) ot
KOJIMYECTBA BO300OHOBISIEMBIX BOJHBIX PECYPCOB
CPETHEMHOTOJIETHEI0 3HAa4eHHs pPEYHOTo CTOKa
(4,2 xm’/rom), maHHas cucTeMa OTHOCHUTCS K Ka-
TErOpUH YPE3BBIYAIHO BHICOKOTO YPOBHSI BOJHOTO
ctpecca (Toneybaesa JI.C., 2008). YucieHHocTh
Hacenenus B Oacceline p. Ly cocrasnsier 1,4 miH.
genoBek. B 6accetine p. Ly (B cpemHeM TedeHHUN)
MOJT CENbCKOXO3IUCTBEHHBIMU YTOABSIMH 3aHATO
okoso 78 % ruromaan 3eMeb OT OOMLIel TTomaIu
opoiiaeMbix 3eMelb 473,4 Teic. ra. A B BEpXOBbE
p. Ly cocpenoroueno 33,1 Thic. ra OpoIIaeMbIX 3e-
MeJb U JIMIIb 5,2 THIC. Ta B €€ HU30BbE.

OcHOBHasi 4acTh HCCIEIyEeMOM TEPPUTOPUHU
(73 %) nexuT B 30HE MMYCTHIHb U MOJTYITYCTBIHb, OT-
poru ropubsix cucreM Tsup-llaHs 3aHHMaIOT OKO-
o 14 %. IlpearopHas ctemHas 4acTh, 3aHHMMAIO-
mast 13% Teppurtopun YKamObLICKOH 00J1acTH, aK-
TUBHO MHCIOJB3YETCA B CEJIBCKOXO035HCTBEHHBIX
nensx. Hly-Tamacckuii rugporpaduyeckuit 6ac-
CelH pacrojoKeH, B OCHOBHOM, Ha TEPPUTOPUHU
JKam6puickoit obmactu u yactuyHo B lOxHO Ka-
3axcTaHckon ooactu (Co3akckuit paiton). O6mas
momans ly-Tamacckoro u ACHHCKOTO THAPO-
rpadudeckoro Oacceitna cocraBuser 186,79 Thic.
KM%, Wi 6,8 % turomianu pecrnyoiuku. B rugpo-
rpaduyeckoM OacceiiHe UMEIOTCS 3 KpyIHbIE peKH
(y, Tanmac u Acsbr), 242 maible peku (B TOM YHC-
ne B Oacceitre p. Uly 158), 35 ozep, 3 kpymHBIX
BOJOXPAaHUIIUIIA KOMIUIEKCHOro Ha3zHaudeHus (Ta-
coTkenbckoe Ha peke Iy ¢ mpoekTHOH eMKOCThIO
620,0 muta. M3, Tepc-Amubynakckoe Ha p. Tepc,
OJIHOM M3 OCHOBHBIX MPUTOKOB P. Achl 158,0 MuH.
M’ n bluransiHckoe Ha p. LllabakTel Oaccelina
p. Acsr ... 30,0 mima. M), 38 MalBIX BOZOXpaHH-
JHI] eMKOCThIo oT 1 1o 10 muH. M® (cymmapHO#
emkocThio 130,6 MiH. M*), 164 KomaHu U TPYyI0B
(c cymmapHo# emMkocTbio 72,2 miH. M*). Cremayet
OTMETHUTE, 4TO JKaMOBIICKass 00JacTh HAXOIUTCS
B YCJIOBUSIX TUMUTHPOBAHHOTO BOJIOTIOIB30BAHNUS,
Korza okoi1o 80 % BOJIHBIX PECYPCOB IIOCTYIIACT U3
conpenenbHor Keipreizckoir PecryOnuku (M6pa-
e T.T., 2006).

Tepputopus wmcciaenryeMoro peruoHa pacrio-
JIO)KEHa B YETBIPEX arpoKIMMaTHYECKHUX 30HaX.
Cesepnas yactb Oacceiina pexu Ly pacnonoxena
B OYEHb CYXOW W KapKOW MyCTBIHHOHM MECTHOCTHU
(Mo¥iBIHKYMBI), IIEHTpaJIbHAS U I0’KHAs 4acTh B CY-
XOH M JKapKoW U B OYEHb CyXOW 30HE NMPEArOPHIL.

B HuzoBbsax pek Ly u Tanaca, a Takxke B mo-
HIDKEHUSIX penbeda IMyCThIHb pacrpoCTpaHeHb

TaKbIPHBIC TIOYBBI W TaKbIpbl. JIJs TyCTHIHB Xa-
paKkTepHBI Ccepo-Oyphle IOYBHI, PHIXJO IeCYaHbIE
W TIeCUaHbIE CEPO3EMBI, IJISi IPEATOPHI CepPO3eMbl
(Camuxos T.K., 2021). JlanamadtHoe pazHOOOpa-
3M€ W KIMMaTUYECKHEe OCOOCHHOCTH TEPPUTOPHH
OTIPEICNISIIOT BUJIOBOH COCTaB M paclpeleiieHrne
JKUBOTHOTO U PACTHTEIBHOTO MHpa. XapaKTCpPHbI-
MH OCOOCHHOCTSIMH KJIMMaTa SIBJISIOTCS OOwWime
COJIHIIA, 3aCyIUIMBOCTh U KOHTHHEHTAIBHOCTh. My-
cradaes XK.C. ¢ coaBTOpaMu Ha OCHOBE MHOTOJIET-
HUX WHPOPMAIMOHHO-aHATUTHIECKAX MaTeprUaIoB
(1930...2017 rr.) 0 CpemHEroJOBBIX TEMIIEPATYy-
pax BO3JyXa M OCaJKax M3YYWIM TCHICHIUIO W3-
MEHEHHs KJMmMarta BogocOopHoro Oacceitna p. Iy
(Mycradaes XK.C. u gp., 2019). B wactHocTH, TI0-
Ka3aHo, YTO CPEJHEr0JI0Basi TeMIepaTypa BO3ayXa
MTOCTENIEHHO TIOBHIIIAETCS, a TOAOBBIE aTMochep-
HBIC OCaJIKM YMEHbIIaTcs. JlaHHbIi (akT B OJH-
JKaiilee BpeMsi MOKET MPHUBECTH K YCUIICHUIO apH-
JIU3aIUH KJIMMaTa peTroHa.

Hccnemyemas Tepputopust 6orata MHHEPaIbHO-
CBIpBEBBIMU pecypcamu. Tak, B YKamObuIcKOH 00-
JIACTH BBISIBIICHBI U pa3BeIaHbl 3HAUNTEIILHBIE 3aIla-
CBI TIOJIE3HBIX MCKOMAeMBbIX: (OCPOPHUTHI, IIBETHBIE
METaJLIbl, Pyl YePHBIX METAIIOB, MHHEPAIbHBIC
COJIM, TOIUIMBHOE CHIPbE, Pa3sHOOOpa3HbIE CTPOH-
TEeJIbHBIC MaTepHaJIbl (CTPOUTEIBHBIE M OTACTIOYHbIC
KaMHH, TIECUaHO-TPAaBUIHBIA MaTepua, KapOoHaT-
HBIC TIOPOJIBI, THIIC | JIP. ).

B cBsi3M C BBIIEU3IOKEHHBIM LEIBI0 PaOOTHI
SIBIISITIOCH WCCIIEJIOBATh COBPEMEHHBIM WOHHBIH U
coleBoi (TumoreTudeckuii) coctas Boawl p. Ly (B
npenenax Kazaxcrana) B pa3iuvHble C€30HBI MHO-
rojetrHero 1ukna (2014...2023 rr.). IlomydeHnHbie
JTaHHBIE Oy Ty T TIOJIE3HBI JIJIS1 COCTABIICHHSI COJIEBOTO
OanaHca peKH, OLEHKH KadyecTBa BOABI, JUIS ydeTa
BO3MOXKHOTO OCXKACHUS KapOoHaTa W Cyibdara
KaJIbIUsl U3 PEYHOM BOJBI TPW HCIOJIB30BAaHUH HA
OpOLICHUE WM B TEXHUYCCKHUX LIEIISIX.

MatrepuaJjibl 1 METOABI

MartepuaioM UCCIeIOBaHUs MOCTYKUIN Kaja-
CTpOBble U MOHUTOpUHTOBBIE AaHHbIe PI'TI «Ka3-
rugpomMeT» 3a nepuon 2014...2023 rr. (Mudopma-
MOHHKIA OroyuteteHb Kasrumpomer, 2014...2023;
lNocynapctBeHHbl BonHbIN KagacTp, Kasrugpomer,
2014...2023 1T.) ¥ SKCHEAWIMOHHBIE MaTEepPHAIIBI
aBTOPOB npeapiaymux et (1972, 1984...1985 rr.)
(bepemxanoB b.A. u ap.,1973; Pomanosa C.M. u
np., 1986).

Mot HCCIEAOBAHUS ObLIH BBIOpaHbI
2 yudactka mo tedenuto p. Ly B YKamObuickoii
obmactu:ruaponoct 1. KaiiHap, Haxopnsmuiics Ha
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rpanune ¢ Keipreizcranom (Koppaiickuii paiioH,
koopauHaTel 43.291862...74.197591) (pucynok 1).
Hanee no teuenuto pexu lly HaxoauTCss BTOPOU TH-
npomoct y c. Konaesa (Illyckuii paiion, koopanHa-
Th1 43.627941...73.811315). Ha aToM yuacTke BoJa
p. Iy HeceT cBOM BOJIbI, BBITEKAs U3 TacCOTKEIbCKO-
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Pucynok 1 — Kapra Oacceiina p. llly B mpenenax XKamObuIcKo#t oOmacTu
(Taxwues C.P., 2023)

Jlnst ompeneneHusl pacCTBOPEHHBIX COJICH HaMH
OBUTH HCTIOB30BAHBI KOHIIEHTPAIIMH TJIABHBIX HO-
HOB. Croco0 ompe/esieHus THIIOTETHIECKUX CONei
OCHOBAaH Ha WX PACTBOPUMOCTH, C MIEPBYIO OUYePe/b
CBA3BIBAIOTCS MeHee pacTtBopumble (HukaHopos
A.M., 2008; BoakoB A.U. u XKapckuii 1.M., 2005).
[MosicHUM Ha TIpUMeEpe CPEeTHEr0JJ0BOTO0 XHUMHUYE-
ckoro cocrtaBa Bojel p. Iy (. Kaitaap), Beipaxen-
HOTO B MMOJIb DKBUBAJICHTHOU (opme. KaTHOHBI:
Ca?"2,46; Mg*" 1,87; Na+K 3,34, cymma coctaBisiet
7,67 mmonb-kB/am’. Annons: HCO, 3,72; SO,
3,29; CI 0,66, cymma aHHOHOB 7,67 MMOJTb-3KB/IM?.
CyMMHUpPY$T OTJICNTbHBIC BEIHYHHBI, MMOJy4acM, YTO
CyMMa KaTHOHOB paBHa CyMMeE aHHOHOB. Jlanee Ha-
XOJIMM COCTaB OTENBHBIX COJIEH U X DKBHUBAJIEHT-
Hy10 KoHleHTpauuio Bsoae p. llly: Ca(HCO,),-2,46;
Mg(HCO,), — 1,26; MgSO, — 0,61; NaSO, — 2,68;
NaCl - 0,66; cymma coneit cocrasisier 7,67. DKBU-
BAJICHTHBIC COJICPYKAHUSI TIOJTYUYCHHBIX COJICH mepe-
Boqum B mr/am’: Ca(HCO,), — 2,46*81=199,3;
Mg(HCO,),~1,26*73=92,0,MgS0O,-0,61*60=36,6;
Na SO, — 2,68*71=190,3; NaCl — 0,66*58,5=38,8;

cymma 557,0 mr/nm?. Tlo aTomy criocoOy onpejeneH
coJieBoii cocTas BoJibl p. Iy 3a MHOTOJIETHHI IEpU-
on (2014...2023 rr.). 'mapokapOOHaTHl KaldbLUs U
MAarHus IpH ONPEACICHHBIX YCIOBUSAX NMEPEXOAST B
COOTBETCTBYIOIIME KapOoHatThl. PacueT nmocieqHux
MIPOM3BEJIEH 110 YPaBHEHMIO PEaKIUK NPEBPALEHUS
KHCJIBIX COJIEH B CPEIHHUE.

Pe3yabTarhl 1 HX 00Cy:KI€HUE

ConeBoif cocTaB peyHON BOJBI 00YCIOBIICH
0COOCHHOCTAMHU €€ XMMHUYECKOIo cocTaBa. 3a uc-
CJIEyEeMBblii MEepuoJ B MOHHOM COCTaBe BOJIBI P.
Iy (m. Kaitnap) mpakTudeckyd MOCTOSHHO IIpe-
o0Jagaiu U3 aHUOHOB HCO3', a u3 katuoHos Ca?
noHbl (pucyHOK 2). MHIEKC BOABI MO AJEKHUHY
noutu Bcerna C™ . B oTaenbHble CE30HBI roja
peo0IaIaloIUMHA  CTAHOBUIUCH SO42' u Mg
(tero 2019 1.), SO,* u Ca** (neto 2021 r., oceHp
2023 1.), SO, u Na* (ocenp 2021...2022 rr., neto
2023 r.) uiu HCO, u Na' (Becna 2014 r., neTo
2022...2023 r1r.).
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PucyHnok 2 — 3MeHeHHE KOHIICHTPAIMK TIIaBHBIX HOHOB B Bojie p. Ly (m. Kaiinap)
B MHOTOJICTHEM 1ukiie, 2014...2023 rr.

[Ipu 5TOM MHAEKC BOIBI MO AJIEKHHY W3MEHSII-
ca ma SMe S« SN CCN o C, S¢, T.e. MeHsncs
KJIacC Y TPyIIa BOJbI, HO THUIl OCTABAJICS CTAOMIIb-
HO BO BCE T'OJIbI BTOPBIM, YTO CBHUIETEIHCTBOBAJIO
0 MpeobIaatoIIeM CoAeP)KaHNH HOHOB MICTOYHBIX
METaJUIOB HaJl XJIOPUAHBIMU HOHaMHU. [ 'eHeTnueckn
BOJIBI 3TOTO TUMA OOBIYHO CBSI3aHBI C PA3IMYHBIMU
OCaJJOYHBIMU TMOPOJIAMU U TPOAYKTAaMHU BBIBETPH-
BaHUs KopeHHbBIX mopoxa (Huxanopos A.M., 2008;
CrpaxoB H.M. u ap., 1954; Kpyuenko C.C., 1993).
Habnromaemble mpoliecchl, MPUBOASIIME K H3MeE-
HEHMIO KOHLCHTPALUHU TJIaBHBIX MOHOB U MX CO-
OTHOIIIEHUH, MPOTEKanu 0ojiee aKTHBHO B TEILIOE
Bpems roja. BrwlsBieHa TecHas KOppensuuOHHAS
CBSI3b COJIEp)KaHUs BCEX IJIaBHBIX MOHOB U OOIIEH
MuHepanu3aiuu (Kod(QGUIHEHT KOPPEISIUr I =
0,91...0,99) (pucynok.3), a CcBSI3b COIEPIKAHUS
HCO, u 3nauennii pH cpenneit cuibl.

N3menenue kiacca BOABI M3 KapOOHATHOTO B
cyib(aTHBIN Ha3bIBaeTCs B THAPOXUMHHU IpPOIEC-
caMM MeTaMOop(pHU3alMKU XHMHUYECKOTO COCTaBa,
MIPOTEKAIOUINMH B TIpsiMoM HarpasieHun (Hukano-
poB A.M., 2011; bepemxanos b.A., 1987; Bansm-
ko M.I". u ap., 1965).

[Ipeobnamanre rHAPOKAPOOHATHBIX M KaTBITHI
HOHOB B IIYHCKOH BOJIE 00YCIIOBJICHO BHIMBIBAHHEM
UX U3 KapOOHATHBIX MOPOJ (B OCHOBHOM H3BECTHSI-
KOB), paclpoCTpaHEHHBIX B BOJI0COOpHOM Oacceiine
pexu (ITouBsl mycTeIHHOM 30HBI Ka3axcTana, 1983;
CamuxoB T.K., 2021). IlosBieHHEe MOBBIIICHHBIX
KOHIICHTPAIMH CyITb(paTHBIX HOHOB SIBISICTCS CIIE/I-
cTBUeM BbiMbIBanHus rurnca (CaSO,) u3 noacrunao-
LIIMX TOPOA TMPHJIETaloliedl K PyCcily PEeKd TeppH-
TOPUH, a TAKKE XMMHUYECKHM BBIBETPHBAHUEM HE

TOJIBKO M3BECTHSIKOB, HO M T'MICcoBbIX mopoa (Koi-
nakoBa M.H. u np., 2015).

KonnenTpanust XJIOPUIHBIX HOHOB B TEUYCHHE
MHOTOJICTHETO IIMKJIA U3MEHSIAch B OoJiee Y3KUX
npenenax (11,0..50,4 mr/nm*) mo cpaBHeHHIO C
OCTaJbHBIMU TJIABHBIMH HOHaMH. 3BecTHO, 4TO
caMH XJIOPUHBIC HMOHBI MPAKTHUYECKH HE MPUHH-
MAaIOT y4acTUE B MPOTEKAHUU (PU3UKO-XUMHYECKUX
MPOIECCOB, HO C WX MOMOIMIBIO CO3/al0TCs OJaro-
MPHUATHBIE YCAOBHS IS Pa3IHYHBIX MPEBpalle-
HUH BEIECTB B CUCTEME «BOJa — JIOHHBIC OTJIOXKE-
HUS — TIOYBaY.

3a uccnemyemsrit mepuon 2014...2023 rr. cpen-
HETO/I0BbIC 3HAUCHUS 00IIIeH MUHEPATU3AI[IH H3ME-
HsUTUCH B Tipenenax 471,8...615,5 mr/nm® (pucyHoK
2). Oco60 BBIIENAIOCH 3HAUEHUE MUHEPATN3AIIH B
MOCJIE/IHAE J[BA T'0JIa, JJOCTHUTIICE B JICTHUH MEPUOJT
798,6 mr/onM? B 2022 1. 11 994,7 mr/nm? ocensio 2023
r. B 910 BpeMs kjacc BOJBI MEHSUICS Ha CyJbdat-
HBIi, a TPYIINa Ha HATPUEBYIO, HHJICKC MO0 AJICKUHY
S™ . Takoe MOBbIIIEHUE MUHEPAIU3ALHU CKOpEE
BCETO CBSI3aHO C YMEHBIIICHUEM CTOKa PEKH (3a00p
BOJIBI Ha OPOIICHHUE), YCUJIMBAOIIUMUCS MPOIEC-
caMH BBIMBIBAaHHS COJIEH B TEIUIOE BpeMs roja, a
TaKKe MOAMMTKOMN MOA3EMHBIMHU BOJIaMH, 00Jiee Ha-
ChIlieHHBIMU TipupoaHbIMU cotisimu (Taxues C.P.,
2023). Caemyetr OTMETHTB, YTO HE BO BCE HCCIEIY-
eMbIe TOJIbl BO BPEMsI CHETOTAasHHS M IOIaJaHus
TaJbIX MAJOMUHEPAIM30BaHHBIX BOJ B peky llly
(MapT-Mail) MHUHepaln3anus BOJABI YMEHBIIIAETCS
BECHOM 110 CPaBHEHHIO C TAKOBOM B OCTaJIbHBIC Ce-
30HBI TO/a. Takoe yMEHBIICHHE CPETHECE30HHOM
BEIMYMHBI MUHepanm3anuu Ha 81,6...208,1 mr/om?
ObLT0 00HapyskeHo Juib B 2019...2021 rr.
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Pucynok 3 — Koppemnsauonnas cBsi3b MEXIy 00IIel MIUHEpaIn3auen
U coliepKaHueM TNIaBHBIX HOHOB B Boze p. Ly (m. Kaiinap)

Boma p. Iy (m. Kaiinap) xapakrepuzoBa-
Jach CpeaHed BeNWYMHOW O0OImedl KEeCTKOCTH
(4,68...5,87 mr-ske/nm?), darie c¢aabo IIETOYHOMN
U peKe IIENIOYHON peakiued cpensl, 3HadeHus pH
m3MeHsanuck ot 7,30 mo 8,15 u aums B mae 2022 T.
ObUTO OOHApY)KEHO camoe Oosbioe 3HaueHue pH,
pasaoe 8,50 (tabmmma 1). TemmnepaTypa BOIBI
p. Ly (. KaitHap) B MHOTOJIETHEM IHUKIIE U3MEHSI-
nach B nipezenax 2,0...26,6 °C, npu cpeHeroI0BbIX
3HaueHusx 12,2...15,0 °C. Ilocneqnue 3 rona cpen-
HEroJioBasi TeMIeparypa peuyHout Boasl y 1. Kalinap
3aMeTHO Bo3pocna, Ha 1...2 °C.

B nepBoM npuOImkeHNH CyIUTh O TeHE3HCe He-
OpPraHNYECKUX HPUPOIHBIX COJEH MOXKHO IO TOMY
THJIPOJIOTHIECKOMY CE30HY, B KOTOPOM Haluroae-
Mble U3MEHeHUs Hanboee 3ameTHbl. Kak npaswuiio,

B [IEPUOJ 3UMHEH MEXEHHU B IMTAHUU PEKH BEJIH-
Ka POJIb MOJ3EMHBIX BOJI, @ B BECEHHEE MOJIOBOABE
0OJBIIIOE 3HAYCHHE UMEIOT BOJIBI TOBEPXHOCTHOTO
MTUTaHUSL.

ConeBoil runoreTuyeckuii coctaB Boabl p. Iy
(. KaitHap) mpe/icTaBiieH MECThIO Pa3InYHBIMU CO-
JSIMH: THIPOKapOOHATaMU KBS K MATHUS, CYJIb-
(aTaMu MarHusl, HaTpUsL M KaJIbLUS, U3 XJIOPUAOB
... TOJIBKO XJIOpUIOM HaTpusi. M3 aTHX conelt mpe-
00JIaJaloIMMU TIOCTOSIHHO SIBJSUTUCH THIIPOKapOo-
HaThl Kanpims (22,1...59,2), nanee mo yObIBaromie
KOHIIeHTpanwu Obutn cynbdar mMaraus (6,7...41,1),
cyabdar Hatpus (0,8..55,4), xyopun HaTpus
(3,3...17,9), runpokap6onar maraus (0,0...16,5) u
cynsdar xanpius (0,0...10,2 % 3KBUBAJICHTOB OT
o011ei CyMMBI coiell) (PUCYHOK 4).
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Ta6mamua 1 — [penens! konebanus u cpenue 3HadeHus Temmeparypsl u pH Bonsr p. Iy (n. Kaitnap), 2014...2023 rr.

Temmneparypa, °C Peaxuus cpenpl, Benmuuuna pH
Ton [IpenenbHbIC 3HAYCHUS CpenHue 3HaUCHUS
AN— A— [IpenenbHble 3HAYCHUS CpenHue 3Ha4eHUs

2014 2,0...23,2 13,5 7,35...8,00 7,78
2015 4,0...26,6 13,3 7,60...8,15 7,87
2016 2,1..21,0 12,2 7,30...8,05 7,76
2017 4,0...22,6 12,7 7,48...8,05 7,80
2019 2,2..25,0 12,8 7,40...7,90 7,80
2020 3,6..23,0 12,9 7,70...8,00 7,82
2021 5,0...25,0 13,9 7,50...7,90 7,70
2022 4,0...25,0 15,0 7,55...8,50 7,94
2023 4,0...25,0 14,0 7,60...8,15 7,88

[TepBbie YeThIpe CONM OOHAPYKUBAIUCH TIO-
CTOSTHHO B TCUCHHME T'OJMYHBIX IUKIOB, a TUJPO-
KapOOHAT MarHWs 4Yauie MPHUCYTCTBOBAN, Cyibdar
KaJIbIUsl, HA000POT, yale He ObuT 0OHapyxkeH. O0-
pa30BaHME TUIICA B UIYWCKOW BOJAE MPOUCXOIUIIO B
OCHOBHOM B BECEHHEE M JICTHEE BpeMsi rojia, Korjaa
nocruraercs cootHomenue Ca*/SO,*>1. Conep-
JKaHWE PA3IUYHBIX COJICH B PEYHOW BOJE MEHSET-

@ C3(HC03)2 === Mg(HCO3)2 =@=CaSO4

Cs HE TOJIbKO B TEUEHHE TOAUYHOIO LIMKIA, HO U 32
MHOTOJIETHHI TEPHOJ. DTO 3aBHCHT OT THAPOIIO-
rudeckux (axTopoB (pacxoj BOJbI, BOJHBINA CTOK,
CKOPOCTb TEUEHHUS BOJBI B PEKE), MOCTYIUICHUU CO-
JIelt ¢ BOJocOOpHOH IIJIOMAIN BO BPEMs ITaBOIKa, C
aTMoc(epHBIMHU OCaJKaMH, a TAKXKE MPOTEKAOIIH-
MU XUMHUYECKUMHU IPOLECCAMU B CHUCTEME «BOJa-
JIOHHBIE OTJIOKEHUSI-PACTCHH.

MgSO4 =@=NalSO4 ==@=NaCl

ﬁ 60.00
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Pucynoxk 4 — M3MeHeHne cpeHerojoBoro coseBoro cocrana Boasl p. Iy (. Kaitnap)
B MHOTOJIETHEM mukie, 2014...2023 rr.

Yerkoll 3aKOHOMEPHOCTH B MOBEAECHUM COJIEU
3a2014...2023 rr. He BbIsBIEHO. [Tockonbky ¢ 2021
o 2023 rr. 61T HcciieoBaH coctaB Boasl p. Uly
(n. Kaitnap) exxemecsiuHO (B MpEIbIIyIIUE TOABI

MIOKBApTajbHO), YAAJIOCh BBISIBUTH CIEAYIO-
mee. Tak, cpeaHerosoBoe copepxaHue THAPOKap-
OonaTa Kanbuus Bo Bce ce3onsl 2021...2023 rr.

10

MOCTENIEHHO CHWXanochk oT 51,2 no 44,0 3umoii,
ot 55,0 mo 51,0 BecHoii, ot 44,1 no 36,2 meToMm "
oT 42,0 mo 34,0 % 9KB. OT CYMMBI COJICH. OCEHBIO.
CpenHerooBasi KOHIEHTpaIHs CylbhaTa KalbLus
YBEIUYHMBAIACh ITOYTH BO BCe Ce30HBI roja ot 0 10
0,2 sumoi, ot 0 10 4,3 Becuoii n ot 0 10 1,3 % dKB.
OT CYMMBI COJIeil oceHbl0. boyiee BbICOKHE cpeHe-



C.M. Pomanosa u zip.

TOJIOBBIC KOHIICHTPAIUU Cyib(aTa HATPHsS OBLIH
0oOHapyKeHbl 3UMOH (ITOCTENEHHOE YBEIMYCHUE
ot 14,8 1o 28,9), u neTom (IMOCTENEHHOE yBEIHU-
yenue otl3,6 10 31,0 % 3KB. OT cymMMBI colieid).
CpennerogoBoe 3a 2021...2023 rr. comepkaHue
chH)(baTa Marauvs 1 xXjjopuaa HaTpusd IMOCTCIICHHO
YMEHBIIAIOCH B 3UMHEe (COOTBETCTBEHHO, OT 18,1
nmo 13,7 mor 9,1 no 6,0) u neTHEE BpeMs (COOTBET-
cTBeHHO, 0T 24,4 no 14,0 u ot 10,4 10 6,3 % 5KB.
oT cymMMBbl coisieil). OTHOCUTENBHO THAPOKapOo-
HaTa MarHus, Kak OTHOCHTEIHFHO HEYCTOWYHMBOTO
COCJTMHEHHMS, CIEAYET OTMETUTh OCTENICHHBIE W3-
MEHEHUS B CTOPOHY YBEJIMUCHUS U YMEHBIIICHUS B
pasHble ce30HH Tofa. [Iporeccsr o6pa3zoBanus ru-

@ Ca(HCO3)2
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JPOKapOOHATOB KaJbIUs U MarHus B UX KapOOHa-
THI U 00paTHO MPOTEKAIOT B BOJIAX OJTHOBPEMEHHO
B 3aBHCHUMOCTH OT TEMIIEPATYPBI, PEAKIUHA CPEMBI,
CoJIep KaHMs YTIIEKHUCIIOTO ra3a U JPYyTux (Paxrto-
poB. IlooToMy UX KOHIIEHTpallMW HU3MEHSIOTCA B
TEUYEeHHE OIPEICICHHOTO OTpe3Ka BpeMeHu (Toxa,
MecsIia, cyTok). [loBeaenne kapOOHATOB KaJIbIIHS
W MarHus aHaJIOTHYHBI UX THApPOKapOOHaTaM (pH-
CYHOK 5).

Cyast Mo CpeIHEeMHOTOJIETHUM KOHIICHTPAIIH-
SIM TIPUPOIHBIX conei it Boabl p. Ly (m. Kaii-
Hap) XapaKTepHBIM SBISETCS CJeIyloliee OTHO-
menue: Ca(HCO,), > MgSO, > Na, SO, > NaCl >
Mg(HCO,), > CaSO, (Tabmuua 2).

Mg(HCO03)2 MgCO3

W
— e ———————*

2018 2020 2021 2022 2023
roabl

PucyHnok 5 — I3MeHeHHe CpeJIHEroI0BOro CoJepKaHus rnipokapOOHaToB
n KapOoHaTOB Kayublus n Maraus B Boze p. Ly (. Kaitnap) B Mmuoronernem nuxie, 2014...2023 .

Tadmuua 2 — CpegHeMHOrojeTHIE KOHIeHTpauu coseil B Boze p. Ly (m. Kaitnap) mo ce3onam roga, 2014...2023 rr.

Ca(HCO,), Mg(HCO,), CaS 4 MgSO, Na,SO, NaCl
Ce3o0H roz1a
% KB / Mr/om?
3uma* 49,7/289,2 3,8/19,7 0,6/2,7 19,9/85,9 18,2/93,0 7,8/32,8
BecHa* 49,0/285,1 3,3/17,5 0,4/2,0 20,9/92,4 17,4/90,9 9,0/38.,6
nero* 43,5/280,3 4,9/28,5 1,0/5,4 21,0/100,8 21,0/119,3 8,6/39,8
OoceHp* 45,0/265,7 7,6/40,9 0,4/2,0 18,2/80,4 20,9/109,3 7,9/33.,9
CPEAHCMHOTOTICTHEE 46,8/280,1 4,9/28,5 0,6/3,0 20,0/90,0 19,4/103,1 8,3/36,3
3HAYECHUE
cpennee, 1972 r.** 46,1/218,7 4,4/19,0 0 21,6/56,4 21,6/89,5 11,9/24,9
cpennee, 1984-1985 rr.*** 46,4/257,6 11,5/57,7 0 14,4/59,4 15,1/73,1 12,6/30,5
[Mpumeuanue: * Undpopmarponnsiii Oromierens Kasruapomert, 2014...2023; **bepemxanos b.A. u ip., 1973; *** Pomanosa C.M.
u 1ip., 1986.
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WuTepecHbiM siBisieTcst GakT OIM3KOTO CXOJ-
CTBa TIO COJIEP’KAaHUIO yKa3aHHBIX BBIIIE COJNICH U
rnoHoB B Bojie p. Ly, onpenenennsiv eme B 1972 .
l'urica B Bozie He ObLIO 0OHapyxeHo. B 1984...1985
rr. B Boge p. Ly comepkanme xiopuja HaTpus
OBLIO HECKOJILKO OOJIbIIe, 8 KOHIICHTPAI[H THIPO-
KapOoHaTa MarHusi U CcyJib(paToB HATPUS U MarHUs,
Hao0OpOT, MEHbIIIE, YEM CPETHEro[0BbIe KOHIICH-
Tpauuu B 2019...2023 rr.

HccnenoBanusi HOHHO-COJIEBOTO COCTaBa BOJIBI
p.- Uly (. Konaes) 6pu10 poBeneno B 2019...2020
IT. exemMecsuHo, a ¢ 2021 mo 2023 rr. exexBapTaib-
HO. TeMniepaTypHBIN PEKUM 3]1ECh MAJIO OTIHYALT-
cs oT TakoBoro B 1. Kaifnap (Ttabimns! 1, 3). Peak-
LU Cpe/ibl Ha ATOM y4acTKe IO3BOJISIET OTHECTH
BOJy dYamie K ciabo IIeNOYHOH, pexe MIeTOUYHOMH,
3HaueHusa pH usmenstores B npeaenax 7,50...8,50
(tabmuua 3). [To cpeHEMHOIOJETHUM 3HAYCHUSIM
Benu4rHBI pH BOZa OTHOCHUTCS K C1a00IEIOYHOM.
OO6mrast )KeCTKOCTh M3MEHSIAch B Ipeaeax ot 4,54
110 8,08 Mr-sKkB/aM>.

[Ipenenbl w3MeHeHHus OOIICH MUHEpaIH3aIHH
447,2...897,8 mr/nm® (cpemHeromoBeie KojeOaHms
565,0...654,1 mr/nM®), 9TO TIPEBBIIIAET €€ MaKCHU-
MaJbHBIC 3HAUCHUS 3a ATH ke rojsl B 1. KaiiHap
Ha 282,5 mr/ov®. Hambompinne 3HaAYCHUS MHHEPa-
nmu3anun ObUTH 3a(UKCUPOBAHBI B JIETHE-OCEHHHN
nepuo/sl. B nonHoM cocrase waiie Bcero npeotia-

JIAtoT cynb(aT- U KaIbLUA WM HATpUi HOHBI (B 21
ciaydae u3 32), UHAEKCH 10 AJIEKHHY CTAHOBSTCS
S, 8% , C, S® . BoisaBIeH HEOONbIIONH POCT KOH-
LHEHTpaluU CyIb(QaTHBIX WOHOB W HOHOB HATpPUs
Ha OTOM HIKHEM y4YacTKe, MpeJleNIbHbIE 3HAYCHHUS
KOTOPBIX, COOTBeTCTBeHHO, Ha 13,0...103,7 Mr/am3
n 1,0...84,7 mr/mm® Gosblile, YeM TaKOBBIE KOH-
LEHTpalU B BepxHEM ydacTke. OTMEUEHHBII pocT
CyIb(aTHBIX HOHOB U MOHOB HATPHUsS paccMaTpHBa-
10T KaK MOHBI, YyBCTBUTEIbHBIE K aHTPOIIOTEHHOMY
BO3AEHCTBHIO, YTO MOXKET OBITh BBI3BAHO KOCBEH-
HBIM BIIMSHUEM CHEIU(UUECKON XO3IHCTBEHHON
JeSITebHOCTRI0 Ha Bogocbope peku (Hukanopos
A.M., 2008; Konnakosa M.H., cynos B.II., bop-
3enko C.B. u ap., 2015). B cenrsiope 2023 . 3aduk-
CHUPOBAHO MpeodianaHue CoAepKaHUS XIOPUIHBIX
VOHOB HaJl NOHAMU HATPHs U KU, YTO IIPUBETIO K
(hopMHPOBaHHIO BOJBI TPEeThero THIa. Kiacc BOjbI
cysb(arHbIi, Tpynna kaneuus, uagexce S . Tpe-
TUI THUI BOZABI XapaKTepeH [yl CUIIbHOMETaMOphu-
30BaHHBIX BOJ. BeposTHee BCEro NpuurnHOM TaKOTro
M3MEHEHHS COCTaBa BOJIBI CBSA3aHO C JIOMOJIHHUTENb-
HBIM IIOCTYIUIEHHEM XJIOPUAHBIX HOHOB B PEUYHYIO
Bony. Kak Obiio ormeueHo panee, Boaa p. Ly Ha
yuactke 1. KoHaeBa BbITekaeT U3 TacOTKEIbCKOTO
BOJOXPaHWININA, B KOTOPOE BIAJAIOT IPUTOKH U B
KOHEYHOM HTOT€ SBISETCS Pe3yIbTaTOM CMEIICHUS
BOJI Pa3HOTO XMMHYECKOTO COCTABA.

Taosmua 3 — I[Ipenesnsl kosebanus U cpeguue 3HaueHus temneparypsl 1 pH Bozs! p. Ly (. Konaesa), 2019...2023 rr.

Temmneparypa, °C Peaxuus cpenpl, Benuuuna pH

Ton TIpeieNIbHbIC 3HAUYCHUS CpeIHHe 3HAYCHHS
B — TeMmepaTyphI HpEIeNIbHbIC 3HAUYCHUS CpeHUE 3HAYCHUS

2019 1,6..2,4 12,0 7,70...8,25 7,98
2020 7,0...19,0 10,0 7,80...8,25 7,97
2021 3,7..25,0 14,0 7,50...7,95 7,69
2022 3,6..25,2 14,2 7,60...8,50 8,07
2023 4,0..24,4 14,5 7,50...8,15 7,90

CouneBoii runoreTHueckuit coctas Bozsl p. Ly
(n. Konaea) npezacTaBiieH CIEAYIOIIUME COJISIMU:
TUApOKapOOHATAMH KaNblUsS W MarHus, Cyibda-
TaMU MAarHus, HaTPUs U KaJllbIUsi, XJIOPHJIOM Ha-
TpUsi BO BCE CE30HBI roja M XJOPUAOM MarHus
oceHbro. M3 Bcex coneidl MoO-NpeXHEMY OCTaBa-
JIUCh THIPOKApOOHATHI KaIbIHsI, MpeIelbl U3Me-
HeHus coaepxanus coctaBmsin 32,5...51,9 % 2kB.
oT obmielt cymMMbl coseif. [lamee mo yObIBaromemMy
COJICp)KaHUIO PACPECISIIOTCS Cynb(aT MarHus
(15,6...36,6 % 5kB), cynabdat HaTpus (6,6...36,3 %

12

9KkB.), xjopua Harpus (5,4...12,8 % »skB), ruapo-
kapOonat wmaraus (0,0..01,0 % »okB.), cyibdar
kambius (0,0...13,6%0kB.). Ecnu atr 6 coneii 06-
Hapy KeHbI BO BCE CE30HBI T0/1a, TO XJIOPU/ MarHus
ObUT OOHAPYIKEH TOJBKO OceHbIo 2023 T. B KOJIMYe-
cte 20,8%0KB. Bo3M0OXHO, B 3TO BpeMs ObLI OCy-
IIECTBIIEH CTUXUWHBIA COpOC JKMIKUX WM TBEp-
JIBIX CTOKOB, COJEp Kallliii MOHBI MarHus U XJIopa.
[IpocnexuBasi U3MEHEHUE KOHIEHTPALUU COJIEH B
pedHoil BoJE, yAajoCh BBIBUTH HEKOTOPHIE TEH-
JICHIIMM K YMEHBIIEHUIO COJEp)KaHUs THIpOoKap-
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Oonata marHus Bo Bce ce3oHbl 2019...2023 rr. u
yBennueHuIo cynbdara kanpuua. OcTaabHbIe COIH
B pa3HbIC B Pa3HbIC CE30HBI r0Jla UMEET TCHICHIIUU
KaK K YMEHBIIICHUIO UX COJIEP)KaHUs, TaK U K yBe-
Ju4yeHuro. YeTKrux 3aKOHOMEPHOCTEHN B MOBEICHUN
MUHEPaJIbHBIX COJIEH HA 3TOM Y4YaCTKE PEKU HE BbI-
SIBIICHO, 3TO MOATBEPKAaeT (haKT, YTO HA HOHHO-CO-
JIEBOW COCTaB BOJBI MPEKAE BCETO BIHSIET PEKUM
paboThl TacoOTKEIbCKOTO BOAOXPAHWIIMIIA, XUMH-
YECKHI COCTaB €ro MPUTOKOB, MPOIECCH CMEIICHUS
Pa3HOTHUITHBIX BOJI, BHYTPHUBOJOEMHBIE TPOIECCHI.
MOoHO ¢ ompeiesIeHHONH YBEPEHHOCThIO OTMETHUTh,
gyto Boja p. llly Ha ydactke n. KonaeBa otpaxaer
0ojiee CHIIBHOE aHTPOIIOTEHHOE BO3JICHCTBHUE, YeM
Ha Oosiee BepxHeM yuactke (Mopaes T.T., 2006).

B mopsinke yMeHbIIEHUSI CPETHETOI0BOTO CO-
JIEpKaHUsl MUHEpaJbHBbIE COJH PACIIOIararoTCs
B pan: Ca(HCO,), > MgSO, > Na, SO, > NaCl >
Mg(HCO,), > CaSO, > MgCl, (tabnuua 4). {ons
pPacTBOPUMBIX CYJIb(AaTOB MarHusi U HATPHUS B UIyH-
ckoii Bome y n. KonaeBa cocraBmsiia 15,0 % oK.
(191,3 mr/nm?), a Ha yuactke . Kaitnap ... 13,3 %

9kB. (165,7 mr/am?®). WHpIMU cioBamu, mnryickas
BOJIa HAa HIDKE pacmlojoxeHHoM ydactke (1. Kona-
eBa) OoJiee 3acynb(dadena. B mousax BogocOOpHOTO
Oacceitna p. Ly He3HAUNTENBHO PAaCHPOCTPAHEHBI
MUHEpaJbl, cojiepkaiune cynbhat HaTpus (Taayoe-
PUTBI, MUPAOHUIHTHI) U CynbdaT Maraus (KU3epurT,
ancomut) ([louBsl momumusel, 1971; Mycradaes XK.,
2023; CeiitkasueB A.C. u np., 2020), BcTpedaroTcs
TaK)Ke WCTOYHUKHU TOJ3EMHBIX 00jee MHHEpasu-
30BaHHBIX BOJ| pPa3HOOOPa3HOTO0 XMMUYECKOTO CO-
CTaBa, BKIJIIOYasi, HampuMmep, CyIbPaTHO—XIOPHJ-
Ho—HaTpueBble Boabl (Cmomsip B.A. u np., 2002;
AbcameroB M.K. u ap., 2017; Taxues C.P., 2023).
C npyroii CTOpoHbl, ICTOYHUKOM JOIOJIHUTEIBHOIO
NOCTYIUICHUSI CYJIb(HATOB HATPUS (M KajHs), MOXKET
OBITH X03HCTBEHHAS JICITEIbHOCTL Ha BOJOCOOpE.

Hcxons w3 coneBoro cocraBa, MOKHO OTMe-
THUTb, YTO IIPU UCIOJb30BAHUM LIYHCKOW BOJBI Ha
OpOILICHUE MM B TEXHUYECKUX LIENSX, MPH CO3/a-
HUU OJAroMpHUSATHBIX YCIOBHH BO3MOXKHO 00pa3o-
BaHME TBEPJBIX COJeH KapOoHaTa KaJbIUs U CYJIb-
(aTa xKanpLus.

Tadmuua 4 — CpegHeMHOTOJIETHHE KOHIIEHTpalmu coneii B Bozae p. Ly (. Konaes) mo cezonam roxa, 2019...2023 1.

Ceson Ca(HCO,), Mg(HCO,), MgSO, Na,SO, NaCl CaSO, MgCl,
roupa %dKB./Mr/nm?
3uMa 44,9/278.6 6,8/38,2 19,0/90,2 21,4/122,4 7,6/34,4 0,3/1,9 0,0/0,0
BecHa 46,4/297.9 2,4/13,7 25,3/124,2 15,4/89,9 10,2/48,6 0,4/2,5 0,0/0,0
neto 40,9/298,7 1,5/7,6 26,9/1450  19,6/131,4 10,0/52,7 1,0/7.8 0,0/0,0
oceHs 39,3/296,2 1,6/13,7 262/138,7  21,3/134,5 9,7/50,9 1,2/18,2 0,7/4,7
CPEMHEMHO 45 912929 3,1/18,3 1431246  19,4/119,5 9,4/46,6 0,8/7,6 0,2/1,2
TOJICTHEEC

s cosyoHIeBaTHIX MOYB, TAKbIPOB ITOT (PaKT
HE SIBJISIETCS OTPULIATEIBHBIM, IMOCKOJIbKY TaKUE
COITM OKaXyT MEIMOpHUpYIOIIee BIHUSIHUE Ha IIO-
uyy (Opdan E., 2008; [Terposa T.A. u Pyazum 3.,
2021). Mcnonb30BaHue MIyHCKOH BOJIBI, Tie TPeOy-
eTCsl HarpeBaHWe, BBINIaJeHNE KapOOHATOB U CYIb-
(batoB KanbpIHs OyIeT HITH aKTHBHO.

3akaoueHne

Mounslii cocTaB Bobl BepxHEro yyactka p. Ly
(n. Kaitrap)3amuoronernuiinepnon2014...2023 rr.
(a Tarke B 1972, 1984...1985 rT.) Xapakrepusy-
eTcs NPAKTHYECKH MOCTOSHHBIM IpeodiaJaHneM
(56 cimydaeB u3 61) runpoKapOOHATHBIX WOHOB U
KaJIbIIM MOHOB, MH/EKC BOJABI MO AJIEKMHY TOYTH

Bcerga C™ |, mpeienbHbIE CPEIHEr0J0BbIE 3HAYCHHS

MUHepaau3anuu coctapmsn 445,0...615,3 Mr/mm?,
obmeit  xkectkoctu  4,68...5,87 mr-sks/am®, pH
7,70...7,94. B penkux ciiydasix MEHsUICS KJ1acC BOJIbI
Ha CyJib(haTHBINM U rpyIa Ha HATPUEBYIO, MarHue-
BYIO WK KaiblueByr. [IpeoOnaganue rugpokap-
OOHATHBIX W KAIBIIWH HOHOB B IIYHCKOW BOJIE SIBIIS-
€TCsI CJICICTBUEM BBIMBIBAHUS UX U3 KapOOHATHBIX
opoJi (B OCHOBHOM U3BECTHSIKOB), PACIIPOCTPaHECH-
HBIX B BOJIOCOOpHOM OacceliHe peKH.

CorneBoif runoTeTHYecKkuii cocta BoAsI p. Ly
(n. KaifHap) mpeicTaBiieH HIECThIO Pa3IUYHBIMU
consaMHu: THApoKapboHaTtoMm kambnus (22,1...59.2),
cynbharom maraus (6,7..41,1), cynmedatom Ha-
tpus (0,8...55,4), xnopunom nHatpus (3,3...17.,9),
ruapokapoonarom Maraus (0,0...16,5) u cynbda-
tom kanbius (0,0...10,2 % 3KBHUBaJIEHTOB OT 00-
et cymmsl cosieit). Cozepikanue coseil B peuHoi
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BOJIC MEHAETCS B TEUCHHE TOJAMYHOIO U MHOTO-
JIETHETO IUKIIOB, B CBSI3W C U3MEHEHHEM THIPO-
JIOTUYECKHUX (PAKTOPOB, MOCTYIUICHHEM COJIeH C
BOJIOCOOPHOH IJIOMAAN BO BpPEeMs MaBOJKA, C aT-
Moc(hepHBIMH OCaJKaMH, a TaK¥Ke MPOTEKAOIINMH
XUMHUUYECKUMU TIPOIIECCAaMU B DKOCHCTEME «BOJIa-
JIOHHBIE OTJIOKECHUSA-PACTCHUS.

[Ipenensr m3MeHeHUsT 0OIMIEeH MUHEpaTH3aIIH
Boapbl p. Iy (. Konaesa) B 2019...2023 rr. cocTas-
nstmu 447,2...897,8 mr/am?® (cpeaHeroioBbie Koneba-
Hus 565,0...654,1 Mr/mmM?), 94TO TIPEBBIIAET €€ MaK-
CHMaJIbHbIE 3HAUYEHMS 3a 3TU ke rojbl B 1. KaitHap
Ha 38,5...282,5 mr/mm’.

Boma 3meck wamie ciabornenodHas, cpemHeit
JKECTKOCTH. B MOHHOM cocTaBe yare mpeobiagaioT
cyibdar- U KaabUMi WiM HaTpui HOHKI (B 21 ciy-
yae u3 32), MHAEKCHI 110 AJIEKWHY CTAaHOBATCS YaIlle
S« , SN, C, S® . OTmeueHHbIi pocT Cyb(aTHBIX
HMOHOB M MOHOB HATPHsl PACCMATPUBAIOT KaK UOHHI,
YYBCTBUTENBHBIE K aHTPOIIOTEHHOMY BO3/IEHCTBHIO,
YTO MOXET OBITh BBI3BAHO KOCBEHHBIM BIUSHUEM
creru(UIecKoil X03IUCTBEHHOH JESATEILHOCTHIO
Ha BOJ0COOpe PEKH.

CouneBoii runoreTnueckuii coctas Bozsl p. [y
(n. KonaeBa) mpencTaBieH CEMbBIO DPA3ITUUYHBIMU
COJIIMH: THIpoKapOoHaTOM Kambius (39,1...46,4),
cynabdar maraus (18,6...26,9), cynbdar HaTpus

(15,4...22,8), xnopun Hatpus (7,4...10,1), ruapo-
kapoonar marHus (1,5...7,0), cymedar kampuus
(0,3...3,7 % 9KB. OT 00111e#1 CyMMBI coieit). XIopus
MarHus ObUT OOHapyXeH B oceHHuil nepuon 2023 r.
B KonuuecTBe 6,9 % 3KB. OT 001IeH CyMMBbI COJIEH.
lyiickas Bona y . Konaesa 6onee meramophuso-
BaHa. BrlsiBieHa TeHAEHIIUS K TPOTEKaHUIO MPOLeC-
cOB MeTaMop(HU3aluy B IPSIMOM HAIIPABICHHH.
IIpu ucnosb30BaHUM LIYHCKOW BOJBI Ha OpO-
LICHHE WIM B TEXHUYECKHUX LEJISIX BO3MOXKHO 00-
pa3oBaHHE TBEpABbIX colieii kapOoHaTa U cyibdara
KaJblusl. [yt COMOHIEBATHIX MTOYB, TAKBIPOB TAKHE
COJIM OKaXyT MeJMopHpyomiee Biausaue. Vcnomnb-
30BAHME LIYICKOM BOJBI B TEXHUYECKUX LIEIISIX, [I€
TpeOyeTcs HarpeBaHue, BhINAJICHUE KapOOHATOB U
Cynb(aToB KaJblus OyIeT UATH aKTHBHO.

Baaropapnocru: Mpbr npusnatensHsl  PITI
«KazruznpoMeTr» 3a MOANEPKKY B MPETOCTABICHUH
THUIPOXVUMHYECKUX JAHHBIX.

HccenenoBanue BBINIOJIHEHO B paMKaxX IIPOEKTa
BR24993060 «Pa3paboTka MHPOPMAMOHHON CH-
CTEMBI A BEACHHs KaJacTpa IUKHX >KHBOTHBIX
3anagaoro Tsup-lllaHsg ¢ menpl0 MX COXpaHEHUS
1 yCTOMUYMBOro HcIoib3oBaHus». [IpoexT noanep-
*aH MHUHHUCTEPCTBOM HAayKH M BBICILETO 00pa3oBa-
Hust Komurerom Hayku Pecniyonuku Kazaxcran.
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MONITORING OF DDT IN SOILS NEAR FORMER STOREHOUSES
IN THE TALGAR REGION OF THE ALMATY OBLAST

The main aim of this research was to study soils from five villages located near former warehouses
of banned and obsolete pesticides to determine their contents of DDT and its metabolite. Superficial
soils were sampled from five villages (Kyzylkairat, Beskainar, Belbulak, Amankeldy and Yenbekshi) in the
Talgar region (Almaty oblast) and their contents of organochlorine pesticides were investigated. Physical
and chemicals parameters of soils were determined including dry matter, water content, ash, organic
matter and pH. Monitoring of soil samples were performed by gas chromatography mass-spectrometry
(GC-MS). Beskainar and Kyzylkairat agricultural soils exceeded MRLs for DDTs according to regulations
in Kazakhstan, Russia and EU by more than 200 times. The concentrations of DDT found in the other
studied soils showed medium levels respecting normative regulations. Nevertheless, concentrations
tended to increase in comparison to previously published data of these places.

Keywords: soil, organochlorine pesticides, monitoring, DUST, DDT, contamination.
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AAMmarbl 00AbICbI TaAFap ayAaHbIHAAFbI MECTULIMATEP
CaKTaAFaH KOMMaAap MaHbIHAAFbI TonbipakTapaa AAT MOHUTOPUHTICI

ByA Makarapara 3epTTeyAiH 6acTbl MaKCaTbl ThlibIM CAAbIHFAH XXOHE eCKipreH XAOPOPraHUKaAbIK,
NecTULMATEPAIH OYPbIHFbI KOMMaAapbiHa XaKblH OpHaAACKaH 6ec aybIAAbIH TOMbIparbiH 3epTTey, AAT
>KOHE OHbIH METABOAUTTEPIHIH KYpPaMbIH aHbIKTay. AAMaThbl 06AbICHI, TaAFap ayAaHbiHbIH 6eC aybIAbIHbIH
(Kbi3biakarpart, beckaiiHap, beabyaak, AMaHkeAAl xxaHe EHbexlLi) ep yCTi TonblpakTapbIHbIH YATIAEPI
AABIHADBI XXBHE OAapAaFbl XAOPOPraHMKaAbIK, MECTULMATEPAIH KOHUEHTpaumschl 3epTTeaAi. CoHbiIMeH
KaTap aAblHFaH CbiIHaMaAapA KeAeci (hM3MKO-XMMMSABIK, KOPCeTKILITep aHbIKTaAAbI: KypFak, 3aTTap, Cy,
KYA, OpraHukaabik, 3aTtap >kaHe pH. Tonbipak cbiHamaapbiHAaFbl AAT XKOHE OHbIH METaBOAUTTEPIHIH
KOHLEHTPALMSECS ra3Abl XpoMaTorpadms — Macc-cnekTpoMeTpusiAbIK, 8AiC (GC-MS) apKbiAbl aHbIKTAAABI.
beckariHap >xeHe KbI3bIAKapaT ayblAAAPbIHbIH, TOMblpakTapbiHAaFbl AAT meawepi KasakcTaH, Peceit
xaHe EO cTaHaapTTapbl 6oMblHLLA WEKTIK KOHUeHTpaumsaaH 200 eceaeH acbin TycTi. backa 3epTreareH
aybIAAAPAAFbI TOMbIPaKTapAa TabbiaFaH AAT KOHUEHTPAUMSChI LWEKTIK KOPCETKILIKE XaKblH GOAADI.
3epTTeAreH HbiCaHAAPAAPAQ TabbIAFAaH XAOPOPraHWMKAAbIK, MECTULMATEPAIH KOHLEHTPauMsChl eTe
KOFapbl xxaHe Ae OYA aybiaaap KasakcTaHHbIH eH, ipi KaAaAapbliHbiH, 6ipi — AAMATbIFa >KakblIH OPHAAACKAH.
COHAbBIKTaH AQ aAbIHFAH MOAIMETTEp OCbl ayblAAAPAAF bl XAOPOPraHMKAABIK, MECTULMATEPMEH AACTaHYAbl
6ackapy, AacTaHFaH TOMbIPAKTAPAbI «Ta3apTy» LUYFbIA XXOHE MaHbI3AbI iC-L1aPAAAPAbI KabbIAAQY YLUIH
YKIMETTIiH Ha3apblHa YCbIHYFa NanAaAaHbIAQABI.

Ty#iiH ce3aep: Tombipak, XAOPOpraHuKaAblK, nectuumnatep, MoHutopuHr, AYCT, AAT, AacTaHy.
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Monitoring of DDT in soils near former storehouses in the Talgar region of the Almaty oblast
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MouuTtopunr AAT B nouBax B6AM3M ObIBLUMX CKAQAOB
B TaArapckom paiioHe AAMaTUHCKOM 00AaCTH

OCHOBHa$ LleAb AQHHOFO MCCAEAOBAHUS 3aKAIOYAAACh B M3YUYEHUUM MOYB M3 MITU MOCEAKOB, pac-
MOAOXKEHHbIX HEAAAEKO OT ObIBLUMX CKAQAOB 3arpeLleHHbIX M YCTApeBLLMX MECTULMAOB, AAS OMPeAeAe-
HUs coaepykaHus B HUX AAT 1 ero MeTaboAMTOB. BbiAM B3sITbl 06pasLbl MOBEPXHOCTHbIX MOYB B MSTU
noceakax (Kbi3biakaipat, beckaiiHap, beaGyAak, AMaHkeAbabl U EHGekwim) TaArapckoro paioHa AAma-
TUHCKOM 0OAACTM M MCCAEAOBAHO COAEPIKAHME B HMX BbllLeyKa3aHHbIX XAOPOPraHNYeCKMX NecTMumAOB.
BbiAn onpeaeAeHbl PU3UKO-XMMUYECKME MapaMeTpbl MOYB, BKAIOYAS CyXOe BELeCTBO, COAEp KaHue
BOAbI, 30Abl, OpraHM4eckoro Bewectsa M pH. AHaAM3 Ha Coaep KaHMe XAOPOraHNMYeCcKMX NecTULMAOB
B 0O6pasuax rnoyebl MPOBOAMACS METOAOM ra30BOM XpomaTtorpadum C MacC-CreKTPOMETPUYECKMM Ae-
TekTpoBaHuem (MX-MC). B ceAbCKOX0351MCTBEHHbIX MOoYBax noceAkoB beckaiHapa v Kbi3biAkanpaTa
MAK aAst AAT 1 1x MeTaboAMTOB MpeBbIlaAM HopMmaTtuBbl KasaxcraHa, Poccumn n EC 6oaee vem B 200
pas. KoHueHTpaumn AAT, o6Hapy KeHHble B APYTMX MCCAEAOBaHHbIX MoyBax (beAabOyAak, AMaHKeAbAbI
n En6exiun) He npesbicuan MAK, HO BbiAM 6AM3KM K MOPOroBOMy 3HaueHuIo. [NoAyUeHHble pe3yAbTaThl
6YAYT MCMOAb30BaHbI AAS MHPOPMMPOBaHUS NMpaBuTeAabcTBa PK ¢ LeAbio NpUHSTUS Ge30TAaraTeAbHbIX
Mep AASI YIPABAEHMS 3arpsi3HEHUEM MECTULMAAMM Ha UCCAEAYEMbIX TEPPUTOPUSIX, PACTTOAOXKEHHbIX B
HernocpeACTBEHHOM BAM30CTM OT OAHOTO M3 KPYMHENLLIMX ropoAoB KasaxctaHa — AAMaTbl 1, CAeAOBa-

TEAbHO, OKa3blIBalOLLMX BAMSIHME HA GOAbLLIOE KOAMYECTBO XKUTEAEN.
KatoueBble caoBa: nousa, xAopopraHmyeckme nectmumabl, MoHUTOpUHr, AYCT, AAT, 3arpsasHe-

HKne.

Introduction

According to the results of the inventory of haz-
ardous waste in the EECCA countries (Eastern Eu-
rope, the Caucasus and Central Asia) 56 930 tons
of pesticide waste and 190 848 tons of other POPs
(persistent organic pollutants) are present on the ter-
ritory of the Republic of Kazakhstan [1]. The pesti-
cides actively used in Kazakhstan in Soviet Union
time and accounts approximately 18—20 million ha
of the lands [2]. At the same time, there is no offi-
cial data on pesticide contaminated soil. Soil is the
main reservoir for all types of pollutants, including
POPs and in particular organochlorine pesticides
(OCPs). There are partial scientific studies conduct-
ed in Kazakhstan on the content of organochlorine
pesticides in the soil and in food. For example, the
concentrations of organochlorine pesticides such as
p.p'-DDT, p,p'-DDE, p,p'-DDD and hexachlorocy-
clohexanes (HCHs) from former storehouse in the
village Kyzylkairat (Talgar region, Almaty oblast)
reported ranges from 1.38 to 11 100 pg kg!' [3],
when maximum permissible concentrations (MPC)
are limited at 100 pg kg™ in Kazakhstan. General-
ly, 24 out of 80 warehouses located in Kazakhstan
showed pesticide levels in soil higher than MPC [4].
In addition, recent studies reported concentrations
of more than 24 different pesticides found in food
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products of plant and animal origin which located
in the vicinity of old warehouses in Talgar rayon of
Almaty oblast. Pears, apples, tomatoes, cucumbers,
meat and milk are very heavily contaminated with
pesticides DDTs, HCHs, aldrin, endrin, dieldrin,
which probably accumulated from the contaminated
soil along the food chain. [5].

According to the other studies [6, 7] contami-
nated soil can be the main exposure pathway for
free-ranged animals. Livestock such as dairy cows
and sheep and chicken could ingest daily up to 10%
soil in totally ingested dry matter in normal grazing
conditions [8] whereas over 20% of soil has been
reported in deteriorated grazing conditions [9, 14].
Therefore, soil could be one of the main vectors of
these environmental contaminants to farm animals
and in food they produced (milk, meat and eggs)
especially when these animals were raised on con-
taminated areas.

Subsequently consumption of contaminated
food would be a possible route of POP exposure for
humans, including OCPs. The main studied OCPs
in soil of Kazakhstan are DDT, HCH isomers, endo-
sulfans, and the aldrin group. These pesticides were
legally used as insecticides till 1983 but illegal use
up to recent years [10]. Due to the widespread use
of these chemicals and their very high persistence in
soil, they can even today be found in environmental
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samples. Moreover, even nowadays it is easy to find
in the local markets a white household powder in
red flasks called “DUST”, which consists at 99% of
DDT according to preliminary studies. Today, the
population of our country uses it currently against
insects but does not know the dangerous side effects
on human health. Therefore, the issue of monitoring
organochlorine pesticides in environment remains
relevant even some decades after the withdrawal of
their authorization to be used.

We performed a determination of DDT and me-
tabolites in superficial soils near the biggest city of
Kazakhstan: Almaty. The main aim of the research
was to monitor the concentrations of DDT and its
metabolites in soil samples from five villages near
former pesticides storehouses close to Almaty city
in order to evaluate the risks of contamination and
as a consequence of their transfer into food of free-
range animals.

Materials

Analytical standards and reagents

Certified reference standards of individual
organochlorine pesticides 4,4-DDT (p/n: 31041-
100MQG), 4,4-DDE (p/n: 35487-100MG) and 4,4-
DDD (p/n: 35486-250MG) were purchased from
Sigma Aldrich Co. Stock solution of OCP mix and
calibration solutions were prepared in n-hexane GC
grade. Organic solvents used in this study include
acetonitrile and n-hexane with analytical grade.
Anhydrous magnesium sulfate was used as drying
agent before the evaporation stage.

Methods

Sampling

Soil samples were collected in 5 villages: Ky-
lkairat (43°17°58.84”N and 77°11°41.53”E),
Beskainar (43°13°16”N and 77°6’51”E), Belbulak
(43°19°26.88”N and 77°06°19.71”E), Enbekshi
(43°19°56.88”N and 77°12°09.71”E) and Aman-
keldy (43°17°55.3”N and 77°12°27.89”E) located in
Talgar region, at Almaty oblast. These samples rep-
resented anuperficial soil with a long-time contami-
nation in field conditions. The sampling sites were
chosen due to their proximity to old, abandoned pes-
ticide storage facilities (storehouses). Sampling was
performed in May 2020. Superficial soil (0-20 cm
deep) was collected and placed directly in a suitable
aluminum container. Before analysis, stones, twigs,
and other objects with a diameter of more than 2 mm
were manually removed. Then, soils were air-dried
and sieved over a 2 mm sieve.

Physical and chemicals parameters of soils

Organic matter and pH of soils were analyzed
according to GOST 26213-91 and GOST 26423-85
respectively. Determination of water content and
dry matter were performed using gravimetric meth-
od according to the ISO 11465.

Extraction of OCPs from soil

The extraction of the soil samples was carried
out by the method described elsewhere [11] with
some modifications. 10 grams of soil were weighed
and transferred to 250-mL separatory funnels. Then,
10 mL of acetonitrile was added, and the corked
flasks sonicated for 5 min. An additional 10 ml of
acetonitrile was added, and the separating flasks
closed tightly. The content of the flasks was placed
on a horizontal mechanical shaker (Ika-Werke HS
501 Digital) and was set to shake continuously dur-
ing 30 min at 300 rot/min and allowed to stand for
10 min to sufficiently separate the layers. The super-
natants (organic layers) were carefully transferred
into 50 mL centrifuge tubes for centrifugation at
3000 rpm for 5 min. After, 10 mL of supernatant
collected and passed through the paper filter with
anhydrous magnesium sulfate into 250-mL rotary
flask. Additional 10 mL of acetonitrile was used to
rinse the filter. Combined extract evaporated to dry-
ness and re-dissolved in 1 mL n-hexane. Each soil
extract was prepared in triplicate and analyzed by
GC-MS. All samples recommended to analyze in
the same day with extraction otherwise, the samples
must be refrigerated at -20 °C.

GC-MS parameters

Determination of selected OCPs in soils were
performed using a GC-MS (7890B, Agilent Tech-
nologies). Briefly, the mass spectrometer was set at a
resolution of 10 000, in electron ionization mode (70
eV electron energy) (5975C, Agilent Technologies).
Single Ion Monitoring (SIM) was used to record the
most abundant signals (235 m/z for DDD and DDT,
246 for DDE). A HP-5ms Ultra Inert (30 m x 250
pm x 0.25 pm) capillary column from Agilent J&W
(Agilent Technologies) was used in spitless mode.
The GC temperature program for OCP analysis was
the following: 120°C (1 min), 40°C min—1 to 220°C
(13 min). Total time — 16,5min. Signals were inte-
grated using Mass Hunter (B 07.05.2479).

Data Analysis and Calculations

Determination of pH and the contents of wa-
ter, dry matter and organic matter were performed
and calculated strictly according to the ISO 11465
Soil quality. Determination of dry matter and water
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content on a mass basis by gravimetric method, ISO
10694:1995 «Soil quality. Determination of organic
and total carbon after dry combustion (elementary
analysis)» and ISO 10390:2005 «Soil quality. De-
termination of pH».

The concentrations of pesticides (C) in the soil
samples were calculated using external calibration
method. Two calibration solutions with concentra-
tions 25, 50, 100, 250,500 and 1000 ug/L for each
compound were prepared in n-hexane and injected
to GC-MS. Each calibration point was realized in
triplicates. Mean peak areas were calculated and
used to build the calibration curves for each studied
pesticide.

The linear equations obtained using the calibra-
tion curve were used to calculate the concentration
of the substance in the extract (C, pg/L), i.e., peak
area divided on calibration coefficient. Then, con-
centration in the extract (ug/L) was converted to
concentration of OCPs in the soil mass (ng/g) ac-
cording to equation 1:

Cextrace Solvent (L)

C. ., = (1)

=il Mggjl (E)

Where C_, — concentration of compound in the
soil in pg/g, C_ - concentration of compound in
the soil extract in pg/L, Solvent (L) — volume of or-
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Finally, the concentrations of pesticides in soil
were expressed on the dry matter basis (Table 1).
Each soil sample and calibration samples were test-
ed in triplicates. Mean concentration and standard
deviations were calculated and presented in the ta-
bles in comparison to literature data.

Results and discussion

Physical and chemical characteristics of soils

Physical and chemical properties of soils such
as pH, dry matter, water content, organic matter and
ash are very important because of their influence on
DDT bioavailability and mobility in soils. Dry mat-
ter is a main carcass of soil which is responsible for
accumulation. Consequently, determined pollutants
in soil are generally expressed on a dry matter basis.

Results showed that soils from Kyzylkairat, Bes-
kainar, Yenbekshi, Amankeldy and Belbulak have
similar physical and chemical properties (Figure 1).
This can be explained by the fact that the studied
sites are located in the same geographic zone (pied-
mont) and climate. Despite the similarity of physical
and chemical parameters, the content of pesticides
found in studied soils differed largely.

Water content

Kyzylkairat mBelbulak

Figure 1 — Physical and chemical characteristics of soils sampled in Beskainar,
Yenbekshi, Amankeldy, Kyzylkairat and Belbulak
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Determination of organochlorine pesticides
residues

Results of organochlorine pesticides DDT, DDE
and DDD concentrations were detected in studied
soils and compared to the published data (Table 1).
Generally, all studies soil samples were contaminat-
ed by organochlorine pesticides studied in a notable
manner. Results showed that soils from Kyzylkairat
and Beskainar have the highest concentrations of
DDT, DDE and DDD with 8,5, 11,1, 1,2 mg/kg and
0,1, 1,1 and 0,2 mg/kg dry matter, respectively. The

soils from these sites are highly contaminated and
overpassed consequently MPC applicable in Ka-
zakhstan. Indeed, some of the metabolites exceeded
the threshold of 0,1 mg/kg between ten and even
hundred times (table 1).

Comparing the obtained results with the previ-
ously published data (2016), DDE probably reflects
a metabolic activity in these soils and is cracked
from the parental compound of DDT. Nevertheless,
the DDT concentration did not vary significantly
(Table 1).

Table 1 — Mean concentrations (C, mg/kg dry matter) and standard deviations (SD) of DDE, DDD and DDT determined in 5 villages

near Almaty city

Sampling sites Pesticides
4,4-DDT 4,4-DDE 4,4-DDD

Beskainar: Our study 0,1 +£0,004 1,1 £0,04 0,2 +0,003
Belbulak:
Our study 0,02 +0,001 0,04 £0,002 0,01 +0,0003
Global Monitoring Plan 2016 1,7 0,2 0,9 +0,02
Yenbekshi: Our study 0,01 +0,002 0,02 £0,001 0,005 +0,003
Amankeldy: Our study 0,05 +0,001 0,1 +0,002 0,02 £0,002
Kyzylkairat:
Our study 8,5 +0,37 11,1 £2,3 1,2 +0,06
Global Monitoring Plan 2016 6,6 £0,2 2,1 +0,05 1,9 £0,04
Sailaukhanuly et al., 2016 0,3 +0,001 0,4 +0,001 0,4 +0,001
'RK MAC, mg/kg 0,1 0,1 0,1
’EAEU MRL, mg/kg
SEU MRL, mg/kg 0,1 - -
‘US MRL, mg/kg 0,05 - -

'Republic of Kazakhstan Maximum Allowable Concentrations for DDT and metabolites in soil
?Eurasian Economic Union maximum residue limits for pesticides in DDT in agricultural soil

3European Union Maximum residual level of DDT in soil

“United Stats MRLs United States maximum residue limits for pesticides in DDT in agricultural soil

Each soil sample was analyzed in triplicates
Bold means exceed the MRL levels

Storehouses represent up to today an undoubted
danger for the studies areas. Moreover, the presence
of DUST and its likely use let fear a continuous dif-
fusion of DDT (Figure 2).

Other earlier monitoring studies showed sim-
ilar tendency of contaminated levels of DDT and
metabolites in Kyzylkairat soil to current study
results with exceeding international and national
MRLs (Table 1). Unfortunately, there is a lack of
existing data of pesticide levels in soils of other
studied areas. However, according to literature,
local produced fruits (apples, pears), vegetables

(tomatoes, cucumber), meat and milk exceeded
international and national regulatory MRL in a
consequent manner (Djangalina et al., 2020). The
local habitants traditionally produce still food for
their own consumption which could be highly
contaminated by pesticides and therefore repre-
sent a threat to human health. Urgent government
attention is necessary to manage pesticide con-
tamination in the studied areas located in close
proximity to the one of the biggest city of Ka-
zakhstan and therefore with an impact on a large
number of inhabitants.
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Figure 2 — Photo of commercial mixtures DUST in the Almaty market

OCP transfer to food of animal origin

According to available literature data [13], there
are totally 64 abandoned pesticide warehouses in 8
regions of Almaty oblast located at up to 250 km
from the largest metropolis — the city of Almaty.
About 352 650 kg of obsolete [13], unusable pes-
ticides had been stored in the Almaty oblast. The
largest number of pesticides was registered in the
Ili region having three pesticide storehouses which
had received 107150 kg of obsolete pesticides (Fig-
ure 3). These pollutants are extremely resistant to
degradation and would accumulate in the human
and animal fat. The chronical exposure of the local
population even to small doses have shown to con-
tribute to higher frequencies of major pathologies as
cancers and reproductive pathologies causing some-
times even the death.

We studied 5 villages (Kyzylkairat, Beskaynar,
Belbulak, Amankeldi and Enbekshi) located from 5
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to 15 km from the city of Talgar and from 25-50
km to the city of Almaty. These sites showed high
contamination level of DDT and metabolites in soils
which is used in agricultural purposes. Moreover,
these places may widespread such toxic compounds
in surrounding fields or gardens by movements of
water or soil dust. In addition, commercial mixtures
contained DDT are still on the markets of Kazakh-
stan. This fact raises a sharp question of pesticide
transfer from soil to livestock and food of animal
origin.

Despite the availability of data of all abandoned
pesticide storehouses, there are no information on
the levels of pollutants in environmental objects and
food products in other regions of the Almaty oblast.
Consequently, it is not known what happens to the
health of people over time in other rayons who still
unwittingly could consume pesticide contaminated
food.
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Uyghur rayon
(7/3830 kg )

Figure 3 — Map of the number of warehouses / tons of obsolete pesticides
in different rayons of Almaty oblast

Conclusion

The long-time storage of pesticides enhanced
strong contamination in the studied areas and cre-
ated a real risk of transfer of organochlorine pesti-
cides from agricultural used soils to food produced
on these territories. This represents a high risk for
the health of the local inhabitants. Urgent govern-
ment measures are necessary to manage this risk
by corrective means such as identification of the
hotspots and sequestration methodologies. Further
investigation is required to estimate the real sanitary

status of the local food products and to develop ap-
propriate effective technologies to limit the distribu-
tion and bioaccumulation of these toxic substances
in the environment.
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DETERMINATION OF IRON IONS IN RIVER WATERS
AND THEIR IMPACT ON THE ECOSYSTEM

Iron is an important micronutrient in biocenoses. Its balanced presence ensures the normal function-
ing of ecosystems. However, anthropogenic pollution with iron or artificial addition of iron can disrupt
the balance in ecosystems.

In this manuscript, we studied the influence of the iron ion in the Oxchu River passing through the
Burunlu and Sayifli villages located in Azerbaijan on various ecosystems. The dynamics of iron ion con-
centration affecting biosenosis were investigated from January to August. The GPS coordinates of the
sampling locations in the river were determined using an Etrex-10 device. Water samples were analyzed
in the laboratory using the SM 3030 (A-K) and ISO 11885 methods. The main analyses were performed
by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). The maximum concentration
of iron ions in the Burunlu village section was observed in the first decade of May, reaching 2330 ug/L.
In the Oxchu River flowing through Sayifli village, the highest concentration was also observed in the
first decade of May. The migration of pollutants in the aquatic environment occurs rapidly; therefore,
studying it is extremely important from both ecological and economic perspectives.

Keywords: clean water, river ecosystem, iron ion, ecology, Inductively Coupled Plasma Optical
Emission Spectrometry.
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©3eH cyAapbIHAAFbl TeMip MOHAAPBIH
YK9HE OAapPAbIH, 9KOXYHere acepiH aHbIKTay

Temip O6MOLEHO3AAPAA MMKPOIAEMEHT peTiHAe eyl peA atkapasbl. OHbIH  OHTaMAbI
AEHrernAepi akoXKymeAepAiH AYPbIC XKYMbIC iCTeYiHe bikMaA eTeAi. AereHMeH apamM apeKkeTiHEH Hemece
OCbl 9AEMEHTTI >XaCaHAbl EHri3yAEeH TyblHAQFAH TEMIPAIH, AACTaHybl 3KOXYMEAEri TeHrepiMci3aikke
BKEAYI MYMKIH.

ByA Makarapa 6i3 OsipbaikaHaa opHasackaH bypyHAy >xeHe CaidpAm aybiAAApbl apKblAbl
arbin atkaH Ox4yy e3eHiHAeri TeMip MOHbIH 3epTTeaik. brvoueHo3Fa acep eTeTiH TeMip MOHbIHbIH,
KOHUEHTPALMSCbIHbIH, AMHAMMKAChl KaHTap-TaMbl3 apaAblFbIHAQ 3epTTeAAi. ©3eHaeri cbiHaMa aAy
opbiHaapbiHbiH, GPS koopamHatTapbl Etrex-10 KypbIAFbICBIHBbIH KeMeriMeH aHbikTaAabl. Cy yAriaepi
3epTxaHaAbIk >kafFpariaapaa SM 3030 (A-K) >xeHe ISO 11885 saicTepiH KOAAAHA OTbIPbIN TAAAAHADI.
Herisri TarpayAap MHAYKTUBTI 6aiiAaHbICKAH MAA3MaAbIK, OMTUKAAbIK, SMUCCUSIABIK, CMIEKTPOMETPUSIHbI
(ICP-OES) KoAAaHy apKpblAbl OpbIHAAAAbBL. BypyHAY ayblAbl yyackeciHAE TeMip WMOHAAPbIHbIH, €H
>KOFapbl KOHUEHTPALMSICbl MaMblp anblHbIH OipiHWI OHKYHAIriHAE GaikaAbir, 2330 MKI/A-re >KeTTi.
Canpam aybiAbl apKbiAbl 6TeTiH OX4y 63eHIHAE A€ eH >KOFapbl KOHLEHTPALMS MaMblp aiblHbIH, OipiHLLi
OHKYHAIriHAE 6arikaaAbl. Cy opTacbiHAAFbl AACTayllibl 3aTTapAbIH MUrPaLMsIChbl TE3 XKYPEAi, COHAbIKTaH
OHbl 3epPTTeY IKOAOTUSABIK, XKaFbIHAH AQ, SKOHOMMKAABIK, TYPFbIAQH AQ 6T€ MaHbI3AbI.

TyiiH ce3aep: Tasa Cy, 63eH dKOXYMEeCi, TeEMIp MOHAAPbI, SKOAOIMSl, UHAYKTUBTI GarAaHbICKaH
MA@3MaAbIK, ONTUKAABIK, AMUCCUS CMEKTPOMETPUSICHI.
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BakMHCKMIA FOCYAQPCTBEHHbIN YHMBEPCUTET, (DaKyAbTET SKOAOMMU 1 NMoYBOBeAeHus, baky, AsepbanayaH
‘e-mail: aytan.samad@gmail.com
OHPEAe/\eHMe UOHOB )XeA€e3a B peYHbIX BOAAX
U UX BAUSSHUE Ha DKOCUCTEMY

JKeAae3o urpaet KAIOUEBYIO POAb Kak MUKPO3AEMEHT B Gu1oLeHo3ax. Ero ontmMaabHOE KOAMYECTBO
Croco6CTBYeT NPaBMAbHONM paboTe 3KOCUCTEM. B TO e Bpemsl 3arpsisHeHMe JKeAe30M, BbI3BaHHOE Aesi-
TEAbHOCTbIO YEAOBEKA, AN MCKYCCTBEHHOE BHECEHME 3TOr0 IAEMEHTA MOTyT MPUBECTU K AUCOAAAHCY
B 9KOCUCTEMAX.
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A.A. Samadova, S.R. Hajiyeva

B AaHHOW cTaTbe OblA M3yUeHO BAMSIHME MOHa >Keae3a B peke Oxuy, nMpoTekaiollen Yepes3 ceaa
BbypyHAy n Candpan, pacrionoxeHHble B AsepbaraskaHe. AMHamMKa KOHLEHTPALUMM MOHOB >KEeAe3a,
BAMSIIOLLLAS HA OMOLLEHO3, BbiAa MCCAEAOBAHA C SiHBapst no aBrycTt. GPS-koopamHaTbl MecT oT6opa npob
B peke OblAM OmnpeAeAeHbl C rnomolibio npubopa Etrex-10. O6pasubl BoAbl ObiAM MpoaHaAM3MpoBa-
Hbl B AABOPATOPHbIX YCAOBMSIX C MCTMIOAb30BaHMeM MeToA0B SM 3030 (A-K) 1 ISO 11885. OcHOBHble
aHaAM3bl ObIAU BbIMOAHEHbI C MOMOLLBIO OMNTUYECKON 3MUCCUOHHOWM CMEKTPOMETPUM C MHAYKTMBHO
cBsizaHHOM nAasmoint (ICP-OES). MakcnmanbHas KOHLEHTpaLmMs MOHOB »KeAe3a B CTBope ceAa bypyH-
Ay HabAlOAQAACh B MEPBOM Aekaae mMas u aocTurasa 2330 mkr/a. B peke Oxuy, npoTtekatoliei yepes
ceno Carichan, camast BbiCOKasi KOHLEHTPaLIMS Takoke HAabAIOAQAACh B MEPBOM AeKaae Masi. Murpauus
3arpsi3HSIOLLMX BELECTB B BOAHOM CPeAe NMPOMCXOAUT ObICTPO, MO3TOMY €€ M3yYeHne KpanHe BadkHO

KaK C 3KOAOTrMYEeCKOM, TaK M C IKOHOMMUYECKOM TOUKM 3PEHUS.
KAroueBble cAOBa: UMCTas BOAQ, peyHast 3KOCMCTEeMA, MOHbI >KeAe3a, 3KOAOMMs, ONTUYecKas SMUC-
CMOHHAg CreKTPoOMeTPUs C MHAYKTUBHO CBY43aHHOM MAA3MOMN.

Introduction

Constant monitoring of environmental pollu-
tion is of great importance in terms of its impact on
the biosphere. Pollutants can enter the food chain
in the environment and cause serious consequences.
Therefore, it is necessary to regularly monitor pollut-
ants in the environment. Chemical components have
the ability to migrate within the environment [4].
This migration occurs particularly rapidly in aquatic
environments. In this regard, continuous monitoring
of freshwater sources such as rivers, lakes, and res-
ervoirs is essential. Pollution by metals can spread
over long distances [2,8,13,19]. Therefore, rivers
are of particular importance in this context. Migrat-
ing metals can enter various biocenoses and affect
their integrity. For this reason, we have chosen iron
as our target element. Iron mainly limits the growth
of phytoplankton in aquatic ecosystems. This affects
the carbon cycle and climate change. Overall, both
phytoplankton and zooplankton are sensitive to high
concentrations of iron. The decline of these organ-
isms impacts the entire trophic chain, including fish,
amphibians, and birds. Excessive amounts of iron,
especially in water, can be toxic to certain organisms
[17,18]. It can lead to oxidative stress and cellular
damage, resulting in reduced species diversity. High
levels of iron salts (Fe** and Fe?) can alter the pH
level of water and affect the bioavailability of other
elements. This poses a risk of stress or poisoning for
fish and other aquatic organisms. Iron reacts with
oxygen to form iron hydroxide (Fe(OH),) precipi-
tates. This process reduces the amount of available
oxygen in the water, leading to oxygen deficiency
for fish and other aerobic organisms [1,3,9,11]. Iron
precipitates (rust-colored layers) accumulate at the
bottom of rivers, polluting the habitats of benthic
organisms and hindering their development. These
sediments also pose serious problems for spawning
fish, as the eggs sink and cannot develop in an ox-

ygen-deficient environment. Additionally, iron can
react with sulfides and other compounds to produce
toxic substances. These substances are directly poi-
sonous to aquatic life and can cause fatalities. As a
result, fish farm productivity decreases [12,15].

Materials and methods

Water samples were taken from the sections of
the river passing through the villages of Burunlu and
Sayifli, located in the territory of Azerbaijan. The
GPS coordinates of these locations were determined
using an Etrex-10 device. The coordinates are pre-
sented in Table 1.

Table 1 — Sampling coordinates

Areas Coordinates
Burunlu 39902'43.1" 46°44'09.0"
Shayifli 39°07'19.1" 46°34'19.7

For the determination of iron, the SM 3030 (A-
K) and ISO 11885 methods were used. SM 3030
(A-K) and ISO 11885 are standard laboratory
methods for the determination of metals and some
non-metal elements in water, wastewater, soil ex-
tracts, and other sample types. Both standards uti-
lize ICP-OES (Inductively Coupled Plasma Opti-
cal Emission Spectrometry) technology. In the
case of Inductively Coupled Plasma (ICP), plasma
is a high-temperature (approximately 6000—10000
K) ionized gas state. Argon gas (Ar) is ionized in a
plasma generator under the influence of a high-fre-
quency electromagnetic field. The high temperature
causes the atoms and ions in the sample to ionize
and transition to a high-energy state. With Opti-
cal Emission Spectrometry (OES), when atoms and
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ions of each element return from a high-energy to
a lower-energy state, they emit light (emission) at
characteristic wavelengths. The spectrometer cap-
tures this light and conducts spectral analysis. The
intensity of the emitted light is proportional to the
concentration of the element. Using these meth-
ods, elements such as Aluminum (Al), Arsenic
(As), Antimony (Sb), Bismuth (Bi), Barium (Ba),
Beryllium (Be), Calcium (Ca), Cadmium (Cd), Co-
balt (Co), Chromium (Cr), Iron (Fe), Copper (Cu),
Molybdenum (Mo), Manganese (Mn), Nickel (Ni),
Phosphorus (P), Tin (Sn), Lead (Pb), Strontium
(Sr), Zinc (Zn), Vanadium (V), Selenium (Se),
Lithium (Li), Sodium (Na), Potassium (K), Silicon
(Si), Boron (B), Titanium (Ti), Tungsten (W), and
other elements and rare metals can be determined.
ISO 11885 covers 33 elements including: Al, As,
B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, Ti, TI,
V, W, Zn, etc. The standard defines procedures for
sample preparation, calibration, quality control,
and reporting.

During the laboratory work, the following
equipment and reagents are required:

1. ICP-OES device (Plasma generator (RF gen-
erator, typically 27-40 MHz), argon gas supply
(99.999% purity), autosampler for sample injection,
optical spectrometer and detectors (CCD, PMT,
etc.), computer and software (for calibration and
data processing)).

2. Other equipment (pipettes, markers, filtration
filters (0.45 um), glass containers and materials for
chemical reactions, chemical fume hood (for protec-
tion against toxic vapors), safety equipment: gloves,
goggles, lab coats).

3. Argon gas (Ar) — high-purity for plasma.

4. Acids (ultra-pure nitric acid — HNO,, ultra-
pure hydrochloric acid — HCI).

5. Standard element solutions (commercially
produced or high-purity solutions prepared in the
laboratory).

6. Distilled or deionized water.

According to sampling procedures, clean plastic
or glass containers should be used for water analy-
sis. Samples should be analyzed as soon as possible;
otherwise, they must be stored at 2—4°C. For cer-
tain elements (such as Fe and Mn), samples are pre-
served by acidification (e.g., with HNO, to maintain
pH <2).

During the preparation procedure, if necessary,
water samples are filtered using a 0.45 pum filter.
Acid is added (typically 2 mL of HNO, per 100 mL
of sample) to stabilize metal ions, which is essential
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for preserving the sample until it is transported to
the laboratory from a distant location [7].

During ICP-OES analysis, argon gas is con-
nected to the plasma, the device is turned on, and
the plasma is stabilized (~10—15 minutes). For cali-
bration, at least a S-point standard series is prepared
(e.g., 0, 0.1, 0.5, 1, 5 mg/L). Characteristic wave-
lengths are selected for each element (according to
ISO 11885 and the device manual). A calibration
curve is created (intensity vs. concentration). The
sample is introduced into the plasma using an autos-
ampler. The emission spectrum is measured at the
appropriate wavelength for each element (for Fe,
it is 238.204 nm). Duplicate analyses (repeat mea-
surements) are performed to ensure accuracy of the
results. The concentrations are calculated using the
software. Concentration units are typically in mg/L
(for water samples).

This method can be used for monitoring the
quality of drinking water, determining the pollution
level of wastewater, environmental control of indus-
trial processes, analysis of soil and environmental
samples, and metal analysis in food products (with
appropriate sample preparation).

This method offers several advantages, includ-
ing simultaneous determination of multiple ele-
ments, high sensitivity, a wide dynamic range, au-
tomation capability, simple sample preparation (for
water samples), and a short analysis time (a few
minutes).

Thus, samples are collected in clean glass or
plastic containers, and if there is a delay, acid is
added for preservation. Then filtration, acid diges-
tion, and dilution are performed. Various concentra-
tion standard solutions are prepared next. Calibra-
tion with standards and selection of the wavelength
follow. The sample analysis involves injection into
the plasma and measurement of the emission. Af-
terwards, data processing takes place, meaning the
results are calculated using the calibration curve.
Measurements and evaluation of blanks, replicates,
and internal standards are also carried out.

Results and discussion

During the study, it was found that the iron con-
centration was high between January and August
2023. The dynamics of iron concentration changes
during this period are shown in Table 2.

The concentration dynamics of iron in samples
taken from the sections passing through Burunlu and
Sayifli villages were determined, and their graphical
representations are shown in Figures 1 and 2.
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Table 2 — Dynamics of Chenges in iron Concntration Within 2023 (January-August) in mkg/I
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12 04.05.2023 mkg/1 2330 2330
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14 24.05.2023 mkg/l 1090 946.0
15 02.06.2023 mkg/1 1810 1540
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Figure 1 — The concentration dynamics of iron ions in water samples taken from the section

of the Oxchu River passing through Burunlu village during the year 2023
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Figure 2 — The concentration dynamics of iron ions in water samples taken from
the section of the Oxchu River passing through Sayifli village during the year 2023
Conclusion studied months, the iron concentration in the river

was found to be very high. The increase of iron

Iron is an essential microelement in biosen-  levels in the river ecosystem can disturb the eco-

oses. Its balanced presence ensures the normal logical balance, make living conditions difficult

functioning of ecosystems. However, anthropo-  for organisms, and damage trophic relationships.

genic iron pollution or artificial iron additions  This can lead to serious ecological and economic
can disrupt the balance in ecosystems. During the  consequences.
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COMPREHENSIVE ENVIRONMENTAL ASSESSMENT
OF THE STATE OF GREEN SPACES
OF THE URBAN ENVIRONMENT OF THE CITY OF ATYRAU

The article presents a comprehensive ecological assessment of the urban green spaces in Atyrau,
one of the major industrial centers of Kazakhstan. The study applied modern environmental monitoring
methods, including tree and shrub inventory, evaluation of biological conditions, calculation of per cap-
ita green space availability, and determination of dust load levels. The survey revealed a total of 15587
trees and shrubs, of which 82% were classified as «healthy». The average integral biological assessment
score was 4.8, corresponding to the category of a «<healthy stand», while the vitality index calculated by
Alekseev’s methodology reached 92.3%, indicating stable functioning of urban greenery. However, the
provision of green spaces per capita was only 0.59 m?, which is significantly below the World Health
Organization standard (9 m?person) and Kazakhstan’s national standards (6—12 m?person). Further-
more, the average dust load index was recorded at 3080 mg/m?/day, exceeding the permissible limit by
more than three times. These findings highlight a contradiction between the relatively high biological
quality of green plantations and their extremely insufficient spatial availability. The authors emphasize
the urgent need for large-scale expansion of green areas, introduction of plant species adapted to arid
climates and industrial stress, implementation of innovative air purification technologies, and systematic
integration of green infrastructure into urban planning. This study holds both scientific and practical sig-
nificance as it establishes a foundation for strategies of sustainable urban development under conditions
of intensive industrial impact.

Keywords: green spaces, urban environment, dust load, biological stability, Atyrau city, ecological
state.
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ATbIpay KaAacbl KAAAAbIK, OPTACbIHbIH,
)KACbIA YKeAEKTePiHiH, )KaFAaibIH KeLLEeHA | 9KOAOTUSIAbIK, OaFaray

Makanrapa KasakcraHHbIH, eH, ipi @HepKaCinTik opTaAbIKTapbiHbiH 6ipi 60AbIN TabblAaTbiH ATbipay
KaAACbIHbIH >KaCbIA EKMEAEPIHIH SKOAOTUSIAbIK, XKaFAalblHa KelleHAl 6ara 6epiAreH. 3epTTey 6apbiCbiHAA
3KOAOTUSIAbIK, MOHUTOPUHITIH 3aMaHaym SAICTEPI KOAAAHBIAbIMN, aFallTap MeH OyTaAapAbIH TYreHAeyi,
OAAPABIH OMOAOTMSIABIK, XKaFAalblH GaraAay, >kaH 6acblHa WAKKAHAAFbl KOraAAAHABIPY ThIFbI3AbIFbIH
ecernTey >XaHe LLaH XYKTEMECiHIH AeHIeliH aHbIKTay Xy3ere acbipbiAAbl. HaTnxxeciHAe Kaaa ayMaFbiHAQ
15587 araw neH 6yTa TipKeAAi, oAapAbliH 82%-bl «Cay» CaHaTbliHa XXaTaAbl. BMOAOTMSIAbIK, GaFarayAblH
MHTErpaAAbIK, kepceTkilli 4,8 GaaAbl Kypaabl, OYA «Ccay OpMaH» AEHreiiHe Corkec KeAeai. AAekcees
aAicTemeci OOMbIHLLA >KACbIA EKMEAEPAIH opTalla emMipleHAIK MHAeKC 92,3% kypaabl. AereHmeH
KaAa TYPFbIHAAPbIHbIH >KaCbIA afiMaKTapMeH KamTamacbi3 eTiayi Heboapi 0,59 M¥/apaam aeHreniHae, OyA
AYHMEXY3IAIK AEHCayAbIK, CaKTay YiMbIMbIHbIH (9 MYaaam) >keHe Ka3akcTaH YATTbIK, CTaHAQPTTaPbIHbIH
(6—-12 m*apam) HopmaAapblHaH arTapAbikTar TemeH. COHbIMEH KaTap LaH >KyKTeMeCiHiH opTalla
kepceTKiwwi 3080 Mr/M?/TayAikke >KeTin, pyKcaT eTiAreH AeHreMAeH Yyl eCeAeH acTam achin TYCTi.
OcblAaniiLa 3epTTeYy HOTUXKEAEPI >KACbIA EKMNEAEPAIH BMOAOTUSIABIK, >KaF AQMbIHbIH, XKOFapbl A€Hreii MeH
OAAPAbIH KEHICTIKTe XXeTKIiAIKCi3 KaMTamMachI3 eTiAyi apacbiHAAFbl KAapaMa-KanLUbIAbIKTbl @K bIHAAMADI.
ABTOpAApP >acblA KOPAbl KEHEMTY, KypfakK KAMMaTKa OemiMAEAreH OCIMAIKTEpPAI eHrisy, ayabl
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3y, ayaHbl Ta3apTyAblH MHHOBALMSABIK, TEXHOAOTMSIAQPbIH MalAAAaHY >K&HEe >KaCbIA MH(PPaKYPbIABIMAbI
KAAa KYPbIAbICbI CasicaTblHA XXYMeAl TYPAE eHri3y KQXKeTTIriH atarn kepceTeai. ByA >XyMbIC FbIAbIMM TYyp-
FbIAQH AQ, TOXIPMOEAIK TYPFbIAAH Ad MaHbI3AbI, cebebi KapKbiHAbI ©HEPKACIMNTIK 8cep XarAarblHAAFbI
yp6aHU3aUMIAQHFAH ayMaKTapAblH OPHbIKTbI AQMYbl YLLUiH CTPATErMSIAbIK, HEri3 KaAaiAbl.

TyHiH ce3aep: XacblA KeAeKTep, KAAAAbIK, OpTa, LWAH XXYKTEMECi, BMOAOTMSIAbIK, TYPAKThIAbIK,
ATbIpay KaAacbl, 3KOAOTUSIABIK, >KaFAdi.
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KomMmnAeKkcHasi 5KOAOrMYecKasi OLLeHKa COCTOSIHUS 3eA€HbIX HaCaXKAeHHUM
ropoACKO# cpeAbl ropoaa ATbipay

B cratbe npeacTaBAeHa KOMMAEKCHAS 3KOAOrMYEeCcKas OLEeHKA COCTOSHMS 3€AEHbIX HACAKAEHWUI
ropoaa ATbipay, OAHOIO M3 KPYMHEMLIMX NPOMbILLIAEHHbIX LeHTpoB Ka3saxcTaHa. MccaeaoBaHme npo-
BEAEHO C MPUMEHEHMEM COBPEMEHHbIX METOAOB 3KOAOMMYECKOrO0 MOHWMTOPMHIA, BKAIOYAIOLMX WH-
BEHTapMU3aLMIO AEPEBbEB M KYCTAPHUKOB, OLLEHKY MX GMOAOMMYECKOrO COCTOSIHMS, PacyeT MAOTHOCTH
03EAEHEHMsI Ha AYLLY HACEAEHWS M OMPEAEAEHME YPOBHSI MbIAEBOM Harpysku. 1o pesyAbTaTam 06-
CAEAOBaHUS YCTAHOBAEHO, UTO 00Lee KOAMYECTBO MCCAEAOBAHHbIX 3€AEHbIX HACaXKAEHWIA COCTaBASIET
15 587 3Kk3eMNAgpOB, 13 KOTOPbIX 82 % OTHOCATCS K KaTeropuu «3A0poBble». CpeAHNI MHTErpaAbHbIn
nokasateAb GMOAOrMYECKON OLeHKM COCTaBuA 4,8 6aAaAa, UTO COOTBETCTBYET KaTeropmu «3A0pPOBbI
APEBOCTOM», @ MHAEKC >KM3HEHHOr0 COCTOSIHMS MO MeToAMKe AAekceeBa AoCTUr 92,3 %, uTo yka-
3blBaeT Ha yCTONYMBOE (PYHKLIMOHMPOBaHWE HACaXXAeHWI. BMecTe ¢ TeM o6ecrneyeHHOCTb HaceAeHUs!
3eAEéHbIMKM 30HaMM B TOpoAe cocTaBmaa Bcero 0,59 M? Ha YeAoBeKa, YTO 3HAUUTEAbHO HUXKE HOpMaTh-
BOB BcemupHoi opraHmsaummn 3apaBooxpaHenis (9 M*4eA) 1 HauMOHaAbHbIX CTaHAapToB KasaxcraHa
(6—12 m*/4en). Kpome TOro, MHAEKC MbIAEBOW HAarpy3ku MPEBbICUA AOTYCTUMbIE 3HaUYeHns 6oaee Yem B
Tpu pasa n coctaBuA 3080 Mr/m*/cyTku. Taknmm 06pas3oM, NMOAYUEHHbIE PE3YAbTaTbl BbISIBASIOT NPOTUBO-
peune MexKAY BbICOKMM KaueCTBOM OMOAOTMYECKOro COCTOSIHMSI 3eAEHBIX HACAXKAEHUI M MX KparHe
HM3KOWM MPOCTPAHCTBEHHOM 06ECMEYEHHOCTBIO. ABTOPbI MOAYEPKMBAIOT HEOBXOAMMOCTb MacLITabHOro
pacLuMpeHnst 3eAEHOro (hoHAQ ropoAa, MCMOAb30BaHMS AAAMTMPOBAHHBIX K 3aCYLUAMBOMY KAMMATY M
TEXHOTeHHbIM YCAOBMSIM BUAOB PAaCTEHWUI, BHEAPEHMS MHHOBALIMOHHBIX TEXHOAOTMI OUMCTKM BO3AYXA
M CUCTEMHOIO BKAIOYEHWNS 3eAEHON MH(PPACTPYKTYpPbl B NPOLIECChbI TPAAOCTPOUTEABHOIO NAAHMPOBA-
Hus. PaboTa MMeeT Kak HayyHoe, Tak M MpaKTMUYecKoe 3HauyeHue, Tak Kak (hOpMUMPYeT OCHOBY AAs
pa3paboTKu CTpaTerunii yCTOMYMBOrO pasBUTUs YPOAHM3MPOBAHHbBIX TEPPUTOPUIA B YCAOBMSIX MHTEH-
CMBHOIO NMPOMbILUAEHHOrO BO3AENCTBUSI.

KAtoueBble CAOBa: 3eAéHble HAaCaXXAEHUSs, TOPOACKAst CPeAd, MblAeBasl Harpyska, buoaormyeckas
YCTOMUMBOCTb, FOPOA ATbIPAy, S3KOAOTMUYECKOEe COCTOSIHUE.

Introduction

The city of Atyrau is one of the largest industrial
centers of Kazakhstan and is subjected to signifi-
cant anthropogenic pressure, which is reflected in
its green plantations. The intensive development of
the oil and gas industry is accompanied by environ-
mental problems, particularly within the urbanized
environment. However, the combined effects of
intensive industrial growth and climatic conditions
(aridity, wind erosion) exert substantial pressure on
the urban ecological system, particularly on green
plantings. Green zones play a crucial role in improv-
ing the microclimate, reducing air pollution, provid-
ing noise insulation, and ensuring recreational func-
tions. The reduction of green areas, the high levels

of dust, gas emissions, and soil contamination lead
to vegetation degradation.

Currently, the ecological assessment of green
plantations in the urban environment of Atyrau re-
quires a multidimensional analysis that considers
biodiversity, ecosystem services (such as air and
water purification), urban planning, and sustainable
development goals. Urban green zones represent a
diverse spectrum of vegetated areas embedded with-
in the urban fabric and constitute essential compo-
nents of the city’s ecological infrastructure. These
green areas can be categorized into various types,
such as parks, green belts, street tree corridors, gar-
dens, urban forests, and blue—green zones that incor-
porate water bodies and vegetation. Each type pos-
sesses unique spatial and functional characteristics,
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contributing differently to ecological processes and
human well-being. For instance, parks often serve
multifunctional purposes, including recreation, hab-
itat provision, and microclimate regulation, whereas
green belts typically function as ecological buffers
surrounding urban territories, limiting urban sprawl
and maintaining biodiversity.

The spatial scales of these green plantations
vary considerably, ranging from small parks and
street vegetation to extensive urban forests and ri-
parian corridors. This heterogeneity underscores the
importance of understanding not only the quantity
but also the quality and connectivity of green plant-
ings for maintaining the ecological integrity of the
city. As urban ecosystems, green plantations form
vital nodes in the broader ecological matrix, provid-
ing ecosystem services such as habitat connectivity,
nutrient cycling, and climate regulation. Their typo-
logical and spatial diversity affects their ecological
functioning and the breadth of benefits they can of-
fer both to urban residents and to wildlife [1].

The ecological assessment of urban green plan-
tations is inherently complex due to the heteroge-
neity and multifunctionality of urban landscapes.
Unlike natural ecosystems, urban green plantings
constitute a mosaic of built and unbuilt elements, re-
sulting in considerable variability in their ecological
structure and functioning. This complexity compli-
cates the development of standardized assessment
systems that would effectively account for both the
biophysical attributes and the social dimensions of
green plantation quality. Moreover, green planta-
tions often serve multiple and sometimes conflicting
purposes, ranging from biodiversity conservation to
recreation, which complicates their evaluation from
a single ecological perspective.

One of the most essential services of urban
green plantings is climate regulation, where green
zones significantly contribute to mitigating the ur-
ban greenhouse effect through mechanisms such as
evapotranspiration and shading provided by vegeta-
tion. Trees and green areas help regulate surface and
air temperatures, thereby improving urban thermal
comfort, reducing energy consumption for cooling,
and enhancing overall livability.

Air purification represents another critical eco-
logical function delivered by green plantations.
Vegetation acts as a filter by absorbing gaseous
pollutants (e.g., nitrogen dioxide, carbon dioxide)
and particulate matter, improving urban air quality
and thus benefitting the population. These purify-
ing functions are strongly dependent on the type,
density, and condition of vegetation within green
plantations. Additionally, urban green plantations
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contribute to biodiversity conservation by provid-
ing habitats and resources essential for various spe-
cies, including pollinators and wildlife. They serve
as refuges, stepping stones, and ecological corridors
that support ecological connectivity in highly frag-
mented urban landscapes.

Urban green zones, including parks, street trees,
and landscaped areas, are vital for ecological sta-
bility, public health, and the resilience of cities in
Kazakhstan. Such zones reduce air pollution, miti-
gate greenhouse effects, and maintain biodiversity.
Green infrastructure is recognized as an integral
component of ecological security and sustainable
urban development at the national level, although
cities in Kazakhstan still face serious challenges as-
sociated with air and soil quality, infrastructure, and
overall environmental sustainability [2].

Contemporary models of ecological assessment
of urban green plantations often rely on quantita-
tive indices that predominantly reflect the amount
of greenery rather than its quality or functionality.
Such indices may fail to account for critical eco-
logical characteristics, including habitat suitability,
species diversity, and ecosystem processes, which
limits their effectiveness in comprehensive evalua-
tions [3]. Quantitative indicators of the structure of
green plantings and landscape features play a deci-
sive role in ecological assessments. Key indicators
include green area per capita, proximity to green
plantations, accessibility measures within walking
distance (e.g., buffer zones of 300-500 meters), and
the percentage of green cover within residential ar-
cas. These indicators assess spatial equity and the
functional accessibility of green plantations for ur-
ban inhabitants [4].

Assessments of the resilience of major cities
in Kazakhstan, including Atyrau, demonstrate that
they possess only moderate resilience, with none
of them achieving the highest resilience thresholds.
This is largely due to the pressures associated with
rapid industrial development, urbanization, and en-
vironmental management systems, which are still in
the process of formation [5].

Green zones in the harsh climatic and indus-
trial conditions of Atyrau typically require careful
plant selection and continuous maintenance. Re-
search conducted in the border regions of the area
recommends incorporating plant species adapted to
arid climates and environmental stressors, as these
species are best suited for survival, stabilizing the
microclimate, and sustaining ecosystem productiv-
ity [6].

Cities in Western Kazakhstan exhibit varying
but often elevated levels of air pollution due to in-
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dustrial activities. Urban vegetation, particularly
dense and diverse plantations of trees and shrubs,
has been shown to reduce air pollution by particu-
late matter, although empirical data for Atyrau re-
main lacking. Innovative approaches, such as the
installation of moss-based biofilters, have demon-
strated effectiveness in other Kazakhstani cities and
could be implemented in Atyrau as a supplement to
traditional green infrastructure [7].

The city of Atyrau is located in the European
part of Kazakhstan and serves as the administra-
tive center of the Atyrau Region. It is situated in
the western part of the country, on the banks of the
Ural River, and represents one of the largest cities
of Western Kazakhstan. Atyrau is a major industrial,
economic, and scientific-technical hub of the region.

The climate of the city is classified as semi-
arid, characterized by hot, long, and dry summers
and cold, short winters. The average temperature of
the coldest month, January, is —6.4 °C, whereas the
hottest month, July, averages +27.4 °C. The mean
annual precipitation is approximately 190 mm [16].

As a large city in the oil-rich western region of
Kazakhstan, Atyrau is currently exposed to inten-
sive anthropogenic pressure. Oil and gas explora-

tion, infrastructure expansion, and related industrial
activities have exerted significant impacts on soil,
water, and local ecosystems. These impacts include
increased chemical contamination of soils, altera-
tions of hydrological regimes, as well as the reduc-
tion of diversity and productivity of plant and ani-
mal populations [8]. Such factors directly threaten
the quality and functioning of urban green areas in
Atyrau, diminishing their capacity to provide essen-
tial ecosystem services.

Materials and methods

At the first stage of the research, an inventory of
the number of green trees in the city of Atyrau was
conducted, and the conditions of their habitat were
assessed. In the spring—summer period of 2025, a
total of 12,611 trees and shrubs were studied along
Satpayev Avenue, within five parks (Victory Park,
Nursaya, Dostyk, Zhastar, and Almagul), and along
the Kurmangazy Alley.

The inventory work on the green plantations of
Atyrau was carried out by the research team of the
scientific project in three microdistricts of the city
(Nursaya, Avangard, and Zhilgorodok) (Figure 1).
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Figure 1 — Parks and Avenues of the City of Atyrau
1 — Zhenis Park, 2 — Dostyk Park, 3 — Nursaya Park, 4 — Zhastar Park,
5 — Kurmangazy Alley, 6 — Satpayev Avenue, 7 — Almagul Park
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At the second stage, the study was conducted
within the aforementioned green areas of Atyrau
city in order to provide a comprehensive assessment
of the state of the urban green infrastructure, its per
capita density, the level of dust load, and the bioeco-
logical condition of tree plantations. The research
employed widely accepted methods of environmen-
tal monitoring developed by foreign and domestic
authors (SOST 17.5.3.01-83; Huili Xie et al., 2023;
Yusupov, 2008; V.A. Alekseev, 2013).

The per capita density of green plantations (D,
m?/person) was calculated using the formula pro-
posed in the methodological guidelines for the eco-
logical standardization of green areas and in several
works of foreign researchers [9,10]:

— SEFEE‘R (1)
N
where,
S — the total area of green plantations, m?

green

(determined using remote sensing data, cartographic
materials, and field surveys);

N — the population of the city of Atyrau, persons
(statistical data for 2024). According to the Bureau
of National Statistics of the Republic of Kazakhstan,
the population of Atyrau in 2024 amounted to 324
682 inhabitants [11].

The calculation of the dust load index (P)) was
carried out according to formula (2), using filters for
dust collection at exposure stations:

Py
P Sxt @
where,

Po — the mass of dust deposited on the filter, mg
(determined by the gravimetric analysis method);

S — the area of the filter (m?);

t — the duration of exposure, expressed as the
number of days from the beginning to the sampling
time.

In practice, the following gradation of average
daily dust load is applied: less than 250 — low level
of pollution; 251-450 — medium; 451-850 — high;
more than 850 — very high [12].

The biological assessment of the green planta-
tions in the parks and alleys of Atyrau was conduct-
ed according to formula (4), which is based on the
plant vitality scale:

B — L (K;xDy)

A

“
where,
B — the integral biological assessment of planta-

tions (in points);
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K. — the number of trees according to the vitality
assessment scale;

D, — the vitality score of the trees;

A — the total number of surveyed trees.

The vitality assessment scale of trees was carried
out by visual evaluation based on external features
and was assessed according to the following crite-
ria: 5 points — healthy trees, 4 points — weakened,
3 points — severely weakened, 2 points — declining
trees, and 1 point — deadwood.

The indicator B for the biological assessment of
green plantations was ranked according to Table 1.

Table 1 — Biological condition of green plantations

Value of B Category of tree condition
<45 Healthy stand
3,5-4,49 Weakened stand
2,5-3,49 Severely weakened plantations
1,5-2,49 Declining green plantations
0-1,49 Dead green plantations

To assess the vitality of tree plantations, the
methodology of V.A. Alekseev [13] was applied:

100n{+70n,+40n3+4n
L = 1 ; ST B

where,

L — the relative vitality of the stand, calculated
by the number of trees;
n, —number of healthy trees;
,— weakened trees;
n, — severely weakened trees;

n,— declining trees;

N — the number of trees within the sample plot
[14, 15].

The obtained data were statistically processed
using the computer software MS Excel 2020 and
Statistica 8.0.

Results and discussions

The results of the study demonstrate a systemic
ecological problem of insufficient urban greening.
The low level of green space density per capita,
combined with the high dust load, creates an unfa-
vorable ecological situation, particularly in the cen-
tral and industrial districts of the city.

In the course of the conducted research, a com-
prehensive assessment of the state of green plan-
tations in the city of Atyrau was carried out using
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three key parameters: the density of green spaces per
capita, the level of dust load, and the bioecological
condition of trees according to the aforementioned
methodologies.

As of today, according to our conducted re-
search, the total volume of green areas in the inves-
tigated territories amounts to 193.0 thousand linear
meters. According to the dendrological plan of the

Table 2 — Condition of Trees in the Investigated Territories

city of Atyrau, a total of 133 thousand trees have
been recorded within the city (excluding the private
sector).

Within the studied territories of Atyrau (parks,
alleys, and avenues), 15587 trees and shrubs were
found. All tree species growing in the investigated
territory of the city belong to species resistant to air
pollution (Table 2).

Tree Condition Class Total
ota
Healthy Weakened Severely weakened Dying back Standing deadwood
12780 2650 106 38 13 15587

According to the obtained data, the majority
of tree plantations in the investigated territories of
the city of Atyrau belong to the “healthy” condition
class, comprising 12,780 trees (82%). The “weak-

ened” category includes 2,650 trees, accounting for
17%. The remaining 1% consists of severely weak-
ened trees (106), Dying back trees (38) and standing
deadwood (13) (Figure 2).

= Healthy

B \Weakened

m Severely weakened

m Dying back

Standing deadwood

Figure 2 — Categories of Tree Vitality Status

Within the framework of the survey, a total of
15587 trees of various species (poplar, elm, maple,
and others) were recorded. The visual assessments
of the biological condition of the trees were distrib-
uted according to the evaluation scale as follows:
5 points (healthy) — 82% of trees, 4 points — 17%,
3 points (moderate condition) — 0.6%, 2 points —
0.3%, and 1 point (deadwood) — 0.1%.

The integral biological assessment index of
green plantations (B), which represents the cumu-
lative value of B and characterizes the ecological
condition of trees, was calculated using formula (4).
According to the performed calculations, the biolog-
ical assessment index of green plantations in the city
of Atyrau equals B = 4.8, which corresponds to the
category of a “healthy stand.” Thus, more than 82%
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of the trees are in a healthy condition, indicating a
satisfactory state of the city’s green plantations.

According to the results of the conducted
analysis, the total area of the surveyed urban
green territories amounted to 192183 m?, while
the population of Atyrau, according to the Bureau
of National Statistics of the Republic of Kazakh-
stan, was 324682 people in 2024. The standard of
green space area in cities established by the World
Health Organization (WHO) is 50 m? of urban
green plantations per inhabitant. Cities where veg-
etation covers less than 10% of the total area are
considered poor in terms of greening, while those
with 40-60% coverage are considered favorable.
Accordingly, the availability of green spaces per
capita in Atyrau amounts to D = 0.59 m*/person.
This value is significantly below the WHO mini-
mum recommendation of 9 m?person, as well as
the Kazakhstani standard of 612 m?/person. This
indicates an acute deficit of green spaces and high-
lights the necessity of intensified measures for the
expansion of the city’s green fund, particularly in
areas with high residential density.

The calculation of the dust load index (P ) was
carried out according to formula (2) using filters
for dust collection at control sites. At seven control
sites (Satpaev, Azattyk, Elorda, Utemisov, Abali,
and Auezov avenues, and Taumanov street), filters
with an area of S = 0.01 m? were installed, with an
exposure period of five days. The average mass of
dust deposited on the filters was m = 154 mg. Ac-
cordingly, the average dust load index amounted

to P = 3080 mg/m?*day. This level of dust load
is classified as high, particularly in the vicinity of
heavily trafficked transport routes (Elorda, Azattyk
avenues, and Taumanov street). The WHO standard
for residential areas should not exceed 1000 mg/m?*/
day. This confirms the necessity for the expansion
of buffer green plantations and the introduction of
dust-trapping systems, especially in areas with high
traffic intensity.

For the assessment, the methodology of V.A.
Alekseev, based on a point-scale system, was ap-
plied. The following categories of tree conditions
were identified in the parks, alleys, and avenues of
Atyrau (Table 3, Figure 3).

According to formula (3), calculations were per-
formed to assess the ecological condition of trees in
the parks, alleys, and avenues of the city of Atyrau
(Table 4).

As a result of the conducted studies on the con-
dition of green plantations in different zones of the
city, the values of the vitality index (L) were obtained
according to the methodology of V.A. Alekseev for
seven sites: Dostyk Park, Zhenis Park, Nursaya
Park, Zhasstar Park, Almagul Park, as well as the
greened areas along Satpayev Avenue and the Kur-
mangazy Alley. The L values ranged from 89.0% to
95.9%, with an average value of 92.3%. According
to Alekseev’s classification, the range of 100-80%
corresponds to the category of “healthy” or “good”
condition of plantations, reflecting a high level of
physiological activity, balanced growth processes,
and the absence of pronounced signs of suppression.

Table 3 — Condition of Trees in the Parks, Alleys and Avenues of the City of Atyrau

Study sites Healthy trees Weakened trees Severely weakened trees Dying trees
Dostyk Park 852 344 19 2
Zhenis Park 5659 805 18 16

Nursaya Park 498 148 15 3
Zhasstar Park 3598 602 16 11
Almagul Park 538 262 11 5
Satpaev Avenue 1125 356 14 8
Kurmangazy Alley 510 133 13 6
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Figure 3 — Vital status of green plantations in the park areas of the city of Atyrau

Table 4 — Relative vital status of trees in the city of Atyrau

Ne Study sites Vital status, L
1 Dostyk Park 90,4

2 Zhenis Park 95,9

3 Nursaya Park 91,5

4 Zhasstar Park 95,3

5 Almagul Park 89,0

6 Satpaev Avenue 91,8

7 Kurmangazy Alley 91,9

- Cpennuii mokasareib 92,3

The analysis showed that all surveyed sites fall
into the “healthy” category. The highest index val-
ues were recorded in Zhenis Park (95.9%) and Zhas-
star Park (95.3%), which can be considered as an
indication of an almost optimal state of tree stands.
Slightly lower, but still high values were observed
in Nursaya Park (91.5%), Dostyk Park (90.4%),
along Satpayev Avenue (91.8%), and Kurmangazy
Alley (91.9%). The minimum value was recorded
in Almagul Park (89.0%); however, even this re-
sult significantly exceeds the threshold of transition
into the “weakened” category, indicating the over-
all resilience of the plantations. The low range of
variation (6.9%) and the small standard deviation
(around 2.3%) indicate the uniformity of the condi-

tion of green plantations across all studied sites. A
coefficient of variation of about 2.5% confirms that
the differences between sites are minimal and local
in nature.

From a physiological perspective, such values
of the vitality index L indicate a high level of
photosynthetic activity of the trees, sufficient
accumulation of assimilates, and a balance in
growth and development processes. The tree
crowns, as reflected by the integral assessments,
possess a significant assimilation surface, ensuring
the full performance of ecological functions—from
carbon dioxide absorption and oxygen release
to dust filtration and the mitigation of the urban
microclimate. The absence of sharp differences
between sites suggests that during the study period,
plantations were not significantly affected by mass
infestations of phytopathogens or insect pests,
prolonged periods of extreme weather conditions, or
considerable anthropogenic impacts.

Thus, the obtained results make it possible to
characterize the condition of green plantations in the
surveyed sites as consistently good, without signs of
systemic decline in vitality. This confirms that the
ongoing maintenance measures—sanitary pruning,
pest control, and regular irrigation—are generally ef-
fective and ensure the maintenance of high vitality
indicators. At the same time, it is advisable to con-
tinue regular monitoring to timely detect possible
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negative changes, while for sites with a relatively
lower index value (e.g., Almagul Park), a detailed
survey is recommended to identify local factors that
may influence the condition of the trees.

Overall, according to the methodology of
V.A. Alekseev, the vitality status of plantations in
the studied sites can be confidently classified as
“healthy,” which is a positive indicator of the stabil-
ity of the urban ecosystem and testifies to its ability
to effectively perform environmental, aesthetic, and
recreational functions.

Conclusion

A comprehensive study of the condition of
green plantations in the city of Atyrau has revealed
both positive trends and serious environmental chal-
lenges requiring systemic solutions. Atyrau is a ma-
jor industrial center of Kazakhstan, where the high
concentration of oil and gas production facilities, in
combination with unfavorable climatic conditions—
aridity, wind erosion, and low water availability—cre-
ates a significant anthropogenic burden on the urban
ecosystem. Under these conditions, green planta-
tions play a crucial role in stabilizing the urban envi-
ronment: they regulate the microclimate, purify the
air from gaseous emissions and dust, reduce noise
pollution, support biodiversity, and provide essen-
tial recreational functions. However, despite these
advantages, the provision of green space per capita
in Atyrau was found to be extremely low—only 0.59
m? per person, which is substantially below both
the minimum standard recommended by the World
Health Organization (9 m*person) and the national
standard of Kazakhstan (6—12 m?/person). This defi-
cit of green areas objectively indicates an acute eco-
logical imbalance and the necessity for large-scale
expansion of the city’s green fund.

At the same time, the conducted inventory dem-
onstrated that the qualitative condition of the exist-
ing trees and shrubs can be assessed as satisfactory.
More than 82% of all surveyed trees fall into the
“healthy” category, while the integral biological as-
sessment amounted to 4.8 points, corresponding to
the state of a “healthy stand.” According to Alek-
seev’s methodology, the average index of tree vital-
ity was 92.3%, which also indicates a high physi-
ological resilience of trees and their ability to fully
perform ecological functions. Particularly favorable
conditions were observed in Zhenis and Zhasstar
parks, where index values exceeded 95%, which
may be interpreted as an almost optimal condition
of tree stands. At the same time, in some zones, such
as Almagul Park, the values were somewhat lower,
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which necessitates local diagnostics and additional
care measures.

A serious threat to the city’s ecosystem remains
the elevated dust load, the average value of which
amounted to 3080 mg/m?/day, three times higher
than the maximum permissible level established by
the World Health Organization (1000 mg/m?*day).
The highest concentrations were recorded along
busy traffic arteries, indicating the urgent need for
the development of green buffer zones and the im-
plementation of additional dust-capturing technolo-
gies. Such a load creates an unfavorable sanitary and
hygienic background, increases health risks for the
population, and accelerates the degradation of the
urban environment.

Thus, the current condition of green plantations
in Atyrau is contradictory: on the one hand, the ex-
isting trees demonstrate high vitality, confirming
the effectiveness of ongoing maintenance measures
(sanitary pruning, irrigation, pest protection); on
the other hand, the catastrophically low density of
green space and critically high dust load objectively
undermine the ecological stability of the urban en-
vironment. The scientific and practical significance
of this study lies in demonstrating the necessity of a
comprehensive approach to the assessment of green
infrastructure, which should take into account not
only quantitative indicators of area but also qualita-
tive indices of vitality and ecosystem services.

To improve the situation in the future, large-scale
measures are required: the expansion of green areas
through the establishment of new parks, boulevards,
and green corridors; the introduction of tree and shrub
species resistant to arid conditions and industrial
stress, including xerophytes; the application of in-
novative biotechnologies for air purification, such as
moss-based filters; systematic ecological monitoring
of the condition of green zones and dust load levels
using remote sensing and bioindication methods; and
the integration of “green infrastructure” principles
into the city’s urban planning strategy.

Overall, the results obtained allow us to con-
clude that the green plantations of Atyrau are in a
paradoxical state—biologically resilient yet spatially
insufficient. This means that, with proper care, the
existing trees continue to fulfill their functions, but
the overall ecological security of the city cannot be
ensured without an increase in green space and a
reduction in technogenic pressure. Only the com-
bination of traditional landscaping practices with
modern ecotechnologies and a comprehensive urban
policy can form a sustainable and environmentally
balanced urban environment, ensuring the health
and well-being of the population.
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AHAAU3 BAUAHUA TEHETUHECKUX TOAMMOP®U3MOB
M KOHUEHTPALUUUN PM, ,, CO U SO, HA PUCK PA3BUTHA
bPOHXMAABHOU ACTMbI Y XXUTEAEN TOPOAA AAMATDI

OkonAo 91% HaceAeHUsi NAQHETbI MPOXKMBAET B PErMOHaX C YPOBHEM 3arpsi3HeHUsl BO3AYXa, NMPeBbl-
LWAWKUM HOpMbl BcemMupHo opraHusanmm 3apaBooxpaHeHust. Bo3aericTeme 3arpsi3HEHHOro Bo3ayxa
MPM3HAHO 3Ha4YMMbIM (DAKTOPOM prCKa OPOHXMAAbHOM acTMbl. B KasaxcraHe ypoBeHb 3a6oAeBaeMoOCTH
BA NpoAOAXKaET pacTu, 1 yXyALLEHNE SKOAOTMHYECKON 0OCTAHOBKM BHOCUT 3HAUMTEAbHbIN BKAAA B 3TY
TeHAEHUMIO. MiccaeaOBaHMS Ha OAMBHELLAX MOKa3aAM, YTO HAaCAeAYyeMoCTb bA aocturaet 70%. Hapsiay
C 3TUM BaXKHYIO POAb UIPAIOT U BHelHWe (DAaKTopbl, BKAIOUas KayecTBO Bo3ayxa. O AHOHYKAEOTUAHbDIE
noamopdmambl (SNPs), BbisiBasiemble meTopom GWAS, noMmoraloT yCTaHOBUTb FreHEeTUUECKYo MpeA-
PacrnoAO>KeHHOCTb K BA 1 oueHnTb BAMSIHME (DAKTOPOB OKpPY>KAloLLer CpeAbl, TakMX 3arps3HUTeAein
Bo3ayxa Kak PM, ., CO 1 SO,

LleAblo HacTosWEro MCCAEAOBAHNS SIBASIETCS @aHAAM3 OAHOHYKAEOTUAHBIX MOAMMOP(M3MOB, CBSI-
3aHHbIX C OPOHXMAABHOM aCTMOM, M MX B3aMMOAENMCTBMS C 3arPSA3HUTEASIMM aTMOCEPHOro BO3AyXa
y Xuteaen roposa Aamarbl. B nccaeaoBaHmne BkaloUeHbl naumeHTbl ¢ BA 1 3A0poBble AOBPOBOABLIbI;
NPOBEAEHO MUKPOUMIMOBOE FEHOTUMMPOBAHUE 1 COOP AQHHbIX O 3arpsi3HEHMM BO3AYXA B TEUEHNE CEMM
mecsues. Hanboaee BbipaXkeHHbIe 3aLMTHbIE accoumaumm ObIAM BbISBAEHbI AAd 1s3117098 (TSBP-AST,
OLLI=0.39, p=0.000), Toraa kak rs2844510 (LINC0O1149, OLL1=2.00, p=0.047) n aBa noAnmopcu3s-
ma B HLA-DRA/TSBP1-AST (rs9268516, rs3763309) acCOUMMPOBAAMCH C MOBbLILLEHHBIM PUCKOM, MPU-
yém Bo3aencTeue CO 3HAUMTEABHO YCUAMBAAO reHeTndeckuin addekT aag rs3763309 (OLL=2.96,
p=0.002) nrs9268516 (OLLI=2.10, p=0.004), Toraa kak B3ammopenctemns c PM2.5 n SO2 okazaaucb
CTaTUCTUYECKU 3HAYMMbIMM, HO CAAObIMU.

ITO nepBoOe UCCAEAOBaHME, HaNpPaBAEHHOE Ha BbISIBAEHME aCcCOUMALIMM MEXAY FeHeTUYEeCKMMM Ba-
pyaumamm, CBA3aHHbIMM C BA 1 KOHUEHTpaumen 3arpsisHUTEAel Bo3Ayxa B AAMaTbl C aKLLEHTOM Ha
Kazaxckoe HaceAeHue. [MOoAyYeHHble AAHHbIE MO3BOAST YIAYOUTb MOHMMAaHME MEXaHM3MOB Pa3BUTUS
BA 1 cnoco6cTBOBaTL PA3BUTMIO NEPCOHAAM3MPOBAHHBIX MOAXOAOB K AMArHOCTUKE M MPOGMAAKTHKE.

KAtoueBblie cAoBa: 6pOHXMaAbHAsS aCTMa, 3arpsi3HEHUE CPEAbl, OAHOHYKAEOTUAHDIN MOAMMOPM]U3M,
reHOTUMMPOBaHMeE.
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K. Yergali', L.Z. Musralina', A.A. Garshin', L.B. Djansugurova’,
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Analysis of the impact of genetic polymorphisms and concentrations
CO, and SO, on the risk of developing bronchial asthma among residents
of Almaty city

of PM

2.5/

Approximately 91% of the world’s population lives in regions where air pollution levels exceed the
limits set by the World Health Organization. Exposure to polluted air is recognized as a significant risk
factor for bronchial asthma (BA). In Kazakhstan, the prevalence of BA continues to increase, and worsen-
ing environmental conditions make a substantial contribution to this trend. Twin studies have shown that
the heritability of BA reaches up to 70%. At the same time, external factors including air quality also play
an important role. Single nucleotide polymorphisms (SNPs) identified through genome-wide association
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studies (GWAS) help determine genetic predisposition to BA and assess the influence of environmental
factors such as air pollutants PM, ., CO, and SOs.

The aim of this study is to analyze SNPs associated with bronchial asthma and their interaction with
atmospheric air pollutants among residents of Almaty. The study included patients diagnosed with BA
and healthy volunteers; microarray genotyping was performed, and air pollution data were collected
over a seven-month period. The most pronounced protective association was identified for rs3117098
(TSBP-AS1, OR=0.39, p=0.000), whereas rs2844510 (LINCO1149, OR=2.00, p=0.047) and two
polymorphisms in the HLA-DRA/TSBP1-AST region (rs9268516, rs3763309) were associated with in-
creased risk. Notably, CO exposure significantly enhanced the genetic effect of rs3763309 (OR=2.96,
p=0.002) and rs9268516 (OR=2.10, p=0.004), while the interactions with PM, , and SO: were statisti-
cally significant but weak.

This is the first study aimed at identifying the association between asthma-related genetic variations
and air pollutant concentrations in Almaty, with a focus on the Kazakh population. The findings will
contribute to a deeper understanding of the mechanisms underlying BA development and support the
advancement of personalized approaches to diagnosis and prevention.

Keywords: bronchial asthma; environmental pollution; single nucleotide polymorphism; genotyp-

ing.
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PM, , CO xaHe SO, KOHLLEHTPALMSAAPbIHbIH, 9CEPiH Tarpay
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OAEMHIH, WamameH 91% XaAKbl AYHMEXY3IAIK AeHCayAbIK, CakTay YMbIMbIHbIH, (AAY) HOpMaAapbl-
HaH acblIn TYCETiH aya canacbl TOMEH alMakTapAa TypaAbl. AacTaHFaH ayaHblH 9cepi HPOHX AeMiKMneci
(BA) AamMyblHA@Fbl MaHbI3AbI Kayin (akTopbl peTiHAe TaHblAFaH. KasakctaHaa BA-MeH cbhipkaTTaHy
AEHreni ecin KeAeAi, >XaHe 3KOAOTMSIAbIK, >KaFAalAbIH HallapAaybl OYA YpAiCKe eAeyAi yAec Kocyaa.
Erizaepre >yprisiareH 3eptreyaep bA-HbIH, TYKbIMKYaAayLbIAbIK, AeHreii 70%-Fa XeTeTiHiH KepCeTTi.
CoHbIMeH KaTap CbIpTKbl (DAKTOPAAP, COHbIH, iLLiHAE aya canachl, MaHbI3Abl peA aTtkapaAbl. GWAS aai-
Ci apKbIAbl aHbIKTaAATbIH BiIPHYKAEOTUATI noanmopdunamaep (SNPs) BA-Fa reHeTuKaabik, GeRiMAIAIKTI
aHblKTayFa XXKoHe KopluaraH opTa (hakTopAapblHbiH, ocipece PM, ., CO xaHe SO, cuaKTbl AaCTarbilL-
TapAblH 9cepiH 6ararayFa MyMKIHAIK Gepeai.

Ocbl 3epTTeyAiH Makcatbl — AAMaTbl KQAaCbIHbIH, TYPFbIHAAPbIHAQ OPOHXUSABIK, acTMara HarAa-
HbICTbI BGIPHYKAEOTUATI MOAMMOPGU3MAEP MEH aTMOC(EPaAbIK, aya AaCTaFbllITapbIHbIH apacbiHAAFbI
e3apa barAaHbICTbl TaAAay. 3epTTeyre bA AMarHo3bl KOMbIAFAH HayKacTap MeH AEHi cay epikTiaep Ka-
ThICTbI; MUKPOUMITIK FTEHOTUMTEY XKYPri3iAAi XXOHe XeTi ar 60¥ibl aya carnacbl TypaAbl AepekTep KMHaA-
Abl. EH aiikblH KOpFaHbIC accoumaumschl rs3117098 (TSBP-AST, OLLI=0.39, p=0.000) ywwiH aHbIKTaA-
Abl, aA 152844510 (LINCO1149, OLLI=2.00, p=0.047) >xeHe HLA-DRA/TSBP1-AS1 aiiMarbiHAAFbl €Ki
noAmmopdmam (rs9268516, rs3763309) xofapbl KayinneH 6anAaHbiCTbl 60AAbl. CO rasbl rs3763309
(O =2.96, p=0.002) >kaHe rs9268516 (OLLI=2.10, p=0.004) ywiH reHeT1KaAbIK, 8CEPAI alTaPAbIK-
Tan KywenTTi, aA PM, , sxaHe SO2-neH e3apa apeKeTTecTik CTaTUCTUKAABIK, KaFblHaH MaHbI3AbI GOAFa-
HbIMEH, 8Cepi 9ACI3 GOAADI.

ByA 3epTTey AAMaThl KaAacblHAAFbl aya AAaCTaFbllUTapbIHbIH KOHLEHTPAUMIChl MeH bA-meH Gait-
AQHbICTbl FEHETMKAAbIK, BapuauMsinap apacbiHAAFbl GaMAAHbICTbI, 8Cipece Kasak, 3THOCbI apacblHAQ,
aAFall pet 3epTTeyre GarblTTaAFaH. AAbIHFaH MaAIMeTTep BA AaMyblHbIH MeXaHM3MAEPIH TepeHipek
TYCiHyre >KeHe AMarHOCTMKA MeH NPOMUAAKTUKAHbBIH AePOECTEHAIDIATEH TOCIAAEPIH AaMbITYFa CenTi-

2.5/

FiH TUri3eAl.
Ty#iH ce3aep: OBPOHX AEMIKMeCi, KOpLUIaFaH OpTaHblH, AaCTaHybl, 6ip HYKAEOTUATI MOAMMOP]U3M,
reHoTunTey.
Beenenue OKpy’KaroIel cpeapl. DTO MO-HACTOSIIEMY MYyJlb-

TU(AKTOpHOE 3a00JIeBaHKE, IIOCKOIBKY MHOKECTBO

AcTMa cuuTaeTcs CIOKHBIM 3a001€BaHUEM U3-  SKOJOTMYECKHX (PaKTOPOB M TEHETHUECKHX IPEea-

3a e€ MOJUTeHHOro Xapakrepa. Kpome Toro, cyme-  pacrmojiOXKeHHOCTe MOTYT B3aUMOJEHCTBOBATh
CTBEHHYIO poJib B €€ pa3BUTUHM UTpaloT (aktopsl  japyr ¢ apyrom [Thomsen, 2015:1]. ®akropsl, npo-
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BOIIUPYIOIINE acTMy, BKIFOYAIOT TaO0AYHBIA JIBIM,
OXKUpEHne, (pU3MYecKyl0 Harpy3Ky, XpOHUYECKHN
CHUHYCHT, aJUICPTUH, JICKAPCTBCHHBIC TperapaTsl (B
TOM 4uncie 0era-0J0KaTOphl M acHUPHUH), SMOIUO-
HaJbHBIE (DAaKTOPBI, CTPECC, XUMUYECKHE HCIape-
HUSl, PaCTEHUs], HACEKOMbIE, racTpo330(hareaabHyo
pedroKcHY0 00JIe3Hb U BUPYCHBIC PECTTMPATOPHBIS
nH(pexnun [McCarty, 2014:112]. B ocobennoctu y
JieTeid 10 5 JeT NpUYMHAMM XpUIla CTAHOBSITCS Ta-
OauHBIN JBIM, BBEIXJIOITHBIC T'a3bl ¥ ITPOIYKTHI Cropa-
HUS, MIEPCTh W YACTHIIBI KOXKH KUBOTHBIX, TBIIbIIA
pacTeHuH, CIOPHI TJIECEHH, a TaKXKE IPYTHE BUIBI
3arpsi3HUTENeH Bo3ayxa [Dai, 2022:1].

CornacHo panasiM B 2020-2021 romax ypo-
BEHb 3a00JICBACMOCTH OPOHXHAILHOW acTMOW CO-
ctaBui ot 67,5 no 94,0 cayuyaes Ha 100 000 nace-
JIGHUsI cpelii MallbuukoB U oT 38,2 1o 55,0 cpenu
JIEBOYEK, IIPU ATOM TIOKA3aTEIH Y MATbYUKOB OBLITH
cTaOuiIpHO BhIlIe npuMepHo Ha 60-80 % 1o cpas-
HEHUIO ¢ feBouykamu. [Syssoyev, 2025:3]. IlpeBsI-
[IEHUE TOA0BON KoHIeHTparu PM2.5 B 21 ropone
Kazaxcrana B nepuog ¢ 2015 mo 2017 rox mpuseno
K 8134 ciydasM npexIeBpEMEHHON CMEpPTU Cpelu
B3POCIIBIX, OJTHON M3 MPUYUH KOTOPBIX CTaIN 3a00-
JICBaHMsI HWKHHX JIBIXaTeNbHBIX TyTed [Kerimray
2020:1150]. 3a mocienHue ABa roma CUCTEMaTHYC-
CKasl CTaTHCTHKA IO YUCJIEHHOCTH OOJIBHBIX OpOH-
xuanbHOU acTMmoi B Kazaxcrane u, B 4aCTHOCTHU, B
ropojie AnMatsl He TIpeCTaBIeHa B OIyOJINKOBaH-
HBIX HAYYHBIX HCTOYHHUKAX.

I'eorpadudeckoe pacmonoxkeHne U TOPHBIN pe-
e ATMaTBI CIOCOOCTBYIOT (POPMUPOBAHHIO TEM-
[epaTypHOI HHBEPCUU, IIPU KOTOPOH 3aTPyAHAETCS
BBIHOC 3arpsI3HSIONINX BEIIECTB U B3BEIICHHBIX Ya-
CTHII B BepXHHE CJI0U aTMOochepbl. OCHOBHBIMHU HUC-
TOYHHKAMU 3arps3HEHUS BO3AyXa B AJIMATHI SIBIIS-
I0TCSL YroJbHbIe TerioaiekTpoueHtpanu (TOL-2 u
TOII-3), cxurarmyue MILTHOHBI TOHH HHU3KOKade-
CTBEHHOT'O yIJisi 0€3 COBPEMEHHBIX (HIBTPYIOLIHX
CUCTEM, a TaKXe WHTEHCUBHBIH aBTOMOOWILHBIN
TPaHCIIOPT, BKJIIOYAIONMUI Ooyiee  MOITyMHIUIAO-
Ha 3apEeTUCTPUPOBAHHBIX MAIIMH M IOTOK TpPaHC-
nopra u3 npuropogos [Temirbekov, 2023:6770].
OCHOBHbBIE WCTOYHHKH 3arpsi3HEHHs] aTtMocheps
B TOPOJIC: TPAHCIOPT, SHEProCHAOKAIOIIUE TPE/-
NpUATHA W YacTHBIM cekTop. OmnpenenuTs Kakou
W3 9TUX HCTOYHWKOB BHOCHT HaWOOJBIINH BKIIAJ
B 3arpsi3HEHUE aTMOCQEpBI, 3aTPYTHUTEIBHO H3-32
OTCYTCTBHUS TOCYAAPCTBEHHOTO yuéTa BEIOPOCOB OT
TPAHCIIOPTHBIX CPEJICTB.

B Anmatbl HepeaKo (PUKCUPYIOTCS JIHH, KOTAa
cyrouHas Kouuenrpauus PM,  nocturaer 100-200
MKT/M?, OZTHAKO TOPOJT HHA pasy HE BXOJNI B JIECATKY
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CaMBIX 3arpsi3HEHHBIX B MUPE, BEPOSTHO, U3-32 HE-
JIocTaTka JTaHHBIX MOHUTOpUHTA. Kpome Toro, reo-
rpaduuecKoe pacrpesenieHue cMora HepaBHOMEp-
HO, CEBEPO-BOCTOYHASI YacTh ropoja UMeeT Oosee
3arps3HEHHBII BO3/yX IO CPAaBHEHHIO C JIPYTHMH
paiionamu, B 4acTHOCTH, JKeTbicyckuM u Typkcu6-
CKUM paiioHaMH, BOCTOYHOM 4acThi0 AJIaTayCKOTO
palioHa U CEeBEpHOU 4acThi0 Ay330BCKOro pailoHa
[Kerimray, 2020a: 1350].

DINUIEMHOIOTHYECKUE HMCCIISOBAaHUS TI0Ka3a-
JIM, YTO TIOBBIIICHHBIE KOHLEHTparmu PM, . kop-
pPEUpYIOT C yBeIUUeHHEeM 3a00JIeBaeMOCTH H TO-
CIIUTAIIM3AIUN B CBSA3H C MPUCTYNaMH acTMbI [Liu,
2018:1030]. Cpenu 3arps3HHTENEH BO3AyXa HaW-
OoJiee BpeTHOE BO3JICHCTBUE HA 3/I0POBHE YEIOBEKA
OKa3bIBAIOT B3BEIICHHBIC YACTHIIBI WIIA TBEPIbIC Ya-
crunpl (TY): wactuns: nuamerpom <2,5 mm (PM, ),
a TaKKe raspl, Takue Kak 030H (O,), TMOKCUJL Cephl
(SO,) u monookcun yraepoza (CO). Ilpumepno 40-
70% Bcex B3BEIICHHBIX YaCTHUI[ COCTABIISIIOT YaCTH-
bl guamerpom mMeHee 10 Mxm. OCHOBHBIMU Opra-
HAMU-MHUIICHSIMH JUIs1 HakorwieHuss TY sBisroTcs
JIETKWE, MeYeHb, MMOYKH, cepame U Mo3r [Aalapati,
2014:787]. Kpome toro, PM,  n Gosee KpymnHbie
yacTuubl (PM, ) NPOHUKAKOT B JILIXaTENIbHBIE ITyTH,
BBI3BIBAsl BOCHAIMTENBHBIE W MMMYHOJOTHYECKHE
peaxiuu.

Kak u3BecTHO, BO3/IciicTBHE 3arpsi3HCHHOTO aT-
MOC(epHOTO BO3/yXa CIIOCOOCTBYET YBEITUYECHHUIO
3aboneBaeMocTu u cmepTHOCTH [ Cohen, 2017:1908].
OO0Hapy>KeHa BBIpaKCHHAs TTOJOKHUTEIbHAS KOppe-
msust (p<0.05) Mexmy pacipocTpaHEHHOCTHIO acT-
MBI, OPOHXHTA U XPOHUYECKOW OOCTPYKTHBHOM 00-
ne3un nérkux (XOBJI) u koHueHTpauueil TBEPABIX
gactull B Bo3ayxe Anmarts [Liu, 2019:92]. Cornac-
Ho uccienosannio CORE, actma nuarnoctupoBana
y 25.5% xwureneit ropoaa (255 u3 1000 onporeH-
HBIX). Y CTaHOBIJIEHBI CTATUCTUYECKN 3HAYNMBIE ac-
COILMALIUU MEXJy PECIHPATOPHBIMH CHMIITOMAMHU
U DKOJIIOTUYECKHMH (DAaKTOpaMu pHCKa MO BCEMY
Kazaxcrany. Hampumep, Xpurb! ObITH 3HAYUTEITHHO
cBszanbl ¢ Kypenuem (OILI=2.08, 95% JIU: 1.54—
2.81; p <0.001), a actma ¢ nmpoeccHOHATBHBIM BO3-
neticreueM memn (OI=1.68, 95% JIW: 1.18-2.39;
p =0.004) [Nugmanova, 2018:5].

COBOKYITHOCTb JJAHHBIX TIOJITBEPIKAAET HEOOXO-
JIUMOCTH KOMITJIEKCHBIX MEPOIPHUATHHN 110 YITydIlle-
HUIO Ka4ecTBa BO3AyXa, Pa3BUTHIO IKOJIOTHYECKOTO
MOHHTOPUHTA W TIOBBINICHUIO JOCTYITHOCTU JHa-
THOCTHKHU W JiedeHHus acTMbl. Kpome Toro, Tpely-
€TCsl MHIUBUIYAJIN3UPOBAHHBIN MMOJX0J] K OLIEHKE
9KCTIO3UIIH, OCOOCHHO Yy JeTel, Kak Hanboee ysi3-
BUMOM TPyl HACETICHHSL.
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MatepuaJibl 1 METOIBI HCCJIETOBAHUS

Mamepuan onst uccredoganus, 00veKkmol uccie-
008aHUsL

Matepuanom UccleZI0BaHUS SABUINCH 00pa3Libl
LEeNBHON KpoBH, coOpaHHble y 190 noOpoBosbleB
(95 marmmenToB ¢ BA u 95 3mopoBsie moman). O0b-
ém xaxoit mpobwr coctapisit 200-300 mxi. Bee
YYaCTHUKH TPEIOCTABUIN MUChMEHHOE WH(POPMHU-
poBanHOe coriacue. [IpoObl OBUTH KOAMPOBAHBEI U
coxpaHeHsl npu Temmeparype —20 °C mo Hadama
aHaims3a.

OT060p yU4aCTHUKOB ISl TPYTIITHI CITydail TpoBO-
JIUJICSI HA OCHOBAHHH CJICAYIOIINX KPUTEPUEB.

Kpurepun BKIIOYEHHUS: NHIA C TTOATBEPIKIEH-
HBIM MEIWIIUHCKUM JTHArHO30M OpOHXHAIFHOU
aCTMbI, YYaCTHHKH C TIOJTBEPXJICHHBIM Ka3ax-
CKHAM TPOUCXOKJICHHEM KaK M0 MaTEPUHCKOH, Tak
Y TI0 OTLIOBCKOW JIMHWH, YYaCTHHUKH, HJOOPOBOIHHO
MPEIOCTABUBIINE TIOIMUCAHHOE WH(POPMHUPOBAH-
HOE COIJIacue W 3alloNIHUBIIME aHKeTy. Kpurepun
WCKJTIOYEHHUS: YYaCTHUKH, KOTOpHIE, 10 MHEHHIO
uccleioBarens, He o0JNafaloT TICUXMYECKHM WIIN
IOPUINYECKUM CTaTyCOM, IOCTATOYHBIM JIJIS ITPEJIO-
CTaBJICHUS WH(QOPMHUPOBAHHOTO COTJIAcHs, Oepe-
MEHHBIC KCHIUHBI, YYACTHUKH C TKENBIMH (POp-
MaMHU  CEPJCYHO-COCYIUCTHIX, OHKOJOIMYECKHUX,
CHUCTEMHBIX U ayTOUMMYHHBIX 3a00JICBaHHIA.

Buvioenenue J[HK

JHK Bermensimm u3 3amoposkeHHbIX (-20°C) 00-
pas3ioB nepudepruuecKoil KPOBH, COJCPIKAIIUX B
KauecTBe aHTUKoaryssiuoHHoro arenta OTA c
HCIoNIb30BaHNeM Habopa peareHToB ReliaPrep™
Blood gDNA Miniprep System (Promega, CIIA),
OCHOBAHHBIN Ha TOCJIEIOBATEIbHBIX CTAIMSIX JIH3H-
ca, CBSI3BIBAHMS, TIPOMBIBKH W dronpoBams. O0-
pasusl IHK xpanumun npu —20°C.

KauecTBO BBIIETICHHOTO MarepHuaia OlEHUBA-
JIOCh TI0 KOHIIEHTPAITUH U YUCTOTE C MCIIOIb30BaHH-
em criektpodoTomerpa NanoDrop; aist mocieayro-
IIET0 TEHOTHIIMPOBAaHUS OTOMPAINCH O0pa3ibl ¢
KOHIIEHTparuei meree 50 HI/MKIL.

T'enomunuposanue SNP

I'eHOTHIIpOBaHNWE TPOBOIMIOCH C HCIOIB30-
BanueM Infinium HTS Assay n mukpounna Global
Screening Array-24 Kit (Illumina, CILIA), no3Bo-
JISTIOTIETO aHATU3UPOBaTh N0 654027 ogHOHYKIICO-
TUAHBIX ToauMopdusmoB (SNP) Ha onuH obOpaserr.
OxcrtparuposanHas JIHK moasepranaces nenatypa-
iy ¥ aMmroagukanuy npu 37 °C B TeUCHHE HOYH.
Hanee mpoBomuiach QepMeHTaTuBHAs QparMeH-
tauua JHK mis monydyeHus onTUMalIbHOM JITMHBI
¢parmenTos. [locie 3TOro OCYIIECTBIAIOCH OCAXK-

JeHWEe TpPHU TOMOIIM IMPONaHojia-2 ¢ IMOCeIyIo-
IIMM pecyclieHAnpOoBaHueM ocanika B Oydepe RA1.
®parmentupoBanHas JJHK HaHocwiiace Ha MUKpPO-
yunsl (BeadChips), pasmemménnnie B THOpUIN3au-
OHHOH Kamepe, Ilie MPOUCXOauIa THOPUIN3ALHNS C
KOMITJIEMEHTAPHBIMH OJIMTOHYKJIeoTuaaMu. [locne
rHOpUAM3aluU BBIMOIHSUICS (PEPMEHTHBI CHHTE3
YIUIMHEHHBIX LeTel, Ha KOTOpble HaHOCHICS (iIy-
OPECLEHTHBI KPacuTelb, CIECHU(PHYECKH CBS3bI-
BAIOLIMICS ¢ MPOIYKTaMH yAJIMHEHHs. 3aBeplIao-
LIMM 3TaroM ObUIO CKAaHMPOBAaHME MHUKDPOUYMIIOB HA
iatopme iScan ([llumina), pe3ynbraTsl KOTOPOro
coXpaHsuTich B popmarte. idat u oOpabaTbIBAINCH B
nporpamme GenomeStudio v.2.

Busyanuzayus oannvix u 6uoungopmamuue-
CKULl aHanus

OOpaboTraHHbIC JaHHBIE MEPEHOCHIIUCH B
Microsoft Excel, 3aTeM HCHOIB30BaIUCh MaKETHI
CTATUCTUYECKON BH3YAIM3aIlH B SI3bIKE MPOTPaM-
MHUpoBaHus R ans rpaduueckoro mpencraBicHUsI.
O06paboTka ChIpBIX AaHHBIX: NepBUYHAs (QUIbTpPa-
mus SNP mpoommimace B GenomeStudio. beumn
orunsTpoBaHbl 00pasiel ¢ call rate <98%. s
JajbHeien 00paboTKy 1 pacyéra TeHOTHIIOB ITPH-
MeHsics nporpaMmHbii naket PLINK. /{15 aHHOTH-
POBaHUS M MHTEPIPETAIINU FCHETUYECKUX BapHUaH-
TOB, OJTYYEHHBIX C TOMOIIBIO 1Scan HCHOIB30BANICS
karajsor ganHeix Genome-Wide Association Studies
(GWAS catalog — https://www.ebi.ac.uk/gwas/),
0aza JaHHBIX OJHOHYKJICOTHUIHBIX MOJIUMOPHU3-
MoB (dbSNP, https://www.ncbi.nlm.nih.gov/snp/),
ClinVar  (https://www.ncbi.nlm.nih.gov/clinvar)
u 1000 Genomes database (1000G — https://www.
internationalgenome.org/1000-genomes-browsers).

Coop Oannvix 0 3azpA3HeHUU AMMOCHEPHO2O
8030yxa

C 1enpi0 M3Y4YEHUS BO3MOKHBIX B3aUMOJCH-
CTBUU MEXAY T'€HETUYCCKUMH U HKOJIOTHUECCKUMU
(hakTopaMu TPOM3BONMIICS MOHHTOPHHT I104aCO-
BbIX €XKEJHEBHBIX KOHLIEHTpAIUI TPEX 3arpsi3HUTE-
el Bo3yxa: B3BemeHHbIX yactull (PM, ), okcuna
yraepona (CO) n muokcuna cepol (SO,). anubie
obutn montyuensl ¢ caiita AQI (https://www.aqi.in)
¢ 18 aBTOMAaTHU3MPOBAaHHBIX CTAHIMK HAOIFOJICHUS
B ropoae AnmMatel. I KaKIOTO yJacTHHKA OBLTH
J00aBIIeHBI 3HAYCHIUS TI0 MECTY JKUTEILCTBA, C pac-
4ETOM CpEAHEMECSYHBIX KOHILIGHTpalui 3a 7-Me-
CSTYHBIN TTepuol. B ncciaenoBanne ObLTH BKITFOUCHBI
CIIeYOIIME CTAHIIMA MOHUTOpPUHTA: AlHa0ysak 3,
Anp-Dapabu, Mapxkos, yan 1, dynar, Epmencait,
Ecenona, Kapacy 2, Ka3l'V, Ka3l'V 2, MykaHoga,
Caunna, Ceitdgymmna-Aobani, TynebaeB-Kypmanra-
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3bl, yia. Tynebaesa, yn. TynebaeBa, Typycrekosa,
’Kamakaes, Kana Kaiipar.

Cmamucmuueckuii anaiu3

CratucTuyeckuil aHajau3 MPOBOJUIICS C HC-
oJp30BaHueM nporpammHoro nakera PLINK
v1.9. IlpeaBapuTenbHO BBIIOIHSAJICS KOHTPOJb
kagecTBa (quality control), BKirogarommii Guis-
tpanuio SNP 1o wactore MHHOPHOIO ajuiens
(MAF < 0.01), ypoBHIO OTCYTCTBYIOIIMX JaH-
HBIX 110 WHAUBUAYYMaM B Mapkepam (call rate <
95 %), a TakkKe MPOBEPKY HA COOTBETCTBUE 3aKO0-
Hy Xapau — BaiinGepra B KOHTpPOJIBHOHM TrpyIiie
(p < 1x10%). AHaiau3 4acTOT I'CHOTHUIIOB U ajlie-
JIel OCYIIECTBIISIIICS C IPUMEHEHUEM Y>-KPUTEPHS
[Mupcona. CtaTucTHUecKas 3HAYMMOCTb aCCOLH-
auuil onpenensnack npu yposre p <0.05. OTHo-
CUTENBHBIA PHUCK Pa3BUTHsI acTMBbl OICHUBAJICS
nyTéM pacuéra oTHomIeHHs maHcoB (odds ratio,
OR) ¢ 95 % noBeputenbHBIM HHTEpBATOM. Jls
OILICHKHU BIIMSIHUA TMOTUMOP(HU3MOB Ha pUCK pas-
BHUTHS aCTMBI Obljla MPOBEACHA MOIIAroBas JIOTH-
cTudeckas perpeccus. Ha nepBom sTane aHanu3u-
poBaach accoualus Kaxxaoro moiumopdusma c
3aboneBanuem Oe3 yuéTta BHEIIHUX GakTopoB. Ha
BTOPOM 3Talle HCIO0JIb30BAINCH JaHHBIE O CPel-
HeM ypoBHE 3arpsisHenus Bosayxa (PM,,, CO u
SO,) B TeueHue 7 MECAIEB, MHAUBUIYATBLHO TPH-
CBOCHHbBIEC K&KJOMY YYaCTHUKY HUCCIICIOBAHUS HA

OCHOBE MECTa KUTEILCTBA U OJU30CTH K CTaHI -
AM MOHUTOpHUHTIA.

PesynbTaTel 1 ux 00cyKaeHHe

Xapaxkmepucmuxu y4acmHurkos uccieo08aHus 8
2PYNNAx Cayyati-KOHmpo.iy

B uccnenoBanue 6bu10 BKIIHOUeHO Beero 190 ue-
JIOBeK: 95 marmeHToB ¢ acTMOoM (Tpyrima ciy4aeB) u 95
37I0pOBBIX (KOHTpOJIbHAS Tpymma). B tabmuue 1 npex-
CTaBJICHbl XapPAaKTEPUCTUKU KAXKIOH IPyNIbl U HPH-
TOJTHOCTB JUIs aHanm3a. Pacripeenenue o noiy Obuio
cxokuM Mex Iy rpyrmamu (p = 0.31): 48.4% sxeHIuH
B Tpymre ¢ acTMoi u 55.8% B xoHTpoipHOH. Cpen-
HUI Bo3pacT coctaBisul 25.6 + 17.3 ner y manneHTos
n 28.1 + 14.3 ner y 3m0poBbIx Jrozei (p = 0.28), paz-
JIMYHE HE SIBJIAETCS] CTATUCTHYECKH 3HAYNMBbIM.

CraTyc KypeHUs TakKe HE OTIIMYAICS MEKIY
rpynnamu (p = 0.975). BOIbIIMHCTBO Y4aCTHUKOB
o0eux rpynm HuKorzaa He Kypwin: 81.7% B rpymnme
ciaydaeB U 85.8% B KOHTPOJIbHOH. AKTHUBHBIE KY-
puwibiiuku coctaBuwiau 10.7% cpeau mamueHToB U
9.8% cpemu koHTpoNei. OHAKO HATMYHE aJUIEPTUN
MOKAa3ajl0 CTaTUCTUYECKH 3HauuMoe paznudue (p
<0.00001): 91 marrent ¢ actMoit (95.8%) coobrman
0 HAJMYUM aJUIEPTUH, TOTAA KaK TOJIBKO 6 YEIOBEK
(6.3%) W3 KOHTPOJIBHOM TPYNIBI OTMETUIU TO XKE
camoe. OTOo NOAYEPKUBACT CUIIBHYIO CBSI3b MEKIY
aCTMOMH W aJuIeprueii B JaHHOH BBIOOPKE.

Tabauna 1 — VcxonHble XapaKTepUCTHKH JIML, BXOASIIUX B IPYIINY CIy4ali-KOHTPOJIb

XapaKkTepUCTUKU Obuiee (N=190) OCHO(B&?:;;;) yrma rﬁgﬁ:{go(?:;;{) p
ITom, N (%) 0.31
YKenmmna 99 (52.1) 46 (48.4) 53 (55.8)
Myx4arHa 91 (47.9) 49 (51.6) 42 (44.2)
Bospacr, cpennee + Crana.oTKII 26.8+15.9 25.6+17.3 28.1+14.3 0.28
Kypenne, N (%) 0.975
AXTHUBHBIN KypsILIUH 11 (10.7) 12 (9.8)
BriBmmii kypsimmit 321 34.3)
Hexkypsimuit 81 (81.7) 80 (85.8)
Anneprus <.00001*
Ectb 91 6
OTcyTcTBYET 4 89

*CTAaTUCTUYECKH 3HAYUMAst pasHula
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Pe3yJ'leaTbI T€HOTUIMHUPOBAHUS

IIpoBeneHO TIMPOKOTEHOMHOE TE€HOTHUITHPOBA-
Hue 1is Becex 190 oOpasuoB Ha mnardopme iScan™
System ¢ wucnonp3oBanueM OuounnoB Infinium
Global Screening Array-24 v3.0 Kit. O6mas gacto-
Ta BBI30BOB T'€HOTHUNHMPOBaHMs Obuia Bbie 98%,
YTO YKa3bIBAaET Ha BEICOKOE KAYECTBO U HAJIS)KHOCTh
MaHHBIX. OOpa3Iel ¢ HU3KOH MHTCHCUBHOCTHIO CHUT-
Hayia ObUIM MTOBTOPHO 00pabOTaHbI, U BCE MPOILIN
OKOHYATEeJNIbHBIE MTOPOTH KOHTpoJs KadecTBa. Kia-
CTepu3anys TEeHOTHIIOB M BBI3OB aJUIeNeld BBITOJ-
HSUIUCh C HKCIOJIB30BaHHEM MPOTPaMMHOTO 00e-
cneuenus: GenomeStudio. B koHTpobHON TpyriIe
He OBUTO OOHAPYKEHO 3HAYUTEIIBHBIX OTKIIOHCHUI
oT paBHOBecusa Xapau-Baitn6epra (p> 0.05), uto
MOATBEPKIAACT JOCTOBEPHOCTh NaHHBIX. 3 654027
MOJIMMOP(PU3MOB B YHIIC JJI HCCICAOBAHUS OBLITH
otobpansl 88 SNP no GWAS-uccnenoBanusim ac-
COIIMMPOBaHHBIX ¢ BA W moaxomwiu JUisl aHAIM3a
ACCOIIMAITHH.

AHanuz KOHYeHmpayuu 3aepsA3HAWUX — Ge-
wecma 6 6030yxe

Ha Pucynke 1 mokaszaHo pacmpeneicHue Jro-
JIel 10 pa3InYHBIM YPOBHSIM KOHIIEHTpAIlUH 3a-
TPS3HUTENIEH BO3/AyXa, B YaCTHOCTH, YTapHOTO Ta3a
(CO), tBepabix vactui (PM, ) 1 auokcuua cepol
(SO,), B 3aBMCHMOCTM OT palOHa IIPOKHBAHHS.
CaMbIif BBICOKHH IWana3oH BO3AECUCTBUS HAOIIO-
nancst st CO, nmpudeM OOJBITMHCTBO JTIOACH Mpo-

KoHueHTpauun 3arpssHuTenei
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JKUBAJIM B PaiioHaX, TJIe KOHIICHTPAIIUs TIPeBhIIIaia
900 MKT/M>. MeXKBapTHIHHBIA THAITa30H ObLT IIIH-
POKHM, YTO yKa3bIBaeT Ha TO, YTO OOJIbIIAsl YaCTh
YYaCTHUKOB MOJABEpPraiach BO3ICUCTBUIO OTHOCHU-
TeNBbHO BBICOKHX ypoBHEl CO, B TO BpeMsl Kak He-
KOTOPBIC OTKJIOHEHMsI ObUIM OOHAPYIKEHBI B panio-
Hax C Topasio 001ee HU3KUMU KOHIICHTPAIUSIMH, OT
MOYTH HYJEBHIX 10 mpumepHo 300 Mxr/m>. 3To TO-
BOPHUT O 3HAYUTEIBHBIX PA3IUYUSIX B BO3IACHCTBUHU
CO cpeau uccneayeMoro HaceaeHHUsl.

Jost PMZ‘5 YPOBHU KOHIICHTpAIMX ObLTH 3HAYH-
TenbHo Hike, ueM g CO. BoablMHCTBO Ir0aei
HOJIBEPrajiuch BO3JeHCTBUIO PM, [ B nanasone ot
25 no 75 mxr/m®. I'panuna mis PM, ; Gonee y3kas,
YTO YKa3bIBAET HA MEHBIIYIO0 BAPUATUBHOCTh YPOB-
HEeW BO3JICUCTBUSI CPEOU YYACTHUKOB HCCIECIOBA-
Hus. [lpucyrcTBoBamo HEOONBIIOE KOJIMYECTBO
BBIOPOCOB, HO B II€JIOM KOHIICHTPALIUU PMZ'5 ObLIH
OTHOCHTEIHHO CTAOWIBHBIMHU W MTOCTOSHHBIMU JJISI
BCEH I'pyNIibl HACEJICHUS, YYaCTBOBABUICH B UCCIIE-
JIOBAaHUU.

Konuentpanus SO2 OBLIa caMoil HU3KOM cpeau
TpeX H3MEPEHHBIX 3arpsizHuTeNei. J[anHbie moka-
3ai, 4TO OOJIBIIMHCTBO JIIOJIEH KHUBYT B pailoHax
C MUHUMAJbHBIM BO3JCHCTBHEM AMOKCHIA CEPHI,
a KOHIIGHTpAIUsl COCPEIOTOYEHA B OYCHb HU3KOM
Jara3oHe. BbUIo BBISIBJICHO HECKOJBKO BBIOPO-
COB, YKa3bIBAIOIIUX HA TO, YTO HEOOJbIIAs 4acTh
YY9aCTHUKOB TIPOKMBaja B palOHAX C HECKOJb-
KO TMOBBIIEHHBIM ypoBHEM SO, MO CPaBHEHHIO C
OCTaJIbHBIMHU.

PucyHok 1 — Pacripenenenue cpeJHUX KOHLIEHTpaUUil BO3ACHCTBUSA
3arpsA3HAIOIINX BEIIECTB B IpyInax
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PucyHok 2 moka3bIBaeT aHaIH3 CPETHUX YPOB-
HeW 3arpsA3HSIONIMX BEIICCTB, H3MEPEHHBIX Ha
KKIOW CTaHIMHM, W JEMOHCTPHUPYET 3aMETHYIO
MPOCTPAHCTBCHHYID H3MCHUYHBOCTh  KOHIICHTPA-
uui Tpex 3arpssHuTenei. Cpenu HUX ypoBHH CO
OnuTM HamOoJIee CTAOMIIBHO MOBBLIIIEHHBIMH ITOYTH
Ha Bcex crannuaX. OcoOEHHO BRICOKHE KOHIIEHTPA-
MM HAOJTIOAIMCh HA CTAHIUSIX, PACIIOI0KEHHBIX
B IEHTPAJIBHBIX pPalflOHAX W 30HAX C MHTEHCHBHBIM

Average Pollutant Levels by Station

7:

3y
=}

IBWKEHHEM, Takux Kak <« Kamakaes», «Tyme-
baeBa» m «TynebaeB/KypmaHraser»y, Ha KaKI0u
n3 KOTOpeIX cpemnue 3HaueHuss CO mpeBbIIIamu
850 MKr/M*. OTH MOBBILICHHBIE TIOKA3ATEIH, BEPOSIT-
HO, OTPa)KalOT MHTEHCUBHOE JIBH)KEHHE aBTOTPaH-
CHoOpTa M IUIOTHYIO TOPOJCKYI0 HHPPACTPYKTYpY,
KOTOpbIE OOBIYHO BCTPEYAIOTCS B 3THX paloHax U
KOTOpbIE, KaK HM3BECTHO, CIIOCOOCTBYIOT YBEIHYE-
Huto BeIOpocoB CO.
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Pucynok 2 — Cpeiauie ypOBHU 3arpsI3HSIOIINX BEIIECTB MO CTAHIHIM

HamporuB, Ha Takux craHuusx, kak «Typy-
cnekoBa», «EpmeHncait» u «Jlymart», KoHIeHTpa-
st CO Obuta CpaBHUTEIHHO HUXKE, OOBIYHO OKOJIO
700 MKr/M® Wiy MeHblle. DTH CTaHIIUU, BEpPOST-
HO, pacrojOXeHbl B MEHEE 3arpy’KeHHBIX 4YacTAX
ropoja Wid B palioHaX C Jy4lled BEHTWISILUEH U
MEHBIIUM KOJMYECTBOM HCTOYHHKOB BEIOPOCOB.
Habnronaemast kapThHa NPOCTPAaHCTBEHHOTO pac-
IIPEIeICHNs] YKa3bIBaeT Ha HPSAMYIO CBSI3b MEXKAY
MHTEHCUBHOCTBIO JIBWKEHHSI, TUIOTHOCTBIO Hacee-
Hug u HakorwieHneM CO B OKpy>Karolle cpene.

B tabnume 2 mpencrtaBieHbl CpelHEMECIIHbIC
koureHtpanuu CO, KOTOphIE BapbHUPOBAIHUCH OT
467.8+16.3 mxr/m?® B aripese 10 969.2 £22.7 mxr/m?
B siHBape. CaMoe BBICOKOE CpellHee 3HAuUCHHUE Ha-
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OJyroJlaNioch B sIHBape, a caMoe HH3KOe — B ampe-
ne. B menmom, ypoBerb CO ObLIT BBIIIE B 3UMHHUE
MeCAIBl ¥ CHIDKaJCS OnMmke K BecHe. B To Bpems
KaK B ciyqae PM, , cpeqiHee 3HaYeHHE BapbUPOBa-
JIOCh MO MECSAIlaM C CaMbIM BBICOKUM YPOBHEM B
saBape (100,1 + 9,4 mkr/M*) U caMbIM HU3KUM B
ampeite (49.5 £ 6.3 mkr/m?). [locTeneHHoe yBeH-
YeHHUE HAOF0IaIOCh C OKTSIOPS 0 SIHBAPh, a 3aTeM
CHIXeHHe ¢ QeBpasisa mo amnpens. Hakoner, KoH-
nentpanus SO2 Takxke M3MEHSIaCh BO BPEMEHU.
Camoe BBICOKOE CpeIHEe 3HAUYCHHE OBLIIO B THBApPE
(22.3 £+ 20 Mxr/m?), a camMmoe HU3KOE — B amperne
(10.2 = 1.9 mkr/m?). Kak n B ciiyqae ¢ CO u PM,_
ypoBeHb SO, J0CTUral MakCMMyMa B XOJOJHBIE
MECHIIBI.
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Ta6auua 2 — Cpennemecsiunbie KoHeHTpauuu CO, PMz,s, SO2

Mecsin CO PM, ; SO,
Cpennee Cr.oTKI Cpennee Cr.oTKI Cpennee Cr.0oTKI

OKTs10pb 617.9 28.9 49.5 13.5 49 2.0
Hosi6pb 618.4 30.2 56.0 7.4 6.3 1.7
Jlexabpb 941.1 32.6 93.5 6.5 10.6 1.9
SIHBaph 967.6 45.8 99.5 8.7 11.7 2.2
DeBpaiib 689.9 36.0 71.4 12.0 8.5 1.6

Mapt 658.0 28.2 35.7 11.6 4.6 1.4
Armpernb 579.4 352 27.0 10.0 52 2.8

ITatorenHble MeXaHHU3MBbl JACUCTBUSL YaCTHUI]
PM, ; 1 MeHbIIIE pa3inUYaroTCst 0 HECKOJIBKUM Ma-
pamerpam. Kpynubie gactuusl (PM, . |, MKM) aKkTH-
BUPYIOT HEUTPO(HIBI U 203WHODHIIBI, UTO TIPUBO-
JTUT K TIOBBIIIEHUIO YPOBHS IMPOBOCIAJIUTEIHHBIX
[IUTOKMHOB, TakuX kak nHtepiaeikud (IL)-8, IL-10,
TpaHyIONHT-MaKpodaraaTbHbIH KOJIOHUECTHMY-
mupytormii pakrop (GM-CSF) u ¢dakrop Hekposa
omyxonmu-anbda (TNF-0). OHu Takke BBI3BIBAIOT
OTIOCPEIOBAHHBIN AHTHUTEHTIPEICTABIISIOIITIMHI
KJIETKAaMH BOCHAJIMTENbHBIM OTBET, CHMKAs D3KC-
MIPECCUI0 PELENTOPOB BPOXKIEHHOIO MMMYHHUTETA
CD11b/xommementapuoro perentopa 3 (CR3),
CD64/FcyRl n aHTUTEHNPEACTABISIONIMX pEIer-
TopoB, Takux kak CD40 u CD86/B7-2, u oxaHo-
BPEMEHHO MOBBIIIAs IKCIPECCHIO BOCTIATUTENHHO-
ro peuentopa CD16/FcyRIIl u nHuskoadduuaHOrO
IgE-penentopa CD23 B makpodarax. Otu u3Me-
HEHUs HAOIIOManuCh y OOIBHBIX acTMOM, TOIBEp-
rapuixcst  Boszueucreuro PM, . . Kpome Toro,
PM2.5-10 uanyuupyet T-xennepst (Th)2- u Th17-
OINOCPEI0BAaHHBIN UMMYHHBIN OTBET, IMOJIABIISS 9KC-
npeccuto 1L-12 u unTepdpepona-ramma (IFN-y) u
yBenuuuBas cexkpeuuto IL-10 B anTHren-cnenndu-
gecknx T-kmerkax [Alexis, 2014:226].

Menkue vactuusl (PM,,) crnocoOHbI TpoHHU-
KaTh B aJIbBEOJIbI Yepe3 BO3AYLIHBII MOTOK, Hapy-
mast Oamanc T-XeNmmepHBIX KIETOK ITyTeM ITOBBI-
menus ypoBHsi TNF-o u Th2-accoruupoBaHHBIX
uTOoKMHOB [L-4 u IL-10 mpu cHMXEHUHM YpOBHs
Thl-mmutokuuoB, Takux kak IFN-y, 9to mpuBoauT
Kk nucbanancy B cootHomenun Th1/Th2. PM, | Tak-
’K€ 3HAUMTENBbHO MOBBIIAIOT 3Kcmpeccuto [1L-13 u
IL-17. Kpome TOro, oHM BBI3BIBAIOT OKHCIUTEIb-
HBIH CTpEecC, MOBBIIIAsl IKCIPECCUI0 KaTaluTHYe-
CKOH CyOBEIMHHIBI TIyTaMaT-UUCTEHHOBOM Jura-
36l (GCLC), remokcurenaspi-1 (HO-1) m NAD(P)
H:xunon-okcuaopenykrassl 1 (NQO-1) B anurenuu
JIETKMX, YTO TPUBOAMT K amlonTo3y M ayTodaruu

gepe3 akTuBaIo MapkepoB aytodarun LC3A/B u
kacmas-3, -8, u -9, a Taxxke B-xiieTouHoi iuMdombl
2 (BCL2) [Alexis, 2014:227].

Oxkcun yraepoza (CO) n nmoxceun cepwr (SO,)
B OKpYXAloIIed Cpelie BBI3bIBAIOT 3aMETHBIC ac-
COLIMAIUU C TOCHEACTBUSIMH acTMbl. COrjlacHO
nccaenoBannio, mposenennomy Cheng et al., yBe-
nuuenue konueHTpauu CO Ha 1 Mr/m® cBsI3aHO ¢
MOBBIIIICHUEM OTHOCHTEIBHOTO PHUCKA HEOTIOXK-
HBIX TTOCeIIeHNH 1 rocruTanu3anuii Ha 4,5% (OLL
1,045; 95% AW: 1,029-1,061) [Orellano, 2017]. B
JPYTOM aHAJIOTMYHOM HCCIIEIOBAaHUH HAOIIOIAI0Ch
otHomenue mancoB (OL) 1,045 ma 1 mpommmie
yBenuuenus coaepxkanus CO [Yu, 2000:1209], a
B HCCIIEIOBaHUM, TIpoBeieHHOM B Kwurtae, ormeue-
HO 30-NpOIEHTHOE yBEJIUYEHHUE BEPOSTHOCTU €XKe-
JTHCBHBIX CHMIITOMOB aCTMbI y JI€TEH MOCJIC YBEIIH-
yenus copepkanus CO Ha 1 nmpomuiute [Schildcrout,
2006:510]. Apyrue ucciemoBaHus COOOIIAOT O CO-
MOCTaBUMBIX pazMepax d¢p¢exra Uit neauaTpuye-
ckux nmonyJssiwii [Clark 2010:280, Chen 2019].

B ornomenun SO, B wuCCIenoBaHMM OTMeE-
4aeTcs, 4YTO NPHU YBEIMYCHHHM KOHLICHTPAIMU Ha
WHTEPKBapTUIBHBINA pa3Max B 13 Mkr/m® Obutn 3a-
(hukcupoBaHbl OTHOMICHUS TancoB 1.126 u 1.188
¢ 3ajiepxkKkoit B 2 u 3 qHs cooTBercTBeHHO. [Chen
2019]. MHoOro4MciIeHHbIE UCCIEA0BAaHUS yKa3bIBa-
0T Ha OoJiee CHIIbHBIC aCCOIMAIUHU y JIeTeH, WHO-
IJ1a C pa3jinyuusIMU B IOArPYIIIax, HapuMep, oosee
cwibHOe Bo3zelicTBue CO Ha MalbYMKOB M OoJiee
cunbHOe BozaercTre SO, Ha IE€BOYEK, & aHAITU3BI,
KOHTPOJIUPYIOIIME HECKOJBKO 3arps3HSIONINX Be-
IIECTB, MoKasbiBaroT, 4yro U CO, u SO, He3aBucu-
MO CBSI3aHBI C TTOBBIIIICHHON BOCTIPUUMYHBOCTHIO K
actme [Byrwa-Hill, 2021:228].

Y B3poOCIBIX, HO HE Y JeTeH, CYIIECTBYET CBA3b
Mexay BosneticteueM CO u 000CTPEHUSMHU aCTMBI
[Paruchuri, 2009:2548], ogHaKO 3TOT 3arpsi3HUTEIb
HE BCerja aHAIM3UPYETCs, IO3TOMY €r0 POJb B pa3-
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BUTUU 3a00JIeBaHUS MOKET OBITh HEJOOLICHECHA.
3arpsi3HeHHE BO3/1yXa OOBIYHO HM3MEpSeTCs C II0-
MOILBIO CTAIMOHAPHBIX CTAaHLUM, O3TOMY OHO HE
OTpa)kaeT MHIUBUIYAbHOE BO3ACUCTBHE ATUX 3a-
rpsizauTeneii. Kpome toro, OpoHxXmampbHas acTtMa
BO MHOTHX CJIy4asix OCTa€Tcsl HEBBISIBJIEHHOH, YTO
3aTpyAHSICT YCTAHOBICHHUE JOCTOBEPHOU CBSI3U
MEXJTy 3arpsi3HEHHEM BO3/yXa W pa3BUTHEM 3a00-
JICBAHMUSI.

Ananusz accoyuayuu nonumopgpuszmos ¢ bA

C y4eToM JIaHHBIX ONBITHOM (case) M KOHTPOJIb-
HOM (control) rpymnm mpoBeeH aHaIu3 acCoUUai
BBISIBJICHHBIX aJUICJIbHBIX BAPHAHTOB U TEHOTUIIOB C

OponxuanbHoi acTMoi. Cpeay mpoaHaTu3UpOBaH-
HBIX BapUaHTOB HECKOJIBKO TOIMMOP(HU3MOB ITO-
Ka3aJli CUJIbHBIE acCOIMALMU C PUCKOM Pa3BUTHUSA
OpoHxuanbHOW acTMbl. B wactHOCcTH, 153117098
(B8 teme TSBP-ASI) TpoaeMOHCTPUPOBAI TIPO-
tektuBHBIN 3¢ dexr ¢ OLI 0.39 (p <0.001) (cm.
Taba. 3), 4TO CBHIETEIBCTBYET O MOTCHLIUAIBHO
3HaYMMON POJIM B TPEIPACIIONOKEHHOCTH K acT-
Me. Ananoruuno, rs1837253 (TSLP: OLI=0.57,
p=0.021), 1s907092 (IKZF3: OLI=0.57, p=0.021)
n 154794820 (LRRC3C: OLL=0.63, p=0.029) 6b11n
CBSA3AaHBI CO CHMKEHHEM PHCKa, YTO YKa3bIBaeT Ha
MOTEHIMAIBHOE YYacTHE B MYTAX, MOAYJIHPYIOLIUX
WMMYHHBIE PEaKITHH.

Volcano Plot: Association of SNPs with Asthma Predesposition

rs3117098 1 rs907092
1
1
rs1837253
| rs4794820

15

-log10(P-3Hav. )

0.5

0.0 log20LL = -1

-1 o
log2(OLL)

rs9268516
rs3763309

¥mepenHan accoumnaumna
® OtpuuarensHan accoumaumn
HesHaunmbiii

® MonoxmTensHan accounaunn

log20LW= 1

Pucynoxk 4 — Acconnanuu momuMop(pu3MoB ¢ IPEAPACTIONOKEHHOCTHIO K aCTME

Hpyrue monmumophu3Mbl Takue Kak 1s9268516
u 1s3763309 B peruone rena HLA-DRA moxazanu
acconmanuio ¢ puckom Ha BA (OLl=1.62, p=0.036
u OlI=1.65, p=0.043). Hanboiee BEICOKast acCOIIN-
anus ObLia BhisiBiieHa Jutst 152844510 (LINCO01149:
OLI=2.00, p=0.047).

B TO BpeMs Kak HaIllM Pe3yJbTaThl OMpPeaes-
10T 1r$3117098 kak MpoOsBIASIOUINI NMPOTEKTUBHBIN
a¢dekT, OH TMoKa3al 3HAYUTEIHHYI0 aCCOIHAINIO
C MPEeNIpacroIoKeHHOCThI0 K acTME B KHUTaHCKOU
nomyssiuny wkyas (OLL: 2.135, 95% AUW: 1.239-
3.679, P=.006) [Liang, 2023:4].

Crnenyromuit momumopdusm rs907092, tak-
JKe TPOJEMOHCTPUPOBAN 3amuTHBIN 3 dext. B
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AHAJOTUYHBIX HCCIICOBAHUAX, CJIHMHCTBCHHBIM
JIOKYCOM, JIOCTHUTIIUM 3HAa4MMOH accOLUalUu C
OpOHXMaNBHOM acTMOW Ha ypOBHE BCEro reHoma
npu a"anuze 2144 cmydaeB u 2893 KoHTpoeH,
oKasajcsl JoKyc Ha xpomocome 17q21, yro nmoa-
TBepxknaercs u'y Hac SNP rs907092 (Ol = 0.71;
P = 1.2 x 10"?) B rene IKZF3. IIpeanomnaraercs,
gyTto 15907092 MOXET peryiupoBaTh IKCIpPEC-
cuto reHoB B Jokyce IKZF3-ZPBP2-GSDMB-
ORMDL3 [Yan, 2017:7]. B o xe BpeMs apyrue
uccie0Banus, MpoBeaeHHble B Kutae Ha mersx,
HE BBISIBWJIM 3HAUMMBIX Pa3iIMuuil B pacrpenele-
HUUW TCHOTUIIOB MEXIY MallueHTaMU U KOHTPOIIb-
Ho¥t rpynmoi# [Chen, 2017:433].
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rs1837253 mokazan mNPOTEKTUBHBIA 3PPeKT
npoTuB paszButus actMbl B Azum OII=0.98; 95%
JAU: 0.330-2.909; P=0.011, o yeM CBHUIETEIHCTBY-
10T 1 Hatu JaHHble [ Shrestha, 2024:4687]. Onu mo-
Ka3aJy MOBBIMIEHHBIN ypoBeHb IfTSLP y nu, Hecy-
X amwiens pucka C. Y JuI, He IMEIONINX KOMUi
amens T win UMEIOIIUX TeHOTHIT PUCKA, SKCIIPEC-
cust IfTSLP Obuta 3HaYUTEIHHO BHIIIIE, YEM Y JIHIL C
oaHOU wiu nByms konusimu ajuiens T. Kpome Toro,
skcrpeccust 6enka TSLP Obuta cHukeHa y 3110po-
BBIX JIFOJIEH 10 CPABHEHMIO C ACTMAaTUKAMHU. AJJIETb
rs1837253 T MokeT OKa3bIBaTh 3AIIUTHOE JICHCTBUE
MIPOTHUB ACTMBI 32 CUET AUPPEPEHITNATHLHOTO CBSI3bI-
BaHUs U perymsanuu dxcnpeccunt IfTSLP u cHmxe-
HUSl AJJIEPTUYE€CKON BOCIAJIUTENIbHONW PEaKIUU.

T'enotun rs4794820 GG u renotun rs7216389
TT rera ORMDL3 Obumn dakTopamMu pucKa st
neteit ¢ actmoit (O11=2.036, 95% AN 1.104-3.754,
¥2=5.258, P=0.022; OllI=2.274, 95% AW 1.221-
4.236, 42=6.841, P=0.009), B TO Bpems Kak IOJy-
YEeHHBIE PE3yJIbTaThl YTBEPKIAIOT 00 0OpaTHOM 3¢h-
¢exre [Li, 2023:456].

Acconuanuu BapuaHTta 1s9268516 B pervone
HLA Obutn uaeHTUGUIMPOBAHBI U HAJIS)KHO BOC-
MPOU3BE/ICHBI B MIECTH MOMYJISIIMOHHBIX KOTOpTaxX
eBpoIIeiickoro mpoucxoxaeHus [Ramasamy, 2012].

Or1oT pdeKT Takke HAOIIONACTCS B HACTOSIIEM
nccnenoannn (OL=1.62, p=0.036).

BapuanT 1s3763309 Obln CBSI3aH C PUCKOM acT-
Mmbl, nokaszbiBast OLL 1.13 [[AW]: 1.10-1.17) u BeICO-
Ko3HaunMoe 3HaueHue p=1,1x10-18 B MmeTaanaiuze
UCCIIEI0BAaHNN accolMaluil 10 BCEMY I€HOMY, OX-
BaTheIBatomux 23948 cioyuaeB u 118538 xoHTpOIB-
HBIX JIML U3 THUYECKU Pa3sHOOOPA3HBIX MOITYJISIIUN
10 BCEMY MHPY. AHaJIOTWYHBIN dPPeKT Habmroaa-
eTCs U B IaHHOM HCCIIEIOBAHNH, YTO COOTBETCTBYET
pe3yabTaTaM MHOTHX JIPYIuX paboT, yKasblBas Ha
BO3MOXXHOE OTCYTCTBHUE Pa3IWYHil MEXIY dTHHYC-
ckumH rpynmnamu [Demenais, 2017:48].

Ananuz ezaumooevicmeus PM .
aumoppusmos ceazannvix ¢ bA

PucyHok 5 mokaspIBaeT aHAIN3 B3aUMOICUCTBUS
PM, .-SNP, HekoTopasi 3HAYUMOCTb HaOJI01aNach
JUIsL TOTMMOP(PHU3MOB, HAXOIIIMXCS B TEHAX HEKO-
mupytomierr odmactu (TSBP1-AS1), xomupytomiero
reda (RUNX3) u B kommiekce HLA (HLA-DRA).
Tem He MeHee, 3HAUEHHsI OTHOLLICHHMS MIAHCOB IS
9TUX CBSI3eH HE MOIYT CIYXXHUTb YOEIUTEIbHBIM
JI0Ka3aTeIbCTBOM B3aUMOJACUCTBHS I'€Ha aCTMbI U
okpy>karomeit cpeapl. [ToqoOHBIX pe3ynbTaToB A
HaOIIOACHUH HE 0OHAPYKCHO.

CO u SO, u no-

Volcano Plot: Interaction analysis of SNPs with PM2.5 mean concentration
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PesynbpraTe ananuza Bzaumoaeictaus CO-SNP,
MIpEJICTaBJIEHHBIE HA PUCYHKE O, BBIABHIN HECKOJb-
KO 3HAYUMBIX MOJMMOP(PHU3MOB, KOTOpBIC Mpea-
cTaBIsIOT puck. Cpeau monmumopgu3mMoB rs3763309
n 159268516 B pernone rena HLA-DRA xoMIuiek-
ca aHTHUIeHOB JeikonuToB uenoBeka (OLI=1.01,
p=0.019 u OLLI=1.01, p=0.017) mrs3117098 (TSBP-
AS1: OlI=0.99, p=0.002) u rs1293202 (RUNX3:
OlI=0.99, p=0.026) He MOKa3amu 3HAYUMYIO ac-
COLIMAIIMIO B KOMITJIEKCE C KOHIIEHTpaluel MOHO-

okcuia yriepoaa (tabn. 3). Hecmotps Ha ToO, 4TO
cpenuss koHueHTpanus CO HUke peKOMEHIyeMon
CYTOYHOM 3Kcro3unuu no cranpapram BO3 2024
rojia, OH BCE € MOKET BBICTYIIaTh B Ka4eCTBE OJ-
HOTO W3 OCHOBHBIX TPUITEPHBIX 3arpsA3HHUTEICH
cpenu npounx. CormacHo uccienoBanuio Canova
et al., HeOnmaronpusTHOe Bo3/eicTBHE HAa (YHKIHU-
OHMPOBAHME JIETKUX IMPOUCXOAMIIO TPU YPOBHSIX
conepxkanust CO n SO2 Huxe IEHCTBYIOIUX €BPO-
nelickux cranaaptoB [Canova, 2010:271].

Volcano Plot: Interaction analysis of SNPs with CO mean concentration
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PucyHok 6 — Anann3 B3anMoaeCTBHUs OMUMOPHU3MOB €O cpenHeit koHueHTpaipeil CO

CO MoXxeT neicTBOBaTh Kak HEHPOMEAHaTop
B XeMOPELEIIUN COHHOTO Tejla M B IapacuMIIaTH-
YECKUX TaHTJIHUSAX NBIXaTeIhHBIX IyTeH dYeIoBeKa
1 MOpPCKOW CBUHKH. TakuM o0Opa3oMm, CyIIEeCTBYeT
BEpOSITHOCTH TOro, 9T0 CO MOXET MOIYIHPOBATH
TUTIEPPEAKTUBHOCTD JBIXATENBHBIX MTyTEH MOCpen-
CTBOM BO3JIEHCTBUSI Ha JbIXaTelbHbIE HEUPOHBI
Y HETOCPEICTBEHHO Yepe3 BIWSHUE Ha TIAAKYIO
MYCKYJaTypy IbIXaTeIbHBIX MMyTed. OauH u3 Me-
XaHU3MOB, C MOMOIIEI0 KoToporo CO MOXeT pe-
TYJIUPOBATh COKPATUMOCTh TJIAZKOW MYCKYJaTyphI
JBIXATEIbHBIX ITyTeW, 3aKII0YaeTCs B €r0 BIUSHUH
Ha cGMP. HccrnenoBanus, IpoBeIcHHBIE HA MOP-
CKMX CBHHKAX, MOKAa3aJH CBS3b MEXIy OPOHXOIH-
naTanyuel, HEWPOTPAHCMHUCCHEW W BBICBOOOXKIIE-
aueM CO rrmagkoil MyCKyJIaTypoW IbIXaTeIbHBIX
myteit. Coo0manoce, 9To ACHCTBUE MENTHIIOB, aK-
TUBUPYIOLINX aIeHUIIATIINKIa3y, KOTOPbIE BBI3bIBA-
10T OPOHXOIMIIATAIINIO Y MOPCKUX CBHHOK, ITPOUC-
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XoauT yepe3 mexanusMm ¢ yyactuem CO [Ameredes,
2003:1274].

CO He mpoCcTO WHEPTHBIA Ta3; HA KICTOYHOM
YPOBHE OH B3aMMOJICHCTBYET C TeMOCOJICPIKAIIUMU
OeKaMH ¥ BJIHMsIET HA MMMYHHYFO PETYJIILIAIO, OKUC-
JIATENTBHBINA cTpece U BocnaneHne. OH MOXKeT MOJy-
mupoBaTh Takue myTH, kak NF-kB, MAPK u STAT,
KOTOpbIE, KaK W3BECTHO, BIIUSIOT Ha BHIPAOOTKY IIH-
TOKHHOB W MMMYHHYIO curHanm3anmio. CO Moxer
3aIycKaTh UIMMYHHYIO TIPE3CHTAIIHIO OTIOCPEIOBaH-
HO, BJIMSISE HA IATOKUHOBYIO CPEJTy, OKUCIUTEIIbHbIH
CTaTyC MJIM CHTHAJIBI KJIIETOYHOTO CTpecca, KOTOpEbIE,
B CBOIO OYepeb, PETYINPYIOT dKcrpeccrto HLA wmu
npyrux reHos [Liu, 2002:399].

Heckonbko  mosnmmoppusmoB  (rs3117098,
rs1837253, 1s907092, 1rs7009110, 1s4794820,
rs174535) mokazanm B3aUMOJEWCTBHE C BO3ICH-
creuem SO2, Ho, Kak U B ciydae ¢ PM, ., nabmona-
embie OILl 6pum 6e3km k 1.00 (puc. 7).
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Taéanna 3 — Ol u p-3HaYeHNs 3HATUMBIX TOJIUMOP(PHU3MOB, CBSI3aHHBIX C PHCKOM acTMbI IIpH B3auMozeiicteun ¢ CO

[Monmumopduzm Ten Otnourenne mancos (OL1T) P-3nauenue
rs3763309 HLA-DRA 0.002
1s9268516 HLA-DRA 0.004
rs1684466 LINC01063 1.52 0.013
rs1837253 TSLP 1.57 0.015
rs10853952 SBNO?2 1.35 0.024
rs7686660 USP38-DT 1.37 0.028

rs479844 AP5B1,0VOLI 1.40 0.031
rs4833095 TLRI 1.39 0.032
rs7009110 RNUG6-1213PRPLI3APIS 1.37 0.034
rs3019885 SLC3048 1.39 0.034
1s2596464 LINC01149 1.32 0.038

rs907092 IKZF3 1.36 0.039
rs2284033 IL2RB 1.42 0.043

Volcano Plot: Interaction analysis of SNPs with SO2 mean concentration
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Pucynok 7 — Ananus B3auMOJIEHCTBHS TTOTMMOP(QU3MOB CO Cpe/iHel KoHIenTpanueit SO,

He cymecTByeT onyOIMKOBaHHBIX HCCIIEIO-
BaHWI, KOTOpBIE HEMOCPEICTBEHHO OIICHUBAIU
OBl B3aWMMOJICHICTBHE TEHOB U OKPY’KAIOMIEH Cpe-
JIbI C yY4aCTUEM TECTHPYEMbIX MOJUMOPPHU3MOB H
JNIPYTUX B KOHTEKCTE BO3JIEUCTBHUS 3arps3HEHUS
BO3/ayxa. B oTHOMIEHNN MUOKCHIA CEPBI B HCCIIE-
JOBaHUU OTMCYACTCA, YTO KaXJ0€ YBCINYCHUC

Ha 10 MKT/M> CBSI3aHO C OTHOCUTEJIBHBIM PUCKOM
1.011 (95% HAW: 1.007-1.015) nmns coOwITHiA,
cBsi3aHHBIX ¢ acT™Moi [Schildcrout, 2006:512]. B
ClleHapuu ocTporo Bo3zaerctBus Byrwa-Hill et
al. coob1aer o cooTHOIIEHUH pUCKOB 1.76 mocie
25-xkpatHoTO yBenmueHus comepxkanus SO2 [Yu,
2000:1210].
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3akioueHne

Haubonee BbIpakeHHasi 3allUTHAas acCOLU-
aiusa Obuta oOHapyxkena g 153117098 B rene
TSBP-AS1 (OILL=0.39, p=0.000), 3a KOTOpPHIM
cnenyrot rs1837253 (7TSLP, OUI=0.57, p=0.021),
1s907092 (IKZF3, Ol1=0.60, p=0.018) 1 rs4794820
(LRRC3C, OI1I=0.63, p=0.029). B mpoTHUBOMOIOXK-
HOCTh 3TOMy, 152844510 (LINCOI149) moxasan
HanOoJbIIyI0 accouuanuio ¢ puckom (OLLI=2.00,
p=0.047), mapsany c rs9268516 u rs3763309 (oba B
HLA-DRA, TSBP1-AS1, Olll = 1.62 u 1.65 cooTBeT-
CTBEHHO).

AHanu3 B3aMMOJEHCTBHSA TEH-CpeJa BBISBUI,
gT0 Bo3nericTere CO 3HAYNTENEHO YCUITUBAJIO PUCK,
CBsI3aHHBIN ¢ BapuanTamu B HLA-DRA/TSBP1-AS]I.
Hawnboiree BeIpakeHHBIC CHTHAIBI B3aHMOICHCTBUS
HaOJIIOJANIUCE I TTOJUMOPGU3MOB B TeHe HLA-
DRA, 1s3763309 (OLI=2.96, p=0.002) 1 1s9268516
(OlI=2.10, p=0.004). [dpyrvue B3aMMOACUCTBUS C
CO Obumu ormeuens! 11t SNP B renax LINC01063,
TSLP, SBNO2, USP38-DT, AP5BI1, OVOLI, TLRI,
RNUG6-1213P, RPLI13API18, SLC30A48, LINC01149,
IKZF3, IL2RB w ¢ Ol B nnanazone ot 1.35 o 1.57.

Xots Hexkoropele SNP mpoaemMoHCTpupoBa-
JIU CTaTUCTHUYECKH 3HAYMMbIE B3aWMOJICHCTBUS C
PM,, u SO, (manpumep, 1s3117098, 1s9268516,

rs1837253), ux 3HaUCHHsI OTHOIIICHHMSI IIIAHCOB OBLTH
ok x 1.00 (B gmamazone ot 0.95 o 1.01), uaro
yYKa3bIBaeT HA MUHUMAJIbHBIN WK OTCYTCTBYIOLIHI
peanbHbIil 3)EeKT, HECMOTPST Ha CTATUCTHYECKYFO
3HAYUMOCTb.

JlanHas paboTa 1MOMOTaeT BBISIBUTH I€HETHYE-
CKHE MapKepbl, CBSI3aHHBIC ¢ OpPOHXMAJIBHOH acT-
MO, 9TO MOXKET YIYYIIUTh PAHHIOI JTUATHOCTHKY
1 porHo3 pucka. COBMEIICHUE TeHETUUECKUX JIaH-
HBIX C DKOJIOTUYECKMMH (DaKTOpaMu, TaKUMHU Kak
3arps3HEHHE BO3/yXa, MO3BOJIACT Jy4Ile IOHSTH,
KTO HaXOJMTCS B TpyIlie prcka u nodemy. [loiy-
YEHHBIC PE3yJIBTaThl MOTYT CIIOCOOCTBOBATH pa3pa-
0OTKE IEIEBBIX CTpATETHi MPOMOHUIAKTHKU U Pop-
MHUPOBaHUIO 3(PPEKTHBHOW IMOIUTHKH B 00JAcTH
OOIIIECTBEHHOTO 3PAaBOOXPAHCHHSI TSI CHUKCHHUS
3a00JIEBAEMOCTH aCTMOW CpEeAH YS3BUMBIX TPYIII
HaceJICHHUS.

Baaronapuoctb

HccnenoBanue BBHIMOJHEHO NpU (UHAHCOBON
noanepxxke Komurera Hayku MUHUCTEpCTBA HAYKU
1 BbICIIEro oOpazoBanus PecryOnuku Kazaxcran B
pamkax rpaHToBoro npoekta AP23488865.

Kondaukt uarepecoB: ABTOPHI 3asABISIOT 00
OTCYTCTBHH KOH(DIMKTa UHTEPECOB.

Jluteparypa

1. Thomsen S.F. (2015). Genetics of asthma: an introduction for the clinician. Eur Clin Respir J. 2 (1).
2. McCarty J.C., Ferguson B.J. (2014). Identifying asthma triggers. Otolaryngol Clin North Am.;47(1) — P.109-18.
3. Dai X, Dharmage SC, Lodge CJ. (2022). The relationship of early-life household air pollution with childhood asthma and

lung function. // European Respiratory Review, 31, 220020.

4.  Syssoyev, Dmitriy & Mussina, Kamilla & Poddighe, Dimitri & Gaipov, Abduzhappar & Galiyeva, Dinara. (2025).
All-cause hospital admissions and incidence of asthma in children in Kazakhstan: a population-based retrospective cohort study.

Scientific Reports. 15.

5. Kerimray A., Assanov D., Kenessov B., Karaca F. (2020). Trends and health impacts of major urban air pollutants in

Kazakhstan. J. Air Waste Manag. Assoc. 70 — P. 1148-1164.

6. Temirbekov N, Temirbekova M, Tamabay D, Kasenov S, Askarov S, Tukenova Z. (2023) Assessment of the Negative
Impact of Urban Air Pollution on Population Health Using Machine Learning Method. Int J Environ Res Public Health. 20(18)—P.6770

7. Kerimray, A., Azbanbayev, E., Kenessov, B. et al. Spatiotemporal Variations and Contributing Factors of Air Pollutants
in Almaty, Kazakhstan. Aerosol Air Qual. Res. 20 — P. 1340-1352 (2020).

8. LiuY., Wang H.D., Yu Z.X., Hua S.C., Zhou L.T., Peng L.P. (2018).Influence of air pollution on hospital admissions in
adult asthma in northeast China // Chin. Med. J. 131 — P. 1030-1033.

9. Nugmanova, D., Sokolova, L., Feshchenko, Y., lashyna, L., Gyrina, O., Malynovska, K., Mustafayev, 1., Aliyeva, G.,
Makarova, J., Vasylyev, A., & Tariq, L. (2018). The prevalence, burden and risk factors associated with bronchial asthma in
commonwealth of independent states countries (Ukraine, Kazakhstan and Azerbaijan): results of the CORE study. BMC pulmonary

medicine, 18(1), 110.

10. Aalapati S., Ganapathy S., Manapuram S., Anumolu G., Prakya B.M. (2014). Toxicity and bio-accumulation of inhaled
cerium oxide nanoparticles in CD1 mice // Nanotoxicology. 8 — P. 786-798

11. Cohen A.J., Brauer M., Burnett R., Anderson H.R., Frostad J., Estep K., et al. (2017). Estimates and 25-year trends of the
global burden of disease attributable to ambient air pollution: an analysis of data from the Global Burden of Diseases Study // Lancet

389(10082). — P. 1907—- 1918.

12. Liu, M. B., Ibragimova, N. A., & Adambekov, D. A. (2019). Otsenka zabolevaemosti naseleniya g. Almaty legochnymi
boleznyami v kontekste s zagryazneniem atmosfernogo vozdukha [ Assessment of respiratory disease incidence among the population
of Almaty in the context of air pollution]. Nauka i Zdravookhranenie [Science & Healthcare], (4), — P. 90-99.

56



M.C. AbaynnaeBa u jp.

13. Alexis N.E., Huang Y.C., Rappold A.G., Kehrl H., Devlin R., Peden D.B. (2014). Patients with asthma demonstrate airway
inflammation after exposure to concentrated ambient particulate matter / Am J. Respir. Crit. Care Med. 190. — P. 223-235

14. Orellano P, Quaranta N, Reynoso J, Balbi B, Vasquez J (2017) Effect of outdoor air pollution on asthma exacerbations in
children and adults: Systematic review and multilevel meta-analysis. PLoS ONE 12(3): e0174050.

15. Yu O, Sheppard L, Lumley T, Koenig JQ, Shapiro GG. (2000). Effects of ambient air pollution on symptoms of asthma in
Seattle-area children enrolled in the CAMP study. Environ Health Perspect;108(12) — P.1209-14.

16. Schildcrout JS, Sheppard L, Lumley T, Slaughter JC, Koenig JQ, Shapiro GG. (2006). Ambient air pollution and asthma
exacerbations in children: an eight-city analysis. Am J Epidemiol. 164(6) — P. 505-17.

17. Clark NA, Demers PA, Karr CJ, Koehoorn M, Lencar C, Tamburic L, Brauer M. (2010). Effect of early life exposure to
air pollution on development of childhood asthma // Environ Health Perspect.118(2) — P. 284-90.

18. Chen J, Jiang X, Shi C, Liu R, Lu R, Zhang L. (2019). Association between gaseous pollutants and emergency ambulance
dispatches for asthma in Chengdu, China: a time-stratified case-crossover study. Environ Health Prev Med. 18;24(1) — P.20.

19. Byrwa-Hill BM, Presto AA, Wenzel S, Fabisiak JP. (2021) Impact of a pollution breach at a coke oven factory on asthma
control in nearby vulnerable adults. J Allergy Clin Immunol.;148(1):225-233.

20. Paruchuri, S.; Tashimo, H.; Feng, C.; Maekawa, A.; Xing, W.; Jiang, Y.; Kanaoka, Y.; Conley, P.; Boyce, J.A. (2009)
Leukotriene E4—induced pulmonary inflammation is mediated by the P2Y 12 receptor. J. Exp. Med.; 206, — P. 2543-2555.

21. Liang, S.-Q., Deng, J.-M., Wei, X., Chen, Z.-R., Yang, M.-L., Qin, H.-J., & Qin, Z.-M. (2023). Association of GWAS-
supported noncoding area loci rs404860, rs3117098, and rs7775228 with asthma in Chinese Zhuang population. Journal of Clinical
Laboratory Analysis, 37(6), €23066.

22. Yan Q, Brehm J, Pino-Yanes M, Forno E, Lin J, Oh SS, Acosta-Perez E, Laurie CC, Cloutier MM, Raby BA, Stilp AM,
Sofer T, Hu D, Huntsman S, Eng CS, Conomos MP, Rastogi D, Rice K, Canino G, Chen W, Barr RG, Burchard EG, Celedén JC.
(2017) A meta-analysis of genome-wide association studies of asthma in Puerto Ricans. Eur Respir J. ;49(5):1601505.

23. Chen, Y., Zhang, X., Li, Y., Wang, L., Liu, H., & Zhao, J. (2017). Polymorphisms of TGFB1, TLE4 and MUC22 are
associated with childhood asthma in Chinese population. Allergologia et Immunopathologia, 45(5) — P. 433—440.

24. Shrestha AB, Pokharel P, Singh H, Shrestha S, Shrestha S, Sedhai YR. (2024) Association between bronchial asthma and
TSLP gene polymorphism: a systematic review and meta-analysis. Ann Med Surg (Lond). 86(8) — P.4684-4694.

25. SuiX.,,BiY. GuY.etal (2108) Correlation between serum mucin 1-like protein 3 gene mononucleotide polymorphism
and childhood mycoplasma pneumoniae infection-related asthma [J]. Chinese Clinical Medicine, 25(3) — P. 378-382.

26. Ramasamy, A., Kuokkanen, M., Vedantam, S., Gajdos, Z. K., Couto Alves, A., Lyon, H. N., Ferreira, M. A. R., Strachan,
D. P., Zhao, J. H., Abramson, M. J., Brown, M. A., Coin, L., Dharmage, S. C., Duffy, D. L., Haahtela, T., Heath, A. C., Janson, C.,
Kéhonen, M., Khaw, K. T., ... Hirschhorn, J. N. (2012). Genome-Wide Association Studies of Asthma in Population-Based Cohorts
Confirm Known and Suggested Loci and Identify an Additional Association near HLA. PLoS ONE, 7(9), Article e44008.

27. Demenais F, Margaritte-Jeannin P, Barnes KC, et al., (2017). Multiancestry association study identifies new asthma risk
loci that colocalize with immune-cell enhancer marks. Nat Genet. 2018 Jan;50(1): — P. 42-53.

28. Canova,C., Torresan, S., Simonato, L., Scapellato, M. L., Tessari, R., Visentin, A., Lotti, M., & Maestrelli, P. (2010). Carbon
monoxide pollution is associated with decreased lung function in asthmatic adults. The European respiratory journal, 35(2), — P.
266-272.

29. Ameredes, B. T., Otterbein, L. E., Kohut, L. K., Gligonic, A. L., Calhoun, W. J., & Choi, A. M. K. (2003). Low-dose
carbon monoxide reduces airway hyperresponsiveness in mice. Am J Physiol Lung Cell Mol Physiol 285: —P. 1270-1276.

30. Liu X.M., Chapman G.B., Peyton K.J. et al. (2002). Carbon monoxide inhibits apoptosis in vascular smooth muscle cells
// Cardiovasc Res.— Vol. 55.— P. 396 — 405.

Hugpopmayusn 06 asmopax:

Ab60oynnaesa Maouna Capceneanvikeizel — mazucmp, cmapuiuii 1abopanm iabopamopuu ROnYIsyuonHou eenemuru Uncmumy-
ma eenemuxu u usuonocuu (Aimamel, Kazaxcman, e-mail: madessin@yandex.kz);

Kacwimbexosa Aticepum Mypambexosna — mazucmp, cmapuiuii 1a60panm 1abopamopuy RORYJIAYUOHHOU cenemuxu Mncmumy-
ma eenemuxu u usuonocuu (Aimamol, Kazaxcman, e-mail: kassymbekova0l@gmail.com);

Jlebeoesa Jluna Ilasnosna — nayunviii compyoHuk 1abopamopuu nONYIsyuoHHol eenemuxy Mncmumyma cenemuru u gpu3suo-
noeuu (Anmamol, Kazaxcman, e-mail: lebedevaleena@gmail.com);

Epeanu Kanazam — maaowuii nayunwiii compyoHux 1abopamopuu nonyaayuonnol eenemuxu Mnemumyma eenemuru u ¢usuo-
noeuu (Anmamul, Kazaxcman, e-mail: ergali.0394@mail.ru);

Mycpanuna Jlnzzam 3enypaunoena — PhD, cmapuwiuil hayunwiii compyorux 1adopamopuu NONYIayuorHol enemuku Mucmu-
myma cenemuxu u Quzuonocuu (Arimamot, Kazaxcman, e-mail: musralinal@gmail.com);

T'apuwiun Anexcanop Anopeesuy — PhD, nayunviii compyOHuk 1a00opamopuu RORYIsAYuOHHOU cenemuxu Mucmumyma cenemuxu
u gpuzuonoeuu (Anmamol, Kasaxcman, e-mail: garshinl511@gmail.com);

Jocancyzyposa Jleiina Bynamosna — k. 0. 1., npogpeccop, pykosooumensv yenmpa «llaneocenemuru u smuozenomuxuy Mncmu-
myma cenemuru u gusuonozuu (Arimamel, Kazaxcman, e-mail: leylad@mail.ru);

Apmuwieanuesa JJlanapa Hypranosna — epay evicuiell kKame2opuu MmeOuyunckoeo yenmpa «Annepeo Knunuxy, oupexmop yenmpa
(Anmamol, Kazaxcman, e-mail: artdanara@mail.ru);

Anmwinosa Hazvim Kanuxanosna (koppecnonoenmmuuiii asmop) — PhD, 3ae6. aabopamopueti nonyisiyuonnou cenemuru Mncmu-
myma cenemuxu u Quzuonocuu (Armamot, Kazaxcman, e-mail: naz10.79@mail.ru).

57



AHanu3 BIMAHMSA TCHETHIECKHX MOTUMOP(H3MOB M KoHIeHTpanuii PM, ., CO U SO, Ha pHCK pa3BUTHAL...

2.5°

Aemopnap mypanst manimem:

Maouna Copceneanurwizel Aboyinaesa — avinvim mazucmpi, Ienemuka dcone uzuono2us UHCMUMYMbIHbIY NONYAAYUALLIK
2eHEeMUKA 3ePMXAHACHIHbIY a2a 3epmxanautbicsl (Aimamol, Kazakcman, e-mail: madessin@yandex.kz)

Atieepum Mypambexxuvizvl Kacvimbexosa — aviivim mazucmpi, I'enemura scone usuonocus uHCImumymuolHoly NONYIAYUAIbIK
2eHEeMUKA 3epMXAHACHIHbIY a2a 3epmxanautbicsl (Aimamol, Kazagcman, e-mail: kassymbekova0l@gmail.com)

Jluna Ilasnosna Jlebeoesa — I'enemuka odicone usuonocus UHCMUMYMbIHbIY NONYIAYUANLIK 2EHeMUKa 3epmxaHacbiHbl
evLblmu Kbizmemrepi (Aimamot, Kaszakeman, e-mail: lebedevaleena@gmail.com)

Epeanu Kanazam — I'enemuxa srcone Qusuoniocus uHCMumymlHbly, NONYIAYUATbIK 2eHEMUKA 3ePMXAHACBIHbIY KIuli 2bl1bIMU
Koizmemrepi (Aimamot, Kazaxceman, e-mail: ergali.0394@mail.ru)

Mycpanuna Jlozsam 3enypaunxviset — PhD, I'enemuka dcone Qu3uonocus uHCMUmMymvlHblY NONYIAYUAIGIK 2EeHEMUKd
3EPMXAHACHIHbIY a2a ebLIbIMU Kbismemkepi (Aimamel, Kazaxcman, e-mail: musralinal@gmail.com)

Tapwun  Anexcanop Anopeesuu — PhD, Ienemuka ocone @usuonocus UHCMUMYMbIHbIY NORYAAYUATLIK 2eHEMUKA
3EPMXAHACHIHBIY 2bLIbIMU KbizmemKepi (Anmamol, Kazaxcman, e-mail: garshinl511@gmail.com)

Moicancyeyposa Jleuna Bynamosna — PhD, npogeccop, I'enemuka sicone gusuonozus uncmumymeotnviy Ilaneozenemura scone
IMHOSEHOMUKA OPMATbI2bIHGIY Meneepyuiici (Aimamel, Kazaxcman, e-mail: leylad@mail.ru)

Apmuieanuesa /lanapa Hyprankwizvr — Allergo Clinic meduyunanvix opmanviebinbly sco2apsbl canammol 0opicepi, Opmanvik
oupexmopul (Armamet, Kasaxcman, e-mail: artdanara@mail.ru)

Anmuinosa Haszum Kanuxanxuviser (koppecnondenm-aemop) — PhD, ['enemuxa owcone @usuonocus uHCmumymoiHvly
NONYNAYUSLIBIK 2CHEMUKA 3epMXanaceinblly meyeepyutici (Aimamel, Kazaxcman, e-mail: naz10.79@mail.ru)

Information about the authors:

Madina Sarsengalikyzy Abdullaeva — Master of Science, Senior Laboratory Assistant, Population Genetics Laboratory, Institute
of Genetics and Physiology (Almaty, Kazakhstan, e-mail: madessin@yandex.kz)

Aigerim Muratbekovna Kasymbekova — Master of Science, Senior Laboratory Assistant, Population Genetics Laboratory,
Institute of Genetics and Physiology (Almaty, Kazakhstan, e-mail: kassymbekova0l@gmail.com)

Lina Pavlovna Lebedeva — Researcher, Population Genetics Laboratory, Institute of Genetics and Physiology (Almaty,
Kazakhstan, e-mail: lebedevaleena@gmail.com)

Ergali Kanagat — Junior Researcher, Population Genetics Laboratory, Institute of Genetics and Physiology (Almaty, Kazakhstan,
e-mail: ergali.0394@mail.ru)

Musralina Lyazzat Zenurainovna — PhD, Senior Researcher, Population Genetics Laboratory, Institute of Genetics and
Physiology (Almaty, Kazakhstan, e-mail: musralinal@gmail.com)

Garshin Aleksandr Andreevich — PhD, Researcher, Population Genetics Laboratory, Institute of Genetics and Physiology
(Almaty, Kazakhstan, e-mail: garshinl511@gmail.com)

Dzhansugurova Leila Bulatovna — PhD, Professor, Head of the Paleogenetics and Ethnogenomics Center, Institute of Genetics
and Physiology (Almaty, Kazakhstan, e-mail: leylad@mail.ru)

Artygalieva Danara Nurlanovna — Physician of the highest category, Allergo Clinic Medical Center, Director of the Center
(Almaty, Kazakhstan, e-mail: artdanara@mail.ru)

Altynova Nazim Kalikhanovna (corresponding author) — PhD, Head of the Population Genetics Laboratory, Institute of Genetics
and Physiology (Almaty, Kazakhstan, e-mail: naz10.79@mail.ru)

Tlocmynuna 18 anpens 2025 200a
Ipunama 25 cenmabpa 2025 2o0a

58



ISSN 1563-034X; eISSN 2617-7358 Oxkonorus cepusichl. N3 (84). 2025 https://bulletin-ecology.kaznu.kz
IRSTI 62.99.29 https://doi.org/10.26577/EJE20258436

ic ic it
AM. Malik” | G.Zh. Abdieva? " | P.S. Ualieva? '
ic ir i
N.Sh. Akimbekov? A , K.T. Tastambek?® o , Zh.T. Tauanov? L R
(i
M.A. Turalieva 4 0

ISustainability of Ecology and Bioresources, Al-Farabi Kazakh National University, Almaty, Kazakhstan
“Department of Biotechnology, Al-Farabi Kazakh National University, Almaty, Kazakhstan
3Ecology Research Institute, Khoja Akhmet Yassawi International
Kazakh Turkish University, Turkistan, Kazakhstan
“Department of Biotechnology, M. Auezov South Kazakhstan University, Kazakhstan
‘e-mail: azhar.malikkyzy@gmail.com

DETERMINATION OF MICROBIAL DIVERSITY
OF INDIGENOUS MICROFLORA OF SOIL SAMPLES
CONTAMINATED WITH XENOBIOTICS
AND STUDY OF THEIR MICROBIOLOGICAL PROPERTIES

The microbial community that determines the biochemical properties of the soil is a set of living or-
ganisms of different species that form a certain ecological and trophic unit. Of all the biotic components
of the ecosystem, the microbial community is the most sensitive to changes in environmental conditions
that occur during agricultural development of ecosystems, as well as to the presence of other forms of
anthropogenic impact, including pollutants. The complexity and diversity of the relationships of various
microorganisms with each other and with plants, as well as with other components of the agrobioceno-
sis, determine the phytosanitary state of the soil and its stability as an integral system.

The aim of the work is to determine the microbial diversity of the native microflora of soil samples
contaminated with xenobiotics and to study their biological properties, as well as screening for promis-
ing microorganisms. Study of the microbial diversity of the local microflora of soil samples contaminated
with xenobiotics in the Turkestan and Kyzylorda regions.

Xenobiotics, getting into the soil, directly or indirectly affect microbial communities. According to
modern concepts, microbiological monitoring is a priority area of environmental quality control. Cur-
rently, the most developed methods for assessing the impact of pollutants are based on the study of the
structural reorganization of communities and the consideration of various groups of microorganisms. In
this regard, the work studied the microbial diversity of soils contaminated with xenobiotics in the Turke-
stan and Kyzylorda regions, and selected promising microorganisms.

Keywords: xenobiotics, microorganisms, screening, destructor, diversity.
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GapbliHLLA Ce3iMTaA. OPTYPAI MMKPOOPraHM3mAepAiH 6ip-6ipiMeH XaHe eciMAiIKNeH, COHAal-ak, arpo-
6MOLEHO3AbIH 6acKa KOMIMOHEHTTEPIMEH KapbIM-KaTbIHACTaPbIHbIH, KYPAEAIAITT MEH 8PTYPAIAIri Tombi-
pakTbIH, (DPUTOCAHUTAPABIK, KaFAAlbIH YK8HE TyTacC >Kyihe PeTiHAE OHbIH, TYPAKTbIAbIFbIH aHbIKTARAbI.

KyMbICTbIH MakcaTbl — KCEHOOMOTUKTEPMEH AACTaHFaH TOMbIPAK, YAFiAepiHiH aGopureHAl MUKpod-
AOPACbIHbIH, MUKPOOTbIK, BPTYPAIAITiH aHbIKTAY >KOHE OAAPAbIH OMOAOTUSABIK KACMETTEpiH 3epTTey,
NepCcrneKkTUBaAbl MUKPOOPTraHN3MAEPAT CKPUHUHITEH 6TKi3y. TypkicTaH xxaHe Kbi3biAopaa 0OGAbICbIHAQ-
bl KCEHOOMOTMKTEPMEH AACTaHFaH TOMbIPAK, YAFIAEPIHIH XKepriAikTi MUKPOgAOPAChIHbIH MUKPOOTBIK,
AAyaH TYPAIAITIH 3epTTey.

Tonblpakka TYCeTiH KCeHOBMOTHKTEP MUKPOOBTBIK KAybIMAACTbIKTApFA TiKEAEH Hemece KaHama
acep eTeAi. 3amaHaym Ty>XXKblpbIMAAMaAapFa COMKEC MUKPOBUOAOTUSAbIK, MOHUTOPUHI KOpLUAFaH opTa
canacblH 6akpblAayAblH 6acbiM 6arbiThl GOAbIN TabbiraAbl. Kasipri yakbiTTa AacTaylbl 3aTTapAblH ace-
piH 6araAayAblH €H >KaKCbl AAMblFaH dAICTEPi KAybIMAACTBIKTAPAbIH KYPbIABIMABIK, KaiTa KyPbIAYbIH
3epTTeyre >aHe MMKPOOPraHM3MAEPAIH BPTYPAI TONTapbiH ecernke aayfa HerizaeareH. OcbiraH Oait-
A@HBICTbI >KyMbICTa TypkicTaH oHe Kbi3blaopAa 0OAbICTApbIHAAFbI KCEHOOMOTUKTEPMEH AACTaHFaH
TOMbIPAKTAPbIHbIH, MUKPOOTbIK, aAyaH TYPAIAIT 3epTTeAiN, NepcnekTMBTI MUKPOOPraHM3MAEp ipikTeAin
AAbIHABI.

Ty#in ce3aep: KCEHOOMOTUKTEP, MUKPOOPraHU3M, CKPUHUHL, AECTPYKTOP.
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OnpeaereHne MUKPOGHOrO pa3Hoo6pasus
a0opUreHHOM MUKPOAOPbI 06PaA3LLOB MOYB, 3arpPsI3HEHHbIX KCEHOOMOTHKAMM,
M U3yyeHue X MUKPOOMOAOrM1ECKMX CBOMCTB

Mukpo6Hoe coobLecTBO, onpeaeAsiolee 6MOXMMUUYECKME CBOMCTBA MOYBbI, MPEACTABASIET COO0
COBOKYMHOCTb >KMBbIX OPraHM3MOB Pa3HbIX BMAOB, 06PA3YIOLIMX OMPEAEAEHHYIO 3KOAOTO-TpoduUe-
CKYIO eAMHMLY. M3 Bcex BMOTUYECKMX KOMIMOHEHTOB 3KOCUCTEMbI MUKPOBHOE Co0bLLecTBO Hanboaee
YYBCTBUTEABHO K M3MEHEHMSIM YCAOBMIA OKPYXKAIOLLIEN CPEAbI, MPOUCXOASLLMM B MPOLECCE CEAbCKOXO-
39MCTBEHHOrO OCBOEHMS SKOCUCTEM, A TakKXKe K HAAMUMIO APYTMX (DOPM aHTPOMOreHHOrO BO3AEMCTBUS,
B TOM umMcAe 3arpssHsiowmx sewects. CAOXKHOCTb M MHOrooOpasue B3aMMOOTHOLLEHWIA Pa3AMUHbIX
MUKPOOPraHM3MOB MEXAY COBO0M 1 C paCcTEHMSIMM, a TAKXKE C APYTMMM KOMITOHEHTaMM arpoburoLieHo3a
OMPeAEASIIOT (PUTOCAHUTAPHOE COCTOSIHME MOYUBbI U €€ YCTOMUYMBOCTb Kak LIEAOCTHOM CUCTEMbI.

LleAbio paboTbl SBASIETCS OMpeAeAeHne MUKPOOHOro pasHoobpasmst abopureHHon MUKPOGAOPDI
006pasLOB MOYB, 3arpsA3HEHHbIX KCEHOOMOTMKAMM, U M3ydyeHUe MX OMOAOIMUYECKMX CBOMCTB, a TakxKe
CKPVHMHT NMepCrekTUBHbIX MUKPOOPraHM3MoB. M3yueHne MUKpPOBGHOro pasHoo6pasms AOKAAbHOM MM~
KpoAOpbl 06pasLIOB MOYB, 3arPA3HEHHbIX KCEHOOMOTMKaMKM B TypkecTaHCKoM M KbI3bIAOPAMHCKOM
obAacTsX.

KceHOOMOTMKM, Monaaas B MOYBY, HAMPAMYIO MAM KOCBEHHO BAMSIIOT Ha MUMKPOOHbIE COOOLEeCTBa.
CoraacHO COBPEMEHHbIM MPEACTABAEHUAM MUKPOOBUOAOTMYECKMIA MOHUTOPUHT SIBASIETCS MPUOPUTET-
HbIM HarpaBAEHMEM KOHTPOAS KauyecTBa OKpy>KatoLLern cpeabl. B HacTosuiee Bpemst Hanboaee paspabo-
TaHbl METOAbI OLIEHKN BO3AEMCTBUS 3arpsi3HSIOLLMX BELLECTB, OCHOBAHHbIE HA U3YYeHMU CTPYKTYPHOM
NepecTpoikn COOBLLECTB M yueTe PasAMUHbIX TPYMN MMKPOOPraHM3MoB. B cBa3u ¢ 3TMm B paboTe
M3y4eHO MMKPOBHOEe pasHoobpasme NMoYs, 3arpA3HEHHbIX KCEHOOMOTHKaMM B TypkecTaHckomn 1 Kbi3bi-
AOPAMHCKOM 06AACTSIX, M OTOOPaHbl NePCreKTUBHbIE MUKPOOPraHM3Mbl.

KAtoueBble cA0Ba: KCEHOBUMOTUKM, MUKPOOPraHU3Mbl, CKPUHUHT, AECTPYKTOP, pa3HooOpasue.
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Introduction

Humans and their environment, as well as the
nation’s health, have always been a priority for the
state. Human health depends 12% on the healthcare
system, 18% on genetic predisposition, and as much
as 70% on lifestyle, including environmental condi-
tions and nutrition. Environmental pollution contrib-
utes to an increase in genetic burden and mutation
rates within human populations. This is evidenced
by the rising incidence of congenital abnormalities,
hereditary and multifactorial diseases, particularly
in environmentally disadvantaged areas.

In daily life, humans come into contact with
numerous chemical substances, extensively used in
industry, agriculture, medicine, and households. Ex-
perimental studies show that many of these chemi-
cal compounds exhibit mutagenic activity. Food
products derived from plants and animals may also
be contaminated by chemicals used in agriculture
for pest and disease control [1].

The industrialization of agriculture has in-
creased the chemical load on natural ecosystems.
Intensive chemicalization in agriculture boosts pro-
ductivity but simultaneously leads to environmen-
tal contamination with xenobiotics, pesticides, and
other chemical compounds.

Pesticides are widely used in agriculture, as
they prevent up to 40% of crop losses. However,
poor storage practices and the application of up to
95% of pesticides in ways that fail to target the in-
tended organisms result in significant environmen-
tal harm. Misuse of pesticides without considering
the natural and climatic features of treated areas
or adhering to safety regulations raises serious is-
sues, such as declining biodiversity, wildlife and
livestock deaths, poisoning, disruption of natural
pest control mechanisms, accumulation of obsolete
and unusable chemical substances that pose haz-
ardous environmental risks, contamination of food
and feed with pesticide residues, and pollution
of surface and groundwater. Contaminated food,
feed, and drinking water are the primary sources of
pesticide exposure to humans.

Among chemical pollutants in the environment,
persistent organic pollutants (POPs) are particu-
larly dangerous [2]. Recently, POPs have become
a pressing global environmental issue. POPs are
chemical substances containing chlorine, carbon,
and hydrogen. These compounds degrade slowly

and accumulate in living organisms. POPs are often
transported over long distances via air, water, and
migratory species, such as insects, birds, and warm-
blooded animals. Even in small amounts, POPs pose
a threat to humans and nature. They dissolve poorly
in water but readily in fats, allowing them to accu-
mulate in the fatty tissues of living organisms. Their
concentrations can increase thousands or even tens
of thousands of times through food chains [3-4].

In 2001, the Ministry of Natural Resources
and Environmental Protection of the Republic of
Kazakhstan, together with UNEP Chemicals, con-
ducted a preliminary inventory of obsolete and un-
necessary pesticides under a Memorandum of Un-
derstanding dated January 8, 2001. A report was
prepared, providing information on the inventory of
unused pesticide stocks (including POP pesticides)
and an analysis of data collected from the official
statistics of the Republic of Kazakhstan’s Agency
for Health Affairs and the Republican Sanitary and
Epidemiological Station. With the support of the
Central Asia Regional Environmental Center, the
project of the “Greenwomen” Environmental News
Agency (Kazakhstan) was implemented [5].

Soil salinization, particularly in semi-arid re-
gions, has become a global issue. It is a major factor
reducing agricultural productivity worldwide.

Materials and methods

Study of soil samples

We conducted research to study the microbial
diversity of soil samples in the Turkestan and Ky-
zylorda region (Figure 1), contaminated with xeno-
biotics (pesticides) (test samples) and background
territory (control samples).

Collection and preparation of samples for mi-
crobiological analysis

To collect samples, use clean, sterile glass vials
with tightly closing rubber stoppers and thick paper
caps.

Soil samples are collected on each of the areas
studied at five points diagonally or along an “en-
velope” (four points at the corners and one in the
center). To prepare an average sample of 0.5 kg,
the soil of all samples of one area is poured onto a
sterile thick sheet of paper and the soil is thoroughly
mixed in a jar. The size of the collected soil samples
is dictated by the degree of its contamination and the
planned work. Before sowing, the soil is dispersed.
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Figure 1 — Soil sampling points in the Turkestan and Kyzylorda region
(a — Turkestan region, b — Kyzylorda region)

Methods for studying the microbial diversity of
environmental objects in areas contaminated with
xenobiotics

The determination of the number of different
groups of soil microorganisms to identify physi-
ological groups resistant to the pollutant and to
compare the microbiological composition of the
soil microflora was carried out using the method of
successive dilutions of the soil suspension on dense
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nutrient media.The number of cells was determined
using the Koch method. The essence of the method
is to sow a certain volume of the studied suspension
of microorganisms on a dense medium in Petri dish-
es and count the colonies that have grown after incu-
bation. The sowing is carried out on agarized media
in Petri dishes. To determine the total number of
microorganisms, meat-peptone agar (MPA) is used,
to determine the content of fungi in the soil — wort
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agar (WA), to determine the number of different
physiological groups of microorganisms, the corre-
sponding nutrient media are used. Mold fungi were
counted on the agarized Czapek-Dox medium, am-
monifying bacteria were detected on GRM-agar,
nitrogen-fixing bacteria — on Ashby medium, aero-
bic cellulolytic bacteria were counted on the dense
nutrient medium of Hutchinson and Clayton.

The crops were cultivated in a thermostat at 28°C
for 2 days when isolating heterotrophic bacteria, 5-7
days when isolating actinomycetes, nitrogen-fixing
and mold fungi, and 7-9 days when isolating cel-
lulolytic bacteria. After incubation of the crops, a
quantitative count of the grown colonies was carried
out and the number of colony-forming units (CFU)
in 1 g of soil was determined.

Determination of the titer of colony-forming
units of microorganisms

The determination of the number of different
groups of soil microorganisms to identify physi-
ological groups resistant to the pollutant and to
compare the microbiological composition of the soil
microflora was carried out by the method of succes-
sive dilutions of the soil suspension on dense nu-
trient media. Fortiter distribution in samplescolony
forming units of microorganismswere carried out
using the Koch method. The essence of the method
consists of seeding a certain volume of the studied
suspension of microorganisms on a dense medium
in Petri dishes and counting the colonies that have
grown after incubation. The seeding is carried out
on agar media in Petri dishes. After incubation of the
seedings, a quantitative count of the grown colonies
was carried out and the number of colony-forming
units (CFU) in 1 g of the sample was determined.

Methods for isolating pure cultures from soil
samples. Pure cultures were obtained by mechani-
cal separation on the surface of a dense nutrient
medium (the streak method with loop burning) [7].
Individual colonies were checked for purity by mi-
croscopy and were seeded onto slanted nutrient agar
for cultivation.

Methods for determining the morphological-
cultural and physiological-biochemical properties
of isolated pure cultures of microorganisms

The study of morphological, physiological and
biochemical characteristics of bacteria was carried
out using generally accepted methods. The morpho-
logical and cultural properties of the isolated pure
cultures of microorganisms were studied according
to the following characteristics: cell shape and ar-
rangement, cell size, cell motility, presence of endo-

spores, Gram staining, colony description on solid
nutrient media, growth pattern in liquid nutrient
medium, growth pattern on slant agar. Physiologi-
cal and biochemical properties of bacteria and yeast
were determined according to the following char-
acteristics: bacterial growth at 420C, hydrolysis of
gelatin, starch, casein, presence of catalase and use

Pure cultures were obtained by mechanical sep-
aration on the surface of a dense nutrient medium
(the streak method with loop burning). Individual
colonies were checked for purity by microscopy and
were seeded onto slanted nutrient agar for cultiva-
tion. For isolation, heterotrophic bacteria were cul-
tured for 2-3 days, actinomycetes, nitrogen-fixing
bacteria and mold fungi for 7-9 days.

Methods for screening microorganisms of chem-
ical pollutants (xenobiotics)

A wide range of pesticide-resistant microorgan-
isms and their high level of biodegradation capa-
bilities make these organisms promising biotechno-
logical objects for cleaning the environment from
pesticides. Soil microorganisms react extremely ac-
tively to chemical components of the environment.
Screening of sensitive and tolerant microorganisms
allows selecting optimal test organisms and bioin-
dicator organisms for pesticide contamination of
soil[8].

To search for microorganisms, we used strains
from dominant bacterial populations. For this pur-
pose, all isolated strains were seeded on Petri dishes
with M9 agar medium (composition, g/l: Na,HPO,
- 6.0; KH,PO, — 3.0; NaCl — 0.5NH,CL — 1.0;
distilled water 1000 ml, 2% starvation agar) with
the addition of a pesticide as a carbon source. The
strains were cultured for 5 days at 28 °C [9].

Results and discussion

Determination of microbial diversity of local
microflora of xenobiotic-contaminated soil samples
and study of their biological properties

Isolation of local microorganisms from contam-
inated soil samples, study of biological properties of
isolated microorganisms

Humans and their environment, as well as the
nation’s health, have always been a priority for the
state. Human health depends 12% on the healthcare
system, 18% on genetic predisposition, and as much
as 70% on lifestyle, including environmental condi-
tions and nutrition. Environmental pollution contrib-
utes to an increase in genetic burden and mutation
rates within human populations. This is evidenced
by the rising incidence of congenital abnormalities,
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hereditary and multifactorial diseases, particularly
in environmentally disadvantaged areas.

In daily life, humans come into contact with
numerous chemical substances, extensively used in
industry, agriculture, medicine, and households. Ex-
perimental studies show that many of these chemi-
cal compounds exhibit mutagenic activity. Food
products derived from plants and animals may also
be contaminated by chemicals used in agriculture
for pest and disease control [209].

The industrialization of agriculture has in-
creased the chemical load on natural ecosystems.
Intensive chemicalization in agriculture boosts pro-
ductivity but simultaneously leads to environmen-
tal contamination with xenobiotics, pesticides, and
other chemical compounds.

Pesticides are widely used in agriculture, as
they prevent up to 40% of crop losses. However,
poor storage practices and the application of up to
95% of pesticides in ways that fail to target the in-
tended organisms result in significant environmen-
tal harm. Misuse of pesticides without considering
the natural and climatic features of treated areas
or adhering to safety regulations raises serious is-
sues, such as declining biodiversity, wildlife and
livestock deaths, poisoning, disruption of natural
pest control mechanisms, accumulation of obsolete
and unusable chemical substances that pose haz-
ardous environmental risks, contamination of food
and feed with pesticide residues, and pollution
of surface and groundwater. Contaminated food,
feed, and drinking water are the primary sources of
pesticide exposure to humans.

Among chemical pollutants in the environment,
persistent organic pollutants (POPs) are particu-
larly dangerous [10]. Recently, POPs have become
a pressing global environmental issue. POPs are
chemical substances containing chlorine, carbon,
and hydrogen. These compounds degrade slowly
and accumulate in living organisms. POPs are often
transported over long distances via air, water, and
migratory species, such as insects, birds, and warm-
blooded animals. Even in small amounts, POPs pose
a threat to humans and nature. They dissolve poorly
in water but readily in fats, allowing them to accu-
mulate in the fatty tissues of living organisms. Their
concentrations can increase thousands or even tens
of thousands of times through food chains [11-212].

In 2001, the Ministry of Natural Resources
and Environmental Protection of the Republic of
Kazakhstan, together with UNEP Chemicals, con-
ducted a preliminary inventory of obsolete and un-
necessary pesticides under a Memorandum of Un-
derstanding dated January 8, 2001. A report was
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prepared, providing information on the inventory of
unused pesticide stocks (including POP pesticides)
and an analysis of data collected from the official
statistics of the Republic of Kazakhstan’s Agency
for Health Affairs and the Republican Sanitary and
Epidemiological Station. With the support of the
Central Asia Regional Environmental Center, the
project of the “Greenwomen” Environmental News
Agency (Kazakhstan) was implemented [13].

Soil salinization, particularly in semi-arid re-
gions, has become a global issue. It is a major factor
reducing agricultural productivity worldwide.

Research results. The aim of the work is to de-
termine the microbial diversity of the local micro-
flora of soil samples contaminated with xenobiotics
and to study their biological properties, to screen
promising microorganisms.

To study the microbial diversity of the local mi-
croflora of soil samples contaminated with xenobi-
otics in the Turkestan and Kyzylorda regions.

The microbial community, which mainly de-
termines the biochemical properties of the soil, is
a set of coexisting organisms of different species
that form a certain eco-trophic unit. Of all the biotic
components of the ecosystem, the microbial com-
munity is the most sensitive to changes in the envi-
ronmental conditions that occur during the agricul-
tural development of ecosystems and the presence
of other forms of anthropogenic impact, including
pollutants. The complexity and diversity of the rela-
tionships of various microorganisms with each other
and with plants, as well as with other components
of the agrobiocenosis, determine the phytosanitary
state of the soil and its stability as a whole system
[14].

Xenobiotics entering the soil directly or indi-
rectly affect microbial communities. According to
modern concepts, microbiological monitoring is a
priority direction of environmental quality control.
Currently, the most developed methods for assess-
ing the impact of pollutants are based on the study
of the structural reorganization of communities and
the accounting for various groups of microorgan-
isms [15].

From an ecological point of view, soil is a com-
plex heterogeneous system. Soil conditions affect
the number and activity of microfiora, and also de-
termine the degree of manifestation of the toxic ef-
fect of pesticides.

In this regard, the work studied the microbial di-
versity of soils contaminated with xenobiotics in the
Turkestan and Kyzylorda regions. The results of the
study of microbial diversity in the studied soils are
presented in Figure 2.
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Figure 2 — Microbial diversity of soil samples from South Kazakhstan

Analysis of the microbiological composition of
the soil showed that in the contaminated soil of the
Turkestan regionthe dominant number of mold fun-
gi is 3.2x10” CFU/g, heterotrophs 2.9x107 CFU/g,
aerobic cellulolytic bacteria 2.5x107 CFU/g, ammo-
nifying bacteria 2.3x107 CFU/g, also nitrogen-fixing
bacteria 2.1x107 CFU/g, yeast 1.8x107 CFU/g.

The control sample was a soil sample not con-
taminated with xenobiotics. The total number of
mesophilic aerobic and facultative anaerobic micro-
organisms (MAFAnM) is 1.7x10%-6.9x10* CFU/g.
The quantitative indicators of nitrogen-fixing bacte-
ria and microscopic yeasts in the contaminated soil
did not differ significantly from the indicators of the
control sample.

Thus, ppesticides actively affect the vital ac-
tivity of both individual cells of microorganisms
and soil microbiocenoses. In many ways, the na-
ture of the action of pesticides is determined by
their chemical nature and the uniqueness of soil
microbiota. There are groups of extremely sensi-
tive and very tolerant microorganisms. However,
the toxic effect of pesticides, as a rule, is revers-
ible. The degree of inhibitory effect and the rate of
restoration of the original structure of microbioce-
noses depend on the chemical composition, dose

and stability of the xenobiotic in the environment.
Changes in numbers under the influence of pesti-
cides are confirmed by data from other researchers
[215]. Also, during the work, the qualitative and
quantitative composition of the microflora of the
soil sample of the Turkestan region was studied.
The results are presented in Figure 3.

As a result of the study of the qualitative and
quantitative composition of the microflora of the
soil sample of the Turkestan region, it was shown
that the microflora is dominated by mold fungi (17-
28%), ammonifying bacteria (15%), heterotrophic
bacteria (17-18%), yeast (12-18%), and aerobic cel-
lulolytic bacteria (20-27%). The decrease in mold
fungi may be due to the presence of pesticides in the
contaminated soil that inhibit their growth. Analy-
sis of the number of microorganisms in contami-
nated soil showed that heterotrophic bacteria were
the dominant group, so screening and selection of
promising microorganisms was carried out in this
group.

An important condition for further microbio-
logical research was the necessary isolation of
strains of dominant populations of microorganisms
and the production of pure cultures to study their
properties.
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Figure 3 — Qualitative and quantitative composition of the microflora of a soil sample from the
Turkestan region (a — Botanical Garden of Yassawi University, b — Aral city, ¢ — Baigekum village)

Biotechnological methods for preventing ad-
verse factors for the biosphere are based on the
use of microorganisms capable of biotransform-
ing xenobiotic molecules, transforming pollutants
into safe forms, and preventing the formation of
secondary pollution products. Soil microorganisms
play a major role in the decomposition of xenobiot-
ics in the environment. Therefore, the current stage
of research into the microbiological destruction of
xenobiotics is characterized by interest in study-
ing their physiological and biochemical properties
[16].

In this regard, promising strains of microorgan-
isms were isolated in experiments from soil samples
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contaminated with xenobiotics in the Turkestan and
Kyzylorda regions. During the work, 4 strains were
isolated for screening promising microorganisms
isolated from soil samples containing chemical pol-
lutants.

The description and identification of microor-
ganisms was carried out by studying their cultural,
morphological, tinctorial and biochemical proper-
ties [17].

The morphological-cultural and physiological-
biochemical properties of isolated pure cultures of
microorganisms were studied. Table 1 shows the
morphological-cultural properties of microorgan-
isms isolated from soil samples.



A M. Malik et al.

Table 1 — Morphological and cultural properties of microorganisms

Cell morphology Morphological and cultural characteristics

1 2

Gram-negative, rod-shaped, motile bacteria, with straight rods
and bipolar filaments, cell size 0.5-1.0 x 1.5 — 5.0 pum. On dense
nutrient media, they form thin, shiny, hard, smooth-edged,
convex colonies.

T

1
e BT W CLG IR AR S, g
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Gram-negative bacteria. Aerobes, small rods with a cell size of
0.9-1.6 um, a length of 1.5-2.5 pm, do not form spores. On dense
nutrient media, they form solid, smooth-edged, convex colonies.

Gram-positive, spore-forming, aerobic, rod-shaped, cell size
2-5 % 0.4-0.6 um. Spores are oval, not larger than the cell size,
located in the center of the cell. Filaments are peritrichous.
Forms dry colonies with wavy edges on dense nutrient media.

Gram-positive, aerobic rods with centrally or paracentrally
located ellipsoid spores, cell size 0.7-0.8 x 2-3 um. Forms dense,
large colonies on dense nutrient media, with uneven edges.
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According to morphological and cultural prop-
erties, strains T1 and T2 are Gram-negative, short,
non-spore-forming rods, while strains T3 and T4 are

Gram-positive, spore-forming, motile rods. Table 2
shows the characteristics of the isolated strains ac-
cording to the main diagnostic characteristics.

Table 2 — Main morphological, tinctorial and biochemical characteristics of isolated strains

—
- = 8
Q £ S 2 z | s 5 S |es
g = z 8 Z2a | =2 | 22| o2 | 258 ¥ == 5
= 1z = = = = 5 = Q s S &b ] 53 &
No. | Culture | = £ c & | 52 | 85| 28| 85| Eg| = |§2=%
5 g S A | s®| 22| C2| 88| 5E| 3 |5E°%
O S = = = & 2 e |~
=) )
1 Tl p - + - +++ ++ ++ + + +++ | aerobes
2 172 P + + + ++ ++ + + - +++ | aerobes
3 73 p + + + ++ +++ +++ + - +++ aerobes
4 T4 p - + - + + ++ + - - aerobes
Note — p — rod-shaped cells; +positive for this feature; -negative for this feature

Based on the data obtained, gram-positive rods
and gram-negative rod-shaped bacteria were identi-
fied among the cultures of microorganisms isolated
from soil samples. All isolated strains were motile.
All cultures grew well at a temperature of 42°C and
actively utilized molecular nitrogen. When studying
the growth of cultures in the presence of molecu-
lar oxygen, all strains were aerobic. All strains were
catalase positive, hydrolyzed starch and casein, and
liquefied gelatin.

As a result of the study of morphological, cul-
tural and physiological-biochemical properties, the
isolated cultures were conditionally attributed to the
genera Bacillus and Pseudomonas.

Screening and selection of the most promising
strains of soil microorganisms of native crops, anal-
ysis of their properties

One of the urgent tasks of modern biotechnol-
ogy is the development of biological products based
on strains isolated from local microflora to solve a
complex of problems related to the restoration of
soils contaminated with xenobiotics [18].

It is known that soil fertility and self-purification
are directly related to the activity of microbiologi-
cal processes, however, as a result of high soil pol-
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lution, autochthonous microflora is inhibited [19].
Therefore, the development of complex technolo-
gies aimed at restoring the basic functions of soils
and increasing their fertility is of significant scien-
tific interest for theoretical and applied microbiol-
ogy. Currently, biological remediation methods
are considered a priority direction for solving the
problems of remediation of contaminated soils [20].
Biodestruction is considered the most promising
direction in the technologies for the remediation of
soil systems contaminated with organic pollutants,
including xenobiotics.

The selection of promising strains was carried
out among cultures obtained from dominant popu-
lations of microorganisms [21]. The activity of the
cultures was assessed by their growth rate and pres-
ervation of cell viability in the presence of xenobiot-
ics. According to the results of screening studies, 4
strains showed growth activity in a medium with the
addition of xenobiotics as the sole source of carbon.
Strains T1, T2, T3, T4 had high growth activity in
relation to xenobiotics. As a result of the screening,
4 promising strains of microorganisms that actively
grow in a nutrient medium containing xenobiotics
were identified. The results are shown in Figure 4.
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Figure 4 — Growth dynamics of crops in xenobiotic-supplemented media

The growth dynamics of cultures in a nutri-
ent medium supplemented with xenobiotics was
studied for 5 days. As can be seen from Figure
4, strains T1, T2, T4 showed active growth com-
pared to strains T3. The cell number of the stud-

T1 T2

ied strains after 24 hours was 1.7x107 -8.6x10’
CFU/g, after 120 hours it was 2.1x107 — 1.2x107
CFU/g.

Figure 5 shows the growth of microbial cultures
in a medium supplemented with a xenobiotic.

&

T3 T4

Figure 5 — Growthcultures of microorganisms on a medium with the addition of a xenobiotic

As can be seen from Figure 5, the strains
formed uniform colonies of 1-2.5 mm in size in
the cultures of microorganisms in the medium with
the addition of xenobiotics. When the cultures of
microorganisms were grown in M9 medium with
the addition of pesticides, the colonies were large,
measuring 1.8—3 mm. The colonies were round,
with even edges and a smooth surface, dark red
in color. The structure of the colonies was homo-

geneous. During surface cultivation, all strains
formed S-type colonies, sometimes mucous (O)
colonies appeared. In M9 medium with pesticides,
transparent zones were formed around the colonies
of all strains.

As a result of the study of promising strains of
chemical pollutants, it was found that strains T1, T2,
T3, T4 are capable of degrading xenobiotics, which
is confirmed by the red color of the colonies and the
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medium around them. Thus, the isolated, promising
strains can be used in bioremediation of soils con-
taminated with xenobiotics.

Conclusion

The microbial diversity of local microflora in soil
samples contaminated with xenobiotics was studied,
and their quantitative and qualitative characteris-
tics were determined. In the contaminated soils of
Turkistan and Kyzylorda regions, the dominant mi-
croorganism populations were found to include fun-
gal molds (3.2x107 CFU/g), heterotrophs (2.9x107
CFU/g), aerobic cellulolytic bacteria (2.5x107
CFU/g), ammonifying bacteria (2.3x10” CFU/g),
and nitrogen-fixing bacteria (2.7x107 CFU/g).

Indigenous microorganisms were isolated from
the contaminated soil samples, and their morpholog-
ical-cultural, physiological-biochemical, and tinto-
rial properties were studied. Based on the analysis
of their morphological, cultural, and physiological-

biochemical characteristics, the isolated cultures
were tentatively identified as belonging to the gen-
era Bacillus and Pseudomonas.

Screening and selection of the most promising
strains from the native soil microorganisms were
performed, followed by an analysis of their prop-
erties. The growth dynamics of the studied strains
showed cell counts of 1.7x107 — 8.6x107 CFU/g
after 24 hours, and 2.1x107 — 1.2x107 CFU/g after
120 hours.

The study of promising strains isolated from
contaminated soils revealed that strains T1, T2, T3,
and T4 are capable of degrading xenobiotics.
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PENTUAUUN ALLLMO3EKCKOTIO 3AKA3HUKA
N MPUPOAHOIO PE3EPBATA «bOKEMOPAA»
(Pecny6Amka KasaxcrtaH)

MNprBeAeHbl AQTbl M KOOPAMHATBI BCTPEY MPECMbIKAIOLLMXCS HA TEPPUTOPUSIX ALLIMO3EKCKOrO FoCy-
AAPCTBEHHOIO MPUPOAHOIO 3aKasHMKa pecnyBAMKAHCKOro 3HaueHus 1 [ocyAapCTBEHHOIO NMPUPOAHO-
ro pesepsara «bokeitopaa», co3paHHbIX B 3anaaHo-KasaxcraHckoin o6aactn Pecny6amkin KasaxcraH B
2022 r. AAS COXpaHeHUs MonyAsUMK cairaka Saiga tatarica (Linnaeus, 1766). MaTepraAOM NOCAYXXUAU
pe3yAbTaTbl MCCAep0BaHuI aBTopoB 2018, 2022, 2023, 2025 rr. u AMTepaTypHble cBeaeHns. Beero B
62 nyHKTax Ha3BaHHbIX 0CO60 OXPaHIEMbIX MPUPOAHBIX TEPPUTOPUIN 3aA0KYMEHTUPOBaHbI BCTpeun 8
BUMAOB PENTUAMI: TakblpHasi KpyraoroaoBka Phrynocephalus helioscopus (Pallas, 1771); ywacras kpy-
raoronoBka Phrynocephalus mystaceus (Pallas, 1776); pasHouBeTHasi swypka Eremias arguta (Pallas,
1773); npbiTkas awepuua Lacerta agilis Linnaeus, 1758; necuaHblit yaaBuuk Eryx miliaris (Pallas, 1773);
06bIkHOBeHHbI Yk Natrix natrix (Linnaeus, 1758); y3opuatbiii noao3 Elaphe dione (Pallas, 1773); Boc-
TouHasi cternHas raatoka Vipera renardi (Christoph, 1861). l'epnetodayHa ALLMO3EKCKOro 3akasHuKa
BKAIOYAET PA3HOLBETHYIO SLLYPKY, MPbITKYIO sliepuily, 0ObIKHOBEHHOrO y>a, y30p4aToro rnoAosa
BOCTOYHYIO CTEMHylo raaloky. ['epnetodayHa yyactka «Apaacop» [TIP «bokeiiopaa» BKAIOYAET TakbIp-
HYIO KPYrAOrOAOBKY, Pa3HOLBETHYIO SILLYPKY, MPbITKYIO siiepurly, 0ObIKHOBEHHOIO yyKa, y30p4yaToro
MoAO3a M BOCTOUHYIO CTEMHYI0 raaloky. [epnetodayHa yyactka «XKaHakara» [T1P «bokenopaa» BkAto-
YaeT YLACTYI0 KPYrAOrOAOBKY, Pa3HOLBETHYIO SILLYPKY, MecyaHoro yaaeuuka. BoasgHon ysx Natrix
tessellata (Laurenti, 1768), BUAMMO, OLLIMOOUYHO OTMEUEHHbIN MPEAbIAYLLIMMM MCCAEAOBATEASIMU HA TEP-
pUTOpPUM MPOEKTUPYEMOrO NMPUPOAHOro pesepBaTa «bokeliopaa», HAMM He BCTpeYeH HU B pe3epBaTe
«bokeriopaa», HU B MpUAeratoLemM K Hemy ALLIMO3eKCKOM 3aka3Huke. PaccMOTpeHbl BO3MOXKHbIE 3KOAO-
rMyeckme CBS3M BCTPEUYEHHbIX BUAOB MPECMbIKAIOLLMXCS C CAAraKoM.

KatoueBble cAoBa: siLepuupl, 3Mer, 0co60 oxpaHsiemMble MPUpoAHble Tepputopuu, 3anasHo-Kaszax-
CTaHcKas 06AaCTb, canrak.

K.M. Akhmedenov', A.G. Bakiev?, A.E. Kuzovenko?,
A.A. Klenina?", A.B. Kishibekova'
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Reptiles of the Ashiozek sanctuary and the “Bokeyorda”
nature reserve (Republic of Kazakhstan)

The dates and coordinates of reptile encounters within the Ashiozek State Nature Sanctuary of re-
publican significance and the “Bokeyorda” State Nature Reserve, both established in 2022 in the West
Kazakhstan Region of the Republic of Kazakhstan for the conservation of the saiga population Saiga
tatarica (Linnaeus, 1766), are presented. The material is based on the authors’ field studies conducted
in 2018, 2022, 2023, and 2025, as well as published data. In total, encounters of eight reptile species
were recorded at 62 locations within these specially protected natural areas: the sunwatcher toad-head-
ed agama Phrynocephalus helioscopus (Pallas, 1771); the secret toad-headed agama Phrynocephalus
mystaceus (Pallas, 1776); the steppe-runner Eremias arguta (Pallas, 1773); the sand lizard Lacerta agilis
Linnaeus, 1758; the sand boa Eryx miliaris (Pallas, 1773); the grass snake Natrix natrix (Linnaeus, 1758);
the dione rat snake Elaphe dione (Pallas, 1773); and the steppe viper Vipera renardi (Christoph, 1861).
The herpetofauna of the Ashiozek Sanctuary includes the steppe-runner, the sand lizard, the grass snake,
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the dione rat snake, and the steppe viper. The herpetofauna of the “Aralsor” section of the Bokeyorda
Nature Reserve includes the sunwatcher toad-headed agama, the steppe-runner, the sand lizard, the
grass snake, the dione rat snake, and the steppe viper. The herpetofauna of the “Zhanakala” section of
the Bokeyorda Nature Reserve comprises the secret toad-headed agama, the steppe-runner, and the
sand boa. The dice snake Natrix tessellata (Laurenti, 1768), previously reported in the proposed reserve
area by other researchers, was not recorded by us either within the Bokeyorda Reserve or in the adja-
cent Ashiozek Sanctuary and is likely a misidentification. Possible ecological relationships between the
recorded reptile species and the saiga are discussed.
Keywords: lizards, snakes, protected natural areas, West Kazakhstan Region, saiga.
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Auple3ek Kaymaabl meH «bekeiiopaa» TabuFu pesepBaTbiHbIH,
6ayblpbiMeH XopfaAayiubirapbl (Kasakcran Pecny6amnkachbi)

2022 xbiabl KasakcTaH PecnybankacbiHbiH baTtbic KasakcraHn obabicbiHAQ Saiga tatarica (Linnaeus,
1766) akbeKkeH NMonyAsUMSCbIH CakTay MakCaTbIHAQ KypbIAFaH Pecrny6AMKaAbIK, MaHbI3bl 6ap «Allple-
3eK» MEMAEKETTIK TabWFU KayMaAbl MeH bekeropaa MEMAEKETTIK TabuFn pe3epBaTbiHbIH ayMaKTapbliH-
Aa bayblpbIMeH >KOpPFaAayLIbIAAPAbIH KE3AECY YaKbITbl MEH KOOPAMHATTApbl KEATIpiAreH. MaaimeT
peTiHae 2018, 2022, 2023, 2025 XbiaAapAaFbl aBTOPAAPAbIH 3€PTTey HOTUXKEAEPi MeH aAebU Ma-
AIMETTEp naiAaAaHFaH. ATaAFaH epekile KOpFaAaTbiH TabMFU ayMaKTapAa >KaAmbl CaHbl 62 HyKTeAe-
piHAE 6aybipbIMEH >KOpFaAayLbIAAPAbIH 8 TYpiHiH Ke3AeCyi TipKeAreH: Takplp >XKyMbIp6ac KecipTKeci
Phrynocephalus helioscopus (Pallas, 1771); kyAakTbl >xymbipbac keciptkeci Phrynocephalus mystaceus
(Pallas, 1776); TypAiTycTi kecipT Eremias arguta (Pallas, 1773); cekipriw kecipTke Lacerta agilis Linnaeus,
1758; kym anaahapuwacs! Eryx miliaris (Pallas, 1773); keaimri capbibac xbiaaH Natrix natrix (Linnaeus,
1758); epHekTi Kapaluy6ap xbiraH Elaphe dione (Pallas, 1773); whirbic Aana cypxkbiaanbl Vipera renardi
(Christoph, 1861). Aluble3ek KayMaAblHbIH, reprieToayHacbliHa TYPAITYCTi KecipT, cekipriw KecipTke,
KSAIMI capblfac >KbiAaH, 6PHEKTI Kapaluy6ap >KbIAaH >KOHe LbIFbIC AAAA CYP>KbiAaHb! Kipeai. “beke-
nopaa” MTK-HbIH “ApaAcop” y4ackeciHiH reprietoayHacbiHa Takblp >KyMblp6ac KecipTkeci, TypAiTyc-
Ti KECIpT, cekipriw KecipTke, KOAIMIi capblbac XblAaH, OPHEKTI Kapatluy6ap XKbIAaH XK8He LbIFbIC AdAd
CYp>KblAaHbl Kipeai. “bekeropaa” MTK-HbIH, “XKaHakaAa” ydyackeciHiH reprietodayHacbliHa KYAAKTbl
KyMblpbac KecipTkeci, TYPAITYCTi KecipT, Kym aiaahapiubichl Kipeai. Kate 6eariaereH 60Aybl MyMKiH
AAAbIHFbI 3ePTTeYLLIAEPAIH MOAIMETTEpiHe caikec “Bekeropaa” Taburun pesepBaTbiHbIH ayMarFblHAQ CY
>KblAaHbl Natrix tessellata (Laurenti, 1768) 6i3AiH 3epTTeyAepimizae “bBekeropaad” pesepBaTbiHAQ AQ,
OFaH >KakblH OpHaAaCKaH ALLbIO3eK KayMaAblHAQ AQ Ke3aecrneAi. KespeckeH 6GayblpbiIMeH XOpFaAay-
LIbIAAPAbIH, aK6OKEHMEH MYMKiH GOAATBIH 3KOAOTUSIAbIK, 6aiAQHbICTapbl KAPACTbIPbIAADI.

Ty#iH ce3aep: KecipTKeAep, XblIAQHAAP, EPEKLLE KOPFaAaTbiH TabuFK aymakTap, batbic KasakcraH
0BAbICbI, aKOOKeH.

BBenenue

K ocHoBHBIM mpoOiiemMaM B 00JacTH OXpPaHBI
OKpY>KaroIllel cpebl OTHOCUTCS COXpaHEHHE BCeX
KOMIIOHEHTOB JKHBOHM Tipupojsl. Ha xoH(pepermmn
OOH 1o oxpyxaroreit cpene B 1992 r. B Puo-ne-
XKaneiipo (bpasunus) 6buta npunsita KonseHust o
OMOJIOTHYECKOM Pa3HOOOpa3nH, B KOTOPOW OXHHUM
M3 BXHEUIINX CIIOCOOOB COXPAaHWUTH OMOpa3HO-
oOpa3ue cuuTaeTcsi co3gaHue ocobo OoxpaHse-
MbIX mpupoaHbix Teppuropuii (OOIIT). Konsen-
nuto momamucanmu 6onee 180 crpaH, B TOM ducie u
Kazaxcran. AxtuBHas peanuzauus KoHBeHIuu o
omopasHooOpa3un B Kaszaxcrane Hawamach Iocie
IToctanoBnennst Kabuaera Mununctpos Pecmy6um-

ku Kazaxcran ot 19 aBrycra 1994 r. Ne 918 «O0
onobpennn Pecryonmkoit Kazaxcran KonseHun o
OHMOJIOTMUYECKOM Pa3HOOOpa3uU U OPTaHU3AIUY BbI-
MIOJTHEHUS TIPETYCMOTPEHHBIX €H0 00s3aTEeILCTBY
[1]. HenaBuo cozmanaeivu OOIIT B 3amagHo-Ka-
3axcranckoi oonactu (3KO) Ha ocHoBanuu Ilocta-
HomiieHus [IpaBurenscrBa Pecrybnmukn Kazaxcran
ot 25 mast 2022 romga Ne 330 [2] smBistroTcst Amun-
03€KCKUI TOCYIapCTBEHHBIN MPUPOJHBIA 3aKa3HUK
pecnyOimkaHcKoro 3HaueHUs (AIIMO3eKCKHid 3a-
Ka3HUK) W ['oCymapCTBEHHBIA TPHPOMHBINA pe3ep-
Bat «boxeitopaa» (I'TIP «boxeitopaa») Munuctep-
CTBa DKOJIOTHH, TEOJIOTHH ¥ TPUPOJHBIX PECYPCOB
PecrryOmmku KazaxcraH. ATIHO3EKCKHA 3aKa3HHUK
oOmiei wromaapo 314504 ra pacrnosioxkeH B XKa-
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HuOekckoMm u KasranoBckom paitonax 3KO, pesep-
Bat «bokeiopma» obmelt romanpio 343040 ra — B
BoketiopaunckoMm, Kannoekckom, KazrajgoBckom u
Kanrammuckom paitonax 3KO. K I'TIP «boxeiiop-
Jla» OTHOCSTCA IBa ydacTka: «Apancop» (183604
ra B bokeliopnunckom, XKannbexckom n Kazranos-
cKkoM paiionax) u «Kanakana» (159436 ra B Xan-
TaJIMHCKOM paioHe).

Mzyuenne mnpecmpikatomuxcs OOIIT paszabix
KaTeropyii MpoBOANTCS BO MHOTUX PETHOHAX MHpA.
[IpuBeneM HEKOTOpBIE TPUMEPHI: OITyOIUKOBA-
Hbl paboThl O PENTHIUSX HAIMOHAJIBHOTO MapkKa
«Hanps» (I'penns) [3], MPUPOAHBIX 3aIIOBEIHUKOB
«'yrynr-l1lnancy n «'yaysr-Curorop» (Mumone-
3ust) [4], HaronanbHOTO Napka «Bepxuuit Hurep»
(I'Bunest) [5], HauMOHAIBHOTO Mapka «3aMpya»
(Mmpoue3us) [6], MpUpOIHOTO 3aMTOBEIHIKA « T THB-
xait» (Bpernam) [7], mpHpOAHOTO 3aroBEIHHUKA
«Aiinenny» (FOxHo-Adpukanckas Pecniyonuka) 8],
HaIMOHAIBHOTO Tapka «DHnay-Pomnua» (Manaii-
3ust) [9], rocyaapcTBEHHBIX MPUPOTOOXPAHHBIX 30H
B FOxmnoit Kopee [10], oxoTHHYBErO 3amoBEAHUKA
«Toramait» (Ilakucran) [11]. B Kazaxcrane u Ha
MIPUJIETAIONIUX K HeMY TeppuTopusix Poccuu mpoBo-
JSTCs PabOTHl 0 MHBEHTAPHU3ALUHU TeprieTodayHbl
OOIIT [12-14]. Takue uccnenoBaHus CIOCOOCTBY-
IOT BBISIBJICHUIO POJIM MPECMBIKAIOIINXCS B DKOCH-
cTeMax, MOHMUMAaHUIO JUMHUTUPYIOIHUX (aKTOPOB,
noarotroBke KpacHBIX KHHT, OIEHKE COCTOSIHHSA T10-
MyJSIHNA PenTHINHA, Y3QPEKTUBHON TepPUTOPHAITH-
HOH OXpaHe X MECTOOOUTaHUH.

3agauell HACTOSALIEH CTAaThU SIBISIETCSl yTOUYHE-
HUE BHJIOBOTO COCTaBa MPECMBIKAIOMUXCA AIINO-
3eKCKOTr0 3aKa3HUKa U MPUPOJIHOTO pe3epBara «bo-
Kehopay.

MarepuaJibl H METOABI

B kauecTBe OCHOBHOT'O mMarepuajia Mbl UCIIOJIb-
30BajJM HAlllM JaHHbBIE, TOJIYYEHHBIX B XOJAE JKC-
NeIUIMOHHEIX mccnemoBanmii 2018, 2022, 2023 u
2025 rr.

[Touck penTunuii MPOBOAWIN BU3yaJIbHBIM Me-
TOJOM, OCMaTpUBas IOTEHIIMAIbHBIE MECTa BCTPEY
AKTHUBHBIX JXUBOTHBIX, a TAKIKC YKPBITHSA €CTCCTBCH-
HOTO M aHTPOIMOTE€HHOT'0 MPOUCXOKIeHU. SAmepui
1 HESIIOBUTBIX 3MEH OTJIABIMBAIN PyKaMH, Ul OT-
JIOBA TAJIOK HCIOJIB30BAIN METANTHYECKHE KpIoy-
ku. [locne dhororpadupoBanus moMaHHbBIX PENTH-
JUH ¥ UX BUIOBOH MAECHTH(MKALMK BBIIYCKAIN B
MecTa OTJIOBA.

OAHMM ITyHKTOM BCTpEY CUMTAIM YYaCTOK pa-
muycoM mpuOam3uTensHO 200 M BOKPYT YKa3aHHBIX
koopauHat. KoopuHaThl MecT BCTped (PUKCUpOBa-
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mu ¢ nomounsto GPS-naBuraropos. Bee koopanHa-
THI B TaOJHIIE MPEACTABIIN B (hOpMATE «IECATHYI-
HBIE 10J1U rpagycay». Kapra Obina BeIrpyxena us My
Google Maps u caenana ¢ MOMOIIBIO TPOrPaMMbl
Adobe Photoshop.

Pe3yabTathl u 00cy:k1eHue

HNudopmMaiio o npecMbIKaroIIXcsl HENoCpe/I-
CTBEHHO Ha HBIHEIIHEHN TEPPUTOPUN AIIMO3EKCKOTO
3aKa3HUKa B JINTEPATYpPHBIX U WHTEPHET-UCTOYHH-
Kax HalTM He yjanoch. B ecTecTBEHHO-Hay4YHOM
obocHoBanuu co3ganus [TIP «bokeitopma» [15]
yKa3aHo, 4TO (hayHa PEenTWIHN HCCIeTyeMOro pe-
THOHA M3y4YeHa HEJ0CTaTOYHO. ABTOPHI 000CHOBA-
HUS COOOMIMIIM, YTO UMH 31€Ch 3aPETUCTPUPOBAHBI
MIPECMBIKAIOINECS YeThIpeX BHJOB (pa3HOIBETHAS
SIIypKa, MPBITKAs SAMIEPHUIla, BOJISHON YK, CTEIHAs
raaioka). [Ipu 3ToM oHM 0003HAYMIIN IPBITKYO SALIIE-
PUILY U CTETHYIO TaII0Ky KaK IUPOKO pacimpocTpa-
HEHHBIE BUJIbI IPECMBIKAIOIIIXCSI, TIOAYEPKHYB, YTO
Ha TEPPUTOPUH pe3epBaTa He OOUTAIOT BUABI PENITH-
nui, 3aHecenHble B Kpachyto kuury Kazaxcrana. B
nyOsukaru [ 16] coo01anock, 4To Ha IPOSKTUPYEe-
MO oJ] pe3epBaT TEPPUTOPHUN U3 PECMBIKAFOIINX-
cs1 OOBIKHOBEHHBI B CTETH Pa3HOIBETHAS SIIypKa,
MIPBITKAs SAIIEPHIIA, CTETTHAs TaII0Ka.

[lepeiinem k myOnUKausiM, B KOTOPBIX YKa3aHbI
KOOpMHATHI BCTPEY.

B.1O. Unpun u coaBTopel [17: 22] oTMeTnH
B aBrycre 1991 r. «L. agilis» (npeITKyIO sIepuiry
Lacerta agilis) n «V. ursini» (BOCTOUYHYIO CTEITHYIO
ramoky Vipera renardi, xotopas B KoHIe XX B.
MPU3HABAIACH MHOTUMH T'€PIETOJIOraMHU TTOABHIOM
CTEHOM TatoKu V. ursinii) B MyHKTE, HAXOIAIIEM-
cs ceiiuac Ha yuacTtke «Apaicop» I'TIP «boxkeii-
opaa» — «49°00” 48°10"». OrTHOCUTENbHAS YHC-
JIEHHOCTDH BUJI0B oueHeHna B 120 u 10 oc. /ra, momns
Mooaeix ocobei — 70,8 u 100% COOTBETCTBEHHO.
B 3oonornueckom mysee CapaTOBCKOTO YHHBEPCH-
TeTa XPAHUTCS IKIEMIUISIP BOCTOUHOM CTEITHOM ra-
JIFOKH, JTOOBITHIM B 3TOH 3Kkcmeaunuu: «Ne 61/269.
15.08.1991 r. 1 M. ad. Kaszaxcran, 3anagno-Kazax-
cTaHckasi 001., YPAUMHCKUH p-H, OKPECTHOCTH 03.
Apaicop. JI.I'. Cmupnos» [18: 55].

Ha teppurtopun Xanranunckoro paiiona 3KO
OJIMH 3K3EMIUIAP TECYaHOTO yIaBYMKa OBLI ITOH-
MaH u cdororpaduposan 15.05.2012 r. B 13.00
4acoB B meckax HapelHKyM, y 3uMOBKH banra3ser
(50°02°34,7°N, 48°3724,4”E) [19: 22]. Mecto
MOMMKH yJaBUMKa HAaXOAWTCS Tereph Ha ydacTKe
«Kanakana» ['TIP «boxkeiiopnay.

K.M. AxmenenoB u coaBTops! [20: 94] omy0u-
KOBAJIU JIAThl U KOOPJIMHATHI BCTPEU TaKbIPHOH Kpy-
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rioronoBku Phrynocephalus helioscopus (Pallas,
1771) na Teppuropun Oyaymiero ydactka «Apai-
cop» I'TIP «bokeliopna». DTu BCTpedn OTHOCATCS
k uroHO 2018 1. («48°58.129°N, 48°20.446’Ex;
«48°57.533’N, 48°20.563’E») u k mromo 2021 T.
(«49°17.256°N, 48°14.048’E»).

B xonme Hammx >KCHEAUIIMOHHBIX HCCIEIOBa-
HUM MBI BCTPETWJIA NPECMBIKAIONIUXCS eie B 57

MyHKTaX, KPOME OTMEUCHHBIX BbIIIEC (TaOnuua).
Bcero npecmbikaronuecs 3aperucTpupoBaHbl B 62
MyHKTax (PUCYHOK), U3 KOTOPBIX 14 myHKTOB (NoNe
1-12, 17, 18) oTHOCSTCA K ATIMO3EKCKOMY 3aKa3-
HUKY, 44 mynkra (NeNe 13-16, 19-58) k yuacTky
«Apancop» I'TIP «boxkeiiopna» M dYeThlpe MyHKTa
(NeNe 59-62) x yuactky «Kanaxana» I'TIP «bokeii-
opaa».

Ta6auuna — Homepa myHKTOB (paHKHpPOBAHBI IO BO3PACTAHMIO C CEBEpa HA IOT), JaThl, KOOPAUHATH ¥ MCTOUYHUKH WH(OpPMAIINU
BCTpeY penTHIINI

Homep Koopnunarsl HcTounuk
ITyHKTa Brge: Hlaa N E nHpopManuu
1 y30puarhlii o103 06.05.2025 49.748475 48.056888 HAIlld JaHHBIC
2 MIPBITKas SIIepuIa 06.05.2025 49.743919 48.062644 HaIIW JJaHHbIE
3 OOBIKHOBEHHBIH YK 06.05.2025 49.742317 47.982655 HaIIX JaHHbIe
4 IIPBITKas SLIEPULIA, Y30pUaThlii I10J103 06.05.2025 49.740748 48.056651 HAaIlli JaHHBIE
5 OOBIKHOBECHHBIH YK 06.05.2025 49.720759 47.910453 HallIX JaHHbIC
6 NpPBITKAs Sepria 06.05.2025 49.710974 47.890144 HAIllW JIAHHBIC
7 MIPBITKas SIepuIa 06.05.2025 49.696523 48.021213 HallIW JJaHHbIE
8 OOBIKHOBEHHBIH YK 06.05.2025 49.656396 47.994054 HAIlW JJaHHbIE
9 pasHOIBETHAS SAIIYpKa 06.05.2025 49.652921 47.991746 HalIU JJaHHbIE
10 pa3HOLIBETHAS SITypKa 06.05.2025 49.63958 47.983753 HaIIX JaHHbIE
[1 |TIPBITKAA AILCPHLA, OOLIKHOBCHABII YK, 06.05.2025 | 49.626494 | 47.973726 |  wamm nanube
BOCTOUHAs CTEITHAs Ta{loKa
12 pa3HoLBeTHas ALlypKa 06.05.2025 49.622944 47.967834 HAaIlli JaHHBIE
13 BOCTOUHAs CTENHAs Ta{l0Ka 28.06.2023 49.617322 48.083261 HalllK JaHHBIE
14 BOCTOUHAs CTENTHAs Ta{I0Ka 28.06.2023 49.604878 48.076811 HAIll TaHHBIE
15 BOCTOUHAsI CTEITHAs Ta{I0Ka 29.06.2023 49.603481 47.891403 HAIllA JTaHHBIE
16 NIpBITKAs SIepuna 26.03.2023 49.600204 48.084820 HaIllK JIaHHBIE
17 OOBIKHOBECHHBIH YK 06.05.2025 49.57245 47.937798 HaIIM JaHHbIE
18 OOBIKHOBEHHBIH YK 06.05.2025 49.569795 48.217875 HaIIM JaHHbIE
19  |PA3HOUBCTHA AMYPKA, PLITKAT AMCPHLA, 06.05.2025 | 49.551954 | 48.201144 HaIIM JaHHbIE
BOCTOUHAsl CTENHAsl TalloKa
20 BOCTOUHAs CTENTHAs TaI0Ka 06.05.2025 49.543366 48.203075 HAIll TaHHBIE
21 TIPBITKas SMIEPUIla, OOBIKHOBEHHBIN YK 06.05.2025 49.542066 48.13076 HAIlIW JJaHHbIE
22 pa3HOLIBETHAS AIIypKa, IPITKAs Alepuia 06.05.2025 49.528488 48.208131 HalllA JAHHBIE
23 MPBITKAs sIepULia 06.05.2025 49.519565 4800368 HalIX JaHHbIE
24 OOBIKHOBEHHBIH YK 28.03.2023 49.468558 48.040633 HAaIlli JaHHBIE
25 TaKbIpHAst KPYIJIOTOJIOBKA 03.07.2021 49.287600 48.234133 [20]
26 BOCTOUHAs CTENHAs Ta{l0Ka 20.04.2023 49.09289 48.11395 HalllK JaHHBIE
27 pa3HOIBETHA SALIypKa 01.05.2023 49.062667 48.244328 HAIlld JaHHBIC
28 MIPBITKas SIIEPHUIIA, Y30pUaThIid TT0JI03 01.05.2023 49.061822 48.241556 HAIllU JTaHHBIC
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Ipooonscenue mabauywvl

Homep Koopnunarst Ucroynux

MTyHKTa Brt Hara N E rHpOpMAIUU
29 NPBITKAs SIIepHuLa 01.05.2023 49.033506 48.250439 HaIllA TaHHbBIE
30 TIPBITKAS SAIepuIia 12.06.2018 49.01298 48.17925 HaIllA TaHHbBIE
31 BOCTOYHAS CTEIIHAA rajfoKa 12.06.2018 49.01258 48.18001 HaIllW JaHHbIE
32 TIPBITKAs ALICPUALIA 12.06.2018 49.01180 48.17957 HAIlIN JaHHBIC
33 | PRITKAIHCPHIA, BOCTOUHAT CTeMHa 12.062018 | 49.01164 | 48.18188 AW faHHbIe

rajroKa

34 BOCTOYHAsl CTEIIHAs TajioKa 12.06.2018 49.01087 48.18304 HAIllU JITaHHbIE
35 NPBITKAS sIepuna 12.06.2018 49.00873 48.18118 HAIllU JaHHbIE
36 TIPBITKAs SAIIepuIa 12.06.2018 49.00411 48.18211 HaIllA TaHHbBIE
37 pa3HOIBETHAS AUTypKa 12.06.2018 49.00297 48.18093 HaIllU TaHHEIE
38 f:;’g:::“ AHICPHILA, BOCTORHA CTEIHat 08.1991 49.0 48.166667 [17]
39 MpBITKAs SIEepHULIa 27.04.2022 48.995812 48.188308 HallK JJaHHbIe
40 MPBITKAS sIILEpULa 27.04.2022 48.992274 48.193366 HaIllM JaHHbIE
41 BOCTOUHAs CTEITHasl ra[toKa 27.04.2022 48.983335 48.166045 Halll¥ IaHHBIE
42 BOCTOUHAs! CTEITHAs TaJf0Ka 12.06.2018 48.975861 48.343222 HAIllM IaHHBIE
43 BOCTOYHAs CTETIHAs Ta/II0Ka 12.06.2018 48.972243 48.345057 HAIllM TaHHBIE
44 TaKbIpHasl KPYIVIOrOJIOBKA 12.06.2018 48.970253 48.345743 HaIlK JJaHHbIe
45 TaKbIpHasl KPyIJIOTOJIOBKA 12.06.2018 48.968817 48.340767 [20]
46 pa3HOLIBETHAs SIIypKa 27.04.2022 48.965052 48.369528 HaIlK JJaHHbIE
47 TaKbIpHas KPyIJIOTOJIOBKA 12.06.2018 48.96481 48.34898 HAIlIW JaHHBIC
48 pasHOIBETHAS AIIypKa 12.06.2018 48.96445 48.34662 HAIllU TaHHbIE
49 MIPBITKAS SAIepUIia 27.04.2022 48.960533 48.359887 HaIllA JaHHbIE
50 TaKbIpHAast KPyTJIOTOJIOBKA 12.06.2018 48.959217 48.342717 [20]
51 pa3HOIBETHAs SIypKa 12.06.2018 48.95868 48.35139 HallK JaHHbIe
52 Pa3HOLBETHAS sIlypKa, IPBITKas sAiepruLa 12.06.2018 48.95857 48.35212 HAIllU JaHHbIE
53 pa3HOLIBETHAs SIIypKa 27.04.2022 48.957407 48.352206 HAaIlIM JaHHBIC
54 pasHOLBETHAS AIIypKa 12.06.2018 48.95672 48.34778 HAIllU JITaHHbIE
55 s:zgg:;i;‘{z;gyp“a TIpPITIs AMEpHIA, 27.042022 | 48.95360 | 48350416 HallIN IaHHEIE
56 y30pUarkIi MoJo3 12.06.2018 48.94576 48.24164 HAIllU TaHHEIE
57 f:;;ogema" AHLYPIA, BOCTOTHAL CTCIHAT 1 97042022 | 48.945576 | 48.32456 HALLW TAHHEIE
58 CTeIHasl raJiroKa 27.04.2022 48.941111 48.292383 HAIlIU JIaHHbIC
59 pa3HOIBETHAs SIIypKa 17.08.2023 48.888086 49.908417 HaIllM JaHHbIE
60 pasHOLBETHAs AIIypKa 29.04.2022 48.677864 50.548356 HAIllU JITaHHbIE
61 iﬁi;f;" KPYITIOTOIIOBKd, PAsHOUBCTHAA 29.042022 | 48.651186 | 50.563873 HAIIN IaHHEIC
62 TIeCYaHbIi yIaBInK 15.05.2012 48.640362 49.676955 [19]
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ALIHO3EKCKHH
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Yuactok “Apancop” |

AGHLL

Terak

VYyactok “Xanakama”
['TIP “bokeiiopna”

*

Oktyabrg

i U

PucyHok — Mecra BcTped IPEeCMbIKAIOIIUXCS B AIIIHO3EKCKOM 3aKa3HUKE
U IPUPOJHOM pe3epsare «bokeiiopa» (HOMepa MyHKTOB COOTBETCTBYIOT HOMEpaM B TaOIIHIIE)

TakblpHasi KpyrioronoBka Phrynocephalus
helioscopus BCTpedueHa Ha Yy4yacTKe «Apaicop»
I'TIP «bokeitopma» (myHKTH 25, 44, 45, 47, 50).
VYiacrast kpyrioronoska Phr. mystaceus BCTpe-
yeHa Ha ydacTke «Kanakxama» I'TIP «boxkeiopna»
(mynkt 61). PazHouBeTHas surypka Eremias arguta
BCTpeueHa B AIMO3EKCKOM 3aKa3zHUKE (ITyHKTHI 9,
10, 12), na yuactke «Apaincop» I'TIP «bokeiopna»
(mynkter 19, 22, 27, 37, 46, 48, 51-55, 57) u Ha
yuactke «Kanakamay» ['TIP «bokeliopaa» (IyHKTHI
59-61). IlpeiTkas simiepuna Lacerta agilis BCTpe-
yeHa B AIMO3EKCKOM 3aKa3HWKe (IyHKTH 2, 4, 6,
7, 11) n na yuactke «Apancop» ['TIP «boketiopaa»
(mynktel 16, 19, 21-23, 28-30, 32, 33, 35, 36, 38—
40, 49, 52, 55). llecuansiii ynaBuuk Eryx miliaris
BcTpeueH Ha ydacTke «OKanakana» I'TIP «boxeiiop-
na» (myHKT 62). OOBIKHOBEHHBIN YK Natrix natrix
BCTpeUYeH B AIMO3EKCKOM 3aKa3HUKE (IyHKTBHI
3,5,8, 11, 17, 18) u Ha yuactke «Apancop» ['TIP
«bokeiopna» (myHkTsl 21, 24). Y3opuaThlii 0103

Elaphe dione BctpeueH B AIIMO3EKCKOM 3aKa3HUKE
(mynkTs! 1, 4) u Ha yuyactke «Apancop» I'TIP «bo-
keifopaay (myHKTHI 28, 55, 56). BocTounas crenHas
rajtoka Vipera renardi BcTpeueHa B AITMO3EKCKOM
3aka3HuKe (MyHKT 11) m Ha ywacTke «Apaicop»
I'TIP «bokeitopma» (mynkrsr 13—15, 19, 20, 26, 31,
33, 34, 38, 41-43, 57, 58).

BonsHott yx Natrix tessellata namu Ha o0cie-
noBanHbIX OOIIT He oOnHapyxeH. /laHHBIN B,
BUJIMMO, OIIMOOYHO OBLI OTMEYEH Ha TEPPUTOPHU
oynymero ['TIP «bokeiopnay mnpenpayluMu Uc-
cinenoBareisamu [15]. Ilomaraem, 94To 3TH HCCIEn0-
BaTelld TepernyTall ero ¢ OOBIKHOBEHHBIM Y>KOM
Natrix natrix, TOCKOJIbKY OCICAHUMN BUJI B UX €CTeE-
CTBEHHO-HAyYHOM oOOOcHOBaHMH cozganus [TIP
«boxkelop1a» He YIIOMSIHYT.

PesynbTarel MHBEHTapu3alM{ TepreTodayHbl
Tepeialbl B OTIEN HAayKd, WH(GOPMAIUH U IKOJIO-
THYECKOTO MOHHUTOPHHTA TMPUPOJHOTO pe3epBaTa
«boxkelopia» paMKax JOroBOpa O COTPYIHUUYECCTBE
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Mexny PI'Y «locynapcTBeHHBIM NpUPOAHBIN pe-
3epBat «boxkeropaa» u HAO «3ananno-Kazaxcran-
CKUIl yHUBepCUTET MMeHn Maxambera Y TeMHCOBay
ot 26 aBrycra 2022 1.

Jlana pexkoMeHIauusa: MpU MOHUTOPUHIE XKH-
BOTHBIX Anno3ekckoro 3akasuuka u ['TIP «boxkeii-
OpJia» YUUTBIBATH CIENYIOIIHME MATH HOBBIX BHIOB
PENTHINI — TaKBIPHYIO KPYTJIOTOJIOBKY, YIIACTYIO
KpYyIJIOTOJIOBKY, Y30p4aToro I10JI03a, IeCYaHo-
ro yJaBYMKa M OOBIKHOBEHHOro ya. Panee mpu
YYeTHBIX padoTax (PUKCHPOBAIUCH TOIBKO YETHIPE
BUJA PENITUJIMIA: TIPBITKAs SIIEPULa, pa3HOIIBETHAS
SIIypKa, BOASHOW YX M OOBIKHOBEHHAs! TaIOKa.
[Ipu 3TOM OmIMOOYHO, KaK Mbl yKa3blBalIM BBILIE,
3a BOJSHOTO Y)Ka MPUHUMAJICSI OOBIKHOBEHHBIN YIK;
BOCTOYHAsI CTEMHas rajroka k€ Ha3bIBalach B OT-
YETHBIX JOKyMEHTaxX Ha Ka3aXxcKoM s3bike «Komimri
CYpPKBUIaH», YTO TEPEeBOAMTCS Ha PYCCKUM Kak
«OO6bIkHOBeHHasI rajokay».[Ipn 3ToM yka3eIBaIoCch
Hay4yHOE Ha3BaHWE BHUJA Ha JIATUHCKOM S3BIKE HE
OOBIKHOBEHHOU Tamoku (Vipera berus), a BocTou-
HO¥ crenHOU ratoku (Vipera renardh).

3ak/ouyeHne

Takum oOpazoM, dayHa penTwiInii AIIHO3EK-
CKOI'0 3aKa3HUKA JIOCTOBEPHO BKIIFOYAET PA3HOLBET-
HYIO SIIIYPKY, IPBITKYIO SIIEPUILY, OOBIKHOBEHHOT'O
y’Ka, y30p4aToro I0JI03a M BOCTOYHYIO CTEIHYIO
ragoky. @ayHa pentunuii ydactka «Apancop»
I'TIP «boxkeliopaa» BKIIIOYAeT TAKBIPHYIO KPYIJIO-
TOJIOBKY, Pa3HOLBETHYIO SIIIYPKY, IPBITKYIO sIIe-
puily, OOBIKHOBEHHOI'O Y)Ka, y30pYaToro IoJo3a
1 BOCTOYHYIO CTENHYIO raaroky. dayHa pentuiani
yuactka «Kanakana» ['TIP «bokeiiopaa» Bkirouaer
YIIACTYIO KPYIJIOIOJOBKY, PA3HOLBETHYIO SILYPKY,
[IECYaHOr0 yAABUHKA.

Cnucox BHUJOB PENTUINK AIIMO3EKCKOIo 3a-
kazuuka u ITIP «bokeilopga» [ONOJHEH HaMu
YepTHIPEMST BUIAMHU, KOTOpPBIE paHee HE ObUIN OT-
MEUEHbl B €CTECTBEHHO-HAyYHOM OOOCHOBaHHMHU
co3manus ganHoro OOIIT u HayuHbix myOmmKa-
LUSAX: 3TO — TaKbIpHas KPYIJIOTOJIOBKA, YIIAcTas

KPYIJIOTOJIOBKA, OOBIKHOBEHHBIH YK U Y30p4aThli
10JIO3.

Cremyet y9uThIBaTh, UTO TJIaBHAS 3a7a4a ATH-
o3ekckoro 3akazHuka u I'TIP «bokeliopaa» — coxpa-
HEHUE YpaJbCKOM MomyJssiuuu caiiraka. B cBsizu ¢
3THUM MO>XHO OTMETHUTH CJIEYIOIIEE.

Pentuimu daynsr o6onx OOIIT MoryT ciy>KuTh
napaTeHu4ecKuMy (pe3epByapHBIMH) XO3sI€BaAMH
HEMAaToJ] — Mapa3uTOB KOMBITHBIX. Tak y OOBIKHO-
BEHHOT'0 Y>Ka 1 ITPBITKOH SLIepHUIIbI OBUIH OOHAPYKe-
HBI JJMYWHKA HEMaToJ1 cemeiicTBa Protostrongylidae
[21-24]. C oxHO¥ CTOPOHBI PENTUIINH YYaCTBYIOT B
COXpaHEHWU MHBA3MOHHOTO Havajia B OMOLIEHO3E, C
JIPYroil — MO-BUAUMOMY SIBJISIFOTCSI 3KOJIOTHYECKUM
TYIHUKOM ISl 3TUX JIMYUHOK, TMTOCKOJIBKY Iepeaaya
JIUYMHOK OT PENTUINM K KOMBITHBIM MaJIOBEPOSITHA
(3a UCKITIOYeHUEM KaOaHOB).

YKyc BOCTOUHOM CTEHHOM raJiItoku, BO3MOXKHO,
MPEACTaBIACT OMACHOCTh U caliraka, 0COOEHHO
IUIS. HOBOPOJKJIEHHBIX W MUCTOIIEHHBIX ocobeit. On-
HaKO HUKaKoW MH(OpManuu o0 yKycax raJtoKaMu
calirakoB HaM HalTH HE yAaJlOCh.

Hamaparomue Ha caifraka XHOIHUKA — BOJIK
(emMHCTBEHHBIN XUITHUK, HAMAJAIOMNUNA Ha B3POC-
JBIX CAHrakoB), JIUCHIA, CTEMHOW Opel, OepKyT,
BOPOH — SIBJISIFOTCS] TOTPEOUTEISIMU U TIPECMBIKATO-
mmxes [25, 26].

Baaronapuoctu

HccnenoBanue BBHIMOJHEHO NpU (UHAHCOBON
noanepxxke Komurera Hayku MUHUCTEpCTBA HAYKU
u BbICHIErO oOpa3zoBanusi Pecrybnmku Kazaxcran
(mpoekT Ne AP19675960).

Bbrnaronapum PI'Y «I"ocynapcTBeHHbIN PUPO-
HbII pe3epBar «bokelopa» 3a COAEHCTBUE B OCY-
HIECTBIICHUH TOJIEBBIX HAYYHO-HCCIIEI0BATEIbCKUX
paldoT Ha TEPPUTOPUH TOCYIAPCTBEHHOTO MPHUPOI-
HOTO pe3epBata «bokeliopaa» U 3aKa3HUKA «AIIU-
03EK».

Kon¢paukr nHTepecoB. ABTOPHI CTaThU MOJ-
TBEPKAAIOT OTCYTCTBUE KOH(IINKTA HHTEPECOB.
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NMPUPOAHAA U AHTPOMOTEHHASN AMHAMUKA
COOBLWUECTB MOAbIHN BEAO3EMEABHOM
(ARTEMISIA TERRAE-ALBAE KRASCH.) B CEBEPHOM T1PUAPAADBE

B cTaTbe paccMOTpeHbl AMHaMUYECKUe MPOLLECChI, MPOUCXOAILLME B 30HAAbHbIX HEAO3EMEAbHO-
NOAbIHHbIX coobLiecTBax CesepHoro [Npuapanbs. BoisiBAeHbI MPUPOAHbIE U AHTPOMOreHHbIE PaKTOpPbI
AvHamurkun. KoHaccoumaums b.A. BbikoBa BbiGpaHa B KQUeCTBE KAKOUYEBOIr0 MOHSITUS AASl MAAIOCTPALIMM
KOPEHHbBIX 1 MepeMeHHbIX COCTOSIHUI PacTUTEAbHOCTM B MpPeAeAax reHeTUUYeckM OAHOPOAHON Tep-
putopumn. KopeHHas accoumaums — acheMeponaHO-6eA03EMEALHOMOAbIHHAS C UTCUTEeKOM (Artemisia
terrae-albae Krasch., Anabasis aphylla L., Rheum tataricum L.f., Poa bulbosa L., Catabrosella humilis
(M.Bieb.) Tzvelev). MpupoaHas AMHamMnka 6€A03EMEAbHOMOAbIHHUKOB OMPEAEASIETCS SHAOIKOreHe-
TUYECKMMM CYKLLECCUSIMM, 0OYCAOBAEHHbBIMU XXM3HEAEITEABHOCTbIO AOMWHAHTOB M CY6AOMMHAHTOB
COOOLLECTB U IK30r€HHbIMM CYKLIECCUSIMU, CBA3AHHBIMW C AOKAAbHOW 3PO3Mel NMOYBbI U MOSBAEHUEM
MMKPOMOHUXXEHUI C KOBbIAbHBIMM MUKpOLEeHO3amu (Stipa sareptana A.K.Becker, S. lessingiana Trin.
& Rupr.).

AHTpOMOreHHasi AMHaMMKa Bbl3BaHa MacTOMLLHON M AOPOXKHON AMrpeccueit. [pu Bbinace AoMu-
HaHTHasi POAb MOAbIHU GEAO3EMEABHOI NePEXOAUT K UTcureky (Anabasis aphylla) — unavkaTopy Hapy-
LeHun. AOPOXHasl AUrpeccus NPMBOAUT K 3aMEHE KOPEHHbIX COOOLECTB Ha OAHOAETHECOASIHKOBbIE,
achemeposbie, ropuesbie (Polygonum aviculare L.) rpynnupoBKuM v MPOLEHO3bl HA TEXHOTEHHOM pe-
Abede. [TpUpPOAHO-aHTPOMOreHHbIM XapakTep MMEIT CMeHbl 6EA03EMEABNOABIHHUMKOB Ha MSTAMKOBbIE
(Poa bulbosa) coobuiectBa. OCBOGOXKAEHME IKOAOTMUECKMX HULL AAS BHEAPEHMS MSITAMKA MPOUCXO-
AWT NOA BO3AEMCTBMEM BbINAca, (POPMMPOBAHMS CETU MOAEBbIX AOPOT U TMOEAN MOAbIHM B PE3YAbTa-
Te eCTeCTBEHHOro cTapeHus. BbisiBAEHHble 3aKOHOMEPHOCTU NMPUPOAHOM M aHTPOMOreHHOM AMHAMMKM
NPEACTaBASIOT CO60I OCHOBY AAS Pa3paboTKM MEPOMNPUATUI MO PALMOHAABHOMY MPUPOAONOAb30Ba-
HMIO M PECYPCHOMY OCBOEHUIO TEPPUTOPUN.

KAtoueBble cAOBa: CyKLIECCHS, KOHACCOLMALMS, 30HaAbHAS PAaCTUTEALHOCTb, Poa bulbosa, avrpec-
CUSs1, 9KOAOTMYECKas HuLLA.

L.A. Dimeyeva', Zh.K. Salmukhanbetova' 2*
'Institute of Botany and Phytointroduction, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: zhuldyz.kanatkyzy@mail.ru

Natural and anthropogenic dynamics of Artemisia terrae-albae Krasch.
communities in the Northern Aral region

The article examines the dynamic processes occurring in the zonal Artemisia terrae-albae Krasch.
communities of the Northern Aral region. Factors of natural and anthropogenic dynamics have been
identified. B.A. Bykov’s con-association was chosen as a key concept to illustrate the indigenous and
variable vegetation conditions within a genetically homogeneous territory. The natural association is
ephemeroid-sagebrush with Anabasis aphylla L. (Artemisia terrae-albae, Rheum tataricum L.f., Poa bul-
bosa L., Catabrosella humilis (M.Bieb.) Tzvelev). The natural dynamics of Artemisia terrae-albae com-
munities is determined by endoecogenetic successions caused by the vital activity of dominants and
subdominants of communities and exogenous successions associated with local soil erosion and the
appearance of micro-depressions with Stipa sareptana A.K.Becker and S. lessingiana Trin. & Rupr. mi-
crocenoses.

Anthropogenic dynamics is caused by pasture and road digression. During grazing, the dominant
role Artemisia terrae-albae passes to Anabasis aphylla, an indicator of disturbance. Road digression
leads to the replacement of natural communities by annual saltwort, ephemeral, Polygonum aviculare
L. aggregations and procenoses on a technogenic relief. The change of Artemisia terrae-albae to Poa
bulbosa communities has a mixed natural and anthropogenic origin. The release of ecological niches for
the colonization of Poa bulbosa occurs as a result of grazing, the formation of field roads and the death
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of Artemisia terrae-albae as a result of natural aging. The revealed patterns of natural and anthropogenic
dynamics form the basis for the development of measures for sustainable use and development of natural
resources of the territory.

Keywords: succession, conassociation, zonal vegetation, Poa bulbosa, digression, ecological niche.
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CoATYCTiK ApaA MaHbIHAAFbl TAMbIPXYCaH KaybIMAACTbIKTaPbIHbIH,
(Artemisia terrae-albae Krasch.) Tabufm xaHe aHTPOMNOreHAi AMHAMMKachl

Makanaaa CoATYCTiK ApaA MaHbIHbIH 30HAaAAbI TaMbIP>KyCaH KaybIMAACTbIKTapbIHAQFbI XKYPiM XaT-
KaH AMHAMMKAAbIK, YPAICTEP KapacTbIPbIAFaH. AMHaMMKaHbIH TabMFK XKOHE aHTPOMOreHAl (hakTopAapb!
aHbIKTaAAbl. [eHeTMKaAbIK, TypFblaa OIpTEKTi aymak, WeriHAeri eCiMAIKKabbIHbIHbIH, TYMKIAIKTI XXoHe
©3repMeAi XaFAalbiH cunartTayra GarblTTaAFaH Herisri yrbiM peTiHae b.A. BbIKOBTbIH, KOHaccoumaLmst
YFbIMbl TaHAAAAbI. 2KepriAikTi KaybIMAACTbIK, — UTCUIeK apaAac aheMepoUATbI-TaMbIp>KycaH (Artemisia
terrae-albae Krasch., Anabasis aphylla L., Rheum tataricum L.f., Poa bulbosa L., Catabrosella humilis
(M.Bieb.) Tzvelev) kaybiIMaacCTbIFbl. TaMblp>KyCaH KaybIMAACTbIKTapbIHbIH, TAOUFM AMHAMMKAChl AOMM-
HaTTap MeH CyOAOMMHATTapAbIH TipLLUIAIK 8peKeTiMeH GaiAaHbICTbl SHAOIKOreHETMKAAbIK, CYKLIECCHS-
AQPMEH >KaHe XKepriAiKTi Tomnblpak, 3p03msCbl, COHbIMEH KaTap, Kay MMKpPOLIeHO3Aapbl (Stipa sareptana
A.K. Becker, S. lessingiana Trin. & Rupr.) 6ap mMmkpooiinaHaapaa nanaa 60AybiMeH GaiAaHbICTbl 3K30-
reHAl CyKLeCcCHMsSIAapMEH aHbIKTaAaAbI.

AHTPOMOreHAl AMHaMMKa cebenTepi — >KalbIAbIM XKOHE XKOA Aurpeccuschl. LllamaaaH TbiC >ka-
MbIAbIM PETIHAE MariAaAaHy 0apbICbIHAQ TaMblp >KyCaHHbIH AOMMHAHTTbl POAI OY3bIAy MHAMKATOPbI
(Anabasis aphylla) ntcurekke aybicapbl. )KOA AUTPECCUSICBI XKEPTIAIKTI ©CIMAIK KaybIMAACTbIKTaPbIHbIH
6ip >KbIAABIK, COpaHAbI, 3(DEMEPAI, TeEXHOreHAl peabedTeri TapaH (Polygonum aviculare L.) Tontapsi
MEH MPOLIEHO3AAPbIHA aYbICYbIHA KEAIN COKTbIpaAbl. TabUFM-aHTPOMOreHAl cunatTarbl e3repicrep 6a-
PbICbIHAQ TaMbIP>KYCaH KaybIMAACTbIKTapbl KoHbIpbac (Poa bulbosa) KaybiIMAACTbIKTapbIHA ayblCaAbl.
KOHbIpOaCTbIH, eHyiHe XKaFAai XKacamTblH 3KOAOTMSIABIK, KYbICTapAbIH 60Caybl XKaMbIAbIMADI LIAMaAaH
ThIC NaNAAAAHY, AAAAABIK, X)KOAAAP XKYMECIHIH NariAa OOAYbI )KoHe TabuFM KapTako acepiHeH XYyCaHHbIH
Kypaybl HOTUXKECIHAE XKY3€ere acbipblAaAbl. AHbIKTaAFaH TaOUFU XKOHE aHTPOMOreHA| 3aHAbIAbIKTap 63
Ke3eriHAe aymakTbl PECypCTbIK, Urepy >keHe TaburaTTbl TMIMAI ManaaAaHy OOMbIHLLIA iC-LIapaAapAbl
AQsipAQYAbIH, Heri3i 60AbIN TabblAaAbI.

Ty#in ce3aep: cykueccus, KOHaccoumalms, 30HaAAbl ©CIMAIK>KabbiHbl, Poa bulbosa, anrpeccus,
3KOAOTUSIABIK, KYbIC.

BBenenue

IentpanpHas Aswsi, Oyaydd OTHHM U3 KPYII-
HEUINX 3aCYIUINBBIX M TOJIY3aCYIUIUBBIX PETHO-
HOB CeBepHOT0 NoyIapus, 0COOCHHO IMOABEPKECHA
BIIMSTHHIO 3aCyXH M @aHTPOIIOTEHHOMY BO3/EHWCTBHIO
[6, 11, 12]. Junamuka pacTUTEIHLHOCTH SBISICT-
Cs BaXKHBIM HHAMKATOPOM SKOJOTHYECKOM Cpenbl
W TIPOSIBISIET 3HAYUTENHHYIO YyBCTBHUTEIHHOCTH K
KJIMMAaTHYECKUM W aHTPONOTeHHbIM (akTopam [1,
3,9, 13]. B cBsI3U C 3TUM U3y4Y€HUE TUHAMUKH pac-
TUTEIBHOCTHA W TPEHIOB CMEHBI (DUTOIIEHO30B IO
BO3JICHCTBUEM KaK MPUPOHBIX, TAK M aHTPOIIOTEH-
HBIX (DAaKTOPOB, OTBETHOH peakIMu Ha U3MEHEHHE
KITUMaTa MpeACTaBIsAeT COOOH BayKHYIO CTpaTernde-
CKYIO 3a/1a4y JJIsl 3aCYIUIUBBIX U MMOIY3aCyIUTHBBIX
TeppuTopuii [5, 7, 14].

Ilog nuHAMUKON pPAacTUTEIBHOCTH NOHUMAKOT
MIOCTCTICHHBIC HAIPaBJICHHBIC W3MEHECHHS, KOTO-
pbie MOTYT OBITH BBI3BaHBI KaK BHYTPEHHUMH, TaK

Y BHEIIHUMH (DAKTOpaMU M UMEIOT HEOOpaTUMBIi
xapakrep [29, 31]. IlpupojHas nuHamMuKa onpese-
JSeTCsl TpeMsl TUHmamMu cMeH (cykreccuit) [32, 33]:
CUHTCHE30M (3aCeliCHHE pACTCHHUSIMU TICPBUYHO
WA BTOPUYHO CBOOOTHOW TEPPHUTOPHH), SHIOIKO-
reHe3oM (00YCIIOBJICHO M3MEHEHUSMH CPEIbl, BBI-
3BaHHBIMHU JKU3HEJESATCILHOCTHIO JIOMHUHAHTOB H
KOMITOHEHTOB (PUTOIIEHO3a), DK30T€HE30M (IIPOHC-
XOJIUT MO BIUSHUEM BHEIIHETO (pakTopa). AHTPO-
[IOTEHHBIC CYKIECCHH SIBJISIFOTCS YaCTHBIM CIy4acMm
9K30T€HHBIX CMEH. AHTPOIIOT€HHbIE CMEHBI JETIAT-
cs Ha: nurpeccun (0OpaTUMEBIE WM HEOOPATUMBIC);
JeMyTaly  (BOCCTAaHOBUTENIBHBIC, KBa3HMBOCCTA-
HOBUTENBHBIE);  TUTPECCHOHHO-BOCCTAHOBHUTEIh-
HbIC — CBA3aHbl C HMMITYJIBCUBHBIM HapyHICHUEM,
[P TIOCTOSTHHOM aHTPOTIOI'€HHOM BO3/ICHICTBUU MO-
ryT (OpMHPOBATHCA KBa3MKOPEHHBIE COOOIIECTBA,
KOHTPOJIMPYEMBbIE PEKUMOM Bo3zeicTBus [16].
Uccnenosanus npooauiuck B CeBeprom [pu-
apaibe, e 0eI03eMeNbHOIONBIHHbIC (Artemisia
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terrae-albae Krasch.) cooOmiecTBa TOCHOJICTBYIOT
Ha TUIAKOPHOM 4acTH PaBHHUHBI Ha OYPBIX ITyCTHIH-
HBbIX HOPMAJIbHBIX M COJIOHIIEBATHIX [MOYBAX, KOTO-
pbie ObUIH BBIOpAHBI B KAUeCTBE OOBEKTA HUCCIIEI0-
BaHUH.

J1ist MIOHUMAHUST KOPEHHBIX M MIEPEMEHHBIX CO-
CTOSIHMM pPacTUTEIBHOCTH B TIpelejaX IeHeTHYe-
CKH OJIHOPOIHBIX TEPPUTOPHIA MBI HUCIOJIH30BAIN
MIOHATHE KOHaccoyuayus, KOTopoe ObUIO Mpeasio-
xeHO b.A. BbIKOBBEIM. DTOT TepMHH mpe/moara-
€T CyIIeCTBOBAHHE HA OINPEACIIEHHOI TeppUTOpUN
CTAOMJIbHBIX (PUTOIICHO30B U OTHOCSIIUXCS K HUM
CEPUIHBIX I[IEHO30B, CBS3aHHBIX C HapyIICHUEM
Cpenbl U OJJHOPOJHOCTH YCIOBHH W MpEAToaraet
KOPEHHOE U NIEPEMEHHOE COCTOSIHUE SJIMHOIO B T'e-
HETUYECKOM OTHOIIICHUHU YYaCTKa PACTUTEILHOCTH
[19]. Komaccomumanusi SBISETCS IHHAMHYCCKOM,
SKOJIOTUYECKOM, TEPPUTOPUAIBHON U TI'E€HETHYe-
ckoit eaununei [27]. HazBanue koHaccolmanuu
JTAeTCs 110 KOPEHHOW acconuanuu (MaTepuHCKOMY
AIpY).

W3ydyeHne koHaccoIManuii IMpeanoyiaraeT ux
MPAKTUYECKUM acCMeKT, Ha KOTOPBIM yKa3bIBal
b.A. beikoB. BrisiBrieHre cepuitHBIX 1IEHO30B IT03BO-
JISIST OMPEJISIIUTH MOJIOKEHUE B PSIILY U CKOPOCTH Jie-
MYTallMOHHBIX CMEH, YTO B YCIOBHSIX ITyCTHIHH He-
00XO0IMMO JIJIsl OIICHKH MACTOUIIIHOTO U PECYypPCHOTO
MOTEHIIMANIA TePPUTOPUH. TakKe BasKeH aCIIeKT Me-
XaHHU3Ma yCTOMYMBOCTH B KOHACCOLUAIIMH, KOTOPBIN
pasaruaeTcsl Ha Pa3HbIX YPOBHIX OpraHu3anuu Gu-
TOIICHOCHCTEMBI: OPTaHU3MEHHBIH — YKOOHOMOP]-
HBIA — IEHOMOIYJISAIMOHHBIN — CyOCTUTYITMOHHBIH
(3ameniaronuii, KOMIEHCAIMOHHBII) — OJI0YHO-CH-
CTEeMHBIN (MEHSIOTCS OCHOBHBIC JIOMHHAHTHI SIPY-
COB W CHHY3WH, MPOUCXOTUT NECTPYKTYpPHU3AIHS).
YcToiunBOCTh paccMaTpuBaeTcsi Kak CIIoCOOHOCTh
PACTHTEIBHOCTH, TIPU BO3ACHCTBUU W3BHE, HAXO-
TUTHCSI B UICXOTHO-»KOPEHHOM» COCTOSIHUM 33 CUET
MEXaHU3MOB YPOBHS CTaTUYHOCTH, OBICTPO BOC-
CTaHABIIMBATh UCXOJIHO-»KOPEHHOE» COCTOSHUE U3
JTUHAMHYECKOTO 3a CYET MEXaHW3MOB ypPOBHSI Ijia-
cTUYHOCTH [28].

B Cesepnowm [Ipuapainbe ObuH OIIpeieeHbl oc-
HOBHBIE COCTAaBIISIONINE OEIT03eMENbIOIBIHHON KO-
Haccouuaiuu [36],cpein eCTeCTBEHHBIX COOOIIECTB:
3(heMepOBO-UTCUTEKOBO-0€J103EMEIbHOTIOIBIHHOE,
3(heMepoB0-0€103eMEITbHOIIOJIBIHHOE,  KOBBUTHHO-
0€J103eMEeIIbHOIONIBIHHOE; aHTPOIIOICHHBIC BapH-
AHTBI: UTCHIEKOBO-0€JI03eMENLHOIIOIBIHHOE, 30¢-
JIEKOBO-0€J103eMEeTLHOTIONBIHHBIN arporieHo3. Ilpu
Pa3HBIX CTAIUSAX MACTOUIITHOMN JUTPECCUU KOPSHHBIS
COOOIIECTBA CMEHSIOTCSI Ha 0EJI03eMeNIbHOIIOJIBIH-
HO->()eMEPOBEIE, COPHOTPABHO-OEII03EMETHLHOTIO-
JILIHHO-UTCUT€KOBbIE, COPHOTPABHO-UTCUI'CKOBBIC,

86

3¢ eMepOoBO-COPHOTPABHBIE COOOIIECTBA U TPYIIITH-
POBKH.

Ilens wmccrnemoBaHMil COCTOsJIa B BBISBICHUH
MIPUPOJTHBIX M aHTPOTIOTCHHBIX ()aKTOPOB JTUHAMHU-
KH 0€7103eMeTbHOIIONIBIHHBIX co00tmecTB CeBepHO-
ro [Ipuapasbs Ha OCHOBE aHaJM3a COBPEMEHHBIX U
PETPOCTIEKTUBHBIX JaHHBIX.

MaTepnanbl U METObI

HccnenoBanns mpoBOAMIMCH HA OOTAHIYECKOM
cranuoHape «TepeckeHT» M Npuierarouen Teppu-
topun B Illankapckom paiioHe AKTIOOMHCKOW 00-
JIACTH B TE€YEHHE NMBYX ce30HOB 2024 r. (ampenb u
asryct). Kpome Toro, B cTarhe ObUIM HCIIOIB30BAHBI
(oHIOBBIC MaTepUabl, MOJTYYECHHBIC B pe3yJIbTaTe
BeImostHeHNs Tpanta MOH PK «¥YcroitunBoe ¢hyHK-
[MOHUPOBAHUE ¥ BO3MOXKHOCTH peaduInTalun
30HaNBHBIX dKocucteM CeepHoro [lpuapaibs»
(2015-2017 r.).

[MpuMeHsTHCh  TpaJUIMOHHBIE Teo0oTaHhYe-
ckre Meronabl uccienoBanuii [18]. Ha mpoOHBIX
mromaakax pasmepom 100 Mm%, pUKCHPOBAHHBIX Ha
MectHOocTH Tpubopom GPS, mpoBoammuce reobo-
TAHMYECKHE OIMUCAHUSI PACTUTEIBHBIX COOOILECTB.
Ornucanne pacTUTETHLHOCTH BBHITIONHSIIOCH Ha CIIe-
[UAIbHBIX OJIaHKax, BKJIIOYAIONIUX pas3felnbl, OT-
pakalolMe OCHOBHbBIC KOMIIOHEHTHI NaHamadTta,
penbed, MOYBbI, pACTUTEIHLHOCTh U UX COCTOSHUE.
Oco0oe BHIMaHHE YACTSUIOCh U3yUSHHIO TPOCTPaH-
CTBEHHOW CTPYKTYpPbl PacTUTENBHBIX COOOIIECTB
M UX CBSI3U C peibe)OoM, TOYBAMH, YBIAKHEHUEM.
[lpn ommcaHMM pPaCTUTENBHBIX COOOIIECTB YYH-
ThIBaeTCs: 1) (hropucTuueckuii cocrtas; 2) oduiee
MIPOCKTUBHOE TOKpBITHE; 3) (perodaza; 4) obumme
BHIIOB TI0 mKajue Jpyne; 5) xapaktep pacmpezerne-
Hus BUAOB. Omnpenenstorcst pakTopsl BO3IEHCTBUS
Ha PacTUTEIHHOCTH (MPUPOIHBIE WM aHTPOIOTEH-
HEIE).

CO6op repOapust IpOBOIMIICS IPU OITUCAHUH Pac-
TUTENBHBIX coo0mecTB. OnpeaeneHne He3HAKOMBIX
BHUJIOB PAcTEHUI OCYIIECTBISAIOCH TMPU Kamepaib-
HOW 00paboTKe COOpPaHHOTO MaTepualia ¢ UCIOIb-
30BaHuEeM «JIUTFOCTPUPOBAHHOTO OMPEIEITUTEINS
pactennii Kazaxctana» B 2-x Tomax (1969, 1972) u
«®Drnopsr Kazaxcrana» B 9 Tomax (1956-1966) [24,
35]. TakcoHOMWS BHIOB CBEpsIach C HHTEPHET-pe-
cypcom «Plants of the World Online» [8].

Pe3yabTaThl U uX 00cy:KIeHHE
Hamwu uccinenosanus B 2015-2017 rr. BEIIBUIN

OCHOBHOE SJIp0 (KOPEHHYIO / 30HAIBHYIO) acCOIH-
anio — 3heMeponHO-0e5103eMEeTbHO-TIOJIBIHHY IO
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¢ wurcurekoM (Artemisia terrae-albae, Anabasis
aphylla L., Rheum tataricum L.f., Poa bulbosa L.,
Catabrosella humilis (M.Bieb.) Tzvelev).

Ha 4 xiroueBbIX ydacTkax 0eo3eMeIbHOIO-
JILIHHUKOB 3apEeTHUCTPUPOBAHO 53 BHUA pacTeHUM
(Tabnuna 1). daopucTudeckuii CocTaB CooOIIECTB
BappupyeT oT 6 10 24 BHUIOB, CpPEIU HUX BHICO-
ka moist dpemepoB m d(heMeponusIoB, TaKUX Kak:
Prangos odontalgica (Pall.) Herrnst. & Heyn, Poa
bulbosa, Descurainia sophia (L.) Webb ex Prantl,
Eremopyrum orientale (L.) Jaub. & Spach, neko-
TOpbIE M3 HUX YBEIWYHMBAIOT OOWJIME NPH MaCT-
oumHOl Harpyske (Alyssum desertorum Stapf,
Filago arvensis L.). O0Gs3aTenbHBIMH KOMIIOHEH-
TaMU COOOIIECTB SIBISIOTCS OJHOJETHUE COJISTH-
KH, CPEIU KOTOPBIX MOKHO BBIJCIUTH PsiJi BH-
JIOB, WHJMIUPYIONINX BBIAC YMEPECHHOW CTETICHH
(Pyankovia brachiata (Pall.) Akhani & Roalson,
Grubovia sedoides (Pall.) G.L.Chu, Polycnemum
arvense L.).

OO0miee TPOEKTUBHOE TMOKPHITHE H3YYEHHBIX
coo0OmecTB B cpenHeM cocrasiser 40-45 %, mons
MOJIBIHY Oesto3eMenbHOM — oT 24 1o 40 %. YBennde-
HHUE / CHWKEeHHUE OOIIero MPOEKTUBHOTO MOKPBITHS
ompenenseTca oouneM 3gpeMepoB u 3heMeponios,
YTO CBSA32HO C PA3HBIMHU 110 KOJIMYECTBY OCAIKOB T0-
naMu. UMCIIEeHHOCTh TOJIBIHU BapbupoBaia oT 475
10 991 sk3emmisipa Ha 100 kB. M.

[Ipu cnabom wu3MeHEHMHM MHKpopenseda ¢
MUKPOTIOHIDKEHUSIMHE  (hopMupytoTcs dheMepoBo-
0e103eMeNbHO-TIONBIHHBIE COO0IIECTBA C MHUKPO-
nieHo3amu Teipcuka (Stipa sareptana A.K.Becker).
Taxoke BcTpedaroTcsi MUKPO(MUTOIIEHO3BI KOBBLITKA
(Stipa lessingiana Trin. & Rupr.), B KOTOPBIX MOX-
HO HaWTH CTeNHbIe BUIbI (Artemisia austriaca Jacq.,
Tanacetum achilleifolium (M.Bieb.) Sch.Bip.) [23].

AHTpOIIOTEHHbIE  MOJM(UKAIUK  30HATBHBIX
(PUTOLICHO30B CBSI3aHbI C CHJILHOM CTENEHBIO HAPY-
IIEHHOCTH, 00YCJIOBJICHHOW BBIITACOM U JIOPOKHOM
qurpeccueil. Ha yyacTke ¢ CUIIbHBIM HapyIlIEHUEM
B OKpecTHOCTsIX ayna lLlokeicy pacTUTEeNnbHBIA 1MO-
KpOB TIpeACTaBIIeH d(heMepoBO-0eI03eMeIbHO-TI0-
JIBIHHO-UTCUTEKOBBIM (Anabasis aphylla, Artemisia
terrae albae, Ranunculus falcatus L., Eremopyrum
triticeum (Gaertn.) Nevski) coobmectBoM. OOree
npoekTuBHOe NOKpbITHE — 50 %. [TonbiHE Oemno3se-
MeJbHAs 3aHUMAET TOJIbKO 5 %, utcurek — 10 %, po-
rorJIaBHUK U MOPTYK — 20 %, a0enex (Ceratocarpus
arenarius L.) — 10 %. B cooOriecTBe Takxe MpucyT-
cTBYIOT Peganum harmala L., Pyankovia brachiata,
Bassia eriophora (Schrad.) Asch. JlomuHaHTHas
PO IOJIBIHK OeI03eMENbHOM epeXOIUT K HTCHUTe-
Ky (Anabasis aphylla) — nHOUKaTOpy HapyIICHHH.
OO6mIee TPOEKTUBHOE TIOKPBITHE COOOIIECTBA CHU-
xkaetcq Ha 5-10 %, MpoeKTHBHOE MOKPHITHE JTOMHU-
HaHta — Ha 35-40 % [22].

Tabauna 1 — duToneHoTHYECKasE XapaKTEePUCTHKA 0eJI03EMeNIbHOTIOJIBIHHBIX COOOIIECTB

Teppuropus cranmonapa

3a npenenamu
CTaIoHapa

Buol VYuacrok 1 (3) VYyacrok 2 (9) VYuacrok 3 (15) VYyacrok 4 (10)
2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017
Obunue
KycTapHUKH U KyCTapHUYKH
Atraphaxis spinosa L. sol sol sol - |un-sol| sol - - - - - -
Ephedra distachya L. - - - - - - - - un-sol - - -
Oreosalsola arbusculiformis ) ) ) ) i ) ) ) nesol ) i i
(Drobow) Sennikov "
TTosyKyCTapHUKH M TOTYKYCTapHUYKA

Anabasis aphylla L. sol sol sol - sol sol - sol-sp - sol sp sol
Anabasis salsa (Ledeb.) Benth.

- - - - - - sol-sp | sol un-sol - - -
ex Volkens
Artemisia terrae-albae Krasch. | cop, , | cop,, | cop,, | cop,,|cop,,| cop, | cop,, | cop,, | cop,, |cop,,| cop, |cop,,
Atriplex cana Ledeb. - - - - - - - - un-sol - - -
Bassia prostrata (L.) Beck - - - sol sol - sol sol - sol-sp - -
Caroxylon orientale (S.G.Gmel.)

- - - - - - - - - - - Sp
Tzvelev
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Ipoooncenue mabauywvl

Bupi

Teppuropus crauuonapa

3a npenenamu
CTalroHapa

VYuactok 1 (3)

VYuactok 2 (9)

VYuactok 3 (15)

VYuactok 4 (10)

2015 | 2016 | 2017

2015 | 2016 | 2017

2015 | 2016 | 2017

2015 | 2016 | 2017

O6uue

MHoroneTHue TpaBbl

Agropyron desertorum (Fisch.
ex Link) Schult.

sol

|Allium decipiens Fisch. ex
Schult. & Schult.f.

sol

sol

un-sol

- sol -

Allium schubertii Zucc.

un-sol

sol

sol - -

Asparagus breslerianus Schult.
& Schult.f.

un-sol

un-sol

un-sol - -

Astragalus testiculatus Pall.

un-sol

Carex pachystylis J.Gay

Catabrosella humilis (M.Bieb.)
Tzvelev

sol

un-sol

sol

Cistanche salsa (C.A.Mey.)
Beck

un-sol

Eremurus inderiensis (M.Bieb.)
Regel

sol

sol

Ferula caspica M.Bieb.

sol

sol

Fritillaria karelinii (Fisch. ex
D.Don) Baker

sol

Ixiolirion tataricum (Pall.)
Schult. & Schult.f.

Leontice incerta Pall.

sol

un-sol

Megacarpaea megalocarpa
(Fisch. ex DC.) Schischk. ex
B.Fedtsch.

sol

un-sol

sol

Phlomoides uralensis Salmaki

un-sol

Poa bulbosa L.

sol-sp

Sp

sol-sp

cop,

sol-sp

Sp-cop,

sol cop, | sol

Prangos odontalgica (Pall.)
Herrnst. & Heyn

sol

sol

sol

un-sol

un-sol

sol - -

Rheum tataricum L.f.

sol

sol

sol

sol

sol

sol

sol sol -

Stipa lessingiana Trin. & Rupr.

sol

sol

Stipa sareptana A K.Becker

sol

sol

sol-sp

- sol-sp | sol

Takhtajaniantha pusilla (Pall.)
Nazarova

un-sol

- sol -

Tanacetum achilleifolium
(M.Bieb.) Sch.Bip.

sol - -

Thalictrum isopyroides
C.A.Mey.

sol-sp

sol

Tulipa buhseana Pall.

sol

un-sol

un-sol

sol sol -

Ziziphora tenuior L.

sol

sol

sol - -

OIHOJIECTHUKHU

Alyssum turkestanicum Regel &
Schmalh.

sol-sp

sol

sol

sol-sp

sol

sol

sol

cop, , Sp -

Arnebia decumbens (Vent.)
Coss. & Kralik

sol - -
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TIpooonacenue mabauyvl

Teppuropus craunoHapa 3a npenenavu
PPHTOP t p cTaluoHapa
Buibl VYuacrok 1 (3) Vuacrok 2 (9) Vuacrok 3 (15) VYuacrok 4 (10)
2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017
Oobwunme

Bassia sedoides (Grubovia ) ) ) ) i ) ) ) i s o i
sedoides (Pall.) G.L.Chu) P P2
Ceratocarpus arenarius L. sol sol sol sol |sol-sp| sol sol sol - sol sp sol
Chorispora tenella (Pall.) DC. - - - - |un-sol - un-sol - - - - -
Descurainia sophia (L.) Webb
ox Prant] sp |sol-sp| sol - - - - - - sol - -
Eremopyrum orientale (L.) Jaub. sp-
& Spach sp cop, sp - - un-sol | sol sol - - - -
Eremopyrum triticeum (Gaertn.)

- - - sol - - - - - - - - -
Nevski
Filago arvensis L. sp sol - - sol - - un-sol - sol-sp | sp-cop,
Girgensohnia oppositiflora
(Pall.) Fenzl ) ) ) sol i sol ) ) i sol i i
Koelpinia linearis Pall. - - - - - - un-sol | un-sol - - - -
Lappula patula (Lehm.) Menyh. | sol - sol - - - - sol - sol | sol-sp -
Lepidium perfoliatum L. - - - - - - - - - sol - -
Medicago medicaginoides
(Retz.) E.Small sol sol ) ) i ) ) ) i sol i i
Polycnemum arvense L. - - - - - - - un-sol - sol-sp - -
Polygonum acetosum M.Bieb. sol - - - - - - - - - - -
Pseudoheterocaryum rigidum ) ) ) ) i ) ) ) i ) ¢ i
(A.DC.) Kaz.Osaloo & Saadati P
Pyankovia brachiata (Pall.) ) ) ) ) i ) ) sol i . i i
Akhani & Roalson p
Ranunculus testiculatus Crantz sol sol - sol sol - sol sol - - - -
Oobuiee TPOCKTUBHOE MOKPBITHE
(OI1IT) coobmectra / I1I1 45:35| 45:30 | 45:30 | 45:30 | 50:30 | 45:30 | 45:24 | 50:30 | 40:40 | 40:39 | 80:40 |40:30
nonsrau (%)
Bcero BunoB B coodmectse: 53 | 23 21 12 11 18 10 17 24 6 24 14 7

B Becennwuii nepuon 3ty HapymeHHbie nactouia  R.Br., Grubovia sedoides, Soda foliosa (L.)

CTaHOBATCS  0EI03eMeNbHOIIOIBIHHO-3(heMepou -
HBIMU (Rheum tataricum, Ranunculus platyspermus
Fisch. ex DC., R. falcatus, Alyssum desertorum
Stapf, Descurainia sophia, Artemisia terrae-albae,
Anabasis aphylla) ¢ oOIIM TIPOEKTUBHBIM TTOKPHI-
tueM 60-70%. IlpoekTuBHOE MOKPHITHE IIEHHOTO
PECYPCHOTO BHJIa PEBEHS TaTapCKOTO COCTABISIET
32-44 % c yposkallHOCTBIO CyXOro KOpHs 0T 23,5 1o
41,5 w/ra, 4TO MOXKET MPEJICTABJISATh UHTEPEC IS
3arOTOBKH JICKAPCTBEHHOTO CHIPHSI.

JlopokHasi JurpeccHs TNPHBOAMT K  3ame-
HE KOPEHHBIX COOOIIECTB Ha OJHOJICTHECOJISH-
KoBble (Atriplex aucheri Moq., Salsola australis

Akhani, Petrosimonia brachiata (Pall.) Bunge,
Girgensohnia oppositiflora (Pall.) Fenzl, Pyankovia
brachiata, Ceratocarpus arenarius), 3peMepoBbie
(Eremopyrum orientale, Lepidium perfoliatum L.),
ropuessie (Polygonum aviculare L.) TpynmupoBKH
U MPOLICHO3bI Ha TEXHOTCHHOM pejibede ¢ 00IIHIM
MIPOEKTUBHBIM MOKpbITHEM A0 60 %. Yuactue mo-
JIBIHYA OEN03eMeNIbHON eTMHIYHO.

JlpyruM acrneKkToM, B KOTOPOM TPY/IHO BBISIBUTH
MIPUPOJIHBIA WJIM aHTPOIIOTCHHBIM XapaKTep CMEH,
SIBIISIETCS. POPMHUPOBAHKE COOOIIECTB ¢ JOMHHHUPO-
BaHHEM U CyOJJOMUHUPOBAHUEM MSTIIHKA TYKOBUY-
Horo (Poa bulbosa).
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Jnsi BBIABICHHST 3aKOHOMEpPHOCTEH ObLIM 3a-
JIO’KCHBI TPH TUIOMAAKH (Tadimma 2), Ha KOTOPBIX
(uKcupoBaics BHAOBOW COCTaB, (UTOIEHOTHYE-
CKHE TIOKa3aTelld U CTeleHb aHTPOIIOTEHHOW Hapy-
meHHoctu. Ha momankax npouspactaet 30 BUI0B
pacTeHui, ot 7 10 22, 4TO CBA3aHO C pa3HbIMHU roJia-
MH U ce30HaMH oOciniefoBanus. B 3aBucumocTu ot
CTEIIEHH aHTPOIIOI'€HHON HapyIICHHOCTH MEHSETCS
MPOIICHTHOE COOTHOIIEHHE MSTIMKA U KOPEHHOI'O
LIEHO3000pa30BaTesi — IMOJBIHU 0e03eMeTbHOM.
Ha nnomiaake 1 cuiibHasi creneHb HapyUIEHHOCTH
coxpansercs B Teuenue 10 ner. JloMuHaHTOM CO-
oOmecTBa octaercsi MITIUK. Ha yyactke Obutn OT-
MEUYEHbI €AMHUYHBIC BCXO/bI IIOJIBIHA. MOHUTOPUHT
2024 roja mokasai, 4To B MITIHKOBOM COOOIIECTBE
MOSIBUJIMCH TPYNIUPOBKY MOJBIHK (2 %) U uTcure-
Ka (3-5 %), oTMEedeHBI 0OYaryu CHILHOTO HAPYIIIEHHS,
CBSI3aHHOTO HE TOJILKO C BBIITACOM, HO U BIUSIHHEM
rpe3yHOB. OCHOBHOH (hakTOp IpeoOpazoBaHus CO-
o011ecTBa — aHTPOIIOI'CHHBIN, OJJTHAKO HE MCKIIIOYe-
HO €CTECTBEHHOE CTapeHHE TIOJBIHH Oell03eMeb-
HOW M 3allOTHEHHWE CBOOOIHBIX HUII MSTIUKOM,
KoTophId yepe3 10 jet copmupoBai IepHUHY, 3a-
Humarontyo 50-70 % miomaau cooOInecTBa, uTo
CHHMYKAeT BO3MOYKHOCTb POPACTaHUS BCXOAOB M3-32
KOHKYpPEHITUH 3a Biary. [lnomanka 2: HabmoaeHus
2016 T. BBIABUJIM aHTPONOT€HHYIO HApYIIEHHOCTbH
CpeaHel CTereHH (JOpOKHAS JUTPECCHS U BbITIAC).
[lombEp — cyOMOMHHAHT COOOIIECTBA, OOJBIIAS

qgacTh 0cobOell cTapble u morudime, HO eCTh UMMa-
TypHBIE, TeHepaTHBHBIE 0COOM M BCXO/bl. MOHHTO-
punr 2024 r. moka3ana BOCCTaHOBJIEHHE IOMHHAHT-
HOW POJIM TIOJNBIHY, JaXe MPH HAIWYUU JICPHHUHBI,
3aHnMaromer g0 60 % turomanm cooOmiecTBa.
BcexonoB HET, HO OTMEUYEHBI MMMATYpPHBIE DK3€M-
wispsl. BeposiTHee Bcero, mosiBIEHUE MSITIMKA B
COOOIIIECTBE CBSI3aHO C €CTECTBEHHBIM CTApEHHEM
MOJIBIHH, TUIOXHUM BO300OHOBJICHUEM U 3aII0JIHCHHEM
CBOOOJHBIX 3KOJOTHYECKUX HHII MSTIMKOM. Bo3-
OOHOBJICHHE TIOJBIHA, OCOOCHHO B OJIATOTPHUSTHBIC
10 OCa/IkaM I'0JIbl, TIO3BOJIMIIO BOCCTAHOBUTH JIOMH-
HaHTHYIO PoJib KOpeHHoro Buza. [Tnomanka 3: Ha-
omonerns 2016 T. TMOKaszaid, 4TO aHTPOITOTCHHAS
HapyIIEeHHOCTh OblIa c1a00i ¢ ouaramu cpejgHei, o
YeM CBUJICTEILCTBOBAJIO TAK)KE HAJTMUHUE Iy CTHIHHO-
ro mxa. [Ipu 3ToM Ha 00CIeOBAaHHON TEPPUTOPUH
BBIIETSUIMCH JIBAa KOMITIOHEHTa Oe03eMeIbHOIIO0-
JIBIHHOM KOHACCOLMAIMU: IMOJBIHHOE COOOIIECTBO
3aHnMano 25 %, matimukoBoe — 30 %. [Ipeobrananmm
cTapble 0cOOU TIOJBIHM, B MOHMKEHHSIX OTMEUEHBI
BcxoJpl. MoHuTOpuHT 2024 T. MOKa3aa BOCCTaHOB-
JICHHUE JOMWHAHTHOW POJIM TOJIBIHK NIPU CpeHen
CTETNeHW HapYLIEHHOCTH (BbIMAC, HOPBHI TPHI3YHOB)
U Hanuuuu nepHuHbl 65-75 %. BcexomoB Her, HO
MHOTO MOJIOJBIX TCHEPAaTUBHBIX ocobOeil. [losBie-
HUE MSTJIUKOBBIX COOOIIECTB BHYTPH O€03eMeIb-
HOTIOJIBIHHOM KOHACCOLMAIMK MTPOU30IILIO 10 MPH-
YIHE CTapeHUs TIOJIBIHH.

Taduuua 2 — PuTorieHOTHYECKAs XapaKTEPUCTUKA MATIMKOBBIX COOOIIECTB

Buzas! / Ne rutomaku / 1 2 3
Aata o0cIe10BaHMs 13/06/2015 | 31/05/2016 | 23/08/2024 29/05/2016 | 23/08/2024 | 29/05/2016 | 23/08/2024
KoobiHaTsL N 47,387823° N 47,305564° N 47,311984°
PA E 61,089235° E 60,997212° E 60,977311°
Obunue
TlonmyKkyCTapHUKH U TIOTYKYCTAPHIUKH
Anabasis aphylla L. sol sol sol - sol sol 0,5-1%
Artemisia terrae-albae sol sol-s sol s Sp-co s sp-co
Krasch. P P p-cop, P p-cop,
A. semiarida (Krasch. & . ) ) ) ) sol .
Lavrenko) Filatova
Bassia prostrata (L.) Beck sol - - - - - -
MHorosneTHue TpaBbl
Carex pachystylis J.Gay sol - - - - - -
Catabrosella humilis ) i sol sol-s i sol )
(M.Bieb.) Tzvelev P
Koeleria glauca (Spreng.) sol
DC. i i i i ) )
Poa bulbosa L. cop, cop, sp-cop, cop, sp cop, sp-cop,
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TIpooonacenue mabauyvl

Bubt / Ne monmaaku /
Jara 00caen0BaHus

1

2

3

13/06/2015

31/05/2016

23/08/2024

29/05/2016

23/08/2024

29/05/2016 | 23/08/2024

Koopnunarst

N 47,387823°
E 61,089235°

N 47,305564°
E 60,997212°

N 47,311984°
E 60,977311°

Rheum tataricum L.f.

sol

sol

Takhtajaniantha pusilla
(Pall.) Nazarova

sol

Tanacetum achilleifolium
(M.Bieb.) Sch.Bip.

sol

sol

Tulipa biflora Pall.

sol

sol

sol

sol

sol

sol -

OIHOJIETHUKHA

Alyssum desertorum Stapf

sol

sol-sp

Sp

sol

sp sol

Bassia eriophora (Schrad.)
Asch.

Sp

Ceratocarpus arenarius L.

sol

Sp

sol-sp

sol sol

Descurainia sophia (L.)
Webb ex Prantl

sol

sol

- sol

Eremopyrum orientale (L.)
Jaub. & Spach

sol

sol

sol-sp -

Filago arvensis L.

sp-cop,

sp-cop,

Sp -

Girgensohnia oppositiflora
(Pall.) Fenzl

sol

sol

sol

Grubovia sedoides (Pall.)
G.L.Chu

sol

sol -

Lappula patula (Lehm.)
Menyh.

sol

sol-sp

sol-sp -

Medicago medicaginoides
(Retz.) E.Small

sol

Oxybasis glauca (L.)
S.Fuentes, Uotila &
Borsch

sol

Petrosimonia brachiata
(Pall.) Bunge

cop, ,3-5%

Polycnemum arvense L.

sol-sp

sol

sol-sp (gr)

sol

Polygonum aviculare L.

sol

sol

sol

Prangos odontalgica
(Pall.) Herrnst. & Heyn

sol

Pyankovia brachiata
(Pall.) Akhani & Roalson

sol

sp-cop,

sol

sp (cop,) -

Ranunculus testiculatus
Crantz

sol

sol

sol

sol

Sp -

Soda foliosa (L.) Akhani

sol

Mxu

Tortula caninervis (Mitt.)
Broth.

sol-sp -

Oouiee MPOEKTUBHOE
nokpsitue (OI1IT)
coobmectna / 111
msuka/ [T nonsan (%)

50-60 /40
/0,5

35/25-30 /2

45/30 /2
JIepHUHA
MsTanka — 50-
70 %

75-80 /45-50
(10 70) /5-7

60 /10 /30-
35 nepHuHa
MSITITH-
ka— 10-15
(o 60) %

50/15-20
/25-30
JIEpHIHA
MSITIIN-
Ka — 65-75 %

50-60 /35-40
/10-15
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Ipoooncenue mabauywvl

Bubr / Ne mrormagku / 1 2 3
JAara 00cie10BaHus 13/06/2015 [ 31/05/2016 | 23/08/2024 29/05/2016 23/08/2024 | 29/05/2016 | 23/08/2024
Koo N N 47,387823° N 47,305564° N 47,311984°
JIMHATBI
P E 61,089235° E 60,997212° E 60,977311°
MSITIHKO-
MSATIIMKOBOE C MSATIIMKOBO-
0e103eMebHO- Oeno3emelb- | BO-0€J10-
TpyIITHPOBKA- OenozemMenb-
HasBanue coo0riecTBa MSITIIMKOBOE | MSITJTHKOBOE MOJIBIHHO-MSIT- HO-TIOJIGIHHO-| 3€MEJILHO-
MU TIOJIBIHA U HO-TIOJIBIH-
JINKOBOE MSITIIMKOBOE | MOJIBIHHOE C
HATCUTEKA HOE
HWTCUTEKOM
CpeMHss ¢ 0Ya-
. . cpemHss cmabasi ¢ |cpeaHss (BbI-
CrerneHb aHTPOIOTEHHON ramy CHJILHOM
CUJIbHAS CHJIbHAS CpemHsist (BbImac, 1o- | ovaramu mmac, HOpbl
HapYIICHHOCTH (BBIIIAC, HOPBI .
porm) cpenHei TPBI3YHOB)
IPBI3YHOB)
€CTh BCXOJIbI, €CTh BCXOMbI
BCXOJI0B BCXOJI0B
HMMarypHBIE U B MHUKPO-TIO-
BCXOJIBI BCXOJIbI HET, MHOTO HET, MHOTO
reHepaTHBHbIE HIKEHHUSX,
MOJIBIHU MOJIBLIHA  |BCXOJIOB TIOJIbI- HMMATYpPHBIX MOJIOJBIX Ie-
Ipumeuanue 0CcO0U TIOJIBIHH, . B OCHOBHOM
€MHAYHBI | €AMHUYHBI HHU HET ocobeii 1o- HEepaTHBHBIX
MHOTO CEHUJIb- CEHUILHEIE .
JIBIHH ocobeii 1o-
HBIX U ITOTHO- ocobu
. JIBIHA
KX 0co0Oei TOJIBIHU
Bceero BumoB B
22 12 11 11 13 16 7
coobmecte: 30

Apeanm TIONBIHA O€T03eMENTbHOM TTPOCTHPASTCS
ot 52° Ha ceBepe 1o 40° — Ha tore [15]. Haubonee
IIMPOKO OeJI03eMeNIbHOIOIIbIHHAS  (hopMarius pac-
MIPOCTpaHEeHa B TOJJ30HE CPEAHUX ITyCThIHb. B mo130-
HE CEBEPHBIX MYCTHIHb YaCTO 00pa3yeT KOMILIEKCHI ¢
ouropryroM. benozeMensHOOIBIHHBIE COO0IIeCTBa
SIBIISTFOTCSI OCEHHE-3UMHHUMH MACTOUINAMH, MX IPO-
TyKTHBHOCTH COCTaBISIET B cpemaHeM 3-4 1y/ra. Ilo-
€/1al0T IOJIBIHB OBIIBI U BepOmopl [17]. CoctosHMe
HaCT6I/IIII, IMPOCKTHUBHOC IMMOKPBLITUE NOMUHAHTA 3aBU-
CSIT OT MHTEHCUBHOCTH HCTIOJIb30BaHMS.

BupmoBoii coctaB aeMeponHO-UTCUTeKOBO-0e-
JI03€MENNbHOIIONBIHHON acCOIMAIH Ha TePPUTOPUHI
CTanmoHapa B KoHIE 60-X TOMOB MpOILIOrO Beka
HacyuThBan 74 Buaa, YMCJICHHOCTDH ITOJIBIHU 6BIJ'Ia
1438-1560 5k3./100 kB. M [30]. 3amoBeHBII peKUM,
CYIIECTBOBAaBUIMKA Ha cTanuoHape 10 90-X TooB,
OKa3bIBaJT OJIATONIPHUATHOE BIMSHUE Ha (IIOPHCTHYIC-
CKHUIl COCTaB, CHHY3HAIBHYIO CTPYKTYPY COOOIECTB
U TIOJIHOTY HCIOJIb30BaHMs PECYPCOB OKPYKAIOIICH
cpepl. YMEHBIIICHHEe OMOIIOTHYECKHUX IOKa3aTeien
B 0€J103eMEeIbHOTIONBIHHBIX COOOIIECTBAX CBSA3AHO C
HapyIIeHHEM 3aIOBETHOTO PEKUMA.

[IpuponHass auHaAMUKa 0€JI03E€MENIbHOIIOJIBIH-
uukoB B CeepHom llpmapamse ompenensercs
9H/IODKOTEHETHYECKUMH  CYKIIECCUSIMHU, O00YyCIIOB-
JICHHBIMU JKHU3HCACATCIBbHOCTHIO AOMHWHAHTOB H
CyOZOMHHAHTOB COOOIIECTB; 3K30T€HHBIMHU CYKIIEC-
CUSAMHU, CBSI3aHHBIMU C JIOKAJIbHOM 3pO3UEM MOYBBI U
MTOSIBJICHUEM MHUKPOTIOHM)KEHUH.
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AHTpOTIOTEeHHAs TWHAMIKA BBI3BaHa MMACTOMIII-
HOW M TOPOKHOW JUTpecchel, BeAylleld K CHUXKe-
HUIO (YHKIIMOHAIBHON 3HAYUMOCTH M MPOYKTHB-
HOCTH pactutenbHocTH. [lacTOmiHas murpeccus
Ha MOJIYKyCTAPHUUYKOBBIX MAaCTOMINAX TJIMHUCTHIX
mycterab CeBepHoro [Ipuapanbst mpoxoaut 5-7 dasz
10 moJaHoro cOos [25].

IIpupoaHO-aHTPOIIOreHHBI XapaKkTep HMEIOT
CMeHBI 0eN03eMeNbIIOJIBIHHUKOB Ha MSTIUKOBBIC
coobmiecTBa. MATIHMK B coo0IIecTBaX MOJIBIHA Oe-
JI03eMENTbHOW — €CTECTBEHHBI KOMITOHEHT, KOTO-
PBIN MOXKET MEHSTh CBOE OOWIINE B 3aBUCUMOCTH OT
KJIMMATUYECKUX YCJIOBUH M BO3JEUCTBUS TTPUPOI-
HBIX ¥ aHTPOIIOTCHHBIX (DaKTOPOB.

AHTpPOIIOreHHbIE CMEHbI KOPEHHBIX COOOIIECTB
Ha MSITITUKOBBIE OMTMCHIBAIOT MHOTHE aBTOpHI. B Kai-
MBIKUM MSTJIMK CTAHOBUTCSI CYOJIOMHHAHTOM JIiep-
XOIOJIBIHHBIX,  J€PHOBHHHO3JaKOBO-POMAITHUKO-
BO-JICPXOIIOJIBIHHBIX, THUITYaKOBO-JIEPXOIOJIBIHHBIX
(Artemisia lercheana Weber ex Stechm., Tanacetum
achilleifolium, Festuca valesiaca Schleich. ex
Gaudin, Stipa lessingiana) cooOIeCTB Ha CBETIIO-
KaIlITAHOBBIX TIOYBaX MPH MACTOWIIHON TUTPECCHH
III crenenu [34]. Ha cononnax CaprnuHCKOW HU3-
MEHHOCTH MATIUK, dpemepnl (Lepidium perfoliatu
m, L. ruderale L., Alyssum turkestanicum Regel &
Schmalh.) u oxnonernue consuku (Ceratocarpus
arenarius, Grubovia sedoides, Petrosimonia
oppositifolia (Pall.) Litv.) mox Bo3neicTBUEM yCH-
JICHHOTO BhIMaca (OPMUPYIOT MOTUPHUIIMPOBAHHEIE
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(UTOLIEHO3BI M CTAHOBSTCS OCHOBHBIMH IIEHO30-
obpazoBarensaMu. [Ipu 3ToM KOpeHHBIE COOOIIECTBA
Ha CpeJIHUX COJIOHIIAX NPU YMEPEHHOM BBINIace 00-
pasyloT MHorojeTHHe 3maku (Festuca valesiaca,
Agropyron desertorum (Fisch. ex Link) Schult,,
Leymus ramosus (K.Richt.) Tzvelev) n momyky-
crapHudku (Bassia prostrata (L.) Beck, Artemisia
lercheana, Tanacetum achilleifolium) [20]. 3a mpe-
JleflaMH CBOETO apeaia, KOTOPBI MpOoCTUpaeTcs OT
3anaanoit EBporner u CeBepnoit Appuku 10 CuHb-
13stHa ¥ MoHTOIHH [8], MATIIMK MOXET MPOSBIATH
arpeccuBHOCTh. B CIIA moka3an ce0si Kak BBICO-
KOKOHKYPEHTHBIM MHBA3HOHHBIM BUII. DTOMY CIIO-
COOCTBYET CIIOKHASI PENpPOJYKTHUBHAS CTPATErHsl.
OH MOXKET Pa3MHOXATbCsi CEMEHAMH TTOCPEIICTBOM
aMm(UMUKCUCA W alIOMHUKCHUCA, & TAKXKE BETeTaTHB-
HO-0a3aJIbHBIMH JTYKOBUIIAMH, Pa3BUBAIOIINMHUCS B
OCHOBAaHUM BETETATUBHBIX MOOETOB, W JYKOBUYKA-
MU (OyJ1b00YKaMu), 0Opa3yIOIIUMHCS B COLIBETHIX
[4]. JocTaTouHO OAHOTO pacTEHUs, YTOOBI JaTh Ha-
4aj0 HOBOM Koyionuu [10].

OcBOOOXKICHHE HKOJOTHYECKUX HUII JJIST BHE-
npenust msatiauka B CeBepHoM Ilpuapanbe mpowuc-
XOJMT TIOJ BO3ACHCTBHEM BbINaca, (OPMUPOBAHHUS
CEeTH TOJIEBBIX JAOPOT U THOENN MOJIBIHU B PE3yJib-
TaTe €CTECTBEHHOTO cTapeHHs. /[ ITyCTBIHHBIX
COOOIIECTB XapaKTEPHO MacCOBOE IPOpaCTaHue
CEMSH TIOJIBIHM B BECCHHHU TIEPUOJI, B OJIarorpwu-
SITHBIM 1O OcajKaM TIojJ coxpaHsierca oT 14 no
30 % BcxomoB [22], KOTOpPBIE MOTYT C(OPMHPOBATH
OJTHOBO3PACTHbIC (DUTOLEHO3BI, TPUXOIAIINE K Ce-
HUJIBHOW CTaJIMM OJIHOBpeMeHHO. [Ipu noctostHHOM
CHJILHOM aHTPOTIOTCHHOM BO3ICHCTBHUH JIEMYTalUs
HE MPOUCXOJUT, MATINKOBBIE LIEHO3bI OCTAIOTCS Ha
CTaInV WHUIMAIBHBIX TPYIITUPOBOK TOJBIHU. AH-
TPOTIOTEHHOE BO3JICHCTBUE CpEHEH CTENeHHW He
TOPMO3UT BOCCTAHOBUTEIILHBIC CMEHBI, MBI MOXKEM
OTMETHUTb, UTO 3a 9-I€THUI NEepuoJ TOMUHAHTHAs
POJIb MOJIBIHM BOCCTAHABIIUBACTCS TIPU COXPAHEHUH
Cy0/IOMMHAHTHOTO TIOJIOKEHUS MATIINKA.

benozemenbnonpIHHAS KOHACCONMAIUS C  €e
COCTaBHBIMH JJIEMEHTAMH IPEJCTaBIsIeT COOO0H
TEPPUTOPHAIILHYO SIMHUILY C BBIPAXKEHHOW B TIPO-
CTPaHCTBE T€TEPOTCHHOCTHIO ¥ HEPAaBHO3HAYHBIMU
KOMIIOHEHTaMH (MHUKpOIIEHO3aMH): MONbIHb — 30-
40 % / msarmuk — 15-20 % / kmumaxonrepa — 15 %;
oJbIHb — 25 % / matauk — 30 %; matinuk — 80 % /
noselHb — 15 % / ThIpcuk — 5 %.

3akaouenue
B 30HaNMBHBIX pacTUTENBHBIX coobIecTBax Ce-

BepHoro [Iprapanbs TOMHHAPYIOT SHIOIKOTEHETH-
YeCKHe TPOLIECCHI, 00YCIIOBIICHHBIC KH3HE S TEIb-

HOCTBIO JOMUHAHTOB. /111 KOHACCOIMAIIH TIOJIBIHN
Oeno3emMeNnbHOM OTMEYeHA IUKIMIHOCTh CY0I0MU-
HUPOBaHUS W JIOMUHHPOBAHUS MSTINKA JTYKOBHY-
Horo (Poa bulbosa). JHpo3KOreHETHYECKAs CYK-
LeCCHUsl HE JOCTUIaeT TEPMHUHAIBHOW CTaguM MU
TOPMO3UTCSI TI0 MOJIe)Ii MHruOupoBanus [2]. CmeHa
JOMUHHMPOBAHHS TIOJIBIHU Ha 3(heMeponpl OJIn3Ka K
(haykryarusiM, 0OBSICHIMBIM Tarke 3acyxami. Jlo-
MHUHHApOBaHHE 3()eMeponIOB CIIOCOOCTBYET HCCY-
LICHUIO BEPXHUX OMOTOPU30HTOB MOYBBI U MPEIIST-
CTBYET BO300HOBJICHHMIO IIOJIyKYCTapHHUYKOB. Mx
pa3BUTHE BO3MOYKHO M3-3a PaHHEH U KOPOTKOH Be-
reraiuu. B ycnoBusix OypbIX MyCTBIHHBIX ITOYB I10-
JIBIHB PA3BUBACT BTOPUYHBIE KOPHU B OMOTOPU30HTE
3-20 cM, HO TIO3KE OTPACTaHHsI MENIKOTpaBbs. be-
JI03eMEJIbHOMIOJIMHHUKY Ha OCHOBE CaMOpPETYJISIAN
COXPaHSIOT 30HAJIBHYIO CTPYKTYPY HPU CHHXCHUHU
NMacTOMIIHBIX HArpy30K (B MEpPHOJ| OXpaHbl ydyacT-
KOB CTaloHapa), HO YaCTHYHO MOABEP>KEHBI MPO-
LeccaM JIeCTpYKTypHU3alnu, T.€. 3aMEHE JJOMUHAHTa
(Artemisia terrae-albae) Ha WUTCUTEK, CyOAOMUHU-
POBaHUIO M OMUHHPOBAHUIO MSTIMKA M COPHBIX
OJHOJICTHUKOB IIPYU BIMSHUU 3K30TCHHBIX (haKTo-
POB, B TOM YHCIJIE aHTPONOTEHHBIX. Hapymaercs
BO3PACTHOM CIEKTpP LIEHOMOMYJISIHNA, TPOSKTUBHOE
MTOKPBITHE, TPOAYKTUBHOCTD IO C€30HaM roja [26].

BrIsiBIICHHBIE 3aKOHOMEPHOCTH HPUPOAHOW U
AQHTPOTIOTCHHONW JUHAMHUKH MPEACTAaBISIOT COOOH
OCHOBY [UIsl pa3paOOTKH MEPONPHUATHH 10 PaLo-
HAJILHOMY TPUPOJIOTIONB30BAHUIO. YUACTKH CHIILHO
cOUTBIX MAcTOMII y MOCEIKOB CIEAYET UCKIIOUUTh
13 MCIHOJIb30BAHUS M IPOBOAUTH MEPOIPUATHUS IO
IIOJIYyKOPEeHHOMY yayuiieHuto. IIpu cpenneit cre-
MEHW HApPYHMIEHHOCTH NacTOMII WX MCHOIb3YIOT
Ha 50-65 %, mpu cunpHOU — Ha 30-40 %. Cnabo-
HapylIeHHbIe 0ell03eMeIbHOIIONIBIHHBIC MacTOUINa
MOTYT OBbITh UcTIONB30BaHbl Ha 70 %. Cpeau HEOO-
XOJIUMBIX MEPONPUATHNA ISl TOLACPKAHUS YCTOU-
YUBOH MPOJTYKTHBHOCTH MACTOMII PEKOMEHTYIOTCSI:
OrpaHUYCHHE BbINaca (B 3aBUCUMOCTH OT CTEIIEHU
HapyIIEHHOCTH); MacTOUIIE000POT; TTOITYKOPEHHOE
yIIydIllleHHe; WMCKIIOYEHUE WCIOIb30BAHUS IACT-
ow [21].

[IpunocenkoBble CHIIBHO HapyLICHHbIE NACTOU-
a2 TPEJICTABISIOT COOOW pPECypCHBIN IOTEHIHAI
JUIs1 HCTIOJIb30BaHUS JICKAPCTBEHHOT'O ChIPBS PEBEHS
TATapCKOTO MPH COOIIOJICHIH HAyIHO OOOCHOBAH-
HOTO PEKOMEH/IyeMOro 0o0beMa eXEroJHOH 3aro-
TOBKH (PUTOMACCHI.

BaaronapHocTb, KOHQJIMKT HHTEPECOB

HcTtounuk QuHAHCHPOBaHMS AaHHOIO HCCIIe-
noBaHus: Komurer Hayku MuHucrepcTBa HaykKu
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1 BbIciIero obpasoBanus PecryOnmku KaszaxcraH — KOHIENIWsI, IMPOTHO3HBIE OICHKH W CIICHAPUN
WPH: BR21882122 «YcroitunBoe pasurme npu-  (2023-2025 rr.).

pOZ[HO-XOSHﬁCTBeHHBIX 1 COIUaAJIBbHO-3KOHOMHYC- Bce ABTOPLI IMPOYUTAIM U O3HAKOMJICHBI C CO-
CKUX cucTeM 3ananHo-Ka3axcTaHCKOro permoHa B JepXKaHHEM CTaThbd W HE MMEIOT KOH(IIMKTA WHTE-
KOHTEKCTE 3€JICHOTO POCTa: KOMIUICKCHBIH aHAJIN3,  PECOB.
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CPABHMT!E/\beII;I AHAAU3 PUTOXUMHUYECKOTO COCTABA
HAA3EMHOM YACTU PACTEHUU RHODIOLA LINEARIFOLIA BORISS.
N3 PA3HbIX SKOMONMYAAUNU SAUANUNCKOTO AAATAY

KAMMaTnyeckme yCAOBMSI OKasblBAIOT 3HAUMTEAbHOE BAMSHME Ha (PapMaKOAOrMYecKylo akKTMB-
HOCTb AEKAPCTBEHHbIX PACTEHWIA, 0BYCAOBAMBAS KOAMUYECTBEHHbIE M KAUeCTBEHHbIE M3MEHEHUS B CO-
cTaBe 6MoAornueckn akTmeHbIX Bellects (BAB). Temnepatypa, BAQXKHOCTb, YPOBEHb OCBELEHHOCTHM 1
APYrue aKkoAormueckue (akTopbl MOTYT M3MEHSTb MeTaboANYECKMe MyTH PaCTEHMIA, YTO CKa3bIBAETCS
Ha NMPOAYKLIMU BTOPUUHBIX METAGOAUTOB — KAIOUEBbIX COEAMHEHWI, OMPEAEASIIOLLMX TePANeBTUYECKuii
noteHumaa cdutonpenapaToB. B pa3sHbix reorpauryeckmx 30Hax M YCAOBUEX KYAbTMBMPOBAHUS KOH-
ueHTpaumm BAB MoryT cylecTBeHHO BapbMpOBaTh, UTO SIBASETCS Pe3yAbTaTOM aAANTMBHOM peakLmu
pacTeHnn Ha CTPeCcCoBble BO3AENCTBUS OKpY>KatoLwern cpeabl. [103TOMy BaXKHO He TOAbKO ONMPeAEAsiTb
KOAMYECTBO LIEHHbIX METAaBOAMTOB, HO TaKXe YUMTbIBATb YCAOBUS, BAUSIOLLMX HA UX CUHTE3 M aKKy-
MYASILMIO. AAS MICCAEAOBAHMS M3 ABYX SKOMOMYASLMIA, MPOU3PACTAIOLLMX HA OAMHAKOBOW BbICOTE HaA,
ypoBHeM Mopsi B ylleAbsx Knumacap n bytakoBka, 6biAn oTo6paHbl 06pasubl R. Linearifolia B chase upe-
TeHus. bbIA NpoBeaeH aHaAn3 (UTOXMMNYECKMX KOMMOHEHTOB 3KCTPAKTOB POAMOAbI AMHEAHOAUCTHOM
M MpOaHaAM3MPOBaHbl BO3MOXHbIE 3KOAOTMYECKMEe U MUKPOKAMMATMUecKne (hakTopbl, MOBAMSBLUNE
Ha CYLLECTBEHHYIO pa3HuULy MX (PUTOXMMMUECKOro cocTaBa. [ToAyyeHHble B mpouecce 3Ton paboTbl
pe3yAbTaTbl BaXHbl AAS AyULLEro MOHMMAHWUS aAaNTaLUMOHHBIX MEXaHM3MOB, NMPOUCXOASLLMX B MOMy-
aaumsx R. linearifolia, anst BbIGopa onTMMaAbHbIX YCAOBMIA NMPOM3PACTaHUS BUAQ C LIEAbIO pa3paboTku
CTpaTerunii Mo COXpPaHEHMIO 3TOr0 BUAQ B ECTECTBEHHbIX YCAOBMSX, a TakxKe AAS pa3paboTku sgpdex-
TUBHOWM CTpaTerum rno onTMMM3aLmm YCAOBUI BYAYLLIEN MHTPOAYKLIMUM 3TOro BuAa 6e3 notepun chapma-
KOAOTMYECKM LIeHHbIX CBOMCTB.

KAtoueBble cAOBa: 3KOMOMNyASUMS, MUKPOKAMMAaTMYeckne akTopbl, (OUTOXMMMUS, MHTPOAYKLMS,
apanTaums.

M. Erbay 2, I.G. Otradnykh ', I.LA. Sedina ',
N.K. Korbozova ?*, N.O. Kudrina ', N.V. Terletskaya !
'RSE REM Institute of Genetics and Physiology SCMES RK, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: Naz-ik@mail.ru
Comparative analysis of the phytochemical composition
of the above ground part of rhodiola linearifolia boriss plants.

from different ecopopulations of the Zaili Alatau

Climatic conditions have a significant impact on the pharmacological activity of medicinal plants,
causing quantitative and qualitative changes in the composition of biologically active substances (BAS).
Temperature, humidity, light levels and other environmental factors can change the metabolic pathways
of plants, which affects the production of secondary metabolites — key compounds that determine the
therapeutic potential of herbal medicines. In different geographical zones and cultivation conditions,
the concentrations of biologically active substances can vary significantly, which is the result of the
plant’s adaptive response to environmental stress. Therefore, it is important not only to determine the
amount of valuable metabolites, but also to take into account the conditions affecting their synthesis and
accumulation. For the study, samples of R. Linearifolia in the flowering phase were selected from two
Eco populations growing at the same altitude above sea level in the Kimasar and Butakovka gorges. An
analysis of the phytochemical components of Rhodiola linearifolia extracts was carried out and possible
environmental and microclimatic factors that influenced the significant difference in their phytochemical
composition were analyzed. The results obtained in the course of this work are important for a better un-
derstanding of the adaptive mechanisms occurring in populations of R. linearifolia, for choosing optimal
growing conditions for the species in order to develop strategies for preserving this species in natural
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conditions, as well as for developing an effective strategy for optimizing the conditions for the future
introduction of this species without loss of pharmacologically valuable properties.
Keywords: ecopopulation, microclimatic factors, phytochemistry, introduction, adaptation.
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Ine AAaTaybiHbIH, 9PTYPAI SKOMOMYASILMAAAPbIHAH XXMHAAFAH
Rhodiola linearifolia boriss ecimaikTepiHiH, xep ycTi 6OAIriHiH,
(PUTOXMMUSAABIK KypaMbiHa CaAbICTbIPMAAbI TAAAQY

KAMMaTTbIK, XKaFAaiAap ABPIAIK ©CIMAIKTEPAIH (hapMaKOAOTMSAbIK, BEACEHAIAITIHE alTapAbiKTai
acep eTin, 6BUOAOTUSAAbIK, GEACEHAT 3aTTapAbIH KYPAaMbIHAQFbI CAHABIK, KOHE CanaAblk, ©3repicTepAi Ty-
Abipasbl (BA3). Temnepatypa, bIAFAAABIABIK, XKapblK A€Hreri xxaHe 6acka Aa KopliuaraH opTta akTop-
Aapbl 6CIMAIKTEPAIH METAB0AM3M XKOAAAPbIH ©3repTyi MyMKiH, OYA eKiHLIIAIK MeTaboAMTTep — WenTiK
npenapaTTapAbiH eMAIK ©AeYeTIH aHbIKTAMTbIH HEri3ri KOCbIAbICTAp 6HAIpICiHE acep eTeAi. OPTYpAI
reorpachmsiAbIK, aiMaKTapAQ XeHe ecipy >KaFAaibiHAQ BGUMOAOTUSIAbIK, GEACEHAT 3aTTapAblH, KOHLEHT-
paumsCbl aliTapAbIKTal ©3repyi MyMKiH, OYA ©CIMAIKTIH KOpLUaFaH OpTaHbIH KyM3eAiciHe 6eriMaey
peakumsaCbIHbIH, HoTHKeCi. COHABIKTaH 6aFaAbl METABOAMTTEPAIH MOALLEPIH aHbIKTAY FaHa eMecC, OAap-
AbIH CUHTE3i MeH YKMHAKTaAyblHa 8Cep eTeTiH >KarAalAapAbl AQ eCKepy MaHbI3Abl. 3epTTey MakcaTbiH-
Aa R. Linearifolia ecimairiHin, Kumacap >keHe byTakoBka WwaTKaAAapblIHAA TEHI3 AeHreitiHeH 6ip 6uik-
TiIKTe ©CeTiH eKi 3KOMOMyAsuMsIAaH r'YAAeHY ha3acbliHAAFbl YATIAEpi TaHAaAAbl. Rhodiola linearifolia
CbIFbIHABIAQPbIHbIH (DUTOXMMMSABIK, KypaMAAC GOAIKTEPiIHE TaAAQy >KYPri3iAAi keHe OAapAbIH, PUTO-
XUMMSIABIK, KYPaMbIHAQFbl €AeYAI aibIpMALLbIABIKKA 8Cep eTKeH bIKTUMAA KOAOTUSABIK, YX&HEe MUKPOK-
AMMATTbIK, (akTopAap TaapaHAbl. OCbl KyMbIC 6ApbICbIHAQ aAblHFAH HaTweAep R. linearifolia nony-
ASUMSIAAPbIHAQ 60AATbIH GeRIMABAY MEXAHM3MAEPIH KaKCbl TYCIHY YLLIH, OCbl TYPAI TabUFKM >KaFAaiAQ
caKTay CTpaTerusicbiH a3ipAey MakcaTblHAQ TYPAIH OHTaMAbI ©Cy WAPTTapblH TaHAQY YLUiH, COHAAM-aK,
OCbl TYPAI (hapMaKkOAOTUSIAbIK, >kaHe (haPMAKOAOTUSABIK, KACUETTEPiH XOfaATnai GoAallakTa eHrisy

LapTTapblH OHTAMAAHABIPYAbIH TUIMA] CTPaTerunscbiH 83ipAey YLUIiH MaHbI3AbI.
TyHiH ce3aep: 3K0O NMONyASLUS, MUKPOKAUMATTbIK, (DAaKTOPAApP, (PUTOXMMMS, MHTPOAYKLMS, Bernim-

AEAY.

BBenenue

B ycnoBusax rmo0anbHBIX KIIMMAaTHYECKUX H3Me-
HEHU, BKIIFOUYAIONIUX MOTEIUICHUE, 3aCYXH U H3Me-
HEHUS pPeXUMa 0CaJIKOB, UCCIICIOBAHUS IO aJlamnTa-
[IUH JIGKAPCTBEHHBIX PACTeHUH M MX MeTaboim3Ma
MPHOOPETAIOT 0COOYI0 3HAUMMOCTh., OnTHMU3ALUS
YCIIOBUI BBIpAIIMBAHUS TTO3BOJIAT IIEICHAITPABIICH-
HO YIIPaBJISATH OMOCHHTE30M IIEHHBIX METaOOINTOB,
MOBBIIIAST UX BBIXOJ] U CTAOWJIBHOCTH. YUYUTHIBAs
3T (HaKTOPbI, MOKHO CYHTATh, YTO KOMILIEKCHOE
M3y4eHNE BIUSHUS KIMMAaTUYeCKHX (PaKTOpOB Ha
(UTOXUMHUYECKHI COCTaB PACTCHUH HEOOXOIMMO
JUTSE TPOTHO3UPOBAHUS U 00ECTICUeHHS yCTONINBO-
TO TIPOU3BOJICTBA BHICOKOAKTHBHOTO PACTHUTEIHHO-
r0 ChIpbs [1,2]

CoriiacHO COBpPEeMEHHOW IMTepaType, pacrte-
HUS, TPOU3PACTAIONINE B JKECTKUX KIUMaTHYe-
CKHX YCIIOBHUSX, yalle 00JiajaloT 0oJiee BBICOKH-
MU KOHIICHTPAIUIMH BTOPHYHBIX METaOOJIUTOB,
YeM T€ K€ BHJIBI PAacTeHH, BBIpPAIIMBAa€MbIC B
Oosiee OmarompusTHBIX ycioBusx [3,4]. I'azo-

Basi xpomarorpadusi-macc-cnexkrpomerpust (I'X-
MC) — omua u3z Hambonee 3PQPEKTUBHBIX CO-
BPEMEHHBIX METOJOB WACHTH()UKAIUN JIAHHBIX
coenuHeHUU. CYUTACTCS, YTO 3TOT METOJ HEPEIIKO
MMeeT KIIOYEBYIO POJIb B HCCIEIOBAHWH CTpeECcC-
YYBCTBUTEJIBHBIX METa00JuTOB [5,6]. bnaromaps
WCIIOJIP30BAHUIO MACC-ACTEKTOpa U JIOCTYITHBIX
oubimorexk I'X-MC, oH 1IO3BOJISICT BBIAEIATH W
aHAJIM3UPOBATh COCJAWHCHMS B paMKaX OJIHOTO
JTamna, MpeJoCTaBIsAs HEHHY0 HHPOpMaIUIo 0 Qu-
3MOJIOTHYECKOM COCTOSTHUM pPAacTEeHWH Ha pPas3HBIX
CTaJMSIX UX PAa3BUTHs, a TAKXKE B OTBET HA BO3CH-
cTBUE BHeHUX (pakTopos [7,8].

Mpmuorwue Bunb poga RhodiolasmsisiroTcssmepcermex-
TUBHBIMH JICKAPCTBEHHBIMU PACTCHUSMHU, HMECHO-
IIMMH JIOJTYI0 U 00raTtyro UCTOpuro. Pe3ynbrars
WCCIIEIOBAHNN PACTHTEIHHBIX IKCTPAKTOB IIPEICTa-
BUTEJIEN JAHHOT'O CEMENCTBA IEMOHCTPUPYIOT BO3-
MOKHOCTh WX IMPUMEHEHHS KaK B KAYECTBE MPSIMBIX
MIPOTUBOMHUKPOOHBIX CPENCTB, TaK W B Ka4decTBE
MOJIU(UKATOPOB YCTOHUMBOCTH, KOTOPBIE ITOBBIIIA-
10T 3 PEeKTHBHOCTH aHTHOMOTUKOB [9]. DKCTPaKTHI
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CpaBHHTEIBHBII aHAIN3 PUTOXIMHUUYECKOTO COCTaBa HaJ3eMHOH YacTH pactenuil Rhodiola linearifolia boriss....

POIMOIBI, COAEPIKAIINE CATUAPO3HU, MOLYITUPYIOT
MUKpPOOHOTY KUIIIEYHUKA, TEM CAMBIM yCTpaHsst u-
3HOJIOTHYECKUE U METaOOIMUECKUE PACCTPOUCTBA 1
MOJIOKHUTENIBHO BIHSIS HA 340POBBE YEIOBEKA. DTO
JEMOHCTPUPYET BbICOKUI TepaneBTUYECKUI TIOTECH-
nuan Rhodiola sp.

Ponunona nuneiitnonuctuas Rhodiola linearifolia
Boriss. 3 cem. TonctsakoBeIX (Crassulaceae) — ma-
JIOM3YYCHHBIN BUJI, 00JIaAtOIINI JIEKapCTBEHHBIMU
cBoiictBamu [10,11]. SIBngeTcs MHOTOJIETHUKOM, C
MOIIHBIM KOPHEBHIIEM, MOKPBITHIM YelTyeBUIHbI-
MU JHCThIMU. B omHO# ocobu uucautcs 2—6 (20)
crebusielt, BbicoToil 10 40 cM, ¢ rycTo pacmoio-
JKEHHBIMU JIMHEHHBIMU JIUCTHIMHU UIMHOU 2—5 CM.
[IpencraBieHo MIUTKOBUAHBIM MHOTOIBETKOBBIM
COLIBETHEM, IIBETCHHE MPOMCXOANUT B HIOHE—HIOJIE.
OT0 MCUXpOoPUTHOE pacTeHHE C KOPOTKUM BereTa-
LIUOHHBIM TIEPUOJIOM, KOTOPBIH 3aBEpIIACTCs IOJ
BIIUSTHUEM PaHHHUX 3aMOPO3KOB HJIH 3aCyXH (B KOH-
1le Wl — Havajue aBrycta). R. linearifolia otHO-
CHUTCSl K BUJ]AM C HU3KOM CIIOCOOHOCTBHIO K BOCCTa-
HOBJICHHIO M3-32 CYPOBBIX KITMMATHYECKUX YCIOBUI
MPOM3pACTaHUsl M HaJIMYUS OYCHb MEJIKUX CEeMSH,
HECIIOCOOHBIX KOHKYPHPOBAThH C JAPYTHMMHU BHAMH.
OOuTaer Ha JIECHBIX JIyTrax, CKaJlax M Oeperax pek,
nojHuMasich Ha BbIcOThl A0 3000 M Haja ypoBHEM
MOpsL.

Panee npoBeaeHHBIC UCCIEOBAHUS MOMYIISIAN
R. linearifolia omceIBaroT, 94TO BHJI Yalle BCTpeYa-
eTcs paccesHHO, OJMHOYHBIMH KyCTaMH, H3peIKa
HeOOJIbIIMMU Tpynnamu. [lnomians BBISBICHHBIX
nonyJysiuuid BapsupyeT oT 100 M2 no 2000 m2. B
Pa3IMYHBIX PACTHTENILHBIX COOOIIECTBAX A0S yda-
ctust R. linearifolia uamensinace ot 3 (5) mo 10 (15)
%. Ha mmomragu 100 M2 wacumteiBaercs 8—10 re-
HEPaTHBHBIX 0CO0CH C KOJNYEeCTBOM IOOEroB OT 3
70 6 1 5 MOJNOABIX BETETATUBHBIX pacTeHUH ¢ 2-3
rooeramu [12].

[locrosiHHBIME  criyTHUKaMU  Rh. linearifolia
SBISIIOTCS:  Juniperus pseudosabina, J. sibirica,
Picea schrenkiana, Alfredia nivea, Archangelica
brevicaulis, Aconitum rotundifolium, A. nemorum,
A. leucostomum, Aconogonon coriarium, Alchemilla
sibirica,  Bistorta  vivipara, = Chamaenerion
angustifolium, Ligularia macrophylla, Hedysarum
flavescens, H. neglectum, Phlomoides oreophila,
Geranium saxatile, Solidago virgaurea n nip.

VY4uThIBas, 4TO pacTeHUsi coOpaHbl HA MPOTH-
BOTIOJIO’KHBIX CKJIOHAX OJHOTrO XpeOTa, OHM MOTYT
CYIIIECTBEHHO Pa3iInyaThCs MO (HPUTOXUMHYECKOMY
COCTaBy W3-32 Pa3IMYHBIX MHUKPOKIHMMATHYECKHX
ycioBuil. PasHuIla B MHCOJIALIMHU, TEMIIEPATypHOM
peXuMe, BIAKHOCTH ¥ TIOYBEHHBIX YCIIOBHIX MOTYT
MMETh CYIIECTBEHHYIO POJb B HakoruieHnu HBAB
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[13,14,15,16]. Panee mpoBeneHHbIE HAMU UCCIIEI0-
BaHUS TIOKA3aJld, YTO BBICOTHBIA TPAJAMEHT TaKXKe
MOJXKET CYIIECTBEHHO BJIHUSATh Ha METOOOJOMHBIM
npouib pactenuii [11], moaTomy, 4TOOBI HUBEIH-
poBaTh (GaKTOp BHICOTHI, IS TAHHOTO CPAaBHUTEIb-
HOTO JKCTIEPUMEHTA C DKOTOMYJISIITUIMU PACTCHUS
OTOMpaTM Ha OJMHAKOBON BBICOTE HAJ[ YPOBHEM
MOPHI.

Ho wmpI mpenmoniaraem, 4To BOCTOYHAS DKCIIO-
sunus (bytakoBckoe yiense) moaBepraeTcst yTpeH-
HEMY COJTHEUHOMY OOJIyUEHHIO, YTO MOJKET CITOCO0-
CTBOBaTh 00JI€e AKTUBHOMY (DOTOCUHTE3Y PACTCHHIA
B yTpeHHHUE yackl. B pe3ynbrare pacteHus ¢ Boc-
TOYHOW IKCHO3ZWIIMKA MOTYT JE€MOHCTPHUPOBATH IIO-
BBIIICHHBINA CUHTE3 (DEHOJIbHBIX COSAMHEHUH, aar-
TUPYIOLIUX WX K YTPEHHEW MHCOISAIUU. 3amnaHbIe
ckionbl (ymense Kumacap) moryt ObITh Oonee
CYXHMH, YTO CTUMYJIUPYET HAKOTIEHHE OCMOTHYE-
CKH aKTUBHBIX BEIECTB, TAKUX KaK TEPIICHOUBI H
IyOWITbHBIE BEUIECTBA, 3AIIUIIAIOIINX PACTEHUS OT
ctpecca. Takxe pacTeHHs 3amaJHOM HKCHO3UINU
MOTYT OBITH Ooraue 3UPHBIMU MacIaMHu.

Takum oOpa3oM, u3ydeHHe (PUTOXUMHUYECKUX
pasIUYUil MEXAY DKOMOMYJSIUSIMA W3 Pa3HbIX
OKCIO3UIMA MOKET OBITh BaXKHBIM JUIS BBIOOpA
ONTHUMAJIBHBIX YCIOBUH KyJIHTHBHPOBAHUS JIEKap-
CTBEHHBIX PACTCHUU W TIOMYyYEHUS CTaHIApTH3U-
POBAHHOTO CHIPbS C BBICOKOH (hapMaKOJIOTHUECKOM
aKTUBHOCTBIO.

MarepuaJjibl 4 METOAbI HCCIIEI0BAHUS

Yenoseua coopa pacmumensvnozo mamepuana

B xavectBe 00BeKkTa HMCCIIEIOBAaHUN OBLTH BbI-
Opansl pacrenus Buna Rhodiola linearifolia Boriss.
coOpaHHbIe B (pa3ze 1BeTeHHs B XpeOTax 3auIMHCKO-
ro Anatay u3 JIByX 3KOIOMyJisiuu: BocTouHoi 3KC-
no3urn byrakosckoro ymenss (BYT) u 3anmanHoit
skcno3unmu ymenbs Kumacap (KMIM) B onmnako-
BBIX BBICOTaX.

Pernon otnmdaeTcsi BBICOKOTOPHBIM KOHTHHEH-
TaJbHBIM KIUMATOM, XapaKTEPHU3YIOUIUMCS PE3KH-
MU CYTOYHBIMH M CE30HHBIMU KOJICOAHHUSMHU TEM-
neparypsl. Ha ero doopmupoBanue BIHSIOT TETUTbIC
cyOTponMyuecKre BO3IyIIHbIe Macchl u3 VpaHa u
LenTpanpHOl A3uH, CIIOCOOHBIC BHI3BIBATH KPATKO-
BpEMEHHbIE 3MMHHE TOTEIUIeHUs. B To xe BpeMms
BTOPXKCHHE XOJIOJHOIO BO3ayxa u3 Cubupu mnpu-
BOJUT K SICHOM MOPO3HOH morojie. ATIaHTUUYECKUE
BETPHI CIIOCOOCTBYIOT OOpPa30BaHUIO OOJAYHOCTH,
OOMJIBHBIM CHEroIaaM 3MMOM U JICTHUM JIMBHSIM.
CpenHerooBoe KOJMYECTBO COJHEYHBIX YacOB B
peruone cocrapisieT 2467, Ipu 3TOM UX MPOJOJIKU-
TEeTHLHOCTH Bo3pacTaeT oT 124—140 gacoB B 3uMHUE
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Mecsbl 10 285-316 yacoB B Mecsrl jietoM. OO0mmii
YPOBEHb T'OJIOBOM COJHEYHOM paaualuy IpH sc-
HoU moroae pocturaet 7439 MJIx/m?. 3umoit nips-

Masl COJIHEYHas pajualus BapbUpyeTcs oT 266 1o
391 MJlx/m?, a metom yBenmuuBaercs 10 824-958
MJTx/m? [11].

Taéanna 1 — Koopaunars! u ynoBust c6opa 00pasioB Rhodiola linearifolia

Jlokamus

Koopaunats! cbopa

Temneparypa u

Bricora M.H.y.M.
BIIAYKHOCTb BO3JlyXa

AsmvatuHCKast 00nacTh, Tanrapckuil paiioH, yiienbe N 43°10°10» 2000 22,00°C,
byrakoBka E 77°06°25» 65,21%
ArnmvatuHCKas o0nacTh, Tanrapckuil paifoH, yIu. N 43°09°33” 2000 17,00°C
Kumacap E 77°04°56» 64,33%

g ropusix nouB CesepHoro Tsub-1llans xa-
PaKTEepHbI BBICOKass KapOOHATHOCTh, YTO YCHJIUBA-
eTcsi ¢ TIIyOMHOM, M 0TCYTCTBHE 3acosieHHOCTH. Erno-
BbIC 1 OCHHOBO-0EpE30BHIE JIeca XapaKTepU3yI0TCs
JIECHOM TeMHO-cepol mouBoil. I'opHO-TTyroBbIE CY-
Oanmpnuiickue W aJbIUHCKWE TOYBHI, (pOpMHpPYIO-
Mecs MoJi COOTBETCTBYIOIIMMU JIyT'aMH, COepkKat
BBICOKYI0 KOHLEHTPALHUIO TyMyca IOCTHUIAIOIINM
1o 15-16 % [12].

byrakoBckoe  ymenbe (ka3.  byrakoBka
[IaTKaJbl) — TOPHOE YILENbE, PACIOJIIOKEHHOE B
xpebTax 3annmiickoro Anaray Ha TEPPUTOPUHU TO-
poaa AnmaTtsl. BeicoTa Hasl ypoBHEM MOpS BApBUPY-
ercst ot 1700 no 2900 m. 1o aHy yiienass npoTeKaeT
pexa byTakoBka, SBISIOMIAsACS MPABbIM MPUTOKOM
Mautoit Anmarunku. OOIiast JyIMHA YIIEbs COCTaB-
nsier 14 kM. PactuTenbHOCTh MpelCTaBiICHA TSHb-
aHBCKOH €JIhI0, OCHHOM, PsIONHOH, OapbapucoM, a
TaKKe s10JI0HeBbIMU casiamu. [17]. Ponuona nuHei-
HOJICTHasi OblIa coOpaHa Ha CKJIOHAX C YKJIOHOM B
CEBEPO-BOCTOYHOM HAINpaBJICHHUH, B €JI0BO-KyCTap-
HUKOBO-Pa3HOTpaBHOM cooOrecTse. Jost yuactus
ponuonsl — 3-5%.

Ymense Kumacap (taxke Kum-Acap nimm Ko-
MHUCCAapOBCKOE) — TOpHOE Yyuiense, chopmupo-
BaHHOe pekoil KomuccapoBka, JIEBBIM NPUTOKOM
Marnoii Anmatuaku. Ero oOmiasi mpoTsKEHHOCTD
cocraBisieT 6 km.lleneBrie pacTenus OblIM cOOpa-
HBl Ha CKJIOHE 3alaJHOM SKCIO3ULHH, C YKIOHOM
Ha 1oT. Rh. linearifolia 3mech 3aMeueHa B COCTaBE
KyCTapHUKOBO-0Y3YJIbHUKOBO-PAa3HOTPABHOTO CO-
oOmectBa. [lons ydacTusi poauoOiBl COCTABIISET
10%

CpennerojioBas TemrepaTypa BO3yXa B peruo-
He cocTaBisieT 5,8 °C, nocturas makcumyma B 19,5
°C B mroyie u CHIKasIch 10 -8,0 °C B ssaBape. ['omo-
BO€ KOJIMYECTBO ocankoB cocrasiser 1050,4 MM, B
MIEPUOJT C ampenst o OKTAOph BbImamaeT 787,5 MM

(75% ot obuiero rolOBOr0 KOJIUYECTBA), CaMbIM
BJI&KHBIM MECSILIEM CUNUTAETCS Mai..

B aTux permonax moBblllieHa MACTOWIIHAS Ha-
rpy3Ka, YTO BBIPQKEHO TPONaMH, HAOUTBHIMH CKO-
TOM W IpeoOialaHueM pyAepalbHOro Buaa Rumex
tianschanicus Losinsk. Ha mMectax cton6um [12].
Tak >xe B JaHHBIX MecTax mpeobnanaer Ligularia
macrophylla, cBUIETENLCTBYSI O 3aCOPEHHOCTH
mouBel. OcoOM POTUOINIBI JTMHEWHOJMCTHON TIpHU-
YPOUYCHBI K KPYIMHBIM KaMHSM U MOXCKEBEILHUKY.
LleneBoii Bu BcTpeyaeTcsi B OCHOBHOM OJMHOYHBI-
MH KyCTaMH, HHOT/Ia HeOoNbIMHU Tpynmnamu. 1o
H3MEPEHUSIM POCTOBBIX TAPAMETPOB, IPOBECHHBIM
B IIOJIEBBIX YCJIOBHSX, BBICOTAa MOOETOB pacTeHUU
R. Linearifolia B ByTakoBCKOM yIIIEIhe U B YIIEIIBE
Kumacap cocrasuio 35-45 cwm.

Dumoxumuyeckuil anaiuz u 0dpabomka no-
JIY4eHHBIX OAHHBIX

Ananu3 o0pa3LoB NPOBOAMICS METOAOM TIa3o-
BOU XpomaTorpauu ¢ Macc-CIEKTPOMETPUICCKUM
nerekrupoanueM (7890A/5975C). O0beM BBOU-
Moro oOpasua coctasimsur 0,5 Mk, Temmeparypa
BBoAa — 280 °C, 6e3 neneHus moroka. PasneneHue
OCYILIECTBIISIOCH C UCTIOJIB30BAHNEM KalUILUISIPHON
xpomarorpadpudeckoil xomonku DB-17MS  (mmu-
Ha — 60 M, BHyTpeHHM nuameTtp — 0,25 MM, TOIIIN-
Ha ieHKH — 0,25 MKM) TIpH TIOCTOSTHHOM CKOPOCTH
raza-Hocurens (renwii) 1 mu/mMuH. TemriepatypHbIit
PEXUM XpoMaTOrpagupOBaHUS TIPOTPAMMHPOBAIICS
ot 60 °C mo 300 °C (BblepkKKa 5 MHUHYT) CO CKO-
pocthto HarpeBa 5 °C/muH. OO1ee Bpems aHAIH3a
COCTaBISUIO 53 MHUHYTHIL. JleTeKTHpoBaHME BHIMOJI-
Hsutoch B pexxume SCAN m/z 34-800.

Jnst ynpaBieHUS CHCTEMOH, pErHCTpaluu U
00paOOTKM JAaHHBIX HCIOIB30BAIOCH MPOTPaAMM-
Hoe obecnieueHue Agilent MSD ChemStation (Bep-
cusi 1701EA). OOpaboTka pe3ysnbTaToB BKIIIOYANa
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CpaBHHTEIBHBII aHAIN3 PUTOXIMHUUYECKOTO COCTaBa HaJ3eMHOH YacTH pactenuil Rhodiola linearifolia boriss....

oTpeiesicHHE BpeMEH yIepKUBaHUSI, TIOLIa e -
KOB M CIEKTpaJIbHbII aHAJIN3 AaHHBIX, TOJIy4YE€HHbBIX
C Macc-CIEKTPOMETPUUECKOro AeTekTopa. Mnenru-
(uKanys coeqUHEHUH MPOBOIMIIACH C HCIIOIb30Ba-
Huem 6ubnmotex Wiley 7th edition u NIST 11, co-
JeprKaiux cBbime 550 ThIC. CIIEKTPOB.

Pe3yabTaThl M HX 00CYIK/IeHHE

U3 pe3ynbpTaToB aHann3a GUTOXMMHUYECKOTO CO-
CTaBa IIBETKOB PACTEHUI IBYX SKOIOMYJIALUN, IpU-
BEJICHHBIX B pUCYHKaX 1 U 2, MOKHO 3aMETUTh, YTO
pacTUTENbHBIE JKCTPAKTBI O0CHX HKOMOIYJISIHN
00JIaZlal0T CPaBHUTEJIBHO CXOXKUM KOJIHUYECTBOM
yIaeBoJ0B U uX Npou3BoAHBIX (9,49% B BYT nu
9,04% B KIM), HO 3HaYUTEIILHOW Pa3HUIICH B KOH-
LEHTPALUH IPYyTUX BEILECTB.

B o0Opasnax, coOpanHbix U3 ymenbs Kumacap
ObUIO BBISIBJICHO 3HAYMTENBHOE KOJIUYECTBO KHUP-
HBIX KUCHOT (6,01%) n ux a¢upos (51,29%), B TO
BpeMs Kak B oOpasumax u3 ByTrakoBckoro yienbs
OHU BBISBIICHBI HE ObLIM. HUTPHITBI, OKCHMBI 1 2300~
TOCOJEpXKALIIE COeIMHEHNS, HA00OPOT, OTCYTCTBO-

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Kmvacap

BaM B oOpa3uax u3 ymenss: Kumacap, Toraa kak B
ByTakoBCKOM yIlEnbe UX KOJUYECTBO COCTAaBIISLIO
15,09%, 18,65% u 2,01% coorBeTcTBeHHO. Takxke
OTIIMYUTEIBHON uepToll 00pa3uoB u3 ymenbs Ku-
Macap sBISETCS NPUCYTCTBUE B I[BETKAX AJKaHOB
(2,78%), kKapOOHOBBIX KHCIOT U HUX IPOU3BOIHBIX
(2,66%), >pupos mauokconana (1,01%), TepneHos
(5,17%) u creponos (4,79%). [lokazaTenu UKIH-
YECKHX KETOHOB W JIAKTOHOB M HMX MPOHM3BOIHBIX
(4,36% B KM u 3,44% B BYT) u ¢peHonbHbIX CO-
equaennu (7,62% B KUM u 11,59% B BYT) B 1iBeT-
Kax HMMEIOT CPaBHUTEIHHO HEOOIBINYIO pPa3HUILY
B 9THX JBYX HOMYJIALHUSIX. AJKOTOJIH, ajlbACTHIbL,
KETOHBI, 3(pUpPbI ¥ UX Npou3BoaHbIE (25,30%), po-
u3BonHbIe pypana u nupana (14,43%) B BYT BbI-
SBJICHbI B 3HAYUTEIBHO OOJBIIEM KOJHYECTBE MO
cpasaennto ¢ KUM (3,2%, 2,07% cooTBeTCTBEH-
HO), TIpeBbIIIas MX KOHIEeHTpauuioo B 7,91 u 6,97
pasza COOTBETCTBEHHO.

[lanHbIe, TpUBEIEHHBIC HA PUCYHKaX 3 U 4, Tak-
K€ TIOKa3bIBAlOT 3HAYMTEIBHYO Pa3HUILY B PUTOXH-
MHYECKOM COCTaBE PaCTUTENBHBIX HKCTPAKTOB IMO-
0eroB poANOIIbI U3 IBYX 3KOIOMYJISILUH.

CTEPOIIBL

B TepreHs!

B azoTocomepiKamHe
COeIHHEHHT

B 3()HpEI THOKCOTaHA

N (heHOTBHBIE COeTHHEHHA

BT] (ypaHa H IHpaHa

B gapGOHOBBIE KHCIOTEI H HX 1

B [[HKTHYeCKHE KeTOHBL

JTAKTOHBI H HX IT
B 37TKOT 0.1k, A7TbIeTHILL,

KeTOHEL, 3(HPHI H HX IT
B OKCHMBI
B HHTPHIBI

ATKAHEL

B yrnesoner H 1T

B 3¢)HpPEI JKHPHBIX KHCIOT

byTakoBka

Pucynok 1 — ®uroxumudeckuii ananu3 uBetkoB R. Linearifolia
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Abundance TIC: BSF Ddata.ms

1400000/

T T T T T
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A

Abundance TIC: MTF.D\datams

7000000

4000000

Pucynok 2 — XpomarorpaMmma 3KCTpakToB UBeTKOB R. Linearifolia: A — BYT, b — KUM
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CTepOIBI
TepIIeHBI

¥ vGHXHHOHEL

¥ a30TOCOAepIKallHe COSTHHEHHS

B TIpoH3BOOHEIE (TaT0BOH
KHCIOTEI

B (eHOTBHEBIE COSTHHEHHA

H 1poH3BOIHEIE ypaHa H MHPaHA

B xapGoHOBEIE KHCIOTEI H HX IT

B [THKTHIeCKHe KeTOHBL, TaKTOHBI

HHXII

B ATKOT0/Ib, albIeTH/BL KeTOHEL,
3¢upe H HX IT

B OKCHMEI

B HHTPHIBI
aIKaHbl

¥ IpOH3BOIHBIE MOHOCAXAPHIIOB

B 3¢)HpPEI JKHPHBIX KHCIOT

L JKHPHBIE KHCTIOTEL

byTakoBka

Pucynok 3 — ®uroxumnueckuii ananus noderos R. Linearifolia

B no6erax BYT, kak u B 11BE€TKaX, ObUIH OOHa-
pyxxensl HUTpiIbI (15,6%) u oxcumsl (12,88%), B
TO BpeMs kak B noberax KM, kak u B mBeTKax
OHM He ObUTH BBISBICHBI. B 3THX 00pasmax u3 yie-
nest Kumacap B otnunu ot 06pasnos u3 byrakos-
CKOTO YIIEJbs, IPUCYTCTBYIOT >KUPHBIC KUCIIOTHI
(6,97%) n ux >¢upsr (22,51%), ankansl (8,24%),
KapOOHOBBIE KUCJIOTHI M UX ITpou3BoiHbIe (0,97%),
npousBoaHbie ¢ranoBoil kuciotsl (0,79%), you-
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XuHOHBI (2,65%), Tepnensr (13,44%) u crepoibl
(5,35%). B obomx Toukax ObUIM OOHAPYKCHBI
MOHOCaxapuibl U ux npousBonHeie (5,39% B BYT
n 12,88% B KMM), nukIndeckue KETOHBI, JTaKTO-
HBI U uX npousBojanbie (28,29% B BYT u 12,01%
B KUM), denonbubie coenunenus (2,86% BYT,
7,76% KKVM), ankoronau, KETOHBI, aJbJCTHIHI,
3¢upsl ¥ ux npoussogHsie (16,87% BYT, 4,66%
KUM).
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Pucynoxk 4 — Xpomarorpamma sxctpakto nmoderos A — BYT, b — KUM

ITomumo sToro 0Opasis u3 byrakoBckoro yiie-
JbsI OTIMYWINCEH 3HAYUTEIBHBIM «IIEPEBECOM» a30-
Tocoaepxamux coenuHenuu (13,16%), koTopeie B
oOpasmax u3 ymenbsi Kumacap cocraBumu 0,93%.
[IpousBomubie mupana u ¢ypana, takxke, B bYT
(4,95%) BBISIBIICHBI B 3HAUUTEIILHO MPEBBIIAOIIEM
(B 6 pa3) kommuectBe yeM B KM (0,84%).

Pacrennsam mnst obecniedeHUss HOPMAaJbHOTO
pocta W pa3BUTHs HEOOXOAWM IOCTOSIHHBIA Oa-
JIaHC MEX/y POCTOM H 3alIUTON OT pa3HOOOPa3HBIX
CTPECCOB, YTO OKA3bIBACT BIMSHHE HA UX MEpPBHY-
HBII U BTOpUYHBIA MeTabom3M [18,19]. 1 B HeOna-
TONPUSATHBIX YCIIOBHAX BTOPHYHBIE METa0OIHUTHI
UTPAIOT PEUIAIONIyI0 POJIb B aaNTalliH PACTEHHH,
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IOMOTasl CIIPABJIATHCSA C TAKUMH TUITUYHBIMH JUIS
TOPHBIX DKOCHUCTEM CTPECCOBBIMH (pakTOpamu, Kak
HU3KHE TEMIIepaTypbl, JaBlieHHE W TIOBBIIICHHOE
Y®-uznyuenue [20,21].

B kauecTBe ajanTUBHOM peakiuy MpU OKUCIIH-
TEJILHOM CTpecce B IJIACTH/IAX 3aITyCKAeTCsl CHHTE3
xupHbIX Kucnot (XKK) [22,23]. )KupHble KUCTIOTH B
PACTHTEIBHBIX TKAHAX BXOJS B COCTAaB KIIETOYHBIX
MeMOpaH, peryJupyIoT UX CBOMCTBA, CIyXkKart 3amac-
HBIMHU pE3epBaMHM yriepoja U SHEPruH, y4acTBYIOT
B (hopMHUpPOBaHNH BHEKIIETOYHOT'O Oapbepa, a TakkKe
BBICTYIIAIOT TPEANICCTBEHHUKAMU OHOAKTHBHBIX
MOJICKYJ U PEryJisiTOpaMH CTPECCOBBIX CHUTHAJIOB
[24,25]. YcTaHOBJIEHA CBSA3b MEXKAY ypOBHEM He-
HacwieHHbix JKK B miazMaTudeckoii MeMOpaHe u
ee TEeKy4ecThlO, YTO MIPaeT KIOYEBYIO POJb B CO-
XpaHEHUH KJIETOYHBIX (DYHKIIUI TIpU BO3JICHCTBHUH
cTpeccoBbiX (akTopoB [26]. B To Bpems kak B
9KCTpaKTax 0O0pa3loB POAMOIIBI, COOpaHHBIX B by-
TakoBCKOM ymienbe, JKK He Opumn oOHapy)KeHBI,
MacC-CIEKTPBl TOKA3aJId, YTO >KUPHBIE KHCIOTHI
ObuTH OOHapy’keHa U B cBOOOIHON Gopme, U B BHIIE
2(UpOB Kak B I[BETaX, TaK M B IMOOETax POIHOJBI
JINHEHHOJIUCTHOM, pactyiiei B yuense Kumacap.
B uacTHOCTH, 3TO TakXKe MOXET CBHICTEIbCTBO-
BaTh 00 OCOOCHHOCTSIX (hYHKIIMOHHUPOBAHUS (OTO-
CHUHTE3UPYIOIIUX CUCTEM B JaHHOM CKJIOHE, TaK
KaK eCTb JINTepaTypHbIC JaHHbIC, YKa3bIBAaIOIIHE,
YTO MOBBILIEHUE COAEpKaHns HeHachleHHbIX KK
BO BHYTPEHHUX MeMOpaHaxX XJIOPOIUIACTOB M MHU-
TOXOHJAPHH TPU CTPECCEe CHOCOOCTBYET CHUKECHUIO
(hoTomrrnoupoBanus (orocucremsl 1I. [27,28]. B
LEJIOM, JKUPHBIE KUCIOTBI M UX 3(QHUPBI COCTABIIS-
7 3HAYUTENIFHYIO YacThb METaOOJHTOB B LIBETKaX
(57,3%) u ObLIH MEHee pacTIpOCTPaHEHHI B moderax
(29,48%) B 3THX OOpa3iax. HeoOX0oaUMO y4HTHI-
BaTh TPAHCIOPT BEIIECTB U3 IMOA3EMHBIX OPIaHOB K
HaJ3eMHBIM, BKJIIOYAast IIBETKH, TOCKOJIBKY 3TO 00e-
CIIeYMBACT PACTCHUSI HEOOXOJUMBIMH CyOCTpaTaMu
JUTsl nanpHeimero pasmuosxenus [29,30]. B To Bpe-
Ms KaKk OCHOBHAsI POJIb TIOOETOB B TIEPUO/T I[BETCHUS
3akmouaetcs B ¢pukcanun CO, 3a cuet hoTocuHTE-
3a, IBETKHU B 3HAUYUTEIILHOM CTETICHH 3aBUCST OT I10-
CTYIUICHHS OPTraHWYECKUX MOJIEKyI u3BHE [31].

Hammm pe3ysibTaThl TOKa3bIBAIOT TaKXKE OTCYT-
CTBHE HACBILICHHBIX YIIIEBOAOPOIOB U KapOOHOBBIX
KHCJIOT ¥ UX MTPOM3BOJHBIX B METaOOJIOMHBIX CIIEeK-
Tpax 1BeTOB 1 noderoB B BY T, conpoBoskaaroiee-
sl HU3KOW KOHLeHTpanuel (1o cpasaenuto ¢ KM)
YTJIEBOJIOB M WX MPOU3BOJHBIX B rmo0erax. JTH I0-
KazaTeJId MOTYT KOCBEHHO OTpa)KaTh HapyIICHHs
(oTocuHTE3a B 3TON MOMYJISALUH. Y POBHH IPOU3BO-
THBIX (ypaHa U MUpaHa, KOTOPBIE COJeP)KaT aKTHB-
HBIE CIIUPTOBBIC, AITBJICTUIHBIC U KETOHOBBIC TPYIIITBI
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Y U3BECTHBI CBOCH BBICOKOW OMOJIOTMYECKON aKTHB-
HocThIO [32], HA0OOpOT, ObUIH OOHApYXkeHHl B BY T
B OOJBINEH KOHIIEHTPAIMH, B HECKOJBKO pa3 Ipe-
BhInaoniei ux xkonunentpauuto B KMM. Takoe ke
paznnune HaOIIoIaeTCsl B CITydae KETOHOB U IPYTHX
JICTYYUX KOMIIOHEHTOB (@JIbJICTUIbI, CIIUPTHI U 3(H-
pel). [Ipu 3TOM B 00EMX MOMYJSAIUSX KOJIHYECTBO
9THX BEILECTB ObIJIO 0OJIbIIE B LIBETKAX, YEM B I100E-
rax. Takoe pacnpeneneHue, BEpOsTHO, 00YCIOBIEHO
JIMHAMUYECKOW peTyJsIueil MeTadonm3Ma, KoTopast
ONTUMAIILHO HAIPaBJIsieT METaO0OIUTHl — OCHOBHBIC
CTpOUTENIbHBIE OJIOKM — B pa3BUBAIOIIUECS OpPTraHbI
n tkauu [33]. IlogoOHble paznuyus B HOMYJISILH-
SIX TIPEIIONIAraroT, YTO KETOHBl U MX MPOU3BOJHEIC
MOTYT HOBBIIIATE CTPECCOYCTOMYMBOCTD LIBETKOB R.
linearifolia mox BO3IEHCTBUEM CIOXKHBIX a0HOTHYE-
CKuX (haKTOpOB, XapaKTEPHBIX IS YCIOBUH C TTOBHI-
LIEHHON YTPEHHEH MHCOJISILUEN.

Tepnensl, 0OHapyKeHHBIE B 00paslax U3 ylie-
mest Kumacap, ciry’kaT cHUTHalaMu cTpecca OT pac-
TeHUs K pacteHuro [34]. DTu MeTaOOIUThI UTPAIOT
KIIIOUEBYIO POJIb B 00ECIICUEHUH POCTa U Pa3BUTHUS
pacTeHnii, TPOIECCOB ABIXaHUSA W B 3allUTE pe-
MPOJAYKTUBHBIX OPraHOB OT a0MOTHYECKHX U OHO-
TUYECKUX CTpeccoBbiX (hakropoB. [11,35,36,37].
Teprensl U cTEpOJIbl y4acTBYIOT B 3amquTe OT Y -
M3IyYeHUs] U HACEKOMBIX, a TaKKe PeryJIupyroT
MPOHUIIAEMOCTh MEMOpaH, YTO MOXKET OBITh BaXK-
HO Ut 00Jiee 3aCyNUIMBBIX U COJHEYHBIX yCIOBHMA
3armagHoro ckjoHa. dUTONBI, BXOJAIINE B COCTaB
XJIOpO LI, HEPA3PHIBHO CBSI3aHBI C peakiuei R.
linearifolia Ha ctpecc, Koraa (OTOCHHTETHYECKAS
aKTUBHOCTH 3HAUMTENIbHO u3MeHsieTcs [14]. Mccne-
JIOBaHUS MOKA3bIBAIOT, YTO JICTYYHE TEPICHBI MOTYT
cMArdaTh 3 (HEKTHI OKUCIUTEILHOTO cTpecca JTH00
ITyTeM IPSIMBIX MEKKICTOUHBIX PEAKITHI C OKUCIIN-
TEJSIMH, JINOO MyTeM MOIU(UKAIUU CUTHAIBHBIX
nyreir ADK [27,38]. Habmromaemoe yBenndeHne
HaKOIUICHUS] TEPIICHOB U CTEPOJIOB B TOOerax B
nonyisinun KM, nmomuepkuBaeT Kak BO3MOKHBIC
HapymeHus: GOTOCHHTE3a M3-3a TOBBIIIEHHOTO YD
V3IIYYCHUsSI, TaK U BO3MOXKHBIC aJalTHBHBIC pPeak-
MU BO3HUKIIIUE ¢ 00JIee 3aCYIUTNBBIME YCIOBHSIMH
CKJIOHA.

OKCHUMBI CITOCOOHBI BBIMOJHATh (PYHKIIUIO Jie-
Ty4YMX 3alllUTHBIX AareHTOB, a HUX MOCIEAYIOIas
JIETUpATaIis MOXKET MPHUBOANTH K 0Opa30BaHMIO
TUAPOKCUHUTPIIOB [39]. OKCUMBI W HUTPHIIBI
CBSI3aHBI C a30THHIM OOMEHOM U MOTYT OBITh TIPE/-
IIECTBEHHUKAMH TIIOKO3WHOJIATOB WIIH JPYTHX 3a-
LIUTHBIX COEJUHEHUH, Urpasi poiib B XUMHUYECKOMN
3alIMTe PACTCHUH, OCOOCHHO B YCJIOBHSIX OBBIILICH-
HOH BJIQYKHOCTH WJIM PUCKA OAKTEPHATBLHBIX U TPHO-
KOBBIX MH(DeKIni. B Hammx sKcriepuMeHTax OKCH-



M. Ep6aii u ap.

MBI U HUTPUJIBI OBLIH BBISIBIICHBI KaK B IIBETKAX, TaK
u B moberax R. linearifolia B monynsmmm BYT, ato
MOXKET YKa3bIBaTh Ha JAaHHBIC PUCKH, YUUTBAS, YTO
B BOCTOYHOM SKCIO3UIIMH 32 MMOBBIIICHHON yCTPEH-
Hell MHCOISIIHEeH ciieyeT OoJblnee 3aTeHeHHe, YTO
MOXKET MPUBOAUTH K 00Jiee BIAKHBIM YCIOBHSIM U
OTJIMYAIOLIEMYCSI TEMIIEPATYPHOMY PEKUMY.
MHOKECTBO JINTEPATYPHBIX TaHHBIX TIOTBEPIK-
JIAIOT 3HAYUTEIBHYIO POJIb (DEHOIBHBIX COCAMHEHHH
B ()OTO3AIIUTE U PETYITUPOBAHUH AHTUOKCHIAaHTHON
aktuBHOCTH [40,41], 9TO OOYCIABIMBACTCS UX CIIO-
coOHOCTBIO ToryIomarhk Y®-u3iyueHne B Jauara-
30He 210-350 HM, CHIIKAs HAKOIUICHHE aKTHBHBIX
¢dopm kucmopona (ADPK) u TeM caMbIM TOBBITIIAS
YCTOMUHUBOCTb K CTPECCOBBIM YCJIOBMSIM TOPHOM
MecTHOCTH [42,43]. B Hamux uccinenoBaHusIx Qe-
HOJIbHBIE COEIWHEHUS OBbUIM OOHApyKEHBI B pac-
TEHUSAX U3 00EUX TOIMYJISAIUU, HO B CPABHUTEIHHO
TIOBBIIIICHHOW KOHIIEHTPAIIUN OHU HAOJFO/AI0TCS B
nuBetkax pacrenun uz bYT (11,59%). 910 Moxer
OBITH CBsI3aHO HE TOJBKO ¢ (pyHKIMsAMHU (poTO3a-
LIUTHI U3-3a MOBBIIICHHOT'O YTPEHHETO COJIHEYHOTO
W3IYYeHHs] ¥ PETyJTUPOBAaHMEM AHTHOKCHIaHTHOU
aKTUBHOCTH, HO U C 3aIUTOMN OT matoreHon. L{BeT-
KH ySI3BUMBI K HAITaJICHUIO HACEKOMBIX M MHUKPO-
oprannm3MoB. (DEHOJIBHBIE COCIMHEHUS 00JaJaroT
AHTUMHKPOOHBIMU M PEICIJICHTHBIMA CBOMCTBAMH,
3aIUIIas BETKH OT TPHOKOBBIX, OaKTEPHAIBHBIX

WHpEKIMH M ToelaHus HAaCEKOMBIMH, YTO TaKkKe
oOycrmaBiuBaeTcss 0Oojiee BIIAXHBIMH YCIOBHAMU
BOCTOYHHOM AKCIO3UIIHH.

3ak/aouyeHne

Takum 00pa3oM, BEISBICHHBIC (PUTOXUMHUYE-
CKHE€ pa3U4Hsg MEXIy JBYMS OSKOIOIYJISIHAIMA
OJIHOTO BHJIa Ha pa3HBIX CKJIOHAX, CKOpEe BCEro,
00yCIIOBIICHBI PAa3HBIMHU YCIIOBUSIMH OKpPYIXKarolien
CpPEIIbL, UTO JIEMOHCTPHUPYET THOKOCTh MeTabonnye-
CKHMX aJlanTaiuii pacTeHUH K OCBEIIEHHOCTH, BIIaX-
HOCTH U JPYTHM CTpeccoBbIM (pakTopam. lanbHeii-
[IMe WCCIEeNOBaHUs B ATOM HalpaBlIeHUH OymyT
CIocoOCTBOBATh ONTUMH3AIMK cOOpa JIEKapCTBEH-
HOTO CBIPbSI B €CTECTBEHHBIX YCIIOBHSX IPOU3pAC-
TaHUs, a TaKke OyAyT TOJE3HBI MPHU pa3padoTKe
YCJIOBUHM JJIsl UHTPOAYKIIMU JAHHOTO BUJA.

duHaHCHPOBaHUE

PaboTa BbINONHEHA B paMKaxX MPOrpaMMBbI Lie-
neBoro (uHaHcupoBanus Komurera Haykum Mu-
HUCTEPCTBAa HAYKH M BBICIIEro oOpaszoBaHus BR
21882180 «Pa3paboTka mporpamMmbl COXpaHEHHUS
1 pa3sBUTHS PECYpCHON 0a3bl MEPCHEKTUBHBIX IS
MEJULUHBI U BeTepuHapuu pacreHnii Kazaxcrana B
YCIIOBHUSIX N3MEHSIOLIET0OCS KINMaTay.
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K PALUMOHY IAYKA
STEGODYPHUS LINEATUS (LATREILLE, 1817)
B MYCTbIHE XXYCAHAAAA

B HacTosiemM nccaeAoBaHMM M3ydeH paumnoH nayka Stegodyphus lineatus (Latreille, 1817) B ycao-
BuSIX NycTbiHM XKycaHaara (KamObIACKMIA parioH, AAMATUHCKOM 06AACTM) Ha OCHOBE aHaAM3a OCTATKOB
HaCceKoMbIX, 3ahMKCMPOBAHHbIX B €0 AOBYMX CETSX. DTO NepBoe NoAOOHOE MCCAEAOBAHUE HE TOAbKO
AASI AQHHOM TeppuTOpUM, HO 1 B KasaxcTaHe MOCKOAbKY paHee BOMpoCaM paLmoHa naykooOpasHbixX 1
MX TPO(OUYECKMX B3aMMOCBS3€EN C APYTUMM XXMBOTHBIMW AOAXKHOIO BHUMAHMS HE YAEASIAM, 3TO OTHO-
CUTCS M K paCCMOTPEHHOMY BUAY — S. Lineatus. NoayyeHHas MHdOpMaums UMeeT BaKHOe NpUKAaAHOe
3HaueHue: BO-TMePBbIX, OHA HEOOXOAMMA AAS YCMELLIHONO COAEPXKAHUS U PA3BEAEHWS AQHHOIO BMAQ B
A26OPATOPHbIX YCAOBUSIX, B TOM UMCAE C LIEABIO MOAYYEHMS MAYUbKX SAOB, MENTUAOB U APYTX BUOAO-
rMYECcKU aKTUBHbIX COEAVMHEHWIA; BO-BTOPbIX, 3HaHWE paumoHa S. lineatus NO3BOASIET OLLEHUTbL €0 POAb
KaK MOTEHLMAABHOIO PEryASTOpa YUCAEHHOCTN HAaCEKOMbIX, BKAIOYAs BPEAHBIX BUAOB; B-TPETbUX yAe-
A€HME 0CTaTKaM HAaCEKOMbIX B AOBUMX CETSIX MayKOB MOXET ObiTb MCMOAb30BAHO CMELMAAUCTAMMN AAS
Pa3sAMYHbBIX LieAel, HanpuMep BbISBAEHUMM (DAYHMCTMYUECKOro COCTaBa Ha TOM MAM MHOM TeppuTopuu,
MOMCKE KOHKPETHbIX BUAOB MAM TPy GECNO3BOHOYHbIX, 3aHUMAIOLLMX AHAAOTUUHYIO SKOAOMMYECKYIO
HULLYy.

KatoueBble cAoBa: naykoo6pasHbie, HaceKoMble, hayHa, PaumoH, S3KOAOTUS.

A.B. Yeszhanov*, S.V. Kolov, L.V. Kim

Institute of Zoology of the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan, Almaty, Kazakhstan
*e-mail: aidyn.yeszhanov@zool.kz

On the diet of the spider Stegodyphus lineatus (Latreille, 1817)
in the Zhusandala desert

In this study, we studied the diet of the spider Stegodyphus lineatus (Latreille, 1817) in the Zhusan-
dal desert (Zhambyl district, Almaty region) based on the analysis of insect remains recorded in its webs.
This is the first study of its kind not only for this area but also in Kazakhstan, since the diet of arachnids
and their trophic relationships with other animals have not received due attention before, and this also
applies to the species under consideration, S. lineatus. The information obtained has important practical
significance: firstly, it is necessary for successful maintenance and breeding of this species in laboratory
conditions, including for the purpose of obtaining spider venoms, peptides and other biologically active
compounds; secondly, knowledge of the diet of S. lineatus allows us to assess its role as a potential regu-
lator of insect numbers, including harmful species; thirdly, the analysis of insect remains in spider webs
can be used by specialists for various purposes, such as identifying the faunal composition in a particular
area, searching for specific species or groups of invertebrates occupying a similar ecological niche;

Keywords: arachnids, insects, fauna, diet, ecology.

A.b. Ecxanos®, C.B. Koaos, A.B. Knum
KasakcTaH Pecny6amkachl FblAbIM >KaHe >KoFapbl GiAiM MUHUCTPAIrI
FbIAbIM KOMUTETiHIH 300A0TUst UHCTUTYTbI, AAMaThl, KasakcTaH
*e-mail: aidyn.yeszhanov@zool.kz
XycaHaaaa weainaeri Stegodyphus lineatus (Latreille, 1817)
©OpPMeKLUiHIH, paLMOHbI TYpaAbl

bya 3epTreyae XKycaHaan weaiHae (AamaTbl 06Abichl XKambbia ayaabl) Stegodyphus lineatus
(Latreille, 1817) epmeKLLUiHiH KOPEKTEHYIH OHbIH TOPAAPbIHAA TIPKEArEeH JKOHAIK KAAAbIKTapPbIH TaAAQY
HerisiHAe 3epTTeaik. ByA Tek ocbl aiMak, yiiH FaHa emec, KasakcraHaa Aa ocbiHAaM BipiHLLi 3epTTey,
OMTKEHI OPMEKILITOPI3AIAEPAIH KOpPEKTEHYiHE XXOHEe OAapAblH 6acka >KaHyapAapMeH TPOgMKaAbIK,
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A.b. EcxxaHoB u j1p.

pbIM-KaTbIHaCbiHa GYPbIH TUICTI KOHIA GOAiHOereH, GyA KapacTbIPbIAbIN OTbIPpFAH Typre A€ KaTbICTbl,
S. lineatus. AAblHFaH aknapaTTbiH MaHbI3AbI NMPAKTUKAAbIK, MBHI 6ap: GipiHwiaeH, 6YA TYpAi 3epTxaHa-
AbIK, )KaFAanAapAa CoTTi KyTin-6anTay »keHe ecipy YLUiH, COHbIH, iliHAE ©PMEKLLI YAAPbIH, MENTUATEPA|
>koHe 6acka Aa BMOAOIMAABIK BEACEHAT KOCBIABICTAPAbI aAy MaKCaTbiHAA KQXKET; eKiHLiaeH, S. lineatus
pauMOHbIH BiAY OHbIH XXOHAIKTED CaHbIHbIH, OHbIH, iLIHAE 3USHAbI TYPAEPAIH MOTEHUMAAAbI PeTTeyLLi-
Ci peTiHAeri peAiH GararayFa MyMKIHAIK GepeAi; YLLiHWIAEH, 6pMeKLLI TOPAAPbIHAAFbI XKOHAIKTEPAIH
KAAABIKTApbiH TaAAQyAbl MamaHAap 8p TYPAI MakcaTTa namAasaHa aAaAbl, MbiCaAbl, GeAriai 6ip ay-
MaKTaFbl (payHaAbIK, KypPaMblH aHbIKTay, YKCAC SKOAOTUSIAIK, YSIHbI aAbIM >KaTKaH OMbIPTKAChI3AAPAbIH

GeAriAi 6ip TYpAEpPiH HEMECe TOMTapbIH i3AeY.

TyiiiH ce3aep: epMeKLLiTOpI3AiAep, KOHAIKTEp, (hayHa, paLMOH, SKOAOTUSI.

BBenenue

ITayxooOpasubie (Arachnida) mnpencraBisiroT
co0oi onuH M3 HamboJiee KPYNHBIX KJIACCOB HIe-
HUCTOHOTHUX, MPEUMYLIECTBEHHO HA3eMHBIX Opra-
HU3MOB, YCTYTAIOIINX TI0 BUIOBOMY Pa3HO00pa3nio
TOTbKO HacekoMbIM (Insecta). B macTosimee Bpems
onucano 6oxee 114 Thic. BUAOB IayKOOOPA3HBIX, U3
KOTOPBIX OKOJIO 2 THIC. M3BECTHBI 110 MCKOITAEMBIM
Haxonkam [1, 2]. HanGonbIryro YuCIeHHOCT Cpeu
COBpEMEHHBIX MpeACTaBUTEIeH Ki1acca JeMOHCTPH-
pyIOT oTpsiabl Kinemnieit (Acari) — cBeime 50 Thic. BU-
IIOB, 1 MaykoB (Araneae) — 6osiee 40 ThIC. BUIIOB [2,
3].

ApaxHuABl PacrpoCTpaHeHbl HAa BCEX KOHTH-
HEHTaX M WUTPAIOT BAXKHYIO POJIb B (YHKIHOHHPO-
BaHWUU HA3EMHBIX DKOCHCTEM, OyJy4d 3HAYUMBIMU
KOMITOHEHTaMHu Tpoduueckux ceteit [4-7]. Cpemun
HUX Mayku (Araneae) MpeaCcTaBiIsIIOT OCOOBIN NHTe-
pec, Tak Kak sIBISIOTCS TPOAYICHTaMU sJI0B, IEl-
TUOB U APYTUX OMOIOTUYECKH aKTUBHBIX BEIIECTB,
HaXOJISIINX MPUMEHEHUE B MEJUIIMHE U (hapMaKo-
noruu [8, 9, 10].

HecMmotpss Ha mmpokoe pacrmpocTpaHeHHE WU
3HAYUTENIFHOE pa3HOOOpasne MayKoB, CBEICHUS 00
UX 9KOJIOTHH OCTalOTCs hparMeHTapHbIMH. B yact-
HOCTH, PallMOH MUATAHUS MHOTHX BHIOB JI0 HACTO-
AIIETO BPEMEHU HU3y4YeH HeJ0CTaTouHo. Tak, s
Stegodyphus lineatus (Latreille, 1817) — ogHoro u3
HauboJee MUPOKO PACIIPOCTPAHEHHBIX MIPEICTABH-
Tenel poaa Stegodyphus B EBpa3un — B mutepatype
OTCYTCTBYIOT JJaHHBIE O COCTaBe JOOBIUH.

Stegodyphus lineatus (Latreille, 1817) (pu-
CyHOK 1) OTHOCHTCA K KpPMOGIUISIHTHBIM TayKaMm
(Cribellatae), xapakTepu3yOIUMCS OCOOBIM TUIIOM
MAyTHUHBI, TIPOU3BOTUMBIM C TIOMOIIIBIO CTIETIAAITh-
HOTO oprana cribellum, 00ecTEUNBAIOIIETO BBI-
COKYIO JIMIIKOCTh HHUTEH. DTOT BHJ MPEANOYUTAET
CTPOUTH TAYyTHHY MEXAY BETBSIMH HU3KUX KOJIO-
YUX KYCTapHUKOB, €TO JIOBYASl CETh MPEJCTABISIET
co00ii TosIoTHUINE quamMeTpoM okosio 30 cM, coesu-
HEHHOE C KOHMYECKUM IIETKOBBIM JIOTOBOM JJTHHON

MPUMEPHO 5 €M, KOTOPOE 3aMacKHpPOBAHO PaCTH-
TEJBHBIM MYCOpPOM M OCTaTKaMH JI0ObIYH (PHUCYHOK
2). CortacHO MUPOBOMY KaTaJIOTy MTAyKOB HAXOIKU
9TOTO BUJA U3BECTHBI U3 AJkUpa, ApMeHun, A3ep-
Oaifmxana, ['pennn, Erunta, ['py3un, Kpura, Ura-
nuy, JIueun, Mapokko, Mcnanuu, Tynuca, Typuun
[3]. Takoe mIMPOKO pacHpOCTPaHECHUE JEIAET STOT
BH/I OTITUYHBIM HHJIUKATOPOM COCTOSIHUS OKPYKAF0-
mei cpeapl, Tak Kak: 1) 3TOT MayK CTPOUT CBOH
THE3/1a Ha KYyCTapHUKOBOM PAaCTUTEIBHOCTU OTMpe-
JISJIEHHOTO XapakTepa; 2) BelleT OCeUIbIA M KOJIO-
HUANBHBIN 00pa3 *KU3HM; 3) HE ABIAETCS y3KOCIe-
UATU3UPOBAHHBIM XUIITHUKOM.

Kak yxe ormMeuanoch BbIlle, HECMOTPS Ha CBOE
LIMPOKOE PACIPOCTPAHEHHE, CBEICHUS O MUTAHUH
Stegodyphus lineatus octaiotcs KpaiiHe Qparmen-
TapHBIMH. B M3y4eHHON HaMu JUTEpaType OTCYT-
CTBYIOT JaHHBIE O BHJOBOM COCTaBE €ro JKEPTB B
Kazaxcrane, Torna kak MHQOpPMaIys O MHUIIEBBIX
MPENMOYTEHUSIX HEOOXOoAMMa JUIsl TIOHUMAaHHS
9KOJIOTHH BUJA U €ro POJd B TPOPUUECKHUX IHEMsX
apuaHBIX 3KocucTeM. bonee Toro, B Xo1e n3ydeHus
JUTEPaTyphl BBIACHWIOCH, YTO M3y4YCHHE palroHa
MayKOB B IEJIOM TPeOyeT OTACTHHOTO U MPHUCTAIb-
Horo BHUMaHus. Hamu Obu10 00HApYX)EHO HEOOb-
10€ KOJIMYECTBO padoT, M3ydyaBIIMX PAIFOH Iay-
KOB, HO C HCIOJb30BaHWeM Oapkoamnra [11, 12].
OTOT MeTol o4YeHb MH(OPMATHBHBINA, HO JOpPOTO-
CTOSIINH, B TO K€ BPEMs BBISBICHHE BHOBOTO CO-
CTaBa JKePTB TaK)K€ BO3MOYKHO C HCIOJIH30BAHUEM
Mopdosornyeckux metoioB [13]. K mocrouncrBam
9TOTO0 METOJ]a MOXKHO OTHECTH €ro JIelIeBU3HY,
TOTJa €ro HEJOCTaTKaMM SIBISIOTCS MEIJTUTENhb-
HOCTb U TPYAOEMKOCTb, & TaKkKe HEBO3MO>KHOCTb
BBISIBUTH BHJIBI JKEPTB, KOTOPHIX MayKH TMEepeBapH-
BAaIOT MOJHOCTHIO. K TakuM BHIaM MOKHO OTHECTH
MPEXKIC BCETO MEIKUX M MITKOTEIBIX HACEKOMBIX.
[IpuaMMas 3T0 BO BHUMaHHE, MBI 33JIaJIHCh I[EJIBIO
m3yueHus: panuoHa Stegodyphus lineatus, Hmke
MIPUBOJISATCSI CBEACHUS TOJyYCHHBIE B X0/e 00ce-
noBaHus TycThiHM JKycaHpiana, B I0r0-BOCTOYHOM
Kazaxcrane.
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K panmony nayxa Stegodyphus lineatus (Latreille, 1817) B myctsine JKycannana

MaTepna.mﬂ " METObI

Marepuanr cobmpajncs C JIOBUUX CETECH Tay-
koB Stegodyphus lineatus B nyctbiHe JKycannmana
(N43.889606, E75.549858). buotom, rme mpoBo-
JTACH  FICCTIEIOBAHMS TIPEICTABIsT COOOW TIH-
HUCTO-IIIEOHUCTYIO MYCTHIHIO, IJI€ JOMUHUPOBAIH
THUITYaKOBO-KOBBUIBHO-TIOJIBIHHBIE ~ PACTUTEIIBHBIC
coobrmiecTBa (PUCYHOK 3).

ITouck rHE3N MayKoB MPOBOAMIICS IUIOLIA0Y-
HbIM METOJIOM ¥ BH3YaJbHBIM 00CIEIOBaHHEM
MECTHOCTH, C 0COOBIM BHIMAaHHEM K OTJEIBHO CTO-
SIIAM KyCTapHUKaM, Tak Kak Stegodyphus lineatus
TECHO CBSI3aH C PACTUTEIBHOCTBIO TAKOTO THMA. [liis
HCCICAOBAHUS OBIIO 3aJI0KEHO TPU MPOOHBIE TII0-
aJIKK Ha TUIUYHBIX Ui JIaHAmadTa ydacTKax,
kaxaass pazmepom 100x100 m. Yuér nmpoBonauics
IO TPAHCEKTaM, MPOJIOKEHHBIM BHYTPH TUIOMIAI0K:
HabJroIaTeNh MepeMenalcs Mo MapipyTy, He BbI-

XOAS 32 UX TPaHMIBI, IPH 3TOM IIUPUHA €T0 yUET-
HOH 30HBI COCTaBJsIa 15 M B KaKIyH0 CTOPOHY OT
JIMHUY JIBUOKCHUSL.

[Tpu oOHapyXeHUHM KyCTapHHMKa C THE3/IOM Ma-
yka Stegodyphus lineatus, puKCHpoBaINCH KOOPIHU-
HaTBl MECTOHAXOK/ICHUSI, 3aTEM THE3]10 C OCTaTKaMU
HACEKOMBIX aKKypaTHO M3bIMAJIMCh M MOMEIIATHCh
B KOHTEHHEPHI (PUCYHOK 4), TOT/1a KaKk caMoro Iay-
Ka OCTaBJISUIM Ha KycTapHHKe. Takum 00pa3om Bce-
ro 0110 coOpano 32 KoHTeHHEepa.

[locnemyrommii aHanu3 COOpaHHBIX MaTepH-
ajoB (PUCYHOK 5) MPOBOAWICS B JIa0OpPaTOPHBIX
ycnoBusX. Tak, OCTaTKU KEPTB M3 THE3Z MayKoB
COPTHUPOBAINCH M KIACCH(HUIIMPOBAINCH IO TAKCO-
Ham, Hanpumep xkyku (Coleoptera), nmepenonvaro-
kpsutbie (Hymenoptera), ctpexosst (Odonata) u T.11.
JlanbHeiliiee onpeieeHue 10 PoJ0BOrO U BUI0BO-
ro YpOBHEH, MPOBOAMIOCH C MCIIOJIE30BAaHHEM CY-
IecTBYOIMX onpeaenurenei [14-19].

Pucynok 1 — Stegodyphus lineatus
(https://www.inaturalist.org/observations/28485183)

Pucynox 2 — JloBuas cetb u rHe310 Stegodyphus lineatus
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A.b. EcxxaHoB u 1p.

Pucynoxk 3 — TurnyakoBo-KOBBUIBHO-TIOJILIHHBIE PACTUTENILHBIE
coo0miecTBa paBHUHEI XKycaH/ana

Pucynok 4 — Ocrarku xepTB U3 THe37 naykoB Stegodyphus lineatus

Pucynok 5 — Kamepanbnas 00paboTKa OCTaHKOB JKEPTB
W3 THE3/1 naykoB Stegodyphus lineatus
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K paunony nayka Stegodyphus lineatus (Latreille, 1817) B myctbire XKycannana

PesyabTarhl u X 00cyKaeHHE

B pesynbrare 0Opabotku u anamuza 184 co-
OpaHHBIX 00pa3IoB., yAaI0Ch ycTaHOBUTH 109 BU-
OB 0ECIO3BOHOYHBIX, M3 KOTOpbIX 105 (96,3%)
BHI0B HacekoMbIX (Insecta) u 4 (3,6%) Buma mayko-
oOpa3ubix (Arachnida).

Odonata
1% 2%

Lepidoptera
3%

Hymenoptera
28%

Heteroptera

1%
Diptera
7%

Dermaptera
1%

Orthoptera

Ilo KojaWyecTBYy  BHIOB  JTOMUHHPOBAJH
kKyku (Coleoptera) — 58 (53,2%), mnepemnonua-
Tokpeuible (Hymenoptera) — 31 (28,4%) u nBy-
kpeutble  (Diptera) — 8 (7,3%), mnaykooOpas-
Hele (Arachnida) — 4 (3,6%), demniyekpbuibie
(Lepidoptera) — 3 (2,7%), Toria Kaxk Apyrue OTPSIbl
OBLITH TIPE/ICTABIICHBI TOPA3/I0 MEHBIIIE (PUCYHOK 0).

Arachnida
4%

Coleoptera
53%

Pucynok 6 — TakcOHOMHUYECKUI cOCTaB OECIO3BOHOYHBIX,
0o0OHapyKEHHBIX B THe31ax Stegodyphus lineatus

Takxe KaK U ¢ BUIOBBIM COCTaBOM, IO KOJIUYE-
CTBY 3K3EMILISIPOB, OOHAPYKEHHBIX B CETSAX U THE3-
nax naykoB St. lineatus TOMUHHUPOBAIU KyKku. Tak,
o01iee KOIMYECTBO IK3EMIUISIPOB cOCTaBmiio 184,
Ha xykoB (Coleoptera) mpunmiocs 109 (59,2%),
CJIEIOM MO KOJIMYECTBY HANJCHHBIX K3EMILIIPOB
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n nepenonyatokpeuisle  (Hymenoptera) — 52
(28,2%), 3arem nBykpsuibie (Diptera) — 9 (4,8%),
naykooOpasubie (Arachnida) — 5 (2,7%) u yemrye-
kpbutbie (Lepidoptera) — 4 (2,1%). [pyrue Buast
0eCIT03BOHOYHBIX OBUTH TPEJICTABIICHBI MEHEE IIH-
poxo (pUcyHoK 7).
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Pucynok 7 — KonuuecTBeHHbIE XapaKTEPUCTUKH OTPSIIOB OECII03BOHOYHBIX,
oOHapy»XeHHBIX B rHe3ax Stegodyphus lineatus

3ak/Irouenue

[Tony4yeHHbIC HAMU JIaHHBIC MOKAa3BIBAIOT, YTO
aHaJIM3 OCTAaHKOB HACEKOMBIX M JIPYTUX Oecro3BO-
HOYHBIX M3 THE3] MAyKOB Ha mpumepe St. lineatus
SIBJIIETCS. JOCTATOYHO MH(POPMATHBHBIM CIIOCOOOM
BBISIBJICHUSI ()ayHUCTUYECKOTO COCTaBa KOHKPETHO#
TeppuTOopuH. Takoil MOAXOM MO3BOJIAET HE TOIBKO
OTIPEJICNUTH CIIEKTP IMOTEHIIMATBHBIX KEPTB HCCIIe-
JyeMOro BHJa, HO U KOCBEHHO OXapaKTepHU30BaThb
O0mopa3zHooOpa3ue YICHUCTOHOTHX B UCCIEAYEeMOM
ouotore.

Pazymeercsi, coBpeMeHHBIE MOJICKYJISIPHO-TEHE-
tngeckne Metonsl (J{HK-Gapkomguar, merabapko-
JIUHT) CIIOCOOHBI 1aTh 00JI€€ MOJHOE IPE/ICTABICHUE
Kak 0 palMoHe KOHKPETHOTO BHJA MaykKa, TaKk ¥ O
cocTaBe COOOIIECTB WICHUCTOHOTUX OECI03BOHOY-
HBIX, OOUTAIONINX B TeX ke dKocucTeMax. OHaKo
HX IpUMeHeHHe TpeOyeT ropas3no 0osee CI0KHOTO
MaTepruabHO-TEXHUYECKOTO OCHAIICHUS U COIpS-
JKEHO ¢ O0JIBIITMMH (DUHAHCOBBIMH 3aTpaTaMH.

TpaauuMoOHHBIE ~ MOPQOIOTUYECKUH  METOJ,
HAIpOTHB, XOTS U SBISETCS OoJee TPYJOEMKHM U
TpeOyeT BBICOKOW KBaTH(DUKAIUKM HCCIIETOBATENS,
ocTaéTcs HaJEKHBIM H JIOCTYITHBIM HHCTPYMEHTOM,
TO3BOJISTIOIINM TIOJTy4aTh 3HAYUMBIE HKOJIOTO-(a-
YVHHCTHUYECKHE JIaHHBIE Ja)Ke TPU OTrpaHUUEHHBIX
pecypcax.

Hame wuccnemoBanme mokasaio, YTO IayKH,
BEAyIINE OCEeMIbI 00pa3 KM3HU M HE yTUIN3H-
pYIOIIME TOJHOCTBIO CBOIO JKEPTBY, MOTYT pac-
CMaTpPUBATHLCS KaK CBO€OOpa3Hble OMOIOrHYECKUE
MapKepbl Ul «HHPOPMATOPBD) O cocTaBe (ayHbI
0eCr03BOHOYHBIX KUBOTHBIX Ha KOHKPETHOM Tep-
putopun. HakoruieHHbIE UMM OCTAaTKU OOBIYH B
THE3/1aX M JIOBYMX COOPYKCHHAX IO3BOJSIOT pe-
KOHCTPYHPOBATh CIIEKTP HACEKOMBIX U JPYTHX
YJICHUCTOHOTHX, BCTPEYAIOIINXCS B UCCIIETyEMBIX
IKOCHCTEMAX.

[TooOHBIHM T0/IX0] MOKET OBITH BOCTPEOOBaH
HE TOJBKO B paMKax (yHIAMEHTAJIbHBIX (ayHH-
CTUYECKHX HCCIIEIOBAHUM, HO U KaK JOIOJHHUTEIb-
HBIII MHCTPYMEHT 9KOJOTMYECKOr0 MOHHTOPHHIA,
BKJIFOYAsl TPOEKTHI, CBSI3aHHBIE C MPOMBIIUICHHBIM
OCBOGHHMEM TEPPHUTOPHH U AEATEIBHOCTHIO HEAPO-
M0JIb30BaTeIeH. ITO OTKPHIBACT MEPCIIEKTUBBI MPH-
MEHEHHsT MOP(OJIOTHYECKOTO aHalIN3a OCTaTKOB
’KEPTB MayKOB IS OIIEHKH OMOpa3HO0Opasus U co-
CTOSTHHSI DKOCHCTEM B YCIIOBHSIX aHTPOIIOTEHHOT'O
BO3CHCTBHA.

Bwmecre ¢ TeM criemyer Mom4epKHyTh, YTO Ja-
JIEKO HE BCE BH[BI MIAYKOB MOTYT OBITh d(PEKTHB-
HO HCIOJIb30BaHBl B IMOJOOHBIX Hesx. WX mpu-
MEHHUMOCTb OTIPEJEISIeTCs] KaK HSKOJIOTHYECKHIMHU
ocoOeHHOCTAMHU (00pa3 KHM3HM, THI JIOBYHX CO-
OpPYXEHHUH, XapakTep YTWIM3aUUH I0OBIYM), TaK
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1 (HU3UOJIOTUIECKUMHU OrpaHMYeHUsIMH. B cBs3m ¢
STHUM TIEPCHEKTUBHBIM HAIpPaBICHHEM HCCIeI0Ba-
HUU SBISETCA BBISIBIIEHUE HAWOOJEe ITOIXOISIINIX
BUOB-HHJUKATOPOB, KOTOPBIE CIIOCOOHBI aKKyMYy-
JUPOBATh pENpe3eHTAaTHBHBIE TaHHBIE O (ayHe Oec-
TTO3BOHOYHBIX B PA3JIMYHBIX 6I/IOTOHaX.
[IpumeuaTensHo, yTO cymMmmapHO 93,5% ot 00-
Iero 4rciia 0OHapyKeHHBIX B THE3Aax maykos (109
BHJIOB) OECII03BOHOYHBIX OTHOCATCS K TaKCOHAM,
HUMEIOIIUM CEeJIbCKOXO35IMCTBEHHOE 3HAYCHUE B Ka-
YecTBEe BpeauTeNiell pacTeHUEBOJICTBA W KUBOTHO-
BojcTBa. Takum oOpa3oM, poib mayka St. lineatus
KaK TOTCHIMAIBHOTO PEryJsiTOpa YHCICHHOCTH
0eCcII03BOHOYHBIX-BpEIUTENCH MIPEICTABISAETCS
BeChbMa HATTISTHOW. DTO MOAYEPKUBACT €TO BO3-

MOKHO€ 3HAUCHUE B MOJJICPNKAHUUA TPOHUIECKOTO
OajyaHca 9KOCHCTEM W KOCBEHHO YKa3bIBaeT Ha mep-
CIEKTHBHOCTh JABHEWUIIEr0 M3y4eHUs! (YHKIHO-
HAJIBHOM POJIM JAHHOTO BHJIA B arposiaHamadTax u
€CTECTBEHHBIX COOOIIIECTBAX.

baarogapHocTh, KOHQJIMKT HHTEPECOB

[Jannast pabota punancupoBanace Komurerom
Haykd MHHHUCTEpCTBA HAYKH U BBICHIETO 00pa3oBa-
Husl Pecrrybonmukn KazaxcraHObUTa U BBITIOJTHEHA B
pamkax nporpamMmMbel BR21882199 «Kanmactp nuknx
JKUBOTHBIX apHIHBIX Tepputopuii banxam-Ana-
KOJIBCKOTO OacceifHa ¢ OIEHKON yrpo3 Uil X CO-
XpaHC€HUA U YCTOI‘/’I‘II/IBOFO HUCIIOJIB30BAHUSD).
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XAPTbITOBE AYbIAABIK OKPYTTHAE CUPEK KE3AECETIH
SPIRAEANTHUS SCHRENKIANUS FISCH. & C.A. MEY. ©CIMAITIHIH,
LHEHOIMONYAAUUAAAPbIH TEOBOTAHUKA HET3IHAE TAAAAY

Makanrasa Coipaapus Kapataybl 6GektepiHae opHasackaH >KapTbiTe6e ayblAAbIK OKPYrbliHAQ
Ke3AeCeTiH cupek, aHAeMAIK Spiraeanthus schrenkianus Fisch. & C.A. Mey. ecimairiHiH ecy opTacbiHa
reo60TaHUKAAbIK, TYPFbIAQH 3€PTTeY XKYMbICTapbl XacaAfaH. LleHononyAsumsaaarbl ©CIMAIKTIH, XacTblIK,
CneKTpi, PENPOAYKTUBTIAIM, CAHABIK, KOPCETKILLTEPI, XKaCTbIK, KYPbIAbIMbI, TapPaAybl MEH TYPre >KiKTeAyi
reo60TaHUKAABIK, 9AICTEP KOAAAHBIAABL. OCIMAIKTIH OpTara 6eMiMAEAYIH AEHTeMiHIH >KaCTbIK, KyPaMblH
aHblkTayaa 10x10 M2 TpaHcekTaAap caAbiHAbL. XKyprisiareH 1 M? ayaaHAaFbl TYPAIH AapakTap CaHbIHbIH
XKMAIAITIMEH MOMYASILMSAHBIH, ThIFbI3ABIFbI aHBIKTaAAAbI, XoHe 6aFaraHaabl. S. schrenkianus ecimairiHiH
eKi LIeHOMOMYASIUMACBIHAH ~ OCIMAIKTEP  KaybIMAACTbIKTapbl MeH OCIMAIKTEPAIH  NMPOEKLMSAbIK,
>KabbIHbIHbIH, NaNbI3ABIK, KEPCETKILITEPI, OCIMAIKTED >KaMbIAFbICHI XXKOHE OAApPAbIH SpyCTapbl cunaTTan
KepceTiAreH. 3epTTey 06bekTici xyprisiareH armakTta GPS 6oibiHIwa GipiHLWI LEeHOMOMyASLUMSIHBIH
KkoopamHatTapbl N: 43°34’09.10” c.w. xaHe E: 069°05'57.9” w.6. TeHi3 AeHreniHeH OMiKTiri 758
M A€HreiiHeH, aA exiHwi ueHononyAsums N: 43°34’03.78" c.w. xeaHe E: 069°05'21.09”" w.6. TeHi3
AeHrediHeH 6uikTiri 793 M. Tabbiaabl. LLIpeHK TOBBIAFBITYCI aHbIKTAAFaH LEHOMOMYASUMSAAPAbIH
TOMbIPaK, Kypambl — TayAbl CYP-KOHbIP TOrbIpak, 60AbIN KeAeAi. ToMbIpakTbiH MEXaHUKAABIK, Kypambl
JKEeHIA KyMOaALLbIK. AHbIKTaAFaH asrimMakTarbl opoip LeHononyasums 6ovibiHwa 10x10 M? eAllemAi
TPaHCeKTa CaAblHAbI, COHbIMEH KATap >KacCTblK, CMeKTPi aHblKTaAAbl. LLIpeHK TOObIAFbITYCI ©CiMAIri
TapaAfaH LEeHOMOMYASUMSCbIHAH BUPTMHUAbAI KE3EHAEP TOAbIKTA >KOHE PEenpoAYKTUBTI Ke3eHHiH
ilWiHAE TOAbIK, XXETIAreH reHepaTMBTIK XaCTbIK, KYHIHAEr AapakTap Ke3AeCTi, AaMy UMKAI KaAbIMTbI
XKaFAamAa EKEHAIr alKbiHAAAAbL. 3epTTeAreH HbiCaH >KbIA CaMblH FyA 6epin, TyKbM caAaabl. S.
schrenkianus ecimMAiri TapaAFaH LleHOMOMNYyASILMSIAAQPFa TiKeAel TeHIM TypFaH Kayin >KOK, Aeyre Heri3
6ap. bipak LLIpeHK TOBBIAFBITYCI cMpek Ke3aeceTiH GOAFaHADBIKTaH, OHbIH TapaAybl GOMbIHLIA AAbIM
>KaTKaH Xep KOAeMi a3 eKeHAIriH Gaikayra 6oAaAbl.

Ty#iH ce3aep: hAOpa, SHAEM, AOMUHAHT, KOHAOMMHAHT, MOMYASLMS, LEHOMOMNYASILUS, NPOEKTUBTI
>KaMBbIAFbI.
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Analysis of cenopopulations based on geobotany
of rare Spiraeanthus schrenkianus Fisch. & C.A. Mey.
plants in Zhartytobe rural district

The article presents the results of geobotanical research on the ecotope of the rare endemic plant
Spiraeanthus schrenkianus Fisch. & C.A. Mey., growing in the foothills of the Syrdarya Karatau range
(Turkestan Region, Saryagash District, Zhartytobe Rural District). Generally accepted geobotanical
methods were used to investigate the species’ age structure, reproductive potential, quantitative charac-
teristics, and to describe the cenoflora. As the result of the study two coenopopulations of S. schrenkia-
nus were identified and described, including the species composition of the coenoflora, total projective
cover by plants, and vertical structure of the vegetation. The GPS coordinates of the first population
were N 43°34'09.10” and E 69°05’57.9”, with an elevation of 758 meters above sea level. The second
population was located at N 43°34’03.78” and E 69°05'21.09”, at an elevation of 793 meters above
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sea level. The soil in these populations are classified as mountainous gray-brown with a light loamy tex-
ture. To assess the plant’s age structure and its level of adaptation to environmental conditions, transects
measuring 10x10 meters were laid. Sample plots of 1 m? were used to count individuals and evaluate
population density. On transects measuring 10x10 m for each coenopopulation, the age spectrum was
determined by considering individuals of S. schrenkianus of different age groups. It was found that the
coenopopulations of this species are complete and normal: they contain all age groups of plants, from
seedlings to mature generative individuals. The species studied blooms and forms seeds annually. There
are no grounds for asserting a direct threat to the existence of coenopopulations in the study area. How-
ever, given the rarity of S. schrenkianus, it is noted that its area of distribution is limited.
Keywords: flora, endem, dominant, condominium, population, cenopopulation, projective cover.
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AHaAM3 LEHOMONYASILIMIA HA OCHOBE re000TaHUKU peAKHe pacTeHust
Spiraeanthus Schrenkianus Fisch. & C.A. Mey.
B ceAbCKOM okpyre XKapTbiTobe

B cTtatbe npeAcTaBAeHbl reob0TaHNYECK e MCCAEAOBAHMS 3KOTOMA PEAKOTO SHAEMUYHOrO pacte-
Hus Spiraeanthus schrenkianus Fisch. & C.A. Mey., npouspacratouero B npeAropbsax CbipAapbUHCKOro
Kaparay (TypkecTaHckas o6Aactb, Co3akckuii panoH, KapThITOBUHCKMIA CEAbCKMIA OKPYT). AAS 13y4de-
HWS BO3PACTHOM CTPYKTYPbl BUAQ, €ro pPenpoAYKTMBHOCTM, KOAMYECTBEHHbIX XapPaKTEPUCTUK W ONu-
CaHUs LLEHOMAOPbI MCMOAb30BAAUCH OBLLENPUHSATbIE re06OTaHUYECKME METOAbI. B pesyabTaTe npo-
BEAEHHbIX MCCAEAOBAHMI ObIAM OMUCaHbl ABE LieHoMNonyAsummn S. schrenkianus, yctaHOBA€H BUAOBOWM
cocTaB LleHOo(AOPbI, 0bLLee NMPOeKTUBHOE MOKPbITUE WM SpyCHAast CTPYKTypa pacTUTEAbHOrO MOKPOBa.
KoopawnHatbl nepsoi ueHononyAsumm no GPS: N 43°34’09.10» n E 69°05'57.9»; oHa pacrnoAaraaacb
Ha BblCOTe 758 M Haa ypoBHem mops. BTopas ueHononyAsums mmeaa koopamHatol N 43°34'03.78»
n E 69°05'21.09», pacnoAaranacb Ha BbiCOTe 793 M Haa ypoBHem Mopsi. [104Bbl B LLEHOMOMYASALMAX
NpeACTaBA€Hbl FTOPHbIMW CEPO-KOPUYHEBBIMM FPYHTAMM C AETKOCYTAMHUCTOM MEXaHNMYECKOM CTPYKTY-
poit. AAsl OnpeAeAeHUst BO3PACTHOrO COCTaBa M YPOBHS aAanTalMu pacTeHUs K YCAOBUSIM CPEAbI ObIAM
3aA0XKEHbI TPAHCEKTbI pasmMepom 10x10 M. Ha yueTHbIX naotaakax pasmepom 1 m? MoACUMTHIBAAOCH
KOAMYECTBO 0CObel AASl OLLIEHKM MAOTHOCTM MonyAsumn. Ha TpaHcekTax pa3mepom 10x10 M AAS Kax-
AOM LIeHOMOMYASILMM ObIAO MPOBEAEHO OMNpPEAEAeHWe BO3PACTHOro CriekTpa nyTeM yveta ocobent S.
schrenkianus pasHbIX BO3pacTHbIX rpymnmn. BbISIBAEHO, YTO LIEHOMOMYASILMM AQHHOIO BMAQ MOAHOUYAEH-
Hbleé M HOPMAAbHbIE: B HUX MPUCYTCTBYIOT BCE BO3PACTHbIE rPYMMbl PACTEHMI, HA4YMHAS OT NMPOPOCTKOB
M 3aKaHUMBasi 3PEAbIMU FeHePaTUBHbIMIW 0COOSIMU. M3yyaemblil BUA €XXeroaHO LBeTeT 1 hopmupyeTt
cemeHa. OCHOBaHWUIN AAS YTBEPXKAEHWS O MPSMOM Yrpo3e CYLLeCTBOBAHMIO LIEHOMOMYASLMIA B 30HE 1C-
CAEAOBAHMS He BblsiBAeHO. OAHAKO, yunTbiBas PeAKOCTb TaBoArouseTta LLIpeHka, otmeveHo, uto ero
NAOLWAAb PACMPOCTPAHEHNS OFPaHNYeHa.

KatoueBble caoBa: hAOpa, 3HAEM, AOMMHAHT, KOHAOMMHAHT, MOMYASUMS, LIEHOMOMYASLMS,
NPOEKTUBTI KAMbIAFbI.

Kipicne

XKep mnaneraceiHna ecimaikTepaid 480 MbIHFa
KybIK TYpl [1], an Kazakcran PecrynOnukacer ay-
MaFrbIHJa OCIMAIKTEPHAiH 15 MBbIHFa XKYBIK TypJepi
ke3zneceni. OHBIH 2 MBIH TYpJACH acTaMbl — Oaj-
IBIpIap, 5 MBIHIAH CaHBIpayKYJIaKTapabIH TYPIIEpI,
600-ze#t — xpiHanap, 500-re )KybIK MYK Topi3aiiep,
COHBIMEH Karap, 6 MBIHHAaH acTaM — )KOFaphl CaThl-
JaFbl TYTIKTI eciMaikTep Oombimn keneni. Kazakc-
TaH/1a Ke3/ICCETIH )KOFaphl CaThIIAFbl OCIMIIKTEPIiH
TYp OalIBIFBIH, HHTPOIYKIIHSFA SHTI3UITeH 6CIMIIIK
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TYPJIEPiH, MOJICHH JaKblIIap MEH KeHOip ChIpTTaH
OKEIIiHTeH TYpJepi Kocmaranna, 161 TykeiMmac-
Ka tonTayraH, 1120 Typicka Oipiktiparen 6100-re
JKYBIK TYpAeH Typansl. OublH imriageri 730 Typ Tex
Kaszakcranga rFaHa Ke3JACCETIH SHACMIIK OCIMJIIK
TypJiepi 6osbin keneni [2]. DHmeM merr reorpadus-
JIBIK Tapally aiiMarbl IIAFBIH )KOHE 0acKa kKep/e Kes-
JIECTICUTIH TYpJiepai aiiTambI3[3].

Ocimuiktepain Kazakcran aymarplHOa Tapa-
Tybl, TAOUFH aiiMakTap MEH TayJblH TYPJi Oenaey-
JIEpiHJe ©CIMIIKTEP/IIH TONTACHII 6CYi AITyaHTYPIIi.
OciMIiKTep AYHUECIHIH OaiIBIFBI PecyOmmkaMbI3-



A.C. MyparbaeBa xoHe T.0.

JIBIH OHMOJIOTHSIIBIK, SKOJIOTUSIIBIK, SBOIOLHUSIBIK
epeKIIeTiKTepiHe OaiIaHBICTHI OPTYPII KaybIMIac-
THIKTapJa akeiHaanran[4].

ConbiMeH KaTap, oTanfblK FameiM M.C. baii-
TEHOBTHIH «B Mupe peiakux pacTeHui» aTThl €H-
oerinne Kazakcran KpI3bu KiTaOblHA €HI'CH CHPEK
Ke3JIeCEeTiH HeMece JKOMBUIBIN Oapa >KaTKaH eciM-
IIKTepre cUImarTaMa oepinreH. byi KiTanTeIH HeTi3-
ri epekmieniri KazakcraHHbIH op aiiMaFbIHIa CUPEK
KE3J/IECETIH OCIMIIKTEpI CUTIATTAIIFaH, CUPEK Ke37e-
CeTIH OCIMAIKTEepiH TYCi apTypii OOIybIHIA ATl
tyciraipret [S]. CoHbIMEH KOCa, OChI OaFbITTa OPhIC
ranbeivaaps! [1LI1. beccuetnos xxone C.H. Manbizes-
tepaiH «Penkue u nieHHbIe pacctanusa Kazaxcranay
aTThl eHOekTepinae Kazakcran QuopacbiHaa cupex
KE3J/ICCETIH JkoHe Oaralibl eCIMJIIKTepre curaTTaMa
OepinreH [6].

KaszakcranHplH Taburu Quopachl mHaigansl
OCIMIIKTEepAiH KalHap Ke3i. PecryOnmkaMbI3IbIH
TayIbl DKOXKYHenepiHiH aymarsl 18,6 MiH. ra an-
KAIThI aJIbII JKaThIP, OJ1 O13/11H eJIKeHIH 7%-bIH KY-
paiigsl. Byn skepne ek KaHa 4-5 OuikTik Oengeyni
OMiK Taymap amibIll KaTelp. Tay dKOXKYyHelepHiH
¢dnopaceinna mamamen 3400-3600 Typ kesmeceni.
Onbiy iminne Kapatayasin diopaceinma 165-170
SH/IEMUK TYpJIEp >KUBIHTHIFBIHAH Typaabl. MyHma
MaJa3bIKThIK ociMuikrepain 700-1eH actam Typi,
nepimik eciMaikrepnin 400-re KyBIK, TEKOpaTHB-
Tik 700 — 800, mmpHenik (300-geH actam), 3¢up-
Mainbl  (450-re KyBIK), yabI-3uAHAB (250-1eH
acTaM) OCIMAIKTEp alyaHTYpJimiri keszmecenmi [5].
Conapnery immame OHTYCTiK Kazakcran aitMarbIH-
na Kazakcran PecniyOnukachiHbiH (iopacsisia Tip-
KEJIreH 9HJAEM ociMIiK TypuepiniH 41% Kypaiabt
[7].

Rosaceae Juss. TYKbIMJIAChIHA €HETIH ©CIMIIK-
TepAiH TipWiTiK popMmackl aramTap, OyTajgap KoHe
MIONTECIH OCIMIIKTEP, OJIAPABIH MOP(OIOTHSIIBIK,
KYPBUIBICBIH/IAFbl BEreTATHUBTI JKOHE T'€HEPATHUBTI
MYLIENEepiHiH KYpPBUIBIMBI €peKlle, SFHU TYIaepi
KOC)KBIHBICTBI, JKaOBIK TYKBIMIBI OOJBIT KEIEIi.
Onemae Oyn TykpiMaacka eHeTiH 100 Tybichl Oenri-
mi. [8]. ConbIMeH KaTap, diieM OoiibIHIIA Rosaceae
Juss. TyKpIMIaceIHA KaTaThIH OaFaibl JKEMiC-)KH-
nexti eciMaikrepain 3000-HaH acTaM Typi Ke3jece-
ai [9]. Byn TykpIMacka eHreH TypJepai 3epTTey-
JIiH MaHBI3JBUIBIFBI ©TE JKOFAphI, O JEKOPATHBTI,
TaraMIbIK, TEXHUKAIBIK Koiganbeicka ue. [10]. Ey-
pasusi FalbIMIAPBIHBIH 3epPTTEyJICpiHEe CYHEHCEK,
Rosaceae Juss. TYKpIMIAchIHA €HETIH KEHOIp o©ciM-
JIK TYpJIEPIHEH MEIUIIMHAA KOJAaHyFa 0OJaThIH
Oenrii aypymapabl eMieyre KaKeTTi aHTHMUK-
pOOTHIK KacHeTKe He OeNCceHIl 3aTTap aHBIKTa-
raH. [11-13]. Consimen kaTtap, KeiTaii FampiMaapbl

na, Paymanrynuinzep TYKBIMAACBIHBIH KEHOIp TYp-
JIepiH XaJbIKTHIK METUIIMHAIa KOJJaHa OTBIPHII,
OJIApJIbIH TEHETHKAJIBIK CPEKIICIIIKTepl MEH e3re-
pictepine 3eprrey kyprisreH [14]. YHmicTaHABIK
ATHOOOTAaHUKTEPIiH 3epTTEYJIepi OOMHBIIIA aTaIFaH
TYKBIMJIACKA JKATaThIH ©CIMJIKTEP/IH XaJbIKTHIK
MEAWIMHAAA PECHHUPATOPIbIK, TEpi aypyJiapblH,
SMWIICTICHS JKOHE T.0. aypy TypJiepiHe KOJJaHbLIFa-
HBI aHBIKTAJIFaH [15].

Paymanrynainep TyKpIMaacslHa €HETIH OCIMIIIK
TYpJEpi TeK TaFaMJIBIK KOHE MEIUITUHAIBIK TYPFbI-
JaH emec, napdromepusiia, OaKkTap MEH HmapKTepi
acemzey YIIiH ae Konganeutyna [16]. Typik sxone
OTaHJBIK FaJIBIMIAPABIH 3epTTeyJiepiHe KapaHThIH
0osicak, Rosaceae Juss. TYKbIMAACBIHBIH OKiTI 00-
JBIN CaHajJaThlH SHAEMHUK Rosa iliensis TypiHeH
(hapMaKoJOTHSNIBIK 3epTTey OaphICHIHAA YIIKBIH
3aTTap MEH Mall KBIIIKBUIIAPHI aHbIKTamFad [17].

Kaszipri Tanza, ®KbUIIaH-KBUTFA KIUMATThIH ©3-
repyi, )KaybIH-IIANIBIH MOIIIEepiHiH TOMEHEYi, TO-
IBIPAK, SPO3USCHI, AHTPONOTEHIIK (haKTOpIAPIBIH
ocepiHe OalIaHBICTBl OHOATYyaHTYPIUTIKTI Cak-
Tay VIIiH re000TaHUKAIBIK 3€PTTEY *KYMBICTAPBIH
NOMYJSIUSIIBIK JICHIeHe KYPrizy ©oTe MaHbBI3IbI
Oonbin OTHIp. buoanmyanTypminikTi cakray Imapa-
JIapbIH YCHIHY JXKOHE JKy3eTe achlpy YIIiH KOWUBLTY
KayIll TOHT'€H, CUPEK KE3/IECEeTiH, JHJIEM OCIMIIKTED
KE3/ICCETiH MOMYJSIMUIApPIbIH Ka3ipri JKaFaalblH
Oaramay e3ekti Mocerne. Ocbl opaiiia 3epTTey XKY-
MBICTapBIH KYPri3in sxypren AMeToB A.A., ThIHBI-
oexoB b.M., Hypmaxanoa A.C. xoaHe T.0. OTaHIbIK
FaIIBIMIIAp/IBI aTan eTyre Oomaasl [18-21].

Kazakcranja sxone KpIprbI3cTaHa CUPEK Ke3-
JIECETIH KOHE KOUBUTY Kaylli TOHreH Spiraeanthus
schrenkianus Fisch. & C.A. Mey. Typ 60bIn TaObI-
najel. IpeHk TOOBUTFBITYII OTaHBIMBI3IBIH bopai-
Jaii Taynapsl MeH bernakana eHipiHeH TaObUIFaH
[22]. Spiraeanthus schrenkianus eciMIiTiHIH aTaybl-
HBIH CMHOHHMMI PETiHJe KeUOip IeTeIik oae0ueT-
tepae Spiraea schrenkiana Fisch. & C.A.Mey. Koi-
JMAHBUIATBIHIBIFEl JKaWbIHAA MOJIIMETTEp OepinreH
[23]. JKanmel, eciMIiKTepAiH Maifaibl eHIMACPIH
3epTTey YLIIH, ONapIblH KYPBUIBIMBIH, ©Cy JKOHE
Jamy, Tapairy aiilMarblH 01Ty MaHBI3IEI [24].

Opra Asusna keznecerin Llpenk ToObLI-
FoITYCl (Spiraeanthus schrenkianus Fisch. & C.A.
Mey) »KanFbI3 SHAEMHUK TYp O0JbI TadbuTa bl Op-
tanelk Kazakcran manmaceiHan eH anramn pet 1840
xbutbl Caskt-IlerepOyprrik O6otanuk A. Ilpenk
TankaH. XalblK MYKTaXIbIFbIHA Opail OTBIH PETiH-
Je maObUTFaHABIKTaH Tapaly apeajibl KbICKapFaH.
AHTpOIIOTEHIIK (aKTOPIapAbIH OCEpiHEH CHPEK
Ke3zecyine OaimanpIcThl KapaTay MeMJIEKETTIK Ta-
OWFM KOPBIFBIHA KOpFayFa ajbIHFaH xoHe KpI3bLn
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Kitanka eHrizinred. llpeHk TOOBUIFBITYII anaca
TaynapIsIH OOKTEpiHE, TAaKbIp JKOHE M6/l aliMaK-
TapJa, TacThl TONbIpaKrapia kesmeceni. Kaparay,
ly-Ine Taynapeiaga, bernaknana sxone TypkicTan-
Jla Ke3/IeCeTiHi aHbIKTamFaH [25].

Rosaceae  Juss.  TyKbIMAAcblHA  KaTaTblH
Spiraeanthus schrenkianus Fisch. & C.A. Mey. ne-
KOpaTUBTI eciMaik. buikTiri 2-3 M aeilin xeTemi.
TaMbIpel TOMBIPAKKA TEPEH EHTEH, JKaIbIpaKTaphl
KIHIIIKe, )KUEKTEePi Y3bIHIIA TICT1, TYJIAEPi KOC KbI-
HBICTBI. TYKBIMBI apKbLIbl )KOHE KOJANIIbI JKaFjai-
Jla TaMbIp ©CIHJIUIEPI apKbLIbl KoOeleai. byTranapbi-
HBIH TIpLIUTIK €Ty Y3aKTbIFI opTaiua ecemnteH 40-50
KBTI [26].

Kazipri Ttapma OwoanmyaHTYpPJIUIK OIEMIIK
AKOKYHEHIH Ka3bIHAChl OOJIBINT TaObLIanbl. broa-
JyaHTYPJIIKTI cakTayna reo00TaHWKAaJBIK, 3epT-
TeynepaiH MaHbpi3bl 30p [27]. CoHbIMEH Karap,
reo00TaHUKANIBIK 3€pPTTEYJIEP aybUIIIapyallbUIbIFbI
IKOXKYHENepiH 3epTTey/e /e KOJIAaHBUIBI Kelesi
[28]. T'eoboTaHUKANIBIK 3epPTTEY KYPTi3y OapbICHIH-
Ja eciMaikTep OuoadyaHTYpIUIirin Oarajay YIIiH
3epTTey aWMarblHIa TapajFaH OapiblK ©CIMJIK-
TEPJIiH TYPIH J)KOHE CaHbIH aHBIKTayJaH OacTasajibl
[29].

Marepuasjiap MeH aicTep

3epmmey mamepuanvt: Rosaceae Juss. TYKbIM-
JlachIHA JKaTaThIH, Spiraeanthus Maxim. TYbICBIHBIH
MOHOTHUITI, Tapany aiMarbl IIEKTEYJi, SHACMIIK
TYp Spiraeanthus schrenkianus Fisch. & C.A. Mey.
OCIMIITI.

Ceipnapuss Kapartayesina kapactel JKapTeiTeOe
ayBUIIBIK, OKPYTiHEH TaOBUTFaH CHPEK Ke3JeCeTiH
opi suIeMAIK Spiraeanthus schrenkianus ecimpi-
Il aHBIKTAIFAH TOMYJSANUsIIapAaH TepOapuiiiep
JKUHaI xoHe omapabl kentipy A.K. CKBOPIIOBTHIH
onici OoitbiHmma xacanael [30]. [Momynsuusiapaa
TapanraH ecIMIIKTepAi aHbIKTay yumin Kasakcran
(hmopacsr [25], KazakcTan eciMIiKTEpiHIH WLTIOCT-
PAIMSUIBIK, aHBIKTAFBIIIBI [26] KUITTEpl KOJIaHbLI-
JbI. AHBIKTAJIFAH OCIMJIKTEpP/iH Ka3aKiia aTaysl
C.A.ApwicranranmueBTiH  (2013k) OOTaHHKAIBIK,
ce3ikTepiMeH Tekcepini [31].

T'eobomanuxanvix 3epmmey adicmepi. 3epTTey
KYPri3iireH aiitMakTad TaObUTFaH Sp 1EHOTOITYJISI-
LUSIaFbl ©CIMJIIKTIH JKAaCTHIK CHEKTPIH aHBIKTAy
10.A.3106uH axicimen xacanasl [32]. XKymeic Oa-
peicbiaaa xansl (Nt), penpoaykTuBTik (Nr), THIM-
ni (Ne) cannbik ecenreysep xypriziami. llenomno-
nyssiiusiHbIH, (L[IT) sKacThIK KYpBUIBIMBI KaJTIbIHA
kenripy uHAekctepi (Iv) HeriziHzme aHBIKTaylap
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)kyprizieni [33]. A.PaborrnoB [34], 10.A.3n00uH
[32], JI.A.JKuBoTtoBckmii [35] omicTepi OoibIHIIA
3epTTey OOBEKTICIHIH IICHOMOMYJISALHUS TYypiepi
MEH XKIKTeNyl KOJAaHbULIBI. Tapanay opTachIHBIH
(bIopalbIK TYPJIIK KypamMbl MEH OCIMIIKTEp Ka-
ObiHbl aHbIKTaIABl [36]. T.A.PaboTHOBTBIH [37],
A.A.YpanoBteiH [38] omicreMernepi HeriziHze
OipiHII TOMYJANKSA O©CIMIAIKTEPIHIH TIPUIUTIK KY-
HiH aHBIKTAJJIBI )KOHE KOCBIMIIIA MOP(HOIOTHSIIBIK
cunTraMaiapsl Oepingi. 3epTrey TYpiHIH KacThIK
KYpaMbIH aHBIKTay/la >KOHE Oein KapacTelpyaa
T.A. PabdotHoB [37], A.A.YpanoB [38] omicTepi
KOJIJIaHBUIABL. OCIMIIKTIH opTara OeHiMIenyiH
IeHTeHiHIH JKacTHIK KypaMblH aHbIKTayma 10x10
M2 TpaHcekTanap camslHasl. JKyprisinren 1 m? ay-
JIaHJaFbl TYPAIH lapakTap CaHBIHBIH JKHILTITIMEH
MOMYJISIUSHBIH THIFBI3/IBIFBI AHBIKTAIAbI, JKOHE
OaranaHajbl. 3epTTENy alMarbIHIAFbl ©CIMIIKTIH
tapany Hykreci «GARMIN 60CSx» (Garmin Ltd.,
AKIII) GPS mHaBHUTAaTOPHIHBIH KOMETIMEH KOOPIH-
HaTTapbl aHBIKTAJIJIbI.

HoaTtu:kesep :xoHe TaJIKbLIAY

3eprrey xyprizyae 6apeickinaa 2024 KblIbl Ma-
MBIP-MayChIM aillapbiH/a YHBIMIACTBIPBITFAH DKC-
neauuusana Ceipaapus Kaparaysina kapactst XKap-
ThITOOC aybULIBIK OKPYTl MaHbIHaH Spiraeanthus
schrenkianus eciMAIITiHIH OIpiHIII TMTOMYJISIHICH
TaOBUIIBI )KOHE Tapally OpTaCHBIH (IopajbIK Kypa-
MBIHA TaNJay >KYpri3iiii.

3eprrey oObekrici Spiraeanthus schrenkianus
OCIMIITIHIH  OipiHwi yenononyiayusicoel OYyTallbl-
-aCTBIKTYKBIMJACTBI-OPTYPJI  IIOMNTI  ©CIMAIKTEp
KaybIMIACTBIFBIHAH ~aHBIKTAIABI.  OCIMIIKTEpIiH
MPOEKTHBTI KaMBUTFBICHI 85% Kypaiiabl. Ceiprapus
Kaparay KOTacblHbIH CONTYCTiK O€TKEHiHIH TOI-
KbIH-TeOe ska0bIHbIHbIA Ke3aecTi. GPS OoiibiH-
mia koopauHaTTapsl: N: 43°34°09.10” c.ur. sxoHe E:
069°05°57.9°” m1.6. TeHi3 neHreiinen OuikTiri 758 m
neHrerinae Taoeuias (1-cyper).

Ocy opTachl TONBIPAK KAMBUIFBICHI — TayJIIbI
CYP-KOHBIP TOTBIPaK. MeXaHUKaIbIK, KypaMbl — Jice-
Hi KYMOAnubly.

JKyprizinreH 3eprreyae aHbIKTaIFaH [EHOIIOIY-
nsiusira S. schrenkianus €CIMIITIHIH XKaCTBIK KYHIH
aHpIKTayna Oenrinenren emmemi 10 X 10m 2 Gosa-
TBIH €Ki TPAaHCEKTaJaH CaJbIHABL OpOip *Kypri3ii-
TeH TpaHCekTa immiumeri S. schrenkianus eciMuiri-
HiH >KaCTBIK KYHiH aHBIKTay/[a JIATCHTTIK Ke3eHIHeH
MOCTICHEPATUBTIK Ke3eHIHE JACHIHT1 JapaKTapbIHbIH
CaHbl aHBIKTAN/BI, )KACTBIK CIIEKTPIH aHBIKTay Oe-
PUITEH TajanTapra cai )Kypri3uiii.
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1-cypet — Bipinmi uenononyssiuust Spiracanthus schrenkianus Fisch. & C.A. Mey.
TabuFaTTarsl KepiHici

Bipinmi nomynsuusHbeIH OipiHIII HEHOMOMYJIs-
[USHBIH OCIMIIKTEp XKaOBIHBIH/IA JIOMHHAHT JKOHE
KOHJOMHUHAHTTBI OyTajbl OCIMIIKTEP KE3/ECTi:
Spiraeanthus schrenkianus Fisch. & C.A. Mey.,
Spiraea hypericifolia L., Astragalus arbuscula Pall.
Ochl aTajFaH OpTaHbIH CyOJJOMUHAHTTHI PETIHIE ac-
TBIKTYKBIMIAcTap Agropyron pectiniforme Roem. et
Schult., Festuca sulcata Hack.xke3neceri. A, ymris-
11l KOMITIOHEHT PETiHAE OPTYpJi IIeNTECIH OCiM-
TIKTepAiH TYPIIK Kypambl aHbIKTanabl: Achillea
micrantha Willd., Galium verum L., Ziziphora
bungeana Juz., Salvia deserta Schangin, Ephedra
intermedia Schrenk & C.A. Mey.

AHBIKTaNFaH  OipiHINI  [EHOMOMYJISIUSHBIH
OCIMJIIKTEP JKaMBLIFBICHI 3 PYCTaH TYpabl.

I spyc OyTtanbl eciMIIKTEp >KaMBUIFBICHIH KY-
paiabl:

1. Spiraeanthus schrenkianus Fisch. & C.A.
Mey. (70-160 cm)

2. Spiraea hypericifolia L.(70-90 cm), Astragalus
arbuscula Pall. (70-80 cm).

I sspyc opTyp:i menTecid eciMIikTep:

1. Achillea micrantha Willd.(20-30 cm), Galium
verum L.(25-30 cm), Ziziphora bungeana Juz.(20-25

cm), Salvia deserta Schangin (30-40cm), Ephedra
intermedia Schrenk & C.A. Mey.(20-30 cm),

2. Agropyron pectiniforme Roem. et Schult. 30-
45 cMm neiiiH OMIKTIKTE Ke31€eCTl.

I spyc 10-20 cm apanbIFbIHAA KE3AECETiH
OCIMJIIKTEP )KaMbUIFBICHI Festuca sulcata Hack. ke3-
JIeCTi.

bipinwi yenononynayusnvly O1piHIII TpaH-
cexTachlHaH 6 ockiH, 16 IOBUHMILIIK, 15 nMMa-
TYpJBIK, 14 BepruHWIBIIK, 7 jKac TeHEPaTHBTIK,
12 TONBIK ETINreH TeHepaTUBTIK Japak Ke3aec-
Ti. AHBIKTaJFaH opTajga CyOCCHHWIIbII, CCHHIIb-
i napaktap kesnecreni. EkiHIN TpaHCekTaaaH
8 eckiH, 20 OBUHUIBIIK, 12 UMMaTypibIK, 16
BUPTUHMIIBIIK, 9 ’Kac TeHepaTHUBTIK, 13 TOJBIK
JKETUITEH TeHEPATUBTIK JapaKTap CaHbl aHBIKTAJI-
nbl. OChbl JKYPri3iITeH €Ki TpaHCceKTaaa 3epTTey
O00BEKTICIHBIH JIaMy KapKBIHABUIBIFBl TOJBIK, JKe-
TUITeH, CyOCEHUJIB/IIK )KOHE CEHUJIBJIK JlapaKTap
aHBIKTANMaabl. bipiHII meHomomyIsAnusIa eciM-
JIKTEPAiH TIPIIUIK KYHiH aHBIKTay >KOHE OFaH
cunattama o6epy T.A.PaboTHOBTHIH xoHe A.A.Y-
PAHOBTBIH dJicTeMeNepiHe CYHeHe OTBIPhIN Taj-
Jlay JKacasJibl.
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1-kecte — Spiraeanthus schrenkianus eciMIiTiHIH OipiHII [ICHOMOMYISIUACHIHBIH JKACTBIK, CIICKTPI

Ke3sen

JKacTpIK :kaFnaiiapbl

Henonomynsiuus 1

Tpancexra 1 Tpancexra 2

JlareHTTi (QIFANIKBI THIHBIIITHIK,

Kyiti) (Se) Tyxem . .

Ockinnep (P) 6 8

) OBenummb ik (J) 16 20

Buprununsai

Nmmarypreix (Im) 15 12

Bupruamnsaix (V) 14 16

Kac reneparusrik (G1) 7 9

PenpomykrusTi TousIk xeTinreH reneparusTik (G2) 12 13

Kapraiiran reaeparustik (G3) - -

Cenmnbai (kapraitraH,

CyO6ceHmbik (Ss) - -

PETpOIYKTHBTI eMec)

Cenmnb ik (Se) - -

Exinwi yenononynayus Ceipaapus Kaparaysi-
HBIH OHTYCTIK O€TKEelWiHIH eTeriHeH OyTalbl-ap-
TYPIIIIONTECIH OCIMIIKTEP KAyBIMIACTHIFBI aHBIK-
tangel. Byn kayeiMpacTeikTa na S. schrenkianus
eCIMIIITl ecy opTachiHIa OachIMIBUIBIK JCHTEH-
Il KepceTTi. OCIMIIKTep >XaMBUIFBICH IIaMaMeH
80% xypaiiael. 3epTTey OOBEKTICI JKYpri3ireH
aitmakTeik GPS OoiipiHIIa KoOpauHaTTaphl: N:
43°34°03.78" c.m. xone E: 069°05°21.09”” m.0.
TEHI3 JieHredineH Ouiktiri 793 M. TabbuLabl. Tapai-
FaH OPTaHBIH TOMBIPAK KYPaMbl Tayibl CYpP-KOHBIP
TycTi. MeXaHUKaIbIK KYPAMbl JCeHin KyMOATUbIK
Oovin MadwvLIObL.

AHBIKTIFAaH  CKiHIIN  [EHOMOMYJISIMSHBIH
eciMIIIKTep KaOBIHBIH Spiraeanthus schrenkianus,
Taeniatherum  crinitum, Alyssum  desertorum,
Hulthemia persica Bornm., Gypsophila paniculata
L., Ferula syreitschikowii Koso-Pol. 0ipmecririn
Kypaiinpl. EKiHIN [EHOMOMYJISIIUSHBIH  ©CIMJIIK-
TEp KaMbUIFBICBIHAH O6Cy OWiKTiriHe OalnaHbICThI 2
SIPYCTHIK ACHTeH1 OaltKambl.

3eprrey Oapbicbinga [ sipyc Oytanbl eciMmik-
Tep KaMbUIFbICBIMEH aHbIKTanbl. Kammer 70-135
CM Kypainel: Spiraeanthus schrenkianus Fisch. &
C.A. Mey. (70-135 cm).II sapycTel opTypIi 1I6MITE-
CiH eciMIiKTep Kypaibl.

Taeniatherum crinitum (Schreb.) Nevski. (25-
30 cm), Alyssum desertorum Stapf. (15-20 cwm),
Hulthemia persica Bornm. (20-35 cm), Gypsophila
paniculata L. (40-50 cm), Ferula syreitschikowii
Koso-Pol. (40-45 cm). TeMmeH[ie eKiHuti yeHOnony-
JiYusi2a CaITbIHFAH TPAHCEKTAHBIH TAOUFATTAFbl KO-
piHici xenripinreH (2-cyper).
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2-cypert — Spiraeanthus schrenkianus eCIMIITiHIH €KiHIII

LEHONOMYJISIIUSACHIHBIH TaOUFU KOPiHici

JKyprizinren 3eprrey OapbIChlHIA EKiHIII Iie-
HOTIONYJSAIMsAaH S. schrenkianus ©CiMIITiHIH XKac-
THIK CIIEKTOPBIHA Tajaay >KYprizily OapchiHIa Ke-
aemi 10 x10 m? Oepinren djictep HeriziHe cyieHe
OTBIPBII €Ki TPAHCEKTa CaJIbIHAbI. AHBIKTAJIFaH Tal-
nay OombIHINA OipiHII TpaHCekTamaH 9 eckiH, 11
IOBEHWIBIK, 13 UMMaTypibIK, 9 Bepruwibiik, 14
’Kac TeHEPATUBTIK, 6 HAFBI3 KETIAreH reHePaTUBTIK
napakTap keszecti. Keneci ke3ekTe Tannay sKacThIK,
KYHiHIH CcyOCeHMJIBJI, CEHWIBIIK Iamy Ke3eHIe-
pi Gaiikanmmanel. ExiHmi TpaHcekTazan 7 eockiH, 8
FOBHHUJIBIIK, 10 UIMMaTYPIIBIK, 8 BUPTrUHUIIBIIK, 10
JKac TEeHEPATHUBTIK, O TOJBIK JKETUIT'eH reHepaTuBTIK
Japak KesnecTi. EKIiHIN LEHONMOMyJSUUSHBIH €Ki
TPAHCEKTAChIHAH CYOCEHUIIBJIIK JKOHE CEHUJIBIIK
JKACTBIK KYWJIepi aHbIKTaIMa bl
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2-kecte — Spiraeanthus schrenkianus eCIMAITIHIH SKIHII [IECHOMOMYJISIIUASACHIHBIH KACTHIK CIICKTP1

Kezen

JKacrteIk karnaijaapbl

Henonomyasiuus 1

Tpancexra 1

Tpancexra 2

JlareHTT1 (7FaIiKbl THIHBIIITHIK,

Kyiii) (Se) Tyxeme . .
Ockinzep (P) 9 7
. IOBenmBaIK (J) 11
Buprununmisui
Mmmarypasik (Im) 13 10
Buprunuisaix (V) 9 8
XKac reneparusrik (G1) 14 10
PenponykTuBTi TomnbIk xerinren renepatubTik (G2) 6 6

Kapraiiran renepatustik (G3)

Cenmnbai (Kapraiiras,
PEIPOAYKTUBTI eMec)

CyOceHmnb ik (Ss)

Cenunb ik (Se)

Amnpikranran Ceipnapus Kapatayasiy XKapTol-
Te0e aybUIJIBIK OKPYTHl MaHbIHAH TaOBLIFaH CHUPEK
Ke3/IeCeTiH koHe dHAEM S. schrenkianus eCiMIITiHIH
OlpiHII MOMYJIALMSCHIHBIH Tapany OapbiChiHA Oara
skacanpl. Kes-kenreH eciMaikTiH oprara OeiiMe-
Ty IEeHTeii opTypii 00JIambl, OFaH TiKEIeH MUKPOK-
JMMAaT KaxkeT. JKaumsl ecy opTaHbIH Tay Oeneyinae
KaIIBINITACybl T€HI3 JAeHreiiHeH OmiKTiri 793-758 M
a0CONIOTTIK OWIKTIK apaibIFBIHAA KaBIITACAIbI.
CoHBIMEH K0Ca,ECKEPEeTiH XKOUT, OyTalIbl )KOHE JKap-
ThUTAH OyTaibl 6CIMAIKTEPAIH 6cyl TiKenel KyHHIH
YKAKCBl TYCETiH, OHTYCTIK JKOHE OHTYCTIK IIIBIFBIC
Oenjeyrepinae ecy KapKbIHIBUIBIFBIH JKOFapblia-
Tanel. S. schrenkianus ociMIiri Ke31€CETIH LIEHOIIO-
MyJAMUSIIapFa TPAHCEKTANap CaJbIHBII, OJIAP]IBIH
JKACTBIK KYpaMbl aHBIKTAJIbIN, OJIAPJBIH CaHIBIK
KepCeTKImTepi HaKThIIaH kL. [lomysanusibIk neH-
refifie KYPri3uIireH 3epTTey KYMBICTAphIH Tajaay
0apbIChIHIa TOMEHICTIICH HOTHKEIICD aJIbIH]IbI.

3epTTey HOTIKEJIEPiH Tangan Kele,
Spiraeanthus schrenkianus eCiMIITiHIH €Ki II€HO-
MOMYJISIIUSHBIH 4 TpaHCEKTa OOMBIHINIA AHBIKTAIFAH
JKaCTBIK KYHIHIH aHBIKTay KOpPCEeTKill OOHBIHIIA
OCKIHHEH OacTall, TeHEepaTUBTIK JKEeTUTyre MeHiH-
ri gapakrap keszgecti. JKypriziireH sKcreauIiust
OaphICBIH/Ia aHBIKTAIFAHBI 3€PTTEY HBICAHBI KbLI-
Jla TYJIEM, TYKBIM OepeTinmiri 6aikanmel. Jlemek,
Cripnapus KapataybIHbIH O6KTEpiH/Ie OpHAIACKAH
JKapteiTebe okpyreiHa KapacTsl opTana llpeHk To-
OBUIFBITYCI ©CIMIITiHE KYH COYJIECIHIH >KeTKUTIKTI
JICHTeHIe TYCETIH/ITT HaKThLIAH bl OpOip cajblH-
FaH TpaHCEKTalapAaH OCIMIIKTIH JKacThIK Kypa-
MBIHIAaFBl KeHOip e3rememikTepai Oaiikayra Ooma-
nel. Mynna, Ceipaapusi KapaTtaybl IIaTKadbIHBIH
Tay OenjeyiHe, KaHaai IKCTIIO3HIINs/Ia TapallFaHbl,

xkep OellepiHiH 9pTYpJIIiriHe Kapall ecy KapKbIH-
JBUTBIFBL J1a epekineneHeni. ColkeciHine Tapaty
aliMarsIHIArel S. schrenkianus oCIMIITIHIH KACTBIK,
CIEKTPBIH CUIATTAWTBIH CAaHABIK KOPCETKIlITepre
Tikenel ocepiH THUrisreH. OWTKeHi xep OexepiHiH
EPEKITCITIKTEP] COJ JKePAiH TOTBIPAFBIHBIH BLUIFAII-
JIBLIBIK, MeJIIIepiHe OainanbIcThl o3repei. OchiFan
coliKkec oCIMIIKTep KaObIHBIH/IA )KOHE OHBIH TYPIIK
KYPBUIBIMBIHZIA Tla OipmiaMa e3repictep OOJaTBIH-
JBIFBL Oaiikanabl. AHbIKTanraH LIpeHK TOOBLIFbI-
Tyc OipiHIII MOMYJSIIMANAFbl CyOCCHUIBIIK JKOHE
CEHWIBIIK JapaKkTapAblH aHBIKTAIMAybl MOP(}OII0-
THSUIBIK, TYPFBICBIHBIHAH BEreTaTHBTI MYILIECIHIH
TamMbIpcabakThl OOyBIMEH TYCIHAIpYTEe HEri3 Oap.
Byransl aramtapra TOH, TaMbIPCaOaKThl KEPaCTh
OCKiHJepiHIe OHIM OYpUIIKTEepi KE3eKTEeCIN >KbLI
caiiblH JKeTeneTiHxiri Oaikanael. Ty3inreH jxaHa
JKEepacThl OCKIHIEPl TOIBIpAK OCETiHE IIBIFBIT JKAC
epkeHjiepin Oepeni.)Kanaman ecyre Oacrama ajraH
JKac TYN aHAJBIK, JapaKThiH 631 KOKTEM CailbiH Ka-
HapBIIT YKaHa epKeHIep Oepe OTHIPHIN Oiprmama Ta-
pamjanraH KJIOH Ty3eai. Ty3UIreH KJIOHAap e3apa
JKAITFACBIT KAJbIH KOMa KalbImTacThipaasl. JKora-
phlma OepinreH HOTWXKenep OOWBIHINA JKBUT CalbIH
KaHapyFa OeT ajFaH KIIOHHaH CyOCCHMIIBJIIK )KOHE
CEHWIBIIK JapaKTaplbl Ke3[ecTipy MYMKIiH emec
Jiet 60pKaM Jkacayra 0oJajsl.

KopbIThIHABI

KopbIThIiHIbIIANM KejTe Tapally apeayibl KbIC-
KapraH, CHpPEeK Ke3JleceTiH, sHaeM S. schrenkianus
OCIMIIITIHIH €Ki IEHOMOMYJIAIIsUIaphlHa TPAHCEKTa
canbiHIbl, HoTIKeciHne Coipaapus KaparaybiH-
na opHamackan JKapTeiTeOe aybUIIBIK OKpYTiH-
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JIe 3epTTENreH TYPAiH IICHOMOMYJISAIUSIIAPbIHBIH
JlaMy [UKJIbI KaJBIITHI JKaFaaiina aeyre OoJajibl.
S.schrenkianus eciMairiHiH opOip ICHOMOMYJISAIHUSI-
ChIHAH BUPTHUHWJIBJII KE3SHJEP/IiH OapJbIFbIH JKOHE
PENPOIYKTUBTI KE3€HHIH COHBIH IMIHIE, TOJBIK
JKETUITeH T'CHEPaTUBTIK KACTBIK CIEKTPIHE JICHiHTi
0coObTapabl OaliKanbpl. 3epTTENTeH OCIMJIK KbILI-
Ja Tyijeyrei 0eifiM jkoHe TYKBIM miamajbl. JlereH-
MeH, S.schrenkianus oCIMIITI Ke3€IeCeTiH I[EHOIO-
MyJIsIUsIapFa TOHIM TypFaH Kayin koK. Komaicei3
KOpIIIaFaH OPTaHbIH JKaFJaliblHAH HEMECe aHTPOIIO-
TeHIIK (aKTOpIAPABIH OCEPIHEeH OPTTIH TYBIHIAYBI

myMmKiH. Kyrtneren sxarmaiina epr Ooinca, MyHOan
KIIITipiM apeanna Ke3IeCeTiH OCIMIIK TYpPi TOJBIK-
Tail JKOWBUIBINT KEeTyi MYMKiH. AJaiiia 3epTTey Ka-
canFan aiiMak KapaTay KOpbIFbIHAa KapalTelH OOJ-
FaHIBIKTaH, OYII JKeple TapajaFaH oCIMIIKTEep KOpPbI
OakpuiayFa albIHFAH. AJIBIHFAH 3epTTEY HOTHKEe-
pin Tangayna S.schrenkianus eciMuiriHiH TapanraH
apeaisl TaOWFH JKaFaaiina eH KOJIAHIBI opTa OOJIBIT
TaObLUIaIbl. BHOATyaHTYPIIUTIKTI caKTay MaKCcaThIHIA
CHPEK >kOHE KOMBLTY KayIli TOHT'€H SHAEM/Ii OCIMIK-
Tep/i cakTay, KOpFay, keOelTy MaKcaThIH/a ajiaFbl
YaKbITTa HHTPOAYKIIMSIFA €HT13y/ 1 YChIHAMBI3.
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KYHTEM AAATAYbI )XOTACBIHBIH, LLUbIFbIC BOAITIHAETI
HET3I'T ASPIAIK ©CIMAIKTEP KOPbIH BATAAAY

Makarapa KyHreit AAataybl >KOTaCblHbIH LIbIFbIC OOAIMIHAEr Herisri ASPIAIK ©CIMAIKTEpPAIH
LMKI3aT KOpPbl MEH MainAaAaHy nepcrekTuBaAapbiH Gararayra GarbITTaAFaH AAAAAbIK 3ePTTEYAEPAIH
HOTMXEAEepi YCbIHbIAFAH. 3epTTeyAiH MakcaTbl alMaKTblH TabuUFM MOMYyASUMSAQPBIH CaKTay >KoHe
OAApPAbIH,  YTbIMAbBI MaiAAAAHY MYMKIHAIKTEpiH Herisaey yiiH >kabambl ABPIAIK  eCiMAIKTEPAIH
pecypcTbik, aAeyeTiH 3epaeaey. Achillea millefolium L., Aconitum leucostomum Vorosch., Berberis
sphaerocarpa Kar. & Kir.*(B. heteropoda Schrenk ex Fisch. & C.A.Mey.), Chelidonium majus L., Ephedra
equisetina Bunge., Epilobium angustifolium L., Hippophae rhamnoides L., Hypericum perforatum L.,
H. scabrum L., Inula helenium L., Origanum vulgare L., Patrinia intermedia (Hornem.) Roem. & Schult.,
Polygonum nitens (Fisch. & C.A.Mey.) Petrov*(Bistorta elliptica (Willd. ex Spreng.) V.V.Petrovsky,
D.F.Murray & Elven), Rosa alberti Regel, R. beggeriana Schrenk ex Fisch. & C.A.Mey., Tanacetum
vulgare L., Thymus marschallianus Willd.*(Thymus pannonicus All.), Tussilago farfara L., Urtica dioica
L., Valeriana turkestanica Sumnev. xeHe Ziziphora clinopodioides Lam. cekiaai 60AalLarbl 30p TypAep
3epTTeAAi. bya eciMAiKTep >KOoFapbl LWKMKI3aT aAeyeTiHe me xoHe GoAallak, (hapMaLeBTUKAAbIK, XKoHe
MEAMLIMHAABIK, 93ipAEMEAEp YLLIH MaHbI3Abl HbICAHAAP GOAbIN TabbIAAAbI.

Makanapa TabuFn opTaHbl 6y36am oHe MOMyAIUMSAAPAbIH KaAMblHA KeAy KabiAeTiH eckepe
OTbIPbIM, FbIABIMX HETiI3AEATeH LUMKI3aT >KMHayFa GOAATbiH OAEYETTI OpblIHAAP TyPaAbl MOAIMETTEp
GepiAreH. 3epTTey HaTMXeAepi Taburu pecypcTapAbl YTbIMAbI MaiAaAaHYAbl KamTamacbi3 eTeTiH
GarAapAaManapAbl  93ipAeyAe, ABPIAIK LUMKI3aTTbl >KOCMAPAbl >KMHAYAbl YbIMAACTBIPYAQ >KOHE
6oAalLaFbl 30p TYPAEPAIH MAAHTAUMSIAAPbIH KYPYAQ MPAKTUKAAIK, MOHTe 1e.

AAbIHFaH AepekTep GYAIHreH 3KOXYMeAepAi KaArblHa KEATIpY ic-lapaAapbiH >KOCMapAay >XeHe
)abarbl ABPIAIK OCIMAIKTEPAIH, KYHABIAbIFbI TYPaAbl XaAbIKTbIH XaGapAapAblFbiH apTThipy GOMbIHIIA
6inim 6epy 6araapAaMarapbiH 93ipAey YiUiH MaiAaAaHbiAybl MyMKiH. JKyprisiareH 3epTreyAepaAix
Heri3iHAe >kabaribl 6CETiH ADPIAIK OCIMAIKTEPAT KOPFay )KaHE YThIMAbI ManAaAaHy 60bIHLLIA YCbIHbICTAp
a3ipAeHAi, ByA aiMakTbiH GMOAAYaHTYPAIAITIH cakTay, SKOXKYMEAEPAIH TYPaKThIAbIFbIH KOAAQY JKOHE
TabuFK pecypcTapAbl TUIMAT NanAaAaHy YiLLiH MaHbI3AbI.

TyiiH ce3aep: (PAOPUCTMKAABIK, KyPambl, MOALLbIAbIK, LIMKI3aT KOPAapbl, TapaAy arMakTapbl,
ABPIAIK.
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Assessment of medicinal plant reserves in the eastern part
of the Kungey Alatau ridge

The article presents the results of field studies aimed at assessing the raw material reserves and uti-
lization prospects of major medicinal plant species in the eastern part of the Kungay Alatau Ridge. The
objective of the study was to investigate the resource potential of wild medicinal plants in the region to
substantiate opportunities for their sustainable use and the conservation of natural populations.

Promising species such as Achillea millefolium L., Aconitum leucostomum Vorosch., Berberis
sphaerocarpa Kar. & Kir.*(B. heteropoda Schrenk ex Fisch. & C.A.Mey.), Chelidonium majus L., Ephedra
equisetina Bunge., Epilobium angustifolium L., Hippophae rhamnoides L., Hypericum perforatum L.,
H. scabrum L., Inula helenium L., Origanum vulgare L., Patrinia intermedia (Hornem.) Roem. & Schult.,
Polygonum nitens (Fisch. & C.A.Mey.) Petrov*(Bistorta elliptica (Willd. ex Spreng.) V.V.Petrovsky,
D.F.Murray & Elven), Rosa alberti Regel, R. beggeriana Schrenk ex Fisch. & C.A.Mey., Tanacetum vul-
gare L., Thymus marschallianus Willd.*(Thymus pannonicus All.), Tussilago farfara L., Urtica dioica L.,
Valeriana turkestanica Sumnev. and Ziziphora clinopodioides Lam. were studied. These species possess
high raw material potential and are important for future pharmaceutical and medical developments.

The study results have practical significance for developing sustainable natural resource manage-
ment programs, organizing planned harvesting of medicinal raw materials, and creating plantations of
promising species. The collected data can be used to plan ecosystem restoration activities and develop
educational programs aimed at raising public awareness of the value of wild medicinal plants. Based
on the research findings, recommendations for the conservation and sustainable use of wild medicinal
plants have been developed, contributing to the preservation of biodiversity, ecosystem stability, and
the effective use of natural resources.

Keywords: floristic composition, abundance, stratification, raw material reserves, distribution areas,
medicinal.
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OueHKa 3anacoB OCHOBHbIX BUAOB A€KapCTBEHHbIX PacTeHUI
BOCTOYHOI YacTH xpebTa KyHreit Aaatay

B cTaTbe npeACTaBAEHbl PE3YAbTATbI MOAEBbIX MCCAEAOBAHMIA, HAMPABAEHHbIX HA OLIEHKY CbIPbEBbIX
3aracoB U NepcrnekTB UCNOAb30BaHMS OCHOBHbIX BUAOB AEKAPCTBEHHbIX PACTEHMI BOCTOYHOM 4acTu
xpe6ta KyHreit Aaatay. LleAbio paboTbl IBAIAOCh M3yUeHUe PecypCHOro noTeHumasa AMKOPacTyLLMX
AEKAPCTBEHHbIX PACTEHMIN PErMOHa AAS OOOCHOBAHMS BO3MOXKHOCTEN UX PaLMOHAALHOIO MCMOAb30Ba-
HUS M COXPAHEHNS MPUPOAHDIX MOMYASLIMIA.

BbIA M3yyeHbl Takne nepcrnekTrBHble BUABI, Kak Achillea millefolium L., Aconitum leucostomum
Vorosch., Berberis sphaerocarpa Kar. & Kir.*(B. heteropoda Schrenk ex Fisch. & C.A.Mey.), Chelidonium
majus L., Ephedra equisetina Bunge., Epilobium angustifolium L., Hippophae rhamnoides L., Hypericum
perforatum L., H. scabrum L., Inula helenium L., Origanum vulgare L., Patrinia intermedia (Hornem.)
Roem. & Schult., Polygonum nitens (Fisch. & C.A.Mey.) Petrov*(Bistorta elliptica (Willd. ex Spreng.)
V.V.Petrovsky, D.F.Murray & Elven), Rosa alberti Regel, R. beggeriana Schrenk ex Fisch. & C.A.Mey.,
Tanacetum vulgare L., Thymus marschallianus Willd.*(Thymus pannonicus All.), Tussilago farfara L.,
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Urtica dioica L., Valeriana turkestanica Sumnev. n Ziziphora clinopodioides Lam. 3T Buapl obaaaaiot
BbICOKMM CbIPbEBbIM MOTEHLIMAAOM M SIBASIOTCSI BaXKHbIMM 0ObEKTamMm AAS By AyLLIMX

Pe3yAbTaTbl MCCAEAOBAHMIA MMEIOT MPAKTUYECKOE 3HaUYeHUe AAS Pa3paboTKM NMporpamm yCTOM M-
BOIO MPUPOAOIOAb30BaHMS, OPraHM3aLmMmM NMAAHOBbIX 3arOTOBOK AEKAPCTBEHHOIO CbIpbsl, @ TAKXKe AASI
CO3AAHMS MAQHTALMI MEPCNEKTUBHBIX BUAOB. [1OAyUYeHHbIE AaHHble MOTYT ObiTb MCMOAb30BaHbI NP
NMAQHMPOBAHMM MEPOMNPUATMIA MO BOCCTAHOBAEHMIO HAPYLLIEHHbIX SKOCUCTEM M AASI MPOBEAEHMs 06-
pa3oBaTEAbHbIX MPOrPamMMm, HarpaBAEHHbIX Ha MOBbILEHME OCBEAOMAEHHOCTM HACEAEHUSI O LIEHHOCTM
AMKOPACTYLIMX AEKAPCTBEHHbIX pacTeHui. Ha ocHOBe NpoBeAEHHbIX MCCAEAOBaHMI pa3paboTaHbl pe-
KOMEHAALIMM MO OXpaHe M PaLMOHAAbHOMY MCTMIOAb30BAHMIO AMKOPACTYLLMX AEKAPCTBEHHbIX PACTEHMI,
YTO CNoCcoBCTBYET COXpaHeHMio 61opasHOO6pasms, MOAAEPIKAHMIO YCTOMUYMBOCTU 3KOCUCTEM PErmoHa
1 3(p(HEeKTMBHOMY MCMOAb30BaHUIO MPUPOAHBIX PECYPCOB.

KAroueBble cA0OBa: (pAOPUCTMYECKMIA COCTaB, 0OMAME, 3anachl CbiPbsi, apeaAbl PAaCNpPOCTPAHEHMS,

AEKapPCTBEHHbIN.

Kipicme

KazakcranHblH Taburu Guiopacsl I9pUTIK 6ciM-
TIKTepAiH TYPIIK KypaMblHA XOHE TaOMFU KOpia-
peiHA Oail. Amaiija maiinanel eciMaiK TYpJepiHiH
TaOWFM TOFAaWIapbhlH YTHIMJBI MaiiianaHy KoHe
caxTay YILIIH KeIICH i peCYPCTHIK, 3epTTeyiep Kyp-
rizy Kaxer. OcbIHIal 3epTTeyiep Heri3iHae ecim-
JIIK pecypcTapbIHBIH Ka3ipri xKai-KyHiH KbIT CalibIH
Oaranarn, TaOuFaTTaH ally HOpMaJlapblH Oenriieyre
Oonanbel. Taburu sKoXyHenepaiH axxpipamac 0eti-
ri 60JBIT TaOBUTIATBIH OCIMIIIK pecypcTaphl Kasipri
Ke3/Ie IKOJIOTHSUTBIK, KOHE aHTPOIOTeHIIK (aKTop-
JIapJIbIH BCEpiHeH eneylli, keOiHece KalThIMChI3 03-
repictepre ymsipayna. HoTmkecinae Tyrac eciMaik
KeIIeHAepl MEH KaybIMIACTHIKTapbl Oipoia KO-
Hbutyaa.

KasakcranHbIH Dopiitik (IOpackHBIH pecypc-
TBIK, 9yieyeTiHe Ka3ipri Oara Oepy, Oipkarap dap-
MaKOTESUTBIK, OCIMIIIK TYpJepiH KONJIaHy KOHIHJeT1
YCBIHBICTapMEH Oipre, oap/ibl CaKkTay MEH YThIMJIbI
nalanany yIIiH FBUIBIMH HET13 OOJbBIN TaObLIabl.
byn anTpomnoreHik ocepai a3aWThII, TaiamaHbl-
JIATBIH TYPIAEPIH alyaH TYPJIUITIH KeJeIeK ypIiak
YIIiH caKTayFa MyMKiHIiK O6epeni [1].

OciMJIIKTepIiH KajllblHA Kely KaOijneTiH Oy-
3aThIH KApKBIHJBI Maiaanany MIaObIHIBIKTapbIH
OHIMJIUINH Te3 TeMeHJAeTyre okeneni. MyHnuai
JKaFIaliJIbIH aJlJIbIH ally YIIiH A9PLTIK OCIMIIK -
Ki3aThIH JKUHAY epeXellepiH KaTaH cakTay KaKer.
OCIMJIIKTEep/IiH BETETaTUBTI XKOHE TYKBIM/IBIK KaJl-
MbIHA KENYiH XKyheni Typae Oy3y — oyapiapl mia-
MaJlaH ThIC, TYPHIC €MeC XKUHAY, KbUI CalbIH Oip
aNKaNThl Y3AIKCI3 MaiaanaHy MOMyJSIUsIapIbIH
JKac KYPbUIBIMBIHBIH OY3bUIybIHA XOHE OJapIblH
CaHJBIK KYpPaMbIHBIH alTapibIKTall e3repyiHe
okeneni. byn ¢uToneHO31aFBl KOMIIOHEHTTED Ca-
HBIHBIH TeTe-TeHITiH Oy3bIN, oCiMIIK KaybIMaac-
THIFBIHBIH JIETpaIallusiChbiHa ceber 00Mybl MYMKiH
[2,3]. IlukizaT KopbiHa Kazipri Oara Oepy, KbuI

CaWBIHFBI MYMKIH JaWbIHABIK KOJEMiH aHBIKTAY
JKOHE 3EpTTENICTIH TYPICPIiH OHIIPICTIK alKall-
TapblH YTHIMJIbI Naliiaiany OOMBIHIIA YCHIHBICTAP
93ipiey — TaOWFH MOMyJSIIMsIIApFa 3USIH KENTip-
MEH, HOPITiK ©CIMIIK IIMKI3aThIH MaWbIHIAAy KO-
JIEMiH JKoclapiayFa MYMKiHIIK Oepeni. Ocy Oa-
PBICBIHIIA IOPUTIK O©CIMIIKTEp TaMbIpbIHAH OacTar
JKeMiciHe AeHiH TYpsi eMIik KacueTi 0ap 3aTTapabl
KUHAWBI, Oy OJlapbIH TaOMFATTaFbl €PEeKIIe Po-
TiH Kepcereni [4].

CUHTETHKAIBIK, JOPUTIK Tpermaparrap caia-
CBIHJAFBl JKETICTIKTEpPre KapaMacTaH, JI9piTIK
ecIMIIKTep i KyHTe JIeliH 03 MaHBI3bIH KOFaJT-
KaH >KOK — oJiap OapibIK MEIUITMHAIBIK T0Pi-I0p-
MEKTep MeH KypangapabiH mamamen 40% kamra-
MachI3 eTejli. OCIMIIIK UKi3aThIHA JETEeH CYPaHBIC
yHEMi ecyze, OyJ — jkabaifbl 6CETiH OCIMIIKTEePIiH
KCHIHEH Maii/lajJaHbUTyblHA YIKEH OJIeyeT allajbl.
Kazakcranga opTypJii @HEpKaCil cajanapbl YIIiH
JKaHAPTBUIATBIH OCIMIIK IMHKi3aTHIHBIH K631 pe-
TIHJEr1T PKOHOMUKAJBIK MaHBI3BI 0ap ©CIMJIKTEp
apaceiaga Conrycrik Tsasp-1llasp xoTamapeiama
OCETIH JIPPUTIK 6CIMIIKTEP FHIIBIMHU KOHE TIPAKTH-
KaJIBIK TYPFbIJIA YIKEH KbI3BIFYIIBUIBIK TYIBIPAJIbI.
byn afimakTta 110 TyKbIMAacka >kaTaTbiH 829-1aH
actaMm Typ kezmeceni, 6yn Ka3zakcTaHHBIH JOPUTIK
(opachIHBIH >KaNmbl CaHBIHBIH 59%-bIH Kypai-
IbI[5].

Kynre#t Anartay »xotacel — Conryctik TsHB-
[llanpHBIH Oipereli koHE KbI3BIKThI TAOMFU aliMaK-
tapelHblH  0ipi. On Keipreiz PecnyOnukacbiMen
meKapansac )KaTkaH, OOTaHUKAIBIK, OPTYPILIITT KO-
Fapbl aiiMaK PETIHJE KBI3bIFYIIBUIBIK TYIbIPAIbI.
Hecex Te, KyHreil Anataybl *OTaCbIHBIH IIBIFBIC
Oemirinaeri (yopa KOHCIEKTICIHAEC OCIMIIKTEPIiH
apyamblUIblK, MaHbI3bl cunartairan[6]. XKypri-
3ireH 3eprreynep Oyl eHipleri KenTereH TaOuru
y9acKenepaiH Qropackl 63 TAOMFU KaJIIbIHIA JKaAK-
ChbI CaKTaJIFaHBIH KOpCeTTi. by, eH aljpIMeH, KO-
TaHBIH TeOTrpa(UsUIBIK OpHAJIACY epeKIIeNTiKTepiHe,
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aJaM BIKIAJIBIHBIH CAJBICTBIPMAJbl TYPAE TOMEH
00JTybIHA KOHE IKOXKYHEIepIiH CalbICTHIPMAIbI TY-
TaCThIFbIHA OAMIAHBICTHI.

Mynaarsl Taburu ¢uiopa XalbIKTHIK JKOHE JI9C-
TYPJII MEIUIMHAAA KOJIJAHbUIATBIH JKEKEJIEIeH J10-
pUTIK ©CIMAIKTEPIiH TYPIIK KYpaMbl MEH TaOWFu
KopJiapeiHa Oail. bipak omapnel THiMII naiganaHy
MEH CaKTay YIIiH TOJBIKKAHIbl PECYpC 3epTTeyJie-
PiH Kyprizy KaxeT. Ochl 3epTTeyJiep Heri3iHe Kbl
caiiblH TaOWFHU KarJailbl MEH XHHAY HOPMAalapbl
oenrineneni. KyHreit AnaTaybsIHbIH IIBIFBIC OOITITIH-
JIe JKYPIri3UIreH 3epTTeyiep HoTUKeCiH e GpapMako-
JOTHUSIIBIK 3€pPTTEyJiep LHUKIIHIH KaXEeTTUIIKTEpiH
KaMTaMachl3 €Te ajaThlH OipKaTap MEepCIIeKTHBAIBI
JIOPITIK ocIMIIK TypJepi aHbIKTanabl. byn eHipae
497 tysic ien 90 TykpIMaacka xatatbia 1541 Typii
TaMBIPJIBI OCIMIIKTEP Ke3Ieceli, OJIapAbIH IIaMa-
MeH 221 Typi WapTThl TYpAe ADPUIIK OCIMIIKTEp-
re »katansl [6,7]. Typ canbl OoiibiHIna Asteraceae
Dumort., Rosaceae Juss. sxkone Lamiaceae Lindl. Ty-
KbIMJIacTapbl 0achiM. ABTOpIap KemeHJi OoTaHH-
KaJIBIK 3epTTeyJIep MeH QIIOpaHbl TYTeHeY Heri3iH-
nie OoJtammarel 0ap TOPiTiK ©CIMIIIK Typiepi )KoHIH e
FBUIBIMU HET13/1eJITeH, )KaH-)KaKThl IEPEKTEP KOPhIH
KaJIBIIITaCTBIPIBL.

Marepuasjiap MeH aicTep

2023-2024 xbipapel Kynreit Anaraysl »xoTa-
CBIHBIH WIBIFBIC OOJITIHCTI IIaTKauAapaa KYHIbI
JOPITIK OCIMIIKTEp KOPBIHBIH Tapaly aiiMarbl MEH
KOJIEMiH aHBIKTAy MaKCaTBhIHIA KEIICH[i FHUIBIMU-
3epTTey >KYMBICTAphl KYPri3ijmi. 3epTrey Mapii-
PYTTBIK-Oapiay o/ici OOHbIHIIA YHBIMAACTHIPBUIBIIT
[8], «/lopinik eciMmikTep KOPBIHBIH KOPHIH aHBIK-
tay ojaicremeci» [9] MeH Oacka Ja cajalibIK dJIicTe-
Meltik HycKaynbslkTap [10] Herisre ajabIHIbL.

3eprrey OapbIChIHIA IBPUTIK OCIMAIKTEPAiH
TYPJIK KYpambl, OJapblH TAaOMFU Tapany aiMak-
Tapbl JKOHE IIUKI3aTTHIK KOPJIAphl aWKBIHAJJIEI.
OCIMIIKTEepiH pPEeCYpCTHIK OIEyeTiH cumnarray
YIIiH CTAaHAAPTTHl T€00OTAaHUKAIBIK BiCTep KOJ-
JMAHBUIABL. Byi JKymbIcTap SpKaNCHICHIHBIH ayja-
HBI 100 M? G0TAaTBIH YATUIK adaHgapaa Kypri3iiai
[11, 12].

Jopinik  eCIMAIKTEpAIH 3KOJIOTHSLIBIK-OUO0IIO-
risutblK, epekmenikrepi M.®. [Nomy6e men E.O.
MosuaHOB ©3ipJereH d/IicCTeMere ColKec 3epTTe-
mi [13], ar onapXblH TIpIILTIK UK MeH (eHoIo-
TUUTBIK, (hazamapel A.A. YPaHOBTHIH oOIicTeMeci
Herizinae aHblKTamabl [14]. XKypriziiren 3eprrey
HOTMXKeCiHJe 21-IeH acTaMm J9piliK MaHBI3BI Oap
OCIMJIK TYPIHIH TaOUFH KOPBI OaFalaHbIII, OJIapIbIH
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PECYPCTBIK MYMKIHAIKTEPI FBUIBIMH TYPFBIAAH JI9-
TENISH/II.

Jlopltik TypJiep/iH jKa3bUTybIH HAKThLIAY YIIIH
http://powo.science.kew.org xoHe https:/ www.
plantarium.ru/ KoceMIma i3zey >Kyienepi maiima-
naHbULbI[15-16]. [lopiiik eciMIiKTep/IiH Ka3aKiia
ataysl KazakctaH eCiMIIKTEpiHiH Ka3zakia OpbIc-
IIa-JaThIHINA aTaynap cesfirimex oepinmi[17].

Hartu:xesiep MeH TaKbLIAY

Hopinik ecimaikrepiiy kopsl KyHreit Anaray
JKOTaChIHBIH IBIFBIC Oemirinmeri Tammer, Kypmer-
1hl, Catbl, Kaitbinzpl, Kescail xone barbic Kapa-
OyiakTa MmaTKaJIJapblHAa 3epTTeiai. Oplip mart-
KaJIbIH ©31He TOH TaOUFU epeKIlenikTepi 6ap, onap
(bmopa KypaMblHa >KOHE IOPUTIK OCIMIIKTEepHiH
ajlyaH TypJinirine acep ereni (1-cyper).

Tanael MIaTKAIBl BUTFAIBLUIBIFGl OpTAIlla KITH-
MaTbIMEH JKOHE apajac OpMaHIapbIMEH CHIIaT-
tananel. Myuna Achillea millefolium, Epilobium
angustifolium,  Ephedra  equisetina, — Thymus
marschallianus xxone Hippophae rhamnoides xoHe
Tarbl 0acka 11 gopiiik CiMJIIK Typi TIPKEJTeH.

Kypmeri Typmik Kypambl OoiibiHIIA eH Oaif
marKangapasie 6ipi. Myana Achillea millefolium,
Ephedra equisetina, Polygonum nitens, Aconitum
leucostomum xoue Valeriana turkestanica cUsKTBI
18 mopimik eciMmik Typi ke3mecemi. LilaTtkan xxep Oe-
JICPiHIH OPTYPJILTIriMEH epeKIIeIeHE I, OFaH TayJIbl
OeTkeiiyiep MeH MIa0BIH/IBIK, aJIKANTap Kipei.

Carbl — CyOasbITIK NIATFBIHAAD MEH KbLI-
KaHXKarblpakTel OpPMaHAap TOH IHaTKal. MyH-
na Ephedra equisetina, Aconitum leucostomum,
Valeriana turkestanica woune Hypericum scabrum
ceKini 7 mopillik eciMAIK TYpi TipKeJTeH.

KaifbiHibl 63 KelliMEH >KOHE KaJblH KbUIKAH-
JKaIbIpaKTBl OpPMaHIAPBIMEH OHTii. by maTtkai-
na Chelidonium majus, Epilobium angustifolium,
Thymus marschallianus, Origanum vulgare xoHe
Ziziphora clinopodioides cexinmi 11 mopinik eciM-
JUK TYpi Ke3Jecesi.

Kencait matkansl Oipereil Owik Taynbl KeJ-
mepi MeH Oail eciMmuiriMeH epekiieneHeni. MyH-
na Chelidonium majus, Thymus marschallianus,
Polygonum nitens, Aconitum leucostomum xoHe
Hippophae rhamnoides cusktsl 10 mopiiik eciMIik
TYpI1 TipKeJTeH.

bateic KapaOymak — TacTel OeTkeiiep MeH
Oyranbl Torainmapel Oap matkan. Mywna Thymus
marschallianus, Aconitum leucostomum, Patrinia
intermedia, Tanacetum vulgare xone Hypericum
scabrum cexinai 8 JopUTIK 6CiMIIK TYPl TipKEJITeH.



C.K. MyxTty0aeBa xoHe T.0.

8200 78300D Tausn
I
)
Hycimberkoe
Ny PLEROV Hananhw
Zhalanash
o @ {down
Curme ty a
v o
: o &% :
2 Q 8 52} - L 2
‘ ’ (o] Uier Mepr®
naBY T e
>
B e
B
® o
@]
0 > gree
-~ g
KAz
- SARC Ta, e 7 @  Achillea millefolium @ Patrinia intermedia
- ‘A /
s ¥ @ Aconitum Jeucostomum @  Polygonum nitens* (Bistorta elliptica)
7 @  Berberis sphaerocarpa*(Berberis heteropoda) @ Ross alberti
b+ @ Chelidonium majus @ Rosa beggeriana
7~ @ Ephedra equisstina @ Tenacetum wulgare 3
B @  Epilobium angustifolium @ Thymus * (Thymus p it -2
= @ Hiopophae rhamnoides @ Tussilago farfara o
@  Hypericum perforatum @ Utica dioica
@  Hypericum scabrum @ Valeriana turkestanica
1:200 000 @ Inula helenium O  Ziziphora clinopodioides
0 2 4 & 12 6
—-—— Kinouetpsi @  Origanum wigare
T T
re200e 2°300°B TR4DE

1-cyper — Kynreii Anartaysl )KOTaChIHBIH LIBIFBIC OOJIITiHIET]

JIOPITIK CIMIIKTEp MOMyJIALHsIIap KapTacxeMachl

Conrbl nepekkesnepre coiikec «Keicail kel-
Jiepi» MEMIICKETTIK TaOWFH MapKi ayMmarblHAa J9-
pinik ecimuikrepain 221 Typi eceTiHi OepinreH,
Oyn OYkia ¢uiopa KypambIHbIH maMameH 14,3%-b1H
Kypaitaei[7]. By typnepain 6ip Geiri Kaszakcran
PecnyOnukaceiHblH, MemitekeTTiK (apmakonesichl-
Ha PeCMU TYpJIe eHTi31ITeH, KeHoip Typiepi TeK ro-
MEOMATHSUIBIK, aJl KOIIIUIITT XallblK MEMIINHACHIH-
Jia KOJIIaHbLIA b

PecypcThIk TYpiep caHbl OOWBIHIIA YKETEKIIi
TyKbIMaacTap: Asteraceae Dumort. (9), Rosaceae
Juss. (8) xone Lamiaceae Lindl. (6). Exi Typ-
JeH Ke3leceTiH TykbeIMaacTtap: Polygonaceae
Juss., Ranunculaceae Juss., Valerianaceae
Batsch; an Melanthiaceae Batsch, Berberidaceae
Juss., Ephedraceae Juss., Hypericaceae Juss.,
Urticaceae Juss. TyKbIMJacTapbiHaa Oip pecypc-
THIK TYPAEH TipkenreH. Jlopiiik eciMIikTepliH
TapalyblHa JKOHE KOpBIHA OJNIApABIH Oenrimi Oip
SKOJIOTHSJIBIK Karjaaigapra Oeiimainiri anrap-

JBIKTal ocep ereidi. ATalnFaH Typiep Kop Kele-
Mi JKaFblHaH Oipaeit eMec — KeiOipeysepi KeH
TapajfaH >XOHE MOJ, SFHU OJIapAbl JKEPTiIiKTi
TYPFBIHIIAD KEeKe KAXKETTLTIKKE Jie, 19pi IIen pe-
TIHJE JKYHe YIIiH Je >KMHal ayajpl. backamapsr
CUPEK JKOHE Ke3JeWCOK Ke3[eceTiHIIKTeH, ojap-
JIbl JKMHAyFa OonMaiinbl. by Tomka OapibIk xe-
MIC-XKHJICKTI ecCIMIIKTep karauel: Hippophae
rhamnoides, Rosa alberti, R. beggeriana, Berberis
sphaerocarpa(B. heteropoda), menTecin eciMIiK-
tepaeH — Valeriana turkestanica, Inula helenium,
Hypericum  perforatum xene H. scabrum,
Ziziphora clinopodioides, Urtica dioica, Tussilago
farfara, Patrinia intermedia, Tanacetum vulgare,
Chelidonium majus, Epilobium angustifolium,
Aconitum  leucostomum., Ephedra equisetina,
Achillea millefolium xoHe 0acka J1a KONTEreH TYp-
nep kipeni. 21 TypAiH ASPITIK ©CIMAIKTEP KOpIaphl
aHBIKTAJ/IBI 1-KecTene KeNTipiireH, ®eKke Typiepi
cumnaTTamanapel ToMeHze OepiireH.
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1-kecte — KyHreit Anaray >KOTachIHBIH IIBIFBIC 00T ayMaKTapblH/Ia aHBIKTAIFAH JOPUTIK OCIMIIKTEpAiH MIMKI3aT KOpJiapsl

Kamnpr | IHKi3aTTHIH YIKCIUIyaTAUSIIBIK, JKbL1 cCallbIHFBI JKMHAJIBIM
Ne Ocimaik Typaepi ayMarbl, KOpBI, T (KYpFaK-aya cajMarbl) | KOpbI,T (KYpFaK-aya caJMaFbl)
ra Ie1t TaMbIp KeMic eI TaMbIp KeMic
1. | Achillea millefolium L. 41,0 12+4,1 - - 39,3 - -
7,7+
2. | Aconitum leucostomum Worosch. 56,0 32,6+0,02 0.4 - 108.2 27,61 -
B. heteropoda Schrenk ex Fisch. &
3. 169,4 - - 22,9+ 0,08 - - 79,2
C.A.Mey.
4. | Chelidonium majus L. 27,3 4,7+0,09 - - 22.2 - -
56,8
5. | Ephedra equisetina Bunge 35,0 18,5+0,01 - - 0.0 -
6. | Epilobium angustifolium L. 59,0 15,06+0,001 - - 44.6 - -
7. | Hippophae rhamnoides L. 137,7 - - 6,940,2 - - 28,6
8. | Hypericum perforatum L. 20,6 2,54+0,02 11,4 - -
9. | Hypericum scabrum L. 9,3 4,3+0,5 13,2 - -
10. | Inula helenium L. 22,5 0 7,94+0,02 - - 29,3 -
11. | Origanum vulgare L. 41,8 5,5+7.,5 - - 28,4 -
Patrinia intermedia (Hornet.) et
12. 41,7 8+0,7 - - 22,6 -
Schult.
Bistorta elliptica (Willd. ex preng.
13, ptica ( preng.) | g, 5 - | 1642003 | - ; 58,4
V.V.Petrovsky, D.F.Murray&Elven)
14. | Rosa alberti Regel 156,0 - 18,7+0,4 - 78,5
Rosa beggeriana Schrenk ex Fisch.
15. 31,0 - 11,2+0,2 - - 66,1
& C.A.Mey.
16. | Tanacetum vulgare L. 92,7 14+0,5 - - 33,4 -
17. | T pannonicus All 10,0 08,0+2,5 - - 5,3 -
18. | Tussilago farfara L. 29,0 12+0,4 - - 55,3 - -
19. | Urtica dioica L. 72,0 6,7+0,06 - - 41,5 - -
20. | Valeriana turkestanica Sumnev. 11,5 1,1+0,4 - - 7,4 -
21. | Ziziphora clinopodioides Lam. 32,0 1,8+0,9 - - 6,9 - -
Axbac MBIHIHCANbIPAK, (Achillea  FuI >KWHANATBIH KeJIEMi IMAaTKaamapia Iamalac.

millifolium) — ManFeIHIAPA, KON JKUETIH/E, Jajia
JKOHE NIAJIFBIH/IBI-JJAIANIBIK, OCTKelepae ece/i.
Ecki man sxkaipuisIMaapeiaa keH taparan (KaitsiH-
JIbl ©3CHIHIH TeMeHri Oejiri). Byramapmen apa-
JacKaH Kepae, Typiirynask Oepikapat (Berberis
heteropoda), Anraii ymkatel (Lonicera altmanii)
sxkoHe noniaHameH (Crataegus korolkowii) Oipre
Ke3zecei. OciMIiKTep KaObIHBIHBIH MPOCKIUSITBIK
xambUTFBICH! — 80%. [1lenkypam Ouikriri 35-50 cm.
Jopinik Typ ackKas3aH-iIIeK XOJAAaphl aypyJiapbiHa
Kapchl KaObIHyFa Kapchl KoHe OaKTepUIMATIK A9Pi
peTiHzme, coHaai-ak eKIe, MyphIH KoHE KaH KeTyiH
TOKTAaTy YIIiH, TPl aypyJiapblH eMJIeyJe KoJiaa-
Hbeiaasl. JKanner aymarel — 41,0 ra. XKsi1 caiibis-
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Kaiieiagst (2,5 1), Kypmeri (3,0 1), Tanasr (3,30 1)
sxkoHe Catbl (3,2 1) xuHayra Oonansl. [laiinanany
Koprapsl — 39,3 T. XKeIapIk skemic Kopsl — 12 T, an
KEPTLTIKTI J9pixaHa xewici yiiH 7,8 T mer sxuHay
YCBIHBUIAIBI.

Axesy Oopri (Aconitum leucostomum) — Tay-
napaa, opMaHiuapia, OpMaH KHEKTepi MEH ajKar-
TapblHJa, OMIK MIONTI CyOaJbMiJiK IAIFBIHIAPIA,
o3CHIEp MEH OyJaKTapbIH >KaFrajapblHIa ©CEeIi.
TaJipl MIaTKAIBIH/IA MOJI ©CE/Ii, Kei/ie ThIFbI3 OyTa-
nap Ty3eni. Kencaii e3eHiHiH OH jkarajaybl, OpMaH-
ITBI aJTaHaap MEH CSKIiHIII JKOHE YIIIHII KeJaep apa-
CBIHAFbl CHPEK IIBIPIIAIBI OpMaHaap/a Ke3/aeceIi.
Jopinik ©cCIMIIKTiH MIMKi3aTbIHAH aHTHAPUTMUSI-




C.K. MyxTtybaeBa xoHe T.0.

TBIK, 9cepi 0ap «aJIanuHUHY» Npenaparhbl albIHFaH.
JKunay xes3inme tombIpak OeriHe 3-4 cM OMIKTIKTE
Keceqi. Ayanarbl Kyprak InukizaTbiH Catbl mIaT-
KaneiHga — 5,2 T, Kescait markaneiaga — 14,3 T,
Kypmeri markansiana — 9,4 T, bareic Kapabymax
mIaTKaIbIHAa — 3,7 T KbUI CalbIH KUHAYFa 00JIaIbI.
OcCIMIIKTIH Xajmbl aymarsl — 27,3 ra, ayanail Kyp-
FaK IIMKi3aTTBIH Nainanany Kopsel — 22,2 1. XKeu-
JIBIK, JKeMic Kopbl — 4,7 T.

Typunirynask Oepikapar (Berberis
heteropoda) — Berberidaceae TyKkbpIMIackiHa Ka-
TaThlH OyTa. 3epTTENIreH ayMaKThIH OapJibIK Ke-
piHIe, acipece nananblK Oenjueyle KoHe opMaH
OenneynepiHiH TeMeHTi Oenirinae Tapanrad. Ma-
MBIP-MayChIM aljapblHa TYJIIEHIl, TaMbI3-KbIp-
KYHek aiinapeiaaa xemic oepeni [4]. Kep actol 6o-
JKTepi MEH KamnblpaKTaphl Mai1aJaHbUIaab!, ojap
oT aliJJaliThIH, KaObIHYFa KapChl KOHE KYPEK-KaH
TaMBIpJIapbl KYHECiHIH KBI3METiH BIHTAJIaHIbIPA-
TBHIH Ipenaparrap peTiHae KonnaHbiansl. JKamms
aymarbl — 229.4 ra, naiigananyra 00JaThiH ayajia
KYPFaTBUIFaH LIMKi3aT KOPBl — 79,2 T, aJl BULIBIK
Kop 22,9 T Kypansl.

Yaken cyvenmen (Chelidonium majus) — te-
MEHTI Tay Jajajapbl MEH OpMaH IbI-IIAJIFBIHBI OeI-
JIEYJIH KOJICHKET XKepiepinie, OyTanbl ociMIiKTep
apaceiaza ecemi. Tamabl, Kescaii sxone KaiibiHb!
HIaTKAJIapbIHIAFel ©3€H alKaNTapblHIa KOHE Op-

MaH IIETTEePiH/e MAIBIPAaHKbI TYPAE OCETiH OpMaH-
JbI-IIAJIFBIHBI TYP.

Jlopiitik MKKi3aT PETiHAe TYJACY Ke3CHIH IS KH-
HaJIFaH IIeNTepi Naiaananblianel, onap 0ayslp, T
KaObI aypymiapsiHIa, Tepi TyOepKyie3i MeH THHEKO-
JIOTHSUIBIK, MOceNesepae KoJaHbliaabl. JKCIepu-
MEHTTIK 3epTTeyJiep KOPCETKeHACH, YIKEH CyHen-
mern medi Karepii icikTepiH ecyiH Texenmi[15].
Byn ecimuik coHmai-ak TOMEONMATHSIIBIK J0pi
perinae keHiHeH TaHpiMan. lllmkizar KypambiHAa
M30XMHOJIMH/I aJIKaJIOWTap, OHBIH IMIHIE HETi3-
ri kKoMnoHeHTi kontusud Oap. Chelidonium majus
o061 aHTUMHUKPOOTBIK, ADPITIK 3aTTapAbl any YIIiH
TIepCIIeKTUBAIBI K631 00bIT Ta0buTaab!. Kasakcran-
Jla MEJIMLMHAJIBIK ToXIpUOe/Ie YIKEH CYHeNIIenTiH
TaMbIpJapbl KOJJAHBUIMAHIbl, COHJIBIKTaH OHBIH
LIMKI3aT pecypcTapblH THIMII Naiifanany mMoceseci
©3€KTi OOJIBIN TaObLIAIbI.

Chelidonium majus ecCiMIITiHIH KOpIapbl *Kak-
CBI, OHBI JKWHAYFa 00Ja1bl. OCIMIIIKTIH ep ycTi Oe-
JITiH TYJJICHY aJIJIbIH/IA, MAyChIM albIHBIH 0achIHAA
xuHai el [llenTi Tombipak Oetine 3-4 cM OMIKTIK-
te kecei. Kencait markaneiaga — 2,03 T, KabHp!
markaneiaga — 1,04 T, Tanae! matkaneiaga — 1,7 T
ayagail KYpFaK IIWKI3aTTbl KbUI CallblH >KUHAYFa
Ooxambl. OCIMAIKTIH JKammbl aymarsl — 27,3 ra, aya-
Jlail Kyprak [IMKI3aTThIH Nainanany Kopsl — 22,2 T.
XKeuapik sxemic Kopel — 4,7 T.

2-cypet — Aconitum leucostomum Worosch. sxene Chelidonium majus L.

KbIpbIKOyBIH KBLITIIA (Ephedra
equisetina) — MOHI1 Kacbul OyTa, TOMEHTI KOHE
opra Tay OenjeyliepiHlieri KypFaK, TacThl )KOHE
ycak TacThl OeTkeinepae ecesi. YITTHIK MapK ay-
MaFbIH/Ia €H JKakCchbl MaccuBTep Kelicail e3¢HiHIH
aHFapbIiHAa (TOMEHT1 KOJIJIiH COJI JKarajaybIHIaFbl

TacTel OeTkeinep) xoHe KalbIHABI ©3€HIHIH TO-
MEHT1 aFbIChIHIa OpHaacKaH. CaThl ©3CHIHIH kKO-
FapF¥bl arbIChIHNA, TeHI3 AeHreiinen 2800-2900 m
oumikTikTe koHe CaThl ©3€HIHIH TOMEHT1 arbIChIH-
J1a, OHTYCTIK TacThbl 0eTkeine (1600 M OUIKTIKTE)
kesneceni. KbIpbIKOYBIH KBUIIIAHBIH OyTaKTa-
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pbIHAH aJbIHFaH OEJNTiJi MEIUIIUHAIBIK MIONTIK
KHUBIHTBIK OPOHXTBIK acTMa, Tymay, JHUXOpaJKa-
Jla KOJJIaHbUIaJbl. XaJblK MEIHUIHUHACH pEeBMa-
THU3M, JKapa aypysbl, 0e3rek aypybIH/Ia KOJIIaHa bl
CoHFBI yakbpITTa Oy ©CIMAIK eCipTKi Kypajagapsl
perinae Oakplmayna. YIbl ©CIMAIK peTiHIE ne
KapaceIThipbiiaabl.  IluKizaTTapaslH  KOpJiapbl

OHEPKOCINTIK kmHayra xapamasl. lllatkanmap-
JIaFbl JKBULIBIK, aya-KYpFaK IIUKi3aTThIH MYMKiH
OonateiH x)uHakTay kenemi: Catsl (11,1 T), Kyp-
meti (5,2 1), Tanger (1,6 T), Kaiteiauer (8,6 1),
Kencaii (3,1 1). XKanner aymarsr — 35,0 ra, oH-
JIPICTIK IIUKI3aTThIH aya-KyYprak Kopel — 56,8 T.
JKpuabik, xkemic Kopsl — 18,5 T.

3-cyper — Ephedra equisetina Bunge sxone Poligonum nitens
(Fisch.et Mey.) V.Petr. kopiapsr

JKinimike kanblpakThl uBaHmai (Epilobium
angustifolium) — 3eprrey aiimarbiHza 1300— 1550
M OWIKTIKTEe OceTiH eciMmiK. JIppimik eciMmiK KeH
9KOJIOTHSUIBIK, ayKbIMFa W€, OpMaHIbl ajaHaapia,
acipece KeCUIreH koHe opT LIaJFaH XKepliepAe, COH-
Jlali-aK MIATFBIHIAP MEH CHPEK OpMaHap/ia ®Hui Ke3-
neceni. XKanmmel Tapanran. CyOanbluiii manFbIHAap
YCTiHZIETI TiK KapTacThl OeTKeinepae akesy Oop-
mi(Aconitum leucostomum) ecimairiMmen Oipre ece-
ni. Lonicera karelinii Bunge ex P. Kir., Crataegus

korolkowii L. Henry eceTiH MbIpIIANbI-Kaparaiibl
cy0OanbIitik cupek opMangapaa a3 memmepze (40 xr/
ra) eceni. ['ynaey ke3eHiHe )KUHAIFaH JKanbIpaKkTap
MEH 1Ientep KaObIHyFa Kapchl, KATAHAATKBILI, KyM-
CapTKBILI JKOHE ac KOPBITY KYHECIHIH aypynapsl, 3aT
anMacy Oy3bUTBICTaphl, aHEMUS Ke31H/1e KOJJaHblIa-
JIbl. AHTHOAKTEpUAIIJIbI KOHE ICIKKE Kapchl OCICeH-
niniri 6ap. byn ecimaik nopinik KacuertepineH Oac-
Ka, TaiIbpIH OpHBIHA, KOKOHIC PETIHAE JKOHE JKAKChI
0aJ KUHAYIIBI PETiH/AE KOJIaHbLIa bl

4-cypet — ApaJiac menTi-IoHI1 WaTFeIHAApAAFel Epilobium angustifolium L.
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Urtmomsip (Hippophae rhamnoides) — ecimuik
©3eH/ICP/IiH JKarallayJapblH/a, )KalbuiManapaa, Ky-
Jlama JKepJiep/ic JKOHE KOIIKIHIEP/IC TOMEHTI KOHE
opramia Tayibl Oenaeynepae kesmecedi. Kescaii
©3CHIHIH aHFapBIHIA JKac aramrap MeH OyTakrap
Oerer ayMmarbIHJIa ©CEJi, all eCKi aramTap CHpeK
Ke3gecenl. buikriri 5 M-re aeiid, IiHIHIH HaMET-
pi 12-15 cm GomaterH anmbin eciMaikTep KalbIHIbI,
bareic KapaOynak, Tanabl e3eHaepiHiH TOMEHT1 0o-
nirinae tapanrad. UTIomslp skemicTepi MEH OHBIH
Maiibl — Oaraipl A9PUTIK OCIMAIK KOHE TOJIUIBPY-
MEH KeIlleHi, TepiHiH COYJeNiK 3aKbIMIaHYhI, iCiK-
TEp MCH acKa3aH MEH IIIeK JKapajapblHa KOJIJaHbI-
nmanel. baramel TaramMablK eciMmik. JKbUT CailbIHFEI
mmKizar skuHay kenemi: Kemcait (2,0 1), Tammst
(1,5 1), Kaiieiager (3,0 1), bareic KapaOynak (2,5 T).
Kanmer aymarer — 137,7 Ta, nmaiigananyra 001aThIH
ayajJia KypraTbUIFaH IUKi3aT Kopsl — 38,6 T. JXKbui-
IIBIK KOp 6-9 T Kypaubl.

byneip maiikypait (Hypericum scabrum) xoHe
Waitmen (Hypericum perforatum) — eki Typ ne
€peKIlie KOpFaJlaThlH TAOUFU ayMaKThIH OapJIbIK, 0e-
JITIHAE CHPEK TapaiFaH.

[ afien ma0bIHABIKTAPIa, OPMaH MICTTEPIH/IC
JKOHE anaHKalapaa eceni.

Bynpip mralikypait Kyprak TacTel OeTkeinepse
JKOHE KYPFaK Jajiaiapjia, TOMEH Taylibl OenJiey/IcH
opMaH OelnjieyiHiH TOMEHr1 OeJiriHe JeiiH Tapai-
raH. Jlopiiik MakcarTa rynaey Ke3eHiH/Ie >KHHaIFaH
JKep yeri Oetiri (11e61) Koianbuiaael. by mentex
JalbIHIANATBIH A9PLIEp KapaHbl, KYHiKTi, OaysIp,
acKa3aH-ilIeK JKOJIAAphl MEH KYBIK aypylapblH eM-
neyzae Konganbuiaabl. COHBIMEH KaTtap, 9pTypii Ke-
IICH]II IeNTIK KocHajap KypamblH/a TaiilaiaHbl-
Ja/ibl, KOFaphl aHTHOAKTEPHAJIBIK XKOHE BHUPYCKA
Kapchl OCJICEH/IUTIKKE He.

bynplp malikypail kaimsl Tapainy —ayma-
Fbl — 9,3 ra, Kopsl — 13,2 T, KbUI CallbIHFBI OpTaIlla
KOpbI — mamameH 4,3 T. [HlaimenTiH >kamsl Tapaity
aymarbl — 20,6 ra, ayaja Kyprak KyHiHzeri nmaiaa-
JaHy¥a xapamMasl Kopsl — 11,4 1. Kbt calibIHFBI Op-
TaIra Kopsl ImaMameH 2,5 T.

Kapa aunei3 (Inula helenium) — 3eptrenin OThIp-
FaH aymakTa Oyl eciMIiK KeH TapaiFaH, Oipak cu-
peK Keszecelli, THIFBI3 MOFBIpIap Ty30eimi. Keoi-
HEce OpMaH IICTTEPiH/Ie, 63CH KaFaylayJiapblHIaFbl
Teppaca OeTKeWJepiHae >KoHe IaOBIHIBIKTapIa
eceni. Jlopinmik MakcaTta epre KOKTEMJIe HeMmece
KY3/le, TYKbIMJApbl TICIN, TYCIEH TYPHIN, OHBIH
TaMbIpcabarsl MEH TambIpiapbl kuHanmaasl. Kypa-
MBbIHAH JIallbIH/IAJIATBIH JOPIJIep acKa3aH-1IIeK KO-
JIapbl, THIHBIC Iy JKOJIAPbl aypyJiapblH eMCye
JKOHE 3aT ajMacyAbl BIHTAJAHABIPY VIIiH KOJja-
HBUIAJBl. XalbIK, MEIUIMHACHIH/IA KOHE TOMEeora-

THSUIBIK IIOTI KOCTIANapbIHIA Tepi aypyiapblH, KO-
TBIPJbI JKOHE TiPEK-KMMBLI AIIapaThIHbIH KbI3MET
OY3BbUIYBIH eMeyTe KOJJaHbuiaabl. JKanmer Tapary
aymarsl — 22,5 ra. AyanaH KypFak KyHiHgeri mai-
JlalaHyFa )kapamJibl Kopsl — 29,3 T. Kbl callbIHFbI
opraria Kopsl — mamMamMeH 7-9 T.

Kuikmen xynapryn (Origanum vulgare) — xen
MeJILEpAe IeJCHTTI MIAIFbIHAAPAA KOHE Tay Op-
MaH bl OeNIey/IiH TOMEHT1 Oeirinaeri Oyranap/a,
acipece Kercail sxone KailblHapl ©3eHAEpiHIH aH-
FapyapblHIa eceai. MenunuHaza ryiuen TYpFaH
JKOFapFhI O6JiriH Konaanaasl. JKynaprysn Kkenreren
(hyHKIUSUTaphIMEH eMJIK KACUETKE We, OHBIH IITiH-
Jie ©T alJalTbhIH, THIHBIIITAHABIPATHIH, KAaObIHyFa
Kapchl JKOHE acKa3aH-1IeK >KOJIAPBIHBIH KYMbI-
CBIH BIHTAJaHABIPATHIH cepi 0ap. O Ta3a TYHABIP-
Ma TYpiHIE Je, OPTYPJIi MONTIiK KocrmajJapblHaa 1a
Konganbuiaapl. [1Iukizatrapasly Kopiapsl eHep-
KociNTiK >kuHayFa xapamisl. lllatkanmapna aya-
KypFakK IUKI3aTTHIH JKBUT CAWBIHFBI MYMKIH O0Ja-
TBIH )KUHaKTay kejemi: Kemncaiina 2,1 1., KalbIH b1
3,4 . Xanmer aymarer — 41,8 ra, @HIIpiCTIK MIKKI-
3aTTHIH aya-Kyprak Kopbl — 28,4 T. JKbpUIIBIK KeMic
KOpbI — 5,5 T.

Opra tacwyiiria (Patrinia intermedia) — tay-
JaaiblK, Oenyeyne KoHe OpMaH-IIa0BIHIBIK, Oe-
JIey/IiH TOMEHT1 OeJIiriHie TacThl OeTKeep e, 03¢H
apHaJapbIHIAFbl MajTa TacTap apachblHIa, IIbIM-
Kabar-ceneyi-amyaHmenTi ganafga ecemi. YITTHIK
napK aymarbIHIa xui ke3aeceni. opinik Makcarra
OHBIH JXKep acThl OOJIKTepi XKOHE conapiaH AalbIH-
JaJaThlH TIpermapaTTap Maigadanbiiagasl. Typkic-
TaHJIBIK, NIYHIHIION CeKUTII XKYHKe jKyieci aypyia-
PBIHAA THIHBIITAHABIPFBIN PETIHAE KONJaHbUIAIbI.
Kannel Tapany aymarsl — 41,7 ra, ayaga Kyprak
KYHiHJer naiinananyra skapaMabl KOpel — 22,6 T.
Kb callbIHFBI OpTaria Kopsl — 8 T.

Keurreip tapan (Poligonum nitens*Bistorta
elliptica) — Opranrbl OeJjiriHeH Oacrar ajabIIiIiK
OenaeyAiH TOMEHTI IIeKapachblHa JACHiH Kol MeJl-
mepae keszneceai. On KbpIpaTThl Kepiepae, Tay
eTeriHJIeT] TaCThl )KOHE YCaK TOIBIPAKTHI OeTKek-
nepae, nana eciMmaikrepiMen Oipre eceni. Kopnap
VIITTHIK TIApK ayMarbiHga, CaThl ©3€HIHIH TOMEHT1
arbIChIHJIA, OHTYCTIK TaCThl OeTKeiine (TeHi3 JcH-
reitinen 1600 m), CaTbl ©3€HiIHIH COJ JKaFrajlayblH-
na, Kecaii skone KypMeri maTkangapblHBIH OpTa
JKOHE JKOFaphl OONKTEpiH/e Tay MEH IIaJFbIH/IbI
OCIMJIIK KaMBUIFBICHIH/IA aFall IMeH OyTaJlbl 6ciM-
IIKTEepMeH Oipre ke3aecei. OCIMIIK )KaMBbLUIFBICHI-
HBIH, K00aJIBIK aObIHABUILIFEI — 80%. Illenrecin
ecimaikrepain OuikTiri — 50-60 cm. Kyiii xakchl.
XanblKk MeAMLMHAChIHA KOJIOaHbULybl KeH. Kypr
aypyJiapbl MEH TU3EHTepusja THIMII OailiaHbIC-
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TBIPFBIII KYpaJl peTinae TyOipTekTep nainaiaHbl-
JIaJIBI.

JKoiimolp mapan ©CIMIITIHIH KOpJapbl MOJI,
OHBI JKMHayFa OOJAaThIH OOBEKT pETiHIEe Kapac-
TeIppIIaAbl. JKOFaprel O6NITiH TYNIALY Ke3eHIHIE
skuHaiabl. [laTkanmapaarel KbUIABIK aya-KypFak
LIMKI3aTThIH MYMKiH O0JIaTBIH KUHAIBIMBL: Kemcait
(8-9 1), Kypmeri (5,4 1). XKanmst aymarsr — 92,7 ra,
OH/IIPICTIK IIMKI3aTThIH aya-KypFaK Kopiapsl — 58,4
T. XKpUIIIBIK jkeMic Kopbl — 16,4 T.

Anwbept payman (Rosa alberti) xone berrep
paymaHt (Rosa beggeriana) — Bipiuii Typi 3epTTes-
TeH aliMaKTa eH KeH TapairaH, 1452 M OWIKTIKTCH
Oactam 2231 M OMIKTIKKE IEHiH, CHPEK OopMaHIap-
Jla, OpPMaHHBIH IIeKapajapbIH/Ia XKOHE OYTalbl 6CIM-
nikTepae kesaeceai. EkiHII Typi — TOMEHT1 Taybl

aliMaKkTap/ia XoHe opMaH OeiJeysepiHiH TOMEHTi
OemiriHae ©3¢HISP MEH JXaWbIMa OpMaHIaphIHIA
eceni. bapOapuc, yIIkar xoHe UTMYPBIH accolua-
LUSICBIHJIA TapanFaHd. byranapMen xa0buTy MpoLeH-
1i 80 %. EKi Typi ie oTe BUTaMUH/I1 KOHE aCKOPOUH
KBIIIKBUTB MEH TIOJIMBUTAMUH/II TIperapaTTap ainyra
KaKETTI JKEMICTEpiH JKMHAY YIIiH YJIKEH KBI3BIFY-
IIBUTBIK, TYABIPAJIBI. XaIbIK apachlHa TaMbIpIapbl-
HaH KalHaTa JadbIHJAM, il KaTyFa Kapchl KOJ-
JaHaJbl, ajl TylaepiHeH keOiHece mraii Oajgamacsl
peTiHne KaiHaThIN imkeH. Rosa alberti xanmsl ay-
Marbl — 156,0 ra, maiigananyra 00JaThiH ayajaa Kyp-
FAaTBUIFAH MIMKi3aT KOpbl — 78,5 T. XKbUIIBIK KeMic
Kopsl — 18,7 1. R. beggeriana >xanmsl aymarst — 31,0
ra, naijananyra 0oJaThlH ayaja KYPFaTbUIFaH [IH-
Ki3aT Kopsl — 66,1 T. Keuapik sxemic Kopbl — 11,2 T.

5-cypet — Tanuel maTkansHAarsl Berberis heteropoda, Hippophae rhamnoides
arcone Rosa alberti xeMiCTepiHiH KOpIIapbl

Komimri TYHMEIIeTeH (Tanacetum
vulgare) — ©3eH KaralapblHJa >XOHE OpMaH-Ia-
OBIH/IBIK TYP IIANIBIPAHKBI OCKEHMEH, OipaK deTTe
epeKIlle KOPFaIaThlH TAOWFU ayMaKTBIH OPTaHFBI
JKOHE TOMEHT1 Tay OesyieyiepineH ke3aecedi. Jdopi-
JIK HIMKi3aT peTiHAe TYJIILOFBIPbI MEH XKalblpaKTa-
pbl xxuHananpl. Onap et alalThiH, KYpPTKa Kapchl,
WHCEKTUIUITIK dcepi Oap. Jopislik oCiMIIK JKaIFbI3
JOPUTIK Kypasl peTiHie ne, OpTypil LIeNTIK IIai-
Jap MeH Kocraiap KypaMmblHIa Ja KOJJIaHBLUIAIbI.
XKanmer Tapany aymarsl — 91,7 ra, ayaga KenTipii-
IeH LIMKI3aTThIH MNaijganaHy Kopbl 33,4 TOHHaHBI
Kypaiapl. Ayana KenTipijareH Kyiueri sxeMicTepain
JKBUTIBIK KOPHI IaMaMeH 14 TOHHAaHBI Kypaiabl.

Mapruan xebip (Thymus marschallianus) — na-
JaNbIK OeTkelsep/e, Kyprak HIadFbIHIAp MEH CH-
pEeK opMaHapia, TOMEHII TaylapjaH opraiia Oel-
Jeyre AeHiH Tapanrad. Y ATTBIK MapK IIeKapachblHaa
Kerncaii e3eHiHiH col jKaranayblHAa, TOMEHT1 KO
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MaHBIH/Ia, COJITYCTIK-IIBIFBIC OCTKEHiHIE OpTYpIIi
HIeNTep MEH 3J1aKTap apajacKaH jKepje, COHAan-aK
KalbIHI6I 03€HIHIH TOMEHT1 OOTITriHAe KEHIHECH Ke3-
JleceIi.

OciMIKTep JKaOBIHBIHBIH MPOCKIUSIIBIK Ka-
MbUTFBICEL  60-70%. I'ynaeny kesiHzme >KMHaIFaH
me6i. Thymus marschallianus TeHBIC amy xonma-
PBIHBIH aypyJapblHlia KaKbIPbIK TYCIpeTiH, KaObl-
HyFa Kapchl KOHE THIHBIIITAHIBIPATBIH 9cepi 0ap.
Ddup Malbl MEH OfaH aJbIHFAH MperapaTTap Oak-
TEpUsiFa Kapchl, CaHbIpayKYJIaKTapFa Kapchl KOHE
reJIbLMUHTTEPre Kapchl 9cep ereli. OpTypii aypy-
map Ke3iHpe, acipece 6aysIp, OYHpeK, alieprusi, Thl-
HBIC Iy JKOJIaphbl, Tepi aypylapblHa, COHAAN-aK
JOM/ICYII XKoHe 0al )KUHAYIIBI OCIMIIK PETiHAe Ke-
HiHEH KOJIJJaHBLIAIBL.

[entin OuikTiri 50-70 cM. MyMKiH OONaThIH
JKBUIABIK JKUHAKTAy KeJjemi Kelleci IaTKaigapaa
Kyprizinyi mymkin: bateic Kapadynak (0,2 1), Kyp-



C.K. MyxTty0aeBa xoHe T.0.

meTi (0,3 1), Tanme (0,1 1) xene Catsrl (0,2 T). XKan-
bl aymarsl — 10,0 ra, naliganany kopaapsl — 5,1 T.
Kbuiasik sxemic Kopbl — 0,8 T.

Koemimri eretitien (Tussilago farfara) — O3en
JKaFaJIapbIHJIa, ca3/ibl OeTKEHIepe, JKapTacThl XKep-
Jiep MeH Tay OOKTepiHiH TOMEHT1 )KOHE OpTaHFbI 06-
nikTepinze xui kezaeceni. On OapibIK HEri3ri e3eH
aHrapiapeiaaa eceni. Ex yiken morsipimap Kemcait
©3CHIHIH JKarajayblH/aa, OIpiHII KeJIeH TOMEH Op-
HaJIaCKaH, Cy KOWMAacChl MAaHBIHJIAFbl KaHA KOIIKiH
Keprepine Oaiikanansl. MyHIail yaackesnep y3bIH-

neIrel 300-400 M, eni 3—5 M-neH 30-40 m-re aeiin
ketedi. Jlopinmik IIMKi3aT peTiHAe >KaIrbIpaKTapbl
naiaanaHbUIa bl — 0Jap KAKBIPBIK TYCIPTIII jKOHE
XKyMcapTKbI ocepre ne. COHbIMEH KaTap, THIHBIC
ay JKONAaphl aypyJapblHIA, aJUIEprUs KOHE TH-
HEKOJIOTHSIIBIK, aypyJiap/ia KOJJaHBUIATBIH TYpIIi
IIONTIK KOcMajgap KypamblHa €HeJli. XaJbIK Me/u-
[IMHACBIHAA TYJAepi Je maimanaHburansl. JKammel
tapany aymarel — 29,0 ra, ayaja Kyprak KyHiHzeri
naiaananyra >kapam bl Kopsl — 55,3 T. XKL caifbIH-
FbI OpTaiia Kopbl — 12 T.

6-cypet — Kencaii markansiaaarsl Tussilago farfara sxene Hypericum perforatum MOy IAIUSICH

Chamaerion angustifolium eciMIITiHIH KOp-
Jlapbl JKaKChl, OHBI YXUHayFa OoJyiajbl. OCIMIIKTIH
JKep ycTi OeiriH skuHay/sl ryn Oypiuiri naiga 6o-
Jap anjblHAa, MayChIM aiibIHBIH OachIHIIA JKYpri3e-
ni. lenti TombipakTan 3-4 ¢cM OHWIKTIKTE KeCei.
Kemncaii (7,6 1), Kypmeri (5,4 1), Tanmsr (2,06 1)
IaTKAIIapbIHIa ayanail KypFaK IIUKI3aTThI JKBLI
CalBIHFBI MYMKIH OOJAaThIH JKUHAKTAY KOJeMi Coii-
KeciHIe. ©OciMIIKTIH kanmsl aymarsl — 59,0 ra, aya-
Jlail Kyprak MIFKi3aTThIH Nainatany Kopsl — 44,6 T.
JKb11 calibIHFBI JKeMic KOpbl — 15,06 T.

Kocyiuni kanakait (Urtica dioica) — Jlananbig
JKOHE OpMaH-TIA0BIHABIK Oelneynepae KeH Tapai-
FaH, KeH jkepiepjae OpMaHIapAa, ©3€¢H jKarala-
PBIHIA, JKbIpanapia KoHEe OpMaH IIETTePiHJE II0-
FBIPJIAHBIN ocei. J[opimik muKizaT peTiHae ryiuey
KE3CHIH/IC JKMHAIATBIH KalbIpaKTapbl Maijana-
HbU1abl. Kamakail sxkamnbipakrapbl KOT(YHKIHSIIbI
acepre ne — KaH TOKTAaTaThIH, KaH TY31TyiH )KoHE 3aT

anMacynbl peTTeiTin Kacuertepi O0ap. On THIHBIC
airy )K9HE ac KOPBITY JKyHeci aypyJapblHaa KoJia-
HBIIATHIH OPTYPJIi WIONTIK Kocnajgap KypaMbIHa Ki-
peni. CoHbIMEH KaTap, TaFaMBIK )KOHE TaJIIBIKTHI
MakcaTTa Ja maigananbuianel. JKanmel Tapany ay-
Marbl — 72,0 ra, ayaja Kyprak, KyHiHzeri maigana-
HyFa xapambl Kopbl — 41,5 T. XKbu1 caliblHFbI OpTa-
1a KOpsl — mamMame 6-7 T.

Typkicran yHriHmeoi (Valeriana
turkestanica) — bynm eciMIiK a3 MeOJIITIEP IC TITATFBIH-
Jlapia, OpMaH/Ibl ajJaHKaiaap/aa )koHe OyTasapMeH
xaOblTFaH okepnepae oceni, Kypmertsl, Kencait,
Kafieraapr sxoHe CaTbl ©3€HACPIHIH IITaFBIHIBI-
opMaHjIbl Oenjemaepinae keszgeceni. JKuHaliaThiH
06J1iri — eKIXBUIIBIK OCIMIIKTEP IiH TaMbIpcabaKTa-
pBl MEH TaMBIpJIaphl, Ojap KOKTEMHIH epTe Ke3iH-
Jie Hemece Ky3Je, TYJJICHYJeH OYpbIH >KUHAJalbl.
Byn eciMaikTiH mpenapaTrrapbl MEH >KHHAaKTaphl
HeTi31HEeH JXYPeK-KaHTaMbIp KYHECiHIH, THIHBIC ary
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OpraHJapbIHbIH, 0ayBIP/bIH, acKa3aH-iIlIeK >KOJIa-
PBIHBIH JK9HE DHIOKPUHIIK XYHWEHIH aypylapblH
emzieye KosjaHbiiaabl. JKbUl CalbIHFBI KHHAJA-
TBIH KOJIeMJIi Kelleci MaTKaijaapja >KhHayra 00-

naner: Kaiteiaaer (0,2 1), Tanmger (0,3 1), Kypmeri
(0,4 1) xone Catsl (0,2 T). XKanmsr aymarst — 10,0
ra, nainanany kopnapsl — 7,4 T. XKbUIIbIK KeMic
Kopbl — 1,1 T.

7-cypet — Kaiiblibl miatkanaarsl Ziziphora clinopodioides
xoHe Valeriana turkestanica nonynsiusiiaps

['ynpaiixan KHIKOTBI (Ziziphora
clinopodioides) — eciMIlik KypFaK TacThl JallabIK
OeTkeiyiep/ie, MaaiblK OCIICY/IIH JKOFApFhl 06JIi-
TiHJ/Ie KOHE OpPMaH-IIA0BIHIBIK, OeIey liH TOMEHTI
Oedirinze, 6apibIK KOJAMIBl MEKEHAEpIe Ke3ece-
ni. Jlopinik MakcarrTa TYJIIey KEe3CHIH/IC KUHAJIFaH
20-25 cM Y3BIHIBIKTAFbl ca0aKTBIH KOFapFbl 06JIiri
naigananpUIaael. 3epTTey OapbIChIHA 3u3UQOpa-
HBIH ©TE THIFBI3 IOFbIpIaphl Kelcail e3eHiHiH coll
KaraJlayblHJa, TOMEHT1 KeJl MaHbIH A koHe KaibIH-
ITbI ©3CHIHIH TOMEHT1 aHFapbIH/1a aHBIKTAJIbI.

Xomr micti 3u3nudopa, Z. bungei TypiHe ykcac,
HETi31HEH KaH KbICHIMBIH TOMEHJIETY, aTepOCKJIe-
PO3, KYpEK-KaHTaMbIp aypyJjapbl >KOHE THIIEPTO-
HUSHBI eMJIeY YIIiH KOJIaHbLIa bl

Kanms! Tapamy aymarsl — 32,0 ra, ayana Kyp-
FaK KyHiHZeTI maimanaHyra skapamibl Kopel — 9,2
T. JKbIT cCalibIHFBI OpTaIa Kophl — iraMames 1,5-2 T.

Kynreit AunaTtaybl >KOTacbIHBIH HIBIFBIC O6JIi-
riHgeri Heri3ri opOip MOpLTIK eciMIiKTep KOpbI-
HBIH JKaJIbl Tapainy aymarbl 9,3—-169,4 rexrap apa-
neIFbIHIA e3repeni. EH ynken aymakrtel Berberis
sphaerocarpa Typi ameimn xatelp (169,4 Ta), Oyn
OHBIH JKOJIOTHSJIBIK JKOHE MIapyallbUIbIK TYPFbI-
JaH MaHBI3IBUIBIFBIH KepceTeni. An Hypericum
scabrum nen Valeriana turkestanica TypnepiHig
Tapajy ayMarbl CallbICTRIpMaIbl TypJe marbiH (9,3
xoHe 11,5 ra), Oy onapaplH HaKThl Onoreorpadus-
JIBIK, LIeKapanap/a TapalyblHa OalIaHbICTBI.

DKCIUTyaTaUsUIbIK KopJiap ©CIMIIKTEpIiH oI,
TaMbIp KOHE JKEeMIiC TYpiHIeri MHMKi3aT pecypcra-
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PBIH cHNIATTal bl MbIcansl, Aconitum leucostomum
32,6 T mer nied 7,7 T TaMBIp IMIUKI3aTBIH Oepei, Oy
OHBIH JKOFapbl OHIMALIrIH Kepceteni. Keitbip Typ-
nep (Meicansl, Berberis sphaerocarpa) Tex 6ip mu-
Ki3aT Ko31HeH cunarrajca, Inula helenium men Rosa
beggeriana TypiepiHie TeK KeMiC KOPbl aHBIKTA-
FaH.

OCIMIIKTepIiH JKBUIIBIK KOpP KOPCETKIIITe-
pi ne MaHbBubL: Aconitum leucostomum KbUIbIHA
108,2 1 mem sxeHe 27,6 T TaMBIp IUKI3aTHIH Oepe/Ii.
Tussilago farfara xoene Urtica dioica cusiKTbl TYp-
JIep JIe JKOFaphl JKbUIJBIK OHIMMEH epeKIIeIeHel
(55,3 T xoHe 41,5 T wen). Anaiina, keilbip Typiep-
JIe JKBUIJIBIK, KOP TOIBIK KOPCETLIMEreH, MBICAIBI,
Valeriana turkestanica tek 7,4 T KeMIiCIIEH CHUIIaT-
TaJFaH.

Kopnap MeH ®bUIIBIK KOPJIAP/bIH apaKaThiHa-
ChbI OCIMIIKTEP/IIH YKOJIOTHSIIBIK, OPHBI MEH IIapya-
HIBUTBIK KOJIJIAHY MYMKIHJIITiH KepceTei. Mbicaisl,
Berberis sphaerocarpa men Poligonum nitens Typ-
JIEPIHJIE KAJIBl KOP KOFapbl OOJIFAHBIMEH, JKbLI-
JIBIK, KOPJIApBI CaIbICTRIPMAITBI TYPJIE TOMEH OOTYbI
MYMKiH.

Tyracrait anranma, eCIMIIKTEPIH IIMKI3aT KO3-
JIEPiH TOJIBIK OaFraiay >K9HE OJIAP]IbIH YKOJIOTHUSITBIK
9CepIIepiH ecKepy — TaOUFW pecypcTapiabl THIMII
KOHE TYPaKThl NaiJaNaHyAbIH HETi3rl MIapTTapbl-
HBIH Oipi OOJIBIT TAOBLIA B,

Kynreit AnaTtay >XOTachIHBIH WIBIFBIC 06T
IaTKANapbIHIa aHBIKTAIFAH JTOPUIIK ©CIMIIKTep-
IIiH TaOWUFU KOPBIH 3€PTTEY OJIAPABIH CaKTalybIH
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KaMTaMachl3 €Ty JKOHE YTHIMIbI MaiijanaHy KoJ-
JApbIH aHBIKTayFa MYMKIHAIK Oepni. OpOip Typ
OOWBIHIIIA FRUIBIMA HETI37CJITCH YCBIHBICTAp O3ip-
JICH/TI, OJlap OCIMIIIKTEPJIiH TaOWFH TMOMyJIsIHsLIIa-
PBIH caKTay, OJIap/IbIH KAJIbIHA KeTy KalijJeTTepin

€CKepy >kOHE OMOJIOTHSUIIBIK OPTYPJILTIKTI KOpFayFa
OarpITTasIFaH. TeMeHIEri KecTene 3epTTeNreH He-
ri3ri eciMIiK TypJepi MeH oJapibl KOpFay >KoHe
YTBIM/IBI MTaii1aany OoMbIHIIA 2-1111 KeCTere ColKec
YCBIHBICTAp Oepiyi.

2-kecte — KyHreii Anaray >KOTaCbhIHBIH IIBIFBIC 06J1ir ayMaKTapbIHAAFbI AOPUIIK OCIMAIKTEp TYPJICPIH KOPFay JKOHE YTBIMIbI Maii-

nanany OOWBIHIIA YCHIHBICTAP

Ne OciMaik Typi Kopray »oHe yThIM/IbI Naiianany OOUbIHIIA YCHIHBICTAP
1 | Achillea millefolium Oprara kesem/e )XuHay, ociMaikTepais 50%-bIH KaIasIpy.

2 | Aconitum leucostomum Karan xuHay TUMHUTTEpI; IIUKi3aT KOPBIH OarajayaaH KeiliH FaHa KuHay.
3 | Berberis sphaerocarpa Llexreymi xxuHay; KkoOerore KaOlIeTTi OyTanapisl caKTay.

4 | Chelidonium majus Opraiia XuHay; eciMIiKTepaiH keminae 40%-bIH KaaabIpy.

5 | Ephedra equisetina Karan kopray; Tek apHaiibl pyKcaTIeH )KHHay.

6 | Epilobium angustifolium [MomynsiusiHbl 6aKpLIay apKbLUIbI OpTAIlla KHHAY.

7 | Hippophae rhamnoides Ocipyni 1aMbITy; IUTAHTAIUSIIAP YHBIMAACTBIPY YCHIHBIIA B

8 | Hypericum perforatum Ocipymni 1aMbITy; TAOUFH OPTaa )KOCTAPIIbI XKHHAYFa PYKCAT eTiIe/Ii.
9 | Hypericum scabrum BakpliayMeH )KUHAY; MOMYJIALMSHBIH )KaFIaibIH MOHUTOPHHT jKacay.
10 | Inula helenium AyBUI IIapyamblIbIK JKepiaepiHae ecipy 0achIMIIBIFBL.

11 | Origanum vulgare Ocipyni 1aMbITy; TAOUFATTaH JKOCHAPJIbI KUHAY MYMKIH.

12 | Patrinia intermedia Karan xunay muMuTi; TaOUFH MEKSH/IEY OpTajlapblH CaKTay.

13 | Poligonum nitens [lexreysi )KuHAY; TYKbIM OepeTiH OCIMIIKTep/Ii caKTay.

14 | Rosa alberti Jlokastb1bl HOMYJSIIUSIIAP/Bl KOPFay; TeK TYKBIM JKHHAYFa PYKCaT.

15 | Rosa beggeriana Jananarsl DOMyJISILUSIIApbI KOPFay; 6Cipy/Ii JaMBbITY.

16 | Tanacetum vulgare Opraiiia KMHay; )KHHAY YYacKeJICPiH aybICTHIPBIIT OTBIPY.

17 | Thymus marschallianus [MnanTanusinapaa ecipy YChIHBLIAIbL.

18 | Tussilago farfara Oprara xuHay; TaOUFM KaJllbIHa KeITy/i OaKpLiay.

19 | Urtica dioica JKymcak kuHay; Te3 KajlblHa KeJIeTiH 0CIMIIK.

20 | Valeriana turkestanica IImanTanusIbIK ocipy 6achIMIBIFBL.

21 | Ziziphora clinopodioides Ocipy 'koHe TabHUFaTTa MICKTEYJIl KHUHAY.

Korapsima 6epinren 6apibIK A9PLTiK TypAepIaiH
KOPBIH CaKTay YLIIH OJlapAbIH

- )KMHAY YYacCKeJIEPiH KblJ CaliblH aJMacThIpy
(poTanus);

- nonyJsisinusiHbiH Keminge 20—30%-b1H Ta0uFu
Karaalaa Kajaabplpy;

- IOPUTIK KYHBI TYPJIEPIiH TYKBIM KOPBIH KYPY
(TYKBIM OaHKi);

- XaJIbIK apachlH/Ia Kadaibl I9PiTiK eciMIIKTep-
JUH MAaHBI3IBUIBIFBl Typallbl arapTy >KYMbICTAPbIH
JKYPrizy Kaxer.

KopbIThIHABI

Kynreii Anaray >KOTachIHBIH HIBIFBIC OOJITriH-
ne 497 tysictan xoHe 90 TyKbpIMmacTaH 1541 Typ-

Il KYPaHUTBIH COCYMUCTIK O©CIMIIKTEPIIH apachlHaH
maMamMen 221 Typ WWAapTThl APPLIIK OCIMIIKTEp
KatapblHa jkaTajapl. Typ caHbl OOWMBIHIIA >KETEKIi
opbiHaapael Asteraceae Dumort., Rosaceae Juss.
xoHe Lamiaceae Lindl. TykbimpacTapb! anajebl.
3eprrey Oapeiceinaa Berberis sphaerocarpaKar.
&Kir.(B.heteropoda Schrenk ex Fisch. & C.A.Mey.),
Rosa alberti Regel, Epilobium angustifolium L.,
Ephedra equisetina Bunge, Aconitum leucostomum
Worosch., Hypericum perforatum L., Tussilago
farfara L., Tanacetum vulgare L. xone Poligonum
nitens (Fisch.et Mey.) V.Petr. cusikTsr ecimaikrep-
IH IIWKi3aT KOpJjlapbl aTapibIKTail eKeHi aHBIK-
TaJIJIbl, OJIAP]Ibl OHEPKOCIMTIK KOJIIEMIC KIUHAKTAYFa
0oabl. OCIMIIKTEPIiH Tapalybl MEH KOPJIAPHIHBIH
OmiKTIK Oenneysepine OaWIaHBICTHI EPEKIIETiKTe-
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Pl KepceTin OTbIpFaHai, eH YJIKEH IIUKi3aT KOpHI
opMmaH OenjeylepiHie OpHaJllacKaH, MYHIA TYp-
7l MakcaTTap yurH oneyeti 6ap 11 Typ aHbIKTan-
nel. Ocwl Oenneyne conpaii-ak Chelidonium majus
L., Hypericum scabrum L. xxene H. perforatum L.
CHUSIKTBI JIOPLITIK 6CIMIIKTEPAIH alTapIbIKTal IIHUKi-
3aT KOpJaphl MIOFBIPJIaHFaH.

Anprinik 6engeyne Tek 4 Typ FaHa mIapyanibl-
JBIK, MaHbI3bl 0ap OCIMIIKTep peTiHAe TipKei,
MYHJa MIKKi3aT Kopuapsl mekreyii. Hlukizat Kop-
JIapel KesieMi OOMBIHIIA alfBIPMAITBIIBIK KOPCETETIH
JOPITIK eciMaiKTepIiH Kermuriiri eki (15 Typ) He-
Mece Oip (8 Typ) ecimaik Oenneynepinae nakimana-
HbLIA ajajabl. Y11 eciMik Oenneyin/ie TeK MbIHa Al
TYpJIEp JKUHAKTaNybl MYMKiH: Achillea milltfolium,
Aconitum  leucostomum,  Origanum  vulgare,
Patrinia intermedia, Thymus marschallianus >xoHe
Poligonum nitens.

Hopinik ¢opaHblH KeNTereH oxinaepi ai-
TapJIBIKTAl ayMaKTapbl bl XKATBIP JKOHE OJap
JIOPUIIK Kypaigap MEH OHOJOTIHMUIBIK OeliceH i
Kocrnajap eHJIpiCiHe KaKeTTi KYHABI OCIMJIK LIH-
Ki3aTHIHBIH MaHBI3/IBI KO31HE alfHAITyBl MYMKIiH. by

63 Ke3eTiH/Ie JOPIITIK MIMKI3aT )KUHAYAaH alIbIHATHIH
Kap KbUIBIK, Kapa)KaTThlH KOCHIMINA aFBIHBIH allly-
Fa, DKOHOMUKAJIBIK TYPFBIIaH MaHBI3IbI TYPJICPIiH
TYpPaKThl TaiJIaTaHbLTybl MEH CaKTaJybIHA BIKITAJ
€TeMi, COHIal-aK OPTYPJi TOITAFBl XaJbIK VIIiH
IKOJIOTHSIIBIK OLTIM JKYHECiH JKeTinmipyre, oopi-
JK eciMIIKTepAl AypbIC NaiijanaHy >KOHE KOpray
Typaibl OUTIM JIEHTEHiH apTThIpyFa KOMEKTECei.
OHepKOCINTIK MaHBI3bl 0ap JAOPLIIK OCIMIIKTEPIiH
kenemjiepi Ka3zakCTaHHBIH JKUHAKTay MEKeMele-
pi MeH YHBIMAAphl, COHAal-aK (apMareBTUKAIBIK
KOHE OHEPKOCINTIK KOCIMOPBIHIAPHI TaparblHaH
THIMJII TaliaIaHbLTY bl MYMKIH.
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SHIFTS IN AVIAN COMMUNITY STRUCTURE
IN ONE OF THE GORGES
OF THE AKSU-ZHABAGYLY NATURE RESERVE

This article examines changes in bird community structure in Taldybulak Gorge (Aksu-Zhabagly
Nature Reserve) from 1996 to 2025. To maximise comparability, we analyse 11 seasons restricted to the
last week of June (1996-2000, 2002, 2004, 2006, 2008, 2012, 2025). Counts were conducted along a
fixed route, in morning hours only, by the same observer. Over this period, 34 species were recorded;
a core of just 12 species formed the resident community, whereas others bred irregularly or appeared
during post-breeding foraging movements. The latter occasionally dominated for short intervals (e.g.,
Sturnus roseus). Both species richness (8-19 per day) and total abundance varied strongly across years
(12.3-198.8 ind./h) and even across successive days. The processes observed were largely natural; how-
ever, even minor human disturbance influenced them, as evidenced by marked declines since the early
21st century in the Black-headed Penduline Tit (Remiz coronatus) and the White-throated Dipper (Cin-
clus cinclus), coincident with increased tourist traffic.

Keywords: Aksu-Zhabagly Nature Reserve, Taldybulak Gorge, avifauna, bird community structure,
recreational disturbance, phenology.

E.C. Yaamkosa', b6.T. bepankyaos'?*, A.E. Tawmmosa'

' KasakcTaH Pecriy6amkachl FbiAbIM >kaHe XoFapbl GIAIM MUHUCTPAITIHIH
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AKcy-)KabarbIAbl MEMAEKETTIK TAOMFU KOPbIFbIHbIH,
6ip WATKAABIHAAFbI KYCTap KaybIMAACTbIFbl KYPbIAbIMbIHbBIH, ©3repici

BbyAa Makarapa Akcy-)XKabarbiAbl KOpPbIFbiHbIH TaAAbIGYAAK, LWATKAAbIHAAFbI KYC KaybIMAACTbIFbI
KYPbIAbIMbIHBIH, 1996-2025 K. apaAblfblHAQFbl ©3repicTepi 3epTTeAeai. Hatuxkeaep 11 XbIA 60Wibl
MayCbIM alblHbIH COHFbl anTaCblHAQ XXYPri3iAreH caHak, aepekTepiHe Herizaeaai (1996-2000, 2002,
2004, 2006, 2008, 2012 >aHe 2025). Kyctapabl caHay TypakTbl MapLIpyT 60ibIMEH, TeK TaHEPTEHT
yaKbITTa, 6ip CaHaKWbIMEH XKYPri3iAai. ATaAFaH Ke3eHAE KYCTbIH 34 Typi TipKeAAl; OAapAbIH, illiHEeH
Heb6api 12 Typ opHUTO(ayHaHbIH, TYPaKTbhl «@3€riH» KypaAbl, aA KAAFAaHAAPbI XKbIA CalblH YSIAAMaMTbIH
Hemece KOpeK YLLIH KOHbIC ayAapy Ke3eHiHAE FaHa Ke3aeceTiH TypAaep 60AAbl. Kenbip KycTap, MbiCaAbl
aaaTopran Sturnus roseus COHfbl Ke3Ae, KbICTbIH, Kell Me3riAAepiHAE YAeCi apTbin oTbipAbl. KycTapabiH
TYP ayAyaHAbIFbl (8-19) FaHa emec, caHbl aa (12.3-198.8 aapak/car) ap >Kbiasa Ad, 6ip MayCbiM iWiHAE
A€ anTapAbIKTal KyObIAbIN OTbIPAbl. bakblAaHFaH e3repictep HeridiHeH TabuFu cunarta GOAAbI,
AEreHMEH aAaM bIKMaAbIHbIH, a3paFaH apTybl Aa Garikasabl. Mbicaabl, XXI f. 6acbiHaH 6epi kapabac
KYPKbIATa (Remiz coronatus) MeH KaAiMmri cylbiakapanbiH (Cinclus cinclus) caHbl TyprcTep aFbiHbIHbIH
KebetliMeH KaTap eAdyip asaiFaHbl 6ankaAbl.

Tyiin  cesaep: Akcy-XabarbiAbl  KOpbiFbl, TaAAblOyAaK, —WaTKaAbl, aBudayHa, Kycrap
KAYbIMAQCTbIFbIHbIH, KYPbIAbIMbI, PEKPEALIMIAbIK, 8Cep, heHOAOr M.
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Shifts in avian community structure in one of the gorges of the Aksu-Zhabagyly nature reserve

E.C. Yaaukosa', b.T. bepaunkyaoB' %, A.E. TawmmoBa'

TMHCTUTYT 300A0TMM MUHMCTEPCTBA HayKM M Bbicliero o6pasosaHus Pecrnybankm KasaxcraH,
AAmarbl, KazaxcraH
2Ka3axcKuil HaLUMOHAAbHbI YHUBEPCUTET UMeHn aab-Papabu, Aamatbl, KaszaxcraH
*e-mail: bekzhan.berdikulov@zool.kz

M3meHeHMe CTPYKTYPbl HacCeAe€HUS NTULL B OAHOM
M3 yLLLeAni 3anoBeAHMKa AKcy-XKabarbiAbl

B cratbe paccMOTpeHbl BOMPOChI M3MEHEHNS CTPYKTYPbl HACEAEHMUS NMTULL B ylLeAbe TaAAblOyAak
(3anoBeaHnk Akcy->Kabarbiabl) ¢ 1996 rno 2025 r. AASt YNCTOTbI SKCMIEPUMEHTA B3STa MOCAEAHSIS He-
AeAst MioHs 32 11 AeT HabAoaeHn (1996-2000, 2002, 2004, 2006, 2008, 2012 1 2025 rr.). [Npn 3TOM
yYeTbl NTUL, MPOBOAMAMCH HA MOCTOSIHHOM MapLLUpPYTe, TOAbKO B YTPEHHME Yacbl MU CUAAMU OAHOTO M
TOrO >Ke yJyeTuurKa. 3a 3TOT NepuroA BCTpeyveHo 34 BrMaa NTULL, U3 KOTOPbIX OCHOBY HAaCEAEHMS COCTaBU-
AV TOABKO 12, a Apyrve rHe3pAMAUCH HE eXXEroAHO UAM MOSIBASIAMCH B MepMoA KOPMOBbIX KOUeBOK. [Mo-
CAEAHME MHOTAQ HAa KOPOTKMIA MPOMEXXYTOK BPEMEHU COCTaBASIAM OCHOBY HaceAeHus (Sturnus roseus).
Kak B1MAOBOM cocTas (0T 8 A0 19), TaK M YMCAEHHOCTb NMTUL, OblAa HE MOCTOSIHHA M M3MEHYMBA KaK Mo
roaam (o1 12.3 Ao 198.8 oc./u), TaK U B TeyeHMe HECKOAbKMX AHel. Bce mpocAeXkeHHble nmpoLecchl
MMEAM ecTeCTBeHHOe npoucxoxaeHne. OAHAKO Aaxke MaAelllee BMeLaTeAbCTBO YEAOBeKa BAMSIAO
Ha MX XOA, UTO MPOCAEXKEHO Ha YEePHOrOAOBOM pemese (Remiz coronatus) v OObIKHOBEHHOM OASITKE
(Cinclus cinclus), kotopble ¢ Hayara XXI| B. CyLIECTBEHHO COKPATUAM CBOIO YMCAEHHOCTb, CBSI3AHHYIO C

BO3POCLUMM MOTOKOM TYPUCTOB.

KatoueBble caoBa: 3anoBeatuk Akcy-XKabarabl, yuteabe TaaabiOyAak, aBudayHa, CTpyKTypa nTu-
Ubero coobLIeCTBa, PeKPeaLMOHHOE BO3AENCTBUE, (DEHOAOT S,

Introduction

Protected areas are central to biodiversity con-
servation, but they are not static systems. Bird
communities in reserves still respond to weather
variability, species interactions and broader envi-
ronmental change; detecting those signals reliably
requires long-term, standardized monitoring. Birds
are especially useful for this purpose because their
populations are relatively easy to survey and they
respond quickly to environmental change (Fraixe-
das et al., 2020; Lindenmayer et al., 2022). Long-
term projects elsewhere show what such monitoring
can reveal, for example, climate and habitat shifts
have been linked to reduced fitness in cavity-nesting
songbirds (Riggio et al., 2023).

Aksu-Zhabagly State Nature Reserve in the
Western Tien Shan, establish hed in 1926 as the
first reserve in Kazakhstan (BirdLife International,
2025), will celebrate its centenary in 2026. Over the
past century its area has expanded more than four-
fold, from 29,712 ha at the time of foundation to
131,934 ha today, as additional gorges were incor-
porated. The reserve is now recognized as a regional
biodiversity hotspot, supporting about 247 recorded
bird species and 130 confirmed breeders (Kovshar,
2016). Its long history of strict protection and di-
verse avifauna make it an ideal model system for
studying long-term dynamics in bird community
structure.

At the same time, many protected areas, in-
cluding Aksu—Zhabagly, have experienced grow-
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ing tourist visitation (Akbar et al., 2020). Even low
levels of recreation may reduce breeding success
and local abundance in sensitive birds if not care-
fully managed. A global review found that almost
90% of studies reported negative effects of non-
motorized recreation such as hiking and wildlife
watching (Steven et al., 2011). Local studies con-
firm these tendencies: in Aksu—Zhabagly, the pen-
duline tit (Remiz pendulinus) has been proposed as
an indicator of anthropogenic pressure along eco-
logical trails (Chalikova, 2004), while other field
studies show that species richness and abundance
decline along heavily used routes, particularly in
open habitats (Wolf et al., 2013). Understanding
whether changes in bird communities within strictly
protected reserves reflect natural turnover or subtle
anthropogenic impacts is therefore an important ap-
plied question. Long-term data from undisturbed
systems show that bird communities can fluctuate
considerably between years, yet retain a stable core
composition over decades (Wesotowski et al., 2022;
Berdikulov et al., 2023)

The first ornithological studies in the Western
Tien Shan are associated with D. N. Kashkarov and
A. P. Korovin. In 1922-1923 they surveyed the Ta-
las Alatau and joined an expedition organized by the
Central Asian Museum, which led to the establish-
ment of the Aksu-Zhabagly Nature Reserve (Kash-
karov & Korovin, 1926). Since then, bird observa-
tions in the region have been conducted regularly
initially as faunistic inventories and, from the 1980s
onward, as long-term monitoring.
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Our aim was to analyse the breeding-season bird
community of Taldybulak Gorge under conditions of
limited human activity, using standardized morning
transect counts conducted on astronomically compa-
rable dates (last week of June) across 11 survey years
(1996-2025). Our objectives were (1) to determine
species composition and the occurrence status of birds
during this late-June window; (2) to identify the spe-
cies that form the community core across years and
quantify dominance and subdominance; and (3) to di-
agnose the drivers of interannual change in community
structure and in the abundances of individual species.

Methods of research

Study area

Taldybulak Gorge is located in the lower moun-
tain belt of the Talas Alatau and has been part of
Aksu-Zhabagly State Nature Reserve since 1946.
Human influence has been limited: periodic horse
grazing in the lower gorge, planting of cultivated
trees (apricot, almond, cherry, poplar and black lo-
cust) in the 1950s, and the development of tourism
since the 1960s, which became widespread in the
early 21st century (Akbar et al., 2020). The gorge
lies on the northern slope of the Talas Alatau, 3 km
from the reserve headquarters in Zhabagly village.
The gorge opens onto a foothill valley. The gorge is

70°24'0" 70°27'0"

narrow: the lower section runs south—north, then in
its middle part it forks into an eastern branch carry-
ing the Taldybulak River and a dry western branch.
The river rises from springs; below the gorge its
flow is partly diverted into an irrigation canal, with
the remainder spreading as small streams across the
foothill valley. Elevation ranges from 1210 m at the
entrance to 1930 m at the pass.

Riparian vegetation along the river is dominated
by Salix tenuijulis, mixed with Berberis oblonga,
Rosa beggeriana, Rosa fedtschenkoana, Rosa ko-
kanica, Lonicera nummulariifolia, Lonicera. ste-
nantha, Lonicera tianschanica, Crataegus turkes-
tanica, Padellus mahaleb, Cerasus erythrocarpa,
Spiraea hypericifolia, Juniperus seravschanica,
Juniperus semiglobosa, and Malus sieversii, which
forms small groves upstream. The slopes are dry
and stony, with rocky outcrops and scattered shrubs
(rose, almond, honeysuckle, cherry) and trees (juni-
per, hawthorn, apple).

Bird surveys

Bird counts were conducted along a fixed 3.5
km trail following the Taldybulak River from the
gorge entrance (42°24'56.1" N, 70°28'17.1" E; 1210
m) to the point where the path leaves the riverbed
for the southern slope (42°23'56.0" N, 70°27'35.3"
E; 1530 m) (Figure 1).

70°30°0"

42°27'0"

42°24'0"

Zhabagly

420270
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|
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Aksu-Zhabagly Nature Reserve

T0°24'0" 70°27'0"

70°30°0"

Figure 1 — Survey route map of bird counts in Taldybulak Gorge
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Observations were carried out exclusively in the
early morning, starting at 07:00, by the same observ-
er throughout the study. The total observation effort
exceeded 28 hours. Abundance was expressed as
the number of individuals recorded per hour (ind./h)
(Chalikova, 2007). Because surveys were restricted
to a fixed route and time of day, the values represent
relative rather than absolute densities (Morelli et al.,
2022).

Birds are mobile throughout the year, but ear-
lier surveys in Taldybulak Gorge (1994-2012) con-
firmed that the breeding season is the only period
when most species remain tied to a territory. Its
length varies from about one month in small passer-
ines to up to five months in large raptors. To ensure
comparability, all counts used here were conducted
in the last week of June. At this time breeding is
ending for most species, males continue to sing, and
fledglings remain near natal areas, while large-scale
movements have not yet begun.

Comparative analysis was based on 11 survey
years: 1996 (26 June), 1997 (25 June), 1998 (24
June), 1999 (29 June), 2000 (27 and 30 June), 2002
(25 and 28 June), 2004 (23 June), 2006 (29 June),
2008 (25 June), 2012 (27 June), and 2025 (30 June).

Data analysis

Species lists and abundance indices were com-
piled for each survey year. To characterize com-
munity structure, species were grouped as: (i) core
species (recorded in >7 of 11 years), (ii) occasional
species (2-6 years), and (iii) rare visitors (single re-
cords). Relative abundance was calculated as each
species’ share of all individuals counted across
years. Species contributing >10% were classified as
dominants, and 3-10% as subdominants.

Rosy Starling (Pastor roseus) counts were ex-
cluded from these calculations because post-breed-
ing flocks (e.g. hundreds of birds in late June 2000)
would otherwise distort dominance estimates. Spe-
cies richness, total abundance (ind./h), and field
notes on breeding evidence were summarized for
each survey. No formal trend tests were applied
due to the limited number of years; instead, patterns
were assessed by comparing early vs. later periods.

The census route was mapped in QGIS. Data
were analysed in R. Abundance

Results and discussion
Species richness and composition
Across 13 late-June surveys in 1996-2025, we

recorded a cumulative 34 species in Taldybulak
Gorge (Table 1). Species richness per count varied
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widely, from 8 species in 1998 to 19 in 2002 (Fig.
2). Turnover between years was high: only a sub-
set of species appeared consistently, while many
were intermittent. Based on detections in >7 of 11
years, 11 species form the core breeding assemblage
of the gorge in late June: Eurasian Magpie Pica
pica, Black-headed Penduline Tit Remiz corona-
tus, Blue Whistling-Thrush Myophonus caeruleus,
White-capped Bunting Emberiza stewarti, White-
throated Dipper Cinclus cinclus, Common Night-
ingale Luscinia megarhynchos, Common Blackbird
Turdus merula, Yellow-breasted Tit Parus flavipec-
tus, Woodpigeon Columba palumbus, Red-headed
Bunting Emberiza bruniceps, Oriental Turtle-Dove
Streptopelia orientalis. Most showed territorial be-
haviour and/or breeding evidence in multiple years.
The remaining 23 species were less regular.

Nine species occurred once across all late-June
counts (single-year records). Most are species that
breed in other habitats of the gorge and enter its
lower, valley-bottom section sporadically or during
foraging. Thus, the Golden Eagle (Aquila chrysae-
tos) observed in June 1999 has bred on nearby cliffs
since 1965 (records for 1980, 1987, 1990-1992,
1999, 2004, and 2007). The Common Pheasant
(Phasianus colchicus) was first noted in the gorge in
November 2002, and in the following year bred in
the foothills immediately adjacent to the gorge en-
trance, which it visits periodically; a bird was again
observed there on 27.06.2012. The European Bee-
eater (Merops apiaster) does not breed inside the
gorge properly and previously appeared there only
during autumn passage from 31 July (2008) to 11
September (2003). In 2025, however, two pairs se-
lected an eroded riverbank at the mouth of the gorge
for nesting; a pair was recorded there on 27.06.2025.
The Lesser Grey Shrike (Lanius minor) breeds pe-
riodically and in small numbers in deciduous and
juniper woodlands (records for 1983, 1989, 1992,
1994-1998, 2000-2001, 2004-2007), so its detection
on 25.06.1997 is unsurprising. The Carrion Crow
(Corvus corone) began to colonise the Talas Alatau
actively in the 1980s, although from the 1930s it
bred only sporadically as isolated pairs in juniper
forests of a few gorges (Shulpin, 1953; Kovshar,
1966). Since the late twentieth century it has become
common near people, whom it previously avoided.
At the Taldybulak cordon it bred in 1994-1996, in
2000, and annually since 2004; no nests have been
found inside the gorge itself, although the lower sec-
tion is visited regularly (e.g., 27.06.2025). Hume’s
Leaf Warbler (Phylloscopus humei) and the Rufous-
naped Tit (Parus rufonuchalis) breed as scattered
pairs in juniper woodland and descend to the ripar-
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ian strip to forage, as noted in late June 2002 and  on 27.06.2025 (two flocks of 7 and 5 birds). The
2004. The Turkestan (Bukhara) Tit (Parus bokha-  Eastern Rock Nuthatch (Sitta tephronota) favours
rensis) has bred annually in the cordon area since  cliffs in the dry branch of the gorge and is only
1994; late June corresponds to more wide-ranging  rarely encountered on the rock faces along the river
post-breeding movements, which we observed (29.06.1999).

Table 1 — Bird community structure in late-June surveys (astronomically comparable dates) in Taldybulak Gorge (excluding Rosy
Starling).

Proportion in the community by year (%

g _
g
. 3 2
No. Species 1996 | 1997 | 1998 | 1999 |2000*|2002*| 2004 | 2005 | 2008 | 2012 |2025%| Total* g g
go
o
1 |Accipiter nisus 0 0 0 0 0 0 0 0 0 5.6 1.5 0.6 15.4
2 |Aquila chrysaetos 0 0 0 2.1 0 0 0 0 0 0 0 0.2 7.7
3 |Falco subbuteo 0 0 0 0 0 2.2 3.0 0 5.0 2.8 0 0.9 38.5
4 |Alectoris chukar 0 0 0 0 4.2 0 0 0 0 0 2.9 1.1 15.4
5 |Phasianus colchicus 0 0 0 0 0 0 0 0 0 2.8 0 0.2 7.7
6 |Columba palumbus 6.9 4.8 0 2.1 3.1 9.9 6.1 0 5.0 0 5.9 4.6 69.2
7 |Streptopelia orientalis| 0 0 0 0 2.1 33 0 2.6 5.0 83 | 11.8 3.4 53.8
8 |Merops apiaster 0 0 0 0 0 0 0 0 0 0 2.9 0.4 7.7
9 |Motacilla cinerea 3.4 2.4 0 4.2 0 0 0 0 0 0 0 0.8 23.1
10 |Lanius minor 0 2.4 0 0 0 0 0 0 0 0 0 0.2 7.7
11 |Oriolus oriolus 6.9 0 0 0 0 2.2 6.1 0 0 0 0 1.1 23.1
12 [Sturnus roseus 0 0 0 0 91.3 | 35.5 0 0 71.4 0 4.23 67.7 46.2
13 |Acridotheres tristis 10.3 0 3.8 0 6.3 33 6.1 53 0 0 0 3.2 46.2
14 |Pica pica 31.0 | 214 | 423 | 27.1 | 94 11 3.0 53 | 10.0 0 2.9 12.9 92.3
15 |Corvus corone 0 0 0 0 0 0 0 0 0 0 1.5 0.2 7.7
16 |Cinclus cinclus 34 | 143 | 192 | 6.3 8.3 5.5 3.0 0 0 5.6 0 5.9 76.9
17 |Sylvia communis 0 0 3.8 4.2 1.0 2.2 0 0 0 5.6 0 1.5 46.2
18 |Sylvia althaea 0 0 0 0 3.1 0 30 | 2.6 | 100 | 5.6 2.9 2.1 46.2
19 |Phylloscopus humei 0 0 0 0 0 1.1 0 0 0 0 0 0.2 7.7
20 |Terpsiphone paradisi 0 0 0 0 2.1 2.2 0 7.9 5.0 0 2.9 1.9 38.5
gy |Fuscinia 0 | 24 |38 |83 |31 |33 12153 [100] 56 |103| 55 | 923
megarhynchos
22 |Turdus merula 0 2.4 0 0 2.1 33 9.1 2.6 50 | 16.7 | 13.2 4.9 69.2
23 |Turdus viscivorus 0 11.9 0 0 5.2 0 6.1 2.6 0 0 0 2.5 30.8
24 |Myophonus caeruleus | 13.8 | 16.7 0 125 | 104 | 3.3 6.1 | 289 | 150 | 167 | 7.4 10.8 92.3
25 |Remiz coronatus 103 | 143 | 154 | 20.8 | 146 | 264 | 182 | 18.4 0 0 1.5 14.2 84.6
24 |Parus rufonuchalis 0 0 0 0 0 0 6.1 0 0 0 0 0.4 7.7
26 |Parus flavipectus 34 0 0 2.1 104 | 6.6 3.0 0 0 0 8.8 4.7 53.8
27 |Parus bokharensis 0 0 0 0 0 0 0 0 0 0 17.6 2.3 7.7
29 |(Sitta tephronota 0 0 0 2.1 0 0 0 0 0 0 0 0.2 7.7
30 |Carduelis caniceps 3.4 0 7.7 0 0 1.1 0 53 0 0 1.5 1.3 38.5
31 |Carpodacus 0 0 | 381 0 0 0 |30 0 0 0 0 04 | 154
erythrinus
32 |Emberiza stewarti 6.9 0 0 4.2 9.4 6.6 6.1 | 132|250 | 11.1 | 44 7.2 76.9
33 |Emberiza cia 0 0 0 0 1.0 0 0 0 0 2.8 0 0.4 15.4
34 |Emberiza bruniceps 0 7.1 0 4.2 4.2 6.6 0 0 50 | I1.1 0 3.8 61.2
zi':l‘fi‘j;l‘;“a's per hour 232 | 28.0 | 184 | 19.2 [198.9 | 31.3 | 26.4 | 182 | 56.0 | 12.3 | 18.9 | 411
Total bird species 11 11 8 13 19 19 16 15 12 13 18 34
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A further four species were detected only twice
in the late-June surveys. The Eurasian Sparrow-
hawk (Accipiter nisus) was first confirmed breeding
in the Talas Alatau in 1960 (Kovshar, 1966) and in
Taldybulak Gorge in 1994. It subsequently nested
in various apple groves in the middle section of the
gorge in 1997, 1998, 2001, 2005-2008, 2011, 2012,
and 2025. Because hatching typically occurs in late
June, adults are extremely secretive and are rarely
detected during surveys along the lower slope of
the gorge (e.g., 2012 and 2025); only inspection of
nests reliably confirms breeding. The Chukar (A4/ec-
toris chukar) and the Rock Bunting (Emberiza cia)
favour dry, rocky slopes. The former descends to the
river only to drink recorded on our counts in 2000
and 2025 — whereas the latter’s song is often audible
on the gorge floor when a pair’s territory boundary
runs along the lower slope (2000 and 2012). The
Common Rosefinch (Carpodacus erythrinus) is a
regular breeder in high-mountain prostrate juniper
scrub and, only at peak abundance, nests in small
numbers in the upper belt of juniper forest. Situ-
ated in the lower montane belt, Taldybulak experi-
ences earlier ripening of shrub berries than the high
mountains, which attracts rosefinches to descend for
feeding (records in 1998 and 2004). The species re-
mains regularly present here from late July through
August.

The Grey Wagtail (Motacilla cinerea) and the
Eurasian Golden Oriole (Oriolus oriolus) were each
recorded on three late-June counts (1996, 1997,
1999; and 1996, 2002, 2004, respectively), whereas
the Mistle Thrush (Turdus viscivorus) was noted
on four (1997, 2000, 2004, 2006). Although the
wagtail is typically tied to running water and nests
on gravel bars, suitable sites are lacking along the
Taldybulak itself. Only at the gorge bifurcation does
the shallow channel widen to expose small patches
of cobble and gravel; however, water levels there
are unstable and periodically inundate these sub-
strates, often during nest building. The species has
attempted to nest at this spot in most years (excep-
tions: 1998, 2000, 2002, 2010, 2014, 2015, 2025),
yet since 1984 no nestlings, fledglings, or broods
have been recorded; thus late-June detections likely
reflect failed breeding. The Eurasian Golden Oriole
breeds as isolated pairs in the gorge’s tugai (ripar-
ian) woodland in most years (except 1998, 2009,
2014, 2015, 2025) and is usually detected by male
song, which declines rapidly once fledglings appear,
typically by late June.

Species recorded 4-5 times breed irregularly in
the gorge, and this is reflected in their detections.
The Common Whitethroat (Sylvia communis) and
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Hume’s Whitethroat (Sy/via althaea) place nests in
shrubs on the slopes, descending to the river only
to forage. The former was not recorded in late-June
counts in 2003, 2006, 2009, and 2025; the latter was
absent in 2001, 2002, 2007, and 2009. The Asian
Paradise-Flycatcher (Terpsiphone paradisi) the first
time nested in various apple groves within the gorge
in 1980 (Ivashchenko, 1982), and later 1983-1985,
1994, 2000-2002, 2005, 2008, 2010, 2012, and
2025. The Grey-crowned Goldfinch (Carduelis ca-
niceps) bred in tugai (riparian) woodland in 1995,
1997-1999, 2002, 2004, 2006, and 2025, and more
often in the planted groves at the Taldybulak cor-
don, from which birds regularly entered the gorge
to forage. The Eurasian Hobby (Falco subbuteo)
and the Common Myna (Acridotheres tristis) also
breed near the cordon; the former hunts through-
out the gorge, whereas the latter rarely penetrates
beyond its lower section. The Rosy Starling (Stur-
nus roseus) shifts its nesting sites annually and has
bred within Taldybulak only once, in 1926 (Shulpin,
1953). Nevertheless, from late June onward it often
appears in the gorge during post-breeding foraging
movements. It was noted in 2000, 2002, 2008, and
2025; on 27 and 30 June 2000 the counts ranged
from about 600 individuals to as few as two per sur-
vey. Because on such days Rosy Starlings can be up
to 6.2-fold more numerous than all other birds com-
bined, we excluded this species from calculations of
community structure.

Dominant and subdominant species

Based on the eleven late-June surveys, three
species qualified as dominants (share >10% of all
individuals, Rosy Starling excluded): the Black-
headed Penduline Tit (14.2%), the Eurasian
Magpie (12.9%), and the Blue Whistling-Thrush
(10.8%).

The Black-headed penduline tit historically the
most abundant species in the late 1990s, however,
retained this status only until the mid-2000s: it was
not detected in late June 2008 and 2012, and in 2025
accounted for just 1.5% of all individuals. A marked
decline during the breeding season was already not-
ed in 2004, when none of five nests found in mid-
June survived to early July, a pattern attributed to
increasing tourist pressure and the removal of nests
irrespective of contents or accessibility (Chalikova,
2004). In 2025 we likewise found no nests; two de-
cades on, the species has shifted from dominant to
scarce. The Eurasian Magpie typically nests in de-
ciduous plantings in the lower parts of gorge but for-
ages widely throughout; in late June it often forms
the bulk of the community (from 0.0% in 2012 to
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42.3% in 1998). This reflects a threefold drop in
breeding-season abundance from the late 20th to the
early 21st century (2.7 to 0.8 ind./h). An even larger,
sixfold difference is evident for late-June counts (6.4
ind./h in 1996-1999 vs. 1.1 ind./h in 2000-2025),
and the species lost dominant status in 2000, 2004,
2006, 2012, and 2025. The Blue Whistling-Thrush,
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with one to three breeding pairs along the river, also
fell below the dominance threshold in 1998, 2002,
2006, and 2025. In individual years, other species
reached dominant levels: the Turkestan Tit in 2025,
the Mistle Thrush in 1997, the Common Myna in
1996, and Hume’s Whitethroat in 2008 when broods
were present.
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Figure 2 — Dominant bird species in Taldybulak Gorge
(The plot shows individual late-June survey days (not annual aggregates); values correspond to specific survey dates)

Eight additional species were classified as sub-
dominants (3.0-9.9%). White-capped Bunting
(Emberiza stewarti) breeds around rocky sections
of the gorge and is typically detected by song. It
reached dominant status in late June of 2006, 2008,
and 2012, but was not recorded in 1997 or 1998.
Notably, those two years had the lowest breeding-
season densities for this species since 1994 (0.5 and
0.1 ind./h; mean 0.8 ind./h), and both its breeding-
season and late-June densities in the 1990s (0.5 and
0.6 ind./h) were lower than in the 21st century (1.0
and 1.8 ind./h).

The White-throated Dipper occurs year-round
on the river but is not always recorded on counts.
Unlike E. stewarti, its breeding-season abundance
was higher before 2004 than after (means 2.8 vs 0.6
ind./h). It ranked as a dominant in late June 1997
and 1998 (14.3% and 19.2%), yet was not detected
in 2006, 2008, or 2025. These fluctuations likely re-

flect tourist pressure: one of the two traditional nest
sites, situated at a shallow pedestrian crossing, was
repeatedly destroyed in 1999-2005, after which the
pair no longer bred there.

Participation of the Common Nightingale in
the community likewise varied. It was dominant in
late June 2004, 2008, and 2025, merely common in
1997, and absent from the 1996 count. Its late-June
abundance also fluctuated (up to 2.7 ind./h in 2004;
mean 1.1 ind./h).

The Common Blackbird was irregularly re-
corded before 2000 (not detected in 1996, 1998,
1999), but its share of the community increased
thereafter (from 2.1% in 2000 to 16.7% in 2012).
Peak late-June densities (2.0, 2.1, and 2.4 ind./h;
overall mean 0.9 ind./h) occurred in 2004, 2012, and
2025.

The Yellow-breasted Tit was likewise irregu-
lar in late June (absent in 1997, 1998, 2006, 2008,
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2012), as family groups wander at this time. En-
countering one such flock in 2000 elevated its status
to dominant (10.6%).

The Woodpigeon was absent from late-June
counts in 1998, 2006, and 2012, but in 2002 ap-
proached dominance (9.9%).

The Red-headed Bunting more often breeds in
shrublands on the eastern and southern slopes and
seldom descends into the riparian thickets (not de-

tected in 1996, 2004, 2006, 2025); in summer 1998
it was absent from the gorge entirely. In other years
its share ranged from 4.2% (1999, 2000) to 11.1%
(2012).

The Oriental Turtle-Dove breeds regularly and
becomes numerous along the riparian corridor once
berries and fruits ripen. However, in late June prior
to 2000 and again in 2004 it was not recorded on the
counts (though later in the season it was abundant).
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Figure 3 — Some subdominant bird species of Taldybulak Gorge.
(The plot shows individual late-June survey days (not annual aggregates); values correspond to specific survey dates)

Abundance dynamics

Total abundance (individuals per hour) varied
far more than species richness. If all birds are includ-
ed, counts ranged from 12.3 ind./h (2012) to 199.8
ind./h (2000); the latter was inflated by a large Rosy
Starling flock. Excluding Rosy Starling, late-June
examples were 21.1 ind./h (2000) and 36.0 ind./h
(2008), with an overall mean of 40.6 ind./h across
years. Short-term differences were pronounced even
within the same year: 27.06.2000 = 378.5 ind./h vs
30.06.2000 = 21.1 ind./h; in 2002 the two counts
were 28.8 and 36.0 ind./h. No linear trend was
evident; however, aside from irruptive events, late
2010/2025 tended to have somewhat lower encoun-
ter rates than late 1990s.

Two site-faithful species declined as visitor traf-
fic along the main trail increased: the Black-headed
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Penduline Tit and the White-throated Dipper. The
dipper abandoned its traditional nest at the shal-
low crossing and was detected less often thereafter.
By contrast, several previously underrepresented
species increased during 2012-2025: the Common
Blackbird and the Oriental Turtle-Dove became
more numerous, likely tracking high fruit crops in
some years. The Carrion Crow established breed-
ing near the cordon and now visits the lower gorge

regularly.

Natural variability in a protected system

Our long-term surveys in Aksu-Zhabagly Re-
serve demonstrate that bird communities in a pro-
tected mountain environment are highly dynamic.
Species composition and abundances showed strong
temporal fluctuations, consistent with findings from
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other intact forests such as Biatowieza, where long-
term cycles occur despite a stable species pool
(Wesotowski et al., 2022). Such results emphasize
that variability is a normal feature of undisturbed
systems and provide an essential baseline for distin-
guishing natural shifts from anthropogenic impacts.

In Taldybulak Gorge, many changes reflect
natural processes such as nomadism, food-driven
irruptions, or source-sink exchanges with nearby
habitats. However, some trends point to human in-
fluence. Declines of Penduline Tit and White-throat-
ed Dipper coincided with increased tourist activity
and nest disturbance along the trail. Similar effects
of recreation have been reported elsewhere, where
even low visitor pressure reduced breeding success
or shifted communities toward disturbance-tolerant
species (Kangas et al., 2008). This indicates the
need for management actions such as keeping visi-
tors on paths, restricting group size, or placing bar-
riers near sensitive nesting sites. At the same time,
late-June increases in Common Blackbird and Ori-
ental Turtle-Dove are best explained by year-to-year
variation in fruit crops. Both species leave the gorge
for winter, and their early-summer abundance tracks
spring flowering and the subsequent fruit set of wild
shrubs and trees. These patterns show how climate
(via spring phenology and fruiting), natural dynam-
ics, and human presence together shape long-term
community change (Alba & Chamberlain, 2025; Jo-
nas et al., 2025).

Conclusion

Thirteen late-June survey days across 11 years
(1996-2025) recorded 34 species in Taldybulak
Gorge, with per-day richness ranging from 8 to 19
and marked variation in abundance. Community

composition showed a stable core of regular breed-
ers and high turnover at the margins, with no clear
directional change at the assemblage level once ir-
ruptive Rosy Starling flocks were excluded. Three
taxa reached long-term dominance (Black-headed
Penduline Tit, Eurasian Magpie, Blue Whistling-
Thrush), but the penduline tit declined from domi-
nant to scarce by 2025, and the White-throated Dip-
per also decreased after the loss or disturbance of
a traditional nest site at a shallow crossing. In con-
trast, Common Blackbird and Oriental Turtle-Dove
increased in late June, tracking interannual variation
in fruit crops. These species-specific responses indi-
cate that natural variability (phenology, food avail-
ability) and localized recreation jointly shape com-
munity structure. Site-focused management around
the marked path and the shallow crossing should
be sufficient for sensitive nests. Brief annual notes
on fruiting would help explain fluctuations. We
recommend maintaining and expanding long-term
monitoring programs in protected areas. Continued
standardized late-June counts on an annual cycle
would provide continuity; while adding autonomous
acoustic recorders, trail cameras, simple visitor tal-
lies, and basic weather and phenology notes could
improve attribution of change and allow evaluation
of management effectiveness over time.
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KA3AKCTAHAATbI AAMA ATALLITAPbIHbIH
BAKTEPUAADIK KYMUITI

bakTepuanblk, Kynik — Rosaceae TYKbIMAQCbIHBIH COHAIK YKBHE >XXEeMiC-KMAEK AAKbIAAAPbLIHBIH,
COHbIH, ilWiHAE aAMaHblH (Malus spp.) eH KayinTi KapaHTMHAIK aypyAapbiHbiH 6ipi. Bya aypyabl
Eypasusiabik, 3KOHOMMKAAbIK, OAAKTbIH KapaHTMHAIK OGbEeKTIAepAiH OipblHFai Ti3iMiHe eHri3iAreH
Erwinia amylovora rpamtepic 6akTepusicbl TyablpaAbl. bakTepusiAbIk, Kyiik 8AeMHiH 60-Ka >KybIK, eAiHAE
aHblkTaAraH. bya aypy KasakcraHra Aa Tapasabl. OA @HIMAIAIKTIH aiTapAblKTalk TOMEHAYIHEe, COHAQN-
aKk, MUTOMHKKTepAeri, 6ay-6aKilarapAarbl XKOHe LIapyallbIAbIKTAPAAFbl KEMIC aFallTapbiHbIH, KATTbl
3aKbIMAAAYbIHA HEMECE BAIMIHE BKeAeAl. ByKia aaemae 6akTEPUSAbIK, KYMiK OpacaH 30p 9KOHOMUKAAbIK,
WbIFbIHAQP BKeAyAe. bya woayaa KasakcTaH ayMarblHAQ aAMa aFallTapbiHblH, GAKTEPUSIAbIK, KyWHiriH
aHbIKTayAaFbl >KaCaAbIHFAH 3epTTeyAep TaAAAHAbL. AAMaHbIH Malus sieversii SHAEMWKaAbIK, TYPAEPIHIH
XKYKTbIPY KaymiH aHblkTay OOWMbIHLIQ MOHUTOPMHITIK 3epTTeyAep TaaAaHAbl. Ocbl aypyfa TesiMAi
AAMaHbIH 8PTYPAI COPTTapbIH FEHOTUMTEY XYMbICTapbl KapacTbipblAAbl. Ka3akCcTaHABIK, FaAbIMAAPAbIH
6aKTepusIAbIK, KYMIKMeH Kypecyre YCblHFaH LlapaAapbliHa LWOAY >KYpPrisiaai. bapabik 3eptrey
HaTMKeAepiHiH Ka3akcTaH yliH opacaH 30p 3KOHOMMUKAABIK, K8HE 3KOAOTMSIAbIK, MaHbI3bl 6ap.

Tyiin ce3aep: 6akTepusiabIK, KyHik, Erwinia amylovora, anma Malus spp., kypecy wapaaapbi.

V.A. Kuzovlev, G.A. Iskakova*, G.A. Zharmukhamedova, Z.K. Jumanova,
A.A. Khakimzhanov, A.M. Mendesh, D.O. Baisaparova,
O. Ruslanuly, G.A. Ismagulova

M.A. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan
*e-mail: g.iskakova83@gmail.com

Apple tree fire blight in Kazakhstan

Fire blight is one of the most dangerous quarantine diseases of ornamental and fruit crops of the
Rosaceae family, including the apple tree (Malus spp.). The disease is caused by the gram-negative
bacterium Erwinia amylovora, which is included in the unified list of quarantine objects of the Eurasian
Economic Union. Fire blight has been identified in nearly 60 countries worldwide. This disease has
also been detected in Kazakhstan. This disease causes a significant reduction in yield, as well as serious
damage or death of fruit trees in nurseries, orchards and farms. Fire blight causes enormous economic
damage worldwide. This review analyzes studies on the identification of foci of fire blight of apple trees
in Kazakhstan. Monitoring studies have been analyzed to identify threats of infection of endemic apple
tree species Malus sieversii. The work on the genotyping of various varieties of apple trees for resistance
to this disease is reviewed. The review analyzes various measures to combat fire blight proposed by
Kazakhstan researchers. All the research results are of great economic and environmental importance for
Kazakhstan.

Keywords: fire blight, Erwinia amylovora, apple tree Malus spp., control measures.
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KaszakcTaHmarsl anmMa araliTapbIHBIH OAKTEPHSIIBIK KYHITi

B.A. Ky3oBaes, I.A. Uckakosa*, I'.A. XKapmyxameaoBa, XK.K. A>kyMaHOBa,
A.A. XaknmkaHoB, A.M. MeHaew, A.O. baiicanaposa,
O. PycaaHyabl, I.A. McmaryaoBa

MHCTUTYT MOAEKYASIPHOM 6MOAOTMM M BroxuMUK UM. M.A. AirTxoxnHa, AAmatbl, KasaxcraH
*e-mail: g.iskakova83@gmail.com

bakTepuaabHbIit 0Xxor si6A0HM B Ka3axcTtaHe

BakTepranbHblil 0XKOT SIBASETCS OAHUM M3 HaMBGOAEe OMacHbIX KapaHTMHHbBIX 3a60AEBaHUI AEKO-
paTMBHbIX M MAOAOBBIX KYAbTYP cemeicTBa Rosaceae, BkAlovas 16A0H0 (Malus spp.). 3aboaeBaHune
BbI3bIBAETCS rpamMoTpULLaTeAbHOM GakTepuern Erwinia amylovora, BHECEHHYIO B €AMHbIN MepedeHb Ka-
PaHTUHHBLIX 06HEKTOB EBPA3MIICKOro 3KOHOMMYECKOro Coto3a. bakTepuaAbHbIi 0XKOr BbISBAEH MOYTH
B 60 cTpaHax mupa. ITo 3a6oAeBaHMe OBHAPY>KEHO TakXke M Ha Tepputopmm KasaxcraHa. AaHHoe
3a60AEBaHME BbI3bIBAET 3HAUMTEABHOE CHUXKEHME YPOXKas, a TaKKe — CEPbE3HOEe MOPaskeHMe UAW Tr-
6eAb MAOAOBBIX AEPEBbEB B MUTOMHMKAX, CaAax M (PepMEpPCKMX XO3AMCTBaX. bakTepuaabHbIi 0xor
HQHOCUT OrPOMHbIV SKOHOMMYECKMIA yLlepb no BceMy mMupy. B HacTosiem o63ope npoBeaeH aHaAu3
MCCAEAOBAHUIA MO BbISIBAEHMIO OYaroB MOpPaXkeHWsl GakTepuaAbHbIM OXXOroM IGAOHM Ha TEPPUTOPHM
KasaxcraHa. NpoaHaAn3mMpoBaHbl MOHUTOPUHIOBbIE MCCAEAOBAHUS MO BbISBAEHUMIO YIPO3 3apakeHus
SHAEMMUHBIX BUAOB s16A0HM Malus sieversii. PaccMoTpeHbl paboTbl MO reHOTUMMPOBAHMIO PA3AMUHbIX
COpTOB SIGAOHM Ha YCTOMUYMBOCTb K 3TOMY 3aboAeBaHuio. B 0630pe nmpoaHaAM3MpoBaHbl pasAMuHble
Mepbl 60pb0Obl C GaKTEPHAAbHBIM OXKOTrOM, MPEAAOXKEHHbIE KA3axCTAHCKMMM MCCAepoBaTeasmu. Bee
pe3yAbTaTbl MCCAEAOBAHUI MMEIOT OFPOMHOE 3KOHOMMYECKOE M BOAbLLOE MPUPOAOOXPAHHOE 3Haue-
HMe aAg KasaxcTaHa.

KatoueBble caroBa: GakTepranbHbii oxor, Erwinia amylovora, a6AoHs Malus spp., Mmepbl 60pb0bl.

Kipicme

1780 sxbuts1 Hpto-Mopk mraThiHaa aypy amma,
aNMypT JKOHE aliBa aralliTapblH 3epTTey apKbLIbl
Awmepuka Kypama lltarrapeiHga paymanryiginep
TYKBIMJIACBIHBIH JI9HA1 JaKbUIJAPbIHBIH KayimnTi
aypysl TypaJlbl aJFamKkel Oacma OasHmamacel 1793
KBUTBI TTalia 6oL, By skymbak aypy 1840 sxbuist
Kanananely oHTycTiriHae nae maina Oommbel. 1880
JKBUTBI amepuKauablK FameiM T.J[k. bepmmn Oac-
TanKpl1a aJIMypPT aypyblH CaHBIPAYKYJIaK aypysl
JIeTl ecenTercH, Oipak KeiiH 3epTTeyliep Kyprizy
apKBUTBI OHBIH OaKTepHsl EKeHiH aHBIKTAIl JIDJIeII/e-
ni. KeiiinHeH Oipkarap 3epTTeyIIiyiep oFaH 9pTypii
aTaynap Oepin >koHe Oap/IblH ilIiHAe eH KOJaiibl-
cel Erwinia amylovora (Burill.) Winslow et al. [1].
Biprinaen aypy Oykis ayiemre Tapaii 6acraisl. Aypy
anramr pet 1919 xeuiel XKana 3enannusna, KewiHn
1943 xxwpue1 Mekcukana, 1959 sxeue1 Unnmmne, 1962
*bUIbl Erunerre xoHe Oacka enjepe naimga 0osia
Oacranpl. On nyHue Ky3iHiH S50-re KyBIK eiHe
Tapajbll, aUTAPIbIKTA SKOHOMUKAJIBIK 3USH Kell-
tipai [1]. Bakrepusuiblk, Kydik BanThik skaramaysl
ennepinae, Kaskazna, Peceiine, benopyccusina, Yk-
panHana, MommoBama, coHmai-ak OpTanblk A3us
pecnyOiukanapeiaga — ©O30ekctaH, KazakcraH,
KeipreizcTanna aa tadbwiiran [2, 3, 4, 5, 6]. XKewmic-
KUJCK NaKbUITAPBIHBIH OaKTEPHSUIBIK KYHITl eH
3USHABI KYKIAIbl aypyiaplbiH Oipi OonbIn TaObl-
nanbl. O Oip KBULIBIK OHIMIHE alTapIIBIKTal 3USH
KEJNTIpiN KaHa KoWMal, Kejeci JKbUTBI Ja ararnTap-
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JIBIH OHIMJILTITIH KYPT TOMEHJETe . bakTepusiibik
KYHIK aJIMaHbIH, ajJMypTThIH >koHe 180-meH acram
Oacka eciMiKTep/iH, Heri3iHeH Paymanrynuminep
TYKBIMJIACBIHBIH (Rosaceae) eH 3USHABI aypylapbl-
HBIH 0ipi 00JIbIT TAOBLIAAEI [7].

E. amylovora QurocaHUTapUsIbIK 3aHHAMAa-
ra OarbiHaThiH Eypomnanbik Onakra KapaHTHHIIIK
OpraHu3M peTiHAe KaTajorka eHrisinreH [8], co-
HeIMeH Katap Molecular Plant Pathology xyp-
HanbIHAa skapusuianFad 10 y31aik  (uUTONaTOreH-
i OakTepusuiapAblH KatapbiHa eHui [9]. Erwinia
amylovora— Enterobacteriaceae- Erwinia amylovora
(Burrill) Winslow et al. TYKbIMIACBIHBIH TpaM Te-
pic Oakrepusicel. E. amylovora ecyniH OHTaibl
Temmeparypacsl 26-28 °C, eH Temenrici 6-8 °C, an
43-50 °C temmeparypama omap eseni. Kexremme
OakTepusutap OeiceHi OOJIbIN, KapKbIHIBI TYPJE
kebeife OacTaiinel. byFaH ayaHBIH YKOFapbl BIIFaJ-
JBUTBIFBL koHe 18-20°C xoFapbl TeMIieparypa bIK-
nan ereni. bakrepusimapasiH keOeli HOTHXKECIHIE
aypy eciMIikTepliH OeTiHe ycak TaMIIbuiap Hemece
KOPIHOCHTIH JXKyKa KaOBIK CHUSKTBI JKCCyIaT maii-
na Gonaabl >koHE OYJI KO3ABIPFBINI KaHOBIP TaM-
LIBUTAPBIMEH, JKEJIMEH, COHZIal-aK KyMbIpcKaiap,
apajap, coHajap, mbIObIHIap, OiTe koHE Oacka aa
WIBIOBIH-IIIPKEHyIep, KycTap XOHE agaM apKbUIbl
Oacka rynjepre, arblpaKTapra XKoHe Oip KBUIIBIK
eciHJIiIepre Tapaisl. Aypy/biH OipHele Typi Oap:
JKEMICTEepiH, *Kac OPKEHICPHIH XOHE TYIICPIiH
KYHiri. KO3IBIPFBIITEIH YIKEeH SMUA(UTTIK TOITy-
JSIIMSCHI Kac TYIIEP/IH aHANbBIK ay3bIHJa JaMBbIII,
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Kac TYHiHAepAi MHQEKUUsIIaI, coJl apKbUIbl OCiM-
IIKTepre OHAW eHIIl, OHBIH OapJIBIK MYIIEIepiHe Ta-
pananbl. bakrepusnap 6acTankeiia mapeHXUMaHbIH
JKacyIlaapaiblK KEHICTIKTEepl apKbUIbl, ajl KeHiHTi
KE3€HJE — KOJaiyIbl KIIMMAaTTBIK JKaFAailiiapaa Kcu-
JieMa TaMbIpJIapbl apKbUIbI KO3FAIIBIN YIKEH 3HSH
KenTipesi. 3aKbIMIaHFaH Kac OeCcKiHAep Kyparn, Te-
0eci MalBICHIM, TYJAEp] MEH XKaIbIpaKTapbl KOHBIP
HeMmece Kapa Tycke Oosutelll OyTakTapna y3ak Tyc-
neit Typanst [10, 11]. Aypyabin Oenrinepi aramrap-
IbIH OackIHja maiiga 0osa OacTalijbl, COJaH KEHIiH
YJIKeH OyTaKTapfa aybIChIll, KCHIHHEH OCIMIIKTIH
JiHiHe, TINTi TaMBIpbIHA Tapaibll, Keine Oykin
aFaIIThIH TOJBIK eyiHe akeneni [12].

E. amylovora BepyJIEHTTIiK (paKTOPbI

E. amylovora amma-wmieciH HeTi3iHEH TyIIep
HEMece OpPKEH YUIBIHIAFbl JKaIlbIpaKTap apKbLIbI,
COHJal-aK ©CIMAIKTEpIIiH KaOBIFBIHAAFBI JKapajap
apKBUTBI KYFabel. MHpeKusIay yiIiH yir Herisri
naroreHaik gaxrop kaxert: I TunTi cexpenms xy-
tieci (T3SS), amunoBopan sx3ononucaxapuii (EPS)
JKoHe OnoKa0bIKIIa Ty3imyi [13].

T tunTi cexpenus xkyiieci (T3SS) E. amylovora
03 HeJIepiH COTTI KYKTBIPY YLIiH NaiianaHaTblH Ma-
HBI3/IBI BUPYJIEHTTI (hakTopiapAbH Oipi OOk Ta-
Obutanel [12, 14]. backa rpam-tepic ¢puronatorexii
Oaktepusap cusKTbl, E. amylovora Oyn cexpenus-
HBIH JBOJIOIUSIIAHFAaH KOHCEPBATHUBTI JKYHEHI KO-
JKAMBIH-OCIMIIKTIH [MTO30Jb JKacyllajapbiHa 3¢-
(EeKTOPIBIK OETOKTAPIBI IKCIIOPTTAY KOHE KETKIZY
YU naipanaHagsl. E. amylovora-HbIH T€HOMJIBIK
JKOHE CEKPETOMJIBIK Tajjay apKbUlbl Oyin Oakre-
pUsIHBIH KeM nereHzae Oec s dexropasl [DspA/E,
Eopl, Eop3, Eop4 (AvrRpt2Ea) xxone HopPtoCEa],
exi raprimaai (HrpN sxone HrpW) sxene Eop2, Hrpl
xoHe HrpK cuskTel 6acka akybi3napasl OeseTiHiH
aHeIKTamel [15, 16, 17, 18, 19, 20, 21]. I TunTi
addexTopaap MeH rapnuHiep Ko)KalblH-)Kacylla
LUTOIJIa3MachIHa TiKeJeH eHTi31IeTiH )koHEe KYphI-
JBIMIBIK KOHE OMOXMMUSUIBIK JICHIel1e KOXKabIH-
OCIMJIIKTEP/IIH KOPFaHbIC (DYHKIUSIIAPBIH 0ACaThIH
OaKTepHsIIBIK aKybI3Aap PeTiHIe aHbIKTanazbl. [ 'ap-
nuaaep — I TunTi cexpernus sxyleci apKbUIbI 06JTi-
HETIH, MIMIKHTE 0ail, BICTHIKKA TYPaKThl OEJIOKTap.
Bbyn akyp3gap eciMIiK jkacylIajgapblHBIH 1MIiHIE
BpEKeT eTeTiH 0aKTepusIIbIK, A((HEKTOPIBIK, AKYbI3-
JapJiaH albIpMAIIbUIBIFEI — €H aJJIbIMEH OCIMJIIK
yJINalapblHbIH JKacylIaZaH ThIC KeHICTIriHe OaFbIT-
TamysiHaa [22, 23].

Ox3ononucaxapuarep (DIIC) E. amylovora-
HBIH MaHBI3[Ibl BUPYJICHTTUIK (DAaKTOPBI OOJBII

TaObIIabl, O OCIMAIKTEPIiH KOPFaHBIC XYHeciH
alfHaIBINT OTYZAE, OCIMIIKTIH TaMbIp XyheciH Oy-
3bIll  OiTEyiHE, KYpFaK >jKaFjaijiapia OakTepus-
JapAbl Cy MEH KOPEKTIK 3aTTapblH >KOFaTybIHAH
KOpFay/ia memrymi pex arkapajis! [12]. AMUiIoBo-
paH — OMOKAOBIKIIIA TY3yre KaKeTTi Heri3ri (hakTop,
aJl jeBaH — ofaH cebemnui OonaTeiH QakTop. AMu-
JIOBOPAH — TIIOKO3aHBIH, TaJIaKTO3aHbBIH, TITIOKYPOH
KBIIIKBUIBIHBIH KOHE MHPYBaT CyOCTpaTTapbIHBIH
KalTanaHaTbIH CyOOipIiKTEepiHEH TYPAaThIH TeTepo-
MIOJIMMED, all JIEBaH — CaxapO3aHbIH bIIbIpaybIHAH
TY3UJIeTiH PpyKTO3a KalJbIKTapbIHAH TYpPAThIH T'O-
momnonumep [24]. E. amylovora xexe mTaMMIapsl
OH/IIPETIH aMHUIIOBOPAH MOJIIEP] BUPYICHTTLUIIK 19-
peXKeciHe ColKec Kee.

Bydepnik xyiie perinze OnoxaObIpiiak xe-
KEJIEHTeH OaKTepHsUIBbIK, JKacylIaiapApl KOpIIaraH
OpTaHBIH ayBITKYbIHaH KOpFaiinel. COHBIMEH KaTap
OMOKAOBIpIIAK KEJENIETUINCH KOJJICHEH TCeHETH-
KaJIbIK aJMacy[bl KaMTaMachl3 €Tell koHe OMOoKa-
OBIKIIAKTAaFbl OaKTepUsIap aHTHOMOTUKTEPCH Je,
KO>KaMbIHHBIH KOPFAHBICBIHAH Ja KOopFamaisl [21].
CrIpTTail Kaparanma OMOKaObIpIIaKTap ©CIMIIKTIH
3aKbIMJIAIFAH OOIKTEepiHIH OETiHJe IIBIPHIIIKA,
COHJIali-aK, caHbIpayKyJIaK Topi3/i Ty3iTiMaepre yK-
caizel.

E. amylovora natoreHesiHe bIKIaJ e€TETiH Oac-
Ka BHPYJCHTTI QakTopiapra aechepprHoKCaMHUH
(DFO) [25] »oHe copOUTONI MEH caxapo3aHbl ITaii-
nanany akropiapsl karaael [26, 27]. Tlaroren-
IUTIK TIEH BUPYJICHTTUTIK (paKTOpIapbIHBIH HEri3ri
peTTeyIIiyiepiHe €Ki KOMIIOHEHTTI CHTHal Oepy
xywenepi, mukigik au-I'M® (1-nu-I'M®) exinnmi
xa0apIIbl MOJICKYJIAChl J)KOHE IIAFBIH KOATaJIMaraH
PHK (MPHK) >xaramer [28, 29]. Ilatorene3 ke3iH-
ne E. amylovora DFO ennuipici temipai any yuriH
FaHa MaHbI3bI eMec. JKorapsl TeMip aiy xyHenepi
MMaTOTEeHIIK OaKTepHsIapAbIH (haKTOpIaphl OOJBIT
Ta0buta bl E. amylovora THIMJII aMUJIOBOpaH ©H/Ii-
Py YLIiH COpOHT k0HE caxapo3a KaxeT. LIMKIabIK
m1-GMP  (m-mu-I'M®) — OmokadbIKIIa TY31ITyiH,
KO3FaJIFBIIITHIFBIH KOHE BUPYJIEHTTLIIrH Koca all-
FaHJa, OpTYPIIi ’KaCyIIaIbIK IPOLECTEPAl peTTEHTIH
OenTisi IepITiK )KacymailIijiik CHrHaI Oepy MOJIEKY-
nacel. bakrepusinap perreyui marsin PHK (MPHK)
naiianany apKbUlbl KOpIIAFaH OpTaHbIH ©3repyiHe
JKBUTIAM PEaKIus Oeperti.

Conbimen, E. amylovora anmma, aamMypT, Kapa
OpiK, LIMe amXopbl CHAKTHI KEMiC NaKbUIIAPBIH
KoHe 0acka Ja paylIaHTYJAUIepai 3aKbIM/IaybIHa
KemnrereH (akropiapra 6alIaHBICTHI XKOHE OTE KYP-
JIeITi yIepiCTeH oTe/i.

161



KaszakcTaHmarsl anmMa araliTapbIHBIH OAKTEPHSIIBIK KYHITi

Kazaxkeman aymazoinoa d6axmepuanslk Kyiik-
min mapanysl

Kasakcranga amram per OaKTepHSIIBIK KYHiK
2008 >xpubl Tipkenimn, 2010 xbutFa Kapail ATMaThl-
HBIH OipHEIlIe ayaHbIHIaFbl JKEMIC-)KUIeK allMarbl-
HBIH ajMa >KoHEe aIMYypT OaKTapbIHA alTapiIbIKTail
sustH kenripe Oacranel [30]. Byn aypyasiH Tapany
JICHreli eTe )KoFapbl. MbIcaibl, AJIMaThl OOJIBICHIH-
na 2012 >xpasl 27 TeKTap amMa 0arsl 0aKTePHSITBIK
KYHikTeH 3appan mekce, an 2015 xpuiga 3apaamn
IeKKeH ayMak 687,8 rekrapabl Kypaabl. OHTYCTIK
Kazakcran sxone JXamObln1 oOmpicTapbiaga 2012
KBUTBI Oy aypy aHbIKTanMaca, an kedin 2015
KbIIbl 5,3 sxoHe 103,7 ra aymakTa aypy aHbIKTal-
el [31]. OcBl YCHIHBIIFAaH MOJIMETTEp OOHBIHIIA
OaKTepUsUIBIK KYHIKTIH Tapaily KapKbIHBI KbUI ca-
HBIH KOFapbl €KeHi KopiHeai. Ocipece AIMathl 00-
nmeIckiHa. Keibip mapya KoKaabIKTaphIHBIH aiMa
OakTapbIH/Ia 3aKbIMJIAHFAH araliTapbiH yieci 50-
60% KETKEH KOHE OHBIH JIaMy JIDPEKEC KOFaAPHI.

Tsaup-1llanb eHipiHne M.sieversii-HiH Tapaimy
aliMarbl MEH TeHO(OHIBIHBIH KbICKapybl, Kazakc-
TaHHBIH )a0albl )KEMiC-)KUICK OpMaHAapbIH/a OaK-
TEPUSIIBIK, KYWIK KO3ABIPFBIIIBIH Iep Ke3iH/Ie aHbIK-
Tay JKOHE COUKECTEHJIPY FhLIBIMU-CTPATCTHUSIIBIK
MaHbI3Bl epekire. JKabaiibl anMa aramTapbl MEH
oJlapablH OymaHmapsl OMOTHKAJBIK JKOHE aOMOTH-
KaJIBIK, KYH3eIiCTepre reHeTUKAJIBIK, TO3IMIUIIK KO3i
perinae GaranaHaabl. AJIMaThl OOJIBICHIHBIH HIapya-
IIBUTBIKTAPBIHAAFBI KOTDKBIIIBIK JKEMIC eKIenepine,
connaii-ak CuBepc anMaceiHbiH (Malus sieversii)
xabaiibl sxemMic opMaHIapblHA MOHUTOPHHT >KYPIi-
simmi [32, 33, 34, 35]. XKabaiter opMaHgapaa Tasy
OoanrakTa OaKTEepUsUIBIK KYWIKTiH OLIaKTaphl Mai-
na 0oy Kaymi JelenyieHl, eiUTKeHi Oyl aypyIbiH
OIIIaKTaphl AYHUEXKY3LIIK Mypa OOJIBIN TaOBUTATEIH
xabaitel CuBepc anMachlHBIH TaOWUFU OpMaHJIaphl-
HaH HeOopi OipHelIe MAaKbIPBIM JKepJle OpHATACKaH
Kericy oOmpiceHbIH CapKaHI aymaHBIHIA aHBIK-
TanFaH. 3epTTey OapbIChIHAA aJIbIHFAH HOTHXKEIep
OOWBIHINIA Ka3ipri yakpITTa AJMaThl OOJIBICHIHBIH
JKabaibl JKeMiC-)KUICK OpMaHIapBIHBIH 3EpPTTEIl-
IeH YydJacKelepiHae OaKTepHsIbIK KyHiK OIIaFbl
aHBIKTAJIMaFaHbl aHBIKTAIIBL. bipak MmyHbl Kazakc-
TaHOarel M. sieversii-miH OaKTEPUSIIBIK KYHIKIICH
KYKTBIpMaraHbIHBIH JI9JIeT PeTiHAEe KapacThIpyFa
0O0JIMaiiIbl, COHABIKTAH TYPAaKThl MOHUTOPHHITIK
3epTTeyiep KaxerT.

CuBepc anma arambiHaH Oacka, Tsab-lllanb
TaynapbiHna kaOalibl ajaMa aFallibIHBIH — TaFbl
O0ip Typi — HensBeukwit amma aramer (Malus
niedzwetzkyana Dieck ex Koehne) eceni. Hensrerr-
kuii anmMacel — KasakcranuelH KpI3pUT KiTaObIHA
JKOHE JKOUBUIBIT Oapa jKaTKaH TYPJCPHiH XallbIKa-
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panbik KpI3bpln Ti3iMiHE eHTi3UIreH jkabaiibl aama
aFamIpIHBIH dHIeMHK Typi [36]. CoHpaii-ak, amMma
aranibIHBIH  OCBl TYpiHE OaKTepUsUIBIK KYHIKTiH
OIIIAFBIH aHBIKTAY YIIIH MOHUTOPUHITIK 3€PTTEYIIEp
KYPTizy KakeT. HemsBerkuii anmmachl OaKTepHSITBIK
KYHIKKE KapChl TYPY/IbIH T€HETHKAJBIK PeCypChl 00-
Jybl MYMKIH iereH O6oixam 6ap [37].

baxkmepuanwik Kyitikmin 3epmmey adicmepi

BakTepusuibIk KyHiKKe canaibl MOHUTOPHHT XKa-
cay YIIIiH (IyOpecCIeHIUSHBIH )KUHAKTATYBIH aHBIK-
TayFa HEri3/eJITeH HaKThl YaKbITTarbl [ITP CHUSKTHI
ce3iMTal 9icTepli, COHBIMEH KaTap KIIACCHKAIBIK
DT sxone I1TP agictepi konmmansmans! [38]. Koi-
JlaHY TEXHUKAChIHA KOHE CUIATTAIAThIH TEHOMHBIH
Oeutirine OaitnansicTel op Typai JHK mapkepnepi
0ap: peCTPUKITUSIIBIK, (PparMEHTIHIH Y3BIHIBIFEI T10-
mumopdusmi (RFLP), ammumbukanusianran ¢par-
MEHTTEpiH Y3bIHIBIFEl nonumopdusmi (AFLP),
Ke37eHCOK aMIumHuKausIaHaTBIH TOTUMOP(THI
JHK (RAPD), amrmumdukanusianraH axblparaH
nomumopdTel Tiz0er (CAPS), kapamaiibiMm peTTi-
mik Kaitamanyel (SSR), perrinmik cumarraiaTbiH
kymeirinres aiimak (SCAR), 6ip HykIeoTHATI T0-
mumopdusMm (SNP). XKyprizinren 3eprrey HOTHKe-
nepine coiikec, Kazakcranga AamMaTsl 00JIBICHIHBIH
3 OakmaceiHga xuHainrad 30 chlHAMaHbIH 23 ChI-
HaMachl KO3JIBIPFHININCH KYKTHIpbUFaH. benrinepi
KopiHOCHTIH 15 ynriHiH 8-1 MaTOTeH KO3IBIPFHIIIBI
Oap Oouibin mibIKTHI [38]. OMamieBa M.E. sxoHe T.0
[39] 3eprreymriiiep Ka3aKCTaHIBIK, CeICKIUSIHBIH 3 1
anMa coptbiHa 16 SSR Mapkepin KoJmaHy apKbLTBI
MOJIEKYJIaJIbIK-TeHETHKAJIBIK, TACTIOPTTap KaCaJIbl.
['eHOTHIIUpIIEHTEH alMa COPTTaphl KOTHIP, aKYHTAK
XKOHE OAKTEPHSITBIK, KYHIK CHAKTBI 3USHIBI KO3IBIP-
FBIIIITAPFa TO3IMJII ajlIebIep IiH OOTybIHA ChIHAJ-
FaH.

byrinri xyai Ka3zakcTanma oTaHABIK KOHE IIe-
TEJIJIIK ajiMa COPTTAPBIHBIH 3USHJIbI aypyFa — Oak-
TEPUSUIBIK KYHIKKE Kapchl TO3IMIUIIN Typajbl Je-
pekTep eTe Y3ik-y3ik. Erwinia amylovora aptypmi
HITaMM/IapbIHA TO3IMAUTIKKE OalIaHbICThI 27 mepc-
MEeKTUBTI caHbIK Jokyc (QTL) anbikTammpl. OHi-
picTik OakTap MeH HIapyamrbUIbIKTapAa ayJaHac-
THIPBUIFAH ajMa araliblH 3epTTel Kene 59 copTThIH
iIHAe KONTereH copTTapiaH OaKTepUsUIBIK KYHiK
TaObuIORl: Almapen, Amnopt, [ommen Jlemmmrec,
l'ama, I'pean Cmut, Makcat, Bocxon, Pener byp-
xapara, Crapkpumcon, Pyoun, @ymku. Ilerenmik
CeJICKIMAMaH eHTi3ireH 39 anmma copTTapblHIA
aypy Oemnrinepi 29-57% kypaiTeiH coptrap: [lu-
HoBa, [luuk Jlemu, Pammpa, Kondernoe, Cunamn
Anmaruackuii, Pen Tomas, Jlensmxonc, CaHraHa,
Bunron Crap [40, 41].
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baxkmepuanvik, Kyitiknen Kypecy »#on0apul

Erwinia amylovora TyInbpIpaThlH OaKTEPHSUIBIK
KYHIK — aMa JKoHE alMypT OaKTapbIHBIH OJIeMIIe-
Tl €H KOUKBIH OaKTEepHsUTBIK, aypybl. Byi sKOMKBIH
aypyIbIH TapalyblH OOJNIbIpMay YIIiH 9eTTe OYKiI
oieMne, COHBIH imHme Kazakcramma ga opTypii
arpoOTeXHUKAIBIK, XUMHSIIBIK JKOHE OHOJIOTHSUIBIK
Kypec mapajiapsl KoJnaHbuaasl. bipak onap aypy-
JIbIH aCKbIHFaH >KbUIAApbIHIA NWHPEKIHUAHBl TOMEH
JICHrelJie ycTai aaManibl.

Aepomexnuxanvix Kypecy stHconoapbol

ATpOTEXHUKAIIBIK Kypecy IapanapblHa KbICTa
OyTakTapAbl >KOHE JKeMicTepIi Kecy, aypy ©ciM-
IIKTEepIi Ka3blIll allbIll TacTay JKOHE OpTey, Kadaibl
JKEMJIIK OCIMIIKTEep/i KO0 (J0IaHa JKOHE BIpFai),
Oite, Oyprewipkeil xoHe Oackaga aypy TachIMal-
JayIIbl KOHAIKTEPMEH KYPeCy, ajlMa MEH alIMypT-
TBIH TYJACHTIH yaKbITBIH/IAa OMapTallblIap/AblH Ko-
HIyiHe THIMBIM Cally, aJlMaHBIH TOJIEPAHTTHI JKOHE
TO31MIi COPTTAPIBI Ak TalaHyFa THIHBIM CaITy KOHE
aypy KelleTTepi OTBIPFBI30ay.

Xumusanvix Kypecy sHconoapbsl

XUMUSIIBIK,  KYpec IIapaiapblHA XUMUSIIBIK
JKOHE OMOJIOTHSUIBIK TpenapaTTap/bl KOJJIaHy Ka-
tanpl. Kaszakcranma JK. JXKumemOaeBa aThIHIAFHI
Ka3akK OCIMJIIK KOpFay >KOHE KapaHTUH FBUIBIMHU-
3epTTeYy MHCTUTYTBIHJA, MHUKPOOHMOJIOTHS KOHE
BHPYCOJIOTUS FBUIBIMH-OHIIPICTIK OPTaIBIFBIHIA
JKoHE 0acKa Jia FhUIBIMU-3EPTTEY WHCTUTYTTAPhIH-
na OakTepUsUIBIK KYHIKIEH Kypecy YILIiH 9pTypii
XUMISUTBIK,  JKOHE OWOJOTHSIIBIK, IperapaTTapibl
KOJJIaHy OOMBIHIIIA 3epTTeynep Kyprizutyne. E.
amylovora GaKkTepUACHIHBIH CTPENTOMUIIUH, TETPa-
[IAKJIAH, O(IIOKCAIINH, aMITHIMIINH XoHE 11edaszo-
JIUH aHTUOMOTUKTEPre Ce3IMTaIIIbIFBIH Oaraiay Ke-
3iHae odIIoKcaH MeH 1e(ha3oMHHIH OaKkTepusiFa
Kapchl JKOFaphl OAKTEpUITUATIK KacHeTi 0ap eKeHi
kepcerinai [42]. Kenrteren engepae OakTepHsIIBIK
KYHIKTI eMJey YIIH CTPENTOMUIIMHIII KOJIIaHyFa
THIABIM calbiHFaH. [lereamen, Oy aypy epirireH
skarFmaibiaga, meicansl 2008 sxputel LBeitnapusina
CTPENTOMULIMH KOJIaHbUIABI [43]

JKemic aramTapbIlHBIH OaKTEePHUSIIBIK, KYHITIMEH
KYypecy KoJIapbIHa TaOUFaThl 9pTYpil QyHTUIUI-
TIK TIpenaparTap, COHbIMEH KaTap KypaMbIH/Ia MBIC
Oap mpemapaTtTap KeHiHeH Koimaneutanbl [44]. Ex
THIMII XUMUSUTBIK, yHrummuarepaeH — Kypsar, Ko-
caiin, Anber, cynep @ocaTui, ArpureHT IIocC, aj
OmosoTHsITBIK, pyHTHUIIHATepAeH — KacymuH, ®Ou-
ToI koHe DUTONABUH, 6CY PETTErIIITEPICH — DKCT-
pacou, HoBocui xxeHe Peranuc mitoc, Makpo- jxoHe
MukpoasieMeHTTepacH — Dockpadpt MKP, Kypamun

donmap KeHiHeH KojnaHbUiaabl. KypaMbiHaa Mbic
Oap mpemnapatTap OaKIIaIarel €Ty MeIIIepiH a3aii-
TyFa KOMEKTECETiH OOJIFAaH/IbIKTaH MayChIMHBIH Oa-
ChIHJIa KOJJaHbL1abl [45].

KazakcTaHHBIH OHTYCTIK-IIBIFBIC JKaFIalbIHA
OelliMieIreH alMa araliTapblH OaKTEpUSUIBIK KY-
WIKTeH KOpFay/Ja arpoTeXHUKAaJIbIK, OWOJIOTHSIIBIK
JKOHE XUMUSIIBIK KEIICHI Irapajapbl >KeTUTTipiI-
ni. Anmuerta SOWG GyHrUIMIIH, MbIC HETI31HJET1
Miedzian S0WP mnpemapatein, connaii-ak Kacy-
muH 2L xoHe Memsnana SOWP anTtuObmoTukTepin
KOJIJIaHFaHJla ajMa aFallTapblHbIH OaKTEePHSIIBIK
KyHikke Te3imainiri 89-94%-ra neiin aptThl [46].
AypyMeH Kypecyle KapaHTHHIIK mapaiapsl Oap,
coHbIMeH Kartap 4% ToTusiibiH, GyHrumm Kocaiin
2000, ®utonasun, BPK Ononorusmnbsik npenapats
xkoHe Perammic mmoc ecy perTerimriMeH OypKyi
KAMTHUTBIH KYPECYAiH >Kocmapbl o3ipienai. buo-
JOTHSIIBIK, THIMALTIK 36,2%, an enimaimk 97,5%
Kypael [47]. EricTik skarmaiiiapaga aiama ararira-
pBIH OaKTEePHUSUIBIK KYHIKTEH KOpFayJblH 7 cysla-
CBIHBIH THIMJIUTITIH OaranayblH KeUIeHI XKyieci
o3ipienmi. XKeke cyndamapabiH ONOIOTHSUTBIK, THIM-
aimiri 86,7%-96,9% apanbirbinaa Kypanasl. Toxi-
pubenik cynbanap OOHBIHIIA OAKTEPUSJIBIK KYHiK
JAMYBIHBIH JKa30alapbl KOPCETKeHIEeH, €H THIMI
¢yurunmarep: Kypsar P, Curamin Foliar + ®ock-
padt MKP (Makpo- xoHEe MUKPORIIEMEHTTEP ) KOHE
CuSO4 + ITIAH; OmomOTHSIBIK MpernaparTapiaH:
Kacymun 2JI xone ®utonaBun, BPK, Dkcrpacon
JKOHE ecy perrterimrepineH: Anbert, @urtom 622,
HoBocwi xone Perammc mmroc [48].

O3IpJIEHI'eH KEIICH/II JKYie Kol eHOSKTI KaXeT
€TeTiH KOHE KbIMOAT TYpaThlH KapaHTUHIIIK IIapa-
nmapra 6amama OOJBITT TaOBLTAIbI, MBICAIIBI, OaKTe-
PHSUTBIK, KYWIKTEpiHEH 3apiall NIEKKeH araliTap/ibl
Ka3bIIl Qb TacTay JKOHE epTey SpKalllaH aKraia
Oepmeiimi. AliTa KeTy Kepek, XUMHSIIBIK KoHe Oro-
JIOTHSUTBIK, TIperapaTTapbl KOJIaHy Ke31H/Ie TOIbI-
pak IeH KOpIlaraH OpPTaHbIH JIACTAHYbIHA OHMOJIO-
THSUTBIK, OaKblIay KYPTi3y KaKeT.

buonozusnvix Kypecy sicondapui

Buonoruaneik Kypec mapaiapbl anibITKbLIAP-
IbIH Oenrini Oip TypiepiH jkKOHE aHTaroHWUCT Oak-
TepUsIapsl KOJIanyabl KamTtunabl [49]. Bacillus
xkoHe Pseudomonas TYKbIMIIACTapbIHA IKATATHIH
OakTepusiIap/bl OAKTEPUSIIBIK, KYHIKKE Kapchl KOJI-
JaHyra Oojaabl. AybUI IIapyamIbUIbIFBl JTaKbLI-
JApbIH OWOJIOTHSIIBIK, OaKpUIay YIIIH JKOHE OCYiH
BIHTAJIAHJIBIPY YIIIH KeHiHeH Bacillus Typi Konja-
veuIaAbl [S0]. AHTaroHuct-OakTepusicel Bacillus
amyloliquefaciens MB40 mTaMMBIHBIH in  Vitro
karmaneiaaa Erwinia amylovora 1E IMIV mram-
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MBIHBIH OCYiH TeXeyJeri THIMIIri OaralaHbl.
Byn mramMMm Kayinci3 jxoHe anma arFamibIHBIH Oak-
TEpUSUTBIK KYHIKKEe Kapchl OuorpenapaTka Heri3
peTiHae mainananyra OONAaTHIHBI aHBIKTALIbI [S1,
52]. Kommansutran B. amyloliquefaciens naxpin
COpHAChIHBIH OMONOTHsUIBIK THIMALTITT 90,6% Ky-
panbl. AHTaroHuUCT-O0aKTEpUsi OHIIPETIH ALETOMH
(3-runpoxcuOyTaHoH) koHE 2,3-0yTaHAMOH KeMic
mapyamsuibiFeiana  E. Amylovora-men  kypecy-
ne xonganyra 6onansl. A.K. CagaHoB koHE OHBIH
apinTectepi mony xyprisreaae Pseudomonas Ty-
KbIM/IaChIHA JKATAThIH OaKTEPHUSUIAP/ABIH OipHeIe
TYpJIEpiHiH Ti3iMiH kenTipai [53]. Onapasiy iminge
keitboipeynepi BlightBan A506 (P. fluorescens A506,
AKII), Bloomtime (P. agglomerans E325, AKII),
BlossomBless (P. agglomerans P10c, Xana 3e-
nmanaus), BlightBan C9-1 (P. vagans C9-1, AKLL),
Serenade (B. subtilis QST713, AKI), Biopro (5.
subtilis BD170, lIseiinapus) xone BlossomProtect
(Aureobasidium pullulans, I'epmMannst) CUIKTBI OHO-
MECTULMITEP PETIH/E MIETENIC KOMMEPIIHMSIIAH/IbI.
XKemic-kuaek NakbUIAApbIH KOPFay OIICTEpiHIH
TaFrel OIp TYPl CYT KBIIIKBUTBI OaKTEPHSsUTaphl HETi-
3iHJIe KacaliFaH OuorpenaparTapibl KojijuaHy 0o-
aein Ta0bwiaabl. CyT KBIIKBULABI OaKTepHsLIaAp IbI
E. amylovora GaxTepusanbIK KYHIK KO3IBIPFBIIIHI-
HBIH TEXETIIITEPI PETIHIC J¢ KOJaHyFa 00JIaThIHbI
aHbIKTaAbI [54, 55].

backa ammpiTkpIIap ga E. amylovora-ra xapchbl
Texerim ocep ereni: Torulopsis kefir var. kumis
Nell4 3, Kluyveromyces marxianus 19, Torulopsis
sphaerica  Nell7, Saccharomyces cerevisiae
(vini) 2 xommiekc Ne20 [56]. 4 alIbITKbl JaKbUIbI-
HbIH KOMIIOHEHTTIK KYPaMbIH Tajijay OapbICHIH-
na Saccharomyces cerevisiae (vini) 2 KOMIUICKC
No20 sxene Torulopsis sphaerica Nell7 paxpuina-
pBIHIA 13 XUMUSUTBIK KOCBUTBIC aHBIKTAJIFaHbIH KOp-
CETTI J)KOHE OJIAPIBIH HET13T1 KOCBIIBICH (PEHUIIITHI
cuupri. Torulopsis kefir var. Kumis Nel14 3 naxpl-
neIHAA 12 XUMHSITBIK, 33T, OHBIH HET13T1 KOCBUIBICHI
n3oammit cupti. An Kluyveromyces marxianus 19
JMAKBUTBIHBIH KypambiHaa 10 Kockuibic 6ap, OHBIH
HET13T1 KOCBUIBICHI ATHIIAIETAT. Byl XUMUSIIBIK KO-
CBITBICTAp OAKTEPHSUIBIK KYWIK KO3IBIPFBIIIBIHBIH
OCyiH TEeXKEey/e MaHBI3Ibl POJ aTKapybl MYMKIH.
AUIBITKBI TaKbUIIAPBIH 3ePTTEY OaKTEPHSUIBIK KY-
WiK KO3IBIPFBIMBI E. amylovora yIIiH TepCHeKTH-
BaJIbl OMOOAKBUIAY areHTTEpi peTiHIe oNapAbl dpi
Kapai 3epTTey YIIIiH KbI3bIFYIIBUIBIK TYIBIPAJIbL.

BaxTepusibIk KyHik aypybIMEeH KYPeCyIiH TaFbl
0ip OMOJOTHSIIBIK MIApachl — OCHI aypyFa TO3IMIi
alMa COPTTapbIH jkKacam ImbeiFapy. byn sxarmaiina
CEJICKIIUSHBIH KJIACCUKAJBIK, SJIICTepiH KOJIaHyFa
Oomanpl. Ka3akcTaHHBIH OHTYCTIK OHIipiHIE ocipi-
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JIETiH LIETeNIIK XKOHE JKEePriliKkTi TemiTymrire Oax-
TePHSUTBIK KYHIKKE TO3IMAUTITIH Oaranay OOHBIHIIIA
3eprreynep xkyprizie 6acraapl. SCAR xone SNP
Mapkepiepi Herizinae .41, .16 xoHe &apos;62-
396&apos; tenitymrinepi Kasakcranma xeOeityre,
CENICKIUSIFA JKOHE ery VIIiH €H MepCreKTHBAIbI
Oouiblll  TaOBUTAABI, OUTKEHI 3EpTTEYy HOTHXKENEepi
OOWBIHIITA OTap OAKTEPHSUIBIK KYHIKKE €H To3iMIi
Oonapl [57]. Baktepusiblk KyHikke Te3IMIi anmma
COPTTapbIH jKacay YILiH e jKacylIaJbIK )KOHE I'eH-
JIK WHKCHEPUS TEXHOJOTHSIAPHl KOJIAHBUIA IBI.
JlerenmeHn, onap ete KbIMOAT JkOHE YJIKEH KapiKbl-
JIBIK, MHBECTULMSIIAPABI KQXKET eTeI.

KopbIThIHABI

Ochuraiima, OyKia oiieMae OaKTepUSIIBIK KY-
HiKKe Kapchl Kypecke OaFrbITTalFaH eyieysi KyIl-
JKirepre KapamacTtaH, aypy ©HIMHIH adTapibIKTal
JKOFaITyblHA JKOHE aFramTap/blH OJiMiHe OKelyJe.
MyHBIH 00pi KeMic aFalITapbIHBIH OaKTEPUSUIBIK
KYHIKKE AMAarHOCTHUKANAYyIbIH KbUIJAM >KOHE Ce-
HIMJII 97iCcTepiH 93ipieyai KaXeT eTeai. OHmipicTiK
JKOHE aybUIIIAPYAIIbUIbIK JKEMIC-)KHUIEK ©CIpPEeTiH
ayMakTapja MHQEKIHs OLIAKTapbIH aHbIKTAY YIIiH
TYpPaKThl MOHUTOPHUHT XKYPrizy KaxeT. Ocipece Cu-
Bepc (Malus sieversii) xone Hen3peukuii aiMacsl
(Malus niedzwetzkyana Dieck ex Koehne) cusik-
ThI Jkabaifbl anmMa TYpJepiHae aypyAbl aHBIKTAY-
Fa epekile Hazap ayAapy KepekK. XUMHSUIBIK, jKOHEe
OMONOTHSUTBIK, 9AICTEpi KOJJaHa OTBIPHII, KEIIeH-
Il Kypec mapaiapbiH 93ipiey Kaker. Kazakcranra
SKCHOPTTAJATHIH MIETENIK MUTOMHUKTEPICT] KO-
HIeT MaTepHajbiH Tekcepy KaxkeT. Ocel Mocene 00-
WBIHITA ToXiprOe arMacy YIIH OpTYpil enaepIiH
MaMaHJapbl apachblHIAarbl OANIaHBICTBI JAMBITHIIL,
0i31iH MaMaHAap/blH XalbIKapajblK CHUMIIO3UYM-
Japra, KOH(epeHIMsUIapra, TaFbUIBIMAaMaliapra
KaThICYbIH JaMBITYy KaXKeT. bipieckeH KymI-xirep
apKBUIbI FaHA anMa JaKblIIAPbIHBIH OaKTEPUSUIIBIK
KYHIKKE IMaIIbIFy MOCEJIECIH MIemryre, KO37bIp-
FBIITap OMOJIOTHSICHIHBIH KeH ayKbIMJIbI MOCceese-
piH 3epTTey, aypyMeH Kypecy Liapaiapbl MEH FbI-
JBIMH O0JDKayFa 00JIasIbI.
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Tocinmepin o3ipney» Oarmapiamackl  OOWBIHIIA
2023-2025 xok. apansiFbinga KP FBM Foeuibim ko-
MUTETI OaFaapiaMabiK-MaKCaTThl KapKbUIaHbIPY



B.A. Ky3oBieB xoHe T.0.

meHOepinae «Malus spp. TYKBIMIACBIHBIH ®a0albl  JIEMHUKAIBIK ©OCIMIIKTEPI apachlHIa OaKTSPHUSIIBIK
JKOHE MOJICHHW allMa aFalTapblHA KU1 Ke3/IeCeTiH  KYHIKTIH TapalybIHBIH aJJIbIH aiTy OOWBIHINA IpakK-
Erwinia amylovora mrampapbid Oakbulay XOHE  THKAJBIK YCHIHBICTap ©3ipJey» TanchlpMachl 00-
Rosacea (paymanryinaisiep) TYKBIMAACHIHBIH DSH-  HBIHINA )KY3€Te aChIPhUIIbI.

oneduerrep

1. Anexcanapos U.H. «bakrepuanbHblii K0T MI0A0BBIX KynbTyp B Poccuiickoit denepanun. VcTopudeckas cnpaBka.»
3awuma u rkapanmun pacmenuti, Nel2 (2009): 26-29. https://cyberleninka.ru/article/n/bakterialnyy-ozhog-plodovyh-kultur-v-
rossiyskoy-federatsii-istoricheskaya-spravka.pdf.

2. XomxaeBa C.M., Xacanos b.A., I'y3zanoBa A.I'. «bakTepuanbHbIil 05KOT TUIOJIOBBIX JEPEBHEB B Y30EKHUCTAaHE, BHI3bIBAC-
Mblit Gaktepueit Erwinia amylovora (Burill) Winslow et al.»World science 5, no.1 (2016): 17-20. https://rsglobal.pl/index.php/ws/
article/view/704/688.

3. Djaimurzina A., Umiralieva Z., Zharmukhamedova G., Born Y., Bithlmann A., Rezzonico F. “Detection of the causative
agent of fire blight — Erwinia amylovora (Burrill) Winslow et al. — in the Southeast of Kazakhstan.” Acta horticulturae, no. 1056
(2014): 129-32. https://doi.org/10.17660/actahortic.2014.1056.18.

4.  CaruroB A.O., Ucur M.M., JIxaiimyp3una A.A., KomxkacapoB b.K., xymanosa JK.K., YMmupanuesa XK. “bakrepnans-
HBIIT 0XKOT TI0I0BBIX KyJIbTYp B Kazaxcraue.” 3awuma u kapanmun pacmenuii, Ne9 (2015): 13-15. https://karantin.net/wp-content/
uploads/2017/09/biologicheskaya-zaschita-rasteniy-v-kazahstane-1.pdf.

5. Doolotkeldieva T., Bobusheva S. “Fire blight disease caused by Erwinia amylovora on Rosaceae plants in Kyrgyzstan
and biological agents to control this disease.” Advances in microbiology, no. 6 (2016): 831-851. http://dx.doi.org/10.4236/
aim.2016.611080.

6. Doolotkeldieva T., Bobushova S., Carnal S., Rezzonico F. “Genetic characterization of Erwinia amylovora isolates
detected in the wild walnut-fruit forest of South Kyrgyzstan.” Journal of plant pathology 103, no. Suppl.1 (2021): 109-120. https://
doi.org/10.1007/s42161-021-00752-1.

7. Van Der Zwet T., Orolaza-Halbrendt N., Wolfgang Z. Fire blight: history, biology, and management. St. Paul: American
Phytopathological Society Press, 2012. https://doi.org/10.1094/9780890544839.

8.  Santander, R.D., Catala-Senent J.F., Marco-Noales E., Biosca E.G. “In planta recovery of Erwinia amylovora viable but
nonculturable cells.” Trees 26, no. 1 (2011): 75-82. https://doi.org/10.1007/s00468-011-0653-8.

9. Mansfield J., Genin S., Magori S., Citovsky V., Sriariyanum M., Ronald P., Dow M., Verdier V., Beer S.V., Machado
M.A., Toth L., Salmond G., Foster, G.D. “Top 10 plant pathogenic bacteria in molecular plant pathology.” Molecular plant pathology
13, no. 6 (2012): 614-29. https://doi.org/10.1111/j.1364-3703.2012.00804 .x.

10. Braun P.G., Hildebrand P.D. “Epidemiology of fire blight of floricane fruiting red raspberry caused by Erwinia amylovora.”
Canadian journal of plant pathology 28, no. 1 (2006): 95-99. https://doi.org/10.1080/07060660609507275.

11. Temreshev L.I., Kopzhassarov B.K., Beknazarova Z.B., Sarbassova A.M., Sadanov A.K., Ismailova E.T., Molzhigitova
A.E., Yakovlev R.V. “Red bud borer Resseliella oculiperda (Riibsaamen, 1893) (Diptera, Cecidomyiidae) — a new vector of fire blight
(Erwinia amylovora) of fruit crops in Kazakhstan” Microbiology and virology, no. 4 (2023): 171-182. https://doi.org/10.53729/mv-
as.2023.04.10.

12.  Vrancken K., Holtappels M., Schoofs H., Deckers T., Valcke R. “Pathogenicity and infection strategies of the fire blight
pathogen Erwinia amylovora in Rosaceae: state of the art.” Microbiology 159, no. Pt.5 (2013): 823-832. https://doi.org/10.1099/
mic.0.064881-0.

13. Piqué N., Miflana-Galbis D., Merino S., Tomas J. “Virulence factors of Erwinia amylovora: a review.” International
Jjournal of molecular sciences 16, no. 6 (2015): 12836-12854. https://doi.org/10.3390/ijms160612836.

14. KhokhaniD.,Zhang C.,Li Y., Wang Q., Zeng Q., Yamazaki A., Hutchins W., Zhou S.S., Chen X., Yang C.H. “Discovery of
plant phenolic compounds that act as type iii secretion system inhibitors or inducers of the fire blight pathogen, Erwinia amylovora.”
Applied and environmental microbiology 79, no. 18 (2013): 5424-5436. https://doi.org/10.1128/aem.00845-13.

15. Bogdanove A.J., Bauer D.W., Beer, S.V. “Erwinia amylovora secretes DspE, a pathogenicity factor and functional
AvrE homolog, through the Hrp (type III secretion) pathway.” Journal of bacteriology 180, no. 8 (1998): 2244-2247. https://doi.
org/10.1128/jb.180.8.2244-2247.1998.

16. Gaudriault S., Malandrin L., Paulin J.P., Barny M.A. “DspA, an essential pathogenicity factor of Erwinia amylovora
showing homology with AvrE of Pseudomonas syringae, is secreted via the Hrp secretion pathway in a DspB-dependent way.”
Molecular microbiology 26, no. 5 (1997): 1057-1069. https://doi.org/10.1046/j.1365-2958.1997.6442015 .x.

17. Kim J.F., Beer S.V. “HrpW of Erwinia amylovora, a new harpin that contains a domain homologous to pectate lyases of a
distinct class.” Journal of bacteriology 180, no. 19 (1998): 5203—5210. https://doi.org/10.1128/jb.180.19.5203-5210.1998.

18. Kvitko B.H., Ramos A.R., Morello J.E., Oh H.S., Collmer A. “Identification of harpins in Pseudomonas syringae pv.
tomato DC3000, which are functionally similar to HrpK1 in promoting translocation of type III secretion system effectors.” Journal
of bacteriology 189, no. 22 (2007): 8059-8072. https://doi.org/10.1128/jb.01146-07.

19. Zhao Y., He S.Y., Sundin, G.W. “The Erwinia amylovora AviRpt2EA gene contributes to virulence on pear and
AvrRpt2EA is recognized by Arabidopsis RPS2 when expressed in Pseudomonas syringae.” Molecular plant-microbe interactions
19, no. 6 (2006): 644-54. https://doi.org/10.1094/mpmi-19-0644.

165



KazakcTanmarel anmma aramiTapblHBIH OaKTEPHSIIBIK KYHIrt

20. Nissinen R.M., Ytterberg A.J., Bogdanove A.J., Van Wijk K.J., Beer S.V. “Analyses of the secretomes of Erwinia
amylovora and selected Hrp mutants reveal novel type III secreted proteins and an effect of HrpJ on extracellular harpin levels.”
Molecular plant pathology 8, no. 1 (2006): 55—67. https://doi.org/10.1111/j.1364-3703.2006.00370.x.

21. Yuan X., Hulin M.T., Sundin, G.W. “Effectors, chaperones, and harpins of the type III secretion system in the fire blight
pathogen Erwinia amylovora: areview.” Journal of plant pathology 103, no. Suppl.1 (2020): 25-39. https://doi.org/10.1007/s42161-
020-00623-1.

22. Piqué N., Miflana-Galbis D., Merino S., Tomas J. “Virulence factors of Erwinia amylovora: a review.” International
Jjournal of molecular sciences 16, no. 6 (2015): 12836—12854. https://doi.org/10.3390/ijms160612836.

23. Kharadi R.R., Schachterle J.K., Yuan X., Castiblanco L.F., PengJ., Slack S.M., Zeng Q., Sundin G.W. “Genetic dissection
of the Erwinia amylovora disease cycle.” Annual review of phytopathology 59, no. 1 (2021): 191-212. https://doi.org/10.1146/
annurev-phyto-020620-095540.

24. Koczan J.M., McGrath M.J., Zhao Y., Sundin G.W. “Contribution of Erwinia amylovora exopolysaccharides amylovoran
and levan to biofilm formation: implications in pathogenicity.” Phytopathology 99, no. 11 (2009): 1237—-1244. https://doi.org/10.1094/
phyto-99-11-1237.

25. Dellagi A., Brisset M.N., Paulin J.P., Expert, D. “Dual role of desferrioxamine in Erwinia amylovora pathogenicity.”
Molecular plant-microbe interactions 11, no. 8 (1998): 734-742. https://doi.org/10.1094/mpmi.1998.11.8.734.

26. Aldridge P., Metzger M., Geider, K. “Genetics of sorbitol metabolism in Erwinia amylovora and its influence on bacterial
virulence.” Molecular and general genetics 256, no. 6 (1997): 611-619. https://doi.org/10.1007/s004380050609.

27. BogsJ., Geider K. “Molecular analysis of sucrose metabolism of Erwinia amylovora and influence on bacterial virulence.”
Journal of bacteriology 182, no. 19 (2000): 5351-5358. https://doi.org/10.1128/jb.182.19.5351-5358.2000.

28. Castiblanco L.F., Sundin, G.W. “Cellulose production, activated by cyclic Di-GMP through BcsA and BesZ, is a virulence
factor and an essential determinant of the three-dimensional architectures of biofilms formed by Erwinia amylovora Eal189.”
Molecular plant pathology 19, no. 1 (2016): 90-103. https://doi.org/10.1111/mpp.12501.

29. Zeng Q., McNally R.R., Sundin, G.W. “Global small RNA chaperone Hfq and regulatory small RNAs are important
virulence regulators in Erwinia amylovora.” Journal of bacteriology 195, no. 8 (2013): 1706—1717. https://doi.org/10.1128/jb.02056-
12.

30. DrenovaN.V.,Isin M.M., Dzhaimurzina A.A., Zharmukhamedova G.A., Aitkulov A.K. “Bacterial fire blight in the Republic
of Kazakhstan.” Plant health: research and practice 1, no. 3 (2013): 44-48. https://www.researchgate.net/publication/260122985
Bacterial Fire Blight in the Republic of KazakhstanBakterialnyj ozog plodovyh kultur v Respublike Kazahstan.

31. Oximaxan M. «JluHaMHUKa pacrpoOCTpaHEHUs] OAKTEPHAILHOTO 0XKOTa sIOJIOHK U METOJIBI JIUATHOCTHKU. « Mamepuansl
Pecnybruxancrou nayuno-meopemuueckoti kongepenyuu « Cetighyniurckue umenusi—12: Monooedicv 6 Hayke — UHHOBAYUOHHDLIL
nomenyuan 6yoywezo» 1, Nel (2016): 160-163. https://kazatu.edu.kz/assets/i/science/sf12_agro 149.pdf.

32. Mamnaxosa H.II., Ckuba 0.A., Tesexbaera b.K., Xaceitn A., [Imurpuesa K.JI., Pomamkun B.H., XKapmyxamenosa I".A.,
JxymanoBa X.K., Mambuesa D.P. «PacnpoctpaneHHocTs Erwinia amylovora Ha TUKOPACTYNIMX M KYJbTYPHBIX SIOJOHEBBIX
nepeBbsix pona Malus spp. Ha niepuon 2021 roma.» Eurasian journal of applied biotechnology, no. 2 (2022): 62—71. https://doi.
org/10.11134/btp.2.2022.9.

33. Maltseva E.R., Zharmukhamedova G.A., Jumanova Z.K., Naizabayeva D.A., Berdygulova Z.A., Dmitriyeva K.A.,
Soltanbekov S.S., Argynbayeva A.M., Skiba Y.A., Malakhova N.P., Rezzonico F., Smits, T.H.M. “Assessment of fire blight
introduction in the wild apple forests of Kazakhstan.” Biodiversity 23, no. 3—4 (2022): 123-128. https://doi.org/10.1080/14888386.
2022.2141880.

34. Maltseva E.R., Zharmukhamedova G.A., Jumanova Z.K., Naizabayeva D.A., Berdygulova Z.A., Dmitriyeva K.A.,
Tezekbayeva B., Khassein A., Skiba Y.A., Malakhova N.P., Ismagulova G.A., Rezzonico F., Smits T.H.M. “Fire blight cases
in Almaty region of Kazakhstan in the proximity of wild apple distribution area.” Journal of plant pathology 106, no. 3 (2023):
971-978. https://doi.org/10.1007/s42161-023-01416-y.

35. Hckakona I'.A., XKapmyxamenosa [".A., /lxxymanosa JX.K., Haiizabaesa /I.A., bepupirynosa X.A., Conranbekos C.C.,
Hcmarynora I'.A., Ckuba 10.A., Manbiesa O.P. “OrneHka pacnpocTpaHeHusi 0aKTEpUAILHOTO 0KOTa B JUKUX SOJOHEBBIX Jiecax
Kazaxcrana.” Becmuuk KazHY. cepus sxonocuueckas 80, Ne3 (2024): 68-76. https://doi.org/10.26577/EJE.2024.v80.i3-07.

36. Eastwood A., Lazkov G., Newton A.C. The Red list of trees of central Asia. Cambridge: Fauna and Flora International
Press, 2009. https://portals.iucn.org/library/sites/library/files/documents/RL-2009-006.pdf.

37. Kolchenko M., Nurtaza A., Pozharskiy A., Dyussembekova D., Kapytina A., Nizamdinova G., Khusnitdinova M.,
Taskuzhina A., Kakimzhanova A., Gritsenko D. “Wild Malus niedzwetzkyana Dieck Ex Koehne as a genetic resource for fire blight
resistance.” Horticulturae 9, no. 10 (2023): 1-12. https://doi.org/10.3390/horticulturac9101066.

38. TIpunenko J.A., Husammaurosa I'.K., Xamauesa O.X., [lunacuios A.C. «neHTudukanus 6akTepraibHOrO 0XK0Ta MoJie-
KyJISIPHO-TEHETHYECKUMHU METOJIAMILY H36ecmusi HAYUOHANbHOU akademuu Hayk Pecnybnuku Kazaxcman. cepus azpaprulx Hayk 6,
Ne42 (2017): 109-115. http://nblib.library.kz/elib/library.kz/Jurnal/agrarnaya%2006-17/18-%20D.A.Gritsenko0617.pdf.

39. Owmamena M.E., Aybakuposa K.II., Psoymxkuna H.A. «Monexynspusie Mapkepsr. [Tpuaunsr u [Tocnencteust Onmbok
I'enotunupoBanus.» buomexnonoeus. meopus u npakmuxa, Ne4, (2013): 20-28. https://doi.org/10.11134/btp.4.2013.3.

40. Kaiiposa I'.H., loyner H., ©pxkapa I11./]1., Canaxosa 3.5., A6caraposa [I.A., «Pa3Butne 6GakTepHaIbHOrO 0)KOTa Ha pas-
JIMYHBIX COPTax sSOJIOHU B YCIOBUSX IOra M Oro-BocTok Kaszaxcrana.» Fwuibim owcone 6inim 3, Ne 3 (2022): 158-168. https://doi.
org/10.52578/2305-9397-2022-3-3-158-168.

166



B.A. Ky3oBieB xoHe T.0.

41. Kairova G., Daulet N., Solomadin M., Sandybayev N., Orkara S., Beloussov V., Kerimbek N., Gritsenko D., Sapakhova Z.
“Identification of apple varieties resistant to fire blight (Erwinia amylovora) using molecular markers.” Horticulturae 9,no. 9 (2023):
1-22. https://doi.org/10.3390/horticulturae9091000.

42. Umiraliyeva Zh.Z., Jaimurzina A.A.. “Sensitivity of the fire blight pathogen Erwinia amylovora to antibiotics.”
Microbiology and virology 2, no. 41 (2023): 220-28. https://doi.org/10.53729/mv-as.2023.02.15.

43. Gusberti M., Klemm U., Meier M., Maurhofer M., Hunger-Glaser I. “Fire blight control: the struggle goes on. A comparison
of different fire blight control methods in Switzerland with respect to biosafety, efficacy and durability.” International journal of
environmental research and public health 12, no. 9 (2015): 11422—11447. https://doi.org/10.3390/ijerph120911422.

44. Paulin J.P., Lachaud G. “Comparison of the efficiency of some chemicals in preventing fire blight blossom infections.”
Acta horticulturae, no. 151 (1984): 209-214. https://doi.org/10.17660/actahortic.1984.151.27.

45. Mikicinski A., Pulawska J., Molzhigitova A., Sobiczewski, P. “Bacterial species recognized for the first time for its
biocontrol activity against fire blight (Erwinia amylovora).” European journal of plant pathology 156, no. 1 (2019): 257-272. https://
doi.org/10.1007/s10658-019-01885-x.

46. Molzhigitova A., Mikicinski A., Sobiczewski P. “Efficacy of chemical products and epiphytic bacteria in control of fire
blight (Erwinia amylovora).” Experimental biology 81, no. 4 (2019): 56—65. https://doi.org/10.26577/eb-2019-4-b6.

47. Komxacapos b.K., [xaiimypsuna A.A., Ymupanuesa X.3., Beknazaposa 3.5., Ecxxano T.K. “Ctparerus 60ps0bI ¢ Oak-
TepUAIBHBIM 0)KOTOM IIIOIOBEIX KyNbTyp B Kazaxcrane.” I11000600cmeo u seo0o6o0cmeo Poccuu 65, (2021): 87-92. https://doi.
org/10.31676/2073-4948-2021-65-87-92.

48. Ywmmpanuena, XK.3., Komkacapos b.K., [Ixaiimyp3una A.A., beknazaposa 3.b. «KowmruiekcHas crctema 3aluThl S0JI0HU
0T OaKTepHaIbHOTO 0XKOTa B YCIIOBHSAX I0ro-BocToka Kazaxcrana.» Hccredosanus, pezynsmamut 93, no. 1 (2022): 60-69. https://
doi.org/10.37884/1-2022/08.

49. Choi D.H., Choi H.J., Kim Y.J., Lim Y.J,, Lee 1., Park D.H. “Screening of bacterial antagonists to develop an effective
cocktail against Erwinia amylovora.” Research in plant disease 28, n0. 3 (2022): 152—161. https://doi.org/10.5423/rpd.2022.28.3.152.

50. Broggini G.A.L., Duffy B., Holliger E., Schirer H.J., Gessler C., Patocchi A. “Detection of the fire blight biocontrol agent
Bacillus subtilis BD170 (Biopro®) in a swiss apple orchard.” European journal of plant pathology 111, no. 2 (2005): 93—100. https://
doi.org/10.1007/s10658-004-1423-x.

51. Baidalinov A.L., Shemshura O.N., Ismailova E.T., Dzhakibayeva G.T., Tleubekova D.A., Baimakhanova G.B., Kenzheev
Sh.T. “Estimation of the biosafety of Bacillus amyloliquefaciens MB40 strain, promising as a basis of biopreparation against bacterial
burn of fruit crops.” Microbiology and virology 4, no. 35 (2022): 38—47. https://doi.org/10.53729/mv-as.2021.04.03.

52. Shemshura O., Alimzhanova M., Ismailova E., Molzhigitova A., Daugaliyeva S., Sadanov A. “Antagonistic activity and
mechanism of a novel Bacillus amyloliquefaciens MB40 strain against fire blight.” Journal of plant pathology 102, no. 3 (2020):
825-833. https://doi.org/10.1007/s42161-020-00515-4.

53. Sadanov A.K., Suleimenova Z.B., Ismailova E.T., Shemshura O.N., Baimakhanova B.B., Baimakhanova G.B., Bisko
N.A., Molzhigitova A.E., Yelubayeva A.E., Tleubekova D.A. “Fire blight of fruit crops.” Microbiology and virology 1, no. 40
(2023): 35-46. https://doi.org/10.53729/mv-as.2023.01.02.

54. Rosello G., Bonaterra A., Francés J., Montesinos L., Badosa E., Montesinos E. “Biological control of fire blight of apple
and pear with antagonistic Lactobacillus plantarum.” European journal of plant pathology 137, no. 3 (2013): 621-633. https://doi.
org/10.1007/s10658-013-0275-7.

55. CapnanoB A.K., Kynneioaes H.M., Hcmannosa D.T., lllemmrypa O.H., Momxururoa A.E., Typnsioaesa 3.0K, Eny6ae-
Ba A.E., baiimaxanosa I'.b., baiimaxanoBa b.b. “CkpHHUHI aHTarOHUCTHYECKOW aKTHBHOCTU INTAMMOB MOJIOYHOKHCIIBIX OaKTe-
puii npotuB Erwinia amylovora.” Hayka u unnosayuu 2, Ne8 (2023): 162-168. https://10.5281/zenodo.8353509.

56. Dzhakibayeva G.T., Sadanov A.K., Ismailova E.T., Baymakhanova B.B., Molzhigitova A.E., Baymakhanova G.B.,
Shemshura O.N., Alimzhanova M.B., Tleubekova D.A., Yelubaeva A.E. “Evaluation of the inhibitory activity of collection yeast
cultures against the causative agent of bacterial burn Erwinia amylovora.” Microbiology and virology 2, no. 41 (2023): 173-82.
https://doi.org/10.53729/mv-as.2023.02.11.

57. Kairova G., Pozharskiy A., Daulet N. Solomadin M., Sandybayev N., Khusnitdinova M., Nizamdinova G., Sapakhova Z.,
Gritsenko D. “Evaluation of fire blight resistance of eleven apple rootstocks grown in Kazakhstani fields.” Applied sciences 13, no.
20 (2023): 1-14. https://doi.org/10.3390/app132011530.

References

1. Aleksandrov I.N. “Fire blight of fruit crops in the Russian Federation. Historical background.” Plant protection and
quarantine, no. 12 (2009): 26-29. (in russian) https://cyberleninka.ru/article/n/bakterialnyy-ozhog-plodovyh-kultur-v-rossiyskoy-
federatsii-istoricheskaya-spravka.pdf.

2. Khodjaeva S.M., Khasanov B.A., A.G. Guzalova A.G. “Fire blight of fruit trees in Uzbekistan caused by the bacterium
Erwinia amylovora (Burill) Winslow et al.” World science 5, no.1 (2016): 17-20. (in russian) https://rsglobal.pl/index.php/ws/article/
view/704/688.

3. Djaimurzina A., Umiralieva Z., Zharmukhamedova G., Born Y., Bithimann A., Rezzonico F. “Detection of the causative
agent of fire blight — Erwinia amylovora (Burrill) Winslow et al. — in the Southeast of Kazakhstan.” Acta horticulturae, no. 1056
(2014): 129-32. https://doi.org/10.17660/actahortic.2014.1056.18.

167



KazakcTanmarel anmma aramiTapblHBIH OaKTEPHSIIBIK KYHIrt

4. Sagitov A.O., Isin M.M., Dzhajmurzina A.A., Kopzhasarov B.K., Jumanova Zh.K., Umiralyieva Zh.Z. “Fire blight of
fruit crops in Kazakhstan.” Plant protection and quarantine, no. 9 (2015): 13-15. (in russian) https://karantin.net/wp-content/
uploads/2017/09/biologicheskaya-zaschita-rasteniy-v-kazahstane-1.pdf.

5. Doolotkeldieva T., Bobusheva S. “Fire blight disease caused by Erwinia amylovora on Rosaceae plants in Kyrgyzstan
and biological agents to control this disease.” Advances in microbiology, no. 6 (2016): 831-851. http://dx.doi.org/10.4236/
aim.2016.611080.

6. Doolotkeldieva T., Bobushova S., Carnal S., Rezzonico F. “Genetic characterization of Erwinia amylovora isolates
detected in the wild walnut-fruit forest of South Kyrgyzstan.” Journal of plant pathology 103, no. Suppl.1 (2021): 109—120. https://
doi.org/10.1007/s42161-021-00752-1.

7. Van Der Zwet T., Orolaza-Halbrendt N., Wolfgang Z. Fire blight: history, biology, and management. St. Paul: American
Phytopathological Society Press, 2012. https://doi.org/10.1094/9780890544839.

8. Santander, R.D., Catala-Senent J.F., Marco-Noales E., Biosca E.G. “In planta recovery of Erwinia amylovora viable but
nonculturable cells.” Trees 26, no. 1 (2011): 75-82. https://doi.org/10.1007/s00468-011-0653-8.

9. Mansfield J., Genin S., Magori S., Citovsky V., Sriariyanum M., Ronald P., Dow M., Verdier V., Beer S.V., Machado
M.A., Toth L., Salmond G., Foster, G.D. “Top 10 plant pathogenic bacteria in molecular plant pathology.” Molecular plant pathology
13, no. 6 (2012): 614-29. https://doi.org/10.1111/j.1364-3703.2012.00804 .x.

10. Braun P.G., Hildebrand P.D. “Epidemiology of fire blight of floricane fruiting red raspberry caused by Erwinia amylovora.”
Canadian journal of plant pathology 28, no. 1 (2006): 95-99. https://doi.org/10.1080/07060660609507275.

11. Temreshev LI., Kopzhassarov B.K., Beknazarova Z.B., Sarbassova A.M., Sadanov A.K., Ismailova E.T., Molzhigitova
A.E., Yakovlev R.V. “Red bud borer Resseliella oculiperda (Riibsaamen, 1893) (Diptera, Cecidomyiidae) —a new vector of fire blight
(Erwinia amylovora) of fruit crops in Kazakhstan” Microbiology and virology, no. 4 (2023): 171-182. https://doi.org/10.53729/mv-
as.2023.04.10.

12. Vrancken K., Holtappels M., Schoofs H., Deckers T., Valcke R. “Pathogenicity and infection strategies of the fire blight
pathogen Erwinia amylovora in Rosaceae: state of the art.” Microbiology 159, no. Pt.5 (2013): 823-832. https://doi.org/10.1099/
mic.0.064881-0.

13. Piqué N., Minana-Galbis D., Merino S., Tomas J. “Virulence factors of Erwinia amylovora: a review.” International
Jjournal of molecular sciences 16, no. 6 (2015): 12836—12854. https://doi.org/10.3390/ijms160612836.

14. KhokhaniD., Zhang C.,Li Y., Wang Q., Zeng Q., Yamazaki A., Hutchins W., Zhou S.S., Chen X., Yang C.H. “Discovery of
plant phenolic compounds that act as type iii secretion system inhibitors or inducers of the fire blight pathogen, Erwinia amylovora.”
Applied and environmental microbiology 79, no. 18 (2013): 5424-5436. https://doi.org/10.1128/aem.00845-13.

15. Bogdanove A.J., Bauer D.W., Beer, S.V. “Erwinia amylovora secretes DspE, a pathogenicity factor and functional
AvrE homolog, through the Hrp (type III secretion) pathway.” Journal of bacteriology 180, no. 8 (1998): 2244-2247. https://doi.
org/10.1128/jb.180.8.2244-2247.1998.

16. Gaudriault S., Malandrin L., Paulin J.P., Barny M.A. “DspA, an essential pathogenicity factor of Erwinia amylovora
showing homology with AvrE of Pseudomonas syringae, is secreted via the Hrp secretion pathway in a DspB[dependent way.”
Molecular microbiology 26, no. 5 (1997): 1057-1069. https://doi.org/10.1046/j.1365-2958.1997.6442015..x.

17. Kim J.F., Beer S.V. “HrpW of Erwinia amylovora, a new harpin that contains a domain homologous to pectate lyases of a
distinct class.” Journal of bacteriology 180, no. 19 (1998): 5203-5210. https://doi.org/10.1128/jb.180.19.5203-5210.1998.

18. Kvitko B.H., Ramos A.R., Morello J.E., Oh H.S., Collmer A. “Identification of harpins in Pseudomonas syringae pv.
tomato DC3000, which are functionally similar to HrpK1 in promoting translocation of type III secretion system effectors.” Journal
of bacteriology 189, no. 22 (2007): 8059-8072. https://doi.org/10.1128/jb.01146-07.

19. Zhao Y., He S.Y., Sundin, G.W. “The Erwinia amylovora AvrRpt2EA gene contributes to virulence on pear and
AvVrRpt2EA is recognized by Arabidopsis RPS2 when expressed in Pseudomonas syringae.” Molecular plant-microbe interactions
19, no. 6 (2006): 644—54. https://doi.org/10.1094/mpmi-19-0644.

20. Nissinen R.M., Ytterberg A.J., Bogdanove A.J., Van Wijk K.J., Beer S.V. “Analyses of the secretomes of Erwinia
amylovora and selected Hrp mutants reveal novel type III secreted proteins and an effect of HrpJ on extracellular harpin levels.”
Molecular plant pathology 8, no. 1 (2006): 55—67. https://doi.org/10.1111/j.1364-3703.2006.00370.x.

21. Yuan X., Hulin M.T., Sundin, G.W. “Effectors, chaperones, and harpins of the type III secretion system in the fire blight
pathogen Erwinia amylovora: areview.” Journal of plant pathology 103, no. Suppl.1 (2020): 25-39. https://doi.org/10.1007/s42161-
020-00623-1.

22. Piqué N., Miflana-Galbis D., Merino S., Tomas J. “Virulence factors of Erwinia amylovora: a review.” International
Jjournal of molecular sciences 16, no. 6 (2015): 12836—12854. https://doi.org/10.3390/ijms160612836.

23. Kharadi R.R., Schachterle J.K., Yuan X., Castiblanco L.F., PengJ., Slack S.M., Zeng Q., Sundin G.W. “Genetic dissection
of the Erwinia amylovora disease cycle.” Annual review of phytopathology 59, no. 1 (2021): 191-212. https://doi.org/10.1146/
annurev-phyto-020620-095540.

24. Koczan J.M., McGrath M.J., Zhao Y., Sundin G.W. “Contribution of Erwinia amylovora exopolysaccharides amylovoran
and levan to biofilm formation: implications in pathogenicity.” Phytopathology 99, no. 11 (2009): 1237—1244. https://doi.org/10.1094/
phyto-99-11-1237.

25. Dellagi A., Brisset M.N., Paulin J.P., Expert, D. “Dual role of desferrioxamine in Erwinia amylovora pathogenicity.”
Molecular plant-microbe interactions 11, no. 8 (1998): 734-742. https://doi.org/10.1094/mpmi.1998.11.8.734.

26. Aldridge P., Metzger M., Geider, K. “Genetics of sorbitol metabolism in Erwinia amylovora and its influence on bacterial
virulence.” Molecular and general genetics 256, no. 6 (1997): 611-619. https://doi.org/10.1007/s004380050609.

168



B.A. Ky3oBieB xoHe T.0.

27. BogsJ., Geider K. “Molecular analysis of sucrose metabolism of Erwinia amylovora and influence on bacterial virulence.”
Journal of bacteriology 182, no. 19 (2000): 5351-5358. https://doi.org/10.1128/jb.182.19.5351-5358.2000.

28.

29. Castiblanco L.F., Sundin, G.W. “Cellulose production, activated by cyclic Di-GMP through BcsA and BesZ, is a virulence
factor and an essential determinant of the three-dimensional architectures of biofilms formed by Erwinia amylovora Eal189.”
Molecular plant pathology 19, no. 1 (2016): 90—103. https://doi.org/10.1111/mpp.12501.

30. Zeng Q., McNally R.R., Sundin, G.W. “Global small RNA chaperone Hfq and regulatory small RNAs are important
virulence regulators in Erwinia amylovora.” Journal of bacteriology 195, no. 8 (2013): 1706—1717. https://doi.org/10.1128/jb.02056-
12.

31. DrenovaN.V.,IsinM.M., Dzhaimurzina A.A., Zharmukhamedova G.A., Aitkulov A.K. “Bacterial fire blight in the Republic
of Kazakhstan.” Plant health: research and practice 1, no. 3 (2013): 44—48. https://www.researchgate.net/publication/260122985
Bacterial Fire Blight in the Republic of KazakhstanBakterialnyj ozog plodovyh kultur v Respublike Kazahstan.

32. Azhimakhan M. “Dynamics of spread of fire blight of apple trees and diagnostic methods. “Materials of the Republican
scientific and theoretical conference “Seifullin readings-12: Youth in science — the innovative potential of the future” 1,n0 1 (2016):
160-163. (in russian) https://kazatu.edu.kz/assets/i/science/sf12_agro 149.pdf.

33. Malakhova,N.P.,Y.A.Skiba, B.K. Tezekbayeva, A. Khasseyn, K.A. Dmitriyeva, V.N. Romashkin, G.A. Zharmukhamedova,
Zh. K. Jumanova, and E.R. Maltseva. “Distribution of Erwinia amylovora on wild and culturally grown apple trees Malus spp. for the
period of 2021.” Eurasian journal of applied biotechnology, no. 2 (2022): 62—71. (in russian) https://doi.org/10.11134/btp.2.2022.9.

34. Maltseva E.R., Zharmukhamedova G.A., Jumanova Z.K., Naizabayeva D.A., Berdygulova Z.A., Dmitriyeva K.A.,
Soltanbekov S.S., Argynbayeva A.M., Skiba Y.A., Malakhova N.P., Rezzonico F., Smits, T.H.M. “Assessment of fire blight
introduction in the wild apple forests of Kazakhstan.” Biodiversity 23, no. 3—4 (2022): 123-128. https://doi.org/10.1080/14888386.
2022.2141880.

35. Maltseva E.R., Zharmukhamedova G.A., Jumanova Z.K., Naizabayeva D.A., Berdygulova Z.A., Dmitriyeva K.A.,
Tezekbayeva B., Khassein A., Skiba Y.A., Malakhova N.P., Ismagulova G.A., Rezzonico F., Smits T.H.M. “Fire blight cases
in Almaty region of Kazakhstan in the proximity of wild apple distribution area.” Journal of plant pathology 106, no. 3 (2023):
971-978. https://doi.org/10.1007/s42161-023-01416-y.

36. Iskakova G.A., Zharmukhamedova G.A., Jumanova Z.K., Naizabayeva D.A., Berdygulova Z.A., Soltanbekov S.S.,
Ismagulova G.A., Skiba Y.A., Maltseva E.R. “Assessment of the spread of fire blight in wild apple forests of Kazakhstan.” Eurasian
Jjournal of ecology 80, no. 3 (2024): 68—76. (in kazakh) https://doi.org/10.26577/eje.2024.v80.i3-07.

37. Eastwood A., Lazkov G., Newton A.C. The Red list of trees of central Asia. Cambridge: Fauna and Flora International
Press, 2009. https://portals.iucn.org/library/sites/library/files/documents/RL-2009-006.pdf.

38. Kolchenko M., Nurtaza A., Pozharskiy A., Dyussembekova D., Kapytina A., Nizamdinova G., Khusnitdinova M.,
Taskuzhina A., Kakimzhanova A., Gritsenko D. “Wild Malus niedzwetzkyana Dieck Ex Koehne as a genetic resource for fire blight
resistance.” Horticulturae 9, no. 10 (2023): 1-12. https://doi.org/10.3390/horticulturac9101066.

39. Gritsenko D.A., Nizamdinova G.K., Khamdiyeva O.Kh., Dynasilov A.S. “Identification of fire blight by using molecular
methods.” News of the national academy of sciences of the Republic of Kazakhstan. series of agricultural sciences 6, Ned2 (2017):
109-115. (in russian) http://nblib.library kz/elib/library.kz/Jurnal/agrarnaya%2006-17/18-%20D.A.Gritsenko0617.pdf.

40. Omasheva M.E., Aubakirova K.P., Ryabushkina N.A. “Molecular markers. causes and consequences of genotyping
errors.” Biotechnology. theory and practice, no 4, (2013): 20-28. (in russian) https://doi.org/10.11134/btp.4.2013.3.

41. Kairova G.N., Daulet N., Orkara Sh.D., Sapakhova Z.B., Absatarov D.A. “Development of fire blight on various apple
varieties in theconditions of the south and south-east of Kazakhstan.” Science and education 3, no. 3 (2022): 158—168. (in russian)
https://doi.org/10.52578/2305-9397-2022-3-3-158-168.

42. Kairova G., Daulet N., Solomadin M., Sandybayev N., Orkara S., Beloussov V., Kerimbek N., Gritsenko D., Sapakhova Z.
“Identification of apple varieties resistant to fire blight (Erwinia amylovora) using molecular markers.” Horticulturae 9,no. 9 (2023):
1-22. https://doi.org/10.3390/horticulturae9091000.

43. Umiraliyeva Zh.Z., Jaimurzina A.A.. “Sensitivity of the fire blight pathogen Erwinia amylovora to antibiotics.”
Microbiology and virology 2, no. 41 (2023): 220-28. https://doi.org/10.53729/mv-as.2023.02.15.

44. Gusberti M., Klemm U., Meier M., Maurhofer M., Hunger-Glaser I. “Fire blight control: the struggle goes on. A comparison
of different fire blight control methods in Switzerland with respect to biosafety, efficacy and durability.” International journal of
environmental research and public health 12, no. 9 (2015): 11422—11447. https://doi.org/10.3390/ijerph120911422.

45. Paulin J.P., Lachaud G. “Comparison of the efficiency of some chemicals in preventing fire blight blossom infections.”
Acta horticulturae, no. 151 (1984): 209-214. https://doi.org/10.17660/actahortic.1984.151.27.

46. Mikicinski A., Putawska J., Molzhigitova A., Sobiczewski, P. “Bacterial species recognized for the first time for its
biocontrol activity against fire blight (Erwinia amylovora).” European journal of plant pathology 156, no. 1 (2019): 257-272. https://
doi.org/10.1007/s10658-019-01885-x.

47. Molzhigitova A., Mikicinski A., Sobiczewski P. “Efficacy of chemical products and epiphytic bacteria in control of fire
blight (Erwinia amylovora).” Experimental biology 81, no. 4 (2019): 56—65. https://doi.org/10.26577/eb-2019-4-b6.

48. Kopzhasarov B.K., Dzhajmurzina A.A., Umiralyieva Zh.Z., Beknazarova Z.B., Eszhanov T.K. “Strategy for combating
bacterial burn of fruit crops in Kazakhstan.” Pomiculture and small fruits culture in Russia 65, (2021): 87-92. (in russian) https://doi.
org/10.31676/2073-4948-2021-65-87-92.

169



KazakcTanmarel anmma aramiTapblHBIH OaKTEPHSIIBIK KYHIrt

49. Umiraliyeva Zh.Z., Kopzhassarov B.K., Jaimurzina A.A., Beknazarova Z.B. “Integrated system for protecting apple trees
from fire blight in the conditions of the south-east of Kazakhstan.” Research, results 93, no. 1 (2022): 60—69. (in russian) https://doi.
org/10.37884/1-2022/08.

50. Choi D.H., Choi H.J., Kim Y.J., Lim Y.J., Lee L., Park D.H. “Screening of bacterial antagonists to develop an effective
cocktail against Erwinia amylovora.” Research in plant disease 28,1n0. 3 (2022): 152—161. https://doi.org/10.5423/rpd.2022.28.3.152.

51. Broggini G.A.L., Duffy B., Holliger E., Schirer H.J., Gessler C., Patocchi A. “Detection of the fire blight biocontrol agent
Bacillus subtilis BD170 (Biopro®) in a swiss apple orchard.” European journal of plant pathology 111, no. 2 (2005): 93—100. https://
doi.org/10.1007/s10658-004-1423-x.

52. Baidalinov A.l., Shemshura O.N., Ismailova E.T., Dzhakibayeva G.T., Tleubekova D.A., Baimakhanova G.B., Kenzheev
Sh.T. “Estimation of the biosafety of Bacillus amyloliquefaciens MB40 strain, promising as a basis of biopreparation against bacterial
burn of fruit crops.” Microbiology and virology 4, no. 35 (2022): 38—47. https://doi.org/10.53729/mv-as.2021.04.03.

53. Shemshura O., Alimzhanova M., Ismailova E., Molzhigitova A., Daugaliyeva S., Sadanov A. “Antagonistic activity and
mechanism of a novel Bacillus amyloliquefaciens MB40 strain against fire blight.” Journal of plant pathology 102, no. 3 (2020):
825-833. https://doi.org/10.1007/s42161-020-00515-4.

54. Sadanov A.K., Suleimenova Z.B., Ismailova E.T., Shemshura O.N., Baimakhanova B.B., Baimakhanova G.B., Bisko
N.A., Molzhigitova A.E., Yelubayeva A.E., Tleubekova D.A. “Fire blight of fruit crops.” Microbiology and virology 1, no. 40
(2023): 35-46. https://doi.org/10.53729/mv-as.2023.01.02.

55. Rosell6 G., Bonaterra A., Francés J., Montesinos L., Badosa E., Montesinos E. “Biological control of fire blight of apple
and pear with antagonistic Lactobacillus plantarum.” European journal of plant pathology 137, no. 3 (2013): 621-633. https://doi.
org/10.1007/s10658-013-0275-7.

56. Sadanov A.K., Kuldybayev N.M., Ismailova E.T., Shemshura O.N., Molzhigitova A.E., Turlybayeva Z.Zh, Yelubayeva
A.E., Baimakhanova G.B., Baimakhanova B.B. “Screening of antagonistic activity of lactic acid bacteria strains against Erwinia
amylovora.” Science and innovation 2, no. 8 (2023): 162-168. (in russian) https://10.5281/zenodo.8353509.

57. Dzhakibayeva G.T., Sadanov A.K., Ismailova E.T., Baymakhanova B.B., Molzhigitova A.E., Baymakhanova G.B.,
Shemshura O.N., Alimzhanova M.B., Tleubekova D.A., Yelubaeva A.E. “Evaluation of the inhibitory activity of collection yeast
cultures against the causative agent of bacterial burn Erwinia amylovora.” Microbiology and virology 2, no. 41 (2023): 173-82.
https://doi.org/10.53729/mv-as.2023.02.11.

58. Kairova G., Pozharskiy A., Daulet N. Solomadin M., Sandybayev N., Khusnitdinova M., Nizamdinova G., Sapakhova Z.,
Gritsenko D. “Evaluation of fire blight resistance of eleven apple rootstocks grown in Kazakhstani fields.” Applied sciences 13, no.
20 (2023): 1-14. https://doi.org/10.3390/app132011530.

Aemopnap mypanvl monimem:

Kyzoenes Braoumup Anamonveguy — 6uono2us abliblMblHblY Kanoudamsl, M.A. Alimxosicun amvlHOa2bl MOJEKYAANbIK OUOTO2US
oicone buoxumust uncmumymsl (Aimamol, Kazaxeman, vlad.kuzovlev@mail.ru).

HUckaxosa I'yivnyp Aronosna (koppecnonoenm asmop) — PhD dokmopanm, M.A. Atimxooicun amviHOa2bl MOAEKYIATbIK OUONO-
2Usl JICOHe OUOXUMUS UHCTNUNLYIMBIHbIY 2EHOM 3ePMXAHACLINbIY blabiMu Kbismemkepi (Armamet, Kazaxceman, g.iskakova83@gmail.
com).

IKapmyxameoosa I'anus AykenosHna — 6u0102us eblibiMbiHbIY Kanoudamsl, M.A. Atimxodcun amviHOa2bl MOJIEKYAANbIK OUOJO-
eust JcoHe buoxumusi uncmumymot, Temuc avlivimu Koeamol (Aamamel, Kazaxeman, galiyal6021957@gmail.com).

JDicymanosa JKynowvizaii Kabvliosna — aybliuapyautblisly 2bliblMbIHbIY Kanouoamvl, M.A. Aiimxodcun amuvlHOaebl MOIEK)-
nanvlk 6uonozus JHcone buoxumus uncmumymol, Temuc evinoimu Koeamol (Aimamel, Kazaxeman, dzhumanova.zhuldyz@mail.ru).

Xakumorcarnos Atidap Ameivmaesuy — Ouonoust 2bliblMblHbIY Kanouoamul, M.A. Alimxoscun amvindazvl MOIEKYAANbIK OUOJIO-
eust dcone buoxumusi uncmumymol (Aamamel, Kazaxeman, a.khakimzhanov@mail.ru,).

Menoew Acenv Mypamxwvizot — macucmp, M.A. Aumxodicun amviHOa2bl MOIEKYIANbIK OUON02USL HCOHE OUOXUMUSL UHCTIUNYMbL
(Anmamul, Kazaxcman, neobe83@mail.ru).

baiicanaposa /funa Opanbaesna — mazucmp, M.A. Avumxooicun amuiHoaebl MOJIEKYIANbIK OUOIO2US HCOHE OUOXUMUS UHCIIUIY-
mot (Aamamel, Kazaxcman, dinal 5061976@gmail.com,).

Onocac Pycnanynot — macucmpanm, M.A. Atimxodcun amvindazbl MOAEKYAANbIK OUOIO2US JHCOHE OUOXUMUS uHcmumymsl (An-
mamwl, Kazaxeman, oljas1497@gmail.com).

Ucmaeynosa I'ynvnapa Akumdicanosna — 6uonoeus ebliblMblHbly Kanouoamul, M.A. Atimxodcun amvlHOa2bl MOAEKYIAIbIK OUO-
JI02USL JICOHE OUOXUMUS UHCTNUMYMBIHBIY 2eHOM 3epmXanaceinvly meyeepyutici (Armamet, Kasaxcman, i_gulnara@mail.ru).

Information about authors:

Kuzovlev Viadimir Anatolyevich — candidate of biological sciences, MA. Aitkhozhin Institute of Molecular Biology and
Biochemistry (Almaty, Kazakhstan, vlad.kuzoviev@mail.ru).

Iskakova Gulnur Ayupovna (corresponding author) — PhD candidate, researcher of the Genome Laboratory of the MA.
Aitkhozhin Institute of Molecular Biology and Biochemistry (Almaty, Kazakhstan, g.iskakova83@gmail.com).

Zharmukhamedova Galiya Aukenovna — MA. Aitkhozhin Institute of Molecular Biology and Biochemistry, Tethys Scientific
Society (Almaty, Kazakhstan, galiyal 6021957 @gmail.com).

Jumanova Zhulduzay Kabylovna — MA. Aitkhozhin Institute of Molecular Biology and Biochemistry, Tethys Scientific Society
(Almaty, Kazakhstan, dzhumanova.zhuldyz@mail.ru).

170



B.A. Ky3oBieB xoHe T.0.

Khakimzhanov Aidar Atymtaevich — candidate of biological sciences, MA. Aitkhozhin Institute of Molecular Biology and
Biochemistry (Almaty, Kazakhstan, a.khakimzhanov@mail.ru).

Mendesh Assel Muratkyzy — master, MA. Aitkhozhin Institute of Molecular Biology and Biochemistry (Almaty, Kazakhstan,
neobe83@mail.ru).

Baisaparova Dina Oralbayevna — master, MA. Aitkhozhin Institute of Molecular Biology and Biochemistry (Almaty, Kazakhstan,
dinal5061976@gmail.com).

Olzhas Ruslanuly — master student, MA. Aitkhozhin Institute of Molecular Biology and Biochemistry (Almaty, Kazakhstan,
oljas1497@gmail.com).

Ismagulova Gulnar Akimzhanovna — candidate of biological sciences, Head of the Genome Laboratory of the MA. Aitkhozhin
Institute of Molecular Biology and Biochemistry (Almaty, Kazakhstan, i_gulnara@mail.ru).

Hugpopmayus 06 asmopax:

Kysoenes Braoumup Anamonvesuy — k. 6. H., Uncmunym monexynapHot 6uonozuu u 6uoxumuu um. M.A. Aiimxoscuna (Aima-
mot, Kazaxcman, e-mail: vlad. kuzovlev@mail.ru);

HUckarosa ynonyp Aionoena (koppecnonoenm-asmop) — PhD, nayunviii compyonux Jlabopamopuu eenoma Uncmumyma mo-
sexyasaprou duonoeuu u ouoxumuu um. M.A. Aimxoocuna (Aimameol, Kazaxcman, e-mail: g.iskakova83@gmail.com);

JKapmyxameoosa 'anusi Aykenosna — k. 6. H., Uncmumym monexyasprou duonoeuu u 6uoxumuu um. M.A. Atimxoocuna, Hayuy-
Hoe obuecmeo « Temucy (Armamel, Kazaxcman, e-mail: galiyal 6021957@gmail.com);

Jorcymanosa JKynowvizaii Kabvinosha — k. ¢.-x. H., Mncmumym monexynapuou 6uonocuu u ouoxumuu um. M.A. Avumxoxcuna,
Hayunoe obwecmeso « Temucy (Anmamol, Kazaxcman, e-mail: dzhumanova.zhuldyz@mail.ru);

Xaxumorcanos Atidap Amvimmaesuy — k. 6. H., Uncmumym monexyasprotl ouonoeuu u obuoxumuu um. M.A. Aiimxoscuna (Aima-
mot, Kazaxcman, e-mail: a.khakimzhanov@mail.ru);

Menoew Acenv Mypamiulizvl — mazucmp, Mucmumym monekyasapHou ouonocuu u ouoxumuu um. M.A. Aiimxoscuna (Animameot,
Kazaxcman, e-mail: neobe83@mail.ru);

baiicanaposa /Juna Opanbaesna — macucmp, Uncmumym monexkyasaprou duonoeuu u ouoxumuu um. M.A. Aimxoscuna (Aima-
mot, Kazaxcman, e-mail: dinal5061976@gmail.com);

Onorcac Pycnanynvt — macucmpanm, Uncmumym monexynsaprou ouonoeuu u ouoxumuu um. M.A. Avumxoaxcuna (Arimamot, Ka-
saxcmat, e-mail: oljas1497@gmail.com),

Hcemazynosa I'vivnapa Axumdicanosna — k. 0. H., 3aeedylowas iabopamopueti cenoma Mucmumyma mMonexyaaphoi 6uonocuu u
ouoxumuu um. M.A. Atimxoocuna (Aaimamer, Kazaxcman, e-mail: i_gulnara@mail.ru).

Tocmynuna 23 anpens 2025 200a
IHpunsama 20 cenmsbps 2025 2o0a

171



ABTOPAAPTA APHAATAH AKIIAPAT

«KazYV xabapibIchl. DKOJIOT U CePHSCH KypHAIBI 1992 xbIIbI KypbutFaH. XKy pHaIbIH KYPBLITAHIIBICH )KOHE IIBIFAPYIIBICHI
on-Dapabu ateiniarel Kazak yiaTThIK yHUBEpcHTETI 00BN Ta0bLIa 6!, JKypHAIIBIH )KOFaphl OKY OPHBI KOPCETLITeH MYKa0achl MeH
TUTYIJIBIK Tapakrapsl, MbFeIc aepekTepi, ISSN, eISSN, penakuusuibik amka Kypambl, peIakIHsUIBIK, CasicaThl, KapHsIaHBIMIIBIK
ITHKACHI )KOHE BeO-CailThI Oap.

KypHai sxblabIHa 4 peT LIBbIFApbUIAJbL.

XKypHan aBTOpIapIbIH KapUsUIaHBIMAAPBIHBIH AKIIApaTThIK, allbIKTHIFBI JKOHE KOJI JKeTIMJUIIr casicaTblHa COHKec Keleni,
MakaJjanap KypHaJJIbIH CAUThIHIA OpHANACTBIpUIa s https://bulletin-ecology.kaznu.kz yur Tisme TOMBIK MOTIH/II KOJDKETIMIUTIKTE

JKypHaaabIH MaKcaThl — SKOJIOTHS KOHE TaOWUFU PECypcTap CalachIHAAFBI aJ(BIHFBI KaTapibl 3epTTeyNep/liH HOTIKeIepi
MEH JKaH-)KaKThl KOPCETUIIMIH KaMTaMachl3 eTy. JKypHail SKOJOTHSUIBIK IpobiemManap MeH KOpIIaFaH OpTaHbl KOpPFayFa FBUIBIMU
KBI3BIFYIIBUIBIK TAHBITATHIH FBUIBIMU KBI3METKEpIIepre, OKBITYIIbUIapFa, JOKTOPAHTTAp MEH TYpJi MaMaHIBIKTaFbl CTYJICHTTEpre
apHaJIFaH.

Kypnaa minaerrepi:

e DKOJIOTHS )KOHE KOPIIIaFaH OpTaHbl KOpFay OoiibIHIIA QyHIaMEHTA I )KOHE KOJIaHOAIbI FEUTBIMHBIH TYPJIi caaiapbiH-
Jla MaHBI3/IbI MOHTE H€ JKaHa FhUIBIMH HOTIKEIICP/Ii JKapusiiay.

e Jluccepranusiapasl KOpFayFa )KOHE FRUIBIMH MaMaHIBIKTap OOWBIHIIA FRUIBIMU JIOPEKENIEp alyFa YMIiTKEp MarucTpaHT-
Tap MEH JOKTOPAHTTAP/IbIH FHUTBIMH JKYMBICTAPBIHBIH HOTIDKEIICPIH KeH JKapUsUIay/IblH alllbIKTHIFBI MEH KOJI JKETIMAUIIT OpTachiH
Kypy.

e  FhulbIMH KOFAMIACTBIKTBIH, COHNIAi-aK »ac >KOHE jkaHa OacTaraH FalbIMAAPIbIH JKYpPHAIFa JEreH TYPaKThl
KBI3BIFYIIBUTBIFBIH KAJBIITACTHIPY, OHBIH JKOJIOTHS MOCEIeIepiH 3ePTTCHTIH MaMaHaapIblH KociOM OpTachIHIa OCIM Kelle KaTKaH
KQKETTUTITH KaJbIITACTHIPY.

XKypHan marepuangapbl 3KOJOTHs KOHE KOpIIAaFaH OPTAHBIH JIACTAHYBI CallaChIHIAFbl MPOOJIeManapiblH KEH ayKbIMBIH
KaMTHIbl. Makananap 3K0J0TUsTHbIH KeJleci TAKbIPBINTBIK 06J1iMaepi OOMbIHINA KapUsITaHA b

e OKep Typaiibl FajibIM;

Kopiaran opTaHsl JlacTay jkoHE KOPFay;

DKOJIOTHSUIBIK, OMOTEXHOJIOTHS,

AnaMm, eciMIIKTep, JKaHyapiap )KoHEe MUKPOOPTaHU3MIED SKOJIOTUSCHI;
KimuMaTThIH FanaMabIK e3repyi, Cy pecypcTapbiH 0ackapy,

By3buiran sKoKyHenepi KalambiHa KenTipy;

Kopiaran opta jxoHe Kellli-KOH;

Kananap sxoHe KIMMAaTThIH 03repyi;

DKOJIOTUSUIBIK OMJIay JKOHE a/laM3aT CTPaTeruschl.

«KazYV xabapiubICbl. DKOJOTUS CEPHSCH» JKYPHAJIBIHBIH TAKBIPHINTHIK OarbITTapblHA COWKEC KEJETIH JKOHE KOIKa30aHBI
peciMzey TanmanTapbl OOWBIHIIA KaTaH PeCiMCITEH, aBTOP/IBIH (aBTOPIAp/bIH) Ka3aK, OPbIC HEMeCce aFbUIIIBIH TUIAepiHe OyphIH
yKapusutaHOaraH MaKalaiapsl KaObuITaHa bl

«KazYV xabapuibIChl. DKOIOTHS CEPHUSICHD) JKYPHAIBI aBTOPIAPABIH FEUIBIMH JKYMBICKA KYKBIFBIH CaKTai/Ibl )kOHE JKypHaIIFa
OipiHIIi XKapusuiay KYKBIFBIH JKYMBICIIEH Oipre Oepeni, oHbl 0ip yakpitTa Creative Commons Attribution License (CC BY-NC-ND
4.0) GoBIHINA THUIICH3USIANIBI.

XKapusimay npouecinin O6apiblK KaTbICYIIBUIApHI, aran aiiTkaHna, opOip aBTOp, FBUIBIMH PENAKTOp, PEIEH3EHT, JKayarThl
xatmibl, «Ka3YV xabapiibicl. DKOJIOTHS CEPHSCHD FHUIBIMU JKYPHAJIBIHBIH PEIAKIMSIIBIK ATKACBIHBIH MYIIENepi MIHIETTI TypAe
JKapUsUIlay STHKACHIHBIH KaruJalapblH, HOpMallapbl MEH CTaHJApPTTapblH YCTaHyFa MIHAETTI. DTHKAJBIK KarugajapiIsl cakTay
FBUIBIMH JKypHAJIJIBIH CallachblH KaMTaMachl3 €Ty )KOHE CaKTay YIIIH Je, sKapHsulay IpolleciHe KaThICYIIbIIap apachblHAa CeHIMII
JKOHE KYPMETTi KapbIM-KaThIHAC KYPY YIUiH &€ MaHBI3/IbL.

MakaaHsl )Kapusiiay TeJIeMi TeK PeIaKIUsHBIH MaKalaHbIH KaObUIIaHFaH IIemimMi xabapiaMachliHaH KeHiH FaHa )Kypriziieni.
Kapusmaneiv kyHs! — 2000 Texre/6er WORD dopmarsinaa (mpudt 12, Times New Roman).
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INFORMATION FOR AUTHORS

Journal «Vestnik KazNU. Ecological Series» was founded in 1992. In 2007 was renamed as «Eurasian Journal of Ecology»
(in the English version). The founder and publisher of the journal are the Al-Farabi Kazakh National University. The journal has a
developed and approved cover and title pages with an indication of the institution, imprint of the issue, ISSN, eISSN, editorial board,
editorial policy, publication ethics, and website. The journal is published 4 times a year.

The journal follows the policy of information openness and accessibility of authors’ publications, articles are posted on the
journal’s website https://bulletin-ecology.kaznu.kz in three languages in full-text access.

The aim of the journal is to provide a comprehensive presentation and results of cutting-edge research in the field of ecology
and natural resources. The journal is intended for researchers, teachers, doctoral students, and students of various specialties who
show scientific interest in environmental problems and environmental protection.

Journal objectives:

e To highlight new scientific results of significant importance in various fields of fundamental and applied science in ecology
and environmental protection.

e To create an environment of openness and accessibility of wide coverage of the results of scientific work of undergraduates
and doctoral students applying for the defense of dissertations and obtaining academic degrees in scientific specialties of dissertation
councils in various fields of ecology.

e  To form a constant stable interest among the scientific community, as well as among young and novice scientists in the
journal, its growing demand in professional circles of specialists researching environmental issues.

The journal’s materials cover a wide range of problems in the field of ecology and environmental pollution. Articles are published
in the following thematic sections of ecology:

e  Earth Science;

Pollution and environmental protection;

Environmental biotechnology;

Ecology of humans, plants, animals and microorganisms;
Global climate change, water resources management,
Restoration of damaged ecosystems;

Environment and migration;

Cities and climate change;

Environmental thinking and human strategy.

For publication in the «Eurasian Journal of Ecology» articles previously unpublished by the author (authors) are accepted —
in Kazakh, Russian or English, which correspond to the thematic areas of the journal and are designed strictly according to the
requirements of the manuscript format.

Authors of articles in the «Eurasian Journal of Ecology» retain the author’s right to scientific work and transfer to the journal
the right of first publication along with the work, licensing it at a time under the Creative Commons Attribution License (CC BY-
NC-ND 4.0).

All participants in the publication process, namely, each author, scientific editor, reviewer, executive secretary, members of the
editorial board of the scientific «Eurasian Journal of Ecology» are obliged to unconditionally adhere to the principles, norms and
standards of publication ethics. Compliance with ethical principles is important both to ensure and maintain the quality of a scientific
journal, and also to create trust and respect between participants in the publication process.

Payment is made only after the article is accepted for publication and the editors have notified it. Publication cost — 2000 tenge/
page in WORD format (font 12, Times New Roman)
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MHOOPMALMNA AASI ABTOPOB

Kypuan «Becruuk KasHY. Cepusi 3xosiormueckasi» Obl1 ocHOBaH B 1992 romy. YupeauTenem W H3IaTeleM >KypHaia
sBisieTcst Kazaxckuil HalMoHaNBHEIH YHHBepcHTeT nMeHH anb-Oapadu. XKypHan nmeet pa3paboTaHHbBIE H YTBEPIKICHHBIE 00TI0KKY
U TUTYJIbHBIE JIUCTHI C YKa3aHUEM By3a, BEIXOHbIE AaHHbIe HOMepa, ISSN, eISSN, cocTasa peakoiieruu, peAakiuOHHYIO IOJIUTHUKY,
IyOIMKaMOHHYIO 3THKY U BeO-caiT. JKypHai BEIITycKaeTcs IepUOANIHOCTEIO 4 pasa B IO,

Kypnan cinenyer noiauTuke HHGOPMAIMOHHOW OTKPBITOCTH U JOCTYITHOCTH ITyONMKAIMil aBTOPOB, CTaTbU Pa3MENIaloTCsl Ha
caifte xypnaia https://bulletin-ecology.kaznu.kz Ha Tpex sI3bIKax B IIOJHOTEKCTOBOM JIOCTYIIE.

Iean sxypHajaa — 00ecreunTb BCECTOPOHHEE MPE/ICTABICHNE U Pe3YJIBTaThl IEPEJOBBIX NCCIISTOBAHUH B 00IACTH SKOJIOTUH 1
MIPUPOIHBIX pecypcoB. JKypHai peiHa3HauYeH I HayuHbIX COTPYIHHUKOB, IpenojaBaTesaei, JOKTOPAaHTOB U CTYJCHTOB Pa3IMYHbIX
CHEHaTbHOCTEH, IPOSBILIOIINX HAyYHBIH HHTEPeC K SKOJIOTHIECKHM IpodiieMaM U OXpaHe OKPY’Karollei cpesibl.

3anaum :KypHaa:

e (OcBselarh HOBbIC HAYYHBIC PE3YNBTAThI, UMCIOIIHE CYIICCTBEHHOE 3HAYCHUE B PA3IMUHBIX 001acTsIX (PyHIaMEHTAIBHOMN 1
MPUKJIATHON HAYKH IO SKOJIOTHH M OXPaHe OKPYKAIOIICH cpebl.

e  Co3znaBaTh Cpely OTKPBITOCTH U JOCTYITHOCTHU IIUPOKOTO OCBEIICHHS PE3YJIbTATOB HAyYHBIX PA0OT MATUCTPAHTOB U JIOK-
TOPAHTOB, MPETEHIYIONINX HA 3aIIUTY JUCCEPTAIMI U MTOJYYCHUE YUCHBIX CTEIICHEH 10 HAyYHBIM CIICIUATBHOCTSIM TUCCEPTAIHOH-
HBIX COBETOB B PA3JINYHBIX OOJACTAX SKOJIOTHH.

e  dopmHpOBaTh MOCTOSHHBIA YCTOWYHMBBIM MHTEPEC Y HAyYHOH OOINECCTBEHHOCTH, a TAKXKE Y MOJIOJBIX M HAUUHAIOIINX
YUEHBIX K JKypHAIY, €ro PacTyIly BOCTPEOOBAHHOCTD B MPO(ECCHOHATIBHBIX KPYTrax CHEIUAINCTOB, UCCICAYIOMINX BOIIPOCHI KO-
JIOTHH.

Marepualisl )KypHajia OCBEIIAOT MIUPOKHUN KPYT MPOOIeM B 00JACTH DKOJOTHU U 3arpsA3HEHUs OKpyKaromei cpenpl. CTaTtbi
MyOIUKYIOTCS TIO CIISTYIOIIMM TeMATHYECKHM Pa3iesiaM IKOJOTHH:

e  Hayxka o 3emie;
3arps3HEHHE U OXpaHa OKPYKAIOIICH CPe/Ibl;

DKoJioruueckast OMOTEXHOJIOTHS,

DKOJIOTHS YelIOBEKa, PACTCHUH, )KUBOTHBIX U MUKPOOPTAaHH3MOB;
ImoGankHOE M3MEHEHUE KITUMATa, YIPABICHHE BOTHBIMU PECYPCaMH,
BoccTaHoBIeHNE HAPYIICHHBIX YKOCHCTEM;

OxpyKaromias cpejia 1 MUrparus;

DKOJOTUYECKOE MBINUICHHE U CTPATET s YeI0BEYCCTRA.

Jlns my6nukanuu B xxypHaine «Bectank KasHY. Cepust sxonmornyeckasd) NpHHIMAIOTCS paHee He OIMyOJNKOBAaHHBIE aBTOPOM
(aBTOpaMM) cTaTHM HAa PYCCKOM, Ka3aXCKOM YIJIM aHTJIMHCKOM SI3bIKE, KOTOPBIE COOTBETCTBYIOT TEMaTHUECKUM HAIPaBICHHSM )KypHa-
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