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KOPIIIAFAH OPTAHBI KOPFAY
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Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY

Pasznmen 1
BO3JIENCTBUE HA OKPYKAIOLIYIO CPEY
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ObLUAS XAPAKTEPUCTUKA CbIPbA
AASl UCTTOAb3OBAHUA PABPABOTKU BUOTEXHOAOTHUU
MOAYYEHUA KOMITAEKCHOTO YAOBPEHUS

['YMMHOBble BellecTBa, 06pasyoWMIC B pe3yAbTate OMOTpaHCOpMaLIMM OpraHMyeckmx ocTart-
KOB, IBASIOTCSI €CTECTBEHHbIM MPOAYKTOM KOOMEPaTUBHOM AATEAbHOCTM YYaCTHUKOB 3KOCMCTEMbI. K
HaCTOSLLIEMY BPEMEHU HAKOMAEH OrPOMHbINA MaTepPUaA Mo M3yUeHUIo Nprpoabl ['B nous, 0AHAKO aAb-
TepHaTUBHble UCTOUHUKM B (Topd, Bypbiit YrOAb, OKMCAEHHbIA YTOAb, KOMMOCTbI, T.M.) M3yYeHbl He-
AOCTaTOYHO, MNO3TOMY HEOOXOANMbI KOMMAEKCHbIE MCCAEAOBaHMS AASl UCTIOAb30BaHMS 3TMX BELLECTB B
CEAbCKOM XO3SIMCTBE 1 B APYrMX 0BAACTAX HAPOAHOTO XO3SMCTBA.

B KaszaxcraHe Bce 60AblLe OLyLWAeTCs AePULNT OPraHNYecknx YAOOPEHUI/MEAMOPAHTOB 1 Cyllie-
CTBYET OrpaHMyeHne Ha NMpPUMEHEHNE XMMUYECKMX YAODPEHUIA M CPEACTB 3almThl pacTeHui. B cea3n
C 3TUM 06OCHOBAHHbIM ABASIETCS MOUCK MYTEN MCMOAb30BaHMS OPraHMyeckmx yAOBPEHUIA MPUPOAHOTO
MPOUCXOKAEHMS AASI TIOBbILLEHWUS MAOAOPOAMS MOYUBbl. MIMEHHO TakMM CbipbeM MoAyyeHusi [B moryT
CAYXXMTb HM3KOKAYECTBEHHbIE OYPbl€ YTAU MECTHbIX MECTOPOXKAEHUI.

YraecoaepsKkalpe nopoAbl COAEPIKAT MHOXKECTBO Ba>KHbIX XMMUYECKMX SAEMEHTOB, UMEIOLLIMX pe-
LIAIOLLEE 3HAYEHUE AAS PA3BUTUS U MUTAHMUS CEAbCKOXO3SMCTBEHHbIX KYAbTYP, UTO A€AAET UX LIEHHbIM
MCTOYHMKOM MUTATEAbHbIX BELLECTB B MoyBe. BHeceHue yraepoAMCTbIX MOPOA B A€PHOBO-TIOA30AMN-
CTbl€ MOYBbl MPUBOAUT K 3HAUYMTEABHOMY YBEANYEHMIO YNCAEHHOCTU MUKPOOPraHM3MOB, HEPEAKO AO-
CTUraloLLeMy HECKOAbKMX COTEH pa3. MCNoAb30BaHME YIAEPOAMCTBIX AOGABOK FOPHbIX MOPOA B Kave-
CTBE YAOOPEHMIN MOYBbI 3HAYMTEABHO YCUAMBAET aKTUBHOCTb MMKPOGHbIX COOOLLIECTB, YYaCTBYIOLIMX B
pacLLEenAeHMM OpraHMyYeckmnx KOMMNoHeHTOB. CAEAOBATEABHO, STOT MPOLIECC NMPUBOAMT K YBEAMYEHUIO
AOCTYIMHOCTM MUTATEAbHbIX BELLECTB B MOYBe.

B yrAMCTbIX MOpPOAAX COAEPXKATCS PasHble XMMMUYECKME SAEMEHTbI, HEOOXOAMMbIE AASI POCTA M
Pa3BUTMS CEAbCKOXO3SMCTBEHHBIX KYAbTYP, MO3TOMY OHU SBASIOTCS OAHUM M3 PE3ePBOB MUTATEAbHbIX
SAEMEHTOB B MOYBe.

Mpyr BHECEHMM YTAUCTbIX MOPOA B AEPHOBO-TIOA3OAUCTbIE MOYBbI YUCAEHHOCTb MUKPOOPraHn3MOB
BO3pacTaeT B COTHM pas. [1pn yAOOPEHNM NOYBbI YTAMCTbIMM MOPOAAMM 3HAUMTEABHO aKTUBU3UPYIOT
CBOI0 AESTEAbHOCTb T€ MMKPOOHbIE COOOLECTBA, KOTOPbIE YYaCTBYIOT B MMHEPAAM3ALIMM OpraHuye-
CKMX KOMMOHEHTOB. B pe3yabTaTe, noysa 060ralaeTcst AOCTYMHbIMM MUTaTEAbHbIMM BELLLECTBAMM.

LleAb AQHHOrO 3Tarna UCCAEAOBAHMS — AATb XapaKTEPUCTMKY Cbipbs (FYMUHOBbIE BELLIECTBA, BbIAS-
AEHHbIE M3 HM3KOKAUYeCTBEHHbIX GYpbIX yrAen KazaxCTaHCKMX MECTOPOXKAEHUIA U KYAbTYpPbl OakTepmi,
o6AaAaioLLIMe BbICOKOM METaboAMYECKON aKTUBHOCTbIO).

B pesyAbTaTe AQeTCS MOAHAs XapakKTEPUCTUKA CbiPbS M ObIAM BbIAEAEHDBI M MAEHTUMUMPOBAHDI
aKTMBHble H6aKTEPUI AAS UCTIOAb30BaHMS Pa3paboTKM BUOTEXHOAOIMM MOAYYEHMS KOMIAEKCHOTO YAO-
6peHus.

KAtoueBble cAoBa: Oypblil YrOAb, FYMUHOBbIE BELIECTBA, TEXHUYECKasd XapaKTepUCTUKA, SAEMEHT-
Hblil COCTaB, MUKPOOBMOM, MeTareHoMmuKa, Gaktepusi.

4 © 2023 Al-Farabi Kazakh National University
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General characteristics of raw materials for the use
of the development of biotechnology for obtaining complex fertilizer

Humic substances, formed as a result of the biotransformation of organic residues, are a natural
product of the cooperative activities of ecosystem participants. To date, a huge amount of material has
been accumulated in the study of the nature of soil HS, however, alternative sources of HS (peat, brown
coal, oxidized coal, composts, etc.) have not been studied enough, therefore, comprehensive studies are
needed for the use of these substances in agriculture and other areas. National economy.

In Kazakhstan, there is an increasing shortage of organic fertilizers/ameliorants and there is a
restriction on the use of chemical fertilizers and plant protection products. In this regard, it is reasonable
to search for ways to use organic fertilizers of natural origin to increase soil fertility. Low-quality brown
coal from local deposits can serve as a raw material for the production of HW.

Coal-containing rocks possess a variety of essential chemical elements crucial for the advancement
and nourishment of crops, making them a valuable source of nutrients within the soil. Introducing
carbonaceous rocks into soddy-podzolic soils leads to a remarkable surge in microorganism population,
often reaching several hundredfold. Utilizing carbonaceous rock amendments as soil fertilizers greatly
enhances the activity of microbial communities engaged in the breakdown of organic constituents.
Consequently, this process results in the enhancement of nutrient availability within the soil.

The purpose of this stage of the study is to characterize the raw materials (humic substances isolated
from low-quality brown coals of Kazakhstan deposits and bacterial cultures with high metabolic activity).

As a result, a complete characterization of the raw material is given and active bacteria have been
isolated and identified to use in the development of biotechnology for the production of complex
fertilizer.

Key words: brown coal, humic substances, technical characteristics, elemental composition,
microbiome, metagenomics, bacterium.
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KelueHA TbIHAMTKbILL aAy OMOTEXHOAOTUSICbIH KYPACTbIPY YLUiH
KOAAQHbIAATbIH LLIMKI3aTTbIH, XKaAlbl CMNaTTamachl

OpraHmnKabIK, KaAAbIKTapAbIH 6MOTPAHCHOPMALMSACHI HOTUXKECIHAE TY3IAETIH M'YMUHAIK 3aTTap —
3KOXYME KATbICYLLUbIAAPbIHbIH, OiPAECKEH KbI3BMETiIHIH TaOuFKn eHiMi. ByriHri KyHre AeitiH ToMbIpakTbiH
3 3eprtTey 6GoiblHIIA MaTEPUAAABIH YAKEH KOAEMI >KUHAKTAAFaH, arariaa [3-HbiH 6arama Kesaepi
(WbIMTE3EK, KOHbIP KOMIp, TOTbIKKAH KOMIp, KOMMOCT oHe T.0.) ETKIAIKTI TypAe 3epTTeAMereH,
COHAbIKTAH KelleHA] B6yA 3aTTapAbl ayblA LIAPYALLIbIAbIFBIHAA YKOHE 6ACKa XaAblK, WAPYyaLlbIAbIFbl CAAd-
AapPAQ KOAAQHY YLUIH 3epTTeyAep KaxeT.

KasakcTaHAQ OpraHMKaAbIK, TbIHAMTKbILLTAPAbIH/MEAMOPAHTTAPABIH, TarlUbIAbIFbl apThIM KEAEA|
YKOHE XMMUSADIK, ThIHAMTKbILLITAP MEH 6CIMAIKTEPA| KOPFay KYPaAAapbIH NManAaAaHyFa LLeKTey KOMbIAADI.
OcbliFaH 6aAaQHbICTbl TOMbIPAK, KYHAPAbIFbIH apTTbIPY YiliH TabUFX OpPraHMKaAbIK, ThIHANTKbILLTAPADI
KOAAQHYABIH, >KOAAAPbIH i3AECTipy OpblHAbI. 2KepriAikTi KeH OpbIHAAPbIHbIH, Canacbi3 KOHbIP Kemipi 3
OHAIpPY YLIIH OCbIHAQM LWIMKi3aT 6OAQ aAaAbI.

KypambiHaa Kemip 6ap TayKblHbICTapAQ ayblALIAPYALIbIAbIK,  AAKbIAAAPbIHBIH  AaMybl  MeH
KOPeKTEeHYi YLLiH 6Te MaHbI3Abl KOMTEreH MaHbI3Abl XUMUSIABIK, SAEMEHTTEP 6ap, OAAPAbI TOMbIPAKTAFbl
KOPEKTIK 3aTTapAblH KYHAbl K63i eTeai. KeMipTekTi >KbIHbICTapAbl Ca3Abl-MOA30AUSIABIK, TOMbIPAKKA
€Hri3y MMKPOOPraHM3MAEp CaHbiHbIH AaNTAPAbIKTaM ecyiHe akeAeai, kebiHece GipHelle >y3 ecere
>KeTeAl. Tonblpak, ThIHAMTKbILITAPbI PETIHAE KOMIPTEKTi Tay >KbIHbICTAPbIHbIH, KOCMAAapbIH NManAaAaHy
OPraHUKAAbIK, KOMITOHEHTTEPAIH, bAbIPAybIHA KATbICATbIH MUKPOOTBIK, KAybIMAACTbIKTbIH GEACEHAIAITIH
ANTaPAbIKTaM apTTbipaAbl. Aemek, BYA MPOLECC TOMbIPAKTaFbl KOPEKTIK 3aTTapAbIH KOAKETIMAIAITiHIH
apTYbIHA SKEAEAI.



OOmast xapaKTepPUCTHKA CHIPhS TS HCHOJIB30BAHUS Pa3pabOTKH OMOTEXHOIOTHH TOIYIEHHsI KOMITTIEKCHOTO yIOOpeHNS

3epTTeyaiH 6yA KeseHiHiH MakcaTbl — lmkizatka (KasakcTaH KeH OpbIHAAPbIHbIH TOMEH Caraabl
KOHbIP KOMIpPAEPiHEH BOAIHIEH FYMUHAI 3aTTap XKaHe MeTaboAM3MAIK BEACEHAIAITT )KoFapbl GakTepusi-

AbIK, AAKbIAAQP) CuMaTTama Gepy.

HeTuxeciHae, wmkizaTka TOAbIK, cunatTama 6epiAin, KeweHAl ThIHAMTKbIWITAP aAy GMOTEXHOAO-
FMSICbIH KYPacCTbIpy YLiH 6eAceHAl GakTepusaap GOAIHIMN, MAEHTUMOUKALMSIAQHADI.
TyiHiH ce3aep: KOHbIP KOMIp, T'YMUHAI 3aTTap, TEXHMKAAbIK, CMMAATTaMachl, SAEMEHTTIK Kypambl,

MMKPOOMOMA, MeTareHommka, baktepms.

CoxkpameHusi 1 0003HAYEHUST

A —3onpHOCTH TPo0OBI yrins (%), ACE — Onenka
peaxpHOro KoJmdecTBa TakcoHoB, EDX — DHepro-
JUCIIEPCUOHHBII PEHTIC€HOBCKOM CIIEKTPOCKOIUS,
ISO — MexaynapoaHasi opranusainus o cTaHaap-
tr3anuu, OTU — OnepanuonHas TaKCOHOMUYIECKas
eaununa, Q — YenpHas TEIUIOTa CrOpaHUs MPOObI
yris, kJx/kr, V — BbIxon neTydnx BEIeCTB B yrie,
%, W —MaccoBast 107151 BIar B aHaJTUTUYECKON TIPO-
oe yras, %, I'B — 'ymunoBbie BemectBa, OY — Hus-
KOKa4ecTBeHHBIH Oypblii yroms Ox-Kaparaiickoro
yrojibHOro Mmectopoxaenus, [1IIP — [Tonumepasznas
nenHas peakiusi, CHII — CexBeHnpoBanue HOBOTO
nokosieHusi, COM — CkaHUpYIOINN JIEKTPOHHBIN
MHKpOCKOT, DY — HU3KOKadeCTBEHHBIH OypbIit
yroib DKUOACTY3CKOTO YTOJIBHOTO MECTOPOXKIC-
HUSL.

BBenenne

OmHuM U3 BaKHEUITUX BOIIPOCOB arpoOHOJIO-
TUYECKUX MCCIICIOBAHUI SIBJISETCS TOUCK HOBBIX
Ty Tel TOTYYeHHUSI SKOHOMUYECKH BBITOJIHBIX W 9KO-
JIOTUYECKH 0€30TacHBIX IS MCIIOIB30BAaHUS B aH-
TPOMOTEHHBIX JIAaHAIAPTaX BUIOB OPraHHYECKUX
ynoopenwuit. [Ipu BBIOOpE CHIPbS IS TPOU3BOICTBA
OTEYECTBEHHBIX YAOOpEHUI MUCXOAAT W3 TOTO, YTO
B Kasaxcrane MMe0TCs JTOBOJBHO 3HAYUTEIILHBIC
3arackl MOJIE3HBIX MCKOMAeMbIX, cojaepxkammux ['B,
a TaKk)ke BO3MOXKHOCTH ISl peaTu3aIiiyl IPOU3BO/I-
CTBa 3KOJIOTMYECKU YUCTOTO U OE30TXOIHOIO TPO-
M3BOJICTBA YI00PEHHI HA X OCHOBE.

[Ipn HakormieHuM B OONBIIMX 00BEMAX HH3-
KOKAaYeCTBEHHBIC OYypble YIJIM CO3JAl0T BBICOKYIO
9KOJIOTUYECKYIO HAarpy3Ky, YTO YpEeBaTO HapyIle-
HHEM CaHUTAPHO-TOKCHKOJIOTHYECKOH O0OCTaHOBKH
u camoBo3ropanusimu [ 1-3]. HeoOxoauma TexHo1o-
THs, TTO3BOJISONIAas ObICTPO M Ka4eCTBEHHO HUBE-
JUPOBATh HETATHBHOE BIIHMSHHUE TBEPABIX OTXOJIOB.
Takoro poja 3KOJIOrHYECKU O€30MacHBIM U PeCyp-
cocOeperarmIuM Croco0OM SBISIETCS MHKpPOOHas
KOHBEPCHS, MPENoaraonmas yTHIN3aiuio Iupo-
KOTO CIIEKTPa OTXOJIOB, BKJIFOUasi HU3KOKAYECTBEH-
HBIE OypBbIC YTIIH.

YToib SIBJISETCS POJYKTOM MPUPOJIHOTO 00pa-
30BaHMUsI, IPEICTABICHHBIM IPEUMYILIECTBEHHO MU-
HEpaJIOM M OPTaHUYEeCKUM BEIIECTBOM. Y CTAaHOBJIE-
HO, YTO YTOJib, KaK OCaJ0YHasl MMOPOJa COCTOUT M3
PACTUTENBHBIX OCTATKOB U U3 MPOAYKTOB UX IIpe-
BparieHus B nporecce rymudukanun [4]. [Ipeod-
pa3oBaHUE PACTUTEIHHBIX OCTATKOB SIBISICTCST BaXK-
HEUIIUM OMOXUMHYECKUM IPOIECCOM, UMEIOIINM
OTPOMHOE JKOJOTHYECKOE 3HAUYCHUE IS TTPUPOIBI
1 YeJoBeKa.

['ymuHOBBIE BemiecTBa — 3TO KOMIIO3UIIMS Ty-
MHUHOBBIX KHCJIOT, (YJIBBOKHCIOT U TYMHHA, SBIIS-
IOTCS CIICIU(UYCSCKUMU COCIUHCHUSIMA BBICOKOM
MOJIEKYJIIPHOM MacChl, OTHOCSITCSL K OPTaHUYECKON
9acTH TI0YB, OCAJAOYHBIX MOPOA, TOPPOB, OYPHIX U
OKHCJICHHBIX B Iu1acTax yriei. s sxerpakuuu I'B,
obnanaronmx (HU3HOIOTUIECKH PUTOCTUMYITHPYFO-
UM 1 GopTU(HUKATTMOHHBIM () ()EKTOM TTPHUTOTHBI
U OKHCJICHHBIC OypbI€ YIJIH, XapaKTepU3YIOIIHECs
BBICOKUM coJiep>KaHueM JUurHuHa [5-6]. OcHOBHOM
XUMUYECKON COCTaBIIAIOIIEH HHU3KOKaYECTBEHHBIX
yraei sBisercs TyMMHOBas KucioTa [7].

brnaronpustHO#l 3KONMOrMYECKON cpenoi st
Pa3BUTS U Pa3MHOXKEHHSI MHUKPOOPTAHU3MOB SIBIISI-
IOTCSI YyTOJIbHBIE MECTOPOKACHUS (OacceiHbI OyphIX
yIeil U TeppUKOHBI YrOJbHBIX IaxT). braromaps
aKTUBHOM XKU3HEAEATEIHPHOCTH MUKPOOPTaHNU3MOB,
3HAUCHHUE TYMHUHOBBIX KHCIOT B OPTaHUYECKOMN
Macce yris CyUIECTBEHHO BO3PAacTaeT U CBOJUTCS
K W3MEHEHWI0 (PU3NKO-XMMHYEeCKHX cBoicTB ['B.
[TonoxuTenbHOE BIUSHUE OPTaHHMYECKOrO BeIlle-
CTBAa HHM3KOKAYECTBEHHBIX YT Ha TOYBEHHYIO
9KOCHCTEMY OOYCIIOBJICHO, MPEXK/E BCETO, WHTECH-
CHUBHBIM METa0OJIM3UPOBAHUEM UX MUKPOOPTaHU3-
Mamu [8-9].

B mHacrosimmee Bpemsi CyIIECTBYeT HECKOIb-
KO METOJUYECKHMX MOJAXO0J0B K BhIAeleHuto I'B u3
yriled U UX HCIHOJIb30BAHHE KaK CPEACTBA IMOBBI-
IICHHUS TUTOOPOJNS M 370POBbs MOYBHL. [loaTomy
1esnecoodpasHo paccMmarpusath ['B yroiapHON mpu-
pOAbl KaK KOMIIOHEHT OpPraHOMHHEPANbHBIX YIO-
OpeHU W KaK CTUMYJIATOP pocTa pacTeHuit. ['ymu-
HOBBIC MPOAYKTHI, TOJYyUCHHBIC U3 Pa3HBIX YT
XUMUYECKUMU METOJIaMU, MPUMEHSIOT BO MHOTHX
CTpaHaX MHUPa, KaK CPEACTBO MOBBIMICHUS MPOIYK-
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TUBHOCTU CEJIbCKOXO3SUCTBEHHBIX KyJIbTyp. Ilo
Pa3HbIM JIUTEPATYypHbIM HcTOYHUKaM ' B Ha ocHOBe
VTJIS TTOBBIMIAIOT BCXOJKECTh CEMSIH, YCKOPSIOT POCT
Y pa3BUTHUE PACTCHUM, YITy4IIAIOT MTUIIEBBIE/KOPMO-
BbI€ KAaUueCTBa, 3aLMIIAIOT PACTEHUSI B CTPECCOBBIX
YCIIOBHSIX, M KaK MPABUIIO, HE COACPIKAT TOKCHUHBIX
BemectB [10-11].

HecmoTps Ha KiIH04YEBYIO POJib MUKPOOPIraHU3-
MOB B (opmupoBanuu ['B 13 HU3KOKauECTBEHHBIX
yriiel, ¥ B CO3JaHUH MPENapaToB HA UX OCHOBE JJIs
HCII0JIB30BaHUS B arpapHOM CEKTOpE, MIOKa €IlIe He
HAKOIUJICH JOCTATOYHBIN ONBIT JKCIEPUMEHTAIb-
HBIX pabOT O BIUSHUH Ha POCT U Pa3BUTHE CEIBCKO-
XO35UCTBEHHBIX KYJIbTYD, HA BEJIMUYUHY U KAUECTBO
ypoxasi B pa3HBIX YCIOBHSIX MPH MX HCIOJIB30Ba-
HUU. B CBs3M ¢ 3TUM, HACTOSIIME HCCICIOBAHUS
SIBJISIFOTCSL AKTYQJIbHBIMU U UMEIOT OIPEACIICHHYIO
TEOPETUUECKYIO U MIPAKTUICCKYIO 3HAUUMOCTbD.

MatepuaJjbl 1 METOABI

Obvexmobl ucciedosanus. B xadecTBe UCXOJI-
HOTO MaTepuaa JJisl FCCIeIOBaHMS UCIOIb30BAIN
OKHUCJICHHBIC Oypble yriM DKHOACTY3CKOTO Yrojib-
Horo mectopoxaenus [laBnonapckoit oomnactu, Ka-
3axctaH (DY) m Oii-Kaparaiickoro yroipHOTO Me-
CTOpOXACHUs, AJIMaTHHCKON obOnacTtu, Kaszaxcran
(OVY).

Mamepuanwi. B pabore ObUIa HWCHOIB30BaHA
MOJU(UIIMPOBAHHAS MUHEpaJIbHAs Cpela C yrjeM
(5%) nnst kyneTHBUpPOBaHUSA KyJIbTyp Oakrepuil. Co-
cra cpensl (mrr'): NH,NO, — 2,50, K,HPO, - 0,75,
KH,PO,-1,75,NaCl-0,25 u (mxr 1'): ZnSO, - 88,0,
MgSO, - 0,75, FeCl, - 88,0, MnCl, - 14,0, CuSO, —
16,0, M0O,-7,0, Co (NO,) 2-5,0. Cpena Jlypus-bep-
tanu (r 1'): Tpuntor — 10,0, APONOKEBOM IKCTPAKT
— 5,0, NaCl - 5,0. DnexruBnsie cpeast MYPGP agar
ISt pocta Bacillus sp. n Pseudomonas- S1 selective
medium s Pseudomonas sp.

Memoowt uccredosanuii. Ananu3 mpod Mpo-
BOJIMJICSI B COOTBETCTBUH C TEXHUYECKHMHU IMIPOTO-
KOJIaMHU, M3JIO)KEHHBIMUA B Pa3JIUYHBIX CTaHJIapTax
I'OCT [12][13][14][15]. OueHuBanu crienyrouUme
MapaMeTphl: 30JIbHOCTH (A), BiaxkHOCTH (W), neTy-
yux BemecTs (V) u teroty cropanus (Q).

DJIEMEHTHBIH COCTaB OICHUBAIU C IOMOIIBIO
CKaHHMPYIOUIETr0 3JEKTPOHHOro Mukpockona JEOL-
6380LV (Jeol, SlmoHwMs), OCHAIIEHHOTO JETEKTO-
pom EDAX 2000, ¢ ncrnoap30BaHMEM aBTOMAaTH-
geckoro anHammsaropa Vario EL Cube (Elementar,
I'epmanus).

WccnenoBanne MHKPOCTPYKTYPBI TTPOBOJIMIH
METOJIOM DJIEKTPOHHOW MHUKPOCKOIUH C MUCIOJIB30-
BanueM Hitachi S-4800 FE-SEM (Hitachi, Anoxus).

Wndpakpachyro crektpockonuio ¢ Pypbe-npe-
obpazoBanneM (FTIR) mpoBoawmmn Ha CHEKTpOMe-
tpe Nicolet 6700 KBr (Thermo Fisher Scientific,
CILLIA), 3anuceiBas cekTpsl B nuamnazone 400-4000
cm

XapakTepucTUKU (PIyopecleHIH PacTBOPEH-
HBIX 00pa3l0B TYMHUHOBBIX KHCJIOT M3MEPSUIN MpU
20°C ¢ ucronb3oBaHneM (PIIyOpeCIeHTHOTO CIIEeK-
tpometpa FP-8500 (Jasco, Slmonus) ¢ myimHOI BOJ-
HbI B30y ) aeHust (Ex) ot 250 10 600 HM 1 JuIMHOM
BostHBI m3mydeHust (Em) ot 260 mo 650 HM.

st BbIIETCHUST TYMHUHOBBIX KHCJIOT W3 Oy-
PBIX yrJeld HU3KOro KadecTBa cycrneHAupoBanu |
r noporkoodpaznoro yrias B 50 ma 0,1 M NaOH,
BerpsixuBanu mpu 20°C B Tedenue 24 4acos c Io-
CIICAYIOMIUM LEHTPUPYTHPOBAHUEM, (QHIBTPOBA-
HUEM ¥ TOBOIKOH ocaxkaerus ¢ momorsio HCI.

st GMOpacTBOPEHUS! YISl CyTOYHBIE KYJIbTY-
pBI BBIpAIIUBAIA HA THUTATeNbHOU cpere LB mpu
31°C ¢ nobGasnenunem 5% (mac./00.) cTEpHUIBLHOTO
MOPOIIKOOOPa3HOTO ApeBecHoro yrid. MHkyOanus
Juinach 14 nHeH, mpu 3TOM B KOHTPOJIBHBIX YCTa-
HOBKax OakTepuaibHBIE KYJIbTYPHl OTCYTCTBOBAIIH.
CynepHaTaHThl cOOMpaId €KEAHEBHO, (PUILTPOBa-
¥ ¥ otleHuBanu npu A450 HHTEHCUBHOCTH OMopa-
CTBOPEHWUS YTJIS.

J1ds MeTareHOMHOTO aHajiu3a MCII0JIb30BaIH
TEXHOJIOTHIO CEKBCHHUPOBAHMS HOBOI'O TOKOJIE-
mus HiSeq (Illumina, CIIA). Drambl BKIIOYAIA
skcrpakiuio JIHK, upeHTudukanuio caita Cek-
BEHUPOBAHUS, CKPUHHMHT MpaiiMepoB, IBOWHOE
MTPUXKOJUPOBAHNE, CEKBEHHUPOBAHHE, OMOMH(OP-
MaTHYEeCKUH aHATN3 U BU3YaITU3AIHIO IaHHBIX — BCE
B COOTBETCTBUHU CO CTaHJAPTHBIMH MPOTOKOJAMHU
https://www.illumina.com [17].

CraTucTHYeCKUIl aHaiM3 BKJIIOYAJ  Tpe-
CTaBJICHWE JAaHHBIX B BUJE CPEJHErO 3HAYCHHUS +
CTaHJIAPTHOE OTKIIOHEHHE. Accoluaiiu OakTepu-
QIBHBIX KYJIbTYpP CTATHUCTHYECKH CPABHHBAJIH C HC-
MOJIb30BAHUEM TOYHOT'O JIBYCTOPOHHETO KPHUTEPHUs
Oummepa (n = 10).

Pe3yabTarhl 1 HX 00Cy:KIeHUE

Hnst paboThl OBbUIM  OTOOpaHbI HHU3KOKaue-
CTBEHHBIE Oypble yrim OKHOACTy3CKOTO YroJib-
Horo Mectopokaenus — (51.730493846472825,
75.40909598924266) IlaBmomapckoii  obnacTw,
Kazaxcran (QY) wu Oii-Kaparaiickoro yroib-
HOrO  Mectopokmenus — (43.192321031572504,
80.5954200537039), AnmaruHckoii obOsactu, Ka-
3axctas (OVY) (puc.1).

OKknbacTy3cKoe yrojabHOE MECTOPOXKICHHUE SB-
JSIeTCSl KPYMHEHIIIUM YTOJIBHBIM MECTOPOXKICHHEM
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Kazaxcrana, pacnionosxennoe B IlaBnogapckoii 00-
nmact. ['opon DxubacTy3 HaXxoAWTCS B 3aMaJHON
4acTH MECTOPOXIEHUs, a IIeHTp obnacTu r. [lasro-
Jiap — yaajieH oT Hero Ha 130 KM K ceBepo-BOCTOKY.
OO0mue reosornueckre 3anacel yrieit ocrasiuset 10
M/ T. YT DKHOACTY3CKOro OaccelHa SIBISIFOTCS
KaMEHHBIMH T'yMYCOBBIMH.

YrompHOEe MecTtopoxknenne Oii-Kaparait pac-
MTOJI0’KEHO BOCTOUHee AnmaTel Ha paccTossHun 300
KM B mpenenax HapwlHkonbckoro paiiona Amnma-
TUHCKOU oOnacTu Kazaxcrana. HaiimeHHBbIi 3/1ech
yToJIb OTHOCUTCS K OypbiM yriisiMm mMapku b3, xa-
PaKTEepHU3YIOLUIMMCST HU3KOH 30JbHOCTBIO (OKOJIO
16 %), BBICOKOH TeruioToi cropanus (okoio 6,5

TBIC. KKaJI/KT) U MUHUMAJIBHBIM COJIEPKAHUEM
cepsl (menee 1 %). Kpome Toro, aToT THI yrig
JIETKO pasziaraeTcst Ha Bo3ayxe. [lo omenkam, 3a-
Mackl YroJILHOTO MECTOPOXKICHUS COCTABIISIOT
0K0JI0 80 MWUJUIMOHOB TOHH, U3 KOTOPBIX 0KOJIO 41
MUWJIJIMOHA TOHH IMPUTOJAHBI JJIA I[O6I>I‘II/I ITOJIE3HBIX
MCKOTAaeMbIX OTKPBITBIM criocobom. O01mue passe-
JTaHHBIE 3aI1achl yTJIs, OTMPE/EICHHBIE TE0JI0T0Pa3-
BEJIOYHBIMHU pabOTaMK, COCTABISAIOT 124 MJIH TOHH
Oyporo yris.

B cootBercTBUM ¢ nonoxenusmu Konekca Pe-
cnyonuku Kaszaxcran «O Hempax u mepepadoTke
MUHEPAIHHOTO CHIPhS JTAHHBIC MECTOPOKICHHS OT-
HECEHBI K KaTEeTOPUHU PecyOIMKaHCKOTO 3HAYCHHUS.

3axCTaH s

Pucynok 1 — Pacnionoxxenue Touek otbopa mpob: 1 -3V u2 — QY

[Ipoueaypst oTOOpa MPOO MPOBOAHMIUCH B CO-
orBercTBuH ¢ ISO 18283:2006 Hard coal and coke
— Manual sampling, ISO 13909-4:2016 Preview
Hard coal and coke — Mechanical sampling — Part 4:
Coal — Preparation of test samples, u mpaBmn 'OCT
10742-71 nnst or6opa npo0. pa3uvHbIe BUIIBI YIS,
BKJIFOUasi Oypble YIUIM, KaMEHHbBIC YIJIH, aHTPAIUT,
rOpIOYHeE CIAHIIbI ¥ YTOIbHBIE OpHKeTHI. B mporecce
oT0opa po0 OBUTH MPHHSATHI CTPOTHE MEPBI, YTOOBI
MIPEJOTBPATHUTD JIIOOYIO MOTEPIO MaTepHajia Ipoobl
WM Biard. AHaTUTHYECKHE OOpasIlpl TIIATeh-
HO MMOMEHIAJHNCh B KOHTEHHEPHI, MpeBapUTEIHLHO
B3BELLICHHBIC PSJIOM C KPBIIKAaMHU. DTH KOHTEHHE-
pBI OBITHN 3aredaTaHbl COOTBETCTBYIOIINM MaTepH-
QJIOM W TIPUKPETUICHBI BYMsI 3THKeTKamu. [locne
3TOro OBUIO MPOBEACHO MOBTOPHOE B3BEILIMBAHHE C
obecrieueHHEM TMOTPEITHOCTH He Ooiree 1 rpamma.
Kaxaplit koHTelfHEp, B KOTOPOM HaXOIWINCH TIPO-

OBl yIJIs, UMEJT YETKYI0 MAPKHUPOBKY, COACPIKAIILY O
BXHYIO HH(DOpMaIiio: Homep mpoosI (1), maty or-
6opa mpo0d (2) u oObpaboTku mpoOsl (3), Ha3BaHKE
poOsl (4), IepBoOHAYaIBHBINA Bec KoHTeiHepa (5),
npeanpusaTre. ums (6), Tam npoaykra (7) U mom-
MHMCh OTBETCTBEHHOTO JHIIA (8), KOHTPOIHUPYIOIIETO
nporeaypy coopa u 06padboTku mpoo.

Otb6op mpobd mpoBommau coriracHo [SO
18283:2006 Hard coal and coke — Manual sampling
u ISO 13909-4:2016 Preview Hard coal and coke —
Mechanical sampling — Part 4: Coal — Preparation
of test samples, a Taxke ['OCT 10742-71 «Yrnu
Oypble, KaMEHHBIC, aHTPAIUT, FOPIOYUE CIIAHIIBI U
YTOJBHBIC OPUKETHI. MeTOIBI 0TOOPA M MTOATOTOBKH
npo0 JuIst TabopaTOPHBIX HcnbITanuity. [Ipu oTObope
npo0 ObUTH COOJIOJICHBI BCE MEPBI, MPEI0TBPAIIa-
IONIHMEe TIOTEPU MaTepuana mpoObl M BIAru: aHajH-
TUYECKHUE MPOOBI IOMEIIAId B KOHTEHHEPHI, TIPEe/I-
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BapUTENIFHO B3BELICHHBIE BMECTE C KPBILIKaMHU,
MaTepHajIoM Il ONEYaThIBAHUS U JBYMS STHKET-
KaMH{, ¥ CHOBa B3BEIIMBAIM (IIPOLEAYPY MPOHU3BO-
JIMITH ¢ TIorpemHocThio He Oonee 1 1). Kontelinepst
¢ mpobamu yriiel cHaOKaiu 3TUKETKaMH, Ha KOTO-

or6opa (2) u odpabotku mpoOsI (3); HAMMEHOBaHUE
po0OsI (4); Maccy Tapsl (5); HAUMEHOBaHUE TIPe]l-
npusitua (6); Bua npoaykuuu (7); TOAMKUCH JUIA
(8), oTBETCTBEHHOTO 32 OTOOP U 0OPAOOTKY MPOOHI.

OCHOBHBIC XapaKTEPUCTUKH TPOO HU3KOKaUe-

PBIX YKa3bIBIM JaHHBIe: HOMep mpoObl (1); maty

Taéanna 1 — KayecTBeHHbIE XapaKTEPUCTHKU MPO0 yriie

CTBEHHBIX yTJIel pUBeIeHbI B Ta0M. 1.

|. Makpockonuyeckme xapakTepucTuKkm

Ne Onucanne oy oy

2 Bug KopnuneBaro-6yphiit TeMHO-OYpBIIT
3 Vznom HepoBHbii1, yI10BaThIN BonokHuCTHIN
4 brneck CMOIMCTHIN JKupuerit

5 TexcTypa HeopHopopHasi, TUTHUTOBAS HepaBHOMepHO-IITpUXOBaTas
6 OTenbHOCTD OK30reHHas DK30reHHas

1. Dusnyeckne xapakrepnctnkm (%)

1 Braxxaocts (W) 9,8 11,8

2 3ompHOCTD (A) 38,2 12,2

3 Boixon neryunx Bemects (V) 26,3 35,8

4 Tennora cropanns, MJDx/kr (Q) 13,5 15,6

Ill. Xummnyeckuin coctas (%)

1 VYrnepon (C) 78,5 75,0

2 Bopopon (H) 5,4 4,81

3 Asor (N) 0,0 1,5

4 Cepa (S) 0,6 0,41

5 Kucnopog (O) 15,5 18,28

B uccienqoBaHuM TakKe MCHOJB30BAJICS Me-
TOJ PEHTICHOCHEKTPAIbHOTO MHKPOAHAIN3a C
HCTI0JIb30BaHNeM dHeproaucnepcuonnoro (EDX)

pucyHKe 2.

aHaJiu3aTopa. PC3y.HI)TaTI)I PEHTICHOCIICKTPaJib-
HOT'O MUKpOaHaJIn3a 06pa3u0B nNpeaACTaBJIICHBI HA
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Pucynoxk 2 — PeHTreHOCIeKTpaibHbIi MUKpOAHa N3 Ipod yreit: a — DY u 6 — OY
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g vccnenoBaHysi HOBEPXHOCTH YIJISL M €70 Tie-
Tporpa)uueckux COCTAaBIIAIOIIMX HAa MUKPOCTPYK-
TYpHOM YypOBHE ObUI Hcmoiib30BaH meroq COM
(puc.3). MUKpOCTpYKTypa yriel HHU3LIMX COPTOB
OTJIMYAETCs! BHIPAXKEHHOH MJIOTHOCTHIO M HAUINYHEM
Pa3HOOOpPa3HBIX y4acTKOB C HEPOBHOCTSIMH — pas-
JIOMaMH, TpEUIMHAMH M KaBepHaMu. XOpOIIO H3-
BECTHO, YTO COCTAB U PACIIOJIIOKEHHE YIJIs CBSA3aHbI
C €ro HEOJTHOPOJIHOCTbHIO, O0YCIOBICHHON HAINYH-
€M B HEM Pa3JIMYHBIX OPraHWYECKUX M MUHEpallb-
HBIX KOMITOHEHTOB [18].

CrnenoBaTenbHO, YITIM HU3KOTO KayecTBa JKH-
Oactysckoro u Oii-Kaparaiickoro wmectopoxie-
HUH colepikaT CJIO0KHble OpPraHUYECKHE BEIecTBa
U JIOTIOJHUTEIbHBIE MHUHEpaJbHbIE 3JeMeHThl. C
MOMOIIBI0 (PU3MYECKUX M XHMHUYECKUX aHaIM30B
YCTaHOBJICHO, YTO 3TH yIJIM 00JIaAal0T TyMHUHOBBI-

HV mag O | mode WD HFW
15.00 kV| 5 000 x | Custom [ 8.8 mm 59.7 ym

MH CBOHCTBAMH, YTO J€JAaeT MX MOTCHIHAIbHBIM
pecypcoM sl IPOM3BOJCTBA TYMHUHOBBIX BELIECTB
(I'B).

['yMHHOBBIE KHCIOTBI M3 OOpa3LOB YIJS BbI-
JeNsIA  alalTUPOBAaHHBIM METOJIOM  ILEJIOYHON
sKkcTpakumuu [16], Tae uCmoNb30BaHUE pacTBOpa
rugpokcuia Hatpus (NaOH) oxazanock s pexTus-
HBIM JJIs1 M3BJICYEHUS] TYMUHOBBIX KHCIOT U3 HE-
KOHJUITMOHHBIX YTIIeH ¢ moiydeHueM okoiio 50%
TYMHHOBBIX KHCJIOT. B naHHOM HccienoBaHnu pac-
CUHUTAHHBIE BBIXO/bI T'YMUHOBBIX KUCJIOT COCTABHIIN
74,3% nns Dxubacrysckoro yris (OK) u 78,5%
s Oii-Kaparaiickoro yris (OK). Brnocnencreun
(okyc cMecTHICS B CTOPOHY HCCIEIOBAaHUS TIy-
MHUHOBBIX KHCJIOT, MOJYYEHHBIX M3 OypBIX YTJIeH,
C HCIOJb30BaHUEM psila CIEKTPOCKOMHUUYECKUX
METOZOB.

HY
15.00 kV.

Pucynok 3 — COM-cHuMKH 1po0 yriieit: a — Y u 6 — OY

WNudpakpacapie (MK) cmekTpsl TyMHHOBBIX
KHCJIOT MOKa3bIBAIOT 3aMETHBIC TIMKH B JHAIlla30HE
2940-2900 cm’!', 4To yKa3bIBaeT HA MPUCYTCTBHE
3aMeTHBIX anudarndeckux rpynn. Kpome Toro,
crekTpsl B paiione 1590-1520 cm! BO3HUKAIOT U3-
3a rpyrn COO, cszeit NH u cBsizeit C=N (puc. 4).

I'yMuHOBBIE KHCITOTBHI TaKXKe OBIIN MOJIBEPTHY-
TBI AJIEMEHTHOMY aHaJIN3Y, BBISIBUBIIEMY COJIEpKa-
nue yriepoja (C) u azora (N). s DY obOpazosas-

10

muecst koandectBa C u N cocraBmm 54,72 u 2,55,
auit OY — 55,71 u 1,51 cooTBETCTBEHHO. ATOMHOE
cootHomenne O/C, UCTIOIB3yeMOe B Ka4eCTBE MH-
IUKAaTopa KUCIOPOICOAEPKAIINX TPYIII, TTOKa3aao
TUMIUYHOE 3HA4YeHue npuMepHo 0,4 11 odeux Kuc-
s0T. bonee uuskue 3Hauenns O/C 03HAYAIOT MOBbI-
MEHHYI0 KOHACHCAIMIO apOMaTHYECKUX COCIHUHE-
HUU BHYTPU TYMUHOBBIX KHCJIOT, YTO OTPAXKAET UX
CTPYKTYpHYIO KOH(purypanuto [19].
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Pucynox 4 — UK-criekTp ryMHHOBBIX KHACIOT yriieii: a — Y u 6 — OY

Artomuoe cootHouienne N/C naer mpeicras-
JICHUE O COJACpXAaHUU a30Ta B OPraHUYECKUX CO-
eAMHEHUAX, IprdeM Ooyiee BHICOKHE 3HAYCHUS Xa-
PaKTEpHbI AJIsI TYMHUHOBBIX KHCJIOT W3 pPa3IMYHBIX
UCTOYHHMKOB. HampoTus, Oypble yrii 0OBIYHO UMeE-

foT 3HaueHus: Hwke 0,05 [20]. Kpome Toro, coot-
Homenue N/O cnocoOCTByeT MOHMMaHUIO COCTaBa
a30Ta ¥ MOJIEKYJISIPHOI Macchl, yKa3bIBasl Ha ITOHU-
YKEHHOE MPUCYTCTBHE a30Ta u Oojiee HU3KYI0 MOJie-
KyJsIpHYIO Maccy [2].

Tadauua 2 — DIeMEeHTHBIH COCTaB T'YMHHOBBIX KHUCIIOT HU3KOKauU€CTBEHHBIX OypBIX yIiei

OnemenT, % ATOMHOE OTHOIIICHUE
['YMHHOBBIE KHCIIOTBI -
C S N H Ash Qi H/C o/C N/C N/O
) 54.72 0.13 1.52 2.55 431 36.77 0.56 0.50 0.02 0.05
oy 55.71 0.24 1.16 1.51 3.02 38.36 0.32 0.52 0.02 0.03

ONeMEeHTHBIH aHaJIN3 NTOKAa3bIBAET, YTO XUMHUYe-
CKHIi cocTaB I'yMUHOBBIX knuciaoT OK n OY otinya-
€TCsl YMEPEHHOM MOJIEKYJISIPHOW Maccoil U Hallu4yu-
€M YIUIOTHEHHBIX apOMaTHYECKUX YTIIEBOIOPOJIOB.

B pabote Takke MpOBOAMIMCH aHAIM3bI IO M3-
YYEHHUIO MPUPOJIBI U CBOMCTB TYMHUHOBBIX KHCIIOT C
MOMOIIBIO YCOBEPIICHCTBOBAHHOM (hiTyopecleHInn
EEM. Takue aHamu3bl CYUTAIOTCS TOYHBIMU U UYB-
CTBUTEIFHBIMH, T.K. COTIOCTABJICHHE CIIEKTPOB BO3-
Oy»/IeHHUs U UCIyCKaHUs 1aeT 0oJiee JOCTOBEPHYIO
uHpopmarmio [21]. Llenp qanHOTO 3Tana cocrosiia
B TOM, YTOOBI MCCIIEZIOBATH CBOWCTBA MATPHIIBI BO3-
Oyxnenus-ucnyckanusi (EEM) TyMHHOBBIX KHC-
70T U3 npob Oypeix yrieid. OObIYHBII KOHTYPHBIH
rpaduk OOM H300pakaeTcsi MOCPEICTBOM ITHKOB
¢iryopeceHIIMM MaKCUMaJIbHOH WHTEHCHBHOCTH,

COBIIQ/IAIONIMX C KOHKPETHBIMH (IiryopodopaMu
K QyHKIMOHAJIBHBIMU FPYyNIaMH (M300paKeHHBI-
Mu Ha pucyHke 5). [Ipounsie dyopodops! 3ameT-
HBl TIPU BO30YKICHUH/U3TYUYCHUHN JUIMHOW BOJIHBI
270/440 HM B TYMHHOBOH KHCJIOTE, ITOJy4YEHHON U3
DYV. CornacHo [22] cymecTByeT BOCEMb OOIITUX TH-
noB (ayopecueHIyy, Te TyMAHOBas, OCIKOBasi U
MUTMEHTHAs (IIyOpPECLUEHINH SIBIAIOTCS OCHOBHBI-
MH 3HaUYCHUAMH. B HacTosIIeH paboTe MaKCUMYyMBI
IIMKOB PACIOJIOKEHBI B MIpeiesax 00J1acTu, Ha3BaH-
HOH MUKOM A, 4TO YKa3bIBaeT Ha ee TyMycooOpas-
HyI0 Tpupoxy. s TYMUHOBOW KHUCTOTH MUK OY
pacIoyioKeH B HIMPOKOM CIEKTpe BO30YKICHHs/
SMUCCHH B Auarna3oHe ot 275/440 um no 275/450
HM, 9TO OOBSCHAETCS pPa3HOOOpPa3HBIM COCTABOM
YIS

11
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Pucynok 5 — Marpuiia Bo30yKIeHHs/UCITyCKaHuUst ()IIyOPECIEHIINK I'YMUHOBBIX KUCIIOT yIIEH:
a-29Yuo6-0y

Taxum oOpas3oM, olIiee cX0JCTBO TYMHHOBBIX
kucioT DY 1 OV JNeXAT B OCHOBE MACHTH(PUKAIIAN
BCCX IMHUKOB KaK I'YMHUHOBBIX I1O ITPUPOJC. Tewm ne
MeHee, 3aMETHBI HEOOJIbLINE PAa3Iuius B MOJIOXKE-
HUSX TIMKOB, YKa3bIBAIOIME Ha TOHKHE Pa3INdus B
COCTaBE TYMHHOBBIX KHUCJIOT MEXIY 00pa3aMu.

Brinenenne MUKpOOHBIX KYJIbTYp NPOBOAWIN
n3 mpo0 yris Dkubactysckoro u Oi-Kaparaiickoro
VTOJIBHBIX PAalOHOB Pa3pabOTKH MECTOPOIKICHUA.
MosekynspHble METOIbl, IO3BOJISIOIIUE HCCIe-
JIOBaThb MHKPOOHMOJIOTUYECKHE XapaKTePUCTHKH B
YCIOBUSIX in-situ, OOCIAIOT WACHTH(PHUIUPOBATH
OoNBIIMHCTBO OakTepuil. MeTareHOMHBINM aHaIu3

OKa3bIBACTCS LICHHBIM JJIsl KOMIUICKCHOH OLIEHKU
BHIIOBOTO pPa3HOOOpa3usi B oOpasme 0e3 HeoO0Xo-
JUMOCTH KyJIbTHBHpOBaHUs. boiee Toro, 3To 00-
Jier4aeT NMoHUMaHue (PU3MOJIOTMYECKOro M (DyHK-
[IMOHATLHOTO TPO(HUIT MUKPOOHOW TOMYJISIINH.
HpI/IMeaneano, YTO METarcHOMHAas 6333 JaHHbIX
oTnaeT npuoputeT aHanusy /6S pPHK, TOCKONbKY
coBpeMeHHas (hUIOoTeHeTHIEeCKasT KiIacCH(HUKAITUs
Oakrepuii ocHoBaHa Ha cTpykType 3toii PHK. Ha
9TOM 3Tale MCCICAOBAaHMS ObUI MPOBEACH MeTare-
HOMHBIA aHanmn3 obpasioB DY u OVY. IlepBudnbie
JaHHBIC O BHUJOBOM COCTaB€ H IIOKa3aTCaAX MHU-
KpOOHOTO pa3HOOOpasusi mpecTaBieHbl B Ta0. 3.

Tadmuua 3 — OcCHOBHBIE TIOKa3aTeNd MUKPOOHOTO pazHooOpasus mpod DY u OY

Paznoobpasue
[Mpo6sr Hatmonae- I/.IHﬂeKC Yrneke ACE (hUIOTeHETHIECKOTO Chaol Goods
MBIE BHJIbI Simpson Shannon coverage
Jiepesa
€)% 764 0.928 5.693 799 63 802 0.999
oy 551 0.093 0.637 904 46 871 0.997
[IpeoOnanarone  COCTABISIIOIIME MHUKPOO-  JIsAIOT mpenctaButenu Actinobacteria, Firmicutes

HBIX COOOMIecCTB B 000mMX 0Opasmax BKIIOYAIOT
Acidobacteria,  Actinobacteria,  Bacteroidetes,
Chloroflexi, Firmicutes, Fusobacteria,
Gemmatimonadetes, Nitrospirae, Proteobacteria n
Tenericutes (puc. 6). IlpumeuaTenbHO, YTO MPOTE-
obakrepun, 0OBIYHO IOMHHUPYIONIUE B TTIOYBEHHON
MHKPOOHMOTE, COCTaBIIAIOT HamOoJiee 3HAYUTEIb-
HYI0O 4YacTh 3THX MHUKPOOHBIX cooOriecTB. Kpome
TOT0, 3HAYUTEIHHYI0 4YacTh BBIOOPKH DY COCTaB-

12

u Bacteroidetes. Onaaxo B ipooe OY mpeBocxo-
CTBYIOT Oaktepuu Proteobacteria Ha ypoBHE THIIA
u Phyllobacteriaceae (~97%) Ha ypoBHe cemeiicTBa
(~96%).

MukpoOHas nomyssiius DY B OCHOBHOM COCTO-
UT U3 TpejacTaButeneil ponos Pseudarthrobacter
Ha 21%, Pseudomonas Ha 16% u Acinetobacter
Ha 7% (puc. 7). I[IpuMeyaTesibHbIM HAOJIOACHHM-
€M SBJISICTCSI TOBBIMIEHHOE MPUCYTCTBHE TPYII-
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el Candidatus Bacilloplasma B npenenax OV.
B oOpasmax sra rpynma cocTaBisieT 3HAYHTEIb-
HYI0 4acTh, cocTaBisis A0 62% or oOmiero co-

1-
Others
W Fusobacteria
w 0.754 Acidobacteria
o B Gemmatimonadetes
S W Chloroflexi
_g‘ Nitrospirae
c W Bacteroidetes
-g Firmicutes
- M Actinobacteria
< 0.5 M Tenericutes
g W Proteobacteria
R
&
0.25-
0-
oy Y
a

Jns mpeHTHGUKAIMN Pa3sHOOOpa3HBIX (HH3HO-
JIOTHYECKHX TPYI OaKTepuid OBUIH CO3/IaHBbI CIIeI]-
nupHUUECKUE YCIOBHS in VItro ¢ HCIOJIb30BaHUEM
CEJIEKTUBHBIX CPell, KOTOPBIE CIIOCOOCTBYIOT ONTH-
MaJIbHOMY POCTY M Pa3BUTHIO KOHKPETHBIX THIIOB
Oaktepuil. B pesynbraTe mccieqoBaHUs U3 Npod
yris ObUIM  BBINENICHBI HW30JIATHI, BIIOCIEACTBHU
WIeHTH(GUIIUPOBAHHBIC HA YPOBHE pojia. DTH UJICH-

CcTaBa MHKPOOHOTO COOOINECTBa, 3a HEH CIECAYIOT
Bacteroides — 10%, Shewanella — 10%, Vibrio —
5% u opyrue (puc. 8).

Others

W Moraxellaceae
Shewanellaceae

M Bacteroidaceae

W Ruminococcaceae
Lachnospiraceae

W Pseudomonadaceae
Nitrospiraceae

B Micrococcaceae

B Mycoplasmataceae

M Phyllobacteriaceae

0.754-

0.5¢4-

Relative Abundance

0.25¢-

oy Y
6

Pucynok 6 — Takconomuueckast cTpykrypa 6akrepuii mpod OY u DY Ha ypoBHe Tuna (a) u Ha ypoBHE ceMeiicTra (0)

TU(QUKALUU ObUTM JOTOJIHUTEIBHO ITOATBEPKACHBI
nocpeactBom ananuza 16S pPHK, kak mokazano B
Tabmuue 4.

[IpoBeneHHoe  HccleOBaHME  IO3BOJISET
CBsI3aTh OCOOCHHOCTH CTPYKTYpbl OakTepuaib-
HBIX COOOIIECTB, U3yUeHHBbIE MpU nomoiu /65
rRNA w in vitro, ¢ 0COOCHHOCTAMH yTJIeH Kak
3KOCUCTEMBI.

Taéauua 4 — Mopdo-KynsTypasibHbie U (PU3HOI0r0-TAKCOHOMUUECKHE XapaKTePUCTUKH KyIIbTyp OakTepuit

PonoBast mpuHaUIeK- DJIeKTHBHbIE
MHuUKpOOHOIOTHYECKUE XapaKTePUCTHKH TIpoGsr
HOCTh cpebl
I'pammonoxuTenpHBIC TATIOYKOBH/-HBIE a3pO0HI,
. OV: Puc. 7: xnacc
Bacillus sp. MYPGP agar 00pa3yIoT BHyTpHU-KIeTOUHBIe criopsl. Karanmas-

Has + 1 OKCU1a3Hasi aKTUBHOCTH +.

Gammaproteobacteria

Pseudomonas- S1

Pseudomonas sp. . .
selective medium

I'pamoTpunaTenbHbIe, MOJIOYKOBU/I-HbIE a9PO0HI,
He o0pasytot cniop. Karanasza +, okcunasa +.

OV. Puc. 8: xnacc Bacilli

W3ydeHune UM30J5ATOB C IEJIEBOH OUOTEXHO-
JIOTHYECKONW aKTUBHOCTBHIO B OTHOIIEHHUH COJIO-
OunmM3anuyM yried TPOBOIUIN C TPUMECHECHHEM
METOJIa TOTPYKEHHOU/)KUIKOW KyIbTypbl. [Ipm
KOHIICHTPAIIUU HU3KOKaYeCTBeHHBIX yriei (5%),
crenens coynrodunn3zauun OV 3HAUUTEIBHO BO3-
pactajia ¢ YBEIMYCHUEM MPOJOTKUTEIHHOCTU

nHKyOauu g0 10 nHeit y o0eux KyJbTyp, 3aTeM
MOKa3aTesib POCTa OCTAaBalCS B CTAllMOHAPHOU
(haze (puc. 9).

Bonee BbIcOKass merabonuueckasi aKTHBHOCTB
npu DY Obuto nokaszana st Bacillus sp., ee crek-
TpaJIbHasl TIOTJIONMAEMOCTh cocTaBismia 3,60+0,1

(puc. 10).
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4 -
B35
S 31
T 2.5
B2 4
g 1.5 -
j=19
& 1
< 0,5 4
0 * + F * = F 7
0 2 4 6 8 10 12 14
Bpeni, geHn
—e— Pseudomonas sp. —e—Bacillussp. —+—KoHTpoab
PucyHoxk 9 — Yposens 6nocomodummuzannu OY KynsrypaMmu Oaktepuit
4 -
B35 > 2 ]
s 37 .
T 25 A ~
22 A
E 195
j=19
& r ]
a 0,5 1
0 * ? * - T * ;.
0 2 4 6 8 10 12 14
Bpen, neHp
—e— Pseudomonassp. —— Bacillussp. —+—KoHTpons
Pucynox 10 — Yposens 6uocomodnmmzanun OY KyasTypaMu OakTepuit
Tabauna 5 — CkopocTs moTtepst Beca B Iponecce OHOCoIo0mIm3anuy OypeIx yrreit
[Toreps Beca, %
Jun
Bacillus sp. Pseudomonas sp. KonTpons
oy €)Y oy €)Y oy €)Y
3 14.6 14.3 14.7 13.1 0.02 0.01
5 15.8 15.5 15.2 13.8 0.07 0.05
10 17.9 18.0 16.5 13.9 0.1 0.1
12 20.8 20.5 16.4 14.2 0.2 0.1
14 22.9 23.0 16.6 143 0.2 0.1
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YpoBeHb OMOPACTBOPEHUS YIS, JOCTUTHYTHIH
¢ momometo Bacillus sp. nocturma 14,6% musa OY
u 14,3% nns DY Ha 3-i 1eHb, BIOCICACTBUH yBe-
JMYIUBIIKACE 10 22,9% mis OV u 23% nug OV Ha
14-ii nenn (Tab. 5). HanpoTtus, cTeneHs pasioike-
HUS yIJIsl B KOHTPOJIBHBIX IPYIIax 0CTaBajgach Ha
ypoBHe 0,2% B TeueHHEe TOTO K€ MEPUOIa BPEMCHH.
Harmporus, ucnions3oBanue Pseudomonas sp. 6wo-
pPacTBOPEHHE 1aJI0 CaMbIii HU3KUN PE3yIbTAT uepes
14 mueii: 16,6% mis OY u 14,3% s OY.

3akiaouenune

Ot60op TpoO HEKOHAWIIMOHHBIX OYpPBIX yTien
COOTBETCTBOBAJI YCTAHOBIICHHBIM KPUTEPHUSIM B
[TaBnomapckoit 1 AsMaTHHCKOW obOnactsx. /[[Be
MpOOBI yTIIst OBLTH TIIATEIEHO OTOOPAHBI C YYaCTKOB
no0bran Dxubactysckoro (V) u Oii-Kaparaiickoro
(OY) yronpHBIX MECTOPOXICHHH, 00padOTaHbl U
THIATEIHHO HCCIeAOBaHbl. DU3NKO-XUMHUYECKUE H
CTPYKTYpHBIE OLIEHKH OOpa3llOB OKUCIEHHBIX Oy-
PBIX yIJIed MO3BOJNMIM YCTAaHOBUTH CJEIYIOLIHE
nokaszatenu yrist mapka DY (mac.%): W (Bmara)
- 9,8, A (3ompHOCTB) — 38,2, V (BBIXOH JETYy4HX
BemiecTB) — 26,3, Q (TErIoTBOpHAsT CIIOCOOHOCTH)
— 13,5 MJlx/kr; xumudeckwii coctaB (mac.%) C —
78,5, H —5,4,N—-0,0,0-15,5,S—0,6; a nns yris
Mmapku OV (mac.%): W — 11,8, V—-358, A — 12,2,
Q — 15,6 M/Ix/xr; xumudeckunii cocraB (mac.%)
C -75,00,0-18,28, H-4,81,N-1,50,S - 0,41.
s XapakTepUCTUKKA MOJICKYJIIPHOM CTPYKTYpBI
MaKpO- U MUKPOCKOIIMYECKUX CBOMCTB yrjieil HU3-
KOTO KadyecTBa OBUIM HCIIONB30BAHBI Pa3IUUHBIC
CHEKTPAIbHBIE U MUKPOCKOITMYECKHE METO/IBI.

I'yMUHOBBIE KHUCIOTBHI HU3BJEKAId U3 yIJel
HICIOYHON JKCTpaKIued MOIupUIIUPOBAHHBIM
MeToloM. PaccunTaHHbIEe BBIXOJBl TYMHUHOBBIX
kucaor cocraBuinu 74,3% nna BY u 78,5% nius

OY. Jlns u3y4eHus TYMHHOBBIX KHCIIOT KakK TIO-
OOYHBIX MPOAYKTOB OYypBIX yTIIel OBUIH MCIIOJb-
30BaHbl MHOTOYHCJICHHBIC CIEKTPOCKOTMUYCCKHUE
METO/IEI.

C mnoMoIIbI0 BBICOKONPOU3BOAUTEIBHON TeX-
HOJIOTUM CEKBECHUPOBAHMSI HOBOTO TIOKOJICHUS
HiSeq (Illumina, CIIIA) ObUIM BBISICHEHBI MHU-
KpoOHOE pa3HOOOpa3ue W TAKCOHOMHUYECKHU CO-
CTaB MHKPOOHOIO COOOIIECTBA HU3KOKAUYECTBECH-
HBIX 00pa3moB Oyporo yrias. AHaIH3 BBISBUI
rpynmbel O0akTepuil, Biimrouatomme Acidobacteria,
Actinobacteria, Bacteroidetes, Chloroflexi,
Firmicutes, Fusobacteria, ~Gemmatimonadetes,
Nitrospirae, Proteobacteria n Tenericutes. Beinene-
Hue u unaeHrudukanus Pseudomonas sp. u Bacillus
sp. OaKkTepuii ¢ XapaKTePUCTHKOW UX (PU3NOJIOTHYEC-
CKHX, ONOXUMHUYECKHUX, MOP(HOIOTHUIECKHUX U KYJIh-
TypaJIbHBIX CBOMCTB.

B mporiecce duopactBopenust Pseudomonas sp.
u Bacillus sp. KylbTypsl J€MOHCTPUPOBAIN AKTHB-
HBIA POCT Ha CpeJlax Ha OCHOBE OYpoOro yriis, mpH-
4yeM (a3a aJIalTHBHOTO POCTa 3aBepllaiach B TeUe-
HHe 24 yacoB. DTH MeTa00INYECKHUE CIIOCOOHOCTH,
JIEMOHCTPUPYEMbIC H30JISITAMH, TOTCHIIUAIBHO MO-
TYT BIMSITh Ha Peaju3allii0 WHHOBAIMOHHBIX OWO-
TEXHOJIOTHIECKHUX CTPATETHH.

DuHAHCHPOBaHHE

Hannoe uccnenosanue ¢puHancupyercs Kazax-
CKHM Hay4HO-HCCIIEIOBATEIbCKUM HHCTHUTYTOM
3eMIIeIICITNS B pacTeHHeBoIcTBa (moroBop Nel6-10
or 10 ceHTsOpsi) B paMKax Hay4HO-TEXHHUYECKON
nporpaMMbl  «BbIpaOOTKa TEXHOJIOTHI BeICHHUS
OpPTaHUYECKOTO CEIHCKOTO XO3sICTBA MO BBIPAIIH-
BaHUIO CENbCKOXO3SIMCTBEHHBIX KYJIBTYp C y4ETOM
crienn(pUKN PETHOHOB, IU(POBU3ALNHN U IKCIIOPTa»
(MPH BR10764907).
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BAUAHUE MATMATUYECKUX TNMPOLECCOB
HA PA3BUTUE ATPOLIEHO30B

B nocaeaHee Bpemst 0C060€ BHUMAHUE CAEAYET YACAUTb 3(PEKTUBHOMY MCMOAb30BAHMIO 3EMEAb
CEAbCKOXO3SIMCTBEHHOIO Ha3HaUeHUs AAS MPeAOTBpaLleHUs AeduumTa NMPOAOBOABCTBUS, KOTOPbIN
MOXET BO3HMKHYTb Kak B MMPe, Tak M B Halwen pecnybAamke. [10 3TOM NpUUMHE OY€Hb BaXKHO M3-
yUeHue NnpoLeccoB MarmaTuama B HaxubiBaHCKOM MP, rae 3eMAM, HEMPUIrOAHbIE AASI PA3BUTUSI arpo-
LEHO30B, 3aHMMalOT GOAbLLYIO MAOWAAb. PasAMUHbIE KAaTeropMm PUCKOB M OMACHOCTEN, Bbl3BaHHbIX
BAMSIHMEM MPOLIECCOB MarmMaTm3ma, PacCUMTbIBaAMCh NMyTEM MPOBEAEHMS ONPEAEAEHHbIX PAaCcYeTOB Ye-
pe3 nporpammy M'MC. 3ddy3mBHbIE M MHTPY3UBHbIE MarMaTUUYECKME MPOLECCHI CO3AAAM YCAOBUSI AAS
CO3AaHMS pPa3HOOOpasHbIX (HOPM peAbeda Ha 3eMHOM MOBEPXHOCTU. B To ke Bpems maclutabHOCTb
3TUX MOA3EMHbIX MPOLIECCOB B PalOHE HaWMX MCCAEAOBaHMIA 0OYCAOBMAA PasHOOOpasne MoAe3HbIX
MCKOMAEMbIX 1 0BMAME MUHEPAABHBIX BOA. ITO NMPUBEAO K OTBOAY BaXKHbIX 3€MEAb AASl Pa3BUTHS arpo-
LIEHO30B B Pa3AMYHbIX OTPACASX Hallen 06AACTM MCCAEAOBAHMIA, YTO MOBAEKAO 3a COOOM YBEANYEHUE
puckoB 1 onacHoctern. OH pacCuMTaA PUCKM M OMACHOCTM, BbI3BaHHbIE MAarMaTM3MOM B 3TOM paioHe,
Mo PasHbiM KaTeropusm. MayueHne npoueccoB MarmMaTmamMa OYeHb BaXKHO MPM pasmelleHmnm Alo6oro
00bekTa MHPPACTPYKTYPbl. ITO UMEET NPAKTUUECKOE 3HAUYEHME AAS Pa3MELLEHMS PA3AMUHBIX CEAbCKO-
XO3SMCTBEHHbIE MOAEN, CYLIECTBYIOWIMX B HACTOSLLEE BPEMSI M KOTOpble BYAYT CO3AaHbI B OyAylLEM B
paroHe, rAe Mbl MPOBOAMM UCCAEAOBAHMSI.

KAtoueBble cAoBa: MarmaTMyeckume npoLecchbl, arpoLeHo30B, peAbed), MHTPY3mB, 3hy31B, MOp-
docTpyKTyp.
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Influence of magmatic processes
on the development of agrocoenosis

Recently, special attention should be paid to the effective use of agricultural land to prevent food
shortages, which may arise both in the world and in our republic. For this reason, it is very important to
study the processes of magmatism in the Nakhchivan MR, where lands unsuitable for the development
of agrocenoses occupy a large area. Various categories of risks and hazards caused by the influence
of magmatism processes were calculated by performing certain calculations through the GIS program.
Effusive and intrusive magmatic processes have created conditions for the creation of various landforms on
the earth’s surface. At the same time, the scale of these underground processes in the area of our research
determined the diversity of minerals and the abundance of mineral waters. This has led to the acquisition
of important land for the development of agrocenoses in various sectors of our research area, which has led
to an increase in risks and dangers. He calculated the risks and hazards caused by magmatism in the area
in different categories. The study of magmatism processes is very important when placing any infrastructure
object. This is of practical importance for accommodating the various agricultural fields that currently exist
and will be established in the future in the area where we are conducting research.

Key words: magmatic processes, agrocenoses, relief, intrusion, effusive, morphostructure.
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HaxublBaH MEMAEKETTIK YHMBepcuTeTi, O3ipbarkaH, HaxubiBaH K.
e-mail: leyla_meherremli91@hotmail.com

ArpoueHO3AbIH, AAMYbIHA MarMaTTbiK, MPOLLECTEPAiH, acepi
CoHfbl KE3AEPI DAEMAE A€, pecnyOAMKambi3Aa A TYbIHAAYbl MYMKIH a3blK-TYAIK TarlibIAbIFbIH

GOAABbIPMAY YLLIH ayblA LIAPYALIbIAbIFbI XEPAEPiH TUIMAI MarAaAaHyFa epekile Ha3ap ayAapy Kaxer.
Ocbl cebenTi arpoLeHO3AaPAbl AAMbITYFA XKapPaMChI3 XXEPAEP YAKEH ayMakThl aAbIMn >kaTkaH HaxubiBaH
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JLII. U6parumosa

MP-aa MarMaTu3m npouecTepiH 3epTTey eTe MaHbI3Abl. MarmMaT13Mm NpoLecTepiHiH 8cepiHeH TyblIHAQN-
TbiH TOYEKEAAEP MEH KaYinTepAiH opTypAi kateropusiaapbl [AXK GaraapAamachl apkbiAbl OEATiAl Gip
ecernTeyAep >KYPridy apkbiAbl ecenTeapi. DPdY3UsAbIK, XKeHe MHTPY3MBTI MarMaAblk, MpoLecTep Xep
6eTiHAE 9PTYPAI peabed hopmanapbiHbiH Naiaa 60AybiHa XaFaai >kacaabl. CoHbiMeH Gipre 6i3aiH
3epTTey aymMarblHAQFbl OCbl XKEP aCTbl MPOLECTEPiHIH ayKbIMbl ManMAaAbl KazbaAapAblH 9PTYPAIAIriH
>K&HE MUHEPaAAbI CYAapPAbIH KOMTIriH aHbiKTaAbl. ByA Gi3AiH 3epTTey anmarbiMbI3AbIH OPTYPAI Canana-
pbIHAQ arpOLLEHO3AAPAbI AAMbITY YLLIH MaHbI3AbI XKEPAEPAT aAyFa BKEAIN COKThl, OYA TOYEKeAAEep MeH
KayinTepAiH apTybiHa akeaai. OA alMmakTarbl MarMaTM3MHIH 8cepiHeH GoAaTbiH KayinTepAi 8pTypAi
KaTeropmsaap OorbiHIIa ecenTeai. Kes keAreH MHMpPaKypbiAbIM OObEKTICIH OpPHAAACTbIPYy Ke3iHAE
MarmaTm3m MpoLecTepiH 3epTTey eTe MaHbi3Abl. byA 6i3 3epTTey »yprisin >katkaH aimMakTa Kasipri
yakbITTa 6ap »keHe 6oAallakTa KypbIAATbIH PTYPAI ayblA LLAPYaLLbIAbIFbI ©PICTEPIH OPHAAACTbIPY YLLIiH

MPaKTUKAAbIK, MaHbI3AbI.

TyiiH ce3aep: Marmaanblk, mpouecTep,
MOP(OKYPBIABIM.
BBenenne

B dbopmupoBanum penpeda 3eMHOM MOBEPXHO-
CTH TIOMHMO 9K30T€HHBIX MPOIECCOB MOpdorenesa
3HAYUTEILHYIO POJIb UTPAIOT MarMaTHYeCKUEe Mpo-
meccel [23,24]. MarmMaTtu3m IpOsBIISISICH 371€Ch TI0U-
TH BO BceX (opMax JIesITeIbHOCTH (TTy TOHUYECKOMH,
9KCTPY3MBHOM, BYJIKAaHUYECKOW) MPEIONpPEaeIIHII
(opMUpOBaHHNE TIOJHOTO KOMITJIEKCA a/leKBaTHBIX
mopdoctpyktyp [1]. U3yueHue poau mMarmarusma
B (hopMupoBaHUU pernbeda MO3BOIISIET MPOCISAUTh
YCIIOBUSI TEOJUHAMHYECKOTO DPAa3BUTHS TEPPHUTO-
puH, U3yueHHe 3aKOHOMEpHOCTel, 00pa3oBaHus U
pacrpenencHuss MECTOPOKACHUH TOJIE3HBIX HCKO-
MaeMbIX, B TOM YHCJIE YBEIUYHMBAET PUCK W OIac-
HOCTB, ¥ 3TO BJIHSET K Pa3BUTHIO aprOIEHO30B. DTO
MpeIoTBpaIlaeT uX pa3BuTHe. B 3ToM OTHOIICHUH
paccMOTpeHHue JaHHBIX BOIIPOCOB Ha IPUMEpPE Tep-
putopun HaxupiBanckoir AP, xapakrepusyromeii-
Csl 3HAYUTENIHBIM Pa3sHOOOpa3ueM U CI0KHOCTBIO
(M3UKO — reorpapuIECKUX yCIOBUNM M OOTaTCTBOM
MPUPOJIHBIX PECYpPCOB, OINpPENENsIeT aKTyalbHOCTh
pa3pabaTbhiBacMOU TEMBI.

Ha ocHoBe cxembl (usnko—reorpaduaecko-
ro paiionupoBanusi HaxdpiBaHCKOW ABTOHOMHOM
PecnyOnuku, xoropas menurcs Ha lapyp-Opmy-
Oanckyo u ['yHTIOT-I ambDKUKCKYIO TIPHPOTHBIC
paiioHsl, BXoAUT B coctaB CpeaHeapakCHHCKOM
win HaxupiBaHcko# mpupoaHoil obmactu. Pacmo-
JIOKEHHas Ha Iro—3anajie ropHoi cucrembl Maso-
ro KaBkasa, o0yiacTh rpaHUUUT Ha IOr0-3amaje 1o
peke Apasa, Ha ceBepO-BOCTOKE — BOJIOPA3EIIbHOM
nuHuel 3anre3ypckoro u Jlapamare3ckoro XxpeOToB.
CpenHsisi BO3BBIIICHHOCTh HAJl YPOBHEM MOPSI CO-
craBisieT 1450 meTpoB.

Marmatu3M — reoJIOTHYECKHEe IPOIIECCHI CBS-
3aHHbBIE ¢ 00pa30BaHUEM MarMbl, IepeMeIlcHHEM e
B 36MHOW KOpE M M3JIHUSHHEM €€ Ha IOBEPXHOCTH,
B TOM YHCJIE JIEATEIBHOCTh BYJIKAHOB (BYJIKAHU3M)

arpoueHo3Aap,

achcpysms,

peAbed, MHTPY3u4,

[17,19]. DTo oTHOCUTCSI K UHTPY3UBHOMY U 3 dy-
3uBHOMY MarmatusMmy. @opwmbl penbeda, cBs3aH-
HbIE C UHTPY3UBHBIM MarMaTH3MOM, MOTYT OBITh
KaK pPe3yJIbTaTOM HEMOCPEICTBEHHOTO TpernapH-
pOBaHMS MarMaTW4ecKux Ten (0aToNNTOB, JAKOI-
JUTOB U JIp.), TaK U CIEACTBUEM IPETapHpOBAHUS
WHTPY3UBHBIX MarMaTH4YeCKHX Tell, KOTOpbIe, He-
peako Ooiee yCTOWMYMBHI K BO3JCHCTBHIO BHETI-
HUX CHJI, YeM BMEIIAIONINE X OCaJ0YHbIE TTOPOBI
[18,21,25]. InTepec kK pacMOTPEHHUIO POJIM MarMa-
TH3Ma B (DOpMUPOBaHWU penbeda U BIUSHUE apro-
neco3oB HaxusiBanckoiu AP [5,6,9,11,12].

MartepuaJibl 1 METOABI HCCJIETOBAHUS

OCHOBHOH 1eNbI0 UCCIIeOBaHUS OBUIO M3yYe-
HUE MpoOJeM, BOSHUKAIOUIMX NPH PAa3BUTHUH Mar-
MaTHYECKUX MPOLIECCOB U MX BIMSHUNA HA PA3BUTHUSA
arponeHo30B. [Ipu TOM MBI HCTIOIB30BAN TaHHBIE
paHee NPOBOAMMBIX HCCIIEI0BaHUH, (POHIOBBIX Ma-
TEPUAIIOB, HAPSIY TONOIPAUUECKUMH U APYTHMHU
crienuanbHeIMU KapTamu, « DEM» ¢aiinsl TeppuTo-
puu [20,22].

B npenenax HaxusiBanckoii AP, koMruiekc a¢-
(y3MBHO — MHUPOKIACTUYECKUX MOPOA Pa3BUT Ha
JBYX H30JMPOBAHHBIX JAPYr OT ApPyra y4acTKax.
IMepBbiit U3 HUX TUIOMIAABI0 185 KM? pacroiiokeH
B ceBepo—3anagHoil yactu Opay0aacKkoro CHHKIH-
Hapus Ha CTbIKE 3aHre3ypckoro u Jlapaiare3ckux
XpeOTOB, a BTOPOii MI0ImaaAp0 18 KM? pacrnoiokeH
B nipeaenax lapypo—/Ixynb(pUHCKOTO aHTHKINHA-
pus [2-4] Ilo MHEHHIO aBTOPOB M3BEp)KEeHHE OBLIO
HazeMHOe (cy0OapenbHoe), IICHTPAIbHOE U MPOSBU-
J0Ch B Tpex (azaxX, KOTOPHIM OTBEYAIOT BBIJCIICH-
HbIE TOPU30HTHL. AHaIM3 MOP(OJOTHUECKUX OCO-
OeHHOCTEW M 3aKOHOMEPHOCTEH paclpoCTpaHEeHUs
M3BEP)KEHHBIX TOPOJI, CIAralolux OHYEeHAKCKYIO
TOJIILY, MIOATBEPKIAET 3Ty TOUKY 3peHus. B Bepx-
HeM TedeHnn Kiokrouas Ha 10ro — 3amaiHoM CKIIOHE
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r. CHHOD, F0)KHOM CKJIOHE T. Aria0aH, ceBepo — 3a-
[1aJJHOM U 3aIlaJJHOM CKJIOHax I. CanbBapl, I0:)KHOM
1 I0T0 — BOCTOYOM BepIIMH Yurapaam u Tormyra-
sICbI MOP(OJIOTUIECUKH YCTaHOBJICHBI TPH JIABOBBIX
rnoroka. B BepxHux TeueHusax pek buuenak, ['emrop,
lopuaii, 3apHaTyH, 3TH JIaBOBBIC MTOTOKH 00pa3y-
IOT B COBPEMEHHOM pelibede TpU SPKO BBIPAKECH-
HBIX CTYIEHH.

PesynbTaThl 1 HX 00cy:KIeHHE

ITopoab buuenakckoil TONIIM, IPEACTABICHHbBIE
aHJ/Ie3UTaMH, aHJe3UTO-0a3abTaMH U UX MTUPOKJIIa-
CTOJIUTAMU, 3aJIEral0T HA UHTEHCUBHO JUCIOLUPO-
BaHHBIX U COOPAHHBIX B CIAJKH Ty(POKOHIJIOMEpa-
Tax ¥ BYJIKAHOT€HHO-OCAJOYHBIX MOPOAAX HOLICHA.
Ha ocHoBe m3y4eHHs MOBEPXHOCTH MTOTPeOEHHOTO
penbeda u pa3pe3oB, CHATHIX HA Pa3HBIX Y4aCTKAX
TEPPUTOPUH, YCTAHOBJICHO, YTO W3BEPraBLIMICS
MaTepHuall pacnpoCTPaHSIICS B 3aBUCUMOCTH OT Xa-
pakTepa IpeBHEro pejibeda, KOTOPhIH ObUI 3HAYH-
TENBHO (PparMEHTUPOBaH. bUdYeHakckas ToOJIIA B
npenenax barabarckoro m Hopc — TrIpkemickoro
MporuOOB MMEET HAWOOJIBIIYH MOIIHOCTH 915 M,
a B npenenax Kaparyselickoro nogHsaTis HAMMEHb-
myto 420 m. JlaBbl, u3nMBIIKAECS B TIEpBYIO a3y,
3aHUMAIOT OoJiee OOLIMPHYIO IJIOMIAJb U WX KOH-
TaKT UX C JIPSBHUM pelibe(hOM BBIpaXKEH HanOoJee
oTueTIBO. COBpEMEHHBIE YIIEIbsl BEPXHUX Teue-
nuii [llaxOy3uass 1 HaxuymBaH4as COOTBETCTBYET
JIPEBHUM, JOJIMHAM, BOZHUKIIUM 1O HU3BEPKCHUM.
B pesynbrare MHTEHCHBHOW TITyOWHHOW 3pO3WH B
VIIENTbIX YKA3aHHBIX PEK CKPBITHI MOIOMIBEI JIaB U
KpPOBJISl MHTEHCUBHO IUCIONUPOBAHHBIX BYJKAHO-
FEHHO-0CaJ0YHBIMU [TOpoAamMu 3o1eHa. Ha ocHoBe
MPOCJICKUBAHUS KOHTAKTOB OWYEHAKCKOW TOJIIIH
C BYJKAHOTCHHBIMH U BYJKAHOTC€HHO-OCAJIOYHBIX
[OPOJAaMHU 3OLIEHA B YILIENbSIX BEPXHUX TEUCHUHU
HaxypiBaHuass 1 ee MPHUTOKOB BBISBICH XapaKTep
npeBHero penbeda. MHTEpecHo, 4TO 00K COBpe-
MEHHOTO peibeda, 00pa3oBaHHOTO paHHEILIHOIC-
HOBBIM BYJIKAHM3MOM, C MOP(OJIOTUYECKON TOUKH
3pEHUS MOBTOPSIET TJaBHBIC YEPTHI IPEBHEIO pe-
needa, XapakTep CTPYKTYpHBIX ocobenHocTeit. [lo-
PO/l OMYEHAKCKOHN TOJIIY UMEIOT 0OJIBIIIOE Pa3BH-
THE, HAUUHAACH C I0r0-3aMMaIHOTO CKJIOHA BEPIIMHbI
r. Cunop /lapamaresckoro xpe0Ta, MPOTATHBAIOTCS
0 BepmmHBI T. ['ssgukmar 3aHre3ypckoro xpeod-
ta. Bepmmasel rr. Kewanmar, Arpmaban, CanBapp,
Jxamplionan, Ydrapzail, pacrojio)KEeHHbIE Ha
BOJIOpa3nenax 3aHresypckoro u Jlapamaresckoro
XpeOTOB, SBISIOTCS LEHTPaMU W3BEPKCHUU, T. €.
BYJIKAHUYECKUMH KOHycaMu. JlaBa, n3nuBluascs u3
ATHUX [IEHTPOB, PACTEKAIACh BO BCEX HATIPABJICHHUSIX,
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00pazys cTyneHYaThIe JaBOBBIC TIATO M MOTOKH.

JlaBBI B 3aBUCHMOCTH OT XapakTepa CTPOSHHS
JIPEBHETO pelbeda 00pa3yroT JBa TUMA IUIATO: Clia-
0odparMeHTHPOBAaHHBIX U cl1abo (hparMeHTHPOBaH-
Hble — cTyneH4aTsie. CrnabodparMeHTHpOBaHHBIC
J1aTo, 00pa30BaBIIMECs BO BTOPOH OCHOBHOU (hase
u3BepKeHHs B mpenenax Kaparyseiickoro moa-
HATHS 3aHUMAOT OOMIHMPHYIO IUIOManb. B paiione
r.CUHOp U ceBepHee ¢.3epHel MIaTo 00pa3yeT Bbl-
MYKJIYIO IOBEPXHOCTH € YKJIOHOM A0 15°. OcHOBHOM
MIPUIHHHON TaKOW MOP(HOIOTHIECKOM 0COOCHHOCTH
TUTATO SIBJISIETCS TIEPEKPBITHE JTABAMH IPUITOIHSATOTO
mapuupa Konagaiickoil aHTUKIMHATIN OJUTOLICHO-
BOTO BO3pacTa M MPUYPOUCHHOCTHIO €€ K ILTHOIEHY
— gyerBepTuuHbIM bamgamisi-I1llapypckoit u 3epuen-
Opay0anckoll aHTHKIMHAIBHEIM 30HaM.Haobopor,
B paiioHe I. Takajauk IJaTo UMEeT O4YEeHb MOJIOTHI
VKIJIOH U siBJsieTcs cnabodparMeHTHPOBAHHBIM, YTO
CBSI3aHO C MEPEKPBITUEM JIaBaMU CpEIIHE — MO3/IHE
MHOILIEHOBOM TTOBEPXHOCTH BhIPABHHUBAaHUSA. AHAJIO-
THYHOE SIBJICHUE HaOJI0aeTCsl B BEPXHEM TCUCHUN
Hopcuas Ha 1oro — 3amagHom cknone r. Tormyra-
sicbl. W 31ech M3-110/1 JTaBOBOTO IUIATO C YKIOHOM
noBepxHocTH B 10°-12° oOHaxaroTcsi (parMeHThI
MOBEPXHOCTH BBIPABHUBAHUS CPEAHE — MO3IHEMH-
OIIEHOBOI'0 BO3pacTa. B palionax o03. ['anibirens,
Barabart u rr. CanBapp, ['emrop, Tornyras moBepx-
HOCTH JIaBOBOT'O IIATO OCJIOXHEHBI IIMPKOOPA3HBI-
MH (hopMaMu, MOP(OTOTHICCKH CXOKIMH C JICTHU-
KOBBIMH 00pa3oBaHUsIMU. Psii aBTOpoB 3TH (HOpMBbI
MPUHUMAIOT 32 JIEAHUKOBBIC 00pa30BaHUs — HUPKU
n kapel. MccaenoBanus [7, 8] MOKa3bIBAIOT, 9TO ATH
(OpMBI TEHETHYECKH HE UMEIOT HUYEro OOILIEero C
JeHUKOBBIMU (hopmaMu perbeda U 0Opa3oBbIBa-
JIUCH BJIOITh TEKTOHMYECKUX PAa3PhIBOB B PE3yIIbTATE
IpaBUTAMOHHO — OJIOKOOOPA3HOTO OCENAHHS.

[Topoap! OMUEHAKCKON TOJIIM JINTOJIOTUIECKU
TIPEJICTABIICHBI aHIe3UTaMH, aHE3UTO-0a3aIIbTaMH,
TyQOOpeKUnsIMI U arjJoMepaTOBBIMHU JIABAMH, KO-
TOpBIE XapaKTEePU3YIOTCS MOPUCTOCTHIO, TPELIHHO-
BaTOCTHIO M BBICOKOH CTEMEHBIO BOIOMPOBOINMO-
cTbi0. [I0BEpXHOCTHBIE BO/IBI IPOCAYNBAIOTCS B 3TH
MOPOBI, TOXOIAT 10 CPEIHEIOIEHOBBIX 0CaJOYHBIX
Y BYJIKAHOT€HHO-OCAI0YHBIX OTJIOKEHUU, KOTOPBIE
CIIEMEHTHPOBaHbl TJIIMHUCTBIM MaTEepPHaIOM M TI0
KOHTakTy o0pasytoT motoku. Ilo mepe pasBuThs
[IOA3€MHOM 3PO3UOHHOMN EATEIBHOCTH ATUX MOTO-
KOB M BBIHOCA MEJIKOTO MaTepualia U3 HIDKHHX T'0-
PHU30HTOB OMYEHAKCKOM TOJIIN MPOUCXOANIO OCe-
JTaHWE BBIIIEISKAIINX CJIOEB TOJNIIN M CIOJ3aHHUE
WX TI0 TIOBEPXHOCTHU 30IICHOBBIX OTIOKEHHH.

K cyOBynkannueckuM QanusiM OTHOCSTCS OJn3
MTOBEPXHOCTHBIE T'€OJOTHYECKHE Tela CII0KEHHBIC
3aCTBIBIIMMH, YACTHYHO WJIH TTOJIHOCTBIO MIEPEKPH-
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CTaJUIM30BaHHBIMU JaBaMH, 0e3 (IIIONAaIbHOCTH,
MOJIOCYATOCTH U IPYTUX TEKCTYP TEUECHUS — CUILIBI,
HITOKH, JIOKAJUTUTBI, KPyThle JallKu, OOJbIIAs YacTh
KOTOPBIX PACIOJIOKEHa B BYJIKAHUYECKUX KOHYCO-
o0pasHbIX oOpasoBaHusax. [lo mopdomorun m xa-
pakTepy 3aJieraHus 3TH Tela CXOJHBI C OOBIYHBIMU
MHTPY3USIMH, HO OTJIMYAIOTCS OT HUX 3P Py3UBHBIM
O0OJTMKOM CJIaraoluX MX MOpoid u Ooiree cirabbIMu
KOHTaKTOBBIMH HU3MeHeHusMH. [lopoasl cyOByI-
KaHUYECKUX WHTPY3HH OOBIYHO JHIIEHBI TEKCTYp
TEYEHMs], BECbMa pACHPOCTPAHEHHBIX B IOpOJax
3¢ }y3UBHBIX, SKCTPY3UBHBIX H KEPIIOBBIX (allHsX.

[Ipn 3KCTpY3MBHOM THIIE H3BEPKEHHS MPOUC-
XOIMT BBIAABIMBAHUE JIaBbl HAXOJSIIINECS B BSI3KOM
WIN YK€ 3aTBEpP/EBIIEM COCTOSHUHM Ha MOBEPXHO-
cti. PopMa SKCTPY3UBHBIX TEJ 3aBUCUT OT (HOPMBI
BYJIKAHMUYECKOI'O KaHaJla, Yepe3 KOTOPbII OHU BBI-
JTABJIMBAIOTCS. DKCTPY3UBHBIE 00pa30BaHUS UMEIOT
¢dbopmy KymnonoB, Uri1 1 00enuckoB. CocTaB MarMel
MIPEUMYILECTBEHHO CpeaHUN M Kuciablid. Hacto y
TIOJTHOKHUS IKCTPY3UBHBIX 00pa30BaHUil CKOIIJIEHNE
00JI0MOYHOr0 MaTepuaia, c(HOPMHPOBABIIMUCS B
pesyibTaTe 4acTUYHOI'O OOpYILIEHHs KyIoja IIpH
BBDKMMaHUM HOBBIX NOpHWH naBel. Haubonee pac-
npocTpaHeHneM Ha Tepputopun HaxusiBanckoit AP
MarmMaTu4eckue MOp(OCTPYKTYpHI, OOYCIOBICH-
HBbIE DKCTPY3MBHBIM THUIIOM H3BEpKEHHS (IKCTPY-
3uBHBIe Kynosa Mnnapar, Anunmka, Haramkup,
Kyrannmar u np.), KpynmHeHIas u3 KOTOPBIX SBIIS-
eTcst 9 QEeKTHO BBIpaKEHHBIH HA OHE MTPEeArOpHOH
HaKJIOHHOW paBHUHBI MOIIHBIN AKCTPY3UBHBIA Ky-
MOJIOBUJHBIN MaccuB Mnanaar. DKCTpy3UBBI paHe-
TUTMOIIEHOBOTO BYJIKAHW3Ma MMEIOIINE pa3InyHbIe
MopdoIoTnIecKre 0COOCHHOCTH Pa3BUTHI B Ipee-
nax Opnybanckoro cuakinuHOpHs B [lapagamickom,
Hopc — Teipkemnickom n HaxubiBaHCKOM Iporuoax.
ITo mopdonornueckumM 0COOCHHOCTSIM SKCTPY3HUBBI
00Be/IeHEHBI B JIBE TPYIIIHI — KyM0JI000pa3HbIe dKC-
TPY3UBBI 1 SKCTPY3UBHBIC TPSIBL.

Kynonoobpasnule 3xcmpy3uenl, S5XCTpy3UBHbBIE
KyTIO0JIa OTYETIIMBO BBIPAXKEHBI B peibede 1 Xopouio
COXPAaHEHBI JI0 HACTOSIIETo BpeMeHu. J1o Mnannar,
Amunmxka, Haramxup, Wapyp, Acankusg. [o [9]
3TH KyIOJIa IPOPBIBAIOT OTJIOKEHHSI OT IajeoleHa
JI0 HIDKHETO TIJTMOLIEHA, B CBSI3U C YeM OH OTIpeies-
€T UX BO3PACT KaK PaHHEIUTHOLECHOBBIN.

Cpenu 5KCTpY3MBHBIX KYIOJOB CaMblid KpyIl-
HBIH M PE3KO BBIPAXKCHHBIH B penbede — 3TO T.
Wnanpgar, KOTOPBIA pacroyioKeH Ha JeBoM Oepery
Anunmxkadas, B npenenax Ilapajgaiickoro Haio-
>KeHHOTO Tporuba. OH TpUYypOUYEH K BOCTOYHOMY
kpelny Aixu-1lapypckoil aHTHKIMHATBHON 30HBI
U INpeICcTaBisieT co00M M30JMPOBAHHYIO KYIIOJIO-
00pa3Hyl0 BO3BBIIIEHHOCTb. JKCTPY3UB 00pa3yer

KpPYyTHhIE CKJIIOHBI, OOPBIBAIOIIUECS K Pa3MBITON IT0-
BEPXHOCTH BEPXHEDOIEHOBBIX OCAJOYHBIX TOPO/I.
Ota ropa ¢ 3yO4yaToOi BEpIIMHOI XOpOLIO BUAHA
MIPAKTHYECKNA CO BCEX YTOJKOB TEPPUTOPUH aBTO-
HOMHOH pecryOmmku. OcoOeHHO XOPOIIO OH BUJCH
u3 r. HaxusiBane. [IpekpacHoe mMopdonoruyeckoe
BeIpakeHne Wnanmara B penbede 0OBsCHICTCS
(opMoOl MarMaTH4YeCKOTo Tella W TTporpadude-
CKMM COCTaBOM Cclararoumx mopoja. Bepxymika
SKCTPY3UBa Pa3[BOCHA MEPEMBIUKOU, OTAEISAIOMIECH
3armagHyl0 BEpUIMHY OT BocTouHOW. Takas ¢op-
Ma MPUAAECT € HEKOTOPOE CXOJCTBO C PACKPBITOMN
3MEUHOM MacThlO, OTKYAA M MPOU30LUIO HAa3BAHUE
Wnanmar. DKCTPy3UB 3aHUMAET 3, 8 KM? IIIOIIAIH.
OTHOCHUTENbHAS BEICOTA TOPBI HAJ MTOJOMIBOM — 750
M. Paspymasice BIoab cTOiI0YaThIX OTAETBHOCTEH,
TIOPOJIBI ClIararoIIre SKCTPY3HB, 00Pa3yIOT Ha CKIIO-
HaX KOJUTIOBUAJIbHBIC MITICH]BI.

Llapypckuii sxkcmpy3us pactioNoXKeH K 3ara/l-
ceBepo-3amany OT dKcTpy3mBa Wnanmara, Ha mpa-
BOM Oepery Anmnmpxadas mexay Lapyp u c. Can-
tax JxynbeduHCcKOrO paiioHa. Mopdomorniecku
ATOT KYIIOJ TPEACTaBIsIET COO0H KOHYCOOOpa3HyIo
BO3BBIIIEHHOCTh BBICOTOM 1587 M, maHe uMeeT
OBAIbHYIO (POpPMY, BTSIHYTYIO B CEBEPO-BOCTOYHOM
HarpasiaeHud. OH npuypounBasich K lacta-Kyran-
IlaI‘CKOI‘/'I AHTUKJIMHAJIN TIPOPLIBACT HUIKHE, CPCIAHEC
— U BEpXHEIIUTOLICHOBHIC TTOPOJBI U CIOXKEH aHe-
3uTO — manuTtamiu. [lmomanp KkcTpy3uBa cocTaBis-
et 0, 6 kM°. BpicoTa 9KCTpy3HBa OTHOCUTENBHO JHA
bananuspckoit kKoTnoBUHBI focTUraet 350 M, a pyc-
na peku AnmHmxadaid — 460 m [11, 12].

Anunooicunckutl 2xkmpy3ue pactooKeH Ha Tpa-
BOM Oepery AnWHKavas, y cell. XaHara, B 5,5 KM
K ceBepo-3anajay ot Mianjgara u B 3,5 KM K ceBepo
— ceBepo — BocToky oT apypa. [TpuypoueH k cBo-
JIOBOM YacT XaHArMHCKOW aHTUKJIMHAIH U UMEET
KymonooOpasHyto ¢opmy. B 1urane mmeer dopmy
ayIuICca, 00JIbIIas OCh KOTOPOrO OPUEHTHPOBAHA B
CEeBEepO-3araHOM HanpaBieHHH. MopQoIornuecku
9TOT KYIIOJI TIPEACTaBJICH TpeMsi BepIIMHAMHU. AO-
COJTIOTHASI BRICOTA IKCTPY3uBa 1820 M, OTHOCUTEIb-
Has — 570 m (Hag pyciom Anumamkavas). OOrias
mromanb skcrpysusa 1,3 km?. Ha ckionax Habro-
JAr0TCs IUTeH(BI KOJUTIOBUAIBHBIX 00pa30BaHHA.

Hazadorcupcruii sxempy3us pactonoxer B 10 km
K CeBepo-3amay OT dKCTPy3UBa AJMHIKA U BBITS-
HYT B CEBEpO-3amaHOM HampasieHnu. Ero roro-3a-
A HBIN CKJIIOH OOpBIBUCTHIN. [1nommank cocraBuseT
3 KM%, ©IMEET BHJI CTOJI000Pa3HOM BO3BLIIICHHOCTH.
[oBepxHocTh Haramkupbl uMeeT miaTooOpasHyro
(dopmy. IOro-Bocrounass yacTh (hparMeHTHpPOBa-
Ha Ha HECKOJIBbKO TPOMAJHBIX IO BEIHMYUHE TIIHIO C
BECbMa OCTPBLIMU BEPIIMHAMMU. CnenyeT OTMCTHUTH,
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910 3TH (HOpMBI penbeda PUCYIOT ONpeleICHHYIO
JIUHUIO TITyOMHHOTO pasjioMa, B0 KOTOPOTO OHU
PacroyioKeHbl, KpOME TOr0, K 3TOW JTMHUH NPHYPO-
YEHBI BBIXO/Ibl MUHEPATBHBIX HCTOYHHUKOB.

KynonoBuznHbsle  BO3BBILICHHOCTH, COTJIACHO
[15, 16], moMrMO MOP(OrEeHETHIECKOTO B IPOTHO3-
HO-MUHEPAareHNYeCKOTO 3HAYeHUs, MPEICTaBISIIOT
OTPOMHBIM MHTEpeC M B majieoreoMopdooruye-
CKUX PEKOHCTPYKIMsIX. JlaHHBINA (akT MOXKET BHE-
CTH CYIIECTBEHHBIC KOPPEKTHBHI B HEBEPHO yCTa-
HaBJIMBaeMble BEJIMYMHBI JIEHYJALMOHHOTO Cpe3a
U B OIPOBEP)KEHUM IPEICTABICHUI O HEBO3MOX-
HOCTH COXPaHEHUsI IPEBHUX IMOBEPXHOCTEH BBIPAB-
HUBaHUS, MTOTOMY YTO BYJKaHHYECKHE HACTPOUKH
SIBIISISICH HAJICTPOCYHBIMH, HACAKEHHBIMH (hopMaMu
— UHJUKATOpaMHM, XapaKTepU3yIOT CTETEeHb IeHY 1~
POBaHHOCTH peibeda.

Ixcmpysuenvie epaowvt. Kapamxanan — Kbi-
3pUIJIArCKasi SKCTPY3UBHAS TPsAfa pacrojioKeHa Ha
ceBepHoM Oopty HaxubiBanckoro mporuba, ¢op-
MHpPOBaHUE KOTOPOW OOYCIIOBJIEHO paHHEIUIHOIle-
HOBOH (M30THC — HOHT) MarMaTHYECKOW NesITelb-
HOCTBIO, MpPOSIBUBLICHCS BIOJb HaxublBaHCKOTO
rIyOMHHOTO pasioma. I'psaa Ha ¢hoHE WHTEHCHBHO
(parMeHTHpOBaHHOTO penbeda,odpasyeT pe3Ko
BBIPQKEHHYIO  BYJKAaHHYECKYI0 MOP(OCTPYKTY-
Py, IpeICTaBICHHYIO 3KCTpy3uBamu Kapamxkanad,
I'ypnar, Toipawm, I'yneiiornun, I'ynnar, Mucaar,
Keieimboras u Keseuigar. Bmons rpedHeBoM yacTi
IpsAABl OHU 00pa3yloT KOHYCOOOpaszHbIe M KYIIO-
71000pa3Hble BO3BBIMIEHHOCTH C OTHOCHTEIHHBIMHU
Bbicotamu 100 — 125 M 1 oTaeneHs! Ipyr oT apyra
HernmyOoKkuMH cejioBruHamMu. Ha mepeceuenun mo-
MEPEYHBIX TEKTOHMYECKUX Pa3JIOMOB M ITyOWHHBIX
Pa3JIOMOB Irpsijia OTCTaBaja ot odIero 6J0koo0pas-
Horo noxHATuA. Kpome 3TOro, BCIenCcTBHE TEKTO-
HUYECKOW (parMEeHTALMH MTOPO/I, Pa3pyLIUTEIbHbIC
MPOIIECChl HAa y4acTKaxX IepecedeHus] TEKTOHHWYe-
CKUX HapyllIEHHH NpoTeKaau Oojee WHTEHCHBHO.
B pesynbrare 3TOro Mexmy 3KCTpy3uBaMH 00pa3o-
BaJIMCh CEUIOBUHBL. Mop(dosiorust yKazaHHbBIX 3KC-
TPY3UBOB B OINPEICICHHON CTeIIeHH 00yCIOBICHA 1
XapaKkTepoM U3BEPIKEHUN U PU3UKO — XUMHYCCKUM
COCTaBOM Marmbl. B maHHOM ciydyae mMarma nmena
KHUCJIBIM U BA3KUI COCTaB, KOTOPBIM 3aTPyIHSII €€
nmemkenne. Jlommaer Kaxabuas, Cupabuas u [lop-
cydas, mepecekasi Tpsiibl 00pa3yroT y3Kue, riy0o-
KH€ CKBO3HBIE JOJIMHBI C KPYTHIMHU CKJIOHAMH.

Kanvopvr u xpamepuvi. IloMuUMO KOHCTPYKTHUB-
HBIX (AaKKyMYJSTHBHBIX) BYJIKaHHYECKHX MOp(o-
CTPYKTYp, npenenax HaxubiBanckoit AP pa3BUTBI
TaK)Ke JIECTPYKTUBHBIE (pa3pyIIUTEIbHbIE) UX Pa3-
HOBHMJHOCTH, NPEICTABICHHBIE B OCHOBHOM KaJb-
JepHBIMH KOTJIOBHHAMH W Kpatepamu. brmaronmaps
3HAYUTENHFHON IPEBHOCTH BYJIKAHUYECKUX TTOCTPO-
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€K, KpaTepbl BYJIKAHOB YHUUTOKEHBI U [TIO3TOMY 3TH
(OpMBI 371eCh TOYTH HE BBLACISAIOTCS (HE HCKIIO-
YEHO YTO OTMEeYaeMble YrIIyOJIeHHs B TIPHUBOIOPA3-
nenbHOM yactu Jlapanmaresckoro xpe0Orta, yacTHy-
HO 3aHATHIE 03epa, UMEIOT KpPaTepHYIO TPHUPOAY).
Kanpaeprl, coOTBETCTBYys apeajlaM HWHTEHCHBHBIX
BYJIKAHWYECKUX W3BEPKEHHH, 00pa3oBalNCh, Kak
MPAaBWJIO, B 30HAaX COUYJIEHEHUS MHOTOYMCIIEHHBIX
paspbIBHBIX HapylieHuid. JlyroBast (koJblieBas)
KOHQUTYpaluss TPeIonpeesieT XapakTep pas-
pYLIEHUsT U OBAJIbHOE OYEepTaHHWE Kajbjaep B ILIa-
He. KpoMe 3Toro B CTpoeHUH B MOPQOIOTHIECKOMH
KOHTPAacTHOCTH HanOoJIee XOPOLIO COXPaHUBILUXCS
B COBPEMEHHOM pelibede KalbJep CYIIeCTBCHHAs
POITb IPUHAIJICKUT BHEITHUM HX O0paMIICHUSM.
®dopMmbl penbeda, CBA3aHHBIE ¢ WHTPY3HBHBIM
MarmMaTu3MoM, MOTYT OBITh KakK pe3yJbTaToM He-
MOCPEACTBEHHOTO BIIMSHUS MarMaTU4ecKuX Tell
(6aToNMTOB, JIAKKOJIUTOB M ZIp.), TaK U CIEJCTBH-
€M TIpenapupoOBKH HHTPY3HBHBIX MarmMaTU4eCKHX
MOpOJI, KOTOpPhIE KaK y)K€ YIOMHHAJIOCh, HEPEAKO
SBIISIIOTCS 00JIee CTOWKMMH K BO3JICHCTBHIO BHEIII-
HUX CWJI, Y€M BMEIIAIOIINE UX OCaI0UHBIE TOPOJIBI.
WnuTpy3uBHBIE MOP(OCTPYKTYpPHI, BCTpEUaEeMbIe B
npenenax ucciaepyemoi wactu Manoro Kaskasa,
00pa30BaUCh B PA3UYHBIX YCIOBUSAX U B Pa3JIN-
HBIE Teosiorndeckue smoxu. [loatomy oHM pesko
OTJIIMYAIOTCSL 10 CTPOSHHIO CTPYKTYp, Mopdome-
TPUYECKAM OCOOEHHOCTSIM 1 00pasyromumM popmam
penbeda. UHTpy3uBHBIE MOPHOCTPYKTYPBI pa3BUTHI
B IEHTPAITbHON YacTH 3aHre3ypcKOro TopcTOBOTO
MOJIHATHS, B CEBEPO — BOCTOYHOM M BOCTOYHOM Tie-
pudepusix Opaybdanckoro cuHkiIuHOpUsi, B Ilapa-
nmamnickoM mpornde um KaparroszelckoMm IMOJHATHH.
[To coXHBIM TETPOJIOTHYECKUM U MOpQoIorude-
CKHM OCOOCHHOCTSIM, CaMOi KpyTOW HHTPY3WBHOMH
MOPQOCTPYKTYPOH B HCCIEIyeMOM paiioHe, KakK U
Ha Tepputopun Bcero Manoro KaBkaza siBisercs
Merpu — Opnay0ajackuii TpaHUTOMIHBIA OaTOIUT.
PacrionosxeH B 105kKHOI 4acTH 3aHTe3ypcKoro xped-
Ta, 0ATOMUT WMEET ACCUMETPUYHBIA Xapakrep, U
PE3KO BBIpaXKEH B COBpeMEeHHOM penbede. [locme-
OJINTOTICH-TOMHOIICHOBEINT ~ Merpu—Opay0anackuit
noauQa3Hbli rPaHUTOUIHBIN OATOIUT PACHIOIOKEH
Mexay HrioBagu—Jlebaxnmuuckum u Arapax-Ilazma-
PUHCKUM TITyOWHHBIMHU pPa3iioMaMH U COOTBETCTBY-
10T IOr0-BOCTOYHOMY BOJIOPA3JEIbHOMY YYacTKy
3aHTe3ypcKkoro xpedTa, HCIBITABIIETO HAWOOIb-
iee MOAHATHE B HOBEHMIIEM TEKTOHHYECKOM dTalle.
MaccuB B 1esioM 00pa3yeT pe3KO BBIpaKCHHBIN B
penbede, ¢ MMKOOOpa3HBIMU BEPITMHAMHA U TpeOHe-
BUHBIM BOJIOPA3JIEJIOM BBICOKHI XpeOeT MpeJicTaB-
nseT coboil caMmylo KPYITHYI0 MHTPY3MBHYIO MOp-
¢doctpykrypy pernona. B nmpenenax HaxusiBanckoi
AstroHomHoO#i PecryOmuku, on 3anumaet 280 kM.
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Mopdonoruueckue 4epTsl MOPGOCTPYKTYpPHI IIpe-
JIOTIPE/ICTICHBI XapaKTepOM TEKTOHHYECKOTO pas-
npoOnenusi, HamumuueM Arapak-IlazmapuHckoro u
HioBaan—/leOakiaMHCKOro pas3ioMoOB, aMIUIATYIOH
IBIDKCHUH TI0 3THM pa3joMaM, TIETPOIOTHEH 6aTo-
TUTa, KIMMATHYECKHUMU YCIOBUSMHU U peibedoMm,
NpeAONpeACISIIOIIMMHA  XapakTep W HallpaBJeHUE
pPa3BUTHS COBPEMEHHBIX ITPOIIECCOB penbedhoodpa-
30BaHMs. [IpolieccaMu BBIBETPHBAHUS TTOJHOCTBHIO
MOJU(HUIMPOBAH IMEPBUYHBIA penbed TpeOHEBBIX
yacreir Merpu—Opay0anckoro Oaronmra. Bemen-
CTBHE 3THUX (HaKTOPOB BOAOpa3JeNbHAs 4YacTb M
CKJIOHBI 0aTOJIUTa WHTEHCUBHO (PparMEeHTUPOBAHBI
M y TOJHOXUH (DOPMUPOBAIHCH CIIOKHBIE (OPMBI
penbeda-aeHyIalMOHHO-TEKTOHUUECKHE U IPO3H-
OHHO—J/ICHYJJAIIMOHHBIC CKJIOHBI, OOBAaJIbI, OCHIIH,
pocceimu U Jip. 1lo cyT MaccuB mpeacTaBiseT co-
0ol Tpymmy HHTPY3MBOB. Bce WHTpy3uBBI 3TOU
rpynmnsl — Merpu-Opay6anckuii, CakapCynHCKHHA
n JIAKATAKCKUI — XapakTEpHU3YHOTCSl PE3KO CEKy-
HIMMU KOHTAKTaMH, 3HAYUTENILHOW aCCUMUIISIIN-
el BMEIIaIomMX MOpoJ], HATUYMEM KCEHOJIHMTOB U
MHTEHCHUBHBIM KOHTAaKTOBBIM (0cOOcHHO Merpu —
Opnay0anckuit) Bo3neicTBUEM, (UKCHPYIOIIMMCS
B MOIIHOHM 30HE KOHTAaKTOBO — METACaMOTHUYECKHX
mopo1 (CKapHBI, ATTHI03UTHI, POTOBUKH, KBAPITUTEI).

Humpysusnas mopgpocmpyxmypa Caxapcy pac-
MOJIOKEeHA B LEHTPAJbHOH 4YacTH 3aHre3ypcKoro
noaHsTus y o3epa I'eifrens, B ucrokax p. Cakapcy
W TeHeTHUYecKH cBs3aHa ¢ Merpu-Opuaybaackum
OaromuToM M 00pasyroImuii MOpHOCTPYKTYpY HH-
TPY3HUBHBIN ITOK (POPMHUPOBAIOCH OJIUTOIICHOBBIM
MarmMaTH3MoM. MopdocTpyKTypa, HMEIoIas HH-
TEHCHBHO (pparMEHTHPOBAHHBIE CKJIOHBI, B BOJO-
pa3nenpHOI 9acTH 3aHTe3ypcKoro Xxpedra oopaszyeT
MUKO0Opa3HbIC BEPIIHHEI.

Jlakamaeckas unmpysuenas Mmopghocmpykmypa
pacronoxeHa B ceBepO — BOCTOUHOU gactu Opy-
0aJICKOT0 CHHKIIMHOPHUSI, B BEPXOBbE p. AIMHIKA-
qaif. OOpa3ymlee ee WHTPY3UBHOE TEII0 B MOp-
(hOJIOTHYECKOM OTHOIIICHUH TPEACTABIISIET CO0O0it
TUMUYHBIA TOK C CEKYIIUMH KOHTAKTaMHU.

Mopgpocmpykmyper  manvlx  UHmMPY3UB08.
Mopdomorndeckn mpeacTaBICHHBIE CPEHOTUTAMHU
(knmuHOOOpa3HOE Teno) W cuuiaMu (TIacThl, 3a-
JISKN), OHU B pelbede BBHIPAKEHBI UHTPY3UBAMHU
bamikenn, Kazanusl, Oprakenn, [lapanam, Xorike-
mvH, bepapik, Xanara, ['sur, Capsigar, Acsakuad,
3epuens,Alipuuaii, Anara, buct, Tusu, ['axpaman-
qyXyp, XazapopT, nbThl, Kiokto, Apamxu u ap.
Bbnaronapst Tomy, 4T0O MpOpBIBaEMbIe KIMU OHHU OOJIee
HarJISITHO BBIPHCOBBIBAIOTCA B pesibe()e MECTHOCTH.

Krworxrwonckas cghenonumosas moppocmpyxmy-
pa pacrioyio’keHa B YIeNbe OJHOMMEHHOU PEeKH Y

c. Kiokn, Ha cteike barabarckoro mporuba u Ka-
parro3eiickoro TMOMHATHUS W 00pa3yeT CIOXKHBIN
penbed Ha (oHE MHTEHCUBHO pPa3ApOOJICHHBIX U
(bparMeHTHPOBAHHBIX  BYJIKAaHOTCHHO-OCAI0YHBIX
mopox cpenHero sorneHa. OH OCIOXHEH pas3iioma-
MH CEBepO-3alaJHOr0 HANpPaBIEHHs MPOCTUPAHUS
U pasfielieH Ha 2 yacTu, 00pa3ylolye HHTEHCUBHO
(hparMeHTHPOBAHHBII CKAIUCTHINA penbed ¢ KPyThI-
MU CKJIOHaMU. B HarpaBieHUE K 0Ty OT HHTPY3UB-
HOTO MAacCHBa BBIJICJISIOTCS arno(u3bl MOIIHOCTHIO
3,5 M, u ipoTspkeHHOCTRIO 800-900 M, 0Opa3yrorie
HeOOIBIYIO TPSIKY BJIOJIb IpaBoro Oepera.
Kazanuuncrkas unmpysuenas mopgocmpyxmy-
pa npuypodena k [lapamamckomy nporudy u pac-
MOJIOKeHA B noymHe p. AnuHmxadaid, B 300400 m
K ceBepy OT OJIHOMMEHHOTO cena. OHa npejacTaBe-
Ha JIByMSI MAaCCHBaMH, OT/IEJICHHBIMH APYT OT JIpyra
BCPXHCIOLCHOBBIMU OCaJOYHBIMH OTJIOXKCHUSAMMU.
OnuH U3 HUX PacroNoKeH ceBepHee ¢. Kasanum u
MPOTATHBAETCA B IIMPOTHOM HarpaBiieHUH. Pexa
AnuHKaual npopesana HHTPY3UB Ha TiyOuny 125
M U o0pa3yeT B HEM CKBO3HOe yiuenbe. [loBepx-
HOCTb MHTPY3UM BBIPABHEHA U COOTBETCTBYET 125
METPOBOI 3PO3UOHHO — AKKYMYJISITUBHOM T€pPACHL.
Bropoii maccuB pacrionoxeH B 1,2 KM K 10ro — Boc-
TOKy OT ¢. Kazanum Ha ieBom Oepery p. ATuHIKa-
yail. MaccuB o0pa3yeT HEeBBICOKHE TPSAbI, POTs-
THBAIOLINECS B CEBEPO — BOCTOYHOM HalpaBiICHHUU.
bepovieckas unmpysuenas mopgocmpykmypa—
pacnionoxkena B [lapagamickom nporude Ha JIeBOM
Oepery p. AnuHmpkadaii. OHa COCTOHT U3 TPEX KOH-
TaKTUPYIOIINX MAacCHBOB 0ojiee HHU3KOTO MOpPs-
Ka ¥ OYCHb XOPOIIO BhIpakeHa B penbede. Ha Tex
CKJIOHAX, I'JIe HHTPY3HsI ¢ BMEIIAIOIIMMH OPOAaMHU
o0Opa3yeT KpyTo#l pBYIINH KOHTAaKT, 00pa30BaINCh
NpU3MaTHYECKHE M CTOJIOYAThIe OTACIBHOCTH, Xa-
paxkTepHble Ui JIaB OTAEIbHOCTH. B pesynbrare
9PO3HOHHO-/ICHYTAITMOHHBIX TPOIECCOB HA €ro
CKJIOHAX Pa3BUTHI KOJUTIOBUAIIbHBIE IUICH(BI.
Alipuyatickas uHmMpy3usHas Mop@ocmpykmypa
pacrojioxeHa Ha JieBoM Oepery p. | mistHuaii B ce-
Bepo-BocTOuHOM mepudepun Opry0aackoro CuH-
kiuHOpuUs. OOyCNaBIMBAIOMIMN €e WHTPY3HUB MPO-
TATHBaeTcsA oT p. Alipuyail 10 ¢.XypcT, B COCTOUT
A3 TPEeX MAaCcCUBOB, OTACIECHHBLIX ApPyr OT Apyra
TIOJISIMU PA3BUTHS TIISAIAATBHBIX 00pa3oBanuii. MH-
TPY3HUBHBII MacCHB TPOPHIBAET CPETHEIOICHOBEIC
BYJIKAHOT€HHO—OCAJIOYHbIE, a Ha IOr0—3aragHoM
CKJIOHE ATJIarcKoro xpe0Ta HIKHEIOLIEHOBBIE BYJI-
KaHOTEHBIE TTOPOJIBI.
3epnenvcras unmpyzugnas mopgocmpykmypa
pacmonokeHa Ha JieBoM Oepery p.['anmbiremvai
n npuypodeH K 3epHen—OpryOaickoil aHTHUKIH-
HAJIbHOM 30HE TUIMOIIEH—YETBEPTUYHOI'O BO3pacTa.
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Opranusymoomuil ee UHTPY3UB, pacIIUpsAach B ce-
BEpO—3araJIHOM HaIlpaBJIEHUH, 00pa3yeT KOHYCOO-
OpasHyto (GopMy C OTHOCHUTENILHOW BBICOTOH 250—
300 m. B roro—3amaiHoM HarpaBiieHUU OH 00pa3yer
KpyTyIl0 CTE€HY, Bo3BblIarouyrocst Ha 450 — 500 m
HaJ KpoBJieil BMeraromux nopoj. Ha ckionax mpo-
CJIC)KMBAIOTCSI HEOOJBIIHNE MJIOMIAH KOJUTIOBUAIIb-
HBIX 00pa30BaHMA.

Apaodarcuncras UHMpY3uHAsL MOPHOCMPYKMypa
pacroyio’keHa B IPUBOJOPA3/IENIBHON MoJIoce 3aHTe-
3ypcKoro xpe0Ta, nMeeT KoHycooOpaszHyto hopmy. B
pe3yJbpTaTe perpeccuBHOM 3po3un pek Keunnuyas u
Apadcadasi Joro—BOCTOUHBIC U IOT0 — 3alajHbIe Ya-
CTH OPTaHU3YIOIIETO €r0 UHTPY3HUBa BCKPBITHI 00JTh-
e ¥ 00pa3yloT KPYThle CKAIUCTBIE CKIIOHBI C TIPH-
3MaTHYECKUMU U CTOJIOYATBIMH OTAEIBHOCTSIMH.

letidaeckuti uHmpy3usHas mopgocmpykmypa
pacrojioxkeHa B ceBepo—BOocTo4HOIl dactu [lapa-
JIAIICKOTr0 MPOoruda U COOTBETCTBYET OJJHOMMEHHON
ropHoii BepmmHe. OHa HWMeEET KYIOJIOOOPa3HYIO
dopMy, U B CTPYKTYPHOM OTHOIICHHH MPUYpPO-
yeHa K 3epHenb-Opay0aackoil aHTHKIMHAIBHON
30He. VHTpY3WB TpOpHIBAET BEPXHEIOIICHOBHIC
0CaJIOYHBIE TOPOJIBI, XapaKTEePU3YIOTCS TIBIOOBON
U TPU3MATUYECKOH OTACNBHOCTAMU. XaHacuHcKas
UHMPY3UBHAS MOPDOCMPYKMypa WMEeT KOHYCO-
o0pa3Hyl0 (OpMy U PacloyiOKEeHA B IIEHTPAILHON
yactu [lapanamickoro nporuda B [lacra—Pememen-
CKOM aHTUKJIMHAIBHON 30HE.

Humpysuenaa mopgocmpyxkmypa Acaokagh
pacnojioxena K rory ot Harajpkupa v mpoTsiruBaer-

aso0E
I

csl C CeBepO-BOCTOKA Ha Ioro-zamai. FOxHas gactsb
TOpBI TI0 CPaBHEHHUIO C CEBEPHOW MeHee OOpBIBH-
crast. Mopdonornuecku Acsaxsidh nMeeT MOHOKIIH-
HaJlbHOE CTpoeHHe. Ero BepXHsAA 4acTh Ha ceBepe
0oOHaXXEeH M IO CKJIOHAM HaOIIIO/IaeTs] MOIIIHAS Oca-
JIo4Has ToJima soueHa. JDxupampkypusckas u Tox-
JyJOKHHCKAsi HHTPY3UBHBIE MOPPOCTPYKTYPHI pac-
TTOJIO’KEHBI BJIOJH Botopasfena KapaymxaHHHCKOTO
AHTHKIMHAIBHOTO XpeOTa M TOXITy/PKHHCKOH aHTH-
KITMHAIILHOM TPS/IbI, KOTOPBhIE Ha (POHE HHTEHCUBHO
(hparMEHTHPOBAHHBIX JOIICHOBBIX OTIIOKCHHH 00-
pa3yroT pe3Ko BBIPAKEHHBIE TPSIBI.

Takxum 00pa3oM, MOKHO OTMETHTh, YTO Marma-
TUYECKHE MPOLECCH MPOSBISIOTCS B 3¢ Py3uBHOIA,
9KCTPY3MBHOM UHTPY3UBHOW (OpPMaXx, B pa3IMIHbBIX
SMoXax KaWHO30MCKOro mepuoaa. AHaIu3 Teoyo-
ro-reoMOpP(OJIOTHIECKAX JAHHBIX, TOCBAIIECHHBIX
Tepputopun HaxubiBanckoit ABTOHOMHOW Pecrmy-
OJIMKW, CBUACTEIBCTBYET O 3HAUUTEILHOW pOIU
MarmMaTuzMa B (hOpMHpPOBAHUU peibeda (MarMarTu-
YeCKUX MOPPOCTPYKTYD).

B cBsi31 ¢ BTUsSTHUEM MarMaTHYeCKUX MPOIECCOB
B TeoMOp(]OIOrHYeCcKOil CTPYKType aBTOHOMHOM
pecriyONMKH BO3HHKIIA OINpPEeNICHHAs JKOJIOTHYe-
cKasl HampspkeHHoOcTh [13]. Onpenenunu 3K0JI0ro-
reoMop(hOIIOTUIECKYIO CUTYAITHIO C BIUSIHAEM 3THUX
MIPOIIECCOB U M3YYMJIM MX BIMSHHUE HA Pa3BUTHE ar-
poreHo30B. Mrtak, reoMopQonornyecku ToT (akr,
qT0 32 % II0maan BEICOKOTO, 28 % cpemuero, 23%
cnaboro u 17 % yMepeHHOTO HATSDKEHHSI, CO3/IaeT
MPETSATCTBUE B pa3BUTHUN akcoHOB (Puc. 1).
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Pucynoxk 1 — Dxonoro-reoMopQosoruueckasi Kapra CTpeccoB
HaxubiBaHckoit ABToHOMHO# Pecriy6inkn
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JLII. U6parumosa

BoiBoabI

OCHOBBIBasICh Ha HAIIMX HCCIEIOBAHMAX, MO-
JKeM CKa3aTh, 4T0 HaxublBaH SIBISETCS PETHOHOM,
0oraTbeIM Kak HHTPY3UBHBIMH, TaK 1 3 Qy3UBHBIMU
MOP(OCTPYKTYpaMH.

[TokpbITHE MIMPOKOTO apeana yIOMSHYTHIMH
3NIEMEHTaMH O0YCIIOBUII OOMITHE TOJIE3HBIX MCKOIa-

MIPUPOJTHBIX PECYPCOB BO3HMKIIO TPEMSTCTBUE BbI-
X0y CeTbCKOXO3SIMCTBEHHBIX YTOIUil N3 000poTa H
Pa3BHTHIO arporieHo30B. Takike, TPHUCBOCHHE ITHUX
3eMeNb TS Pa3IMYHbIX 1IeIel PUBEIO K aKTHBU3a-
LM TAaKUX TPOLECCOB, KAK OIOJI3HH, HABOIHEHUS,
CXOJI JIaBHH, 9p03Hs U Jierpaaanus. Takum o0pazom,
9,5% pernona ObIIM 3aperHCTPUPOBAHBI KaK yMe-
pennsle, 21,7% — Kak TOBBIIIEHHBIA prck, 20,2% —

eMBIX B palioHe mccienoBaHuid. [Ipu skcruryaranm — Kak Kpu3HcHbIC U 48,8% — kak CTUXUIHBIC O€/ICTBUSI.
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MODELING OF FERTILIZER APPLICATION
IN POTATO PRODUCTION UNDER LIGHT CHESTNUT SOILS
OF ZHETYSU REGION

Global food security is of particular concern, so agricultural production will need to increase signifi-
cantly to meet the food needs of growing populations. Increased crop yields can be achieved through the
adoption and improvement of nutrient management and fertilizer technology. Results of field research
have shown, that unilateral use of increasing doses of nitrogen fertilizers and their combination with
phosphorus and potassium provide vegetative activity of potato plants: in accumulation of dry biomass,
an increase of leaf area and photosynthetic productivity, that finally was integrated into formation of high
yields of tubers — 37,8-45,4 t/ha at 32,4 t/ha in control plots. The obtained regression model reflects
adequately enough (R=0,886) the experimental data. The application of mineral fertilizers decreased the
share of a small fraction of tubers down to 6,0 — 8,7 % in potato yield, while increasing the share of large
fractions up to 55-69 %. Depending on different doses of fertilizers potato plants accumulated 172,2 to
260,6 kg/ha of nitrogen, 63,3 to 84,1 kg/ha of phosphorus, and 197,0 to 256,3 kg/ha of potassium in
biomass. On average, potato plants used 66 % of nitrogen, 26 % of phosphorus, and 59 % of potassium
from fertilizers. For 1 ton tuber production, potatoes taken up 4.4 — 5.8 kg of nitrogen, 1.6 — 2.0 kg of
phosphorus and 4.6 — 6.1 kg of potassium, depending on the doses and ratios of fertilizers.The effect
and interaction of nitrogen, phosphorus, and potassium fertilizers on the normative intake of nutrients by
potatoes are described quite adequately (R = 0,727-0,885) by regression models. Economic efficiency
of application of fertilizers was high in the treatments where increasing doses of nitrogen were combined
with small doses of potassium, and in the treatment with doses of fertilizers applicated for planned yield
- 5102,6-5769,9 tenge/ha at relatively low production cost — 50,1-56,5 tenge/kg and high profitability
of production — 123,1-149,7 %.

Key words: potato, light chestnut soil, fertilizers, yield, regression, economic efficiency.
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JKeTicy 06AbICbIHDBIH, ALLbIK Kapa KOHbIP TOMbIPAKTapbIHAQ
KapTon ecipyAe ThIHAUTKbILUTAPAbIH, TUIMAIAINIH MoAeAbAEY

OAEMAIK a3bIK-TYAIK KaYiNci3Airi Moceaeaepi epekile araHAQYLUbIAbIK, TYAbIPbIM OTbIp, COHAbIKTAH
CaHbl 6CiM »AaTKAH XaAbIKTbIH a3blK-TYAIKKE KQXKETTIAIrH KaHaraTTaHABIPY YLUiH aybIA LWapyallblAbIfbl
OHAIPICIH alTapAbIKTak apTTbipy KaXkeT GOAaAbl. AybIA LApYyallbIAbIFbl AAKbIAAAPbIHBIH, OHIMAIAITH
apTTbipyFa KOPEKTIK 3arTapabl 6ackapy oAicTepi MeH TEXHOAOIMSAAPbIH >K8HE TbIHAUTKbILITAP
TEXHOAOIMSICbIH EHIi3Yy >KOHE >KETIAAIPY apKblAbl KOA >KeTKidyre 60AaAbl. AAAaAbIK, 3epPTTEYAEPAIH
HOTUXKEAEpi KOPCETKEHAEN, a30T ThIHAMTKbILTAPbIHbIH, >KOFAPbIAATbIAFAH AO3aAapbiH Oip >KaKTbl
KOAAQHY KaHe oAapAbl pocop XaHe KaAuimeH bipre KOAAaHY KapTor eCiMAIKTEpPiHiH BereTaTmBTi
ecy 6EACEHAIAIriH apTTbIpAbl: Kyprak, OMOMacCaHblH, >KMHaAYbIH, >Karblpak, aAaHblHblH ©CYiH,
(POTOCUHTETUKAABIK, OHIMAIAIKTIH XKOFapblAayblH KAMTaMaCbI3 €TiM, HOTUXECIHAE KapTOMTbIH, XXOFapbl
OHIMAIAITIH KaAbINTacTbipAbl — 37,8-45,4 T/ra, aA TbIHAMTKbIWCHI3 6GakbiAayad OHIMAIAIK 32,4 1/
ra 60AAbl. AAbIHFAH PErpeccusiAbiK, MOAEAb 3KCMEPUMEHTTIK HOTMXKEAEPA] >KETKIAIKTI AdAAiKMEH
KarnTanaabl (R=0,886). MnHepaAAbl ThIHANTKBILLITAPABI KOAAAHY KapTon AAKbIAbIHAQFbI TYMHEKTEPAIH
ycak, ppakUMICbIHbIH YAECIH 6,0-8,7%-Fa AeMiH TOMEHAETTI, aA ipi pakuUMAHbIH yAeCiH 55-69%-
Fa AeniH apTTbipAbl. ThIHANTKbIWTAPAbBIH SPTYPAI AO3aAapbiHa OGaiAaHbICTbl 8P rekTapfa LakKaHAd
KapTon AakblAbl 6HIMHIH 6MomMaccacbiHaa 172,2-260,6 kr aszor, 63,3-84,1 kr cdocdop xaHe 197,0-
256,3 Kr KaAMil 3IAEMEHTTEPIH >XMHaabl. OpTa ecenneH KapTon ecCiMAIKTEPI ThIHAWTKbIWTapAAH 66 %
a3oT, 26% docdop xeHe 59% KaAni IAeMeHTTepiH nanaasaHAbl. KapTonTbiH, KOPEKTIiK 3aTTapAbIH,
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Modeling of fertilizer application in potato production under light chestnut soils of Zhetysu region

HOPMaTMBTI TYTbIHYbIHA a30T, POChOP XKBHE KAaAUI ThIHANTKbILLTAPbIHbIH, 6ip>KaKTbl 8Cepi kaHe e3apa
9peKeTTecyi perpeccusiablik, MoAeAbpepMeH cunaTtTtasabl (R = 0,727-0,885). Kaptornka apHaraH
ThIHAWTKbILUTAPAbI MalMAAAAQHYABIH 3KOHOMMKAABIK, TUIMAIAITIH ecenTtey KepCeTKeHAEN, eH, >KOFapbl
>KaAMbl TaObIC KAAMIMAIH a3 AO3aAapbiMeH Bipre KOAAAHbIAFAH a30TTbIH OPTaLla K8HE >KOFapbl AO3aAapbl
MeH TbIHAMTKbILUTAaPAbIH, XOCMAPAbl OHIMAIAIKKE KOAAAHBIAFAH HYCKAAapAa aAbliHAbI — 5102,6-5769,9
TeHre/ra. KaponTbiH ©3iHAIK KyHbl — 50,1-56,5 TeHre/kr, eHiMHiH >XOFapbl pEHTabeAbAIAIr aHbIKTAAAbI
- 123,1-149,7%.

TyHiH ce3aep: KapTom, alblK KApakKOHbIP TOMblpak, TbIHAWTKITAP, OHIMAIAIK, perpeccus,
3KOHOMMUKAADBIK, TUIMAIAIK.

b.M. AMunpos’, A.T. CeintmenbetoBa’, K.K. KyabimbeT'", B.K. Ham?

'Ka3axckui HayUHO-MCCAEAOBATEAbCKUIA MHCTUTYT NMOYBOBEAEHMS 1 arpoxmmmnm nmenn Y.Y. YcnaHoBa,
KazaxcTaH, r. AAMaTbl
2KpecTbsHckoe xo34icTBo «Ham», KazaxcraH, XXeTbicyckas o6AacTb
“e-mail: qulymbet.qanat@gmail.com

Moaeanposatme adpdpekTMBHOCTHM yAO0OpeHMit Ha KapTodheae
B YCAOBMSIX CBETAO-KaLUTAHOBbIX NMo4B XKeTbICyckoi obaacTu

[Mpob6Aembl TAOGAAbHOM MPOAOBOALCTBEHHONM 6E30MacHOCTY BbI3blBAlOT 0COOYI0 03a60UEHHOCTD,
MO3TOMY CEAbCKOXO3SMCTBEHHOE MPOU3BOACTBO AOAXKHO OYAET 3HAUMTEAbHO YBEAUUUTbCS, YTOObI
YAOBAETBOPUTb pacTyllee HaceAeHue. [TOBblleHne YPOXKaMHOCTM CEAbCKOXO3SMCTBEHHbIX KYAbTYP
MO>KET BbITb AOCTUIHYTO 3a CHET BHEAPEHUS 1 COBEPLUEHCTBOBAHMS METOAOB M TEXHOAOTMIA yIIPABAEHUS
MUTaTEAbHbIMU BELLLEECTBAMM 1 TEXHOAOT MM YAOOPEHMIA. Pe3yAbTaTbl MOAEBbIX MICCAEAOBAHMIA MOKA3aAM,
UYTO OAHOCTOPOHHE MPUMEHEHKE BO3PACTAIOLLMX AO3 a30THbIX YAOOPEHMIA U 1X coueTaHus ¢ (hochopom
M KaAMem o6ecreunBaloT BereTaTvMBHYIO aKTMBHOCTb PACTEHWMIA KapTOgeAs: B HAKOMAEHUM CyXoW
61OMACChI, YBEAMYEHMM MAOLLLAAN AMCTHEB U (DOTOCUHTETUYUECKON NMPOAYKTUBHOCTH, YTO B KOHEYHOM
uTOre OTPasMAOCb B (hOPMUPOBAHMM OTHOCUTEABHO BbICOKMX BAAOBbIX YpOXKaeB KAybOHeir — 37,8-
45,4 1/ra npu 32,4 1/ra Ha KOHTpoAe. [MoAyyeHHas perpeccMoHHasl MOAEAb AOCTAaTOYHO AAEKBATHO
oTpaxkaet (R=0,886) mnoAyuyeHHble 3KCrepMMeEHTaAbHble AaHHble. [1pMMeHeHWe MUHEepPaAbHbIX
YAOBPEHMI YMEHDLIAAO B YpOXKae KapToheAs: AOAID MEAKOM (hpakLmm KAyOHein A0 6,0 — 8,7 %, npm
OAHOBPEMEHHOM YBEAMYEHUN AOAU KPYMHOW (ppakument A0 55-69 %. B 3aBMCMMOCTM OT pa3AMUHbIX
AO3 YAOOPEeHMIn pacTeHms KapTodpeas HakanAmBaAmn B 6uomacce ot 172,2 Ao 260,6 kr a3oTa, oT 63,3
A0 84,1 kr dpocdopa u ot 197,0 A0 256,3 Kkr Kaamnsl. B cpeaHem pacTteHns KapToheAas MCMOAb30BaAU
66 % asota, 26 % docdopa 1 59 % KaAms u3 yaobpeHnin. AencTere 1 B3aMMOAENCTBME a30THbIX,
pocopHbIX U KaAMIAHBIX YAOOPEHMIA Ha HOPMATMBHOE MOTPEeOAEHME MUTATEAbHbIX 3AEMEHTOB
KapToeaeM AOCTAaTOYHO aaekBaTHO (R = 0,727-0,885) onucbIBalOTCS pPerpecCUOHHbIMU MOAEASIMU.
Pacuer skoHOoMMuecKoi 3(PMEKTUBHOCTU MPUMEHEHUS YAOOPEeHUI noa KapTodeAb Mokasaa, uTo
HaMBOAbLLNIA BAAOBOM AOXOA 06eCreunBaAm BapmaHTbl, FAE KOMOMHMPOBAAM CPEAHME U MOBbILWIEHHbIE
AO03bl A30Ta C HEGOABLLIMMM AO3aMM KaAUS, U AO3bl YAODPEHMI, BHECEHHbIE M3 pacyeTa Ha MAAQHMPYeMbI
ypoxan — 5102,6-5769,9 TeHre Ha 1 ra npy OTHOCUTEAbHO HM3KOM cebectonmocTn — 50,1-56,5 TeHre/
KT 1 BbICOKOW peHTabeAbHOCTM npounsBoacTBa — 123,1-149,7 %.

KatoueBble cAOBa: KapToheAb, CBETAO KallTaHOBas NOYBa, YAOOPEHMS, YPOXKANMHOCTb, Perpeccus,
3KOHOMMYeckas 3pPeKTUBHOCTb.

Introduction

The global population is growing and will reach
9 billion people by 2050, with 60% more food
needs than we produce today. We must increase
agricultural productivity and farm productivity, in
which mineral fertilizers are important because half
of the food we consume today is created by using
fertilizers. Potatoes are one of the most important
agricultural crops worldwide, as the main source
of nutrition for the world’s population. Potato
production ranks third in the world by gross harvest.

[1].
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In 2018, China was the world’s largest
potato producer by area and production, with
4.814 million hectares and 90.3 million tons,
respectively. India was in second place, 2.151
million hectares and 48.5 million tons, while
Ukraine was in third place, 1.320 million hectares
and 22.504 million tons, respectively. Kazakhstan
with an area of 0.192 million ha produced 3.807
million tons (Table 1).

The Republic of Belarus produced the most
potatoes per capita with 619 kg, followed by
Ukraine with 532 kg, the Netherlands with 350 kg.
Kazakhstan was in eighth place with 208 kg [2].
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Table 1 — World potato production in 2018

Country Production, mln. tons Productiorll(ger person, Area, thous. ha Yield, t/ha
China 90,3 64,8 4813,5 18,8
India 48,5 36,3 2151,0 22,6
Ukraine 22,5 532,5 1319,9 17,0
Russian Federation 22,4 152,5 1313,5 17,0
United States 20,64 62,9 414,1 49,8
Bangladesh 9,74 59,0 4774 20,4
Germany 8,94 107,8 252,2 354
France 7,9 117,0 199,9 39,4
Poland 7,5 194,6 297,5 25,1
Netherlands 6,05 3495 164,7 36,6
Belarus 5,9 618,8 271,8 21,6
Kazakhstan 3,8 208,3 192,3 19,8

Inrecentyears, the area of potatoes in Kazakhstan
has grown significantly — from 183.4 thousand
hectares in 2017 to 195.8 thousand hectares in 2021
(Table 2). Almaty region, which is now divided into
Zhetysu and Almaty regions, had a leading position
in terms of potato planting and in the last 6 years its

Table 2 — Potato production in Kazakhstan

share did not go below 20% of the republican area,
amounting to 39.0-40.6 thousand hectares.

In 2022, the area of potato plantations in
Kazakhstan made 198.9 thousand hectares with the
gross yield produced 4.1 million tons, at average
yield of 20.6 t/ha [3].

Indicators 2017 2018 2019 2020 2021
Area, thous. ha 183,4 193,000 193 194,4 195,8
P“’d““‘}?;’ thous. 3551.1 3807.,0 39121 40068 4031,6

Yield, t/ha 19.4 19.8 203 20.7 20,7

Increasing the productivity of agrocenoses
and preserving soil fertility are the most important
tasks currently facing scientists and practitioners
of agricultural production. One of the main factors
affecting crop yields, soil properties and economic
indicators of production is the use of mineral and
organic fertilizers. Their effectiveness depends on
the cultivated crop, the technologies used, the doses
and the timing of application. The complex economic
and environmental conditions of the modern period
necessitate the development of new technologies
adapted to modern land use requirements [4].

Global food security is of particular concern,
so agricultural production will need to increase
significantly to meet food needs of growing
populations. Increasing yields and narrowing the
gap between actual and attainable yields are to be
achieved by introducing and improving nutrient
management techniques and fertilizing technology.
An evaluation of long-term studies has shown that
the average percentage of yield associated with
fertilizer application typically ranges from 40 to
60% in temperate climates and is much higher in
the tropics. Overall, inorganic fertilizers play a
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critical role in global food security [5,6]. Global
consumption of nutrients in the form of mineral
fertilizers is expected to increase to 199 million tons
in 2030 [7].

Numerous studies have been devoted to assessing
the role of nutrients in the formation of potato yields
and the effectiveness of fertilizer application [8,9].
Of great importance are the forms of fertilizers, the
range of which is currently diverse. Highly effective
and cost-effective use of complex mineral fertilizers
for potatoes [10].

It is known that nitrogen, phosphorus, and
potassium are the main elements necessary for
normal potato development. During the sprouting,
formation, and growth of the haulm, which is a
powerful photosynthetic apparatus, this crop takes
out a lot of nitrogen. Before the haulms close and
before flowering, the phosphorus consumption
increases, which promotes the development of
generative organs. During the period of tubers
ripening, the use of potassium, which favors the
synthesis of carbohydrates, namely polysaccharide
starch, as one of the main indicators of the quality of
potato tubers, increases sharply [11].

The positive effect of mineral fertilizers on
increasing potato yields, the formation of the
assimilative surface and the improvement of
photosynthetic productivity, and changes in yield
quality, in different soil and climate conditions are
widely covered by numerous studies [12-14].

Improving crop yields and quality is impossible
without the use of fertilizers. The effectiveness of
mineral fertilizers has been proven, but excessively
high fertilizer rates can pollute the environment and
the resulting products. In this regard, fertilizers of
natural origin become of great importance. Potato
yields depend not only on soil and climatic conditions
of the region, but also on how scientifically justified
and qualitative all agro methods of cultivation of
this crop are carried out. [15].

Despite the constant increase in the amount
of fertilizers applied to potatoes, the issue of crop
starvation remains relevant. The first problem is the
identification of a relative deficiency of a nutrient,
due to which the efficiency of fertilizer use decreases
[16].

In the development of fertilizer system for
potatoes can not be based only on the removal by
plants of nitrogen, phosphorus and potassium, and
should take into account the characteristics of soil,
their provision of food elements and the need for
plant nutrition in different periods of growth [17].
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The purpose of our research was to identify the
effectiveness of different doses of mineral fertilizers
by modeling their relationship with the productive
indicators and yields of potatoes in the light chestnut
soils of the Zhetysu region.

Materials and methods

Field experiments with potato crop were
conducted in 2022 on the production fields of peasant
farm “Nam”, Yeskeldy district, Zhetysu region at the
coordinates 44°53°1.06” N 78°37°26.52” E (Figure
1). Soils of experimental plot are represented by
foothill light chestnut soils.

Before laying the experiments, the production
site was subjected to agrochemical survey, the
results of which are presented in Table 3.

It should be noted that these plots have been in
agricultural turnover for a long time and are used
mainly for intensively fertilized crops. Soils of the
site are characterized by low content of humus in the
horizon 0-50 cm — 1,18-1,33%, by granulometric
characteristics belongs to average loamy varieties
— the content of physical clay 41,1-41,6%, the sum
of the absorbed bases — 15,1-17,2 mg-eq/100 g.
From mobile forms, we determined the content of
hydrolyzable nitrogen, which was 61.6-70.0 mg/kg.
The content of mobile phosphorus was relatively
high —66.0-67.0 mg/kg and exchangeable potassium
was low — 240 mg/kg. Soils characterized from the
surface with a carbonate content of 0.3-0.4%, the
soil reaction is neutral, pH — 7.0.

On the experimental plot, planting of potato
varieties of Lady Claire was carried out on May 1
by planter in 4 rows 75 cm wide, with an average
density of plants 50-52 thousand plants per hectare.
The accounting plot area was — 48 m2, replicated 3
times.

Experiment
fertilizers); 2. N

treatments: 1.
:3.N, :4.N,_;5 N :6.N._P_:

Control  (no

502 100 150 = ° 200 50" 50°

7' NlOOPSO;_ 8 NlOOKSO; 9 NlSOKSO; 10 N74P69K112 (for
planned yield — 50 t/ha).

Ammonium nitrate (N — 34 %), double

superphosphate (PO, —45 %), and potassium sulfate
(K20 — 51 %) were used as fertilizers. Mineral
fertilizers were applied manually by spreading
under cultivation during ridge formation.

In the main phases of growth and development
of potato plants, biometric studies were done and
plant samples were taken for the photosynthetic
productivity study. On each experimental plot,
potato tuber yield with its structure was determined.



B.M. Amirov et al.

Yeskeldi district

Legend
:l Zhetysu region

Yeskeldi district
- Potato

0 0125 0256 05 075 1
[ km

Figure 1 — Area research map

Table 3 — Agrochemical indicators of plots under potatoes, Karabulak, spring, 2022, (n=3)

Physical | Amount of Mobile forms, mg/kg Gross forms, %
Sample
depth, |Humus, % clay absorbed Ph Ph pH
Je > 771(0,01-0,001 | bases, mg- | Nitro-gen hos— Potas-sium| Nitro-gen hos- Potas-sium
mm), % eq/100g phorus phorus
0-25 | 1.33£0,11 |41.13+3.14| 17.16£1.92 | 70.0£5.6 | 67.0£5.0 | 240426.7 | 0.11=0.02 | 0.18+0.02 | 2.88+0.35 | 7.0+0.14
25-50 | 1.18+0.09 [41.58+3.41 | 15.11%1.64 | 61.6+.6.5 | 60.0+£3.7 | 240+30.0 | 0.10+0.01 | 0.16+0.02 | 2.88+0.32 | 7.0+0.12

Soil and plant samples were analyzed in the
analytical laboratory of the U.U. Uspanov Kazakh
Research Institute of Soil Science and Agrochemistry
(KazRISSA) by methods generally accepted in soil
science and agrochemistry [18,19]: total humus
— by Tyurin, total nitrogen — by Kjeldahl, easily
hydrolyzable nitrogen — by Tyurin-Kononova,
mobile phosphorus, and potassium — by Machigin;
pH — potentiometric, CO, — calcimeter, absorbed
bases Ca*, Mg" — trilometric, K, Na* — on a flame
photometer.

Leaf surface area and photosynthetic
productivity were determined according to the
formula of A.A. Nichiporovich [20]. To carry out
measurements by this method, an average sample
is taken — 10 plants (N), the leaves are quickly cut
off and their fresh weight (M) is determined. Fold
the leaves in piles and make cuttings of a certain
diameter with a drill, 5 pieces from one sheet.
Cut-outs are taken so that both the leaf blades
and the central veins are included in the sample.
Determine the mass of all raw cuttings (M,). The
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area of leaves from one plant is determined by the
formula:

 Maxaxmgl’
Mex N x4x10000

where S is the leaf area of one plant, m?; M s the
mass of leaves in the sample, g; M is the mass of
cuts, g; a is the number of cuts, pcs; N is the number
of plants in the sample, pcs; /[ — drill diameter, sm,
[ ] — mathematical constant ~ 3.14

Experimental data were subjected to statistical
analysis using the Excel analytical package.
Analysis of the regression relationship that takes into
account the effect and interaction of fertilizers on
the productive performance of potatoes was carried
out by a non-linear regression model. Regression
equations were built by sequential estimation and
exclusion of non-significant regression terms at
a significance level <0.05. The adequacy of the
calculated and actual results was assessed by the
multiple correlation coefficient (R). The actions and

interactions of the studied factors were presented in
the form of a regression equation:

Y =ata X +a X +a X **+a X +a X+
+a, X ta (X X)) +a (X X)) +a (X, X)) (1)

where: Y — resulting (dependent) factor;

a, — a free term reflecting the value of the
resulting factor without applying the studied factors;
a,a,a, ... a —regression coefficients reflecting the
action and interaction of factors;

X, X, and X, — nitrogen, phosphorus and

potassium fertilizers, kg a.i./ha.
Results and Discussion

The results of field experiments have shown that
the use of mineral fertilizers significantly increased
the vegetative activity of potato plants, which
manifested itself in the accumulation of dry biomass,
increased leaf area, as well as their photosynthetic
productivity (Table 4).

Table 4 — Photosynthetic productivity of potatoes in different phases of the growing season depending on mineral fertilizers, 2022

Dry biomass, t/ha Leaf area, thous. m*ha Netp hotosyntgl etic productivity, g/
m? per day
Treatments Phase of Phase of Seedling phase Phase of
Budding phase | intensive tuber | Budding phase | intensive tuber b dgd?n intensive tuber
formation formation u g formation
Control (n/f) 2,00 16,06 11,71 27,35 13,64 16,35
N,, 2,31 17,57 14,29 34,80 12,94 14,18
Nioo 2,68 20,20 16,14 35,50 13,28 15,43
N, 3,43 19,82 18,15 38,29 15,11 13,21
N, 3,52 19,12 17,11 38,65 16,48 12,72
N, P, 2,61 16,58 14,51 38,89 14,40 11,90
NP5 2,88 20,85 15,61 41,48 14,74 14,32
N, Ks, 2,84 20,44 15,29 37,73 14,85 15,09
N, K, 2,90 18,24 13,78 35,32 16,84 14,20
N, P.K 3,41 20,63 15,24 38,05 17,89 14,68
LSD,, 0,23 1,32 2,67 1,06 1,01
S, % 2,45 2,16 2,44 2,29 2,20 2,25

Thus, potatoes had the maximum leaf surface
during the period of intensive tuber formation from
27.4 in the control to 41.5 m%ha in treatment 7 with
the use of N, P_. By this period, potatoes in these

100~ 50"
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treatments accumulated, respectively, 16.1 and 20.9
t/ha of dry plant biomass. It should be noted that
further unilateral increase in nitrogen doses had no
positive effect on the accumulation of dry biomass,
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although the area of leaf surface continued to grow
from 34.8 thousand m2/ha at the dose of N to 38.6
thousand m*ha at N, .

The maximum value of leaf surface was observed
in plots where nitrogen was used in combination
with phosphorus (N, P ) —41.5 thousand m*/ha.

The photosynthetic productivity of potatoes
changed significantly in the studied interphase
periods of plants. Between seedlings and buddings,
this indicator was from 12,9 (treatment 2) to 17,9 g/
m? per day (treatment 10), and between the budding
phase and intensive tuber formation — from 12,1
(treatment 6) to 16,3 g/m? per day (control).

The effect of mineral fertilizers on the
photosynthetic productivity of potatoes in the main
active vegetative phases of plant development after
the sequential exclusion of insignificant variables
(<0.05) has been adequately enough (R=0,826-
0,958) described by regression models (2-7):

Total dry biomass in the budding phase, t/ha:

Y =2,0414 +0,0079X, +
+0,0184X, 0,0139(X X,)*; R=0,957  (2)

Total dry biomass in the phase of intensive tuber
formation, t/ha:

Y = 16,203 +0,2704X,%-0,199X, + 0,2803X, +
+0,1679(X,X,)”0,177(X X,)” —
- 0,131(X,X,)”; R =0,909 3)
Leaf area in the budding phase, thousand m?/ha:
Y = 11,5614 + 0,4393X %+
+0,2093X, 0,1574(X X,)"- 0,1048(X,X,)*;
R =0,940 4)

Leaf area in the phase of intensive tuber
formation, thousand m?%/ha:

Y =28,0881 +0,7907X "+ 0,4068X, +
+0,0864(X,X,)%~0,2633(X,X,)" -
~0,2799 (X,X,)"; R = 0,941 (5)

Net productivity of photosynthesis in the
budding phase, g/m? per day:

Y = 13,727+ 0,0501X, 0,5237X,%+ 0,0356X, +
+0,024(X X,)"%; R = 0,958 (6)

Net photosynthetic productivity in the phase of
intensive tuber formation, g/m? per day:

Y =16,129-0,0156X, 0,2237X, +
+0,1547(X X,)"5+0,0466(X,X,)"; R = 0,826 (7)

As equation (2) shows, the total dry biomass of
potato in the phase of budding reacts positively to
the unilateral application of nitrogen and potassium
fertilizers and negatively to their combined
application. Model (3) describing the accumulation
of dry biomass in the phase of intensive tuber
formation shows a positive effect of separate
application of nitrogen and potassium fertilizers
and joint application of nitrogen and phosphorus
fertilizers, while unilateral application of phosphorus
had a negative effect.

As the model has shown (4) the assimilative
surface of potato plants in the phase of budding
responded positively to the separate application
of nitrogen and potassium fertilizers, but
their interaction, as well as the interaction of
phosphorus and potassium fertilizers, had a
negative effect. The model (5) has described a
further increase in leaf index, where plants also
responded positively to the separate application
of nitrogen and potassium fertilizers and the joint
application of nitrogen and phosphorus fertilizers.
At the same time, the interaction of nitrogen
fertilizer with both phosphorus and potassium
fertilizer was negative.

The indicator integrating the size of the
accumulated biomass per unit leaf area is the
net photosynthesis productivity. In the period
between seedlings and budding of potato plants’
photosynthetic productivity has been described
by equation (6) where the effect of unilateral
application of nitrogen fertilizer had a positive, but
gradually decreasing character, and the separate
application of phosphorus and combined application
of nitrogen and potassium fertilizer had a positive
effect. In the period between the beginning of
budding and intensive tuber formation, as the model
(7) has shown, net photosynthetic productivity
slightly decreased from the application of nitrogen
and phosphorus fertilizers, but from the interaction
of nitrogen with phosphorus and phosphorus with
potassium fertilizers it increased.
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Accounting showed that the gross yield of
potatoes responded positively to the application
of mineral fertilizers. At the same time, nitrogen
fertilizers have the greatest positive effect, then
potash fertilizers, and the effect of phosphorus
fertilizers was very low, indicating the low efficiency
of phosphorus fertilizer on soils with high mobile
phosphorus.

Growth and production changes caused by the
application of different doses and ratios of fertilizers
during the growing season were eventually
integrated into the potato yield and influenced its
structure (Figure 2).

According to the data obtained, the highest
gross productivity indicators in the experiment were
the treatments where unilaterally increasing doses
of nitrogen (treatments 3-5) — 41.0-43.2 t/ha) and
its combinations with phosphorus and potassium
were used (treatments 6-9) — 40.1-45.5 t/ha. Doses
of mineral fertilizers, calculated on the basis of the

coefficients of use of nutrition elements from soil
and fertilizers, and taking into account their intake
by potato unit yield at the corresponding amount of
by-products ensured the planned yield level (50 t/
ha) by 97%.

A similar pattern was noted for the marketable
yield of potatoes, while the increase in yield over the
control amounted to 33.9-38.4% in the treatments
with one-sided increasing doses of nitrogen
(treatments 2-5), 36.1-40.9% with a combination of
-nitrogen with phosphorus or potassium (treatments
6-9), and 44.4% when using calculated doses of
fertilizers (treatment 10). Similar data were obtained
for the average mass of marketable tubers, which
varied from 71.1 g in the control to 86 g in the
fertilized treatments.

Structural analysis of potato tuber yield was
determined by studying the fractional composition,
that is, the division into small, medium, and large,
the data of which are presented in Table 5.

60 100
90
50 20
40 70
60 I Gross potato yield, t/ha
(1]
£ 30 50
= o Marketable potato
40 yield, t/ha
20 30 Average weight of
20 marketable tubers, g
10
10
0 0
3 & &N
d,c‘"‘ w\ @ % <,§b o N & b*}’
> é\/ %'\x \i\' 1\‘3
D
Experiment treatments

Figure 2 — Potato yield indicators depending on mineral fertilizers, 2022

Table S — Structural analysis of potato tuber yield depending on mineral fertilizers, 2022

Total weight Small fraction Medium fraction Large fraction

Treatments o Average tuber o Average tuber o Average tuber o Average tuber

% ; % . % . % .
weight, g weight, g weight, g weight, g

Control (n/f) 100 56,5 11,4 21,5 33,6 48,3 55,0 100,2
N, 100 66,7 8,0 20,4 29,8 53,0 62,2 114,4
N 100 64,6 7,0 17,5 24,2 46,2 68,8 110,7
N 100 62,3 8,0 19,5 34,8 51,7 57,2 109,6
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Table continuation

Total weight Small fraction Medium fraction Large fraction

Treatments % Average tuber % Average tuber % Average tuber % Average tuber

weight, g weight, g weight, g weight, g

N, 100 61,3 8,7 20,0 26,8 48,8 64,6 100,7
NP, 100 63,7 7,7 21,6 332 50,5 59,1 104,1
N, ooPso 100 61,4 6,7 16,7 28,0 46,5 65,3 103,8
N,oKs 100 67,7 6,2 17,8 25,9 48,6 67,9 1153
N K, 100 67,7 7,8 21,1 30,7 52,6 61,5 116,5
N, P K . 100 68,3 6,0 16,1 34,1 55,8 59,9 125,7
LSD,, 7,48 4,86 7,92 12,91
S, % 3,94 8,58 5,32 3,95

The results of the structural analysis of potato
tubers have shown that with the use of fertilizers,
the share of a small fraction decreased. Thus, if in
the control the share of small tubers was 11,4 %,
in the fertilized treatments it was reduced to 6,0 —
8,7 %, thus the least amount of small fraction of
tubers was found in the treatment where calculated
doses of fertilizers (treatment 10) were applied —
6,0%. Since tubers weighing less than 20-25 g were
referred to as the small fraction and considered to
be not marketable yield. The marketable part of the
potato crop (55-69% of the total weight) was mainly
provided by the presence in the batch of large
fraction (above 55-60 g). Thus, fertilizers played the
leading role in the formation of a large fraction of
tubers.

The effect of mineral fertilizers on the gross
productivity of potatoes after sequential treatment
and the exclusion of insignificant factors has been
described by the equation:

Y = 32,475 +0,7915X %5 + 0,0355X, +
+0,0652X,; R = 0,886 (8)

where: Y — gross potato yield, t/ha

X, X, and X, — doses of nitrogen, phosphorus
and potassium, respectively, kg a.i./ha

It was found that the gross yield of potatoes
responds positively to the application of mineral
fertilizers. At the same time, nitrogen fertilizers have
the greatest positive effect, then potash fertilizers,
and the effect of phosphorus fertilizers was very

low, indicating the low efficiency of phosphorus
fertilizer on soils with high mobile phosphorus.

In the conditions of precision farming, the
differentiated application of fertilizers for the
planned yield is a necessary requirement. For this
purpose, normative expenditure of soil nutrients
and fertilizers are developed, which are set by the
absolute consumption of nitrogen, phosphorus, and
potassium by the potato crop at the corresponding
amount of by-products. Our calculations showed
(Table 6), that depending on different doses of
fertilizers potato plants accumulated in biomass
from 172,2 to 260,6 kg of nitrogen, 63,3 to 84,1 kg
of phosphorus, and 197,0 to 256,3 kg of potassium.
On average, potato plants used 66% of nitrogen,
26% of phosphorus, and 59% of potassium from
fertilizers.

For 1 ton of tubers with the appropriate amount
of by-products potatoes at gross yield 32,4-49,1 t/
ha potato plant taken up 4,4 to 5,8 kg of nitrogen,
1,6 to 2,0 kg of phosphorus and 4,6 to 6,1 kg of
potassium depending on doses and fertilizer ratios.
The average uptake made 4.9 kg of nitrogen, 1.8
kg of phosphorus, and 5.4 kg of potassium. From
the arable soil layer the potato crop absorbed on
average 63% of mineralizable nitrogen, 34% of
mobile phosphorus, and 28% of exchangeable
potassium.

It is interesting to note that there was a strong
correlation between total and normative intake of
nitrogen (R=0.76) and potassium (R=0.53), while
the correlation of total and normative phosphorus
intake was weak ((R=0.30).
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Table 6 — Nutrients uptake by potato plants depending on mineral fertilizers, 2022

Total nutrient uptake, kg/ha Nu:)r;;r(l)tt;[%t?lljge[;z’r ligton Fertilizer utoi/{)i zation rate, Soil utilization rate, %
Treatment
N P K N P K N P K N P K
Cg%d 1423 | 647 | 1928 | 440 | 2,00 | 598 - - 62,6 | 297 | 247
N, 172,2 63,3 2198 4,56 1,67 5,82 59,7 - - - 29,1 28,2
N, 197,7 71,5 231,1 4,83 1,75 5,64 55,4 - - - 32,8 29,6
N, 2209 | 723 | 2076 | 538 | 1,69 | 484 | 584 - - - 332 | 26,6
N, 225 78,1 197 5,23 1,81 4,59 414 - - - 35,8 25,3
NP, 184,5 73,8 228,9 4,62 1,84 5,71 84,3 18,2 - - - 29,3
NP5 201,6 83,3 2529 4,86 2,01 6,10 59,3 37,2 - - - 324
N, Ky, 2348 82,6 2279 5,42 1,90 5,25 92,4 - 70,1 - 37,9 -
N K, 260,6 84,1 2175 5,77 1,86 4,82 78,8 - 49,4 - 38,6 -
NP K., | 1893 79,5 256,3 3,86 1,62 5,24 63,5 21,4 56,6 - - -
LSD,, 17,8 9,9 26,6 0,57 0,17 0,97 - - - - - -
S, % 2,93 4,43 4,01 3,89 3,31 6,11 - - - - - -

The effect and interaction of nitrogen (X1),
phosphorus (X2), and potassium (X3) fertilizers on
nitrogen (Y 1), phosphorus (Y2), and potassium (Y?3)
intake by 1 ton of potatoes, with the appropriate
amount of by-products, is adequately described (R
=0,727-0,885) by the following regression models
(9-11):

Y, =4,3695 + 0,0051X, +0,0119X, —
—0,025(X,X,)"%; R = 0,885; ©9)
Y, =1,9928 — 0,0705X,%5 + 0,004X, +

+0,0033X, + 0,004(X, X,)*50,0082(X,X,)°*;

R =0,805; (10)
Y, = 6,1362 - 0,008X, — 0,0497X, —
—0,0456(X,X,)"%; R = 0,727 (11)

It should be noted, the normative nitrogen intake
responded positively to an increase in unilateral
nitrogen and potassium fertilizer, but negatively
to the interaction of phosphorus and potassium
fertilizer.

The phosphorus intake by 1 ton of potatoes,
with the corresponding amount of by-products,
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looks a little different — it had an increasing
character from the separate action of nitrogen
and potassium fertilizers and the interaction
of nitrogen and phosphorus fertilizers. From
the interaction of phosphorus and potassium
fertilizers normative phosphorus consumption
rate tended to decrease.

The normative potassium intake coefficient
responded  significantly negatively to the
application of nitrogen and phosphorus fertilizers
in separate actions and interactions, with the
effect of potassium fertilizer being excluded from
the equation during treatment as insignificant
(<0.05).

Calculation of the economic efficiency of the
application of fertilizers on potatoes (table 7)
has shown the high gross income in treatments,
where middle and increased doses of nitrogen
were combined with small doses of potassium
(treatments 8 and 9) showing 5102,6; 5231,8,
respectively.

The highest income was gained with the doses
of fertilizers for the planned yield (treatment 10)
— 5769,4 tenge/ha. These treatments also were
effective by a relatively low production cost,
showing respectively, 56.5; 56.0, and 50.1 tenge/
kg. Profitability of potato production with the
application of the same doses of fertilizers made up
121,3; 123,1 and 149,7%.
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Table 7 — Economic indicators of potato production depending on mineral fertilizers, 2022

Treatments thousar}ll(eil tenge/ yield, thousand | thousand tenée/ Cost tg/kg Profitability, % thousand teill’ge/
tenge/ha ha. ha
Control (n/f) 2236,2 3583,8 1347,7 78,0 60,3 -
N, 2209,0 4350,2 2141,2 63,5 96,9 793.,6
Niwo 2247,8 4764,7 2516,9 59,0 112,0 1169,2
N, 2286,6 4917,8 2631,1 58,1 115,1 1283,4
Nooo 2325,5 4919,0 2593,5 59,1 111,5 1245,8
N, *P,, 2246,0 4624,1 2378,0 60,7 105.9 1030,4
N, P 2284.,8 4894.9 2610,0 58,3 114,2 1262,3
N, K, 2306,1 5102,6 2796,5 56,5 121,3 14489
N, tK,, 2344.9 5231,8 2886,9 56,0 123,1 1539,2
N, PK 2310,2 5769.,4 3459,2 50,1 149,7 2111,5

The highest net income in the experiment was
gained in the treatment with calculated doses of
fertilizers, making 2111.5 thousand tenge/ha against
793.6-1539.2 thousand tenge/ha in other treatments.

Conclusion

The results of experimental research showed that
in general on the experiment the maximum value of
the leaf surface of potato crop variety “Lady Claire”
in conditions of light chestnut soils of Zhetysu region
occurred in the period of intensive tuberization. The
highest index of leaf area of 41.5 thousand m*ha
was noted in treatment 7 with the joint application
of nitrogen and phosphorus (N, P, ).

Between the phase of seedlings and the phase
of budding photosynthetic productivity varied from
12.9 (treatment 2) to 17.9 g/m? per day (treatment
10), and between the phase of budding and intensive
tuber formation — from 12.1 (treatment 6) to 16.3
g/m? per day (control), which showed no adequate
relationship between this indicator and the applied
doses of fertilizers.

According to the results of structural analysis
of tubers, the share of small fraction decreased

to 6,0-8,7% with the use of fertilizers, and the
marketable part of the potato crop was mainly
provided by the presence of a large fraction
(above 55-60 g).

The obtained experimental results made
it possible to build mathematical models that
adequately describe the effects of mineral fertilizers
on the biometric and yielding indicators of potatoes
and the uptake of nutrients by plants. The resulting
models are useful for predicting the changes
in biometric and yielding indicators and allow
determining the needs of potatoes in fertilizers to
achieve a targeted yield.
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SOILS STATE ANALYSIS IN THE SEMI-AQUATIC ZONE OF SALINE

AND SODA LAKES IN ZHETYSU
(by the example of lake Alakol, Sasykkol, Zhalanashkol, Balkhash and Ushkol)

Nl

In the desert zone of Zhetysu, the vegetation cover of pastures is scarce and their fodder quality is
very low. This is due to the dryness of the climate. The amount of atmospheric precipitation does not
exceed 120-150 mm per year, most of which falls in the autumn-winter period. Summer is character-
ized by extreme dryness. The desertification of the territory that has been developing in recent years, the
processes of soil salinization further reduce the productivity of desert pastures. Under these conditions,
the vegetation cover of inland waterslocated in the desert zone is of particular interest in this article.
Semi-aquatic zones of inland waters have a better wet conditionand have more developed vegetation.
But not everywhere the vegetation of inland watersdevelops in the same way and it depends on edaphic
conditions. Therefore, the soil studies of lakes’ semi-aquatic zone located in the desert zone in particu-
lar seem to us relevant. The aim of the study is to investigate the edaphic conditions for the vegetation
cover development in the semi-aquatic zone of saline and soda lakes in the desert of Zhetysu to increase
their productivity and fodder value. For the research, both fields (comparative geographic, cartographic,
route reconnaissance) and laboratory research methods were used. Based on the results obtained, it was
revealed that there are non-saline soils (soils of semi-aquatic coastline of Zhalanashkol, Ushkol lakes),
slightly saline (soils of Balkhash, Sasykkol lakes) and highly saline (soils of the semi-aquatic coastline of
alakol lake) in the study area. The main type of salinization are soda-sulfate and chloride-sulfate. The
results obtained can be used as a basis for monitoring studies and as a comprehensive assessment of
Zhetysu soil. The results of the study will also make it possible to assess the degree of soil degradation
and vegetation cover under saline conditions.

Key words: saltmarsh, salt licks, agrochemical analysis, water extract, higher — aquatic and semi
aquatic plants, saline lakes, soda lakes.
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XKeTicy Ty3Abl XKdHe COAQ KOAAEPiHIH XXaFaAay alMarbIHAAFbI
TOMbIPAK, XXaFAAMbIH TaAAQy
(Araken, CacbikkeA, XKaraHawikea, baaxai xeHe YIIKOA KOAAEPi MbICAAbIHAQ)

KeTicy weaAi ariMarbliHAQ KaMbIAbIMAAPAbBIH 6CIMAIK >KaMbIAFbICHI a3 >K8HEe OAApPAbIH, XXKEMAIK
KYHAbIAbIFbI 6T€ TOMeH. ByA >kaFaai Kyprak, KAMmMaTka 6aiAaHbICTbl. YKayblH-LUIALLbIH MOALLEPI >KbIAbIHA
120-150 MM-A€H acrnarAbl, OAAPAbIH, KOMLWIAITT Ky3ri-KbICKbl YakbITTa Tyceai. XKa3 eTe KypFakTbIKneH
CUMaTTaAaAbl, COHFbl XXbIAAAPbI AAMbIMN KeAe »KATKaH ayMaKTblH, LUOAEATTEHYI, TOMbIPAKTbIH TY3AaHY
MPOLLeCTepi LWOAAI >KaMbIALIMAAPABIH BHIMAIAINIH 0AaH 8pi TeMmeHaeTeal. bya karpaanaa weaai
ariMaKTa OpHaAacKaH KOAAEPAIH Xararay 6eAAeyiHiH 6CIMAIK KXAMbIAFbIChI KbI3bIFYLLbIAbIK, TYAbIPAAbI.
KeAAepAiH aranay 6eapeyAepi bIAFAAMEH KamMTaMachl3 ETIArEeH JK8He 6CIMAIKTEpi XKaKCbl AaMbIFaH.
bipak, 6apAbiK XXepAe KOAAEPAIH >KaraAay arMarblHbiH, ©CIMAIKTEPI GipAei AamMbiMaiAbl >KOHE OA
3AaMKAABIK, XKaFaarAapra 6anAaHbiCTbl 60AaAbl. COHAbIKTAH LIOAAI aliMakTa OPHAAACKAH KOAAEPAIH
>Karaaay 6eAAeYiHiH TomblparbiH 3epTTey 6i3re e3ekTi 60AbIN KOPiHEAi. 3epTTeyAiH MakcaTbl — XKeTicy
LOAAI aMMaFbiHbIH Ty3Abl XKOHE COAA KOAAEPIHIH >KaFaaay 6GeAAeYiHiH 6CIMAIK >KaMbIAFbICbIHbIH
OHIMAIAITT MEH XeMLLUBeMN KYHAbIAbIFbIH apTTbIPY YLUiH AaMYbIHbIH, 3AaDMKaAbIK, >KaFAANAAPbIH 3epTTey.
3epTTey XKYpri3dy YLWiH AAAaAbIK (CAAbICTbIPMAAbI-reorpadmsIAbIK, KapTorpausAbiK, MapLIPyTTbIK-
6apAay) >koHe 3epTXaHaAbIK, 3epTTey 9AiCTEPI KOAAAHBIAABI. AAbIHFAH HOTUXKEAEP HETi3iHAE 3epTTEAIHIrN
OTblpFaH aymakTa copTaHAaHbaraH TomblpakTap (KasaHalwkeA, YIIKOA KOAAEPIHIH >KaFaAayAblK,
ToMbIpakTapbl), azaaraH copTaHAbl (baakaw, CacblKkeA KOAAEPiHIH TomnbipakTapbl) >KOHe >KOFapbl
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copTaHAbl (AAAKOA KOAIHIH >KaraAayblHbIH TOMbIPAKTapbl) TOMbIPAKTAPAbIH 0ap eKeHi aHbIKTaAAbI.
Ty3AaHYAbIH Heri3ri TypAepi — CcoAa-CyAb(PATTbl XX8HEe XAOPUATI-CYAbATTbl. AAbIHFAH HOTMXeAep
JKeTicyAblH, XKep »KaMbIAFbICbIH MOHUTOPUHITIK 3epTTeYy >KoHe KeleHAI 6araAay yiliH Heri3 peTiHae
nanAAaHbIAYbl MyMKIH. 3epTTey HoTMXKeAepi COHbIMEH KATap TY3AAHY >KaFAalblHAQ TOMbIPaK-6CiMAIK
>KaMbIAFbICbIHbIH AErpaAaLMs ABpPesKeciH Gararayra MyMKIHAIK Gepea.

Tynin ce3aep: ak copTtaH 6Gatnakrap, Ty3Abl 6aTnakTap, arpoOXMMMSIAbIK, TaAAQy, CY COpFbiLl,
JKOFapbl — CYy >KOHe KaraAay-Cy 6CiMAIKTEpPI, TY3Abl KOAAEP, COAQ KOAAEPI.
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AHaAU3 COCTOSIHUS MOYB NMPUOPEXKHONM 30HbI COAEHbIX
M coAO0BbIX 03ep XKeTbicy
(Ha npumepe o3ep ArakoAb, CacbikkoAb, JKaAaHalkKoAb, baAxalu U YiIKOAD)

B nycTbiHHOM 30He >KeTbICy pacTUTeAbHbI MOKPOB MAcTOML, CKYAHbIM M KOPMOBasi LEEHHOCTb
MX OYeHb HM3Kas. JTO MPOUCXOAMT M3-3a CYXOCTM KAMMATA. KOAMYECTBO aTMOCEPHbIX OCAAKOB He
npesbiwaetr 120-150 MM B roA, GOABLUMHCTBO KOTOPbIX BbIMAAAET B OCEHHE-3UMHUIA NepUoA. AeTo
XapaKTEPU3YETCs Ype3BblYAHOM CyXOCTblo Pa3sBuBaiolleecs B MOCAEAHME TOAbl OMYCTbIHMBaHME
TEPPUTOPUN, MPOLECC 3ACOAEHMS MOUBbI €le CUMAbHEE YMEHbLUAOT MPOAYKTMBHOCTb MyCTbIHHbIX
nactéui. B kauecTBe NMpMUMH 3aCOAEHMS HA TEPPUTOPUM 0OAACTH BLIAEASIIOT MEPBUYUHbIE 1 BTOPUUHbBIE
hakTopbl. K MNepBMYHbIM OTHOCAT YyyaCcTMe MATEPUHCKOM MNOopoAbl B (DOPMMPOBAHME COAEBOrO
CTaTyca MOYBbl, KO BTOPMYHbLIM OTHOCST BAMSIHWME AHTPOMOreHHOM AEITEAbHOCTM Ha MOYBEHHbIN
MOKPOB: OpOLLEHME BOAAMM C MOBbILEHHbIM COAEP>KAaHMEM COAM, CKAQAMPOBAHME OTXOAOB, CHera
M T.A. B 3TUX yCAOBMSX NMpeACTaBASIET MHTEPEC PACTUTEAbHbI MOKPOB MPUOPEXHOM MOAOCHI 03ep,
PaCrMOAOXEHHbIX B MyCTbIHHOM 30He. [1prbpexHble 30Hbl 03ep obecrieveHbl BAAroi U MMelnT Goaee
pa3BUTYIO pPacTUTeAbHOCTb. Ho He Be3ae pacTUTEAbHOCTb MPUOPEXKHON 30Hbl O3ep pa3BMBAETCs
OAMHAKOBO 1 3aBUCUT OT 3AaPUUECKMX YCAOBUIA. [103TOMY 13yUeHMe NoUB NPUOPESKHON NMOAOCHI 03€ep,
PacnoOAO>KEHHbIX B MyCTbIHHOM 30He, MPEACTABASIETCS HaM akKTyaAbHbIM. LIeAbIO MCCAeAOBaHNS SBASIETCS
M3yyeHue 3AaUUECKMX YCAOBUI PA3BUTUS PACTUTEABHOrO MOKPOBA MPUOPEXKHON 30HbI MyCTbiHb
JKeTbICy AAS MOBbIWEHUS MX MPOAYKTMBHOCTM M KOPMOBOM LEHHOCTM. Ha OCHOBaHMM MOAyYeHHbIX
pPe3yAbTaTOB BbISIBAEHO, UYTO Ha TEPPUTOPUM MCCAEAOBAHMS MPUCYTCTBYIOT HE3aCOAEHHble MOYBbI
(nouBbl MpUGPeEXHON 6eperoBor AMHUM 03ep XKaAaHaLKOAb, YLIKOAb), cAab03acoAeHHbIe (MoYBbI 03ep
Baaxaw, CacbIKKOAb) M CMAbHO3ACOAEHHbIE (MOYBbI MPUOPEXKHON 30HbI GEPErOBOM AMHMM AAAKOAD).
OCHOBHbIM TUMOM 3aCOAEHNS SIBASIIOTCS COAOBO-CYAb(PATHOE 1 XAOPUAHO-CyAbdaTHOE. [ToAyUeHHble
pesyAbTaTbl MOTYT O6biTb MCMOAb30BaHbl, Kak OCHOBA AASl MOHUTOPUHIOBbIX MCCAEAOBAHWA U
KOMMAEKCHOW OLLeHKM MOYBEHHOrO MoKpoBa XKeTbicyckoin o6AacTu. Pe3yAbTaTbl MCCAEAOBaHMS TakKe
MO3BOAST OLIEHUTb CTeNeHb AerPaAMPOBAHHOCTM PACTUTEABHOIO MOKPOBA B YCAOBMSIX 3aCOAEHMS.

KAtoueBble cAOBa: COAOHYAKM, COAOHLIbI, arPOXMMMYECKMIA aHAAM3, BOAHAS BbITSXKKA, BbICLLME —
BOAHbIE 1 NPUOPEXXHO-BOAHbIE PacTeHMsl, COAEHble 03epa, COAOBbIE O3epa.

Introduction

The soil cover of Zhetysu has a number of
features associated primarily with special climatic
conditions: it’s of continental climate type, saline,
shows uneven distribution of precipitation, and
has low soil moisture. This is due to the diversity
of climate, its topography, underlying rocks, and
vegetation. Most of the precipitation falls during
the winter months. In the study area, zonal soils
are gray soils, which are mainly of loamy and clay
granulometric composition, often saline, with high
pH and very low content of plant nutrients. The
peculiarity of the structure of gray soils is due to
the weak differentiation of genetic horizons, i.e.
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low content of organic matter and its complete
mineralization [1].

Salinization ofthe soil coverand constantincrease
in its area from year to year due to poor drainage
under the influence of both climatic conditions and
anthropogenic activities are becoming one of the
most urgent problems that lead to the degradation
of soil cover, and a decrease in the biodiversity of
plants and animals [2-4]. This problem directly
affects the development of agriculture, the main task
of which is to provide food for the population of the
republic and feed for farm animals [5].

The soils of the study area can be classified
as medium and highly saline. Soils with high salt
content are inherent in steppe and desert landscapes,
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however, soil salinization processes also occur in
areas with humid climate, most often in the coastal
zone, where inland water shows its influence through
river channels and feeds through groundwater,
which directly affects the salinization process of vast
territories [6-9]. Primary and secondary factors that
influence the accumulation of salts in the soil cover
is distinguished as the causes of salinization in the
region. The primary ones include the participation
of the parent rock in the formation of soil salt
status, the secondary ones include the influence of
anthropogenic activities on the soil cover: irrigation
with waters with high salt content, lack of drainage,
waste storage, etc. [10].

The problem of soil salinity and vegetation
cover degradation is devoted to a number of re-
search works [6-8, 11-12], however, there is no
complete information on the degree of salinization
of the coastal zone of the Zhetysu region (Alakol,
Sasykkol, Zhalanashkol, Balkhash and Ushkol).

The research area

Since at present the problems of soil salinization
and degradation of vegetation cover are among the
most urgent, the purpose of this research was to
study the edaphic conditions for vegetation cover
development of semi-aquatic lakes in the desert
zone of Zhetysu to increase their productivity and
fodder value.

Materials and methods

Fields (comparative geographic, cartographic,
route reconnaissance) and laboratory research
methods were used to make research [13-15].

Research objects. The objects of research were
5 survey points: soils of the semi-aquatic zone of
Zhetysu lakes (it’s the historical and geographical
region of Kazakhstan, which includes the
southeastern part of it, and consists of 7 main rivers,
in the former Almaty region): Sasykkol, Alakol,
Zhalanashkol, Balkhash and Ushkol (Figure 1).

Y Legend
R @ ook
@ Balkhash
@ Sasykkol lake
@ Ushkol lake
Zhalanashkol lake

Figure 1 — The research area

Depending on the height above sea level,
different natural areas formulate different conditions
for soil formation processes. In the foothill plain,
where the research objects are located, the climate
is sharply continental, with hot summers and cold
winters. Significant fluctuations in temperature are
observed both between the seasons of the year and
between the times of the day. The average January
temperature in the plains is -15°C, in the foothills

— 6-8°C; in July it is + 16 ° C and + 24-25 ° C,
respectively, most of the precipitation falls in the
winter months.

Lake Sasykkol occupies the northernmost
position among the Alakol group of lakes, it is the
second largest one and is characterized by a winding
coastline. This is a shallow lake system with a
uniformly regular hollow, elongated from east to
west (Figure 2).
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Figure 2 — Wormwood — mixed — grass community of Sasykkol lake

Lake Alakol is one of the largest salt lakes, and ~ bays. The vegetation is varied, with a predominance
is the main one. Coastline of Alakol lake is highly  of Phragmites communis, Typha angustifolia,
rugged, forming numerous peninsulas, capes and  Artemisia sp., Atriplex sp. etc. (Figure 3).

Figure 3 — Saltwort — cattalis community of Alakol lake

44



Ye. Zaparina et al.

Zhalanashkol is a lake located on the border
of the Alakol district of Zhetysu and Urdzhar
district of Abay region. According to its chemical
composition, it belongs to the soda type: Na * and

the sum of HCO ,~ + CO ,*~are the first in the list of
dominant ions (> 25e%). Relief is represented as a
low-lying plain in the central part of the Balkhash-
Alakol basin (Figure 4).

Figure 4 — Cattails-mixed-grass community of Zhalahashkol lake

Lake Balkhash is a semi-freshwater lake in
a closed endorheic basin, which is located in the
deepest part of the vast Balkhash — Alakol basin.
The vegetation is saltwort, consisting of two tiers.
The first forms are tree-shrub hodgepodges: kokpek,
sarsazan, potash; the second is dominated by
Salicornia europaea., Suaeda prostrata, Karelinia
caspia etc. Most of the surface is bare, somewhere it
is covered with salt (Figure 5).

Ushkol is a small brackish lake, which is located
on a narrow semi-aquatic zone of clay-sand plain
at the foot of Ushkara low-mountain range, in the
interfluve of Karatal and Aksu. According to its
chemical composition, it belongs to the soda type:
Na * and the sum of HCO ,~+ CO ,*~are the first
ones in the list of dominant ions (> 25 ¢ %) [16]. The
shores of Ushkol are flat, clayey and sandy, with
sparse vegetation characteristic of this soil type. The
common representatives are Tamarix ramosissima,
Phragmites communis, Calamagrostis dubia etc.
(see Figure 6).

Research methodology. Soil sampling of 0.5
kg (3 replications at each site) was carried out in
the summer of 2022 in accordance with GOST

17.4.4.02-84 “Nature Protection. Soils. Methods
of sampling and samples preparation for chemical,
bacteriological, helminthological analysis» at 5
points at a depth of 0-45 cm by using the «envelope»
method.

The analysis of chemical composition was
carried out by using the following equipment:
laboratory type I-160 MI ionomer, flame photometer
(FLAPHO-4 type), Specord 210 PLUS, electronic
balances AR 2140 and ScoutProSPS202 F.

To determine the content of soluble salts in the
soil and determine the type of salinity, water extract
was used, which showed the content of organic and
mineral water-soluble simple salts in the soil [17].

The type of salinity was determined by the sum
of toxic salts, the chemistry type of salinity was
determined by salinity degree, along with taking into
account the «total effect» of toxic ions according to
Bazilevich and Pankova’s method [18]. Mobile ni-
trogen was determined by the method of Tyurin and
Kononova [19]. Mobile phosphorus and exchange-
able potassium were determined by the method of
G.V. Motuzova and O.S. Bezuglova (according to
Kirsanov’s method) [20].
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Figure 5 — Saltwort community of Balkhash Lake

Figure 6 — Cattails-mixed-grass community of Ushkol lake
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The obtained data were statistically processed
using MSExel and Statistics 6.0 application pro-
grams.

Results and Discussion

In the semi-aquatic zone of Sasykkol Lake, the
soils are meadow-marsh, non-saline, medium loamy
(Table 1). Soil samples were taken at points from
the semi-aquatic lake zone according to these co-
ordinates: 1.N 46 °29.287 < E 80 °51.612 “, 2. N
46°34'321” E 080°58.292°, 3. N 46 °29.021 “ E 080
°51.435 -

According to the analysis of the water
extract, the salt content is in the range of 0.107
— 0.504%. Salinization is observed at a depth
of 15-30 cm to an average degree. The type of
salinity is chloride-sulfate, the pH of the medium
is 8.6, it is alkaline.

The soils of the semi-aquatic Alakol Lake zone
are represented by meadow solonchak (saltmarsh)
and ordinary medium loamy soils (Table 2). Soil
sampling was taken from points of semi-aquatic
zone according to the following coordinates: 4.
N46°19.983° E 81°22.541°, 5. N46°19.721° E
081°22.402; 6. N45°59.073° E 081°31.181°.

Table 1 — Results of water extraction of soil in the semi-aquatic zone of Sasykkol Lake

) b ]
Water/soil extract — completely dry soil
Sam- =
No. | pling Alkalinity
depth, The sum
cm pH | ofsalts, | The total | FTOM normal Cl- SO,* Ca? Mg > Na* K*
% in HCO carbonates to
3 CO,
015 856 0.121 0.017 0.002 0.018 0.049 0.008 0.006 0.021 0.002
’ 0.28 0.08 0.51 1.03 0.39 0.49 0.90 0.04
1 826 0.017 - 0.058 0.266 0.027 0.006 0.127 0.002
15-30 ’ 0.504
0.28 - 1.64 5.54 1.37 0.49 5.54 0.05
0.017 0.002 0.013 0.044 0.010 0.002 0.019 0.002
30-45 | 8.89 0.107
0.28 0.08 0.36 0.92 0.49 0.20 0.84 0.04
Table 2 — Results of water extraction of soil in the semi-aquatic zone of Alakol Lake
Water/soil extract ﬂon completely dry soil
.
Sam- =
No. | pling Alkalinity
depth, The sum
cm pH | ofssalts, | The total | FTOM normal Cl- SO ,* Ca? Mg Na* K
% in HCO. - carbonates to
3 CO,
0.163 0.067 0.452 1.519 0.002 0.010 1.051 0.018
0-15 9.98 3.215
2.68 224 12.73 31.64 0.10 0.78 45.70 0.47
0.085 0.034 0.090 0.414 0.004 0.004 0.276 0.002
2 15-30 | 10.29 | 0.876
1.40 1.12 2.55 8.62 0.20 0.29 12.02 0.06
0.024 0.005 0.393 0.197 0.039 0.065 0.177 0.021
30-45 9.23 0918
0.40 0.16 11.10 4.10 1.96 5.38 7.70 0.55
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The maximum number of salts in the upper
horizon is 3.215%, the type of salinization is soda-
sulfate, the pH of the medium is 9.83, it is strongly
alkaline. The lower horizons also have a high salt
content (0.876 —0.918%), the type of salinity is soda-
sulfate and it is of soda-chloride type in the sample
taken from deeper extraction. Wick salinization
from saline groundwater is shown there from the
deeper extraction points.

The soils of semi-aquatic Lake Zhalanashkol
zone are meadow-marsh, non-saline, medium loamy

(Table 3). Soil sampling was taken from the coastal
line at the points with the following coordinates:
7. N45°32.197" E 082°84.557°, 8. N45°34.946° E
082°06.979°,9. N 45 °33.487° E 082 °11.127 “.

According to the water extract analysis, the salt
content lies within the range of 0.100 — 0.175%. The
pH of the medium is 9.4, it is strongly alkaline. The
largest amount of salts was found at a depth of 30-
45 cm. The type of salinization is sulfate, and for
the samples from deeper extraction the salinization
is chloride-sulfate.

Table 3 — Results of water extraction of soil in the semi-aquatic zone of Zhalanashkol Lake

Water/soil extract ﬂon completely dry soil
Sam- e
pling Alkalinit
No. depth, The sum Y
om pH | of salts, ]_“he total | From normal Cl- SO, * Ca? Mg > Na* K+
% in HCO | carbonates to
3 ) CO 3
0.041 0.007 0.005 0.032 0.002 0.002 0.025 0.004
0-15 9.48 0.113
0.68 0.24 0.15 0.67 0.10 0.20 1.10 0.11
0.037 0.007 0.003 0.033 0.002 0.004 0.021 0.002
3 15-30 9.67 0.100
0.60 0.24 0.07 0.68 0.10 0.29 0.90 0.06
0.063 0.007 0.006 0.053 0.004 0.005 0.035 0.008
30-45 9.09 0.175
1.04 0.24 0.18 1.11 0.20 0.39 1.54 0.20

The soils of the semi-aquatic Balkhash Lake zone
are desert sands with characteristics of humus content,
they are carbonate, slightly fixed and hilly (Table 4).
Soil samples were taken from points of semi-aquatic
lake zones according to the following coordinates:
10. N 46°22.986° E 078°25.209°, 11. N 46°23.236’ E
078°40.477°, 12. N 46 °22.178’ E 078 ©55.329".

The number of salts, according to water extract
results, varies from 0.03 to 0.161%. The maximum
amount is found in the upper line at a depth of 0 — 15
cm, it is 0.161%. The pH of the medium is 9.23, that
is an indicator of very strong alkalization. The type
of salinity is chloride-sulfate, in the lower layers it
is a chloride one.

Table 4 — Results of water extraction of soil in the semi-aquatic zone of Balkhash Lake

Water/soil extract ——-on completely dry soil
Sam- e
No. | pling Alkalinity
depth, The sum
cm pH | of salts, | The total | [ roM normal Cl- SO > Ca? Mg 2 Na * K*
A in HCO. - carbonates to
3 CO,
0.032 0.002 0.021 0.060 0.010 0.005 0.033 0.002
0-15 | 8.06 | 0.161
0.52 0.08 0.58 1.25 0.49 0.39 1.43 0.04
0.020 0.002 0.003 0.000 0.004 0.001 0.002 0.001
4 15-30 | 9.53 | 0.030
0.32 0.08 0.07 0.00 0.20 0.10 0.07 0.03
0.017 0.002 0.001 0.008 0.004 0.002 0.001 0.002
30-45 | 9.6 0.035
0.28 0.08 0.04 0.17 0.20 0.20 0.05 0.04
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The soils of the semi-aquatic Lake Ushkol zone
are represented by non-saline desert sands having
some humus content, they are carbonate and flat
(Table 5). Soil samples were taken from points of

semi-aquatic lake zone according to the following
coordinates: 13. N 45 °39.968 * E 078 °04.831 °,
14.N 45 °44.604 “, E 078 ©00.388, 15.N 45 °39.724
“E078°04.641°.

Table 5 — Results of water extraction of soil in the semi-aquatic zone of Ushkol Lake

Water/soil extracton —2 completely dry soil
Samp e
No. | ling Alkalinity
depth, The sum
cm pH | of salts, The total | From normal Cl- SO > Ca 2 Mg > Na * K+
% in HCO | carbonates to
3 i CO3
0.027 0.001 0.008 0.042 0.006 0.004 0.021 0.001
0-15 8.85 | 0.108
0.44 0.04 0.22 0.87 0.29 0.29 0.92 0.03
0.029 0.001 0.017 0.065 0.010 0.005 0.032 0.001
5 15-30 | 852 | 0.159
0.48 0.04 0.47 1.35 0.49 0.39 1.40 0.03
0.024 0.002 0.009 0.026 0.004 0.002 0.018 0.002
30-45 9.6 0.085
0.40 0.08 0.25 0.55 0.20 0.20 0.77 0.04

According to water extract results for soil
samples taken from different levels, an insignificant
salt content of 0.08-0.15% was found. The pH of
the medium is 9, it is strongly alkaline. The type
of salinity is chloride-sulfate with the presence of
soda.

Also, the content of mobile nutrients (MFN)
is one of the main indicators of good soil fertility.

For the growth and nutrition of plants, the most
important role belongs to 3 elements: nitrogen,
phosphorus and potassium.

According to the agrochemical analysis results
of the soil in the semi-aquatic zone of salt and
soda Zhetysu lakes, presented in Figure 7, the
soil composition degree of mobile elements was
assessed.

The main mobile nutrients

580
600
500
400 300
300
190
200 120
100 = 36.4 44.8 .I
16.8 10 19.6 33 -4 36 77003 25.2 10
0 —-I A ‘ e
Sasykkol Alakol  Zhalanashkol  Balkhash Ushkol
mNitrogen Mg/kg  ® Phosphorus Mg/kg Potassium Mg/kg

Figure 7 — Mobile nutrients of the semi-aquatic zone of saline and soda lakes of Zhetysu
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The semi-aquatic soil downstream of the lakes
was shown to have following numbers of mobile
nitrogen: Sasykkol shows 16.8 mg/kg, Alakol
shows 19.6 mg/kg, Ushkol shows 25.2 mg/kg, that
indicate a very low degree of availability of soluble
nitrogen (< 30). The content of mobile nitrogen in

Balkhash (44.8 mg/kg) and Zhalanashkol (36.4 mg/
kg) lakes allows one to consider the soil as having
a low degree of availability. Thus, it is possible to
divide the soil into 2 groups:a group of soils with a
very low degree of availability of mobile nitrogen
and with a low content (presented on Figure 8).

Mobile Nitrogen, mg / kg

50

40

Alakol

1 group

448
30 36.4
19.6 3.2
20
10
0
Sasykkol
Ushkol

Zhalanashkol
Balkhash

2 group

Figure 8 — The content of mobile nitrogen in soil samples of the semi-aquatic zone of saline and soda lakes of Zhetysu

According to the content of mobile phosphorus,
semi-aquatic soils of studied Zhetysu lakes can be
divided into 3 groups:

Group [: the degree of availability of mobile
phosphorus is very low (<10), semi-aquatic soil of
Sasykkol and Ushkol lakes (10 mg/kg) belong to
this group.

Group III: medium availability of mobile
phosphorus (16-30 mg/kg), semi-aquatic soil of
Balkhash Lake (23 mg/kg) belongs to this group.

Group IV: increased availability of mobile
phosphorus (31-45 mg/kg), semi-aquatic soil of
Alakol (33 mg/kg), Zhalanashkol (36 mg/kg) lakes
belong to this group, see Figure 9.

According to the content of exchangeable
potassium, semi-aquatic coastal soils of salt and
soda Zhetysu lakes belong to 4 groups: with very
low supply, low, medium and high.

Group I includes semi-aquatic coastal soil of
Sasykkol Lake, with an exchangeable K content
of 80 mg/kg, and it shows a very low availability
degree (<10 0). Group II includes the soils of
lakes Ushkol (120 mg/kg) and Balkhash (190
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mg/kg): these indicate low degree of availability
(101-200). Group I includes semi-aquatic
coastal soil of Zhalanashkol Lake (300 mg/kg):
it shows medium degree of availability (201-
300). Group IV shows high availability degree
of exchangeable potassium (401-600), it includes
semi-aquatic coastal soil of Alakol Lake of 580
mg/kg (see Figure 10).

Thus, according to the obtained data of
agrochemical analysis, the most fertile soils can be
attributed to the semi-aquatic lines of Alakol and
Zhalanashkol lakes. It was shown during the research
that there is a higher content of mobile phosphorus,
potassium and nitrogen in the soil composition (with
the exception of Alakol soils).

Soil salinization is a global problem that has
an adverse impact not only to the vegetation cover,
but also on agriculture in general. This problem is
researched and investigated in both foreign studies
[21], where they present and discuss the most
optimal solutions [22-23], and local ones [6-8],
which provide information on soil condition and the
degree of their degradation.
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Figure 9 —The content of mobile phosphorus in soil samples of the semi-aquatic zone
of saline and soda lakes of Zhetysu
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Figure 10 — The content of exchangeable potassium in the soils of the semi-aquatic zone
of saline and soda Zhetysu lakes
Soil salinity inhibits plant growth and  salinization in the semi-aquatic coastal zone of salt

development with adverse effects such as osmotic
stress, Na * and Cl - toxicity, ethylene production,
plasmolysis, nutrient imbalance, reactive oxygen
species (ROS) production, and disruption of
photosynthesis [24]. According to the literature
data, soil content of more than 0.25% indicates
the inhibition of the vegetation cover [25]. Water
extract data demonstrate different degrees of soil

and soda Zhetysu lakes. The same amount of salts,
depending on their composition, may also indicate a
different degree of soil salinity, which is due to the
unequal toxicity of various easily soluble salts for
plants.

Alakol soil shows high salinity degree, the
amount of salts varies between 3.215-0.876%. This
type of soil is characterized by strong inhibition of
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vegetation, and very often only single representatives
of weed species and halophytes (Salsola dendroides,
Salicornia europaea, Tamarix ramosissima) are
able to grow on such a soil. Salts show toxic effects
on plants, disrupt metabolism, make it difficult for
plants to absorb nutrients from the soil, are a cause
of'a decrease in yield and deterioration in the fodder
quality of grass cover. The projective cover was
30-40% on the territory of checked and surveyed
points of No. 4,5,6. The dominant communities
are reed and saltwort. The soils of the semi-aquatic
wetland coastline of Balkhash Lake belong to the
moderately saline degree; they are characterized
by an average degree of inhibition of plants vital
processes. However, it is necessary to take into
account sandy mechanical composition, which is
poorly absorbed by salts and is characterized by a
specific type of vegetation (the representatives are
Haloxylon aphyllum, Calligonum aphyllum etc.).
The projective cover was 40-50% in the survey area
(points No. 10-12), the dominant communities are
saltwort and shrub-forb with a predominance of
Calligonum aphyllum, Tamarix ramosissima.

Non-saline soils include a semi-aquatic coastline
of Sasykkol, Zhalanashkol and Ushkol lakes, where
the amount of salts does not exceed 0.25% and it is
favorable for plant growth. The projective cover is
70-80%. Dominant communities include reed-forb
with predominance of Phragmites sp. and grass-forb
with predominance of Agropyron sp.

It should be noted that pH of the medium in
all samples is > 7; The soil is alkaline and strongly
alkaline. Soil alkalization is caused by an excess
of anions such as CO,* and Na " cations in the soil
solution. For the vital activity of plants (growth and
development), the most optimal pH range is 5.5-
8. Alkalinity reduces soil fertility and disrupts the
physiological balance of ions, which in turn leads
to deterioration and worsening in plant nutrition,
violation of carbohydrate, protein and phosphorus
metabolism. Sasykkol and Ushkol lakes are less
fertile. The lack of nutrients negatively affects
growth and development of plants: with a lack of
phosphorus, plant growth slows down, which, of
course, cannot but affect the yield; lack of nitrogen
disrupts the process of photosynthesis, due to the
destruction of chlorophyll, drying and necrosis
of plant parts is possible; sufficient content of
potassium in the soil increases plants resistance to
the effects of low and high temperatures, diseases,
and it also reduces the time of plant maturation.
Complex fertilizers containing several nutrients
are used to compensate for the lack of nitrogen,
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phosphorus and potassium in the soil. For example,
it is ammoniated superphosphate, ammophos,
diammophos, potassium nitrate.

Conclusion

Thus, as a result of the research, it was revealed
that edaphic conditions directly affect vegetation
development cover of semi-aquatic coastline of salt
and soda Zhetysu lakes. It was revealed that there
are non-saline soils (soils of semi-aquatic coastline
of Zhalanashkol, Ushkol lakes), slightly saline (soils
of Balkhash, Sasykkol lakes) and highly saline
(soils of the semi-aquatic coastline of Alakol Lake)
in the study area. According to the chemistry of
salinization, soda-sulfate and chloride-sulfate types
prevail there.

Soil salinization has the following negative
consequences: many species of plant organisms
disappear, while new halophyte plants (Salsola
dendroides,  Salicornia  europaea, Tamarix
ramosissima etc.) appear, the gene pool of terrestrial
populations is decreasing due to the deterioration
of living conditions of organisms, and migration
processes are being intensified.

At present, salinity and alkalinity of semi-
aquatic soils of Zhetysu lakes cause decrease in the
productivity and quality of pasture lands. To increase
soil fertility, it is necessary to compensate for the
lack of basic mobile nutrients by using complex
fertilizers containing several nutrients at once.

Restoration of saline soils, especially highly
saline soils, is possible only with complex land
reclamation measures. At present, the most
promising one is a complex technology for restoring
the properties of technogenically saline and alkaline
soils, which include introduction of various
ameliorants, phytomelioration processes, and the
use of biological preparations.
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AHTUMMUKPOBHAS AKTUBHOCTb
MOAMNMEPHOTIO KOMITO3UTA C TPUKAO3AHOM

TpUKAO3aH SIBASIETCSI MPOTUBOMMKPOOHBIM MHIPEAMEHTOM, MCMOAb3YEMbIM BO MHOTMX MPOAYKTaX
AAS 3A0POBbS U B AOMALLHEM XO3$1MCTBE. NMPEAMETbI, BKAIOYAS MAACTMACChl, TEKCTUADb U NMULLEBbIE yNa-
KOBOUHble MaTepuabl. CylecTBYIOT AOCTaTOYHO MPOTMBOPEUMBbIE AQHHbIE MO AHTUMWMKPOOHOM ak-
TUBHOCTM MOAMMEPHbIX COCTABOB C MMMOOMAM30BaHHbIM TPUKAO3AHOM. B HacTosiem nccaeaoBaHmm
N3yYeHbl MOAMMEPHbIE KOMMO3UTbl, COAEPXKALLME TPUKAO3aH. [MPOMAAIOCTPMPOBAHO, YTO MOAMMEPHbI
KOMIO3MT C TPUKAO3aHOM (5%) B YCAOBMSIX in Vitro 0OAAQAQET BbICOKMM aHTUMMKPOOHbIM AEICTBMEM
B OTHOLIEeHMM wWTamma S. aureus 6538-P obecneumsas rmbeab 100% GakTepuit. MccaepoBaHme cra-
OGUMABHOCTM MaTepuaAa MoA BAUSIHMEM HECKOAbKMX (DU3MKO-XMMUUECKMX (DaKTOPOB, TakMX Kak CBeET,
Y®-usayuerue, pH 2 n pH8, nctupatme IBASETCS BaXKHbIM MapamMeTpoMm npu MacltabrupoBaHum npo-
M3BOACTBA MaTepuana. BbisiBUAM coxpaHeHne aHTUMMKPOOHOM aKTMBHOCTU MCCAEAYEMOrO MaTepuana
B OTHoLleHnn S. aureus 6538-P; Kl.pneumoniae 10031 yepes 1 1 2 HeaeAn, yepes 1 — 12 MecsiLeB exxe-
AHEBHOIO BO3AEMCTBUMS. TakMM 00pa3oM, YCTAaHOBAEHO, YTO aHTMMMKPOOHAasl akTMBHOCTb 00pasLoB,
COAEP>KaLMX TPMKAO3aH, COXPAHSETCS MOCAe ToAd €XXEAHEBHOIO BO3AENCTBUSI BHELIHMX (PaKTOpPOB,
UMUTUPYIOLLMX ecTeCcTBeHHble YCAOBUS. (DYHrMUMAHAs akTMBHOCTb Komno3duta ¢ TCS B OoTHOLUeHUM
wrammos C.albicans 2091 u kanHnueckoro nsoaata C.albicans 3admkcrpoBaHa Ha ypoBHE CHMXKEHUS
pocta 6akTepwmii Ha 82,1% 1 92,2% COOTBETCTBEHHO, C BPEMEHEM KOHTAaKTa C MNOBEPXHOCTbIO 4 vaca.
OAHaKO (PYHIMUMAHOM aKTMBHOCTbIO B OTHOLWEHMM wTamma C.albicans 10231 noAMMeEpHbIi KOMMO3UT
MocAe 3-X LMKAOB UCTUPAHUS He 0OAaAaeT.

KAtoueBble cAOBa: aHTUMUKPOOHAsi aKTUBHOCTb, TPUKAO3aH, NMOAUMEPHbI KOMMO3MUT, (DYHIMLMA-
Hasl akTUBHOCTb.
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Satbayev University, Kazakhstan, Almaty
2LLP “Marmar Kazakhstan”, Kazakhstan, Taldykorgan
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Antimicrobial activity of a polymer composite with Triclosan

Triclosan is an antimicrobial ingredient used in many health and household products, items
including plastics, textiles and food packaging materials. There are rather contradictory data regarding
the antimicrobial activity of polymeric formulations with immobilized triclosan. In the present study,
polymer composites containing triclosan were studied. It is illustrated that the polymer composite
containing triclosan (5%) revealed a high antimicrobial effect against the S. aureus 6538-P strain, ensuring
the death of 100% of bacteria in vitro. The study of material stability under the influence of several
physico-chemical factors such as light, UV radiation, pH 2 and pH 8, abrasion is an important parameter
for scaling up material production and commercialization. The preservation of the antimicrobial activity
of the material against strains: S. aureus 6538-P; Kl. pneumoniae 10031 after 1 and 2 weeks, after
1 — 12 months of daily exposure (light, UV radiation, pH 2 and pH 8). Thus, it was found that the
antimicrobial activity of the samples containing triclosan (5%) persists after a year of daily exposure to
external factors that mimic conventional conditions of usage. The fungicidal activity of the composite
with TCS with a surface contact time of 4 hours against strains of C. albicans 2091 and the clinical
isolate of C. albicans were detected at the level of reducing the growth of bacteria by 82.1% and 92.2%,
respectively. However, the polymer composite did not have antifungal activity against the C.albicans
10231 strain after 3 cycles of mechanical abrasion.

Key words: Antimicrobial activity, triclosan, polymer composite, fungicidal activity.
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TpUKAO3aH KOCBIAFAH MOAMMEPAI KOMMO3UTTIH, MUKPOOKA KapCbl OeACEHAAIri

TpUKAO3aH — KernTereH AEHCayAbIK, )X8HE TYPMbICTbIK, OHIMAEPAE KOAAAHBIAATbIH MUKPOOKA Kapchbl
MHIPEAMEHT. MAACTMAcca, TOKbIMa >KOHe a3blK-TYAIK Opay MaTepMaAAapblH KOCa aAFaHAQ, 3aTtTap.
MMMOBUMAM3aLMSIAGHFAH TPUKAO3aH 6ap NMOAMMEPAI KypaMAapAbiH MUKPOGKa KapcCbl GEACEHAIAIT Ty-
paabl 6Gipliama Kapama-kaiilbl aepektep 6ap. Ocbl 3epTTeyaAe KypamMbiHAA TPUKAO3aH 6ap MOAUMEPAI
KOMMO3UTTep 3epTTeAai. TprkaosaH (5%) 6ap MoAMMep KOMMO3MWTI in Vitro karaarbiHAQ S. aureus
6538-P wrammbiHa KapChl XKOFapbl MUKPOOKA Kapcbl acepre me 60Abin, 6akTepusirapabiH 100% eAyiH
KamTamachbI3 eTeTiHi kepceTiAreH. XKapbik, YAbTPaKYAriH cayaeaeHy, pH 2 >xaHe pH 8, abpasus cUsSKTbl
GipHelle hU3nKa-XUMUSAbIK, (haKTOPAAPAbIH 8CEPiHEH MaTEPUAAADBIH, TYPAK TbIAbIFbIH 3pTTEY MaTepMan
OHAIPICIH KeHenTy Ke3iHAE MaHbI3Abl apameTp 6OAbIN TabblAaAbl. S. aureus 6538-P Kapcbl 3epTTeAeTiH
mMaTepuaAbiH MUKPOOKa KapCbl GEACEHAIAITIHIH cakTaAybiH aHblkTaabl; Kl.pneumoniae 10031 1 >xaHe
2 anTapaH KeiiH, 1 — 12 aipaH KeriH KYHAEAIKTI acep eTy. OcblAaiilia, KypamMbiHAQ TPUMKAO3AH 6ap
YATIAEPAIH MUKPOOKA KapChl GEACEHAIAIr TabuFn XaFAaiAapFa YKCaMTbiH CbIPTKbl (pakTOPAAPAbIH
KYHAEAIKTI acepiHeH 0Oip >XbIA ©TKEHHEH KeliH Ae cakTaAaTbiHbl aHbikTaaabl. C. albicans 2091
wTammAaapbiHa >keHe C. albicans KAMHMKaABIK M30AsITbIHA Kapcbl TCS 6ap KOMMO3UTTIH (PYHIMUMATIK
GeAceHAIAITT bakTepusaapablH ecyiH TuiciHwe 82,1% >oHe 92,2% TOMEHAETY AEHreniHAE TIpKeAAI,
6eTTik 6arAaHbIC yakbITbl 4. caraT. AereHMeH, NOAMMEPAI KOMNO3UUMS 3 alMHaAbIMHAH KeriH TO3YAbIH

C.albicans 10231 wrammbiHa Kapcbl (DYHIMUMATIK GEACEHAIAIKKE Me emec.
TyiiH ce3aep: MMKPOOKa KapChl GEACEHAIAIK, TPMKAO3aH, MOAUMEPAI KOMMO3UT, (DYHIUMUMATIK

BEeACEeHAIAIK.

BBenenne

Tpuknoszan (2,4,4’-tpuxsop-2’-rugpoxcunude-
HUJIOBBIH 3()Up) IUPOKO N3BECTEH KAK HEMOHOT'CH-
HOE apoMaTHYECKOe XJIOPOMPOU3BOJIHOE BEIIECTBO
mUpoKoro crekTtpa aeictBusa. Tpukiozan (TCS)
AHTUMHUKPOOHBIN areHT, O1arogapsi OJaronpusTHO-
My TIpohHITI0 O€30TTaCHOCTH BKITIOUCH B Pa3IMIHbIC
MPOJIYKTHI IMYHOW TUTHUEHBI, B TOM YHUCIIE J1€30/10-
PaHTHOE MBLIO, €30J0PAHTHI U1 00pabOTKH MOA-
MBIIIIEYHON BIAJAWHBI, T€IH U Iyllla U CPEACTBa
JUISL MBITBSI PYK MEIUIIMHCKOTO TepcoHana [1]. Orta
cyOCTaHIMs MPOSIBJIIET YMEPEHHYIO CTENEHb pas-
JpayKeHHs KOKH, 1 BO MHOTHX MPOIYKTaxX MPHUIAET
AHTUMUKPOOHBIA dPPeKT. XOoTs MpSIMOH MPOAOI-
JKUTENbHBIA KOHTAKT TCS BBI3BIBAET paz/ipakeHUE
KOXXH Y JTa0OpaTOPHBIX KUBOTHBIX, JIUIIH U3pEIKa
OBUIM CBA3aHBI C pa3paKeHUeM KOXKH WIIM CEeHCH-
Ounu3auuei y JioJel B COCTaBe BhILIETIEPEYUCIICH-
HBIX TIPOTYKTOB JIMYHOW TUTHEHBI [2, 3].

BrisiBieno, uro konuentparust 50% uHruéupo-
Banus (IC50) TCS mo OTHOWICHHWIO K KJIETOYHBIM
muausM Vero, KB 1 BHK-21 cocrasisier 0,036 u
0,034 MM u 0,26 MM cootBetrcTBeHHO. CoOepiKa-
Hue TCS B momysspHBIX CpeAcTBax JIMYHON THMTH-
€HBI ITOKa3bIBaeT MaKCHMaJbHOE COJiepyKaHhe Ha
yposhe 0,27. % (Bec/Bec) wnu 0,023 MM B xuKOM
MbLUIE 7151 uia [2]. Yike Ha NPOTSHKEHUU HECKOIIb-
KHX JeCSITUIICTUN TPOI0IHKAIOTCS HCCIIeIOBaHHS TIO

HCTOJIb30BaHUI0 MOJUMEPHBIX TCS KOMITO3UTHBIX
MaTepuanoB. B cTOMaTOJOrMHM Bce Halle HCIOJb-
3YIOT KepaMuKy. [lonuMepHbIi IeMEHT, UCIIOJIb3Y-
eMBI TIPH HM3TOTOBJICHWH 3yOHOTO KOMITO3UTa Ha
OCHOBE KOMOMHAIMK OHC-THIpOKCHMETaKpuiaaTa u
HEOPraHUYECKOTO HATIOJHHUTEISI MOXET OBITh CO-
nepxath nobaBky TCS, ¢ mensio 3¢peKTHBHOTO
croco0a yBeNTn4eHHUs JOJITOBEYHOCTH KOMIIO3UTHO-
ro marepuana [4]. i cToMaTOIOTHYECKUX Lieneh
WCCIIEIOBAH PAJl MYKOQIT€3UBHBIX ITOJUMEPOB C
TCS ucnonb3yst METO/ BBIIAPUBAHUS PACTBOPUTE-
751 ¢ 1BoMHOMN AMynbeueit 1 TCS nMMOOHIM3YIOT B
MHKpochepsl, TpUroTOBIeHHBIE N3 Gantrez™ MS-
955, Carbopol™ 974P, nonukapOoduia i Xuro-
3aHa [5].

[TommmMeps! U MONUMEPHBIE KOMITO3UTHI C UM-
MoOmn30BaHHEIM TCS MOXXHO HCIONB30BAaTh B
0OJIPHMIIAX B KAYE€CTBE TKAHEBBIX YEXJIOB JUISI CH-
JIEHUH, CTOJIOB, CTYJIbEB U OJIeXkAbl. Tak, Hanpumep
UCCIIe/IOBATIM aHTUOAKTEPUANTBHYIO 3P PEKTUBHOCTh
[TOJIMMEPHBIX TUCKOB C TPUKIJIO3aHOM, B OTHOIIICHUH
JIBYX IITAMMOB OaKTepUi, KyJTbTUBAPYEMBIX B JKUJI-
KHX Cpelax, KOHTaKTUPYIOUINX ¢ moiauMepoM. He-
CMOTpPSI Ha OTHOCHUTEIbHO BBICOKHE KOHIICHTPAIIUU
TCS B moiumepe, HaOIIOIAIOCEH JIUITH HEKOTOPOE
HayvaJbHOE 3aMeJICHHEe CKOPOCTH pocTa OGakTepuii,
32 KOTOPBIM MOCJEJ0BAIO OTCYTCTBHE aHTHOAKTE-
praigsHOTOo 3(pdeKTa B TeUSHHE MPOIOIDKUTEIIHFHOTO
nepuosa Bpemenu [6]. Moauduuupoanusie TCS
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TKaHU MOTYT HAalUTH MIPUMEHEHHUE B KAYECTBE ITOJIC3-
HBIX MaTepUaJIOB — CTEIbKH, MEPEBSI30YHbIC MaTe-
puansl, 3amuTHas oaexaa u GpuibTpel. K mpumepy,
XJIOMYaTOOyMaXKkHasi TKaHb, MOJIUPUIIMPOBAHHAS
CMEChIO TeTpadToKcucuiana u 2,4,4°-tpuxiop-2’-
THIPOKCUTU(PEHUIOBBIM 3(UPOM WIIM YETBEPTHY-
HOW aMMOHHEBOH comu (OpOMUJ TeKcaaelHITPH-
METHWJIIaMMOHHS), ObUIa cO3/1aHa s TOJYYeHHS
OMOIMIHBIX (MPOTHBOTPHOKOBBIX) CBOWCTB. Mo-
mudurpoBanabie TCS HecTHpaHbIE U CTUPAHBIC
TKaHW YHCTAIIMMH CPEICTBAMH M XUM. UYHUCTKOU
OBUIM HCTIBITAHBI HAa JCUCTBHE CMECH ISITH BUJIOB
mwiecened (Chaetomium sp., Aureobasidium sp.,
Paecilomyces sp., Aspergillus sp., Penicillium sp.).
YcranoBneHo, uto ponroseuHocts TCS moguduka-
MU MOXHO OBLIO COXPAaHUTh TOJIBKO MPHU UX XUM-
YUCTKE TKaHEeH [7].

Ilnacteipy M3 MOAMMOJIIOYHON KHUCIOTHI U TO-
JUATUICHIJIMKONST ¢ uMMoOmn3upoBaHHbiM TCS,
AMEIOT OYCHb pa3HbIe MPO(IIN BEICBOOOKICHUS B
rugpopuibHBIX (Hanpumep, docdarHom Oydepe)
u ruipoOOHBIX Cpeiax, B TO BPeMsl KaK pa3Indus
MEX/Ty TTOJIJIOKKAMU C Pa3HBIMH OTHOIIIEHUSMH MO-
HomepoB PLA/PEG moxa3eiBaloT HeOOJIBIIOE pa3-
anymre B mpoduiie BEICBOOOKACHUS. MeauunHCcKoe
maenue ¢ TCS, mposBIIsieT XopoIrie aHTHOAKTepH-
aJIbHBIE CBOWCTBA M 00ECIICUNBACT aJ[r€3UI0 dITHUTE-
muaneHbIX KeTok (MDCK u VERO) [8].

ONOKCU(PYHKIIMOHATN3UPOBAHHOE  TTPOU3BO-
nHoe 2-((5-xmop-2-(2,4muxnopheHokcH )-heHOKCH )-
metui)-okcupad (ETCS), ckongeHcupoBaHoe ¢ 11o-
mTwieHrMuEHEOM  (ITOW). TlommaTuneHMMUH He
MIPOSIBJISIET BBICOKOH POTHBOMUKPOOHOM aKTHBHO-
CTH HU B OTHOIIICHUH TPAMIIOJIOKHUTEIBHBIX OaKTe-
puit Staphylococcus epidermidis, Hu B OTHOIIEHUHU
rpamoTpuiiateiabHbix Oaktepuit Escherichia coli,
OJTHAKO COMOJMMEPbI MPOSIBIISIM OY€Hb BBICOKYIO
aKTHBHOCTH B OTHOIICHHH oOenx OakTepuii. BrvI-
SIBIICHO, YTO aHTHMHUKPOOHAsi aKTUBHOCTh THX CO-
MTOJIMMEPOB CHIIBHO 3aBHCUT KaK OT MOJICKYJISIPHOM
Macchl ucronb3zyemoro 119U, Tak u 0T KOHLEHTpa-
UK OOKOBBIX Tpyr, mony4deHHbix u3 ETCS [9].

Bosee Toro nokazana BO3MOYKHOCTb MCIIOJIB30-
BaHMsl HaHoyacTul] noiu-L-naktuga TCS B kaue-
CTBE MEJMIIMHCKUX U3JICTUI ¢ aHTHOAKTepUATbHBIM
neiictueM. O6pasern, coaepxamnuit 30 % TCS, mo-
Ka3aJl HaWTy4Iryto popMmy cpein IPyrux COCTaBOB
¢ HauOosbiied 3(QPEKTUBHOCTHIO HHKAMCYJISIUN
[10].

TCS Brmrouennsii B mosmmaTiiieH (I119) cpenneit
IUIOTHOCTH, & TaK)Ke MOJMITHIICH C MPUBUTHIM Ma-
nenHoBbIM anruapuaoMm (PE-g-MA) wucnons3yior
JUISt ©BMEHEHHUs ToJIspHOCTU MaTpullbl [1D cpennei
mwrotHoctu. Kommosumuu I19 ¢ cogepxkanuem 0,1,
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0,5u 1 mac. % TCS c noka3zanu aHTHOAKTEpUATBLHBIC
cBoiicTBa B orHoiueHun Escherichia coli, Klebsiella
pneumoniae u Staphylococcus aureus. Wutepec-
HO, 4TO TpHu nobaBienun PE-g-MA ckopocTh BbI-
cBoboxenus TCS yBemnuuBanacs [11]. B npyrom
WCCJICIOBAHUN TIOJTUMEpPHBIE MIeHKH 11D BBICOKOI
IUIOTHOCTH ¢ BKIodeHueM TCS mpoTecTHpoBaHbI
Ha BBIMBIBAaHHE B PACTBOPHI ATAHONI-BO/IA U (PU3HO-
sorudeckuii pactBop. CKOPOCTh BBICBOOOXKICHUSI
n3 BeITAHYTHIX [I19-TCS o00pasuoB Oblia HUXKE,
4eM y HepacTsaHyThix oOpasmoB [19-TCS. Kak u
OKUJIATIOCh  BBICOKOYIOPSIIOYCHHAST  MOJICKYJISIP-
Hasi OPUEHTALUsl B TPOLIECCE BBITSHKKH MPUBOIAMUT
K KOOIEpPaTHBHOMY THIAPOGOOHOMY CBSI3bIBAHUS
Tpukno3ana c¢ [19 [12]. B apyrom uccnemnoBaHuu
M3y4YeHO aHTHOAKTepHabHOE JeHCTBUE KOMIIO3HUT-
HOM MaTpHIIBI U3 CMOJIBI ¢ *MMOOMIH30BaHbEIM TCS
uu 6e3 Hero (0,3 mac. %) Ha Streptococcus mutans,
Actinomyces viscosus u Lactobacillus casei. TCS
coneprkamiass KOMITO3UTHAas CMOJia MUMEET DPa3HyIo
CTCIICHb aHTH6aKTepPIaJ'IBHOI71 AKTHUBHOCTH B OTHO-
HIEHUH MHUKPOOPraHW3MOB, BBISIBUB 3HAUHUTEILHOE
MHTHOUpYIOIIee AeWCTBUE Ha S. mutans B TeUCHHE
12 gacoB 110 cpaBHeHHIO ¢ KOHTpoJieM. KonnuecTBo
JKU3HECTIOCOOHBIX A. VISCOSUS 3HAYUTEIBHO CHU3H-
JIOCh TOJIBKO uepe3 24 yaca, B TO BpeMs Kak 3Ha-
YHUTENbHOE CHIDKeHHE L. casei HaOiIronany TONBKO
yepe3 48 uvacos [13]. ComosmMmepsl MeTakpuiaaTa
¢ TCS ymeHpmaroT OakTepHaIbHYIO anare3wio S.
mutans M CHIDKAIOT 0Opa3oBaHue OakTepUalbHON
OuomyeHKH S. mutans, He BIUsS Ha BakKHbIC (DU3H-
KOXMMHUYECKHEe 1 MEXaHUYECKHEe CBOMCTBA COTIONH-
Mmepa [14].

[13 aHTUMHUKPOOHBIE IUICHKH, COJEpKallie
pasnuaHoe coxepyxanue TCS (0, 2 u 4 v/xr) ObuH
MIPOTECTUPOBAHbI B OTHOIICHUU pocta Escherichia
coli, Staphylococcus aureus, Listeria innocua,
Salmonella choleraesuis u Pseudomonas aeruginosa
¢ ucnons3oBanneM tecta Ha TCS muddysuo B
arap. A Tak e OBbUIM NPOBEPEHBI MPAKTUYCCKHE
CBOICTBA MOTEHIIMAIHFHOTO YITAKOBOYHOTO MaTepH-
ana Jepe3 HabmroieHue 3a nHruouposanuem E. coli
u S. aureus, Ha MHOKYJIHPOBAaHHBIX Ha JIOMTHKaX
BAapeHO BeTunHbl KoHTakTUpyrowed c [19-TCS
[15]. TInazsmomouduuupoBannsid [19 ¢ TCS ne-
MOHCTPHUPYET NPEBOCXOAHBIC aHTHOAKTEPUAIbHBIC
CBOMCTBa Jake uepe3 6 Hemeldb aHTHOAKTEPHAIb-
Hble 3Qdexthl B oTHOmeHnHu E. coli u S. aureus
OCTAIOTCSl Ha BBICOKOM ypoBHE 99,9 u 68,4%, on-
HaKO TIOCTIC 3TOTO aHTHOaKTephadbHBIC d(PPEKTHI
YXYALIAIOTCS OTHOCUTENHHO ObIcTpo [16]. BoisiBnen
MpOOeI TaHHBIX 00 UCCIIeIOBAaHUN aHTUMUKPOOHOM
aKTUBHOCTH TOJMMEPHBIX KOMITO3UTOB Ha OCHOBE
opTo(PTaICBONW KHUCIOTHI C HMMOOHJIM30BAHHBIM



J1. Bepuio u nip.

TCS. Jlannble MaTepHanabl MOTYT HUMETh NEpCIEK-
THUBY HCIOJIb30BaHMS KaK MEXaHHUYECKU KPEIKHE U
YCTOHYMBBIMH K IPYTHM BO3JIEHCTBUSIM (CTOHKOCTD
K UCTHpaHuio, Y@ U3Iy4YeHUIO U Ap.) HOKPBITHS C
HPOIOJDKUTENIbHBIM aHTUMHUKPOOHBIM JIEHCTBUEM.
Lenp paboThl HCClIEIOBaHUE CTAOUIBHOCTH
KOMIIO3UTHBIX MOJMMEPHBIX MaTepHalIOB K BO3/IEH-
CTBUIO cBeTa, Y® 00mydeHHs W JKCTpeMabHBIM
3HaueHusM pH BOJIHBIX pacTBOPOB HA IMPOTSAKE-
HUM roAa. M3y4uTh coxpaHeHHe aHTHMUKPOOHBIX
CBOMCTB MaTepHaja Iocjie CTapeHHs W MUCTUPAHUS
KOMIIO3UTHBIX MaTepHAJIOB C TPUKIO3aHOM.

MartepuaJjbl 1 METOABI

[Muratenvubiii  OynboH, [luTarenwpHBIN arap,
TpuntoH-coeBblii OynbOH OBUTH TPHOOPETEHBI
Himedia, Wumus Jletutun (DocharuaunxonuH:
muH. 60%, Escherichia coli: orpumarensHbIi, Nox-
Hoe uucno: 60-70, ITepexkucHoe uucio: makc. 3.0,
Jluzodocharuaunxonus: makc. 3%, HEMOJSIPHBIC
munuael: Makc. 20%, BIKHOCTb J0 Makc. 2%),
TBuH-80 Mw 1310 OpuUM HCTIONB30BAaH KOMIIAHUA
AppliChem, npousBozctsa ['epmanusi.

TectoBbie IITAMMBI MHUKPOOPTaHH3MOB.
Staphylococcus aureus ATCC 6538-P — gyBcTBH-
TEJNbHBIH pedepeHc-ITaMM IS TECTUPOBAHMS aH-
TUMUKPOOHOW aKTUBHOCTH, MTOJTy4eHHBIN 13 Pecy-
OJIMKAHCKOH KOJICKITMA MUKpoopraHnn3mMoB (PKM),
Acrana, PK., Klebsiella pneumoniae ATCC 10031
— YYBCTBUTENBHBIN TECT-IITAMM, TOJTYYCHHBIH W3
Awmepukanckoil Komnexkunn Tunoeix KysnbeTyp
(ATCC), CHIA; Klebsiella pneumoniae ATCC
700603 — yCTOHYMBBIN TECT-IITAMM, MOJYYEHHBINA
n3 Awmepukanckod Kosmnekuuu Tunosbeix Kysib-
Typ (ATCC), CIIA; mramm apoxokeit C.albicans
ATCC 10231 — uyBCTBUTEIBHBIN TECT-IITAMM, T10-
JydyeHHbIN n3 Amepukanckoi Kosuekuuu TrumoBbix
Kynsryp (ATCC), CILIA.

Tloozomoska mecmupyemvix 06pasyos

Kommosutnbeiii  o6pazerr N1 cocraa TCS
0%, kapOOHAT KajbIUs, HEHACHIIMICHHBIN CIOXK-
HBeIi 3(hUp OpTOPTAICBON KHUCIOTH, TEPEKUCH
METHIITHIKETOHA(KOHTPOJIb) paHee OBUT CHHTE-
3UpOBaH W oxapaktepusoBaH panee [17]. Kommo-
3uTHbI oOpasern; N2 cocraBa TCS 5%, kapOoHaT
KaJTbIIAs, HEHACBIIICHHBIA CIIOXKHBIA 3UP OpTOdh-
TAJIEBOW KHCIIOTHI, IMEPEKUCh METHUIIITHIKETOHA.
Pasmep MOHOJIUTHBIX KOMIO3UTHBIX 00Pa3IoB s
uccienoBanus 8 cM B auamerpe. OOpasnbl ymako-
BaHbI B IMOJIMITUICHOBYIO YIIAKOBKY.

OneHka coxpaHeHHs aHTUMHKPOOHOH 3ddek-
tuBHOCTH TCS conepixkaiiero KOMIO3UTHOTO IO-
JMMepa TIoCJIe JUTUTENLHOTO BO3JCHCTBUS (DPU3HUKO-

XUMUYeCKUMHU (pakTopamu (CONHEUHBIA cBeT, YD
o0JydeHne, mMEeTOYHON W KUCIOTHBIN BOJHBIN pac-
TBOp). MccnenoBansl 3 3KcriepUMeHTaIbHbBIE TPYII-
mbl. [1oAr0TOBKY KOMIIO3UTOB K aHTHMUKPOOHOMY
WCCIIEIOBAHNIO TIPOBOMSAT CIENYIOMIMM 00pa3oM:
I'pynna A — u3yueHue BIUSHUSA COTHEYHOTO CBETA:
o6pasusl N1 u N2 XpaHunu B yCIOBHUSIX €CTECTBEH-
HOTO OCBEIIEHHSI TTOJT PSIMBIMU COJTHEUHBIMH JTy4a-
mu; ['pynna b — uzydenue pnustaust Y @ oGnydeHus:
obpasusl N1 1 N2 exxeAHEBHO NOMEIAIN B JIaMU-
HapHBIA OOKC W TIOJBEpraiu Bo3aeHcTBUI0 YD 00-
JY4eHHIO, BPeMs 3KCIO3MIIMK COCTaBISAIO 2 Haca,
I'pynna B — u3yuenue Biusuus nokasarens pH cpe-
nel: o0pasbl N1 u N2 exxemHeBHO 00pabaThIBaIN
oydepubiMu pactBopamu ¢ pH 2.0 (kucnas cpena)
u 8.0 (menovyHas/ocHOBHAs ), IOCJIE YETro OJHOKpaT-
HO TIPOMBIBAJIM CTEPUIBHOM JUCTUIIIMPOBAHHOMN
BOJIOM.

I' — Mmuranuio uctupaHust KOMIIO3UTOB CO3-
JABAIA TyTEM CHATHS | MM BEpXHEro cios Kak
OTIBITHBIX, TaK M KOHTPOJBHBIX 00pa3oB HUTU(O-
BaJbHOM KpymHO3epHUCTOM MmKypkoi (CKI19XW
mma CK18XW) ¢ u3MepeHueM TOIIIHHBI 00pa3-
[[OB IITAHTEIBIUPKYIEeM. [ 3THX KOMIO3UTOB
B YCJIOBUSIX MCTHpPAHHS MPOBOAMWIM B OTHOILCHHUU
2-x mrramMmoB Oaktepuit S.aureus ATCC 6538-P u
Kl.pneumoniae ATCC 1003 u 1-ro mramMma JIpox-
weit — C.albicans ATCC 10231.

KoHTpons coxpaHeHUST aHTUMUKPOOHOH 3(-
(exTUBHOCTH MPOBOIWIN Yepe3 7 U 14 nHeH, a 3a-
TEM €KEMECSIYHO MOCINe eXeHEBHONH 00paboTKu B
TedyeHne 12 mecsues.

HenocpenctBenHo nepes ncciaeioBaHEM KOH-
TPOJIBHBIC M ONBITHBIE KOMIIO3UTHBIE 00Pa3Lbl MO-
Mellaid B cTepuwibHbie yaku [lerpu. [lapamiens-
HO TIOJTOTABJIMBAJIIM TMOJUATUICHOBbIE MOKPOBHBIE
wieHku pasmepom 40x40 (+2,0) mm. Bee oOpasiibl,
a Tak)Ke MOKPOBHBIE TIEHKH TTO/IBEPTaIUCh MPOIe-
nype crepunusanun 70%-M pacTBOPOM dTaHOJIA.

Ipueomosnenue cycnen3uil mecm-umammos

B wuccrnenoBannm wucnonezoBanu 18-24-vaco-
BbI€ KyJIbTYpblI TeCT-INTaMMOB. Cpena asisi KyJbTH-
BHUPOBaHMS TECT-IITAMMOB NMUTATEIbHBIN arap ¢ pH
— 7,440,2, Bpems u ycnoBus mHKyOaruu 37+1°C;
18-24 gaca. Cpena [jisi MPUTOTOBICHUS HHOKYJITIO-
Ma nipu pazbasnenun 1 k 50; pH — 7,4 nurarensHoro
OynpoHa; KoHTakTHOE BpeMst KOMIIO3UTHOTO MaTe-
puana N1 mnmm N2 ¢ arapoM u yclioBHsl HHKYOaun
5, 15, 30 munyT, 1 vac, 2 yaca, 4 4yaca, npu TeMIie-
patype 37+1°C; Heitrpanuzatop TpUOTOH-COEBBIHA
OysbOH ¢ jenutuHoM u TBHHOM-80, pH — 6,8-7,2.
B npobupky, coaepxarryto 5—6 mi 1/50 nurtarens-
HOTO OyJIbOHA, CTEPHIIBHOM TIeTNIeH BHOCHIIN aJIHK-
BOTY COOTBETCTBYIOIIIETO TECT-IIITAMMa, TOMOTEHH-
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3upoBanu [18]. JleHcuTromeTpruiecky IpOU3BOININ
3aMep ONTHUYECKOH IUIOTHOCTH, IOKa3aTelb KOTO-
poii coctaBnsut 2 ex. mo Makdapianmy, 94To cOOT-
BETCTBOBAJI KOHIICHTPAIMH KJICTOK PaBHOU MPUOITH-
sutenbHO 6,0x108 KOE/Mim mst 6akTepraabHBIX
cycnensuit u 6,0x10° KOE/Mit — 1715t KIIETOK JPOK-
xel. Pabouylo KOHLEHTpauuio KJIETOK TOTOBWIIN
nyteM 10-KpaTHBIX CEpUMHBIX pa3BEICHUN CTOKO-
BO CyCIIEH3UH JI0 MOJTydeHHsT (PUHATBHOTO MHOKY-
JIOMa PaBHOTO MPUOTU3UTEIBHON KOHIEHTpAIUN
6,0x10° KOE/min i kaxxaoro Tect-mramma [19].

Unoxynayus

Ha moBepxHOCTh 3KCHEpUMEHTAIBHOTO TIOJH-
MEPHOT'O KOMIIO3UTA C TPUKIJIO3aHOM U KOHTPOJIbHO-
ro obpasia 6e3 Tpukio3ana HaHocsT 1o 0,4 mi mo-
Jy4eHHON CYCIEH3UH COOTBETCTBYIOIIETO IITAMMa
(Konnenrpamuu wmHokymoma 2,5-10,0x10° KOE/
). Jns paBHOMEpHOro pacmpeaeneHus MHOKY-
JIFOMA TI0 TIOBEPXHOCTH 00pa3Ilbl He3aMeNTUTEEHO
HakpbIBalOT TIOKpoBHOH 11D mmenkoit (Pucynok 1),
MocJe 4ero NOMEINaloT Ha MHKYOalnIo C COOTBET-
CTBYIOIIIMM BPEMEHEM IKCTIO3HIIMU B TEPMOCTAT.

Pucynok 1 — ®ororpadun KOMIO3UTHBIX MOJIMMEPOB B yalike neTpu A) MHOKyIupoBaHHBII KOHTPOIbHBIN 06pa3zerr N1
(6e3 Tpukno3ana); B) odpazen N2 (¢ 5% TpukI03aHOM) HAKPHIThIE TOKPOBHBIMH TIIEHKAMU

Ilpobonoodecomosxa 0bpaszyos nocie onpeoene-
HUsL CMabuIbHOCIU

B vamiky [letpu, panee BbIIepKaHHYIO ¢ 00pas-
oM kommno3uta N1 mim N2, no6asistror 10 M Heli-
Tpanuzaropa. HeilTpaiuzatop — TpPUINTOHCOEBBIN
OyipoH ¢ meruTHHOM B TBUHOM-80, pH — 6,8—7,2.
[To ucreyeHMn HEOOXOJAMMOTO BPEMEHH HHKYOa-
UM KOMITO3UTHOM MOBEPXHOCTH C arapoBbIM TeieM
MIPOBOJISIT OTMBIBKY KOHTPOJBHBIX M OMBITHBIX 00-
pas3IoB HEHUTPaATU3aTOPOM, MPEICTABICHHBIM TPHUII-
TOH COEBBIM OYJLOHOM C JI0OABJICHHMEM JICLIUTHHA
(1 r/n) m tBUHA-80 (7 /7). Mcmonap3oBanue Hel-
TPAJU3YIOIIEr0 areHTa HEOOXOIMMO BO M30€KaHHE
JIOXHOTIONOKUTEILHOTO PE3yJIbTaTa HaTMYKsI aHTH-
MUKPOOHOW aKTHBHOCTH, HM3-3a BO3MOXHOTO OCTa-
TouHOoro KoimdectBa TCS, comepikamierocss B 00-
paslie HHOKYJIFOMa, CHATOTO C YalllKh, MOXET B TOU
WM UHOM CTEeTeHU COKpaliaTh 00Iiee KOIUIEeCTBO
JKN3HECIIOCOOHBIX KIIeTOK [17].
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Buices u noocuem xononueobpazyiowux edunuy
(KOE)

Hns moacuera KOE 13 mpoMBIBHBIX BOJA KaXK-
nmoro oOpasma roTtoBAT psan 10-KpaTHBIX CepUIHBIX
pa3BEIICHHUI], ITOCJIE YETO U3 MPOMBIBHBIX BOJI U TOJI-
rotaBiuBaroT paszsenenus 1/10, 1/100 u ocymecT-
BJSIFOT TIIyOWHHBIN TOCEB (C KaKAOTO Pa3BelCHUs
Ha 2 vamku [lerpw). KommuectBo mHOKYymoMa 1
MJI. THOKYJIMpOBaHHBIE YAIIKU 3aJIMBAOT TEIUION
cpemoii Ha ocHOBe arap-arapa (46-48°C) B o0beme
15-20 mi/yaliky u akKypaTHO MEpeMEIIuBaIOT CO-
nepxumoe [17].

ITocne 3aTBepaeBaHus cpeibl 3aCeTHHbIE YalllKH
[Terpu nomeniarot B Tepmoctar. [1o ucreuenun Bpe-
MEHH UHKYOallMu BU3YyaJIbHO IPOU3BOAMIH TPSMON
nojacyet Boipocnx KOE.

Omnpe/ieieHne KOJUYECTBA JKU3HECIIOCOOHBIX
OakTepwil BBIITOJIHEHO COTJIACHO CTAaHIAPTHOW Me-
toauke [19].



J1. Bepuio u nip.

Jis kaxoro odpasia onpesesieHIe KU3HECTIO-
COOHBIX OAKTEpHUil BRICUUTHIBAIN COTIACHO (hOpMY-
ne 1:

N = (100xCxDxV)/A (n)

rae, N — uuciio KOE/oGpaserr;

C — cpennee uncno KOE na my0nupoBaHHBIX
Yalkax;

D — dakrop pa3seneHus;

V — 00beM HCHOIB30BAaHHOTO HEWTpaIu3aropa,
MII;

A — mIonaas MOKPOBHO# TICHKH, MM?

OOmiee KOMMYECTBO >KU3HECTIOCOOHBIX OakTe-
pHil B HEraTUBHOM KOHTpOJIE, BBICESIHHBIM IIOCIIE
COOTBETCTBYIOIIEH WHKYOAluu, JIOHKHO COCTaB-
1sTh He MeHee 6,2x10' KOE/mur.

Pacuer 3HaueHNs aHTUMUKPOOHOH aKTHBHOCTH

Pacder aHTHMUKPOOHOW aKTHBHOCTH 0Opasia
NPOBOAMIN 110 hopmyram 2, 3:

R =log(B/A) — log(C/A) = log(B/C) 2)

rae, A — cpennee gnciio KOE KoHTponbHBIX 00pas-
OB IOCJIC MHOKYJIALIUH,

B — cpennee uncno KOE koHTpOibHBIX 00pas3-
IIOB TIOCJIE MHKYOAITHH;

C — cpennee uncino KOE skcnepruMeHTanbHBIX
00pa3LoB nocje WHKyOamn

R(%) = (B — A)/B)x100 3)

rae, A — cpeanee yucio KOE skcriepuMeHTabHBIX
00pasIoB Mociie HHKyOaIuu;

B — cpennee uncno KOE koHTpOibHBIX 00pas3-
IIOB TIOCJIE MHKYOaIim

Pe3yabTaThl u ux o0cy:KIeHue

Panee KOMITO3UTHBIE MTOJIMMEPHI HA OCHOBE Op-
ToTaneBoil KUCIOTHI OBIIM AETANBHO HCCIIEA0Ba-
HBI, BKJTFOYAs METOJI CHHTE3a ¥ KHHETHUKY TIpoIiecca
noymmmMepusanuu [20]. Hamu uccrienoBan CUHTE3 U
JeTanbHas (U3NKO-XUMHUYECKas XapaKTepH3allust
KOMTIO3UTHBIX MatepuanoB ¢ TCS 5%, a Taxxke
TEXHOJIOTMYECKasi cXeMa MPOM3BO/ICTBA KOMITO3UTA
¢ ynpyrocteio 1000040000 MPa [17]. Ilo cpas-
HEHHWIO C APYTUMH TOJMMEPHBIMA KOMITO3UTAMHU
y HCCIIEyeMOr0 COCTaBa yMEHBIIAeTCs BOJIOTO-
riomenne marepuaia (0,05-0,1%), ymeHbinaercs
MMOPUCTOCTh W COOTBETCTBEHHO ITOBBIIIACTCS TUIOT-
HocTth 2000-2200 kr/m3. Matepuan oTJIM4YaeTcs
CICAYIOIIUMU  MEXaHUYECKUMH  XapaKTepUCTHU-
KH: NMPOYHOCTh Ha cxkaTue B auarnazone 700—1200
Mlla, u mpouyHocTs Ha U3ruod g0 24 Mlla npu sToM

MoayJsb mipu m3rude pocruraer 9400-10500 Mlla.
[IpoyHOCTH Ha pacTsHKEHHE MaTepuana HaXOJIUTCS
B nipenenax 16-20 Mlla [17]. Bce st mapamerpsl
MOKa3bIBAIOT BO3MOKHOCTH MHOTO()YHKIIMOHAb-
HOTO (TIOKPBITHE CTOJEITHHUIBI B CTOJIOBBIX, Me-
JTUIMHCKUX YUYPEXKICHUAX W Ha (apMm. Tpou3Boa-
CTBax) HCIIOJIb30BAHUS MOJMMEPHOTO0 KOMITIO3MTA.
OmHMM W3 BaXHBIX IAapPaMeTPOB JIOJTOCPOYHOTO
UCIIOJIb30BAHMS SBJISICTCST KOA(PQPUIIMEHT HCTHpa-
HUS TOJTMMEPHOTO KOMITO3UTa, KOTOPBII HAXOIUTCS
B mpenenax 0,02-0,03 r/cm?. KoadduuueHt Termmo-
MPOBOTHOCTH KOMMO3uTOB cocTaBisier 0,05-0,85
B1/(MK) 1 ko3puLIMEHT TEpMHUYECKOro paculiu-
penust 0,013-0,025 mMM. Yrpyroctb moguMepHOIo
matepuana gocturaer 1000040000 MPa. Ilpen-
BapHUTEJIbHBIC JaHHBIC MO CBEXEIPHIOTOBICHHBIM
KOMITO3UTHBIM TIOJMMEPHBIM MOHOJIUTHBIM MaTe-
puanam ¢ TCS moaTBepuiN aHTUMUKPOOHYIO aK-
TUBHOCTb JUISl Pa3IMYHOTO BPEMEHM HKCIIO3UINU
(5, 15,30 60, 120 u 240 MuHYT) Ha KyJIBTYpPHI OaK-
tepuii [17]. BIio ycTaHOBIICHO, UTO I BpEMEHU
nHKyOupoBanusi 5 MunyT Habmoxancs 100 % an-
THUMHKPOOHBIA 3(PPEKT B OTHOIICHUH IITaMMOB S.
aureus 6538-P, S. aureus 39, S. epidermidis 12228,
Kl. Pneumoniae 10031; B TO Bpems kak 68,5% mns
K. Pneumoniae 700603, 55% nis C.albicans 2091,
28,9% — mpotus C. albicans 10231. Kak u oxuna-
JIOCh NIPH YBEJIMYEHUH BPEMEHHU BO3JEHCTBUS 10 4
Y MPUBOUT K Jryumieii aktuBHOCTH 100% WMHTHOU-
poBanus B otHomeHun Ps.aeruginosa ATCC 9027
U CHW)KEHHE pocTa mTamMma Ha 85,8%; (pyHruuma-
Hasl aKTUBHOCTH B oTHOmIeHnu mrtamma C.albicans
ATCC 2091 (cumxenue pocta mramMMa Ha 82,1%)
n nsonsata C.albicans (CHWXKEHHE POCTa IITaMMa
Ha 92,2%) ompenenena yepe3 4 yaca KOHTAKTHOTO
Bpemenu[ 17]. B aToM nccnenoBanum Bpems BO3IeH-
CTBHS TOJMMEPHOIO KOMIIO3UTa BhIOpaHO 2 dyaca
u oguH mrtamMm S. aureus 6538-P. Jlna nMmuramumn
€CTECTBEHHBIX YCJIOBUH JOJITOCPOYHON IKCILITyaTa-
UM MEAMLMHCKOH MeOenu, mpuOOpoB WM CaHH-
TapHBIX W3/ennid (KyXOHHBIE MOWKH, BAHHBIE PaKO-
BUHBI, JTyIIEBBIC MOIIOHBI U JIP.) U CTPOUTEILHBIE
MaTepHabl (CTONCIIHHUIIBI, TOJOKOHHUKH, 00IHII0-
BOYHBIE TUIUTHI DKCIIEPUMEHTaIbHBIE 00pa3Isl N1 u
N2 nonBepraiuch BO3IEHCTBUIO COTHEYHOTO CBETA
n Y®-00mydeHus, a TaKkke HICTUPAHUIO HAXKIauHON
Oymaroii. Takxe U3y4anoch BIUSHIE KHCIION U IIe-
JIOYHOM Cpe/ibl Ha AaHTUMUKPOOHYIO aKTHBHOCTB 00-
pa3LoB.

B wenmaBueit moHorpaduu mo TCS packpsiTo
YHHUKaJbHOE B3aMMO/JICHCTBUE C BPALICHUEM CBS3eH
Mexay TCS v monuMepHBIMU LETSIMU, YTO TPUBO-
TUT K TIOBBIIICHUIO KaK MEXaHWYECKHUX CBOICTB,
TaKk ¥ MPOYHOCTH TOJHMMEpa 3a CYeT HEKOBAJIEHT-
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HBIX B3aWMOCBsI3eH (BOJOPOJHBIX CBSI3eH W T-T
CIIATIAaHUST apOMATUYECKUX KoJsel, TUApodoOHbIe
B3auMoaeicTBus). CUyuTaeTCs, YTO COBMECTUMOCTh
MTOJIMMEPHOM CMecH 00yCIIOBIIEHA CXOIHBIMU MOJIe-
KYJSIpHBIMU OTHOIICHUSIMU U TMOJSIpHOCTBIO. [lpum
cosmectumocti TCS ¢ monmMepoM TposiBiISIeTCS
0ojiee paBHOMEpHAsh CTa0MILHOCTh HETOJISIPHOTO
TPHUKJIO3aHA B TBEPJOM COCTOSIHHH TOJIMMEPA C CO-
XpaHEHHEM aHTUMHKPOOHBIX CBOWCTB, B CBSI3U C
YPE3BBIYAHO HU3KUM BBICBOOOKICHHEM U C MU-
HUMAaJIbHOM PacTBOPUMOCTBIO B BOJHOM PacTBOpE
[21]. HanHBIe IO BBICBOOOXKIEHUIO apOMaTHIECKO-
ro COCAMHECHMS] U3 TOJUMEPHOrO0 KOMIIO3UTA XO-
pPOIIO KOPPEIHUPYIOT C JIATEPATYPHBIMH JaHHBIMH.
3amedeHa JOCTaTOUYHO MEJJICHHAs KUHETUKA BbIJIE-
nenns TCS B teuenne 25 4 npu pH 7,4 u 37C yc-
JIOBUSX, B Te€UEHHUE 25 4acoB BOOOIIE HET, CY/s IO
BamMM JaHHBIM, He coriaceH ¢ Bamu, BBICBOOOXK-
neHune HaOmromaercss Ha ypoBHe 0,04 eawHWUII, 3TO
HE Ha YPOBHE IIyMa, BUJICH OBLI MUK MOTJIOMICHUS
MOHHTOPUHT BBICBOOOXKIICHUS TPUKIIO3aHA OCYIIE-
cTBi Y D-CIeKTPOPOTOMETPHUECKH TIPU JTUHE
BostHbEI 288 HM (Pucynok 2). M3 momy4eHHBIX pe-
3yJIbTATOB KHMHETHKU BBICBOOOXKICHUS aOCOpOITus
pactBopa Habmogaercst Ha ypoBHe 0,04 enuHULB 1
MOYHO CIIeTIaTh BBIBOI, YTO OOJIBINAS YACTh TPUKIIO-
3aHa IM00 KOBAJICHTHO MPHIITUTA K TIOJIMMEPHOH OC-
HOBE, MO0 TIPOYHO (pru3MUecKn ajfcopoupoBaHa Ha
HE TIOPUCTOM TMOJTUMEPHOM KOMIIO3UTE 3a CUET T'd-
npodoOHBIX B3amMoeicTBriA. Eciin Ob1 abcopOrtust
pactBopa gocruria 0,5 unu 6onee 1, MOXKHO OBLIO
OBI TOBOPHUTH O TOM, UTO OOJBINAS YaCTh TPHKIIO-
3aHa (PU3UYECKH CBS3BIBACTCS C KOMIIO3HTOM, T.K.
M3HAYAIBHO COJCpKaHNE aKTUBHOT'O KOMITOHEHTA B
cmecu coctaBisieT 5%. Panee Oonee jperanpHOE UC-
cnenoBanue BeicBoOOkIeHuss TCS (0.1, 0.5 u 1 %)
n3 [13 miieHOK B pa3uYHbIX YCIOBUSAX OBLIO HCCIIe-
JIOBAaHO C JIOCTIKEHHEM MaKCHMYyMOB abcopOrIum
0,2—0,3 equuul npu JIuHEe BOIHBI 288 HM uepe3 2
MecsIla mocie Hadajga skcnepumenta [11]. 1 aro?
YTO CBUACTEIBCTBYET O MEIJICHHOM KUHETUKE BBI-
CBOOOXKICHMS.

NmeroTcst naHHbIE O HECTaOWMIBHOCTH TpPH-
KJIO3aH COJACPKAIUX TMOJTUMEPHBIX KOMIIO3UTOB.
O0pazoBanue 2,8-TUXI0pIUOCH30-TI-TUOKCUHA
U JAPYTHUX BPEIHBIX MPOIAYKTOB PA3JIOKCHHUSI B
nporecce (POTOpPA3IOKECHHsS] TPUKIO3aHA BBI3bI-
BaeT Bce OONBIIYIO 03a00YCHHOCTh. B HemaBHEl
pabore TmoKa3aHa WACHTU(UKAIUS TPOIYKTOB
MTOJTUMEPHU3AIUH  TIPH  BBICOKOW KOHIICHTPAITUH
TPUKJIO3aHAa M MeXaHu3M (Qorookucienus. [141e
JUMEPOB U JBa TpUMepa TPUKII03aHa ObUIH 0OHa-
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PYKEHBI METOJIOM JXKUIKOCTHOW XpomaTorpaduu-
Macc-criekTpomMeTpuu.  2,8-J{uxmopo-audeH3o-1-
JIMOKCUH TakXke ObUI WIACHTU(PUIUPOBAH ITyTEM
CpaBHCHUSA C aYTCHTUYHBIM CTaHIAPTOM. OTtHOCH-
TenbHO HU3KUW pH u BhICOKast KOHIIEHTparus OJa-
TOMPHUATCTBOBAIN TOJUMEPH3AIMH  TPUKIIO3aHA

[22].
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Pucynok 2 — Kuneruka qugdysun Tpukio3ana u3
MOJIMMEPHOTO KoMIo3uTa B (hocdarHbiii Oydep
npu pH 7,4 n=4

B pabore mo wccnenoBaHWIO TOIUMEPHON
rieHku [19 u Tpukiio3aHa BBISBICHO, UTO yBEJINYe-
HHUE YPOBHSI BBICBOOOXKICHHS TPUKIIO3aHA U3 MOJIH-
MEpPHOW MAaTpPHUIBl YIy4dlIaeT aHTHOAKTCPHUATBHYIO
AKTUBHOCTb 00pa3loB, COAEPKAIIMX TPUKIO3aH.
[IpucyrcrBrue TpHKIO3aHA B MOJUMEPHON MaTpU-
1le OKa3blBaeT OoJblliee BIMSHUE Ha IOAABICHHE
TPaMIIOJIOKUTEIIBHBIX OaKTepHil, O CPaBHEHHIO C
rpamMoTpuLaTeNbHBIMU  OakTepusaMu. MuTepecHo,
4yT0 Oosiee 95% OakTepuil B pas3ivuHbIX 00pasiax,
cogepxamux 1 mac. % TpukiIo3aHa, MOrH0aeT B Te-
yeHue Tpex nuew [11].

B skcnepuMenTax in vitro ObUTO OTMEYEHO CO-
XpaHeHUe CTAaOMIBHOCTH AHTUMHKPOOHOW aKTHB-
Hocty g TCS comepkaliux KOMIIO3UTOB 4epe3
12 MecsIeB ©XKETHEBHOIO BO3JCHCTBHS (PU3UKO-
XUMHUYECKUMHU (DakTOpamMH: COJHEYHBIM CBETOM,
Y®-o6nyuennem u usmeHenueM pH cpenpr. OT-
CYTCTBHME CHH)KEHHSI aHTUMHKPOOHBIX CBOMCTB, T. €.
yBenuueHust ynciaa KOE B oOpa3max mommMepHbIX
koMro3utoB ¢ TCS mo uCTEYEeHMH BpPEMEHU HC-
cle0BaHMA Takke He HaOmronanock. [lomydeHnHble
3HAYECHMsI CBUJIETENILCTBYIOT O coxpaHeHuu 100%-
HOW aHTUMHMKPOOHOH AKTUBHOCTH B OTHOIICHHUH
TECT-IITaMMa BO BCEX JKCHEPUMEHTAJIbHBIX TPYyII-
nax, cogepxamux 5% TCS. HaganpHas anTHOaK-
TepuanbHasi akTUBHOCTH Obu1a 100%, uTO CBs3aHO
¢ BBICOKMM 5% cojiepaHHeM TPHUKJIO3aHa B KOM-
MO3HUTeE.
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Tadanna 1 — Pe3ynbraTsl TeCTUPOBAHNS aHTUMUKPOOHON aKTUBHOCTH IOIMMEPHBIX KoMITO3UTHEIX ¢ TCS u 6e3 TCS B ycmoBusix
BO3JIEHCTBYSI PA3INIHBIX (PU3UKO-XUMUYECKUX (PAKTOPOB (CoHeuHbIH cBeT, YD obmydyenue B samuHapHoM mmkady, pH 2 u pH 8)

Comes vo- Keras Llenos-
Ne Bpems HBIE JIy4H U3ITy4YCHHUE pel per
BO3IEi- OTpunarenbHbIi AHTHMH- Antuvu- |(PH=2,0)| Apruvu- |(PH - 8,0)| Aurumu-
TR KoHTPOIB/ Cpefl- | Cpennee [KPOOHas aK- Coence KpoOHast aK-| Cpespee |KPOOHAs aK-| Cpespee [KPOOHas aK-
Hee yncno KOE, | gpcno | THBHOCTB, pen THBHOCTb, | wypcmo | TUBHOCTD, | wpcmo | THBHOCTb,
(hakTopa KOE
| R+StD/log,, KOE. |logl0/%* |T1c1o [ logl0/%* | KkOE. |[loglo/%*| kop. |logl0/%*
4epes ’ R+£StD / : :
R+StD / Jog R+StD / R+StD /
1Oglo " loglo loglo
3,59x10°£275 | 0KOE/ ., | OKOE/ ., | O0KOE/ 4,760 / 0KOE/ o
1 Henemnto 13,556 1,204 4,760/100% 1,204 4,760/100% 1,204 100% 1,204 4,760/100%
2,66x10°£100 | 0 KOE/ ,,| OKOE/ ,,| 0KOE/ 4,628 / 0 KOE/ o
2 Hezenu /3424 1,204 4,628/100% 1,004 4,628/100% 1,004 100% 1,204 4,628/100%
4,09x10°+139 | 0 KOE/ ., | OKOE/ o, | O0KOE/ 4,816/ 0 KOE/ o
1 mecsiig 13,612 1,204 4,816/100% 1,204 4,816/100% 1,204 100% 1,204 4,816/100%
3,47x10°«114 | 0 KOE/ ,,| OKOE/ ., | 0KOE/ 4,744 / 0 KOE/ o
2 mecsina /3.540 1,204 4,744/100% 1,204 4,744/100% 1,004 100% 1,204 4,744/100%
3,28x10°+221 | 0 KOE/ ,,| OKOE/ ,,| 0KOE/ ., | 0KOE/ o
3 mecsia /3516 1,204 4,720/100% 1,204 4,720/100% 1,204 4,720/ 10% 1,204 4,720/100%
3,63x10°£265 | 0 KOE/ ,,| OKOE/ ., | 0KOE/ 4,763 / 0 KOE/ o
4 mecsina /3.559 1,204 4,763/100% 1,204 4,763/100% 1,204 100% 1,204 4,763/100%
2,94x10°+177 | 0 KOE/ ,,| OKOE/ ,,| 0KOE/ 4,672/ 0KOE/ o
5 MecseB /3.468 1,204 4,672/100% 1,204 4,672/100% 1,204 100% 1,204 4,672/100%
3,31x10°£265 | 0 KOE/ ., | OKOE/ ,,| O0KOE/ 4,724/ 0 KOE/ o
6 MecsiieB /3.520 1,204 4,724/100% 1,204 4,724/100% 1,204 100% 1,204 4,724/100%
2,66x10°+221 | 0 KOE/ ,,| OKOE/ ,,| 0KOE/ 4,628 / 0 KOE/ o
7 mecsiieB /3424 1,204 4,628/100% 1,204 4,628/100% 1,204 100% 1,204 4,628/100%
3,78x10°+221 | 0KOE/ ., | OKOE/ ,,| O0KOE/ 4,782/ 0 KOE/ o
8 mecsies /3.578 1,204 4,782/100% 1,204 4,782/100% 1,204 100% 1,204 4,782/100%
2,94x10°£265 | 0 KOE/ ,,| OKOE/ ., | 0KOE/ 4,672 0 KOE/ o
9 MecsiieB /3.468 1,204 4,672/100% 1,004 4,672/100% 1,004 100% 1,204 4,672/100%
10 mecsi- | 2,56x10°£265 | 0 KOE/ ,,| OKOE/ ,,| 0KOE/ 4,613/ 0KOE/ o
1eB /3,409 -1,204 4,613/100% -1,204 4,613/100% -1,204 100% -1,204 4,613/100%
11 mecs- | 3,31x10°£265 | 0 KOE/ ., | OKOE/ ., | 0KOE/ 4,724/ 0 KOE/ o
s /3.520 1,204 4,724/100% 1,204 4,724/100% 1,204 100% 1,204 4,724/100%

* mepecuet ot 3HaueHui nmokaszarenss KOE koHTponsHOTrO 06pasia

Kax BuaHO M3 pUCYHKOB 3-7 HHUKAaKOro pocTa
MHUKPOOPTaHU3MOB I10CJIE KOHTAaKTa TOJIMMEPHOTrO
KOMITO3UTa He Habmomamu. Hukakoro pocra Oak-
TEpUH He 3aMeueHo Juisd oOpasia IMociie KOHTAKTa
MOJIMMEPHOTO KOMITO3UTa TPUKIO3aHOM, KOTOPBIN
paHee ObUT B TeYEHHE HEJIENH TOJBEPTHYT BO3/ICH-
CTBHIO OJJHUM M3 (PaKTOPOB: BIHMSHUIO COTHEUHOTO
cBeta; BIUSHHUIO Y D-001ydeHUs; BIUSHUIO KHC-
mo#t cpensl pH 2; BamsHUIO menmouHoi cpeasl pH
8; BIHMSIHMIO COJHEYHOTo cBeTa. B TO Bpems Kak
KOHTPOJIbHBIE 00pa3Ibl MOJUMEPHOTO KOMIIO3HUTA
6e3 TCS mociie KOHTaKTa ¢ 3aCeSTHHBIMH YalllKaMy
Iletpn mokasanu akTUBHBIA pocT Oakrepuit (Pu-

CYHOK 3). AHajorunyHo ansi o0pasloB, KOTOpBIE
MIPEIBAPUTEIbHO MOABEPraJIuCh BO3JCHCTBUIO OA-
HOTO U3 CIIeAyomuXx (hakTopoB B TedeHue 1, 3, 5,
7 u 9 MecsILIeB: COJIHEYHOro cBeTa, Y D-00myueHwMs,
kucaoi cpeast ¢ pH 2, menounoit cpenst ¢ pH 8 u
CHOBa COJIHEYHOTO CBETa, HE HAONIONaeTCsl pOCT
OakTepuii, Kak 3TO OBLJIO 3aMEYEHO B CiIydae KOH-
TPOJIBHBIX 00pa3LOB MOJIMMEPHOTO KOMIo3uTa 0e3
nmobasiieHns Tpukio3ana (Pucyrok 4-8). Otu maH-
HBIC CBUACTCIILCTBYIOT, YTO M3y4YaCMbIC BUJbI BO3-
JeHCTBUS CYLIECTBEHHO HE MOBIMSJIM Ha COCTaB
TPHKIJIO3aHa, KOTOPBIH HaXOMWIICS Ha TTIOBEPXHOCTH
MOJIMMEPHOTO KOMITO3UTA.
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Pucynok 3 — TectipoBanue aHTUMHUKPOOHOH aKTHBHOCTH KOMITO3UTHBIX 00pa3ioB ¢ TCS B oTHOLICHHN
mramma S.aureus 6538-P nocie 7-mu aHe# Bo3eiicTBYS PU3NKO-XUMUIECKUMHU (DAKTOPaMU: a — BIUSIHAE COJIHEYHOTO CBETA;
b — Biusane YO-00myuenust; ¢ — BIUsiHUE KUCioit cpeapl pH 2 ; d— Bimsiaue menounoi cpenst pH 8; ocne 14-tu aHeid:
f — BusiHUE CONTHEYHOTO cBeTa; g — BiausiHue YD-00myuenust; h — BIUsSHHE KUCIIOW CPEbL; i— BAMSHHE MIETOYHON CPEbI;
e, j —koHTtpoJb 6e3 TCS.

Pucynoxk 4 — TectipoBaHie aHTUMHKPOOHON aKTHBHOCTH KOMITO3UTHBIX 00PA3I0B B OTHOLICHUH
mrramma S.aureus 6538-P mocie 1-ro mecsina Bo3aeicTBHs GU3NKO-XUMHISCKUMU (aKTOpaMu: a — BIUSHHAE COHEYHOTO CBETA;
b — Biustane Y®-00mydeHust; ¢ — BIUSHUE KUCIIOH cpefpl; d — BIUSHUE IET0YHOH CPe/Ibl; MOCe 2-X MECSIeB:
f — BimsiHME coHEYHOTO cBeTa; g — BiausHne YD-00myueHus; h — BIUsIHUE KUCIIOH CPebl; 1 — BAMSHUE [IETOYHON CPEbL;
e, j —koutpoJb 6e3 TCS.

Pucynoxk 5 — TectupoBaHie aHTUMHKPOOHO!H aKTHBHOCTH KOMITO3UTHBIX 00Pa3I0B B OTHOLICHUH
mramma S.aureus 6538-P nocie 3-x MecsieB Bo3neicTBUS (PU3NKO-XUMUICCKUMHU (AKTOPAMU: a — BIUSHUE COTHEYHOTO CBETA;
b — Bimsiane Y®-00mydeHus; ¢ — BIUSHUE KUCIIOH cpefipl; d — BIMSHME IEJI0YHOH Cpe/ibl; Moce 4-X MecsIeB:
f — BimsiHME coJHEUHOTO cBeTa; g — BiusHHe YD-00myueHus; h — BIMSIHUE KUCIIOH Cpelibl; 1 — BAMSHHE [IEJTOYHON CPEbI;
e, j —koHTpoib 6e3 TCS.
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Pucynok 6 — TectipoBaHue aHTUMUKPOOHOMH aKTHBHOCTH KOMITO3UTHBIX 00pa3I0B B OTHOLICHHN
mramma S.aureus 6538-P nociie 5-tu MecsiiieB Bo3neicTBUS (PU3NKO-XUMHYCCKHUMHU (PaKTOPAMU: a— BIMSHUE COJTHCUHOTO CBETA;
b — BimsiHne Y®-00mydeHus; ¢ — BIUSHUE KUCIIOH cpenbl; d — BIMSHHE IEJIOYHOH CPelbl; € — KOHTPOIIb; MOCHe O-TH MECSIIeB!
f- BIMsIHME COJHEYHOTO cBeTa; g — BiusiHue YD-00imydenus; h — BIusiHAe KUCIIOH Cpelibl; 1 — BIMSIHHUE IEJI0YHOH CpeIbl;
j —konrtpoisb 6e3 TCS.

Pucynok 7 — TectipoBaHHe aHTUMUKPOOHON aKTHBHOCTH KOMITO3UTHBIX 00Pa3I0B B OTHOLICHHN
mramma S.aureus 6538-P nocne 7-mu Mecsi1eB BO3eHCTBUS (PU3NKO-XUMUYECKIUMH (DaKTOPAMH:
a — BIMSHUE COJTHEYHOTO CBETa; b — BiusiHue YP-00myueHus; ¢ — BIUSHUE KUCIION cpe/ibl; d — BIUsHHUE HIEIOUHON cpe/ibl;
€ —KOHTpOJIb; Mociie 8-Mu MecsLeB: f — BIUSHUE COIHEYHOTO CBETa; g — BaMsHUE YD-00myueHus;
h — BnusiHUE KUCTIOH Cpe/bl; i — BAMSHEE MIETOYHON Cpebl; j —KoHTpoib 6e3 TCS.

Pucynoxk 8 — TectipoBanue aHTUMHUKPOOHON aKTHBHOCTH KOMIIO3HUTHBIX 00OPa3IOB B OTHOLICHHH mTamma S.aureus 6538-P
nocie 9-TH MecsIeB BO3AeHCTBHs (PU3NKO-XUMUIECKUMH (DAaKTOPaMU: a — BIMSIHUE COJTHEYHOro cBeTa; b —Vd-obnydeHue;
c—pH2;d-pH 8; e,j,p,v — orpunarensubiii kouTpons 6e3 TCS; mocne 10-Tu Mecsies: f — BAUsSHEE COMHEIHOTO CBETA;

g — Y®-o6nyuenue; h — pH 2; i — pH 8; mocne 11-tu mecsiue: k — BausiHue coaHedHoro ceera; 1 — YD-o0nyueHue;

m —pH 2; n—pH 8; nocne 12-ti Mecsies: q — BAUSHUE COTHEYHOTO cBeTa; I — YD-o0myuenue; s — pH 2; t — pH 8.
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Pezynomamuvl mecmuposanus aumumuxpooHoul
aKmueHocmu nocie 3-X Yukio8 UCmupanus

WccnenoBanuss mo OIEHKE aHTHUMHKPOOHOM
AKTHUBHOCTH KOMIIO3UTOB B YCIIOBUSX MCTHpAHUSA
MIPOBOJMIN B OTHOIIIEHUHN 2-X IITAaMMOB OaKTepuit
S.aureus ATCC 6538-P u Kl.pneumoniae ATCC
1003 u 1-ro mwrramma npoxokend — C.albicans ATCC
10231, cooTBeTcTBEHHO. TecTUpOBaHUE OCYLIECT-
BIISUTM B Te4yeHWEe 3-X MUKIOB uctupanwms. [locme
4ero KOHTAKTHOE BpeMs AJisl IITaMMOB OakTepuid
C KOMITO3UTOM COCTAaBIISLT 2 Yaca dKCIO3UIUH, JIIS
IpOXIKel KOHTakTHOe BpeMsi Obuio 4 daca. JlaH-

HBIC B TAOJIUIE 2 CBUACTEILCTBYIOT O COXPaHCHUN
100%-H0# aHTUMHKPOOHOW aKTUBHOCTH B OTHO-
meHuu mramma S.aureus 6538-P nmocie 3-x nukios
uctupanus (Pucynok 9). bakrepuruaHas akTuB-
HOCTh KOMITO3UTOB C TPHUKJIO3aHOM B OTHOIICHHH
mramma K/.pneumoniae 10031 nocne 3-X UKIIOB
UCTHpaHUs Takxke octaeTcs Ha yposHe 100% (Pu-
cyHok 9). Ilpu TecTupoBaHMH MITaMMa IPOAOKEH
C.albicans 10231, BBISIBICHO OTCYTCTBHE (YHI'H-
OUAHON aKTUBHOCTH 4epe3 4 yaca KOHTAKTHOTO
BpEMEHU TPH TPEXKPATHOM HCTHPAHWUU 00pasIoB
(Pucynok 9).

Tabauna 2 — Pe3ynsraTel TECTHPOBAHHS AHTUMHKPOOHOI aKTHBHOCTH KOMITO3UTHBIX 00Pas3IlOB B YCIOBHSX HUCTHPAHUS

AHTHMUKpOOHAst
Tamm / nuko KonraktHoe Cp. 3HaUeHUE AHTHMUKPOOHAs
Obpasery Cp. uncno KOE 0 aKTHUBHOCTB, o) %
HUCTUPAHUS BpeMsI log log" AKTHBHOCTB, %
- KonTponb 2,78x103 3,444
S-aureus 65138 P 2 waca 4,648 100
ke koM. TCS -1,204
Kl.pneumoniae KonTpons 1,16x10° 3,063
10031 2 qaca 4,267 100
Luk 1 koM. TCS -1,204
C.albicans Kourponb 5,00x10° 3,699
10231 4 4aca -0,068 0
Lk 1 koM. TCS 5,84x103 3,767
B KonTpois 1,84x10° 3,266
S-aureus 6;38 P 2 waca 4,470 100
Lk koM. TCS -1,204
Kl.pneumoniae KonTpons 2,22x10° 3,346
10031 2 Jaca 4,550 100
Lluk 2 koM. TCS -1,204
C.albicans KonTpomnn 7,09x103 3,851
10231 4 gaca -0,042 0
Lk 2 koM. TCS 7,81x10° 3,893
B Konrpons 1,41x10° 3,148
S.aureus 6538-P 2 aca 4352 100
ke 3 koM. TCS -1,204
Kl.pneumoniae KonTponn 2,25%10° 3,352
10031 2 Jaca 4,556 100
Tukr 3 koM. TCS -1,204
C.albicans KonTponn 9,59x103 3,982
10231 4 gaca -0,004 0
ukn 3 komi. TCS 9,69x10° 3,986

* mepecder ot 3HaueHnH mokazareinsi KOE koHTponsHOTO 00pasia
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Pucynok 9 — TectipoBanre aHTUMUKPOOHON aKTMBHOCTH KOMIIO3UTHBIX 0OPa3I[OB B OTHOLIEHHH IITAMMOB:
nocie 1-ro mukia uctupanus C. albicans 10231 a, b; KI. pneumoniae 10031 c, d; S. aureus 6538-P e, f;
nocie 2-ro nukia ucrtupanus C. albicans 10231 g, h ; KI. pneumoniae 10031 1, j; S. aureus 6538-P k, 1;
nocne 3-ro nukia uctupanus C. albicans 10231 m, n; KI. pneumoniae 10031 p,q; S. aureus 6538-P r,c.

Panee mokazaHo, 4TO KOMITIO3UTHBIH MTOJTUMEp-
HbIIl HENOPUCTHI MOHOJUTHBIA MaTepuang COCTO-
Ayl w3 KapOoHaTa KajblMsl, HEHACBHIIICHHOTO
cIo)kHOTO 3dupa opTOPTaNeBOi KHCIOTHI, Mepe-
KHCH METWJIDTUIKETOHA ¢ foOasieHuemM TCS(5%) B
YCIIOBHSX In Vitro o0ajaeT BBICOKUM aHTHMUKPOO-
HBIM 3((PEKTOM B OTHOLICHUH ILTAMMOB S. aureus
6538-P, S.aureus 39, S.epidermidis 12228 wu
Kl .pneumoniae 10031 uepe3 5 MUHYT KOHTaKTHO-
ro BpeMeHu ¢ jgoctmwkennem 100% rubenu KIeTok.
VYcranosneHo, uyto aktuBHOCTE TCS comeprkarero
KOMITO3UTa B OTHOIICHHH IITaMMma Ps.aeruginosa
9027 orMevaercs TOJBKO yepe3 4 yaca HMHKyOa-
MU C CHW)KEHHWEM pocra mramMa Ha 85,8% [17].
OyHrunuaHas aKTUBHOCTh Kommo3uta ¢ TCS B
otHoureHuu wmrtamma C.albicans 2091 npomeMoH-
CTpUpOBaHA Ha YpOBHE CHWKEHHS POCTa INTaMMa
Ha 82,1% u w3onsta C.albicans (CHWKEHUE pocTa
mramMMa Ha 92,2%) onpenieneHa yepe3 4 yaca KOH-
TakTHOTO BpeMeHHu. CleqyeT OTMETUTh, YTO aHTH-
MUKpOOHas akTHBHOCTH TCS KOMIT031UTa B OTHOIIIE-
HUH IITAMMOB MHKPOOPraHu3MoB K/. pneumoniae
700603, Ps.aeruginosa TA2 wn C.albicans 10231
NP TECTUPYEMBIX BPEMEHHBIX OJKCIIO3MIUSIX HE
BbIsiBiIeHA. OTkyna oty jaHHble? KeMm nokazaHo?
cchIIKa mo0amieHa. B Texymiem ucciegoBaHUU B
YCIIOBUSIX HMCKYCCTBEHHOTO HCTHUPAHUsI TTOBEPXHO-
ctu TCS KOMMO3UTHBIX MaTEPUANIOB BBISIBICHO CO-
XpaHeHHe OaKTepPUIMIHOW aKTHBHOCTH B OTHOIIE-
HUU mTamMMoB S.aureus 6538-P u Kl pneumoniae
10031 uepe3 2 yaca KOHTAaKTHOTO BPEMEHH I10OCIIE
3-X IUKJIOB HCcTUpaHus. OYHTUIHMIHAS AKTUBHOCTD

KOMITO3UTBI C TPUKJIO3aHOM TOCiie 3-X LUKJIOB HC-
Tupanus B otHomennu mramma C.albicans 10231
He 3aduKcupoBaHa. Hamm naHHbIe COTNIACYIOTCS €
JUTEPaTYPHBIMU JAHHBIMH O CJIa0OH aKTUBHOCTH
MMMOOMIIM30BAHHOTO TPHUKIIO3aHA TTPOTHB IPUOKOB.
B wuccaenoBannu Hieronim Maciejewski ¢ cotp.
ObUIa MIPOTECTUPOBAHA TKAHb MOJU(PHLIUPOBAHHASL
TPHUKIIO3aHOM, ¥ TTofiBepriasics st ctupkam (TC-
TBOC 5), koropas obanana Gosiee ciaboi MPOTH-
BOTPUOKOBOH aKTHBHOCTBIO, YTO 3a()MKCHPOBAHO
10 MHTEHCUBHOMY POCTY IUIECEHM, HOKPBIBAIOIIAS
oosnee 50% Ttectupyemoii moBepxHocTH. OHAKO
aHaJIOTHMYHBIN 00pasel TKaHU C TPUKIO3aHOM, IPO-
menmuii naTuKkparayo xumanctky (TC-TD20C 5),
COXpaHHJI CBOU OMOIMIHBIE cBOWicTBA. OOpasIlbl, HE
MPOILEALINE POLECC CTUPKH, OKa3all XOPOLIYIO
AHTUTPHOKOBYIO aKTUBHOCTH [7]. bbuTo OoT™MEdeHo,
YTO MPUCYTCTBHE XUTO3aHA SIBIISICTCS OTPEICIISIO-
oMM (aKTOpOM TOBBIIIEHUS YyBCTBUTEIHLHOCTH
S. aureus X TpUKIO3aHy U o-O0mucabomnony. OmHako,
MMMOOHIIM3UPOBAHHBIA TPUKIO3aH HE TIPOSBIISIIT
HUKAKOW aKTUBHOCTH NpOTHB P. aeruginosa. Ha-
HOMHKAICYJIALUS TPUKIIO3aHA, HAIPOTUB, IT0Ka3aJia
MHUHUMAJIBHYI0 HMHTHOMPYIONIYI0 KOHIICHTPAITHIO
npu KoHUeHTpauuu 220 Mr/mMil 10 TOKPBITHS Karl-
CyJn ¥ 56 MT/MIT TIOCIe TTOKpPBITHS Karcya [23].

C ojHOW CTOPOHBI, HCIIOJIL30BaHHE TaKUX
KOMITO3UTHBIX MaTE€pPHajOB MEPCHEKTHBHO B Cde-
p€ MEIMUMHCKOW TEXHUKH BBUIY AOJITOCPOYHOU
AHTUMHUKPOOHOM MOBEPXHOCTH, YTO TOJIOKHUTEIHHO
CKa)KeTCs Ha 370pOBbe manueHToB. C Ipyroi cro-
POHBI, BBI3bIBAET ONACEHUE 3KOJIOTMYECKUI aCIIEeKT
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HCIOJIb30BaHMsI TPUKIIO3aHA B TIPOM3BOJICTBE MaTe-
pHaJIOB MMEET AOCTaTOYHO CEPbE3HBbIE ONAacEHUs,
B CBSI3M BO3MOXKHBIM NPHOOpETEHHEM YCTOWYMBO-
ctu OakTepuil K Tpukio3any. [lomyueHHBIH KOM-
[IO3UT HE IOJBEpraercst nepepadboTke M IOITOMY
BEpOSATHO €ro CKOIUIEHHWE Ha CBaJIKax. B cBs3m ¢
4eM HYKHO pa3paboTaTb METOIbl NepepaboTKH U
IIPENYCMOTPETh METOIbl OuMIeHns: Boasl. Cyrie-
CTBYIOT OHMOJIOTHYECKHE METOJbI YAAJICHUS ITOTO
CTOMKHX 3arpsi3HUTENel BKIIOYas TPUKIO3aH [24-
25]. Ucnonp3oBaHne MOAXOA0B OHMOpEMEIHAIIH C
MOMOIIBI0 KOMOMHAIMH Pa3IMYHBIX BHOB HEMATO-
TCHHBIX OaKTEpHi MOYKHO MPOBOAUTH MPOLIECC Ya-
JICHHsl 3arpsi3HSIOIIMX BEIIECTB HENPEPhIBHO 0e3
JIOTIOJTHUTENIBHBIX 3aTpaT B JMANa3oHe KOHIEHTpa-
LMHA apOMAaTHYECKUX XJIOPOMPOU3BOAHBIX OT 5 J0
25 mr/n [26-27].

3akioueHne

B JaHHOM HCCJI€AOBAaHUU HaAMH ACTAJIBHO HC-
clleloBaHa CTaOMJIBHOCTH IOJUMEPHOTO KOMIIO-
3UTHOTO 00pasia ¢ Tpukio3aHoM (5%) k AeicTBhIO
KHCJIBIX U IEJIOYHBIX PACTBOPOB B TEUEHUE PO~
YKUTEIBHOTO BPEMEHH JI0 TOJIa, TIPH 3TOM CHHKCHHUS
AHTUMUKpPOOHO! aKTHMBHOCTH HE HAOJIOmaloch. B
ycnoBusixX in vitro monumepHbid TCS KoMIO3uT 00-

JIa1aeT BHICOKUM aHTUMUKPOOHBIM 3(h(HEKTOM B OT-
HomeHuu mramma S.aureus 6538-P (rubdens 100 %
kIeToK). MccnenoBanue BIMSHUS JJOJATOT0 00JIyde-
HUSl COJTHEUHBIM cBeTOM U Y D-uznydenwue in vitro
BBISIBUIJIO COXpaHEHNE OaKTEePUIIMAHONH aKTHUBHOCTH
TCS xoMmmosuTa B OTHOIICHUH IITaMMa S.aureus
6538-P B Teuenue 7 u 14 gHeil, a Taxxe yepes 12
MECSIIEB €XEeIHEBHOTO BO3AeHCTBUA. TakuM 00-
pa3oMm, OBbUIO YCTAHOBJIEHO, YTO AHTUMHUKPOOHAsI
aKTUBHOCTh  TPHKIIO3aH-COJICPIKAIINX  00pas3IoB
COXpaHsAETCSl B TEUEHHUE Tojla Tocie €XeTHEBHOTO
BO3/JICKCTBHS BHEUIHUMH (DAKTOpaMH, HUMUTHPY-
IONUMH €CTECTBCHHBIC W TMPAKTUYECKHE YCIOBHS
SKCIUTyaTallid, ¥ MaTeprual BO3MOXKHO COXpaHseT
00e33apaKMBarOIIy0 aKTUBHOCTH 0oJiee MPO0J-
JKUTEIbHBIN TICPUO]T BPEMEHH, B CBSI3U C YEM MOXKET
HalTU NMPUMEHEHUE B MPOU3BOACTBE MEIUIIUHCKON
MeOeId WK K€ CTOMATOJIOTUU TIPU MPOU3BOJCTBE
MMIUTaHTOB.

BaarogapHocTh, KOHQJIHUKT HHTEPECOB

HccnenoBanne BBITIONHEHO NpU (UHAHCOBOM
noajep:xkke Komurera Hayku MuHUCTEpCTBA HAYKH
u BeIcHIero oOpazoBanusi PecmyOnuku Kaszaxcran
(rpanTt Ne AP09058298, 2021-2023 rT.). MBI 325B-
nsieM 00 OTCYTCTBUHU KOH(JIMKTA HHTEPECOB.
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OCOBEHHOCTHU OINPEAEAEHUA NMAPAMETPOB
AObbIYUN CAUTAKOB
B MEXXAYPEYbE BOATU U XKAUDBIKA

MccaepoBaHre MOCBALWEHO HayYHOMY OOGOCHOBAHWMIO METOAOAOTMM MPOMbILUAEHHON AOObIUM
CanrakoB B MeXkaypeube Boarn n 2Karibik, UnCA€HHOCTb KOTOPbIX MO pe3yAbTaTaM BeCceHHero yyeta 2022
r A0CTMrA@ 8071 TbIC. FOAOB, UTO CPAaBHMMO, HANPUMEP, C KOAMYECTBOM OBELL M KO3, BbIMACAKOLLMXCS HA 3TON
Tepputopun (752,3 TbiC. ronoB). [NpunBeseHbl pe3yAbTaTbl ONPeAEAEHNS PErMOHAAbHOIO PecypCcHOro
MOTEHLUMAAA (EMKOCTM) MacTOMULLHBIX YTOAMIA C YYETOM KOAMYECTBA BUMAOB (KPYTMHbIM poraTblii CKOT,
OBLibl, KO3bl, AOLIAAM 1 BEPOAIOABI) M CPEAHETOAOBON MAOLLAAM MACTOMLLHON HOPMbl HA OAHY TOAOBY.
CpaBHMBAAMCH ABA MEPUOAQ, KOTOPbIE XapaKTEPU3YIOTCS SIKCTEHCHMBHbBIM MCMOAb30BaHMEM NacTOMLL B
5TOM PEernoHe, Npu KOTOPOM OCYLLECTBASETCS CaMOPEryASLUMs YNCAEHHOCTM TPABOSAHbBIX XKMBOTHbIX:
B 3MOXY CYLLeCTBOBaHUs bykeeBCKOro XaHCTBa, KOTOpPOE 3aHMMAAO MMEHHO 3Tu TeppuTtopuun (1838
r.) U B COBPEMEHHbIV nepros (hOPMMPOBaHUS YACTHBIX hepMepcknx xo3ancTB (2022 r.). MNokasaHo,
YTO BCEro Ha 3TOM TEPPUTOPUM BbINMacaroCb A0 2,0 MAH. TOAOB AOMALLHMX XXMBOTHBbIX, MPU 3TOM Ha
COBpEeMEHHOM 3Tare nx KoAndectBo B 1,5 pa3a meHblue, yem B 1839 r. BoisieaeHo, uto B 1839 1. B
cpeaHem ObIA0 HEOHXO0AMMO OKOAO 10 MAH. Fa NACTOMULLHBIX YTOAMIA (C yYETOM HOPMbI Bbifaca KaXkAOro
BMAQ), a B 2022 r. okoAo 8,1 MAH.ra. Kpome 3TOro, ceivac AASt CanrakoB HEOOXOAMMO elle 1,5 MAH.
ra nactomuHbIX yroamit. Mpr 3ToM, 06L1as NAOLLAAb M3YYaeMON TEPPUTOPUM COCTABASIET OKOAO 12,3
MAH. Ta. Kak BUAMM, MpeaAaraemas METOAOAOTMS MOKA3bIBAaET COMOCTABUMbIE pe3yAbTaTbl O EMKOCTHU
NacTOMLLHBIX YTOAMIA MEXXAYPeUbst BoArM 1 XKarblk B pasHble MeproAbl, YTO yKa3bIBae€T Ha BO3MOXHOCTb
€ro MCMOAb30BaHUS AAS MAaTeMATUUECKMX, @ He SMMMPUYECKMX PACHeTOB MCKYCCTBEHHOM peryAsumm
UMCAEHHOCTU MOrOAOBbS CarrakoB. Kpome 3Toro, npu Mx npOMbILLAEHHOM AOObIUYE CAEAYET YUMUTbIBATb
MN3MEHYMBOCTb AMMUTUPYIOWMX (DAKTOPOB MPUPOAHOM CpeAbl (MULLM M BOAbI), KOTOPas MOABEP>XKEHa
KAMMATOreHHOM TpaHcopMaumu.

KaloueBble  cAOBa:  caiiraku  ypaAbCKOW  MOMyASILMM,  MPOMbICEA, EMKOCTb  nactowuu,
CEeAbCKOXO35MCTBEHHbIE KMBOTHbIE.
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Features of determining the parameters of saiga production
in the Interfluve of the Volga and Zhaiyk

The study is devoted to the scientific substantiation of the methodology for the commercial produc-
tion of saigas in the Volga-Zhaiyk interfluve, the number of which reached 801,000 heads according
to the results of spring accounting in 2022, which is comparable, for example, to the number of sheep
and goats grazing in this area (752,300 heads). The results of determining the regional resource poten-
tial (capacity) of rangelands, taking into account the number of species (cattle, sheep, goats, horses and
camels) and the average annual area of grazing rate per head are presented. Two periods characterized
by extensive use of pastures in this region with self-regulation of the number of herbivorous animals were
compared: in the era of the Bukeyev Khanate, which occupied these very territories (1838) and in the
modern period of formation of private farms (2022). It has been shown that up to 2.0 mIn head of live-
stock were grazing on this area in total, with 1.5 times less than in 1839, and that in the modern period
saigas needed around 10 min ha of grazing land on average (taking into account the grazing rate of each
species). In addition, another 1.5 million hectares of rangeland are now needed for saigas. The total area
of the study area is about 12.3 mIn ha. As we can see, the proposed methodology shows comparable
results on the capacity of the rangelands between the Volga and Zhaik rivers in different periods, which
indicates that it can be used for mathematical rather than empirical calculations of the artificial regula-
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tion of the saiga population. In addition, the variability of limiting factors of the natural environment
(food and water), which is subject to climatogenic transformation, should be taken into account in their
industrial production.

Key words: saigas of the Ural population, animal fishery, pasture capacity, farm animals.
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Eain meH JKaiiblK ©3€H apaAblfbiIHAQ aKOOKEHAEPA|
OHAIPY NapameTpAepiH aHbIKTay epeKLleAiKTepi

3eptrey EaiA MeH JKailblk, ©3eHAEp apaAblfblHAAFbl aKOOKEHAEPAI OHEepKaCINTiK  eHAIpY
9AICHAMACbIHbIH, FbIABIMM HEri3AeMeciHe apHaAFaH, OAapAblH CaHbl 2022 XbIAAbIH KOKTEMri ecebiHiH
HoTuxKkeAepi 6oibiHIa 801 MbiH 6acka >keTTi, GyA, MbICaAbl, OCbl ayMaKTa >KabIAbIM XXYPreH KomAap
MEH eLIKIAePAIH CaHbIMEH CaAbICTbIpyFa 6oAaabl (752,3 MbiH 6ac). TypAepaiH (ipi Kapa MaA, KOW, eLuki,
JKbIAK bl KOHE TYMe) CaHbIH >XoHe 6ip 6acbiHa LWaKKAHAAFbI >KanbIAbIMABIK, HOPMaHbIH, OpTaLla >bIAAbIK,
Ay, AQHbIH eCKepe OTbIPbIM, KaMbIAbIMABIK, AAKAMTAPAbIH 6HIPAIK PECYPCTbIK, 8AEYETIH (CbIAbIMABIABIFbIH)
ankpliHAQY HeTMxeAepi OepiareH. LLlenkopekTi >kaHyapAap CaHblHbIH, ©3iH-63i peTtTeyi >Xysere
ACbIPbIAATbIH OCbl alMaKTafFbl XaMbIAbIMAAPAbI KEH KOAEMAE MaAaAaHyMEH CUMaTTaAaTbiH €Ki Ke3eH,
CaAbICTbIPbIAABI: ABA OCbl ayMaKTapAbl aAbIn >kaTkaH beken xaHAbIFbIHbIH AfYipiHAe (1838 k.) >keHe
JKEKe Lapya KOXKaAblKTapblHbIH KAAbINTACYbIHbIH Ka3ipri keseHiHae (2022 .). bya aymakTa 6apAbifbl
2,0 MUAAMOHFA AEWMiH YI YKaHyapAapbl XKambIAAbI, aA Ka3ipri Ke3eHAe OAapAblH caHbl 1839 >KbiAMeH
canbicTbipFaHaa 1,5 ece a3. 1839 biabl opTa ecenneH 10 MUAAMOH rekTapfa >XYbIK, XKanbIAbIMADBIK,
XepAep (8p TYPAIH >KaMbIAbIM HOPMACbIH eckepe OTbipbin), an 2022 >KbiAbl WaMameH 8,1 MAH ra
KaXKeT eKEHAIr aHblKTaAAbl. byaaHn 6acka, kasip akb6ekeHAep YLliH Tafbl 1,5 MAH ra >KabIAbIMADBIK,
Xepaep KaxkeT. byA peTTe 3epTTeAeTiH ayMakTblH, >KaAnbl ayAaHbl — WwamameH 12,3 MAH ra. Kepin
OTbIpFaHbIMbI3AAM, YCbIHbIAFAH daicTeMe Eain MeH XKaliblk e3eHAepi apaAblFbIHAAFbI >KalbIAbIMABIK,
>KEPAEPAIH CbIMbIMABIAbIFBI TYPaAbl 9PTYPAI KE3EHAEPAE CaAbICTbIPMAAbl HOTUXKEAEPAT kKepceTeai, Oy
OHbl aKOOKEHAEPAIH CaHbIH >KaCaHAbl PETTEYAIH SMMMPUKAAbIK EMEC, MaTeMaTMKAAbIK, ecenTeyAepi
YWIiH nariaanaHy MYMKIHAIMH kepceTeai. CoHbIMEH KaTap OAapAbl ©HEPKSCIMTIK 6HAIpY KesiHae
KAMMAaTOreHAIK TpaHcopMaumsara yLWbIPaiTbiH TabuFM OpTaHbIH,  (a3blK, MEeH CYAbIH) LUeKTeylLli
(hbakTOpAapbIHbIH ©3reprilTiriH eckepy KaxeT.

Tyiin  ce3pep: Opan  MOMNyASUMSICbIHBIH, - ak6eKeHAEpI,
CbIMbIMABIABIFbI, @YbIA LLIAPYALLbIAbIFbl >KQHyapAapbl.

JKaHyapAapAbl ayAay, >KanbIAbIM

BBenenue

B mociennue HECKOIBKO JIET B TOCYJapCTBEH-
HbI€ OpraHbl MOCTYNAal0T MHOI'OYHMCIIEHHbIE TPOCh-
Ob1 oT MecTHBIX (epmepoB 3ananHo-Kazaxcran-
CKOIl 00J1acTH, 3aHUMAIONUXCS KUBOTHOBOJCTBOM
B Mexaypeube Bosirn u XKaiibika, 00 yBelndeHUU
4yucna cairakoB (Saiga tatarica tatarica), KOTOpbIE
HEKOHTPOJUPYEMOI MOTPaBOM yCUIMBAIOT Harpys-
Ky Ha WX NacTOuIIHbIe yrojbs. B neiicTBuTenb-
HOCTH, 3a IOCJIEJHHE HECKOJIBKO JIET YHUCIEHHOCTh
YpaibCKOW TPYNIUPOBKUA CAUTaKOB CTPEMHUTEIHLHO
yBenmumiack 70 801 ThIC. ocobeit B 2022 1. [1].
OTO KOJIMYECTBO COMU3MEPHMO CO BCEM KOJIMYeE-
CTBOM OBeI] M KO3 — MEJIKOTO POraroro ckora, Ko-
TOopoe BbIpauMBaeTcst 31ech (752,3 THIC. TOJIOB).
Takoro KonuyecTBa caiirakoB He OBLIO, TIO0 KpaitHen
Mmepe, 6oee 100 nmet. B Kazaxcrane mpomebImieH-
HBIH MIPOMBICEN 3THX KMBOTHBIX MPOU3BOJIWICS B
1954—1998 rr., HO B HEKOTOPBIE TOJIbI MIPEPHIBAIICS
JUTST BOCCTAHOBJICHHSI YNCIEHHOCTH [2, 3]. HBIMHE

CJIOBAaMU, Cairak SIBJISETCS TMOJHOIEHHBIM BO300-
HOBJIIEMBIM TIPUPOIHBIM PeCypcoM (Msica, MIKYp H
POTOB), KOTOPBIM HEJb3sl MpeHeOperaTh B MHTEpe-
cax rocyJapcraa.

Ha nmanHOM 5Tame, BO3HUKIA HEOOXOAMMOCTH
€ro MPOMBICIIA, OJTHAKO JI0 CHX IOp HE pa3padoTaHbI
Hay4YHO-TEXHOJIOTHYECKUE PEKOMEHJALUU MO 3KO-
JIOTHYeCKd ©0e30MacHOMY HCKYCCTBEHHOMY H3bs-
THIO UX U3 IIPUPOJBI. DTO CBSI3aHO C TEM, YTO, paHee
HOPMBI JTOOBIYM PETYIUPOBAINACH, B OCHOBHOM, IO
JAHHBIM CKOPOCTHU BOCCTAHOBJICHUSI UYUCJICHHOCTHU
IPYIIMPOBKHU CAWTaKoB MOCIE BBIOOPKH HEKOTOPOM
ee yactu [3]. Bo BcakoM ciiydae, Mbl HE HallUIA B
HMEIOIIEHCs JIUTepaType MHOIO IMOAXOAA K pery-
JISLMY YMCJIEHHOCTU TOT0JI0BbA caiirakoB. Ha Haii
B3TJIS1/I, OCHOBOM PeKOMEHAANNI TOIHKHO OBITH 000-
CHOBaHUE COOTBETCTBUS KOJIMYECTBA BCEX BUIOB
KOTIBITHBIX JKHUBOTHBIX PECYpPCHOMY TOTEHIIUATY
MacTOUIIHBIX yrofuid. MHBIME crioBaMH, TpodiieMy
PalMOHAIBHOIO IMPUPOJONOIb30BAHUS B PETCHOHE
TPAJAUIIMOHHOTO JKCTEHCHUBHOTO >XHBOTHOBOJICTBA
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OcoOeHHOCTH OTpeIeIeHHs ITapaMeTPOB JOOBIUH calirakoB B MexIypeuse Bonrn u XKaifbika

HEOOXOIMMO paccMaTpuBaTh C TOUYKH 3PEHHS OIl-
TUMM3ALUU TACTOMILHONW HAarpy3kKd Ha EAMHUILY
BBITACaEMON TUIOIIAIN, C BKJIIOYEHHEM Harpy3ok
OT KM3HEACATEIILHOCTH CalirakoB. YBeluueHue 00-
el Harpys3Kd BeIeT K Aerpajaluy HacTOMIIHBIX
3eMenb M OOCIHEHHIO NETUHHBIX PacTUTEIbHBIX
cooOmiecTB [4], yMEHBIIICHHE HAarpy3KH — CIIOCO0-
CTBYET HAKOIUJICHUIO BETOILM, TaK Ha3bIBAEMOIO
«BOWJIOKa», YTO YBEIWYHMBAET MOKapOONaCHOCTh
tepputopun [5]. PesynbraTel uccnenoBanuit B.M.
[laBneitunka [6] yka3bIBalOT, YTO B 3aBOJDKCKO-
VYpanbckoro permoHe HamOOJbIIee pa3BUTHE IMPH-
POIHBIE TpaBsSIHBIE MOXKaphl MOTYYMIM B IIpeaenax
IOXKHBIX CTEICl U CeBEpPHBIX IYCTbIHb U OJHUM U3
IJIABHBIX TPUPOJTHBIX (PAKTOPOB, JTUMHTHPYIOIIUX
BO3HUKHOBEHHE W PAa3BUTHE IOKApOB, SIBISIIOTCS
paspexeHHocTh TpaBocTos. [Ipu 3ToM HE0OX0ANMO
YUUTBIBATh U3MEHSIOIINECS TPUPOTHO-KIIUMaTHYe-
CKHE YCJIOBHsI, KOTOPbIE MOT'YT CYLIECTBEHHBIM 00-
pa3oM yXyIIIUTb WIH YJIy4IIUTb [IPOAYKTUBHOCTh
nacTOuI 1 00BOJHEHHOCTh PeruoHa [7].

Lenb pa®oThl — MOKa3aTh MyTH PEIICHUS 3a/1a41
ONTUMM3ALUHN YHUCICHHOCTH TPYNIIUPOBKU caira-
KOB B Mexaypeube Bonru u JKaiiblka ¢ mpusiede-
HUEM MaTEpUaJIOB MO YUETy KOJIMYECTBA JOMAIITHUX
KUBOTHBIX, KOTOpPbIE BBIIACAINCH 3[€Ch B Pa3HbIC
MIEPHOABI IKCTEHCUBHOTO HCIOJIb30BAHUA ITHX 3€-
MeJb: B 30Xy CyllecTBOBaHUS bykeeBckoro xaH-
CTBa, KOTOPOE 3aHUMAJI0O UMEHHO 3TH TEPPUTOPHUH,
a TaKKe B COBPEMEHHBIN meprona (GopMUpOBaHUS
4acTHBIX (epMEepCKUX X03scTB. Takoe cpaBHEHHE
BIIOJIHE 3aKOHOMEPHO, TaK KaK XapaKTepu3yeT 00-
LIYI0 TEPPUTOPHATILHYIO EMKOCTh TACTOMII] TIPH UX
9KCTEHCHBHOM HCIIOJIb30BaHUM M3-32 OTCYTCTBHSA
MHTEHCUBHBIX METOAOB HX CTOWJIOBOIO COIEpXka-
HUS, KOTOPOE MPAKTUKOBAJIOCH B COBETCKUH MEPHUOJ
pa3BUTHS OOILECTBA.

MaTepna.mﬂ U METOAbI

OOBEKTOM HCCIIENOBAHMI SBJISIOTCS KOIIBIT-
HbBIE TPaBOSIAHBIE JKUBOTHBIE: KPYIHBIM porarsii
CKOT, MEJIKUI pOTaThlii CKOT, JIOIIAIN, BEPOIFOJIBI,
a TaKXke, calirakd, KOTOpbIe OOWTAIOT HA ITOU Tep-
putopuu. M3ydeHbl HCTOpUUECKUE MaTEPHUAIIbI, CTa-
TUCTUYECKUE JTAHHBIE U HOPMATHUBHBIC MATECPUAIbI
10 KOJMYECTBY KaKIOI'O BHUJIA JKUBOTHBIX M TOJO-
BOM HOpME TUIOMIAAM MACTOUII Ha OJHY TOJIOBY [8
— 12]. Hopma He00X0AMMOi#i TUTOIIA 1 TTACTOUIIL JITIs
calirakoB HaMU MIPUPaBHEHA K ONTUMAJILHON HOpME
JUISL OBEII, XOTs KOJUYECTBO MOTPEOISICMON MHUIIH
MOJKET OBITh OOJIBIIE 32 CUET YBEIHUCHHSI CKOPOCTH
MeTaboIM3Ma TIepeBapuBacMON MHIITH H3-32 BBICO-
KOM JIBUTaTEIbHOM aKTUBHOCTH CalTraKkoB.
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[MacTOuma oTHOCATCS K Hambollee MOCTpaaaB-
MM T'e€O0CUCTEMaM MHUpa, B HACTOSIIEE BPeMs OHH
TpaHcHOPMUPYIOTCS B Pe3yJIbTaTe U3MECHEHUM KITH-
Marta u 3emienois3oBanus [13,14], uro nmpuBoauT
K COKparieHuto ornopaznooopasus [15]. I[Ipomecchr
OMYCTHIHUBAHUS U JICTPajallii 3eMejlb 3aTparupa-
10T 110 65% Teppuropun Kasaxcrana. Ha coBpemen-
HOM 3Tane MUHHUCTEPCTBO CEJIBCKOI0 XO03iMCTBa
Kazaxcrana WHUIIMUPOBAN MPOrpPaMMy pPa3BUTHUS
JKUBOTHOBOJICTBA, TPEIOIATAIONIYI0 JIBYKPaTHOES
YBEJIMYEHHE TIOTOJIOBhSI CKOTa C yIOPOM Ha IacT-
OWIIHOE coJiepKaHue, YTO BhI3BIBACT HOBYIO OIac-
HOcTh. Crabast kopMoBasi 0a3a SBJISIETCS KIIFOUSBOM
po0JIEMOii OTpaCIH )KHBOTHOBOICTBA B PeciryOim-
ke Kazaxcran [16-17], u TpeOyeT npoBeneHus: Me-
POTIPUSATHIA IO PAI[HOHATBHOMY HCIOJIB30BAHUIO U
KOPEHHOMY YITyYIICHHIO TTACTOMIIHBIX M CEHOKOC-
HBIX yroawii [ 18-20].

Crenu u nonymnycthinu Kazaxcrana ceifuac ak-
THBHO BOCCTaHABIIMBAIOTCS M3-32 MAacCOBOTO CHH-
JKCHHSI aHTPOTIONCHHOT'O BJIMSHUSA deoBeka. Ilact-
Ouila, pacrojioKEHHbIE HA JAHHOW TEPPUTOPHH,
MOTYT 00eCHeunTh cpery OOWTaHWs I OCTaTOdY-
HOW TOMYJISAIUU KPYITHBIX MaCTOUIHBIX KUBOTHBIX,
TaKUX KaK HaxOJIIIHECs IMOJI yTPO30H UCUE3HOBE-
HUS B TJIOOQIEHOM MaciiTabe caiirakos [21-22]. B
3amagHo-Ka3zaxcTanckoit o0nacT 70 CUX MOp He
WCTIONB3YIOTCSl 3HAYUTENbHBIC IO IUIOMIAIN Tep-
pUTOpHH, HANPUMEpP, YACTHHBIN BEC 3eMeNb 3arla-
ca, TJe npeolajaroT macToUIIa 110 COCTOSTHUIO Ha
1.01.2020 r. cocraBusger 26,1 % wim 4,0 muH. Ta
[23].

[MacTOumHas Harpy3ka OTHOCUTCS K TI00aiib-
HBIM (akTopaM (QOpPMUPOBaHHS, (QYHKIHOHHPO-
BaHUS M JUHAMHKH OOJBIIMHCTBA HAa3€MHBIX T€0-
CHUCTEM CTENHBIX W TYCTBIHHBIX PErvHoHOB [24].
Ocenaplii  CEILCKOXO3SIMCTBEHHBIM CKOT CHJIBHO
CTpaBJIMBACT M BHIOMBACT IMacTOMIIA, KOTOPBIC BIIO-
CJICJICTBUM CTAHOBSITCSI HEIIPUTOIHBIMU IS TUKUX
KOMBITHBIX. JlOMaITHUi1 )KUBOTHBIE CTAHOBSITCS KOH-
KypEeHTaMH CalTaKoB 32 HICTOYHUKHU BOJIbI B HOUHBIC
U panHeyTpeHHue dacel [21]. Ceffgac oTCyTCTBYIOT
Hay4YHbIC JJAaHHBIC O BIMSIHUU CaliTaKOB MPU UX BbI-
COKOM YHCIIEHHOCTH Ha MMacTOMIa 1 00 X B3aUMO-
nercTBun ¢ goMamHuM ckotom [25]. K tomy ke
OTMEYaeTCs HepallMOHAIBHOE MCIIOJIb30BaHUE MACT-
OwuII B perroHe, OTCYTCTBUE CHCTEM MacTOUIIE000-
porta, HaOoaeTCsl HeXBaTKa KOPMOB, OCOOCHHO B
3aCyILIUBBIC TOJBI [26], cpouHO Tpedyercs ocoboe
BHHUMAaHUE ISl COKpAIEHUs Jerpajaluy 3eMeib U
AHTPOTIOTeHHOTO omycThIHMBaHuA [27]. MMerorcs
JaHHble [28], YTO UHTEHCUBHBIM BBITIAC CKOTA YXY-
Ia€T COCTOSTHUS COJIOHIIOBBIX Y4aCTKOB, KOTOPEIE B
peruone 3anuMaroT 10 70% MOYBEHHOTO MOKPOBA.
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Cerojast OoubIlast 4acTh JOMAIIHUX )KUBOTHBIX Ha-
XOJIUTCSI B YACTHOH COOCTBEHHOCTH, MEJIKHE BIia-
JICJIbIIbI BBIHYK/ICHBI KPYTJIBI TOJT COEPIKATh UX B
OCHOBHOM BOKPYI' HACEJICHHBIX IMyHKTOB, UTO OKa-
3BIBAET CEPHE3HOE BO3/ICHCTBHE HAa OKPYIKAIOIIYIO
cpeny [29 — 31]. Onnako, B Kazaxcrane otMevaeTcst
o0I1iee COKpaIeHre MOTOJIOBhs JOMAITHETO CKOTa,
M3-32 4ero ciado MCIOJIB3YIOTCS MHOTHE OT/IaJeH-
HbIC TACTOUIIHBIC yroabs [30].

B 10 Xe Bpemsi, MHOTUMHU HCCIEI0BATEIIMU
[32-33] momguepkuBaeTcs TOTEHIMANBHAS YS3BU-
MOCTb HCCJIElyeMOTO HaMM PErvoHa BCIEACTBHE
YBEJIUUCHUSI HHTCHCUBHOCTH 3€MJICTIONIb30BAHUS U
M3MEHEHUs KiIumata. B 3Toil cBsI3u, peruoHaIbHBIM
PYKOBOJUTEISIM HEOOXOAMMO pa3paboTaTh W BHE-
JIpUTh OOJiee COBEPIICHHYIO MOJIUTHKY COXpaHe-
HUS OMOpa3HOOOpa3us W yCTONYNBOTO yIPABICHUS
nacTOHMIIaMu.

ITonHOLIEHHOE BO3POXKICHUE MOMYJSAUUNA U-
KHX TPaBOSIHBIX, TAKMX KaK CalTak, CIIOCOOCTBY-
€T BOCCTaHOBJIEHMIO MECTHBIX reocuctem. C on-
HOIl CTOpOHBI, cailrak, 3TO NOCIEAHEEe KPYIHOE
JIUKOE KOTBITHOE TPABOSITHOE KHUBOTHOE, KOTOPOE
CHUJIBHO BO3NIEHCTBYET HAa CTPYKTYPY PACTHTEIb-
HOCTH, Pa3HOOOpa3ue M KPyroBOPOT MHUTATEIBHBIX
BEIIECTB, C JPYTrOil — CHJIBHO YS3BUM JUIS BBICIITUX
xumHUKOB [34]. K mpumepy, B AQpuke HbIHENTHES
COKpAalllCHUE YUCICHHOCTH MUTPHUPYIOLIUX TPaBO-
SITHBIX HamOoJee 3aMeTHO [34] 1 WILTIOCTPUPYETCS
KYJIbTOBBIM MUTPUPYIOLIUM KOTBITHBIM — FOJYOBbIM
antwionoi ray (Connochaetes taurinus), KOTOpoe
WCTBITBIBAIOT DSl OTPAaHUYMBAIONINX JIEMOTpadu-
YEeCKUX BO3IEUCTBUM U3-3a BOCCTAHABIIMBAIOIIIUICS
TIOIYJISIIIAN XUIITHUKOB [35], OpakoHbepCTBa U BME-
IaTeNIbCTBA YeTIOBeKa [36]. DTH aHTHIIONBI SIBIISIOT-
Csl OCHOBHOM JJOOBIYEH T'MEHBI, JIbBa, apUKAHCKON
JTIUKOM coOaku u renapja. [Ipu 3ToM THEHBI U JIbBBI
MOEIAIOT B TEPBYIO OYepeab B3POCIBIX aHTHIIOIN
THY, a Temapabl U JUKHUE COOAKH — TEJST U TO0-
BaJIbIX KUBOTHBIX [35-36]. Jlns caliraka OCHOBHOI
XUMTHUK — 3T0 BOJIK (Canis lupus L., 1758), xo-
TOPBIM MIPU MHOTOYHUCIEHHOCTH MOIYJISILIUU Calru
UTPaeT CEICKTUBHO-030POBUTEIBHYIO POJIb, a IIPU
MaJIOYHCIICHHOCTH MOXET UCTPEOUTH €€ JIOKATbHBIC
rpynnupoBkd. B 2021 roay 4MCIeHHOCTHh BOJIKA B
3ananno-Ka3zaxcranckoil obnactu cocraBwia 735
rosoB [37], oun Ha (GoHE OOJBIIOTO KOJIHYECTBA
CalTakoB, MO-BUIUMOMY, HE OKAa3bIBAIOT CYIIEe-
CTBEHHOTO BIUSHUS Ha JKU3HEIEATCIEHOCTh JTHUX
KONBITHBIX JKUBOTHBIX. Calraku SIBISIFOTCS JTOOBI-
geil Takxke JUIsl co0aK, JMCHILL, KOPCAKOB M KPYITHBIX
ntul (OepKyT, CTEITHON Opesl, OpJiaH-0eI0XBOCT U
JIpyTHe), HO B IIEJIOM HX BIIMSHUE HA YHCICHHOCTD
TaK)Ke HECYIeCTBEHHA.

Takum 00pa3oM, TOJ BIUSHHEM H3MCHCHUS
KJIIMAaTa ¥ OOIECTBEHHO-TTOIMTHIECKIX (PAKTOPOB
HCCIEMYEeMBbI PETHOH XapaKTePU3YETCS Cephes-
HOM PKOJIOTMYECKOM JieTpaslaliieil ¥ NacTOUIITHBIMH
KOH(JIMKTaMH, B TOM YHCIIe, MEXy AUKAMH Tpa-
BOSIIHBIMHU CaﬁFaKaMH U JOMAIIHUMMU KUBOTHBIMMU.
OHAKO AKOJIOTUYECKUE M aHTPOIOTeHHBIE (haKTO-
pbl, orpannuuBarolmye Boaro-Ypansckyroo mnomy-
JISILIU IO CaﬁFaKOB, H3yquLI HEAOCTATOYHO, U 3TO
HUMEET Cepbe3Hble MOCICACTBUS ISl COXPaHCHUS
Y YTIpaBJICHUS, KaK 3TUM KITFOUYEBBIM BHJIOM, TaK H
reoCUCTEMOM peruoHa B 1esiom. [loaToMy usyueHue
CIOCO0OB TOJICPKAHUSI ONTHUMAIBHBIX pPa3MeEpoB
MONYJISIUUNA CalirakOB Ba)KHO JJIsl IOHUMAHUS peak-
o HaCTGI/IH_[HLIX OKOCUCTEM HaA M3MCHCHUEC KJIN-
MaTa U JIeSITSIbHOCTH YSI0BEKA.

PeSyJIl)TaTI)I u oﬁcyswle}me

B ucropuyeckom miaHe UCHOIb30BAHUE TAHHOM
TEPPUTOPHH OTIMYAETCS €€ HEKOTOPOH 000CO0IIeH-
HOCTBIO H SIBIIICTCS TIPEKPACHON MOJISIBIO BBISIBIIC-
HUSL OCOOEHHOCTEH KM3HENEATEIIbHOCTH MECTHOTO
HACEJICHUS, BBDKUBAHUE KOTOPOI'O MOJHOCTHIO 3a-
BHCEJO OT 3P PEKTUBHOCTH BBIPALTUBAHUS JTOMAIII-
HUX XKUBOTHBIX. Bo BpemeHa bykeeBckoro xaHcTaa
BeCh yKJaJ oOmiecTBa ObLT TOAYMHEH PaldOHAb-
HOMY WCIIOJIB30BAHUIO MACTOUI C TPUMEHEHHEM
METOZ0B OTTOHHOT'O CKOTOBOJICTBA, T.€. Y(PPEKTHB-
HOMY U OEpeXKHOMY HCIIOJIb30BAHUIO PECYPCHOTO
noteHnuana repputopun. [Ipu 3tom, ObLTO M3BECT-
HO €XEroJHOEe ITOTOJIOBhE JAOMAIIHUX >KHBOTHBIX,
TaK KaK ¢ X KOJIMYCSCTBA IJIATHJICS HAJIOT — 35KaT.
JluHaMHKa ero 4UCIEHHOCTH He ObLIA TOCTOSTHHOM
BCJIE/ICTBUE TIPOSBICHHUS OTPUIIATEIIbHBIX SBICHHIA:
JOKYTOB, HEXBATKU KOPMOB M BOJOIIOEB U IPYTHUX
MIPUPOTHO-KIIUMATHYECKUX M COIUAIBHBIX TOTPSI-
ceHUH (BOJHEHHWH MECTHOTO HACEJCHHS), OTHAKO
BCEraa CoXpaHAlaCh TCHACHIUA K YBEJINYCHUIO 110~
ronoBbs. C.3. 3umanoB [38] yka3bIBaeT Ha TO, UTO
o011ee cpestHee eKEroHOe KOIMIECTBO TIOMAITHIX
YKHUBOTHBIX 3/I€Ch OBLJIO OKOJIO 2 MJIH. TOJIOB U TPH-
BOJWT MX YHCIeHHOCTE B 1814, 1825, 1830 u 1839
rr.: 2026704, 2572050, 1945000, 2071000 romos,
COOTBETCTBEHHO. MBI B3siM JaHHbIE 32 oquH 1839
T., B KOTOPOM TPOCIIC)KUBACTCS TUITUYHAS CUTYaIHs
¢ mpeobiagaHueM MEJIKoro poraroro ckora (1500
TBIC. TOJIOB), KpaliHe HEOOXOJMMOTO JIJIsi TIOBCE/I-
HEBHOT'O NTUTAHWUs, & TaK)Ke JIOMIaiel U BepOIt0/10B
(300 m 91 TEIC. TOJIOB, COOTBETCTBEHHO), KOTOPHIE
MOT'YT HaXOJIUTh ITOJHOXKHBIN KOPM B JII000€ BpeMsi
roja. Komu4ecTBo KpyImHOTo poraTtoro cKota orpa-
HHYUBAJIOCHh TPYIHOCTBIO ero BeIpamuBanus (180
TBIC. TOJIOB), HO OHO OBIJIO KpaifHe HEOOXO MO ISt
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HCIIONb30BAaHUSI MOJIOYHBIX MPOAYKTOB B IOBCEI-
HEBHOU xu3HU. llo-BUIMMOMY, TaKOE€ KOJIMYECTBO
U COOTHOIIIEHUE BU/IOB JOMAIIIHUX YKUBOTHBIX OBLIO
MIPENIETbHO ONTUMAIILHBIM ISl )KH3HEOOCCIICUCHHUS
MECTHBIX >XuTenel. HeBO3MOKHOCTh yBeJIUYEHUS
UX TIOTOJIOBBSI BHI3BIBAJIO HEIOBOJILCTBO U BOCCTA-
HUsl OCIHBIX CJIOEB HACEJICHUs, a TAK)KE UX MUTpa-
LU0 Ha JIPYTHE TEPPUTOPHH B MTOUCKAX 3apadoTKa.

31ech HEOOXOIUMO yKa3aTh, YTO CANTaKH B 3TO
BpeMs TaK>K€ IPUCYTCTBOBAIM HA ATOU TEPPUTOPUU
1 OCCKOHTPOJIBHO JTOOBIBAIUCH IS TPOIHTAHUS
MECTHBIM HacelieHHeM. BoT kak ommchiBaeT 3. A.
OBepcman [39] 0coOEHHOCTH OXOTHI Ha CaHTaKoOB
KazaxaMu: «...Kupruspl yOMBaroT caiirakoB cie-
JOYIOUIMM CTPaHHBIM CIIOCOOOM: Ha POBHOM CTEIH,
MTOPOCIICH MOJIBIHBIO, TFOOUMBIM KOPMOM CalTaKoB,
JIENIAlOT W3 3eMITM WIN W3 JIePHA KYYKH BBIITHHOIO
okoio 3 ¢yroB. Kyuku 3T 00pa3yror npsiMele Jid-
HUU, PACXOJSAIIUECs MPHOIM3UTEIBHO IO/ YIIIOM
45—60°. B koHUe yria, Ky4kd, HaXoAsIIHecs Ha
OJHOHM JIMHUM, OYeHb OJIM3KU OJHA OT JPYro, Ha
paccTostHUM 3—35 1IaroB; HO MOTOM YE€M Jajbllle,
TEM peke OHU PACCTaBJICHBI, U KpailHHE yJaJICHBI
oJIHa OT Apyroii caxxeH Ha 70. bonpimoe oTBepcTHe
yria ObIBaeT MIMPUHOKD OKOJIO 3-X BEPCT, a Y3KHi
KOHEI[ ero TaKkXe OTKPHIT, H OH MIMPHUHOI0 OKOJIO
15 ¢yros. [Ipea 3TUM MOCISIHUM OTBEPCTUEM I10-
CTaBJICHBI, HA Y2 yTa OJIMH OT APYroro, CTCOIHN Ka-
MBIIIIa, HAKIIOHEHHBIE KOCO K OTBEPCTHIO YTJIa, TOH-
KUMH KOHIIaMU BIEpel. JTa KaMBIIIOBAas COJIOMa
JIOBOJILHO TBEPJA, Y OCHOBAHUS TOJIIUHOI OKOJIO
Majblia, a HaBEpXYy, I/Ie KICTh OTpe3aHa, OHa OCTpasi.
Korma moBymika roroBa, KUPTru3bl KapayJisiT BEpXOM
Ha JIOIIAJIAX, U, 3aMETS CTaJ0 CaUTraKoB, MACyIIUXCS
BOJIM3HM MIMPOKOTO OTBEPCTHS YT, OHH CTaparoT-
Csl 3arHaTh WX BHYTPh ero. [lyrmuBble >KMBOTHBIE
MPUHUMAIOT 3EMJISIHBIC KY4Hd 3a JIIOACH, HE CMEIOT
MpHUOJIU3UTHCS K HUM H OETyT Cpeau WX K KOHITY
yIiia, mpeciielyeMble KpHKOM KHpru3oB. Uem Omm-
JKe KyYKH OJIHA K JPYTOH, TeM OOoJIbIe OHU O0sITCS,
1, He cMes OpOCHTBCS B CTOPOHY, XOTSIT Hamoce-
JIOK CIIACTHUCh Ype3 OTBEPCTHE M HAKaJBIBAIOTCA Ha
kamblIir. [1louTi HeBEepOsATHO, YTOO KHUBOTHOE TAKOM
BEJIMYMHBI, KaK Calirak, MOTJIO 3aKOJIOThCS 10 CMep-
TH TPOCTHUKOM, HO TEM HE MEHEE ATO ICUCTBUTEIb-
HO Tak, ¥ s caM ObLT CBUJIETEIIEM, KaK JJaKe OJTHA U3
HaIllNX OXOTHUYBHX CO0AaK, Mpecieaysl Audb | I10-
MaBIIM B 3TOT KaMBIII, 3aKOJI0JACh 10 CMEPTH...».
A.D.bpam [40] Taxke ykaswiBaeT: «...Hecmotpd
Ha JAypHOH BKYC MscCa, CTEHBIE KUTEIHA CTPACTHO
0XOTATCs 3a caiirakamu. VX mpecieayroT Ha Jio-
maasix U ¢ cobakaMu 1 OOBIKHOBEHHO HACTUTAIOT,
OCOOCHHO ©CJIH MPUXOIUTCS MPOOESKATH OOJBIITHE
npocrpancTBa. Kak u Ipyrum aHTuionam, cairam
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OMacHbl CaMble HE3HAUUTENbHBIC paHbl. Kuprusbl
MPOACJIBIBAIOT TPOIIMHKHU B )KECTKOM CTEITHOM TpaBe
U TPOCTHHKE, Cpe3asi CTeOJIH JI0 ONpe/Ie/ICHHON BhI-
COTBI, TOTOM 3arOHSIOT TyJa JIOIIaIbMH CTala cai-
TaKoB, KOTOpbIE, MIOPAHUBIINCH 00 OCTPBIE KOHIIBI
TPOCTHHKA, MOrH0aroT OT 3TUX paH. Ho eme uarme
yOHMBAIOT UX U3 OTHECTPEIILHOTO OPYKUS WU JIOBSIT
C INOMOLIBIO MPUYUYEHHBIX K TOMY XHIIHBIX ITHII,
HO yHOTpeOJISIFOT ISl 3TOM OXOThI HE COKOJIOB, a
OOJIBIINX OPJIOB, KOTOPBIC U3J[aBHA MPUHAICIKAT K
3JIEALIMM BparaM aHTUIIOI U, OXOTACH 3a HUMH, KaK
OYyATO CIEAYIOT CBOEMY €CTECTBEHHOMY WHCTHH-
KTy. BoJku TOXe MPOU3BOJAT CTPAIIHbIE OMYCTO-
LICHUS B CTAJaX 3THX )KMBOTHBIX U IMOXKHUPAIOT MACO
yOMTBIX, OCTABJIsAsS OJHU Yeperia M pora, KOTOpbIe
KUPru3bl ¥ Kazaxu npojaioT B Kuraii nmo aeuieBoit
menHe...» (puc.1).

Ectp cBenenus [3], 94TO B 3TOH MECTHOCTH ...
B nepBoit nonoBuHe XIX B. YMCIEHHOCTh CaUTaKoB
OblTa BBICOKOW. Pe3koe cokpaieHue IOTOIOBbS
ATUX KUBOTHBIX MPOUCXOIWIO BO BTOPOU TMOJIOBHU-
He XIX B.». Hamomuamm, 4t0o 310 OBLT TIEpHOA 00-
YCTpOMCTBA TOYTH OE3NMIOHON TEPPUTOPHUU TIepe-
celleHllaMu BO TiiaBe ¢ bokeill xaHom. B 3Toil ke
paboTe yka3bIBaeTCs, 4TO, MMO-BUAUMOMY, K Ha4aIry
30-x ronoB XX B. B HU30BbsIX Boiru u B Kazaxcra-
HE COXPAHUJIOCh BCETO HECKOJIBKO COT TOJIOB ITHUX
>KUBOTHBIX, U OHU OKA3aJIMCh HA FPAHU BBIMUPAHUS
[3].

Jns m3ydeHust pa3BUTUS COBPEMEHHOTO CEIb-
CKOXO3SIUCTBEHHOTO MPOU3BOJICTBA 3TOTO PEru-
OHa Mbl HCIIOJIB30BAIA CTATUCTUUYECKUE JIAHHBIE
2021-2022 r., mo 6 agMHUHHMCTPATUBHBIM pailOHaM
3amagHo-Kaszaxcranckoi obnactu (TackamuHckuid,
Kasranosckuid, Axxailbikckuii, boxkelopauHCckui,
Kanranunckuii, KanuOGekckuil palloHBI) U IBYM
paiionam ATbipayckoit oonactu (Kypmanrazunckuit
n Mcaralickuii paifoHbI), KOTOPBIE TTOJTHOCTBIO TI0-
KpBIBAIOT 3eMiIH ObIBIIETO ByKeeBCKOro xaHCTBa
[9,10]. B Hacrosiiee Bpemsi 37€Ch BBIIACAIOTCS:
KpYIHBIA poratblii ckoT — 436,8 ThIC. TOJIOB, MEJI-
KU porateiii CKOT — 752,3 ThIC. TOJIOB, JIOMIAAA —
157 Thic. ronoB, BepOIrOABI — 2 THIC. TOJIOB. Kak BU-
JIUM, MECTHBIE CEJIbXO3IPOU3BOIUTEIN HALEICHBI
Ha BBIpAIIMBAaHUE KPYITHOTO POTaToOro CKOTa, KOTO-
poro ctaino 6osbiie B 2,4 pasa, yem B XIX B., B TO
BpeMs KaK KOJIMYECTBO MEJIKOIO poraToro cKora u
JIOIIaIel YMEHBIIUIOCHh BIIOJIOBUHY, & BEPOIIIOIOB
ocTanock ToibKo 2 %. Takoe cooTHOIIEHNE BUIOB
KUBOTHBIX, TIO-BUAMNMOMY, OOYCIIOBJICHO TOCYyIap-
CTBEHHBIM TOBapHBIM cIipocoM. Bcero Ha teppurto-
pun B 2021-2022 rr. BeIMacanocs 1, 348 Teic. m0-
MAaIllHUX JKUBOTHBIX, T. €. B 1,5 paza MeHble, 4em
B 1839 .
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Pucynok 1 — Caiirak B «Ku3nu xxuBoTHEIX» A.D. bpama (rpaBiopa,
I'ycras Jlrogsur ['enpux Mrotuens, 3-ee Hemenkoe usnanue, 1900) [40]

Opranuszanus SKCTEHCHBHOTO IaCTOMITHOTO
CKOTOBOJIYECKOI0 HampasieHusi B XX B. HAYAJIOCh
mumis B 1990-e ronel mocie pa3Bajia KPymHBIX CO-
BX030B H KOJIX030B, B KOTOPBIX OBLIO HIMPOKO pac-
MIPOCTPAHEHO HMHTEHCHBHOE CTOMJIOBOE KUBOTHO-
BOJICTBO, TIO9TOMY B HAIIIUX PacdeTax dTOT MEPHOT
He yuuThiBaeTcs. Ilepexon oT coluaninucTUuYecKoi
K 9acTHOU (popMe COOCTBEHHOCTH 3€MJIM OCYIIECT-
BIISIJICSL TIPOJOJDKUTENFHOE BpEMs, HalpuMmep, B
cepeauHe 1990-x rofoB B X0Je pa3Bajla KPYMHBIX
CEJIbXO03MPOU3BOAUTENICH «CTENb OMYCTEIa», MacT-
OHIla MCITOJIb30BAIMNCEH KUBOTHBIMHM JIMIIL U3 Y-
HOTO TOJBOPBS MECTHOTO HaceneHus. HeiHemrHee
KOJIMYECTBO JIOMAITHUX JKUBOTHBIX OOYCIIOBIEHO
CTAaHOBJICHHEM (EPMEPCKUX XO3SUCTB, KOTOPBIC,
MO-BUAMMOMY, MOTYT U J1aJic€ YBEIUYUTh UHCIICH-
HOCTb ITOT'0JI0BbSI IPY HATMYUHU KOPMOBBIX U MTUTHE-
BBIX pecypcoB [41].

Kak BumnM, Ha COBPEMEHHOM 3Tare GopMuUpy-
€TCs1 HOBBIM CKOTOBOAUYECKUI Iy, KOTOPBIN aHaI0-
TUYCH MEPHUOTY OCBOCHUS dTUX 3eMEIIb Ka3aXCKUMU
poramu B XIX B., OTIMYAsACh JIMIIb KOJUYECTBEH-
HBIM COOTHOIICHUEM OTJIECIBHBIX BHIOB JKHBOTHBIX.
Ocraercss OTKPBITBIM BOMPOC 00 ONTHUMH3AITUU
Mpoliiecca OCBOCHUS TEPPUTOPUHU, KOTOPOE MOKHO
cunTaTh: (a) HE3aBEpIICHHBIM, CyHAsS IO KOJIWYe-

CTBY KMBOTHBIX B PACCMATPHUBAEMbIE IEPUOIBI, UITH
xe, (0) y)ke HaXoIAIMMCS B THHAMHYECKU-PaBHO-
BECHOM COCTOSIHWH, KOTJa KOJUYECTBO JOMAIIHUX
JKUBOTHBIX COOTBETCTBYET KOPMOBBIM M IHTHEBBIM
pecypcam permoHa. Bropoe yTBepkaeHue Ooiee
MPaBIONO00HO, B CBS3M C HETAaTHBHBIM H3MEHe-
HUEM MPUPOIHO-KIUMaTHueckux yciosuit [7]. Ilo-
BHJIUMOMY, UMEHHO HCTOIICHHEM PErHOHAIBLHOTO
peCcypCcHOTO TIOTEHIMAJa OOyCIIOBJIEHA MPOChOa
MECTHBIX ()epMEpPOB K YMECHBIICHUIO YUCICHHOCTH
ITOTOJIOBBS CANTaKOB.

B Kazaxcrane HCKYCCTBEHHOE H3BATHE U3
MPHUPOJIBI 3TUX JKUBOTHBIX MPOBOAMIOCH B TEYe-
HU€ MHOTHX JecITHIIeTud. B mepuoa HapacTaHus
romysiuu 0e3 yrep0a s pacIImpeHHOTO0 BOC-
MIPOU3BOJICTBA U3BIMAJIOCh 10 2025 % MOronoBbs,
B IIEPHOJIBI IETIPECCUU — MPOMBICEN TPEKpaIancs,
WY U3bIMajock He Ooree 8-10 % ydreHHoro oce-
HbBIO NOTroJIoBbs [42]. TeM He MeHee Ha COBPEMEH-
HOM 3Tarle BO3HUKIIAa HEOOXOUMOCTh Pa3pabOTKH
HOBBIX HOPMATHUBHBIX JIOKYMEHTOB C YYETOM H3-
MEHEHHsI TIPUPOJTHO-KIMMATHIECKOH 0OCTaHOBKH.
Ha sT0 yKka3biBaeT (akT paszpemnieHus oTcTpeia mo
200 romoB m3 OeTHaKJATHMHCKOM, YCTIOPTCKOW H
YPpaiIbCKOW TPYNIUPOBOK UIsI 0OOCHOBAHMS TaKUX
npaktTuueckux pexkomenaanui [43]. Ilpu stom,
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co3manue B 3amnanHo-KasaxcraHckod oOJactu
roCyJIapcTBEHHOTO MpPHPOJHOro pe3epBata «bo-
Keopaa» JOKHO CIIOCOOCTBOBATh ONTHMHU3AIMH

B3aMMOOTHOILICHUH MeXAay (epMepamMu U CTPYK-
TypaMu, OTBEYAIOIIMMU 32 COXPAaHHOCTh CalIaKoB

(puc.2).

Pucynok 2 — Caiiraku B 3uMHeM Hapszae, 5 mapra 2023 roxa, Teppuropus pesepsara «bokeiiopaay,
OKpECTHOCTH 03epa Apaicop, 3ananHo-Kazaxcranckas o6macts

Ha nam B3risa, oqHUM U3 KITIOYEBBIX MOIXO-
JIOB K BBISIBJIGHHIO OCHOBHBIX IOKa3aTesieil JoObYn
CalrakoB SIBJIIETCS BCKPBITHE CTEIIEHN MX YYacCTHUS
B HCIIOJIb30BaHUH ITPUPOJIHBIX PECYPCOB.

Ota 3amaya obyierdaercst TeM, 4TO JJISl Kax-
JIOTO BHJA TPABOSJHOTO KOIBITHOTO >KMBOTHO-
ro CYIIECTBYIOT CPEIHHE TOAOBbIE MacTOUIIHBIC
HOPMBI IJIOIIAM HAa OJHY TOJIOBY, KOTOpPBIE pe-
[JIAMEHTHPYIOT KOJIMYECTBO JXHUBOTHBIX Ha TOW
WM WHOW TEPPUTOPUHU, B 3aBUCHUMOCTH PaCTH-

TEJIHLHOTO TIOKpOBa U ee cocTosiHus. Hopmatus-
Hble JOKYMEHTHl 1js 3amagHo-KazaxcTtanckoit
00JTacTH OTHOCSAT HUCCIEAYyEeMYI0 TEPPUTOPHUIO K
MyCTBIHHOM CTeNH W Pa3AeiislioT MacTOUIIHBIC
YroAbs MO MPOU3PACTAIONICH PACTUTEIBLHOCTH HA
o0eqHEHHBIE  THUIIYaKOBO-IIOJBIHHO-KOBBIILHBIE
¢uTOIICHO3BI U OoNee OoraThie — JKUTHSAKOBO-THUII-
YaKOBO-IIOJBIHHBIC, IO CTCIEHU COMTOCTH IAaCT-
OuII — Ha BOCCTAHOBIIEHHBIE U JIeTPaJIMPOBAHHBIC

[8].

Ta6auua — HanGonpmas miomaab TacTOUIIHBIX YTOIUH, HeOOXOIUMBIX JUIA Bbllaca JoMainHero ckota B 1839 . u B 2021-2022 .

B Bonro-XKaiipikckom Mexaypeune™.

Kpynnsriit
Hoxasaren Epunuma porasiii croT OBupl u ko3bl | Jlomaau BepOmronst Bcero
HU3MepeHHs
1 2 3 4 6
Hopwma mactouma ra/ToJ0B 13,5 2.7 16,2 18,9 -
KonnuectBo xuBOTHBIX B 1839 1. rOJIOB 180 1500 300 91 2071
?g;;‘lram’ MacTGHI 114 BLITAC B ra 2430 4050 4860 1719 13059
KonnuectBo UBOTHBIX B 2022 T. rOJIOB 436,8 7523 157 2 1348
g[gzozmram’ MacTGHI A1 BLITACa B ra 5896,8 2031,2 25434 32,2 10503,6

* — PaccunTaHo C y4eTOM HOPM BBIIIaca Ha JAErPaJMPOBAHHBIX THITYaKOBO-IIOJIBIHHO-KOBBUIBHBIX TeppUTOpHsX (110: [8]).
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Onepupyst 3TUMHU JIaHHBIMH, OBLIH ITOJICUH-
TaHbl HEOOXOIMUMBIC IIIOMAMN IJIs KaXXIOrO BHJIA
JKUBOTHBIX. JI7isl mpuMepa MpuBEICHBl HAUXYALINE
JIAaHHBIC TI0 TPOAYKTHBHOCTH W COCTOSTHHIO TIacT-
oum (Ta6m.). Takue pacyeThl TOKa3alid, YTO BO
BpeMeHa bykeeBCKOTO XaHCTBA ISl JOMAITHUX JKHU-
BOTHBIX OBLIO HEOOX0aumo 7,3-13 MIIH. ra 3emid,
B cpennem, okono 10 muH. ra. Ha coBpemeHHOM
stare HeoOxoaumo 5,9-10,5 mutH. Ta, B cpemHeM,
8,1 M. Ta. Kpome atoro, ms caiirakoB (801 Teic.
roJIoB) HeoOXoauMo eme 1,5 MIH. ra macTOMII-
HBIX yromauii. [lpu sTOM, oOmIas miomaap u3ydae-
MOH TEeppUTOPUU COCTaBIsIET Ookoyo 12,3 MiH. ra
C BKIIIOUYCHHEM BOJIOEMOB, HACEICHHBIX ITYHKTOB,
TPAHCIIOPTHOW MH(PPACTPYKTYPBI, JIECOB U JAPYTUX
MJIOMATHBIX 00BeKTOB. [0 cratncTUdecKkuM maH-
HBIM, ITACTOMIITHBIC YTOAbsI PETHOHA UCCIICIOBAaHUN
Ha 3EMJIIX CEIhCKOXO3SIICTBEHHOTO 3HAYCHUS U
3eMJISIX 3araca coCTaBisioT Beero 4,4 miH. ra. [11].
WNHbIMEU cioBamMu, Ha TAHHOM dTaIle 110 HOPMaTHBaM
yK€ OTMedaeTcsl U30BITOK KONIBITHBIX KHBOTHBIX,
MIPH 3TOM, NMPECUMYIIECTBOM CAHTaKOB SIBJISICTCS UX
BBICOKAsl MUTPAIlMOHHAS aKTUBHOCTH U UCTIOJIb30Ba-
HHE OPOCOBBIX 3eMEIlb, KOTOPBHIE MO WIJIH COBCEM
HE UCIOJIb3YIOTCS TOMAITHUMU >KUBOTHBIMHU.

Takum 00pa3om, MPOBEACHHBIC WCCICIOBAHUS
YKa3bIBAIOT Ha MX MPAKTUYECKYI0 MPUMEHUMOCTH
JUIS pacyeTa ONTUMAalbHOW YHWCIIEHHOCTH caira-
KOB, C YYETOM IIOTOJIOBbSI JOMAIIHUX >KUBOTHBIX.
OpmHako, TOMYYEHHBIC PE3yNbTATHl HYXKHO CUHU-
TaTh BEChbMa OPUEHTHPOBOYHBIMU. HeoOXomuMmer
JMaTbHEHIINe WCCIeAOBaHMS, KaK B OIPEACIICHUN
U ONTHUMH3AIMH €MKOCTH IMMACTOMII, C YYETOM pe-
THOHAJIEHOTO pAaCIIpe/IeNiCHUsT CalTakoB B 3WMHEE
U JIETHEE BpeMs, TaK U YTOUHECHMS ONTUMAIbHBIX
MaCTOUIITHBIX HOPMATHBOB.

Emie ognum yciaoBHeM MpU COCTABICHUU pa3-
pEIHUTENFHON JOKYMEHTAIINN Ha TOOBITY CaliTakoB
SIBIIIETCSL YYET €CTECTBEHHBIX (IIYKTyallud B WX
YUCIICHHOCTH, BBI3BIBAEMBIX KIMMATOTEHHBIM W3-
MEHEHHEM YCJIOBUH MECTOOOHMTaHUS, KOTOPHIE CY-
IIIECTBEHHBIM 00pa30M BIUSIOT Ha OOBOJHEHHOCTH
Y 3aCYILIUBOCTh TEPPUTOPHUH, (PYHKIIMOHHPOBAHHE
PACTUTENBHBIX JKOCHUCTEM M TIOMYJISIUNA YKHUBOT-
HBIX, B TOM YHCJIE, OOBSICHSIOT TIEPUOJIbI HU3KOH U
BBICOKOH YHCIIEHHOCTH cairakoB [7,44]. Kak Bu-
UM, TIpU pacyeTax EKEroJAHON MPOMBIIUICHHON
JIOOBIYM caliTakOB HEOOXOIWMO TaK)KEe YUIHTHIBATH
OCHOBHBIC PETYJISITOPHBIC KIMMATOTEHHBIC (haKTO-
PBI, TUMUTHPYIONTHE YHCICHHOCTh CAMTaKOB.

3ak/ouyenne

KommekcoM pecrmyOnuKaHCKUX MPUPOI00X-
PaHHBIX MEPOIIPHUATHI MOTOJIOBhE CAUTAKOB B MEXK-
nypeube Bonru u XKaiieik 6pu10 goBeneHo B 2022
r. 10 801 ThIC. TONOB, CPABHUMOTO C KOJIHMYECTBOM
MEJIKOTO POTaTOro CKOTa, YTO BBI3BAJIO PETHOHAIb-
HYIO MTPO0JIeMy TTaCTOUIIIHOTO TIEpeBhINaca B HEKO-
TOpBIX paiioHax 3amnanHo-KazaxcTaHCKOW 00IacTH.
Haspemna HEoOXOAMMOCTh MCKYCCTBEHHOH perydis-
[IUU €r0 YUCIEHHOCTH, OJHAKO MHUPOBOC 3HAYCHUE
caifraka, Kak peJIMKTOBOTO JKHBOTHOTO, HAKJIa IbIBa-
et Ha Kazaxcran, B3STeIX Ha cebs 0043aTEILCTB 10
COXPaHHOCTHU M MPEYMHOKEHUIO TIOITYIISIINH.

[TosTOMy HEOOXOTUMO BCECTOPOHHEE N3YUCHUE
JTAaHHOH MTPOOIIEMBI /111 000CHOBAHHUS BOSMOKHOCTH
U HEOOXOAMMOCTH HCIOJIL30BAHUS CTONH IEHHOTO
pupoIHOTO pecypca. [Ipu 3TOM anropuT™ U3BATHS
COTEH ThICSIY 0co0eii calirakoB U3 MPUPO/IbI JOTHKEH
AMETh HaydYHOe 00OCHOBaHHE, B KOTOPOM CIIEAYET
YUUTBIBATh: (a) €MKOCTh MACTOUIIHBIX YTOTUH €
MACYIUMHUCS TaM JIOMAITHUMH XKUBOTHBIMA U (0)
WU3MEHYHMBOCTh JIMMUTHPYIOIIUX (DAKTOPOB NPUPO/I-
HOM cpenpl (MU M BOJIBI), KOTOpasi MOJABEpIKEHA
KIIMMATOT'€HHOU TpaHchopManuu.

B nanHOi1 paboTe MO TaHHBIM KOJMYECTBA JI0-
MAIIIHUX JKUBOTHBIX U CalTaKoB, C YYETOM HOPMBI
IO TTACTOMII U KaXI0TOo BHUAa (KPYITHOTO
poTaToro CKOTa, MEJIKOTO POTaToro CKOTa, JIOoIIa-
Jieil, BepOIOIOB U CaiirakoB) TpHBEJeHa HE0OXO-
JUMasi JUIE HUX IUIONIQJb MMAaCTOMIIHBIX YrOJUH.
OKazaaock, YTO IS BhIIaca JOMAIIHUX KUBOTHBIX
BO BpeMeHa bykeeBckoro xaHcTBa (6e3 yuera caii-
rakoB) HEOOX0IuUMO OBLTO OKOJ10 10 MITH. Ta macT-
OwuII JUTst IBYX MJTH. TOJIOB. B COBpeMEHHBIH nIeprot
pa3BUTHSl PEruoHa AJisi HUX, YUCIECHHOCThbIO 1348
TBIC. TOJIOB, HEOOXOAMMO, B cpeaHeM 8,1 MIH. ra
MacTOUII, KPOME 3TOTO, JIsl CAUTaKOB HEOOXOIUMO
emre 1,5 MiIH. ra macTOMIIHBIX yroaui (Bcero 9,6
MJTH. Ta).

Kak BuauM, mOJydYeHHBIC pPAa3HOBPEMCHHBIC
JTAaHHBIE BITOJIHE COM3MEPUMBI M PaBHOIICHHBI, UTO
yKa3bIBaeT Ha 000CHOBAHHOCTh CPABHUTEIbHBIX Ha-
OITtO/IeHNH, a, TITABHOE, Ha BO3MOYKHOCTH JIOCTOBEP-
HOTO BBIYJICHEHHMS W ONTHMM3AIMKM YHCICHHOCTH
TIOTOJIOBBSI yPAIbCKOW TPYNIHPOBKH CANTaKoOB W3
00IIIero cTajia TPaBOSAHBIX JKUBOTHBIX, C BBISBIIC-
HHEM BO3MOYKHOCTH OOECIIEUEHHUS DKOJOIMYECKHU
HEHUTPATLHOTO COCYIIIECTBOBAHUS UX IPYT C APYTOM.
Ha mamr B3rmsin, ”MEHHO Takasi METOIOJIOTHS Hayd-
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HOTO OOOCHOBaHUsI TIPOMBICIOBOM JTOOBIYM caiira-
kOB OyeT BocTpeOoBaHa B OyiKauIiee Bpemsl.
HanpasnenueM JanpHEWIIMX HAIIUX HCCIEHO-
BaHUH SBJSETCS ONpeelIeHNe eKEroOAHOT0 00MIero
KOJTMYECTBA HEOOXOAMMOTO U JKEJATEIHHOTO TPO-
MBICJIA C YYE€TOM H3MEHEHHUS MPUPOTHO-KINMATU-
4ecKuX (haKTOpPOB, OMPEACISIONINX €CTECTBEHHYIO
BOJTHOOOPA3HYIO JIWHAMUKY YHCICHHOCTH IIOTO-
JIOBbSI CAalirakoB B PErHOHE. DTU HCCICAOBAHMUS,
Ha Hall B3I, MOTYT SIBJISITECSL OCHOBOM KOJIHMYE-
CTBEHHOTO OOOCHOBAaHHS TPOMBICIIOBOH TOOBIIH

CTOJIb LIEHHOTO CaMOBO300HOBIISIIONIETOCS pecypca
MPU Pa3HOM YUCJIEHHOCTH 32 JJIMTEIbHBIN MEPUO/T
BPEMCHU C YYETOM COCTOSAHUA CPCIbL 06I/ITaHI/IH u
MOTEHIMAIBHBIX BO3MOKHOCTEH BOCHPOU3BOJICTBA
TIOTTYJISIIIAY.

Kondaukr narepecon
ABTOpI)I CTaTb MNOATBCPXKOAOT OTCYTCTBUC

(hMHAHCOBOU WK KaKOU-THO0 WHOW TOICPIKKH UC-
CJICTOBAHMUS, MJIN KOH(IMKTA HHTEPECOB.
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GAGEA KAMELINII — PEAKUIA BUA, ®AOPBI KA3BAXCTAHA:
PACIMTPOCTPAHEHUE, MOP®OAOTUA
N OUTOUEHOTHUYECKAA XAPAKTEPUCTUKA

MNprBOASTCS  AaHHble 006 00WeM pacrnpocTpaHeHuM, MOPgOAOrMKM,  (UTOLEEHOTUYECKOM
npuypoueHHoctn Gagea kamelinii Levichev 1 ero otaMumsx ot Apyrmx poACTBEHHbIX TAaKCOHOB CEKLIMM
Platyspermum Boiss. AAst dpaopbl Kazaxckoro meakoconounuka (YAbitayckas o6aactb LleHtpaabHoro
KazaxcraHa) BMA NPUBOAMTCS BrepBble. MeCTOHaXOXAEHWE SBASIETCS CaMOM CEeBEPHOM TOUKOW
€ro pacrnpoCcTpaHeHUsi U MPUYypPoYeHO K GEAO3EMEAbHO MOABIHHO—TEPECKEHOBbIM U GEAO3EMEAbHO
MoAbIHHbIM (Artemisia terrae-albae Krasch., Krascheninnikovia ceratoides (L.) Gueldst.) coobuwectsam
Ha CBETAO-KALITAHOBbIX CYFAMHMCTbIX MoYax. AaHHble HAXOAKM MOATBEPXKAQAIOT eCTeCTBEHHOE,
uctopuyeckme cAoxmelumecs pacrnpoctpaHeHune G. kamelinii Ha TeppuTopumn KasaxcraHa. Bua B
MonyASILMSAX Kak NPaBUAO BCTPEUAETCS OUYEHb PEAKO EAMHUUYHBIMK 3K3eMmnAspamMu. OxapakTepr3oBaHbl
U MAAIOCTPUPOBaHbI MOP(OAOrMs OHTOreHesa M 6uoMopdoAorMyeckme 0COBEHHOCTH, OTAMUMS
OT OAM3KMX BMAOB, XapaKTEPUCTMKA CeKUMM. Bbinac ckota npusHaH AMMUTUPYIOWMM (DaKTOPOM
pacripocTpaHeHus BuAa. PekomeHaoBaHo BkAlouenve G. kamelinii B caeaylowee uspaHue
KpacHoi kHurn KasaxctaHa. MccaepoBaHWUS MPOBOAMAMCH MapLUPYTHbIM METOAOM C MPUMEHEHWEM
TPaAMLMOHHBIX MOpPchOoAOro-reorpacmyeckmx noaxoAoB. Ha tepputopum KasaxcraHa npeactaBUTeAn
poaa Gagea pacnpocTpaHeHbl KpanHe HepaBHOMEPHO. Buaosoe pasHoobpasue pesko Bo3pacTtaer B
FOPHbIX pernoHax, 0CO6eHHO Ha ore pecrnyOAMKM U 3HAUMTEAbHO COKpaLLaeTcs Ha paBHMHax CeBepHOro
1 LleHTpaabHoro KasaxcraHa.

KaoueBble croBa: Gagea kamelinii, cekums Platyspermum, pacnpocTtpaHeHue, mopdoaornyeckme
Nnpu3HaKu, oHToreHes, peakui Bua, Maopa KasaxcraHa.
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Gagea kamelinii — a rare species of flora of Kazakhstan:
distribution, morphology and phytocenotical characteristics

Data is provided on the general distribution, morphology, phytocenotic preferences of Gagea ka-
melinii Levichev, and its distinctions from other related taxa in the Platyspermum Boiss section. For
the flora of the Kazakh Upland (Ulytauskaia Oblast, Central Kazakhstan), this species is mentioned for
the first time. The location represents the northernmost point of its distribution and is associated with
chernozem-feathergrass and chernozem-sagebrush (Artemisia terrae-albae Krasch., Krascheninnikovia
ceratoides (L.) Gueldst.) communities on light chestnut loamy soils. These findings confirm the natural,
historically established distribution of G. kamelinii in the territory of Kazakhstan. The species is typically
encountered in populations very rarely and as individual specimens. Morphology throughout ontogene-
sis and biomorphological features are characterized and illustrated, along with distinctions from closely
related species and a section description. Grazing by livestock has been recognized as a limiting factor
in the species’ distribution. The inclusion of G. kamelinii in the upcoming edition of the Red Book of
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Gagea kamelinii — penxuii Buj ¢uiopsl Kasaxcrana: pacnpoctpanenue, MopQosorust u GUTOLEHOTHYECKas! XapaKTepPUCTHKA

Kazakhstan is recommended. The research was conducted using a route-based method and traditional
morphological-geographical approaches. Within the territory of Kazakhstan, representatives of the genus
Gagea are distributed extremely unevenly. Species diversity sharply increases in mountainous regions,
especially in the southern part of the country, and significantly diminishes in the flat lands of Northern
and Central Kazakhstan.

Key words: Gagea kamelinii, section Platyspermum, distribution, morphological features, ontogeny,
rare species, Flora of Kazakhstan.
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Gagea kamelinii — KazakcraH cpaopacbiHbIH, cupekTey Typi:
TapaAybl, MOPIOAOTHSICbI XKoHe (PUTOLLEHOTHUKAABIK, CUIIATTaMaChl

Gagea Kamelinii Levichev TypiHiH »aArbl TapaAybl, MOPOAOTUSICbI, (PUTOLEHOTUKAABIK, LIEKTEAYI
>keHe OHbIH, Platyspermum Boiss cekumsicbiHbIH, 6acka TyblCTaC TaKCOHAAPbIHAH aiblPMALLbIAbIFbI
TypaAbl MaAiMeTTep bGepiareH. Kasak, ycak, WoKbiAapbiHbiH hAopackl yuwiH (OpTaabik, KasakcTaHHbIH
YAbITay 0OAbICbI) TYP aAfalll peT KeATipiAin oTbip. OpHaAacKaH >epi OHbIH TapaAyblHbIH €H COATYCTIK
HYKTECi YKOHe aK, KallTaH Ca3Abl TOMbIpakTapbliHAQ 6CKeH 603 XyCaHAbI-TEPICKEH XKoHe B03>KyCaHAbl
KayblMAACTbIKTapMeH LekTeAreH. Tabbiarad G. kamelinii Typ yAriaepi, oHbiH KasakcraHaa taburu,
Tapuxm TapaAyblH pacTanAbl. [onyAsumsasapAarbl TYP, AETTE, )KaAFbI3 AAHAAAH 6Te CUPEK KE3AECEA|.
OHToreHes KesiHAEri TypAiH MOPGOAOTMSICbl MeH GMOMOPGOAOTUSABIK, BEATiAepi, KaKblH TyblCTac
TYPAEPAEH aiiblpMaLLbIAbIFbl, CEKUMSHbIH, epeKLUeAiKTepi CUMaTTaAbiM CypeTTeAreH. Maa >kato
TYPAIH TapaAybiH LIEKTENTIH (PaKTop peTiHAe TaHbiAaabl. KasakcTaHHbIH, Kbi3bIA KiTabblHbIH, KEAECi
6acbinbiMbiHa G. kamelinii TypiH eHri3y yCbIHbIAAbL. 3epTTeyAep ASCTYPAI MOPMOAOIUSIABIK, >KSHE
reorpadusIAbIK, TOCIAAEPAI KOAAAHA OTbIPbIN, MAPLUPYTTbIK, 8AICNEH XKYprisiaai. KasakcTaH ayMarbiHAQ
Gagea TybICbIHbIH 6KiAAEPI BipKeAKi TapaAMaraH. TYPAEpAIH aAyaHTYPAIAITT TayAbl aliMakTapAa acipece
pecnybAMKaHbIH OHTYCTiriHAE KypT eceAi, an CoATycTik »kaHe OpTanbik, KasakCTaHHbIH >Ka3biKTapblHAQ
ANTaPAbIKTaM a3asAbl.

Tyiin ce3pep: Gagea kamelinii, Platyspermum cekumsicbl, TapaAybl, MOP(POAOTUSIABIK, OEAriAep,

oHTOreHes, cupek Typaep, KasakcraH gpaopachi.

BBeaenue

Pon Gagea Salisb. siBisieTcss OqHUM M3 CaMbIX
KpPYIHBIX U CIIOKHBIX POJIOB ceMelcTBa Liliaceae
Juss., KOTOpBIA MO TEKyLIMM IMOACUYETaM COJEp-
xut 0osxee 330 Bumos [1]. B peruone LlenTpains-
HOM A3um mpomspactaet 0oJiee 3/4 TYCHHBIX JTYKOB
[2-3], a ropubie cuctemsl 3amamHoro Tsub-Illans
u Ilamupo-Anas SBISIOTCS OBYMSI CaMOCTOSITEINb-
HBIMH [IEHTPaMH COBPEMEHHOTO pa3HooOpa3us, Ha
KOTOpBIX obutaer 77 u 122 BUJa COOTBETCTBEHHO
(B coBokymHOCTU — 164). DTO MO3BOJISAET MONAraTh,
9TO POJ BO3HUK B JIOMHUOIICHOBBIN TIEPHOJ ITOOIIH-
30CTH OT ATUX TOPHBIX COOPYKEHUMU, MPEATIONOKHU-
TEJIBHO K 3amany oT ycTba Depranckoil AOIUHBL,
B pe3yJbTaTe «3aKPBITH» HUCTOPUYECKOTO OKeaHa
Heoretuc, nocne nocienoBaTeabHON CEPUN CTHIKO-
BOK (hparMeHTOB ApaBHHCKOH MiIaT(OpMBbl C KOH-
THHEHTOM EBpaszum [4-5, 1].

Takue mNOABMKKM KOHTUHEHTAJIIBHONH KOPBI
NPUBOAWIN K KOHTAaKTaM pPAa3HbIX [0 TEHE3UCY
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npencraBuTenci (uop «BEIbBUUUM» M «THHKIOY,
00pa3HO Ha3BaHHBIX Tak (IOPOTEHETUKOM Muxa-
unoM I'puropeeBrudem [lTonossim[6]. CTBIKOBKH cO-
MPOBOXKIANNCH CyOnyKkmmen (TorpyKeHue OJIHOM
KOHTHHEHTAIBHON IIUTHI MO JPYTyI0) KpaeBbIX
oOmacteil 3TUX (ParMEeHTOB M MOCTYHMATEIHLHOMY
POCTY Ha3BaHHBIX BBILIE M APYI'MX FOPHBIX CUCTEM
ANBIMIICKOTO TOPHOTO MOsica, KaK 3TO MCTOpHYe-
cku panee rpousouuio ¢ ['mmanasmu u Tubetom [7]
[I0CJI€ CTHIKOBKM MHIOCTAaHCKOTO CYOKOHTHHEHTA.
MenneHHoe MOJIHATHE PACTYLUIMMH TOpaMU aHIle-
CTOPOB poJia 10 IMISIMAIBHBIX BBICOT COIIPOBOKIA-
JIOCh HE TOJIBKO (JOPMUPOBAHUEM HOBBIX TAKCOHOB,
HO ¥ XapaKTepHBIM JUIs pojia TuOpugoreHe3om [8-9]
B pe3yJibTaTe BO3MOXKHOCTH PETYJISIPHOTO CITyCKa
[0 BEPTHKAJIM MbUIBLBI, AUACIOP, JYKOBUIL (Hace-
KOMEIE, OIOJ3HHU, CeNH, CMBIB). Cleapl CTHIKOBOK
¢parmenToB AdpuKaHCKOW MIaT@OpMBbl BIIOJIHE
MPOCJICXKUBAIOTCS cerojHsi B Bujae dDepranckoi
Brmaauuel, nonuH pek Ceip-apbs, Amy-Jlapes u
JIpyTuX oporpaguuecKux pyoexei.



C.A. Kybenraes u sip.

W3 mpenenoB coBpeMEeHHOT0 apeasia poa (pak-
THdecku Bcs EBpasus, 0e3 TyHAp W TPONHKOB, [2,
Fig. 1] 3a mocnennue 25 net onucano 64 HOBBIX IS
HAyKH BHJIA, YTO TOJTBEPIKAAET €r0 HCTOPUICCKYIO
MOJIOJIOCTh M TEKYIIYI0 AWBEpreHiuio. Mopdoio-
TMYECKOH M3MEHYMBOCTH HauOoliee I0/IBEPIKEHBI
OpraHbl OCHOBaHHsI MoOera B BUAE YPE3MEPHOTO
MHOT000pa3us BEreTaTUBHOTO pa3sMHOeHus [10]
MOTIEPEYHOTO CEUCHUS JINCTHEB MPUKOPHEBOM (op-
MaIUH: OT CeMsI0NIeNo[00H0H (hOpMBI 10 OUdalim-
anpHOM TuTacTHHKH [11]. JlucToBBIe (hopMaruu B
BepxHel yacTu nodera, 0cOOEHHO IIBETOK U BCE €ro
CTPYKTYpPBI, BO3HUKIIIE MHOT'O PaHEe JIyKOBHIIBI Ha
3ape MOSIBICHUS IIOKPHITOCEMSIHHBIX, 001 IaI0T BHI-
COKOMH CTETEeHBIO 0JJHOOOpa3usl.

Ha Tteppuropun Kasaxcrana mpeacTaBUTEIH
pojda pacnpocTpaHeHbl KpaliHe HepaBHOMepHO. Ha
OOIMPHBIX PaBHUHAX CEBEPHOTO M IIEHTPAIBLHO-
ro Kaszaxcrana obOutaer He Oonee 14 Bumos [12],
XOTsI BCEro B pecHyOiHKe 3aperucTpupoBaHo 63
rycunbix jyka [13]. BugoBoe pazHooOpasue pe3ko
BO3pAacTaeT B Topax Ha 3amaje U 0COOCHHO Ha [ore
pecniyonmukn. B Kazaxcrane nmpuBomutcs 12 sHe-
MuKoB Gagea [14], oqHako B HacTosIiee Bpems B
Kazaxcrane mpouspacTtaeT BCero 4eTblpe BHIA 3H-
nemuaHbeix Gagea: Gagea almaatensis Levichev,
A.Peterson & J.Peterson, G. sarysuensis Murz., G.
ularsaica 1.G.Levichev, G. iliensis Popov.

Ilenbro faHHOM CTAaThU SIBISECTCSA U3YUYEHUE pac-
NPOCTpaHEHHsI, MOP(OIOTUHU ¥ (PUTOLEHOTHUECKON
NPUYPOYCHHOCTH PEIKOTO CPEIHEa3naTCKOro Iryct-
Horo nyka — G. kamelinii Levichev.

B 2021 rony G. kamelinii Obuta BHepBbIe yKa-
3ana s Onoper Kazaxcrana mo crapsiM cOopawm,
XpaasmuMcst B repbapun MockoBckoro ['ocymap-
ctBeHHOTO yHHBepcutera (MW) [13], uTo Temeph
MOJITBEPKACHO Haxonkamu B mpupoje (Puc. 1) u
o0cyKaaercs HIKe.

MarepuaJjibl 1 METOBI

Marepuan coOpaH MapIIpyTHBIM METOJIOM C
NPUMEHEHHEM TPaJULIUOHHBIX  MOP(OIOro-reo-
rpadpuyeckux moaxonoB. MoTo, monepeyHsie cpe-
36l (BpY4YHYIO, OMAcHOW OpWUTBOH) M BBISIBICHUE
0CcOOEHHOCTEH OHTOTEHE3a BBIMOJIHEHBI B TOJIEBbIX
YCIIOBHUSIX Ha HK3eMIUISIpax pa3Horo Bodpacra. Pac-
NpPOCTpPaHEHHE M3y4aloch B MPHUPOAE, 10 JTUTEpa-
TYpHBIM JAaHHBIM ¥ IO TepOapHBIM MaTepualam,
xparsmumMcest B Anvatel (AA), bumkeke (FRU),
MockBe (MW, MHA), Acrane (NUR), Cankt-
[erepoypre (LE), Tamkenre (TASH). Kapra pac-
MPOCTPaHEHHsI TOJATOTOBIIEHA C HWCIOJIh30BAHHEM
ArcMap.

Pe3yabTathl u 00cy:KI€eHUE

G. kamelinii onucan B 1982 rony u3 Y30eku-
crana. Twn: Samagaeii Taae-1lane, 3amagHas
gacth YaTkanbckoro xpedta, bamksi3puicait, ypo-
yuie Kykap, seicota 1300 M Hag yp. m. 1977. IV.
12. W. JleBuues u JI. Kpacosckas (TASH, uzorun
LE). Bun Ha3BaH B 4eCTh BBIJAIOMIETOCS YYEHOTO,
cucremaruka u ¢uroreorpada Pynonbda Braau-
mupoBnya Kamenuna, B 1976 rogy moceTuBIIEro
YaTkansCkuii 3amoBeTHuk [15].

labutyanbHo W 1O psgy MOP(OIOTHYECKUX
npusHakoB (. kamelinii cOnnmxaercs ¢ Tpym-
Mol pOACTBEHHBIX BUIOB: (. Pseudoreticulata
Vved. [16], G. taschkentica Levichev [17], u G.
takhtajanii Levichev [18] u3 cexkuunu Platyspermum
Boiss. [19].

O06o3HaueHHas TpymIa, Kak U BCE TPE/ICTaBH-
tenu cekumu Platyspermum (okono 40 BUIOB), Ha
MOJIEKYJISIDHOM JiepeBe 00pa3yloT KOMIAaKTHYIO
k1any[3] ¥ MO COBOKYMHOCTH MOP(OJIOTHYECKHX
MPU3HAKOB[ 8] YETKO OTIUYAIOTCS OT MPOYUX MOJ-
pazaeneHuit poja. Jljis cexkuMM XapaKTepHO Ha-
JMYME TIOBEPXHOCTHBIX pedep JKECTKOCTH B BHUJIEC
MPOAOJIBHBIX TSOKEH KOJNJICHXMMbBI Ha JHCTBSIX U
[IBETOHOCE, CH30BAThIil OTTEHOK (TYyCTOE, KOPOTKOE
OITyII€HNE, BOCKOBOW HaJeT) U MyTOBYaTOE COIIBE-
tue (Puc. 2). Oxpyriao-peOpHucThIii LIBETOHOC aCCH-
METpHUYEH Ha TIOMEPEeYHOM CEeUEeHUH M3-3a BBICTYIa-
IONIET0 TIPOJIOIBHOTO pedpa (CIHMHKA CPOCHIerocs
MIPUKOPHEBOTO JHCTa). [IpUKOpHEBOH JHMCT Y3KHMI
JMHEWHBIH (9acTO IYTOBHIHBIN), B TOIEPEUYHOM
CeUeHHH OOBIYHO TSTHTPAHHBIA C MPOBOASIINMHU
MyyKaMH 1o Tnepudepur, pexe MATHIPaHHO-pac-
IIMPEHHBIN CBEPXY, C ABYPSIHBIM PaCHOJIOKEHHEM
MYYKOB, B MMMAaTYpPHOM COCTOSTHHH OBbIBaeT 2 CBO-
OOMHBIX NPUKOPHEBBIX, B TCHEPATUBHOM 2-U MpU-
KOPHEBOH CpacTaercsi C IBETOHOCOM Ha BCEM TIPO-
TSOKEHUH W OTHAENSETCS MOJl MyTOBKOH COLIBETHS B
BUJIC HIKHETO, CAMOTO JJIMHHOTO M 0oJiee MIUpo-
KOTO TIOZICOI[BETHOTO. JIMCTOYKM OKOJIOIIBETHHKA
3a0CTpEHHbIE WIN JUTMHHO 3a0cTpeHHble. Kopobou-
Ka yAJUHEHHAas, SUIEBUAHON WX SJUTMITHYECKON
(hopmbl. CeMeHa OKpYTIO-TPEYTOJbHBIC, TIOCKHE,
TOHKHE. B CBSI3U ¢ 2-IIMKIMYHOCTHIO PA3BHTHS I10-
Oera NpUCYTCTBYeT 2 THMa OJHOJETHUX KOPHEH:
TOHKHE I'eOTPOITHBIC M areOTPOITHEIC, OOBITHO OoJtee
WM MEHee yToJIeHHbIe. BeretatuBHoe pa3sMHOXKe-
HHUE OYCHb Pa3HOo00pa3Ho (I — HECKONIBKO — MHOTO
JYKOBHUYEK, NMPUKOPHEBBIX WJIM B OCHOBAaHUH CO-
[[BETHsI, HA KOPOTKOM HJIM JJTMHHOM CTOJIOHE WIIU
rpymnia CTOJIOHOB), YTO HMEET BUAOCTIECHUPHIHO
M3MEHYHMBOE IMPOSBIIEHUE HA MPOTSHKEHUH OHTOTE-
HE3a Y Pa3HbIX BUJIOB.
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Apealt CeKIUM MPUYPOYCH K FOIKHBIM, apUIHBIM
obxactsM, oxBatbiBas LlenTpanpayto u FOro-Boc-
TouHyio Asuio, tor Bocrounoii EBpomsl, cpemnu-
3eMHOMOPCKHE OCTpOBa U nobepexxbe APpuku 10
Aixupa u VUcnanuu B EBpore. [Toutn B Takux xe
IpaHUIaX paclpoCTpaHeHa JApyras pPOJACTBEHHO
Onmu3kasi, aHuecTpanbHasi (MeHee HEOTECHH3HPOBa-
Ha) cekuusa Graminifolia Levichev [20].

Hus G. kamelinii xapakTepHbl KpacHO-(pHUoJe-
TOBBIC, JIMHEWHbBIe NMbUIbHUKU (Puc. 2, F, G). Ux
OKpacKa XOpOIIIO 3aMeTHa JI0 BCKPBITHS, TIOCTE, X
JUIMHA YMEHBINAETCSl BJIBOE W IIBET MAacKUpPYyeTCs
OCTaTKaMH JKEJITOH IMBUIBIIBL.

Takast e oKkpacka NMBUIPHUKOB (Iake TEMHEE)
y G. takhtajanii [18], Puc. 1, HO TUCTOYKH OKOJIOII-
BETHHMKA MOJIOUYHO-O€JIbIe U Beeraa (TOJIBKO B IOBE-
HWJIBHOM BO3pacTe) MPUCYTCTBYET OJAMHOYHAS Be-
reTaTuBHAs JTYKOBHYKA (HE IPYyMIa) U TOJIBKO OIMH
MIPUKOPHEBOU JIUCT (HET 2 CBOOOAHBIX B UIMMATyp-
HOM Bo3pacte). B Oacceiine Canrapmak-cas (FO.-3.
[Mamupo-Anail) HelaBHO HaWJCHBI MOA00HBIE, Oc-
JIOLBETKOBBIC, CXOoaHble ¢ G. fakhtajanii oOpasuibl,
HO C JKEIThIMU NbIbHUKaMU. Ha3zBaHue U paHr 3Toi
HAXOJIKU TTOKa HE OTIpeJIeNIeHbI U TPEOYIOT TalIbHEH-
[IeT0 M3YYCeHUsT MOP(OJIOTHIESCKUX OCOOCHHOCTEH
OHTOTEHE3a ¥ MOJIEKYJISIPHOTO TIOJIOKEHHS Ha JIpe-
BE pojia.

G. pseudoreticulata Hanboyiee W3BECTHBIA B
3TOM rpymme poicTBa TakcoH. Ha3BaH Tak u3-3a
OTCYTCTBHS BBICOKO TIPO/IOJKEHHON OTUIETKH Y OC-
HOBaHUS PacTeHUH, XapaktepHoil s G. reticulata
(Pall.) Schult. & Schult. f. u HEKOTOPBIX TPYTHX BU-
JI0B B (hOpME MHOTOCJIOMHOM CeTYaTON UITK MOYAJTH-
CTOH mIeliku Haj JrykoBuue. OObIYHO, 3TO Hanbo-
Jiee POCIBIE PACTEHUS CO CTAHIAPTHBIMH JKEITHIMHU
OKpacKaMH OKOJIOIIBETHHKA U NMBUIbHUKOB, HEYACTO
BCTPEYAIOLINECS Ha TIECTPOLBETaX B MPEIropbs
10.-3. Ilamupo-Anas. [l Buma xapakTepHBI OoJee
HIMPOKKE JIUCTOYKH OKOJIOIIBETHHKA, OCOOCHHO —
BHYTPEHHHE, Y3KOJIaHIETHBIC, C HAUOOJIBIINM pac-
IIMpEeHNeM B BEpXHEH TpeTH (He C pacIIupeHrueM B
ueHTpe). BereraruBuble mykoBUYKM oT 1-2 B 10oBe-
HWJIBHOM BO3pacTe /10 IPYMIIbl U3 JECSITKa MTYK Y
MMMAaTYpHBIX 0CO0eH, yITTMHEHHBIE, YMEHBIIAOIIe-
rocsi pa3mepa, camast KpyrnHasi — 0a3ainbHas, CBUCaA-
Iol1as Ha OYeHb KOPOTKOM CTOJIOHE. B mepBblil Tox
LBETEHUSI MOXKET COXPAHATHCSA TOJBKO |1 CBHUCaro-
ast 6a3asipHas, MO3KE BEreTaTUBHOE Pa3MHOKEHHE
OTCYTCTBYET.

G. taschkentica pacTeHWe TIUHUCTBIX MECTOO-
OWTaHMIl paBHUH U MIPEJATOPHIA, C CEPOBATO-KEITHIM
OTTEHKOM JIMCTOYKOB M MBIJILHUKOB. B 10BEeHMIIB-
HBIA 11eproj; oOpasyercs MaodncienHas (1o 3-4)
rpynna cuasuux jdykoBuuek. Kak u 'y G. kamelinii
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3Ta TPYIIa MOXET ObITh 3a)KaTa y WMMAaTYPHBIX
pacTeHnii Mexay 2 CBOOOJHBIMH TPUKOPHEBBIMHU
JUCTAaMH, WJIN TIPUIOJHATA HA KOPOTKOM 3a4aTke
LBETOHOCA JIO YPOBHS MOYBBI, PeXe 0 OCHOBAHUS
1-2 uBetkoBoro coimBerus. Takue Teparosoruye-
CKHE OTKJIOHEHHUSI B BHJIC CMEIICHUS JIYKOBHYCK B
COLIBETHE IMOCTOSIHHO XapaKTEePHBI AJISI HEKOTOPBIX
MIPEJICTAaBUTENEH poJia MITH TIEPUOIMIECKH BCTpeya-
I0TCSl Yy IPYTHUX.

B 2021 rony G. kamelinii 6bu1 B niepBbIe yKa-
3an w1 Onoopel Kazaxcrana mo repOapHBIM Mate-
puanam MocKOBCKOTo I'0CynapCTBEHHOTO YHH-
Bepcutera (MW): 1. Typkecrtanckas o00nacTs,
aJMIUHHACTPATUBHAs TeppuTopus Topoma Typke-
crad, Kaparaycknii ®P: «TypkecraHckuil pailoH,
ropel Kaparay, mieOHHCTBIE BEpIIMHBI M CKaThl
rop, B ypoumiie Yum-Ynen, 27.IV.1930 roa, C.
Jlummmun Nellly (MWO0813283). Bun xpanmics
C HEKOppeKTHbIM Ha3BaHueM G. circinnata Loud.
2. AmMartuHCcKas o0nmacth, JKaMOBIICKHIA paifoH,
Kaparayckuii ©®P: «tOxHo-Kazaxcranckas 00-
JacTh, KaMEHHCTasi POCCHIb, Y IOJHOXKbS TOp
VYnkenOypyn, 29.1V.1939, H.B. IlaBnos, Ne 77»
(MWO0813284)[13].

B xone moneBbix uccnenosanuil G. kamelinii
ObLT OOHapyskeH Ha Teppuropuu Kazaxckoro Mei-
KOCOIIOYHHKA B YJIBITAyCKOH 00JacTH, YIIbITay-
CKOM paiioHe, 10xHee ropoja JKes3kasras, 1o Tpacce
Keskasran-Ks3bopaa, Bosie crapbix KypraHos.
24.04.2021. C.A. Kybenraes, /[.T. Anubexos (LE).
JlaHHOE MECTOHAXOKACHUE HAXOAMTCS Ha PaccTo-
sann 420 KM K ceBepy OT HelaBHO OOHapyXEeHHO-
ro MecToHaxokJeHus B TypkecTaHCKO# 00IacTH.
G. kamelinii npouspactaeT Ha pPaBHHHHOM Clia-
OOHAKJIOHHOM yd4acTke. Buj BXOQuT B cocTaB Oe-
JI03€METFHOTIOIBIHHO—TEPECKCHOBEIX  (Artemisia
terrae-albae Krasch., Krascheninnikovia ceratoides
(L.) Gueldst.) coobmrecTB Ha CBETIIO-KAIITAHOBBIX
CYIJIIMHUCTHIX Movax. B coobmmecTBe ¢ yuactuem G.
kamelinii 4acTo BCTpe4aloTCsl CIEAYIOLIME BHIBL:
Tulipa alberti Regel, Alhagi sp., Rheum tataricum
L., Rindera tetraspis Pall., Klasea cardunculus
(Pall.) Holub., Isatis sp., Atraphaxis spinosa L.,
Poa bulbosa L., Tanacetum santolina C.Winkl.,
Artemisia  terrae-albae  Krasch., Agropyron
desertorum (Fisch. ex Link) Schult.

Crnenyromiee HOBoe MecToHaxoxaeHue G.
kamelinii o6HapyxeHO B KbI3pUIOpAMHCKON 0011a-
cty, CelpapeuHCKOM paiioHe, B [Ipucapeicyiickux
neckax, BJoyib Tpacchl JKeskasran-Kei3buiopaa, Ha
CYIJIMHHUCTBIX W TIeCYaHbIX mouBax, 19.04.2022.
C.A. Ky6enraes JI.T. Anmu6exoB (NUR). Bun Bxo-
IIT B COCTaB 0€I03eMENbHO MOJIBIHHEBIX (Artemisia
terrae-albae Krasch.) cooOIecTB Ha CyrJIIMHUCTBIX
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nouBax. B cooOmiectBe yacto Bcrpeuatorcs Salsola
arbusculiformis ~ Drobow,  Krascheninnikovia
ceratoides (L.) Gueldst., Poa bulbosa L. Rheum
tataricum L. YucnenHocts nonynsiyu G. kamelinii
HU3Kasl.

JlaHHbIE HAXOJKH TMOJATBEPIKIAIOT €CTECTBEH-
HOE, UCTOPHYECKUE CIIOKHUBIIHMECS PacHpoCTpaHe-
aue G. kamelinii na teppuroprn Kazaxcrana. Ho-
BOoe MecToHaxoxeHue G. kamelinii Ha TeppUTOpPUN
Kazaxckoro MenkoconoyHuka, sBISETCS CaMoOi

CEeBEpHOH rpaHuIeH 001Iero apeana pacipocTpaHe-
Hud Buaa. Ha pucyske 1 mokasaHsl OCHOBHbBIE MOP-
(honornyeckue npusHaku G. kamelinii, Tiae XopoIio
MIPOCMATpPUBAETCS  KPacHO-(PHUOJIETOBas OKpacka
meUTbHUKOB (Puc. 1, F, G), monepeuHsIit cpe3 mpu-
KOpHeBOTO Jicta u nBeronoca (Puc. 1, E), rpymma
JTYKOBUYEK y FOBEHWIBHBIX U UMMATYPHBIX pacTe-
auii (Puc. 1, D, I), conBeTre Ha IIBETOHOXKAX pa3-
noii aymunbl (Puc. 1, F) u dopma nykosuuek (Puc.
1, H, ).

Pucynox 1 — G. kamelinii n3 oxpectHoctelt ropoza Xeskasran. A, C — pacTeHHs: TeHEpaTUBHOIO BO3pacTa,
B — pa3Hble Bo3pacTHbBIE COCTOSIHMS, OT OJJHOJIETHET0 IPOPOCTKa (CjIeBa) 10 IepBOro roja IBETeHHs,
D, I — dpopmupyronmecs rpymniisl JyKOBHYEK I0BEHIIBLHOIO BO3pacTa, E — monepeunslii cpe3 npuKopHEeBOro JHCTa (Crpasa)
u 1BeToHoca, F — conserue, G — uBetok, H, J — co3peBiuue (epe3suMoBaBIINe) BEreTaTUBHbIC TYKOBUUKH.
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[lo pe3ynbpTaTaM MoNEBBIX UCCIIEAOBAaHUN, aHa-
JIM3a JMTEPaTypbl U MPOCMOTpa repOapHbIX Mare-
puanoB AA, FRU, MW, MHA, NUR, LE u TASH
yYTOUHEHO o01ee pacrnpocrpaneHue suaa. Cnenyer

OTMETHTH YTO PaclpoCTPaHEHHE BUJIA U3yUEHO CiIa-
00, B Kazaxcrane 1ocTOBEpHO M3BECTHO 4 MECTO-
HaXOXKIEHUSA, B Y30E€KHCTaHE 5 MECTOHAXOKICHUI
Bkitouast «locus classicusy (Puc. 2).

. Gagea kamelinii Levichev (known locations)

O Gagea kamelinii Levichev (locus dlassicus)

. Gagea kamelinii Levichev (new location)
200 400 kM

Pucynok 2 — O6mee pactipoctpanenue G. kamelinii B Typanckom pernone LlentpansHoit Asun.

OCHOBHBIMH JTUMUTHPYIOIIUMH (haKTOpamMu B
Mectax npouspactanust G. kamelinii B LleHTpanb-
HoM KazaxcraHne sBisieTcs nepesblnac ckora. Bun
B TIOMYJISIIMU BCTPEYACTCSI OYCHDb PEIKO SMHUYHBI-
MU sk3emmsipamu. G. kamelinii iBnsercst peakuM
U c1aboM3y4eHHBIM BHIOM Ha CEBEPHOW TpaHHIES
CBOETO apeaia, YTO MO3BOJISET MPEATI0KUTh BKITIO-
yeHue ero B caeayruee uzganue Kpacnoir Kuuru
Kazaxcrana.

UccnenoBanneie 00pasipl, JUTeparypa M Ha-
omonenus: KA3AXCTAH. AJjamaruHckasi 00-
aactb, JKaMmObuibckuii paiion, Kapartayckuii ®P:
«tOxH0-Kazaxcranckas 061acTh, KaMEHUCTAs POC-
CBblIIb., Y HOAHOXbS rop YiakeHOypsul, N 42.936829,
E 70.994608, 29.1V.1939, H.B. IlaBios, Ne 77»
(MWO0813284). Typkecranckass o0jaactb, Cay-
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paHckuil paiion, Kaparayckuit ®P: «Typkecran-
ckuil paiioH, ropsl Kaparay, meOHUCTBIE BEPIIUHBI
U cKaThl Top B ypouumie Ymrymen, N 43.832178,
E 68.166054, 27.1vV.1930, C.}O. H.B. Ilasnos,
Ne 111» (MWO0813283). Ke3pLtopanHckas 00-
Jactb, CwIpHapbUHCKUN paiioH, bernakmanma-
ckuii ®P, Ilpucapeicyiickue necku, N 46.326982,
E 67.157933, 19.1V.2022, C.A. KyGenraes, /I.T.
AmnubekoB» (LE). YabiTayckasi 06JacTb, YJibita-
yCKu# paiioH, roxkHee roposa JKeskasran, mo Tpacce
Keskasran-Kei3buiopaa, Bosne crapbix Kypranos.
Koopaunarer. 24.04.2021. C.A. KyGenraes, JI.T.
Amubekos (LE). YV3BEKMCTAH. Kamkagapsus-
ckast o0Jgacth, KamamuHckuii paiion, ropsl Maii-
naHak, Mexay moc. Ypra-Jlapa u Kanu, Beime JIsa-
rapa, N38.696725, E66.889001, 2.V.1979, M.U.
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[Tumenos, E.B. Kioiikos, K.U. bopses, U.B. ba-
panoBa, M.I". Bacunwsena, Ne 295» (MWO0813285).
Tamkentckasi 001acTh, [lapkentckuii paiion, 3a-
manueii Tsaub-11lane, 3anagnas yacts YaTKkambCcKoO-
ro xpedTta. bam-ke13put-cait, Kykap,1300 m H.y.™m.,
N41.176013, E69.841970, 12.1V.1977, JleBuuen
N.I"., Kpacosckas JI.C.» (TASH000285). Jxu3ak-
ckast obsaactb, Oapunickuii paiton, Hyparunckuit
rOCYJapCTBEHHBI TOPHO-OPEXOBBIN 3allOBEJHUK,
N40.500557, E 66.750257 [21]. Yarkanbckuii u
KypamuHCKHN xpeOThl [22]. Camapkanjackasi 00-
JIaCTh, YPryTCKUN paiioH, 3epaBIIaHCKUI XpeOerT.
OkpecTHOCTH TmepeBaja AMaH-KyTaH. YIIEiabe
HOncait, N39.297892, E66.921272, 07.IV.1936

[23]. Camapkanjackas obsacTh: CaMapKaHICKHIA
pation, 3epaBmaHckuii xpeder, ['opbl Araibik, N
39.509137, E 66.939383, 17. 1V.1941, 3akupos
(TASH); Ypryrckuii paiion, Tpacca Tamkent-Tep-
Me3, B 0nm3u mepeBana Taxta-Kapaga, N 39,275194,
E 66,910234, 11.1V.1958, A.U. Beenenckuii, C.C.
Kosanesckas, O.B. Uepnes (TASH).

Enarouapﬂocnl:

Hannoe wuccrnenoBanne ¢Qunaancupyercs Ko-
MHUTETOM HayKd MUHHCTEPCTBA HAYKH U BBICIIETO
obpazoBanust Pecybnmuku Kaszaxcran (rpant Ne:
AP19680161).
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CONSERVATION OF THE GENE POOL OF RANUNCULACEAE
AND RELATED FAMILIES (Paeoniacea, Berberidaceae)
IN THE NATIONAL PARKS OF THE NORTHERN TIEN SHAN

The article provides data on the number of species of three families of the Zailiysky Kungei Alatau
floristic area: Ranunculaceae, Paeoniacea and Berberidaceae recorded in two protected areas, lle Alatau
State National Nature Park (IA SNNP) and the State National Nature Park (SNNP) “Kolsai Koldery”. In
total, there were 82 species from 26 genera, or 97.6% of the flora of the Trans-lli Kungei Alatau floristic
region. Of those, 38 species from 17 genera were found in both protected areas. The largest genus,
Ranunculus, had 26 species, of which 10 grew in both protected areas. Among these plants there were
abundant, widespread, endemic, and rare species listed in the Red Book of Kazakhstan. There were two
endemic and five rare species. Ranunculus dilatatus was an endemic of the Northern Tien Shan, and
Anemone almaatensis was an endemic of Zailiysky Alatau. Both were found only in IA SNNP. Rare spe-
cies listed in the Red Book of Kazakhstan were Hepatica falconeri, Gymnospermium altaicum, Adonis
chrysocyathus, A. tianschanicus, and Berberis iliensis. Of those, only Adonis chrysocyathus and A. tian-
schanicus were found in both protected areas. The presence of Gymnospermium altaicum in the SNNP
“Kolsai Koldery” requires verification. Most species of the families Ranunculaceae, Paeoniacea and Ber-
beridaceae have different beneficial properties, including decorative and medicinal; some species are
poisonous. Several species are weeds, the number of which increases sharply with grazing. One example
is Aconitum leucostomum, which forms a special formation. In terms of life forms, grassy perennials pre-
dominate, and in terms of ecological and cenotic groups, meadow, forest-meadow and forest elements
predominate. This is unsurprising given a boreal origin of the family Ranunculaceae.

Key words: endemics, rare species, weeds, Zailiysky Alatau, Kungei Alatau.
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Coatycrik Tanb-LLIaHb yATTBIK MapkTapbiHAaFbl Ranunculaceae
)K9He OHbIMEH TYbIC TYKbIMAACTapAbIH, (Paeoniaceae, Berberidaceae)
reHopoHAbIH caKTay

Makanapa aopanbik, ayAaHHbIH Iae KyHreir AaataybiHbiH YW Tykbimaacbl: Ranunculaceae,
Paeoniacea >xoHe Berberidaceae, exi EKTA — Iane Aaataybl MEMAEKETTIK YATTbIK Taburu napkiHid (IA
MYTI) xeHe «KeAcai keasepi» MEMAEKETTIK YATTbIK, TabUFK MapkiHiH aymakTapbiHAQ GeAriaeHreH
TypAepi GoMblHLLA AepekTep KeATipireai. MyHaa 6apAblFbl 26 TyKbIMAACTbIH 82 Typi Gap, 6yA — Iae
KyHrei Aaataybl hAaopaAblK, ayaaHbl hAOpacbiHbiH, 97,6 %-bl. OHbIH, iWwiHAe 17 TYKbIMAACTbIH, 38 Typi
eKki aymakTa Aa kesaeceai. EH yAkeH Tybic Ranunculus iwiHae 26 Typi 6ap, oaapabid 10-bi eki EKTA
eceAi. ATanFaH eciMaiKTepAiH, iwiHAe KasakcTaHHbIH, Kpbi3bIA KiTabblHa €HreH, KeH TapaAfaH, SHAEM
JK8He cupek Ke3aeceTiH ecimaikTepae keAaTipiareH. COHFbl ekeyiHe 7 Typ >KaTaAbl, OAAPAbIH eKeyi
3HAEM, KaaraHAapbl cupek kespeceai. CoaTycTik TaHb-LLaHb aHAemaepiHe Ranunculus dilatatus, 1ae
AaatayblHa Anemone almaatensis xataabl. Exeyi ae Ine Aaatay MYTIT FaHa kespeceai. KasakcraHHbIH
KbI3blA KiTabblHa eHri3iAreH cupek kesapeceTiH Typaep — Hepatica falconeri, Gymnospermium altai-
cum, Adonis chrysocyathus, A. tianschanicus >xaHe Berberis iliensis. OnapablH iWiHAE €Ki aymakTa Aa
6oy Tek Adonis chrysocyathus >keHe A. tianschanicus apkblabl pactanaabl. «<Keacait Keaaepi» MYTIT
Gymnospermium altaicum 60Aybl ASAEAAEMEAEPAi TaAan eTeai. Ranunculaceae, Paeoniacea >xaHe
Berberidaceae TyKbIMAQCbIHbIH aTaAfaH TYPAEPiHiH KOrwWiAiri apTypAi narMAaAbl Kacuertepre ne —

© 2023 Al-Farabi Kazakh National University 93


https://doi.org/10.26577/EJE.2023.v76.i3.08
https://orcid.org/0000-0002-8526-4296
https://orcid.org/0000-0003-1645-0340
https://orcid.org/0000-0003-1054-8136
https://orcid.org/0000-0001-7916-4531
mailto:karime_58@mail.ru

Conservation of the gene pool of ranunculaceae and related families (Paconiacea, Berberidaceae) ...

COHAIK, ABPIAIK, KeibipeyAepi yAbl, apamiuenTtep 6ap, OAAPAbIH, CaHbl MaA Xalo Ke3iHAE KYPT apTaAbl,
MblCaAbl, Aconitum leucostomum apHanbl hopMaumsiHbl Kypanabl. TipuiiAik opmasapbiHAQ WOMNTi
KOMXKbIAABIKTAP 6ACbIM, 9KOAOTUSIAbIK-LIEHOTUKAABIK, TONTapAA — WabbIHAIK, OPMaH-UAObIHABIK, KaHe
OpMaH 3AemeHTTepi, 6yAa 6opeanbabl LWblkKaH Ranunculaceae TykbiIMAACbiHA TYCIHIKTI.

Ty#iH ce3aep: SHAEMAEP, CMpeK, apamLuen TypAepi, Iae Aaataybl, KyHrern AaaTaybl.
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CoxpaHeHue reHocpoHaa Ranunculaceae
M POACTBeHHbIX cemeicTB (Paeoniacea, Berberidaceae)
B HaLMOHaAbHbIX napkax CeBepHoro TsHb-LLlaHs

B cTaTbe NprBOASITCS AQHHbIE MO KOAMYECTBY BUAOB Tpex cemeincTB 3anamninckmii KyHren Aaartay
daopucTmyeckoro paioHa: Ranunculaceae, Paeoniacea n Berberidaceae, otMeueHHbIx Ha TEppUTOPUSIX
ABYx OOIMT — MAe AaaTayCKOro rocyA@apCTBEHHOIO HALMOHAAbLHOIO npupoAHoro napka (MA THIM) n
roCyAapCTBEHHOI O HaLMOHaAbHOr O NprpoAHoro napka «Keacai Keaaepi». Bcero 3aecb HacumTbiBaeTcs
82 BMaa 13 26 pOAOB NMPEACTABAEHHbBIX CEMENCTB, UTO COCTaBASET 97,6% dAopbl (PAOPUCTUYECKOTO
paroHa 3anamnckuii KyHren Aaartay. M3 Hux 38 BUAOB 13 17 pOAOB BCTPeUaloTCst Ha 06EUX TEPPUTOPUSIX.
Cambliii KpynHblii poaA Ranunculus HacumTbiBaeT 26 BMAOB, M3 KoTopbix 10 mpouspactaioT B 060mx
OOITT. CpeaM nprBeAEHHbIX pacTeHWit eCTb MacCoBble, LUMPOKO PacrpoCTPaHEHHbIE, SHAEMUYHbIE
M peakue, 3aHeceHHble B KpacHyto kHury KasaxcraHa. K nocaeAHMM ABYM OTHOCSTCS 7 BMAOB, U3
HMX ABa BHAEMMKA, OCTaAbHble peakue BUabl. K aHaeMukam CesepHoro TaHb-LLlaHs oTHocuTcs Ra-
nunculus dilatatus, 3aauiickoro Aaatay — Anemone almaatensis. O6a BCTpeUaOTCS TOALKO B Mae
Anatayckom MHITT. Peaknmin BUAaMKM, BHeCceHHbIMM B KpacHyto kHury KasaxcraHa, aBasiotca Hepatica
falconeri, Gymnospermium altaicum, Adonis chrysocyathus, A. tianschanicus w Berberis iliensis. W13
HMX HaxOXXAEHWe Ha 06erx TePPUTOPMAX MOATBEPXKAEHO TOAbKO y Adonis chrysocyathus u A. tian-
schanicus. Haamume Gymnospermium altaicum B THII «Keacain Keaaepi» TpebyeT A0Ka3aTeAbCTB.
BOAbLUIMHCTBO yKasaHHbIX BMAOB cemeiicTB Ranunculaceae, Paeoniacea u Berberidaceae obaapaior
pa3HbIMW MOAE3HbIMW CBOWCTBAMM — AEKOPATMBHBIMM, AEKApCTBEHHbIMM, HEKOTOpble SBASIOTCS
SAOBUTbIMU, €CTb COPHbIE 1 COPHMYAIOLLME, KOAMYECTBO KOTOPbIX PE3KO YBEAMUMBAETCS MPU BbiMace
CKOTa, KaK Hanpumep, Aconitum leucostomum, o6pasyiowmii ocobyto dopmaumio. Mo KM3HEHHbIM
hopmam npeobAAAAIOT TPABSHUCTbIE MHOTOAETHMKM, MO SKOAOrO-LLEEHOTUUECKMM FPYTNam — AYroBble,
AECO-AYTOBbIE U AECHbIE SIAEMEHTbI, UTO BIIOAHE 0OBICHUMO AAS CEMeNCTBA Ranunculaceae, umetoLLero
60pearbHOEe MPOMCXOXKAEHME.

KAtoueBble cA0Ba: 3HAEMUMKM, peAKME, COPHblE BUAbI, 3aMAMIACKNIA AAaTay, KyHrein AaaTay.

Introduction

In the Northern Tien Shan, there are two well-
known in Kazakhstan large state national natural
parks, the Ile-Alatau (hereinafter No.1) and “Kolsai
Koldery” (hereinafter No.2). The Ile-Alatau national
park was established by the Decree of the Government
of the Republic of Kazakhstan No.228 of February
22, 1996. It has an area of about 200 thousand
hectares in the central part of the northern slope of the
Trans-Ili Alatau. “Kolsai Koldey” was established
by the Decree of the Government of the Republic of
Kazakhstan No.88 of February 7, 2007, and occupies
an area of just over 161 thousand hectares, mainly on
the northern slope of the Kungei Alatau and partially
on the southern slope of the Trans-Ili Alatau. Within
the territories of the two parks there are various
ecosystems representing all elevation belts, from the
foothills to the alpine and nival (Fig.1).
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In specially protected areas, the main area of
scientific research is comprehensive monitoring.
Following the classification of V. D. Utekhin [1],
it includes four types of observation: inventory,
retrospective, regime and methodological.

The most relevant for both protected areas are
the inventory observations, since the studies of
biological diversity in IA SNNP, including that
of the higher plants, have been rather fragmentary
until recently, although started a century and a
half ago [2]. The biodiversity of SNNP “Kolsai
Koldery”, as presented in the monograph of S.K.
Mukhtubayeva [3], requires further verification
and addition. Without comprehensive floristic
inventory, it is impossible to carry out monitoring
of natural phenomena and organize protection and
rational use of biological diversity, in particular,
for the purposes of environmental education and
tourism.
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Figure 1 — Location of IA SNNP (Nel) and SNNP “Kolsai Koldery” (Ne2)
https://www.oopt.kz/categories/view/ile-alatay gnpp/

Materials and Methods

The object of our study was the family
Ranunculaceae, which occupies the sixth and
seventh places on the list of the top ten most diverse
families of the two protected areas, as well as two
other closely related families [4,5].

The study of the floristic composition was
carried out by the method of route-reconnaissance,
and by stationary and semi-stationary surveys of
the protected areas and the adjacent Almaty State
Complex Nature Reserve (ASCNR). At the same
time, traditional methods were used, including
compiling lists of known species recorded on
specific routes, points, sites and ecosystems, as
well as herbarium collection and subsequent
identification following various floristic summaries
[6-11], and taking into account the taxonomic
revisions of S.K. Cherepanov [12] and S.A.
Abdulina [13] with additions [14]. In addition,
materials of the herbariums of the Department of
Science and Monitoring of SNNP “Kolsay koldery”,
Al-Farabi KazNU, and the Institute of Botany and

Phytointroduction were studied.

To describe species distributions, materials
from personal diaries for all years of observations,
as well as geobotanical descriptions of monitoring
sites and cenopopulations of rare species were
used. In addition, data from literary sources [15-
23], materials of herbarium collections stored at
the Institute of Botany and Phytointroduction of the
Ministry of Education and Science of the Republic
of Kazakhstan (Almaty) and the Al-Farabi Kazakh
National University were used. In 2010-2013, at our
request, Dr Grachev, an employee of the Institute
of Zoology, collected a herbarium on the territory
of IA SNNP, for which we are sincerely grateful to
him. Several herbarium specimens were provided
by employees of IA SNNP: V.V. Vasilyev, G.
Bagasharov, and M. Agibaev.

Habitat typology was according to V.P.
Goloskokov [24], or in some cases, according
to M.S. Baitenov [21]; ecological and cenotic
groups, according to I.I. Roldugin [25]; the order
of taxonomic groups, according to the A. Engler’s
system adopted in the Flora of Kazakhstan [6];
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and the species nomenclature, according to S.A.
Abdulin’s summary with additions [13,14]. Endemic
species, as well as species listed in the Red Book of
Kazakhstan are marked with an asterisk (*).

Results and Discussion

Summary of the families
Ranunculaceae, and Berberidaceae

Family Paeoniaceae Rudolphi

Paeonia intermedia C.A. Mey. (P. anomala
var. intermedia) is a mountain Central Asian-South
Siberian a perennial forest-meadow species (Nel,
2). It occurs sporadically on the steppe slopes of
foothills and open rocky slopes of the lower belt, up
to the lower boundary of the spruce belt (1800 m).

Nel. We are aware of the following localities:
the valley of the Kaskelen River (including the
Kassymbek Gorge), the Ozhaylau Gorge, the B.
Almaty and M. Almaty gorges (including the
Medeu Gorge), valleys of the Kotyrbulak and Talgar
rivers, and the Soldatsai Gorge. It grows in apple
forests, on meadow slopes, and among shrubs. The
species is common, not abundant; the numbers are
diminishing due to the collection by vacationers for
bouquets [26].

Ne2. So far, only one micropopulation consisting
of a dozen generative individuals has been found in
the spruce belt (2630 m above sea level) on the slope
of the Karasay Gorge [27].

Paeoniacea,

Family Ranunculaceae Juss.

Aconitum karakolicum Rapaics is a Dzhungar-
Tian Shan forest-meadow perennial species. It
grows on meadow slopes in the forest and alpine
belt, in spruce forests, in openings and forest edges.

Ne2. It is found in the Zap. Karabulak Gorge,
Kuturga.

A. leucostomum Worosch. is an Altai-Tian
Shan forest-meadow perennial species (No.l, 2),
the most abundant representative of the genus in
the surveyed territory. It is quite common in the
subalpine and alpine belts; grows in mixed grass
meadows, rocky-crushed stone slopes, on pebbles,
river banks, and in the openings and forests edges.

Nel. It is found everywhere, from the lowlands
(1200 m) to the upper part of the spruce forest (2700
m, Mramornyi Ruchei). It is common, sometimes
abundant, and forms thickets, being a subdominant
in deciduous forests.

No2. It was found in the Zap. Karabulak,
Kuturga, Kolsai, and Taldy gorges, and on the left
bank of the Saty Gorge.
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A. nemorum M. Pop. is a Tian Shan forest
perennial species (No.1, 2). It occurs sporadically
in the forest and subalpine belts in sparse fir forests,
meadows, archevniks, in the rock shade, sometimes
along streams, and less often on sazes. The territory
of IA SNNP is a “locus classicus™ for this species,
which has been described from the vicinity of
Almaty [7].

Nel. It is found in the upper reaches of the B.
Almaty Gorge (below the lake, 2300 m), in the
valleys of the Turgen and Talgar rivers, including the
Left Talgar and M. Almatinka. It is not numerous;
of the 16 monitoring sites, it was found in only one,
No.8 (Chinturgen).

Ne2. It is more common in the gorge and on the
Kurmekty pass, in the upper reaches of Saty, in the
Zap. Karabulak Gorge, Kaindy.

A. rotundifolium Kar. et Kir. is a mountain
Central Asian perennial meadow species widely
distributed throughout the surveyed territory (No.1,
2). It grows on dry grassy and rocky slopes of the
subalpine and alpine belts, on pebbles, river banks,
and moraines.

Nel. The species is common throughout the
territory in suitable habitats.

Ne2, It was found in the Zap. Karabulak Gorge,
on the Kurmekty pass, and in one of the monitoring
sites, Kolsai-3.

A. soongoricum Stapf. is a Tian Shan-
Himalayan perennial forest-meadow species (No.1,
2). It grows sporadically in meadows, near streams
and in forest openings, from the forest belt (1600 m)
up to the alpine belt.

Nel. We found small isolated populations in the
upper reaches of the rivers Kazachka, B. Almatinka,
Kaskelen, and Kirgauldy, in the Ozhaylau Gorge;
M.S. Baitenov et al. [23] described it in the Left
Talgar, and V.P. Goloskokov [15], in the upper Tau-
Chilik and M. Almatinka.

Ne2. It was found in the subalpine belt in one
gorge, Karabulak [28].

Adonis aestivalis L. is an annual eastern ancient
Mediterranean steppe species (Nel,2). According to
M.G. Popov [17], it is common in the foothills and
dry lowlands.

Nel. We found it in the lower part of the valleys
of the rivers B. Almatinka and Kaskelen, and in the
middle part of the Kotyrbulak River valley (1100-
1600 m). It is not abundant, sometimes grows in
weedy places.

Ne2, It was found in 2015 on the meadow terrace of
the left bank of the Saty Gorge by S.K. Mukhtubayeva,
A.A. Shormanova and M.P. Danilov [3].
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*A. chrysocyathus Hook. fil. et Thoms. is a
disjunctive, mountain Central Asian-Himalayan
forest-meadow species, a rhizome perennial
(No.1, 2). It grows in fine-grained areas of stony
slopes, in mixed grass. Being a rare species
throughout the Northern Tien Shan listed in the
Red Book of Kazakhstan, it is found growing
sporadically in the upper part of the spruce belt
and in the subalpine belt of the Talgar and Issyk
river basins [17].

Nel. To date, two small isolated populations
have been found, numbering no more than 100
individuals each. The first population was found in
June 1998 by V.G. Epiktetov (oral report) on the
northern slope of the upper Kirgauldy River (2800
m), and the second, on 16.07.2000 by one of the
authors of the publication, A.A. Ivashchenko, on the
north-western slope of the left bank of the Ozernaya
River (a steep slope with meadow grass and
isolated bushes of Juniperus pseudosabina Fisch.
& C.A. Mey., 2800 m). Herbarium collections of
other authors: the interfluve of Kirgauldy (Aksay-
Kaskelen), 5.07.1936 (B.A. Bykov); Issyk, on the
pass to Teskensu, the upper reaches of the eastern
sais, grassy slopes, 17.07.1937 (M.G. Popov);
Pryamaya Schel, upper reaches, 30.06.1936 (V.P.
Goloskokov).

Ne2. It was found in 1998 above the confluence
of the Kaindy River by S.K. Mukhtubayeva [3].
After a dedicated search, we could not find it.

A. parviflora Fisch. ex DC. is a Palearctic
annual meadow species found on deposits, saline
and wet meadows, in shady places, on rocks, and
in bushes.

Ne2. It is known only from the Kurmekty Gorge,
where it was collected in 1964 by L.1. Roldugin [3].

*A. tianschanicus (Adolf) Lipsch. is a Tian
Shan perennial meadow species (Nel, 2). It grows in
subalpine meadows, on stony-crushed stone slopes,
and in shrub thickets. The species is listed in the Red
Book of Kazakhstan [49].

Nel. It has been found in the highlands of Talgar
[23]. There are no other data from the surveyed area.

No2. In 1942, it was collected in the Kurmekty
Gorge by A.S. Lazarenko [3]. By now, several other
localities have been found: the Kurgoby Gorge [30],
Kurgoby and Zhamanbulak gorges (2020, R.E.
Kaparbay, B.B. Arynov).

Anemone almaatensis Juz. is an endemic
meadow-steppe perennial species of the Zailiysky
Alatau described by S.V. Yuzepchuk [7] from the
vicinity of Almaty. However, neither M.G. Popov
[17] nor M.S. Baitenov et al. [29] put it on the list of
flora of the area studied.

Nel. We have repeatedly found it on the dry
slopes of the right bank of the Kotyrbulak River and
in the Kirgauldy Gorge (1300 m); I.I. Kokoreva [33]
found it in the Pryamaya Schel.

A. protracta (Ulbr.) Juz. is a Pamir-Alai-Tian
Shan forest-meadow species, perennial (No.1, 2).
It grows in subalpine and alpine belts, in meadows,
along forest edges and clearings, in archevniks, and
less often on stony slopes.

Nel. It is common, sometimes plentiful.

Ne2. It is common in the gorge and on the
Kurmekty pass, in the basins of the Kolsai and
Taldy rivers. Not so long ago it was found in the
Malye Urjukty [28].

Agquilegia atrovinosa M.Pop. ex Gamajun.
is a Pamir-Alai-Tian Shan forest, forest-meadow
perennial species (No.1, 2). It occurs sporadically
throughout the study area in meadows, in archevniks,
along forest edges and clearings, sometimes along
pebbles, from the forest to alpine belts.

Nel. It is found in the valleys of the rivers B.
and M. Almatinka, Talgar, Chinturgen, and Aksai,
on monitoring sites in apple forests (Soldatsay)
and spruce forests (Almaarasan, near the Lake B.
Almaty, Chimbulak).

No2. It is found in the Kurmekty and Zap.
Karabulak River. It was found in the Taldy Gorge
by I.G. Otradnykh and I.A. Syedina in 2016.

A. glandulosa Fisch. ex Link is a Dzhungaro-
mountain-Siberia perennial species (No.1). M.S.
Baitenov et al. [23] found it on stony slopes near
streams of the alpine belt, in the valleys of the Left
and Middle Talgar rivers. This fact needs to be
verified, since in one of the previous works M.S.
Baitenov [21] described it only for the Dzhungar
Alatau.

A. karelinii (Baker) O. et B. Fedtsch. is
a Tarbagatai-Tian Shan forest, forest-meadow
perennial species (No.1, 2).

Nel. M.G. Popov [17] found it only in the middle
part of the Chilik River valley; M.S. Baitenov et al.
[23], near the Talgar River.

No2. It is likely to grow here, since it was found
by S.K. Mukhtubayeva [3] in the Kensu Gorge.

Atragene sibirica L. is a Pamir-Alae-Tian Shan-
Siberian forest species (No.1, 2). This is a shrub-
liana, growing in coniferous forests, archevniks,
among shrubs, and sometimes on stony slopes.

Nel. It is distributed throughout the study area,
and is particularly abundant in the valley of the B.
Almatinka River (2300-2800 m). Occasionally,
individuals with white sepals are found, differing
in the shape of the petals, which are similar to
those of 4. tianschanica described by N.V. Pavlov
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in 1954 [6], but then promoted to a synonym
of the main species [12,13]. We collected such
individuals on June 18, 2009 in the valley of the
Kazachka River, near the river, above the upper
barrier (1850 m). It is noteworthy that in this
spruce forest there were also typical individuals
with yellow sepals and petals, which indicates
the need for further study of the polymorphism of
this species and determination of the taxonomic
affiliation of such forms. It is possible that N.V.
Pavlov’s species was “closed down” without
sufficient grounds.

Ne2. It grows in the Kurmekty Gorge, Kolsay.
In the Saty Gorge, on the meadow terrace of the
left bank it was found in 2015 (M.P. Danilov, A.A.
Shormanova, B.K. Bilibayeva). In 2020, one of the
authors of this article, R.E. Kaparbay, found it in the
Taldybulak Gorge.

Batrachium divaricatum (Schrenk) Wimm. is
a Holarctic aquatic species, a perennial growing in
stagnant and weakly flowing waters, often on wet
mud of drying water bodies.

Nel. In such conditions, we collected it on
12.08.2010 on the swampy soils of the dried-up
channel near the left bank of the Lake Issyk (1750-
1800 m). V.P. Goloskokov [15] described this
species as rare, growing in drying closed reservoirs
of the Ulken-Turgen River valley (2950 m). It should
be emphasized that it was thanks to the research of
V.P. Goloskokov that representatives of this genus
were first found in the surveyed territory.

B. mongolicum (Kryl.) V. Krecz. is a Siberian-
Mongolian aquatic species, perennial.

Nel. Here it is known only from the upper
Turgen River [9]. The Flora of Kazakhstan [6] also
provides information about the collections of this
species by V.P. Goloskokov from the reservoirs of
the Kairakty Gorge(2900-3200 m).

B. pachycaulon Nevski is a mountainous
Central Asian-Iranian aquatic species, perennial.

1. It was found in the vicinity of Almaty [9].

Callianthemum alatavicum Freyn. is a
mountain Central Asian-Altai perennial meadow
species (Nel, 2). It is found in the subalpine belt, on
alpine lawns and steppe slopes, and in crushed stone
areas and moraines. It grows along the rock cracks
and on stream banks.

Nel. The species is common, not numerous,
found from the lower boundary of the subalpine belt
(2800 m) to the upper limit of vegetation (3450 m,
upper Kirgauldy, 18.06.2015, V. Vasilyev).

Ne2. It was found on the pass and in the upper
reaches of the Kurmekty River, at the source of the
Kolsai River, and in the Kuturga Gorge.
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Ceratocephalus testiculatus (Grantz) Bess. is a
Palearctic, annual meadow-steppe species.

Nel. It is common in the foothills [15], but
not found in the Almaty reserve [23]. We first
registered it on 25.05.1989 while recording Tulipa
ostrowskiana on the dry slope of the right bank of
the Talgar River (1700 m). Later (1.05.2015 and
7.05.2015), it was found in similar conditions on the
left bank of the Kaskelen River (1200 m) and in the
lower part of the Kazachka River valley (1300 m).
The species is not plentiful, weedy. Of particular
interest are our findings (20.06.2015) of this species
in the highlands: near a road on the right bank of the
Turgen River (2175 m) and in the upper reaches of
the Assy River (2710 m).

Clematis asplenifolia Schrank. is amountainous
Central Asian meadow-steppe semi-shrub.

Ne2. It grows on rocky mountain slopes and
foothills in lower and middle mountain belts. It
is found in the village of Saty and in the Kuturga
Gorge [3].

C. glauca Willd. is a Tian Shan-Siberian forest
species, shrub-liana (Nel, 2). It occasionally occurs
in floodplain forests, near springs, and in the lower
part of gorges, in shrub thickets.

Nel. We recorded it in the valley of the Kaskelen
River; M.S. Baitenov et al. [23] recorded it in the
valley of the Talgar River, where he described two
following species. M.G. Popov [17] points to its
distribution in the valley of the Turgen River.

Ne2. It was found in the Kurmekty and Kaindy
gorges.

C. orientalis L. is a forest shrub-liana, more
common in the territory of the [A SNNP, and occurs
in the same conditions as the previous species.

Nel. According to our data, it is not numerous
in the valleys of the Aksai (1300-1400 m) and B.
Almatinka rivers, in the vicinity of the Lake Issyk
(1700 m).

C. songarica Bunge is a Tian Shan-Altai
meadow-steppe shrub (Ne.1, 2). It grows on dry
scree in the lower parts of valleys, on saline clay
residues, in meadows and near streams, in low
mountains and the lower mountain belt.

Nel. The species is quite rare, found by us in the
lower reaches of the Aksai River (1200-1300 m).

Ne2. It is found in the floodplain of the Saty
River, near the village of Saty, in the Kurmekty and
Taldy-su river gorges.

Delphinium  biternatum Huth is a
mountainous Central Asian perennial steppe
species (Nel, 2). It occasionally occurs on dry
slopes of the foothills, and less often in the lower
mountain belt, on the foothill plains, on the ravine
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slopes and crushed stone slopes in shrubs, and
sometimes on deposits.

Nel. M.G. Popov [17] described it on the
foothills “from Almaty to Syugaty”, and M.S.
Baitenov et al. [23], in the Right Talgar. We
found two small populations on a shrub slope of
the left bank of the B. Almatinka River, near the
dam (1250 m) and near the highway in front of the
village Turgen.

Ne2. It is found in the Saty Gorge, Aliman
Gorge, and on the left bank of the Saty River.

D. confusum Popov is a Pamir-Alai-Tian Shan
meadow perennial species. It grows mainly on
rocky slopes of the subalpine belt, in mixed grass
meadows, and on river pebbles.

Ne2. It was found in Tau-Chilik, near the village
of Saty, in the Taldy Gorge [3].

D. dictyocarpum DC. is a Panno-Kazakhstan
perennial species.

Nel. We cite it according to M.G. Pakhomova
[9], who described this species in the vicinity of
Almaty.

D. iliense Huth is a north-central Tian Shan
meadow perennial species (No.1, 2). This is a
common member of the family in the study area.
It is found in subalpine and alpine belts in mixed
grass meadows, shrubbery thickets, raw cobresia
meadows, on river pebbles, and moraines.

Nel. It is common everywhere in the forest belt:
in clearings and forest edges, and along meadow
slopes in the altitude range of 1400-2700 m.

No2. It is found in Tau-Chilik, at the village of
Saty, 15.07.1937; the Kurmekty pass, 27.08.1937,
Mikhailova V.P.; the Kurmekty Gorge, 24.07.1937,
Gorbunova E.P.; the Kurmekty Gorge, 29.07.1953,
31.07.1953; the Kaindy Gorge, 08.08.1964,
Roldugin LI

D. oreophilum Huth is a Pamir-Alae-Tian
Shan meadow perennial species found growing
sporadically, mainly in the alpine belt, in meadows,
rocky scree, sometimes near snowfields.

Nel. V.P. Goloskokov [15] considered it
common, and M.S. Baitenov et al. [23] pointed to
the distribution in the Talgar valley.

D. poltoratzkii Rupr. is a Pamir-Alai-Tian Shan
perennial meadow species.

Nel. It inhabits rocky slopes of the subalpine
and alpine belts of the Left Talgar River valley [23].
Data on the distribution of this and the previous
species need to be clarified, since M.G. Pakhomova
[9] mentioned only the Trans-Ili Alatau as the
distribution area of D. poltoratzkii , and the Western
Tien Shan as the distribution area of the previous
species.

Ficaria verna Huds. is a European-Volga
perennial forest-meadow species.

Nel. It was found in the vicinity of Almaty [6,9],
and without a doubt was a cultivar.

Halerpestes salsuginosa (Pall. ex Georgi)
Greene is a Holarctic perennial coastal-water
species found in salt marshes and salty places, on
damp pebbles, and at the exits of groundwater and
springs.

Ne2. It grows in the Kurmektsy Gorge.

*Hepatica falconeri (Thoms.) Steward. is a
disjunctive, Tian Shan-Himalayan perennial forest
species. It occurs occasionally on rocky slopes and
screes in the subalpine belt.

Ne2. It grows in the Taldy-su Gorge; in the
Saty Gorge it was discovered in 2015 by S.K.
Mukhtubayeva, M.P. Danilov, A.A. Shormanova
and D.A. Akhataeva. In 2016, the presence of
plants in the Taldy Gorge was confirmed by L.G.
Otradnykh and I.A. Syedina. In 2020, a small
population was found in the upper reaches of the
Taldy Gorge (Tsarskie Vorota) by R.E. Kaparbay
and B.B. Arynov.

Nigella integrifolia Regel is an annual steppe
species. It grows in dry crushed stone parts of
foothills and lowlands.

Nel. It is found growing sporadically on the
territory of ASCNR, east of Almaty.

Oxygraphis glacialis (Fisch.) Bunge is an
Arctic-Alpine, mountainous Central Asian-Siberian
perennial meadow species (Nel, 2). This is an
ordinary alpine species growing on cryophilic lawns,
moraines, and among melting snow.

Nel. It occurs sporadically only in the alpine
belt, on lawns, wet crushed stone slopes, and near
snowfields; not abundant.

Ne2. It is found in the basin of the Kolsay River.

Paraquilegia anemonoides (Willd.) Ulbr. (P.
grandiflora Fisch. ex DC.) is a mountain-central
Asian petrophilic species, turf perennial (Nel, 2).
It grows on rocky slopes in the upper belt of the
mountains in the subalpine and alpine belts.

Nel. It is found quite often in the subalpine
and alpine belts. It is common, sometimes quite
abundant and grows in rock cracks.

Ne2. It is found on the pass and in the upper
Kurmekty, an in the Zap. Karabulak Gorge, Kuturga.

P. caespitosa (Boiss. et Hohen.) Drum. et
Hutsch. is an east-Palearctic petrophilic perennial
species.

Nel. V.P. Goloskokov [15] described it only in
the M. Almatinka (based on the collections of B.K.
Shishkin), and M.S. Baitenov et al. [23], in the Left
Talgar.
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Paropyrum anemonoides (Kar. et Kir.)
Ulbr. is an Iran-Mountain-Central Asia-
Himalayan petrophilic perennial species (No.1,
2). It grows in the subalpine and alpine belts on
rocky outcrops, in rock cracks, damp lawns, in
the shade of rocks, among archevniks, and less
often on lawns, in cobrezia thickets, and on
pebbles (2900 m).

Nel. The species is common, not abundant.

Ne2, It is found in the upper course of the Saty
River, and in the Zap. Karabulak Gorge.

Pulsatilla campanella Fisch. ex Regel et Til.
is a Pamir-Alai-Tian Shan-Siberian meadow-steppe
perennial species (No.1, 2). Itis found throughout the
surveyed area in dry steppe and meadow-steppe, in
archevniks, and on the rocky slopes of the subalpine
and alpine belts. Sometimes it occurs down to the
upper part of the forest belt.

Nel. The species is common, not abundant.

Ne2. It has been found in the Zhamanbulak
Gorge, Kolsay, and on the right bank of the Taldy
River.

Ranunculus alberti Regel et Schmalh. is
a disjunctive, mountain-central Asian meadow
perennial species (No.1, 2) found everywhere, in
subalpine and alpine belts, in meadows, on rocky
slopes, near snowfields, on river pebbles, damp
lawns, and moraines

Nel. The species is common,
plentiful.

Ne2, It grows in the upper reaches of the
Kurmekty River, and in the upper reaches of the
Kolsay River.

R. altaicus Laxm. is an Altai-Tian Shan
meadow perennial species. It grows in the alpine
belt on damp lawns, near moraines, and at the edge
of melting snow.

Ne2. It grows on the Kurmekta pass, at the
headwaters of the river of the same name, and at the
headwaters of the Kolsai River.

R. auricomus L. is a West Palearctic perennial
species.

Nel. In the study area, it has been found only
in the Talgar valley [23]. This information needs
verification, because according to other studies
[6,9,12] it was found only in Europe and Siberia; in
Kazakhstan it does not occur south of the Saur and
the northern regions.

R. borealis Trautv. is a mountainous Siberian-
Tian Shan forest-meadow perennial species. The
species was not recorded in the surveyed area by
previous investigators.

Nel. A few of its populations were found by us
in two locations: in the apple-tree forest of the Aksai
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River valley (1350 m) and in similar conditions in
the Belchabdar River valley (1400 m).

R. brotherusii Treyn. is a Central-Eastern Tian
Shan perennial steppe species.

Nel. According to V.P. Goloskokov [15], this is a
rare species, found in the high mountain steppes and
on the rocky slopes of the subalpine and alpine belts.

*R. dilatatus Ovcz. is a meadow species,
perennial. It is an endemic of the Northern Tien Shan
described by P.S. Ovchinnikov from the Trans-Ili
Alatau [6].

Nel. It grows on grassy slopes, near roads and
in the river floodplains of the lower mountain belt,
in particular, in the valleys of the Talgar and Turgen
rivers [17,23].

R. fraternus Schrenk. is a Dzhungar-Eastern-
Tian Shan coastal and alkaline perennial species.
It grows along river banks and wetlands of the
subalpine and alpine belts.

Nel. It is known from the valleys of the rivers
Talgar and Issyk [23].

R. gelidus Kar. et Kir. (R.karelinii Czer.) is a
Dzhungar-Eastern-Tian Shan meadow perennial
species.

Nel. It is found quite often in the alpine and
nival belts, on rocky slopes and crushed stone scree
in the valleys of the rivers M. Almaty, Talgar, Issyk,
and Turgen.

R. grandifolius C.A. Mey. is a north-central-
Tian Shan-Altai-Sayan forest-meadow, meadow
perennial species (No.1, 2) found everywhere in
the spruce belt, in meadows, clearings and edges,
in meadows, and in shrub thickets in the altitudinal
range of 1500-2700 m.

Nel. It is often found in considerable abundance,
forming aspect glades ( B. Almaty, 2300-2400 m).

Ne2. It is common in the Zap. Karabulak,
Kuturga, Kolsai, and Saty gorges.

R. krylovii Ovcz. is a mountain Siberia-Tian
Shan perennial species.

No2. It has been recorded at the Kolsai-2
monitoring site, Sairam Ogem [30].

R. longicaulis C.A. Mey. is a Tian Shan-Altai-
Sayan coastal-water-meadow perennial species
(No.1, 2) found growing sporadically in damp
meadows, highland swamps and sazes.

Nel. M.G. Popov [17] did not find it in the
surveyed territory, and M. S. Baitenov et al. [23]
mentioned the Left Talgar as a collection locality.
We know this species from two localities: silted
banks and bays at the stream above the Lake B.
Almaty (2550 m), and the banks of the stream on
the left bank of the Mramornoe, in the vicinity of
ASCNR (2700 m).
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Ne2, It is found in the Saty Gorge.

R. monophyllus Ovcz. is an east-palearctic forest-
meadow, meadow species, perennial. It grows in
grassy swamps, damp meadows and deciduous forests.

Nel. There are data from the Talgar River valley
[23], as well as from apple and spruce forests of the
M. Almatinka and Turgen river valleys [17].

R. natans C.A. Mey. is a mountainous Siberian
and Central Asian aquatic species, perennial. It is
found growing sporadically in streams and swamps
of the highlands.

Nel. It has been recorded in Talgar, Zhenishke
and Upper Chilik [17,23]. We found only two
locations: the upper part of the Assy River, below
the observatory (2600 m); and the upper part of the
Ozernaya River, below the hydrometeorological
station (2600 m).

R. pedatifidus Smith is an Altai-Tian Shan
meadow perennial species.

Nel. It is very rare. M.G. Popov [17] mentioned
its occurrence under the name of R.affinis R.Br. in
the alpine belt of the Chinturgen River valley, and
M.S. Baitenov et al. [23], in the subalpine belt of the
Talgar River valley.

R. polyanthemus L. is a West Palearctic
meadow perennial species (Nel, 2) found throughout
the study area in dry and steppe meadows, among
shrubs, along forest edges and river banks; common,
not abundant.

Nel. It was recorded at five monitoring sites,
from the foothills to the lower border of the spruce
forests (1730 m, Alma-Arasan).

Ne2. It grows in the Taldy River valley, in the
Kurmekty, and Zap. Karabulak Gorge.

R. polyrhizus Steph. is a Palearctic meadow-
steppe perennial species.

Nel. M.G. Popov [17] mentioned this species
occurring on the steppe slopes of the Syugatinsky
Mountains and in the Talgar Gorge. The last locality
is also on the list of M.S. Baitenov et al. [23] We
found it in low abundance on May 12, 2012 in a
meadow of the left bank of the Aksai River (1350-
1450 m), as well as in the valley of the Ayusai
stream (1700 m).

R. popovii Ovcez. is a north-central Tian Shan
perennial species (Nel, 2) found on stony slopes,
scree and alpine lawns of highlands, and on stream
pebbles.

Nel. V.P. Goloskokov [15] described it as a rare
species from the eastern part of the ridge, and M.S.
Baitenov et al. [23], from the valleys of the Talgar
and Issyk rivers. We found it quite common in the
archevniks of the Mramornyi Ruchei (2750-2800
m) in the vicinity of Gaish.

Ne2, It is found in the Taldy Gorge.

R. pseudohirculus Schrenk is a mountain
Central Asian coastal-water meadow perennial
species.

Nel. It is quite common in the subalpine and
alpine belts, where it grows in meadows and along
streams.

R. pulchellus C.A.Mey. is a Pamir-Alai-Tian
Shan-mountain-Siberian coastal-water-meadow
species, perennial, similar to the previous species
and to R. longicaulis C.A.Mey. (Nel,2). Some
systematics [22] even combine them into one. This
is a species with an eastern-Palearctic range type
growing along meadows in the upper part of the
forest and subalpine belts.

Nel. It is known from the valleys of the Talgar
River and east of Turgen [17].

Ne2. It grows on the pass and in the upper
Kurmekta.

R. regelianus L. is a mountain Central Asian
steppe species, perennial (Nel, 2). It grows on dry
crushed stone slopes and among shrubs in the lower
mountain belt, sometimes up to the lower border of
spruce forests.

Nel. We found it in the valleys of the Kaskelen
and Talgar rivers, as well as in the territory of the
ASCNR (Karaturuk, Kokbeksai, Aksheshek).

Ne2., It grows in the Saty Gorge, Kuturga.

R. repens L. is a Palearctic coastal-water-
meadow species, perennial (Nel, 2). It is found
growing sporadically throughout the study area
along the banks of streams, in wet meadows and
high-mountain swamps.

Nel. We found it in the B. and M. Almatinka
river valleys (the vicinity of the Lake B. Almaty
and Gaysh, the left bank of the Sarysay River,
Kazachka), in the vicinity of the cordons Tastibulak
and Oizhailau, and in the Soldatsay (below the
monitoring site No.2) in the altitudinal range of
1500-2700 m.

Ne2. It is found in the Kurmekta Gorge, on the
left bank of Saty.

R. rubrocalyx Regel ex Kom. is a Pamir-Alae-
Tian Shan meadow perennial species. It is found
growing sporadically on rocky scree, and in rocky
areas of the alpine belt.

Nel. It is known from the Talgar and Issyk river
valleys [23].

R. sceleratus L. is a holarctic coastal-water-
meadow species, annual-biannual (Nel, 2). It grows
near streams and ditches in the foothills.

Nel. The species was not found in the Almaty
Reserve in it is current borders [17,23]. We found
it in two locations: a swamp near the Turgen River
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bed (1300 m); and a drying swamp in the Kaskelen
River valley and along the aryks (1600 m).

Ne2. It has been found in the Kurmekty and
Karabulak gorges.

R. songoricus Schrenk is a Pamir-Alai-Tian
Shan-Tarbagatai meadow species, perennial (No.1,
2) found throughout the surveyed territory in the
forest and subalpine belts, in meadows, along river
banks and stony slopes.

Nel. The species is common, not abundant.

No2. It has been found in the Kurmekty Gorge.

R. transiliensis M.Pop. ex Ovcz. is a Dzhungaro-
Eastern Tian Shan meadow species, perennial. It
has been described in the surveyed territory [6]. It
occurs sporadically in the upper mountain belt, on
lawns and moraines, and around snowfields.

Nel. The author of the first description of the
species, M.G. Popov [17], described it growing in
the valleys of the rivers M. Almatinka and Turgen,
and M.S. Baitenov et al. [23], in the Talgar and
Issyk river valleys. We collected it on 07.06.2008
on rocky slopes of a pit in the Chimbulak Gorge,
near the second lift station at the Talgar Pass
(2850 m).

R. trautvetteranus Regel ex Kom. is a Pamir-
Alai-Tian Shan meadow species, perennial. This
species is identified by some authors [24] with R.
songoricus.

Nel. It grows on wet slopes and lawns of the
alpine belt: in the upper reaches of the rivers Turgen
and Teskensu [15], and in the valleys of the Talgar
and Issyk rivers [23].

Shibatheranthis longistipitata (Regel) Nakai
is an Iranian-Mountainous-Asian meadow-steppe
species, perennial. It is rare in the surveyed area. It
occurs sporadically in small isolated populations on
the dry slopes of lowlands,

Nel. M.S. Baitenov et al. [23] mentioned that in
the valley of the Left Talgar River it grows up to
the alpine belt. We found it in the middle part of the
Kotyrbulak River valley (dry slope with shrubs and
single trees of Dzhungar hawthorn, 1300 m) and in
the same conditions in the valley of the Kirgaulda
River (oral communication by V. Epiktetov).

Thalictrum alpinum L. is an Arcto-Alpine,
Holarctic meadow species, a miniature perennial
plant (Nel, 2). It is found everywhere in the alpine
belt on lawns, crushed stone slopes, and moraines.
Sometimes it descends to the upper part of the
subalpine belt.

Nel. The species is common,
plentiful.

No2. It grows on the Kurmekty pass and in the
upper reaches of the Kurmekty Gorge.

sometimes
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Th. collinum Wallr. is a Palearctic meadow,
meadow-steppe species, perennial. It is found
scattered throughout the surveyed area among
shrubs, along dry meadows and steppe slopes, from
the foothills to the lower part of the subalpine belt.

Nel. The species is common, not abundant.

Th. flavum L. is a Palearctic forest-meadow
species, perennial. It is found growing sporadically
in a strip of deciduous forests in clearings and among
shrubs, sometimes along river banks.

Nel. We found it in the valleys of the rivers
Aksai, Turgen, B. Almatinka (Alma-Arasan), and in
the Oizhailau and Soldatsay gorges, not abundant.

Th. foetidum L. is a Palearctic meadow species,
perennial (No.1, 2). It is found in the sub-alpine
belt on rocky slopes, among various grasses, and in
meadows.

Nel. According to M.G. Popov [17], it sometimes
grows in meadows of the spruce belt in the valley of
the Turgen River, and according to M.S. Baitenov
et al. [23], on rocky and crushed stone slopes of
the upper mountain belt in the valley of the Talgar
River.

Ne2. It has been found on the Kurmekty pass, in
the Zap. Karabulak Gorge, and in the middle course
of the Kaindy River.

Th. isopyroides C.A. Mey. is a Dzhungaro-
Mediterranean steppe species, perennial. It is
common on dry slopes of the desert lowlands.

Nel. It was described by M.G. Popov [17]
growing in the mountains of Shugata. It is likely to
occur in the eastern part, in ASCNR.

Th. minus L. is a Palearctic forest-meadow
species, perennial. It grows on stony-crushed slopes,
in shrub thickets, and in mixed grass.

Ne2. It has been found in the Zap. Karabulak,
Kolsai, Saty, and Zhamanbulak gorges.

Th. simplex L. is a Palearctic forest-meadow
species, perennial (No.1, 2). It is found in the forest
and subalpine belts in meadows, forest clearings and
along river banks.

Nel. M.G. Popov[17] described it growing in
Chilik and Zhenishke, and M.S. Baitenov et al. [23
], in Talgar. We found it growing sporadically in the
valley of the Turgen River (2175 m) and in sparse
spruce stands of M. Almatinka (1700 m).

Ne2. It is found on the Kurmekty pass, in the
Kolsai and Saty gorges, on the left bank.

Trollius altaicus C.A. Mey. is a Tian Shan-
Altai forest-meadow species, perennial (No.1,2). It
is found in the subalpine belt, in herb meadows of
spruce forests, archevniks, and in damp meadows.

Nel. It is quite rare in the surveyed territory, and
is not on the earlier lists [15,17,23]. We found it in
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the valley of the Kotyrbulak River (Ivashchenko,
2007) [31] and on the left bank of the Almatinka
River, above the Chimbulak Gorge (2400 m), not
abundant.

No2. It grows in the Taldy, Kolsai, Saty gores on
the left bank, the Aliman Gorge.

Trollius asiaticus L. is a North Tian Shan-
Siberian meadow species, perennial. It grows in the
sub-alpine belt in herb meadows, on damp lawns,
pebbles, and near streams.

Ne2. It has been found in the Zap. Karabulak
Gorge.

T. dschungaricus Regel is a Dzhungaro-Pamir-
Alai forest-meadow, meadow species, perennial
(No.1,2). This is acommon species found throughout
the study area in meadows, among archevniks, along
forest glades and edges from the upper part of the
forest belt to the alpine belt.

Nel. The species is abundant in places.

No2. [t is found on the pass and gorge Kurmekty,
at the headwaters of the right tributaries of the
Kolsai River, 14.07.1952; in the Kaindy Gorge,
Zap. Karabulak, Kuturga, Kolsai, and Saty Gorges.

T. lilacinus Bunge is a Pamir-Alai-Tian Shan-
Altai meadow species, perennial (No.1, 2). This
is a typical inhabitant of the alpine belt. It grows
sporadically on alpine lawns and on rocky slopes
near snowfields, and in pits.

Nel. The pretty rare.

Ne2. It grows on the Kurmekta pass, in the upper
reaches of the Sata River, and at the sources of the
Kolsai River.

Family Berberidaceae Juss.

*Berberis iliensis M. Pop. is a forest shrub
endemic to the Ili River valley; listed in the Red
Book of Kazakhstan [29].

Nel. It does not grow in the IA SNNP, but is
found on the territory of the ASCNR, in tugai
thickets along the Chilik River valley, below the
Bartogay reservoir.

Berberis sibirica Pall. is a Dzhungaro-
mountain-Sibiria petrophilic-lithophytic shrub. It
grows on stony rocks, rocky slopes and placers.

Ne2. It has been found in the Kolsai Gorge, in
2015, by S.K. Mukhtubayeva, M.P. Danilov, A.A.
Shormanova, and B. Bilibayeva [3]. The species
needs further investigation.

B. sphaerocarpa Kar. et Kir. (B. heteropods
Schrenk) is an Altai-Tian Shan forest-meadow
shrub (No.1, 2). This is a common species found
throughout the territory in deciduous forests, along
slopes and rivers, up to the upper boundary of the
spruce forests.

Nel. It has been recorded at all forest monitoring
sites, from Aksai (1350 m) to the vicinity of the
Lake B. Almaty (2550 m).

No2. It is found along the river in the Kurmety
Gorge, in the Zap. Karabulak, Kaindy, Vost.
Karabulak, and Saty gorges on the left bank.

Gymnospermium  altaicum (Pall.) Spach
is a Tian Shan-Altai forest perennial tuberous
ephemeroid, one of the most prominent primroses
(after Crocus alatavicus Regel & Semenow and
Iridodictyum kolpakowskianum (Regel) Rodion.). It
grows mainly in apple forests, among shrubs, only
in the lower belt of mountains (1000-1600 m).

Nel. It occurs sporadically (Talgar, Kotyrbulak,
Belbulak, Turgen, Remezovka), in places
abundantly. The species is listed in the Red Book of
Kazakhstan [48].

Ne2. There are no reliable data on this species
in the protected area. It was recorded by S.K.
Mukhtubayeva [3] in the Kungei Alatau without
specific location.

Leontice ewersmannii Bunge is a Central
Palearctic steppe perennial ephemeroid found in
clay plains and foothills.

Nel. It was not previously recorded in the
surveyed area; M.G. Popov [17] found it only in the
foothills of Sugata (Pshuk-Nura). The only known
population reported by V.G. Epiktetov was located
in the lower part of a dry slope of the left bank of the
Kirgaulda River (1200 m).

Conclusion

Thus, within the protected areas of the
Northern Tien Shan (Ile Alatau State National
Nature Park, Almaty Reserve and the “Kolsai
Koldery” State National Nature Park), 82 species
from 26 genera of the family Ranunculaceae
and two related families, Paeoniacea and
Berberidaceae, are protected, which is 97.6% of
the flora of this floristic area. There are abundant,
widespread, endemic and rare, listed in the Red
Book, species. There were two endemics and five
rare species. Among the Red Book listed species,
one, Hepatica falconeri, is the rarest and the only
representative of the genus Hepatica in the flora
of Kazakhstan; it occurs in a few locations in a
single gorge of the Kungei Alatau. Another rare
species is Gymnospermium altaicum, one of the
early primroses of the Northern Tien Shan, which
presence in the SNNP “Kolsai Koldery” requires
confirmation. The above rare species, as well as
Adonis tianschanicus, are the objects of a special
study by a doctoral students of Al-Farabi KazNU.
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In turn, all rare species should be subject to regular
monitoring within the protected areas.

Most of the species of the families
Ranunculaceae, Paconiacea and Berberidaceae have
various beneficial properties including decorative
and medicinal; some species are poisonous. Some
species are weeds, the number of which increases
sharply with grazing, for example Aconitum
leucostomum. This species forms a special formation
studied in detail by S.A. Arystangaliev [32]. In
“Kolsai Koldery” it consists of three groups of
associations: Aconite-Geranium, Chervils-Aconite
and False Hellebore-Aconite, where the dominants
and subdominants are Geranium rectum Trautv.,
Anthriscus  aemula (Woronow) Schischk. and
Veratrum lobelianum Bernh. The group of harmful
weeds not eaten on pastures includes, in addition
to aconites, other representatives of the family
Ranunculaceae (Thalictrum simplex, Th. foetidum,
Ranunculus  polyanthemus, R.  grandifolius).
Especially abundant are their thickets in the
Kungei Alatau, including in the territory of “Kolsai
Koldery”, where grazing ceased not so long ago.

Some weeds grow abundantly in cattle sites,
sometimes appearing in atypical habitats. For

example, on June 20, 2015 we recorded a typical
inhabitant of the foothills, an annual Ceratocephalus
testiculatus in the upper reaches of the Assy River
at an altitude of 2710 m, as well as in the spruce belt
near the road to the Turgen Gorge (2175 m).
Analysis of the study group by life form showed
that the vast majority are herbaceous plants, mainly
perennials (84.1%), with annuals comprising only
6.1%. Also, the share of shrubs is low (9.8%). With
regard to the distribution of species by ecological
and cenotic groups, since the family Ranunculaceae
is of boreal origin, its representatives are mostly
found in the forest, forest-meadow and meadow
plant communities (59.7%). The proportion
of meadow-steppe and steppe species is lower
(19.5%), as well as that of the coastal-water-
meadow and aquatic species (15.6%); a few
species (Paraquilegiaanemonoides, P. caespitosa,
Paropyrum anemonoides and Berberis sibirica)
belong to the group of petrolithophilic elements.

This research was conducted due to a scientific
grant BR10965224 «Working out the cadastre of the
animal world of the Northern Tien Shan to preserve
their genetic diversity».
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CURRENT STATE OF TUGAY ECOSYSTEMS
IN THE MIDDLE STREAM OF THE ILI RIVER

Forest ecosystems are one of the most important components of the Earth’s biosphere due to their
global ecological and socio-economic importance. In hydromorphic landscapes of arid regions of Cen-
tral Asia with its sharply continental climate, these ecosystems are represented by unique in their bio-
diversity and environment-forming role coastal tugay forests in river floodplains, flooded lowlands and
islands. Among desert, semi-desert and steppe ecosystems, tugay forests are ecosystems with the highest
aboveground biomass and biodiversity. Due to the growing reduction of runoff of most rivers in Central
Asia due to increased water consumption by agrarian and industrial production and negative climatic
changes, the area of tugay forest ecosystems has catastrophically decreased. Ecological restoration of
degraded tugay forests is a key factor in combating desertification in arid regions. Taking into account
the fact that tugay forest ecosystems are currently represented only by scattered areas exclusively in
West and Central Asia, their conservation is of global importance. The results of a comprehensive study
using remote sensing and GlS-technologies, field work to assess the successional dynamics of tugay
ecosystems in the middle reaches of the Ili River in connection with hydrological and climatic factors
are presented in the article.
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river flow regulation, ecosystem conservation.
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IAe @3eHiHiH, opTa aFbIMbIHAAFbI
TOFai 3KOoXYHeAepiHiH Ka3ipri »xarAaribl

XKahaHAbIK, 3KOAOTUSIABbIK,  >KBHE SAEYMETTIK-IKOHOMMKAABIK, MaHbI3AbIAbIFbIHA  HANAAHBICTbI
xep 6rocdepachbiHbiH MaHbI3AbI KOMIMOHEHTTEPIHIH, Oipi — opMaH 3KkoXyieAepi. OpTaAbik, A3USIHbIH
KYPFak, anMaKTapblHbIH, TMAPOMOPMTbI AQHAWAMDTTAPbIHAQ, OHbIH, KYPT KOHTUHEHTaAbAbl KAMMATbI
6ap, 6yA aKoXyMeaep BGMOBPTYPAIAITIMEH XOHe 63eHHIH >KaMbIAMAAAPbIHAAFbI, Cy 6ackaH onarTap
MEH apaAAapAaFbl KaFaAayAarbl TOFAl OPMAHAAPbIHBIH, KOpLUaFaH opTa KAAbIMTacTbIPYLUbl POAIMEH
epekuleneHeai. LLIeA, weAenT aHe AaAa 3KOXKYMEAEPIiHiH iliHAEe TOoFal opMaHAapbl — >Kep YCTi
6GromMaccacbl MEH OMOAAYaHTYPAIAITT eH >KoFapbl 3KOXKYMeAep. ArpapAblK-©HEPKaCINTIK OHAIPICTIH cy
TYTbIHYbIHbIH ©CYiHE XX8HEe KAMMATTbIH Tepic e3repyiHe 6anAaHblCTbl, OpTaAbiK, A3MSIHbIH KONTereH e3eH
aFbIHAAPbIHbIH a3aloblHa 6ANAQHBICTbI TOFA OPMaH KOXKYMEAEPiHiH ayMaFbl anaTThl TYPAE KbICKAPADI.
TosfraH ToFall OPMAHAAPbIH SKOAOTMSIABIK, KAAMbIHA KEATIPY — KYpFak, alMaKTapAaFbl LUOAENTTEHYre
KApCbl KypecTiH Heri3ri pakTopbl. ToFain opMaH 3KOXyKHeAepi Kasipri yakbiTTa TeK aAAbIHFbl >KaHe
OpTaablk, A3MsSAaFbl LIALLbIPAaHKbl AMANA30HAAPMEH YCbIHbIAATBIHABIFbIH €CKepe OTbIPbIM, OAApPAbl
cakTayAa >kahaHAbIK, MaHpI3bl 6ap. TMAPOAOTUSIABIK, XXOHE KAUMATTbIK, (hakTopAapFa 6aiAaHbICTbI Iae
©3€eHiHiH OpTa afblCbIHAAFbLI TOFA IKOXYMEAepiHiH cabakTacTblK, AMHAaMMKACbiH OaFaray 6GowblHIWIA
KK 3 sxaHe [ AXK-TexHOAOrMSIAAPbIH >KOHE AAAAABIK, )KYMbICTapAbl MaiAaAaHa OTbIPbIMN KELLIEHAT 3epTTey
HoTUXKeAepi Bepireai.

TyHiH ce3aep: Toran akoxkymeaepi, XKK3-saicTepi, 6CIMAIK >KaMbIAFbICbIHBIH, AErpaAaLMsChbl,
KAMMATTbIH, ©3repyi, ©3eH aFblHbIH PETTeY, SKOXKYMEeAepAi cakTay.
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COBPEMCHHOC COCTOSIHMUE MOHMEHHbIX TyraﬁHle IKOCUCTEM
CcpeAHero Te4yeHnsa peku Unre

OAHUM M3 BaXKHEMLIMX KOMMOHEHTOB 6uocdepbl 3eMAn, 6GAaropapst CBOemy FAOBGAAbHOMY
SKOAOIMYECKOMY WM  COLIMAAbHO-IKOHOMMYECKOMY 3HAUEHMIO, SBASIOTCS A€CHble 3KOCUCTeMbl. B
rMAPOMOPMHbIX AaHALLIATAX apUAHBIX PermoHoB LleHTpaAbHOM A3mn C ee pe3Ko KOHTMHEHTAAbHbIM
KAMMaTOM A@HHblE 3KOCMUCTEMbI MPEACTABAEHblI YHUKAAbHbIMKM MO CBOEMy 6GMOpasHOO6pasmio U
CpPeA0oOpasylolen POAM MPUOPEXKHbIMM TyramHbIMM A€CaMM B MOMMax pPeK, B 3aTarAMBaemblx
HM3MHaxX M octpoBax. Cpean MyCTbIHHbIX, MOAYMYCTbIHHbIX WM CTEMHbIX 3KOCUCTEM TyramHble Aeca
SBASIIOTCS 9KOCMCTEMAaMM C CaMOW BbICOKOM HaA3eMHoM 6uomaccon n GrnopasHoobpasmem. B casm ¢
PacTyLLIMM COKpaLLieHMeM CTOKa GOAbLIMHCTBA pek LleHTpaabHOM A3mm M3-3a pocTa BOAOTNOTPEBAEHMS
aArpapHO-MPOMBbILLIAEHHbIM MPOM3BOACTBOM M HEraTMBHBIMM KAMMATUYECKMMU M3MEHEHMSMM, MAOLLAAD
TYramHbIX A€CHbIX 3KOCUCTEM KaTaCTPO(hMyeckn COKpaTMAACb. IDKOAOMMYECKOe BOCCTAHOBAEHME
AErpaAMpOBaBLUMX TyraHbIX AECOB SIBASIETCS KAOUEBbIM (DakTopom B 6opbbe C omnycCTbiHMBaHWEM
B 3aCYLUAMBBIX pPernoHax. YumTtbiBasi TOT (DaKT, YTO TyralHble AeCHble 3KOCMCTeMbl B HACTosLlee
BpemMs NpeACTaBAEHbl AMLLb PA3PO3HEHHBIMM apeaAammn MCKAIDUMTEAbHO B [NepeaHei n LleHTpaAbHOM
A31M, NX COXPAHEHME MMeeT MUMPOBOE 3HayeHue. [prUBOAITCS pe3yAbTaTbl KOMMAEKCHOrO M3yYveHus
C 1CroAb3oBaHeM MeTopoB A33 1 TMC-TexHOAOrMiA, NMoAeBbiX PaboT MO OUEHKEe CYKLEeCCUOHHOM
AMHAMMKM TyramHbIX 3KOCMCTEM B CPEAHEM TeYeHWn pekn MAM B CBS3UM C FMAPOAOTMYECKMMU M

KAMMaTUUYeCKUMHK hakTopamu.

KAloueBble cAoBa: TyraiHble 3KOCUCTEMbI, METOAbI-A33, Aerpasaums pacTUTEAbBHOTO MOKPOBA,
M3MeHeHWe KAMMaTa, 3aperyAMpoBaHime pevyHoro CToka, COXpaHeHMe SKOCUCTEM.

Introduction

One of the most important components of the
biosphere is forest ecosystems, which are of global
ecological, social, and economic importance. For
hydromorphic landscapes of arid regions of Central
Asia with its sharply continental climate, tugay
forests form the main element of natural vegetation
in the river floodplain [1-3].

Tugay forests are not only characterized by
exceptional biodiversity in the arid zone, but also
provide important food, regulating, and ecosystem
services. They have significant environment-
forming, soil-fixing, and ameliorative properties
and generally stabilize the ecological situation in the
river floodplains of arid territories [4-6].

Under natural conditions tree and shrub tugay
forests are undergoing changes of dynamic states,
which depend entirely on the nature of water
availability in the territory and climatic changes
[7]. In the past, tugay forests were widespread in
Central Asia, but as a result of a sharp increase in
water consumption, primarily for irrigation, the total
area of tugay forests has dramatically decreased.
Modern tugay forests of Central Asia show signs
of degradation and desertification, halophytization
and simplification of structure, reduction of species

diversity and decrease in productivity [8]. Thus, if
in the early 1930s the area of tugay lower reaches
of the Amu Darya River amounted to 300,000 ha,
by the beginning of 1994 there were only 27,000 ha
[10]. Today, the area of tugay in Central Asia is less
than 10% of the area occupied by them in the 1960s
[11,12].

In Kazakhstan, natural tugay forests have
survived only in localized areas within the Shu,
Ili, and Syr Darya river basins. A similar trend of
the sharp decrease in the areas of tugay forests in
recent times is characteristic of West and Central
Asia. Against the background of the global trend of
floodplain forests reduction, the disappearance of
tugay forests is occurring at a catastrophic rate [13].

Reduction of the tugay area leads to the loss of
many valuable, rare, and relict species of plants and
animals, to the reduction of water protection, water
regulation, bank protection, and meliorative role of
tugay forests, to the deterioration of human habitat,
and to the reduction of certain types of economic
activity. The general direction oftugay transformation
is shifted towards halophytization and desiccation;
loss of typical (conditionally indigenous) tugay tree-
shrub communities is observed everywhere, not only
groups of associations, but also completely separate
formations of tugay vegetation disappear; tree-shrub
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tugay is replaced by various variants of grass and
halophytic communities, which previously were not
widespread [14-16].

Numerous studies have identified the main
reasons for the reduction of tugay forests, among
which the regulation of river flow, reduction of water
availability and changes in the natural hydrological
regime of rivers, leading to changes in groundwater
regime and flooding, which is the main cause of
widespread degradation of tugay ecosystems [17-19].

Thus, the analysis of long-term changes in
the flow of the transboundary Ili River, one of
the three largest waterflows of Kazakhstan, in
the basin of which about 4.5 million people live,
shows that approximately from the 1970s began a
period of increased water availability of the river,
which continues to the present time. However, the
Ili River flowing from northwest China is steadily
decreasing as the area of land used for agriculture
along the Ili River in China has increased by 30%
over the past 20 years. Intensive water consumption
is also taking place in Kazakhstan. Over the past 60
years, the glaciers of the Zailiisky Alatau, as well as
other mountain ranges in Central Asia, have been
shrinking at a rate of about 1% per year in terms of
ice volume. If these rates continue in the future, the
vast majority of glaciers may completely melt by the
end of this century [20-23].

Since the climate is one of the main factors
shaping ecosystems, the analysis of climatic
changes as applied to the assessment and prediction
of the dynamics of terrestrial ecosystems of both

g0

floodplain and watershed areas is an extremely
important task today. Since vegetation plays
an edificatory role in ecosystems, a significant
reduction in floods during the growing season and
an increase in winter discharges lead to ice jams,
freezing of shallow water a long period of time, as
well as freezing and soaking of perennial floodplain
grass meadows. The established trends in climate
change also affect natural vegetation: both zonal and
floodplain [24,25].

Our goal was to assess the current state of tugay
ecosystems of floodplain areas of the middle flow
of the Ili River. To achieve this goal, we solved the
following tasks: to describe the main vegetation types
of tugay ecosystems depending on the hydrological
regime, meteorological conditions and the nature
of the impact of anthropogenic factors. Changes in
floodplain ecosystems, including riparian forests,
were determined using modern Earth remote sensing
methods (ERS) with reference to ground data.

Materials and methods

Study Region

The study area is located in the Ili depression
and occupies floodplain ecosystems with a length of
about 140 km down the middle flow of the Ili River
from the Kazakhstan-China border (43°48°12.79”-
79°55°43.16 “E) to the Kapshagay water reservoir
(43°50°44.76 “N — 78°30°47.23 “E). The Iliysk
depression divides the mountain systems of the
Zailiisky and Zhetysu (Dzungarian) Alatau (Fig. 1).
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Figure 1 — Location map of the study region
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The western part of the depression with a length
of about 300 km is located within Kazakhstan. Its
absolute heights vary from 800 m in the east near
the city of Kulja (PRC) to 400-350 m in the west.
The Ili River flows in the most lowered central part
of the depression. The natural conditions of the Ili
Depression are extremely diverse. Its marginal high
parts, especially the zone of outcrop cones at the
foot of the Zailiysky and Dzungarian Alatau with
snows and glaciers feeding numerous rivers and
streams, have well-developed natural irrigation,
so they represent diverse grass and cereal meadow
steppes on chernozems with deciduous tree species.

In addition, the study area is characterized
by a significant diversity of ecosystems, among
which there are terrestrial natural ecosystems
(weakly modified by human activity), terrestrial
anthropogenic-transformed (with changes in soil and
vegetation cover) and aquatic ecosystems (rivers,
lakes). This is caused by climate change and mainly
by the peculiarities of geomorphology, geology and
hydrogeology of the area.

One of the main key factors in the reduction
and degradation of floodplain ecosystems is the
steady decline in water availability of the Ili River,
primarily due to the growth of water consumption by
the PRC, as well as the withdrawal of tributaries of

Table 1 — List of Earth Remote Sensing data used

the Ili River on the territory of the Kazakhstan. This
trend is likely to continue in the future, which will
entail corresponding risks for floodplain ecosystems
of the Ili River.

Remote sensing methods

Earth remote sensing data, methods of their
decryption, as well as classification of space images
with a subsequent compilation of thematic GIS maps
were used in the study. In mapping and classification
of floodplain ecosystems we used multi-temporal
multispectral space images from SENTINEL-2
spacecraft with spatial resolution of 10 meters. The
selection of space images followed all standard
quality criteria (minimum cloud cover, image clarity
and full coverage of the study region), as well as
the time of imagery, oriented to the purpose of use
and the time of field work. The study used 8 satellite
images from 2016 to 2023, in addition, radar space
data from Shuttle Radar Topography Mission —
SRTM (30 meters) radar systems were used to map
aquatic and floodplain landscapes. All used space
images were taken from open official catalogs of the
US space agency — NASA (http://landsat.gsfc.nasa.
gov) and European Space Agency (https://sentinel.
esa.int/web/sentinel/sentinel-data-access) (Table 1).

Nomenclature Date of photo Names of spacecrafts

S2A_MSILIC 20160717T053642_N0204_R005 T44TLP 17.07.2016 Sentinel-2 (S2MSI2C)
S2A_MSILIC 20170722T053641_N0205_R005 T44TLP 22.07.2017 Sentinel-2 (S2MSI2C)
S2A MSIL1C 20180727T053641 N0206_R005_T44TLP 27.07.2018 Sentinel-2 (S2MSI2C)
S2A MSIL2A 20190712T053651 N0213 R005 T44TLP 12.07.2019 Sentinel-2 (S2MSI2A)
S2A_MSIL2A_20200726T053651 N0214 R005_T44TLP 26.07.2020 Sentinel-2 (S2MSI2A)
S2A_MSIL2A 20210731T053651 N0301_R005_T44TLP 31.07.2021 Sentinel-2 (S2MSI2A)
S2A MSIL1C 20220726T053651_N0400_R005_T44TLP 26.07.2022 Sentinel-2 (S2MSI2C)
S2A MSIL2A 20230721T053651 N0509 R005 T44TLP 21.07.2023 Sentinel-2 (S2MSI2A)

SRTMIN43E078V3 23.09.2014 SRTM

SRTMIN43E079V3 23.09.2014 SRTM

SRTMIN43E080V3 23.09.2014 SRTM

Pre-processing and classification of the satellite
images and further making of the thematic maps were
carried out using the widely used GIS applications
SNAP; QGIS: ENVI 5.0; ArcGIS.

To assess the state of the vegetation cover of the
study region widely used vegetation indices were
applied, such as NDVI (Normalized Difference
Vegetation Index) and NDWI (Normalized
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Difference Water Index), which are linear and
fractional-linear combinations of three spectral
channels: 665 nm (red spectral range); 560 nm
(green spectrum range), 705 nm (near infrared
spectrum range), calculated by the formula:

__ gNir - pR

NDVI = oNir + pR e
_ pb - gNir

NDWI = aC + pNir ()

where:

pNir — pixel value in the near infrared channel
of the spectrum,;

pR — pixel value in the red channel of the
spectrum;

pG — pixel value in the green channel of the
spectrum;
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We used the NDVI index to assess the condition
of floodplain ecosystems, as well as for seasonal
comparative analysis [26]. Multi-channel spectral
indices, in particular the NDWI water index [27],
as well as thematic classification, linear separation
and single channel classification using separation
threshold [28] have been used in remote sensing of
the water surface area of floodplain reservoirs and
watercourses.

For the classification of floodplain biocenoses,
a “dynamic threshold segmentation” algorithm
was used where the basis for riparian vegetation
was multi-temporal NDVI series and for aquatic
ecosystems was NDWI [29]. Threshold ranges were
extracted automatically, the threshold range set for
NDWI was: > 0.1 — < 0.99; for NDVI: > 0.26 — <
0.99 (Fig. 2).
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Figure 2 — NDVI threshold values for different types of floodplain hydromorphic ecosystems
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As a result of clustering, the resulting data
were post-processed to correct vector contours of
floodplain ecosystems and tugay forest boundaries
using ArcGIS software, and the accuracy of the
classification was verified using high-resolution
satellite imagery, field research data, and land use
data.

In addition to remote sensing techniques, a set
of field works was carried out in 2022-2023 in the
study region. During the field researches the data
on vegetation cover and landscape features at 63
representative sites from different types of tugay
biocenoses were collected. The obtained field data
on land cover in the form of GPS key points were
mapped on space images for further classification of
the main biocenoses.

To analyze the dynamics of the hydrological
regime of the middle flow of the Ili River (for the
period 2000-2020), the data of RSE “Kazhydromet”
from the gauging stations “Dobyn Wharf”, located 25
kilometers below the border with the PRC (43°45°29.
88 “N, 80°13°50.09 “E) and gauging station No. 164
located 164 kilometers upstream of the Kapshagay
HPP dam (43°50°11.87 “N, 78°49’42.54 “E). The
regime of precipitation and surface temperature in

the survey area was considered by 2 meteorological
stations: MS Kapshagay (43°55°20.42 “N 77°
5°50.33 “E) and MS Zharkent (44° 8°40.78 “N,
79°59°28 “E) (Fig. 1).

Results of the study

Climatic changes in the study region

Atmospheric precipitation regime in the survey
area was considered for 2 meteorological stations
(MS Kapshagay, MS Zharkent) for the period
2001-2022. In the annual course of precipitation,
the maximum falls on spring months with an
average value of 105 mm. and the secondary
maximum is noted in the fall (October-November),
where the long-term average precipitation is equal
to 60 mm. The minimum precipitation occurs
in August-September and in January-February
throughout the study area. In general, warm
period (TP) precipitation prevails during the year.
Analysis of the linear trend in the time course of
annual precipitation amounts and precipitation
amounts for warm and cold periods (WP) for both
meteorological stations under consideration shows
a negative trend (Fig. 3).
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Figure 3 — Averaged annual precipitation sums at MS Kapshagay (A) and Zharkent (B);

Maximum negative values of the linear trend
coefficient were observed at the Kapshagay MS
(-3.8 mm/year). In the warm period of the year, the
character of precipitation change approximately
corresponds to the annual one with a negative
trend (-4.7 mm/year). In Zharkent there is also
a pronounced negative trend in average annual
precipitation (minus 1.4 mm/year). In the cold

period of the year, a weak positive trend (0.57-0.88
mm/year) is observed according to the data of the
meteorological station. Despite the large variability
of atmospheric precipitation from year to year in
the period under observation (2001-2022) can be
noted anomalously rainy years: 2002, 2010 and
2016 where an average of 40% more precipitation
from the mean annual value of 310 mm. There is
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also a change in the ratio of warm and cold period
precipitation, if in the last decade (2001-2011) the
ratio was 37/63%, in the last ten years (2012-2022)
the percentage of cold period precipitation increased
by 5% —i.e. 42/58%.

The main characteristics of the temperature
regime are average annual and average monthly air
temperature values, as well as absolute maximum
and absolute minimum. The deviations of the actual
temperature from its long-term average (norm)
provide insight into the temperature variability. The
initial material for the study included long-term data

(2000-2022) on air temperature at 2 meteorological
stations (MS) located in the study area: Kapshagay
and Zharkent.

Winter months show the highest inter-annual
variability, while summer months show the lowest.
Thus, the long-term average air temperature can
vary in January from -0.1 °C to -9.7 °C, and in July
from 22.6 °C to 25.5 °C. Temperatures of the warm
period of the year, especially summer temperatures,
are quite stable, their inter-annual variability is
minimal compared to other months of the year
(Fig. 4).
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Figure 4 — Graphs of multi-year dynamics of mean annual temperatures
at MS Kapshagay (A) and Zharkent (B);

The first general feature to note is the positive
trend in surface air temperature anomalies for the
mean annual temperature and the absence of any
trend for the cold period. Thus, the mean annual
temperature in Kapshagay increased by 0.25°C/10
years, and the temperature of the warm period
increased by 0.4°C/10 years; the temperature for
the cold period remained unchanged and amounted
to 0.02°C/10 years. However, it should be noted
that the temperature of the summer season is
less variable compared to the temperature of
other seasons. Zharkent is characterized by the
following temperature changes: the average annual
temperature increased by 0.3°C/10 years, the warm
period (WP) temperature increased by 0.5°C/10
years, and the thermal regime of the cold period by
0.1°C/10 years. Figure 4 shows the time course of
surface air temperature for annual mean, cold period
and warm period according to MS Kapshagay and
Zharkent (Fig. 4).
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Trends of changes in the hydrological regime of
the 1li River for the period 2001-2020

The main complex factor determining the features
of the natural complex of the Ili River floodplain
located in the arid zone is the hydrological regime
and, first of all, the nature of spring and summer
floods, which have been artificially regulated since
1970. Therefore, ecological grounding of the regime
of artificial regulation of water flow and tracking
the consequences of such regulation is of great
importance in the monitoring system in this region
[30-32].

To analyze the dynamics of the hydrological
regime of the lower reaches of the Ili River (for the
period 2001-2020), data from the gauging station
“Dobyn Wharf” and gauging station No. 164,
located 164 kilometers upstream of the Kapshagay
HPP dam, were used.

According to water discharge measurements
at the Dobyn gauging station, there was a
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significant decrease in the flow of the Ili River,
in particular, the amount of water coming from
China decreased by 30%. Despite the noticeable
decrease in the total flow during the period under
consideration, we can highlight the anomalously

high-water years — 2010 and 2016, with an
average annual water flow of 594 and 641 m?/
sec, respectively. Dry years include 2014 and
2020, where the average flow was below 350 m?*/
sec (Fig. 5).
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Figure 5 — Combined graph of average annual and average monthly water discharge in m*/sec
(based on data from “Dobyn Wharf” hydropost)

According to long-term data for the last 20
years, the following periods can be distinguished:
spring flood (April-May, with an average monthly
discharge of 422 m*/sec), three-month summer flood
(with an average monthly discharge of 573 m¥/sec)
and seven-month autumn-winter low water (with
an average monthly discharge of 367 m?/sec). The
maximum average monthly water flow, more than
600 m¥/sec, is observed in July during the most
intensive melting of snow and glaciers.

When considering the variability of distribution
within the annual runoff, the most informative are
the distinctions of high-water years from low-water
years. According to our observations over the last 10
years, the high-water years can include 2015-2017,
where the average discharge of the three-month
summer flood reached 860 m?/sec, whereas in the
last three years (2018-2022) it decreased almost three
times reaching a minimum of 290 m*/sec (Fig. 5).

The problem of reducing water flow in the Ili
River as a transboundary river is extremely complex
and has no unambiguous solutions. Against the
background of global warming and reduction
of glacier reserves, the issue of water allocation
between Central Asian countries becomes even
more complicated and urgent.

Dynamics of floodplain ecosystems in the Ili
River delta

Tugay belongs to special so-called intrazonal
hydromorphic ecosystems, predated to river
valleys and deltas, as well as to the shores of
lakes and reservoirs and areas of groundwater and
subsurface water outflow. As in the case of “zonal”
ecosystems, the spatial distribution of intrazonal
ecosystems reflects latitudinal and altitudinal
zonality.

Using space data and remote sensing methods
with subsequent linkage to ground data, we have
identified 3 subtypes of hydromorphic ecosystems
in the study region:

- meadow ecosystems formed on alluvial soils
of meadow series and often used as hayfields;

- grassy-marsh ecosystems, confined to soils of
the marsh series, formed under excessive moisture
on negative relief positions;
floodplain-forest ecosystems, formed in
streamside areas on primitive alluvial meadow-
tugay soils.

In addition to the above ecosystems, the authors
also determined the dynamics of changes in aquatic
ecosystems including channels and floodplain lakes
(Figure 6).
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Figure 6 — Aerial photo of general view of floodplain ecosystems of the Ili River valley

The vegetation cover of meadow ecosystems is
directly related to river activity and occupies the first
floodplain terrace, where some relief elements are
flooded annually and others are flooded sporadically
or not at all, i.e. areas of dry meadows alternate with
flooded or marshy meadows. Diversity of meadow
communities is usually found with predominance of
coarse-stemmed and soft-stemmed grasses: bushgrass
(Calamagrostis epigeios), common reed (Phragmites
australis), needlegrass (Achnatherum calamagrostis),
reed canary grass (Phalaris arundinacea), couch
grass (Elytrigia repens), barley (Hordeum bogdanii).
They form both monodominant communities and
in various combinations with each other, often with
a considerable admixture of grasses and weeds:
bushgrass-cough grass-herb, cough grass-reed-herb,

cough grass, bushgrass, barley grass, reed-dogbane,
canary grass-cough grass. Licorice and bramble
thickets are found in large areas (Fig. 7).

Grassy-marsh ecosystems are represented on
the coast of the Ili River channel and islands (in
the form of rather dense reed thickets), formed as
a result of meandering of its channel, as well as
periodic, mainly early-spring flooding on fluvial-
marsh, meadow-marsh, marsh-meadow, less often
floodplain meadow soils. Common reed here
forms monodominant communities with projective
cover of almost 100% and height of 1.5-2.0 m. In
these ecological conditions, together with reed
communities, cattail, spikesedge, spikesedge-marsh,
reed-spikesedge, reed-cough grass communities are
found (Fig. 8).

Figure 7 — Grass — herb community on meadow
soil of the Ili River floodplain
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Figure 8 — Reed-cattail communities of the Ili River floodplain
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Regarding the floristic composition of Analysis of satellite images allowed to observe
ecosystems represented in the surveyed region, it  the dynamics of changes in the area ratios of the
should be noted that floodplain-forest ecosystems  main subtypes of hydromorphic ecosystems with
(riparian forests) are represented by the largest  the subsequent creation of thematic GIS maps of the
number of species. As a rule, they are confined study area (Fig. 10).
to riverbed areas and belong to the type of semi-
hydromorphic intrazonal ecosystems. Their main
edificators are xeromesophilic mesothermal trees
— turanga poplars (Populus Diversifolia (Populus
euphratica), P. ariana, P. pruinosa), oleaster
(Elaeagnus turcomanica, E. orientalis), willow
(Salix songarica), often wrapped with vines
(Cynanchum sibiricum, Clematis orientalis), as well
as large shrubs and tall grasses: tamarisk (Tamarix
ramosissima, T. meyeri, T. floror. meyeri, T.
florida, T. laxa, T. elongata, etc.), common salt tree
(Halimodendron halodendron), reed (Phragmites
australis), reed grass (Calamagrostis dubia, C.
epigeios, C. pseudophragmites), cough grass
(Elytrigia repens), dogbane (Trachomitum scabrum)
(Fig. 9)- Figure 9 — Tugay forests
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Figure 10 — Thematic GIS maps of changes in the main types of hydromorphic ecosystems
of the river floodplain

Among the studied time series, 2016 is  months — 1118 m*sec, while it reached a maximum
distinguished with anomalous high water content  of 1350 m*/sec in July. A sharp increase in water
with the average monthly flow for the summer availability by 45% in a short time resulted
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in extensive flooding not only of floodplain
terraces but also of over-floodplain coastal semi-
hydromorphic ecosystems. According to the data
from gauging station No. 164, during the summer

2023

2022

2021

2020

2019

2018

floods the river level rose by almost 1.8 meters,
and the flooded area according to calculations of
authors in the study area amounted to almost 298.4
km? (Fig. 11).
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Figure 11 — Area ratios of the main subtypes of hydromorphic ecosystems
of the Ili River floodplain over the last 8 years in km?* and percent.

A similar abnormally high summer flood
occurred in 2010, but then the flooded area was
24% smaller and amounted to 230 km?. Field work
conducted in the lower reaches of the Ili River in
2012 showed that after flooding, in areas with light
soils, where the salt content in soils decreased as a
result of washout.

Rich development of mesophytic vegetation was
also noted — there appeared areas of grass, bushgrass
(Elytrigia repens), cough grass (Calamagrostis
epigeios), grass-herb  (Glycyrrhiza uralensis,
Leumus multicaulis) meadows, abundant renewal
of tugay vines, especially bugle vine (Calystegia
sepium) and Chinese clematis (Clematis orientalis).
In the areas with heavier soils, among dogbane-
wildrye-licorice (Glycyrrhiza uralensis, Leumus
multicaulis, Trachomitum lancifolium) meadows
there were spotted saline areas with halophytic-
annual-saline (Suaeda linifolia, S.heterophila,
Saussurea salsa, Limonium otolepis, Puccinellia
dolicholepis) cenoses.

Marsh-meadow and alluvial-meadow soils
with heavier mechanical composition are literally
cemented after flooding, i.e. soil drying processes
are preserved, as a result of which the vegetation
cover does not fully recover cough grass and
bushgrass meadows, typical for these massifs under
natural flood regime.
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Such flooding is very important for maintenance
of groundwater level and for sustainable development
of floodplain hydromorphic ecosystems, in
particular, tugay forests.

In the following three years (2017-2019), the
average annual river flow decreased to an average
of 383 m'/sec, resulting in a sharp decrease in
aquatic ecosystems. At the same time, floodplain
hydromorphic ~ ecosystems, unlike  aquatic
ecosystems, did not undergo much change due to
groundwater accumulation in 2016.

In 2020, water flow during summer months
amounted to 165 m?/sec, which is a record low for
20 years of observations. Such dramatic negative
changes led to drying of meadow soils with
subsequent salinization. The field studies conducted
by authors in 2022-2023 on the middle reaches of the
Ili River, as well as data obtained from space images
show the continuing decrease in water availability
in summer floods, which in turn negatively affected
floodplain ecosystems, in particular riparian forests.

Conclusion

The main factor affecting the state of biotic
components of tugay ecosystems in the floodplain of
the middle reaches of the Ile River is the reduction
in the range of fluctuations in water flow rates and
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levels in the annual cycle, due to flow regulation in
the interests of irrigated agriculture in the PRC and
Kazakhstan, as well as due to climatic changes.

According to water flow measurements at the
border Dobyn gauging station, in recent decades, and
especially since 2018, the average annual flow of the
Ili River coming from China has decreased by 30%,
despite a significant increase in the total annual flow
in the basin, associated with the melting of glaciers
and snowfields as a result of climate warming.
Naturally, this circumstance negatively affects the
state of the considered riparian ecosystems.

At the same time, in the 22-year period under
consideration there can be distinguished anomalously
high-water years — 2010 and 2016 with average
flow rates of 594 and 641 m’/sec, respectively. Dry
years include 2014 and 2020, when the average
annual discharge was below 350 m?/sec. Analysis
of thematic GIS maps of changes in the main types
of the studied hydromorphic ecosystems of the Ile
floodplain showed that the abnormally high-water
year 2016 with high precipitation caused large-scale
flooding in the floodplain areas and an increase in the
area of hydromorphic ecosystems up to 298.4 km?.
The water level rise in the Ili River during the warm
period of'this year reached 1.8 meters and at this time,
as it is evident from the results of field surveys, even
the upper floodplain was flooded over a significant
area. It should be especially noted that the high
water level and prolonged flooding of the floodplain
in 2016 caused a significant expansion of the total
area of hydromorphic and semi-hydromorphic tugay
ecosystems. Notably, this increase in area had an

unexpectedly long-term effect that persisted until
2022, despite the low water period that began in
2017. Preliminarily, it can be said that high levels
of flooding of floodplain ecosystems can provide a
2—-4-year lag in the maintenance of normal state of
ecosystems in the area. This could be a significant
argument in formulating decisions in managing
regulated flooding of the middle reaches and upper
stream of the Ili River.

The results of the research show that under
the conditions of decreasing flow of the Ili River
due to the growth of irrigated land area, combined
with pronounced regional climate warming and
decreasing precipitation, preservation of unique
tugay ecosystems on the Ili River is possible only
under the coordinated interstate environmental
policy of PRC and Kazakhstan.
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FLORISTIC COMPOSITION OF SOME PLANT COMMUNITIES
INCLUDING JUNIPERUS SERAVSCHANICA
KOM. IN AKSU-ZHABAGLY STATE NATURAL RESERVE

The floristic composition of plant communities, including Juniperus seravschanica Kom. from the
Aksu-Zhabagly state natural reserve, was studied. Three populations of J. seravschanica represented by
8 cenopopulations have been studied. The list of studied plant communities with the participation of J.
seravschanica includes 254 species of 175 genera from 51 families. The majority of them are herbaceous
plants (87%), trees, and shrubs — 32 species (13%). The leading position among these species have
representatives of 11 main families, constituting 56% of the total list: Apiaceae Lindl., Asteraceae Du-
mort., Brassicaceae Burnett, Scrophulariaceae Juss., Caryophyllaceae Juss., Fabaceae Lindl., Lamiaceae
Lindl., Liliaceae Juss., Poaceae Barnhart, Ranunculaceae Juss. and Rosaceae Juss. It were also revealed
that there are other rare species listed in the Red Book of Kazakhstan — Ungernia sewerzowii (Regel) B.
Fedtsch., Mediasia macrophylla (Regel ex Schmalh.) Pimenov., Arum korolkowii Regel, Eminium lehm-
annii (Bunge) O.Kuntze, Centaurea turkestanica Franch., Celtis caucasica Willd., Allochrusa gypsophiloi-
des (Regel) Schischk., Euonymus koopmannii Lauche, Rhaphidophyton regelii (Bunge) ljin, Colchicum
luteum Baker, Medicago tianschanica Vassilcz., Juno coerulea (B. Fedtsch.) Pofak., Tulipa greigii Regel,
Tulipa kaufmanniana Regel, Malus sieversii (Ledeb.) M. Roem., and Valeriana chionophila Popov & Kult.
Since J. seravschanica plays an important ecological role and has an important forest-forming, water-
protective, soil-protective, and anti-mudflow value, the study of the current state of cenopopulations
with its participation may be a valuable source of information for the conservation and rational use of
genetic resources in the Western Tien Shan. The results obtained in the current study will be used further
in the study of the genetic diversity research of wild flora, including species of the genus Juniperus.

Key words: Juniperus seravschanica, species, plant community, cenopopulation, population, Aksu-
Zhabagly state natural reserve, floristic composition.

M.M. EpmarambeTtoBa’?, A.A. MBalueHko?,
C.M. Abyraamesa’, LLI.C. AAbmepekosa'”
TLLIXKK PMK «OciMAiIKTEP BUOAOTUSIChI XKOHE BUOTEXHOAOTMSCHI MHCTUTYTbI», KasakcTaH, AAMaThl K.
29A-Mapabu aTbiHAafFbl Kasak YATTbIK yHMBepcuTeTi, KasakcTaH, AAMathbl K.
3KP F2XKBM FK 3o00Aorus nHctutyThl, KasakcraH, AAMathbl K.
‘e-mail: almerekovakz@gmail.com

Akcy-)KabarbiAbl MEMAEKETTIK TaOMFU KOPbIFbIHAAFbI
Juniperus seravschanica kom. kaTbicybimeH
Keilbip ecimaikTep GipAecTikTepiHiH, (pAOpPaAbIK Kypambl

Akcy-KabarbiAbl MEMAEKETTIK TabuFn KopbiFbiHAa KbI3biA KiTanka eHred Juniperus seravschani-
ca Kom. TypiHiH KaTbICybIMEH 6CIMAIKTED GIPAECTIriHiH (PAOPAAbIK Kypambl 3epTTeAAi. 3epaBuiaH
apLUacbiHbIH 8 LEHOMONYyASUMSIAAQH TypaTbiH 3 MONYASUMSCbl 3epTTEAAIL. J. seravschanica KaTblCybIMeH
3ePTTEAreH 6CIMAIK KaybIMAACTbIFbIHAAFbI TYPAEPAIH XKMbIHTbBIK, Ti3iMiHe 51 TyKbiIMAACKa XaTaTblH175
TYbICTbIH 254 Typi Kipeai. OAapAbIH KOMLWLIAIFiH WenTeciH eciMaikTepAeH (87 %), cOHAa-aK, aFawiTap
MeH GyTarapabiH — 32 TypiHeH (13 %) Typaabl. XKaAnbl Ti3iMHIH 56% 11 Heri3ri TykbiIMAaC eKkiaaepi
Kyparnabl: Apiaceae Lindl., Asteraceae Dumort., Brassicaceae Burnett, Scrophulariaceae Juss., Caryo-
phyllaceae Juss., Fabaceae Lindl., Lamiaceae Lindl., Liliaceae Juss., Poaceae Barnhart, Ranunculaceae
Juss. >xoHe Rosaceae Juss. bya GipaecTikTepaiH KypambiHaa KasakcTaHHbiH, Kbi3blA KiTaOblHa eHreH
6acka Aa cMpek TypAepaiH 6ap ekeHi aHbikTaaabl — Ungernia sewerzowii (Regel) B. Fedtsch., Me-
diasia macrophylla (Regel ex Schmalh.) Pimenov., Arum korolkowii Regel, Eminium lehmannii (Bunge)
O.Kuntze, Centaurea turkestanica Franch., Celtis caucasica Willd., Allochrusa gypsophiloides (Regel)
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Schischk., Euonymus koopmannii Lauche, Rhaphidophyton regelii (Bunge) ljin, Colchicum luteum
Baker, Medicago tianschanica Vassilcz., Juno coerulea (B. Fedtsch.) Poljak., Tulipa greigii Regel, Tuli-
pa kaufmanniana Regel, Malus sieversii (Ledeb.) M. Roem., and Valeriana chionophila Popov & Kult.
J. seravschanica MaHbI3Abl OpMaH TY3€TiH, CyAbl, TOMbIPAKThl KOPFAY >K&HE CeAre KapChl MaHbi3bl 6ap
3KOAOTUSIAbIK, POA aTKAPATbIHABIKTAH, OHbIH KATbICybIMEH LIEeHOMOMYASLUMSIAAPAbIH Ka3ipri >KaFAarblH
3epTTey HoTmxKeAaepi batbic TsaHb-LLlaHbAaFbl reHeTMKaAbK, PecypcTapAbl CakTay >KOHe YTbIMAbI
namMAaAaHy yLIiH KyHAbI aKrnapaT ke3i 60Aa araAbl. AAbIHFAH HaTMXKeAep >kabarbl ©CIMAIK TYPAEPIHIH,
OHbIH iWiHAE Juniperus TybICbl TYPAEPiHIH FreHETUKAAbIK, AAYAHTYPAIAITIH 3epTTeyAe KOAAAHBIAQADI.

Tyiin ce3aep: Juniperus seravschanica, TypAaep, ecCiMAiKTep OipAecTiri, UeHononyAsums,
nonyAsuus, Akcy->XabarbiAbl MEMAEKETTIK TaBUFKN KOPbIFbl, (PAOPAABIK, KYpambl.
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MAOPUCTUYECKHMI COCTAB HEKOTOPbIX PACTUTEAbHbIX COOOLLLECTB C
yuyactuem Juniperus Seravschanica Kom. B Akcy-)KabaranHckom
lFocyaapcTBeHHOM [pupoaHOM 3anoBeaHuke

M3yueH HAOPUCTUUECKUMIA COCTAB PACTUTEAbHbIX COOOLECTB C y4vacTMEM KPACHOKHMXKHOIO
BMAQ Juniperus seravschanica Kom. B  Axcy-)KabarAMHCKOM roCyAapCTBEHHOM — MPUPOAHOM
3anoBeAHuKe. BblAO M3yueHO 3 MOMyASuMM MOXKXKEBEAbHMKA 3€paBLUAHCKOrO, MPEACTaBAEHHbIX 8
ueHononyAsumamu. CBOAHBIA CMMCOK (PAOPbI PACTUTEAbHbBIX COOOLLECTB C y4yacTuem Juniperus se-
ravschanica Bkaouaet 254 BMAOB M3 175 poaa 51 ceMeNCTB. BOAbIUMHCTBO M3 HUX MPEACTABAEHO
TPaBSIHUCTbIMKM  pacTeHusMn (87 %), ApPeBeCHO-KyCTapHMKOBbIX — 32 Buaa (13 %). Beayuiee
MOAOXEHWE 3aHMMAIOT MPEACTaBUTEAM 11 OCHOBHbIX CEMEICTB, COCTaBAsIOWMX 56 % OT obuiero
cnmcka: Apiaceae Lindl., Asteraceae Dumort., Brassicaceae Burnett, Scrophulariaceae Juss., Caryo-
phyllaceae Juss., Fabaceae Lindl., Lamiaceae Lindl., Liliaceae Juss., Poaceae Barnhart, Ranunculaceae
Juss. 1 Rosaceae Juss. BbIIBAEHO, UTO B COCTaBe A@HHbIX COOOLLECTB BCTPEUAOTCS APYrve peaskue
BUAbI, 3aHeceHHble B KpacHyto kHury KasaxcraHa — Ungernia sewerzowii (Regel) B. Fedtsch., Media-
sia macrophylla (Regel ex Schmalh.) Pimenov., Arum korolkowii Regel, Eminium lehmannii (Bunge)
O.Kuntze, Centaurea turkestanica Franch., Celtis caucasica Willd., Allochrusa gypsophiloides (Regel)
Schischk., Euonymus koopmannii Lauche, Rhaphidophyton regelii (Bunge) ljin, Colchicum luteum
Baker, Medicago tianschanica Vassilcz., Juno coerulea (B. Fedtsch.) Poljak., Tulipa greigii Regel, Tuli-
pa kaufmanniana Regel, Malus sieversii (Ledeb.) M. Roem., and Valeriana chionophila Popov & Kult.
IMockoAbKy J. seravschanica nrpaet Ba>kHyio 3KOAOTMUYECKYIO POAb, UMEET BaXkHOe Aecoobpasyioliee,
BOAOOXPAHHOE, MOYBO3ALLMTHOE U MPOTMBOCEAEBOE 3HAUYEeHUE, Pe3yAbTaTbl U3yUYeHUs] COBPEMEHHOIO
COCTOSIHUSI PACTUTEAbHbIX COOOLLECTB C €ro y4acTMem MOryT ObiTh LIEHHbIM MCTOMHUKOM MHOpMaLLMm
AAS COXPAHEHUSI U PALMOHAABHOIO MCMOAb30BaHMSI FTEHETUUYECKMX pecypcoB B 3anaaHom TsaHb-LLlaHe.
[MoAyueHHble pe3yAbTaTbl MOTYT OblTb MCMOAb30BaHbl B M3y4YEHUM FEHETUYECKOro pasHoobpasus
AMKOPACTYLIMX BUAOB PACTEHUI, BKAIOYAs BUAbI POAA Juniperus.

KatoueBble caoBa: Juniperus seravschanica, BMABI, pacTUTEAbHOE COOOLIECTBO, LEHOMOMyASLMS,
nonyAsiumsi, Akcy->KabarAMHCKMI roCy AQPCTBEHHbIN MPUPOAHDBIN 3aMOBEAHUK, (DAOPUCTUYECKMIA COCTAB.

Introduction

Juniperus L. is the most numerous genus in the
family Cupressaceae Bartl. It represents evergreen
coniferous trees or shrubs found on almost all
continents in a variety of environmental conditions
[1]. Thereareabout 75 species of junipers inthe world,
belonging to 3 sections: Caryocedrus, Juniperus,
Sabina [2]. All types of juniper are widely used in
folk medicine, they play an important ecological
role in nature, protecting soils from erosion and
reducing mudflow hazard. Many species of junipers
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are dominant representatives of plant communities
in mountain systems [3]. In Kazakhstan there are 7
species of junipers, which are one of the important
components of mountain forest phytocenoses [4, 5].
The object of this study were plant communities
with the Zeravshan juniper (Juniperus seravschanica
Kom.), included in the Red Book of Kazakhstan
(category III) [6]. J. seravschanica is a wind-
pollinated, drought-resistant, slow-growing tree (Fig.
1), reaching a height of up to 10 m, leaves are oblong,
sharp with an oblong gland on the back, cones are
large, spherical or ovoid, 10-13 mm in diameter [7].
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Picture 1 — The object of research is the Red Data Book
species Juniperus seravschanica Kom.

J. seravschanica is widely distributed in
southern Kazakhstan, southeastern Uzbekistan,
western  Kyrgyzstan, and the mountainous
regions of Tajikistan and northern Afghanistan
[3]. In Kazakhstan, J. seravschanica is found on
the mountain ranges of the Western Tien Shan
(Karzhantau, Ugamsky, Talassky Alatau), Syrdarya
Karatau (Boraldaytau), the western part of the
Kirghiz Range, forming sparse forests everywhere,
and in small areas, more dense communities [6, 8].

The study area is in the Turkestan region’s Aksu-
Zhabagly state nature reserve. According to the
floristic zoning of Kazakhstan, this area belongs to
the 29th floristic region — “Western Tien Shan” [7].
This area is a unique environment, rich in floristic
diversity of higher vascular plants, and makes up
about 50% of the flora of the Western Tien Shan
and almost 25% of the flora of all Central Asia [9].
Representatives of about 20 genera endemic to the
Central Asian Mountain system grow here, which
indicates a high degree of endemism. Also, on the
reserve territory of the wild relatives of cultivated
plants, medicinal plants, and species listed in the Red
Books of Kazakhstan, Uzbekistan, and Kyrgyzstan
are occurred [10]. Despite the wide distribution of
J. seravschanica, a decrease in the number of natural
populations is observed. Sparse woodlands dominated
by J. seravschanica are most widespread in these
regions, although the availability of zeravshan juniper
growing in the lower belt has determined the greatest
anthropogenic impact on them [11]. The main factor
in reducing the number of species is the use of wood
for construction, overgrazing, fires, and haymaking,
which prevent natural renewal [12].

The altitudinal range of J. seravschanica
ranges from 500 to 3500 m above sea level. The
main massifs of juniper forests occupy the slopes
of southern exposures in the altitude range of
1200 (1600) — 2000 (2400) m and form the lower
boundary of the type. On Talas Alatau ridge the
juniper forests occupy a height interval of 1200-
2000 m, on the Ugam ridges — 1200-2200 (2500)
m. At the upper boundary above (more than 2200-
2400 m) more cryophilic species are common
— J. semiglobosa Regel and J. turkestanica Kom.
[13, 14]. J. seravschanica grows on fine-earth,
more often rubbly-stony mountain gray-brown
(xeromorphic), less often on mountain brown and
light brown leached soils underlain by dense rocks.
J. seravschanica can grow on a wide variety of
substrates, from steep (up to 70°) rocky outcrops to
powerful brown soils with significant (up to 16%)
humus content. The average annual temperature in
the J. seravschanica area is +6-10°C, the duration
of the frost-free period is 150-190 days, the annual
precipitation reaches up to 600-700 mm (with a
winter-spring maximum), the average relative
humidity in summer period is 25-35 % [11, 15].
The natural regeneration of J. seravschanica is
usually weak. Over the entire area of the range,
light forest formations from J. seravschanica find
optimal conditions for development in the middle
mountains, which indicates a high thermophilicity
of the species [11].

The floristic composition of plant communities
of junipers with the J. seravschanica in the Western
Tien Shan has not been studied enough. The last
detailed studies of juniper forest communities’
floristic composition and diversity were carried
out in 1962-1980. According to the results of
these works, the floristic composition ranges from
80 species [16], 137 species [17], 40-50 species
[18], and 159 species [11]. This indicates the need
for regular monitoring and strengthening of the
protection of communities.

The main purpose of this work is to study the
floristic composition of the plant communities
of juniper forests with the participation of J.
seravschanica in the Aksu-Zhabagli State Nature
Reserve (SNR).

Materials and methods

Expedition trips to the Aksu-Zhabagly State
Nature Reserve (SNR) were carried out in 2021,
data processing was carried out in 2021-2022. Three
populations of J. seravschanica were studied on the
territory of the Aksu-Zhabagly SNR. Population 1,
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explored in the Baldabrek Rivervalley, Darbaza tract,
consisted of 4 cenopopulations (CP). Population
2 growing in the Aksu canyon was represented by
2 cenopopulations [5]. Population 3 explored in
the Bala-baldabrek River valley, Chuuldak tract
and consisted of 2 cenopopulations. The studies
were carried out with the route-reconnaissance
method using a GPS navigator (GPS ETREX 20,
Garmin). These points were fixed and thoroughly
investigated, and test sites were laid in size from
10x10 to 5050 m.

Geobotanical descriptions of sites were carried
out according to generally accepted methods [19,
20], species abundance according to the Drude scale
[21], and plant identification — using regional and
republican summaries, determinants, and reference
books [7, 22, 23]. Herbarium samples were collected

and processed to accurately identify the types of
communities [5]. The nomenclature of taxa is based
on the summary of Cherepanov [24] and Abdulina

[4].
Results and discussion

Asaresultofresearch on the territory of the Aksu-
Dzhabagly SNR, 3 populations of J. seravschanica
were identified, and a geobotanical description
of plant communities with its participation was
carried out. Each population included several
cenopopulations: population 1 — 4 cenopopulations,
population 2 — 2 cenopopulations, and population
3 — 2 cenopopulations (Table 1). The Red Book
species [6] of the studied community are highlighted
in bold (Table 2).

Table 1 — Characteristics of cenopopulations with the participation of Juniperus seravschanica

. Ceno- Location, GPS coordinates, altitude (m) . Total projective | Number of
Populations . . Community name )
populations above sea level, soil surface cover, % species
Darbaza tract, right bank of the
Baldabrek river, Cereals — forb
C southern slope; - . o
P-1 42.252497. 70 440052 juniper forest with J. 60% 30
altitude 1800-2100 m above sea level, seravschanica
gravel-stony soil
Darbaza tract, left bank of the Baldabrek
southwgs\;zlr‘;l slone: Forb-cereal-alfalfa
CP-2 42253742 70 4421;6’0' mixed juniper forest 70-75% 51
altitude 19502000 m a.s.L.; with /. semiglobosa
Population 1 fine gravel (50-60%) with rare stones
Darbaza tract, right bank of the
Baldabrek river, southern rocky slope, | Forbs — cereal mixed
CP-3 42.252599, 70.440053; juniper forest with 50 % 46
altitude 2000-2100 m above sea level, J. semiglobosa
rocky soil
Darbaza tract, right bank of the
Baldabrek river, Forb-cereal
southwestern slope; Lo o
CP-4 42252539, 70.439733 juniper forest 50-60% 60
altitude 1700-1850 m above sea level, (/. seravschanica)
rocky slope with fine gravelly soil
The middle part of the Aksu canyon, the
right bank of the Aksu river, the southern
slope; Eremurus- cereal -forb o
CP-5 42331250, 70.372583; with J. seravschanica 0% %
altitude 1535-1610 m above sea level,
) gravelly soil
Population 2 -
Aksu canyon, right bank of the Aksu
River, southern slope; .
42.331199, 70.378189; altitude 1300- Woody-shrub with )
CP-6 1500 m above sea level cereal -forb herbage 70% 98
densely finely gravelly, rarely with large with /. seravschanica
stones
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Table continuation

. Ceno- Location, GPS coordinates, altitude (m) . Total projective | Number of
Populations . . Community name o .
populations above sea level, soil surface cover, % species
Chuuldak tract, left bank of the Bala-
baldabrek river, Savannah-
southern slope; cereal -forb juniper o
Cp-7 42285569, 70.402514; forest 0% 38
altitude 1600-1800 m above sea level, (J. seravschanica)
) fine gravelly soil
Population 3 Chuuldak tract, left bank of the Bala-
baldabrek river, Savannah —
southeast slope; wheatgrass -forb
CP-8 mixed juniper forest 100 % 41
42.285167, 70.431194; (J. seravschanica
height 1890-1975 m above sea level, T semiglobosa)’
gravel-stony soil '

Population 1 was studied in the Baldabrek river
valley, in the Darbaza tract, at an altitude of 1700-
2100 m above sea level. CP-1, CP-2, CP-3 and CP-4
were studied in this area.

CP-1 was found on the right bank of the
Baldabrek River, in the southern slope, at an altitude
of 1800 to 2100 m above sea level, GPS coordinates N
42.252497, E 70.440052. The vegetation cover of this
area is represented by cereals-forb juniper forest with
J. seravschanica (with the predominance of Festuca
valesiaca Gaudin, Hordeum bulbosum L., Piptatherum
ferganense (Litv.) Roshev. ex Nikitina, Poa bulbosa
L., Eremurus regelii Vved., etc.). The soil surface is
gravel-stony. The total projective cover of plants (TPC)
is 60%. The floristic composition of CP-1 consists of
30 species belonging to 23 genera and 17 families.

CP-2 was found on the left bank of the
Baldabrek River, on the southwestern slope, at
an altitude of 1950 to 2000 m above sea level,
GPS coordinates N 42.253742, E 70.442360.
The soil is 50-60% fine gravel with rare stones.
The vegetation cover of this area is represented
by a forb-cereal-alfalfa mixed community, with
the predominance of Achillea setacea, Cousinia
chrysantha, Taraxacum montanum, Lindelofia
stylosa, Campanula glomerata, Calamagrostis
epigejos, Elytrigia repens, Medicago lupulina,
M. tianschanica, etc.). The authors of the species
names are presented in Table 2. The total projective
cover is 70-75%. The floristic composition of
CP-2 consists of 51 species representing 41
genera from 21 families.

Table 2 — Abundance of species in the studied cenopopulations with the participation of J. seravschanica

. Population 1 Population 2 Population 3
Species
cp-1 | cp2 | cp3 | cp4 | cPs | CP6 cp7 | cP8

1. Aceraceae Juss.

Acer semenovii Regel et Heard. | un | | | un | |
2. Alliaceae J. Agardh
Allium caesium Schrenk sol un
A. drobovii Vved. sol un un
A. eriocoleum Vved. sol
A. inconspicuum Vved. sol
A. sewerzowii Regel un
3. Amaryllidaceae J.St.-Hil.

Ungernia sewerzowii (Regel) B.
Fedtsch. un

4. Apiaceae Lindl.
Aegopodium alpestre Ledeb. sol
A. tadshikorum Schischk. sp
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Table continuation

Bunium setaceum (Schrenk) H.

Wolff un

Bupleurum thianschanicum

Freyn sol

Elaeosticta transitoria
(Korovin) Kljuykov, Pimenov & sp
V.N.Tikhom.

Ferula kirialovii Pimenov sol

F. penninervis Regel & Schmalh. sol

F. tenuisecta Korovin copl sp sol sol sol sp-copl sol

Hymenolyma bupleuroides

(Schrenk) Korov. un

Mediasia macrophylla (Regel ex

Schmalh.) Pimenov. SP

Oedibasis apiculata (Kar. & Kir.)

Koso-Pol. sol sol

Pilopleura tordyloides (Korovin)

. un
Pimenov

Prangos pabularia Lindl. sol

Scandix stellata Banks & Sol. sol

Schrenkia golickeana (Regel &

Schmalh.) B. Fedtsch. sp sol sol sol sp SP

Trachydium tianschanicum
Korov. (=Aulacospermum
tianschanicum (Korovin) C.
Norman)

un sol

Turgenia latifolia (L.) Hoffm. un

5. Araceae Juss.

Arum korolkowii Regel un

Eminium lehmannii (Bunge)

0O.Kuntze un

6. Asphodelaceae Juss.

Eremurus lactiflorus O. Fedtsch. un un sp

E. regelii Vved. sp copl sol sol

7. Asteraceae Dumort.

Achillea filipendulina Lam. un

A. millefolium L. sol un copl-sp

A. setacea Waldst. & Kit. sol-sp

Aster canescens (Nees) Fisjun sol

Centaurea squarrosa Willd. sp sol sp

C. turkestanica Franch. copl

Cousinia chrysantha Kult. un-sol

C. fetissowii C. Winkl. un

Erigeron podolicus Besser sol

E. pseudoseravschanicus Botsch. un

Galatella villosula Novopokr. sol sp

Helichrysum maracandicum

un un
Popov

Hieracium echioides Lumn. sol sp

H. virosum Pall. sol

Inula macrophylla Kar. & Kir. sol sol, sp
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Table continuation

Lactuca serriola L. un sol

Picris nuristanica Bornm. un

Phaecasium pulchrum (L.) Rchb.

N sol

Pseudolynosiris grimmii (Regel

et Schmalh.) Novopokr. sp-sol

Scorzonera inconspicua Lipsch.

S un un S
ex Pavlov P p

S. turkestanica Franch. un sol

Tanacetum pseudachillea C.

Winkl. sol

Taraxacum montanum

(C.A.Mey.) DC. sol

Taraxacum sp un

Tragopogon marginifolius Pavlov sol

T. vvedenskyi Popov ex Pavlov un

T. turkestanicus S.A. Nikitin ex

Paviov un sol sol

8. Balsaminaceae A.Rich.

Impatiens parviflora DC. | | | sol | sol

9. Berberidaceae Juss.

Berberis oblonga (Regel)

Schneid un sol sp sol

Gymnospermium albertii (Regel)

Takht sp sol un sol

10. Boraginaceae Juss.

Lappula microcarpa (Ledeb.)

b un un
Giirke

Lindelofia macrostyla (Bunge)

Popov sol

L. stylosa (Kar. & Kir.) Brand sol sol

Lithospermum arvense L. un sol

Mpyosotis micrantha Pall. ex

Lehm. sol

Onosma irritans Popov ex

un
Pavlov

11. Brassicaceae Burnett

Alliaria officinalis Andrz. ex
M.Bieb.

Alyssum campestre (L.) L. sol copl sol

A. dasycarpum Stephan ex Willd. sol

Arabidopsis pumila (Stephan) N.

Busch sp-sol sp-sol

Draba huetii Boiss. sol

Megacarpaea orbiculata B.

Fedtsch. un

Pseudoclausia gracillima (Popov
ex Botsch. & Vved.) A.N. sol
Vassiljeva

P. turkestanica (Lipsky) un

Sisymbrium loeselii Jusl. un

Thlaspi perfoliatum L. sp copl sol copl
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Table continuation

Turritis glabra L. | | | un | un

12. Campanulaceae Juss.

Asyneuma argutum (Regel)

Bornm. sol SP

Campanula glomerata L. sol

Codonopsis clematidea (Schrenk)
Clarke

Sergia sewerzowii (Regel) Fed. sp
13. Celtidaceae Link.
Celtis caucasica Willd. | | | | sp

un

14. Caprifoliaceae Juss.

Lonicera karelinii Bunge ex P.
Kir.

L. nummulariifolia Jaub. &
Spach

un-sol

un un un sp sp sol-sp

L. stenantha Pojark. un

L. tianschanica Pojark. sol sol sol un sol sp sp

15. Caryophyllaceae Juss.

Allochrusa gypsophiloides
(Regel) Schischk.

Arenaria sp. sol

sol

Cerastium inflatum Gren. sol sol

Dianthus karataviensis Pavlov sol sol

Minuartia meyeri (Boiss.)

un un
Bornm.

Melandrium viscosum (L.) Celak. un

Silene brahuica Boiss. sol un
S. guntensis (B. Fedtsch.) sol

Tunica stricta (Bunge) Fisch. sol
16. Celastraceae R.Br.

Euonymus koopmannii Lauche | | | | sol

17. Chenopodiaceae Burnett

Rhaphidophyton regelii (Bunge)

Tijin copl

18. Colchicaceae DC.
Colchicum luteum Baker | sol | | | | | | |
19. Convallariaceae Horan.

Polygonatum sewerzowii Regel | | sol | sol | sol | | copl | |

20. Convolvulaceae Juss.

Convolvulus arvensis L. sol un copl

C. lineatus L. sp

C. pseudocantabrica Schrenk sp
21. Crassulaceae J.St.-Hil.

Rosularia turkestanica (Regel &
C. Winkl.) A. Berger

Sedum alberti Regel sol

un

S. pentapetalum Boriss. sol

22. Cupressaceae Bartl.

Juniperus semiglobosa Regel. sp-sol sol | | | sol
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J. seravschanica Kom. copl sp-sol sol copl sol sol sp-copl sp-copl
J. turkestanica Kom. un-sol
23. Cyperaceae Juss.
Carex turkestanica Regel | copl | sol | sp | sp-sol |
24. Cystopteridaceae (Payer) Shmakov
Cystopteris fragilis (L.) Bernh. | | | | | un
25. Dipsacaceae Juss.
Cephalaria syriaca (L.) Schrad. sol
Dipsacus dipsacoides (Kar. &
Kir.) Botsch. sol
Scabiosa songarica Schrenk sp-sol
26. Ephedraceae Dumort.
Ephedra equisetina Bunge | sol | sp
27. Euphorbiaceae Juss.
Euphorbia jaxartica Prokh. sol un
E. sewerzowii Herd. ex Prokh. sol
E. talastavica Prokh. un
28. Fabaceae Lindl.
Astragalus anisomerus Bunge un
A. atrovinosus Popov sol un un
A. macrotropis Bunge sol un un sol
A. schrenkianus Fisch. et C. A.
Mey.
Cicer flexuosum Lipsky sol
Hedysarum plumosum Boiss. et
Hausskn. sol
Lathyrus inconspicuus L. sol
Medicago lupulina L. copl sol un
M. tianschanica Vassilcz. sp-copl sol sp
Oxytropis pilosissima Vved. sol
O. tschimganica Gontsch. sp un sol
Melissitus aristatus (Vassilcz.)
Latsch. sol-sp sp sol
Vicia kokanica Regel & Schmalh. sol
V. tenuifolia Roth un
29. Fumariaceae DC.
Corydalis ledebouriana Kar. &
Kir. sp un
30. Geraniaceae Juss.
Geranium divaricatum Ehrh. sol
G. robertianum L. sol
G. transversale (Kar. & Kir.)
Vved. sol sol sol
31. Hypericaceae Juss.
Hypericum elongatum Ledeb. un sol sp sol
H. perforatum L. sol un un sol sp
H. scabrum L. sp sol-sp sp sol sp sp sp-copl
32. Iridaceae Juss.
Iris sogdiana Bunge un | sol | sol
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Juno coerulea (B. Fedtsch.)
Poljak. sol
33. Ixioliriaceae Nakai.
Ixiolirion tataricum (Pall.) Roem. | sp | | sp |
34. Lamiaceae Lindl.
Acinos graveolens (M. Bieb.) un sol
Betonica foliosa Rupr. sol
Lamium amplexicaule L. un sol
Leonurus turkestanicus V1 Krecz.
& Kuprian. un
Origanum tyttanthum Gontsch. sol sol un sol sol copl
Phlomoides brachystegia
(Bunge) Adylov, Kamelin & un sol
Makhm.
ﬁﬁ'ﬂf{; lei ﬁltgﬁgﬁﬁg) Adylov, un sol un sol sol
Salvia sclarea L. sol sol
Scutellaria immaculata Nevski sol-sp
ex Juz.
Ziziphora bungeana Juz. copl sp sol copl-sp
35. Liliaceae Juss.
Gagea filiformis (Ledeb.) Kar.
& Kir. u
G. gageoides (Zucc.) Vved. sp
G. minutiflora Regel sol sol sp
G. olgae Regel un
G. popovii Vved. sol sol sp
G. tenera Pascher. un
G. turkestanica Pascher sol
Korolkowia sewerzowii (Regel)
Regel sol
Rhinopetalum stenantherum
Regel sol SP
Tulipa greigii Regel sp sol
T. kaufimanniana Regel sp
T. turkestanica (Regel) Regel sol
36. Malvaceae Juss.
Alcea nudiflora (Lindl.) Boiss. | | | sol | | | sp-copl | sol | sol
37. Orobanchaceae Vent.
Orobanche kotschyi Reut. | | | | | un | | |
38. Papaveraceae Juss.
Papaver litwinowii Fedde ex sol
Popov
P. pavoninum Schrenk sol
39. Plantaginaceae Juss.
Plantago lanceolata L. | | sol | sol | | | | | sp
40. Plumbaginaceae Juss.
Acantholimon alberti Regel | sol | sol | | | | | |
41. Poaceae Barnhart
Alopecurus pratensis L. | | sol | | | | | |
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Table continuation

Anisantha tectorum (L.) Nevski

copl

sol

Bothriochloa ischaemum (L.)
Keng

sol

Bromopsis inermis (Leyss.)
Holub

sol

Bromus danthoniae Trin.

sol

B. pseudodanthoniae Drobow

sol

B. oxyodon Schrenk

sol

Sp

un

Bromus sp.

un

Calamagrostis epigejos (L.) Roth

sol

Dactylis glomerata L.

un

sol

Elytrigia repens (L.) Nevski

sp-sol

E. trichophora (Link) Nevski

sol

sol-sp

Sp

copl

Festuca valesiaca Gaudin

sol

sol

Sp

Hordeum bulbosum L.

sol

Sp

copl-2

sol

Koeleria glauca (Spreng.) DC.

un

Leymus aemulans (Nevski)
Tzvelev

sol

Melica altissima L.

Sp

M. inaequiglumis Boiss.

un

M. transsilvanica Schur

sol

Milium vernale M.Bieb.

sp-sol

Phleum paniculatum Huds.

Sp

Sp

Piptatherum ferganense (Litv.)
Roshev. ex Nikitina

sol

Poa angustifolia L.

sol

sol-sp

P. bulbosa L.

sol

un-sol

Sp

copl-
sp

sol

copl

Sp

P. nemoralis L.

Sp

P. relaxa Ovcz.

sol

sol

Stipa lessingiana Trin. & Rupr.

sol

Taeniatherum crinitum (Schreb.)
Nevski

sol

42. Polygonaceae

Juss.

Atraphaxis pyrifolia Bunge

sol

A. virgata (Regel) Krasn.

un

Polygonum polycnemoides Jaub.
& Spach

un

Rheum maximowiczii Losinsk.

copl

sol-sp

Rumex tianschanicus Losinsk.

un

43. Ranunculaceae Juss.

Anemone gortschakowii Kar. &
Kir.

sol

A. petiolulosa Juz.

un

Clematis orientalis L.

sol

Delphinium longipedunculatum
Regel & Schmalh.

sp-sol

D. semibarbatum Bien. ex Boiss.

Sp

Ranunculus regelianus Ovcz.

sol

un

Sp

Sp
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Table continuation

Shibateranthis longistipitata

(Regel) Nakai sol

Thalictrum isopyroides CA Mey. sol sol sol un

T. simplex L. sol

44. Rhamnaceae Juss.

Rhamnus cathartica L. un

R. coriacea (Regel) Kom. un

45. Rosaceae Juss.

Amygdalus petunnikowii Litv. sp un sp

Cerasus erythrocarpa Nevski sol sol

C. tianschanica Pojark. sp sol sol sol sol un

Cotoneaster melanocarpus Fisch.

ex Blyit sol sol

Crataegus turkestanica Pojark. sp

Malus sieversii (Ledeb.) M.

un
Roem.

Orthurus kokanicus (Regel &

Schmalh.) Juz. sol

Padus mahaleb (L.) Vassilcz. sol

Potentilla fedtschenkoana Siegfr.

ex Th. Wolf sol

P. orientalis Juz. sol-sp sp

P, transcaspia Th. Wolf un sol

Poterium polygamum Waldst. et

Kit. u 5P

Rosa fedtschenkoana Regel sol sol

R. kokanica (Regel) Juz. cop2 sol sol sp sol-sp

R. nanothamnus Bouleng. sol sp

Rubus caesius L. sol

Spiraea hypericifolia L. un

S. pilosa Franch. un un

46. Rubiaceae Juss.

Asperula karataviensis Pavlov un

A. setosa Jaub. & Spach sp

Callipeltis cucullaris (L.) DC. sol sp

Galium aparine L. sol sol sol un sp

G. tenuissimum M. Bieb. sol

G. verum L. sol sp-sol sol sol sol cop sp sp

47. Rutaceae Juss.

Dictamnus angustifolius G. Don

un
ex Sweet

Haplophyllum latifolium Kar. &

Kir.

H. perforatum Kar. & Kir. un
48. Salicaceae Mirb.

Populus talassica Kom. | | | | un

sol

49. Scrophulariaceae Juss.

Bungea vesiculifera (Herder) S
Pavlov & Lipsch. P

130



M.M. Yermagambetova et al.

Table continuation

Leptorhabdos parviflora (Benth.)
Benth.

sol-sp sol

Linaria bungei Kuprian. sp-sol

L. popovii Kuprian.

Pedicularis olgae Regel

un

Veronica arguteserrata Regel &
Schmalh.

sol

V. campylopoda Boiss.

sol

Verbascum songaricum Schrenk

sol

V. turkestanicum Franch.

50. Valerianaceae Batsch

Valeriana chionophila Popov &
Kult.

sol

V. ficariifolia Boiss.

sol

Valerianella turkestanica Regel
et Schmalh.

sol

V. plagiostephana Fisch. & C.A.
Mey.

sol sol

51. Violaceae Batsch

Viola modestula Klokov un

V. occulta Lehm.

un sol

Note: Assessment of the abundance of the species: cop2 (copiosae 2) — abundant, there are many individuals of this species; copl
(copiosae 1) — quite abundant, plants are found occasionally, scattered; sp (sparsae) — scattered, plants are found occasionally,
scattered, in small numbers; sol (solitariae) — singly, very few plants (only a few specimens in the plot); un (unicum) — a single
specimen, the species is represented by a single specimen in the plot.

CP-3 was found on the right bank of the
Baldabrek River, in the Darbaza tract, on the rocky
southern slope, at an altitude of 2000 to 2100 m
above sea level, GPS coordinates N 42.252599,
E 70.440053. The vegetation cover of this area is
represented by a forbs-cereal community, with
the predominance of Allium drobovii, Ferula
tenuisecta, Hieracium echioides, Gymnospermium
albertii, Scabiosa songarica, Phlomoides speciosa,
Elytrigia trichophora, etc. The soil surface is rocky.
The total projective cover is 50%. In CP-3, there are
46 species from 41 genera of 24 families.

CP-4 is described in the Darbaza tract, on
the right bank of the Baldabrek River, on the
southwestern slope, at an altitude of 1700 to 1850
m above sea level, GPS coordinates N 42.252539,
E 70.439733. The vegetation cover of this site is
represented by a forb-cereal with the dominance
of J. seravschanica. The herbage is dominated
by Lonicera tianschanica, Arabidopsis pumila,
Thlaspi perfoliatum, Schrenkia golickeana, Carex
turkestanica, Gagea filiformis, Leptorhabdos
parviflora, Bothriochloa ischaemum, Elytrigia
trichophora, Poa bulbosa, Stipa lessingiana, etc.).
The soil surface is fine gravel (50-60%) with rare

stones. The total projective cover is 50-60%. The
floristic composition of CP-4 is represented by 60
species from 49 genera belonging to 26 families.

When studying cenopopulations of population 1
with the participation of J. seravschanica was found
that the flora of the studied communities includes
106 species from 90 genera of 26 families (Table 2),
represented by various life forms: trees — 4, shrubs
— 18, annual and perennial herbaceous plant species
— 24 and 60, respectively. Most of these species are
representatives of the following families: Poaceae
— 16 species (16.9%), Asteraceae — 12 species
(13.2%), Liliaceae — 10 species (12.2%), Rosaceae
and Fabaceae 8 species each (11, 3%), Apiaceae
— 7 species. The listed leading families make up
66.5% of the studied population. It should be noted
that the studied population is represented by 7 Red
Data Book species: Ungernia sewerzowii, Mediasia
macrophylla, Colchicum luteum, Juniperus
seravschanica, Medicago tianschanica, Tulipa
kaufmanniana, Valeriana chionophila.

As a result of the study of Population 1, three
tiers were identified. The first layer is woody
(up to 8-10 m), and consists of J. seravschanica,
sometimes with an admixture of J. semiglobosa and
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deciduous trees: Acer semenovii, etc. The second
layer is predominantly shrubby (1.5-2 m, less often
up to 4 m): Rosa kokanica, Spiraea hypericifolia, S.
pilosa, Juniperus turkestanica, Cerasus tianschanica,
Cerasus erythrocarpa, Berberis oblonga, etc. The
third layer is herbaceous, represented by species:
Elytrigia trichophora, Bromopsis inermis, Potentilla
fedtschenkoana, Scabiosa songarica, Iris sogdiana,
Schrenkia golickeanau and others (Table 1).

According to Pavlov’s classification [25], in the
plant communities of Population 1, several groups of
useful plants were identified: fodder — 14, medicinal
— 20, essential oil — 5, etc.

The second population (Population 2) of J.
seravschanica was found on the southern slope of the
Aksu canyon, on the right bank of the Aksu River, at
an altitude of 1300 to 1610 m above sea level. This
population consisted of 2 cenopopulations (CP-5,
CP-6).

The location of CP-5 is the middle part on the
southern slope of the Aksu canyon, the right bank
of the Aksu river. GPS coordinates N 42.331250,
E 70.372583, altitude from 1535 to 1610 m a.s.l.
The vegetation cover is represented by an eremurus-
cereal-forb community (Eremurus lactiflorus,
E. regelii, Allium eriocoleum, A. inconspicuum,
Scandix stellata, Schrenkia golickeana, Trachydium
tianschanicum, Centaurea squarrosa, Alyssum
campestre, Anisantha tectorum, Taeniatherum
crinitum). The soil is gravel, TPC — 50%. The
floristic composition of CP-5 consists of 96 species,
45 genera, 25 families.

CP-6 is found on the southern slope of
the Aksu canyon, on the right bank of the
Aksu river. GPS coordinates N 42.331199, E
70.378189, altitude from 1300 to 1500 m a.s.l.
The vegetation cover is represented by a woody-
shrub-cereal-forb community, dominated by
Celtis caucasica, Crataegus pontica, Lonicera
nummulariifolia, Cerasus tianschanica, Melica
altissima, M. inaequiglumis, M. transsilvanica,
Milium vernale, Phleum paniculatum, Allium
caesium, A. drobovii, Centaurea turkestanica, Inula
macrophylla, Polygonatum sewerzowii, etc. The
soil surface is dense-fine gravelly, rarely with large
stones. Projective coverage — 70%. The floristic
composition of CP-6 consists of 98 species from 48
genera representing 26 families.

In general, in the studied communities with
the participation of the second population of J.
seravschanica, there are 110 species from 48 genera
of 26 families (Table 2). Among them: are trees —
6, shrubs — 22, herbaceous annuals, and perennials
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— 38 and 44, respectively. Leading families found
in Population 2: Asteraceae — 21 species (10.8%),
Poaceae—20(10.3%), Rosaceae— 16 (8%), Apiaceae
— 14 (7.3%), Fabaceae and Lamiaceae 10 species
each (5.2%), Brassicaceae — 9 (5%), which make up
51.8% of the total flora. The twelve Red Data Book
species were identified: Arum korolkowii, Eminium
lehmannii, Centaurea turkestanica, Celtis caucasica,
Allochrusa gypsophiloides, Euonymus koopmannii,
Rhaphidophyton regelii, Juniperus seravschanica,
Medicago tianschanica, Juno coerulea, Tulipa
greigii, Malus sieversii (Table 1).

Plant communities here are also represented
in three tiers: the first tier is woody, consists of J.
seravschanica, Malus sieversii, Celtis caucasica,
Acer semenovii, Crataegus pontica, Populus
talassica; the second layer is shrubby, including
Atraphaxis virgata, Ephedra equisetina, Lonicera
nummulariifolia, Cerasus tianschanica, Cerasus
erythrocarpa, Spiraea pilosa, Berberis oblonga, etc.;
the third tier is herbaceous: Melica altissima, M.
inaequiglumis, M. transsilvanica, Milium vernale,
Phleum paniculatum, Allium caesium, A. drobovii,
Centaurea turkestanica, Inula macrophylla , etc.
Several groups of useful plants were identified in the
flora of the surveyed areas: fodder — 18, medicinal —
7, essential oil — 4 species.

Population 3 studied in the Bala-baldabrek river
valley, Chuuldak tract, at an altitude of 1600 to 1975
m above sea level. CP-7 and CP-8 were studied in
this area.

CP-7 was found on the southern slope of the
Chuuldak tract, on the left bank of the Bala-baldabrek
river, at an altitude of 1600 to 1800 m above seca
level. GPS coordinates N 42.285569, E 70.402514.
The vegetation cover of this area is represented by
a savannah-cereal-forb community, dominated by
Ferula tenuisecta, Pseudolynosiris grimmii, Thlaspi
perfoliatum, Hypericum elongatum, Hordeum
bulbosum, Poa bulbosa). The soil is fine and
gravelly, and the total projective cover is 90%. The
floristic composition of this community consists of
38 species belonging to 25 genera of 18 families.

CP-8 was found on the southeastern slope of the
Chuuldak tract, on the left bank of the Bala-baldabrek
river; GPS coordinates 42.285167, 70.431194,
altitude from 1890 to 1975 m a.s.l. The vegetation
cover is represented by a savannah-wheatgrass-forb
community, dominated by Elytrigia trichophora,
Festuca valesiaca, Hordeum bulbosum, Ziziphora
bungeana, Origanum tyttanthum, Hypericum
scabrum, etc.). The soil is gravel-stony, and the
projective cover is 100%. The floristic composition
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of CP-8 consists of 41 species, 29 genera, 16 families
(Table 1).

For the floristic composition of the described
areas of the species (Population 3), 64 plant species
belonging to 34 genera of 18 families were identified
(Table 2). The leading families include Rosaceae
— 11 species (14%); Poaceae — 9 species (11.4%);
Asteraceae — 8 species (10.1%); Lamiaceae, and
Apiaceae — 5 species each (6.3%), which make up
48.1% of the total species composition. Among the
life forms, 2 species of trees, 6 species of shrubs,
and annual and perennial herbs — 18 and 38 species,
respectively, were identified. Of the Red Data
Book species, only J. seravschanica and Medicago
tianschanica have been identified.

Studied plant communities with the participation
of the third population are represented by three
tiers: the first tier is woody (J. seravschanica, J.
semiglobosa), the second tier is shrubby (Lonicera
nummulariifolia, L.  tianschanica,  Cerasus
tianschanica, Berberis oblonga, Clematis orientalis,
Rosa fedtschenkoana, etc.), the third the layer is
herbaceous (Hypericum elongatum, Hordeum
bulbosum, Poa bulbosa, Elytrigia trichophora,
Festuca valesiaca, etc.). Among them, it was
revealed: fodder — 15 species, medicinal — 6, and
essential oil — 4, respectively.

Thus, summary information has been
summarized, including the species list of the
studied communities with the participation of
J. seravschanica and the abundance of species
surveyed according to the Drude scale (Table 2). It is
established that the flora of all studied communities
with the participation of J. seravschanica includes
254 species from 175 genera of 51 families, including
7 trees (Acer semenovii, Celtis caucasica, Crataegus

pontica, Juniperus seravschanica, Juniperus
semiglobosa, Malus sieversii, Populus talassica),
shrubs — 25 (Lonicera nummulariifolia, Rosa

kokanica, Cerasus tianschanica, C. erythrocarpa,
Spiraea hypericifolia, Berberis oblonga, etc.),
annual and perennial herbaceous plant species
— 56 and 166 (Elytrigia trichophora, Bromopsis
inermis, Poa bulbosa, Dactylis glomerata, Festuca
valesiaca, Carex turkestanica, Ferula tenuisecta,
Eremurus regelii, Hypericum scabrum, Hypericum
elongatum, Arum korolkowii, Origanum tyttanthum,
Helichrysum maracandicum, Acantholimon alberti,
Ziziphora bungeana, Achillea millefolium, Phleum
phleoides, Poa bulbosa, Hordeum bulbosum,
Medicago tianschanica, Potentilla fedtschenkoana,
Iris sogdiana, Schrenkia golickeana, Galium verum,
etc.), respectively. Most of these species (56%)

belong to the following 11 families: Apiaceae,
Asteraceae, Brassicaceae, Scrophulariaceae,
Caryophyllaceae, Fabaceae, Lamiaceae, Liliaceae,
Poaceae, Ranunculaceae, and Rosaceae. According
to our data, in all the studied plant communities,
the constant companions of J. seravschanica are:
Lonicera nummulariifolia, L. tianschanica, Galium
verum, Ferula tenuisecta, Hypericum scabrum,
Cerasus tianschanica, Eremurus regelii, Carex
turkestanica, Poa bulbosa, Hordeum bulbosum.

In general, in the surveyed areas, in addition to
J. seravschanica, there are 16 Red Book species:
Ungernia sewerzowii, Mediasia macrophylla,
Arum korolkowii, Eminium lehmannii, Centaurea

turkestanica,  Celtis  caucasica,  Allochrusa
gypsophiloides, Euonymus koopmannii,
Rhaphidophyton regelii, Colchicum luteum,

Medicago tianschanica, Juno coerulea, Tulipa
greigii, T. kaufmanniana, Malus sieversii, and
Valeriana chionophila [6]. In this regard, it is
important to regularly monitor and strengthen the
conservation of the surveyed communities in this
region.

Conclusion

J. seravschanica is an important element of
juniper forests on the Western Tien Shan mountain
ranges. As a result of this study, an analysis of 3
main populations of J. seravschanica was carried
out. The floristic composition of plant communities
with the participation of the Red Book species J.
seravschanica is mainly represented by herbal
plant species, most of which are perennials, fewer
shrubs. A species list of the studied communities
with information on the abundance of species
was compiled, 16 rare plant species listed in the
Red Book of Kazakhstan were identified. Since
J. seravschanica plays an important ecological
role, and has an important forest-forming, water-
protective, soil-protective, and anti-mudfiow
value, the results of studying the current state of
plant communities with his participation can be a
valuable source of information for the conservation
and rational use of genetic resources in the Western
Tien Shan. The results obtained will be used in the
study of the genetic diversity of wild plant species,
including species of the Juniperus genus.
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