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OCOBEHHOCTU ®AOPUCTUYECKOTO COCTABA
MEPBOU MONMYAIUUN SHAEMUYHOTO BUAA
ROSA DSHARKENTI CHRSHAN. B HUOKHEM TEMEHU PEKU YCEK

MccaepoBaHve NOCBALWEHO (DAOPUCTUYUECKOMY M re0BOTaHNMYECKOMY aHAaAM3Y PACTUTEAbHbIX CO-
06LWECTB C y4aCTMEM PEAKOro S3HAEMMYHOTO BMaa Rosa dsharkenti Chrshan., AokaAM30BaHHOIo B AO-
AVIHe pekn Ycek, B paifioHe HEBbICOKOrO ropHoro Maccmaa «KbidbiA Ecne», pacnoAOXKEHHOro B 105KHOM
yacTn A>KyHrapckoro Aaartay. AKTYaAbHOCTb PaboThl 06YCAOBAEHA OrpaHMUeHHbIM PacrnpoCTPaHeH!-
€M AQHHOTO BMAQ, HEAOCTATOUYHOM M3YUYEHHOCTbIO 10 MECTOOOUTAHUI U HEOOXOAMMOCTbIO YTOUHEHUS]
hAOPUCTUUECKMX OCOBEHHOCTEN PAaCTUTEAbHbBIX COOBLLECTB, B COCTaBE KOTOPbIX OH BCTPEYaeTcs.

B xoae nccaepoBaHust GbIA U3yUeH BMAOBOM COCTAB PACTEHWIA, MPOM3PACTAIOLMX COBMECTHO C
Rosa dsharkenti Chrshan., onpeaeAeHbl Mx XXM3HeHHble (DOPMbI, SKOAOIMYECKME TUMbI, XO3AMCTBEHHO-
NMoAe3Hble rpynnbl U reorpadmnyeckme snemMeHTbl (paopbl. Ha ocHOBe NpoBeAEHHOTrO (hAOPUCTUYECKOTrO
aHaAM3a NprBEAEH MOAHbIN CMIMCOK BUAOB PACTEHMIA, BCTPEUAIOLLMXCS COBMECTHO C AAQHHBIM BUAOM,
UTO MO3BOASIET OXapPaKTEPM30BaTh CTPYKTYPY M OCOBEHHOCTU PACTUTEABLHOIO NMOKPOBA UCCAEAYEMOTO
yJacrka.

B CBSI3M C OrpaHuMyeHHbIM apearoM PacrpoCTpaHeHUsl BUAQ MPUPOAHbIE MOXKApbl U U3MEHeHUe
YCAOBUIA MECTOOOUTAHMS MOTYT MPEACTABASITb MOTEHLUMAABHYIO YIPO3Y AAS €ro coxpaHeHus. B 3Toi
CBSI3M C LEeAblo coxpaHeHus R. dsharkenti pekoMeHAYeTCst UHTPOAYKLMS AQHHOTO BUAQ B AAMATHMHCKMIA
6oTaHNYecKMi can M MIAMIMCKMIA SKCNEPUMEHTAAbHbIN 60TaHMYECKMiA cah. MIHTPOAYKLMS MO3BOAUT CO-
XPaHUTb FeHO(POHA 3TOr0 PEAKOTO SHAEMUYHOIO BUAA U CO3AACT BO3MOXHOCTU AAS €r0 AAAbHENLLEro
U3yUYeHUs] B HayYHOM M AEKOPATUBHO-CEAEKLIMOHHOM HanpaBAeHMsIX. BO3MOXKHOCTM MCNOAb30BaHMs
AQHHOIO BMAQ B KQuecTBe A€KapCTBEHHOI0, BUTAMWMHHOIO WMAM MPOMbILLAEHHOMO Cbhipbsi MOTYT ObITh
Hay4HO 06OCHOBAHbI TOALKO MOCAE MPOBEAEHUS CMELMAAbHBIX XMMUYECKMX 1 BMOAOTMYECKUX UCCAE-
AOBaHUN.

KaoueBblie caoBa: Rosa dsharkenti Chrshan., dpaopucTnueckmin cocras, reobotaHnyeckoe onuca-
HWe, 3HAEMUYHDBIV BUA, AOAMHA pekn Ycek, A>KyHrapckui Aaartay.

T.B. Ryskali", A.A. Ametov, S.S. Maulenova, S.T. Nazarbekova,
A.Zh. Childibayeva, Ch.Zh. Aldassugurova

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: tolganay_0220@mail.ru

Peculiarities of floristic composition of the first population of the endemic species
Rosa dsharkenti Chrshan. in the lower reaches of the Usek river

The study is devoted to the floristic and geobotanical analysis of plant communities involving the
rare endemic species Rosa dsharkenti Chrshan., localized in the valley of the Usek River, in the area of
the low mountain massif “Kyzyl Espe”, located in the southern part of the Dzungarian Alatau. The rel-
evance of the work is determined by the restricted distribution range of this species, the insufficient study
of its habitats, and the need to clarify the floristic features of the plant communities in which it occurs.

During the study, the species composition of plants growing together with Rosa dsharkenti Chrshan.
was examined, and their life forms, ecological types, economically useful groups, and geographical ele-
ments of the flora were determined. Based on the floristic analysis, a complete list of plant species oc-
curring together with this species is presented, which makes it possible to characterize the structure and
features of the vegetation cover of the studied area.

Due to the restricted distribution range of the species, natural fires and changes in habitat conditions
may pose a potential threat to its conservation. In this regard, in order to conserve R. dsharkenti, the in-
troduction of this species into the Almaty Botanical Garden and the Ile Experimental Botanical Garden is
recommended. Introduction will make it possible to preserve the gene pool of this rare endemic species
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and create opportunities for its further study in scientific and ornamental breeding directions. The pos-
sibilities of using this species as medicinal, vitamin-rich, or industrial raw material can be scientifically
substantiated only after special chemical and biological studies have been conducted.

Keywords: Rosa dsharkenti Chrshan., floristic composition, geobotanical description, endemic spe-
cies, Usek River valley, Dzungarian Alatau.
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Ocek 63eHiHiH, TOMEeHri arbiCbiHaH TabbIAFaH 3HAEMAIK Rosa dsharkenti Chrshan.
OCIMATiHIH, GipiHLLI NONMYASILUACBIHBIH, (PAOPAABIK, epeKLIeAiKTepi

3eptTey >kyMbicbl YKoHFap AAaTaybiHblH OHTYCTIK 6GoairiHae opHarackaH «Kbi3bia Ecnie» anaca
TayAbl MacCMBI MaHbIHAAFbl ©CeK ©3eHi aHFapblHAA KE3AECETIH CUpeK SHAEMAIK Typ Rosa dsharkenti
Chrshan. kaTbicaTbiH 6CIMAIKTED KaybIMAACTbIKTapblHbIH (DAOPUCTUKAABIK, >KoHE re060TaHUKAABIK, TaA-
AayblHa apHaAFaH. YKyMbICTbIH ©3eKTiAITT GYA TYPAIH TapaAy aiMarbiHbIH, LUEKTEYAIAITIMEH, OHbIH MEKEH
€Ty OpPbIHAAPbIHbIH XKETKIAIKCI3 3epTTEAYIMEH YK8He OCbl TYP Ke3AECETiH 6CIMAIKTEP KaybIMAACTbIKTa-
PblHbIH, (PAOPUCTUKAABIK, €PEKLLIEAIKTEPIH HAKTbIAQY KAXKeTTiAiriMeH GaiiAaHbICTbI.

3eptTey GapbicbiHaa Rosa dsharkenti Chrshan. TypimeH 6ipre eceTiH 6CIMAIKTEPAIH TYPAIK Kypambl
3epTTeAiNn, OAapAbIH, TipLWiAIK hopMarapbl, 3KOAOTMSALIK, TUMTEPI, LWapyallblAbIK-NMainAaAbl TOMTApPbI
>KoHe (pAOpaHbIH reorpaUsiAbIK, SAEMEHTTEpPI aHbIKTaAAbl. XKypri3iareH (hbAOPUCTUKAABIK, TaAAQY Heri-
3iHAE OCbl TYPMeH Bipre Ke3AeceTiH 6CIMAIK TypAepiHiH TOAbIK, Ti3iMi 6epiaai, 6yA 3epTTeAreH aymak-
ThIH 6CIMAIKTEP >KaBbIHbIHbIH, KYPbIAbIMbI MEH €pPEKLLIEAIKTEPIH CUMaTTayFa MYMKIHAIK 6Gepea.

TypAiH TapaAy ammarbl WeKTeyAi GOAFAHAbIKTaH, TabWUFM epTTEP MEH MeKeH eTy OopTacbl Xarf-
AAAAPbIHbIH ©3repyi OHbIH, CaKTaAyblHa bIKTUMaA Kayin TOHAIpYi MyMkiH. OcbiFaH 6anAaHbICTbl R.
dsharkenti TypiH cakTay MakcaTbiHAQ OHbl AAMaTbl 6OTaHMKAAbIK, GaFblHa >KaHE IAe SKCEePUMEHTAAADIK,
6OoTaHMKaAbIK, GaFblHA MHTPOAYKLMSAQY YCbIHbIAAABI. MHTPOAYKLMS BYA CUPEK SHAEMAIK TYPAiH FreHO-
(POHAbIH CaKTayFa )KOHE OHbl KEAELLEKTE FbIAbIMU, COHAIK-CEAEKUMSABIK, GaFbITTa 3epTTeyre MyMKIiHAIK
6epeai. AA OYA TYPAT ADPIAIK, ADPYMEHAIK HEMECE BHAIPICTIK LUMKI3aT peTiHAE NanAaAaHy MyMKIHAIK-
Tepi apHaribl XUMUSIABIK 5KOHE OMOAOTUSIABIK 3ePTTEYAEp >KYPri3iAreHHEH KeliH FaHa FbIAbIMU TYPFbIAAH

Heri3AeAyi MyMKIH.

Ty#in cesaep: Rosa dsharkenti Chrshan., dhAOprCTMKaAABIK Kypam, reo60TaHMKaAbIK, cunaTTama,
SHAEMAIK TYp, ©cek e3eHi aHFapbl, )KoHFap AAaTaybl.

BBenenue

W3ydenne nmomyiasiiuu >HAEMUYHOTO M pex-
Koro Buaa Rosa dsharkenti Chrshan., Bxoasuiero
B coctas (iopel Ka3axcraHa, a Takke BOIPOCHI
coxpaHeHHus1 Onopa3zHooOpasus (GIOPHI MPEICTaB-
JAI0T cOOOH aKTyaJbHOE HANpaBIEHUE COBpE-
MEHHBIX OOTaHMYECKHX HccieqoBaHui. Tpanu-
LUOHHBIE MOP(OJIOTrHYecKue KPUTEPUHU OLICHKHU
BHUJIOB MHOT/Ia OKa3bIBAIOTCS HEIOCTATOUHBIMH,
MMOATOMY TP U3YUCHHUH TONYIAnuu R.dsharkenti
BaKHO OTMHMPATHCS HA re000TaHUYECKUE XapaKTe-
PUCTHKHU.

JlxyHrapckuil Anatay siBisieTcs 3HaUMMOM ya-
cTbio TopHOU cuctembl TsHb-I1lans. bonbmMHCTBO
pek pernona Cemupeube OepyT HayalIo B JIeTHUKAX
ATOTO XpeoTa.

Knumat [xyHrapckoro Anaray siBisieTcs nepe-
XOIHBIM MEXIy TOpHbIMHM paiioHamMu CeBepHOro
Tanp-11lang u Antasi, ¢ BBICOKOH COJTHEUHOM paju-
anyel, BBIPa)KEHHOW KOHTHHEHTAJIBHOCTBIO U 3a-

CYLIIUBOCTBIO. JIeTo T€mioe, 3uMbl Ha IPEArOpbsIX
XOJIOZIHBIE M MaJOCHEXHbIE, B TOpax HaOIronaeT-
Cs 3HAYMUTENBHBIM CHEXHBIH MOKPOB. (CeBepHBIC
CKJIOHBI TIONTy4aroT Oobire ocaakos (500—600 mm,
mectamu 10 800 MMm), a 1oxHBIe — MeHbIIe (300—
450 mM B ron) (baiitymun, 2006; XpkaHOBCKUN H
ap., 1986).

JxyHrapckuit Anatay sIBISIETCSI OTHUM U3 ca-
MBIX OOTaThIX (IOPHCTHYECKUX PEernoHoB Kazax-
CTaHa II0 KOJMYECTBY SHAEMHUYHBIX BUA0B (I oio-
CKOKOB, 1969).

B mupoBoil HayuHOIl nuTepaType HoCiIeIHUE
JeCSTUIICTHST HAOoaeTcs pOCT MHTEpeca K pe-
KHUM BHJIaM poJa Rosa B KOHTEKCTE: MOJICKYJISIPHON
¢unorennu (Zhang et al., 2021; Wang et al., 2019),
regerndyeckoro paznoobOpasus (Fang et al., 2020;
Li et al., 2022), 3K0JIOTHH IICHOTOIYJISIIIUI TOPHBIX
po3 (Kong et al., 2018; Huang et al., 2021), kxpwuo-
KOHcepBaluu peakux BunaoB (Ahmed et al., 2020),
OMOTEXHOJIOTUM U MHUKpOpa3MHOXXeHHUs Rosa spp.
(Chen et al., 2023).



Oco6GeHHOCTH (PITOPHCTHIECKOTO COCTaBa IIEPBOH MOIMYIISIIIAY SHIEMUYHOT0 BUna Rosa dsharkenti Chrshan...

Onnaxo R.dsharkenti mpakTu4iecku He QUTYPH-
pPYET B 3apyOCIKHBIX MyOJUKAIMSIX, YTO TTOTIEPKU-
BaeT e¢ HayYHYIO YHUKaIbHOCTh U HEOOXOJUMOCTh
JIOKAJIbHBIX FICCTIETOBAHIM.

B nacrosmee Bpems oXxpaHa M U3y4eHHUE PEIKUX
SHJIEMUYHBIX BUJOB SBISIETCS OJHUM W3 aKTyallb-
HBIX BompocoB. Pox Rosa L. omimvaercst Hanboib-
IIMM BHJIaBUM Pa3sHOOOpa3ueM B CEMENCTBE PO3OIl-
BeTHBIX (Rosaceae Juss.). (XpxxaHoBckuii, 1941).

[IumOBHUK MMeeT HEeCKOJIBKO IEHTPOB MPOUC-
xoxaenns: Kuraiicko-Snonckuil ¢opuctuyeckuit
peruoH, mpuieratone paiionsl Cpemnedr Asuwm,
a taxxke llepenneasmarckuii nentp (PKykoBckui,
1971). PacipocTpaHeH OH UCKITIOUUTEIHHO CTpaHaX
C YMEpPEHHBIM KJIMMAaTOM CEBEPHOTO IOJIyIIAPHsL.
CornacHo pa3IMYHBIM HCTOYHHKAM, pof Rosa L. Ha-
cuntbiBaet oT 250 10 400 BUAOB, a TAKXKE IPUMEPHO
25 000 gexopaTtuBHBIX (hopM M cOpTOB. B cTpanax
CHI 3apeructpuposano okoso 60 BUI0B, IPU ITOM
B Kazaxcrane BcTpewaercst 21 BHI MIMITOBHUKA, a
YHUCIO KYJbTYPHBIX COPTOB 3HAYUTEIBHO IPEBBI-
maeT 3To kKonndecTBO (IlaBmos, 1961; UBamenko,
2004). Cpenu nukux munmoBHUKOB KazaxcraHa BbI-
JEJIAIOT YeThIPe YHAEMUYHBIX BHU/IA: JUKAPKEHTCKHH
mmnoBHUK (R.dsharkenti Chrshan.), nnuiickuii mm-
noBHUK (R.iliensis Chrshan.), jamuaTKOIBETHBIH
umnoBHUK (R.potentillifiora Chrshan. et M.Pop.) n
munoBHUK [1aBmoBa (R.paviovii Chrshan.).

JoxapkenTckuii mmnoBHUK (R.dsharkenti) sB-
ngercsa sHneMukoM Kaszaxcrana. Ilo manHbeIM On-
HUX crpaBoyHHKOB (1976), ero apean oxBarbIBaeT
BepXHee TeueHne peku Mnm, Toraa Kak 1mo IpyruM
uctounukam (1969) on npouspacraer Ha CyXux Ka-
MEHHUCTBIX CKJIOHaX B OKpECTHOCTsX ropoxa Ilan-
¢uoBa («Ilonesas reoboranuka», 1969-1976).

B 1958 roxy B.I'. XprkanoBckuii BriepBbIe ONH-
caJl 3TOT BHJI, UCIIOJb3Yysl PACTEHUs, BhIpAIllEHHBIC
n3 cemsH (XpxxaHoBeknid, 1958). B HacTosmee Bpe-
Ms OXpaHa W PalMOHAJIbHOE HCIOIb30BAHNE T€HO-
(hoHma pacTeHui, BKIIIOUAs peAKHE, C OTPaHUYCH-
HBIM apeajioM pacHpOCTPaHEHHs, DHIEMUYHBIE U
PENUKTOBBIE BUBI, ABIISETCS OJHOM M3 aKTyalTbHBIX
npo6sem. st JOCTHKEHHS STON LeJIn HEe00X0IUMO
M3yYeHHE MX Ha TOMYJISIIMOHHOM ypOBHE M paspa-
0oTka Mepbl ux oxpansl (KypmanOaeBa & Myxwurt-
nuHOoB, 2023; Kamus u ap., 2015).

Hayunas HOBU3HA Hccie10BaHUS 3aKJII0OUAETCS B
TOM, YTO BIEPBBIE /IJIs1 HUYKHETO TEUSHHS PEeKH Y CeK
npoBenéH (IIOPUCTUYECKUH U Te000TaHMYECKHN
aHaJIN3 PaCTUTENBHBIX COOOIIECTB C YYaCTHEM Pel-
KOTo sHaemMu4Horo Buna Rosa dsharkenti Chrshan.
YcTaHOBJIEHO, YTO HCCIIEIyeMOe MECTOOOWTaHHe
OTJIMYAETCs] BBICOKHM BHJIOBBIM pa3zHoOOpas3ueM,

coyeTaHHEeM Me30(UTHBIX U KCEPOPHUTHBIX JIEMEH-
TOB, & TAK)KE HAJTMYUEM PEJIKUX U DHJCMUYHBIX BU-
JIOB-CITyTHUKOB, BKITto4ast Berberis iliensis M.Pop.
u Lonicera iliensis Pojark. Ilomy4eHnbsle naHHBIC
NOJUEPKUBAIOT MPHUPOAOOXPAHHYIO 3HAYHMOCTH
JIAHHOTO Y4YacTKa ¥ HEOOXOJMMOCTh €T0 JialbHei-
1IEr0 MOHUTOPHWHTA.

Lens wccnemoBaHUS-TIpOBECTH (hIOpHCTHYE-
CKUH M re0O0OTaHWYECKUH aHalInu3 PacTUTEIBHBIX
COOOIIECTB € y4acTHEM PEIKOTO DPHIEMHYHOTO BUJIa
Rosa dsharkenti Chrshan. B H»KHEM TE€UECHUH PEKH
VYcek, onpenesinTh UX BUIOBOW COCTAB, )KU3HCHHBIC
(OpPMBI, SKOJIOTHYECKUE THIIBI, XO3IHCTBEHHO-TIO-
JIe3HbIE TPYIIIBI, reorpaduuecKue dJIeMEHTHI (IIo-
PBL ¥ IPUPOAOOXPAHHYIO 3HAUUMOCTH UCCIIETYyEMO-
T'0 MECTOOOMTAaHMS.

MaTepna.m)l N METOAbI UCCJICT0OBAHUA

OO0wekT uccnenopanus—R.dsharkenti Chrshan.,
SABIISIFOIIMICS KpalfHe PEAKUM SHASMHUYHBIM BHIOM
¢bnoper Kazaxcrana.

I'epOapHble 00pa3sibl PeAKOro 3HAEMHUYHOTO
Buna R. dsharkenti Chrshan., mpouspactaromiero
B I0’KHOW "actu J[yHrapckoro Anatay, B pailoHe
HU3KoropHoro xpeodra «Kebutr Ecnie» u B gonmne
pexu Ycek, Obl cCOOpaHbl U BBICYIICHBI 110 METO-
nuke A.K. CxBoproBa (CxkBoprios, 1977).

s ompeneneHus BBICHIMX PAaCTEHUI HUCIOJb-
30BAJIUCH OMPEAETUTENbHBIE KIIOYH 9-TOMHOTO W3-
nanus «@nopa Kazaxcranay («Pnopa Kazaxcranay,
1956-1966) u 2-tomHOTO «MITIOCTPUPOBAHHOTO
omnpenenutens pacrennii Kazaxcrana» («mmoctpu-
POBAaHHOTO omnpenenurens pacreHuil KazaxcraHay,
1972). Ha3Banusi onpenenéHHBIX pacTeHUH Ha Ka-
3aXCKOM $SI3bIKE OBIIH MPOBEPEHBI 10 OOTAaHMYECKIM
cnoBapsim C.A. Apsictanranuesa u E.P. Pama3anosa
(1977 r.) (ApsicTanranueB & Pamazanos, 1977).

I'eoOoTannueckre MeToabl uccnenoBanus. [le-
pen HagaoM reo00TaHWYEeCKOT0 M3YYEeHUS TeppH-
TOPHUH MPOBOJIMIIOCH MPEBApUTENFHOE 00CIe0Ba-
HUE, HallpaBIEHHOE Ha BBISABIICHHE OCOOCHHOCTEH
pacnpeaeneHusl pacCTUTEIBHOIO MOKPOBa C YUETOM
(m3uKo-reorpadyeckux ycioBuid ydactka. [lo-
cje 3TOro B Tpefenax MepBOM momyisuuu Rosa
dsharkenti Chrshan., BbISIBIEHHOW B JOJHMHE PEKH
VYcek, ObIUTH BbIIEJICHBI TPH LICHOMOMYIISALUH, KaX-
Jlasi M3 KOTOPBIX paccMaTpUBaiIach Kak OT/EIbHBII
Y4acTOK Te000TaHHYECKOTO OITMCAHUSL.

I'eoboTannueckne omMuCaHUS  TPOBOJMINCH
Ha TPOOHBIX IUIOMIAAKAX CTaHAAPTHOTO pasmepa
10x10 m2. Bcero B mpenenax mepBOH MOIYJIALNNN
ObLTO 3aJ7105keHO 3 MPOOHBIE MJIONIAIKH, IO OJHOH B
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Kax10i neHomnomymsiuud. [nomanp kaxaoi mpoo-
HOM miomaaku coctaBuia 100 m2, a oOmas 1mio-
maae reoborannyeckoro oocienosanus — 300 m2.

Jns ommcaHus pacTUTENBHOCTH W yCIOBHM
e oOHMTaHUs HMCIOJB30BAUCH CIICLHUATIbHBIC I'e0-
Ooranmueckre OnaHku. B xome ommcanust Gpuxcu-
pOBAIIUCHh BHUJIOBOW COCTaB PacTEHHM, >KM3HEHHBIE
(OpMBI, SKOIOTMYECKHE THUIIBI, XO3SHCTBEHHO-IIO-
JIe3HBIE TPYMIIBI U reorpapuuecKre AEMEHTHI (IIo-
pu1. OOmnne BUI0B orieHnBaioch o mkaiue O. [py-
JIe C OJHOBPEMEHHBIM YKa3aHMEM IPOEKTUBHOIO
MTOKPBITHSI PACTEHUH B IIPOIIEHTAX.

Taxum 00pazom, 0TOOP y4acTKOB ISl 3aKJIaJAKH
MPOOHBIX TUIOMIAICH ¥ TOCIEIYIOIIETO OMHCAHMS
PacTUTEIBHOCTH HA HUX C TOUKH 3PEHHSI CTAaTHCTH-
KM TIpe/ICTaBIsIeT o000 OOBIYHYIO TUITUYHYIO BBI-
0OpKy, KOTOpas Hpu COOJIONECHUH OIpEaeSICHHbIX
YCIIOBUI MOKET JOCTATOYHO TOJTHO OTPaXkaTh TeHe-
palibHYIO COBOKYITHOCTD M3y4aeMbIx 00bekToB (He-
martaes, 1987).

Craructuueckast oOpaboTka naHHbIX. CraTH-
cTHYeckass o00pabdoTka TONXy4YeHHBIX (IOPUCTH-
YeCKMX JaHHBIX MPOBOJMIACH C HCIHOJIb30BaHUEM
METOJIOB OMHUCATENHHON cTaTHCTUKU. Jlis aHanm3a
JKU3HEHHBIX (DOPM, DKOJIOTUYECKUX THIIOB, XO3Si-
CTBEHHO-TIOJIE3HBIX TPYI U TeorpauuecKux die-
MEHTOB OIPEesuIn a0COIIOTHOE YHCIIO BUIOB U UX
MIPOIIEHTHOE COOTHOIIEHHUE OT OOIIETO YUCIIa BBISB-
JICHHBIX BHJIOB.

IIponieHTHAsT A0S KaKJI0M I'PyMIbl paCCUUThI-
Bajach 1o gopmyie:

P=n/N x 100,
rae P — npouenTHas 101 IpyIIbl, 1 — KOJIU4ECTBO

BHJIOB B COOTBETCTBYyMOmEH Tpymme, N — oOmiee
YHUCIIO BUJOB, BBIABICHHBIX B PACTUTEIBHBIX CO-

Taoauna 1

obmiectBax ¢ y4yactueM Rosa dsharkenti Chrshan.
B nmannoii pabote oOriee YMCIIO BUAOB COCTABHIIO
N = 79. [lony4eHHbIe pe3ybTaThl IPECTABICHBI B
BH/JIC TaOJIHII C YKa3aHHEM a0COJIFOTHBIX 3HAYCHHM
Y TIPOIICHTOB.

Pe3y.m>TaT1>1 HCCJICJOBAHUA U X oﬁcyme}me

Jlerom 2022 ropma Obla OpraHu3oBaHa JKCIIe-
JIMLMS B FOXKHBIN paiioH JxyHrapckoro Aujaray c
LeJbI0 OOHApYKEHUSI MOMYJIIUU PEAKOro JHIeE-
MHYHOTO BHJIa — IDKAPKEHTCKOTO IITUTIOBHUKA (Rosa
dsharkenti Chrshan.), HaxomsIerocst moj yrpo3oi
MCYE3HOBEHHUS. DKCIEANINS YBEHYANIACh YCIIEXOM:
MIEPBYIO MOMYJISILIMIO 3TOTO BUJIA BBIABUIN B I€TbTE
pexn Ycek, BONM3M HU3KOTOpHOTO MaccuBa «KbI-
3pu1 Ecme», KOTOpBI OTHOCUTCA K IOKHOMY OT-
pory JlxyHrapckoro Amaray. AJMHHHCTPATHBHO
3TOT y4acToK oTHocuTcs K Ilandunosckomy paiio-
Hy JKetsicyckoii o0macti. BocTtounsiii 6eper pekn
VYcek OOpBIBUCTBIN; BAOJb HEro (GopMUpyrOTCS
TyCThIe KyCTapHHKOBBIE 3apOCIHH, TEePEMEKaIOMIH-
ecsl ¢ IIMPOKOJMCTBEHHBIMU JIEPEBBSIMH, CO3/1aBast
CIUIOLIHOM PACTUTENbHBIM NOKPOB. IMEHHO B 3THX
3apocisix Obuia 3a)MKCUPOBaHa TIepBast MTOMYJISIIHS
R. dsharkenti.

GPS-koopnunater: 44°19'28" c.m., 79°53'51"
B.ZI. BeicoTa Hag ypoBHeM Mopst — 970 m.

B pamkax oOHapyXEHHO# MOIYJISIINN HAMU BbI-
JIETIEHbl TPU IIEHONONYJALMU. PacTUTeNbHBIN MO-
KPOB BCEX TPEX LIEHOMONYJISIMH R.dsharkenti Obinm
OTHCaHbl METOJIOM Te000TaHNYECKOTO OIMCAHMUS C
BBIIETIEHHEM IPOEKTUBHOTO MOKPBITHS, SIPYCHOCTH
U OTpeieJIeHMEM BO3pacTHOTO cniekTpa. B 3Toi cTa-
Th€ MbI OTPAHUYMMCSI TIPUBEJIEHUEM CITHCKA pacTe-
HUH MEPBOH MOMYIISINAN U TPOBEICHIEM (PIIOPUCTH-
YECKOT0 aHaJIN3a.

@ropucmuueckuti cocmag pacmumenvuvlx coobwecms ¢ yuacmuem Rosa dsharkenti Chrshan.

Otaen: Gymnospermatophyta — AmbIKTYKbIMABLIAP (Fo10ceMeHHbIE)

Kaace: Chlamydospermatopsida — KaGbIKTBITYKbIMABLIAP (000/104KOCEMEHHBIE)

1 CewmetiictBo: Ephedraceae Dumort. — Kputnanap (Ddenposbie)

Ne Ha3panue pacteHuit

Kw3nennast popma, SKOIOTHIECKHE
THIIBI, TeOrpapuIecKue ITeMEHThI

X031 CTBEHHEIC
3HAYCHUS

1 2

3 4

Ephedra distachya L. — Koc Macakmiaibsl KpUIIIa
(Ddenpa nByKoIOCKOBAS)

KyCTapHUK, KCEPOHT,
TOpHOCpeIHea3naTCKUi-ruManaickui

JICKapCTBEHOC

Ortnen: Angiospermatophyta — KadsikrykbIMAbLIAP (IloKpBITOCEMEHHBIE)

Kaace: Monocotyledoneae — Japaxxapaakrsiiap (OQH0101bHbBIE)
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2 CewmeiictBo: Poaceae Barnhart. — AcThIK (3maxm)
7 Bromus oxydon Schrenk. — Ticti apnabac (Koctép OJTHOJICTHUK, ME30(DHT, TOPHOLICHTPAJI- CODMOBOE
OCTPO3YOBIii) bHOA3UATCKO-MPAHCKUI P
Bromus japonicus Thunb. — Ynker MmopThIK (KocTép omHONETHUK, ME30(HT.
3 Jap PTBIK ( p on ’ V(I) ’ KOPMOBOE
SITIOHCKHIA) najJeapKTHYCCKUN
Bromus tectorum L. — Tapak603 apniadac (Kocre OJIHOJIETHUK, ME30(HT.
4/3 . paK P ( P 5 P ur, KOPMOBOE
KPOBEJIbHBIIT) TOJapKTHYECKUI
s/4 Festuca sulcata (Hack.) Nym. p.p. — Komimri Gerere  MHOTOJIETHUK, KCEPODHT, ODMOBOE
(OBcsHMIa Oopo3auaras, BajuIicckas, Tumaak) €BPa3MaTCKUH CTETHOM P
6/5 Eremopyrum orientale (L.) Jaub. & Spach. — I1IbIFbic  OHONETHUK, KCEPODHUT, ODMOBOE
MOPTBIFBI (MOPTYK BOCTOUYHEIN) TypaHO-CPEAU3EMHOMOPCKUI P
706 Lasiagrostis splendens (Trin.) Kunth. — Ax mwit MHOTOJIETHUK, ME30(HUT, KOPMOBOE, TeKCTHUIIb,
(Ynit OnecTsmmii) TOPHOCUOUPCKO-UPAHCKUI LEJUTEIOTI03HO-0yMasKHBIC
Poa stepposa (Kryl.) Rochev. — [lana koHbsIpOacs! MHOTOJICTHHK, KCepPODUT,
3/ pposa (Kryl.) Jana KoHsIp <, Keepodnr, KOpMOBOE
(MST/IMK CTEIHO#) €BPa3HaTCKUI CTEITHON
Stipa orientalis Trin. — ILIpiFeic xay (KoBbUIb MHOTOJIETHHUK, KCEPOPHT.
9/8 P . ay ( » keepod - KOpPMOBOE
BOCTOYHBIH) TOPHOCUOUPCKO-UPAHCKUI
3 CewmeiictBo: Liliaceae Juss. — Jlanarynnep (JInneiinsie)
Asparagus neglectus Kar. & Kir. — XXynuikapa MHOTOJIETHUK, KCEPODHUT,
paragus neg Y p P
KackbIpkeM, JKaman k (Criapka He3aMeueHHasl, aJITae-LIEHTPAILHOKA3aXCTaHCKO- KOpMOBOE
10/1 p K Cmap P P
npeHeOpexHas) TSHBIIAHBCKUI
4 CewmetictBo: [ridaceae Juss. — Kyprkamamrap (KacarukoBsie)
Iris songarica Schrenk. — JKoHrap KypTKamamn . JIEKapCTBEHHOE,
11/1 . MHOTOJICTHHK, Me30(hUT, TypaHCKHi
(Kacaruk mKxyHrapckuit) JIEKOpaTUBHOE
Knacc: Dicotyledones — Kocxaprakteuap (IByzonsHbIC)
5 CewmeiictBo: Salicaceae Mirb. — Tannap (MBoBbie)
Populus talassica Kom. (cathayana) — Tanac teperi  aepeBo, Me30huT
12/1 P N ( yana) p JIepeBo, ¢ . JIeKapaTUBHOE
(Tomospb Tanacckwuii) TOPHOLCHTPAIbHOA3HATCKHI
6  CewmeiictBo: Ulmaceae Mird. — Kaparamrap (MnsmMoBbIe)
Ulmus pumila L. — Byrakts! kaparamt (Bsi3 . eKapaTHBHOE
13/1 p . YTaK p ( JIEPEBO, ME30(HT, TOIAPKTUUCCKUI fickap ’
TIEPUCTOBETBUCTBII) IyOHIbHOE
7 CewmeiictBo: Polygonaceae Juss. — Tpannap (I'peuninbie)
olygonum aviculare L. — Kp13bu1 Tacna (F'open OJIHOJIETHUK, ME30KCepOHT, KOPMOBOE,
14/1 Polyg lare L Top P p
TITHYUI) TOJApKTUYECKUH JIEKapCTBEHHOE
Atraphaxis replicate Lam. — Kaitpipma Tyliecini KyCTapHUK, KCEPOPHUT.
15/2 P P Kaifetpwa Tyiiecisip YCTAPHIK, KCCPOQHT, . MIPOTHB dPO3UH
(KypuaBka otorayTas) TypaHO-CPEAU3EMHOMOPCKOI
8 CewmeiictBo: Chenopodiaceae Vent. — Anadyranap (Mapessie)
16/1 Chenopodium prostratum Bunge. — )Kararan OJTHOJICTHUK, ME30(HUT TOPHOCHOUPCKO- CODHOE
anabyra (Mapb cTesromasics) TOPHOICHTPATbHOA3HATCKHIA P
172 Chenopodium strictum Roth. — KpiTuran anabyra  OJHOJETHUK, KOPMOBOE,
(Mappb Topuarmas, mpsmMasi) BOCTOYHOEYPOINENCKO-a3UaTCKU. JIEKapCTBEHHOE
1873 Girgensohnia oppositiflora (Pall.) Fenzl. — Kapceiryn MHOTroneTHHK, KcepoduT KODMOBOE
rupreHcoHus (I MpreHCoHus CyIpOTHBHOIMCTHAS ) HPaHO-TYPaHCKHUH P
Kochia prostrata (L.) -Schrad. — JKararan usen [IOJIYKYCTapHUK, KCEPODUT,
19/4 p (L.) YKYCTApHHK, . pod KOPMOBOE, TOILITUBO
(Koxwust cremoniasics) MaJIeaPKTUUCCKUI
20/5 Ceratocarpus utriculosus Bluk. — Kanransr ebenek  ogHOIETHHK,Kcepodur, KOpMOBOE
(Porau cymuarsrit) TypaHO-UPAHCKUHA
Krascheninnikovia ceratodes (L.) Gueldenst. — KyCTapHUK, ME30KCEPOPUT KOPMOBOE, TIPOTUB
21/6 ycTap p P p

Tepicken, myiti3 Tepicken (TepeckeH poroBuaHbIH)  MaJeapKTHKTHYSCKU

SpO3uH, TOIINBO
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9  CewmelicTtBO: Berberidaceae Juss. — bepikapakarrap (bapdaprcossie)
Berberis heteropoda Schrenk. — Typmiasik
22/1 6Gepikapakar (bapbapuc maporoaHsIit KYCTapHUK, ME3OdHT, KpacuTelIbHOE, ITUIIEBOE
pap P P P ? anTae-TIHBIIAHbCKUH P ?
Pa3HOLBETHOXKKOBBIH)
. OH/IeM, KpacuTeIbHOE
Berberis iliensis M.Pop. — Ine 6epikapkar (bapbapuc KkycrapHHK, Me30(UT, [DKYHTrapo- ’ ’
23/2 N P pikapkar (bapbap YCTapHHL, . . yHrap MUIIEBOE, ICKAPCTBEH-
Wnniicknii) CEeBEpO TSAHBIIAHBCKUN
HOE, MEIOHOCTHOE
10 CewmeiictBo: Brassicaceae Burnett. — Kpecrynainep (KpectouseTHsie)
24/1 Alyssum turkestanicum Regel & Schmalh. — [llen OIHOJIETHHK, KCEPODUT, KOPMOBOE
skayputia (bypadok myCThIHHBIN) najgeapKTUYeCKUi
25/ Berteroa incana (L.) DC. — Kex mbIThIpiia JIBYJIETHUK, KCEPODHT, copHoe
(MxoTHUK cepblif) najeapKTU4eCKuil
Cardamine parviflora L. — Ycakryn 6aiimana OJTHOJICTHHK, Me30(HT
26/3 o N JIEKapCTBEHHOE
(CeprevHUK MEIKOLIBETKOBBI) ManeapKTUIECKUi
Isatis tinctoria L. — bosty meITeIpibIK (Baiiga NIBYJIETHHK, KCEPOPUT
27/4 Y P ( Y » Keep uq) KpacuTelbHOe
KpacHIIbHas) TasieapKTHIeCKAI
Malcolmia trichocarpa (Boiss. & Buhse)
AT OJTHOJIETHUK, KCEPOPHT
28/5 Botsch.- Tykkemic aiikaibi (MaTbKoTbMUs : JIEKOpaTHBHOE
BOJIOCHCTOILIO/HAS ) FUKYHTapO-HpaHCKuH
29/6 Sisymbrium brassiciforme C.A. Mey. — Kamycra JIBYJIETHUK, KCEPODHT, copHoe
capbackypaii (I'yIsIBHHK KaIryCTOBHIHBIIT) TOPHOLICHPTAJIbHOA3HATKO — MPAHCKHI
11 CewmeiictBo: Rosaceae Juss. — Paymanrymnnep (Po3omnserHsie)
Armeniaca vulgaris Lam. — Koximri epik (AOpHKOC — 1epeBo, ME30(PHUT
30/1 & piK (AP PeBo, (’b . BUTaMHHOHOCHO®
OOBIKHOBEHHBIH) JDKYHTapO-TSHBIIAHBCKHI
Cotoneaster multiflorus Bunge. — Kenry: sipraii KyCTapHHUK, ME30(UT,
31/2 ifl gv Y71 BIp yerap ’ b ' JIEKOpaTUBHOE
(Ku3uIpHUK MHOTOIIBETKOBBIH ) LEHTPaIbHOA3UATCKUI
Cotoneaster melanocarpus Fisch. ex Blytt. — Kapa  xycrapauk, Me30¢ur,
32/3 . . N o JICKOPaTUBHOE
sxkeMmic biprail (KH3uiIbHUK YepHOIIOHBII) ajJeapKTUYCCKUI
Crataegus songarica K. Koch. — XKonrap nonana JIepeBo, ME30pUT
33/4 & 8 o P PeBo, ¢ . JIEKapCTBEHHOE
(BOSPBILIHUK PKYHIapCKUA) JUKYHI'apO-UPaHCKUI
34/5 Potentilla orientalis Juz. — lLIsIFpic Ka3Taban MHOTOJICTHUK, ME30(HT JIeKapCTBEHHOE,
(JTamyaTka BOCTOYHAs ) TOPHOLICHTPAIbHOA3HATCKO-UPAHCKHH  KOPMOBBIC
Spiraea hypericifolia L. — l1lalikypaii TOOBUIFbI KyCTapHHUK, KCEPOME30(HT,
35/6 . JIEKOpaTUBHOE
(TaBoura 3BepoboenucTast) TOPHOCHOMPCKO-NPAHCKHUI
Rosa dsharkenti Chrshan. — JKapkeHr payman . 9HJIEM BUTAaMHHOHOC-
36/7 . KyCTapHHUK, Me30(HT, [UKYHTapCKUH
(ILInmiOBHUK JTKaPKEHTCKUH). HOE, IEKOPaTHBHOE
I SHIEM
Rosa iliensis Chrshan. — Ine paymran (ILnmoBHIK .
37/8 Vinwiiciuii) KyCTapHHUK, Me30(HT, TypaHCKUi BUTaMHHOHOCHOE,
JIeKOpaTHBHEIE
. SHAEM
Rosa Beggeriana Schrenk — Berrep paymian KyCTapHUK, ME30(HT,
38/9 . N BUTaAaMHUHOHOCHOE,
(IInmoBruk Berreposckuii) TOPHOLIEHTPAITEHOA3HATCKUH
JICKOpaTHBHOE
12 CewmeiictBo: Fabaceae Lindy. — bBypmakrap (baboBsic)
. R MHOTOJIETHHK, ME30KCEPO(QHUT, TOPHO-  MHILEBOE
Glycyrrhiza uralensis Fisch. — Opan must (Cononka ’ podur, rop i
39/1 CHOMPHCKO- TOPHOLICHTPAIbHOA3MAT-  JIEKAPCTBEHHOE
ypaibcast) . ’
CKHI MIPOTHBO3PO3UOHHOE
402 Medicago lupulina L. — Kynmak ’KOHBIIIIKA OJTHOJIETHK, ME30(HT, OPMOBOE
(JTronepHa xmeneBuaHAS) ageapKTUKICCKHI P
Onobrychis tanaitica (arenaria) Spreng. — Jlon MHOTOJIETHUK, ME30(UT.
41/3 & ( ) Spreng. —/1 ’ ur, KOpPMOBOE

scnapueT (Dcnapuer JOHCKOI)

TMaHHOHO-Ka3aXCTaHCKUH
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. .. MHOTOJETHHK, ME30(HT.
Pseudosophora alopecuroides (L.) Bunge. — Komimri i ur,

42/4 TOPHOLIEHTPAJILHOA3UATCKO - COpHOE, SIOBUTOC
akmust (bpyHerr TMCOXBOCTHAS) .
MPaHCKHUii
Trifolium repens L. (Amoria repens) — Ax Gene MHOTOJICTHUK, ME30(UT
43/5 i P - ( arep )~ Ak ben . ¢ KOPMOBOE
(Kneep mon3yuwii, Gerblit) rajgeapKkTU4YeCKUi
Trifolium pratense L. — Kp13pin6ac 6ene (Knese MHOTOJIETHHK, Me30(hUT
44/6 if P . K e ( P > ¢ KOPMOBOE
JITOBOM, KPACHBI) najJeapKTHYCeCKUN
Trigonella arcuata C.A. Mey. — Imex Goitnana OJIHOJIETHUK, KCEPODHT,
45/7 & Y A 5 » keepour, . KOpPMOBOE
(TTasxutTHHUK TyrooOpasHbIit) MOHTOJIO-TypPaHO-HPAHCKU
Vicia cracca L. — ThIIKaH CUBIPKOHBIIIKACHI MHOTOJIETHUK, ME30(HUT,
46/9 . . KOPMOBOE
(I'oporex MBIIIUHBIH). MaICAPKTHUCCKUI
47/10 Caragana balchaschensis (Kom.) Pojark. — Baikam — kycTrapHUK, ME30KCEPOQHT, —
kaparaH (Kaparana Ganxarickas) TYpaHCKUH
13 CewmetictBo: Zygophyllaceae R.Br. — Tylierabannap (IlapHONMUCTHHKOBBIE)
48/1 Zygophyllum obliguum M.Pop. — AnaGyiiip MHOTOJICTHUK, ME30(HT, CODHOE
tyiieraban ([lapHONMMCTHIK HEPaBHOOOKMIT) anTae-TAHbIIAHbCKUI P
o MHOTOJIETHHK, KCepOoduT
Peganum harmala L. — Kepimri aisipactas » Keepe ¢ JIeKapCTBEHHOE,
49/2 MOHTOJIO-TYPaHCKUI
(Tapmaia 0ObIKHOBEHHAST) N KpacUTEIbHOE
CPEIM3EeMHOMOPCKHIA
14 CewmetictBo: Aceraceae Juss. — Yiienkinep (Kinenossie)
Aser semenovii Regel & Herder. — CemeHOB yileHKI ~ KyCTapHHK HJIH HEOOIbIIOE epeBo,
50/1 o JIEKOpaTUBHOE
(Knen Cemenona) Me30(HT, JKyHrapo-UPAHCKUH
15  CewmetictBo: Tamaricaceae Link. — XXearpuinap (I pebeHInKoBbIC)
. .. KyCTapHHK WU HEOOJIBILIOE JIEPEBO,
Tamarix ramosissima Ledeb. — KpI3bUI )KbIHFBUT yerap AP JICKOpaTHBHOE,
511 N ME30KCepO(UT, MOHTOJIO-TYPaHO-
(I'peGeHIIMK MHOTOBETBUCTBIN ) 9 ITyOHUIIbHBIC
MPAHCKHUH
16 CewmetictBo: Elaeagnaceae Juss. — Xunenep (JloxoBsie)
JIEKOpPaTHBHOE, JTyOHIIb-
Elaeagnus oxycarpa Schlecht. — Yukipxemic (JIox . HOE, JIEKAPCTBEHHOE,
52/1 8 yearp P ( ZIepeBO, KCepohHT, TypaHCKHN P
OCTPOIUIO/HBIN) BUTaMHHOHOCHOE, KOp-
MOBOE, MEJJOHOCHO®
17 CewmetictBo: Convolvulaceae Juss. — IllpipmaysikTap (BpIOHKOBBIC)
53/1 Convolvulus arvensis L. — JlanaJsIk, mbIpMaybIK MHOTOJICTHUK, ME30(HUT, CODHOE
(BrroHOK mos1eBOI) FOJIapKTUKTUYECKUI P
18  CewmelicTBO: Boraginaceae Juss. — Aiinaynsikrap (BypaunukoBbie)
Echium vulgare L. — Konimri kex6acryin (Cussk BYJICTHHK, ME30KCEPODUT.
54/1 gare A v ( AIBY: ’ xeep Pur, MEIOHOCHOE
OOBIKHOBEHHBIH) najeapKTHIeCKUit
552 Lappula brachycentra (Ledeb.) Guerke. KpickaTiken IByJI€THUK, ME30(QHUT CODHOE
KOPIKbI3bI — (JIMyyka KOPOTKOIIMITUKOBAST) LECHTPAIbHOA3HATCKHI P
56/3 Lappula spinocarpos (Forssk.) Aschers. — OJTHOJICTHUK, KCEPOPUT CODHOE
TikemkxeMic kopikbI3 (JInmmydka KOIIOUETIIonHAs) TypaHO-UPAHCKHUH P
Nonea caspica (Willd.) G. Don fil. — Kacriuii HOHHea OJHOJIETHHK,KCEPOME30(HT,
571 N . COpHOE, KPacUTEIbHOE
(Honnes xacnmiickas) TypaHO-UPAHCKHN
19 CewmetictBo: Labiatae Juss. — Epiarynuinep (I'ybouseTHsIe)
Marrubium vulgare L. — Konimri mangpa (Illanapa  MHOIOJIETHHK, KCEPODUT, MEIOHOCHOE
0OBIKHOBEHHAsT) MaJICAPKTUYCCKUI JIEKapCTBEHHOE
50/ Scutellaria soongorica Juz. — JKoHrap ToMaramier MHOTOJICTHHK, KCEpO(UT I
(ILmeMHUK KYHTApCKHIA) JOKYHTapCKUM A
20  CewmeiictBo: Solanacea Hall. — Ankanap (IlacienoBsie)
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60/1 Hyoscyamus niger L. — Kapa mennyana (benena IIBYJIETHUK, KCEPODHUT, SIZIOBUTOE,
YyepHasi) TajgeapKTHYEeCKUI JIEKapCTBEHHOE, COPHOE
21 CewmeiictBo: Scrophulariaceae Juss.— CabbiHKok — HopraHuKOBBIE
61/1 Linaria transiliensis Kuprian. — [neray cusikok MHOTOJICTHUK, ME30(HT, METIOHOCHOE, COPHOE
(JIpHsIHKA 3amIHiicKas) JDKYHTapo-TIaMUPOaTaliCKUI » coP
22 CewmeiictBo: Rubiaceae Juss. — Pusumap (MapeHoBbie)
62/1 Galium aparine L. — Y)KaObIcKaK KbI3bUI00SY OIHOJIETHUK, KCEPOME30(HT, BUTaMHHOHOCHOE,
(ITommapeHHUK HOHHUIA) TOJIAPKTHYECKUI COpHOE
23 CewmeiictBo: Caprifoliaceae — Ymkarrap (JKumonocrtHsie)
63/1 Lonicera altmannii Regel & Schmalh. — AnsT™man KyCTapHHUK, KCEPOME30(HT, ICKODATHBHOE
yikar (OKumonocTs AnbT™MaHa) JDKYHTapO-BOCTOYHO-TAHBIIAHBCKUAN P
64/2 Lonicera iliensis Pojark. — Ine ymkar (OKumonocte  KycTapHUK, KCEpOME30(HUT, [UKYHTapo-  DHICM,
Wnuiickast) BOCTOYHO-TSHBIIAHBCKUI JIeKOpaTHBHOE, Y(QUPHOE
24 CewmeiictBo: Valerianaceae Batsch DC. — Banepuananap (BanepuanoBsie)
65/1 Patrinia intermedia (Hornem.) Roem. & Schult. — MHOTOJICTHUK, ME30(HT HeKADCTBEHHOE
Oprta narpunus (I[larpuans cpenmsis) aJITae-rOpHOIEHTPaIbHOA3UATCKHI P
25  CewmeiictBo: Asteraceae Dumort. — Kypuenirysainep (CinoxHOIBETHbIC)
66/1 Artemisia vulgaris L. — Epmen xycan (ITonbsHb MHOTOJICTHUK, Kcepodur, JIEKaPCTBEHHOE, COPHOE,
OOBIKHOBEHHaST) TOJIAPKTUYECKUI a¢upHOE
672 Artemisia scoparia Waldst. & Kit. — IllamaxTst OJIHO- WJIU JIBYJIETHUK, KCEPODHT, KOPMOBOE, COpHOE,
kycaH (IlonblHp MeTenpuaTas). najeapKTHYECKUH a¢upHOe
68/3 Artemisia heptapotamica Poljak. — Xericy xxycan MHOTOJICTHUK, KCEPOPHT, SHJIEM,
(TTonbIHB CEMUpEYCHCKAs ) JDKYHI'apO-CeBEpO-TSHBIIAHbCKHI sdupHoe
- MHIIEBOE
69/4 Artemisia dracunculus L. — IIpIpaimKbId KycaH MHOTOJICTHUK, KCEPOPHT, CODHOE 3’ bupHoe
o H UPH
(ITombIHB 3CTpParoH) TOJIAPKTHYCCKUI pHoe, pHoe,
BUTaAMHHOHOCHOC
70/5 Artemisia absinthium L. — Al xycas (ITomsrap MHOTOJIETHUK, KCEPOPHT, copHoe, dpupHOE,
ropKasi) rOJTapKTUYECKUH JIEKapCTBEHHOE
71/6 Centaurea squarrosa Willd. — TapOuraH ryjkekipe  JBYJICTHHK, KCEpODUT, copHoe
(Bacunéxk pactornbipeHHbIIT) JDKyHIap-UpaHCKUM
. Lo . N . IIHIICBOE, MEIOHOCHOE
72/7 Cichorium intybus L. — Kogimri uukopuii (Llukopuii  MHOTOJETHHK, KCEpODUT, exa CTB;:HHoe
OOBIKHOBEHHBIN) najeapKTUYeCKui P ’
KOPMOBOE, COpPHOE
73/8 Cirsium sieversii (Fisch. & C.A. Mey.) Petrak — MHOTOJICTHUK, ME30(HT, CODHOE
Cusepc capoikaiyeHi (bomsk Cusepca) anTae-TIHbIIAHbCKUHT p
74/9 Onopordum acanthium L. — TikeHal IIaFBIPTIKEH JBYJIETHUK, KCEPOPHUT MUILIEBOE,
(TarapHUK KOMHOUMiA) ManeapKTUIECKUI JIeKapCTBEHHOE,
75/10 Taraxacum longipyramidatum Schischk. — Mpip3a MHOTOJICTHUK, ME30(HT, —
6akbax (OnyBaHYNK JUIMHHOIMPAMH/KOBBIN) JDKyHrapo-napMupoanaickuit
. . o IIHIIEBOE, MEIOHOCHOE
76/11 Taraxacum officinale Wigg. — Konimri 6akbax MHOTOJICTHUK, ME30(HT, ek CTB’GHHOG
(OnyBaHYMK OOBIKHOBCHHBIN ) TOJIAPKTUKTHYECKUN P ’
KOpMOBOE
. . . JIBYJIETHUK, Me30(UT
Tragopogon capitatus S. Nikit. — BacTbl KoibKeIKeK Y ’ d) . KOPMOBOE,
77/12 . TOPHOLCHTPAIbHOA3UATCKUH—
(K031000pOAHUK TONOBYATHI) . JIEKOpaTUBHOE
LEHTPAITFHOKA3aXCTaHCKUIT
78/13 Xanthium strumarium L. — Kogimri capbicosty OJIHOJICTHHK, KCEPOHUT, JIEKapCTBEHHOE,
(ypHUIIHUK OOBIKHOBEHHBIH) TOJIAPKTUYCCKUI KpacuTenbHOe, COPHOE
Acroptilon repens L. DC. — Xararan ykekipe MHOTOJIETHUK, ME30KCEPO(UT.
79/14 P P yxexip ’ podu, JIEKapCTBEHHOE, COPHOE

(Topuak mom3yuwmit)

MOHTOJIO-TYPaHCKHI
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B npenenax nepsoii nonymnsiuuu R.dsharkenti
HaM# OBUTH ONMHMCAaHBI HECKOIBKO PaCTHUTEIbHBIX
coO0IIeCTB U B HUX BBISBICHBI 79 BHIIOB cocy-
IHACTBIX PACTECHHH, OTHOCAMUXCcS 64 pomam, 25
ceMeiicTBaM, JIByM KJlaccaM OTJielia [IBETKOBBIX U
OJTHOMY KJIACCy OT/IeJIa TOJIOCEMEHHBIX PACTEHUM.
Cpenu HUX 10 KU3HEHHOM (opMaM pacTeHUH, 10
knaccudpukanuu PayHknepa mpeo0OagaloT TeMu-
kpuntoputs! 35 BumoB wim 44,30% ¢ropsl no-
nynsaauu (Raunkiaer, 1934). MuoronetHue Tpa-
BSIHUCTBIC PACTCHUS TEPSIIOT HAJA3eMHbBIC TOOCTH B
Hadaje HeOJIaronpusTHOTO Ce30Ha, COXPAHSIS JKH-
BBIMH JIUIIb IPUKOPHEBBIC YaCTH, 3alIUIIEHHBIC
ITOYBOW W OMAaBIIEH JIUCTBOMU, rae GOpPMUPYIOTCS
MOYKH JIJIi HOBOI'O CE30HA C JUCTHSIMU U I[BET-
kamu. OTHOJIETHHE M ABYXJICTHHUE PACTCHHS (Te-
podutsl) cocrasusaroT 21 Bua, unu 26,58% dio-
pBI TIOMYJISIIIUN, W TIEPEHOCSAT HeOIaronpusaTHHIN
MEePHOJl MCKIIOUYUTEIBHO B BUAE CeMsH. TpeThio
MMO3UIINIO 3aHUMAOT MUKpodanepoputsl 14 BuU-
noB, win 17,72% ¢aoper nonynsuun. K gannoi
TPYIIIIe OTHOCSATCS KYCTaApHHUKH BBICOTOH OT 2 0
8 M, y KOTOPBIX BO30OHOBUTEIbHBIC TOYKUA HAXO-
JATCSL HA 3HAYUTEJIbHOM BBICOTE HaJ IOYBEHHOMU
IMOBEPXHOCTBHIO U 3AlIMINCHBI YCITyH4YaThIMH TI0-
KpoBamMHU. YeTBEPTYIO KaTETOPHUIO COCTABISAIOT
Me30(hanepoduThl, BKIIOYAOMUE 5 BHUAOB, YTO
coctaBiseT 6,32% ot Quiops! yuacTtka. DTH Aepe-
Bbsl JOCTUTAIOT 8—30 M B BBICOTY, UX ITOUYKH BO3-
OOHOBJICHHS PACIIOIOKEHBI BBICOKO HAJ 3€MIIEH,
HaJIE)KHO 3alIUIICHBl YCNIySIMA U BBIJCPKUBAIOT
BCe HEONarompusTHBIE BO3JEHCTBUA 3UMHETO
nepuojga M 3acyxu. HakoHel, MOCIETHION Iisi-
TYIO TTO3UIIHIO 3aHUMAIOT XaMe(PUTHI 4 BUIA, WU
5,06% ¢mopsl monynsuuu. DTH pacTeHHs Xapakx-
TEPU3YIOTCSA TEM, YTO MX MOYKH, MpeaHA3HAYCH-
HBIE JUISI TIEPS)KUBAHUS HEOJIATOMPUSATHBIX TICPH-
0JI0B, Pa3BUBAIOTCS HA MOOErax, pacmoloKeHHBIX
Ha [MOBEPXHOCTH MOYBBI HJIM OYCHB OJIM3KO K HEH.
B palioHax ¢ CHEXHbBIM MOKPOBOM 3MMOM IOY-
KM 3al[UIIAI0TCS CHETOM, a B TEIUIBIX 30HaX X
YaCTUYHO YKPBIBAIOT OTMEPINHE OCTATKH pac-
TUTEIBHOCTH, JISKAIUE HA MOBEPXHOCTH 3EMIIH.
DTO MOTYyKYyCTAPHUKH, MONYKYCTAPHUYKH U pac-
TEHHSI — MOy IIKH.

Cpenn SKOJOTHYECKHUX TPYII PACTeHHUN HaW-
OoJiblIee KOJMYECTBO COCTABIISIOT ME30QHUTHI — 36
BHJIOB, YTO cocTaBisAeT 45,56% (hiaops! momysaimm.
Hanee cnenytor kcepoputs — 31 Bup (39,24%), 3a-
TeM Me3okcepodutel — 7 BuaoB (8,86%), n Ha 110-
cieHeM Mecte kcepome3odutsl — 5 BunoB (6,32%).

Tabanna 2
JKusnennas popma pacmenuii

KoaunuecTBO BHI0OB

Ne  ®opma iuzHu a0comoTHOE %
YUCIIO
1 T'emukpuntopuTs 35 44,30
2 Tepodwursr 21 26,58
3 Mukpodanepopurst 14 17,72
4  Me3sodanepoduTsr 5 6,32
5 Xamedurst 4 5,06
Tabanuna 3

Dkonozuveckue munsi

KoaunuecTBO BHI0OB

Ne  ®opma ikuzHu abcomoTHOE %
YUCITO
1  Meso¢purs 36 45,56
2 Kcepodurs 31 39,24
3 Me3sokcepopuTst 7 8,86
4  Kcepome3oputst 5 6,32

®DIOpBI PACTUTEIBHBIX COOOIIECTB C yIaCTHEM
R.dsharkenti no xnaccupukanuu H.B. IlaBnosa
(1942) pacnpenenunu 12 XO3SMCTBEHHO TOJIE3-
HbIM Tpymmnam (tabnuna-4) (ITasnos, 1942). Cpenn
BCEX pacTEHUH MO BHUJOBOMY COCTaBY M 4YacTOTE
BCTPEYAEMOCTH JIMJUPYIOLIYIO MO3UIHI0 3aHMMa-
0T TIPOTHBOAPO3MOHHEIE PACTEHHUS B CBOEM COCTa-
Be umeroT 79 Buma win 100%, kopMoBbIie BUABI 27
BUIOB, 4TO cocrtaisieT 34,17% duopel nanHoro
coobmiecTBa. Ha BTOpoM MecTe pacnojOkKUINCh
COpHBIE U JIEKAPCTBEHHbIE pacTeHus 21 BUA WIu
26,58%. Cnemxyer OTMETUTh, YTO MHOTHUE COPHEIC
BHJIBI TIPUTOIHBI ISl KOPMJIEHUSI CKOTa. TpeThio
MO3UIMI0 3aHUMAIOT JEKOpaTUBHBIC pacTeHHs 15
BUIOB, min 18,98% ¢nopsr coobmectBa. OcTtaib-
HBIC TPYIIIBI OJE3HBIX PACTCHUN PacHpeestoT-
cs To yOBIBaOIEH CIEIyIONINM 00pa3oM: MeJo-
HOCHBIC ¥ BATAMUHOHOCHBIE PACTEHUS 10 7 BUIOB
B Ka)XJo¥ rpymnmne, 4to coctasysieT 7,59%, nuie-
Bble, YPUPHOMACTUYHBIC U KPACUIIbHBIC PACTCHUS
mo 6 BumoB (7,59%). Jlonst ocTanbHBIX KaTerOpHid
MOJIE3HBIX PACTEHUM HE3HAYUTENbHA. STOBUTHIE
pacTeHusi COCTaBIISIIOT mo 2 Buaa wuimu 2,53%.
[emr0s103H0-0yMaxKHbIe PACTEHUSI COCTABJISIOT |
Buga i 1,26%.
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Taoauuna 4
Xoszsticmeenno-noiesnvle 2pynnvl pacmenuil

KoauuyecTBO BHI0OB

Ne  Tlosme3nbie rpynmsi a6CONIOTHOE %
YHCIIO

1 [IpoTuBO3pO3MOHHBIE 79 100
2 Kopmossle 27 34,17
3 CopHble 21 26,58
4 JlexapcTBeHHBIE 21 26,58
5 JlexopaTtuBHbIE 15 18,98
6 BuramuHoHOCHBIE 7 8,86
7 MenoHocHbIE 7 8,86
8 [IumeBsie 6 7,59
9 D¢upHOMaCIHIHBIE 6 7,59
10  KpacumnbHble 6 7,59
11 SlmoBHTHIE 2 2,53
S N

Hexotopsle BuAbl pacTeHUNl U3 BbILIE IIEpe-
YHCJIEHHBIX TPYIIT UMEIOT KOMIUICKCHOE 3HAYeHHE.
Hanpumep, Glycyrrhiza uralensis Fisch. omHoBpe-
MEHHO OTHOCHUTCS K HHIIEBBIM, JIEKAPCTBEHHBIM,
TEXHUYECKUM U TPOTUBOIPO3UOHHBIM PACTECHHSIM.
Elaeagnus oxycarpa Schlecht. obmamgaer mMHOTO-
(GYHKUMOHAILHBIM 3HaYeHUEM, OyIydYd HCIOJb30-
BaHHOH B CTPOUTEIHCTBE, KAK ITUIIEBOE M KOPMOBOE

Taoauua 5

pacTeHue, JEeKapCTBEHHOE, BHUTAaMHUHOCHOE, Kpa-
CWJIbHOE, TyOMIIbHOE, MEIOHOCHOE, IEIITIOII03HO-
OyMaskHOE, IEKOPaTUBHOE M MTPOTHBOIPO3UOHHOE.

W3 Bcex moONE3HBIX TPYII pAacTeHHid ocoboe
MECTO 3aHMMAIOT MPOTHBOIPO3UOHHBIE PACTEHMUS.
JpeBecHble TOPOBI, KyCTApHUKH, MTOTYKYCTapHH-
KM, KyCTapHUYKH, TTOTYKYCTAPHUYKU U MHOTOJICT-
HY€ TPaBSHUCTHIE PACTEHUS OTIIMYHO 3aKPETUITIOT
cyOcTpaT, TeM caMbIM 3allMIIAI0T MOYBBI OT BO-
JIHOM M BETPOBBIM 7po3uu. B 3ToM Hemanoe yua-
CTHE MPUHUMAIOT, OAHOJIETHUKHU 3deMepsl U d¢e-
MEpOH/IbI, OHM TYCTO TOKPBIBAIOT TMOBEPXHOCTH
MOYBbI, 0OCOOCHHO B BECEHHOM ()OHE Ha IOTre My-
CTBIHHBIN 30HBI. TakuM 00pa3oM €cThb OCHOBAHUS
BCE€ BH/IbI BBICIIINX PACTCHUI HAYMHAS OT JICPEBHCB
U KyCTapHUKOB, KOHYAs OJIHOJIETHUKAMH, BKIIO-
YUTEIBHO 3PeMepoB U 3PEeMEPONIOB C KOPOTKUM
MIEPUOJIOM BEreTaIli OTHECTH K TPYIIIE TPOTHBO-
9PO3MOHHBIX PaCTEHUM.

B pactutensHBIX coo0IIecTBaX, BKIFOYAIOIINX
R. dsharkenti, no xnaccudpuxaunm B.I1. Tomno-
ckokoBa (1984) Owuio BBIsIBIEHO 28 reorpaduue-
ckux snemenrta (tabmuna 5) ([omockokos, 1984).
Hawnbonpmiee komn4ecTBO BWAOB TMPHUXOIUTCS Ha
najgeapkTUUYeCKUe 3JIEMEHTH — 15 BHUJOB, 4TO CO-
craBsieT 18,99%. Ha BTopoM BMecTe HaeT romiap-
kTHdeckue 3nmeMenTsl 10 BumoB wimm 12,66%. Ha
TPETbEM MeECTe TOPHOIIEHTPAIbHOA3NATCKUH-NpaH-
ckuii 4 BumoB wiu 5,06%. OctanbHbie Teorpadu-
YECKHUE JIEMEHTHI MPE/ICTAaBICHBI HE3HAUNTEIbHBIM
KOJMYECTBOM BHJIOB.

Ces3b 61006020 cocmasa 1-ii nonyrisayuu ¢ propamu Opyeux pecuoHos

OnHosernue u ABy- MHuorojgernne Kycrapuuku,
Ne I'eorpaguueckue 31eMeHTbI JIeTHHe TPaBsSIHHM-  TPAaBSIHMCTBbIe  MoOjaykyctap- JlepeBbsi Bceero %
cThle PACTEHH pacTeHus HHKH
1 Ilaneapkrudeckue 7 5 3 - 15 18,99
2 Tonapkruueckue 4 5 - 1 10 12,66
3 TopHo-cpenHea3naTcKo-upaHCKHUE 2 2 - - 4 5,06
4  Typanckue - 1 2 1 4 5,06
5 MoHromno-TypaHcKo-UpaHCKUE 1 - 1 - 2 2,53
6  JlxyHrapo-upaHckue 2 - - 2 4 5,06
7 l'opHo-11eHTpasIbHOA3KATCKO- 4 ) ) ) 4 5.06
HpPaHCKHUE
8  T'opHo-cnbupcko-mpaHcKue - 2 1 - 3 3,80
9  TopHO-LIeHTpaJIbHOA3HATCKHE - - 2 1 3 3,80
10 TypaHCKO-HpaHCKUE 3 - - - 3 3,80
11 JIxyHrapckue - 1 1 1 3 3,80
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OpHoseTHue u ABy- Mmuorojaernue Kycrapuukwu,
Ne I'eorpaguueckue 31eMeHTbI JIeTHHE TPaBSIHM-  TPaBsHHCTBbIe mouaykycrap- JlepeBbsi Bcero %
CThIe pacTeHNs pacTeHus HHUKH

12 T'opro-cubupckue — ropHo- | | ) i ) 2.53
LEHTPaNbHOa3UaTCKUE

13 EBpa3suiickue cTenHble - 2 - - 2 2,53

14 TypaHCKO-CpeIN3EeMHOMOPCKUE 1 - 1 - 2 2,53

15  Anraiicko-TSHBIIAHbCKHE - 2 - - 2 2,53

16  JxyHrapcko-naMupo-ajaickue - - - 2 2,53

17 JlxyHrapcko- ) 2 ) ) 2 2,53
BOCTOYHOTSIHBIIIAHBCKUE

1y Jbymrapeio- - 1 1 - 2 283
CEBEPOTSIHBIIAHBCKHE

19 AnTalCKO-TIIeHTPaIbHOKA3aXCTaH- i | i i | 127
CKO-TSHBIIIAHBCKHE

20 BocTo4HOEBpO-a3uaTCKUe 1 - - - 1 1,27

21 HpaHo-TypaHCKHE 1 - - - 1 1,27

22  IlaHHOHCKO-Ka3aXCTaHCKHE - 1 - - 1 1,27

23 JIXyHTapcKO-TSHBIIAHBCKHE - - - 1 1 1,27

24  llentpanbHOa3HaTCKUE 1 - - - 1 1,27

25 AnTaiicko-ropHo- ) | ) ) 1 127
LEHTPANbHOa3UATCKUE

2% T'opHo-1IeHTpaIbHOA3UATCKHE — 1 ) ) ) 1 127
LIEHTPaJIbHOKA3aXCTAHCKUE

27  MoOHrono-TypaHckue - 1 - - 1 1,27

8 IlonTniicko- ) ) 1 ) 1 127

JAPEBHECPEANUZEMHOMOPCKUE

Tpumeuanue: npoyenmHoe cOOMHOWEHUE PACCUUMAHO OM 06Uje20 YUCTA BbIABIEHHbIX 81008 pacmenuil — 79. Hesnauumenvroe
omknonenue cymmol npoyenmos om 100% ceazano c okpyenenuem 3naveHuti 00 08yX 0eCAMUUHBIX 3HAKOB.

W3 Hux Bemyliye MeCTO 3aHUMAIOT Maneap-
KTHYECKUE, HUPAHCKWE, TOJapKTUYECKHe, TOpPHO-
LIEHTpalbHOA3UATCKuE, J)KyHrapckue U UpaHCKue
aneMeHThl. To, 4TO B mpeenax OMUCAHHOTO HaMH
pacTUTENbHBIX COOOIIECTB BCTpeyaroTes (iaopa u3
28 reorpauuecKux dJIEMEHTOB, 3TO BIIOJHE 3a-
KOHOMEpHO. Bo-mepBbIX, OMHCAHHBIA HAMHU pac-
TUTENbHBIE COOOIIECTBA HAXOAWTCA Ha FOKHOU
okoneuHoctu JlxyHrapckoro Amnaray. [lxyHrap-
CKMH Anaray Kak M3BECTHO HAXOIWTCS B LIEHTpE
A3MaTCKOTO KOHTHMHEHTAa U TPOCTUPAETCS C BOC-
TOKa Ha I0T0-3aMaJHOM HaIlpaBlIeHUH. Bo-BTOPHIX,
JlxyHrapckuil Anatay Ha ceBEpO M CEBepo-3amafe
TPaHUYHT ITyCTHIHAMHE, Ha BOCTOKE C HU3KOTOPHBIM
MaccuBoMm TapOaratasi, Ha IOr¢ CUCTEMaMHU BBICO-
kux rop TsHb-maHba. B Tperbux, JKyHrapckui
Anaray SIBJIS€TCS MHUIPAIlMOHHBIM ITyTEM, Yepes
KOTOPBIN C BOCTOKA MPOHUKAIOT AJiTae-casHCKHUE,

3amaJHO CHOMPCKHE BUJIBL, a C IOra M FOr0-BOCTOKA
Tsaup-manbckue BUAbl. OTCIOJa TaKoOW OOIBIION
KOHIJIOMEpaT ¥ CMEIICHUE BHIOB W3 Pa3IMYHBIX
MOYBEHHO-KITMMATHYECKUX 30H M TOPHBIX CUCTEM B
JxyHrapckoM Amnartay.

W3 BRISIBIICHHBIX HAMU 79 BUIOB pacTeHUH pac-
TUTENIBHBIX CO00MIeCTB ¢ yuactuem R.dsharkenti 8
cunTaroTcs dHAeMamu (mopel Kazaxcranma. Ilpu-
YeM JBa M3 HHUX KaK Y3KODHICMUYHBIC PACTCHUS,
COKpalarImumMics apeanamu Bonui B KpacHyro
kuury Kazaxcrana. Ot1o Berberis iliensis M.Pop. n
Lonicera iliensis Pojark.

Wnrtepecyromuii Hac BuA R.dsharkenti Taxxe
SIBIISICTCS] Y3KOOHIEMUYHBIM pacTeHusiM (riopsr Ka-
3axCTaHa HyXJaroumecs B oxpane. [loatomy ¢io-
pUcTHYECKOe W Teo0oTaHMYecKoe H3Y4YCHHE pac-
TUTEJIBHBIX COOOIIECTB C y4yactueMm R. dsharkenti
UMeeT BaKHOE 3HAYCHHUE ISl BBISIBICHHS OCOOCH-
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HOCTEH ero MeCTOOOMTaHMS, ONpPENeIICHHs IPHPO-
JIOOXpPAHHON TIEHHOCTH HCCIETYyEMOH TEeppUTOPHH
1 000CHOBaHUS HEOOXOAMMOCTH AajbHEHIIEro MO-
HUTOPHHTA TaHHOTO BUJA.

3akjoueHmne

B xome wmccnenoBanusi Obuta BBISIBJICHA IIEp-
Basi MOIYJISIMS PEAKOTO HIASMHYHOTO BUAa Rosa
dsharkenti Chrshan., mpomuspacraromasi B J0JUHE
peku Ycek, B pailoHe HU3KOTOpHOro maccuna «Kui-
3pl1 Ecnie» Ha FOKHBIX CKJIOHax JKyHrapckoro
Amnaray. [IpoBenénnblii ananu3 moxasal, 4To JIaH-
HBIN BUJ] BCTPEYAETCS B COCTaBE KyCTaPHUKOBO-Ipe-
BECHBIX U TPABSIHUCTBIX PACTHTEIBHBIX COOOIIECTB,
(OpMUPYIOIIMXCS B OTHOCHTEIHHO YBIIAXKHEHHBIX
YCIIOBUSIX JOJIMHBI PEKH. YUYHUTHIBas OrPaHUYCHHOE
pacmipoctpanenune R. dsharkenti, BEIIBICHHOE Me-
CTOOOUTAaHUE MPENCTABISIET OCOOYI0 HPUPOIOO0X-
paHHYIO 3HAYMMOCTb.

DopUCTUUECKUI aHATTN3 PaCTUTEIBHBIX CO00-
IECTB ¢ yuacTueM R. dsharkenti T0O3BOJIIT BBISIBUTH
79 BUIOB pacTeHUi, OTHOCAIMXCS K 64 ponam, 25
cemeiicTBaMm, 28 reorpapuyecKuM dyieMeHTaMm u 12
XO35IICTBEHHO-TIOJIE3HBIM IpynnaM. B cTpykry-
pe ¢opsl peodIanaloT TeMUKPUTITOPUTHI CPEIU
JKU3HEHHBIX (DOPM M ME30(HTHI CPEIAH HKOJIOTHYE-
CKHX TPYII, YTO OTpa)kaeT OCOOEHHOCTH PpaCTH-
TEIBHOTO TOKpOBa HccieayeMol Tepputopuu. B
cocrtase (IIophI TakkKe 3aUKCHPOBAHBI 8 YHAEMUY-
HBIX Ui Kazaxcrana BUIOB, BKIIIOYAs J1Ba PEAKHX
BHJIa, BKIIFOUEHHBIX B KpacHyro kuury Kasaxcra-
Ha — Berberis iliensis M.Pop. u Lonicera iliensis
Pojark.

[losnydyeHHble TaHHBIE CBHAETENBCTBYIOT O BBI-
COKOM (hIOPUCTHYECKOM Pa3HOOOpa3uu PacTHTEIhb-
HBIX COOOMIECTB ¢ yuactueM R. dsharkenti u non-
4EPKHUBAIOT IIEHHOCTh MCCIIEYEMOr0 y4acTKa Kak
MECTOOOMTaHMS PEIKOr0 3HAEMUYHOro Buaa. Ha-
JMYUE DHAEMHUYHBIX U PEIKUX BHUJIOB-CITYTHHKOB
YCHJINBAET MPUPOI0O0XPAHHYIO 3HAUUMOCTb JAHHOM

TEPPUTOPHHM M YKa3bIBaeT Ha HEOOXOAMMOCTH €€
JlalIbHEUIIIer0 MOHUTOPUHTA.

VYuuteiBas y3Kuil apean pacrnpocTpaHeHus R.
dsharkenti n TOTEeHIIMATIBHYIO YS3BUMOCTH €TI0 Me-
CTOOOHMTaHUSI K IPUPOTHBIM TOKapaM U U3MEHEHHUIO
YCIIOBHH Cpefbl, 1eecoo0pa3Ho MPOJIOIIKUTH U3Y-
YEHHE JIaHHOTO BUJA U PacCCMOTPETh BO3ZMOXKHOCTD
ero MHTPOIYKINK B OoTaHn4eckune caapl Kasaxcra-
Ha. MHTpoayKuus MOXKET CIocCOOCTBOBATH COXpa-
HEHUIO reHO(OoHAa PEeKOro YHAEMUYHOTO BHIA H
CO3/IaHUIO OCHOBBI AJISl €70 JAJIBHEHIIIEr0 HayYHOT O
1 IEKOPATUBHO-CEJIEKITMOHHOTO N3YYCHHSI.

Bxnao asmopos

T.b. Pwickanu: OCHOBHOU UCNOIHUMENbL OAH-
HOU pabomul: nposedenue UCCAe008aAMENbCKOU
pabomol, cOOp HEOOXOOUMBIX MAMEPUANos, Noxy-
yeHue u 06pabomka IKCNEPUMEHMANbHBIX OAHHBIX,
AHaNU3 NOJYYEHHBIX pe3ylbmamos, No020mosKd
OCHOBHLIX Mamepuanog oas cmamou, A.A. Ame-
Mo8: HAYUHLIL PYKOBOOUMENb OAHHOU UCCAeA08d-
menbcKol pabomvl: yuacmue 8 NOCHMAHOBKe Yeau
U 3a0a4 UCcied0B8aHusl, HaAyuYHoe U MemoouyecKoe
PYKOBOOCHBO, NpedocmasieHue peKoMeHoayull u
HANpaeieHutl no GbINOJHEHUI) UCCIe008aHUs, 00-
cyocoenue pe3yibmamos Uccied08anus, NPOCMOMp
U KOPPEKMUPOBKA HAYUHO20 COOEPAHCAHUS CMAMDbU,
C.C. Maynenosa: nomowb 6 HANUCAHUU MeKCmMa
cmamuit, 06paboOmMKa U CUCMEMAMU3aAYUs UCCAEO0-
8AMENbCKUX MAMEPUALO8, NOO20MOBKA OMOEbHbIX
Paz0enos pyKonucu, ydacmue 6 peoaxmuposanuil
mexcma cmamou, C.T. Hazapbexosa: yuacmue 8
00CyHCOCHUU  Pe3YIbINAMO08 UCCIe008AHUs, NPO-
CMOMP OMOENbHBIX PA30eNo8 PYKONUCU U NOMOUb
6 pedaxkmuposanuu; A.JK. Hunoubaesa: yuacmue
8 auause JAUMepamypHbiX UCHOUYHUKOS, 00CYiHC-
OeHUe UCCAeO08AMENbCKUX MAMEPUATO8, NOMOUb
8 NPosepKe U PeOaKmupo8aHUU MeKcma Cmamvl;
Y K. Andacyzyposa: yuacmue @ nod2omogke u 00-
CYIHCOEHUU Mamepualos cmamsi, NOMOWb 8 mex-
HUYECKOM OQhOPMACHUU DYKONUCU.
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ASSESSMENT OF THE ECOLOGICAL STATE OF THE POPULATION
OF THE SPECIES SCHMALHAUSENIA NIDULANS (REGEL) PETR.
OF THE FLORA OF THE NORTHERN TIEN SHAN

This article presents the results of a comprehensive assessment of the ecological status of popula-
tions of the rare endemic species Schmalhausenia nidulans native to the high-mountain regions of the
Northern Tien Shan. The aim of the study was to investigate the current state of the species populations
by analyzing their numbers, ontogenetic structure, morphometric parameters, and anatomical features.
Two natural populations of the species were examined: the first population, located on the Uzynkara
Ridge at an altitude of 3003 m above sea level, and the second population, growing on the lle-Alatau
Ridge at an altitude of 3260 m above sea level. During the field research, the population size, age struc-
ture, and morphological traits of individuals at the juvenile, immature, virginal, and generative stages
of development were studied, and an anatomical analysis of the stem structure was also conducted.
Both populations were found to be characterized by a complete ontogenetic spectrum, indicating their
resilience and capacity for natural self-sustainment. The lle-Alatau population is characterized by higher
abundance and better plant morphometric parameters, which is associated with more favorable environ-
mental conditions in the habitat. The Uzynkara Ridge population is characterized by smaller individuals
but maintains a stable age structure and high viability. An anatomical study revealed a radial secondary
stem structure with well-developed conductive and mechanical tissues, ensuring the species’ adaptation
to the extreme conditions of the high-altitude environment. The scientific novelty of this study lies in
the comparative population-ontogenetic, morphometric, and anatomical analysis of high-altitude Schm-
alhausenia nidulans populations, which provided new information on the environmental resilience and
adaptive mechanisms of this rare endemic species. The obtained results can be used to develop mea-
sures for monitoring, conservation, and protection of this plant.

Keywords: Schmalhausenia nidulans, population, ontogenetic structure, morphological features,
Uzynkara, lle Alatau.
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Coatycrik Tanb-LLlaub dpaopacbitbiv, Schmalhausenia nidulans (Regel) Petr.TypiHin,
NONYASILUSICbIHBIH, SKOAOTUSIABIK, XKaFAaibiH GaFanay

byA makarapa CoatycTik TaHb-LLIaHbHBIH OMiK TayAbl alfiMaKTapbiHAQ MEKEHAEMTIH CMPeK Ke3Ae-
ceTiH aHAemuKaAablk, Schmalhausenia nidulans TypiHiH NONyAsSUMSAAPbIHbIH 3KOAOTUSIAbIK, >KaF AAiblH
KelleHAI 6aranay HOTMXKEAEpPi YCbIHbIAFAH. 3epTTeyAiH MaKCaTbl TYP MOMYASLUMSAAPbIHbIH CaHblH, OH-
TOr€HEeTUKAAbIK, KYPbIAbIMbIH, MOP(POMETPUSABIK, MapaMeTPAEPIH XKOHE aHAaTOMUSIAbIK, epeKLLeAiKTepiH
TaAAQY apKbIAbl OAAPAbIH Ka3ipri >kaFAaiblH 3epTTey G0AAbI. TYPAIH €Ki TabuFL MOMyASLMSICbl 3€PTTEA-
Al: GipiHWI nonyAsums ¥3biHKapa >KoTacbiHAA TeHi3 AeHreniHeH 3003 M OMIKTIKTE OpHaAaCKaH >kaHe
eKiHLLI nonyAsiums Ine-Aaartay >KoTacbiHAQ TEHi3 AeHreiiHeH 3260 M OMiKTiKTe eceai. AaAaablk 3epTTey
6apbICbIHAQ MOMYASILMS MOALLEPI, >KaC KYPbIAbIMbI XXOHE AAMYAbIH >KaCeCTipiM, XETIAMEreH, TbiH XKoHe
reHepaTuBTI caTblAAPbIHAAFbI AapaAapAblH MOP(OAOTUSIABIK, epeKLLIEAIKTEDI 3epTTeAAl, COHAA-AK, Ca-
6aK, KypPbIAbIMbIHBIH aHAaTOMMSIAbIK, TAAAQYbI >KYPri3iAai. EKi MOnMyAsums Aa TOAbIK OHTOreHEeTMKAAbIK,
CMeKTPMEH CUMATTaAaTbiHbl aHbIKTaAAbl, OYA OAAPAbIH TO3IMAIAIr MeH TabuFn ©3iH-63i KamTamacbi3
eTy KabiAeTiH KkepceTeai. Iae-AaaTay MonyAsumMsiCbl ©CIMAIKTEPAIH KOMTIriMeH >oaHe >kakcbl MOpdo-
METPUSIABIK, MapaMeTPAEPIMEH CuMaTTaAaAbl, OYA TipLiAiK €Ty opTacbiHAAFbl KOAAMAbI KOpLIaFaH opTa
>KarFAalAapbIMeH 6aiAaHbICTbI. Y3bIHKApa >KOTaCbl MOMYASLUMSChI KilllipeK AapaAapMeH CMMaTTaAaAbl,
6ipak, TYpaKTbl XKac KYPbIAbIMbIH XK8HE XKOfapbl TipWiAik eTy KabiAeTiH cakTanAbl. AHATOMUSABIK, 3epT-
Tey TYPAiIH OMiK TayAbl OpTaHbIH 3KCTPEMAAADI XKaF AaiAapbiHa GeMIMAEAYiIH KaMTaMachl3 eTeTiH XKaKCbl
AaMblFaH OTKI3rilll )XoHe MeXaHMKAAbIK, TIHAEpPi 6ap paAMaAAbl eKiHLLI PeTTiK cabak, KypPbIAbIMbIH aHbIK-
TaAbl. byA 3epTTeyAiH FbiAbIMM >KaHaAbIFbl 61ik TayAabl Schmalhausenia nidulans nonyasumsinapbiHbiH
CaAbICTbIPMAAbI MOMYASILMSAbIK-OHTOr€HETUKAAbIK, MOP(POMETPUSABIK, )KOHE aHAaTOMMUSIABIK, TAAAQYbIH-
Aa >KaTtbIp, OYA CMpeK Ke3AeCeTiH SHAEMMKAABIK, TYPAIH KOpLIaFraH opTara TO3IMAIAIT MeH GeiMAeAy
MEXaHM3MAEPI TypaAbl >kaHa aknapat 6epAi. AAbIHFAH HOTMXKEAEPAT OCbl BCIMAIKTI BakbiAay, cakTay
>KOHEe KOopfay LapaAapbiH 83ipAey YILiH nanaasaHyra 60AaAbI.

Ty#in cesaep: Schmalhausenia nidulans, nonyasiums, OHTOreHeTHMKaAbIK, KYPbIAbIM, MOP(OAOT M-
AbIK, epekLeAikTep, ¥3blHKapa, Iane Aaataybl.
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Ol1eHKa 3KOAOTMYECKOT0 COCTOSIHUS MOMYASILMM BUAQ
Schmalhausenia nidulans (Regel) Petr. cpaopbl CeBepHoro Tsnb-LLaHs

B cTatbe npeacTaBAeHbl pe3yAbTATbl KOMMAEKCHOM OLLEHKM SKOAOTMYECKOr0 COCTOSIHUS MOMYASILMIA
peAKkoro aHaemmuHoro Buaa Schmalhausenia nidulans npouspacTatoliero B BbICOKOrOpHbIX parioHax
CeBepHoro TsHb-LLlaHs1. LleAbto nccaepoBaHMS SBASAOCH M3yUeHWE COBPEMEHHOIO COCTOSHMS Momy-
ASILMIA BUAQ HQ OCHOBE aHaAM3a MX YUCAEHHOCTM, OHTOrEHETUYECKOM CTPYKTYPbl, MOPEOMETPUYECKMX
rokasaTeAen M aHaTOMUUYECKMX OCOOEHHOCTEN. BbIAM MCCAEAOBAHbI ABE MPUPOAHbBIE MOMYASLMN BUAQ:
repBasi MonyAsums, pacrnoAoXxeHHas Ha xpe6Te Y3biHkapa Ha Bbicote 3003 M Haa ypoBHEM Mops, M
BTOpasl MonyAsiums, npomspacraioias Ha xpebre Mae-AaaTay Ha BbicoTe 3260 M Haa ypoBHeM mopsi. B
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XOAE MOAEBbIX UCCAEAOBAHMIA M3YYaAUCh YUCAEHHOCTb MOMYyASLMIA, BO3pACTHAs CTPYKTypa 1 Mopdo-
AOTMYECKME MPU3HAKM 0COOEei Ha IOBEHMABHOM, MMMATYPHOM, BUPTMHUABHOM M FeHepaTMBHOM CTaAMSIX
Pa3BUTKSI, @ TaK>Ke NMPOBEAEH aHATOMMUECKMI aHAAM3 CTPOeHUsi cTeOAS. YCTaHOBAEHO, 4To obe no-
MYASILLMM XapaKTePU3YIOTCS MOAHOUYAEHHbIM OHTOTEHETUUECKUM CMEKTPOM, YTO CBUAETEAbCTBYET 06 MX
YCTOMUMBOCTM U CMOCOBHOCTM K ECTECTBEHHOMY CaMornoaAepykaHuio. Monyasumns Mae-Aaatay oTamua-
eTCcsl 60Aee BbICOKOM UMCAEHHOCTBIO M AYULLIMMU MOPCOMETPUYUECKMMM MOKA3ATEASIMU PACTEHMIA, UTO
CBSI3aHO C 6oAee OAAronpPUATHLIMU SKOAOTMYECKMMM YCAOBUSAMM MeCcToobuTaHus. [Monyasums xpebra
Y3blHKapa XapakTepm3ayeTcst MEHbLUMMU pa3MepamMu 0cober, 0OAHAKO COXpaHseT CTabMAbHYIO BO3pacT-
HYIO CTPYKTYPY M BbICOKYIO KM3HECMOCOOHOCTb. AHATOMMUYECKOE MCCAEAOBAHUE BbISIBUAO PAaAMAAbHOE
BTOPWUYHOE CTPOEHME CTEGASI C XOPOLLO Pa3BUTLIMK MPOBOASLLMMM U MEXAHUYECKMMU TKaHsIMM, obe-
CMeunBaloLLMMM aAQMTALLMIO BUAA K SKCTPEMAAbHbIM YCAOBMSIM BbICOKOTOPHOI CpeAbl. HayuHas HoBm3-
Ha paboTbl 3aKAIOYAETCS B NMPOBEAEHUN CPABHUTEABHOIO MOMYASILMOHHO-OHTOreHETUYECKOro, MOpdO-
METPMYECKOrO M aHaTOMMYECKOro aHaAM3a BbICOKOrOPHbIX nonyasumin Schmalhausenia nidulans, yuto
MO3BOAMAO MOAYUYMTb HOBbIE CBEAEHMS 06 SKOAOTMUYECKON YCTOMUYMBOCTM M aAQNTALMOHHbBIX MEXaHM3-
Max PeAKOro 3HAEMUYHOro BUAQ. [OAyUeHHble pe3yAbTaTbl MOTYT ObITh MCMOAb30BaHbI AASI Pa3paboT-

KM MEPOMPUSTUIA MO MOHUTOPMHIY, COXPAHEHMIO M OXPaHe AQHHOTO PacTeHMSI.
KaroueBbie caoBa: Schmalhausenia nidulans, nonyasumns, oHToreHeTnyeckas CTpykTypa, MopdgoAo-

rmyeckme npmsHakm, Y3biHkapa, Mae Anatay.

Introduction

Conservation of biological diversity in moun-
tain ecosystems is one of the priority tasks of modern
ecology and botany. Mountain regions are charac-
terized by a high degree of endemism and vulner-
ability of natural complexes to both natural and
anthropogenic impacts. In this context, the study of
rare and relict plant species, whose population status
serves as an indicator of ecological stability in natu-
ral mountain ecosystems, gains particular signifi-
cance. Many rare and endangered endemics adapted
to extreme conditions—low temperatures, strong
winds, a short growing season, and poor soils—are
concentrated in mountain natural ecosystems. En-
demic species play a key role in maintaining eco-
logical balance, contributing to soil stabilization,
water runoff regulation, and preservation of genetic
diversity. However, anthropogenic factors such as
recreational pressure, livestock grazing, and climate
change threaten their existence (D’Antraccoli et al.,
2023; Edwards &Wyse, 2019; lasnovi¢ et al., 2024;
Salles et al., 2023; Slezak & Douda, 2022; Maunder
etal., 2022; Slezak et al., 2022; Peruzzi et al., 2021;
Adamo et al., 2021; Peruzzi et al., 2022; Gestri et
al., 2023; Tiburtini et al., 2022). For several de-
cades, the biodiversity of the mountain ecosystem of
the Northern Tien Shan, including the Uzynkara and
Ile-Alatau ranges, has been under intense pressure
from human economic activity (Lemenkova, 2014).
The Northern Tien Shan is a unique mountain region
in Central Asia, characterized by high levels of bio-
diversity and a significant number of endemic plant
and animal species. Rare endemic species, such as
S. nidulans a representative of a monotypic genus
in the Asteraceae family, deserve special atten-
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tion in the context of the biodiversity of the North-
ern Tien Shan. The populations of this species are
characterized by the dominance of mature vegeta-
tive and generative individuals, indicating stability
but also vulnerability to external impacts. Studying
such species allows for a deeper understanding of
the processes by which plants adapt to high-altitude
conditions and the evolutionary aspects of the Tien
Shan. S. nidulans is a rare endemic representative
of the flora of the Northern Tien Shan, confined to
specific ecological-coenotic conditions of mountain
slopes and rocky habitats of the Ile Alatau. The spe-
cies is distinguished by a narrow ecological ampli-
tude, a limited distribution range, and sensitivity to
changes in environmental conditions flora (Syedina
et al., 2024).

Despite the scientific and conservation value of
S. nidulans information on the current status of its
populations in the Ile Alatau remains fragmentary.
The abundance, age structure, ecological condition,
and resilience of the populations in the context of
increasing anthropogenic impacts, including recre-
ational pressure, changes in soil cover, and climatic
fluctuations, have not been sufficiently studied. The
relevance of studying rare and endangered endemic
species of the Northern Tien Shan, including S. ni-
dulans is determined by several key factors. First,
the region faces intense anthropogenic pressure:
recreational tourism in the Ile-Alatau National Park,
agricultural activities, and urbanization lead to the
degradation of natural habitats. S. nidulans as a rare
species of category I, is included in the Red Book
of the Republic of Kazakhstan and is at risk from
livestock overgrazing, soil erosion, and popula-
tion fragmentation. Second, climate change—such
as warming and shifts in snow cover boundaries—
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threatens the high-altitude ecosystems where this
species resides, potentially leading to a reduction
in its range (Baitenov, 1981). In a global context,
conserving such species contributes to meeting in-
ternational commitments under the Convention on
Biological Diversity (1992), highlighting the role of
the Northern Tien Shan as a center of endemism in
Central Asia. The conducted research expands the
understanding of the ecological and biological fea-
tures of the rare endemic species S. nidulans which
grows in the high-altitude ecosystems of the North-
ern Tien Shan. New data have been obtained on the
current ecological status, population size, ontoge-
netic structure, and morphological characteristics of
its populations within the Uzynkara Ridge and the
Ile Alatau, complementing theoretical principles of
population ecology and serving as a basis for further
monitoring studies.

Figure 1
Map of the study areas in the Northern Tien Shan population of Schmalhausenia nidulans in the Ile Alatau and Uzynkara ranges

The aim of this study was to investigate the cur-
rent population status of the rare species Schmal-
hausenia nidulans.

Materials and methods

The subject of this study was the natural popula-
tions of the rare species Schmalhausenia nidulans
which belongs to the family Asteraceae and the ge-
nus Schmalhausenia. The subject of this study were
natural populations of the rare species Schmalhause-
nia nidulans, a member of the Asteraceae family
and the genus Schmalhausenia. Between 2024 and
2025, we studied Schmalhausenia nidulans popula-
tions in the Ile Alatau Mountains in the Bolshoye
Almatinskoye Gorge at an altitude of 3,260 m and in
the Uzynkara Kalzhat Gorge at an altitude of 3,003
m (Figure 1).
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Plant communities featuring Schmalhausenia
nidulans were described during the summer in two
populations located in different geographic locations
in the Northern Tien Shan ranges. The first popula-
tion was described in the Uzynkara mountains; the
second, in the Ile Alatau mountains. Population area
and coordinates were determined using a Garmin
navigator. Geobotanical descriptions of the popu-
lations were conducted using route-reconnaissance
and semi-permanent methods. Vegetation was de-
scribed using the generally accepted methodology
(Lavrenko & Korchagina, 1964). Collection and pro-
cessing of herbarium material was carried out using
the generally accepted methodology summarized by
A K. Skvortsov (1977). Plant life forms were clas-
sified according to the life form systems proposed
by K. Raunkier (1934) and I.G. Serebryakov (1962).
Species abundance in phytocenoses was estimated
using the Drude (1913) abundance scale. The age
structure was determined based on the diagnosis of
age states of the studied species. The age spectrum
was formed based on qualitative and quantitative
characteristics of individuals. Comparative analy-
sis of the morphological traits of individuals from
different age groups of Schmalhausenia nidulans
was carried out following generally accepted meth-
odological approaches. Fieldwork was conducted
in accordance with methodologies developed by
A.A. Uranov (1960), O.V. Smirnova (Smirnova &

Figure 2
Natural habitats Schmalhausenia nidulans (Regel) Petr.

Zaugolnova, 1976) and T.A. Rabotnov (1970). Mor-
phological and anatomical studies were conducted
on plant material fixed in a mixture of alcohol, glyc-
erol, and water (1:1:1). Anatomical preparations
and microtome sections of roots, stems, and leaves
were examined using light microscopy, quantita-
tive parameters were determined morphometrically
using an ocular micrometer, and the results were
documented by means of photomicrography. The
preparation and description of anatomical prepara-
tions were carried out using standard methods of
plant anatomy (Permyakov, 1988; Prozina, 1960;
Barykina et al., 2014).

Results and discussion

Schmalhausenia nidulans (Regel) Petr. is a
very rare endemic species of the monotypic genus
(Karmysheva, 1966). This perennial plant reaches
70 cm in height, with an upright, dark-haired stem.
The stem is solitary, simple, cobwebby-woolly,
with blackish-brown remnants of dead leaves at the
base, abundantly foliated. The leaves are oblong-
lanceolate, densely gray-woolly on both sides. The
inflorescences are large, 4-5 cm in width, densely
pubescent. It grows in ancient glacial valleys on
gravel-shallow-soil alpine meadows of the Ile-
Alatau and Uzynkara ranges (Flora of Kazakhstan,
1966) (Figure 2).

B

Natural habitats: A) Schmalhausenia nidulans Uzynkara ridge; B) Schmalhausenia nidulans, Ile Alatau ridge

On the Ile Alatau ridge, Schmalhausenia ni-
dulans is found at an elevation of 3,260 m a.s.l.,
coordinates: N 43°02°430”’; E 076°56°570”’. The
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slope faces southwest. On the Uzynkara ridge,

Schmalhausenia nidulans occurs at an elevation

of 3,003 m a.s.l., coordinates: N 43°05°033”’; E
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076°59°114”. The species is listed in the Red Book
of the Kazakh SSR (2014) and the Republic of
Kazakhstan (1981). In the spatial structure of the
cenopopulations of S. nidulans individuals are ar-
ranged as sparse solitary specimens. The dominant
age spectrum for the cenopopulations of S. nidu-
lans consists of middle-aged generative plants,
and a significant number of virginile individuals,
reflecting the most stable state of the endemic.
S. nidulans is a rare high-altitude endemic of the
Northern Tien Shan, associated with the alpine and
subalpine zones of the Ile Alatau. The species is
characterized by a compact habit, short shoots, and
a well-developed rosette form, which is a typical
adaptation to harsh high-altitude conditions. The
plant is perennial and herbaceous, with a shortened
stem. Leaves are predominantly gathered in a basal
rosette, entire, oblong-lanceolate, with a dense leaf

Table 1

blade. The surface of the leaves is often covered
with protective structures (thick cuticle, possible
pubescence) that reduce moisture evaporation and
protect tissues from ultraviolet radiation and sharp
temperature fluctuations. The generative shoots are
low-growing, which reduces wind stress and the
risk of mechanical damage.The ontogenetic devel-
opment of the species is accompanied by a gradual
increase in leaf blade size and plant height, while
maintaining the overall compactness of the habit
characteristic of alpine endemics.

Morphological characteristics of populations of
Schmalhausenia nidulans.

The analysis of the age structure of Schmal-
hausenia nidulans covers all ontogenetic stages, al-
lowing for the assessment of interpopulation vari-
ability in morphometric traits (Table 1).

Morphometric parameters of Schmalhausenia nidulans in two populations across ontogenetic stages

Name Age groups Juvenile (j) Immature (i) Virginal (v) Generative (g)
) Leaf length, cm 6.80£2.10 10.33 £1.53 16.40 = 1.60 26.60 + 3.30
Population 1
Plant height, cm 9.20 £1.10 19.50 +4.80 23.10+5.90 35.72 £2.96
i Leaf length, cm 6.80 +2.10 12.67 £2.08 17.50 £ 1.10 30.00 £3.61
Population 2 -
Plant height, cm 15.73 £1.83 22.33 £2.53 25.33+2.52 45.67+5.04

The juvenile group includes 35 individuals.
The average leaf length is 6.80 + 2.10 cm, and the
average plant height is 9.20 £ 1.10 cm. These val-
ues indicate the initial stages of the formation of
aboveground plant organs and indicate the average
variability of the characteristics characteristic of the
early stages of ontogenesis. The relatively small size
of juvenile individuals is due to their adaptation to
harsh high-altitude conditions and limited environ-
mental resources. The immature group includes 31
individuals. The average leaf length and plant height
increase compared to the juvenile period, reaching
10.33 £ 1.53 cm and 19.50 =+ 4.80 cm, respective-
ly. Significant growth of vegetative organs and an
increase in morphological variability indicate that
plants are entering an active period of development
and biomass accumulation. Virgin individuals are
represented by 54 specimens. The values of leaf
length and plant height continue to grow, reaching
16.40 = 1.60 cm and 23.10 £ 5.90 cm, respectively.
This group is characterized by the most intensive
vegetative development and the formation of mor-

phological characters necessary for the transition to
the subsequent generative stage. The increase in the
number of virgin plants indicates favorable condi-
tions for the accumulation of the pregenerative po-
tential of the population. The generative group is the
largest, consisting of 89 individuals. The average
leaf length and plant height are 26.60 + 3.30 cm and
35.72 £ 2.96 cm, respectively. A significant increase
in plant size at this stage indicates a high level of de-
velopment of generative organs and the ability of the
population to effectively reproduce. The relatively
low dispersion of the values indicates the formation
and stability of the generative part of the population.

Thus, the first population of S. nidulans growing
in the Kalzhat gorge on the Uzunkara ridge is char-
acterized by a gradual and systematic increase in leaf
length and plant height from the juvenile stage of
ontogenesis to the generative stage. The presence of
all age groups and the predominance of generative
individuals indicate a satisfactory ecological condi-
tion of the population and its adaptation to the con-
ditions of high-mountain ecosystems. The morpho-
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logical structure of the first population indicates the
adaptation of S. nidulans to the extreme conditions
of the high-mountain zone (approximately 3003 m
above sea level), where low temperatures, strong
winds, high insolation and soil moisture deficiency
prevail. The gradual increase in leaf length and plant
height with age indicates normal ontogenetic prog-
ress in relatively stable microclimatic conditions.
The density of generative individuals suggests a
strategy to reduce heat loss and mechanical damage.

The second population of S. nidulans is associ-
ated with the high-mountainous conditions of the
Great Almaty Gorge and grows at an altitude of 3260
m above sea level. This population is characterized
by a large number of individuals and a clearly de-
fined age structure, which indicates favorable condi-
tions for the growth and high survival of the spe-
cies in this habitat. The juvenile group includes 45
individuals. The average leaf length is 6.80 + 2.10
cm, and the average plant height is 15.73 + 1.83 cm.
Despite the similarity of the leaf length of the young
individuals in the first population, the plant height is
significantly greater, which indicates the intensive
development of aboveground organs in the early
ontogenetic stages. This may be due to the good
moisture content of the Great Almaty Gorge and lo-
cal microenvironmental conditions. The immature
group includes 42 individuals. The leaf length and
plant height increase compared to the young period,
reaching 12.67 + 2.08 cm and 22.33 + 2.53 cm, re-
spectively. These values indicate active vegetative
growth and the formation of stable morphological
characters characteristic of later stages of devel-
opment. The increase in the number of immature
plants indicates the stability of the population re-
newal processes. Virgin individuals are represented

Figure 3
Age structure of Schmalhausenia nidulans populations

A. Plant height

by 74 specimens. The average leaf length and plant
height are 17.50 = 1.10 cm and 25.33 +2.52 cm, re-
spectively. This group is characterized by intensive
growth and biomass accumulation necessary for
the transition to the generative phase. A significant
number of virgin plants indicates a high potential
for further reproduction of the population. The gen-
erative group consists of the largest, 289 individu-
als. The average leaf length and plant height reach
30.00 = 3.61 cm and 45.67 £ 5.04 cm, respectively.
A significant increase in the size of generative plants
compared to previous ontogenetic periods indicates
favorable conditions for the formation of generative
organs and a high reproductive capacity of the popu-
lation. The relatively high variability of these signs
indicates the diversity of individual development
within the population.

In general, the second population of S. nidulans
is characterized by a large number of individuals
in many ontogenetic groups, a clearly defined age
structure, and large values of leaf length and plant
height. The presence of a dominant generative frac-
tion and well-developed pregenerative stages indi-
cates a favorable ecological situation of the popula-
tion and its high adaptation to the conditions of the
high-mountain ecosystems of the Ile Alatau.

Morphological differences between S. nidulans
populations reflect the influence of microrelief, soil
conditions, and slopes. The greater leaf length ob-
served in individuals of the second population may
be related to the characteristics of the local habitat,
while the greater plant height reflects the intensity
of vegetative growth. In addition, the low variability
of morphometric characters in the first population
indicates homogeneous and stable environmental
conditions (Figure 3).

B. Leaf length
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In general, the second population of S. nidulans
is characterized by a large number of individuals in
all ontogenetic states, an increase in leaf length and
plant height, and a particularly pronounced devel-
opment of generative plants. This is probably due
to the special ecological and climatic conditions of
the Great Almaty Gorge at an altitude of 3260 m
above sea level, which contribute to the success-
ful growth, development and reproduction of this
species. The first population, despite its low mor-
phometric indicators, retains the full range of onto-
genetic groups, which indicates its endurance and
long-term stability. Thus, the morphological struc-
ture of both populations of Schmalhausenia nidu-
lans demonstrates clear ontogenetic differentiation
and high ecological plasticity in the extreme con-
ditions of the high mountains of the Northern Tien
Shan. Compact habits, medium leaf size and lim-
ited vertical growth are the main adaptations that
ensure the survival of the species. The identified
interpopulation differences highlight the impor-
tance of maintaining a diversity of microhabitats
for the conservation of the hardiness of this rare
endemic species.

Comparative analysis of morphometric charac-
ters of two populations of Schmalhausenia nidulans
revealed both ontogenetic regularities and interpop-
ulation differences. In all age groups of both popu-
lations, a significant trend of increasing leaf length
and plant height from juvenile to generative individ-
uals is observed, which indicates normal ontogenet-
ic progress. The average values of leaf length in the
second population at all ontogenetic states, except
for immature individuals, exceed the corresponding
values in the first population. This indicates favor-

Figure 4

able conditions for the development of the assimila-
tion apparatus in the habitat of the second popula-
tion. Plant height in the second population is higher
than in the first in several age groups (juvenile and
generative individuals). This may be due to the
characteristics of the microrelief, the depth of snow
cover in the winter period, or good soil moisture,
which favors vertical growth. Virgin and generative
individuals in the first population are characterized
by low variability (smaller standard deviation val-
ues) in leaf length and plant height, which indicates
more stable environmental conditions. In the second
population, the increased variability of these mor-
phological characters indicates habitat heterogene-
ity and the pronounced influence of local environ-
mental factors.

Anatomical structure of the stem of Schmal-
hausenia nidulans

The anatomical structure of the stem shows that
it has a secondary structure typical of the Asteraceae
family. The outer covering of the stem is covered by
the epidermis. The epidermis consists of a collection
of oval or round cells filled with loose parenchyma,
with a cell thickness of 7.31 £ 0.51 pm. The cortex
is oval, rectangular, or orbital, with well-developed
parenchyma cells filled with distinctly loose pa-
renchyma, forming unicellular or multicellular tri-
chomes. The parenchyma cells of the primary cov-
ering are thickened, with a thickness of 5.29 + 1.13
pm. The central cylinder has an increased volume
and contains a number of small vascular bundles.
Each vascular bundle is filled with upper scleren-
chyma. The number of vascular bundles is 8-9, and
they are elliptical (Figure 4).

Anatomical structure of the stem of Schmalhausenia nidulans (Regel) Petr.

A(x10)

D(x40)

A) l-epidermis, 2-loose parenchyma, 3-vascular bundle, 4-sclerenchyma, 5-xylem, 6-vascular parenchyma,; B) sclerenchyma;

C, D) xylem tubes

25



Assessment of the ecological state of the population of the species Schmalhausenia nidulans (Regel) petr. ...

Anatomical analysis of the stem of Schmal-
hausenia nidulans revealed a secondary structure
typical of Asteraceae and indicative of adaptation
to the high-altitude conditions of the Northern Tien
Shan. Importantly, the anatomical features also show
interpopulation differences consistent with ecologi-
cal variations between habitats. The stem epidermis
consists of densely packed oval or round cells with
moderately thickened walls (7.31 £ 0.51 pm), which
provide protection against mechanical stress, low
temperatures, and intense solar radiation. Beneath
it lies a well-developed cortex of parenchymatous
cells with unicellular and multicellular trichomes
that reduce transpiration and increase resistance to
wind and UV radiation. These xeromorphic features
were more pronounced in the first population, which
grew under stressful but relatively stable alpine con-
ditions. The central cylinder contains 8-9 collateral
root bundles with well-developed xylem and phlo-
em. The cambial zone of thin-walled cells supports
secondary growth, which was more active in the
second population and corresponds to plant height
and biomass accumulation. Sclerenchyma fibers in
the phloem, especially in the first population, are
strongly thickened, indicating increased mechanical
reinforcement during severe environmental stress.

In general, anatomical differences between pop-
ulations reflect ecological differentiation of habitats.
The first population is characterized by strong de-
fensive and xeromorphic features, which correspond
to stressful conditions and low resource availability.
The second population shows a tendency to active
growth and high transpiration efficiency, which cor-
responds to favorable moisture conditions and high
morphometric values. Ecological and phytocenotic
analysis confirms that both populations are found
in high-altitude environments, but differ in terms
of habitat quality. The first population develops in
more stable but resource-limited conditions, while
the second experiences relatively good moisture
availability and microhabitat heterogeneity, which
leads to increased growth intensity and increased
morphological variability. Morphological data con-
firm these patterns: the first population shows large
leaf size and low variability, while the second popu-
lation shows large plant height and high variability,
indicating strong ecological plasticity.

In conclusion, S. nidulans exhibits a combina-
tion of xeromorphic and mechanical defense ana-
tomical features (thickened epidermis, developed
cortex, trichomes, sclerenchymatization, and radial
stem structure) that enable survival under alpine
stress conditions. Variation in these traits among
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populations reflects ecological differentiation and
is directly related to differences in population status
and habitat quality.

Anatomical analysis of the stem of Schmal-
hausenia nidulans revealed the presence of second-
ary structures typical of members of the Asteraceae
family. The stem has well-developed membranous,
mechanical and vascular tissues, a pronounced ray
structure and collateral vascular bundles with scle-
renchyma elements and cambium. The epidermis
is formed by densely packed cells with moderate-
ly thickened walls, while the cortical parenchyma
consists of unicellular and multicellular trichomes.
The presence of trichomes, developed scleren-
chyma, thickened cell walls and secondary stem
thickening increases the resistance of plants to low
temperatures, intense solar radiation, strong winds
and periodic moisture deficits characteristic of the
high-mountainous habitats of the Northern Tien
Shan. The anatomical data obtained correspond to
the environmental conditions of the studied popula-
tions. Both populations of Schmalhausenia nidulans
are located on high mountain rocky slopes and are
exposed to extreme abiotic factors. The identified
structural features can be considered as adaptive
features that ensure the successful survival of the
species in these conditions. The populations of the
Ile Alatau and Uzunkara ranges differ in size and
ontogenetic structure, but in both cases reproductive
individuals predominate, which indicates the pres-
ervation of self-sustaining processes. However, the
relatively low proportion of pre-regenerative indi-
viduals indicates that the natural reproduction of the
species is limited. The results obtained confirm the
need for further monitoring of the population status
and the preservation of their natural habitat.

Conclusion

Thus, the anatomical and morphological fea-
tures of the vegetative organs of Schmalhausenia ni-
dulans (Regel) Petr. indicate a pronounced ecologi-
cal specialization of the species and its adaptation
to the extreme conditions of the high-alpine ecosys-
tems of the Northern Tien Shan. The complex of xe-
romorphic features, including developed protective
structures and features of the sheath and root tissues,
indicates a high degree of adaptation to low tem-
peratures, intense insolation, wind loads and mois-
ture deficiency. These features simultaneously limit
the ecological range of the species and reduce its
ability to quickly recover, which leads to its rarity,
fragmented range and small population size. S. nidu-
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lans populations are characterized by limited natural
regeneration and high dependence on the stability of
high-altitude habitats. Given the high degree of eco-
logical specialization and vulnerability, the species
should be considered a rare endemic, which requires
the preservation of natural habitats, limitation of an-
thropogenic pressure and constant monitoring of the
population status.
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SEED MASS AND HYDRATION CHARACTERISTICS
OF MEDIASIA MACROPHYLLA (REGEL ET SCHMALH.)
PIMENOV

Seed biology plays a crucial role in understanding plant reproduction, adaptation, and persistence in
natural ecosystems. Studies of rare and endemic species are particularly important because information
on their reproductive characteristics remains limited. The present study provides the first assessment of
seed mass and hydration properties of the rare endemic species Mediasia macrophylla (Apiaceae). The
aim of the study was to analyze seed mass, investigate imbibition dynamics, and visually assess changes
in seed appearance during hydration. The research was focused on obtaining quantitative data on seed
mass and water uptake characteristics as important components of the species’ reproductive biology. The
methodology included macromorphological analysis using light microscopy, gravimetric determination
of seed mass using batches of 100 seeds, and a gravimetric water uptake test with mass measurements
recorded after 1, 3, 6, and 24 hours of soaking. The results demonstrated that M. macrophylla seeds are
characterized by low mass and low variability among replicates, indicating the stability of seed material
within the studied population. The imbibition experiment revealed an intensive initial phase of water
uptake followed by a gradual decrease in hydration rate and the attainment of a plateau phase. Visual
observations confirmed the quantitative results, demonstrating noticeable changes in seed appearance
during hydration. The obtained results provide the first quantitative data on seed mass and hydration
properties of M. macrophylla and expand current knowledge of reproductive characteristics within the
genus Mediasia. The practical significance of the study lies in the potential application of these data for
the development of conservation programs for rare species and for planning future investigations of the
reproductive biology of natural populations.

Keywords: Mediasia macrophylla, seeds, seed mass, imbibition, seed hydration.
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Mediasia macrophylla (regel et schmalh.) pimenov
TYKbIMAAPbIHbIH, MACCACbl XXOHE TMAPATALMSIAbIK, KACUeTTepi

OcCiMAIKTEPAIH TabuFn 3KOXYeAepAeri kebelo, 6eriMAEAY >KoHe TYpakTbIAbIK MpoLecTepiH
TYCIHYAE TYKbIM GMOAOTMSCbIHBIH MaHbI3bl 30p. Ocipece PenpoAyKTMBTIK CuMaTTaMaAapbl TypaAbl
MBAIMETTEPI LUEeKTEYAI CUPEK >KoHe DHAEMMKAAbIK, TYPAEpAI 3epTTey epekile e3ekTiaikke me. Ocbl
>KYMbICTa aAfalll peT Apiaceae TYKbIMAACbIHA >aTaTblH CUPEK 3HAEMUK TYp — Mediasia macrophylla
TYKbIMAQPbIHbIH Maccacbl MEH FMAPaTaLMSIAbIK, KacUeTTepi 3epTTeAAl. 3epTTeyAiH MakcaTbl TYKbIM
MaccacblH, OAAPABIH, iCIHY AMHAMMKACbIH TaAAQY >KOHEe rMApaTaums NpoLeci KesiHAeri TYKbIMAQPAAFbl
e3repicTepAi Bu3yaaabl 6araray GOAAbL. 3epTTey TYPAiH PENPOAYKTUBTIK GMOAOTMSICbIHbIH, MaHbI3AbI
cunaTTamanapbl GOAbIN TabbIAATbIH TYKbIM MAcCacbl MEH CYy CiHipy epekLIeAiKTepi >XOHIHAE CaHAbIK,
AepekTep aayra OarblTTaAAbl. 3epTTey oaAicTemeci >apblK, MMKPOCKOMUSCbIH KOAAAHA OTbIPbIN
KYPri3iAreH MakpoMOPgOAOTUSAbIK TaAAayAbl, 100 TyKbIMHAH TypaTbiH YATiAe€p GOMbIHLIA TYKbIM
MaccacblH FPaBUMETPUAABIK, aHbIKTayAbl, COHAAM-aK, MaccaHbiH 1, 3, 6 >xoHe 24 caFaTTaH KewmiHri
e3repicTepiH TipKey apKblAbl Cy CiHIPYAIH FPaBUMETPMSIAbIK, CbiIHAFbIH KaMTblabl. HaTuxxeciHae M.
macrophylla TykbIMA@PbIHBIH Maccacbl TOMEH >X8He KOpCeTKIlTepiHiH e3repriwTiri a3 eKkeHAiri
aHbIKTaAAbl, BYA MONYASUMSAQFbI TYKbIM MAaTePUaAbIHbIH TYPAKTbIAbIFbIH KepceTeA. IciHy Taxipunbeci
CYAbl KapKbIHAbBI 6acTankbi CiHipy ¢ha3acbiH, KeMiHHEH F’MAPATaLMS XbIAAAMADIFbIHbIH 63CEHAEYIH XXoHe
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KepceTTi. Busyaaabl 6akblrayAap rmapataumsi 6apbiCbiHAA TYKbIMAAPAbIH ChIPTKbl KOPIHICIHAE aiKbIH
e3repicTep 60AATbIHbIH KOPCETE OTbIPbIN, CaHAbIK, HOTUXKEAEPAI PacTaAbl. AAbIHFAH HaTMXeAep M.
macrophylla TyKbIMAQPbIHbIH MAccacbl MeH TMAPATALMSAABIK, KACUETTEP] KOHIHAETT aAFallKbl CAHADIK,
AEPEKTEPAI YCbiHaAbl >koHe Mediasia TybICbl 6KiAAEPiHIH PENPOAYKTMBTIK CUMaTTaMaAapbl TypaAbl Mo-
AIMETTEPAI TOAbIKTbIPaAbl. XKYMbICTbIH MPaKTUKAAbIK, MaHbI3bl aAblHFaH AEPeKTEPAI CUPEK TYPAEPAI
cakTay GarAapAamManapbiH 93ipAeyAe >KaHe TabuFn NonyAaUMsIAapPAbIH PENPOAYKTUBTIK GMOAOMMSIChIH
OAQH Bpi 3epTTeyAi XKocrnapaayAa KOAAAHY MYMKIHAITIMEH aHbIKTaAaAbI.

Ty#in cesaep: Mediasia macrophylla, TykbIMA@p, TYKbIM Maccachbl, iCiHy KabiAeTi, TYKbIMAAPAbIH,
rMApaTaLmsChbl.
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Macca ceMsiH U ruapaTalMOHHbIE CBOMCTBA
Mediasia macrophylla (regel et schmalh.) pimenov

CemeHHast 6GUOAOTMS UTPAET KAIOYEBYIO POAb B MOHMMAaHUK NMPOLECCOB BOCMPOM3BOACTBA, aAanTa-
UMK 1 YCTOMYMBOCTM PACTEHMI B MPUPOAHBIX 3KocucTemax. Ocobylo akTyaAbHOCTb NPMOOPETaoT UC-
CAEAOBAHUS PEAKMX N SHAEMUYHBIX BUAOB, AAS KOTOPbIX CBEAEHMS O PEMPOAYKTUBHbIX XapaKTepuCTU-
Kax OCTalTCA OrpaHnYeHHbIMU. B AaHHOM paboTe BrepBble NPOBEAEHO MCCAEAOBAHME MACChl CEMSIH 1
rMAPaTaLMOHHbBIX CBOMCTB PEAKOro 3HAEMUUHOro BuAa Mediasia macrophylla (Apiaceae). LleAbto mc-
CAEAOBAHUS SBASIACS aHAAM3 MACChl CEMSIH, AMHAMUKM MX HaOyXaHUs 1 BU3yaAbHasl OLIEHKA U3MEHEHMIA
CeMsiH B rpoLiecce rmaparaummn. MccaepoBaHME HAMPaBAEHO Ha MOAYYEHME KOAMYECTBEHHbIX AAHHbIX
0 Macce CemsiH M 0COOEHHOCTAX BOAOMOIAOLLEHMS KaK BaXKHbIX XapakTEPUCTMKAX PErnpOAYKTMBHOM
6MOAOTMM BUAA. METOAOAOIMS MCCAEAOBAHMS BKAIOUYAAA MAaKPOMOPMOAOTMYECKMNIA aHAAM3 C UCTIOAb-
30BaHMEM CBETOBOI MUKPOCKOMNM, FPaBUMETPUYECKOE OMPEAEAEHME MACChl CeMSH napTmsmmu no 100
CeM$IH, a TaK>Ke rpaBUMETPUYECKMIA TECT BOAOMOMAOLLEHNS C PErMCTPaLMEn M3MEHEHMIA MACCbl yepes
1, 3, 6 1 24 vaca. B pe3yabTate ycTaHOBAEHO, UTO cemMeHa M. macrophylla xapakTepusyioTcs MaAom
MaccCoi M HM3KOM BaprabeAbHOCTbIO MNOKa3aTeAeil, YTO CBUAETEAbCTBYET O CTABMABHOCTM CEMEHHOro
mMaTepuaa NnonyAsLMm. DKCNEPUMEHT MO HAOYXaeMOCTH BbISIBUA MHTEHCUBHYIO HauyaAbHYIO da3y BOAO-
MOTAOLLEHMSI C MOCAEAYIOWMM 3aMEAAEHMEM CKOPOCTM TMApaTaLMM M BbIXOAOM Ha MAATo. BusyaAb-
Hble HAaOAIOAEHMS MOATBEPAMAM KOAMYECTBEHHbIE AQHHbIE, CBUAETEABCTBYS O 3aMETHbIX M3MEHEHMSX
BHELLHEro BMAA CEMSIH B Mpouecce ruaparaumn. [oAydYeHHble pe3yAbTaTbl NMPEAOCTABALIOT MePBble
KOAMYECTBEHHbIE AQHHbIE O MACCe CEMSIH U TMApPaTaLMOHHbIX CBoMCTBax M. macrophylla v pacumpsiort
CBEAEHMS O PENPOAYKTMBHbIX XapaKTePMUCTUKaX NMpeAcTaBuTeAen poaa Mediasia. INpakTnyeckas 3Ha-
YMMOCTb PaboTbl 3aKAIOYAETCS B BO3MOXKHOCTU MCMOAb30BaHMS MOAYYEHHbIX AAHHbIX MPKU pa3padboTke
NPOrpamMm COXPaHEHUSI PEAKMX BUAOB M MAAHMPOBAHMMN AAAbHENLLIMX MCCAEAOBAHMIA PEMPOAYKTUBHOM
GUOAOTMM MPUPOAHbIX MOMYASILMIA.

KaroueBble caoBa: Mediasia macrophylla, cemeHa, macca ceMsiH, HaByXaeMOCTb, TMAPaTaLLMS CEMSIH.

Abbreviations

GBIF — Global Biodiversity Information Facil-
ity; TSW — thousand seed weight

Introduction

Seeds represent a pivotal stage in the plant life
cycle, governing the processes of reproduction,
dispersal, and species adaptation to environmental
conditions. The morphological and physiological
characteristics of seeds, including their mass, di-
mensions, and hydration properties, play a crucial
role in shaping plant survival strategies across di-

verse ecosystems (Bewley et al., 2012; Baskin et al.,
2001). In recent decades, research in seed biology
has gained particular significance due to the urgent
need for biodiversity conservation, especially for
rare and endemic species sensitive to climate change
and anthropogenic impact (Fenner & Thompson,
2005; Hajib et al., 2023; Sanchez et al., 2022).

Seed mass is one of the most widely studied pa-
rameters, regarded as a critical ecological and evo-
lutionary trait. Numerous studies have demonstrated
that seed mass is linked to environmental condi-
tions, germination strategies, and seedling competi-
tiveness (Westoby et al., 1996; Moles et al., 2005;
Leishman et al., 2000). Small seeds are generally
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characterized by a high dispersal capacity and a rap-
id response to favorable conditions, whereas larger
seeds possess greater nutrient reserves that enhance
seedling resilience (Willson & Traveset, 2000).

An equally vital aspect of seed biology is the
imbibition process, which represents the initial
phase of germination associated with water uptake
and the activation of metabolic processes (Farooq
et al., 2022; Nakabayashi et al., 2025). Seed water
uptake kinetics are widely used to assess seed coat
permeability, the presence of dormancy, and physi-
ological readiness for germination (Upretee et al.,
2024). Similar patterns of rapid initial water uptake
followed by a gradual decrease in hydration rate
have been reported for many herbaceous plant spe-
cies during seed imbibition (Bhatt et al., 2016).

The Apiaceae family (umbellifers) represents a
large and morphologically diverse group of flower-
ing plants, widely distributed throughout the tem-
perate regions of Eurasia (Kozuharova et al., 2024;
Kljuykov et al., 2021). Seeds within this family are
characterized by prominent longitudinal ribbing,
relatively low mass, and specific fruit morphology
(Pimenov & Leonov, 2004; Sayed-Ahmad et al.,
2017). Several studies have demonstrated that the
morphometric characteristics of Apiaceae seeds
possess high taxonomic significance and can be uti-
lized to refine the systematic position of species (Cai
et al., 2022; Kalsoom et al., 2019).

Despite the substantial body of research dedi-
cated to the seed biology of widespread Apiaceae

Figure 1
Natural habit of M. macrophylla in the Western Tien Shan: (A) general view of the plant in its habitat on a rocky slope; (B) basal leaf
rosette and characteristic morphological features of the above-ground parts

representatives, data regarding rare and endemic
species of Central Asia remain extremely limited
(Mamadalieva et al., 2018). In this context, the ge-
nus Mediasia is of particular interest, as it comprises
narrow-range species confined to the mountain eco-
systems of the Western Tien Shan.

The subject of this study is the rare endemic
species Mediasia macrophylla (Regel) Pimenov
(Apiaceae). M. macrophylla is a rare endemic spe-
cies for which literature data primarily focus on its
distribution and general plant morphology, whereas
the quantitative characteristics of its seeds remain
virtually unstudied (Kurimoto et al., 2011).

The lack of data regarding seed mass, hydration
properties, and macromorphological features of M.
macrophylla represents a significant gap in the study
of this species’ biology, hindering the assessment of
its reproductive potential and adaptive strategies.
Under the conditions of increasing anthropogenic
pressure and climate change, obtaining such data
is of particular practical importance for develop-
ing conservation measures for rare endemic plants
(Mariano & Christianini, 2021).

The study focuses on the morphometric and
physiological characteristics of its seeds. The spe-
cies under investigation grows in the mountain eco-
systems of the Western Tien Shan, forming dense
basal leaf rosettes adapted to rocky slopes and open
habitats. The general plant habit and the character-
istic features of its above-ground parts are shown in
Figure 1.
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The aim of this work is a comprehensive experi-
mental study of M. macrophylla seed mass and im-
bibition dynamics, as well as a visual assessment of
macromorphological changes during the hydration
process.

To achieve this goal, the following objectives
were formulated:

- to determine seed mass using gravimetric anal-
ysis;

- to calculate the average single-seed mass and
the thousand-seed weight (TSW);

- to investigate the dynamics of seed water up-
take during the soaking process;

- to analyze the pattern of seed imbibition based
on quantitative and visual data.

The primary research methods included gravi-
metric techniques for determining seed mass and
water uptake, as well as macrophotography to
document seeds during the imbibition process. The
research approach is based on a combination of
quantitative analysis and visual interpretation of
morphological changes.

The research hypothesis is that the seeds of M.
macrophylla, similar to most representatives of the

Table 1

Apiaceae family, are characterized by low mass and
a high initial water uptake rate, which ensures a rap-
id initiation of germination processes under natural
conditions.

The scientific significance of this work lies in
providing new experimental data on the seed biol-
ogy of the rare endemic species M. macrophylla,
which has previously been virtually unstudied in
this regard. The practical importance consists in the
potential application of these results for assessing
the reproductive potential of populations and devel-
oping conservation strategies for rare flora species
of the Western Tien Shan.

Materials and methods

Study Object and Sample Preparation

The study object was the rare endemic species
Mediasia macrophylla (Regel & Schmalh.) Pimenov
(Apiaceace). To confirm the species’ distribution with-
in the study area, data analysis was conducted using
global biodiversity information aggregators, namely
GBIF and iNaturalist; summarized records of the spe-
cies from these databases are presented in Table 1.

Analysis of M. macrophylla occurrence in international information systems (as of January 20, 2026)

Ne Country or area Coordinates Event date Dataset

1 Kazakhstan 42.1N, 70.0E 2025 May 06 iNaturalist Research-grade Observations
2 Uzbekistan 41.5N, 70.0E 2024 Jun 07 iNaturalist Research-grade Observations
3 Uzbekistan 42.0N, 70.5E 2024 Jul 19 iNaturalist Research-grade Observations
4 Uzbekistan 38.7N, 67.9E 2023 Aug 20 iNaturalist Research-grade Observations
5 Kazakhstan 42.4N, 70.6E 2016 Jun 18 iNaturalist Research-grade Observations
6 Kyrgyzstan 2016 Aug 01 Moscow University Herbarium (MW)

7 Kyrgyzstan 40.0N, 72.1E 2015 Jul 02 OPUN — Middle Asia

8 Uzbekistan 38.8N, 67.1E 2010 Jul 13 Moscow University Herbarium (MW)

9 Kyrgyzstan 41.7N, 70.7E 1996 Jun 16 Moscow University Herbarium (MW)
10 Uzbekistan 41.6N, 70.1E 1993 Jun 09 I\V/?Escg‘lllf;pllj‘rﬁtv‘zzite;t(‘)‘;‘glﬁit?ggf{?;ncal
11 Kyrgyzstan 39.8N, 71.9E 1987 Jul 13 Moscow University Herbarium (MW)
12 Kyrgyzstan 41.7N, 70.6E 1986 Aug 04 Moscow University Herbarium (MW)
13 Kyrgyzstan 419N, 71.0E 1986 Aug 07 Moscow University Herbarium (MW)
14 Kazakhstan 42.0N, 70.0E 1982 Aug 22 Moscow University Herbarium (MW)
15 Kyrgyzstan 40.2N, 73.0E 1981 Jul 17 Moscow University Herbarium (MW)
16 Kyrgyzstan 40.6N, 73.5E 1981 Jul 20 Moscow University Herbarium (MW)
17 Tajikistan 38.6N, 70.7E 1976 Jul 10 Moscow University Herbarium (MW)
18 Tajikistan 38.1N, 70.3E 1975 Aug 03 Moscow University Herbarium (MW)

Note: Herbarium acronyms are used according to Index Herbariorum: MW — Moscow University Herbarium, OULU — University

of Oulu Herbarium.
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Prior to compiling the table, the data underwent
preliminary verification: records with obvious coor-
dinate errors, duplicates, and occurrences with low
georeferencing accuracy were excluded. This fa-
cilitated the formation of a representative sample of
unique spatio-temporal registrations of the species
within its natural range.

The analysis of spatio-temporal data from global
information systems (Table 1) confirms the status of
M. macrophylla as a Central Asian endemic with a
narrow-range distribution covering the Tien Shan
and Pamir-Alay Mountain systems within Kazakh-
stan, Uzbekistan, Kyrgyzstan, and Tajikistan.

The presence of verified records from the Ki-
shi-Kaindy gorge (Aksu-Zhabagly State Nature
Reserve), spanning more than 40 years (from 1982
to 2025), indicates the stability of this population.

Figure 2
Location of the collection site and seed samples: (A) localization of the collection site in the Kishi-Kaindy gorge (42°24°08" N,
70°34°53” E) (Image: Google Maps), (B) collected and dried seeds of M. macrophylla

At the same time, the limited number of unique
species registrations over recent decades confirms
its rarity, justifying the need for detailed studies
of its reproductive biology and seed productivity
to develop biodiversity conservation measures for
the region.

Seed material was collected from a natural
population on the north-western slope of the Kishi-
Kaindy gorge during the phase of full physiological
maturity in September 2025 (Figure 2). Prior to the
experiments, the seeds were cleaned of plant de-
bris and impurities and brought to an air-dry state
at room temperature. All analyses were performed
using uniformly prepared material, which is an es-
sential requirement for obtaining comparable and
reproducible results in seed research (International
Seed Testing Association, 2023).

Determination of Seed Mass

Seed mass was determined gravimetrically in
accordance with international seed testing stan-
dards (International Seed Testing Association,
2023) Weighing was performed using batches of
100 seeds, which is an optimal approach for small-
seeded species and is widely applied in seed biology
and ecology.

The experiment was conducted in three repli-
cates. The seeds used in the experiment were nat-
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urally air-dried after collection and stored under
laboratory conditions until analysis. Seed moisture
content was not determined separately; therefore, all
mass values reported in this study correspond to air-
dry seeds. Prior to weighing, the seeds were manual-
ly counted using forceps. Weighing was performed
on a VL-224V analytical balance (Gosmetr, Rus-
sia) with preliminary taring of the weighing boat.
For each replicate, the mass of a batch of 100 seeds
(m190) Was recorded.
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Based on the obtained data, the mass of a single
seed was calculated using the following formula:

m = Mypg
seed 100 °

as well as the calculated 1000-seed weight:

- 1000.

My =M,

Seed Imbibition and Water Uptake

Seed imbibition was evaluated using the gravi-
metric method to determine water uptake. The ex-
periment was conducted in triplicate, using 50 seeds
per sample. Dry seeds were pre-weighed to deter-
mine the initial mass (m,). The initial mass (m0)
corresponded to the mass of air-dry seeds prior to
soaking. The samples were then placed in containers
with distilled water (10-20 mL) and maintained at
room temperature (20-22 °C).

Weighing was performed after 1, 3, 6, and 24
hours. At the specified time intervals, the seeds were
removed, blotted dry with filter paper (1015 s), and
immediately weighed to determine the current mass
(m ). The percentage of water uptake was calculated
using the following formula:

mt—mi

W= * 100094,

m
For each time point, the mean and standard devi-
ation (M = SD, n=3) were calculated. The dynamics
of the process were analyzed based on the curves of
water uptake versus soaking time, which is a stan-
dard approach in studying the hydration properties
of seeds (Bewley et al., 2012).

Statistical analysis

Morphometric measurements and analytical
determinations were performed in triplicate (n=3).
Statistical processing of the results involved calcu-
lating the arithmetic mean (M) and standard devia-
tion (SD). To assess the degree of variability of the
studied traits, the coefficient of variation (CV, %)
was calculated. The results are presented in the M +
SD format. Mathematical data processing was car-
ried out using the Microsoft Excel 2019 statistical
analysis package.

Results and discussion

Seed mass of M. macrophylla

The results of the gravimetric analysis of M.
macrophylla seeds are presented in Table 2. The
mass of 100-seed batches in three experimental rep-
licates was 0.7770 g, 0.7890 g, and 0.7410 g, re-
spectively.

Table 2
Seed mass of M. macrophylla determined by the gravimetric
method

. 100-seed Single seed 1000-seed
Trial .

mass (g) mass weight

1 0.7770 0.00777 7.77

2 0.7890 0.00789 7.89

3 0.7410 0.00741 7.41
0.7690 £ 0.00769 +

Mean + SD 0.0245 0.000245 7.69 +0.245

The mean mass of 100 seeds was 0.7690 =+
0.0245 g. Based on these values, the mean single
seed mass was calculated to be 0.00769 + 0.000245
g (7.69 + 0.245 mg). The calculated thousand seed
weight (TSW) was 7.69 = 0.245 ¢.

The low variability in seed mass between rep-
licates indicates the relative uniformity of the seed
material in the studied population.

The process of gravimetric seed mass determi-
nation for each replicate is illustrated in Figure 3,
which presents representative photographs of seed
batches being weighed on an analytical balance.

The obtained seed mass values characterize
M. macrophylla as a relatively small-seeded spe-
cies. Seed mass is known to vary considerably
among plant species and is influenced by eco-
logical and evolutionary factors (Westoby et al.,
1996; Leishman et al., 2000). The TSW value ob-
tained in the present study falls within the range
generally reported for many herbaceous species
and provides the first quantitative reference for M.
macrophylla.
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Figure 3
Gravimetric determination of M. macrophylla seed mass: (4) first replicate of 100-seed batch weighing
(0.7770 g); (B) second replicate (0.7890 g); (C) third replicate (0.7410 g)

Seed imbibition in M. macrophylla

The results of the gravimetric analysis of
M. macrophylla seed water uptake is presented in
Table 3. The seeds were characterized by an inten-
sive initial imbibition stage during the first hours
after soaking.

After 1 hour, the water uptake averaged 51.8 +
5.8%. Within just 3 hours, the seed mass more than
doubled compared to the dry state, reaching 100.9 +
5.7%. Subsequently, the imbibition rate decreased:
water uptake was 119.1 £ 6.2% after 6 hours and
reached its maximum value of 138.6 + 6.5% after 24
hours (fig.4).
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Table 3
Water uptake dynamics of M. macrophylla seeds

No. Soaking time (h) Water uptake (%)
1 1 51.8+5.8
2 3 100.9 +£5.7
3 6 119.1+6.2
4 24 138.6 £ 6.5
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Figure 4

Water uptake dynamics of M. macrophylla seeds during soaking (M + SD, n = 3)
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The resulting imbibition curve is characterized by
rapid water uptake during the initial hours of soaking,
followed by a gradual decrease in the hydration rate
and stabilization of the process. Similar patterns of
water absorption have been reported for many herba-

Figure 5

Appearance of M. macrophylla seeds after imbibition in water: (A) general view of seeds in a Petri dish; (B) magnified image of
imbibed seeds showing a distinct increase in volume and changes in coloration

ceous plant species and representatives of the Apiace-
ae family (Louf et al., 2018; Moret-Fernandez et al.,
2024). Visual changes in the seeds during the imbibi-
tion process, including increases in size and changes
in coloration, are presented in Figure 5.

The present study provides the first quantitative
data on seed mass and hydration characteristics of
Mediasia macrophylla, a rare endemic species of
the Western Tien Shan. Seed mass is considered

one of the most important functional traits influ-
encing plant regeneration, dispersal, and establish-
ment processes and is widely used in ecological and
evolutionary studies (Westoby et al., 1996; Leish-
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man et al., 2000). The calculated thousand-seed
weight (TSW) of M. macrophylla was 7.69 + 0.25
g, indicating that the species belongs to the group of
relatively small-seeded plants. This observation is
consistent with the general characteristics reported
for many representatives of the Apiaceae family,
whose diaspores are typically characterized by rela-
tively low seed mass and specific fruit morphology
(Kljuykov et al., 2021).

Previous studies have demonstrated that seed
mass varies substantially among species and is in-
fluenced by both phylogenetic and environmental
factors (Westoby et al., 1996; Moles et al., 2005).
Although direct comparative data for other species
of the genus Mediasia are currently unavailable, the
values obtained in the present study provide the first
quantitative reference for future comparative inves-
tigations. The relatively low variability observed
among replicates suggests a high degree of unifor-
mity of the analyzed seed sample under the condi-
tions of the studied population.

Water uptake is a prerequisite for seed germi-
nation because hydration activates numerous physi-
ological and biochemical processes within the em-
bryo and storage tissues. According to Upretee et al.
(2024), the rate and extent of water absorption de-
pend on seed coat permeability, seed structure, and
physicochemical properties of the seed tissues. In
the present study, M. macrophylla seeds exhibited
rapid water absorption during the first hours of soak-
ing, followed by a gradual decrease in the hydration
rate. Similar patterns have been reported for many
herbaceous plant species and are generally regarded
as characteristic of the initial stages of seed hydra-
tion (Farooq et al., 2022).

The ability of M. macrophylla seeds to absorb
substantial amounts of water within a relatively
short period indicates effective hydration of seed
tissues under experimental conditions. After 24
hours of soaking, water uptake reached 138.6%,
demonstrating a pronounced capacity for water
absorption. Such hydration dynamics are consis-
tent with the activation of physiological processes
that generally accompany the early stages of seed
germination. However, germination tests, seed
viability assessment, and dormancy studies were
beyond the scope of the present work. Therefore,
the relationship between water uptake character-
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istics and actual germination performance of M.
macrophylla remains unclear and requires further
investigation.

The present study has several limitations. Seed
moisture content was not determined separately
prior to the experiment, and all mass measurements
refer to air-dry seeds. In addition, the study focused
exclusively on seed mass and hydration properties
and did not include germination, dormancy, or vi-
ability assessments. Nevertheless, the obtained re-
sults expand the currently limited knowledge of the
genus Mediasia and provide baseline information
for future studies of seed germination, reproductive
characteristics, population ecology, and conserva-
tion of this rare endemic species.

Conclusion

This study characterized seed mass and hydra-
tion properties of the rare endemic species M. mac-
rophylla (Regel et Schmalh.) Pimenov. The seeds
were found to have a relatively low thousand-seed
weight (7.69 + 0.25 g) and a high capacity for water
uptake, reaching 138.6% after 24 hours of soaking.
Rapid hydration occurred during the initial hours of
imbibition, followed by a gradual decrease in the
rate of water absorption. These findings provide
baseline information on the seed characteristics
of M. macrophylla and may support future studies
aimed at understanding the reproductive ecology
and conservation of this species.
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BAKAHAC KAHAAbBI XKAUBIAMACBIHAAFbBI
CALLIGONUM ALATUM LITW. ©CIMAITIHIH,
LIEHOMONYASIUMAAAPBIHBIH, KA3IPTI )KAFAAUBIH
bATAAAY

Makanaaa Calligonum alatum Litw. eciMairiHiH 6ipiHWi nonyAsiumsicbl AAMaTbl 06AbIChI, baAkatu
ayaaHbl, bakaHac aybiAblHaH 25 KM KauwbIKTbIKTa, IAe e3eHiHeH 500-700 M >KeTrnemnTiH aimakTaH
TabbIAAbI. OCIMAIKTIH TapaAy OpTacCbiHbIH, TOMbIParbl KYMAbI MaccuB. XKep 6eaepi TOAKbIHABI-OYAbIPAbI,
GPS 6oiibiHIa koopauHatTapbl: N 44°41'12.0", E 76°24'55.2" w.6. Tabbiasbl. Calligonum alatum
reob60TaHUKaAbIK TYPFblAAH 3€PTTEY >KYMbICTapbl )KacaAAbl. TapaAy OpTacbiHAAFbI LLEHOMOMYASILMSAAFb
OCIMAIKTIH >KaCTbIK, CMeKTpi MeH OHbIH Keberne aayra KabiAeTTi penpoAyKTMBTIAIM, TapaAybiHAAFbI
CaHAbIK, KOpCeTKillTepi, >KaCTblK KYPbIAbIMbI, (DUTOLLEHO3AbIH TYPAIK Kypambl OOMbIHLIA XXiKTEAYiH
aHblKTayAa reobO0TaHMKAAbIK, SAICTEP KOAAAHbIAABL. 3epTTey OObekKTICiHIH ©6cy KapKbIHABIAbIFbI
MeH opTara OeliMAEAYiH AEHremiHiH >KacTblK, KypamMblH aHbiKTay >koHe 6arasay >KYprisy HerisiHae
10x10M? TpaHcekTaAap CaAblHAbI. LLlekapacbl 6eAriaeHreH anMmakTarbl TYP Kypambl MeH AapakTap
CaHbIHbIH, >KMIAIAITIMEH MOMYASIUMSIHBIH, ThIFbI3AbIFbI AHBIKTAAQAbl >KOHe OaFaAy LIKAAAChbl >KaCaAAbl.
Calligonum alatum eciMairiHiIH eki LeHOMoMyASUMSICbIMEH KaybIMAACTbIK, KYPYbIHbIH TYPAIK Kypambi
OCIMAIKTEPAIH  MPOEKUMSABIK  >KabblHbIHbIH MaMbI3AbIK, KOPCETKIWTEPiHiH AEHreni aHbIKTaAAbI.
OCIMAIKTIH, sipycTapbl 60MbIHWA TaAAay XacaaAbl. EKi LeHOMonyAsumsHbIH TOMbIPaK, Kypambl KyMAbI-
KMbIpLbIKTbl. CThIOAEHTTIH t-KpUTEpPUIi GOMbIHLLIA aHbIKTAAFaH LIEHOMOMYASLMS WeHOepiHAE CaAbiHFaH
€Ki TpaHCeKTaHblH OHTOMeHEeTUKAAbIK, KYPbIAbIMbIHAAFBI aiblPMALLbIAbIKTaPAbl aHbIKTay MaKCaTbIHAQ
KOAA@HbIAABI. Opbip TpaHcekTa 6GOWMbIHILA OHTOreHETMKAAbIK, >KaCTbIK, KYMAEPIHiH AapakTap CaHbl
CaHAbBIK, KepceTKilll peTiHAe HaKTbl aAblHAbl, TOYEACi3 eKi TaHAama peTiHAE KapacCTbIPbIAAbI.
AHBIKTaAFaH ©CIMAIKTIH »ac KypPbIAbIMbI KEHiHEH cuMMaTTaAAbl. MyHAQ CyBCEHNABAIK XKOHE CEHUAbAIK
AQPAKTAPAbIH TOMEH CaHbl MOMYASIUMAHbBIH KAPTalo Ke3€HiHIH, LUEKTEYAIri aHbIKTaAAbl, aA 6CKIHAEP MeH
IOBEHWMAbAIK AapaKTapAblH 0GaCbIMABIAbIK, TaHbITYbl KEHICTIKTE TabWUFKM >KaHapy YAEPICiHiH 6eAceHA|
eKeHiH kepceTTi. baranay GoMblHIIA LEHOMOMYASUMSHBIH, AaMy AMHAMMKACbIH >K8HE 3KOAOTMSAbIK,
TYPaKTbIAbIFbIH HaKThl aHblKTayFa MyMKiHAIK 6epai. eoboTaHukaabik, Typrbiaad Calligonum alatum
MOMYyASLUMSCbI AAMYAbIH, TYPaKTbIAbIFbIH KepceTTi. TabuFn opTaaa ecy KabiAeTiH cakTayFa XoHe y3ak,
MEpP3iMAI MepcriekTrBasa TyYpPakThl AaMyFa KabiAETTIAIrH, NPOrpeccMBTi TUMNTEri MOMyASUMS PEeTiHAE
6GaraAaHaTbIHAbIFbIH ABAGAAEN TYCTi. OCIMAIKTIH, reHepaTMBTIK MyLIEAepi TOAbIK, KAAbINTAaCKaH, XbIA
CalbIHFbl TYAAEHY MpoLEeci TypakTbl 6ankaAaabl, OyA emic 6epy KapKbIHAbIAbIFbIHbIH KXOFapbl eKeHiH
ADACAAEHAIL.

Ty#in ce3aep: reob6oTaHMKa, (PUTOLEHO3, MOMYASLMS, LLEHOMOMYASILMS, LOA, TPAHCEKTa.
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Assessment of the current status of the cenopopulations
of Calligonum alatum Litw. in the floodplain of the Bakanas Canal

The article reports that the first population of Calligonum alatum Litw.was identified in Almaty Re-
gion, Balkhash District, at a distance of 25 km from Bakanas village, within an area located 500-700 m
from the Ili River. The site is situated in a gently undulating and hummocky terrain with sandy—gravelly
soils. GPS coordinates of the study area were recorded as N 44°41'12.0", E 76°24'55.2" Geobotanical
investigations were conducted using standard field methods to assess population structure, species com-
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were established to study age structure, density, reproductive capacity, and spatial distribution. Within
these plots, species composition, frequency of occurrence, and individual abundance were recorded,
allowing for the calculation of population density and the development of an evaluation scale. Addition-
ally, the vertical structure of vegetation cover and the percentage of projective cover were determined.
To compare ontogenetic structure between transects within a single cenopopulation, Student’s t-test
was applied, treating each transect as an independent sample based on counts of individuals in different
age stages. The results revealed a well-defined age spectrum characterized by a predominance of seed-
lings and juvenile individuals, indicating active natural regeneration. The relatively low proportion of
subsenile and senile individuals suggests limited population aging and stable demographic renewal pro-
cesses. Generative individuals were well developed, with consistent annual flowering and high fruiting
intensity, reflecting successful reproductive performance. Overall, the population demonstrates stable
development under natural conditions. The observed structural and reproductive characteristics indicate
ecological resilience and the ability to maintain long-term viability. From a geobotanical perspective, the
Calligonum alatum population can be considered stable with features of a progressive type, suggesting
favorable adaptive potential in arid sandy—gravelly habitats influenced by the Ili River ecosystem.
Keywords: geobotany, phytocenosis, population, cenopopulation, desert, transect.
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OueHKa COBPEMEHHOro CcoCTosiHUS LeHononyAsiumii Calligonum alatum Litw.
B novime bakaHacckoro kaHana

B ctatbe nokaszaHo, 4TO nepBas nonyasums pactenus Calligonum alatum Litw. 6bina BbiSiBA€HA
B AAMaTMHCKOM 00AacTM, baAxalickmi paioH, Ha paccTtosHum 25 KM oT ceAa bakaHac, B 30He, pac-
MOAOXEHHOM Ha pacctosiHnmM 500—-700 m oT pekn Man. Peabed Tepputopmm BOAHUCTO-OYrpUCTbIN.
[eorpacmyeckme KOOpAMHATBI y4yacTka, onpeAeAéHHble C ucrnoAb3oBaHvem GPS, coctaBagioT: N
44°41'12.0", E 76°24'55.2" B.A. AAst pactenunsi Calligonum alatum 6biAm npoBeaeHbl reoboTaHmye-
CKMe UCCAeAOBaHMS. B cpeae 06MTaHMS LLEHOMOMYASILMU M3YUYAAUCh BO3PACTHOM CMEKTP PAaCTEHUIA, MX
PEenpoAYyKTMBHAs CMOCOOHOCTb, KOAMUYECTBEHHbIE MOKA3aTeAM PACMPOCTPAHEHMS, BO3PACTHas CTPYK-
Typa, a Takxke KAaccudmkaums pUToLeHo3a No BUAOBOMY COCTaBy C MPUMMEHEeHMEM OOLLENPUHSTHIX
reob6oTaHnuecknx MetoaoB. C LEeAbIO OMPEAEAEHMs M OLLEHKM BO3PACTHOrO COCTaBa, MHTEHCMBHOCTM
pOCTa U ypOBHS aAanTaumMu 0ObekTa MCCAEAOBAHUS K YCAOBUSIM CPEAbl ObIAM 3aA0XKEHbI TPAHCEKTbI
naowaabio 10x10 M2, B npeaeAax 0603HaUEHHON TEPPUTOPUN ONPEAEASIAUCH BUAOBOW COCTaB, YacTo-
Ta BCTPEYAEMOCTM 1 YUCAEHHOCTb 0CO6EN, HA OCHOBE Yero OLEHMBAAACh MAOTHOCTb MOMYASILIMM 1 pa3-
pabartbiBaAaCb COOTBETCTBYIOLIA LIKAAA OLUEHKU. AAS ABYX ueHononyAsumin Calligonum alatum 6bia
onpeAeAéH BMAOBOW COCTaB COOOLLECTB, a Taky)Ke MPOLLEHTHbIE MOKa3aTeAW MPOEKTUBHOMO MOKPbITUS
pacteHui. MpoBeAEH aHaAM3 PaCTUTEABHOrO MOKPOBA MO sipycam. [oUBeHHbI cocTaB 06enx LeHomno-
NyASILMIA XapakTepu3ayeTcsl Kak necyaHo-raAeuHblii. C LeAblO BbISIBAEHUSI Pa3AMUMii B OHTOreHeTuYe-
CKOW CTPYKTYPE ABYX TPAHCEKT, 3aA0KEHHbIX B MPEAEAAX OAHOM LLeHOMONYASLUMK, ObIA MPUMEHEH KpU-
Tepuin CTbioaeHTa (t-kpuTepmil). AAsS KaXXAOM TPAHCEKTbl YMCAEHHOCTb 0COOE B OHTOreHEeTUUECKMX
BO3PACTHbIX COCTOSIHMSX MPMHMMAAACh B KaueCcTBe KOAMUYECTBEHHOrO nokKasaTeAsl M paccMaTpuBasachb
Kak ABE He3aBMCHMbIe BbIOGOPKK. Bo3pacTHas CTpyKTypa BbIIBAEHHOM MOMyAsiummn Gbiaa oApobHO oxa-
pakTepm3oBaHa. Hu3kas YMCAEHHOCTb CYyBCEHMAbHbIX M CEHUAbHbBIX 0COOer CBUAETEALCTBYET 06 orpa-
HMUYEHHOCTM MPOLIECCOB CTAPEHMs MOMyAsILMM, TOrAQ Kak npeobAasaHne npopoCcTKOB U I0BEHUAbHbIX
ocobert yKasbIBaeT Ha akTMBHOE ecTeCTBeHHOe BO30OHOBAEHME B NpocTpaHcTee. [poBeaéHHas oLeHKa
MO3BOAMAQ AOCTOBEPHO OMPEAEAUTb AMHAMMKY Pa3BUTUS M SKOAOTUYECKYIO YCTOMYMBOCTb LIEHOMOMY-
Asummn. C reoboTaHMuecKkom ToUkK 3peHmst nonyasums Calligonum alatum AeMOHCTPUPYeT yCTOMUMBDIiA
XapakTep pa3BuTHsl. YCTAHOBAEHO, YTO OHa CMOCOOHA COXPaHSTb >KM3HECTIOCOOHOCTb B MPUPOAHbBIX
YCAOBMSIX M 0OAQAQET MOTEHLMAAOM K YCTOMYMBOMY Pa3BUTUMIO B AOATOCPOYHON MEpPCreKTUBE, UTO
MO3BOASIET OTHECTU eé K MOMyASLMSM NPOrpeccrBHOro Tuna. 'eHepaTuBHbIE OpraHbl PaCTEHUS MOAHO-
CTblO C(OOPMMPOBAHbI, EXXErOAHbIN NMPOLECC LBEeTEHWs HABAIOAQETCS CTabOMALHO, UTO MOATBEPXKAQET
BbICOKYIO MHTEHCMBHOCTb MAOAOHOLLEHMS.

KatoueBble cAoBa: reo60TaHMKa, (OUTOLLEHO3, MOMYASILMS, LLEHOMOMYASLMS, MYCTbiHs, TPAHCEKTa.



A.B. MeunTeikOaeBa koHE T.0.

Kipicne

Kasipri yakeirra Pecceii, Kasakcran, Kpiprbis-
ctaH, TexikcTaH jxoHE 0acka Ja eNaep/IiH MeJeHT
JKOHE [16J1 aliMaKTapbhIH/a IaMaJiaH ThIC MaJl Kalo,
JKEpAl TOMEH arpOTEXHUKANbIK ACHTelae eHIey
JKOHE KJIMMATTBIH OPTachl KYPFaKIIBLIIBIKKA aybl-
Cylla, OCHIHBIH €ce0iHeH TOIbIpaK TeH OCIMIIK
JKaAMBUTFBICBIHBIH, IETPaJalusChl, TY3AaHybl, OY3bl-
JybIHAH LI6JJICHY MPOoLECi apTyia.

Kopiiraran opTa MOHUTOPHUHTIHIH kahaHbIK
Ky#HeciH Kypy xeHinzaeri 1972 xbiiFbl CTOKTOIbM
KOH(epeHIUACHIHIA OacTallFaH JlacTaHyJapra Kap-
ChI MOHUTOPHHTTI Katanaaty bY Y-ueiH Kopmaran
opTa JKOHE JaMy KOHIHJIEeTi KOH(EpEeHUHUSIChIHAA
onan opi mameiasl (I'mobGanpHas cTpaTerus coxpa-
Henus pactenuit 2002). byn «buosorusislk anyaH-
TYpJITiK Typansl koHBeHIMs» (KoHBeHIMs o 6wo-
JoruyeckoM paszHooOpazuu 1992), «Ocimaikrepai
cakTayabiH xahanaslK cTpareruacel» (I'modanbHas
cTparerus coxpanenus pacrenuit 2002), «bunoa-
JYaHTYPJIUTIK Typaibl KOHBEHLHUS TapanTapbIHbIH
XI-u1i KoH(epeHIMACHIHBIH AeKIapanusce (lex-
naparusi XI-oit Kordepenrmn CTOpoH KOHBEHITUH
0 6uopaznooOpaszuu 2012) xoHe T.0. COHFBI yaKbIT-
Ta OYKLUT 81eM OOMBIHINA XaJIbIK, CAHBIHBIH KapKbIH-
JIbl 6CY1 )KOHE FBUIBIM MEH TEXHHKAHBIH KapKBIH]IbI
naMmysbl Oaiikanazapl, Oy KOpIIaraH OpTara, eH aj-
JIBIMEH OCIMJIIKTEp DJIEMiHE aHTPOTIOTCH/IIK 9CEePIiH
apTybIHa okenai. byn acepnep ken Kpipnbl. Onapra
JKepAl MeNIKTEH IIbIFapy (YIKeH Kalalap/blH aja-
HBIH KEHEWTy, KaHa Kajajap caly, aBTOMOOHIIb
JKOHE TEMIp JKOJAAphl XKEJiCiH caly, MyHail MeH
ra3fpl aijay ymriH KyOwIpiap Kypri3y koHe T.0.),
naiganel Kazoanapasl (TYCTi )KoHE Kapa MeTanjap,
KeMip, MyHal aHe ra3, ypaH) oHJIIpy HOTIKECIH/Ie
naiina OonraH OyJiHTEH JKepiep, ThIH )KOHE ThIHAM-
FaH XepJiepli Urepy MakcaTbIH/A JKBIPTY >KaTaJlbl.
BipkaTap MaMaHaap/IbIH alTybIHINA, O6CIMIIKTEPIIH
CHUPEK Ke37IeCeTiH TYPJIePiH JKOFanTy Onocdepamaars
OuoanyaHTYpPIUIIKTI TOMEHACTY/IiH KaJIbl mpoliie-
MAacCBIHBIH Oip Oediri 0ombim TabbLTa B! (Jacquemyn
et.al., 2003; Brys et.al., 2002; Jacquemyn H et.al.,
2003; Kery M et.al., 2000; Young A et.al., 1996;
Jacquemyn H et.al., 2002;) H [5-10].

IHenni afimakra ke3necerin Polygonaceae Ty-
kbiMaaceiHa Calligonum L. TybICBIHA @HETIH TYPIEPi
OCBHI OpTara ecyre OeHiMIenTeH OyTabl 6CIMIIKTED
karapbiHa katanel (H. B. IlaBmoB 1961; AGmy:n-
maeB A.C.2020;). Tapany opracst MoitsiakyM, KpI-
3BUTKYM, YCTipT, AKTeOe xoHe ATbIpay, OHTYCTIK
banxam ewipnepinen anwikTanraH. Calligonum
alatum ecimpuiri Calligonum L. TybIChIHA KaTaThIH

KOIDKBUIIBIK ILIOJTe aJalTalisUIbIK, KaJbIITacybl
alKBIHIATFaH OyTalbl ociMaiKk. MopdoIoTHSITBIK,
tannay OovbiHma OuikTiri 1,5-2 M kereni, cabarsl
KBI3BUI-KOHBIP KaOBIKTHI, )KAIBIPAKTAPhI CHI3BIKIIIA,
Maiiia TykTepMeH KanTtaiuraH. JKemici >KaHFakia,
mramMeTpi 2-2,5 MM. AHATOMUSUIBIK, 3epTTeyiepe
JKarblpak SMUACPMUCIHIE KOTKICTKAIBI 0e3/1 TYK-
Tep MeH 3(up Mall )KUHAFBIIITAPHI, cabaKTa KCHIIe-
Ma MeH ()JIO3MAaHBIH YKaKChI JKETUITSH/TITT aHBIKTa-
FaH, OYJI OCIMIIKTIH KYpPFaK KIUMaTKa OeiiMaenyin
kamTamachki3 ereqi (Vasila Sharipova et.al., 2024).
Calligonum L. TyBICBIHBIH KOIITET€H TypJiepi
Conrycrik Adpukana sxone OHrycTik-1IbFpIC Ey-
porana KeHiHeH TapajiFaH, OyJl TYBICTBIH TypJiepi
xannbsl anFanaa OpTanblk A3SHSHBIH HIONII ©CIM-
JIK JKaMBUIFBICBIHJIA TapairaH. MyHJa olaplbiH
JKamplpakTapbl OJCeTTe PeAyKLMsUIaHFaH, al ac
OyTakTapbl (OTOCHUHTE3MIH KBI3METIH aTKapaibl.
BereraTuBTik MylIenepAiH alKbpIH KapanaibM-
JIaHybIHA OAMJIAHBICTBI TYBICTBIH TOPT CEKIMSICHIH
HAKTBI aTarl KOPCeTy OJIap/IbIH JKEMICTEPiHiH KYpbI-
JBICBIHA JKOHE CBIPTKBI OCNTiJepiHe HETI3NeNTeH.
Haxrer afiteuiran Calliphysa Borszcez., Calligonum,
Pterococcus Borszcz. :xone Medusa Sosk. cexrus-
JapbIHBIH OapIIBIFBIHBIH JKEMICTEPiHIH LIETTepiHAe
JKIHIITKE KaHATIIaJapbel HEMece TYKTepi Oap kap-
FAKTBl HEMeCE KaIllIbIK TOPI3AUIrIMEH epeKiie
Oenrizepi peTiHAe KaJbIMTacKaH. Ajaima xemic
MOpGOJIOTHACHl AUTAPIBIKTall ©3repMeni OoIysl
MyMKiH, 0y Calligonum TyBICH IIIHAETI TYPACPIi
HAKTBI aXbIpaTy OapbIchIHa KUbIHAAaTaaAbl. Typiep-
IiH OOJDKaMIIBI CaHBI OPTYPII Kyheneynepre Oaii-
nanblcTel 28—80 apanbIFbIHAA ayBITKHIBI, KelOip
eHaeynepae 174 typ 28 Typre neiiH KBICKApThUI-
FaH, an 0acKaja FRUIBIMH JIepeKTepre cyheHcek 35
Typi kepcerinreH (Song F et.al., 2020). Calligonum
TYBICBIHA CHETIH TYPJEPAiH cabaKTapsl TETiC )KoHE
OyTakTalFaH, Kyprak aiiMakTap/ia a3bIK-TYJIK Tall-
LIBI Ke3eHJEPAC KEyre jKapaMabl YCaK, LIbIPHIH/IbI
JKeMicTepi KOPEKTIK a3bIK peTiHAe KOJIaHBLIFaH.
By ecimaikTep, ocipece KOKTEM MEH ka3 ailJiapbIH-
Jla, TyWenep YIIiH eTe KYHIbI JKEMIOI Ke31 O0JIbIT
taObmanpl. ['ynaepi yHFa aliHaIABIPBUTBIN HAH ITi-
cipyre HeMece epiTiUIreH MaiiMeH Oipre >KepriTiKTi
JIOCTYpl TaraM peTiHae naipinananst (Ren, Jun
& Tao et.al., 2001). Conrsl yakeiTTa Bannour sxoHe
1.0. (2016) FeumBIMmapnaeiH 3eprreyinge C. azel
JKarbIpakTapbl, cadakTapbl, TYKbIMIApbl MEH Ta-
MBIPJIAPBIHBIH METAHOJABI SKCTPAaKTTaphl OipKaTap
MHUKpOar3ajapra Kapchl CaHBIpayKyJIaKKa IKoHE
OakTepusiFa Kapchl OCJICEHIUTIK KOPCETETiHIH J9-
nenmeni (Bannour M, etal., 2016). C. comosum
OCIMIriHIH jkKaHa XepycTi OemKTepi OUBIK XKapara
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Kapchl ’KoHe KaObIHYyFa Kapchl acep kepceTTi. Eru-
nerre oceTiH C. Comosum oCIMIITIHIH BETE€TaTUBTI
MylIenepiHeH OeJiHreH KerOip KOCBUIBICTap aH-
THOKCHIAHTTHIK KOHE IIMTOTOKCHUKAJBIK OeJIceH/Ii-
JKKe ue OOJIBIT, KaHaFbl KAHT JICHTeHiH TOMEH/IC-
Ty apKbUIBI TUITOTIIUKEMILUTBIK ocep kepceTTi (Liu
XM et.al.,2001). ©nemae Calligonum L. TybICHI-
HBIH 35 TYypi 6ap, omapabiH 23 -re KybIFbl KpiTaiiga
eceli, aln 8 Typl SHAEMHK OOJBIN TaObLIaNbl. byl
typiaep KpITaliibIH KYM/IbI KOHE KHBIPIIBIKTACTHI
LIONCPiHIH AKOKYHENIK TYPaKThUIBIFBIH/A IICITY-
mi pen atkapazsl. DpeMoQUTTepai TYPaKThl Maii-
JaaHy MakcarbiHja KpITall FRUTBIM aKaJIeMUSICHI
kapactel Typdan GoTanmkansik OarsiHma KeiTaii-
JaFpl KAUIMTOHYM TypiepiHiH mamameH 90%-bl
xuHakTanrad (Mao ZM et.al.,1986). Ocwr aiiMmakTa
Polygonaceae TYKbIMIaChIHBIH 3KOHOMHKAIIBIK, Ma-
HBI3HI JKOFaphI J)koHe KeH Tapairad Calligonum Typ-
nepine C. azel, C. comosum xone C. arich xaTtajpl.
Onap TyHHCTIH OHTYCTITIHAETI KYMIBI AIOHATApIa
KEH TapaJiraH, eCcyl MeH JaMybl OOMBIHIIIA epeKIIe-
JIEHE I )KoHE OipIel KITMMATTHIK MIEKTEYIIep JKarFaa-
HeiHAa Oipre xe3zecyi MyMkiH. bym Typnep Tynuc
16J1 SKOXKYHENIepiHAeTI eKIeIep MEH TaOUFH OCiM-
JIK JKaMBUTFBICBIHBIH TYPAKTBUIBIFBIH CaKTay/1a Ma-
HBI3JIBI pout aTkapasl. COHbIMEH KaTap, oJiap yKeM-
16T, XaIIbIK MEIUIIMHACKIHJIAFBI JOPIUTIK IIHUKI3aT,
HIOJIJICHY YIIEPICTepiH TEXKEY JKOHE KYMJbI JFOHA-
JapJbl TYPAKTAHABIPY CHSIKTBI BPTYPIIL SKOXKYHEIiK
KBI3METTEP MEH OHIMIEP/Ii YCHIHYAA YIIKEH DJICYeT-
ke ue. bymaH Oerek, »KeprulikTi KeImeli XaJbIK
oJIap/Ibl OTHIH MEH aFall KeMipiH eHIipy YIIiH maii-
JTAJIaHFaH; OChl TYPFbIJIa IIaMaJlaH THIC Maliaiany
OJIapABIH CaHBIHBIH a3aroblHa bIKman eTkeH (Yahia,
Yassine & Bagues et.al., 2019)[19]. Apab Ty0Oeri-
HiH Xankel apaceianga Calligonum mocTypri Typae
«ApTay ataybIMeH OeNriyi XKoHe Heri3iHeH acKazaH
aypyJiapsl MEH TiC aypyblHa Kapchl TAOUFH €M pe-
TiHAe Koyganeutaael. C. comosum KONTereH Tepa-
MMASUTBIK KACHUETTEPi, COHBIH IMTIHAC OWBIK JKapara
Kapchl, KaOBIHYFa KapChl, aHTUOKCUIAHTTHIK, )KOHE
TUIOTTIMKEMUSUITBIK, 9CepIiepi, in Vivo SKCIIeprMeHT-
TiK 3epTTeynepae nonenaeHred. CoHbIMEH Koca Ky-
paMbIH/a KATEXUH, KBEPIICTHH KOHE KeMIT(heposIabl
Koca aiFaHza, (paBoHouaTapra O6ail. Aiita KeTy Ke-
peK, OPTYPIIi ePITKIIITEPMEH aTBIHFAaH YKCTPAKTTAP
0aybIpBIH TeNaTOICILTIONSIPIBIK KapIIHHOMAChIHA
JKOHE TOPMOHFa TOYeJai CyT 0e3i KaTepJi iCITiHiH
MCF-7 xacymiaibIK, >KeTiciHe Kapchl 9pTypJi JeH-
reieri icikke Kapcebl ocep kepcereni (Alehaideb Z
et.al., 2020; Gurusamy DK et.al., 2010).
OUTOXUMUSIIBIK, 3aTTap OyHpeKTe Tac TY3imyi-
HiH, THUIIEPXOJECTCPUHEMHUSHBIH >KOHE KOJIOPEK-
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TalbJbl KapUUHOMAHBIH AaJIbIH alyJla MaHBI3IbI
pet aTkapaapl. Ofeou AepeKTepre Moy HOTHKEIe-
Pl canoOHMHICPAIH XOJIECTEpPHH JICHIeiiH TOMeHe-
Tyre XOHE aJIaMHbBIH KYPEK-KaHTaMbIp aypyJapbiH
OakpulayFa BIKIAN eTeTiHiH Kepcereni. JyOwmibmi
3arTap (TaHUHIEP) CIIepMajaFrbl TaFaMIBIK, aKybI3-
Japabpl MUKPOOMOJIOTHSUIBIK, BIABIpayAaH KOpFay-
bl KamTamackr3 erefi. CoHpIMEH Katap, oCiMIiKTe
(UTOXUMUSITBIK, 3aTTapAbl OHIIPETIH >Kacylianap
IaMbIFaH, OJap KbBICKA KAIIBIKTBIKTA (KEpPTiTIKTI
JICHTeiIe) ’KOHE Y3aK KaIbIKTBIKTA (LIEKTeYJI ay-
MakTa XYHeTiK Typae) acep eteni. byn sxkacymamap
OCIMJIIKTIH KOPEKTIK 3aTTapra Oail iIIKi ©TKi3TilI
(TaMBIpIBI) KYHECIH KOpIIam TYpFaH CHIPTKHI 0e-
JikTepiHae opHanackaH. JKeprijmikTi XUMHSUIBIK
KOpFaHBIC OCIMIIIK KecUIreH Ke3ne OemiHeTiH de-
HOJI/IBI UANOONACTTapMeH cUlaTTalgbl. A Kyife-
JMK XUMHSIBIK KOPFaHBIC KYpaMbIHAA IIaMameH
50% OeH3aIbJeTH ] TYBIHIBICH (KyMUHAIBICTH)
Oap ynel ymma 3gup MabIMEH KaMTamachl3 eTijl-
ni (Abulude FO et.al., 2010). KockiMina aHTHOKCH-
MaHTTapAbIH Meumepi aHbKTamabl (Senthilkumar
P et.al., 2010). Atanran Mali CYTKOPEKTLIEp JKacy-
nrajapbiHa Ja, MaToreH Al MUKpoar3aiapra Ja Tike-
JIeil Kocy HeMece OHBbIH OyJIapbIHBIH KaHama dcepi
ApKBUTBI KYIITI YKOUFBIII 9cep KOPCETTi. OCIMIIKTI
Kecil, KeNTipreHHeH KeiiH 3(hup MalbIHBIH MOJILIe-
pl azaiibll, CaHBIPAYKYJIAKTAP/IBIH 6CYIHE KOMAHIIbI
JKaFgal KanelnracTel. Kopranbsic MeXxaHU3MAEPiHIH
eKCYIHIH J€ OCIMIIKTIH CBHIPTKBI alMarbIHAa IIO-
FBIPJIaHybl KOPEKTIK 3aTTapra Oail iIIKi ©TKi3rim
JKYWEHI KOpFall, COHBIH HOTHXKECIHAC OCIMIIKTIH
TIPIWIUTIK €Ty KaOueTiH cakTayFa MYMKiHIIK Oep-
reri 6aifkanapl. KBI3BIKTBICH, XaIBIKTHIK T9CTYPITi
MEIUIMHAAa KOJAAHBLTYbIHA OalIaHBICTBl Kepri-
JIKT1 TYPFBRIHAAP OCIMAIKTIH TEK JKAaChUT OOJIKTepiH
JKOHE TEK KbIC ME3TUTIHJIE MaljaiaHajibl, Oyl Ke-
3eHIe ociMIikTe 3pup Maibl MeH (PEHOIIABI UIU00-
nactrap 6onmaiiabl. COHbIMEH KaTap, Oy Toxipuoe
OCIMJTIK IUKI3aThIH KOJaHyJaH TYBIHJAYbl MYMKIH
JICHCAYJIBIKKA KATBICTBI MOCEJIENICPCH CaKTaHy JKO-
HIHJIET1 KePTUTIKTI YCBIHBICTAPIbIH KATBITITACYbIHA
Heri3 OonraH. OCIMIIIK KOpIaFaH OPTaHBIH KaTaH
KaFJaimapblHAa TIPOIUTIK eTyre KaOiieTTi koHe
KyaH aliMaKTap/a e3IiriHeH oce alaTbIHIBIKTaH, OJ1
KYPFaKIIBUIBIK CTPECCIMEH KaTap MaToreHIep MEH
HIONKOPEKTI KaHyapiap/blH Ma0yblIbIHA 1a YIIbI-
paiiasl. OcbiFan 6aiIaHBICTHI OCIMIIKTIH TIPIILUTITIH
caKTayfa, COHJaii-aK MaTOreHAep/iH eHyi MeH Ier-
KOPEKTUIepAiH 3aKbIMIaybIHAH KOPFayFa MYMKIH/TIK
OepeTiH MaMaHJaHFaH CTaTHKAJBIK OCIMIIIK KYpbI-
JIBIMJIAPBIHBIH HEMece KO3FaaMalibl (PUTOXHMUSUTBIK
KOPFaHbIC MEXaHU3MJEPiHiH Oap->KOFbl 3epTTEIi.



A.B. MeunTeikOaeBa koHE T.0.

OCIMIIKTEpAiH IOPUTIK KacHeTTepl OapIblH KOFa-
pBI aHTHOKCHUJIAHTTHIK, OEJICeHIITIriMEeH, Y KOHOMHU-
KaJIbIK TYPFBIIAH KOJDKETIMAUTIITIMEH JKOHE JKaHa-
Ma ocepiiepiHiH OoJiMaybIMeH OalIaHBICTBI OYKiJI
alieMie KeHiHeH 3eprrenin kenesi (Soliman S et.al.,
2018). Ocimaix OeiKTepi epiTKImTep KOMeriMeH
aJBIHFAH €Ki TYPJl 3KCTPAKT TYPIHAC TaIdaHIbI:
MeTaHoi el 3kcTpakThl (CCME) sxoHe aTunanerar-
ThI 3KCTpPaKThl. EKi jkaFmaiijia 1a TepanusibiK, Ma-
HBI3bI 0ap OPTYPII eKiHII PETTIK METa0OIUTTEPAIH
Oap ekeHi aHBIKTaIbl. Heri3ri (PUTOXUMHUSITBIK 3aT-
TapAblH KaTapbiHa (hrobaTaHHUHIED, CAIOHUHIECD,
(hraBoHOMITAp, TEPIICHOUATAD, KYPEK NIUKO3UITE-
pi sxoHe anmkanounTap >kaTkbi3suIab! (Cheruth, A.J.,
et.al., 2016).

Calligonum alatum eciMairi spo3usra Kapchl
KYMJIbI, %KeJl COFaThIH aliMaKTap/ia TaMbIPbl TOIIbI-
pakThl Oepik ycTam, KYMHBIH YIIBIT KeTyiH a3aii-
Tanpl. by acipece memnii jxoHE JKapThUIAW MO
aiimMakTapna KYMIBl TIOHAAPABI TYpPaKTaHABIpYaa
MaHb3Ibl. KiumMaTKa Te3IMALIIN peTiHIe 6K
JKaraiiapa, >KoFapbl TeMIIepaTypa MEeH a3 bUIFall-
JBUTBIKKA TO31MTi. By OHBI TaOWFHU YKOHE YKaCaHIbI
KyM OeKiTy jko0anapblHa HKEMJI eTelli, OMOIOTHs-
JIBIK, OPTYPJIUTIKTI KOJIIAM/IbI, TOTBIPAKTHIH KOPEK-
TIK KYpPaMbIH KaKcapTajbl JXKOHE IIeJCHT aiiMak-
Tap/ia MUKPOIKOXKYHeNIep/Ii KaabIlTaCThIPaIbl, 6Cy
OpTachIHaa a3 KYTiMI1 KaKeT eTel )KOHE TOIThIPaK-
Tarbl KyM/Ibl OCKITyIr'e THIM/Ii, COHJBIKTaH MaJl Iia-
PYalIbUIBIFBI JKOHE JKep Naiianany jxoOanapbiHia
na konpgaubuiansl. Calligonum alatum xym OekiTy-
I ©CiMIIIK peTiH/Ie ©3eKTiTIri JKOoFapsl, cebedi oI
eI aifMakTap/a TOMBIPAKTHI 3PO3USAaH KOp-
FaiJIbl, KOJIOTUSUIBIK TYPAKTHUIBIKTBI apTThIPAJIbI,
KYMHBIH KOLIYiH PETTeH .

KyMbBICTBIH MakcaTbl: 3eprrey OOBEKTici
Calligonum alatum eciMIiTiHIH TaOWFH TIOITYJISIIIH-
CBIH 1371€cTipy MakcatbiHaa 2025 KbUIIbIH KOKTEM,
a3 JkoHe Ky3 mesrininae OHTycTik bamxam alima-
FBIHBIH TIOJIJII 30HACHIHA YKCIEANINS YHBIMIACTHI-
pBULIBL. FRUTBIMU 3epTTeY JKYMBICHI asiChIHAA TIepC-
nektuBTi Calligonum alatum eciMuiriHiy OipiHIIi
MOMYJISIIMACH MaHbIHAH TEHi3 JeHreiiined 140 m
abc. OumikTik apanbirbiHad TaObuLAbl. GPS HaBura-
TOP IPUOOPBIHEIH KOPCETKIMT OOMBIHINIA KOOPIHHA-
Tel: N 44°41'12.0", E 76°24'55.2" 11.6.

3epTTey MaTepHaJAapbl MeH aficTepi

3epmmey mamepuanvi: Polygonaceae TYKbIM-
naceiHa eHetiH, Calligonum L. TybICBIHBIH KyMOe-
KiTymi sxoHe popiik kacuetke Calligonum alatum
OCIMIIri.

Calligonum alatum eciMAITiHIH aHBIKTAIFaH
NOMYJSIUsIIapAaH TepOapuiiiep *KIHaI )KOHE oJlap-
11 kenTipy A.K. CKBOPIIOBTHIH 91ici HETi3iHE Ka-
cangel (CxBopmoB A.K.,1977). llomynsmusitapaa
TapalFaH eciMaiKTep/i aHbIKTay1a Kaszakcran ¢uio-
pacsbl, Kazakcran eciMaiKTepiHiH WLTIOCTPALUSIIBIK
aHBIKTaFbIIIB! (MITIocTppOBaHHbIN ONpeienuTeNb
pactenmnii Kazaxcrama 1972) kinTTepi KOJNIaHBUI-
IbI. AHBIKTAJIFAaH OCIMIIKTEP/iH Ka3aKila aTaysl
C.A.ApbicranranueBTiH (2013%) OOTaHHKAIIBIK
cesnikTepiMmen Tekcepiai (ApbicranranmueB C.A.
2013).

T'eobomanukanvix 3epmmey adicmepi. 3epTTey
KYPri3iireH aiMakTaH TaObUIFaH ©p LEHOMOIYJIs-
LUSJaFbl ©CIMIIIKTIH JKAaCTBIK CIICKTPIH aHBIKTAY
H0.A.3n06un opicimen xacanasl (3mobmH FO.A
1989)[29]. XKymeic GapeichiHaa xammbl (Nt), perr-
ponykTuBTik (Nr), TriMzi (Ne) canabIk ecenTeynep
xyprizinni. Henononmymsiumsiasiy,  (LIIT) sxacThik
KYPBUIBIMBI KaNIbIHA KenTipy uapaexcrepi (Iv) He-
rizinge ansikTaymap oxyprizineni (I'omybGer B.H
et.al.,, 1978). A.PaborroB (PabotHoB T.A. 1978),
10.A.3m00unH, JI.A.KuoroBckuii (PKuBOTOBCKHMIA
JLLA 2001) [32] smicTepi OoiibIHIIIA 3epTTEY 00B-
eKTICIHIH IEHOIOIYJISIHS TYpJIepi MEH JKIKTelyi
KOJIaHBUIABL. Tapaiy opTackIHBIH (DIOPANBIK TYP-
JK Kypambl MEH OCIMJIIKTEp >KaOBbIHBI aHBIKTAJJIBI
(ITonesast reoboranuka 1976). T.A.PaGoTHOBTBIH
(PadorHoB T.A 1960), A.A.YpanoBTeiH (YpaHoB
A.A 1967) auicTtemenepi HeTi3iHAe OIpiHII TOITY-
JAAS OCIMIIKTEPIHIH TIPIILIIK KYHIH aHBIKTAIIbI
JKOHE KOCHIMIIA MOP(OIOTHSIBIK, CHIITTaMajaphl
Oepinai. 3epTTey TYpiHiH KaCTBIK, KYPaMbIH aHbIK-
TayJa koHe Oemin Kapacteipyaa T.A.PaboTHOB,
A.A.YpaHoB omicTepi KOIAAHBUIABI. OCIMIIKTIH
oprara OediMIenyiH JeHreHiHiH KacThIK KypaMbIH
anplkTayga 10x10 M2 TpaHcekTamap CaJbIHJBI.
Kyprizinren 1M? aymaHmarbl TYp/IiH JapakTap ca-
HBIHBIH KUUIUTINIMEH TOMYJISIIASHBIH THIFBI3IBIFBI
aHBIKTAJaAbl KOHE OarajaHaibl. 3epTTelNy aiiMa-
FBIHAAFBl OCIMAIKTIH Tapamy Hykreci « GARMIN
60CSx» (Garmin Ltd., AKLI) GPS naBuraropsi-
HBIH KOMETIMEH KOOPJIUHATTAPHI aHBIKTAJIIbI.

3epTTey HaTHAKeEPi JKOHE 0JIAPABI TANAAY

Foutbimu 3eprrey sxymbichl 2025 KBUIIBIH KOK-
TeM, a3 KOHE Ky3 ME3TUIIHIH almapbeIHIa )Kocmap-
nanrad. Calligonum alatum eciMairinig ecy opTachl-
Ha ©CIMJIKTEp/IiH Tapaly JeHrewi MeH Oerimuaenyi
OOMBIHINA JTaTalIbIK JKOHE KaMepallblK, OaKkbuIayap,
eJIILIEYyJIEp MEH JIEPEKTEePl )KUHAY KYMBICTAPhI TO-
JIBIK KOJIeMJIE KY3€re achIpblIibl. 3epTTey Mep3iMi
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TaOWFU JKaFIainapabH KOJIaiIbUIBIFBIH KOHE 3€PT-
TeJIeTiH OOBEKTIHIH opTara OeHiMIemy IeHreHiHIH
EpEeKLIETIKTEPiH eCKepe OTBHIPHII TaHIAJIIbI.

Bipinmn momynsiiusicel Anamatsl oOnbIcs!, ba-
Kalll ayJaHbl, bakaHac aybUTbIHaH 25 KM KalllbIK-
TBIKTA, I11e o3eninen 500-700 M >keTHEeUTIH aliMaKkTa
Calligonum alatum TaObUIABI. OCIMAIKTIH Tapary
OpTaCBIHBIH TOTIBIPAFHI KyMIbl MaccuB. JKep Oenepi
TONKBIHABI-OYABIpIbL. TeHi3 aeHreitinen 145 m.,.
I'eorpadusneik  koopamuatel (GPS  OolibiHia)
KOOPJAMHATTapHI:

N44°41'12.0", E 76°24'55.2" m1.0.

bipinmi  nmonymsuumst  Goibima  Calligonum
alatum ©CIMAITIHIH YII TIEHOTOMYJISIITUSACHIH aHBIK-
Talm ONapIblH OPKAHCHICBIHA TI'e00O0TaHUKAIBIK
Tajmay Jkyieci Oepinmi. Ocy opTachkl TOIKBIHIBI-
OyAbIpIbl KyMABI penbedrieH cumarTanmansl. Ac-
COLIMAIUACHl  TEPECKEH-)KY3TIH-9pTYpil  IIemTi
KaybIMJIACTBIK, KYpaM/Ibl. OCIMIIKTIH ka0biHbI 40-
45% wemmepiH Kypaiasl. lleHOMOMyIAIUSHBIH
LIeKapaIbIK, 06Tl — Kep KOJIeMiHiH Y3bIH/IBIFBI 11a-
mameH 450 — 550 M abIm KaTeIp, T €Hi maMaMeH
30 — 50 M acnaiinel, Oipak kel aHBIKTaJIFaH OOiri
100 M mefiin xeTemi. OCIMIIKTepAIH TapaTyblHa Ka-
paii 5 sipyc aHBIKTaJIIbL.

Tapamy aiimarbiHBIH — (IIOpPAIBIK — KYPaMbIH
Populus diversifolia Schrenk., Elaeagnus oxycarpa
Schltdl., Calligonum alatum, Acacia dealbata Link.,
Descurainia sophia (L.) Webb ex Prantl., Artemisia
scoparia Waldst. & Kit., Artemisia terrae-albae
Krasch., Capsella bursa-pastoris (L.) Medik.,
Erodium cicutarium (L.), Glycyrrhiza glabra L.,
Kochia prostrata Schrad., Salsola paulsenii Litv.,
Krascheninnikovia ceratoides (L.) Gueldenst.,
Lappula semiglabra (Ledeb.) Giirke., Scorzonera
tuberosa Pall. eciMaikrepi Kypaiabl.

I spyc — Populus diversifolia, Elaeagnus
oxycarpa eneni, ouikriri 250-350 cm.

II spycka cypekTi OyTanbl ©CiMAIKTEp KapblHa
Calligonum alatum, Acacia dealbata eneni, OHIKTITI
100-120cm.

III sapycka >xapTeuiail OyTajbl CYpeKTi eciM-
JiKTep KarapwelHA Artemisia terrae-albae, Kochia
prostrata, Krascheninnikovia ceratoides OWIKTITi
70-80 cm.

IV sapycka Glycyrrhiza glabra, Scorzonera
tuberosa, Descurainia sophia, Artemisia scoparia
Salsola paulsenii 6uikriri 40-60 cm.

V apycka Capsella bursa-pastoris, Erodium
cicutarium, Lappula semiglabra Giirke.xaTapbiHa
eneni, ouikriri 10-30 cm.
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AHbIKTa7FaH OipiHINI TOMyJSIIMAga 3EpTTey
obwekrici KatapeiHa Calligonum alatum TYpiHIH
JKacTBIK CIIEKTPiH aHbIKTay OapbICHIHIA OJIeMi
10 x 10 mM? enmiemMiHAe TpAaHCEKTa apHAWUbI CAJIbIH-
el (1 cyper). Tpancekraga eciMIOiKTepAiH OHTO-
TCHETHKAIIBIK KYHi JapaiaHjpl, JapaKTapiblH jKac
TonTaphl OOMBIHIIA CAHIBIK YJeci ecenTenai. Op
CaJILIHFaH TPaHCEKTaJa Ke3/IeCKEH 3epTTey 00beK-
TICIHIH OCIMJITiHIH XaCTHIK KYpaMbIH aHBIKTayda
OCIMJIIKTIH OHTOTE€He31 3epTTeNi, MYHJa TYKbIM-
HBIH OHTIIITITHEH CEHMILIIK KEe3€HIe IEHIHr Ja-
paKTapbIHBIH CaHbI AHKBIHIAIJIBI.

BipiHmr umeHomomynsUUsIHBIH OHTOTCHETHKA-
JBIK, KYPBUIBIMBIH Oarajay MakcaThlHJIa €Ki TpaH-
ceKTa OOMBIHIIA KACTBIK KYHJIEPIiH CaHIBIK KOp-
CeTKIMITEepiHE CTATUCTUKANBIK Tajaay >KYpTri3iiii.
Tannay GapbicbiHIa opOip OHTOTEHETHUKAIBIK TOII-
Tarbl AapaKTap CaHbl CANBICTHIPBUIBII, MTOITYJISIUSI-
HBIH KYPBUIBIMJIBIK EPEKIICTIKTepi aHBIKTAJIBI.
XKyprizinren HoTHXKENEpre coOKec, eKi TpaHCEeKTa-
Jla 1a JapakTapiblH HETi3ri 0eJiri peTiHjue BUPTH-
HUJIBJII KOHE PENpOAYKTHUBTI KE3eHIepre THecimi
ekeHi Oaiikamanel. Bupruaumipai kesenue (P—V)
TpaHCEeKTa

57 napakrap caHbl aHBIKTaJIBI, al TPAHCEKTA 45
JapakThl Kypajabl. Byl KepceTkimrep MOMmyJsius-
HBIH OCJICeH[II ecin-IaMmy CaThICBHIHJIA EKEHIH Kep-
cereni. PempomykTuBTi kacTeik keseHae (G1-G3)
TpaHcekTa 24 mapak, aj eKHII TpaHcekra 19 napax
Tipkenai. JKac ’KoHE TONBIK KETUITeH TeHEePaTUBTIK
nmapakrapasiy (G1, G2) 6ackiM 0OIYbI TOMYJISIINS-
HBIH TYPaKTHI KaHAPBIT OTHIPY KaOULIETiHIH JKOFaphI
eKeHiH gonenneini. Kapraliran reHepaTHBTIK 1apak-
TapabiH (G3) caHBIHEIH a3 00ITyBI TIOMYJISIUSIA PET-
PECCUBTI YPIICTEPIiH &JICI3 €KeHIH KOpCeTyl MYMKIH.

Cenmnpai ke3enzeri (Ss, Se) mapaxrtap caHbl €Ki
TpaHCEKTaa Ja TOMEH JieHrelie (2—3 mapak) aHbIK-
TaNIBI, OYJ1 TIOMYJISIMSHBIH KapTalo IEHTeHiHIH To-
MEH EKEHiH JKOHE OHTOTCHETHKAJIBIK KYpPBUIBIMBIHBIH
OHTAMIIBI €KEHIH CHIATTaimbl. bipiHmn >koHE eKiH-
Il TPaHCEKTa apachIHAAFbl OCIMIIK JapaKTapbIHbIH
alBIPMAITIBUTBGIKTAp CAHIBIK TYPFBIIAH OaifKayra-
HBIMEH, KACTBIK KYHJIEPAiH KaJIbl KYpPbUIBIMIIBIK
yIrici ykcac OoJbIn Kenremi. byi skarmail meHorory-
JSILUSTHBIH, CaTIBICTRIPMATBI TYpAE OIPTEKT] SKOIOTHS-
TBIK, JKaFJaiyiap/ia KalbITaCKAHBIH JKOHE TYPAKThI
JlaMy caTbIChIH/Ia eKeHiH Kepceresi. JKanmbl anranna,
ATBIHFaH CTATUCTHKAJIBIK, IEPEKTEpre CyHeHEeTiH 00JI-
cak, OIpiHII IIEHOMOMYJISIHACHIHIIA 3EPTTEY OOBEK-
Tici OMOJOTHSUTBIK TYPFBIIAH TYPAKTHI )KOHE ©31H-031
caKTayFa KaOIeTTi TOMyJISIHs €KEHIH IoIeN e Ii.



A.B. MeunTeikOaeBa koHE T.0.

1-cyper
Calligonum alatum mabueammaecwl kepinici

AJBIHFaH HOTWOKEJIEP OCKIHACP MEH IOBCHHIIb-
JIK JKacTBIK KYHI€ TOH CaHJABIK KOPCETKIIITEepHAiH
JKETKUTIKTI JIOpeXkKe]Ie HAKThl 9pi CEHIMI CeKCHIH
KepceTedi. Al KacThIK KYWJIEPIIH 63Te caThUIaphl
OOWBIHIIIA AHBIKTAJIFAH CAHJIBIK MOHAEpAC Oenrii
Oip meHreiine aypITKyJIapAblH 00Iybl MYMKiH. by,
€H aJIJIbIMEH, 3epPTTEJII OTBIPFaH OCIMIIKTEP/IiH Ta-
MBIpcabakThl MOP(O-ONOIOTHSIBIK, EPEeKIIeTiKTe-
PIMEH JKoHE OJIap/IbIH BEreTaTHBTI KOOSO KaliieTi-
HiH *OFaphl O0ybIMEH TYCiHAipineni. Bereratusri
KOo0€I0 HOTHMIKECIH/Ie OCIMIIKTEP KEH ayMaKThl KaM-
TUTBIH ipl KJIOHMBIK TIOFBIpIAp TY3€di, coraH Oaii-
JIAHBICTHI MYHJIAH Komalap/a )KeKe aHalbIK Japak-
Tap/bIH HAKTHl CaHbIH aliKBIHAAY €19Yyip KUBIHJIBIK
TYJIBIPAJIBL.

JKanmer anranma, GipiHII TEHOMOMYIISIIIUSHBIH
OipiHII TpaHCEKTACBHIH/IA TIPKEITEeH KACTBIK, KYpPbI-
JIBIM OCKIiHJIEp MEH TPEreHePaTUBTIK JapaKTapablH
0achIMIBIFBIMEH CHTATTANAABI, Oyl MOMyJISUs
TaOWFU KaHAPy YIepiCiHiH OelceHal >Kypilm KaT-
KaHBIH JKOHE OHBIH HSKOJOTHSUIBIK TYPaKTBUIBIFBI-
HBIH JKOFapbl JIGHIeWiH Kepceremi. | eHepaTHBTIK
JKaCTaFbl JIapaKTap/IbIH KETKUTIKTI OOIyBI penpo-
IYKTUBTIK QJICYETTIH CaKTaJIFaHbIH JoJesiece, ai
CyOCEHWIBJIIK JKOHE CEHHWIBIIK JapaKTapJblH a3
MeImIep/e Ke3/1ecyi NOMyISIUsIHBIH KapTaro CaThl-
ChIHA OTIICTCHIH KOHE OHBIH MPOTPECCHBTI THIITET,
TYPAKThI IICHOTIOMYJISALNS €KeHIiH allKbIHIaiIbI.

ExiHmI meHONMyIIsAIMsIa HIBIFBIC — OHTYC-
Tik OennmeyiHeH aHBIKTaABl. TeHi3 JeHreliHeH
ouikriri 140 M. GPS HaBuratopjbiH OepiireH
koopauHaTel: N44°41'16.0", E 76°24'92.4" m1.6.
aieln xaTeip. XKep Oexepi Teric emec, KbIpaTThl
ariMak OOIBITT ecenTene/i. OCIMIIKTEp KaOBIHBI
KY3TiH-e0eNneK-opTypii MIeNnTi accouuanusgan
Typaabel. OciMaikTep KaybIMAacThiFsl 60% KeM-
KepinreHi Oadkanapl. ToONbIparbl KYMJIbl KUBID-
IIBIKTHI. [[eHOTOMYISAIUSHBIH aJIbIT XKaTKaH XKep
KeJIEMiHIH Y3bIHJbIFBI IaMaMeH 350 — 400w, an
eHi 35 — 50 M apacweIHAAFBI apaJbIKTHI aJbIT JKa-
THIP.

OcimaikTep xaOBIHBI 4 SPYCTHI aHBIK KopCe-
te Ounmi. XKanmel TapanraH ©CIMAIKTEp Kypambl
Calligonum alatum, Descurainia sophia, Artemisia
scoparia Waldst. & Kit., Artemisia songarica
Schrenk, Cousinia dissecta Kar. et Kir., Onopordum
acanthium L. Aristida heymannii Regel, Artemisia
terrae-albae Krasch., Limonium gmelinii, Erodium
cicutarium (L.), Ephedra distachya L., Diarthron
vesiculosum (Fisch. et Mey. ex Kar.et Kir) C.A.
Mey.Glycyrrhiza glabra L., Kochia scoparia (L.)
Schrad., Goniolimon callicomum (C.A. Mey.)
Boiss. Salsola orientalis S.G.Gmel., Nonea caspica
(Wiilld.) G.Don., Helichrysum arenarium (L.)
Moench., Ceratocarpus arenarius eCiMIIKTEpI KY-
paiasbL.
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1-kecTe

Calligonum alatum ecimoiziniy Gipinwi YyeHonoONYIAYUACHIHLIY HCACMBIK CHEKMpI

Henonomynsmus 1

Kesen KacTbIk xarnaiinapsl
Tpancexra 1 Tpancexra 2
JlaTeHTTI (QIFANIKbI THIHBIITHIK KYifi) (Se) TykpIM - -
Ockinnep (P) 13 11
OBenmb ik (J) 14 11
Bupruamisai Wmmarypmsik (Im) 16 12
Bupruamisaix (V) 14 11
XKac reneparusrik (G1) 11 9
. TomnsIk xeTinren reneparuBTik (G2) 11 9
Penponykrusti -
Kapraiiran renepatustik (G3) 2 1
Cy6cennnbaik (Ss) 1 2

Cenwpai (KapTaiffal, penpoayKTHBTI eMec)

Cenmnbik (Se)

1 1

I sipyc — cypekri OyTranbl eciMIiKTep KapbliHa
Calligonum alatum, Ephedra distachya, Onopordum
acanthium L. eneni, ouiktiri 100-120cM.

II apycka xapTbuiaii OyTansl CypeKTi oCciMAIiK-
Tep KartapelHa Artemisia terrae-albae, Artemisia
scoparia, Artemisia songarica, Kochia prostrata,
Cousinia dissecta, Salsola orientalis, Kochia
scoparia 70-80 cM.

Il spycka Glycyrrhiza glabra, Scorzonera
tuberosa, Limonium gmelinii Descurainia sophia,
Goniolimon  callicomum, Artemisia scoparia,
Salsola  paulsenii,  Helichrysum  arenarium,
Diarthron vesiculosum, Erodium  cicutarium,
Aristida heymannii 40-60 cm.

1V sapycka Nonea capsica, Ceratocarpus
arenarius, Capsella  bursa-pastoris, Erodium
cicutarium xarapbiaa eHefi, ouikriri 10-30 cm.

EkiHmn monyssinusHbIH KaybIMJIACTHIK Kypa-
eI Ceratocarpus arenarius eCiMJiK TYpJEpiHiH
KijemIne cekiiai Tecemin eceTiHIIri OaiKalbl.
Cyonomunant petinne Ceratocarpus arenarius
Artemisia terrae-albae, Artemisia scoparia 6aii-
Kanobl, al CAHbL JHCASLIHAH CALICIBIPMALbL MYP-
Ode a3 kepcemkiw kepcemxen Nonea capsica
ecimairi Oalikangel. LleHomOMyIAUUSHBIH KYpPbI-
nemetHal Calligonum alatum ecimMAiTiHIH XKac-
TBIK, CIIEKTOPBIH aHbIKTay O0apeickiga 10 x 10 m?
KeJieMJli aiiMakTa OipiHINI TPAHCEKTa CaJbIHIIbI.
Bipinmi tpancekra iminen Calligonum alatum
ocimairinig 13 eckinin, 11 OBHHUIBIIK, 9 UMMa-
TYPJBIK, 8 BEPTUHUIBIIK, 11 jkac reHepaTuBTIK, 9
TOJBIK JKETIITeH TeHEPaTUBTIK, 2 KapTalFaH Te-
HEPaTHUBTIK, 2 CyOCEHMJIBJIIK, 3 CCHHIIB/IK, JKac-
THIK KYHIHIH KOPCETKIIITepi aHBIKTaIAbl (KecTe
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2). byn ere xofFapbl KOPCETKIill SKEHMIIriH Kop-
CeTTi.

Exinmni  Ttpancekta keneminge Calligonum
alatum TONMYNSIUACHIHBIH KACTHIK KYPBUIBIMBI
KemeHai Typae OaranmaHabl. 3epTTey HOTHIKECIH-
ne 11 eckin, 10 rOBEHWIb/IK, 7 BUPTUHUIBIIK, 6
MMMAaTYPJIbIK, 7 JKac TCHEPATHBTIK, 8 TOIBIK Ke-
TUITEH TEHEPATHUBTIK, 3 KapTaiiFaH TeHEepaTHBTI, 3
CyOCEHWIIBJIIK JKOHE 3 CEHWJIBJIIK JapaK aHbIKTas-
Ibl (KecTe 2). ANbIHFaH JEpeKTep MOIMYJISIHIHBIH
JKaCTBIK CIEKTPIiHIH TOJBIK XoHE Oipliama TeHTre-
piMl eKeHAITiH KepceTeai. OCKiHep, OBCHUIIbIIK
JKOHE BUPTHHHIIBIIK JIaPAKTap/IbIH CAIICTHIPMAIIBI
TYpIe KOFaphI Yieci MOMyJsIusiaa TaOUFy KaHapy
yZepiciHiH OeJICeH Il )KYPIIl )KaTKAHBIH KOHE TYP/IiH
IKOJIOTUSIIBIK, JKaFIainapra Oeitimieny KaOineTiHiH
JKOFaphl eKeHIH Joienaeiiai. I eHepaTUBTIK jkacTa-
FBI JIapaKTap/IbIH €10Yip CaHbI OMYJISILIUSIHBIH PEIl-
POJIIYKTHBTIK SJICYETIHIH dKOFaphl JICHrelie caKTall-
FaHBIH, SIFHU TYKBIM apKbUTBI KOOSO MYMKIHIITIHIH
KETKUTIKTI eKeHIH Kepceredi. AN CyOCCHMIBIIK
JKOHE CEHWIIBJIIK JapaKTapIblH a3 MeJepie 00Iybl
MOMYJISIAAA KapTalo YAEPIiCiHiH Oasy KypeTiHiH
JKOHE JKACTBIK KYPaMbIHBIH (OKacapThLIFaH» THUIIKE
JKAKbIH CKCHIH CHUTIATTAN/IbI.

3epTTey eKi TpaHCeKTaHbl KaMTHIN >KYPTi3iii,
oJIapJIbIH OapbhIChIHIA 3€PTTEy OOBEKTICIHIH Jamy
KapKbIHJBUIBIFBI CyOCEHWIbIIK )KOHE CCHUJIB/IIK Ja-
pakTapia anTapibIKTail TOMEHICTCHI aHBIKTAJIIbI.
Bipinmn nomynsiusga jKacThIK CIEKTpai Oaranay
JkoHe cumarttay MakcarbiHaa T.A. PaGotHoB mnieH
A.A. YpaHOB dIici KONIAHBUIABI, OJI IEHOIOITY-
JISIUSIIAFB] apaKTapblH JKac Ke3CHIEPIH CaHbIK
JKOHE camajiblK TYpJE aHbIKTayFa MYMKIHAIK Oepe-
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ni. byn emic eciMuikTepai ©CKiHJIK, FOBEHUIIBIIK,
UMMaTypIIbIK, BUPTUHWIBIIK, TE€HEPATHUBTIK, CYO-
CCHWJIBJIIK JKOHE CEHWJIBJIIK JKACTBIK TONTapFa 0Oe-

2-KecTe

JIyT€ HET13/IeIITeH JKOHE 8P TOITHIH MOITY SN AFbI
YJIECIH CaHIBIK KOPCETKIITep apKbUIbl Oaraiayra
MYMKIHIIK Oepesi.

Tpancexma xoeneminde Calligonum alatum ecimoiciniy eKiHwi YeHONONYIAYUACLIHBIH HCACTBIK, CHEKMPI

Kezen

JKacTbIK araainapbl

Lenonomynsmus 2

Tpancexkra 1 Tpancekra 2

JlateHTTi (QIFaIKbl THIHBIITHIK KYiii) (Se) TyKbIM

Ockinnep (P)

13 11

OBenunbaik (J)

11 10

Buprunmis i

Mmmarypasik (Im) 9

Bupruaunsaik (V)

o]

2Kac reneparusrik (G1)

—_
—

PenponykTusTi

TonbIk skeTinreH reneparuBTik (G2)

Kapraiiran reneparustik (G3)

CyOceHmbaik (Ss)

CeHmnbi (KapTaiifaH, penpoayKTHBTI eMec)

Cenmnbik (Se)

W || O

ExiHmn neHononysius meHOepiHie cajlbiH-
FaH €Ki TPAHCEKTAHbIH OHTOTCHETHKANIBIK KY-
PBUIBIMBIHAAFBl  aHbIPMAIIBUIBIKTAP/IbI  AHBIKTAY
MakcatbiHa CTBIOACHTTIH t-KpUTepHiil KoJjia-
HBUIJIBL. OpOip TpaHCEeKTa OOMBIHIIA OHTOTCHETH-
KaJlbIK JKACTBIK KYHJIEpIHIH JapakTap CaHbl CaH-
JIBIK KOPCETKIII PETiH/Ie HAKThI aJIbIHIbI, TOYEJICI3
ekl TaHJaMa peTIHJEe KapacThIPbUIIbI. AJBIHFAH
MOJIIMETTEpre CYWeHEe OTBIPHII, 3ePTTEY 00BEKTI-
CiHIH kac KYPBUIBIMBI KEHIHEH CUTIATTAIbI: CyO-
CCHMJIBJIIK OHE CCHHWJIBIIK JapaKkTapAblH TOMCH

3-kecre

CaHBI MOMYJISIUSHBIH KapTal Ke3CHIHIH MICKTEY-
Ji eKeHiH, aj OeCKiHJep MEH IOBEHUJBIIK Japak-
Tap/AblH OachIMJBIFBI TAOUFHU KaHAPY YIEPiCiHIH
OenceHai ekeHiH kepcerTi. MyHngali Oaramay
[EHOTOMYJISAIHUSIHBIH JIlaMy JIHHAMHKACHIH JKOHE
9KOJIOTUSIIBIK TYPAKTBUIBIFBIH HAaKThl aHBIKTayFa
MYMKIHJIIK Oepi.

3epTTey OapbIChblHIA LEHOMOMYJSILUSIIAp apa-
CBIH/IaFBl JKAaCTBIK KYPBUIBIM KOPCETKIIITEPiHiH
albIPMAIIBUIBIKTAPBIH aHbIKTAY YIIiH CThIOAEHT t-
KPUTEPUIi KOJITaHBIIIbI.

Lenononynayuanapoviy Jdcacmulx KypbLisbiM Ootibinuia Kepcemkiumepi

Kepcerkim Henononymsmust 1 (M £ m)

Henononynsmus 2 (M + m) t p

MaHBI3ABIIBIK,

JKacThIK sxarmaibl 9,33+ 1,85

7,78 £1,25 2,58 0,021 p<0,05

Kyprizinren 3eprreyne Calligonum alatum
OCIMITIHIH 6Cy KapKBIHIBLIIBIFBEIHBIH CaHIBIK KOp-
ceTKimi OOMbIHIIA albIPMAIIBLIBIKTAPBIH CTATHC-
TUKAJIBIK MaHBI3IBUIBIFBl CTBHIOICHT t-KPUTEPHii
apkpUIbl Oarananael. benrinenren p < 0,05 neHretii
CTaTHCTUKAJBIK MaHBI3/IbI Ien KaObu1nanab!. LleHno-
MoMyJIsiiysg 1 MEH LEHOMOMYJISIUS 2 apachlHIaFbl
CaNBICTBIPMaJbl Tajjiay HOTHKECIHJIE CTaTUCTHKA-
TBIK TYpFBLAaH (t = 2,58; p = 0,021) alipIpMalIbUIBIK

aHbIKTANABl. AsbiHFaH p-MoHI 0,05 MaHBI3IBUIBIK
NEHTeHiHEeH TOMEH, OJ €Ki IICHOIOIYJISAIHSHBIH
JKACTBIK, KYPBUIBIMBIHBIH OipJieil eMec eKeHiH jKoHe
OJIApJIBIH ©CY KApKBIHABUIBIFBI apalbIFbIHAA albIp-
MAaIIBUIBIKTAp OpPBIH anasl (3 Kecte).

Artam aiTKaHma, MYHIal aWbIpMAaIIBUIBIK, I10-
MyJISAOUSUIAPABIH, ~ OHTOTEHETHKAJNIBIK — CIIEKTPiHIH
KaJIBINITACy ePEKIISTKTEPIMEH, TIPIIUTIK €Ty OpTa-
CBIHBIH JKOJIOTUSIIBIK, JKaFJIaiiappIMEH JKOHE TYp-
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JIiH Ke0Cr CTpaTerusChiIMeH OaiIaHBICTBI OOIYBI
MyMKiH. COHBIMEH KaTrap, aJblHFaH HOTHXKEIep
LEHOTIOMYJISIMSIIAP/IBIH  KEHICTIKTIK-DKOJIOTUSUTBIK
(hakTopmapra opTypii AcHTelme OeHimMaenreHiH
KOPCETIIl, OJIAPJABIH KYPBUIBIMIBIK TYPAKTBUIBIFBI
MEH JMHAMHUKACHIHBIH apaJIbIFbIH/IA aybITKYJIAPIbIH
0O0JTybI aHBIKTAJIJIBI.

Kammer  anmranma, 3eprrenreH  Calligonum
alatum MOMyNAUSACH T€OOOTAHUKAIBIK TYPFBIIAH
TYPaKThI, ©31H-031 CaKTayFa >KOHE Y3aK Mep3iMIi
MEepCHeKTUBaZa TYPAKThl JaMyFa KaOileTTi, mpor-
PECCUBTI TUNTET1 MOMYJISAIUS PETIHAS OaralaHabl.
Tpancekra xeneminae Calligonum alatum nomy-
JISIUSICBIHBIH, KACThIK KYPBUIBIMBI KEIICHI TYpJe
OaramaHpl. AJIBIHFAH JIEPEKTEep TOMYISIUSHBIH
JKACTBIK CHEKTPIHIH TOJBIK XOHE OipmiaMa TeHTre-
piMAI eKeHAIriH KepceTei. OCKiHaep, IOBEHUIBIIK
JKOHE BUPTHHUJIBIIK JapaKkTapblH CaabICThIPMAIbI
TYpZE KOFaphbl yieci MOnyJsIusia TaOUFU KaHapy
yAepiciHiH OeNceH i KYPIIl )KaTKaHbIH KOHE TYPAIH
AKOJIOTUSIIBIK, JKaFalnapra Oeiimieny KaOieTiHiH
JKOFaphl CKEHIH moieneiii. I eHepaTUBTIK jkacTa-
FBI JIapaKTap/IbIH e0Yip CaHbI MOMYJISIUSHBIH PeTl-
POMYKTHBTIK DJICyETiHIH JKOFaphl ICHIeiIe caKTal-
FaHbBIH, SIFHU TYKBIM apKbUIbI KOOCK MYMKIHIIT1HIH
JKETKUTIKTI €KeHIH Kepcereli. An CyOCeHMIBIIK
YKOHE CEHWIBJIIK IapaKTap/IbIH a3 MeJIIepe OOTybI
MOMYJISIIMAA KapTalo YAEpiciHiH Oasy KypeTiHiH
JKOHE )KACTHIK KYPaMBIHBIH JKacapy Ke3eHIHE KaKbIH
eKCHIH cumatTaiapl. JKaimbel anFanma, 3epTTeNreH
Calligonum alatum nomynsSUHsIChl T€000TAaHUKAIIBIK
TYPFBIZAH TYPAaKThl, ©31H-031 CaKTayFa JKOHE y3aK
Mep3iMIi epcrneKTHBaga TYPaKkThl JaMyFa KadineT-
Ti, IPOTPECCUBTI TUMITET] MOIYJIANNS peTiHae Oara-
JaHaJIbI.

IleneiirTi amakTeie Calligonum alatum cUSIKTHI
KcepoHT TYpIACPAiH KYPFaKIIbUIBIKKA Oedimaery
KaOuIeTi OoJapIblH SKOJOTHSIIBIK TYPAKTHUIBIFBIH
KaMTaMachl3 €TeTiH Heri3ri ¢akToprapaby 0ipi 0o-
JIBIT TaObLTAAel. MYHIAH ©CIMIIKTEp apuATi opTa
JKaFJaibIHAa BUIFAT TaNIIbUIBIFBIHA MOP]O-pu-
3UOJIOTHSIIBIK JKOHE aHATOMUSIIBIK OcHimuemyep
apKBUIBI TO3IMALIIK KepceTeni. BereratusTi myiie-
Jiepi TaMblp KYWECIHIH KYIITI 1aMybl apKbUIbI TO-
MIBIPAKTHIH TEPEH Ka0aTTapbIHIaFbl BUIFAIIIBI CIHIPY
KaOiJeTi JKOFapbUIaiabl, aj JKalbIPaKThIH pPEIyK-
nusIaHFaH (opMara aybICybl TPaHCIHPAIUSIIBIK
CYIBIH JKOFAIYBIH a3alTaipl, OJ1 opTara OeHimMmiry
JICHTeHiHIH TO3IMIUIIriH ammbin kepcereni. dusno-
JIOTHSUTBIK, JICHTEHAEC 3epTTey OOBEKTICIHIH KICT-
KaJIbIK, JICHTEH/Ie OCMOPETTErill KOCHUIBICTAPIbIH
JKUHANYbl apKbUIbI CYy TAaIIIbLIBIFBI JKaFJaibIHIa
TYPrOPJIBIK KBICBIMJIBI CaKTaWIbl. ATallFaH ©CiM-
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JIKTiH opTara OeiliMaenyine Kartap y3akK yakbITTHIK
KYPFaKIIBUTBIK Ke3CHACPiHe TO3IMIUIITIH apTThIpa-
JIbl, II6J1 )KOHE LIOJICHT 3KOXKYHenepiHae TipHIiik
eTyiHe MYMKIHIIK Oeperi. AJBIHFAaH HOTHXKEIEp
HeTi3iHAe 3epTTey Xyprisinren corre Calligonum
alatum TOMYNAIMACHIHBIH TYPaKThl Ky Oenrime-
piHiH Oap eKeHAIriH KOHCTaTauusiayra OoJaspbl.
CoHbIMEH KaTtap, MOMYJISIHS TUIIH MPOTPECCHUBTI
peTinae MHTEpIpeTausay KOHE OHBIH Y3aK Mep-
3IMJII TYPaKTBUIBIFBI TYPabl KOPBITBIHIBIIAP BEre-
TAIMSIIBIK MAYCBIM JIEPEKTEPiHE HET13/IeNreH.

3epTTey HOTIKECIHIE OIpiHIIN TOMYJISITUSHBIH
JapakTapblH OHTOTCHETHUKAIBIK KYPBUIBIMBI Taj-
JaH]Ibl. ATIBIHFaH MOIIIMETTEp TIOMYJISIIUSHBIH JKac-
TBIK CIIEKTPIHZC ac KOHE BUPTHHUIIBII caThLIap-
IIBTH 0aChIM €KEHIH KOPCETTi.

Calligonum alatum eciMJIITiHIH €Ki IIEHOIIOMY-
JAIUSCHIHA TpaHCEKTalap JKYPri3ini. AJbIHFaH
HOTIDKEJIEpre CoMKec, Tapally opTachl e e3eHiHiH
karanaysiaa mamamer 500700 M KaIbIKTBIKTa Op-
HaJIACKaH, aJl CONTYCTIK-0aThIc OOJiriHAe ayblIIbIK
XKepiepre Cy JKeTKI3eTiH KOJIIaH jKacalFaH KaHaJlFa
200-300 ™M >xeTnel OpHANACKAHABIFBl AHBIKTAJIBL.
[MomynsusiHBI OHTOTCHE3/IIK KYPBUIBIMBI OOMBIH-
nra tanjgay OapbIChIHIA ©CKIHHEH OacTarl, OapIblk
KACTBIK caThlIap Ke3JeCTi: IOBEHMIBIK, UMMaTyp-
JIBIK, BAPTUHUJIB/IIK, TCHEPATUBTIK )KOHE CEHUJIIBIIK.
OCIMIIKTIH TeHepaTUBTIK MYIIENepi TONBIK KaJIbIT-
TacKaH, >KbIJI CAlbIHFBI T'YJJICHY MPOILECi TYPaKThl
Oaiikanmaasl, Oy xemic O0epy KapKbIHIBUTBIFBIHBIH
JKOFapbl €KCHIH J9IIeI e I

JlerenMeH, 3epTTeNreH ailMak Mail KalbulaTblH
ayMaKKa JKaTaThIHJIBIKTaH TiKeNel KayinTiH Oap-
TBIFBI OalikanmMmaca Jia, KeJICHIEKTe MOMYJIISIHSIHBIH
CaH/IBIK KOPCETKIINIiHIH TeMEH/Ieyl MYMKIH el
Oaranmanajpl. Tapany aliMarbIHBIH CAJIBICTBIPMAITbI
TypAe a3 0oiybl Aa OCIMIIKTIH TYpaKThUIBIFbIHA
Oenrimi 6ip mekrey Kosimbl. KayinTiH HeTi3Ti ¢ak-
TOPBIHBIH Oipi, OJ1 MaJJIbIH KaHbUTYbl KOHE aHTPO-
noreH ik ocepiep. COHBIMEH KaTap, peKpeaItusIbIK,
OeJIceHAlTiK, MBICANbI, OPTTIH TYbIHIAYbl HEMece
JIeMaTyIIbUIapABIH 1C-OpEKeTTEepPi, MOIYIISIIIIHBIH
Te3 apaja 3aKbIMJaHybIHA JKOHE JKOMBUTybIHA OKe-
nyl pIKTEMan. JYKaWbpUIBIMIBIK aiiMaKTa ©CKIHIEp-
JIiH KaJbIlITaCyblHA JKOHE JaMybIHa KeIepri Keiyi
MYMKIiH, OYJ TOMYJISIUSHBIH CAHBIHBIH a3al0blHA
acep eTyl bIKTUMal. AiiTa KeTy kepek, Calligonum
alatum eciMIIri epeKIIe >KOJOTHSIIBIK KACHEeTKE
ue, oJ1 KyMbl OeKiTy QyHKUMICHIH aTKapaabl. Ka-
3ipri TaHIa KYMHBIH Kelry mporieci Ka3zakcTaHHbIH
9KOJIOTHSJIBIK, MaHBI3Ibl MOCEIIENIEPiHiH 0ipi O0BII
oThIp. OchIFaH OalIaHBICTHI, OCHI TYP/IiH ©CIMIIITIH
cakTay JKOHE 3epTTey MaKcaTbIH/a, 6Cy OPTAChIHBIH
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KJIMMATTBIK KaFdaibl colikec KeieTiH bankam ay-
JTAHBIHBIH OPTAJBIFRIHAAFEI bakanac enii MeKeHiH-
neri lne sxcnepuMeHTanbaAbIK 0OTaHUKAIBIK, OaFbIH-
Jla MHTPOAYKIUSAFA €HTI3y YChIHBUIAMEL. byn mapa
MOMYJIALMSHBIH TYPAaKTBUIBIFBIH KAMTaMachl3 €TyTe
KOHE KyMJIbI O€KiTy KbI3METIH KYIIEHTyre MyMKiH-
Ik Oepei.
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IDENTIFICATION OF BARLEY PHYTOPATHOLOGIES BASED
ON SPECTRAL SIGNATURES OBTAINED
VIA HYPERSPECTRAL IMAGING

This article investigates the hyperspectral characteristics of barley. A major challenge in agriculture
is the inability to perform early disease diagnosis. Hyperspectral imaging enables the identification of
diseases at an early stage, preventing their further spread. Spectral analysis of barley diseases (loose
smut, leaf spot, root rot) shows that infected and dried tissues have low reflectance, early-stage infections
exhibit medium reflectance, and healthy tissues display high spectral intensity. In hyperspectral images,
diseased plant areas appear blue, areas with living but already infected tissue appear yellow, and healthy
plant areas are shown in orange, red, and burgundy. Spectra from healthy areas possess high intensity
compared to those from diseased zones. This is attributed to the presence of chlorophyll, the green pig-
ment in healthy tissue that actively reflects light. The destruction of the epidermis, loss of moisture, tissue
necrosis, and darkening lead to a decrease in reflected light intensity. Barley diseases like loose smut,
rust, and root rot involve spores with melanin-like pigments. These cause the decay of healthy tissues,
suppress photosynthetic activity, and absorb more light than they reflect. These diseases are identified
by reduced reflectance in infected plant parts. In early leaf spot, chlorophyll degradation causes a yel-
low colour that may resemble healthy tissue. As metabolites accumulate and necrosis progresses, brown
and dark spots develop. Consequently, this disease shows high spectral variability. Leaf spot can be
differentiated by the non-uniform spectral intensity across different plant parts. A common feature of all
phytopathologies is the overall reduction in the plant’s reflectance. The obtained spectral profiles posi-
tion hyperspectral imaging as a viable tool for monitoring barley agrocenoses. It enables differentiation
of phytopathologies, detailed assessment of plant condition, and early detection of anomalies before
visible symptoms appear. Further advances will enable targeted crop protection, lower pesticide costs,
and reduce environmental impact.

Keywords: hyperspectral imaging, barley, phytopathology, plant diseases, spectra.
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'MnepcnekTpaAAbl BU3yaAM3auMsl apKbIAbl aAbIHFAH CNEKTPAIK CUrHaTypaAap HeriziHae
apna oMTONaTOAOrMSIAAPbIH MAEHTUUKALIUSIAQY

byaA Makana apnaHblH rurnepcrnekTpaAAbl cuMaTTaMaAapbliH  3epTTeyre apHaAfaH. AybIA
LIAPYaLUbIABIFbIHbIH, HEri3ri MaceAeAepiHiH 6ipi — aypyAapAbl epTe AMarHOCTMKaAay MYMKIHAIFIHIH
LIEKTEYAIAITI. TMnepcnekTpAik GenHeAey aypyAapAbl €pTe KE3eHAE aHbIKTayFa >KoHe OAapAbIH OAaH
8pi TapaAyblHbIH, aAAbIH aAyFa MYMKIHAIK 6epeai. LLIaHABI Kapakyiie, >kanblpak, AaKTapbl XXOHE TambIp
Wipiri CcUMgKTbl apra aypyAapblHblH, CMEKTPAIK CUMaTTaMaAapblH 3epTTey HOTMXKeCiHAE aypyMeH
3aKbIMAQHFaH aliMaKTap MeH KypaFaH eCiMAIK YAMAAApbIHbIH, WaFbIAY KO3 QUUMEHTI TOMEH, aypyAblH
facTankpl Ke3eHAEepiHAe opTalla, aA cay YAMaAapAa CrekTp KApKbIHABIAbIFbI >KOFapbl 6OAATbIHbI
aHbIKTaAAbl. [MnepcrnekTpasAbl KECKIHAE ©CIMAIKTIH aypyFa LIaAAbIKKaH OOAIKTepi KeK TycrneH, Tipi,
6ipak, >XYKTbIPbIAFAH YATAAQp Capbl TYCMEH, aA cay OOAIKTepi KbI3FbIAT Capbl, Kbi3blA XOHE KOHbIP-
KbI3bIA TycTEpMEH GeitHeAeHeai. Cay aMakTapAblH CMEKTPAEPI aypyMeH 3aKbIMAAHFaH aiMaKTapAbIH
CMEeKTPAEPIMEH CaAbICTbIPDFAHAQ XOFaPbl KAPKbIHABIAbIKKA Me. ByA cay yAnaaapAa >KapbikThl GEACEHA]
TYPAE LIAFbIAABIPATBIH >KACbIA TMUIMEHT — XAOPOMUAAAIH OOAYbIMEH TYCIHAIpIAEAl. Dnmaepmmc
KYPbIAbIMbIHbIH,  OY3bIAYbl, bIAFAAABIH >KOFAAYbl, YANAAAPAbIH HEKpPO3bl >K8HE OAapAblH Kapaiobl
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KbIHABIABIFbI TOMEHAENAI. LLIaHABbI Kapakyrie, TaT >KeHe TaMbIp LWIpIri CUSKTbl apra aypyAapbl cay YA-
naAapAbIH blAbIpayblHa OKEAETIH, (POTOCMHTETUKAABIK, XKYMEAEPAIH BEACEHAIAITIH TOMEHAETETIH XKXoHe
LLIAFbIABICKAHHAH repi kebipek >KapblK, CiHIpeTiH MeAaHMHTOPI3AI MMrMeHTTepi 6ap cropasapAbl Kam-
T™MAbL. ByA aypyAapAbl ©CIMAIKTIH 3aKkbIMAA@HFaH OOAIKTEPIHIH LWaFbIAY KOIPMUUMEHTIHIH TOMEHAEYI
apKblAbl aHbikTayFa 6oAaabl. XKanbipak, AakTapbiHblH 6acTankbl Ke3eHiHAE XAOPOUAAAIH, blAbIpaybl
CaAA@pblHaH YAMaAap capbl Tycke ve 60AaAbl, OYA OAapAbl Cay OCIMAIK YAMAAAPbIMEH LLIATACTbIPY-
Fa 9KeAyi MyMKiH. MeTaboAMTTEPAIH >KMHaAYbI >KOHE HEKPO3 npoueci 6apbiCbiHAAQ KOHbIP XKaHe Kapa
TYCTi MUIMEHTTI AakTap nanaa 6oaasbl. OcbiFaH GaAaHbICTBI BYA aypy CMEeKTPAEPAIH >KOFapbl Ba-
prabeabaiAiriMeH cunatTaraabl. Aak aypybiH ©CIMAIKTIH 8pTYPAI BOAIKTEPIHAETT CNEKTP KapKbIHAbI-
AbIFbIHbIH OipKEAKI eMeCTiri apKbiAbl axkbipatyra 6oAasbl. bapAbik duTonaTtoAormsaapra TeH OpTak,
GeAri — eCIMAIKTIH XaArbl WaFbIAy KabiAeTiHIH TOMEHAEYi. AAbIHFAH apraHblH CMEKTPAIK NpoduAbae-
pi rMnepcrnekTpaAAbl BU3yaAM3aUMaHbl apra arpoLeHo3AapblH MOHUTOPUHIIAEY BAICI peTiHAe Kapac-
ThIpyFa MYMKIHAIK 6epeai. byA TociA dmTonatoAormsaapAbl axkbipaTyFa, eriCTiKTiH XKaFAanblH JKeke
OCIMAIKTED AEHIeMiHAE erXKen-TerKenAi TarpayFa >KoHe CbIpTKbl 6eAriaep GarkaAman Typbin aHOMa-
AMSIAAPAbI @HbIKTayFa XarAan xacanabl. Ocbl carasarbl 6oAaLLaK 3epTTeyAep KOPFaHbILl KypaAAapbiH
HbICaHAAbl TYPAE KOAAAHYFQ, MECTULMATEPre >KYMCAAATbIH LWbIFbIHAAPABI a3aiTyFa >KoHe KopluaraH
opTara TYCeTiH aHTPOMOreHAIK >KYKTEMEHI TOMEHAETYre MyMKIHAIK 6Gepeai.

TyiiH ce3aep: runepcrekTpasAbl BM3yaAu3aums, apra, UTOMATOAOMMS, OCIMAIK aypyAapbl,
crieKTpAep.
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NaeHTHUMKaLMs DUTONATOAOTMIA SIMMEHS MO AQHHBIM CMEKTPaAbHbIX CUTHATYp,
MOAYYEHHbIX C MPUMEHEHUEM rMNepCrneKTPaAbHOW BU3yaAU3aLun

AaHHas cTaTbsl MOCBSLIEHA W3YYEHMIO TUMEPCNEKTPAAbHbBIX XapaKTeEPUCTUK sumeHs. OAHOM u3
rAaBHbIX MPOBAEM CEAbCKOrO XO3SMCTBA SIBASIETCS HEBO3MOMKHOCTb PaHHe AMarHOCTMKKM 3aboAeBa-
HMiA. [nnepcnekTpaAbHas BU3yaAM3aUmMs MO3BOAUT MAEHTUMULMPOBATL OOAE3Hb Ha PaHHMX CPOKax
1 MPeAOTBPATUTbL €e AdAbHellliee pacrnpocTpaHeHue. M3yumB criekTpaAbHble XapakTepUCTUKM TakMxX
6OAE3HEN AUMEHS KaK MbIAbHASi TOAOBHSI, MATHUCTOCTb, KOPHEBAs MHUAb, ObIAO BbISIBAEHO, YTO Mopa-
>KEHHble BOAE3HbIO YYaCTKM M BbICOXLLIAS PACTUTEAbHAS TKaHb MMEIOT HM3KMIA KOIMULIMEHT OTparke-
HMS, HaYaAbHbIE CTaAMM OOAE3HEN — CPEAHMIA KOBMPMULMEHT OTPaXKeHMs, a 3A0POBast TKaHb 06AaAaeT
BbICOKOWM MHTEHCMBHOCTbIO CriekTpa. Ha runepcnekTpaAbHOM M306paxkeHnn GOAbHbIE Y4YacTKM pac-
TEHUS OTOOPAXKAIOTCS CMHMM LIBETOM, YYACTKM C €LIE >KMBOM TKaHbIO, HO Y>KE 3apakeHHbIE — XKEATbIM,
a 3A0POBble YYaCTKM PACTEHMI OPaHXKEBbIM, KPACHbIM M 60pAOBbIM. CneKkTpbl 3A0POBbIX Y4YaCTKOB
00AAAQIOT BbICOKOM MHTEHCMBHOCTBIO MO CPABHEHMIO CO CMEKTPaMM YYacTKOB, MOPayKeHHbIX 60Ae3-
HSIMM. DTO CBS3aHO C TEM, UYTO 3A0POBAs TKaHb COAEP>KMUT 3EAEHbI MUIMEHT XAOPOMUAA, KOTOPbIi
AKTMBHO OTpaxkaeT cBeT. [1pu pa3pylLueHnn CTPYKTYpbl SAMMAEPMMUCA, NMOTepe BAAru, HeKpo3e TKaHen U
MX MOTEMHEHUU MHTEHCMBHOCTb OTPa’KaeMoro CBeTa CHMXKAeTCs. boAe3HM gumeHs, Takme Kak MblAb-
Hasi TOAOBHSI, P>KaBuMHA M KOPHEBAsi THUAb, COAEPIKAT Cropbl C MEAAHWUHOMOAOGHbBIMM MUIMEHTaMM,
KOTOpPbl€ BbI3bIBAIOT FHMEHME 3A0POBbIX TKaHEN, YrHeTaloT aKTUBHOCTb (POTOCUHTETUUYECKMX CUCTEM U
MOrAOLIAIOT GOAbLLE CBETA, YEM OTPAXKAIOT. DT BOAE3HN MOXKHO MAEHTUMULIMPOBATL MO CHUXXEHUIO
Ko3ppmumeHTa oTparkeHMs 3apa’keHHbIX YYacTKOB pacTeHus. [M9THMCTOCTb AMCTbEB Ha Ha4aAbHOM
CTaAMM MPU paspyLUeHnn XAOPOOUAAQ MMEET XKEATbI LIBET, KOTOPbIA MOXHO CryTaTb CO 3A0POBOM
TKaHbto pacTteHui. [pr HaKoNAeHMU METAGOAMTOB M HEKPO3E MOSBASOTCS NMUIMEHTHbIE NSTHA 6YpoBO-
ro U TEMHOrO LIBETOB. 3a CUeT 3TOro 310 3a60AeBaHME UMEET BbICOKYIO BapuabeAbHOCTb B CreKTpax.
AncddepeHumpoBaTb NIATHUCTOCTb MOXHO MO HEOAHOPOAHOCTU MHTEHCMBHOCTM CMEeKTPOB Pa3HbIX
yuacTkoB pacteHnsi. OTAUUUTEAbHONM YEPTOM BCeX (PUTOMATOAOTMI SIBASIETCS CHUXKeHMe obLiein oT-
pa’kaTeAbHOM COCOBHOCTU pacTeHms. [ToAyUEHHble AQHHbIE CMIEKTPAAbHbIX MPOQMAEI SUMEHSI MO3BO-
ASIOT pacCMaTpMBaThb MMMNepCrnekTPAAbHYIO BU3YAAM3ALMIO KAaK METOA MOHUTOPUHIA arpoLLeHO30B S4-
MeHS$, MO3BOAGIOLNI AnbdepeHLMpoBaTh PUTONATOAOTMM, MPOBOAUTb AETAAbHbIA aHAAM3 COCTOSIHUS
MOCEBOB HA YPOBHE OTAEAbHbIX PACTEHUIN U BbIIBAITb aHOMAAMM AO MPOSABAEHMS BHELLHMX CUMITTOMOB.
AanbHeiwme pa3paboTky B 3TOM 00AACTM MO3BOASIT TOUEYHO MPUMEHSTb 3allMTHbIE CPEACTBA, CHU-
3UTb 3aTPaTbl HA MECTULMABI M YMEHBLUMTb Harpy3km Ha OKPY>KaloLLYIO CPeAy.

KAloueBble cAOBa: rvnepcrekTpaAbHas B13yaAmsaums, SuMeHb, (OUTONATOAOrMM, OHOAE3HN pacTe-
HWW, CNEKTPbI.
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Identification of Barley Phytopathologies Based on Spectral Signatures Obtained via Hyperspectral Imaging

Introduction

Given the increasing intensification of
agriculture and growing demands for sustainable
agricultural production, the need to adopt high-
precision methods for monitoring crop conditions is
becoming evident. It is important to note that today,
one of the most promising areas in digital agriculture
is hyperspectral imaging — a technology based on
recording the spectral characteristics of reflected
radiation from vegetation across a broad range of
wavelengths.  Unlike traditional observation
methods, hyperspectral imaging can detect
physiological changes in plants at preclinical stages,
which is particularly important as it plays a crucial
role in enabling early diagnosis of diseases, nutrient
deficiencies, and stress caused by unfavourable
environmental conditions. Barley is one of the most
important grain crops, sensitive to environmental
changes and pathogen exposure, which directly
affects yield and product quality.

Despite the proven effectiveness of this
technology, a significant challenge in modern
phytopathology is transitioning from isolated
disease models to comprehensive diagnostic
systems. While previous studies have successfully
identified single-pathogen infections, there remains
a critical need to accurately differentiate a complex
of diverse diseases. Achieving this requires moving
beyond standard vegetation indices to employ a
deeper analysis of optical signatures, specifically
utilising complex statistical parameters of spectral
curves. Additionally, the physical relationship
between specific disease manifestations — such as
the accumulation of distinct fungal pigments — and
their combined effect on the VNIR spectrum
demands further investigation.

The object of this study is cultivated barley

(Hordeum  vulgare L.) grown in typical
agroecological ~ conditions  of  northeastern
Kazakhstan. The subject of the research

encompasses the specific optical signatures and
hyperspectral reflectance parameters associated
with healthy and pathogen-infected barley tissues.
Therefore, our goal was to explore the potential of
hyperspectral imaging in identifying barley diseases
through the analysis of spectral profiles from
infected plants. To achieve this aim, the following
objectives were set: to acquire and pre-process
hyperspectral data from healthy barley and samples
infected with loose smut, plant rust, leaf spot, and
root rot under controlled laboratory conditions; to
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calculate and analyse specific statistical indicators
of reflectance; to extract informative spectral
features and classify plant phytostatuses. To fulfill
these  objectives, the research employed
hyperspectral imaging in the visible and near-
infrared range. The analytical framework involved
optical data acquisition followed by data
dimensionality reduction and multivariate statistical
processing to evaluate the spectral differences
between the samples.

The scientific significance of this study lies in
establishing quantitative links between
physiological plant degradation (such as chlorophyll
loss or melanin-related darkening) and specific
variations in hyperspectral profiles. Practically, the
proposed multidimensional evaluation offers
detailed physiological insights that can inform the
future development of automated monitoring
systems, thereby contributing to more targeted
agrochemical applications in precision agriculture.

The application of hyperspectral imaging in
phytopathology has been the subject of extensive
recent research, demonstrating significant potential
for non-invasive crop monitoring. Recent studies
have made substantial scientific contributions by
validating the efficacy of spectral analysis for both
early pathogen detection and the visualisation of
plant resistance responses. These works highlight a
vital transition in digital agriculture from traditional
visual assessment to automated, high-precision
phenotyping.

For instance, one study developed a highly
accurate automated hyperspectral phenotyping
system to quantitatively assess the severity of
powdery mildew infection on different barley
varieties under greenhouse conditions. This system
successfully detected disease symptoms at early
stages while achieving high classification accuracy
without expert involvement (Thomas et al., 2018). It
is worth noting that modern hyperspectral imaging
methods, combined with principal component
analysis, spectral decomposition, and linear
discriminant analysis, enable high accuracy in the
early detection of Magnaporthe oryzae infections on
barley leaves and allow visualisation of infection
sites as early as 24 hours after inoculation (Zhou et
al., 2019). Additionally, it has been found that near-
infrared hyperspectral imaging can accurately detect
fungal infections by Aspergillus glaucus and
Penicillium spp., as well as ochratoxin A
contamination in barley grains, thereby enabling
early diagnosis and quality control of stored grain
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(Senthilkumar et al., 2016). Hyperspectral imaging
has demonstrated its practical effectiveness in the
early detection of barley's hypersensitive response to
Blumeria graminis f. sp. hordei, allowing for the
identification = of  genotype-specific  spectral
signatures within 1-3 days after infection. This
makes the method promising for automated
phenotyping of disease resistance (Kuska et al.,
2017). Overall, the practical application of
hyperspectral imaging has enabled non-invasive
detection and visualisation of barley resistance
responses to Blumeria graminis f. sp. hordei,
encompassing both  pathogenesis and the
manifestation of early hypersensitive reactions, even
before visible symptoms appear. The use of the
Relief algorithm, alongside parallel molecular-
histological analysis, plays an equally important role
by helping interpret spectral data in a biological
context and identifying key wavelengths associated
with different types of interaction (Kuska, 2017).
Studies in this field also indicate that early detection
of barley diseases wusing fluorescence and
reflectance spectral indices effectively identifies
diseases at initial stages and assesses chlorophyll
concentration in leaves, facilitating timely fungicide
application and improved crop management (Yu et
al., 2014). Some research demonstrates that
hyperspectral imaging has also been applied to non-
destructive analysis of deoxynivalenol (DON)
content in barley grain caused by Fusarium
graminearum infection. Furthermore, data show that
using partial least squares and machine learning
methods enables high accuracy in estimating
mycotoxin content, making this approach promising
for rapid grain quality screening and Fusarium head
blight diagnosis (Su et al., 2021). Hyperspectral
imaging in the UV range allows for distinguishing
between barley variaties resistant and susceptible to
Blumeria graminis f. sp. hordei at early stages by
detecting changes in reflectance, which may be
related to flavonoids and other metabolites (Brugger
et al, 2021). Hyperspectral imaging at a
microscopic scale enables non-invasive recording of
spectral changes in barley leaves during interaction
with powdery mildew, helping differentiate
susceptible and resistant genotypes based on
reflectance in the visible and near-infrared ranges.
In addition to these methods, automated analysis
techniques such as Simplex Volume Maximisation
(SiVM) contribute to faster data processing and
yield clear results (Kuska et al., 2015). Equally
important is the combined analysis of hyperspectral

reflectance and transmission, which not only allows
detection of barley powdery mildew before visual
symptoms appear but also clarifies the spatial
distribution of infected and necrotic areas. This
makes the approach particularly valuable for early
diagnosis and detailed pathogenesis studies
(Thomas et al., 2016).

Despite these significant advancements, a
critical research gap remains. The majority of the
reviewed studies focus primarily on single-pathogen
interactions or rely on standard evaluation methods
without fully exploring the comprehensive
statistical parameters of the spectral curves. There is
a clear need for comparative research that
simultaneously differentiates a complex of distinct
phytopathological conditions — such as loose smut,
plant rust, leaf spot, and root rot — based on detailed
statistical reflectance metrics, including spectral
bandwidth broadening and skewness shifts.
Furthermore, there is limited quantitative
exploration regarding how specific pathogen-
induced alterations, particularly the accumulation of
melanin-like pigments, simultaneously affect visible
and near-infrared reflectance across different
diseases. By providing a multidimensional statistical
evaluation of hyperspectral data under controlled
laboratory conditions, this study aims to
differentiate diverse barley diseases, offering
detailed spectral insights that can support the future
development of remote monitoring systems in
precision agriculture.

Materials and methods

The object of the study is cultivated barley
(Hordeum vulgare L.) grown in the typical
agroecological  conditions  of  northeastern
Kazakhstan. The collection of samples was carried
out during key phenological stages of spring barley
in 2025 in the main grain-producing districts of the
Pavlodar region: Zhelezinka and Terenkol districts.
These regions were selected based on their
agricultural significance and differences in soil and
climatic conditions, which ensured the sample's
representativeness and allowed for capturing a wide
range of possible plant phytosanitary conditions.
Phytopathogens were diagnosed using laboratory
methods (pure culture isolation, microscopy) in
accordance with State Standard 12044-93 "Methods
for Determining Disease Contamination" (State
Standard 12044-93, 2011). Hyperspectral imaging
of the plant material was conducted at the Biological
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Research Laboratory of the Toraighyrov University.
A high-precision FigSpec FS-13 hyperspectral
camera, operating in the visible and near-infrared
range (VNIR, 400-1000 nm), was used as the
measuring instrument. This push-broom scanning
camera features high spectral resolution (at least 2.5
nm) and a wide number of spectral channels (at least
250), enabling the acquisition of detailed spectral
profiles of the studied objects. The imaging
procedure was based on several key steps, including
system calibration using reference white and black
panels to ensure the correctness of reflectance data.
Hyperspectral images were obtained under
controlled lighting conditions to minimise the
influence of external factors. For the preliminary
assessment of data quality, specialised Breeze
software, developed in the IDL (Interactive Data
Language) programming environment, was used to
visualise spectral cubes and perform their initial
analysis. To identify signs of barley
phytopathological conditions, the spectral data
underwent comprehensive analytical processing.

A total of 17 barley samples representing
different phytosanitary conditions were included in
the study. The dataset consisted of one healthy
sample, five samples infected with loose smut, five
samples exhibiting symptoms of leaf spot diseases,
two samples affected by rust, three samples with
root rot, and one sample showing a mixed infection
of loose smut and rust. Regions of interest
corresponding to healthy and diseased plant tissues
were selected from the hyperspectral images. On
average, 8-10 ROIs were identified per image,
resulting in approximately 150 ROIs across the
entire dataset. Each ROI contained numerous
spectral pixels with reflectance values recorded
across the investigated spectral range. In total,
approximately 50,000 spectral pixels were analysed
and wused for the calculation of spectral
characteristics, Principal Component Analysis
(PCA), and subsequent statistical processing.

The analysis of reflectance spectra was aimed at
identifying characteristic spectral features -
primarily zones of selective absorption and
reflectance of radiation — which are presumably
associated with physiological changes in plant
tissues caused by diseases. These optical signatures
were considered key markers for identifying
different types of damage. An important stage in
hyperspectral analysis is data dimensionality
reduction and the extraction of informative spectral
features. For this purpose, PCA method was applied.
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It allowed for structuring the spectral data,
visualising them as projections onto new orthogonal
axes, and conducting subsequent classification of
plant  phytosanitary  status. The proposed
methodological approach ensured high accuracy in
distinguishing between healthy and diseased plants.
Consequently, it may serve as a basis for the
development of remote monitoring systems and
early disease diagnosis in agroecosystems.

For statistical analysis with support for the
Python programming language integrated with
Microsoft Excel for more convenient data import
and analysis. Spectral data were analysed using
analysis of variance (ANOVA) along with
descriptive statistical methods.

Minimum and Maximum Reflectance (Ualiyeva
et al., 2025):

»Rn)

,Ry).

Mean Reflectance (Ualiyeva et al., 2025):

Rmin = min (Rl’ Rz, e

Rpmax = max (Rq, Ry, ...

S|

U= Ri'

n
i=1

Standard Deviation (dispersion of reflectance
values) (Ualiyeva et al., 2025):

n
1ZR )
7. (R; — u)=.
=1

Coefficient of Variation (degree of variability)
(Ualiyeva et al., 2025):

o
CV = —x100.
u

Delta Reflectance (difference) (Ualiyeva et al.,
2025):

AR = Rpax —

Rmin-

Spectral Bandwidth calculated wusing the
formula (Ualiyeva et al., 2025):
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Spectral Skewness (asymmetry) (Ualiyeva et
al., 2025):
n
IO Ri— 1
SA == (—)5.
2205
i=1

The computed parameters offer a quantitative
evaluation of the spectral properties of the examined
specimens and facilitate the identification of
intergroup differences.

Results and discussion
The images with the spectral characteristics of

barley feature graphs of the Raw Spectrum showing
spectra from individual plant parts or overall spectra

Figure 1
Healthy sample

2] (10%)

t[1] (72.5%)

Note: Compiled by the author

The red curve represents the spectrum of the
entire plant, featuring two peaks at wavelengths of
550 nm and 750 nm with a reflectance coefficient of
20-30. The leaf blade (green curve) represents a
spectral peak at 550 nm with a reflectance
coefficient of 15-20. The stem has a reflectance
coefficient of 30 and spectral peaks at wavelengths
of 550 nm and 750 nm. The coleoptile has the
highest spectral intensity with a reflectance

for each sample, a Variance Scatter diagram, and a
hyperspectral image of the object. The Variance
Scatter diagram in the center of the lower part of the
image shows the distribution of spectral points
according to Principal Component Analysis (PCA)
components, with axis labels t[ 1] — the first principal
component (major contributor to variance), and t[2]
— the second principal component.

Healthy sample

On the left side of the presented image with
healthy barley, the curves of spectra belonging to
different parts of the plant are sequentially marked.
For example, the first spectrum, represented by the
red curve, belongs to the entire plant. Figure 1 shows
healthy barley.

wniads mey

a8ewn [eapadsiadAq

JI311BIS 2IUelIeA

coefficient of 45 and a spectral peak at 550-600 nm.
The root part has a reflectance coefficient of 37.5
and a spectral peak at 600 nm. At the same time the
white coleoptile and root part have greater spectral
intensity compared to the dark green leaf blade and
stem.

Diseased Samples

Figure 2 presents samples of plants infected by
various disease pathogens.
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Figure 2
Diseased samples

Note: Compiled by the author

On each image depicting plant diseases, the
legend is shown on the right: for example, the blue
colour in the hyperspectral image corresponds to the
red curve on the spectrum. It is very important to pay
attention to this and not confuse the colours on the
hyperspectral image and on the spectral graphs.

Loose smut

Loose smut is a disease of cereal crops caused
by basidiomycete smut fungi, where infection
occurs through teliospores. This infection typically
manifests as disintegrating plant tissue from which
a dusty black mass is formed. The spores can
overwinter on plant residues and in soil, gradually
transferring to young plants in spring and infecting
them.

Figure 3 shows a stem and ear infected with
loose smut. Graph 1 displays the spectral
characteristics of the stem parts. Here, the red
spectrum on the graph corresponds to the blue areas
on the stem, and the green spectrum corresponds to
the light blue areas, both of which are affected by
loose smut. They are characterised by low spectral
intensity with a reflectance coefficient of 10-30. On
the other hand, the remaining spectra belong to
unaffected plant tissue and have a higher reflectance
coefficient, while the ear exhibits similar spectral
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characteristics. Important attention should be paid to
the healthy plant tissue, which is depicted in
burgundy and red on the hyperspectral image. The
spectral graphs in purple, light blue, and blue
colours show the highest reflectance intensity — 50-
70. It was also found that the red spectrum
corresponds to areas of the ear infected with loose
smut and has the lowest reflectance coefficient —
around 10. Examining the graph of the overall plant
spectra revealed that these spectra have a low
reflectance coefficient (15) due to the plant's
infection, with the reflectance peak occurring at
wavelengths within 500-780 nm. The Variance
Scatter diagram deserves special attention, where
the first principal component t[1], explaining 93.7%
of the total variance, is the primary and most
important axis along which the greatest data
diversity lies. Meanwhile, the second component
t[2], explaining 2.63% of the variance, reflects less
significant variations. As a result, the plotted points
form an elongated, slightly fan-shaped structure,
which indicates the presence of two main types of
spectra that vary between each other. Thus, it shows
that the main difference between the spectra of
objects 1 and 2 lies in the intensity and shape of the
spectral curve.
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Figure 3
Sample A: Loose smut
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Figure 4 shows images of barley leaves with a
stem infected with loose smut. Graph 1 belongs to
the first sample — a barley leaf that is completely
infected with the disease. In the hyperspectral
image, areas with the disease are shown in blue and
light blue, while an area with progressing disease is
shown in yellow. The study found that the red
spectrum corresponds to the infected area and has a
low reflectance coefficient of 15. The blue spectrum
in this case belongs to an area with progressing loose
smut but still-living plant tissue and has a medium
reflectance coefficient of 45. The same trend is
observed for the other samples: areas completely
infected with loose smut are shown in blue and have
the lowest reflectance, while the remaining healthy
areas, for example in the third sample, are shown in
red and have the highest intensity among the other
spectra. Since the first sample is completely
infected, it has the lowest reflectance among the
other plants — 7.5, as seen in the overall graph. The
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third sample, in turn, has remnants of unaffected
plant tissue, so its reflectance coefficient is the
highest among the others — 17.5, with the reflectance
peak occurring at a wavelength of 500-780 nm.

In the first sample of Figure 5, the stem is
infected with loose smut, and the spectrum of the
infected area has the lowest reflectance. The second
sample has diffuse lesions on the stem, and the leaf
and ear are completely infected. It was determined
that the diffuse lesions are coloured yellow in the
hyperspectral image, the leaf and ear are blue, while
healthy tissue is coloured red and has a spectrum
with the highest reflectance peak — 70. The third and
fourth samples have pronounced disease on the ear,
where the reflectance coefficient of the infected
areas is 10. Among all samples, the first sample has
the lowest overall reflectance coefficient as it
contains the least amount of healthy tissue, and the
reflectance peak lies within the wavelength range of
500-780 nm.
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Figure 4
Sample B: Loose smut
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Figure 6 shows a barley stem and ear partially
infected with loose smut, where the green and red
spectra belong to the infected plant areas. From the
presented hyperspectral image, it is clear from the
overall graph that the stem spectrum shows more
pronounced disease symptoms than the ear
spectrum, as it has lower reflectance intensity. The
reflectance peak is also recorded within the
wavelength range of 500-750 nm.
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Figure 7 shows ear samples infected with
loose smut. The first sample has a greater degree
of infection and contains almost no areas
coloured red, while the second sample contains
more healthy tissue with a reflectance coefficient
of 80. The results indicate that in the overall
graph, the first sample has lower reflectance
intensity — 11, compared to the second
sample — 17.



R.M. Ualiyeva et al.

Figure 5
Sample D: Loose smut
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Figure 6
Sample C: Loose smut
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Figure 7
Sample E: Loose smut
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Loose smut and plant rust

Figure 8 shows samples where barley stems are
affected by loose smut and rust. In contrast to loose
smut, rust appears as separate orange or brownish
spots. In the hyperspectral image, the first and third
samples are affected by loose smut, identifiable by
the uniform distribution of blue and light blue
colours. The second sample is affected by rust, the
presence of which can be determined by the
separately located areas of blue and light blue colour
along the entire plant stem. The obtained results
show that the spectra in terms of reflectance
intensity for both diseases are approximately equal
and recorded at a level of 10. It is also important to
note that in the overall graph, the first sample has the
lowest reflectance coefficient, as it is completely
affected by loose smut, while the second and third
samples retain some areas of healthy tissue.

Plant rust

Figure 9 shows barley stems affected by rust.
The results indicate that in the hyperspectral image,
rust can be identified by dark blue spots along the
stems of all four samples. For example, in the first
sample on the hyperspectral image, light blue and
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blue colours are pronounced, indicating that the
entire stem is affected by rust. The analysis of the
Raw Spectrum graph also shows that light blue areas
have medium intensity, while blue ones have lower
intensity. It was found that sample 4 is the most
saturated in terms of spectral diversity, containing
both diseased areas and healthy tissue. The overall
spectral graph displays the general spectra of the
barley stem samples, from which it follows that the
third and fourth graphs have approximately similar
reflectance values with a peak at 19. The reflectance
peak of the first sample demonstrates the lowest
reflectance coefficient numerically — 11, indicating
that it is the most infected with rust among all
samples. In objective terms, the Variance Scatter
diagram is constructed based on component
analysis: the axes represent the values of t[1] (91%)
and t[2] (4.65%). The obtained results, showing a
dense clustering of points, indicate a certain
homogeneity between the spectra. Consequently,
the resulting blurring along t[1] suggests significant
differences between the areas (healthy and
diseased), which is particularly clearly traced in the
range of the main component, considered the most
informative.
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Figure 8
Sample F: Loose smut and plant rust

Raw Spectrum

Intensity

{
f
{}f‘v , /’”"( fl i

O\

1 2

§
el S
Colour of Colour of
image spectrum
1] (92.6%)
Note: Compiled by the author
Figure 9
Sample H: Plant rust
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Figure 10 depicts rust on a barley stem. This
obtained hyperspectral image shows the intensity of
reflected light in various areas of the stem, where
zones of blue and light blue colours, corresponding
to infection sites, are highlighted.

It was established that they have low reflectance
intensity — 20, while healthy areas have a reflectance
coefficient of 50. The analysis of the overall Raw
Spectrum graph shows an averaged spectrum with
two pronounced reflectance peaks — one is evident
in the 550 nm region and a more pronounced peak
recorded approximately in the range around 750 nm.
These results are explained by chlorophyll actively

Figure 10
Sample P: Plant rust
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Note: Compiled by the author

Leaf spot

Figure 11 shows barley leaves affected by leaf
spot, which appears as yellow and turquoise colours
in the hyperspectral image and is mainly observed at
the leaf tips, making it potentially mistaken for
healthy tissue. However, blue dots are also visible in
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absorbing light in the red zone and reflecting it in
the near-infrared. Examining the issue of dispersion
intensity, it becomes clear that the Variance Scatter
diagram shows a strong separation along the t[1]
axis, which explains over 92% of the total variance.
This indicates the presence of clear differences
between spectral subgroups, specifically between
healthy and diseased tissues. Since the high density
of points on the left and the scattered cloud on the
right collectively emphasise that the spectral data of
the stem is not homogeneous, this can be directly
related to the visually and spectrally distinguishable
foci of rust.
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these areas, indicating the presence of leaf necrosis.
Overall, an objective analysis of the Variance
Scatter diagram demonstrates that leaf spot causes
significant spectral differences, resulting in clusters
with reduced reflectance that are spatially separated
from healthy tissues.
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Figure 11
Sample G: Leaf spot

Raw Spectrum

P
2] (9.3%)

Note: Compiled by the author

Figure 12 depicts a barley leaf with leaf spot. In
the hyperspectral image, necrosis is visualised as
dark blue spots spread along the entire length of the
sample, particularly noticeable at the edges. Red and
yellow areas show high reflectance intensity,
characteristic of healthy leaf cells, while on the Raw
Spectrum graph, the peak of the dark blue spectrum
is at 18. In turn, the spectra of light blue, yellow,
orange, red, and dark red colours correspond to areas
with less damage. As the intensity increases (to dark
red), a rise in reflectance peaks is observed,
especially in the 700-800 nm range. An important
aspect is the consideration of dispersion on the
Variance Scatter graph, which presents Principal
Component Analysis (PCA): the t[1] axis (81.5%)
represents the main component explaining most of
the data variability, while the t[2] axis (5.8%)
represents the second component, complementing
the analysis. The visualisation of points on the graph
corresponds to spectra from different image pixels,
where a strong aggregation of points is observed on
the left along the t[1] axis, but some points
significantly deviate to the right, which may
correspond to necrotic areas with a distinctly
different spectrum. It was also established that the
obvious presence of a colour gradient in the points

1[1] (81.7%)

Variance Scatter

Intensity

Colour of Colour of
image spectrum

(from red to blue) emphasises the degree of spectral
alteration, where red likely highlights tissues with
the greatest degree of damage.

Figure 13 presents a hyperspectral image of a
barley leaf affected by leaf spot. This image clearly
shows necrotic areas displayed as dark blue dots
with low reflectance intensity, particularly at the
upper tip of the leaf. There are also light yellow
areas indicating medium reflectance, characteristic
of the initial stages of leaf spot. The graph with a
single curve shows the averaged leaf spectrum and
demonstrates a pronounced peak in the range from
600 nm to 780 nm, with a reflectance coefficient
equivalent to 17.5, which is presumably
characteristic of a diseased plant. The overall
spectral  graph  displays numerous spectra
corresponding to different leaf zones, with colours
comparable to those in the hyperspectral image. On
the Variance Scatter graph obtained by Principal
Component Analysis (PCA), the t[1] axis (87.9%)
represents the main direction of spectral variability,
while the t[2] axis (3.28%) complements the
analysis. It follows that the distribution of points
shows a compact clustering on the left, while a
scattered cloud of points is observed further to the
right.
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Figure 12
Sample I: Leaf spot
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Figure 14 presents a hyperspectral image of
three barley leaves affected by leaf spot.
Examining the colour expression of individual
areas, it can be noted that regions coloured dark
blue correspond to low reflectance intensity, which
may indicate necrosis or other tissue damage.
Areas coloured yellow and light blue have medium
intensity and belong to affected zones where leaf
spot is not pronounced. In the Raw Spectrum
graphs, the purple curve corresponds to areas with
maximum reflectance, correlating with potentially
healthy tissues. Meanwhile, in the graph of the
leaves' overall spectra, the first sample is

Figure 14
Sample J: Leaf spot
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Figure 15 clearly shows areas on barley leaves
affected by leaf spot. Their manifestation is
visualised as dark blue spots, mainly concentrated
in the central part. These areas correspond to
minimal reflectance intensity (typically recorded
in the range of 7.5-10), which appears in varied
colouration: for example, areas with the initial
stage of leaf spot are coloured yellow and light

characterised by the lowest intensity of all, as it
contains more affected tissue, while the third
sample has the highest reflectance coefficient, as it
contains unaffected (i.e., healthy) plant tissues. The
Variance Scatter graph clearly displays the result
of the Principal Component Analysis (PCA), where
the t[1] axis (82.4%) represents the main
component explaining the primary data variability,
and the t[2] axis (8.45%) represents the second
component. Each point in this case represents a
spectrum from a specific image pixel, and its
colour, in turn, reflects the colour of the

corresponding spectrum.

Intensity

Colour of
spectrum

Colour of
image

blue and have medium spectral intensity, while
healthy leaf zones are displayed in red and have
high reflectance. Despite the plant containing
healthy tissues, the overall reflectance is usually
low, which may be a result of the evident disease
infection. The overall spectral profile is
characterised by a distinct peak in the
approximate range of 700 to 800 nm.
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Figure 15
Sample L: Leaf spot
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Root rot

Figure 16 shows that the roots of all samples in
the hyperspectral image are coloured blue,
indicating infection with root rot. The first sample
contains the fewest light areas along its entire length,
which may indicate that its spectrum has the lowest
intensity. The third sample, in turn, contains the
greatest amount of healthy tissue, meaning its roots
are less affected by the disease than the others;
therefore, its spectrum has the highest intensity.
Consequently, on the Variance Scatter diagram, the
t[1] axis (86.3%) reflects the main share of variation
(almost 90%) in terms of spectral data, while the t[2]
axis (8.3%) captures additional differences.

Figure 17 depicts two plant roots affected by
root rot. In the Raw Spectrum graphs, the spectra of
infected zones (red curve) have low values —
typically around 11. In the hyperspectral image
itself, they are displayed in blue, while in the overall
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graph, the second sample has a higher reflectance
coefficient than the first, as it contains more areas
with healthy tissue.

Figure 18 shows a single plant with signs of
root rot on the roots. In the hyperspectral image,
healthy and infected root sections can be clearly
distinguished. It was established that healthy
tissues correspond to red zones in the image,
while areas of the root affected by rot are
displayed in blue and light blue. This colour
manifestation is particularly noticeable closer to
the lower root branches. Analysis of the Raw
Spectrum graphs shows characteristic peaks of
reflected light intensity in different spectral
ranges. The purple curve on the first graph
represents healthy plant tissues and has a high
reflectance value- approximately within 80
units — while infected tissues have significantly
lower reflectance, most often not exceeding 18.
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Figure 16
Sample M: Root rot
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Figure 18
Sample O: Root rot
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Thus, it was found that, in general, the overall  spectrum of a healthy plant is characterised by a
spectrum of a diseased plant has a maximum  reflectance coefficient around 30. Summarised data
reflectance coefficient of 18, while the overall on spectral characteristics are presented in Table 1.

Table 1
Spectral characteristics of barley

No Type Sample Wavelength (nm) Spectral reflectance (%)

1 Healthy 550-750 15-45
Sample A 500-780 10-18

Sample B 500-780 10-18

2 Loose smut Sample C 500-750 8-20
Sample D 500-780 8-21
Sample E 500-800 10-20

Sample G 500-800 4-23
Sample | 500-780 13-30

3 Leaf spot Sample J 500-780 5-30
Sample K 600-780 11-30
Sample L 500-800 11-26

Sample H 500-780 12-19

4 Plant rust Sample P 550780 1521
Sample M 500-800 6-20

5 Root rot Sample N 500-800 12-21
Sample O 550-800 15-19

Note: Compiled by the author
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For an objective interpretation of the obtained
hyperspectral ~data, comprehensive statistical
processing is required to identify patterns,
quantitative differences, and statistically significant
features of barley's reflective characteristics.
Hyperspectral imaging generates a large volume of
multidimensional data, necessitating the application
of mathematical statistics methods for organisation,
summarisation, and interpretation.

The statistical analysis in this study aimed to
assess the distribution of spectral indicators and
identify variability in reflectance at different
wavelengths. Tables 2 and 3 present these statistical
data for reflectance coefficient and wavelength,
visualised in graphs in Images 19 and 20 using
VisualizeFree.

Table 2
Statistical indicators of reflectance and wavelengths

The highest maximum reflectance is observed in
the healthy sample due to the reflectance of healthy
tissue saturated with the green pigment chlorophyll;
the lowest is in leaf spot due to the low reflectance
of dark, necrotic plant tissue. The mean reflectance
value simplifies complex spectral data into a single
numerical indicator, facilitating comparison
between diseases. It was determined that samples
with loose smut have the lowest mean value, as the
disease is characterised by dark-coloured lesions
reflecting little light. The highest mean among
diseases was found in samples with initial stages of
leaf spot, which has not yet progressed to necrosis
and exhibits a yellow colour. The highest mean
reflectance overall belongs to the healthy barley
sample.

Spectral reflectance (%) Wavelength (nm)
Type Sample Rle\z/ill:ct Rlzt/lfail:ct li\:flzgt Star.ldgrd CV  Median RDe%tei Min Max ]ng;‘;iitf;l Spectral
ance ance ance Deviation tance dth Skewness
Healthy 15 45 27.50 8.66 31.49 27.50 30 550 750 200 0.5
Sample A 10 18 14.00 2.31 16.50  14.00 8 500 780 280 0
Sample B 5 18 12.00 3.75 31.27 12.00 13 500 780 280 -0.22
Loose smut  Sample C 8 20 14.00 3.46 24.74  14.00 12 500 750 250 0
Sample D 8 21 14.75 3.75 25.44 14.75 13 500 780 280 -0.03
Sample E 10 20 15.00 2.89 19.25  15.00 10 500 800 300 0
Sample G 4 23 15.50 5.48 3539  15.50 19 500 800 300 -0.74
Sample | 13 30 20.00 491 24.54  20.00 17 500 780 280 0.45
Leaf spot Sample J 5 30 18.00 7.22 40.09 18.00 25 500 780 280 -0.16
Sample K 11 30 20.75 5.48 26.43  20.75 19 500 780 280 -0.1
Sample L 11 26 18.50 4.33 23.41 18.50 15 500 800 300 0
Plant rust Sample H 12 19 15.25 2.02 13.25 15.25 7 500 780 280 0.24
Sample P 15 21 18.00 1.73 9.62  18.00 6 470 780 310 0
Sample M 6 20 14.00 4.04 28.87 14.00 14 500 800 300 -0.37
Root rot Sample N 12 21 16.00 2.60 16.24  16.00 9 500 800 300 0.21
Sample O 15 19 17.00 1.15 6.79  17.00 4 490 800 310 0

Note: Compiled by the author

Analysis of standard deviation helps assess the
stability, predictability, and homogeneity of data in
the study. The standard deviation values among the
presented samples are low, confirming measurement
reproducibility for each disease. For example, for
sample O, o = 1.15%, meaning most values lie

within £1.15% of the mean. It was noted that the

healthy barley sample exhibits moderate variability
in the coefficient of variation, as healthy plant tissue
has different reflectance depending on the area and
the percentage of chlorophyll in the tissues. The
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study of the reflectance of various plant parts
affected to different degrees by barley disease
pathogens showed that:

- samples with loose smut and root rot have low
to medium values, depending on the degree of plant
infection;

Figure 19
Visualisation of reflectance coefficient statistics
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Among all samples studied during the
laboratory research, the highest value of
reflectance delta is observed in healthy tissues,
associated with varying chlorophyll content and,
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- samples with leaf spot have the highest values
of the coefficient of variation, as different disease
stages are characterised by varying degrees of
reflectance;

- samples affected by rust have the lowest
values, indicating data homogeneity and low disease
variability.

Measures
W Min Reflectance
B Max Reflectance
W Mean Reflectance
M Standard Deviation
mCV

Median
[l Delta Reflectance

/

Sample J
Sample K
Sample L
Sample M
Sample N
Sample O
Sample P

consequently, different reflectance of plant areas.
Among diseases, the highest reflectance deltas are
observed in samples with leaf spot due to different
stages of leaf infection, where initial stages have
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a higher reflectance coefficient than those
characteristic of necrosis stages. The most stable
indicators were found in samples with rust and
root rot.

The healthy sample registers the narrowest
range, as reflectance is concentrated in the
photosynthetically active radiation (PAR) region. A
narrow reflectance spectrum may indicate stable leaf
structure and sufficient chlorophyll content,
resulting in uniform energy reflectance. It was
established that the spectral range widens in
damaged or altered tissues. An increase in spectral
bandwidth is observed primarily in diseased
samples, indicating changes in pigment and tissue
structure. It is also important to note the appearance
of reflectance scattering at additional wavelengths,
which is presumably associated with partial cell
destruction and the emergence of atypical optical
properties. Leaf spot leads to plant deterioration and
causes mosaic tissue damage, where some areas are

Figure 20
Visualisation of statistical wavelength data
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healthy and others are necrotic. Obviously, loose
smut, rust, and root rot have pigmentations different
from healthy tissue; therefore, the changes induced
by these diseases broaden the spectral range.

This leads to the possibility of determining that
the highest value of the spectral band is mainly
observed in samples with root rot. An important
indicator, alongside those mentioned above, is
spectral skewness. Skewness values greater than
zero generally indicate a healthy overall plant
condition, chlorophyll accumulation, and an active
photosynthetic zone noted in the 700-800 nm range.
It was noted that the identified spectral limit shifts
to the left in the presence of damaged or degraded
tissues, which is usually associated with reduced
chlorophyll levels in these areas and a predominance
of reflectance at shorter wavelengths. Such spectral
skewness is often present precisely in diseased
samples, which may serve as evidence of their
pathogenic vulnerability.

Measures

M Min Wavelength
Max Wavelength

M Spectral Bandwidth
Spectral Skewness
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Hyperspectral ~ visualisation can identify
pathogens and determine their molecular structure.
The dark colour of fungal plant diseases may be due
to adaptation for spore dispersal and survival in field
conditions. While there is no comprehensive
scientific data on melanin content in loose smut to
date, the dark colour may be due to the presence of
this pigment, as in Podospora anserina (Gautier et
al., 2021), Pestalotiopsis microspora (Yu et al.,
2015), and Ustilago maydis (Reyes-Fernandez et al.,
2021). Melanin can protect fungal spores from UV
radiation, increase resistance to desiccation, and
thicken spore cell walls; due to its dark colour, loose
smut absorbs more light than it reflects, so the
spectra of plant parts affected by fungi will be
sharply distinguished by reduced intensity. Plant
rust is caused by the fungus Puccinia graminis,
which typically spreads spores with melanin-like
pigments. Urediniospores contain flavonoid
derivatives and carotenoids, such as B-carotene and
y-carotene (Davoli et al.,, 2002), which protect
spores from UV radiation and oxidative processes
and impart a rusty colour. Teliospores, in turn, may
contain melanin-like pigments, as genes encoding
laccase-like proteins (Tao et al., 2017) and laccase
enzymes (Zhan et al., 2023) have been identified in
rust-causing fungi, which is why rust can appear
brown or dark. The principle and possibility of
differentiating these lesions from other diseases are
interesting, manifested as separately located blue

Figure 21

areas in the hyperspectral image. Regarding root rot,
it was found to have dark pigments, making it
noticeable by low spectral intensity in the root area.
Dark pigments may help pathogenic fungi cause rot,
as in the case of white rot (Lujan et al., 2016),
promote fungal survival in soil as with black root rot
(Netherway et al., 2024), and possess toxicity.
Research on enhanced melanin production in studies
within this thematic area allowed the authors to
establish that the obtained results correlate with an
increase in the number of fungal genomes in wheat
roots and an intensification of disease symptoms
(Aranda et al., 2023; Henson et al., 1999). It was also
established that leaf spot in the initial stage, during
chlorophyll destruction, has a yellow colour that can
be confused with healthy plant tissue; however, with
the accumulation of metabolites and necrosis,
pigmented spots of brown and dark colours appear.
It was determined that in hyperspectral imaging, leaf
spot can be differentiated by the presence of blue
dots on leaf tips.

Image 21 presents a combined comparative
graph of reflectance spectra. The spectrum of the
healthy plant shows the highest reflectance. The
spectrum of leaf spot has the highest reflectance
among all diseases due to disease variability, while
the spectrum of loose smut is characterised by the
lowest intensity.

Image 22 demonstrates the difference in spectra
between a healthy and a diseased plant.

Comparative graph of reflectance spectra
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Figure 22

A comparative image reflecting the difference between a healthy and a diseased plant

Healthy plant

Note: Compiled by the author

The conducted research clearly shows that
healthy plant tissue has a high reflectance
coefficient due to the green pigment chlorophyll and
the white areas of the root base. This is because
chlorophyll actively absorbs light in the blue and red
ranges (400-500 nm and 600-700 nm) and reflects
well in the green range of the visible spectrum (500-
600 nm), as well as in the near-infrared range (from
700 nm). It was also established that in the near-
infrared range (700-800 nm), chlorophyll does not
absorb light, so most of the radiation is reflected by
leaf tissues. Moreover, in disecased plants,
reflectance decreases across the entire range due to
disruption of the overall epidermis structure,
darkening of areas, destruction of mesophyll,
suppression of chlorophyll synthesis, and lack of
photosynthetic activity, which blocks light
reflectance.

In general, hyperspectral visualisation allows for
the differentiation of healthy and infected barley
samples. A healthy plant demonstrates a high level
of reflectance, while infected samples are
characterised by reduced reflectance and increased
spectral variability. It is important to note that the
severity of these changes depends on the nature and
localisation of the disease: for example, loose smut,
rust, and root rot cause systemic disorders, leading
to a sharp decrease in reflectance and tissue
degradation. Leaf spot, on the other hand, forms a
mosaic structure in the late stages of the disease,

Loose smut, plant rust and root rot

Healthy plant

Sick plant
30 P

20

500 750 1000

manifested in high spectral heterogeneity and
variability.

Thus, hyperspectral imaging serves as an
effective tool for early and non-destructive detection
of phytopathological conditions, enabling precise
monitoring of plant physiological status and prompt
response to threats in agrocenosis.

Conclusion

One of the main challenges in agriculture is the
inability to achieve early disease diagnosis. Plant
infections often remain undetected for long periods,
as the parasite's mycelium spreads diffusely within
the host plant without causing external changes. In
this context, hyperspectral imaging enables disease
identification at early stages, preventing its further
spread. By studying the spectral characteristics of
barley diseases such as loose smut, leaf spot, and
root rot, it was revealed that plant areas infected or
desiccated have a low reflectance coefficient, initial
disecase stages have a medium coefficient, and
healthy tissue exhibits high spectral intensity.

In hyperspectral images, diseased plant areas are
displayed in blue, areas with still-living but already
infected tissue appear in yellow, while healthy plant
areas are shown in orange, red, and burgundy. It was
found that spectra from healthy areas possess high
intensity compared to spectra from disease-affected
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zones. This is because healthy tissue contains the

green pigment chlorophyll, which actively reflects
light. The destruction of the epidermis structure, loss
of moisture, tissue necrosis, and darkening lead to a
pronounced decrease in reflected light intensity.
Barley diseases like loose smut, rust, and root rot
contain spores with melanin-like pigments. These
cause the decay of healthy tissues, suppress the
activity of photosynthetic systems, and absorb more
light than they reflect. It becomes evident that these
diseases can be primarily identified by the reduced
reflectance coefficient of infected plant parts. The
study of leaf spot at its initial stage showed that
during chlorophyll destruction, these lesions exhibit
a yellow colour, which can be mistaken for healthy
plant tissue. As metabolites accumulate and necrosis
develops, pigmented spots of brown and dark
colours appear, resulting in high variability in the
spectra of this disease. It was established that leaf
spot can be differentiated by the non-uniform
intensity of spectra detected across different parts of
the plant; consequently, a distinguishing feature of
all phytopathologies can be considered the overall
reduction in the plant's reflective capacity.

The obtained data on barley's spectral profiles
position hyperspectral imaging as a method for
monitoring barley agrocenoses. It enables the
differentiation of phytopathologies, detailed
analysis of crop conditions at the level of individual
plants, and the detection of anomalies before the
manifestation of external symptoms. Further

developments in this area will allow for targeted
application of protective agents, reduced pesticide
expenditures, and decreased environmental impact.
Thus, hyperspectral imaging represents a crucial
tool for precision agriculture, aimed at the
sustainable and efficient management of barley
Ccrops.
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KAMLUAFAN CY KOUMACBIHAAFbI
KAPAKO3 RUTILUS CASPICUS (YAKOVLEV 1870)
MONMYASAUUACbIHbIH K¥PbIAbIMADBIK
XXOHE KEHICTIKTEI TAPAAY EPEKLUEAIKTEPI

Makanapa 2024 >KbIAbl XKYPri3iAreH WXTUOAOTUSABIK, 3epTTEeYAEpAiH AepekTepi HerisiHae
Kanwarari cy KoMmacbiHA@ Kapake3 MOMyASUMSCbIHbIH KYPbIAbIMABIK, CUMATTaMaAapbl, OHbIH iliHAE
>KaCTbIK, KypPaMbl, Y3bIHAbIK-CAAMAKTbIK, KOPCETKILLTEPI )KOHE >KbIHbICTbIK, KYPbIAbIMbl KQPaCTbIPbIAFaH.
AyAaHFaH AapaAapAblH Y3bIHAbIK, MOHAEPI 89-323 MM apaAblfbiHAQ aybITKbICA, MOMYAILMSACHI OOMbIHLLA
opTalla y3blHAbIFbI 193 MM KypaAbl. YAKEH caAMarbl OoibiHWwa 11-622 © apaAbifbiHAQ aybITKbIM,
oprawa kepceTkiwi 163 r CoMKec Keaai. 3epTrey HOTMXKEAepiHe CoMKeC Kapake3 6GaAblKTapblHbIH
YKaCTbIK, KaTapbl 2-8 »Kac apaAblfbliH Kypaca, OAapAbIH 4-6 >KacTaFbl AapaAapblHbIH YAECi 6aCbiM BOAAbI.
Y3bIHABIK, KypamMbl GOMbIHILA MOAAAbAbl KAACTbl 15079 xeHe 200249 MM y3bIHABIKTarbl AapaAap
Kypaca, CaAMakTbIK, KYpPbIAbIMbl TuiciHwe 120-179 xaHe 180-239 r apaAblfbiHAAFbl AapaAapAblH
YAECiHE TUeCiAi OOAAbI. ATaAFaH cumatTamasap Kapakes GaAblkTapbiHbiH, 30 MM YSLIbIKTbI FbIAbIMM
ayAapfa >Kui TYCyiMeH Ae pacTanaabl. KeriHri )KbIAAapbl aTaAFaH Cy KOMMaAa Kapake3s NonyASUMSCbIHbIH,
KYPbIABIMABIK, KOPCETKILITEP] >)KOFapblAaFaHbl 6anKaAaabl.

FbIABIMM ayAapAbIH, TaAAQY HOTMXKECIHE COMKeC KOKTEMHEH Ky3re Kapan Kapakes 6aAblKTapblHbiH,
CaHbl KOFapblAanAbl. MHTEPrOASUMSABLIK, dAIC 6GOMbIHILA KapaKes3 MOMyAIUMSCbIHbIH KeHiCTiKTeri
MayCbIMABIK, TapaAy AMHAMMKACbl aHbIKTaAAbl. KekTem anAapblHAQ KaApake3 MOnyASUMSCbIHbIH,
KeHicTikTeri TapaAybl Kanwarai cy KoMMacbiHbIH OH >KaraAay akBaTopusicbiHAaa 6aiikaaca, aA »kas
J)KOHE KY3 ME3rAAEPIHAE OAApPAbIH LUOFbIPAAHYbl COA >KaFaAay akBaTOPMSICbIHbIH, ©3€H caFaAapbl
MaHblHAQ GOAATbIHADBIFbI AHbIKTaAAbl. BaAbIKTapAblH KEHICTIKTEri MayCbIMAbIK, TapaAy epekLIeAiri
A€ LLOFbIPAAHFAH alMakTapAarbl KOPEeKTiK 6a3acbiHblH >KOFapbl AEHremiMeH xoHe ae 0acka aa
abuoTHKaAbIK, (hbakTopAaMeH 6aMAaHbICTbl GOAYbI bIKTUMAA.

Tyiin ce3aep: Kanwarai cy KoMMacbl, Kapakes, >acTblK KaTapbl, Y3bIHAbIK-CAaAMAKTbIK,
KOPCETKILITEPI, XKbIHbICTbIK, KYPaMbl, TapaAybl, MHTEPMOASLMS.

S.E. Sharakhmetov', Zh.M. Bakkozha'?,
N.S. Sapargaliyeva'", A.T. Satbek'?
'Al-Farabi Kazakh National University, Almaty, Kazakhstan

2LLP «Fisheries Research and Production Center», Almaty, Kazakhstan
*e-mail: sapargalyeva.nazym@gmail.com

Features of the structure and spatial distribution of the roach population
Rutilus caspicus (Yakovlev 1870) in the Kapshagay reservoir

The article presents the structural features of the roach population in the Kapchagay Reservoir (age
composition, size weight indicators, sex composition) based on ichthyological studies in 2024. The
length of these captured individuals ranged from 89 to 323 mm and averaged 193 mm. Weight varied
from 11 to 622 g with an average of 163 g. The roach was, in fact, two to eight years of age, but most
were four to six years old.

Size structure analysis showed the modal length size classes of 150-209 mm and 200-249 mm to
be most common and weight size classes of 120-179 g and 180-239 g to be most common. The high
frequency of roach catches in the scientific nets (30 mm mesh) supports these findings. In recent years,
we have been observing positive trends concerning the structural characteristics of the roach population
in the reservoir.

Catches were studied and showed an increase in the roach from spring to autumn. The interpolation
method was used to analyze its seasonal spatial distribution, which is the population. In spring, roach
was overwhelmingly located in the right bank water area of the reservoir; in summer and autumn, nearly
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all were in the river mouth region of the left bank. In these regions, this distribution pattern is probably
influenced by food resource availability and different abiotic factors.

Keywords: Kapshagay reservoir, roach, age series, size-age indicators, sex composition, distribution,
interpolation.
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OCOo6eHHOCTH CTPYKTYPbI M NPOCTPAHCTBEHHOrO pacrnpeAeAeHUs NMONyASLMK BOOAbI
Rutilus caspicus (Yakovlev 1870) B Kanwuaraiickom BoAOXpaHMAMLLE

B cratbe paccMaTpmBaloOTCSt CTPYKTYPHbIE XapakTEPUCTMKM MONYASLUMM BOOAbI Kaniiarainckoro so-
AOXPAHMAMLLA, BKAKOYAS BO3PACTHOM COCTaB, pa3MepHO-BECOBbIE MOKA3aTEAM U MOAOBYIO CTPYKTYpY,
Ha OCHOBE AQHHbIX UXTUOAOTMYECKNX MCCAEAOBAHMI, MPOBEAEHHBIX B 2024 roay. AAMHA BbIAOBAEHHbIX
ocobeit BapbnpoBasa oT 89 A0 323 MM, CO CpeaHMM 3HadeHrem 193 Mm. Macca pbi6 cocTaBasiaa ot 11
AO 622 1, npu cpeaHem Bece 163 r. Bo3pacTt Bo6Abl KoAebaAca OT 2 A0 8 AeT, Npu 3ToM npeobAasato-
11ast YacCTb MOMYyASUMU OTHOCUMAACH K BO3PACTHOM rpyrne 4—6 AeT.

AHaAM3 pa3MepHON CTPYKTYPbl MOKa3aA, YTO HAMOGOAEE MHOFOUMCAEHHbLIMU BbIAM 0COOM C AAMHONM,
COOTBETCTBYIOLLEN MOAAAbHbIM KAaccam 150779 1 200-24° MM, a no mMacce — B amanasoHe 120779 u
18072 . DTN AaHHbIE MOATBEPXKAAIOTCS BbICOKOIM YaCTOTOM MOUMKM BOOAbI B HayuHble CETU C gueer
30 MM. B nocaeaHMe roabl OTMEYaeTCs MOAOXKMTEAbHAsS AMHAMMKA CTPYKTYPHbIX XapakTePUCTMK Mo-
NyASILMM BOOAbI B BOAOXPaHMAMLLE.

Mccaep0BaHME YAOBOB BbISIBUAO YBEAMUEHME YMCAEHHOCTU BOBAbI OT BECHbI K 0ceHu. [TpocTpan-
CTBEHHOE pacrnpeAeAeHMe MOMYASLUMU B pa3Hble Ce30Hbl aHAAM3MPOBAAOCh METOAOM MHTEPMOASLMMN.
YCTaHOBAEHO, YTO BECHOM BOBAA KOHLEHTPMPOBAAACH MPEMMYLLECTBEHHO B NMPaBOOEPEXXHON akBaToO-
pUM BOAOXPaHUAMLLA, TOFAQ Kak AETOM M OCEHbIO €€ OCHOBHasi YaCTb CMeLLAAACh K YCTbSIM PEK B AEBO-
GepexxHoN 30He. BeposdTHo, Takas AMHamMmnka 06yCAOBAEHA AOCTYIMHOCTbIO KOPMOBbIX PECYPCOB B 3TUX

paioHax, a TakXKe BAMSIHMEM Pa3AMYHbIX aBMOTUYECKMX (DaKTOPOB.
KatoueBble caoBa: Kanaraickoe BoaoxpaHuamile, BOOGAQ, BO3PACTHOM PsiA, Pa3MepHO-BO3pacT-
Hble MoKa3aTeAM, MOAOBOM COCTaB, PaCMPEAEAEHME, MHTEPTIOASLIMS.

Kipicne

Kammaraii cy KoHMackl — TpaHCIIEKAPAJbIK
Ine e3eHiHIH OpTaHFBI arbIChIHAH KypbuUiFaH, Ka-
3aKCTaH/AFbl ipi acaHIbl CyKOWMaJapbIHBIH Oipi
(Typcynos xoHe 6ackanapsl, 2014). byrinri tagna
oHbIH aynanel 1250 kMm%, cy kenemi 14,5 km® Kypaii-
IIeL, an cy aeHreiti 476,5-478,6 m (b)) ouikTriringe
typakransin Typ. Cy KOHMaHbI jxocmapiay Ke3iHjie
JKBUI CalibIH 2,8 MBIH TOHHA KOCINTIK OalbIKTap/Ibl,
oHBIH imiHae 1/3 Oemirin ca3zaH aymay OOJDKaHFaH.
Anaiina, cy KOWMaHBIH HAKThl KOCINTIK ©HIMILIIK
MYMKIHZIri OyJn mamara sketneai, Tek 1977 xoHe
2003 >xpuTHaphl ayJaHBIM MeJIIEpi OenrilieHTeH
HIaMaHbIH JKapTHICBIH FaHa Kypaabl )KOHE OHBIH
OackiM Oetiri ThIpaH OaJIBIKTAPBIHBIH YJIECiHE THI1
(UcmyxanoB sxoHe Oackamapsl, 2021). Xepcinmi-
PY JKYMBICTaphl JKOHE KE3/IEHCOK eHy HOTHKECIHIe
Ka3ipri ke3ne Kamimarait cy KOWMAaCBIHBIH UXTHO-
¢dayHaceiHIa OanbIKTapabiH 33 Typi MeKeHIeHmi.
Omnapabiy 80% acrambl Oy OacceitH yiniH Oerjie
typiep (TokcabaeBa >xoHe Oackanapbl, 2024) 6o-
JIBITT TaOBIIAABI KOHE Kb CAaWBIH OJApIbIH CaHBI

ecyzae (Mamilov et al., 2021). bansikTapapiH TYpITiK
Kypamsl imiaae 10 Typi KocinTik MakcarTa urepi-
neni. OHBIH 1MIiHAC Kapake3 OabIFbl KOCINTIK 00JI-
FaHBIMEH, MOJIIIEPiHIH KIliTirine OaiIaHbICTHI Cy
KoliMaza a3 urepineni. HerizineH yikeH KexeMeri
napanapsl aynaHaabl. COHFBI KbuTIapbl Kammraraii
Cy KoiMachIH/Ia Kapake3 OalbIKTapbIHBIH FHLUIbI-
MH XOHE KEPT1TIKTI OaNBIKIIBUTAPIBIH ayJIaphIHIA
CaHbI )KOFaphLIal KeJeIi.

Kapakes Rutilus caspicus (Yakovlev 1870) —
bankam-1ne 6acceiini cy aiasiaapeiaa 1965 Kbt
bunikennen (Tamac e3eHi OacceliHi) okemin xep-
cigpipinai. HaTmkecinae xaxkcel Oeitimuenin, bai-
Kar ke, [ie e3eHi, conpIMeH Katap Kammaraii cy
KoiMachl OOWBIHIIA Tapaly aiMarbl KeHEHe TYCTI.
Kamnmaraii cy KoiiMachIH/1a KOCIMIILTIK ayTaHbIMIa
eH ajram 1975 xKbuibl, sFHK L11e ©3€HIHE IIOTHHA
KYpBUIFaHHAH KeliH ke3iece 6actabl. 1980 sKbuTbI
oIl OaKpUIay aylapblHAa CaHbl OOWBIHINA TOPTIHIII
opbIHA 00JICca, Al KOCIMIIUIIK OanbIK aynayaa aj-
THIHIITBI OPBIH/IBI UesieHTeH (Jlykposer, 1987).

[lomynsMsHBIH JAWMHAMUKACBIH JKYHENiK To-
CIIMEH 3epTTey MOMYJSALUSIAPAbIH MeJIepi MEeH
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KYPBUIBIMBIH aHBIKTAUTBIH TPOLIECTEPiH 63apa
OpEKeTTeCYiH KapacThIpyFa JKOHE Kazipri 3aMaHFBI
JIeHIeliJie KOpap/blH KYpaMbl MEH MOJIIIEPiH HIe-
pyre, COHBIMEH KaTtap OalIbIK IIapyalbLUIbIFBIH Oac-
Kapy TpOIECTepiH cHUMaTTayFa MYMKIHIIK Oepemi
(Cynaxos, 2012; Allen & Hightower, 2010). Cyxkoii-
MaJIaFbl KOCINTIK OaJIbIKTap MOMYJISIIASIIAPEI CaHbI-
HBIH MayCBIMJBIK, ©3TepicTepi TemrepaTrypa >KoHe
THIIPOXUMHUS TPAJUCHTTEPIMEH, COHBIMEH KaTap KO-
PEKTiK Oa3aHbIH epeKLIeNiriMer OaiaanbpIcThl Ooa-
Ie1. by OanbIKTapAbIH KeHICTIKTETi TaparybIHIaFbI
KOpIIaraH opTa (akTOpIapbIHBIH MaHBI3IbUIBIFBIH
kepceteni (Barletta et al., 2008). Ocwiran opaii,
Kammaraii ¢y KoMMacBhIHIAFBl KOCIMTIK OaJIBIKTHIH
0ipi — Kapake3 MOMySIUSICHIHBIH Ka3ipri sKaFIaibiH
Oaraay MaKkcaThIH]Ia, OHBIH KYPBUIBIMJIBIK epeKIIe-

1-cyper

JIKTEpi MEH KeHICTIKTET1 TapallybIHbIH MayCBhIM/IBIK
JMIMHAMHKACHIH 3€PTTEY MPHUOPUTETTI MIHAETTEPIiH
Oipi OOJIBIT TaOBLIAIBI.

COHFBI KBUTAPAAFbI OANBIK ayiay CTaTHCTHKA-
cel OoifbIHIIa OaNBIK INapyalIbUIBIFBIHIA KapaKke3
CaHBIHBIH OCKEHIH KOpCeTe/Ii.

3epTTey MaTepHaJAapbI MEH JicTepi

Kammaraii cy KOWMachIHIaFbl Kapake3 OalbIFbI
MOTTYJISIITAACHIHBIH,  KYPBUIBIMIBIK €peKIIeTiKTepiH
(Y3BIHIBIK-CATMAKTHIK, KYPaMbl, JKACTBHIK KaTapbl)
aHBIKTAy YIIiH ay ke3i 16, 20, 24, 30, 40, 50, 60, 70,
80 MM OO0JIaTHIH FRUIBIMU ayJapbH (Y3BIHABIFEI 25
M, OHWIKTITi 2-3 M) peTTijiri MOHUTOPUHTTIK CTaH-
nusapra Kypsuigsl (1-cyper).

Kanwazaii cy Kotlmacuinwiy Kapma-cxemacsl HcoHe UXmuono2UAIbIK Mamepuanroap sxcunanzan opuinoap, 2024 scwoln

77.50

78.00

43.80

ITapTTH Genrinep
L] HXTHOAOTHATIBIK Crarnuamap
[] KoL Goiibl THHIbIM CIBIHATHIT AMAK
~~~~~ Teperaix, M
—— Osenaep

I-IV Kacinrix 6a:blk ayaay aynaniapsl

43.80

77.50

HxTronorusuiblK, OaKpliay ayiaapblH Kypy *KOHE
xyprizy oxicrepi KP banbik aynay karupmanapbiH
OCKITYy Typasbl 3aHHAMaJIapbIHA COHKEC OPBIHIAIIIbI
(bambik aymay karumamapbl, 2015). buomorusibik,
Tanaay (KOCINTIK Y3bIHIBIFBI, YIKEH KOHE Killli caj-
MAaKTapbl, KBIHBICBI MEH JKETUTy CaThLIaphl, JKachl)
JKYMBICTAPhl HXTHOJIOTHSIIBIK KYMBICTApABI KYP-
ri3yze >kaibsl KaObUIIaHFaH SIiCTEPMEH JKacajibl
(Kamatima, 2013; [IpaBaun, 1966). Kapake3 OGabik-
TapBIHBIH KOCINTIK CaHbl MEH OMOMaccachiH Oaranay
MaCcCHUBTI ayJay Kypajinapsl yimin KynHapeHko xoHe
Jlyrapes (1983) ycbIHFaH 9icTepMEH XKYPTi3UIdi.

AynanraH OalbIKTap/blH CaBICTBIPMaNbl Cca-
HbIH cunarray yiniH TepemeHko sxeHe Hamupos
(1996) ecenteymnepi maimaaHBUIBL.
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78.00

Kanmaraii cy kolimachl OOHMBIHIIIA Kapakes3 Oa-
JIBIKTAPBIHBIH KEHICTIKTEr1 Tapaily epeKIIeliKTe-
piH BH3yalM3aIysiay »OHE MayChIMJIBIK Taaay
QGIS 3.22.1 reoakmapartbik, 6armapiamacer (QGIS
Geographic Information System, 2025) apKbuibl
WHTEPIIOJISIMSITBIK, MOJTYJIbJII MMaijiaiaHa OTBIPBII
xyprizurai. On ymiiH arpuOyTrap Typajbl aKmapar
koopauHarTapel 06ap Excel OarmapmamacbiHza Ky-
pacTteipsuTael. ComaH KeiiH OCHI IepeKTep HeTi3iH e
Kepi Jopexeni KambIKThIFel (IDW) o1ici apKbLIbl
BEKTOPJIBIK KalaT KYpBUIAbl KOHE HMHTEPHOJISLNS
Kacapl.

Craructukansik, exueynep [.@. Jlakun (1990)
dIlicTeMENiK HYCKaylblFbiHa colikec Excel 2019
OarnapiaaMachl apKbUIbI OPBIH/IAJJIBL.



C.E. IllapaxmeToB xoHE T.0.

3epTTey HOTHIKeJIEPi k9HE 0JIAP/IBI TAJIKbLIAY

2024 xwoipl Kammaraii cykoiiMachbIHaH KOKTEM,
JKa3 KOHE KY3 allJIapbIH/A FRUIBIMU KypMa ayJap/IblH
KOMETIMEH SPTYPJIi Y3bIH/IBIK-CaJIMaKThIK, KOPCETKIIII-
TeT1 JKOHE KACTBIK, KaTapAarbl Kapake3 OaIbIKTaphbl-
HeIH 791 mgaHacel aymaHabl. AyJTaHFaH JapaapIIbiH

1-kecTe

Y3BIHIIBIK, MOHEP] 89-323 MM apalibIFbIH/A ayBITKbI-
ca, TIOMyJISIHACH OOWBIHINIA OpTalia Y3bIHIBIFE 193
MM Kypajibl. YJIKeH cajiMarbl OoiibiHIma 11-622 1 apa-
JIBIFBIH/A ayBITKBII, OpTala kepceTkimi 163 1 colikec
keni. OynpToH OOWBIHINIA KOHABLIBIK KOAPQHUITIEH-
TiHiH MoHI 1,37-3,34 apaibiFbiH/a OOJBII, OpTaIIaChI
2,02 unnekcke coiikec keni (1-kecre).

Kanwaeaii cy xotimacvinoaewl Kapakes 6anvlebl NONYIAYUACLIHbIY He2izel Ouonocusnvik kopcemxiwmepi, 2024 sicvin

Y3bIHABIFBI, MM Canmarsl, T Fulton
Kacer N Yaeci, %
MMH-MaKc opraiua MUH-MaKc opraia KOHABLIBIFBI
2 8,9-11,4 10,2 11-47 21 1,92 21 2,7
3 11,5-14,9 13,5 26-86 47 1,93 90 11,4
4 15,0 -18,3 16,8 49-167 95 2,02 147 18,6
5 18,4-21,8 20,2 96-276 172 2,12 353 44,6
6 21,9-253 23 187-381 249 2,04 158 20,0
7 25,5-28,6 26,9 359-542 447 2,31 19 2,4
8 29,3-32.3 30,7 492-622 576 2,09 3 0,4
Kaunbi 8,9-32,3 19,3 11-622 163 2,11 791 100

JKanmer eniMi3ziH Cy alABIHAApBIHIAA Kapakes
OanbIKTapbIHbIH DyIbTOH OOWBIHINA KOHJIBUIBIK
koaddurmenti 1,37-3,34 Gomysl, olapIblH KOPEK-
TEHY JKarJIalibIHbIH KaHAFATTaHAPJIBIK CKCHJIITTH
pacraiinsr ([dyxposen, 1982a). 2024 xburer Kan-
miarail CyKOWMACBIHAAFbl KAPAKe3 IOIYJIALUSICHI-
HBIH KOPEKTIK JKaFIaifbl KAJIBINITHI €KeHJIITiH aifTyFa
0omanbl. CoOHBIMEH Katap, OaJBIKTBIH JKACTHIK Ka-
Tapbl 6CKEH CalbIH opTaia Ko3(uireHT MoHi e
JKOFappUIaibel. by skarmail epecek napakTapiblH
KOPEKTIK KaThIHACKIHBIH JKOFAPhI OOIYBIMEH TYCiH-
JUpiesi.

Kapake3 OanmbIKTapbIHBIH JKACTHIK KaTapbl 2-8
JKac apalibIFbIH Kypaca, OJIap/IblH S+ jKacTarsl jgapa-
napbIHbIH Yyieci (44,6%) sxorapel 6051161, Al momy-
nsuusanarsl 4+ (18,6%) xone 6+ (20,0%) >xacTars
Japanapbl Cy0JOMUHAHTTHITBIK, TOTKA Kip/ii. COHFBI
omwkblIAarel Kanmarail cy KoifMachIHAAaFEl Kapakes
OaIBIFBI TIOMYJISIUSCHIHBIH JKACTHIK, KaTapbl TUHA-
MUKAaChIH KapalThiH 0osicak, 2015-2016 xbuigaps
aymaneiMaa 11-12 >xkacTtarel Japamapsl TipKelce,
OJlaH KEWiHT1 KbUIAapbl OIpTiHAEN Kimmiperoi Oaii-
Kanazpl. Anaiina, )KacThIK KYpbUTBIM OoibIHIIIA 2-4
JKaCTaFbl Japajiapbl MOJaJbJbl KJIaCThl KOpPCETCE,

2024 >xputel OYJT AMAIIa30H JKOFapbuIam, Moaa 4-6
JKacThI Kypazsl (2-cyper).

Conrbl xbu1iapbl Kanmarail cy xKoiimMaceiHaa
Kapake3 OalibIFbl FRUIBIMH ayjiayjia Kell Ke3iec-
KeHIMeH, anaiifia, OHBIH KOCINTIK KOpiapbl HaIap
urepineni. OHbIH cebebi cy Kolimasa pykcaT eTij-
T'€H HETi3Ti 0aNbIK aynay KypalJapblHbIH TOMEHTI
eJmIeMi 55 MM JKOHE O/IaH JKOFaphl, ajl OyII eJIIeM-
Jiep Kapake3 OallbIFBIHBIH TEK JEHECiHIH Y3bIH]IbI-
FBI 26 cM-IeH acaThlH xoHe caiaMarbl 400 r-Han
JKOFaphl OOJAaTBIH JapanapblH FaHa yCTal amaibl.
BayibikTap momyIsIUsUIaPbIHBIH KYPBUTBIMBIH/IAFbI
e3repicrepAid OipHeme canmapsl Oonansl. Cebeodi
JKACTBIK KaTapbl YIIFalica, MOMYJISIUSHBIH Y3bIH-
IIBIK-CAIMAaKTHIK KOPCETKIIITepiHiH JIe ©CeTiHi
AHBIK.

2024 XbpUTHI FBUIBIMH-3€PTTEY KE3iHJe ay-
JJaHFaH Kapake3 JapaJlapblHbIH KaHAAW Y3bIH-
IBIKTa J)KOHE KaHJai MeJIIepaeri ay Ke3aepiHe
Tycy OoifplHmIA Tannay xyprizinngi. Tangay Ho-
THIKECiHJIe ay YSAIIBIFBIHBIH MOJIIepi YIFalFaH
CallblH, ayFa TYCETiH Kapake3 OalbIKTapbIHBIH
Jla opTama Y3bIHIBIFBI Jla JKOFapblnail Oepeni

(3-cyper).
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2-cyper

Kanmaead cy xoﬁmacwndaebl Kapakes nonyasayusCblHbly JHCACMblK KypPAMblIHbLH OUHAMUKACHL HCOHE MOOANbObL HCACHL

Kacm

2015
2016
2017
2018

2019

2020
2021
2022
2023
2024

3-cyper
Kanwaeaii cy xoumaceinoasvl ay ke3oepine colkec Kapaxkes OAnblKMAapbIHblY aAyiaHy0azbl Y3bIHObIK OUANA30HbL,
2024 xncoin
350
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Ay ke3epi

Amnaiina 30 MM YSIIBIKTBI ayJlapFa OChbl OaJIbIK-
TapJIbIH KOCINTIK JIeHe Y3BIHIBIFBI OOMBIHIIA TYCY
JMara3oHbl, 0acka ayjlapra KaparaHjaa Oipiiama
JKOFaphl, sSFHU 145-285 MM yY3bIHABIKTaFbl Japa-
Japael KaMThln, oprama 206 MM GalbIKTap/ sl yc-
TaUThIHBI aHBIKTANABl. COHBIMEH KaTap A01 ockl 30
MM ay Ke3jepiHe OaillaHbICThI OaJIBIKTAP/IbIH TYCY
JKULITITI Jie )KoFapbel. MYHJIa OJIap/IbIH ayJIaFbIIITHIK
taimainiri 52,05% OG0l KOFaphl YIIECTI KOPCEeTTI
(4-cyper).

Kanarail ¢y KOMMAaChIHIAaFbl Kapake3 MOITyJIs-
LUSICBIHBIH Y3bIH/IBIK KypaMbIH Tanaay kesinge 2015-
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2021 xeiimap apaibirbiHga 100-150 MM kecinTik
Y3BIHJIBIKTAFbI MOJIANIBBI KlacTap 0ackiM Ooica, aj
2022 xpuiaad Oacrar ayjJaHbIMIAFbl KOCIITIK Y3bIH-
JIBIFBI JKOFapbital, Taicinme 150 sxore 20072 Mm
Y3BIHIBIKTAFbI apanapipy yieci (72-82%) ne Oa-
ceIM Ooma GacTajel (2-kecte). byn kepcerkim Kapa-
K63 OaJIbIKTapPbIHBIH KACTHIK, KaTapbl MCH ayFa TYCY
MYMKIHJIIT1 OOMBIHINA JKOFApbI/Ia aTalFaH Y3bIHIBIK
KypaMJIarbl Japajiap/iblH ayFa jKdi TyCyiMeH Jie pac-
Tananel. byn aneinran notmkenep Kammaraii cykoit-
MAaChIH/IaFbl Kapake3 MOMYJIAIUSICHIHBIH Oip KajbIll-
THI OCIIT Kelle JKaTKaH IbIFBIHBIH aliFaFbl.



C.E. IllapaxmeToB xoHE T.0.

4-cyper
Kanwaeaii cy kotimacvinoazvl Kapakes bansikmapulibly ay kezoepine colikec aynayvinviy % yneci, 2024 scoin

60
52.05
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24.15
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10,27 10,63
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= I I =
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Ay YAINBIKTapEI

2-kecTe
Kanwazaii cy xotimacvinoaewl Kapakes 6anvlebiHbl Y3bIHObIK KYyPaMbiHbIY (%) OUHAMUKACH

¥Y3bIHABIK KYPbLIbIMBI, SL (MM)

Kbruinap n
0-49 50- 100- 150- 200- 250- 300-
2015 - 2,52 50,00 19,46 22,82 4,87 0,34 596
2016 - 0,24 43,17 30,39 25,65 0,47 - 1267
2017 - 0,52 39,22 14,29 40,26 5,45 0,26 385
2018 - - 36,20 31,14 29,12 3,37 0,17 594
2019 - - 27,19 44,55 23,96 4,31 - 743
2020 - 10,96 39,40 29,82 19,22 0,60 - 1670
2021 - 2,46 37,12 30,91 27,28 2,11 0,12 854
2022 - 8,51 17,48 32,48 40,06 1,39 - 1293
2023 - 2,06 16,02 46,65 34,42 0,87 - 924
2024 - 1,14 12,90 37,42 45,26 3,03 0,25 791

Kanmraraii cy KoWMachlHAAaFbl Kapake3 0a-  Tam MOMYJSIIUSHBIH CAIMaKTBIK KYpPbUIBIMBIHJA
JBIKTAPBIHBIH CATMAKTBIK KypambiHbiH 10 xbut- — 120-'7 sxone 180-2*° r kirace apanbIFBIHIAFHI Ja-
IBIK TWHAMHUKACHl OOibIHIIA Na ecy Oaifkamaabl  palapAblH MaHBI3IBIK Yieci 0achIMIBIK KepceTe
(3-xecre). Aiitap Oosicak, 2022 xbuinan Oac- — Oacrajbl.

3-kecre
Kanwaeaii cy kotimaceinoazel Kapaxes 6anviebiibly caimakmolk Kypamuiisly (%) ounamuracol

CaaMaKTbIK KYPbLIBIMBL, Q (T)

Kobuinap
0-¥ 60-1 120- 180- 240- 300- 360- 420- 480- 540-
2015 46,6 16,4 10,6 8,4 9,2 3,9 1,8 1,8 0,5 0,7 596
2016 42,0 13,3 26,6 13,5 32 1,0 0,1 0,2 0,1 0,1 1267

87



Kammaraii cy KoiimacslHarsl Kapake3 Rutilus caspicus (Yakovlev 1870) momyssinusiCEIHBIH KYPBUIBIMJBIK. ..

Kecmeniny orcanzacwor

CaJMaKTBIK KYPbLIBIMBI, Q (T)

Keuinap

0-% 60 120- 180-  240-  300- 360-  420-  480- 540-
2017 36,6 9,9 153 223 8.8 4,7 1.8 0.3 03 - 385
2018 322 20,0 18,7 14,0 7.2 4,0 2,2 0,5 0.8 03 594
2019 253 33,1 23,6 8,9 3,9 2.8 1,6 0,7 0,0 0,1 743
2020 37,4 23,4 19,5 12,0 5.4 1,7 0,4 0,2 0,1 0,1 1670
2021 38,5 19.3 18,4 12,9 7.4 1,5 0,9 0,7 0,2 0,1 854
2022 19,5 244 30,6 18,3 5,0 1,2 0,5 03 0,1 - 1293
2023 16,8 17,2 42,6 16,6 4,7 13 0,2 0,5 0,1 - 924
2024 13,0 16,7 30,8 25,5 8.3 2,7 0,9 0,8 0.9 0,4 791

JKorapsliarsl 2 xoHe 3 KecTenepre Kaparn OTbl-
pbin, Kanmaraii cykolMachblHAAFbl Kapake3 IOIy-
JSIIASICBIHBIH Y3bIHJIBIK KOHE CaIMaKThIK KIIacTaphl
JKACTBIK KaTtap OOMBIHINA 1IITepi )KBUDKbIFAHBIH Oaii-
Kayra Oomazapl. byn xepcerkimrepre Kapam onap-
JIBIH CYKOWMaja *aKChl OCHiMJIENreHiH, COHBIMEH
Karap KeOeroiHe, AaMyblHa >KOHE OCyiHE KaKChl
OpTa TalKaHbIH CUIAaTTayFa O0JIabl.

Kammraraii cy koWMachlHIarel Oakpuiay YIIiH
KYPri3iIreH aynay >KyMBICTapblHIa Kapake3 Oa-
JIBIKTApbIHBIH JKBIHBICTBIK apaKaThIHACHl OOMBIH-
12 aHAIBIKTAPBIHBIH YJICCIHIH JKOFaphl OOJybIMEH
epekuienieHeal (4-kecre). OAETTe, aHANbBIK Aapajiap
CaHBIHBIH apTyhl MOMYJSANUASHBIH KOO0 KalileTiH
apTThIPATHIHABIFBIH pacTaiiibl. Ajaiiia, ®bu1 00¥-
Fbl aHTPOIIOTCHIK, SIFHH JKbLI CAHBIHFBI OaJIBIKIIIbI-
JapAblH KOCINTIK aylaybIHBIH apTybl MOILYJIALUS-
HBIH 631H-631 TOJIBIKTBIPYbIHA MYMKIHJIIK OepMeiiii.

QGIS 3.22 reoaknapatrThIK, Xyieci Oarmapia-
MachIHBIH KeMeri apkbutbl 2024 sxputrbl Kanmraraii
CYKOHMAaChIHBIH MOHHTOPHHITIK CTaHIMsUIApbIHAH
ayJaHFaH Kapake3 OalbIKTapbIHBIH KOKTEM, a3
JKOHE KY3 aillapbIH/Ia KeHICTIKTe TapaTybl KapacThl-
peutel. Mysna Ine e3eni Kanmaraii cy kolimachl-
HBIH IIBIFBICBIHAH KYHBUIBII, OATHICHIHAH IIBIFYbIHA
0aifmaHBICTHI OH JKarallaybl KapTaHBIH COJTYCTITiHE
colikec KeJei.

4-kecrte

Kapake3 mnomymsnusicbl KOKTEM aiapblHaa
Kanmaraii cy KoiMackIHBIH OHTYCTIK KOHE OHTYC-
TIK-IIBIFBIC JKaFaJiay akBaTOpusuiapbiHaa (5-7 3K3./
ay) Oipmama morsipiaanansl (5-cypet). CoHbIMEH
KaTap TapaayJblH LIOFbIpIaHFaH aMaKTapbIHIAAFbI
Kackenen, Illenrenmi sxone Kapaesek e3eHIepiHiH
CyKoWMara KYSPJBIK ayMakTapbl OalbIKTap.IbIH
YBUIIBIPBIK LIAITY )KOHE KOPEKTEHY JKaraaiiapbliHa
acep eTyl MyMKiH.

Kaz aitmapeiana Kammmarail cy KoHmachIH-
Jla Kapake3 OallbIFel TIOMYJISAIMACH OapiblK aK-
BaTOpHs KCHICTITIHJAE TapalraHbIMeH, OapbIH-
[Ia INOFBIpJIaHy alWMaFrbl COJI JKaK >Karajaylarbl
Ine e3eHiH arTblpayblHa KaKblH (ayJlayFa ThIHBIM
caly aiMarbl) MaHIa OOJATBIHIBIFBI OalKaJIbI
(6-cypert). byx xepnepe onapabiH FRUIBIME ayap-
Fa Tycy KepceTkimi 8-9 3K3./ay Kypasbl.

Bbyn aiinapaa cy remreparypachl Kbkl O0TYbI-
Ha OaiymaHbpICTHI, OaJbIKTAap CyKoWMana OeiceHni
KopekTeHeni. CoraH OalTaHBICTHI Kapake3 OajbIK-
TapblHa CyKOWMaHBIH KOPCETIITeH aiiMaKTaphl oJap
YLLIiH ’KaKChl KOPEKTiK opTa 001ybl MyMKiH. CyKOii-
Majia €H KoIl KE3[eCKeH Kapake3 OalbIKTapbIHBIH
OpBIHAAPBI CYKOMMAaHBIH KYMJIBI-KUBIPIIBIK, TACTHI
JKOHE Tas3 ayMakTapblH Kypaabl. COHbIMEH Karap
Oy Jxepiep cy eciMIiKTepi MEeH OanpIpiap Ke3ze-
CETIH aliMaKKa JKaTajbl.

Kanwaeaii cy xotimacvinoaesl Kapakes 0anbleblHbIH HCLIHLICTNBIK KYPAMbIHGIY (%) OuHamuxacsl

Kbruinap
KbIHBICHI
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
AHaNBIK, 47,5 54,6 55,1 48,8 66,8 39,6 34,4 50,1 51,5 53,9
ATanbIK 43,6 38,6 39,2 32,7 32,2 22,2 20,3 30,9 27,8 38,4
juv. 8,9 6,8 5,7 18,5 1,1 38,3 45,3 19,0 20,7 7,7
Canbl, n 596 1267 385 594 743 1670 854 1293 924 791
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5-cyper

2024 xcvinevr kexkmemoe Kanwiazail ¢y KoumMacvlHOa Kapake3 NONYIAyUsACbLIHbIY KeHicmikmezi mapanybsl (unmepno-

JAYUS ayiayea mauoay 9Kk3./ay 6oubinula He2iz0eneeH)

IK3./ay

<1 Hs-55

60 80 100 kM

6-cyper

2024 orcvinent gcazoa Kanwaeail cyKouMacsinoa Kapakes nONYISYUACLIHbIY KeHicmikmezi mapanysl (UHmMepnos-

yus aynayea manoay 9K3./ay 60uviHua Hezizoeneen)

IK3./ay
RS Il 5565
N i7-3 Il 7.5-85
Mm3s5-43 >0

60 80

100 kM

Kammaraii cy koMachkIHIa Ky3 aillapblHaa Ka-
pake3 OaJbIFbl MOMYJISIUICHIHBIH KEHICTIKTETI Ta-
paiybl CyKOWMMAaHBIH OapiiblK ayMaFrblH KaMTBIIbI
nece ae 6omansl (7-cypet). CanblCThIpManbl TypAae
HIOFBIPJIAHY/IBIH O0ACBIM/IBLIBIFBI COJI JKaFaiaybl aK-
BaTOPUSCHIHA OaifKasca )KoHe FhIIIBIMU ayJIapAarbl
banbik eHiMautiri 10-14 sk3./ay Hemece ojaH ja
Kol 00JIaTHLIHABIFEI aHKBIHIATIbI.

Kammmaraii cy KoMMAacbIHBIH OH >Karaiaybl ai-
TapIBIKTal TepeH >KOHE KYMJBI, KUBIPIIHIK TaCThI
0oJca, an cyKoHMaHbIH COJI JKaraliaybl KyYMJIBI, ca3-
Jibl KoHE Tas3 Oosibin keseni (Jykposen, 1982a).
Cy xoiitmanblH oH jkaranaybiHa lllenremni, Axe-
3¢k koHe ToMapTac CHUSKTHI IAFbIH ©3CH/ICP KEJIll
Kysabl. Kekrem aiinapeiHaa Kapakes NOMyJIsLUs-
CBIHBIH KEHICTIKTETr1 Tapajaybl OH arajay akBaTo-
PUSCBHIH KaMThica, ka3 allblHaH Ky3re Kapail Tapa-
Jybl Cy KOWMAaHBIH COJI JKarajay aKBaTOPHICHIHA

Kapail kpunkuAbl. JKa3 jxkoHe Ky3 ailnapelHaa coil
JKaFajayJarbl HETI3rl IIOFBIPIaHYABIH OPBIHIAPHI
JlaBap, 11InOykTHI KoHE Tanrap e3eHIEpiHIH cara-
napel 0onapl. FeulbiMu aynay HOTHXKEIEpiHE Coii-
kec Kammaraii cy koilmMachlHIa KOKTEM alblHaH
KY3 Me3riline Kapail FeUIBIMU ayJiaya Kapake3 Oa-
JIBIKTapPBIHBIH OaJIbIK OHIMIUIITT )KOFapIIaiIbl )KOHE
JKEPTUTIKTI OANBIKIIBUTAP/ABIH ay KypalAapblHia Ja
CaHJIBIK MOJIIIepi JIe ©CETIHAIr pacTaiabl.
Hyxpaser I'.M. (1982b) maitermumaysramia Karmra-
Fail cy KolMachlHIa Kapake3 OaJIBIFBIHBIH €Ki YHipi
KaJIbIIITaCKaH: OipIiiamMa TepeH aiiMakTa MEKCHICHTIH
OH Karajay YHipi KoHe JKaJbl cas3 Cyla MeKeHIeH-
TiH cou xaranay yHipi. byn yiipaep Gip-OipiHeH em-
KaH7ai OKIIayJiaHOaFaH KOHE YHEMI MUTPAIHs apKbl-
JIBI JKBIDKBIN OThIpaibl. CoHmali-aK, OH JKarasiay/1arbl
Kapake3 YHipiHiH 3KCTEphepiIiK Oenriiepi, Co Kara-
JaylaFblIapra KaparaH/a yJaKeH ey OOJFaH.
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7-cyper

2024 scvinevt ky30e Kanwazaii cy KotimacvblHoa Kapakes nonyiayuscublibly Keyicmikmezi mapanybsl (WHmMepnoiayus

aynayea manoay sK3./ay 6ouviHuia Hezizoeneem)

0 20 40

IK3./ay
[ <1 Il 39
[ 15565 Il 10-12
775 M > 14

60 80

100 km

Bapnbeik cykoiiManapaa kapake3 sBpudar 0o-
TeIT TaObuTabl. OHBIH PAMOHBIHAA YHEMI KOpPEK-
TiK Oa3aHbIH KOII KE3IECETIH KOHE OHAll TaObUIATHIH
KOMITOHEHTTepi OachiM 00:1a1b1. Byt OCBhI OaNBIKTHIH
JKOFaphl KOPEKTIK OCHIMIENTIITITIH CHUTIATTaiIbI
(Hyxposern, 1987). OTaHnablK FambIMIApAbIH KYp-
risren 3eprreynepinae (Maxubaesa & lllapamnosa,
2012; bapaxos xone O6ackamapsl, 2023) Kanmrarai
Cy KOHMachlHIa Kapake3 OaJbIKTapbIHBIH I1IlIEri-
HEeH 6 TypJli KOMIIOHEHT aHbIKTanraH. OnapibiH
KypaMbIHAAa MIasHTOPI3OIIEP, HAcEKOMIap, MOJI-
JocKanap, OanapIpiap, cy ©CiMIIKTepi jKoHE KYM
Ty#ipiepi OosraH. backlM KeNIIITITiH MOJUTFOCKA-
Jap, MOHOJaKHa oHe Oanmsipmap (72-78 % xes-
JIeCy JKULIIri) KyparaH. banblkTap/blH KeHICTIKTeT1
MayCBIMJIBIK, Tapajy epeKIIeINiri Jie MIOFbIPIaHFaH
aiitMakTapIarsl KOPEKTIK 0a3achIHBIH JKOFAphI JICH-
reiiiMeH OaimaHbpICTBl 00JybI BIKTUMaN. COHBIMEH
KaTap, bapakoB >xeHe OackanmapbeiHbiH (Barakov et
al., 2024) zepTTeynepine cylieHCeK Kapakes Oajbl-
FBIHBIH Cy KOWMara >KepCiHyi Ca3aHHBIH KOPEKTIK
pecypcbiHa 09CEKENIECTIrH KYIICHTKEH.

Keitinri xpuigaper Kammaraii cy KoiMachiHIa
Kapake3 MONYJISIMSICHIHBIH CaHbI OCKEHIMEH, aJiaii-
Jla KOCINTIK TYpFBIIA TONBIK urepinMerini. Cedebi
Cy KoiiMama maigaraHpLIaThIH HETI3Ti ay Kypaul-
JIAPBIHBIH MUHUMAJIBJIBI KO37Epi 55 MM KoHE OJlaH
JKOFaphbI, SIFHU OYJ ayjap TEK KOCIMTIK Y3bIHJIBIFBI
26 cMm xoHe cammarsl 400 T acaTeIH OipIrama yiaKeH
JapanapblH ycTail anaapl. Kammmaraii cy KoiiMachiH-
Jla Kapake3 TOIYJIAIHUACHIHBIH CAHBIHBIH IIaMajaH
THIC KO0€f0i, ©3r¢ ¢ MOMBIH OaJIBIK TYpPJICPiHIH
KOPEKTIK pallMOHBIH/IA 09CEKENIeCTIK TYbIPaThIHBI
anbIK (KaceimOekoB & Ila3purbexos, 2020; AowumoB
*koHe Oackamapsr, 2016).

Kenreren kocinTik OanbIKTapibIH CyKOWMasa-
FBI KEHICTIKTETI Tapaiysl jkKaranay aiMakTapblHIa
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Oaiikaica, MayChIMJIBIK ©3repicTepiHe OaiimaHbIC-
THI OJIAPIIBIH MIOFBIPJIAHY OPBIHIAAPHI J1a ayBITKBIIT
TypaThIHIbIFEl aHbIKTaNIFaH (Getabu et al., 2003).
CoHpali-ax, ka3 ailnapblHaa CyKOMMaHbIH OPTaHFbI
aliMakTapbIHAa OaTBIKTAp MOy JISIHSIIAPBIHBIH ThI-
FBI3JIBIFBI JKOFapbl OOJIATBIHIBIFBI TipkenreH (JUza
et al., 2018). 2007 xputpl Kamnmaraii cy KoWMachkl
OOUBIHIIIA KYPTI3UITeH OaNBIK IIapyamIbUIbIK 3epT-
TeyJepAiH KbULIBIK, ecen Oepynepinae (HIIL[ PX,
2007) kapakes[iH KeHicTikTeri muddepeHIuarms-
ChHI OH JKarajay aiMarbIHAa MOFRIPIaHYIbIH KOFa-
PBI KOHIICHTPAIUSICHI alKbIH OOJIFAHBIH KOPCETE/Il.
By Typni OMOTHKaNBIK >koHE a0MOTHKAJBIK (hak-
TOpJIapMeH OaMIaHBICTHI OOTYBI KEATIPUITeH.

KopbIThiHABI

JKyprizifreH craTHCTUKANIBIK, Tajaayapra coil-
kec Kammaraii cy KoMMachIHIaFbl Kapake3 MOIMy-
JISIIMSICBIHBIH,  Y3BIHJIBIK-)KACTBIK, JKOHE CaIMaKThIK
KYPBUIBIMJApBIHBIH, AMHAMHKAChl Oipiiama oFa-
pbutaraH. By KOpekmeH KaMTaMachl3 eTYIiH KaK-
capyblHa, ayJiayJiblH a3aloblHa, THIPOJIOTHSUIIBIK
JKaFIaliblH  e3repyiHe, OOCEKeeCTiKTiH Hemece
JKBIPTKBIIT OATBIKTAD KBICHBIMBIHBIH TOMEHJCYIHE
OailTaHBICTHI OOTYHl MYMKIH.

Kapake3 normyJisiusChbIHbIH KOKTeM ailiapbiHaa
KeHicTikTeri Tapanysl Kammarait cy KOWMacChIHBIH
OH JKarajay akBaTOpHWsCHIHIA Oailikanca, an ka3
JKOHE KY3 ME3TUIJepiH/Ie COM KaFanay aKBaTOpHs-
CBhIH/IA ©3CHJIEP/IIH KYSTBIH Caranapbl aiiMarbIH]a
NIOFBIPJIAHATBIHBI aHBIKTALIBI. FhUIbIME aynayna
KOKTEMHEH Ky3re Kapail Kapakes OaJbIKTapbIHbIH
CaHbI APTATHIH/IBIFbI OAWKAIIBI.

Keitiari xeugaper Kammaraii cy KoWMachiHIa
Kapake3 MOMyJISIHUSICHIHBIH CaHbl OCKEHIMEH, ajiaii-
Jla KOCINTIK TYPFbIIA TONBIK urepinmerini. Cebeodi



C.E. IllapaxmeToB xoHE T.0.

Cy KOoWMaja TaiialaHbUIaThIH HETI3Ti ay Kypa-
JApBIHBIH MHHUMAJBIBI KO3Iepi 55 MM oHE olaH
JKOFapbl, SIFHU OYJI ayJjiap TEK KOCINTIK Y3bIHJIbIFbI
26 cm xoHe canmarsl 400 T acaThiH Oipiiama yJIKeH
JlapajiapblH yCTail anajbl.

AJIFBIC €03

Agtoprnap XKIIC «banbik mapyaribulbIFbl FbI-
JBIMU-OHIPICTIK OPTaIbIFbl» HMXTHOJOTHS 3€pT-
XaHACBIHBIH ~ KbI3METKEpJIepiHE HMXTHOJIOTHSUIBIK
MaTepHaiapJpl JKUHAyFa >KOHE AJFallKbl MaTe-
puanmapasl  KaMepaslblk ©OHAEYre KOMEKTECKe-
Hi ymiH anreic Oingipeni. FeutbiMu 3eprreymep
Kazakcran PecnyOnmkacel FpuibiM jkoHE >KOFaphl
OiniMm muHMCTpairiHig 2025-2027 sxpuigapra ap-

HaJFaH TPAHTTHIK KapXKbUIAHIBIPYBIMEH «Auaray
UXTHO(AYHACKIHBIH TaKCOHOMMUSUIBIK JKOHE (yHK-
[UOHAJJIBIK, ~ aTyaHTYPJLUIINIH 3epTTey» K00achl
(AP26100721) asicpinga OpbIHIAIIBIL.

Aemopnapowviy, yneci

C.E. Ulapaxmemog: Fouinoimu orcemeKkutinix,
UHMEPNONIAYUALBLIK,  MOOeboep  dHcacay, MOmiHOI
DPEOAKYUANAY HCOHE MOJILIKMbBIPY,  MYHCbIPLIMOA-
ma ocacay; K.M. Baxxoowca: /lepexkmepoi enoey
JrcOHe backapy, 3epmmey Npoyecin KHcypeizy, Kep-
Hexi mamepuandap oauvinoay;, H.C. Canapeanue-
sa: Makananviy 6acmanivl HyCKACbIH JiCA3Y, 3¢p-
mey OepeKmepin manoay, myH#colpblMOAMAd Hacay,
A.T. Cambex: 3epmmey Kbl3MemiH HCOCNAPIAY HCoHe
yiiecmipy srcayankepuwiniei, ooicmemeni a3iprey.
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OYAUEKOA TY¥KbIMbIHbIH TEHETUKAADBIK SPTYPAIAITIH
SNP-MAPKEPAEPAI KOAAAHA OTbIPbIIT BAFAAAY

bya 3epTreyae KocTaHart 006AbiCbl OyAnekeA ayAaHbl «TumogeeB-Arpo» LiapyallblAblFbIHAH
anblHFaH 308 6ac OyAMekeA ipi Kapa MOMyASUMSICbIHbIH, FE€HEeTUKaAbIK, KypblAbiMbl BovineSNP50
MUMKPOUMMIHIH Heri3iHAE aAblHFaH MSAIMETTEpP apKbiAbl TaasaHAbl. Canasblk 6akblAayAaH KeRiHri
Tarpayaa 22,865 aytocoManbik, SNP 60AAbI XK8HE YATIAEPAIH opTalla reHoTunTey TasaAblFbl 0.99947
MBHIH Kypaabl. [ToNyASUMSABIK, KYPbIAbIMAbI 6aFaay MakcaTblHAQ HEri3ri KOMMOHEHTTepre TanAay
(PCA), ADMIXTURE >xaHe identity-by-descent (IBD) HerisiHAEri reHeTMKaAbIK, YKCACTbIK, 3epTTeyAepi
Xyprisiaai. PCA HaTuxKeAepi YAriAepAiH 6acbiM GOAIriHIH OpTaAblk, alMMakTa LWOFbIPAAHbIM, alKbiH
MOMYASILMAABIK, CTPATUMDMKALMSHbIH, XOK, G0AATbIHABIFbIH KOPCETTI, aA KEKEAEreH YATIAEPAIH OPTaAbIK,
KAQCTEPAEH CaAbICTbIPMAABI TYPAE aALLAK, OPHAAACYbI MOMYASILMS iLLIHAET | FreHeTUKaAbIK, BapUaLMaHbIH
6ap ekeHiH aHfFapTTbl. IBD Taaaaybl HOTMXECIHAE aAblHFaH TeHeTMKAAbIK, YKCACTbIK, KaTHacTapbl
NMONYASUMAHBIH, TYTacCTbIFbIH >KOHE YATIAep apacblHAAFbl T€HEeTMKAAbIK, KakKbIHABIKTbIH Y3AIKCi3
cunatbiH KepceTTi. ADMIXTURE Tansaybl (K=2-5) 3epTTeAreH nonyasumsiaa 6ip Herisri ata-TekTik
KOMIMOHEHTTiH, 6acbiM HOAATBIHABIFbIH, aA KOCbIMLLA KOMMOHEHTTEPAIH 8PTYPAI MPONoOpLMIA KepiHyi
Aepbec cybrnonyAsumsaHbiH 60AManTbiHAbIFbIH KepceTTi. PCA, ADMIXTURE >xaHe IBD HoTuxeaepi
6ipiH-6ipi TOABIKTbIPA OTbIPbIM, OYAMEKOA ipi Kapa NMomnyASLMSACbIHbIH FeHETUKAABIK, KYPbIAbIMbI GipTeKTi
€KeHiH, aliKblH CyOnonyAsuMsAbIK, OOAIHYAIH >XOKTbIFbIH >XOHE MOMyAAUMs iliHAEr FeHeTUKAAbIK,
BOPTYPAIAIKTIH TaBWFU AEHIEMAE eKEHIH KOPCETTI. AAbIHFAH HATUXEAEP BYA MOMyASILMSIHBIH 8pi Kapan
rEHOMAbIK, 3ePTTEYAEP MEH CEAEKLIMSIAbIK, GaF AapAaManap YLLiH CEHIMAI FEHETUKAABIK, HEri3re ue eKeHiH
anFaKTamabl.

Ty#iH ce3aep: Oyanekon TykbiMbl, SNP-Taaaay, PCA, ADMIXTURE, IBD.

B.O. Bekmanov'", T.N. Karymsakov?, P.Zh. Sailaubek?,
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Assessment of genetic diversity
of auliekol cattle breed using SNP-markers

This study investigated the genetic structure of an Auliekol cattle population comprising 308 indi-
viduals sampled from the “Timofeev-Agro” farm located in the Auliekol district of the Kostanay region,
Kazakhstan, using BovineSNP50 data. After quality control, 22,865 autosomal SNPs were retained for
analysis, and the average genotype call rate reached 0.99947. Population structure was assessed using
principal component analysis (PCA), ADMIXTURE, and identity-by-descent (IBD)-based genetic similar-
ity analyses. PCA revealed a compact clustering of most samples, indicating the absence of pronounced
population stratification, while a limited number of samples showed moderate deviations from the cen-
tral cluster, reflecting within-population genetic variation. IBD analysis further confirmed the genetic
integrity of the population, revealing a dense and continuous genetic similarity network without clear
separation into discrete groups. ADMIXTURE analysis performed for K values ranging from 2 to 5 dem-
onstrated the predominance of a single major ancestry component across the population. The presence
of additional ancestry components at varying proportions in some individuals did not support the exis-
tence of distinct subpopulations. Overall, the concordant results of PCA, ADMIXTURE, and IBD analyses
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tion structure, and exhibits a natural level of within-population genetic diversity. These findings suggest
that this population represents a stable and reliable genetic resource for further genomic studies and
breeding programs.

Keywords: Auliekol breed, SNP analysis, PCA, ADMIXTURE, IBD.
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OueHKa reHeTU4eCKOro pa3HooOpa3ns ayAMeKOAbCKOi MOPOAbI
¢ ucnoab3oBaHnem SNP-mapkepoB

B HacToslieM uccAeAOBaHMM M3yyeHa reHeTMueckas CTPyKTypa MOMNyASuMM AYAMEKOAbCKOTO
KPYMHOro poratoro ckota, npeactaBaeHHon 308 ocobsimm, oTobpaHHbIMM B X03siiCTBE «TnMOoees-
Arpo» AyAMeKoAbCKOro paroHa KocraHaickorn o6AacTi, C MCoAb30BaHMeM unna BovineSNP50. TMo-
CAe npoBeaeHust KOHTPoAs kadecTBa (QC) B aHaAM3 ObIAO BKAlOUeHO 22,865 ayTocomHbix SNP, npum
3TOM CPEeAHWI YPOBEHb reHOTUnMpoBaHms coctaBua 0,99947. AA9 OuEeHKM MOMYASLMOHHOM CTPYK-
Typbl 6blAM MpUMeHEeHbl aHaAM3 rAaBHbix komrnoHeHT (PCA), ADMIXTURE u aHaAM3 reHeTmyeckoro
CXOACTBa Ha ocHose identity-by-descent (IBD). Pesyabtatbl PCA nokasaAm KOMMakTHOE pacrpeaese-
HMEe OCHOBHOWM MacChbl 06PA3LIOB, UYTO CBUAETEALCTBYET 06 OTCYTCTBMM BbIPAXKEHHOM MOMYASLMOHHOWM
cTpatndmkaumm. HebGoAblLME OTKAOHEHMSI OTAEAbHbIX 0COBEN OT LIEHTPAABHOIO KAACTepa OTPaXkaloT
€CTECTBEHHYIO BHYTPUIOMYASILIMOHHYIO reHeTUYeckyto BapnabeabHoCTb. Pesyabtatbl IBD-aHaAm3a A0-
NMOAHUTEAbHO MOATBEPAMAM FEHETUUECKYIO LLEeAOCTHOCTb MOMYASILMK, MPOAEMOHCTPUPOBAB MAOTHYIO U
HernpepbIBHYIO CETb FTEHETUYECKOro CXOACTBA 6€3 YETKO BbIPAaXKEHHOIr0 PAa3AEAEHUS HA PYbl. AHAAU3
ADMIXTURE, BbINOAHEHHbIN AASt 3HAYeHWin K oT 2 A0 5, BbISBUA AOMUHMPOBaHWE OAHOMO OCHOBHOIO
KOMIMOHEHTa MPOUCXOXKAEHUSI B MONyAsiumn. Haanume AOMOAHUTEAbHbIX KOMIMOHEHTOB B Pa3AMUHOM
NMPOMNopLUMM Y OTAEAbHbIX 0COOei He CBMAETEAbCTBYET O CYLIECTBOBaHMM 0HOCOOAEHHbIX Cybrnomny-
Asumii. B ueaom, cornacoBaHHble pesyabTaTbl PCA, ADMIXTURE n IBD-aHaAn30B yKa3sbiBalOT Ha re-
HETUYECKYI0 OAHOPOAHOCTb AYAMEKOALCKOW MOPOAbI, OTCYTCTBME BbIPAXKEHHOW CyOMOMyASILMOHHOM
CTPYKTYPbl U HAAMYME €CTECTBEHHOIO YPOBHSI BHYTPUMOMNYASILIMOHHOIO FEHETUYECKOro pa3Hoobpasus.
[NoAyueHHble AaHHble MOATBEPXKAQIOT NEPCNEKTUBHOCTb AQHHOM MOMYASLMM B KaueCTBe CTabMAbHOrO

reHeTUYECKOro pecypca AAS AAAbHENMLLIMX FTEHOMHbIX MCCA€AOBAHMIA U CEAEKLIMOHHBIX MPOrPaMM.
KaroueBble caoBa: AyamekoAabckas nopoaa, SNP aHaams, PCA, ADMIXTURE, IBD.

Kipicne

ETTi GarpITTaFR! ipi Kapa MaJijapbIHa XKYpri3iie-
TIH CENEKIMSUTBIK, )KOHE MOJICKYJIIaTbl-TeHETUKAIBIK
JKYMBICTap Kail ke3eHae O00JIMachlH ©3eKTi Macele-
nepaiy OipiHe jkaTaapl. Ocipece, MYH/a XKEePriTiKTi
ipl Kapa TYKBIMAAPBIH 3€pTTCY MaHbI3/Ibl, OHTKe-
Hi JKEPTTIKTI TYKBIMAAP COJ KEpAiH KIUMAaThlHa,
SKaUIIIBI JKaFaiblHa OeiMaelreH OoJIbl TaObIIa bl
Opnan 6enek, Kasakcran aymarbsiH/Ia ©CIpIIETIH €TTi
OarbITTarbl ipi Kapajap/blH, COHBIH IMIIHIC CBHIPT-
TaH OKEeJIHreH, MbIcaibl, AOepmun-anryc, ['epe-
¢dopxa, Llapose, Jlumy3uH xoHe Oacka Ja MeTeIIK
TYKBIMJAp/ibl atan etyre oonazabl. An, Kazakcranua
eTTi OaFBITTAFBI ipi Kapa MaJJIbIH KEPTUTIKTI TYKbIM-
napeiHa KazakTelH ak0ac CHbBIpbl MEH OYJIHEKe
cubIp TYKbIMaapsl skataasl (Khamzina et al., 2025;
bucekenos u ap., 2014; I'ybamres, 2007). Atanran
TYKBIMJIAp pecIyOiMKa ayMaFbIHbIH TaOWFH-KIIU-

MAaTTBIK JKaFJaijapbeiHa yKOFapbl JeHreine OeiliM-
JIEJITEH JKOHE €T OHIMIUTITIMEH epeKiencHeni. by
TYKBIMAAP YJITTHIK TCHETHKAIIBIK PECypcTap peTiHae
MaJl apyanibUILIFBIH TYPAKThl JIAMBITY/Ia MaHBbI3-
Ibl pen aTkapazabl. Kasipri manimerrepre KaparaH-
Ila Ka3aKThIH akbac cubIpsl bateic, CONTYCTIK KoHE
Opransik Kazakcranga ecipineai. An, Oyinexen
TYKBIMBEI HeTi3iHeH Kocranait, Akmona, ConTycTik
Kazakcran, IlaBnogap, Kaparannel oOibicTapbIH-
na keHineH tapanrad (['m3zarosa u mp., 2023). Oy-
JIUEKOJI CUBIP TYKbIMBI XX FACBIPJIbIH CKIiHIII JKap-
THICBIHIA Ka3aKCTaHHBIH COJTYCTIK OHIpJIepiHIH
TaOWFU-KJIIMMATTBIK, JKaFJaiiapbiHa OCHiMJIeNTeH,
JKOFaphI €T OHIMIUTITIMEH XKOHE OHTIPICTIK KACHET-
TEPiHiH TYPaKTBUIBIFBIMEH €PEKIICICHETIH Maj aly
MaKCaThlH/Ia MIBIFAPbUTFaH. OYJIHEKON TYKbIMbIH
KaJIBIIITACTBIPY OApBICBIHAA KEPTITIKTI CHBIPIIAPIbI
MIETeNIIK eTTi OaFrbITTarkl TyYKpIMaapMer (Lllapore
(Dpannyst) xoHe Abepaun-anryc (YIJIbIOpUTaHuUs)
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TYKBIMAAPBI) MaKkcaTThl TYpJe OyAaHAaCTBIPy KO-
nMaHbUTFaH. HoTmkecinme KoFaphsl OHIMII opi Kep-
TUTIKT] KIIMMaTKa OCHiIM/IENTeH TYKBIM KaJIBIITACThI
(PKanOypmmnos u ap., 2012).

CoHFBI KbUIJAPbl OYJIHEKON TYKBIMBIHBIH Te-
HETUKAJIBIK ePeKIIeiKTepiH MOJIEeKYJIaabl-TeHeTH-
KaJIbIK, JICHTelie 3epTTeyre JACTeH KbI3bIFYIIBUIBIK
apThIn Keyei. [ eHOMIIBIK, TEeXHOJIOTUSIIAP/IbI, CO-
HelH iminge SNP-mapkepnepai maiinamany Ty-
KBIMHBIH T€HETHKAIBIK KYPBUIBIMBIH, MOIYJISIINS
I HIEer] OPTYPILIIIK JEHTeHiH jKOHE CENEeKIIMSITBIK
MaHBIBABl OCNTUIEpMEH OalaHBICTHI TEHETHKA-
JBIK BapHaHTTapIbl aHBIKTayFa MYMKIHIIK Oe-
peni (Beishova et al., 2022; Kasarda et al., 2023;
Niyazbekova et al., 2025). Mynnaii 3eprreynep
achUIAHABIPY OarmapiamalapblH  OHTAHIaHIbI-
pyFa, TEHETHKAJIBIK OPTYPIUIIKTI cakTayFa >KOHE
TYKBIMHBIH Y3aK MEp3iMJi TYPaKThUIBIFBIH KaM-
TaMachl3 eTyre OarbpITTaNFaH FBUIBIMH HETi3A1 I1e-
mimMzep KaObIayFa K0 amaibl.

OcpblFan opail, aTaqraH >XKYMBICTBIH MaKCaThl
eTTi OaFbITTaFbl OYJINEKeJ CHBIP TYKBIMBIHBIH Te-
HETHUKAJBIK OPTYPJILIITiH MOJIEKYIalbIK-TeHETHKA-
JIBIK, MapKepJiep HeTi3iHae Oaranay KOHE aJbIHFaH
HOTHXKENEpi TYKBIMBI 0J1aH dpi KeTinaipyre Oa-
FBITTAJIFAH CENICKIMSUTBIK OaFmapiiaManapia Tai-
JaJlaHy MYMKIHAIKTEpiH KapacTblpy OOJBII TaObI-
TaJIbl.

3epTTey MaTepuagaapbl MeH agicTepi

3epmmey mamepuanoapol

3epTrey marepuangapsl perinae Kocranaii 06-
JBICHI OyiHueKelN ayAanbl TuModeeBKka aybUIbIHIA
opHanackan TumodeeBka-Arpo Imapya KoOXaJlbl-
FBIHZA OCIPITIETIH €TTi OaFBITTAaFbl OYJIUEKOI CHBIP
TYKBIMBIHAH XHHAJIFaH TYK (pOJTMKYIaapsl yiriie-
pi Konmmausab! (308 yori).

3epmmey o0icmepi

JHK monexynacoin 6Oeny oicone ceHomunmey
acypeizy. 'enomabik JJHK Monexynacel 3epTreyre
xuHanran yarinepaen QlAamp DNA Blood Mini
Kit (Qiagen, I'epMmaHusi) KUBIHTBIFBI KOMETIMEH,
IBIFApyIIbl (PUPMAHBIH XaTTaMachlHA Call Ky3ere
aceIpbuIIbl. beminin aneiaFan reHoM sk JTHK mo-
JIeKyJachlHBIH KoHIEHTpanusicsl NanoDrop 2000
KYPaJIbIH/IA J)KOHE carachl arapo3abl 3JeKTpodopes
apkwuTel Tekcepinai. ['enomasik JIHK Monekymachr
BovineSNP50 v.3 BeadChip ®UBIHTBIK KOMETIMEH
iScan ({llumina, AKII) xxyiiecinae TeHOTUNITEYACH
OTKI3UII. ATaliFaH KUBIHTHIK KypamblHa 53,218
SNP wmamimerTepi Kipeni. Apbsl Kapal albIHFaH
monimertep GenomeStudio ({llumina, AKI) Oar-
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JlapjiaMachl apKbUIbl .map *oHe .ped (daimgapbl
AJTBIHIBI.

Tenomunmix Oepexmepdi cananvik OaKvliay
Jicone Hezizei Komnouwenmmepoi manoay (PCA).
BipikTipinren reHOTUNTIK MOIIMETTEPAIH CanachlH
KaMTaMachl3 €Ty MaKcCaTBhIHAA CalalblK OaKbLIay
(quality control) PLINK 1.09 GarnapiamachliH KOJ-
nmany apkeuiel Kyprizinai (Chang et al, 2015). An-
FaIlIKbl OHJICYJIED .map oHe ped HOpMaTHIHIAFBI
(atinra xyprizinmi. Ouneyne --geno (0.05), --mind
(0.01), --maf (0.05) xone --hwe (0,001) onmuusna-
pel KonmaHbuTel. COHBIMEH Kartap, >KaKblH Terle-
TEHJIIKTe OOJIATBIH MapKepiIep/i bl TacTay YIIiH
--indep-pairwise 50 5 0.2 anropuT™i KOJITAHBIIIHI.
Hotwmxkecinae, cananbik Oakpuiayaan eTkeH 308 yi-
rinig SNP-momimerTepi 22,865 TeH >koHE OHIAFBI
Tazanblk AeHreri 0.99947 monine ne Oonabl.

Honynayuanolx  KypbiiblMObl,  2eHeMmuKAaIblK
opmypainix scone gunocenemuxanviy manoay. Ilo-
MyJISAIUSITBIK, KYPBUIBIMIBI )KOHE TeHETUKAJIBIK, KOC-
nanapiaeiy AeHreitin Oaranay ymin ADMIXTURE
(Alexander & Lange, 2011) GarmapiiamMachel Koma-
HeuLAbl. Tannmay 2-5 wxiacrep canbl (K) apachiHaa
xyprizingi. [lomynmsnusiap apacklHIAFBI TEHETH-
KaJIbIK, alibIPMAaIIbUIBIK, JICHIeHiH CaHJbIK Oaranay
MaKCaThIH/IA KYIITHIK FSf KOPCETKIIMTEP] aHBIKTAN-
nel. [lomymsimusiiap apachlHAarbl OalIaHbICTAPIbI
aHBIKTAy YIIIH IMEKTI MOH KojmaHsUFaH IBD-re
HET13/IeJITeH IeHETUKAIIBIK YKCACTHIK KAThIHACTAPBI
aHbIKTaIAB! (Sticca et al., 2021). HoTmwkenepmai Bu-
syanuzanusiiay RStudio GarmapnaMachl KOMETriMEH
kKy3ere aceIpburabl (Wickham, 2016).

3epmmey momuoicenepi sicone onapovl mal-
Kuliay

Kocranaii o0nbickl Oynueken ayjaanbl Tumo-
(eeBKa aywpUTBIHIA OpHajackad TumodeeB-Arpo
mapya KoxKaJbIFbIHaH kMHasiFaH 308 Oynuexen
ipi Kapa TYKBIMBIHA XyprizinreH SNP rermorum-
TeYJIiH MaJiMeTTepl Koynanbuiabl. Camanbik Oa-
KbUTaygaH KEHiHT1 HETi3iHAe 3epTTeyAe KajaraH
SNP canbr 22,865 teH Oonjbl. YirinepjiH Taza-
eIk, aeHreni 0.99947. byn kepceTkim 3epTrey
YJITiJepiHiH KeJeci peTTeri TainjayblHa TOJBIK
JKapaMIBUIBIFEIH KepceTeni. ApBsl Kapaid, OCH
SNP-monimertepiniy Herizinge PC1 sxone PC2
KOMITOHCHTTEPIHIH  CaJBICTBRIPMAbl  TaJIIAybl
Kyprizinmi. Aiita KeTy Kepek, MyHaarbl SNP-mo-
JIMETTEpi ayTOCOMAJBIK XpoMocoMajapaa opHa-
JacKaH mnoiuMmopduimaepre HerizaenreH. Tan-
ay HOTWKECiHIe OipiHIII HEeTi3ri KOMIOHEHTTIH
(PC1) xainmbl reHeTHKanbIK Bapuanusicel 11.99%
Kypaca, eKiHII HeTi3ri kKoMmoHeHTTiH MoHi (PC2)
10.18% TeHn 6omabl (1-cyper).
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1-cyper

Tumoghees-Aepo wapyawwinvievinan dcunanean yreinepoiy PCI ocone PC2 necizei kxomnonenmmepoin mapaiybli
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PCI-PC2 xoopauHaTTBIK Ka3bIKTBHIFBIHIA YJI-
rijepin 0ackiM O6JIiri OpTaibIK aiiMaKTa ITOFBIp-
JIAHBIT, TCHETUKAJbBIK TYPFBIIaH CaJIbICThIPMAIIbI
Typzae 6ipTekTi Herisri kinactepai (1) KaapITacThi-
panbl. Byn Herisri sApoJBIK KiacTep MOIMyJIsIus-
HBIH OachIM OOJIriH KaMTBII, 3ePTTENITeH YITLUIep
apachIHJIa AaKbIH MOMYJISIIHUSIIBIK, CTPATH(UKAIIHSI-
HBIH JKOKTBIFBIH kKepceTeni. COHpIMEH KaTap, Heri3-
Tl OpTaJIBIK KJIACTEPJICH OH aK OarbITTa CalIbICThIP-
MaJjbl TYpAC XKUHAKBl OpHANACKaH IMaFelH TOII (2)
Oaifkanaapl. ATanFaH Ton AepOec MOMyIIsIiius HeMe-
ce JKeKe CyOmomymsaiusl peTinae OeniHOeTreHIMEH,
OHBIH KEHICTIKTEer1 OpHaIacybl MOMyJIALUs iMIiHIeT]
TEHETUKAJBIK BapHAIMSHBIH 0ap eKEHIH JKOHE Kei-
Oip yarizepaiH Herisri simpoman Oenrimi Oip JeH-
refifie epeKieNncHeTIHIH KopceTeni. byman Oenek,
PC1 xone PC2 ochkTepi O0ibIHIIIA TOMEHTI COM KaK
OarpITTa OpHATACKaH YIiTijaep ToOBI (3) aHBIK Oaii-
Kanazael. by yirinep Herisri KiacTepAeH cabic-
THIPMAJBI TYpAE aNIIaK OpHaJaCKaHBIMEH, OoJap Ja
JKeke JiepOec Kactep Ty30eH i skoHe JKaIbl MOIy-
JISTIASITBIK, KYPBUTBIMHAH OOJTIHIT IIBIKITAi IbL.

Kanmer anranga, PCA HoTIKENEpl 3epTTEITCH
OyIHeKod ipi Kapa MOy ISIIHASICHIHBIH T€HETUKAIBIK
KYPBUIBIMBI OIPTEKTi eKeHiH, ai OaiiKanFaH OarbIT-
THI TOTITACyJIap TOMYJISAINS IMIiHACTI TAOUFU TeHe-
TUKAJIBIK, BApUAIUSHBIH KOPIHICI €KESHIH KopCeTe/Ii.

Keneci perre 3eprreynmeri OyiaueKen TYKbI-
MBI yaritepinin SNP-moamiMmeTTepine HerizmenreH
«opTak, ara-TekteH Ttapaiy» (identity-by-descent,
IBD) Ttammaybl apKbUIBI T€HETHKAIBIK YKCACTBIK
anbikTanAbl. IBD Tanmayel HoTmkeciHIE YATLIEp
apachIHJIaFbl TEHETHUKAJBIK YKCACTHIK KaTHACTa-
pBl Kypbuiabl (2-cyper). byn OaiinanbicTa mIekTi
MOH/II KOJIaHy apKbUIBl TEK €H YKaKbIH TeHEeTHKa-
JBIK, )KYNTap FaHa TapThUIABI. AJIBIHFAH CHITaTTa-
Ma OOMBIHIIIA OPTAIBIK SIPO XKOHE OJAaH TaparTHIH
IeTKi TapMakTap OOJIAThIHBI aHBIKTAbI. Heri3ri
SIIPO 3EPTTENTCH TOMYJIIUIHBIH 0achiM OOIIiriH
KaMTBIII, YITiIep apachIHIAFbl JKOFApbl T'eHETHKA-
JBIK, YKCACTHIKTHI KopceTTi. llleTki TapmakTap MeH
Ti30eKTeNreH KypbUIBIMAAD MOMYyJSIHs 1LIiHIeT]
TeHETUKAJIBIK, BAPHALMSHBIH OOJATHIHABIFBIH JKOHE
JKEeKeJlereH TYBICTHIK KaTblHacTap KOpiHici peTiHae
KapacTeIpyra Oonaznsl. bym motmke PCA TannaysiH-
Jla aJIbIHFaH MOJIIMETTEPMEH TOJIBIK Cail KeJe/i.

JKyMBICTBIH Kemeci OarbIThl OoWbIHIIA THMO-
(eeB-Arpo mapyambuibiFbiHa THECHT 308 Oynue-
Ko7 ipi Kapa yIrijepi yImiH ayTocoManbik SNP-mo-
nimertep Herizinae ADMIXTURE Tangays sxxy3ere
aceIpbUIAbl. [lOMyMAIUSIBIK KYPBUIBIMHBIH BIKTH-
MaJ JIeHTeliH Oaranay MaKCaThIHA KJIACTEP CaHBI
K=2-nen K=5-xe neitinri MoHIEp apaibIFBIHIA
ecenreni (3-cyper).
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2-cyper

Llexmi mon Konoanwviiean IBD-ee nezizoenzen eenemukanvix yKcacmoix xcenici (Oyauekon ipi
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Mynnarer K=2 >xarmaiiblHIQ YITUIEpIiH Te-
HOMJIBIK KYPBLIBIMBI €Ki aTa-TeKTIK KOMIIOHEHTTIH
apanacybIMEH CHIaTTalajbl. Jlerenmen, ynrinepain
OacbiM OeJiriHae Oip KOMIIOHEHTTIH OaChIMIIBIFBI
afKbIH OalKabII, SKiHIII KOMITOHEHTTIH YJIeci jKe-
KeJIEreH YJTUIep/ie FaHa JKOFaphl I9PEKe/Ie KopiHe-
ni. Byn HoTHXKe 3epTTey MOMyJISIHUCHIHBIH OIpTEKTi
eKeHiH, an OaliKaiFaH alblpMalIbUIBIKTApD MOIYJIsi-
WSl iIiHAEeTI TeHeTHKANIBIK BapHalusFa TiKeJeH
0alTaHBICTBI EKEHIH KOPCETEI.

Keneci K=3 xone K=4 ecenreynepinae KOCbIM-
I1a aTa-TeKTIK KOMIOHEHTTEp OeJIiHIN KepceTire-
HIMEH, OJIapJIbIH YIITUIep apachlHaa KeH ayKbIMIa
JKOHE OIPKEJIKI Tapaybl alKbIH CYOIOMYJIAIUSIIBIK
KYPBUIBIMIIBI KAJBIITACTHIPMAUTHIHBIH KOPCETE/Ii.
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ATanraH KOMIIOHEHTTEp JKEKellereH YIriiepae ap-
TYPJIi IPOTIOPLIMS/Ia FaHA KOpiHic Oepir, reHOMJIBIK
KYPaMHBIH KYPAEILIIriH jKoHe TOITyJISAUS iIIiHeT1
TapuXd HEMECE CEJICKIMSUIBIK (aKTOPJIAPJIbIH bIK-
nanel ekeHpirin kepcereni. Conrel K=5 moHiHzme
aTa-TeKTIK KOMIIOHEHTTEPIH apayiacy KypbLIbIMBI
alKpIH KepiHeni. YnrinepaiH 0aceiM Oemirinae Oip
HETI3r KOMIIOHEHTTIH >KOFaphl YJIECi CaKTaJlFaHbI-
MeH, Kei0ip ynriiepie KOChIMIa KOMIIOHEHTTEeP/IiH
yJieci calbICThIPMaJIbl TYPAE JKOFaphbIpak Oaiikasia-
IIbl. ATaiina OyJ yariiep skeke aepOec Moy Isius-
Jap HeMece alKbIH CyOnonyJssiusiiap Ty3eil AereH
€3 eMeC, KePICIHIIIE KBl 3ePTTEIreH MOMYJISIINS
IiHACT] TeHETUKAIBIK OPTYPILTIKTIH TaOUFu JeH-
TeifiH KepceTei.
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3-cyper

Oynuexen ipi kapa nonyrayuacel yuiin ADMIXTURE manoayvinweiy nomuoicenepi (K=2-5). Opoip mix 6azan Oip yacini, an mycmep
opmypai ama-mexkmix Komnonenmmepoiy yiecin kepcemeoi. Yneinep Tumoghees-Aepo wapyawviiviebinan anbinean

TumodeeB-Arpo

ADMIXTURE HoTwxesaepi aljblHFBI KYp-
rizinren PCA xone IBD rtannmaynapsiMen e3apa
yiutecimainik tabaapl. PCA sxone IBD kenicririu-
Jie Heri3ri OpTaiblK KiIacTepAl KYpaWTbIH YIrijiep
ADMIXTURE rannaysinaa na 0ip HErisri ara-Tek-
TIK KOMITOHEHTTIH OachIMIBUIBIFEIMEH CHIIATTalla-
1. Ann PCA GapbIChiHAa OPTAIBIK KIIaCTEP/ICH €Ki
0aFpITKa Kapai CalbICTRIPMATIbI TYP/IC alllllaK OpHa-
nackan yiriiepae ADMIXTURE notmxenepi 6o-
HBIHINA J1a KOCHIMIIIA aTa-TeKTiK KOMIIOHSHTTEP/IiH
yJIeCiHiH apTysl Oarikanaspl. XKanmel anranaa, PCA,
IBD xone ADMIXTURE Ttangaynapsr 6ipin-6ipi
TOJIBIKTBIPA OTBIPBIN, OYJIHEKe ipi Kapa MomyJis-
[USICBIHBIH TeHETHKAJIBIK KYPBUIBIMBI TyTacTail ai-
FaH/a OIPTEKTI €KeHiH, ajl OalKayraH albIpMalllbl-
JBIKTAp TOMYJISAUS 1IIiHAeTI TAOUFH TeHETUKAIBIK
BapHalUsSIHbIH KOPIHICI €KCHIH pacTaiibl.

KopbIThIHABI

JKyprizijired KemieHJi TEHOMIBIK TajjayJiap
(PCA, ADMIXTURE xone IBD) 3eprreyneri Tu-
MO(QeeB-Arpo IIapyallbUIbIFbIHAH aJIbIHFaH OY-
JHEKeN ipi Kapa MOMyJSIUICHIHBIH TeHETHKABIK
KYPBUIBIMBIH JKaH-)KaKThl CHIIATTayFa MYMKIHJIIK
Oepni. PCA notmxkenepi yirinepain 6aceiM Oemi-

FiHIH OpTaJIbIK aliMaKTa IIOFbIPJIAHbIN, MYH/a ai-
KbIH TOMYJSIIUSIBIK CTPATHQUKAIUSHBIH 00IMai-
TeiHBIH KepcerTi. Conpaii-ak, PCA KeHICTIriHIC
OPTAJIBIK KJIACTEP/ICH eKi OaFbITKa Kapail opHajac-
KaH JKEKEJIEreH YIIriiep, OyJl MOmyJIsiius imH/er
TCHETHKAJIBIK BapUAIMSHBIH Oap €KEHIH KOpCeTeIi.
Keneci perreri IBD TanmaysiHaH ajgblHFaH I'€HETH-
KaJIbIK YKCACTBIK CHITATBI MOMYJISIIUSHBIH TYTACThI-
FBIH KOChIMIIIa pactanbl. [IekTi MOH KONJlaHBUIFaH
IBD kaTHachIHa OPTaANIBIK PO KOHE OJaH Tapail-
TBIH HIETKI TapMaKTapAblH 00JIYbI MOMYJISIHS 11I1H-
JIeTi TeHETHKAJbIK YKCACTBIK OOJNATBIHBIH KOpce-
teai. ADMIXTURE rtanmaysr (K=2-5) 3eprrenren
nomyJsinusiia Oip Heri3ri ata-TeKTiK KOMIIOHEHTTIH
0acbIM eKeHiH pacTajibl. KochiMIla ata-TeKTiK KOM-
MMOHEHTTEPIiH >KEKEeJIereH YIriiepae opTypii npo-
MOpLHsAa KOPIHYl HOMYJISALUs IIIHICTT TCHOMIBIK
OPTYPJILIIKTI KOpCeTKeHIMeH, nepbec cyOmomys-
LUsIapAblH HEMECE ailKbIH TeHETUKAIIBIK OOTIHY A1H
OonareiHbiH Kepcerieni. JKammer anranna, PCA,
ADMIXTURE xone IBD rtammaynapsr OipiH-0i-
Pl TOJBIKTHIPA OTBIPBII, 3ePTTEIreH OYyIUEKoN ipi
Kapa MOMyJISALIHUSCHIHBIH TeHETUKAIBIK KYPbLUIBIMBI
OIpTEKTi eKeHiH, alKbIH CyOnOMyJISIMAIBIK O0IiHY-
JUH JKOKTBIFBIH JKOHE 1IIKI F€HETHKAJIBIK OpTYpJIi-
JIKTiH TaOWUFH JICHrei/ie eKeHIH KOpCeTTi. AJIbIHFAaH

Nel
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HOTHXeIep OYJI MOMYJIAIUSHBIH 9pi Kapald TeHOM-
JIBIK, 3epTTEyJIep MCH CENeKIMSIIBIK Oaraapiamanap
YIIIiH jKapamJibl ©pi TYPaKThl TCHETUKAJIBIK, HET13re
re eKeHIH KopCceTe/Ii.
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MHAYKUHNSA CYTIEPOBYASILLMMN KAPAKYAbCKMX OBEL],
BEXXEBOU OKPACKHN AASl TPAHCINTAAHTAUMN SMBPUOHOB

B paboTe npoBeAEHO apryMeHTMpOBaHHOE 06OCHOBaHUE B MOAb3Y COXPAHEHUSI FEHETUUYECKUX pe-
CYpPCOB KapaKyAbCKMX OBeL, 6eXeBoM OKpacku M paspaboTaH Crnocob YCKOPEHHOro PasMHOXKEHUS U
3(PHEKTUBHOrO COXPaHEHUS BbICOKOLLEHHbIX FEHOTUMOB KapakKyAbCKMX OBEL, 0CO00 peaKmX GeskeBbIX
OKPacoK NMyTemM, MHOFOKPaTHOrO MOAYY€eHWNst SMOPUOHOB Y AOHOPOB, BKAIOUAIOLLME BbISIBAEHWE B OXOTE,
06paboTKy roHap0TPOnHbIM ropMoHoM CKK B A03e 26 ME/KT >kmBoit Macchl Ha 13-14 AeHb MOAOBOTO
LMKAQ, OCEMEHEHME MO Mepe MpUXoAd B OXOTYy MX C GapaHamMM COOTBETCTBYIOLLEN OKPAaCKOM M m3-
BAEUEHME IMOPUOHOB, OTAMYAIOLLIMECS TEM, UTO C LIEABIO MOBbILLIEHMSI YMCAQ MOAYUEHUS SMOPUOHOB
AOMOAHUTEABHO MOCAE XMPYPrUUECKON orepauum AOHOPOB C nepepbiBom 18-22 axen obpabaTbiBa-
10T ropMoHaAbHbIM MnpernapatoM CXKK Ha 14-16 AeHb 3CTPaAbHOIO LIMKAA AOHOPOB B A03e 26 ME/kr
XKMBOW MacChbl M B MOCAEAYIOLLEM OCYLLECTBASIIOT TEXHOAOIMUECKME MPOLEAYPbl — BbIGOPKY B OXOTe,
OCEeMEHeHMS 1 BbIMbIBaHUS SMOPUOHOB.

Takum o6pasom, NMpeasaraemblii Crocob MO3BOASIET AOMOAHUTEABHO MOAYUMTb 3,1 3M6pHOHa
6OAbLLIE Ha AOHOPA BbICOKOrO KauectBa OT OBLEMATOK PEAKMX OKPACOK MO CPABHEHMIO C TPAAMLIM-
OHHbIM CMOCOBOM, UYTO YKasbiBae€T O BO3MOXXHOCTU MCMOAb30BAaHUSI AOHOPOB B ABa pasa B TeUYeHUU
CAYYHOrO Ce30Ha B KauyecTBe MPOAYLIEHTOB 3MOPMOHOB. MHOrokpaTHoe 13BAeveHue 3MOP1OHOB OT
OAHMX TEX >Ke AOHOPOB HEMOCPEACTBEHHO B NMPaKTUKe BOCMPOU3BOACTBO 0COO0 LIEHHbIX B MAEMEHHOM
OTHOLUEHUN S9BASIETCS AOMOAHUTEAbHBIM PECYPCOM CEAbCKOXO3SMCTBEHHBIX KMBOTHbBIX AAS PeLLUeHMs
psiAQ TEOPETMYECKMX M MPAKTUYECKMX BOMPOCOB MO COXPAHEHMIO M PAa3MHOXKEHMIO KapaKyAbCKMX OBeL|
6exKeBOM OKPACKM.

KatoueBble cAOBa: MOAOBOWM LMKA, MOAOBAS OXOTQ, CbIBOPOTOUHbIN FOHAAOTPOMMH, CYNepOBYAS-
umsi, SMOPUOH, CTaAMS PA3BUTUSI.
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Induction of superovulation in beige-colored Karakul sheep
for embryo transplantation

This study provides a reasoned justification for the conservation of genetic resources of beige-col-
ored Karakul sheep and develops a method for accelerated reproduction and effective preservation of
high-value Karakul genotypes, particularly those with rare beige coat colors, through repeated embryo
recovery from donor ewes. The method involves detecting estrus, administering pregnant mare serum
(PMS) gonadotropin at a dose of 26 1U/kg body weight on days 13-14 of the estrous cycle, mating ewes
with rams of the corresponding coat color upon estrus onset, and subsequent embryo collection. To
increase the number of recovered embryos, donor ewes are additionally treated with PMS gonadotropin
at the same dose on days 14-16 of the estrous cycle, following a surgical procedure and an 18-22 day
interval. Subsequent technological procedures include estrus detection, mating, and embryo flushing.

Application of this method allows the recovery of, on average, 3.1 additional embryos per high-
quality donor from ewes with rare coat colors compared to conventional methods. This indicates the
feasibility of using the same donors twice within a single breeding season as embryo producers. Re-
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peated embryo recovery from the same donors in practical breeding programs represents an additional
resource for addressing both theoretical and applied challenges in the conservation and propagation of
beige-colored Karakul sheep.

Keywords: estrous cycle, estrus, serum gonadotropin, superovulation, embryo, developmental stage.
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CapfbIAT TYCTi KapakeA KOMAAPbIHbIH, SMOPUOHAAPbIH
TPAHCIMAAQHTALLMSIAAYAQ CYMEPOBYASILIMSIAQYAbl MHAYKLIUSIAQY

3epTTey XKYMbICbIHAQ CEAEKLMSIAbIK, KYHADBIABIFbI XKOFapbl, CUPeEK Ke3AeCeTiH CapFbIAT TYCTi Kapa-
KOA KOWMAAPbIHbIH MeHEeTUKAAbIK, PeCYpCTapblH CaKTay MaHbI3AbIAbIFbI FbIABIMWU TYPFbIAQH HEri3AEAir,
OAAPAbIH, FTEHOTUINTEPIH KOOENTY >koHe MaA 0acbiH TUIMAI CakTay 9AiCi 93ipAeHAl. YCbIHbIAFAH SAiC
CayAbIKTapAbIH, >KbIHbICTbIK, KYMITIH aHbIKTay, >KbIHbICTbIK, LMKAAIH 13-14 KyHAEpi Tipiaer caamarbiHa
26 ME/kr CKK roHap0TpOnTbl FOPMOHBIMEH BHAEY, COMKEC TYCTi KOLLUKAPAAPMEH KOAAAH YPbIKTaHAbI-
py >KeHe aMOPUOHAAPAbI KYbIM aAYAbl KAMTUADI, GYA BAICTIH epeKileAiri sMOpMOHAQP CaHblH aPTTbIPY
MakCaTblHAQ OCbl CayAbIKTapAbl €KiHLIi MBPTE AOHOP PETIHAE MalAAAAHAAbI, OA YLIIH SMOPUOHAAPBIH
>KYbIMN aAFaHHaH KelriH AOHopAapFa 18-22 KYHAIK Y3iAiCTEH KeliH OAapAbIH 3CTPAAbAbIK, LUMKAIHIH, 14-
16 KyHAEpI Tipiaen caaMarbiHa 26 ME/Kr meaLlepiHae roHaaoTponTbl [COKK npenapatbiMeH KanTa eH-
AEVAI, 0AQH KeMiH KyMiTKe KeAreH CayAbIKTapAbl ipiKTeY, ypbIKTaHABIPY >koHe 3MOPUOHAAPAbI XKYbIT
Ay TEXHOAOTMSIABIK, MPOLLECCTEPi OPbIHAAAQADI.

HaTm>KeciHAE, YCbIHbIAFAH 9AIC ASCTYPAI TOCIAMEH CaAbICTbIpFaHAQ CUPEK TYCTi CayAbIKTapAaH
opTa ecenneH 3,1 AaHa >KOFapbl canaAbl 3MOPUOHABI KOCbIMLLIA aAyFa MyMKiHaiK 6epeai. COHbIMeH
Katap 6YA BAIC KyMiTTeYy MayCbIMbIHAQ CMPEK CApFLIAT TYCTi CayAbIKTapAbl SMOPUOH AOHOPbI PeTiHAEe
eKi peT naraaraHyra MyMKiHAIK 6epeai. bip AoHopAaH SMOPUOHAAPABI GipHELLIE MBPTE XKYbI aAy To-
CiAi @ybIA LWAPYALUbIAbIFBIHAQ CEAEKLMSAADBIK, TYPFbIAQH KYHADBIAbIFbI X)KOFApbl, CUPEK Ke3AECETiH CapFbIAT
TYCTi KapakeA KOMAap MOMyASLUMSAAPbIH CaKkTay MeH kebeinTyre GarbiTTanFaH GipkaTap TEOPUSIAbIK,

>KOHe MPaKTUKAAbIK, MBCEAEAEPAI LLELLYAE MaHbI3ABIAbIFbI >KOFapbl.
Ty#iH ce3Aep: XKbIHbICTbIK, LIMKA, KbIHBICTbIK, KYMIT, CapblCy FOHAAOTPOMMHI, CYNnepoBYASLMS, M6~

PWUOH, AaMy CaTbICbl.

CokpameHusi 1 0003HAYEHUS

I'CXKXK — roHagoTponuH CBHIBOPOTKU Kepe-
ob1x k00bLT; CIKK — chiBOpOTKa KepeObIX KOOBLI;
AA — rOMO3UTOTHBIA OpPraHu3M, UMEET ABE OJU-
HAKOBBIC aJUIeJM 10 JaHHOMY TeHy (00e JIoMHu-
HaHTHbBIE WK 00€ PEleCcCHUBHBIC); Aa — reTepo3u-
TOTHBIN OpPraHW3M, UMEET JIBE Pa3HbBIC AJIICIH I10
JTAHHOMY T€HY; aa — TOMO3UTOTHBII PeIleCCUBHBII;
F, — nepeoe renorunnoe moromerso; F, — BTOpoe

1
TCHOTHUITHOC ITIOTOMCTBO.

BBenenune

I'eneTnyeckne pecypechl CENbCKOXO03SHCTBEH-
HBIX JKHBOTHBIX HE TOJILKO OOECTIeuMBaIOT HaceJe-
HHUE TPOIYKTaMH IMUTAHUSL, HO U SIBJISIOTCS YacThIO
MPUPOAHBIX OOraTcTB Kaxknod ctpanbl (Gizaw et
al.,2011). CoBpeMeHHOE TPOU3BOICTBO MPOAYKIIAN

OBIIEBO/ICTBA IIABHBIM 00pa30M OpUEHTHPOBAHO HA
MIPOM3BO/ICTBO OapaHUHBI U STHATHHBI M HANIPaBJe-
HO Ha o0ecrieueHHe MOTPEOHOCTE BHYTPEHHETO U
BHemIHero poiHka (Ecenranuesa u ap., 2021).
Takoe OJHOCTOpPOHHEE OTHOIICHWE NPUBEIIO
K MaccoBOMY pacCIIMPEHMIO apeaja pa3BeIeHHUs
KYPIIIOUHBIX MSICO-CaJbHBIX OBEIl, TOTJa KaK Kapa-
KYJIbCKHE OBIIbI, KOTOpPbIE JIyHYIlEe MPHUCIIOCOOIEHBI
K DKCTPEMaBbHBIM yCIIOBHSIM MyCThIHb (Mamatov,
2020), HE TONBKO MOABEPTaTUCH )KECTKOMY CEJICeK-
[IMOHHOMY JIaBIICHHIO, HO U OKa3aJIUCh HCKYCCTBEH-
HO M30JIMPOBAHbI OT KOHKYPEHIIMH, XOTS KapaKyib-
CKHe IKYPKH OJaronapsi BRICOKHM 3CTETUYECKUM U
TOBapHBIM CBOMCTBAM IOJIb30BAJUCH MOBBIIIIEHHBIM
CIIPOCOM Ha TOTPEOUTENECKUX PBHIHKAX MHOTHX
ctpan. Kpome Toro, kapaxkyibckast Iopoja OBeIl OT-
JIUYaeTCsl CBOUM OOTaThIM reHO(OHIOM, TOCKOIBKY
KaKAast BHYTPUIIOPOAHAS TOMYJISAIUS UMEET CII0XK-
HYI0 TEHETHYECKYI0 CTPYKTYpy IO OKpacke, OT-
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WHmykiws cynepoByIsIIuY KapaKyIbCKUX OBEI] OeXeBOH OKpacKU JUIsl TPAHCIUIAHTAIINH SMOPHOHOB

TEHKaM, PaclBETKAMH U CMYLIKOBBIM NMPHU3HAKAM U
3TO MHOT000paszue obpa3yeT moauMophu3M Mmopo-
JIbl, HE UMEIOIIME HU OJJHA MOPOJa CENbCKOXO35H-
CTBCHHBIX JKHBOTHBIX. [IpM pa3BeJICHUU IBETHBIX
KapakyJIbCKHUX OBEll, KPOME CTaHIAPTHBIX OKPACOK
¥ pacIBETOK HaOJI0JaeTcsl pacuieIuieHue 0co0ei
0c000 peryalInX OpUTHHAIBHBIX OKPACOK M pac-
LBETOK — OeXeBOH (maTypu), Kamap (KOpHIHEBas),
NeneabHo, Oypol, YepBOHHOM, NMECOUYHBIA U ApY-
rue (I'uruneimBunm, 1976), 4To MpeACTaBIAIOT U3
ce0sl UICTOUHMKOM T'€HETHMYECKOr0 Marepuana st
ceneknuu oymaymero (OxamkuH u ap., 1997).

OnHako celeKkuusi Ha TOJXYYCHHE TaKHUX HKH-
BOTHBIX HE TPOBOJUTCS M3-32 HU3KOW YacTOTHI
WX BCTPEYAaEMOCTH B MOMYJISALHUSAX KapaKyIbCKHX
OBEII, XOTSI 9TH OKPACKH M PACI[BETKH MOTYT 3HAUH-
TENbHO 000raTuTh (EHOTUIHUYECKOE pa3zHooOpa-
3ue reHodoHIa Mmopoabl. Takas cheruduueckas
0COOCHHOCTD MOPOABI YKa3bIBAE€T HA €€ BBICOKYIO
reTepO3UrOTHOCTh M SIBIISICTCSl IICHHEHIINM pe-
3epBOM I'€HETHYECKOW M3MEHUYHMBOCTH B CEJICKIINU
Kapakyisckux oBell. [lomobnoe MHOTOOOpa3me re-
HETHYECKHUX PECYypCOB KapakKyJIbCKHUX oOBel chop-
MHUPOBAJOChH IO/ BIMSHUEM KaK €CTECTBEHHOTO,
TaK U HAIPaBJICHHOTO YeJIOBEKOM 0TOOpa, aJanTH-
POBAHHOTO K KOHKPETHBIM YCIOBHUSIM CPEIbl, B KO-
TOPBIX Pa3BUBAINCH Pa3IMYHbIC BHYTPUIIOPOIHBIC
TUIIBI, @ TAK)XKe B pe3yJIbTaTe CIydallHbIX T€HETH-
YECKUX MPOLECCOB, MPOTEKAIOMINX B MOMYJIISIHUIX
(AmmbaeB&bekerayos,2002).

BexeBas okpacka — oIHO M3 Hamboiee OpH-
THHATBHO-KPACUBBIX ¥ PEJKHX OKpPAacoK Kapa-
KyJbCKUX OBell. ['eHernueckas 0COOEHHOCTH Oe-
JKEBOM OKpacKd 3aKI04aeTcsi B TOM, 4YTO OHA
obnagaeT peneccuBHbIM amienoMopdom. Tak,
HamlpuMep, COTJIACHO 3aKOHY YacTOThl TraMer
I'. Mennens (Anana&Katirep, 1987), MmoxHO pac-
CMOTpETh SIBIICHHE JOMHHHUPOBAHHS, MPABUIIO
ennHooOpa3us THOPUAOB IEPBOTO IOKOJCHHS U
paciieryieHns: X BO BTOPOM IOKOJICHUU Ha TIpU-
Mepe MOHOTMOPUAHOTO CKPELIMBAHUS KOPHYHE-
Boro (AA) c GexeBoil (aa) okpackoi. [Ipu Taxom
CKpeluBaHuu ocobu mepporo mnokonenus (F1) B
COOTBETCTBHHU C IMPABUIOM eINHOOOpa3Hs Bce KO-
pHUYHEBBIC, HO OHH O0Pa3yIOT JABYX THUIIOB ajuleien
«A» 1 «a». [Ipu ckpenMBaHUM Ha OCHOBE PaBHO-
BEPOSITHOTO COYETaHMs STHX JBYX THIIOB ajulejien
MOJTy9aeTcsl TPU THIIA TEHOTHUTIA 0co0m: «AA» (TO-
MO3HUTOTHYIO 110 JIOMHHAHTHOMY TPHU3HAKY), «Aa»
(TeTepo3uroTHYI0 0C00B) U «aa» (TOMO3UTOTHYIO
IO perieCCUBHOMY NpH3HaKY ). Kopuuneas okpacka
JOMUHUPYET HaJl 0eXeBOH OKpacKoil, TOATOMY BO
BTOpoM nokosienuu (F2) mpoucxonut pacuenienue

106

ocobell B COOTHOLICHUH: 3 KOpU4HEBbIe H | Oexe-
Basi okpacka. bexxeBas okpacka F2 mpu mampHei-
1IeM pa3MHOKEHUH OyAeT JaBaTh TOJIBKO OeKeBOe
MOTOMCTRBO.

[TpuBeneHHBI TEHETHYECKUH aHajIu3 CBHIEC-
TEJNBCTBYET O TOM, YTO pa3MHOXKEHHE OcKeBOU
OKpPAacKd TPAAMLIUOHHBIM CEJNEKIHOHHBIM pPa3HO-
POJHBIM TMON0OpPaM TIO0 OKpacke oOdveHb Tpeldyer
JUINTENBHBIN cpok. Kak oTMedaroT uccienoBaTen,
MOJYYCHUE 3HAYUTEIBHOTO IOTOJIOBbS KHBOTHBIX
C UCHHBIMU XapaKTEPUCTUKAMHM 38 KOPOTKHUH mepH-
0J1 TPaIUIIMOHHBIMU METOJIAMHU Pa3BE/ICHUS HEBO3-
MoxHO (Naqvi et al., 2001). U3-3a cnoxHOCTH TIpO-
BEJICHUE CENICKIIMOHHBIX PA0OT U MAIIOUUCIICHHOCTH
oBell 0eXeBOM OKpacKH MX T'€HETHYECKUE PECYpPCHI
C KaXJbIM TOJIOM WHTEHCHBHO COKpPAIIAIOTCS. DTH
00CTOSITENLCTBA HACTAWBAIOT COXPAHEHHUsI ocoOei
0exeBOM OKpacKW M pa3padOTKy MPOTPECCHBHBIX
HETPaJMIMOHHBIX METOJOB YCKOPEHHOI'O HX pas-
MHOXCEHHS. B 9TOM acriekte OOJBIIY0 POJIb UTpaeT
OMOTEXHOJIOTHsI BOCIIPOU3BOICTBA )KUBOTHBIX C HC-
MOJb30BAHUEM METOJIa TPAHCIUIAHTAI[MH 3MOpPHO-
HOB. Kak mokaspIBaroT nccienoBanus, IPUMEHEHNE
TEXHOJIOTHH CYNEpOBYJSIIIMA W TpPaHCIUIAHTAIIMN
SMOPHOHOB TIO3BOJIICT 3HAYUTEIBHO YBEIUYHTH
BBIX0]] SMOPHOHOB OT OJIHOM CAMKH-JIOHOPA U YCKO-
PUTH BOCIIPOHM3BOJICTBO IIEHHBIX TeHOTHITOB (Gharbi
et al., 2012; Khan et al., 2022)

Kpome Toro, ncrnosnp3oBaHue pazaHyHBIX CXEM
TOPMOHAJBHOW CTHUMYJISIIIUH OOECIICYMBACT TIOBBI-
nreHue 3 (HEeKTUBHOCTH MOTYYECHHUS M KaYecTBa M-
OopuonoB y oBer (Aybazov et al., 2022; Bari et al.,
2000; Sherzer et al., 2008).

Tpancrurantanust 5MOproHOB — 3dexTus-
HOE JOCTIKEHHE B OWOTEXHOJOTMH BOCIPOU3-
BOJICTBA CEJIHCKOXO3SHCTBEHHBIX KHBOTHBIX, OCO-
OCHHO y MOHOIUIOAHBIX XHBOTHBIX. OCHOBHBIM
Ha3HAUCHHUEM METOJ1a TPaHCIIAHTAIlMA YMOPHOHOB
B JKHBOTHOBOJICTBE — PAaLlMOHAIBHOE M MHTEHCHB-
HOE HCIOJh30BaHUE IICHHBIX TEHOTUIIOB — CAMOK B
Ka4ecTBE JOHOPOB.

B arom acrniekre miist 9QHEKTUBHOTO UCIIONB30-
BaHUsI METOJa TPAaHCIUIAHTAIMM 3MOPHUOHOB HaW-
OOJIBIINK HMHTEpEC MPEACTABISCT MONYyYCHUE Kak
MOJKHO OOJIBIIEro KOJMYECTBA MOTOMCTBA OT KaX-
JOM IIEHHOW B CEJIEKIIMOHHO-T€HETUYECKOM IlIa-
HEe caMKHu-JoHopa. [losTomy 3apyOekHbIEe yueHbIE
(Cherardi & Martin, 1978; T'opmon, 1988) u wuc-
cnegoBatenn CHI' (OpHer & Ceprees, 1989, My-
xamenranueB & Toummbexos, 1981) mpunaBanu u
npuaaT OONBLIOE 3HAYSHHE BOIIpocaM pa3paboT-
K1 HanOoliee HaJCKHBIX TPHEMOB HHAYKIIUH CyTIe-
POBYJISILIMH Yy CAMOK-I0HOPOB.
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[IpuHIHMIIHATBHBIE BOIIPOCHI HAIIPABICHHBIC HA
PETYJISIIHIO TIOJIOBUTOCTH OBEI] MYTeM HHBEKIH
U B OIIpE/IeTICHHBIE IEPHO/IbI TIOJIOBOTO IMKJIa TOHA-
JMIOTPOTTHBIX TOPMOHOB paszpadoTansl emie B 30-40-x
rogax M.M. 3aBaloBCKHM U €ro MOCJIeA0BaTEISIMU
(Belozerov, 2018). B ux nccienoBaHusIX CTaBUIACh
3aa4a MoJyYeHHs: KaK MO>KHO OOJIBIIETO MPOLICHTA
JTBOCH.

Wnpyknust 6osee BEICOKOTO YPOBHSI CYIIEPOBY-
TSI TyTeM OO0pabOTKH CaMOK TOHAIOTPOITHBI-
MH TOpPMOHAMH NpHOOpeTaeT 0co0oe 3HAYCHUE B
WCCIIEIOBAHUSAX 0 TPaHCIUIAHTAIlMH dMOPHOHOB
CEJIbCKOXO3SICTBEHHBIX KUBOTHBIX, KOO OTMajaeT
HEOOXOJUMOCTh BBIHAIIMBAHUS TUIOJIOB JOHOPCKH-
Mu camkamu (Amapbaes,1969; 3aBepsses,1989;
AmmnbaeB&bekerayos, 2002), 1 TeM cambIM TOBHI-
maeT 3QQPEeKTUBHOCTh TOJNYYCHHST JKU3HECTIOCO0-
HBIX YMOPHOHOB M YPOBEHb BOCIIPOM3BOJICTBA KH-
BoTHBIX (Maciel et al., 2017; Ramos&Silva, 2018).

[ToaTOMYy W3bICKaHUE BO3MOXHOCTEH IOITyUe-
HUS MaKCUMAIIbHOTO KOJHMYECTBA MPUTOMHBIX IS
TpaHCIUIAaHTAI[MH YMOPHUOHOB, OBLIO, €CTh M OCTa-
eTcs NpoOJIEMHBIM BONPOCOM NPU IIMPOKOM €€
BHEJIDCHUU B TIPAKTHKY Pa3BEICHUS CEILCKOXO3STH-
CTBEHHBIX KUBOTHBIX.

Oco0eHHO aKTyallbHOE 3HA4YeHHE MpHoOpeTaeT
MHOTOKPAaTHOE BBI3bIBAHHE CYNEPOBYIIIIUA y Ma-
TOK-JIOHOPOB OEXKEBON OKPACKU M JJAHHOE HarpaB-
JICHWE HCCIICAOBaHMS TMO3BOJUT MOJIYYHUTh Kaue-
CTBEHHO HOBBIC JIAHHBIC, PACKPHIBAIOIINI MEXaHU3M
JEHCTBUS TOHAJOTPOITHBIX TOPMOHOB HA OPraHu3M
pEllKO BCTPEUAIONINXCS B MOMYJISIIHAX OBIIEMATOK
0eKeBOH OKpPacKH ¢ PELECCUBHBIMU aJUICIISIMU M Ha
Ka4eCTBO MOJIYYaeMbIX OT HIX SMOPHOHOB.

MaTepua.m)l U METOJAbI UCCJICAOBAHUSA

Wccnenoanus npooammck B k/X «Tepey Ca-
pblaranickoro paiiona TypkecTanckoi o0nacTH.

OOBEKTOM HCCIICIOBAHUS TTOCTYXHIH Kapa-
KYJIbCKME OBIIBI Pa3HBIX OTTEHKOB OEKEBOW OKpa-
CKMA B KOJIMYECTBE 7 TOJIOB OBIIEMATOK M 3 TOJIOB
0apaHOB — MpPOM3BOJMTENCH, a MaTepHalioM st
UCCIIeIOBAaHUH SIBUIIUCH SIMYHUKH OBIIEMATOK U OM-
OpHOHBI.

OKcrepuMeHTaIbHbIE PabOTHI TPOBOAUIIHCH TIO
CIIEeTyIOIEeH cXeMe:

B kaudectBe TOpMOHaIbHONW HWHIYKIIMHU CyIie-
POBYJSIIMM y JOHOPOB HCIIOJIB30BAIM Ipenapar
I'CXKK, mpurotoBieHHOTO B HAay4YHO-HCCIIEIOBA-
Tenbckor Jaboparopun  «CelbCKOXO03HCTBEHHAS
nmaboparopus» Oxno-Kazaxcranckoro yHuBepcH-
Teta uMeHu M. Aye3oBa.

Taoaumna 1
Cxema uccnedosarust

OBuematkn 0€XeBOI OKPACKU

[lepBsiit aTan Bropoii atan

Bribopka oBlieMaTok B
oxoTe Ha 22-25 [eHsb mocie
BBIMBIBAHUS

BrI60opKa 0BLIEMaTOK B 0XOTE

Wurpexnus npenapara ['CXXK  Wabekmus npenapara ['CXKK
Ha 13-14 neHs monoBoro Ha 14-16 neHp MOIOBOTO
LIHKJIa LKA

BeisiBiieHrE B OXOTE JIOHOPOB
U OCEMEHEHHUE HX ¢ GapaHaMu
0EkKEeBOI OKpACKH

BhIsiBII€HHE B OXOTE IOHOPOB
1 OCEMEHEHHE UX C OapaHaMu
0exKeBOi OKpacKH

BriMbIBaHHE SMOPHOHOB Ha
3-4 neHb mocie 0CEMEHEHUS

BoiMbiBaHHE SMOPHOHOB Ha
3-4 neHb MOCIe OCEMEHEHNUS

O1ieHKa KauyecTBa 3M6pI/IOHOB

[To Mepe mpuxona OBIIEMaTOK OEXEBOH OKpa-
CKU B OXOTY IOCJIe TOPMOHAJILHOUW 00pa0OTKU MX
OCEMEHSUIM COOTBETCTBYIOIIMMH OapaHaMu TI0
OKpacke.

XUPYpPru4ecKyro OIEepannio IO HW3BICYCHUIO
SMOPUOHOB TMPOBOJMIN TIO OOIIECHPUHSATON METO-
muke, paspaborannoit B BHUMK «Meronndeckue
PEKOMEHJIAIUK 10 TPaHCIUIAHTAIlMA 3MOPHOHOB y
oset» (Muncenbxo3npos PO, 2000).

KauectBo 3MOpuoHOB oueHuBanu mo «MH-
CTPYKITUS TIO TEXHOJIOTHH paOdOThI OpraHU3aINH 10
UCKYCCTBEHHOMY OCEMEHEHUIO M TpPaHCIUIAHTAIIUU
SMOpPHOHOB CENbCKOXO3HCTBEHHBIX KHUBOTHBIX)
(Pomanos u ap., 2003).

[lomydennsle MaTepuaiisl 00paboTaHBl OHOMe-
TprueckuM mMeroaoM (ITmoxunckuii, 1980).

Pe3yJII)TaTI)I HCCJICA0OBAHUA U UX oﬁcy)wlelme

B nagaino cnyunoro nepuoaa oToopaHsl 7 TOJIOB
KapaKkyJIbCKUX OBIEMATOK O€XeBOW OKpPACKH IMPH-
[IEANINX €CTECTBEHHO B OXOTY U M3ydYalid UX JJIU-
TENBHOCTH TOJIOBOTO IWKJa (Tabmuma 2). [Ipomo-
JKUTETHHOCTD TMOJIOBOTO ITUKJIA Y OBIIEMATOK OBLIN
Pa3HBIMH B 3aBHCHMOCTH OT WX MHTEHCHBHOCTH Oe-
’)keBOM okpacku. Tak, ITUTENTbHOCTD MOJIOBOTO LIMK-
Jla y MaTOK CBETIIO-OEKEBOM OKPAaCKH COCTAaBHJIA B
cpenneM 15,5 mHeil, y oBell 0€KeBON OKpacKH CO
CpPeTHUM OTTeHKaM — 16,5 mHel U y oBIieMaTok Oe-
’KEBOM OKpacKH ¢ TeMHOU Bapuarueit — 17,3 aHei.
Pazanma Mexay STHMH TPyIIaMH OBIIEMAaTOK IO
MPOJIOJDKATEIBFHOCTH TOJIOBOTO IMKIIA MPUMEPHO
1 menn. OTCcroga MOKHO OTMETHUTD, YTO C IOTEMHE-
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HUEM OTTEHOK Yy OBeIl 0SKEeBOH OKpPaCKH IOJIOBOM
IUAKIT yTAHSCTCSL.

B 1menoMm, AnuTENBHOCTH MEPBOTO IMOJIOBO-
ro IWKJIa y W3YYEHHBIX TPYMNI OBEIl Kojebamach
Mexay 15 m 18 aHsMH cO cpelHUM MOKa3zaTessM
16,57 + 0,340 nuei.

Amnanornynasi TeHACHLIUS MO MPOIOJIKUTEIBHO-
CTH TIOJIOBOTO IMKJIA ¥ OBEIl YCTAHOBJICHA U BO BTO-

Taoauma 2
IpooondcumensHocms no106020 YUKIA Y OOHOPOS

pom nukie. OgHaKo, MBI 3aMETHIIM, YTO MOJOBOU
[IUKJI BO BTOPOI TOJIOBUHE CIIYIHOTO TEPHOJA YII-
nuHseTcs B ipenenax ot 1 o 3 gueti (17-20 qHeit) B
3aBUCUMOCTH OT WHTCHCUBHOCTH O€KEBOI OKPACKH
T.¢. cocTtaBuia B cpeanem 18,57 + 0,340 nueii. Paz-
HUIIA TIPOJOJIKUTEIIBHOCTH TIOJIOBOTO ITUKIIA MEXKTY
MIEPBBIM U BTOPBIM ITUKIJIOM CTATHCTUYECKH BBICOKO
noctoBepHs! (P <0,001).

JITUTeNBbHOCTD MOJIOBOTO ITUKJIA, THEH

['pynna oBuemarok mo

Jluu npuxona
B OXOTy TOCIIE

Jlau ot npuxona B
OXOTY 10 IIOBTOPHO-

OBuemarka
WHTEHCUBHOCTH OKPAaCKU 10 M3BJICUCHHUS MOCJIE N3BJICUCHUS H3BJICUCHUE TO UHBEKIIUH TIpe-
9MOPHOHOB 9MOPHOHOB SMOPHOHOB rapara
[epBas 16 17 22 36
[lepBas rpynmna (cBemias)
Bropas 15 18 21 35
B ( ) IlepBas 16 19 19 34
TOpas rpymia (CpegHss
Patipy P Bropas 17 18 21 35
[lepBas 17 20 19 35
Tpetbs rpynma (TéMHas) Bropas 18 19 19 34
Tperbs 17 19 18 33
B cpentem 7 16,57 £ 0,340 18,57 + 0,340 19,86 + 0,510 34,57 + 0,340

Hcmonp3oBanne MHOTOKPATHO B KAYECTBE JOHO-
POB 0c000 IIEHHBIX B IJIEMEHHOM OTHOIICHHU OBEI]
C peIKON OKpacKOW TpH TPAHCIUIAHTAIUHA dYMOPHU-
OHOB HMEET OOJBIIOE YKOHOMHYECKOE 3HAUYECHUE.
OmHako, UIMTETFHOCTh WHBOJIONWN OpTaHH3Ma
ocJie TOPMOHANIbHOW 00pabOTKU M CPOKH BOCCTa-
HOBJICHUSI HE3HAUNUTEIHLHOW TPaBMBI pora MAaTKU U
SIIIeBOIA, TIOTYYEHHBIE BO BPEMSI XUPYPTHUUECKOTO
M3BJICUCHUS dMOPHUOHOB, CYIIECTBEHHO OTPAHMYN-
BaIOT BO30OHOBIIEHUE UX MMOJOBOM I[UKIMYHOCTH.

Hamm »KcIiepuMEHTAIBHO YCTAHOBJICHO, YTO
JUIUTEJILHOCTh MPOLIecCa HMHBOJIOLUU PEIPOIYK-
THUBHBIX OPTAHOB Y OBIIEMATOK TIOCIIE TIEPBOTO XHU-
PYPTUYECKOr0 BMEIIATENIbCTBA, 3HAUUTEIBHO OTIH-
JaeTCs B 3aBUCHMOCTH OT BBIPAKCHHOCTH OKPACKH.
Hampumep, oBIEMaTKH CBETIO-O0EKEBOW OKPACKH
OTIIMYANNCh Oojiee YUTMHCHHBIM IIEPUOJIOM HWH-
Bororuu (B cpepHeM 21,5 nHel), y OBIEMAToOK CO
CpPeIHUM OTTCHKOM OEXEBOH OKpacKH COCTaBHI
B cpenHeM 20 1HEH, a y TOHOPOB TEMHO-0EKEBOM
OKpacKd, YKOPOYCHHBIH CpPOK BOCCTAHOBJICHIS
U cocTtaBul B cpenneM 18,7 aueit. B nemom mpo-
JIOJDKUTEIIPHOCTS WHBOJIOIMOHHOTO TIEpHOAA TIO-
CJIe TEePBOrO HM3BJICUCHMSI SMOPHOHOB COCTABHUIIA B
cpemaem 19,86 + 0,510 mueit.
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[IpuBeneHHBIE TaHHBIE TOKA3BIBAIOT, YTO TTOCIIE
BOCCTAHOBJICHHUS TIOJIOBOM HUKIUYHOCTH Yy JIOHO-
POB, BBICOKHI TOPOT aKTUBHOCTH SIMYHUKOB Y OB-
LIEMATOK CBETJIO OEIKEBOM OKPACKU COOTBETCTBYIOT
K 35-36 mHIO TOCJe MPUX0/ia B OXOTY BTOPOM pas,
y OBEI-JIOHOPOB CO CPEIHUM OTTEHKOM — K 34-35
ITHIO 1 Y TEMHO-0€KEBBIX OBIIEMAaTOK K 33-35 mHIO.
A 3TH aHHBIC SIBJISIOTCS BaYXKHBIMHU TI0KA3aTEISIMHU
MIPH IOBTOPHOM WHAYKINH TTOJHOBYJISIIUHN y OBIIE-
MaTOK PEJIKHX OKPACOK.

Ha ocHOBaHmMM 3THX pe3ynbTaTOB MOXKHO TIPe-
MoJIaraTh, YTO ONTUMAIILHBIM JHEM TEepBOi 00Opa-
00TKHM OBeI-T0HOPOB roHamoTpormHoM CXKK sB-
nsetrcst 13-14 neHp mepBOro 3CTPalbHOIO LUKIIA,
a JUIsl TIOBTOPHOTO HCITONIB30BAaHUS WX B KadecTBE
JIOHOPOB, 3PPEKTUBHBIM JHEM 00PaOOTKU CUATAEM
14-16 meHb BTOPOTO MOJIOBOTO IHKJIA TTOCIIE BOCCTA-
HOBJICHHS MX ITOJIOBOHM MUKIMIHOCTH (18-22 mueit).

W3ydenne 9yBCTBUTENFHOCTH SUYHUKOB JIOHO-
POB Ha MHBEKLUUH TOHAAOTponuHa B go3e 26 ME/
KT )KHBOM MacChl MOKa3aj10, YTO YHCIO WHAYIHPO-
BaHHBIX K POCTY (POJUTUKYJIOB IPH NIEPBOI 00paboT-
Ke B cpemHeM Ha moHopa cocraBmio 11,14 + 0,649
HITYK, a BO BTOpoit — 8,71 £ 0,388 mTyk, 4TO HUXKE
Ha 21,8% c moctoBepHocTrio P< 0,01.
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Taoauma 3

Peam;uﬂ AUYHUKOE 08YemManmokK ()OHOpOG HA NO6MOPHYIO quyKuuio noauosynAayuu

En. Kparnocts 06paboTku
ITokazarenu B cpennem
H3M. nepsas BTOpas
O0paboTaHo OBILEMAaTOK-IOHOPOB roj. 7 7 14
Yucno ¢ommukynos IIT. 78 61 139
Ha nonopa IIT. 11,14 £ 0,649 8,71 £0,388 9,93 £0,508
LIT. 64 41 105
W3 HuX OByIHMpOBaBIINX (DOILUTHKYIOB
% 82,1 67,2 75,5
Ha nonopa IIT. 9,14+0,739 5,860,318 7,50 £ 0,596
HeoysupoBasiiue GpoTHKYIbI IIT. 17,9 32,8 24,5

CrernieHp OBYISIMU (OJLTUKYJIOB B IIEPBOM Ba-
puanre cocrasuna 82,1% u Bo BTOpOoM — 67,2%.
Uucno OBYISIMIA COOTBETCTBEHHO COCTABWIIO Ha
nonopa 9,14 + 0,739 u 5,86 + 0,318 mwryk. bosnbiie

Ta6anua 4

Yucno 8bMbImbIX SMOPUOHOS 8 3ABUCUMOCINU 0N KPATNHOCMU 06pabomKu OOHOPOS

HEOBYJMPOBABIIHNX (DOJUIMKYJIOB OTMEUEHO BO BTO-
poii obpabotke (32,8%), uem mepsoit (17,9%). B
CpeIHEeM YHCIIO OBYJIIIHE cocTaBmio 7,50 = 0,596
LITYK Ha JI0oHOpa (Tabiuua 3).

En. Kparnocts 06paboTkun
TToka3zarenu B cpennem
U3M. nepBas BTOpast
Hucno 0BLEMAaTOK-I0HOPOB ToJ. 7 7 14
Bcero BEIMBITO SMOPHOHOB U SIALICKICTKH IIT. 62 39 101
Ha nonopa IIT. 8,86 £0,792 5,57+0,275 7,21 £0,607
IIT. 57 36 93
W3 HuX SMOPUOHBI
% 91,9 92,3 92,1
Ha nonopa IIT. 8,14 £ 0,740 5,14 +£0,241 6,64 + 0,559
. LIT. 5 3 8
HeonnoaoTBOpeHHBIX SIHIIEKIETOK
% 8,1 7,7 7,9

Brixo1 5MOPHOHOB Ha JIOHOpa pH MEPBOi 00pa-
0oTke ObLT BBIIE U cocTaBuia 8,14 + 0,740 mTyk, BO
BTOpO# HMKE Ha 3 SMOPHOH U B CPEIHEM COCTABHUII
Ha foHopa 5,14 + 0,241 mTyk (Tabmuma 4). B menom,

Taoauua 5

Kauecmeo ambpuonos 6 3agucumocmu om nosmoprocmu 06pabdomxu 00Hopos

YKCJI0 SMOPHOHOB ITPH TIOBTOPHOM 00paboTKe, XOTS
HWKE, HO 00€CTICYMBAIOT JIOTIOTHUTENBHO TTOTyYUTh
36 SMOPHOHOB, YUTO BaYKHO TIPU PA3MHOKEHUN 0C000
LIEHHBIX PEJIKO HACIEAYEMBIX OKPACOK.

En KparHocTth 00paboTKu
ITokazarenu B cpennem
U3M. nepBast BTOpast
Bcero nccnenoBano sMOpHOHOB IIT. 57 36 93
KauecTBO 3MOpHOHOB: OTIIHYHOE % 21,1 13,9 18,3
xopouiee % 45,6 47,2 46,2
YIOBJIETBOPUTEILHOE % 21,1 333 25,8
HEIPUTOIHOE % 12,2 5,6 9,7
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W3 naHHBIX TaOMUIBI 5 BUAHO, YTO SMOPHOHBI,
MOJYYCHHBIE OT OBIEMATOK, MOBTOPHO HCIIOIB30-
BaHHBIX B Ka4eCTBE JIOHOPOB, MOYTU HE YCTYMaIOT
0 Ka4eCTBY IMOPHOHOB B CPAaBHUTEIIHHOM aCTICKTE
oT niepBoii 06padoTku. IIpu 3TOM, UKCIO 3MOpHO-
HOB OTJIMYHOTO M XOPOIIEro KauyecTBa COCTABHIIO
COOTBETCTBEHHO 66,7% u 61,1% (P>0,05).

Takum o0pa3om, TpemaraeMblii Croco0 IIo-
3BOJIICT JOMOJHHUTENIBHO MONy4uTh 3,1 3MOpuo-
HOB Ha JIOHOPa BBICOKOTI'O Ka4ecTBa OT OBIEMATKU
PEIKHUX OKPAacoK MO CPaBHEHHIO C TPaJUIIMOHHBIM
CIOCOOOM M YKa3bIBAIOT O BO3MOXKHOCTH HCIIOJIb-
30BaHMs [Ba paza B TEUYECHHHM CIYYHOTO CE30HA,
Ka4ecTBO MPOJYIIEHTa dMOPHOHOB M MHOTOKpAT-
HOTO M3BJICYECHHUsS] SMOPHUOHOB OT OJHUX M TEX KE
JIOHOPOB HETOCPEJICTBEHHO B MPAKTHUKE BOCIPOU3-
BOJICTBA 0CO0O IIEHHBIX B IUIEMEHHOM OTHOILCHHUU
CENTbCKOXO3SUCTBEHHBIX KUBOTHBIX JUISI PEIICHUS
psia TEOPETHUECKUX M MPAKTUUYECKUX BOIPOCOB IO
COXPaHEHHUIO M Pa3MHOMKCHUIO KapaKyJbCKUX OBEI
PEIKHX OKPACOK.

3akioueHne

Ha ocHoBe ananu3za BIUSHHE TOPMOHAIBLHOTO
Tperapara Ha peakliiy SHYHUKOB, Ka4eCTBO AIMOPH-
OHOB KapaKyJbCKUX OBel 0€KEBOM OKPACKH MOXKHO
CeNaTh CIEeAYIOIINE BEIBOIBI:

- YpPOBEHb CYNEPOBYJALNN KapaKyJbCKHX Ma-
TOK O€XeBOW OKpacCKH O4YeHb BBHICOKA U B CPEIHEM
coctaBmio 9,14 oBysIIMK Ha TOHOPA;

- YCTaHOBJIEHO, YTO BBIPAXEHHOCTH O€XKEeBOU
OKpPACKH CYIIECTBEHHO OKa3bIBAET BIMSIHUE HA CTe-
TIeHb OBYJIALNHU (OJUTNKYIIOB, OCOOEHHO CBETIIO-0e-
JKEBbIE TEHOTHITBI HMENN 00Jiee BBICOKYIO PEaKLIUIO
Ha TOpMOHANBHBIA Tpenapar (11,5 oBymsamum), a
TEMHO-0EKEBbIE TEHOTUIIBI UMENH OoJiee HU3KYIO
(7,33 oBynsnun);

- YCTaHOBJIEHO, YTO Pa3HUIA IO YUCIYy OBYJIf-
MU y JOHOPOB-OBIEMATKH C Pa3sHOW BBIPAKEH-
HOCTBIO OEKEBOW OKpacku Obljla CTaTUCTUYECKU
nmoctoBepHOU B mpeaenax oT P< 0,01 mo P< 0,001,
3HAYMT, IPH OTOOpE B KAUECTBE JOHOPOB AMOPHO-
HOB, HEOOXOAMMO TIPUIaBaTh 0COO0E BHUMAHUE Ha
BBIPQKEHHOCTD UX OEKEBOI OKPACKH;
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- YCTaHOBJIEHO, YTO MHBOJIOLMOHHBIA MEPHOJT
PENpPOIYKTUBHBIX OPTaHoOB, IIOCIE TEPBOTO W3-
BJICUCHUS] SMOPHOHOB y JOHOPOB XUPYPrHUECKUM
METO/IOM 3HAYHUTEIHbHO OTJIMYAETCS B 3aBUCHUMO-
CTH OT BBIP@KEHHOCTH HUX OCKEBOW OKpacKu T.e.
OBIIEMAaTKH CBETJIO-0€KEeBOW OKPACKH OTINYAIINCH
Oonee yUIMHEHHBIM TEPHOJOM HHBOJIONHMH (B
cpenueM 21,5 gHeit), y OBIEMAaTOK CO CPEITHUM OT-
TEHKOM OeXeBOW OKPAaCKH COCTaBHI B cpeaHeM 20
IIHEH, a y JOHOPOB TEMHO-0€KEBOU OKPACKH, YKO-
POYEHHBII CPOK BOCCTAHOBIIEHUS U cocTaBui 18,7
JIHEH B CpEHEM;

- MOBTOpHasi 0O6padoTKa AJIsl BHI3BIBAHUS CyIIe-
POBYJISIIIMM Y OBLIEMATOK OEKEBOM OKPACKH TO3BO-
JIWJIa TOJIYYHTh JTOTIOJHUTENBHO 5,86 OBYIISIIMK HA
Ka)XI0T0 JJOHOPA, TO €CTh YPOBEHB OBYJISIIMH MOXK-
HO yBEJIWYMTH B 1,6 pa3 U KOJUYECTBO KauECTBEH-
HBIX 9MOpHOHOB B 1,7 pa3 3a roj.

KondumkTr nurepecon

Bce aBTOphI mpounTany M 03HAKOMIICHBI C CO-
JIep’KaHueM CTaTbu M HE MMEIOT KOH(IMKTA MHTE-
pecoB.

Bxnao asmopoe

bueapaesa A.T.: Hccaeoosanue, npogedenue uc-
C1e008amMeNbCK020 NPOYeccd, 8KI0UAS 8bINOIHEHUE
aKCnepumenmos unu coop oamnvix; Anubaes H.:
Hayunoe pyxkosoocmeo, Kounyenmyanusayus —
uoeu; Gopmyauposanue ui pazeumue oowux ye-
qeu u 3a0au ucciredosanus, bexemayos O.: Dop-
MATBHBIL AHAU3, NPUMEHEHUE CMAMUCTUYeCKUX,
MaAmemMamudeckux, Gbl4UCTUMENbHbIX UIU OpYeux
dopmanvublx Memooos 01 AHaIU3a Uil CUHMe3d
dannvix uccredosanus;, bueapa T.C.: Busyanuza-
yus, N0O20MOBKA, CO30anue u/uiu npedcmasieHue
ONnYOIUKOBAHHOU pabOmbl, 8 YACMHOCMU 8U3Y AU~
3ayus u npedcmagnenue oannvix; Epmexoaeea A.T.:
Hccnedosanue, nposedenue ucciedos8amenbCcko2o
npoyecca, 6KIUAS BbINOJHEHUE SKCNEPUMEHMOB
unu coop oannvix; Epxexynosa K.E.: Hccrneoosa-
Hue, NposedeHue UCCIe008amenbCKo20 Npoyeccd,
BKIIOYAsL BbINOJHEHUE IKCHNEPUMEHMO8 UlU cOOp
OAHHBIX.
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MAPPING OF WEED DISTRIBUTION
IN SOUTHERN KAZAKHSTAN

This study presents the results of mapping the distribution of economically important and quarantine
weed species in southern Kazakhstan. Field surveys were conducted in the Almaty, Zhetysu, Zhambyl,
and Turkestan regions, covering agricultural lands, roadside habitats, fallow fields, and irrigated areas.
Georeferenced sampling was carried out to determine the current distribution range and infestation level
of major weed species.

A total of 1,078 specimens of Rhaponticum repens (Russian knapweed), 1,153 specimens of Am-
brosia artemisiifolia (common ragweed), and 1,027 specimens of Cuscuta campestris (field dodder) were
collected and analyzed. Weed distribution mapping was performed using QGIS 3.28, while geographic
coordinates were processed with the Lat Lon Tools plugin. The resulting thematic maps enabled visual-
ization of infestation hotspots and distribution patterns across the study area.

The results showed that transportation corridors, irrigated agroecosystems, and intensively managed
agricultural landscapes represent major pathways for weed dispersal. R. repens was primarily associ-
ated with arid and foothill environments, C. campestris was mainly distributed in irrigated croplands
and roadside habitats, whereas A. artemisiifolia exhibited a fragmented but expanding distribution near
urbanized and highly disturbed areas. The study demonstrates the value of GIS-based mapping as an
effective tool for monitoring quarantine weeds, assessing phytosanitary risks, and supporting weed man-
agement strategies in southern Kazakhstan.

Keywords: quarantine weeds, distribution mapping, GIS, Rhaponticum repens, Ambrosia artemisi-
ifolia, Cuscuta campestris, QGIS, phytosanitary monitoring.

M.A. XycHutamHosa'2*, A.C. Moxxapckuit!, A.C. MeHabi6aeBa'?,
IA. CyaerimaHoBa®, I.H. Kariposa?, A.O. CarutoB'?
TMoAeKyAaAbIK, GMOAOT S 3epTxaHachl, OCiMAIKTEP BUOAOTUSICBI
>K8He BMOTEXHOAOTUSCHI MHCTUTYTbI, AAMaThl, KasakcraH
2«AgriBioTech» FbiAbiMM-3epTTey opTabiFbi» XXKLLIC, AAmMaThbl, KasakcTaH
3«Kasak YATTbIK arpapAblK, 3epTTey yHuBepcuTeTi», AAMaTbl, KasakcraH
*e-mail: germironame@gmail.com

Ka3akCTaHHbIH, OHTYCTIrHAEr apamLLenTepAiH
TapaAyblH KapTara Tycipy

Ocbl 3eptTeyae KasakCTaHHbIH, OHTYCTIK ©HIpAEpiHAE TapaAFaH LlapyallblAblK, TYPFbICbIHAH
MaHbI3Abl >KOHE KapaHTMHAIK apamiiern TYypAepiHiH TapaAyblH KapTorpadusianay HaTuXKeAepi
yCbiHbIAFaH. Aanaablk, 3epTreyaep Aamartbl, XKeticy, >KambbiA >eHe TypkictaH 0O6AbICTapbIHbIH
ayMarblHAQ XKYPri3iAin, ayblA WAPyalbIAbIFbI AAKANTapPbIH, XOA 6OMbIHAAFbI ayMakKTapAbl, ThiHAMFaH
>KEPAEPAI >KOHe CyapMaAbl ericTiKTepAi KaMTblAbl. Herisri apamiuen TypAepiHiH Ka3ipri TapaAy alimarbl
MeH TapaAy KapKbIHABIAbIFbIH HAaKTbIAQY MaKCaTbIHAA FeorpausIAbIK, KOOpAMHATTapMeH GeAriAeHreH
YATIAEp >KMHAAABI.

3eptTey 6apbicbiHaa Rhaponticum repens (kaTaraH Kekipe) TypiHiH 1078 vyarici, Ambrosia
artemisiifolia (>)kycaH >kanblpakTbl am0Opo3ns) TypiHiH 1153 yarici >xoHe Cuscuta campestris (pana
apamcostybl) TypiHiH 1027 YAriCi XXWMHaAbIMN, TaAAQHABL. ApamLuenTepAiH TapaAyblH KapTorpaduasay
QGIS 3.28 6aFpapAamMaAblk, opTacbiHAQ >Ky3ere acbipbiAAbl, aA reorpadmsAblK, KOOPAMHATTAPAbI
eHAey YLWiH Lat Lon Tools nAarmMHi KOAAQHBIAABI. AAbIHFAH MOAIMETTEP HEri3iHAE TapaAy OLIaKTapbl
MEH 3epTTeAreH TYPAEPAIH, KEHICTIKTIK OpHaAacy epekLIeAiKTepiH KepceTeTiH TakblpbINTbIK, KapTaAap
>KacaAAbl.

3epTTey HoTMXKeAepi KOAIK ABAI3Aepi, CyapMaAbl arposkoXyiheAaep >koHe KapKblHAbI
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C. campestris kebiHece cyapmaAbl eriCTiktep MeH >KOA GOMbIHAAFbl yYaCKeAEpAE KEe3AECKeH, aA A.
artemisiifolia ypbaHaaAraH >keHe aHTPOMOreHAIK acepre yliblparaH aymakTapAa y3ik-y3ik, 6ipak ke-
HEIO YPAICIH KepceTKeH. 3epTTey HaTMXKeAepi KapaHTUHAIK apamilenTepAi MOHUTOPUHITey, huToca-
HUTAPUSIABIK ToyeKeAAepAi HGararay XkeHe oAapAbl 6ackapy cTpaTernsiaapbid a3ipaey yiuin FTAXK-Heri-
3iHAeri KapTorpadmsaAayAblH MaHbI3ABIABIFbIH ADAEAAENAI.

Ty¥iH ce3aep: KapaHTUMHAIK apamiuenTep, kaptorpadusiaay, TAX, Rhaponticum repens, Ambrosia
artemisiifolia, Cuscuta campestris, QGIS, ¢pMTOCaHUTAPUSAbIK, MOHUTOPUHT .
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KaprorpadupoBanue pacnpocrpaHeHusi
COPHbIX pacTeHui Ha tore KasaxcraHa

B HacTosemM nccaeA0OBaHMM MPeACTaBAEHbI Pe3yAbTaTbl KApTOrpadmMpoBaHUs pacnpoCTpaHeHNs
XO39MCTBEHHO 3HAYMMBbIX M KaPaHTUHHbIX BUAOB COPHbIX PAaCTEHMIA Ha TepPUTOPUM t0>kHOTro KasaxcTa-
Ha. [NoAeBble 06CAEAOBaHMS MPOBOAMAMCH B AAMATUHCKOM, XKeTbicyckon, XambbiAckon u TypkecTaH-
CKOM 0OAACTSIX M OXBaTblBaAM CEAbCKOXO3SMCTBEHHbIE YIOAbS, NMPUAOPOXHbIE TEPPUTOPUM, 3AAEXK-
Hble 3eMAU 1 opollaemble yuyacTkn. OT60p 06pasLoB ¢ reorpamyeckon NpUBS3KON OCYLLLECTBASIACS
C UeAbl0 YTOUYHEHMsI COBPEMEHHOrO apeaAa M CTereHW pacrnpoCTPaHEeHWs OCHOBHbIX BMAOB COpPHbIX
pacTteHun.

Bcero 6bin0 cobpaHo u npoaHaamaunposaHo 1078 obpasuos Rhaponticum repens (ropyak noa3sy-
umn), 1153 obpasua Ambrosia artemisiifolia (amb6po3us NoAbIHHOAMCTHAs) 1 1027 obpasuos Cuscuta
campestris (noBuAMKa noaesas). KaptorpagurpoBaHme pacnpocTpaHeHUs COPHbIX PACTEHUI BbIMOAHS-
AOCb C MUCMOAb30BaHMeM nporpammHoro obecnevenns QGIS 3.28, a o6paboTka reorpadmyeckmx Ko-
OPAMHAT OCYLLECTBASIAACh C MOMOLLbIO MAarmMHa Lat Lon Tools. Ha ocHOBe NMOAYYEHHbIX AQHHBIX GbIAM
CO3AaHbl TeMaTUUYeCKMe KapTbl PacnpoOCTPaHEHWS, MO3BOASIOLLME BU3YAAM3MPOBATL OYarn 3aCOpPEH-
HOCTM M 0COBEHHOCTU MPOCTPAHCTBEHHOTO Pa3MeLLieHNs MICCAEAYEMbIX BUAOB.

YCTaHOBAEHO, UTO TPaAHCMOPTHbIE KOPUAOPBI, OPOLLAeMble arpO3KOCUCTEMbI U MHTEHCMBHO MC-
NMOAb3yeMble CEAbCKOXO3SMCTBEHHbIE AQHALWAMTbI SIBASIOTCS OCHOBHbIMM MYTSMW PacrnpOCTPaHeHMs
COpPHbIX pacTeHun. Bua R. repens GbIA MPenmMyLLIECTBEHHO MPUYPOYEH K 3aCyLUAMBBLIM U MPEArOPHbIM
Tepputopmam, C. campestris yalle BCTpeYaAacb Ha OPOLUAEMbIX CEAbCKOXO3SMCTBEHHBIX 3eMASX U
BAOAb aBTOMOOMABHBIX AOPOT, TOrAQ Kak A. artemisiifolia xapakTepusoBasacb (pparMeHTUPOBAHHbIM,
HO PaCLUMPSIOLLIMMCS PACTIPOCTPaHEHMEM BOAM3M yPOaHU3MPOBAHHbIX M HApYLIEHHbIX MECTOOOUTaHWIA.
[MoAyueHHble pe3yAbTaTbl MOATBEPXKAQAIOT BbICOKYO achdhekTnBHOCTb [MC-kapTorpadmpoBaHms AAd
MOHUTOPMHIra KapaHTMHHBIX COPHbIX PACTEHMI, OLLEHKM (PUTOCAHUTAPHBIX PUCKOB M pa3paboTku mep
MO OrpaHUYEHMIO X AAAbHENLLEro pacrnpoCcTpaHeHus.

KAloueBble CAOBa: KapaHTUHHblE COpHble pacTeHus, kapTorpadguposanue, [MC, Rhaponticum
repens, Ambrosia artemisiifolia, Cuscuta campestris, QGIS, dovTocaHUTapHbI MOHUTOPUHT.

Introduction

Biological invasions have long been recognized
as a major ecological process shaping species dis-
tributions worldwide, with early conceptual frame-
works highlighting their historical, biogeographi-
cal, and evolutionary dimensions (Di Castri, 1989;
Bradley et al., 2011).

In recent decades, the ecological and economic
impacts of invasive and quarantine weed species
have intensified under the combined effects of cli-
mate change, land-use transformation, and increas-
ing global connectivity. Rising temperatures, shifts
in precipitation regimes, and the growing frequency
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of extreme climatic events enhance the establish-
ment, persistence, and spread of invasive plants by
weakening crop competitiveness and destabilizing
native plant communities (Clements & DiTomma-
so, 2012; Kairova et al., 2025; Liu et al., 2020). At
the same time, global trade, expansion of transport
infrastructure, and agricultural intensification facili-
tate long-distance dispersal of propagules, accelerat-
ing the accumulation of alien species across regions
and national borders (Early et al., 2016; Seebens et
al., 2021). These interacting drivers are particularly
pronounced in arid and semi-arid regions, where
limited ecological resilience increases the vulner-
ability of agroecosystems to biological invasions.
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Central Asia represents a critical hotspot for
weed invasions due to its continental climate, ex-
tensive irrigated agriculture, increasing anthropo-
genic pressure, and long history of land disturbance.
The region is characterized by highly heterogeneous
environmental conditions, including arid and semi-
arid ecosystems, large-scale agricultural landscapes,
and extensive transport networks that facilitate the
introduction and spread of alien plant species. Re-
cent assessments indicate that invasive weeds such
as Rhaponticum repens, Cuscuta campestris, and
Ambrosia artemisiifolia are actively expanding their
distributions within Kazakhstan and neighboring
countries, posing increasing threats to agricultural
productivity, native biodiversity, ecosystem stabil-
ity, and phytosanitary security (Kochorov et al.,
2025). These species are capable of forming dense
populations that compete with native vegetation
and cultivated crops for water, nutrients, light, and
space, resulting in substantial economic losses and
ecological degradation.

The invasion success of these species is largely
attributed to their high ecological plasticity, broad
environmental tolerance, efficient reproductive sys-
tems, persistent soil seed banks, and multiple dis-
persal pathways. In addition, many invasive weeds
demonstrate resistance or tolerance to conventional
mechanical and chemical control measures, making
their management increasingly difficult once popu-
lations become established. Climate change may
further accelerate invasion processes by creating
favorable conditions for range expansion and in-
creasing the likelihood of successful establishment
in previously unsuitable habitats. Recent phytosani-
tary studies conducted in Kazakhstan have reported
a continuing increase in the occurrence and distribu-
tion of quarantine weed species, emphasizing the ur-
gent need for region-specific monitoring programs,
risk assessment tools, and science-based manage-
ment strategies (Kochorov et al., 2025).

From a theoretical perspective, these patterns
are consistent with ecological niche theory, which
emphasizes the importance of niche conservatism,
environmental filtering, propagule pressure, and
non-equilibrium dynamics in determining the dis-
tribution and expansion of invasive species. Under-
standing these mechanisms is essential for improv-
ing predictive modeling approaches and developing
effective long-term strategies for invasive weed
management under changing environmental condi-
tions (Peterson et al., 2011).

Despite growing recognition of the threat posed
by invasive alien species, spatially explicit and har-

monized data on their current distribution in Cen-
tral Asia remain limited. This information gap con-
strains the development of effective early-warning
systems and evidence-based management strategies.
Recent global syntheses have highlighted invasive
species as one of the major drivers of biodiversity
loss worldwide, with impacts exacerbated by cli-
mate change and insufficiently coordinated biosecu-
rity responses (Pysek et al., 2020; Roy et al., 2024).
In response, international initiatives such as the In-
vasiBES project have emphasized the need to inte-
grate ecological data, spatial analyses, and manage-
ment frameworks to better understand and mitigate
the impacts of invasive alien species on biodiversity
and ecosystem services (Gallardo et al., 2023).

In the context of increasing pressure on agricul-
tural systems, invasive and quarantine weeds rep-
resent not only an ecological challenge but also a
significant economic constraint for crop production.
Yield losses, increased management costs, and re-
strictions on agricultural trade associated with quar-
antine species underscore the need for improved
surveillance and control strategies. In regions with
intensive irrigation and rapidly expanding agricul-
tural infrastructure, such as southern Kazakhstan,
the risk of weed introduction and secondary spread
is particularly high. Despite this, regional-scale as-
sessments integrating field observations with GIS-
based mapping remain scarce. Addressing this gap
is essential for developing proactive phytosanitary
measures, improving early-warning systems, and
supporting evidence-based decision-making aimed
at reducing the long-term impacts of invasive weeds
on agroecosystem sustainability.

Advances in geospatial technologies now pro-
vide powerful tools for addressing these challenges.
Geographic Information Systems (GIS), combined
with georeferenced field surveys, enable the iden-
tification of invasion hotspots, dispersal pathways,
and key environmental drivers of weed spread at re-
gional and landscape scales. GIS-based approaches
have proven effective for early detection, invasion
risk mapping, and prioritization of control mea-
sures in agricultural and semi-natural ecosystems.
Spatial information on weed distribution is particu-
larly important for supporting non-chemical and
integrated weed management strategies, which are
increasingly promoted as sustainable alternatives to
herbicide-based control (Pala & Mennan, 2022). In
regions undergoing rapid environmental and socio-
economic change, such as southern Kazakhstan,
spatial analyses represent a critical decision-support
tool for phytosanitary surveillance and integrated
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weed management under current and future climate
scenarios.

Beyond documenting invasion patterns, recent
studies emphasize the importance of integrating
restoration and adaptive management strategies to
mitigate the impacts of invasive plant species un-
der ongoing climate change. Restoration-based ap-
proaches, including habitat rehabilitation and eco-
system resilience enhancement, are increasingly
recognized as essential components of long-term
invasion management (Selvakumar et al., 2026).

The objective of this study was to map the cur-
rent distribution of major invasive and quarantine
weed species in southern Kazakhstan using georef-
erenced field surveys and GIS-based mapping. Par-
ticular attention was given to species-specific occur-
rence patterns, infestation hotspots, and landscape
features potentially associated with weed spread,
with the aim of supporting phytosanitary monitoring
and region-specific management strategies.

Unlike previous phytosanitary surveys in Ka-
zakhstan, the present study provides a unified GIS-
based mapping framework for three major quaran-
tine weed species (Rhaponticum repens, Cuscuta
campestris, and Ambrosia artemisiifolia) across four
southern regions of Kazakhstan. The study gener-
ates one of the first published GIS-based distribu-
tion datasets for major quarantine weeds in southern
Kazakhstan that may support future phytosanitary
monitoring, invasion-risk assessment, and long-
term surveillance programs.

Materials and methods

Study Area and Sampling

Field surveys were conducted in southern Ka-
zakhstan, covering the Almaty, Zhetysu, Zhambyl,
and Turkestan regions. Weed sampling was per-
formed across agricultural fields, roadside habitats,
fallow lands, and irrigated agroecosystems. A total
of 30 georeferenced sampling sites were surveyed.
Field surveys were conducted during the period of
28 April to 26 October 2025 within the active veg-
etation period of the target species, when plants
could be reliably detected and identified under field
conditions. The surveys were carried out during a
single growing season. Sampling sites were selected
using a targeted survey approach to represent the
main habitat types and potential dispersal path-
ways of quarantine weeds in southern Kazakhstan.
Priority was given to agricultural fields, irrigated
croplands, field margins, roadside habitats, fallow
lands, and areas located near transport or irrigation
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infrastructure. At each site, weed presence was vi-
sually confirmed, GPS coordinates were recorded,
and representative plant specimens were collected
for further identification. Sampling intensity varied
among sites depending on local infestation density;
therefore, the number of collected specimens was
interpreted as an indicator of local occurrence and
infestation level rather than as a standardized den-
sity estimate.

Three invasive and quarantine weed species
were investigated: Rhaponticum repens, Cuscuta
campestris Yunck., and Ambrosia artemisiifolia L.

In total, 1078 specimens of R. repens were col-
lected from 13 sites, 1027 specimens of C. campes-
tris from § sites, and 1153 specimens of A. artemisi-
ifolia from 9 sites. Sampling intensity varied among
locations depending on infestation density.

To ensure data consistency, all field observa-
tions were recorded following a standardized sam-
pling protocol. Sampling sites were selected to rep-
resent major land-use types, including croplands,
irrigation zones, roadside habitats, and fallow lands.
At each site, weed presence was visually confirmed,
and representative specimens were collected for
species identification. Collected specimens were
labeled and documented to link field records with
spatial data.

GIS-based mapping

The geographic coordinates were recorded for
each studied weed (30 points) across the study area
using a Garmin Montana 7501 GPS device (Kansas
City, MO, USA). To map of the sampling locations
based on the GPS coordinates, the Lat Lon Tools
plugin (Lat Lon Tools, 2026) in the Quantum Geo-
graphic Information System (QGIS 3.28) (Gizach-
ew et al., 2016; Khusnitdinova et al., 2024; Khus-
nitdinova et al., 2025; QGIS Association, 2026) was
utilized (Figure 1, Table 1,2).

A similar GIS-based spatial framework has previ-
ously been applied for mapping plant pathogen distri-
bution in natural ecosystems of Kazakhstan (Kerim-
bek et al., 2025). In the present study, georeferenced
occurrence records obtained during field surveys
were integrated into a GIS environment to visualize
species distributions, identify infestation hotspots,
and compare spatial patterns among regions. In ad-
dition to mapping the occurrence points, the distri-
bution patterns were interpreted in relation to major
habitat and landscape characteristics recorded during
field surveys, including land-use type, irrigation in-
fluence, roadside disturbance, fallow vegetation, and
agricultural management intensity.



M.A. Khusnitdinova et al.

Tablel

Quarantine weed species sampling locations in the southern Kazakhstan

Region No. on Map Coordinates
1 43.5369453, 77.15861351
Almaty Region
2 43.46000082, 79.38916905
Zhetysu Region 3 45.75222303, 78.43444692
Almaty Region 4 43.39638975, 76.91333573
5 42.33305656, 69.7138913
Turkestan Region
6 43.22416766, 69.86472466
Rhaponticum repens
(1078) 7 43.66500087, 76.51361352
Almaty Region 8 44.33861198, 75.82139133
9 43.67638976, 76.50472463
Zhambyl Region 10 43.83666757, 74.68222465
11 43.53666752, 77.16972463
Almaty Region 12 43.43500084, 78.35250239
13 43.4350009, 78.35250241
Turkestan Region 14 42.33305656, 69.7138913
) 15 449813897, 78.34444689
Zhetysu Region
16 43.1363898, 74.62333574
Cuscuta campestris Almatv Regd 17 43.2894453, 77.17833573
maty Region
(1027) yree 18 43.28972308, 77.17833573
) 19 44.17527857, 80.12139129
Zhetysu Region
20 44.17138968, 80.08139129
Almaty Region 21 43.60083415, 79.42805794
22 44981389704, 78.344446890
Zhetysu Region
23 44.976111926, 78.395280223
24 44.976111926, 78.395280223
25 43.536667522, 77.170002402
Amb"’s";ﬁg’;’”’”@fd’a 26 43384167524, 77.164724619
Almaty Region 27 43.311389743, 77.373057948
28 43.289723081, 77.178335727
29 43.289167525, 77.178057949
30 43.211389757,76.712780172

These factors were not analyzed as independent
quantitative predictors in the present study; howev-
er, they were used to support ecological interpreta-
tion of the observed spatial patterns and to identify
potential habitats associated with weed establish-
ment and spread. Particular attention was paid to
areas characterized by intensive agricultural activ-
ity, transportation corridors, and disturbed habitats,
which are commonly recognized as important path-
ways facilitating the introduction and secondary dis-
persal of invasive plant species. The incorporation
of field observations with spatial visualization also

enabled the identification of potential relationships
between weed occurrence and anthropogenic land-
scape modification.

This integrated methodological approach al-
lowed for a consistent spatial comparison of infesta-
tion patterns among species and regions, providing a
robust basis for subsequent analysis and interpreta-
tion. Furthermore, the generated distribution maps
constitute an important baseline dataset for future
phytosanitary monitoring, risk assessment, and
long-term surveillance of invasive and quarantine
weed species in southern Kazakhstan.
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Table 2

Summary of occurrence records and infestation intensity of quarantine weed species in southern Kazakhstan

Species Sites Specimens Mean specimens/site
R. repens 13 1078 82.9
C. campestris 8 1027 128.4
A. artemisiifolia 9 1153 128.1

Figure 1

Spatial distribution of quarantine weed species in southern Kazakhstan

60

@ Ambrosia artemisiifolia L. @ Cities

+ Cuscuta campestris Yunck. === State border
@ Rhaponticum repens

Results and discussion

GIS-based mapping revealed distinct distribu-
tion patterns among the studied weed species. Spe-
cies differed in geographic coverage, infestation
intensity, and habitat associations across southern
Kazakhstan.

Species differed considerably in terms of geo-
graphic coverage and local infestation intensity. R.
repens occupied 43.3% of all sites surveyed (13 of
30 locations), representing the widest geographic
distribution among the weeds studied. 4. artemisi-
ifolia accounted for the largest number of collected
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specimens (1153 individuals), whereas C. campes-
tris showed the highest average infestation intensity
per occupied site (128.4 specimens per site), indicat-
ing the formation of dense local populations despite
its more restricted distribution.

Rhaponticum repens showed the broadest geo-
graphic distribution, being recorded at 13 sampling
sites across arid and semi-arid landscapes of the
Almaty, Zhetysu, Turkestan, and Zhambyl regions.
The highest occurrence was observed in Almaty Re-
gion. This pattern may be associated with favorable
climatic conditions, intensive agriculture, and high
landscape connectivity; however, these factors were
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not quantitatively evaluated in the present study.
The species’ tolerance to drought, soil disturbance,
and mechanical control, together with its extensive
underground root system, contributes to its success-
ful establishment and persistence in these environ-
ments (EPPO, 2026; Jacobs & Denny, 2006). Its fre-
quent detection in agricultural and roadside habitats
also indicates that repeated mechanical disturbance,
movement of soil, and landscape connectivity
may contribute to local persistence and secondary
spread. Therefore, disturbed habitats such as field
margins, fallow lands, irrigation-adjacent areas, and
roadsides may serve as important reservoirs for lo-
cal persistence and further spread.

The potential consequences of R. repens expan-
sion are particularly relevant for agricultural land-
scapes of southern Kazakhstan. Dense populations
of perennial rhizomatous weeds may reduce crop
competitiveness by limiting access to soil moisture,
nutrients, and light. In dry regions, where water
availability is one of the main constraints for crop
production, such competition may increase yield
instability and complicate weed management. Once
established, R. repens populations are difficult to
eradicate because mechanical control alone may
stimulate vegetative regrowth from remaining root
fragments. This indicates that areas with repeated
soil disturbance should be considered priority zones
for monitoring and long-term integrated control.

Cuscuta campestris was detected at 8 sites and
was primarily associated with irrigated croplands,
field margins, and roadside habitats. Despite fewer
sampling locations, the high number of collected
specimens indicates substantial local infestation lev-
els. This pattern suggests that C. campestris forms
dense populations once established, particularly
in irrigated agroecosystems where host availabil-
ity and suitable microclimatic conditions promote
rapid spread. Its close association with irrigation
infrastructure and transport routes highlights the
importance of anthropogenic dispersal pathways.
The spread of C. campestris may be facilitated by
several human-mediated pathways, including con-
taminated crop seed, movement of infested plant
residues, agricultural machinery, irrigation water,
and transportation networks (Parker, 2012, 2022).
Non-cultivated vegetation along field margins may
serve as a secondary reservoir, allowing the parasite
to persist outside agricultural fields and subsequent-
ly reinvade cultivated crops. The consequences of
C. campestris infestation can be severe, as parasitic
weeds directly reduce host growth and productivity,
contaminate seed material, and complicate phytos-
anitary control. In this context, early detection be-

fore seed formation is essential, because the accu-
mulation of seeds in the soil may support repeated
infestation in subsequent growing seasons.

Ambrosia artemisiifolia was recorded at 9 sites,
mainly within the Almaty and Zhetysu regions. The
species exhibited a fragmented but expanding dis-
tribution, with higher infestation levels near urban-
ized areas, transport corridors, and highly disturbed
agroecosystems. The large number of specimens re-
flects active population growth and ongoing range
expansion. These distribution patterns are consistent
with the species’ preference for disturbed habitats
and its effective dispersal through agricultural ma-
chinery and road networks. Its spread is supported
by high seed production, the formation of a persis-
tent soil seed bank, and effective dispersal through
transport corridors, contaminated soil, agricultural
machinery, and movement of crop products (Essl et
al., 2015; Lemke et al., 2019; Skalova et al., 2017).

In agroecosystems, dense populations may
compete with crops during early development and
increase the cost of weed control. In disturbed ur-
ban and peri-urban habitats, the species is also im-
portant because its pollen is highly allergenic and
may contribute to seasonal allergic rhinitis and
other respiratory symptoms in sensitive populations
(EPPO, 2026; Schaffner et al., 2020). Therefore, the
detection of A. artemisiifolia near urbanized areas
and transport routes indicates a need for coordinated
phytosanitary and environmental monitoring. Con-
trol measures should focus on preventing seed pro-
duction, reducing disturbed bare soil patches, and
monitoring roadsides and settlement-adjacent agri-
cultural fields as potential sources of further spread.

Comparison of occurrence records revealed
contrasting invasion strategies among species. R.
repens exhibited broad regional distribution, sug-
gesting successful long-distance establishment
across multiple habitat types. In contrast, C. camp-
estris demonstrated localized but dense infestations,
whereas A4. artemisiifolia displayed an intermediate
pattern characterized by fragmented distribution and
active expansion in disturbed habitats.

The mapped occurrence records indicate that
many infestations were located in proximity to
transport corridors, irrigated agricultural systems,
and intensively managed landscapes. Although no
formal statistical testing of environmental predictors
was conducted, these patterns suggest that anthro-
pogenic land-use features may contribute to weed
establishment and spread.

The observed distribution patterns are consistent
with the ecological and land-use characteristics of
southern Kazakhstan, including arid climatic condi-
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tions, irrigation-dependent agriculture, and varying
levels of anthropogenic disturbance. These factors
create heterogeneous habitats that may facilitate
weed establishment and persistence.

Recent perspectives in weed science emphasize
a shift toward predictive, spatially explicit, and sys-
tems-based approaches to weed management under
global change scenarios (Zimdahl & Basinger, 2024).
Our findings align with recent global assessments
identifying spatial monitoring, invasion forecasting,
and management integration as key research priori-
ties in modern weed science (Brainard et al., 2023).

The growing complexity of weed invasions has
also contributed to the expansion of weed science
as an interdisciplinary field integrating ecology, ge-
ography, and agricultural management (Shrestha et
al., 2021). Similar trends in the expansion and man-
agement challenges of invasive weeds under climate
change have been reported for agricultural ecosys-
tems in other regions, highlighting the global rel-
evance of spatially explicit monitoring approaches
(Ionescu et al., 2023a, 2023b).

These findings underline the necessity of incor-
porating GIS-based distribution data into regional
weed monitoring programs to improve early detec-
tion and management efficiency.

Conclusion

GIS-based mapping of 30 georeferenced sur-
vey locations and 3258 collected weed specimens
revealed clear differences in the distribution pat-
terns of three major quarantine weeds in southern
Kazakhstan. Rhaponticum repens exhibited the
broadest geographic distribution (13 sites), Ambro-
sia artemisiifolia produced the highest number of
recorded specimens (1153), and Cuscuta campestris
showed the highest local infestation intensity de-
spite occurring at fewer locations.

The generated distribution maps identified sev-
eral concentration zones associated with agricultural

landscapes, irrigated areas, roadside habitats, and
other disturbed environments. The generated maps
provide a baseline framework for future integration
of environmental predictors, ecological niche mod-
elling, and invasion-risk assessments.

More broadly, the findings contribute to under-
standing invasion dynamics in arid and semi-arid
regions of Central Asia, where agroecosystems are
particularly vulnerable to biological invasions. The
methodological framework applied in this study can
be extended to long-term monitoring programs and
additional invasive species. Future research should
integrate GIS-based mapping with ecological niche
modeling and climate projections to improve inva-
sion risk forecasting and support sustainable agri-
cultural management in Kazakhstan.
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SHTOMOITATOTEHAI CAHbIPAYKY¥AAK
BEAUVERIA BASSIANA-HbIH HALYOMORPHA HALYS-KA SCEPI

3.K. lanp06exoBa , 1.A. I'punieHko

Halyomorpha halys (koHblp MBpMap KaHAaAQ) — XKeMiC, KOKOHIC XaHe Oay-0akiia AaKbIAAAPbIHA
EAEYAI SKOHOMMKAABIK, 3USIH KEATIPETIH MHBa3UBTI MOAMQArusAbIK, 3usaHKeC. TypaiH >KoFapbl Kebeio
KabiAeTi, KeH KOPEKTIK CrMeKTPi >KaHe apTYPAI KAUMATTbIK, XKaFAanAapra 6eMiMAEAYi OHbIH, KenTereH
eAAEpAE Te3 TapaAybiHa ceben 60aabl. Beauveria bassiana sSHTOMONATOreHAI CaHbIpayKyAarbl XXOFapbl
MaTOreHAIAIN MEH 3KOAOTMSIAbIK, Kayinci3airiHe GalAaHbICTbl 3USHKECTEPMEH GUOAOTMSIABLIK, KypecTe
NepCrnekTUBaAbl areHT GOAbIN TabbiAaAbl. 3epTTeyAiH MakcaTbl H. halys-TiH apTypAi AamMy caTbiAapbiHa
Kapcbl B. bassiana >kepriAikTi M30AATbIHbIH TUIMAIAITIH 6araray GOAAbI.

3epTxaHaAblk, KaFAaMAd >KYMbIPTKAAap, Humdasap >koHe epecek aapakrtap 1x10°-1x108
KOHUAMS/MA KOHLEHTPaUMSIAAPbIHAAFbI KOHUAMSABIK, CYCMEH3USIAAPMEH BHAEAAT. OAIM-XKITIM AeHreli,
MH(PEKUMIHBIH AaMy AmMHamuKackl, LTse kaHe LTgy KepceTkilTepi, COHAAM-aK, CaHblpayKYAAKTbIH,
cybAaeTanbal acepAaepi 3epTTesai. HaTmkeaep KOHMAMSAAD KOHUEHTPALUMSICbIHbIH, SKOFapblAaybIMeH
OAIM-XKITIM AGHTeMiHIH A€ apTKAHbIH KepceTTi. EH korapbl acep 1x 108 KOHMAMA/MA KOHLEHTPALMSICbIHAA
GaikaAAbl: HUMarapAbIH BAIM-XKITIMI 98%-Fa, epecek AapakTapAblH OAIM-XKITiMi 95%-Fa >koHe
SKYMBIPTKAAQPABIH, OAIM-XKITIMI 74%-Fa xeTTi. COHbIMEH KaTap, eH, »KOFapbl KoHUeHTpaumsaaa LTs,
KepceTkii 3,7 TOyAIKTI KypaAbl, GYA XKepriAikTi U30ASTTbIH KOFapbl BUPYAEHTTIAIriH kepceTTi. CoHAan-
aK, CaHblpayKyAak ocepiHeH KOpeKkTeHy GeACeHAIAIriHIH TemeHAeyi, KO3FaAy KapKblHAbIAbIFbIHbIH
BACipeyi )XaHe penpoAYKTMBTIK KOPCETKILITEPAIH HalapAaybl 6GanKaAAbl.

AAblHFaH HeTwXeAep Beauveria bassiana >epriaikTi m3oaaTbiHbiH, - Halyomorpha halys-ke
KapCbl XKOFapbl SHTOMOMATOr€HAIK GEACEHAIAIK KOPCETETIHIH >XKOHE OHbl 3MSHKECTEPMEH KYPEeCTiH
MHTerpaumnsiAnaHFrad GMOAOTMSAbIK 6aFAapAaMarapbiHAA KOAAAHY MEPCMEeKTUBAAbI EKEHIH ADAGAAEHAI.

Tyiin ce3aep: Halyomorpha halys, Beauveria bassiana, 3HTOMOMaTOreHAl CaHblpaykyAakTap,
OGUOAOIMSIABIK, GaKblAy, MHBA3UBTI 3USHKECTEP, BAIM-XKITIM.

A.N. Makhambetov', R.T. Kenzhebekova', B. Dulat'?,
Z K. Dairbekova', D.A. Gritsenko'?*
“Institute of Plant Biology and Biotechnology”, Kazakhstan, Almaty
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Effects of the entomopathogenic fungus
Beauveria bassiana on Halyomorpha halys

Halyomorpha halys (brown marmorated stink bug) is an invasive polyphagous pest that causes sig-
nificant economic damage to fruit, vegetable, and horticultural crops. The species’ high reproductive
capacity, broad range of host plants and adaptation to diverse climatic conditions have led to its rapid
spread across many countries. The entomopathogenic fungus Beauveria bassiana is a promising biologi-
cal pest control agent due to its high pathogenicity and environmental safety. The aim of this study was
to evaluate the efficacy of a native isolate of B. bassiana against various stages of H. halys.

Under laboratory conditions, eggs, nymphs, and adults were treated with conidial suspensions at
concentrations of 1x10%-1x108 conidia/ml. Mortality rates, infection dynamics, LTs, and LTy, values,
and the sublethal effects of the fungus were studied. Results showed that mortality also increased with
increasing conidia concentrations. The greatest effect was observed at a concentration of 1x102 conidia/
ml: nymph mortality reached 98%, adult mortality 95%, and egg mortality 74%. Furthermore, at the
highest concentration, the LTs, index was 3.7 days, indicating the high virulence of the local isolate.
The fungus also reduced feeding activity, decreased movement intensity, and impaired reproductive
performance. These results demonstrate that the local isolate of Beauveria bassiana exhibits high en-
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DHTOMONATOTeH/II CaHbIpayKYJIaK Beauveria bassiana-uviy Halyomorpha halys-xa acepi

tomopathogenic activity against Halyomorpha halys and holds promise for use in integrated biological
pest management programs.

Keywords: Halyomorpha halys, Beauveria bassiana, entomopathogenic fungi, biological control,
invasive pest, mortality.
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BAMsiHME SHTOMOMATOreHHOro rpuba
Beauveria bassiana na Halyomorpha halys

Halyomorpha halys (kopv4HEBbI MPAaMOPHbIN KAOM) — MHBA3MBHbIA MOAUATHbIA BPEAUTEAb, Ha-
HOCSILUMIA 3HAYUTEAbHbIA S3KOHOMUYECKUIA yliepO MAOAOBbIM, OBOLLHbLIM M CAAOBbIM KYAbTYpam. Bbi-
CoKasl penpoAyKTUBHAS CMOCOBHOCTb BMAQ, LIMPOKUIA CMEKTP MUTATEAbHbIX BELEeCTB U aAanTaums K
PaA3AUYHBIM KAMMATUUECKUM YCAOBUSIM MPUBEAU K €ro ObICTPOMY PACNPOCTPAHEHMIO BO MHOTMX CTpa-
Hax. DHTOMOMNATOreHHbIN rpub Beauveria bassiana SBASETCS NePCNEKTUBHBIM areHTOM 6UOAOrMUECKOro
KOHTPOAS BpeAnTeAein 6Aaroaapsi CBOen BbICOKOM NaTOreHHOCTH 1 3KoAoruueckoi 6esonacHoctu. Lle-
AbIO MCCAEAOBaHMS OblAa olieHKa 3hHEKTUBHOCTU MECTHOIO M30AsTa B. bassiana NpoTUB pa3AMUHbIX
cTaamii paseutums H. halys.

B AabGopaTopHbIX YCAOBMSIX siilia, HUMbI 1 B3pOCAble 0CO6M 06pabaThiBaAU CyCMEH3UAMMU KOHM-
AW B KOHUEHTPaumsxX 1x105—1x108 KOHMAMI/MA. M3yUaAan ypoBeHb CMEPTHOCTU, AMHAMMKY Pa3BUTUS
nHdekumm, nokasaream LTsq u LTgo, a Takke cybaeTaabHble 3dhdexTbl rpuba. PesyAbTaTbl nokasaau,
UTO YPOBEHb CMEPTHOCTM TaKXKe YBEAMUMBAACS C MOBbILEHWEM KOHLEHTpauumM KoHUAMA. Hanboab-
Wi 3¢ppekT HabAOAAACS NMPU KOHUEHTPaLMK 1x108 KOHMAMIA/MA: CMEPTHOCTb HUMM AoCTUrAa 98%,
CMEpPTHOCTb B3POCAbIX 0cO6eit — 95%, a cMepTHOCTb sul, — 74%. Kpome Toro, npu camoit BbICOKOW
KOHUeHTpaumn uHAeKkC LTso cocTaBma 3,7 AHS, UTO YKasblBaeT Ha BbICOKYIO BUPYAEHTHOCTb MECTHO-
ro n3oAdTa. Tak>Ke NnoA BO3AENCTBMEM rprbKa HABAIOAAAOCH CHUXKEHME aKTMBHOCTU MUTAHMS, OCAQ-
6AeHME UHTEHCUMBHOCTM MEepeABUMXKEHUS U YXYALLEHME PErpoAYKTUBHBIX MokasateAei. [1oAyyeHHble
pe3yAbTaTbl AOKA3blBAlOT, UTO MECTHbIN M30AST Beauveria bassiana 06AapaeT BbICOKOM 3HTOMOMATO-
reHHOM aKTMBHOCTbIO NpoTnB Halyomorpha halys v nepcnekTMBeH AAS MCMIOAb30BaHMS B NPOrpammax

MHTErprMpoBaHHOM 6MOAOTMUECKO GOPbObI C BPEAUTEAIMM.
KatoueBble caoBa: Halyomorpha halys, Beauveria bassiana, aHTomonarorexHble rpubbi, 6MoAorun-
YECKMI1 KOHTPOAb, MHBA3UBHbBIN BPEAUTEAb, CMEPTHOCTb.

Kipicne

Konplp mapmap kaunmanacel — Halyomorpha
halys (Stal, 1855) (Hemiptera: Pentatomidae) —
dIIeMJIET] ©H KayilnTi WHBAa3WSJIBIK aybll IIapya-
IIBUIBIFBI 3USTHKECTEPiHIH Oipi OOJIBIN caHaabl.
[Iereic A3usaaan, atan aitkanga Kerrait, JKamo-
uusi, Kopest >xoHe TailBaHb ayMakTapbIlHaH Tapa-
FaH OYJ TYp COHFBI OHXBULIBIKTapAa ConTycTik
Awmepukara, Eyponara xone bateic men OpTaibik
ABUSHBIH OipKaTap eHipiepiHe >KbUIIaM TapaliJIbl
(Leskey et al., 2022; Beus et al., 2024; Luo et al.,
2025).

H. halys TypiHiH WHBa3UsUIBIK TaOBICTBUIBIFBI
OHBIH KOFapBI SKOJIOTHSIIBIK, OeHiMAUTITIMEH, KYIII-
Ti Tapany KaOuleTiMeH, KOpPEKTiK OCIMAIKTEepiHiH
KEH ayKbIMBIMEH JKOHE JKOFaphl KeOero aieyeTiMeH
Tycinaipineai. byn susukec nmonudar 60bm TaObI-
nazpl xxeHe 300-1eH actaM eciMAIK TYPIMEH KOpeK-
TEHE aJlajlbl, OJIapJblH KaTapblHA IKOHOMHKAJIBIK
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MaHBI3EI 30D KEMIC-)KHUIIEK, KOKOHIC, COHIIIK YKOHE
ericrik makeuiaap kipenai (Beus et al., 2024).

H. halys-TiH KenTIpeTiH eneyii 3USHBI aiMa,
anMypT, madnansl, GyHAYK, KbI3aHAK, COS, KYre-
pi KeOHe XY3IM JaKbUIIAphIH ecipy JKyHemnepiHzie
TipkenreH. KanmagaHblH KOPEKTeHYl HOTHXKECIHAE
OCIMIIK YIITaIapBIHBIH HEKPO3bI, KEMICTEPIIH J1e-
(dopmanmsuIaHybl, TYCiHIH e3repyi, Mep3iMineH Oy-
PBIH TYCyi OaiiKanaapl, COHIai-aK OHIMHIH Camachl
MEH HapBIKTHIK KYHJIBUIBIFBI aTapJIbIKTall TOMEH-
nmerini (Lee et al., 2013; Tassini & Mifsud, 2019;
Keszthelyi et al., 2022; Fluch et al., 2024).

H. halys wHBa3uschIMEH OalIaHBICTBHI DKOHO-
MUKAJIBIK, IIBIFBIHIAP DJIEMHIH KONTETeH eJICPiHiH
aybll MIApyallbUIBIFBl JKyHedepl YIIiH MaHbI3IbI
Mmocenere aiiHanasl. byn nomudar susnkec Conryc-
Tik AMepuka MeH Eypornara eHreHHeH KeifiH xKeMic
0akTapblHa, KOKOHIC JaKbUIJApblHA JKOHE JKaHFaK
eHJipiciHe aWTapibiKTail 3usH kKenTipai. AKII-ta
H. halys-1iH xanmnaii Tapanysl ocipece OpTa ATIaHT
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alfMaFrbIHJIa TIPKEJIiN, ajiMa MEH I1a0aaibl eHIipici-
He eneyni kayin Teraipai (Leskey et al., 2022). Tex
2010 *pUIIBIH 631H/e aTMa OaKTapbIHIAFbI IIBIFbIH
kenemi 37 muunod AKILI nonnaperaan ackin TycTi,
an CyHeKTi jkeMic ecipyurinepaiy KeiOipi 3usHkec
KEJITIpreH KapKbIHIBI 3aKbIMJaHyIap cajapblHaH
eHiMHIH 80—90%-bIH )KOFAJIITKAHBIH Xa0apiansl. H.
halys-TiH KOpEeKTeHYy1 HOTHXECIHAE JkeMic OeTiHme
OMBIKTap MEH TeCiKTep maiiia 0osaabl, HEKPO3IbIK
3aKBIMAAHYJIap JaMEIbI, KemicTep aedopmartus-
JIaHBIM, 1MKi yananapel OyiiHel xKoHe Mep3iMiHeH
OyphIH Tycin Kamanbl. byn e3 ke3erinme oHIM Ke-
JieMi MEH OHBIH HapBIKTBIK CalachbIHbIH alTapibIK-
Taii Tomenzeyine okeneni (Gokturk, 2024; Herrick,
2011; Keszthelyi et al., 2022; Leskey et al., 2022).
H. halys-tin Eypona men KaBka3 eHipiepiHae KbLI-
JlaM Tapaxybl OHBIH SKOHOMHUKAJIBIK MaHbI3bIH OJ[aH
opi apTTeIpael. Kazipri yakeiTTa 3usHKec MTamus,
Ieiinapusa, I'epmanus, ['pysus, Typkus sxoHe
Oacka ma Oipkatap Eypoma enmepinnae TypaKThI 1O-
NYJSIIUSIIAP KANBIITACTHIPHII, JKEMIiC-KHICK JKOHE
KaHFaK OHIIpY *KyHernepiHe eneyii Kayin TOHAipy-
ne. Ocipece QpyHIYK MIaHTAUMsIIApBIHAA KENTIpii-
TeH 3USH OTe JKOFaphl JICHTele TipkereH, ceoedi
KaHJaJlaHbIH KOPEKTEHY1 KaHFaK IOHIHIH camnachlH
TOMEH/ICTIII, OHbIH HAPBIKTHIK KYHBIH alTapIIbIKTal
azafiTagpl. Onemzaeri xerekun (yHIYK OHIIpyIIi
enaepain Oipi Oonmbm caHanaTtelH ['py3msga Oy
sustakec 20162018 xpuimapsl kanmail Tapansl,
enneri QyHAyK OHIMIHIH IIaMaMeH YIITeH Oip Oe-
JIriHig >KoranyblHa ceOen OonraH. I'pysusigarsr H.
halys WHBa3WsCHIHAH TYBIHIAWTHIH KbUI CAWbIHFBI
9KOHOMHMKAJIBIK IIBIFBIH KoJleMi 60 MUIITHOH eypoFa
neiin xxereni gen 6aramanansl (Bosco & Moraglio,
2018; Gokturk, 2024; Haye et al., 2015; Joseph et
al., 2014; Rice et al., 2014).

OcpIHaall 3KOHOMMKAIIBIK MOCEJeNnep dieMe-
ri eH ipi GyHIYK eHAipyIIi ea OOJBIN CaHalaThIH
Typkusina na Oaiikanyna. H. halys Ieireic Kapa
TEHI3 aliMarblHa €HI'€HHEH KeliH 3UAHKECIIEH KaT-
THI 3aKpIMJAHFaH ayMakrapia (QyHAYK eHIMALIIri
MEH CaIachIHBIH alTapIbIKTall TOMEHICY1 TIPKEII.
OHipik Oaranaynap OoiibiHIIa, Oyn 3usHKEC (QyH-
YK OHJIpiCiHe MIJUTHOH/IAaFaH JI0JIap KeJIeMiHe
HIBIFBIH KEATIPTeH, aJl OHBIH MOMYJISIIIUSCH OAaH dpi
oece OepeTtin Oosica, GoJaNIaKTaFsl YKOHOMUKAIBIK,
weirbiHAap | muwumapa AKIL nonnapeiHan acein
Keryli MyMKiH aen Oomxamyma (Gokturk, 2024).
Oynaykran 6acka, H. halys 3aKpIMIaHFaH OHIpIIEp-
Jie aMa, alMypT, a0 1abl, )Ky3iM, KbI3aHaK, JKyTre-
pl KOHE COsl JaKbULAAPBIHBIH A2 MaHBI3/Ibl 3USHKE-
cine aitHane! (Leskey et al., 2022; Keszthelyi et al.,
2022; Rice et al., 2014).

Kasipri yakeitta H. halys nonynsuusicelH Oa-
KBUTAyABIH HETI3Tl TOCUTI PeTiHde XUMUSIIBIK WH-
CEKTUIMATED KOJIAHBUIAJbI. AJjaiijila NeCTHINI-
Tepal KapKbIHABI TMaimanany OipkaTap MaHBI3IBI
mekTeysepre ue. OyapiblH KaTapblHa 3UsTHKECTep-
JIiH MHCEKTUITUATEPTe TOIMILTITIHIH KaJIBIITACYHI,
naijanel OpraHu3Miepre Kepi acepi, KoOpIIaraH
OpPTaHBIH JIACTAHYBl JKOHE aJlaM JICHCAYJIBIFbIHA
TOHETIH Kayintep »xartaubl. COHBIMEH KaTap, Xu-
MUSUTBIK TIpeTapaTTapabl OipHemie peT KOJIaHy
3USIHKECTEPMEH KYPECTIH UHTETpallusIaHFaH XKylie-
JEPiHIH THIMAUTITIH TOMEHIETIII, arpOodKOoKyHeIep-
Jeri OMoalyaHTYPJIUTIKTIH a3aloblHA OKeNIyl MyM-
kin (Chandler et al., 2011; Keszthelyi et al., 2022;
Leskey et al., 2022; Rice et al., 2014; Ribeiro et al.,
2021; Zhou et al., 2024; Li et al., 2025).

Ocel miekreynep H. halys 3usHKeciHe Kapchl Ky-
PECTIH SKOJIOTUSIIBIK, KAyYIIIci3 opi TYpaKTHl Oaimama
BJIICTEPIH B3IpJICYAiH ©3CKTUIIrH alKbIHAAW b H.
halys-TiH YKOHOMHKAJIBIK, 3USHBIHBIH apTYhl, OHBIH
reorpausUIbIK, Tapany alMarbIHBIH JKbLIJIaM Ke-
HErol JKOHE KOPEKTIK OCIMIIKTEPiHIH KEH CIEeKTpi
Oyn 3ustHKecTi OacKapyAblH THIMAL Opi AKOJIOTHs-
JIBIK TYPFBIAH TYPAKTHI CTPATETUSUIAPBIH 931pIiey-
JIH aca KaKETTUIIrH KepceTe/I.

buonorusasik Kypec 9miCTepiHiH IMTiHIAE HTO-
MOTIATOTEH/II CaHBIPAYKYJIAKTAp KOHMIKTEp 3USH-
KEeCTepiHiH Ke€H ayKbIMBIH 3aKbIM/IAT, )KOI0 KaO1J1eTi-
He 0aliIaHBICTBI €PEKIIIe KbI3BIFYIIBUIBIK TYIbIPAIbI
(Ahmad et al., 2012; Wang et al., 2016; Litwin et
al., 2020). Beauveria, Metarhizium, Isaria >xoHe
Cordyceps TybICTapblHa KATAThIH TYPJIEP YHTOMO-
MaTOTeH/II CaHBIPAYKYIAKTAP/bIH CH KAH-KAKThI
3epTTEITeH OMONOTHSIIBIK, areHTTepi OOJIBIT TaOBI-
nanel (Wang et al., 2016). Byn sHTomMonarorenui
CaHBIpayKyJIaKTap JKOHMIKTEPOiH ar3achblHa ac KO-
PBITY KOJIbI apPKBUIBI €MEC, OJIAPJIbIH KyTHKYJIaChIH
TIKEJIeH Tecilt oTy apKbUTHI eHe anaapl. COHIBIKTAH
0JIap IIAHIIBIN-COPFHII )KOHE COPFBIII 3USHKECTEP-
r'e Kapchl KypecTe aca MepcreKTUBANbI Kypas peTiH-
ne kapacteipsiiaas (Litwin et al., 2020).

JKoFapbl MHCEKTHITMITIK OCJICEHAUTIT, HeTepiHiH
KEH ayKbIMbI JKOHE KOpIIaFaH OpTa YIIiH Kayincizi-
Tl apKacelHIa SHTOMOIIATOTEH/II CaHBIPAYKYJIaKTap
OCIMIIIKTEepli MHTErpallsUIaHFaH KOpFay Kyienepi-
HiH MaHBI3IBI Kypamaac 0eJiri jkoHe 3USHKeCTePMEH
KYPECTIH 3KOJOTHUSUIBIK TYPAKThl TEXHOJIOTHSIIAPHI-
HBIH THIMJII KypaJbl PeTiHae KeHIHEH MOWBIHIAIFaH
(Chandler et al., 2011; Sharma et al., 2023).

Ochl caHpIpayKyJIaKTapablH immane Beauveria
bassiana »oHIIKTEp 3USHKECTEpPiHE KApChl KOJIIa-
HBUIATHIH €H MEePCHEeKTHBAIbl MHUKPOOTHIK arcHT-
TepaiH Oipi 6ombi cananazs! (Litwin et al., 2020;
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Ortiz-Urquiza & Keyhani, 2013). B. bassiana wn-
(heKIMSUTBIK, YIepiCTI KOHUAMSUTAPABIH JKOHIIIKTIH
KYTHUKYJIAaChIHA XKaObICYbIHaH Oacraitnbl. OmaH Ke-
WiH KOHUAMSUIAP OHII, KyTHKYJIa apKbUIBI HIII, Te-
MOTIEIIB1 KOJOHM3anusiIaipl. CaHbIpayKyJIaKThIH
TOKCHHIEP 06Tyl MEH MUIICIHHIHIH ITaMybl HOTH-
JKeciHae ueciHiH emimine okenmeni (Altinok et al.,
2019; Wang et al., 2021; Liu et al., 2023). XKonmix
©JITCHHEH KEeHiH OHBIH JICHECiHIH OeTiH/ae caHblpay-
KYJIaKTBIH CIIOpa TY3Yi )KYpei, Oy maToreHHIH opi
Kapaii TapanysiHa MyMKiHZIK Oepeni (Altinok et al.,
2019). Ken menep crekTpi, SKOJTOTHSIIBIK, Kayilci3-
Jiri JkoHE 3MAHKECTEPMEH KYPECTiH WHTErpalus-
JIaHFaH JKyHerepiMeH YiiaeciMauTri apkaceiaia B.
bassiana KOMMEPUHUSIBIK, MUKOHMHCEKTUIIUATEPIIH
JKOHE OWOJIOTHSUTBIK Kypec OarmapiamMaiapbIHBIH
KypambiHaa keHiHeH kosiganbutafel (Chandler et
al., 2011).

Bipkarap 3eprreynep SHTOMONATOTEHI CaHbI-
payKyiakTapaslH H. halys-ke Kapchl 3epTXaHAIBIK
JKOHE JIaNalIbIK JKaFJaiiapia )KOFapbl MAaTOICHIIIK
OCIICeHIITIK KOPCETETIHIH IpMenae/i. 3epTrey Ho-
THOKeNepl OyJ 3USHKECTIH UMaroyiapbl MEH HUMa-
JIApBIHBIH CaHBIpayKyJaK WHEKIUIapblHa JKOFa-
PBI ce3IMTaIIIBIK TaHBITATBIHBIH KopceTTi (Gouli et
al., 2012; Tozlu et al., 2019). Keiiiari 3eprreymnep-
JIe KOHUIUSJIAP KOHIICHTPAIUSCHIHBIH apTYhl )KOHE
oCcep €Ty YaKBITBIHBIH Y3apybl ©JIM-XKITiM JCHTe-
WiHIH JKOFapbUIayblHA BIKIIAJ €TETiHI AHBIKTAJIJIbI
(Parker et al., 2015).

ConbiMeH Katap, B. bassiana-HbIH 9pTYpIli U30-
natTapsl H. halys-xe KaThICTBI TATOTCHIUTITT OOMBIH-
12 epeKIIeIeHETIHIr aHbIKTaIFaH. byn Ouonorus-
JIBIK, KYPECTIH THIMIUIITIH apTTRIPY YIIIH YKOFaphI
BUPYJICHTTI W30JSTTapAbl IPIKTEYiH MaHbI3IbLIbI-
FBIH Kepcereni. Keitbip B. bassiana m30a9TTaphl KO-
HUJIASUTAPJIbIH JKOFaphl KOHICHTPAILUSACHIHIIA KOHE
JKETKUTIKTI 9cep eTy yakbITeIHIa H. halys aumdbana-
pBl MeH epecek gapakTapblHblH 90—100%-ra neitin
emiMine ceden 6omran (Tozlu et al., 2019).

Beauveria werizinneri npemnapaTTapMeH Ky-
MBIPTKAQJIAPIBI OHICY OJIAPIBIH IIBIFY KOPCETKIIMIiH
TOMEH/ICTII, )KaHA/IaH IILIKKAaH HUMQallap/IbIH 6J1iM-
JKITIMIH apTTBIpaThiHbl kepcetired (Tozlu et al.,
2019). 3eprreynep 10°—10® koHumMA/MIT KOHIIEHTpA-
LUSICBIHIAFBI KOHUTUSUTBIK, CYCTICH3USUIAp IbIH dcepi-
HEH eKiHIII jKacTarbl HUMQaiap MEH epeceK Aapak-
Tap apachklHIA KOFAphl ©JIiM JCHreil OalKaTFaHbIH
kepcerTi. COHBIMEH Kartap, CaHbIpayKyJIaKTapblH
BHUPYJICHTTLUIITIH OaFaiay >koHE OpPTYPJI U30JIATTap-
JBIH THIMALTITH canslcThlpy yiuiH LTsq (mapakrap-
Ie1H 50%-BIHBIH ©JTiMiHE IeHiHTI yakhIT) sxoHe LToq
(mapakrapiasiH 90%-bIHBIH ©JTIMIHE JCHIHT1 yaKbIT)
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KepceTKilmTepi keHineH Kosnanbuaasl (Ozdemir et
al., 2022; Parker et al., 2015).

H. halys-xe xapcwl caHbIpayKyJaKTapra Heri3-
JIENITeH OHMOJIOTHSIIBIK, KYpec CTpaTerusulapblH Jia-
MBITY OaFBITBIHJA alTapibIKTal JKeTiCTIKTEepre KO
JKETKI3UIreHIHe KapamacTaH, OipKaTap MaHBI3IbI
Mocesenep il e KETKUTKTI JeHreiae 3epTre-
MereH. Atan aiitkanna, H. halys-TiH 2HTOMOMATO-
TeHJ1 CaHbIpayKyJaKTapFa ce31MTalIbIFbl KOHIHIE
MoIIiMeTTep Oap OOJIFAaHBIMEH, KYMBIPTKA, HUMOA
JKOHE epeceK Japak CaTbUIAPBIHBIH CalbICTHIPMAaIIbI
Ce3IMTANIIBIFEI, COHNAN-aK OJIAPABIH HH(EKIIUIFa
JKayan Oepy epeKIICTIKTepl Typajbl IepeKTep oui
IIe TIeKTEYJII.

ConbIMeH Katap, B. bassiana-HbIH 8pTYPIIi U30-
JATTAPBIHBIH WH()EKIUSIIBIK, YASPICIHIH THHAMAKA-
CBI, CAaHBIPAYKYJIAKTBIH HECl aF3achblH KOJOHU3AIHS-
JIAYBIHBIH MHUKPOCKOIHUSUIBIK, €PEKIICIIKTepl KOHE
KOHMIMSI KOHLUEHTPALUSIChIHA TOYENIl ©JIIM-KITIM
KOPCETKIMTEPI Typasibl aKmapar MIEKTeyIi OOJBIT
OTBIp. Byn FBUIBIMU OJNKBIIBIKTAP YHTOMOTIATOTCH I
CaHBIpayKYJIaKTapAbl KOJNJAHYy TEXHOJOTHSIAPbIH
JKETIAIpyre JKOHE OJapAblH THIMALIIrIH OapbIH-
ma apTTeipyFa kenepri xenripeni. ConnpikTan H.
halys-TiH opTypJli AaMy caTbUIapblHAa KaTBICTHI B.
bassiana-HBIH dCep €Ty EPEKIICTIKTEPIiH KaH-)KaAK-
THI 3€pTTE€y OMOJIOTHSUIBIK KYpec KypalJlapblH OH-
TalJIaHABIPY YIIIH MaHBI3JbI FHUIBIMH YKOHE TMpaK-
TUKAJIBIK MOHTE He.

Ocbl 3epTTey/liH FHUIBIMU JKaHAIBIFBI AJIMAaTHI
OOJIBICBIHBIH JKeMiC arpoleHO3AapblHaH OeJiHiIl
anpIHFaH Beauveria bassiana-HbIH KEPTiTIKTI U30-
nsaTeHbIH Halyomorpha halys-TiH opTypni gamy ca-
ThUTapbIiHa (KYMBIPTKA, HUM(a KoHE UMaro) ocepin
KeleHai OaramayMeH OaiyiaHbICTBL. 3epTTey Oaphl-
CBHIHJIa aJIFaIll PET JKePTUTIKTI W30JATTHIH KOHIICHT-
panusira Toyeni aetanbai ocepi, LTsy xxene LTgg
KOpCETKIITepi, COHAai-aK 3USHKECTIH KOpPEKTEHY
OeJceHaiIirine, KO3fFaly KaOijeTiHe >OHe perl-
PONYKTHUBTIK OJICYETiHE OCep eTeTiH CyOeTaybmi
acepiepi aHbIKTaAbl. ANbIHFaH HOTHKEIep Kazak-
cTaH xarfaeiaaa H. halys-xe Kapchl OMOIOTHSITBIK
Kypec KyHesepiH 93ipiiey YIIiH FhUIBIMH HETi3 Ka-
JIBIITACTHIPAIBI.

3epTTey MaTepuaIaapbl MeH dicTepi

Hondixmepoi
arcazoanoa yemay
Halyomorpha halys TypiHiH epecek gapakTapbl
MEH JKETUIMEreH JIaMmy caTbulapbl BeTeTalUsUIbIK
Ke3eH OaphIChIHJIA JKeMic OaKTapbl MEH aybll Iia-
PYALIBUIBIFBI AKANTapblHaH KUHANALL. JKoHIIKTEp

IHCUHAY  JICOHE  3ePMXAHANbIK



O.H. Maxam0eToB koHE T.0.

anMa, KbI3aHaK JXoHE OYpIIaK TYKbIMIIAC ©CIMIIIK-
Tep CUAKTHI KOPEKTIK OCIMIIKTepACH OYPHIH CHIIAT-
TaJIFaH dJicTeMeNiepre COUKEC KOJIMEH IKHHAJJIbI
(Leskey et al., 2022; Murvanidze et al., 2018; Rice
etal., 2014). 3epTxanaisik ToxRipuOEnIEpre TeK aypy
HeMece 3aKbIMIany Oenrinepi 6alkanrMalTsIH, Oe-
CeHJIi 9pi cay JapakTap ipiKTemiN albIH/IbI.
JKvnanran >KoHIIKTEp 3epTXaHara KEeTKi3ifim,
temrepaTtypackl 23-25°C, caibICThIpMalbl bUI-
FaabUIBIFBl  65—-80% JKoHE KapBIK/KapaHFBUIBIK
pexxuMmi 16:8 carat OonmaThlH OaKbUIAHATHIH JKaF-
Janmapaa JKeIACTUICTIH IIACTUK KOHTEHHepep e
ycranasl. Kopek perinze *aHa >kacbul ypMme Oyp-
maxK (Phaseolus vulgaris), cobi3 (Daucus carota)
JKOHE KYHOarbIc TYKbIMAAphl (Helianthus annuus)
naiaaraneuIbl. KOopekTiH canachiH )KOHE OHTAMIIBI
BUTFAJIIBUTBIK JKaFIalibIH CaKTay MaKCaThIHJA a3bIK
9p 2—3 KYH calibIH KaHAPTBUIBIT OTHIPHI (CypeT 1).
3eprreynepae H. halys-TiH epTypii namy ca-
ThUIAPBIHBIH CE€31IMTaJJIBIFBIH CAJIBICTRIPY YIIIIH KY-

1-cyper

MBIPTKA CalbIMAAPBI, CKIiHII jKacTarbl HUMdanap
KOHE epeceK JapakTap KOJIJIaHbUIJIbI.

Canvipayxynax usonrsmmapbul JHcaHe ecipy Jicae-
oaiinapol

3epTTeye OMONOTHSIIBIK KYpec areHTi peTiH-
e sHTOoMoIaroreHml Beauveria bassiana caHbI-
payKyJiarbl KOJJAHBUIABL. DKCIEPUMEHTTEpP YIIiH
AnMatbl OONBICHIHBIH YKEMIC arpoIeHO3IapbIHaH
JKHUHAJIFaH TOIBIPaK YJTiJiepiHeH OeiHII allbIHFaH
Beauveria bassiana-HbIH XePTUTIKTI W30JIATHI Tai-
JanaHbubl. M301T KOPEeKTik opTara GipHele per
KaiiTa ery apKbUIbl Ta3apThUIbII, OciMuikTep Ono-
JIOTHSCHI KOHE OMOTEXHOJIOTHSICHl MHCTHTYTHIHBIH
MOJICKYJIAIBIK, OMOJIOTHSI 3ePTXAHACHIHBIH KOJUICK-
nusicbiHaa cakTaiael. CaHbIpayKyslaK H30JTTaphl
KapTomn-nekcTpo3a arapel (Potato Dextrose Agar,
PDA) KOpeKTik opTacklHAa ©cipisim, MOJI MeJIIep-
Je KOHUOusuIap Tysinrenre neitin 25 + 1°C teM-
nepatypaga 7—14 toynik Oolbl MHKYOAIMsIIaH/IbI
(1-cyper).

Beauveria bassiana cayvipaykynasvimen Halyomorpha halys sicyxkmuipy sicone ungexyusivlk npoyecmiy 0amy cxemacol

o Xanpikrepai

oHaey

0 Konuguanapabi
AaibiHaay

@ -

PDA, 7-10 Taynik

CycneHausHbl
fadbingay

0,02% Tween 20
Kocy

Bypry
(1-2 mn/koHTeitHep)

Onim xaHe
cnopynaums

o Wnkybaumns

e Wndekunanbiy

Aamybl

Ka3a Taybin,

25#1 °C, 70-85% RH,
cnopa Ty3y

ycTay

©Hin, Tapany

e MHdeKuuaHbIH XaHaiKTe Kypyi g

Tapany

| Konuaus koHaas!

OHin, kyTukynara exy

lemonumcpara Tapany

3aKbIMAaHy Cencuc Cnopynsuus

Mywenepgi 3akbimaay

@ 70-85% RH

- . 16:8 caraT XapuIK;KapaHFbinbIK
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Konuausinap canplpayKyjak —KOJOHHUSUIIAPHI-
ve1H OeTin 0,02% Tween 20 KOChUTFaH CTEPHIIb-
I TUCTUIJCHIeH CYMEH IIal0 apKbUIbl KHHAJJIBI.
AJBIHFaH CyCIIEH3WsA MUIENui  (parMeHTTepiH
KOIO0 MaKcaTbIHJa CTEPUIIBA1 JOKE apKbUIbI CY31JI/i.
KoHUIUSITBIK, CycrieH3usuIap KaKeTTi KOHIEHTpa-
LUsUIapFa CTEPUIIbAl AUCTHIICHTEH CyMeH Oipi3i
CYUBIITY Omici apKbUTBl MalbrHmanasl. KoHumus-
JapJbIH TIPHIUTIKKE KaOiIeTTiiri MeH KOHIICHTpa-
nusicel Ilerpu Tabaxmanapeaaarsl PDA opTaceina
OPTYPAl cyHbUITYyIapAbl ce0y apKbUIbl KOJIOHHUS
ty3ymri 6ipmikrepai (Colony Forming Units, CFU)
ecernTey dIiCiMeH KOChIMIIA TeKcepingi. buockl-
HaKTap KYPri3y YIIiH KOHHUAMSIIAPIBIH TOPT KOH-
LEHTPAIUSICHl AalbIHAanabl: 1 X 10° KoHMAMS/MIT,
1 x 10° xonmmus/mi, 1 x 107 KOHUIUA/MIT KOHE
1 x 10% xoHwTHS/MIL. Bakputay Hyckacel peTiHje
kypambraaa 0,02% Tween 20 Gap crepwibi Iuc-
TUJIZICHTCH Cy Maii1a]aHblIIbL.

Toxipube Gactanmap ajabHIa KOHUIUSIAPIBIH
oHy KabineTi MeH emipieHairi Oarananapl. O yiriH
1 x 10* xoHUAMSA/MI KOHIIEHTpAIUsIIbI CYyCIIeH3Us
PDA xopexkrik opracsl Kyiibuiran [letpu Tabakma-
napbIiHa eringi sxone 25°C Temneparypana 24 carat
0oiibl MHKYOanMATaH 6. OHY MaibI3bl MUKPOCKO-
MMASUTBIK, OICTICH aHBIKTAIABI. ETep oCKiH TYTITiHIH
Y3BIHABIFBl KOHUIMS Y3BIHIBIFBIHBIH KaPTHICHIHAH
acca, MYH/Iail KOHUWSIIap OHTeH JIETT €CeTTeN/Ii.

Toorcipube cviz36acwi

B. bassiana caHbBIpayKyJIarbIHBIH TATOTCHIIK
OeJceHaiNniri 3epTXaHalblK, karnaiina H. halys-tig
JKYMBIpTKaJapbIHa, eKiHII kKacTarbl HUMQanapbiHa
KOHE epeceK JapaKTapblHa KaTBICThI OaralaHIIbl.
OpOip mamMy caThICH KOJIAHBUIFAH CaHBIPAYKYJIaK
KOHHMIUSUIAPBIHBIH KOHIEHTPALUICHIHA COMKEC ToO-
KIpUOEITiK TonTapra OeiH/Ii.

Humdanap MeH epecek napakTapra apHaJFaH
OMOCBhIHAKTapAa 9P TOMKa Oec KOHIAIKTEH OpHajac-
THIPbULABL. JKOHIIKTEp BUIFANJAHIBIPBUIFAH CY3Ti
Kara3bl MCH JKaHa KOPEK CaJIbIHFaH CTEPHIIBII TIIac-
THK KOHTEIHepIiepe ycTanasl. OpOip ToxKipuoemik
HyCKa 0ec KalTambIMaa sKYpTri3iimi, am OyKia ToxKi-
pube Toyenci3 Typae Yl peT KaiTanaHabl.

Kypamsiaaa 10-30 sxyMBIpTKAch! 6ap sKyMBIPT-
Ka caJIbIMIaphl )KEKe-)KEKe bUIFal CY3ri Kara3bIMEeH
Kantairan [lerpu TabakniagapslHa OpHAIACTHI-
poutnel. JKyMbIpTKamapabl eHuey poacimi H. halys
KYMBIPTKAJIAPbIHA KAPChl DHTOMOIIATOTCHII CaHbI-
payKynakTapsl KonjgaHy OOWbIHIIA OYpBIH CHIAT-
TaJFaH dIicTeMeNIepre COUKEC KYPTi3iii.

Canvipayxynar, cycneH3usiapuli Ko10amy

CaHpIpayKyJaKThlH KOHWIMSIIBIK CYCICH3HSI-
Japhl KOHMIKTEPAIH JeHEe OeTiHe KOHUIUSIIAPIbIH
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OipKeJIKi TYCYiH KaMTaMachl3 €Ty MakcaThlHAa KOJ
OYPIKKIMITIH KOMETIMEH KOJIAHBUIABL. OpOip To-
KiprOeTiK HycKara mamMaMeH 1—2 M KOHUIUSIIBIK
CYCIICH3HSI IAITBUIJIBI.

WHokynsuusiiad KeHiH OHJIENTeH KOHIIKTEp
temneparypacsl 25 + 1 °C, canpICThIpMaisl bUTFall-
IBUTBIFBL 70—85% >KoHE KapBIK/KapaHFBUIBIK PEKH-
Mi 16:8 caraT 60maThiH OaKbUTAHATHIH XKaFmalIapaa
ycranasl. byn skarmainap caHbIpayKyJIakTBIH Oa-
Mybl MEH WHQEKIUIBIK TPOIECTIH JKYPYiHEe KO-
JIAlIIBl OPTa KANBINTACTHIPY YIIiH CaKTaJIIbI.

Onim-ociminodi bazanay scone MuKo30bl pacmay

H. halys napaxTapbIHBIH €JIIM-KIiTiMi CaHbIpay-
KYJIaK, CyCIICH3USCHI KOJJIaHBUTFAHHAH KEeWiH KaTa-
poiHaH 11-12 xyH 00#ibl KYH caiibiH Tipkesai. Exin-
I PeTTIK WHPEKIUIAPABIH JaMyblH OOJIbIpMay
MaKCcaTBIH/Ia OJITEH KOHIIKTEep Jepey ToxipudeaeH
AJBIHBIIN OTHIP/IBI.

CanplpayKylak HMHQEKIMSICHIH pacTay YIIiH
OJITEH JKOHMIKTEPIIH JCHENEepi algbIMeH Ke3eK-
ne" 70% 3TUa cOUPTiHE, CTEPUIIBA1 AUCTHIACHTeH
cyra xoHe 1% HaTpuil THMOXJIOPUTI epiTiHaiciHe
OaTBIPBUIBIN, KEHIHHEH CTEpPUJIbII CyMEH IIaiblI-
Jibl. BeTki cTepunm3anusan 6TKeH YIriep bUFa-
JaHIBIpbUIFaH cTepuibai [letpu Tabakmanapbina
OpHANIACTHIPBUIBIN, CAHBIPAYKYIAKTHIH ©cyl MeH
Cropa TY3yiH KaMTaMachl3 €Ty YIIiH 5 ToyIiK OObI
WHKYOaIusIas bl

JKeHnik neHeciHiH OeTiHIE MHKO3 Oenrinepi-
HIH Jamybl BU3yalabl Type OarallaHbIl, CTEpeo-
MHUKPOCKOIT KOMETiMEeH (OTOCYpeTKe Tycipingi. B.
bassiana WHGEKIMACHIHBIH HOTWXKECIHAC TMaiina
OosiFaH CaHBIPAYKYJAKTBIH KOJIOHHM3ALMUSICHl MEH
cropa Ty3yl eJIMHIH OCHI MATOT'eH dcepiHeH 00I-
FaHBIH PacTay/AblH HETi3r1 KepCeTKilTepi peTiHne
naigajsaHbUIIbL.

LT5 orcone LTy kopcemxiwumepin anvlkmay

H. halys-TiH opTypmi gamy caTblIapblHA Ka-
TBICTHL B. bassiana BUPYJCHTTIIIrH Oaranay yIIiH
MeIuaHaNbIK, JieTaababl YakbIT (LTs) skore LToq
KOpCETKIITepi ecenTenai. OmM-KiTiM IepeKTepin
Tajnay JorapumMIik-mpoOUTTIK MOAETbIe Heri3-
JIeNreH mpoOuT-Tanaay ofici apKbUIbl JKYPTi3iiii.
LTso xone LTgo moHAepi OypbhIH KapusuIaHFaH
anicremenepre coiikec ecenrenni (Gouli et al.,
2012; Tozlu et al., 2019; Ozdemir et al., 2022).

Konpganpuiran KOHMAMSUIAPABIH OpTalia eMip-
mensiri 94,3 + 2,1% xypasasl, Oya OnockIHaKTapaa
KOJITaHBUIATBIH SHTOMONATOTEH/II CaHBIPAyKyJIaK-
Tapra KOWBLIATBIH TajanTapra COHKec KeJii.

Kopexmeny dencenoinicin manoay

Kopexreny Gencenainiria Oaranay yurif ap To-
Kipubenik Hyckazaa Tipi xKanran 10 epecek mapak



O.H. Maxam0eToB koHE T.0.

naimananpuiael. Toxipube yimr Toyenci3 KakTa-
TBIMIA KYPTi3imi. JKoHIIKTep jKeKe ITACTUKAIBIK
KOHTEHHepJiepre OpHaJIACTBIPBUIBIN, OJNapFa ajIblH
aja eJIIIeHTeH koHe (POTOCYPETKE TYCIPIITEH XKaHa
ociMIiK Martepuanbl Oepinai. 24 caraT ©TKEHHEH
KeWiH KOpPEK KaJABIKTapbl KaiTa OJIICHIl >KOHE
3aKbIMJIaHFaH JKaIbIpaK HeMece JKeMic OeTiHiH ay-
nmanel Image) OarmapiamMachIHBIH KOMETIMEH aHbIK-
Tangsl. KopekTeHy KapKbIHABUIBIFBI TYTHIHBUIFAH
KOPEK MacCachIHBIH a3aiobl (T) KOHE 3aKbIMIaHFaH
Oer aymaHbIHBIH e3repyi (cM?) OoliblHIIa OaranaH-
Ibl. BapibIk KepceTKilTep OHJCIMEreH OaKbliay
TOOBIMEH CaJIBICTBIPBULIBI.

Penpooyxmusmik kepcemxiwimepoi manoay

PenponykTuBTik OenceHninikTi Oaranay yIIiH
ap Toxipubenik tonrta 10 amanbeik xone 10 ata-
nwlK Halyomorpha halys naparsl naiinanaHbUIIbL.
Toxipube ym Toyenci3 KalTambIMaa >Kypri3ii-
ni. XKynrap sxeke KoHTeiHepnepae yctansim, 14
TOYJIIK OOWBI OaKpIIayFa ajdblHABL. bip aHaIBIKKA
HIAKKAHJIAFBl JKYMBIPTKA CaHbI, XYMBIPTKa caly
KHUUTITT JKOHE JKYMBIPTKAJNAPABIH IIBIFY TaibI3bI
ecenrenai. JKyMmbIpTKa caimpIMIapbl KYH CailblH
KUHANBIN, JEPHOCINIEPAIH IMIBIFY KOpCceTKili
AHBIKTAIAbl. AJIBIHFaH HOTHXKeJep OaKplIay TOOBI-
MEH CabICTBIPBUIJIBL.

Cybaemanvoi ocepaepoi bazanay

B. bassiana WHEKIUACHIHBIH CyOJIeTATbII
acepiiepl JKOHJIKTEPIiH KO3Fary OeJCeHIUIriHe,
KOPEKTeHY MiHe3-KYJIKbIHA KOHE PErpOayKTHUBTIK
KepceTKilTepine Kapail Oaranannel. Kosramy Oein-
ceHauiri op aapaktel 10 MuHyT 00¥iBI OaKBIIAY ap-
KBUIBI aHBIKTaNABL. OChI yaKbIT iIIIHAC )KYPill 6TKEH
KAITBIKTHIK, KO3FAIIBIC Y3aKTBIFBl JKOHE KO3FallbIC
aKTUIEPiHiH caHbl Tipkenai. MiHe3-KYJIbIKTBIK, ©3-
repicTep BU3yanabl OaKbUIAY OIICIMEH OarajaHBIIL,
CHXKAPJIBIK, KO3FaNIbIC YHIECIMALTITiHIH OY3BUIYHI,
KOpEeKTeHyZeH 0ac TapTy >XOHE CBIPTKBI TiTipKEeH-
JiprimTepre peakuusHbIH TOMEHICY1 CHAKTBI Oe-
TiJiep ecemke ajablHIBl. Op ToxkipuOemk Torra 10
Tipi KanFaH gapak 3eprrenai. Toxipube ym toyen-
ci3 KaWTampIMIa Kyprizinmi. bapmeik Oakpuiaymap
OHJIeyIeH KeWiHTi 3, 5 skoHe 7 TOyNiKTepAe Kypri-
31l

Cmamucmukanvix manoay

Craructukanblk eHney Python Garmapmamanay
oprachlHbIH 3.11-HycKachlH mMaiifjanaHy apKblIbl
xyprizingi. Erep 6akpinay TOOBIHAAFEI ©IM-KITIM
neHreri 5%-m1aH ackaH Karmaina, ToXIpUOeNiK
TONTApAbIH oIiM KepceTkimTepi Abbott dopmy-
nacel OoiprHIIa Ty3etimai (Abbott, 1925). Jlepek-
TepAl Taumayra NEWiH OJapIblH KBTI Tapaty
3aHIBUIBIFBIHA COMKeCTIr Tekcepinai. Toxipudemik

TOIITAp apachIHAAFbl albIPMAIIBIIBIKTAPIbl AHBIK-
Tay YuiH Oip (axTOpibl AWCTIEPCHSUIBIK Talnay
(ANOVA) KoyjgaHbUIBIN, KEWIHHEH albIpMallibl-
JBIKTAp/IbIH HAKTBUIBIFBIH Oaraliay MaKcaThIHIA
Tukey HSD moct-xok tecTi xyprizingi. Cratuctu-
KaJIBIK, MaHBI3IBUTRIK JeHreHl p < 0,05 mer KaObuI-
nmaunel (Tukey, 1949).

Tipmrimik ety y3akTHIFBIH Tangay skoHe LTsg
MmeH LTy kepeceTkimTepin ecentey Python 6armap-
TaMacwIHbBIH [ifelines sxoHe statsmodels xiTamxaHa-
JapBIHBIH KOMETIMEH Ky3ere achIpbliabl (Davidson-
Pilon, 2024; Perktold et al., 2024).

3epTTey HATHIKeEPi JKOHE 0J1apAbI TANIAY

Beauveria  bassiana  caHbpIpayKyJIaFbIHBIH
Halyomorpha halys-xe xapcbl maTorenzik OenceH-
JUTIT1 JKOHIKTIH JaMy CaThIChIHA )KOHE KOHUIUSIIAP
KOHIIEHTpaIMIChIHA OalTaHbICTHI e3rep/i. bapibik
TOXKIPUOCITIK TONTapAa CaHBIPAYKYJIaK KOHIICHTpA-
LUSICBIHBIH )KOFapbUIaybIMEH Oipre e1iM-KiTiM JIeH-
reii alTapiabIKTai apTThI.

H. halys enim-ocimivi canvipaykynaxnen ow-
oeyoen Ketlin

Bapnbik ToxipubOemnik TonTapaa caHbpayKyJiaK
KOHUAUSAIAPBIHBIH KOHILIEHTPAIUSCHI 10%-ten 108
KOHUMS/MJI-TE JICHiH apTKaH CaWbIH OJIM-XKITiM
JeHTeii OipTiHaen >korapeutansl. EH sKOFaphl oM
KepceTKimTepi 10% koHmmms/MI KOHILICHTpAaIus-
CBIHJIA TIpKEI i, Oy KOJaHbUTFaH B. bassiana n3o-
JSITBIHBIH KOFapbl BUPYJICHTTUIITIH KOPCETTI.

3epTTenreH Jamy CaThUIAPBIHBIH IMIIHAE HUM-
(hamap canpIpayKyJiak MH(EKIHMICHIHA €H >KOFaphl
Ce3IMTANIBIK TaHBITTEL. HumbamapabH emiM-KiTi-
Mi 10° koHUIMS/MIT KOHLEeHTpauusceinaa 43%-nan
108 koHwMmTHs/MIT KOHIIeHTparusiceiana 98%-ra ne-
HiH apTTBl. ONIM-KITIMHIH €peKIle KYPT >KOFapbl-
Jaysl 10%-nan 107 xoHHIHS/MIT KOHIIEHTPaIUACHI-
Ha aybICKaH/aa OaifKaj/ibl, MyHJIa ©JiM KepCeTKIili
67%-nman 88%-ra neitin octi. bym nepexrep Parker
JKOHE OPINTECTEePiHIH HOTHKEJIePIMEH COMKEC Kee-
Ii, omap B. bassiana HeriziHIeT1 mpenaparTapMeH
eHJienreH H. halys-TiH ekiHIIi jxacTarbl HUM(ama-
PBIHBIH JKOFAphl CE3IMTaJIIBIFBIH KOPCETKEH, MYH/IA
JKOFapbl KOHHUIUS KOHIICHTPALUSIIAPBIHIA ©JiM-
kitiMm meHreii 95-100%-ra xetken (Parker et al.,
2015). Humansik, catbuiapbIH )KOFapbl ce3iMTa-
JIBIFBI  OJIAPJIbIH KYTHUKYJIAChIHBIH JKYKAaJIbIFBIMCH,
JKAMBUIFBICBIHBIH KETKUTIKCI3 CKICPOTH3AIHSCHI-
MEH KOHE €pPECEeK JKOHMIKTEPMEH CabICThIPFaHIa
WMMYHJIBIK KOPFaHBIC JKYHECIHIH BJICI3 JaMybIMCH
tyciamipinmyi mymkin (Ortiz-Urquiza & Keyhani,
2013).
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Epecek H. halys napakrapsl a SJHTOMOIIATOTSH-
Il CaHBIPAYKYJIAKTHIH OCEpiHE JKOFApPBI Ce3IMTall-
IBIK, KepceTTi. Epecek napakrapiablH eJiM-KiTiMi
10°  KOHMIHS/MIT KoHIeHTpamusacsiHaa 30%-max
102 xoHMmMs/MIT KOHIIeHTpanusceinaa 95%-ra ne-
itin apTTHI. AliTa KeTy Kepek, 107 KOHUIMS/MI KOH-
LEHTPaLUICHIHIA €peceK JapaKTap/blH 6JiM-KITiMi
81%-ra xetTi, Oyn B. bassiana-HbIH MaKCUMAaJIbI
JICHIeH/ICH TOMEH KOHIIEHTpAIUsUIap/ia Ja aiKbIH
WHCEKTHIUATIK 9Cep KOPCETETIHIH moenaeni. YK-
cac noTmwkenep Gouli xoHe opinTecTepiHiH 3epT-
TeyiH/e aJBIHFaH, OHJa OPTYPIIl dYHTOMOIATOTEHII
caHbIpayKyJlIaKTapJelH epecek H. halys napakra-
pBIHA KapChI YKOFApPhl BHPYJICHTTIIITT KOPCETIITCH
(Gouli et al., 2012).

Konuausiap KOHIEHTPALUSICHIHBIH apTybIMECH
epeceK JapaKTapJblH OJIM-XKITIM JCHI'CHIHIH KO-
FapbUIaYbl JKOHMIKTIH KyTHKYJIa OeTiHe jkaObIcaThIH
KOHUJIMSJIAD CAHBIHBIH KOOCHOIMEH OailJIaHBICTHI
00JyBl MYMKiH. byl 3 Ke3eriHae KOHUIUSIIAPIbIH
COTTI OHY, CaHBIPAYKYJIAKTBIH KOHJIK aF3achlHa
eHy JKOHE KeHiHHEeH Kyien WHPEKIUSHBIH TaMybl
BIKTUMAJIJIBIFBIH apTTHIPAJIBL.

H. halys >xymbipTKanapsl B. bassiana-HbIH dce-
piHe HUMbaNap MeH epeceKk apaKTapra KaparaHia
TOMEH CE3IMTAIIBIK KOpceTTi. JKyMBIpTKaIapapiH
oNiM-KiTIM KepceTkimrepi coiikecinme 10°, 10°,
107 sxone 10° KoHMIMA/MII KOHIIEHTpAIMSIAPBIHAA
18%, 35%, 58% xone 74% Ooabl. Ocepi caybic-
TBIPMAJIBI TYPJIE TOMEH OOJFAaHBIMECH, KOHHIMLIIAD
KOHIIEHTPALMSCHIHBIH apTybIMEH Oipre eJaiM-KiTiM
TEHTeHiHIH TYpaKThI JKOFapbUIayhl OalKammbl, Oy
CaHbIPAyKYJIaK SCEPiHIH KOHIICHTPAIUAFa TOYEIi
CHUITATBIH KOCBIMINA pacTajibl. JKyMBIpTKAIAPIbIH
TOMEH CEe3IMTaJJILIFbI KOHUJAMUSIAP/BIH IKYMBIPT-
Kara >kaObICYbIH, OHYIH JKOHE €HYIH MIEKTEHTIH XO0-
PUOHHBIH KOPFaHBIII KACUETTepiMEH OalIaHBICTHI

1-kecTe

6omyer mymkiH (Tozlu et al., 2019). ConbiMeH Ka-
Tap, KYMBIPTKa OeTi CaHbIpayKyJaK, HHPEKIHICHI-
HBIH JaMybl YIIiH KOJIAHIBIFBl TOMEH BUIFAJIBUIBIK
JKaFIaiIapblH KaJIBIITACTBIPYbI MYMKIH.

JKanmel anranga, KOHUAMATIAP KOHLEHTPALUS-
CHIHBIH JKOFApPBUIAYBIMCH OJIM-XKITIM JEHICHiHIH
alTapibIKTall apTybl CaHBIpayKyJaK THIMIUIITIHIH
WHQEKIMSIBIK JKYKTeMere KYIITI Toyensi eKeHiH
kepcereni. Humdanap MeH epecek napakTaplIbiH
epeKIe YKOFapbl Ce3IMTAIIBIFBI B. bassiana-HblH
OCIMIIKTEp/l MHTETpallisUIaHFaH KOpFay >KyHese-
piHIE 3USHKECTIH OCNICeH/ I JaMy caThUTaphIHa Kap-
CBbl KOJIJaHyFa MEPCIIEKTUBANIBI areHT 0oJia ajaThl-
HBIH KOPCETEIi.

AJIBIHFaH HOTHKEJEp OAcOMeTTe CHUIaTTalIFaH
Beauveria bassiana M30ISTTapbIHBIH BUPYJIECHTTI-
JIriMeH calbICTBIPFAaH/a KOFApbl JICHreiie eKeHiH
kepcerTi. Gouli xeHe opinTecTepiHiH 3epTTeyiHAe
Halyomorpha halys wMaronapbIHbIH ©JIiM-XKITiMi
YKOFapbl BUPYJICHTTI IITAMMIAP/Ibl KOJJIAaHFaH JKaF-
nmaiina mamamen 80-90% apainbiFbiHIa OOJIFaHBI
xabapmanran (Gouli et al., 2012). bizmia 3epTTey-
JIe KEPrUTIKTI H307AT 1% 108 KOHUIHUS/MIT KOHIICHT-
panusceiHaa HuMdanapasiH 98%-Fa KoHE epecek
napakTapasiH 95%-ra neitin eximin TyFbI3abl. Co-
ueiMeH Katap, Ozdemir xone opinrectepi (Ozdemir
et al., 2022) Beauveria bassiana n30n4TTapbl YIIiH
LTso xepcerkimTepinin 4—7 TOyJiK apajbIFBIHAA
e3repeTiHiH KopceTkeH. bi3iH 3epTTeyae eH xora-
poI kouTieHTpanmsina LTso MoHi 3,7 ToymikTi Kypa-
Iibl, Oy WHGEKIHUSAHBIH JKbUIIaMBIPAK, TaMUTBIHBIH
YKOHE KOJITAHBUTFAH JKePTUTIKTI U30JISITTHIH KOFaphl
MaTOTEHAIIrH KepceTeni. AHBIKTalFaH alblpMa-
NIBUTBIKTAP CaHBIPAYKYJAK HW3OJSTTAPBIHBIH Te-
HETHUKAJBIK EPeKLICTIKTepIMEeH, KOHUAUSIIAPIBIH
OMIpIICH/IITIMEH XOHe ToXKipuOe Kypri3y Karaai-
JapbIMEH OaiaHbICThI 00JTybl MYMKIH.

Beauveria bassiana canvipaykynasvinvly opmypii KOHYeHmpayusiapviMeH oHOenrceHHen kKetiinei Halyomorpha halys oamy

CamuvlapbiHblY OIM-JCIMIMI

KoHuusinap KOHIICHTPALUSCH JKyMbIpTKaIapAbIH Humdanappiy eiM-Kitimi Epecek napakTapibiy
(KOHUTHSI/MIT) omiM-xiTiMi (%) (%) omiM-xiTiMi (%)
10° 18+1,2 43+1,5 30+2,1
106 35+1,9 67+1,7 53+1,2
107 58+2,5 88+2,2 81+1,7
108 74+3,1 98+2,7 95+1,9
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OniM-KITIM KOpCeTKIITepiHe Kypriziiren Oip
(baxkTOpIBl  TUCTIEPCUSUTBIK — Taljay KOHUAWSIIAP
KOHILICHTPAMACBIHBIH H. halys eniM-KiTiMiHe eney-
i ocep eretiHiH kopceTTi (ANOVA: F3,1, = 42,57,
p < 0.001). Tukey HSD recTtinin HoTmxenepi 6o-
iiprama 107 sxone 108 konmmms/mn KOHIIEHTpaIusi-
Japbl TOMEH KOHLEHTpaUUsIapiaH CTaTHCTUKAIIBIK
TYPFBIIaH alTapibikTaid epekmeneami (p < 0.05).

Beauveria bassiana-nuviy cyoaremanvoi acepnepi

Tikenei eaiM-kiTIMHEH Oacka, B. bassiana-MeH
eHJIey Tipi KaimraH H. halys napakrapblHia aliKbIH
cyOneTanpai ocepiep TYFbI3Obl. EH alKeIH e3re-
picTep KOHMAUATIAPABIH KOFapbl KOHIIEHTpaLHsIIa-
peiven (107108 konuausa/Mi) eHaenren TonTapaa
Oatikanapl. MHbekuusianFaH KOHIIKTEp Oakpliay
TOOBIMEH CaNbICTBIpFaH/a KO3Fary OesceHiTiri-
HiH TOMEHJAEYIH, KOPEKTEHY KapKbIHIBUIBIFBIHBIH

2-cypeTt
Beauveria bassiana

CanbIPAYKYNazbiHbly — Opmypai
Halyomorpha halys oamy camwinapvineiy enim-oscimimi

A3al0bIH KOHE KAJIBINTHI MiHE3-KYJIBIK peaKIHsia-
PBIHBIH OY3BLITYBIH KOPCETTI.

KopekTreHy OelceHaTiria Taniay HOTHKECIHIS
epeceK JapaKTapiblH KOPEKTCHY KapPKbIH/IbLIBIFBI
OakpL1ay TOOBIMEH canbIcThipFanaa 107 koHumms/
MJI KOHIIEHTPAIMSIChIHIa OHJICIITCH TOIITa IIaMaMeH
32%-ra, an 10® xoHmmms/MI KOHLEHTPaUUsChIHIa
57%-ra TeMeHAETEHI aHBIKTAIIbI. ATajaFaH ailbIp-
MallbUTBIKTap OaKblIay TOOBIMEH CabICTBIPFaHIA
CTAaTHCTUKAJIBIK TYPFbIIaH MaHbI3AbI Ooiabl (p <
0.05). XXennikTep eciMaiK MaTepHaIIbIHBIH a3 KeJie-
MiH TYTBIHJBI, COHJIali-aK KOPEKTCHY Ke3CHICPiHIH
apachIHIaFbl YaKBITTBIH y3apybl Oaiikannel. Keiibip
nHEKIUsAIaHFaH AapakTap/ia ©OHICYIeH KeWiHTi
aIIFallIKbl 24 caraT iIIiHAE Y3aK YaKbIT KO3FaiMail
Kauy 'koHe KOpeKTeHyJleH O6ac TapTy Oenrinepi Tip-
KeJIl.

KoHyenmpayusnapvimen — enoenzennen  Keuinei

Beauveria bassiana KOHUEHTpauusacbiHbIH H. halys enim-xiTimiHe acepi

100 -
—8— XymbIpTKanap
—&— Humdanap
—8— Epecek napakrap
80+
£ 601
=
=
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107 108

KoHnausnap KoHueHTpauusicel (koHuaus/mn~")

Hamuxenep opmawa meH *+ cmaHdapmms! Kame (Mean + SE, n =5 )

B. bassiana-upIH cyoneranbai ocepi H. halys-
TIH PENPOIYKTHBTIK OCJICCH/IUTITIHE ¢ bIKIAT €TTi.
Bip aHanpIkka maKkKaHIaFbl )KYMBIPTKAIAP/IBIH Op-
Tala caHbl 0aKbuIay TOOBIHAA 28 & 2,1 )KyMBIPTKA-
HBI Kypaca, 107 xone 108 xonumus/Mi KOHIIEHTpa-
[USUTAPBIMEH OHJICITEH TomTapaa OyJl KepCeTKilll
colikecinme 17 + 1,8 sxone 9 £ 1,2 KyMBIpTKa-
Fa jgeilin temenzeni. COHbIMEH KaTap, OHJIENTCH
aHAITBIKTap/la JKYMBIPTKA CANyABIH KeIIiryi >KoHe
JKYMBIPTKA cally OeJICeHIUIITHIH TeMeHeyi Oaii-

KaJbl. ATalFaH albIpMallbUIbIKTap OaKbLIay TO-
OBbIMEH CaJIBICTBIPFaH/Ia CTATHCTUKAJIBIK TYPFbIIaH
MaHb13161 0o1pl (p < 0.05).

JKyMBIpTKanapaply, TIpUITIKKE KaOUIeTTiIir
Jie CaHBIPAYKYJaKIeH OHJICY/ICH KeWiH TOMEH/IEII.
Bakpuiay TOOBIHIA KYMBIPTKATAPABIH IIbIFYy KOp-
cerkimn mamaMen 92% Oosca, B. bassiana-HbIH €H
JKOFapbl KOHIIEHTPAIUSICHl KOJJIAHBLUIFAaH HYCKa-
nma Oyn kepcerkim 54%-fa neiiin TemeHnaeni. byn
HOTHXKEJIED CaHBIPAYKYJIAKTBIH TEK JICTAJIbII 9cep
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KOPCETIIl KaHa KOWMal, COHBIMEH KaTap 3USTHKECTIH
(hM3UONOTHSANIBIK  JKaFIaliblHA, KOPEKTEHY MiHE3-
KYJIKbIHA KOHE PEMPOYKTHBTIK SIICYCTiHE eneyi
BIKITAJT €TETIHIH KOPCETe/I.

Wndexnusnanrad KoHIIKTEpACTi MiHE3-KY-
JIBIK ©3TepicTepi CHXKApIBIK, KO3FalbIC YilleciM-
JUTITIHIH TOMEHJIEY1 KOHE JKalIbl OCICeHIUTIKTIH
asarobl TYpiHae Oaifkanapl. bakpuray ToOBIMEH ca-
JNBICTBIPFaHa Kosrany Oenceniiri 107 konuaus/
MJT KOHIIEHTPANMSICBIMEH oHAeNnreH Tonrta 61%-ra,
an 10% koHMIMS/MI KOHIEHTPALMSACHIMEH OHJEN-
ren tonta 84%-ra temenaeni (p < 0.05). byn o3-
repicTep KyHerm caHbpIpayKyJdaK WHQEKIUSChIHBIH
JAMYBIMEH, YJIbl METAOOJUTTEPAIH KUHATYBIMCH
xkoHe B. bassiana-HbIH TEMOICIbJI KOJIOHU3AIHSI-
JlaybIHaH TybIHIaFaH (U3MOJIOTHSIIBIK KYH3eicIieH
OaiimaHpICTBI 0OTYBI MYMKIH.

Tipwinix emy kepcemxiwimepin manioay

Kamnan—Meiiep sajici Oo#bIHIIA KYPTi3UIreH
TIPIIUIIK eTy Tanmayel B. bassiana-meH eHuen-
reHHeH KeWin H. halys papakTapblHBIH TIPLILTIK
€Ty JIEHTCHIHIH KOHUAMSUIAD KOHIICHTPAIIUSCHIHA
TOYEJAl TYple alTapibIKTall TOMEHICHUTIHIH Kep-
ceTTi. bapneik Toxkipubenik TonTapaa KOHUAMSIIAP
KOHIICHTPAIMSICHIHBIH apTyblHA KOHE CaHBIPAyKY-
JIaK ©Cep €Ty YaKbIThIHBIH y3apyblHa OaiIaHbICTHI
KOHIIKTEPiH TIPLIUIIK €Ty KOpCeTKiliHiH OipTiH-
Jien TeMeHeyi Oaikanasl. EH aifikea ocep 1 x 108
KOHUJIMS/MJT  KOHIICHTPAIMSICBIHIAFBl  CYCIICH3HSI-
MEH OHJCITEH TOMNTa TIPKEeIdi, MYHAA OHICYICH
KeWiHri anramkpl 4—6 KyH iiHAE TIpUIUIK €Ty
NEHTeHiHIH KYpT TeMeHzeyi Oaitkamasl. Toxipude
KE3€HiHIH COHBIHA Kapail OyJ1 TONTaFbl TIPLIUTIK €Ty
KOPCETKIIII iC XKY3iH/e HOre NeiiH TOMEH eI, Oy
KOHUAMSIIAP/IBIH €H JKOFapbl KOHIIEHTPAIUSICHIHIA
B. bassiana-HbIH KOFapbl BUPYJIESHTTUTITIH KOPCETTI
(3 cyper).

CaHplpayKyJaKTblH TOMEH KOHIICHTpaIlUsa-
phIMEH (105—107 KOHUJIVSI/MJT) OHJIENITEH TONTap/a
TIPIIUTIK €Ty ACHTeHiHIH TOMEHLY1 OIpTIHIET XKYP-
mi. 10° KoHuIus/MIT KOHIICHTPAIIMSICBIH/IA KOH/IIK-
TepJIiH TIPIIITIIK €Ty KOpceTKimi ToxipuOeHiH aj-
FaIlIKbl KYHJICPIHJIE CAIBICTBIPMAabl TYPJIC KOFaphI
JIEHTeHIe CaKTaJIbI, all OJIM-)KITIM 0asy ecTi, Oy
MH(DEKIUSIBIK, J)KYKTEME TOMEH OOJIFaH jKarmaia
UH(EKIUSHBIH JaMy YIepici y3aKka CO3bUIATBIHBIH
xepceTTi. ConbiMen Katap, 10° sxone 107 konumus/
MJT KOHIEHTPANMSUIAPBIHAA TIPIIUTIK €Ty JCHTe-
WiHIH apaliblK TOMEHJIeyl OalKalbl, OJ €H TOMCH
KOHIICHTPAIMSIMEH CalIbICThIpFaH/a WH()EKIIUSIHbBIH
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JKBUIIAMBIPAK AaMyBIMEH JKOHE KUHAKTAJIFAH OJ1iM-
KITIMHIH apTybIMEH CHITaTTaJI bl

Bakpinay ToObiHa OYKiN OaKbUIay Ke3eHI OOHBI
TIPIIUTIK €Ty KOPCETKINI TYpPaKThl ACHTEUIE Cak-
Tangsl, Oyn ycray sKarnaiiapbl MeH Oakbuiay epi-
TIHIICIHIH KOHIIKTEP OJIM-XKITIMIHE eleysi ocep
eTrereHin pacranel. byn wotwxenep H. halys na-
paKTapbIHBIH  OJIM-XKITIMIHIH Heri3ri  (akTopbl
B. bassiana-HbIH Bcepi OOIFaHBIH KOPCETE/I.

bakpimanran TIpHIiiik €Ty TUHAMHKACHl DHTO-
MOIIATOTeHAl CaHbIpayKYJIaKTapAblH MaTOTeHE31He
colikec kenexni. Konuausanap kyTukyna OeTiHe xa-
OBICKaHHAH KEHiH oyIap eHil, XKOHIIKTIH KaMbLIFbI-
CBI aPKBUTBI CHEJIl, TEMOIICIB/II KOTOHU3AIHSIIAH bl
JKoHe OipTiHAe KYHerni caHplpayKyJiaK HH(EKIHUs-
cetH KanemTacteipazas! (Ortiz-Urquiza & Keyhani,
2013). byn yaepic Genrini Oip yakbITThl KaXeT eTe-
TIHIIKTCH, JXOHIIKTEPIiH OJIIM-KITiMI OHICyIeH
Kelin OipaeH emec, Oiprinzen apraabl. Konnaus-
TIap/AbIH JKOFaphl KOHIICHTPAIMSIIAPEI CaHBIPAYKY-
JIAKTBIH COTTI KaObICy OHE €HY BIKTUMAJIBIFbIH
apTTHIPAJIbl, HOTWXKECIHJIE WHOEKIUSHBIH JaMybl
JKeICIIeTI, TIPIILTIK €Ty ACHIeHl KbUIIaMbIpaK Te-
MEHIEH .

Bbyn notmwxkenep Parker sxone Gouli xone opin-
TECTepiHiH 3epTTeyJepiMeH COWKec Keneli, OHAa
B. bassiana KOHLEHTPAUMSCHIHBIH >KOFApbUIAYhI
H. halys-te MUKO3IBIH MaMyBIH KEACIICTIM, Tip-
LIUTIK €Ty Y3aKTBIFBIH KBICKAPTATBIHBI KOPCETIITeH
(Gouli et al., 2012; Parker et al., 2015). Tipmrinikx
€Ty KUCBIKTApbIHJIAFbl OCBIHJAH KOHIICHTpALMsIFa
TOYEN/II e3repicTep IHTOMOIIATOTEH I CaHBIPAYKY-
JmaKTapMeH 3akbpiMpaHFaH Pentatomidae TykbiMaa-
CHIHBIH 0acka eKiImepi YIIiH ne OypbIH cHIaTTall-
raH (Tozlu et al., 2019).

Kanner anranpa, Kannman—Meliep Ttangaysl-
HBIH HOTIKenepi B. bassiana-upiy H. halys-xe
Kapchl THIMAI OMOJIOTHSUIBIK areHT PETIHAC JKOFa-
pBl oneyerTiH pactaiiabl. KoHuausiiap KOHLEHTpa-
[USCBIHBIH apTyBIMEH KOHMIKTEPAIH TIPUIUTK €Ty
KOPCETKIIIiHIH alTapibIKTail TOMEeHeyi caHbIpay-
KYyJIaK HHQEKIUSICHIHBIH THIMIUTITT WH()EKITUSITIBIK
JKYKTEMere KaTThl TOYeJ i eKeHIH KopceTeal KoHe
OCIMIIKTepIl MHTETpAIMsUIaHFaH KOpFray Oarmapiia-
MaJlapbIHJa KOFapbl BUPYJIEHTTI B. bassiana m3o-
JATTAPBIH KOJMAaHy MYMKIHIITIH alfKbIH AR IbL.

Karutan-Meiiep KuchIKTapbiH canbIcThipy Log-
rank TecTi apkpuTBI Xypri3inai. TonTap apacsinia-
FBI ANBIPMAIIBUIBIKTAD CTATHCTUKAIBIK MaHBI3IbI
oommel (x> =31.4,p <0.001).
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3-cyper

Beauveria bassiana canvipayxynasvinviy spmypui konyenmpayuaiapviven eyoeizen Halyomorpha halys
epecek dapaxmapuvinviy Kannan—Meiiep mipwinix emy Kucvlxmapbol

KannaH-Meiep agiciMeH aHblkTanfaH H. halys epecek napakTapbiHbiH
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OHaeyaeH KeuiHri KkyHaep

LT’y orcone LTy kopcemxiwmepi

CanpIpayKyJlaK KOHLUEHTPALUsIChIHbIH apTybl-
MeH LTso xoene LTy MoHACPI TOMeHIeHl, Oy
KOHUJUSIIAP THIFBI3JBIFbl JKOFapbUIaFaH CaiblH
Beauveria bassiana BUpyneHTTINITHIH apTKaHBIH

2-KecTe

kopceTTi. LTso xone LToo KopceTkimTepi yuIin
95% cenimainik wHTEpBanmapel ecentenmi. Ko-
HUJUSUIAp KOHIEHTPALMSICHIHBIH JKOFapblIaybl-
MEH JIeTalbal 9CEpHAiH JaMy yaKbIThl KBICKApIbI
(2-kecre).

Beauveria bassiana canyvipayxkynaevinviy opmypni konyenmpayuanapvimen onoenzennen keiinei Halyomorpha halys ywin LTso

arcone LTy kopcemkiumepi

KoHnpusinap KOHIEHTpaIUsICH

(koumust/un) LTs, (Toymik) 95% CI LTy (Toymik) 95% CI
103 10,4 9,6-11,3 - -
10¢ 7,8 7,1-8,5 11,5 10,4-12,8
107 52 4,7-5,8 8,1 7,3-9,0
108 3,7 3,2-4,1 6,2 5,5-7,0

10° KOHMAMA/MI KOHIEHTPAIMACHIHAA OIiM-
xkiTiM  peHreiti 90%-ra xermerenmikred LTog
kepcetkimi ecentenmeni. AnsiaFaHn LTso kxoHe
LTgo MoHIEPi OYpBIH KapusJaHFaH 3epTTeyiIep-
JIeT1 KOPCETKINITEPMEH CalbICThIPFaHIa TOMCH
0oJizibl, OYJT KOJJaHBLIFAH KXEPrilikTi Beauveria

bassiana M30NSATHIHBIH KOFAapbhl BUPYJCHTTIIITH
kepceteni. Ocipece 1x10® KOHMAUA/MII KOHIIEHT-
paumsiceinaa ansiktanrad LTso moni (3,7 TOyIIiK)
oaeOMeTTe KHUi KENTIPiIeTIH KOpCeTKIMTepAcH
temen 6ol (Gouli et al., 2012; Ozdemir et al.,
2022).
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Muxkpockonusnvix 6axvliayrap

MUKpPOCKOTHUSITBIK, 3ePTTEY CaHbIPAYKYJIAKThIH
JKOHJIK KYTHKYJaChlHA KaOBICYBIH YOHE OHBIH
ecyiH pacTaabl. OHIeyAeH KeHiH 3—5 KyH 0TKeH COH
nHEKIUIaHFaH eJieKcenepae TudatapIblH KOH-
JIIK )KaMbUIFBICBIHA CHY1 )KOHE MHUIICIUIIIH CBIPTKBI
ecyi Oaiikannel. KarTel nHpEKIMsIIaHFaH YATiIepae
KapKBIHIBI CIIOpa TY3iMyi Tipkenmi, Oyn Beauveria
bassiana TyJBpIpFaH MUKO3]IBIH JIAMYBIH PACTaIbl.

KopbIThIHABI
3eprrey HOTHXKEIEepi SHTOMOIIATOT€H-
o Beauveria  bassiana  caHpIpayKyJIarbIHBIH

Halyomorpha halys-xe kapcbl OHOJIOTHSUIBIK KYpeEC
areHTI PeTiHJIeT] JKOFapkI BlieyeTiH pactaabl. CaHbI-
payKyJiiak HHPEKITUACHIHBIH THIMILTITT KOHUUSIIAP
KOHIICHTPAIMSChIHA YKOHE J)KOH/TIKTIH JJaMy CaThIChI-
Ha TiKellel Toyeli eKeHi aHbIKTaN bl KoHuausiiap
KOHIIEHTPAIHSIChI 10%-ter 10% koHmmus/Mi-re ne-
HiH apTKaH callblH OapibIK TOKIPUOETIK TonTapaa
OJIIM-)KITIM JICHIeHiHIH alTapiIbIKTall JKOFapbUIaybl
Oaiikanmael. EH JKoFaphl KOHIEHTpamusaa HuMba-
JIApJIbIH eTIM-KIiTiMI 98%-Fa, epecek napakTapablH
oIiM-XiTiMi 95%-Fa kOHE JKYMBIPTKAIAPIbIH OJIiM-
KiTimi 74%-Fa KeTTi.

H. halys ammbanapsl Beauveria bassiana-ra eq
JKOFaphl CE3IMTaJJIBIK KOPCETTI, al YMBIpTKAJap
CaJIBICTRIPMAJTBI TYPAE TOMEHIPEK CE3IMTAABIK Ta-
HBITTBI, OYJI OJIAPJIbIH XOPUOHBIHBIH KOPFAHBIII Ka-
cueTTepiMeH OalIaHBICTBI 0OIYyBl MYMKiH. AJIBIH-
raH LTso xkoHe LToo KepceTkimrTepi KOHUAUSIAD
KOHIICHTPAIMSCBHIHBIH KOFapbhLIAYbIMEH JICTAJIbII
MH(EKIUSHBIH JaMyblHA KaXETTiI YaKbITTBIH KbIC-
KapaThIHBIH KepceTTi. EH jKoFaphl KOHIIEHTpanusiaa
LTso xepcetkim 3,7 TOyiKTI Kypajabl, OyJI KoJiaa-
HBUIFAH JKeprinikti Beauveria bassiana M301STHI-
HBIH KOFapbl BUPYJIEHTTUIITIH JOIeTAeH .

Beauveria bassiana Tikeneil netanb/i dcepiHeH
0acka, Ko3Fally OeJICeHIUIITiHIH TOMEeHeyl, KOpeK-
TEHY KapKbIHBUTBIFBIHBIH a3al0bl, KIMBUI-KO3FAIIbIC
yIJICCIMIUTITIHIH OY3bLIybl JKOHE KOOew KaliieTi-
HIiH TOMEH/ICYi CUSKThI alKbIH CyOJIeTalbIl acepiiep
TYFBI3IBI. OHJIENTeH Napakrapia KOpeKTeHy Oel-
CCHJIUIITIHIH TOMEH/IEYIMEH KaTap, PEeNpOAYKTHBTIK
KOPCETKIIITEeP/IiH Halapiaybl OalKaisl. OHAeNreH
aHaJIBIKTap/a JKYMBIPTKA Caly KapKbIHIBUIBIFBIHBIH
e/Ioyip TOMEH/ICYI JKOHE YPIAKTAPBIHBIH TIpIIUTIKKE
KaOlNeTTuUIriHIH a3aiobl Tipkenni. byn HoTmkenep
CaHpIpayKYyIaK HHPEKIUACHIHBIH 3UIHKECTIH (PH3HO-
JIOTHSUTBIK, JKaFaiibl MEH MIHE3-KYJIKbIHA KEIICH/T
Tepic dcep eTETiHIH KOPCeTei.

MUKpOCKONUSUTBIK,  3€pTTEyJIep KOHHUIUSIIAp-
JIbIH JKOHJIK KYTHKYJIAChIHA KaObICYbIH, T'H(a-
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JapJbIH 6HYIH koHe HMH(EKIMsIIaHFaH JapakTap-
IBIH O€TiHIe MUKO3IBIH JaMYBIH pacTambl, Oy
Beauveria bassiana-HbIH Heci aFr3achlH COTTI KOJIO-
Hu3anusiaranbiH kepceTTi. CoHbiMeH Katap, Kar-
naH-Meilep Tannaybl CaHbIPAyKYJIAKIIEH OHJIEITCH
Halyomorpha halys napaktapbIHbIH TIPIILIIK €Ty
JICHreiHIH KOHIIEHTpaLHsIFa TOYeNai Typae antap-
JIBIKTald TOMCHICHTIHIH KOPCETTI.

Ochburaiima, anablHFAaH HOTWXKENep Beauveria
bassiana xeprimikri W3oNATBHIHBIH Halyomorpha
halys-xe Kapchl >KOFapbl DHTOMOIIATOTEHJIK Oel-
CEHJIUTIK KOPCETETiHIH JKOHE OHBI 3USHKECTEPMEH
MHTETpalUsIaHFaH KYpec JKyHenepiHae KoJaaHy-
JIBIH TIEPCTIEKTHBAIIBI eKeHiH Jarenneiiai. CaHpIpay-
KYJIaKThIH JKOFapbl ATOT'CHILIIT, COHIai-aK OHbIH
JeTanb/i JkoHe cyOreTanbl ocepiep TYFbI3y Kaoi-
neti Beauveria bassiana-Hpl TYpaKTBI OHOJIOTHS-
JIBIK, Kypec OarapiiamMaliapblHbIH THIMJII KypaM/ac
Oeutiri peTinae KapacTblpyFa MYMKiHAIK Oepeni. bo-
Jalak, 3epTreyiepae apTypii Beauveria bassiana
M30JIATTAPbIHBIH JajIallbIK JKaFaaiaapaarsl THIM/II-
Jirin Oaranay, KOJJaHy TEXHOJIOTHsUIAPbIH OHTaii-
JMAHABIPY KOHE HHTOMOIIATOTEH/II CaHBIPAyKYJIaK-
TapJblH 3USHKECTEPMEH WHTETrpalrsIIaHFaH Kypec
JKy#enepiHiH 0acka KOMIIOHSHTTEPIMEH e3apa ape-
KETTEeCYy epeKIIeNiKTepiH 3epTTey MaHbI3bI OOJIBII
TaObLIA/IbI.

Kapxblianabipy

Bbyn 3eprrey Kaszakcran PecnyOnmukacer Aybut
mIapyambUibiFel MUHHCTpITITiHIH BR22887230 HEI-
caHaJIbl KapKbUTaHIBIPY Oarmapiiamachl meHOepiH-
JIe Kap KbUIaHABIPBLUIIBL.

Aemopnapowiy yreci

Maxambemos B.H.: 3epmmey myxncolpbimoama-
culn ©3ipaey, vdicmeme OaublHOAY, IKCHePUMEHM-
mep 2Acypeizy, oepekmepoi manoay, Homudicenepoi
BUBYANUZAYUANAY, MAKALAHbIY OACMANKbL HYCKA-
coin orcazy; Kenoweberxosa P.T.: sxcnepumenmmix
sepmmeynep Hcypeisy, OepeKmepoi HCUHAY HcoHe
Jcytieney, MaKkaianvl OaublHOAy2ad KAmvlCy, HOMU-
Jrcenepdi manoay dHcoHe uHmepnpemayusaiay; Jy-
aam b.: skcnepumenmmix sepmmeyinep #ypeizy,
mamepuanoap Mmex pecypcmapobl KAMMAMACHL3
emy, OepexkmepOi HcuHay sHcone oyoey; aupbexosa
3.K.: 3epmmey0i yiibimoacmuipy dcone yiiecmipy,
2bLIbIMU KeHec Depy, Homudicenepoi manoay dcoHe
UHmMepPNPemayusiay, MaKaiaHbl peOaKyusiay HcoHe
arcemindipy, I'puyenxo /{.A.: avlivimu dcemeximinix
arcacay, sepmmeyoi yiiecmipy, pecypcmolk KamMma-
Macolz emy, Homuoiceepoi manoay, MaKaiausl ca-
panmay xcoue peoaKyusaiay.
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XAPKEHTTIH, TEOTEPMAAADBIK KO3AEPIHEH BOAIHTEH
TEPMO®UADbAI BAKTEPUAAAPADBIH,
MAACTUKTI bIAbIPATY SAEVYETI

il

A.B. Taaunosa

[MAQCTMKaAABIK AaCTaHy — CUMHTETMKAAbIK, MOAMMEPAEPAIH TabuFu biAbipayFa TO3IMAIAIrN MeH
TYPaKTbIAbIFbIHbIH KOFapbl 60AYbIHA 6aAAHbICTbI )kKahaHAbIK, 5KOAOTUSIAbIK, MaHbI3AbI TPO6GAEMa OOAbIMN
Tabbinaabl. OAapAbliH iWiHAE MoAMaTMAeHTepedTaAaT (M9T) eH KeH TapaAfaH MAACTUKTEPAIH 6ipi,
OYA OHbIH KOpLLUaFaH OPTaAa aliTapPAbIKTalM >KMHAAYbIHA OKeAeAl. TepMOGUAbAI MUKPOOPTraHM3MAEPAI
KOAAQHY apKblAbl BMOAOTMSIABIK, bIAbIPAY ASCTYPAI XOI0 8AiCTepiHe nepcnekTuBaAbl 6arama yCbiHaAbI.
Ocbl 3epTTeyae KasakcTaHHbiH JKapkeHT eHipiHAeri reotepmMasnabl kesaepaeH 3T biabipaty
aAeyeTiH 0Oaranay YWiH TepMoUAbAi 6akTepusaap okayAaHAbl. 42-103 °C TemnepaTtypaabl
>KEPAEPAEH aAblHFaH Cy, LWGTiHAI XK8He Tonblpak, yAriaepi IMIT-Ti KaAfFbl3 KeMipTek Kesi peTiHAe
KAMTUTbIH MMHEPAAAbI TY3Abl OpTaAa GanbITbiAAbL. HaTumxkeciHae 16 TEPMOMUAbAI GaKTEPUSIABIK,
M30AST aAbIHABI >KOHE TMAACTUKTI bIAbIPATY OGeAceHAiAiriHe kapai ipikteaai. 3T nAeHKaAbl
AVCKIAEPIH KOAAQHFAH bIABIPATY CbIHAKTapbl TOPT TepModuAbAi n30AaTTbIH (W-DP-01, W-DP-03,
W-DP-06, SED-02) noAMMEpAIH CaAMarbiH alTapAbIKTai a3aMTaTbiHbIH kepceTTi, 28 KyH 6oibl 65
°C temMnepaTypaAa MHKybauusinaHFaHHaH keriH 13,9-16,0 Mr AeiiH asalAbl. BUOXUMUSABIK, XXeHe
MOPMOAOTUSIABIK, CMMaTTay HOTMXKEAEPI >KOFapbl blAbIpaTy KabiAeTi 6ap m3oasTTapabiH, Bacillus
TYKbIMAQCbIHA >KaTaTbIHbIH aHbIKTAAbI.

Ty#in ce3aep: TepMobrAbAL BakTepusiaap, noAnaTUAeHTepedTanat, INIT biabipay, reoTepMaAbIk,
ke3aep, Bacillus, 6uoaerpasaums.

S.D. Zhantlessova*, Zh.T. Mussabekoyv,
Zh. Khamitkyzy, A.B. Talipova, A.S. Kistaubayeva

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: sirina.zhantlessova@mail.ru

Potential for plastic degradation by thermophilic bacteria
isolated from geothermal sources of Zharkent

Plastic pollution has become a critical worldwide environmental problem because of the excep-
tional stability and high resistance of synthetic polymers to natural degradation processes. Plastic waste
containing polyethylene terephthalate (PET) is a major contributor to this problem, as PET is one of the
most commonly used plastics, and its improper disposal results in its accumulation in nature. The use of
thermophilic microorganisms for biotic degradation is one of the environmentally friendly methods that
are expected to replace traditional disposal methods. This work aimed at checking the ability of thermo-
philic bacteria purified from the geothermal springs of the Zharkent region (Kazakhstan) to degrade PET.
Water, sediment, and soil samples collected from areas where the temperature was between 42 and 103
°C were incubated in mineral salt medium with PET as the only carbon source. We obtained sixteen
thermophilic bacterial strains and examined their potential of plastic degradation.

After testing the degradation of PET film discs, we found that only four out of those thermophilic
strains (W-DP-01, W-DP-03, W-DP-06, SED-02) caused a significant reduction in the polymer weight,
i.e., 13.9-16.0 mg, after 28 days of incubation at 65 °C.

The Bacillus genus was recognized as the source of the isolates with the outstanding degrading ca-
pability of the polymer based on their biochemical and morphological.

Keywords: thermophilic bacteria, polyethylene terephthalate, PET degradation, geothermal sources,
Bacillus, biodegradation.
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JKapkeHTTiH reoTepMaiIbIK Ko3AepiHeH OoTiHTeH TepMOD I OaKTepHSIApIbIH IIACTHKTI BIABIPATY dJIeyeTi

C.A. >KaHtaecoBa*, X)K.T. Mycabekos,
K. XammnTkbisbl, A.b. Taannosa, A.C. Kucraybaesa

Kasaxckuil HauMOHaAbHbIN yHMBEPCUTET MM. aab-Dapabu, Aamartsl, KazaxcraH
*e-mail: sirina.zhantlessova@mail.ru

MoTeHuMaA pa3AoXKeHUS MAACTUKA TEPMOPUAbHBIMU DaKTepUSIMM,
BbIAEAEHHbIMU U3 TeoTepMaAnbHbIX UCTOYHMKOB JXKapkeHTa

[MAQCTUKOBbIE OTXOAbI MPEACTABASHOT COGOM OAHY M3 BaXKHEMLLIMX DKOAOrMYECKMX NpobAem co-
BPEMEHHOI0 MMPA, TaK Kak CMHTETUYECKME MOAUMEPbI 06AAAAIOT BbICOKOM XMMWUYECKOM MPOYHOCTbHIO U
He MOryT 6bITb ObICTPO pa3pylleHbl eCTECTBEHHbIM NyTem. [MoAnaTuaeHTepedTasat (IMIT) oTHOCUTCS
K OAHOM M3 HaubOAee PacnpOCTPAHEHHBIX FPYIM MNAACTMACC, BCAEACTBME Yero NnpakTUYecku BO BCEX
OKPY>KaloUIMX YeAOBEKa CPEAAX MOXKHO OBHAPYKMTb HaKoMAeHWs 3Toro Matepuana. O6esBpesxnsaHmne
MAQCTMKOBbIX OTXOAOB C MOMOLLBIO TEPMOMUABHBIX MMKPOOPraHM3MOB SBASETCS OAHMM U3 MNepcrek-
TMBHbIX HarmpaBAE€HMI B 00AACTM yTUAM3aUMK. B HacToswen pabote n3 reoTepMaAbHbIX MCTOUYHUKOB,
pacnoAoxeHHbIx B XKapkeHTe (KasaxcrtaH), GblAM BblAEAEHbI TEPMOMAbHbBIE GAKTEPUM C LIEABIO OLLEHKM
MX noteHumana aas aectpykumm MI3T. O6pasibl BOAbI, OCAAKOB M MOYUBbI, B3STbl€ B FOPSUMX MCTOYHM-
Kax C Temnepartypon ot 42 A0 103 °C, 6biAv MHKYBUPOBaHbI B MMHEPAALHO-COAEBOM CPEAE C UCTIOAb-
30BaHMEM MOAMITUAEHTepedTaraTa B KavecTBe eAMHCTBEHHOIO MCTOYHMKA yraepoaa. B utore 6biao
M30AMPOBAHO LIECTHAALLATb LUITAMMOB TEPMOMUAbHBIX GakTepuii, KOTOpbIe MPOBEPSIAM Ha CMOCOBHOCTb
K Pa3A0OXEHMIO MAACTMKA. B aKcneprMeHTax no pasA0XKeHWIo C MCMOAb30BaHMeM 06pasLos m3 M3T-
MAEHKM ObIAO YCTAHOBAEHO, UTO 4 M30AsITa TEpMOUAbHBIX GakTepun (W-DP-01, W-DP-03, W-DP-06,
SED-02) 06yCAOBMAN 3HAUMTEAbHYIO MOTEPIO MACChl MOAMMEPOB B KOAMYecTBe OT 13, 9 A0 16, O Mr
nocae 28 aHeit MHKyOaumm npu temnepartype 65°C. broxnummyeckas xapakTepucTmka M MMKPOCKOMUS
MoKas3aAM, YTO M30ASATbI C HAaMBbICLLEN aKTUBHOCTbIO K PA3AOXKEHMIO MPUHaAAeXaT K poAy Bacillus.

KAtoueBble caoBa: TepMoUAbHbIE BakTeprn, MOAMITUAEHTepedTaAaT, Aerpasaums MIT, reotep-

MaAbHble UCTOYHUKM, Bacillus, 6uoaerpasaums.

Kipicne

[Inactukrep OepikTiri, omMOeO0aNTHIFBI JKOHE
OHJIpIC KYHBIHBIH TOMEHAIr1 apKachlHAa SIeMJIe
€H KoIl KOJJaHBIIATBIH MaTepHaagapasH Oipi 60-
neill TaObuTa el OJapiplH KarntaMa eHJipiciHIe,
KYPBUIBIC CallachIH/Ia, MJICKTPOHUKAIA >KOHE JNICH-
CayJbIK CaKTay >KYHEeCiH/Ie KeHIHEH KOJIaHBLIYBI
skahaHIBIK TTIACTUK OHMIPICIHIH Y3MIKCi3 ocyiHe
OKeir, JXKbuibiHa 390 MHJUIMOH TOHHAJaH AacCThI
(Boschi et al., 2024). JlereameH, TutacTMaccanap bl
KYHJIbI €TETIH KAaCHUETTep, BCipece OJIap/AbIH bIJIbI-
payFa Te3IMILIiri, y3aK Mep3iMJIi KOpIiaFaH opra-
HBIH KMHAJTYbIHA BIKIAT €Te/i, OYJI KOJOTHUSIIBIK
JKOHE JCHCAYJBIKKA KATBICTBI €JICYJli MoceJenep
Tynbipajapl. [L1acTUKaNbIK KaaabIKTapIbIH KOT MeJI-
epi KOKBIC MMOJIMTOHAaPbIHA, TOBIPAKKA KOHE CYy
JKOXKYHeNepiHe Tyceii, OHJa Oap OHJaFaH KbLJI-
nmap OOMBI CaKTalbIN, a3bIK-TYNIK Ti30eriHe eHeTiH
MUKPOIIJIACTUKTEPTe XOHE HAHOIUIACTHUKTEpre Oe-
mireni (Yang et al., 2025; Chaudhary et al., 2025).
Kazakcrana miacTHKaIBIK, KaJIIbIKTap bIH KaIIbI
KoJieMl JKbUIbIHA ItamMaMeH 625-730 MBIH TOHHaAra
KETelll Jen ecenrteneli. byl KOKBIC MOIHTOHBIHA
TacTay *oHE OpTeY CHSIKTHI JTOCTYPIIl DIICTEP JKET-
KUTIKCi3 pi KOpLIaFaH opTara 3UsHAbI OOJIFaHIbIK-
TaH THIMIIPEK JKOIO0 OIICTEpiH 93ipieyal KaKeT
eteni (Schulte & Busch, 2024). [TnacTukanbik Kaji-

138

JIBIKTAP IbIH KOTIIILIIT eJT iIIH/Ie Kajlalbl TOJIUTOH-
JlapFa TacTaliaJibl HeMece TaOWFHM opTala >KUHasa-
nel. JKypriziiin xkatkaH Oacramanapra KapaMmactaH
CYPBINTAIFAH TUTACTHUKABIK KaJJbIKTAPbIH YIieci
Tek 9,9% Kypaiiasl Oyn Oykin en OoWbIHIIA Kaj-
IIBIKTap b1 O6ITyIeT] MeKTeYIl MPOorpecTi KepceTeai
(Kazakh Telegraph Agency, 2025).

OPTYPIIi IIACTHK TYPJIEPIHIH IMTIHAC ITOJHITH-
nenrepedranat ([19T) eH xem eHIIPUIETIH KoOHE
OJIeMJIe TYTBIHBUTATHIH TTOJTUMEPIIepIiH Oipi OOBITT
tabpuiaapl. [19T >xoFapel MeXaHUKAIBIK, OEpiKTiri-
HE TEPMUSIIBIK, TYPAKTHUIBIFBIHA KOHE MOJIIIPIIIriHe
0aiiJIaHBICTBI CYChIH OOTEIIKEIJICPiH/Ie TaMakK, bIJIbIC-
TapblHAAa CHHTETHUKAJBIK TAIIBIKTapAa KEHIHEH
koianeuianel (Benyathiar et al.,, 2022). Ox Ka-
3aKCTaHJIAFbl JKBUIIBIK, TIACTHKAIBIK KaJIBIKTap-
JIBIH JKaJIIbI KOJIeMiHiH mamaMeH 14%-bIH Kypaiiabl
(Kwan, 2025).

[IOT kanabIKTapblH KallblHA KeNTipyIiH Oip
MMePCIEKTUBANIBI OAFBITHI — ITOJIUMEP HETI3iH KY-
paiThiH 3UpIiK OaliaHBICTapAbl THAPOIU3ACYTE
HKeMII MHUKPOOTHIK (epMEHTTEpIi KOoJIIaHa OTHI-
pBIn OnonorusuIbIK, Aenoiaumepiey. [19T-biapipaii-
TBIH (hepMeHTTepaeri xkeTicTikrep (Mbicambl 19T
THIPONIU3AEP] KOHE HWHXKEHEPIIK JAernojuMepasa-
nap) (GepMeHTAaTHUBTI THUAPOIN3 XUMHSIIBIK KaiTa
eHJIeyTe KapaMJbl MOHOMeEpJIepai Oepe anaThIHbIH
KOPCETTI all aKybl3 WHKEHEPHSICH CallaChIHIAFBI



C.J1. XKantnecopa xoHE T.0.

COHFBI JKYMBICTap KaTAIUTHKAIBIK THIMILTIK TeH
MpOIIeCKe KATBICTHI JKaFrJaiiapia TepMOTYpPaKThI-
JBIKTHI aiTapibikTail skakcapTtel (Tournier et al.,
2020; Arnal et al., 2023).

Tepmodmbai mukpoopranuzmaep [19T 6noen-
JIey YIIiH epeKIIe KbI3bIKThI, OUTKEeHI OJIap/IbIH Tep-
MOTYpaKkThl (EepMEHTTEpi KOFapbl TeMIlepaTypa-
Jla )KYMBIC icTei amanmpl, OyJ monmmMep Ti30eriHiH
KOBFAIFBIIUTHIFBIH JKOHE PEaKUUsl KUHETUKACBIH
’KakcapTaJbpl, COHBIMEH KaTap OWopeakTopiapia-
FBI JJaCTaHy KaymiH a3aiTansl. byrinri kyHre aeiin
OYKiNT aiemjieri BICTHIK OyiakTapjaaH TepMO(pUIb-
Il OakTepusuiapJblH KeH ayKbIMbl OOJIiHIN ajblH-
IIbI JkoHE aHbIKTaNabl. Omapaery imige Bacillus,
Paenibacillus, Anoxybacillus, Geobacillus,
Lysinibacillus sxene Brevibacillus CHSKTBI TYKBIM-
JacTap KaKChl OCINTLII KoHE OMOTEXHOJIOTHSIA Bp-
Typai konmanbicTapabl TanThl (Ortega-Villar et al.,
2024; Ciric & Saraba, 2025). TepModuIbIi TIIACTH-
KaJbIK OMOJeTpaIallusiHbl KOPHITBIHIBUIANTHIH 110~
JyJap MEH 3KCIEPUMEHTTIK 3epTTeyiiep Me30(pui-
JIEPMEH CalbICThIPFania TepMoUIbIepe bIIbIpay
JKBUIIAMJIBIFBIHBIH JKOHE OPTYPJl (epMEHTAaTHBTI
penepTyapiiapablH )KOFapbUTaFaHbIH KepceTe i, Oy
BICTBIKKA OeHimuenren (pepMeHTTepiH 0oIMe TeM-
nepaTypachIHAaFsl OMOKaTaNU3iH KeHOip meKTey-
JISpiH JKEHe anaThiHbIH Kepceteni (Yan et al., 2021).

CoHFBI 3epTTeyJep KOPCETKEH ICH, TEpMO(HITh-
i (epMEeHTTIK XyHenep MOJUMEp/iH HIBIHBUIAHY
TeMIiepaTypackiHa >kakelH [I9T Tumponusin aii-
TapJBIKTAl jKaKcapTa alajabl, MyHJa Ti30eKTiH KO03-
FAIIFBIIITHIFBIHBIH  JKOFapblIaybl  (EepMEHTTEP/iH
KOJDKETIMAUIIIT MEH KaTaJWTHKAJIbIK TUIMILIITH
aptteipanbl. Meicanbl, ICCG cuakTel MoauduKa-
mustianFad repModuibai [19T runponazanaps mpo-
IeCKe COMKeC KaFfaiiapaa »KOFapbl OeNCeHAiTiK
NEeH TYPAaKTBUIBIKTBI KepceTeni, 0ya TepModuibai
OmokaTanm3miH Me30QMIBII XKyienepre Kaparanaa
TEXHOJIOTHSJIBIK apTHIKIIBUIBIFBIH pacTaiinel (Zeng
etal., 2022).

CoHJIBIKTaH TeoTepMalIbIK OyiIakTap MeH Oac-
Ka J1a )KOFapbl TEMIIepaTypaibl MEKEHJICY OpTataphl
JKaHa TepMO(UIBII ITaMJap MEH TEePMOTYPaKThI
[I9T-ruaponazamapasl i3aAeydiH Oail HBICAHIAPHI
Oonpin Tadbankl. XKapKkeHT reoTepMaiiblK Oynak-
TapeIHBIH (ATMaThI 00JBICH], Ka3akcTaH) amabpIHFBI
MHUKPOOHOJIOTHSIIBIK )KOHE METareHOMJIBIK 3epTTey-
niepi OMOTEXHOJOTHUSIIBIK KOJJIaHy YIIIH TepCIeK-
TUBAJIBl OPTYPIl TEPMOPHIBII KAayBIMAACTBIKTAP
MEH H30JBITTapAbl aHBIKTAIBI. By KeprislikTi 9K0-
KyHenepaiH jkaHa (GpepMeHTTIK OeNCeHIUTIKTI aury
VIIiH KYHIOBI Oipak a3 3epTTeNreH pecypc eKeHiH
kepcereni (Mashzhan et al., 2021).

Byn 3eprrey JKapkeHT reorepmanablk Oyiak-
TapblHaH TepMoWiIbal  OakTepusimapAsl  Oemim
allyFa yKOHE oJIapJblH OaKbUIAHATHIH 3€PTXaHAIIBIK
xarpaitnapna 19T binpipaysin OacTtay oneyeTiH
Oaranmayra OarpiTTanrad. [I9T cyOcrpaTTapblHBIH
KATBICYBIMEH OJIAPJIBIH OCYiH, OMOXHMUSUIBIK €PeK-
MICNIKTEePiH KOHE THIPOIUTUKAIBIK, OCICEHIUTITIH
3epTTey apKBUIBI OYJT KYMBIC TEPMO(IIIbIII OUOBI-
IbIpay CTpaTerusuIapblH 93ipieyre yjec Koca aja-
TBIH TEPCIEKTHBAIBI ITaMIApAbl aHbIKTayFa 0Oa-
FBITTAJIFaH.

3epTTey MaTepHaJgapbl MeH djicTepi

ChiHamanappl KMHAY >KoHE OakTepusuiapabl
okmaymnay. Cy, meriHai (Jaimsl) jKOHE TOMBIPAaK,
yarinepi JKapkeHT aynaHblHIAFbl (AMaThl 00JIbI-
ChI) TEOTePMAIBIK OyirakTapaaH ainblHabl. ChIHA-
Mayap/ipl alny OpPBIHAAPBIHBIH JAJalbIK eJieyepi
42°C-tan 103 °C-ka nmeifinri Temmeparypaaa Tip-
Kenai. MyHIa eki THNTIK YIri KepCeTiIreH: Tass,
aIbIK OacceifHHEH )KUHAIFaH OpPraHuKaNbIK 3aTTap-
ra Oaif merinai N1 yirici xoHe JacTaHybl a3aluTy
YIIiH aCeNTUKAIIBIK, KaFIai1a >KHHAJFaH [IaMaMeH
2385 ™M Ttepenaikre xoHe 99,5 °C Temmeparypa-
Jla ajbplHFaH TepeH cy yarici N2 yarici. Kockivia
TOIIBIPAK, KOHE JIalJbl MIOTiHAIep KaKblH MaHa-
FBl aFbIll JKAaTKaH JKepieplieH KUHAIIBL. YJITiiep
GPS koopauHaTTaphl XOHE JKEPruliKTI MapaMeTp-
nep (remmeparypa, pH) kepcerinreH crepuibai
500 My mosmmponuieH OOTeNKeJIepiHe CabIHBII,
THIFBI3ANBIN, OHACY YIIIH 3epTXaHara KETKi3iJI-
ni. bapnpik ynrinep xuHanraHHaH Keilin 24 carat
imisge eHmenai. TombIpak >kKoHE IMeTiHAl YATuIepi
rOMOTeHJeNiN, cTepuiIbAl Ty3abl epitinaine (0,85%
NaCl) cepusibIk TYpae CYWBUITBUILIBI, aJl Cy YJITijIe-
Pl MHKpPOOTBHIK OMOMaccaHbl MIOFBIPIAHIBIPY YIIIH
0,45 MM MeMOpaHaJBIK CY3TUIep apKbUIBI CY3UIII.

OHJIeNTeH YITUIepAiH aJMKBOTalaphl KeJeci Ky-
pamIaFsl MUHEPAJIBI TY3/IbI OpTaFa erisi (T/11, erep
Oackara kepcerinmece): KH,PO, — 1.5; K,HPO, —
2.5; (NH4),SO,4 — 1.0; MgS0O,4-7H,0 — 0.2; NaCl —
1.0; CaCl;-2H,0 — 0.02; MUKpo3JIeMEHTTEp epiTiH-
nici (FeSO47H,0 — 5.0 v/1, MnSO4-H,0 2.5 1/,
ZnS047H,0 — 0.5 /1, CoCl,:6H,0 — 0.2 r/1) —
1 mu/n bacTtankel ecipy YIIiH KaJFbI3 KOMIpTEK
ke3i peringe twiactuk (PET) yararer (<500 MkM
JICHIH eJICHT'eH O KaFbl Oip caraT 00MBI yIBTPaKyII-
IH coyleMeH CTepuibAeHTeH) | r/n memmepinae
KOCBUIIBL. YJTiNep TepMO(HIbAI MUKPOOPTaHU3M-
JEpJiH ©CyiH BIHTAJTaHJBIPY MakcatbiHga 65°C
TeMIepaTypaaa *KeTi KyH OOWbl MHKYOaIwsIIaH/Ibl.
WnkyOanmsanan xeiin opOip OalbITbUIFAH KYJbTY-
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panan 100 MK asbIHBIN Oipi3ai CYWBIITY XKacajabl
JKOHE KOJIOHHSIIAPIIBI OO ay YIIiH MUHEepaJIbI
TY3IBl arapiasl opra TalakmianapeiHa eringi. Ta-
Oakmangap coJ TeMIepaTypaiblK >Karmaimapaa 72
caraT Ooiibl wWHKyOauwmsmanasl. Mopdomorusicet
OOMBIHINIA EPEKINEICHETIH )KeKe KOJIOHUSUIap Ta3a
TepMoUIbAl M30AATTApAbl 06N amyyiiH XaHa
arapibl oprara OipHemIe peT KaiTa ITpUxXTay ap-
KBUIBI €I,

Taza wm3omsarrap 0.1% (macc./xkemem) I19T
KOCBUIFaH KaTTbhl MHHEpaJIbl TY3Abl OpTaza ecy
Kabineri OoifpiHIIA TeKcepinmi. OpOip OaxTepus-
JBIK W30JATTAaH 1IMEKIIEH aJiblHFaH MaTepHual
arap Ta0aKIIackIHBIH OpTAachIHA erijmi; Oap-
eIk Tabakmamap 65°C rtemmeparypama 72 ca-
FaT Oo¥Bl MHKyOamusmanasl. MHKyOanus Ke3eHi-
HEH KEHiH 9p M30JIAT YIIIH OaKTepHUSUIBIK ©CYIiH
IUaMeTpi aHBIKTANABL. OCy KOJOHHUS JHaMeTpi
MEH Ke3re KOpiHETiH TapalyblHa Heri3aenin Oa-
ramannael. M3onsaTrap Kemeci caHaTTapra OeliH-
Ii: KymTi (KoJoHUs AuameTpi > 2.5 cM), opTaia
(xomonms amametpi 1.0-2.5 cm), amaci3 (KomoHuUs
mnametpi < 1.0 cm), ecy aubikrammansl (ND).
1IDT vi0vbipayvinsly canoblK Maidaybi.

[13T nnenkansl guckinep (auametpi 1 e, [1 66
mr) kommeprsielk [19T Getenkenepinen xacai-
raH, 70% 3TaHOJIMEH >KOHE CTEPUIIb/i Ta3apThUIFaH
CYMEH JKYBUIFaH XOHE CTepWIIbJI JKarjaiaa ayana
kenTipiared. [luckinep ynpTpakydriH coyJleMeH
3apapChI3aHIbIPUIABL.  AJIJIBIH  alla  eJIICHTeH
JHCKINIEp TaHJalFaH OaKTEPUSUIBIK H30JSTTapIbIH
CTaHAAPTTAIFAH JKACYIIAIBIK CYCHCH3HSIChHIMEH
(OD600 = 0,1) erinren 20 M cyibIK opTackl (Ke-
MipTeri ke3i koK) 6ap 100 M Dpnermeiiep koda-
napbinaa uHKyOanustanapl. Konbanap 28 kyH 6oibl
120 aifin/MUH XBUITAMIBIKIICH IIIaliKajdraH Ke3Ie
65°C Temmepatypajga MHKyOanusanasl. bakeiiay
KoJOaTapheIHIa OAKTEPUSITBIK €ryCi3 CTePHIIBII Op-
taga [I19T guckinepi 6onnbl. MHKYOaMsiian Keiin
[I9T guckinepi anbIHBINT TaCTAIIBI, OCKITIITEH JKa-
cylIajap/bl KeTipy YIIIH Ta3apThUIFaH CyMEH MY-
KHUAT KYBUIABI, KOJCHKEE KEUTIPUIAl )KOHE KalTa
emmeni. [19T perpananusicel TUCKiIEpIiH Macca-
CBIHBIH JKOFAITybl (MT) OJIIIeY apKbUTbl aHBIKTAIbI
KOHE OacTarKbl Maccara KaTbICThI MAHBI3IBIK Macca
JKOFAIITY TYpiHAe ecemnTtenai: [(OacTamkel macca —
COHFBI Macca) / bacTankbl Macca X 100%].

Buoxumusanslk cunammamachsi.

Tanganran W30JSATTap CTAaHAAPTTHI MHUKPO-
OMOJIOTHSUTBIK, CHIHAKTAp AapKbUIbl CHUTIATTAIIBL:
rpaMMeH 0osly, Kacyllajap MEH KOJIOHUSIIapIbIH
Mopdororusicel, sHmocmopa Ty3imyi (Ieddep-
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Oynron Oostysl), katanaza (3% H,0,), okcumaza
(Bactident®, Merck okxcmmasza >KOmaKTaphl) >KOHE
apHallbl KOPEKTIK opTajapja MXelaTHH, Kpaxmal
KOHE Ka3zewH ruiponnsi. L{uTpaTThl KoNgany jxoHe
ypeasa OelICeHIUTIT Jie TeKCepuIi.

Cmamucmuxansly manoay.

Erep Oackama kepcertiamece, OapiblK 3SKcIie-
PUMEHTTIK TONTap YII JAaHada TaldaHAbl. bapibik
CTaTUCTHKAJBIK Tangaynap SPSS Oarmapmamanbix
JKacaKTaMachIHBIH KeMeriMeH kyprizimai (28.0
nyckacsl, IBM Corp., Apmonk, Hero-Hopk, AKIII).
P-moni < 0,05 OGomran >kargalijla CTaTUCTHUKAJIBIK,
MaHBI3bI JIET eCenTeN Il

3epTTey HOTHKeIePi :KoHe 0JIapbl TANIAY

[IOT-nmacTmMaccaHbl COUKECTEHIIPY JKyHeciHe
coiikec xikTenreH [lmacTMaccanapapiy KeTi HeTi3Ti
caHaThIHBIH Oipi. Bys ruaponuTukanbik bIObIpayFa
YIIBIPaHTBIH COMOHOMEDJI OipiikTep MeH anudar-
TBI CErMEHTTEPJCH TYPAThIH >KOFapbhl MOJEKYJaJbl
xomr micti nmomdup (Venkatachalam et al., 2012).
[lonmyperan, TOMEH TBHIFBI3ABIKTBI TTOJUATUICH
(TTIID), momuruapoKCcHamKaHaTTap koHe 0acka /1a
OMOIOTHSUTBIK, BLABIPANTHIH IJIacTMAccanap CHSKTHI
Oacka moiauMepiepMeH canbicThipranma, [19T-Tig
MHUKpPOOTBIK, BIIBIPAaybIHA OaFbITTAIFAH 3€pPTTEYJIep
caJBICTRIpMAITBI TypAe a3 (Sangale, 2012; Sangeetha
Devi et al., 2015). CongpikTaHn, Oy 3epTTEy/e Teo-
tepMmanablk opra [I9T-HBI BIIBIpaTy OenceHmimiri
0ap TepMOHMIBAI MUKPOOPraHU3MACPIiH K3l pe-
TiHZIC 3ePTTEII.

Hotwmwxkecinae, )KapkeHT allMaFbIHAAFBI T€OTEP-
MaJAbIK, OyJaKTapJaH OH aJIThl TepMOMHUIIBII Oak-
TEPUSUIBIK M30JISIT COTTI allbIHABI, OJapAbIH KOTIIi-
JIT1 CyNBI OpTafaH mbIKKaH (1-cyper).

W3zonsTrap okmaynay Ke3Jepine Kapai KikTes-
ni: W-DP (Tepen reorepmanapik cy), W-SP (5xa3bik
Oacceiin cysl), SED (3xa3bIk Oacceiinaepain TyHOa-
CBI) JkOHE S (KaKbIH TOMBIPAK ayMakTapsl) (2-cy-
per).

Tapaxy HoTmXenepi CydaH ajbIHFaH H30JIAT-
TapJblH aWTapibIKTall Keml eKeHiH Kepceremi, 16
M30JATTIH 9-51 (56%) CyIbl opTazaH MBIKKaH, Oy
BICTBIK, OyNlaKTapAarsl 0ail TepMOQMIBII KaybIMaac-
TBIKTBI KOpceTelli. AJIIBIHFEI 3epTTEYep TeOoTep-
MaJIIBIK OpTaja OpTYPil IUIACTHKTI BLABIPATATHIH
MUKpOOTapAbIH (BICTBHIK, OyaKTap, *KeIACTKIITEep
JKoHE T.0.) MEKEHJCWTIHIH pacTaljbl, COHJIIBIKTAH
Oy KybICTapAaH OKIIayiay jkKaHa BIABIpaTyIIbLIap-
Jbl Ta0y BIKTUMANIBIFBIH apTThIpans! (Yuan et al.,
2025).



C./1. ’Kantiecosa sxoHe T.0.

1-cyper
Kaszaxcmanoaevl Kapkenm (Anmamol 061bicol) ayoansinoazsl 2e0mepmaiobli biCMulE €y KO3i

2-cyper
T'eomepmanovix, 6ynaxmapoan anvinean mepmodhuivoi 6akmepusiapowiy oKwaynay kesoepi (A) swcone [1IT-vlovipay oneyemin an-
OvlH ana bazanay (B)

W-DP-01-06: Tepex reatepmanssik
cy (95-99 °C)

6 W-5P-01-03: XKabik Gaccer

6 <ybl (55-65 °C)

SED-01-03: Ma3wik BacceiHnepain,

Tybacs! (55-65 °C) Kywri scy

5-01-04: KaKiH TONLIPaK,

5 aymaKTapi (50-55 °C)

Kyurri acy (3): Konowss nuameTpi > 2.5 mu,

; 4 BISYOIS S5y Gencewai Tapany
]
: Oprawa ecy (4): Konowns anamepi 1.0-2.5 MM
=
5 Ancis ecy (3): Kononua anameTpi < 1.0 mm
w3
s Eneyciz ecy (6)

2

Oprawa ecy
1 ncis ecy

W-DP-01-06 W-SP-01-03 SED-01-03 5-01-04
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Kosnonus mopdonorusceln Tannay opTypii-
JIKTIH KE€H ayKBIMBIH KOPCETTI: €H JKHi Ke3ece-
TiH KOJOHHS Tyci — aK (7 W3014T), OJaH KeWiH
capbl (5 W30JIAT) )KOHE KOHBIP-capsl (4 M30JIT).
Kononusnapasiy enmemaepi, OUIKTIKTEpi, KUCK-
Tepi xoOHE 0eTKi TeKcTypajapsl Tyreiaaen apTyp-
ni ekeHiH Oalikayra Oonaabl. MHUKPOCKOTHSIIBIK
cumarrama Heriziame 12-ci rpamoH (95%), an
4-yi rpamtepic (25%) Gakrepus OONABI; TasKIIa
TOpi3Al MOpP(OJIOTUSHBIH oOpTama OachIMIBIFBI
(87%) Gaiikanabl. 'paMoOH TasKIIanap H10CIOpa
TY3[1 XkoHe ojap He TyHOana (62%), He KOFapbl
TeMIiepaTypajbl cy HU30asaTTapsl apaceiaaa (81%)
6ackIM OOJIBI.

Wzonsatrap OakTepusi KOJOHHSIAPBIHBIH OCY
nuaMeTpi OOWBIHINA Merpamarus THIMIUTITiHEe 0a-
ranmanasl, Oyn OypeiH Hussein A. sxone 1.6. (2019;
Huang et al., 2022; Long et al., 2022) cunarraran-
naii. (Hussein et al., 2015). OnapapiH immiHae oH

3-cyper

mzonsaT PET KypaMmbIHOarel KOPEKTiK opTackl Oap
TabaKmragsapaa *KakCchl OCIM MBIKTHI.

Ocbl macTukTi cyOcTpaTTapMeH HeMece oJap-
IIBIH YCTIHAE KOJJaHyFa oJIeyeTiH KepceTTi (2,
3-cypertep). Ym okmaynay (Yol pesepByapAblH
OpKAWChICBIHAH OipeyAeH) Y3apThUIFaH, AalKbIH
KOJIOHHSUTAPMEH MBIKTBI ©CYy KOPCETTi, all TepTeyi
opTalia ecy KepceTTi. YIieyi d9Iici3 O0bIN asKTai-
JIIbI J)KOHE Oeceyi alTapibIKTal ecy KepceTne/i, 0y
PET-nen anblHFaH KOCBUIBICTAPABIH JKaFJalbIH/A
KOCTaJIaHOAMTHIHBIH, SIFHU JKapaMChI3 €KeHIH MEH-
3eimi. bynm TaHmay sKanlmbl THAPOIUTHKANBIK (ep-
MEHTTIK JKYHeJIepIiH TajanTapbliHa OalIaHBICTBI
00ysI MYMKiH: oniap 3¢upmik OalmaHbIcTapsl 6ap
MOJMMEpIIEpAl BIIbIpaTa alaTbIHABIKTAH, YKOFaphl
TeMIiepaTtypa MeH KOpEeKTiK opTa a3 OoJFaH KaF-
Jainapaa aHarFypIibIM KYpAETi OpraHUKaJIbIK KOChI-
JBICTApIBI JKOHE/HEMECE KaCyTagaH ThIC CyOcTpat-
Tap/bl Maiigagana aaybl Me3Tij1e TaHAaybl MyMKIH.

0,1% (w/v) II2T 6ap kammel munepanobl my30bl Opmadd oKk uzonammapobly OAKmepusIblK ocyi

>2.5cm

1.0-2.5¢cmMm

<1.0cm

Ocy kywmi (kononus ouamempi > 2,5 cm), opmawa (1,0-2,5 cm), oaciz (< 1,0 cm) ocone anvixkmarmavmoin ocy (ND) 6onvin

Jicikmenol.

CaHnplK TecTiney ymiiH taHpainran 10 Tep-
MOGUIBAI M3ONATTHIH IOIiHAE TEK TepTeyi FaHa
[IDT-HiH aiikbiH bIABIpaybiH KepceTTi (p < 0,05),
caJMax JKOFanTy MoHzaepi 28 kyH iminae 13,9-nan
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16,0 mr-ra nmeiiin 6onasl (4-cypet). EH Gencenai
M30JATTap TepeH reorepManabik cy (W-DP) xone
KasblK Oaccerinnepnin Tynbacel (SED) yarinepi-
HEH aJIbIHFaH.



C./1. ’Kantiecosa sxoHe T.0.

4-cyper

Tepmoghunvoi baxmepusinoli uzorsmmapmen unkyoayusoan ketiin I19T canmacvinviy momenoeyi

MN3T-TeiH Tepmodnnbai 6akTepuAnapmeH biagbipaybl
XXapkeHT TepmanbAbl 6ynakrapbiHaH (KasakctaH) Geninai

— | #orapsl Gancenainik} f B W-DP: Cy. repeH ke3
W-DP-01 w (] e L"B Mr B SED: TywGa
] T B W-SP: Cy, Tans res
B s: Tonwipak
W-DP-03 W] O 15,4 mr +'r Morapsi Bencenainik (>10 mr)
WEDES0S ® g _ .
: )
SR ISED D _ :13.9 "
1
W-SP-02 W) l 0,5 mr |
i
1
]
SED-03 [SED] ul 0,5 mr }
1
i
- I
S-01 @ |H| JD‘Z Mr 1
Lo ) 1
1
i
W-SP-01 W |
i
]
1 1
S-04 El] I
]
1
i
S-03 3 ‘[
1
-5 o 5 10 15 20

MN3T canmak xoFanTysi (mMr)

Tepen reorepMangblk cynapablH (95-99°C)
SKCTpEeMaJIIbl JKaFAaiaapbl 0asy BIABIPANTHIH Op-
TaHUKaJbIK MHOJMMEPIEPACH KOPEKTIK 3aTTapibl
JKUHAyFa apHaJFaH OepiK jkoHE TYPaKThl THIPOIH-
TUKaJBIK (EPMEHTTIK XKyhenepi 6ap MUKPOOTHIK
KOHCOPIMYM/IapFa KYIITI CENEKTHBTI KBICBIM KOp-
CeTyi MYMKiH. Byl sKoJOTHsUTBIK OeifimMueny MyH-
nait m3onatrTapabiH [I9T CHAKTHI CHHTETHUKAIBIK
nonudupiepre madybUIbiHA OAFBITTATYbl MYMKIH.

TepMopuiibJli MHUKPOOTHIK >k0HE (HEPMEHTTIK
JKYHesep KOFapbl TeMIlepaTypaja IOJUMEp Ti3-
OCTiHIH KO3FaIFBILTHIFBIH KOHE (DEPMEHTTIK Ka-
TINTHKAIBIK TUIMAUITIH apTThipy apkeuisl [I9T
TUIPOJIU3IH alTapIbIKTal kKakcapTajbl. MbICabl,
MH)KEHEPIIIK TepMOQWIbAl KYHeIepaiH IocTypii
me3odunpai [1DTazanapmen canbicTeipFanna 60—
70°C TemnepaTypania >KOFapsbl bIAbIPAY KbUIIAMIbI-
FBIHA KOJI JKETKI3eTiHI KOPCETLIreH, oJiap OJETTe
TYPaKTBUIBIK YIIiH TOMEH TEMIIEpaTypaHbl Ka)eT
ereni (Yan et al., 2021). Kyrunasa >xoHe screpasa
CHSKTBHl TepModuiblIi (hepMeHTTEp ocipece mepc-
neKTuBaibl, cedebi omap [IDT-TiH HIBIHBL ©TIEINI
TeMIIepaTypachbliHa >KaKblH TEPMUSUIBIK YKaFaaniap-

na >dupiik OalmaHbICTapAbl THIMIIPEK Y3€ anajibl
(Kawai, 2021). JKakpiHaa )Kypri3iireH 3eprreysep
TepMOUIIB]II MUKPOOPTaHU3M-(hEepMEHT KYHEeCiHIH
[I9T KanabIKTapbIH XKOFaphl KYKTEMEJIEep MEH KO-
Fapbl TeMIlepaTypa Ke3iHIE TOJIBIFBIMEH bIIbIpaTa
aJaThIHBIH KOPCETTI, OYJI 3epTXaHAJbIK ChIHAKTAP-
JaH THIC TepMOQIIBAI OHOBIABIPAY KOJIaHYIbIH
JKOFapbl dlieyeTiH kepcereai (Su xone T.0., 2024).
Koraps! Temneparypanarsl [I9T siasIpaybIHbIH ap-
TBHIKIIBIIBIKTAPEl (PEPMEHTTEPAIH TEPMHSIBIK TY-
PaKTBhUIBIFBIHAH ThICKapbl. MyHmail skarmailinapaa
MOJIMMEP/IIH, (DU3HMKAJIBIK JKOHE KYPBUIBIMIIBIK, Ka-
CHETTEpiHIH 3repyi, KaTAIMTUKAIBIK, KbUIIaMIbIK-
TBIH JKOFapbLIaybl JKOHE CyOCTpaTrTap MEH bLIbIpay
eHiIMJIepiHiH JU(PY3UACHIHBIH IKOFapbUIAybl Te-
MEH TeMIIepaTypalibl KyHelepMeH CalbICThIPFaHIa
[I9T pemonmumeprnenyiHiH THIMIIpEK OOITYyBIHA BIK-
nan erefi (Atanacosa xoHe T.0., 2021).

broxumusaiblK cunarrama YIIiH €H >KOFaphbl
pIIBIpay THIMAILIITIH KepceteriH 19T macca xo-
FAIITy Taljaybl HETi3iHae TepT TepMo(HIIbIl U30-
nat (W-DP-01, W-DP-03, W-DP-06, SED-02) Tan-
Jasnjabl.
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S-cyper

112T-0i vi0vipamamuin ey Muimoi mepmodunboi U30IAMMAapPObIY OUOXUMUALLIK CURATNINAMANADb]

BaKTepuAnbIK WTaMMaapabiH, 6UuoxuMuansiK npocdunoaepi

W-DP-01 W-DP-03 W-DP-06 SED-02
rpam Goaybi © O] O] (O
JKacyla MOpGhonornach! | TaAKWwa TaAKwWwa TaAKwa TaAKwa
3ugocnopa Ty3yi ® 0] @ 0]
Katanasa ® 0] @ (0]
Oxkcupasa (0] 0] (O] Q
MenaTuH rugponnsi
Kpaxman rnaponusi @ A @ @
KazeuH ruaponusi - @ @ @ A
Ypeasa | [T
HaTwrxenep
@ on
UuTpaTTel naiganaHy - ® ® ® ® A 9nciz
B Tepic

EH THIMII TOPT H30IATTEIH OMOXUMUSIIBIK, CH-
rmaTrTaMachl a’poOThl METAa0OMU3MIII KOJIJIAWThIH
TYpakThl KaTajiaza >XOHE OKCHIa3a OeJICEHIINITI
0ap rpaM-IO3UTUBTI, CHOpa TY3€TiH TasKiajiap-
o6l KepceTTi. OmapmblH Kpaxmand MEH Ka3ewHII
TUAPOJIU3JICY KaOiieTi moJIMMepAiH biabipay Oel-
CEHIIIIITIMEH TaHbIMal KOITeTeH TepMO(IIThIL
OakTepusIIapra TOH KaCUeT — YKacyIllaJaH ThIC TU/I-
PONUTHUKAIBIK, (PEPMEHTTEPIIH KYIITI OHTIPUTYiH
kepcereni. byn dbepmenTTep, acipece xacymanaH
TBIC dCTEpasajiap XOHE KyTHHAa3a TOPi3i THUAPO-
naznap, [19T-te Oertik spo3usHbl Oactayga Mme-
XaHHUKAIBIK TYPFBIIaH MaHbI3/IbI, 0YJ MOHOMEPJIiH
OoJiHyiHE JXOHE OJIMMEPAIH ilIiHapa bIABIPaybIHA
okeneni (Benavides Fernandez et al., 2022). XKan-
bl aJiFaHa, OalikanraH (PEHOTHUIITIK )XoHE OHOXH-
MUSUTBIK, TIpo(ruth beprelt HyCKayJIbIFbIHA COUKEC,
MeTa0OMKAIIBIK 9MOEOaIThIFbI )KOHE KacyllaaaH
TBIC (pepMEHTTEPAIH OHAIPLTYIMEH TaHBIMAJ TOII
Bacillus TykbIMaachlHA KaTaThIHBIH KOPCETE/I.
byn 6akpiay [19T-Men GalimaHBICTRI OMOACTpaIA-
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OUSUTBIK, Tajgaynapra Bacillus TypaepiniH KaTbl-
CyBI Typajbl ecell OepreH OYpBIHFBI 3epTTEyJIepre
coitkec kememi (Zeng et al., 2023; Dhaka et al.,
2025; Khalil et al., 2025). ConsiMeH Katap, TepMoO-
¢bunpni Bacillus mrramaapsr monmatunen (I119T),
TeMeH ThIFBI3ABIKTEL TonudTwieH (TTIID) xone
JKOFapBI THIFBI3ABIKTHI TOEATIUICH (JKTIID) cusk-
Thl 0aCKa CHHTETHUKAJIBIK MMOJIMMEPICPIi bIIbIPATY
kKabinetiMeHn TanbiMan Dang et al., 2018; Zahari et
al., 2025), Oy ochl TYKBIMHBIH KEHIpEK, Oipak i
Il KETKUTIKCI3 CHMATTAFAaH MOJTUMEPAl BIIBIPATY
DIICYETiH KOpCeTeIi.

KopbIThIHABI

byn 3eprrey Kaszakcrannmarbl JKapkeHT reo-
TepMaIBIK OyJIaKTapblHAH OPTYPl TepMOQIIIbII
Oakrepusutapasl coTTi OemiHim anbiHAbL. OKmay-
JIAHFaH IITaMMJAp KOFapbl TEMIIEPaTypalbIK Op-
Tana (amwblk OaccelHAEpICH ajbIHFAaH TEPEH Ieo-
TePMaJIIBIK Cy JKOHE IIeTiHAil) OaphIHINA YKOFAPHI



C.J1. XKantnecopa xoHE T.0.

OeNCeHalTiK KopceTTi, OyJl TepMOTO3IMIUTIK IMeH
MTOJIMMEPICPIl TUAPOIU3NACY KaOINETiHIH 9ieyeTi
apachIHAAFbl SKOJOTHSJIBIK OalIaHbICTBI MEH3CHII.
Ouap xacyniaja ThiC THAPOIUTHKAIBIK, (hepMEHT-
Tep OHAIPYMEH CUMATTAJaTbIH OMOXUMHMSIIBIK, MIPO-
¢unbre ne.

BakputanraH caaMakThIH KeMyi (28 KYH immiHze
13,9-16,0 mr) ymiT KyTTipeTiH OacTankbsl HOTHXKE
0ombl, Oipak Keyeci Kagamaap MbIHAJIAp/bl Kam-
tuael: 1) 16S rRNA TeHin cexBeHHpIeY apKbUIbI
€H JKaKChl HOTH)KE KOPCETKEH OKIIayJaHbIMIapbl
MOJIEKYJIAJIBIK, aHBIKTAY; 2) OOTIHETIH XKayanTsl ap-
Haibl (epMEHTTEpAl CHUIATTay; >KOHE 3) bIABIpay
KaFIalmapblH OHTaWIaHBIpy (MbIcanbl, pH, Tem-
nepatypa, [I13T-Ti annein ana enaey); sxone 4) [19T
MOHOMEPJIEPiHiH O6MiHylH pacTay YIIiH BIIbIpay
eHiMIepiH Tangay. bym keprimikri Tepmoduibai
BIJIBIPATKBINTAPABIH ambuTybl KazakcTanna jxoHe
OJlaH TBHIC >KEpJepAe IMIACTUKAIBIK KaJABIKTapbI

Oackapy YIIiH TYpakKThl, OMOTEXHOJOTHSIIBIK, IIIe-
IIiMIep/i ©3ipJey YIiH jKaHa JKOJT aIllajIbl.
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OLEHKA YITAEPOAHOTO BAAAHCA HA OCHOBE OIPEAEAEHUA
NMPOAYKTUBHOCTH PACTUTEAbHbIX COOBLLIECTB
CTEIMHbIX 9KOCUCTEM AKMOAMHCKOWM OBAACTU

CTenHble 3KOCUCTeMbl AKMOAMHCKOM 0OAACTU SBASIOTCS KPUTUUYECKWU BaXKHbIM KOMIMOHEHTOM pe-
TMOHAABHOIO YTA€POAHOIO LIMKAQ, BbIMOAHSS (PYHKLMIO 3HAUYMMOrO pe3epByapa OPraHMYecKoro yrae-
poaa. OAHAKO MX MOrAOTUTEAbHAS CMIOCOBHOCTb MOABEPIKEHA CUABHBIM (DAYKTYaLMsSM B 3aBUCUMOCTHM
OT TWMA PACTUTEABHOCTU Y KAMMATUUECKMX YCAOBMI. LIeAbI0 AQHHOIO MCCAEAOBAHMS CTAAQ KOMMAEKC-
Hasl KOAMYECTBEHHAs! OLeHKA OCHOBHbIX COCTaBASIOLMX YIAEPOAHOro 6asaHca Ha OCHOBE MCCAEAO-
BaHWsl OMOAOTMYECKON MPOAYKTMBHOCTM — UMCTOM nepBuYHOi npoaykumm (NPP) 1 retepoTtpodHoro
Abixarust (Rh). MoaeBble paboTbl ObIAM NMPOBEAEHDI B TEUEHME BereTaumoHHoro cesoHa 2025 roaa Ha
TeppuTOpMM 25 CTALMOHAPHBIX MOHUTOPMHIOBbIX YHACTKOB B MATHM aAMMHUCTPATUBHbIX parioHax (Ervn-
AbIKOAbCKMIA, AKKOAbCKUI, EperimMeHTayckmii, Ecuabckuin, ATbacapckmii). Metoaoaorus 6asmpoBasach
Ha METOAE «“MMHMMAAbHBIX OLleHOK» A.A. TUTASHOBOM, BKAIOYAIOLLEM €XXeMeCAUHbIA yuyeT hpakumi
HaA3EMHOW 1 NMOA3EMHON 6MOMaccChl. YCTaHOBAEHO, YTO MPOAYKLMOHHbIE MPOLLECChl XapaKTepu3ytoTcs
BbICOKOWM MPOCTPAHCTBEHHON HEOAHOPOAHOCTbBIO: MAaKCMMaAbHasi MPOAYKTUMBHOCTb 3adhMKCMpoBaHa B
Me30MTHbIX coobuyecTBax ECMAbCKOro paroHa. B 3acyluAmnBbIX YCAOBMSX (ATGACAPCKMIA PaioH) BbisiB-
A€Ha apanTUBHAs CTpaTerns, Npym KOTOPOM OCHOBHAS YaCTb YTAEPOAQ AEMOHMPYETCS B KOPHSX. Pe3yAb-
TaTbl NOATBEPXKAQIOT, UTO B YCAOBMSIX BAQXKHOWM BeCHbl 2025 roaa BCce MCCAEAOBAHHbIE 3KOCUCTEMDI
BbICTYMaAM B POAM CTOKa YrAepoAa, cekBecTpupys ot 1,65 Ao 6,42 1 CO,-3kB/ra/roa. MccaepoBaHune
noAYepkuBaeT HEOOXOAMMOCTb yyeTa KOPHEBOM MPOAYKLMM NMPU MOAEAMPOBAHUM KAMMATA.

KAtoueBble cAOBa: UMCTasi SKOCUCTEMHAs! MPOAYKLMS, YTAEPOAHBI 6aAaHc, cyxast cTenb, AKMOAMH-
cKkas 06AaCTb, AMHaMMKa BMOMACChl, YMCTas NepBUYHAs MPOAYKLMS, KOPHEBAs MOpPTMACCa.

Y.H. Mendybayev', S.U. Zufarov', G.A. Gataulina', M.Zh. Sharipova?"

'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Astana International University, Astana, Kazakhstan
*e-mail: moldirzhumagul@gmail.com

Assessment of the carbon balance based on the determination of the productivity
of plant communities of steppe ecosystems of the Akmola region

The steppe ecosystems of the Akmola Region are a critically important component of the regional
carbon cycle, serving as a significant reservoir of organic carbon. However, their carbon sequestration
capacity is subject to significant fluctuations depending on vegetation type and climatic conditions. The
aim of this study was to conduct a comprehensive quantitative assessment of the main components of
the carbon balance based on an analysis of biological productivity — net primary production (NPP) and
heterotrophic respiration (Rh). Fieldwork was conducted during the 2025 growing season at 25 perma-
nent monitoring sites in five administrative districts (Egindykol, Akkol, Erementau, Esil, and Atbasar). The
methodology was based on A.A. Titlyanova’s “minimum estimates” method, which involves monthly
accounting of aboveground and belowground biomass fractions. It was established that productivity
processes are characterized by high spatial heterogeneity: maximum productivity was recorded in the
mesophytic communities of the Esil District. Under arid conditions (Atbasar District), an adaptive strat-
egy was identified in which the majority of carbon is stored in the roots. The results confirm that during
the wet spring of 2025, all studied ecosystems acted as carbon sinks, sequestering between 1.65 and
6.42 t CO,-eqg/halyear. The study highlights the need to account for root production in climate modeling.

Keywords: net ecosystem production, carbon balance, dry steppe, Akmola region, biomass dynam-
ics, net primary production, root necromass.
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AKMOAA 00ABICBIHbIH, AAAQ 3KOXYHeAePiHiH 8CIMAIK KaybIMAACTbIKTAPbIHbIH,
OHIMAAIriH aHbIKTay Heri3iHAe KemipTeri TeHrepimii 6aranay

AKMOAQ 0OABICbIHBIH, AdAd SKOXKYMEAEPi aiMaKTbIK, KOMIPTEri alfiHaAbIMbIHbIH MaHbI3AbI KypPamMAac
GOAIri >XeHEe OpraHMKaAbIK, KEMIpTEriHiH eAeyAi pesepByapbl 6OAbIN TabbiAaAbl. AAaAQ, OAAPAbIH KO-
MipTeriH CiHipy KabiAeTi ©CiMAIK >KaMbIAFbICbIHbIH, TYPi MEH KAMMATTbIK >KafAaiAapra GanAaHbICTbI
anNTapAbIKTan aybITKMAbI, OYA MapPHMKTIK rasaap AMHaMMKaCbiH GOAXKayAbl KMbIHAATaAbl. 3epTTeyAiH
MakcaTtbl — BMOAOTUSIABIK, OHIMAIAIKTI (NPP) >keHe TonbIpakTbiH, reTepoTpodThl ThiHbIC aAybiH (Rh) er-
JKEN-TErKeNnAl 3epTTey Heris3iHAe Tasa 3KOoXKyieAik eHIMAIAIKTI (NEP) kelweHAl caHAbiK 6araAay. Aa-
AQAbIK, XXymbIcTap 2025 XbIAFbl BereTaumsAblk, keseHae 6ec ayaaHaa (EriHaikea, Akkea, Eperimen-
Tay, Ecia, Atbacap) opHarackaH 25 MOHMTOPUHITIK YYaCKEAE >KYPri3iAAi. DAicTeme XepycTi xXeHe
>kepacTbl 6romacca pakumsAapbiH ecenke araTbiH A.A. TUTASHOBaHbIH dAiCiHE HerizaeAreH.3epTTey
OHIMAIAIK MpoLeCTepiHiH anKbiH KEHiCTIKTIK 6ipTeKkTi emecTirin kepceTTi: Tasa 6actankbl eHiM (NPP)
KCcepoUTTi KaybiIMAACTbIKTapAarbl 7,38 T/ra-AaH Me30UTTI Aararapaarbl 15,78 T/ra-Fa AeniH aybIT-
KblAbl. ATGacap ayAaHbIHbIH Kypfak, >KaFAaibIHAQ ©CIMAIKTEPAIH KOMIPTEriH HerisiHeH Tamblp >Kyre-
CiHAE XMHaKTayFa GerniMAEAreH CTpaTermscbl aHbiKTaAAbl. 2025 >KbIAFbl KOAQMAbI TMAPOTEPMMSIABIK,
>KarAanAapAa 6apAbIK, 3ePTTEATEH 3KOXKYMeAep KeMipTeriHiH Tasa CiHipriwi (net sink) peTiHAe >KyMbICbl
opratua ecenneH XbiAbiHa 3,48 T CO,-3kB/ra ciHipreHi aHbikTaaAbl. XXbIAAblK, NPP-aAiH 40%-Fa >Kyblfbl
TambIp BAIMACCachbl TYPIHAE >KMHAKTAAATbIHbI )XOHE MUHEPAaAAAHYAbIH 0asy KapKblHbiHA GaNAAHbICTbI
y3aK, Mep3iMAi KemipTeri pe3epBiH KYpPanlTbiHbl ADAEAAEHAI. 3epTTey HOTMXKeAepi YATTbIK MapHUKTIK
rasAapAblH KaAACTPbIH Ty3eTyre >KoHe KAMMATTbIH e3repyiHe OeniMAeAy CTpaTervsiaapbiH o3ipaey

YLWiH MaHbI3ADI.

Tyiin ce3aep: Taza 3KOXKYMEAIK OHIM, KOMIpTeri TeHrepimi, Kyprak, Aara, AKMoAa 0OAbICbI, G1O-
mMacca AMHaMMKacbl, Tasa 6acTankbl ©HIM, TaMblp ©AIMaccachl.

BBenenne

B coBpeMeHHBIX YCIOBHUSIX MPOrpeccHpyroLiei
rI00aTbHON KIMMAaTUYECKOW HECTAaOMIBHOCTH W
HEOOXOJMMOCTH  pealu3allid  MEXAyHapOIHbIX
COIIAIIEHUN TI0 JOCTHXKEHUIO YIIIEPOAHOU HeM-
TPaJbHOCTHU, TOYHASI KOJMUECTBEHHAs OLICHKA yTJie-
POHOTO THMKJIA HA3€MHBIX JKOCHCTEM BBICTYIAET
NpUOPUTETHON 3anauell ans PecnyOmmkn Kazax-
ctad. CorjacHO TMOCIETHUM aHATUTHYECKUM JaH-
HbIM MEXITPaBUTEIBCTBEHHOMN TI'PYIIBI SKCIIEPTOB
o m3MeHeHunto kimMara (MI'OUK), koHmeHTparms
MAapHUKOBBIX T'a30B B aTMocdepe IocTuria decrpe-
[IeJICHTHBIX 3HaUeHUH (Lee et al., 2023). 10 Tpebdy-
eT MPHHATHS SKCTPEHHBIX Mep HE TOJBbKO B cdepe
COKpaIIeHns TPOMBIIIUIEHHBIX BHIOPOCOB, HO W B
HalpaBJICHUH YCUJICHUS €CTECTBEHHOH IOTJIOTH-
TETHHOM CIIOCOOHOCTH MPUPOIHBIX OMOMOB.

TpaBsiHbIE SKOCHCTEMBI, OXBATBIBAIOILINE CTEIIH,
MIpEepUH U CaBaHHBI, 3aHUMAIOT oKoo 40% momia-
1 cymn (0e3 yueTa JeTHUKOBBIX IOKPOBOB) U BbI-
CTYTIAIOT TUTAHTCKUM DPE3epBYapOM, COJIEPKAIINM
oT 20 no 30% MHpPOBBIX 3amacoB MOYBEHHOTO Op-
raHudeckoro yraepona (Jobbagy & Jackson, 2000;
Scurlock et al., 1998). B oTiinuune oT J1eCOB, Te OC-
HOBHOM ITyJI yriiepoja COCPEJOTOUEH B HAJ[36MHOM

JIPEBECHHE U JIETKO BRICBOOOKIAETCS MTPH TIOXkKapax,
CTeNH aKKyMYJUPYIOT OPraHHYecKOe BEeIECTBO
MIPEUMYIIECTBEHHO B TIOYBEHHOM IPO(HUiIe ¥ MOIII-
HBIX KOPHEBBIX CHCTEeMax. JTO JeNaeT WX HCKIIIO-
YUTEIHHO HaJIe)KHBIMH JIOJITOCPOYHBIMUA XPaHHIIH-
mamu yriepoja. ns KazaxcraHa, 4ybd CTENHBbIE
narnmadrTel 3aHuEMaT Oonee 180 MuH Ta, 00B-
eKTUBHOE TMOHMMaHHUE IOTEeHIIHala CeKBECTpaluu
CO2 >TUMH TEPPUTOPHUSIMH SBISIETCA BaKHEHIINM
aCTMeKTOM JKOJIOTHYEeCKOH 0e30MacHOCTH U CTpa-
TErMYeCcKOro IJIAaHUPOBAHHS B paMKax Iepexoja K
Oe3yrnepoaHoit skoHomuke k 2060 romy (Batjes et
al., 2016; Squires & Qi., 2017).

TpaguuuoHHO cTenHble 30HBI EBpa3zum pac-
CMATPUBAINCh KaK YCTOHYMBBIE CHUCTEMBI C IIO-
JIOXKHUTENLHBIM  YTIIEpOIHBIM OanancoM. OJHaKO
HOBEHINIME TIOJIEBbIE JIaHHBIC CBHJIETEILCTBYIOT
00 WX BBICOKOW ySI3BUMOCTH K HapacTarouiei apu-
U3aIUN KJIMMaTa, TpoleccaM JAerpajalfii I10YB
U aHTPOINOTEHHOMY IaBJIEHUIO, TAKOMY Kak Mac-
mTaOHas pacraiika i HeperyJInpyeMbli iepeBhInac
ckota (Vitkovskaya et al., 2026, Eisfelder, 2013).
Crnemuduka cyxux creneii CeBepHoro Kasaxcra-
Ha KPOETCS B PE3KO KOHTHHEHTAJIbHOM KIIMMaTe ¢
AKCTpEeMaIbHBIMU TEMIIEPATYPHBIMH TIeperaaMi u
JNe(QHIUTOM BIIard, YTO MOPOXKAAET BHICOKYIO TIPO-
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CTPAaHCTBEHHYIO MO3aWYHOCTb PACTUTEIBHOCTH.
Hcnonp3oBaHme cTaHAAPTHBIX YCPEIHEHHBIX KO-
¢unmentoB MI'DUK ans pacuera HaIMOHAIBLHOTO
yTIepoHOro OajlaHCa B JaHHOM pETHOHE pery-
JSIPHO MPUBOAUT K CYIIECTBEHHBIM CHCTeMaTHue-
CKHM TOTPENIHOCTAM. [ TobansHbIe MOJIeNH MPOCTO
HE CIOCOOHBI KOPPEKTHO YYHTHIBATH JIOKAIBHBIC
0COOCHHOCTH HAKOIIJICHHUSI KOPHEBOH OMOMAaccChl n
cneunpuKy pasiaokeHUs MEPTBOTO OPraHUYECKOTO
BeIecTBa B 3acynumiBoi cpene (Lal, 2018, Kerven
etal., 2021).

Orenka yriepoJHOro IUKJIa B TPAaBSIHBIX OHO-
TONax OCTaeTCs MPEIMETOM OCTPhIX HayYHBIX
muckyccnii. OTpOMHBIA HAay4YHBIA BKJIAJ B HCCIe-
JIOBAaHUE TMPOJYKTUBHOCTU E€BPA3UIICKUX CTenen
npuHaUIKUT mKone A.A. TurnsHoBoil. VMeHnHO
€10 ObUT KOHLENTYaTU3UPOBaH M alpoOMpOBaH Me-
TOJl «MUHUMAJIBHBIX OICHOK», JAFOIINNA BO3MOXK-
HOCTb BBIUHCIISTH MPOAYKIHIO C YYETOM CKOPOCTH
OOHOBIICHUS PA3INYHBIX (PpakIuii GMOMACCHl — OT
YKUBOW 3€JIeHN M BETOIIM JI0 MOACTUIKU U KOpHEH.
bruto mokazaHo, 4TO eciau He YYUTHIBAThH MPOIEC-
Chbl OTMHUPAHMSI U MUHEPAIU3AIUU PACTUTECIBHBIX
OCTAaTKOB B TEUYEHHWE BEreTallih, peayibHas Tpo-
IOyKLUS cTernei OyaeT HeooLUeHeHa B MOATOpa-/1Ba
paza (Waheed et al., 2025, Zhu et al., 2022). Ota
METOJIMKA MO Cell IeHb MPU3HAETCS 3TAJIOHOM B I10-
JIEBOM CHHAIKOJIOTHH W TOCIYXWja (PyHIAMEHTOM
JUTSL HAIlIel paboThI.

3apyOexHbIe MyOJHMKAMM TIOCICIHUX JIET
YACISIOT IPUCTAIbHOE BHUMAHUE BIUSHUIO U3ME-
HEHHUs KJIMMaTa Ha razoo0MeH cremneil. Macmtab-
Hble paboTHl Ha TpaHCeKTax uepe3 LleHTpanbpHYyIO
A3WIO BBISIBUJIIM Pa3HOHANPABIEHHBIE TPEHBI CEK-
BECTpALMU: €CIH MEe30(HUTHBIE CTENHU MpPH J0CTa-
TOYHOM YBIIQXXHEHUH pPEarupyioT Ha MOTEIUICHHE
POCTOM MPOJYKTUBHOCTH, TO CyXHUE CTENH U MOJIY-
MTyCTBIHHBIE 30HBI CTPEMHUTENBHO TEPSIOT YTIEPOJ
n3-3a TEMIIEPATypHOTO CTpecca U MPOrpeccHupy-
omux 3acyx (Buras et al., 2020; Abd-Elrahman
et al., 2024). Psn aBTOpPOB TakKe OTMEYaeT KO-
JIOCCANIBHYIO TMPOCTPAHCTBEHHO-BPEMEHHYIO W3-
MEHYMBOCTH HeTTo-npoayktuBHoctH (NEP), rme
[JIaBHBIM JApPaiBEepOM BBICTYMNAOT aTMoc(hepHbIe
0caJIKu repBoii monoBuHbl neta (Niu et al., 2008,
Chapin Il et al., 2011). JlaHHBII acIIEKT WMEET
0COOYH0 3HAYMMOCTH JIJISi HHTEPIPETAIIMH HAIIHX
pe3yNbTaToB, TOCKONBKY 2025 TOm OTIHYHIICS
AHOMAJIbHBIM pacHpeaeiCcHUEM BIlary.

I'maBHON METO/I0J0TUYECKON TPYIHOCTHIO MPHU
MOHHUTOPHHTE Ta3000MEHa B CTEIISIX OCTACTCS «HE-
BUAUMBIN My» — MoJA3eMHasi 4yacTh pactenuil. I1o
OIleHKaM uccienoBateneit, 10 70—-80% uucroit nep-
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BUuHOM nponykuuu (NPP) MoxkeT yxoauTs ©IMEHHO
B KopHeByto cuctemy (WANG et al., 2012; Pausch
& Kuzyakov, 2018). 310 00CTOSATEILCTBO JIENaeT
METO/IbI AUCTAHIIMOHHOTO 30HANPOBAHNUS (MHIEKCHI
NDVI) numb BcroMmorareinbHBIMH HWHCTPYMEHTa-
MH, IOCKOJbKY KOCMHUYECKUE CHUMKH YJIABIMBAOT
TOJBKO HAJ3EMHYIO 3€JIEHYI0 MacCy, HO HE CIIO-
COOHBI M3MEPUTH MPUPOCT KOPHEH, MPOTEKAIOIIHHA
acUHXpOHHO (Smith, 2014). CnenoBaTensHO, Mpsi-
MO TTOJIEBO MOHHMTOPHWHT BceX (ppakiuii opraHu-
YECKOI'0 BEILECTBA HAa IMPOTSHKEHUU BCETO CE30HA
SIBIIIETCS] KPUTUIECKH BAYKHBIM.

enp Hamero uccienoBaHUs — KOMILIEKCHAS
MHCTPYMEHTAJIbHAsl OLIEHKAa YUCTOM 3KOCHCTEMHOMN
npoaykinuu (NEP) Ha ocHOBE J€TaIbHOTO U3YUYCHHUS
JTUHAMHUKH OMOMAacchl B OCHOBHBIX CTEIHBIX CO00-
mecTBax AKMOJIMHCKON 00JIacTH.

MarepuaJjibl 4 METOAbI HCCIIEI0BAHUS

B nmanHOM pasnene mpeacTaBiIeHBl METOIBI U
METOJIOJIOTHYECKHE YCTAaHOBKH, TIO3BOJIMBIINE pac-
KPBITh COJICPKAHUE TEMBI U PEINTH TOCTaBICHHYIO
npobiemy. CO0p IMIUPHUYECKOTO MaTeprana ocy-
LIECTBISJICA B TEUYEHHE MOJHOTO BETeTAMOHHOTO
ce3ona 2025 roga (c mast mo oKTsIOpb) Ha TEPPUTO-
pru AxMosnHcKoM obnactu Pecriy6nnku Kazaxcran
(mog30Ha CyXHMX THITYAKOBO-KOBBUTBHBIX CTEMEH).
s mpoBeAeHUS KOMILIEKCHOTO MOHHTOPHHTA
ObuTa pa3BepHyTa CeTh M3 25 pPerpe3eHTaTHBHBIX
CTallMOHAPHBIX TUIOLIA/IOK B MSTH aIMHHUACTPATHB-
HBIX paliOHaX C Pa3JIMYHON CTENEHBIO APUIAHOCTH
kinuMata: EcunbckoM, EruaasikonsckoM, Atbacap-
CcKoM, AKKOITECKOM 1 EpeliMmeHTayckom.

OT0Op YKOCOB PAaCTHTEIBHOCTH MPOU3BOIMICS
exeMecsaHo. J{J1si HUBETMPOBaHUS BIUSHHUS MUKPO-
MO3aUYHOCTH MOKPOBA MPOOBI Ha KaXIOW MIIOIAA-
K€ Cpe3alnch B 5-KpaTHOM MOBTOPHOCTH (y4deTHas
pamka 20x20 cm). B naGopaTtopHbIX yCIOBHAX HaJ-
3eMHass Macca (PaKIHOHUPOBAIACH HA 3EJICHYIO
¢uromaccy (G), Betomb (S) u moactunky (L). [Tox-
3eMHas cepa ncciIe0BaIach METOJOM ITOYBEHHBIX
MOHOJUTOB (OypeHue Ha rmyouny 1o 30 cMm), KOpHU
OTMBIBAJINCH W pa3/iesuiich Ha xuBbie (R) 1 MepT-
Bbie (V). PacturenbHble 00pasiibl BHICYIINBAIHCH
mpu 65 °C 10 qocTkeHns abCOMIOTHO CyX0T0 Beca
(Meier & Leuschner, 2008).

Uwucras nepsuunas npoxykuus (NPP) paccun-
THIBaJaCh 1O METOAY «MHUHHMAJIbHBIX OLCHOK»
(Zhu et al., 2022). IHTEHCUBHOCTD T€TEPOTPO(PHOTO
neixanus (Rh) onenmBanach pacueTHBIM MyTeM Ha
0a3e CKOPOCTH YOBITN MAacChl TIOJICTHIIKU M ITOA3EM-
HOW MopTMacchl. J{i1st cnennuieckux yCiIoBHii cy-
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XHX cTerned AKMOJIMHCKON 00JIaCTH MbI IPUMEHUIH
Hay4yHO 000CHOBaHHBIE KOO(PPHUIIMEHTH MUHEPAITH-
3armu: k =0,003 cyT™" st HaA3EMHOMN MOJICTHIIKH 1
k=0,0015 cyr™" nns kopreBoit MmopTMacch (Parton
etal., 1993). [IpumeHenne ganHbIX KOAPHUINESHTOB
MPOANKTOBAHO WX BBICOKOM TOYHOCTBIO ISl PE3KO
KOHTHMHEHTAJILHOTO apUIHOTO KIIMMaTa, TJ€ MUKPO-
Omosormueckasi JECTPYKIMS OPTaHUKH CEephe3HO
JUMUTHPYETCSI JePULIUTOM ITOUYBEHHOH BIIary.

ITockonpKy B KOHTYpE HaIei paboTsl HE U3Me-
PSUTMCH CTOPOHHME TIOTOKH yriieposa (9po3usi, BbI-
HOC OpPTaHWKH), UTOTOBBIN OajlaHC OIIEHWBAJICS Ye-
pe3 Mokasareib YHUCTOM AIKOCHUCTEMHON MPOTYKIUH
(NEP) B emuaniax CO2-3kBrBanieHTa Mo hopmyre:
NEP = (NPP — Rh) x 0,45 x 3,67.

Cratuctnueckasi o0paboTKa 3KCIIEPHUMEHTATb-
HOT'0 MaTepHaja MpOBOIUIACH COTIACHO OOLIeTpH-
HITOW MeToauKke mosieBoro onbita b.A. Jlocrexoga.
Jlng kaxaoro uccieayeMoro napaMmerpa BBIUHMCIS-
yach cpeaHss apudmerndeckas BenumunHa. OrieHka
CYLIECTBEHHOCTH  NPOCTPAaHCTBEHHO-BPEMEHHBIX

Ta6aumna 1

paznuuui MeXay palioHaMHM OCYIIECTBIIANIACh C
npuMeHeHueM t-xpurepust CThIOZEHTA C UCIOIB30-
BaHUEM IPOTrPaMMHOTO MakeTa Statistica. Paznnuns
NPU3HABAIMCh CTATUCTUYECKH 3HAYMMBIMU IIPU P <

0,05.
Pe3yabTaThl HCC/ICA0BAHNSA H HX 00CYKICHHE

Cesonnas OuHamuxa npooOYKYUOHHBIX Npoyec-
cos u cmpykmypa ¢umomaccul. W3ydyenue mpo-
CTPaHCTBEHHO-BPEMEHHOT'O pAaCIpeeNIeHusl pac-
TUTENIFHOTO BEIIECTBA BBISIBIWIIO  BBIPAKEHHYIO
TeTEPOreHHOCTh, HAMPSIMYIO 3aBUCSIIYIO OT THAPO-
TEPMHUYECKOTO TpaarenTa. B Mme30puTHBIX coobie-
CTBaxX NMHMK HAKOIUIEHUS JKUBOW Ha/l36MHOH Macchl
TIPHIIENCS Ha HIOHB, YTO OBII0 00YCIOBICHO 0OUITh-
HBIMH BECEHHUMH OCaJIKaMH.

JUIsi CHCTEMHOTO aHalu3a BHYTPUCE30HHON
purMuku B Tabnuue 1 nmpencraBieHa ycpeaHeHHAs
TUHaMHKa (Qpaxiuil Mo aAMHUHACTPATUBHBIM palio-
HaM B pa3pe3e MeCSIIIEB.

Tomecsiunas Ounamura cmpykmypol pumomaccyl no AOMUHUCIPAMUSHLIM PAtioHam Akmonunckou obracmu (y/ea)

Paiion / Mecsig () B 11 R A\ R+V
Ecunbckuii paiion

Mait 1172 +15,2 42,0+5,1 66,4 + 8,0 29,3 +3,8 46,9 +6,3 76,2 +9,6
Wions 122,5+ 15,9 37,0+5,5 63,4+10,4 31,2+44 28,7+5,9 64,0+9,6
Wrons 78,9 + 6,6 43,6 £6,5 58,6 £9,0 28,4 +53 39,5+4,3 69,2 +£9,8
Asrycr 70,0 £ 6,4 43,5+£9,6 58,0+ 6,5 16,8 £2,0 43,1+6,3 63,7+9,8
Cents0pb 79,6 +7,7 28,0+7,1 51,2+9,8 20,0 4,5 33,6+7,5 55,5+5,6
OKTs6pD 38,6 +8,4 26,3+6,2 43,6 £ 11,4 8,7+1,0 22,6 +4,7 333+53
Artbacapckuii paiion

Mait 109,2 +£9,9 38,2+3,5 60,0 £ 5,6 29,3 +£2,6 45,7+4,2 75,0 £5,1
Hronp 104,5+ 13,3 28,6 +1,8 62,5+5,3 38,8+3,5 26,9 4,8 65,7+4,8
HWions 61,6 +12,7 36,6 +5,7 57,7+84 354+5,1 28,7+6,1 64,1 £6,8
Asryct 54,7+ 11,4 26,4+ 4,5 64,9 +7,0 15,8+4,9 38,6 £6,3 54,4 +5,6
CeHts10pb 58,7+ 11,2 22,7+3,6 56,5+9,8 18,8 £4,7 28,6 £5,8 50,6 +3,8
OKTs6pD 27,0 +10,6 19,5+6,9 472+11,6 12,3+1,7 24,1 +£5,8 433+6,4
Erunnpikonsckuit paiton

Mait 128,7+4,1 16,9 +2,8 15,5+2,2 12,5+5,1 12,6 £3,9 25,1 +9,0
Wionp 1249 +2,6 17,3+1,7 26,7+0,4 10,773 18,9+7,3 29,6 + 14,6
Hronb 90,5 +2,8 29,7+ 1,7 21,2+1,5 62+32 18,1 £8,3 24,3+ 11,5
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Ipooonscenue mabauywvl

Paifon / Mecsig [ B II R v R+V
Asryct 89,7+2,8 18,2+0,4 324+04 53+29 142+2,5 19,5+5,4
CeHTs0pD 69,7 4,6 12,5+0,2 19,3+2,7 6,1 £42 11,2+2,1 17,3+£6,3
OxTa6pp* 55,6 £5,2 13,8+1,4 27,8 +3,1 7,6+ 1,1 12,3+2,0 19,9 £3,1
AKKOJIBCKUH paiioH

Mait 77,3+£0,7 11,6 £0,1 35,5+0,5 10,0 +0,1 15,5+0,1 25,5+0,3
Urons 93,0+ 0,8 9,1 £0,1 29,9 +0,4 12,4+0,2 12,6 +£0,2 25,0+0,3
Uronp 79,3+£0,7 20,1 +0,4 323+04 11,7+0,1 20,2+0,2 31,9+0,3
Asryct 65,3+0,7 12,5+0,2 34,8+0,5 72+0,1 14,6 £0,2 21,8+0,3
CeHT0pb 38,0+0,5 11,3+0,2 155+0,3 9,5+0,2 13,4+0,2 229+0,3
OKTs16pb 25,004 9,7+0,2 19,0+0,3 4,7+0,1 9,8+0,2 14,5+0,3
EpeiimenTayckuii paiion

Mait 122,5+1,1 6,2+0,5 11,9+1,5 29,0 +0,7 24,0+ 1,7 53,0+ 1,1
Urons 117,6 £3,1 92+0,3 15,1 +2,3 23,3+0,4 22,6 +2,8 459+3.2
Uronb 87,3+£2,2 10,2 +1,2 11,4+39 22,6 2,9 26,5+2,4 49,1+5,4
ABrycr 77,5+2,5 7,4+0,5 17,7+0,6 20,9+ 0,5 23,8+1,2 447 +2,0
CeHTs0pD 76,7+1,0 8,3+0,9 19,6 £0,8 142+1,7 16,3+0,8 30,5+2,6
OKTs0pB 39,5+£5,.2 13,7+2,6 15,5+1,5 9,5+04 15,9 +0,4 254+04

(Ilpumeuanue™®: a) B Ecunovikonbckom patione 8 OKmsaope notHoyeHHbll yuem gpakyuil 66l 603MONCEH MOIbKO Ha paspese Ne2).
0): @ — 3enenas macca, B — eemown, I1—noocmuika, R — sicusvle kopuu, V — mepmevle kopru, R+ V — cymmapnasn nodsemnas macca.
Jlannvie npedcmasnensvt 6 popmame M + m (cpeonss apugpmemuueckas + cmanoapmuas owudKa).

3aKOHOMEpPHO, YTO YyCHJICHHE aOWOTHYECKOTro
cTpecca K KOHILy JieTa BO BCeX paioHaX MPHUBOJIUIIO
K 3KCIIOHEHIIMAJIHLHOMY POCTY JIOJIM BEIIECTBA, Jie-
MIOHUPYEMOTO0 B NOJ3EeMHOM MopTMacce. Harmpumep,
B TUMUYHBIX CYyXUX CTEMsAX ATOacapckoro paiioHa
(pa3pes 1) npu cymMmMapHOIi YUCTON TEPBUIHON TIPO-
nykuuu (NPP) B 13,2 T/ra, 3amac MepTBBIX KOpHEH
K OCeHHeMy Tepuoy gocturan 5,3 1/ra. [lons opra-
HUYECKOT'0 BEIIEeCTBA, MEPEIIE/IIero B AeTPUTHBIH
MyJl W 3aKOHCEPBUPOBAHHOIO B BUAE KOPHEBBIX
0CTaTKOB, cocTaBmiia okoi10 40% OT Bcel rooBoM
nepBu4HOM nmpoxykumu (5,3 / 13,2 x 100 = 40%).

Hemmo-sxocucmemnan npooyxkyuss (NEP) u
yenepoouwlil banamnc

Ucxong v3 ce30HHON AMHAMHUKU IpHUpALICHUI
(dhpaxumii 6momaccer (Tabmuma 1), Hamu ObLIa pac-
cuMTaHa WTOroBas rojosas mponykius (NPP) u
rereporpodHoe apixanue (Rh). B Tabmuue 2 npex-
CTaBJICHBI Pa3BEpHYTHIE TOKA3aTeNH YTIIEPOTHOTO
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OajaHca CTPOro MO BCeM 25 HCCIIeI0BaHHBIM pa3pe-
3aM C BBIBE/ICHUEM CPEHUX 3HAYCHHHI JUIS KaXKJ0TO
paiioHa.

JlaHHBIE TIOATBEPKIAIOT, YTO BCE MCCIICTOBAH-
HBIE TUIBI 9KOCHCTEM (DYHKIIMOHHPOBAIM KaK aK-
TUBHBIE «CTOKH» aTMoc(epHoro yriepoaa. Dddex-
TUBHOCTH CEKBECTPAIlUK BapbUpoOBajia OoJiee 4eM B
TpU pasa: Me30¢uTHbIe cTenu Ecnibckoro paiiona
(B cpemnem 4,69 T CO2/ra) mpoaeMOHCTPUPOBAIH
MaKCHMaJIbHBIN MMOTEHINAI MOTJIONIeHNs. B cyxux
crermsix Artbacapckoro paioHa MOJOXKHTEIbHBINR
OanaHc ObUI COXpaHEH MPEUMYIIECTBEHHO 3a CUET
MOIITHOTO T0/I3eMHOT0 npupocta. CpaBHEHHE MMO-
JIEBBIX PE3YJIbTATOB C JaHHBIMU CITyTHUKOBBIX MO-
JieNieil BCKPBIBACT CEPhE3HBIC METOJOJOTHYECKHE
PAaCXOKICHHS: JUCTAaHIIMOHHOE 30HIMPOBAHUE 3a-
HUKaeT MPOTyKTUBHOCTE cyxux creneif Ha 40-50%
U3-32 HEBO3MOXXHOCTH y4YeTa CKpPBITOIO B IIOYBE
yraepoaHoro nyna (Wiesmeier et al., 2019, Piao et
al., 2020, Soussana et al., 2019).
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Taoaumna 2

Cocmasnaowue y2nepooHo2o 6anamnca no 6cem MOHUMOpUH208biM paspesam Axkmoaurckoti oonacmu 3a 2025 200

Paiion u Ne paspesa

NPP (Uncras

Rh (T'ereporpodroe

NEP (Herro-6ananc),

NEP (Crox CO2), T

MPOIYKIUS), T/Ta JIBIXaHKe), T/Ta T C/ra CO2-3kB/Ta
Ecunbckuii paiion
Pazpes 1 17,8 14,6 +1,44 +5,28
Pazpes 2 16,5 13,6 +1,30 +4,79
Paspes 3 13,9 11,4 +1,12 +4,13
Pazpes 4 19,2 15,3 +1,75 +6,44
Pazpes 5 11,5 9,8 +0,76 +2,81
Cpeonee no pationy 1578 12,94 +1,28 +4,69
Erunapikonbckuit paiion
Pazpes 1 15,4 13,1 +1,03 +3,80
Pazpes 2 14,8 12,7 +0,94 +3,47
Pazpes 3 15,6 13,3 +1,03 +3,80
Pazpes 4 14,5 12,5 +0,90 +3,30
Pazpes 5 15,2 13,0 +0,99 +3,63
Cpeonee no pationy 15,10 12,92 +0,98 +3,60
AtGacapckuii paiioH
Pa3zpes 1 13,2 10,8 +1,08 +3,96
Pazpes 2 9,0 7,1 +0,85 +3,14
Pazpes 3 8,8 7,0 +0,81 +2,97
Paspes 4 8,4 6,8 +0,72 +2,64
Pazpes 5 12,6 10,5 +0,94 +3,47
Cpeonee no pationy 10,40 8,44 +0,88 +3,24
EpeiimenTayckuil paiion
Pazpes 1 10,1 8,9 +0,54 +1,98
Pazpes 2 9,8 8,7 +0,49 +1,82
Paspes 3 10,5 9,2 +0,58 +2,15
Pazpes 4 9,5 8,5 +0,45 +1,65
Pazpes 5 10,3 9,0 +0,58 +2,15
Cpeonee no pationy 10,04 8,86 +0,53 +1,95
AKKOJIbCKUI palioH
Pazpes 1 7,2 5,6 +0,72 +2,64
Pazpes 2 7,5 5,8 +0,76 +2.81
Pazpes 3 7,0 5,5 +0,67 +2,48
Pazpes 4 7,8 6.2 +0,72 +2,64
Pazpes 5 7,4 5,7 +0,76 +2,81
Cpeonee no pationy 7,38 5,76 +0,73 +2,68
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Cmamucmuueckas oyenka 00CmogepHoOCmu pe-
3yremamos no b.A. Jlocnexosy

[nst moATBepXACHUSI HAYUYHOU 3HAYUMOCTH
1 O0OBEKTUBHOCTH TMOJYYCHHBIX MOJEBBIX JaH-
HBIX, MaTepuayibl 0 BCceM 25 paspesam ObLIH
MMOJABEPTHYTH CTPOTOM CTATHCTHYECKOH 00-

Tadoauma 3

pabotke mo meronuke b.A. JlocmexoBa. B xa-
gecTBe 0a30BOT0 aHAIM3UPYEMOTO TIpU3HAKA
ObLTa B3sATa rOoJ0Bas 4YWUCTask NMEPBUYHAS IPO-
nykuus (NPP). B Ta6nune 3 nmpencTaBieHs pe-
3yJbTaThl OLEHKH BapHabeIbHOCTH U TOYHOCTHU
[10JIEBOT'O OIBITA.

Cmamucmuueckue nokazamenu eapuadenvHocmu uucmoti nepsuynotl npodykyuu (NPP) no pationam ucciedosanuii

Paiion Jannsie o 5 Cpennss apupme-  OmmbOka cpemneit Koadhdpumment To4yHOCTB OTBITA
WCCIICIOBAHUSA paspesam (1/ra) traeckas (M), T/ra (m), +1/ra Bapuaru (V), % P), %
Ecnbckuit 1”:9126?1153 % 15,78 1,38 19,6 8,7
ErusapikonbCcKkuit 15'41‘2'15‘??;5‘125'6; 15,10 0,20 3,0 1,3
Ar6acapckuii 13.2; 9'102;2'8; 8.4; 10,40 1,03 2,1 9,9
EpeiimenTtayckuit 10.1; 9'?;0.130'5; 9.5; 10,04 0,18 4,0 1,8
AKKOTbCKHA 7% 7'57;‘1’0; 78 7,38 0,13 4,1 1,8

CrarucTuyeckuil aHajau3 JEMOHCTPUPYET BBI-
COKYI0O HAaJIe)KHOCTh TIOJYYEHHBIX pe3yJIbTaTOB.
[Tokazarens Tounoctu ombita (P) mo Bcem patio-
HaM He TpEeBBIIIAeT JOMyCTUMOTO B IOJIEBBIX KO-
JIOTUYECKHUX HcclenoBaHusax mopora (menee 10%).
Koadduuuent Bapuanum (V) oTpakaer crerneHb
BHYTPEHHEH HEOIHOPOAHOCTH OMOTONOB: HauOo-
Jilee MO3aMYHBIMU U 3aBHCHUMBIMH OT MHUKpOpeIbe-
¢a oxazanuce neHossl Atdacapckoro (V = 22,1%)
n Ecuneckoro (V = 19,6%) paiionos. Hanpotus,
KcepoduTHbIe coolIecTBa AKKOIBCKOTO U Epeii-
MEHTayCKOI'O PalOHOB IPOSIBUIM BBICOYANIIYIO
MIPOCTPAHCTBEHHYIO OZHOPOAHOCTD (V okono 4%),
YTO SIBJIAETCS aJallTUBHOM peaklMeil Ha MKECTKUH
abnoruyeckuil crpecc.

JUia HarmsnHOM BH3yallM3allid  BBISBICHHBIX
[IPOCTPAHCTBEHHO-BPEMEHHBIX ~ 3aKOHOMEPHOCTEH
HaMUu ObUI TOCTPOCH TpapuK CE30HHOH JUHAMUKH
yraeponnoro oomeHa (Pucynox 1). IlpencraBnen-
HbIe Tpa)uuecKue JaHHbIe YOSAUTEIBHO JIOKA3bIBa-
10T, YTO BHYTPHCE30HHAsl PUTMHKA YUCTOH 3KOCH-
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cremHoit nponykiuu (NEP) HaxoauTcst B sKecTKOM
3aBUCUMOCTH OT JHWHAMUKH THIPOTEPMUUYECKOTO
koaddummenta. B dacTHOCTH, BeceHHe-paHHEIET-
HUN mepuosa (Mali—HIOHb) YETKO BBIIEISIEeTCS Ha
Bcex rpadukax kak (asza «yriepogHOr0 MaKCUMY-
Ma». B 3TOT BpeMEHHOH OTpe30K Oyiaromaps aHo-
MaJbHO BBICOKOH BJIAro00OECIIEYEHHOCTH IIOYBEI
U ONTHUMAJIBHBEIM TeMIlepaTypaM HWHTEHCHUBHOCTh
(DOTOCHMHTETHYECKHUX TPOIIECCOB JIOCTHTAIa CBOHMX
IMUKOBBIX 3HAUCHHI.

OnHako BO BTOPOW TIOJOBHHE BeTeTallHH
(MrOJIb—aBIyCT) Ha ()OHE PE3KOTO MMOBBIICHHS TEM-
neparyp M KPUTHYECKOTO jaeduinTa 0caakoB Ha-
OJro/laJiach KapJuMHaJIbHAsS CMEeHa (DYHKIMOHAIb-
HOro pexnMa. PacTeHus: akTHBHpPOBAIIM 3aIIUTHBIC
MEXaHU3MBI 11 MUHAMU3AIUHN TOTEPh BJIArH, 9TO
MIPHUBEIIO K yTHETeHUIo GoTocuHTe3a. B pe3ynbrare
KpHUBasi HETTO-0ajlaHca B 3aCyILUIMBBIX 30HAX OITy-
CTHJIACh JIO OKOJIOHYJIEBBIX 3HAYEHHUH, MapKHUPYS
Mepexo] YKOCUCTEM U3 COCTOSIHHSI aKTHBHOTO CTOKA
B PEKUM Ta3000MEHHOTO PaBHOBECHS.
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Pucynox 1
Cesonnas ounamuxa Hemmo-noznoujenus yenepooa (NEP) 6 sasucumocmu om euopomepmuyeckux ycioguii 6ecemayon-
Ho20 nepuoda 2025 2o0a no paiionam uccie0o8anus
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HccnenoBanne moka3ano, 4YTO HaWOOJBIIHE
3HaueHus NEP B TeueHue BereTalluOHHOIO MepUo-
na OobuH 3admkcupoBanbl B Ecunbekux u Erunmbl-
KOJILCKHUX paiioHax, Torja Kak ATOacapcKuil paifoH
MIPOJICMOHCTPUPOBAT HAUOOJBIITYI0 MECSYHYIO H3-
MEHUYHBOCTb. JTH PE3yJbTaThl CBUACTEIHCTBYIOT
O CWJIBHOHM 3aBHCHMOCTH YTJICPOJHOTO OOMEHa B
CTEIHBIX JIKOCHUCTEMaX OT THAPOMETCOPOJIOTHYC-
CKUX (aKTOPOB M COTJIACYIOTCS C JAaHHBIMU WC-
CJICIOBAHUH, TOTICPKUBAIONINX PEIIAIONIYIO POJTHh
BOJHOTO peXrMa B (DOPMUPOBAHUH YTIIEPOTHOTO
OaylaHca 3aCyNUIMBBIX U IMTOJY3aCYIUIUBBIX CHCTEM
UenTpanpHoii A3uu (Mirzabaev, 2023).

3akioueHne

[IpoBeneHHOE KOMIUIEKCHOE UCCIIEZIOBAaHUE -
HaMUKH yTIIEPOTHOTO OajlaHCca CTEMHBIX 3KOCHCTEM
CeBepnoro Kazaxcrana B BereTallMOHHBIM CE30H
2025 roma MO3BOJSET CAENATh CIEIyIONTHEe 0000-
LIAIOIINE BBIBOBI:

Bricokas BapmaOenbHOCTh TPOAYKIIMOHHBIX
MIPOIIECCOB: CTEMHBIE IKOCUCTEMBI PETHOHA XapaK-
TEPU3YIOTCS 3HAYUTEIBHOW NPOCTPAHCTBEHHOM
HEOAHOPOAHOCThI0. CTaTUCTUYECKH JOCTOBEPHO
(p < 0,05) noxaszaHo, 9YTO YKCTas IEPBUTHAS TIPO-
nykuus (NPP) BappupyeT B IIMPOKUX Mpelenax:
or 7,38 T/ra B KCEpODUTHBIX COOOMIECTBAX IO
15,78 T/ra B BBICOKOIPOIYKTHBHBIX ME30(UTHBIX
CTETsX.

JoMuHHpYIOIIas pojib MOA3eMHOM chepbl: moj-
TBEp)KJEHA KPUTHYECKass BaXHOCTh y4deTa KOpHe-
BbIX cucteM. Koaduument nmoazemMHoro Hakorie-
HUSl 3aKOHOMEPHO BO3pAcTaeT MO Mepe yCHUJICHHS
apuauzanuy, aocturas 3HadeHuidt 0,82 u Bblmie B
HamboJee 3aCyIUTUBBIX MECTOOONTaHHUSIX ATOacap-
CKOTO paiioHa, YTO CBHUICTENBCTBYET 00 IBOJIIOLH-
OHHOW CTpaTeruu pacTeHUil HHBECTUPOBAThH pecyp-
Chbl B KOPHU JJI1 BHIKUBAHUSL.

[TomoknTeNbHBIN YTIIEpOAHBIN OaaHC: B yCIIO-
BHAX 2025 rona Bce M3yUEHHBIE TUIBI CTENEN BbI-
CTYTIAIM B POJIM aKTHBHOTO HETTO-CTOKA YTIIEpOa.
[lokazaTens 4YHCTOM SKOCHUCTEMHOH MNpPOTYKIMH
(NEP) B cpemnem BapsupoBai oT 2,68 mo 4,69 T
CO,-pKB/Ta B TOI.

WccnenoBanmsi MONTBEPKAAIOT, YTO OOJBITAs
yacTh OPraHMYECKOro yriiepoja MOCTYNaeT B IO-
YBy Yepe3 MO3eMHbIC YaCTH PACTeHUH U UX OTMEp-
e ocTaTKu. MenjeHHoe pas3iiokeHne KOPHEBBIX
CHUCTEM CTUMYJIMPYET HAKOIUIEHHE OPTaHWYECKOTO
BEIIECTBA B MOYBE, YTO MOJUYEPKUBAET KIFOUYEBYIO
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pONIb MOJA3EMHOTO pe3epByapa B JOJITOCPOYHOM
CBSA3BIBAHUH YTJIEPO/Ia B CTEMHBIX OMorieHo3ax. /s
TOYHOH OLIEHKH MacIITadOB 3TOTrO SBJICHUS HE00XO-
JIUMBI TAbHEHIIIE HayqHbIe UCCIIeIOBAHMS C TIPH-
BJICUYCHHEM Oo0Jiee IIMPOKON CETH HCCIEeI0BATENb-
CKHX YYacCTKOB.

IIpakTHueckass ¥ HayyHas LIEHHOCTh JTAHHOTO
WICCIICJIOBAHNS 3aKJIIOYAETCS B BBIBE/IEHUH KOJIMYE-
CTBEHHBIX MIOKa3aTeleil Ce30HHBIX KoJIeOaHl yriie-
pojiHOTO O6anmaHca CTEMHbIX JaHAmadTOB AKMOJINH-
ckoil oOxmactu. IlomydeHnHble pe3ynpTaThl MOTYT
OBITH UCTIOIH30BAHBI B pAMKaX MOHHUTOPHHTA yTJie-
POIHOTO LMKJIA, OLEHKH (YHKUMH MacTOMIIHBIX
9KOCHCTEM M pPa3pabOTKN pErHOHATBHBIX CTPATEr Ui
ajJlanTalyy K N3MEHEHHIo KuMaTa. Pekomennyercs
KOPPEKTUPOBATh HAIMOHAJBHBIE METOJIWKH Yy4eTa
MapHUKOBBIX Ta3oB, TaK KaK MUTHOPHPOBAHME TOJ-
3eMHO MPOIYKIINH B CTAaHJAAPTHBIX MOJIEISX BEIET
K HEJOOLEHKE MOTJIOTUTEIBHOIO MOTEHLHANa Tep-
putoprn Kazaxcrana. Pe3ynbraTsl MOTYT OBITH HC-
MOJIB30BaHBI 17151 Pa3pabOTKU PErHOHATBHBIX KO-
(PUIIMEHTOB U BHEAPEHUS TPOEKTOB «YTJIEPOTHOTO
(bepmepcTBay.

HcTouyHuk (puHAHCHPOBAHUSA

HccnenoBanne BBIOJIHEHO B paMKax Ipo-
TPaMMHO-IIEJIEBOTO/TPAHTOBOTO  (PMHAHCHPOBAHUSA
KomuTtera Haykn MuHUCTEpCTBa HAyKH U BBICIIETO
obpazoBanns Pecniy6mmkn Kazaxcran (MPH mpoek-
Ta: No AP23485030 «I'eoskonornueckue acreKkThbl
obecriedyennsi 0€30TACHOCTH CTEMHBIX 3KOCHUCTEM
AKMOIIMHCKOH 0071aCcTH»). ABTOPBI BBIpayKaroT OJ1a-
TOJIapHOCTh COTPYAHUKAM JIa0OpPaTOpPUN KOJIOTHH
EHY um. JI.H. I'ymunesa 3a oMol B IPOBEJECHUU
TTOJIEBBIX padoT.

Bxnao asmopoe

EX. Menovibaes: Konyenmyanuzayus, Pyxo-
600cmeo, llonegvle ucciedoeanus u KamepaibHas
obpabomra, Aomunucmpuposanue npoexma, Ilpu-
eneyeHue unancuposanus, Pedakxmuposanue u
peyenzuposanue; C.YV. 3ypapos: Memoodonozus,
Hccreoosanue (coop nonesozo mamepuana), Kypu-
posarue 0anuvix, Dopmanvusiil ananus, Busyaiusza-
yusa, Iloocomoska uepHogo2o eapuanma cmamoi,
I'A. I'amaynuna: Hccnedosanue (nabopamophast
obpabomka npob6), Dopmanvuviii anaius, Pedak-
mupogarnue u peyensuposanue; MIK. [llapunosa:
Banuoayus, Pecypcol, Peoakmuposanue u peyensu-
posaHue.
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OUEHKA BUOAOCTYITHOCTHU XAOPOPTAHUYECKUX TNMECTULUMNAOB
C UCTTOAb3OBAHNEM MOAEAU
XKEAYAOYHO-KULUEYHOTI'O TPAKTA KYP

B 2023 roay B xoae KpynHomacwTabHoM MHBeHTapusaumm B pamkax npoekta MAO GCP/
SEC/011/GFF B Ka3zaxcraHe ObIAO BbISBAEHO OKOAO 1,3 TbIC. TOHH YCTapeBLUMX CTOMKMX OPraHnMYeckmx
zarpsistmTeseint (CO3). UccaeapoBanus, nposeaeHHbie B 2013-2024 rr. Ha ObIBLIMX CKAAAAX MecTu-
LUMAOB B AAMAaTMHCKOM 06AACTM, BbISIBUAM KOHLEHTPALMM, 3HAUMTEABHO MPEBbILAIOLLME NMPEAEABHO
Aonyctnmble kKoHueHTpauun (MAK) 6oaee 10 pas. Beuay cBoeit AMNOMUABHOCTM M CTOMKOCTU 3TU
COeAMHEHUS NMPEACTaBASIIOT CEPbEe3HbIN PUCK MOMAAAHUS B OPraHn3m CKOTa M NTULbI, KOTOPble MOTYyT
notpe6AsTb A0 30 r nousbl B AeHb. AHaAM3MpPYyeMbii TPYHT MmeA pH 8,0, coaep>katme 30Abl 27,9% un
opraHunyeckoro BelecTBa 3,4%, a KOHUEHTpauuM XAopopraHmMueckux nectmumaos (XOIT) BapbmpoBa-
AMCb OT 4,5 A0 5,0 MKI/r. BropocTynHocTb XOIT B MOAEAMPYEMBIX XKEAYAOUHO-KMLIEYHbIX YCAOBMSIX
3HAUNTEABHO YBEAMUYMBAAACH OT XKEAYAOUHOM K KMLLIEYHON (ha3e M 3aMeTHO MOBbILIAAACH MPU BKAIO-
yeHmn Tenax B KauecTBe cOpOUMOHHOrO pesepeyapa, yBeanumsasicb ¢ 0,01-17,10 % ao 24,0-52,70
%. B ueaom cpeaHsiss 6MOAOCTYNHOCTb KoAebarach OT 25% A0 67%, NpMyYemM HaMBbICILIME 3HAYEHMS]
HabAAAAUCH AAS 4,4-AAT m B-ITXUT. 3Tn pesyAbTaTbl NOAYEPKMBAIOT BaXKHYIO POAb COPOLIMOHHbBIX
pe3epByapoB B MOBbILEHNN (PU3MOAOTMUYECKON 3HAUMMOCTU MOAEAEN in Vitro 3a cueT BoAee TOUHOro
MOAEAMPOBAHUS MPOLIECCOB abCoPOLMM, UTO MO3BOASIET NMOAYUMTb BOAEE TOUHbIE OLEHKM BMOAOCTYTI-
HbIX (PpaKLLMI 3arpsa3HUTEAEN AAS obecriedeHns 6e30MacHOCTU MULLEBbLIX MPOAYKTOB M 0OLLECTBEHHO-
ro 3A0POBbSI.

KAloueBble cAOBa: XAOpOpraHMyeckme necTmumAbl, Kypbl, GMOAOCTYNHOCTb, in vitro nepesapmBa-
HWe, noysa.
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Assessment of the bioaccessibility of organochlorine
pesticides using a chicken gastrointestinal tract model

In 2023, a large-scale inventory under the FAO GCP/SEC/011/GFF project identified approximately
1.3 thousand tons of obsolete persistent organic pollutants (POPs) in Kazakhstan. Studies conducted
from 2013 to 2024 at former pesticide warehouses in the Almaty region revealed concentrations sig-
nificantly exceeding maximum allowable concentrations (MAC) by more than 10 times. Due to their
lipophilicity and persistence, these compounds pose a severe risk of transfer into livestock and poultry,
which may ingest up to 30 g of soil daily. The analyzed soil featured a pH of 8.0, 27.9% ash content,
and 3.4% organic matter, with organochlorine pesticide (OCP) concentrations ranging from 4.5 to 5.0
ug/g. Bioaccessibility of OCPs under simulated gastrointestinal conditions increased significantly from
gastric to intestinal phases and was markedly enhanced by the inclusion of Tenax as a sorption sink,
rising from 0.01-17.10% to 24.00-52.70%. Overall, mean bioaccessibility ranged from 25% to 67%,
with the highest values observed for 4,4-DDT and B-HCH. These findings highlight the critical role of
sorption sinks in improving the physiological relevance of in vitro models by better simulating absorp-
tion processes, thereby providing more accurate estimations of bioavailable contaminant fractions for
food safety and public health.

Keywords: Organochlorine pesticides, poultry, bioaccessibility, in vitro digestion, soil.
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TaybIK ac KOPbITY XYHECiHiH, MOAEAIH NnaiAaAaHa OTbIPbIMN
XAOPOPraHUKaAbIK, MECTULIMATEPAIH, 61MOXKeTIMAIAIriH 6araray

2023 xbiabl DAO GCP/SEC/011/GFF xo6acbl ascbiHAQ XKYPri3iAreH ayKbIMAbl TYFeHAEY HOTU-
KeciHae KasakcTaHAa wamameH 1,3 MblH TOHHA ecKipreH TypakTbl opraHukaAblk, AacTaFbiTap (TOA)
aHblkTaAAbl. 2013-2024 xblasapbl AAMaTbl OBAbICbIHAAFbI BYPbIHFbI MECTULIMA KOMMAAAPbIHAA SKYP-
Tri3iAreH 3epTTeyAep WeKTi pyKcaT eTiAreH KoHueHTpaumsiaapAaH (LLIPK) oHaaraH ece acaTblH AeH-
remAepAi kepcetTi. AUNOMUABAIAITT MEH TypaKTbIAbIFbIHA GAMAAHBICTbI GYA KOCBIABICTAP MaA MEH KyC
arF3acblHa eHy KayriH TyAblpaAbl, ce6ebi oaap TayAiriHe 30 r AeMiH TOMbIPAKTbI TYThIHYbl MYMKiH. 3epT-
TeAreH TonblpakTbiH pH MoHi 8,0, KyA MeAwepi 27,9%, opraHMKaAblK, 3aTTap YAeci 3,4% 6GOAAbI, aA
XAOPOPraHMKaAbIK nectuumnaTepAi, (XOI) koHueHTpaumsacs! 4,5-5,0 MKI/r apaAblFbIHAQ aHbIKTaAAbI.
AC KOPbITY XKOAbIH MOAEAbAEY XKarFAaibiHAaa XOTl-TbiH 6MOXKETIMAIAIM ackasaH hasacbiHaH iwek ga-
3aCblHA O6TKEHAE aMTapPAbIKTal apTThl XXoHE COPOLMSAbIK «CiHipriw» peTiHae Tenax KOAAaHbIAFAHAQ
oAaH api kywwenai (0,01-17,10%-aaH 24,00-52,70%-Fa AeniH). XKaAnbl aaraHaa, opTatua 6MoXKeTiM-
AIAIK 25%-paH 67%-Fa AeitiH e3repai, eH >korapbl MoHAEpP 4,4-AAT >xone B-ITXLI ywin 6ankasabi.
ByA HoTUXKEAEp in Vitro MOAEAbAEPAE COPOLMSIABIK, CIHIPrilUTEPAIH MaHbI3AbIAbIFbIH KepceTeai, ce6ebi
OAap CiHipy NpouecTepiH WbiHaMblpak, MOAEAbACYTE MYMKIHAIK Gepeai >koHe OCblAaiLLa TaFam Kayin-
Ci3AIM MeH KOFaMAbIK, AEHCAYAbIK, YLIiH OMOXKETIMAI AaCTaFbill ppakUMIAapAbl ABAIPEK OararayAbl

KaMTaMacbl3 eTeA.

Ty#iH ce3aep: XAOPOPraHUKaAbIK, MECTULMATED, TayblK, OMOXETIMAIAIK, in Vitro KOPbITY, TOMbIPAK,

CoxpaneHusi ¥ 0003HAYEHUS

DOAO — mpoIOBOJILCTBEHHAS M CEIBCKOXO035H-
ctBeHHas opranm3anwms, AT — Juxnopaudenni-
Tpuxiyiopatad, ['XII' — I'excaxyiopLUKIOreKcaH,
NaCl — xnopun natpus, HCl — consnas xucinora,
NaHCO, - runpokap6onar Hatpust, MgSO, — cyib-
¢ar marnus, '’ X-MC — ra3oBblif xpomaTo-macc-
cnekrpometp, HCB — rekcaxmopo6en3an.

BBenenue

Xnopopranndeckue necturasl (XOID), Takue
kak JJIT, qunbnpun u I'XII, oTHOCATCS K KaTero-
pUH CTOMKUX opranndeckux 3arpszaurencit (CO3).
OHU XapaKTepu3ylTCS BBICOKOW THIPOGHOOHO-
CTBI0, XMMUYECKOH CTAOMIBLHOCTBIO U JJIMTEIBHOMN
crorikocthio B mouBe (Tulibayev, 2022). Dtn
cBoiicTBa mo3BossI0T XOI1 OnoakKymMyMpoBaThes
B JKMBBIX OpraHu3Max W OMOMarHU(HUIIMPOBATHCS
10 Bceil nuieBoil nenu. [Ipu3HaHHblie B CBA3M C ce-
PBE3HBIMU PUCKAMU JIJISI KAYeCTBA BOJIBI, OMOpPa3HO-
oOpasust u 310poBbs uenoBeka, XOIT odpuimansHO
OTpaHWYEHBI B COOTBETCTBUU ¢ [IpnioxenneMm A K
CrokroiapMcKol KOHBeHIINH (Amutova u ap., 2021).
Otn BemecTBa ObUTH O(MUITMAIIEHO 3alpelieHbl B
1971 rony B CoBetrckom Coro3ze, u B To Bpems 1T
ObLT 3ax0opoHeH B Kazaxcrane Ha 14 3aXOpOHEHUSIX

o Bcewi crpane (Nurzhanova u jip., 2010). Cnenyet
OTMETHUTh, 4T0 10 1990-x romos I/ T ncnonp3oBai-
cs B Kazaxcrane B BETEpHHAPHBIX U MEAMLIUHCKHX
nensx (Nurzhanova u ap., 2010). CormacHo oIieH-
KaM, rpoBeJieHHbIM B 2004 roy B paMKax MpoeKTa
['moGanbHOTO YKONIOTHUECKOTO (DOHA, B CTPaHE Ha-
cuuThIBasIoch 0KoJio 1 500 TOHH ycTapeBIINX MECTH-
[UI0B M TIECTUITUTHBIX CMeceil, MHOTHE U3 KOTOPBIX
coJiep)KaT XUMHUYECKHE BEIIeCTBa, Kiaccu(UIMPO-
Barnble kak CO3 (Djangalina u xp., 2020). OxHako
Ha HayaJIbHOM dTarle WHBEHTapU3aIHsl TIECTHUIINIOB
OXBaThIBaJIa JINIIH KOJUYECTBO M COCTOSHHUE 3ara-
COB, 0€3 JeTalbHOr0 MU3YUYCHHUS UX BO3JICHCTBUS Ha
3JI0pPOBBE HACETICHNUS U OKPYKAIOIIYIO CPEIy.

B nocnenyromuue roasl MUHHCTEPCTBO CETBCKO-
ro xo3siicTBa Pecryommkn Kazaxcran cooOmnmino o
6931,4 ToHHaX ycTapeBIINX U HEMPUTOAHBIX K UC-
TTOJTE30BAaHUIO TIECTUITHI0B, OCTABIINXCS Ha CKIIa1aX
B pa3nuuHbIX peruoHax crpansl (Nurzhanova u ap.,
2018). B HacTosmiee BpeMst TOJIBKO B AJTMaTHHCKOM
00J1acTH HaCUUTHIBAaETCs 64 CKiIaja ¢ ycTapeBIINMU
necturmaamMu. CKIambl yCTapeBIINX TECTHIIH/IOB,
pacmosyioKeHHble B AJIMATHHCKOW 00JIacTh M JIpy-
TUX PETHOHAX, OBUTH 3a0pOIIIEHBI, yHHYTOXEHBI WITH
nepeaansl B yacTHyto cobctBenHocTs (Toleubayev
u np., 2011). DTo mpuBemo K HEKOHTPOJIUpPYE-
MOMY PpacCeMBaHHI0O XMMHYECKHX BEIIECTB, MPO-
HUKAIOMUX B TIOYBY W BOJHBIE HCTOYHHUKH, UYTO
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OLICHKa 6I/IOJIOCTy1'lHOCTl/I XJIOPOPraHMvYCCKUX NECTUIUIAOB C UCIIOJIb30BAHUEM MOACIIN KEITYTOYHO-KHUIIEYHOI'O TPaKTa Kyp

MIPEJICTABIIIET YIpo3y Ul 370POBbs HAcENEHUS U
skocucteM. OcrtaTounbie KoHIeHTpanun XOII mo-
MpexxHeMy OOHapy>KUBAIOTCSI B OKpYIKarolei cpe-
e, BKJIIOYas MOYBY, pACTEHHsI K TPOJYKTHI U TaHUS
(Akhatzhanova u np., 2024, Konuspayeva u np.,
2011, Sailaukhanuly u ap., 2016, Nurzhanova u ap.,
2013, Shen u np., 2021).

Oco0yro 03a004eHHOCTb BBI3BIBAIOT CIy4Yan 00-
Hapyxenus XOII B OMOJIOTMYECKUX TKAHIX, B TOM
quciae B HMOPHOHAX, TIOJaX U OpraHu3Max JIoAen
BCEX BO3PACTOB, MPOXKHUBAIOIINX BOJIM3U OBIBIIHX
MECT 3aXOpPOHEHHUS MEeCTHLHIOB B AJIMaTHHCKON
obmactu (Altynova u np., 2023). Dto cBs3aHO C
teMm, uT0 XOII 001a7a10T BBICOKOH CTOHKOCTBIO,
OMOAaKKyMyJISIIed W MHUTPUPYIOT 110 THIIEBON
LMY, YTO YCHUJIMBAET UX BO3/AECHCTBUE HA 3JJ0POBHE
YeJIOBEKa, BKIII0YAas MOTEHUIHAJIbHYIO KAHLEPOTCH-
HOCTh W DHJOKpHHHYIO AuchyHkuuio (Arrebola n
ap., 2015, Parada u ap., 2016). Otu nanHbIe TOA-
YEpPKUBAIOT BBICOKUM YPOBEHb 3arps3HEHUs OYBBI
Ha OBIBIIMX MECTaxX XpaHEHHs, YTO MPEACTaBISET
PHCK 11 MECTHOTO HaceJIeHHUs, 0COOCHHO B CBSI3U C
HCIOJIb30BAaHUEM 3TUX TEPPUTOPUH VIS CEIILCKOI0
XO035I1ICTBA U CTPOUTENHCTBA.

[Ipobnema Onoakkymyssiunu XOI1 B numeBoit
LEeNM XUBOTHBIX M WX [aJibHEWllee BIMSHUE Ha
MPOJYKTHI KUBOTHOTO TPOHMCXOXKIACHHUS OCTaeTCA
akTyanbHol. Oco0oe BHUMaHUE MPUBJIEKAET IoMa-
JJaH{E MOYBBI C KOPMOM B OPraHM3M NTHULBI U APY-
I'MX KMBOTHBIX, YTO MPHBOJAUT K UX 3arps3HEHUIO
1 HaKOIUIEHHIO 3THX BEUIECTB B NMPOJYKTaX IMUTa-
HUS, TakuxX Kak sima u msaco (Collas u mp., 2019,
Jondreville u ap., 2013). Hanpumep, KypbI-HecyI-
KA MOTYT TOTpeOsTh OT 4 10 30 r mOYBHI B ACHB B
3aBUCUMOCTH OT yCJIOBUH conepxkaHus. IlockonbKy
9TU NTHULBI AKTUBHO B3aWMOJIEUCTBYIOT C MOYBOMH,
oHu MoryT 3¢ ¢extrBHo HakammuBath XOII B cBo-
HX OpraHu3Max BMECTE C IOTPeOIIsIeMbIMH YacTHLIA-
mu niouBsl (Travel u np., 2012). AHanOru4HbIM 00-
pa3oM, CBUHBH MOTYT noTpednats oT 110 go 170 T
CYXOH IOYBBI Ha )KUBOTHOE B JI€Hb, YTO 3HAUUTEIIb-
HO TIPEBBIMIACT TOKA3aTeI A MOJIOIHAKA KPYyI-
Horo poraroro ckora (Jurjanz u ap., 2012, Collas n
ap., 2023). [Hockompky XOII oka3pIBaOT IIHTETH-
HOE BO3JICiiCTBUE, BKIIOYas HapylIeHHE pPaOOThI
SHJOKPUHHON CHCTEMBI M KaHIIEPOTE€HHBIH PHCK,
pa3paboTKa METOJI0B CBSI3bIBAHMS STHX COCAMHEHUN
B [IOYBE SIBJISIETCS] IPUOPUTETHOH 3a7auei.

B nmanHOM wMccrnegoBaHMM BIEpBBIE OyJeT
MPUMEHEHA W ONTHMHU3UPOBAHA in Vitro MOJAENb,
AMUTHPYIOIIAsg  KeNyJIOYHO-KMIIEYHBIH  TPaKT
Kyp, Ui ompenenenus ouomoctynHoctn XOIT B
3arpsI3HEHHON TOYBE. BHONOCTYNHOCTH B TaHHOM
KOHTEKCTe OMpeesseTcs] KaK J0Js 3arps3HUTENs,
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MOOMJIM30BAHHOTO M3 IMOYBHI (MU JAPYroi MaTpH-
IIbI) ¥ JOCTYITHOTO JUISI BCACBHIBAHUS B XKEITyIOYHO-
KUIIEYHOU cpefie. In vitro MoJienu KelnyJ104HO-KU-
IIEYHOTO TPAKTa, UCIIOIb3yeMbIE B UCCIIEIOBAHUSX
Ha NTHIAX, BAPUPYIOTCS OT MPOCTHIX CTATHYECKUX
MOJX0JI0B (PU3NUYECKH 0OOCHOBAHHOTO SKCTPAKI[H-
onHoro tecta (PBET) o clokHBIX TUHAMHYECKUX
cucreM. [Ipemmokernas momens (Furman w mp.,
2006), obecnieunBaeT HAJACKHYIO H BOCIIPOU3BOIM-
MYI0 AByX(pa3Hyro (3KeIy0UHO-KUIICYHYIO) CTPYK-
Typy, HO, KaK W OOJBIIWHCTBO CTAaTHYECKUX CH-
CTEM, OHA HE YUYHUTBIBACT HENPEPBIBHBIC MTPOIIECCHI,
TaKkue Kak OOHOBJIEHHE KHKOCTH, TIEPEHOC MHILE-
BOTO COJEPKMMOTO WM YJAJIEHUE PAaCTBOPEHHBIX
3arpsizHATeneil. Harmpotus, AMHaAMUUYECKHE MOJEIN
ObLTH pa3padOTaHbl M YCOBEPLICHCTBOBAHBI C IIETBIO
0ojiee TOYHOTO WMHTHPOBAHUS (DHU3HOJIOTHH TITHI]
3a cYeT BKIIIOYCHHUS! MEXaHHMYECKOTO BO3/ICHCTBHS,
oTbopa Mpod ¢ BPEMEHHBIM pa3pelieHueM H 00Me-
Ha xuakocteio (Martinez-Haro u ap., 2009, Bean
u ap., 2016). OgHaKO 3TH CUCTEMBI CIOXKHBI B DKC-
MEPUMEHTAILHOM TUTAHE ¥ MEHEE TIOJIXOISIT ISl Py-
TUHHOTO TIPUMEHEHUSI.

B nanHOM nccneoBanuu ObUT IPUMEHEH MOJTH-
¢urpoBaHHBIH MeTOJ (PU3UMYECKU 0OOCHOBAHHOTO
skcrpaknuonHoro tecta (PBET) (Furman w mp.,
2006), ycoBepIIEeHCTBOBAHHBIHN 32 CUET BKIIOUCHUS
copOmmoHHOro pesepByapa (Tenax) Ha KuIeuHOM
¢daze. Dra momubuKanus yCTpaHSIET KIOYEBOE
OrpaHUuYEHHE CTATUYECKUX MOJIeNiel, odecrieunBas
HETPEPBIBHOE yJalICHUE IeCOPOMPOBAHHBIX XJIO-
POPraHNYECKHNX TECTUINIOB, TEM CaMBIM TPEIOT-
Bpallast uX MOBTOPHOE pacnpezie]ieHNe B TOYBEHHON
MaTpUlle ¥ Jy4Ille MOJCIUPYsl HEpAaBHOBECHBIC yC-
noBust. Mojenupyembie JKeIyJouHas W KUIIeuHast
¢a3pl 00ecreunBalOT COOTBETCTBYIOMINE (QH3HKO-
XMUMHYECKUE YCIIOBUS JUISI MOOWJIM3AIHUU THAPO-
(hOOHBIX 3arps3HUTEIICH, B TO BpeMs Kak Tenax BBI-
CTyIaeT B KAU4eCTBE aHAJIOTa MPOIIECCOB KUIIEYHOTO
BCAChIBaHHS.

XoTst MOzIeIh HE BOCHPOM3BOAMT BCEX JWHA-
MHUYECKUX aCMEKTOB IMHIICBAPCHUS MTHII, OHA BHO-
CHUT CYIIECTBEHHOE (PYHKIHOHAJIBHOE yIy4IlICHHE,
COXpaHAA TIPH 3TOM IPOCTOTY U BOCIIPOU3BOIH-
MOCTb. JTO OCOOCHHO BAXKHO JISI THIPOPOOHBIX
coeauHennid, takux kak XOII, 6uomoctymHOCTH
KOTOPBIX B 3HAYHUTEIHHON CTETEHU OIpeeiseTcs
nporeccaMu coporuu- jaecopormu. Bo3MoxkHOCT
pasneiaeHusl MOYBEHHOW, BOJIHOM M CBSI3aHHOM C
Tenax paxiuii emie 60JbIIIE YKPETUIIET HHTEPIIPE-
TaIMIO PacIpe/IeTICHUs 3arPsI3HATENCH.

B npenpiaymmx wucciaenoBaHHUSX, HANPaBICH-
HBIX HAa W3yYeHHE W CHIDKCHHE OMOJOCTYIHOCTH
CO3, ucnonbp30BaTUCh MOJENN MUIIEBAPUTETBHON
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CHUCTEMBl MOHOTACTPUYHBIX YKHBOTHBIX U YEJIOBE-
Ka. OTH MOJEIH TPHUMEHSJINCH I OIEHKH Bca-
CbhIBAHUA U IMOBCACHUS XUMHUYCCKUX COe}Z[I/IHeHI/Iﬁ B
MUIIEBAPUTEILHON CUCTEME, YTO CIIOCOOCTBOBAJIO
pa3paboTKe METOIOB KOHTPOJ 3arps3Henus (Li u
ap., 2022, Li u ap., 2015, Lu u ap., 2021). Oxna-
KO MOJICJIMPOBaHUE JKETYJ0YHO-KUIIIEYHOT'O TPAKTa
(OKKT) nTumel BCMOIh30BajIOCh B OCHOBHOM IS
N3YyUCHUA 6I/IOI[OCTYHHOCTI/I MHUKOTOKCHUHOB U TSXKEC-
neix MeTaiuioB (Solis-Cruz u np., 2017, Levengood
u Skowron, 2001).

Ienpo JaHHOTO HCCIEIOBaHUS OBLIO MOJIe-
JUPOBAHUE JKETYJJOYHO-KUIIIEYHOTO TPaKTa Kyp in
Vitro W OIIeHKa OWOJOCTYITHOCTH XJIOpOpPTraHWdYe-
CKHUX NECTULIMJIOB B 3TUX YCIOBUAX. Takoil moaxon
MO3BOJIUT OIEHUTH MYTH TIEPEHOCA XIIOPOPraHuYe-
CKHX TIECTUIIUAOB W3 TMOYBBI B OPraHU3M Kyp, YTO
SABJIACTCA BaAXXHBIM 1IaroM B U3YUCHUU HUX 6I/IOElKKy-
MYJISIUU ¥ BO3MOXHBIX MEp TI0 CHUKCHUIO OMOJT0-
CTYITHOCTH C TIOMOIIHIO0 COPOEHTOB.

MarepuaJjibl 1 METOABI UCCIETOBAHUS

2.1 Mamepuanst u peacenmsi

[lemcun w3 cau3HCTOM  00OJOYKM  SKEIy[-
ka cBuHed (400 egwHMIY/MT Oenka), TTAaHKPEATHH
U3 ToKemyqouHoil xene3sl cBuHeidl (8 x USP),
MOPUCTBIA ToNMMepHBIi ancopbent Tenax (80—100
MeIll), H-TeKcaH, 0e3BOHBIN Cynb(daT Maraus, XJo-
PHI HATPHSL, IUXIOPMETaH, alleTOH ObUIN TTOJTyYCHBI
ot Sigma-Aldrich (CILA). Cranmaptsl ceptudum-
POBaHHBIX XJopopraHudeckux mnecturuaos: JJIT
(294'HHZ[, 474'r}1ﬂﬂa 474'I[I[T: 4)“"21[[3)7 FXHF
(o- TXUT, B-I'XUT, y-I'’XLI") 66111 iproOpeTeHs! y
kommannu TOO «Lezarty (Kazaxcran), rekcaxjiopo-
6emzan 13C6 (HCB), ucnonp30BaHHBIN B KaueCTBE
BHYTPEHHETO CTaHAAPTa, ObLI ITOJIy4YeH OT KOMIIAaHUU
Dr.Erhenstorfer (LGC Standards, I'epmanws).

2.2 Jlobasnenue npumeceli 6 nougy u ee cmape-
Hue

OO0pa3npl  MOuBbI ObUIM  OTOOpPaHBl B caiy
(43.169472° c.u1., 76.768687° B.11.) B AIIMaTUHCKOU
o0jacTi W TpOoaHATU3WPOBAaHBI HA HAIWYHE XJIO-
pOpraHMYeCcKHX MECTHLUAOB. BbUTH ompeneneHs
ee (PU3MKO-XMMUYECKUE CBOMCTBA, BKIIOYAs BIIAXK-
HOCTh, pH, conepkaHme Cyxoro BeIIecTBa, 30JIbI,
OpPraHNYEeCcKOro BEUIECTBA U COJIepIKaHUe XI0popra-
HUYECKUX MECTULINAOB. 3aTE€M MMOYBY BHICYILIHIN Ha
BO3/[yXe IPW KOMHATHOW TeMIepaType U Mpocesin
4gepe3 CUTO C STYCHKaMU 2 MM.

JL1st IpUroToBIIEHHA 3arpsI3HEHHOM MTOYBBI K HEH
JI0OABIISITA UCXOIHBIN cTaHTapTHBIN pacTBop XOI1
(10 Mr/i1) 10 TOCTHIKEHUS] KOHESUHOM KOHIICHTPAIIUU

0,5 mr/kr (AT u I'’XIII') B cyxoM Bece MOYBHI. 3a-
TeM 00O0TaIlEHHYIO ITOYBY BBIICPIKUBAIIN B TCUCHHE
2,5 MecsIIIeB B 3aKPBITHIX CTEKIISTHHBIX €MKOCTSX B
TemHOTe. OOpa3sIbl XPAaHWIUCHh B KPBITOM MTOMETIIe-
HUM, TOJBEPKEHHOM BO3JCHCTBUIO OKpY’Karolen
CpeIbl; MO3TOMY TEMIIEpaTypa M BIIAXHOCTh HE
KOHTPOJIMPOBATINCh U W3MCHSUINCH B 3aBUCHMOCTH
OT TIOTO/IHBIX YCIIOBHI CHAPYKH.

2.3 Mooenuposanue nuwesapenus in vitro

B nanHOM mccienoBaHMM A OLEHKH OWOJIO-
crynHoctd XOII B mouBe ¢ y4eToM COpOIMOHHOTO
MOTJIOTUTENSI MCIIONb30Bajach MOJENb MHIIeBape-
HUS in Vvitro, onMcaHHas B APYroi paboTe ¢ HEKO-
TopeiMu Moaupukanusivu (Furman u np., 2006). B
KayecTBE COPOLMOHHOTO pe3epByapa HCIOIb30Ba-
cs Tenax. Ilepen ucnonp3oBarmem Tenax (80—100
MeIll) 3aBOpauMBaIM B QUIBTPOBAIBHYIO OyMary u
TPHXKJIBI KCTPATUPOBATIH CMECHIO TeKCaHa U alleTo-
Ha (00bpeMHOe cooTHOIIEHHE 1:1) B yIbTpa3ByKOBOM
BaHHEe B TeueHHe 5 MuHYT. JKemynounyio ¢azy
roroBuin mmyteM nobasierus 10 T mericuHa B 1 11
I-mporieatHOTO pactBopa NaCl m nmonmwkenus pH
1o 2,0 ¢ momompto HCL. Brpatue: 1 T cyxoii mo-
YBBI JIOOABIISUTH B eIy IOYHYO KHUIKOCTH (20 MiT) B
npobupkax Falcon oobemoM 50 M1 1 BCTpSIXUBAIH
Ha mIelikep-uHKyOaTtope B TeueHue 1 yaca mpu 40
°C co ckopocTbio Bparmienus: 150 o6/muH. [locne B
JKEITyT0YHOH (haze JKemyJOYHBIN pacTBOp MOIU(H-
[UPOBAJIH JIJIsl TIepexo/ia B KHIIEUHYIo (asy myTeM
noBeienust pH 10 7,0 ¢ momounsio 1,0 M NaHCO3
u mobasienns 0,01 T markpearnraa u 0,035 T Kemd-
HBIX COJICH; KpOME TOr0, B MpoOupKy nodasisuim 0,2
r Tenax B kauecTBe aOCOPOUPYIOIETO MOTIIOTHTEIIS
(Li m gp., 2015). Kumeunyto (hazy BCTpAXUBaIN B
teuenue 2 4 nipu 40 °C u 150 06/mun. [Tocne nuKy-
6auun Tenax ObUT OTENIBHO cOOpaH, a CynepHaTaHT
M 0CamoK OBUIN pa3leicHbl HeHTPU(YTHPOBAHHEM
npu 5000 06/muH B Teyenue 10 MuH.

buonoctynnocts XOII paccunTsiBazach Mo

thopmyne 1:

in vitro OCPs

Bioaccessibility =
- total OCPs

* 100% (1)

I'ne in vitro OCPs — sto macca XOII, usBne-
YeHHBIX METOJ0M In vitro, a total OCPs — aTo Macca
XOII B mo4Be A0 SKCTPaKIIUH.

2.4 Dxempakyus obpasya

[Mocne uentpudyruposanus sxctpakiuo XOIT
MPOBOJIMIMN U3 CyNlepHaTaHTa, TenaXx U OCTaTOUHOU
nouBsl oTnenabHO. XOII skcTparupoBain U3 Cy-
MepHATAaHTa METOAOM KHUAKO- XKUIAKOCTHOU IKC-

163



OLIGHKa 6I/IOJIOCTy1'lHOCTl/I XJIOPOPraHMvYCCKUX NECTUIUIAOB C UCIIOJIb30BAHUEM MOACIIN KEITYTOYHO-KHUIIEYHOI'O TPaKTa Kyp

tpakuuu (LLE) (Amutova u ap, 2023). IIpoOy
cynepnaranta (10 wmur) sxctparupoBamd 15 M
nuxyiopMmerana:rekcana (1:1) m BeTpsxuBamu Ha
BOpTEKce B TeUeHHE 3 MHUH. 3aTeM MPOOBI IIEHTPH-
¢yrupoBanu B TedeHue 5 muH mnpu 5000 o6/muH.
CynepHaTar mporyckanu depe3 (uIbTPOBaIHHYIO
Oymary ¢ 6e3BOAHBIM CyJIb()aTOM MarHusi B Kpyrio-
JIOHHYIO KOJIOY. DKCTPaKIIUIO TIOBTOPSUTH JTBAXKIIBI.
OObenMHEeHHBIH (QUIBTPAT KOHLUEHTPUPOBAIH TPHU
60 °C Ha poroprom ucmaputene 10 1-1,5 mur. Tenax
BBICYIIMBAJIM U 3KcTparupoBanu 10 mMi ameroHa B
yIBTPa3BYKOBOM BaHHE 3 pasa. Bce skecTpakThl 005-
SIUHSUIM U BhIapuBanu 10 1-1,5 mi.

OcraTku po0 MOYBHI YKCTPATUPOBATH METOIOM
QuEChERS (Pinto u ap., 2010), ¢ HeOOIBITUMU MO-
mudukamusamu. K ocratkam mpo6 mouBbl 100aBis-
u 1,5 M1 IeMOHM3UPOBAHHOM BOJIBI 1 BCTPSIXUBAIN
B TedeHHE | MHUH Ha BOpTEKce. 3aTeM IT0OaBIISLTH
2,5 MuI 3THIIAlleTaTa ¥ CMECh CHOBA BCTPSXHUBAJIHM B
teyenne 5 muH. [locne satoro nobasnsm 1 T 6e3B0-
nHoro MgSO, u BCTPAXUBAIIM KaK MOKHO OBICTpEE,
YTOOBI TIPEIOTBPATUTH O0Opa3oBaHME arperaToB
MgSO,. 3atem npoOUpKU HEHTPUPYTUPOBAIIH TIPH
5000 06/mMuH B TeueHHE 5 MUH, U BEpXHHUHU CIIOH CO-
Oupany U1 mocjaeayonero ananusa merogom I'X-
MC.

2.5 Ananusz obpaszyos
AHanu3 SKCTPAKTOB IMPOBOAMIN C MOMOIIBIO
I'’X-MC (7890 B, Agilent Technologies). Bkparie,

Pucynok 1

Macc-CIEeKTPOMETp ObUT HACTPOEH Ha paspelleHue
10 000 B pexumMe 2IeKTPOHHON NOHU3AINHN (SHEPTUS
anektporHoB 70 3B) (5975C, Agilent Technologies).
Hcnonp3oBanace kanwuisipHas KosioHka HP-5ms
Ultra Inert (30 mxm X 250 MM X 0,25 MKM) OT
Agilent J&W (Agilent Technologies) B pexxume 0e3
paznenenus. I[Iporpamma temneparyp I'X nns ana-
mm3a XOIT: ot 120 °C (1 mun) co ckopocthio 40 °C/
muH 710 220 °C (13 mun). Obmee Bpems — 16,5 MuH.
[Mony4yeHHbIE CUTHABI HHTETPUPOBAIH C TOMOIIBIO
nporpamMmbl Mass Hunter (B 07.05.2479).

2.6 Konmponw xauecmesa

AHanu3 MoJIeIMPOBAHUS MUILIEBAPEHUS in Vitro
MPOBOJMJIICS B JIBYX TOBTOPHBIX OIMPEICICHUSX H
BKJTFOYAJT KOHTPOJbHBIC MpoObl. KommuecTBeHHOE
OmnpeNeicHe MPOBOJUIOCH C HCIOJNb30BAHUEM
BHyTpeHHero cranaapta (meuenHoro no 13C HCB
(Hexachlorobenzene)) u mocTpoeHHEM KaluOpo-
BOYHOH KprBO#. KamnOpoBOUHYIO KPUBYIO CTPOMITH
0 CepPHH CTaH/IAPTHBIX PACTBOPOB C KOHIICHTPAIIH-
ssMu rectTuuaoB 25, 50, 100, 250, 500 mkr/n u no-
CTOSIHHOM KOHIICHTpalluell BHYTPEHHETO CTaH/IapTa
100 mxr/n (Pucynox 1 — JlaHHBIE 11O XJIOpOpTaHmYe-
CKHUM TIECTUIU/IaM Ha OCHOBE THITMYHOTO JIMAIa30-
Ha KoHIeHTparwit 25-500 MKT/1T ¢ 5 TOUKaMu Kaiu-
OpoBKH). JINHEHHOCTH OLIEHUBAJIN 110 3aBUCUMOCTH
OTHOIIEHUS TUTOIIAA THUKA TECTIUAA K IUIOIIATH
MUKa BHYTPEHHETO CTaHAapTa OT KOHIICHTpAIHH
MIeCTUITHIA.

Jlannvle no x10popeanuieckum necmuyuoam Ha 0CHo8e MunuyHo2o OUuanazona konyenwmpayuu 25-500 mxe/n ¢ 5 mouxkamu xanu-

oposku
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Pe3yJIl>TaTBI HCCJICAOBAHUA U UX oﬁcymenne

3.1 Xapaxmepucmuka nougnl

DU3UKO-XUMHUIECKHE CBOMCTBA TIOYBHI,
HCIIOJIb30BAaHHOH B JIAHHOM HMCCJICIOBAHHH, OBLIH
OTIpeICTICHBI IO Hadaya SKCIIePIMEHTATBHBIX ITPOIIe-
JIyp, 4TOOBI 00ECTICUNTH MTPABMIIBHYO XapaKTePUCTH-
Ky MaTpwuibl. BiaxkHOCTh OYBEI cocTaBismia 8,1 %,
YTO yKa3bIBa€T Ha OTHOCUTEIBHO HU3KOE COMAEpIKa-
HUE BOJIBI, XaPaKTEPHOE JJIST COCTOSHISI BO3AYIITHOM
cymku. CoiepikaHue CyXoro BEUIECTBa COCTABIISIO
92,5 %, 94TO TOATBEPIKIALT, YTO 0OPA3IBI COCTOSITH
MPEUMYIIECTBEHHO U3 TBEPJOr0 MaTepraa.

ConepxaHne 3076 B TOYBE COCTAaBIISIIO
27,9 %, 4TO yKa3pIBaeT HA 3HAUUTEIBHYIO JIOJIIO

Pucynox 2
Xpomamoepamma obpazya omoopanHoi noussl

Abundance

TiC:

&000

5500
a000
4500
aoon

3500 L

S00

S.850 5. BED

MHUHEpaIbHBIX KOMIIOHEHTOB. MaccoBas 107151 opra-
HHYECKOTO yriepoaa coctarisuia 1,95 %, ato coot-
BETCTBYET COAEPKAHNUIO OPraHUYECKOTO BEIECTBA
3,4 %; 3TO yKas3pIBaeT Ha YMEPEHHOE COACpKAHUE
OpPraHUYECKOT0 BEIIECTBa B MMOYBE. Takoil ypoBEeHb
OpPraHWYEeCKOTO BEIIECTBA MMEET BAXKHOE 3HAUCHHE,
MTOCKOJIBKY OH MOXET BJIMSITH Ha COPOLMOHHBIC U
yAEPKUBAIONINE CBOWCTBA TUAPOPOOHBIX OpraHu-
YECKHX 3arpsi3HUTENCH, TaKUX KaK XJIOpOpraHuye-
CKH€ TIECTUIIUIBI.

pH mouBbl coctaBuin 8,0, 4TO yKa3bIBaeT Ha
cnabomenounsle ycnoBus. Takuwe 3HaueHuss pH
MOTYT BJIMATH Ha CTa0MJIBHOCTb, MOJABHKHOCTH U
OMOIOCTYITHOCTD 3arPsSI3HUTEINICH B TTIOYBEHHON Ma-
TpHIIE.

e e L e e T L AL L R
500 E_00 F.00 .00 900
Time——>x

B oToOpanHOM 00pasiie MouBkI CIIEI0B XJIOPOP-
TaHUYICCKUX TECTUIUIOB HE OBLIO OOHApYKEHO,
4TO TMOATBEPXKIAET XpomaTorpamma obOpasua (Pu-
cyHOK 2). KoHIeHTpanus XJIOpOpPTraHUIECKUX IIe-
cturmoB (XOIT) B oOpasnax 3arpsi3HEHHON MOYBBI
mmocJie ctapeHus kojedamack ot 4,5 mo 5,0 MKT/T.
AHaTUTHYECKUH METOJ OKAa3alCs BBICOKOHAJIEK-
HBIM, ¢ KO3 UIeHTaMu n3BnedeHus ot 92% mo
100%, 4TO MOATBEpKIACT TOYHOCTH U PDekTHB-
HOCTH TIPOIIEAYP IKCTPAKITUH M KOJIMICCTBEHHOTO
OTIpE/ICTICHHUS.

—r T T T T T T T T T T T " T T
10. 00 11.00 12,00 1200 1400 15,00 16.00

3.2 Buooocmynnocms XOII 6 in vitro mooenu
HCENYOOUHO-KULUEYHO20 MPAKNA KVD

Habnromaemoe B JaHHOM HCCIICIOBAaHHMU YBe-
muaeane moOmmm3aruu XOII npu mepexone u3
KEIMYyJOYHOH Cpeibl B KHILIEYHYIO COTJiacyercsi ¢
MPEbIAYIIAME JTaHHBIMH 110 THAPO(GOOHBIM Opra-
HUYECKUM 3arps3HUTENSIM. XOTSI KOHIEHTpaIUu
XOII B BogHO¥ (ha3e ocTaBaIUCh HU3KUMH B 00X
cpenax (Pucynok 3 — Pacnipenenenue XiaopopraHu-
YECKHX TECTUIMJIOB MEXy >KEITyJI0YHO-KUIIIeY-
HBIMHU (Da3zaMu U OCTATOYHOM MOYBOH, %), OTHOCH-

165



OLIeHKa 6I/IOJIOCTy1'lHOCTl/I XJIOPOPraHMvYCCKUX NECTUIUIAOB C UCIIOJIb30BAHUEM MOACIIN KEITYTOYHO-KHUIIEYHOI'O TPaKTa Kyp

TENbHOE YBEJINYCHUE B KMIIEUYHOH (pase (Hanpumep,
4,4-I1T: 1% — 16%) oTpakaeT NOBBIIIIEHHYIO CTIO-
COOHOCTH KHILIEYHBIX JKUAKOCTEH K PAaCTBOPEHUIO.
O 1momo0HBIX TEHJASHIMIX IIUPOKO COOOIIANOCH B
OTHOUICHUH APYTHX TUAPO(OOHBIX 3arpsi3HUTENEH,
BKurouas aexabpomandenunossiii 3¢gup (BDE-
209) (Pan u ap., 2016), nonuxnopoaudennn (ITX1)
(Kang u np., 2013) 1 OTUIIUKINYECKAE apOMaTH-
yeckue yraeBogopoasl (IIAY) (Tang u ap., 2006),
rye OMOJOCTYITHOCTh B KHUINECYHBIX YCJIOBUSIX 3HA-
YUTENBHO TMPEBBIIANa TAaKOBYIO B JKEIyJOYHBIX
yCIOBHSIX. DTOT 3PQeKT B MEpBYyI0 odepenb 00b-
SICHSICTCSI IPUCYTCTBHEM JKEITUHBIX COJIEH, KOTOpBIC
CHIDKAIOT TIOBEPXHOCTHOE HATSDKEHHE, CITOCOOCTBY-
10T 00pa30BaHUIO MHLEI M YBEIMYHBAIOT Kaxy-
IIYIOCS PaCTBOPUMOCTD HEMOJSIPHBIX COCIHMHEHHH.
Kpome Toro, 6onee Boicokuii pH B kumeunoii daze
JIOTIOJTHUTENILHO TIOBBIIIAET PACTBOPUMOCTH MU MO-
Oounmszanuio ruapodoOHbIX 3arpssuurteneii (Kang u
np., 2013, Oomen u ap., 2001).

Pucynok 3

OHaKO TOJIy4YeHHBIC PE3yJIbTAThl TAKXKE Jie-
MOHCTPHUPYIOT, 4TO OMOJOCTYNMHOCTh B BOJHOM
(aze cama o ceOe HEJTOOICHUBAET MOTCHIUAIb-
HO JTOCTYNHYIO (paKIUi0 MECTHUIIHAOB. 3HATH-
TeJIbHAS YacTh MOOUIM30BaHHBIX 3arps3HUTENICH
OpLta cBs3ana ¢ ppakmueit Tenax (17-53 %), ato
MOYEPKUBACT BaXKHOCTh BKJIIOYCHUS COPOIH-
OHHOI'0 pe3epByapa s ydera OHOJOCTYITHOTO
myja. OTo HAOJIOJICHUE COTIIACYETCS C Pe3ylib-
tatamu ucciaenosanus (Tao u mp., 2009), xoro-
poe MmoKa3alo, 4TO 3HAYUTEIbHAS IO MOOVIIH-
3oBaHHBIX XOII ocTraercs cBSI3aHHOW C TBEpAOH
WM HEBOJHOU (pa3aMu, YTO MPUBOJIUT K HEIO-
OIICHKE, €CJIM YUYUTHIBATh TOJBKO KOHICHTPAIUH
pacTBOpeHHBIX BemecTB. Kpome Toro, mpeoo-
namanne XOIl B dpakium ocTaTOYHON TOYBHI
(59-78 %) monaTBepkaaeT CUIBHYH COpPOIHIO
Ha OpPraHMYEeCKOM BEIIECTBE IOYBBI, YTO CO-
riacyercs ¢ M3BECTHOH ruapo(oOHOCTBIO ITHX
COEJIUHEHU .

Pacnpeodenenue xnopopeanuueckux necmuyudos Mexcoy HeeryOOUHO-KUUEUHbIMU (a3aMy U 0CIMamoyHol noueou, %

Pacnpenenenue XOII no dpazam keTy109HO-KHIIIEIHOTO
TPaKTa U OCTATOYHOH mouBe, %o
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IIpomnopuus necTHHIOB, %
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o IXII' B-I'XOI y-I'XII 4-4 11E

3HAYNTENFHOE TIOBBIICHHE OMOJOCTYITHOCTH
XOIl, nabmonasiieecs npu jodaBieHrn Tenax B
JAHHOM HCCJIEIOBAHUU, COIJIACYETCSl C PE3yJbTa-
TaMU MPEIBIIYIUX pa0doT, JEMOHCTPUPYIOIINX Pe-
MIAFOIIYIO POITb COPOIMOHHBIX PE3EPBYapOB B Ipe-
OJIOJIECHUHM OTPAHUYEHUN CTATUYECKUX MOJENEH in
vitro. B Hacrosimieit pabotre OMOIOCTYIMHOCTh yBe-
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mramitack ¢ 0,01-17,10 % (6e3 Tenax) mo 24,00—
52,70 % (c Tenax) (Pucynok 4 — buogoctymnHocTb
XOIl, m3mepennas ¢ qobasnennem Tenax u 6e3 10-
0aBJICHUS ), YTO COOTBETCTBYET MHOTOKPATHOMY I10-
BBIINIEHUIO, 0cOOCHHO st coequHernid B-I' XL u
JAT. O mogo6HBIX TEHACHIIUAX COOOIIANOCh: MpU
ncnonbp3oBaHuK Tenax HaOmoanoch 3,4—-22-kpat-
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Hoe yBennyenue ouogocrynsoctu AT (Pan u np.,
2016), a pu pa3IMYHBIX METONAX in Vitro, TaKUX
kak PBET, DIN, IVD, coo0manock o cpeaHeMm
yBenmuernn 10 9 pas (Li u ap., 2023). JIpyrue uc-
CJIEIOBaHMS MPOJAEMOHCTPHPOBAIN CONOCTAaBUMBIE
s dexrTol, BKIIOUas 4,4-KpaTHOE YBEIHUYCHHE IS
MAY (Li u gp., 2015) u 1o 8-kpaTHOTO IS TIOTH-
OpomupoBaHHbIX MueHmToBeIX 3¢upoB (I1BJD)
(Fang u Stapleton, 2014) npu nucnons3oBanuu Tenax
B KadecTBe JHUMO(MUIBHOTO MOTJIOTHTENS. AHao-
THYHBIM 00pa30oM, BKIIIOUEHHE COPOIMOHHOM (ha3bl
yBenuuIuBaIo gaecopoumio meradonmtos IJIT mo 20
pa3, 4TO MOJYEPKHUBAET: TPAJUIIMOHHBIE TOAXOJIBI
PBET cymecTBeHHO 3aHWXKAIOT OWOJOCTYITHOCTH
M3-3a HEJIOCTATOYHOW €MKOCTH ISl THAPO(POOHBIX
opranmdeckux 3arpsiauTene (Juhasz u mp., 2016).

MexaHun3M, JeKalui B OCHOBE 3TOTO SBJIEHHUS,
3aKioyaercs B crocobHoctn Tenax neicTBOBaThH
Kak O€CKOHEUHBIH MOTJIOTUTENb, HEIIPEPBIBHO YyAa-
T AecopOMpOBaHHBIC 3arps3HUTETN M3 BOJIHOM
¢da3pl U moanepKMBas TPaAMEHT KOHLEHTPALUH,
KOTOPBIN CIIOCOOCTBYET MambHEHIICH mecopOIu
U3 NMOYBEHHOW Marpuubl. be3 Takoro mormorutens
YCIIOBHUSI paBHOBECHSI OTPAaHMYNBAIOT BHICBOOOXK/IE-

Pucynox 4

HUE 3arpsi3HUTENEH, YTO IPUBOANT K UCKYCCTBEHHO
3aHIKEHHBIM 3HAUYE€HUSAM OHMOIOCTYITHOCTH, KaK CO-
00IIaI0Ch B HECKOJIBKUX MCCIIEIOBAHUX, IAe OHO-
nmocTyrmHOoCTh MeTtabonuToB JI/IT ocTaBanacs Hike
4% B MCTOpPUYECKH 3arpsi3HEeHHBIX nouBax (Juhasz
u ap., 2016).

Cpennsis  OMOJOCTYMHOCTH — XJIOPOpPTaHUYE-
CKHMX TECTUIHUI0B 3HAYUTEIHHO BapbHUpPOBAJACh
MEXIYy COSAMHEHHUSAMH, KoueOmsice oT 25% mo
67% (Pucynok 5 — Cpennsis OMOTOCTYITHOCTH
(%) XJIOpOpraHMYecKHX MNECTHLUIOB, IOJIyYeH-
Hasl ¢ WCIOJB30BAaHWEM MeToda in vitro). Ham-
BbIcIIasi OMOIOCTYNHOCTh HaOmonanach ans 4,4-
OAT (67 £ 6,35%), uTo yKa3sIBaeT HAa OOIBITHI
MOTEHLMAI MOOWIM3AalMUd B YCJIOBHUSX MOJIEIH-
pOBaHUS JKETYIOYHO-KHIIEYHOTO TpaKkTa C TIO0-
MOILBI0O METOJa C HCIHOJb30BAaHUEM aJIcCOpOIH-
orHoro moriotutens. Cpeam wmzomepor ['XII
B-I'XUI" mpomemMoHCTpUpOBan 3aMeTHO Oolee
BBICOKYIO OmomoctymHocTh (55 + 11,74 %) mo
cpaBaenuto ¢ a-I'’ XU (29 + 3,74 %) u y-I'XUT
(26 £ 2,48 %), dYTO CBHUACTENBCTBYET O pas-
AMYUAX B (DU3MKO-XMMHUYECKOM TMOBEICHUH U
B3aMMO/JICUCTBUM C IOYBEHHON MaTpuUlIeH.

buooocmynnocme XOII, usmepennasn ¢ dobasnenuem Tenax u b6e3 dobasnenus
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YMepeHHble 3HAaUYeHUS OMOJOCTYNMHOCTH Ha-
omromanucek st MmetabouroB JIJIT, Brmrouas 2,4-
OO0 (37 +9,69 %) u 4,4- A1 (34 7,75 %), Torna
kak 4,4-J1/1E mpomxeMoHCTpHpOBaI caMylo HU3KYIO
OMOIOCTYNTHOCTh CPEeH COCAMHEHHH, CBI3aHHBIX C
JIT (25 +£ 4,76 %). OtHOCHUTEIRHO 00JIee BEICOKAS
n3MeHunBocTh (SD), nabmronaemas mst B-I' XL n
2,4-J11]1, yxa3piBaeT Ha OOJBIIYIO TE€TEPOre€HHOCTD
B MOBEACHUH J1eCOPOLMH MM 4yBCTBUTEIBLHOCTH K
9KCIIEPUMEHTAIBHBIM yCIOBHSIM.

[lomyueHHsle B JaHHOM HCCIEIOBaHUM 3Ha-
yernss O6momoctymHoctu (25-67 %) HaxomsTcs B
IIMPOKOM JHala3oHe, 3aperucCTPUPOBAHHOM JUIS
ruApo(OOHBIX OPraHUYECKUX 3arpSI3HUTENCH B I10-
YBaX W MOJEIAX KEIyJAO0YHO-KHIIEYHOIO TpakTa.
OtHOCUTENbHO 00Jjiee BHICOKHE 3HA4YEHMS, HAOJIIO-
JaeMble B HACTOAILIEM HCCIEIOBAaHHH, OCOOCHHO
st 4,4-JI1T u B-I'XUT", MO’)KHO OOBSICHUTH BKITIO-
YeHHEM COPOLIMOHHOTO pe3epByapa, KOTOPBIH yCH-
JUBAET JecCOpOIMIO M MPEIOTBpAIIaeT BOCCTAHOB-
JIEHHE paBHOBECHSI.

Kpome Toro, BeIOpaHHBIE BpeMeHa HHKYOAIHH
(1 wac i >kemyJOYHOW M 2 4Yaca Ui KUIICYHOU
(ha3) COOTBETCTBYIOT IOAXOJaM, OCHOBAHHBIM Ha
PBET, u noctatouHs! i NpUOIMKEHUS K YCIIO-
BHSM paBHOBECHS. BpeMs SKCTpakIy OKas3bIBaeT
MUHHMaJIbHOE BIUSHHE HA OHOJOCTYIHOCTBH IIO-

Pucynok 5

clie JOCTIDKCHHS PaBHOBECHS, MPU STOM OOJb-
nrasi 4acTh JeCOpOIMU MPOUCXOIUT HA HAYATBHBIX
sranax numeBapenust (Levengood m Skowron,
2001). Ilosromy HabmomaeMass B JTaHHOM FHCCIIC-
JIOBaHUHM OMOJIOCTYNHOCTb, BEPOSITHO, OMpEAEIs-
eTcs B TIEPBYIO ouepenb (QH3HKO-XUMHUYSCKHMU
B3aMMOJICHCTBUSMH (HamIpuMep, mporeccaMmu copo-
nuu—aecoponnu U oOpa3oBaHHUEM MUIIEIUI), a HE
KUHETHYECKUMH OTPaHUYCHUSIMH.

Taroke ObIIO MOKa3aHo, YTO BKIOUeHUe Tenax
B MOJZEJIH in Vitro MUIIEBaPEHUS YIIyUIIaeT IPOTHO-
CTHUYECKYIO CIIOCOOHOCTh aHAJIM30B OMOIOCTYITHO-
CTH B OTHOIIEHUH OHMOJOCTYHNHOCTH in vivo. Bxio-
yeHue Tenax 3HAYUTENBHO YCHIMIIO KOPPEISIHN
in vivo—in vitro: K03pGUIUECHT neTepMUHAIMN (17)
st metona PBET yeenmawiest ¢ 0,01 no 0,37, a ais
Mmetozaa DIN Oblia JocTUTHYTa premiieMast Koppe-
nsmus (12 = 0,66; maxmon = 0,78 + 0,21) (Wang u
Ip., 2013). OTu pe3ynbTaThl yKa3plBaloT Ha TO, YTO
COpOIMOHHBIE pe3epByapbl MOTYT MOBBICHTH (H-
3MOJIOTHYECKYIO PEJIEBAHTHOCTD in Vitro Mojeneu
3a cyer 0OoJjiee TOYHOI'O MOJICIMPOBAHHS IMPOIEC-
coB abcopOuuu. OxHako 3T0T 3PPEKT 3aBUCET OT
MeToza, Tak Kak jjsi IVD HaOmroganocs Juilb He-
3HAUNUTENIFHOE YIYUIICHHUE, YTO CBUACTEILCTBYET O
TOM, YTO COCTaB M CJIO)KHOCTH MOJICJIM BIIUSIOT Ha
s¢PexTBHOCTD BKIIOUeHHs Tenax.

Cpeonsist buooocmynnocm (%) X10popeanuyeckux neCmuyuo08, NOIYUeHHAs ¢ UCTIOIb308AHUEeM Memood in Vitro
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Kpome Toro, mnpeasimyiiue ucclieI0BaHUS
MOTYEPKUBAIOT, UYTO JOMOJHHUTCIbHBIC (U3HO0-
JOTHYECKHEe (AKTOPhI, TaKHE KaK IMPUCYTCTBHE
MUAIIEBEIX KOMIIOHCHTOB M IHIIEBAPUTEIHLHBIX
(epMEHTOB, MOTYT JOMOJHUTEIHLHO BIUATH Ha
3 PeKTUBHOCTE MOJETN. B COBOKYIHOCTH 3TH
pe3ynbTaThl CBUACTEIBCTBYIOT O TOM, YTO, XOTS
Tenax ycunmuBaeT TMPOLECCH, OOYCIOBICHHBIC
JnecopOIeli, aisg TOYHOTO IPOTHO3UPOBAHHUS
OMOIOCTYITHOCTH i1 Vivo HEOOXOIUMO YIUTHIBATH
KaK JTMHAMHUKY COPOIMH, TaK U MPOIECCHl OUOXH-
MHUYECKOT0 MUIIEeBapEHUS.

B »TOM KOHTEKCTE YyIydIlleHHas OWOJOCTYI-
HOCTh, HaOJIFOJaeMasi B HaCTOSIIEM HCCIIEIOBAaHUHU
MpH BKJIOYeHUHN Tenax, MOATBEPkKAAET €ro pojib B
MOBBIIIEHUH YKOJIOTHYECKOM 1 OMOJIOTHYECKOM 3Ha-
YUMOCTHU N Vitro MOJAENH, XOTs MO-IPEKHEMY He-
obxonMMa nmadpbHEHIIass BAIUIAINS 110 CPAaBHCHHIO
C JAHHBIMH in VIVO.

3akiaoueHne

JanHoe wuccienoBaHUe IEMOHCTPUPYET, UTO
MOAU(PUITUPOBAHHAS MOICITH TTUIIIEBAPCHUS in Vitro,
BKJIIOUaromas copOounonnsii pesepByap (Tenax),
oOecriedrBaeT yIydlIeHHYI0 W 0ojiee pearncThy-
HYIO OLEHKY OMOIOCTYMHOCTH XJIOPOPTAHHUYECKHX
necturiugoB (XOII) B 3arps3HeHHBIX MOYBaxX. B
TO BpeMs Kak TPaAMLMOHHBIC ITOAXOIBI HA OCHOBE
PBET 3anmxkaioT OLEHKY OHOJOCTYMHOCTH H3-3a
OrpaHUYCHHH, CBA3aHHBIX C PABHOBECHEM, BKITIOUE-
Hue Tenax MO3BOJISIET OCYIIECTBIISATH HEMTPEPHIBHOE
yaajeHue AecopOMpOBaHHBIX 3arps3HUTENCH, YTO
JydIlle MOJIEIUPYET MPOIeCChl BCACHIBAHUS B KH-
HICYHUKE U HEPaBHOBECHBIC YCIIOBHSI.

Pesynbrarel mokazamu, d9TO OMOIOCTYITHOCTH
XOII 3aBHCHT OT KOHKPETHOTO COCJUHEHUS, MpH
ATOM CpETHWE 3HAUCHUS BapbUPYIOTCSA OT 25% mo
67% ¥ 3HAYUTEIILHO YBEIUYHUBAIOTCS B MPHUCYT-
ctBiuM Tenax. 3HaYWTeNbHAS J0JIT MOOWIN30BaH-
HBIX 3arpsi3HUTENICH Oblla CBsi3aHa C COPOLMOH-
HBIM pPe3epBYapoM, 4TO MOAYEPKUBACT: U3MEPEHUN
TOJILKO B BOJHOMW (haze HEJOCTATOYHO AJISI TOUHOM
OIIEHKH OWOJOCTYITHOTO IIyJia. OTH Pe3yJbTaThl
MOJITBEPKIAAFOT, YTO MPOIECCH COpOLUU-Iecopo-
UM UTPAIOT JOMHHUPYIOIIYIO POJIb B PEryJIHpOBa-
HUH JOCTYIMHOCTH THAPO(OOHBIX 3arpsisHUTENCH B
HKEJTyJJOUHO-KHUIIIEUHOH cpene.

B nenom, paspaGoTaHHBIM MOAXOJ yCTpaHsSET
pa3pbIB MEXAY MPOCTHIMU CTATUYECKUMH H CIIOXK-
HBIMH JTMHAMUYECKUMHU MOJIENSMH, MOBBILAS (QH-
3MOJIOTHYECKYIO PEJIEBAHTHOCTh TIPU COXpPaHEHHUH
MIPOCTOTHI ¥ BOCIPOU3BOAUMOCTH KCIIEPUMEHTOB.
CornacoBaHHOCTb PE3yJIbTAaTOB C JAHHBIMU JIUTEPa-
TYpBl JAOMOJHUTENBHO MOATBEPHKAAET HAJAE)KHOCTD
MeTojia. BaXHO OTMETHTB, YTO TaHHOE HCCIeI0Ba-
HUE BOCIOJHSAET CYLIECTBEHHBIN MPOOEI B HAYYHBIX
3HAHUAX, TPUMEHSS aJaNTHPOBAHHYIO I MTH-
LBl MOAEND N Vitro Ui OLEHKA OMOJOCTYHHOCTH
CTOWKHMX OPraHUYECKHX 3arpsi3HUTEINeH.

Bynymas paboTa noymkHa ObITH cOCpeloTOUCHA
Ha BaJMJAIMH MOJEIH 10 CPAaBHEHHUIO C JAHHBIMH
in vivo M BKJIIOYEHHH JOTOJHHUTENbHBIX (HU3HO-
JIOTHYECKHX TapaMeTpoOB, TAKHX KaK KOMIIOHEH-
Thl palioHa U ()epMEHTATHBHAS aKTHBHOCTH, UIS
JTATBHEHIIIETO TOBBIIIEHHUSI TOYHOCTH POTHO3UPO-
Banusl. [Ipennaraemplii METO MpeaCTaBISIET cOOOH
LEHHBIH MHCTPYMEHT JUISI OIIEHKH SKOJIOTHYECKOTO
pHCKa U COCOOCTBYET CHIKCHHIO 3aBUCUMOCTH OT
WCIIBITAaHUH Ha )KMBOTHBIX B HCCIIEIOBAHUAX TIEpe-
HOCA 3arpsi3HUTENEH B MUIIEBOH IIETH.

HcTouyHuK (pMHAHCHPOBAHUSA

Jannas pabora Obuta BBIIONIHEHA B paMKax
rpanroBoro ¢unancuposanusi UPH AP26195775
«Or1eHKa OMOIOCTYITHOCTH XJIOPOPTAaHUIECKUX TIe-
CTULIMJIOB C HCIOJB30BAaHUEM JKEITyAOYHO-KHUIIIEY-
HOM MOJIenu Kyp B YCIIOBHSIX in vitro» (punancupy-
emas Komurerom Hayku MwuHHCTEpCTBAa HayKd U
BhICIIEro o0pasoBanus Pecniy6mmkn KasaxcraH.

Bxnao asmopos

A.K. Axamoicanosa: Konyenmyanuzayus, Ky-
puposanue oannvlx, Memooonocus, DPopmanvholil
ananus, Ilposedenue uccnedosanus, Busyanusa-
yus, Hanucanue — nepeoHA4ANLHLIL 6APUAHNL,
@.b. Amymosa: Kypupoeanue Odanmvix, Buzyanusa-
yus, Banuodayua Hanucanue — peyensupoeanue u
pedaxmuposanue; M.H. Hypceumosa: Aomunucmpu-
poeanue npoexkma, llpusneuenue unancuposanus,
Hanucanue — nepeonauanvuviii eapuanm, Hanuca-
Hue — peyenzuposanue u peoakmuposanue;, H.H. Ax-
memcaovixog: Pecypcul; I'.C. Konycnaesa: Hayunoe
pyKosoocmeo, Hanucanue — peyensuposanue u pe-
oaxmuposanue, C. IOpvany: Hayunoe pyxosoocmeo,
Hanucanue — peyenzupoganue u peoakmuposaHue.
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INNOVATIVE TECHNOLOGIES FOR THE MONITORING
AND PROTECTION OF PLANTS: FROM MOLECULAR DIAGNOSTICS
TO ARTIFICIAL INTELLIGENCE

Pests and pathogens cause losses estimated at 20-40% of global crop production, and the threat
is intensifying under climate change and the globalisation of trade. Meanwhile, traditional methods of
plant health monitoring, such as visual symptom inspection and pathogen culturing, are time-consum-
ing, dependent on specialised expertise, and often unable to detect harmful organisms before significant
damage occurs. The aim of this review is to provide an integrated account of the innovative technologies
transforming the monitoring and protection of plants across three converging domains. The methodology
is a structured narrative review of the international literature, organising the technologies into molecular
diagnostics, digital monitoring, and artificial intelligence, and analysing their principles, applications,
advantages, and limitations. The molecular technologies (PCR and its real-time and isothermal variants,
and next-generation sequencing) identify harmful organisms from their nucleic acids with high sensitiv-
ity and specificity, increasingly at the point of need; the digital technologies (satellite remote sensing,
unmanned aerial vehicles, and the agricultural Internet of Things) observe crops across scales from the
region to the individual plant; and artificial intelligence (computer vision, machine learning, and pre-
dictive modelling) interprets the resulting data, diagnosing disease, identifying pests, and forecasting
phytosanitary risks. The principal finding is that these technologies are complementary rather than com-
peting approaches. Their integration into decision-support systems and digital platforms, together with
emerging technologies such as CRISPR-based diagnostics and big data analytics, enables a more proac-
tive, precise, and sustainable approach to plant protection that surpasses conventional methods. The
value of the review lies in uniting domains usually treated in isolation, and its practical significance is its
contribution to the early detection of threats and the reduction of crop losses essential to food security.

Keywords: plant disease diagnosis, molecular diagnostics, remote sensing, deep learning, integrated
pest management.
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OCiMAIKTEpAT MOHUTOPUHITEY MEH KOpPFayAbIH, MHHOBALLUSIAbIK, TEXHOAOTUSIAAPDI:
MOAEKYAQAbIK AMArHOCTMKAAAH YKaCaHAbl MHTE@AAGKTKE AeHiH

3usgHKecTep MeH MaTOreHAEpP ayblA  LUIAPYalUbIAbIFbl  AQKbIAAAPbBIHbIH  ©AEMAIK  BHAIPICiHIH
20-40 %-blHa AERiHri wWbiFbiHAAPbIHA ceben 6oAaAbl >koHe OyA Kayin KAMMAaTTbiH, ©3repyi MeH
cayAaHbiH, >kahaHAaHybl >KaraaibliHAA Kylerie TycyAe. CoHbIMEH KaTap, ©CIMAIKTEPAIH AEHCAYAbIK,
KarpanblH  6akbIAQyAbIH ASCTYPAI SAICTepi, aTan alTKkaHAa CUMMTOMAAPAbBI BM3YaAAbl aHbIKTay
>KOHE MaToreHAEpAi ecipy, Kern yakbITTbl KQXXET eTeAl, apHaibl capanTamaAblk, OiAIMre ToyeaAl XXeHe
KebiHece 3MSIHAbI OPraHM3MAEPAI EAEYAI 3aAaA TyblIHAAFaHFa AEMIH aHbIKTayFa MyMKIHAIK GepmernAi.
Ocbl LOAYAbIH MakcCaTbl — OCIMAIKTEPAI MOHUTOPUHITEY MEH KOpPFayAbl TyOeremai esrepreTiH
MHHOBALMSIABIK, TEXHOAOTUSIAAPADBI ©3apa OGaAaHbICKaH YLl 6aFbIT asiCbiHAQ KELLEHA| TYPAE cunartTay.
3epTTeyAiH 9AiICHAMaAbIK, Heri3i XaAblKapaAblK FbIAbIMM BAEOMETTEpre >KacaAfaH KypPbIAbIMAAAFaH
LOAY 6OABIN TabbiAaAbl, OHbIH OapPbICLIHAA TEXHOAOTMSIAAP MOAEKYAAAbIK, AMArHOCTMKA, UMQPAbIK,
MOHMTOPUHI XXOHE >KaCaHAbl MHTEAAEKT OarbiTTapbl GOMbIHLLIA >KYMEAEHIMN, OAaPAbIH >KYMbIC icTey
KaFMAATTapbl, KOAAAHBIAY CaAaAapbl, apTbIKLIbIABIKTAPbl MEH LIEKTEYAEepPi TaAAaHAbl. MoOAeKyAaAbIK,
TexHoAormgaAaap (MTP, OHbIH HaKTbl YakbITTaFbl XOHE M30TEPMMSAbIK, HYCKAAapbl, COHAAM-akK, »KaHa
OyblH CEKBEHMPAEY OAICTEPI) HYKAEMH KbILIKbIAAAPbI HEri3iHAE 3USHAbI OPraHM3MAEPAI >KOFapbl
Ce3IMTaAABIKMEH >XOHE HAKTbIABIKMEH aHbIKTayFa MYMKIHAIK 6epeai. LiMdpabik TexHoaormsaap
(CMYTHMKTIK KAWbIKTbIKTAH 30HATAY, YLIKbILIChI3 YLy annapaTTapbl >XeHe ayblA LAPYaLWbIAbIFbIHAAFbI
3aTTap MHTEPHETI) ericTikTePAiI BHIPAIK AeHrernAeH 6acTan >KeKeAereH ecimMAiKTepre AemiHri apTypAi
KEHICTIKTIK ayKbiMAa OakblAayFa MYMKIHAIK 6Gepeai. JKacaHAbl MHTEAAEKT 8AicTepi (KOMMbIOTEPAIK
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TOCaAHMTaPAbIK, TOYEKEAAEPAI BOAXKAY) aAblHFAH AEPEKTEPAI TaAAar, aypyAapAbl AMArHOCTMKAAAYAbI,
3USHKECTEPAI aHbIKTayAbl XXKoHEe (DUTOCAHUTAPAbIK, TOYEKEAAEPAI OOAXKAyAbl KamTamachi3 eTeai. He-
ri3ri KOpbITbIHALI — BYA TEXHOAOTMSIAAP Gip-6ipiMeH GacekeAecnenAi, KepiciHile e3apa TOAbIKTbIPaAbI.
OnapaAbl WwewliM KabbIAAAYAbl KOAAQY XKYMEeAepi MeH LM PAbIK, MAaTpopMarapra OipikTipy, COHAAN-aK,
CRISPR HeriziHaeri anarHocTmka xoHe Big Data TexHOAOrMsiAapbl CHSKTbI >KaHa O6afbITTapAbl KOAAAHY
OCIMAIKTEPAI KOPFayAbIH aHAaFYPAbIM MPOAKTMBTI, ABA XX8He TypakTbl TOCIAIH KaAblnTacTbipaab!. LLlo-
AYABIH, FbIABIMM KYHABIAbIFbI — AETTE >KEKE KapPaCTbIPbIAATbIH FbIAbIMM GarbITTapAbl OipiKTIpYiHAE, aA
NMPaKTUKAAbIK, MAHbI3AbBIAbIFbI — a3bIK-TYAIK KayircCi3AiriH KaMTamacbi3 eTy YLliH aca MaHbI3Abl OOAbII
TabbIAATbIH KayiNTEPAi epTe aHbIKTayFa >KoHe OHIM LbIFbIHAAPbIH a3aiTyFa KOCATbIH YAECIHAE.

TyiiH ce3aep: 6CiMAIK aypyAapblH AMArHOCTMKAAQY, MOAEKYAAAbIK, AMArHOCTMKA, KallblKTbIKTaH
30HATAY, TEPEH OKbITY, 3UIHKECTEPMEH KeLLEHAT Kypec.

3.T. Canpa byxapm

MarHuckmi yHuBepcuteT nMenn MoranHa lNyten6epra, MaiiHu, 55122, F'epmanus
e-mail: dr.syedazanira@gmail.com

MHHOBaU,MOHHble TE€XHOAOTMU MOHUTOPUHIA U 3aLLIUTDI paCTeHMﬁ:
oT MO/\eKYASIpHOI:i AUATHOCTUKU AO UCKYCCTBEHHOI0O MHTEAAEKTA

BpeanTeAn n nmatoreHbl BbI3blBAOT noTepu, oueHrBaemble B 20-40% MWPOBOro npou3BOACTBa
CEAbCKOXO34MCTBEHHbIX KYAbTYP, MPUYEM AaHHAs Yrpo3a YCUAMBAETCS NMOA BO3AENCTBMEM M3MEHEHNS
KAMMaTa 1 raobaAmsaumm TOProBan. B To ke Bpemsi TPaAMLMOHHbIE METOAbI MOHUTOPUHIA 3A0PO-
BbSl PACTEHWMIM, OCHOBAHHbIE HA BM3YaAbHOM BbISBAEHUW CMMMTOMOB M KYAbTMBMPOBAHWM MaTOrEHOB,
ABASIOTCH MEAAEHHBIMM, 3aBUCAT OT HAAMYNS CNELMAAN3MPOBAHHbBIX 3KCMEPTHbBIX 3HAHWIM M 3a4acTyio
He MO3BOASIOT OOHAPYXXMTb BPEAOHOCHbBIE OPraHM3Mbl AO BO3HMKHOBEHMSI 3HAUMTEALHOrO yllepba.
LleAblo HacTosiero 0630pa SBASIETCS KOMMAEKCHOE MPEeACTABAEHWE WMHHOBALMOHHbBIX TEXHOAOTWIA,
TPAHCHOPMUPYIOLLMX CUCTEMbI MOHMTOPUWHIA M 3alLMTbl PACTEHMI B pamMKax TPEX B3aMMOCBA3AHHbIX
HarpaBAE€HUn. MEeTOAOAOTMYECKON OCHOBOM MCCAEAOBAHMS MOCAYXKMA CTPYKTYPMPOBAHHbIA 0630p
MEXXAYHApPOAHOM HAyYHOW AUTEPATYpbl, MPEAYCMATPUBAIOLLNI KAQCCU(PUKALMIO TEXHOAOTMI MO TPEM
HarnpaBAEHMIM: MOAEKYASPHasd AMArHOCTMKA, LM(POBON MOHUTOPUHI M MCKYCCTBEHHbIN MHTEAAEKT,
TaK>Ke aHaAM3 X MPUHLIMIOB AEMCTBUS, 0OAACTEN NMPUMEHEHMS, MPENMYLLEECTB M OrpaHuyeHnin. Moae-
KyAsipHble TexHoAoruu (ILLP, eé BapraHTbl B pe>kxnme peaAnbHOro BpeMeHU 1 M30TeEPMUYECKne METOADI
amMNAMUKALMK, @ TaK)Ke CeKBEHMPOBAHKME HOBOIO MOKOAEHMS) 06eCneumBaioT BbICOKOUYYBCTBUTEABHOE
M BbICOKOCNELM(pPUYHOE BbISBAEHME BPEAOHOCHbIX OPraHM3MOB MO MX HYKAEMHOBbIM KMCAOTaM Hero-
CPeACTBEHHO B MeCTe MPOBEAEHUS AMArHOCTMKM. LindpoBble TEXHOAOrMM (CMYTHUKOBOE ANCTAHLMOH-
Hoe 30HAMPOBaHWE, 6ECTMAOTHbIE AeTaTEAbHbIE annapaTbl U CEAbCKOXO3SIMCTBEHHbIN MHTEPHET Bellei)
MO3BOASIIOT OCYLLECTBASITb HAOAIOAEHME 32 MOCEBAMM HA PA3AMUHbIX NMPOCTPAHCTBEHHbIX YPOBHSIX — OT
pervoHaAbHbIX TEPPUTOPUIA AO OTAEABHBIX PACTEHMIA. MeTOAbI MCKYCCTBEHHOIO MHTEAAEKTA (KOMMbIO-
TepHoe 3peHue, MallMHHOe 0byueHue 1 MEeTOAbI MPOrHO3MPOBaHUS) 0becrneymBaloT MHTEPNpPeTaLmio
MOAYYAEMbIX AQHHbIX, AMArHOCTMKY 3a60AEBaHNI, MAEHTUDMKALMIO BPEAUTEAEI U NMPOrHO3MPOBaHMeE
duTocaHMTapHbIX PUCKOB. OCHOBHOM BbIBOA MCCAEAOBAHMS 3aKAKOUAETCS B TOM, UTO yKa3aHHble Tex-
HOAOTUW SBASIIOTCSI B3aMMOAOTOAHSIOLLMMM, @ HE KOHKYPUPYIOLLMMUM MoAXoAaMU. MIX MHTerpaums B
CUCTEMbI MOAAEP>XKKM MPUHATUS pelleHnii n LumdpoBble NAAT(OPMbl B COMETaHMN C NepCreKTUBHbIMM
HarpaBAEHUSIMM, TaKMMM KakK AMarHoctuka Ha ocHoBe CRISPR 1 TexHoAOrmm GOAbLIMX AAHHbIX, 06e-
crieymBaet GoAee MPOaKTMBHbIN, TOUHbINA M YCTOMYMBbIA MOAXOA K 3aLLMTE PaCTeHMI, MPEBOCXOAALLMIA
TPAAMUMOHHbIE METOABI. HayuHas LleHHOCTb 0630pa 3aKAlOYAETCS B 0ObEAMHEHWMM HAMPABAEHUIA, KO-
TOpble 06bIYHO PACCMaTPUBAIOTCS M30AMPOBAHHO APYT OT APYTa, @ ero npakT1yeckas 3Ha4YMMoCTb CO-
CTOUT B COAENCTBMM PAHHEMY BbISBAEHMIO YTPO3 M CHMXKEHMIO MOTEPb YPOXKas, UTO MMEET KAIOUYEBOe
3HaveHue AAS obecriedeHns MPOAOBOAbLCTBEHHON 6e30MacHOCTU.

KAtoueBble cAOBa: AMarHOCTMKA GOAE3HEN pacTeHWid, MOAEKYASIPHAs AMArHOCTMKA, AMCTAHLMOH-
Hoe 30HAMpPOBaHMe, rAybokoe obydeHue, MHTErpupoBaHHas 3almMTa PacTeHUM.

Abbreviations NGS — next-generation sequencing; HTS — high-
throughput sequencing; CNN — convolutional neural

PCR —polymerase chain reaction; QPCR — quanti-  network; UAV —unmanned aerial vehicle; [oT — Inter-
tative real-time PCR; RT-PCR — reverse-transcription  net of Things; NDVI — normalised difference vegeta-
PCR; LAMP — loop-mediated isothermal amplifica-  tion index; Al — artificial intelligence; DSS — decision-
tion; RPA — recombinase polymerase amplification;,  support system; COI — cytochrome ¢ oxidase subunit I.
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Innovative technologies for the monitoring and protection of plants: from molecular diagnostics to artificial intelligence

Introduction

The plants that feed the world are under con-
tinuous assault from a taxonomically diverse assem-
blage of harmful organisms — fungi and oomycetes,
bacteria, viruses and viroids, nematodes, and insect
pests — whose cumulative effect upon agricultural
production is immense. An expert-based global as-
sessment estimated mean yield losses to pathogens
and pests of 21.5% for wheat, 30.0% for rice, 22.5%
for maize, 17.2% for potato, and 21.4% for soybean,
with the heaviest burdens falling upon the food-
deficit regions least able to absorb them (Savary et
al., 2019). The Food and Agriculture Organization
estimates that up to 40% of global crop produc-
tion is lost annually to plant pests and diseases, at a
cost exceeding 220 billion United States dollars for
plant diseases alone (FAO, 2021). These losses are
not static: the changing climate is reshaping the ge-
ography of plant disease, with pests and pathogens
observed to have shifted polewards at a mean rate
of approximately 2.7 kilometres per year since 1960
(Bebber et al., 2013), and modelling projects further
substantial reorganisation of the global pattern of in-
fection risk through the present century (Chaloner et
al., 2021).

Against this background, the timely and accu-
rate detection of harmful organisms is of the first
importance, for the early identification of a threat —
before symptoms appear, before an epidemic devel-
ops, before an invasive species becomes established
— may determine whether it is contained or allowed
to spread. Yet the traditional methods of monitor-
ing plant health are poorly suited to this task. The
visual inspection of plants for the symptoms of dis-
ease depends upon the appearance of those symp-
toms, which may lag the infection by days or weeks,
and upon the scarce expertise required to interpret
them; the culture and the microscopic examination
of pathogens are slow, demanding of specialised
skill, and inapplicable to the many organisms that
cannot be cultured; and the serological methods,
though valuable, are frequently insufficiently sensi-
tive to detect organisms present in small numbers or
at early stages, and unable to discriminate closely
related strains. These limitations — of speed, of sen-
sitivity, of specificity, of scalability, and of depen-
dence upon scarce expertise — have motivated the
development of the innovative technologies that this
review surveys.

The object of this review is the body of innova-
tive technologies for the monitoring and protection
of plants; its subject is their principles, applications,
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and integration. The aim is to provide an integrated
account spanning the molecular, the digital, and the
artificial-intelligence domains, which have hitherto
frequently been treated in isolation, and to show that
their integration — rather than the isolated applica-
tion of any one — is the distinguishing achievement
and the principal promise of the contemporary sci-
ence of plant protection. The scientific significance
of the review lies in this synthesis; its practical sig-
nificance lies in the contribution of these technolo-
gies to the early detection of threats and the reduc-
tion of the crop losses upon which the security of the
world’s food supply depends.

The literature on the innovative technologies
of plant protection has grown rapidly across three
largely separate communities. In molecular diagnos-
tics, foundational work established the polymerase
chain reaction and, subsequently, its real-time quan-
titative form as the standard for sensitive and spe-
cific pathogen detection, while the introduction of
loop-mediated isothermal amplification opened the
way to field-deployable, instrument-light diagnosis,
and the advent of high-throughput sequencing ex-
tended detection to the untargeted discovery of nov-
el and unexpected agents. In digital monitoring, the
literature on precision agriculture and remote sens-
ing has documented the observation of crop condi-
tion across scales from the satellite to the unmanned
aerial vehicle and the in-field sensor network. In ar-
tificial intelligence, a large body of work has dem-
onstrated the diagnosis of plant disease from images
by deep convolutional networks, the identification
of pests, and the forecasting of phytosanitary risk.

The scientific contribution of these bodies of
work is considerable, yet they have for the most part
developed independently, each community advanc-
ing its own technologies with limited reference to
the others. The principal gap that the present review
addresses is the absence of an integrated account
that unites the molecular, the digital, and the artifi-
cial-intelligence domains and that emphasises their
complementarity and their integration — the union of
the molecular identification of a pathogen with the
digital mapping of its spread, and the interpretation
of both by artificial intelligence — as the distinguish-
ing feature and the principal promise of the contem-
porary field. This review draws together more than
forty international studies across the three domains,
analyses their respective contributions, and synthe-
sises them into a unified account directed at that in-
tegration.

Several strands of this literature bear directly
upon the present synthesis. The foundational work
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on DNA barcoding established that a short, stan-
dardised gene sequence can serve as a universal
identifier of species, furnishing the conceptual basis
for the molecular identification of pests and patho-
gens alike (Hebert et al., 2003). The reviews of
molecular diagnostics have charted the progression
from the enzyme-linked immunosorbent assay to
the polymerase chain reaction and, latterly, to next-
generation sequencing, documenting at each step
gains in sensitivity, specificity, and breadth of de-
tection (Boonham et al., 2014; Hariharan & Prasan-
nath, 2021). In parallel, the surveys of artificial in-
telligence in agriculture have catalogued the rapid
displacement of hand-designed image features by
learned representations, and the consequent trans-
formation of automated disease diagnosis (Kami-
laris & Prenafeta-Boldu, 2018). What unites these
separate literatures, and what this review seeks to
make explicit, is that each addresses a different facet
of a single problem — the timely, accurate, and scal-
able detection of threats to the plant — and that their
convergence is therefore not incidental but neces-
sary.

Materials and methods

This work is a structured narrative review of
the international scientific literature on innovative
technologies for plant monitoring and protection.
The research question guiding the review was how
molecular, digital, and artificial intelligence tech-
nologies function in plant protection, what their re-
spective strengths and limitations are, and how their
integration may provide a more effective and sus-
tainable approach to plant protection than the iso-
lated application of any single technology.

The review was conducted by identifying, across
the three domains, foundational studies, landmark
methodological papers, principal application stud-
ies, and relevant recent publications from the inter-
national peer-reviewed literature. The technologies
were organised into three groups — molecular diag-
nostics, digital monitoring, and artificial intelligence
—and analysed according to their underlying princi-
ples, applications in the detection and management
of phytopathogens and pests, demonstrated perfor-
mance, and limitations. The analysis subsequently
addressed the integration of these domains through
decision-support systems, digital platforms, and
emerging technological frontiers. Throughout the re-
view, technologies were compared with one another
and with the traditional methods they supplement or
supersede, and their performance was evaluated ac-

cording to sensitivity, specificity, speed, scalability,
cost, and suitability for field deployment.

The literature search was conducted using the
Scopus, Web of Science, and PubMed databases,
supplemented by Google Scholar. Peer-reviewed
publications published primarily between 2016 and
2025 were included, while earlier landmark stud-
ies (2000-2015) were selectively incorporated to
provide the conceptual and methodological founda-
tions of molecular diagnostics, digital monitoring,
and artificial intelligence applications in plant pro-
tection. Publications were selected based on their
scientific relevance, methodological quality, topical
relevance, and practical applicability to plant moni-
toring and protection technologies.

The assessment criteria were defined as follows:
sensitivity referred to the ability to detect an organ-
ism present in low abundance or at an early stage;
specificity referred to the ability to distinguish tar-
get organisms from closely related non-target or-
ganisms; speed referred to the time interval between
sampling and obtaining results; scalability referred
to the ability to extend applications from individual
samples to field and regional levels; cost referred to
the requirements for equipment, reagents, and spe-
cialised expertise; and field-readiness referred to the
suitability of technologies for deployment outside
laboratory conditions by non-specialist users.

Results and discussion

The review distinguishes three converging do-
mains of innovative technology — molecular diag-
nostics, digital monitoring, and artificial intelli-
gence — and their integration. Each is considered in
turn.

1. Molecular technologies for the diagnosis of
harmful organisms

The polymerase chain reaction (PCR) remains a
workhorse for pathogen diagnostics. PCR can am-
plify minute amounts of DNA or RNA from a plant
sample with high sensitivity and specificity; in prac-
tice, primers are designed to match unique pathogen
genes, yielding a diagnostic fragment. PCR-based
assays have been developed for bacteria (e.g. Xan-
thomonas, Ralstonia spp.), fungi (e.g. Magnaporthe
oryzae), and nematodes. However, PCR requires pu-
rified nucleic acids and laboratory thermocyclers and
is sensitive to inhibitors in crude samples (Lievens
& Thomma, 2005; Boonham et al., 2014). PCR also
cannot distinguish live from dead organisms and, by
itself, does not quantify pathogen load (Lievens &
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Thomma, 2005); furthermore, opening tubes for gel
electrophoresis raises the risk of contamination, and
PCR must often be followed by post-PCR analysis
to confirm results (Boonham et al., 2014).

To address speed and throughput, quantitative
real-time PCR (qPCR) uses fluorescent probes or
dyes to detect amplification as it happens (Boonham
et al., 2014). gPCR removes the need for gel runs
and provides enhanced speed and sensitivity relative
to conventional PCR (Boonham et al., 2014). It can
quantify pathogen DNA, allowing threshold-based
decision-making, and typical plant-virus assays are
now multiplexed to test several viruses in one tube
(Boonham et al., 2014). The trade-offs are higher
equipment and reagent cost and the need for skilled
operators (Hariharan & Prasannath, 2021). Overall,
PCR and qPCR assays remain the gold standard for
pathogen confirmation in diagnostic laboratories
and are widely used in regulatory testing.

The strengths of the amplification methods rest
upon the specificity with which a primer binds only
its intended target and the sensitivity with which a
single starting molecule may be multiplied into a de-
tectable quantity. These properties allow the detec-
tion of a pathogen present in numbers far too small
to produce a visible symptom or to be cultured, and
the discrimination of closely related organisms — of
one species of Phytophthora from another, or of a
virulent strain from an avirulent one — that the older
serological and microbiological methods could not
achieve (Lievens & Thomma, 2005). Against these
strengths must be set the requirement, in the con-
ventional laboratory format, for extracted and puri-
fied nucleic acid, for a thermocycler, and for skilled
operators, and the inability of a test designed for one
organism to detect any other; the molecular methods
are powerful precisely where the target is known
and the question is its presence, less so where the
task is the discovery of an unknown agent (Lievens
& Thomma, 2005; Boonham et al., 2014).

Isothermal methods have emerged to bring
PCR-like sensitivity to the field. Loop-mediated iso-
thermal amplification (LAMP) is especially popular
in plant pathology, using four or more primers and
a strand-displacing polymerase to amplify DNA at
a constant temperature of about 60—-65 °C (Notomi
et al., 2000). Ivanov et al. (2021) describe LAMP as
more robust and sensitive than PCR, since it avoids
thermocycling and tolerates simpler sample prepa-
ration. Reaction times are short (often 10-30 min-
utes), and amplification can be read by simple visual
cues such as turbidity or colorimetric dyes (Ivanov
et al., 2021). LAMP can be run on a simple heat

178

block (Ivanov et al., 2021) and read by eye. Tomlin-
son et al. (2007) demonstrated early LAMP tests for
the oomycete Phytophthora ramorum that worked
without specialized instruments and allowed na-
ked-eye detection, and Niessen and Vogel (2010)
showed that placing a piece of infected barley seed
directly into a LAMP mix could reliably detect the
fungus Fusarium graminearum.

The practical benefits of LAMP are well docu-
mented: assays are usually faster than PCR, require
a single temperature step, and tolerate inhibitors, so
that they can amplify targets from crude plant sap,
soil, or tissue without extensive DNA purification.
For example, a LAMP test for Phytophthora capsici
(pepper blight) could detect the pathogen from leaf
samples using a simple 5-10 minute crude extrac-
tion (Ivanov et al., 2021), and portable LAMP de-
vices now allow DNA-based diagnosis directly in
the field (Ivanov et al., 2021). LAMP also has chal-
lenges: primer design is complex and error-prone
(Ivanov et al., 2021), and the high amplification effi-
ciency makes contamination control critical (Ivanov
et al., 2021). Despite these issues, recent surveys list
hundreds of LAMP assays targeting fungi, oomyce-
tes, bacteria, viruses, and even pest insects (Ivanov
et al., 2021; Hariharan & Prasannath, 2021).

LAMP is not the only isothermal method of im-
portance. Recombinase polymerase amplification
(RPA) amplifies DNA at a still lower and gentler
temperature, of about 37 to 42 °C — close to body
heat, so that in some implementations the warmth
of the hand suffices — using a recombinase enzyme
to drive the binding of primers in place of the heat
of thermocycling (Babu et al., 2018). RPA is rapid,
frequently yielding a result within twenty to forty
minutes, tolerant of the inhibitors present in crude
plant extracts, and readily coupled to a lateral-flow
strip for a visual read-out, and it has been applied
to the detection of a range of plant viruses, bacte-
ria, and fungi in field-deployable formats (Babu et
al., 2018; Ivanov et al., 2021). Its chief limitations
are the comparative complexity and cost of its pro-
prietary reagents and the care its primer and probe
design demands; nonetheless, together with LAMP
it constitutes the foundation of the field-deployable
molecular diagnosis of plant disease, and the cou-
pling of either method to a CRISPR-based read-out,
considered below, is among the most promising re-
cent developments (Babu et al., 2018; Ivanov et al.,
2021).

High-throughput sequencing, often called next-
generation sequencing (NGS), has revolutionized
pathogen detection and surveillance. Unlike target-
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ed assays, sequencing can survey all nucleic acids in
a sample, identifying both known and novel agents
and several pathogens simultaneously (Boonham
et al., 2014). NGS technologies (Illumina, Oxford
Nanopore, PacBio, and others) produce millions of
reads in parallel, enabling comprehensive analy-
sis of plant-associated microbiomes and pathogen
populations; entire viral genomes are routinely as-
sembled from infected plant samples, facilitating the
surveillance of emerging variants. Metagenomic se-
quencing is especially powerful, for it can detect any
pathogen — virus, bacterium, fungus, or nematode
— present in a sample without prior knowledge, and
Boonham et al. (2014) cite studies in which NGS
was used to monitor pathogen evolution and disease
spread. The data load and complexity are challeng-
es, but the power of the technology is undisputed.

The power of sequencing for the discovery of
the unknown deserves emphasis, for it marks a
genuine departure from the targeted methods. A
metagenomic analysis, sequencing the total nucleic
acid of a sample without prior selection, can in prin-
ciple detect any organism present — a virus never
before described, a bacterium unexpected in the
host, a mixed infection of several agents — and so
serves not only to confirm a suspected diagnosis but
to discover the cause of a disease whose agent is
unknown (Boonham et al., 2014). This capacity has
transformed plant virology in particular, where the
sequencing of total RNA from a symptomatic plant
routinely reveals the full complement of viruses it
carries, and has been applied to the investigation of
disease outbreaks, the certification of planting mate-
rial, and the surveillance of quarantine pathogens.
The obstacles are no longer chiefly those of generat-
ing the sequence, which has become rapid and inex-
pensive, but those of interpreting it: the assembly of
the reads, their comparison against reference data-
bases, and the distinction of the pathogen from the
innocuous background demand bioinformatic skill
and computational resource, and the very sensitivity
of the method raises the question of how to interpret
the detection of an organism whose role in disease is
uncertain (Boonham et al., 2014).

These tools have been applied broadly across
pathogen types. In plant virology, multiplex RT-
PCR and qPCR assays routinely detect viruses such
as Citrus tristeza virus, and the methods of virus
diagnostics have progressed from serological tests
such as ELISA through PCR to next-generation se-
quencing (Boonham et al., 2014); bacterial patho-
gens such as Ralstonia solanacearum and Xan-
thomonas oryzae are detected by qPCR with high

accuracy (Hariharan & Prasannath, 2021). In fungal
and oomycete disease, numerous LAMP assays ex-
ist for pathogens such as Phytophthora spp., Fu-
sarium spp., and Puccinia spp. (Tomlinson et al.,
2007; Hariharan & Prasannath, 2021), and LAMP
can detect wheat rust pathogens such as Puccinia
striiformis one to two days after infection, before
symptoms are visible (Ivanov et al., 2021). Insect
pests are also diagnosed molecularly: Agarwal et
al. (2020) designed a LAMP assay targeting the mi-
tochondrial COI gene of the grape phylloxera (Da-
ktulosphaira vitifoliae), and Agarwal et al. (2023)
developed a LAMP test for the Asian citrus psyllid
(Diaphorina citri). Emerging metabarcoding and
metagenomic approaches can screen leaf, soil, or
insect-trap samples for pathogens and pests at once,
informing integrated pest management (Hebert et
al., 2003; Boonham et al., 2014). In sum, molecu-
lar diagnostics now cover the full spectrum of plant
pathogens and extend into insect-pest monitoring,
enabling earlier and more specific detection than vi-
sual scouting.

The molecular identification of pests rests upon
a foundation laid by DNA barcoding, the proposal
that a short, standardised gene sequence — for ani-
mals, a region of the mitochondrial cytochrome ¢
oxidase I gene — can serve as a universal marker for
the identification of species (Hebert et al., 2003).
Because this sequence varies little within a species
but appreciably between species, it permits the as-
signment of an unknown specimen to its species by
comparison against a reference library, and so the
identification of a pest from a fragment, an egg, or an
immature stage that morphology could not resolve.
Upon this foundation the field-deployable assays for
insect pests have been built, the LAMP tests for the
grape phylloxera and the Asian citrus psyllid among
them, which target conserved genes and return a
species-level identification in minutes without the
expertise of a taxonomist (Hebert et al., 2003; Agar-
wal et al., 2020). The same principle underlies the
metabarcoding of environmental samples, in which
the barcode regions amplified from the total DNA of
a soil, water, or trap sample reveal the assemblage
of species present, extending the molecular identifi-
cation of pests from the individual specimen to the
community (figure 1).

2. Digital technologies for the monitoring of
plants

Whereas the molecular technologies diagnose
harmful organisms from individual samples, the
digital technologies of monitoring observe crops
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continuously and across large areas, detecting the
signs of stress, disease, and infestation and mapping
their spatial pattern. They rest upon the principle
that the radiation reflected and emitted by vegeta-
tion carries information about its physiological con-
dition — healthy vegetation absorbing strongly in the

Figure 1

red, where chlorophyll captures light, and reflecting
strongly in the near-infrared, with an abrupt tran-
sition, the “red edge,” between them — so that the
alterations of the spectral signature that accompany
stress may be detected, frequently before symptoms
are visible to the eye.

Molecular diagnostic methods for the detection of harmful organisms, positioned by the breadth of their

target and their field-deployability

Molecular diagnostic methods for harmful organisms,
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The detection of plant disease by imaging sen-
sors has become a discipline in its own right, draw-
ing together precision agriculture and plant pheno-
typing, and resting upon the careful study of how the
optical properties of a leaf change as infection alters
its pigments, its cell structure, and its water content
(Mahlein, 2016). These changes are not uniform
across the spectrum but concentrated in particular
regions, and their pattern differs from one disease
to another: the pigments that absorb in the visible
region decline as chlorosis and necrosis develop;
the internal structure of the leaf, which governs re-
flectance in the near-infrared, is disrupted as tissue
is destroyed; and the water content, which governs
absorption in the shortwave infrared, falls as the
plant’s water relations are disturbed. Because each
pathogen produces its own characteristic progres-
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sion of these effects, a sufficiently detailed measure-
ment of the spectral signature can not only detect
that a plant is stressed but begin to identify the cause,
distinguishing, for example, the net blotch, the rust,
and the powdery mildew of barley by the differing
shapes of their reflectance curves (Mahlein, 2016;
Terentev et al., 2022).

Satellites carrying remote-sensing instruments
observe the crops of the entire world from orbit,
providing a synoptic view across regions that no
other platform can match. Several systems are of
particular importance for agriculture: the Landsat
programme, continued by Landsat 9 (launched in
2021), provides imagery at 30-metre resolution with
a half-century unbroken record; the Sentinel-2 mis-
sion of the European Copernicus programme pro-
vides imagery at 10- to 20-metre resolution across
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thirteen spectral bands — including several red-edge
bands — with a five-day revisit interval and free avail-
ability; and commercial constellations of small sat-
ellites provide imagery at a few metres’ resolution
with near-daily revisit. The information in reflected
radiation is commonly distilled into vegetation indi-
ces, of which the normalised difference vegetation
index (NDVI) is the most widely used; it rises with
the density and vigour of healthy vegetation and
falls as vegetation becomes stressed, and its varia-
tion across a field or its change over time reveals
the spatial and temporal pattern of crop condition
(Drusch et al., 2012; Sishodia et al., 2020). The prin-
cipal contribution of satellites lies in the detection
and mapping of stress over large areas; their limita-
tions — a spatial resolution that may be too coarse to
resolve the early, patchy onset of disease, a revisit
interval that cloud may extend, and the difficulty of
distinguishing the specific cause of a detected stress
— are addressed, in part, by the aerial and ground-
based methods (Sishodia et al., 2020).

The applications of satellite remote sensing in
precision agriculture are correspondingly broad,
encompassing the assessment of crop biomass and
vigour, the estimation of yield, the mapping of soil
and water status, the guidance of variable-rate appli-
cation of inputs, and the detection of the stress im-
posed by disease, drought, and nutrient deficiency
(Sishodia et al., 2020). The limitations of the satel-
lite are, however, equally real. The spatial resolution
of the freely available systems may be too coarse to
resolve the early, patchy onset of disease within a
field; the revisit interval, though short, may be ex-
tended by cloud, which obscures the optical view of
the surface; and the vegetation indices, while sensi-
tive to the presence of stress, are frequently unable
to distinguish its specific cause, since drought, dis-
ease, and nutrient deficiency may depress the same
index in similar ways. NDVI in particular saturates
over dense canopies, losing sensitivity where the
vegetation is most vigorous, and declines only after
the reduction of chlorophyll is already advanced, so
that it may register a problem only once it is well
established. These limitations are addressed, in part,
by the finer resolution and the richer spectral and
thermal information of the aerial and ground-based
methods (Sishodia et al., 2020; Mahlein, 2016).

Considered together, the platforms of remote
sensing form a continuum of scale, each suited to a
different grain of observation, and the art of their ap-
plication lies in their combination. The satellite sur-
veys the region and the season, detecting the broad
patterns of stress and furnishing the long record

against which change may be judged; the drone sur-
veys the field and the day, resolving the patch and
the plant and responding to the immediate question;
the in-field sensor surveys the point in continuous
time, recording the microclimate within the canopy
where infection begins. No one of these displaces
the others, and the most complete picture of the state
of a crop is assembled by drawing upon all three —
the satellite to direct attention, the drone to localise
and characterise, the sensor to monitor the condi-
tions that govern the course of disease (Drusch et
al., 2012; Sishodia et al., 2020; Farooq et al., 2019).
The integration of these complementary scales of
observation, and of the optical, spectral, and ther-
mal information they gather, is among the principal
achievements of digital crop monitoring and a foun-
dation of the integrated protection considered later
in this review.

Between the satellite and the in-field sensor lies
the unmanned aerial vehicle (UAV), or drone, which
observes the crop from low altitude with a detail and
a flexibility that neither satellite nor ground sensor
can provide, resolving features of the order of cen-
timetres and so detecting the early, localised onset
of disease that the coarser resolution of a satellite
would miss. Drones carry payloads of multispectral,
hyperspectral, and thermal sensors, and the images
they capture are commonly assembled by photo-
grammetry into a single high-resolution map of the
field. Multispectral imaging measures reflectance in
a few broad bands, sufficient to compute the princi-
pal vegetation indices; hyperspectral imaging mea-
sures reflectance in hundreds of narrow, contiguous
bands, permitting the detection of subtle and specific
spectral features that distinguish one cause of stress
from another and that may reveal disease at an early
stage, the red-edge region being of particular value;
and thermal imaging detects the canopy temperature
governed chiefly by transpiration, serving as a sen-
sitive indicator of the water stress and disturbances
of water relations that accompany many diseases,
frequently before visible symptoms appear. Stud-
ies of the cereal rusts and of many other diseases
have shown that hyperspectral data, combined with
machine learning, can distinguish diseased from
healthy plants before symptoms are visible to the
eye (Terentev et al., 2022).

The hyperspectral approach has been developed
into a sophisticated body of technique, in which the
hundreds of measured wavebands are reduced, by
the methods of statistics and machine learning, to
the few that best discriminate a given disease, and
combined into spectral disease indices tailored to
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particular pathogens (Mahlein et al., 2018). By these
means, studies of the cereal rusts and of many other
diseases have shown that hyperspectral data can de-
tect infection at an early stage, identify which dis-
ease is present, and quantify its severity. The trans-
fer of these methods from the controlled conditions
of the laboratory and the glasshouse to the variable
conditions of the field remains, however, a substan-
tial challenge, for the changing illumination, the
mixed background, and the natural variability of the
crop all complicate the spectral signal; the bridging
of this gap between laboratory and field is among
the central practical problems of sensor-based phy-
topathology (Mabhlein et al., 2018; Terentev et al.,
2022).

The unmanned aerial vehicle has, in the space
of a decade, passed from a research curiosity to a
practical instrument of crop monitoring, and the rea-
sons for its rise are instructive. It occupies a niche
of resolution and flexibility that neither the satel-
lite nor the ground sensor can fill: flying below the
cloud that obscures the satellite, it is unconstrained
by the revisit schedule of an orbit and may be dis-
patched whenever and wherever it is needed; flying
above the crop, it surveys in a single flight an area
that would take a person days to walk; and resolving
features of the order of centimetres, it discerns the
early and localised onset of disease that the coarser
satellite would average away. Its payload may be
chosen to the task — a multispectral camera for the
routine computation of vegetation indices, a hyper-
spectral sensor for the discrimination of specific dis-
eases, a thermal camera for the detection of water
stress — and the imagery it gathers is assembled by
photogrammetry into a map of the whole field, with-
in which the distribution of stress may be read at a
glance (Mahlein et al., 2018; Terentev et al., 2022).
Its limitations are those of endurance, of payload, of
the regulation of airspace, and of the labour of fly-
ing and of processing the imagery, but within these
bounds it has become a central instrument of preci-
sion crop protection.

Thermal imaging deserves particular notice,
for it exploits a different physical principle from
the optical methods and so furnishes information
complementary to theirs. The temperature of a leaf
is governed largely by transpiration, the evaporation
of water from its surface, which cools it as perspira-
tion cools the skin; when a plant closes its stomata
in response to water stress, or when disease disrupts
its water relations, transpiration falls and the leaf
warms. Because this response frequently precedes
any visible symptom and any change in the optical
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reflectance, a thermal camera can in principle reveal
stress at a very early stage, and the canopy tempera-
ture, measured against the temperature of the air,
has been used as an indicator of water status and
of the disturbances that accompany many diseases
(Mabhlein, 2016). The interpretation of thermal im-
agery is complicated, however, by the many factors
other than disease that influence leaf temperature
— the ambient temperature, the humidity, the wind,
the radiation of the sun — so that thermal data are
most powerful when combined with the optical and
the spectral, each sensor compensating for the blind
spots of the others (Mahlein et al., 2018).

The continuous acquisition of data from the
field is accomplished increasingly through the ag-
ricultural Internet of Things (IoT) — the extension
of network connectivity to the sensors and devices
distributed throughout the agricultural environment.
An [oT system comprises a perception layer of sen-
sors measuring temperature, humidity, leaf wetness,
soil moisture, and other variables; a communication
layer, frequently a low-power wide-area network
such as LoORaWAN that transmits small quantities of
data over several kilometres at very low power; and
an application layer that stores, processes, and acts
upon the data. Networks of microclimate sensors
supply the data required by the disease-forecasting
models that predict the risk of infection and guide
the timing of protective measures, while automat-
ed monitoring systems — among them the camera-
equipped “smart traps” that capture images of the
insects they catch and transmit them for automatic
identification and counting — replace the laborious
manual inspection by which pest populations have
traditionally been monitored, providing a continu-
ous and timely picture of pest abundance and dis-
tribution (Liakos et al., 2018; Wolfert et al., 2017;
Soussi et al., 2024).

The architecture of such systems is commonly
described in terms of layers: a perception layer of
sensors measuring temperature, humidity, leaf wet-
ness, soil moisture, light, and other variables; a
network layer that conveys the measurements, fre-
quently by a low-power wide-area network such as
LoRaWAN that transmits small quantities of data
over several kilometres at very low power, suiting
the dispersed and power-constrained conditions of
the farm; and an application layer that stores, pro-
cesses, and acts upon the data, increasingly with
the support of cloud computing and data analytics
(Farooq et al., 2019). The connection of this archi-
tecture to cloud computing and big-data analytics
is what converts a scattering of measurements into
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a coherent picture of the state of the crop, and its
integration supports the broader enterprise of pre-
cision agriculture, in which inputs are applied not
uniformly but in proportion to local need, reducing
both cost and environmental burden (Farooq et al.,
2019; Soussi et al., 2024).

The choice among the imaging methods in-
volves a characteristic trade-off between the rich-
ness of the spectral information and the practical-
ity of its acquisition and analysis. Multispectral
imaging, measuring a few broad bands, yields data
that are compact, readily processed, and sufficient
for the computation of the principal vegetation in-
dices, and it is for these reasons the most widely
deployed; its limitation is that the few broad bands
cannot resolve the fine spectral features by which
one cause of stress is distinguished from another.
Hyperspectral imaging, measuring hundreds of nar-
row and contiguous bands, captures the full shape
of the reflectance curve and so permits the detection
and identification of specific diseases, but at the cost
of instruments more expensive and delicate, data far
larger and more complex, and analyses that demand
the methods of machine learning to extract the few
informative bands from the many (Mahlein et al.,
2018; Terentev et al., 2022). The history of sensor-
based phytopathology may be read, in part, as the
search for the point of balance between these com-
peting virtues, and as the gradual descent of hyper-
spectral capability from the laboratory toward the
affordable field instrument (Mahlein, 2016; Mahlein
et al., 2018).

The normalised difference vegetation index, for
all its ubiquity, is but one of a family of vegetation
indices, and its limitations have driven the develop-
ment of others suited to particular purposes. The
index saturates over dense canopies, losing its sen-
sitivity precisely where the vegetation is most vig-
orous, and it responds to a fall in chlorophyll only
once that fall is well advanced, so that it may regis-
ter a disease only after the damage is done; it cannot,
moreover, distinguish the cause of a depression in
greenness, which drought, disease, and nutrient de-
ficiency may all produce (Sishodia et al., 2020). The
remedies are indices tuned to other features of the
reflectance: those exploiting the red edge, the steep
transition between the red and the near-infrared,
which respond to chlorophyll content with greater
sensitivity and at an earlier stage; those exploiting
the shortwave infrared, which respond to the water
content of the canopy and so to the water stress that
accompanies many diseases; and the spectral dis-
ease indices, derived from hyperspectral data, which

combine the particular wavebands that best distin-
guish a given pathogen (Mahlein et al., 2018; Sisho-
dia et al., 2020). The proliferation of these indices
reflects the central lesson of the field, that no single
measure captures the whole of a plant’s condition,
and that the detection and identification of disease
are best served by the combination of complemen-
tary measures (Mahlein, 2016; Mahlein et al., 2018).

A recurring consequence of all these technolo-
gies is the generation of data in quantities that ex-
ceed by far the capacity of any person to examine,
and the resulting deluge is at once the great oppor-
tunity and the great challenge of digital monitoring
(Singh et al., 2016). A single drone flight may yield
thousands of images; a network of in-field sensors
may report continuously through a growing season;
a satellite constellation may revisit a field every few
days for years. The value latent in such data is re-
alised only through the methods of data assimila-
tion, feature extraction, and machine learning that
turn raw measurement into useful knowledge, and
the development of these methods has therefore ad-
vanced in step with the sensors themselves, the one
without the other being of little use (Singh et al.,
2016; Liakos et al., 2018). It is at this junction —
where the data of the digital sensors meet the meth-
ods of artificial intelligence — that the monitoring of
plants passes into their intelligent interpretation, the
subject of the section that follows.

3. Artificial intelligence in plant protection

The digital technologies generate data far ex-
ceeding the capacity of any person to examine, and
the conversion of this data into useful knowledge —
the detection of disease, the identification of pests,
the prediction of outbreaks — is accomplished in-
creasingly by artificial intelligence (Al), and above
all by the methods of machine learning, which learn
from data to perform tasks formerly requiring hu-
man expertise. The visual diagnosis of plant disease
by computer has been among the most successful
applications, transformed over the past decade by
deep learning, which dispenses with the manual
design of image features, learning instead, directly
from labelled images, both the features relevant to
the task and the rule for classifying them. The net-
works best suited to this task are the convolutional
neural networks (CNNs), whose design exploits the
spatial structure of images, building from the raw
image a hierarchy of features of increasing abstrac-
tion (Kamilaris & Prenafeta-Boldu, 2018).

The training of such networks from scratch de-
mands very large collections of labelled images and
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great computational resources, and the dominant
practical technique is therefore transfer learning, in
which a network already trained upon a vast general
collection of images is adapted, by further training
upon a smaller collection of plant images, to the
particular task of disease diagnosis (Kamilaris &
Prenafeta-Boldu, 2018). The application of machine
learning across agriculture has, more broadly, grown
rapidly and now encompasses not only the diagnosis
of disease but the prediction of yield, the detection
of weeds, the management of soil and water, and
the recognition of animal and plant stress, drawing
upon the full range of learning methods, from the
support-vector machine and the random forest to the
deep neural network (Kamilaris & Prenafeta-Boldu,
2018; Liakos et al., 2018).

The accuracy attained by convolutional net-
works under controlled conditions has been re-
markable. A landmark study applied convolutional
networks to the PlantVillage dataset — over 54,000
images of leaves spanning 38 classes of crop and
disease — and reported, for the best network trained
by transfer learning, an accuracy exceeding 99% in
assigning an image to the correct class (Mohanty et
al., 2016). Subsequent studies have repeatedly re-
ported accuracies of comparable magnitude across
larger collections and a succession of architectures
(Ferentinos, 2018), and systematic comparisons
of the principal network architectures have found
the deeper and more modern of them, such as the
densely connected networks, to attain accuracies
approaching the ceiling of the benchmark datasets,
in one careful comparison reaching 99.75% (Too et
al., 2019). These results require an important cau-
tion, however: the high accuracies were attained
largely upon images captured under controlled and
uniform conditions, and the same networks, applied
to images captured under the variable conditions of
the field, have frequently performed far less well —
the landmark study itself found accuracy falling to
around a third upon images from different sources
(Mohanty et al., 2016). The narrowing of this gap,
through the assembly of representative collections
of field images, through transfer learning and data
augmentation, and through the retention of human
oversight, is the central practical challenge of the
field. The opacity of the deep network, which cannot
of itself explain its judgements, is a further limita-
tion that the methods of explainable artificial intel-
ligence seek to address.

The distinction among the principal types of
task that these networks perform is worth drawing,
for it bears upon their application. Classification
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networks assign a whole image to a category, an-
swering the question of which disease, if any, a leaf
displays; detection networks locate and delimit the
objects of interest within a larger image, drawing a
box about each diseased region or each insect; and
segmentation networks classify the image pixel by
pixel, delineating exactly the diseased area and so
permitting the quantification of severity. Each type
has its place in plant protection, and the literature
documents the rapid development of all three, with
a clear trend toward models that are at once more
accurate, smaller, and faster, and so better suited to
deployment upon the modest hardware of a field de-
vice (Liu & Wang, 2021). These tasks may be situ-
ated within a broader scheme of the decision cycle
of plant stress phenotyping, which distinguishes the
identification of a stress, its classification by type,
the quantification of its severity, and the prediction
of its development — a framework that has helped to
organise the application of machine learning across
the whole of crop research and breeding, not the di-
agnosis of disease alone (Singh et al., 2016).

The forecasting of disease repays a closer look,
for it brings together the data of monitoring and the
understanding of biology in a manner that exempli-
fies the integration this review commends. The pro-
cess-based models, grounded in the biology of the
pathogen, compute from the recorded course of tem-
perature, humidity, and leaf wetness the progress of
infection through its stages — the germination of a
spore, the penetration of the host, the development
of the lesion, the production of the next generation
of spores — and so predict, from the weather alone,
the periods of greatest risk (Gonzéalez-Dominguez et
al., 2023). The empirical models, by contrast, learn
the relationship between conditions and disease
from historical records, and the methods of machine
learning have enlarged the scope and the accuracy
of this approach, integrating the many variables that
bear upon risk and discerning patterns too complex
for a person to formulate (Gonzalez-Dominguez et
al., 2023; Liakos et al., 2018). The two traditions
are complementary, the mechanistic understanding
lending interpretability and generality to the data-
driven model, the data correcting and refining the
mechanistic one, and their combination, fed by the
real-time data of the agricultural Internet of Things,
promises forecasts grounded at once in biology and
in the conditions actually obtaining within a particu-
lar crop (Gonzélez-Dominguez et al., 2023; Farooq
et al., 2019).

A recurring theme across all these applications
is the gap between performance under controlled
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conditions and performance in the field, and the rec-
ognition of this gap has reshaped the priorities of the
field (Barbedo, 2016). The difficulty is not chiefly
the design of the network but the data upon which it
is trained: a model trained upon clean images of de-
tached leaves against a uniform background learns
features that do not transfer to the cluttered, vari-
ably lit, multiply infected scenes of the real crop.
The remedies are several — the assembly of large da-
tasets of genuine field images, the augmentation of
training data to embrace the variability of real con-
ditions, the use of transfer learning to make the most
of limited labelled data, and the careful validation of
models upon images genuinely independent of those
used in training — but the gap has not been closed,
and the prudent deployment of these systems retains
a place for human judgement (Barbedo, 2016; Mo-
hanty et al., 2016).

The opacity of the deep network — its tenden-
cy to deliver a judgement without disclosing the
grounds upon which it rests — is a limitation of par-
ticular consequence in a domain where the cost of
error is a misdirected or omitted treatment. A net-
work may attain high accuracy upon a benchmark
yet rest its decisions upon features irrelevant to the
disease, such as the lighting or the background of
the training images, and so fail unpredictably upon
new data. The methods of explainable artificial in-
telligence seek to open this black box, among them
the techniques that highlight the regions of an image
upon which a classification turns, allowing a human
expert to judge whether the network attends to the
symptom or to some artefact; such visualisation both
builds the trust necessary for adoption and exposes
the failures of reasoning that bare accuracy conceals
(Singh et al., 2016; Barbedo, 2016). The retention
of human oversight, informed by these methods, is
widely held to be the prudent course in the present
state of the art.

Underlying all these considerations is the ques-
tion of data, which has come to be seen as more
decisive than the choice of network architecture.
The training of a deep network demands a large
collection of images, each labelled with the correct
diagnosis, and the quality of the resulting model
is bounded by the quality and representativeness
of this collection. The early successes of the field
rested upon collections of images captured under
controlled conditions, which proved a frail founda-
tion for application in the variable field; the present
effort is therefore directed at the assembly of large
datasets of genuine field images, embracing the di-
versity of crop, of disease stage, of lighting, and of

background that the real world presents, and at the
techniques — data augmentation, transfer learning,
and the generation of synthetic images — by which
the most may be made of the labelled data available
(Liu & Wang, 2021; Singh et al., 2016). The label-
ling of these images, which requires expert knowl-
edge and great labour, remains a principal bottle-
neck, and the sharing of curated datasets among
researchers is accordingly of considerable value to
the field (Mohanty et al., 2016; Liu & Wang, 2021).

The same methods serve for the recognition of
insect and other animal pests, though the task is more
demanding, since pests are often small, diverse, vari-
able through their life cycle, and set against a com-
plex and cluttered background (Barbedo, 2016). For
the location and counting of pests within an image,
the object-detection networks are employed, and
among them the single-stage detectors of the YOLO
family are favoured for their speed, which permits
detection in real time and so suits the processing
of the continuous stream of images from a camera
trap (Liu & Wang, 2021). The camera-equipped
smart trap, which captures and transmits images for
automatic identification and counting, provides a
continuous monitoring of pest populations far less
laborious than the manual inspection of traps, and
a particular value lies in the early detection of inva-
sive and quarantine pests, whose interception before
establishment is the foremost object of phytosani-
tary security (Kamilaris & Prenafeta-Boldu, 2018;
Liu & Wang, 2021).

The automatic monitoring of insect pests illus-
trates with particular clarity the convergence of the
digital sensor and the artificial intelligence that in-
terprets its output. The traditional monitoring of pest
populations rests upon traps that must be visited,
emptied, and their catch identified and counted by a
person — a labour so demanding that it is performed
infrequently and over few sites, yielding a picture
of pest abundance that is coarse in both space and
time. The camera-equipped smart trap replaces this
labour with automation: it photographs the insects
it catches, transmits the images for analysis, and
applies an object-detection network to identify and
count them, returning a continuous and spatially de-
tailed record of pest abundance without the visit of
a person (Liu & Wang, 2021). The value of such
monitoring is greatest for the invasive and quaran-
tine pests whose early interception is the object of
phytosanitary security, for a network of smart traps
may detect the first arrival of a threat in time for its
containment, and the same network, reporting con-
tinuously, may track the progress of an established
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pest and inform the timing of its control (Kamilaris
& Prenafeta-Boldu, 2018; Liu & Wang, 2021). The
challenges are those of the reliable identification of
small and similar species under field conditions, and
of the power and connectivity that a remote trap re-
quires, but the principle is established and its adop-
tion is spreading.

The broader application of machine learning
across agriculture, surveyed in the recent literature,
encompasses not only the diagnosis of disease but
the prediction of yield, the detection of weeds, the
management of soil and water, and the recognition
of animal and plant stress, and it draws upon the
full range of learning methods, from the support-
vector machine and the random forest to the deep
neural network (Liakos et al., 2018). The value of
these methods grows with the volume and variety of
the data available to them, and the convergence of
machine learning with the data streams of precision
agriculture — the imagery of satellites and drones,
the measurements of in-field sensors, the records of
weather and management — is therefore mutually
reinforcing: the data give the models something to
learn from, and the models give the data their mean-
ing (Wolfert et al., 2017; Liakos et al., 2018). It is in
this convergence that the forecasting of phytosani-
tary risk finds its firmest foundation.

Beyond the detection of organisms already pres-
ent, artificial intelligence supports the forecasting
of phytosanitary risk — the prediction of where and
when disease and pests will appear. The forecasting
of disease rests upon the principle that its develop-
ment depends upon the conjunction of a susceptible
host, a virulent pathogen, and a favourable environ-
ment, the favourable conditions being specifiable
and monitorable. Two broad traditions of model-
ling have developed over the past half-century. The
process-based, or mechanistic, models embody the
biology of the pathogen in mathematical descrip-
tions of its life cycle, computing from the course of
weather the progress of infection; the data-driven,
or empirical, models, including those of machine
learning, learn the relationship between conditions
and disease from historical records without explicit
representation of the underlying biology (Gonzalez-
Dominguez et al., 2023).

The evolution of these models over the last fifty
years has been driven, as a recent and authoritative
review observes, by three advances: in the sensors
and automatic data-collection technology that sup-
ply the environmental inputs, in the instruments and
methods of botanical epidemiology that furnish the
biological understanding, and in the data analytics
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and computer science that turn data into prediction
(Gonzélez-Dominguez et al., 2023). The wheat rusts
and apple scab serve as the classic case studies of
this progress, the former illustrating the develop-
ment of empirical models from weather data, the lat-
ter the refinement of process-based models ground-
ed in the biology of the pathogen. The two traditions
are increasingly combined, the mechanistic under-
standing constraining and informing the data-driv-
en model, and the whole is increasingly fed by the
real-time data of the agricultural Internet of Things,
so that a forecast may rest upon the conditions ac-
tually obtaining within a particular crop rather than
upon the average conditions of a region (Gonzalez-
Dominguez et al., 2023; Farooq et al., 2019).

The forecasting of disease and pests attains its
fullest expression in the early-warning systems op-
erated at regional, national, and international scales,
which unite the data of monitoring with the mod-
els of prediction and deliver their conclusions to
those who must act upon them. A novel and power-
ful source of data for such systems is furnished by
the aggregation of the diagnoses gathered by mo-
bile applications: when many growers photograph
and identify the diseases of their crops through a
shared application, the accumulated reports con-
stitute a continuously renewed map of the occur-
rence of pests and diseases, from which their spread
may be tracked in near real time and the regions of
emerging risk identified. In this way the same ar-
tificial intelligence that diagnoses a disease from a
photograph contributes, through the aggregation of
its diagnoses, to the surveillance of disease across
a whole region — an instance of the convergence of
the individual and the collective, the local and the
global, that characterises the contemporary science
of plant protection (Kamilaris & Prenafeta-Boldu,
2018; Gonzalez-Dominguez et al., 2023).

4. Integration of technologies and emerging
frontiers

The three domains surveyed above are powerful
in themselves, but their fullest power is realised in
their integration — the union of the molecular and
the digital, of the laboratory and the field. The mo-
lecular technologies furnish the identification of a
pathogen by its sequence and the characterisation of
its population; the digital technologies furnish the
detection and mapping of disease across a region
and the prediction of its spread; and their integra-
tion yields a management more powerful than either
alone — the deployment of the resistance that mo-
lecular analysis identifies in the places that digital
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analysis shows to be at risk, and the anticipation of
the breakdown of resistance from molecular moni-
toring combined with digital monitoring of spread.
This integration depends upon cloud platforms that
provide storage and computation as a service, upon
the bioinformatic systems and reference databases
that analyse molecular data, and upon the interop-
erability of data from different sources, whose
achievement through common standards is among
the principal challenges.

The most complete expression of this integra-
tion is the digital twin — a virtual replica of a physi-
cal crop or farm, continuously updated from the
data of sensors, imagery, and weather, within which
the state of the crop may be monitored, its future
simulated, and the consequences of an intervention
explored before it is undertaken (Pylianidis et al.,
2021). Constructed from the same elements as the
broader smart farm — the sensors and devices of the
agricultural Internet of Things, coordinated through
cloud computing — the digital twin draws these el-
ements together into a single dynamic model, and
so offers, in principle, a means of integrating the
molecular, the digital, and the predictive into one
coherent representation. Its realisation in agriculture
is at an early stage, and the challenges are consider-
able: the complexity of the living system to be mod-
elled, the volume and heterogeneity of the data to be
assimilated, and the questions of data ownership and
privacy that the gathering of so much information
raises (Pylianidis et al., 2021; Wolfert et al., 2017).
The broader integration of agricultural data rests, in
turn, upon the big-data infrastructure of smart farm-
ing — the cloud platforms, the analytics, and the data
standards through which the streams from many
sources are combined — and upon the resolution of
the attendant questions of governance, interoper-
ability, and the distribution of the value that the data
create (Wolfert et al., 2017).

The digital twin merits closer consideration, for
it represents the most ambitious form of the integra-
tion of agricultural data. In its fullest conception, a
digital twin is not merely a static model of a crop but
a living virtual counterpart, continuously updated
from the streams of sensor, image, and weather data,
so that its state tracks the state of the real crop and
may be interrogated in its stead. Within such a mod-
el the consequences of an action — the application
of a treatment, the alteration of an irrigation sched-
ule — may be simulated before the action is taken,
and the future of the crop projected from its pres-
ent condition, so that management becomes antici-
patory rather than reactive (Pylianidis et al., 2021).

The construction of a digital twin draws upon every
technology surveyed in this review: the sensors and
devices of the agricultural Internet of Things to sup-
ply its data, the cloud computing to coordinate them,
the machine learning to interpret them, and, in prin-
ciple, the molecular diagnostics to ground its repre-
sentation of the crop’s health in the identity of the
organisms present (Pylianidis et al., 2021; Farooq et
al., 2019). Its realisation in agriculture remains at an
early stage, impeded by the complexity of the living
system to be modelled and by the volume and het-
erogeneity of the data to be assimilated, but it offers
a vision of the fully integrated, anticipatory protec-
tion of plants toward which the field is tending.

The integration of agricultural data acquires its
value, for the protection of plants, only in the deci-
sions it informs, and the systems that convert inte-
grated data into guidance are the decision-support
systems (DSS). A DSS gathers the data of moni-
toring, applies the relevant forecasting models and
analyses, and presents to the grower not raw data
but actionable guidance — a warning that condi-
tions favour a disease, an assessment of the risk a
pest presents, or a recommendation for intervention
— thereby embodying the anticipatory, knowledge-
based management that integrated pest management
commends. Such systems are delivered increasingly
through the smartphones and digital platforms that
growers already command; the mobile application
for disease diagnosis exemplifies this delivery, di-
agnosing disease from a photograph and returning
advice within seconds, and, through the aggregation
of its users’ observations, generating maps of dis-
ease occurrence.

The value of the decision-support system rests
upon the quality and timeliness of the data that feed
it, and it is here that the convergence of the technol-
ogies surveyed in this review is most directly useful.
The microclimate data of the agricultural Internet
of Things furnish the forecasting models with mea-
surements made within the crop itself; the imagery
of satellites and drones, interpreted by artificial in-
telligence, furnishes the spatial pattern of stress; and
the molecular diagnostics furnish the specific identi-
fication of the pathogen present. A decision-support
system that draws upon all three can offer guidance
more precise, more timely, and more reliable than
any single source could support, and the delivery
of such guidance through the smartphone places
it within reach of growers who command no other
computing resource (Farooq et al., 2019; Wolfert et
al., 2017; Liakos et al., 2018). The realisation of this
promise, however, depends upon the interoperabil-
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ity of the several data streams and upon the trust of
the grower in the guidance offered, neither of which
can be taken for granted.

Among the most promising emerging fron-
tiers is the application of CRISPR/Cas systems to
diagnosis. Certain CRISPR-associated enzymes,
when programmed to recognise a target sequence,
exhibit upon binding a “collateral” cleavage of re-
porter molecules that may be coupled to a fluores-
cent or visual read-out; this principle underlies the
SHERLOCK platform, based on the RNA-targeting
enzyme Casl3 (Gootenberg et al., 2017), and the
DETECTR platform, based on the DNA-targeting
enzyme Casl2a (Chen et al., 2018). Combined with
an isothermal amplification step, these methods at-
tain a sensitivity reaching a few molecules, a speci-
ficity fine enough to discriminate a single-nucleotide
difference, and a read-out simple enough to be read
on a lateral-flow strip, uniting sensitivity, specifici-
ty, speed, and simplicity to a degree few other meth-
ods attain (Pozharskiy et al., 2025). Further fron-
tiers include the analysis of the big data generated
by monitoring and molecular technologies, whose
aggregation across many farms and seasons reveals
patterns invisible in any single dataset, and the digi-
tal platforms — increasingly augmented by conver-
sational assistants founded upon recent advances
in language models — that carry the power of these
technologies into the hands of the world’s growers.

The application of the CRISPR/Cas systems to
plant diagnostics is itself a rapidly developing field,
and recent reviews catalogue a growing number of
assays directed at the viruses, bacteria, and fungi of
crops, frequently coupled to an isothermal amplifi-
cation step and read out upon a lateral-flow strip in
the manner of a pregnancy test, so that a molecular
diagnosis of laboratory sensitivity may be obtained
in the field without laboratory equipment (Pozhars-
kiy et al., 2025). The principal remaining obstacles
are the need, in most current assays, for a separate
amplification step that complicates the workflow,
and the requirement that an assay be designed and
validated anew for each target; the development of
amplification-free assays and of multiplexed assays
able to detect several pathogens at once is an ac-
tive direction of research (Pozharskiy et al., 2025).
Together with these molecular advances, the matur-
ing of the digital platforms — the cloud services, the
analytics, and the conversational interfaces through
which the power of these technologies is delivered
— promises to lower further the barrier between the
laboratory and the field, and to place the means of
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precise diagnosis and timely decision in the hands
of those who work the land.

The integration of these technologies is nowhere
more consequential than in the surveillance of dis-
ease and the management of invasive and quaran-
tine threats, where the union of the molecular and
the digital yields a capability neither could supply
alone. The molecular methods identify, with cer-
tainty and at the level of the strain, the organism
present in a sample; the digital methods map, across
a region, the distribution of the symptoms that or-
ganism produces and predict, from the conditions,
the course of its spread; and artificial intelligence,
drawing the diagnoses of many growers into a sin-
gle picture, tracks in near real time the advance of
a threat across a landscape (Boonham et al., 2014;
Gonzalez-Dominguez et al., 2023; Liu & Wang,
2021). The early detection that this integration af-
fords — the interception of an invasive pest before it
establishes, the recognition of a new disease before
it spreads — is the foremost object of phytosanitary
security, and the contribution of the technologies
surveyed here to that object is among the strongest
arguments for their adoption (Hebert et al., 2003;
Boonham et al., 2014).

The realisation of this integrated capability is,
however, attended by challenges that are as much
organisational and economic as they are technical.
The data of the several technologies are generated
in different formats, by different instruments, un-
der different standards, and their combination into a
single coherent picture demands an interoperability
that common standards alone can secure (Wolfert et
al., 2017). The infrastructure of storage, computa-
tion, and analysis that the integration requires rep-
resents a cost that not every grower can bear, and
there is a real risk that the benefits of these tech-
nologies accrue disproportionately to the large and
well-resourced, widening rather than narrowing
the inequalities of agriculture (Wolfert et al., 2017;
Soussi et al., 2024). The questions of who owns the
data that the sensors gather, who may use them, and
who captures the value they create are unresolved,
and bear directly upon the trust without which grow-
ers will not adopt the systems offered them (Wolfert
et al., 2017; Pylianidis et al., 2021). The impera-
tive that the benefits of these technologies be made
accessible to all the world’s growers, and not the
smallholders who stand to gain the most, is therefore
not a peripheral concern but central to the realisation
of their promise (Farooq et al., 2019; Soussi et al.,
2024) (figure 2).
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Figure 2

Integration of the three domains of technology into an anticipatory protection of plants
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The frontier of these technologies continues
to advance, and several directions of development
promise to extend their reach. The analysis of the
big data accumulated by monitoring and molecular
technologies, aggregated across many farms and
many seasons, reveals patterns of disease and pest
occurrence invisible in any single dataset, and so
supports a surveillance and a prediction of phytos-
anitary risk at scales hitherto unattainable (Wolfert
et al., 2017). The maturing of the molecular meth-
ods — the coupling of isothermal amplification to
CRISPR-based read-outs, the development of am-
plification-free and multiplexed assays — promises
to bring the sensitivity and specificity of the labora-
tory to the field in ever simpler and cheaper formats
(Pozharskiy et al., 2025; Babu et al., 2018). And the
digital platforms through which these technologies
are delivered grow steadily more capable and more
accessible, so that the diagnosis, the forecast, and
the recommendation may be placed within reach of
growers who command no specialist resource. The
cumulative effect of these advances is to lower the
barrier between the laboratory and the field, and to

distribute the means of precise and timely protection
more widely than before — a trajectory that, if its at-
tendant challenges of cost, access, and trust can be
met, promises a protection of the world’s crops at
once more effective and more sustainable than the
methods it supersedes (Wolfert et al., 2017; Soussi
etal., 2024).

Taken together, the results of this review in-
dicate that the molecular, digital, and artificial-
intelligent technologies are complementary rather
than competing, each addressing limitations of the
others: molecular diagnostics supplies the specific
identification that imaging cannot, imaging supplies
the spatial coverage that point sampling cannot, and
artificial intelligence supplies the interpretation that
the volume of data demands. Their integration, com-
pared with the isolated application of any one, yields
an anticipatory and precise protection of plants that
1s at once more effective, more economical, and
more sustainable than the traditional methods it
supersedes — a conclusion consistent with the tra-
jectory of the field reported across the international
literature.
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Conclusion

This review set out to provide an integrated
account of the innovative technologies transform-
ing the monitoring and protection of plants, ex-
amining their principles, applications, and limita-
tions by a structured review of the international
literature. Its principal results may be summarised
as follows. The molecular technologies of diagno-
sis — PCR and its real-time and isothermal vari-
ants, and next-generation sequencing — identify
harmful organisms from their nucleic acids with
a sensitivity, specificity, and speed beyond the
reach of traditional methods, and increasingly
at the point of need. The digital technologies of
monitoring — satellite remote sensing, unmanned
aerial vehicles, and the agricultural Internet of
Things — observe crops across scales from the re-
gion to the individual plant, detecting the signs of
stress frequently before they are visible. Artificial
intelligence interprets the resulting data, diagnos-
ing disease and identifying pests with an accuracy
approaching that of the human expert and fore-
casting phytosanitary risk. And the integration of
these technologies, in decision-support systems
and digital platforms, converts their combined
knowledge into actionable guidance.

The principal conclusion is that these technologies
are complementary rather than competing, and that
their integration — the union of the molecular and the
digital, of deep understanding and powerful instrument
— yields an anticipatory, precise, and sustainable pro-
tection of plants superior to the methods it supersedes.
This integrated protection contributes to the early de-
tection of threats and the reduction of crop losses, and
so to the development of scientific knowledge in plant
protection and to the security of the world’s food sup-
ply under a changing climate. Its realisation depends,
however, upon the resolution of real challenges: the
narrowing of the gap between performance under con-
trolled conditions and in the field; the improvement
of the reliability, robustness, and affordability of the
technologies; the resolution of questions of data gover-
nance and cybersecurity; and, above all, the imperative
that the benefits be made accessible to all the world’s
growers, including the smallholders who stand to gain
the most. The prospects for the practical implementa-
tion of these technologies are bright, and the principal
direction for further research is the deepening of their
integration —the development of the standards, the in-
teroperability, and the unified systems through which
the molecular, the digital, and the artificial-intelligent
may be brought together into a single, intelligent enter-
prise of plant protection.
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bMOYAP — MHCTPYMEHT
IKOAOTNYECKOHN BUOTEXHOAOTUN

K.E. ’Kymamesa! ** , A. Mamuposa’*

B AaHHOM 0630pe OblAM PacCMOTPEHbI BOMPOCHI MPUMEHEHNS Buovapa B KayecTBe yAOOpeHus
U HOCUTEAS MHTPOAYLIMPYEMbIX MMKPOOPTaHU3MOB AASI PELLEHUS 3344 SKOAOTMUECKON BUOTEXHOAO-
run. boaee Toro B 0630pe on1caHbl METOABI MOAYUEHMS BroYapa C 3aAaHHbIMU (DU3UKO-XUMUUYECKMM
CBOWCTBaMM, MEXaHM3Mbl €ro B3aUMOAEMCTBUS C OPraHUYeCKMMM (MeCTULMAAMM) U HEOPTAHUYECKUMU
(TXKEABIMM METAAAAMM) 3arpSI3HUTEASIMM, A TAKXKe MOTEHLMAAbHbIE PUCKM, CBA3AHHbIE C €ro UCMOAb-
3oBaHMeM. Ocoboe BHMMaHME ObIAO YAEAEHO MEXaHM3MaM MMMOOBMAM3ALMM MUKPOBHbBIX KAETOK Ha
NMOBEPXHOCTM B1oYapa, UX B3aMMOAENCTBMIO C YTAEPOAHON MAaTPULEN U BO3MOXXHOCTSIM MPUMEHEHMSI
TaKMX KOMIMO3ULIMIA AASI OUMCTKM MOYB OT 3arpsisHuTeAeit. B o63ope 0606LieHbl 1 yrAyOAeHbl 3HAHNS
00 MCNOAb30BaHMN MUKPOOPTaHM3MOB, MMMOOMAM30BAHHbIX Ha B1ovape, AAS BOCCTAaHOBAEHUS CTPYK-
TYPHbIX XapaKTEPUCTMK MOYBbI U MOBbILLEHWS €€ NAOAOPOAMS.

[MoBbiweHne 3(pekTMBHOCTM (UTOpEMEAMALMS SBASIETCS CTpaTermyeckm Ba>kKHbIM 3TanoM MC-
caepoBaHuii. C LeAbIO YCKOpEeHUSs HapalumMBaHus 6MOMacChl pacTeHUI, NoBblleHWs 3PPeKTUBHOCTH
TEXHOAOTMM OUMCTKM M aAANTUBHOCTU PACTEHMI, G1oYap pacCMaTPUBAETCS B KaUeCTBE BHEAPSIEMOrO
MHCTPYMEHTA AASI YCUAEHUS TEXHOAOTMIA 61o— 1 putopemeamnaummn. bruoyap noayvasm nytém tepmu-
UYECKOro PasA0XeHUsl PACTUTEAbHbIX MAM XXMBOTHbIX OCTAaTKOB B aHA3POOHbIX YCAOBUSIX MAM MPU MO-
HUXKEHHOM COAEP>KaHUM KMCAOPOAQ. [TOAOKMTEAbHOE BAMSIHME GMOYapa Ha CBOMCTBA MOYBbI M POCT
pacTeHui 06bICHIAAOCL HaAMuMeM B ero cocTaBe muHepanos (K, Ca, P, Na, Mg n Ap.), cnoco6cTtsy-
IOLMX HEMTPAAM3ALUM KMCAOTHOCTM, CHUXEHMIO abMOTUUECKOro CTpecca M CTUMYASLMKM pocTa pac-
TeHuin. Kpome Toro, 6nouap aacopbUpoBaA TOKCUUHBIE SAEMEHTbI, UTO MPUBOAMAO K CHUXKEHMIO MX
MOGUABHOCTU, BMOAOCTYMHOCTU M (DUTO- M IKOTOKCUUYHOCTU. [pakTryeckoe npumeHeHune Guouapa
6bIAO NMPEACTABAEHO KAaK MHHOBALMOHHbIM MOAXOA K MUHUMU3ALMK 3arpPSi3HEHUS MOYB.

LleAblo cTaTbM SIBASIETCS pacCLUMPEHME MPEACTABAEHWUI O COBPEMEHHbIX METOAAX UMMOBUAM3ALMM
MMKPOOPraHM3MOB Ha GMoYape AAs YAYULLIEHMSI NOUYBEHHbIX CBOMCTB, MOBbILUEHUSI TAOAOPOAUS U 3h-
heKTUBHOM CTAabUAM3ALMM OPraHUUYECKMX M HEOPTraHUYECKMX 3arpsiBHUTEAE B OKPY KAIOLLEN CPEAE.

KatoueBble cAoBa: G10Yap, NMMPOAM3, MOYBA, TIKEAbIE METAAAbI, CTOMKME OpraHMyeckue 3arpsis-
HUTEAN.
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Biochar as a tool of environmental biotechnology

Current review examines the application of biochar as both a soil amendment and a carrier for mi-
crobial cells aimed at addressing challenges in environmental biotechnology. Furthermore, the review
describes methods for producing biochar with tailored physicochemical properties, mechanisms of its in-
teraction with organic (pesticides) and inorganic (heavy metals) contaminants, and the potential environ-
mental risks associated with its application. Particular attention is given to the mechanisms of microbial
cell immobilization on the biochar surface, their interactions with the carbon matrix, and the potential
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of such biochar-microbe complexes for soil remediation. The review consolidates and advances current
knowledge on the use of biochar-immobilized microorganisms for restoring soil structural characteristics
and enhancing its fertility.

Improving the efficiency of phytoremediation is a strategically important research objective. To
improve plant biomass yield, increase the effectiveness of remediation technologies, and accelerate
plant adaptability, biochar is considered a promising tool for enhancing both bio- and phytoremediation
processes. Biochar is produced through the thermal decomposition of plant or animal residues under
anaerobic or low-oxygen conditions. Its positive impact on soil properties and plant growth is attributed
to the presence of minerals (K, Ca, P, Na, Mg, etc.), which help neutralize soil acidity, reduce abiotic
stress, and stimulate plant development. Furthermore, biochar exhibits strong sorption capacity for toxic
elements, thereby reducing their mobility, bioavailability, and phyto- and ecotoxicity. In practical ap-
plications, biochar is presented as an innovative approach for mitigating soil contamination.

The aim of the current study is to broaden the understanding of up-to-date methods for microbial
immobilization on biochar to improve soil properties, enhance fertility, and effectively stabilize both
organic and inorganic contaminants in the environmental matrices.

Keywords: biochar, pyrolysis, soil, potentially toxic elements, persistent organic pollutants.
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buouap — KopLiaraH opta 6MOTEXHOAOIMS KYPaAbI

ByA woayaa 61ouapAbl KopluaraH opTa GMOTEXHOAOTMSIChIHbIH, MBCEAEAEPIH WIeWy YiliH ThiHANT-
Kbl YXOHE EHri3iATeH MMKPOOPraHM3MAEPAIH, TaCbIMAAAQYLLbICHI PETIHAE MalAAAaHY MaceAeAepi Ka-
pacTbipbiAAbl. COHbIMEH KaTap WOAYAa (PUBMKAABIK, XKOHE XMMMSIAbIK, KacMeTTepi KepceTiAreH 6umo-
YapAbl aAy SAICTepi, OHbIH OPraHMKaAblkK (MECTULMATEP) >KOHe GernopraHuKaAbik, (ayblp MeTaAAap)
AaCTaylibl 3aTTapMeH 9pPEKeTTeCy MEXaHM3MAEPi, COHAaM-akK OHbl MarlAaAaHyMeH GaiAaHbICTbl bik-
TMMaA Kayintep cunaTTtaaraH. brouapabiH 6eTiHaeri MMkpo6 »kacylasapbiHbiH MMMOOMAM3aLMSIAQHY
MexaHU3MAEpPIHE, OAAPAbIH KOMIPTEKTI MaTpULIAMEH 8peKeTTeCcyiHe XKoHe MyHAAM KOMIMO3ULMSAAPAbI
TOMbIPAKThl AACTayLlbl 3aTTApAAH Ta3apTy YLiH NanAaAaHy MYMKIHAIKTEpiHe epeklie Ha3ap ayAapbliA-
Abl. LLIoAy TonbipakTbiH, KYPbIABIMAbIK, €PeKLLEAIKTEPiIH KAAMbIHA KEATIPY YK8HE OHbIH, KYHAPAbIAbIFbIH
apTTbIpy YiiH 61oyapra MMMoOKMAM3aUMSIAaHFaH MMKPOOPTaHN3MAEPAI KOAAAHY TypaAbl GiAIMAIL K-
HaKTanAbl XKoHe TepeHAETeAI.

DutopemeAraLMaHbIH TUIMAIAITIH apTTbIPy 3€PTTEYAiH CTPATErMsAbIK, MaHbI3Abl KE3eHi OOAbIMN Ta-
ObIAaAbl. OCIMAIK 61MOMACCACbIHbIH, OCYiH KEAEAAETY, Ta3apTy TEXHOAOTMUSCbIHBIH TUIMAIAITIH >KaHe
OCIMAIKTEPAIH 6eMiMAEBAYIH apTTbIpy MakcaTbiHAQ OMovap 6MO- XXeHe MTopeMeAMalms TEXHOAO-
TMSAQPbIH XKETIAAIPYAIH iCKe acblpbIAFaH KypaAbl PeTiHAE KapacTbipblAaabl. Broyap ecimaik Hemece
>KaHyap KaAAbIKTapblH aHaspoOThbl XarFAaiAa HEMECe OTTeriHiH TOMEHAETIAreH AEHreliHAe TepMObl-
AbIPATy apKblAbl aAbIHABL. Broyap Tonbipak, KacMeTTepiHe >KeHe 8CiMAIKTEPAIH 6CyiHe OH acepi OHbIH,
KYPaMbIHAQ KbILIKbIAALIKTbI 6eriTapanTaHAbIpyFa, abMOTUKAAbIK, CTPECCTI TOMEHAETYTe >KOHE OCIMAIK-
TEPAIH 6CYiH bIHTaAQHAbIPYFa KemekTeceTiH MuHepaasapAbiH (K, Ca, P, Na, Mg xeHe T.6.) 60AybIMeH
TyCiHAipiAai. COHbIMEH KaTap GMoYap yAbl SAEMEHTTEPAI ©3iHe CiHipAl, OYA OAAPAbBIH KO3FaAFbILLTbI-
FbIHbIH, OMOXKETIMAIAITIHIH, (UTO- XKOHE 3KOYbITTbIAbIFbIHbIH TOMEHAEYIHE 8KeAAi. brovyapabl Taxipu-
6eAik KOAAQHY TOMbIPaKTbiH AACTaHYbIH a3aiTyAblH MHHOBALUMSIAbIK, TOCIAI PETIHAE YCbIHbIAAbI.

MakaAaHbIH, MaKCcaTbl — TOMbIPAKTbIH KACMETTEPIH >KaKCcapTy, KYHAPAbIAbIFbIH aPTTbIPY >KOHE KOop-
LIaFaH opTaAafbl OPraHMKaAbIK, >XeHe OGeropraHMKaAblK AacTaylibl 3aTTapAbl TMIMAI TypakTaHAbIPY
yWwiH 6MoYapAbl MMKPOOPraHM3MAEPAI MMMOOMAM3ALMSIAAYAbIH 3aMaHayn SAICTepi TypaAbl TYCIHIKTI
KEeHenTy.

Ty#iH cesaep: 6104ap, MMPOAM3, TOMbIPAK, ayblp METAAAAP, TYPaAKTbl OPraHMKaAbIK, AACTayLLbIAAP.



A.A. HypxaHosa u zip.

BBenenune

B HacTosimiee BpeMs 10 pe3ysibTaTaM €xKeroJl-
HOT'O 9KOJIOTHYECKOT0 MOHUTOpUHTa B PecnyOnuke
Kazaxcran u 3apyOeXHBIX HCCIEJOBAHUH peTysip-
HO BBISBIISIIOTCS 9KOJIOTMYECKHE MAaTPHIIbI, 3arpsi3-
HEHHBIC BEIECTBAMH PAa3JIMYHOTO TPOUCXOKICHUS
(Brunet, 2001; Mamirova et al., 2019; Tarla et al.,
2020). 3arpsi3HEeHHE PaCIIONOKEHHBIX BOJIM3U TPO-
MBIIIJICHHBIX OOBEKTOB  CEJIBCKOXO3SIMCTBEHHBIX
MOYB TOKCHYHBIMH TSDKEJIBIMUA METaJIAMU M METaJ-
soungamu, Takumu kak As, Cd u Pb, a Tak:xe MeHee
TokcHuyHbIMH Cu 1 Zn, BBI3BIBAET CEPHE3HYI0 03200-
YEHHOCTh C TOUKH 3PEHUs 0€30MaCHOCTH MUIIEBIX
KYJIBTYp, @ TaKKe OKPYXKaIoLIeH Cpeabl M 310pO-
Bbsl HaceneHus (Lwin et al., 2023; Ma et al., 2024;
Sharma et al., 2022;). Tsokenbie metamisl (TM)
HaKaIJIMBAalOTCsl B BepXHeM ciioe nmouBbl 0—10 cmM,
BBIMBIBasl TIOABHIKHBIE (DOPMBI B HIKHHE TOPU30H-
161 10 80 cm (Chen et al., 2021; Pichtel, 2016;).
JlurepaTypHble JaHHBIC 3a MOCIECIHIE 25 JIeT CBU-
JeTelNbCTBYIOT 0 Hanmunu B Kaszaxcrane 3arpss-
HEHHBIX TSDKEJIBIMH METaJlaMH yYacTKOB BOJIM3U
MIPOMBIIIUIEHHBIX 00BekTOB (Baubekova et al., 2021;
Safirova, 2019). [IpucyTcTBHE 04aroB 3arps3HEHUs
TpeOyeT pa3padOTKu ¥ BHEAPEHUs TEXHOJIOTHH IS
BOCCTaHOBJICHUS HAPYIICHHBIX 3KOJIOTUYECKUX Ma-
Tpui. O0mme MeToIbl (PU3UKO-XUMHYECKON peadu-
JUTAIMH 3arpsI3HECHHBIX KCEHOOMOTHKAMHU 3EMellb
TpeOyroT Oompmmx wHBecTHnui (Gunasundari &
Senthil Kumar, 2017). Cunraercsi, 4TO TpaAHIIUOH-
HbIE METOJbl BOCCTAHOBJICHUSI YAaCTO OKA3bIBAIOTCS
HEaJIeKBaTHBIMH B PEIICHHH CJIOXXHOW MPOOIIEMBI
JETOKCHKALUU TOJUIIOTAaHTOB, TEM CaMbIM IOJ-
YepKUBasi MOTPeOHOCTh B MHHOBAIIMOHHBIX TOAXO-
Jax kK 0opb0e ¢ 3arpsA3HUTENsIMH, UX 3G (HEeKTHBHOE
ycrpanenue (Gamalero & Glick, 2024). B Hacrtos-
mee BpeMs puropeMenuanus SBiseTcss MHOT000e-
LIAOIIEN TEXHOJOTHEHN, KOTOpasi TApPMOHUYHO B3a-
uMozecTByeT ¢ 3kocucteMoil. IIpermyiectBom
JAHHOW TEXHOJIOTMHU SIBJISIETCS OTCYTCTBHE HEOO-
XOAMMOCTH JIOPOTOCTOSIET0 000PYAOBAaHMS U BO3-
MOYKHOCTH M3BJICUCHHUS IIUPOKOTO CHEKTpa 3arpsiz-
HUTeNel 3 MaTpuIl okpyxkaromiend cpeas! (Lekshmi
et al., 2024; Yan et al., 2020). Texunonorus ¢uro-
peMeauanuy MMEeT HEKOTOpPble JIMMUTHPYIOLIHE
[apamMeTpbl, TaKHe KaK JUIMHA KOPHEW pPACTEHHUH,
JOJTUI TEepHOJl BOCCTAHOBIICHUS, KIMMAaTHYECKHE
pasuuMs U WCIOJNBb30BaHHE HE DHACMHUYHBIX BH-
JIOB, KOTOpPbIE MOTYT IIPUBECTH K HAPYLICHUIO OHO-
pasHooOpasusi, MEJICHHBIH POCT pacTeHHid, orpa-
HUYHBAOIINH OBICTPBIN AP PEKT, M HU3KUH yporKkan
onomaccel (Nsanganwimana et al., 2014; Wan et al.,

2016). s ynydineHus BblllieyKa3aHHBIX aClIEKTOB,
TeXHONOTHsA (puTOpeMeanany ObUTa YCHIIEHA HC-
MOJIb30BAHUEM OPraHUYECKUX M HEOPTaHMYECKHUX
MTOYBEHHBIX J100aBOK (OpraHMYecKre KUCIIOTHI, I10-
BEPXHOCTHO-aKTUBHBIC BEILECTBA, HAHOYACTHIIBL,
pPaMHOJIMTIHIBI, OWOYap), a TaKKe HCIOJIb30BAHMU-
€M accolHalMd pacTeHWH C MHUKPOOPraHW3MaMu
(Kidd et al., 2017; Llovet et al., 2021; Mamirova
et al., 2021; Nebeska et al., 2021; Pidlisnyuk et al.,
2021; Radziemska et al., 2022). Cyutarot, 9T0 HC-
10JI30BAaHUE STUX MPUEMOB SIBISIETCS CTpaTernye-
CKHM B&)KHBIM ITAarlOM MOBBIMICHUS d(HPEKTUBHOCTH
¢uropemennanuu (Lin et al., 2021). dutopemenn-
arysi, OCHOBaHHAs HAa CHHEPTeTUYECKOM JeHCTBUU
PaCTeHHH U CBS3aHHBIX C HUMH MHKPOOPTaHU3MOB,
SIBJISICTCSI HA CETOJIHS TIEPCIIEKTUBHBIM in Situ MOJ-
XOJIOM K BOCCTaHOBJIEHHMIO IMOYBBI, 3arps3HEHHOU
TSOKENTBIMA METaJJIaMH 110 CPaBHEHHUIO C TPaJIUIH-
oHHBIMH MeTomamMu oumcTku (Baker et al., 2000;
Deepika & Haritash, 2024; Pilon-Smits, 2005; Tarla
et al., 2020; Tsao, 2003). Hanpumep, Khan et al.
(2017) BesBunm BaxkHocts Catharanthus roseus n
UX acCOLHUANNHU C pu300aKTepusiMH B pUTOpEMEH-
aItuy TOoYBHI, 3arpsi3HeHHoi Cu u Pb. ABTOpEI TIpo-
wiutoctpupoBaiiu, yto C. roseus, WHOKYJTUPOBAH-
HBIM OaKTepHaNbHBIMH IITaMMaMu Pseudomonas
Sfluorescens RB4 u Bacillus subtilis 189, nemon-
CTpupoBai 0osee BBICOKHE TMOKa3aTeu OMOMacChl
M3-32 CMATYEHUs] XUMUYecKoro ctpecca. Hapsny c
OaxkTepusiMU apOyCKYJISIpHbIE MHKOPH3HBIE TPHUOBI
TaKke 00JaJaroT CIIOCOOHOCTBIO CTHMYJIHPOBATH
poct pacreHuii u 3¢ ¢HeKTHBHOCTh (HUTOTEXHOIO-
run (Bhantana et al., 2021). OnHako HemocTaTKa-
MU 3TOTO TOJIXOMAA SBISIOTCS HU3Kas KOJOHHU3AIHS
MUKpPOOpPraHU3MaMH KOPHEH MPU BEICOKUX YPOBHSIX
CTpecca OT TSKEJBIX METAIIIOB U TUNI0X0E COCTOSTHHE
pocra pacrenuii (Wu et al., 2024). buopemennarus
C HCTIOJIb30BaHNEM MHUKPOOPTaHN3MOB UMEET HEKO-
TOpBIE OTPaHMUYEHHSI: TOKCHYHOCTh BBICOKMX KOH-
LIEHTPALUI 3arpsi3HATENEH AJIsI MUKPOOPTaHU3MOB;
JIeUINT THUTATEIBHBIX BEIISCTB B 3arps3HCHHOU
cpene; KOHKYPEHIIMS MHKPOOOB-HHTPOIYIICHTOB C
MECTHOW MHKpPOOMOTOH, WX BBDKUBAHUE W IMPOJIH-
dhepamus (Oro et al., 2024). 1t mpeo10TeHAS ITUX
HEJI0CTaTKOB, MUKPOOPTaHU3Mbl HMMOOHITU3YIOT Ha
Pa3TMYHBIX TBEPABIX MaTPHIIAX, B YACTHOCTH OHO-
yape, HAHOYACTHIIAX U JPYTUX U1 OOCCIICUCHHS
CTaOMIBHOCTH U MOBBIIIEHNS 3(PPEKTHUBHOCTH BOC-
cranoBienus (Liang et al., 2023; Schommer et al.,
2024; Upadhyayula et al., 2009; Wu et al., 2019).
B 0630pe Ouyang et al. (2023) oTrmeueHo, 4TO 1O
CPaBHEHUIO C TPATUITMNOHHBIMH (PU3NUCCKUMHU U XU-
MHYECKUMH METOJ]aMU OYUCTKH BHECEHHE Onouapa
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SIBJIICTCS TIEPCIIEKTUBHBIM ITOJIXOJIOM K CHIKCHHIO
3arpsi3HCHMSI TIOYBBI ITyTEM UMMOOMIIN3AIINN TSXKE-
JIBIX METAJUIOB U OPraHUYECKUX 3arPs3HUTEIICH.

Hay4Hoe coo01ecTBo cTano yAemsTh MPUCTaITb-
HOE BHUMaHHE MIHPOKOMY HCIIOJIB30BAaHHUIO OHMOYa-
pa B 00J7aCTH IKOJOTHICCKON OHOTEXHOJIOTHH, TaK
KaKk OH 3(pQEKTUBEH TPU OUYUCTKE OKPYKAIOIICH
CPe/Ibl, 3arpsI3HEHHON TSIKEIIBIMH METaJIAMU, MO-
JKET CTaOMITM3UPOBATH TSDKEJIbIE METAJLIBI B TOYBAX,
yYMEHbIIAs MX TMOJBHXHOCTH M OHOJOCTYITHOCTb
(Forjan et al., 2018; Gong et al., 2019; Narayanan
& Ma, 2022). Ananu3 auTeparypbl CBHIETEIbCTBY-
€T 0 MacCIITa0HBIX UCCIICIOBAHUSX 110 IIPUMEHECHUIO
OMOYTONBHBIX MaTepHasioB (OMOYapOB) IS YIyd-
IICHHS Pa3IMYHBIX MMOYBEHHBIX 3KocucTeM (Huang
etal., 2023). [IpakTrdeckoe UCIIOIb30BaHUE OHOYa-
pa paccMaTpuBaIOT, KaKk WHHOBAIMOHHBIA IOJIXO]T
JUTST MUHAME3AITAN 3arpsi3HeHus mouBbl (Ahmad et
al., 2014; Kabir et al., 2023). B 0630pe Nguyen et
al. (2023) ects ykazaHus Ha TO, UTO OHOYAP MOXKET
yaanath 10 80% TsKENbIX METAIJIOB U3 3arpsi3HEH-
HBIX TI0YB. MHTEpec k OMouapy W3 roja B roJl pac-
teT. [lo mociiefHIM pacyeram, CICTIaHHBIM B Hava-
ne 2023 roma aHamUTHIECKUM ITeHTpoM Precedence
Research, perHok 6mouapa B 2022 rogy cocTaBisil
220 muH pomn. Okupaercs, YTO B paMKax CIeny-
roumx 10 mer — k 2032 rony, ero ponst Oynetr 0o-
nee 633 mutH noiut. CTOMMOCTh Orodapa BappupyeT
oT cta A0 mstu Thicsy fosuiapoB CLIA 3a ToHHY
(Marousek et al., 2019). [lo maHHBIM aBTOPUTETHOM
aAMEPUKAHCKOH (DUPMBI TIO0 MCCIICIOBAaHUIO PHIHKA U
KOHCAJITUHTY MHPOBOW PBIHOK OHMOYapa OllcHUBa-
ercs B 541,8 muin gomnmapos CILIA B 2023 roay w,
KaK OKuaaeTcs, OyJIeT pacTH ¢ T'OJOBBIM TEMIIOM
npupocta 13,9% c 2024 no 2030 rox (Grand View
Research, 2024).

Takum 00pa3oM, IeNbI0 HacToALeH 0030pHON
CTaThU SIBJUTHCH O0OOIICHWE W OOCYXKIEHUE CO-
BPEMCHHBIX HAyUYHBIX MPEACTABICHHIA, a TAK)KE BbI-
SIBJICHUE MPOOEJIOB B 3HAHUSX O B3aUMOJICHCTBHU
Orovapa ¢ OKpYIKaroliel cpeaoH, 3arpsa3HsFOIIIMA
BEIICCTBAMU M MHKpOOpraHuzMamu. Jliast gocTu-
JKEHHsI TTOCTABJICHHON eI ObLI MPOBEIAEH MOUCK
Hay4YHOW JIUTEpaTyphl B TPEX OCHOBHBIX 0a3ax MaH-
Heix: Web of Science, Scopus u Google Scholar.
[Mownck oCyIIECTBIISIICS C HCTIOTB30BAHUEM CIICTYIO-
X KOMOMHAIINHN KITFOYEBBIX CIIOB: «biochary AND
«soil»; «biochar» AND «contaminationy; «biochar
AND «POPsy»; «biochar» AND «heavy metalsy;
«biochar» AND «microorganismsy». Pe3ymnbraTs
rmonicka ObUTH OT(UIBTPOBAHBI TaKUM 00pa3oM,
YTOOBI OXBAaTUTh HAyYHBIC CTATbU, OMYOJUKOBaH-
Hele B iepuoa ¢ 2015 no 2025 rox.

196

1. Memoow nonyuenusi buouapa

buouap mnpomsBoAWTCS TyTEM pa3iIOKEHUS
OCTaTKOB KMBOTHBIX WJIM PACTEHUH B YCIOBHSX aHA-
9POOHBIX WM MIPH HA3KOM COJIEP)KaHNU KHUCIOPOAa
(Grand View Research, 2024; K. Huang et al., 2023;
Janus et al., 2020; Khan et al., 2017; Kononchuk et
al., 2022; Novak et al., 2018; Tomczyk et al., 2020;
Wagner & Kaupenjohann, 2015). Mcnons3oBanue
Pa3HOT0 UCXOJIHOTO ChIPhsI TAK)KE MPUBOJIUT K BapH-
abenpHOCTH TUIOIIAIN TTOBEPXHOCTH, TOPUCTOCTH H
(yHKIIMOHAIBHBIX TPYII Ha TOBEPXHOCTH Onouapa,
YTO BIIMSIET HA €ro cBoicTBa. PucoBas menyxa, jipe-
BECHasi KOpa, XBOCTBI CaxapHOW CBEKJbI, KOXypa
(pyKTOB, COCHOBas APEBECUHA, APEBECHBIC OTXOBI
U PacTUTENBHBIC OCTATKU SIBIISIOTCS HAauboJee pac-
MIPOCTPaHEHHBIM CHIPHEM IS TIPOU3BOJICTBA OMOYa-
pa B cenbckoxozsiictBeHHOM cekTope (Khawkomol
et al., 2021). DddexkTHBHOCTE OMOYapa B pa3THy-
HBIX 00JIaCTSX MPUMEHEHUS 3aBUCUT OT MCXOJIHOTO
CBIPBS, €T0 COCTaBa, a TaKXKe TeMIIepaTypbl TMHPO-
JIU3a U METOJIOB, UCIIOJIB3YEMbIX JUIS €r0 TPOH3-
BojcTBa (Boorboori & Lackéova, 2023; Brtnicky et
al., 2021; Fang et al., 2015). [IpogemoHcTpUpOBaHoO,
9TO OMOYap Ha OCHOBE APEBECHHBI COMEPIKUT OOIThb-
mie yrjiepoja ¥ MEHbIIE JOCTYIHBIX PACTCHHSIM
MUTATETHHBIX BEIIECTB, B TO BpeMs Kak OModap Ha
OCHOBE HaB03a UMEET OOPaTHYIO TeHIEHINI0. bro-
Yap Ha OCHOBE TPAaBBI [0 CBOMM XapaKTEPHCTHKAM
0OBIYHO HAXOJIUTCS MEXKTY JIPEBECHBIM U HABO3HBIM
ououapamu (Ippolito et al., 2020; Reyhanitabar et
al., 2020). B 3aBucuMocTH OT MPOU3BOACTBA OWO-
gapa pa3nuyaroT THUPOIUTHYECKHH W THAPOTEp-
MaJbHbIM. bruouap, MOaydYeHHBIH IyTeM THAPOTEp-
MaJbHON KapOOHW3AIllMU, HA3bIBACTCA THApPOUAp.
l'unpovap, mosydeHHBIN U3 OTXOJIOB, BKJIFOYAs Ma-
KyJaTypy, MUIIEBBIE OTXO/bI, CMEIIaHHBIE TBEP/IbIC
OBITOBBIC OTXOJIBI ¥ OTXOJbl AHAIPOOHOTO COPaANKH-
BaHUs, IMEeT BBIX0A OT 29 1o 63% mpu Temmepary-
pe ot 225 no 265°C (Fang et al., 2015). I'mapouap
OOBIYHO KHCIBIN, 00JIaaeT 0cOOBIMU (DU3UKO-XHU-
MUYECKHUMH CBOWCTBAMH, YTO JIeIaeT €ro OYCHb
MOIXOSIINAM JIJISl HCTIONTB30BAaHUS B TTPOU3BOICTBE
OMORHEpPIuy, YIYYIICHHH TIOYBBI, CBSI3bIBAHUU
yIIepo/ia M OYNCTKE CTOYHBIX BOJI OT 3arpsi3HEHUS
(Azzaz et al., 2020; Fang et al., 2015; Khanzada
et al., 2024). brarogapss CBoMM MHOTOYHCICHHBIM
MMOBEPXHOCTHBIM (DYHKIIMOHAIBHBIM TPYIIIaM T'H-
nIpodap oO0iamaeT 3HAYNTEIHHOW amcopOIMOHHON
CIOCOOHOCTBIO KaK JUIsl TTOJISIPHBIX, TaK U JIJISl HETIO-
JSIPHBIX OpraHudeckux 3arpsi3aurteneit (Hesham et
al., 2021; Mahmood Al-Nuaimy et al., 2024).

bruouap momyuaroT U3 GMOMAacChHl ITyTeM THPO-
JIU3a B TPH dTana: NpeA-IIMpon3 Py TeMIepaType



A.A. HypxaHosa u zip.

1o 200°C, Bo BpeMsl KOTOPOT'O BBIACISIOTCS Biara u
neryuue BemiecTBa. Mcmapenue BoJbl MPUBOIUT K
pasphIBy CBsizel W 0Opa30BaHHIO TPYII HEPEKHUCH
Bogopona, -COOH u -CO; ocHOBHOI1 3Tan mupou-
3a — mpu 200 no 500°C mpoucxoauT apomMaTU3alus
Y BHYTPUMOJICKYJISIPHAsT KOHJICHCAIHS TeMUIICIUTIO-
JI03bI U LEJUTIONO3b], YTO MPUBOAMUT K 00Pa30BaHUIO
TBEPJOr0 OMoYapa; 3aKIOYUTENBHBIA Tal — MpH
temrepatype Bbiie 500°C — Bkirouaer aerpajaa-
IO JIMTHHHA M JPYTUX OPraHMYeCKHX BEIIECTB
C TPOYHBIMH XUMHUYeCKUMHU cBs3ssMu (Pahnila et
al., 2023; Zhang et al., 2017). ConeprxaHue nei-
JIFOJIO3BI, TEMULIEIIIIONIO3b] U JIUTHUHA B UCXOJHOM
CBIpBE, a TaKXe TeMIlepaTrypa MHPOJIN3a, UCIOIb-
3yemas Ui NOJydeHus Omodapa, BIHSIIOT Ha €ro
cBoiicTBa (Amalina et al., 2022; Pahnila et al., 2023;
Yang et al., 2007). Temnepatypa mporecca TupoITHu-
3a xomnebnercs ot 350 mo 1500°C npu orpaHuyeH-
HOM TIPUCYTCTBUH KHCJOPOAA: OBICTPBIA MUPOIHU3
(400-600°C), memnennsrit uponus (350-800°C) u
raszudukanus (700-1500°C) (Tomcezyk et al., 2020).
buouap, moJgydYeHHBI IIPU BBICOKOM TeMmmepary-
pe (ot 400 mo 700°C), xapakTepusyeTcs BHICOKOH
TUTOIA/IBI0 TIOBEPXHOCTH, MUKPO-TIOPUCTOCTBIO U
MOBBIIICHHOM COMAaTHYHOCTBIO U THAPO(GOOHOCTHIO
(Kotodynska et al., 2012). Ilporecc npurotTose-
HUsI OMoYapa NPUBOIUT K 00Pa30BaHMIO TIOPUCTON
ctpyktypel (Dong et al., 2024). O0pa3ytormuecs
MOPBI TOAPA3ACIAI0T Ha MHUKPOMOPHI (AHaMETPOM
MeHee 2 HM), Me30mopsl (2—50 HM) B Makpomops!
(6omee 50 um). B ornmume oT ruapovapa ¢ apoma-
THUYECKOH CTPYKTYpOH M BBICOKOH TEPMHUYECKON
CTaOMIIBHOCTBIO, CUUTAIOT, YTO OMOYap SKOHOMUYE-
cku Oosee 3¢ dexruBen (Gasco et al., 2018; Zhu et
al., 2018), obamaer 6ONBIION XUMHUYECKON U OHO-
JIOTUYECKON CTaOMIBLHOCTBIO, BEICOKOM CIIOCOOHO-
CTbIO K KATHOHHOMY OOMEHY, OONBILION yaenbHON
TUTOIA/IBI0 TIOBEPXHOCTH M KOHIICHTpaIe (pyHK-
moHaneHbIX Tpymnn (He et al., 2019; Prapagdee &
Tawinteung, 2017). BonbmmHCTBO BUIOB OHouapa
MUMEIOT HEUTPAIbHYIO WIH IIEIOYHYIO KUCIOTHOCTh
u criocoOHBI moBbIIaTh pH kucabix mous. Ilosmo-
JKUTEIBHOE BO3ACHCTBHE OMOYapa Ha MOYBY U POCT
pacTeHnii CBA3aHO C MPUCYTCTBHEM B €T0 COCTaBe
muHepaios (K, Ca, P, Na, Mg u T.11.), KOTOpBIE CITO-
COOCTBYIOT HEHTpamu3alui KUCIOTHOCTH TMOYBHI,
CHIDKEHHIO cTpecca u pocty pacrenui (He et al.,
2019; JlutBuHOBMY H 11p., 2016). [Tuponntudecknit
Ououap SIBISIETCS ILIEIOYHBIM, HCHONB3YyeTCs IS
PEKYJIBTUBAIIMN KHCIIBIX TI0YB, a THAPOTEPMAILHO
NPUTOTOBJICHHBIA OHMOYap SBISAETCS KUCIBIM M MO-
JKET MCTIOIb30BAThCSA IS PEKyJIbTHBAIIMU 3aCOJICH-
Heix oyB (Liang et al., 2023).

2. Bzaumooeticmsue msajicenvix Memaiios  no-
uge ¢ OuoYapom

[Ipu pexyIbTUBAIUYN TIOYBBI IOBCEMECTHO MPH-
MeHseTCsl Onodap M3-3a ero MOPHUCTOH CTPYKTYpHI,
0OJIBIIION IIJIOMIAIM TTOBEPXHOCTH U XUMHUYECKOTO
coctaBa (Kabir et al., 2023; Majewska & Hanaka,
2025). CrocobHocTs OMouapa copOUpoOBaTh TsKE-
JIIe METAIIbl, CHIKATh WX TOJIBMKHOCTH, OMOJIO-
CTYITHOCTb H, CJICIOBATEIIbHO, TOKCUYHOCTH B ITIOYBE
MIPOJIEMOHCTPUPOBaHA BO MHOTHX OITyOJMKOBaH-
HbIX padorax (Ghosh & Maiti, 2021; Gogoi et al.,
2021; Gu et al., 2020; Janus et al., 2020). MexaHu3-
MBI B3aUMOJICHCTBHUS METAJUIOB ¢ OMOYaPOM B ITOYBE
MTO/IPa3AeIISIo Ha MPSMBbIE (IJIEKTPOCTaTHIECKast al-
copOI1Ms, MOHHBIN 00MEH, KOMIUIEKCOOOpa30oBaHUe
U OCaXKIEHNE) W KOCBCHHBIC (M3MEHEHHE CBOMCTB
ouBkI, HanpuMep, pH, KaTHOHOOMEHHAsT EeMKOCTb,
coJiep)KaHNe MHHEPAJIOB M OPTaHWYEeCKOro yTJe-
pona) (He et al., 2019). ITockosnbky TM siBnsitoTCst
KaK KaTHOHHBIMH, TaK U aHUOHHBIMH, OHH B3aNMO-
JEHCTBYIOT C aHUOHHBIMU U KaTHOHHBIMH HOHAMH
Omouapa W HEMOCPEACTBEHHO aOCOpPOMPYIOTCS Ha
[IOBEPXHOCTH MaTepualia, TeM CaMbIM CHHXKas WX
OMOIOCTYITHOCTh B mouBe. [loaTromy Omouap pac-
CMaTpHBaIOT, KaK 3(eKkTuBHBIN ancopOeHT TshKe-
TBIX MeTauioB. CITOCOOHOCTh K KATHOHHOMY 00OMe-
Hy nenaer Oumovap 3(pQeKTUBHBIM HHCTPYMEHTOM
JUTS CTaOWIIM3aIiy 3arpsA3HEHNs TIOYBBI U CHIKE-
HUsl OMOJOCTYITHOCTH TOKCHYHBIX DJIEMEHTOB JUIS
OpPraHW3MOB B 3aBHCHMOCTH OT pa3Mepa YacTHII,
Merojia BHecenus u 7036l (Fijatkowska et al., 2021;
Narayanan & Ma, 2022; Rees et al., 2014). Aru-
oHHBbIe MeTayutouasl, Bkmovas Cr, Se u As, 4acto
BCTpeUaroTcsl B MoYBax ¢ menodnsiM pH 1o cpas-
HEHUIO C KAaTHOHHBIMH METAJJIOWJAMH, KOTOPKIC
IJI0XO0 aZCOPOMPYIOTCS OTPHUIATEIHHO 3apsHKEHHOM
nouBoii (He et al., 2021; Narayanan & Ma, 2022).
Crabunu3anus TSOKENbIX METaJUIOB B ITOYBE MyTEM
MIPUMEHEHUsI OMoYapa 3aBUCUT OT THIIA aJcOpOCH-
Ta, KOTOPBIHA, B CBOIO OYepeib, OMpEAeIseTCS TH-
[IOM CHIpbSl M TeMIlepaTypod mupoiu3a (Aslam et
al., 2017; Beesley & Marmiroli, 2011). Hanmpumep,
npu 3arpsisHeHud noussl monamu Cu (I1I), Zn (1I)
u Pb (II) amcopOrmonnast crmocoOHOCTs OHOIapOB
YBEJIIMYMBAJIACh B CIEAYIONIEM TOPSIIKE: JIpeBe-
CHHa> pHCOBas IICIIyXa> IOJICOJIHEYHAs IIeIyXa.
JloGaBiieHue B 1mouBy OHMOYapa M3 IOJICOTHEUHOM
[IeNTyXH, APEBECHHBI U PUCOBOM IIETyXH MPHUBEIIO
K TOBBINICHUIO 3(PPEKTUBHOCTH YIAJIICHUS METaj-
JIOB BO Bcex cirydasx (Oomee 77%), a yBenmueHue
poLeHTHOH ajcopOiuu noHoB Cu u Pb cocraBmiio
9-19%, Zn — 11-21% (Burachevskaya et al., 2023).
[Ipu cpaBHEHUM pazIUYHBIX AJCOPOCHTOB (Talle-
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Hasi U3BECTh, (pochorurc, KocTHas Myka u Ouodap)
B CEJIbCKOXO035UCTBEHHOMN TTOUBE, 3arpsI3HEHHOM As,
Cd u Pb, BbIIBIEHO, YTO Cpely COPOCHTOB HaW-
OOJBITICH COPOIIMOHHON CTA0MIBPHOCTHIO HOHOB AsS
(0,007 mmr™), Cd (0,121 amr ") u Pb (2,273 mmr™")
obmaganm Omodap, UTO JOKA3bIBACT CTAOMIBLHOCTH
Omovapa IO CpPaBHCHHIO C JIPYTUMH J0OaBKaMu
(Lwin et al., 2023).

OpHaKo, TOMUMO TIOJI0XKHUTEIBLHOTO BIUSHUS OT
BHECECHHUsI OMoYapa B MOYBY, UMEIOTCS HEKOTOpHIC
OTPaHUYCHHS: CHIDKEHUE BIIQXKHOCTH TIOYBBI, YCH-
JICHHUE DPO3UH H 3aCOJICHHOCTH, a TAK)KE CHIDKCHHE
OMOJOCTYITHOCTA TUTATEIBHBIX BEIIECTB, HEOOXO-
JUMBIX JIJIST POCTa U Pa3BUTHUS PACTUTEIBLHOTO Op-
raam3ma (Brtnicky et al., 2021). Bonpoc 6e3omac-
HOCTH NMPUMEHEHHUs1 Ouovapa i PeKyJIbTHBAIHMH
IIOYB U POCTa pacTeHuid ocraeTcs oTKpbIThiM (He et
al.,2019; Narayanan & Ma, 2022; Schimmelpfennig
& Glaser, 2012). Cuunraror, 4To coaepkaHue KaTu-
OHHBIX U aHMOHHBIX 3JICMEHTOB B OMOYape, BHIOPOC
WX B TIOYBY B TPOIIECCE «CTAPCHUS» WIN BJIbIXaHHE
MBI TIPU UX UCTIOJIb30BAHUH TPEJICTABIISIET DKOJIO-
ro-meaunuHCcKui puck (Gu et al., 2020). Uccneno-
BaHUs B JIAHHOW O0JIACTH OTPaHUYCHBI, U3BECTHO,
YTO B MPOLIECCE «CTApeHHs» OnMouapa Ha MOBEpPX-
HOCTH 00pa3yeTcsi IUPOKUH CIIeKTp QyHKIIHOHAb-
HBIX Tpymn (KapOOKCUJIbHBIC, THIPOKCHIbHBIC H
(henompabie) (Narayanan & Ma, 2022), HO Tpu 3TOM
MPOIIECC «CTAPCHHS» HE BIUSET HA CIOCOOHOCTH
Omouapa CTaOWIM3UPOBATH KATHOHHBIC JJIEMEHTHI
B nouBe (Ghosh & Maiti, 2021; Narayanan & Ma,
2022; Rathnayake et al., 2021). Pa3zpaboTka cTpare-
UM CTaOWIM3alMd aHUOHHBIX METaJIOB SIBISCTCS
¢1ab0 M3YUYCHHBIM BOIIPOCOM, U OJIHUM M3 Ba)KHBIX
acIeKTOB — MpaBHIBHBIN o00p 6nouapa (Gupta et
al., 2021).

Wrak, BHeceHne Omouapa B IIOYBY YIIyYIIacT
MOTJIONICHUE U CTAOMIIM3AINIO PA3IIMUHBIX 3arpsi3-
Hsronux BeniecTB. CYHUTAOT, YTO OOOTaIlICHHAS
O0MOYapoOM IOYBA MOYKET YJIYUIIUTh MOJABHIKHOCTH
METAJIJIOB U METaJUIOMIOB, MEXaHU3M UX CTAOWIIH-
3anmu o0yciosineH yBenndernneM pH nmoussr (Gupta
et al., 2021; Hassan et al., 2024; He et al., 2019;
Majewska & Hanaka, 2025; Mamirova et al., 2024;
Narayanan & Ma, 2022; Schommer et al., 2024;
Song et al., 2016). buouap coxpansiercs B mouse
B TEYEHUE COTCH W THICAY JIET. 3a CUET IOBBIIIC-
Hus pH, MOPUCTOCTH U BOAOAOCTYITHOCTH OHoOYap
MOJXKET CO3/IaTh OJIATONPUATHBIC YCIIOBHUS JUISL Pa3-
BHUTHSI KOPHEBOH CHUCTEMbI M aKTHBHOCTH MHKPOO-
HBIX COOOIIeCTB B TouBe. broyap MoxeT karanus3u-
poBath OMOTHYECKHE M aOMOTHYECKHE MPOIECCHI,
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0COOCHHO B pu3ocdepe, KOTOPbIC YCUIMBAKOT I10-
CTYIUICHUEC MUTATCIIbHBIX BEIICCTB U UX 06pasoBa-
HUE PACTCHUSAMH, HU3KHIH YPOBEHb (PUTOTOKCHHOB,
CTUMYJIUPYIOT Pa3BUTHE PACTEHUN M MOBBILIAKOT
YCTOMYUBOCTh K KJIMMATHUYCCKUM BO3JACUCTBHUSIM U
BHEIITHUM CTPECCopaM OKpysKarotie cpemst (Joseph
et al., 2021).

3. Bzaumooeiicmeue necmuyudog 6 nouse ¢
ououapom

CHoXHBIE CTPYKTYpPBl MOYBBI U MHUKPOOHBIE
9KOCHUCTEMBI, IPUCYTCTBYIOIINE B PEATHHBIX CEIb-
CKOXO3SIMCTBEHHBIX YCIIOBHSIX, MOTYT BIHATH Ha
ancopOIuio, OWOIOCTYITHOCTh W JIOJITOCPOYHBIE
3¢ (dekThl B3auMOJIEHCTBHUS OHOYapa ¢ MECTHINIA-
MHU. BHOMOCTYIMHOCTh TIECTHUIHMIOB B TOYBE C IMO-
MOIIbIO OMOYapa 3aBUCHT OT MHOTHX (aKTOpPOB:
XMUMUYECKOW  CTPYKTYPBIL,  (PUIUKO-XUMHUECKUX
CBOWCTB TOYBBI; CTPYKTYpHI IOp, yICIBHOH IO-
BEPXHOCTH W TIOBEPXHOCTHBIX (DYHKIIMOHAIHHBIX
rpynn (J. Huang et al., 2023). ITosTromy cuuTaror,
YTO yTIayOJIEHHBIE MCCIIeIOBaHMS MEXaHU3MOB ajl-
copOuun 6uouapa MOMOryT NPOJBUHYThH MPUMEHE-
HUEe OMovapa M MOBBICUTH €ro 3(p(PEeKTUBHOCTH I
CHIDKCHHSI SKOJIOTUYECKOT0 PUCKa OT MECTHLUI0B
(Dong et al., 2024). B nacrosimee Bpemst Ououap
paccMaTpUBalOT, KakK HOBBIM CTAOMIM3MPYIOLINN
areHT, KOTOPBI MOXET aJIcOpOMpOBATH NECTHUIIH-
Il TIOCPEJCTBOM B3aMMOJICHCTBUS XUMHUYECKON
(amexTpocTaTndeckoe MPUTSHKEHNE) U (PU3NIECKON
agcopOIuu (00BEM TOp, pachpe/esieHue pa3MepoB
IOp ¥ yAeNbHAS IDIOMAIh TTOBEPXHOCTH). DTH JBa
TUIA aJCOPOLUHU YacTO B3aUMOACUCTBYIOT IPYT C
JIPyTOM U paboTaloT BMECTe B TIpoIlecce aacopo-
nuu nectuiuaoB (Cheng et al., 2021; Dong et al.,
2024; Gogoi et al., 2021). buouap MOXKeT CHIEHO
azcopOMpoBaTh MECTHLUMIBI B IOYBE Onaromaps
CBOHMIM DBIXJIBIM U MIOPUCTHIM CBOWCTBAM, OOJIBIIION
YAETBbHOW IUIOIAAN MOBEPXHOCTH M MOBEPXHOCT-
HON 3HEpPruM, a TaKKe BBICOKOW apOMaTHUYECKOMN
ctpykrype (Bahia, 2022). IlpoaemoHcTpupOBaHO,
9TO aJICOPOITHsT OOBIYHO SBIISETCS IIEPBBIM MPOIIEC-
COM, KOTOPBI HAUMHAETCSl Cpa3y MOCJIE BHECEHUS
MECTUIUI0B B 1MOuYBy. Takum oOpa3om, criocob-
HOCTh OMOYapa aacopOUpOBaTh MECTULHIBI MOXKET
OBITh Ba)XXHBIM (PAKTOPOM, KOTOPBIA MOXKET BIIH-
ATh Ha JIPYTHe MPOLECCHl, TAKHE KaK XUMHYECCKUN
TPAHCIOPT, BHINIENAYUBAHHE, OMOJOCTYITHOCTh WU
9KOTOKCHKOJIOTUYECKOE BO3ACHCTBHE HA OKPYKAIO-
mryro cpeny (Khorram et al., 2016; Kookana et al.,
2011). AxcopOroHHast CIIOCOOHOCTH OroYapa Jyis
ruapoOOHBIX W THUAPOPMIBHBIX OPTaHMYECKUX
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COCAMHEHHH 3aBUCUT OT MOBEPXHOCTHBIX THUAPO-
(UIBHBIX TPYII, KApOOHNW3NPOBAHHBIX M HEKapOo-
HU3UPOBAHHBIX YacTell Onouyapa, o0IUX CBOMCTB U
MOpUCTOH ToBepxHOCTH. Ha moBepxHOCTH OMoUapa
bopmupyeTcs XUMUYecKasi CBsI3b ¢ (PYHKIHUOHAIb-
HBIMU TPYIIIAMH, COJCPKAIIMMHU KUCIIOPOJ] U a30T,
NECTUIMJIOB, TEM CAMBIM CTA0MIIM3UPYS UX B TOUBE
(Gogoi et al., 2021). buouap obmamgaer cmocoOHO-
CTBIO YCKOPATH MPOLECC ACTpalallii ECTUIIUIO0B B
MOYBE 32 CUET YBEIMUCHHS MOIMYJIISIIH MTOYBECHHBIX
MHUKPOOPraHu3MoB. [louBeHHBIE MUKPOOPTaHU3MBI
UCTIOJIB3YIOT MOJICKYJIbI TECTHIUIO0B, KaK HCTOY-
HUK [TUTATEJILHBIX BEIIECTB M JOHOPOB JIEKTPOHOB.
3a cueT TUApOJH3a, KOHBIOTAIMU W JIeTpaJiallvy,
OHU YCKOPSIOT HPOLECC MHUHEpaTU3alHuu TeCTH-
nunoB B noyBe (Wu et al., 2019). Omnako mexa-
HU3MBI, BIUSIOMIME Ha SKOJIOTHYECKYIO CyAbOYy M
MOBEJICHUE TIECTHUIIUIOB B TIOYBE C OMOUYAPOM, ISt
CHIDKCHHSI 9KOJIOTUYECKOTO PUCKA OT MECTHLHUI0B
Mmano m3ydensl (Khorram et al., 2016). CormacHo
JaHHBIM JIUTEPATyphl, MOBBIIICHUE CTAOWIN3ALNN
MEeCTUITHAA Ha Onodape OOBSICHSIOT MOBBIIICHHBIM
coJep)KaHUEM yIJIepoAa B MOYBE, IUIOIIAABIO MO-
BEPXHOCTH, KATHOHOOMEHHOH criocoOHocThIO (Cara
et al., 2022; Luo et al., 2022; Yan et al., 2022). B
ctatbe Yan et al. (2022) onenwmnm BiusHue OMova-
pa, MOJIy4EeHHOT0 U3 pUCOBOW cosoMbl npu 550°C,
Ha pacmupesieieHue UMUIAKIONpUa B CHCTEME pac-
TEHHEe-TI04Ba-TPYHTOBBIC BOJbI. VccnenoBanue mo-
KazaJo, 94To Onoyap ¢ BRICOKOH IJIOMIA/bI0 MTOBEPX-
HOCTH ¥ TOPHCTOCTBIO MOXET CTa0MIM3HPOBATH
MECTUITU] ¥ CHU3UTh €0 MOTEHIMAIBHBINA BPEJT JJIs
pacTeHui ¥ IPyHTOBBIX BOJ. OTMEUYEHO CHIKEHHE
pacupenenenus necturmaa g0 0.57, 0.11 u 13.4%
cooTBeTcTBeHHO. OOHAPYKEHO, YTO BBIIIETAYHBA-
HHUE TECTUIMJIOB C TIOMONIBIO OMoYapa 3aBUCHT OT
CTPYKTYpPBI MaKpoOmop MOYBbl. MaKponopsl yBEIH-
YUBAIOT TEPEMEIEHHE 3arpsi3HSIONINX BEIIECTB
4yepe3 nouBeHHbI npodmis (Iversen et al., 2012).
[Ipumenenue OGmovapa W3 COCHOBOW IIETBI (TIPO-
MBILIJICHHO MTUPOJIU30BaHHOTO MIPH TEMIIEPAType OT
300 go 550 °C) cHH3MIO KyMYJISITUBHOE BEIIIEIIA-
yrBaHUe aTpazuHa Ha 52% B rOMOT'€HU3HPOBAHHBIX
nmouBeHHBIX KoJoHKax (Delwiche et al., 2014).
Wrak, coriacHo AUTEpaTypHbIM JaHHBIM, OHO-
4ap MOXKET PEeryJiMpoBaTh IMOBEJCHUE 3arpsi3HSIO-
HIMX BEHIECTB, TAKMX KaK MECTULU/BI, TSKEIbIC Me-
tamutel (Khorram et al., 2016; Meng et al., 2025; Mi
et al., 2025), 4yTo AemaeT ero MOTEHIIUAIBHO IMOJIe3-
HBIM JUISI BOCCTAHOBJICHUSI TOYBBI, 3arps3HEHHON
nectunuaamu (Lin et al., 2022; Zhang et al., 2019).

4. Mexanuzmul 83aumooeticmsus obuo4apa ¢ mu-
KpOoOpeanuzmamu

OfHMM W3 TJABHBIX ITAIlOB MUKPOOHOW OHO-
TEXHOJIOTHU SIBJISICTCSI MMMOOMIIHM3AINS  MHKPO-
OpPraHM3MOB Ha TBEPJBIX MaTpHUIaX, B YaCTHOCTHU
omouape (Deng et al., 2022; Schommer et al., 2024;
Wu et al.,, 2019; Yu et al., 2025). ITopsl 6uouapa
SBISIFOTCST MECTOM OOUTAaHUSI MHUKPOOPTaHU3MOB,
00ecreunBaonmMM yOSKHUIIE U NUTATCIbHBIC Be-
miecTBa JUIsl YJIYYIICHUS KOJIOHW3AIMH U Pa3BU-
THUSL MHKPOOHBIX COOOIIECTB HAa IOBEPXHOCTU H
BHyTpH. MIMMoOWIM3ammsi MUKPOOHBIX KJIECTOK Ha
Orovape 3aBUCHT OT CIIOCO0a MUPOJIH3A, ChIPhS U
€ro CBOWCTB: ILIOIIAH TTOBEPXHOCTH, pazMep Iop,
pH, ruapododHocTH, GYHKUMOHAIBHBIX TPYII U
MUTATENLHBIX BelecTB. KioueBbiMu (akropamu,
BIUSIONIMMHA Ha A((HEKTUBHOCTH OYUCTKU HMMO-
OWIM30BaHHBIMA Ha OWOYape MUKPOOHBIMU KIIET-
KaMH, SIBIISFOTCS KOHLICHTPAIUS 3arpsi3HSIONIETO
BelllecTBa, BpeMsi MHKyOaruu, temneparypa u pH
(Schommer et al., 2023). CuuTator, 4T0 I UMMO-
Omm3aruu OakTepuit 0oree mpruemiieM Onodap, Imm-
POJIM30BaHHBIN ITpH 00JIee BHICOKUX TEMIIEpaTypax
>500°C (Schommer et al., 2024). B ctatse K. Huang
et al. (2023) 000CHOBBIBAIOT, UTO KIIFOUEBHIM MEXa-
HU3MOM, [TOCPEJICTBOM KOTOPOTO OHOYap BIHSICT HA
MUKPOOPTaHU3MbI [TOYBHI TI0CJIC BHECEHUS UX B I10-
4By, SIBIISIETCS CIIENIyIOIlee: CTPYKTypa rmop Ouova-
pa obecrieunBaeT OJIATONPHUATHYIO Cpelly OOUTaHHUs
JUIST MUKPOOPTaHU3MOB M CIIOCOOCTBYET HUX POCTY;
O0rovap CrocoOCTBYET POCTY M PA3MHOXKEHUIO MU-
KpPOOPraHWU3MOB MOYBBI IyTeM yiydineHust pH mo-
YBBI, COJICPIKAHUSI BOJBI U COJICPIKAHUSI arperaTos;
Oomowyap oOecmedrnBaeT JOCTATOYHOE KOJIHYECTBO
MUTATEIbHBIX BEIIECTB ISl MUKPOOPTaHU3MOB I10-
9BbI; d(DdexT amcopOIuy OModapa CHIKAET KOH-
LIEHTPAIUIO U COJIeP)KaHNE TOKCUYHBIX U BPEIHBIX
BEIIIECTB B MOYBE, YMEHbBIIIAs TOKCHIECKOE BO3JICH-
CTBUE BPEHBIX BEUICCTB HA MUKPOOPTaHU3MBI, TEM
CaMbIM JIEMOHCTPHPYSl XOPOIIMH MOTSHIUAI IS
OOpBOBI ¢ 3arps3HCHUEM TTIOYBHI.

Br160p MUKpOOPTaHU3MOB I IMMOOITH3AITIH
Ha OuodYape UrpaeT BaKHYIO POJIb, OHH JJOJDKHEI CO-
OTBETCTBOBATH CIICIYIONTUM TPeOOBAaHUSAM: a) OBITH
YCTOHYMBBIMU K IIUPOKOMY CHEKTPY KIMMaTHye-
CKHX yCIJIOBHH; 0) OBITH CITOCOOHBIMH BBDKHUBATH B
Cpelie C BBICOKMM YPOBHEM 3arpsi3HCHHUS; B) TIpE/Ba-
PHUTENBHO TOJDKHBI OBITH OIIEHEHBI Ha CIIOCOOHOCTH
K JIerpajialliu 3arpsi3HUTEIIS; T') JODKHBI OBITh He-
MMaTOTEHHBIMU: JT) IEMOHCTPHPOBATE POCT; €) TOJDK-
HBI OBITH JKOJOrudecku OezomacHsl (Schommer et
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al., 2023). OGHapyXeHO, YTO MHKPOOPIaHU3MBI,
00Ja/lafomfe poCTOCTUMYIUPYIOIIMH CBONCTBA-
Mu (PGPM) n ycTOHUMBOCTBIO K MeTajulaM Mpu
MMMOOWIH3AITNN Ha OnoYape cMsITr4aroT adnoTHYIe-
CKHE CTPECCHl, BBI3BAaHHBIC 3arpsA3HSIONIMM Belle-
CTBOM, W BBDKMBAIOT B 3THX ycioBusx (Dai et al.,
2019; Waheed et al., 2025). UMMoOMIN30BaHHEBIC
xietku PGPM mHa O6modape MOTYT MOBBICHTH (-
(dexTuBHOCTD ynanenus 6onee 60% 3arps3HAIOUINX
BemecTB u3 Boabl (Bouabidi et al., 2019). B 0030-
pe Xiang et al. (2022) oTMe4aroT, YTO TAPTHEPCTBO
pactenuii, PGPM wu Omodapa mMeeT permraroriee
3HA4YEHHUE JJIS1 yCTOWYMBOM PeKyIbTHBALUN OPTraHH-
YEeCKUX 3arpsi3HuTeNell. ABTOPBI CUUTAIOT, YTO MM-
MOOWJIN30BaHHBIE KJIETKH JEMOHCTPHUPYIOT OoJjee
BBICOKYIO 3()(EKTHBHOCTh YHaJIEHUS PA3INIHBIX
3arpsi3HUTENICH B 8 pa3 CHHEPrUYECKH 3a cUeT (u-
3UKO-XUMUYECKOHN copOImm 1 MUKPOOHOH Jerpana-
MU, YeM He uMMmoOwmnn3oBanuele PGPM knetku.
Wnrepec k PGPM o0ycroBnen Tem, 4TO OHH CIIO-
COOCTBYIOT aJanTalldd pacTeHHH K CTPECCOBBIM
YCIIOBHSIM U BIHMATH Ha POCT U Pa3BUTHE PACTEHHH
Yyepe3 pasinyHble MEXaHW3MBbl, & UMEHHO: (pHUKCa-
IO a30Ta, comoommm3anuio Gocdaros, cHATE3 CU-
nepodopos, ¢uroropmonoB u AlLIK-nezamunassbl,
MTO/IaBIISIST Pa3BUTHE (PUTOMATOTEHHBIX MHUKPOOpTa-
Hu3MoB (Albureikan, 2023; Nurzhanova et al., 2023;
Poria et al., 2022).

[Iponiecc mmMmoOMIM3anMu OakTepuil Ha OHO-
yape BBITTOIHACTCS TPEMsI METOJJaMH, KOTOPBIE pa3-
JMYAIOTCSl B 3aBUCHMOCTH OT TIPOLIEAYP U YCIOBHIA,
BKJTIOUAs a/ICOPOIIHIO, afanTaIuIo U IPUKPETIICHIE
OaKkTepuu Ha MOBEPXHOCTH WM BHYTPHU HOPHI B pe-
3yJbTaTe MEKTPOCTATHIECKOTO B3aMMOCHCTBUS U
KOBQJICHTHOTO CBSI3BIBaHUs, U UX pocT. MexaHus-
MaM¥1 IMMOOWITH3AINH KIIETOK SBJISIOTCS B TIEPBYIO
ouepes aacopouus u o0pa3oBaHrue OUOIUICHKH Ha
Omoyriie, 4TO CBHUAETENBCTBYET 00 YCHEIIHOCTH
uMMoouIM3anuu. Metoa aacopOLuu HCHOIB3YIOT
B OCHOBHOM B JlabopatopHbIx ycioBusax (Bouabidi
et al., 2019; Wu et al., 2021). Paznuuaror aBa THIA
B3aMMOJICHCTBUS OroYapa ¢ OaKTePHSAMHU: MPSIMOE
kocBeHHoe. [Ipu mpsimom B3anMoJelcTBUM C Oak-
TepusMH OMoYap MOXKET BBICTYTaTh B Ka4eCTBE 3a-
LIMTHOTO Oapbepa MEeXIy OakTepwil W cpemou s
OakTepHaIbHON KOJIOHW3AINH, 0aKTepUH, OOUTAIO-
e B Onoyape, MOTyT ObICTpee aAanTHPOBATHCS K
skosorndeckum ctpeccam (Ouyang et al., 2023; Zhu
et al., 2017). KocBenHoe B3aumo/ieiicTBue Onoyapa
¢ OakTepHusMH MPOMCXOIUT 3a CUET YIyUIIeHus Gu-
3UKO-XUMHYECKHX CBOWCTB MOYBBI, 00JIETYaIONIECrO
BBDKHMBaHNE OaKTEpHH, MOBBIIIAIOIIETO UX YHCIICH-
HOCTbH B TIOUBE; BIUSIONIECTO Ha MOJABUKHOCTD TSKE-
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JIBIX METAJUIOB U APYTHX BPEIHBIX BEIICCTB B OYBE,
YTO CHIDKAeT MX OHMOJOTHMYecKoe BO3JEHCTBHE Ha
oaxtepuu (Chen et al., 2021). OTmeueHo, 4TO HE Bce
Onouapkl MOJXOJIST JUIsl KCIIOJIb30BAHUS B KAYECTBE
HOCHUTENEH 11 MUKPOOHBIX KIIETOK, JKU3HECTIOCO0-
HBIX B OMOJETPaAUPYIONINX 3arps3HSIONINE Belle-
ctBa. Jns ymydnieHHOH pemenuanuu TpeOyroTcs
MaTepHaI-HOCUTENh C BEICOKUMH XapaKTepUCTHKA-
MU CBSI3bIBaHU KJIETOK. BoccTaHOBUTENBHBIN TPO-
1[eCC MOYBBI, 3arPS3HEHHBIX TSHKEIBIMH METAIIIAMU
3aBHCHUT OT CIIOCO0a MMMOOHIM3aMN OaKTepuil Ha
ououape (Ouyang et al., 2024). PexynpTuBaIum mo-
YBBI 3aBHCUT OT MEXaHHW3Ma B3aMMOJCHCTBHS OMO-
Yyapa 1 OaKTepHil C THKEIBIMU METAIIIAMH, TIPH TOM
0aKTepruu WrpaloT OCHOBHYIO POJIb B JAHHOM IIPO-
recce (Cheng et al., 2021; Ouyang et al., 2023; Wu
et al., 2019). Hanpumep, Onovap ¢ o4eHb BHICOKUM
pH, 4Upe3MepHBIM KOJIHYECTBOM 30JIbI U HEOpPTaHH-
YECKUX WJIM OPraHWYEeCKHUX 3arps3HUTENCH MOXKET
OBITH TOKCHYHBIM W/WINA OECIOJE3HBIM JUIS Tajlo-
(oOHBIX HITH a0 UIBHBIX PACTCHUN U OaKTepuit
(Xiang et al., 2022). Hanmpumep, mpu nMMoOMIH3a-
iy mramma Bacillus cereus RC-1 Ha 6uovape, 1o-
JYYCHHOM M3 PUCOBOW COJIOMBI, KYpHHOT'O TIOMETa
M OCaJKOB CTOYHBIX BOJ, BBISBJICHO, 4YTO OHouap,
MOJYYCHHBIH W3 PUCOBOW COJIOMBI aJIcOpOUpoBal
nousl Cd*" B konmuyectBe 159 mr r!' (Huang et al.,
2020). buonpemnapar, co3JaHHbBIIl Ha OCHOBE OMOYa-
pa, MOJIyYEeHHOTO U3 KOKOCOBOM IIETyXH B KAU€CTBE
MaTepuana-Hocutens u Arthrobacter subterraneus
B KayecTBE AKTUBHOTO HMHIPEAMEHTa, 3PPEKTHB-
HO CHIDKQJI COJIEpKaHUE B3PHIBUATHIX BEIICCTB
B mouse: A0 86.0% rekcaruapo-1,3,5-TpuHuTpO-
1,3,5-tpmazuna  u  80.4%  oxrarmmpo-1,3,5,7-
TeTpaHuTpo-1,3,5,7-reTpa3onnHa npu UCXOAHON UX
KOHIIeHTpaImu B ouse 50 mr kr~'. Bpems BbDkHBa-
Hust Arthrobacter subterraneus Ha 6buouape cocTaB-
nsuto 6 mecsiteB (Sharma et al., 2023). Ha ctpareruro
BBDKMBAEMOCTH MUKPOOPTIaHU3MOB Ha OMOYape BiH-
SIOT clienyronue (HakTopbl: JOCTYITHOCTh OHOTEH-
HBIX 3JIEMEHTOB, (YTJIEpoJ, a30T, Kanuu u pochop
B BOJIOPACTBOPUMOH (opMme), HaTUINE MaKpoTop,
KOTOpbIe obecrieynBaeT HeOOXOJUMYIO BIaKHOCTB,
ra3o00MeH, CHaOKeHUE KHCIOPOJOM, KOHKYPEHTO-
criocobHocTh (Manikandan et al., 2023). Hampumep,
copOmust kKneTok Azospirillum brasilense SR80 Ha
kommepueckoM Ouovape (OOO “/IluanArpo”, Poc-
CHsST) U3 JPEBECUHBI OEPEe3bl B YCIOBUAX adpallid Ha
Kavyasike gocturaet 38% yixke uepes3 2 U KyJIbTHBH-
poBanusa. BpemenHnom mHTepBane 2-6 4 Habmosa-
eTcs CHW)KEHHE 3a cyeT JecopOIuH He 3aKperuB-
IUXCSI KIIETOK M TOJBKO uepe3 24 1 3(hPeKTHUBHOCTH
uMMoOuIM3anuu coctaBisieT 53%. YucineHHOCTH
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MMMOOMJIM30BAaHHbIX KIETOK A. brasilense SR80
IIpU KyJbTUBHpOBaHUM B cpene Jlypua-bepranu B
YCIIOBHSIX adpallvyl Ha Kayanke pocturaet 9.3 x 10°
KOE r! cyxoro 6uouapa. OTMeueHO, 4TO HCIOJIb-
3oBaHue Onoyapa npu temneparype 22 u 30°C co-
MIPOBOKIAIOCH YBEIMUEHUEM OMoeTrpaanui Hed-
T 710 29 1 35%, COOTBETCTBEHHO, OTHOCHUTEILHO
CycCTIeHANpPOBaHHbIX Ki1eTok (Muratova et al., 2022).

Takum 00pa3oMm, MUKpOOHAass MMMOOHIU3AINS
Ha O6Modvape, Kak HOBas TEXHOJOTHS IMPEACTaBISICT
co0oif MHorooOemaromnee pemeHne Ui BOCCTa-
HOBJICHHUS 3arps3HEHHBIX OPraHUYeCKUMH U HEop-
TaHWYECKUMH 3arps3HUTEISIMH CPelbl U BOMpoca
MOBBIICHUN MTPOTYKTUBHOCTH B arpapHOM CEKTOpE.
OpHako, MPakTUYECKOE COBMECTHOE HCMOJIb30Ba-
HUe Omoyapa W OakTepuid B MacCOBOM IPOU3BOJ-
CTBE 3aTpyAHEHA CJIOXHOCTBIO UX B3aMMOJICHCTBUS
C Y4ETOM KJIMMAaTUYECKUX YCIOBHM U YCIOBHIM cpe-
IIbl, TO3UPOBKH, CPOKOB T'OAHOCTH; CTaOMIBLHOCTH
Omovapa, JUTMTEIHHOCTH TPAHCIOPTHUPOBKH, Xpa-
HEHUs U dKoJorudeckoi 6ezonacHocTu (Dai et al.,
2019).

3akjaoueHmne

MWUKpPOOPTraHU3MBbI SIBJISIFOTCSI BXKHBIM KOMITO-
HEHTOM pEeMEIHalui T0YB, 3arps3HEHHBIX Opra-
HUYECKUMH W HEOPTaHUYECKUMH TOKCHKaHTAMHU.
Ux wummoOwim3anus Ha Ouodape crocoOCTByeT
CHIDKCHHIO TOKCHYHOCTH, MOJBHKHOCTH M OMOJ0-
CTYIHOCTH 3arpsi3HUTENCH, a TaKkKe MOBBIIACT (-
(heKTHBHOCTH TIPOIIECCOB pemenuaru. HecMmoTps
Ha 3HAYMTENILHBIA MpOrpecc B M3y4eHHH Onouapa
KaKk MHCTPYMEHTA BOCCTAHOBJICHUS JICTPAJIUPOBAH-
HBIX 3arpsI3HEHHBIX TMOYB, psiA (yHIAMEHTAJIbHBIX
W TMPHKIAJHBIX BOIPOCOB OCTACTCSl HEAOCTATOYHO
n3ydeHHbIM. [IpakTHueckoe COBMECTHOE HCHOJb-
30BaHHEe OWoOYapa W MHKPOOPTaHU3MOB B Macco-
BOM IIPOM3BOJICTBE 3aTPYJHEHO CIIOKHOCTBIO HX
B3aWMOJICHCTBUS, 3aBHUCSIIETO OT KIMMATHUECKHX

YCIIOBHH, CBONCTB OKpY KafoIIEH Cpe/bl, JO3HUPOB-
KH, CPOKOB XpaHEHHs, CTAOMIBHOCTH O1oYapa, 0co-
OeHHOCTEe TPAaHCIIOPTHPOBKH, a TAKXKe TpeOOBaHNHT
9KOJIOTMUYECKOH 0€30M1aCHOCTH.

B mepcnextuBe 0coboe BHUMaHHE CIIEAYET
VIENUTh pa3pabdoTKe TEXHOJOTHH, OCHOBAaHHBIX
Ha UCIIOJIb30BaHUM OMOYapa B KaueCTBE HOCHTEJIS
MHUKpPOOPTaHU3MOB, O00JIQIAIOIINX POCTOCTUMYJIH-
PYIOLIMMHU CBOMCTBAMH, a TaKKe CO3JaHHIO YCTOM-
YUBBIX MHKPOOHBIX KOHCOPIIMYMOB, CIOCOOHBIX
o0ecreunBaTh ACrpajaliio MeCTUINUAOB U APYTHX
CTOMKUX OpPraHWYECKUX 3arpsi3HUTENeH, OJJHOBpe-
MEHHO CIIOCOOCTBYSI UMMOOHIIM3AINH TSKETBIX Me-
TaJIOB. Peanu3anus STHX HarpaBlIeHUH MO3BOJIUT
MOBBICUTh 3(P(PEKTUBHOCTH peMenuauuu U Oyaer
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Kon¢aukr narepecon

Bce aBTOpbI pounTany ¥ 03HAKOMIIEHBI C CO-
JepKaHUEeM CTaThU M HE MMEIOT KOH(IJIMKTA WHTE-
pecoB.
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KOppeCHOH,Z[eHTHI)IM ABTOPOM SBJIIETCS TOT aBTOP, KOTOpLIﬁ BCICT MEPEIIUCKY C pe)IaKIlHeﬁ J10 1 IOCJIC M€YaTu U OTBCYACT Ha

BCE€ 3aM€YaHUs U UCIIPABJICHUA 110 CTAThE. Baxxno YKa3aTb ,Z[ef/‘ICTByIOH_[I/If/'I 3J'IeKTp0HHBIﬁ aApeC U KOHTAKTHBIC JaHHBIC TPU O1a4U
CTaTbu.
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1. Coxpamenus 1 0003Ha4eHHUs — €CIIU UMEIOTCSL.

v\ Aunotauusi oobeMoM He MeHee 150 cJioB, He 6oJiee 300 CJI0OB Ha PyCCKOM, Ka3aXCKOM U aHITIMHCKOM A3BIKAX.
o Crpykrypa anHoTanuu Bkitodaet B ceds crnenyromnyie OBSI3ATEJIBHBIE nyHkTbi:

1. BcerynuTenbHOE CI0BO O TEME UCCIIEI0BaHMS.

2. llenb, OCHOBHBIE HANPABIICHUS U UJIEH HAYYHOTO UCCIIEIOBAHUS.

3. Kparkoe omnricanue Hay4HO# U PAKTUYCCKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanue MeTOI0JIOTUH UCCIIEJOBAHUSI.

5. OcHOBHBIE pe3yJIbTAThI U aHAJIN3, BHIBOJIBI HCCIICIOBATEIBCKON paOOTHI.

6. 1leHHOCTH IPOBEICHHOTO HCCIeIOBaHNs (BHECEHHBIH BKJIA][ IAHHOW PabOThI B COOTBETCTBYIONIYIO OONIACTh 3HAHUN ).
7. IlpaxkTuueckoe 3HaUCHUE UTOTOB PAOOTHI.

v KiioueBble CJI0Ba/CI0BOCOYETAHNS — KOJIMUYECTBOM 3—5 Ha PYCCKOM, Ka3aXCKOM U aHITIMHCKOM S3BIKAX.

Iocnedyrowan cmpanuya (nosasn):
BBenenue

Marepuasl 1 MeToabl
Pesyabrarsl u O6cy:kaenue
3akJii0ueHne, BHIBOIbI
Bbuarogapuoctn

Hcrounuk puHaHCHpPOBAHUA
Kondumukr nnrepecon
Jluteparypa

BBeenue coctout U3 ClIEAYIOUIMX OCHOBHBIX 2JIEMEHTOB:

v/ O60CHOBaHHWE BBHIOOPA TEMBI; aKTyallbHOCTh TEMbI WM NpobiieMbl. B 060cHOBaHMM BHIOOpA TEMBI HAa OCHOBE OMMCAHUSI
OTIBITa TIPEIIIECTBCHHUKOB COOOIIACTCSl O HATMYUU TPOOJIEMHOW CUTYaIU (OTCYTCTBHE KAaKUX-JTHOO MCCICIOBAHUMN, MOSBICHUE
HOBOTO O0BEKTA U T.J1.). AKTYaJIbHOCTh TEMBI OTPEEIIACTCS OOIIUM HHTEPECOM K U3YUEHHOCTH JaHHOTO 00BEKTa, HO OTCYTCTBUEM
HCYUEPIIBIBAIOIIMX OTBETOB Ha UMEIOIIMECS BOIPOCHI, OHA JIOKA3bIBAETCS TEOPETUUYECKON MITH NPAKTHUECKOW 3HAUUMOCTBIO TEMBI.

v B ceKuuu J0/KHBI ObITh OXBayeHbl (DYHIAMEHTANLHBIE ¥ HOBBIE TPY/IBI 110 MCCIIELYEMON TEMaTHKE 3apyOeKHBIX aBTOPOB
Ha aHTIIUICKOM si3bIKe (HEe MeHee 15 TpynoB), aHaJIN3 JIaHHBIX TPYIOB C TOYKH 3PCHUS UX HAyYHOT'O BKJIAJa, & TAKIKE MPOOEITBI B HC-
cJIe/I0OBaHNH, KOTOpbIe BEI lomnonHseTe B cBOEH crarhe.

v Onpejernenne 00beKTa, IPEAMETa, Le€el, 3a/1au, METOIOB, MOJIX0/I0B, THIIOTE3BI U 3HAYEHUS Ballel paboTsl. Llens uccie-
JIOBaHHS CBsI3aHA C JIOKA3aTEIIbCTBOM TE3UCA, TO €CTh MPEACTABICHUEM MPEIMETa HCCIICIOBAHNUS B U30PAHHOM aBTOPOM ACIICKTE.

Marepnajbl 1 MeToAbI — JTOJDKHEI COCTOATH M3 OIMCAHMS MAaTePUaIoB M X012 PabOTHI, a TAKXKEe MOJTHOTO ONMHCAHUS HCIIOJb-
30BaHHBIX METOJIOB.

v/ XapakTepucTHKa MM ONMCAHHE MaTepHalia UCCIE0BAHMS BKIIFOYAET €r0 TPEICTaBICHHE B KAYECTBEHHOM M KOJHYECTBEH-
HOM OTHOUICHHH. XapaKTepPUCTHKA MaTepHata — OANH U3 (aKTOPOB, ONPENEIISIONIHI JOCTOBEPHOCTh BBIBOJIOB M METOJIOB HCCIIe-
JIOBaHUSL.

v B 9TOM pasjiesie ONMMCHIBAETCS, KaK MpobieMa Oblia U3ydeHa: noapoOHas uHpopMalms 6e3 TMOBTOPEHHS paHee OIyOiH-
KOBaHHBIX YCTAaHOBJIEHHBIX HPOIEIYP; UCIIOIb3yeTCs HIACHTHUKAIMS 000pyRoBaHHs (IIPOrPaMMHOTO 00ECIIEUEHHMsT) U OIHCAHNE
MaTepHaoB, ¢ 00s3aTeILHBIM BHECEHNEM HOBU3HBI IIPH UCIIOIBE30BAaHUU MaTepPHAIOB M METO/IOB.

Hayunast MeTo010THSI TOJDKHA BKIJIIOYATh B Ce0s:

v’ - HCCIEeI0BATENBCKHI BOIPOC(-bI);

v’ - BBIJIBUT'aEMYIO THIIOTE3Y (TE3HC);

v’ - OTallbl HCCIIEIOBAHUSE;
v
v

<

- METOJIbl UCCIICIOBaHNUS;
- pe3yIbTaThl UCCIEIOBAHMSL.
v HEJJOITYCTHUMO Hamm4ie MHOKECTBA CCBUIOK, HE MMEIOIMX OTHOIIEHHUS K paboTe, NIl HEYMECTHBIE CYXKIEHHS O BAIIINX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeasiayye paboTsl.

PESyJ]LTaTl)I u Oﬁcymzle}me — IIPUBOJAUTCA aHAJIN3 U O6Cy)KZ[eHI/Ie TOJIYYCHHBIX BAMU PE3YJILTATOB UCCIICNOBAHUA. HpPIBOI[S{TCH
BBIBO/IbI IO IMOJIYUYCHHBIM B XOJ€ HCCICHOBaHUsA PE3ylbTaTaM, PAaCKpPbIBAETCSA OCHOBHas CYTb. " sto OIWH U3 CaMbIX Ba’XHBIX
pa3aciioB CTaTbu. B Hem HCO6XO}Z[I/IMO MPOBECTU aHAJIN3 PE3YJIILTATOB cBoei pa6OTLI u 06cy>1<z1eHne COOTBETCTBYIOIIUX PE3YJILTATOB
B CpaBHCHUH C NPEABIAYIIUMU pa60TaMI/I WHOCTPAaHHBIX U OTCYECTBEHHBIX aBTOPOB, aHAJIM3aMH U BBIBOAAMU.

3akJii0ueHne, BHIBOIbI

O0o001IeH)e ¥ TO/IBEICHIE MTOrOB pabOThl HA JAHHOM JTarie; MOJATBEPIKICHHE MCTHHHOCTH BBIIBUTAEMOTO YTBEPIKICHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKJIFOYCHUE aBTOpPa 00 M3MEHEHUH HAYYHOTO 3HAHHS C YUYETOM IOJIyYCHHBIX PE3yNbTaToB. BhIBOIBI HE
JIOJDKHBI OBITh a0CTPAKTHBIMU, OHH JIOJDKHBI OBITH MCIIONB30BaHbI JJIsi 00OOIICHUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM HIM MHOU
Hay4YHOI 00JIaCTH, C ONMMCAHUEM MPEITIOKEHHUN HIT BO3MOKHOCTEH JabHeiei paboTh.

CrpyKTypa 3aKJII0UeHUs JIOJDKHA COJIepIKaTh ClIeAyIoUe Borpockl: KakoBbl 1ienu 1 MeToibl ucciienoBanus? Kakue pe3ynbrarbl
nosty4eHbl? KakoBbl BEIBO/IBI? KaKkOBBI EPCIIEKTUBBI ¥ BO3MOXKHOCTH BHEIPEHUSI, TIPUMEHEHHUS pa3padoTKu?
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KoH(puKT MHTepecoB — jKenareldbHO yKa3aTh HMEIONIMEcs KOH(IMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTelIbHO MaTepuaoB cTaTbi. Ecn HeT HUKAaKUX KOHQIMKTOB K OITyOJIMKOBAHHMIO MaTePHAJIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaronaproctn — IlepedncinTe oz, KOTOpbIe OKa3ajaH IOMOIb BO BpeMs HCCIEAOBaHHUs (HampHMep, MPeloCTaBHIN
TIOMOLIIb B TIEPEBOJIE, TTMCEMEHHYIO MOMOILIIb MK TIPEAOCTABIIN MaTepuai/o00pyioBaHue i paboThl U T.11.)

Hcrounuk ¢unancupoBanus — Creqyer ykasaTb B paMKaX KAakKOro NMPOEKTa WM MPOrpaMMbl OblIa BBIMOMHEHA padoTa,
yKa3arb TOJl 1 HOMEp JOroBOpa 10 MPOEKTY/IIPorpamMmme.

Jluteparypa

CHucoK UCIONB3yeMOH TUTepaTypsl, Wik bruOnuorpadguyeckuii CIMCOK COCTOMT U3 HE MeHee 25 HaMMEHOBaHUH JTUTepaTypbl
JUIsL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHMX HANPABJICHUH U M3 OOLIEro 4ncia HAMMEHOBAHUI HA aHIIIMICKOM SI3bIKE JOJDKHO OBITH
He menee 50%.

JI71st eCTECTBEHHOHAYYHBIX CTATEH CCHIIKM O(OPMIISIOTCS B KBaIPATHBIX CKOOKAX € YKa3aHUEM HyMEpalluy [0 Mepe MOSBISACHUS
HUTUPYeMBIX padot B Tekcre. CTuib odopmienus crnucka auteparypsl cortacHo [OCT 7.1-2003 «bubnuorpadudeckas 3amuch.
Bubnuorpaduueckoe onucanue. O6mue TpeOOBaHUSA U MpaBUia COCTaBICHUD) (TpeOOBaHME K M3JAHUSAM, BXOAALIMX B MEpPEYCHb
KKCOH).

Janee crnenyet Bropoii crrcok nuteparypsl (References, kotopsiii go/mkeH OBITH MpeOCTaBiIeH B pyroi Gopme, To ecth —
pomaHu3upoBaHHbIM anipaBuToM (TpaHcautepaiys). References TOJIBKO Te paGoThl, KOTOpbIe HUTUPYIOTCs B TekcTe. Reference
odopmItsieTcs B andaBUTHOM mopsiake!

PoMaHU3MPOBAHHBIN CITHCOK JINTEPATYPhI JOJDKEH BBIIVIACTh B CIIELYIONIEM BHJIEC JUIS MCTOYHUKOB Ha KHPHJLIHIIE: aBTOP(-bl)
(TpanciuTepanus) — (o B KPyIJIBIX CKOOKax) — Ha3BaHUE CTaThHU B TPAHCIUTEPHUPOBAHHOM BapHaHTE [[I€peBO Ha3BaHUS CTAaTbU
Ha aHIIMACKUH SA3bIK B KBA/IPAaTHBIX CKOOKAX |, Ha3BaHUE PYCCKOSA3BIYHOIO HCTOUHUKA (TPAHCIUTEPALHs, TMO0 aHIIMIICKOe Ha3BaHUE
— €CJIH €CTb), BHIXOAHbIC JaHHbIE ¢ 0003HAYEHUAMHU Ha aHIIIMHCKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb opopmiteHnst POMaHU3MPOBAaHHOTO CIIMCKA JINTEPATypbl U3 HCTOYHUKOB HA aHIIIMHCKOM (JPYTOM HHOCTPAHHOM) SI3BIKE
JUTSL €CTECTBEHHOHAYYHBIX U TeXHU4ecKux Hampasienuit — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0MMO Y4eCTh:

- IlutupyroTcs OCHOBHBIC HAy4YHbIE ITyOIMKALINH, IEPEILOBBIE METOBI HCCIIEIOBAHMS, KOTOPBIC TPUMEHSIOTCS B JAHHON 00-
JIACTU HAaYKH ¥ Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- MU30eraiiTe upe3sMepHBIX CAMOIIUTHPOBAHHH.

- U30eraiiTe upe3mMepHbIX cchlIoK Ha nmyonukanuu asropoB CHI/CCCP, ucnons3syiite mupoBoii onbiT (Pubmed, Web of Sci-
ence). He ciemyer ccbuiaTbest Ha SHLMKIONEANH, MOHOTpa(UH, AMCCEPTALMK M MaTepUaIbl, HA KOTOPbIE HET OOIIEro JIOCTyMa.

- bubnunorpaduuecknii ciucok A0HKEH coaepskarh GpyHIaMEeHTalbHbIE U Hanbosee akTyaabHble TPY/AbI, OMyOIMKOBaHHBIE
N3BECTHBIMU 3apYOEKHBIMU aBTOPAMH M UCCIIEA0BATEISAMH 110 TEME CTAThH.

Cronmocts mydaukanuu — 60 000 Tenre/ctpanunia
PexBu3UTHI:

Hexommepueckoe akionepHoe o0mecTBo «Kazaxckuii HallMOHAIBHBIN YHUBEPCUTET UMEHH anib-Dapadbu»
Hunexc 050040

aapec: . Anmarsl, ip. Ans-®apadu, 71

BHH 990140001154

KBE 16

AO «First Heartland Jysan Bank»

UK KZ19998CTB0000567141 — tenre

NHK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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