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K¥PbIAbIC KEPAMUKACBI TEXHOAOTUACBIHAA
MEXAHOAKTUBTEHAIPIATEH ¥LUIA KYAAI KOAAAHY

KyMbICTa XbIAY 3AEKTP CTAHLMSIAAPbIHbIH, MEXAaHOAKTUBTEHAIPIAreH yluna KyAiH KOAAQHY Ke3iHAe
KYPBIABIC KEpPaMMKACbIHbIH, KYPbIAbIMbI MEH KAcCWeTTepiHiH KaAbINTacy 3aHAbIABIKTapbl 3epTTEAAI.
AAAbBIH A2 MEXAHOAKTUBTEHAIDY OOALLEKTEPAIH YCAKTAAYbI KOHE KPUCTAAABIK, KYPbIAbIM aKayAapbIHbIH
>KMHaKTaAybl ecebiHeH KYAAIH peakumsAbIK, KabiAeTiH eAdyip apTThipaTbiHbl KepceTiaai. Kepammkaabik,
Macca KypamblHa MEeXaHOAKTUBTEHAIPIATEH KYAAl EHri3y >KeHTEKTeAy YAEpIiCTepiH KapKbIHAATbIM,
KYMAIPY TemnepaTypacblH TOMEHAETYTe XXOHe MaTepUaAAbIH ThIFbI3AQY KYPbIABIMbIH KQABINTACTbIPYFa
bIKMaA €TeTiHi aHbIKTaAAbl. KyAAIH OHTaMAbl MOALLEPI KE3IHAE YATIAEPAIH CbIFbIAY OEPIKTIriHIH apTybl
JKOHEe Cy CIHIprilWTiriHiH TeMeHAeyi Taxipnbe >XKy3iHAe pacTasAbl. AAbIHFAH HOTMXKEAEP KYPbIAbIC
KepamMUKaCblH BHAIPYAE TEXHOMEHAIK LUMKI3aTTbl MAaiAAAAHYAbIH, XKOFapbl TUIMAIAITIH KepceTeai aHe
MEXaHOAKTUBTEHAIPYAI KYPbIAbIM TY3iAYiH MaKCaTTbl TYPAE OaCKapyAblH NEPCMNEKTUBAAbI SAICI peTiHAE
KapacTbipyFa MyMKIiHAIK Gepeai.

TyiiiH ce3aep: yluMa KyA, MEXaHOAKTUBTEHAIPY, KYPBIABIC KEPAaMMKAChI, YXEHTEKTEAY, KYPbIAbIM,
6epIKTiK, TEXHOrEHAIK LUMKI3aT.

G.M. Adilbayeva*, S.Kh. Aknazarov, O.S. Bayrakova, M.A. Biisenbayev
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Application of mechanically activated fly ash
in construction ceramics technology

The study examines the patterns governing the formation of the structure and properties of construc-
tion ceramics when using mechanically activated fly ash from thermal power plants. It is shown that
preliminary mechanical activation leads to a significant increase in the reactivity of the ash due to an
increase in dispersion and the accumulation of defects in the crystal structure. It has been established
that introducing mechanically activated ash into the ceramic mass intensifies sintering processes, helps
reduce the firing temperature, and promotes the formation of a denser material structure. Experimental
confirmation has been provided for the increase in compressive strength and the reduction in water
absorption of the samples at an optimal ash content. The obtained results indicate the high efficiency
of using technogenic raw materials in the production of construction ceramics and allow us to consider
mechanical activation as a promising method for the targeted control of structure formation.

Keywords: fly ash, mechanical activation, construction ceramics, sintering, structure, strength, tech-
nogenic raw materials.
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lNpumeHeHMe MexaHOAKTUBUMPOBAHHOM 30Abl YHOCA
B TEXHOAOTUM CTPOUTEAbHOM KepaMUKH

B pa6oTe nccaepoBaHbl 3aKOHOMEPHOCTU (POPMUPOBAHUS CTPYKTYPbl M CBOMCTB CTPOUTEALHOM
KepaMmuKM Mpu UCMOAb30BAHUN MEXAHOAKTUBMPOBAHHOWM 30Abl-yHOCA TEMAOBbIX SAeKTPOCTaHLUMIA. [o-
Ka3aHo, YTO NpeABapUTEAbHAs MeXaHOaKTMBALMS MPUBOAMT K CYLLECTBEHHOMY MOBbILEHWUIO peakLm-
OHHOWM CMOCOBGHOCTM 30AbI 32 CUET YBEAMUEHUSI AUCNIEPCHOCTU M HAKOMAEHUS AEPEKTOB KPUCTAAAUYE-
CKOW CTPYKTYpbl. YCTaHOBAEHO, UTO BBEAEHME MEXaHOAKTMBMPOBAHHOM 30Abl B COCTaB KepamMmyecKom
MacCbl MHTEHCUMULIMPYET MPOLECChl CriekaHus, CoCOOCTBYET CHUMXKEHMIO Temrepatypbl o6xura u
hopMupoBaHu1io 6oAee MAOTHOM CTPYKTYPbl MaTepuana. IKCNePUMEHTAAbHO MOATBEPKAEHO MOBbILLIE-
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T 'M. Anunn6aeBa xoHe T.0.

HMEe MPOYHOCTM MPU CKATUM M CHUKEHME BOAOMOIAOLLEHMS 06PA3L0B NMPU ONTUMAABHOM COAEPIKAHUM
30Abl. [TOAyUEeHHbIe pe3yAbTaTbl CBUAETEAbCTBYIOT O BbICOKOM 3(D(DEKTUBHOCTN UCMOAb30BaHMS TEXHO-
reHHOr O CbIpbsl B MPOM3BOACTBE CTPOUTEAbHONM KepaMUKM U MO3BOASIOT pacCMaTpmMBaTb MEXaHOAKTU-
BaLMIO KaK NMepPCreKTUBHbINA METOA HAMPABAEHHOIO YMPABAEHUS CTPYKTYPOOOPA30BAHMEM.

KAroueBble cAOBa: 30Aa-yHOCA, MeXaHOAKTMBaLMS, CTPOMTEAbHAs KepamuKa, CeKkaHue, CTPYKTypa,

NMPOYHOCTb, TEXHOr€HHOE ChIPbE.

Kipicme

KypbUIbic HHTYyCTPHUSCHIHBIH Ka3ipri lamy Kar-
JafibIHa TAOUFU PECYPCTap/Ibl YTHIMIBI Al aany
JKOHE TEXHOTCHJIIK KaJJBIKTapIbl IapyanibUIbIK
aifHaJIBIMFa TapTy MOceJeci epeKlle O3eKTi OOJbI
oThIp. JKbUTy BJIEKTp CTAHIHSIAPBIHAA KOMID KaFy
Ke3iHJIe TY31IETIH KYJI-KOXK KaJIJbIKTAPbIHBIH eliey-
JIi KeJieMi KOpIIlaFraH opTara Tepic ocep eTeli KoHe
oJlapJibl KOJETe JKapaTyAblH THIMII TOCUIIEPIH Ka-
ket eremi [1, 2]. IlepcmiekTuBambl OaFBITTapIABIH
0ipi — onapAbl KYpBUIBIC MaTepHaIapblH, COHBIH
IITiHAe KepaMUKaIbIK OYHBIMIApARl OHIIPYIE KOJI-
JIaHy.

HerizineHn kpemHU, aTIOMHHHHA, TEMip >KOHE
KaJIbIIMH OKCUATEPIHEH TYPAThIH YIIIA KYJIIH XH-
MUSUTBIK, KYpaMbl KYPBUIBIC KEPAMHKACHI TEXHOJO-
TUSCHIHAA KOJJIAHBLIATHIH JOCTYPJIL Ca3/bl IIMKi-
3aTTBIH KYpaMbIHA KOIT YKaFbIHAH JKaKbIH [3, 4]. byn
OHBI KaJbBINTAY MaccajapbiHbIH (DYHKIIMOHAIIBIK
KOMITOHEHTI peTiHe TMaligataHyFa Heri3 OoJaipl.
Anaiifia OHBIH IIBIHBI TOPI3Al KYPBUIBIMBI MEH ipi
IACTIEPCT] KyHiHe OalTaHBICTHI PeaKIMUIBIK, Kabi-
JIETiHIH CalbICTBIPMAaIIbl TYPAE TOMEH OONybI LIEK-
TeyI GakTop OOJBIT TaOBIIATEI.

Ocpiran OalyIaHBICTBI  MaTepUaIbIH  (pH3H-
Ka-XUMHUSIIBIK KYHIH eoyip e3repTyre MYMKIHJIIK
OepeTiH MEXaHOAKTHBTEHIIPY OHIICTEpiH KOJIaHy
epeKIle KbI3BIFYIIBUIBIK, TYIbIpaabl. KapKbIHIbI
MEXaHHUKaJIbIK, 9Cep HOTHKECIHE arperartap Oy3bl-
JIBITT, OOIIIEKTEepIiH oJeMi Kirmipelhei, MeHITiK-
Ti OET ayJaHbl YIIFasjbl )KOHE KPUCTAIIBIK TOpJa
akaymnap ty3ureni. COHbIH HOTH)KECIH/IE 3aTThIH XH1-
MUSUTBIK, OCJICEHAUTIT] apTasl [9].

byn camana sxekenereH 3eprreyiep OOJFaHbI-
MEH, YIINa KYJAi MeXaHOAKTUBTCHIIPYIiH KypbI-
JBIM TY3UTy YIepicTepiHe oHe KYPBUIBIC KepaMHu-
KaCBhIHBIH NalJaIaHy KaCUETTEePIHIH KaJIbIIITACYbIHA
KeIIIeH/Ii ©cepi )KeTKUTIKTI 3epTrenmereH. OChl )KanT
KepaMHKAJIBIK MaTepualapiblH (QH3uKa-MeXaHH-
KaJTBIK CHTIaTTaMalapblHa MEXaHOAKTHBTEH I pIITeH
VI KYJJiH 8Cep €Ty 3aHIbUIBIKTapbIH aHbIKTaYFa
OarpITTaJIFAH 3ePTTCYIIH ©3CKTIIITIH alKBIH AN b

3eprTey aaicrepi

ToxipuOenik 3epTreyiiep AJICKCEeB KSH OPHBI-
HBIH ca3fbl MUKi3aThIH xkoHe AnmMatsl XKO0-2 kyi-
KOX KaJIZBIKTApbIH Naiijanana OThIPBI KYPri3iiii.
Artanran martepuangap Kazakcranmarbl KypbUIbIC
KepaMUKACBIHBIH NIMKi3aT 0a3achblHa TOH 9pi KOJ-
skeTiMIl OOFaHBIKTAH TaHIAIIbL.

ukizaTTel AaiblHAAY KENTipyAi, ycaKTay.bl
JKOHE CTAaHJAPTThI eNeYIlITep KUBIHTHIFBIHAH OTKi-
3yJi KaMThIAbl. YIITa KyJ TUTAHETapJIblK, OpTajaH
TENKIill AWIpMEH/IE KOCHIMIA MEXaHOAKTHBTEH-
nipinai (1-cyper). byn marepuannbslH KapKbIHIbI
YVHTaKTaTybIH JKOHE TUCIIEPCTUTITIHIH apTyBIH KaM-
Tamachl3 €TTi. AKTHBTEHIIPY YaKbIThl ©3TepTiMill
OTBIPABI, OYII MEXaHUKAJIBIK 9Cep ITOPEKECIHIH COH-
FBl OHIM KacHeTTepiHE BIKIaJbIH Oaranayra MyM-
KiHmiK Oep/i.

1-cyper
Fritsch Pulverisette 6 Classic Line nianemapnuii MonoouipmeHi




Kyppuibic kepaMHUKachl TEXHOIOTHACHIH/IA MEXaHOAKTUBTCHAIPUITeH YIIIA KYJIAi KOJAAHy

Kanbimray maccanapbl yIima KyJIiH SpTypii
MOJIIIEPIMEH JTalbIHIAN/IbI, COMaH KEHiH ojapiaH
XKapTbulall KYpPFaK MpecTey OIICIMEeH YAriiep xa-
canael (2-cypet). Byn omic KepaMUKasbIK KIpIIilil
OHJIIpICIH/Ie KeHIHEH KOJIAHBUIATHIHIBIKTAH JKOHE
TBHIFBI3JIBIFBI JKOFAPBI, TIOTY1 a3 OYHBIMIAp/Ibl amyFa
MYMKIHIK OepeTiHIiKTeH Tanaas [12].

2-cyper
Yneinep

3-cyper
Mydgpenv newi

Kaneinranran yirinep OakbUIaHATBIH JKaFaaii-
Japja KenTipuia, cogaH KeWiH My(enb MNeIIiHe
(3-cypet) 9001100 °C Temmeparypa apaibIFbIHIA
Kydaipiiaai. MyHaaii TeMreparypa apajibiFbl KYJIIiH
JKOHE OHBIH aKTHUBTCHY IBPEKECIHIH JKEHTEKTEITy
yAepicTepiHe ocepiH OaKplIayFa MYMKIHIIK Oepi.

AJIBIHFAH MaTepHalIap/IblH KacUETTepiH Oara-
Jlay YIIiH THIFBI3JIBIFRI, CY CIHIPTILITITT KOHE CHIFbBI-
ny OepikTiri ceiHakTaH oTki3inai. CoHbIMEH Karap
TPaHyJIOMETPUSIIBIK KypaM TaJIaHbI, OacTarKbl
NIMKI3aTTBIH XUMUSIIBIK-MHUHEPATOTUSIIBIK, CUTIAT-
TaMayapbl OaraaHIbl.

3epTTey HATHIKeJIepi KOHe 0JapAbl TAJIKbI-
Jay

XUMUSITBIK-MAHEPATIOTHSUIBIK TaJIay 3epTTel-
T'CeH YIIIINa KYJJIIH KypaMbl ca3ibl NIMKI3aTKa dKaKbIH
ekeHiH kepceTTi. COHABIKTaH OHBI KEePaMHUKAJBIK
Maccajap/a Koiganyra oomaasl. OKCHATEpaiH apa-
KaTbIHACKI OOWBIHIIIA JKAPAMABUIBIKTBIH ECETTIK
KpUTEpHilIepi Oy MaTepHaNIIbIH KAJBIITAY Macca-
CBHIHBIH MUTIMJIUTITT MEH IIOTYiH PETTEHTIH HiTiM/Ii-
JIKTI TOMEHJICTKIII KOCIa PETiHAE KbI3MET eTe aJia-
TBIHBIH KOPCETTI.

Kynmi  MexaHOaKTHUBTCHIIPY  OOJIIIeKTepaiH
opramra enmeMid 80—100 mxm-nen 20—40 MxM-Te
JICHIH a3aiThIN, MEHIIIKTI OeT ayaanbiH 1,8-2,3 ece
apTThIp/Ibl. DUBHKA-XUMHUSIIBIK KACHETTeP/IiH MYH-
Jaf e3repyl KyHaipy KesiHae CYHbIK (ha3aHbIH TY-
3UTyIH JKEAEIJICTIIl, )KeHTEKTEy TeMIIepaTypachiH
50-100 °C-ka TOMEHJIETTi.

Du3rKa-MeXaHUKAIBIK ~ChIHAKTAD KAJBINTAY
MacCaChIHAaFBl KYJIIH OHTAMIBI MeJIIepi mamMa-
MmeH 20 % exeHiH kepceTTi. byn perre ynrinepain
THIFBI3ABIFBL 1,65—1,70 r/cm*-Ten (Oakpuiay yiIri-
nepi) 1,75-1,80 r/cm3-ke, coiFbuty OepikTiri 15-18
MIla-man 20-25 Mlla-ra neiiin apTThl, al Cy CiHIp-
rimriri 12—14 %-nan 9—-11 %-ra neitin ToMeHae .

Toxipube HOTHXKENEP] YIITa KYJIIi MeXaHOaK-
TUBTCHJIPY J>KCHTEKTENy YAEpicTepiHiH KHHETH-
KaChIH €J0Yip ©3repTeTiHIH KepceTeadi. besiek-
TEpiH JUCIEPCTUIIN MEH KPUCTAIIBIK KYPBUIBIM
aKaylapblHbIH apTybl JAuGGy3UsUIBIK yaepicTepi
JKEICTICTII, KePaMUKAJIBIK, JICHEHIH THIFBI3AAY Ky-
PBUIBIMBIH KAJBINTACTHIpabl. JKeHTeKk ey TemMrie-
paTypachIHbIH TOMEH/ICY1 SHEPTHUs IIBIFBIHBIH a3ai-
TyFa, aJl OEpIKTIK CHITATTaMaJlapbIHBIH KaKCcapybl
MaTepUAJIBIH JIDCTYPJII KepaMUKaMeH OaceKere
KaO1JIeTTi 00JIybIHA MYMKIHIIK Oepeii.

3epTTey/IiH FhUTBIMH KAHAIBIFBI MEXaHOAKTHB-
TEHIPY JOPEIKECIHIH KEpaMUKAJIBIK, OyHbIMIAPAbIH
(hM3rMKa-MEXaHUKAIBIK, KACHUETTEpPIHE OCEpiH CaH-
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IBIK TYPFBIAAH aHBIKTAyla KOHE KYJIIH OHTAMIIBI
Menmiepin Oenrineyne xateip. KymbIic GacTanksl
HIMKI3aTThl ©3repPTYy apKbUIbl KYPBUIBIM TY31IyiH
MakcaTThl Typae 0ackapy MYMKIHIITIH KepceTe.
By KypbUIBIC KEpaMHKACBIHBIH PECYpCThl YHEM-
JEUTIH TEXHOJIOTHACHIHIAFBI TICPCIICKTUBAIBI Oa-
FBIT OOJIBIN TaObLIAbI.

Ocpinaifma, MeXaHOAKTHBTEHIIPUITEH —YIIIa
KYJIZl KOJAaHy OHEpPKOCIN KaJAbIKTapbhlH KoJere
KapaTyFa opl OYHBIMIapsIH MaianaHy CHUIaTTa-
MaJlapblH JKaKcapTyFa MyMKiHIIK Oepeni. byn tex-
HOJIOTHSUTBIK, KOHE SKOJOTHIIBIK MIHIETTepAl Ke-
IICH/TI IIETYTe YKaFai Kacai b,

KopbIThIHABI

JKyprizinren 3epTTeyiep XKblUTy 3JIEKTP CTaH-
[USIAPBIHBIH YINTNA KYJiH KYPBUIBIC KepamHuKa-
CBIH OHJIpYyre apHaJfaH HIMKi3aT KOCIACHIHBIH
KOMITOHEHTI peTiHae THUIMII KoJgaHyFa OOJaThI-
HBIH KOPCETTi. AJJIBIH ana MeXaHOaKTUBTEHII-
Py KYJIIIH peakuusuiblK KaOiJleTiH apTThIPYIbIH
THIMJI ©JIici eKCHi XKOHE KCHTCKTelly MEH MaTe-
pUan KYpBUIBIMBIHBIH KaJBIIITACY YIepicTepiHe
MaKCcaTThl TYpAE 9cep eTyre MyMKiHIiK OepeTiHi
AHBIKTAJIJIBI.

MexaHOaKTUBTEHAIPUITeH KYJIIi €Hrizy KyHni-
Py TemrepaTypachlH TOMEHAETYTE, Cy CIHIpTIiIITIriH
azaiiTyra oHe OyHbIMIapAblH OCpiKTIriH apTThI-
pyFa BIKIAJT €TETiHI aHBIKTAIAEL. KyiH maMaMen
20 % mesmepi aHaFypIIbIM YTHIMIBI OOJIBIT TaObI-
JaJIbl: OCHI MOJIIEPAC TEXHOJIOTHSIIBIK JKOHE Taii-
JlanaHy cunarTamMajapblHbIH OHTAWIbl  yiieciMi
KaMTaMachI3 €TUIEII.

Ocbutaiiiia, MeXaHOAKTUBTEHIIPIAreH —YIIa
KYJIII Taianany KypbUIbIC KepaMHUKACBIHBIH cara-
CBIH apTTBIPYMEH KaTap, OHEpKOCIN KaJlIbIKTapbIH
KOJIeTe JKapaTyFa jKOHEe KOpIIaraH opTara TYCETiH
KYKTEMEHI a3aiiTyFa KaThICTBl MaHbI3/Ibl SKOJIOTHSI-
JIBIK, MIHZIETTEepAI IIenryTre MyMKiHaik oepeni [1].
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MATEMATHUYECKOE MOAEAUPOBAHUE N AATOPUTM
YIMNMPABAEHUA TEMITEPATYPHbIMHN PEXMMAMU
B NMPOLUECCE BUOTA3OBOIO TOINAMBA

AaHHas cTaTbsl MPEACTaBASIET MCCAEAOBAHME MO BbISIBAEHMIO 3(phekTMBHOM nepepaboTkm op-
raHM4YecKMx OTXOAOB CO CTOYHbIX BOA M MOAYUYEHUS! KQaueCTBEHHOro GMOrasoBoOro TOMAMBA, MyTEM
ONTUMAABHOIO MaTeMaTM4eCKOro MOAEAMPOBAHMS W BbICTPaMBaHWS AArOpMTMa aBTOMATMUECKOro
yrnpaBAEHUS MepexoAamMu TemnepaTypHbIX PEXKMMOB MexXAY Me30(uAbHbIM (35—40°C) n TepModUAb-
HoMm (50-55°C), npu aHaspobHoM coparkmBaHnm (AC) M3 CTOUYHbIX BOA MPON3BOAMTEAbHBIM 06bHEMOM
10 M3/CyTKM Ha MaAoi OMOrasoBOit YCTAHOBKE C BbIXOAOM MeTaHa. AASI aHaspOOHOro COpakMBaHms
NMPUMEHSIETCS Cy6CTpaT CO CMECHIO MEPBUYHOTO M BTOPUUHOIO OCAAKOB OT OUMCTHOTO COOPY>KEHMS
(OCB), pa3melleHHoOro K ctpoeHuio B ropoAe Kokuwetay (KaszaxcrtaH) ¢ noaAcoeAMHEHMEM K TOPOACKOM
KaHaAM3aLMOHHOM ceTu. AaHHbli cybcTpart umeet nokasatean XK 2500 + 3000 Mr/A 1 COAEPXUT Op-
raHnueckme Bellectsa 60—-80% oT cyxoro BellecTBa. KnHeTnyeckas MOAEAb MOCTPOEHA C BKAIOYEHUEM
YeTbIPeX HE3aBMCHMMbIX MHIMOUTOPHBIX (OYHKLMIA, TakuX Kak, TemnepartypHas (MoHo-Appennyc), pH,
cBoboaHoro ammmaka (NH,) 1 AeTyumnx >kKnpHbix KUCAOT (AXKK). AArOpUTM ynpaBAeHMS peaAn3syeTcs
NATbIO YPOBHAMM MpUopMTETa C 3aALUMTHBIM NMEPUOAOM OXADKAEHWMS 15 CYTOK, C TEMNOM U3MEHEHWS
TemnepaTypbl 5 cyToK. [ToAyuyeHHble pe3yAbTaTbl BEpUPMUMPOBaHbI MO 34 KPpUTEPUSIM C MOKA3aHUIMU
100%-ro cooTBeTCTBMS HOpMam. brorasosast yctaHoBka npm AQHHOM NMPOU3BOAMTEABHOCTHM Obecrevmn-
AQ BbIPabOTKY SAEKTPUYECKOM MOLLIHOCTM MPU ME30MABHOM pexkmme 1,5—2 kBT 1 npu TepmodmabHOM
pexxnme A0XoAMT A0 2,4 KBT ¢ npupoctom Ha 33%. Ocaakm cybeTpata C noBbilLEHHbIM COAEPIKaHEM
6eAKOBOro asoTa npu paboTe No AAHHOMY aArOPUTMy O6ecreumBaeT CBOEBPEMEHHOE NMPeAOTBpaLle-
HMEe MHrMOMPOBaHME aMMMAKOM M TEM CaMbiM, obecrieunBaeT 6ecrnepeboriHyo M paBHOMEPHYIO paboTy
610ra3oBbIX YCTAHOBOK C BbIXOAOM KaYeCTBEHHOIO MeTaHa.

KatoueBble cAOBa: aHaspobHoe COpakMBaHUE, OCAAKM CTOUHbBIX BOA, TEPMOMMAbHbIA PEXUM,
Me30(UABHBIN PEXUM, KAauyeCTBEeHHbI 61oras, MaTemMaTMyeckoe MOAEAMPOBAHME, aBTOMATUUECKOe
yrpaBAEHUE, AETYUME XKMPHbIE KUCAOTbI, aMMMaK, O1Ora3oBas yCTaHOBKaA.

N.K. Bulatov*, A.B. Akhmetzhanova,
K.S. Kasymzhanova, S.Z. Yelyubaev, O.S. Orazov

A. Myrzakhmetov Kokshetau University, Kokshetau, Kazakhstan
*e-mail: nurzhanbulatov@gmail.com

Mathematical modeling and algorithm
of temperature control in the biogas fuel process

This article is a study on the identification of effective processing of organic waste from wastewater
and the production of high—quality biogas fuel, through optimal mathematical modeling and expression
of an algorithm for automatic control of temperature transitions between mesophilic (35-40 ° C) and
thermophilic (50-55 °C), during anaerobic digestion (AC) from wastewater. with a productive volume
of 10 m3/day in a small biogas plant with methane output. For anaerobic digestion, a substrate with a
mixture of primary and secondary precipitation from a sewage treatment plant located for construction
in the city of Kokshetau (Kazakhstan) with connection to the urban sewerage network is used. This sub-
strate has cod values of 2500 - 3000 mg/l and contains organic substances of 60-80% of the dry mat-
ter. The kinetic model is constructed with the inclusion of four independent inhibitory functions, such
as temperature (Mono-Arrhenius), pH, free ammonia (NH,) and volatile fatty acids (VFA). The control
algorithm is implemented by five priority levels with a protective cooling period of 15 days, with a tem-
perature change rate of 5 days. The results were verified according to 34 criteria with indicators of 100%
compliance with (Verein Deutscher Ingen, 2016; IEA Bioenergy, 2023; Metcalf et al., 2014; Mao et al.,
2015). At this capacity, the biogas plant provided electrical power generation in the mesophilic mode

9 © 2026 Al-Farabi Kazakh National University
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MaremaTudeckoe MOICIMPOBAHUE U AJITOPUTM YIIPABJICHUSA TEMIICPATYPHBIMU PEIKUMAMU B IPOLECCE 0MOra30BOro TOILIMBA

of 1.5 — 2 kW and in the thermophilic mode it reached 2.4 kW with an increase of 33%. Precipitation
of a substrate with a high content of protein nitrogen when working according to this algorithm ensures
timely prevention of ammonia inhibition and thereby ensures uninterrupted and uniform operation of
biogas plants with high-quality methane output.

Keywords: anaerobic digestion, sewage sludge, thermophilic regime, mesophilic regime, high-qual-
ity biogas, mathematical modeling, automatic control, volatile fatty acids, ammonia, biogas plant.
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buoras oTbiHbI NpoLLECiHAE TeMMepaTypPaAblK, PeXUMAEPAI
6acKkapyAblH MaTeMATUKAAbIK MOAEAbAEYI KOHe aArOpUTMI

ByA Makana aFblHAbI CyAQpAAH OPraHMKaAbIK, KAaAAbIKTapAbl TUIMAI ©6HAEYAI aHbIKTay >KOHe OH-
TalAbl MaTEMATUKAABIK, MOAEAbAEY >KoHe Me30(urAabAi (35 — 40°C) xaHe Tepmodmabai (50 — 55°C)
apacbiHAAFbl TEMMepaTypPaAblk, PEXXUMAEPAIH aybiCyblH aBTOMATTbl 6ackapy aAropuTtmiH Giaaipy ap-
KbIAbI CarnaAbl 61M0ra3 OTbIHbIH aAY, aFbIHABI CyAapAAH aHa3POOThI albITY (ac) Ke3iHAe 3epTTey GOAbIMN
TabblAaAbl. MeTaH LibIFATbIH WaFblH GMOra3 KOHAIPFbICbIHbIH OHIMAIAIT TayAiriHe 10 M?. AHaspO6ThI
alWbITY YLIH KAAQAbIK, KBPIi3 XKeAiCiHe KocblAa oTbIpbin, KekleTay KaracbiHaa (Ka3akcTaH) KypblAbICKA
OpHaAacTbIpbIAFaH TazapTy KypbliAbicbiHat (OCB) 6acTankbl >koHe KarTaraMa KaAAbIKTap Kocrnachl 6ap
cybcTpat KoApaHbiAaabl. bya cyberpart 2500 + 3000 mr/a HDL kepceTkiwTepiHe me xoHe KypambiHAA
Kyprak, 3aT1TbiH 60-80% opraHukasbik, 3aTTap 6ap. KnHeTnkaabik MoAeAb Temnepatypa (MoHo-Appe-
HMyc), pH, 60c ammmak (NH,) xoHe ywna Mai KplkbiAAapbl (LFK) cnakTbl TopT Toyeacis MHIMOUTOP-
AbIK, (OYHKUMSAAPABI KOCYMEH KypblAFaH. backapy aAroputmi 6acbIMABIKTbIH GeC AeHreiMeH, caa-
KbIHAQTY Ke3eHi 15 ToyAiKrneH, TemnepaTypaHblH, e3repy KapkblHbl 5 TOYAIKNEH >y3ere acbipblAaAbl.
AAbIHFaH HaTUXKeAep ocCbl (Hopmarapra 100% caikecTik kepceTkilTepimeH 34 kputepuin GoMbIHLLA
Tekcepinai. broras KOHABIPFbICbI OCbl 6HIMAIAIKMEH 1,5 — 2 KBT Me30(hMAbAT pexXnmae aneKTp KyaTblH
OHAIPYAI KaMTamacbl3 eTTi XaHe TepMouAabai pexxnmae 33% ecimMmeH 2,4 kBt-ka xetTi. Ocbl aAro-
pUTM BOMbIHLLIA XXYMbIC iCTEY Ke3iHAE aKybl3 a30TbIHbIH MOALLEPi XKOFapbl Cy6CTPATTbiH, TYHABIPLIAYbI
aMMMaKMeH TEXEAYAIH YaKTblAbl aAAbIH aAyAbl KAMTaMachl3 eTeAl )KeHe COA apKblAbl CaraAbl MeTaH-
HbIH LWbIFybIMEH 61Ora3 KOHAbIPFLIAAPbIHbIH Y3AIKCI3 XXoHe BiPKEeAKi KYMbIChIH KaMTaMachli3 eTeA|.

Ty#in ce3aep: aHaspOOThI ALLLITY, aFbIHAbI CYAAPAbIH, XayblH-LLALLbIHbI, TEPMOMUAbAT PESKUM, M-
30hMAbAI PEXUM, CanaAbl G1Oras, MaTeMaTUKaAbIK, MOAEAbAEY, aBTOMATTbl 6ackapy, yiuna mManm Kbii-
KbIAAQPbI, aMMMaK, 610ra3 KOHAbIPFbICHI.

BBenenune

Br16op TeMnieparypHBIX PeXKUMOB aHA3POOHOTO
cOpakMBaHMsl JOCTaTOYHO M3y4Ye€H M KaK y
Me30(HIIBHOTO, TaK M Y TEPMOMDHILHOTO PEXUMOB
MO TEeMIlepaType UMEIOTCS CBOM NPEUMYIIECTBA U
HenmocTaTku. [IpaBunbHOE COBMEIIEHHE JaHHBIX
TEMIIEPATYPHBIX PEKUMOB C MEPEKIIOYCHUEM B
HEOOXOJMMBII MOMEHT SIBIISIETCS MAJIOU3YYCHHBIM U
UMeeT MOTEHIMAJ [0 yCOBEPIIEHCTBOBAHUIO IPO-
XOXKIEHHUs aHa’poOHOro mporecca ¢ 3PQPEeKTHB-
HBIMH BBIXOJAMU JaHHBIX, 4YTO MPHIAET aK-
TyaJbHOCTb JaHHOMY HccienoBanuio. Llenpio nan-
HOTO WCCIICIOBAHUS SIBIISIETCS OINpEAeTICHUE Mare-
MaTHYEeCKOH MOAEIM W aJrOpUTMa YIIPaBICHUS
TEMIIEPAaTYPHBIMU PEXUMAaMH B IIPOLIECCE aHA3PO0-
HOTO COpaXMBaHUS C BBIXOIOM KaueCTBEHHOTO
Onora3zoBoro TOIIMBa M Oecriepe0OHHON paboTHI
O0unorazoBoil  ycTraHOBKH. KiroueBoil  31eMeHT
OYHMCTKH TOPOJCKMX CTOYHBIX BOJ C BBIBEICHHEM

0CaJKOB JUI1 00pa3oBaHUs CyOcTpaTa MpOXOIAIInit
aHa’poOHOe cOpaxxuBaHue npeCcTaBIeH
O6mora3oBeiM ycTaHoBKaM. OO0BeM o00pazyeMbIx
OCaJKOB TOPOACKHMX CTaHOMH  adpauuu 10
PecnyOnuke KazaxcraH, B COBOKYIHOCTH Ipe-
BBITIIACT 2,5 MITH TOHH B TOJI OTHOCHUTEIHHO CYXOTO
BemecTBa. 3 Hux He Oonee 15% TONBKO MPOXOAST
YTHIIU3AIUI0 ¢ u3BJIeueHueM 3Hepruu (Ministry of
Ecology and Natural Resources of the Republic of
Kazakhstan, 2023). B crpane k 2030 rogy mo 15%
NPEAYCMOTPEHO YBEIMYHUTD OO BO30OHOBIISIEMBIX
HUCTOYHHMKOB DSHEPIUH COMIACHO TOCYAapCTBEHHON
nporpamme «XKacbur Kazakctan», a TIPOEKTHI
aHa’pOOHOTO COpPAKUBAHMS OCAJIKOB CTOYHBIX BOI
OMOra3oBBIMM  YCTAHOBKAMH  MPEACTABJISIOTCS
Hanbosiee SKOHOMUYECKU JIOCTYITHBIMU U TEPCIICK-
TUBHBIMHU B JOCTH)XCHHHU [AaHHBIX ToKazareynen ¢
MOy THBIM JOCTHXKCHUEM 3HA4YUTCIBHOI'O
CHIDKCHHUSI OPTaHMYECKUX OTXOJOB, YIIIEPOTHOTO
CJICAAa U ITIOBBICUTH KaYC€CTBO ITO0JIB30BAaHUS BOJBI.



H.K. bynatos u zp.

Ocafiok CTOYHBIX BOJ OT TOPOACKHX OYMCTHBIX
COOPY’KEHHH SIBIISIETCS TE€TEPOTreHHBIM CyOCTPaTOM C
HIMPOKUM JIHaNa30HOM BapHaOelbHOCTH cocTaBa. B
cocTaBe MEPBUYHOIO OCajKa MpeoliafaloT Jerko-
JOCTYITHBIE YTICBOJIBI U KUPHI, @ BO BTOPUYHOM, TaK
Ha3BIBAEMOM aKTHBHOM HJIC TTpeodiIamaeT OCTKOBBIH
a30T, KOTOpPBIA BIHSET Ha PUCKH OOpa30BaHUS
aMMHAYHOTO MHTHOMPOBaHMS MPU TEPMOPUIEHOM
pexume. llpennmpustus Jerkod MW IUIIEBON
MIPOMBIIIJIEHHOCTH, CBSI3aHHBIE C TepepadOTKON U
BBEIOPOCOM OCaIKOB B CTOYHBIC BOJIBI TOPOICKOH
KaHAJIM3ALUH CO3JAI0T JIOTIOJHUTENIBHBIC YCIOBUS
[0 YBEIMYCHHUIO OPIraHMYECKOH HArpy3ku U
KOHIEHTPALUHU JIETYYHX >KUPHBIX KUCIOT. [laHHBIC
JUHAMHYECKUE YCJIOBHS IMPHUBOIAT K HECTaOMIIb-
HOCTH Tmpouecca npu (UKCUPOBAHHBIX TEMIIE-
paTypHBIX pPEXKHMMax aHa’pOOHOTO COpaKWBaHUSA
(Kwon et al., 2019; Government of the Republic of
Kazakhstan, 2021).

Pa3paboTka aJrOpuTMOB  aBTOMAaTHYECKOTO
MEPEeKIIOYCHUsI  TEMIIEPaTypHBIX  PEKUMOB B
npouecce aHa’poOHOTO cOpakuBaHUs u
IIPOM3BOACTBA Ouorasa sBISETCAd AKTyaJbHOU
3ajaueii, Tak Kak OOJBIIMHCTBO OIEPATUBHOTO
[EepCOHAJIA  OYUCTHBIX CTaHUMH HE  TOJIBKO
Kazaxcrana, HO U B Mupe, HE paclojararoT Kak
pearupoBarth 1o (GopMaIH30BaHHBIM ITPOTOKOJIAM Ha
pe3kue OTKJIOHEHHS MapaMeTpoB aHa3pOOHOTO
cOpaKMBaHUS W PETYIMPOBAHUE BIMSHHUS HX Ha
BBIXOJ] KauecTBeHHOro ouorasza. Cuctembl SCADA,
KOTOpBIE HCIIONB3YIOTCS B KOHTPOJIE JaHHBIX
OpoleccoB, B  OCHOBHOM  OrPaHMYMBAIOTCS
MOHUTOPUHIOM TEMIIEPAaTypbl B ONPEAEICHHOM
OJTHOM pEXHMe U 00mero oobemMa BBIJIENSIEMOro
O0uorasza, KOTOpHII HE YYHTHIBAET COBOKYIHOE
HHTUOMpyloliee BO3JCHCTBUE JIETYYHX >KUPHBIX
kucsoT ¥ NHs. JlaHHBIE HE yUETHI U SBIISIIOTCS 4ACTO
MPUYMHOW aBapUHHOM OCTaHOBKH M cOO PadOTHI
OMOra3oBbIX YCTaHOBOK, 00pa3sysl 3aKHCIECHHUE
peakropa (Angelidaki et al., 2009).

HanHast paboTa HampaBieHa Ha JOCTH)KEHHE
e 1Mo pa3paboTke M BepU(UKALMKA MaTeMaTH-
YeCKOW MOJIETN KHHETUKU Pa3BUTHA METaHOTEHEe3a
B OpPraHMYeCKHX OTXO/aX OCaJKOB CTOYHBIX BOJ C
y4eTOM MHOTO(AKTOPHBIX (QYHKIMH HHIHOHPO-
BaHMsI, a TAKXKE BBICTPOUTH IIPABUIIBHBINA aJTOPUTM
ABTOMAaTH4ECKOTO YIPAaBICHUS TeMIepaTypHbIMU
peXMMaMHU C CBOEBPEMEHHBIM MEPEKIIOYEHNEM Ha
HY)KHBIA Jauana3zod. HaydHoil HOBH3HOW paOOTHI
SBIISTIOTCSI:

- mpu JroOBIX KOHLEHTpauusx cyOcTpara
oOecrieynBaeTcsi CTpOras MOHOTOHHOCTh 4Yepes
NPUMEHSIEMOCTH  OKCIIOHEHIMAILHOW  MOJIENN
WHTUONPOBAHMUS JIETYUHX KUPHBIX KUCIIOT;

- UHTErpamysi B CIUHYI0 HEepapXUYecKylo
JOTUKY  yNpaBIEHHS MATBIO  HE3aBHCHMBIMHU
WHTUOUTOPHBIMU (QYHKIHSIMHU;

- ajanTanys K crenu@uke 0caaKa CTOYHBIX BOJ
HapaMeTpoB MOJENH, KaK CyOCTpar, MMEIOIIHi
HEepEeMEHHOE CoZiep KaHne OeITKOBOTO a30Ta.

MarepuaJjbl 1 METOABI

[Tapamerpsl cyOcTpara M SKCIUTyaTal[MOHHBIC
XapaKTePUCTUKH YCTAHOBKH

WcxomHpIMU  TaHHBIMA IS MOAETUPOBAHUS
00BeKTa ABJSIOTCS CIEAYIOIINe:

- OuorazoBas yCTaHOBKAa OJHOCTYIICHYaTas C
momadeld cybcrpara HenpepsiBHOM Buae (CSTR),
KOTOpasi IoiydyaeT pabodyl0 CMECh MEPBHYHBIM
ocanxoM 40% 1o mMacce ¥ BTOPUYHBIM OCaIKOM B
BUJIe U30BITOYHOTO aKTHBHOTO Mita 60% 1o mMacce ot
OYHCTHOTO COOPY)KEHHS CTOYHBIX BOJ TIPOU3-
BOOMUTEIBHOCTEIO 10 M3/CYTKI/I MoJCOeIUHEHHAsA K
TOPOIICKMM CHCTEMaM BOAOOTBeACHUA. JlaHHBIN
KOMIUIEKCHBI OOBEKT 1O OYHCTKE CTOYHBIX BO,
OMOra3oBOl  yCTaHOBKOW M DIEKTPUYECKUM
reHepaToOpOM HOMHUHAIBHOM MoIIHOCTH 2 KBT u
MaKCUMaJIbHOM MoLIHOCTH 2,5 KBT, pa3melleH Ha
TeppuTopun Kokiierayckoro yHUBEpCUTETa UMEHH
A. Mpeip3axmeroBa. J[aHHBI KJIacC YCTaHOBOK
TUMIUYHBL JUIST MAaJbIX JIOKaJbHBIX XO3AHCTB H
NpEeaNpUATAN c CcOOCTBEHHOM CHUCTEMOM
BomooTBeneHus (Angelidaki et al., 2009);

- cyOcTpar ¢ OCHOBHBIMU XapaKTePUCTUKAMU
MIpH yKa3zaHHOH mpom3BoguTenbHOCTH XIIK — 2500
+ 3000 Mr/n ¢ comep:KaHUEM 0CaKOB CTOYHBIX BOJI
65 + 75% or CB, oomum aszorom 40 + 80 rH/xrCB
(30 + 50% w13 KOTOPBIX — HACBHIIICH OPTaHUYECKUM
a30TOM OEITKOBOTO TIPOUCXOXKICHHS), JKupamMu 15 +
25% ot OBC. IIpu 3ToM, B 6a30BOM CIIEHapUU Op-
raandeckoit Harpyskoit Oc = 2,5 krXIIK/M’scyTkn,
C CyTOYHBIM 00BEMOM Tonadu cyOcTpara ompere-
JIIEMBIA TI0 YCTIOBHSAM MOIJEPKaHUSA 3aTaHHOTO
I'BY =20 cyTtku npu Me30QpmIBHOM U 15 CyTOK npu
TepMO(PIIEHOM pekUME (THOPABINIECKOE BpPEMS
yaepxkaHus). OTo coorBercTByeT Vp=~ 150 <+ 200
M’ — paGounii 06beM peakTopa. JlaHHBIE 1O OTepa-
[IMOHHBIM TIapaMeTpaM ISl Me30(HIBHOTO U Tep-
MOQMIBHOTO PEKUMOB MIPHUBEACHBI B Ta0OnuIe 1.
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Taomuna 1

,szHHble no onepayuorHblmM napamempam memnepanypHslx pexicumos dHanO6H020 c6pa9fcu6anuﬂ 0Ca0K08 CMOYHBIX 800

ITapamerp Enununa usmepenus Me3;g$;HHﬁ Tepl\ggﬁﬁﬂmﬁ Hcrounuk
TemneparypHBIii IuamnazoH °C 35+40 50 + 55 (Verein Deutscher Ingen, 2016)
:;xg:;wpa OTTHMATBHOTO °C 37 53 (Verein Deutscher Ingen, 2016)
pH nuana3zoHsl - 6,8 +17,5 7,078 (Metcalf & Eddy, et al. 2014)
CHa4 BBIXOZ1 A TaJIOHHBIH M3 /krXTIK 0,45 0,6 (IEA Bioenergy, 2023)
Eﬁ;fﬁ’;;;gg;‘fgg‘p“m ot M/ 2000 3000 (Mao et al., 2015)
Yposens NH3 npenensasbrit MI/T 1500 800 Sprott & Patel, (1986)
Bpewms ynepxkanus ruspaBaudeckoe cyT 20 15 (Verein Deutscher Ingen, 2016)
ggzgﬁﬁgﬁz Harpyska KrXTTK/ MecyTicn 3,5 6,0 (Metcalf & Eddy, et al. 2014)
JluTenpHOCTD TIepexoaa CyT 5 5 (Batstone D.J., et al. 2002)
Ocamok cTounbix Boa XITK MT/JT 2500 + 3000 2500 + 3000 (Metcalf & Eddy, et al. 2014)
Conepxxanne OBC ocanxa % ot CB 60 + 80 60 + 80 (WEF, 2012)
Tpumeuanue: cocmaeneno agmopom Ha OCHO8e OAHHLIX NPUBCOCHHBIX 8 UCTOYHUKAX

Maremarnueckas MOJCJIb KMHCTUKU Pa3BUTHUA MOHOTOHHOCTbH OKCIIOHCHIIMaJIbHas1 q)yHKHI/IH
METAaHOI'€HE3a B OPTraHNYCCKUX OTX04aX U3 0CaIKOB y6LIBaHI/I$I OIIUCBhIBACT I/IHI‘I/I6I/Ip0BaHI/IC JICTY4UX
CTOYHBIX BOJ JKUPHBIX KHCJIOT (HOJ'II/IHOMI/IaJ'II)HLIe MOACIIN

CymMmapHO!T  OMONOTHMYECKOH  aKTHBHOCTBIO
KOHCOpIMyMa TIporiecca MetaHorenesa £(t) maercs
OMHCAHKWE COCTOSIIAsT W3 TPOU3BEACHUS YETHIPEX
HE3aBUCUMBIX (DYHKITHS HHTHOMPOBAHUS:

&) = fr- fou * froxk " fan, (1

bazoit ¢dyHkmMM Temmeparypel fr sIBIsieTCs
MonudumEpoBaHHOE ypaBHeHHEe MOHO-AppeHMyca,
B KOTOpPOM OTpakeHa rayccoBasi HOPMHUPOBKA IO
OTHOILCHHIO K ONITUMAJILHOW TeMIieparype Tope:

fr =exp [_0:5 ) ((T - Topt)/UT)Z],
or = (Tmax - Tmin)/z: 2

MopnenupoBanre pH-UHrHOMPOBaHHS OCYILECT-
BIISIET JIMHEHHas (YHKIHUS HACBILEHHs, B KOTOPOH
OonplIas  YyBCTBUTEIBHOCTh METAHOTEHOB K
3aKUCICHUIO OTpakeHa HECHUMMETPUYHOCTBIO, C
HanuuueM KpyTu3Hsl 3,0 Hmwke u 2,0 Bblmie
ONTUMYyMa:

pr =max {0* 1—3- (pHpm —pH)},
npu pH < pHp, 3)

C yderoM BCEro nuama3oHa KOHIICHTPAINH
0CaJKOB CTOYHBIX BOJ| 0OCCIICUMBAIOIIAs CTPOTYIO
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HACBHIIAIOTCA TPH C < Cppgy, YTO OTIMYAIOT OT
JAHHOW (QYHKIUH):

fxk = exp [—2,5 - (cpxk/Cmax — 0,5)],
npu Cygk > 0,5 * Crax “4)

B3auMOCBA3b MIHOBEHHOTO BbIXO[a OHOrasa
Y(t) u moroka (CH;) wmeraHa Qcua(t)
BBIPAXKacTCA CICAYIOIMUMU COOTHOICHUAMMU:

Y(E) = Yrep - £() - §(0);
Qcra(®) = (Qs -V - Y (©)) /24, (5)

e Yyer — YIENbHBIN (ITAJOHHBIN) BBIXOJ METaHa
CH4 (M*/xrXIIK); V, — o0bem pabouero peakropa
(mapameTp Mozenn MacmTabupoBanus), M &(t) —
ciry4aiiHblii KomroHeHT 'aycca o = 4%, xoTophIit
HMUTHPYET (QIYKTYalHIO COCTaBa OCa/Ka CTOYHBIX
BOZ.

Anzopumm agmomamuueckozo yYnpaeneHus
nepexooamu memnepamypHuvix Peicumos

Peammzanust  anropuTtMa  NOCTpoeHa  Ha
UEpPApXUYECKOH CHUCTEME € 5-F0  YPOBHSIMH
MIpHOpUTETA.

OrneHka yCIOBUH TOCTENOBATEIEHOM TOPSIKE
MIPOU3BOUTCS Ha KakaoMm mare At = 1 cyTka:



H.K. bynatos u zp.

1. Kpurndeckuii: 6ananc yposas pH < 6,5 nnn
OpU  JIETYYHUX OJKUPHBIX KHCIOTaX Cyk > 1,5
Cinax —> HEOOXOAMMO BBINIOJTHEHUE MPUHYIUTEIb-
HOTO BO3Bpara B Me30(uibHBIA pexuM. Onpene-
JIEHWEe JaHHOTO MOPOTa UCXOIUT U3 HEOOPaTHMOCTH
MOJIABIIEHUSI METAaHOTEHOB  allETOKJIACTHYECKOTO
Xapaktepa npu ypoBHe pH korma Hmxke 6,5 B
YCIIOBUSIX OCaJKOB CTOYHBIX Boj (Batstone et al.,
2002);

2. Cpounslii: cyyz > 0,8NH;max npu pexume
TepMODIIBHON TeMIepaTypsl — NPUHYIUTEIHEHOE
BO3BpaleHue B Me30QWIbHBIH pekuM. 0,8 — 310
80% mopor B COOTBETCTBMH Hadala HHTHOUPOBAaHUS
npu ypoBHe fyyz = 0,36. OT0 mpHBOZMT K
SMIIUPUYECKOMY KOPPEIHNPOBAHUIO CO CHHKEHHEM
Bbixoxa metana CHy B tnanazone 20 — 35% (Hansen
et al., 1998);

3. Ddodexrusrocth: Nk < 0,65 (TO ecTh
65%) — NPOUCXOAUT OIIEHHWBAaHHUE IejIecoo0pas-
HOCTH HEOOXOIUMOCTH CMEHBI PEXHUMa YUUTHIBAS
TEKYIIYI0 CTA0OMIIBHOCTD oy = 7 CYTOK;

4. Onmrumusanust: Mgy < 0,92 mpu meso-
(OUIBHOM PEXUME, & Corgg < 7 CYTOK H Cnpz <
0,7NHsmax_termo — He00OXOOUMO OCYIIECTB-

Pucynok 1

Hunamuxa usmenenus TNgyy, obvemuvii nomox CHiy u

AHAIPOOHO20 COPAICUBAHUSL OCAOKOE CHLOYHBIX 800

KNAl npouecca, %

JIEHWE Tepexoia Ha TepMOQWIBHBIN PEXHM, 4YTO
MaKCUMH3UPYET BEIpaOOTKy Omorasa (MeTaHa);

5. 3amUTHEIA MEPUOM: 3aITUTHBIA MEPHOI] OX-
JMaXIeHUS 15 CyTOK MEXIy pa3HbIMHU IEPeKITroue-
HUSAMU, TPAIUCHT TEMI1a U3MEHCHHS TEMIIePaTyphl
< 3 °C/cytku (ueneoe T qocturaer 3a 5 CyTOK).

Pe3y.m,TaT1)1 H UX oﬁcy)w]eﬂue

JluHaMuKa MOCTPOEHUSI OCHOBHBIX ITapaMeTPOB
Y TIOPSI0K MEPEKITIOUEHUS PEXIMOB

Cpoanyro aunamuky KIIJ[ mpouecca B %-ax,
o6bemubIiit motok CHy B M*/4 1 32 mepuon cumy-
naun 90 cyTOK U3MEHEHUE TEMIIEPATyphl peakTopa
npuBeAeHs! Ha pucyHke 1. TunuyHO A OYHCTHBIX
COOpY)XEHHM B peaJlbHOCTH BOCIPOW3BOAUTCS
CIEHApHIl OCHOBaHHBIM Ha 3-X XapaKTEpHBIX
BO3MYIIEHHUSX: PEaKTOp BHE3AIHO MPUBOTUTCS K
oxNaxaeHuto (Ha 15-plif 1eHb WMHTHpPOBAaHHUE
aBapyio TEIUTOOOMEHHUKA), HIET cOPOC B CTOK OT
MUIIEBBIX  OPEANpUATHH ¢ TOCTYIJICHHEM
BBICOKOKOHIIEHTpUpOBaHHOTO Oenka (Ha 40-oi
JI€Hb) U MIPH YCIOBUAX MPOPHIAKTHIECKON paboThI
UAeT  CHIKAaeMOCTb  MOAaYM  ocaaka  (4To
MIPOAEMOHCTPHUPOBAHO Ha 60-BIH JCHB).

memnepamypusl peakmopa 8 npoyecce

Mopor nepexao e (65%)

NoTox CHe, W

i T

P o NG

/ ~.
4 e

o 20 40

60 80

[ews cumynsuam

BN Meso@wnumsst (35-40°0)

N Tepmodnimermi (50-55°C

N Nepexoaresi nepnoa

Cyenapuu: denv 15 — asapus mennoobmennuxa, Oeuwvb 40 — nocmynieHue HACLIWEHHO20 0e1K08020

cmoka; 60 0env — cHudCaemMocms nooayu.

CuHue auHusL U cmondbl — Me30QIUIbHBIIL PENCUM, OPAHJICeble JUHUSL U CMONObl — MePMOPUIbHbLL
pedicum, ghuonemoswle IUHUSA U CIOAObL — NEPUOObI NEPexood.
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B nmpomexyTke mueit 1 -14 (HadaIbHBIN TEpHONT)
Ouora3oBblii peakTop (QYHKIMOHUpPYET HadWHAs C
MesodunbHoro pexuma ¢ Ny = 0,97 + 1,07 u
norokom Metana CHy Qcpa(t) = 0,49 =+ 0,53 M’/
B COOTBETCTBMM  JJIEKTPUYECKOW  MOIIHOCTHU
KOTE€HEepalMoHHoro reseparopa 1,7 + 1,9 kBt
HopmarnBHOE 3Hau€HME JIETYYUX JKUPHBIX KHCIOT U
ypoBeHb pH B MaHHOM CHUTyalluu BBIIEP>KUBAETCS.
Ha 15-p1i1 1eHs npoucXoauT aBapHifHas CUTyalus ¢
TEINIO0OMEHHUKOM, YTO TPHBOOUT K CHIKEHHUIO
TeMIEpaTyphl peakTopa HUXKE ONTUMyMa Ha 5 — &
°C, 4TO NMPUBOANUT K YMEHBIIEHHUIO TEMIIEPATypHOTO
¢akropa fr no 3Hadenus 0,21, 94To B CBOXO OUepens
Bieuet K mageHuro KIIJ[ Ha 3HaueHne Himke 65%, B
MOCIIEAACTBAN HMHHULIUUPYETCS MEPEKIIOYCHNE Ha
TepMOMIbHEIA pexxuM. B mpomexyTke qHeit 15 —

Pucynok 2

19 uner camxenne g0 Ngpy = 0,04 + 0,57, uaro
SABJIACTCS CJIICACTBUEM HaXO0XXIACHHOCTHU
MUKpPOOHOTHI B  MPOMEXKYTOYHOM  JIMAIa30HE
Hedusnomornueckoro xapakrepa 40 — 50 °C.

Ha nens 20 mpoucxoaut crabunu3anus npu T =
53°C, 4TO COOTBETCTBYET TEPMODHUIBLHOMY PEKUMY
¢ nMgng =051 +0,69. Ilpu mepexome ¢
Me30(IIBHOTO pekuMa 3aauMaroree 15 — 20 cyTok

AAeT 3HaUYEHUE 1o [M0Ka3aTeIsIM HIDKE
TEOPETUYECKOTO  ONTUMyMa  KOTOpPOE€  HMeEeT
00BACHEHNE HE3aBEPIICHHOCTHIO ajanTannu

alleTOKJIACTUYECKUX apXxel — mpoueccoM. Ha aeHs
35 napacranue ammuaka NHs no 3Hagenust 680 mMr/n
(tro ectp ot mopora 800 mr/m 80%) mpuUBOOMT K
aKTHBM3ALUM CPOUYHOTO BO3BpaTa Ha ME30(HIIbHbIHI
pEeXUM.

Junamuxa uzmenenus pH ypoens (epxnuil epagux) u codepocanue Nemyuux HCUPHbIX KUCIOM (HUNCHULL
2pagux) npu aHa’podHOM COPANCUBAHUU OCAOKOE CHIOUHBIX 600
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[ferb cumynsLan

B MechuncHoin (35-40°C)

B TepmodunsHuh (50-55°C)

B Teoexofkui NepHos

HyHKmuprle KpdcHble IUHUU — KpumudecKkue nopocu ons nepexoverHus

JnHaMuka W3MEHEHHS JICTYYHX XUPHBIX KHC-
JIOT ¥ ypoBHs pH BO B3aMMOCBS3M TP aHAPOOHOM
cOpaXMBaHUU OCAJKOB CTOYHBIX BOJ IPOAEMOHCT-
pUPOBaHO Ha PUCYHKE 2. B HauanbHOM Tepuoe Jie-
TYYHX KUPHBIX KHCIIOTAX MPOUCXOAUT CHIKEHUE CO
3HadeHust 737 mo 372-yx mr/i, 4emy BO3AEWUCTBO-
BaJIO BBICOKAas METaHOTE€HHAas akTHBHOCTH. [locTym-
nenne Ha 40-0if JeHb OGETKOBOTO CTOKAa MPUBOIUT
ammuak NH; k pocty 1o peskux 3HaueHuit 1194
M/, OTO  JecTabWiIM3upyeT MeTaHOTEHHBIN
KOHCOPIIMYM M TPHBOJUT K OCHAOIICHUIO YTHIIH-
3alMM JICTYYMX S>KUPHBIX KHCIOT 3aIlyCKalolee

KackajHoe HakoruieHue. Jlamee Ha 55-b1fi JeHB
JETYy4YUe KHUPHBIE KHCIOTHl YK€ B 3HAUCHUAX
npesbimenus: 5000 mr/n. B cBoro ouepens, ypoBeHb
pH cHmxaercs 10 3HaueHuit 6,0, 4TO KPUTUUHO.
OTa AMHAMHKA YETKO OMHCHIBAET BOCIIPOU3BE-
JICHHE PealbHOT0 MEXaHW3Ma HecTaOWIBHOH pabo-
THI OMOPEaKTOpa 0CaKa CTOYHBIX BOA, YTO OIHCAHO
y Couder et al. (2019): BEICOKOKOHIICHTpHUPOBAHHBIH
OENKOBBIN CYyOCTpaT ¢ OJHOBPEMEHHBIM MPUTOKOM
OCYyIIECTBIsIET NOocTaBKy nHruOuTOopa NH3 BMecTe ¢
MATATEIIbHON CPEZION IS alliOTEHHBIX OaKTepHid.
B mocnenctBHM  MPOMCXOAMT  IPEBBILMICHUE



H.K. bynatos u zp.

CKOPOCTH TIPUPOCTa THIAPONH3a W alUA0TreHes3a,
KOTOPBI BPEMEHHO OTIEPE’KaeT CKOPOCTh Pa3BUTHS
METaHOT€HE3a COIYTCTBYIOIIAS IOJOKHUTEIbHOM
oOparHO cBs3u 1o 3akucieHuro. [lo anropurmy
WHUITUUPYIOTCS TIEPEKIIFOUEeHUS Ha JJHU 55 u 75 juist
cTaOuiu3alMu  Mmpoiecca, HO  HEOOXOIMMO
CHIDKEHHE OpraHUYeCKOU Harpy3Ku JUIS
BOCCTaHOBJIECHUA  3()(QEKTHUBHOTO  COXpaHEHUs
mpolecca  aHa’poOHOTrO  COpakMBaHHMS — JJIs
NPUBUBAHUA MJI CIEAYIOIIUX TOTOKOB OCAaIKOB
CTOYHBIX BOJI.

Ilpouecc ammuaunozo uncudbuposanus npu
AHAIPOOHOM COPANCUBAHUU 8 0CAOKAX CHIOYHBIX
600 DenKosvix hpakuyuii

Ha pucynke 3, a moka3aHo, 4TO B TIPOMEXYTKE
nuert 20 — 39 npu TepMOQHUIBLHOM pEKUME HUAET
COTIPOBOXKJIEHHE HENMPEPBIBHOTO pOCTa aMMHaKa
NH; B nuanasone 652 =+ 691 wr/m. Jlanuyro
TEHJICHIIMIO 00YyCIaBIMBAIOT JBa (paKTopa: NepBoe —
YCKOPEHHBIH THIPONN3 OETKOB OCAaIKOB CTOYHBIX
Box mpu TepMmodmipHoM pexnme T = 53 °C mo
CpaBHEHHUIO ¢ Me30(hMIbHBIM pesxkxumoMm T = 37 °C;

Pucynok 3

Bropoe — caur papHoBecus NH,™ /NH; B
3aBUCUMOCTU OT TIIOBBINICHUA TEMIICPATYpPbl B
CTOpOHY  cBOOOAHOM  (OPMBI  TOKCHYHOCTH.

Vpasuenne Xancena (Hansen et al.,, 1998) maer
OCHOBAaHHE, 4YTO B aMMOHHHHOM a3oTe oO0mIero
coJiepaHus 10 cBOOOHOTO ammuaka NHsz 3 — 5
pa3 npeBbicut mpu napamerpax T =53 °C u ypoBHs
pH = 7,3 orHOCHTENRHO Temmeparypsl 37 °C.

Ha pucynke 3, 6 KOMWYeCTBEHHO NEMOHCTPH-
pyeTcsl acCUMETpUs YyBCTBUTEIILHOCTH WHTHOUPO-
BaHHsl Ha TEMIIEPATYPHBIN PEXUM: TIPH Cyp, = 900
MI/T aMMHaka I10 KOHCOPIMyMYy KoddduimenTa
AKTUBHOCTH TEPMO(QHIBLHOTO PEXHMMa COCTaBIISET
f =01 mpu momHOM WHTHOWPOBAHWU, a IIPH
Me3obuibHoM pexume f = 0,96. Dro pasznuune
(yHIaMEHTAIBHOTO XapakTepa JaeT ONpe/eieHue
MO KIIOYEBOMY OIPAaHHYCHHIO TEepMO(UIBHOTO
cOpaxMBaHHUA OCagKOB CTOYHBIX BOJ C CO-
Jiep>KaHUueM BBICOKOTO KOHIIEHTpAaTa OPraHuIeCKOTo
azora: JUiA  JOCTHKEHUS  Ooinee  BBICOKOH
NPOAYKTUBHOCTH MO TOJYYEHUIO KauyeCTBEHHOTO
Ouworaza Ha IOTEHIIMAJIBHOM YpPOBHE, HEOOXOIUM
CTPOTHI KOHTPOIIb a30THOTO OanaHca B cyocTpare.

Ammuaynoe uneubuposanue npu AHAIPOOHOM cOPAICUBAHUU C PYHKYUEl NOOABTIeHUA MUKPOOUOMbL

(a) Aunamuka NH»
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(6) DVHKUUN MHrMOMpoBaHHA
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a) ounamuxa usmenenust c6o600Ho20 ammuara (NH3) npu anaspobnom cépasxcusanuu 0caokog cmouHulx 600;
6) yHKyuU NOOABIeHUSI MUKDOOUOMbL (UHSUOUPOBAHLS) TeMYUUMU HCUPHBIMU KUcTomamu u ammuakom (NH3) npu mezoghunvrom u

MepmMouiIbHOM pexcumax
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IlIkana no eépemenu u nopaodok codovimuii no
ynpaenenuio

BripabarpiBaeMble OT OYHCTKHA CTOYHBIX BOJ
MPOU3BOIUTEIBHOCTRIO 10 M3/CyTKI/I 0CaIIK1
CTOYHBIX BOJl Ha OMOra3oBOM pEaKkTOope HaYMHAET
MPOXOANTH TPOIECC aHA3POOHOTO COpaKUBaHUS C
Me30(MIBHOTO peXXHMa M0 TEMIIEpaType B TE€UCHUE
nepBeix 15 cyTok, g cOaJaHCUPOBAHHOTO
MPOXOXKICHUSI METaHOTeHe3a C  HauOOJIBIIUM
pOCTOM aHa’pOOHBIX OaKTepUid W IUTAHOMEPHOTO
pasrona Beixoga metana CHi. [lanee B TeueHue 5

TEPMOPWILHOMY PEXHUMY IO TeMIeparype, B
mepuox  JEHCTBUS ~ KOTOPOTO  IPOUCXOIUT
HamOompmmii  BbIxon MmeraHa CHs BbICcOKOTO
kauectBa. llocne TepMODUIBHOrO pexuMa B
TEUCHUE CHCAYKIIUX S5 JAHEW HEeoO0XOaUMO
OCYIIECTBIIEHHE  Tepexofa K  Oo0paTHO K
Me30(QHIBPHOMY PEeXHUMY JJISl COXpaHeHHsI OanaHca B
cocraBe cy0cTpara OT 3aKUCaHHS.

Becr mopsmox coObITHIA  ympaBIeHHS IO
BpeMeHH B TeueHne 90 CyTok aHa’poOHOTO
cOpaxvBaHUs B OMOPEAKTOPE CUCTEMATU3UPOBaH U

OHEW  TPOMCXOAWT  IUIABHBIA  mepexod K  TPEACTaBJieH Ha pUCyHKe 4 u B Tabnuie 2.
Pucynox 4
Lllkana no épemenu nepexiioueHUs PexrcumMos npu aHaspooHom copaxcusarnuu 6 meuernue 90 cymox
‘KH[I;“ 5‘91:!4:1 NH»EE pH ﬁ:@
= |-
# Temn|nposan 1 Benkos. nopava 1 CHWX. Harpysku
0 2 40 60 80

[LleHb cumynaumumn

B Me3sodunbHein (35-40°C)

B TepmodunbHeIn (50-55°C)

I NepexoaHbii Nepuoa

Jlunuu no eepmukaiu — coobimusi no NepPexKoYeHUuro Ha 6pPemMeHHOM ompes3Ke, NYHKmupHsle JIUHUU IJHcelmoco yeema —

mexHojlocu4ecKue 603MyuleHusl.

Taonuma 2

Tlopsdok cobvimuil no nepekaoyenulo memMnepanypHsix pedcumMos 3a nepuod cumyrayuu @ meuerue 90 cymox

Jlens CobbITHE IMepexon ¢ pexxnma [lepexox Ha pexuM [pnunna nepexona [MpuopureTs
15 IlepexmoueHue MC3O§)7H JOI(LEHHH’ Tep M(;%)%EBHHH’ Manenue Temmneparypsl — KII<65% HopmainbHbiii
20  3aBepuieHue - Tep M(;%nfg,m,m, Hoctmwxenue T = 53 °C -

35 IepexnroueHue TepMqu;HLHHH’ MegO(bHJOILHHH’ NH3> 640 mr/n CpouHbIit
53°C 37°C
Me3o¢pubHbIH, o
40 TIleperpyska XIIK - 37 0C Konnenrpauust ocagka TNH;3 Cuenapuit
55 ABTOMATHHECKOS Me3zodunbHbIi Me3zodunbHbIH pH<6,5 (xputnueckuii) Kputuunsrit
cTaOMIN3UpOBaHUE
60 CHmkeHue noga4yu . _ OmnepaTopoM CHIKEHA OpraHWYecKast Cuenapuii
Harpyska akTHBHOTO HJIa
75 ABTOMATHHECKOE Me3zodunbHbIH Me3zodunbHbIH pH<6,5 (kpuTHyeckuii HOBTOPHO) Kputuunsrit
cTaOMIIN3UpOBaHUE

prweltaﬁue: cocmaejleHo asmopom Ha OCHose OaHHBIX npueedeHHblx 6 UCMOYHUKAX




H.K. bynatos u zp.

[lo pesynpraram BHUIHO, YTO TI0 AITOPUTMY UAET
KOPpPEKTHas peakys Ha Bce 3 THIA HApyILIEHUHA: TI0
TEMIEepaTypHOMY pEXuMy Ha 15-p1ii 1eHp ¢
peakuueii  HOpPMaJabHOTO  NIPUOPUTETa, IO
aMMHAuHOMY CKauKy Ha 35-pIli J€Hb CPOYHOIO
MIPUOPUTETA U KPUTHUYECKOTO MPUOPUTETA HA 55-bI
u 75-p1 gHU o pH-3akuciaeHuto. BeICTpO€HHOCTH
MOCJIETIOBAaTeILHOCTH  COOBITHH  aHa’pOOHOTO
cOpaXvBaHUS JaeT MOATBEPIKIEHHUE, YTO TPOIecC
yXyAmiaeTcs B KacKaJHOM BHJE He OT HeOCTaTKa B
MOCTPOGHUU QJITOPUTMA, a U3-32 OTCYTCTBHUSA
JOJDKHOM KOPPEKLHHU TI0 COCTaBy cyOcTpara — 49To
BITOJTHE TIPUEMIIEMO TI0 CIEHAPHUIO I PEealbHBIX
OUUCTHBIX COOPYKEHUIA.

[lo monydeHHBIM pe3ynbTaTaM BBIABISIFOTCS
MIPOTHUBOpeuns: Ha (YHIAMEHTaJHbHOM yYpPOBHE CBS-
3aHHOE C colep’kaHueM Oeka Ha BHICOKOM YPOBHE
IIpU aHadpPOOHOM COPaKUBAHUM OCAJKOB CTOYHBIX
BOJI: CyOCTpAThl C BBICOKHM COZIEPIKaHUEM JKUPOB U
0enmkoB 00J7a/1al0T BBHICOKMM ITOTEHIIMAIOM BBIXO/IA
metana CH4 mpu nepBUYHOM YTBEpPIKICHUH, HO TIPU
9TOM BBIACHSIETCS, YTO TAKOH CyOCTpar MOABEPKEH
K HECTaOWJIBHOCTH ¥ YyBCTBHTEIBHOCTH K
WHTHOMPOBAHUIO aMMHaka TPH TEPMOQPIIHLHOM
pexxume. OTO COCTOSHHE HECTaOMIBHOCTH H
CJIO)KHOCTH KOHTPOJISL TIPH TEPMOQIITEHOM PEXHUME
OOBSCHSACT YacTyl0 NPHUMEHSIEMOCTh OHMOTa30BBIX
YCTaHOBOK  pa0OTaoIUX Mpu  Me30(WILHOM
pexuMe Ha ACUCTBYIOIIUX OOBEKTaX MO OYUCTKE
cTouHBIX BoJ B Kazaxcrane m Mupe, ¢ HalIU4IHeM
n3penKa MIPUMEHEHUS YCTaHOBOK Ha
TEPMO(UIEHOM PEXHUME HMEIOIIUE BO3MOXKHOCTh
ObICTpOTO cCOpOCa 0OpaTHO B CTOKH HECTAOMIILHOTO
cyOcTpara Jij1s HOBOTO 3a00pa 0CaaKOB CTOYHBIX BOJ
WIA WrHOpUpoBaHWe He J(PQPEeKTUBHOH pPadOTHI
O0MOra3oBOil yCTaHOBKM C JEKIIAPHUPOBAHHUEM
CKauKOBBIX  TPEUMYIIECTBEHHBIX  IIOKa3aTeyei
TEPMOMIBHOTO PEKUMA.

CpaBuuBas ¢ pesynsratamu (Metcalf & Eddy,
2014), a Taxxe (Jenkins et al., 1991) momyuyaem
MTOATBEPKAAEMOCTb, TOTO, UTO IO MPEATI0KEHHBIMU
MaTeMaTH4eCKOW MOJETH U aJrOpUTMy a/eKBaTHO
BocmpousBonuTcs cienytomee: 1) camkenue KITJ]
cyoctpara u3 ocagkoB ctouHsix Box KIIJ mo 4 —
12% c TemmioM U3MEHEHHUS TEMITePaTypsl 5 CyTOK B
MIEpPEeXOoIHON TMepuon; 2) peanucTU4Has TUHAMMKa
HaKOIUICHHSA JIETYYHX OSKHPHBIX KHCIIOT IIOCIHe
ocyliecTBieHust mneperpy3ku Ha 10 — 15 cytok
XapaKTEepHOT O BPEMEHU; 3) aCUMMETpUs
vHruOupoBaHus ammuaka NHiz Mexay pexxumamu.
Hacrosias

pabora oOnmamaer KIIOYEBBIM  BKJIaIOM  TIO
NPUMEHEHUIO  SKCIOHCHIUANbHOW  (OpMYJIBI
WHTHOMPOBAHUS  JIETy4YWX  JKUPHBIX  KHCIIOT
(ypaBHeHue (4)) B3aMEH JTUIIICHHOW MOHOTOHHOCTH
Opd  JAaHHBIX  C > Cpgy  ITOJTMHOMUHAJIBHON
LIMPOKOTO IPUMEHEHUSI.

Mamnble OYHCTHBIE COOPYKEHHS, HWMEIOIINe
TIPOM3BOIMTEIBHOCTD TIOpsaKa 10 M*/cyTKu B Xozie
MPAaKTHYECKOM peanu3ali JOJDKHBI CIEA0BAaTh

CIIEIYIOIEMY OIIepaTHBHOMY perIaMeHnTy:
obOecrmeunBaronii Ha BbIxOome 2 — 2.4 kBT
SIIEKTPOIHEPTUN TepMO(UITBHBIH PEXUM

HEOOXOAMMO TPUMEHSTh NPHU o€ H3OBITOYHOTO
aKTUBHOTO WJIa B CyOCTpaTe, KOTIa COCTaBIIACT IIO
50% mo opraHMYecKOMY BeLIECTBY CyOcTpaTa
(oxmmaemo cyyz < 600 MT/1); IPU BOSHUKHOBEHHS
CUTyallMM II0 MPEBBIIICHUIO JO0JU H30BITOYHOTO
AKTUBHOTO WJIa WIN NOCTYIUICHUS MUIIEBBIX CTOKOB
C  BBICOKMM  COACpXaHHEM  OPraHHYECKOTrO
0enmKOBOTO a30Ta HEOOXOAMMBIM TMPHOPUTETOM
o0naaeT Me30(UITBHBIN PEXKUM C BBIXOJIOM METaHa
Ha 1,5 — 2 kBT, npu 3T0OM KOHTPOJIMPOBATH YPOBEHb
ammuaka NH; »HeoOxogumo Kaxaeie 48 4acos.

[Ipennaraemsiit AJIITOPUTM JIOITyCKaeT
HeoOxomuMocTh uHTerpannu cucteMel SCADA
yepe3 IMPUMEHEHUE CTAHAApPTHOIO MPOTOKOJA
Modbus TCP/IP.

OrpaHuueHus: M0 JaHHOMY MCCIENOBaHUIO: 1)
MOJICNIb HE YYHUTHIBACT pa3JelICHUE THIPOIIH3a,
alMIOreHe3a U alUTOreHe3a CaMOCTOSATEIbHBIMU
KMHETHYECKUMH ITIaraMy THITa yripoieHneM ADM 1
(Anaerobic  Digestation = Model  Nel);  2)
koddurment ¢(t) He OepeT B ydeT HAIUYUA
BapraOeTbHOCTH COCTaBa OCallKa CTOYHBIX BOI IT0
CE30Hy Ha JTaHHOM 3Talle MCCIIEMOBaHUS (TaKk Kak
HCCIIeOBaHUs IO CE30HY rojia MPoJoIKaIoTcs); 3)
YIPOIIEHHOW (OpME MOAETHPYIOTCS TEIIOMOTEePH
peaktopa. JlaHHBIE acleKTHl OO0YCIaBIMBAIOTCS
MTPOIOJIKAFOIIIUMUCS HCCIIEI0BAHUSIMU c
npumeHeHueM mogenu ADMI B momHOM Buze €
BKJIIOYEHHEM 26 JAUHAMHUYECKHUX TE€PEMEHHBIX
COCTOSTHHI.

Bepudhuxayus
(aneopumma)

Bepuduxamus ocymiecTieHa Mo Crpymmmupo-
BaHHBIM Ha 7 OJIOKOB 34 HE3aBUCHMBIM KPUTEPHSIM,
pe3yIBTaThl KOTOPHIX TPUBEICHBI B TaOMUIE 3 C
CoIepIKaHueM KJIIOYEBBIX KOJIMYECTBEHHBIX
MoKasaresieil uMerolue aganTanuio K cyocTpary
0CaJKOB CTOYHBIX BOJ M CONOCTABICHHEIE C
JIATEPATyPHBIMHU TaHHBIMH.

NOMYUEeHHOU Mooenu
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Ta6auua 3

CpasHnenue pe3yibsmamos no eepugurayuy Mooeu u aneopumma aHaspobHO20 cOPANCUBAHUSL

CoOTBETCTBHE IO

IMapametp 3HaveHue Moienu  J{uamasoH 1o JuTeparype - Vcrounuk
Brixon metana CHs B Me30(uabsHOM 0.45 M3 /krXTIK 0.35 — 0,5 w¥/xrXIIK BepHO (Verein Deutscher
pexumMe Ingen, 2016)
Brixon metana CH4 B TepmModuiibHOM 0.6 MY/krXITK 0.5 - 0,65 w¥/xrXIIK BepHO (IEA Bioenergy,
pexxume 2023)
KII/I npu HOpManbHOM pexuMe 97 -107% 90 — 110% BEPHO Seed =42
MoIHOCTb 10 HETTO BEIXOLY B ~ 1.8 kBt 1.5-2 kBr BepHO (Batstone D.J., et
Me30(DUITBHOM pekuMe al. 2002)
MoImHOCTb 10 HETTO BEIXOLY B ~2.4 kBt 224 xBr BepHO (Metcalf & Eddy,
TepMO(UITEHOM PEKUME etal. 2014)
Oynukims VFA (MOHOTOHHO) exp(—Z,S(r - 0,5)) YObIBaHHE MOHOTOHHOE BEPHO (Mao et al., 2015)

KIT[11=99,42% Seed = 42,
Bocnpousonnmocts 0, = 0,51v/u JeTepMeHHpOBaH BEPHO Python 3.x
IIpumeuanue: cocmasneno agmopom Ha OCHO8e OAHHbIX NPUBEOEHHBIX 6 UCHOYHUKAX
3akaouenue U YBEIMYEHHMs] Ha BBIXOAE  JJIEKTPUUECKOMN

B pabore mnpencraBnena paspaboTaHHas u
Bepu(UIMPOBAaHHAS MaTeMaTH4YecKas MOAETb U
aJTOPUTM YIPaBJICHUS OCYLIECTBIEHHS MEPEX0a0B
(mepekItoueHUH ) TEMIIEPaTypPHBIX  PEXHUMOB  TIPH
aHadpOOHOM COpaXKMBAaHUM OPTraHUYECKUX OTXOHOB
CTOUHBIX BOJ. OCHOBHBIMHU pe3ylbTaTaMH KOTOPOH
SIBIISTFOTCS:

1. ITo aHa’spoOHOMY COpaKMBaHHIO OCAIKOB
CTOYHBIX BOJ IOJyu€Ha KMHETHYeCcKas MOJENb Ha
MHOTO(AKTOPHOM ypPOBHE, C BKIIIOUCHHEM WHTUOU-
pylomux GYHKOMA 1O TeMIeparype COIacHoO
Mono-Appenuycy, pH, JeTydyuMm >KUpPHBIM KHUC-
JIOTaM SKCIIOHEHIIMAJIbHOTO BBIXOA U KBaApaTH4-
HoOro HacelmeHus amMmuakoM NHi. Bepuduxanums
OCYILIECTBJICHA 10 CTPYNIIMPOBAHHBIM Ha 7 OJIOKOB
34 He3zaBHCHMBIM KpHUTepHsiM, Kotopsie 100%
COOTBETCTBYIOT =~ HOpMaM  IPUBEJCHHBIM B
W3BECTHBIX HCTOUHHUKAX.

2. CornacHO BBICTPOCHHOMY aJTOPUTMY aBTO-
MAaTUYECKOTO MEPEKIIOUEHUsI C S-U YPOBHEBOU He-
papxueil mpuBeACHHBIX NPHOPHUTETOB 00ECHEYHB-
aeTcs: 3allMTa OT 3aKucieHus ¢ noporom pH = 6,5,
MPEIOTBpAIIAeTCs] aMMHAYHOE WHTHOMpPOBAaHHE C
nmoporoM ammuaka NH; nHa 80%, omnpenenen
3aIUTHBIN NEepUon OXJaXIEHUs 15 CyTOK Mexny
pasHBIMH TEPEKIIIOYCHUSMHU, TPU 3TOM TPaaueHT
TeMIia u3MeHeHus Temreparypsl < 3 °C/cyTku.

3. Ilpu TtepModuILHOM peXUMe oOecredn-
Baetcs npupocT Ha 33% no Beixoxy Metana CHy (c
Y4eTOM JaHHBIX TepMmoduisHoro pexuma 0,6
M*/krXTIK nipotuB mMesopunsroro 0,45 m*/xrXIIK)

18

MouHocTH oT 1,5 kBT (mpu Mezodunbaom) 1o 2,4
kBr (mpu  TtepmodunbHOM). OpmHako — mpu
npeBbiieEnd 50% m0omM M30BITOYHOTO aKTUBHOTO
WIa WIN Pe3Koe MOCTYIUICHHE MUILEBBIX CTOKOB
HEOOXOOMMO IUJIAHOMEPHOE MEPEKIIoYeHHne K
Me30pWIEHOMY pEeXHMY BBHIY HaJIH4YUs PHUCKA
WHTUOMpOBaHUs aMMuaka NHs.

4. CumynupoBaHue IMpolecca aHa’3poOHOTro
cOpakMBaHUsl OCaJKOB CTOYHBIX BOJ Ha nepuox 90
CYTOK C 3-MS BO3MYIIEHHUSIMH (B BHJIE aBapHH TeTl-
J000MEHHUKA, OETKOBOTO CTOKA W CHIDKEHHUS Opra-
HUYECKOM Harpy3ku Ha aKTHBHBIH WJI) TTOATBEPXK-
nmaer paboToCrocoOHOCTh TPEACTABICHHOTO alro-
pUTMa M BBISBISICT KPUTUYHOCTH B MOHHUTOPHHTE
CHHXPOHHOM BHJIE JIETYUHX XUPHBIX KHCIOT U aM-
muaka NH3 mist ycTpaHeHns 3aKHCICHHS PeakTopa
0CaJIKOB CTOYHBIX BOJI B KACKaJTHOM ITOPSIJIKE.

Pesynbrartel peKOMEHAYIOTCS K TNPHUMEHEHHIO
IUISL TPOEKTHUPOBAHMS M MOACPHU3ALMH ONOTa30BbIX
YCTaHOBOK (Wi OnopeakTopoB) paboTarommx ¢
OCaJKaMH CTOYHBIX BOJ, TONyYaeMbIX OT MalbIX
OYHCTHBIX COOPYKEHHH, MPOU3BOAUTEIBHOCTD KO-
TOpPBIX He mpeBbImaeT 10 M’/CyTKH M MOJTyYeHHbIE
3aKOHOMEPHOCTH TpPeOYyIOT JOTOJHUTEIBHBIX HC-
ciefnoBaHuii Ha OoJiee BBICOKMX MPOU3BOAUTEINb-
HocTax. [lomydeHHbIe pe3yNbTaTsl 0 aHAYPOOHOMY
COpaOXMBAHMIO W YCTAaHOBKM TI0 peaju3aluu
JAHHOTO TIpollecca MOTYT OBITh TPHUMEHEHBI Ha
NPEATIPUATHSIX 110 OYHCTKE CTOUHBIX BOZ TOPOACKHX
CeTell MM B YaCTHBIX JIOKAJM30BaHHBIX 3[aHUX, a
TaKKe Ha MPOU3BOJCTBAX CBA3aHHBIX NIepepaboTKon
NUILIEBBIX U OPraHMYECKUX OTXOJO0B, B TOM YHCIIE U
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Ha OOBEKTaX arpONPOMBIIIICHHOCTH U CEIbCKOTO
XO03s1CTBa.

Hexnapayuu u 3aaenrenus no nPUMeHUMOCU

«IIpu moAroToBKe NaHHOW PabOTHI aBTOPHI HC-
nons3oBasi Claude Al (Opus 4.7) s Toro, 4To0bI
MTOCTPOUTH Tpaduk puCyHKOB 1 — 4 BBHIBEICHHEIE
Ha Phyton code Takke momydyeHHBIH Ha WH-
ctpymente Claude Al (Opus 4.7) ¢ BioxeHHEM
UMEIOIINXCS TEXHUYECKUX TaHHBIX, KOTOPBIE MPH-
BezeHbl B pabore. [locne wmcmomp30BaHUS 3TOTO
MHCTPYMEHTa/CepBUCa aBTOPHI MPOCMOTPENN H OT-
PEIAKTHPOBAIN COAEPKUMOE IO Mepe HeoOxo-
TUMOCTH M HECYT TOIIHYK) OTBETCTBEHHOCTHh 3a
cojiepKaHNue MyOIUKaIU.

BaarogapuocTn
HccnenoBanue BBINOJHEHO B PaMKax MPOEKTa
rpanroBoro ¢punancuposanust KH MHBO PK 2025-

2027 rtomer mo MPH AP26194475 «HMuHo-
BallMOHHBIA TOAXOA TONy4YeHHs Oworaza IyTeM
(bunpTpanii W YTUIU3AlUA CTOYHBIX BOJ TOpOja
Kokmreray» 1 KOH(IUKT HHTEPECOB OTCYTCTBYET.

Bxaan aBTopoB

bynamos H.K.: paszpabomka xonyenyuu u me-
Mooono2UU, HAYYHOE PYKOBOOCMEO, DPeOaKmupo-
sanue u Oopabomka pyKonucu, Axmemoicanosa
A.B.: nposedenue uccredosanus, coop, obpabomra
u sanudayusi OAHHbIX, HAOOP MeKCma PYKONUCU,
Kacvimorcanosa K.C.: nayynoe pyxogodcmeo npoex-
mMoMm, npogedenue UCCIed08aHUS, PeOAKMUPOBAHUE
u oopabomra pyrkonucu, Enwbaee C.3.: nayunas
KOHCYIbMayus no  paspabomke KoOHyenyuu u
Memooono2ul, peyeH3uposanue U pedaKkmuposanue
mexcma, Opaszos O.Ill.: coop Oannvix u
opmanvublil ananuz OAHHBIX, 8AIUOAYUSL OAHHBIX.
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KOMIMAEKCHAS DKOAOTIMYECKASA OLLEHKA
TEXHOTEHHbIX OTXOAOB MPOMbBILUAEHHbIX MPEANPUATUN
N UX BAUSAHUE HA OKPYXAIOLLYIO CPEAY
(Ha npumepe r. LLIbimkeHTa)

B ctatbe NpeACTaBA€HA KOMIMAEKCHada 3KOAOrnyeckas oueHkKa TEXHOreHHbIX OTXOAOB NMPOMbILLAEH-
HbIX npeAnmeMVl r. LLIbiMkeHTa C Y4YEeTOM UX K/\aCCMqDl/IKaLI,l/IM M BO3AENCTBUA MX HA OKpYy>Kaloulyto
cpeay. AKTyaAbHOCTb MCCAEAOBaHUNA O6YC/\OBAeHa POCTOM MPOMbILLAEHHOI 0 Npon3BOACTBa, COMPOBO-
XKAAIOUWMMCA YBEANYEHNEM 06beMoB OTXO0AOB N YCUMAEHNEM aHTpOI’IOFeHHOVI Harpy3km Ha aTMOCCbep—
HbIN BO3AYX, NOYBbl 1 BOAHbIE peCypCbl.

npOBEAeH dHAAM3 pacnpeAeAeHNd MPOMbILUAEHHbIX l'Ipe,AI'lpMﬂTMVI Nno Kateropmam 3KOAOTrMYeCcKom
OMacHOCTU B COOTBETCTBUM C IKOAOTMUYECKUM KOAEKCOM PK, ad TakK>Xe BbIiBA€Hbl OCHOBHbIE NCTOYHUMKHA
o6pa303ava OTXOAOB, BKAIOYad METaAAyprmyeckume, HquTenepepa6aTb|Bai0Lume N XMMHNYeCKne npea-
npuaTmns. PaCCMOTpeHbI 0COBEHHOCTM HAKOMAEHUS Kak TEKYLWNX, TaK N NCTOPNYECKN CqI)OpMMpOBaH—
HbIX OTXOAOB.

Ha ocHoBe noaeBbIx 1 /\a6opaTopr|x NCCAEAOBaHUMN YCTAaHOBAEHbI NPeBbILUEHNA 3ar pA3HAIOLWMNX
BELLECTB, MNOATBEP>KAAOUINE HaAn4dne 3KOAOrmM4YeCKmnx prCKOB. ,A,OI'IO/\HVITeAbHO MNCMNOAb30BaHbl AaH-
Hbleé KOCMNYECKOIr0O MOHUTOPUHIa AAA BbIIBAEHNA HECAHKLMOHMPOBAHHbIX CBAAOK.

Pe3yAbTaTbl MCCAEAOBaHMA MOAYEPKNBAIOT HEO6XOAMMOCTb COBeEPLIEHCTBOBAHNA CUCTEMbI yTIpaB-
A€HUNA OTXOAaAMU N BHEAPEHNA COBPEeMeHHbIX METOAOB 3KOAOTMYECKOI0 KOHTPOAA AAA obecneyeHns
YCTOVILII/IBOFO Pa3BUTUA pernoHa.

KAroueBble cAOBa: TeXHOreHHble OTXOAbI, 9KOAOrnyeckaa oueHKa, NMPOMbILWAEHHOCTb, 3arpga3He-
HMe.

G.S. Kenzhibayeva', S.D. Balybek'", A.A. Abduova’,
Z.Pernebayev?, A. M. Esimova’, E.K. Yessimov'
'Mukhtar Auezov South Kazakhstan Research University, Shymkent, Kazakhstan
2 LLP «Centre for Scientific Research and Ecological Expertise «KazEcoHolding», Shymkent, Kazakhstan
*e-mail: ecology uko@mail.ru

Comprehensive environmental assessment
of industrial technogenic waste and its impact on the environment
(case study of Shymkent city)

This article presents an environmental assessment of technogenic waste generated by industrial en-
terprises in the city of Shymkent, considering its classification and environmental impact. The relevance
of the study is driven by industrial growth and increasing waste volumes, which intensify pressure on air,
soil, and water resources.

An analysis of industrial enterprises by environmental hazard categories in accordance with the
Environmental Code of the Republic of Kazakhstan was conducted. In addition, the main sources of
waste generation, including metallurgical, oil refining, and chemical enterprises, were identified. The
characteristics of current and historically accumulated waste were also examined.

Based on field and laboratory investigations, exceedances of pollutant concentrations were identi-
fied, confirming environmental risks. In addition, remote sensing data were used to detect unauthorized
waste disposal sites.

The findings highlight the need to improve the waste management system and implement environ-
mental monitoring methods to ensure the sustainable development of the region.

Keywords: technogenic waste, environmental assessment, industry, pollution.
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OHepKaCinTiK KaCiMOPbIHAAPAbIH, TEXHOTEHAIK KaAAbIKTapbIH
KellleHA| S5KOAOTUSIAbIK, OaFaAay )KoHe OAAPAbIH, KOpLUaFaH opTara acepi
(LLIbIMKEeHT KaAacbl MbICAaAbIHAQ)

Makanaaa LLIbIMKEHT KaAaCbIHAAFbl OHEPKACINTIK KOCIMOPbIHAAPAbIH TEXHOTEHAIK KAAAbIKTapbiHa
KELEHA] 3KOAOTMSIAbIK, OaraAay >KYPrisiAAi. 3epTTeyAiH ©3eKTIAIr eHepKaCin OHAIPICIHIH KapKbIHADI
AaMybl MEH KAAAbIKTap KOAEMIHIH YAFaloblHa 6aiAaHbICTbl KOpPLIaFaH opTafa TYCETiH aHTPOMOreHAiK
JKYKTEMEHIH, KYLLEIMeH TYCiHAIpiAeAl. TeXHOreHA K KaAAbIKTapAbIH aTMOC(EPAAbIK, ayaFa, TOMbIPaK-
Ka >KeHe Cy pecypcTapbiHa acepi KapacTbIpbIAFaH. DKOAOTMSAbIK, KOAEKC TaAanTapbiHa COMKEC Kacimno-
PbIHAAP 3KOAOTMSIAbIK, KAYiMTIAIK AeHrernAepi 60MbIHLLA XKIKTEAIN, HEri3ri KaAAbIK, KO3AEpi aHbIKTaAFaH.

CoHbIMeH KaTap Kasipri >xeHe Tapuxu KAAAbIKTApAbIH >KMHAKTAAY epeKkLleAikTepi MeH OAapAbIH
KOpLlaFaH opTara y3ak, Mep3iMAi acepi TaAAaHAbL. AaAaAbIK 3epTTeyAep MeH 3epTXaHaAbIK, TaAAQyAap
HoTUXKeCiHAe BipKaTap AacTaylubl 3aTTapAblH LIEKTi PyKCaT eTIAreH MeALLEPAEH acy (haKTiAepi aHbIK-
TaAAbl. 3epTTey HOTUXKEAEPI KAaAAbIKTapAbl 6ackapy >KYMECiH KETIAAIPY XKOHE SKOAOTMSABIK, Kayinciz-
AIKTI apTTbIpy KQXeTTIiriH KepceTeA.

AaAanblk >KoHe 3epTXaHaAbIK, 3ePTTEYAEPAIH HOTMXKEAEpi OOMbIHLLIA AACTayLibl 3aTTapAblH pyKcaTt
€TIATeH LIEeKTI MOALLEPAEH aCybl aHbIKTAAbIM, OAAPAbIH SKOAOTUSABIK, TOYEKEAAEP TYAbIPaTbIHbl pac-
TaAabl. byaan 6acka, pykcaTcbi3 KaAAbIKTap OPHAAaCKaH OPbIHAAPAbl aHbIKTay MakcaTbIHAQ Fapbili-

TbIK MOHUTOPWHI AepeKTepi narAaAaHbIAADI.

3epTTeyAiH HOTUXKEAEPI BHIPAIH TYpaKTbl AaMyblH KaMTamachi3 €Ty YiliH KaAAbIKTapAbl 6ackapy
JKYMECIH XKETIAAIPY >KOHE 3KOAOTMSIABIK, GaK bIAQYAblH 3aMaHaym S AICTEPIH EHTi3y KaXKETTIriH KOPCETEA|.
Ty¥iH ce3Aep: TEXHOTEHAIK KAAABIKTap, SKOAOTUSIAbIK, OaFraAay, OHEPKOCIr, AaCTaHy.

BBenenne

B coBpeMeHHBIX YCIOBHSIX HUHIYCTPUATBLHOTO
pa3BUTHSA TIpoOsieMa 0Opa30BaHUS M HAKOTUICHUS
TEXHOTEHHBIX OTXOJOB NpuoOperaeT ocoOyr ak-
TyalbHOCTh M PAaCCMaTPHUBAETCSA KaK OJHA M3 KITIO-
YEBBIX HKOJIOTHYECKUX yTrpo3. VIHTEeHCUBHBIE POCT
MIPOMBINIUIEHHOTO TIPOM3BOJICTBA COMPOBOXKIAETCS
YBEJIIMYCHHEM OOBEMOB OTXOJIOB, OKa3bIBAIOIIUX
HETaTUBHOE BO3/IEHCTBHE HAa aTMOC(HEPHBIA BO3IYX,
MOYBEHHBINM MOKPOB U BOAHBIE PECYPCHI, a TaKkKe
CO3/IAIONUX PUCKH 37I0POBbhs HaceneHus. Hamnbomnee
OCTPO JlaHHasi mpodJieMa MPOSBISIETCS B KPYITHBIX
MIPOMBINIUIEHHBIX IIEHTPaX C BBICOKOW KOHIIEHTpa-
LUEH NPEeANpUATHA pa3IMYHBIX OTPACiei, OJHUM
13 KOTOpbIX sBisiercs r. LIbMKeHT, rae cocperno-
TOUYCHBI TIPEANPULTHS METAIUTY PrU4eCKON, XHMHUYE-
CKOH, HedTenepepadaTHIBAIOIIEH W CTPOUTEIHLHOM
MPOMBILIUIEHHOCTH. B mpornecce ux nesTenbHOCTU
obpasyeTcsi pa3HOOOpa3HbIC BUABI TEXHOTCHHBIX
OTXOJIOB, BKJIFOYAs IIJIAMBI, IIIJIAKH, TBEP/IbIC OTXO-
IIBI ¥ TBIJIEBBIE BHIOPOCHI. 3HAYUTEIbHBIE 0OBEMBI
TEKYIIUX U UCTOPHYECKU HAKOIUICHHBIX OTXOJOB
(hopMHPYIOT YCTOMYNBOE AaHTPOIIOTCHHOE BO3IECH-
CTBHE Ha OKpPYKalOUIyI0 Cpely, CIHOCOOCTBYs 3a-
TPA3HEHUIO MTPUPOIHBIX KOMIIOHEHTOB U YCHUIICHUIO
SKOJIOTHYECKUX pPHUCKOB. HecmoTpss Ha Hanmuuue
HOPMaTHBHO-TIPABOBOM 0a3bl, CHCTEMa YIPaBICHUS
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OTXOJIaMH B PsIJIe CIy4aeB OCTAETCS HEJOCTATOYHO
3¢ (EeKTUBHOM, YTO TPeOYeTCsi COBEPILICHCTBOBAHUS
MEXaHHU3MOB 9KOJIOTHYECKOT0 KOHTPOJISI 1 MOHHUTO-
pUHTa, a TaK)Ke BHEJPEHUS COBPEMEHHBIX METO/IOB
MOJIEJIMPOBAHHUE CUCTEM YIPABICHUS POMBIIIIICH-
HbiMu oTX0aamu (Campana et al., 2025; Wang et al.,
2023).

B 37011 cBSI3M BO3HUKAeT HEOOXOIUMOCTE KOM-
IUIEKCHOM HKOJIOTHYECKON OLIEHKH TEXHOTEHHBIX
OTXOJIOB C yY€TOM HMX HCTOYHHUKOB, O0OBEMOB, CO-
CTaBa ¥ yCIIOBUI pa3MeElIeHNs, a TAK)KE aHalIn3a UX
BO3JEHCTBUS Ha OKPYKAIOLLYIO CPELY.

[lenbro HACTOSIILIErO HCCIEAOBAHUS SBISAETCA
[IPOBEJICHUE KOMIUIEKCHON SKOJIOTMYECKOM OLEH-
KM TEXHOTE€HHBIX OTXOJOB NPOMBIIIIEHHBIX Mpea-
npustuil 1. IIbIMKEHTa, ONpeleNeHre OCHOBHBIX
HCTOYHUKOB MX 00pa3oBaHUs, 0COOCHHOCTH HAaKO-
TUIGHUS W pa3MelIeHNe, U OleHKa X BO3eHCTBUA
Ha OKPY KAIOILYIO CPely. aHAJIN3 CBA3aHHBIX C HUIMH
9KOJIOTHYECKUX PUCKOB ISl OKPY>KaIOIIEH Cpesibl.

Bomnpocel 00pa3oBaHusi, HAKOIUICHUS M 3KOJIO-
THYECKOTO BO3JICHCTBHUS TEXHOTEHHBIX OTXOJOB
MIPOMBIIUIEHHBIX MIPEAIPUATHH SBISIOTCS OTHUM U3
MIPUOPUTETHBIX HAIIPABJICHHI COBPEMEHHBIX IKOJIO-
FHYECKUX HcciaenoBaHuil. B HayuHO#l nutepaType
O0TMEYaeTcs, YTO POCT MPOMBIIIIIEHHOTO MTPOU3BO/-
CTBa NPUBOJUT K YBEIMUYCHHUIO OOBEMOB OTXOOB,
YTO YCHJIMBAET HArpy3Ky Ha aTMoc(epHBbIid BO3AYX,
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MOYBCHHBIA IOKPOB M BOJHBIC PECYpChl, a Tak-
e CO37aeT JONTOCPOYHBIE IKOJOTHYECKHNE PUCKU
Jutst 310poBbs HaceneHus (Pernebayev et al., 2026;
United Nations Environment Programme, 2019;
World Bank, 2018).

3HaYNTENT HOEC BHUMAHHE YJENAETCS MpoleMe
oOpaleHus ¢ TPOMBILIUICHHBIMHA OTXO/IaMH B HH/Y-
CTpUAIBbHO Pa3BUTHIX PErHoHax, Inie HabmomaeTcs
BBICOKAsI KOHIIEHTPAIHS METALTyPTUYECKUX, XUMH-
YeCKHUX U HedTenepepadaThIBAIOIIIX ITPETPHSITHIA.
CornacHo UCCIIeIOBAaHUSM OTEUECTBEHHBIX aBTOPOB
(UBanoB u mp., 2020; Axmeros, 2021), naubomnee
OTIAaCHBIMH SIBIISIFOTCSI OTXOJbI METAJUTYPIrHYECKOTO
MIPOU3BO/ICTBA, COAEPIKAIIUE TSKEIble METAJUIbl U
TOKCHYHBIE COCTUHEHUS], KOTOPbIE CIIOCOOHBI HaKa-
TUIMBAThCS B OKPY)KAIOMICH Cpeibl i MUTPHPOBATH
10 TPOPHUUYECKUM LICTISIM.

B pabotax mo ympaBieHnIo OTXOJaMH MO T9ep-
KHBaeTcs He0OXOAUMOCTh Mepexojia OT JTUHEHHON
MOJIEI  «IIPOU3BOCTBO-TIOTPEOIeHNEe-3aX0pOHe-
HUE» K LHUPKYJSIPHOH SKOHOMHMKE, MPEIIoara-
e MOBTOPHOE HCIIONIB30BaHUE W TepepadoTKy
OTXOJOB KaK BTOPHYHBIX pecypcoB (MBanoB u np.,
2020; Ellen MacArthur Foundation, 2015). Taxxe
orMedaeTcs 3QQPEKTUBHOCTh BHEAPEHUS] TEXHOJO-
TUil IepepadoTKH NUTAMOB, IIJIAKOB U HedTecoaep-
JKAIUX OTXOJI0B AJISI CHIKEHHS DKOJIOTHYECKOH Ha-
rpy3ku (Swinder et al., 2024; Zhang et al., 2020).

MupoBOii OMBIT MOKA3bIBACT, YTO TEepepadoTKa
TEXHOT€HHBIX OTXOJ/IOB pacCMaTpHBaeTcs Kak KIIro-
YeBOE HANpPAaBJICHUE «3EJICHONH SKOHOMHKH» U LIUP-
KyJsipHOTO TIpom3BojcTBa (circular economy). B
ctpanax EC, CIIA, SIlnoHun akTHBHO pa3BHUBAIOTCS
TEXHOJIOTHH W3BJICUCHUS] METAJUIOB M3 IUIAKOB H
xBoctoB (Kumar & Singh, 2020; Lee et al., 2021),
CHHTE3a CTPOUTENbHBIX MaTepHAIOB M3 30JIOIIa-
koBbIX cMmeceit (Li et al., 2022), uzBnedenue peaxko-
3emenbHBIX eMenToB (REE) m muHKa n3 murakos
MOJMMUHEPAIILHOW ~ CBHHLIOBO-IIMHKOBOH —METal-
JypTUW; TIOKAa3aHOo, YTO MOYKHO U3BJedb 10 ~99,6 %
REE u ~67 % Zn ¢ xonnentpupoBanneM (Swinder
et al., 2024).

B crathe Xamuna u coast. (2025) paccMoTpeHa
POJIb TPOMBIIUICHHBIX OTXOJIOB B Pa3BUTHHU 3elE-
HBIX TEXHOJIOTHMH: mepepaboTka, W3BJICUCHHE ICH-
HOCTEH, MpeoOpa3oBaHre B MaTEepHUaJbl U HEPTHIO.
ABtopsl Wang u coaBT. (2023) paccmarpuBanu
TEXHOT€HHBIE OTXOJBI, COJepKallue IeHHbIE KOM-
MOHEHTHI, KOTOPbIE MOTYT CTaTh CHIPEM Ul MH-
JIyCTPHH, a TakKe IU(PPOBbIE MOJETH YIPaBICHHUS
TEXHOTCHHBIMU NOTOKaMu. OJHAKO OOJIBLIIMHCTBO
CYIIECTBYIOIIHX PEIICHHH OPHEHTHPOBAHBI HA KOH-
KpPETHBIC BUJBI OTXOAOB M HE YUHUTBIBAIOT PETHO-

HaJIbHBIE OCOOCHHOCTH MX COCTaBa, KIMMaTa M WH-
(hpacTpyKTypBbI.

Astopsl Wang u Wang (2019) B pabote ananu-
3upytoT npuMeHerne UM u mudpoBeIX TBOHHIKOB
(digital twins) B ynpaBiIeHUH OTXOJaMH: ONITHMHU3a-
1M TOTOKOB, TPOTHO3WPOBAHUE, MHTETPAIUs 00Ih-
LIUX JJAaHHBIX.

B pabore Campana u coast. (2025) mpose-
JeH OMOJMOMETPUYECKUI M TeMaTHYSCKHH aHa-
JM3 TPUMEHEHHUS MCKYCCTBEHHOTO HWHTEIJIEKTa H
UU(POBBIX JBOMHUKOB B YIPABICHHH OTXOAAMHU:
BBISIBIICHBI KJTFOUEBBIC HATPABJICHUS, TCHACHIMNA U
B3aMMOCBSI3H MEXKIy HUPPOBU3ALUECH, IKOHOMUKON
3aMKHYTOTO ITMKJIa ¥ yIPaBJICHUEM ITOTOKAMH, YTO
MOTYEPKUBACT MEPEX0 K HU(PPOBHIM U MPETUKTHB-
HBIM CHUCTEMaM YIPABJICHUSI OTXOJAMH — MHPOBast
TEHICHIIHS.

OTtnenpHOE HATPABJICHNUE UCCIIEIOBAHNN CBS3a-
HO C NPUMEHEHHEM IHCTaHIMOHHOTO 30HIUPOBA-
HUSI ¥ TEOMH(POPMAIIHOHHBIX CHUCTEM JIJISl MOHHTO-
pHUHTa MECT pa3MEeLIeHHUs 0TX00B. JJaHHbIE METOIbI
MO3BOJISIFOT ONEPATHBHO BBISBISTh HECAHKIIMOHH-
pOBaHHBIC CBAJIKU M OLICHUBATh TUHAMUKY M3MEHE-
HUS 3arps3HeHHbIX Tepputopuii (Li et al., 2019).

B Kazaxcrane uccnenoBanusi TeXHOT€HHBIX OT-
XOJI0B TIPOMBITINIEHHOCTH, BKJIFOYast paOOTHI 1O pe-
ruoHaM lOsxHoro Kaszaxcrana, yka3plBaloT Ha BbI-
COKYIO KOHIIEHTPAITIO NCTOPUYECKH HAKOTIICHHBIX
0TX0/10B POCHOPHOro N METAILTYPIrHYECKOT O IPOU3-
BOJICTBA, IMPEJICTABIAIONINX 3HAYUTEIBHYIO KOJIO-
rudeckyto omnacHocTh (Ceiigymnaes, 2022; Hypra-
eB, 2023). TexHOTEHHBIX OTXOJbI MPOMBIIIICHHBIX
PETMOHOB OKa3bIBAaIOT CYIIECTBEHHOE BIIHMSHUC Ha
COCTOSIHME TIOYBEHHOTO MOKpOBa, aTMoc(hepHOoro
BO3AyXa M BOAHBIX PECYpPCOB, BBI3BIBAS MX Jlerpa-
JIAlMI0 U CHUYKEHHUE HKOJIOTUYECKON yCTOMYMBOCTH
teppuropuii (Kosecuukos u ap., 2022). B padorax
TaKXKe MOTYEPKUBACTCS HEOOXOAUMOCTh CHCTEMHO-
r'0 MOJIX0/a K OIIEHKE BO3JICHCTBHS OTXO/I0B, BKIIIO-
YaroIIero aHaJN3 NX (PU3UKO-XUMHUYECKUX XapaKTe-
PHUCTHK U ITyTeH paclpOCTpaHEHHUs B OKPY KatoLIeH
cpeze.

Kpowme Toro, BaxxHOE 3HAUCHUE UMEIOT METOIbI
9KOJIOTHYECKON OIEHKH U MOHHTOPHUHTA TEXHO-
TE€HHBIX OTXOJOB, IO3BOJISIIOIINE CBOEBPEMEHHOTO
BBISIBJISITh MCTOYHHUKH 3aTrPSI3HEHUS ¥ IPOTHO3HPO-
BaTh UX JajbHelIee Bo3aelicTeue. Kak ormevaeT-
Cs B MCCIEAOBAHMSIX, IPUMEHEHNE COBPEMEHHBIX
METOJIOB MOHHUTOPHHTA CIIOCOOCTBYET MOBBILIE-
HAIO 3()(PEKTUBHOCTH TPUPOIOOXPAHHBIX MEpO-
NPUSTUHA U CHIKCHHIO KOJIOTMYECKOW Harpys3ku
Ha okpyxkaromiyio cpeny (KomecamkoB & Cwmary-
noBa, 2021).
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PaccMmoTpum mpeanpusiTys, OTHOCSIIUE K 00b-
exktam | xareropun: TOO «Polymettech», TOO
«Glometech», TOO «I'epmec-b.E.», TOO «Ku-
taiicko-Kazaxcranckas  MapranueBas — Munay-
ctpuansHag ['pynma», TOO «KazFerro», TOO
«High Industrial Lubricants&Liquids Corporation

Pucynok 1
Kapma naxonnenus omxooos TOO «Polymettech»

(HILL)», TOO «IlerpoKazaxcranOiinllponakrcy,
TOO «¥OrCrpoitCepucJIT .

Ocoboe mecTo cpenn o0bekToB | kareropuu 3a-
HUMAIOT HPENPUITUS [0 NPOU3BOJACTBY LBETHBIX
metamoB TOO «Polymettech», pacronoxeHHbIH B
BoCTOUHOH yacTu T. LlIpiMKeHTa (prUCYHOK 1).

42.2723028,69.7245286,2491

Msmeputs paccTossme

IPOAMIMTE NYTb, HAKNMARA HA KaPTY

06Uian nnolans 20 816,71 k5. M. (224 069.21 Ka. yT.)
OBUjee paccTosHNe: 694,05 M (2 277,05 GyT)

ChIpbeM ISl TOJTYYEHHUS TOTOBOTO MPOAYK-
Ta SIBISIETCS — K€K, MblIb, IIJIAM U JAPyTHe CBH-
HEI[COJIepKANe MaTepHalbl U MPOMIPOLYKTHI
CBHMHIIOBBIX, MEIHBIX M LIMHKOBBIX 3aBOJOB. B
pe3ynbTaTe TEXHOJIOTHYECKUX IMPOLECCOB €xKe-
TrOJHO O00Pa3yIOTCsl MBILIBAKCOACPKALIUN KEK B
cpeaneM 19440 t/rox U rpaHyJIMPOBAaHHBIN IIJTAK
16636 T/rox, KOTOPHIM HampaBisieTCs Ha IOJHU-

PucyHnox 2

ron TOO «Glometechy st nanpHeWIero 3axo-
pPOHEHHS.

B xone ob6cnenoBanust (mapt 2026 r.) npusera-
IOIICH TepPUTOPHU MPOU3BOJICTBEHHOW ILIOIIAIKA
TOO «Polymettech» ObuIM BBISBJICHBI YYaCTKH HE-
CaHKIIMOHWPOBAHHOTO Pa3MELICHUsI OTXOJ0B, pac-
MOJIOXKCHHOW MEXAY HHIYCTPUAIBHBIME 30HAMHU
«OnTyYCTiK» 1 «Opradackl» (PUCYHOK 2).

Kapma necanxyuonuposannozo pasmewjenusn omxooos eoauzu TOO «Polymettech»

V3MepUTL paccToRHkHe

MPOANMTE NYTh, HAXWMES HA KapTY.

O6uias nnowaas: 19 746,92 ke. M. (212 554,06 k8. yT.) (I
O6iee paccTonHue: 719,94 M (2 362,01 GyT.)
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BaxxHbiM 351eMeHTOM WH(PACTPYKTYpHI 00pa-
IICHNS C OTXOJaMH SIBJIAETCS €IMHCTBEHHBIN TOJIH-
roH npoMmbIiuieHHBIX 0TX0/10B TOO «Glometechy
JUTSL TOJITOBPEMEHHOTO XPAaHEHHSI W 3aXOPOHEHHS
TOKCUYHBIX OTXOJOB, PACIOJIOXKCHHBIM B FOr0-3a-
MaJIHOM YacTu ropoja. B pailoHe moaurona orcyT-
CTBYIOT BOJIHBIE 00BEKTHI. Peka bagam mpoTekaer ¢
ceBepa Ha pacCTOSHUU 12 KM. YUacTOK MOJUTOHA
CO BCEX CTOPOH OKPYKCH 3eMEJbHBIMU YYaCTKaAMHU
M3 COCTaBa 3eMellb CeIbCKOX035HCTBEHHOTO Ha3Ha-
YyeHue (PUCYHOK 3).

Ipenmpusatue TOO «['epmec-b.E.» ocymect-
BIISICT TIEPepabOTKy BTOPUYHOTO METaJUIMYECKOTO

Pucynox 3

Kapma nonueona npomviuinennvix omxodos TOO «Glometechy

N Ve paerostie
B Mooy s saian 2 vamry

Oags mnouans: 57 8037 ke M (729838225, 0yr)
OseepaceTope 1114 (363521 o1

Pucynox 4

CBIPBS C MOJYYSHUEM 3arOTOBOK, KOTOPHIE B JIaJTh-
HEHUIIeM MOJIBepPTaloTcsi MPOKATKE C BBIMTYCKOM
FOTOBON TPOIYKIIMU B BHJIEC apMaTyphbl, Yrojika
u KaTtaHku (pucyHok 4). B mpomecce mpou3Bo-
CTBEHHOH JCSATCIBHOCTH 00pa3yrTCsS OTXO/IBI,
BKJIIOYAsl 30JIbHBIE OCTATKH, KOTENbHBIC MUIAKU
Y 30JIBHYIO TUTb 2,89 T/TOJ, JTOMEHHBIC NLIAKH
42 t/rox, a TaK)Ke OTHEYIOPHBIC MaTepUabl U Qy-
tepoBky 30 T/ron. Bce oOpasyromuecs O0TXOJbI
CBOCBPEMEHHO BBIBO3SITCS CIICIHATH3UPOBAHHBIM
ABTOTPAHCIIOPTOM U TIEPEIAIOTCS JTHIICH3UPOBAH-
HBIM OpTaHU3AlMsIM JUISl TOCIEAYIONIeH Tepepa-
OOTKHU WIIN yTUITH3AIHH.

Kapma naxonnenus omxooos no npouzeoocmey memannonpoxama TOO «Iepmec-b.E.»

WsmepuTe paccToAHne
MpoOANUTE NMYTh, HAMMMAR HA KapTy 2

O6wWwas nnowans: 121 197,96 ke. M. (1 304 564,01 k8. OyT.) g(

Obuwee paceTontme: 2,09 kM (1,30 Mun) e

Rk
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B xoze oOcnenoBanus mpuieTaroieil TeppuTo-
puu nponsBoAcTBeHHON mromanku TOO «I'epmec-
B.E.» ObuTH BBISBIICHBI YYacTKH HECAHKIIHOHHUPO-

Pucynok 5

BaHHOTO PAa3MELICHUSI OTXOJOB, PACIOJIOXKCHHBIC
HalpoOTHB WHAYCTPHATBHONU 30HBI «Opmabdackmy,
BJ0JIb pekn Caiipamcy (PHUCYHOK 5).

Kapma necanxyuonuposannozo pasmewjenus omxo0og eonusu TOO «I'epmec-b.E. »

WamepnTs paccTontine

2804517.69.7281903.235m/data=!3m 1!1e3!4m6!3m5!1s0x38a8f256546681bb:0xa167b... 5 ¥ O ovo

B MponnwTe Ny, HAXMMERA Ha KaPTY

06UiaR Nnowans: 23 025,06 K6. M. (247 839,66 k5. GYT.)
O6Lee paccTosHuUe: 866,60 M (2 843,46 @yT)

OcHoBHOl JfedrenbHOCTBIO Tpennpusitust TOO
«Kwuraiicko-Kazaxcranckas Mapranuesas naycTpu-
anbHas [ pynmay siBisieTcst mpou3BOACTBO (heppocriia-
BOB C HCIIOJIb30BAHUEM TEXHOJIOTHYECKHX MPOLIECCOB
IUIABKH, B IIPOLIECCE IKCIUTyaTallil 00pa3yroTcsl mpo-
MBIIUICHHBIE OTXO/IBI, B TOM "rcite nuiak (4200 1/rox),

Pucynok 6

1I71aM OT MPOMBIBKH pyAbl 350 T/TOA M MbUIb, YIaBIH-
Baemast punbTpamu 440 1/rox (PUCYHOK 6).

IIpennpustue TOO «KazFerro», npeanasnaue-
HO JUIs TIOJIy4€HUs] METHOT'O IITeiiHa CBUHIIA, B IIPO-
1ecce M3roTOBICHMS MPOAYKLUUHN 00pazyeTcs IlaK
B 00BEMe 720,72 1/roa (pucyHOK 7).

Kapma naxonnenus omxooos TOO «Kumaiicko-Kasaxcmanckas Mapeanyesaa Unoycmpuanvnas I pynna»

1 V. e
ﬁ 4 900/00 % " - .
A9 - §
A% : MamepiTn paccTonnie

MpOANMTE NYTh, HAXMMAR Ha KapTy

- O6uan nnowan: 49 060,61 k8. M. (526 084.00 KB. BYT)
“‘ O6uwee paccTosHMe: 941,19 1 (3 087,89 GyT.)

Moy
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Pucynox 7
Kapma naxonnenus omxooos TOO «KazFerroy

VISmepuTh paccToskme

x

FIPoANUTE MyT, HaXMMan Ha KapTY

O6usan nnowane: 9 487,90 ks. M. (102 126,96 k3. dyT)
| O6utee paccTostme: 394,18 M (1293.24 dyT)

[Ipeanpusitue 1O pereHepanuu oTpadOTaH-
HBIX MacCeJl U MPOMU3BOJACTBY CMAa304YHbIX MAaTCpH-
anoB TOO «High Industrial Lubricants&Liquids
Corporation (HILL)» 3aHumaeTcsi pereHepanueit
0TpabOTaHHBIX Maces M MPOU3BOICTBOM IUIACTHY-

Pucynox 8

HBIX CMa30K. B mporecce nesTesbHOCTH MpeanpH-
STAs 00pa3yloTcss HedTenulaMbl, 3aMa3ydeHHBIC
IPYHTBI U OpyrHe ONacHbIE OTXOJbI, YaCTh KOTO-
PBIX TIOJUICKHUT TEPMHUUECKOH yTuim3auuu (pucy-
HOK 8).

Kapma naxonnenuss omxoooe TOO «High Industrial Lubricants&Liquids Corporation (HILL)»

—

WsmepuTs paccTonrne

LS

| Mpoanute nyTs, HaxuMan Ha KapTy

O6wan nnowags: 60 892,21 Kka. M. (655 438,34 ko. dyT) |
O6ee paccTonkve: 1,00 kn (3 286,16 GyT)

B xome oOcnemoBaHusi MpHIETalonield Teppu-
TOpuHU Mpon3BoAcTBeHHOH Tuomanku TOO «High
Industrial Lubricants&Liquids Corporation (HILL)»
OBUIH BBISBJICHBI YYaCTKH HECAHKIIMOHUPOBAHHOTO
pa3MernieHus OTX00B (PUCYHOK 9).

K gmcny kpymHeHIHMX MCTOYHUKOB OOpazoBa-
HUS TIPOMBIIUICHHBIX OTXO/MOB B T. IlIbIMKEHT OT-

HocuTcs HedrenepepabarpiBatomuii 3aBog TOO
«IlerpoKazaxcranOiinllponakte»,  mepepabathbl-
BaroIui 10 6 MiIH ToHH He(TH B roa. B mporec-
ce TEXHOJOTMYECKUX onepauuii GopMupyroTcs: He-
(dreconepkaie OTXOJbI, BKIOYas HePTelUIamMbl
no 8093 t/ron m TBEpmas ¢pakuus (KEK) OKOJIO
500 t/rox (pucyHok 10).
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Pucynoxk 9

Kapma necanxyuonuposannozo pasmewenusi omxo0oe eonusu TOO «High Industrial Lubricants&Liquids Corporation

(HILL)»

2.2644543,69.7350765,38 i1}

1bbi0xal6b.. [ % (@ E

V3MepuTb paccTostme

MpoAnKTE NyTh, HAXMMAA Ha KapTy.

O61uas nnowags: 19 604,62 k8. M. (211 022,34 k8. &yT)
O6luee paccTonHue: 1,04 kM (3 422,85 OyT.)

Pucynox 10

Kapma naxonnenus omxooos TOO «llempoKaszaxcmanOiinlIpooaxme»

<« > e

25 google.com/maps/@42.2609564,69.647444,2659m /data=!3m1!1e3%entry=ttulig_ep =EgoyMDI2MDQyMidwIKXMDSoASAFQAWH:3D%3D A & @ Mewocranceneno

—! I Mowuck Ha Google KapTax

Coxpa
o

VI3MepUTL paceToRHme
FIROANINTE NYTh, HAKMMAR Ha KApTY

D o ) 06lyan nnowans: 3,13 k8. kM. (1,21 KB. Mun.)
CkauaTb . i O6uyee paccTonHme: 7,18 kM (4,46 mun.)

[Iponssoacreennsie oTxo6l TOO «tOrCrpoii-
CepBucJIT/l» mnpencraBieHbl T'paHyIUPOBAHHBIM
3NEKTPOTEPMOPOCHOPHBIM IIJTAKOM B 00BEME OKO-
10 2 500 000 T. DTo oTX0mbI OBIBIIETO hochopHOTO
MIPOM3BOACTBA (PUCYHOK 11).

Kpome Toro, Ha TeppuTopun ropojaa GpyHKIHO-
Hupyet npeanpusartue TOO «3Oko [Hnnay, koTopoe
3aHUMaeTCsl TepepaboTKON M3HOIIEHHBIX aBTOMO-
OWIBbHBIX IIMH. B pe3ynabraTte TEXHOJIOTMYECKOTO
nporecca 00pa3yroTcs OTXOJIbI, BKIIIOYAs TEXHHYE-
ckuit yrimepona B o0béme 1320 1/roq v cMelaHHbIe
Metaiibl B 00bemMe 500 1/rox (pucyHok 12) (Ken-
xubaeBa u z1p., 2026).

B nemom ananu3 mMoOKasbIBaeT, YTO CTPYKTypa
MIPOMBILIICHHBIX OTXOA0B B T. LIIBIMKEHT Xapakre-

28

pu3yeTcsi JOMUHUPOBAHUEM MHHEPAJIBHBIX OTXOJ0B
METAJUTyPrU4ecKOro ¥ XUMHUYECKOTO TPOM3BO/ICTBA
(nTaKy, MUTaMbl, 30JI0IUTAKOBBIE MaTepualbl), 3Ha-
YUTEIBHBIMU 00beMaMu He(TeCOoAepIKAIIUX OTXO-
JIOB, @ TAK)KE HATMYMEM HCTOPUYECKU HAKOTUICHHBIX
TOKCHYHBIX OTXOJIOB, COJCPIKAIIMX MBIIIBSIK, CBH-
Her U ¢ocdop. Konuenrpamuss KpynHeix 00beMOB
OTXOJIOB HAa OTPaHMYCHHOM YHCIIC MPEANPUATHI U
CIICIMAIIM3UPOBAHHBIX TOJIMTOHOB CBHICTEIBCTBY-
eT 0 HEOOXOIMMOCTH COBEPIICHCTBOBAHHS CHCTEMbI
o0paleH s ¢ MPOMBIIIICHHBIMHA OTX0/IaMH, BHEIpe-
HHsl TEXHOJIOTHIA MX TepepabOTKKU U BOBJICYCHHS BO
BTOPHYHOE HCIOJIB30BaHUE, YTO TTO3BOJIMT CHU3HTH
Harpy3Ky Ha OKpY)KaroIlyto Cpely ¥ COKpaTHTh IO~
I/, 3aHAThIC OOBEKTAMU UX XPAaHCHHSI.
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Pucynok 11
Kapma pacnonoscenusn omxo006 6uiguiezo gocghoprozo npouzsoocmea

MsmepuTs paccTosHue

POANMTE NYTb, HaXWMaR Ha KapTy

06Was nnowaas: 165 345,83 k6. M. (1 779 767,73 k8. O¥T)
Obtuee paccTonsme: 2,36 kn (1,47 Mun.)

Pucynok 12
Kapma naxonnenuss omxooos TOO «Oxo [llunay

M3MepuTh paccToakue

A R
| By tlicimace: Ty

(ClenaniicAZCHEM) 1
KT '.@ I‘ o}
¥ ]

TpognuTE NYTh, HAXKMUMAR Ha KAPTY

O6wWas nnowaae: 23 414,83 ks. M. (252 035,14 k8. dyT.)
O6uee paccTonHue: 850,11 M (2 789,06 GyT.)

B Kazaxcrane uccienoBanust B JaHHOM Harpas-
JICHHHU OCYIIECTBIISUTICH IPEUMYILIECTBEHHO B paMKax
OTZIENIBHBIX TIPOEKTOB, IOCBSIICHHBIX IEpepadoTKe
METaJLTYPrU4eCcKUX [IUTAKOB UITH XBOCTOB 00OTAIIICHUS
(Atimapxanosa u 1p., 2019; Kemxebexos u np., 2021;
bateipxanoBa u ap., 2024). HecmoTps Ha Hanmmuue
OIIpeIeNICHHbIX HayYHBIX U MPaKTUYECKUX pe3yJibTa-
TOB, KOMIIJIGKCHBIN MOJXO/T K OLICHKE MOTEHIINAa HC-
MOJIB30BAHUSI PA3JIMYHbIX BUAOB NPOMBIIUICHHBIX OT-
XOJIOB PErHOHA U (POPMHUPOBAHHIO SIMHOM 1T(POBOI

MOJCIIN YIIPABJICHUSA UX nepepa60TK01‘/'I B HACTOAIICC
BPEMs HEAOCTATOYHO PA3BUT.

MaTepI/IaJ'[I)I U METOAbI UCCJICTOBAHUA

OOBEKT HCCIIECNOBAHUS: TEXHOICHHBIE OTXOJbI
MPOMBINIIEHHBIX TpeanpusTHii T. [IlsiMKeHTa.

ITpoBeeH aHaATU3 MPOMBIIUICHHBIX MPEIIPH-
STHI M XapaKTEepUCTHKA 00pa3yeMbIX OTXO/0B (Ta-
osua 2).
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Taonuma 2
Xapaxmepucmuka omxo006 npoMbLULIEHHBIX NPEONPULMULL

Haumenosanue O6beMm, T/
Buj nesarensHOCTH Bu orxonos
MPeNPHATHS rof
1 2 3 4 5
['panynupoBaHHbIH HITaK 16636
1 TOO «Polymettech» [Ipou3BoACTBO LIBETHBIX METAILIOB .
ApceHar KaJbIiH, MBIIIbIKCOACPIKAIINN KEK 19440
KotenbHble NUTaKK U 30JbHYIO MBLUTH 2,89
2 TOO «I'epmec-b.E.» [IponsBoncTBO METAIONPOKATa JloMeHHBIE IUTaKu 42
OrHeynopHbIe MaTepHaisl U QyTepoBKY 30
IIpoussoncTBo
3 TOO «KazFerro» P . [lnax 720,72
CBHUHIIOBBIX CIIIABOB
TOO «Kwuraiicko- [nak 4200
Kasaxcranckas TIpou3BOACTBO [IInam OT IPOMBIBKH PYAbI 350
4 Maprannenas
" (beppoCcHIIMKOMapraHIeBOTO CIUIaBa
HAyCTpHaIbHas [Tbub, ynaBnuBaeMas GUIBTPAMU 440
I'pynma»
[1I1ak OT IEPBUYHOIO K BTOPUYHOTO
5 TOO «AluTechy» TIpou3BOACTBO AMOMHUHUEBOTO MIPYyTa p p 240
IIPOU3BOACTBA CBMHLIA
6 TOO «LBetJIur» TIpon3BOACTBO AMFOMHUHUEBOTO TIPYyTa [mak 240
[Tpon3BOACTBO CIIJIABOB BTOPUYHOTO
AITIOMHHMYS, JIATYHUA U MEJIU OT UepHble NUT1aKku (OKAIMHA) BTOPHYHON ITaBKU
7 TOO «Element 5 KZ» ‘ 5 P ( ) BTOp 4293
BTOPHYHOTO CBHIPbS B BUJIE JIOMa (aymroMuHUS)
LBETHBIX METAJIJIOB
TOO «Sin Yuan Steel . [lmak OT MIaBUIBHBIX MeYei 250
Meramryprudecknii 3aBoj
(Cun IOans Crwn)» ITb11b IBIMOBBIX IT'a30B 530
9 TOO [IpoussoncTao [llnaky OT MEPBUYHOTO U BTOPUYHOTO 2525
«VEGAsmelting» CBUHIIOBBIX CIIIABOB MPOU3BOICTBA CBUHIIA
10 AO «Xumbapm» DapMaLeBTUUECKOE IPEAIPUITUC CrienManu3upoBaHHBII IPOTOOTBAIL 400000
. . [IpousBonacTBo [Il;1aku OT MEPBUYHOTO U BTOPUYHOTO 25,25
11  TOO «Rich smelting» P A p p
CBHHIIOBBIX CIIJIABOB IPpOM3BOJACTBA CBUHLIA
HenepepaboTaHHbIii ITak 1440,14
€X TIepeTIaBKU JJOMa I[BETHBIX
12 TOO «HYP-KZ» 1 p H OTpaboTaHHbIC MaTECPUAIIBI 3,616
METaIoB
TBepapie OTXOABI OT Ta3004NCTKH 8,022
[Tbun, ynoBieHHbIE B GUIBTPax, NBUTH
TOO «Shymkent N ’ ’ 1662
13 : CranenuTeifHoe npou3BOACTBO ABIMOBBIX I'a30B
Temir» -
HenepepaboTtanHslii mmutak 2150
IIbuTb ABIMOBBIX I'a30B 40
14 TOO [IpousBoncTBo
«KazFerroGroup»  (eppOCHIMKOMAPTaHIEBEIX CIIIABOB Illnambt 1 ocankn Ha puisTpax ot 1710
Ta3004HCTKH
TlepepaboTka CBUHIIOBEIX OTXOJIOB C
TOO «Standard Steel pep ! A [nax 6piBuIero [IIBIMKEHTCKOTO CBUHIIOBOTO
15 MOJy4YeHUEM KOHIIEHTparTa 1 800 000
KZ» 3aBojla
I[BETHBIX METAJIJIOB
TOO «High Industrial IIpomaciieHHO# HUHBI (OCHTOHKTA),
16  Lubricants & Liquids TIpou3BOACTBO MOTOPHBIX Maces MpeIHA3HAYCHHOMN TS CKUTAHHS B 732,5
Corporation (HILL)» WHCUHEPATOPHO Neun
TlepepaboTka H3HOMIEHHBIX .
17 TOO «3KO Illunax» pep Texuuueckuit yriuepos 1320
ABTOMOOWIIBHBIX HMINH
eX T10 yJaJICHUIO U 30J101ITAKOBBIE OTXO/BI (BKJIIOYAsT OTXOZbBI
18 TOO «Adunan» Uex 1o yn el ( A 272,641

BOCCTAHOBJICHHUIO OTXO10B

Ta3004HCTKH)
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TIpooonacenue mabauyvl

Haumenosanne O0BeMm, 1/
Ne Bup nearensHocTH Bup orxonos
TIPeANPHUSTHS TOx
1 2 3 4 5
O0e3BOXEHHBIH KK U3 500
HedTenama
Hedrenuamsr 8093
OTtpaboTaHHBIE KaTaIH3aTOPbI 234295
Jlonnsle ocaaxu u3 Oy(hepHOro mpysaa 1 TpyHT
rmocie OHOJIOTHYECKON OYHCTKH C aBapHHOTO 5200
ambapa
WnoBblit nutam 360
TOO
19 «IlerpoKasaxcran IepepaboTka Hedi AOGCOpOCHTHI, (PHIBTPOBAILHEIE MAaTEPHAIEI,
Ot MporakTey TKaHM JUIsl BRITUPAHUS, 3alJUTHAS OJIC¥kK /1A, 1030.7
AKTHBUPOBAHHBIH yTroJb, KEPAMHIECKUE ’
IIapbl, pereHepaTHBHBII NaTPOH
CHHTETHYEeCKHEe MOTOPHBIE, 200.07
TPAaHCMUCCHOHHBIE U CMa304YHbIE Macia >
OTtpaboTaHHbIE KaTaIH3aTOPEI, 6000
3arpsI3HEHHBIC ONACHBIMH BEIECTBAMH
Tapa u3-nox XumpeareHToB 400,005
[MupodopHbIe cyabhuIB Keae3a 200
JIoHHBIE HTIAMBI 200
Hedremuamsr 0,1
20 UII Abnymanan M.A. IepepaboTka HedTeIIaMOB 30MBHBII OCTATOK, KOTETBHBIC TUTAKH 1
30JIbHAS ITBUTH OT TIPOIIECCOB COBMECTHOTO 40
CKUTAHMS, COJIeprKall[ie OTTacHbIe BEIIECTBa
. Yrummzanus Gocdopoconeprxamx DocHOpUTHBIX M KBAPIUTOBEIX (ppaKIfuii
21 TOO «Kaitnap» s pocpopocoepant bop Pt (pa 1914415
[IIaMOB oTx0/1bI OBbIBIIETO (hOCHOPHOTO 3aBO/IA
[Norpy3ka rpaHyIHpOBaHHOTO
2 TOO «Or Crpoit aneKTpoTepModochopHOro mIaKa OnexTpoTepModochOpHBIIT MITaK OBIBIIETO 2500 000
Cepsuc JITI» Ul JajbHEHIIel nepenadu B Apyroe ¢doctoproro 3aBoza r. IIIsIMKeHT
TIpeIIPHATHE
TOO .
23 [IpousBozacTBO IEMEHTA OTxo/1bI 0TpaboTaHHOH (QYTEPOBKH 500
«IIpIMKeHTIIEeMEHT»
TOO «Crannapt .
24 Aap [IpousBozacTBO IEMEHTA OTxo/1bI 0TpaboTaHHOH QYTEPOBKH 400
Lemenr»
TOO «DIP TRANS
25 Tlomuron TBO CwmenranHbie KoMMyHanbHbIe 0TX0bI (THO 401 031
LOGISTICS» Y st (TBO)
OTX0/bI OT ylIaJICHHUs TIECKa 3120,75
2% TOO «Bognsie BonocHabxenue U 04MCTKA OBITOBBIX OTXOIBI OUMCTKH CTOYHBIX BOJT 2929,94
pecypcel-MapkeTnr» CTOHHEBIX BOT OTXO0/1bl OYUCTKH CTOYHBIX BOZ (Mycop 1384
(0TOPOCHI) € 3AIIUTHBIX PELICTOK)
3axoHcepBUpoBaHHas kapTa Ne 1 ¢ apcenarom 21400*
KanbIys
3axoHcepBUpoBaHHas KapTa Ne 2 ¢ apceHaTroM
TTOIMTOH 3aXODOHEHHE KaJIbLUs, 3aKUCIICHHBIM TPYHTOM U 16071
27 TOO «Glometech» P ’
IIPOMBIIUIEHHBIX OTXO0B MBIHIBAKCOACPIKAILMM KEKOM
3anonHeHHas kapta Ne3 B Buze 40000
MIPSIMOYTOJILHOTO YTy ONeHuUs
JeiicTByromas kapra Ned 130 000

* m® — Obwem kapm Nel, Ne2, No3 u No4.
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[IpoBenensl MccnenoBaHUsl HAHOOIEE OMACHBIX
IIPONU3BOJACTBCHHBIX OTXOA0B INPOMBIIIJICHHBIX IIPEI-
npusituit (pucyHok 13-19): TOO «tOrCrpoiiCep-
BucJIT/]» (o6pazern Nel), TOO «Dxolllunay (ob6pa-
3en Ne2), TOO «High Industrial Lubricants&Liquids
Corporation (HILL)» (o6pazerr Ne3), TOO «I'epmec-

Pucynox 13
Peszynemamer ananuza xumuueckoeo cocmasa npou3eo0cmeeH-
uoix omxo008 TOO «I02CmpoiiCepeuc/IT/»

HPMHI "K a5 M" HOKY ma M.

Ofpazc 1 (TOD <H0r Crpek Cepane T

Facwenr Eccsaui %
c m
o ELE
F aan
Na 41
Ma 145
Al 137
F 2411
r 481
5 "~
K 35
€a. a7
Fe 148
Hrern 10008
orHe s geane $157 wan Kypoop 0000 ol
(1nca)
Pucynok 15

Pesynomambl anaiuza Xumuuecko2o cocmagd npou3e00CmeeH-
noix omxoooe TOO «High Industrial Lubricants&Liquids
Corporation (HILL)»

HMPIHI "K = BM" HOEY

B.E.» (o0pazery Ned), TOO «Kwuraiicko-Kazaxcran-
ckasg MaprantmeBas Uanycrpuansnas ['pymmay (00-
pazerr Ne5), TOO «Polymettech» (oOpaser; Neo6),
TOO «KazFerro» (oOpazerr Ne7) c BEISBICHUEM
SIIEMEHTHOTO aHaIM3a C MPUMEHEHHUEM PacTPOBOM
ANIEKTPOHHOU MUKpockonin (POM).

Pucynox 14
Pesynomamul ananuza Xumuiecko2o cocmasa npou3e00CGeH-
ubix omxo006 TOO «Oxolllunay

HPIHN "K =B M HOKY ma M.

Ofpaes 1 (TOD +HDr Crpek Cepane TT0)

e Eczsani %
c an

o ELE:

F aan

a2 4t

Mz 145

Al m

5 2412

Inentpsiene motoreram |

P 4B

5 (5]

K 235

(=% 1437

e 148

Hreen 1008

Pucynok 16

Pesynomamul ananusa XuMuieckozo cocmasa npousgo0CmeeHt-
Hoix omx0006 TOO «I'epmec-b.E.»

Ofpascy 3 (TOO <High Industrial Lshsiraninbh EILL)

e
c 8
a L)
u [E]
F FE]
E an
=3 (213
® 01
2% 118
T 04
I 949
Teraex 10808
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Pucynox 17 Pucynok 18
Pesynbmambvl ananuza XumMu4eckoeo cocmasa npou3e00CcmeeH- Pesynvmamol ananuza Xumuvecko2o cocmasa npou3eo0CcmeeH-
Huix omxo008 TOO «Kumaiicko-Kazaxcmanckas Mapeanyesas noix omxooos TOO «Polymettech»

Unoycmpuanvnas I pynna»

HPIHAT "K = BM" HOEY s M. Ayeaora

Ofpazex § (TOO «Karaficxe-Kasaxcramcxas
Maprernsran Haxyerpeatenan Tpynmas)

Jaement | Becomoi
%

(2]

2032
[} 3
Na 07

Me 091

Al 336
5 055
K 0.97
Ca 1203
Mn 385
Ba 136

Hrors | 100.00

HMPIHI K e BM" HOKY ma. M. Ayesoea

O6pazen 6 (TOO «Bolymetech»)
Jnevent | Becoroit
%

C 345

] 41.83

s 1025

K 111

Ca 21.01

Fe 3.58

Cn .73

In 12.00

Az 3.94
Hrorm | 100.00

Pucynox 19
Peszynomamol ananuza XuMuuecko2o cocmasa npou3e00cmeeH-
noix omxooos TOO «KazFerroy

HPIHII "K = BM" IOKY m. M. Ayesora

Ofpazen 7 (TOO «KaaErrrar)

Daemen | Becosoit

Y
3182
1.84
119
364
1035

385

071
2212
043
1425
316

509

rFgREpPR B RO

035

Hrorm 100.00

Pe3ynbraThl 37IEMEHTHOTO aHaiM3a OTXOAOB  BE, OOYCIOBIEHHBIX CHEIU(PUKONH TEeXHOJIOTHYe-
UCCIIeTyEeMbIX TPEANPUITUN CBUIACTEIBCTBYIOT O  CKHUX IMPOIIECCOB M HCIOIB3YEMOTO CHIPhS (pUCY-
3HAYUTEIFHBIX PA3NIMYUAX UX XUMHYECKOM cOCTa-  HOK 20).
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Pucynox 20
Xumuueckuil cocmas npou3seo0CmeeHHblX 0mxo008

90.00
80.00
70.00
60.00
50.00
40,00
30.00
20,00
10.00
TOO «High
TOO «¥Or Industrial
Crpoit TOO Lubricants&L
CepBHC «OxolllHHa» iquids
JITO») Corporation
(HILL)»
uC 3,72 81,23 7281
=m0 40,51 6.65 7.99
F 4,22
Na 0.41
Mg 1.45
mA| 2,37 0.31 0.33
mSj 24.12 1.54 3.52
mp 4.81
s 0.31 2.44 4.02
BK 2,25 0.3
mCa 14.37 0.85 1.16
mFe 1.48 0.41 0.42
uCl| 0.81 0.26
Zn 5.74 9.19
Ti
Cr
Mn
Ba
mCu
HAs

B memom pe3ynbTaThl HUCCIIEAOBaHUS MTOKA3bI-
BAIOT, YTO OTXOMBI MPEANPHITHI COAEpkKaT Kak
MIPUPOJIHBIE MUHEPAIbHBIE KOMIIOHEHTHI, TaK U dJie-
MEHTBI, 00JIaafoIie MOTEHIMAILHONH YKOI0THYe-
CKOH 0omacHOCTBHI0. Hamnune TsoKeIbIX METAIIOB U
TOKCUYHBIX DJIECMEHTOB, BKIIIOYASl MBIIIBSIK, XPOM,
Mellb, UHK W MapraHell, yKa3blBaeT Ha Heo0Xo-
JTUMOCTH OOECIICUCHHS HAJICKAIIETO KOHTPOIS 3a
YCIIOBUSIMH XPaHEHHS, TPAHCIIOPTUPOBKH U yTHIIH-
3aIli OTXOJOB C IEIbI0 MUHUMH3AIUN PUCKA 3a-
TPS3HEHUS OKPYKAOIIEH Cpeibl.

B 2024 rony mamu coBmecTHO ¢ Jlemapramen-
TOM 5Konoruu 1o ropoxay ILleiMKeHT ObuUTH TIpO-
BEIICHBI HCCIICIOBAaHUS TIOYBBHI B CAaHUTAPHO-3a-
muUTHOHM 30He (manee-C33) W TPOM3BOACTBEHHOTO

34

JJ.l b b JJ 1] ‘I].J.j

TOO
«KHTaiicko-
«1_1;;)&0 ka.saxz;raﬁcm TOO | ' TOO. |
EE» Mapresmesas «Polymetech»  «KazFerro»
HHgycTpHATS
Hag I'pymmay»
6.53 2932 3.45
38.43 37.74 41.83 31.82
0.68 0.73 2.84
0.78 0.91 1.29
7.86 3.36 3.64
20,11 9,55 1035
10.25 3.85
0.33 0.97 1.21 0.71
4,45 12.03 21,01 2222
3.49 3,58 14.25
12 5.09
0.8
0,44
16.11 3,85 0,43
1.56
2,73 3.16
3,94 0.35

nosmroda TOO «Glometech» (tabmuma 3,4). OtoT
nonuroH npuaumaet otxoasl TOO «Polymettechy.
B xope Bu3yanpHOT0 0cMOTpa OBLIO BBISBICHO, YTO
teppuropust C33 moiuroHa crnocoOCTBYET pacipo-
CTpaHEHUIO 3aTrPs3HEHUS TI0YB.

Pe3ynpTaThl XUMHYECKOTO aHAIH3a TOYBEHHBIX
00pa3ioB, 0TOOpaHHBIX Ha TEPPUTOPHH TOJIUTOHA
B 2024 rony, CBUAETEIHCTBYIOT O HAIMYUH yCTOM-
YHBOT'O TEXHOT€HHOTO BO3CHWCTBHUS HA MOYBEHHBIN
MOKPOB. YCTAaHOBJICHBI 3HAYMTENLHBIC MpPEBBIIIC-
HUs (DOHOBBIX KOHIIEHTPAIUH 110 psiTy TOKa3aTenei,
BKITIOYasl IUIOTHBIH OCTAaTOK, XJIOPHIbBI, CYIb(aThl,
OuKapOOHATHI, KAIBIINH, MarHHNA, TIOJABHXKHBIH (hoc-
¢dop, HePTEMPOAYKTHI, & TAKKE TAKEIIbIC METAILIIbI
(MBIIITBSK W CBHHEII).



I'.C. Kemxubaea u 1p.

Tabmuna 3
Pesynomamul xumuyeckozo ananusa nougennvix oopasyos C33 (Ilpomokon ucnveimanus nouevt Ne 17 om 25.05.2024 2.)

Haumenosanue Konuenrparnus [TpeBbimenue
Ne 3arpsI3HAIOLIETO HopmatuBHbIi TOKYMEHT HAa METOJ UCTIBITAHUS daxru- IIJIK
BeHlcCTBa qecKast (doHoBas)
. T'OCT 26423-85 — «IlouBbl. MeTobI onpeaeneHust
[1noTHSEIH OCTATOK, . .
1 o YACIBHON AIEKTPUUYECKON POBOAUMOCTH, pH 1 1,094 0,116 B 9,04 paza
° TUIOTHOTO OCTaTKa BOAHON BBITSDKKI
2 Xnopua (CI), % I'OCT 26425 — «I1ouBsl. MeTf))n,I OTIpE/ICTICHUS HOHA 0.0026 0.0018 5 1.4 pasa
XJIOPU/IA B BOZHOH BBITSIKKE)
2= - —
3 Cynbdar (SO427), TOCT 26426-85 — «ITo4ssl. MeuTom)I OTIpe/IeNICHUs HOHA 0.48 0.06 5 8,0 pasa
% cynb(aTa B BOTHON BBITSDKKE»
4 BI/IKap6_OHaT T'OCT 26424-85 — «IlouBsl. MeToabt onpzeneneHm HMOHOB 0.0031 0.0015 52,1 pasa
(HCO37), % kapOoHaTa 1 OukapOOHaTa B BOJHON BBITSIKKE)
5 Kambuuii (Ca), % T'OCT 26428-85 — «IlouBbl. MeTomb! OnpenesieHus 0,035 0,02 B 1,75 pasa
6  Marnuit (Mg), % KaJIbIMs U MAarHUs B BOJHOU BBITSHKKE» 0,153 0,0046 B 33,3 paza
Dochop I'OCT 26205-91 — «TouBsl. Orpenenenue noBUKHbIX
7 MOJBHKHBII coepuHeHni Gocdopa u kanus Mo MeToxy Maunruna B 33,5 3,5 B 10,2 paza
(P,0O5), mr/kr moaudukarmu [TUHAO»
Ta6auma 4

Pesynbmamul xumuuecko2o ananuza noUseHHvIx 00pazyos npouszsoocmeennoco noaueona TOO «Glometechy (Ilpomokon ucnvima-
Hus nousvl Ne 28 om 27.12.2024 2., Ne 99 om 30.12.2024 2.).

HaumeHnoBanue Konnenrpanus
Ne 3arpsI3HSAIOLIETO HopmaTuBHBII TOKYMEHT Ha METOJ UCIBITAHUS daxru- IIJIK IIpeBbiienne
BeLICCTBA yeckas (doHoBas)
M T'OCT 26423-85 — «IlouBsl. MeToab! onpeeneHus
IInoTHBIN OCTATOK, . .
1 % YACIbHOM dIeKTpHuecKoil nposogumocty, pH u 1,09 0,062 B 17,5 pa3za
’ IUTOTHOTO OCTaTKa BOJHOU BBITSDKKID)
5 Xunopust (CI°), % I'OCT 26425 — «ITouBblI. MCT?}IBI ONpeAETIeHHs HOHA 0.0044 00018 B 2,4 pasa
XJiopuJZia B BOOZHOU BBITSIKKEY
2= - —
3 Cynbsdar (SO4>7), T'OCT 26426-85 — «IlouBbl. MeUTo;uﬂ OTIpeIeNICHUs] HOHA 0.72 0.012 5 60 pas
% cynb(aTa B BOJHON BBITSIKKE)
4 Bm(ap6_0HaT I'OCT 26424-85 — «IlouBsl. MeToabt onlzeueneﬂm 0.0061 0.0046 5 1,3 pasa
(HCO37), % HOHOB KapOoHara U OuKapOOHaTa B BOJAHOI BBITSIKKEY
5 Kanbumii (Ca), % T'OCT 26428-85 — «IlouBbl. MeToab! OnpeiesIeHus 0,25 0,00125 B 20 pa3
6 Marnuii (Mg), % KaJbLUsl U MAarHUS B BOJHOM BBITSKKE» 0,027 0,0046 B 5,8 pasa
Dochop I'OCT 26205-91 — «ITouBsl. OnpeneneHue MOABHKHBIX
7 TTOABHIKHBII coeanHeHUH Gocopa U Kaus o MeToxy MaduriHa B 34,6 3,5 B 9,8 paza
(P20s5), Mr/kr momudukarmu LITUHAO»
CT PK 2.378-2015 — «MeToauka BBIIIOJTHEHHS
3 Hedrenponyxr, H3MepeHHi MacCOBOH 10N HE(TENPOIYKTOB B IIpodax 3.5 225 5 1,5 pasa
MI/KT TI0YB ¥ TPYHTOB (DIIyOPHMETPUYECKIM METOJJOM Ha
aHaJIM3aTOPE JKUJIKOCTI
9 Mpiiibsik (As), M 049-11/ 10 — «MeTozuKa BBITOTHEHUS H3MEPEHHI 219.4 2.0 5 109,7 pasa
MTI/KT MAacCOBOH JIOJT METAIIOB U OKCHJIOB METAJIIOB B
MTOPOMIKOBBIX MPOOAX MOYB PEHTIEHOPIYOPECIEHTHBIM
10  Csunern (Pb), Mr/kr 193,1 32,0 B 6,0 paza

METOAOM)
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B 2024 rony Hamu coBMecTHOTO ¢ Jlenapramen-
TOM 3KOJIOTHH 110 TopoAy LLpiMkeHT ObUTH TTpOBEE-
HBI UCCIICIOBAHUSI aTMOC(EPHOTO BO3yXa, MOYBBI
1 cOpOC CTOYHBIX BOJ B OJU3M TIPOU3BOICTBEHHOTO
oobekta TOO «High Industrial Lubricants&Liquids
Corporation (HILL)» (tabnwma 5).

B 2024 rony coBmectHoO ¢ [lemapTaMeHTOM KO-
soruu 1o ropoay LIbIMKeHT OBUTH TIPOBEAEHBI HC-
CIIeZIOBaHMsI aTMOC(EPHOTO BO3yXa B CAHUTApHO-
3aIIUTHON 30HE M Ha MPOU3BOJCTBEHHOM OOBEKTE
TOO «I'epmec-b.E.» (Tabnuna 6).

Taxxe B 2023 rogy coBmectHo ¢ Jlemapra-
MEHTOM 3KojiorTud mo ropoay LIsiMKeHT Obuin

Taoauma 5

MPOBEJICHBI UCCIEIOBAHUS aTMOC(HEPHOTO BO3/Y-
Xa B CAaHWTAPHO-3AIUTHON 30HE W Ha MPOU3BOI-
crBeHHOM 00bekTe TOO «Kwuraiicko-Kazaxcran-
ckass MapranueBas HNuayctpuanbHas I'pynmna»
(Tabnuma 7).

A B 2026 Ttomy ObuUIM TIPOBEICHBI HCCIIEI0BA-
HUSI aTMOC(EPHOTO BO3/TyXa Ha IPOU3BOICTBEHHOM
o6bexTe TOO «Polymettech» (Tabmmma 8).

B 2024 rony namu coBmecTtHO ¢ Jlemapramen-
TOM 23KoJIoTHH 10 ropoxy IIeMKeHT ObUTH TIpO-
BEJICHBI HCCIICIOBAHUS aTMOC(EPHOr0 BO3AyXa Ha
npousBoAcTBeHHOM 00bekTe TOO «3Okolllnnay
(Tabmuna 9).

Pesynomamul  uccnedosanusi xumuueckoeo ananuza npomviutieHunvlx omxo0oé TOO «High Industrial Lubricants&Liquids

Corporation (HILL)»

HaunmenoBanue KoHnnenTtpamust, Mr/kr
3arps3HSIOILETO HopmaruBHBIIT JOKYMEHT Ha METOJ] HCIIBITAaHUS dakTH- 11K IIpesblenune
BeIICCTBA gyeckas  ((poHOBas)
Pesynbrarsl vccieoBaHNS XUMUYIECKOTO aHAIN3a TIOYBEHHBIX 00pa3lioB
(ITporokoun ucnbitanus mouBsl Ne 5 ot 11.04.2024 1)
CT PK 2.378-2015 — «Metoauka BBITOJTHEHHUS U3MEPEHUN
HedyrenpoayKrsi 8 p 12240,0 64,0 B 191,2 pasa

MacCOBOH JI0JI1 HeTENPOAYKTOB B Ipodax MmouB

Pesysbrarhl HcclieJOBaHUS TIPOO aTMOC(EPHOro BO3/IyXa Ha HCTOYHHKAX MPOM3BOACTBEHHOTO 00BEKTA
(ITpotokom Ne 17 ot 11.04.2024 1)

CT PK 1877-2009 — «Oxpana npupozsl. Atmochepa. MeTtosst

OKcm(lggI)ep ona OTIpe/IeNICHUs] BBIOPOCA OKCH/IA YITICPOa U3 CTAI[HOHAPHBIX 0,2803 0,1832 B 1,53 paza
HMCTOYHHKOB 3arpsI3HCHUS
Pesynbrarsl uccnenoBanus npod TUBHEBBIX CTOKOB € JIOTKA BO3JIE CTAPOTO OTCTOMHUKA
(ITporokon ucneitanus Boast Ne 15 ot 19.04.2024 1)
Hedyrenpoaykrs: CT PK 2328-2013 — «Bopa. Onpenenenue coaepkanus 40.60 ) )
He(TENPOIYKTOB (HIIyOPUMETPHICCKIM METOTOM
Tabauna 6

Peszynomamer uccnedosanus ammocgheprozo 6030yxXa 8 CAHUMAPHO-3AUWUMHOL 30He U HA npouzsoocmeennom obvexkme TOO

«l'epmec-b.E.»

HaumenoBanue Konmuenrparust, mr/m?
Ne  3arpssmsroniero HopmaruBHBII JOKYMEHT Ha METOJ] HCTIBITAHUS (axTu- IpeBblenune
BEILIECTBA qeckast Hax
Pesynsrars! nceiemoBanms npob armocdepHoro Bo3myxa C33 (ITporokon Ne 68 ot 05.08.2024 1)
Oxcup yriepona CT PK 2.302-2021 — «I'ocynapcTBeHHas cuctemMa
1 AL yTIepol YHapCTH! 5,51 5,0 B 1,702 pasa
(CO) obecrnieuenus eaquHcTea uzmepenuii PK. Mertonuka
BBINIOJIHEHUS u3MepeHuil. OnpeneseHue MaccoBOn
JliokcHy cepsl  KOHUCHTPALWK BPCIHBIX BELICCTB B aTMOC(HEPHOM BO3ZyXC,
2 o 0,64 0,5 B 1,28 pa3a
(SO, B BO3JlyXe paboueil 30HbI, B IPOMBIILICHHBIX BHIOPOCOB

razoaHajin3aTopom»

Pesynbrars! uccnenoBanus npod Ha ncrounuke 3arps3aeHus Ne0004 Ha npousBoactBeHHOT0 00BekTa TOO «l'epmec-b.E.»
(ITporokom Ne 100 ot 10.09.2024 1)
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TIpooonacenue mabauyvl

HanmenoBanue Kouunenrparws, mr/m?
Ne  3arpsi3HsIOIIETO HopmaTHBHBIN TOKYMEHT Ha METOJT UCITBITAHHS daxTu- Ipesbinienue
BEIIeCTBA qeckas IIAK

Okenst yrepoa CT PK 1877-2009 — «Oxpana mpupoznsl. AtMmocdepa. MeTons

3 (CO) OTIpeIeNIeHUs BBIOPOCa OKCH/IA YIIIEPOAa U3 CTAIIHOHAPHBIX 0,3785 0,052 B 0,3265 paza
HCTOYHUKOB 3arPSI3HEHUS»
Oxcnp a3ora B 0,00079
4 (NO) TIOT1-MBH-004-22 (Nekz.06.01.00571-2023) - 0,001290,0005 pasa
Jltoxenz asora «Metonnueckue ykazaHust (METOMKA BBITOIHEHHS
5 (N g ) N3MEpEeHHH) TI0 OPTaHN3alNH U TTOPSIKY ITPOBEICHHUS 0,00793 0,0031  B0,00483 pa3
2 AHATUTHYCCKOTO KOHTPOIISI HCTOYHHKOB 3arps3HECHHUS
¢  Ceposonopon atMochepsn 0,00083 —  B0,00083 pa3
(H,S)
Tabanna 7

Pesynomamul uccnedosanusi npobd Ha ucmouHuxe 3aepazuenus npouzsoocmeentnoco obwvexma TOO «Kumaiicko-Kazaxcmanckas
Mapeanyesas Unoycmpuanvnas I pynna»

HaunmenoBanue Konuenrparust, mr/m?
3arpsA3HAIOILETO HopmaruBHBII 10OKyMEHT Ha METOJ] UCTIBITAHUS daxru- IIpesbIenne
BEIIECTBA JecKas HaK

Pesynbrars! necnenoBanus mpod armocdeproro Bozayxa C33 (IIporokosr Ne 57 ot 26.06.2023 1)

CT PK 2.302-2021 — «I'ocynapcTBeHHast cucteMa o0ecreueH s
enuHcTBa u3Mepenuit PK. Metoanka BBITOIHEHNS U3MEPEHHM.
[Ib116 OnpeneneHre MacCcoBOM KOHIIEHTPAIIMK BPEAHBIX BEIIECTB B 1,2 0,5 B 2,4 paza
arMoc(epHOM BO3/lyXe, B BO3/lyXe paboueii 30HbI, B IPOMBIIIICHHBIX
BBIOPOCOB Tra30aHAIN3ATOPOMY

Ta6anuna 8
Pesynvmamul uccredosanusn npod Ha ucmounuxe sacpasHerus na npouzsoocmeentom oovekme TOO «Polymettech»

Haumenoanwue Konuenrparwusi, r/c
Ne  3arps3HSAOIUX HopmaruBHBIN JOKYMEHT Ha METOJ dakTHue- IIpeBbiienue
BENIECTB cxas II1B
1 2 3 4 5 6

Pesynbrarsl uccnenoBanus mpod Ha ucrognuke 3arpszHerns Ne0001 — OonbIIoi maxToBoi edn
(ITpotokom Ne 26 ot 01.04.2026 1.).

CT PK 1877-2009 — «OxpaHna npupoasl. ATMmocdepa.
Mertoipl onpeniesicHus BEIOpoca OKCHJIa yIiieposa 13 49,4952 0,2747 B 180,1 paza
CTAllMOHAPHBIX UCTOYHUKOB 3arPsI3HCHUS

CT PKTOCT P UCO 7935-2010 — «Bbibpocst
CTallMOHAPHBIX HCTOYHUKOB. Ompe/ieNieHne MacCoBOMH
KOHICHTPALUH JUOKCUT CEPbl. XapaKTEePUCTHKU 56,4506 0,0083 B 79090,0 paza
ABTOMAaTHYECKHX METOI0B M3MEPEHUH B yCIOBHAX
MIPUMEHEHHS

Oxcup yraepoaa

! (CO)

Jlnoxeus cepsl

> s0)

Pesynbrars! nccnenoBanus npod Ha ucTodHMKe 3arpsizHeHust Ne0002 — cymibHEI Gapaban
(ITporokoin Ne 13 or 18.03.2026 ).

CT PK 1877-2009 — «Oxpana npupossl. ATMochepa.
Mertozp! onpeniesnieHns BEIOpoca OKCHA yIiieposa 13 0,208 0,0029 B 71,7 pa3za
CTAIIMOHAPHBIX HCTOYHHKOB 3arPA3HEHUS

Oxkcup yrniepoaa

3 (CO)
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Ipooonscenue mabauywvl

HaunmenoBanue Konuenrpauus, r/c
No  3arpsi3HAIOIIUX HopmaruBHBIM JOKYMEHT Ha METOJ dakTHye- [IpeBsbienue
BEILIECTB cKas 1B
1 2 3 4 5 6
CT PKTOCT P UCO 7935-2010 — «Boi6pocht
CTALlMOHAPHBIX UCTOYHUKOB. OIpeaeeHue MacCoBOM
4 Z[HOKZPSI ceprt KOHLIEHTPALIUU JIMOKCU]] Cepbl. XapaKTEPUCTUKU 0,06285 0,000055 B 1142,72 paza
(50, ABTOMATHYECKUX METOI0B U3MEPEHHUIT B YCIOBHUSIX
MIPUMCHCHHSD
5 Oxcup a3ora [I2I1-MBH-004-22 (Nekz.06.01.00571-2023) — 000036 0,0001186 530,35 pasa
(NO) «Metoamueckue yka3aHus (METOANKA BBITIOIHEHHUS
HM3MEPEHHI) 1T0 OPTaHU3ALUH U TIOPSAAKY POBEICHHS
@ JuoKcHI asora AHATHTHYECKOTO KOHTPOJIS HCTOUHHMKOB 3arPA3HEHHS 0.00223 0,00073 B 3,05 pasa
(NO,) aTMocdepb» ' | |
BaBelICHHbIE CT PKTOCT P 50820-2005 — «O60pynoBaH#e Tra3004UCTHOC
7 semecTsa U IbLIeyIaBiIMBatoniee. MeTo/ibl OrpeesieHus 3anbUIeHHOCTH 0,5398 0,00339 B 159,2 paza
ra30IbUIEBBIX TIOTOKOBY
Pesynprars! nccnenoanus mpod Ha ucrounuke 3arpszHerns Ne0001 — ManeHbKOM IAXTOBOM Medn
(ITpotoxom Ne 23 ot 31.03.2026 1)
Oxcry yriepona CT PK 1877-2009 — «Oxpana npupossl. AtMocdepa.
8 (CO) Mertozb! onpernielieHrsT BBIOpoca OKCHIa yIliepoaa 13 36,18 0,2747 B 131,7 paza
CTAIIOHAPHBIX HCTOYHUKOB 3aTPSI3HCHUSDY
CT PKTOCT P UCO 7935-2010 — «Bs16pocst
CTaI[OHAPHBIX UCTOYHUKOB. OmpeieNienre MacCoBOM
9 HHOK(;S] Ceprt KOHIIEHTPAIMH AUOKCHIA Cepbl. XapaKTepUCTUKU 12,19 0,0083 B 1468,67 pa3za
(80, aBTOMATHYECKHX METON0OB U3MEPEHUH B YCIOBHUIX
HpHMeHeHI/lﬂ»
CT PK 2.297-2014 — «I'ocynapcTBeHHas cHCTEMa
obecrieueHust ennHcTBa M3MepeHnid PK. Meroanka
10 CepoBomopon BBITTOJTHEHHUST I3MEPEHUI MacCOBOM KOHIICHTPALIH U 0.329 i )
(H,S) OTIpEIeNICHHsT MACCOBOTO BHIOPOCA 3arps3HAIONINX BEIIECCTB ?
B OTXOSIIIMX ra3aX TOIUIMBO CKUTAFOIINX YCTAHOBOK C
MIPUMEHEHUEM Ta30aHAIN3ATOP PA3IMIHBIX THUIIOBY
CT PKTOCT P 50820-2005 — «O60pymoBaHIe ra3004UCTHOC
B3Beniennsie
11 semmecTsa U TbIIeyIaBIIMBatoiee. MeToibl ONpeeseHus 3anbUIEHHOCTH 0,802 0,00377 B 212,7 paza
ra30MbUIEBBIX TTOTOKOBY
Pesynbratel necnenoBanus mpod Ha UCTOYHUKE 3arpsA3HEHMs O/H CyIIMIbHAS Kamepa
(ITpotokon Ne 27 ot 02.04.2026 1.).
CT PK 2.297-2014 — «I'ocynapcTBeHHas cucTeMa
obecneueHust ennHcTBa M3MepeHnii PK. Metonnka
CepoBoziopoz BBITIOJTHEHYSI I3MEPEHNIT MacCOBOIl KOHIIEHTpAIMU 1
12 0,0022 - -
(H,9) OIIPEICJICHNS] MAaCCOBOTO BBIOPOCA 3arpsI3HSIONINX BEIIECTB
B OTXOZSIINX Ta3aX TOIUTHBO COKUTAIOIINX YCTaHOBOK C
MIPUMEHEHHEM I'a30aHaI3aToOp Pa3IHIHBIX THIIOBY
CT PKT'OCT P UCO 7935-2010 — «Br16pocst
CTAllMOHAPHBIX UCTOYHUKOB. OIpeaeseHne MacCoBOM
13 HHOKCSP(I)I[ Ceprt KOHIICHTPALMK AUOKCU Cepbl. XapaKTePUCTUKU 0,1159 - *
(580, ABTOMAaTUYECKUX METOI0B U3MEPEHUM B yCIOBUSIX
MIPUMECHEHHS»
CT PKTOCT P 50820-2005 — «O60pynoBaHue Ta3004UCTHOE
B3gemiennsie
14 BeleCTBa U IbLIeyIaBiInBatoniee. MeTo/ibl orpeesieHus 3anbUIeHHOCTH 0,0484 - -

Ta30IIbIJIEBBIX ITOTOKOBY
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Taoaumna 9

Pesynvmamul uccredosanus npod na ucmounuxe sacpasHeHus na npouzsoocmeennom oovekme TOO «xollluna»

Haumenosanue KonneHrpauus, r/c IIpeBbineHne
Ne  zarpsHsonmx HopMaTuBHBII JOKyMEHT Ha METOJ DakTH-
BCILECTB geckas s
Pesynbrarsl nccinenoBanus npob Ha nctouHuke 3arpsisHeHnst Ne0002 — nupoIu3HBIi redb
(ITpotoxon Ne 99 ot 14.08.2025 r.).
CT PK 2.297-2014 — «I'ocynapcTBeHHas cucTeMa

obecneuenus enuHcTBa m3MepeHnid PK. Meroanka

| Ceposonopon BBITIOJTHEHUSI U3MEPEHNIT MacCOBOI KOHIIEHTPAINN H 0.003
(H,S) OTIPEIETICHUST MaCCOBOTO BEIOPOCA 3arps3HAIOMINX BEIIECTB ’
B OTXOJSIINX Ta3aX TOIUTHBO CHKUTAIONINX YCTAHOBOK C
TIPUMEHEHUEM Ta30aHaN3aToP Pa3IMIHBIX THIIOB)
CT PKTOCT P 50820-2005 — «O60opynoBaHue ra3004MCTHOE
Bssewmennsie
2 BelecTsa U NblICyIaBaKMBatoliee. MeTozabl onpeaeeHus 3abUICHHOCTH 0,0657 - -
ra30IbIIEBBIX IIOTOKOBY
Pesynbrars! nccnenoBanus Mpod Ha HCTOYHUKE 3arPsA3HEHUSI — H3TOTOBIEHNE MOMYIbHBIX TTOKPBITHI
Y JIMHHS TI0 OpUKETHPOBaHMIO TeXxHHYecKoro yriaepoaa (IIpotoxon Ne 101 ot 14.08.2025 r).
CT PK 1877-2009 — «Oxpana npupoasl. ATMmocdepa.
Oxcup yrnepoaa P pHpon bep
3 (CO) Mertopl onpeiesieHus BEIOpoca OKCHJIa yIiieposa u3 0,00612 - -
CTaI[MOHAPHBIX HCTOYHUKOB 3arps3HEHMUSD
CT PKTOCT P 50820-2005 — «O0opynoBaHue ra3004lCTHOE
Bssewennsie

4 J— U mblIeyaaBauBatomiee. Meroasl onpenenenus 3ansiienHocta  0,00076 - -

Ta30IIbIJICBBIX ITOTOKOBY

Oxcup yriaeposaa sIBISETCS OJHUM M3 OCHOB-
HBIX TPOAYKTOB HETOJIHOTO CrOpaHHSA TOIUIMBA U
0TX00B. [IpeBblllieHre HOPMATUBHBIX KOHIICHTPA-
U JTAHHOTO BEIIECTBA CBUJICTENBCTBYET O HEJO-
cTaToyHOoH 3(h(peKTUBHOCTH Mpolecca CKUTaHUI U
MOBBIIIEHHONW aHTPOINOI€HHOW Harpy3ke Ha aTMo-
chepHblii Bo3ayx. Hakomenue okcuaa yriiepona
YXyAIIAaeT Ka4eCTBO aTMOC(EPHOTO BO3/IyXa B 30HE
BO3/ICHCTBHS MPEINPHUATHS U CHOCOOCTBYET (op-
MHPOBAHHUIO HEOIATONPHUITHON IKOJOTHICCKON 00-
cTaHoBKH. Kpome Toro, pe3ynpTaTsl HCCII€JOBAHUS
aTMoc(epHOTO BO3AyXa B CaHUTAPHO-3aITUTHBIX
30HaX MPEANPUATUN MOKA3alu MPEBBIIICHUE HOP-
MaTHBHBIX 3HAUEHUI MPEAETHHO AOMYCTUMBIX KOH-
LEHTpauil 3arpssHstonmx Bemiects (MuHuCTEp-
CTBO 31paBooxpaneHms Pecrryonmukn Kazaxcran &
MuHucTEpCTBO OXpaHbl OKpyXkarouiel cpenst Pe-
ciryonukn Kazaxcran, 2004).

KonnuecTBeHHass ~ OLEHKAa  aHTPOIOr€HHO-
ro BO3JICUCTBUS MPOMBIIUICHHBIX MPEANPUITUN
r. llIpIMKeHTa HA OKPY>KAIOILYIO0 CPEy BBIMOJIHEHA

C NMPUMEHEHUEM pacueTHOro meronaa. Pacuer ocy-
IECTBIISUICS 110 cieaytomeit popmyte (PecmyOmmka
Kazaxcran, 2014):

Cymma wmpagpa = Obvem npegvliieHus
3aepAsHAIOWUX seuecms *

* Cmasxa naamot 3a 1 monny x MPII *
*10000%, 1)

rae: MPII — MecsiuHbld pacyeTHBIM IMOKa3aTeb,
YCTAHOBJICHHBI Ha COOTBETCTBYIOIIUN IEPHO/I,
TEHTe, CTaBKa IUIaTHl 32 | TOHHY — ONpPEeeNseTcs B
pa3Mepe, KpaTHOM MECSYHOMY PacueTHOMY ITOKa-
3aTenro, ACWCTBYIOIIEMY Ha MEPBOE YHCIIO HAJIOTO-
Boro nepuoja (MHUHUCTEPCTBO IKOJIOTUH, FEOJIOTHH
U TPHUPOAHBIX pecypcoB Pecmybmmkn Kazaxcrah,
2022).

O6miee cyMMapHOE AaHTPOIIOTEHHOE BO3ICH-
CTBUE MTPOMBINUICHHBIX MPEANPHUATHIA Ha OKPYKAFO-
mryto cpeny T. llleimkenTa 3a mepuoxa 2023—-2026 .
rpencranieHo B Tadumuie 10.
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Taouumna 10

Obuwee cymmapHoe anmponozenHoe 8030elcmeaue nPOMbIULIeHHbIX NPEeONPUAMULL HA OKpYHcarowyio cpedy 3a nepuod 2023-2026 ze.

Pa3mep anTponoreHHoro

Ne HaumenoBanue npeanpusaTuit B ——
1 TOO «High Industrial Lubricants & Liquids Corporation (HILL)» 282 483.0

2 TOO «I'epmec-b.E.» 99 579 561,0

3 TOO «Kwuraiicko-Kazaxcranckas Mapranuesas Muaycrpuanpras [pymmay 13512 316,0

4 TOO «Polymettech» 63 960 372,0

5  TOO «Dxolllunay 306 402,0

O6mas cymma

177 641 134,0

B niesiom pe3ynbTaThl POBEICHHBIX UCCIIECTOBA-
HUH TOATBEPIKIAIOT, YTO MPUMEHEHUE PacUETHBIX
METOJOB PKOHOMHYECKOW OIICHKH aHTPOIIOTCHHO-
r'0 BO3JICHCTBUS Ha OKPYIKAIOIIYIO CPely TTO3BOJIUT
OOBEKTUBHO OIPEICIIUTh MAacCIITadbl HEraTHBHO-
IO BO3JCHCTBHUSA XO3SMCTBCHHOM ICATCILHOCTH Ha
OKPY’KaIOIIyI0 CPEely W O00ECIEeUnTh pPealh3aIliio
MIPUHIIATIA YKOHOMHYECKOH OTBETCTBEHHOCTH IPH-
pojornonb3oBareiei. OOmuml pa3Mep 3KOHOMHYE-
CKOH OIIGHKH aHTPOIOTEHHOT'O BO3JEHCTBHS IS
00CJIC/IOBAHHBIX IPOMBIIIICHHBIX MPEANPUITUN
coctaBun 177 641 134,0 Tenre, 4To CBHACTCIIH-
CTBYET O HEOOXOJUMOCTH JAJTbHEHIIIET0 COBEPIIICH-
CTBOBAHUS CUCTEM KOJIOTHYCCKOr0 MEHEIKMEHTA,
BHepeHusT 3(Q()EKTUBHBIX TEXHOJIOTUH OYHCTKU
BBIOPOCOB W YCHJICHHSI TOCYAapCTBEHHOTO HKOJIO-
FHYECKOT0 KOHTPOJIS 3a COOJIIO/ICHUEM TPeOOBaHHUIA
MIPUPOIOOXPAHHOTO 3aKOHOIATENIHCTRA.

Pe3yabTarhl 1 UX 00cy:KIeHUE

[IpoBeneHHasT KOMIUIEKCHAs 3KOJOIMYECKast
OLICHKA TMO3BOJIMJIA YCTaHOBHTH, YTO CTPYKTypa
TEXHOT'CHHBIX OTXOJIOB MPOMBILIUICHHBIX HMPEANPH-
situii T. IIIbIMKEHTa XapaKTepu3yeTcsi BBICOKON He-
OJHOPOAHOCTBIO KaK 10 00bEMaM 00pa3oBaHMs, TaK
U 10 XMMHUYECKOMY cocTaBy. Hambonbinmii Bkian
B 00pa3oBaHHE OTXOJOB BHOCAT HPEANPHUATHUS Me-
TAJLTyprHYeCcKOH, HedTenepepadaTbiBalomeid U Xu-
MHYECKOW NPOMBIIUICHHOCTH, & TaKXe OOBEKTHI
XpaHECHUS HCTOPUYECKH HAKOIUICHHBIX OTXOIOB
(hocopHOTO TPOU3BOJICTRA.

AHanmM3 KOJIMYECTBEHHBIX XapaKTEPUCTUK IIO-
Ka3aj, 4TO OCHOBHAsi Macca HAKOIUIEHHBIX OTXO-
JIOB TIpE/ICTaBlICHa METATyPTUYECKUMH [ITAaKaMH,
nlamMaMu, HedyrecoaepkaliuMu OTXolaMu U (hoc-
dopconepkamMu Matepuanamu. Ilpu 3ToM 3Ha-
YHUTENIbHAs YaCTh OTXOJ0B COCPEJOTOUYCHA Ha OTpa-
HUYEHHOM KOJIMUECTBE MTPOMBIIIJICHHBIX 00BEKTOB,

40

410 (OPMUPYET JIOKAJIbHBIC 30HBI TOBBIIICHHON
sKoslorndeckor Harpy3ku. IlomoOHas mpoctpan-
CTBEHHAs KOHIICHTPAIHS 3arpsI3HUTEIICH MTOBBIIIACT
BEPOATHOCTh MHUTPAIMN TOKCUYHBIX KOMIIOHEHTOB
B IOYBCHHBIN IOKPOB, MIOBEPXHOCTHBIC U IO/I3EM-
HBIE BOJIBI, @ TAK)KE YBEITMYUBAET PUCK BTOPHYHOTO
3arpsi3HeHUs aTMOC(EPHOTO BO3/1yXa.

Pe3ynbTaTel 351EMEHTHOTO aHAIIM3a TOATBEPIH-
JI, 9YTO XUMHYECKUN COCTaB OTXOJIOB OIpE/IeIIsieT-
Cs OCOOCHHOCTSIMH TEXHOJIOTHYECKHX IPOIECCOB
Kaxoro npennpustus. Hapsity ¢ npeoOianaromiu-
MU MUHEpAIbHBIMH KOMIIOHEHTAMH YCTaHOBIIEHO
MIPUCYTCTBHE MOTCHI[HAILHO OTIACHBIX JJIEMEHTOB —
MBIIIBSK, CBUHIIA, XpOMa, MEJIH, [IMHKA U MapraHIia.
Hanuuue naHHBIX KOMIIOHCHTOB CBHJICTEIIBCTBYET
0 BBICOKOW JKOJIOTHYECKOW OMACHOCTH OTHEIbHBIX
BUJIOB OTXOJIOB M HEOOXOJMMOCTU HX JJIUTEIIbHO-
r'0 XpaHEHHUs! UCKIIOYUTEIFHO B HHKECHEPHO-3aIIH-
IICHHBIX 00bEKTaX JIM00 MOCIIE Y OIIEeH repepadoT-
KH C U3BJICUEHUEM [IEHHBIX KOMIIOHEHTOB.

Oco0oe BHUMaHHE 3aCIyXHBAKOT pPe3yJibTa-
Thl HCCJIEIOBAaHWN TOYBEHHOTO MOKpOBAa B pai-
OHE IMOJMTOHA TMPOMBIIUICHHBIX 0TX0a0B TOO
«Glometechy. CymiectBeHHOE (HOHOBBIX KOHIICH-
Tpaluii 10 MBIIbSIKY, CBUHILY, CyJibdaram, Hedre-
MPOAYKTaM H JIPYTUM MTOKA3aTeISIM CBHUIETEIIbCTBY-
eT 0 (OPMHUPOBAHMH YCTOMYHUBOTO TEXHOTECHHOI'O
reOXMMHUYEeCKoro opeoia. llomydeHHbIE mgaHHBIC
MOJITBEPIKIAIOT, YTO JJIUTSIILHOE PAa3MEIICHUE TOK-
CHUYHBIX OTXOJIOB OKa3bIBAET BJIMSHUE HE TOJIHKO HA
TEPPUTOPHIO TOJIMIOHA, HO U HA IIPUJICTAIOIIYIO Ca-
HUTAPHO-3aIUTHYIO 30HY.

[TosmyueHHbIe pe3ysbTaThl MO3BOJSIOT ClIEIaTh
BBIBOJI, YTO DKOJOTHYECKAs OIMACHOCTH TPOMBIIII-
JICHHBIX TPEANPHUITUN ONPEACISICTCS HE TOJIBKO
00BeMOM 00Pa3yIONIUXCS OTXOJOB, HO M UX (pH3H-
KO-XHMHUYECKHMMH CBOHCTBAMH, YCJIIOBUSIMH XpaHe-
HUS 1 dPPEKTUBHOCTHIO TIPUPOJOOXPAHHBIX MEPO-
npusiTHid. Jlaxke cpaBHUTENBHO HEOONIbIIHE 00BEMBI
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TOKCHYHBIX OTXOJIOB MOTYT IpPEIACTaBIATH OOJb-
HIYI0 9KOJIOTHYECKYIO yrpo3y, UYeM 3HAYHTEIILHBIC
Macchl HHEPTHBIX MUHEPAIbHBIX MaTepHAJIOB.
BrInonHeHHass 5KOHOMHUYECKasl OIIeHKa aHTpPO-
MOTCHHOTO BO3JCHCTBUS TOKa3aja CyIIECTBEH-
HyI0 audQepeHaniio TpeanpusTHi 0 YPOBHIO
sKoJIOTHYecKoro yiiepba. Hambonpmme 3HavueHus
YCT@HOBJICHBI IS METAJUTYPrHYECKHX TPEIIpH-
ATHH, YTO MOATBEPKAACT UX MPHOPUTETHOE 3HAYE-
HUE TPH pa3paboTKe MEPOIPUATHH 1O CHUKECHUIO
TEXHOTCHHOW Harpy3ku. Pe3ynbraThl HcciemoBa-
HUSI CBUJICTENILCTBYIOT O HEOOXOJAUMOCTH Mepexo/ia
OT TNPEUMYIIECTBEHHOIO HAKOMHUTEIBHOM MOJEIN
oOpalleHusi ¢ MPOMBIIUICHHBIMA OTXOJIAMH K HX
KOMIIJIEKCHOH nepepaboTKe U MOBTOPHOMY HCIIOJNb-
30BaHMI0 B KayecTBE BTOPHYHBIX MaTepPHAaIbHBIX
pecypcoB. IlepcrieKTUBHBIM HaIpaBICHUEM SIBIISI-
eTcsl TMPUMEHEHHE METAJUTyprUYecKuX IIUTaKOB U
30JI0IIAKOBBIX MaTE€PUaAIOB B MIPOU3BOJCTBE CTPO-
UTETHHBIX MAaTEPUAlIOB, YTO ITO3BOJIUT OJHOBpE-
MEHHO COKPaTHTh 00BbEMBI 3aXOPOHEHUS OTXOJ0B U
CHHM3HTH TIOTPEOICHNE IPUPOTHOTO CHIPHSI.

3akjaoueHmne

BrimonHeHHOE MCClIeZIOBaHNE TO3BOJMIIO pas-
paboTaTb KOMIUIEKCHYIO 3KOJIOTHYECKYIO OLEHKY
TEXHOT€HHBIX OTXOJIOB MPOMBIIIIEHHBIX TPEANpPH-
atuil r. [LIbIMKeHTa 1 BBISIBUTH OCHOBHBIE (DAKTOPBI
(hopMHUPOBAHUS FIKOJIOTUIECKUX PUCKOB B TIPOMBITII-
JICHHO Pa3BUTON FOPOJICKOU Cpejie.

ITokazano, 4To Ompeensonee BIUIHIE Ha CO-
CTOSIHHE OKpYXarolllel Cpenbl OKa3bIBAIOT Ipea-
MpUATHS ~ MEeTaJTyprudeckoro, HedTenepepada-
TBIBAIOLIETO M XUMHYECKOTO MpOoQUIs, a TaKke
OOBEKTHI XpaHEHWS] HMCTOPUYECKH HAKOTIJICHHBIX
NPOMBIIUIEHHBIX 0TX0#0B. Hambonee 3HaunMbIMU
9KOJIOTUYECKIMH (PaKTOpaMH SBISIFOTCS HaJM4He
TOKCHUYHBIX KOMIIOHEHTOB B COCTaBE€ OTXOJIOB, BbI-
COKasi KOHIIEHTPAIMs HAKOTIUTEIEeH OTXO0/I0B H IIpe-
BBIIIEHNE HOPMATHUBHBIX MTOKa3aTeslel 3arpsA3HeHNs
OTJICNBHBIX KOMIIOHEHTOB OKPY>KaIOIIeH Cpe/Ibl.

[lonydeHHble pe3ynbTaThl MOATBEPKAAIOT He-
00XOIMMOCTh COBEPIIICHCTBOBAHUS NIEHCTBYIOIICH
CHCTEMBl YIPABJICHUS MPOMBIIUIEHHBIMH OTXOZa-
MH Ha OCHOBE PHCK-OPHEHTHPOBAHHOTO MOJIX0/a,
MPEyCMaTPUBAIOIIETO IOCTOSTHHBIA 9KOJIOTHYe-
CKA{ MOHHTOPHUHT, IIH(PPOBON ydeT oOpazoBaHMUS,
HAKOIUICHUS M IBUKEHHSI OTXO/A0B, MOJEPHU3ALIUIO
ra3004YHCTHOTO O0OpYNOBaHUS W Pa3BUTHE TEXHO-
noruii riryOoKoH nepepaboTKH TEXHOTEHHBIX MaTe-
pHaJoB.

[IpakTrueckass 3HAYUMOCTh WCCIICIOBAHUS 3a-
KJIFOYACTCA B BO3MOXHOCTHU HCITIOJIB30BAHUA HOHy-
YEHHBIX JIJAHHBIX TPHU IKOJOTHIECKOM HOPMHUPOBa-
HHUU OCATCIBHOCTU HpOMBIHI.HeHHBIX HpeHHpHHTHﬁ,
pa3paboTKe pEerroHANBHBIX TIPOTrpaMM olparie-
HUA C OTXOJaMH, COBepHIeHCTBOBaHI/H/I HpOI/I3BOlI-
CTBEHHOTO 3KOJIOTHYECKOTO KOHTPOJIS U MPUHSITHA
YIPABJICHYECKUX PEIICHUH, HAIIPABJICHHBIX HA CHU-
JKEHHE aHTPOIIOTCHHON HAarpy3kd W IOBBINICHUE
SKoJiornueckoi 0esonacHoctH T. IIIsIMKeHTA.

KoHdumkT uHTEpecoB

ABTOpBI TIOJTBEPKIAIOT, YTO O3HAKOMJICHBI C
coJiep>)KaHUEM CTaThbU U HE UMEIOT KOH(DIMKTOB MH-
TEPECOB.

DuHaAHCUPOBaHHE

Pa6ora Bemonaena B pamkax ' BHUP No26-32-
04 «OueHka 3KONOrHYECKOro coctosiHug Typke-
CTaHCKOTO PETHOHA M O00ecledeHne ero yCTOW4H-
BOT'O Pa3BUTHsI MOCPEACTBOM BHEAPCHUS 3€IEHBIX
texHoyoruit.» Ha 01.07.2026 1.-31.12.2026 T. pas-
nen 2 «MccnenoBanue 3KOJIOTMYECKH O€30MACHBIX
TEXHOJOTUNA M3BIICUCHUS TAKEIBIX METAUIOB W3
MUHEPAIbHOTO CBHIPbSi U TEXHOTCHHBIX OTXOIOB.)
npu noxanepxxke Komurera Hayku MuHHCTEpCTBa
oOpa3oBanus u Hayku PK.».

Bxnao aemopos

I'.C. Kenocubaesa: pazpadbomxa KOHYenyuu uc-
cnedosanus, coop u 06padomra UCXO0OHbIX OAHHBIX,
npogedeHue IKON0SUUECKOL OYeHKU U NO0020MOBKA
nepsonauanrvrozo eapuarwma pykonucu, CJ{. ba-
blOEK: pazpabomka memoooiocul UCCIe008aAHU,
npogedeHue noiesblX U AHATUMUYEeCKUX UCCIed08d-
HUll, 0Opabomka u unmepnpemayus pesyibmamos,
n0020mMosKa u pedaKxmuposanue pyKonucu, demop
onst nepenucku, A.A. Aboyosa: npogederue noie-
8bIX UCCNEO08aNUll, OMOOP NPOb, NOO2OMOBKA IKC-
NePUMEHMATHBIX OAHHBIX U SPAPUUECKUX MamepU-
anos, JK.J[. lleprnebaes: yuacmue 8 3K0102U4eCKOM
MOHUMOpPUH2e, NPOoGedeHUe UHCTPYMEHMATbHbIX
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EFFECTS OF CULTIVATION PARAMETERS
ON BACTERIAL NANOCELLULOSE PRODUCTION
BY KOMAGATAEIBACTER XYLINUS DSM 2325

Bacterial nanocellulose (BNC) is a high-value biopolymer with promising applications in biomedical
engineering, food technology, packaging, and advanced materials. However, industrial implementation
remains constrained by relatively low production yields and the sensitivity of cellulose biosynthesis to
cultivation conditions. In the present study, the combined effects of temperature, initial pH, ethanol con-
centration, and sodium lactate concentration on BNC production by Komagataeibacter xylinus (K. xyli-
nus) DSM 2325 under agitated cultivation conditions were investigated using a four-factor Box—Behnken
design coupled with Response Surface Methodology (RSM). Twenty-nine experimental runs were con-
ducted, and BNC yield was evaluated as dry cellulose production. The highest experimental yield (0.446
g/L) was obtained at 30 °C, pH 6, 2% (v/v) ethanol, and without sodium lactate supplementation.
Analysis of variance demonstrated that temperature, pH, and sodium lactate significantly affected BNC
production, whereas ethanol showed no statistically significant linear effect. The developed quadratic
model was significant (p = 0.0001) with an R? value of 0.7752. Numerical optimization predicted opti-
mal cultivation conditions of 24.4 °C, pH 4.57, 2% ethanol, and 0.04% sodium lactate, corresponding
to a predicted yield of 0.767 g/L. However, experimental validation revealed lower cellulose production
under optimized conditions than under the standard medium. Fourier-transform infrared spectroscopy
(FTIR) and X-ray diffraction (XRD) analyses confirmed the successful synthesis of chemically pure BNC
with a characteristic cellulose | crystalline structure. Scanning electron microscopy (SEM) was used to
evaluate the surface morphology and fibrillar network structure of the bacterial nanocellulose samples.
These findings demonstrate the importance of experimental validation when applying statistical optimi-
zation approaches to BNC production systems.

Keywords: bacterial nanocellulose, Komagataeibacter xylinus, response surface methodology, Box—
Behnken design, ethanol, sodium lactate, optimization.
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Komagataeibacter xylinus DSM 2325 witambIHbIH, 6aKTEPUSIABIK
HAHOLLEAAIOAO3A BHAIPYiHE Bcipy NapameTpAepiHiH, acepi

bakTepusaabik HaHoueAAloAO3a (BH) — 61MoMeAMLIMHAABIK, MHXKEHEPUSAQ, TaFaM TEXHOAOTUSICbIHAR,
KanTaMa eHAIPICIHAE >KBHe 3aMaHayu MaTepuaspap >kacayha KeH KOAAAHY OAeyeTiHe Me >KOofapbl
KYHAbI GUornoAMMep. AAanmAa OHbIH BHEPKACINTIK AEHIEMAE OHAIPIAYI CaAbICTbIPMaAbl TYPAE TOMEH
OHIMAIAIKNEH >KOHE LEAAIOAO32 OMOCUMHTE3IHIH ©cipy >KaFAarAapbliHa >KOFapbl TayeAAiAirimMeH
wekTeAeai. Ocbl 3epTTEYAE apaAacTbIpbin 6cCipy >KaraanbiHaa Komagataeibacter xylinus DSM 2325
LITaMbIHbIH, 6AKTEPUSIABIK, HAHOLEAAIOAO3A BHAIPYiHE TemrepaTypaHbliH, 6acTankbl pH MaHiHIH, 3TaHOA
KOHLIEHTPALMSICbIHBIH, >X8HE HAaTPWii AAKTaTbl KOHLEHTPAUMSACBIHbIH GipAeckeH acepi TepT haKTOPAbI
Bokc—beHkeH >kocnapbl MeH >xayan 6eTi aaicHamacbiH (Response Surface Methodology, RSM) koaaaHy
apKbIAbl 3epTTeAal. bapAbiFbl 29 Taxipube >xyprisiain, BH wWbIFbiMbl KypFak, LEAAIOAO3A MOALLEpi
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GaranaHAbl. EH >xorapbl Taxipnbeaik eHimaiaik (0,446 r/aA) 30 °C TemnepaTypasa, pH 6 MaHIHAE,
2% (keAem/KeAeM) STAaHOA KaTbICbIHAQ XKOHE HATPMIA AaKTaTbiH KOCMa ©CipiAreH XarAaliAa aAbIHAbI.
AVCNepCcusiAblK, TaAAQY HBTMXKeAepi TemnepaTypaHbiH, pH MeHiHIH »8He HaTpmit AakTaTbiHbiH BNC
OHAIPIAYiHE eAeyAl acep eTeTiHIH KepCeTTi, aA STAHOAAbIH CbI3bIKTbIK, 8Cepi CTaTUCTUKAAbIK, TYPFblAQH
MaHbI3Abl 60AMaAbl. KypbiAFaH KBaAPaTMKTIK MOAEAb CTAaTUCTMKAABIK, MaHbI3Abl 60AAbI (p = 0,0001),
aA AeTepmuHaums KoadduumenTti R* = 0,7752 kypaabl. CaHAbIK, OHTaMAQHABIPY HoTuXKeciHAe 24,4
°C temnepartypa, pH 4,57, 2% 3taHoA xaHe 0,04% HaTpuil AaKTaTbl XKaFAalAapbl OHTaMAbl Aen 6OA-
>kaHbin, BNC wbifbiMbl 0,767 /A 60AaAbl Aen ecenTenai. Aaanaa Taxipmnbeaik Tekcepy GapbiCbiHAA
OHTAMAQHADBIPbIAFAH YKaFAQMAAPAQ AAbIHFaH LIEAAIOAO3A MOALLEPi CTAaHAAPTTbl KOPEKTIK opTara Kapa-
FaHAQ TemMeH 60AAbI. Dypbe TYPAEHAIPYAT MHpakbI3biA criekTpockonust (FTIR) sxeHe peHTreHAiK And-
pakumsaAbik, Taasay (XRD) HeTmxKeAepi XMMUSABIK, TYPFblAQH Ta3a >KeHe LeAAoAo3a | TuniHe ToH Kpuc-
TaAAbIK, KypblAbiMbl 6ap BNC crHTesaeAreHin pactaabl. COHbIMEH KaTap CKaHEepAeyLli SAEKTPOHADIK,
Mukpockonms (SEM) aaici apkbiAbl GaKTEPUSIAbIK, HAHOLIEAAIOAO3A YATIAEPIHIH 6eTKi MOP(OAOTMSIChbI
MeH (OUOPUAASIPABIK, TOP KYPbIAbIMbI 38PTTEAAI. AAbIHFAH HOTMXKEAEP OAKTEPUSIAbIK, HAHOLIEAAIOAO3A
OHAIPY XYMNeAepiH OHTaMAQHABIPY KE3IHAE CTAaTUCTUKAABIK MOAEABAEPAI MIHAETTI TYpPAE ToXiprbeAik
TeKCepyMeH pacTayAblH MaHbI3AbIAbIFbIH KOPCETEAI.

Ty#in ce3aep: 6akTepusAbIK HaHOLEAAIOAO3a, Komagataeibacter xylinus, >xayan 6eTi 8aicHamachl,
bokc—beHkeH >Kocnapbl, 3TAHOA, HATPWII AAKTaTbl, OHTANAQHABIPY.
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BAusiHMe nMapaMeTpoB KYAbTUBMPOBAHMS HA MPOAYKLMIO
6akTepuarbHOM HAHOLLEAAIOAO3bI LITaMMOM Komagataeibacter xylinus DSM 2325

bakTepunanbHasi HaHoueAAloAo3a (BH) npeacTaBasieT coboi BbICOKOLIEHHbI GUOMOAMMED C LUM-
POKMMM MEepPCrekTrBamMmn NMPUMeHeHNs B OUOMEANLIMHCKON MHXKEHEPWM, MULLEBbIX TEXHOAOTMSIX, yna-
KOBOUHbIX MaTepuaAax M COBPeMeHHbIX (DYHKLMOHaAbHbIX MaTepuarax. OAHAKO eé MPOMbILLUAEHHOe
NMPOM3BOACTBO MO-TMPEXHEMY OrPAHMYEHO CPAaBHUTEABHO HU3KMMM BbIXOAAMM MPOAYKTA M BbICOKOM
YYBCTBUTEABHOCTbIO BMOCKMHTE3A LIEAAIOAO3bI K YCAOBMSIM KYABTUBMPOBaHUS. B HacTosiem nccaepo-
BAHMM C UCMOAb30BaHMEM YeTbIPEX(AKTOPHOro naaHa bokca—beHkeHa 1 METOAOAOTMM MOBEPXHOCTU
oTkAMKa (Response Surface Methodology, RSM) n3yueHo coBMecTHOe BAMSIHME TeMMepaTypbl, HauYaAb-
HOro 3HaueHust pH, KOHLEHTpaLMM 3TaHOAQ U KOHLLEHTPALIMM AaKTaTa HaTpUsi Ha MPOAYKLMIO 6akTepu-
AAbHOW HaHOLIEAAIOAO3bI WTammMoM Komagataeibacter xylinus DSM 2325 B yCAOBUSIX KYAbTUBMPOBaHUS
C nepemeLurBaHmem. bbIn0O NMpoBeaeHO 29 3KcnepMMeHTaAbHbIX cepuid, a Bbixoa BNC oueHnBaam no
KOAMYECTBY CYXOM LEAAIOAO3bl. MaKCHMMaAbHbIN 3KCMEpPUMEHTaAbHbIN Bbixoa (0,446 r/A) GblA MOAY-
yeH npn Temneparype 30 °C, pH 6, coaep>kaHnm sTaHoAa 2% (06. /06.) 1 oTcyTCTBUM AOGABAEHMS
AaKTaTa HaTpus. AMCNEPCUOHHDIN aHaAM3 MOKA3aA, YTO TemnepaTypa, pH 1 AakTaT HaTpms OKasbiBaloT
CTATMCTUYECKM 3HAUMMOE BAMSHME Ha MPOAYKLMIO BH Toraa kak AnMHenHbIn apeKkT 3TaHOAQ OKa3aAcs
CTaTUCTMYECKM He3HauMMbIM. PaspaboTaHHas KBaapaTUUHas MOAEAb OblAd CTAaTUCTUYECKM 3HAUYMMOM
(p = 0,0001) npu KoahpuumeHTe aetepmrHaumm R? = 0,7752. YncaeHHas onTuMmM3aumns npeackasana
ONMTUMAAbHblE YCAOBUS KYAbTUMBMPOBaHMS: Temniepatypa 24,4 °C, pH 4,57, 2% 3TaHoAa 1 0,04% Aak-
TaTa HaTPWS, YTO COOTBETCTBOBAAO MPOrHO3MpyeMoMy BbIxoAy 0,767 r/A. O AHAKO 3KCriepuMeHTaAbHas
npoBepKa rnokasaaa 60oAee HM3KYI0 MPOAYKLMIO LLEAAIOAO3bI B ONMTUMM3MPOBAHHBIX YCAOBMSIX MO CpaB-
HEHWIO CO CTaHAAPTHOM CpeAOi. AHAAM3 METOAOM MH(PPAKPACHOM CreKTPOCKoNnMu ¢ npeobpasoBa-
Hnem Dypbe (FTIR) 1 peHtreHosckon amdpakumm (XRD) NOATBEPAMA YCMELLIHbIA CUHTE3 XMMUYECKM
UYMCTON HAKTEPUMAABHOI HAHOLIEAAIOAO3bI C XapaKTEPHOM KPUCTAAAMUYECKON CTPYKTYPOI LIEAAIOAO3bI |.
AAS OLLEHKM MOP(OAOTMM MOBEPXHOCTU U CTPYKTYPbl (hMOPUAASPHOI CceTU 06pasLioB GakTepraabHOM
HaHOLLEAAIOAO3bI OblAA MCMOAb30BaHa CKaHMPYIOLLAs SAEKTPOHHas MUKpockonus (SEM). ToayueHHble
pe3yAbTaTbl AEMOHCTPUPYIOT BaXKHOCTb 3KCMEPUMEHTAAbHOM BAaAMAALIMM CTATUCTUYECKMX MOAXOAOB
npu ONTUMM3aLMKU NPOLLECCOB MPOU3BOACTBA GAKTEPUAABHOM HAHOLIEAAIOAO3bI.

KAtoueBble cAoBa: GakTepmasbHasi HaHOLEAAIOAO3a, Komagataeibacter xylinus, MeToaoAOrMsl MO-
BEPXHOCTU OTKAMKA, NAaH bokca—beHkeHa, 3TaHOA, AaKTaT HaTpus, ONTUMM3ALMS.
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Introduction

BNC is a unique extracellular polysaccharide
produced by several acetic acid bacteria, particularly
members of the genus Komagataeibacter (Almeida
et al., 2021; Barja, 2021). BNC possesses excep-
tional physicochemical properties, including high
purity, mechanical strength, biocompatibility, bio-
degradability, and water-holding capacity, making it
a promising material for biomedical, food, packag-
ing, and engineering applications (Phatchayawat et
al.,2025; R etal., 2021). A major advantage of BNC
over plant-derived cellulose is its intrinsic purity, as
it is synthesized without lignin, hemicellulose, or
other plant-associated contaminants (Dager-Lopez
et al., 2024). Among BNC-producing microorgan-
isms, K. xylinus is considered one of the most effi-
cient cellulose producers and has therefore become a
model organism for studying bacterial cellulose bio-
synthesis (Ryngajtto et al., 2020; Ryngajtto, Kubiak,
et al., 2019). The strain K. xylinus DSM 2325 pos-
sesses a well-characterized cellulose synthase sys-
tem and demonstrates the ability to produce highly
crystalline cellulose with excellent structural prop-
erties (Jang et al., 2019). Nevertheless, large-scale
industrial implementation of BNC remains limited
by relatively low productivity and the high cost of
cultivation media. Consequently, optimization of
cultivation conditions represents one of the most
important approaches for improving the economic
feasibility of bacterial cellulose production (Sayah
et al., 2025; Skaradzinski et al., 2025). The produc-
tion of BNC is strongly influenced by environmental
and nutritional factors, including temperature, pH,
dissolved oxygen availability, carbon source com-
position, and the presence of metabolic stimulators
(Chen et al., 2019). Temperature and pH directly
affect bacterial growth, enzyme activity, and the
regulation of cellulose biosynthesis pathways (Li et
al., 2022). Previous studies have shown that even
small deviations from optimal cultivation conditions
may significantly reduce cellulose yield and alter
the morphology of the resulting material. Therefore,
identifying optimal physicochemical conditions is
essential for maximizing productivity (El-Naggar et
al., 2025; Rackov et al., 2025). In addition to con-
ventional medium components, several metabolic
additives have been reported to enhance bacterial
cellulose production (Mongkolchat et al., 2026).
Ethanol is one of the most extensively studied sup-
plements and has been shown to stimulate cellulose
biosynthesis in various Komagataeibacter strains
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(Montenegro-Silva et al., 2024). The beneficial ef-
fect of ethanol is commonly attributed to its role as
an auxiliary energy source and its ability to redirect
carbon metabolism away from gluconic acid forma-
tion, thereby increasing the availability of carbon
precursors for cellulose synthesis (Pagliardini et al.,
2013; Sun et al., 2020). However, the magnitude of
this effect is highly strain-dependent and may vary
according to cultivation conditions (Barborakova et
al., 2025). Organic acids and their salts have also re-
ceived attention as potential modulators of bacterial
cellulose production (Revin et al., 2018; Revin et al.,
2021). Sodium lactate can influence cellular metab-
olism by serving as an alternative carbon source and
affecting intracellular redox balance. Furthermore,
lactate supplementation may alter medium buffering
capacity and cellular energy metabolism, potentially
influencing cellulose biosynthesis (Hu et al., 2025;
Lasagni et al., 2024). Despite these potential ben-
efits, information regarding the combined effects of
sodium lactate and ethanol on BNC production un-
der agitated cultivation conditions remains limited
(Kumar & Han, 2021). Agitated cultivation systems
offer several advantages over conventional static
fermentation, including improved oxygen transfer,
enhanced nutrient distribution, and easier scale-up
for industrial applications (Zhou et al., 2018). How-
ever, agitation also introduces hydrodynamic stress
that may affect bacterial physiology, cellulose mor-
phology, and overall productivity (Céceres et al.,
2025). As a result, optimization strategies developed
for static cultivation are often not directly applicable
to agitated systems. Understanding the interactions
among environmental and nutritional factors under
agitation therefore remains an important challenge
for industrial BNC production (Dayou et al., 2026;
Kamal et al., 2022). RSM has become a widely used
statistical tool for optimizing complex bioprocesses
because it enables simultaneous evaluation of mul-
tiple variables and their interactions while reducing
the number of required experiments (Kanmani et al.,
2013). Among RSM approaches, the Box—Behnken
Design (BBD) provides an efficient framework for
developing predictive models and identifying opti-
mal cultivation conditions. This methodology has
been successfully applied to optimize medium com-
position, fermentation parameters, and metabolite
production in various microbial systems (Behravan
& Hashemi, 2021; Sakr et al., 2026). Therefore,
the aim of the present study was to investigate the
combined effects of temperature, initial pH, etha-
nol concentration, and sodium lactate concentration
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on BNC production by K. xylinus DSM 2325 under
agitated cultivation conditions. A Box—Behnken ex-
perimental design coupled with Response Surface
Methodology was employed to evaluate factor in-
teractions, establish a predictive model, and iden-
tify optimal cultivation conditions. In addition, the
physicochemical properties of the produced BNC
were characterized using FTIR, XRD and SEM.

Materials and methods

Microorganism and Cultivation Conditions

The BNC-producing strain K. xylinus DSM
2325 was used throughout this study. The strain was
maintained on Hestrin—Schramm (HS) agar medium
and cultivated aerobically under laboratory condi-
tions.

Batch cultivation experiments were conducted
in 500 mL Erlenmeyer flasks containing 100 mL
of production medium. The basal HS-medium con-
sisted of glucose (20 g/L), yeast extract (5 g/L), and
peptone (5 g/L). The initial pH of the medium was
adjusted according to the experimental design us-
ing phosphate or phosphate—citrate buffer systems.
Ethanol and sodium lactate were supplemented at
concentrations specified by the Box—Behnken ex-
perimental design, with ethanol varying from 1 to
2% (v/v) and sodium lactate from 0 to 2% (w/v).

For inoculum preparation, K. xylinus DSM 2325
was pre-cultivated for 72 h under identical nutri-
tional conditions. Optical density at 600 nm (OD, )
may yield inaccurate readings, as bacterial cellulose
attenuates the incident light and thereby confounds
turbidity-based estimation of cell density. Inoculum
pre-cultivation was carried out under static condi-
tions to prevent the shear-induced conversion of
cellulose-producing (Cel®) cells into non-producing
(Cel”) mutants prior to the main agitated experi-
ments (Hur et al., 2020). Subsequently, 5 mL of the
seed culture was transferred aseptically into each
production flask. Cultivation was performed in an
orbital shaking incubator at 120 rpm for 120 h. De-
pending on the experimental run, temperature and
pH values were varied according to the optimization
matrix. All experiments were conducted under aero-
bic conditions, and BNC production was evaluated
as dry cellulose yield (g/L) after purification and
drying procedures.

Experimental Design and Statistical Analysis
A four-factor Box—Behnken Design (BBD) was
employed to evaluate the effects of: Temperature

(°C); Initial pH; Ethanol concentration (% v/v); So-
dium lactate concentration (% w/v) on BNC produc-
tion. Response Surface Methodology was applied
using Design-Expert 13.0.5.0 software to establish a
second-order polynomial model describing the rela-
tionship between process variables and BNC yield.
Prior to model fitting, the BNC yield response was
subjected to a natural-logarithmic transformation, In
(Y + 0.0025), to stabilise variance across the wide
range of experimental values. Consequently, the re-
gression coefficients and the mean response value
reported below (Table 3) refer to this transformed
(In-scale) response rather than to the untransformed
yield in g/L.

The following second-order quadratic regres-
sion model was used to describe the relationship
between the response and the investigated factors:

Y=+ ZJB:'X:' +ZJB:':'X:': +Zﬁi}'X='X}'
i ii ij

where Y is the predicted value of the transformed re-
sponse; X; n X; are the coded values of the indepen-
dent factors. The coefficients for regression, linear,
quadratic, and interaction are shown by the sym-
bols B, B, B.. ,B,.j, respectively. Analysis of variance
(ANOVA) was performed to determine statistical
significance. Model adequacy was evaluated using
R?, adjusted R?, predicted R?, coefficient of variation
(CV), Adeq Precision, and lack-of-fit statistics. All
ANOVA computations were performed using Stat-
Ease 360 V25.0.1 software.

Bacterial Nanocellulose Recovery and Yield
Determination

Following cultivation, BNC was separated from
the culture broth by filtration and subjected to an
alkaline purification procedure to remove bacterial
cells, residual nutrients, and other medium-derived
impurities. The collected cellulose samples were
treated with 0.1 M NaOH at 80 °C for 1 h under con-
tinuous heating. Subsequently, the purified material
was thoroughly washed with distilled water until a
neutral pH was reached.

Purified BNC samples were frozen and freeze-
dried for 48 h at a condenser temperature of -60 °C
under full vacuum to obtain a constant dry weight.
The dry mass of BNC was determined gravimetri-
cally using an analytical balance. BNC yield was
expressed as grams of dry BNC per liter of culture
medium (g/L).
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The validation experiments were performed in
triplicate, and the results are presented as mean +
standard deviation (SD). The coefficient of variation
(CV) was calculated to evaluate the reproducibility
of the cultivation process under different experi-
mental conditions.

Physicochemical Characterization of Bacterial
Nanocellulose

The chemical structure and purity of the ob-
tained BNC samples were evaluated using Fouri-
er-transform infrared spectroscopy coupled with
attenuated total reflectance (FTIR-ATR). Spectra
were recorded on Agilent Cary 630 FTIR spectrom-
eter over the range of 4000-650 cm™ at a spectral
resolution of 4 cm!, with 32 scans averaged for both
the background and the sample. Characteristic ab-
sorption bands corresponding to hydroxyl (O-H),
aliphatic (C—H), and glycosidic (C—O—C) functional
groups were identified and compared with previous-
ly reported cellulose spectra to confirm the success-
ful production and purification of BNC. The result-
ing absorbance-versus-wavenumber spectra were
processed in OriginPro 2015 V9.2.214 software, in-
cluding baseline correction and smoothing to reduce
high-frequency noise.

The crystalline structure of cellulose I and the
crystallinity index of the BNC were evaluated by
XRD using a Bruker D8 Advance diffractometer
with Cu-Ka radiation (A = 1.5406 A). Diffracto-
grams were recorded over a 20 range of 5-60° at
a generator current of 40.0 mA. The diffraction
patterns were analyzed to identify characteristic
cellulose I crystalline peaks and to evaluate the
preservation of the native cellulose structure. The
crystallinity index (Crl) was calculated using DIF-
FRAC.EVA V5.2 software from the integrated ar-
eas of crystalline and amorphous regions of the dif-
fractograms and used as an indicator of structural
order within the cellulose matrix. The XRD patterns
were plotted in Origin Pro 2015 V9.2.214 without
additional processing.

The surface morphology and fibrillar network
structure of the BNC samples were examined by
SEM. Micrographs were acquired on a JEOL JSM-
7000 scanning electron microscope. The samples
were mounted on aluminum stubs (12/25 mm di-
ameter) using conductive double-sided carbon tape,
and excess particles were removed with a gentle
stream of dry air; no conductive coating was ap-
plied, as imaging was performed in low-vacuum
mode. Topographic images were obtained with a
low-vacuum secondary electron (LV-SE) detector at
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5-10 kV (medium probe size, 4-8 frames averaged),
and compositional contrast was recorded with a
backscattered electron (BSE) detector at 10-15 kV,
over a magnification range of x100 to x2,000. The
morphology was evaluated in terms of the dimen-
sions of the fibrillar network, pore structure, fiber
aggregation, homogeneity, and the presence or ab-
sence of residual bacterial cells.

Results and their discussion

Effects of Cultivation Parameters on BNC Pro-
duction

The effects of temperature, initial pH, ethanol
concentration, and sodium lactate concentration on
BNC production by K. xylinus DSM 2325 were in-
vestigated using a Box—Behnken experimental de-
sign consisting of 29 experimental runs. Consider-
able variation in BNC yield was observed among the
tested conditions, indicating that cellulose production
was influenced by the combined effects of the investi-
gated factors rather than by a single parameter alone.
The experimental BNC yield ranged from 0.001 to
0.446 g/L. The highest yield was obtained in run 19,
where cultivation was performed at 30 °C, pH 6, 2%
(v/v) ethanol, and without sodium lactate supplemen-
tation, resulting in a BNC yield of 0.446 g/L. Similar-
ly, run 24 produced 0.407 g/LL BNC under cultivation
at 30 °C, pH 6, 1% (v/v) ethanol, and without sodium
lactate. In contrast, the lowest yields were generally
observed at elevated pH values (pH 8) and higher
temperatures (38 °C), where cellulose production was
almost completely suppressed (Table 1).

The distribution of BNC yields across all experi-
mental runs is presented in Figure 1. The results dem-
onstrate a clear tendency toward enhanced cellulose
biosynthesis under moderately acidic conditions and
intermediate cultivation temperatures. These obser-
vations suggest that K. xylinus DSM 2325 is highly
sensitive to environmental conditions, particularly
pH and temperature, which directly affect cellular
metabolism and cellulose synthase activity.

Although ethanol showed no statistically sig-
nificant linear effect in the ANOVA model (p =
0.7428), the highest experimental BNC yields were
observed in cultivation runs containing 1-2% (v/v)
ethanol and no sodium lactate supplementation.
This observation suggests that the influence of etha-
nol on cellulose biosynthesis may depend on inter-
actions with other cultivation parameters rather than
on an independent linear effect. Sodium lactate sig-
nificantly influenced BNC production according to
ANOVA analysis (p = 0.0470); however, increased
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lactate concentrations did not consistently enhance  ing that its effect was dependent on interactions with
cellulose yield. The highest BNC production was  temperature and pH rather than direct stimulation of
obtained in the absence of sodium lactate, suggest-  cellulose biosynthesis.

Table 1
Box—Behnken experimental design matrix and observed and predicted bacterial nanocellulose yields

Sodium lactate, % Predicted response value,

Ne Temperature, °C pH  Ethanol, % (v/v) Wiv) BNC, g/l gL

1 30 6 1,5 1 0.029 0.092
2 30 4 2 1 0.156 0.093
3 30 8 1 1 0.001 0.004
4 22 4 1,5 1 0.137 0.203
5 22 8 1,5 1 0.003 0.000
6 22 6 2 1 0.130 0.080
7 30 6 1,5 1 0.065 0.092
8 38 6 2 1 0.003 0.006
9 30 4 1 1 0.225 0.091
10 30 6 2 2 0.294 0.054
11 30 6 1,5 1 0.081 0.092
12 30 6 1,5 1 0.076 0.092
13 30 6 1,5 1 0.120 0.092
14 38 6 1,5 0 0.001 0.012
15 38 4 1,5 1 0.002 0.000
16 30 4 1,5 2 0.006 0.021
17 30 8 1,5 2 0.001 0.006
18 22 6 1,5 2 0.011 0.037
19 30 6 2 0 0.446 0.191
20 22 6 1,5 0 0.112 0.136
21 30 8 2 1 0.001 0.007
22 38 6 1,5 2 0.001 0.002
23 30 4 1,5 0 0.235 0.376
24 30 6 1 0 0.407 0.156
25 38 6 1 1 0.003 0.005
26 30 6 1 2 0.108 0.043
27 30 8 1,5 0 0.002 0.004
28 38 8 1,5 1 0.008 0.000
29 22 6 1 1 0.082 0.065
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Figure 1

Yield distribution of bacterial nanocellulose obtained under different experimental conditions

Number of data: 29
20 —
Number of bins:
current: 5
default 5

Frequency

0.001

Comparison of bacterial morphology under
different cultivation conditions revealed notable
differences in cell shape and organization. Cells
cultivated under agitated conditions exhibited a
more elongated morphology compared with those
grown under static conditions. This observation
may reflect physiological adaptation to hydrody-
namic stress and altered oxygen transfer condi-
tions. Furthermore, agitation influenced the physi-
cal appearance of the produced cellulose, resulting
in dispersed cellulose aggregates rather than the
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continuous pellicles typically observed during stat-
ic cultivation (Figure 2).

The results indicate that BNC production by K.
xylinus DSM 2325 is strongly dependent on the in-
teraction between physicochemical and nutritional
factors. The substantial variation in yield observed
among experimental runs justified the subsequent
application of response surface methodology to
identify statistically significant factors and deter-
mine the optimal cultivation conditions for maxi-
mizing BNC production.
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Figure 2

Morphological comparison of K. xylinus DSM 2325 cultivated under static and agitated conditions

Development of the RSM Model

Analysis of variance (ANOVA) demonstrated
that the developed quadratic model was statistically
significant (p = 0.0001), confirming its suitability
for describing the relationship between cultivation
parameters and BNC production (Table 2). Among
the investigated variables, temperature and pH ex-
erted the strongest influence on cellulose biosyn-
thesis, with both factors showing highly significant
effects (p < 0.01). Sodium lactate also significantly
affected BNC production (p = 0.0470), whereas eth-
anol concentration alone did not exhibit a statisti-
cally significant linear effect within the investigated
range. Nevertheless, the highest experimental yields
were achieved in the absence of sodium lactate, in-
dicating that the statistically significant effect of this

Table 2
ANOVA for the quadratic response surface model

factor was not necessarily associated with increased
cellulose production.

The quadratic model describing the nonlinear
relationships between the response and the studied
factors, with statistically significant values of p =
0.0001 and F = 7.28, is represented by the following
equation:

Y =112.36-1.13A— 1.27B + 0.0972C —
~0.6203D + 1.02AB + 0.0903BC +
+0.7697BD — 1.37A% - 1.27B?,

where Y is the predicted value of the transformed re-
sponse, In (BNC+0,0025); A4 is the temperature (°C);
B is the initial pH; C is the ethanol concentration
(v/v); D is the sodium lactate concentration (w/v).

Source of variation ssquurgr(g fl::egdr(f::’ (:iff Sl:]/llf::le F-value p-value Note
Model 67.02 9 7.45 7.28 0.0001 Statistically significant
A-Temperature 15.28 1 15.28 14.93 0.0010 Statistically significant
B-pH 19.32 1 19.32 18.89 0.0003 Statistically significant
C-Ethanol 0.1134 1 0.1134 0.1108 0.7428 Not statistically significant
D-Sodium lactate 4.62 1 4.62 4.51 0.0470 Statistically significant
AB 4.16 1 4.16 4.07 0.0580 Not statistically significant
BC 0.0327 1 0.0327 0.0319 0.8601 Not statistically significant
BD 2.37 1 2.37 2.32 0.1445 Not statistically significant
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Continuation of the table

Source of variation ssqqu:rzz fl::taggsfrf, ‘:iff 51:1/[::11 F-value p-value Note
A? 12.90 1 12.90 12.61 0.0021 Statistically significant
B2 11.12 1 11.12 10.87 0.0038 Statistically significant
Residual error 19.44 19 1.02 — — —
Lack of fit 18.44 15 1.23 4.94 0.0670 Not statistically significant
Pure error 0.9963 4 0.2491 — — —
Adjusted total 86.45 28 — — — —

The quadratic model exhibited acceptable good-
ness-of-fit, with an R? value of 0.7752, demonstrat-
ing that 77.5% of the observed variation in BNC
production could be explained by the selected pro-
cess variables. The adjusted R? (0.6687) indicated
satisfactory agreement between the model and ex-
perimental data, whereas the predicted R? (0.2900)
suggested limited predictive accuracy. Neverthe-
less, an adequate precision value 0of 9.097, which ex-

Figure 3

ceeded the recommended threshold of 4, confirmed
that the model provided an adequate signal for navi-
gating the design space.

Prior to model interpretation, a Box—Cox trans-
formation analysis was performed to evaluate the
necessity of response transformation. The resulting
Box—Cox plot indicated that the selected transfor-
mation adequately stabilized variance and improved
model performance (Figure 3).

Box—Cox plot for power transformation selection of bacterial nanocellulose yield response

Box-Cox Plot for Power Transforms

1.83333 —

0.666667 —

0.5 —

Ln(ResidualSs)

-1.66667 —

-2.83333 —

-3.65493
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Model adequacy was further assessed using di-
agnostic plots (Figure 4). The normal probability
plot of residuals demonstrated an approximately
linear distribution, indicating normality of residu-
als. The predicted versus actual values plot showed

reasonable agreement between experimental obser-
vations and model predictions. Additionally, residu-
als were randomly distributed around zero without
obvious patterns, suggesting homoscedasticity and

independence of experimental errors.
Figure 4

Diagnostic plots of the developed quadratic model: (A) normal probability plot of externally studentized residuals; (B) predicted
versus actual values; (C) residuals versus predicted values; and (D) residuals versus run number
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Response surface analysis revealed a strong in-
teraction between pH and temperature. Maximum
predicted BNC production was observed at mod-
erately acidic pH values and intermediate cultiva-

Figure 5

tion temperatures. The response surface plot clearly
demonstrated the existence of an optimum region
rather than a simple linear relationship between fac-
tors and cellulose yield (Figure 5).

Response surface and contour plots illustrating the interactive effects of temperature and pH on bacterial nanocellulose production
by K. xylinus DSM 2325 at fixed ethanol (2%, v/v) and sodium lactate (0%, w/v) concentrations

BNC (g/1)

A: Temperature (°C)

Optimization and Experimental Validation

Based on numerical optimization, the RSM
model predicted optimal cultivation conditions
of 24.4 °C, pH 4.57, 2% (v/v) ethanol, and 0.04%
(w/v) sodium lactate, with a predicted BNC yield of
0.767 g/L.

Experimental validation, however, revealed that
the predicted optimum did not produce the highest
observed cellulose yield. Instead, the standard cul-
tivation medium generated a higher average BNC
yield (0.2203 g/L) than the optimized conditions
(0.1737 g/L), while also exhibiting considerably
lower variability (Table 3).

The coefficient of variation increased from
12.8% under standard conditions to 38.6% under
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BNC (g/L)

A: Temperature (°C)

optimized conditions, indicating reduced process
reproducibility. These findings emphasize the im-
portance of experimental validation and suggest
that the actual optimum may lie within a narrower
region around pH 5.5-6.5 and temperatures be-
tween 24 and 30 °C. Using this region and the RSM
model, the Design-Expert 13 software identified, as
the most optimal solution, a combination of factors
corresponding to a temperature of 26.0 °C, an initial
pH of 5.5, an ethanol concentration of 2% (v/v), and
the absence of sodium lactate. Under these condi-
tions, the model predicted a bacterial cellulose yield
of 0.685 g/L with a desirability function of 0.989,
which fully satisfied the specified optimization cri-
teria within the constrained factor space (Figure 6).
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Table 3
Experimental validation of predicted optimum conditions

. . Batch conditions (with stirring Individual values, = Mean yield, °
Experiment series at 120 rpm) o/L, oL, SD, g/LL CV, %
Temperature 30 °C. 10.2530
Standard medium (ST) pHS7, 2) 0.2050 0.2203 0.0283 12.8
ethanol 0% (v/v), 3)0.2030
sodium lactate 0% (w/v) '
Temperature 24.4 °C, 1)0.1120
Predicted optimized pH 4.57, ’
conditions (OPT) ethanol 2% (v/v), 5; 8?228 0.1737 0.0670 38.6
sodium lactate 0.04% (w/v) '
Figure 6

Plot of desirability and bacterial cellulose yield following narrowing of the optimization region
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FTIR Characterization

The FTIR spectra of BNC samples produced
under standard (BNC ST) and optimized cultivation
conditions (BNC OPT) are presented in Figure 7.
The spectra included the following main absorp-
tion bands: a broad region at 3330-3350 cm™' cor-
responds to O—H stretching vibrations of hydroxyl
groups and hydrogen bonds; the band near 2890—
2920 cm! corresponds to C—H stretching vibrations;
the band near 1620-1640 cm™ is associated with
the bending vibrations of absorbed water; the bands
near 1430-1450 cm™, 1370-1335 cm™, and 1160
cm™! are associated, respectively, with CH; bending
vibrations, C-H/O—H bending vibrations, and C-O—
C stretching vibrations of the cellulose backbone.

Peaks in the range of 1050-1030 cm™ indicate
C-O stretching vibrations, while a weak band in

6.5

A: Temperature (°C)

the range of 896-900 cm™ confirms the presence
of B-1,4-glycosidic bonds of cellulose. In addition,
low-wavenumber regions near 750 and 710 cm™!
were noted, associated with cellulose I allomorphs,
where 750 cm™ is attributed to triclinic cellulose Ta
and 710 cm™ to monoclinic cellulose If. The ab-
sence of pronounced bands in the 1700—1740 cm™!
region indicates the absence of residual carbonyl
compounds, organic acids, and nutrient-medium
impurities. Thus, FTIR analysis confirmed that
the obtained samples correspond to the chemical
structure of bacterial nanocellulose. Furthermore,
compared with the BNC ST sample, the BNC OPT
sample showed more intense signals in the finger-
print region (1500-650 cm™), and especially near
990 cm™, indicating more pronounced polysaccha-
ride vibrations.
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Figure 7

ATR-FTIR spectra of bacterial nanocellulose samples
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XRD Analysis nized cellulose production observed under agitation

The crystalline structure of BNC was examined
using X-ray diffraction analysis. The diffraction pat-
terns obtained for both samples are shown in Figure
8. Characteristic diffraction peaks corresponding to
cellulose I were observed at approximately 14.5°,
16.5°, 18°, and 22.7° (20), confirming preservation
of the native crystalline cellulose structure. No ad-
ditional diffraction peaks associated with contami-
nating phases were detected, indicating effective
purification of the cellulose material.

Quantitative analysis of the diffractograms
yielded crystallinity index (Crl) values of 40.6%
for the BNC synthesized under standard conditions
(BNC ST) and 35.7% for the BNC synthesized under
the RSM-predicted optimal conditions (BNC OPT).
Thus, although both samples retained the cellulose I
structure, cultivation under the optimized condition
which contained 2% (v/v) ethanol produced cellu-
lose with a lower degree of crystalline order. This
reduction is consistent with reports that ethanol ac-
celerates -1,4-glucan chain assembly and, together
with medium acidification by gluconic acid, can
decrease the ordered packing of cellulose micro-
fibrils, thereby increasing the amorphous fraction
(Abraham et al., 2025; Fatima et al., 2023). These
Crl values are also markedly lower than the 70-90%
typically reported for bacterial nanocellulose, which
is consistent with the generally low and poorly orga-
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in the present study.

The observed crystalline structure is consistent
with previously reported BNC and contributes to its
desirable mechanical strength, dimensional stability,
and potential applicability in advanced biomaterials.

SEM Characterization

The morphology of freeze-dried BNC synthe-
sized in the standard (ST) and optimized media
(OPT) was examined by SEM at identical magni-
fication (x3000). Representative micrographs are
presented in Figure 9.

Figure 9a (BNC ST) reveals a compact and
highly aggregated morphology. The cellulose matrix
appears as dense, coalesced layers with pronounced
folds, ridges, and sheet-like structures. Individual
nanofibrils cannot be clearly distinguished because
they are fused into a continuous film-like network.
The interfibrillar porosity is relatively low, indicating
extensive fibril aggregation during biosynthesis and
subsequent freeze-drying. Several elongated cavities
and cracks are also visible, which may have originat-
ed from dehydration-induced shrinkage and partial
delamination of the cellulose layers. Such compact
morphology is commonly associated with reduced
oxygen transfer within the cellulose matrix and with
the formation of thicker cellulose bundles under cul-
tivation conditions that favor rapid fibril aggregation.
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Figure 8

XRD diffractograms of bacterial nanocellulose produced under standard and optimized cultivation

conditions
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In contrast, Figure 9b (BNC OPT) exhibits a
markedly different microstructure characterized by
a well-developed three-dimensional nanofibrillar
network. Individual ribbon-like cellulose fibrils are
clearly visible and form an interconnected porous
scaffold. The fibrils appear thinner, more uniformly
distributed, and less aggregated than those observed
in the standard sample. Numerous interfibrillar voids
and channels are present throughout the structure,
indicating increased porosity and a greater specific
surface area. This morphology is characteristic of
high-quality bacterial nanocellulose and is generally
considered advantageous for applications requiring
efficient mass transfer, water absorption, cell attach-
ment, or loading of functional compounds.

The observed differences between Figures 9a
and 9b suggest that cultivation conditions strongly
influenced the supramolecular organization of cel-
lulose fibrils. Under the optimized conditions, the
lower cultivation temperature (24.4 °C), moderately
acidic pH (4.57), supplementation with ethanol (2%
v/v), and low sodium lactate concentration (0.04%
w/v) likely altered bacterial metabolism and cellu-
lose assembly dynamics. Slower metabolic activity
may have promoted a more controlled extrusion and
organization of glucan chains, resulting in the for-
mation of thinner and better separated nanofibrils.

40 50 60

20(9)

At the same time, ethanol could serve as an auxiliary
energy source, reducing carbon loss through com-
peting metabolic pathways and supporting more
uniform cellulose biosynthesis.

The SEM observations are also consistent with
the physicochemical characterization results. Al-
though the optimized sample exhibited a lower crys-
tallinity index than the standard sample according to
XRD analysis (35.7% vs. 40.6%), it demonstrated a
more open and homogeneous fibrillar architecture.
This finding indicates that increased fibril individu-
alization and network development do not neces-
sarily correspond to higher crystallinity. Instead,
the optimized cultivation conditions promoted the
formation of a finer nanofibrillar structure with im-
proved morphological uniformity while partially re-
ducing crystalline ordering.

Overall, SEM analysis confirmed that cultiva-
tion parameters significantly affect the microstruc-
ture of bacterial nanocellulose produced by K. xyli-
nus DSM 2325. The standard medium generated a
dense, compact cellulose matrix, whereas the opti-
mized medium produced a more porous and inter-
connected nanofibrillar network, demonstrating that
process optimization influences not only cellulose
yield but also the structural characteristics of the re-
sulting biomaterial.
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Figure 9
SEM micrographs (x 3000 magnification) of freeze-dried bacterial nanocellulose produced by K. xylinus
DSM 2325: (a) BNC synthesized under standard cultivation conditions (BNC ST); (b) BNC synthesized
under optimized cultivation conditions (BNC OPT). Scale bar = 5 um

The present study demonstrated that BNC pro-
duction by K. xylinus DSM 2325 under agitated cul-
tivation conditions was strongly influenced by the
interaction of physicochemical and nutritional fac-
tors. Among the investigated variables, temperature
and pH exerted the greatest influence on cellulose
biosynthesis, which is consistent with previous re-
ports indicating that these parameters directly af-
fect bacterial growth, cellulose synthase activity,
and carbon metabolism (Chen et al., 2019; Li et al.,
2022). The highest experimental BNC yields were
observed at 30 °C and pH 6, confirming that mod-
erately acidic conditions favor cellulose formation.

Although ethanol did not exhibit a statistically
significant linear effect in the ANOVA model, the
highest cellulose yields were obtained in cultivation
runs containing 1-2% ethanol. Similar observations
were reported by Ryngajtto, Jacek, et al. (2019), who
demonstrated that ethanol supplementation modifies
the transcriptional profile of Komagataeibacter and
can enhance cellulose biosynthesis depending on
cultivation conditions. Ethanol may reduce carbon
loss through gluconic acid formation and improve
the availability of precursors for cellulose synthesis.
However, the magnitude of this effect appears to be
strain-dependent and strongly influenced by envi-
ronmental conditions.

Sodium lactate significantly affected BNC
production according to the statistical model, yet
the highest experimental yields were obtained in
its absence. This discrepancy suggests that lactate
influenced cellulose production indirectly through
interactions with temperature and pH rather than
through direct stimulation of cellulose biosynthe-
sis. Similar complexity has been reported for other
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metabolic additives, where statistically significant
model effects do not necessarily translate into im-
proved product formation under all cultivation
conditions.

The developed RSM model explained approxi-
mately 77.5% of the variability in BNC production.
Although the model was statistically significant, its
predictive performance was moderate, as reflected
by the relatively low predicted R? value (0.2900).
Furthermore, experimental validation did not con-
firm the predicted optimum. The optimized condi-
tions generated a lower average BNC yield than the
standard medium. Similar discrepancies between
predicted and experimental optima have been re-
ported in microbial bioprocess optimization stud-
ies and are often attributed to biological variabil-
ity, nonlinear metabolic responses, and limitations
of second-order polynomial models (Behravan &
Hashemi, 2021; Kanmani et al., 2013)

A further consideration is the generally very low
absolute BNC yields obtained in this work (maxi-
mum 0.446 g/L), which are well below the values
commonly reported for static cultivation of Kom-
agataeibacter (typically several g/L). This is charac-
teristic of agitated cultivation of K. xylinus, in which
hydrodynamic shear stress promotes the irreversible
conversion of cellulose-producing (Cel*) cells into
non-producing (Cel™) mutants through insertion of
an IS element into the besA gene (Hur et al., 2020).
Such stochastic loss of cellulose-producing capac-
ity is consistent with the elongated cell morphology
observed under agitation and with a shift of carbon
flux towards soluble polysaccharides such as acetan
rather than crystalline cellulose (Zhang et al., 2022).
This mechanism offers a biological explanation both
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for the predominance of near-zero yields across the
design and for the poor reproducibility (high coef-
ficient of variation) that limited the predictive per-
formance of the RSM model.

FTIR analysis confirmed the presence of char-
acteristic cellulose functional groups, while XRD
analysis demonstrated the preservation of the cel-
lulose I crystalline structure. The diffraction peaks
observed near 14.5°, 16.5°, and 22.7° are consistent
with previous reports for bacterial nanocellulose
produced by Komagataeibacter species. These re-
sults indicate that neither ethanol nor sodium lactate
supplementation altered the fundamental chemical
structure of the produced cellulose. However, the
crystallinity index decreased from 40.6% to 35.7%,
indicating that the ethanol-containing optimized
condition reduced the degree of crystalline order
while preserving the cellulose I polymorph. Ethanol
at a concentration of 2% (v/v) affected not only the
rate of bacterial cellulose biosynthesis by K. xylinus
DSM 2325 but also the spatial organization of cel-
lulose fibrils, as evidenced by SEM images and a
reduction in crystallinity.

The findings indicate that temperature and pH
are the primary determinants of BNC production
by K. xylinus DSM 2325 under agitation, whereas
the effects of ethanol and sodium lactate depend on
interactions with other cultivation parameters. The
study also highlights the necessity of experimental
verification when applying statistical optimization
methods to biological production systems.

Conclusion

This study systematically evaluated the com-
bined effects of temperature, initial pH, ethanol
concentration, and sodium lactate supplementation
on BNC production by K. xylinus DSM 2325 un-
der agitated cultivation conditions using Response
Surface Methodology (RSM) and a Box—Behnken
experimental design. The results demonstrated that
BNC biosynthesis is governed by complex interac-
tions among environmental and nutritional factors,
with temperature and pH emerging as the most in-
fluential variables affecting cellulose production.
Statistical analysis confirmed the significance of the
developed quadratic model, while response surface
analysis revealed the presence of a distinct optimum
region for cellulose biosynthesis under agitation.
Among all experimental conditions, the highest
BNC yield (0.446 g/L) was obtained at 30 °C, pH
6, 2% (v/v) ethanol, and in the absence of sodium
lactate supplementation. Although sodium lactate

was identified as a statistically significant factor in
the ANOVA model, its influence on cellulose pro-
duction was inconsistent, as the highest experimen-
tal yields were achieved without lactate addition.
Similarly, ethanol did not exhibit a significant linear
effect but appeared to contribute to enhanced cel-
lulose production under specific cultivation condi-
tions, highlighting the importance of factor inter-
actions rather than isolated parameter effects. The
discrepancy between the RSM-predicted optimum
and the experimentally validated results emphasizes
the limitations of purely model-based optimization
approaches in biological systems. These findings
demonstrate that statistical optimization should al-
ways be complemented by experimental verifica-
tion, particularly when working with complex mi-
crobial metabolic processes. Furthermore, FTIR and
XRD analyses confirmed the successful synthesis of
chemically pure bacterial nanocellulose possessing
the characteristic functional groups and crystalline
cellulose I structure, whereas SEM analysis revealed
changes in the morphological structure of the cellu-
lose. The preservation of these structural features in-
dicates that the investigated cultivation parameters
affected cellulose yield without substantially alter-
ing the fundamental chemical composition or crys-
tallinity of the produced material. Overall, this work
contributes to a deeper understanding of the factors
regulating bacterial nanocellulose production by K.
xylinus DSM 2325 under agitated cultivation con-
ditions. The obtained results provide valuable in-
formation for future medium optimization studies,
bioprocess development, and industrial scale-up of
bacterial nanocellulose production. Future research
should focus on improving model predictability,
investigating additional metabolic stimulators and
carbon sources, and evaluating process performance
in pilot-scale bioreactor systems to further enhance
BNC productivity and economic feasibility.
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EFFECTS OF A TEN-BACTERIAL CONSORTIUM
ON RICE GROWTH AND RHIZOSPHERE MICROBIAL
COMMUNITY COMPOSITION

Rice production needs sustainable strategies that reduce dependence on chemical inputs while main-
taining growth and yield. In this study, we assembled a ten-bacterial consortium (B10) from dominant
rice-associated isolates and evaluated its effects on rice growth and rhizosphere bacterial communities
under pot conditions. Compared with the control (CK), inoculation significantly enhanced rice growth,
with dry biomass, fresh weight, shoot height, and stem height increasing by 50.7%, 47.6%, 18.2%,
and 14.8%, respectively. High-throughput 16S rRNA sequencing showed that the consortium did not
significantly alter alpha diversity, but clearly shifted beta diversity and community composition. B10
enriched taxa positively associated with rice growth, including Azospirillum brasilense, Delftia tsuruha-
tensis, Bdellovibrio, Paracoccus, and Pseudomonas, while reducing several negatively associated taxa.
Functional prediction analyses indicated that B10 reshaped the rice rhizosphere into a more favorable
microbiome than CK by enriching beneficial predicted metabolic functions and reducing undesirable
phenotypes. These results indicate that the consortium promoted rice growth partly through rhizosphere
microbiome restructuring. This work shows the potential of multi-strain inoculants in agroecosystems.

Keywords: rice, consortium, rhizosphere, microbiome, inoculation.
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KypiwTin, ecyiHe xaHe pusocceparblk, MUKPOOTBIK,
KAybIMAACTbIK KypamblHa OH 6aKTepusiAaH TypaTbiH KOHCOPLLMYMHbIH, 3cepi

Kypiw eHaipiciHe 6CiM MeH BHIMAIAIKTI cakTai OTbIPbIM, XUMUSIABIK, EHTI3IAIMAEPre TOYEAAIAIKTI
azanTartbiH TypakTbl cTpatermsaap KaxeT. Ocbl 3epTTeyae 6i3 KypilneH accoumaumsinaHFaH 6acbiM
M30ASTTapAaH OH GakTepusiAaH TypaTbliH KOHCOPUMYMABI (B10) KypacTbIpbin, OHbIH KYyPIWTiH, ecyiHe
>koHe pusocepasarbl 6aKTEPUAABIK KaybIMAACTbIKTapFa 9CepiH BEreTaLMAbIK, bIABICTAp >KaF AablIHAA
Garanaablk. bakbinaymeH (CK) caAbICTbipFaHAQ, MHOKYASILMSI KYPILITIH ©CYiH eAdYyip >KakCapTTbi:
Kypfak, 6momacca, >kaHa CaAMak, epKeH OMiKTIri xxoHe cabak, 6u1ikTiri TmiciHwe 50,7%, 47,6%, 18,2%
>kaHe 14,8%-ra apTTbl. 16S rRNA >K0Fapbl 6HIMAI CEKBEHMPALY HBTUXKEAePi KOHCOPLMYMHbIH, aAbda-
aAyaHTYPAIAIKKE alTapAbIKTal ecep eTrnereHid, 6ipak, 6eTa-aAyaHTYPAIAIK MeH KaybIMAACTbIK, KYPamblH
aHblK ©3repTKeHiH kepceTTi. B10 kypiwTiH ecyiMeH OH 6GaiAaHbICTbl TaKCOHAAPAbI, COHbIH, ilIiHAE
Azospirillum brasilense, Delftia tsuruhatensis, Bdellovibrio, Paracoccus >xaHe Pseudomonas TybiCTapbiH
6aMbITTbl, COHbIMEH KaTap ecyre Tepic 6arAaHbICTbl OipHelle TaKCOHAAPAbIH YAECIH a3amTTbl.
DyHKuMOoHaAABIK, 6oAXKay Taaaaybl B10 HyckacbiHbiH CK-neH caAbICTbIpFaHAQ Kypill pr3ocdepacbiHbiH
MUKPOOMOMbIH ManmAaAbl GOAXKaHFaH MeTabOAMKaAbIK, (DYHKLUMSAAAPAbI 0aibITy >OHE KOAQMCbI3
peHOTMNTEPAI a3alTy apKbIAbl aHAFYPAbIM KOAAMAbl Kyire e3repTkeHiH kepceTTi. bya HaTuxeAep
KOHCOPLMYMHbIH, pr3ocepa MUKPOOMOMbIH KaiTa KYPbIAbIMAAY apKbiAbl KYPILWITiH ©cyiH iwiHapa
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Effects of a ten-bacterial consortium on rice growth and rhizosphere microbial community composition
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KepceTeAi.
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BAMusiHMe KOHCOpPLIMYMA M3 AecsATM BaKTepuit Ha POCT puca
M COCTaB MMKPOOHOro coobuiecrTsa pusocdepbl

[MpoOn3BOACTBY prca HEOBXOAMMbBI YCTOMUMBbBIE CTPATErMM, MO3BOASIOLLME CHU3UTb 3aBUCUMOCTb
OT XMMMYECKMX CPEACTB MPM COXPaHEHMM POCTa U YPOXKAMHOCTU. B AQHHOM MCCAEAOBAHMM Mbl CChOp-
MMPOBAAM KOHCOPUMYM 13 AecsiTh GakTepuit (B10) Ha OCHOBE AOMMHMPYIOLIMX M30ASITOB, aCCOLIMUPO-
BaHHbIX C PUCOM, M OLIEHUAM €r0 BAMSIHME Ha POCT puca 1 HGakTepraAbHble coobLecTsa pusocepbl B
YCAOBMSIX BEreTaLUMOHHOrO onbita. 1o cpaBHeHuio ¢ KOHTpoAem (CK) MHOKYASUMS 3HAUUTEABHO YAYY-
lIMAQ POCT pumca: cyxas buomacca, cBexkast Macca, BbicoTa rnobera u BbicoTa CTe6AsS YBEAMUMAUCH Ha
50,7%, 47,6%, 18,2% wn 14,8% cooTBeTCTBEHHO. BbiCOKONpOM3BOAMTEALHOE CeKBEHMpPOBaHWe 16S
rRNA nokasaao, 4To KOHCOPLIMYM He OKasblBaA 3HAYMMOrO BAMSIHMS Ha aAbha-pasHoobpasme, OAHAKO
3aMeTHO M3MeHsIA 6eTa-pa3Hoobpasne 1 coctas coobiectsa. B10 cnoco6cTBoBaA 060ralleHmIo Takco-
HOB, MOAOXMTEABHO CBSI3aHHbIX C POCTOM puca, BKAlovast Azospirillum brasilense, Delftia tsuruhatensis,
Bdellovibrio, Paracoccus v Pseudomonas, 0AHOBPEMEHHO CHM>Kasl MPeACTaBAEHHOCTb HECKOAbKMX TaK-
COHOB, OTPMLATEALHO CBSI3aHHbIX C POCTOM. AHAaAM3 (PYHKLMOHAALHOIO MPOrHO3MPOBaHMS MOKa3aA,
yto B10 nepectpoma MrMKpo6rom pmsocdepbl puca B 6oaee GAAronpuaTHOE COCTOSIHUE MO CPABHEHUIO
¢ CK 3a cuéT 060raleHms NoAe3HbIX MPOrHOo3UpPyemMbiX METABOAMYECKUX (DYHKLIMIA M CHUKEHUS HEXKe-
AQTEAbHbIX (PEHOTUMOB. DTU Pe3yAbTaThl MOKa3bIBAIOT, YTO KOHCOPUMYM CMOCOOCTBOBAA POCTY pumca
0THaCTU 3a CYET PecTpyKTypu3aumm pusocdepHoro mMmkpobromMa. AaHHas paboTa AEMOHCTpUpyeT

NMOTEHLMAA MHOTOLLTAMMOBBIX MHOKYASIHTOB B arpoakocucTemax.
KAtoueBble cAOBa: p1C, KOHCOPLMYM, pr3ocdepa, MUKPOBUOM, MHOKYASILMS.

Introduction

Rice (Oryza sativa L.) is one of the most impor-
tant food crops in the world and remains central to
global food security. FAO and IRRI describe rice as
a staple food for more than half of the world’s popu-
lation, and in Asia alone more than 2 billion people
obtain 60—70% of their dietary energy from rice and
rice-derived products (Food and Agriculture Orga-
nization of the United Nations [FAO], 2003). Be-
yond its nutritional importance, rice cultivation also
supports the livelihoods of hundreds of millions of
farmers and rural households, especially in develop-
ing countries (Fukagawa & Ziska, 2019).

Conventional rice production has relied heav-
ily on chemical fertilizers and other external inputs
to maintain yield, but this strategy raises concerns
about production costs, nutrient losses, environmen-
tal contamination, and long-term soil health. For this
reason, microbial inoculants have attracted increas-
ing attention as a sustainable alternative or comple-
ment to chemical inputs. Recent works describe
plant growth-promoting rhizobacteria and related
bioinoculants as promising tools for improving nu-
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trient availability, phytohormone production, stress
tolerance, and crop performance while reducing
dependence on synthetic fertilizers. For example,
Rios-Ruiz et al. (2020) reported that selected native
bacterial consortia increased rice productivity while
allowing nitrogen fertilizer inputs to be reduced by up
to 25% in field conditions in Peru. Likewise, Huang
et al. (2024) showed that microbial inoculation sig-
nificantly increased rice yield and seed-setting rate,
with co-inoculation increasing yield by up to 13.7%.
In another study, Wang et al. (2023) found that in-
oculants promoted rice growth mainly by regulating
the rhizosphere microbiome rather than simply acting
alone or only increasing soil nutrient availability.
Although many studies have focused on single
beneficial strains, increasing evidence suggests that
microbial consortia may be more effective because
different members can contribute complementary
functions and improve colonization stability in the
rice rhizosphere. For example, Etesami and Alikhani
(2016) showed that co-inoculation of rhizosphere
and endophytic Pseudomonas strains improved rice
growth and nutrient uptake while allowing a 25% re-
duction in N fertilizer. In addition, Moronta-Barrios
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et al. (2018) demonstrated that a 10-strain simplified
bacterial community could colonize rice seedlings
together for 30 days, indicating that multispecies
inoculants can persist as coordinated assemblages.
Also, Xiao et al. (2022) found that co-inoculation
improved rice yield and altered the resident soil bac-
terial community, particularly rare taxa associated
with crop performance.

A closely related concept is that beneficial in-
oculants may not act only through direct plant-
growth-promoting traits, but also by reshaping the
indigenous rhizosphere microbiome in ways that
support crop performance. This mechanism is espe-
cially important in rice because introduced strains
must establish and function within an already com-
plex root-associated microbial community. For ex-
ample, Islam et al. (2023) reported that inoculation
of rice with Paraburkholderia fungorum BRRh-4
and Delftia sp. BTL-M2 significantly improved
growth and yield, while 16S-based analysis showed
clear changes in the diversity, structure, and com-
position of the root and rhizosphere bacteriome; the
authors concluded that these probiotic strains likely
promoted rice performance partly by modulating as-
sociated bacterial communities. Likewise, Li et al.
(2024) showed that inoculation with the nitrogen-
fixing bacterium R3 (Herbaspirillum) increased
rice yield by 8.81% and altered the native nitrogen-
fixing microbiome, increasing the abundance of key
genera such as Ralstonia, Azotobacter, Geobacter,
Streptomyces, and Pseudomonas. Yang et al. (2025)
found that Bacillus amyloliquefaciens-modified
bio-organic fertilizer increased rice yield by 9.6%
and markedly restructured the rhizosphere bacterial
community, enriching beneficial taxa such as Sphin-
gomonas that were positively associated with soil
nutrient status and crop performance.

The present study evaluated whether a consor-
tium of high-abundance bacterial isolates could
improve rice growth and modify rhizosphere bacte-
rial communities. We hypothesized that high-abun-
dance bacteria would promote rice growth not only
through their own colonization, but also by enrich-
ing beneficial soil bacteria and shifting community
composition toward taxa positively associated with
plant performance.

Materials and methods

Sample preparation, isolation, and DNA prep-
aration

Forty plates each of TSA (Doyle et al., 1968),
PDA (de Wet & Brink, 2021), and LB (Bertani,

1951) media were prepared. Root-adjacent soil (1
g), rthizosphere soil (0.1 g) from the Daan region
of China, and rice roots treated with microbial
agent N were used for microbial isolation. Soil
samples were suspended in 9 mL sterile water,
while roots were rinsed twice with sterile water,
blotted dry, weighed (1 g), and homogenized in
9 mL sterile water. Seven replicate samples were
pooled for each treatment. Suspensions were seri-
ally diluted 10-fold in PBS to 1075, and 100 pL
aliquots of the 1072 to 1075 dilutions were spread
onto TSA, PDA, and LB plates using glass beads.
Plates were labeled and incubated inverted at
30°C for 24 h. Plates containing 30—100 colonies
were selected for further analysis. For colony
isolation, 1 mL TSB (Perchetti et al., 2020) was
dispensed into each well of 96-well deep plates
using an automated liquid handler. Single colo-
nies of appropriate size were picked using a QPix
420 automated colony picker (Molecular Devices,
USA) and transferred into 96-well plates, which
were then sealed and incubated overnight at 30°C
with shaking.

DNA extraction and PCR

Following enrichment, a Biomek i7 (Beckman
Coulter, California, USA) automated workstation
was employed. For each well in a 96-deep well
plate, 10 pL of bacterial suspension was collected
and centrifuged at 4000 rpm for 5 min at room tem-
perature. After discarding the supernatant, 10 pL of
lysis buffer (TaKaRa Bio, Shiga, Japan) was added.
The plate was then incubated at 80°C for 15 minutes
in a PCR machine to lyse the cells and extract the
DNA.

The PCR mixture was prepared in the sample
loading slot of the workstation with the following
components: 7875 pL Taq MasterMix (Kangwei
Century, China), 5250 pL dH,O, 525 pL 1492R
primer, and 525 puL 27F primer. After thorough mix-
ing, the PCR mixture was aliquoted into a 96-well
PCR plate, with each well receiving 27 pL. An ad-
ditional 3 pL of the extracted DNA was then added
to each well, bringing the total volume to 30 pL per
well. The PCR amplification program was set as fol-
lows: denaturation- 94°C for 5 min, denaturation —
94°C (35 cycles) for 30 secs, annealing — 56°C for
30 secs, and extension — 72°C for 10 min. After am-
plification, the samples were sent to BGI Genomics
Co., Ltd. (Shenzhen, China) for sequencing. The se-
quencing results were then compared with the NCBI
database to determine the taxonomic classification
of each bacterial strain.
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Soil collection and sterilization

Rhizosphere soil was collected from the upper
30cm of a weed field in the Tianjin, China. The
sampled soil was air dried and thoroughly mixed,
followed by a sieving step (0.5-cm mesh) to remove
plant debris. 10 plastic pots (diameter 10 cm, height
9cm) were sterilized using 1.5% sodium hypochlo-
rite and 100% ethanol and then exposed to UV-C
light for 2 hours by turning sides every 30 min. Soil
was sterilized in an autoclave at 121°C for 2 h with
help of autoclave bags. 10 pot bags were filled with
soil, each containing 300 g of soil.

Rice pot experiment

High-throughput sequencing identified 603
isolates/strains representing 24 genera and 56 spe-
cies. High abundance ten PGPB (Pseudomonas ki-
lomensis 520-20, Stutzerimonas chloritidismutans,
Kosakonia sacchari strain SP1, Enterobacter mori
strain YIM Hb-3, Atlantibacter hermannii strain
CIP 103176, Cronobacter dublinensis subsp. lau-
sannensis strain E515, Salmonella enterica subsp.
salamae strain DSM 9220, Bacillus aerius strain
24K, Halomonas lutescens strain Q1U, Aeromonas
hydrophila strain JCM 1027) from identified species
were grown in TSB medium at 30°C for 48 hours on
a rotary shaker (180 rpm). The bacterial broth was
washed three times with 0.9% NaCl solution and
resuspended with sterile deionized water. The num-
ber of bacteria was counted by microscopy and was
adjusted to about 3x10® CFU/mL with sterile deion-
ized water. The resuspended bacteria were verified
by TSB plates.

The glume of rice seeds (Ledao 111, Wuchang
Fangyuan Institute of Agricultural Sciences cross-
breeding, Heilongjiang, China) were removed by
a rice huller (Taizhou Grain Instrument Factory,
Taizhou, China). Intact rice seeds were sterilized
with 3.7% sodium hypochlorite (wt/vol) for 15 min,
75% ethanol for 5 min. The seeds were stirred with
a glass rod throughout the sterilization period. Then
the seeds were washed six times with sterile water.
Rice seeds were soaked for 10 min when washing
them for the last three times. The sterile water used
to wash rice seeds for the last time was used to ver-
ify the sterilization.

Twenty rice seeds were sown in each pot. Each
pot was drenched with 50mL sterile water. There
were 2 treatments (Table 1). In order to prevent
microbial contamination, after sowing on the ul-
tra-clean table, the mouth of the sealing bottle was
wiped with alcohol cotton ball. Five replications
of each treatment were set up. Pots were placed
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randomly in a growth chamber (CIMO, Shanghai,
China) with 75% relative humidity and 16/8 h day/
night. Before seedling emergence, the tempera-
ture was controlled at 30°C. Then, the temperature
was set at 28°C day/24°C night for one leaf stage,
28°C day/25°C night for two-leaf stage, and 28°C
day/22°C night for other stages. The cultured pots
were watered 50ml every 48h, and the position of
the rice pots was randomly changed.

Table 1
The treatments of the rice pot experiment

#  Name Supernatant (50 mL) Inoculation (50 mL)
CK sterilized dH,0 sterilized dH,0
2 1B sterilized dHLO 10 bacterial

suspensions

Amplicon sequencing analysis

Soil bacterial communities were analyzed us-
ing high throughput sequencing. The bacterial
hypervariable regions (V3-V4) of the 16S rRNA
genes were amplified using primers 338F (5°-
ACTCCTACGGGAGGCAGCAG-3") — 806R (5°-
GGACTACHVGGGTWTCTAAT-3’) respectively.
PCR products were purified and then sequenced
using the MiSeq platform at Majorbio Co., Ltd.
(Shanghai, China). Raw data were processed and
analyzed (ACE o-diversity, PCoA B-diversity, tax-
onomic composition, detection of inoculated taxa,
Spearman correlations, linear regression, and a cor-
relation network) using Majorbio. Alpha-diversity
(Sobs) was compared using the Wilcoxon rank-sum
test. Spearman correlation, linear regression, and
correlation network analyses were performed in R.
PCoA was used to evaluate beta-diversity.

Biosafety statement

All procedures involving bacterial isolates were
performed under approved institutional biosafety
practices in designated laboratory facilities. Ap-
propriate personal protective equipment was used
throughout, and all cultures, media, and contami-
nated materials were decontaminated by steriliza-
tion before disposal. No live microbial material was
intentionally released into the environment.

Data analysis

To evaluate differences between the data pre-
sented in figures, we conducted a one-way analy-
sis of variance (ANOVA) with Tukey’s honestly
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significant differences (HSD) as a post-hoc test in
IBM SPSS Statistics. Correlation analyses were
conducted using R (version 3.1.1). Figures and
one-way analysis of variance (ANOVA) with
Tukey’s of pot experiments were generated with
GraphPad Prism.

Results and their discussion

Isolation and selection of bacterial species

Sequencing results showed that there were 603
strains belonging to 24 genera. The ten strains were
selected as the most representative species from
the dominant genera based on isolation frequency,
while avoiding repeated selection of closely relat-
ed taxa; Bacillus aerius was additionally included
because Bacillus is a well-known plant growth-
promoting genus (Figure 1). These 10 selected spe-
cies are common rhizosphere-associated bacteria of
agricultural plants. Pseudomonas species contained
63.68% (384) of total isolated samples, so total
number were 384. Enterobacter and Stutzerimonas
were 9.29% (56) of total isolated strains. Other spe-
cies were as follows: Atlantibacter — 3.48% (21),
Cronobacter and Salmonella 1.82% — (11), Kosako-
nia — 1.66% (10), Bacillus and Halomonas — 1.49%

Figure 1

(9), Aeromonas — 1.33% (8), Pantoea — 1.16% (7),
Jeotgalibacillus — 0.66% (4), Pararheinheimera —
0.50% (3), Phytobacter, Planococcus and Rhein-
heimera — 0.33%, Alkalihalobacillus, Citrobacter,
Enterococcus, Klebsiella, Leclercia, Metabacillus,
Priestia and Sutcliffiella — 0.17% (1) (Fig. 1A).
There were 56 different species at species level
with different strain names. We took 1 from each
dominated species. For example, among Pseudo-
monas species, Pseudomonas kilomensis frequency
was 226, so we took this one. From Stutzerimonas
species Stutzerimonas chloritidismutans had fre-
quency 57, so we took this species. Enterobacter
mori (33), Atlantibacter hermannii (21), Salmonella
enterica subsp. salamae (11), Cronobacter dublin-
ensis subsp. ausannensis (11), Kosakonia sacchari
(10), Halomonas lutescens (8), Aeromonas hy-
drophila (7) and Bacillus aerius (3) (Fig. 1B).
Following 10 species were chosen for next ex-
periments based on their high abundance: Pseudo-
monas kilomensis G1, Enterobacter mori strain H1,
Stutzerimonas chloritidismutans E1, Atlantibacter
hermannii C10, Cronobacter dublinensis C11, Sal-
monella enterica ¥7, Kosakonia sacchari H9, Bacil-

lus aerius D4, Halomonas lutescens D3, Aeromonas
hydrophila G3.

Total number of isolated bacterial taxa at the genus (4) and species (B) levels
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The effect of inoculants on rice

The effect of 10 newly isolated bacterial strains
on rice growth was evaluated in a subsequent ex-
periment. Compared with the uninoculated CK,
the rice plants treated with the B10 exhibited im-
proved growth performance. After 31 days under
laboratory conditions, dry biomass, fresh biomass,
shoot height, and stem height were measured. Dry
biomass was significantly higher in B10 (0.446 g)
than in CK (0.296 g), corresponding to an increase

Figure 2
Effect of inoculants on rice growth
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0f'50.7% (Fig. 2A; P <0.0001, R =0.9912). In addi-
tion, fresh biomass was significantly higher in B10
(3.1 g) than in CK (2.1 g) (Fig. 2B; P = 0.0010, R
=0.9491). Likewise, shoot height increased signifi-
cantly from 43.3 cm in CK to 51.2 cm in B10 (Fig.
2C; P =0.0003, R = 0.9724). Stem height was also
significantly greater in B10 (20.2 cm) than in CK
(17.6 cm) (Fig. 2D; P =0.0087, R = 0.8519). Repre-
sentative images of individual pots and grouped pots
are presented in Fig. 2E and Fig. 2F, respectively.
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(4) Dry weight; (B) fresh weight; (C) shoot height, (D) stem height; (E) five pots for each treatment, (F) a representative pot from
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Effect of inoculants on microbial diversity and
composition

Community diversity analysis

There was no significant difference in bacterial
a-diversity between the B10 treatment and the CK
based on the ACE index (Wilcoxon rank-sum test,
p = 0.5309; Fig. 3A). Although the median ACE
value was slightly higher in B10 (544.94) than in
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CK (509.94), the difference was not statistically sig-
nificant, indicating that inoculation with the 10-bac-
terial consortium did not markedly change overall
bacterial richness in the rice rhizosphere.

In contrast, the bacterial community structure
differed between B10 and CK in the B-diversity
analysis (Fig. 3B). Principal coordinate analysis
(PCoA) at the species level showed a clear separa-
tion between the two treatments. PC1 and PC2 ex-
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plained 29.63% and 17.28% of the total variation,
respectively. All B10 replicates were distributed on
the positive side of PC1, whereas all CK replicates

Figure 3

were located on the negative side of PC1, indicating
that the inoculation shifted the bacterial community
composition in the rhizosphere soil.

Effects of B10 inoculation on bacterial diversity and community composition in the rice rhizosphere
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taxa at the species, phylum, and genus levels, respectively

Community composition analysis

At 31 days after inoculation, the bacterial com-
munity composition of the rice rhizosphere differed
between the B10 treatment and the CK. At the spe-
cies level (Fig. 3C), the B10 treatment was mainly
dominated by Azospirillum brasilense (8.37%),
Sphingobacterium mizutaii (7.04%), Clostridium
beijerinckii (6.07%), unclassified Pseudomonas
(4.37%), and Tumebacillus ginsengisoli (3.48%).
In contrast, the CK treatment was dominated by
unclassified Exiguobacterium (8.11%), unclassi-
fied Bacillus (6.30%), Sphingobacterium mizutaii
(5.13%), uncultured Tumebacillus (4.74%), unclas-

sified Comamonadaceae (4.22%), and Pontibacter
populi (3.72%). Compared with CK, B10 markedly
increased the relative abundance of Azospirillum
brasilense, Clostridium beijerinckii, Tumebacillus
ginsengisoli, uncultured Flavisolibacter, unclassi-
fied Pseudomonas, and Delftia tsuruhatensis. By
contrast, unclassified Exiguobacterium, unclassi-
fied Comamonadaceae, unclassified Bacillus, Pon-
tibacter populi, and uncultured Tumebacillus were
clearly reduced in the B10 treatment.

At the phylum level (Fig. 3D), Proteobacteria
was the most abundant phylum in both treatments,
but its relative abundance was higher in B10 than
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in CK (44.99% vs. 38.20%). In contrast, Firmicutes
was less abundant in B10 than in CK (27.32% vs.
39.51%), showing a clear decline after inoculation.
Bacteroidota remained one of the dominant phyla in
both treatments and showed a slight increase in B10
(14.35%) compared with CK (13.57%). A notable
enrichment was also observed for Bdellovibriono-
ta, which increased strongly in B10 (6.61%) rela-
tive to CK (0.98%). In addition, Verrucomicrobiota
increased from 2.51% in CK to 3.49% in B10. In
contrast, Actinobacteriota and Cyanobacteria de-
creased in B10, dropping from 2.57% to 1.37% and
from 1.31% to 0.28%, respectively. Overall, the
phylum-level profile suggests that B10 shifted the
rhizosphere microbiome toward Proteobacteria- and
Bdellovibrionota-dominated communities, while re-
ducing the contribution of Firmicutes.

At the genus level (Fig. 3E), the B10 treatment
was dominated by Azospirillum (9.10%), Sphingo-
bacterium (7.13%), Clostridium sensu_stricto 1
(6.10%), Bacillus (5.58%), Tumebacillus (5.29%),
Stenotrophomonas (4.78%), and Pseudomonas
(4.39%). In CK, however, Bacillus (14.04%) and
Exiguobacterium (8.15%) were the most dominant
genera, followed by Sphingobacterium (5.19%), Tu-
mebacillus (4.79%), unclassified Comamonadaceae
(4.22%), and Pontibacter (4.13%). Compared with
CK, B10 strongly enriched Azospirillum, Clostrid-
ium_sensu_stricto 1, Bdellovibrio, Flavisolibacter,
Delftia, Paracoccus, Massilia, and Pseudomonas.
In contrast, Bacillus, Exiguobacterium, unclassified
Comamonadaceae, Pontibacter, and Sphingopyxis
decreased in the B10 treatment. Among the inocu-
lated genera, Pseudomonas, Kosakonia, and Entero-
bacter were more abundant in B10 than in CK, while
Halomonas was detected only in B10 and Bacillus
showed a lower relative abundance in B10 than in
CK.

Inoculation

Among the inoculated taxa, five were detected
in the sequencing dataset, including Bacillus, Pseu-
domonas, Enterobacter, Halomonas, and Atlanti-
bacter hermannii/Kosakonia. Their abundance pat-
terns differed between the CK and B10 treatments.

Bacillus was detected in both treatments but was
significantly more abundant in CK (9,434 total reads)
than in B10 (3,593 total reads), indicating that inoc-
ulation did not increase the abundance of this taxon
under the experimental conditions (P = 0.0453, R =
0.6737; Fig. 4A). Enterobacter was detected at very
low abundance in CK (9 total reads) and showed a
higher total abundance in B10 (48 total reads). How-
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ever, this difference was not statistically significant
(P =0.1276, R = 0.4791; Fig. 4B). Pseudomonas
was enriched in B10, with total read counts increas-
ing from 3,193 in CK to 6,532 in B10. This increase
showed a marginal trend but did not reach statisti-
cal significance (P = 0.0549, R = 0.6434; Fig. 4C).
Similarly, Atlantibacter hermannii/Kosakonia was
present at low abundance in CK (23 total reads) and
increased in B10 (213 total reads), although this dif-
ference was not statistically significant (P = 0.1276,
R =0.4791; Fig. 4D). Halomonas was not detected
in CK but was consistently detected in all B10 rep-
licates, with a total of 885 reads. This taxon showed
a significant association with B10 inoculation (P =
0.0028, R = 0.9142; Fig. 4E).

Correlation analysis

Spearman correlation analysis between bacterial
taxa and rice growth traits revealed clear associa-
tions between rhizosphere community composition
and plant performance (Fig. 5A). Across the CK
and B10 samples, several taxa showed strong posi-
tive correlations with both shoot height and shoot
dry weight. The strongest positive correlations with
shoot height were observed for Bdellovibrio (r
= 0.906, p < 0.001), Peredibacter (» = 0.869, p =
0.001), Paracoccus (r=0.805, p = 0.005), Azospiril-
lum brasilense (r = 0.778, p = 0.008), and Delftia
tsuruhatensis (r=10.736, p=0.015). Similarly, shoot
dry weight was positively correlated with Delftia
tsuruhatensis (r = 0.828, p = 0.003), Azospirillum
brasilense (r = 0.816, p = 0.004), Paracoccus (r =
0.794, p = 0.006), and Bdellovibrio (» = 0.791, p =
0.006). In addition, Sphingobacterium mizutaii, Fla-
visolibacter, Pseudomonas, and Clostridium beijer-
inckii also showed positive correlations with shoot
traits, although these associations were weaker. In
contrast, several taxa were negatively correlated
with plant growth. Shoot height showed strong neg-
ative correlations with unclassified Sericytochro-
matia (» = -0.894, p < 0.001), Adhaeribacter (r =
-0.853, p = 0.002), Exiguobacterium (r = -0.741, p
=0.014) and Sphingopyxis (» = -0.687, p = 0.028).
Shoot dry weight was most negatively correlated
with Methylorubrum extorquens (r = -0.890, p <
0.001), Adhaeribacter (r = -0.829, p = 0.003), un-
classified Sericytochromatia ( =-0.779, p = 0.008)
and unclassified Comamonadaceae (r = -0.767, p =
0.010). The correlation heatmap suggests that taxa
positively associated with rice growth were more
closely linked with the improved performance ob-
served under B10 inoculation, whereas negatively
correlated taxa were associated with poorer plant
growth.
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Figure 4
Detection and abundance of inoculated bacterial taxa
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Linear regression analysis was performed to
evaluate the relationship between shoot dry weight
and bacterial richness (Sobs) across the CK and B10
treatments (Fig. 5B). The regression model showed
a positive slope (y = 99.837x + 252.060), indicating
that Sobs tended to increase slightly with increasing
shoot dry weight. However, this relationship was
weak and not statistically significant (R>=0.0787, P

= 0.4325), showing that shoot dry weight explained
only a small proportion of the variation in bacte-
rial richness. Although B10 samples were generally
distributed at higher shoot dry weight values than
CK, the overall regression analysis suggested that
bacterial richness was not significantly associated
with shoot dry weight under the conditions of this

experiment.
Figure 5
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Correlation analysis of rice biomass and rhizosphere bacterial communities
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(4) Spearman correlation heatmap showing relationships between bacterial taxa and rice growth traits; (B) Linear regression
analysis between shoot dry weight and observed bacterial richness (Sobs); (C) Two-way correlation network diagram showing
associations between shoot dry weight and bacterial taxa. Asterisks indicate significant correlations (p < 0.05, p< 0.01, p< 0.001)

The two-way correlation network analysis
showed significant associations between shoot dry
weight (Shoot DW) and multiple bacterial OTUs
(Fig. 5C). The network contained 46 nodes and 45
edges, with Shoot DW as the central node connected
to all significant taxa. Network topology showed a
diameter of 2, an average shortest path length of
1.96, and zero transitivity/clustering, indicating a
simple star-like structure centered on plant perfor-
mance rather than a highly interconnected micro-
bial network. Consistent with the Spearman correla-
tion results, several taxa were positively associated
with Shoot DW, including Halomonas (OTU351,
r=0.910, p < 0.001), Paracoccus (OTU353, r =
0.903, p < 0.001), Bdellovibrio (OTU4359, r =
0.897, p < 0.001), Azospirillum brasilense Sp245
(OTU4806, r = 0.880, p < 0.001), Delftia tsuru-
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hatensis (OTU4195, r = 0.828, p = 0.003), and an-
other Azospirillum OTU (OTU4373, r=0.816, p =
0.004). Positive links were also observed for unclas-
sified Enterobacteriaceae, Lutispora, Bdellovibrio
(OTU4347), and Flavisolibacter. In contrast, the
strongest negative correlations with Shoot DW were
found for Methylorubrum extorquens (OTU4089,

=-0.890, p < 0.001), Pontibacter (OTU4352, r
-0.844, p = 0.002), Adhaeribacter (OTU4127, r =
-0.829, p = 0.003), Bacillus (OTU4257, r = -0.804,
p = 0.005), and Comamonas terrigena (OTU884,
r =-0.766, p = 0.010). Overall, the network indi-
cates that taxa belonging mainly to Proteobacteria
and Bdellovibrionota were positively linked with
improved shoot dry weight, whereas several mem-
bers of Firmicutes, Bacteroidota, and Cyanobacteria
showed negative associations.
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Functional prediction analysis

Figure 6

Functional potential and phenotype distribution of rhizosphere bacterial communities
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Integrated FAPROTAX analysis revealed a
clear functional separation between B10 and CK
(Fig.6A,B). Relative to CK, B10 was significantly
enriched in predicted functions associated with car-
bon utilization and respiratory activity, including
methanol oxidation and methylotrophy (both p =
0.02157), plastic degradation (p = 0.01219), hydro-
carbon degradation (p = 0.02118), and iron respira-
tion (p=0.04491). By contrast, CK was significantly
associated with phototrophy-related functions, in-
cluding phototrophy (p =0.02157), photoautotrophy
and oxygenic photoautotrophy (both p = 0.03671),
as well as cyanobacteria and ammonification-related
functions (both p = 0.03671). These results support
that B10 established a functionally superior rhizo-
sphere environment compared with CK.

The predicted phenotype composition differed
markedly between treatments, with B10 favoring a

more aerobic and Gram-negative community, while
suppressing several undesirable phenotypes relative
to CK (Fig.6C). Specifically, B10 had significantly
higher proportions of Gram-negative, aerobic, an-
aerobic, and mobile-element-containing bacteria,
whereas CK was enriched in facultatively anaero-
bic, biofilm-forming, Gram-positive, potentially
pathogenic, and stress-tolerant phenotypes. Notably,
the lower abundance of potentially pathogenic (p =
0.0046) and stress-tolerant (p = 0.0052) phenotypes
in B10 suggests that inoculation with the ten-bacte-
rial consortium reshaped the rhizosphere toward a
more favorable microbial phenotype profile than the
uninoculated control.

In the present pot experiment, inoculation with
the ten-bacterial consortium (B10) significantly
promoted early rice growth, increasing shoot dry
weight by 50.7% (0.446 vs. 0.296 g), shoot height
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from 43.3 to 51.2 cm, stem height from 17.6 to 20.2
cm, and fresh weight from 2.1 to 3.1 g after 31 days
(Fig. 2A). At the same time, bacterial richness did
not differ significantly between treatments (Fig.
3A), whereas B-diversity and taxonomic composi-
tion shifted markedly (Fig. 3B), with enrichment of
Proteobacteria and Bdellovibrionota, reduction of
Firmicutes, and positive correlations of Azospiril-
lum, Delftia, Paracoccus, Bdellovibrio, Halomonas,
and related OTUs with shoot performance (Fig. 5).
These results indicate that the growth-promoting
effect of B10 was associated less with a general
increase in microbial richness than with selective
restructuring of the rhizosphere community toward
taxa linked to improved plant performance. This in-
terpretation is strengthened by the inoculant detec-
tion data: only part of the introduced taxa showed
clear enrichment, and Halomonas was the only in-
oculated member with a strong treatment-specific
signal (Fig. 4E), whereas Pseudomonas and Entero-
bacter increased only weakly and Bacillus was more
abundant in CK (Fig. 4A-D), suggesting that the
observed plant response cannot be explained simply
by persistence of all introduced strains, but rather
by consortium-driven reassembly of a functionally
favorable microbiome (Sherpa et al., 2021). This
pattern is consistent with previous studies show-
ing that rice bacterial consortia can enhance plant
growth and agronomic traits, as reported for native
rhizobacterial consortia under organic rice cultiva-
tion, and that inoculation may simultaneously re-
shape the associated microbiome, as shown for 4zo-
spirillum sp. B510, which recruited other N,-fixing
bacteria and altered bacterial community structure
under field conditions (Yasuda et al., 2022). It also
agrees with field evidence that coinoculation with
growth-promoting bacteria can improve nitrogen-
use efficiency in irrigated rice, supporting the prac-
tical value of multistrain inoculants beyond single-
strain effects (Turino Mattos et al., 2023). More
recent SynCom work in rice further suggests that
rational selection of small, functionally complemen-
tary communities can improve biomass and nutrient
acquisition through multiple pathways (Ma et al.,
2024), which provides a useful framework for future
refinement of the B10 consortium. Because the pres-
ent study was conducted at the seedling stage under
pot conditions, the next step should be to test wheth-
er these early microbiome shifts persist through later
developmental stages and translate into stable yield
benefits under field conditions.
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These functional predictions suggest that B10
did not merely alter taxonomic composition, but re-
directed the rhizosphere microbiome toward func-
tions more closely associated with nutrient turnover
and active heterotrophic metabolism, especially
nitrogen fixation, nitrate reduction, denitrification,
methanol oxidation, methylotrophy, ureolysis, and
chemoheterotrophy. In contrast, the greater repre-
sentation of phototrophy-, photoautotrophy-, cyano-
bacteria-, and ammonification-related functions in
CK suggests that the uninoculated rhizosphere re-
tained a less plant-beneficial functional profile than
the B10 treatment. The BugBase results strengthen
this interpretation by showing that B10 was associ-
ated with reduced potentially pathogenic and stress-
tolerant phenotypes, indicating that consortium in-
oculation promoted a functionally and ecologically
more favorable rhizosphere environment, which is
consistent with the improved rice growth observed
in the B10 treatment.

Conclusion

This study demonstrates that a consortium com-
posed of high-abundance B10 can enhance rice
growth and reshape the rhizosphere microbiome.
Compared with the uninoculated CK, B10 signifi-
cantly increased dry biomass, fresh weight, shoot
height, and stem height, confirming a clear plant
growth-promoting effect under pot conditions. Al-
though inoculation did not significantly change
bacterial richness, it strongly altered community
structure and favored the enrichment of taxa posi-
tively associated with plant performance, including
Azospirillum, Pseudomonas, Delftia, Paracoccus,
and Bdellovibrio. At the same time, several taxa
negatively correlated with growth declined in rela-
tive abundance. B10 established a functionally su-
perior predicted rhizosphere microbiome compared
with CK, supporting its potential as an effective rice
growth-promoting bacterial consortium. These re-
sults suggest that the beneficial effect of the consor-
tium was mediated not only by direct colonization
of introduced strains but also by broader microbi-
ome modulation in the rice rhizosphere. B10 rep-
resents a promising candidate microbial inoculant
for sustainable rice production. However, further
work is needed to validate its performance under
field conditions, determine the stability of its effects
across growth stages, and confirm the biosafety of
the selected strains before practical application.
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RECHAR-M2C: MICROBIAL ISOLATION
FROM LEGACY-CONTAMINATED SOILS

The present study aimed to isolate Zn-solubilising and metal-tolerant microbial strains from legacy-
contaminated soils affected by potentially toxic elements (PTEs), persistent organic pollutants (POPs), or
their combination. A total of 242 microbial strains were isolated. Subsequent sequential screening for
Zn-solubilisation potential identified 13 isolates with solubilisation indices exceeding 1.5. Of these, four
isolates (521, S56, TA5, and TE32) exhibited strong tolerance to 0.03-0.06% Zn, with relative growth
intensities (RGls) ranging from 86.6% to 104%, while S56 and TE32 maintained sufficient tolerance at a
Zn concentration of 0.12%. Regarding Ni tolerance, only TE32 exhibited sufficient resistance at a Ni con-
centration of 0.03%, with an RGI of 47.2%. For Cu tolerance, isolates S21, S56, and TE32 demonstrated
strong resistance at a Cu concentration of 0.03%, with RGls of 92.8%, 82.4%, and 79.6%, respectively.
Furthermore, TE32 maintained sufficient tolerance at 0.06% Cu, with an RGI of 63.0%. Based on these
results, three isolates (521, S56, and TE32) were selected for comprehensive characterisation of their en-
zymatic (amylolytic, cellulolytic, lipolytic, and proteolytic) and plant growth-promoting traits, including
siderophore, extracellular polymeric saccharide (EPS), and indole-3-acetic acid (IAA) production. Strain
S21 exhibited moderate proteolytic activity, siderophore production, and superior IAA synthesis, reach-
ing a peak concentration of 38.7 + 3.29 ug mL '. Strain S56 demonstrated moderate proteolytic activity,
strong lipolytic and proteolytic activities, siderophore production, and moderate IAA synthesis, with a
maximum concentration of 17.5 + 1.48 ug mL '. In contrast, strain TE32 exhibited strong amylolytic ac-
tivity, proteolytic activity, EPS production, and the lowest IAA-producing capacity, reaching a peak con-
centration of 12.8 + 0.88 ug mL . Future research will focus on the development of microbe—biochar
complexes through the immobilisation of microbial cells onto biochar surfaces, followed by validation of
the developed complexes in marginal and/or contaminated soils to enhance plant growth.

Keywords: legacy soil contamination, potentially toxic elements, Zn-solubilising microorganisms,
tolerance to heavy metals, plant growth-promoting microorganisms.
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Rechar-M2C: Tapuxm AacTaHfaH TOMbIpaKTapAaH
MUKPOOPraHU3mMAEepAi 0eAin ary

Ocbl 3epTTeyAiH MakcaTbl NMOTEHUMAAABI YbITTbl 3AeMeHTTepAIH ([MTY3), TypakTbl OpraHMKaAbIK,
AacTarbiwTapabiH (TOA) Hemece oAapAblH, KOMBMHALMSACBIHBIH, 8CepiHe yllblparaH Tapuxu AaCTaHFaH
ToMblpakTapAaH Zn epiTyre KabiAeTTi koHe MeTaAAapFa TO3IMAI MUKPOOTBIK LITaMAAPAbl GOAIN aAy
60AAbl. BapAbiFbl 242 MUKPOOTbHIK, LITAMM GOAIHIN aAbiHAbL. KeniHri ABMeKTi CKPUHUHE HATUXKECIHAE
Zn coAobuAM3aumanay aaeyeTti GoibIHILA COAIOOMAM3ALMS MHAEKCTEPI 1,5-TeH KoFapbl 13 M30AAT
aHblkTaAAbl. OAapAbIH, iWiHAe TepT M3oAaT (521, S56, TAS xeHe TE32) 0,03-0,06% Zn >kaFpaiblHAQ
>KOFapbl TO3IMAIAIK KOPCETTI, CaAbICTbIPMaAbl 6Cy KapKblHAbIAbIFbI (RGI) 86,6%-aAaH 104%-Fa AeniH
e3repAi, an S56 >xaHe TE32 nsoaatTapbl Zn koHueHTpaumscbl 0,12% GoAFaH >KaFAanAa Aa XXETKIAIKTI
TO3IMAIAIKTI cakTaAbl. Ni-re Te3imainikke KatbicTbl, Tek TE32 n3oaatbl Ni kKoHueHTpaumsicbl 0,03 %
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6OAFaHAQ XKETKIAIKTI Te3iMAiAIK kepceTTi, oHbiH RGI MaHi 47,2% kypaabl. Cu-re Te3imMaiAik 6oMbIHLLA
S21, S56 xeHe TE32 n3oaartapbl Cu koHueHTpauuscbl 0,03% GoAFaHAA >KOFapbl TO3IMAIAIK TaHbITTbI,
oAapAbiH RGI maHaepi TmiciHwe 92,8%, 82,4% xoHe 79,6% 60aabl. CoHbiMeH KaTap, TE32 130AdTbI
0,06% Cu >arparblHAQ AQ XKETKIAIKTI Te3iMAIAIKTI cakTan, RGI maHi 63,0% Kypaabl. Ocbl HaTUMXKeAep
HeriziHAe YL n30A4aT (S21, S56 >xeHe TE32) oAapAblH hepMeHTaTUBTIK KaCMEeTTePiH (AMUAOAMTUKAADIK,
LEAAOAOAUTUKAADIK, AUMIOAMTUKAABIK, KOHE MPOTEOAMTUKAABIK, GEACEHAIAIKTEpPIH), COHAAM-aK, 6CIMAIK
©CYiH bIHTaAQHAbIPATbIH OEATIAEpPiH, COHbIH, ilLiHAE CMAEPOOPAAP, >KACYLLIAAAH ThIC MOAMMEPAIK caxa-
puatep (EPS) >koHe MHAOA-3-Cipke KpilKblAbl (MCK) eHAIpY KaBGiAeTiH KeleHAT cunaTTay yiliH TaHAan
aAbIHADI. S21 WTaMMbl OpTallia MPOTEOAMTUKAABIK, GBEACEHAIAIK, CMAEpOOpAap BHAIPY KabiAeTi aHe
MCK cvHTe3IHIH eH >KOFapbl AEHreiH KOpCeTTi, OHbIH, eH XKOFapbl KOHUEeHTpauuscol 38,7 + 3,29 mkr/
MA 6OAAbI. S56 LLITaMMbI OpTallla MPOTEOAUTUKAADIK, GEACEHAIAIK, KYLUTI AMIOAUTUKAABIK, )KOHE MPOTE0-
AUTUKAAbIK GeACEHAIAIKTED, craepodopaap eHAIpY kKabiaeTi sxaHe opTawa MCK cuHTesiH kepcerTi,
€H >KOFapbl KOHUEeHTpaumsicbl 17,5 + 1,48 Mkr/MA Kypaabl. AA TE32 wramMmbl KYLUTI aMUAOAMTMKAADBIK,
GeAceHAIAIK, MPOTeoAUTUKAABIK, GeaceHAiAiK, EPS eHaipy kabireTi sxoHe MCK eHaipyaiH eH TemeH
SAEYEeTiH KepCeTTi, OHbIH €H »KOfapbl KOHUeHTpaumscol 12,8 + 0,88 MKr/MA 60AAbI. Boaaluak 3epT-
TeyAep MMKPOOTBIK, >KacyluarapAbl 61okemMip 6eTiHe MMMOOMAM3aLmaAay apKbiAbl MUKPOOG—OMOKeMIp
KeleHAepiH a3ipAeyre, KeliH 93IpAeHreH KelleHAEPAl OCIMAIKTEPAIH OCYiH KyLenTy MakcaTblHAQ
OHIMAIAITT TEMEH >KaHe/Hemece AaCTaHFaH TOrMbIpaKTapAa BaAMAaLMsIAayFa BaFbITTaAaTbiH OOAAAbI.

Tyiin ce3aep: Tapuxm AaCTaHFaH TOMbIPaK, MOTEHUMAAAbI YbITTbl SAEMEHTTED, ZN epiTy KabireTi
6ap MUKPOOPraHM3MAEP, ayblp METAAAApFa TO3IMAIAIK, BCIMAIK OCYiH bIHTAaAQHAbIPATbIH MUKPOOPTa-
HU3MAEP.
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Rechar-M2c: BbiaeAeHMEe MUMKPOOPraHM3MoB
M3 MOYB C UICTOPUYECKUM 3arpsisHeHUeM

LleAblo AQHHOrO UCCAEAOBaHMS ObIAO BbIAEAEHME M3 MOYB C UCTOPUYUECKMM 3arpsiBHEHMEM, MOA-
BEPrLIMXCS BO3AENCTBMIO MOTEHUMAABHO TOKCMYHBbIX 3AeMeHTOB ([1T3), CTOMKMX OpraHMyeckmx 3a-
rpsisHutesert (CO3) nAM uX coveTaHusi, MUKPOOHBIX LITAMMOB, CMOCOOHbIX COAIOBMAM3MPOBATL ZNn 1
00AaAQIOLLIMX TOAEPAHTHOCTBIO K METaAAaM. Bcero 6biA0 BbiaeAeHO 242 MUKPOOHbIX WwTamma. Mocae-
AYIOUMIA MOCAEAOBATEAbHbIN CKPUHUHI HA ZN-COAIOOUAM3MPYIOLLYIO aKTUBHOCTb MO3BOAWMA BbISIBUTH
13 M30AITOB C MHAEKCaMM COAoOMAM3aumm Bbiwe 1,5. Cpeamn HMX YeTbipe n3oasTa (521, S56, TA5
1 TE32) nposiBMAM BbICOKYIO TOAEPaHTHOCTb K 0,03—0,06% Zn, npy 3TOM OTHOCUTEAbHAst MHTEHCKB-
HocTb pocTta (RGI) BapbmpoBana ot 86,6% A0 104%, Toraa kak S56 n TE32 coxpaHsAM AOCTaTOYHYIO
TOAEPAHTHOCTb Npu KoHUeHTpaumn Zn 0,12%. Yto kacaetcsa ToaepaHTHOCTM K Ni, ToAbko TE32 npo-
SBUA AOCTATOYHYIO YCTOMUMBOCTb Npu KoHueHTpaumm Ni 0,03%, ¢ RGl 47,2%. B oTHoleHun ToAe-
paHTHOCTK K Cu n3oAgtbl S21, S56 1 TE32 npoAEMOHCTPUMPOBAAM BbICOKYIO YCTOMYMBOCTb MPU KOH-
ueHtpaumm Cu 0,03%, ¢ RGI 92,8%, 82,4% n 79,6% cootBetcTBeHHO. Kpome Toro, TE32 coxpaHsia
AOCTATOYHYI0 ToAepaHTHOCTb npu 0,06% Cu, ¢ RGI 63,0%. Ha ocHOBaHWKM MOAYY€EHHbIX pe3yAbTaTOB
Tpn n3oasata (521, S56 n TE32) OGbiAM OTOOPaHbl AASI KOMMAEKCHOM XapakKTePUCTUKM MX (hepMeHTa-
TUBHbIX CBOWMCTB (@MMAOAUTMYECKOM, LIEAAIOAOAMTUYECKOM, AMMOAMTUYECKON W NMPOTEOAMTUYECKOM
AKTUBHOCTM), a Tak>Ke MPU3HAKOB, CMOCOOCTBYIOWMX POCTY PACTEHUI, BKAKOYAS MPOAYKLIMIO CUAEPO-
OpOB, BHEKAETOUHbIX MOAMMEPHbIX caxapnaos (A1C) 1 MHAOA-3-yKcycHol kncAoTbl (MYK). LLTamm
S21 NPOSIBUA YMEPEHHYIO NMPOTEOAMTUYECKYIO aKTUBHOCTb, CMOCOGHOCTb K MPOAYKUMU CAEPOOPOB
1 HanboAee BbipaxkeHHbI cuHTe3 MYK, AocTuras MakCMMaAbHOM KOHUEHTpauun 38,7 + 3,29 MKI/MA.
LLITamm S56 NpoAEMOHCTPUPOBAA YMEPEHHYIO MPOTEOANTUYECKYIO aKTUBHOCTb, BbIPAXXEHHYIO AMMOAW-
TUYECKYIO U MPOTEOAUTUYECKYIO aKTUBHOCTM, MPOAYKLIMIO CMAepOohOpoB 1 ymepeHHbin cnHtes UYK, ¢
MaKCUMaAbHOM KOHUeHTpauueit 17,5 + 1,48 MKr/MA. B oTAnume oT HuX, wtamm TE32 NposiBUA BblpaXkeH-
HYIO aMMAOAMTMYECKYIO aKTMBHOCTb, MPOTEOAUTUYECKYIO aKTMBHOCTb, MpoAyKumio IINC 1 HanmeHb-
LIYI0 CNOCOBHOCTL K npoaykumn MYK, aAocTrras MakCmaAbHOM KoHUeHTpauun 12,8 £ 0,88 MKI/MA.
AaAbHelire MCCAeA0BaHUS OYAYT HarpaBAeHbl Ha pa3paboTKy MMKPOOHO-OMOUYAPHbBIX KOMMAEKCOB
NMOCPEeACTBOM MMMOOMAM3ALMM MUKPOOHBIX KAETOK Ha MOBEPXHOCTM Grovapa C MNOCAEAYIOLEN BaAK-
Aaumeit pazpaboTaHHbIX KOMIAEKCOB B AEMPAAMPOBAHHbIX U/MAU 3arpsi3HEHHbBIX MOUBAX AAS OMTHMM-
3aUMM Pa3BUTUS PACTEHWIA.

KatoueBble cAOBa: MCTOpMYECKOe 3arpsi3HEHME MOYB, MOTEHLMAABHO TOKCUMUHbIE SAEMEHTbI, Zn-
COAOOUAMBUPYIOLLIME MMKPOOPraHU3Mbl, TOAEPAHTHOCTb K TSXKEABIM METAAAAM, MMKPOOPraHU3Mbl,
Cnoco6CTBYIOLME POCTY PACTEHMIA.
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Rechar-M2C: microbial isolation from legacy-contaminated soils

Introduction

Extensive research is currently focused on the
restoration of degraded, marginal, and contaminated
lands in response to the United Nations report on the
status of the Sustainable Development Goals
(SDGs). As of 14 June 2025, SDG target 15.3, which
aims to restore degraded lands, was classified as
showing regression (UN, 2025), highlighting the
urgent need to develop effective and sustainable
solutions capable of reversing this negative trend
and, at a minimum, preventing further deterioration.

These challenges coincide with the broader
evolution of resource management concepts. Since
the introduction of the term "value chain" by Porter
(1985), originally describing the creation of value-
added products through continuous reintegration
into biological or technical cycles (D’heur, 2015),
the concept has been increasingly adopted within
scientific research (Althuri & Venkata Mohan,
2022; Aso, 2020; Carvalho et al., 2021; Casarejos et
al., 2018). In parallel, the concept of the
bioeconomy, introduced by the European
Commission in 2012, promoted resource recovery
and reuse in place of dependence on external raw
materials (European Commission & Directorate-
General for Research and Innovation, 2012). These
developments have accelerated the transition from a
linear to a circular economic model (Khaw-ngern et
al., 2021; Corona et al, 2019; FEuropean
Commission et al., 2021; Khaw-ngern et al., 2021;
Wiesmeth, 2021). Simultaneously,
phytoremediation, as one of the most promising
sustainable and economically feasible technology,
has progressively evolved into the broader concept
of phytomanagement (Evangelou et al., 2015;
Stephenson & Black, 2014), which integrates
environmental restoration with the production of
economically valuable biomass. Furthermore,
during the past decade, the technology has evolved
towards microbe-assisted and biochar-assisted
phytoremediation (Nurzhanova et al., 2025, 2026;
Pidlisnyuk et al., 2020, 2022; Pidlisnyuk, Newton,
et al., 2025). Despite its considerable potential for
restoring contaminated soils, increasing concern has
been raised regarding the annual generation of post-
phytoremediation biomass, often referred to as
"waste" or "unconditioned" biomass. The need for
careful management of this biomass was first
emphasised by Song & Park (2017), who called for
the development of policies addressing "post-
phytoremediation = management". This  was
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subsequently reinforced by numerous studies
highlighting the necessity of implementing
sustainable post-harvest management strategies
(A.H. A. Khan et al., 2023; Priya et al., 2023; Tan et
al., 2023). Such concerns are particularly relevant
because biomass harvested from potentially toxic
element (PTE)-contaminated sites may contain
elevated concentrations of PTEs (Pidlisnyuk,
Mamirova, et al., 2025).

Therefore, it has been proposed that post-
phytoremediation biomass could instead be
valorised through conversion into biochar and
subsequently reused on contaminated soils to
improve soil health and promote plant development
(Pidlisnyuk, Mamirova, et al., 2025). Although
numerous studies have demonstrated that biochar
application improves soil fertility, enhances nutrient
availability, stimulates microbial abundance, and
promotes plant growth (Fox et al., 2016; Houben et
al.,, 2014; W.-D. Khan et al.,, 2017; Mierzwa-
Hersztek et al., 2017), several important limitations
remain (Brtnicky et al., 2021; Ding et al., 2016).
Among these, the most critical is the desorption of
toxic substances, particularly PTEs, which may
result in secondary contamination (2C) (Ding et al.,
2016; George, 2022). Consequently, when post-
phytoremediation biomass is converted into biochar,
the potential risk of 2C must be carefully considered.
Recent studies have demonstrated that Miscanthus-
derived  biochar may  contain  elevated
concentrations of Mn, Zn, and Sr (Kononchuk et al.,
2022; Pidlisnyuk, Newton, et al., 2025). Although
Zn is an essential micronutrient for plant growth,
excessive concentrations induce phytotoxicity,
forcing plants to divert resources from development
towards defence responses and activation of
avoidance strategies (Rai et al., 2019; Robb, 2013).
Consequently, the incorporation of Zn-enriched
waste-derived biochar into soil may create a
substantial risk of 2C, potentially reducing biomass
productivity and impairing the phytoremediation
process. Indeed, recent evidence has demonstrated
that biochar produced from waste biomass may
release Cu and Zn into soil, thereby creating an
additional environmental concern (Nurzhanova et
al., 2025). Mitigation of this risk therefore requires
the development of effective biochar conditioning
strategies before its application. A review of the
available literature revealed remarkably limited
research addressing the prevention of 2C associated
with contaminated biochar. One of the few reported
approaches involved loading nano zero-valent iron
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onto biochar followed by re-pyrolysis to stabilise Cr
and reduce its bioavailability (Fan et al., 2019).

To address this knowledge gap, the project
"ReChar-M2C", officially entitled AP23490702

"Development of Biochar Decontamination  of Zn-solubilising and PTE-tolerant
Technology for Sustainable Waste Biomass microorganisms from legacy-contaminated soils.
Conversion into Value-Added Products", was Such environments were selected as potential
initiated to develop a microbial biochar reservoirs of microorganisms possessing multiple
reconditioning technology aimed at preventing  desirable traits and capable of serving as biological
secondary  contamination  through  biochar  agents for biochar de-metalisation (Figure 1).

decontamination. The proposed approach is based

Figure 1

Experimental workflow visualisation

STAGE 1: SITE SELECTION

STAGE 3: SEQUENTIAL SCREENING

NiSO,*7H,0

Y
B

u “ Ll J
048% 024% 0.12% 0O6%

IRSEY

PTE tolera

;

nce

CuSO,*5H,0

]

XETA

AT
003%  048% 024% 0.17% O

L
os% Do

 Background

_ Mining complex

~ Pesticide storage facilifies

13 isolates
- !

ZnSO,*7H,0

«

Materials and methods

Soil Characterisation

Site Description

Four sites (Table 1) located in the Almaty and
Zhetysu regions (Kazakhstan) were selected for
microbial isolation based on previously reported
contamination (Baubekova et al., 2021; Mamirova
et al., 2022; Nurzhanova et al., 2025). At each site,
an area of 25 m? was designated for sampling.

According to the World Reference Base for Soil
Resources (IUSS Working Group WRB, 2022),
soils from Sites 1-3 and Site 4 were classified as
Chernozem and Kastanozems, respectively. Based
on K&ppen—Geiger classification (Beck et al., 2018;
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Kottek et al., 2006), the climate of Sites 1-4 was
classified as Dfa (snow—fully humid—hot summer) in

2006 and BSk (arid—steppe—cold) in 2016.
Soil Collection
and

chemical microbiological

on reducing the metal or PTE load in biochar by
exploiting the metal-leaching capacity of selected
microbial isolates. The present study represents the
first stage of this project and focuses on the isolation

STAGE 4: ENZYMATIC & PGP PROFILES
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-

Soil sampling adhered to the ISO 18400-—
203:2018 (ISO 18400-203:2018, 2018) and ISO
18400-206:2018 (ISO 18400-206:2018, 2018) for
analyses,
respectively. Five samples were procured from
investigated areas, with each sample taken from a 5
x 5 m® area at a depth of 0-0.6 m. Following
sampling, collected soil was sieved (d = 3 mm) to
remove the plant materials and stones, thoroughly
homogenized, air-dried, and stored at 4 °C before
passing for agrochemical and chemical analyses.
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Table 1
Site description

Site 1 2 3 4
Designated name TA K S TE
Type of soil Background Complexly contaminated PTE-contaminated
Territory foot of Talgar Peak - - -
Sampling location Village - Kyzylkairat Saimasai -
City Talgar - - Tekeli
Region Almaty Zhetysu
6PS coondinates BIOON AN OIN e s
PTEs v v v v
Contamination
POPs X v v X
Contamination origin X Former pesticide storage facility Mining complex

Agrochemical Analysis

Agrochemical parameters of the research soils
1-4 were determined using standard methods:
total organic content (TOC) — by Tyurin’s method
(ST RK 3477-2019, 2019); available phosphorus
(P20s) and potassium (K.O) — by Machigin
method in CRIAAS modification (GOST 26205-
91, 1993); the absorbed bases of sodium (Na) and

Table 2
Agrochemical profiles of studied soils

potassium (K) — by Antipov-Karataev and
Mametov method in Grabarov modification; the
absorbed bases of calcium (Ca) and magnesium
(Mg) — by Arinushkin method in Grabarov
modification; and the soil pH — in accordance with
the GOST 26423-85 (GOST 26423-85,2011). The
agrochemical profiles of research soils are
presented in Table 2.

Parameter Unit TA soil K soil S soil TE soil p-value
pH (H20) - 7.79+0.04 a 7.44+0.03 ¢ 7.64+0.02b 6.68 +0.06 d <0.001
TOC % 1.23+0.08 ¢ 293+0.02b 2.81+£0.07b 431+0.03a <0.001
P>0s 9.00+1.00 ¢ 19.0£1.00b 61.0+1.00 a 21.0+1.00 b <0.001
K20 - 115+5.00d 200+0b 340+0a 180+0¢ <0.001
NOs mg ke 0.59+002b  1.664005a  0.60+005b  0.58+005b  <0.01
NHa4 1.35+025¢ 3.70+0.60 b 1.50+£0.20 ¢ 490+0.50 a <0.001
Ca 13.3+0.24 ¢ 16.3+0.73 b 10.7+0d 21.1+0.24a <0.001
Mg 1.70+0.24 b 340+097b 13.8+1.68a 3.16£025b <0.001
mg Eq/100 g
Na 0.15+0a 0.15+0a 0.08+0b 0.15+0a <0.001
K 0.06+0a 0.06+0a 0.04+0b 0.06+0a <0.001

Notes: TA — Talgar; K — Kyzylkairat; S — Saimasai; TE — Tekeli; TOC — total organic carbon.

Determination of Potentially Toxic Elements
Content

The determination of 8 elements (Cr, Co, Ni, Cu,
Zn, As, Cd, and Pb) in soil samples was conducted
using a mass spectrometer with inductively coupled
plasma (ICP-MS) Agilent 7500 series (Agilent
Technologies, Inc., USA) following ST RK ISO
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11047-2008 (ST RK ISO 11047-2008, 2009) and
GD 52.18.721-2009 (GD 52.18.721-2009, 2010).
The decomposition of soil samples was performed
in a microwave sample decomposition system
Speedwave Four, Berghof, following the Soil EPA
3051A (US EPA 3051A, 2007) standard. For this
purpose, a sample of soil weighing (1.0 = 0.5 g) with
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an accuracy of 4 digits was utilized. The samples
were placed in a Teflon autoclave, to which 6.0 mL
of concentrated nitric acid (HNO3) and 1 mL of
hydrogen peroxide (H.0,) were added. The Teflon
autoclave was sealed and then put in a SpeedWave
Four microwave digestion system. Afterwards, the
samples were cooled to room temperature. The
solution with the precipitate was transferred to a
volumetric flask and brought to the 25.0 mL mark
with bi-distilled water (dH,O). The sample was
filtered and subsequently analysed on a mass
spectrometer.

In order to evaluate soil contamination levels in
relation to PTEs, geo-accumulation index (/geo), soil
toxicity index (Z.), ecological risk factor (ER), and
potential ecological risk index (PERI) were
calculated.

Geo-accumulation index (lg,) was used as
common index for the assessment of soil pollution
with PTEs (Saleem et al., 2024) and calculated using
the following equation:

Igeo = lOQZ(L) (D

1.5 X Cgpi

where Iz, — geo-accumulation index; C; — actual
concentration of i element in soil (mg kg™ "); Cepi —
geochemical background concentration of i element
(mg kg '; Table 3) (Lide, 2005).

Soil toxicity index (Z;) was wused as
comprehensive method representing cumulative soil
contamination (Vodyanitskii, 2010) and calculated

Zg = L(Key X Kpy + -
+Kcn X KTn) - (n - 1) (2)

Kc = Ci/ Cypi 3)

where K¢ — concentration coefficient of i element;
K7 — toxicity coefficient of i element (Table 3); n —
number of elements with K. >1; C; — actual
concentration of i element (mg kg'); Cp —
maximum permissible concentration of i element
(mg kg ).

Ecological risk factor (Er) was used as indicator
of ecological risk for each PTE separately
(Hakanson, 1980) and calculated as follows:

Egp = Tp X Cp; “4)
Cri = G /Cg<pi (5)

where Ty — toxic response factor of element (Table
3) (Hakanson, 1980; Siddig et al., 2025); Cr —
contamination factor of element; C; — actual
concentration of i element in soil (mg kg™'); Copi —
geochemical background concentration of i element
(mg kg'; Table 3) (Lide, 2005).

Potential ecological risk index (PERI) was used
as a comprehensive method representing cumulative
toxicological effect and calculated as follows
(Hakanson, 1980):

=yn
as follows: PERI' = 2.i=1 Er ©)
Table 3
Values and scales used for estimation of soil contamination levels
PTE MPC* Copi Kr Tr Scale Igeo Z.i Er PERI
Cr 90 102 1.5 2.00 Safe/low <1 <16 <40 <150
Co 5.0 25.0 1.0 5.00 Mod >1 >16 > 40 > 150
Ni 20 84.0 15 5.00 oderate <3 <32 <80 <300
Cu 33 60.0 1.0 5.00 Considerabl B >32 >80 > 300
Zn 55 70.0 15 1.00 onsicerbie <128 | <160 <600
Cd 0.5 0.15 1.5 30.0 - >3 > 160
eav, - -
As 2.0 1.80 15 10.0 Y <5 <320
Pb 322 14.0 1.5 5.00 Extreme >5 > 128 > 320 > 600

Notes: * — maximum permissible concentrations for mobile fractions of elements (mg kg™!) (MH RK, 2021); * — MPC for total
concentration; Cegpi — geochemical background concentration of i element (mg kg™!) (Lide, 2005); Kr — toxicity coefficient of i
element (Vodyanitskii, 2010); Tr — toxic response factor of element (Hakanson, 1980, Siddig et al., 2025); Igeo — geo-accumulation
index, contamination (Saleem et al., 2024); Z.i — soil toxicity index, danger (Vyborov et al., 2004); Er — ecological risk factor, risk
(Hakanson, 1980); PERI — potential ecological risk index, risk (Hakanson, 1980).
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Determination
Pollutants Content

POP-pesticides concentrations, including 21
compounds, were measured in studied soils in
accordance with ST RK 2131-2011 (ST RK 2131-
2011, 2012). The analysed compounds included
DDT metabolites (2.4'-DDD, 4.4’-DDD, 4.4'-DDE,
and 4.4'-DDT), HCH isomers (a—, f—, y—, and 6—),
aldrin, chlordane, dieldrin, dicofol, endosulfan (o
and B), endosulfan sulfate, endrin, endrin aldehyde,
hexachlorobenzene (HCB), heptachlor, heptachlor
epoxide, and methoxychlor. Analyses were perfor-
med using a Gas Chromatograph 6890N with an
Electron Capture Detector (Agilent Technologies,
Inc., USA) equipped with a Combi-PAL
autosampler (CTC Analytics AG, Switzerland).

To extract POPs, 10 g of the sample was placed
in a stopper 200 mL flask, 20 mL of n-hexane was
added, and the mixture was shaken for 24 h. The
volume of the obtained extract was measured and
concentrated to 1 mL. The extract was placed in a
50-mL conical flask, 5-10 mL of n-hexane was
added, and the flask was stirred for 30 min in a
mixer. The resulting extract was filtered through
filter paper, measured, and concentrated to 1 mL. 1
pL volume of the finalized extract was injected
using an autosampler for introducing a sample to be
heated to 250°C. For separation, a capillary column
DB-35MS (Agilent Technologies, Inc., USA) with
a length of 30 m, internal diameter of 0.25 mm, and
0.25 mm thick film was used. The carrier gas
(helium mark “A”) was fed with a continuous flow
rate of 1.0 mL min~' (corresponding to an average
linear flow velocity of 36 cm s™!). The temperature
of the thermostat column was programmed to heat
up from 40°C (hold time 1 min) to 160°C (hold time
3 min) at a heating rate of 20°C min "', followed by
further heating to 250°C (hold time 5 min) at 3°C
min~'. Detection was conducted by an electron
capture device. For quantitative determination of
POPs, calibration plots were obtained over a
concentration range of 1-500 ng L'. The
chromatography results were processed using MSD
ChemStation software E.02.02 SP1.

of  Persistent  Organic

Microbial Isolation & Cryopreservation
Upon arrival at the laboratory, the collected soil
samples were air-dried at room temperature, sieved
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(d = 2 mm), and processed according to the
procedure described by McPherson et al.
(McPherson et al.,, 2018). Microorganisms were
isolated using a serial dilution technique on different
agar media (Janati et al., 2022). The sieved soil (10
g) was suspended in 90 mL sterile phosphate-
buffered saline (PBS, pH 7.2) and shaken at 150 rpm
for 2 h. The resulting suspension was subsequently
diluted by transferring 1 mL into 9 mL of 0.1%
peptone water to obtain serial dilutions ranging from
107" to 107°. Aliquots (0.1 mL) of each dilution were
plated onto Nutrient agar (NA), Tryptic soy agar
(TSA), Pseudomonas agar (PA), Glucose yeast malt
agar (GYM), and Yeast malt agar (YM) media
(Table 4).

Inoculated plates were incubated at 28—30 °C for
48 h. Morphologically distinct colonies were
selected and purified by repeated subculturing
(Madigan et al., 2018). Following the establishment
of pure cultures, all isolates were characterised
morphologically, including colony colour, margins,
surface texture, shape, elevation, and pigmentation
(Mohite, 2013). All isolates were cryopreserved and
stored at —20 °C. In addition, all microbial cultures
were screened for growth on NA medium.

Screening for Zn-Solubilising Activity

Zn-solubilising microorganisms were screened
on Zn-supplemented medium with the following
composition (g L™"): 0.1 KoHPO4; 1.0 (NH4),SO04;
0.2 KCI; 0.2 MgS0O4-* 7H,0; 10 dextrose; 15.0 agar;
and 1.245 ZnO. Colonies aged 24-48 h were
transferred into the corresponding broth media (NA,
GYM, or YM) and incubated at 28 °C and 160 rpm
for 16 h. Following incubation, 10 pL of the
microbial suspension was spot-inoculated onto the
surface of control (without Zn) and 0.1% Zn-
supplemented media. I Inoculations were performed
in triplicate. The Petri plates were incubated in a
thermostat at 28 °C for 7 days. After incubation, the
diameters of the colonies and the clear ZnO
dissolution zones were measured, and the
solubilisation index (SI) was calculated according to
Eq. 7 (Alexander & Zuberer, 1991; Boubekri et al.,
2021):

S] = dColony+ dHalo zone (7)

dColony
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Table 4
Composition of agar media used for microbial isolation

Component Unit NA TSA PA GYM YM
Manufacturer - TM Media & HiMedia, India
Premixed powder g 15.0 30.0 45.03 - -
pH (H20) 74+0.2 7.3+£0.2 7.0+0.2 7.2 6.2
Agar g 20.0 20.0 13.6 20.0 20.0
CaCOs3 g - - - 2.0 -
Glucose g - 2.5 - 4.0 10.0
Glycerol g - - 20.0 - -
Irgasan (Triclosan) g - - 0.025 - -
K2HPO4 g - 2.5 - - -
K2S04 g - - 10.0 - -
Malt extract g - - - 10.0 3.0
Meat peptone g 43 - - - -
MgClz g - - 1.40 - -
NaCl g 6.4 5.0 - - -
Peptone g - - 20.0 - 5.0
Soya peptone g - 3.0 - - -
Tryptone g 43 17.0 - - -
Yeast extract g - - - 4.0 3.0
dH20 mL 1,000 1,000 1,000 1,000 1,000

Notes: NA — nutrient agar, TSA — tryptic soy agar; PA — pseudomonas agar;, GYM — glucose yeast malt agar; YM — yeast malt

agar, dH20 — distilled water.

Screening for PTE Tolerance

Screening of isolated microbial strains for
tolerance to PTEs was conducted in two stages: (i)
pre-screening for tolerance to 0.06% Zn to identify
strains exhibiting superior resistance to elevated Zn
concentrations; and (ii) comprehensive screening of
the selected strains for tolerance to 0.03—0.48% Ni,
Cu, and Zn to determine their resistance to PTEs
commonly present in contaminated soils and to
establish the range of concentrations tolerated.

For the pre-screening tolerance assay, the
corresponding media described in Table 4 were
used. To prepare Zn-supplemented media, 30 mL
stock solutions containing 0.5% Zn were prepared
using analytical-grade ZnSO4 ¢ 7H,O (0.6596 g).
The final Zn concentrations in the assay tubes were
0.06%.

For comprehensive tolerance assays, Miiller—
Hinton broth (MHB) was used, with the following
composition (g L™): 2.0 beef extract, 17.5 acid
hydrolysate of casein, and 1.5 starch; pH 7.3 + 0.2.
To prepare PTE-supplemented media, 30 mL metal
stock solutions containing 3.52% of Ni, Cu, or Zn
were prepared using analytical-grade salts: 4.6438 g

of ZnSO4 * 7TH,0, 4.1493 g of CuSOs4 * 5H,0, and
5.0526 g of NiSOy4 * 7H>O. Serial two-fold dilution
(15 mL stock solution + 15 mL dH,O) was
subsequently performed to obtain concentrations of
1.76%, 0.88%, 0.44%, and 0.22% for each metal.
The final PTE concentrations in the assay tubes were
0.03%, 0.06%, 0.12%, 0.24%, and 0.48%.

The subsequent experimental procedures were
identical for both screening stages. Specifically, a 24
h fresh culture of each strain was inoculated into 25
mL of the respective broth (MHB or the
corresponding medium) and incubated at 28-30 °C
and 140 rpm for 24 h. Following incubation,
microbial suspensions were transferred to 2 mL
cuvette, and optical density at 600 nm (ODsoo) was
measured using a SF-2000 spectrophotometer (OKB
Spectr, Russian Federation), with uninoculated
MHB or respective broth serving as the blank. This
procedure ensured standardisation of the inoculum
density, with ODgoo 0f 0.010 = 0.001 for both control
and experimental tubes.

The experimental design included the following:
blank (uninoculated respective broth), control 1
(inoculated respective broth), control 2 (PTE-
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supplemented respective broth; 3 PTEs x 5
concentrations), and experimental treatments
(inoculated PTE-supplemented respective broth; 3

Table 5
Composition of reaction mixtures (n = 3)

PTEs x 5 concentrations) for each microbial strain.
The composition of the reaction mixtures for each
experimental tube is presented in Table 5.

Treatment RB, mL Suspension, mL Me solution, mL dH20, mL Total volume, mL
Blank 3.8 - - 0.6 44
Control 1 34 04 - 0.6 44
Control 2 3.8 - 0.6 - 4.4
Experiment 34 0.4 0.6 - 4.4

Notes: RB — respective broth; Me — metal (Ni, Cu, or Zn) solution at five different concentrations.

Immediately after preparation, each tube was
vortexed briefly to ensure homogeneous mixing,
and 1 mL aliquots were collected into labelled
microcentrifuge tubes for ODgoo measurement (time
point 0 h). The tubes were then incubated in a
shaking incubator at 28 °C and 140 rpm for 24 h.
Following incubation, 1 mL samples were collected
again from each tube, and ODesoo was measured to
assess bacterial growth under different PTE
concentrations.

Biocompatibility Assay

Biocompatibility/antagonism was assessed by
the cross-streak method, in which the test isolate was
streaked centrally on agar, incubated, and then
indicator strains were streaked perpendicular to it;
inhibition was evaluated from the growth-free zone
at the intersection of the streaks (Balouiri et al.,
2016; Velho-Pereira & Kamat, 2011).

Qualitative Analysis of Enzymatic Activity

Screening of microbial enzymatic activities was
performed by streaking a single colony from a 24 h
fresh culture onto fresh Petri plates containing the
respective media.

Amylolytic Activity

Determination  of  extracellular  amylase
(amylolytic) activity in microbial isolates was
performed using starch agar plates (composition
(Ntabo et al., 2018), g L": soluble starch, 20.0;
tryptone, 5.0; yeast extract, 3.0; agar, 15.0),
followed by incubation at 28 °C for 48 h. Following
incubation, the plates were flooded with iodine—
potassium iodide (KI) solution, which forms a dark
blue-black complex with intact starch; the presence
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of transparent zones surrounding the colonies
indicated amylase production (Amoozegar et al.,
2003; Hossain et al., 2020).

Cellulolytic Activity

Screening of microbial cellulase
(endoglucanase) activity was conducted using
carboxymethylcellulose (CMC) agar medium
(composition (Shreshtha et al., 2025), g L™': NaN O3,
2.0; KoHPO4, 1.0; MgS04, 0.5; KCl, 0.5; CMC salt,
2.0; peptone, 0.2; agar, 17.0). The inoculated plates
were incubated in a thermostat at 30 °C for 48 h
(Meddeb-Mouelhi et al., 2014). Following
incubation, the plates were stained with Congo red
(Merck Group, Darmstadt, Germany) solution (2.0 g
L™ for 10 min and subsequently destained with 1
M NaCl for 15 min; the presence of halo zones
surrounding the colonies indicated cellulase
production (Carder, 1986).

Lipolytic Activity

Similarly, lipolytic activity was assessed by
inoculating the isolates onto Tributyrin agar (TBA)
medium (composition (Carrazco-Palafox et al.,
2018), g L peptone, 5.0; yeast extract, 3.0; agar,
15.0; tributyrin 1% v/v) followed by incubation at
28 °C for 48 h. The development of a clear zone
surrounding the colony was indicative of lipase or
esterase activity.

Proteolytic Activity

For determination of proteolytic activity, 1%
skim milk agar (SMA) was employed (composition
(Masi et al., 2021; Ntabo et al., 2018; Shreshtha et
al., 2025), g L™": casein enzymatic hydrolysate, 5.0;
dextrose, 1.0; yeast extract, 2.5; skim milk powder,
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1.0; agar, 15.0), followed by incubation at 28 °C for
48 h. Proteolytic activity was confirmed by the
appearance of proteolysis zone surrounding the
colonies.

Determination of Plant-Growth Promoting
Traits

Siderophore Production

Screening of microbial isolates for siderophore
production was performed using an universal assay
applicable to both Gram-positive (G") and Gram-
negative (G) microorganisms (Schwyn & Neilands,
1987). The method was based on a colour change
from blue to orange, whereby the Chrome Azurol S
(CAS)-Fe** complex exhibits a blue colour,
changing to orange in the presence of siderophores

(Eq. 8):

Fe3t + CAS dye (blue) +
+Siderophore — Fe3* + dye (orange) (8)

For preparation of the CAS indicator solution,
36.3 mg of CAS was dissolved in 30 mL of dH-O.
Separately, 43.75 mg of hexadecyltrimethyl
ammonium bromide (HDTMA) was dissolved in 24
mL of dH»O, followed by the addition of 6.0 mL of
Fe’" solution (prepared by dissolving 27.0 mg
FeCls-* 6H,0 and 83.3 pL concentrated HCI in 100
mL dH»O). The two solutions were combined to
obtain a dark blue mixture with a final volume of 60
mL. The resulting CAS indicator solution was
autoclaved for sterilisation.

For basal agar medium preparation, 17.05 g of
0.1 M 3-(N-morpholino)propanesulfonic acid
(MOPS), 0.285 g of NaCl, 0.17 g of KH,POy4, 0.055
g of NH4Cl, and 0.285 g of L-asparagine were
dissolved in 471.5 mL of dH>O in a 1 L flask. The
pH of the solution was adjusted to 6.8 using 6 M
NaOH, and the volume was then adjusted to 500 mL
with dH>O. Agar (8.5 g) was added, and the medium
was heated with stirring until complete dissolution,
followed by autoclaving for sterilisation.

A volume of 60 mL was withdrawn from the
sterilised basal agar medium to obtain a final volume
of 440 mL, after which the medium was cooled to
50 °C in a water bath. The CAS indicator solution
(60 mL) was prepared separately and maintained at
the same temperature. Subsequently, 10 mL of 50%
(w/v) glucose solution was added to the 440 mL of
basal agar medium under gentle stirring, followed
by 50 mL of CAS indicator solution. After thorough
mixing, a total of 500 mL of blue CAS agar medium

was obtained. The medium was aseptically
dispensed into sterile Petri dishes (~25 mL per
plate), yielding ~20 plates.

A single colony from a 24 h fresh culture plate
was transferred into 10 mL test tubes containing 5
mL of the corresponding broth (NA, GYM, or YM)
and incubated at 28 °C and 140 rpm for 24 h.
Following incubation, the strains were streak-
inoculated onto CAS agar medium using a
microbiological loop. The plates were incubated at
28 °C for 7 days. The CAS reaction rate was
determined by monitoring the progression of the
colour-change front in the blue CAS agar. Control
plates containing uninoculated blue CAS agar were
incubated under identical conditions, and no colour
change was observed.

Extracellular Polymeric Saccharide Production

E The ability of selected isolates to produce
extracellular polymeric saccharides (EPS) was
evaluated using the Congo red agar (CRA) method
(Christensen et al., 1982; Freeman et al., 1989; dos
Santos et al., 2021). The medium was prepared with
the following composition (g L™"): Congo red dye
(Merck Group, Darmstadt, Germany), 0.8; brain
heart infusion (BHI) broth (HiMedia Laboratories,
Thane, India), 37.0; sucrose, 50.0; agar, 10.0. The
composition of BHI broth was as follows (g L™"):
peptone, 10.0; infusion solids, 12.5; BHI powder,
5.0; dextrose, 2.0; NaCl, 5.0; Na;HPOs, 2.5; pH 7.4
+ 0.2. Following inoculation, the plates were
incubated aerobically at 37 °C for 24 h. EPS
production was confirmed by a change in colony
colour to black, whereas the absence of EPS
production was indicated by a stable colony colour
of pink and/or red.

Indole-3-Acetic Acid Synthesis

Quantitative evaluation of indole-3-acetic acid
(IAA) production by microbial isolates was
performed using Salkowski’s reagent and a
tryptophan-supplemented nutrient broth (TNB).
Salkowski’s reagent was prepared by mixing 1 mL
of 0.5 M FeCl; with 49 mL of 35% perchloric acid
(HCI104) (Phetcharat & Duangpaeng, 2012). Prior to
analysis, an IAA calibration curve was created.
Standard solutions were prepared according to the
method described by Gang et al. (2019), maintaining
a 1:1 ratio between the sample and Salkowski’s
reagent. Appropriate volumes of the IAA stock
solution (I mg mL™") were diluted with dH,O to a
final volume of 750 puL, followed by the addition of
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750 uL of Salkowski’s reagent. A blank sample was
prepared using dH,O instead of IAA. Following
preparation, the mixtures were incubated in the dark
for 30 min, and the optical density (ODs3s) was
measured at 536 nm using an SF-2000
spectrophotometer (OKB  Spectr,  Russian
Federation). For calibration curve construction,
ODs3s values of standard solutions within the
concentration range of 1-100 ug mL™" (Ali et al.,
2022) were used, yielding a linear relationship
described by the equation y = 0.0316x + 0.0586 (R*
= 0.98). The concentration of IAA produced by
microbial cultures was calculated from ODs36 values
using Eq. 9:

0Ds34—0.0586

1AA (ug mL™1) = Yo

©)

Specifically, a single colony from a 24 h fresh
culture was transferred into 10 mL of preculture
broth without L-tryptophan (nutrient broth, NB),
with the following composition (g L™"): peptic digest
of animal tissue, 10.0; meat extract, 3.0; NaCl, 15.0;
pH 7.0 = 0.2. The cultures were incubated in a
shaking incubator at 28 °C and 140 rpm for 16 h.
Subsequently, 100 mL bottles containing 50 mL of
TNB (NB supplemented with 0.5 g L™! L-tryptophan
(Mamarasulov et al., 2022)) were inoculated with
100 uL of microbial suspension and incubated under
dark conditions (bottles were wrapped in aluminium
foil) in a shaking incubator at 28 °C and 140 rpm for
at least 7 days. At 24 h intervals, 1.5 mL of culture
broth was sampled and centrifuged at 5,000 rpm for
5 min. After centrifugation, 1 mL of supernatant was
mixed with 1 mL of Salkowski reagent and
incubated at 30 °C in the dark for 30 min. ODs36 was
then measured, with uninoculated TNB mixed with
Salkowski’s reagent used as a blank. Sampling and
analysis at 24 h intervals were continued until a
decrease in absorbance was observed, indicating
cessation of [AA production.

Data Processing

Statistical data processing for all analysed
parameters was performed using RStudio desktop
software (version 2026.01.0 Build 392, RStudio
PBC, 2026). Initially, the dataset was assessed for
outliers, followed by testing for normality using the
Shapiro—Wilk test and for homogeneity of variances
using Levene’s test. If the normality assumption was
not met, non-parametric tests were applied: the
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Kruskal-Wallis test for two-factor analysis or the
Wilcoxon test for three or more factors, followed by
pairwise comparisons with Bonferroni adjustment.
If the homogeneity assumption was violated,
Welch’s correction was applied, followed by
Welch’s analysis of variance (ANOVA). When both
normality and homoscedasticity assumptions were
satisfied, one- to three-way ANOV A was performed
to identify statistically significant differences
between treatments, followed by Tukey’s honestly
significant difference (HSD) test where appropriate.
In all cases, pairwise comparisons resulted in
statistical groupings denoted by letter annotations,
and the corresponding graphs and/or tables were
generated.

Results and their discussion

Soil Contamination Profile

Inorganic Contamination

Chemical analysis of soils for PTE content
revealed that none of the studied soils contained Co
or Cd, whereas elevated concentrations of Ni, Zn,
and As were observed (Table 6). Elevated
concentrations of Cr were identified in TA, K, and
TE soils, while elevated concentrations of Cu were
detected in K and TE soils. In the case of Pb,
elevated concentrations were observed exclusively
in TE soil. Overall, it was determined that TE soil
exhibited elevated concentrations of five PTEs,
followed by K soil, which contained elevated
concentrations of four PTEs.

In addition, assessment of the soils based on
geo-accumulation index (/g0) (Saleem et al., 2024)
indicated that TA and K soils were moderately
contaminated with As, whereas TE soil was heavily
contaminated with Zn and As and extremely
contaminated with Pb. Almost identical patterns
were observed for the ecological risk factor (Er)
(Hakanson, 1980), with TA and K soils exhibiting
moderate risk associated with As concentrations,
while TE soil demonstrated high and extreme risks
for Zn and Pb, respectively. Evaluation of soil
toxicity using the integrated pollution index (Z.)
(Vyborov et al., 2004) indicated that TA and S soils
could be considered safe, whereas K and TE soils
posed moderate and extreme hazards, respectively.
According to the potential ecological risk index
(PERI) (Hakanson, 1980), all soils except TE
presented low risk, while the latter exhibited an
extreme ecological risk.
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Table 6

PTE concentrations (mg kg™') in studied soils

Element MPC MDL TA soil K soil S soil TE soil p-value
Cr 90 &b >12 139+£9.17 ab 150+4.89a <LOD 117+£11.0b <0.01
Co 5.0 >12 <LOD <LOD <LOD <LOD -
Ni 20 > 12 544+132b 70.1£2.00 a 31.1£2.00d 44.1+4.38¢ <0.001
Cu 33 >5 29.0+0.05¢ 97.6+6.94b 27.8+0.10¢ 169 +10.6 a <0.001
Zn 55 >2 68.3+2.20¢ 87.7+2.28b 63.1+1.52¢ 1077+109a <0.001
As 2.0 >2 103+0.75¢ 13.0+0.31b 524+0.57d 49.7+0.81 a <0.001
Cd 0.5 >2 <LOD <LOD <LOD <LOD -
Pb 32¢ >15 18.8+1.55b 23.8+0.36b 18.0+0.30b 1040+332a <0.001
Z:i (Vyborov et al., 2004) 13.7 19.9 5.67 122 -

PERI (Hakanson, 1980) 73.3 97.0 40.6 682 -

Notes: MPC — maximum permissible concentrations for mobile fractions of elements (MH RK, 2021); MDL — method detection limit
(mg kg™!); TA — Talgar; K — Kyzylkairat; S — Saimasai; TE — Tekeli; LOD — limit of detection; * — MPC for total concentration, ® —

MPC values for Europe (MECR, 2016).

Organic Contamination

In addition to PTE content, K and S soils were
analysed for POP concentrations (Table 7).
Chemical analysis revealed elevated concentrations,
exceeding MPC, of DDT metabolites, dieldrin,
endosulfan ao, and endrin. Among the DDT
metabolites, concentrations of 2.4-DDD and 4.4-
DDD exceeded MPC in both soils, while 4.4-DDT
concentrations exceeding MPC thresholds were
detected in S soil. Both soils exhibited comparable
concentrations of 2.4-DDD; however, S soil
contained significantly higher concentrations of 4.4-
DDD and 4.4-DDT compared with K soil. Overall,
the sum concentrations of DDT metabolites
exceeded MPC by 9.28- and 13.8-fold in K and S
soils, respectively.

Similarly, both soils exhibited elevated
concentrations of endosulfan o and endrin,
exceeding MPC by 5.22-27.6-fold and 34.0-63.5-
fold, respectively. K soil contained significantly
higher concentrations of endosulfan a than S soil,
whereas S soil exhibited significantly higher
concentrations of endrin compared with K soil. In
addition, elevated concentrations of dieldrin (5.6%
MPC) were detected exclusively in S soil.

Assessment of cumulative POP concentrations
indicated that K soil was more contaminated than S

soil overall. The largest contribution to the
cumulative concentration in K soil was attributed to
endosulfan o, followed by DDT metabolites. In
contrast, the cumulative concentration in S soil was
primarily driven by DDT metabolites, followed by
endosulfan a.

Microbial Isolation & Morphology

A total of 242 isolates were obtained from the
four studied soils (Table 8). The highest number of
isolates was recovered from K soil, whereas the
lowest number was obtained from TE soil,
potentially indicating that inorganic contamination
exerted a more pronounced influence on soil
microbial diversity than organic contamination
(Thavamani et al., 2012). Furthermore, five distinct
culture media were employed for isolation, with YM
medium yielding the highest number of isolates (65)
and PA the lowest (25). This pattern was likely
attributable to the more nutrient-rich composition of
YM, specifically its enrichment with glucose (10 g
L"), malt extract, and yeast extract, whereas PA
contains only peptone.

Of the 242 isolates, 172 were Gram-positive
(G") and 70 were Gram-negative (G*). According to
cell morphology, 198 isolates were classified as
bacilli, 26 as cocci, and 18 as filamentous forms.
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Table 7
POP concentrations (ug kg™') in studied soils

POP-pesticide MPC K soil S soil p-value
2.4-DDD 484 +80.7 387 £48.0 0.149
4.4-DDD 100 371+17.8b 450+42.1a <0.05
4.4-DDE 582+7.79a 33.8+£0.86b <0.01
4.4-DDT 145+0.05b 512+47.0a <0.001

> DDTs 928 £ 106 b 1382+52.0a <0.01
a-HCH <LOD 10.8 £0.30 -
B-HCH 100 <LOD 29.6+0 -
vy-HCH <LOD 7.48+0 -
5-HCH 4.00+0 8.04+0 -
> HCHs 4.00+0b 55.9+0.30a <0.001
Dieldrin 0.5 <LOD 2.80 +0.25 -
Endosulfan o 100 2763 +150a 522+248b <0.001
Endosulfan sulfate - 121+1.32a 9.09+0b <0.05
Endrin 1 34.0+0.65b 63.5+497a <0.001
Endrin aldehyde - 15.8+1.88b 24.1+0.82a <0.01
Heptachlor 50 <LOD 5.22 +0.04 -
Heptachlor epoxide 577+0a 4.99+0.19b <0.01
Methoxychlor 1 600 549+047b 23.5+0.44a <0.001
> Others 2836+150a 656+31.0b <0.001
> POPs 3768 +257a 2094+83.3b <0.001

Notes: MPC — maximum permissible concentrations (MH RK, 2021); K — Kyzylkairat, S — Saimasai; LOD — limit of detection.

Table 8

Number of microbial cultures isolated from different soils using selective media

Number of isolates

Soil
NA TSA PA GYM YM Total
TA 14 15 7 23 63
13 15 8 18 19 73
S 17 14 9 11 14 65
TE 9 9 4 10 9 41
All 53 53 25 46 65 242

Notes: NA — nutrient agar; TSA — tryptic soy agar; PA — pseudomonas agar; GYM — glucose yeast malt agar;, YM — yeast malt

agar; TA — Talgar; K — Kyzylkairat; S — Saimasai; TE — Tekeli.

Zn-Solubilisation Activity

Evaluation of Zn-solubilising activity among the
242 isolated strains on ZnO-supplemented solid
media was conducted by measuring colony and halo
zone diameters. Of the 242 isolates tested, 27
exhibited Zn-solubilisation potential, as indicated by
the formation of halo zones around colonies (Table
9). However, variability in replication was observed,
for instance, isolate TES developed a halo zone on
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only one of three plates, with a solubilisation index
(SI) of 1.33. Thirteen (13) isolates formed halo
zones on two out of three plates, while the remaining
13 isolates exhibited halo formation consistently
across all three plates.

The intensity of Zn-solubilising activity was
classified according to the following scale: SI < 1.5,
weak activity; 1.5 < SI <2.5, moderate activity; and
SI > 2.5, strong activity. Among isolates exhibiting
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activity on all three plates, three (3) isolates (S40,
S56, and TE32) demonstrated strong Zn-solubilising
activity, with SI values ranging from 2.56 to 2.77.
Nine (9) isolates (TA33, S12, TAS, S20, TA15, S25,
S21, 824, and S36) exhibited moderate activity, with
SI values between 1.64 and 2.33, while only isolate
S39 showed weak activity (SI of 1.43).

Table 9
Solubilisation index values

Among isolates exhibiting activity on two out of
three plates, only isolate S47 demonstrated strong
activity, with an SI of 3.13. Eight (8) isolates (S41,
TE31, TE30, S32, K23, S43, S37, and TEI15)
exhibited moderate activity, whereas the remaining
four (4) isolates (TE29, TE7, K45, and S54) showed
weak activity.

No. Isolate SI, mean + SD SG No. Isolate SI, mean + SD SG
n=3,p<0.001 n=2,p<0.001

1 S40 2.77+0.16 a 14 S47 3.13+£0.06 a
2 S56 2.65+0.26 ab 15 S41 1.99 £ 0.26
3 TE32 2.56+0.19 abc 16 TE31 1.75+£0.15 bc
4 TA33 2.33+£0.17 abed 17 TE30 1.62 £0.23 bc
5 S12 2.17+0.31 bede 18 S32 1.60 +0.31 bc
6 TAS 2.16+£0.12 cde 19 K23 1.58 £0.12 bc
7 S20 1.95+0.14 def 20 S43 1.54+0.29 bc
8 TAI1S5 1.83 £0.18 efg 21 S37 1.52+£0.03 bc
9 S25 1.76 £ 0.16 efg 22 TE15 1.51+£0.20 bc
10 S21 1.70 £ 0.10 efg 23 TE29 1.40 £ 0.09 c
11 S24 1.68 £0.19 efg 24 TE7 1.37 £ 0.05 c
12 S36 1.64 £ 0.18 fg 25 K45 1.25+0.03 c
13 S39 1.43 £0.20 g 26 S54 1.17+0 c

Notes: SI — solubilisation index; SD — standard deviation,; SG — statistical groups.

Thus, thirteen (13) isolates were selected for
further investigation, specifically twelve isolates
(S40, S56, TE32, TA33, S12, TAS, S20, TA15, S25,
S21, S24, and S36) exhibiting moderate to strong
Zn-solubilising activity consistently across all three
plates, and one isolate (S47) demonstrating strong
activity on two plates.

Microbial Tolerance to PTE

Pre-screening of thirteen (13) isolates, selected
based on their Zn-solubilising activity, for tolerance
to a Zn concentration of 0.06% on the respective
media identified three isolates (S21, S56, and TE32)
that exhibited growth intensity comparable to Ctrl
(Fig. 2a). One isolate (TAS5) showed only slight
growth inhibition (15.8%), whereas the remaining
nine isolates exhibited substantial growth inhibition,
with reductions of up to 93.5%. Consequently,
following sequential screening based on growth

performance at 0.06% Zn, four isolates (S56, S21,
TAS, and TE32) were selected for comprehensive
evaluation of their tolerance to Ni, Cu, and Zn.

Analysis of microbial tolerance across the range
of PTE concentrations (0.03—0.48%) demonstrated
that, from a Zn concentration of 0.06% onwards, the
growth intensities of isolates S21, S56, and TE32
were significantly higher than that of TAS (Fig. 2b).
This pattern remained consistent across all
subsequent Zn concentrations. Overall, TE32
exhibited the highest growth intensity throughout
the 0.06—0.24% Zn concentration range, whereas the
growth intensities of S21 and S56 were nearly
1dentical across all concentrations tested. In contrast,
TAS demonstrated tolerance to Zn only at
concentrations of 0.03% and 0.06%, with growth
intensity declining to 17.9% at 0.12% Zn and
decreasing further to 9.70% at the higher
concentrations.
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Figure 2

Growth intensity relative to the Ctrl in broth supplemented with 0.06% Zn (a) and 0.03—0.48% Zn (b)
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Analysis of microbial growth intensities in Ni-
and Cu-supplemented media showed that relative
growth values <5% of the Ctrl were operationally
classified as negligible residual growth,
corresponding to >95% growth inhibition. Isolate
TAS5 did not exhibit tolerance to either PTE at any
of the concentrations tested and also displayed the
weakest tolerance to Zn. As observed for Zn
tolerance, isolates S21 and S56 exhibited similar
response patterns to Ni and Cu exposure; however,
S21 demonstrated consistently greater and more
stable tolerance to both PTEs. Specifically, under
Ni-induced stress, the growth intensity of S21
declined gradually from 13.0% to 8.47% across the
0.03-0.48% Ni concentration range, indicating
sustained resistance (Fig. 3a). Under Cu-induced
stress, although growth intensity decreased sharply
from 92.8% to 4.56%, S21 tolerated the broadest
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range of Cu concentrations (0.03—0.24%; Fig. 3b).
Similarly, the growth intensity of S56 in Cu-
supplemented medium declined markedly from
82.4% to 2.46%; however, the range of tolerated Cu
concentrations was narrower (0.03—0.12%).

Isolate TE32 exhibited distinct response patterns
to Ni and Cu. At the lowest Ni concentration
(0.03%), TE32 displayed the highest relative growth
intensity (47.2%), followed by a sharp decline to
7.83% at higher concentration (Fig. 3a). In contrast,
under Cu-induced stress, TE32 demonstrated good
tolerance at 0.03% and 0.06%, maintaining relative
growth intensities of 79.6% and 63.0%, respectively
(Fig. 3b). However, no meaningful growth was
observed at the subsequent Cu concentrations.
Based on the PTE tolerance profiles obtained, three
isolates (S21, S56, and TE32) were selected for
further investigation.

Growth intensity relative to the Ctrl in broth supplemented with Ni (a) and Cu (b).
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Enzymatic, Plant  Growth-Promoting, &
Biocompatibility Profiles of Microbial Isolates

The three selected isolates were characterised
qualitatively and quantitatively to establish their
enzymatic and plant growth-promoting profiles. The
results demonstrated that none of the isolates
exhibited cellulolytic activity (Fig. 4). Amylolytic
activity was detected only in isolate TE32, lipolytic

Figure 4

activity only in S56, whereas proteolytic activity
was observed in both TE32 and S56. With respect to
siderophore production, a colour change from blue
to reddish-purple was observed on the plates
inoculated with S21 and S56, indicating positive
siderophore production. Extracellular polymeric
saccharide (EPS) production detected
exclusively in isolate TE32.

was

Enzymatic activities and plant-growth promoting traits of selected microbial isolates

Amylolytic

L

Cellulolytic

Lypolytic

Profeolyfic Siderophore

Enzymatic activities

Indole-3-acetic acid (IAA) production was
detected in all three isolates; however, isolate S21
exhibited markedly superior activity (Fig. 5). [AA
synthesis commenced on day 2, and the
concentrations produced by S21 remained
significantly higher than those of S56 and TE32
throughout the experimental period. IAA production
by S56 also began on day 2 but remained low (0.41—

Plant growth-promoting traits

3.17 pg mL™") until day 10. In contrast, isolate TE32
exhibited the weakest A A-producing capacity, with
production commencing only on day 6 and reaching
a maximum concentration of 12.8 + 0.88 pg mL™".
For all three isolates, peak IAA concentrations were
recorded on day 10, with the maximum production
by S21 being 2.21- and 3.02-fold higher than that of
S56 and TE32, respectively.
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Figure 5
Indole-3-acetic acid production activity

40
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To determine whether the selected isolates could
be co-cultivated for the construction of a microbial
consortium,  biocompatibility = assays  were
performed. The results demonstrated that all three
isolates were mutually compatible.

Conclusion

The isolation of microorganisms from legacy-
contaminated soils affected by potentially toxic
elements (PTEs), persistent organic pollutants
(POPs), or their combination resulted in a collection
of 242 microbial strains. The sequential screening
strategy, designed to identify isolates with high Zn-
solubilising activity and strong tolerance to Ni, Cu,
and Zn, enabled the selection of three promising
strains: S21, S56, and TE32. Evaluation of their
enzymatic activities and plant growth-promoting
traits demonstrated complementary functional
characteristics, suggesting that, depending on the
intended application, the strains may be utilised
either as a consortium for immobilisation on biochar
surfaces to produce microbe—biochar complexes for
subsequent application to contaminated soils to
promote plant growth, or individually for the
reconditioning of waste-derived biochar through
reduction of its metal load. Accordingly, future
research will focus on the development of microbe—
biochar complexes and their wvalidation under
vegetation experiment conditions.
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ADSORPTION OF COPPER AND ZINC IONS
BY NATURAL ZEOLITES IN SOIL AND AQUATIC ECOSYSTEMS
AND ASSESSMENT OF THEIR BIOLOGICAL
AND ECOLOGICAL IMPACTS

In this research, the potential of modified natural zeolites obtained from the Aydag deposit in
Azerbaijan to protect living organisms from the harmful effects of heavy metal ions in soil and aquat-
ic environments was experimentally investigated. The results indicate that zeolites modified with
monoethanolamine (MEA) can be used as a highly effective agent to mitigate the impact of copper and
zinc ions on living organisms in soil and water ecosystems. The adsorption selectivity was determined
as Cu?* > Zn?**. MEA-modified zeolites not only facilitate the removal of metal ions but also play a
protective role for microorganisms, plants, and aquatic fauna by maintaining the biological and ecologi-
cal stability of soil and water ecosystems. This sorbent enables the protection of soil microorganisms
(Azotobacter, Pseudomonas, Bacillus), earthworms and other soil fauna, as well as aquatic plants and
microorganisms (zooplankton, phytoplankton) from toxic metal ions. The binding of metal ions to the
sorbent surface and their subsequent release reduce their toxic effects on living organisms, thereby con-
tributing to the maintenance of ecosystem functions, including organic matter decomposition, nitrogen
fixation, soil fertility, and the preservation of aquatic biogeography. Thus, MEA-modified Aydag zeolites
present a promising approach for reducing heavy metal pollution, restoring soil and water environments,
expanding biomonitoring capabilities, and supporting the sustainable management of ecosystems from
both ecological and biological perspectives.

Keywords: ecology, soil and aquatic ecosystems, reduction of heavy metal toxicity, zeolite, adsorp-
tion, protection of microorganisms.
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Tonbipak, XoHe cy 3KoXyiHeAaepiHAe TaBUFU LLEOAUTTEP apPKbIAbI MbIC
NneH MbIPbILL MOHAAPbIHbIH, AACOPOLUSCHI XKoHe
OAQpPAbIH, GMOAOTUSIABIK, YKOHE DKOAOTUSIAbIK, dCepiH baFaray

byA 3epTTeyae O3sipban>kaHaarbl AMAaFbl KEH OPHbIHAH aAblHFaH MoAMUKaLMAAAHFAH TabuFn
LEOAUTTEPAIH, TOMbIPAK, X8HE Cy OpTaAapblHAAFbl ayblp METAAA MOHAQPbIHbIH 3USHAbI 8CepiHeH
Tipi arF3aAapAbl KOpFay oAeyeTi Taxipnbeaik TypAe 3epTTeAai. HoaTukeaep MOHO3TaHOAAMMHMEH
(MEA) MoamdmKaumMsAaHFaH LIEOAUTTEPAIH TOMbIpak, >XOHE Cy 3KOXXyHheAepiHAeri Tipi ar3arapfa
MbIC TMEeH MbIpbIll MOHAAPbIHbIH 8CEpPiH a3aiTy YLiH >KOFapbl TUIMAI KYpPaA peTiHAE KOAAQHBIAYbI
MYMKiH eKeHiH KepceTTi. Aacopbums ceaekTUBTIAIr Cu®*> Zn?* TopTibiMeH aHbikTaAAbl. MEA-meH
MOAMMMKALMSIAQHFAH LIEOAUTTED METAaAA MOHAAPbIH KOIOFa FaHa emMeC, COHbIMEH KaTap TOrMbIpak,
XKOHE Cy 3KOXYMEAepiHiH OUMOAOIUSIAbIK >KOHE 3KOAOTMUSIAbIK, TYPAKTbIAbIFbIH CaKTal OTbIpbI,
MMKPOOPraHM3MAEpre, eciMAIKTepre XeHe Cy hayHacbliHa KOPFaHbILWTbIK, acep eteai. bya copbeHT
ToMblpak, MuKpoopraHnsmaepid (Azotobacter, Pseudomonas, Bacillus), >kayblHKypTTapAbl >eHe
6acka Aa Torbipak, hayHacCblH, COHAAM-aK, CY OCIMAIKTEPi MEH MMKPOOPraHM3MAEPIH (300MAAHKTOH,
(PUTONAQHKTOH) YAbI METAAA MOHAAPbBIHAH KOPFayAbl KAMTaMachi3 eTeAl. MeTaAA MOHAAPbIHbIH COPOEHT
6eTiMeH BarAaHbICYbl K&HEe OAaPAbIH KEMiHri 6ocan WbIFybl Tipi aF3aAapra ybITTbl 8CEPiH TOMEHAETEAI,
OCblAaMLLIA 3KOXYMe (YHKUMSIAAPbIHbIH, CaKTaAyblHa, COHbIH iliHAE OpraHuKaAblK, 3aTTapAblH
bIABIPAYbIHA, a30TTbIH (QMKCAUMSCHIHA, TOMbIPAK, KYHAPAbIAbIFbIHA XX8He Cy OuoreorpaduscbiHbIH
cakTaAyblHa biknaa eTeai. Ocbiraria, MEA-mMeH MoaudMKauMgIAaHFaH AMAQF LEOAMTTepi aybip
METAAAAPMEH AACTaHyAbl a3aiTy, TOMbIpak, MeH Cy OPTAAapblH KAAMbIHA KEATipY, GMOMOHUTOPUHT

100 © 2026 Al-Farabi Kazakh National University


https://doi.org/10.26577/EJE208830726
https://orcid.org/0009-0008-2758-820X
https://orcid.org/0000-0003-0782-4072
https://orcid.org/0009-0001-3020-4966
https://orcid.org/0009-0009-4974-6683
mailto:aytensamadova@bsu.edu.az
mailto:aytensamadova@bsu.edu.az

A.A. Samadova et al.

KOAOTUSAABIK, KOHE BUOAOTUSIABIK, TYPFbIAAH TYpPakThl 6aCcKapyAbl KaMTaMachli3 €Ty YLUiH NepcrnekTMBa-
Abl TACIA GOAbIN TabbIAAADI.

TyHiH ce3aep: 3KOAOMMS, TOMbIPAK, )KOHE Cy 3KOXKYMEAepi, ayblp METAaAAAPAbIH YbITTbIAbIFbIH TO~
MEHAETY, LIEOAUT, aACOPOLMS, MUKPOOPraHU3MAEPAI KOpFay.
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AACOpﬁLl,Mﬂ UOHOB MeAU U UMHKa NPUPOAHbIMU LLEOAUTAMMU
B MO4YBEHHbIX U BOAHbIX DKOCUCTEMaAX U OLLeHKa UX 6MOAOrMYECKOro
U 3KOAOIrM4yeckoro BO3AeﬁCTBM§I

B AQHHOM MCCAEAOBAHMM 3KCMEPUMEHTAABHO M3YyUYeH MOTEHLMAA MOAMMDULMPOBAHHBIX NMPUPOA-
HbIX LIEOAMTOB, MOAYYEHHbIX 13 AMAArCKOro MECTOPOXKAEHMS B A3epbaiaskaHe, B 3aLLMTE >KUBbIX Op-
raHM3MOB OT BPEAHOIr0 BO3AENCTBMS MOHOB TSXKEABIX METAAAOB B MOYBEHHbIX M BOAHbIX cpeaax. [o-
AYyYEHHbIE pe3yAbTaTbl MOKA3bIBAIOT, YTO LLEOAUTbI, MOAMMULMPOBAHHBIE MOHO3TAaHOAAMMHOM (MEA),
MOTYT ObITb MCMOAb30BaHbl B KQUeCTBE BbICOKO3((EKTUBHOIO CPEACTBA AASI CHUXKEHUSI BO3AEMCTBUS
MOHOB MEAM M LIMHKA Ha >KMBble€ OPraHM3Mbl B MOYBEHHbIX M BOAHbIX 3kocucTeMax. CeAeKTMBHOCTb aA-
copbumm ycTaHOBAEHA B CAeaytolliem ropsake: Cu?* > Zn?*, MoauduumposatHble MEA LeoAUTbI He
TOABKO CMOCOGCTBYIOT YAQAEHMIO MOHOB METAAAOB, HO U BbIMOAHSIOT 3ALUMTHYIO (DYHKLIMIO AAS MMKPO-
OpraHM3MOoB, PAaCTEHMIA U BOAHOWM hayHbl, MOAAEPXKMBas BUOAOTMYECKYIO M SKOAOIMUYECKYIO CTabMAb-
HOCTb MOYBEHHbIX M BOAHbBIX 3KOCUCTEM. AaHHbIN copOeHT obecrneunBaeT 3alMTy NMOYBEHHbIX MUKPO-
opraHusmoB (Azotobacter, Pseudomonas, Bacillus), Ao>kaeBbIx uepBeit 1 Apyroi nouseHHon ayHbi,
a Tak>Ke BOAHbIX PAaCTEHUI U MUKPOOPraHM3MOB (300MAAHKTOH, (DUTOMAQHKTOH) OT TOKCUUHbIX MOHOB
MeTaAAoB. CBS3blBaHME MOHOB METAAAOB C MOBEPXHOCTbIO COPBEHTA M MX MOCAEAYIOLLEE BbICBOOOXKAE-
HME CHMXKAET MX TOKCMYECKOe BO3AEMCTBME HA XKMBble OpraHM3mbl, CMOCOBCTBYS COXpaHeHMIO hyHK-
LM 3KOCUCTEM, BKAIOYAS PAa3AOXKEHWE OPraHMYeckoro BellecTBa, (puKkcaLmio a3oTa, NAOAOPOAME MO-
UBbl U COXpaHeHue BoAHOM Guoreorpaum. TaknMm 06pPasoM, LEOAMTbI AAArCKOrO MECTOPOXKAEHUS,
MoanmumpoBaHHble MEA, npeacTaBAsiioT co60M NepcriekKTUBHbINA MOAXOA K CHUXEHUIO 3arpsi3HeHs
TSXKEABIMUM METAAAAMM, BOCCTAHOBAEHMIO MOYBEHHOM M BOAHOWM CPEAbl, PAaCLUMPEHMIO BO3MOXKHOCTEN
6GUOMOHMTOPUHIa U 0OECNEYEHMNIO YCTONUMBOIO YNPABAEHMNS SKOCUCTEMaMM C SKOAOTMUYECKON M BK1o-

AOTMYECKOn ToYek 3peHnd.

KAroueBble caoBa: 3KOAOI'm4d, noyBeHHble 1 BOAHbIE DKOCUCTEMbI, CHMXKEeHME TOKCNMYHOCTU TSKE-
AbIX METAAAOB, LLIEOAUT, aACOp6LLMSI, 3alMTa MMKPOOPraHM3MOB.

Introduction

The technologies employed in the processing in-
dustry do not ensure complete extraction of metals
from raw materials and, in many cases, become a
source of industrial pollution with significant eco-
logical and biological impacts. Wastewaters dis-
charged from chemical industry enterprises (Hajiye-
va et al., 2020; Tang et al., 2016), mining activities
(Miller, 2013), and battery manufacturing facilities
(Gottesfeld & Cherry, 2011) are predominantly con-
taminated with heavy metal ions, which adversely
affect aquatic ecosystems, soil microflora, and the
life of plants and animals (Afandiyeva & Gadirova,
2025). Typically, high concentrations of metals such
as Al, Ca, Fe, Si, Co, Cu, Zn, Mn, V, Ga, and others
are observed in processing wastes and wastewaters,
making them widespread environmental pollutants.

Typically, high concentrations of metals such
as Al, Ca, Fe, Si, Co, Cu, Zn, Mn, V, Ga, and
others are observed in processing wastes and the

wastewaters generated during their washing, which
are recognized as widespread environmental pol-
lutants. These metals may exert adverse effects
on soil microorganisms (e.g., Azotobacter, Nitro-
somonas, and Pseudomonas) and soil microflora
by disrupting their activity, thereby weakening key
processes in soil ecosystems such as biological ni-
trogen fixation, decomposition of organic matter,
and maintenance of soil structure (Hajiyeva et al.,
2016). At the same time, heavy metals present in
wastewater adversely affect plant root systems by
hindering the uptake of water and mineral nutri-
ents and inducing toxic effects in plant tissues and
leaves, which in turn negatively impacts the vital
activities of soil animals, such as earthworms and
other soil invertebrates.

Such contamination disrupts the ecological bal-
ance of microorganisms, negatively affects the bio-
geography of soil and water ecosystems, and may
even lead to the decline of certain species (Haciyeva
et al., 2018). The recovery of valuable components
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from processing wastes is not only economically
significant but also of critical biological and ecolog-
ical importance, as it contributes to the mitigation
of environmental risks by preventing the migration
of metals into ecosystems and living organisms un-
der the influence of atmospheric factors. (GBD 2019
Colorectal Cancer Collaborators, 2022; Mushak,
1991).

The long-term effects of such contamination
degrade the quality of the soil humus layer, reduce
microbial diversity, and may disrupt plant life cy-
cles. In addition, metals can migrate into water bod-
ies, exerting toxic effects on fish, zooplankton, and
aquatic plants, thereby weakening the stability of
aquatic ecosystems.

Currently, large volumes of technical waste that
contaminate the environment and local biogeogra-
phy have accumulated in the area of the Dashkasan
Ore Processing and Enrichment Plant in Azerbai-
jan. These wastes lead to the accumulation of heavy
metal ions in soil layers and groundwater sources,
which adversely affects the physiological activity
and reproduction of soil microorganisms (e.g., Azo-
tobacter, Pseudomonas, and Bacillus), earthworms,
scorpions, and other soil invertebrates, as well as
disrupts the life cycles of aquatic plants and organ-
isms, thereby weakening the biological balance of
the ecosystem. The accumulation of heavy metals
reduces the microbiological activity of soil, slows
the decomposition of organic matter, and limits ni-
trogen fixation, thereby negatively affecting soil fer-
tility and the sustainability of plant life. (Linnik &
Nabivanets, 1986).

At the same time, these wastes provide potential
raw materials for the recovery of certain valuable
metals and offer opportunities for ecological and bi-
ological remediation. (Hasanova et al., 2025). In our
previous studies, we demonstrated the feasibility of
recovering metals such as Cu and Zn from iron con-
centrate wastes using heap leaching with diluted sul-
furic acid. This approach is not only economically
efficient but also enables the restoration of soil and
aquatic ecosystems, the protection of microorgan-
isms and soil fauna, and the safeguarding of aquatic
plants and life from toxic metals. (Albayrak et al.,
2023). At the highest level of the ecosystem, human
health benefits, particularly by providing conditions
that support the normalization of cardiovascular
system functions, which is especially relevant in the
21st century (Abou Ghayda et al., 2021). Thus, this
method contributes to ensuring biological safety and
maintaining the functional stability of ecosystems
(Geydarov et al., 2016).
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In the solution, the prevailing form of copper
primarily depends on hydrolysis processes, the ab-
sence of complex formation, and the pH of the me-
dium. These factors play a crucial role in selecting
optimal adsorption conditions and in the remedia-
tion of contaminated soil and water environments.
The distribution of copper ionic forms depending on
pH is shown in Figure 1 (Wang & Qin, 2005), which
is significant for ecological monitoring and biologi-
cal safety measures.

In solution, the prevailing form of copper pri-
marily depends on hydrolysis processes, complex
formation, and the pH of the medium. These fac-
tors play a crucial role not only in selecting optimal
adsorption conditions but also in the remediation of
contaminated soil and water environments, as well
as in preserving the physiological activity of micro-
organisms (Azotobacter, Pseudomonas, Bacillus)
and soil fauna.

The distribution of copper ionic forms depend-
ing on pH is shown in Figure 1 (Wang & Qin, 2005),
and this information is important for ecological
monitoring, pollution assessment, and the planning
of biological safety measures. As the pH changes,
the bioavailability and toxic effects of copper ions
on soil microflora, plants, and aquatic organisms
also vary, directly influencing ecosystem functional
stability and the life cycles of living organisms.

Figure 1
Percentage distribution of copper in ionic forms in solution as
a function of pH
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In the pH range of 1.5-6.5, copper in solution
predominantly exists as Cu?* ions. As a result of
hydrolysis, the following aquahydroxo complexes
are formed: [Cu(OH)]*, [Cu(OH),]°, [Cu(OH)s]",
Cuz(OH);*", [Cu(OH).)*", [Cu(OH)(H,0)s]%,
[Cu(OH)3(Hz0)]".

At pH > 9, more than 40% of copper is present
as [Cu(OH);]° and [CuCO;]°.
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In mining waters, copper predominantly exists
as sulfate salts, so within the pH range of 1-8, the
presence of Cu?* and Cu(OH)" ions is more likely.

Hydrolysis and speciation of zinc ions sig-
nificantly influence their behavior in solutions
due to zinc’s ability to undergo hydrolysis and
form complexes. As a result, mono- and poly-
nuclear hydroxo complexes are formed. For zinc,
the following mononuclear complexes are char-
acteristic: [[Zn(OH)]*; [Zn(OH),]°%; [Zn(OH)g]®";
[Zny(OH),]**. Hydroxocomplexes such as
[Zn(OH)g]*™ make up 2% of the total composition
(Linnik & Nabivanets, 1986).

At pH values of 4.6-6.5, zinc is in the form of
Zn2+ ions (92.4-99.8%); In the form of Zn(OH)+
(0.2-7.6%), the available ionic form of zinc at
pH 2.5-4.5 corresponds to real solutions (92.4-
99.5%).

The ratio between the forms of polynuclear
hydroxocomplexes depends on the pH of the en-
vironment. The most prevalent form in wastewater
is [Zn(OH)]" is the least prevalent form, followed
by [Zn(OH);]°. [ZnCO5]° and [Zn(HCO3)]* com-
plexes are the most prevalent in aquatic systems
in the absence of organic complexing agents. The
formation of [Zn(OH)]* hydroxo complexes is also
inevitable.

In an acidic medium, in the absence of organic
ligands, the Zn>* concentration is 85-97%. At pH
4.6-6.5, zinc occurs as Zn>* ions (92.4-99.8%) and
as Zn(OH)* (0.2-7.6%). At pH 2.5-4.5, the avail-
able ionic form of zinc accounts for 92.4-99.5% in
real solutions.

The distribution balance of zinc ion forms in so-
lution is as shown below:

C(Zn?*) = [Zn?*] + [Zn(OH)]* + [Zn(OH),]° +
+[Zn(OH)3]” + [Zn(OH), >

The distribution of hydrolysis forms calculated
according to the hydrolysis constant is as shown in
Figure 2 (Hasanova et al., 2025).

Recently, sorbents have been widely used in the
world for the purification of industrial wastewater
used for technical purposes from waste of various
chemical and biological nature,wellas for the puri-
fication of chemical and metallurgical wastewater
from ions of non-ferrous, heavy and noble metals.
Numerous scientific studies have also been con-
ducted to create a technology for purifying organic
compounds from wastewater by obtaining sorbents
based on tree trunks and waste, using methods of
their activation.

Figure 2
Percentage distribution of zinc in ionic forms in solution as a
Sfunction of pH
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In addition, coal-based sorbents are important
for the purification of industrial wastewater and
the extraction of non-ferrous metal ions (Pan et al.,
2009). There have also been many scientific stud-
ies on the development of technology for cleaning
organic compounds from wastewater by obtaining
sorbents based on tree trunks and waste, using meth-
ods of their activation. Studies show that the extrac-
tion of heavy metal ions from wastewater by simple
and inexpensive sorption is more practical and cost-
effective (Jia & Lu, 2014). A number of adsorbents,
such as activated carbon (Dabrowski, 2001), clays
(El Mouzdabhir et al., 2007), polymers (Ovejero et
al., 2010) and zeolites (Ekmekyapar et al., 2006)
have been proposed and studied for the purification
of various wastewaters (Gulieva et al., 2018).

Heap leaching solutions are considered an ad-
ditional source of valuable metals, and their re-
covery is important both economically and for the
protection of ecosystems. However, many methods
such as precipitation, ion exchange, adsorption,
and reverse osmosis are expensive and technologi-
cally challenging to implement, and some of these
methods may also affect the activity of microorgan-
isms in soil and water environments. Zeolites act
as selective sorbents for non-ferrous metals (Cd?*,
Cu?*, Zn?") and their application can help reduce
heavy metal toxicity in both soil and aquatic eco-
systems. The adsorption capacity of zeolites is typi-
cally enhanced through modification with acids or
alkalis, which allows for the effective capture of
metals without harming microbiological activity.
(Dabrowski, 2001).

The monoethanolamine (MEA) molecule con-
tains donor-active nitrogen and oxygen atoms, a
feature that allows MEA to act as both a mono- and
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polydentate ligand. As a result, it enables the effec-
tive adsorption of metal ions such as Cu?* and Zn?*
from soil and water environments, while also con-
tributing to the protection of microorganisms and
plant life from toxic metals.

Materials and methods

For the study, natural zeolites obtained from the
Aydag deposit were used. The zeolites were ground
into powder with an average particle size of 75 um,
and their composition was determined using X-ray
fluorescence spectroscopy (Phillips Magix Pro) and
X-ray diffraction (Phillips X’Pert D993). To en-
hance the sorbent’s capacity for capturing copper
(Cu?*) and zinc (Zn?") ions, it was modified with
monoethanolamine (MEA), triethanolamine, me-
thylamine hydroxide, and hydroxylamine hydrox-
ide. This modification was carried out to reduce the
toxic effects of metals on soil and aquatic ecosys-
tems and to preserve the activity of microorganisms
(Azotobacter, Pseudomonas, Bacillus).

Prepared Solutions: In the experiments,
1000 mg/L solutions were prepared using techno-
genic wastewaters and salts of CuSO4-5H,O and
ZnS0,4-7TH,0. The pH of the solutions was adjusted
to a range of 3—4. These solutions are not only a
valuable source of metals from an economic per-
spective but also hold ecological and biological sig-
nificance due to their potential toxic effects on soil
and aquatic biogeography.

Experimental Methods.: Adsorption studies were
conducted using the batch equilibrium method. An
appropriate amount of modified zeolite was added to
the solution, and the adsorption process was carried
out under continuous stirring. All experiments were
performed in triplicate, and the average results were
used for calculations.

Adsorption Parameters: The equilibrium ad-
sorption capacity (Q., mg/g) and adsorption effi-
ciency (R, %) were calculated using the following
equations:

- (O[] Ce) x V
) = -
R(%) = L —C¢ 100
Co

Here, C and C, (mg/L) represent the initial and
equilibrium concentrations of metal ions, respec-
tively; V' (mL) is the solution volume, and m (g) is
the sorbent mass.
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Investigation of pH Effect. The pH of the solu-
tions was varied within the range of 1.5-6.5, and
the prevailing forms of Cu?* and Zn?** ions (Cu?*,
Cu(OH)*, Zn**, Zn(OH)*) and their adsorption effi-
ciency were monitored. These studies are of biologi-
cal and ecological significance for the protection of
soil microflora and aquatic ecosystems from toxic
metals.

Adsorption Isotherms and Kinetic Modeling:
The adsorption results were modeled using the
Langmuir and Freundlich isotherms. The Langmuir
model describes monolayer adsorption, while the
Freundlich model accounts for empirical adsorption
behavior. This approach allows for the evaluation of
the sorbent’s capacity to capture metal ions and for
determining its adsorption efficiency from an eco-
logical and biological perspective.

The application of modified zeolites enables the
effective adsorption of copper and zinc ions without
disrupting the activity of soil microorganisms, while
also preserving the life cycles of aquatic plants and
microorganisms. This approach not only facilitates
the economic recovery of metal ions but also main-
tains ecosystem functional stability and minimizes
the biological and chemical impacts of contamina-
tion in soil and water environments.

Results and discussion

Copper (Cu?*) and zinc (Zn?*) ions were select-
ed to study the adsorption properties of the prepared
samples under static conditions. These ions are of
interest not only from a technological perspective
but also from a biological and ecological stand-
point due to their potential toxic effects on soil and
aquatic ecosystems. Experiments were conducted to
investigate the influence of solution pH, initial con-
centrations of Cu?* and Zn?* ions, adsorption time,
and sorbent reusability on the adsorption capacity of
zeolites. This allowed for the determination of opti-
mal adsorption conditions aimed at minimizing the
impact of heavy metals on soil microflora, aquatic
plants, and microorganisms, while ensuring ecologi-
cal safety.

Adsorption studies were carried out using the
batch equilibrium method. For this purpose, 1000
mg/L solutions of CuSO4-5H,0 and ZnSO,-7H,0
(pH = 3-4) were prepared in deionized water, and
appropriate amounts of zeolite samples were added
to specific volumes of the stock solutions. All exper-
iments were performed in triplicate, and the average
values were used for calculations. Under standard
conditions, the efficiency of the adsorption process
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was determined using both FEK spectrophotometric
and titrimetric methods. The equilibrium adsorption
capacity (Q., mg/g) and adsorption efficiency (R,
%) were calculated using the following equations:

(G{] C@) x V

m

R(%) _ CUC C{i %

0

Qe —

100

As the sorbent, high-silica zeolites containing
an average of 80-85% clinoptilolite were used. The

Figure 3

chemical composition (%) of the zeolites employed
was as follows:

66.9 Si0,, 14.2 Al,0O3, 5.05 CaO, 3.55 Na,O,
2.18 K0, 2.01 Fe,03, 0.57 MgO va 5.54 H,O.

The sorbent was ground into powder with an av-
erage particle size of approximately 75 um, and its
composition was analyzed using a Phillips X’Pert
Model D993 diffractometer. The elemental compo-
sition was determined by X-ray fluorescence spec-
troscopy using a Phillips Magix Pro instrument (Gu-
lieva et al., 2018).

The diffraction pattern of the initial natural zeo-
lite from the Aydag deposit is shown in Figure 3.

X-ray diffraction pattern and bar X-ray diffraction pattern of the starting zeolite from the

Aidagsk deposit
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To determine the optimal pH range, experi-
ments were conducted under static conditions with
continuous stirring. Depending on the pH, the ligand
groups of the modified zeolites adopt favorable con-
figurations, resulting in maximum adsorption. Since
technogenic solutions obtained via heap leaching
have varying compositions and acidities, it is impor-
tant to study the effect of pH on metal ion adsorp-
tion. The adsorption behavior varies with solution
acidity because it is directly related to the prevailing
forms of the ions.

To enhance the adsorption capacity of zeolites,
they were modified with various amines (MEA, tri-
ethanolamine, methylamine hydroxide, hydroxyl-
amine hydroxide). The adsorption performance of

40 50 26, deg

the tested sorbents was compared with that of the
highly acidic ion-exchange resin KU-2-8. The re-
sults demonstrated that MEA-modified zeolite ex-
hibits higher selectivity for non-ferrous metals com-
pared to other modifications and does not adsorb
alkaline soil metals from sulfuric acid solutions. Ac-
cording to the findings, the recovery of copper and
zinc increases with the pH of the solution. In highly
acidic environments (1 N H,SO,), metal adsorption
does not occur, indicating that desorption of metal
ions is possible when using ion-exchange resins in
acidic solutions.

For the MEA-modified zeolite, copper and
zinc sorption increased sharply at pH 4.4-5, reach-
ing 99.95% and 100%, respectively. These results
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indicate that the MEA-modified zeolite has a high
sorption capacity for both metals. The kinetic data
for Cu** and Zn** sorption by unmodified and
MEA-modified zeolites from the Aidag deposit are
presented in Figures 4 and 5. At pH 5, the amount
adsorbed increased with contact time, reaching
maximum values of 95.6 for Cu?* and 94 for Zn?*.

Figure 4

Sorption occurred rapidly during the first 15 min-
utes, and equilibrium was established within 1 hour
for all metal ions (Gulieva et al., 2018).

Effect of contact time on Zn>* sorption by
modified (a) and natural (b) zeolites (C<sub>Me?*</
sub>=100 mg/L,pH=6,T=20°C,m=1g, V=
0.2).
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Dependence of the sorption capacity of Cu2+, Zn2+ ions on the contact time of
modified (a) and natural zeolites (b). (CMe2+=100 mg/l, pH=6, t=20°S, m=1g,

V solution= 200 ml)
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The sorption characteristics for each of the stud-
ied ions were calculated by the Langmuir (Eq. 3)
and Freundlich (Eq. 4) equations. Two isothermal
models are the simplest and most frequently used
isotherms for the representation of the adsorption of
components from the liquid phase by the solid adsor-
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bent surface (Barakat, 2008; Hui et al., 2005). The
Langmuir model assumes monolayer adsorption and
the Freundlich model assumes empirical adsorption
(Boddu et al., 2003). The Langmuir equation was
used to describe an adsorption isotherm (Guliyeva
et al., 2023).
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SE =(ST]_max K LC)/(1+K_LC), (3)

STmax is the ultimate limit of adsorption capac-
ity, (mg/g), k is the adsorption equilibrium constant.
The Freundlich equation is used in the analysis of
experimental results corresponding to the middle
part of the adsorption isotherm (Guliyeva et al.,
2023).

ST=K'Cel/n 4)

ST is the amount of solute in equilibrium (mg/g),
K’ and n are empirical constants, and K' is the ad-
sorption value when the adsorbent concentration is
1 mg/l.

Figure 6

The obtained equilibrium data on adsorption were
reduced to linearly transformed. (Langmuir and Freun-
dlich equations, respectively) (Figs. 6, 7). As follows
from the presented plots, the results obtained from the
Langmuir and Freundlich models for all studied metal
ions correspond to the experimental data.

The Freundlich equation is only valid for the
ranges of the initial and medium concentrations.
The constants of the Freundlich equation (K °, n)
were determined graphically (see Fig.6).

The sorption characteristics of metal ion adsorp-
tion on the MEA-modified zeolite calculated by the
Langmuir and Freundlich equations are presented in
Table

Langmuir isotherm for the adsorption of Cu2+, Zn2+ ions
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Freundlich isotherm of Cu2+, Zn2+ ions with MEA-modified zeolites at 20°C
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Table

Langmuir equation

Freundlich equation

Cation
SEmax, mg/g KL, L/mg K« N
Cu’+ 1.733 0.030 1.52 3.125
Zn*+ 2.356 0.013 0.90 2.000

Sorption characteristics calculated using the
Lang muir and Freundlich equations (Egs. (3) and
(4), respec- tively) for the adsorption of te metal
ions by the modified zeolite.

Conclusion

The study demonstrated the feasibility of
purifying copper and zinc from technogenic
solutions generated from the old wastes of the
Dashkasan Ore Processing and Enrichment Plant
using MEA-modified zeolite via adsorption.
This approach not only enables the economic
recovery of metal ions but also maintains the
ecological stability of soil and aquatic ecosys-
tems, supports the activity of soil microorgan-
isms (Azotobacter, Pseudomonas, Bacillus) and
earthworms, preserves the life cycles of aquatic
plants and microorganisms, and thereby mini-
mizes the biological impacts of heavy metal tox-
icity. At the same time, this method contributes
to the restoration of the biological and chemical
balance of ecosystems, the reduction of contami-
nation in soil and water environments, and the
enhancement of biomonitoring capabilities. This
approach is important for ensuring ecological
safety and sustainable ecosystem management,
as MEA-modified zeolite effectively adsorbs

toxic metals, thereby protecting both living or-
ganisms and the environment.

The application of modified zeolite allows for
the high-level recovery of all valuable metals. This
approach is significant not only from an economic
perspective but also for the protection of soil and
aquatic ecosystems, as the adsorption behavior of
Cu?* and Zn?>* ions from both model and techno-
genic solutions under static and dynamic conditions
has been studied. This has enabled the minimization
of the toxic effects of heavy metals on soil micro-
organisms (Azotobacter, Pseudomonas, Bacillus),
earthworms, aquatic plants, and microorganisms.
The modification of natural zeolites with MEA en-
hances their selectivity for non-ferrous metal ions
(Cu?*, Zn?"), thereby preventing metal accumulation
in ecosystems and protecting the life activities of or-
ganisms. The adsorption mechanism of non-ferrous
metals by natural zeolites modified with complex-
ing agents has been established: in MEA-modified
zeolites, adsorption occurs through the formation
of surface complexes between the modifier and the
metal ions, followed by desorption, in which the
metal ions are released back into the solution upon
complex decomposition. This process reduces the
bioavailability of toxic metals and contributes to the
restoration of ecological balance in soil and water
environments.
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INTEGRATED HYDROCHEMICAL AND
BIOCHEMICAL EVALUATION OF ENVIRONMENTAL
POLLUTION IN LAKE BALKHASH

Lake Balkhash is one of the largest inland water bodies in Central Asia. The regional water supply
plays an important role in fisheries and biodiversity conservation. In recent decades, the lake has been
subjected to intense anthropogenic impact due to industrial activities, agricultural runoff, and hydrologi-
cal changes. This has led to an increase in pollution by pollutants. This study presents a comprehensive
assessment of heavy metal contamination in surface waters, bottom sediments, and commercial fish
species in the northern part of Lake Balkhash (Karaganda region), combining chemical analysis with
biochemical biomarkers of oxidative stress from fish liver. Surface water and sediment samples were col-
lected in the Torangalyk Bay near the Balkhash mining and metallurgical complex and in the Bertys Bay
near the city of Balkhash. The results revealed significant excess of permissible concentrations of Cu, Co,
Pb, Ni, Cr and Zn in surface waters, with the highest levels recorded near the Balkhash mining and met-
allurgical complex and Bertys Bay. At all study sites, the concentration of heavy metals in bottom sedi-
ments exceeded the permissible limits, indicating long-term accumulation. Elevated levels of Cu, Co, Pb
and Ni were found in fish tissue, especially in the gills and liver. Biochemical analysis revealed increased
lipid peroxidation and decreased activity of antioxidant enzymes in fish taken from contaminated areas,
indicating severe oxidative stress. The results of the research confirm that industrial pollution poses a
significant threat to the ecological health of Lake Balkhash and its ichthyofauna.

Keywords: Lake Balkhash, heavy metals, fish, oxidative stress, malondialdehyde, superoxide dis-
mutase, catalase.
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baAkalu KeAiHAeri KopLiaraH OpTaHblH, AACTaHYbIH
KeLUeHA TMAPOXMMMSIABIK, )KoHe OMOXUMMUSIAbIK, OaFaray

baakaw keai — OpTaablk A3usiaarbl €H ipi iWKi Cy alAbIHAAPbIHbIH Oipi. ANMaKTbIK, CyMeH
>kabAbIKTay GaAblK, APYyaLlbIAbIFbIHAA XOHE OMOSPTYPAIAIKTI CakTayAa MaHbI3Abl POA aTKapaAbl.
COHFbl OHXXBIAABIKTApPAQ KOA OHEpPKaCINTIK KbI3METKE, ayblALIAPYALbIAbIK, aFbIHAAPbIHA >K8HEe
ITMAPOAOTMSIABIK,  ©3repicTepre 0OalAaHbICTbl KApPKbIHAbI aHTPOMOrEHAIK ocepre yublpaabl. bya
AaCTayllbl 3aTTapMeH AacCTaHYAbIH apTyblHa oKeAAi. byA 3epTTey baakalll KOAiHIH COATYCTiK
GeniriHaeri (KaparaHAbl OOAbICbI) >Kep YCTi CyAapblHAAFbl, TYOIHAEri LWeriHAiAepAeri >koHe
KOMMEPLIMSABIK, OaAblK, TYPAEPIHAET| ayblp METAaAAAPAbIH AACTaHYbIH KelleHA OaraAayAbl YCbIHAADI,
XMMMSIAbIK, TaAAayAbl GaAblk, GayblpblHaH TOTbIFY CTPECCiHIH OMOXMMUSIAbIK, OGMOMapkepAepiMmeH
GipikTipeai. baAkawl Tay-KeH METaAAYPrUsAbIK KelleHiHiH MaHblHAaFbl TOpPaHFaAbIK, LiblFaHaFbIHAA
>koHe baAkalll KaAacblHbIH, MaHbIHAAFbI BepTbIC LibliFaHAFbIHAQ XKep YCTi CyAapbl MeH LIeriHAIAEpAiH
YATiAepi anbiHABL. HaTuxeaep >xep ycti cyaapbiHaa Cu, Co, Pb, Ni, Cr xaHe Zn pykcaT eTiAreH
KOHLEHTPALIMAAAPbIHbIH, alTapAbIKTalM acbin KETKEHIH KepCeTTi, eH XKoFapbl AeHren baAkall Tay-keH
METaAAYPIUSAbIK, KelleHi MeH bepTbiC WblFaHaFbl MaHbIHAQ TipKeAAI. bapAbiK, 3epTTey opbiHAAPbIHA
TYNTIK WeriHAIAepAEri ayblp METAAAAPAbIH KOHLIEHTPALMSICbI PYK.CAT €TIAreH LIeKTEH acbin KeTTi, OyA
y3aK Mep3iMAI XXMHaKTaAyAbl kepceTeai. baabik TiHiHAE, acipece xeabesekTep MeH 6aybipaa Cu, Co,
Pb >xoHe Ni AeHremiHiH >KoFapblAaFaHbl aHbIKTaAAbl. BUOXMMUMSABIK, TaAAdy AaCTaHFaH XKEpPAEPAEH
aAblHFaH 6aAbIKTapAa AUMUATEPAIH aACKblH TOTbIFYbIHbIH >KOFapbliAdyblH >XOHE aHTMOKCMAAHTTbI
hepMeHTTEPAIH GEACEHAIAITIHIH TOMEHAEYIH aHbIKTaAbl, GYA ayblp TOTbIFY CTPECCIH KepceTeAi.
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KomnaekcHas TMAPOXUMHUYECKas U 6uoxmMmmyeckas OLeHKa
3arpsi3HeHMs1 OKpYy>katoLlLei cpeabl B o3epe baaxawu

O3epo baaxalll — 0AMH M3 KPYTHERLIMX BHYTPEHHMX BOAOEMOB LleHTpaAbHOM A3un. PerrioHaabHoe
BOAOCHabKeHMe UrpaeT BaxkHYI0 POAb B PbIGOAOBCTBE M COXpaHeHMn GropasHoobpasus. B nocaeaHme
AECATUAETHS 03EPO MOABEPraeTCs MHTEHCMBHOMY aHTPOMOrEHHOMY BO3AEMCTBMIO M3-3a MPOMBbILLAEH-
HOM AESTEAbHOCTU, CEAbCKOXO3SMCTBEHHbBIX CTOKOB M TMAPOAOTMYECKMX M3MEHEHMI. DTO MPUBEAO K
YBEAMUEHMIO 3arpsisHeHUs. B  AQHHOM MCCAEAOBaHMM MPEACTaBAEHA KOMMAEKCHAs OLeHKa 3arpsi3He-
HUS TSKEAbIMM METAAAAMM MOBEPXHOCTHBIX BOA, AOHHbBIX OTAOXEHMI1 M MPOMbICAOBbLIX BUAOB pbib B
ceBepHon yacTn o3epa baaxaw (KaparaHamHckas o6AacTb), coyeTaroas XMMUYECKMI aHaAn3 ¢ 61o-
XUMUYECKMMM B1OMapKepamn OKMCAUTEAbHOTO CTpecca B neveHu pbi6. Mpo6bl MOBEPXHOCTHBIX BOA U
OTAOXEHWI BblAM OTOOPaHbl B 3aAMBeE TopaHraablik BOAM3M BaAxallckoro ropHO-MeTaAAypPruyueckoro
KOMMAeKca 1 B 3aamBe bepTbic BOAM3M ropoaa baaxaul. Pe3yAbTaTbl MokasaAmn 3HaUMTEABHOE MPEBbI-
weHne Aonyctumblx KoHueHTpaumin Cu, Co, Pb, Ni, Cr 1t Zn B NOBEPXHOCTHBIX BOAAX, MPW 3TOM Camble
BbICOKME YPOBHM BbiAM 3achmKcpoBaHbl BOAM3M BaAxalickoro ropHO-MeTaAAypruueckoro KOMMAekca
1 3aAmBa bepTbic. Ha Bcex yuacTkax MCCAEAOBAHUSI KOHLEHTPALUMS TIKEAbIX METAAAOB B AOHHbIX OT-
AOXKEHUSIX MPEBbILLIAAA AOMYCTUMBIE TIPEAEAbI, UTO YKa3blBaeT Ha AOATOBPEMEHHOE HakomnAeHue. [o-
BbileHHble ypoBHM Cu, Co, Pb 1 Ni 6biAn 06Hapy>keHbl B TKaHSIX pbl6, 0COBEHHO B >Kabpax 1 neveHu.
BUOXMMMYECKMIT aHAAM3 BbISIBUA MOBbILLIEHHOE MEPEKUCHOE OKUCAEHWE AMMMAOB M CHUXKEHWME aKTUB-
HOCTM aHTMOKCUAAHTHBIX (DEPMEHTOB y PbIG, B3STbIX M3 3arpsi3HEHHbIX PAMOHOB, YTO yKasblBaeT Ha
CUABHDBI OKMCAUTEABHbIN CTPECC. Pe3yAbTaTbl MCCAEAOBAHUS MOATBEPKAAIOT, UTO MPOMbILIAEHHOE 3a-
rpsi3HEHME MPEeACTaBASIET COGOM 3HAUUTEAbHYIO YIPO3Y AASl SKOAOTMUYECKOrO 3A0POBbs 03epa baaxat

U ero nxtuodpayHnl.

KAroueBble caoBa: 03epo BanaLLI, TAXXKEAble METAAAbI, pb|6a, OKMCAUTEAbHbIN CcTpecc, MaAOHOBbIM

ANAAbAETNA, CYNEPOKCUAANCMYTA3a, KaTaAa3a.

Introduction

Currently, hydrogeological and environmen-
tal problems are very pressing for one of the larg-
est reservoirs of Kazakhstan — Lake Balkhash. As
is known, these problems are associated with a de-
crease in the water level in the lake as a result of
irrational use of the waters of the transboundary Ile
River, which is the main source of hydroresources,
as well as with significant pollution by wastewater
from industrial enterprises and farms (Burlybaev et
al., 2009; Smolyar et al., 2007). Until recently, Lake
Balkhash (413 thousand sq. km.) was the main res-
ervoir for drinking and domestic water supply, the
basis for the development of the fisheries industry
of Kazakhstan (Aleynik et al., 2011). However,
due to accumulated problems: the discharge of in-
dustrial and agricultural wastewater into the lake,
significant shallowing as a result of uncontrolled
water intake both in China and Kazakhstan, the eco-
logical state of the reservoir leaves much to be de-
sired (Sultanova et al., 2012). The waters of Lake

Balkhash are polluted by various pollutants: heavy
metals, pesticides, radionuclides, oil products (Min-
istry of Ecology, Geology and Natural Resources of
Kazakhstan, 2019; Nurtazin et al., 2016). From the
water, they settle to the bottom and, accumulating
in sediments, enter the bodies of the reservoir’s in-
habitants through the food chain (Amirgaliev et al.,
2012; Lopareva et al., 2016). The lake, once unique
in its ichthyological composition, is currently ir-
revocably losing its biodiversity. Previously, Lake
Balkhash was home to more than twenty species of
fish, six of which were native: the Ili and Balkhash
marinka, Balkhash perch, spotted and one-colored
sloth, and Balkhash minnow, which are now very
rare to catch. Of the introduced species, carp, bar-
bel, eastern bream, Aral barbel, Siberian dace, carp,
tench, pike-perch, catfish, osman, and crucian carp
have disappeared. Catches of commercial fish, such
as carp, pike-perch, asp, and bream, are becoming
increasingly rare. Due to their diet and life in the
aquatic environment, fish are particularly vulnerable
and susceptible to severe pollution, as they cannot
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escape the harmful effects of pollutants (Canli et
al., 2018; Mansour et al., 2023). Fish, compared to
invertebrates, are more sensitive to many toxicants
and are a convenient object for assessing the state
of the ecosystem. Many researchers have noted a
decline in the number of native and valuable fish
species, as well as other aquatic organisms in Lake
Balkhash (Canli et al., 2018; Kumar et al., 2023).
Due to pollution of the aquatic environment, fish
are constantly exposed to toxic substances, which
leads to metabolic disorders that can manifest them-
selves in changes in various biochemical parameters
of organs. Heavy metals are also known to cause
oxidative stress by mediating free reactive oxygen
species (Balali-Mood et al., 2021). Fish accumulate
pollutants primarily in their fatty tissues, such as the
liver, and the effect becomes apparent when the con-
centration in such tissues reaches a threshold level
(Wang et al., 2011). However, this accumulation
depends on their intake, storage, and excretion from
the body (Aralova et al., 2016; Moldakhanova et al.,
2023). Thus, the state of fish biodiversity reflects the
ecological state of the reservoir.

Materials and methods

Study area and objects of study

The samples were collected along the route from
Almaty to the northern shore of Lake Balkhash:

1. Torangalyk Bay near the village of the same
name near the city of Balkhash (620 km from Al-
maty, coordinates: 46°76'35"” N 74°83'72" E) (Fig-
ures 1-2). There are no industrial enterprises in the

Figure 1
Map of material collection in the Torangalyk Bay near the city of Balkhash (620 km from Almaty,
coordinates: 46°76'35" N 74°83'72" E)

village of Torangalyk, so the coastline in this area is
popular with Kazakhstan and is home to recreation
centers and tourist attractions. Vacationers swim
and fish in the lake.

2. Lake Balkhash near the Balkhash Mining and
Metallurgical Plant (BMMK) of Kazakhmys Corpo-
ration (630 km from Almaty, coordinates: 46°82'54"
N 74°95'43" E) (Figures 3-4). The Balkhash site
of Kazakhmys Corporation has six main industrial
facilities and auxiliary workshops, including three
mines, one processing plant, one copper smelter,
and one thermal power plant.

3. Bertys Bay, the city of Balkhash (635 km
from Almaty, coordinates: 46°80'06” N 75°03'46"
E) (Figures 5-6). The city of Balkhash is a ma-
jor industrial region in Central Kazakhstan with a
population of over 87,662. The city is located on
the southern, flat outskirts of the Kazakh Uplands,
with a gentle slope toward the lake. Over 400 en-
terprises are located within the city, including the
Balkhashtsvetmet metallurgical plant and mining
organizations.

During the field trips, juveniles of common spe-
cies were collected: asp (Aspius aspius), roach (Ru-
tilus rutilus), and carp (Cyprinus carpio). A total of
60 adult specimens were collected. For bioassays of
water and sediment collected during expeditions to
the northern part of Lake Balkhash (Aktogay Dis-
trict, Karaganda Region), water and sediment sam-
ples from sampling sites: Torangalyk Bay, the bay
near the Balkhash Mining and Metallurgical Plant,
Bertys Bay, and the city of Balkhash served as in-
cubation media.
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Figure 2
Torangalyk Bay, altitude = 335 mBS, water temperature = 24.5°C; pH = 8.65-8.68;
mineralization 1015-1016 mg/l. The soil is sandy and rocky-sandy

Figure 3
Map of material collection in the Bertys Bay near the Balkhash copper smelter of the Kazakhmys
Corporation (630 km from Almaty, coordinates: 46°82'54" N 74°95'43" E)
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Figure 4
Bertys Bay near the Balkhash copper smelter of Kazakhmys Corporation: water temperature =
24.40 C; pH = 8.67-8.72; mineralization 1062-1065 mg/Il. The soil is sandy

115



Integrated hydrochemical and biochemical evaluation of enviromental pollution in lake Balkhash

Figure 5

Map of material collection in Bertys Bay, the city of Balkhash (635 km from Almaty, coordinates:

46°80'06" N 75°03'46" E).
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Figure 6

Bertys Bay, Balkhash city: water t=24.4 oC; pH= 8.67-8.72; mineralization 1062-1065 mg/I.

The soil is sandy

Water and sediment collection methods

Surface water samples were collected, pre-
served, and stored at 30 control points in the north-
ern part of Lake Balkhash in accordance with in-
ternational standards and approved GOSTs (GOST
31861-2012, 2012; International Organization for
Standardization, 1982). Water samples were col-
lected at a depth of 0.5-1.0 m. Chemically resis-
tant, clean 1-5 liter plastic containers were used
as samplers. Water samples were stored and trans-
ported to the laboratory at a low temperature of
0°C in cooler bags. Before storage and preserva-
tion, algae were removed from the water through
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a fine-pored sieve. Before collecting water and
sediment samples, a number of water parameters
were determined using the following instruments:
temperature, total mineralization (salts dissolved
in water), and electrical conductivity were mea-
sured using a portable TDS&EC meter (Barry
Century, China); pH was measured using a PH-
009(I) portable pH meter (Barry Century, China);
oxidation-reduction potential was measured using
an ORP169E portable ORP meter (Barry Century,
China); and dissolved oxygen content was mea-
sured using a DO-pen type portable DO meter
(Alvin Instrument, China).



A M. Tlenshieva et al.

Figure 7

Collection of material at control points (northern part of Lake Balkhash) by project participants

At the same 30 survey points, also in accordance
with international standards and approved GOSTs
(Alam et al., 2001; De Smet et al., 2001), bottom
sediments were sampled at a depth of 1 to 2 meters
using grabs, grapnels, and stratimeters (tubes of var-
ious diameters). Depending on the pollutants ana-
lyzed and the properties of the bottom sediments,
various preservatives (acids) were added to the sam-
ples before storage. The bottom sediment samples
were stored refrigerated (from 0 to -3°C).

Methods for chemical analysis of water, sedi-
ments, and fish organs for heavy metal content

The most important indicator of the quality of
the habitat of aquatic organisms is the purity of sur-
face waters and bottom sediments for heavy metal
content (Luczynska et al., 2018). Therefore, all col-
lected water and sediment samples were analyzed
for heavy metals in accordance with practical guide-
lines and GOST standards. Heavy metal content was
determined after appropriate sample preparation

using an MGA-915 MD atomic absorption spec-
trophotometer (St. Petersburg) (Bao et al., 2020;
Chatta et al., 2016; Nishita et al., 2023).

In addition to chemical analysis of water and
sediment samples, physicochemical analysis was
performed on samples of various fish and amphib-
ian tissues and organs (gills, lungs, muscles, and
liver) brought back from the expedition. The col-
lected fish and amphibian tissue and organ samples
were stored in a freezer according to GOST 7631-
85 after delivery from the expedition. Heavy metal
content was determined in biological samples us-
ing atomic absorption spectrophotometry, using the
above-mentioned instrument. To determine heavy
metal concentrations, organ and tissue pieces were
weighed and dried at room temperature. The organ
pieces were placed in a fluoroplastic beaker contain-
ing a mixture of 2 ml of concentrated HNO3 and 1.5
ml of concentrated HC1O4. The fluoroplastic beaker
was then placed in a hermetically sealed steel bea-
ker, which was then placed in a drying oven for 3
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hours at 105°C. After cooling, the resulting solution
was poured into a test tube, bringing the volume to
10 ml with distilled water (Chopra et al., 2020; Ku-
mar et al., 2020).

High metal concentrations were measured using
an MGA-915 MD atomic absorption spectropho-
tometer (St. Petersburg) in atomic absorption mode
at wavelengths corresponding to each metal being
studied.

The metal content was expressed as pg/g wet tis-
sue using formula (1):

C = yVk/P (1)

where C is the metal content; vy is the concentration;
V is the solution volume, ml; k is the dilution factor,
a multiple of 10; P is the tissue weight, g.

Method for determining malondialdehyde con-
tent

The thiobarbituric acid method (Abuid et al.,
2021) was used to determine malondialdehyde con-
tent in the supernatant of animal liver homogenate.
Tissue pieces were thawed for 5 minutes at room
temperature, then placed in a cold 0.05 M Tris-HCl
buffer (pH 7) supplemented with 0.1 M KCl and 0.9
mM EDTA. A 10% homogenate was then prepared
using a Potter homogenizer. 0.5 ml of 0.1 M potas-
sium phosphate buffer pH 7.4 was added to 2 ml of
supernatant, and 1 ml of 30% trichloroacetic acid
solution was added to the mixture, followed by thor-
ough mixing. The samples were then centrifuged for
12 minutes at 4000 rpm.

To 2.0 ml of supernatant, 1.0 ml of 0.8% thio-
barbituric acid solution was added, and the tubes
were placed in a boiling water bath for 10 minutes.
The samples were then cooled to room temperature,
and their optical density was measured at 535 nm
against a control sample (negative control) using an
Apel PD-303UV digital spectrophotometer (Apel,
Japan). The control sample was prepared similarly
to the test samples, but with an equal volume of 0.1
M potassium phosphate buffer, pH 7.4, added in-
stead of the biological material.

The malondialdehyde content was calculated
using formula (2) and expressed as nmol per milli-
gram of protein in the liver homogenate supernatant:

A/Cx16,83 (2)
where A is the optical density of the test sample; C

is the protein concentration of the liver homogenate
supernatant (mg/ml).
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Superoxide dismutase activity determination
method

The method is based on the quantitative mea-
surement of red formazan. It is formed by the reduc-
tion of nitroblue tetrazolium and superoxide radicals
generated by xanthine oxidase. A 50% inhibition of
this system corresponds to 1 arbitrary unit of en-
zyme activity (Coimbra et al., 2024).

SOD activity was determined by treating liver
pieces with a 2:1 mixture of ethanol and chloroform
cooled to 4°C. They were then triturated with a glass
rod containing 600 mg of KH2PO4 for 15 minutes.
The resulting homogenate was centrifuged at 12,000
g. Enzyme activity was determined in the superna-
tant. To do this, 10 pl of the supernatant was added
to a 200 pl substrate solution containing xanthine
and tetrazolium salt, and the reaction was initiated
by adding 20 pl of xanthine oxidase. The reaction
was incubated for 20 minutes in the dark at room
temperature. The optical density of the samples was
then measured using a Stat fax-2100 plate spectro-
photometer at a wavelength of 450 nm.

SOD activity was calculated by determining the
percentage inhibition (T%) of the nitroblue tetrazo-
lium reduction reaction in the test sample. 50% inhi-
bition of this system corresponds to 1 arbitrary unit
of enzyme activity.

Catalase activity determination method

H. Luck’s method (Cobanoglu, 2022) was used
to determine catalase activity. The maximum ab-
sorption value of hydrogen peroxide solution is in
the ultraviolet region of the spectrum at a wave-
length of 230-240 nm. Under the influence of
catalase, H202 decomposes, causing the optical
density of the solution to decrease over time. This
process occurs proportionally to the decrease in
hydrogen peroxide concentration. Accounting for
the time and difference in extinction changes al-
lows one to calculate the catalase activity in the
sample. For this purpose, 3 ml ofa 1.25 x 10-2 M
hydrogen peroxide solution in 1/15 M phosphate
buffer was placed in a cuvette, and the reaction was
initiated by adding 0.02 ml of previously centri-
fuged liver hemolysate to the solution. The time (t)
required for the optical density of the test solution
to decrease from 0.45 to 0.4 at a wavelength of 240
nm was then calculated. The amount of catalase
enzyme that destroys half of the hydrogen perox-
ide in 100 seconds was taken as a conventional unit
for calculations. The number of conventional units
was recalculated taking into account the dilution
per 1 g of liver.
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Statistical analysis

Statistical analysis was performed using IBM
SPSS 25 statistics (IBM Inc., Chicago, USA). The
means and standard deviations of means of the data
were calculated. Homogeneity of variance was test-
ed using Levene’s test, one-way analysis of variance
and Tukey’s HSD test were used to evaluate the sig-
nificance of differences in multiple comparisons.
The significance level was set at p < 0.05.

Results and their discussion

Hydrochemical analysis of water from the
northern part of Lake Balkhash

The results of the chemical analysis of surface
water collected during field trips to the northern
part of Lake Balkhash in the Aktogay district of the
Karaganda region are presented in Table 1. The fol-
lowing heavy metals were detected in the surface
water samples: lead (Pb), chromium (Cr), cobalt
(Co), manganese (Mn), nickel (Ni), cadmium (Cd),
copper (Cu), zinc (Zn), and iron (Fe) in varying
concentrations. The concentrations of heavy metals
such as Mn, Cd, and Fe did not exceed the maximum
permissible concentrations for fishery waters, but all
other metals (Cu, Pb, Zn, Co, Ni, and Cr) exceeded
sanitary standards by several times. Especially the
excess of the content of these HM was observed in
the waters of Lake Balkhash near the BKMK and
the bay near the city of Balkhash, which is appar-
ently associated with the influence of industrial and
other enterprises. If, for example, the content of Zn,
Cr, Ni, Pb, Cu and Co in the surface waters of the
Torangalyk Bay, where there are no large industrial
enterprises nearby, exceeded the MAC by, respec-
tively: 1.1; 1.7; 1.9; 2.8; 3.7 and 7.9 times. In the
surface waters of Lake Balkhash near the BMMC,
the MAC for Zn, Cr, Ni, Pb, Cu and Co exceeded
the sanitary level by, respectively: 3.6; 3.5; 3.2; 6.2;
13.6 and 8.2 times. From this numerical series it is
evident that in the surface waters of Lake Balkhash
near the BMMC the content of Cu is also significant
and exceeds the MAC by 13.6 times. In the surface
waters of Bertys Bay near the town of Balkhash, ex-
cess MACs for the above-mentioned heavy metals
were also detected. Concentrations of Zn, Ni, Pb,
Cu, and Co in Bertys Bay near the town of Balkhash
exceeded sanitary standards for fishery waters by
2.9;3.9;4.4;5.9; 10.5, and 6.9 times, respectively.

These results show that the MACs for heavy
metals are exceeded in the following order: Cu> Co
> Pb > Ni > Cr > Zn. A similar trend was observed
in the bays and estuaries of Lake Balkhash (Zham-

byl Region) in 2019. Apparently, the production
activities of the Balkhash Mining and Metallurgical
Plant have a negative impact on ecosystems in both
the northern and western parts of Lake Balkhash. As
is well known, emissions from the Balkhash Mining
and Metallurgical Plant are a significant factor af-
fecting the overall ecology of the Ili-Balkhash Basin.
It has been established that since the early 1990s, the
volume of emissions from Balkhash Non-Ferrous
Metals Plant has amounted to 280,000-320,000
tons per year, while 76 tons of copper, 68 tons of
zinc, and 66 tons of lead have settled on the bottom
of Lake Balkhash (Ge et al., 2024). The volume of
emitted pollutants nearly doubles each year. Harm-
ful substances also enter the lake through ground-
water, leaks in the tailings pond, and during dust
storms, which are frequent in this region.

Chemical analysis of sediments from the north-
ern part of Lake Balkhash

The results of the chemical analysis of bottom
sediments collected during field trips to the northern
part of Lake Balkhash (Aktogay district, Karaganda
region) are presented in Table 2. It is evident that,
compared to surface waters (Table 2), the content of
all the studied heavy metals in the bottom sediments
exceeds the maximum permissible concentrations.
For example, in the bottom sediments of Torangalyk
Bay, the heavy metal content increases in the order
Cu > Zn > Co > Pb > Fe > Ni > Cr > Mn > Cd,
which corresponds to exceeding the maximum per-
missible concentrations for soils by: 9.5; 6.3; 5.8;
5.5; 4.6; 4.0; 3.5; 1.2, and 1.1 times. In the bottom
sediments of Lake Balkhash near the Bashkir Min-
ing and Metallurgical Plant, the concentration of
heavy metals significantly exceeded the MAC and
pollution levels in the sediments of the Torangalyk
Bay. Moreover, the excess of the MAC for heavy
metals at the studied control points in the bay near
the Bashkir Mining and Metallurgical Plant was as
follows: Cu by 20.8 times, Zn by 18.6 times, Co by
15.7 times, Pb by 12.9 times, Fe by 11.9 times, Ni
by 10.7 times, Cr by 8.5 times, Mn by 6.8 times, and
Cd by 1.2 times. It is alarming that in the bottom
sediments of Bertys Bay near the town of Balkhash,
practically next to the town beach, the concentra-
tions of the studied heavy metals also significantly
exceeded the maximum permissible concentrations
(MPCs): Cu by 14.6, Zn by 10.2, Co by 9.9, Pb by
8.9, Fe by 7.8, Ni by 5.9, Cr by 4.5, Mn by 3.8, and
Cd by 1.1 times.

Thus, at all the points studied, the concentra-
tions of heavy metals in the bottom sediments ex-
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ceeded the maximum permissible concentrations for
soils. Particularly significant excesses were noted in
the bay of Lake Balkhash near the Bashkir Mining
and Metallurgical Plant (BMMC) facilities. Appar-
ently, the observed excess of the MPCs for the stud-
ied metals in surface waters may be related not only
to dust storms and smoke pollution from industrial
enterprises, but also to the release of accumulated
heavy metals from the bottom sediments via cur-
rents. The accumulation of heavy metals in water
and sediments is known to pose a great danger to
aquatic organisms and humans.

Heavy metal content in fish organs and tissues
from bays and a cove in the northern part of lake
Balkhash

As established before, the concentrations of a
number of heavy metals exceeded the MAC in sur-
face waters and bottom sediments in the northern
part of Lake Balkhash (Aktogay District, Karaganda
Region). Therefore, these metals were specifically
determined in the organs and tissues of aquatic or-
ganisms (fish). The average content of the above-
mentioned heavy metals was determined in gills,
muscles, and liver—organs that accumulate trace
elements and pollutants to a greater extent. Since we
were unable to catch bitterlings in the northern part
of Lake Balkhash, heavy metal determinations were
performed in the organs of commercial fish such as
carp, asp, and roach. The results of determining the
average HM content in fish tissues and organs are
presented in Table 3. The table shows that the aver-
age Cu content in the organs of asp, roach, and carp
exceeded the MAC standards by 3.2 to 6.9 times, es-
pecially in the bay of Lake Balkhash near the Bash-
kir Hydrometallurgical Plant and Bertys Bay near
the city of Balkhash. In asp and carp, Cu accumu-
lated most in the gills and liver and to a lesser extent
in the muscles. In asp, roach, and carp, Cu accumu-
lated most in the gills and liver and to a lesser extent
in the muscles. In the studied organs of asp, roach,
and carp, the excess of Co content ranged from 2.3
to 13.8 MAC. Moreover, like Cu, this HM accumu-
lated most in the gills and liver, especially in fish
from Lake Balkhash near the Bashkir Hydrometal-
lurgical Plant and Bertys Bay (Balkhash). The aver-
age Co content in the organs of asp and roach from
Lake Balkhash near the Bashkir Mining and Metal-
lurgical Plant exceeded the permissible limits by 4.7
to 12.7 times, and in Bertys Bay (Balkhash City) by
4.0 to 9.2 times. Pb content in the gills and muscles
of asp and roach from biotopes in the northern part
of Lake Balkhash exceeded the MAC by 2.2 to 6.9

times, and in carp by 2.0 to 5.8 times. In the studied
organs of asp, roach, and carp, Ni exceeded sanitary
standards by 1.6 to 6.7 times, with the metal content
being lowest in the muscles. The average Ni content
in the gills and liver of asp, roach, and carp exceed-
ed the MAC by 2.5 to 8.24 times. Thus, the highest
accumulation of the studied HMs: Cu, Co, Pb, and
Ni, was observed in the gills and liver of asp and
carp from Torangalyk Bay, Bertys Bay (Balkhash
Mountains), and Lake Balkhash (near the Bashkir
Mineral Resources Complex). Roach had lower lev-
els of these HMs in their gills and liver, but they still
exceeded the maximum concentrations accepted by
GOST (Table 3).

MDA Content, SOD Activity, and Catalase Ac-
tivity in the Liver of Juvenile Asp (Aspius aspius),
Roach (Rutilus rutilus), and Carp (Cyprinus car-
pio) from Biotopes in the Northern Part of Lake
Balkhash

The results of a study of the liver biochemi-
cal parameters of juvenile commercial fish species
from the northern part of Lake Balkhash (Aktogay
District, Karaganda Region) are shown in Figures
8—10. Figure 8 shows that the livers of juvenile asp,
roach, and carp from Torangalyk Bay had the lowest
MDA content. The MDA content in the livers of ju-
venile asp from Bertys Bay (Balkhash City) was 1.5
times higher, while that of juvenile asp from Lake
Balkhash (near the Bashkir Mining and Metallurgi-
cal Complex) was 2 times higher than that in the liv-
ers of juvenile asp from Torangalyk Bay. A similar
increase in liver MDA levels was found in juvenile
roach from the Bertys Bay (Balkhash Mountains)
and Lake Balkhash (near the Bashkir Hydrometal-
lurgical Complex), where this indicator was also 1.4
and 1.9 times higher, respectively. Liver MDA lev-
els in juvenile carp from Torangalyk Bay were also
the lowest, while those from Bertys Bay (Balkhash
Mountains) and Lake Balkhash (near the Bashkir
Hydrometallurgical Complex) were 1.4 and 2.1
times higher, respectively.

Biochemical analysis of liver samples also re-
vealed decreased activity of antioxidant enzymes in
juveniles of background fish species caught in Lake
Balkhash (Karaganda Region). As Figure 9 shows,
relatively high SOD activity was observed in the
livers of juvenile asp, roach, and carp caught from
Torangalyk Bay. In juvenile asp from Bertys Bay
(Balkhash Mountains), SOD activity in the liver was
reduced by 1.6 times compared to that in juveniles
from Torangalyk Bay. SOD activity in juvenile asp
from Lake Balkhash (near the Bashkir Hydrometal-
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lurgical Complex) was the most reduced — by 1.9
times. Among roach, the highest level of SOD activ-
ity was also recorded in juveniles from Torangalyk
Bay. Compared to this biotope, SOD activity in ju-
venile roach from Bertys Bay (Balkhash Mountains)
and Lake Balkhash (near the Bashkir Hydrometal-
lurgical Complex) was 1.5 and 1.8 times lower,
respectively. The most significant changes were
observed in the liver of juvenile carp. A 1.7- and 2.2-
fold decrease in SOD activity was noted in the liver
of juvenile carp from Bertys Bay (Balkhash Moun-
tains) and Lake Balkhash (near the Bashkir Hydro-
metallurgical Complex), respectively. A similar pat-
tern was observed when studying catalase activity
in the liver of the studied fish species. Figure 10
shows that juvenile fish from Torangalyk Bay dem-
onstrated higher activity of this enzyme compared
to the other two sites in Lake Balkhash (Karaganda
Region). A 1.5-fold decrease in catalase activity was
observed in juvenile asp from Bertys Bay (Balkhash
City) compared to the enzyme activity in juveniles
from Torangalyk Bay. Compared to the same site,
the decrease in catalase activity in juvenile asp from
Lake Balkhash (near the Bashkir Hydrometallurgi-
cal Complex) was 1.7 times. Catalase activity in the

Figure 8

liver of juvenile roach from Bertys Bay (Balkhash
City) and Lake Balkhash (near the Bashkir Hy-
drometallurgical Complex) was 1.4 and 1.5 times
lower compared to the enzyme activity in juveniles
from Torangalyk Bay, respectively. In juvenile carp
from Bertys Bay (Balkhash Mountains) and Lake
Balkhash (near the Bashkir Mining and Metallurgi-
cal Complex), suppressed catalase activity was also
observed, 1.6- and 1.8-fold, respectively, compared
to this value in the liver of juvenile carp from Toran-
galyk Bay.

Thus, biochemical analyses revealed that the
livers of juvenile asp, roach, and carp caught in var-
ious biotopes in the northern part of Lake Balkhash
(Karaganda Region), as well as juvenile commer-
cial fish caught in the southwestern Balkhash re-
gion (Almaty and Zhambyl Regions), exhibited
activation of lipid peroxidation processes, as evi-
denced by the accumulation of malondialdehyde,
as well as suppression of antioxidant enzymes.
This may indicate increased oxidative stress in the
studied fish species under conditions of water and
sediment pollution with heavy metals. Moreover,
the most pronounced changes were observed in the
liver of juvenile carp.

MDA content in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the

northern part of Lake Balkhash (Karaganda region)
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Figure 9
SOD activity in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the
northern part of Lake Balkhash (Karaganda region)
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Figure 10
Catalase activity in the liver of juvenile asp (Aspius aspius), roach (Rutilus rutilus) and carp (Cyprinus carpio) from biotopes of the
northern part of Lake Balkhash (Karaganda region)
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The results of the present study demonstrate a
high level of anthropogenic pressure on the north-
ern part of Lake Balkhash, as evidenced by elevated
concentrations of heavy metals in surface waters,
bottom sediments, and fish tissues of vital organs.
The most pronounced contamination was recorded
in areas adjacent to the Balkhash Mining and Met-
allurgical Complex, as well as in Bertys Bay near
the city of Balkhash, confirming the dominant role
of industrial activity as the primary source of metal
inputs into the regional aquatic ecosystem. The ob-
served pattern of heavy metal distribution in surface
waters (Cu > Co > Pb > Ni > Cr > Zn) is consistent
with previous investigations conducted within the
[li-Balkhash basin, which identified copper smelt-
ing and mining enterprises as the main contributors
to environmental contamination (Abd El-Ghany et
al., 2025). Although the concentrations of certain
metals in the water column did not consistently ex-
ceed maximum permissible limits, their substantial
accumulation in bottom sediments indicates chronic
environmental contamination and long-term reten-
tion of pollutants in the aquatic ecosystem and in
aquatic organisms (Zhang et al., 2026). Bottom
sediments act both as sinks and secondary sources
of heavy metals, releasing them back into the wa-
ter column under changing physicochemical condi-
tions and thereby increasing their bioavailability to
aquatic organisms (Singh et al., 2022). Analysis of
fish tissues revealed considerable bioaccumulation
of Cu, Co, Pb, and Ni, with the highest concentra-
tions detected in the gills and liver. This distribu-
tion reflects the physiological roles of these organs:
gills are directly exposed to dissolved contaminants,
whereas the liver serves as the primary organ for
detoxification and metal sequestration (Gashkina,
2024). Lower metal concentrations in muscle tissue
agree with findings from other freshwater ecosys-
tems; however, even these levels exceeded sanitary
and hygienic standards in some cases, posing a po-
tential risk to human health through fish consump-
tion (Abass, 2024). Biochemical responses in fish
liver provided further evidence of toxic stress in-
duced by heavy metal exposure. Elevated malondi-
aldehyde levels indicate enhanced lipid peroxidation
and membrane damage, while reduced activities of
superoxide dismutase and catalase suggest deple-
tion or inhibition of the antioxidant defense system.
Such oxidative imbalance is a well-documented
mechanism of heavy metal toxicity and may disrupt
metabolic processes, growth, and survival of fish
(Petrova et al., 2025). Among the studied species,
the most pronounced biochemical alterations were

observed in common carp, which may be attributed
to species-specific differences in metal uptake, met-
abolic capacity, and habitat preferences (El-Bahy et
al., 2025).

Overall, the combined chemical and biochemi-
cal evidence indicate that heavy metal contami-
nation in the northern part of Lake Balkhash has
reached levels capable of inducing sublethal physi-
ological stress in fish populations. Chronic oxida-
tive and genotoxic stress may lead to deterioration
of fish health, reduced reproductive potential, and
loss of biodiversity, which is consistent with the
long-term decline of native and commercially valu-
able fish species observed in the lake over recent de-
cades. These findings emphasize the urgent need for
enhanced environmental monitoring, stricter regula-
tion of industrial emissions, and the implementation
of remediation measures to preserve the ecological
integrity of Lake Balkhash and ensure the sustain-
able use of its aquatic resources.

Conclusion

As a result of the study, samples of surface wa-
ter and sediments, eggs, juveniles, and adults of
common fish species were collected and analyzed in
Torangalyk, Lake Balkhash near the Bashkir Min-
ing and Metallurgical Combine (BMMC), and Ber-
tys Bay near the city of Balkhash. Bioassay of the
main pollutants (heavy metals) in Lake Balkhash
(Karaganda Region) revealed that surface waters ex-
ceeded the MAC for fishery waters in the following
order: Cu > Co > Pb > Ni > Cr > Zn, and sediments
exceeded the MAC for Cu>Zn > Co > Pb>Fe > Ni
> Cr > Mn > Cd. Moreover, near the BMMC, both
water and sediments showed the highest concentra-
tions. Bioassay of polluted waters and sediments
revealed their embryotoxic effects in the follow-
ing order: Lake Balkhash near the BMMC < Bertys
Bay < Torangalyk Bay. Significant accumulations
and excesses of MAC levels for Cu, Co, Pb, and Ni
were detected in the gills and liver of asp and carp
from Lake Balkhash near the Bashkir Mining and
Metallurgical Plant (BMMC) and Bertys Bay. These
HMs accumulated more in the muscles and liver of
the fish, with a greater concentration in the marsh
frog. These accumulations are due to the activation
of lipid peroxidation processes and a decrease in the
activity of antioxidant enzymes. The decrease and
appearance of reactive radicals may likely be the
cause of their death. Cytogenetic analysis revealed
increased chromosomal instability in fish from im-
pacted sites (Bertys Bay and BMMC) compared to
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the control site (Torangalyk Bay). The frequency of
aberrant cells and chromatid-type aberrations was
significantly higher in affected populations, and
polyploid cells were occasionally observed. These
findings indicate genotoxic stress associated with
heavy metal contamination, complementing the ob-
served biochemical and toxicological effects.
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M3T MUKPOMAACTUTIHIH, CY3IATEH CYAbI Cbl¥bIHABIAAPbIHbIH,
APIA (HORDEUM VULGARE L.) ©CIMAITIHIH,
EPTE ©HY KE3EHAEPIHE ®UTOTOKCUKAADbIK OSCEPI

[MoanatnaeHtepedTasat (MIT) MmKponAacTuri ecimaikTepre, acipece OHTOreHe3AIH aAFallKbl
KEe3eHAEPIHAE, >KarbIMCbl3 ©Cep eTyi MYMKiH €eH Kemn TapaAfaH aHTPOMNOreHAIK KopllaFaH opTa
AaCTayllibl 3aTTapbIHbIH 6ipi 60AbIN CaHaAaAbl. ByA 3epTTeyAiH MakcaTbl — CbIFbIHABI QAY LLIAPTTAPbIHA,
hpakums MeALLEpiHE XX8He MMKPOMAACTUKTEPAIH KOHUEHTpauuscbiHa 6anaaHbicTbl Hordeum vulgare
L. TyKbIMA@PbIHbIH 6HYiHe 13T acepiH 6arasay. IkcTpaktTap MIAT pakumsaapbiHaH <1 MM, 1-2 Mm
>koHe 2—-3 Mm 0,1 xaHe 1,0 r/A KOHUEHTPAUMSCbIHAQ YL PEXUMAE AAMbIHAAAADI: «bICTbIK, Cy», «CAAKbIH
Cy», «CaAKbIH Cy + werikep». LLIapTTbl yakbIT ©TKEHHEH KEMiH YATiAep CY3iAin, aAblHFAH CbIFbIHABIAQP
apra TYKbIMAAPbIH G6HAEY YLWiH naiAaAaHbiAAbl. YKyMbiC OapbICbIHAQ ASHAEPAIH 6HY ABPEeXeci,
OHY >KbIAAAMAbIFbI XXOHE 6HY YMAECIMAIAITi, COHAal-aK, CbIFbIHAbIAAPAbIH pH MoHi 6arasaHAbl.
TykbIMAQPFa €H, Ker XaFbIMCbI3 8Cep bICTbIK, CY >KaFAalblHAQ aAbIHFAH SKCTPAKTTAPMEH KOPCETIAETIHI,
aA LIAMKAFbILWCHI3 CAAKbIH CYy >KaFAAMbIHAQ aAblHFaH 3KCTPAKTTap Kemn aFAanaa Tepic 6akblrayAaH
CTaTUCTUKAABIK, TYPFbIAQH anNTapAbIKTal epeklueAeHOenTiHI aHbIKTaAAbl. Bip>KakTbl AMCNEPCUSAbIK,
TanAdyFa ceiikec, eHy aapexeciHae (F = 14,46; p<0,001), eHy XbirnpamAblFbiHAQ (F = 16,46;
p<0,001) >xeHe eHY yhAeciMpiAirinae (F = 14,59; p<0,001) tonTap apaAblk, aiblpMallbIAbIKTAP
aHbIKTaAAbl. BapAblk, 3epTTeAreH kepceTkiTep GOMbIHLLIA YL XKaKTbl AUCNIEPCUSIABIK, TAAAQY IKCTPaKT
AarblHaay TYpiHiH, M3T ¢pakumMacbiHbIH, MEALLEPIHIH, COHAAM-akK, OAApPAbIH ©3apa 9peKeTTeCYiHiH,
CTAaTUCTUKAABIK, TYPFbIAGH MaHbI3Abl 8Cep eTeTiHIH, aA 3KCTPaKTTAPAbIH, KOHLEHTPauUsCbl 63AiriHeH
aNTapAbIKTal acep eTnenTiHiH KepceTTi. KoppeAauusAbiK, Taapay 3KCTPaKTTapAbiH pH MaHi MeH eHy
ABPEXKECI, BHY XbIAAAMABIFbI )KBHE BHY YMAECIMAIAIT apacbiHAQ CTaTUCTUKAABIK, TYPFbIAQH MaHbI3AbI
Tepic 6anAaHbICTbl aHbIKTaAbl. AAblHFaH HaTvkeAep [MI3T-TiH OyA >kyrere pUMTOTOKCMKAAbIK acepi,
€H aAAbIMEH, CY3iAre€H CYAbl CbIfbIHABIHBI AAY LLIAPTTAPbIMEH >KOHE MWKPOMAACTUKAABIK, (PpaKLMSHbIH
OALIEMIMEH aHbIKTAAATbIHbIH KOPCETEAI.

TyHiH ce3aep: MOAMITUAeHTepedTaAaT MMKPOMAACTUII, apra TYKbIMAAPbI, 6HY ASPEXeci, eHy
>KbIAAAQMADIFbI, ©HY YAAECIMAIAITI.

R.R. Khalmatova*, E.R. Mamedova, A.V. Lovinskaya,
Sh.M. Yrgynbayeva, T.M. Shalakhmetova, S.Zh. Kolumbayeva

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: renata.ren2003@gmail.com

Phytotoxic effects of filtered aqueous extracts of pet microplastics
on the early germination stages of barley (Hordeum vulgare 1.)

Polyethylene terephthalate (PET) microplastic is regarded as one of the most widespread anthro-
pogenic environmental pollutants capable of exerting adverse effects on plants, particularly at the early
stages of ontogenesis. The aim of the present study was to assess the effects of PET on the germination
of Hordeum vulgare L. seeds depending on the extraction conditions, particle size fraction, and micro-
plastic concentration. Extracts were prepared from PET fractions of <1 mm, 1-2 mm, and 2-3 mm at
concentrations of 0.1 and 1.0 g/L under three treatment conditions: “hot water,” “cold water,” and “cold
water + shaker.” After incubation, the samples were filtered, and the resulting extracts were used to
treat barley seeds. Germination percentage, germination rate, and germination uniformity were evalu-
ated, along with the pH of the extracts. The extracts obtained under hot-water conditions were found
to exert the most adverse effects on the seeds, whereas extracts prepared in cold water without shaking,
in most cases, did not differ statistically significantly from the negative control. One-way analysis of
variance revealed significant intergroup differences in germination percentage (F = 14.46; p < 0.001),
germination rate (F = 16.46; p < 0.001), and germination uniformity (F = 14.59; p < 0.001). Three-
way ANOVA showed that the method of extract preparation, PET fraction size, and their interaction had
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statistically significant effects on all studied parameters, whereas extract concentration did not produce
an independent significant effect. Correlation analysis revealed a statistically significant negative rela-
tionship between extract pH and germination percentage, germination rate, and germination uniformity.
The obtained results indicate that the phytotoxic effect of PET in this system is determined primarily by
the conditions under which the filtered aqueous extract is formed and by the size of the microplastic
fraction.

Keywords: polyethylene terephthalate microplastic, barley seeds, germination percentage, germina-
tion rate, germination uniformity.
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dutoToKCHUECKOE AeiCTBUE (PUALTPOBAHHBLIX BOAHDBIX BbITshKek I3 T-MmukponaacTuka
Ha paHHMe 3Tarbl npopactanus sumens (Hordeum vulgare L.)

Mukponaactuk noamatuaeHtepedTasata (MIT) paccmaTpmBaeTcs kak OAMH M3 HaMboAee pacnpo-
CTPaHEHHbIX aHTPOMOreHHbIX 3arpsA3HUTEAEN OKPY>KaloWen CPpeAbl, CMOCOBHbIX OKasbiBaTb HeGAaro-
NPUSTHOE BO3AENMCTBME HA PacTeHMsi, OCOOEHHO Ha pPaHHMX 3Tarnax oHToreHesa. LleAblo HacTosiwero
MCccAeAOBaHMs Oblaa oueHka BAMSHMS 19T Ha npopacTtaHue cemsaH Hordeum vulgare L. B 3aBucrMo-
CTW OT YCAOBMI MOAYYEHUS BbITSXKKM, pa3mepa (pakumm U KOHLEHTPaUMM MMKPOMNAQCTMKA. BbITSKKM
rotoBuan m3 M3T-ppakumini <1 MM, 1-2 MM 1 2—3 MM B KoHLeHTpaumsx 0,1 n 1,0 r/A B TpEX pexku-
Max: «ropsiuasi Boaa», «<XOAOAHAsi BOAQ», «<XOAOAHAs BOAA + LerKep». [1ocAe Bblaep>KMBaHUSI 06pasLibl
(PUALTPOBAAM, M MOAYUYEHHBIMU BbITSXKKaMu 0OpabaTtbiBaan cemeHa siumerst. OUeHMBAAM BCXOXKECTb,
CKOPOCTb M APY>KHOCTb MpopacTaHus, a Takxke pH BbITsKeK. YCTaHOBAEHO, UTO HanboAee Hebaaro-
NPUSATHOE AENCTBME HA CEMEHA OKa3blBaAW BbITSIXKKM, MOAYYEHHbIE B YCAOBMSIX TOpSYelt BOAbI, TOrAQ
KaK BbITSKKM, MOAYYEHHbIE B YCAOBUSIX XOAOAHOM BOAbI 6e3 Wwenkepa, B GOAbLIMHCTBE CAyYaeB CTa-
TUCTUYECKM 3HAUMMO HE OTAMYAAMCb OT OTPULIATEABHOrO KOHTPOAS. 1o AaHHbIM OAHO(AKTOPHOro
AMCTNEPCMOHHOTO aHaAM3a BbIIBAEHbI AOCTOBEPHbIE MEXIPYMMOoBble pasAnumst no Bcxoxectn (F =
14,46, p<0,001), ckopocTtn npopactanmsa (F = 16,46; p<0,001) n apy>XHOCTM npopacTaHus (F =
14,59; p<0,001). TpéxcakTOpHbIN AMCNEPCUOHHBIA aHAAM3 MOKA3aA, YTO CTAaTMCTUYECKM 3HAUYMMOe
BAMSIHME HA BCE MCCAEAOBAHHbIE NMOKA3aTEAM OKa3bIBaAM TUM MOAYYEHNS BbITSXKKM 1 pa3mep dpakLmm
3T, a Takxe MX B3aMMOAENCTBUE, TOFAQ KaK KOHLIEHTPALMS BbITSIXKEK HE AaBaAa CaMOCTOSTEAbHOIO
3HaumMMoro adpexTa. KoOppeAasLMOHHbIA aHAAM3 BbISIBUA CTaTMCTUMYECKM 3HAYMMYIO OTPULLATEAbHYIO
CBS13b pH BbITS)KEK CO BCXOXKECTbIO, CKOPOCTbIO M APY>KHOCTbIO MpopacTaHms. [NoAyyeHHble pe3yAbTa-
Tbl CBUAETEABCTBYIOT O TOM, YTO pUTOTOKCHYecKnin acpcpekT IMIT B AQHHOM CUCTeMe onpeAeAsieTcs,
npe>kAe BCero, yCAOBMAMM (DOPMMPOBAHMS (DUABTPOBAHHOM BOAHOM BbITSXKKM M pa3mepom dpakLimm
MMKPOMAACTH1Ka.

KAtoueBble cAOBa: MMKPOMAQCTUK MOAMITUAEHTepedTaraTa, ceMeHa SYMEH$, BCXOXKECTb, CKO-
POCTb NpPOpacTaHns, APY>KHOCTb NPOpPaCTaHMs.

Kipicne

Kasipri tanma xopmiaraH OpTaHBIH IIACTHKA-
JIBIK, KAJIBIKTAPMEH JIaCTaHybl €H ©3€KTi DKOJIOTHSI-
JIBIK MOceTenep iy 0ipi 0ombmn Tadbutansl. [lmactuk
OHJIpiCi MEH TYTHIHBUIYBI OJEMIIK OeHreimae Ty-
pakThl ecimai kepceTin, 2020 xbuTel 435 MIIITHOH
TOHHAFa JKETTi, aJl JIACTUK OHJIpici, Makaananysl
JKOHE KAJIIBIKTApAbIH maiima Oomysl 2040 sxputra
Kapail mamameH 70%-ra aprtanel zen OoibKaHy-
nma (Organisation for Economic Co-operation and
Development, 2024). [TnacTuKanbIK KaaabIKTapIbIH
KapKBIHABI 6Cyi )KOHE THIMJII KO0 KYHEeCiHIH 00JI-
Maybl — KOpIIIaFaH opTaja IIACTUKTEP MOJIIEPiHiH
alTapJbIKTal apTyblHa, YAKbIT ©TE Kelle OJIapJblH
BIIBIPAY HOTHIKECIHJE OMIIIeMi 5 MM-JeH Kimi 0e-
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HIEKTEP/iH — MUKPOIUIACTUKTEP/IiH Naiaa 0omybiHa
okeneni (Tang & Li, 2024).

MHUKpOMIaCTUKTEp OHEPKACINTE apHaiibl OH/Ii-
pineTiH OacTamkpl OeJIIeKTep (MBICATBI, MUKPOT-
panynanap) Hemece (U3UKAIBIK KOHE XHMHSUIBIK
(hakToprapabIH, aTan alTKaHIa YIBTPAKYITiH COY-
JIeNIeHy MEH TOTBIFY/IbIH 9CepiHeH ipi MIacTUKAIBIK
OHIMICPIIH (pparMeHTAITUACH HOTIKECIHIE Maima
Oosrypl MYMKiH. JlacTaymiel 3aT peTiHAEe MHKpPOII-
JACTUKTEp KOpIIaFaH OpPTaHBIH OPTYPJi KOMIIO-
HEHTTEpiHJIe: Cy Ko3/epiHae, aTMocepasbiK ayaia
JKOHE TOIBIPAKTA KEe3/IeCe/li HKOHE OJIap/IbIH MHKPO-
OesiexTepi MeJIIepi MEH MaccachblHa Kapail aii-
TapJbIKTall KAIIBIKTHIKKA TAChIMANIAHYbl MYMKIH.
MukpormacTukTep OipKesKi JacTayiibl eMec, oJap-
IIBIH IIBIFY TETi, OJIIeMi, MlTiHi KoHe XUMHUSIBIK



P.P. Xanmarosa xoHe T.0.

KYpaMbl OpTYpJ]i: MOJHMITHIICH, IOJUIPONNIEH,
MOJIMCTUPOIT )KOHE MONMITHIICHTepedTaIaT CHIKTHI
NOJMMEPIIEPAIH KYpASTl OHE allyaH TYpil 3arTap
kiackl. COHBIMEH KaTtap, TACTUK KaJJIBIKTapbIHBIH
KypaMbIHZa KeOiHece IutacTuduKaTopiap, Typak-
TaHJIBIPFBIINTAP XKOHE OOSFRIIITAP CUSIKTHI OPTYPIIi
Kocrajap Oonajpl, ojap ayblp MeTajiap MEH Ty-
PaKThl OPraHUKAJBIK KOCBIIBICTAP CHUSIKTHI KOpIa-
FaH OPTaHBIH JIACTAYIIBl 3aTTapblH aAcopOLHsIay
kaourerine e (Rochman et al., 2019; Zhao et al.,
2025). Kazipri yakpITTa MUKpPOIUTACTHKTEPIiH Tipi
OpraHM3MJIepre YIbl 9CepiH KOpCeTeTiH alTapIIbIK-
Tail JepeKTep KOITen Ke3aeceTi.

MUKpOIIIACTUKTIH 9Cep €Ty JOPEKECiH aHBIK-
TalTBIH HETi3ri QakTopiaapAbH Oipi — OemmexTep-
niH Memmepi. Kimmipek momudTuiieH 6emmeKkTepiHiy
(1-50 MxM) yIiKeH OONIIEKTePMEH CalbICThIPFAH/A
TOTBIFY cTpecciH >xorapsuiarysl, JIHK 3axemvma-
HYBI J)KOHE aIlONTO3/bIK, MPOIIECTEPIiH OeICeHIipi-
Tyl CHSIKTHI aiiKbIH YBITTHI 9Cepi MEH OCy/l TeKeH-
TiH KacueTi kepcerinreH. COHBIMEH KaTap, YCaK
OemmmexTepe KOFapel €Hy KalineTi MeH >KOFaphl
peakTUBTI O€TiHiIH OO0JIybl — OJIAPJBIH TiHAEPTe eHY
KaOineTiH xorapbutaTaabl. Ipi OemmexTep, kepicin-
1re, HeriziHeH OeTKi KypbUIbIMAAp/Aa KUHAKTATA bl
(Bobori et al., 2022; Xu et al., 2026).

MUKpOMIaCTUKTEPAIH TOTBIPAKTA JKUHAKTATYBI
JKOHE OJIApJABIH IIApyallbUTEIK MaHBI3bI 0ap eciM-
JiKTepre, *KaJlbl SKOKYHEHIH KYMBICHIHA BIKTHUMAaI
ocepl epekine alaHIaylmbUIbIK TYyIbIpaasl. MHK-
POIUIACTHKTEP/IiH OCIMIIKTepre Tepic acepi — ecy
KBUIJIAM/IBIFBIH TOMEH/IETYMEH, TYKBIMHBIH OHYIH
TEXKEYMEH, TOTBIFy CTPECCiHIH HMHIYKUHUSICHIMEH
KOHE TaMbIp JKYHECiHIH >KYMBICHIHBIH MEXaHHKa-
TBIK OY3BbITYBIMEH CHITATTaIaThIH/BIFbI aHBIKTAIIFaH
(Tang, 2020). ConbiMeH KaTap, MUKPOILIACTUKTEP-
IiH eciMAIKTepre ocepi XJIOpopHIUT MeNIIEpiHiH,
JUTUAATIK KYPAMBIHBIH, (POTOCHHTE3/IK THIMIIITIK-
TiH X0HE OaNABIPIapAbIH ©CY KapKbIHBIHBIH ©3Te-
pyine akenyi mymKkiH (Daniel Tang, 2024; Theanacho
et al., 2020).

MUKpOTUTACTUKTEPIIH IOTIHAES TOIUITHIICHTE-
pedranar (II9T) tamak eHiMAEpiMEH KaHACATHIH
KanTamMa MaTepHalJapblH OHAIpyaAe KEHIHEH KOJI-
naubuianel. Kopmaran opta skarmaiisinga [19T
JKOXKYHenepre eHirl, oCIMAIKTepMEH 9peKeTTeci,
onapAbIH (PU3UOIOTHSUIIBIK KYHiHE dcep eTe anajbl.
JKoFapel THIFBI3ABIKTEI TIOJIUATHIICH JKOHE TOIHAC-
TEp CHSKTHI 0acka /1a MOJIMMEpPIEPMEH CaJBICTBIP-
ragna [I9T MHKpOIUTaCTHUKTEPiHIH OCIMAIKTEepre
acepl OHIIA alKbIH emec ekeHi kepcerinreH. do-
TOCUHTE3/IIK TMUTMECHTTEPIIH XAl MOJIICPiHiH
TOMEH/IECTYIHE J)KOHE TOTBIFY CTPECC JICHTI€HiHIH KO-

FappUIaTyblHa Kapamactas, [19T ecimaik OuWikTiri,
JKaIbIpaK, CaHbl KoHE OnoMaccachl CHSIKTEI MOP]o-
JIOTHSIIIBIK JKOHE (PU3MONOTHSIIBIK TapaMeTpiiepiHie
OHIIIa MaHBI3ABI ©3repicTep TyABIpMAaiiabl, Oy ca-
JBICTBIPMAIIBI TYPJIE BJICI3 PUTOTOKCHKAIIBIK SCEPi
kepceteni (Ahmad u np., 2025). doTocuHTE3MEHTIH
MHUKpOOpraHu3MJIep/e e OChIHIal acepiiep Oalika-
naner: [I9T mukpobanasipiapIslH 6CyiH TEeXEyTe,
XJIOPO(MIIT MOJIILIEPiHiH 63repyiHe )KOHE PEaKTHBTI
OTTeri TYpPJIEPiHIH BIICI3 TY3UTyiHE dcep eTinm KaHa
KoWiMal, COHJai-ak jKacylmanaplblH OeTiHe aj-
COpOIMATIAHBIT, MEXaHUKAIBIK 3aKbIM KeNTipyTre
kaoinerti (Pencik et al., 2023).

Keicka mep3imai Toxkipudenep kepceTkeHaekH (7
KYH 60iib1 0,1 /1), Raphanus sativus sxone Daucus
carota eCIMIIKTepiHIe OmomMacca MEH KOPEKTIK
3aTTapAbIH CiHyiHJE alTapiablKTail e3repictep Oaii-
KanMaraH. JlerenMeH, Xopowiul MeJIIepiHiH
TOMEHJICYl >KOHE MAJIOH IHANbICTH/ JCHICHIHIH
JKOFapbUIAybl CHSKTBI CTPECCTIH (H3HOJIOTHUSIIBIK,
Oenrinepi OalikanFaH, Oyn TinTi alKelH MOpQoII0-
THSUTBIK, ©3TepicTep Oomaca J1a TOTBIFY CTPECCIHIH
namysiH kepceteni (Shorobi & Park, 2025).

[I9T MHUKpOIUTACTUTIHIH &Cepi Typasbl KOCHIM-
mia JIepeKTep Cy OCIMIiKTepiHAeri y3ak Mep3imui
ToXipuOenep OaphIChIHIA ambIHABL. KpIcka Mep3iM-
Ii acep ety kesiHne (3 Toymik) GOTOCHHTE3MIH ¢H
kot Texenyi ycak [I19T 6emmexrepinin (<200 MKxM)
acepiHeH OaliKanaThIHbI, aJl Y3aK MEp3iMIi ocep eTy
ke3inge (10 ypmakka meiiin) ipi 19T Gemmexrepi
(300-500 mMxmM) ecy MeH (QOTOCHHTE3IIK OenceHi-
JIKTIH HEFYPJBIM alKbIH OaChUTYBIH TYIBIPATHIHBI
KepceTinreH. byn perre ocel Typaeri MUKporiac-
TUKTIH CO3BUIMAJBI 9Ccepl XJIOPOILIacTap/IbIH Tapa-
JyBIHBIH OY3bUTybIHA XOHE Lemna minor ecimui-
TiHAeTi (GU3UOJOTUSIIBIK TIPOIECTEPIIH TYPAKTHI
TEXENyiHe oKeneli, Oyl TOKCHKAJBIK OCepIiH Ky-
MYJIATUBTI )KOHE OJIIIIEMIe TOYeI i CUIIaThIH Kopce-
teni (Cui et al., 2023).

Conpaii-ak, ToIMATHICHTEpedTaIaT MHUKPOII-
JACTUTIHIH (DUTOTOKCUKAIBIK OCEPIHIH MeJIIep-
re Toyenmi cumarel Oap ekeHi kepcerinred. 19T
MHUKPOOOJIIIEKTEepl KOHICHTPALUICHIHBIH ~ apTybl
(50-1000 wmr/m) Cicer arietinum TYKBIMIAPBIHBIH
OHTIIITITIH alTapibIKTall TOMEHIETTi, OYJl TOTBIFY
CTpECiHIH KYIICIOIMEH KaTap Kyp/i. byn perte 6mo-
XUMUSUIBIK,  KOPCETKIIUTEPAiH ©3repyi CBhI3BIKTHIK
eMec cHIarka ue OOJIbl: MUTMEHTTEP MEH KeMip-
CyJapAbIH Meuepi Oesnrisi Oip ocep ety JeHreiine
JEHiH oCTi, ajl KOHIEHTPAIUSHBIH OJIaH 9pi apTyHI
aflKBIH CTpeCcCTiK cepiiepre akeni. Ocipece, [1DT-
MHKPOTUTACTHKTIH, KOFaphl Ao3aiapeiana  Allium
cepa TaMbIp >KacylIajapblHAa IMTOTCHETHKAJIBIK
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Oy3blIyJIap, OHBIH ILIIHAE XPOMOCOMAIBIK adep-
panusuiap aHbIKTaldFaH, Oyl OChl TYPJAEri MUKpOII-
JACTUKTIH BIKTUMAaJ TeHOTOKCUKAJIBIFBIH KOpCeTe i
(Mondal et al., 2022).

CoHbIMEH KaTap, MHKPOIUIACTUKTIH 9cep
eTYiHIH MOJIEKYJISIPIBIK MEXaHU3MIEPIH 3epTTey
[I3T-TiH TOTBIFY CTpPECiH JaMBITYbIH KOHE COHBIH
cangapsinad JIHK 3akpiMaaHyblH MHAYKIUSAJIAyFa
KabuneTTi exeHiH kepceteni (Alzaben et al., 2023;
Wang et al., 2025). I[I13T GemmexTepi opraHu3M-
7€ SKUHAJBIN, KAObIHY peakUVsUIapblH TYIbIPYHI
MYMKIH €KEHIri, al y3aK YakKbIT dcep eTKeH]E,
TCHOTOKCHKAJIBIK, ©3repicTep MEH KaHIIEpPOTeHe3re
0aifTaHBICTBI TPOLIECTEPIIH, OeNICeHAIpUTYiH TYAbI-
patbiabl kepeetinreH (Gutiérrez-Garceia et al., 2025;
Kim et al., 2025).

FeuteiMu  opebuerTepre JKypri3uiren Tangay-
Jlap HETi3iHAe, MUKPOIIACTUKTEp OemeKTepIiH
MeJIIIEepiHe, OJapAbIH KOHLEHTPAUUIChIHA, XUMHUSI-
JIBIK TAOWFATBIHA JKOHE OCep €Ty Y3aKTHhIFbIHA Oaii-
JIaHBICTBI aF3afa TYpIILIe dcep eTeTiH KypAemi opi
KOT(aKTOPJIbI JacTayIIbl 3aT JIel KOPHIThIHIBLIAY-
ra Oonazpl. bipkarap xargaiinapaa moJuITUICHTE-
pedramaT Gacka MOTUMEPICPMEH CaIBICTRIPFaHIA
(DUTOTOKCUKAIIBIK OCEpiHiH a3bIpak OalKalybIMEH
CUTIATTaJIFaHBIMEH, OHBIH TOTBIFY CTPECIH K0HE (PH-
3MOJIOTHSUTBIK, OY3bUTyNIapbl Ty ABIPY KadineTi aF3a-

1-cyper
TI2T muxponnacmuxkmepiniy nauoaianvlian GpaKyusiapsl

Jlap YIIiH BIKTUMAaN KayinTutikTi kepcereni. CoHbI-
MeH 0ipre, MUKPOIUIACTUKTEPAIH (PUTOTOKCUKAIIBIK,
KAacHeTIH 3epTTeyre apHaJIFaH KYMBICTAPJbIH KOIl-
TiriHe KapamacTaH, 9pTYPJi 3KCTPaKIWs >KaFnai-
napeiHaa KaneimracaTelH [I9T-TiH cy3inren cyinsl
CBHIFBIH/IBITIAPBIHBIH OCepl KETKIIIKCI3 3epTTeNTreH.
Ocblran 0alIaHBICTBl, TYKBIMAAPIBIH TOKCHHIEP-
re OWOJNOTHSIIBIK JKayaOblH KaJbIITACTBIPY/IA ChI-
FBIHJIBI Ty TOCLTIHIH, (paKiusi MOJIIEPiHiH jKOHE
[I9T KOHIEHTPAIMACKIHBIH POJTIH Oaraiay epeKIe
KBI3BIFYIIBUIBIK TYbIpagbl. OCHI 3epTTEYIiH MaKca-
ThI — SKOJIOTHSUIBIK, MOHUTOPHHITE KCHIHEH KOJI/ia-
HBLIIATBIH TECT-00BEKT — apIia TYKBIMBIHBIH OHY1HIH
Oacranmkpl Ke3eHJAepiHae MoNMdTHIIeHTepedTanar
MHUKPOIIACTUTIHIH (PUTOTOKCHKAJIBIK OCEpiH 3epT-
Tey OOJIBITT TaOBLIIEL.

MarepuaJijzap MeH dicTep

CpIlHaK HBICAHBI PETIHAE apra TYKBIMAAPHI
(Hordeum vulgare L.) naiinanansuinel, onap 19T
MUKPOITJIACTUKTEPIHIH CY3UIT€H CHIFBIHBIIAPHI-
MeH eHieiIi. Y1 OeieK eJIIeMiHiH (paKiusia-
pot yuriH (<1 MM, 1-2 mm, 2-3 mm) [I9T muxpon-
JacTUKTepiHiH QuToTOKCHKaIbIK ocepi 0,1 xoHe
1,0 r/n xoHmeHTpanusapseiaaa oaramanasl (1-cy-

per).

DKCTpakTTap YII PeXUMIE JaibIHIaIAbL:

1) «BICTBIK Cy» — 3epTTelNeTiH (QpaKkuusIap MeH
KOHLIEHTpaLMsJIapAarbl MUKPOIUIACTUKTEPre  bIC-
ThIK (100°C) mucTunmeHreH cy KYWBUIBIT, OoilMme
TemIeparypacblHga KyH acTeiHaa 30 KyH TYPFbI-
3BUIIBL;

2) «CaNKbIH Cy» — 3epPTTEJIEeTiH (ppaKiusiiap MeH
KOHIICHTPAIMSIIAPIaFbl  MUKPOIUIACTUKTEPIe JHC-
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TWIJCHIeH Cy KYHbUIbIN, O6JIMe TeMIepaTypachiH-
Jla KyH acTeiHAa 30 KyH TYPFBI3BbUIIBL,

3) «cankpIH cy + meikep» — 3epTTeneTiH Gppak-
IUsUIap MEH KOHLEHTpauusuIaplarbl MHUKpOILIIac-
TUKTEpre TUCTUIACHICH Cy KYHBUIbIN, MUKPOILIAC-
turi O6ap konbanap 25°C remneparypaaa 30 kyH
6otier 100 aitH/MUH KBUIIAMIBIKIIEH Y3MIKCi3 apa-
JIACTBIPa OTHIPHIT, TEPMOITANKAFBIIIKA CATBIH/IBL.



P.P. Xanmarosa xoHe T.0.

30 KyYHHEH KeiiH OapybIK CyCIEeH3Hsl HYCKa-
Japhl IOKE apKBUIBI CY3UTIN, aJIBIHFAH CBHIFBIHIBI-
nap ToxipuOene KoIAaHbUIABL. Apna TYKbIMAAPHI
4 carat 601l opTypii [I3T MUKpPOITIACTHKAIIBIK
9KCTPAKTTAPBIMEH OHJAECNAl, COJaH KEeHiH TYKBIM-
map Ilerpm bimbicTapbiHa OTBIPFBI3BUIBIT, 25°C
TeMIepaTypaja eHy YLIIH TepMOCTaTKa OpHajac-
TeIpbuIAbL. [I9T MUKpOMIacTUKTEpiHIH CY3UITeH
CYJIBI CBIFBIHABUIAPBIHBIH (PUTOTOKCHKAIBIK dcepi
Keyeci mapamMerpiep OOWBIHINA OaFalaHabl: OHY
JIOpeKeci, OHy KbUIIAMABIFbI, OHY YHIeCiMIimi-
ri. OHy mdpekeci OTBIPFBI3BUIFAH TYKBIMIAPIBIH
JKaJIIbl CaHBIHAH OHTEH TYKBIMAAPAbIH MaibI3IIbIK
yIeCl peTiHae aHBIKTANABI. OHTCH TYKBIMIAD OHY
OacTajrFaHHaH KEHiHT1 amFamikpl yII KyH iOIiHze
KYH cailblH ecenTeii. OHy KbUIIaMJIBIFbI aJFalll-
Kbl YII KYHJIE KYH CalblH OHETIH TYKBIMIApIbIH
opTala CaHBIHBIH KOCHIHJIBICHI PETiH/Ie aHBIKTAII-
JIbl. OHY YHIIeCIMIIIIT] anFamKel 24 caraTTa OHTeH
TYKBIMJAp CaHBIH COHFBI OakplIay KeszeHiHe (72
carar) eHreH TYKBIMJAp/bIH KaJIbl CaHbIHA 00Ty
ApPKBUIBI €CETTEeNII.

Tepic Gakpliay peTiHle IUCTHIBICHICH CY, all
oH 6akputay petinae 20 MT/JI KOHIIEHTPAITUSCHIH A~
re1 CuSO, epirinaici naiganansuaps (Singh et al.,
2007).

AJBIHFaH TOXKIPUOETIK HOTHKENEePAl CTaTHCTH-
KaJIbIK OHJCY YIIiH Kelleci OarmapiaMaibiK KIBIH-
THIK naiaanansuiel: Microsoft Excel («/lepexrepai
Tammaay» KoceMImacer), StatPlus sxkone WinPepi. Op-

1-xecTe

01p PKCHEPUMEHTTIK TOITa 3€PTTENTEeH KOPCETKIIlI-
TepAiH opTaria apupMeTUKAIBIK MOHIEP1, COHIAlN-
aK opraiia MoHHIH cTaHAapTThl Karenikrepi (SEM)
AHBIKTAIABI. OpOip SKCIEPUMEHTTIK 3epTTEY/eTi
TONITAp apachIHAAFBl AHBIPMAIIBUIBIKTAPIBIH CTa-
THUCTHUKAJIBIK MaHBI3IBIIBIFBI TOYEJICI3 YITLIEep YIIH
VYaautiH t-TeCTiH NalianaHbll, KONTiK CAIBICTHIPY
KaTemirin Oakpuiay yimiH XOJM Ty3eTyiMeH Oara-
na"nael. AvbipMambiisikTap p<0,05 MaHBI3ABUIBIK
JICHI'eHiH/IC CTAaTUCTHKAIBIK TYPFbIIAH MaHBI3/IbI
nen caHanabl. TapteutblcThiH, 19T ¢paxnuscer-
HEIH ommeMiHiH, [I9T KoHIEHTPaAIUICHHBIH KOHE
ONlapAbIH ©3apa OpEeKeTTecyiHiH ocepiH Oaramay
YIIiH YII JKaKThl aucnepcrsuiblk Tangay (ANOVA
type 1I) konmanbuIbl. OCy KopceTkimTepi MmeH pH
apachIHJIAFbl OailIaHBICTRI aHBIKTAY YIIiH [Impcon
Koppemsiiusg KodpUIMEeHTIH (T) ecenTey apKbUIbI
KOPPEISIUSITBIK TaIAay SKYPTi3iIIi.

HaTmlce.Hep JKoHE oJ1apAbl TAJKbLJIAY

3epTTeyae OpTypili SKCTPAKIUS KaFIalaapbIH-
na aneiaFad [19T MUKpOIIacTUTIHIH CY31ITE€H CyJIbI
CBHIFBIHJIBIIAPBIHBIH,  apria TYKbIMJAPBIHBIH ~ OHY
KBUTIAMIBIFBIHA 9cepi 3epTTeni (1-kecte). XKanms
anraHna, eHy MoHaepi 36,45-ten 97,31%-ra neiiin-
ri apanbikTa 0601ab1, Oyl — OHOJOTHAJIBIK 9CEpAiH
CBIFBIH/IBI ay >Karmainapsiaa, [19T Gemmextepi-
HiH MeJIIepiHe JKOHE KOHIEHTPAIMAChIHA ANKBIH
TOYENIUTITIH KOpCceTe .

1IDT murponnacmuxmepiniy opmypii Cy3ineeH cyivl Col2bIHObLIAPbIHLIY APNA MYKbIMOAPBIHbIY OHYIHe ocepi

Toxipubenik HycKa/yiari

MHUKpOIIIACTHK TYPI N ..
P P nabiHaay TOpTiOi

pH

Ony nopexeci

OHy KbUIIAMIIBIFBI  OHY YHIeCIMALTITI

Tepic Gaxpuray (dH,0) 5,0 71,33 £ 6,43 3433 +2,73 94,62 £7,16
On Gaweunay (CuSO,, 5 5 67,33 +8,33 30,72 + 5,4 85,32+ 19,76
20 mr/m)

bleThIK cy 5.4 36,67 + 7,57 14,50 4 2,78%s 58,73 £7,65

II9T, <1 v, 0.1 1/ CankplH cy 54 61,33 £4,62 29,39+3,43 91,96 £ 9,06
CaHIfLIH cy + 5. 97.31+3,05 44.56 + 1,40 86,82 + 0,71

HIanuKarbIIl

bleTsi cy 5.4 45,14 +5,53 16,67 +2,77* 55,24 +0,96
9T, <1 mm, 1,0 /a1 Cankpit cy 49 57,33 £2,31 27,67+2,52 92,86 +12,37
Cankprn cy + 5.0 84,60 + 6,02 36,94 +3,71 76,72+ 6,55

IIAKAFBIIT
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Kecmeniny orcanzacwor

Taxipubemnik HycKa/ymri

MuKpoImIacTik Typi naiisEay Topribi pH OHny opexeci OHy XbpUIIaMIBIFBl  OHY yiineciMaiir
BlcThiK cy 5.1 50,88 + 2,96 19,50 +2,75% 49,81 + 4,70%
*
[T, 1-2 300, 0,1 1/ Calkpin cy 4.9 82,67 + 6,43 36,17 +3,56 79,87 + 4,81
Cancetn ¢y + 52 46,34 + 1,44 15,44 42,90 39,13 + 23,01
[IANKAFbBIII
BICTBIK cy 53 52,80 £ 5,33 19,50 + 5,45 44,44 £ 12,56
[T, 1-2 v, 1,0/ Cakpin cy 4,7 67,53 = 1,00 32,56+ 1,95 90,48 + 10,03
Canxpm cy + 52 58,16 + 6,03 21,50 £ 1,53 45,10 11,80
HIauKarbIIIT
BlcTIK cy 51 41,20 £ 11,04 15,00 £ 4,21 48,49 + 4. 46*
TIST. 2-3 20, 0.1 CanKeIH cy 48 68,26 + 13,64 32,33+ 6,74 91,02 +3,79
Cancetn ¢y + 52 45,66 + 16,26 15,94 + 6,69 42,74 % 6,10%
HIanKarbIIT
blcteik cy 5,2 52,14 £ 3,61 19,58 + 1,65* 47,70 £3,13*
(3T, 2.3 100, 1,0 1/ CankpIH cy 4.6 63,33 12,70 29,39 + 7,54 87,58 + 10,94
Camcom cy + 58 36,45 + 1,66 12,78 + 1,69* 38,16+ 8,16*

IIaKaFbIII

Eckepmy: * p<0,05 — cymen canvicmuipeanoa
* p<0,05 — CuSO4-nen canvicmoipeanoa

Konnenrparnusicer 0,1 r/n1 6onateia <1 mm [I9T
HYCKAChl VIIIH €H KOJAHChI3 HOTIIKENEP «BICTHIK
Cy» pexuMiHAe anblHIel. byn karmaiina ey mope-
JKecl Tepic OakpurayFa Kaparanma 1,95 ecere, an
OH OakpLIayMEH cajbICThIpFanaa 1,84 ecere ToMeH
0oymbl, anaiia aWbIPMAIIBUIBIK CTATUCTHKAIIBIK
TYPFbIIAaH MaHbBI3/bl 00MAaIbl. OHY JKbIIIAMJIBIFBI
muctwinenren cygad 2,37 ecere (p<0,05) temen
xoHe CuSO,-ten 2,12 ecere (p<0,05) Temen 6051751
Ony yinecimainiri Tepic 6akputaynan 1,61 ecere,
an oH Oaxputaynan 1,45 ecere ToeMeH OOIbI, aaii-
Ja Oy albIpMallbUIbIK CTATUCTUKAJIBIK, TYPFbIIAH
MaHbI3/1bI 00sMaIbl. «CaJIKbIH Cy» PEKUMIHJIE KOp-
CEeTKIIITEp apaliblK OPBIHIABI alfbl. OHY JBpexeci
cynad 1,16 ecere remen xone CuSO -ten 1,10 ece-
re TOMEH OOJIIBI, OHY JKBUIIAMIBLIFEI — cyman 1,17
ecere TomeH koHe CuSO,-ten 1,05 ecere Tomen,
an eHi yiueciMimiri ic y3iHae Oakbuiayra Coii-
Kec ke, cymad Tek 1,03 ecere epexmieneHmi, ai
CuSO,-ten 1,08 ecere achln TYCTi; CTaTUCTHKAIBIK
MaHBI3Ibl albIpMAIIBUIBIKTAp TaOBLIFAH KOK. Ke-
picinie, GapiblK 3epTTEIAreH HYCKaJIApblH iMIiH-
Jie €H MaHbI3/Ibl HOTIDKENIEP «CAKBIH Cy+IIeHKep»
peXUMIHIE KOPCETUINi: oHy mopexkeci cyman 1,36
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ecere sxone CuSO,-ten 1,45 ecere xorapbl 601/1bI;
oHy KbuLIaMbIFel cyan 1,30 ecere xone CuSO,-
TeH 1,45 ecere >korapsl 0O, OHY YHIECIMILTITI
cynan 1,09 ecere Temen, 6ipak CuSO,-ten 1,02 ece-
re XKOFapbl 00NABI. Aaiiaa, 6apibIK, YII KOPCETKIII
OoiibIHIIa OaKbUIayTapJaH CTaTHCTHUKAIBIK MaHbI3-
JIbl albIpMaIIbIIBIKTap aHbIKTaIMa bl Ochbllaidiia,
<1,0 mm I19T sxone 0,1 /71 KOHLIEHTpALUS YIIIH €H
TOKCHKAJIBIK 9CEp «BICTBIK Cy» PEXUMIHIE, all eH
KOJIaHJIbl 9Cep «CAJIKBIH Cy-+IICHKEp» peXuMiHzIe
AHBIKTAJIIBI.

benmexTepinig mommepi <1 MM >k0HE KOHIICHT-
pauwsicel 1,0 r/n 6onaren [19T Hyckacs! yuriH xai-
bl TeHJEHIUs cakTangsl. «blcThIK cy» pexxuminme
OHrimTIK cyaan 1,58 ecere TemeH xone CuSO,-Ten
1,49 ecere ToMeH 0O0JIIbI, CTATUCTUKAJILIK MaHbI3-
JBUIBIK aHBIKTAJIMaJbl. OHY >KbULAAMIBIFBI Tepic
Oakputaynan 2,06 ecere (p<0,05) TomeH xoHE OH
Oaxputaynan 1,84 ecere TemeH Oonnibl. OHY yie-
cimainiri cynan 1,71 ecere tomen xone CuSO,-Ten
1,54 ecere TemeH 0omjibl, OV Jla CTATUCTUKAJIBIK
TYPFbIIAH MaHbI3bl eMec. « CalKblH Cy» pPeKUMiH-
ne oHy mopexeci cyman 1,24 ecere, an CuSO,-ten
1,17 ecere ToMeH, oHY XbUIIAMABIFEI CymaH 1,24
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ecere TomeH koHe CuSO,-ten 1,11 ecere Tomen
00m/1B1, T eHy YHITeCIMILIITI ic )KY3iHae Tepic Oa-
KbIJTIayFa coiikec Keim, oH Oakputayman 1,09 ece-
re acell TYCTI. «CalKpIH Ccy-IIeiKep» pekuMinie
KOPCETKIIITEp alTapIibIKTal kKaKcap/bl: OHy JTope-
xeci cynman 1,19 ecere xorapsl sxone CuSO,-Ten
1,26 ecere »oFapbl OOJIBI, OHY JKBUIIAMIBIFEI CY-
nan 1,08 ecere xorapsl xkone CuSO,-ten 1,20 ecere
JKOFapbl OOJIIBL; OHY YiJeciMainiri, kepicinme, 6a-
KblIaynapaaH Oipmama TeMeHzer, cyaan 1,23 ece-
re, an CuSO-ten 1,11 ecere Tomen Gonbl. bapibik
KepceTKil OoibIHIa OaKpUIayTapMEeH CTaTHCTHKA-
JIBIK, MaHBI3/(bI AWBIPMAIIBUIBIKTAD OPHATHUIMAJIBI.
by xarmaiina 1a CTaTUCTHKAIBIK MaHBI3IbI TEKEY-
111 8Cep TEK BICTHIK SKCTPAKITUS KEe31HIET1 OHY KBLI-
JIaMJIBIFbI OOMBIHINA TIPKEIIII.

Bemmekrepinin Memmepi 1-2 MM KOHE KOH-
nenTparusce 0,1 r/n 6onmatera 19T Hyckack! yiriH
OPTYPII PEKUMJIC NalbIHIAIFaH ChIFBIHIBLIAPIBIH
acepl Kapama-Kaimbl 0onabl. «bIcThIK cy» pexu-
MiHzIe eHy nopekeci cynad 1,40 ecere ToMeH jkoHE
CuSO,-ten 1,32 ecere ToMeH 0OIJIBI, CTATHCTHKA-
JIBIK, MAHBI3IBLIBIK aHBIKTAIMA/Ibl. OHY KbLIIaMIbI-
oI cynan 1,76 ecere (p<0,05) Tomen xone CuSO,-
TeH 1,58 ecere Tomen Oonabl. OHy yihneciMaiiri
cynan 1,90 ecere (p<0,05) Temen xone CuSO,-Ten
1,71 ecere Tomen 60m1bl. «CaNKbIH Cy» PEXUMIH-
ne eHy mopexeci cynan 1,16 ecere, an CuSO,-Ten
1,23 ecere xorapbl OONAbI;, OHY JKbULAAMABIFEI CY-
nau 1,05 ecere xone CuSO,-ten 1,18 ecere sxorapbl
Oonaer; eHy yitnecimainiri cyman 1,18 ecere Toemen
xoHe CuSO,-ten 1,07 ecere Temen 0onabl. O3repic-
TEpPJIiH KOJIAHIIBI OaFbITTHUIBIFBIHA KAPAMAaCTaH, OCHI
HYCKa/aa OakplIayiapAaH CTaTUCTHKAIBIK MaHBI3/IbI
albpIpMalbUIBIKTap aHbIKTaaMabl. «CalkplH Cy+-
nIekep» pekuMiHAe KepceTkimTep Oipkenki 0oi-
MajIbl: OHY Jiopexeci cynaH 1,54 ecere ToMeH, eHY
KBIIIaMIBIFRl cyman 2,22 ecere (p<0,05) temew,
oHy YyiteciMaimiri tepic Oakputayman 2,42 ecere
TeMeH 00ibl. Jlemek, OemnmiekTepiniy Mommepi 1-2
MM [I9T ymin 0,1 /71 KOHIEHTpAIMSICHIHAA «bIC-
TBIK, Cy» JKOHE «CAJIKBIH Cy-HIIeHKep» pekumepi
(hM3HOTOTHSIIBIK TTapaMeTPIICPAiH TEKEITyiMEH Ka-
Tap XKypai.

Bemmekrepinin Memmepi 1-2 MM KOHE KOH-
nenTparuscs! 1,0 r/mn 6onmatera 19T Hyckack! yiriH
BICTBIK Cy» PSKHUMIHIE OHY Iopexeci cymad 1,35
ecere TomeH koHe CuSO,-ten 1,28 ecere TomeH
Oonabl. OHY KbULIaMIBIFEI cyaaH 1,76 ecere ToMeH
sxone CuSO ,~TEH 1,58 ecere TemeH Oopl. OHY Yit-
JeciMaiiri Tepic bakpiiayman 2,13 ecere, aim oH 6a-
KpUtaynan 1,92 ecere ToMeH 00JIbI. AWKBIH CaHIBIK,

TOMEHJIEYIe KapamacTaH, OapJIbIK KepCETKIITep
OOMBIHINIA CTATUCTHKAIBIK MaHBI3IBI albIpMalIbl-
JIBIKTap OpHAThUIMazbl. «CaJKbIH Cy» PEKUMIHIC
KOPCETKIIITEPIH TOJIBIK JEPIiK KaJbIKa Kelyi
OaifKaIbl: OApIIBIK, YIII KOPCETKIII CY HYCKACBHIHBIH
KOPCETKIIITepiHe JKaKbIH OOl JKOHE CTATHUCTH-
KaJIbIK, MaHbI3/(bl albIPMAIbUIBIKTAD aHBIKTAJIFaH
#OK. «CalIKpIH Cy-tHIeHKep» PeKUMIHJIC CYMEH ca-
JBICTBIpFaHAa OHy Jopexeci OoibHma 1,23 ecere,
OHY JKBUIAaMIBIFBI OoiibIHIIA 1,60 ecere xaHEe OHY
yitnecimainiri 6oipramma 2,10 ecere ToeMeH OOJIBI.
Amnaiina, 6apiblK KepceTKimTep OOHBIHIIA CTaTHC-
TUKAaJBIK MAaHBI3Jbl albIPMAIIBUIBIKTAD OpPHATHLI-
Mazsl. Ockinaiima, 6emmekTepinia Memmepi 1-2 MM
*koHe KoHIeHTpanwsce! 1,0 r/m 6omarera 19T yrin
JKaFbIMCBI3 ©cep opTalia OOkl JKOHE OJ1 HETi131HEeH
«BICTBIK CY» HKOHE «CaJKBIH Cy-+IIIECHKep» peKUM/Ie-
Pl HYCKaJapblHAa KOPIHII, all «CAJKBIH Cy» PEKH-
MiHJIe OHBIH 9Cepi KOUBLIIEI.

Benmekrepinin Meuepi 2-3 MM JKOHE KOH-
uenTpanusicel 0,1 /1 6onateia [19T HYCcKack yiriH
«BICTBIK, Cy» PeXHUMIHIIE OHYy aapexkeci cyaan 1,73
ecere tomeH koHe CuSO,-ten 1,63 ecere Tomen
00517161 OHY KBUIITAMJIBIFBI Cy1aH 2,29 ecere TOMeH
xone CuSO,-ten 2,05 ecere Tomen 6ompl. OHy YHi-
neciMmuiniri Tepic 6akputayman 1,95 ecere (p<0,05)
TOMEH, all OH OakpiiaymaH 1,76 ecere TeMeH 00JI-
Ibl. «CalKbIH Ccy» PEeKUMIHIE KOPCETKIIITEp aii-
TapIBIKTaK JKaKcaphll, OaKpLIayIapFa KaKblH 00JI-
JIbI, CTATHCTUKAJBIK MaHbBI3bI albIPMAIIBLIBIKTAD
aHpIKTanManbl. «CajaKplH Cy-+IIeHKepy pexUMIHIC
KOPCETKIIITEp TOMEH OOJJIbl KOHE CYMEH CaJbIC-
TBIPFaHJIa OHY Adpeskeci OoibiHma 1,56 ecere, oHy
KBITaMIBIFBI OOHBIHIIIA 2,15 ecere oHe oHY Yil-
necimuiniri Ooiprama 2,21 ecere (p<0,05) Temen-
JereHi aubIkTanabl. OcbuTaiiina, TOMEH KOHIICHTpa-
uusiaarsl 2-3 mu ipi [I9T ¢pakuumsace! yuria Herisri
ce3iMTal KepCeTKilll — eHy YHIeciMIaiumiri OOIbl,
OHBIH KOPCETKIII «BICTHIK CY» KOHE «CAJIKBIH CYy +
HIeHKep» PeKUMIIEPiHAC KYPT TOMEHACI.

Benmekrepinin Memmepi 2-3 MM JKOHE KOH-
uenTpanusice! 1,0 v/ 6onateH 19T HYCcKach yiriH
KoJaiichI3 acep aikbIH Kopini. «bICTBIK cy» pexu-
MiHJle eHY Jopexeci cynad 1,37 ecere ToMeH koHE
CuSO,-ten 1,29 ecere tomeHn Oomubl. OHy *KbLiI-
IaMIbIFel Tepic Oakpmayman 1,75 ecere (p<0,05)
J)koHEe OH Oakputayman 1,57 ecere ToMEH OOJIIBI.
Ony yiinecimainiri cynan 1,98 ecere (p<0,05) To-
men kone CuSO,-ten 1,79 ecere TomeH O6O0JbI
«CankplH Cy» peXHUMIHIE KOpCeTKIImTep auTtap-
JBIKTAN JKaKcap/Ibl )KOHE oflap OaKbUIay MOHAEpiHEe
JKAKBIH OOJIJIbI, CTATUCTHKAJIBIK MAHBI3/IbI allbIpMa-
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LIBUTBIKTAap aHbIKTanMaabl. « CankblH Cy+IIerKep»
pexkuMi OYKiT 3epTTey HYCKAIaphl YIIiH €H KOJai-
CBI3 dcepiepiH Oipi OONIbI: OHY mOpekeci cynaH
1,96 ecere ToMeH; oHY XbUITAMIBIFRI CymaH 2,69
ecere (p<0,05) Temen; eny yiecimainiri Tepic 6a-
Kpinaynas 2,48 ecere (p<0,05) remen 6omapt. OchI-
naiima, OeeKTepiHiH Momepi 2-3 MM KOHE KOH-
nenTparusicel 1,0 /1 [IDT yIniH «bICTHIK Cy» KOHE
acipece, «CaJKbIH Cy-+IIeHKep» pexXUMICpiHAE €H
allKBIH TeXeyIIi ocep OalKaJIbl, al «CAIKBIH Cy»
peXUMIHE KOpPCETKIITep OaKplIayMeH CalbICThIP-
MaJibl JICHTr e 1e OipKeKi O0JIIbL.

XKanner anranaa, ap6ip 19T nHyckacer 60ibIH-
I1a Tanay MUKPOTUTACTUKTIH CYJIBI CHIFBIH IBLIAPbI-
HBIH 9cep €Tyl Ke3iHJeri eH TOMEH KOpCeTKiITep
OHY KbULIAMJBIFBI MEH OHY YWJICCIMIIIITIHE TOH
OosFaHBIH KOpceTeni, an eHy Jopexeci OipkaTtap
JKaFaainapaa a3plpak ce3iMTan OoJbI Kajiabl. EH
KOJIaiichI3 acepiep KoOiHece «BICTHIK Cy» PEKUMIH-
ne Oaiikanbl, an ipi ppakuusiap yiriH, acipece 2-3
MM, alKbIH TEXEIy «CAJIKbIH Cy+IIEHKep» PexH-
MiHJIe Jie JKui cakTanasl. KepiciHie, «camKpiH cy»
pexuminge II9T HycKamapbHBIH KepceTKimTepi
CTaTUCTUKAJIBIK MAaHbI3/Ibl albIpMalIbUTBIKTaPCHI3,
Tepic OakpulayFa >KakblH MOHAEpIi kepcerTi. [e-
MeK, OyJI apraHbIH eHYyiHe apHaIFaH TecTTe (puro-
TOKCHUKAJIBIK OCEPIiH KOPIHY IOPEkKECIiH OOIIIeK-
tepain Meuepi MeH [1DT KoHIEHTpaIUsIChl FaHa
eMec, COHBIMEH KaTap, CYJbl CHIFBIH/BIHBI AalbIH-
Jlay TOCLTI Jie aHBIKTaHTHIHBIH KOPCETE/I.

ChHIFBIHIBUIAPABI JAWBIHAAY TOCUTIHIH OCEpiH
JKallnbliamMa Oarajyiay yimiH Oip (hakTopibl JAucrep-
cusiblk, Tangay (one-way ANOVA) xyprizinmi,
OHJIa YII AKCIEPUMEHTTIK ChI30a CaIBICTBIPBUIIBL:
BICTBIK, Cy, CallKbIH Cy+IIeHKep KOHE CAIKBIH CY.
Tannay eHy nopexeci, 0Hy KbUIIAMIBIFBI )KOHE OHY
YHIIECIMLITIT] YIIIH )KEeKe OPBIHAAIIBL.

CHIFBIHIIBIHBI TAUBIHIAY TYP1 OapiIbIK 3epTTeN-
I'eH MapaMeTpliepre CTAaTUCTHKAIBIK MaHBI3]Ibl OCep
eTeTiHl KepceTinai. OHy Appekeci YIIiH dKcrepu-
MEHTTEp apachlHAa CEHIMII albIpMalbUIBIKTap
ansikTangel (F = 8,15; p <0,001). Oprama mMoHEp
«BICTBIK Cy» (46,77%) < «cankplH Cy-tIIedKep»
(61,42%) < «cankeiH cy» (66,74%) pertiniriMmeH
ocTi. Post-hoc Tangaysl «bICTBIK Cy» CEPHSCHI «call-
KBIH Ccy + meiikep» (p <0,05) sxoHe «cankbH cy» (p
<0,001) pexkxuMmaepiHeH CTaTHUCTUKAIIBIK TYPFBIIAH
MaHBI3/Ibl ePEKIICIICHETIHIH KOPCeTTi, aj ekl caj-
KBbIH PEKUM apachlHAa CTATHCTUKAIBIK MaHBI3/IbI
alBIPMAITBIUTBIKTAp aHBIKTAJIFAaH JKOK.

OHy KBUIIAMIBIFBI YIIH TOM apajiblK abIp-
MallbUIBIKTAp OJlaH Jia aiikbiH Oonjel: F = 13,33
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(p<0,001). OpTama MoHIEP «BICTBIK Cy» PEKHMIiH-
nmeri 17,57-neH «calkblH Cy+IIeiKkep» peXuMiH-
ne 24,53-ke AeiiH )KOHE «CAKBIH CY» PEKUMIHIIEC
31,25-xe netiin OipTiHgen octi. bapibIk yur Toxipu-
Oeik cb130a Oip-OipiHeH CTaTHCTHKAIBIK, TYPFbIIAH
MaHbI3/bl €PEKIICTIKTEPIMEH CUITATTAJIbI: «bICTHIK
Cy» «CalIKBIH cy-+ieikepaen» (p<0,05) xoHe «cai-
KbIH cygam» (p<0,001), an melikep — caqKbIH CyAaH
(p <0,05) epexmeneni.

EH aiikpIH TON apayblK albIpMAaLIbUIBIKTAP OHY
yitnecimainiri ymin tipkenai: F = 39,11 (p<0,001).
OHy YHJICCIMIUIITIHIH OpTalia MOHJEPI «bICTHIK
cy» cepusichl Yl 50,58%-1bl, «CalKbIH Cy-+IIeii-
Kep» cepusCchl YUIiH 54,78%-/1bl )OHE «CAIKBIH CY»
cepusicel ymriH 88,96%-161 Kypanbel. Post-hoc Tan-
Jlaybl ChIHaMa JIalbIHAAY IbIH «CAJKBIH Cy» PEXKHMI
«BICTBIK Cy» HYCKACBIHAH J1a, «CAJKBbIH Cy + IIeii-
Kep» HYCKachlHaH 1a (eki xarmaiina mna p < 0,001)
CTaTUCTHUKAJBIK TYPFBIJIAH MaHBI3Ibl epeKIIese-
HETIHIH KOPCETTi, all «BICTBIK CY» MEH «CaJKbIH
cy-+ieiikep» apachlHAa CTaTUCTHKAJBIK MaHBI3IbI
alBIPMAIIBUIBIKTAP aHBIKTAIMAIbI.

Jemek, 6ip haxTOpaBl MUCTIEPCUSIIBIK Talaay
3epPTTEITeH YIII HYCKAHBIH IIIHJIE €H KOJaWiChI3bI
«BICTBIK Cy» PEXHMIi OOJIFaHBIH, apaiblK, OPBIH/bI
«CaJIKBIH Cy-IIeHKep» peXuMi, an Oeltapan OpbIH-
JIBI — «CAJIKBIH CY» PEXXHUMI aTFaHBIH KOPCETEII.

OHY KOpCeTKITepiHiH KyObUIMANbUIBIFbIHA
JKEKeJIereH ToXipuOenik (axkTopaapIblH YiIeciH
Oaranay ymriH ymr (akTOpJIbl AUCTIEPCHSIIBIK Ta-
nay (ANOVA) xyprizingi. Tammayra tex I119T-
HYCKanapsl eHrizingi. dakropiap peTiHIe MbIHA-
Jlap KapacTBIPbUIABL: CHIFBIHABI aly TYPi («BICTHIK
Cy», «CaJIKbIH CY», «CAJIKbIH Cy-+IICHKEP» PEKUM-
nepi), MHUKPOIUIACTHUK (PPaKIUSACBIHBIH MOJIIEepi
(<1 mm, 1-2 MM, 2-3 MM) XOHE KOHIIEHTpalUs
(0,1 xone 1,0 r/m). Tangay O6apibIK yII KOPCETKIlI
YIIIH CHIFBIHABI aly TYpi MeH (pakmust Meimepi
eH YJKEH MaHbI3Fa ue OOJIFaHbIH, all KOHIEHTpa-
st epbec GakTop peTiHAe CTATUCTUKAIBIK Ma-
HBI3/IbI OCep eTIEreHiH aHbIKTaasl. OHY Topekeci
yirig cerrbraabl Typi (F(2,37) = 34,24; p<0,001),
¢pakumsa memmepi (F(2,37) = 12,64; p<0,001),
CBIFBIHJIBI TYPI X (Qpakuusi e3apa OpeKeTTecyi
(F(4,37) = 35,45; p<0,001), conmaii-aK CHIFBIHIBI
TYpl X KOHIIEHTpaIus e3apa apekerrecyi (F(2,37)
= 5,08; p<0,05) xoHe ym (axTopybl e3apa ope-
kerrecy (F(4,37) = 3,12; p<0,05) cratucTukaabiK
MaHBbI311bI 0011116, Byl 0HY HOpexKeciHIH HEFYPIBIM
KypZeni (hakTOpIIbIK KYPBUIBIMBIH KOPCETEA1, MYH-
Jla KOHIIGHTpAIus o3iH Tek Oacka ¢akTtopiapMeH
OaiinaHbpICTa FaHa KOPCETEIi.



P.P. Xanmarosa xoHe T.0.

OHy O KbUIAaMABIFBI VIIiH CBIFBIHABI  TYPI
(F(2,37) = 54,50; p<0,001), ¢pakuus memmepi
(F(2,37) = 15,70; p<0,001) >xoHE OMapasIH ©3apa
opekerrecyi (F(4,37) = 33,74; p<0,001) cratuctu-
KaJbIK TYPFBbIAAH MaHbI3Abl Oonabl. KoHunenrtpa-
LUSIHBIH JKOHE OHBIH KaThICYbIMEH OOJAThIH e3apa
OPEKETTECYIEPIIH dCepl CTATUCTUKAIBIK MaHBI3IbI
00JIFaH KOK.

Ony yineciMAIiri yumiH 1€ CBIFBIHABI TYPI
(F(2,37) 93,25; p<0,001), dpaxmus wmemmepi
(F(2,37) = 23,60; p<0,001) xoHE CHIFBIHABI TYPI
x (pakmus e3apa opekerrecyi (F(4,37) = 8,90;
p<0,001) maHbI3161 OOMBIT MWLIKTEL. KOHIICHTpaIHs
HeTi3Ti (pakTop peTiHae 1e, e3apa 9peKeTTecyiep
KYPaMBbIH/Ia J1a CTATHCTHUKAIIBIK, MAHBI3/IbI YIIEC KOP-
CeTIesi.

Kanmer anranza, ym gaxropiast ANOVA I19T-
TiH KaTBICYBIMEH JKYPTi3UITeH TakipuOenepae ap-
MaHbIH OHYl €H aJJIBIMCH CYJbl CBHIFBIHJIBIHBI ay
JKaFIalIapbIMeH JKOHE MHKPOIIIACTUK (PpaKIusi-
CBIHBIH MOJIIIEPIMEH aHBIKTaNaThIHBIH, ai 0,1-1 /1
JTMATIa30HbBIH/IAFbl KOHIICHTPAIMS eKiHII JopesKeni
pen arkapaTeIHBIH KepcerTi. EH xypaeni ¢axrop-
JIBIK, KYPBUIBIM OHY JI9pEKECciHe TOH OOJAbI, al oHy
JKBUIIAMJIBIFBl MEH OHY YHJICCIMIUTIT YIIIH HEri3ri
MaHbI3Fa CHIFBIHABI TYPI, QPAKLUS KOHE OJNAPIIbIH
e3apa OpEeKEeTTeCYi ne OOJIIBL.

[19T cynbl chIFBIHABUIAPBIHEIH, pH MoHI MeH
apraHblH ©OHY KOPCETKIIITepi apachlHIAaFbl Oaii-
JaHBICTBl OaFajiay YIIIH KOPPESIIMSIBIK Tanjgay
xyprizingi. Tanmay CBHIFBIHABI aNXyABIH YII TYPIiH,
MUKPOTUIACTUKTIH YII (PPaKIUSICHIH XKOHE €Ki KOH-
neHTpausHel KamTuthiH 18 TIDT-myckacel 0o-
HbIHIIA OpbIHAAABL. PH GapibIK yII OHOIOTHSUIBIK
KOPCETKINITEeH: oHy mopexecimer (r = -0.500; p <
0,05), eny xbumgamasiFeiMeH (1 = -0.558; p < 0,05)
JKoHe eHy yiutecimautirimern (r =-0.616; p < 0,01)
CTaTUCTUKAJIBIK TYPFBIAAH MaHBI3IBI Tepic Koppe-
JSIIMSIIAHFAHBl aHBIKTANJBL. 3EpTTeY HOTHXKEIepi
OolibIHIIA, ¢H alKbIH Oaitnanbic pH neH eny yiie-
ciMIiTiri apachiHaa OaKaIb.

ATIBIHFaH HOTIDKENEP OCHI TOXIpPHOENiK XKyke-
ne [ T-TiH GUTOTOKCUKAIBIK dcepi TYKBIMIAPIBIH
MUKpPOTIIACTUK OOJIIIEKTepIMEH TiKeJel KaHaCYbI-
MEH €MEC, €H aJIbIMEH CY3UITeH CYJbl CBHIFBIHIIBI-
HBIH KYpPaMbIMECH aHBIKTAJIATBIHBIH KOpPCETeli.
TyKpIMIAP/IBl OHJCY AJJIBIHIA CHIFBIHABUIAD JIOKE
apKBUIBI CY3UITCHIKTCH, OHY JDPEKEC], OHY KbUI-
JAMJIBIFBI MEH OHY YWJIeCIMIITITiHae OaiKanaThiH
e3repictep HerizineH, [[DT-TeH cynbl a3ara eTkeH
epUTIH KOMIIOHEHTTEP/IIH dCcep eTyiHIH KOHE OCHI-
FaH OaiJIaHbICThI OPTAHBIH XUMUSIIBIK KACHETTEPiH-

JIeTi e3repicTepiH HOTHXKeCI peTiHae TYCIHIIpiIyi
Kepek. bya eciMmiuikTrep YIIiH MHKpOILIACTHKTIH
YBITTBUIBIFBI TEK OOJIIIEKTEPre FaHa eMEC, COHBIMEH
Karap cy3iHjiiepre — IaibUIaThIH 3aTTapPFa, OHBIH
IIIHIE TUTACTUK KOCIAlapra JKOHE KYPaMbIH/IaFbl
KOCBUTBICTapFa OalIaHBICTBI OONyBl MYMKIHIITIH
KOPCETETIH 3aMaHayH I0JyJIapPMEH KaKChl yitece-
mi (Y. Lietal., 2024; Qiu et al., 2024).

Bi3miH KYMBICHIMBI3IaFbl €H aHKBIH TEXKEYII
acep ChlHaMa MalbIHAAYABIH «BICTHIK CY» DPEXH-
MiHe ToH 00imbl. [lonm ocel TomTa Tepic OakpLIay-
MeH (JUCTHUJIIEHTeH CYMEH) CaJIbICTBIpFaHa OHY
KBUITAMJIBIFBI MEH OHY YilleciMimiri, an 6ipkarap
HYCKaJapAa ©Hy I9PEKEeCiHIH e TOMEHJEYi KHi
Oaitkanaer. [19T-Ti cyma KeI3ABIpy TOMEH MOJICKY-
JAJIBIK, KOCBLIBICTAP/IbIH, CUHTE3/IH KaJIJbIK pea-
TCHTTEPIHIH JKOHE MOJIMMEP/IIH ECKipy OHIMICPiHIH
epitiHzire etyin Oipmama xymeiTeni. Jlemek, o
OCBHI CY3IHAIHIH XUMHUSIIBIK KYpPaMmbl OMOIOTHSITBIK,
ocepaiy Herisri ke3i 6omysl mymkiH (Y. Li et al.,
2024; Qiu et al., 2024).

HoTmxeHiH MaHBI3IBUTBIFBL, «BICTHIK CY» PEXKH-
MiHJIe OHY KBUIIAM/IBIFBl MCH OHY YHICCIMIUTITIHIH
IUIACTHK EPITIHAIEPiHIH SCEpPiHEH TeXKeNyi, al oHy
JOpEeXKECiHiH OHIIA ce3iMTan 6oimMaysl. byn enyain
epTe KHHETHKAJIBIK TapameTpiepi OHTeH TYKBIM-
JIapJIbIH COHFBI MMalbI3bIHA KaparaH/ia CyOJIeTab bl
CTPECCTIH Ce3IMTall KOpPCETKIIITEepi JETeH KaJIbl
TYCiIHIKKE CcolKec Kenemi. OCIMIIKTepre MHKpO-
JKOHE HAHOIUIACTHKTEP/IiH SCepi Typasbl MIOIyIap-
Jla MUKPOIUTACTUKTED JKOHE OJIAPMEH OailyIaHBICTHI
XUMUSUTBIK KOMITOHEHTTED TYKBIMAAPBIH O6pTil
iciHyiH, (epMeHTTIK >KyHenepiH OeICeHILTIriH
JKOHE YPBIKTBIH €pTe OCyiH TeXel amaThlHBI, Oy
€H aJiZIbIMCH OHY KapKbIHbI MEH CHHXPOHIBLIBIFbI-
HBIH TOMCH/ICYIHCH KOPIHIC Ta0AThIHBI aTall OTiIe i
(Khan et al., 2024; Y. Li et al., 2024).

«CaJkpIH Cy + MIalKaFbIIDy YITICIH TalbIHIAY
peXuMi apaiblK OPBIHIBI MeNeH 1, OipaK HOTIKe-
nepi Giprekti 6onmanbl. Hyckanapasiy 6ip Oediri,
acipece (pakmus Meimepi <l MM XKoHE KOHIICHT-
pamusicet 0,1 r/n 19T yuriH, eHpenMereH Oakbuiay
TYKbIMJIApblHA KapaFaH/a eHYy JOPEkKeCi MEH OHY
JKBIIIAM/IBIFBIHBIH KOFapbl MOH/JIEPI OalKasibl, a
yIKeH (pakumsiaap YIIiH KeKe KOpCeTKIITepAiH
CTaTHCTUKAJBIK TYPFBIIAH alTapibIKTall Hamap-
Jayel Tipkenai. bym kem OarbITTBUTBIK oacOneTTe
CUTIATTAJIFAaH OCIMJIKTEPJIIH MHUKPOILJIACTUKTEPTe
KOHTEKCT-TOYEJI/Ii )KOHE CBI3BIKTHIK €MEC PeaKIlus-
CBIHA YKaKChI COlKec KeJeli, MYH/Ia 8Cep IOIHMep-
IIiH, O6IIIeKTep MOIIICPIHIH, KOHICHTPAIUSHBIH
JKOHE OKCIIO3MIUS KaFJaiIapblHbIH YHIeciMiHe
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OaiimaHpICTBl 0OJaabl, al TOMEH Jo3ajapAa Keine
OeliTapann Hemece 9JICI3 BIHTAJAHIBIPYILBl OCep-
nep 6omysl mymkia (Lozano et al., 2022; Wong &
Taylor, 2025; Zeleznikar et al., 2025).

Beiitapan HoTHXenep ChlHaMa JalbIHIAYIBIH
«CAJIKBIH CY» PEXHUMIHJIE albIHAbI, MYHAA OapiIbIK
[I9T-nycKamapel eHy IOpekeci, OHy >KBULIAMIbI-
FBI )KOHE OHY YHIIeciMIiiri OoibIHIIA Tepic OaKbI-
JayJaH CTaTUCTUKAIBIK MaHBI3Ibl epeKIIeIeHOC .
Bbyn — apanacThpyChI3 CalKbIH 3KCTPAKLUS KE31H-
ne II9T cyra OMONIOTHSUIBIK OENCEeHII 3aTTapabl
aliTapneIkTaii a3 OeNTeHiH, HeMece OChl 3aTTap-
JBIH KYpaMbl apra TYKbIMAAphl YIIiH a3bIpakK, YbIT-
ThI OOJNFaHBIH OOJKayFa MYMKIHAIK Oepeni. Ocep
€Ty CY3UITeH CBIFBIHIBI aPKbUIBI KYPTCHJIKTEH,
CBIFBIH/BI AalbIHJIAy MIAPTTAphl TOJUMEP KOMIIO-
HEHTTEpiHiH OeJCceH i alblIyblHa BIKIANI eTIeCe,
[I2T-TiH €31 MIHAETTI TYyp/le aliKBIH PUTOTOKCHKA-
JIBIK, PEAKINs TYIBIPMaiabIIeIT O0JDKayFa 00IaIbl.
Byn Gomxam oneOueT MepeKTepiMeH COUMKeC Ke-
Jeni, OHJA 9CEPiH IKCIO3HLHUSIBIK OpTaFa JKOHE
TECT XKYWeNnepiH MalbIHAay OJiCTeMEeCiHe KaTThI
toyenmainiri atam etinmeni. (Pu & Seifert, 2026; Qiu
et al., 2024).

Y (akropibl AUCTIEPCHUSIIBIK Tallay ChIFbIH-
Bl TYpiHEH (ChIHaMa JalbIHIAy peknMi) Oacka,
OapibIK YII OMOJOTHSIIBIK KOPCETKIII YIIH CTa-
TUCTUKANBIK MaHb3Abl Qakrop 19T ¢paxnuscei-
HBIH MOJIIEpPl MEH «CBIFBIHIABI TYpi X (Qpakmusi»
e3apa apekerTecyi OosranbH KepcerTi. Kimriripim
OeJmexTepIiH MEHIIIKTI OeTKi ayJaHbl YIKEHIpeK,
COHJIBIKTaH, YJIKeH (hparMeHTTepre KaparaHjaa Ko-
CBUIBICTAPIBIH OOJIiHy KHHETHKAachlHAa Oackalia
acep eTyi MyMmKiH. JleMek, OemmIeKkTepaiH Meie-
PIH OCIMIIKTEPIiH OMOJOTHSIIBIK, KayaObIHBIH He-
ri3ri MoAH(UKaTOpIAPBIHBIH Oipi peTiH/e KapacThl-
pyra 6onaner (X. Li et al., 2023; Y. Li et al., 2024;
Y. Zhang et al., 2025).

0,1-1,0 r/n gmanaszonwsiHgarel [IDT KoHIEHT-
palMsCHl CBIFBIHBI TYpi MeH (ppakiusMeH cajbic-
TBIPFaH/Ia, OHY KbUIJAMJIBIFbIHA /13, OHY YiIIeCiM-
nimirine nie nepOec CTaTUCTHKAIBIK MaHBI3IBI Cep
KOpCeTIe i, all oHy JA9pEeXkKeci YIIiH dcepi TeK e3apa
OpEKETTEeCYJIep KypaMblH/Ia FaHa KepiHii. MyYHBI
TaHJIJIFaH /1032 JUAaNa30HbIHIA HYCKajlap apachlH-
narbl aipipMambibikTap [I19T Memmepimen emec,
TEMIIepaTypaHbIH, apajacThIPyAbIH JXoHEe (Qpak-
Ul MOJIIEpiHiH OepiireH yiieciMiHme Ty3UITeH
CY31HI1 TYpiMEH aHBIKTAJIFaHBIH KOPCETETIH HIaMa
peTiHzme TyciHmipyre Oonambl. OciMIiKTepre MHK-
POTIIACTUKTEPAiH DCepiH 3epTTey OOMBIHIIIA Kacall-
FaH >KyMBICTap/ia JI03aJIbIK ocep KeOiHece, OeHChI-
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3bIK OOJIATBIHBI, ajl KOHIEHTPALMSIAp apachIHAAFbI
alBIPMAIIBUTBIKTAp TUIACTHK TYPiHIH, OemexTep
MOJTIIEPIHIH HEMECe Dcep €Ty KaFIaiTapbIHBIH bIK-
MaJIbIHAH 9JICI3ipeK OONMybl MYMKIH €KEHMIri arar
kepcerineni (Wong & Taylor, 2025; M. Zhang et
al., 2025; Y. Zhang et al., 2025).

Koppensuusisik Tanmay O0ya KOpiHiCTI TONBIK-
THIpaJBl: ©CY KepceTkimrepi mMeH pH apacwiHma
TEpiC KOPPESLUMSIIBIK OalTaHbIC CTaTHCTUKAIBIK
MaHpI3pl MOHre ue Oonapl. Mynaa pH xopiaran
opTa KypaMBIHIAFbl ©3TepicTepAl KOpCeTeTiH XH-
MUSUIBIK, ©3TepicTep/IiH MHTETPaibl KOPCETKIIII pe-
TiH/IE OPEKET €Tyl BIKTUMal. MHUKpOIIaCTUKTEPAIH
(DUTOTOKCUKAJIBIK DcepiiepiHe MIoNTyap, KOpIIaFraH
OpPTaHBbIH KaCHETTepi MEH MIalbUIATBIH 3aTTap]IbIH
KYpPaMbl ©HY MEH OCY/iH aJFalllKbl CAThUIAPBIH aii-
TapIbIKTall e3repTe anarbiHbIH 1a atamn eteal (Khan
et al., 2024; Qiu et al., 2024).

[I9T-nyckanapein CuSO, OH GaKbLIAYbIMEH Ca-
JIBICTBIPY CHIFBIHIBUIAPIBIH O1p O6utiri, ocipece «bic-
TBIK Cy» PEXHMIHAE, KIaCCHUKAIBIK, YBITTHI 3aTThIH
ocepiHe yKcac HeMece OaH Ja alKbIH ocepiep Ty-
JIBIPATBIHBI AHBIKTAIIBL. By o/licTeMEITiK TYPFBIIaH
MaHbI3]1bl, 6iTKeHi, cy3iareH [19T ChIFbIHBLIAPBIH
angblH-a]a dJICi3 CTPeccop pEeTiHIe KapacThIpyFa
00JIMalTHIHBIH KepceTesi. benrimi Oip akcTpakus
JKaFmalapeIHa 0JIap alKbIH OMOJIOTHSIIBIK, JKayarl
KaJIBINITACThIPYFa KaOUIeTTi. Bys ruiacTuk nraibi-
JBUTAPABIH YBITTBUIBIFEI Typalibl 3aMaHayH AepeK-
Tepre colkec KeJei XoHe OeNIEeKTep/IiH YbITTHI
acepiH Hemece (PUIBTPATTHIH YBITTBUIBIFBIH Oipre
KapacTelpy Kaxerrtinirin kepceremi (Y. Li et al.,
2024; Macan et al., 2024).

bizmin 3epTTeyimizne eH ce3iMTalm KepCeTKilr
— OHY YWJICCIMILUTITI OOJIFaHBI epeKIle Ha3ap ayma-
pyFa TypapiaslK. Jucnepcusinbik Tangayaa F-kpu-
TEpUHiHIH MakcuManabl MOHIepi, an pH-nen xop-
PENSLMSUIBIK, Talgayda — €H ThIFbI3 Tepic OaiiaHblc
JI9T OCBhI KOPCETKIII YIIH anbHabl. bym cysinren
[IDT chIFbIHIBUIAPEI €H aJIJILIMEH, OHY/IIH HEeT131H/1e
JKaTKaH (U3HOJIOTHSUIBIK MPOLECTEPAIH CHHXPOH-
JIBUTBIFBIH, CO/MaH KeHiH TYKBIMIAPAbIH TYNKLTIKTI
OMIpIICHIITIH Oy3FaHBIH KepceTemi. OciMaikTep
MEH MHUKPOIIACTUKTEp OOWBIHIIIA JKYPTi31ITreH KY-
MBICTap AaMyJIbIH €pTe Ke3eHIEpi, COHBIH ilIiHje,
OHY KMHETHKAChl MEH 0aCTanKbl OHY KbIIIaMIbIFbI
kebiHece, MmacTMaccanap MeH OJIapbIH MIAWBUTBII
KETETiH KOMIIOHEHTTEPIHEH TYBIHAAUTBIH XUMHS-
JIBIK, CTpeccKe eH ce3imran ekeHiH kepcereni (Khan
etal., 2024; X. Li et al., 2023; Lozano et al., 2022).

Kanmer anranma, 6i37iH 3epTTEYiMI3AiH HOTH-
xenepi «I19T-cy-apna TYKbIMBD) KYyleciHaeri mie-
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nrymi (akrop kaik FaHa MUKPOIUIACTUKTIH OOy
eMecC, CY3UITeH CYyJbl CHIFBIHIBIHBI KAIIBIITACTHIPY
pexxnMi exkeHiH kepceteni. EH Komaiicez acepnep
BICTBIK OKCTpaKIMs Ke3iHAe, apajiblK ocepiep —
HIeHKeperi CaJIKbIH Cy Ke3iHae, all eH >KeH1I ocep-
JIep — apanacThIPyChl3 CAKBIH Cy Ke3iHJe Oaifka-
ne1. byn [19T-TiH uTOTOKCHKANBIK 9cepin Oaranay
KEe31HJIe MOJIMMEP/IiH ©31H/IIK CHITaTTaMaJlapbIH FaHa
eMec, COHBIMEH KaTap CBIFBIHJBI ally JKarJaiaapbiH
Jla eCKepy KaxeT eKeHiH Ourmipeni, eMTKeHi, Ty-
KBIMJIAPFa OCeP €TETiH ePITIHAIHIH XUMUSITBIK, TIPO-
(WITiH 79T colap KAJIBINTACTHIPAJIbI.

KopbIThIHABI

Ocpl 3eprreyae [1DT-MUKpOMIACTUKTIH CY3ii-
TeH CYJIbl CBIFBIHIBUIAPBIHBIH Hordeum vulgare L.
OCIMJIITIHIH epTe OHYy Ke3eHIepiHe DCepiHiH KelleH-
Ii Oaranmaysl Kyprizuimi. TYKBIMIApIbIH MHKPOTI-
JACTUKAIBIK O6JIIeKTePMEH TiKeJel KaHACYbIH
3epTTEUTIH 3epTTeyNEpICH albIPMAIIbUIBIFBI, OYII
TOXIpHOEIK JKyie/ie TYKBIMIAp CY3iJTeH CYJIbI Chl-
FRIHIIBIMEH OHIeN a1, Oy HerizideH, [I9T-ten cymns
(hazara aybICKaH CPUTIH KOMIIOHCHTTEPJIIH OCEPiH
Oaranmayra MYMKIHIIK Oeplii. AJIBIHFaH HOTHXKeEJep
OMOJIOTHSITBIK SCEPAIH alKbIHIIBIFEI — €H aJlABIMEH,
CBHIFBIHJIBIHBI  aJly JKarJIallappIMeH aHBIKTaJIaThI-
HBIH KOPCETTi. Apna TYKbIMIApblHA «BICTHIK CYy»
PEKUMIHIE albIHFaH CBHIFBIHABLIAP €H KOJAHCHI3
acep eTTi, all apajacThIPyChI3 CaJKBIH CY JKar[a-
WBIHIA TalbIHIAFAH CHIFBIHABIIAD €H KEHIT ocep-
MeH cunartanipl. ChlHaMa JalbIHAAY IbIH «CATKBIH
cy+ieliKep» pekuMi apayiblK OPBIHIIBI AJIbl KOHE
acepre JKayanTbhlH YKOFaphl KYOBUIMaJbUIBIFBIMEH
SpEeKITeNeH T, Oy MEXaHHWKAIBIK apalacThIpy Ke-
singeri [1OT-chIFBIHIBIIAD OCEpiHIH KypHemi opi
OipKaKTBI eMec cUnaTbiH Kepcereai. bapnbik 3ept-
TenreH OMONOTHSITBIK KOpCeTKImTep (eHy IapeixKe-
ci, OHY KbUIAM/IBIFBI MEH OHY YHIECIM/ITIT) YIIiH
HeTi3ri (akTopnap CceIFbIHABI any Typi, [19T dpak-
LSICBIHBIH, MOJILIEpi, COHIai-ak oJapiablH e3apa
opekerTecyi Oonapl. bynm apmaHbIH OWOIOTHSIBIK
ayaObl TEK MHKpPOIUIACTHKTIH OOJybIMEH FaHa

eMec, COHbIMEH KaTap, TeMmIepaTypara, apajacTbl-
pyFa xeHe OemmiexTepiH OeTKi aymaHbIHA Oaiina-
HBICTBI CY3UIT€H CyJibl (pa3aHblH KaHIal XUMUSIIBIK
Kypamra ue OOJIaTBIHIBIFBIMCH aHBIKTAJIATHIHBIH
nmenenaeini. [19T-ChIFpIHABUIAPABIH SCEPIHEe OHY
KBITaM/IBIFBl MEH OHY YHJIECIMIIIITI JKOFaphl ce-
3IMTJIIBIK KOPCETETIHI aHBIKTAJIBI, aJT KBl OHY
JIopeskeci Oipkarap arjaaiyiapyia a3plpak Cce3iMTal
OOJBITT KayJbl. Byl MHKpOIIACTHKTEPIIH CYJIIbI
CBIFBIHIBUIAPBIHBIH (PUTOTOKCHKAIIBIK, BCcepiH Oara-
Jay Ke3iHAe OHYIIH KWHETHKAJBIK TapaMeTpiiepiH
aKIapaTThlK KPUTEPUUJICp PETIHIE KapacThIpyFa
MYMKiHIIK Oepeni. IlpakTukanblk TyprblaaH Oyl
eTe MaHbI3ZBI, cebebi, Kanmbl eHy JPpekKeciHiH
opTaima e3repyl ©Hy CHHXPOHIBUIBIFBIHBIH OY3bI-
JybIHA, OIPKENIKI OCKIHIEP/IiH KaJbINTACybIHA Kepi
9CEPIH THUTi3yl MYMKIH.
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Kympic Kazakcran PecnyOnukacel Fpuibim
JKOHE JKOFaphl OiMiM MUHHCTPIIriHiH FpUIbIM KO-
MuTeTI KapkputanasipateiH AP26100125 «In vivo
ChIHAK KYHUETEPIHAe MUKPOIUIACTUKTEPIIH TOTCH-
[UAJIJIbl TEHOTOKCUKAJIBIK KOHE MYTareH]ILTIriH
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KbI3bIAK¥MHbIH, OHTYCTIK LUbIFbIC BOAITIHAEII
BRYONIA MELANOCARPA NABIEV. KATbICbIHAATDI
OCIMAIK KAYBIMAACTbIFbIHbIH, TIPLUIAIK ®OPMACDI

ByA 3epTTey KbI3bIAKYM LIGAIHIH, OHTYCTIK-LWbIFLIC GOAIriHAE 6ceTiH Bryonia melanocarpa Nabiev
TYPiHIH KaTbICybIMEH KAAbINTAaCKAH OCIMAIK KaybIMAACTbIKTApbIHbIH TiplWiAik dopmarapbl MeH
TAaKCOHOMMSIABIK, KypaMblHa >KaH->KakTbl TaAAdy >Kacanabl. Bryonia melanocarpa — KasakcCTaHHbIH
KbI3bIA KiTabblHa €Hri3iAreH CMpeK Ke3AECETIH PEAVKTI TYP, KOHE AAAAAbIK, 3ePTTEYAEP SKOAOTUSIABIK,
XarAarAapbl MEH (PAOPUCTUKAADIK, KAHbIKThIAbIFbI 9PTYPAI YL TAaBUFU MOMYASILMSIAA XKYPri3iAAi

BipiHwi nonyAsums (42.198287/67.792981) 45 Typai KamTuAbl, 0Aap 38 TybIC neH 20 TykpbIMAACKA
Xartaabl. DAopa KypambiHAQ KCEPOUTTI KeHe MncamMModuTTI ecimaikTep 6acbiM, COHAAM-ak,
Chenopodiaceae, Fabaceae, Poaceae »xoHe Brassicaceae TyKbIMAACTapbl >KETEKLli OpPbIH aAaAbl.
ExiHwWi nonyAsums (42.7198286 / 67.779298) 36 TypaeH (28 Tybic, 17 TyKbIMAQC) TYPaAbl; OHAQ UpaH-
TypaHAbIK, (PAOPA IAEMEHTTEPI HACBIM >KBHE TEPODPUTTEP MEH FEMUKPUNTODUTTEPAIH XKOFApbl YAECI
anKkpbIH Garikaraabl, BYA aliMakTbIH aca KypfFak, KAMMATTbIK, aF AaiAapbiHa GeriMAEAYiHIH KepceTKilui
6OAbIN TabblAaAbL. YiiHWi nonyAsums (42.7198287 /67.7792981) 30 TypaeH (28 Tybic, 17 TyKbIMAAC)
TYpaAbl, OHAQ LWBAAIH, KYMAbI 3KoXyreAaepiHe TeH Chenopodiaceae TyKbIMAAChl HETi3ri OpPbIHAbI
MEeAEHeA|.

PayHkmep >kikTeyi GovibiHWA, OGapAbIK, MOMyASUMSIAAPAQ TIPLWIAIK  hopMaapblHbiH, - 6acbiM
GOAIriH TeponTTEp, rEMUKPUNTOUTTED >KBHE XameduTTep Kypanabl — OYA apUATI KOHTUHEHTTIK
Xaraanaapra TeH OeriMAeAreH TonTap. 3epTrey HaTukeAaepi Bryonia melanocarpa kaTbicaTbiH
O6CIMAIK KaybIMAACTbIKTAPbIHbIH €XEeAri PeAUMKTI dAEMEeHTTep MeH Kasipri KypraklWbIAbIKKA TO3IMA|
cpopmanrapabl GipikTipeTiH >koFapbl MaMaHA@HFaH KCepoMopdThbl KelleHAEp ekeHiH kepceTeai. bya
JKYMBIC LLIOAAT aiMaKTapAaFbl 8CIMAIK >KaMbIAFbICbIHbIH AMHAMWKAChIH TYCiHYTre MaHbI3Abl YAEC KOCAAb!
oHe KbI3bIAKYM LWeAiHAeri Bryonia melanocarpa TypiH )8He OHbIH, 0CaA TabuFn MeKeHAEPIH cakTay
KQXKETTIAITIH alKbIHAQNADI.

Ty#in ce3aep: Bryonia melanocarpa, KpI3biAKyM LWeAi, TiplwiAik copmasapsl, Mpan-TypaH
chAaopachbl, NCAMMOMUTTIK BCIMAIKTED XKaMBIAFbIChI, aPUATI IKOXKYNeEAep.

K.Zh. Adilova'", Zh. Koilybayev', A.E. Kusniyeva?, S.A. Mankibaeva'

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
2S.D. Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan
‘e-mail: kulvira75@mail.ru

Life form of the plant community involving Bryonia melanocarpa Nabiev.
in the southeastern part of the Kyzylkum desert

This study provides a comprehensive analysis of the life forms and taxonomic composition of plant
communities involving Bryonia melanocarpa Nabiev in the southeastern part of the Kyzylkum Desert.
Bryonia melanocarpa is a rare relict species listed in the Red Book of Kazakhstan, and field investiga-
tions were conducted across three natural populations differing in ecological conditions and floristic
saturation.

The first population (42.198287 / 67.792981) comprises 45 species belonging to 38 genera and
20 families, characterized by a highly xerophytic and psammophytic vegetation complex dominated
by Chenopodiaceae, Fabaceae, Poaceae, and Brassicaceae. The second population (42.7198286 /
67.779298) includes 36 species (28 genera, 17 families) with a predominance of Irano-Turanian floristic
elements, as well as a high proportion of therophytes and hemicryptophytes indicating adaptation to ex-
treme aridity. The third population (42.7198287 / 67.7792981) contains 30 species from 28 genera and
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K.K. Anninosa xxoHe T.0.

According to Raunkiaer’s system, the dominant life forms across all populations are therophytes,
hemicryptophytes, and chamaephytes — adaptive groups widely associated with arid continental envi-
ronments. The findings demonstrate that plant communities with Bryonia melanocarpa represent highly
specialized xeromorphic complexes combining ancient relict species with modern drought-resistant
forms. This research contributes valuable data for understanding desert vegetation dynamics and high-
lights the importance of conserving Bryonia melanocarpa and its fragile habitats in the Kyzylkum Desert.

Keywords: Bryonia melanocarpa, Kyzylkum Desert, life forms, Irano-Turanian flora, psammophytic
vegetation, arid ecosystems.
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J)Ku3HeHHasi popma pacTUTEAbHOro CO00LLLECTBA C yYaCcTUEM
Bryonia melanocarpa Nabiev. B 10ro-BoctouHoi yactn KbizbIAkyma

AQaHHOE 1CCAeAOBaHME NMPEACTaBASET BCECTOPOHHMI aHAAM3 YKM3HEHHbIX (DOPM M TaKCOHOMMYe-
CKOr0O COCTaBa PacTUTEAbHbIX COOOLLECTB C yuyactuem Bryonia melanocarpa Nabiev B 10ro-BoctouHoi
yactu nycTbiin Kbi3biAKyM. Bryonia melanocarpa sBASI€TCS PEAKMM PEAMKTOBbIM BUAOM, 3aHECEHHbBIM
B KpacHyto kHury KasaxcraHa, 1 NMoAeBble MCCAEAOBaHUS ObIAM MPOBEAEHbI Ha TPEX MPUPOAHBIX MOMy-
ASLMSX, PA3AMYAIOLLMXCH SKOAOTMUYECKMMM YCAOBUSIMM U (PAOPUCTMYUECKMM Pa3HOOBpasmem.

[Mepeasi nonyAsums (42.198287 / 67.792981) BkAouaeTt 45 BUAOB, OTHOCAWMXCS K 38 poaam 1 20
CeMelCTBaM, U XapakTepm3yeTcs BbIpaXKEHHbIM KCEPOMUTHBIM 1 MCAMMOMUTHBIM KOMMAEKCOM pacTu-
TEABHOCTM C AOMUHMPOBaHMem cemericte Chenopodiaceae, Fabaceae, Poaceae v Brassicaceae. Btopas
nonyasums (42.7198286 /67.779298) npeactaBaeHa 36 Braammn (28 poaos, 17 ceMencTs) ¢ npeob-
AAQAAHMEM MPAHO-TYPAHCKUX (PAOPUCTUYECKMX SAEMEHTOB, a Tak)Ke 3HAUYUTEAbHOM AOAei TepoUTOB
M reMUKpUNTO(OUTOB, YTO YKa3blBAET HA aAANTALMIO K 3KCTPEMAAbHO 3aCYLUAMBBLIM YCAOBUSIM. TpeTbs
nonyasums (42.7198287/67.7792981) skatovaeT 30 BUAOB 13 28 pOAOB M 17 CEMEICTB, TAE BEAYLLIMM
cemerncTBom siBastietcst Chenopodiaceae, TMMIMUHOE AASI MECYAHbIX MYCTbIHHBIX SKOCUCTEM.

CoraacHo cucteme PayHkmepa, AOMMHMPYIOWMMK XKM3HEHHbIMW (hOPMaMM BO BCEX MOMYASLMSIX
ABASIOTCSI TEPOUTBI, FeMUKPUNTODUTBI U XaMeUTbl — aAAMTUBHbIE TPYMMbl, XapakTEPHbIe AAS aPUA-
HbIX KOHTMHEHTaAbHbIX PErvoHOB. [MOAyUYeHHble AaHHble CBUAETEAbCTBYIOT, UTO pacTUTEAbHble CO-
obuecTBa ¢ yyactvem Bryonia melanocarpa npeACTaBAsiioT CO60i BbICOKOCMELMAAN3MPOBAHHbIE KCe-
poMopHbIe KOMMAEKCbI, 0ObeANHSIOLLIME APEBHUE PEAMKTOBbIE SAEMEHTbI 1 COBPEMEHHbIE (DOPMbI,
yCTOMuMBbIe K 3acyxe. [1IpoBeAEHHOE MCCAeAOBaHME BHOCUT 3HAUMMbIN BKAQA B MOHMMaHWE AMHAMMKK
MYCTbIHHOM PACTUTEAbHOCTU M MOAYEPKMBAET BaXKHOCTb COXpaHeHusi Bryonia melanocarpa v eé ysa3su-
MbIX MECTOOOMTaHMI B NMYCTbIHE KbI3bIAKYM.

KaroueBbie caroBa: Bryonia melanocarpa, nyctbiHg Kbi3blIAKyM, >KM3HeHHble (hopmbl, MpaHo-TypaH-
ckas pAopa, ncamMmoPUTHas PpaCTUTEABHOCTb, apUAHbIE 3KOCUCTEMbI.

Kipicne

Kp3puikym mesni Celpiiapusi MEH OMyAapHs
©3eH/Iepl apaNbIFbIHIAFPI KE€H ayMaKThl allbIll XKa-
TeIp. OHBIH ayaaHsl 20 MITH TeKTapIaH acabl KOHE
alimMakTarbl mesepain imiaae Texk Kapakymuan (35
MJIH Te€KTap) KeHiH eKiHIi opbIHaa TYp. Kp3bUIKyM
OHIpIHIH Ka3aKCTaHABIK OeJIiri MIeNIiH CONTYCTIK
JKOHE IIBIFBIC CEKTOPJIAPBIH KAaMTH/IbI. KbI3bLIKYM-
HBIH OHTYCTIK aymakTapbl O30ekcran PecrryOom-
KaChIHBIH IIETIHAC OpHAJACKaH, aj OMYyaapus ap-
HACBIH OOWiJIail CO3BUIBIN JKaTKAaH JKIiHIIIKE Oenaey
TypikMmeHcTan aymarbiHa xatajisl. [Llemnnin conryc-
Tik-OaTbic Oemiri KapakanmakcTaHHBIH KypambIHa
kipeai (Toremuratov, 1978). Ocbl )XyMbICTa 3€pT-
tenin oteiprad Kei3puikyM mieminiH Kazakcran ay-
MaFrbIHJIaFbl 0OJIITT CONITYCTIrIHAEe Apall TeHi3IMEH,

aJI OHTYCTIK-0aThIChI MEH IIBIFBICHIH/IA OMYIapHsi-
HBIH TOMEHT1 aFbICBIMEH InekTeceni (Bazarbaeva &
Serekeeva, 2022).

3epTTey HBICAHBIHBIH MO TeorpadusuIbIK ay-
nangapel Caxapa-I'o6u mesai oOnbIckHbIH, MpaH-
Typan 6emine, Contyctik TypaH mpOBHHIMSICHIHBIH
sxoHe [IbIFBICTSHBIIAHD TPOBUHIUSCIIACKIHBIH KY-
paMbIHa Kipemdi, Oy oHbIH Eypa3usHbiH ipl apuaTi
NaHama(ThIK KYPBUIBIMIAPbIHA )KATAThIHBIH KOPCe-
teni (Isaev, 1995).

KBI3BIIKYMHBIH YJIKEH ayJaHbl (DIIOpajbiK
OPTYPAUTIKTIH TIeNyIi GaKkToOpsl OOJBIT TaOBIII-
Maiiael. MyHBI SHIEMU3M/II TaJIay J1a pacTaiIbl:
41 sumem xoHe 11 cyOsumem (Herizinmen Kapa-
KYMFa JIeiiiH Tapanajbl) aHbIKTalFaH, 0y 3,9%-
nel (cyOsHmemai koca ecemnterenae — 4,9%)
Kypaiabl. byn kepcerkim Kapakymra KaTbhICTBI
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kepcetkimTeH (1,3%) enayip xorapsl (Jeffrey,
1969).

KBI3bUTKYMHBIH 3HACMHU3MiH ilIiHapa TayJsbl aii-
MakKTapAbIH (hjopanapbIMEH CalbICTBIPyFa 00JaIbl.
Macenen, Coipnapusi KapaTaysl yiin Oyi KepceT-
ki 9,2%-me1 kypaiiael (Kamenwn, 1990). Amaii-
Jla SHJIEMHKAIBIK, TYBICTAp M1 KE3JECETiH TayJIbl
OHIPIIEP/ICH albIpMAIIbLIBIFEL, KBI3bUIKYMIa MYH-
Jlaid TybICTap 93ipre aHbIKTAJIFaH KOK.

KpI3bUTKYM (PIIOpaChIHBIH TYBICTBIK, OaiiyiaHbIC-
Tapbl Ka3aKCTaHBIK KOHE UpaH-xopacaH (iopaia-
peiMen Oaiikanazs! (Benarba & Belhouala, 2024).

Onipre  Borszczowia, Cornulaca, lIljinia,
Londesia, Kirilovia TysICTapbl, COHIai-aK, OUTHIITI
Bienertia xone Alexandra tyvicrapsl ToH. Salsola
TysicbiHAa 3 3HIeM, Climacoptera TybICHIHAA — 2,
Xylosalsola TybichiHma — 1 SHIOEM aHBIKTAIlFaH
(Kumar et al., 2008).

Fabaceae TykpiMaacs! 71 Typai KaMTHABL, OJap-
IoeiH 42 TYpi Astragalus TybIChIHA KaTajbl, OHBIH
iminge 5 sugem 6ap. MonoTHNTI Smirnowia TybI-
Chl koHe XopacanMmeH opi Mpanmen OaiimaHbIC-
Tapasl kepcereTin Typiaep ToH (Khudaikulova &
Manmudova, n.d.).

Calligonum  tybicel 33 TypMeH Oepin-
TCH, oMapaslH  2-eyi KaTaH  JHAEMUKTEP
(C. squarrosum, C. zakirovii). Ketbip Typnep Ka-
pakym™meH optak. Eremurus, Gagea, Eremostachys,
Paraeremostachys,  Lagochilus,  Psylliostachys,
Scrophularia, Convolvulus, Lappula, Beruniella,
Cleome, Valerianella, Bryonia TyblcTapblHAa Ke-
KenereH sHaemaep Tipkenred (Sakhranavard et al.,
2010).

Conrycrik-6ateic KpI3BITKYMHBIH ©CIMIIK Ka-
MBUTFBICHI JKETKITIKTI JIeHreiie 3epTrenmMered. OHbI
3eprreyae B. A. bypeirunnin, U. Y. I'pannTOBTHIH,
B. II. [IpoGosteiH, K. 3. 3akuposthiH, E. I1. Ko-
posuHHIH, A. M. My3adapostsiH, ®. H. Pycanos-
TBIH €HOCKTEepi MaHBI3/IbI peut aTkapas! (Shomurov,
2011).

Byn aymakTeIiH ¢uiopachl MEH ©CIMIIIK KaMbLI-
FBICHI Typallbl JKHMHaKTairaH wmonimerrep «Kapa-
KaJIMIaKCTaHHBIH YKOFapbI CaThIIaFbl OCIMIIIKTEPIHIH
ansikTaysmsiHga» (O. H. bonmapenxo, 1964) xxone
«O30eKCTaHHBIH OCIMJIIK KaMbBUTFBICBDY (1971,
1973) monorpadwusaceinga kentipinren (Khasanov
etal., 2011).

3epTTey HbICAHIAPBI MEH dicTepi
['eoOoranukaneik, ~cunarramaigap JL.I. Pa-

menckuiaig (1938), A.Il. IllennukoBTeiH (1938),
B.H. Cyxauestoiy (1944), E.M. JlaBpeHKOHBIH
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(1959) omicremenik HYCKAyJIBIKTapblH MaiijanaHa
oTheIpbIT XYprizinai (Ortiqgova & Mahmudov, 2018).

OciMaiK TypJiiepi apachbiHIarbl CaHJBIK KAaThI-
HacTap/ bl (MOJNIIBUIBIFGI, AMBUIFBICHI JKOHE Ke3-
neciMpainiri) ansiktay Apyne xxyiieci OoiibIHIIa KO3-
O0eH mamanay omiciMeH >Kyprizimmi. [IpoexTuBTiK
JKaMBUIFBI | M? KOJIEeMiHJIe CaJIbIHFaH €CeITIK pam-
Kaaa TeKcepiiimn, oHmaa opbip TYpPAiH albIl jKaTKaH
ayJaHbl aHBIKTAIBI. EH TOH TypiepaiH mpoeKus-
CBI apHAWbI OJTaHKIre TYCIpiTin OenriaeH 1.

OcimIikTep caHbl MEH OJapbIH KepycTi Ouo-
MaccaceiH ecenike aiy [l. bpayanasiH (1937) Tpan-
CEeKTIIIK 9/ici OOWBIHIIA KYPTi3inai, Oy ofic men
ecimaikrepine kateicTel H.T. Heuaesa (1957) Tapa-
neiHaH HakThuianraH (Shomurodov & Khasanov,
2014).

Conrycrik-bareic Kpi3buikymaapaa Tipkenrexn
OCIMIIK TYpJEpiHiH JKYHemiK Ti3imi, coHman-ak
OCIMIIKTEp/AiH aTayjapbl MEH OJIapJblH CHHOHHM-
nepi AJL. Taxtamksanaeie (1966) dunorenernka-
TBIK KyHeci OoibiHma, C.K. Yepenanos KypacTsIp-
ran KCPO ¢uopacbina eHri3inreH TOIBIKTHIPYIIAP
MEH e3repicTep >KUHAFBIH €CKepe OTBIPBIN Oepiii
(Karinchayev et al., 2020).

JKyMBICTBIH Heri3ri Matepuanaapbia oi-Papa-
6u aterHgarsl Kaszak ynTTeik yauBepenteTiig (Ka-
3YVY) repbapuii kopnapeinga, KP 9TPM Bboranuka
XKoHE (UTOMHTPOIYKITUS MHCTUTYTHIHIA, O30€Kc-
taH PecryOnukace! FeutbiM akagemusicbinbig, bora-
nuka uHcTuTyThIHAA (TASH) cakranran repOapwmii
MaTepHainapbl Kypaabl. COHBIMEH KaTap dJIEKTPOH-
IIBIK pecypcrap maiganansabl: Plantarium (https:/
www.plantarium.ru/), GBIF (https://www.gbif.org/
ru/), POWO (https://powo.science.kew.org/).

3epTTey HOTHIKeIePi )KaHe 0J1apAbl TANIAY

Ackabak tykeiMaacel (Cucurbitaceae) — HETI-
31HEH IIONTECIH IIBIPMAIFBI 6CIMIIKTEPl, CUPEK
Karaiia Oyranap MeH aramrap/sl KAMTHTBIH KOC-
JKapHaKThl OCIMAIKTEPIiH ipi TYKbIMaAckl. TYyKbIM-
nmac Kypambiaa mamamen 130 Tybic sxone 900-meH
acTaM TYp Kipeni.

Ilepecmynens (Bryonia L.) Tybichl AcKa0ak Ty-
kpiMaackina (Cucurbitaceae L.) xaTajpl.

POWO nepexrepine coiikec, IYHHEKY3iHIE
Bryonia tysicembiy, 13 Typi Oenrinmi. Kazakcran
ayMarbIHa 3 TYpi TapanraH: Bryonia melanocarpa
Nabiev, Bryonia alba L. xone Bryonia dioica Jacq.
(Shuyskaya et al., 2012). OmapasIH imTiHAES FEUTEIMEI
9/leONeTTep/Ic TEOOOTAHUKAIIBIK JKOHE OMOJIOTHSI-
JIBIK, €PEKIIETIIKTEP] TYPFBICHIHAH €H a3 3€PTTEeNreH
TYp — Bryonia melanocarpa Nabiev.



K.OK. Anunosa xoHe T.0.

OnbIH KyaH aliMakTapJarbl TIPIIUTK €Ty JKaf-
nManmapelH Oaranay Kasipri TaHma ©3€KTi FBUIBIMU
MIHAETTEPIiH Oipi OOJBIT TaObLIA B,

3epTTeyiMi3/iiH HEri3ri HeicaHbl — TypkicTaH
oOnbIcbiHAaFEl ballbIpKyM €71l MEKEHIHiH OHTYC-
TiK-0aTBICBIHIA OpHAJNAcKaH KBI3BUIKYM IM6JiHIH
yuackeci. 3eprrey ydackecinin GPS-koopnunarra-
pel: 42.19.7774 : 67.79.2682 (1-cyper).

1-cyper

TaOuru Tapany apeainsl OoibiHIIA TYp OpTanbIK
Eypomna ennepiane — Peceit, Kump, @panmus, Benr-
pust xxoHe bonrapusaa; Opranslk A3us enuepinae —
Toxikcran, TypikmencTan, O36ekctan, Kazakcran,
Keipreiscran, Ilokicran xone Typkusiga; coHmaii-
ak Oacka mreren Memiekertepinae — [lopryramus,
Mapoxkko, YnwsiOputanusi, ®@panuus, Hunepnana,
Pymeraus sxone [IBelimapusaa ke3mece/i.

Bryonia melanocarpa Nabiev mypiniy Oynuesicy3i 60iibiHuwa mapany Kapmacsl

6T 4T 32 BT 4T 34"

WuTpoaykuusananraH aimakrapbiHa banTbik
skaraigaysl ennepi, Kamubopuus, Jlanus, OuHisH-
nus, [aBaiiu, Aiinaxo, Upnanaus, Montana, Hero-
Jxepcn, Hopserus, llIBenwmst, FOTa >xone Barmuar-
TOH JKaTaJIbl.

3eprrey 6apwiceiHaa Bryonia melanocarpa cu-
PeK KezzeceTiH ociMaAiK Typi OOJFaHIBIKTAaH KOHE
Kazakcran aymarbIHIa OFaH KaTBICTHI TOJBIK Tep-

BT 4T

® Janansik celHAMa a1y HYKTeaepi

421048 42050 4215 42054
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Niaktaarak: d Esni,'USGS

{

T T T
6T 4T 48 67 4T 6T 4T 42

OapuiiTik MaTepuanaap OypblH OoJMaraHIIBIKTAaH,
MIETEINIIK AIEKTPOHIBIK TepOapuiiepeH THICTI J1e-
pextep anbikTanasl (1-xecre) (Seregin, 2025).

Bryonia melanocarpa — cupex Ke3leceTiH, pe-
JIMKTI %KOHE Aepiik suaeM Typ, Kasakcranusiy Kpi-
3b0 KiTaObIHA 11 caHaTTarkl MOpTEOEMEH CHTI31ITeH
(2-cyper). byn nmopinik ecimuik reHO(OHATHI Cak-
Tay/la MaHbI3/Ibl POJT ATKAPA/IBL.
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1-kecTe

Kazaxcman aymasvinan manoanean eepbapuiinik yreinepoiy mizimi

Ne Tapaiy ailiMaFrbl xKoHE YKOJIOIUACHL Fep6a.p1./m M(HHaH.f an ABTOpAapBI
yarici KYHI

1 Uapnapanan 2 KM KalllbIKTBIKTaFbl KyMaap TASH 17.04.1981 CagpanueBa, Habuen

2 Onrycrik Kp3buiky™m, Yapaapa coBxo3sl, Kokanbait TASH 28.05.1971 Brenenckuii, Ha6ues
KY/IBIFbI MaHBIHIAFbI KOJIOHUSI
Onrycrik Kpi3puikym. Yapaapa cOBXO3BIHBIH

3 oprausireiHaH 80 KM KalIBIKTHIKTA, KokaHOAH KYIBIFBI TASH 28.05.1971 Amrypmeros, Hopmaros
MaHBIH/IAFbI KOJIOHHS
Onryctik Kp3puikym. CoBX03 OpTalIbIFbIHAH OHTYCTIK-

4 Oarpicka Kapait 90 kv, Kykan6aii KyIbIFbI MAaHBIHIAFbI TASH 27.05.1971 Anrypmeros, Hopmaros
KOJIOHUSI
Onrycrik Kp3puikym. CoBX03 OpTaJIbIFbIHAH OHTYCTIK-

5  Oarbicka Kapaii 80—85 kM, KyKkTacKyAbIK MaHBIHIAFbI TASH 29.05.1971 Amrypmeros, Hopmaros
KOJIOHUSI

6 Kpi3puikym, Jlexell sxone balimypart enji MeKeHIepiHiH MW 15.04.1986 M.T. Ilumenos, E.B. Kiroiixos,
apaJIbIFbl M.I". Bacunbesa, C. Menubaes

7 Apwic, Typricran enipi, Kasaxcran (GPS: 42.19.7774 AA 28.04.2025  Ammiosa KJK., U6parnmos T.C.

:67.79.2682)

OCiIMIIK — KOIDKBULABIK JIMaHA TOPI3Al IIenTe-
ciH ecimik. TaMbIpbl KyaTThl, KbICKa TapMaKTaj-
FaH, Y3bIHABIFEL 75 cM-Te, KyaHapirbl 15-30 cm-re
JIEHIH J)KeTe I, caaMarsl 27 Kr-ra neiin 6omaaer. Ta-
MBIp MOWHBIHAH Y3BIHIBIFEI 2—4 M-Te JeHiH JKeTe-
TiH, 0acKa ecimMiKTepre LtiHyre OeiimMaenrex 25-ke
neiin cabak Ty3ineai. CabakTapbl KOrm CaH/Ibl, KbIp-
JIbI, CUPEK KBLIIIBIKTHI,

JKanbipakTapsl 0ecOYpBIIITHI MITiHAL, TEPEH Ti-
JIMJICIITECH; JKOFAPFhI YKalbIPaKTaphbl YCaK, OPTaHFbI
0e1iMi CO3BUTBIHKBL. ATAalBIK TYJIEpi KbICKA TYJ-
carakTapjia OpHaJIacajbl, KYJITECI JKaChLIIay-Caphl
TYCTi, THIFBI3 0€3/1i TYKTePMEH KanTairaH. TeMeHri
T'YJIIOFBIPIapbIH/IA ATalbIK TYJIEP, OPTaHFbl 0eTi-
TiH/Ie KOCKBIHBICTHI TYJIAEP, all )KOFAPFbI OOiriHae
aHAJIBIK TYJIJIep opHanacaabl. JKewmici — map Topis-
I, *KachuiIay-Kapa TYCTi )uJeK. TYKbIM apKbUIbI
keOeiieni. ['ynaeHyi MaMblp—MaychiM ainapbiHaa,
KEMICTeHY1 MayChIM—IIIiJI/Ie allapblHAA KYPEIi.

Ocimaik Keieuikym meminae (Ceipnapust e3e-
Hi MaHbI), Alilapken MaHBIHAAFBl KyMJap/a jkoHe
[apnapa enipinae kesaecemi. Kaszakcranma Kpi-
3puTOpaa 00IBICKIHBIH Apai, Kazamer, KapMakiiesr,
Kanaram, Illueni »xone >KaHakopraH aymakTa-
peiHAa TapanraH. ©30exkcranaa Hayaum xone XKu-
3aK oOusbIcTapbiHIa Ke3neceni (3-cyper). Herizinen
CeKCeylT MEH JKY3TiH eceTiH OeKireH Kymjaapiaa
Tipminik ereni. Jopimik muKi3aT peTiHae ecimMaik-
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Ti TAMBIPBIMEH Ka3bIl ally calJapblHAH TOMYJISIINsS
CaHbI a3a0/1a.

Boranukansik O1TIMHIH JaMybIMEH ©CIMITIKTEP-
JUH TIpIIUTK (opMaiapblH KyHeJIeyaiH MaHbBI3bI
aptThl. Ka3zipri FeuisiMu oebuerrepae ociMaikrep-
JUH TIpUIiaiK (GopManapelH cUNATTayAblH OipHele
HETi3Tri TOCUI aXbIpaTbuiafbl: (HU3NOHOMUSIIBIK
(Humboldt, 1806; Kerner, 1863), OuOJOTHsIBIK-
mopdonorusibik, (De Candolle, 1818), 6uomnorus-
JIBIK-9KOJIOT HSITBIK-(DU3HOTIOT HSLITBIK (Warming,
1896; Raunkiaer, 1905, 1918) xone 3amopdThiK
(Warming, 1896; Krause, 1891) GarbiTTap.

OU3MOHOMUSIIBIK, TOCUIE TIpIILTIK (opmaa-
PBIH CUIIATTAYAbIH HETI31HEe OCIMIIKTEP/IIH TeK ChIPT-
Kbl OCiHEC] albIHCa, OUONOTHSITBIK-MOP(OJIOT USITBIK
MPUHIUITE OCIMIIIKTIH TIPUILTIK Y3aKThIFbL, cabaKTa-
PBl MEH OPKEHJIEPIHIH CYPEKTEHY CHIIAThI JKOHE T.0.
MaHbI3/[bl OMOJIOTHSUIBIK, €PEKIIICTIKTEPl eCKepiIeIi.
Tiprminmik  GopManapblH  OHONOTHSITBIK-IKOJIOTHSI-
JIBIK-(DU3HUOJIOTHSIJIBIK, TIPUHITAIT OOWBIHIIIA JKIKTEY/IE
HETi3ri Oenriiepre eCiMIIKTIH MEKEH €Ty OPTaChIHbIH
CHUIIATBI, TIPLILUTIK KE3SHIHIH Y3aKThIFbI, OPKSHICPIH
JlaMy WK, KeOero oHe KOPEeKTeHY Tociiepi xKa-
Tajbpl. ATalFaH JKydenepre erKer-TerKeun Tanuay
B.H. T'omy6oB (1962), B.A. Kemnep (1938), M.B.
CenstnnnoBa-Kopuaruna (1949), N.I'. CepebpsikoB
(1954) xoHe Oacka 3epTTeylIlIepAiH eHOeKTepiHae
kenripinren (Rozikova et al., 2020).



K.OK. Anunosa xoHe T.0.

2-cypet
Bryonia melanocarpa Nabiev mypininy monwix cabumycuol

KbI3bUIKYMHBIH OHTYCTIK-IIBIFBIC OOJIIriHIETr
OCIMJIIK ’KaMBUIFBICBIHBIH Ka3ipri jKaFIaiblHa JKal-
bl CHUIIATTaMa Oepy YIIH eCIMIAIKTePiH TIpIILUIiK
(hopmanapeiH, onapablH TaOUFU SKaFdaiarbl ecyi
MEH JIaMy Y3aKTBIFbIH OLTy KaKeT.

O3 3epTTey MaTepualapbIMbI3Ibl OasHIayFa
Kipicriec OYpbIH, TIpPIIUIK hopMasiapbl Typajibl He-
Ti3r1 TYXKBIPBIMIAPFa TOKTATANBIK,

OcimaikTep i Tipuitik Gpopmanapei H.T. He-
yaeBa (1957), E.M. Paukosckas (1957) xeHe T.0.
3eprrereH. Opra Asus MeH KasakcraHHBIH IO
aliMarbIHIAFbl OCIMAIKTEPIiH TIPIIUTIK opMazapsl
E.I1. Koposun (1935), A.B. IIpo3oposckuii (1936,
1940), A.b. beixos (1949), JL.LE. Pomun (1961),
M.I'. PycramoB (1962), B.A. bypeirua (1963),
K.3. 3akupo (1955), W.U. I'panuro (1964),
H.T. HeuaeBa (1957) »xoHe Oacka FajbIMIapbIH
eHOekrepinae cunarrairad (Voronin et al., 2019).

3epTTein OThIPFaH ayMaKThIH ©CIMIIK KaMbLI-
FBICHI alKbIH «IIOJJIIK» CHUIATKA We OOJIFaH[IBIK-
TaH, 6CIMIIKTEp/ Il TIpLILTK (opMasiapbl OOHBIHIIA
cunarray ywid H.T. HeuaeBa (1957) ychinran bIK-
HaMJIaJIFaH KyHeHi naiiiananyra 0osabl.

JKyprisinren 3eprreysiep OapbichiHia Bryonia
melanocarpa Nabiev TYpiHIH YII HOMYJISILMSACHI
AHBIKTAIIJIBI.

l-nonymsimmss (GPS:  42.198287/67.792981).
KPBI3BUTKYMHBIH OHTYCTIK ayJaHIapbiHbIH (Iopa-
CBhI KCePO(UTTEHYIIH JKOFaphl JOPEKECIMEH, Il
JKOHE IIeJICUT TYpJEpIHIH eaoyip YJECIMEeH, COH-
naii-ak, aymakThiH Caxapa—['o0u e oOibicbIHA
skoHe Mpan—Typan imiki 00JIbIChIHA JKaTyblHA Oaii-
JIAHBICTBI KAJBINITACKAH O31HJIK epeKIIeTiKTepiMeH
CHITATTaJaIbI.

Aiimak  ¢uopacel HerizineH Wpan—TypaHabik
cunarka ue, 0ys Typan xoHe Opraibik A3us apeai-
JlapbIHa KATATBIH TYPIACPAiH 6achiM O0JTyBIMEH pac-
Tanaabl. ['eorpadusiblk dIEMEHTTEp apachiHia Ke-
JIeCi TONTap epeKIneIeHe i

Hpas—TypanablK TypJiep — €H Kell CaH/bl Ka-
teropus. Onapra Astragalus, Ferula, Haloxylon,
Suaeda TybICTapbIHBIH ©KiIAEpi xaraapl. Conryc-
TIK )OHE OHTYCTIK TypaHIbIK TONTAp KyMJIbI LIOJI-
Jiepre TOH TypJiiepieH Typajabl. JKepopTaTeHi3mik
TYpJIEp HETi31HEH apaMIIeNTiK XOHE Maja3bIKTHIK
OIPXKBLIIBIK ©CIMIIKTEPMEH YCbiHbUTFaH. Kocmorio-
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JIMTTIK JKOHE TONAPKTHUKAJIBIK TYPJIEp CUPEK Ke3ze-
ceqti JkoHe (IIOPaHBIH KOCAJTKBI JEMEHTIH Kypaii-
1bl, Mbicaibl, Chenopodium album xone Plantago
indica.

OcCIMIiK KaMBUIFBICBIHBIH KYPBUIBIMBIHAA T€-
MUKpUOTOMUTTEp, XaMepHUTTEp XKoHE TepodurTep
OaceiM. bByn eciMaikTepaiH aca KyaH >KaFaiiapra,
JKOFapbl KYH paJHallMsAChIHA JKOHE TOYJIKTIK TEM-
nepaTypaHblH KYPT aybITKybIHa OeHiMIenyiH Kep-
ceTei.

Bipinmn nonyssiuusHBIH AepeKTepi OoWbIHIIA
(hmopa xypampraan 20 TYKeIMIacKa koHE 38 TybIC-
Ka JKaTaThlH 45 6CIMJIIK TYpi aHBIKTAIIJIBL.

JKubIHTBIK AepekrTepre coiikec (IOpaHbIH TaK-
COHOMUSUIBIK OalJIBIFBI MEH JKalIbl KYPBUIBIMBI
KPBI3BbUTKYMHBIH OHTYCTIK ayMaKTapbIHbIH (HI0packl
30-maH actaM TYKBIMJIACTBIH OKUIJIEPiH jk0HE Oip-
KBUIIBIK, d(heMeprep/ieH KOIKbUIIBIK OyTanap MeH
aramirapra ACHiHT1 ©CIMAIK TYPJIEpiHiH KEH CIIEKT-
PIH KAMTUTBIHBIH KOpCeTe/Il.

Typ canbl OoHbIHIIA )KETEKIII TYKbIMAACTAp-
ra mpiHanap xatanabli: Chenopodiaceae (33,3%) —
16J1 ©CIMAIKTEeP1 )KaMBUIFBICBIHBIH HET13T1 KYPBI-
JIBIM TY3YIIUIEPi, OJTapABIH KYpaMbIHaa Anabasis,
Salsola, Atriplex, Haloxylon, Suaeda typicTapst
0ap; Fabaceae (13,3%) — menmik eciMIikTepaiy
Kem caHabl TOOBI, OHBIH KypaMmbiHAa Psoralea
drupacea, Astragalus alopecias, Astragalus
globiceps xe3neceni; Apiaceae (8,8%), connaii-
ak Brassicaceae, Caryophyllaceae, Poaceae Ty-
KpIMAacTapsl 3demepiep, 3peMepouaTap xoHe
Kcepo(UTTEPAIH CaH ajdyaH TONTAapbIMEH CHUIIAT-
Tagajbl.

TakcoHoMUSUTBIK, KYPBUTEIM Typan 1men dopa-
ChIHA TOH Oeirinepli KepceTeai: exXemri peluKTi-
JIK (popManapasiH, MeIcanbl, Ephedra lomatolepis,
KOHE Kasipri KaFjaiyapra jKOFapbl Jopexkene Oe-
HiMIENTeH KcepopUTTepiH, Mbicanbl, Haloxylon
persicum xoue Anabasis eriopoda, Katap xe3aecyi
OaifKamaspl.

BromMopoorusIIbIK  CIEKTp JKOHE OCIMJIIK-
TepJiH TIpHIUTK (opMalapblHBIH OeHiMaeny cCT-
parerusiapsl alMakTBIH 3KOJOTHSUIIBIK EpeKIle-
JMKTEpIMEH aHBIKTaNabl. 3EpTTENiN  OTBIPFaH
(bopana OIpXKBUIABIK OCIMIIKTEp 0achkiM OOJIBIM,
TYPJTIK OAWIIBIKTBIH JKapTHICBIHA JKYBIFBIH KYpaiIbl.
By kexTeMri KbICKa Mep3iMJIi bUTFAIJIAHY JKaF[aii-
nmapeiHa Oeiimaented Typiep: Roemeria hybrida,
Ceratocephalus  falcatus, Chenopodium album,
Alyssum desertorum xone T.0. byn Ton dutoreHos-
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JapAblH MayChIMJIBIK, JWHAMHKACBIHAA MaHBI3IbI
poI aTKapajbl.

I'emukpuntopurrep  (KOIDKBUIABIK, — ILIOITE-
CiH ecIMIiKTep) — aHapy OYPIIIKTEepiH TOIMBIPaK
JICHreHiHAEe CaKTaWThIH, KU1 KE3JCCETIH KOIIKbLI-
IeIK ecimaikrep. Onmapra Potentilla supina, Ferula
foetida, Astragalus alopecias wxatagpl. [lon ocwl
oCIMIIKTEep OCIMIIK KaybIMIACTHIKTAPBIHBIH Y3aK
Mep3iM/Ii TYPAKTBUIBIFBIH KAMTaMachl3 €Te/I.

Xamedurrep meH Hanodanepopurrep — Kpi-
3BUIKYMHBIH OHTYCTIK OeiriHJeri ociM/IiK KelleH-
JIepiHiH HETI3iH KYpalTBIH KapThidail OyTambIK-
tap MeH Oyrtanap. Onapra Calligonum, Anabasis,
Salsola, Krascheninnikovia, Haloxylon persicum
TYBICTApBIHBIH OKiJJepi *Karaapl. byn ecimuikrep
KyaTThl TaMbIp XyheciMeH, OymaHynbl OapbIHIIA
a3alTyMeH, Ty3Fa TO3IMIUIIrMEH KoHE )KbUDKbIMA-
JIBI KyMAap/a TipIIUTiK €Ty KaOlIeTIMEeH epeKIIerne-
He.

Exiami monynsmusaee, (GPS: 42.7198286 /
67.779298) KpI3bIIKYMHBIH OHTYCTIK OeJiriHaeri
(bnopacer Mpan—Typan meni oOJBICEIHA YKAaTa bl
JKOHE KOFaphl KCEPOMOP(THUIBIFBIMEH, aKBbIH KYP-
FAKIIBUTBIKKA TO3IMIUTITIMEH, CYPEKTI OCIMIIKTEep-
JIiH CHPEKTIriMeH, coOHJai-aK KcepouTTi OyTanap,
KapTeiail OyTanmap skoHe ddeMepiiK OipKBIIIbIK
ociMIIKTepaiH OachkiM OOJybIMEH CHIIATTAIabl.
AJBIHFaH JIEpeKTepre COMKec, OChI MOMYJIISIHS ay-
MaFrbIHBIH ¢uiopacsiHan Magnoliophyta ToObIHA Ka-
TaThiH 17 TYKbIMAAcC TeH 28 TybICKa OipiKTipiiaTeH
36 ecimzik Typi aHbIKTabl. ONapaslH KypambIHIa
KOCKApHAKTHl KOHE JapakapHaKThl ©CIMIIKTEp
Oap.

byn aiimak EypasusubsiH apunri (iopachiHbIH
¢uroreorpausIIBIK OPTAIBIKTAPBIHBIH Oipi peTiHae
CHTIATTaNabl, COHABIKTAH OCIMIIK TYypJiepiHiH Oa-
CBIM OOJIITIHJIC e XKaFJaiblHAa Y3aK YaKbIT OOWBI
JKYPIIT KEJITEH ABOIOIUSIIBIK, YAepicTepMeH Oaita-
HBICTBI €KelTi OeiiMaeny Oenrinepi caKTanraH.

Kp3puikym mesniHig ¢uopackl apuaTi KIuMaT-
TBIH, )KOFapbl TEMIIEPATyPaHbIH KOHE TOIBIPAK, bljI-
FaJIBIHBIH TaIIBUILIFBIHBIH OCEPIHEH KAIBIIITACA B
CoHIBIKTaH MYH/IAFbI OCIMIIKTEPIiH TipIIiTiK Gop-
MaJIapbl IEKTEeH ThIC KyaH JKaFIaiiapra y3aK yaKbIT
0OMBI OeiiMIIeITyIIH HOTHKECT OOJIBITT TaObLIAIBI.

3eprTenin oTeIpraH uropaaa Keaeci reorpadus-
JIBIK, AJIEMEHTTEP akpIparbiiansl: Upan—TypaHabik,
Typan osuuemukrepi, Typan—Opranbika3 HAIBIK,
XKepoprarenizzix, [laneapkrukansik sxone Kapare-
Hi3—Kazakcrauasik Typiep (3-cyper).
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3-cyper

Onmycmik Kpi3vlikym guopaceinsiy ceoepagpusanvik snemenmmepi

OurycTik Kpi3blikyM driopackiHbIH, reorpadmsuibiK 21eMeHTTepi

Hpan-Typan

55.0%

Typan sunemMukTepi

Paynkuep ecimaikrepniH Tipurimik ¢opmana-
PBIH jKaHapy OYpIUIIKTEPiHIH OpHANIaCy KardaibrHa
Kapail xkikreini. KpI3pimkym QuopacbiHma Herizi-
HEH KeJIeci TonTap Ke3/1eceIi.

Tepodurrep (40—45%) — GIPKBULIABIK, 6CIMJTIK-
tep. Omapra Delphinium songaricum, Holosteum
polygamum, Alyssum desertorum, A. heterotrichum,
Paracaryum bungei, Rochelia retorta, Cousinia
erectispina, Eremopyrum triticeum xatajapl. byn
OCIMJIIKTEp epTe KOKTEMT] KaChlT a3bIKTHIH KaJIbIII-
TacybIHA YKOHE TOMBIPAKTAFBl TYKBIM KOPBIHBIH TO-
JBIKTHIPBUTYBIHA BIKIIAN ST/,

I'emuxpuntodurrep (45%) — xaHapy Oyp-
IIKTepi TOMBIPAK OETiHEe J>KaKblH OpHATACATHIH
KOIDKBUIIBIK ~ ecimaikTep. Omapra  Ranunculus
pinnatisectus, Anabasis salsa, A. eriopoda, Rheum
nanum, Artemisia turanica, A. terrae-albae,
Nepeta micrantha, Eremostachys paniculata, Stipa
sareptana, Allium deserticolum xartanpl.

By ecimaix Typiepi y3bIH TaMmbIp Kyleci MeH
JKarbIpaKTapbIHBIH KCEPOMOPQTHIK KYPBUTBIMBIHBIH
apKachlHJIa KYPFAKIIbUIBIK KaFIaiiapblHa KaKChl
oeitimuenred. Onap 6CIMJIIK >KaMBbUIFBICBIHBIH TY-
PaKTBUIBIFBIH KaMTaMachl3 €Telli, KyMIapasl OeKi-
TEJIl )KOHE KAMBUTBIMJIAP IbIH 6CIMJIIK KaMbLIFbICHI-
HBIH HET131H KaJIbIITaCThIPAIbI.

Tonrap
Hpan-Typan
M TypaH SHICMHKTEP
B Typan- Opraine Asis
M Eepopra Tewisi
B Taeapecrika/Tana

Haneapxruka//lana

Kepopra tewisi

Typan—-Opranek Asus

danepodurrep (10%) — OyTayiap MeH OyTallIbIK-
tap. Omapra Calligonum sguarrosum, C. kyzylkumi,
Tamarix ramosissima >xoHe imiHapa (anepodur-
Tepre KakblH Astragalus macrocladus xatanpl.

Xamedurrep (3—5%) — anaca OoWBI KapThIIAN
oyrambikrap. bynm tonka Astragalus macrocladus
JKOHE KeHOip Artemisia Typiaepi skaTajpl.

I'eopurrep (3pemepounrap — 3%) — Poa
bulbosa tuntik 3demepoun, an Gagea parva —
MUSI3UIBIKTH TEO(HUT.

Ocplnaiiiia, 3epTTeireH ¢uopa ipi KyMJIbl a-
KanTapra ToH KCepo-TaJo-TIcCaMMO(QUTTIK KemleH i
Kypaiasbl.

Ymriami momynsius (GPS: 42.7198287 /
67.7792981) 3eprrenren yuackeciniy ¢uopacsl OH-
tyctik Kazakcran men OpTanbiK A3WSHBIH MO
nangmadTTapbiHa ToH Typanasik—paHabsik apuari
(ropanbIK KeleHre )kaTtabl. AJIBIHFaH JepeKTepre
colKec, OChI TOMYJISIUS ayMarbIHbIH (hJI0pachIiH/Ia
28 TybIc TIeH 17 TyKbIMIacKa >KaTaThIH YKaOBIKTY-
KBIM/TbI ©CiMITIKTep iH 30 Typi TipKeIi.

®nopa KypaMblHaH 17 TYKbIMJAC aHBIKTal-
Jel. OnapJplH  apakaThIHACKL 11161 (PJIOPACHIHBIH
O3IH/IIK epekmenrin kepceremi. Typiik Kypambl
OolibiHINIA €H 0all TYKbIMJAC — II6J OCIMIIKTepi
YKaMBUIFBICBIHBIH HETi3T1 JOMUHAHTTApBIHBIH Oipi
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Chenopodiaceae, onblH Kypambiana 7 Typ (23,3%)
6ap: Chenopodium, Atriplex, Corispermum, Salsola,
Anabasis, Haloxylon tybictapbl. Brassicaceae Ty-
KeiMaacel 3 typmeH (10%) ycwinbuTFan: Isatis,
Leptaleum, Cardaria. Byn TykpiMaacTa Oip>KbUIJIBIK,
acemepnep Oaceim. Polygonaceae (Calligonum,
Rheum), Fabaceae (Astragalus flexus, A. filicaulis),
Boraginaceae (Heliotropium, Myosotis) xoHe
Plantaginaceae (Plantago tenuiflora, P. indica) Ty-
KbIM/IaCTapPBIHBIH OPKAWCHICBhIHAA 2 TypAcH (6,6%)
AHBIKTAJI/IBI.

Paynxuep >xyiieci OoifbIHIIa TangaHran (iopa-
Jla KeJleci TIpUIIiK popManapsl aHbIKTaJabI.

4-cyper

Tepodurrep (45%) — Chenopodium album,
Salsola australis, Isatis minima, Leptaleum
filifolium, Astragalus filicaulis, Galium aparine,
Myosotis sparsiflora, Plantago tenuiflora, Plantago
indica, Thuspeinantha persica.

I'emukpuntopurrep (35%) —  Arenaria
asiatica, Atriplex cana, Anabasis aphylla, Rheum
turkestanicum, Euphorbia seguieriana, Astragalus
flexus, Heliotropium argusioides, Cistanche flava,
Inula sabuletorum, Allium sabulosum.

Auaca OOMIIBI XKapTbulail OyTambIKTap — Xame-
durrep (5%): Corispermum papillosum, Salsola
arbuscula (4-cyper).

Dnopanvix depekmep dHcublHmMblebIHOGRLL MIpWiNiK Gopmanapuvinsly Paynkuep cyiieci 60iibinua

mapanybvl

Onryetik Kbi3blikyM duiopackiHbIH reorpadmsiibiK 21eMeHTTepi

Hpan-Typan

55.0%

Typan snnemuxrepi

KpB3BUIKYMHBIH OHTYCTIK OeIiriHae »Kypri3ii-
reH reoOOTaHUKAJBIK 3epTTeyJiep OapbhIChIHAA YIII
MOMYJISAIUSHBIH  (DUTOICHOTUKAJIBIK CHUITATTAMACHI
Herizinae Bryonia melanocarpa Nabiev Typi ke3se-
CeTiH 25 ra ayMaKThIH Kbl (IOPAIbIK CHITATTA-
MachI KacaJijibl.

Herisri ecimuik TypiepiHiH Tipmiitik ¢op-
Manapbl OOWBIHINIA TONTAapFa OeIliHy CHIAThl
TOMEHIET1aei.

Aramrrap. 3epTTeNin OThIPFaH ayMaKTa KepycTi
MYIIIEIepiHiH MlliHi MEH KyaTTBUIBIFbI, COHIAN-aK
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Tonrap
Hpan-Typan
B Typan auieMuKrepi
B Typan-OpTatsk AsHa
B Eepopra redisi
M Taneapxrasa/Tana

[Maneapkruxa/llana

Kepopra Tenisi

Typan-Opransk Ains

ocCilm-eHy JKarjaiapsl OOWBIHINA EpeKIIeNICHEeTiH
araimTap/bIH €Ki TOOBI allKbIH a)KbIPAThLIA b
Bipinmn tonka Amynapus aHFapbIHBIH, Ka3ip-
Il aTbipaybl MEH YKaWbUIMACBIHBIH ME30KCEpOpHT-
Ti TOFaliJapelHAa ©CeTiH Typiep xaraabl: Salix,
Populus, FElaeagnus turcomanica, E. orientalis.
Omnap, oaerTe, MHTPA30HAIBIK OCIMIIKTEp OOJIBII
TaObLIa bl )KOHE OJIap IbIH Tipiuiiairi Ceipaapus e3e-
HiHIH Cy aFbIHBI PEeXXUMIiHE TiKeJIel OaillaHBICTHI.
ExiHII TONTHI MOJAIH KyaH TONBIPAKTHIK-KIIH-
MAaTTBIK, KaFJaiiapbiHa OeiMIenTeH anaca OOMITbI
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men aramrapbl Kypainel. byn Tonka Haloxylon
persicum, H. aphyllum, Ammodendron conollyi,
A. karelinii, A. longiacemosum, Calligonum
eriopdium, C. acanthopterum, C. arborescens Typ-
nepi xartaapl. OnapablH 0achbM KOIIIIIIr caMMo-
¢butTep 6ombin TadbUTanEL. Tek exi Typ — H. aphyllum
COPTaHJbI JKOHE TUIICTEHIeH TONbIpaKTapaa eceli.
[lenmix aramrapaplH McaMMOGHUTTIK (hopMaIapbi-
HBIH IIIHJE KYSHCYHEKTEp JaMbIFaH OOpIBUIIAK
KyMIapaa, ajx >KY3TiHAep OYIBIPIBI JKOHE JKaJIbI
KyMJapJia eceli; 91 OChIHAAN Karnaiiapaa mnap-
CBHI CEeKCeyui e Ke3aecemi. ATalFaH araml Typiepi
mres1 JaHamadTapelHbIH dAU(UKATOpIApEl OOJIBIT
TaOBLUIAEL.

Byramap KeH SKOJOTHUSIBIK JUANa30HBIMCH
epekmeneneni. OnapaelH apacklHAa Me30pUTTEp,
ncaMMoUTTEp kOHE Tanopurrep Kesnecemi. MpI-
caiel, Xy3riamep ToOwHma Calligonum junceum
TUNTIK TUIICOPUT OOJBIN TAOBLIAABI, a1 KaJFaH
TYpJiep HeETi3iHeH mcaMMOoQUuTTepre katambl. by-
JIBIPJIBI KOHE JKAJJIBI KYMJIAp/blH OCTKeiIepi MeH
KOTEpiHKI OeiKTepiHae >Kui KE3IECEeTiH Typiep-
IiiH Oipi — KeBFBUIT KY3TiH Calligonum rubens, on
TaMbIpcabak apKbIIBI KeOeweTiH Oyra OOmbI Ta-
ObLIabl. bapiibiK JKY3TiHIEP CUSKTHI, OHBIH Jia TO-
MBIPAKKA TEPEH CHETIH JKOHE THIFBIHJIBI )KAOBIHMEH
KOpFaJIFaH KyaTThl KOCAJIKbI TaMbIpiiapsl 0ap. by
SPEKITEITK OCIMIIKKE KEJTIH dcepiHe TOTe 0epyre
JKOHE BPTYPIIl KYMJIbI MEKEH €Ty OpTaJIapblHa 6Cy-
re MYMKIHIIK Oepeni.

ChelpiapusiHbIH ~ OpTa  arbichiHaa  Tamarix
pentandra, T. elongata, T. florida, T. hispida Typ-
JIEpiHEH TYPAaThIH OyTallbl TOFaiyIap TapanraH. Tun-
TiK OyTaibl TaToPUTTEPIiH IITiHEH KapabapakTs
(Halostachys belangeriana) atan etyre 60aaibl.

ByrampikTap 3epTTeNin OTBIpFaH ayMakTa Oap
Oonranbl 4 TYpMeH yebIHbUIFaH: Suaeda physophora,
Kalidium caspium, Ephedra distachya, Astragalus
willissimus. Onap 9KOJIIOTHSIIBIK, TYPFbIIAH OPKEJIKI.
Bipiami Typ rumcopuT-icaMMopUTTEpre KaTabl,
aJl eKiHII1 )KOHE YIIiHII TYpJIep TaCThI-THIICTi, KyM-
JAKTaHFaH MEKEH €Ty OpTaJapblHJla ©CETiH THIICO-
¢urrep Oomnbin TaObLIanbl. Bosuteln TIeH acTparai
KCH TapayIFaH >kKoHe O0apIbIK JKepAe IepIliK Ke3mece-
i, TeK OEKIMEreH JKbUIKBIMAJIBI KYM/ap/a, TaKbIp-
Japaa JKoHE copTaHaapha kesjecneimi. Ephedra
distachya conTyCTiK jKaraJiayJiblK aiiMaKKa ToH, al
OHTYCTIK ayJaHAapaa CUPEK Ke3/Iece]Ii.

Kaprputait Oyranap. OciMaiK KaMbUIFBICBIHAA
X)apTeutaii OyramapasiH 30 Typi ke3decenmi, omap-
IOblH 5 Typi saucukaTopiaap OONbIl TaObLIAIBL:
Halocnemum strobilaceum, Salsola microphylla,
Kalidium capsicum, Anabasis aphylla xoue T.0.

OnapaplH aymakTa Tapaily cunatel Oip-OipiHeH
epekieneHe . Mpicalibl, KaparaH opTalia Jopexe-
Je ranoUTTIK KoHe Me30(UTTIK KaCHeTTepre He.

JKapTeimait  OyrambIkTap 3€pTTENTCH ayMak-
Ta Keyeci 3MUPUKATOp TYPICPMEH YCHIHBLUIFAH:
Artemisia terrae-albae, Anabasis salsa, Convolvulus
hammadae, Suaeda physophora.

IlerreciH oHE KOIDKBUIIBIK ©CIMIIKTep. by
tort 90 TypaeH Typassl, oHbIH imiHzae 50 Typi y3ak
yaKpIT BeTeTallMsIaHATBIH OCIMIIKTEep, 25 Typi
ademepouaTap xoHe 15 Typi EKLKBUIIBIK ©CiM-
IiKTep. Y3aK BeTeTalMsUIaHATHIH IIONTECIH OCiM-
JUKTEpIiH IMnHIe KyMAbl aJKanTap eCiMIK Ka-
MBUTFBICBIHBIH dIU(GUKATOPIIApel peTiHae Aristida
karelinii, Ceratoides eversmanniana, Heliotropium
arguzioides, Carex physodes, Ferula assa-foetida
epeKILeICHE .

Bip>KBUTIBIK TIIONITECIiH OCIMIIKTED. BipKBITABIK,
OCIMJIIKTEP/IiH KypaMbIHJIa €PTEe JKa3Fbl BEreTallHs-
Fa skataTeiH 105 Typ, ®Ka3FBI-KY3T1 BeTreTaIusIra jxa-
TaThIH 75 TYp *OHE KBICKbI-KOKTEMI'T HEMECEe KOK-
TeMri BereTamusara katatelH 30 TYp (3dhemeprep)
aHbIKTaNFaH. JKui ke3necetin Typiepre Polygonum
aviculare, Ceratocarpus arenarius, Climacoptera
lanata, Kochia schrenkiana, Suaeda confusa,
Salsola paulsenii »xaTanpl.

Ocdemepnepniy ocyi MEH OaMybIHBIH JKai-
el y3akTeIFel 30—40 kyHmi Kypaiabl. COHIBIKTAH
OJIAPJIbIH ©CIMJIIK YKaMBUIFBICBIHJAFbl JTOMUHAHT-
THIK JKOHE DAN(PUKATOPIBIK POJIi alfTapIpIKTall Oaii-
KaJIMauibl.

KopbIThIHABI

XKyprizinren 3eprrey HoTHXKENEpi KpI3bUIKYM-
HBIH OHTYCTIK-IIBIFBIC OOIITIHACTI OCIMIIK KaybhIM-
nacTeIKTapbiHbIH Mpan—Typan ki o6JbIchiHA TOH
apuATi naHmmadTTapra TOH TYPaKThl KYPbUIBIMBI-
MEH CHUNATTAJIATHIHBIH >KOHE aWKbIH KcepopuT-
TIK MaMaHIaHy OaWKaTaTHIHBIH HAKTBI KOPCETTI.
Bryonia melanocarpa Nabiev TypiHiH KEHICTIKTiK
JKaFpIHAH OKIIIAayJTaHFaH JKEPTUTIKTI TOMYJIIUsIIap
TY3€TiHi )kOHE ONapAbIH MCaMMOQUTTI aran-OyTa-
71 hopmarusTap 6ackiM 00JIaTHIH OCKITEH KYMIBI
aNKanTapra opaiyiacaThlHbl aHBIKTAIAbL. TypHiH
Tapayy CHITaThl MCH (PUTOIICHOTUKAJIBIK POJII OHBIH
9KOJIOTHSUIBIK, aMILTUTYIACBIHBIH Tap €KEHiH jKOoHE
AHTPOITOTCHIIIK (paKTOpJIapFa KOFaphl CE3IMTaIIIBI-
FBIH allKbIH KOpCeTe .

3eprTenreH ydackenep (hIopackIHBIH TaKCOHO-
MUSUIBIK, J)KOHE OMOMOP(OIOTHSUIBIK KYPBLIBIMBIHIA
Chenopodiaceae, Brassicaceae xone Fabaceae Ty-
KBbIMIACTapBIHBIH OacbiM OO0JybI, COHAAR-aK Tepo-
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¢uTTep MEH TeMUKPHUNTOMUTTEPAIH JKETEKII poi
aTKapybl OpTanblK A3HUSHBIH apUATI dKOXKyiene-
piHiH YHBIMAACYbIHA TOH 3aHIBUIBIKTAPMEH COMKeC
keneni. Tipmrimik ¢popmanapsiasiH Paynkuep xyiie-
ci OolibIHIIA KIKTETyl aHBIKTAIFaH (PUTOLEHO3aap-
IBIH Y3aK MEp3iMIi apuaTeHy YAepicTepiHe KoHe
KOFapbl TEMIIEPaTYpajiblK CTPECC >KarnaimapeiHa
OcitiMIeNTy TYPaKTBUIBIFBIH PaCTaM b

Anpiran nepextep Bryonia melanocarpa 1y-
PIHIH 3KOJOTHSUTBIK ONTHMYM aiMaKTapblH HAKThI-
nayfa, Kcepo-ncaMMO(UTTI KaybIMIACTBIKTAPIbIH
KYPBUIBIMBI TYpaJbl TYCIHIKTEP/I KEHEHTYTe jKoHe
OJIAPJIBIH 1ITKI TETEPOTSHAUTIK JIOPEKECIH HAKTHI-
nmayra MyMKiHmik Oepemi. Tipmimik ¢opmamapsl
MEH TaKCOHIApAbIH TapajyblHAa aHBIKTAJIFaH 3aH-
JBUTBIKTAp O] IKOXKYHENEpiHiH TYPaKThUIBIFbIH
Oaranay YLIIH MaHbI3AbI XOHE (DIOpaHBIH CHpEK
9pi ocall aNIeMEeHTTEPiH KOpFayFa OaFbITTaFaH Mak-
caTThl IapajapAabl d3ipieyre FbUIBIMH Heri3 Ooina
aJIafibl.

Bryonia melanocarpa Typinin Tapany apeainbl-
HBIH IIEKTEYJIrT MEH MEKEH €Ty JKarJIaiapbIHbIH

epeKUIENIriH ecCKepe OTHIPBII, OAaH dpi 3epTTeyiep
MOMYJISIHASIAP JUHAMHKACBIHA MOHUTOPUHT XKYp-
ri3yre, FreHETUKAJIBIK OPTYPIUITiH OaFanayra jkoHe
AHTPOIIOTCH/IIK ©pi KIUMATTBIK OCEPIiH KYIICIOi
JKaFdalbIHIa TYPAl CaKTayIbIH PEBEHTUBTIK CTpa-
TETHsUIaphIH 93ipiieyre OaFbITTaTy bl THIC.

Aemopaapovty yaeci

Aounosa KJK.: ceobomanuxanviy manoay scyp-
2i3y,6CIiMOIKmMiy 6Cy OpmAacvblH amblkmay, oadicme-
Me o3ipney, 3epmmey JHCYpi3y, MYACLIPLIMOAMA
acacay, MaxKaiauely OACMAanKbl HYCKACHIH HCA3Y,
Momindi pedakyusnay sicone moavikmulpy, Hopa-
eumos T.C.: ceobomanuxanvly manoay oucypeizy,
OCiMOIKmMiYy OpmMacvlH anvlkmay, Oaxvliay, Homu
Jicenepdi mexcepy, 2e000MaAHUKATLIK MAA0AY JiCyp-
2i3y, MOMIHOI PeOaKyusnay HcoHe MOAbIKMbIPY,
Koiinvibaes K.: eeobomanukanvix manoay sicypei-
3y, OCIMOIKMIY mapany opmacvli aHvlKmay, adic-
meme, ecimoix mypin aunvikmay, Kycnuesa A.E.:
onoey acymvicmapuin Jcypeizy;, Manxkubaesa C.A.:
MOMIHOI PeOaKyUsay H#oHe moablKmoipy.
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KA3AKCTAHHbIH, OHTYCTITIHAEIN MHBA3UAADbIK 3UAHKEC
TUTA ABSOLUTA-HbIH 3KOAOI'UACDI )KXOHE
MOAEKYAAABIK UAEHTUOUKALINACDHI

Tuta absoluta (Meyrick, 1917) — aanka TyKbIMAQC AAKbIAAAPAbIH, 8Cipece Kbl3aHaKTbIH, eH KayinTi
MHBa3USIAbIK, 3USIHKECTEPiHIH 6ipi GOAbIN TabblAaAbl XX8HE ayblA LIAPYALLbIAbIFbI OHAIPICIHE DAEMAIK
AeHrenae eaeyai kayin teHaipeai. CoHfbl Xbiaaapbl 6yA TypaiH, OpTaablk, A3us ayMarbiHAQ KbIAAAM
TapaAybl 6ankaryAa, araiaa Kasak CcTaHAaFbl OHbIH 3KOAOMMSICbl MEH MOAEKYAAABIK MAEHTUDMKAUMSCbIHA
KaTbICTbl AepekTep aAi ae wwekTeyai. Ocbl 3epTreyae AHK-6apkoAMHE 8aicTepiH nanaaaHa oTbIpbir,
KasakcTaHHbIH OHTYCTiriHAeri T. absoluta TypiHiH TapaAybl MEH 3KOAOTMSIABIK, YAECTIPIAYI 3€pTTEAAI.
MmMaro »eHe AEpHSCIA CbiHamaAapbl GipHelle OHTYCTIK eHipAepAeri Kpl3aHak, arpo3KoyKyneAepiHeH
SKUHAAAbL. MOAEKYAQABIK, MAEHTUMDUKALMS XKOHAIKTEPAI BapKoATayAa CTaHAAPTTbl Mapkep OOAbIM
CaHaAaTbliH MUTOXOHAPMSIABIK, LIMTOXPOM-C-oKkecuaasa | cybbbipairitit, (COI) reHi HerisiHAe XKYpPrisiAAi.
AAbIHFaH Ti306eKTep XaAblkapablk, AepekkopAapaarbl T. absoluta pedepeHcTik TisbekTepiMeH >Korapbl
AEHIemAe YKCacTblK, KOpCeTTi, OYA XXMHAAFaH CblHaMaAapAblH TYPAIK TWMECIAIriH pactaabl. 3epTrey
HeTuxKeAepi KasakcTaHHbIH, OHTYCTIriHAe T. absoluta nonyAsuMsSAQpPbIHbIH TYPAKTbhl KAAbINTACKAHbIH
KOpCeTeAl >KOHe TypakTbl MOHUTOPUMHI MeH TUiMAI (pUTOCAHUTapAbIK Gackapy CTpaTernsAapbiH
93ipAEYAiIH MaHbI3ABIAbIFbIH aKkbiHAAMAbL. AHK-6apKOAMHI MHBa3USIAbIK, KOHAIK-3USHKECTEPAT ADA
aHblKTayFa MYMKIHAIK 6epeTiH ceHiMAI KypaAa 60AbIN TabblAasbl XKOHE OAAPAbl epTe aHbIKTay MeH
MOHWUTOPUHT XXYMEAEPiH >KeTIAAIpYre bIKMaA eTe aAaAbl.

Ty#in ce3aep: Tuta absoluta, AHK-6apkoautr, COI reHi, MHBa3usAbIK, 3USIHKEC, (DUTOCAHUTAPAbIK,
MOHWTOPUHT.
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Ecology and molecular identification of the invasive pest
Tuta absoluta in southern Kazakhstan

Tuta absoluta (Meyrick, 1917) is one of the most destructive invasive pests of solanaceous crops,
particularly tomato, posing a serious threat to agricultural production worldwide. In recent years, the
rapid expansion of this species has been reported in Central Asia; however, data on its ecology and
molecular identification in Kazakhstan remain limited. In this study, we investigated the occurrence and
ecological distribution of T. absoluta in southern Kazakhstan using DNA barcoding approaches. Adult
moths and larvae were collected from tomato agroecosystems across several southern regions. Molecu-
lar identification was performed using the mitochondrial cytochrome c oxidase subunit | (COIl) gene, a
standard marker for insect barcoding. The obtained sequences showed high similarity to reference T.
absoluta sequences available in international databases, confirming the species identity of the collected
specimens. Our results indicate the establishment of stable T. absoluta populations in southern Kazakh-
stan and highlight the urgent need for continuous monitoring and the development of effective phytos-
anitary management strategies. The application of DNA barcoding provides a reliable tool for accurate
pest identification and can support early detection and surveillance systems for invasive insect species.

Key words: Tuta absoluta, DNA barcoding, COI gene, invasive pest, phytosanitary monitoring.
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DKOAOTUS U MOAEKYASIPHas MUAEHTUDMKALLMS MHBA3UBHOTO
BpeauTeAs Tuta absoluta Ha rore KasaxcraHa

Tuta absoluta (Meyrick, 1917) — oAMH M3 HaMbOAee Pas3pyLLUMTEAbHbIX MHBA3MBHbIX BPEAMTEAEN
MaCAEHOBbIX KYAbTYp, OCOGEHHO TOMATOB, MPEACTABASIOLMIA CEPbE3HYIO YrPO3y AASl CEAbCKOXO35M-
CTBEHHOr0O NMPOM3BOACTBA BO BCEM Mupe. B nocaeaHne roabl oTMeydaetcs BbiCTpoe pacrnpocTpaHeHue
3TOro BMAa B LleHTpaAbHOM A31K; OAHAKO AQHHbIE O €r0 3KOAOTMW M MOAEKYASIPHOM MAEHTUMKALIMN
B KazaxctaHe ocTaloTcs orpaHMyeHHbIMU. B AQHHOM MCCA€AOBaHMM Mbl U3YUMAM PACIPOCTPAHEHME U
3KOoAOrmyeckoe pacripeaeserme T. absoluta B 1o>kHom KasaxcraHe ¢ ncrnoab3oBaHnem metopos AHK-
6apkoamHra. Bapocable 6a60UKM 1 AMUMHKM ObIAM COOPaHbl B TOMATHbIX arpO3KOCUCTEMAX HECKOAbKMX
I0XKHbBIX PErMOHOB. MOAEKyASpHas MAEHTUPMKALIMS MPOBOAMAACH C UCTIOAb30BaHNEM MUTOXOHAPUAADb-
HOro reHa cybbeanHuubl | uutoxpom-c-okcnaasbl (COI), cTaHAQPTHOrO Mapkepa AAS BHTOMOAOTrUYe-
ckoro 6apkoamHra. MoAyyeHHble MOCAEAOBATEABHOCTM MOKa3aAM BbICOKOE CXOACTBO C 3TAAOHHbIMM
nocaepoBateAbHoCTsIMKU T. absoluta, AOCTYMHbIMM B MEXKAYHAPOAHbIX 6a3ax AQHHbIX, UTO MOATBEPIK-
AQET BMAOBYIO MPUMHAAAEXKHOCTb COBpaHHbIX 06pa3LoB. Halum pesyAbTaThbl yKasblBaloT Ha (DOPMMPO-
BaHue CTabuAbHbIX nonyAsumii T. absoluta B 10)xHOM KasaxcTaHe M MOAYEpPKMBAIOT OCTPYIO HEOGXO-
AVMOCTb HEMPEPbIBHOTO MOHUTOPMHra M Pa3paboTky 3PMEKTUBHDBIX CTpaTernini MToCaHUTapHOro
KOHTPOAS. [MpumeHeHne AHK-6apkoamHra npeAcTaBAsSieT cO60M HaAEXKHbIM MHCTPYMEHT AASl TOUHOM
MAEHTUMKALMN BPEAUTEAEH M MOXKET CMOCOOCTBOBATL CUCTEMAM PaHHEro 0OHAPY>KEHUSI U MOHUTO-

PUHIra MHBa3MBHbIX BUAOB HAaCEKOMbIX.

KaoueBble caoBa: Tuta absoluta, AHK-6apkoamtr, red COIl, MHBa3MBHbIN BPEAUTEAb, (PUTOCAHU-

TapHbI MOHUTOPUHT.

Kipicne

VHBa3UANBIK KOHIIK TYPJICPIHIH KapKbIHIBI
Tapaiybl xahaHbIK aybul IIapyallbUIBIFBI XKYHe-
JiepiHe eneyti Kayin TOHAIPII, dKOHOMHUKAIIBIK, IIbI-
FBIHJIAPFA OKEJIe/ll XKOHE a3bIK-TYJIIK Kayilci3uiriHe
karep teHuipeni (Reddy et al., 2025). Aysin mapya-
IIBUTBIFBIHBIH, WHBa3HSUIBIK 3HUSHKECTEPIHIH IIIiH-
Jie KbI3aHak Kyieci Tuta absoluta (Meyrick, 1917)
epekuie opblH anaabl. Kasipri yakeitta Oya Typ
aKa TYKBIM/IAC TaKbUIIAP/IBIH, €H allJIbIMEH KbI3a-
HaKTbIH (Solanum lycopersicum), aca KayinTi 3usiH-
KecTepiHiH Oipi Oombim canamansl (Desneux et al.,
2010). byx TypaiH AepHOCUIIEPI KaIbIPAKTAP/IbIH,
cabaKTapIbIH KOHE JKeMiCTepAiH YIImajapbIMeH KO-
PEKTeHiMN, eCciMIIKTepiH (OTOCUHTE3 K OCICeH/Ti-
JITiH ef9yip TOMEH/IETETIH O31He TOH 3aKbIMIaHFaH
KybIC Jxosimap Ty3emi. COHBIH cajjapblHaH ©HIM
carachkl HaIapiam, TYCIMHIH aTapibpIKTall TOMeH-
neyine okeneai. TwiMal Kypecy Imapaiapbl Konijga-
HbUIMaraH >Karaaiaa dKOHOMUKAJIBIK HILIFBIH 80—
100%-¥a neitin xetyi mymkin (Biondi et al., 2018;
Machekano et al., 2018).

Tuta absoluta Oacrankeina OHTYCTIK AMe-
pUKasa TapajraH DHJIEMUK TYyp OOJBIN caHalFaH,
anaiima 2000-xbUigapapiH OacklHaH Oactam Ol
©3iHIH TaOWFH Tapaily alMarblHaH TBIC XKepiep-

re KapKbeIHIBI Typae Tapama Oactamel (Desneux
et al., 2010). Eyponagarbl MHBa3HUSIHBIH aJFaIIKbI
kargaimapsel 2006 sxputhl Mcmanumsima TipKemmi,
conaH keHiH 3usHKec JKepopra TeHi3l aliMarbiHa,
Conrycrik Adpuka men Tasy LlIbsiFpicKa KpUIIAM
tapannel. Kedtinri xeugapel 7. absoluta Adpuka
MEH A3USHBIH KONTEreH aiMaKTapblHa, COHBIH
imriage Opranslk A3usl OHIpJIEpiHE Tapalblil, kKO-
Fapbl SKOJIOTUSUIIBIK UKEMILIITH )KOHE DPTYPJIl ar-
POKIMMATTHIK, KaFqainapra Oeiimaeny KaOineTiH
KOpceTTi. 3USHKECTIH TapajdyblHa aybll IIapya-
IIBUIBIFBI OHIMJIEPIHIH KapKbIHIBI XaJbIKaPaJIbIK
cayJachl, OHBIH KOFaphl K00eto KadineTi (KbUTbIHA
10—12 ypriakka JeifiH) k0He KbICKA TIpUILTIK UK-
ai siknan ereni (Biondi et al., 2018; Machekano et
al., 2018).

T. absoluta-men Kypecyjai KUbIHIATATBhIH KO-
ceiMIa (haKTOpIapAbIH Oipi — OHBIH OPTYPJi XH-
MUSJIBIK, KJIacTapFa >KaTaThlH HHCCKTHIMITEPIe,
COHBIH immiHme muperpouarapra, dochopopraHu-
KaJIbIK KOCBUIBICTAPFA JKOHE HCOHUKOTHHOUATAP-
Fa TO3IMIUIIKTI KbUIIAM KaJbIITACTHIPy KaOiJeTi.
Byn moctypai eciMaikTepai KOpFay oOmiCTEpiHiH
TUIMILUIITIH e19yip MIeKTeH i )koHe MOHUTOPHHITI,
OMOJIOTHSIIBIK, KYypec IIapaiapbiH, COHMAl-aK epTe
JIMarHOCTHKAaJayFa apHAJFaH MOJICKYJIAJBIK SJIic-
TepJi KAMTUTBIH KEIICH]II TOCUIACPAl SHIrI3yl Ta-
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Ka3aKCTaHHbIH OHTYCTiI‘iH,I[eFi WHBA3USIIBIK 3UsTHKEC Tuta abSOluta-HLIH OKOJIOTUSICHI JKOHE MOJICKYJIAIbIK I/I}leHTI/Iq)I/IKaHI/ISICBI

nan ereai (Biondi et al., 2018; Guedes et al., 2019;
Roditakis et al., 2018).

Epre aHpIKTay >K0HE 197 COMKECTEHIIpY THIM-
Il PUTOCAHUTAPHUSIIBIK, OaKbLIay MEH 3USHKECTEP-
MEH MHTErpalusulaHFaH KYpPeC CTpaTerHsuIapbIHbIH
MaHBI3IIBI Kypamaac OemikTepi OOJBIT TaOBLIAIEI.
Counrbl xbugapsl Tuta absoluta Typinin OpTaibik
Asusima, coHBIH immiHae ©O30ekcraH MeH Typik-
MEHCTaH CHSIKTHl KazakcTaHMeH KepIiijiec emiep-
Jie TapallFaHbl Typaibl MOJIMETTEp KapHsUIaHIIbI.
Anatiza onblH Kazakcran aymMarbIHAAFBl Tapanybl,
SKOJIOTHSJIBIK, Tapaly €peKIIeNiKTepl KoHEe MoJe-
KyJanbIK ACHrele pacTalybl KOHIHACT] IepeKTep
o ne mekTeyii. Konma 6ap mamimeTTepain 6aceiM
0etiri MOpQOIOTUSIIBIK CONKECTEHIIpyTe HEeTi31e-
reH, anaiina 7. absoluta-ueiH Gelechiidae TykpIM-
JachIHBIH Oacka OKiJIepiHe, ocipece NepHOCUIIIK
Ke3eHJ1e, YKCACThIFbIHA OalIaHbICTHI OYII 9/1iC JKeT-
Kinikci3 6osysl Mymkin (Behera et al., 2024; Biondi
etal., 2018).

MHUTOXOHAPHUSUIBIK IUTOXPOM C OKCHUAA3aChIHBIH
I cy606ipmiri (COI) reHiH aHBIKTayFa HETI3JENTeH
JHK-0apkoaray >koHAIK TYpJepiH COUKECTCHIIPY-
re apHaJFaH €H KeH TapajFaH opi CeHIMIl MOJIEKY-
JanblK, dnictepain Oipine aiHanmabl. COI mapkepi
TYPIUIUTIK JAWBEPIeHUIMSHBIH TOMEH JCHreiiMeH
Karap, TypapaJblK ©3TeprillTiKTiH CalbICTHIPMAaIbl
TYpJI€ JKOFapbl OOJNYBIMEH CHIIATTANAJIbl, COHJIBIK-
TaH OJ (UIOTCHETHUKAJIBIK KAaFbIHAH JKAKbIH TaK-
COHJIApIBI AXXBIPATyFa EPEKIIe KOJIAUITBI. OMOeOar-
TBIFBI, HOTWKEJECPAIH KaWTalIaHBIMABUIBIFBI JKOHE
GenBank nen BOLD Systems CHSKTBI ayKbIMIIbI
pedepeHTTIK AepeKKOpIapAbIH KOJDKETIMIUTIIT ap-
kaceiaaa COI nmerizianeri JJHK-6apkoaray kaszipri
Ke3Jle MOJIEKYJIaJbIK TAKCOHOMUSAA, OHoamyanTyp-
JITIKTI Oaranayma KoHe OMOJOTHUSIIBIK KayimCi3Iik
callaChIHJIaFbl 3epTTeyJiepAe CTaHIApTTHl dAicTep-
nig Oipi perinae Kapacteippuiansl (Hebert et al.,
2003; Kress & Erickson, 2012; Ratnasingham &
Hebert, 2007).

Byn omic >koHIIK TypliepiH onapAblH OpTYp-
JIi TaMy CaThUIAPBIHIA, COHBIH IMIIHIE XYMBIPTKA,
JIEpHOCII, KYBIPIIAK JXOHE HMaro Ke3eHIEepiHAe,
TiTI MOP(OTOTHSITBIK, COMKECTEHIIPY KHUBIH He-
Mece CeHIMci3 OoJsiFaH JKarjainapia Aa >KbULgam
9pi ;oI aHBIKTayFa MYMKiHAIK Oepeni. 7. absoluta
CHSIKTHI MHBA3MSUIBIK, 3USTHKECTEp YILiH MOJIEKyJa-
JIBIK, COMKECTEHIIPYIiH MaHBI3bI €peKIe, oNTKeHi
onapabIH epte qamy catbuiapbl Gelechiidae TyKpiM-
JACBHIHBIH 0acKa eKiijgepiMeH >Xorapsl Mopdoio-
THSJIBIK, YKCACTBIKKA He 00ysl MyMKiH. Typai gon
pacray (DUTOCAHHUTAPUSIIBIK, MApaNap/bl YaKThLUIbI
JKY3€re acplpybl KamMTaMachl3 €Ty YLIIH Je aca
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manbabl (Hebert et al., 2003; Kress & Erickson,
2012; Pandey et al., 2023).

Conrsl xbuiaaps! JJHK-6apkoaray Oykin anem-
Jie MHBA3WSUIBIK aybLl [IapYalIbUTBIFBI 3HSHKECTE-
PiH aHBIKTay, MOHUTOPUHT KYPTi3y XoHE OaKpliay
MaKcaTbhIHIa KEHIHEH KOJIAAHBUIBIN Kelemi. Mose-
KyJIANBIK OAICTep KaHa MOMyJSHsIIapAbIH Maina
OOMyBIH JKEIeN pacTayfa, 3USHKECTePHIH Tapairy
JTMHAMHUKAChIH OaKplUlayFa, COHIal-aK KapaHTHHIIK
KOHE 3HSHKECTCPMEH Kypecy OarmapiiamaiapbiH
KOJJIayFa MYyMKIHAIK Oepemi. MoJeKynasiblK Juar-
HOCTHKAHBI JJAJIANTBIK, SKOJIOTHSUTBIK, OaKblIay1apMeH
YIITACTBIPY 3USIHKECTEp MOHUTOPHUHT JKYHeIepiHiH
JIOTIITT MEH THIMJIUTITIH alTapibIKTail apTTHIPHIT,
3USHKECTEPMEH HMHTETpalusUIaHFaH Kypec cTpaTe-
THSIIApBIH 93ipiaeyre sIKnan ereai (Arimoto et al.,
2025; Hebert et al., 2003; Janssen et al., 2023; Kress
& Erickson, 2012). Ocsinaitma, COI renine Heris-
nenren [IHK-0apkoaray >kakbIHIa HHBa3HsFa YIIIbI-
paraH aiiMaKTap/aa WHBA3HMSIIBIK XOHAIK TYPJIEpiH,
conby imiHae 7. absoluta-Hpl epTe aHBIKTAY JKOHE
MOJICKYJIAJIBIK JICHTeH e pacTay YIIiH KYHIBI Kypas
Oouein TabbLTazB! (Ashfaq & Hebert, 2016; Cao et
al., 2024; Hebert et al., 2003).

Ocpl 3eprTeyain MakcaTsl KazakcTaHHBIH OH-
TYcTik eHipnepinae 7. absoluta-HBIH TapayblH
seprrey xkoHe COI renine nHerizmenren JHK-06ap-
KOATAy 9JIiCi apKbUIBI OHBIH TYPJIIK THECLTITiH pac-
Tay Oonnpl. TanaganraHn celHaMajap CaHbl MIEKTEYIi
OoiFaHbIHA KapamacTaH, OyJl 3epTTey aTajFaH WH-
Ba3MSUIBIK 3USIHKECTIH OHip/e Oap eKeHIITiH pacTaii-
TBIH aJFAIKbl MOJICKYJIAJBIK JOJEIACP.li YChIHABI
JKOHE TYPaKThl MOHMTOPHHI JKYPri3y MeH opi Ka-
pail 3epTTeynepal KalFacThlpy KaKeTTITiH Kepce-
Teni. AnbiHFaH HoTHXKenep Kaszakcran aymarbiHaa
T. absoluta-HpIH Ke3mecyi xKoHIHIET Ka3ipri TaHIa
HIEKTEYJi ACPEKTEPAi TOJBIKTHIPHIN, OHbIH OpTa-
TBIK, A3USIaFB! OHIPITIK Tapally epeKIIeTiKTepiH Ty-
ciHyTe yJiec KOcaJIbl. 3epTTey COHai-aK KepPruTiKTi
3epTXaHaNbIK JKaFjaiiap/la MHBA3USUIBIK JKOHIIK
3USHKECTEPIH XKelesl MOJEKYJIablK TUarHOCTHKA-
Jay YUIiH HAaHOTIOPAJIBIK, CEKBEHUPIICY TEXHOJIOTHSI-
JapbelH KOJNAaHy MYMKIHZIriH kepcerTi. COHbIMEH
Kartap ajblHFaH MOJICKYJIAJIbIK JIepeKTep Oonarakra
T. absoluta momynsSUMAIapbIHBIH MHBA3USJIBIK Ta-
pay KOJIJaphlH aHBIKTAyFa KOHE OHIPACTI TCHETH-
KaJIBIK OPTYPIILIIriH Oaranayra GarbITTanFaH Quio-
TCHETHKAJIBIK, JKOHE TOMYJISAIUSIIBIK-TeHETUKAIBIK
3epTTeyJiep YIIiH Heri3 0oja anabl. DKOJOTHSIIBIK
OaxpUTIayIapIbl MOJCKYJIAIBIK TOCUIACPMEH Oipik-
Tipy OHIpJNiK (QUTOCAHUTAPUSIIBIK Kajarajay Oar-
JlapiamManapbiHbIH THIMIUTITIH apTTBIPYbl MYMKIH.
Kanmer anranma, ansiHFaH HoTHKenep Kasakc-
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TaHJAFbl MHBA3USUIBIK aybUl LIAPYaIIbUIBIFBI 3USH-
KecTepiHe KaTBICTBl YHIECTIpIATeH MOHHUTOPUHT
CTpaTerusuIapblH 931pJieyIiH MaHBI3IBIIBIFBIH KOP-
ceTeqi.

MarepuaJijiap MeH aicTep

Tuta absoluta cvinamanapvin dicunay owcomne
MOPDONOUANBIK COUKECMEHIIPY

OHTYCTIK  aMepHuKajJblK KbI3aHAK  Kyieci
T. absoluta cpmamanapsl KasakcTaHHBIH OHTYC-
TIK OHIpJepiHAe OpHajacKaH Kei3aHak (Solanum
lycopersicum L.) arpoueHo3gapblHaH KUHAIBI.
Ty3akTapaelH JKaOBICKAK —ToOCEMIEpiHE TYCKEH
epecek KoHMIKTep abaiian aibIHBIN, TaHOAIaH-
FaH NMpoOupKaapra CaJbIHABI )KOHE 9pOip ChiHaMa
YILiH )KUHAJIFaH OPHBIL, )KWHAY KYHI )KOHE TY3aK HO-
Mipi Tipkenai. )KuHanran Matepuan KeHiHHEH MOp-
(hOTOTHSIIBIK KOHE MOJIEKYNAIbIK Tajaayiap Kyp-
Ti3y VIIH mainanaHsuiasl. OepoMOHAB Ty3aKTap
KbI3aHAK aJIKalTapbIHAAFbl €peceK KoOEIeKTepaiH
OCJICEHIITITIH Y3MIKCI3 aHBIKTay MaKCaTBIHAA MO-
HUTOPUHT XYPri3ireH Ke3eH Ooibl xkyHeni Typre
Tekcepinai. Ty3akTapIblH OpHAJIACYhl 3epTTEITCH
arposKoXKyHesepae 3uIHKECTIH TapalyblH )KoHE ca-
JBICTRIPMAITBI CAHBIH THIMII OaKbIIayFa MYMKIHIIK
oepni.IHK Oemnin amy angpiHna 3akpIMAaHFaH Aa-
patapibl ’kKoHe HbICAaHAIIbI EMEC JKOH/IIK TypJIepiMeH
JacTaHFaH ChIHAMApAbl ajblll TacTay MaKCaTbIH/AA
YKUHAJIFAH ChIHAMAJIAPp BU3YaJIBI TYPAC TCKCEPUII.
Bapnblk >xuHanFaH ChlHaManap opi Kapail tamgay
KYpTi3iirenre neiin OaKbLIaHATHIH 3€PTXaHAIBIK
JKaFaalnapia cakTasibl.

MopdoTorusIbIK COMKeCTeH TPy Leica
IVESTA3 cTepeoMUKpOCKONBIHBIH KOMETIMEH KYp-
rizinmi. Typai aHbIKTay MaMaHIAHIBIPHUTFAH TaK-
COHOMUSJIBIK ~AaHBIKTAFBIIITAD MEH >KapUsUIaHFaH
cUmaTrramMaiapra COWKeC JHarHOCTHKAJIBIK IKOHE
MOP(]ONOTHANBIK, OeNTijep KUBIHTBHIFbIHA HET131eI
(Hadapad & Hire, 2019). Epecek mapamapapiH CbIpT-
Kbl MOP(OJIOTHSAIBIK, OeNrisiepiHe, COHBIH IIIiHAC
KaHATTapbIHBIH TYCIHE, alJIBIHFBl KaHATTAPBIHIAFbI
o31HE TOH Kapa JaKTapra, JCHE MOILIEPIHE KOHE
MYPTHIANIAPBIHBIH,  MOP(HOIOTHSCHIHA epeKIle Ha-
3ap aynpapeuiasl. ConblMeH Kartap, 1. absoluta-nbl
Gelechiidae  TYKBIMIACHIHBIH — (DUIIOTCHETUKAIIBIK,
JKaFbIHAH JKaKbIH 0acKa OKUIIepiHeH aKbIpaTy YIIiH
0ac KarcCyIachbIHBIH JHATHOCTUKAIBIK Oenriaepi MeH
KaHaT OPHETiHIH KYPBUIBIMBI 3€PTTEII .

Monexynanvix-eenemuxanvlx colKecmeHoipy
I'enomapik JIHK ennipymriaiH HYCKaysIbIFBI-
Ha coiikec Monarch® Spin gDNA Extraction Kit

(New England Biolabs, AKIII) >KUBIHTBIFBIHBIH KO-
MeriMeH OeumiHin anpiHael. beminim aneraran JTHK-
HBIH CaHJBIK XOHE camanblK Tangaysl NanoDrop
One criekrpodoromerpi (Thermo Fisher Scientific,
AKIII) >xone Qubit 4.0 dayopumerpi (Invitrogen,
AKII) apkputet xyprizingai. [lomrnvepasap! Ti30ekTi
peakuusnel kyprizep anasiana JAHK konuentpa-
nusichl 50 HT/MKJ IeHreiiHe AeHiH CTaHaapTTaIIbL.

JHK-6apkoaray ymrin mutoxonapusuisik COI
Mapkepi maiiganansuiael. [ITP-ammmudukanus xe-
aeMi 25 MK 0OJaThIH PEAKUMSUIBIK KOCTIaaa Kyp-
i3, OHBIH KypaMbiHa 1 M matpunansik JJHK,
op npaiimepaeH 400 HM sxene 2,5 mxn 1X Standard
Taq Reaction Buffer (New England Biolabs) kipi.
AJbIHFaH aMIUTUKOHJIAp KYTiIETiH (QparMeHt mesn-
HIepiH pacTay >KOHE OJapJbIH Ta3aJIbIFbIH Oaranay
MakcaTbiHaa KenaeHeH TAE-arapo3apl resib-3aeKT-
podopes omicimen Tammauasl. Koc Tizoekti JHK
koHneHtpamusicel Qubit Flex Fluorometer (Thermo
Fisher Scientific, AKIII) kemeriMeH Ji¢ aHBIKTAJIIIBI.

Kiranxananap Rapid Barcoding Kit 96 (SQK-
RBK110.96, Oxford Nanopore Technologies,
Y np10puTaHus) )KUBIHTHIFBIHBIH KOMETIMEH JaibIH-
JIannbl. bapkoaTrapasl TUTHPJCYIEH KEHiH ChIHA-
Maimap AMPure XP MarHuTTiK MOHIIAKTapPBIHBIH
KOMeTriMeH Ta3apThuIbil, 70% 3TaHOIMEH >KyBUIIBI
xoHe 15 mxn 0ydepae amonmsian el CollaH KeiiH
OapibeIk cerHaManap kesiemi 1,5 ma Eppendorf DNA
LoBind TyTirine Gipikripinmi.

AmrumukoHmapael  cekBenupiey  MinKNOW
v25.05.14 OargapnamainblK, >KacaKTamMachlH TMaii-
nanana oteipsil, MinlON MkI1B mnatdopmaceis-
nma (Oxford Nanopore Technologies) xyprizinmi.
FASTQ daitngapeaeiy  Oeiickomumari  Dorado
v7.9.8 OarmapiaMachIHBIH KOMETIMEH OPBIHIAIIBI.
Punrepnin camacern 6akpiiay NanoFilt 6armapia-
Mmacsl (De Coster et al., 2018) apkpuibl Kypriziiim,
cama KepceTkimri q > 12 jxoHe y3bIHIBIFE 280 K.H.-
JICH acaThIH Ti30eKTep ipiKTeni.

AJBIHFaH puUATEp minimap2 Oargapiamachl-
HBIH KeMeriMeH PV765795.1 pedepentrik Tiz0eri-
ne kapramaaas! (Li, 2018). ConbiMeH Katap ajibIH-
FaH HykJIeoTHATIK Ti30exkTep BLAST TanmaybsiHbIH
keMmerimen GenBank nepekkopbIHIa YCHIHBUIFaH
pedepeHTTiK Ti30eKTepMeH caibICThIPbULIbL. Cek-
BCHHPJICY carachl Ti30EKTepaiH COMKECTIK JeHTeii
HeTi3iHAe OaralaHbIl, COJaH KEHiH pHATEp KOFa-
PBI camaibl )KOHE TOMEH Carajibl TONTapFa OOITiH 1.
ColikecTik aeHreri >97% OonraH puaTEp KOFapbI
camaisl jen ecentenni. bynan Oenek, pedepeHTTik
Ti30€eKTiH OYKiJ Y3BIHABIFBI OOWBIHIIA KAMTYy HpO-
bumi Tanmasasl. JlepexTepai CTaTHCTHKAIBIK OHICY
KOHE HOTWXKEJIepAl BU3yanusanusiay R oprachin-
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na ggplot2 makeTiH nmainanany apKbUIbl XKYPri3iiani
(Gomez-Rubio, 2017).

HBTI/I)Keﬂep /KoHE€ TAJKbLIAy

Typiik colikeCTeHAIPY epecek aapaiap OOHbIH-
II1a KaHAT ©pHETi, KaHAT KUEKTepiHAeT] IIalaKTap-
JIBIH, Y3BIHJIBIFBL, JICHE TYCI JKOHE AJIBIHFBI KAHAT-
TapJarel 63iHe TOH Kapa JaKTap CUSKTHI Typre TOH
afKbIH MOPGOJIOTUSJIBIK, OCNTijiep HETi3iHae Kypri-
3inni. Conbimen Katap 7. absoluta-uel Gelechiidae
TYKBIMJIACBIHBIH (DMIIOTCHETHUKANBIK, JKaFbIHAH JKa-
KbIH 0acKa OKUIIEpiHEH aXbIpaTy YILIiH JTUarHOCTH-
KaJbIK XaTTamanapja KOpCeTUIreH MypTIIalapIbiH
KOCBIMIIIA JTMATHOCTUKAJIBIK OeNrijepi MeH JCHEHIH
sanmbl Mopgosorusicel 3eprrenai (1-cyper). Coii-
KECTEHIIpYyli pacTay YIIIH MHTOXOHIPHSUIBIK IH-
TOXPOM ¢ OKcuaazaceibIH 1 cy00ipiri (COI) renine
meriznenren JJHK-6apkoaray aici KOIIaHBUIIBL.

AnplHFaH HyKJICOTUATIK Tiz0ekrep GenBank
skoHe BOLD Systems CUSIKTBI XalbIKapajbIK ICPEK-
KopJiapia KOJDKETIMII pedepeHTTIK Ti30eKTepMeH
cansicTeipbuiabl. JIHK-0apkonray Tangaysl anbiH-
raH Ti30ekTep MeH T. absoluta-HbiH pedepeHTTIK
Ti30eKTepi apachlHla JKOFaphbl JOpekKeaeri yKcac-
TBIK Oap ekeHiH KepceTTi. Ti30ekTep/iH opralia
colikecTik neHreui 98,9%-ra kerim, TajamaHFaH
ceiHamanapabid 1. absoluta TypiHE >KaTaThIHBIH

2-cypet

pacTanpl. AJBIHFAaH HOTHIKENEP MUKPOCKOIHSIIBIK
3epTTey OaphICHIH/IA AHBIKTAIFAH MOP(OIOTHSIIBIK
Oenrinepmen coiikec kenni (1-cyper).

CoHBIMEH KaTap CEKBEHHPJICY CallachlH Oaranay
HoTHXkeciH/e kapTananrad 3 000-HaH actaM pUATIH
(68,6%) Ti30ekTepiH colKkecTik JeHrei 97%-nan
JKOFapbl OOJATBIH KOFAaphl camajibl PUATEPTe Ka-
TaTBHIHBI AHBIKTAIIBI, OYJ alblHFaH MOJICKYJIAIBIK
JIEPEKTEP/IiH )KOFaphl CCHIMILTITIH KepceTeni. Kam-
Ty npouIiH Tanmay puaTepiH pedepeHTTIK Ti3-
Ock OOWBIMEH TYpPAKThl TapaJFaHbIH KOPCETTi, Oyl
aneiarad JIHK-Oapkoaray HoTHKEICpIHIH JOJIIIr
MEH CeHIMJIUTITIH pacTaiiibl (2-cyper).

1-cyper
Mopgonoeusinvix colikecmendipy ywin naioaransiiean Tuta
absoluta epecex oapacul

Tuta absoluta-nel cotikecmenoipyee apuanean JJHK-6apkoomay canacvinvly Heeizel Kopcemkiwmepi

A. Read Quality Composition

Low-quality reads

(=97% identity)

High-quality reads
(=97% identity)

B. COI Sequence ldentity

T
i
187% threshold
1

COI sequence identity

98

97
Identity (%)

95 96 100

C. Summary of DNA Barcoding Metrics

Max coverage (x)
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Mean coverage (x)

Reference coverage (%) +—@ 100.0%

Sequence identity (%) +—@ 98.9%

High-quality reads (%) 1@ 68.6%

@ 2219.6x
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(A) Ti30ekTiKk ColiKeCTiK JICHTeliHe CollKeC CeK-
BEHUPJIEY PUATEPIHIH Taparysl, MyH/Ia )KOFaphl ca-
nabl (corkecTik >97%) jxoHe TOMEH carabl (Coi-
kecTik <97%) punrepin ynecrepi kopcetinres. (B)
CeHiMIi TYpIIK COUKECTEH/IPY YIIIH KeHIHEH KOJI-
JTaHbLIATBIH 97% IIEKTI MOHMEH CaJIbICThIPFaH/IaFbI
tannanrad ceiHamanapaeiH COl Ti30ekTepiHiy op-
tama coukecTik nenreiti. (C) Tuta absoluta-ra COI
nerizingeri JIHK-Oapkoaray tannaybsl OapbIChiHAA
AJIBIHFAH HET13T1 CEeKBEHHPIIEY carachl KOPCETKIII-
TEpiHIH JKUBIHTBHIK, CHIIATTAMAachl, COHBIH IIIiHC
YKOFapBI Camaibl pUATEPIiH MAHbI3bI, TI30CKTIK COli-
KECTIK ACHreii, peepeHTTiK Ti30eKTiH KaMThUIYHI,
KaMTYJIBIH OpTalla TePEHMIT! JKOHE KaMTYIBIH €H
JKOFapbl TEPEHIIT .

byn 3eprrey KazakcTaHHBIH OHTYCTITIHAETI KbI-
3aHaK arposkoxyienepinae 7. absoluta-ueiH Oap
SKCHJIITIH aJIBIH ajila MOJICKYJIAIBIK JIEHT el Ie pac-
TayFa MYMKiHJIK Oep/i. AJbIHFaH HOTHKEJIEP COH-
FBI €Ki OH)KBUIIBIKTA ©31HIH TaOWFU Tapary aitMarsl
0o cananaTeiH OHTYCTIK AMepukanan Eypona-
ra, Adpukara xoHe A3UsFa )KBUIIaM TapaaFaH OChI
WHBA3USIIBIK, 3USHKECTIH kahaH/IbIK Tapaiy 3aH]IbI-
JBIKTapbhIHA colikec Kenexi. KazakcTaHHBIH OHTYC-
tiringe 7. absoluta-HbIH aHBIKTATybl OYI TYPIiH
HIBIFBIC OAFBITTa TapaTybIHBIH JKAJIFACKIN JKATKA-
HBIH pacTaijipl )koHe OpTaiblk A3UsIarkl KbI3aHAK
OHIIpici XKYyHenepiHe TOHETIH (PUTOCAHUTAPHUSITBIK,
KayYIITiH apThII KeJe KATKAHBIH KOPCETEIi.

T. absoluta-ne1 MOPQOJOTHANBIK TYPFBIIAH
COWKECTEH/IIPy OHBIH epTe JlaMy CaThUIAPBIHBIH
Gelechiidae TyKpIMIaCBIHBIH Oacka OKIIACpiHE VK-
CACTBIFbIHA OAMIAHBICTBI KUBIHIBIK, TYIBIPYBI MYM-
kia (Wang et al., 2022). Congsikran JIHK-6apkon-
Taybl ASCTYPIi MOP(OIOTHUSIBIK, 3epTTECYICPMEH
yilecTipy TYpAl COWKECTEHAIPYAiH CEeHIMAUIITIH
empyip aprTeipansl (Chan et al., 2014; Madden et
al., 2019; Marullo et al., 2020). Ocs 3epTTeyae COIL
renine Herizgenren JIHK-Oapkoaray pedepeHT-
TiK Ti30€KTEpMEH JKOFaphl ACHTEUIETI COUKECTIKTI
(98,9%) xepcerTi, Oyn TangaHraH ChIHAMAJAPJIbIH
TaKCOHOMUSIIBIK THECUTITIH pacTaabl. YKcac HOTH-
JKeJep alIBIHFBI 3epTTeyiepAe J¢ ajblHFaH, OHJa
muToxouapuselK, COI mapkeprnepi Eypoma, Ad-
puka xxoHe Asusiiarsl 1. absoluta-HbIH UHBA3USIIBIK
MOMYJISIHUSTIAPBIH  COMKECTEHIIIPY JKOHE MOHHTO-
PHHT JKYPri3y yIIiH coTTi Konnansutral (Kinyanjui
et al., 2019; Shashank et al., 2018).

Ocpbl 3epTTeyae alblHFaH CEKBEHHpIEY cama-
CHIHBIH KOPCETKIMTEPi MOJICKYIIANBIK, ACPEKTEPIiH
CEHIMJIUTITIH KOChIMIIIAa pacTaijpl. Ti30€KTiK Coii-
KeCTIK JAeHreii >97% OonaTelH pUATEPAIH )KOFAPHI
yieci, pedepeHTTIK Ti30€KTIH TOJBIK KaMTBLIYBI

KOHE CEKBEHHUpJICY TEPEHIIriHIH >KOFapbl OOIyBI
JAHK-6apkoaray TocuTiHIH I9IIITT MEH CEHIMILTI-
rin kepcereni. byn motmxkenep Oxford Nanopore
MinlON TexXHOJOTHSChIHA HETI3ENTeH CEKBEHUP-
ney miatdopManapbl HHBA3HSIIBIK aybll HIapyalllbl-
JIBIFBI 3USHKECTEPIH MKeJIe)T MOJICKYIaIbIK JHarHOC-
TUKaJIAay YIIIH THIMII Kypasl peTiHle KOJAaHbLTYbI
MYMKIiH eKeHIH KopceTe/Ii.

KasakcranusiH onrycririnae 1. absoluta ty-
PaKThl TOMYJISIUSUIAPBIHBIH KaJBIITACybl KOpIa-
FaH opTa (akTopyiapbl MEH aHTPONOTEHMIK (ak-
TOpJIAPBIH YHJIECIMII ocepiHe OaiIaHbICTh OOy
My™KiH. Herisri ¢akropmapasin O6ipi — y3akka
CO3BUIATBIH KBUIBI KE3EHMCH JKOHE JKAa3Fbl KOFa-
pBl TeMIlepaTypajapMeH CHIATTaJaTblH OHIpAiH
KOJIalJIbl KJIMMATTBIK JKarFaainapel. MyHiail sxar-
Jainap 3USHKECTIH JKeJeNl JaMybIHa JKoHe Oip Be-
TeTAIMSUTBIK, Ke3CH iNmHae OipHelIe YpIIakThIH Ka-
JBIITACYbIHA BIKIAJ €Tel. AJBIHFBI 3epTTEyJIepre
colikec, Tuta absoluta }oFapbl SKOJIOTHSITBIK, TKEM-
IUTIKKE He jKOHE TeMIepaTypajbIK KarFaaliaapiblH
KEeH ayKbIMBIHA COTTI OefiiMIene ajmaabl, OyJI OHBIH
WHBa3MUIIBIK SJIeyeTiH enpyip apTThipaasl (Biondi
et al., 2018; Han et al., 2019; Vivekanandhan et al.,
2024).

JKbutenkail sxarmaiibIHIa KBI3aHAK ecipy JKykie-
Jepi 3UsIHKEC MOMYJISIIMSUIAPBIHBIH CAKTaIybl MEH
TapayblH/Ia KOCBIMIIIA POJI aTKapybl MyMKiH. Kop-
FaJIFaH TOIBIPAK JKaFAaliIapsl TYPaKThl MUKPOKJIIH-
MATThI, KOPEKTIK OCIMIIKTePAiH Y3aK YaKbIT OOMBI
KOJDKETIMII OOJNYBIH KOHE KOJIAHCHI3 KOpIIaFaH
opTta QakTopiapsl OCEPiHIH TOMEHACYIH KaMTaMa-
cbI3 etenti, Oyn 7. absoluta-ublH kb1 OOWBI JaMybI-
Ha KOJaWJbl opTa KalbINTacThIpaasl. EyponaHbiH,
Tasy LpirpIcThIH jk0HE A3MSHBIH Oipkarap enje-
piHZIe KBUIBDKAMIAp OChl 3USHKECTIH WHBA3USIIBIK
MOMyJISIUSIIApBl YIIIH HETi3ri KOOel OIaKTapbl-
HBIH Oipi perinae KapacTeipbutagsl (Gao et al.,
2025; Guillemaud et al., 2015; Guimapi et al., 2016;
Han et al., 2019).

AybUT IIapyallbUIBIFEl  OHIMICPIHIH, COHBIH
ImiHAe KbI3aHAK KOMICTTEPiHIH, KEMICTEPiHIH
KOHE Kamnrama MaTepHalIapbIHbIH XaJlbIKapaJiblK
neHreine 6encenai TackiManaanysl na 1. absoluta-
HBIH TapaJyblHAa MaHBI3IbI POIT aTKAapaibl. OHIPIIK
JKOHE XaJBIKapaJbIK cayla KeJeMiHiH >KOFapbl 00-
JyBl 3USHKECTiH OPTYpPJi JlaMy CaTbUIAPBIHBIH €J1-
Jiep MEH OHIpIiep apachlH/ia Ke3/IeCOK, TachIMall/ia-
HybIHA BIKMAN etei. byran neitin 7. absoluta-HbiH
Kepopra tenisi aiimarsiaga, Tasy LLIsFpicTa xoHE
Opranslk A3us enaepinie KbuigaM Tapainybl KeOi-
Hece cay/a aFbIHIapbl MEH KapaHTUH/IK OaKpuIay-
JIBIH, JKETKUIIKCI3 TUIMJAUIINHE OaMJIaHBICThI €KEHI
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kepcerinreH (Gao et al., 2025; Guillemaud et al.,
2015; Guimapi et al., 2020; Kirschner et al., 1974).

CoHbIMEH KaTap 3USHKECTIH >KOFapbl KeOero
KaOumeTi, KpICKA TIPIIUTIK IUKII JKOHE OpTYpi
KJIACTapFa >KaTaThlH MHCEKTUIUATEPre TO3IMILTIK
KaJIBINITACTRIPY KaOUTeTi OHBIH jKaHAa alMakTapna
MOMYJISIIASIIAPBIHBIH KbUIaM OPHBIFYBIHA BIKITAT
eTyi MyMmKiH. Ocbl (hakTOpIapabIH KUBIHTHIFB 1.
absoluta-ueiy, Kazakcranaa sxone OpTanblk A3us-
HBIH Oacka eiepiHe ofaH Opi TapadyblHa allFbI-
mapTTap KaJbIITAaCThIPAAbI, Oyl (UTOCAaHUTAPUSI-
JIBIK MOHHUTOPHHITI KYIICUTY KOHE HWHBA3USIIBIK
3USAHKECTEP/l epTe aHbIKTAYAbIH THIMAI XKYHeIepin
93ipJIey KaKETTITiH KOpCeTe/I.

KopbIThIHABI

Tanganran celHAMajgap CaHbl CaJBICTHIPMAIIBI
TYPJI€ IEKTeyi OOoNFaHbIHA KapaMacTaH, Oy 3epT-
tey Kazakctanmarbl KpI3aHaK arpo3KOKyHelIepiH-
ne 1. absoluta-HpIH Gap €KEHAIrH MOJEKYJANbIK
JICHreiiie pacTaraH aJFalIkbl 3epTTeyiepAin Oipi
Oonbin  TaOBUTAZBI. AJIBIHFAH HOTHXKEJIEp MHUTO-
xounpusutblk, COl renine werizgenren JIHK-6ap-
KOATAyJblH WHBA3WUIBIK aybUl [IapyallbUIbIFbI
3USHKECTEPIiH 197 COMKECTEHAIPY YIIiH THIM/II, ce-
3IMTaJI JKOHE CEHIMI Kypal eKeHiH KOHE JDCTYpIi
MOP(OJOTUSIIBIK, JUATHOCTHKAIAY OIICTEPiH COTTI
TOJIBIKTHIpA aNaTbIHBIH pacTaiiibl. XaJIbIKapasbIK
JEPEKKOpIapaarsl peepeHTTIK MEPEKTEPMEH Ti3-
OeKTepiH >KOFaphl JEHrelaeri YKCacTBhIFbl 3epT-
TeNTeH ChIHaManapabiH 1. absoluta TypiHe Takco-
HOMUSUTBIK, THECITITIH pacTabl )KoHE KOJNJaHbUIFaH
MOJIEKYJIAJIBIK, COUKECTEHAIPY TOCIUTIHIH IKOFaphI
CEHIM/IIIIT1H KOpPCEeTTi.

Tangay MOPQOIOTHSUIBIK KOHE MOJEKYJIABIK
ouicrepai OIpiKTipy WHBa3WSUIBIK TYpJEPHAl AMar-
HOCTHUKAJAYIbIH IOJIITIH aHTapibIKTall apTThIpa-
TBIHBIH KOPCETTI, dcipece epTe 1aMy caTblUIapbIHBIH
Gelechiidae TyKpIMIACBIHBIH Oacka OKUIACPIHE VK-
cacThIFbIHA OaiJaHBICTBl MOP(OIOTHSIIBIK COMKec-
TeH/Ipy KUBIH OonFaH sxarmainapaa. COI mapkepin
naianany KaiTaJaHbIM/Ibl HOTHXKEJIEp alyFa )KoHe
JHK-6apkoaraynsr Kazakcranmarsl ¢uTOCaHHUTA-
PYSUTBIK, MOHUTOPUHITIH THIMAI Kypajbl peTiHjae
KOJIZIaHy MYMKIHJITIH pacTayFa MYMKIHJIIK Oep/ii.

Anpiaran  gepekrep KaszakcTaHHBIH OHTYCTI-
ringe 7. absoluta-HBIH TYpaKTHl TOMYJIALNHUSAIAPHI
KaJbIlITacCybl MYMKIH €KeHiH kepcereni. bym sxar-
Al OHIPIIH KOJAMIbl KIMMATTHIK >KaFTaiapsl,
KBUTBDKAH MIapyallbUTBIFBIHBIH KEH Tapajybl )KOHE
aybUI MapyalIbUIBIFBI OHIMIEPiHIH OHIpJIEep MEH eJ1-
Jiep apachlHAa KapKbIHIbl TaChIMAIAaHybl CHSIKTHI
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(axTopiIapAbIH KHUBIHTHIK OcepiMeH OallaHBICTHI
00yBl MYMKiH. JKOFaphl SKOJOTHSUTBIK, MKSMILTIT,
KBICKa TIPIIUTIK LUK, Oip MaychIM iminae OipHe-
e ypriaK, KaJblTacThIpy KadineTi 'koHe opTypii
KJIacTapra >KaTaThlH MHCEKTUIMATEPTe TO3IMIIIK-
TiH JaMybl OCHl 3USTHKECTIH MHBA3HSUIBIK OJCYCTiH
enpyip apTThIpbIN, oHbIH OpTanblk A3Usl ayMarbIH-
Jla 0JIaH dpi Tapany KayIiH TYFbI3a/Ibl.

3epTTey HOTWKENEpi ayblUl HIapyallbUIbIFbIHBIH
OHMOIOTHSITBIK, KAYITICI3MITIH KaMTaMachl3 €Ty YKOHE
KbI3aHAK OHIMAUIIH CaKTay TYPFBICBIHAH EpeKIle
MaHbI3Fa ue. 1. absoluta-HpIH eneyii SKOHOMUKAIIBIK,
LIBIFBIH KENTIPY 9JI€YETiH eCKepe OTHIPHII, 3USIHKECTI
epTe aHBIKTAY JKOHE YaKThUIbI COMKECTECHIIIPY OHBIH
KEH ayKbIMJa TapalybIHbIH aJIbIH aly JKOHE aybul
[IapyalIbUTBIFBI CajachblHA KENTIPUIETIH 3aIaabl 0a-
PBIHIIA a3alTy YIIiH aca MaHbI3AbL. MOJeKyIaIbIK
JUarHOCTHKAJIAy IICTEPIH YATTHIK (pUTOCAaHUTAPHS-
TBIK Oakpliay KyienepiHe eHriy MOHHUTOPWHITIH
TUIMALTITIH alTapabIKTal apTThIpyFa, KapaHTUHIIK
Hrapanap/sl JKeACNICTYTe KOHE WHBA3HSIIBIK 3USH-
KeCTep/IiH Tapaiybl KOHIHETI epTe eCKepTy Kyke-
JIEPiH JKETUIIIpyre MYMKIHIIK Oepei.

Byn 3epTTeymin anmplH ana cumarrta eKeHiH
s)koHe Kazakcrannarbl, conpait-ak OpTanblk A3zus-
HBIH Oacka ennepinaeri 7. absoluta momynsmnusiia-
PBIHBIH KYPBUIBIMBI MEH Tapasly >KOJIapblH OAaH
opi 3epTTeyre Heri3 OOJATHIHBIH aTal OTKEH JKOH.
Bonamak 3eprreynepiH nepcneKTHBaibl OarbITTa-
pBIHA ChIHAMAJIAp KHUHAYJBIH TeorpadUsIIbIK, ayKbl-
MBIH KEHEWTY, 3epTTENCTiH MOMYJSIUsIap CaHbIH
apTTHIPY, KOCBHIMINA MOJICKYJIAIBIK MapKepiepi
naianany, coHaai-ak (UIOreHETHKAJBIK >KOHE
MO JISIASIIBIK-TCHETHKATIBIK,  TAJIayliap JKypri-
3y Karaipl. Byl MHBa3MSUIBIK MOMYJISILUSIIAPIBIH
HIBIFY TET1H, OJIap/IbIH Tapay MEXaHU3M/IEPiH KOHE
OHIpJIeTi 3USHKECTIH TeHETUKAIBIK OPTYPIILTIK JICH-
TeiH HEFYpJIBIM eTKeH-Ter e 3epTTeyre MyM-
KIHJIIK Oepei.

XKanmer anranma, oCkl 3epTTEYAIH HOTIKEIepi
(UTOCAHUTAPHSIIBIK, MOHUTOPHHI JKYHENEpiH Ke-
TUIIPY MaKCaThIHIA SKOJIOTHSIIBIK, MOHHTOPHHITI,
MOJIEKYJIaJIbIK, TNarHOCTHUKAHbI )KOHE 3aMaHayH CEK-
BEHHUpIIEY OaicTepiH OIpIKTIpyIiH KOFaphl oneye-
tin kepcereni. COI renine nerizgenren JHK-6ap-
KOJTayJIbl KOJJIaHy WHBA3HSJIBIK 3HUSHKECTEPMEH
WMHTETpalMsJIaHFaH  Kypec OaFmapiamaiapbIHBIH
MaHBI3BI Kypamaac OeJliriHe alHaJIbIN, YKOHOMU-
KaJIbIK IIBIFBIHAAP/BI a3aliTyFa )KOHE aybul Iapya-
IIBUTBIFBI OHAIPICIHIH TYPAKTHIIBIFBIH KaMTaMachl3
eryre OarpITTanFan 1. absoluta monmymsiuusIapbiH
0ackapynblH HEFYPIBIM THIMII CTpaTeTHsITaphIH
93ipyeyre bIKIAI €Tyl MYMKiH.
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Kapxblianabipy Mynjenep KaKThIFbICHI

byn 3eprrey Kasakcran PecmyOmukacs Bapneik aBTOpmap MakallaHBIH Ma3MYHBIMEH
AybIT MmIapyambUIbIFBl MUHHCTPJIITT TapamblHAH  TAHBICHII, OHBI OKBIIT IIIBIKKAH KOHE OJIAPJIbIH apa-
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OLLEHKA COBPEMEHHOTO COCTOSIHUS

LEHOMOMYASIUMIA U ®UTOXUMUYECKOTO COCTABA

NELUMBO NUCIFERA GAERTN. BO ®AOPE PEKU KUTALL
ATbIPAYCKOM OBAACTM

CTaTbsl NOCBSLLEHA UCCAEAOBAHMIO COBPEMEHHOIO COCTOSIHMS LleHononyAsumin Nelumbo nucifera
Gaertn. Bo paope peku Kurau, npoTekatoluer no 3anapHon Yactm KypmaHrasamHCKoro pamoHa ATbipay-
ckoit o6aactn. Kpome Toro, 6bIA M3ydyeH UTOXMMUYECKUIA COCTaB LIBETKOB U AUCTbEB AQHHOTO BMAQ.
B pabote npoBeaeH TaKCOHOMMYECKMIA, SKOAOTMUYECKMI 1 (DUTOXUMMUYECKMIA aHAAM3 LIEHOMOMYASLMIA
N. nucifera. YctaHoBAeHo, 4To CTpyKTypa ueHononyasumin N. nucifera Bo dpaope peku Kuraw sBaseT-
CSl OTHOCUTEABHO CTaBUABHOM M XapakTepusyeTcsl NpeobAAAAHMEM BUPTUHWMABHBIX M FeHEepPaTUBHbIX
ocoben. MccaepOBaHHASH LLEHOMOMYASILMS NPUYPOYEHa K PACTUTEAbHOMY MOKPOBY MoMMbI pekun Kurat,
KOTOPbIA B NPUOPEXKHON 30HE MPEACTABAEH CMELLAHHbIMU APEBECHO-KYCTAPHUKOBO-TPABAHUCTbIMM
Co006LIeCTBaMM C BbIPaXKEHHOM SPYCHOM CTPYKTYPOM, a B akBaTOPMM aCcCoOLMALMSIMM BOAHOM pacTu-
TEAbHOCTU C AOMUHMpPOoBaHWeM N. nucifera. 310 06yCAOBAEHO AOCTaTOUYHbIM CEMEHHbIM BO30OHOBAE-
HMEM BMAQ B MOCAEAHME FOAbI, & TAKXKE €ro COBMECTHbIM NMPOM3PACTaHNEM C 3EAEHBIMM BOAOPOCASIMM.
>KusHecnocobHoctb ocobeit N. nucifera B LEHOMOMYASLUMAX B 3HAUUTEABHOW CTEMEHU OMPEAEASeTCs
YCAOBUSIMU MeCTOOOUTaHMs. [TOAyUYeHHble pe3yAbTaThl CBUAETEAbCTBYIOT O TOM, UTO UCCAEAOBAHHbIE
uerononyasuum N. nucifera HaxoASTCS B GAAronpuUsATHOM COCTOSIHMM U BXOAST B COCTAB €CTECTBEHHbIX
BOAHO-00AOTHbBIX (PUTOLLEHO30B MOMMbI pekr Kurall, 0TAMYAIOLMXCS BbICOKMM (DAOPUCTUYUECKMM U Lie-
HOTUYECKMM pasHoobpasmemM 1 TPeBYIOLLMX OXPaHbl Kak LieHHble NMPUPOAHbBIE S3KOCUCTEMbI 3aMaAHOMoO
KasaxcraHa.

KaoueBble caoBa: Nelumbo nucifera, nonyasiumm, ueHOMonyAsumm, Atbipayckasi 06AacTb, peka
Kuraw.
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Assessment of the current state of Nelumbo nucifera Gaertn.
coenopopulations and their phytochemical composition in the flora
of the Kigash river, Atyrau region

The article is devoted to the investigation of the current state of Nelumbo nucifera Gaertn. coeno-
populations in the flora of the Kigash River, which flows through the western part of the Kurmangazy
District of the Atyrau Region, Kazakhstan. In addition, the phytochemical composition of the flowers
and leaves of this species was analyzed. The study includes taxonomic, ecological, and phytochemical
analyses of N. nucifera coenopopulations. The results showed that the structure of N. nucifera coeno-
populations in the flora of the Kigash River is relatively stable and is characterized by the predominance
of virginile and generative individuals. The investigated coenopopulation is associated with the vegeta-
tion cover of the Kigash River floodplain, where the riparian zone is represented by mixed tree-shrub-
herb communities with a well-developed stratified structure, while the aquatic zone is dominated by
associations of aquatic vegetation with N. nucifera. The favorable condition of the coenopopulation is
associated with sufficient seed regeneration in recent years and its co-occurrence with green algae. The
viability of N. nucifera individuals within the coenopopulations is largely determined by habitat condi-
tions. The obtained results indicate that the studied N. nucifera coenopopulations are in a favorable state
and form part of the natural wetland phytocoenoses of the Kigash River floodplain, which are character-
ized by high floristic and coenotic diversity and require conservation as valuable natural ecosystems of
Western Kazakhstan.

Keywords:. Nelumbo nucifera, populations, coenopopulations, Atyrau region, Kigash river.
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ATbipay 00AbICbIHbIH, KMFalu e3eHi dpaopacbiHAaFbI
Nelumbo nucifera Gaertn. TypiHiH, LLeHONONYASILUSIAQPbIHbIH,
Kasipri >xaFAaibiH XoHe PUTOXMMUSABIK KypaMbIH GaFaray

Makana Atbipay 06AbiCbl KypmaHfFasbl ayAaHbiHbiH 6aTbiC GOAiriMeH araTbiH Kuraw e3eHiHiH
daopacbiHaarbl Nelumbo nucifera Gaertn. TypiHiH LEHOMOMYASUMSAAPbIHbIH,  Ka3ipri >karAanblH
3epTTeyre apHaAraH. OfaH Koca OCbl 6CIMAIK TYPiHiH I'YAI MEH >KarblpaFblHbIH, (PUTOXMMMSABIK Kypambl
3epTrensi. bya Makanapa N. nucifera Typi ueHoOMonyAsuMsAapbiHbiH (DAOPACbIHA TaKCOHOMMSIABIK,
3KOAOTUSIABIK, XKaHe (DUTOXUMMSABIK, TaAAdy >KacaAFaH. Kuraw e3eHiHiH daopacbiHaarbl N. nucifera
LIEHOMOMYASIUMSAAPbIHBIH KYPbIAbIMbI GipLiama TypakThbl >K8HE TbiH >KOHE reHepaTuBTI eCiMAiKTep
TOObIHbIH, 6acbiM eKeHiH KepceTTi. 3epTTeAreH ueHononyAsumsaa Kuraw e3eHi >KanblAMaCbIHbIH
OCIMAIK KaMbIAFbICbI XaFaAay GeApeyiHAEe SpYCTbIK, KYypblAbiIMbl 6ap apaAac arali-6yTaAbl-LLenTeciH
KayblMAACTbIKTaH, aA akBatopmsasa N. nucifera 6acbiMm cy eciMAiKTEpi accoumaumsacbiHaH Typaabl. bya
COHFbl GipHELLEe XbIAAQ KETKIAIKTI TyKbIM >KaHAPTYbIHbIH GOAYbIMEH >KOHE >KaCbiA GaAAbIPAAPMEH
ceAbecin ecyimeH GaiAaHbICTbl. LleHononyasuusinapaarbl N. nucifera aapasapbiHbiH eMipLIeHAIriHe
HerisiHeH TipLWIiAIK eTy opTacbiHbIH, Typi acep eteai. N. nucifera ueHoNonyAsuMsAapbiHbIH 3ePTTEAreH
KYPbIAbIMbI OAapAbIiH, KnFall e3eHi »aibiaMacbiH baTtbic KasakcTaH anmarbliHA@Fbl (DAOPAABIK, XKaHe
LEHOTUKAAbIK, 8PTYPAIAITT XKOFapbl, KOpFayAbl KaXkeT eTeTiH Taburn cy-6aTnakTbl (PUTOLEHO3AAPbIHbIH

KYPaMbIHAAFbI XKaKCbl XKaFAalblH KOPCETEAI.

Ty#in cesaep: Nelumbo nucifera, nonyasumsiaap, LeHononyasumsaap, Atbipay 00Abicbl, Kuralu

©3€eHi.

BBenenne

Pexa Kuram pacnonoxena B npenenax Ilpuka-
cuuiickoii Hu3MeHHocTh. OHa ABIISIETCS OMHUM W3
pYKaBOB AENbTHl Bonry, oTAenssacs oT pekun AXTy-
OBl, ¥ MpoTEKaeT 1o 3armagHol yacTu KypmaHrasus-
CKOTO paiioHa AThIpayckoll oOmactu PecmyOmuku
Kazaxcran. E€ obmas anuna cocrasiser 100 kM.
E€ pyciao moimHOBOZHO KpYINBIA TOMl, a YPOBEHb
BOJIbI TECHO CBsI3aH ¢ ypoBHeM Bouru. Ilpu cBoem
IBwxeHnH K KacnuiickoMmy MOpIo OHU BeepooOpas-
HO pa3BETBJIAIOTCS Ha HECKOJBKO KPYMHBIX KaHa-
noB: MHronkuuckuit, Ytepunckuii, IIlapoHoBka.
Hnsa pexn Kuram xapakTepHO BeCeHHe-JIETHEE I0-
noBonbe (KamueBa u ap., 2023). Hauano BecenHero
MOJIOBO/IBSI 3apUKCHPOBAHO HA BTOPYIO MOJOBUHY
ampers, MUK — Ha KOHEIl Masl — HayaJlo UioHs. Brons
pycia peku IIMPOKO pPacHpOCTPaHEHBI 03€POBUI-
HbI€ BOJIOEMBI, IOWMEHHBIE Jyra U 3a00J0YECHHbIE
yuacTku. Teppuropus pexu Kuram pacnosnoxkeHa
B 30HE CyXOr0 KOHTHHEHTaJIBHOTO KiImMaTta. Jleto
3/1€Ch JKapKoe U 3aCyIIINBOE, TOT1a KaK 3uMa OTHO-
cutenbHO MsTKas. CpeqHss TemrepaTypa BO3ayxa
B utone pnocturaer +30-35 °C, a B 3UMHUNA NEPHO,
noHmxkaerca npumepro no -10 °C. T'omoBoe xo-
JIMYECTBO aTMOC(EPHBIX OCAJKOB HEBEIUKO U CO-
craBisger okoyno 150-200 mm (Kasrumpomer, 0. 1.).
VYKka3aHHBIE KJIMMAaTHYECKHE YCIOBHS OKAa3bIBAIOT
HEINOCPE/ICTBEHHOE BIIMSHUE HA THAPOJIOTHYECKUN
PEXKHUM PEKH U YPOBEHD €€ YBIIAXKHEHUSI.
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[To maHHBIM TUTEPATYPHBIX UCTOYHUKOB, MHU-
Hepanu3aus BOIBI cocTaBisieT mpuMmepHO 0,3-
0,7 r/m, 94TO COOTBETCTBYET KaTETOPHUU MPECHBIX
Boa. 3HaueHue pH wm3MmeHsercs B mpenenax 7,2-
7,8, ¢dopmupys cnabomenounyio cpery. Kpome
TOT0, COJIEpKaHHE PACTBOPEHHOTO KHCIOpOJa
(6-8 Mr/nm) sBHseTCs ONArONpPHUSTHBIM ITOKa3aTe-
JIEM JJIS Pa3BUTHS BOJHBIX PACTEHUHN U )KHUBOTHBIX
(Tayoga, 2025).

PactutenpHbIN MOKPOB PHUOPEKHOM 30HBI PEKH
Kurainn npeacTaBieH NpeuMyINEeCTBEHHO APEBECHO-
KYCTapHUKOBBIMH, JTYTOBBIMH ¥ BOJIHO-00JIOTHBIMU
cooOriecTBaMu. B oTnMuue OT TOPHBIX U JIECHBIX
9KOCHCTEM, IJIsi JaHHOW TEPPUTOPUHM XapaKTepHa
KYCTapHUKOBO-CTEITHASI PACTUTEIBHOCTh C Y4aCTH-
€M MIOWMEHHBIX JIPEBECHBIX MOPO]T U THAPODUITBHBIX
BH0B (Anatoliy et al., 2026). B cocTaBe npudpex-
HOW PacCTHTEILHOCTH OTMEYEHBI CIICAYIOIINE BUIBL:
Fraxinus americana L., Salix alba L., Elaeagnus
angustifolia L., Tamarix laxa Willd., Scirpus
lacustris L., Typha angustifolia L., Phragmites
communis Trin., Argusia sibirica (L.) Dandy,
Lactuca tatarica (L.) C.A. Mey., Rorippa palustris
(L.) Besser, Suaeda altissima (L.) Pall., Polygonum
aviculare L., Atriplex tatarica L., Trachomitum
sarmatiense (Woodson) Pobed., Cirsium arvense
(L.) Scop., Mentha aquatica L., Plantago media L.,
Calystegia sepium (L.) R.Br., Ranunculus circinatus
Sibth., Rumex confertus Willd. u Nymphaea alba L.
(Darbayeva u np., 2026).
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Janubie BUABI GOPMHUPYIOT CIIOKHBIN KOMILIEKC
pUOPEKHO-BOAHON PACTUTENHFHOCTH, BKIIOYAIO-
LIMH APEBECHO-KYCTaPHUKOBBIC COOOILECTBA, JIyTo-
BBIC TICHO3bI, OOJIOTHBIEC TPYIITUPOBKY U BOJHBIC ac-
COLIMAIINH, YTO OTPAKAET BBHICOKOE HKOJOTHYECKOE
pazHoobpasue moimMel pekn Kurarr.

PaboTa mocBsiieHa M3y4YEHUIO COBPEMEHHOTO
COCTOSIHMSI TIOMYJISAIMil Buaa N. nucifera, dhnopu-
CTMYECKOTO COCTaBa IICHOMOMYJISALUN 3THX BHUIOB
B peku Kurami, nporekaromiei 1o 3amnajgHoi yactu
Kypmanrasunckoro paiiona ATbIpayckoil o0xacTH.

Uccnenyemsrit Bug N. nucifera, OTHOCHTCS K
pony Nelumbo Adans., U3BeCTHBIN KaK JIOTOC, CBSI-
IICHHBINA JIOTOC MWW WHIUMCKUM JIOTOC, SIBIISICTCS
MHOTOJICTHUM BOJHBIM PACTEHUEM, UMEIOIINM BaX-
HOE THUIIEBOE, JIEKAPCTBEHHOE M OJKOJIOTHMYECKOE
3HavyeHue. JlaHHBI BUJ OTHOCUTCS K CEMEHCTBY
Nelumbonaceae A.Rich., npeacrasnennomy enuH-
cTBeHHBIM poaoM Nelumbo. B HacTosimee Bpemst
poxa BKIFoUaeT aBa Buma — N. nucifera. u N. lutea
Willd., koTopble pacnpoCTpaHEHBl IpEeUMyIIe-

Pucynox 1

CTBEHHO B a3MaTCKOM M aMEPHUKAHCKOM PErHOHax
(Ming et al., 2013; Wang & Zhang, 2005).

B nenoM o Ha3BaHUEM «JIOTOCY» OOBIYHO MOJ-
pasyMeBarOT asuarckuii jotoc (N. nucifera), xo-
TOpBIA WHUPOKO pacnpoctpanén B Wunuu, Kurae,
Henane, llpu-Jlanke, Taunanne, Anonun, HoBoit
I'Bunee, ABctpanuu u B Kazaxcrane (Deng et al.,
2013; Sheikh, 2014; Yang et al., 2012). B oTiinuune
oT Hero, amepukaHckuid jotoc (N. lutea) mpenmy-
IIECTBEHHO BCTPEUACTCS B BOCTOYHBIX W FOMKHBIX
pernonax CeBepHOl AMEpHKH, a TaKkKe B HEKOTO-
prIx paiionax lOxnoit Amepuku (Islam et al., 2020).

Pox Nelumbo Bo ¢uiope Kazaxcrana npencras-
JIeH eIWHCTBEHHBIM BHUAOM — N. nucifera (J10TOC
OpPEXOHOCHBIH ), SIBISIOLUIMMCS PEIKUM BOJIHBIM pac-
TEHHEM C OTPaHUYCHHBIM pacrpocTpaHeHueM. Ha
Teppuropun Kazaxcrana naHHBIM BUJ BCTpeyaeTcs
B Oacceline pexn Mmm, ozepe Kapakomnp, a Taxke
BBISIBJICH B €CTECTBEHHBIX BoJoeMax pekn Kwuramr
(Atpipayckas obmacte) (IlaBmoB, 1956; Typamues,
1961).

Kapma mecmonaxoacoenus nonynsyuu N. nucifera ¢ ecmecmegennuix 6odoemax pexu Kueaw (Amoipayckas obnacme, Kazaxcman)

80 km
—
40 Mune

@© d-maps.com
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CornacHO 0OTaHUYECKON KIIaCCH(HKAIIMH OX-
paHsieMbIX BUIIOB, N. nucifera otnocures k 111 kare-
TOpPUH — PEIKUM BH/IaM C COKPAIIAIOIIEHCs YUCIIEH-
Hocteio (Kpacuas xamra Kazaxckoit CCP, 1981).
Bua mnpencraBnser 3HAUMTENBHBIA HHTEpEC IS
coXpaHeHus TeHOPOH/Ia KaK PETMKTOBOE PacTEeHHE,
HaTypaJlu30BaHHOE Ha TeppuTopuu rora Kaszaxcra-
Ha, a TaK)Ke MMEET BBICOKOE JEKOPATUBHOE 3HaYe-
nue (Kypenuosa, 1968).

N. nucifera — MHOTOJIETHEE TPaBSIHUCTOE THIPO-
¢upHOE pacTeHne ¢ KOPOTKHUM Y3JIOBATHIM KOpHE-
BumieM. JInctes auMopdHbIe: BO3MYIIHBIE JTHCTHS
HMIMTOBUAHOHN (pOpMBI pacnonararorcss Ha JJTMHHBIX
IIUITOBATHIX YepemKax U UMEIOT OKPYTIIYIO JIUCTO-
BYIO IUTACTUHKY auameTpoM 10 30 cm. [InaBatomme
JUCThSI XapaKTEePU3YIOTCSd MEHBIIMMHU pa3Mepamu
¥ TUOKMMHU 4Yepemkamu. LIBeTkM KpymHble, Oua-
MeTpoMm 20-25 cM, ¢ MHOTOYHCIIEHHBIMU PO30BBIMU
JIETIECTKaM1 U MIPUSATHBIM apoMaToM. [lmoasl mpen-
CTaBJIEHbI KOHYCOBHIHBIMHU OperKamu. PasMHuoxe-
HUE OCYUIECTBIISICTCSI CEMEHHBIM M BEreTaTUBHBIM
crocobamu. L[BeTeHne U MIOAOHONIIEHUE TIPOUCXO-
I9T B ntose-aBrycre (Bacunbes u np., 1976). B Ka-
3axcTtane N. nucifera SBisieTcS HaTypaIN30BaHHBIM
BUJOM M GOPMHUPYET YCTOHUMBBIC IEHOMOMYJISIIUN
B OTJENIbHBIX BOJHBIX YKOCHCTEMaX C OJarompHsT-
HBIMHU THIposiornueckumu ycnoBusimu (Red Book
of Kazakhstan, 2014).

C npeBHHUX BpPEMEH LIBETOK JIOTOCAa UMEET BaX-
HO€ KYyJIbTYPHOE M CHMBOJIMYECKOE 3HAYCHHE B
PasIMYHBIX OUBHIM3aUUAX. B nuayncrckoii u 0ya-
JUHCKON TpaaulMsIX, a Takxke B KyubType pes-
Hero Erunra oH paccMaTpuBaeTcsi Kak JyXOBHBIN
CHMBOJI, TOTJ]la Kak B TPAJUIIMOHHON KHUTaKWCKOMN
KyJIbType JIOTOC acCOLMUPYETCS C JOJITOJIETHEM U
omaromonyuneM (Lin et al., 2019; Tungmunnithum
et al., 2018). B nactosiiee Bpemst N. nucifera sB-
JseTCsl HAIIMOHABHBIM IIBeTKOM MHaun u BretHa-
Ma. brarogapsi cBoMM NUILEBBIM, JIEKAPCTBEHHBIM
M JIEKOPATUBHBIM CBOMCTBAM JAHHBIM BHUJ KYJbTH-
BUpPYETCSl YeJIOBEKOM Ha MpoTsbkeHun Ooiee 7000
net. IlpakTdeckn Bce YacCTH PACTEHHS HCIOJB3Y-
IOTCSI B MUIIEBBIX M JIEKAPCTBEHHBIX LIENSAX B CTpa-
Hax Asun yxe 6omee 2000 net (Guo et al., 2009).
N. nucifera nmeeT 3HAYUTENFHOE 3KOHOMHYECKOE
3Ha4YeHHE JJII MHOTHX a3WaTCKUX CTpaH, TJe pac-
CMaTpUBAETCs KaK MEPCIEKTHBHOE MOJEIBHOE pac-
TEHHE IS NCCIIEIOBAHNH B 00JIACTH CaI0BOJICTBA U
pacrenueBoactia (Lin et al., 2019). Kuraii sBnser-
csl KpYITHEHIIINM POU3BOTUTENIEM B TOTpedruTeneM
notoca B mupe (Guo et al., 2009). Kopuesuie (Bu-
JIOM3MEHEHHBIN cTe0eb), OKOJIOIIBETHUK M CEMEHA
JIOTOCA IIMPOKO HCHOJB3YIOTCS B KAUECTBE MHIIE-

BBIX WHTPEJUCHTOB U BXOST B COCTaB PAa3IMYHBIX
MUIIEBBIX MPOJYKTOB OJyiarojaps CBOMM IIEHHBIM
MUTATeIFHBIM W OWOJIOTMYECKH aKTUBHBIM CBO¥-
cTBaM. Pa3nmuuaHbie 9acTH pacTEHUS JI0TOCA, OT KOP-
HEBUIIA JI0 HAJA3EMHBIX MOOETOB, HAIILIM MTUPOKOES
MPUMEHEHHE B TPATUIIMOHHBIX CHCTEMaxX MEIUIIH-
HBI, BKJIFOUasl WHAWUCKYIO U KUTAWCKYIO TPaJIUIH-
ounyro menunuHy (Chen et al., 2021; Duke, 2002;
Mukherjee et al., 2009). YcTaHOBICHO, 4TO II€]I0€
pacTeHHe, a TAaKXKe €ro ChIpbIe IKCTPAKTHI, Ppakiiuu
U OTJACIbHBIC OMOIOTUYECKH aKTUBHBIC KOMIIOHCH-
THI 00JIAZIAIOT MMUPOKUM CIIEKTPOM OHOJIOTHUECKHIX
1 ($apMaKoIOTHUSCKUX CBOMCTB. K HUM OTHOCST-
Cs aHTHOKCHJAHTHAs, MPOTUBOBOCHIAIUTEIbHAS,
AMMYHOMOTy JTUPYIOIIIasi, JKAPOTIOHMKAFOIIIA,
aHTHOAKTEpHaIbHAasl, MPOTUBOBUPYCHAsI, MPOTHUBO-
rpubKoBasi, TPOTHBOIUApEHHAs, IUypeTUYecKasl,
AHTHMAMHECTHYECKasl, aHTUTPOMOOTHUYECCKAS, aHTH-
apuTMUYecKasi, aHTHUANA0CTHYEeCKasi, THUIIOXOJIe-
CTepUHEMHYECKasl, aHTHOXXUPHUTEIIbHAS, aHTHOKCH-
JAaHTHas W aHTUBO3PAaCTHAs aKTUBHOCTh, a TaKXKe
AHTHATEPOCKIEPOTHYECKHE, aHTU(UOPOTHIECKHE,
Ce/IaTUBHBIC, HEHPOIPOTEKTOPHEIC, YIIYYIIAIOIINEC
namsTh, aHTH()EPTUIbHBIC, I'eHaTONPOTEKTOPHBIC,
JICPMAaTONPOTEKTOPHBIC, KapIUOMPOTEKTOPHBIC H
MIPOTUBOOITyX0JIeBhIe cBoiicTBa (Asokan etal., 2018;
Chen et al., 2019; Mukherjee et al., 2009; Paudel &
Panth, 2015; Sharma et al., 2017; Tungmunnithum
et al., 2018; Zhang et al., 2015). MuorooOpasue 1o-
JIE3HBIX JUJIS1 370POBbS U TepaneBTHUECKUX 3 dex-
TOB N. nucifera CBS3aHO C HAIMYHUEM B €TO COCTABE
MHOTOUYHCIICHHBIX OMOJIOTMYCCKH aKTHBHBIX (PHUTO-
XUMHYECKUX COCAMHCHUH, BKIIFOYAs MOITH(ESHOIIBI,
(haBoHOMIbI, (EHOJBHBIC KHCIIOTHI, AJKAJIOHJIBI,
TEPIICHOUIbI, CTEPOUJIbI, JKUPHBIC KUCIIOTHI U TIIH-
ko3uasl (Limwachiranon et al., 2018). B teuenue
MOCTICTHUX HECKOJNIBKUX JecaTuieTuit N. nucifera
SIBJISICTCS. OOBEKTOM MHTEHCHBHBIX HCCJICIOBAHUM,
HaNpaBJICHHBIX HAa W3y4YCHHE MPOTHBOOITYXOJICBBIX
3(h(eKTOB pPa3MMIHBIX YacTel PacTEHUS M €ro OMo-
JOTMYECKH AaKTUBHBIX coenuHeHnid. OnHako, Ha-
CKOJIBKO U3BECTHO, KOMITJICKCHBII COBPEMEHHBIH 00-
30p BCEX JOCTYMHBIX HCCIICAOBAHUMN, TOCBAIIEHHBIX
[IPOTHBOPAKOBOMY MOTEHIHATY JAHHOTO PACTEHHUS,
paHee He MPOBOMICSH. BOJBIIMHCTBO CYIIECTBYIO-
IMX 0030PpHBIX PA0OT B OCHOBHOM ITOCBSILICHBI Tpa-
JUIIMOHHOMY U 3THO(apMaKOJIOTHYECKOMY HCITOIb-
30BaHUIO0 N. nucifera, ocOOGHHOCTSIM OHMOCHHTE3a,
(PUTOXUMHUYECKOMY COCTaBY, IPOMBIIILICHHOMY TIPH-
MEHECHHUIO U HIMPOKOMY CIIEKTPY 030POBUTEIILHBIX
CBOWCTB, TOTJIa KaK CBEJICHHSI O €r0 MPOTHUBOOITYXO-
JICBOW aKTHMBHOCTH IPECTABIICHBI JIUIIb B OIPaHU-
yeHHOM 00BéMe (Wang et al., 2023).
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OOBEKTOM HCCIIEIOBAHMUS SIBIISUIACH LIEHOMOITY-
TSNS JIOTOCa OpexoHocHOTOo (N. nucifera) — npen-
craBurenss poga Nelumbo Adans. JlaHHbId BHI
ABJIACTCA MHOT'OJICTHUM TPAaBAHUCTBIM IOJHUKAPIIA-
KoM, BKJItoueHHBIM B KpacHyto kuury Kaszaxcrana
Kak peJKUi BUJ C OrpaHUYEHHBIM paclpoCTpaHe-
HueM. Jlo HacTOsIero BpeMEHH! CleHUaIbHbIC M0-
MyJSIIIHOHHBIC UcchenoBanust N. nucifera Ha Tep-
puropun KaszaxcraHa mpoBOJHIMCH OTPaHHYCHHO,
B CBsA3U C YEM CBCJICHUA O paClpOCTPaHCHWHU BHUA,
COBPEMEHHOM COCTOSIHMM €r0 LEHOMOMYJSIHNA U
0COOEHHOCTSX BO30OHOBIICHHSI OCTAIOTCA (hparMeH-
TapHBIMHU M HEJIOCTATOYHO M3y4YeHHBIMU. V3yueHue
CTPYKTYPBI [EHOMOMYJIAINH, Mopdororo-onono-
THYECKHX 0COOEHHOCTEH M (PUTOXUMHUYECKOTO IO-
TeHnuana N. nucifera iMeet BayXHOE 3HAUCHHE IS
OLICHKH YCTOHYMBOCTH BHJA B IPUPOIHBIX yCIOBHU-
X, pa3pabOTKN HAyYHO 0OOCHOBAHHBIX MEp €ro CO-
XpaHEHUS! ¥ KOHTPOJISI COCTOSHUSI PEAKUX BOJHBIX
skocucTeM. OcoOyI0 aKTyalbHOCTh MPHOOPETAIOT

Ta6auna 1

WCCJIEJIOBAHNS JIOKAJIBHBIX [IEHOMNOMYJIAIUI BH[A,
MPUYPOUYCHHBIX K YHUKAIBHBIM TTOWMEHHBIM U BO-
JHO-00JI0THBIM MecTooOuTanusaM 3amagnoro Ka-
3axcTaHa.

Llenpio 1aHHOM paboThI ABISETCS U3YUCHUE T10-
MyJISIIUOHHBIX OCOOEHHOCTEH W (PUTOXHMHUYECKOTO
cocraBa Buaa N. nucifera, B pUpOIHBIX MOITYJISIIH-
sx pexu Kuram npotekaromeii no 3anajHol 4acTu
Kypmanrazunckoro paiiona ATbIpayckoii o0macTy.

MarepuaJjibl 4 METOAbI HCCJIEI0BAHUS

OOBEKTOM  HUCCIENOBaHUS  SBUWINCH  MPEa-
craButenu cemeiictBa Nelumbonaceae A.Rich —
N. nucifera W3 TPUPOAHBIX IEHOMOIYJISALUH.
WccnenoBanmst mpoogmmuch B 2025-2026 1T. B
NPUPOAHBIX (UTOLEHO3aX HAa TEPPUTOPUHU PEKU
Kuram, nportekaromeil no 3amagHoil yactu Kyp-
MaHra3uHCKOTo paiioHa ATbIpayckoil oOnactu (Ta-
omuma 1).

Lenononynayuu euoa — N. nucifera, o6napysicennvie 6 X00e NOAEGLIX UCCAEO0BAHUL

HasBanue Bupa,
HOMEp LICHOTIOMYJISLIUN

Teorpaduueckoe MeCTONONOKEHHIE

Koopaunarst
MECTOHAXOXKICHUS

Artbipayckas 061acTh, KypMaHrasuHcKuil paiioH,
pexa Kuram, 3anmagusiii Kazaxcran, BogHo-
0O0JIOTHBIE SKOCUCTEMBI peKu Kuramn

N. nucifera, UI1 1

46°40°658"" c.u.,
49°32°008"" B.x1.
-25 HyM

ArtsIpayckast o6nmactb, KypmaHrasuHckuii paifoH,
pexa Kuram, 3anagusiit Kazaxcran, BojHo-
0OJIOTHBIE SKOCHCTEMBI pekn Kuramr

N. nucifera, 1111 2

46°24°407"" c..,
49°19°212"" B.11.,
-25 HyM

IIJ'IH N3Yy4YCHHA COBPEMCHHOI'O COCTOSIHMA LICHO-
nomyisiuid N. nucifera B €CTECTBEHHBIX YCIOBUSX
MPOM3PACTaHUsl OBLIM TPOBEICHBI IKCICTUIIMOH-
HbI€ TIOJIEBBIE HCCJIEIOBAaHMS C HCIOJIB30BaHUEM
MapIIpyTHO-PEKOTHOCIIUPOBOYHOIO MeToza. Mc-
CJIEJTIOBAHUS OXBATBHIBAIIM TEPPUTOPHUIO BIOJIH PEKU
Kuram ot paiiona cena Terus 1o Mmect mpouspacra-
HUS JIOTOCa OpeXoHOCHOT0. O01Ias MpOoTKEHHOCTh
HCCJICIOBATEIBCKOTO0 MapIlpyTa COCTaBHIJIA OKOJIO
25 KM, 4TO MO3BOJIWJIO OLIEHUTh PacIpoOCTpaHEHHUE
BHJIa, COCTOSIHME €ro IICHOIOIYJISIUNA U OCOOCH-
HOCTH MECTOOOHMTaHWH B Tpejeniax MCCIeTyeMOro
yuactka. O0usue BUJIOB B (PUTOLIEHO3aX OIpejiesie-
HO 1o mKkane obwunus Jpyne. s xaxmoit mccme-
JlyeMoi 1ieHononyyisiuuu N. nucifera. Obln orpe-
JIEJICHBl  OCHOBHBIE ~ MOP(OJIOT0-OMOIOTHICCKIE
MoKasaTejii: KOJINYCCTBO I'CHECPATUBHLIX U BEICTa-
THBHBIX 0COOEH, BBICOTa TeHEPATHBHBIX ITOOETOB,
YHUCJIO JMCTBEB Ha I'CHCPATUBHOM HO6€I‘G, JJINHa
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[BETOHOCA, KOJMYECTBO JIMCTHEB HA OJHY OCOOb,
pa3Mepsl I[BETKa W KOJMYECTBO IBETKOB. M3mepe-
HUS U y4eT UCCICAYEMBIX MPU3HAKOB MPOBOIUIUCH
¢ 20-KpaTHOM MOBTOPHOCTBIO JIJISI KAXKJI0M 1IEHOIO-
YIS,

Metonuka 3aKkjIaJKu MPOOHBIX TIomanei. Me-
TOJIUKA OLEHKU IJIOTHOCTH U OOMJIUSI M3y4aeMOro
BHJ]a COOTBETCTBYET NPOTPaMME M METOAHMKE Ha-
OJIO/ICHU 32 LICHOMOMYJIALUSIME BUAOB (3ayroiib-
HOBa u 1p., 1993). IlonmynsauoHHbIe HCCITeIOBAHUS
Buna N. nucifera, Bkiarodarome MophoIoTHIO pac-
TEHUH, DKOJIOTO-(PHUTOIICHOTHYECKNE XapaKTepH-
CTUKHU TONYJISIUHM, )KU3HEHHOCTh LIEHONOMYJIALNI
n ocobelt, OyAyT MPOBOJUTHCS B COOTBETCTBHH C
uMmeronumucs meroaukamu (JKusorosckuii, 2001).
Jnst n3ydenns reorpaduaeckoro pacipocTpaHeHHs
N. nucifera, (puMEHEeH MapIIPyTHO-PEKOTHOCIIUPO-
BOYHBII METOJ, a Takke B padOTe HCITOIH30BaHBI
KJIACCHUYECKUE OOLIETIPUHSATHIC METOIUKHU T10 H3yYe-
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HUIO MOP(QOJIOTUH PACTCHUH B IICHOMOIYJISLUIX,
¢uTOoIIeHO30B, dKONOTHH W Ouoyoruu. Ompenene-
HHUE BHJOBOTO COCTaBa PACTUTEIBHBIX COOOIIECCTB.
Omnpenenenne BUIOBOTO COCTaBa pacTeHUl B (u-
TOIIEHO3aX OCYIIECTBIEHO COIJIACHO COOTBETCTBY-
oM 6otaanyeckuM OmnpenenuTensM, CIpaBoy-
HUKaM H J1p., TakuM Kak: «®raopa Kazaxcrana»
(ITaBnoB, 1956), «Onpenenurens pactenuit Cpen-
Hell Asun. CTpyKTypa ceMeiCcTB yKa3aHa Mo CUCTe-
me A.JL. Taxtamxksana (TaxtamksH, 1987). Buasl u
poJa B CeMEHCTBAxX PacIloOkKEHBI Mo an(aBUTy.
MapuipyTHO — peKOTHOCIIUPOBOYHBIN MeToA. B
MOJIEBBIX YCJIOBHAX HCIOJIB3YETCSl KaK METOJ| Mpo-
TYJIOK 0 MapuipyTaMm Jjisi oOHapyXeHus u coopa
pacTeHuid. DTO MO3BOJISICT OXBATHTH OOJIBIIYIO TEP-
PUTOPHIO W M3Y4YHTH pa3sHooOpasme BuaoB. COop
u 00paboTka repbapHOro Marepuaia: cOOpaHHBIC
9K3eMITISIPEI BUA: N. nucifera, moMenanauch B rep-
OapHble ManKH ¢ ONMUCaHUEM MecTa cOopa, JaThl U
Koyekimonepa. Ilocie moneBbIx paboT mMaTtepualn
MOJBEPraeTcsl CyIIKe U MPOCMOTPY 1O/ OMHOKYJISIP-
HbIMH JTymiamMu. Coop u 00paboTka repbapHoro Ma-
Tepuaa MpoOBOJUIICS MO OOLICTIPUHSATON METOANKE
A K. Cksopmiosa (CxBoprios, 1977). Bunosas unen-
TUHUKALIKS U CUCTEeMAaTHKa: TIPOBOAATCS B Jabopa-
TOPUH TOCIIE TOJIEBBIX padoT. [ 3TOro mcmoms-
3YIOTCSI MHOTOTOMHBIE OTHYETHl W CHPABOYHHKH,
takue kak «dmopa CCCP» (dmopa CCCP, 1955),
«®nopa Kazaxcrana» (IlaBnos, 1956), «Onpene-
mutens pacteHnit Cpenneit Asum» (beikos, 1979),
«MnmocTpupoBaHHBI  ONPEACTUTENb PACTCHUN
Kazaxcranay (MmimrocTpupoOBaHHBINA ONPEACIIUTETh
pacrennii Kazaxcrana, 1969) u npyrue. Bunosoe n
posoBoe Ha3BaHus Buaa N. nucifera, B pexu Kuram,
npoTekaromieil mo 3anagHoil yactu KypmaHrasuH-
CKOTO paiioHa ATBIpayCKOW O0O0JaCTH TPHUBEICHBI
cornacHo 6a3bl naHHbIX Plants of the World Online
(POWO) (Royal Botanic Gardens, Kew, 6. 1.), a
tarke mo C.K. YUepenanoBy (Yepenanos, 1995) u
C.A. AOnymunoit (AGxynmuHa, 1998). s amamu-
3a KM3HEHHBIX (POPM HCIIOJIB30BAUCH KiacCu(u-
karust U.I'. CepebpsikoBa (Cepebpsikos, 1962). B
XOJIC TIOJIEBBIX HKCHEIUIIMOHHBIX MCCIEIOBaHUN B
HccieayeMoM paiione pexn Kurarm, oOHapyKEHBI 2
HeHononyssiuui Buga N. nucifera. Mopdonornue-
CKHe MpHU3HaKU N. nucifera n3y4eHsl Ha )KUBBIX pac-
TEHHSX, C IPUBJICYCHHEM TepOapHOro MaTepuana.
MeToapl  (PUTOXMMHUYECKOTO  HCCIIeTOBAHMS.
duroxumudeckuil ananus N. nucifera pOBOIUIN
C IeNbI0 OTpefeNieHNs] Ka4eCTBEHHOI0 W KOJIde-
CTBEHHOTO COCTaBa OCHOBHBIX T'PyHI OHOJIOTHYE-
CKM aKTHBHBIX COCIMHEHWH, BKIItoUas (DEHOIbHBIC
coenHeHHs, ()IaBOHOWABI, ACKOPOMHOBYIO KHC-

JOTYy W pacTBOpHMBbIe caxapa. [nst uccienoBanus
WCTIONIb30BANIN JIMCTHS, IIBETKH W KOPHEBHINA pac-
TEeHHH, cOOpaHHBIC B MEPHUOJ aKTHBHOHM BereTanyu
Y IBeTeHUS. PacTUTENHHBIN MaTepra BBICYIIINBAIH
nipu Temnepatype 40—45 °C 10 mocTosTHHON Macchl,
M3METbYaIN U MPOCEUBANN JJISl MTOTyYeHHUs] OJTHO-
POOHOTO TMOpOIIKa. JKCTPAKUUIO OHOJOTHYECKU
AKTUBHBIX BEIIECTB MIPOBOJIMIN C UCTIOIH30BAHUEM
70% BOAHOTO pacTBOpa 3TaHOJA B COOTHOUIEHHU
pactutenbHOe ChIphE:dKcTparent 1:10. Ilomyden-
HBIE SKCTPAKThl (PUIBTPOBANM Yepe3 MEeMOpaHHBIC
¢unbTper (0,45 MKM) B HCTIONB30BAJIH /IS TIOCTIe-
JyIOLIero xpomartorpaguueckoro axamusza. Ompe-
nenenue (eHONBHBIX COeTUHEHNN U (hIIaBOHOWIOB
B opraHax N. nucifera BBIIOJHSIH METOJOM BBI-
cok03(h(HeKTUBHON KUAKOCTHONH XpomaTtorpadun
(B2XKX). Ananus npoBOAUIN HA 5KUIKOCTHOM XPO-
matorpade ¢ YD-1eTeKTopom, HCIIONb3ys KOJIOHKY
C18 (250 x 4,6 MM, 5 MmxM). B kauecTBe OIBHIKHOM
(haszpl MPUMEHSIIN CHCTEMY PacTBOpPHUTENEH Boja ¢
nobasnennem 0,1% MypaBbHHOM KUCIOTHI (A) H
areToHUTpMII (B) B pexxume rpaii€HTHOTO ITI0UPO-
BaHus. CKOpOCTh MOTOKa coctaBisuia 1,0 Mi/mMuH,
temnepatypa kononku — 30 °C. Unentndukanmio
(D eHONBHBIX COCAMHEHHUH MPOBOJIWIN MYTEM CpaB-
HEHUS BPEMEHH YJIEPKHWBAaHUS W CHEKTPaJbHBIX
XapaKTepUCTUK C KOMMEpPYECKMMH CTaHAApTaMH
(ranymoBasi KMCIIOTa, KBEPIETHH, KEMI(eposl, pyTHH
u ap.) (Syraiyl et al., 2022).

KonmuecTBeHHOE ompenenenne acKOpOMHOBOM
kucinoThl (ButamuHa C) OCYIIECTBISUIM METOJOM
B3OXX ¢ YO®-gerexmueii. DKCTpaKIHUIO TPOBOIIN
B KHCIIOH cpejie ¢ HCIosb30BaHueM 2—3% pacTBo-
pa MertadochopHON KHCIOTHI ISl CTAaOMIH3AINH
acKopOMHOBOM KHUCHOTHL. [lomydeHHble 3HaYEHUS
conepkanusi BuTamMuHa C paccUMTHIBAIM MO Ka-
TMOPOBOYHON KpPUBOW, MOCTPOEHHOH Ha OCHOBE
CTaHJIAPTHOTO PacTBOpa aCKOPOMHOBOM KHCIIOTHI.
Omnpenenenue coaepkaHusi paCTBOPUMBIX CaxapoB
(Tmroko3a, ppykTO3a, caxaposa) B JIUCTHSX, IIBETKAX
W KOpHeBUIIAX N. nucifera TPOBOAWIM METOJIOM
BBICOKOA((EKTUBHOW JKUJAKOCTHOW Xpomarorpa-
¢un ¢ pedpakTOMETPHUUECKUM JETEKTUPOBAHUEM
(BOXKX-RI). Paznenenne KOMIIOHEHTOB OCYIIECT-
BIISUTM Ha KOJIOHKE [T aHAJIN3a YIJIEBOJIOB, a HJICH-
TU(PUKALINIO TPOBOIVIIH 110 BPEMEHH YACPKIUBAHUS
CTaHJIapPTHBIX pacTBOPOB caxapoB. Bce ananutnue-
CKHME W3MEPEHHUs BBIIOJHSIM B TPEXKPATHOM IMO-
BTOpHOCTH. [losryueHHbIe pe3yapTaThl MOIBEPraIn
CTaTUCTHUYECKONW 00paboTKe ¢ pacu€ToM CpeaHEero
3HAUEHMs ¥ CTaHAAPTHOTO OTKJIOHEHHUA. Vcnomb3o-
BaHHBIH KOMIUIEKC (PUTOXHMHUYECKHX METOJOB II0-
3BOJIMJI ONIPEJEITUTH COACPIKaHIE OCHOBHBIX OMOIIO-
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TMYCCKHM aKTUBHBIX BEIECTB B opraHax N. nucifera
M OI[EHHUTH €70 XUMHUKO-ONOIOTHUECKII TTOTEHITHAIT
(Zhumagul et al., 2025).

PesynbTaThl Hece10BaHui M UX 00CyKIeHHE

Jns yTouHeHUs NPUPOAHBIX MECT IPOU3paAC-
TaHUs TEHOTOMYJISIINK BUma N. nucifera B pexu

Pucynok 2

Kuram mnporekatomeil no 3amagHoit wactu Kyp-
MaHTa3WHCKOTO paifioHa ATHIpayCKOW 00JIACTH TIO-
CTPOCHMSI MapIIpyTa SKCIEJAULMOHHBIX BBIC3JIOB,
YCTaHOBJICHHS CPOKOB IIBETCHUS WM 3aHUMAEMBIX
9KOJIOTHYECKHX HUIL, IPOBEICHO U3yUueHue repoap-
HOTO MaTepmajia OCHOBHOTO TepOapHoro (oHma B
0aze nanabix GBIF (GBIF Secretariat, 2026), a Tak-
e TUTePaTyPHBIX (DIIOPUCTUUECKUX CBEACHUN.

Lenononynayuii N. nucifera 6 pexu Kueaw npomexatoweii no 3anaonoii uacmu Kypmaneasunckozo paiiona Ameipayckou obnacmu

Uccnenoanus 1eHonomyisiuuit N. nucifera
Mpou3pacTaroux B peku Kuraii npoTekaromiei mno
3anaanoi yactu Kypmanrazunckoro paiioHa ATbI-
payckoit 06yacTi 1 u3ydeHne repdapHoro MaTepu-
aja ToKasaju, 4YTo HccielyeMble BUABI UMEET XO-
POIIYIO 3KOJOTHYECKYI0 aMIUTUTYIY, JOCTaTOYHO
XOpOUIO PacHpoCTpaHEeHbl Ha JaHHON TeppUTOPHH,
OJTHAKO, IIEHOTHYECKas MPUYpPOUYEHHOCTh ITHX BH-
JIOB HECKOJILKO YK€, U OOJBIIUHCTBO IICHOIIOITY-
nsamuit N. nucifera BHISBICHO TPEUMYIIIECTBEHHO B
BOJIOPOCJICBO-TPABSHUCTBIX TOWMEHHBIX TPYIIIH-
poBKax, Te GopMUpyIOTCs 60see OIaronpusSTHBIC
YCIIOBHS YBJIIAXXHEHHUS, BOJTHOI'O peXrMa U obecre-
YEHHOCTH AJIEMEHTaMH TMHTaHUS, CTOCOOCTBYIOIIHE
YCTOHYHMBOMY POCTY M pa3BUTHIO BUAa. B xone sxc-
TIEANIIMOHHBIX HCCIIEIOBAHUN yYCTaHOBJICHO HAaJH-
YHe JIBYX KPYIHBIX MECTOHAXOXJICHUH IICHOIIOITY-
namuit N. nucifera, pactionoXeHHBIX B Pa3IMIHBIX
JKOJIOTO-(PUTOIICHOTHYECKUX YCIOBHSIX MOMMEHHOM
30HBI PEKH.

Hwxe mnpuBoauTcs TreoOOTaHMYECKash Xapak-
TEPUCTHUKA PACTUTEIHHBIX COOOIIECTB C y4acTHEM
N. nucifera. B mpenenax uccienyeMoll TEppHUTO-
pHUH IEHOTIONYISANH N. nucifera pactipocTpaHEeHbI
BIIOJIb pycia peku Kurarn, HauyuHasi OT LEHTPab-
HOW 4acTu uepe3 cesno TeHu3 W Jlajee Ha MpoTs-
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LII1-2

JKeHHH Ookono 25 kM. B Mecrax mpouspactanus
J0TOCa TIyOMHA BOJOEMa JIOCTHTAeT INPHMEPHO
1,5 M. HmwxH1e BOAHBIE TOPH30HTHI XapaKTEepH3y-
I0TCS Pa3BUTHEM 3E€JIEHBIX BOJOPOCIHEH, C KOTOPHI-
MU N. nucifera opMupyeT COBMECTHBIE PACTHTENb-
HBbIE COOOILECTBA.

Hccnenyemasi TeppUTOpHs YCIOBHO IMOIpa3/e-
JIeHa Ha JIBE OCHOBHBIE YKOJIOTO-(PHUTOIIEHOTHYECKHE
30HBIL: (1) IpUOpEKHYIO 30HY PEKH, MPelCTaBICH-
HYIO IPEBECHO-KYCTapHUKOBBIMH U JTyTOBO-KyCTap-
HUKOBBIMH COOOIIECTBaMU; (2) HEHTPaJIbHYIO aKBa-
TOPHAIBHYIO 30HY € TITyOOKOBOJHBIMH YCIIOBUSIMH,
r7e LEHOMOMYJSIHUNA JI0TOCa OPEXOHOCHOTro (NV.
nucifera) SBISIOTCS JTOMHUHHUPYIOIIMM KOMIOHEH-
TOM PACTHTENbHBIX aCCOLUALIN.

PacturensHOCTh TIpHOpEKHON 30HBEL. B mpu-
OpeKHOH MOoJI0Ce HAaYaJILHOTO yyacTKa peku Kuray
c(OPMHUPOBAHO CIOKHOE CMEIIAHHOE PaCTHUTEINb-
HOE COOOILIECTBO C XOPOILO BBIPAKEHHOW BEPTH-
KaJIbHOK (SIpyCHOM) CTpyKTypoiul. Bepxmwuii sipyc
MpEeACTaBIeH MHTPOAYUHPOBAHHBIMH U a0OpHIeH-
HBIMH JIPEBECHBIMH BHJAMH, CPETHUN — KyCTapHHU-
KaMd M TeI0(QUTHO-THIPOPHUTHBIMU PaCTEHHUSIMH,
TOTJIa KaK HIDKHHUHU SIpyc (POPMUPYIOT TPaBSIHUCTHIE
BUJBI PA3IMYHBIX SKOJIOTHYECKUX TPYII, BKIIOYas
TEMUKPUTITOPUTHI U TEPODUTEI.
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JpeBecHO-KycTapHUKOBBIN Apyc. B apesec-
HOM fpyce mpeodiiafaloT WHTPOAYIHPOBAHHBIN
BUN Fraxinus americana L. (AHBa3UBHBIA BU]I,
npoucxoaauuii n3 CeBepHOil AMEPHUKH) I MECT-
Helil Bun Elaeagnus angustifolia L. B xycrap-
HHUKOBOM sipyce oTMmedatoTcs Salix alba Thunb.,
BBIMIOJIHSIOMIUN POJIb dAM(PUKATOPA U yKPEIs-
fomuil 6epera BOJHOTO pyclia, a Takke Kcepo-
¢utHo-ranourHelii BUA Tamarix laxa Willd
(Tabmura 2).

Taoauna 2

l'enoputHO-rHIpOdUTHAS Tpymmna (TMpUOpex-
Hasl 30Ha M pPyCJIOBas 4acTh). B mMpuOpexHO 1mMo0-
Ce M HEMOCPEACTBEHHO BOJIb Pyclia peKu chopMu-
poBaHbBI TeNO(UTHO-TUAPOPUTHBIE PACTUTEIHHBIE
cooOmiecTBa, B COCTaBe KOTOPBIX NPeo0sIaaaroT
BOJIHBIC PACTCHUS M OOJOTHBIC BHBI. JJOMUHAHTOM
OOJNBIIMHCTBA MPHOPEKHBIX (DUTOLEHO30B SIBIISI-
etcst Phragmites communis Trin., dopMupyrommin
IUTOTHBIC 3apOCIH M UTPAIOLINH BaKHYIO pOJb B
cTabnnm3anyu 6eperoBoii 30HsI (Tabnmma 3).

Dkonozo-buonoeuueckas xapaxmepucmura OpeeecHo-KyCmapHUKO8bIX U008 pACMUMENbHO20 CO00Wecmea npudpediCHoll 30Hbl

pexu Kueaw

HazBanwue Buna Kuznennas popma

DKoJorn4ecKas rpymmia

denomornyeckoe CoCTOTHUE

IJIOJOHOIIECHUE, KPbUIATKH

Famericana ZIepeBO Me30(HT (IpeBEeCHBIH Me30(UT)
IOJIHOCTBIO CO3PENN

Me30(HUT, THIAPOPHUTHBIH SIEMEHT
S. alba JIepeBO (IpUypOYeH K YBIKHEHHBIM AKTHBHAs BereTaIus

MECTOOOUTAHUSIM)

E. angustifolia JIepEBO/KPYIHBIA KyCTapHUK

KcepoMe30QuT, ranodut

aKTHBHas BCreTanusi,
TJIOJOHOIICHUEC

T laxa KyCTapHUK

¢banepodur, kcepodurt, ranopur

BEreranus 3aBepuicHa

Taoauma 3

buonozo-sxonocuveckas xapakmepucmura 2eno@umno-2uopoPuUmMHbIX U008 PACMUMENbHO20 CO0OWecmBa NPUOPel’CHOU 30Hbl

peku Kueaw

Ha3zpanwue Buna JKuznennas popma

Okonoruyeckas rpynmna DeHONOrnIecKkoe COCTOSTHUE

MHOTOJIETHEE TPABAHUCTOC

Phragmites communis Trin.
pacTeHue

reaoQuT (HacTosIIee BOIHO-
0O0JIOTHOE pacTeHHE)

TIJIOIOHOIICHHUE, TIJI0ABI
TIOJIHOCTBIO CO3pEIIn

MHOTOJICTHEE KOPHEBUIIIHOC

Scirpus lacustris L.
TPaBSHUCTOE PACTCHHUE

FeJ'IO(i)I/IT, I‘I/Iﬂpo(i)I/IT TJI0AbI MOJTHOCTBIO CO3PEII

MHOTOJIETHEE KOPHEBUIIIHOE

B ifolia L.
Ypha angustifolia TPaBSHUCTOE PACTEHUE

resoUT, Me30rurpopuT IUTOJIBI TTOJTHOCTBIO CO3PeIn

Ranunculus circinatus Sibth. MHOTOJICTHHK ruapoduT L[BETCHHUE
MHOTOJIETHEE KOPHEBHIIIHOE
Nymphaea alba L. p renout, TuaApoHUT IOIOHOIIICHUE
pacTeHune
. . TEMUKPUIITODUT, reoBHT,
Rorippa palustris (L.) Besser MHOTOJICTHUK P ur, Pur, LBETCHUS

THAPOGUT

B xone uccnenoBanuii BBISIBJIEH KOMIUIEKC BO-
JHBIX ¥ TMPUOPEIKHO-OOJOTHBIX BUIOB PAaCTEHU,
OTHOCSIINXCS TPEUMYIIECTBEHHO K THApO(HUTaM U
renopuram. Cpean M3Y4YSHHBIX BHJIOB Ipeo0Iiajia-
FOT MHOTOJIETHHE TPaBSIHUCTHIE PACTEHHUS C XOPOIIO
Pa3BUTHIMU KOPHEBUILAMH, YTO SIBISICTCSI Xapak-
TEpHOM ajanTanuend K yCIOBUSIM MOCTOSHHOTO WUJIN

MIepHOANYECKOT0 yBIakHeHus1. Hamnbomnee pacmpo-
CTpaHEHHBIMU KOMIIOHCHTaMHU TNPUOPEKHON pac-
TUTENBHOCTU SBISIOTCS P. communis, S. lacustris
u T. angustifolia, popmupyromue oOIMpHBIC 3a-
pocia B IpHOpEKHON 30HE BogoéMa. P. communis.
XapaKTEepPHU3yeTCsl BBICOKOH KOHKYpPEHTOCIOCOOHO-
CTBIO M 3HAYUTEIHLHOW BBICOTOH 1MOOEToB (2-3 M),
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Onmarojapsi 4eMy 3aHMMAaeT OOJIBIIYI0 YacTh MpHU-
OpexHbIX ydacTkoB. S. lacustris n T.Tangustifolia,
TaKXKe SIBJIAIOTCS TUIMYHBIMH Teroputramu, ¢Gop-
MUPYIOITIMH TIOTHBIE COOOIIECTBA U UTPAIOIITIMH
BaXHYIO POJIb B cTaOMiIM3alui OeperoBOi 30HBI.
Cpenu morpyXEHHBIX BOJHBIX PAaCTCHUH OTMEUYCH
R. circinatus, XOTOpBI GOPMUPYET TUIOTHBIE MOJ-
BOJHBIE COOOIIECTBA M SIBIACTCS HHIUKATOPOM
c1a0ONPOTOYHBIX U CTOSUMX BonoéMoB. [lmaBaro-
it ruapodut N. alba HaxomuTcs B TeHEpaTHB-
HOW (pa3e TUIOJOHOLICHUS M TNPEACTABISET OCO-
OBl PUPOAOOXPAHHBIN WHTEPEC KaK PEIKUN B,
BKIOu€HHBIA B KpacHyio kaury PecnyOmuku Ka-
3axcTaH. R. palustris OTMEUYEH Kak TMpeACTaBUTENb

Ta6auna 4

npuOpeKHO-00JIOTHON  (DJIOPBI, YyYaCTBYIOIIMH B
(OpPMHPOBAaHUH TIEPEXOJHBIX PACTUTEIBHBIX CO-
00IIeCTB Ha BIaXXHBIX MECTOOOUTaHUsIX. B mepron
HaOMIOAEeHUN OOJBIIHHCTBO BHIOB HaXOIWINCHh B
reHepaTHUBHOH (paze: OTMEUEHBI CTaANU [IBETCHUS U
TUTOJIOHOIIICHHS, YTO CBUJICTEIILCTBYET O OJIaronpu-
ATHBIX YCJIOBUSIX ISl MX BETETallMH U PEHpOIyK-
TUBHOTO Pa3BUTHS B MCCIICyEMON 3KOCHCTEME.

I'emukpunTouTHO-KCEpOME30(UTHAS TpyIIa
(BrICOKHME y4acTku mobepexns). Ha oTHocuTensHO
BBICOKHX, 3aCOJIEHHBIX M TJIMHUCTBIX y4acTKax IMo-
Oepexpst TpeoliasaeT Tpynna KOPHEBUIIHBIX Te-
MHUKPUNTODHUTOB, CPEIH KOTOPHIX JOMUHHUPYIOLIYIO
poib urpaet Argusia sibirica (L.) Dandy

DK0o1020-0U0NI02UYECKAs XAPAKMEPUCMUKA 8UO08 PACMEHUI 2EMUKPUNIOPUMHO-KCEPOME30PUMHOT SPYNNbL BbICOKUX YUACHKOS

nobepesicos

Haspanue Buia XKusnennast hopma

DKOJIOrHYecKast I'pynma DeHOJIOTrMYECKOe COCTOSHUE

TUIO/IOHOIICHHUS, OTMEYCHBI
TeMHUKPHIITODUT,

A. sibirica MHOTOJIETHUH, KOPHEBUIIIHbIH MOJIOZIBIC BET€TATHBHBIC
kcepome30(duT, ranoput
nobern
Lactuca tatarica (L.) . . TEMHUKpUNTO(HUT, KCePOPHT,
MHOTOJICTHHH, KOPHEBUIIIHBIH I[BETCHUS
C.A.Mey. neTpoduT
Trachomitum sarmatiense . . TEeMUKPHIITODUT,
MHOTOJICTHHH, KOPHEBUIITHBIH (ha3a MaccoBOrO IBETECHHUS
Woodson. Kcepome3odut
- N TeMHUKPHIITO(UT.
Cirsium arvense (L.) Scop. MHOTOJICTHUH P ur, LBETCHUE
ME30KCepOpUT
. N . TeMHKPUITODUT, OTMEUEHBI MOJIO/IbIE 3€1EHbIE
Mentha aquatica L. MHOT'OJICTHUH, KOPHEBUIIHbIN
TUTPOME30(pHUT noberu
. MHOTOJICTHEE TPABSIHHUCTOE
Plantago media L. p Kcepome30(huT reHeparuBHas ¢asza

pacTcHUC, FeMI/IKpI/IHTO(i)I/IT

MHOT'OJIETHEE TPABAHUCTOEC

Convolvulus sepium L.
pacTeHue, FreMUKPUITOGUT

reout, Me30puT LBETEHUS

TepodurHo-pynepansHas rpymnma. Ha manbomee
BBICOKHX, CyXHX YYacTKax MOOepexkbsi, pacioioKeH-
HBIX IIPUMEPHO Ha 2 M BBIIIIE YPOBHS BOJIBI, OTMEUCHBI
OJTHOJIETHUE TePOPHTHI — CyOTOMUHAHTHBIE TaO(UT-

Ta6auna 5

HO-KCepO(HTHBIC BUIBI U COPHBIC pacTeHus. JlaHHas
TpyIIia XapakTepusyeTcsl ajanTaiieidl K YCIOBHIM
HEI0CTATOYHOTO YBJIKHEHHSI, 3aCOIEHHOCTH TOYB U
AHTPOTIOTCHHOTO BO3/ICHCTBHS (TaduIa 5).

DKon020-0u0N02UYECKAs XAPAKMEPUCTNUKA U008 MEPOPUMHO-DYOEPATbHOU 2PYNNbL CYXUX YUACMKO8 NODepediChsl

Hazpanwue Buna Kuznennas popma

DKoioruyeckas rpymma

DEeHOTOTHIECKOE COCTOSTHUE

Suaeda altissima (L.) Pall. OIHOJIETHUH TePOPUT

Kcepodurt, raour

OTMEUYCHO Pa3sBUTUE MOJIOABIX HO66FOB,
aKTUBHAS BEereTamus enié He BBIpa’K€HA

Polygonum aviculare L. OIHOJIETHUH TePOPUT

Me30(HUT [BETCHUS

Atriplex tatarica L. OIHOJIETHUH TepOPUT

KcepoduTt, raour

OTMEYEHbI MOJIO/IbIE TOOETH, AKTHBHAS
BereTanys BeIpaXkeHa cnadbo
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TepodutHo-pynepanpHas Tpymmna Obula OT-
MedeHa Ha HanOoJyiee BBICOKMX M CYXHX ydacTKax
noOepexkpsi, PacloNOKEHHBIX MPUMEPHO Ha 2 M
BBILIE YPOBHS BOABL. B cocraBe JaHHOU IpyIIIIbI
npeobaaT 0OAHOJIETHHE TePOMUTHI, XapaKTepH-
3YIOIINECs BBICOKOW yCTOWYMBOCTBIO K ACPUITUTY
BJIaTM, 3aCOJICHHIO TNIOYB M HApyLIEHUIO MECTOO-
Ooutanmnii. Cpeau BBIABICHHBIX BHJIOB OTMEUYEHBI
raJlopUTHO-KCEPOPUTHBIE IPEICTABUTEIH C Pye-
paNTbHBIMU CBOHCTBAMH, BBITIOIHSIONINE POJIH CYO-
JTOMUHAHTOB B PaCTUTEIbHOM MOKPOBE CyXUX MPH-
OpeXHBIX y4acTKoB. JloMUHUpYIOIIEe TOI0KEHNE
B JJAHHOH TpyImIie 3aHuMmaet S. altissima, OTHOCS-
masicss K OJHOJIETHUM TepoduTam, kcepoduram u
rasiopuraM. Bunx npuypoueH K 3acoIEHHBIM y4yacT-
KaM BepXHel gacTu modepexns. B mepron Hadmro-
JEHUH OTMEYaJIOCh Pa3BUTHE MOJOIBIX MOOETroB,
MpH 3TOM aKTHBHAs BeTeTanus Oblja BBIpaKeHA
c1abo, 4TO CBA3aHO C PaHHEH CTagueil Ce30HHOTO
pa3BUTHA pacTeHUM. A. tatarica, TakxKe Xapaxre-
pHu3yercss Kak CyOJOMHHAHTHBIA TaloQHUTHO-KCe-
poQUTHBIH Tepo(dUT, BCTpPEHAIOMUNCA HA CYXHUX
3aCONEHHBIX ydYacTKax. Y pacTeHUH OTMEUYEHBI
MOJIOZIbIE TIOOETH M HadaJbHBIE ATAIbl BEreTallu-
OHHOTO pa3BUTHs. Bua o0magaeT BRICOKOH 3KOJI0-
TUYECKOH TIACTUYHOCTHIO M ABISETCS THUITHYHBIM
KOMITOHEHTOM pPYAEpPaIbHBIX U HapyIICHHBIX MPH-
OpekHBIX coobmiecTB. P. aviculare mpenctraBicH
KaK Me30(WIbHBIN pyaepaibHbId TepodUT, Ipuy-
POYCHHBIHN K OTKPBITHIM U HAPYIIEHHBIM y4acTKaM.
B nepuon uccnenoBaHuil BU HaXoAwiIcs B TeHe-
paTuUBHOI (a3ze — oTMeUYeHO IBeTeHHe. B memom
Tepo(UTHO-pyACpabHas IpyNna oTpa)xkaeT ajar-
TaIMIO0 PACTUTEIBHOTO MOKPOBA K 3KCTPEMAaIbHBIM
YCIIOBUSIM BEpXHEH YacTH MOOEpeXkbs, BKIOYAs
MOBBIIIEHHYIO CyXOCTh, 3a4COJICHNE U aHTPOIIOTECH-
Hoe BozueicTBHe. [lpucyrcTBue ramo@uUTHBIX U
pyZepanbHBIX BUJIOB CBUIETENHCTBYET O (popmu-
POBAaHMHU YCTOMUMBOTO cOOOIIECTBa HA TEPEXOA-

Taoauna 6

HBIX Y4aCTKax MEXJy €CTECTBEHHBIMHU NMPUOPEK-
HBIMH ¥ HAPYIIEHHBIMH MECTOOOUTAHHSIMH.

PactuTenpHbIl MOKPOB IEHTPATBHON YacTH aK-
Baropuu. PaccrosiHue OT LEHTPaIbHOW 4acTH PEKU
Kuram, npoxonsmeii uepes ceno Tenus, 1o ydact-
Ka pacrpoCTpaHEHUs TMOMYJISIHA OPEXOHOCHOTO
noroca (N. nucifera) cocraBiser okoio 25 km. B
Tpenieax TepPUTOPUHN MPOU3pACTaHuUs JOTOCA TITy-
Ouna Bogoéma Bapbupyer B npenenax 1-1,5 m. [lno
AKBAaTOPUU MOKPBITO CJIOEM 3€JIEHBIX BOJOPOCIEH,
(hopMHPYIOIIMX TUIOTHBIA TIOABOJIHBIA IOKPOB M
SBIISTOLTNXCSI BaXKHBIM KOMITOHEHTOM BOJHOM pac-
TUTENBHOCTU. B IeHTpanpHOW 4YacTH akBaTOPHUH
hopmupyeTcst cBoeoOpa3HOEe BOJTHOE PACTHTEIHEHOE
co0O0IIECTBO, MPEJCTABICHHOE MPEUMYLIECTBEHHO
ruapoduramu. braronpusTHRIE THAPOIOTUYECKHE
ycnoBus (yMepeHHas T1yOrHa, HaJIu4he MUTaTelb-
HBIX BEIECTB U Pa3BUTHIM JIOHHBIM paCTUTEIbHBIN
MTOKPOB) CIIOCOOCTBYIOT YCTOHYMBOMY Pa3BHTHIO
TOMYJSIAA N. nucifera ¥ COMYTCTBYIOMINX BOIHBIX
OpPTraHHU3MOB.

HII-1. Accommarust N. nucifera + 3enéHbie
Bogopociu + Phragmites communis Trin. LII-1
chopMupoBaHa B BHJE BOJIHOTO PACTHUTEIHHOTO
cooOImIecTBa € ydacTHeM 3eJEHBIX BOAOpOCICH B
MIOJIBOAHOM sipyce W P. communis B TIPUOPEKHO-
MIOBEPXHOCTHOM sipyce. JlaHHas pacTUTeIbHAs
accormmmaiuist (N. nucifera + 3enéHbIe BOTOPOCTH
+ P. communis) 3aHUMAaET IUIOIIAIb OKOJIO § ra
(GPS-xoopaunatsr: 46°40'658", 49°32'008").

[IpoexkTBHOE TOKPBITHE PACTUTEIBHOIO II0-
kpoBa coctaBisgeT 80 %, YTO CBHUIECTEIHCTBYET O
BBICOKOH CTEIIEHH COMKHYTOCTH cooOmecTBa. B
CTpPYKType accommanuu N. nucifera (opmupyet
OCHOBHOW KOMIIOHEHT BOJJHON pacTUTEIBHOCTH, 3€-
NEHBIE BOJOPOCIH 00pa3yroT MOIBOAHBIN ITOKPOB, a
Phragmites communis y4acTByeT B GOpMHUPOBAHUN
HAJBOJHOTO SIpyCa, CO3/1aBasi CIIOKHYIO BEPTHKAIb-
HYIO CTPYKTYPY PacTUTEIBHOTO COOOIIEeCTBA.

Taxconomuueckuii cocmas, HCU3HEeHHble d)Oprl, JKoJI0cuvecKue cpynnobl u (!)eHO]lOZu‘{eCKOE cocmostHue eodelxpacmeHuL? U 6000-

pocneii ¢ L[II-1 N. nucifera

HasBanue Busia YKusnennas popma

DKOJIOrHYEeCKast IpyIia DEHOIOrMYeCKOe COCTOSIHUE

MHOTI'0JICTHEC BOIAHOC

THAPO(HUT, YKOPEHSFOIHHACS

N. nucifera . N LIBETEHUS
pacrenue UIABAIOIIN BOAHBII MaKpOQUT
Phragmites communis Trin. MHOTOJICTHEE PacTCHHE renohut I[IJI0JJOHOLICHUS
. CBOOOTHO IJIABAOIINUN Ha
Lemna minor L. TUIpOHUT aKTHBHOC Pa3MHOKCHHE

MOBEPXHOCTH BOJBI THAPO(GUT

TaJIJIOMHBIC BOJHBIC

3enéHble BOLOPOCIH
OpraHHU3MBI

BCreranus, MHTCHCHBHOC

¢urobeHToc Bogoéma
pasBuTHE
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[IpencraBienHble JaHHBIE B Tabauie 6 moka-
3BIBAIOT, UTO IeHOTonyaus N. nucifera popmu-
pyercst 3a C4E€T KOMIUIEKCa BOJHBIX U MPUOPEKHO-
BOJIHBIX OPTAHU3MOB, OTHOCAIINXCA K Pa3TUIHBIM
9KoJIOTM4ecKUM rpynnam. OCHOBY pacTUTENbHO-
ro coobmiecTBa coctaBisieT N. nucifera — MHOTO-
JIETHUH YKOPEHSIOIUNCS MIaBaAOMUN THIAPOPHUT,
HAXOIAIWICS B TEHEpaTHBHOW ¢aze (mepuon
uBeTeHus). B mepuon uccnenoBaHuss y ocoOeit
OTMEYEHBl pPa3BUThIE TEHEpPAaTHBHBIE IOOETH C
KPYIOHBIMH JIUCTBIMH H  CHOPMUPOBAHHBIMU
[IBETOYHBIMA OYTOHAaMH, HYTO CBHUIETEIHCTBYET
00 aKTHBHOM TPOXOXACHUH PENPOIyKTHBHON
(a3pl. HamBomuserit sipyc cooOrmiecTBa mpeacTaB-
JIEH NpPEUMYIIECTBEHHO P. communis, KOTOPBIN
HaxoAuTCs B (ha3e TMIOMOHOMICHUS W BBITIOTHIET
pOJIb TOMUHHUPYIOIIEr0 BUJA MPUOPEKHOH pac-
tuTenbHOCTH. CBOOOMHOTUIABAIOMIUA THAPOPUT
L. minor akTUBHO pa3MHOXAaeTCsl U BXOJUT B CO-
cTaB acconnanuu N. nucifera, popMupys IoBepX-
HOCTHBI pacTUTENbHbIH TOKpoB. IlogBomHBIM
ApyC TIPEJCTABJICH 3eJEHBIMH BOJOPOCISAMH, Xa-
PaKTEPU3YIOLUIUMUCS UHTCHCUBHBIM Pa3BUTHEM U
BBITTOTHSIONIMMHE BaXXHYIO POJIb B CTPYKType (hu-
ToOeHTOoCca Bojoéma. Takum oOpaszom, uccienye-
MOE€ pacTUTEIbHOE COOOMIECTBO XapaKTePU3yeTCs
SIPYCHOM CTPYKTYpOH, BKITFOUAIOIIIEH MIaBaromiue,
HaJIBOJIHBIE W TIOJBOJHBIE KOMIOHEHTH. Coue-
tanue makpoduroB (N. nucifera, P. communis,
L. minor) nu Bogopocneil obecrneunBaer GHopmu-
pOBaHUE YCTOWYUBOTO BOJHOTO (UTOIEHO3A, T1IE

Ta6auna 7

N. nucifera BpICTynaeT KJIIOYEBBIM CTPYKTYpPOO-
Opa3yoIIuM BHIOM.

LT 2. Accoumanus N. nucifera + Trapa natans
L. LIT — 2, pacnonmoskeHHass IpUMEpHO B 1 KM OT
nepBoii Touku uccnenosanus (GPS: N 46°24.407°,
E 49°19.212°, aGcomoTHast oTMETKa -25 H.y.M), Xa-
pakTepuszyercs (GOPMHUPOBAHHEM JIOMHHUPYIOIICH
accormaru N. nucifera coBMecTHO ¢ Trapa natans
L. Ilnomaxap pacnpocTpaHeHHs COOOIIECTBa CO-
crasiseT 10 ra, riryomra Boxbsl okosro 100 cM, mpo-
eKTHOE MOKphITHE pacTtuTenabHoctu — 70%. B nan-
HOM accoruanuu N. nucifera BEICTYIIaeT B KAUECTBE
OCHOBHOTO LIEHO03000pa3yiouiero Bujaa, GopMupys
BEPXHUM SIPyC BOJHON PACTUTEIBHOCTH, TOTJA KaK
T. natans sBISETCS COMYTCTBYIOLUIMM BHJOM, 00-
pasyromuM IJIaBAIOMIAK MTOKPOB Ha MOBEPXHOCTH
Bozbl. CoBMECTHOE NpOM3pacTaHUE STHX BUIOB
00YCJIOBIICHO WX DKOJOTHYCCKOH CIeITHaTH3aIinei
N. nucifera 0OTHOCUTCSA K YKOPEHSIOIIMMCS TlIaBa-
fomuM ruapodutam, a 1. natans Kk CBOOOTHOIIIIABA-
IOIUM THAPO(pUTAM, YTO TMO3BOJISIET UM 3aHHUMATh
pa3IrYHBIC YKOJIOTUYECKUE HAIITH B TIPeiesiaX OqHO-
ro Bogoéma. Mccnemyemoe coo0I1ecTBO XapaKkTepu-
3yeTCsl XOPOILIO BBIPAKEHHOM SIPYCHON CTPYKTYpOH
HAJIBOJTHBIH M TIOBEPXHOCTHBIN SIPYCHI MPEICTABIIC-
HEI N. nucifera n T. natans, a TOABOTHBIN sIpyc Gop-
MUPYETCS APYTUMH TUAPOPUTAMH B BOJOPOCIISIMHU.
Bricokoe mpoektHoe mokpeiTHe (70%) cBUAETENH-
CTBYET O CTa0MJILHOM pPa3BUTUU PACTUTEIHLHOIO
Co00IecTBa U OJATONPHSITHBIX THAPOJIOTHISCKUX
YCIOBUSIX AJIsl mpouspacTanus N. nucifera.

Taxconomuueckutl cocmae, HcU3HeHHble d)Oprl, SKoOJI02U4decKue cpynnol u d)eHOﬂOZLﬂieCKO@ cocmosiHue 00HbIX pacmenuﬁ U 8000-

pocaeti ¢ L{II-2 N. nucifera

HasBanue Buna YKuznennas gopma

DKOJIOru4ecKas I'pynma DEeHOTOTHIECKOE COCTOSHUE

MHOTOJIETHEE BOJHOE
pacTeHue, peuKTOBbIN
penkuit Bup 11 kareropun

N. nucifera

THAPOHT, YKOPEHSIOITHHCS

N L{BETCHUS
TUTABAIOIINH MaKpOQUT

THTPOQHT,
OJTHOJIETHEE pacTeHUe, . Bereranus, GopMupoBaHue
Trapa natans L. . CBOOOIHOIIIABAIOIIUAI
TEPOPUT, TPETUUHBIN PEITUKT IJI0ZI0B
TUIPOGUT
L. OJTHOJIETHEE BOJAHOE pacTeHUE rupodurT. aKTHUBHAsI BEreTaIVsl U
Salvinia natans (L.) All. . P ’ pogur, .
TPETUYHBIN PEITUKT CBOOOTHOTITABAIOIIU i pa3MHOXKeHHE

MHOT'OJIETHEE KOPHEBUIITHOC

Scirpus lacustris L.
pacrenue

FeJ'IO(bI/IT, FI/IZ[pO(bI/IT OBCTCHUA U IIJIOJOHOIICHUA

Phragmites communis Trin. MHOTOJIETHEE PacTeHHE

Bereramnus, y4actue B

reaopur
accolyanun

3enéHble BOTOPOCIU
(Chlorophyta)

TaJJIOMHbIE BOJIHbIE
OpraHu3Mbl

AaKTHBHas BEreTanus,

(utobeHToC BogoémMa
WHTCHCHBHOE Pa3BUTHE
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[IpencraBneHHble MaHHBIE TOKa3bIBAIOT, YTO
ucciemyeMas akBaTopusi peku Kuramr xapakrepu-
3yeTCsl 3HAYUTENIBHBIM Pa3HOOOpa3HeM pPEIKHUX |
OXpaHsIEMBIX THAPODUTOB, CPEIU KOTOPHIX MPEoO-
JAJA0T PEIUKTOBBIC BUJBI C Y3KOI 3KOJIOTHUECKON
MPUYPOUCHHOCTHIO. HamboIbIIyt0 CTPYKTYPHYIO
U UEHOTHYECKYIO POJIb B COCTaBE PACTUTEIBHBIX
C000IIeCTB BBITIONHACT N. nucifera, hbopMupyro-
UM yCTOWYUBBIC NOMYJSIMUU U BBICTYHAIOLIUI
OCHOBHBIM IIeHO3000pa3ytomuM BumgoMm. CormyT-
cTBytomme Buabl — Nymphaea alba, Trapa natans
u Salvinia natans DOTIONHSIOT CTPYKTYPY BOIHOTO
COOO0IIECTBa, 3aHUMAasl Pa3IMYHBIC DKOJIOTUYCCKUE
Humy. Hanwume B ogHOM BOJIOEME HECKOJIBKHX
OXpaHSIEMbIX BUJOB CBHUJAETEIHCTBYET O BBICOKOM
COXPaHHOCTH TPUPOIHBIX YCIOBUW HCCICAYEeMOi
TeppUTOpUH. PEeTUKTOBBIN COCTaB BOJHOU (IIOPHI
YKa3bIBaCT HA YHUKAIBHOCTH JKOCHCTEMBI PEKU
Kuramr u e€ BaxxHYyIO poJIb B COXpaHEHUU OHOpa3-
HOOOpasus pernoHa. braronpusTHBIA THIPOIOTH-
YECKHUI PEKUM, HATHYUE MEITKOBOHBIX YUYACTKOB U
CTaOWJIBHBIC YCIIOBHUS YBIIAXKHEHHUS CITIOCOOCTBYIOT
MOJIICPKAHUIO TIOMYJISIANA PEAKUX MaKpO(UTOB.
Bmecte ¢ TeM, yuuThIBasS COKpAIEHUE YHCIICH-
HOCTHU OTJICBHBIX BHJIOB U UX MPHUPOJTOOXPAHHBIN
cTaTyc, HEOOXOMWMBI MaTbHEHIITNH MOHUTOPHUHT
COCTOSIHMSI LICHOMOMYJISIUM, KOHTPOJIb AHTPOIIO-
TEHHOW HArpy3KH W COXpPaHEHHE €CTECTBEHHOTO
pexuma Bomoéma. IlomyueHHble pe3yabTaThl MOJA-
TBEPXKIAIOT BBICOKYIO MPHUPOIOOXPAHHYIO 3HAUH-
MOCTb UCCIIEAYEMOTO yJacTKa KaK MECTOOOUTAHUS
pEeNKON M PEeNTUKTOBON BOIHOW (IIOpHI 3amagHoro
Kazaxcrana. PacTenus, npouspacraromniye B akpa-
Topun pexu Kwuram, o6mamgaroT BBICOKOH JeKopa-
TUBHOU IIEHHOCTBIO U MOTYT MPEICTABISATH HHTEPEC
JUISL WICTIONB30BAaHUS B JaHAMA(THOM O3€JICHCHUN
BOJIHBIX 00BeKTOB. VX mpuMeHeHne crocoOCTByeT
VIYUIICHAIO ICTETHYECKOTO BOCTIPUSITHS TEPPUTO-
pUH, CO3IaHUI0 YCTOMUMBBIX BOJHBIX KOMITO3ULIUN
U TIOJACPKAHUIO OJIAaTONPHUSATHBIX KOJIOTHYCCKUX
ycioBuii. Cpenu Hambosee JIEKOPaTUBHBIX BHIIOB
ciemyeT otMeTuth N. nucifera, N. alba u T. natans,
KOTOpBIE OTJIHMYAIOTCS IMPUBJICKATEIHHON (opMoi
JIUCTHEB, OPUTHHAIBHBIM CTPOCHHEM IIBETKOB U
CIIOCOOHOCThIO  ()OPMHUPOBATh  BBIPA3UTEIbHBIC
BOJIHBIE pacTUTENbHBIE coolmiectBa. N. nucifera
SIBIIICTCSL OJJHMM W3 HamOosee JACKOPaTHBHBIX BO-
HBIX pacTeHUH Onaromapsi KPYIMHBIM IIaBAIOIIAM
JUCTBSIM W KPYIHBIM I[BETKaM, 00JaJatolIiM BbI-
COKOH 3cTeTHdecKoil meHHocThi0. Nymphaea alba
TaK)Ke XapaKTepPU3yEeTCsl NEKOPATUBHOCTHIO 32 CUET
OCITIOCHEKHBIX IIBETKOB M OKPYTJIIBIX JIUCTOBBIX TIIA-
CTHUHOK, IIUPOKO HCIOIB3YeMbIX B O(OPMIICHUU

BofoéMoOB. Trapa natans NpeACTaBISET HHTEPEC
Oyraromapsi CBoOeoOpa3Hoi GopMe TUTABAIOIINX PO-
3€TOK U IJI0J10B. Vcronp30BaHNe JaHHBIX BHUJOB B
O3EJICHEHUHN BO3MOXKHO TIPH YCIIOBHH COXPaHEHUS
WX MPHUPOIHBIX MOMYJSIIUNA U cOOMoAeHus! Tpedo-
BAHMM 10 OXpaHE PEIKUX U PEIUKTOBBIX PACTCHUM.

OcHOBHBIE XUMHUYECKUE KOMITOHEHTBI
N. nucifera. ®eHonbHBIE coenuHeHuss N. nucifera
UTPAIOT BXKHYIO POJIb B aJalTAll PACTCHHS K yC-
JIOBHUSIM BOJIHOM Cpefpl M 00Ja/1al0T BBICOKOW O1o-
JIOTMYECKON AaKTUBHOCTBIO. JlaHHBIE COETUHEHMS
YYacTBYIOT B 3allUTHBIX MEXaHW3Max pPacTeHHi,
o0ecrieunBasl yCTOMUMBOCTH K BO3JEHCTBUIO He-
OaronpuATHEIX (AKTOPOB OKpY’KAOMIEH Cpelpl,
OKHCIINTEIBHOMY CTPECCY U MaTOr€HHBIM MUKPOOP-
raam3mam (Noysang & Boonmatit, 2019). B cocra-
Be N. nucifera BBISIBICHBI pa3in4Hble (HEHOIbHBIC
COETMHEHHNS, BKIIIOYasi KBEPIETHH U IPYTHE TTPOU3-
BOJIHBIC (PEHOJIBHBIX KHCIIOT, KOTOPBIE ONPENEIISIOT
AHTHOKCHJIAHTHBIE W 3all[UTHHIE CBOWCTBA pacTe-
HUS. broxumuueckasi OleHKa pa3InYHbIX OPraHOB
N. nucifera (MTMCThs M LBETKN) TOKa3aja pa3inyus
B COJICPKaHWU OCHOBHBIX TPYINN OHOJIOTHYECKU
aKTUBHBIX BemlecTB (Tabmuma 8). AHamu3upyembie
MoKa3aTenyd BKIIOYAM o0Ilee cofepikaHue ¢e-
HOJIBHBIX COCJMHEHNH, (IIaBOHOWIOB, BHTAMHUHA
C, ’KMpOB, OTAETBHBIX (DEHONBHBIX KOMIIOHEHTOB U
AMUHOKHCIIOTHOTO COCTaBa.

Obmee coaepxkanue (HEHOIBHBIX COEIUHE-
HUH B mHCThAX N. nucifera cocraBuno 1228,98 mr
GAE/100 r obpa3na, 4To 3HAYUTEIBHO MPEBBIIIAT0
rokazatesb 1BeTkoB (602,34 mr GAE/100 r o6pas-
na). AHajoruyHas TEHICHLHUS HaOIojanach JUis
obmero comepxaHusi (HIABOHOHWIIOB: B JINCTHIX WX
KonmuuecTBo gocturano 3590,99 mr CE/100 r, Tor-
Jla KaKk B [IBETKaxX JAaHHBIN TOKa3aTelbh COCTABIISII
1790,06 mr CE/100 r. IlomydeHHBIE pe3yibTaThl
CBHUJICTEIBCTBYIOT O O0JIee BBICOKOW KOHIIEHTPAIUN
BTOPUYHBIX METAOOJUTOB B JIUCTHIX, YTO MOXKET
OBITH CBSI3aHO C UX BKHOW POJIBIO B (JOTOCHHTETH-
YECKOW aKTUBHOCTH U 3alllUTe TKAHEH pacTeHUs oT
OKHCJIUTEIILHOTO BO3JEHUCTBHS.

Conepxxanne BuTamMuHa C HMMENO MPOTHBO-
TIOJIOKHYIO TEHJIEHINIO: B IBeTKax N. nucifera
€ro KOHIEHTpauusi Obula BBIIIE M COCTaBHIIA
218,3 mr/100 r obpasma, Toraa Kak B JIUCTBAX OT-
meueHo 136,8 mr/100 r obpasua. D10 ykasbiBaeT
Ha pa3jnyus B HAKOTUICHUH aHTHOKCHUAAHTHBIX CO-
€IMHEHUH MEKAY BEreTaTUBHBIMHU M T€HEPATUBHBI-
MU opranamu pacteHus. CoaepkaHue o0mero Ko-
JMYEeCTBa )KUPOB B MCCICAOBAHHBIX OpraHax ObLIO
HU3KUM ¥ TpakThyecku oanHakoBeiM: 0,1 /100 T
o0pasla Kak B JHCThSIX, TaK U B IIBETKAX, YTO CBHU-
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JETETBCTBYET O HE3HAYUTEIBHOM HaKOIJICHUH
JUTUIHBIX KOMITIOHEHTOB B HW3YYEHHBIX TKaHAX.
AHanu3 cocraBa OTAETBHBIX (DEHOJBHBIX COCIH-
HEHUIl TOoKa3al HaJIW4Yhe KBEPIETHHA B JINCTHAX H
useTkax N. nucifera. Ero conepxaHue B JHCTBSIX
coctaBmwio 108,5 mr/100 T oOpasma, a B IBETKaxX —
194,6 mr/100 r o6pasua. OcraibHBIE HCCICIOBAH-
HbIE COCTMHEHHSI — allUTeHIH, JTIOTEOJINH, XJIOpOore-
HOBas, N-KymapoBas, (epysoBasi, po3MapHHOBAs,
Ko(eifHas U cUpeHeBas KUCIOTHI OB OOHapyxe-
Hbl B cienoBbix kKonnuectBax (T.E. — trace elements
/ crnenoBble KosmmdecTBa). IlomydeHHBIE MaHHBIE
CBUJETEIBCTBYIOT O IPUCYTCTBUU LIMPOKOTO CIIEK-
Tpa (EHONBHBIX METaOONNTOB, YYAaCTBYIOIINX B
(hopMHPOBaHNH 3AIIUTHBIX MEXaHU3MOB M OMOJIO-
TUYECKOW aKTUBHOCTH N. nucifera.

AHanmu3 aMHUHOKHCJIOTHOTO COCTaBa IOKa3al
HaJM4Me KOMITJIEKCa HE3aMEHUMBIX U 3aMEHHUMBIX
AMUHOKHCJIOT B JIMCTBSIX W IIBETKaX pacTEHUS.
HawnGonee BBICOKHM colepKaHHEM XapaKTepH30-
Bajach TJIyTaMHHOBas KHCJIOTA, KOHIIEHTPALUs

Taoauna 8
OchogHotl xumudeckuil cocmag aucmoes u ygemxos N. nucifera

KoTopoil cocraBuina 3,97 1/100 r obpasua B nu-
cthax u 5,44 1/100 r obpasma B nBerkax. Cpenn
JIpYrUX aMHHOKUCIOT oTMmeudeHbl aprunus (0,39
n 0,87 1/100 r coorBercTBeHHO), Mu3nH (0,13 n
0,49 1/100 r), ructuaun (0,15 u 0,17 /100 1) u
¢denmranaana (0,14 u 0,25 1/100 r). lBeTkn xa-
PakTepru30BaJINCh HECKOJIBKO 00Jiee BBICOKUM CO-
Jiep>)KaHreM OOJBIIMHCTBA aMUHOKHCIIOT TIO CpaB-
HEHHIO C JHUCThIMU. Takum o0pa3oM, pasinuyHble
opranbl N. nucifera XapakTepU3YyIOTCs CIICTH(H-
YECKUM paclpeieieHueM OHOJIOTUYECKH aKTHB-
HBIX CO€JMHEHUU. JIUCTh OTINYAIOTCS BBICOKUM
colepkaHueM (EHONBHBIX COCIUHEHUH U (haBo-
HOHMJIOB, TOTJIa KaK IBETKHU SBIISIIOTCS OoJiee Oora-
THIM HCTOYHHKOM BUTaMuHa C, KBEpLETHHA U psijia
aMuHOKHCHOT. [lomydeHHble pe3ynbTaThl IOA-
TBEPXKIAIOT BHICOKYI0 OMOXMMHUYECKYIO IIEHHOCTb
N. nucifera v cCBUAETENBCTBYIOT O MEPCTIEKTUBHO-
CTH JANbHEHIIEr0 U3y4YeHHUs! JaHHOTO PEIUKTOBO-
T0 BOJHOTO PACTEHMS KaK MCTOYHUKA TIPUPOIHBIX
OMOaKTUBHBIX COCANHEHUH.

J— N. nucifera

JIuctes LBeTkn
KOf:JL;(e;;;){JQe(]))):z}gggﬁz};omHLIX COCMHEHUH (MT 9KBUBAJICHTA raJIIOBOM 1228.98 602,34
Obmee conepxanue (GpraBoHONIOB (MI 9KBUBasieHTa KarexuHa/100 T oOpasma) 3590,99 1790,06
Butamun C (Mr/100 r o6pa3na) 136,8 2183
Ob1ee copepkanue xupos (/100 r obpasia) 0.1 0.1

CocraB enonbHbIX coequnenuit (Mr/100 r oOpasima)
AnureHuH T.E. T.E.
Jioreonun T.E. T.E.
Kgepuernn 108,5 194,6
XItoporeHoBasi KHCJIOTa T.E. T.E.
n-Kymaposas kuciora T.E. T.E.
®depysnoBasi KUciIo0Ta T.E. T.E.
Po3mapuHOBas kucnora T.E. T.E.
Kodeitnas xucnora T.E. T.E.
CupeneBast KHCIOTa T.E. T.E.
OO0mmii aMuHOKUCIIOTHBIN cocTas (/100 r obpasia)

['myramuHOBas KMCIOTA 3,97 5,44
Tuctuaun 0,15 0,17
ApruHuH 0,39 0,87
Tnmunua 0,22 0,30
AnaHuH 0,37 0,36
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M.H. Opa3sb6exosa, A.A. AmMeToB

TIpooonacenue mabauyvl

N. nucifera
AHanu3bl
Jluctps LBeTku
IIponun 0,11 0,27
MeTnoHuH 0,08 0,09
Tpunrodan 0,08 0,08
DeHnNaNaHuH 0,14 0,25
JInzun 0,13 0,49

*[Ipumeuanue: T.E. — trace elements (credogvie Konruuecmea,).

OUTOXUMHYECKUI aHAIN3 JINCTHEB U IIBETKOB
N. nucifera noxazan pa3nu4us B HAKOIUICHUH OC-
HOBHBIX I'PYII OMOJOTHYECKH aKTHBHBIX BELICCTB
(Tabmumua 9). Mccnegyemble moka3aTenn BKIIOYa-
au olmiee conepkaHue (DEHONBHBIX COSTUHEHHH,
¢aBoHon0B, BuTamuHa C, cojepKaHUe >KUPOB,
WHMBUAYaJbHBIA COCTaB (DEHONBHBIX COCAMHEHUIT
Y aMUHOKHCIIOTHBIH npoduiis. O0Iee conepxanme
(eHOTBHBIX COCANHEHUI B IUCTBAX N. nucifera co-
crasmiio 1228,98 mr GAE/100 r oOpasiia, uro 6oee
4YeM B J[Ba pa3a IPEBBINIAJO IOKa3aTellb BETKOB
(602,34 mr GAE/100 r o6pasua). Beicokuii ypoBeHb
(CHOTBHBIX COSTMHEHHH B JINCTBSX CBSA3aH C UX aK-
TUBHOH POJIBI0 B (POTOCHHTETUYECKUX MpOIIeccax
U 3aIIUTHBIX MeXaHW3Max pacteHus. DeHoNbHbIe
COCJIMHEHHS CIIOCOOCTBYIOT HEMTpaIU3auu aKTHB-
HBIX ()OPM KHCJIOPOAA U MOBBIMIAIOT YCTOWYUBOCTD
TKaHeH K BO3JICHCTBUIO BHEIITHUX CTPECCOBBIX (paK-
TOPOB, BKJIIOYas N3MEHEHUE TeMIepaTypbl, HHTCH-
CHUBHOCTH COJIHEYHOT'O M3IYYCHHUSI W KOJICOaHUs
BOJHOTO PeXHMMa. AHAJOTHYHAs 3aKOHOMEPHOCTb
HaOIro1aNack It 00IIero cojepKaHus PIaBOHOU-
noB. B muctesix N. nucifera xonuentpanus ¢iaso-
HoutoB jocturaia 3590,99 mr CE/100 r oOpa3siia,
TOTJIa KaK B IIBETKaX JAHHBIA MOKa3aTelb COCTaB-
qsn 1790,06 mr CE/100 T oOpasna. Beicokoe co-
Jepkanue (IIaBOHOUIOB B JIUCTHSX MOATBEPKIACT
UX BXXHYIO POJIb B aHTHOKCHIAHTHOM 3aIuTe pac-
TeHUS 1 (POPMHUPOBAHHUY AN TALIMOHHBIX MEXaHH3-
MOB B YCJIOBUSIX BOJIHOIM 3KOCUCTEMBI peku Kurar.
B ornmume ot QeHONBHBIX coeauHEeHUi U (IaBo-
HOUJIOB, MaKCHUMaJbHOE cojepkaHne BUTamuHa C
OBLIIO OO0HApYKEHO B IBETKax N. nucifera n cocta-
Buj10 218,3 mr/100 r oOpasiia, Torna Kak B JIMCThIX
ero cogepxkanue O6but0 HUKE — 136,8 Mr/100 T 00-
pasma. AcCKkOpOWHOBAasi KHUCIOTa SIBISCTCS OIHUM
U3 OCHOBHBIX INPHPOJIHBIX AHTHOKCHIAHTOB, y4a-
CTBYIOIIMX B 3aIUTE KJIETOK OT OKHUCIUTEIHLHOTO
HOBPEXKICHUSI M PEryJMPOBAaHHU OKUCIUTEIHHO-
BOCCTaHOBUTEJIBHOTO paBHOBecHs. [loBbIIIEHHOE

coniepkanmie ButamMmuHa C B reHepaTUBHBIX OpraHax
MOJKET OBITH CBSI3aHO C HEOOXOIMMOCTBIO 3aIUTEI
[IBETKOB B TIEPUO/JI aKTUBHOTO I[BETCHUS U (HOPMHU-
poBanus cemsH. ConepxaHue oOIIEero KOJIMYecTBa
JKUPOB B UCCIIEJIOBAHHBIX OpraHax ObLIO HU3KUM H
coctasuio 0,1 /100 r oOpasia Kak B JHCThSIX, TaK
7 B IBETKaX. JTO yKa3bIBaeT Ha HE3HAUMTEIILHOE
HAKOTUICHUE JIUIHIHBIX COCJUHEHUIN B M3YYCHHBIX
OpraHax pacTeHus. AHaJIW3 WHAUBHIYaTHHOTO CO-
cTaBa ()CHOJBHBIX COCIAMHCHUHN IMOKa3al HaJU4ue
KBEpIETHHA B JIMCThSIX M LBETKax N. nucifera. Ero
coJiepyKaHue B JINCThsX coctaBmiio 108,5 mr/100 T,
a B Betkax — 194,6 mr/100 r obpasna. Keeprerun
SIBJIICTCSL OJIHAUM M3 HamOojee W3ydeHHBIX (a-
BOHOHWJIOB, O0OJIa/IalONUM BBIPRKEHHBIMUA aHTH-
OKCHJIaHTHBIMH M TPOTHBOBOCIAIUTEILHBIMU
cBoiictBamMu. Ero mpucyTcTBHE MOITBEp)KIAET
OHMOJIOTMYECKYIO IICHHOCTh N. nucifera kak UcTo4Y-
HUKa TPUPOTHBIX OMOAKTHBHBIX BeHIeCTB. Takwe
COCTMHCHHUS, KaK allUIe€HUH, JIIOTCOJINH, XJIOpOTe-
HOBas, M-KymapoBas, QepylioBas, po3MapuHOBas,
KoeliHas 1 cupeHeBasi KHCIOThI, ObLTH OOHapyXKe-
HBI B cienoBbix konmdecTBax (T.E.). HecMoTps Ha
HU3KYIO0 KOHIICHTPAIIUIO, JJaHHbIC (DEHOJIbHBIC KOM-
ITIOHEHTHl MOTYT BHOCHTBH BKJaJ B (OPMHUpPOBAHHE
KOMIUIEKCHOM aHTMOKCHJIAHTHOW aKTUBHOCTU pac-
TEHUS W 00eCIeUnBaTh 3aIUTy KJIETOYHBIX CTPYK-
Typ OT OKHCIUTEIHHOTO TOBPEKICHUSI. AHAIN3
AMHUHOKHCJIOTHOTO COCTaBa IMOKa3aJl HAJTHIHE KOM-
IJIeKca 3aMCHUMBIX M HE3aMEHUMBIX aMHHOKHCIIOT
B IIMCTHSX W 1BEeTKax N. nucifera. Haubomp1iee co-
JIep’)KaHue OTMEUCHO ISl TIIyTAMHUHOBOU KHCIIOTHI,
KOHIIEHTpaIus KoTopoii cocrtaBmia 3,97 1/100 r 06-
pasna B nucThsx U 5,44 /100 T 0oOpasna B 1BETKaX.
Cpenu ApyruxX BBISBICHHBIX aMHUHOKHCIOT OBLIN
AprUHUH, JU3UH, (CHUIAIAHUH, aJaHWH, TJIUIUH,
MIPOJIVH, METHOHUH, TPUNTO(PaH U TUCTUANH. [[BeT-
KA XapaKTepU30BaIKMCh 00JIE€ BBICOKUM COJICpIKa-
HUEM OOJIBITMHCTBA aMHUHOKHCIIOT TIO CPaBHEHUIO
C JUCTBSIMU. B WacTHOCTH, colepikaHne apruHUHA
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B 1BeTKax coctaBuio 0,87 r/100 r, 4TO 3HAYUTEIE-
HO BbITe mokasarens JmctbeB (0,39 1/100 1), a co-
nepxkanue ausuHa gocturaio 0,49 r/100 r npotus
0,13 /100 T B JIUCTBAX. DTO MOKET OBITH CBSI3aHO
C BBICOKOH MeTa0O0JIMYeCKOl aKTHBHOCTHIO TeHEpa-
THUBHBIX OPTAHOB B ITepHoI I1BeTeHus. [lomyueHnbie
pe3yJIbTaThl CBUJIETEIBCTBYIOT O CHEIU(PUISCKOM
pacrpeiesiecHuy OMOJIOTHUECKY aKTHBHBIX BEIIICCTB
Mexay opraHamu N. nucifera. JIuctest xapaktepu-
3YIOTCS TIOBBIIIICHHBIM CONEPyKaHueM (PEHOTBHBIX
COeMHEHUN W ()IaBOHOMJIOB, TOTJAa KaK I[BETKU
OTIINYAIOTCS 0OJiee BBICOKHM COJEP’KaHUEM BHTa-
muHa C, KBeplETHHA U aMUHOKUCIIOT. Takoe pac-
MpeAesiecHne XUMHYEeCKIX KOMITOHEHTOB OTpaskaeT
(bYHKIIMOHAIBHYIO — CIICIUAIN3AINIO0  Pa3TUYHBIX
OpraHOB PACTEHUS W €r0 aNanTalldio K YCIOBHSIM
BOJHOU cpenpl. Beicokoe conep:kaHue aHTHOKCHU-
TMAHTHBIX COCAMHCHUN B N. nucifera moaTBepkmaeT
AKOJIOTUYECKYI0 M OHOXMMUYECKYI0 3HAYUMOCTH
JAHHOTO PEIMKTOBOTO BHAA. Hammuame komImiekca
(beHONBHBIX coeIMHEHUH, (PIIABOHOUIOB, BUTAMHHA
C ¥ aMHHOKHCIIOT yKa3bIBaeT HA TMEPCIICKTUBHOCTH
JAJIbHEHIIIero U3y4eHus N. nucifera Kak UCTOYHU-
Ka MPUPOTHBIX OMOJOTHICCKH aKTUBHBIX BEIIECTB.
Kpowme Toro, xumuueckuii cocraB N. nucifera nme-
eT 3HAYCHUE HE TOJbKO ¢ OMOXMMHUYECKOM TOUYKH
3pEHHUS, HO U JJIsl OLIEHKH COCTOSIHUS MPUPOTHBIX
TIOMYJISAANA. BBICOKAsT KOHIEHTPAIMS 3alATHBIX
MEeTabOJINTOB MOXET PacCMaTPUBATHCS KaK OIMH
13 MEXaHU3MOB aJaNlTallH BUIA K YCIOBHUSIM MEII-
KOBOJHBIX BOJOEMOB C M3MEHSIOIIMMCS THUIPOIO-
ruIeckuM pexxumMoM. C yuaéToM peaKoro craryca u
COKpAILICHUS YUCICHHOCTU MPUPOAHBIX TOMYIISIINI
coxpaHneHue mectooOuTanuii N. nucifera B 6acceii-
He peku Kuram umeer Ba)XHOE MPUPOJOOXPAHHOE
3HAUYCHUE.

3ak/aouyeHne

PacturenpHplii MOKpoB moiiMbl peku Kwuramn
MIPEJICTaBIEH JBYMsS OCHOBHBIMHM CTPYKTYPHBIMH
KOMIUTIEKCAMH: B MIPUOPEKHOW 30HE CMENIaHHBIMH
JPEBECHO-KYCTAPHUKOBO-TPABSHUCTBIMU  COOOIIIE-
CTBaMHU C BBIPAKEHHOU SIPYCHOU OopraHu3anuei, a B
aKBATOPUHU BOJHBIMH PACTUTENBHBIMHU aCCOLMAIH-
SMH C TOMHHHpOBaHueM N. nucifera. B mpenemax
MPUOPEKHON MOJIOCH! OTYETIMBO MPOCICKUBACTCS
9KOJIOTUYECKUI TPagueHT: OT ype3a BOAbl K Oojee
BBICOKUM U CYXHM ydacTkaMm Oepera mpOHCXOAUT
MOCIIeIOBAaTENIbHAS CMEHA SKOJOTHYECKUX TPy
OT TeJIO0QUTHO-THAPOPHUTHBIX COOOIIECTB K I'€MU-
KpUnTO(UTHO-KCEpOME30(UTHBIM, a Jjajee K Tepo-
($uTHO-pyAEpaNbHBIM KOMIUIEKcaM. B axBatopuu
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pexkn Kurad BBISBIEHBI ABE KpYIMHBIE LEHOIMOITY-
nsuun N. nucifera od1meH miomanaso okoo 18 ra,
¢dopMupyIOIIME yCTOWYHMBBIE BOJHBIE PACTHUTEIb-
HEIe coobmecTBa. N. nucifera SBISETCS OCHOBHBIM
CTPYKTYpOOOpa3yOLUM BUAOM H JOMUHHUPYIOLIIUM
KOMIIOHEHTOM BOJHBIX (PHUTOIIEHO30B. B coctaBe
JAHHBIX COOOIIECTB TAaK)KE BBIABICHBI PEAKHE U
PENMKTOBBIE BUJBI BOAHOU (piopwl — Trapa natans
u Salvinia natans, a TakXKe OXpaHSEMBIC BHIbI
Nymphaea alba, N. nucifera n T. natans, nMeromue
npupojooxpannslii cratyc B PK. MccrnegoBannsie
HneHononmyysimuu - N.  nucifera XapaKTepU3yIOTCA
MPOXOKACHUEM TeHEpaTHUBHON (as3pl pa3BUTHS,
aKTUBHBIM IIBETEHHEM W (POPMUPOBAHHEM ITOJIHO-
LIEHHBIX TE€HEepaTHBHBIX OpraHoB. [losydeHHbIE
MophomeTpudecKkne MmoKazaTenn (pa3Mepbl JUCTO-
BBIX IUIACTHHOK, JUTMHA CTEOJICH, mapaMeTphl IIBe-
TOYHBIX OYTOHOB) CBHJETEIHCTBYIOT O OJarompu-
ATHBIX YCJIOBHUSIX NPOU3PACTaHMS M CIOCOOHOCTH
BHJIa YCIIEITHO PEaTn30BbIBaTh CBON PETPOTyKTHB-
HBIA MOTEHNIMAN B ycioBusax peku Kurau. [lomyms-
uuu N. nucifera IpuypovYeHbl MPEUMYIIECTBEHHO K
MEJIKOBOJHBIM y4acTKaM BoJoéMa cO CTaOMIIbHBIM
THIPOJIOTHYECKAM PEKUMOM, JTOCTATOYHOW OC-
BEHIEHHOCTBIO U ONTHUMAJIBHBIMU YCJIOBUSIMHU JUIA
pa3BUTHUS BOJHOM PACTUTENBHOCTH. B cTpykType
BOJIHBIX PACTHTENBHBIX COOOIIECTB OTMEUACTCSI BBI-
paxenHas sipycHocThb. [loBepxHOCTHEI sipyc dop-
MHUPYIOT YKOPEHSIOIIMECS U CBOOOIHOILIABAIOIINE
runpoduter (N. nucifera, Trapa natans, Lemna
minor, Salvinia natans), HaJBOIHBI SPYC TIPEICTAB-
nen renoduramm (Phragmites communis, Scirpus
lacustris), a NOJBOJHBIN sipyCc 00pa3oBaH 3eIEHBIMU
BOJIOPOCIISIMH, OTHOCSIIUMHUCS K (UTOOCHTOCY BO-
noéma. Takoe coueTaHWe pasIUYHBIX JKU3HEHHBIX
(opM OTpakaeT BBICOKYIO CTPYKTYpHYIO CIIOXK-
HOCTb U JKOJIOTMYECKYI0 YCTOHYHMBOCTH HCCIIeE-
JIyeMbIX BOJHBIX COOOIIECTB. BBIsSBIEHHBIE BHIBI
OTHOCSITCSI TPEUMYIIECTBEHHO K 3KOJOTHYECKHM
rpynmnaM TuApoGUTOB U TeI0(UTOB, alaNTHPOBAH-
HBIX K YCIIOBHSIM NTOCTOSIHHOTO MJIM NEPHOANYECKO-
ro o6sogHeHnsa. VX coBMecTHOE Mpom3pacTaHue
CBUJIETENLCTBYET O COXPAHEHUH €CTECTBEHHBIX yC-
JIOBUI BOJHON SKOCHUCTEMBI, BKIIIOYasl CTaOMIbHBIN
THIPOJIOTHUECKUH PEXUM, OIaronpusiTHBIN CBETO-
BOH PEXUM M HAIWYHE MOAXOAMINX MECTOOOUTa-
HUH A7151 pPa3BUTHSI MAaKpOQHUTHON PacTUTEIBHOCTH.
Oco0oe 3HaYeHNE UMEET MPUCYTCTBHE PEITUKTOBBIX
BUunoB N. nucifera, Trapa natans v Salvinia natans,
KOTOpBIE SIBIAIOTCA HMHIWKATOPAMH COXPAHHOCTH
JPEBHUX JIEMEHTOB BOAHOM (iopsl pernona. Ha-
JUYre KOMITIEKCa PEIKUX U OXpaHsIeMBbIX THAPOhH-
TOB B IpeJesiax 0JHOW aKBaTOPUU MOBBILIAET MPH-
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POIOOXpaHHYI0 LEHHOCTh MoiMbl pekn Kuram u
MMOATBEPKIAACT HEOOXOAUMOCTD JMATbHEHIIIEr0 MO-
HUTOPUHTA COCTOSHUS UX IeHomonmynauuid. Mccne-
JIOBAaHHBIC BUIBI BOJTHOHN (DIIOPHI 00JIa1af0T BHICOKH-
MU JIEKOPATUBHBIMU Kaue€CTBAMH U TMPEACTABISIIOT
WHTEpEC IS WCIIOJIB30BAHUS TIPH CO3JTAHUH TIPHU-
POJIHBIX TaHAITAQTHBIX KOMIIO3UIIUN U 03CIICHEHUH
BOJHBIX OO0BEKTOB. Hawmbompmielr aexKopaTHBHO-
CTBIO oTNM4atoTest N. nucifera n N. alba 6naronaps
KPYITHBIM JIUCTHSIM W TIPUBJICKATCIILHBIM IIBETKAM,
a Taxxke Trapa natans, XapakTepU3YIOLIUNCS OpU-
TUHAIBHOW (hOPMOH TUTaBAIOMINX PO3eTOK. OHAKO
HCIIOJIb30BAaHUE PEIKUX U OXPAHSIEMbBIX BUIOB B JIe-
KOPATUBHBIX IEJISTX BO3MOYKHO TOJIEKO TIPH YCITOBUHU
COXpaHEHUS UX ECTECTBCHHBIX MOMYJSUUNA U CO-
OJTFOICHMSI TIPUPOTOOXPAHHBIX TpeboBanmid. Takum
oOpasom, BojiHas (iopa peku Kurau npepcrasisier
000 YHUKAJIBHBI KOMIUIEKC PEITUKTOBBIX, PEIl-
KHX W OXpaHSAEMBIX THIPO(UTOB, OOIATArOIIHIA

BBICOKOM JKOJIOTMYECKOW, HAy4YHOH M NPHUPOI00X-
paHHON TeHHOCTHIO. CIloKHAsi CTPYKTypa pacTu-
TEJIBHBIX COOOIIECTB, HAJMYUE BHUIOB C BBICOKHM
OXpPaHHBIM CTaTyCOM M COXPaHHOCTh €CTECTBEHHBIX
BOJIHO-OOJIOTHBIX MECTOOOMTAaHUH MO3BOJISIOT pac-
cMaTtpuBaTh noiimy pexn Kurau kak oiHy U3 LIEH-
HBIX IPUPOJHBIX dKocucTeM 3amagHoro Kaszaxcra-
Ha. CoxpaHeHHE €CTECTBEHHOI'O I'MIPOJIOTHYECKOI0
peXuMa, OrpaHHYEHHE aHTPONIOTEHHON Harpy3Ku U
MIPOBEJICHHUE PETYJIIPHOTO MOHHUTOPHHTA SIBIISTFOTCS
KJIFOUEBBIMHU YCIIOBUAMH MOJAECPKAHNUSA yCTONUNBO-
CTH TIOMYJISIIAIA OXPaHIEMbIX BUIOB.

Bxnao asmopos

Opasbexosa Mepeu Hypoicankoizor: Konyen-
myanusayus, Hccreoosanue, Memodonozus, Ha-
nucanue — npoeepKa U pedakmupoganue. Amemos
Abubynna: Hayunoe pykosoocmeo, Banuoayus, Ky-
PUPOBAHUE OAHHDIX.
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KOHCTPYUPOBAHUE OAUTOHYKAEOTUAHbBIX MPAMMEPOB
N 30HAA AAA BbISIBAEHUA TOXOCARA CANIS METOAOM TUP
B PEXXMME PEAAbBHOTI'O BPEMEHU

Tokcokapo3 onacHoe 300HO3HOE Mapa3uTapHoe 3aboAeBaHue. 3apaXkeHue MPOUCXOAMT MpU Mo-
naAaHMn B OpraHmam auu, napasuta Toxocara, KOTOpble MOTYT HAXOAUTBCS B 3arpsa3HEHHOM NMOYBe UAN
NpyY KOHTaKTe C MH(PULMPOBAHHBIMKW >KMBOTHbIMU. [lonaaas B opraHn3m, AMMMHKM MUIPUPYIOT K pa3-
AMYHBIM OpraHam M nopax<aeT neyveHb, AErkue, raasa u Apyrve TkaHu. Bbi3biBaeT BMCLEpaAbHbIA U
FAQ3HON MUIPUPYIOLMIA AUUMHOYHBIA CUHAPOM, HEMPOTOKCOKAPO3 M CKPbITbIA MAM OBbIUHbIA TOKCO-
Kapo3. Toxocara canis UMeeT BaXKHOEe 3HaueHue AAS OBLLIECTBEHHOTO 3APABOOXPAHEHNS M SKOHOMUKM.
AKTYaAbHOCTb AMArHOCTMKM TOKCOKApPO3a CBY3aHa C ero LWMPOKMM PacnpoCTPaHEHNEM, 300HO3HbIM Xa-
PaKTEPOM U MPOSIBAEHMEM TIXKEABIX KAMHMUECKMX (DOPM Y YeAoBeKa. LleAblo nccaepoBaHuns 9BAgeTCS
pa3paboTka OAUrOHYKAEOTUAOB AAS BbisIBAEHMs NapasuTa T. canis ¢ nomMoubto MLIP B pexxume peanb-
HOro BpemeHu. B pabote npoBeaeHa oueHka 3(pekTUBHOCTM TPEX Nnap npanMepos, pa3paboTaHHbIX
AAS peTekumn T. canis, B LeASX NMOMCKa HaMAYYLLEro BapmaHTa AAs McroAb3oBanus B TLIP B pexxume
peaAbHOro BpemeHu. MccAeAOBaHHbIE OAMIFOHYKAEOTUADBI AOKaAM30BaHbl B reHe ITS2 1 obecneunsaior
amnAnmkaumio cneundmnyeckmx hparMeHTOB 0XKMAAREMOIO pa3Mepa, UTO MOATBEPXKAQET UX BbICOKYIO
CneumUUHOCTb M KOPPEKTHOCTb AM3ariHa. Hanboaee Bbicokas adhpekTMBHOCTb aMNAMUKALIMM Bbl-
SIBA€HA AAS Napbl nparimepos T_can F2/R2 (105 n.0.), YTO NOATBEP>KAAETCS MHTEHCUBHOCTbIO MOAYY€EH-
HOM MoAoChI. [oayueHHble 6oaee caabble MLIP npoaykTbl aad nap T_can F1/R1 u T_can F3/R3, Bepo-
ATHO, CBSI3aHbl C 0COGEHHOCTAMM MX CBSA3bIBaHMS C MaTpruHoit AHK 1AM dhopmmpoBaHMeM BTOPUUHDIX
cTpykTyp. MNMpaimepsbl T_can F2, T _can R2 u 30HA T _can Probe2 aemoHcTpupyioT adhpekTUBHYO 1
cneumcuuHyio paboty B MNLP B pexxunme peaabHOro BpemeHu, obecrieurBas HaaAEKHyto aetekumio T.
canis. [peAAO>KEHHbIE OAUTOHYKAEOTUABI BYAYT PEKOMEHAOBaHbI AAS Pa3paboTKM AMArHOCTUUECKUX
TecT-cncTeM Ha ocHoBe [LP B pexkrme peaabHOro BpemMeHu. ITO BaXKHO AAS PAHHENO MpeAynpexae-
HWS PacnpOCTPaHeHMsl NMapasUTOB, TakKMM 0OPa3OM CHUXKAET PUCK OCAOXKHEHUI 1 MOBbILLAET IMUAEMM-
OAOTMYECKYI0 6€30MacHOCTb.

KAaroueBble caoBa: Toxocara canis, INLP, ITS2.

A.A. Serikbay**, K.T. Sultankulova?, S.M. Barmak?, B.M. Khairullin?

*Kazakh National Women’s Teacher Training University, Almaty, Kazakhstan
2«MVA GROUP» Research and Production Center LLP, Almaty Region, Kazakhstan
*e-mail: arai_00.0@mail.ru

Design of oligonucleotide primers and a probe
for the detection of Toxocara canis by real-time PCR

Toxocariasis is a dangerous zoonotic parasitic disease. Infection occurs when eggs of the parasite
Toxocara enter the body; these eggs may be present in contaminated soil or transmitted through con-
tact with infected animals. Once inside the body, larvae migrate to various organs and affect the liver,
lungs, eyes, and other tissues. It causes visceral and ocular larva migrans syndrome, neurotoxocariasis,
and covert or common toxocariasis. Toxocara canis is of significant importance for public health and
the economy. The relevance of toxocariasis diagnosis is associated with its wide distribution, zoonotic
nature, and manifestation of severe clinical forms in humans.

The aim of this study was to develop oligonucleotides for the detection of T. canis using real-time
PCR. The efficiency of three primer pairs designed for T. canis detection was evaluated in order to iden-
tify the best option for use in real-time PCR. The studied oligonucleotides are located within the 1TS2
gene and provide amplification of specific fragments of the expected size, confirming their high specific-
ity and proper design. The highest amplification efficiency was observed for the primer pair T_can F2/

184 © 2026 Al-Farabi Kazakh National University


https://doi.org/10.26577/EJE208831326
https://orcid.org/0000-0002-5560-5934
https://orcid.org/0000-0002-1332-1247
https://orcid.org/0000-0002-6193-5390
https://orcid.org/0000-0002-1243-7889
mailto:arai_00.0@mail.ru
mailto:arai_00.0@mail.ru

A.A. Cepuxbaii u 1p.

R2 (105 bp), as confirmed by the intensity of the obtained band. The weaker PCR products obtained for
T can F1/R1 and T_can F3/R3 were probably associated with oco6enHoctsmu their binding to template
DNA or the formation of secondary structures.

The primers T_can F2, T_can R2, and the probe T_can Probe2 demonstrated efficient and specific
performance in real-time PCR, ensuring reliable detection of T. canis. The proposed oligonucleotides are
recommended for the development of diagnostic test systems based on real-time PCR. This is important
for early prevention of parasite spread, thereby reducing the risk of complications and increasing epide-
miological safety.

Key words: Toxocara canis, PCR, ITS2.
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Toxocara canis-Ti HakTbl YakbiTTarbl [TTP 8Aici apkbiAbl aHbIKTayFa apHaAFaH
OAUTOHYKAEOTUATI NMpalimepAep MeH 30HATbI KypacTbIpy

Tokcokapo3 — KayinTi 300H03Abl Napa3uTTiK aypy. XKyKTbipy Toxocara napasuTiHiH, )XyMbIPTKaAa-
pbl aF3ara TYCKeH ke3ae O0AaAbl, OAAp AaCTaHFaH TorbIpakTa GOAYbl HEMECE 3aKbiMAAHFaH KaHyap-
AapMeH 0GaiAaHbIC Ke3IHAE XKYFYbl MYMKiH. AF3aFa TYCKEHHEH KeiliH AePHOCIAAEP SPTYPAI MylLeAepre
Murpaums xacari, 6ayblpAbl, OKMeHi, KO3Ai XkaHe 6acka TiHAepAT 3aKkbiMAarAbl. OA BUCLEPAAAbI XKOHE
KO3AIK MUIPaUMSIAbIK, AEPHOCIA CUHAPOMbIH, HEMPOTOKCOKAPO3Abl, COHAAM-AK, KAaCbIPpbIH HEMeCe Ko-
AIMFi TOKCOKapO3Abl TYAbIpaAbl. Toxocara canis KOFamAblK, AEHCAYAbIK CaKTay MeH 3KOHOMMKA YLLiH
MaHbI3Abl MaHre me. TOKCOKapOo3 AMArHOCTMKACIHbIH ©3€EKTIAIr OHbIH KeH TapaAybIMeH, 300HO3AbIK,
CUMaTbIMEH >KOHE aAaMAa ayblp KAMHMKAABIK, TYPAEPiHiH GaKaAybIMEH 6aiAaHbICTbI.

3epTTeyaiH MakcaTbl — T. canis mapa3uTiH HakTbl YakbIT pexxumiHaeri [NTP kemMerimMeH aHbIKTay-
Fa apHaAFaH OAMIOHYKAEOTUATEpPAI a3ipaey. XKymbicta T. canis-Ti aeTekuMsAayFa apHaAFaH YL >Kyn
npanMepAiH THUIMAIAIr 6aFaAaHbirn, HaKTbl YakbIT pexxumiHaeri [TP yuliH eH TMIMAI HycKacbl TaHAAA-
Abl. 3epTTeAreH oAMroHykaeotnatep ITS2 reHiHAe OopHaAacKaH >K8He KYTIAETIH MOALLepAEeri creum-
MKaAbIK, (pparMeHTTEPAIH aMNAMMMKALMSCbIH KaMTaMachl3 eTeAl, OyA OAapAbIH Xofapbl creundm-
KaAAbIFbIH YXOHE AYPbIC AU3alHbIH ABAEAAEHATL. AMIAUMDUKALMSHBIH, €H >KOFapbl THiMAIAIri T_can F2/R2
npanmep >y6biHAa (105 K.H.) aHbIKTaAAbl, OYA aAbIHFAH >KOAAKTbIH KapPKbIHABIAbIFBIMEH PACTaAAAbI.
T can F1/R1 xaHe T_can F3/R3 >xyntapbl yiiH aAblHFaH aAcizaey TP eHiMAepi, bIKTMMaA, OAQPAbIH
MaTpumuabik, AHK-meH GaiiAaHbICYy epekLLeAiKTEPiHE HEMEeCe EeKIHLIIAIK KYPbIAbIMAAPAbIH TY3iAyiHe
6aAQHbICTbI.

T can F2, T can R2 npaiimepaepi >xaHe T_can Probe2 30oHAbl HaKTbl yakbiT pexkumiHaeri MTP-ae
TUIMAI 8pi crneunUKaAbIK, XXYMbIC KepceTin, T. canis-Ti CeHIMAI aHbIKTayAbl KaMTaMachbl3 eTeai. ¥YCbl-
HbIAFAH OAMIFOHYKAEOTUATEP HAKThl yakbIT pexkuminaeri MTP Heri3iHAeri AMarHOCTUKAABIK, TECT-KYiie-
AEPAI 83ipAey YLIiH YCbIHbIAAABI. BYA Mapa3uTTepaiH TapaAybiH epTe Ke3eHAE aAAbIH aAyFa, aCKbIHYAQp
KAyniH TOMEHAETYTe »KaHe 3MMAEMMOAOTUSAbIK, KAYiNCi3AIKTI apTTbIpyFa MaHbI3AbI.

Tyiin ce3aep: Toxocara canis, INTP, ITS2.

Bsenenne

Toxcokapo3 sBIsSETCS OMHONW W3 Hamboee
3HAYUMBIX 300HO3HBIX Tapa3UTaPHBIX WHQEKIUH,
MIPEJICTABIIAIONINX CEPhEIHYIO YTPO3Y IS 30POBbS
yenoBeka. Bo30yaurtensiMu 3a001€BaHUS SIBIISTFOTCS
HemaTozpl poaa Toxocara, OCHOBHBIMU XO3S€BaMHU
KOTOPBIX Ciy’)KaT cobaku u komku (Macpherson,
2013, Chen et al., 2018, Strube et al., 2013). Yemno-
BEK 3apakaeTcsl MPU CIyYyaliHOM MPOTJIaThIBAHUU
WHBA3WOHHBIX SUI TTapa3uTa, COJEPKaIIuXCs B 3a-
rpsizHéHHON mouBe (Macpherson, 2013), Boje, Ha
osomax, ¢ppykrax (Kozan et al., 2005, Magnaval et
al., 2001), unu yepe3 KOHTAKT C MEPCThIO HHPUIH-
poBaHHBIX XUBOTHBIX (Oge et al., 2013). Ilomamas

B OpPraHU3M 4YellOBeKa, JJMIYMHKH TOKCOKAp MUTPH-
PYIOT TIO pa3jIMyHBbIM OpPTaHaM M TKaHSM, BBI3bIBas
pa3BUTHE BHUCIICPATHHOMN, TITA3HOW M KOXKHOU (hopM
TOKCOKapo3a. 3a00eBaHie MOXKET COMPOBOKIATH-
cs TOpaKeHHEeM Te4YeHHU, JETKUX, [EeHTPaTIbHON
HEPBHOH CHUCTEMBI U OPTaHOB 3PEHUS, YTO B pAle
CIIy4aeB TPHUBOJUT K THKENBIM KINHUYECKHM OC-
JIOKHCHHSIM U CHIDKEHUIO KA4eCTBa JKU3HH MaIu-
entoB (Alkhafaji, 2024). OcobOyro rpymimy pucka
COCTABJISIIOT JIETH, KOTOPBIC Yallle KOHTAKTUPYIOT C
MTOYBOH W JOMAITHUMH JKUBOTHBIMH, YTO TTOBBIIIA-
€T BEPOSITHOCTh MH(UIIMPOBaHUs. B CBsi3u ¢ 3TUM
TOKCOKapO3 paccMaTPUBAETCs KaK Ba)KHAsI METUKO-
BEeTEpPHHAPHASI ¥ COLMAIIBHO 3HaYMMasl IpodJIeMa BO
MHOTHX CTpaHaX MHpA.
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B Pecnyonuke Kaszaxcran Tokcokapo3 co0ak,
BBI3BIBa€MbIN ToXxocara canis, MIUPOKO pacpocTpa-
HEH U pacCMaTPUBACTCS KaK Ba>KHBIN UCTOYHUK 300-
HO3HOU nHBa3uu. [10 TaHHBIM NAPA3UTOJIOTMUYECKUX
HCCIIEeIOBaHNH, 3apaXEHHOCTb TOPOJCKHX COOaK
MOXET NOCTUTaTh 38,6 %, 9TO CBHIIETEIHCTBYET O
3HAYUTEIBHOM 3arpsA3HEHUN TOPOACKON cpefpl sil-
namu napasura. [1pu sTom HanGombIIass HHTEHCHB-
HOCTb MHBA3UH OTMEYACTCS Y MOJIOJBIX KUBOTHBIX,
KOTOpBIE UTPAIOT KIFOYEBYIO POJIb B MOAEPKAHUH
HUPKYJISIUN BO30YIUTEINST U KOHTAMUHAIIUY TTOYBBI
nHBa3nOHHBIMH stitiamu (Valieva et al., 2024).

B oTaenbHBIX HCCIENOBAaHUAX, MPOBEACHHBIX
B Kazaxcrane, Toxocara canis BoisiBisnace y 17 %
00CIIeIOBaHHBIX COOAK, YTO MOATBEPXKIAET €€ BBI-
COKYIO PacrpoCTpaHEHHOCTh Cpeir KUIIEYHBIX Ta-
pa3uToB MIOTOSMHBIX XUBOTHBIX (Kushmukhanov
etal., 2025).

JIOTIONIHUTENBHO MOKA3aHO, YTO MaKCHUMaJbHast
3apakE€HHOCTh PErHCTPUPYETCS Yy CO0aK B BO3pacTe
6—12 Mecs1IeB, UYTO CBA3AaHO C OCOOEHHOCTSIMH KU3-
HEHHOTO IMKJIa Tapa3nuTa 1 MOBBIIIEHHON BOCIIPUHM-
YHBOCTBIO MOJIOJIBIX )KUBOTHBIX (Rustemova, 2012).

Cobaku WUrparoT KIFOYEBYIO POJb B JIUIACMH-
oJjioruy 300HO3HOrO mapasuta (Macpherson, 2013;
Strube et al., 2013). Ilocne smOproHanuu sina
CTaHOBSTCSI UCTOYHUKOM MH()EKIIUU HE TOJIBKO IS
OKOHYATEITHHBIX M IMPOMEKYTOUHBIX XO035€B, Kak
pa3IUYHBbIC BBl MEIKUX TPBI3YHOB, JPYTHE MIIC-
KOTUTAIOIINE, ITUIEI K OECTTIO3BOHOYHBIE, HO H IS
yenoBeka (Strube et al., 2013). Cunuraercs, uyTo npu
ONTUMAIIbHBIX YCJIOBUSAX siiilia Toxocara spp. cno-
COOHBI COXpaHSATHCS B OKpY>Karolel cpeze 10 4 et
(Macpherson, 2013).

Coobmaemast pacnpocTpanéHHOCTb Toxocara
spp. B 'epmannu B iepuon ¢ 2003 mo 2012 roxs! Ba-
prupoBana ot 0,9% o 6,1% y cobak Ha OCHOBaHUU
pe3yNbTaTOB HCCIIEOBAHUNA HEPETpe3eHTaTHBHO
0TOOpaHHBIX (heKaNbHBIX 00pa3lOB, MOCTYIHBLINX
B muar"Hoctudeckue adoparopuu (Kushmukhanov
et al., 2025). Kpome Toro, B JpyroM uccie10BaHuU
ObUTa 3aperucTpUpOBaHA CPEIHSS pacmpocTpa-
HéHHocth Toxocara spp. Ha ypoBHe 4,6% y co-
6ax B 2004-2006 romax (Vrhovec et al., 2022). B
2015-2017 ropax Toxocara spp. Oblia BBISIBICHA B
3,8% — 5,9% dexanpaBIX 00pa3iax cobak (Vrhovec
etal., 2022, Rostami et al., 2020).

CorracHO KpyITHOMY CHCTEMAaTHIECKOMY 0030-
py U MeTa-aHanu3y, oxBatusiieMy 250 uccienona-
Huit u3 71 ctpansl ¢ obmieil BeIOOpKOi Oosee 265
000 demoBek, riOOaNbHAS CEPONPEBAICHTHOCTH
anturen K Toxocara spp. y oJiel cocTaBiIsieT pu-
mepHo 19 % (95 % CI 16,6-21,4 %), 4Tro SKBUBa-
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JIEHTHO NpUMepHO 1,4 MipA 4enoBeK BO BCEM MUpeE.
DTO CBUAETENBCTBYET O TOM, YTO MPUMEPHO KaxK-
JIBIA TATHINA YEIOBEK Ha IJIaHETe KOHTAKTHPOBAJ C
nHpexkune Toxocara i UMen ¢ Hel UMMYHOJIIO-
ruueckuit otBeT (Rostami et al., 2019).

TpaauroHHBIE METOIBI AMATHOCTHKH TOKCOKA-
po3a y JtoJiell yale BCero OCHOBAHbI Ha CEPOJIOTH-
gyecknx tectax (ELISA), omHako oHM UMEIOT orpa-
HUYEHHUSI B YyBCTBUTEIBHOCTH M CIEM(PUIHOCTH
M 9acTO HE IMO3BOJIIOT OTJIMYUTH AKTHBHYIO WIIH
HEIAaBHO MEPEeHECEHHYI0 MH(EKIMIO OT MPOILIBIX
KOHTAKTOB C TIAPA3UTOM. DTO OCOOCHHO aKTyaJbHO
B KOHTEKCTE PAaHHETO BBISIBICHUS U JMAarHOCTHKH,
OCOOCHHO y TAIMEHTOB C OECCHMITOMHBIM WIIH
JIETKUM TedeHueM Oose3Hu. DdQeKkTuBHaAs Iua-
THOCTHKA TaK)Ke 3aTPYAHSIETCS TeM, YTO Tapa3uThI
peAKOo MpOAYyLMPYIOT SiIla B OpraHU3Me YesloBe-
Ka, 1 oOHapyXeHHe UX B (PeKaInsx MaJIOBEPOSTHO
(Pinelli et al., 2013).

MonexynsipHast JUarHOCTHKa TOKCOKapo3a OC-
HoBaHa Ha npumeHeHuu I[P B pexxume peanbHO-
ro BpeMeHH, KOTopas mo3BosisieT BbIsABIATH JJHK
Toxocara canis ¢ BBICOKOH YyBCTBHTEIBHOCTBIO
n crenupuIHOCThI0. BaxHBIM 3TamoM paspaboT-
ku [II[P B pexume peanbHOr0 BPEMEHU SIBISAETCS
KOHCTPYHPOBAaHHE CHENH(PUIECKUX OIUTOHYKIICO-
TUHBIX IPaiMepOB U (UIyOPECLEHTHOTO 30H/1a, Ha-
MIPaBIEHHBIX Ha KOHCEPBATUBHBIC yUACTKH T€HOMA
napasuta. [IpaBunbHO mogoOpaHHBIE HpaiiMepsl U
30H 00€CTIeUNBaIOT CETIEKTUBHYIO aMIUTH(hUKAIIHIO
uenesoit IHK u Tounyro nerekumio Bo30yanuTens B
WCCIIElyeMOM MaTepuaje, 4To TMoBbImaeT dddek-
TUBHOCTb J1a00PaTOPHON TUarHOCTHKH.

[IIIP B pexxume peasbHOrO BPEMEHU MO3BOJISIET
0o0OHapy KUBaTh U KONWYeCTBEHHO onpenenats JJHK
Toxocara spp. pSAMO B KIMHHUYECKHX OO0paslax.
OTO KPUTHYECKH BA)KHO ISl PAHHETO BBISBICHUSA
WH(pEKINH, MOHUTOPUHTA 3((HEKTUBHOCTH JICUCHUS
1 3MHJIEMHUOJIOTMUECKUX HCCIIETOBAaHHUM.

Llenpro HACTOSIIIETO WCCIIEAOBAHUS SBISETCA
KOHCTpYHpOBaHUE U OMONH(POPMATHICCKUI aHATTN3
CHEIM(PUUECKUX OJIUTOHYKICOTHIHBIX TMpaiMepoB
1 (IIyOpecleHTHOro 30HAa il pa3padOTKU BBICO-
KOYYBCTBUTEIBHOTO U crierupuaHoro merona [111P
B peXXHMM€ pealbHOr0 BPEMEHH, IpeHa3HAau€HHOI O
JUTSL MOJIEKYJISIPHOTO BBISIBIICHUS Toxocara canis.

MaTepna.m,l H METOAbI

Buomamepuanv

B xauectBe oOBekTa mccienoBaHus B padboTe
ucnonwizoBanu JIHK Toxocara canis, BeieneHHbIC
13 00pasLoB Kajia codax.



A.A. Cepuxbaii u 1p.

Buvioenenue /IHK Toxocara canis

I'enomuyro JJHK u3 siun Toxocara spp. Bblie-
nsui ¢ momonipio Habopa QIAamp DNA Mini Kit
(Qiagen) B COOTBETCTBMHU C WHCTPYKIMEH MPOU3-
BonuTens. OOpasibl MpeABAPUTEIILHO MOABEPTaIN
TpeM LUKJIaM 3aMOPaXMBAHUSI-OTTaUBaHUs, a 00pa-
00TKy mpoTtenHaszoi K mpoBoJuiaM B TeUeHHE HOUU
(<16 49) (Borecka&Gawor, 2008, Khademvatan et

al., 2013).

BrlpaBHUBaHHE HYKJICOTUIHBIX MOCIEIOBA-
TEJILHOCTEHN

s ananusza u cpaBHEHUS HYKJICOTHIIHBIX IMO-
CIIEIOBATEIbHOCTEN  HKCIOJB30BaJaCh IpOorpam-

mMa MEGA Bepcun 11.0 (Molecular Evolutionary
Genetics Analysis) (Tamura K.et al., 2021). Hy-
KJICOTHIHBIC TIOCJIE0BATEIbHOCTH LICJICBBIX TCHOB
ObuTM onyueHsl u3 0asel JaHHbIX GenBank (NCBI)
B (popmare FASTA u ummoptupoBansl B8 MEGA
11 uepe3 momynb Align—Edit/Build Alignment.
BbipaBHMBaHHE TOC/IEAOBATEIBHOCTEH MNPOBOAM-
JIOCh C WCIOJIb30BAaHHEM BCTPOSHHOTO aJrOpUTMa
ClustalW, o0ecrieunBaronIero ONTUMaILHOE COIO-
CTaBJICHHE TOMOJIOTHYHBIX HYKJICOTHJIOB.

Iloobop u ananusz npaiimepos ¢ Vector NTI
Advance™

Jns KOHCTpyupOBaHHs map NpaliMEpoB UC-
nosib3oBasiack mporpamma Vector NTI Advance™
(Thermo Fisher Scientific, CIIIA) — unTerpupo-
BaHHas OMOMH(pOpMaIMoHHas Tuatdopma s Mo-
JIEKyJSIPHO-OMOJIOTHYECKUX PACUYETOB W BH3YallH-
3aIun nocienoBarenbHocTei. B «Primer Design»
MPOBOJIUIICSI  aBTOMAaTUYECKUU TON00p TpaiiMe-
POB Ul aMIIM(pHUKAOUK U KIOHUPOBAHMS LiEje-
BBIX TeHOB. HykieoTuaHas mocienoBaTelbHOCTh
reHa B ¢opmare FASTA Oputa mmmoptupoBaHa
B Mmoayib Vector NTI—Tools—Primer Design.
(Invitrogen™ Vector NTI Advance™ 11 User
Guide. Thermo Fisher Scientific). [TapameTpsl mo-
0opa yCTaHaBIMBAIM CIELYIOIIUM 00pa3oM: IUIH-
Ha mpaiimepa 18-25 HyKIEOTHIOB; cojJep)KaHHe
GC 40-60 %; Temneparypa miasnenus 55-69 °C;
OTCYTCTBHE BTOPHUYHBIX CTPYKTYP (IUMEPOB, LIMHU-
JIeK, TOMOIIOJIMMEPOB); OTCYTCTBHE KOMILIEMEH-
TapHOCTH Mexay npaiimepamu (Rozen& Skaletsky,
2000).

Hocmanoexa I[P u III[P ¢ pesicume peains-
HO020 épemenu

Hns nposenenus [P ucnons3oBanu ammiu-
¢ukatop SimplyAmp™ Thermal Cycler (Thermo
Fisher Scientific). II[IP B pexnme peasbHOTO
BpEeMEHHU MpOBOJMIACH Ha TepMmolukiepe Rotor-

Gene Q (Qiagen). OO0beM peakIMOHHON cMecH
coctaBmst 25 Mkia. Cmech il aMIuTA(QUKAITIT
JHK coctoutr wu3 creayromux KOMIIOHEHTOB:
Taq JAHK mommmepasza — 0,5 mxi (5 en/mxn); 10x
[MLP-0ydep — 2,5 Mk, cnenupuiecKkue mpaime-
po! (20 mM) mpsiMoit m 0OpaTHBIN TpaiiMep — 10
0,5 mxn kaxnaoro (B cimydae nposeaenus [1L[P B
peXHUME peaTbHOTO BPEMEHH HCIOIB3YeTCS JO-
moaHuTeabHO0 3001 0,5 Mk /10 nM); cmecs THT D
(10 MM) — 1 mxu; 25 MM pacteop MgCl, — 1 MK
JHK — 5 Mxi; nenoHu3upoBaHHas BoAa — 10O
25 MK

TemneparypHO-BpEMEHHBIE —MapaMEeTpPbl  aM-
TUUKAIIN: TpeIBapUTEIIbHAS TCHATYPAIHS TIPU
94°C — 2 muH, 30 1MKIIOB, COCTOSIINX U3 JICHATY-
pauun npu 94°C — 30 ¢, omkura npaiiMepoB mpu
58°C — 20 c., anonrammu 72°C — 20 c; pUHANBHBIH
cunre3 72°C — 7 MuH.

Inexkmpoghopemuueckuit ananuz I[P npo-
OyKmoe

Anamms npoxykrtoB [IIP mposenen mpu ro-
MoIIH 3jeKkTpodopesa B 2 % arapozHoM rese, co-
JepoKameM OpoMHUCTBIA dTuauit (1 MKT/MIT). Dek-
Tpodope3 MpOBOAAT TpU HampsokeHun 6 B/cm2
Ha anekTpodoperrdeckom ammaparte (Biobase), B
KadyecTBe DJIEKTpoJHOro Oydepa HCHOIB30BAIN
IxTAE-6ydep.

Pesynbrathl anekTpodopesa yUUTHIBAIOT B yilb-
TpaHOJIETOBOM CBETE C JJIMHOHN BOJHBI 254 HM Ha
refb JOKyMeHTupytomeM mnpudope (Biobase). Paz-
MepBl MOJIEKYJ aHanmm3upyembix obpasmoB JIHK
OTIPEIEIISUIN MTyTEM COIMOCTABICHUSI X AJIEKTPOdO-
peTHYecKoi MOJBMKHOCTH MapKepoB — (hparmMeHTa
JIHK n3BecTHOI MonekynsspHOM Maccel. B kauecTse
MapKepa MOJIEKYJIIPHBIX Macc UcTonb3oBainu 50 bp
DNA Ladder (Biolabs). [TonoxutensHbIMU CUnTA-
I0TCS TIPOOBI, B KOTOPHIX IOJIOCH! B TeJie pacroia-
raroTcsl TOYHO Ha TaKOM K€ PACCTOSIHUM OT CTapTa,
YTO M IIOJIOCHI TOJIOKUTEIBHBIX KOHTpoJsieh. IIpu
BeisiBienun JIHK Toxocara canis nabnromarotcs
rostockl JIHK pasmepom 125, 105, 98 m.o. B otpu-
LATEILHOM KOHTPOJIE HE JOJKHO BBISBIATHCS HU-
KaKHe MOJIOCHI.

Pe3y.]'ll)TaTbl H UX 06cym;1elme

[IpoBenen BbIOOp IENEBBIX TEHOB, pa3padoTKa
npaiiMepoB U (IIyOpecClEHTHO-MEUYECHbIX 30HIOB
qast ITTHP TecT-cucteMsl B pekUMeE peaibHOTO Bpe-
MEHHU NIl TUarHOCTUKU Toxocara canis

I'en pubocomuoit PHK, B wacTHOCTH BHYTpEH-
HUI Tpanckpubupyemslit crieiicep — ITS2, Obi1 HC-
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KoHcTpynpoBaHue 0IMroHyKICOTUAHBIX IpaliMepOB U 30H1a JUls BblsiBlIeHUs Joxocara canis merogoMm I1LIP...

MOJIb30BaH AJIsl OBICTPOH U crieruduyeckoil uaeH-
tuukamuu Toxocara canis B o0pa3nax Gpexanuit u
noyssl (Durant et al., 2012).

Jlyisi MHO’KECTBEHHOT'O BBIPDABHUBAHHS HYKIIe-
OTH/IHBIX TIOCJIEIOBATENBHOCTEH M3 TeHETHYECKON

Ta6auna 1

0a3pl ganHbIX GenBank oTOOpaHbl TEHOMBI U30IIsI-
TOB U3 pona Toxocara spp. I3 pona Toxocara spp
aHanmsupoBanu  rewel  ITS2  BumoB Toxocara
canis, Toxocara cati, Toxocara leonina, Toxocara
vitulorum u Toxocara malaysiensis (Tabnuua 1).

Howmepa pecucmpayuu 6 6ase dannvix GenBank uzonamoe pooa Toxocara spp

HaumenoBanue

Wnentndukannonnsie HoMepa n3ossToB B 0ase naHHbIx GenBank

pofa napasuta

1

2

Toxocara cati

[Genbank: AB110033], Toxocara cati

[Genbank: MW144968], Toxocara leonina

[Genbank:Y09490], Toxocara leonina [Genbank: MK575882], Toxocara vitulorum [Genbank:EU189085],
Toxocara vitulorum [Genbank: ON920813], Toxocara malaysiensis [Genbank:AM231609], Toxocara canis

Toxocara spp

[Genbank: AB110034], Toxocara canis [Genbank: PX062270], Toxocara canis [Genbank: MG214150],

Toxocara canis [Genbank: KJ7771561], Toxocara canis [Genbank: LC133352], Toxocara canis [Genbank:
KIJ7771551], Toxocara canis [Genbank: LC762621], Toxocara canis [Genbank: AB110032], Toxocara canis

[Genbank: MK728991]

BeipaBHUBaHUE HYKICOTHIHBIX I1OCIEIOBA-
TEJBHOCTEH TPOBOAMIM C HCIOJIb30BAaHUEM IIPO-
rpammbl Mega v.11 no anroputmy ClustalW. Ha
OCHOBE pE3YJIbTATOB MHO)XECTBEHHOTO BBIPABHU-

Pucynok 1

BaHUs HYKJICOTUHBIX [TOCIIEI0BATEIILHOCTEH OIpe-
JINICHbl YYacTKU T'€Ha BHYTPEHHEro TPaHCKPHOU-
pyemoro creiicepa ITS2, koTopsie crieruuuHbl K
Toxocara canis (pucyHOK 1).

Dpazmenm MHOICECMBEHHO20 BbIPAGHUBAHIUA NOCIEO08AMENbHOCHEN HYKIeOMUO08 HYMPEHHe20 MPAHCKpUbUpyemozo cneticepa

1TS2 pubocommnou PHK pooa Toxocara spp. 6 npocpamme Mega 11

Species/Abbrv

1. AB110034 Toxocara canig [TS 2

2. PX062270 Toxocara canis ITS 2

3. MW144968 Toxocara cali [T5 2

4. AB110033 Toxocara cati ITS 2

5. MK573882 Toxascaris leonina TS 2

6. Y09490 Toxascaris leonina [TS 2

7. ON920813 Toxocara vitulorum ITS 2

3. EU180085 Toxocara vitulorum TS 2

9. AM231609 Toxocara malaysiensis ITS 2

G = % x =

B mamux ucciaegoBaHUAX MO MOJ00PY CIIell-
HPUIECKUX TMPaMEepOB M 30HJOB, MCCIICIOBATIU
red ITS2, nockoibKy B TaHHOM y4acTKe T€HOMa
AMEIOTCSl CHEIU(PUIECKUE BBICOKOKOHCEPBATHB-
HBIE CallThl 15 uneHTudukanuu Toxocara canis.
BripaBHWBaHNE JAEMOHCTPHPYET KaK BBICOKO-
KOHCEpBAaTUBHbIC, TaK U BapuaOCIIbHbIC yd4acT-
KN HCCIeayeMoro permona. Hambomee BbICOKas
CTEIIeHb CXOJCTBa HAOJIFOAACTCS MEXAY IOCIe-
JIOBaTENbLHOCTAMU Toxocara canis, 9TO CBHJIC-
TEIbCTBYET O HU3KOM YpPOBHE BHYTPHBHUIOBOU
BapuabenprocTu ITS2. IlocmemoBaTenbHOCTH
Toxocara cati Takke XapaKTEpU3YIOTCA 3HAUU-
TEILHOU ToMonorueit ¢ Toxocara canis, OJHAKO
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COJZIepKAT PsJl HYKJICOTHIHBIX 3aMEH, MO3BOJIS-
omux auddepeHupoBaTh MaHHBIC BUABL. Hy-

KJICOTUIHBIC TOCIEA0BATCILHOCTU BHYTPEHHETO
Tpa"ckpubupyemoro cuericepa ITS2 pubdocom-
Hoit PHK poma Toxocara spp (Bunbl Toxocara
canis, Toxocara cati, Toxocara leonina, Toxocara
vitulorum u Toxocara malaysiensis) oTIM4aIOTCA
JIPYT OT JIpyTa, BKJIIOYasi HYKJICOTHIHBIE 3aMEHBI,
BCTaBKH U JICJICIIUU B BBIDABHUBAHHH.

[Tocne MHOKECTBEHHOTO BRIPABHUBAHHS MIOCTIE-
noBatenbHocTel [TS2 paznuunbix BUnoB Toxocara
C HCTOJb30BaHueM mporpamMMbl Vector NTI Obutn
pa3paboTaHbl paliMepbl U 30HIbI JUIsl creruduy-
Ho#t muentudukaruu 7. canis (pUCYHOK 2).



A.A. Cepukbaii u ap.

Pucynok 2

Toobop npaumepos u 30n0a x ITS2 ona eviaenenus Toxocara canis ¢ ucnonvzosanuem npocpammul Vector NTI

14 AB110034 Toxocara canis ITS 2 ‘

ACATTGAGCA CTAAAATTTC GAACGCACAT TGCGCCATCG GGTTCATTCC CGTTGGCACG TCTGGCTGAG GGTCAGTATA TTAAGGAGTA TGATGGGCGC
TGTAACTCGT GATTTTAAAG CTTGCGIGTA ACGCGGTAGC CCAAGTAAGG GCAACCGTGC AGACCGACTC CCAGTCATAT AATTCCTCAT ACTACCCGCG

101 GCCAATITTAT GGAATGIGAT ATGCTGG TIGTGGTAATG GATATIGIGC AATTGTACAG CGTACCITIGC
CGGTTAAATA CCTTACACTA TACGACC ACACCATTAC CTATAACACG TTAACATGTC GCATGGAACG

201 TGGCTGT CGTTIGCTCG TAAAGAGGCA AAATTGGCCA TGAGTGTATG TTGCGTITGCT TCACGATACG GCCTCCAGCA
TTACCGACA GCARACGAGC ATTTCICCGT TTTAACCGGT ACTCACATAC AACGCAACGA AGTGCTATGC CGGAGGICGT

301 AACGTIGTITT ATTIGITIGGT TGIGGCAGCA TCCAGGITGG AGGTGGCGIT ATNGGNCGCT TGRATGAGGA ATGCATGGNN AATGGNTGAA ATGAGATIT
TTGCAACAAA TAACAAACCA ACACCGTICGT AGGTCCAACC TCCACCGCAA TANCCNGCGA ACTTACTCCT TACGTACCNN TTACCNACTT TACTCT.

Onueonyrneomuowt T can F1, T can RI1, T can Probel

(AB110034 Toxocara canis ITS 2 r

RACATTGAGCA CTARAATTTC GRACGCACAT TGCGCCATCG GGTTCATTICC CGITGGCACG TCTGGCIGAG GGTCAGTATA TTARAGGAGTA TGATGGGCGT
TGTAACTCGT GATTTTARAG CTTGCGTGTA ACGCGGTAGC CCRAGTAAGG GCARCCGTGC AGACCGACTC CCAGTCATAT AATTCCTCAT ACTACCCGCG

101 GCCAATTTAT GGRAATGTGAT TAACGCGCAR GGITGIGGTG CATTCGGIGA GCTATGCTGG TGIGGTAATG GATATTGTIGC AATTGTACAG CGTACCTTIGC
CGGTTARATA CCTTRCACTR ATTGUGCGTT CCAACRCCAC GTAAGUCACT CGATACGACC RCACCATTAC CTATARCACG TTAACATGTIC GCATGGRARCG

201 CRAGGRAATA TTCGCACRAG ARATGGCTGT CGITTGCTCG TARAGAGGCHA ARATTGGCCRA TGAGIGTATG TTGCGITGCT TCACGAT
GITCCTTTAT AAGCGTGTTC TTTACCGACHR GCARACGAGC ATTTICTCCGT TTTARACCGGT ACTCRACATAC RRACGCRARACGHA AGTGCT

301 GITIGGT TGIG GCGTT ATHNGGHCGCT [[GAATGAGGRA ATGCATGGNN AATGGNIGAR ATGAGATTIT
CRRACCR ACHC CGCALR TRANCCHNGCGA BRCTTACTCCT TACGTACCNN TTACCHACTT TACTCTARAR

Onueonyxneomuovt T _can F2, T can R2, T can Probe2

AB110034 Toxocara canis ITS 2 I—

BCATTGAGCR CTRARAATTIC GRACGCACAT TGCGCCATCG GGTTCATTCC CGTTIGGCACG TCTGGCTGAG GGTCAGTATA TTRAGGAGTA TGATGGGCGC
TGETAACTCGT GATTTTAAAG CTTGCGTIGTA ACGUGGTAGC CCRAAGTARGG GCAACCGTGC AGACCGACTC CCAGTCATAT AATTCCTCAT ACTACCCGCG

101 GCCARATTTAT GGAATGTIGAT TAACGCGCAR GGTTGIGGIG CATTCGGIGRA GCTATGCTGG TGTGGTAATG GATATTGIGC AATTGTACAG CGTACCTTGC
CGETTRAATRE CCTTRCACTA ATTGCGCGIT CCRACACCAC GTAAGCCACT CGATACGRCC ACACCATTAC CTATAACACG TTRACATGIC GCATGGRACGE

201 CRAGGALATA TTCGCACAAG AARTGGCTGT CGITTGCTICG TARARGAGGCR ARATTGGUCRA TGAGTGTATG TIGCGTITGCT TCACGAT
GITCCTTTIAT AAGCGTGITC TTTACCGACR GCRARACGAGC ATTTCTCCGT TTTAACCGGT ACTCACATAC AARCGCRACGR AGTGCTAT

301 TTGITIGGT TGIG GCGTT ATHGGNCGCT TGAATGRAGGRA ATGCATGGNN AATGGNTGAR ATGAGATTIT
RRCARRCCH ACAC CGCAR TANCCHNGCGA ACTTACTCCT TACGTACCHN TTACCHACTT TACTCTRRLD

Onueonyrneomuowt T _can F3, T _can R3, T can Probe3

BriOpaHHBIE OJUTOHYKJICOTHIIBI OBUTH IPOTE-
CTUpOBaHbI in silico co BCeMH OOIICAOCTYITHBIMU
0a3amM¥ JaHHBIX HYKJICOTHIHBIX MOCIIEI0BATEIEHO-
creit ¢ momonsio BLASTN Ha caiite https://blast.
ncbi.nlm.nih.gov

IIpu KOHCTpYyMpOBaHMM MNpaliMEpPOB U 30HMIOB
COOJTFO/TANTM Ba)KHBIE TMapaMeTphl, TaKue KakK: JUTH-
Ha TpaiiMepa; TemriepaTypa IUIaBJICHHs, CrCHU(pIY-

Taoanma 2

HOCTb, KOMIUIEMEHTapHasl [TOCIIEI0BATEIHHOCTh MPaii-
Mmep, G/C conepkaHue W MOJUITUPUMUINHOBBIC IIH
TIOJIMITY PUHOBBIE TIPOTSDKEHHBIE YYACTKHU, BTOPUYHAS
CTpYKTypa CaiiTa-MHIIEHH, BTOpPUYHAs CTPYKTypa
paiiMepa, TOMO- B TeTepOTUMEpHU3aIIns TPaiiMepoB.

Jnst nanpHeWmmx padoT ObLIM BBIOpAHBI OJU-
TOHYKJIEOTH IbI, TokasbiBatomue 100% crnenndud-
HOCTb ¢ Toxocara canis (Tabmuna 2).

Tapamempor npatimepos u 301008, cneyughuunvix k Toxocara canis no eeny ITS2

Hazpanue Pazme
nipaiimepa/ [paiimep/3omux (5'—3") Jmiaa  Ilosumus  GC%  Tm, °C . p
30H1a .H.

T canF1 GGCGCGCCAATTTATGGAATGTG 23 96-108 50,0 58,0
T canRl1 CTTGTGCGAATATTTCCTTG 20 201-220 40,0 56,0 125

FAM-TAACGCGCAAGGTTGTGGTGCATTCGGTGAGC-

T_can Probel BHQI

32 221-153 56,25 69,0
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Ipooonscenue mabauywvl

Ha3uBaH1/Ie 5 Pasmep
npaiimepa/ Ipaiimep/30H1 (5'—3") Jmua Ilosuuus  GC%  Tm, °C .
30H7a

T _can F2 TAAAGAGGCAAAATTGGCCATGA 23 241-263 39 58

T can R2 CACCTCCAACCTGGATGCTG 20 326-345 60 57 105
T can Probe2 FAM-ACGGCCTCCAGCAAACGTTGTTTAT-BHQ! 25 288-312 48 67

T can F3 GCAAAATTGGCCATGAGTGTAT 22 248-269 40 55

T canR3 CACCTCCAACCTGGATGCTG 20 326-345 60 57 98
T can Probe3 FAM-ACGGCCTCCAGCAAACGTTGTTT-BHQI1 23 288-310 52 64

Ananusz pezynomamos I[P u III[P ¢ pescu-
Me peanvHo20 epemenu 0na ewviaenenus JIHK
Toxocara canis

[To pesynpraram IILIP momydensr cnennduye-
CKHE aMIUIMKOHBI ISl BCEX TPEX nap nparmMepos. B
JIOPOYKKAX HAONIOAAOTCS (PparMEHTHI 0JKHIAEMOTO
pasmepa— 125 m.o. ¢ mpaiimepamu T _can F1/R1, 105
m.o. ¢ mpaiimepamu T _can F2/R2, 98 m.0. ¢ npaiime-
pamu T can F3/R3. Ha pucynke 3A Haubosiee uH-

Pucynox 3

TEHCHBHAS 110JI0Ca aMILTU(pHUKALUU HaOII01aeTcs ¢
npaiimepamu T can F2/R2, 4ro cBuueTeabcTByET
0 Ooee BBICOKOH 3 PEKTUBHOCTH aMIUTU(UKALINN
JIaHHOM mapbl npaiiMepoB.

s map npaiimepoB T can FI/R1 u T can F3/
R3 Tarxke momyueHs! cnenuuYecKue MPOIYKTHI,
OJTHAKO MHTEHCHBHOCTH MOJIOC HHUKE, YTO MOXKET
yKa3bIBaTh Ha MeHee 2P HEeKTHBHYIO aMIUTH(PUKAIHIO
WM 0osiee HU3KYIO UyBCTBUTEIBHOCTD (PUCYHOK 3).

Pesynomamor nposedenus I[P (3A4) u I11]P 6 pesicume peanvrozo spemenu (3b) ¢ ucnonvzosanuem onuconykieomudos na Toxocara

canis

o
o

=
o

Hopm. ®nyopecu,

L
r'S

=
[

0,0

{nogor]

25 35 40 45
Uukn
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A: Dnexmpogopeepamma I1L][P npooykmos, noay4eHHvix

b: Pesynemamut evisisnenus [[HK Toxocara canis 6 I1L[P 6 pesicume

¢ ucnonvsosanuem mpex nap npaimepos: 1 —T canF1/R1  peanvrozo epemernu ¢ nopoeosvimu snavernuamu Ct23 u Ct26 ¢

(125 n.0.); 2—T canF2/R2 (105 n.o.); 3—T canF3/R3
(98 n.o.); M — 50 bp DNA Ladder (Biolabs)

Ha pucynke 3b npu TP ammnudukanuu
B pEXHME peaTbHOr0 BPEMEHH HaOIIOMaI0TCA
XapaKTepHbIE KpHBbIE HAKOIUICHUS Qiyopec-
LIEHTHOTO CUTHaJIa JIUIsI UCCIIETYEeMBIX 00pa3IoB
Toxocara canis. Ct23 u Ct26 moka3bpIBalOT O BHI-
cokoit konnenrtpamnuu neiaepoit JJHK B oOpa3sie.
O0e KpuBBIC JIEMOHCTPUPYIOT SKCIIOHCHI[UAJIb-
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ucnonvzoganuem npatimepos T _can F2, T can R2 u 3on0a T _can
Probe?2

HYI0 a3y ¢ HOCIenYIOIUM BBIXOAOM Ha Iia-
TO, YTO MOATBEPKAAET KOPPEKTHOE MPOTEKAHUE
[ILP B pexxume peanbHOTO BpeMeHU. Takum 00-
pa3oM, MOJy4YEHHBIEC IaHHBIE CBUACTEIBCTBYIOT
o cneuuduyeckoi u 3PPeKTUBHON aMIIuHUKa-
nuu 1eieBoro (Gparmenra rera 1TS2 Toxocara
canis.



A.A. Cepuxbaii u 1p.

JlnarHoctuka TOKCOKapo3a OCTa&TCsl aKTyallb-
HOM po0IeMOl Tapa3uTOJIOTHHN B CBSI3U C PacIpo-
CTpaHEHUEM TMapa3suTOB U TPYAHOCTSIMH PaHHErO
BBISIBJIICHUS TE€JIBMHHTOB Y 4eJoBeKa. Tpaauinon-
HBIE TTapa3UTOJOTHUECKIE METOMABI Uil OOHapYyXKe-
HUS SUI] WU JINYMHOK, IPUMEHSIOTCS OTPaHUYEeHHO,
MOCKOJIBKY y 4YeJloBeKa Toxocara canis HE NOCTH-
TaeT 3peyiol CTaJWH M 3TO CYIIECTBEHHO CHIDKACT
JIMarHOCTUYECKYI0 IIEHHOCTh KOIIPOJOTHMUYECKUX
uccienoBannii (Nikopoulou et al., 2025). B knmunu-
YEeCKOM MpaKTUKE HauOOJIbIIeE PACIPOCTPaHEHUE
TIOJTYYMIIA CEPOJIOTHYECKUE METOBI, TIPEXK/IE BCETO
ummyHopepMenTHed ananu3 (MPA), nampasien-
HBIN Ha BBIIBJICHUE aHTUTEN K aHTUTeHaM oxocara
(Jin et al., 2013). K apyruM 1uarHoCTHYECKUM Me-
TOaM OTHOCSTCA WMMYHOOJOTTHHT W HETPSMOM
¢iryopecteHTHBIN TecT ¢ anTuTeraMu OIHAKO U3-3a
TIEPEKPECTHBIX PeaKINi 1 aBTO(ITyOpECHEHITNH 3TH
METO/AbI MOTyT ObITh HeHanaekHbIMU (Ebrahimi et
al., 2025). B cBs13u ¢ 2TIM OoJTbIIICe 3HAUCHUE UME-
0T MOJIEKYJISIPHO-T€HETUYECKHE METOMABI, B 4acT-
Hoctu IILIP B pexxume peanbHOTO BpeMeHH, 00Oe-
CIEYMBAIONIAs] BBICOKYIO CHEUU(UYHOCTh 33 CUET
JIETeKINH YHUKAJIBHBIX Y9aCTKOB T€HOMA TTapa3nTa,
takux Kak ITS-pernon (Cobzaru et al., 2025). Hc-
nosibzoBanue I[P B pexxnMe peasbHOro BpeMEHU
MOBBIIIAET YYBCTBUTEIBHOCTh AHAJIN3a, MO3BOJISIET
IIPOBOJUTH KonuuecTBeHHYI0 oueHky JIHK u cHu-
JKaeT PUCK KOHTaMHMHAIMK OJjarofapsi 3aKpbITOMY
dopmary peakmuu (Thornton&Basu, 2011). 3to
npusoaut I[P B pexuMe peanbHOro BPEMEHH K
MIEPCIIEKTUBHOMY MHCTPYMEHTY Il paHHEH W TOY-
HOW JMAarHOCTHKH TOKCOKapo3a, OCOOCHHO B CIIOX-
HBIX KIIMHUYECKHX CIy4asX ¥ MpHU HU3KOH mapasu-
TapHOU HarpyskKe.

Hawmu nmpoBeziena orenka 3pQeKTHBHOCTH TPEX
nap mnpaiMepoB, pa3pabOTaHHBIX JUIS JETEKIHUH
Toxocara canis, ¢ 1eNbl0 BBIOOpPA ONTHMAIBEHOTO
BapuaHTa JUJIs NajdbHEHIIero ucnonb3oBanus B [1LIP
TECT-CHUCTEME.

B IIIP ananmu3e Bce HCCIELOBaHHBIE IIapbl
npaiiMepoB 00ecreunBaloT aMIUTM(UKALIMIO CIIeIl-
npuueckux (GparMeHToB OXHIAEMOTO pazMepa,
YTO CBUJETEIHCTBYET O KOPPEKTHOCTH WX TU3aii-
Ha U BBICOKOW CIEUM(PUYHOCTH K LIEIEBBIM y4yacT-
kam tena [TS2 JIHK Toxocara canis. OTcyTcTBUE
HecTIeNU(PHUIECKUX MPOAYKTOB aMIUIM(DUKAIUN U
npaiiMep-TUMEpPOB  TTOATBEPIKIACT COOTBETCTBHE
pa3paboTaHHBIX MpPaMepOB OOLICTIPUHATHIM Tpe-
OoBaHUAM K H3aifHy OJMTOHYKIIeoTHaOB (Valieva

et al., 2024). Hanbonee MHTCHCHBHAS T0JIOCA Ha-
omomanack ans mapel npaiimepoB T can F2/R2
(ammmukon 105 m.0.), 4To yka3pIBaeT Ha €€ mpe-
MMYIIECTBO 110 CPAaBHEHHWIO C JPYTHUMH Iapamu
npaiiMepoB. DPHEKTUBHOCTh aMIUIMDUKAMKA Ha-
MIPSIMYIO 3aBUCHT OT TaKUX IMapaMeTpoB, KaK JITHHA
npaiiMmepos, GC-cocTaB, TemrnepaTypa IUIABIEHUS
1 OTCYTCTBHE BTOPUYHBIX CTPYKTYD, BIHUSIIOMINX HA
crabuinpHOCTH THOpuaM3anuu (Valieva et al., 2024).
Cnabeie monocs! anst map T can F1/R1 u T _can F3/
R3 MoryT OBITH CBSI3aHBI C YCIOBUSIMH CBSI3bIBAHHUS
MpaiiMepoB ¢ MaTPUIIEH MM YaCTHIHBIM 00pa3oBa-
HUEM BTOPUYHBIX CTPYKTYp, 4TO CHMXaeT 3(dek-
TUBHOCTb PEAKIIHH.

[Ipaiimepsr T can F2/R2 oOmnagaer xopomumu
XapaKTepUCTUKaMU W MOKET OBITh PEeKOMEH]I0Ba-
HBI JUIsl TaIbHEHIIETO HUCIOIb30BaHMs, B TOM YHC-
ne npu paspadborke mamarHoctmueckmx [P Tect-
cucreM. AHanu3 KpuBbIX ammudukanuu [P B
pe’XMMe peaslbHOTO BPEMEHH C HCIIOJIb30BaHUEM
npaiimepoB T can F2, T can R2 u 3osma T can
Probe2 mokaszai, 4T0, KpUBBIE IEMOHCTPUPYIOT TH-
MMUYHYI0 CUTMOUAAIBHYIO (QOpPMY C BBIPaKCHHOU
SKCTIOHEHITNATBHOW (a30il M TOCIEAYIOMUM BBI-
XOJIOM Ha IUIAaTO, YTO MOATBEP)KIAET KOPPEKTHOCTD
nporekanus I[P B pexume peasbHOrO BpPEMEHH.
Takum 00pa3om, MpOBeAEHHBIN aHANN3 MO3BOJIHI
BBIOpaTh ONTHMANBHYIO Tapy MpaiiMepoB W 30HIA
Juts ieTeKuun 1 canis, 4TO SIBISETCS BaKHBIM dTa-
II0M B CO3JaHMM HAJEKHOU U YyBCTBUTEIBHONU MO-
JEKYJISPHO-TNArHOCTUYECKON CHCTEMBI.

3akiouyenne

PazpabGorannbie  mpaiiMepsl  oOecrieuMBarOT
cnemmdrunyo ammumpukanuo JHK  Toxocara
canis B kinaccuueckou IILIP, uyto moaTBepkmaeT
KOPPEKTHOCTh MX AW3aifHa ¥ MPUTOAHOCTH JJISI MO-
JEeKyJIApHON nuarHocTuku. llpm atom Hawtydiive
pe3ynbTaThl odydensl npaiimepamu T can F2/R2,
o0ecreunBalOIMMU HaWIydllee HaKOIUIGHHE aM-
mnkoHa. TakuM obOpasom, mpaiimepsl T can F2,
T can R2u30oun T can Probe2 ycnemmno ¢yHkmo-
HupytoT B III[P B pexxume peasibHOro BpeMeHH, Iie
OCYIIIECTBJIEHA YyBCTBUTEIbHASI M KOJIUYECTBEHHAS
nerexnus ueneBond JIHK Toxocara canis. Taxum
00pazoM, TpEeAJIOKECHHBIC OJIMIOHYKICOTHIIBI pe-
KOMEH/IOBAaHBI JJIsi pa3paOOTKH BHICOKOUYBCTBH-
TENbHBIX JUATHOCTUYECKUX TECT-CUCTEM Ha OCHOBE
[IIIP B pexxuMe peaibHOrO BPEMEHU.
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OPTIMIZATION AND VISUAL MONITORING
OF SERUM-FREE CULTIVATION OF THE GFP-PRODUCING SHEEPPOX
VIRUS STRAIN “SSPV (TK-) OMP16” IN VERO CELLS

This study optimized cultivation conditions for a GFP-producing sheeppox virus strain used as a
model analogue of the recombinant strain “SSPV (TK-) OMP16”. The virus was propagated in continuous
Vero cell culture using serum-free OptiPRO medium supplemented with 1% L-glutamine. Cell monolay-
ers were infected with virus doses of 0.01, 0.05, 0.1, and 0.3 TCIDs,/cell and incubated at 37 °C for 120
h. Biological activity was assessed in the culture fluid and in virus-containing suspensions obtained after
freeze—-thaw treatment of the infected monolayer. Virus accumulation in the culture fluid was limited,
whereas freeze—thaw treatment promoted more efficient release of infectious virus and clearer detection
of cytopathic effect. The highest titer, 3.5 log TCIDso/cm?, was recorded at 0.3 TCIDs¢/cell after 72 h
of cultivation. These findings confirm the usefulness of GFP for visual monitoring and optimization of
serum-free recombinant sheeppox virus cultivation in Vero cells and future veterinary vaccine platform
quality control.

Keywords: recombinant sheeppox virus, GFP-producing strain, SSPV (TK-) OMP16, Vero cell cul-
ture, biological activity.
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GFP-npoAykuusiAayLibl LUITAMMADBI KOAAAHY apKbiAbl «SSPV (TK-) OMP16»
PEKOMOMHAHTTbI KOM LueLleri BUPYCbl LUTAMbIHbIH, PENAMKALMSICbIH
BU3YyaAAbl HaKbIAay

byA 3eptreyae «SSPV (TK-) OMP16» peKOMOMHAHTTbI LUTaMbIHbIH MOAEAbAIK aHAAOMbl PETIHAE
KoAAaHbiAFaH GFP-npoAyKuMsAayLlbl KOW LUeLleri BUPYCbl WTaMbIH ©Cipy >KaFAaiAapbl OHTaNAAQHAbI-
pbiAabL. Bupyc 1% L-raioTammH KocbiaFaH capbicycbi3 OptiPRO kopeKkTik opTacbklH NanaaAaHa OTbIpbir,
Vero »acylaAapblHblH Y3AIKCi3 KyAbTypacbiHAA ecipiaai. XKacywa moHokabatbl 0,01; 0,05; 0,1 xeHe
0,3 TLIAs¢/>kacyLua A03arapbiMeH >KYKTbIPbIAbIN, Kenid 37 °C TemnepaTypaaa 120 carat 60#bl MHKYOa-
UMSIAQHADI. BUOAOTUSIABIK, GEACEHAIAIK KYAbTYPAAbIK, CYMbIKTbIKTA XKOHE >KYKTbIPbIAFAaH MOHOKA6GATTbI
MY3AaTy-epiTy 8AiCiHEeH KeliH aAblHFAH BUPYCKYPaMAbI CYCreH3MsAQ aHbIKTaAAbL. 3epTTey HOTUXKECIH-
A€ BUPYC >KMHAKTAAYbI KYAbTYPAAbIK, CYMbIKTbIKTA LIEKTEYAi GOAFaHbI, aA My3AATY-epiTy 8Aici uHpek-
UMSIABIK, BUPYCTbIH, TUIMAT GOAIHYIH >KOHE LUMTOMATUKAABIK, 8CEPAIH alKbIH aHbIKTAAYbIH KaMTaMachl3
eTKeHi KepceTiaai. EH xorapbl TUTp 0,3 TLAso/>kacylla Ao3acbiHAQ, 72 caFaT KYAbTUBUPAEYAEH KeMiH
3,5 IgTLLAso/cM® AeHremiHae TipkeAai. AabiHFaH aepekTep GFP-mapkepiHiH penAmKaLmsaHbl BU3yaAAbl
6aKblAay, XXYKTbIPY AO3aCbiH TaHAQy >koHe Vero »kacyllaAapblHAQ PEKOMOUHAHTTbI KOW Lieweri Bu-
PYCbIH CapbICyCbI3 6CIPY TEXHOAOTMACHIH XXETIAAIPY YLLIH TUIMAIAITIH AoAeaaerai. X)KyMbIC BeTepmHa-
PUSIAbIK, MaKCaTTarbl PEKOMOMHAHTThl BaKLMHAABIK, MAAT()OpPMarapAbl 83ipAey, OHAIPICTIK yAepicTepAi
CTaHAQPTTay XK8He BUPYC 6MOMACCAChIHbIH, canacbiH 6akblAay YLIiH KEAELeK 3epTTEYAEPAE MAHbI3AbI
NPaKTUKAAbIK, MaHbI3Fa 1e 60AYbl MyMKIH.

TyiiiH ce3aep: pekomMOMHaHTTbI KoM weweri Bupychl, GFP-npoaykumsaaywbl wrtamm, SSPV
(TK-) OMP16, Vero xacylua KyAbTypacbl, BUOAOTUSAbIK, GEACEHAIAIK.
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OnTMMM3aLMs U BU3YyaAbHbIH KOHTPOAb 6€3CbIBOPOTOYHOIO KYAbTUBUPOBaHMS
pekomM6uHaHTHOro wrtamma «SSPV (TK-) OMP16» Bupyca ocnbl oBel,
c ucnoab3zoaHnem GFP-npoayumpyloLero wramma

B HacTOfilleM unccAepAOBaHMM MpPOBEAEHA ONMTUMM3ALMS  YCAOBMIA  KyAbTMBMpoBaHus GFP-
NPOAYLMPYIOLLErO LITaMMa BUPYCa OCrbl OBELL, MCMOAb3YEMOr0o Kak MOAEAbHbI @aHAAOT PEKOMOMHAHT-
Horo wramma «SSPV (TK-) OMP16». Bupyc KyAbTMBMpPOBaAM B NMepeBUBAEMON KYAbTYpPe KAETOK Vero
C npuMeHeHnem bGeccbiBopoTouHom cpeabl OptiPRO, aonoAHeHHOM 1% L-rAloTammHOM. MoHocAomM
KAETOK MH(MUMPOBAAM pasAnUHbIMM Ao3amu Bupyca: 0,01; 0,05; 0,1 1 0,3 TLLAso/KA, C nocAeayto-
LWMM KyAbTMBUpOBaHMeM npu 37 °C B TeueHne 120 yacoB. broAormyeckyto akTMBHOCTb OMPEAEASIAM
B KYAbTYPAAbHOWM >XMAKOCTU U BUPYCCOAEPIKALLIEN CYCMEH3MU MOCAE 3aMOPaXkMBaHUS-OTTanBaHUS UH-
hMUMPOBAHHOIrO MOHOCAOSI. YCTaHOBAEHO, UTO HAaKOMAEHME BUPYCa B KYAbTYPAAbHOM >KMAKOCTU BbIAO
OrpaHUYEHHbIM, TOrAQ Kak MEeTOA 3amOpaXkMBaHUS-OTTamBaHus obecrieunBan bGoaee 3hekTrBHOE
BbICBOOOXKAEHWE MH(EKLIMOHHOIO BMpPYCa U BbISIBAEHWE LMTOMATMYeckoro AencTBusi. Hanboaee Bbi-
cokuin 1T, 3,5 IgTLAs/cMm3, 3apernctpuposan npu ao3e 0,3 TLIAso/KA Yepes 72 yaca KyAbTUBUPO-
BaHM4. [MoAyyeHHble AaHHble noATBepXAaloT 3ddekTnBHOCTL GFP-Mapkepa AAS BM3yaAbHOrO KOH-
TPOAS penAurKaLmu, BbiIbopa OnTMMaAbHOM AO3bl MH(DULIMPOBAHMSI U COBEPLLEHCTBOBAHMSI TEXHOAOT MM
HaKOMAEHUS PEKOMOMHAHTHOIO BMPYCa OCrbl OBELL B KAeTKax Vero npu 6eCCbIBOPOTOUHBIX YCAOBUSIX.
PaboTa MmeeT npakTUyeckoe 3HAUEHWE AAS AdAbHerLer pa3paboTKM PEKOMOMHAHTHBIX BaKLMHHbIX

nAaThopm BETEPUHAPHOIO HA3HAYEHWNS 1 KOHTPOASI KauecTBa.
KatoueBble caoBa: SSPV (TK-) OMP16, GFP-npoayumMpyioLLmMiA WUTaMM, BUPYC OCMbl OBEL,, KAETKMN

Vero, 61oAormyeckas akTMBHOCTb.

Introduction

Sheeppox is a highly contagious viral disease
of small ruminants with significant veterinary and
economic importance. The causative agent of the
disease is sheeppox virus (SPPV), which belongs to
the genus Capripoxvirus of the family Poxviridae.
The disease is characterized by fever, lesions of the
skin and mucous membranes, and the formation of
papules and nodules. In severe cases, it may be ac-
companied by lesions of internal organs and animal
mortality. Sheep pox and goat pox are considered
transboundary infections and remain relevant in
countries of Asia, the Middle East, Africa, and cer-
tain regions of Europe (Babiuk et al., 2008; Tupp-
urainen et al., 2017; World Organisation for Animal
Health, 2024).

Due to the high epizootiological significance of
capripoxvirus infections, special attention is given
to the development of effective specific prophy-
lactic measures and improvement of technologies
for obtaining viral biomass. Representatives of the
genus Capripoxvirus are considered not only as
pathogens of animal diseases but also as promising
viral vectors for the development of recombinant
vaccines. Their restricted host range and ability to

195

express foreign antigens make capripoxviruses a
convenient platform for the construction of veteri-
nary vector vaccines (Boshra et al., 2013; Teffera,
2019). Previous studies have also demonstrated the
practical relevance of capripoxvirus-based vaccines
for veterinary prophylaxis and protection against re-
lated capripoxvirus infections (Hamdi et al., 2020;
Zhugunissov et al., 2020).

Recombinant sheeppox virus strains can be used
for the expression of foreign antigens and the de-
velopment of vaccine candidates with defined im-
munobiological properties. It has previously been
shown that the sheeppox virus genome can be modi-
fied using genomic regions, including the thymidine
kinase gene, for the insertion of foreign genes with-
out substantially impairing viral replication in vitro
(Chervyakova et al., 2021). This provides a basis
for the development of recombinant strains that can
simultaneously serve as models for studying viral
replication and as platforms for producing vaccine
preparations.

One of the promising antigens for inclusion in
recombinant vaccines is the outer membrane protein
Omp16 of Brucella spp. This protein is considered
an immunologically significant component capable
of inducing specific cellular and humoral immune
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responses. Experimental studies have shown that re-
combinant Omp16 and Omp19 proteins induce pro-
tective immune responses against Brucella abortus,
confirming the potential use of Ompl6 as a target
antigen in the development of vaccine constructs
(Huy et al., 2021; Pasquevich et al., 2009).

Model strains containing reporter genes are
of great importance for optimizing the cultivation
technology of recombinant viruses. One of the most
widely used reporter markers is green fluorescent
protein (GFP). Its expression allows visual detection
of infected cells and monitoring of viral replication
processes in cell culture. The advantage of GFP lies
in the possibility of direct fluorescence observation
without the use of additional substrates, making this
marker a convenient tool for assessing the dynamics
of viral reproduction (Chalfie et al., 1994; Soboleski
et al., 2005).

Virological studies and technological accumula-
tion of viral biomass largely depend on the choice
of the cell system. Vero cell culture is widely used
for the production of viral vaccines and viral vectors
due to its stable growth, high susceptibility to vari-
ous viruses, and suitability for scaling up biotech-
nological processes (Kiesslich & Kamen, 2020). At
the same time, the use of serum-free media is also
important, as they reduce the risk of contamina-
tion with animal-derived components, increase the
reproducibility of cultivation, and simplify subse-
quent standardization of the production process. In
particular, Vero cells can be successfully cultivated
in OptiPRO medium, which is used for cell growth
and viral production (Lee et al., 2020).

In the present study, a GFP-producing strain
was used to optimize the accumulation technology
of the recombinant sheeppox virus strain “SSPV
(TK-) OMP16”. This strain was applied as a model
analogue of the recombinant virus, allowing visual
monitoring of viral replication and viral biomass
accumulation in Vero cell culture. The aim of this
study was to optimize the parameters for the ac-
cumulation of viral biomass of the GFP-producing
sheeppox virus strain in Vero cell culture using se-
rum-free OptiPRO medium.

Materials and methods

Virus. The study used a sheeppox virus strain
producing the green fluorescent protein GFP. The
strain was cultivated in a continuous Vero cell line
using the serum-free OptiPRO medium. The biolog-
ical activity of the strain was 4.0 log TCIDse/cm?.
The strain was obtained from the microorganism
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collection of the Research Institute for Biological
Safety Problems.

Culture media and supplements. Serum-free Op-
tiPRO medium supplemented with 1% L-glutamine
was used as both the growth and maintenance me-
dium for the continuous Vero cell line derived from
African green monkey kidney epithelial cells.

Virus cultivation. Infection of the monolayer of
the continuous Vero cell line in plastic cell culture
flasks with surface areas of 150 and 300 cm? (TPP)
was performed by adding 0.5 cm?® of viral suspen-
sion. The infected cells were incubated at 37-38°C
for 60 min, after which the inoculum was removed.
The monolayer was washed several times with
culture medium, maintenance OptiPRO medium
was added, and the cells were further cultivated at
37-38°C for 4-5 days. During this period, the cell
monolayer was examined daily by microscopy. The
cytopathic effect of sheeppox virus on the cell mono-
layer was characterized by cell rounding, formation
of grape-like cell clusters, followed by disruption of
intercellular contacts and complete destruction of
the cell monolayer.

Multiplicity of infection and cultivation period.
Virus accumulation in Vero cell culture at different
doses of viral suspension was assessed by infecting
the cell monolayer at doses of 0.01, 0.05, 0.1, and
0.3 TCIDsp/cell, followed by incubation at 37°C. At
12 h post-infection and subsequently every 6 h, four
cell culture flasks were collected from each group
over a total cultivation period of 120 h. The culture
fluid was removed from the selected flasks, and the
infected monolayer was covered with phosphate-
buffered saline and frozen at —20°C. After 24 h,
the flasks were thawed, and biological activity was
determined in both the culture fluid and the thawed
virus-containing suspension by titration on a Vero
cell monolayer.

Determination of the biological activity of the
viral strain. The virus titer was determined by the
method of serial tenfold dilutions on a Vero cell
monolayer in 96-well microplates. The experiments
were performed in four replicates. The virus titer
was calculated using the Reed—Muench method
(Reed & Muench, 1938).

Results and their discussion

Multiplicity of infection

The multiplicity of infection and the optimal cul-
tivation period required for the accumulation of vi-
ral biomass with high infectious activity were deter-
mined using different infection doses of the studied
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virus and cultivation periods ranging from 12 to 120
h at 37°C. For this purpose, Vero cell monolayers
were infected with the virus at doses of 0.01, 0.05,
0.1, and 0.3 TCIDs¢/cell and incubated at 37°C for
120 h, with replacement of the serum-free OptiPRO
medium after 2-3 days.

At the beginning of the experiment, 12 h after
infection, and subsequently every 6 h, cell culture

Table 1

flasks were collected from each group. The culture
fluid was removed, the monolayer was covered with
phosphate-buffered saline, and the flasks were fro-
zen at -20°C. After thawing, biological activity (BA)
was determined in the collected culture fluid (CF)
and in the thawed cell suspension in phosphate-buff-
ered saline (PBS) by titration in Vero cell culture.
The results of the study are presented in Table 1.

Multiplicity of infection and optimal cultivation time for the GFP-producing sheeppox virus strain

Biological activity, log TCIDso/cm?

Culture fluid (CF)

Phosphate-buffered saline (PBS)

Cultivation
time, h Infection dose, TCIDsq/cell
0.01 0.05 0.1 TCIDso/ 0.3 TCIDso/ 0.01 0.05 0.1 TCIDso/ 0.3 TCIDs50/

TCIDso/cell TCIDso/cell cell cell TCIDso/cell TCIDsq/cell cell cell
12 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 1.5
30 0 0 0 0 0 0 1.5 1.5
36 0 0 0 0 0 0 0 1.5
42 0 0 0 0 0 0 1.5 1.5
48 0 0 0 0 0 0 1.5 1.5
54 0 0 0 1.5 0 0 0 1.5
60 0 0 0 0 0 0 1.5 0
66 0 0 0 0 0 1.5 0 2.5
72 0 0 0 0 1.5 0 2.5 3.5
78 0 0 0 0 0 0 2.5 1.5
84 0 0 0 0 0 0 1.5 0
90 0 0 0 0 0 0 1.5 1.5
96 0 0 0 0 0 0 2.5 2.5
102 0 0 0 0 0 0 0 0
108 0 0 0 0 0 0 0 0
114 0 0 0 0 0 0 0 0
120 0 0 0 0 0 0 0 0

Analysis of the dynamics of biological activity
(log TCIDso/cm?) of the GFP strain of sheeppox vi-
rus, depending on the cultivation period (hours) on
a Vero cell monolayer and the infecting virus dose,
revealed substantial differences between the studied
systems: culture fluid (CF) and infected cells in PBS
after thawing.

It was found that viral reproduction in the cul-
ture fluid was characterized by limited intensity
and a delayed increase in infectious activity. De-

tectable biological activity of the strain was record-
ed after 54 h of cultivation. It should be noted that,
after 54 h of cultivation, biological activity of 1.5
log TCIDso/cm?® was detected only at the infecting
virus dose of 0.3 TCIDsg/cell. Other time intervals
did not support effective viral reproduction in this
system.

The accumulation dynamics of the fluorescent
sheeppox virus strain depending on the infection
dose are presented in Figures 1-4.
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Figure 1

Accumulation of the fluorescent sheeppox virus strain in Vero cell culture at a multiplicity

of infection of 0.01 TCIDsp/cell

Multiplicity of infection of 0.01 TCIDso/cell

Biological activ
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Cultivation time, h

The data presented in the diagram show that,
at a multiplicity of infection of 0.01 TCIDs/cell,
the biological activity of the virus reached 1.5 log

Figure 2

TCIDsgo/cm?® at 72 h of cultivation. Further cultiva-
tion up to 120 h inhibited the replication of the GFP
strain of sheeppox virus in the Vero cell monolayer.

Accumulation of the GFP strain of sheeppox virus in Vero cell culture at a multiplicity of

infection of 0.05 TCIDsg/cell

Multiplicity of infection 0of 0.05 TCIDso/cell

—_
Lh b

o

Biological activity
=
Lh =

12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120

Cultivation time. h

Similar to the previous case, virus accumula-
tion was observed after 66 h of cultivation, fol-
lowed by a subsequent decrease in its biological
activity.

Analysis of the diagram shows that, at a multi-
plicity of infection of 0.1 TCIDs/cell, the biologi-
cal activity of the virus reached 1.5 log TCIDso/cm?
at 30, 42, 48, and 60 h of cultivation. Further cul-
tivation up to 72 and 78 h increased the biological
activity of the virus to 2.5 log TCIDso/cm?, followed
by a subsequent decrease in infectious activity to 1.5
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log TCIDsp/cm?. After 96 h of cultivation, the infec-
tivity of the virus increased again and reached 2.5
log TCIDso/cm?.

The results presented in the diagram show that
viral biological activity was detected from 24 to 54
h of cultivation at a level of 1.5 log TCIDse/cm?. An
increase in viral infectivity to 2.5 log TCIDg/cm?
was observed at 66 and 96 h. The highest biological
activity of the GFP strain of sheeppox virus, 3.5 log
TCIDso/cm?, was recorded after 72 h of cultivation
at a multiplicity of infection of 0.3 TCIDs/cell.
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Figure 3

Accumulation of the GFP strain of sheeppox virus in Vero cell culture at a multiplicity of

infection of 0.1 TCIDs,/cell
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Accumulation of the GFP strain of sheeppox virus in Vero cell culture at a multiplicity of

infection of 0.3 TCIDsy/cell
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Biological activity of the virus

After the required incubation period at 37°C, the
culture fluid was removed from the flasks, and the
biological activity of the virus was determined. Viral
reproduction in the culture fluid is shown in Figure 5.

In contrast, when phosphate-buffered saline was
added to the cell monolayer followed by freezing
and thawing after 24 h, an earlier onset of viral rep-
lication was observed, with infectious activity de-
tected as early as 24 h of cultivation. The subsequent
dynamics were characterized by a steady increase
in biological activity, reaching maximum values of
2.5-3.5 log TCIDs¢/cm?® within 66-96 h, predomi-
nantly at infection doses of 0.1-0.3 TCIDsg/cell.

The cytopathic effect of the fluorescent sheeppox
virus strain in Vero cell culture during determination
of biological activity (BA) at different cultivation
times and virus doses is presented in Figures 6-8.

Figure 5

Cytopathic effect of the GFP strain of sheeppox virus on Vero
cells during determination of biological activity in the culture
fuid: multiplicity of infection 0.3 TCIDsy/cell, virus dilution 10
! cultivation time 54 h.
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Figure 6
Cytopathic effect of the fluorescent sheeppox virus strain on Vero cells during determination of biological activity in thawed
cells: (a) multiplicity of infection 0.01 TCIDsp/cell, cultivation time 72 h; (b) multiplicity of infection 0.05 TCIDso/cell,
cultivation time 66 h

At low infection doses, namely 0.01 and 0.05
TCIDso/cell, the cytopathic effect of the virus was mani-
fested by weak fluorescence in the Vero cell monolayer.
It should also be noted that the infectious activity of the
virus at a dose of 0.01 TCIDsg/cell developed more
slowly and became detectable on the third day of culti-
vation, whereas the virus at a dose of 0.05 TCIDg/cell
infected the cells 6 h earlier than the lower dose.

As shown in Figures 7 and 8, after the freeze—
thaw process in phosphate-buffered saline, the cy-

Figure 7

topathic effect of the GFP strain on Vero cells at
24 and 48 h of cultivation, at an infection dose of
0.1 TCIDgp/cell and a tenfold dilution of the viral
suspension, was characterized by multiple fluores-
cent foci in the cell monolayer. At a higher infection
dose of 0.3 TCIDsg/cell, viral CPE was detected at
higher dilutions of the viral suspension: at 72 h of
cultivation, the cytopathic effect was observed at a
dilution of 1073, whereas at 96 h, it was detected at
a dilution of 102

Cytopathic effect of the fluorescent sheeppox virus strain on Vero cells during determination of biological activity in thawed cells:
(c) multiplicity of infection 0.1 TCIDsq/cell, virus dilution 10, cultivation time 24 h; (d) multiplicity of infection 0.1 TCIDs,/cell,

virus dilution 107, cultivation time 48 h.
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Figure 8
Cytopathic effect of the fluorescent sheeppox virus strain on Vero cells during determination of biological activity: (e) multiplicity
of infection 0.3 TCIDsy/cell, virus dilution 10 cultivation time 72 h; (f) multiplicity of infection 0.3 TCIDso/cell, virus dilution

107, cultivation time 96 h.

Thus, the obtained results demonstrate that the
biological activity of the virus in the culture fluid
collected after a defined period of incubation on
the Vero cell monolayer was low and was detect-
ed only after 54 h of cultivation. In contrast, when
phosphate-buffered saline was used, a clear dose-
dependent pattern was observed: an increase in the
infection dose was accompanied by enhanced viral
replication and earlier achievement of maximum ti-
ters. At the minimum dose of 0.01 TCIDs/cell, vi-
rus accumulation was delayed and less pronounced
in both systems; however, it remained more inten-
sive after freeze—thaw treatment of the monolayer
with phosphate-buffered saline.

This indicates that ice crystals formed during
freezing damage the cell membranes. During thaw-
ing, the disrupted membrane can no longer retain
the cellular contents, allowing viral particles accu-
mulated in the cytoplasm or nucleus to be released.
Therefore, the freeze—thaw method applied to the
infected monolayer using PBS demonstrated a clear
advantage over virus accumulation in the culture
fluid and ensured more efficient replication of the
pathogen in this system.

The obtained results show that the GFP-produc-
ing sheeppox virus strain can be effectively used as
a model system for visual monitoring of viral repli-
cation and optimization of viral biomass accumula-
tion conditions in Vero cell culture. The use of this
approach is justified, since sheeppox virus belongs
to the genus Capripoxvirus and is of considerable
interest both for veterinary prophylaxis and as a
potential platform for the development of recombi-
nant viral vaccines (Babiuk et al., 2008; Boshra et

al., 2013; Teffera, 2019; Tuppurainen et al., 2017;
World Organisation for Animal Health, 2024). Pre-
vious studies have also demonstrated the practi-
cal relevance of capripoxvirus-based vaccines and
their potential application in veterinary prophylaxis
(Hamdi et al., 2020; Zhugunissov et al., 2020). The
use of a model strain carrying a fluorescent marker
makes it possible to assess the dynamics of viral
replication without additional complex visualization
procedures, which is particularly important when
optimizing technological cultivation parameters.

In the present study, virus accumulation in the
culture fluid was characterized by low intensity and
limited biological activity. Infectious activity in
the culture fluid was detected only under specific
conditions, which may indicate the predominantly
cell-associated nature of virus accumulation in the
studied system. This is consistent with the replica-
tion features of poxviruses, in which a considerable
proportion of viral particles may remain associated
with infected cells during the early and intermediate
stages of the reproductive cycle (Boulter & Apple-
yard, 1973; Chervyakova et al., 2021; World Organ-
isation for Animal Health, 2024). Therefore, analy-
sis of the culture fluid alone does not always reflect
the actual level of infectious virus accumulation in
cell culture.

The most pronounced virus accumulation was
observed after treatment of the infected monolayer
by the freeze—thaw method in phosphate-buffered
saline. This approach promoted the release of viral
particles from disrupted cells and allowed higher
levels of biological activity to be detected compared
with the culture fluid. These findings indicate that,
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during cultivation of the GFP strain of sheeppox
virus, a significant proportion of the infectious ma-
terial accumulates intracellularly or remains associ-
ated with the cell monolayer. Therefore, inclusion
of the freeze—thaw step is technologically important
for obtaining a virus-containing suspension with a
higher infectious titer (Boulter & Appleyard, 1973).

Analysis of the effect of multiplicity of infection
revealed a dose-dependent pattern. At low infection
doses, such as 0.01 and 0.05 TCIDsq/cell, viral rep-
lication developed more slowly and was accompa-
nied by weaker fluorescence in the Vero cell mono-
layer. When the infection dose was increased to 0.1
and 0.3 TCIDsg/cell, earlier manifestation of the cy-
topathic effect and more pronounced accumulation
of viral biomass were observed. This indicates that
the initial infectious load is one of the key factors
determining the rate of virus spread through the cell
monolayer and the achievement of the maximum in-
fectious titer.

The best results were obtained at a multiplicity
of infection of 0.3 TCIDs/cell and a cultivation pe-
riod of 72 h, when the infectious titer reached 3.5
log TCIDso/cm?®. This regime can be considered the
most optimal among the tested variants, as it pro-
vided a high level of biological activity without
excessive prolongation of the cultivation period.
Extension of the cultivation period to 96-120 h did
not lead to a stable further increase in infectious
activity, which may be associated with progressive
destruction of the cell monolayer, reduced cell vi-
ability, and depletion of the culture medium.

The use of the GFP marker is of particular im-
portance in this study. Green fluorescent protein is
widely used as a reporter of gene expression and al-
lows infected cells to be visually detected by micros-
copy (Chalfie et al., 1994; Soboleski et al., 2005). In
the present work, the presence of GFP enabled ob-
servation of fluorescent foci formation in the Vero
cell monolayer, which made it possible to assess the
intensity of viral replication at different cultivation
times. This approach may be useful during the initial
optimization of recombinant virus cultivation condi-
tions, as it combines classical infectious titer deter-
mination with visual assessment of virus spread in
cell culture.

The obtained data are also important for the fur-
ther development of the recombinant sheeppox vi-
rus strain “SSPV (TK-) OMP16”. Previous studies
have shown that the sheeppox virus genome can be
used for the insertion and expression of foreign an-
tigens, including recombinant constructs based on
capripoxviruses (Boshra et al., 2013; Chervyakova
et al., 2021; Teffera, 2019). The Omp16 protein of
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Brucella spp. is considered an immunologically sig-
nificant antigen capable of inducing a specific im-
mune response (Huy et al., 2021; Pasquevich et al.,
2009). In this regard, optimization of accumulation
parameters for the model GFP-producing strain rep-
resents an important stage for subsequent develop-
ment of cultivation technology for the recombinant
strain expressing OMP16.

The use of Vero cell culture and serum-free
OptiPRO medium is also technologically justified.
Vero cells are widely used in the production of
viral vaccines and viral vectors due to their stable
growth, susceptibility to a broad range of viruses,
and suitability for scale-up (Kiesslich & Kamen,
2020). Serum-free media improve the reproducibil-
ity of cultivation, reduce the risk of introducing un-
desirable animal-derived components, and simplify
standardization of the production process. It has
previously been shown that Vero cells can be suc-
cessfully cultivated in OptiPRO medium and used
for viral production (Lee et al., 2020). Therefore, the
selected cultivation system is promising for further
technological adaptation.

At the same time, it should be noted that the
present study was aimed at optimizing the in vitro
accumulation conditions of a model GFP-producing
strain. The obtained results characterize the repli-
cation features of the virus in Vero cell culture but
do not reflect the immunogenic properties of the
recombinant strain “SSPV (TK-) OMP16”. Further
development of the vaccine candidate requires ad-
ditional studies, including assessment of recombi-
nant insert stability, expression level of the target
OMP16 protein, genetic stability of the strain during
passaging, as well as evaluation of immunogenicity
and safety in vivo.

Thus, the conducted studies demonstrated that
the GFP-producing sheeppox virus strain is a con-
venient model for visual monitoring of viral replica-
tion and optimization of viral biomass accumulation
conditions. The most effective cultivation regime
involved infection of the Vero cell monolayer at a
dose of 0.3 TCIDs/cell, followed by cultivation for
72 h and application of the freeze-thaw method to
the infected monolayer in phosphate-buffered sa-
line. The obtained data can be used as a basis for
further optimization of the accumulation technology
for the recombinant sheeppox virus strain “SSPV
(TK-) OMP16”.

Conclusion

As a result of the conducted studies, the technol-
ogy for accumulating viral biomass with a high level
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of infectious activity was optimized for the fluores-
cent sheeppox virus strain using different infection
doses of 0.01, 0.05, 0.1, and 0.3 TCIDgg/cell and
cultivation periods ranging from 12 to 120 hat 6 h
intervals.

The best results were obtained at a multiplicity
of infection of 0.3 TCIDgq/cell and a virus incu-
bation period of 72 h. Under these conditions, the
infectious titer reached 3.5 log TCIDso/cm?® in the

Vero cell monolayer using the serum-free OptiPRO
maintenance medium.
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CYTOGENETICS OF ARTEMIA:
A COMPREHENSIVE REVIEW

The genus Artemia containing brine shrimps, is a landmark model organism in cytogenetics research
due to its remarkable adaptability to hypersaline, anoxic and high-altitude environments, as well as
its diverse reproductive modes, including bisexual reproduction and parthenogenesis. This exhaustive
review reflects progress in Artemia cytogenetics, with a major focus on chromosome scale genome as-
semblies, karyotypic polymorphisms, sex chromosome evolution, molecular cytogenetic techniques e.g.
fluorescence in situ hybridisation (FISH).

A significant taxonomic update is the recent description of Artemia amati by Asem et al. (2023),
a bisexual species native to Kazakhstan (previously “Artemia sp. Kazakhstan”), which provides a new
framework for studying Central Asian populations. One of the most important findings is the chromo-
some-scale genome assembly of the Qinghai-Tibet Plateau species A. tibetiana, which contains 21 pseu-
dochromosomes and provides insights into adaptations to high-altitude stress.

Assemblies of the A. franciscana have defined ZW sex determination systems with differentiated
evolutionary strata and possible meiotic silencing pathway. The population-genomic studies of Chinese
Artemia define the four different clades, which, in turn, were affected by the geologic uplift, climatic
variations, and anthropogenic effects, with high nucleotide diversity in Tibetan populations. Single-
nucleus profiling shows that the Z chromosome was repressed in germline oogenesis indicating that the
meiotic sex chromosomal inactivation had taken place.

The diapause termination networks controlled by the transcriptional factors include SVP, MYC,
RXR, and SMADG that regulate cell adhesion, signal transduction, and redox homeostasis. These find-
ings shed light on the evolutionary cytogenetics, stress-adaptation, and biotechnological perspectives of
aquaculture and conservation of the species Artemia. Future research needs to capitalize on integrative
multi-omics to solve the remaining problems, such as full W chromosome-level resolution and inter-
species dynamic-hybridisation.

Keywords: Artemia cytogenetics, Artemia amati, genome assembly, karyotype variation, sex chro-
mosomes, parthenogenesis, population genetics, diapause regulation
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Artemia UMTOreHEeTUKACDbI: KELLUEHA LLOAY

KeabesekaskTbl lasHTOpPI3AiAepre >atatbliH Artemia TybICbl TUNEpTY3Abl, aHAadPOOTbl >KaHe
OMiK TayAbl OpTa >KaFAariAapbiHa epekiie 6ernimaeAy KabireTiHe, COHAAM-aK Aapa >KbIHbICTbIAbIK, MEH
napTeHOreHe3Ai KaMTUTbIH KO6eto CTpaTernmsiAapbiHbIH aAyaH TYPAIAiriHe 6aliAaHbICTbI LUTOreHETUKAADIK,
3epTTeyAEpPAEri MaHbI3Abl MOAEAbAIK OpraHM3MAEep ToObIHA JKaTaAbl. ByA woay Artemia umMToreHeTmka
CaAaCbIHAAFbl 3aMaHayW >KETICTIKTEPAI >KMHaKTal OTbIPbIN, XPOMOCOMAAbIK, AEHrenAeri reHOMABIK,
>KMHAKTapFa, KapMOTUNTIK MOAMMOPMU3MIe, XbIHbIC XPOMOCOMAAAPbIHbIH, 3BOAIOLMSCbIHA >KOHe in
situ >karparbiHAQ bayopecueHTTi rnbpuamsaums (FISH) cuSIKTbl MOAEKYAAAbIK-LIMTOreHETUKAABIK,
aAicTepre epeklie Ha3ap ayAapaAbl.

MaHbI3Abl TAKCOHOMMSIABIK, KaHAABIKTapAbIH, OipiHe — >KakbiHAQ cunaTTaAFraH Artemia amati Asem
et al. (2023) Typi xxataabl. bya KasakcraHaa sHAEMMK BOAbIN TabblAaTbiH Aapa XbIHbICTbI TYP (6ypbIH
«Artemia sp. Kazakhstan» petiHae 6eAriaeHreH) ;xaHe OpTaAbik, A3Usi MONMYyASIUMSIAAPbIH 3epTTeyre >kaHa
Heri3 KaAbINTacTbipAbl. EH MaHpbI3Abl >KeTicTikTepaiH, 6ipi — LiMHxan—TnbeTt yCTipTiHeH wWbIKKaH 6uMiK
TayAbl A. tibetiana TypiHiH 21 nceBAOXpOMOCOMasaH TypaTbiH XPOMOCOMAAbIK, AEHIeMAEri rEHOMADIK,
>KMHaFbIHbIH, XKacaAybl. ByA XKUHaK, 61iK TayAbl opTa CTpecciHe 6eRiMAEAY MEXaHM3MAEPI TypaAbl >kaHa
MaAiIMeTTep Bepeai.
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A. franciscana reHOMbIHbIH >KMHAKTapbl AU depeHUMaLMIAAHFAH SBOAIOLMSABIK CTPATAAAPbI XKOHE
bIKTMMaA MEMO3AbIK, CaMAEHCUHT MexaHm3mi 6ap ZW TUNTi XKbIHbICTbI aHbIKTay >KYMeCiH cunarray-
Fa MYMKIHAIK 6epai. KbiTaiaarbl Artemia nonyAsiumsianapbiHa XXYpPri3iAreH nonyAsiumMsAbIK-reHOMAbIK,
3epTTeyAep TOPT TYPAI KaasaHbiH 6ap ekeHiH kepceTTi. OAapAbIH KAAbINTACYbIHA ayMaKTapAblH FEOAO-
TMAABIK ©3repicTepi, KAMMATTbIK, ©3repicTep >KeHe aHTPOMoreHAIK acep biknaA eTkeH. CoHbIMEH KaTtap,
TnbeT nonyAsuMsiAapbl HYKAEOTUMATIK SPTYPAIAIKTIH XKOFapbl AeHreniMeH cunattasaabl. XKeke sapo-
AQPAbI MPOUAbAEY HOTUXKEAEPI YPbIKTbIK, AMHUSIHBIH OOreHe3i 6apbiCbiHAA Z-XPOMOCOMAHbIH pernpec-
CUSIFA YLLIbIPANTbIHbIH KOPCETTi, BYA XbIHbIC XPOMOCOMAAAPbIHAQ MEMO3AbIK, MHAKTUBALIMS MEXaHU3MI
6ap eKeHiH ADAGAAEIAI.

ApTeMMHSIbIH, AMarnay3a CaTbICbHAH LUbIFYAbl PETTENTIH >KAaCyLIAAbIK, AAre3usiHbl, CUIHAAADIK,
TPAHCAYKUMSHbI YK8He peAOoKC-romeocTa3abl petTteyre KatbicatblH SVP, MYC, RXR >xeHe SMADG6
TPAHCKPUMNLMSABIK, (haKTOPAAP apKblAbl 6aKblAQHATbIHbI @HbIKTAAAbl. AAbIHFAH HOTUXKEAED IBOAIOLMSI-
AbIK, UIMTOTEHETMKA, CTPECC-TO3IMAIAIK MEXaHM3MAEDP >koHe Artemia-HbiH akBaKyAbTypa MeH B1oanyaH-
TYPAIAIKTI cakTay cararapbiHAaFbl GUOTEXHOAOTUSIABIK, EPEKLLIEAIKTEPI TYPaAbl TYCIHIKTEPAI KEHEMTEeA|.
boaawak, 3epTreyaep W-XxpOMOCOMaHbl TOAbIK, KapTaAay >XeHe TypapaAblK, AMHAMMKAAbIK, TMOPUAN-
3aUMAHbI 3epTTey CUSKTbl ©3eKTi MOCEAeAepAi Welly YLiH MHTerpaTuBTI MyAbTMOMADIK, TaciApepre
HerisaeAyi Tuic.

TyiiH ce3aep: Artemia umMToreHeTMKacbl, Artemia amati, reHOMAbIK, XMHaK, KapuMOTUNTIK e3rep-
TILUTIK, XbIHBIC XPOMOCOMAAapbl, MapTeHOreHes, MOMyASLUMSAbIK, FeHeTHKa, AMarnay3aHbl peTTey.

b.A. KoxxuxkaHoBa', AbAayAxakum Mapuc ABAyAXakum!,
H.C. CanapraameBa'’, Hacep AI'X?
1Kasaxckuit HauMOHaAbHbIA YHMBEpCHUTeT nmenn aab-Mapabu, Aamarbl, KasaxcraH

2HayuHOo-MCCAeAOBATEAbCKMIA MHCTUTYT apTeMMU 1 BOAHBIX XKMBOTHbIX, Ypmus, MpaH
“e-mail: sapargalyeva.nazym@gmail.com

LiuToreHeTnka Artemia: BCeCTOPOHHMIH 0630p

Poa Artemia, BKAKOUAIOLLMI >KaBPOHOrMX PAUYKOB, SIBASIETCS BaXKHON MOAEALHOM FPYMMO OpraHm3-
MOB B LIMTOreHEeTMYECKMX MCCAEAOBAHUSAX BAAroaapst CBOEM MCKAKUYMTEABHOM CMOCOBHOCTM aAanTu-
pOBaTbCsl K FMMEPCOAEHDBIM, aHAa3POOHbBIM M BbICOKOTOPHbIM YCAOBMAM CPEAbI, @ TakXKe pa3Hoo6pasmio
PEMNPOAYKTUBHBIX CTpaTeruii, BKAIOUash ABYMOAOE Pa3MHOXEHME M napTeHoreHes. Hacroswmn o63op
00606111aeT COBPEMEHHbIE AOCTMXEHUSI B 06AACTU UMTOreHeTnKM Artemia, yAeAss ocob6oe BHUMaHWe
cbopKam reHOMOB XPOMOCOMHOIO YPOBHS, KapUOTHUIMYECKOMY MOAMMOP(U3MY, SBOAIOLIMM MOAOBBIX
XPOMOCOM M MOAEKYASIPHO-LIMTOTEHETUYECKMM METOAAM, TakMM Kak (DAyOpecLeHTHasl rmoprAmM3aLms
in situ (FSH).

Cyl1eCTBEHHbIM TaKCOHOMMYECKMM OOHOBAEHMEM CTAAO HEAABHee onmcaHue Artemia amati Asem
et al. (2023) — ABYNOAOro BMAQ, SHAEMUYHOIO AA KasaxcTaHa (paHee o603HauaBLierocs kak “Artemia
sp. Kazakhstan”), uto co3AaA0 HOBYIO OCHOBY AASl M3YyUYeHMS LIeHTPaAbHOa3MaTckmx nonyasumii. Oa-
HUM 13 HanboAEe 3HAUMMbIX AOCTMXKEHMI SIBASIETCSI CO3AaHME COOPKM reHOMa XPOMOCOMHOTO YPOBHSI
AAS BbICOKOTOPHOTO BMAa A. tibetiana ¢ LinHxait-Tnubetckoro naaTto, BkAovaoLen 21 nceBAOXpOMoCo-
MY M NMPEeAOCTABASIOLLEN HOBblE AQHHbBIE O MEXaHM3MaX apanTauuu K BbICOKOrOPHOMY CTpeccy.

C6opkun reHoma A. franciscana no3BOAMAM OXapaKTepM3oBaTb CUCTEMY OMPEAEAEHMS MoAa Tumna
ZW ¢ andpepeHUMpoBaHHbIMKW 3BOAIOLMOHHBIMU CTPATaMM U BO3MO>KHbIM MEXaHU3MOM MeoTuYe-
CKOro carAeHcuHra. MNonyAsumMoHHO-TeHOMHbIE UCCAEAOBaHUSI KUTAMCKMX NMOMNyAdUmii Artemia BbiiBU-
AW CYLLECTBOBAHME YETbIPEX PA3AMUHBIX KAAA, (DOPMMPOBAHUE KOTOPbLIX ObIAO 0O6YCAOBAEHO r€OAOT M-
YeCKUM U3MEHEHMEM TEPPUTOPUI, KAMMATUYECKMMU U3MEHEHMSMUM U aHTPOTMOreHHbIM BO3AENCTBUEM;
NPV 3TOM TMOETCKME MOMYASILIMM XapakTEPMU3YIOTCS BbICOKMM YPOBHEM HYKAEOTUMAHOIO pasHoOOpasms.
[MpodurarpoBaHne OTAEABHBIX SAEP MOKA3aA0 pernpeccuto Z-XxpoMOCOMbI B MpoLIecce ooreHesa 3apo-
AbILLIEBOM AMHUM, UTO CBUAETEAbCTBYET O HAaAMYMM MEXaHM3MA MEMOTUYECKOM MHAKTMBaLMM MOAOBbIX
XPOMOCOM.

YCTaHOBAEHO, UTO CETU PEryAsiLMM BbIXOAQ M3 AMaray3bl KOHTPOAMPYIOTCS TPAHCKPUMLIMOHHbIMM
akTopamm SVP, MYC, RXR 1 SMADG6, y4yacTBYIOLLMMUK B PEFYASILLUM KAETOYHOM aAre3nm, CUrHaAbHOM
TPAHCAYKUMM U MOAAEP>KAaHUU PeAOKC-ToMeocTa3a. [ToAyyeHHble pe3yAbTaTbl paclUMpPSOT NMPeACTaB-
A€HUs 06 3BOAIOLIMOHHON LIMTOreHETUKE, MEXaHM3MaX CTPECCOYCTOMUYMBOCTM M BUOTEXHOAOTMHYECKOM
noteHumase Artemia B akBakyAbType M COXpaHeHun 61opasHoobpasms. [epcrnekTMBHbIE MCCAEAOBaA-
HUS AOAXKHbI OCHOBbIBATbCSI HA MHTErpPaTUBHbIX MYAbTUOMHbIX MOAXOAAX AAS PELLEHUS COXPAHSIOLLMX-
Csl NPOOAEM, BKAKOYUAS NMOAHOE KapTupoBaHue W-XxpoMOCOMbI 1 U3yYeHUE MEXKBMAOBOM AMHAMMYECKOI
rmbpuAmM3saLnm.

KaroueBble cAoBa: LmTOreHeTmka Artemia, Artemia amati, cGopka reHoma, BapuaLmm KapmoTuna,
NMOAOBbIE XPOMOCOMbI, MApTEHOreHe3, NMOMYASLMOHHAY FreHEeTUKA, PeryAsiums amanaysbl.
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Introduction

The genus Artemia (Leach, 1819), belonging to
the order Anostraca and the class Branchiopoda,
lives in hyper-salty habitats all over the world such
as coastal salt-water marshes in the Americas and
inland lakes in Asia. Such crustaceans are physi-
ologically resilient, as they can withstand salinities
well above 300 g/L, long-term anoxia, desiccation,
and low temperatures down to -18°C and high tem-
peratures up to 40°C (De Vos et al., 2021). There
are also cytogenetically interesting aspects of the
organism, such as varying modes of reproduction:
bisexual species have the standard diploid number
of chromosomes (2n = 42), but the parthenogenetic
populations can be polyploid or aneuploid, with a
maximum of 84 chromosomes or more (Abetzopou-
los et al., 2009; Bett et al., 2024). Early cytogenetic
studies involved the use of traditional karyotyping
and banding methods which showed metacentric
and submetacentric chromosomes where hetero-
chromatin was mainly concentrated in centromere
areas (Parraguez et al., 2009).

The latest technological advances, such as next-
generation sequencing (NGS), long-read sequencing
such as Oxford Nanopore, and chromosome-confor-
mation capture (Hi-C), have brought cytogenetics of
the Artemia to chromosome-resolutions. Conserved
synteny, expansions in stress-response gene families
and complex sex-determination systems have been
revealed by genome assemblies of several species,
such as 4. franciscana, A. tibetiana and A. sinica. In
aquaculture, the live feed provided by cysts of the
Artemia species has generated huge revenues, and
the diapause ability has provided useful models of
cryptobiosis and biomedical applications (Gajardo,
2012). However, the native population is threatened
by the processes of climate change, habitat deterio-
ration, and invasive species, which also highlights
the need to conserve these species with cytogenetic-
based conservation (Sainz-Escudero et al., 2022).

The review is carefully incorporated with a
combination of karyotype variations, genome as-
semblies, sex chromosomes, molecular cytogenet-
ics, population dynamics, and diapause regulation as
well as practical uses. The synthesis describes evo-
lution pathways, including contagious parthenogen-
esis and ZW chromosome divergence, while identi-
fying gaps, including molecular bases of polyploidy
stability. This work will help develop improvements
in the field of cytogenetics of the organism, Artemia.
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Karyotype Analysis in Artemia Species

Classical Karyotyping and Chromosomal
Morphology

Karyotypic investigations constitute the bed-
rock of Artemia cytogenetics. Bisexual species,
such as A4. franciscana, A. sinica, and A. tibetiana,
predominantly possess 2n=42 chromosomes, orga-
nized into 21 pairs with primarily metacentric and
submetacentric morphologies (Dhont & Sorgeloos,
2002; Chen et al., 2025). Crucially, the recent taxo-
nomic revision by Asem et al. (2023) has officially
described Artemia amati (n. sp.) from Kazakhstan.
This species, which was long referred to as “Artemia
sp. Kazakhstan” in genetic studies, represents a key
bisexual taxon in Central Asia. There are inter- and
intra-specific diversifications; one instance is that
2n= 44 of A. persimilis is a product of chromosomal
duplication that sets it apart of A. franciscana (Ro-
driguez-Gil et al., 2009). Parthenogenetic lineages
often exhibit a polyploidy, with tetraploid (4n=84)
configurations being common in the Eurasian popu-
lations, possibly reflecting an increased resilience to
environmental stresses (Bett et al., 2024).

Heterochromatin composition is quite variable,
having an effect on genome size and stability. Het-
erochromatin in the genome of, and up to 26% in the
A. franciscana, can contribute to greatly to the size
of the absolute chromosomes compared to 4. per-
similis (Rodriquez Gil et al., 2009). Chromocentres
are detected using DAPI stain, and Yucatlan popula-
tions have 1-8 chromocentres, which in some popu-
lations represent heteromorphic sex chromosomes
(Lipko et al., 2004).

Evolutionary Dynamics of Karyotypic Poly-
morphisms

The process of karyotype evolution in the or-
ganism reflects the phylogenetic divergence of the
organism, and this phenomenon is observed in the
case of the organism, namely, in the case of the or-
ganism, Artemia. Synteny analysis of the genome of
a species, namely A. tibetiana, reveals that it shares
chromosome numbers with the genome of the spe-
cies, Asian species, A. sinica, without significant re-
arrangements, which suggests that the Asian clades
possess a similar structure (Chen et al., 2025). On
the contrary, conservation species like the New
World species, i.e. species of 4. franciscana and A.
monica, exhibit heterochromatin expansion related
to speciation (Papeschi et al., 2000). Aneuploidy in
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parthenogenetic forms are probably adoptive and
result from meiotic anomalies and give a selective
advantage in volatile habitats (Lima et al., 2021).

The changes in heterochromatin are associated
with ionic content and size of the nucleus. Inter-
phase heterochromatin of American populations is
low in Yucatcan, and high in San Francisco Bay,
which may be correlates of adaptation to environ-
mental saline gradient (Torrentera 2004). The cy-
togenetic observations of the Iranian populations
indicate that bisexual 4. urminae share a consistent
2n=42 along with parthenogenetic ones experienc-
ing ploidy ranging between 2n and 5n (Asem et al.,
2025).

Table 1
Comparative Karyotype Features Across Major Artemia Species

Species Diploid Assembly Notable Varia-
P Number (2n) Size (Gb) tions
. ZW sex system,
A.francis- 42 1.27 high heterochro-
cana .
matin blocks
New species
A. amati 42 (Ka.zakhstaln),
previously “sp.
Kazakhstan”
A. tibetiana 42 1.69 Adap te.d to high
altitude
A. sinica 4 1.12 Asian 1.1r.1eage
stability
Smaller genome,
A. persimilis 44 low heterochro-
matin
A urmiana 4 Altltuc.ie-'related
variations
Parthenoge-  42-84 (up to ge:;?ia;mde};;;
netic spp. 105) u Y

ploidy rare

This table encapsulates key cytogenetic attri-
butes, highlighting evolutionary divergences (Data
synthesized from Bett et al., 2024; Chen et al., 2025;
Li et al., 2024c).

Genome Assemblies and Chromosomal Or-
ganization

Technological Advances in Sequencing and
Assembly

Contemporary genome assemblies have elevated
Artemia cytogenetics to unprecedented detail. The

A. tibetian genome, which is derived in a high-alti-
tude Tibetan lake (4 620 m), has 1.69 Gb of genome
size, 21 pseudo-chromosomes, 79.7% of repetitive
DNA, and 24,370 protein-coding genes (Chen et al.,
2025). The findings of the Hi -C mapping supported
the integrity of chromosomes, with a contig N50 of
81.9 Mb. Relatively, the female 4. franciscana as-
sembly has a 1.27 Gb scaffold N50 of 45.3 Mb and
26 923 genes, naming chromosome 1 as Z and find-
ing fragments of putative W (Jo et al., 2024). An
additional A. franciscana assembly from the Great
Salt Lake is estimated to be 1Gb, crosslinked into 21
linkage groups (Bett et al., 2024).

The extremophile Artemia genome discloses ex-
pansions in ion transport, oxidative stress response,
and DNA repair orthogroups, facilitating tolerance
to hypersalinity (De Vos et al., 2021).

Synteny, Repeat Elements, and Functional
Annotations

Comparative genomics between A. franciscana
and A. tibetiana show little rearrangement of their
genome structures, and repetitive material is domi-
nated by transposable elements (TEs) like LINEs
and LTRs, making up 67-80% of genomes (Chen et
al., 2025; Jo et al., 2024). These repeats may drive
karyotypic evolution by insertions/deletions. Func-
tional annotations indicate enrichment in pathways
such as protein processing in the endoplasmic retic-
ulum, pointing to adaptive features.

Sex Chromosomes and Determination Sys-
tems

Structure and Differentiation of ZW Chro-
mosomes

Artemia utilizes a ZW sex determination system,
with females heterogametic (ZW) and males ho-
mogametic (Z2) (Bowen, 1963). In A. franciscana,
chromosome 1 functions as the Z chromosome that
expands by nearly 100Mb with a 13Mb differenti-
ated region comprising evolutionary strata (S0-S2)
through recombination suppression (Bett et al.,
2024). The W chromosome persists as fragmented,
but candidates include five contigs that contain fe-
male-specific sequences (Jo et al., 2024).

Single-nucleus RNA-seq reveals Z-repression in
the female germ line, similar to meiotic sex chro-
mosome inactivation (MSCI), equivalent to the dy-
namics of the XY in mammals (Elkrewi & Vicoso,
2024). The dosage compensation balances the ex-
pression between Z and autosomes (Huylmans et al.,
2019).
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Contagious Parthenogenesis and Sex Chro-
mosome Evolution

There are cases of contagious parthenogenesis
in Eurasian taxa, including in examples of asexual
reproduction (e.g. Artemia sinica), where rare males
produced by asexual reproduction can mate with
sexually reproducing females to transmit the asexual
model of reproduction (Elkrewi et al., 2022). This is
a paradoxical evolution, which is closely connected
to the evolution of ZW sex chromosomes, since the
parthenogenetic individuals do not have differenti-
ated sex chromosomes in most cases. The similarity
of the ZW regions between species is a strong impli-
cation of a deeper ancestral origin, and that parthe-
nogenesis is, at least in some degree, controlled by
genes present at the Z chromosome.

The result of sex-biased gene expression reveals
no significant Z-autosome differences, which is a
sign of strong dosage compensation (Huylmans et
al., 2019). The Z has evolutionary strata, implying
progressive cessation of recombination, dated mil-
lions of years ago.

Molecular Cytogenetics and Genomic In-
sights

The ZW Sex Determination System

Sex determination in the sexual species of Arte-
mia takes the form of a female heterogametic ZIV sys-
tem, where females have sex chromosomes composed
of ZW, maternal homogametic ZZ sex chromosomes.
Such a system is typical of birds, part of the fish and
some insects, but its discovery and characterization
in Artemia has played a key role in understanding sex
evolution in crustaceans (Asem et al., 2025).

The Artemia ZW system is comparatively young
and dynamic, and that has made it difficult to iden-
tify the master sex-determining gene. Initial mo-

Figure 1

The ZW Sex Determination System in Artemia

lecular methods made use of genetic linkage maps
to localize sex-linked markers but the physical loca-
tion of sex chromosomes was never identified until
the discovery of high-quality genome sequencing
(Jo et al., 2024).

Identification of Sex Chromosomes: A Ge-
nomic Breakthrough

High-quality, chromosome-scale assemblies of
genome have now been published as the most im-
portant recent development in Artemia cytogenetics.
These assemblies have enabled the physical map-
ping and identification of the sex chromosomes and
have brought the field out of the theoretical mod-
els and into real-world cytogenetic reality (Elkrewi
et al., 2024).

In a recent study, Jo et al. (2024) reported a
high-quality chromosome level genome assembly
of female A. franciscana. This collection that led to
the formation of 21 chromosomal scaffolds was the
first conclusive information to the physical position
of the sex chromosomes.

It was indicated that chromosome 1 was a sex
chromosome Z, and five contigs of putative W chro-
mosome fragments and the candidate sex-determin-
ing genes were proposed (Elkrewi et al., 2024).

This result is transformative as it ascertains that
the Z chromosome of A4. franciscana is one of larg-
est chromosomes of the complement and which
offers physical framework upon which sex-linked
genes will be researched. Recovery of fragments of
the very repetitive and gene-poor W chromosome
is also an essential step since the W chromosome
is usually hard to assemble owing to its heterochro-
matic nature. This recent work by Jo et al. (2024)
serves as the most current and critical citation for the
field of Artemia cytogenetics.

josis=——» ZGamete ilizati
Meiosis Fem[izo'l’ion\->
ZZ (Male)
Female (ZW) /
Fertilization
Meiosis ——p{ W Gamete
Fertilization
Male (ZZ) Meijosis—»| Z Gamete Fertilization——»| ZW (Female)
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This diagram schematically represents the female
heterogametic ZW sex determination system, where
females (ZW) produce Z and W gametes, and males
(ZZ) produce only Z gametes. Fertilization results in
a 1:1 ratio of ZW (female) and ZZ (male) offspring.

Genome Organization and Evolution

The new chromosome-level assemblies have
provided unprecedented detail on the overall ge-

Table 3

nome organization of Artemia. The A. franciscana
genome is approximately 1.27 Gb in length, with a
high proportion of repetitive sequences (Elkrewi et
al., 2024).

Key Genomic Statistics

The comparison of genomic statistics across
the newly assembled Artemia species highlights the
rapid progress in the field:

Key Genomic Statistics for Recent Chromosome-Level Artemia Assemblies

. Genome Size Chromosome Repetitive -
Species Assembly Year (Gb) Scaffolds Sequence Content Key Finding
. Z chromosome (Chr 1)
0,
A. franciscana 2024 (Jo et al., 2024) 1.27 21 67.26% identified
A sinica 2023 (Jo, Lee, & Park, 2023) ~1.2 21 High First chromosome-level
assembly in the genus
A. tibetiana 2025 (Chen et al., 2025) ~1.1 21 High High-altitude species

assembly

A notable cytogenetic characteristic is the high
proportion of repetitive sequences (more than 67 %
in A. franciscana). These features such as transpos-
able elements and the satellite DNA are significant
contributors to the size of the genome and are com-
monly found in the areas of heterochromatin. Their
prominence implies that they play an important role
in the evolutionary dynamics and differentiation in
karyotype in the genus.

Hox Gene Cluster Cytogenetics

The Hox genes are a set of associated genes
that regulate the embryo body plan along the axis
of anterior posteriors. The Hox cluster of their lo-
calization at the chromosome is highly conserved
throughout the animal phyla. Arfemia genome as-
semblies have explained the cytogenetic structure
of this cluster. The ten canonical Hox genes were
also found in 4. franciscana and localized to Chro-

Table 4

mosome 14 (Elkrewi et al., 2024). The cluster is
further divided into two sub clusters with a signifi-
cant distance in between, a designation that is very
conserved within Anostraca (Jo et al., 2024). The
discovery gives an important cytogenetic predictor
of comparative genomics, showing that although the
Artemia karyotype is small overall and uniform, the
synteny of major clusters of developmental genes is
retained, which is indicative of a strong evolution-
ary limitation.

Population Cytogenetics and Phylogenetic
Insights

Chinese Artemia populations segregate into four
groups: Tibetan Plateau, Qinghai, Inner Mongolia/
Xinjiang, and coastal, with high FST values denot-
ing isolation (Li et al., 2024). Bird-mediated disper-
sal shapes gene flow in the A. urmiana complex (Li
et al., 2024c).

Genetic Diversity and Differentiation Indices for Chinese Artemia Populations

Population Group

Nucleotide Diversity (w) FST (vs. Tibetan) Gene Flow (Nm) Effective Population Size (Ne)

Tibetan Plateau 0.015 - - High
Qinghai 0.012 0.25 0.75 Moderate

Inner Mongolia/Xinjiang 0.010 0.32 0.53 Low

Coastal 0.008 0.40 0.38 Low

(Data from Li et al., 2024).
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Transcriptional Regulation in Diapause

The cysts of Artemia are in the diapause state
with a developmental arrest in the gastrula stage.
This can be aborted when the environmental signal
such as desiccation, a fall in temperature or even a
specific pattern of light exposure. Complex regula-
tory networks, involving a group of fundamental
transcription factors, such as SVP, MYC, RXR,
and SMADG, coordinate the reactivation of devel-
opment, which in turn regulates the extracellular

Figure 3

matrix remodelling, Wnt signalling pathways and
the preservation of the redox balance during dia-
pause exit (Wang et al., 2025). Recent integrative
approaches to genomics studies using ATAC-seq
and RNA-seq have further revealed that G-protein-
coupled receptors appear to play key roles in the
re-activation process, involving dynamic changes in
chromatin accessibility and transcriptional activity
that are responsible for the re-inception of embryo-
genesis (Li et al, 2024a).

Mechanism of Diapause and Developmental Reactivation in Artemia Cysts

Diapause

Reactivation

|: SVP MYC RXR SMAD6 }

Specific
5 \pattern )
Desiccation

Artemia cyst

Cytogenetic Adaptations to Salinity Stress

Parthenogenetic Artemia lineages exhibit diverse
cytogenetic response to salinity in which ploidy lev-
el can determine reproductive and lifespan traits in
adverse environments. Studies on diploid (2n, Ga
Hai Lake, China), triploid (3n, Ankiembe Saltern,
Madagascar), tetraploid (4n, Hoh Lake, China), and
pentaploid (5n, Yinggehai Saltern, China) lineages
show no direct relationship between ploidy and sa-
linity tolerance in any way. Tetraploid lineages are
more euryhinaline, reproduce best at 150 ppt but are
inhibited at 50 ppt with pentaploids being stenoha-
line and short-lived. Verification of ploidy through
C-banding karyotype analysis using microscope is
critical in making rightful evaluation, and ploidy-
specific reactions to low salinity as a stressor pro-
moting oviparity (Asem et al., 2025).

Salinity (50, 100, 150 ppt) sets up heteroge-
neous reproductive patterns in diploid and tetraploid
lineages, contrary to homogeneous ones in triploid
and pentaploid. The analysis of group discrimina-
tion is so high that they discriminate groups based
on multifactorial effect on cytogenetic stability un-
der environmental pressure (Asem et al., 2025).
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Applications in Aquaculture, Conservation,
and Biotechnology

Aquaculture Applications

Selective breeding of stress-tolerant breeds in
aquaculture is made possible by cytogenetic markers
such as ploidy levels and polymorphisms of chromo-
somes, and allows the production of Artemia strains
with improved salinity tolerance and reproductive
performance (FAO, 2024). An example is the use of
genome assemblies, which indicate the increase of
ion transport and oxidative stress genes, to inform
breeding to produce a maximum amount of cyst and
a high-quality naupliar to feed fish and shrimp larvae
on live feed (FAO, 2024). There are strain-specific
characteristics, including the small cysts and high
hatching rates in Vinh Chau 4. franciscana, which
are used to commercially produce eggs, and biofloc
technology has increased fecundity rate by 30-50%,
while recycling nutrients (FAO, 2024). Genetic in-
formation is used in order to prevent loss of biodi-
versity during introductions to support sustainable
harvesting of solar salt ponds and integrated multi-
trophic systems (Li et al., 2024). The applications
promote aquaculture across the world by supplying
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nutrient-rich feed with the consumption of about
1,700 tonnes of dry Artemia product every year in
China highlighting the economic importance of the
product (FAO, 2024).

Conservation Applications

The conservation initiative uses the data of
single-nucleotide polymorphisms (SNP) and popu-
lation genetic frameworks to conserve diversity in
the endangered Artemia populations and offers clear
clades susceptible to habitat deterioration and intru-
sions (Li et al., 2024). Research shows that there
are four genetic clusters in China, the nucleotide di-
versity of Tibetans is high, directing the resistance
against shrinking the habitats of climate changes
(Li et al., 2024b). Resurrection ecology employs
genetic archives of the extirpated species in the
form of diapausing cysts of sediment cores, which
can be used to revive the lost species and monitor
evolutionary dynamics over time (Lenormand et al.,
2018). Banks of cysts that are viable over decades
and stored in laboratories are used to reintroduce
cysts and monitor biodiversity in hypersaline wet-
lands (Lenormand et al., 2018). Risk assessment of
anthropogenic effects, based on cytogenetics, in-
cluding the ploidy change in parthenogenetic stocks,
will help manage the situation sustainably during
geological and climatic changes (Asem et al., 2025).

Biotechnology Applications

Artemia cytogenetics have biotechnological
potential in cryptobiosis models to explore space,
cyst tolerance models to space environments (UV,
anoxia, desiccation) informs life-supports and phar-
maceutical preservation (Lenormand et al., 2018).
Transcription factors such as SVP and MYC regu-
late diapause mechanisms and are an insight into
suspended animation to be used in medical practice
such as organ storage (Wang et al., 2025). Artemia
is used as a toxicity test model in ecotoxicology, and
genetic markers are used to measure the effects of
pollutants on growth and reproduction (FAQO, 2024).
Genome-guided bioencapsulation improves nutrient

delivery, vectors probiotics and high-unsaturated
fatty acids (HUFA) in aquaculture, and ancient
DNA in cysts allows research on long-term adapta-
tion, linking the fields of evolutionary biology and
biotech innovations (De Vos et al., 2021).

Conclusion

This comprehensive review synthesizes the
recent progress in the cytogenetics of Artemia,
including variation of karyotype, genome assem-
blies, sex chromosome dynamics, molecular meth-
ods, population structures, and transcriptional net-
works during diapause. These shows the preserved
chromosomal setup across species, the complexity
of ZW sex determination, and the adaptive process-
es to survive in harsh environmental conditions.
Multi-omics and comparative genomics approach-
es are likely to provoke answers to some unre-
solved questions such as the full characterisation of
the W chromosome, the molecular basis of stability
in polyploidy, and the evolutionary forces behind
parthenogenesis. This field of study combines the
classical cytogenetics with the use of the latest se-
quencing technology, which not only increases our
knowledge on the evolutionary biology of Artemia
but also improves its use in aquaculture, conserva-
tion, and biotechnology. The interdisciplinary col-
laborations should be given priority in the future
in order to investigate cytogenetic response to new
environmental challenges to sustainably manage
this useful model organism.
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ABTOPAAPTA APHAATAH AKIIAPAT

«KazYV xabapibIchl. DKOJIOT U CePHSCH KypHAIBI 1992 xbIIbI KypbutFaH. XKy pHaIbIH KYPBLITAHIIBICH )KOHE IIBIFAPYIIBICHI
on-Dapabu ateiniarel Kazak yiaTThIK yHUBEpcHTETI 00BN Ta0bLIa 6!, JKypHAIIBIH )KOFaphl OKY OPHBI KOPCETLITeH MYKa0achl MeH
TUTYIJIBIK Tapakrapsl, MbFeIc aepekTepi, ISSN, eISSN, penakuusuibik amka Kypambl, peIakIHsUIBIK, CasicaThl, KapHsIaHBIMIIBIK
ITHKACHI )KOHE BeO-CailThI Oap.

KypHai sxblabIHa 4 peT LIBbIFApbUIAJbL.

XKypHan aBTOpIapIbIH KapUsUIaHBIMAAPBIHBIH AKIIApaTThIK, allbIKTHIFBI JKOHE KOJI JKeTIMJUIIr casicaTblHa COHKec Keleni,
MakaJjanap KypHaJJIbIH CAUThIHIA OpHANACTBIpUIa s https://bulletin-ecology.kaznu.kz yur Tisme TOMBIK MOTIH/II KOJDKETIMIUTIKTE

JKypHaaabIH MaKcaThl — SKOJIOTHS KOHE TaOWUFU PECypcTap CalachIHAAFBI aJ(BIHFBI KaTapibl 3epTTeyNep/liH HOTIKeIepi
MEH JKaH-)KaKThl KOPCETUIIMIH KaMTaMachl3 eTy. JKypHail SKOJOTHSUIBIK IpobiemManap MeH KOpIIaFaH OpTaHbl KOpPFayFa FBUIBIMU
KBI3BIFYIIBUIBIK TAHBITATHIH FBUIBIMU KBI3METKEpIIepre, OKBITYIIbUIapFa, JOKTOPAHTTAp MEH TYpJi MaMaHIBIKTaFbl CTYJICHTTEpre
apHaJIFaH.

Kypnaa minaerrepi:

- DKOJIOTHS KOHE KOpIIaFaH OpTaHbl KOpFay OOWBIHINA (pyHIAMEHTAIIbI )KOHE KOJNIaHOAb! FRUTBIMHBIH TYPJIi calalapblHaa
MaHbI3/Ibl MOHTE K€ JKaHa FHUTBIMHU HOTIIKEIIEP/Il KapHsiay.

- JluccepTanusuiappl KOpFayFa )oHe FhUIBIME MaMaHIBIKTap OOMBIHINA FRUIBIMU JIOPEXKETICP alyFa YMITKEp MarkHCTPaHTTap
MEH JIOKTOPaHTTaP/IbIH FHUIBIMH JKYMBICTAPBIHBIH HOTIIKEICPIH KEH KaPHSIIAYIbIH alIBIKTHIFBI MEH KOJI JKETIMAUTIT OPTaChIH KYPY.

- FputbIMU KOFaMIaCTHIKTBIH, COHIAN-aK Kac XKOHE KaHa OacTaraH FaabIMIApbIH )KypHAIIFA IETCH TYPAKThI KbI3BIFYIIBUTBIFBIH
KAJIBIIITACTBIPY, OHBIH 3KOJOTHS MOCEJEJCPiH 3EPTTCUTIH MaMaHAapIblH KOCiOM OpTachIHAa OCIN KeJe JKaTKaH KaKeTTUIIriH
KAJIBIIITACTBIPY.

XKypHan marepuangapbl 3KOJOTHs KOHE KOpIIAFaH OPTAHBIH JIACTAHYBI CallaChIHIAFbl MPOOJIeMaIapiblH KEH ayKbIMBIH
KaMTUIbl. Makananap 3K0J0TUSTHbIH KeJleci TAKBIPBINTHIK 06J1iMaepi OOMbIHINA KapUsITaHA b

- Xep TypaJibl FabiM;

- Kopiiaran opTaHsl JlacTay jxoHE KOpFay;

- DKOJIOTUSIJIBIK, OHOTEXHOJIOTHST;

- AaMm, eciMIiKTep, )KaHyapiap )KoHEe MHKPOOPTaHU3MIEP SKOJIOTUSCHI;

- KimuMaTThIH FanamMabIK e3repyi, Cy pecypcTapbiH 0ackapy,

- By3butFan sKoXKYyHenepai KaambHa KenTipy;

- Kopiiaran oprta jxoHe Kellli-KOH;

- Kananap sxoHe KIMMaTTBIH ©3repyi;

- DKOJIOTHSIIBIK, OilJIay JKOHE aJaM3ar CTPaTerusChl.

«KazYV xabapiubICbl. DKOJOTHUS CEPHSCH» JKYPHAJIBIHBIH TaKBIPHINTHIK OarbITTapblHA COWKEC KEJETIH JKOHE KOIDKa30aHBI
peciMzey TanmanTapbl OOWBIHIIA KaTaH PeCiMCNITEH, aBTOPIBIH (aBTOPIAp/bIH) Ka3aK, OPbIC HEMeCe aFbUIIIBIH TUIAepiHe OyphIH
yKapusutaHOaraH MaKalanapsl KaObuITaHa bl

«KazYV xabapuibICbl. DKOIOTHS CEPHUSICHD) JKYPHAIBI aBTOPIAPABIH FEUIBIMH JKYMBICKA KYKBIFBIH CaKTai/Ibl )kOHE JKypHaIIFa
OipiHIIi XKapusuiay KYKBIFBIH JKYMBICIIEH Oipre Oepeni, oHbl 0ip yakpitTa Creative Commons Attribution License (CC BY-NC-ND
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MyOIUKYIOTCS TIO CIISTYIOIIMM TeMATHYECKHM Pa3iesiaM IKOJOTHH:

- Hayxa o 3emue;

- 3arpsi3HEHHE M OXpaHa OKPYKAIOIICH CPEIIbl;

- DKoJIornyeckasi OMOTEXHOJIOTHS;

- DKOJIOTHS YeJIOBEKa, PACTCHHH, JXKUBOTHBIX 1 MHKPOOPTaHHU3MOB;

- [moGanpHOE M3MEHEHUE KITMMATa, YIPABICHHE BOIHBIMHU PECYPCaMH,

- BoccTaHoBiIeHUE HAPYIIICHHBIX YKOCHCTEM;

- Okpy>xaroiasi cpefia 1 MUTpanus;

- DKOJIOTMYECKOE MBIIIICHUE U CTPATETHsI YeTIOBCUCCTRA.

Jlis my6nukanun B xxypHane «Bectank KasHY. Cepust sxonmornyeckasd) NpHHIMAIOTCS paHee He OIMyOJNKOBAaHHBIE aBTOPOM
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