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BAKTEPUAADIK LUEAAIOAO3AHbDbI AAY
XXOHE TA3APTY SAICTEPIHIH TUIMAIAITI,
IKOAOTUAADBIK SCEPI XXOHE KOAAAHBAAAPDI
TYPFbICbIHAH CAAbICTbIPMAADbI LLUIOAY

BakTepusIAbIK, LIEAAIOAO3A OCIMAIK TekTi LeAAloAo3ara 6arama 6oAbIn TabblAATbIH, KOFapbl
Ta3aAblFbl, KPUCTAAABIAbIFbI >KoHE BUOCONKECTIAINIMEH epeKkLIeAeHeTiH MUKPOOBTbIK, GuonoAmMmep. bya
MaTepuaAAblH, KYPbIABIMABIK, YKaHe (DYHKLMOHAAABIK, KACMeTTepi OHbl MeAMLMHA, TaFam KanTamachl,
TOKbIMA XKOHE KOMMO3UTTIK MaTeprarAap CUSIKTbl 9PTYPAI CararapAa KOAAAHYFa MYMKIHAIK Gepeai.
3epTTeyae GaKTEPUSAABIK, LIEAAIOAO3A OHAIPYAE KOAAAHBIAATbIH HEri3ri MUKPOOTBLIK LUTAMMAAP MeH
KOPEKTIK opTaAap, COHAAM-aK, ayblALLAPYaLLbIAbIK, KOHE 6HEepPKaCINTIK KAAAbIKTapAbl KOMIpTEK Ke3i
peTiHAE NaaaAaHy MyMKIHAIKTEpI cunatTaraabl. TasapTty saicTepi (CIATIAIK eHaey, 6eTTiK-6eACeHA
3atTap, PepMeHTTiK KaHe (PM3UKAABIK TOCIAAEP) TUIMAIAIK, SKOAOTUSIABIK )KYKTEME >)KOHE COHFbl KOAAAHY
CaAacblHa CBMKECTIK TYPFbICbIHAH CAAbICTBIDMAAbl TYPAE KapacTbipblAaabl. CaAbICTbIPMaAbl TaAAdy
HOTUXKEAEPi KOMIPTEK KO3i MeH LITaMM TaHAQy, COHAAM-aK, Ta3apTy SAICIH OeniMARY apKblAbl OHAIPIC
OHIMAIAITT MEeH Ta3aAbIK AeHreniH apTTbipyra 60AATbIHbIH KOPCETeAl. B1ObIAbIPaiTbIH peareHTTep MeH
KAAABIKCbI3 TEXHOAOTUSIAQPAbI EHI i3y OaKTEPUSAbIK, LIEAAIOAO3A OHAIPICIHIH TYPaKTbIAbIFbIH apTTbIPyAa
MaHbI3Abl POA aTkapaAbl. LLIoAy MakaaacbiHAQ ©MIPAIK LMKAAIK GaraAay, SKOAOTUSIAbIK, KayincCi3aik,
OHAIPIC LIbIFBIHAAPbI MEH COHFbl KOAAAHY TaAanTapbiH €ckepe OTbIPbIN, GaKTEPUSABIK, LIEAAIOAO3AHDI
OHEPKaCINTIK AEHremae KOAAAHY YLiH KaXXeTTi TEXHOAOTMSABIK, LIeliMAep MeH GoAallak, 6arbiTTap
>KYMeAl TypAe KapacTbipblAaAbl.

TyHin cesaep: OaKTEPUSIAbIK, LIEAAIOAO3Q; Ta3apTy OAICTEpi; BHAIPIC TUIMAIAITI; 3KOAOTMMSABIK,
TYPaAKTbIAbIK; KOAAQHY CaAaAapbl.
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Comparative review of the efficiency, environmental impact,
and applications of bacterial cellulose production and purification methods

Bacterial cellulose is a microbial biopolymer that serves as an alternative to plant-derived cellulose,
distinguished by its high purity, crystallinity, and biocompatibility. The structural and functional proper-
ties of this material enable its application in various fields such as medicine, food packaging, textiles, and
composite materials. This study describes the main microbial strains and nutrient media used in bacterial
cellulose production, as well as the potential use of agricultural and industrial waste as carbon sources.
Purification methods (alkaline treatment, surfactants, enzymatic, and physical approaches) are compara-
tively reviewed in terms of efficiency, environmental impact, and suitability for end-use applications.
The comparative analysis indicates that selecting appropriate carbon sources and microbial strains, along
with optimizing purification methods, can enhance production yield and cellulose purity. The adoption
of biodegradable reagents and zero-waste technologies plays a critical role in improving the sustain-
ability of bacterial cellulose production. This review systematically explores technological solutions and
future directions necessary for industrial-scale applications of bacterial cellulose, considering life cycle
assessment, environmental safety, production costs, and end-use requirements.

Keywords: bacterial cellulose; purification methods; production efficiency; environmental sustain-
ability; application fields.
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CpaBHUTEAbHbII 0030p 3P PEKTUBHOCTH, IKOAOTUUYECKOTO BO3AEHCTBUS
M NPUMEHEHUI METOAOB NMOAYUYEHUS U O4UCTKU BAKTEPUAABHOM LLEAAIOAO3bI

bakTepuaAbHasi LEAAIOAO3Q 3TO MUKPOOHO CUHTE3MPYEMbIA GUOMOAMMED, MPEACTABASIOWMIA CO-
601 aAbTEPHATUBY LIEAAIOAO3E PACTUTEABHOIO NMPOUCXOXKAEHUS Y OTAMYAIOLLMIACS BbICOKOM CTEMEHbIO
UMCTOTbI, KPUCTAAAMYHOCTbBIO M GMOCOBMECTUMOCTbIO. CTPYKTYpHbIE M (PYHKLMOHAAbHbIE CBOWMCTBA
3TOro Mareprana obecrneumBaioT ero NPUMEHeH1e B Pa3AMUHbIX 0OAACTSX, TaKMX Kak MEAMLMHA, yra-
KOBKa MULLEBbIX MPOAYKTOB, TEKCTMAb U KOMIMO3ULIMOHHbIE MaTepuaAbl. B HacTosem uccaeaoBaHmnm
pPaccMaTpPMBAIOTCS OCHOBHbIE MUKPOOHbIE LUITaMMbl 1 MUTaTEeAbHbIE CPEAbI, UCMIOAb3YEMbIE AASI TTOAY-
yeHUst GAKTEPUAABHOM LIEAAIOAO3bI, @ Tak)Ke BO3MOXKHOCTU UCMIOAb30BaHMS CEAbCKOXO3SMCTBEHHbIX U
MPOMbILLAEHHbBIX OTXOAOB B KQ4eCTBE MCTOYHUKOB YrA€poAd. MeToAbl OUMCTKM (LeAouHast 06paboT-
Ka, MpUMeEHeHKe NOBEPXHOCTHO-aKTMBHbIX BeLecTB, (pepMeHTaT1BHbIE M (pU3MUeckme NOAXOAbI) pac-
CMaTpMBAIOTCS B CPABHUTEABHOM acrekTe C TOUKM 3peHns 3(hDeKTUBHOCTH, SKOAOTMUECKO HarpysKu
M COOTBETCTBUS KOHEUYHbIM 06AACTIM npumereHns. CpaBHUTEAbHbI aHAAM3 MOKa3blBaeT, YTo BbIGOP
MOAXOASILLMX YFAEPOAHBIX MCTOUHMKOB M LUTAMMOB, @ Tak)ke OMTMMU3aLMs METOAOB OUMCTKM MO3BO-
ASIIOT MOBbLICUTb BbIXOA MPOAYKLIMM U CTEMNEHb YMCTOThI LIEAAIOAO3bI. MCrnoAb3oBaHue Gropa3Aaraembix
peareHTOB 1 GE30TXOAHBIX TEXHOAOIMIA UIPAeT KAIOUEBYIO POAb B MOBbILIEHUM YCTOMYMBOCTU NMPOU3-
BOACTBa HaKTepraAbHOM LIEAAIOAO3bI. B 0630pe cucTematMyecku paccMaTpUBalOTCSl TEXHOAOTMYEeCKme
peLleHuns 1 NepcrnekTMBHbIE HarpaBAEeHUs, HEOOXOAMMbIE AAS TPOMbILLAEHHOT O MPUMeHeHUs GakTepu-
AABHOWM LIEAAIOAO3bI C YUYETOM OLIEHKM SKM3HEHHOMO LIMKAQ, SKOAOrMYeCcKoi 6e30MnacHOCTH, MPOU3BOA-

CTBEHHbIX 3aTpaTt " Tpe6OBaHl/ll7l KOHEYHOro UCrioAb30BaHu4.
KAroueBble caoBa: 6aKTepma/\bHa9| LIEAAIOAO3a, METOAbLI OUYNCTKH, BCbeeKTVIBHOCTb NMPON3BOACTBAQ,
3KOAOIr'm4yeckas YCTOVILIVIBOCTI:, obAactn NMPUMEHEHU4.

Kipicne

Bakrepusiibik LEJUTION03a (BLL)
Acetobacteraceae TYKbIMIAChIHA KaTaTBIH OipHEIIIE
baxrepusinap (acipece Komagataeibacter Typiepi)
TY3€TiH, epeKIle Ta3aIbIFbl )KOHE MEXaHUKaJIBIK Ka-
cuerrepiMer TaHbiMan B-(1—4)-rirokaHHaH Typa-
TBIH JKCTPAIEIUTIONSAPIIBI OHOMIONUMEP TaObIIa bl
[1]. OciMaik 1emIrI03aChIMEH CANIBICTHIPFAHIA,
BIl xypaMbIHAa TUTHWH MEH TeMHUIICIUTI0N03a 00JI-
Maiizpl, Oy OHBIH O6JIiHY MPOILECiH eAvyip KEeH1I-
nmeteni. Ocipy opraceiaaa bl purranmanran KaObIK-
[Ia HEMece TAJIMIBIKTHl TOP TYPIHAE KaJbIIITacabl
JKOHE KOPEKTIK opTajaH OHal a)XeIpaThuIansl [2].
BLI{-HbIH >KOFapbl TAOMFH Ta3aJIbIFBI MEH OMOCOHKEC-
TUTIK KaCUETTEePi OHBI OMOMEIUITIMHAIIBIK, KOJIJaHOa-
napaa, COHAal-aK KOFapbl KYPBUIBIMABIK OepiKTiK
Tajan eTUICeTIH cajaiapaa Ooamarsl Oap Omomare-
pHai peTiHae KapacThipyFa MYMKiHAIK Oepeni [3].
IpraBIHAA 13, KOFApBl KPHUCTANJIBUIBIFBI, CO3BLTY
OepiKTiri, bUTFaN ycTay KaoiieTi xkoHe OMoCoHKeCTi-
JIT1 CUAKTHI Oipereil KacueTTepiHiH apKachiHaa bI]
JKapaHbl TaHy MaTepualgapblHia, TIHIIK TIpEK Ky-
PBUTBIMIAPBIH/IA, AOPUTIK 3aTTapIbI KETKIZY Kyie-
nepiHze, coHlaii-ak TaraM, TOKbIMa, KalTaMma KoHe
KOMITO3UTTIK OHIMIEp OHIIPICIHAE KEHIHEH KOJIIa-
HbUTy A [4]. Anaiina, skorapbl 0acTanKbl Ta3aabIKKa
KapaMacTaH, dcipece MEeIUIMHAJIBIK MaKcaTTapra

apHayiFaH Bl kanaplk skacyiianapiaH, akybi3aap-
JlaH JKOHE SHIOTOKCHHJIEPJCH MYKHUST Ta3apTyibl
KakeT ereni. JocTypii Tazapry oaicrepi (MbICalbl,
CUITUTIK epiTiHAine KalHaTy) OaKTepHsUIBIK, SKa-
cylianapjabl THIMII TypJe JHU3HMCKE YIIbIpaTca Ja,
OyJ1 mporecc CUITUIK KaJJIBIKTapAbIH TY3UIyiMEH
Karap Kype/l *KoHe Kor MeJIIep/e CYMEH MIalbII
TazapTyabl Tajman eredi [5,6]. Kasipri seprreyiep
OHJIIpiC THIMJILTITT MEH OHIM carachlH CaKTail OThI-
PpBII, KOpIIAaFaH OpTaFa oCcepili a3alTaThIH JKACBLI
Oamama apictepai i3aeyzae. Mbicanbl, OHOBIIBIpaii-
ThIH OCTTIK-OEJICeH I 3aTTap *KOHE aca ChIFbUIFaH
KOMIPKBIIIKBIT Ta3bl CEKUIII 3aMaHayd TEXHOJIO-
TUsUIAp JOCTYPIIl KATThl XUMUSUIBIK pearcHTTePAIH
OpHBIH 0acyra HEMece TOJBIKTBIPYFa YCBIHBLIYIA
[7]. byn monyzaa BII-HbIH anbiHy 'k0HE Ta3apThULY
pJiCcTepl *Kyien Typ/ae CalbICTBIPBUIBIN, OJaPIbIH
TUIMJIUIIT, KOpIIIaFaH OpTaFa Bcepi jKOHE KOJIaHy
calachlHa KOMBUIATHIH Tamantap OOMbIHINA Tasia-
HaJbl. AJZBIMEH OHIIPIC JKOJIapbl MEH Ta3apTy
xXaTTaManapbl OassHIAIBII, KEHiH KecTenep TypiHze
CaJIBICTBIPMAaJIbl JIEPEKTEP YChIHBUIABL. Kochimiia
MBICAIIap TYPJIi eHAipicTik menrimaepaid bll-HbH
KOJIJIaHy cajiajiapbiHa ocepid kepcere/i. COHbIMEH
KaTap IIUKI3aT peTiHAe OHMIPICTIK KaJIbIKTap.Ibl
naianany, eMipJiiK UK TalJaybl XKOHE OHJIpic-
TIH TYPaKTBUIBIFBIH apTThIPy OAaFBITTAphl TATKbIIA-
HbIII, OOJIAIIAK AaMy OaFbITTaphbl YCHIHBLIAIbI.



BakTepusuIbIK IEITI0N03aHb ATy KOHE Ta3apTy OAiCTEePiHIH THIM/IUIIT, SKOJIOTUSUTBIK OCepi...

Baxkmepusanvlk uennronozanvt 6HOIpy icoHe
0oain any adicmepi

BIl omerTe cipke KBIMIKbULIBI OaKTepHsLiap
(acetic acid bacteria) apKpIIBI CTaTHKAJBIK, HEMECE
apallacThIPbUTFAH (TUHAMUKAIBIK) TaKbLIIapIa OH-
nipineni [8]. Ex trimai BL| mpoaytienTTepi perinae
Komagataeibacter tybicbiHa xatateiH K. xylinus,
K. hansenii, K. rhaeticus xwoune K. sucrofermentans
Typsiepi keHiHeH TaubuiFaH [9,10]. Cratukanbik
*Karmaiina pepmenTanus ke3inze bl aya cyHbIKTBIK
IIeKapachIH/Ia XKeJie TOPi3Al KaObIKia (TeJUTHKYJIa)
peTiHzme Ty3iNedi, ajd apanacThIphUIFAH JKarmaiia
BIl cycnensus Typinae (¢yokTap Hemece IIallbI-
paHKBI TammbIKTap) Kanmeimracaasl [11]. Ocipy
OpTachl PETIHJE KUI KOJIJAHBUIATBIH CTAaHJIApTThI
kopekTik opra Hestrin Schramm (HS), xypambra-
Jla TIIOKO3a 0ap CYHBIK KOPEKTIK epiTiHai OOJIbII
TaObuTae! [12]. Anmaiiza COHFBI XKBUIIAPEI OHIIpiC
IIBIFBIHIAPBIH a3aUTy YIIH OPTYPIIi ap3aH Oajama-
Jap KOJIAHBUIBI JKYP, OJIAPJIBIH KaTapbhlHA KEMIC
KaJIJIBIKTaphl, Mejlacca, aybullapyanblUIbK, CyOCT-
paTTap MeH e3re Jie¢ OPraHWKaJbIK, KaJIBIKTap Ka-
taapl [13-15]. depmenramus ypiici ouerre 1-2
anTara co3putagpl. OChl Ke3eHHEH KeHiH Ty3inreH
BIl kaOatel skuHAMabI, OYJI TIPOIECC KOJIMEH He-
Mece TeHTpHUQyranay apKbUIbl XKy3ere acaasl [16].
JKunanraHHaH KeWiH apThIK BUIFAIIBI KETIpy YIIiH
eHiM ceiFpiiabl. 1luki BLI xypambiama 6akrepus-
JIBIK YKacyliajgap MEH 6Cy OPTAChIHbIH KaJIbIKTaphl
cakrananel. COHIBIKTAH SKCTPAKITNS Ke3eHiHIe Qu-
3MKAJIBIK 06JTy dJIiCTepl MaiaiaHblIabl, MBICAJIBI,
neHTpudyraizay Hemece cy3y apkbuibl bl KaObIFbIH
Oeuin amy. OcbllaH KeHiH bUIFAJIJIBI IEJITH0I03a Ka-
0aTbl apHaiibl XUMUSITBIK HeMece OMOJIOTUSITBIK, OH-
JICYJICH OTei, OYJI TaJIIBIK KYPBUIBIMBIH 00CATHIII,
OHIM/II TazapTyFa OarsiTTanFan [17,18].

baxmepuanvix yennionosanst mazapmy aoic-
mepi

BIl TazapTyasiH 6acThl MakcaThl OAKTEPHUSITBIK
xKacymanap/asl, akybigapasl, JHK-ub1, nurment-
Tep/li )KOHE 6Cy OPTACHIHBIH 0acKa Ja KOMIIOHEHT-
TEPIH UEJUIFOIO3aJIbIK MATPHIIAHBI 3aKbIMIaMaii
k010 OoubImt TaObuTane! [19]. EH ui KoJmaHbLIa-
TBIH TOCUT BLI-HBI CYHBUITBUIFaH HATPUH THUAPOK-
cumi (NaOH) epitinzmicinne KaiiHaTy HeMece CiH-
nipy. NaOH OakTtepusiiblk, jkacyiia KaObIKIIAChIH
BLABIPATHII, aKybI3Aapabl AeHaTypauusiaiast [20].
Meicansl, Bl nemmumkynaceia 0.1-1 N NaOH epi-
tingiciame 60-100 °C Temmeparypama 20—60 mu-
HYT KalHaTy aKybl3 KypaMblH 0acTarKbl MeJIIIe-
piHiH OipHerie MaibI3bIHAH FaHA KaJABIPaIbl. bymn
OHJICYJICH KeWiH OHIMJII MYKHSIT 1Al KaxeT (keOi-

Hece Oelitapan pH-ka neiiiH) KairaH CUITIHI JkoHE
epireH KaJabIKTapasl KeTipy yimiH. Kaxker Gomran
JKaFdalaa, OHIMI1 arapTy YIIiH CYTE€K acKbIH TOTbI-
Fol (H,0,) memece Harpuii runoxmoputi (NaClO)
KOJIaHBUIAABI. ByJl TOTBIFY Kajambl KaJJIbIK ITUT-
MEHTTEP/Ii KOtoFa OareITTanFan [21,22].

NoHIBIK jx0HE MOHCHI3 OCTTIK-OCJICEH Il 3aTTap
JUTIAATEp MEH aKybI3IapAbl epiTy KaOijeTiHe He.
Meicanbl, annoHabl SDS (HaTpuil AOJCHMI CYib-
(aten) sxxoHe MoHCH3 Triton X-100 aaeTre TiHACPI
JIeKJIeTH3ausIaya Kojaianbuiaabl, anaiaa bL Ta-
3apTyaa ma THiMaLnri gonennenred [21,23]. 3ept-
teynepre colikec, 2% SDS epitinaicinge 60 °C-ta
3 carart eHpenreH bl ynrinepiame ~94% akybI3 )xo-
Wputrad. Anaiiga, SDS xoHe oCcbIFaH yKcac CUHTE-
THUKAJIBIK 3aTTap OMOBIIbIPAMANTHIH OOJIFaH IBIKTaH,
oJlapJibl TIaiiTajlaHFaHHAH KEHiH JIe y3aK 8pi MYKHSIT
maro Kaxet [23,24]. CoHFBI XKbUTHAPHI OYIJT KEMIITi-
JIKTI J)KOK0 MaKCaTbIH/a TaOUFW Maljap Heri3iHJe
aJIBIHFAH OMOBIABIPANTHIH OCTTIK-OCIICeH I 3aTTap-
JIbI KOJIJIaHY YCBIHBLTYIa. MBbICabl, HATPUH KOKOUIT
m3etronatel (SCI) HeMece MEIUITIIOKO3HU CHSK-
ThI KOCBUIBICTApABIH THIMIUII 3epTTenyne. ATtar
anitkanaa, 60 °C temriepatypana 3 carat 60iier SCI
epitiHgiciMeH enenreH bl ynrinepiHeH akybI3bIH
mamameH 84%-b1 THIMAI TYp/e albIHFaHBI Kepce-
Tinred [23,25,26].

[Iporeonmutukansik ¢GepMeHTTep (MBICATBI,
TPUIICUH, TalavH) aKybl3 KaJJIBIKTapbIH JKYMCAaK
Karnanaa pIapIpaTyFa MYMKIHAIK Oepeni. byr To-
cij ocipece TiHAIK TipeK KYphUIBIMIAPbIH CTEPHIIb-
Jeylie keq TapanranbiMeH, BI] Tazapry canaceinia
911 JKETKITIKTI 3epTTenMereH. PepMEeHTTIK 9iCTiH
APTHIKIIBUTBIFEI  OHBIH JKOFAphl CEJICKTUBTIIITIH-
Jle, SIFHY TIeJITI003aHbl 0y30ail, TeK aKybI3aapibl
pIIbIpaTaapl. Anaiiga Oyn mporecc y3aK YakbIT
MeH HaKThl OakblIaynel Taman eredi [27,28]. Ka-
Hama OaFpITTapABIH Oipi aca CHIFBUIFAH KOMip-
KbIIKBIT Ta3bl (scCO,) apkpiibl eHaey. YKorapsl
kpickiMaarsl CO, Bl KypsUTbIMBIHA €HIm, OakTe-
pusiIapbl WHAKTHBAIUSIIAN, XUMUSIIBIK, KaJIbIK-
CBI3 CTepUIIBACY/II KaMTaMachI3 eTe anazst [29,30].
Pigaleva xeHe opinTectepi )KYpri3reH 3epTTey/ie
scCO, xeMerimeH BL[-HBIH imriHme KaaraH Kacy-
IIaJIapAblH CHIPTKbI KaOBIKIIATaphl YKOWBLIBIT, JH-
IIOTOKCHH JICHreli epyip ToMeHaeTinreH. Jleren-
MeH, OyJI SJiCIeH MEeIUIIMHAIBIK CTaHJIapTTapra
TOJBIK COHKEC Ta3apTy OJi KOJ JKETKI3IITeH KOK,
opi apHaiibl Kypan-KaOaelKThl Tamam ereai [31].
backa ¢usukansik amictep (MBICANbl, MY3IATHII
epiTy LUKJIAAphl, yIbTPaAbIOBICTHIK OHJACY) Tal-
MIBIKTAPIbI TUCTICPCHSIIAY YIIH 3epPTTEITCHIMEH,
oJIap KeHIHEH CTaHJapTTaIMaraH.
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BII Tazapty OipHere noHeKTi Ke3eHHEH TypaJibl
JKOHE AJIBIHFAH OHIMHIH CanachliH, (yHKIIHOHAIIBIK,
KACUETTEPiH alKbIHAAUTBIH MaHBI3bl TEXHOJIOTHSI-
JBIK, KazgaM 0o Tadbutaasl (1-cyper). bactanker
nrato ke3eHinzae bL[ nennmukymnace! GpepmenTanus op-
TachIHAH OOJIIHIN aJIbIHBIN, JUCTHIJCHIEH HeEMece
JEHOHAAIFaH CyMEH XyblIansl. byn kamam ecy op-
TaChIHBIH KAJJIBIKTAPbIH (KAHT, OPraHUKAIIBIK, KbIII-
KBULAAP, TY34ap) >KOIOFa OaFbITTAIFaH JKOHE KeJeci
Ta3zapTy Ke3eHIEPiHiH THIMIUITIH apTTeIpaas! [32].
Herisri enzey ke3eHi 0akTepHsIIbIK JKacyluanap MeH
aKybI3IapAbIH JKOWBLTYBIH KamTamachl3 erefi. byn
carbiia bl{-ra cinTinik epitinainep (Mbicanbl, NaOH)
HeMece OeTTik-OenceHai 3arTapMer (Mpicanbl, SDS,
Triton X-100 Hemece OMOBIABIPAMTBIH JETEPreHT-
Tep) Oip Hemece OipHEIe PeT dcep eTY KYy3ere achl-

]|

PUBNKAABIK

'
MexaHuKanbik,
ycakTay, cysy

|

(A

K

\
AyblnwapyalbinblK,  XeMUAIbIK
KanabiKTapbiH

XuHay

Bcipy 6pTac::|H
AaibiHaay

CyﬁCTpa_'l"Tbl
naibiHoay

~ t;iiii,;::, Z

Bacrankpb! Lak Xumuansik TazapTy

poutaapl. KonganeiaTelH peareHTTiH TYPi MEH KOH-
LIEHTPaIUsChI, COHAa-aK eHjey yakbIThl, BII-HbIH
Ta3aJbIK JCHIeHiHe KOHE COHFBI KOJIJaHy CallachblHa
OaitmanbICTEI TaHmananel. Kaira maro keseHinae bl
yarinepi Oefirapan pH moHniHe aeitin OipHemie per
KybUTabl. Byl Ke3eH peareHTTep/IiH KaIABIKTAPbIH,
epireH Ju3aTTap/bl KOHE BIABIPAY OHIMIEPiH TOJIBI-
FBIMEH JKOIOFa OarbITTanFad. Kenripy Ke3eHi COHFBI
OHIMJII TYpaKTaHABIPY >KOHE CaKTay KacHeTTepiH
KaMTamachl3 €Ty MakcaTblHAa kyprizimemi. Tuicti
KENTIpy dJicTepiHe BaKyyMABIK KENTipy, My3IaThIIl
KENTipy HeMece TOMEH TeMIleparypajia KOHBEKTHB-
Ti KenTipy araapl. TaHmaIFaH 9/1ic OHIMHIH KYPbI-
JIBIMJTBIK, JKOHE (PYHKITMOHAIBIK KACHETTepiHEe ocep
€Tyl MYMKiH, COHABIKTaH OHBI KOJJIaHy MaKCaTbIHA
colikec OeimMaey KaxkeT [33,34].

Llenntono3saHbl XUuHay

WHokynauma
(6akTepusamer ery)

depmeHTauusA

KaiTa wako

KenTipy

1-cypet — BakTepusuIbIK 1EIUTF0I03aHbl aybUTIIAPYAIIBUIBIK, KAIABIKTAPbIHAH OHIIPY KOHE Ta3apTy KaaaMIaaphl.

(A) BakTepusIbIK 1eJUTI0NI03a OHIIPIC aybLIIIapyaIlblIbIK KaIAbIKTAPbIH KHHAYIaH OacTaaabl.
by mukizar ¢pusukansik (ycakray, Cy3y) jKOHE XUMUSUIBIK, (THIPOJIH3 KOHE aJIIbIH ajla OHCY) O1ICTCPMEH JaibIHIAIIBIII,
KOPEKTiK CyOcTpaTka alHaIbIpblIaabl. AJIBIHFaH CyOCTpaTTaH KOPEKTiK opTa AaibIH/aIbII, OFaH OaKTepusiiap

(mbIcanbl, Komagataeibacter spp.) HHOKy/siHsIaHaabl. DepMeHTaIMs HOTHKECIHIC Maiaa O0FaH
BI apHaiibl KypbUIFbLIAP apKbLIbI )KHHATAIE. (O) Ta3apTy ke3eHinae xkuHanran bl anapiMeH GacTankel marIaH OTel,

cozat coH xumusuIbIK, pearentrep (NaOH, nerepreHTTep) KoMeriMeH OHAENiI, MUKPOOPraHU3MAEP

MEH aKybI3 KaJIbIKTapbIHAH Ta3apTbuia bl. byaan keifin OipHele Kaiita a0 caTblIapbl XKYpPri3iiii,

coHpiHza BIl eHIMiHIH KypbUIBIMBIH CaKTay YIIIH KeNTipijaei.
Eckepry: Cypet BioRender kemerimen xacansl, auneH3ust HoMipi: TX28HIXREU

baxmepuanvix yennionosa enoipiciniy, muim-
oinizi: adicmepoi canvicmolpmanst 6azanay

Bl  enmipic  THIMAUIrI  KOJJIAHBLUIATHIH
MITAMMHBIH ~ €pEeKIIeNirine, KOMIpTEeK Koe3iHe
JKOHE OCy KarJaiiapblHa TikeJled OailaHBICTHI.
Komagataeibacter xylinus mrammbel HS KOpekTik
OpTachlHAA CTaTHKAJIBIK JKaFdaiiia ecipiuirennue,
ojaerre, Oip anra imrinae 0.5-2.0 v/ apanbiFbiHIa
BII ty3eni [35,36]. Optypdi 3epTTeysiepieH anblH-
FaH OHIM IIBIFBIMIAPHI |-KecTe/e caIbICThIPMAbI
TYpAe KenaTipuireH. AlTa KeTepiik >kKalT Oaama-

JBI KOMipTeK Ke37epiH Komnmany bl eHimmimiria
enpyip aprreipanbl. Meicanbl, Gluconacetobacter
xylinus caxapo3sa (20 /1) HeMece TIUIEPUH HETi-
3ingeri opraga 3.8 r/i-re jaeiiH eHiM OepreH, Oy
[UIIOKO3aFa KaparaHja dIiJieKaia )oFapbl KopceT-
ki [37]. Con CHSIKTBI, 6Cy OpPTachlH ©HEPKOCII-
TIK KaJJbIK THIPOIH3ATTAPbIMEH (MBICAIIBI, XKE-
Mic KaOBIKTapbl) TOJBIKTBHIPY HEMEce alMacThIpy
Ia OH HOTIKe Oepexni. MaceneH, Achromobacter
S3 mTaMMbl MaHTO KaOBIFBIHBIH KaJIJIBIKTAPbIH
nariganany apkeuiel 1.22 v/m BL| enmipren, Oy
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crannapttel HS opraceiMen cansicteipranaa (0.52
r/m) 2.5 ece apteIK [36]. byran xoca, Oeifimmen-
IeH SBOJIONMS >KOHE TCHETHUKAJBIK HHXKCHEepUs
pricTepl OHAIPICTI THIMAI apTTBIpyFa MYMKIHIIK
Oepeni. Meicanbl, MaHHUTONA Oelimuenren K.
xylinus mrammsr 3.43 r/n BL cunTe3aerex, an 6y
aTa-aHAJBIK TIIOKO03a OPTACBIHAAFHI IITAMM YIIiH
mamamen 1.7-2.3 1/n rana 6onran [35]. ConpiMeH
Katap, K. sucrofermentans mTaMMbIHAA TIIOKO3a
JETHIporeHasa reHiH WHAKTUBAIMsIAy KOHE 3Ta-

HOJI Kocy apkbuibl BLI eniminiri ~0.25 r/n-nen 2.0
r/n-re neiin aptkan [38]. XKanmer anranma, 3ama-
HayM 9ficTep KOMIpPTEK KO3iH OHTalIaHABIPY, KO-
PEKTIK OpPTaHbIH KYHBIH TOMEHJICTY JKOHE IITAMM
MeTaboIM3MIH OaFbITTan ©3repTy apKbuibl bBL]
OHIMALNITiH OipHeme ece apTThIpyFa MYMKIHIIK
Oepeni. OHAIPICTIK THIMIUTIKKE KOJ JKETKi3yaeri
Herisri (akTopmap KeMipTek Ke3iH OelceH/i ure-
Py MEH OHBIH LIEJUIIONI03a CUHTE3iHEe OarbITTalFaH
aFBIHBIH KYIIEUTy [38,39].

1-kecTe — OpTYpIIi KOMIPTEK KO3/AEpi MEH OAKTePHSUIBIK [ITaMMaapra GaiinanbicTel BI eHiMmimiri

Kemiprek keo3i / LlInkizat BakTepusiibik miraMmm BI eniminiri (r/) Ciareme
Cuntetukansik HS opracs! (rmoko3a) Achromobacter S3 0.52 (6azanvix deneeit) [36]
Masro KaObIFbI THAPOIU3ATHI (arpOKAIIBIK) Achromobacter S3 1.22 (2.5x HS) [36]
Caxaposa (20 /) G. xylinus ATCC 53524 3.83 [37]
Imunepun (20 r/m) G. xylinus ATCC 53524 3.75 [37]
MannuTon (6etiimaenren ALE-mramm) K. xylinus K2G30 (adapted) 343 [35]
I'mokosa + sranon (HS + 1% EtOH) K. sucrofermentans KS003 1.99 [38]

Eckeprre: ALE — adaptive laboratory evolution (6efiimenrer 1a00paTOPHSIIBIK dBOIOLNS); OHIMIUTIK MOHIEP] colikec aaeduneT

KO37ICpIHEH aJIbIHFaH.

Tazapmy muimoinizi sicone IK0102UANBIK, dcepi

Bl TazapTy THIMILTITT OHIMHEH aKybI3 KOHE
JHK KangplKTapbIHBIH KaHIIATBIKTHI TOJBIK KO-
WbITFaHbIHA Kapail Oaramananel. CILITLINK eHuEY
(0.1-1 M NaOH, 60-100 °C) eH >xoFapbl THIMILTIK
KepceTkeH saictepai 0ipi [40]. Meicanbl, Nikbakht
XKoHe oapinTectepi *kyprisren 3eprreyae NaOH epi-
Tingicimen eHmenreH bll-ma OacTamkbl aKybI3IBIH
Tek 3%-bl (siFHU 96.4% xoiibutran), an JJHK-HbIH
2.2%-b1 (97.8%) xanran [21]. CHHTETHKAIIBIK [ie-
TEPTEeHTTEP JIe JKOFaphl THIMILUTIK KopceTkeH 2% DS
epitinaicimen 60 °C-ta enzenreH >karmaiina ~94%
aKybI3 xxoHe ~88% JIHK ambiaran. An OnoblabIpaii-
ThIH OetTik-0emncenni 3aT SCI mamamen 84% akysi3
xkoHe 86% JIHK >koMbuTybIH KaMTaMachl3 €TKEH
[21,41]. CanbIcTBIpY YIIiH, TEK CY (KaiHATY) apKbUIbI
OHIIEY Ke3iHe KehOip jacTaymbuiap >KOHBIIFAHBI-
MeH, OYJ1 HOTHXKE CUITI HeMece OeTTik-OenceH i 3aT-
TapMEH CaNbICTBIPFAHAa aUTapibIKTal ToMeH [42].
OKOJOTHSUTBIK, TYPFeIaH anranga NaOH kommany
Oenriii Oip Moceenep TybIHAATAIbl CUITLTIK aFbIH-
Japapl OedTapanTaHIbIpy KaKET 8pi KbI3IbIPY YIIiH
KOCBIMIIIA SHEprus xymcanansl [43,44]. Cunrtern-
KaJbIK Jereprerrrep (Mbicaibl, SDS Hemece Triton
X-100) TypaKThI SKOJIOTHUSIIBIK JIACTAYIITBIIAP OOJBII
caHamagpl [45]. An eciMmiK MalapbIHAH aJIbIHFAH
OMOBIIBIPAUTBIH JIETEPreHTTEP SKOJOTHSIIBIK TYP-

FBIZIa aHAFYPIIBIM Kayirici3 6amama OoJTbIT TaObLTaab!
[46]. Aca cbiFbuIFaH KeMIpKBIIKbUT Ta3bl (scCOz)
KOJIJAHBUIFAH Ta3apTy OIiCl achUl XUMHS TYPFbI-
ceiHaH THiMIi merniM [47,48]. Bym amicte epiTkimt
KaJJIBIKTapbl OOJNMaii/pl, Oipak Ta3apTy THIMIUIIr
opTara JieHreiie en oaranaHazipl.

Konoany canacvina Kapaii 6axmepusnsix yen-
J1107103a2a KOUbLIamblH MAlanmap

BIl Ta3zanmeIrel MeH COHFBI (hOpMAachl OHBIH KOJI-
JIAHBLIATBIH cajlachlHA TiKeJied OaliylaHbICThI. OCI-
pece, OMOMEUITMHAIIBIK, KOJIJIAHY YIIiH CTEPUIIBIIK
MeH OMOJIOTHSIIBIK JIACTAYIIBUIAP.IBIH OOIMaYbI He-
risri Tanantap [49,50]. TinTi eTe a3 meJiepaeri Y-
JIOTOKCUH JI€ MIMMYH/IBIK pEaKIUsIapAbl TYIbIPYbI
MYMKiH, COHIBIKTaH KaTaH CTEPHIbICY OmicTepi
(MBICaibl, aBTOKJIABTAY HEMECE Y-COYJIEMEH OH/JIEY)
JKOHE DHJIOTOKCHHJEPJI TOJBIK MKOK IIapaiapbl
MIHIIETTI TYpAe Xyprizimyi Tuic [51].

BLI-HBIH >XOFapbl Cy MeJIIepi MEH KEyeKTLUIiri
OHBI YKapayiap/ibl TaHyFa KOHE IIEMipIIeKKe YKcac
KYPBUIBIMAAPIBI JkKacayFa eTe Komaumsl eremi. Co-
HBIMEH KaTap, OHbIH OFapbl KPUCTAJJIbUIBIFbI MCH
CO3bUTyFa OEPIKTIri KOMIIO3UTTI MaTepuaiaap MeH
AJIEKTPOHJIBIK, KYPBUIFBIIAP/IA KOJIaHyFa MYMKIiH-
nik Oepeni [52]. Taram kanramachl MEH TaFaMMEH
JKaHACAThIH MaTepuaiiap YIIiH Ta3aJIbIKKa KOUbI-
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JATBIH TaJanTap CaJBICTBIPMalbl TYPJE TOMEH Oy
JKarFgaiia KanraH OWOXMMUSIIBIK 3aTTap OIEeTTe
Kayirnci3 Oonbin ecenteneni. byn camamapma BLI-
HBIH KaOBIKINA TY3yIIi KaOiJeTi MEH OTTeri OTKi3-
OCHTIH KacHeTTepi )KOFaphl OaragaHambl. JlereHMeH,
OHJIIPICTIH 631H/IIK KYHBI OYJI caiajap/iarbl KEH KOJI-
JaHyFra eneyni kexepri 6omibin otelp [53,54]. Ken
)karjaia, bl monumepiiepMeH apanacThIpbLiaibl
HEMece TaJIIbIKTapFa KaObICTRIPBLIAIBI, OYI OHBIH
MEXaHUKAJIBIK, OCPIKTIri MEH ra3ra eTKi30CUTIHIITiH
skakcapTtaasl. bII-HbH HaHODUOPHITIEP] KOMITO3HT-
TIK MaTepHAJIIbIH KATTBUIBIFBIH apTTHIPbII, ©TIM/Ti-
nirin aszadtansl [55]. TokpiMa Jk0HE KOMIIO3UTTIK
Marepuaigapaa bl ogeTre KymenTKINT TabIK He-
Mece Tejib TYPIHJe KOJIaHbUIaAbl. MbICaJIbl, O Hi-
piM xinTepiH OeTiHe KaObIKIIA TYpiHJE KaJbIITa-
CBITI, TEpIiTe yKcac MapakTapFa KaJbIITaCTHIPBLTYHI
MYMKiH. OHBIH )OFapbl KPUCTAIABUIBIFBI MEH CY/IbI
CiHipy Ka0isneTi MaTanapra epeKie >KyMCaKTbIK TeH
THIHBICTAFBIIT KacHeT Oepemi. Al KOMITO3UTTEPIIC
(MbIcanbl, TONMMA(PHUP HEMece SIOKCHITI INaibIp-
napmen Oipre) Bl matepuanra co3bury OepikTiri
MeH KaTTBUIBIK, Kocanabl [56,57]. MyHnait KonmaHy
callanapblH/ia OHICY Ke3eHIHE KEeTTipy KOHE ThIFbI3-
nmay skataabl. OChl Ke3Jie TazapTy peareHTTepiHiH
KaJJBIKTaphl TIOJIMMEPMEH aJre3usiHbl TOMEHIETY1
MYMKIH, COHJIBIKTaH MYKHST I1at0 0opi0ip MaHbI3-
Jibl [58,59].

baxkmepuanvik yennionosa enoipicinin mypax-
MBLIBIZBL JHCOHE IKOJI0ZUATIBLK, dcepi

b1l ennipiciHiH TYPaKTBUIBIFBIH apTTHIPY YIIiH
JKaHAPTHUIATHIH IIUKI3aT KO3AepiH Malianany KoHe
KaJJIBIKTap bl OaphIHINA a3aiiTy MaHbI3/bL. byn Oa-
FBITTaFbl HETi3Ti CTpaTerusiapAblH Oipi aysuima-
pyalbUIbIK, HEMECe OHEPKOCINTIK KaJJIbIKTap bl
KOMIpTeK Ko3i periHze Koinmany [60]. Meicamsl,
JKeMiC KaJABIKTaphl COTTI THAPOIU3IACHII, ICIUTIO-
JI03a CHHTE3IH apTThIPAThIH KapamnaiiblM KaHTTapra
alfHanAbIpbUIaabpl. MyHIAl KalabIKTapabl TMaiina-
naHy Oip JKaFbIHaH KOKBIC TIOJUTOHIAPhIHA TYCETIH
KaJABIK KOJEMIH a3aiTca, €KIHII KaFbIHAH IIHKi-
3aT KyHBIH TeMmeHertin, bLl eHaipiciHiH 3Ko0I0THS-
JBIK 131H KBICKApTaAsl. by ocipece gocTypii KaHT
OHJIIPICIMEH CaJIBICTBIPFaHIa THIMII, ce0ebl KaHT
OHJIpICI KOIl 3HEPrusi MEH JKep pecypcTapblH Ka-
ket etendi [61,62]. Omipaik muromik Tamgayaap bL]
OHJIpICiHIEe KOPEKTIK OpTaHbl JANBIHIAY KaJIIbl
9KOJIOTHSJIBIK OCEPiH eadYyip OOMiriH KypalThIHBIH
kopceTkeH. COHIBIKTaH KaJIABIK HETi31HIeTi KOpeK-
TIK OpTa KOJJaHy OyJl KepceTKIiITepai alTapibik-
Tal kakcaptanel [63]. TazapTy Ke3eHiHIE KATThI
XUMISUTBIK 3aTTap/IbIH OPHBIHA SKOJIOTHSIIBIK, Oala-
MaJtap/bl KOJIaHY YBITTBUIBIKTBI a3aiTy IbIH THIMII

soJbl. COHBIMEH KaTap, aca ChIFBUIFAaH KOMIPKBIIII-
KblT Ta3eiMeH (5cCO,) Ta3apTy epiTKill KaJIbIKTa-
PBIH MYJIJIE KalIbIpMaiiipl, Oipak 0yt o/ic xaOabIK
JKaFbIHaH KhIMOAT 00ysl MyMKiH [64]. YKaHambut
tocinaep peringe NaOH epitinziciH xaiita eHzuey
Hemece BIl enuipiciH aFbIHABI Cylapibl Ta3apTy
KyHenepiMeH OipiKTipy CeKinai TYHBIK IMKI KOH-
HENIUSIIAPbl KAPACTBIPBUIBII XKaThip. MbIcaibl, Oip
3epTTeye 0acKa OHIIPICTeH ajbIHFaH KOJIAaHbUIFaH
NaOH epitingici Bl xxyy npornecineH Keiin Kaita
OHJICTIII, JKYyHe ImiHaeri alHaabIM KaJBIITaCThI-
pwutFan [65,66]. BL1 eHipiciHiH 3KOIOTHSIIBIK 131H
azaiiTy yIriH ailHaTIMalTbl SKOHOMHKA KaFUIaTTapbiH
€HTI3y THiMJi TIentiM 0o TaObuIagpl. OciMIiK
LEJUTI0JI03aCbIMEH calbICThIpFana, bL[-HbIH Typak-
TBUTBIK, ©JIEYeTi KOFaphl. JlereHMeH, Ka3ipri TaHaa
BI1 enmipici KbIMOAT opi SHEPTHS IIBIFBIHBI KOFAPHI
nporecc Ooubin Kana Oepeai. COHIBIKTAH OHIIPIC
THIMIUTITIH apTThIPY YIIiH TYPAaKTHI TYPAE OMIpIiK
OUKIIIK Oaranay ®Kyprisy Kaxer [67-69].

Bakmepuanvix yennronoza mexmonousacyln-
0azvl Kazipei KUbIHOBIKMApPbL HeaHe Donamar, 0amy
oazeimmapul

BILl enaipici MeH Ta3apTy TEXHOJIOTHSIAPBIH-
JIaFbl eJeyi JKeTiCTIKTepre KapamacTaH, Oyi ca-
JIaHBIH KE€H ayKbIMJIbI KOMMEPUHUSUIAHYbI aJIJbIHIA
OipHemie MaHBI3ABl KeAEpriiep ol /e CaKTaJbln
otelp [70,71]. OHIMIUTIKTI apTTHIPY KUl KaHaMa
MoceleiepMeH KaTap JKypeli. MbIcanbl, KOFapbl
OHIM OepeTiH mWTaMMAap HeMece OalBITBIIFAH Ocy
OpTaJIapbl TITIOKOH KBIIIKBUTBI CHUSKTHI KaHaMa Me-
TabOMUTTEP/Il JKUHAKTAYbl MYMKiH. by 3artap pH
JCHIeiH TOMEHJETIl, MPOLECTi TYPAaKTHl YCTaIl
TYPY VIIiH KOCBIMIIIA OaKbUIayIbl KaXKeT etemi [72].
YkeH kenemjeri GpepmeHTepiepae (apaiacThipbl-
JIaTHIH HEMECEe ayaMeH YPJICUTIH KyHenep) TYPaKThI
JKOHE YKOFAPBI OHIMIUTIKKE KOJI )KETKI3Y OHAl eMec.
BI cuHTe3i OTTEriHiH MeJIIepiHe KOHE MeXaHH-
KaJIbIK KBICHIMFA ©T€ Ce3IMTall, COHJBIKTaH OHJIi-
pic KeJieMiH apTThIpylla WHKCHEPIIK KUBIHABIKTAD
TysIHIAKBI (2-cypeT) [73].

OKOHOMHKAIBIK TYprbinaH, BLl kazipri kesme
OCIMIIIK IIeJUTIONI03aChIMEH CANBICTRIPFaHIa eaayip
KbIMOaT. Byl eH angpIMEeH ecy OpTAChIHBIH KYHBI
MEH KeHiHTi eHjiey (Ta3apTy, CTepHIIbILY) MpoIec-
TepiHiH KypAeIiJIiriMeH OaimanpIcTh [ 74]. Mocere-
Hi LIeIIy YIIiH MpolecTi HHTeHcHpuKanusiay (Mbl-
CaJIbl, JKacyIaiapabl UMMOOIN3AIUSIIAY, )KOFaph
TBHIFBI3/IBIKTAFBI OCIPY), COHAAN-aK ap3aH MINKi3aT-
ThI KOJIZIAHY JKOJIJIapbl 3ePTTEIII KaTblp. Auaiia
OH/IIPiC KYHBIHBIH 6CIM/IIK IIEJUTFOJI03aChIHA TEHECY1
o3ipre ajpic OOJANIAKTHIH SHITICIHAC KAIBIT OTHIP.
[75]. Tazapty mporeci ie alTapibIKTail IBIFBIHIBI
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KaXeT eTelli, dcipece MEIUIMHAIBIK MaKCaTTaFbl
BIl yuriH »HAOTOKCHHACPII TOJIBIK KOO OipHeIe
KE3eHHEH TYpAaThlH TazapTylsl (CUATLIIK eHuey,
arapTy, CTepHiIbJCy) Tajam ereli. byn o3 keserinne
KTl MeJIIep/e Cy KOHE peareHTTep KyMcay bl Oij-
aipeni [76,77]. DKONOTUSIIBIK, TYpFbIIaH, Oip Jiac-
TayIIbIHBIH OpHBbIHA OacKachblH alMacThIpy Kayri
ne 6ap. MpIicanbl, CHHTETUKAIIBIK OeTTiK-OeIICeH T
3arTap aKybI3Iapbl THIM/II KOWFaHBIMEH, KOpIa-
FaH OpTaja TYPAKThI TYPJIE )KUHAIBII, Y3aKMep3iM-
Il DKOJIOTHAJIBIK, KYKTeMe TybsiHAatanasl [78]. BLI
OHJIIPICIHIH FhIIBIMU-TEXHOJIOTHSUIBIK JaMybl OHBI
(YHKIMOHANIBIK MaTepuan peTiHje KeHiHeH KO-
JaHyFa YKOJ ambIn oTelp. [lerenmen, Oym OarbiTTa-
FBI TIPOTPECTi YAETy YIIiH OipKarap mepcreKTHBa-
JIBIK 3epTTEY OaFbITTapBIH XKYHEIl TYp/Ie KapacThIpy
KakeT. bipiHmineH, eHaipic THIMIUIITIH apTTHIpy
OMOCHHTE3/1IH METa0OIM3M/IIK HETi31H TepeH TyCi-
Hyni Tanan ereai [79]. byn opaiina, Mmetabonu3Maix
HEKEHEPHS OMICTepiH KoimaHa oTeIpbim, bl cuH-
Te3iHe KeJlepri KeNTipeTiH »KaHaMma MeTaboIuTTep-
JliH (MBICAJIBI, TIFOKOH KBIIIKBUIBI) TY3UTyiH a3aiTy
JKOHE MaKCaTThl OMOMacca arbIHBIH IIEJUTI0JIO3aFa
OarpITTay MaHbI3IBL. COHBIMEH Karap, ITammap-
nbl BLI-MeH karap neironasza HeMece Ta3apTy Ko-
(hepMEHTTEPIH CEKPEIISUTANTRIHAAN eTilm MOTu(U-
Kalusuiay apKbUIHI in situ ©31H-031 Ta3apTy KyHeciH
KanelnTacTelpy Oomnamarel 30p [80]. Exinmigen,
Ta3apTy KOHE CTEPUIBJCY KE3CHACPIHE HKOJIOTHSI-
JIBIK Oanama oJicTep/i eHrizy kaxer. Kasipri tania
KOJIJIAHBUIATBIH CUITLTIK JKOHE XJIOPJBl PEarcHTTEp

Bbuomacca

----- v

JKOFapbl THIMJUTIK KOPCETKEHIMEH, OJapIblH 3KO-
JIOTHSITBIK, JKYKTEMeCi MEH KaabIKTapael OciTa-
pantaHablpy KaXKeTTiniri apransl. byn mekreynep-
Il eHcepy YIIiH KalTa KOJJIaHBUIATBIH (PePMEHTTIK
KOKTCHIIbIIEp, OWOBIABIPANTEIH — OCTTIK-OeIceH Il
3aTTap *KoHe (OTOHIBIK CTEPHIIBIEY CHSKTBI KO-
JIOTUSUTBIK,  KAyilCi3, SHEprus THIMII dJicTepre
kemry kaxert [81,82]. CoHbIMeH KaTap, MPOIECTIK
WHHOBAIMSIIAP OHJIIPIC IIBIFBIHAAPBIH TOMEHIETYTE
adTapIBIKTal BIKIAJ €Tyl MyMKiH. ATar alTKaH/a,
y3Iikci3 (hepMeHTaIus KyHenepi, jKacymanapabiy
UMMOOMIIM3AIIUSICHI, dKOFAPBI THIFBI3IBIKTAFBI 6CIPY
peXuMIEpi, COHIal-aK Kemen TazapTy Xyihenepi
OHJIIPICTIK THIMAUTIKTI apTTBIPBIT, Cy MEH YHEPI U
IIBIFBIHBIH OHTaWIaHAbIpyFa Kemekreceni [83,84].
BII ennipiciHiH SKOJOTHUSIIBIK, OCEPIiH KYHel Typae
OakpUIay YIIIH Kacbul OWomarepual KOHIIETIIHS-
CBIH €HTi3y KaxxeT. bys GarbITTa eMipiiK MUKIIIK
Tanjay HerisiHjae MapHUKTIK rasjuap i3i, cy TYTBIHY
IEHTei1, KaJIIBIK peareHTTep KOJIeMi ChIHIBI KOJI0-
THSJIBIK, MHAWKATOPIIApFa HeT13/IeJITeH CTaHaapTTal-
FaH Oaranay >KyiemnepiH 93ipiey OHAIpiCTI TYpaKThl
nIambITyFa MYMKiHIIK Oepeni [85]. CoHFBI acmexT
OHEPKACINTIK MacuTadTa MHTErpamust OONbIN Ta-
Obutazapl. BLl eHaipiciH aFbIHIBI Cylapisl Ta3apTy
KyHenepiMeH, aybUIapyambuIblK, KalIbIKTap bl
OHJICY MPOLIECTEPIMEH HeMece 0acka OMOTEXHOJIO-
THSAJIBIK, OHAIpicTepMeH OipiKTipy apKbUIbl TYHBIK
IUKIJIL KYHenep Kypy JKOXYHEeTK acepii a3zaii-
ThIM, KOHOMMKAJIBIK THIMIUTIKTI apTThipa ajajibl

[86,87].

| TybIHAAATLIH Macenenep |4- [ Lewy »xonpapbl |
* TemeH eHimginik (Mbicanbl, <2 r/n) * llltamMm cenekuunchl ¥aHe ALE/reHfik nHxeHepusa
* KbimbaT kopekTik opra (rnoko3sa, HS) * Ayblawapyawsiibik, KanabikTapblH nanganady
« KubliH Ta3apTy npoueci (NaOH, SDS) « bu1obIAbIPaiiTbIH 6eTTik-6encenpi 3attap (SCI), hepMeHTTIK
¢ JHEPrysHbl KON KaXeT eTeTiH KenTipy Tasapry
« KopluarFaH opTara acepi ¢ 3JHeprva TWIMAI BaKyyMAbIK, Hemece NMOMUAbAIK KenTipy
* YKorapbl 63iHAIK KyH ¢ Xacbin TexHonoruanap: scCOz, kanta eHaenetiH NaOH,

TYWbIK, LUK XYNeci
* [lpouecTi nHTErpauusinay, ysgikcia depmeHTaums,
KOMMO3UTTEPMEH BipiKTipy

2-cypeT — bakTepHsIIbIK [EeIUTI0NI03a OHIIPICIHICTI HET13T1 Maceenep KoHe olapAbl HISHTy >KOJIIaphl.
Eckepry: Cyper BioRender kemerimen xacansl, auneH3us HoMipi: AJ28HAGRYF
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KopsIThIHABI

BII ecimuik 1e/utrosio3ackiHa OanaMa peTiHjie
KapacThIPhUIATBIH, JKAHAPTHUIATBIH YKOHE MKOFAPhI
Ta3aJBIKIICH CHUMATTANAaThIH Onomarepuasl. OHbIH
epekie (GyHKIIMOHAIIBIK, KACHETTEP1 OHBI BPTYPIIi
cananap/a KoJiJjanyra MyMKiHAik 6epeni. XKyprizin-
TeH CANBICTBIPMAIIbI Taliay HoTHKeciHae bl eni-
pICIHIH THIMJUITH IITAaMMIAPAbl OHTAWJIAHIBIPY
JKOHE ap3aH KeMipTeK Kes3JepiH (dcipece aybuimia-
pPYyalbUIbIK, KaJJBIKTApbIH) TaialiaHy apKbUIbI
eIpyip apTThIpyFa OOJAThIHBI aHBIKTAJIBL. TazapTy
KE3CHIHJIE JOCTYPJIi CIATUIIK OHICY YKOFaphl THIM-
JIUTIKTI KOPCETKEHIMEH, COHFBI JKbLTIaphl DKOJIOTUSI-
JIBIK, TYPFBIJIaH Kayirici3 Oajama oaictep OUOBIIbI-
paiiThIH OeTTiK-0eJICeH/Ii 3aTTap MEH aca CHIFBUIFaH
CO, konmaHy keHiHeH 3eprreiyae. bl Tazapry
JKOHE OHJIIPY ©IIICiH TaHaay KeOiHece OHBIH KOJ/a-
Hy cajlachlHa OaiIaHbICThI. MEIUITMHAIBIK MaKCcaT-
Tarbl OHIMJIEP YKOFAPbI CTEPUIIBIIK TICH Ta3albIKThI
Tajamn eTeji, ajl KarnraMa HeMece KOMIIO3UTTIK Ma-
Tepualjap YIIiH ap3aHJaThUIFaH, KapamaibiM Ta-
3apTy MPOLECTEPi KETKIUTIKTI 00Iybl MyMKiH. XKai-
MBI aliFaHjia, 3epTTeyJiepAe TYPAKTBUIBIKKA KOy
TEHJICHIIUSACHI OaiKanajbl, SIFHU KONITETeH COHFBI

3epTTeyNepAe aybUIIIApyallblIbIK, KaJIbIKTapbIH
HETI3re ajFaH KOPEKTIK OpTa, KYMCAK pearcHTTep
JKOHE DSKOJIOTUSIIBIK, Ta3a TEXHOJOTHSJIAP YCHIHBI-
nyna. byn GareiT BLI-HBIH eHEpKOCINTIK JAeHTeH e
KCHIHEeH KOJJaHBUTYBbIHA OJ alrybl MyMKiH. OCBI
MaKCcaTKa JKETy YIIiH OMOTEXHOJOTHSIIBIK TPOIIeC-
TEpAl KETUAIPY, OMIPIIK IMKIAIK Oinay KyHecin
CHTI3y XKOHE op KOJIaHy calachlHa COMKEC THIM/Ii-
K, Ta3aJbIK JKOHE KOJOTHSUIBIK 9Cep/i KelleH I
Oaranay Heri3Ti KaruaaTTap OO Kaja oepexi.

Kap:xpuianapIpy TypaJibl MaJimMaeme

byn xymeic Kazakcran PecmyOmwkacer Fri-
JIBIM KOHE KOFapbl 011iM MUHUCTPIIriHiH FputbiM
kommuTeTi TapanbiHaH BR27199103 memipmi rpaHT
AsICBIH/IA KAPKBbUTAHABIPBHIIIBL.

AJIFBIC 7K9He Myqjesep KaHlIbLIBIFBI Typa-
JIBI MAJIiMIeMe

ABTOpIap 3epTTeyre Kojmay KepceTKeH Oap-
JBIK CEpIKTECTep MEH MEKeMelepre ajFbic Oinmmi-
peni. ABTopiap apacbiHAa MYIIEIep KaHIBIIBIFGI
KOK.
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TACTbIKOA XOHE 3AO30PHOE PEKYAbTUBALMAAAHTAH
YPAH KEH OPbIHAAPbIHA XXAKbIH OPHAAACKAH BETKEA
CY HbICAHAAPbIH PAANO3KOAOTUSAADIK BATAAAY

CoaTycTik KaszakcTaHaAarFbl ypaH OHAIPY KbI3METI — KOpluaraH OpTaAarbl TAGUFU PAAMOHYKAUMATEPAIH
GEACEHA] KOHLEHTPaALMACIHbIH apTyblHa biKnaA eTTi. OCbl 3epTTeyAiH MakcaTbl — AKMOAA 0BAbICbIHAA
opHanackaH TactblikeA (N29 KkeHilw) >oeHe 3ao3opHoe (N°8 KeHil) peKkyAbTMBAUMAAAHFAH KeH
OpbIHAA@PbIHA KaKbIH OpHAAacKaH ypaH 6HAIPYAIH TUMTIK ayAaHbIHbIH >Kep YCTi Cy HblCaHAApbIHA
>KOHE KOA LeriHAIAepiHAE TabUF PAAMOHYKAMATEPAIH KEHICTIKTIK TapaAy cunaTTamaAapbiH Garasay,
COHAQM-aK, OAAPAbIH KOLLi-KOH MPOLECTEePiH TYCiHY YILIH CyAarbl >KeHe LWeriHairepaeri Taburn
PAAMOHYKAMATEPAIH FEOXMMMUSABIK epeklueAikTepiH 3epTTey. Cy HblCaHAAPbIHAAFbl XK8He TYMTiK
LeriHAIAepAIri TabUFM PaAMOHYKAMATEPAIH, aAbda >kaHe GEACIHAIAIN aHbIKTaAAbl, COHbIMEH KaTap
CY YATIAEPIH aAy Ke3iHAe CIATIAIK aeHreni (pH) cbiHama aAy kesiHAe GipAeH aHbIKTaAAbl. KeHiluTepaix
ayMakTapblHAAFbl 60C XKbIHbICTAPAbBIH YMIHAIAEPIHAETT XKOHe Kapbep, CbiHaMa aAblHFaH Cy HblCaHAApPb!
aymMakTapblHAQ FaMMa-COYAEAEHY A03aCblHbIH KyaTblH ©ALLIEY XKYPri3iAai. bi3aiH 3epTTey >KymbiCTapbl
KeAeCiHi KkepceTTi: 3epTTey aymarblHAAFbl CY HblCaHAAPbIHAAFbI CbIHAMaAapAafFbl aAbda BeACEHAIAIK
0,8 aeH 9,8 bk/A,6eta 6eaceHAIAK — 0,3 TeH 2,7 BK/A AeRiHTi apaAbIKTbl KamTbliAbl.MaHAEpAiH GyA
apakartbiHaCbl OCbl HAaKTbl ayAaHAAPAAFbI PAAMALIMSABIK, Bcepre GaMAaHbICTbl AEHCAYAbIKKA bIKTUMAA
KayinTiH XKoFapblAayblH kepceTeai. TynTik weriHaiAiepaeri aabda 6eAceHAAIK MaHi — 250 br/kr — 510
bi/kr apanarbiHaa, 6eta 6eaceHAIAiK 120 Br/kr — 240 Br/kr apabiFbliHAQ. XKoFapbl MOHAEP HerisiHeH
TexHOreHAKk acep 6oaraH Kekcop,TactbikeA, N29 waxTaHbiH, N°5 Kapbepi aymMarblHAQ >KOFapbl
AEHrenae. OALLIEHIeH CIATIAIK AEHreniHiH apTybl — bIKTUMaAA TEXHOTEHAIK 8CEPAIH >KOFapPbIAbIFbIH
KepceTeAi.

Tyitin ce3aep: keH 6ackapMachbl, PEKYAbTUBALMS, a3POPAAMOMETPUS, aspoaybiTKyAap, PYAAAbIK,
KYObIABICTAp, YPaH 6HAIPY, MOHAAHYLLbI COYAEAEHY KO3AEpI.

A. Nurakhmet'*, A. Zandybay', T. Onay?

'L.N. Gumilev Eurasian National University, Astana, Kazakhstan
2Bogazici University, Istanbul, Turkey

*e-mail: nurakhmetov_a88@ mail.ru
Radioecological assessment of surface water bodies located near the tastykol
and Zaozornoye reclaimed uranium deposits

Uranium mining activities in Northern Kazakhstan — contributed to an increase in the active concen-
tration of natural radionuclides in the environment. The purpose of this study is to assess the character-
istics of the spatial distribution of natural radionuclides in surface water bodies and lake sediments of a
typical uranium mining area located near the reclaimed deposits of Tastykol (Mine N29) and Zaozornoye
(Mine N28) located in the Akmola region, also to understand the processes of their migration is the study
of the geochemical features of natural radionuclides in water and sediments. The Alpha and activity of
natural radionuclides in water bodies and bottom sediments was determined, as well as the alkalinity
level (PH) was immediately determined during sampling when taking water samples. Measurements of
the power of the gamma radiation dose were carried out in waste rock dumps in the territories of Mines
and in the territories of quarries, sampled water bodies. Our research work showed the following: alpha
activity in samples of water bodies in the study area covered the range from 0.8 to 9.8 Bk/I, beta activ-
ity — from 0.3 to 2.7 Bk/I. This ratio of values indicates an increased potential health risk due to radiation
exposure in these specific areas. The alpha activity value in the bottom sediment is in the range of 250
Bk/kg — 510 Bk/kg, beta activity is in the range of 120 Bk/kg — 240 Bk/kg. High values are at a high
level in the territories of Koksor, Tastykol, quarry N25 of Mine N29, where there were mainly man-made
impacts. An increase in the measured level of alkalinity — indicates an increased potential man-made
impact.

Keywords: ore management, reclamation, aeroradiometry, air conditioners, ore phenomena, ura-
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Pa,A,MOE)KO/\OI'M"IeCKaSI OLL€eHKa NMOBE€PXHOCTHbIX BOAHDbIX 06'beKTOB,
pacnoAoXKeHHbIX BOAM3U PeKyAbTUBUPOBAHHBIX YPAHOBbBIX PyAHUKOB
TacTtbikoAb M 3a03epHoe

AesTeAbHOCTb Mo A0Obive ypaHa B CeBepHom KasaxcTaHe cnoco6CTBOBaAQ YBEAMUEHMIO aKTUBHOM
KOHLIEHTPALIMN MPUPOAHBIX PAAMOHYKAMAOB B OKpy>Katoler cpeae. LleAblo AaHHOro nccaepaoBaHUs
SBASIETCS OLIeHKa XapaKTePUCTMK MPOCTPAHCTBEHHOIO pacrnpeAeAeHUs MPUPOAHBIX PAAMOHYKAMAOB B
MOBEPXHOCTHbIX BOAOEMAX M 03ePHbIX OTAOXKEHMSIX TUMMYHOIO paiioHa A0ObIUM ypaHa, pacnoAOKeH-
HOro BOAM3M PEKYAbTMBMPOBAHHbIX MECTOPOXAEHMI TacTblkOAb (pyaHUK N2 9) 1 3ao3epHoe (pya-
HMK N2 8), a Tak>Ke, AAS MOHMMaHUSI MPOLLECCOB UX MUIPaLIMM NMPOBOAMTCS U3yYeHUEe reoXMMUYeCKMX
0COBEHHOCTEN MPUPOAHBIX PAAMOHYKAMAOB B BOAE M AOHHbBIX OTAOXeHUsX. [Mpu oT6ope npo6 BoAbl
OMPEAEASAN YAEAbHYIO aAbha-6eTa aKTMBHOCTb MPUPOAHbBIX PAAMOHYKAMAOB B BOAOEMAX M AOHHbIX
OTAOXEHMSIX, a Tak>Ke YPOBEeHb LeAouHocTH (PH) HenocpeacTBeHHO BO Bpemst oT6opa npob. M3amepe-
HMS MOLLIHOCTU AO3bl FaMMa-M3AYyUYeHMS MPOBOAMAMCH B OTBaAax MyCTOM MOPOAbI HAa TEPPUTOPUSX LIAXT
M Ha TeppUTOPUSIX KapbepoB, rae 0TOMpaAnCb NPobbl BOAHBIX 06bEKTOB. Hallum nccaepoBaHus noka-
3aAM CAeAYIOLLEE: aAb(ha-aKTUBHOCTb B MPo6Gax BOAOEMOB Ha MCCAEAYEMOM TEPPUTOPUM HAXOAMAACH B
AmanasoHe ot 0,8 A0 9,8 bk/A, 6eta-akTMBHOCTb — OT 0,3 A0 2,7 Bk/A. Takoe cOOTHOLLIEHME 3HAYEHNI
YKa3blBaeT Ha MOBbILIEHHbI MOTEHLMAABbHBIA PUCK AAS 3AOPOBbS M3-3a PAAMALMOHHOTO 0OAYYEHUs B
3TUX KOHKPETHbIX parioHax. 3HaueHre aab(ha-akTMBHOCTU B AOHHbIX OTAOXKEHMSX HAXOAUTCS B AMarna-
30He oT 250 A0 510 Bk/Kr, 6eTa-aKTMBHOCTb HAXOAMTCS B AManasoHe ot 120 Ao 240 bk/kr. Bbicokume
3HaYeHWS HAXOASTCS Ha BbICOKOM YPOBHe Ha TeppuTopusix o3epa Kokcop, TacTbikoA, kapbepa N25
waxtbl N2 9, rae B OCHOBHOM MMEAM MECTO TEXHOreHHble BO3AENCTBUS. YBEeANUYeHne U3MepeHHOro

YPOBHSI LLEAOYHOCTM yKa3bIBAET Ha BO3POCLLEe MOTEHLMAAbHOE TEXHOreHHOE BO3AENCTBUE.
KAtoueBble CAOBa: pyAOYNpaBAEHUE, PEKYAbTUBALIMS, a3POPAAMOMETPUS, adPOUIMEHEHUS, PYA-
Hble IBAEHMsI, AOObIYa ypaHa, UCTOUHUKM MOHU3MPYIOLLErO U3AYYEHUSI.

Kipicne

AnaM ar3acel eMip cypy OapbIChIH/Ia paJHOaK-
TUBTI coyJeNeHyre yibipaiinel. Coyneneny Kke3nepi
HET131HCH PaIMOHYKJIHATEP OCEPIHEH 00IaIbI, OJIap
03 Ke3€eT1H/Ie TAOUFH JKOHE yKacaH bl 00JIbII OoJIiHE-
1i [1]. PaauoHyKIInMATep KONTEreH JaMbIFaH eJlepe
MaHbI3/Ibl MOHUTHOPUHT KOPCETKIlI PeTiHIe caHa-
nanel [2]. PannoakTuBTi coyienenyaid 85 % taburu
paMOHYKIUATEp ScepiHeH Oonaner [3]. Amammap
aya, TOTIBIPAK, Tay *KBIHBICTAPHI, Cy kOHE T.0. Koca
aNFaH/ia, SpPTYPIi KO3AepACH KeNeTiH paaualusra
YHEMI YIIbIpaiiel. AjlamM ocepineH 00iaThiH TEXHO-
TeHJIIK e3repicTep KOpIIaraH OpTalarbl PaJHoOHYK-
JHUJITEp MEH ayblp METaUAAp KOJEMiH apTThIpaibl
[4]. OHepkacin HOTHKECIHXKE KANBIITACATHIH 0OC
JKBIHBICTAP,PAIMOAKTUBTI  KAJABIKTap,aXTAIBIK
Cy TeriHzesnepi KopIllaraH OpTara eneylli ocepiH
turizeni [S]. JlactanrFaH e3eHep/IeT] BIKTUMAIT YJIbI
MeTalll KaJIBIKTaphl KaybIH-IIANIBIH, MUKPOOpTa-
HU3MJIEP, Cy OCIMIIKTEpl MEH jkaHyapiap/a >KuHa-
nmybl MyMKiH. COHBIMEH Kartap, Oyl MeTanaap Iie-
TiHJI OpTaHbIH e3repyiHe OallaHbICThI «KaiTanaMa
JIACTaHyAbD» OHAH TyBIPYBl MYMKIH JK9HE KOPEKTiK
Ti30eKk HeMece 0acKa Kellli-KOH KOJIapbl apKbUIbI
OMOJIOTHSUTBIK JKOHE aJlaM JIeHCAyJIbIFbIHA YIIKeH

BIKTUMAJ 3USTH KeNTipyl MyMKiH [6]. Tuicti 6ackapy
OonMaca HeMece KaiTa KalbIHa KeATipy )KyMBICTa-
PBI JKY#Hen Typlie KYpri3ijIMereH skaraaina Kopia-
FaH OpTara YJIKEH ocep eTyi MyMKiH. KeHec omarsl
Ke31HJIeT1 aTOM CaJlachlH JaMbITYFa apHaJFaH ypaH
KCHIH KYIIEHTIITeH OHIPY PaTHOaKTUBTI KAJIIBIK-
TapJibIH KOIl MOJIIIePiH KaJbITaCyblHA OKEIIi.
Kenreren nreicanmapna Opra A3usmarsl ypaH My-
pPachlH peKyJIbTBALMSIIAYFa KapakaTTapbl KETIel
JKOHE OJI KOpINaraH OpTaHbIH JIaCTaHYbIHA JKOHE
PAAMOHYKIMATEP/IH iprejec ayMaKrapaa TyYpaThlH
XaJBIK TIeH XaHyapiap ocepid Turizai. Conrer 100
xpita anemue 150 maxra ydyackeci jKaOBUIBIM,
oJIapABIH OapJIBIFBI OHAITY OaFIapiIamMachIHCHI3 Ka-
paychI3 KairaH [7]. YpaH KeHi KeH OpbIHIapbIH/IaFbI
PAIMOHYKIUATEPIIH KOTIi-KOHBIH TYCIHY XKEpPTiTiK-
Ti DKOJIOTUSUIBIK, OPTaHBI XKOHE TYPFBIHIAP/IBIH OJI-
-ayKaThlH KOpFay YIIiH ere MaHbi3Ibl.KazakcTan
“H(PAKYPBUIBIMBI 03P JaMBIFaH ypaH OHIIpY KOHE
KalTa eHJIey oHEpPKOCiOiHe ne KoHEe DIEMIIK ypaH
OHJIIPY KYPBUIBIMBIHJIA JKETEKII OpbIH anajabl. Ka-
Hana, Peceii xoHe ABcTpanus KazakcraHHaH Ke-
inri (39,34%) enempueri eH ipi TaOUFH ypaH OHII-
pymi enaepaid 6ipi 60siT TadsuIans! (2015 SKBUTHI
anemaik eHaipictiy 22,03%, 13% xone 9,35% yne-
ciMeH) [8]. JlyHHEKY31TIK SIPOITBIK KAyBIMIACTHIK-
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TBIH MoiMeTTepi Ooiibiama, 2018 >KbuTel ipi ypan
OHIPYII KOMMIAHUSIIAp OJIEMIIK ypaH eHIIPYIiH
x)anmel keneminiH 86%-biH eHmipai ([9]. Kazakc-
TaH/1a JKapThl FACBIPJIAH acTaM YaKbIT OOMBI JKYpTi-
31T KeJie )KaTKaH KeH ayKbIMIIbl Tay-KeH JKYMBIC-
Tapbl KOpIIaraH OpTara 3WSHJBI 9Cep eTejli )KOHEe
OHBIH >Kall-KyHiH yHeMi OakpuUiayZpl XOHE YpaH
OHJIIPYIIl KOHE ypaH OHJEYIIl KOCIMOPBIHIAPIBIH
ayMmarblH OHanTyAbl Tanan eteni [10]. Kasakcran
ayMaFrbIHJIaFbl ypaH KeH OPbIHAPBIH KaPKbIHIBI 13-
JIECTipy MEH 0apiiay 6TKeH FachIpblH 40-1I1bI KbLI-
TapIbIH opTackiHga O6actanmeim, 1951 xputra Kapai
QJIFAIIKbl OHEPKOCINTIK KCH OPHBIHBIH AallbLTYbI-
MeH, KeHiHHeH ypaH KeHJIepiH oHAipy MEH oHeY i
KaMTaMachl3 €TeTiH yIII KOMOMHAT Kypy YIIiH 0a3a
Ooxran OipkaTap KeH OpbIHAAPBIHBIH allbUTYBIMEH
asikranapl. Omap KpIpreI3 Tay — KEH KOMOWHATHI
(1953 x.) — Onrycrik Kasakcranga, Tay keH-Xu-
must komOmHaTel (1957 x.) — Contycrik Kazakc-
TaHja xoHe Kacnmil MaHbl Tay-KE€H MeTaulyprus
koMOuHaTH (1959 x.) — bateic Kazakcranma. byn
ayMaKTaparbl 3epTTEIHTeH CUPEK Ke37eCeTiH dJe-
MEHTTEpiH pyJajlapFa KypaMbl SIEMJIIK opTaIia
KOPCETKIIITEH JKOFaphl. 3ePTTENIN OTBHIPFaH ayMak
KexceHrip keH TOpaObIHBIH KypaMbIHa Kipelli )KoHe
6 KeH OpHBIHAH TYpaJbl, OHBIH INIHAE €H ipijepi
3ao3epHoe xoHe TacTbiken keH opbiHIapbl. Exi
KEH OpHBI JIa THUIAPOTEPMATBIIOMETACOMATHKAIIBIK,
OaKpUIaHATBIH TeHETUKAIBIK, Oipereil ypaH-pocdop
cybdopmarusceiHa sxatanbl. Ken opelHIApsl HETi-
3iHeH TacThIKeJI TOPU3OHTHIHBIH OKTACTAPBIH/IA JIO-
KaJIM3aIMsUTAHFaH CyOIIaCTUKAIBIK, JIMH3A TOPI3Ii
HIOTIHAITICPMEH YCHIHBIIFAH CHUPEK KE3ECeTiH Kep
JJIEMEHTTEPIHIH KOFaphl KOHIIEHTPAIUSICBIMEH CH-
natranansl [11]. 3ao30pHoe ken opHbl 1956 — 1992
JOK. apallbIFBIHJIA )KYMBIC icTei. Tay JKbIHBICTaphI
coJ kepuae ycakTaibil, CTEmHOropcK KajlachblHIa
opHanackan CTEMHOTOPCK Tay KeH KOMOMHATBhIHA
JKETKI3UII, OHAEI.

3ao3opHoe koHe TacThiken ypaH-(OCOPHT KeH
opHBI AKMOJa OOJIbICKI, bipxaH can aynaHbl, 3a0-
30pHOE KEHTIHE JKaKbplH OpHanackaH. KeH opbIHIa-
pet Ne8 (3ao3opnoe), Ne9 (TacTeikesn) KeHiITepiH
KamThIIpl. KeH OpeIHBIH maiimamany kesinge Ne8
(3a030pHOC) KeHimTiHae 24 MITH.M® )Kep KOWHAYbHI OH-
Jen, Kep OeTiHIe ypaHMeH JacTanFad 536 MBIH M3
OaylaHCTaH ThIC KeHep xkoHe 79,705 MbIH M* OanaHc-
TBIK, KEHJIEP CaKTaaapl, 2,75 MBIH M® TayapiibIK, KeH-
Jiep Jkep OeTiHe wakbiH KopbiMaa kemii. Ne9 (Tac-
TBIKOJT) KeHimmiHzIe KojeMi 1 246 MbIH M GalaHCTHIK,
JKoHE 0aJlaHCTaH ThIC KeHACPIiH 4 yHiHIici; Kenemi
15 ra xKoprmanmaran kapbep Oenrisi 6ip Kayin TeH-
nipai. YpaH keHi enfipinren Ne 5 kapbepi sxep acTsl

18

CyJapbl MEH >KaybIH-IIAIIBIHHBIH OCEPIHEH CyMEH
TonThIpbUTABL. 1986 xbitbl No9 (TacTeiken) keHimri-
HiH IIaXTachl KOUBLIBII, NoS KapbepiHiH OajaHCTaH
THIC YHIHJICIH KaJIlbIHA KeNTipy >KyMmbIcTapsl 1989
JKBUTBL asikTasael. HoTmxecinne, AkMona oOJIbICHI,
3 ayman aymarbiHAa opHayackan, Nel,3,4 ken Oac-
KapMacbiHa OarbiHbIITEL Nel,8,9,14 keH opbIHIaphl
ypaH eHJIIPETIH KOCIMOPBIHAAP/IbI KOHCEpBaIHsIIay-
JIbIH JKOHE ypaH KeH OpbIHAAPbIH OHAIPYAIH cangap-
maperH koroAeiH 2001-2010 >xeutmapra apHaiFaH
Oarmaprnamacsl HIeHOEpiHIE PEKYIbTBALMS JKOHE
KaJIITBIHA KETIPY Mmapanapsl xKyprizuiai (1-cyper).

KazakcTanHbIH Cy pecypcTapbl OHBIH Treorpa-
(GUSITBIK, OpHANIacyblHA JKOHE dcipece KOHTHHEHT-
TIK KJIMMAaTblHA OalIaHBICTBl CTPATETHSJIBIK aK-
THB OOJBINT TaOBUTAMBI. ENiH Kammbel Kep YCTi Cy
pecypcrapsl kbutbiHA 100,08 kM*-ke OaranaHasl,
OHBIH 56,89 kM® PecryOmvKka Iierine Kaibimnraca-
1bl xoHe 43,09 km® kepuriiec eHipiepaeH: Kprrait
(memece, Eprtic), ©36ekcran (Coipnapus), Kpprbiz-
craH (Llly, Tamac) xene Peceitnen (Opan, ToObLT)
keneni [12]. Cy agaMHBIH TaMaKTaHybl MEH KYHJIE-
JIKTI malgananysl YIIiH, COHAAR-aK aybll MIapya-
ITBUTBIFBI, OHEPKOCIIT JKOHE SHEPTHS OHIIPY KbI3Me-
Ti YIiH eTe MaHbI3bl. COHIBIKTAaH CYABIH CalachlH
OakpuTay KOpIIaFraH OpTaHBl Oackapy YIIIH ©Te
MaHBI3bI casia 0oJbIN TaOblIaxbl. Pagronorusuibik
cumarTama Keioip TaOuFu paguoOHYKIHATEPIiH ca-
JIBICTBIPMAIIBI TYPJE KOFapbl PagrOybITTHIIBIFbIHA
JKOHE OJIapJIbIH Pa/IMAIMSHBIH aj1aM JICHCAYJIbIFbIHA
KyMYJIATUBTI 9CEpiH 3epTTeyeri MaHbI3IbUIbIFbIHA
OallyTaHBICTBI CYyABl OaKbIIAYIbIH MaHBI3ABI OOJIiri
Ooutbin Tabbu1aabl. Conryctik KazakcTaHHBIH aFbIH-
CBI3 JlaNia KeJJiepi MaHbI3IbI DKOJOTUSIIBIK, KYHJIbI-
JIBIFBI 0ap MaHBI3/IbI KOXKYHenep O0JIbII TaOblTa bl
Omnap OMOPPTYPIITIKTI caKTayJa MaHBI3IBI POJ aT-
KapaJipl, Tipi Opranu3Mep YIIiH cy pecypcTapbIMeH
KaMTaMachI3 eTe]Ii, )KaHyapJapAblH OpTYpIIi Typiie-
piHiH Ko0ero XKOHE KOHBIC ayJjapy OpbIHAAPbI PETiH-
Jie KbI3MET eTeJli )KOHE OJIapJIbIH 300TUIAHKTOH/IBIK
KaybIMAACTBIKTApbl OCBI CyJapAblH TPOQUKAIBIK
JKETICIHAe eIy per atkapans! [13].

AkMona OOJIBICBIHBIH ayMaFrbl JKOFapbl pa-
JTMOAKTUBTUIIKTIH TAaOWFHU JKOHE TEXHOTECHIIK KO-
pinicrepine OaiinaHbICTBI OipKarap pagualusUIbIK
(hakTopiapapIH OOTYBIMEH CHIATTANAIBI, OJap IbIH
HETi3riiepi TaOUFH PaJUOAKTUBTIIIKTIH KaJIbIITaH
TBIC JKOFApbUIAYBIHBIH KOINTereH y4ackesepi, ypaH
KEeH OpBbIHIApbl MEH KEeH KepiHicTepi, coHAal-ak
ypaH keHimrepi MeH 0acka na maigansl Kazoamap-
Il OHIIPY KOHIHJET KOCIMOPBIHAApABIH iecre
ypaH MUHEPAITJAHYybIMEH KOIDKBUIIBIK, ayKbIMIIbI
KBbI3METI OOJIBIN TaObLIaAb! [14].
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Conrycrik KazakctaH arbpIHCHI3 Keujepi Ker
OHIp pEeTiIHIE — CyJaphbl KOFapbl MUHEPaJIaHybl
Oap, pamunoakTuBTi AnmementrepAin (PAD) eneymi
KOpJIApBIH XKWHAKTAayFa KaOiJeTTI TYNTIK IIOTiH-
JIJep HBICAHAApPHl PETiHJE KOpIIaraH OpPTaHBIH

JacTaHy JEHTeWiH aHbIKTay MAarbI3[bl CaHaJaJbl.
OxraynanfaH cy KOWMaJapbIHBIH TYOiHJEr! 1Ie-
riHAIep i 3epTTey Ka3ipri re03KO0JIOTHSIHBIH Mepc-
MEKTUBANBIK, OaFBITTAPBIHBIH Oipi OombIT TabbLIa-

nbl [15].

AKMoita 0bIBICBI AYMAI'BIHAAL'BI
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1-cypeT — AKMorna oONIBICHI ayMaFBIHIAFb! PEKYTbTUBALMSIIAHFAH YPAH KEH OPBIHAAPEI

Kazakcran PecnyOmukaceiaeiy Ykimeri 2001
XKeUTFBI 25 mrinaeneri Nel1006 kayapIcbIMEH OSKiTiI-
reH «Kazakcran PecriyOnukachIHBIH ypaH oHIIpy1Ii
KOCITOPBIHIAPBIH KOHCEPBAIUSIIAY JKOHE YpaH KeH
OpBIHAAPBIH UrepyIiH 3apAanTapblH K00» Oarnap-
naMachel IeHOepiHae KYMBICTAp/Ibl JKy3ere achlpy
YILUiH pecryOauKabIK, O0IKeTTeH 4,2 MIIpI.TEHIe
coMachIH/Ia KapakaT Oeuinai [16].

Kazakcran PecnyOmukacer Yxkimerinig 1998
KbUTFBI 21 sxenTokcanmarel Ne 1311 kaymbichIMeH
«YpaHTUKHIPYJHUKY» PECITYOIMKAIbIK MEMIICKETTIK
KOCIIOPHBI KYphUTIBL. barapnamManbiH OpbIHIQYIIbI-
Cbl — «Ypammkuapytauk» PMK Gonbir TaObuiibL.

3a030pHOC KCH OpHBIHIA OaFmapiamMara CorKec
KeJleci )KyMbIcTap Kyprizingi

- aBTOMAalllMHaNap MEH >KaOJBIKTap/bl 3aiaj-
CBI3IAHIBIPY, KYY ITyHKTIH caiy;

- FUMapaTTap MEH KYPbUIBICTAPJIbI 3aJIAJIChI3-
JaHIbIPY;

- FUMapaTTap MEH KYpBUIBICTAP/bl KOHCEpBa-
ousiay;

- Kekcop kemniH pekynpTBanusiay;

- YHIHAIEpl KaJmbiHa KeNTipy;

- [I3PO-n1a 6anaHCTHIK KeHIi KOMY;

- aBTOXOJ KYPBUIBICHI KOHE Ca3laK KapbepiH
cay,

- Mall JKUHayFa apHaJFaH TYHJBIPFBIII MIEH pe-
3epByap caiy;

- Kexcop kesxine aBTosxo caiy;

- aJaHIMIIIK aBTOXOJAAp MEH KipMme Temip
YKOJITAp/IbI KAJIIbIHA KENTIipy;

- abaTTaHbIpy JKOHE KOTraJlaHABIPY.

TacTeIkesT KeH OpHBIHA HETI3ri JIacTayIibl pa-
JIMOAKTHBTI 00BbeKTUIep Komemi 1 246 MbIH M® Oa-
JIAHCTBIK KOHE OaTaHCTaH THIC KeHISPAiH 4 YHIHIIC]
00BN TaOBLIBI KOHE ayMaFbl 15 ra KoplajiMaraH
Kapbep Oenrini 6ip kKayin TeHmipemi. 1986 >KbuTbI
Ne9 maxracel koHcepBanmsIangsl, NeS KapbepiHiH
OamaHCTaH THIC YHIHIICIH KaJIMblHA KENTIpy KY-
MbICTapbl 1989 KbLIbl asKTaIIbI.

barmapmamansr icke aceipy 6apsickiaa No3 keH
OackapmachIHbIH (3a03epHoe koHe TacThIKea KeH
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OpBIH/APHI — aTall aTKaHAa) ayMarblH HKOJOTHUs-
JIBIK, CAyBIKTBIPY KOHIHZIET! OipiHII Ke3eKTeri Ke-
Jieci ic mapanap KapacThIpbUIIBL:

- No8 xeHirmiHig 6araHCTaH THIC YHIHIUTEPIH 5kady;

- OaylaHCTaH THIC YHIHIIHIH pajloHFa Kapchl kKa-
ObIHBIH KanmbiHa kentipy Ne 9 kenimri (Tacteiken
KEH OpHBI);

- No8 keHimmiHiH TayapiblK KEH KaJIIBIKTapBIH
KoMy (KEeH OpHBI 3a03epHoe);

- No§8 KeHINTiHIH OHEPKOCINTIK aJIaHBIH KOPIIay-
IbIH OYKiT mepuMeTpi OOHMBIHIIA P aJHallUsUIBIK
KayINTUTIK eCKepTy OeNTijepiH OpHATyMEH KOpIIIay;

- KOpLIayJIap/IblH epuMeTpi OOMBIHIIIA ECKEPTY
Oenrinepin opHaTa OTHIPHIN, NeY KeHilIiHIH Kapbe-
PiH KOHE OHEPKACINTIK aIaHBIH KOpILAY.

XKacannpl kapbep KoJiHIH Y3BIHIBIFBI IIaMa-
MeH 100 M, eni 35 M xoeHe TepeHuiri 150 M Ky-
paiinsl (2-cyper). Kenimrepre »akblH OpHaTacKaH
3ao30pHOe ayblibl bipskaH can aygaHHBIH COJNTYC-

TIK-IIBIFBIC OOJITIHC, ayIaHHBIH OKIMIIJIIK OpTa-
TbIFbl — CTEMHSK KalachblHAH COJITYCTIK-IIBIFBICKA
Kapai mamaMeH 40 makbIpbIM KalIbIKTBIKTa OpHa-
JacKaH. AOCOIOTTI OMIKTITI-TeHi3 AeHreiinen 248
MeTp. KimmaTsl CybIK-KOHBIpKaH, BUIFaIABUIBIFBI
xakchl. Opraina KbUIIBIK aya TeMIIepaTypachl OH
skoHe mamMamen +3,3°C, mrimeaeri oprama anibIK
aya Temmeparypacel +19,6°C-ka xereni. Kanrap-
JbIH OpTamia aiJiblK TeMIepaTypachl IIaMameH
-15,5°C, oprarma >KbUIIBIK, KaybIH-IIIAIIBIH MOJIIIe-
pi mamamen 405 mw. JKaybIH-IIAIIBIHHBIH HET13Ti
Oeiri MaychlIM MEH TaMbI3 apalibIFBIHIA TYCE.
JKakpia enni MexeHaep: AHABIKOKA OATBIP aybLIbI-
OarpicTa, AHFan OaThIp aybUTBI-CONTYCTIK-OaThIC-
ta, Kpacnodmorckoe aybuibl-mibiFbicTa, KeHamst
aybutel — OHTYCTiKTe. KeHT aymarbiHaH «3ao3ep-
Hoe — AKcy» TeMip xonbl Oactanaisl.Ockl TeMip
KOJI apKbUTbl Tayapibl KeH CTEmHOropcK Tay KeH
KOMOMHATBIHA JKETKI31TII OTBIPFaH.

2-cypet — Ne9 maxra Ne5 kapbepi OpHBIH/IA KaJIBIITACKAH >KacaH bl KOl

Marepuajgap MeH aicTep

Cynbl paguanusuiblk, Oakpuiay YHBIMIIACTHIPY
JKOHE JKYPri3y TapamnblHaH KHWbIH 3epTTeyyep Karta-
pBIHA KaTajbl. AJFAIIKbl aHBIKTAyFa CYIBIH alib(a
skoHe Oeta Oencenpimiri xaramsl ([17]. Cy cerHama-
napbl 2024 KbUIIBIH >Ka3 albIHIA,IFHA MayChbIMa
aBIHABI, ce0ebi KOKTeM MEH Ky3 Me3TUIIepiHe Ccy
TACKbIHBIHBI JKOHE Kap epyIHEeH KeJCTIH cyJap Jiac-
TayImIbl 3aTTapasl KarThl cydbiiTansl [18]. CoHFBI
JaNanbIK KyMbICTapFa 00C KBIHBICTApABbIH YHIHII-
JIEpIHAETI TaMMa-CoyJIeJICHy JO03aChIHBIH KYaThIH
emmrey No9 (Tacteiken) xoHe N8 (3a030pHOE) Ke-
HIIITEpi ayMaKTapblHAA XOHE KCHIIMTEpre >KaKbIH
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opHanackan Maiineicop, Tacteiken, Kexcep (N8
(3a030pHOE) KEHINIIHIH MIaXTAIBIK CyJapbl TOri-
reH), Ne9 (Tactbiken) keHimiHiH Ne5 kapbepi aymak-
TapbIH KaMThIIel. Ominey sxymbictap PKC-01-COJIO
pazuoMeTp-103UMeTpi KOMeTiMeH JKyprizinmi. On-
ey KyMBICTapbl MEMIICKETTIK CaHHTAPHSIIBIK-OITH-
JIEMHUOJIOTHSUIBIK, KaJlaFasiay KOMUTETI TOpaFachIHbIH
2011 »xbutrst 8 KpipkyHekTeri Ne 194 «Paauaiusiibik
rurueHa OOMbIHIIA YCBIHBICTap) DAICTEMENIK Kypaj-
Japiel OeKiTy Typaibl OyHpbiFpiHa Ne 4 KockIMIIIara
caiikec xyprizingi. Conmai-ak, OapiabFbl TYNTIK HI6-
TIHJJIEp MEH Cy ChIHaMallapbIHbIH 13 yIiri-chlHama-
CBI JIBIHBI, OHBIH IIIiHAEC 6 TYNTIK MOTIHTI YITici
7 OeTkell cy HBICAHAAPBIHBIH yirici. TynTik 1merin-
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minep ynrizepi 5-10 cM cblHama any TepeHAiriHae
KOPANTBIK, ChIHAMA aJTy KYPBUIFBICHI apKbUIbI aJTbIH-
1l xoHe 500-men 1000 r meiinri AMana3oHIarkl Chl-
HaMayap anbiHJbl. BapiblK yiriiep repMeTHKaIbIK
MOJIMATUIICH TIAaKETTEpre MYKHUAT OpHAJIaCTBIPBLIIbI
KOHE OfIaH dpi Tajay YIIiH 3epTXaHara JKeTKI3UIIi.
Cy cplHaManapblH ay Ke3iHJge dp HYKTEri Cy ChI-
HaMaJIapBIHBIH cinTiTik (pH) meHreiii xara3 WHIN-
KaTopJap apKbUIbl emeHin oTelpasl. Cy cblHama-
napeiH ipikTey «Pammanmsnbik Oakpuiay. XKep ycri
JKOHE aFbIHJBI CYJIapblH chiHaManapsid any» KP CT
1545-2006» cotikec xyprizimmi. Cy meriHmaiiepIin
ceiHaManapsiH ainy «l'uapocdepa. Jlacranyra Tannay
JKacay YIIH Cy OObeKTUIepiHiH TYNTIK MeriHUIepiH
ipikTeyre KOWbUIATBIH Kaimel Tajdantapra» MemCT
17.1.5.01-80 coiikec TaHmanmel. TymTiK THOTiHII
YATIEpl TYPAaKThl CalMaKKa >KETKEHILE KeNTipuIi.
OpOip KeNTipUIreH yiri KepaMUKAJIbIK epiTiHjiae
ycaKTasFaH koHe eney yuriH 20 ysAmbIK eqmeMi 6ap
enekteH oTKi3umi. CelHamanmap CTaHAapTKa Coii-
KEC MIaXTaJbIK Cy TOT1HALIEP] OPbIH ajiFaH ayMaKTa
anbIHB (3-Ccyper).

TaOuru cynapparbl anbda xoHe Oera coyie
NIBIFAPATBIH  PATUOHYKIHITEPIIH JKUBIHTBIK Oel-
CCHJIUNITH aHBIKTAY KeJIeCiiel oaicTeMe apKbl-
JIBI JKYPTi3iiAl. OMICTEMEHIH HeTi3ri MoHI Oymany
9IICIMEH CblHAMa KOJIEMiHEH YIINANTBIH paauo-
HYKITUJITEP KOCBIHJIBICBIHBIH —KOHIIEHTPAIUSCHIH
aHbIKTay OonbIn Tabbuanel. Kenmemi 1 nutp ceiHa-
Ma BICTBIKKA TO3IMIi 2 JT CTaKaHFa aybICTHIPBUIIBL.
Yrini KOHUEHTpauusUIaHFaH a30T KBILIKBUIBIMEH
pH=1-2 neiiin KBIMIKBUTIAHIBIPHUIIBI JKOHE YITiHI

90 rpagycran acmaidTelH Temnepartypaaa 100-150
MJT KeJiemre Aciin Oymannblpeuinbl. bipriamemn yii-
rifi ¢papdop mwbIHBIASKKA KYHBII, KeIeMHiH 2/3 0e-
JITIHEH acMaThIHIAN eTil OyJIaHyIbI )KATFACTHIPHLI-
JIbI J)KOHE CTaKaHHBIH KaObIpranapbiH 20 ¢M® BICTBIK
1 M TY3 KBIIKBIUTBIMEH HIAHBIT KOHE HET13T1 epiTiH-
nire Kocburael. OfaH opi ToCTaFaHIAFbl epITIHAIHI
JBIMKBUT TY37apFa JICHIH OyJaHIbIPBII JKOHE TIell-
TEH WIBIFAPBIN CYBITBUIIBL 1:1 KaThiHACKIHIA 2CM?
KYKIPT KBIIIKBUIBIH KOCBII, KYKIPT KBIIIKbLIBIHBIH
Oybl JKOFaiFaHIla OyJIaHAbIpbULALL. YJriHi 1 carat
kenmeminne 350 rpamgycka neitin Mydenpai memre
KbI3AbIpbULABL. EcenTey ynricin  maliplHAan aiislii
anbda-6era pamnomerp YM®D-2000 maiimanaHbIIl,
emuey yakbIThl 1000-nan 5000 cekyHnka aeiin e-
ey JKyprizuimi.

3epTTey TOOBIMEH €Ki KE3CHJIK paJHallvsiIIbIK
OakplIay MPUHIMIIH KOJTaHa OTHIPHIT OipiHII Ke-
3€H€ IKCIPECC MHANKALUSIIBIK DJIICTEPMEH >KaJIIIbl
baxpuiay kepcerkimrepi (bk/kr, bk/n) alikpramai-
JIbI, OOBEKTIHIH PaUAIMSIIBIK KAyICIi3/IiK eJIeM-
JIepiHe COUKECTIT1 (HeMece COUKecCi3Iiri) OenTiieH-
Il JKOHE CyJIbl OJ1aH Opi 3ePTTCYAIH OPBIHIBUIBIFBI
TypaJbl MOcele IenTinei:

AZa+ Ao <0,1
AXB+AB<1,0

AXo xoHe (Hemece) AXP KepceTKimTepi
aChIlT KETKEH aFmaija — eKIHII Ke3€H — CYIbIH
PaAMOU30TONTHIK KYPaMbIH €TKeH-Ter e 3epT-
Tey JKy3ere aceIpbuiansl [19].
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3-cyper — 3epTTelneTiH ayMaKTa ChIHaMa ajly HyKTeJIepiHiH Tapaysl.
T — Tynrik werinaiiep yiriaepin, an C — ¢y chlHaManapsl yIrijiepin oingipeni
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Hoaru:xesep

1. 3eprenreH aymakTarbl OeTKeH Cy HBICaH/a-
PBIHIAFBI TYNTIK MIOTIHIUIEPAIH anbda jkoHe OeTa
Oencenaimiri

Pammonykmuarep TeHi3 sKoXyieciHmeri 0ed-
HICKTEePre KaObICHII, aKbIPhIHJIA IIOTIH/IIICPIC KH-
Hanael. HoTmkecinae merinainep cy Karaaibiaaa
JIACTaHY/IBIH MaHbI3IbI Ke31 Oombin [20]. Taburu
CynapJarbl paJHOHYKIUATED OENCeHIITITi Cy JKbI-
HBICTAPBIHBIH KYpPaMbIHA, OJIAPJIbIH T'COJIOTHUSIIBIK
KYPBUIBIMBIHBIH JKEPTITIKTI XKOHE aifMaKTBIK epeK-
HIeTKTepiHe, Cy TypiHe, KIMMAaTTBIK JKaraaiiapra
JkoHe T. 0. OaimanbICThI [21].

Byn 3eprreyne TaOuWFu pajgMoOHYKIMIATEPIIH
OeNCeHMITIKTEPiH CaHBIK aHBIKTAy YIIH AKMOIa
o0unbickl, bipskan can aynaHbl aymarblHAarsl Maii-
nmeicop (2 HYKTe, 2 chiHaMa — (DOHIBIK ChIHAMA),
Ne9 kenimtin Ne5 kapbepineH, TacTbIken KeJiHEH
xoHe Kexcop kemineH(Ne§ maxTaHBIH MIaXTaJBIK
JaCTaHFaH CyJapbl TOTUIreH) OapibIFbl 6 TYNTIK
MIeTIH/INep ChIHaMaIaphbl abIHBII, TAAaH b Taj-
nay anb(da-oera paguomerp YM®D-2000 maiiganany
ApKBUTBI XKYPTi3ii.3epTTeNeTiH ayMaKThIH Cy/IaFbl
MEH TYITIK MeriHIUIepiHaeri TaOuFu paguoHyK-

muaTepAiH anbda xoHe Oeta Oencenniniri 4 cypert-
T€ KOpPCEeTUIreH.

TynTik mwerinainep TaOWFU Cy HBICAaHAAPbI-
HBIH PaJIMOJIOTHSJIBIK JIACTAHYBIHBIH €H aKIapaTThl
KepceTKimi Oonpin Tabbuagsl. TynTik merinaiaep
anbda KoHe OeTa OeJICeHILTIT eH YKOFaphI Cy ChIHA-
MaJIapbIHJaFbl KOPCETKIIITEpPre coOWKec Keneai, eH
yiken kepceTkin Ne9 kenimrtia No5 kapbep TYNTIK
merinainepinge 510 bx/kr xone 240 br/kr apaibi-
reinga, Tacteiken keninge 260 bx/kr sxone 120 Bk/
Kr apanblrbinna, Kekcop xeminin Ne2 ceiHama amy
aykrecinae 250 br/xr xone 180 Br/kr, (hoHABIK
KOPCETKIIl PEeTiH/E CaBICTBIPMAIbI JIACTaHy bl Oa-
Fajay MakcaTbhlHJa CblHaMa aJbiHFaH Maiibicop
keuinzaeri Nel xone Ne2 Hykrenepaeri anbga sxoHe
OcTa OenceHAUTIK HOPMATUBTIK KepceTkimTeH 200
bx/xr xxene 100 br/kr temen. Kazakcran Pecmy0-
JMKAchl HOPMATHUBTIK KYXaTTapblHAA TYNTIK III6-
TiHIUIepeT] koHe TaOuFU cynapAarbl ajdb(a jkoHe
Oera OeJCEHIUTIK HOPMATHUBTEPI OEKiTLIMEreH.
Amnaiina, Tabury cynapaarbl OCJICEHAUTIKTIH aybl3
CyFa apHaJlaFaH HOpMaTHBTEpIeH (anbda Oencen/mi-
mik Oowpinma 0,1 bk/kr, 6eta OelceHaiTK OONBIH-
ma 1,0 BK/KT) ackIlm KeTKEeH Karmaniaa paguoXuMus-
JIBIK DIICTEPMEH TOJIBIK, TaJJIay JKYPri3yre Karaibl.

H BeTa OenceHaimiK
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Manasicop keai  Kapeep NS

Kekcop keai

4-cypeT — 3epTTeNeTiH ayMaKTapAbIH TYNTIK W6rinaijiep yiricinae
PanTuMOHYKIHATEPIiH aabda xoHe OeTa OeICeHALTIr KOHIEHTPALUICHIHBIH 03repyi

2. 3epTeiireH aymMaKTaFbl TONbIPaK Mpogu-
JiHiH 0eTKi Ka0aTTapbIHAAFBI Y-CayJIeJIeHy 103a-
JIapbIH eJIlIey

JKymbicTeiH OipiHmm Ke3eHiHIe 00C KBIHBIC-
TapJbIH YHIHIIEpIHIeri X0He 3epTey HbICaH[a-
pBI-OeTKel cy HbIcaHgapbl ayMaKTapblHIa raMma-
COyIIeJIeHy J03aChIHbI Jkep OeTiHeH 1 MeTp >KoFapsl
neHreiii pagmometrp — aposumerp PKC-01-COJIO
KOJITaHa OTBIPBIN Kyprizinmi. CoyneneHny 103achl-
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HBIH KyaTbIH ©JIIIeY HOTHKENepl HeTi3iH/Ie 3epTTe-
TeH ayMaKTa paJIMOAKTUBTI JIACTaHy JCHIeHl )KOFa-
PBI ydacKeliep aHbIKTAIbl. AJIBIHFAH HOTIKEICP/I
Tanaay paluoaKkTUBTI IACTaHFaH ydackenep iy Ne 8
skoHe Ne 9 mraxranapra sxoHe Ne 5 kapbep ayMarbl-
Ha JKaKbIH OPHAJACKAHJIBIFBIH KOpceTTi. J03aHbIH
aMOMEHTTIK SKBHMBAJICHTIHIH KyaThl | M KallIbIK-
TBIKTa OCHI OOBEKTUICP ayJaHBIH/IAFbl KEep THICIH-
e 0,76-,0,86 Mmx3B/car kypabl. [llaxtanapabiy ay-



A. Hypaxmer xoHe T.0.

MakKTapbl KOpIIaJMaraH, FUMapaTTapbl OY3bUIFaH,
paguaIsUTBIK, KAYITTITIK OeNTiiaepi )oK,

Ph mennepi (Ypu-pH nHAMKATOPIBIK >KOJAK-
Tapsbl) ipiKTeNTeHHEeH KeHiH OipieH OJIIeH Il JKOHe
’Ka3puiapl.  Maiinbicop, Tacteiken, «KaMeHHbIN
Kapbep» Cy ChIHaMallapbl 9JICi3 KBIIMIKbUITAHFaH,
pH moHnepi 5,5-6,8 apanbirbiaga, nereaMex, Kok-
cop (2 mykrene), Ne9 maxta Ne5 kappepi pH mMoH-
JIepl apThIN 8JICi3 KBIIIKBUIIBIKTAH KBITKBUT MOHTE
ne. pH moengepi 7,0-11,5 monmepi apanbFbHaa

tipkenai. Ochutaiiia, 3epTTENETIH alMaKTarbl
Cy OpTachl TEXHOTEHIK ocep OOJFaH ayMaKTaH,-
TEXHOTEH/IK 9CepliH ©JCi3 ayMaKTapblHa AEHiH
OeifTapamn oici3, KbIIIKBUI OpTara JIEWiH e3Tepii.
pH wmoni 5,5 Ten 11,5-re peiiin e3repai, cy Kypa-
MBI KOTITETCH METallI CyIbGUATI MUHEpaIIapIaH
(MBICaJBl, MUPHT KOHE T.0.) TYPATHIH MOIUOACHUT
00JyBl MYMKiH JX0HEe Oyl MUHEpanjap cyna epi-
TeHHEH KeiiiH cyabiH pH aeHreiiin sxorapsliaTaisl
(Kecre 1).

1-kecte — KeHinrep aymMarbIHAaFbI )koHE OCTKEIl Cy HBICAaHAAPhl ayMaFbIHaFbl raMMa-TycipiziM naTnxkeci skone pH mangepi

MO y -
pH coyneneny (MK3B/c)
CpIHaMa ajy OpbIHBI (MK3B/)
min | max | opraiia

KP OoiipiH1Ia pYKCAT €TUITeH ACHTeH 0,3
JKeprimikri xepain Taburn GoHsI 0,10-0,12
Maiinbicop ke 5.5 0,09 0,32 0,205
TacTeIkem Kol 6.5 0,14 0,40 0,27
Kapwep Ne5 7,0 0,08 0,86 0,47
Ne8 xeHinr aymarbt 0,09 0,64 0,36
Ne9 keHinr aymarbt 0,18 0,78 0,57
Kexcop kemi 11,5 0,10 0,27 0,18
Kamennslii kapbep 6,0 0,10 0,12 0,11

3. 3epresiren aymakrTarbl 0eTkeil cy HbICAH-
AapbIHAAFBI CYbIH ajJb(a kaHe OeTa OesiceHi-
JIKTepiH eJiiey

3eprreninin oTeipFad aymakTa (10 maksIpbIM-
JIBIK) TYPaKTHI aFbIHIBI ©3eHAep KOK,Kexcop,Maii-
seicop, TacTeiken Ty3nbl kesjiepi opHanackan. Co-
HBIMEH KaTtap, peKyibTBanusanrad Ne9 mraxrachl,
Ne5 kapwepinin cy anadbl, «KameHHBIH Kapbep» cy
ajanrapbl OpHallacKaH.3a030pHOe koHe TacThIKel
PEeKyJIbTUBAIIUSUIAHFAH YpaH KE€H OPBIHIapbIHA JKa-
KBIH OpHaJIaCKaH OeTKel Cy HbICaHAapbhIHA OapIbl-
FbI 7 OETKeH Cy HbICAHJAPBIHBIH YIITIiCl aTbIHIIBI.

Taburu cynarbl anbda xoHe OeTa OeNCeH/UTIK
KOHIIEHTparusIchl No§ MaxTaHbIH MIaXTaJbIK CyJia-
PBIHBIH TeriHAici opbiH anraH Kexcop keminme 2,5
bx/n xoene 1,2 Br/n apaibiFbiHaa, €H YIKSH Kop-
ceTkim Ne9 kenimtiy NeS5 xapeep cysiaaa 9,8 bx/n
skoHe 2,7 Br/nm apanbirbiana. @OHABIK KOPCETKIII
pETiHIIE CalBICTHIPMAIIBI JIACTAHYABI Oarajay Mak-
caThlHJa ChIHAMa aJbIHFAaH MaIbIcOp KeJIiHeT1
Nel xone Ne2 mykTeneperi anbga xoHe Oera Oen-
CEHJIUTIK HOPMATHBTIK KOPCETKIINTECH oJiieKaliia

tomeH — 0.08 bx/m xone 0.4 bx/m apanmbFeHaA.
Kexcop, Tacteiken, NeS xapbep cy chlHaTapbIHIAaFbI
paaroHyKIuTep OEJICEHIUNIr aybl3 CyFa apHaFaH
PanMOHYKIMATEPIIH PYKCAaT ETUIreH JAeHrediHeH
(ampda 6encenninik ymrin — 0,1 bx/kr, 6era-6erncen-
ninik ymid — 1,0 Bx/kr) xorapsl. JKUBIHTBIK anbga
JKoHe OeTa OelCeHIUTITIHIH MOHACPIHEH achIl KEeTy
MYHJIall CYJIbIH PauaIFsUIbIK KayiTci3 ik TanamnTa-
phIHa coiikec KenMeHTIHIH Ourmipmeiimni. MyHmai
KaFaaiaa Herisri J03a TY3ETiH paJnOHYKIUATEp-
IIH YJIeCTiK OeNCeHAUTITIHIH MOHACPIH alKbIHIAN
OTBIPBII CYJBIH TOJBIK PAAHOHYKIHUATIK TalAayblH
JKOHE MaMachlH €CeNTeyi XKyprizy Kaxker. Kemeci
3epTTeyJepAl MOHICPAIH KOFaphl KOPCETKIIl Kop-
CETKEeH Cy HBICAHJAPbIHJA CYJNapIblH (UIUKO-XHU-
MUSUIBIK TaJIAaybIH )KOHE HETi3T1 paAHOHYKIHATEP 1
aHBIKTAy OOMBIHINA 3ePTTEY JKYMBICTAPBIH KYPTi3y
KocHapJyianslll oTeIp. TaOuraTTa pagnOHYKIUATEP-
niH 6era Oemcenaimirin 1 Bx/kr apTysl eTe cupek
Ke3Jlecei,0Mal apTKaH JKaFjgaijga cy KypamblHIA
KOJIJaH Taia OoNFaH paTuoOHYKIUATEPIiH Oap
exeHnirin Oinmipeni. TaOuru cymapnarel anbga
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Oencenninik aneMaeri oprama moHi — 0,4-0,8 Bx/
KT apalibIFbIHJIA, DJIEMJIIK 3epTTeyIep/IiH KOPCETKCH
HOTHKEC1 OOWBIHIIA HAKTBl PAAHALMSIIBIK, MOCENe
cynmapaarbl anbda Oencenninik 0,4-0,5 Bx/kr apa-
JBIFBIHAA OOJFaH/Ia TyBIHIAYbl MYMKIiH [22].
Taburm paguoakTHUBTI MaTepuaiiap KONTereH
TaOuFK pecypcrapaa kKeszueceli. OHIOIpy KOHE OH-
Jiey Ke3iHJe PaJMOHYKIUATED KaIJBIKTapFa aybl-
caJipl, oJlap 9ACTTEe OHMIpiC OPHBIHAAFBI YHIHAIICD
MEH KaJIBIK KOWMaslapelHIa >KOUbLTanbl. Keitbip
Tay-KeH KOCIIOPbIHAApHl KOpILAFaH OpTara ocepii
a3alTy YIIiH THICTI OacKapyasl )KOHE THICTI OaKbI-
Jayabl Ky3ere acelpMmaiiabl. HoTwkecinne paano-
HYKIWJITEp IaxXTa KaJJIBIKTapblHAH ayara, TOIIbI-
paKka XoHe ’ep YCTi CyJIapblHa MIbIFapblUIaabl, Oyl
XaNBIKTBIH JCHCAYIBIFBIHA Ocep erei [23].
3eprreyne KexceHrip KeH TOpaObIHBIH KY-
pambiHa KipeTiH 3ao3epHoe jkoHe TacThikenm KeH
OPBIH/IAPBIHBIH OeTKel Ccy HblaHAapblHAa dcepi pa-
TMOIKOJIOTHSIIBIK, Oara Oepinren. Exi KeH OpHBI
Jla TeHEeTUKaNbIK Oiperedl ypan-pochop cyodop-
ManuschiHa xkaTtanbl. Ken operamaper 1956 — 1992
MOK. apaJIbIFbIHIIA KYMBIC iCTeall, ypaH KeHiH OHi-
py OaphIChIHIAa KOTITEreH JIACTAHFAH PaTHOAKTHBTI
KaJABIKTap, CyFa TOJNTBHIPBUIFAH Kapbep KaJbIlTac-
TBI, JJACTAHFaH IaxTa cynapsl Ty31sl Kekcop ke-
JiHe KYHbUIOBL. ATanraH (akTopiap KeHimTepre
JKaKbIH OpTallacKaH eJJli MEKEHJEp TYPFhIHIAphI
JIeHCAYJIBIFbIHA 3USHBIH TUTi3y MyMKiH. Ceiprapus
ypaH KeHl NMPOBUHIIMICH ayMaFbIH/Ia KYPTi3iUIreH
SMHUIECMHOJIOTHSUIBIK, 3€PTTEYAIH HOTIDKENEpl Ky-
MBIC iCTEN TYPFaH YpaH KEH OPBIHJApPbIHA YKAKbIH
OpHaJlacKaH eJjii MEKEHAEPIiH TYPFhIHAAPHI apa-
CBIHJIa aypYJap/IblH KOFaphl TApATybIH KOPCETKEH
[24]. Eptepekre xypriznren 3eprreyniep ConTycTik
KazakcranueiH 0acka ypaH keH opwiHIAaps! (Ecii,
Hlaknak, bankamun) keH yiiHainep ydackenepinie
ayBITKyJIapabiH O0NybIH Kepceremi.Mocenen 3ao-
3epHOE ypaH KEH OPHBIHBIH IIaXTa CyJapblHBbIH ya-
KBITIIIA )KHHAKTAYIIB TOFaHbl 001FaH Kekcop ke
TYOIHJETI MeriHaiIepae paaAnoMETPHUSsIIBIK aHOMa-
TSI aHBIKTallFaH. AHOMAJHSHBIH 0acTalybl-1IIaxTa
CyJapbl aFbI3bUIATHIH XKEpJe, asKTalybl — TOTY Op-
HeiHad mamaMmed 300 M KaIbIKTBIKTa. AHOMAJIHS-
HBIH (hOpMachl ChI3BIKTHIK, OHBIH eHi 15-20 M >xoHe
TOT'Y OpHBbIHAH ajbICTaFraH callblH YJFalMaiiibl.
W3oMeTpusiblK MilIiHAI TOFaHaFbl aHOMAJIASTHBIH
CBI3BIKTHIK TYP1 KO3JICH aJIbICTaFaH CaliblH JIacTaHy-
JIIH KeHEIOIHIH JKOKTBIFBIH Kepcerei [25].
2001-2010 xwmmaper Kazakcran Pecrmy6mu-
kacel Kenec Opnarel Ke3iHae maiiagaHblUIFaH ypaH
Mypachkl OOBEKTIIEPiH Kayirci3 Kyire kenripy 0o-
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HpIHIIa KyMbIcTap Kyprizai. 2004 kel 3ao3ep-
HOe koHe TacThIKes KEHIMTEpiH KO XKoHE KOH-
cepBalysIay XKyprizngi. Anaiaa xKor0 KyMBICTapbl
asKTAIFaH COH TOCMOHUTOPHHTTIK )KYMBICTAp KYp-
ri3Melli, PeKyJIbTUBAlMs >KYPri3UIreH aymakTap
MEMJIEKETTIK OpraHzap OasaHChIHA OepiaMereH.
Kazipri yakpITTa, peKyJIbTHBALMS KYpPri3iireHine
21 kb1 ©TKeHIH ecenterenae, 2005 >xone 2009
KbU1Aapbl Kazakcranra ATOM 3HEPTUSCHI OOMBIHIIIA
XaJbIKApalbIK, areHTTIK capariibUIapbIHbIH KBICKA
Mep3iMIi camapiapbl Ke3iHAe JKYPTi3reH jKekese-
reH 00BEeKTUIepAIH KO30€H MIOJBIN OaKblIayIapblH
ecenTeMereHie, OpbIHAAIFAH ic-IIapajapAblH ca-
MachlHa capamnTaMaiblK Oaramay koK. «3Jko-Cep-
Buc-C» XKUIC mamannapeiaeig 2012-2014 sxypri-
3UIT€H MOHUTOPHHT HOTHKEJIEPiHE COIKEeC aTalFaH
ayMakTapjia KeH YHIHIUIepiHiH KapbIKIIaKTapbl-
HBIH MMaifia 00JTybl, paTuaIiusIIbIK, KayinTiaik Oenri-
nepiHiH OonMaybl, FUMapaTTapIblH OY3bUTYbI CHSIK-
ThI )KAUTTap/Abl aTall OTKEH.

KopbIThIHABI

byn 3eprreyne Axmona oOmbIckl, bipxkan can
aynaHbel ayMmarblHAa TacTbIKes XoHe 3a030pHOe
pEeKyIbTUBAIMSUIAHFAH ypaH KEH OpbIHJapbIHA
JKaKbIH OpHaJlaCKaH TaOWFU Cy HBICAHJAPBIHAAFbI
pPamTuoOHYKIUATEPAIH anbda skoHe OeTa OerceHmi-
JK KOHIEHTpaUUsIapbl, KEHICTIKTIKTE Tapaiysbl
camartaiabl. bynm 3epTTeymiH Makcatel AKMOJa
00mbIcel, bipxkaHn canm aynaHel ayMarbIHIAFbl pe-
KyJIbTUBALlMSIAHFAH YpaH OHJIpy alMarbIHIaFbl
PaIMOHYKIUATEPAIH KOHLEHTPAMSICHI, Tapalybl
JKOHE BIKTUMAJI KAYINTepi Typassl iprefi akmapar
oepy.

Taburu cynarbl anbda skoHE 6eTa OSICCHIUTIK
KOHIEHTpanuschl Ne§ IIaxTaHbIH MIaXTalbIK Cyja-
PBIHBIH TOTiHAICI OpbIH anFaH Kekcop kemiHzae, eH
yJikeH kepceTkim Ne9 kenimrin Ne5 kapbep cybiHzna
koHe TacThIKeN KeJiHAC JKaaIbl UIEMIIK opTaiia
MOHJIep/IeH KoFapbl. TYNTIK IeriHiiep KOHIEHT-
panusicel 1a OeTked Cy ChlHaMaiapbl HOTHKeEIe-
pimen coiikec keneni. XKyprizinren ramma coyJe-
JIEHYI1 OJIIeYy JKYMBICTaphl HOTH)KCCIHIE YKOFAPHI
moHzaep Ne8,Ne9 kenim sxoHe NS kapbep aymakTa-
PBIHIA KOFApBI EKCHIH KOPCETTi.3epTTey TOOBI a-
JIaFbl yakpITTapJa 3epTTey ayMarblHIa MOHICPAiH
JKOFapbl KOpCeTKimn OaifiKkajFaH jKepiepjae Herisri
J103a TY3€TiH PaJHOHYKIHITEPAiH YIecTiK OenceH-
TITITIHIH MOHEPIH allKpIHIAH OTHIPHIT CyIBIH TO-
JBIK PaJMOHYKIUATIK TalAayblH >KOHE [IaMachlH
€CEeNTEY/Ii KYPTi3y/ai )Kocmapiam OTEIp.
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SELF-RESTORATION OF SOILS IN ZONES
OF TECHNOGENIC IMPACT OF METALLURGY
BY MEANS OF SOIL MICROORGANISMS

The East Kazakhstan region, including the city of Oskemen, is one of the main regions of the country
for the extraction of non-ferrous metals. The impact of heavy metals during the operation of industrial
facilities and their free storage lead to the spread of pollutants. Thus, an increase in the content of trace
elements (Zn, Cu) and the accumulation of heavy metals (Pb, Cd) affects the entire soil ecosystem. Soil
is an environment capable of self-regulation, in which, during the life of microorganisms, heavy metals
are converted into forms bioavailable for phytoremediation.

This article is aimed at correlating previously studied microorganisms with high tolerance to heavy
metals with local microorganisms in order to describe the reaction characteristics of strains of local mi-
croorganisms.

The selected bacteria and fungi showed a less stable reaction to high concentrations of heavy metals
due to the poverty of the soil. The most viable microorganism was the bacterium Klebsiella sp. It was
detected with a frequency of 64%. In light loamy soils, microorganisms showed higher survival rates
with significant concentrations of heavy metals.

Keywords: heavy metals, soil, microorganisms, PCR, remediation, bacteria, fungi.
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MeTaAAYprusiHbIH, TEXHOTeHAIK acep aiMMaKTapbIHAAFbI
TOMNbIPAKTAPAbIH, TOMbIPAK, MUKPOOPraHU3MAEPiHIH 63 6eTiMeH KaAmblHa KeAyi

LUbirbic KazakcTaH 06AbICHI, COHbIH, illiHAE ©CKeMEeH KaAacbl TYCTi METaAAAPAbl OHAIPY GOMbIHLILA
EAIMI3AIH Heri3ri anMakTapbiHbIH, 6ipi 60AbIN TaObiAaAbl. OHAIPICTIK 06bEKTIAEPAI NaAaAaHy Ke3iHAE
ayblp METaAAAPAbIH, 9Cepi XoHe 0AapAblH 60C CakTaAybl AACTayllbl 3aTTapAbIH TapaAyblHa SKEAEAI.
OcblAaiiiia, MUKPo3AeMeHTTepAIH (Zn, Cu) MeALlepiHiH apTybl K8He ayblp MeTaAapapabiH (Pb, Cd)
JKMHaKTaAybl OYKIiA TOMbIpak, aKoxyneciHe acep eteai. Tonblpak, — ©3iH-63i peTTeyre KabiAeTTi opTa,
OHAQ MMKPOOPraHU3MAEPAIH, TIpWIAiri KesiHAe ayblp MeTaasap uTopeMeAnaumns yiliH 6UoXKeTIMAI
dopmarapFa anHaAaAbl.

ByA Makaaa >KepriAikTi MMUKPOOPraHM3MAep LUTaMMAQPbIHbIH PeakUMsAbIK, CcunaTTamaAapblH
CUMaTTay YWiH ayblp METaAAApPFa XOFapbl TO3IMAIAIM 6ap GypbiH 3epTTEeAreH MUKPOOPraHU3MAEPAI
KEPTiAIKTI MUKPOOPraHM3MAEPMEH CaAbICTbIpYFa GaFbITTaAFaH.

TaHAaAFaH GaKTepUsSAAp MEH CaHblpaykyAakTap TOMbIPaKThiH, KeAeWAiriHe 6GarAaHbICTbl ayblp
MeTaAAAPAbIH XXOFapbl KOHLLEHTPaUMSICbIHA a3 TYPakTbl peakLms kepceTTi. EH emipLueH MUKpOOpraHuam
Klebsiella sp. OA 64% >MWiAiKneH aHbIKTaAAbl. XKeHiA cazabl TOMbIPaKTapAa MUKPOOPIraHU3MAEP aybip
MEeTaAAAPAbIH, alTapAbIKTal LLOFbIPAAHYbIMEH >KOFapbl TiPLUIAIriH KepceTTi.

Ty#iH ce3aep: ayblp MeETaAAAp, TOMbIPAK, MUKpoopraHusmaep, MTP, pemeanaumns, 6akrepusiaap,
caHblpaykyAakTap.
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CamMoBOCCTaHOBA€EHHE MOYB B 30HAX TEXHOT€HHOro BO3AeﬁCTBMﬂ
METAAAYPIrumn nNnoCcpeACTBOM NOYBEHHbIX MUKPOOPraHUM3moB

BocTouHo-KasaxcraHckast 06AacTb, B TOM YMCAe ropoa YCTb-KaMeHOropck IBASIETCS OAHWMM M3 OC-
HOBHbIX PETMOHOB CTPaHbl MO AOGbIUE LIBETHBIX METAAAOB. BO3AEICTBUE THKEABIX METAAAOB B MEPUOA
paboTbl MPOMbILIAEHHbIX 06BEKTOB, M MX CBOOOAHOE XpaHEHWEe NMPUBOAST K PACPOCTPAHEHMIO MOAAIO-
TaHTOB. TaknMM 06Pa30OM MOBbILIEHNE COAEP>KAHUS MUKPOIAEMEHTOB (Zn, Cu) M HAKOMAEHME TAXKEAbIX
meTaAroB (Pb, Cd) BAmsieT Ha BClo aKocMCTeMy MouBbl. [TouBa — cpeaa CnocoOHas K CaMOperyAsumm, B
KOTOPOW B XOAE XXM3HEAESITEABHOCTU MUKPOOPTraHM3MOB MPOUCXOAUT MEPEBOA TSXKEAbIX METAAAOB B
6MOAOCTYTHbIE AAS (hrTOPEMEAMALMN (DOPMBI.

AaHHa$s cTaTbs HarpaBAEHa Ha KOPPeAdLMIO paHee M3yUYeHHbIX MMKPOOPraHM3MOB C BbICOKOM TO-
AEPAHTHOCTBIO K TSXKEABIM METAAAAM C AOKAAbHBIMU MMKPOOPraHM3MamMM, C LIEAbIO OMMCaHUS peakLm-
OHHbIX XapaKTePUCTUK LUITAMMOB MECTHbIX MMKPOOPIraHW3MOB.

OrtobpaHHble GakTepun 1 hyHrM MOKA3aAM MEHEe YCTOMUMBYIO PEAKLMIO K BbICOKMM KOHLIEHTpaA-
UMM TSXKEAbIX METAAAOB B CBS3M C 6eAHOCTbIO NMoyB. CambIM >KM3HECTOCOOHbIM MUKPOOPTaHN3MOM
okaszarach 6aktepus Klebsiella sp. OHa 6bira 06Hapy>keHa ¢ 4acToToi B 64%. B AGrkoCyrAMHUCTbIX MO~
YBaX MMKPOOPraHM3Mbl MOKa3aAM BOAEE BbICOKYIO BbIXKMBAEMOCTb MPW 3HAUUTEAbHbIX KOHLEHTPALMSIX

TAXKEAbIX METAAAOB.

KAtoueBble CAOBa: Ts>KEAble METaAAbI, MoYBa, MUKpoopraHuambl, MNLIP, pemeanaums, 6aktepum,

rpuobbI.

Introduction

Heavy metal pollution of the environment is a
consequence of the activity of industrial facilities
and the open storage of ash and slag waste. This
impact can have short-term and long-term conse-
quences for the ecosystem, primarily the soil. The
diversity and activity of microbial communities is
an indicator of soil quality (Campillo-Cora, 2025:
103706), as microorganisms perform several im-
portant functions in maintaining soil. As an integral
part of the soil self-restoration cycle, certain micro-
organisms are capable of soil remediation (Zhao,
2022: 1459). This does not negate the presence of
non-viable microorganisms under the same condi-
tions of anthropogenic environmental stress.

Copper, cadmium, zinc, and lead are the most
common non-ferrous metals mined in the East Ka-
zakhstan region (https://invest.e-vko.kz), in the city
of Oskemen. Production work with these metals
has been ongoing for a long time at industrial fa-
cilities such as the Ust-Kamenogorsk Metallurgi-
cal Complex (UKMC) and the Ulba Metallurgical
Plant (UMP). The harmful effects of heavy metals
have various consequences for living organisms, in-
cluding toxic, carcinogenic, and mutagenic (Hamil-
ton, 1998: 1005). According to the classification of
chemical substances, cadmium, zinc, and lead are

classified as Class 1 highly hazardous substances.
Copper is a Class 2 substance and is characterized
as moderately hazardous (GOST 17.4.1.02-83). Al-
though some heavy metals, including copper (Cu)
and zinc (Zn), are involved in intracellular process-
es, almost all heavy metals cause various types of
cancer and disease (Coradduzza, 2024: 803). Thus,
according to the classification of the International
Agency for Research on Cancer (IARC), cadmium
and its compounds are classified as Group 1 car-
cinogens, while lead and its inorganic compounds
are classified as Group 2A carcinogens for animals,
with insufficient data on carcinogenicity for humans
(IARC Monographs Volumes). Heavy metals enter
the human body primarily through the food chain.
Soil, as a medium for the accumulation and trans-
fer of heavy metals, requires increased attention.
It is crucial to study each component of the soil’s
self-regulation system, as the conversion of heavy
metals by microorganisms into forms accessible to
plants for accumulation is complex, in which agro-
chemical, physical and mechanical properties of the
soil, vegetation, and microorganisms play a signifi-
cant role.

This article aims to compare the species com-
position of microorganisms involved in remedia-
tion with local microorganisms corresponding to
the study area to identify the presence of soil self-
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restoration mechanisms. This resulted in the identi-
fication of a list of optimal microorganisms for iden-
tifying survival and/or suppression processes under
conditions typical of the study area.

Methods and materials
Soil sampling was conducted in the city of Os-

kemen around UKMC and UMP. Soil samples were
collected at depths of 0-10 and 30-40 cm using

the “envelope” method in accordance with GOST
17.4.4.02-84. The soil was analyzed for heavy metal
contents and the presence of microorganisms of in-
terest. A total of 16 samples were collected at eight
locations at two windward depths, including control
points (Figure 1).

Soil samples were collected and dried for phys-
ical-chemical analysis. Alongside, some samples
were frozen in liquid nitrogen and placed in freezers
at -80°C for DNA extraction.

LEGEND

= Sample points

» Ust-Kamenogorsk
@ Industrial facilities
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Figure 1 — Map of sampling points

Heavy metal content was determined using
atomic absorption spectrometry according to meth-
odology “M-MBMU-80-2008” (eng. “Methodology
for measuring the mass fraction of elements in soil,
ground, and bottom sediment samples using atomic
emission and atomic absorption spectrometry”).

DNA extraction was performed using QIAGEN
DNeasy PowerSoil Kit according to the manufac-
turer’s protocol.

Universal primers (forward primer 27F
AGAGTTTGATCCTGGCTCAG and reverse
primer 1492R GGTTACCTTGTTACGACTT)
(forward primer F1 AGAGTTTGATCITGGCT-
CAG and reverse primer R2 ACGGCTACCTTG
TTACGACTT) were used to amplify the 16S rDNA
gene fragment. Thermal cycling conditions were
as follows: initial denaturation at 94 °C for 3 min-
utes, then 30 cycles of denaturation at 94 °C for 45

30

seconds, annealing temperature at 56 °C for 60 sec-
onds, and extension at 72 °C for 90 seconds.

In addition, universal primers (forward primer
P-ITS1 TCCGTAGGTGAACCTGCGG and re-
verse primer P-ITS4 TCCTCCGCTTATTGATAT-
GC) were used to amplify the ITS region of rDNA.
Thermal cycling conditions were as follows: initial
denaturation at 95°C for 5 minutes, followed by 25
cycles of denaturation at 94°C for 50 seconds, an-
nealing at 56°C for 50 seconds, and extension at
72°C for 1 minute, with a final extension at 72°C
for 7 minutes.

DNA amplification products were detected us-
ing a 1.5% agarose gel and visualized using ethid-
ium bromide and ultraviolet light.

DNA bands were visualized under a Vilber UV
transilluminator after staining with ethidium bro-
mide.
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Results and discussion

The accumulation and mobility of metals largely
depend on soil type and pH. For example, increased
concentrations of Cu and Pb are observed in acidic
and slightly acidic soils, while decreased mobility
of Cu, Zn, and Pb is observed in alkaline soils (Mo-
hammad, 2025). This trend is likewise reflected in
our results. The soils of the study area are character-
ized by slightly acidic and neutral soils, with greater
alkalinity in the lower layers. A decrease in heavy
metal concentrations is observed with increasing
soil pH at the same sampling points but at different
sampling depths.

Of higher interest are the results of the correla-
tion between microorganisms and heavy metal con-
centrations. The 10 microorganism species selected
for resistance to heavy metal content (Table 1) dem-
onstrated tolerance to extremely high zinc concen-
trations relative to lead and cadmium.

This phenomenon is explained by the reduced
ability of some microorganisms to accumulate
Pb compared to Zn. For example, Aspergillus ni-
ger shows that, with the same amount of carbon
source (sucrose) converted into organic acids, the
leaching rate of these heavy metals differed, with
a greater value for zinc (Chen, 2019: 994). Addi-
tionally, some microorganisms, while resistant to
certain metals, are capable of accumulating others
(Table 2).

As it is demonstrated, Bacillus pseudomycoides
is resistant to high copper concentrations in light
loamy soils but does not survive in sandy soils (Ta-
ble 3).

Bacillus cereus strain NWUABOI is highly
resistant to lead (Ayangbenro, 2020: 19660), how-
ever the Bacillus cereus strain typical of the study
area has a concentration limit value of 16.5 mg/kg,
which is below the maximum allowable concentra-
tion (MAC) for lead.

Table 2 — Heavy metals, to which the studied microorganisms show resistance

# Microorganisms Pollutant

References

Klebsiella sp.

Cu, Ni, Cd, Cr, Pb

(Aransiola, 2017:1098), (Chakraborty, 2021: 102204)

2 | Escherichia coli

Cd, Cu, Zn, As, Au, Ni, Pb

(Longhi, 2022: 328), (Bhardwaj, 2018: 674),
(Schwan, 2023: 100113)

Bacillus cereus Pb, Cr, Cd

(Huang, 2024: 132594), (Ayangbenro, 2020: 19660)

4 | Rhodococcus jostii RHA1

Cd, Cu u Fe (resistant)

(Alvarez, 2017: 41)

5 | Bacillus pseudomycoides (accumulator)

Ni, Zn, Cr, Cd (resistant) u Cu

(Anbuganesan, 2024:1143), (Li, 2022:1914)

6 | Bacillus subtilis Ni, Pb, Cd

(Oyetibo, 2017:143), (Li, 2021:131454)

7 | Aspergillus niger

Mn, Zn, Ni, Pb, As, Cd, Sb

(Chen, 2019: 994), (Chai, 2023: 82866), (Rabab,
2025: 297)

Phanerochaete chrysosporium

Cd, Pb (sensitive)

(Zhang, 2016: 1410), (He, 2024: 13523)

9 | Coriolus versicolor Zr (Bhatti, 2013: 178)
. . Cr, Cd, Mg, Pb (sensitive, ) )
10 | Rhizomucor pusillus accumulator) (Qayyum,2016: 499), (Sule, 2022:1289)

Table 3 — Concentration of heavy metals in the studied soils

. Mobile heavy metals, MAC mg/kg .
Sample point Depth, cm pH Soil type
Zn, 23mg/kg | Cu, 3.0mg/kg | Cd, 0.5mg/kg | Pb, 32mg/kg

P-116 0-10 333 11.1 26.7 13.5 7.03 sand
30-40 187 5 16.7 4.5 7.42 sandy loam

P-120 0-10 1255 12.9 28.8 42 6.23 light loam
30-40 208 3.6 3.6 6.2 6.16 clay

P-124 0-10 332 5.8 6.1 16.5 6.93 sand
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Continuation of the table

Mobile heavy metals, MAC mg/kg )
Sample point Depth, cm pH Soil type
Zn, 23mg/kg | Cu, 3.0mg/kg | Cd, 0.5mg/kg | Pb, 32mg/kg
30-40 246 4.2 4.6 14.6 7.07 sandy loam
P-126 0-10 162 0.6 3.8 5.3 5.69 light loam
30-40 9.5 0.9 1.1 23 7.04 light loam
P-127 0-10 591 6.4 10.9 229 6.64 sandy loam
30-40 37.9 0.9 1.2 5 7.42 sandy loam
P-128 0-10 818 24.1 13.1 45 6.8 sand
30-40 605 19.7 7.9 38.2 7.16 sand
P-130 0-10 862 59 27 19 6.81 sand
30-40 82 2.8 3 2.4 7.29 sandy loam
Control 0-10 3.6 1.6 0.4 1 6.01 light loam
30-40 1.7 1.8 0.5 1.2 6.3 medium loam
Of note is the response of microorganisms to Conclusion

high concentrations of heavy metals depending on
the soil’s particle size distribution. As can be seen,
microorganism survival in light loamy soils ex-
ceeded that in sandy loam and sandy soils by 37.5%
and 50%, respectively. This indicates that low nu-
trient content and retention in the soil is a greater
limiting factor than high heavy metal content (Xia,
2020:107953).

Klebsiella sp. demonstrated the highest preva-
lence, with a result of 64%. The bacterium was not
detected only at Point 128, with a lead content of 1.4
MAC (Table 3), the highest lead concentration in
the study area.

During studies on the resistance of local micro-
organisms to high concentrations of heavy metals, it
was determined that natural conditions have a greater
impact on the survival of the microorganisms studied
than exposure to heavy metals. Microorganism sur-
vival under anthropogenic influence in light loamy
and clay soils was twice as high as in sandy soils.
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ECOLOGICAL ASSESSMENT OF THE ENVIRONMENTAL IMPACT
OF HEAVY METALS IN THE WASTE GENERATED
BY THE METALLURGICAL INDUSTRY
(case study: Baku steel company)

The article primarily presents ecological analytical studies on the waste generated in the produc-
tion areas of the Baku Steel Company. It was determined that during various steel casting and pro-
cessing operations in several production areas of the enterprise, different types of waste are formed in
gaseous-aerosol, liquid, and solid states, each with distinct compositions and properties. Based on our
preliminary scientific research, the actual composition and concentration levels of harmful substances
released into the atmosphere at different times in both the working and sanitary protection zones
were identified. Additionally, the composition of industrial wastewater and solid wastes generated
by the enterprise was analyzed. The gaseous emissions at Baku Steel Company were measured using
a Drager Tubes LLG gas detector device, while the analyses of water samples taken before and after
purification from various departments of the plant were conducted using the ICP-OES GBC Quantima
device. The article also provides scientific explanations on the negative environmental and human
health impacts caused by heavy metals present in the industrial waste formed in the production areas
of this enterprise.

Keywords: ecological analytical assessments, steel casting, sanitary protection zone, working zone,
industrial waste.
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MeTaAAyprusiabiK, OHAIPIC KaAAbIKTapbIHAAFbI ayblp MeTAAAAPAbIH,
KOpLLaFaH opTafa acepiH 3KOAOTUSIAbIK, HaFaray
(bakyAeri MeTaAAYPrUSIAbIK 3aybIT MbICAAbIHAQ)

Makanaaa HerisiHeH bakyAeri METaAAYPIUSIAbIK, 3aybITTbIH OHAIPICTIK LieXTapbliHAA MaiAd 6OAATbIH
KAAABIKTapAbIH 3KOAOIMSIAbIK, AHAAUTUKAABIK, 3ePTTEYAEPI YCbIHbIAFaH. KOpbITbIHABI 60MbIHLIA, GOAATTbI
KYIO >X8He 6HAEYy MpoLEeCcTepiHiH HATUXKECIHAE KBCIMOpbIHHbIH OipHeLle eHAIPICTIK yyackeAepiHAe
ra3-a3po30AbAi, CYMbIK >KoHe KaTTbl (popMaAaFbl 8PTYPAI Kypam MeEH KacuMeTTeri KaAAblKTap nanaa
60AaTbIHbl aHbIKTaAAbl. AAFaWLIKbl FbIAbIMM 3EPTTEYAEPIMI3re COMKEC, XKYMbIC alMakTapblHAQ >KeHe
CaHUTaPAbIK-KOpFay aMMaKTapbiHAQ aTMOCepara SPTYPAI yaKbITTa LWbIFAPbIAATbIH 3USHAbI 3aTTapAbIH
HaKTbl Kypambl MeH KOHLEeHTpaumscbl aHblkTaAAbl. COHbIMEH KaTap KacinmopblHAA nanAa 6GoAaTbiH
OHAIPICTIK aFbIHAbI CyAQp MEH KaTTbl KAAABIKTAPAbIH, KYpPaMbl TaAAQHAbBI. bakyAeri MeTaAAyprusiabik,
3aybiTTa ras Topi3Ai lWbiFapbiHAbiAap Drager Tubes LLG rasaHaAM3atopbl apKbiAbl OALLEHAI, aA
K&CiMOPbIHHbIH OPTYPAI BOAIMAEPIHAE Ta3apTyAaH OYPbIH XK8HE KeliH aAblHFaH Cy YAMAepPiHiH TaAAaybl
ICP-OES GBC Quantima acnabbl apkblAbl >XYPrisiaai. Makarapaa COHbIMEH KaTap KaCiMmOpbIHHbIH,
OHAIPICTIK KAAAbIKTApPbIHAAFbl ayblp MeTAAAAPAbIH KOpLUaFaH OpTaFa >KOHE aAaM AEHCAYAbIFbIHA
TUTI3ETiH TepiC 3KOAOIMSABIK 8CEPi XXOHIHAE FbIAbIMWU TYCIHIKTEDP GEpiAreH.

TyiiH ce3aep: SKOAOTUSIAbIK, AHAAMTMKAABIK, TaAAdy, BOAATTbI KYIO, CAaHUTAPAbIK-KOpFay armarbl,
>KYMbIC aliMarbl, OHAIPICTIK KAAAbIKTap.
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DKoAOTrMYecKas OLeHKa BO3AEHCTBUS TSDKEABIX METAAAOB
B OTXOAQX METAAAYPIrUYECKONH NMPOMBILUAEHHOCTH Ha OKPYXKaloLLLYIO CPeAy
(Ha npumepe bakKMHCKOro MeTaAAYpPruYeckoro 3aBoAa)

B cTtatbe B OCHOBHOM MpeACTaBAEHbl IKOAOMMYECKMe aHAAMTUYECKME MCCAEAOBAHUSI OTXOAOB,
006pasyIoLMXCS B MPOM3BOACTBEHHbIX Liexax bakMHCKOro MeTaAAypruyeckoro 3aBoaa. YCTaHOBAEHO,
YTO B pe3yAbTaTe PasAMUHbIX MPOLIECCOB AUTbS M 06PabOTKM CTaAM B HECKOABKMX MPOM3BOACTBEHHbIX
yyacTkax npeAnpuaTng (opMMpyIoTCsS OTXOAbI Pa3AMYHOIO COCTaBa M CBOMCTB B ra30-adPO30AbHOM,
KMAKOM 1 TBepaort popmax. CoraacHO HaliMm NpeABapUTEAbHbIM HAyUHbIM MCCAEAOBAHUSAM, ObiAM
onpeaeAeHbl hakTUUECKMIA COCTaB M KOHLEHTPaUmMm BPeAHbIX BELLLECTB, BbIOPAChiBaEMbIX B aTMOChepy
B pasAMUHble MepUoAbl BpEMEHU KaK B paboumx 30Hax, Tak M B CAHUTAPHO-3alMTHbBIX 30Hax. Takxke
ObIA MPOBEAEH aHAAM3 COCTaBa MPOM3BOACTBEHHbIX CTOUHbIX BOA M TBEPAbIX OTXOAOB, 0OPa3YIOLLMXCS
Ha npeanpusaTun. FazoobpasHble BbIBPOChbI Ha BakMHCKOM METaAAypruyeckom 3aBoae BbiAM M3Mepe-
Hbl C MoMolLLblo ra3oaHaAmsatopa Drager Tubes LLG, a aHaAM3bl BOAHbIX MPO6, B3STbIX AO M MOCAE
OUMCTKM B PA3AMYUHbIX OTAEAAX MPEANPUSTUS, ObIAM NMPOBEAEHDI C MCMOAb30BaHWeM npubopa ICP-OES
GBC Quantima. B cratbe Tak>xe AaHbl HayUYHble 0ObSICHEHMS MO NMOBOAY HEraTMBHOIO 3KOAOrMYECKOro
BAMSIHMS TSXKEABIX METAAAOB, COAEPXKALLMXCS B MPOMbILLAEHHbIX OTXOAAX MPEANPUATUS, B YaCTHOCTU

Ha OKPY>KaloLLLYI0 CPEAY U 3A0POBbE YeAoBeKa.

KAtoueBble cAOBa: 3KOAOTMYECKMIA aHAAMTUYECKMIA aHaAU3, AUTbE CTaAM, CaHMTAPHO-3alUNTHasA

30Ha, paboyas 30Ha, MPOMbILUAEHHbIE OTXOAbI.

Introduction

According to the information and explanations
provided in many technical sources [1-8], one of the
main sectors of the metallurgical industry is the sec-
ondary steel melting production. As noted in these
sources, the secondary steel melting process gen-
erates significantly more gaseous, liquid, and solid
(slag) wastes compared to primary steel production
facilities. Based on the explanations in scientific
and technical literature [1-3] and the results of re-
cent ecological research, it can be stated that, like
all industrial enterprises, Baku Steel Company LLC
creates various environmental problems due to the
different types of pollutants it generates. Therefore,
conducting ecological research in such production
areas is considered one of the most urgent environ-
mental issues today. Along with modern industrial
development, the metallurgical industry is one of the
main sectors impacting the environment. During the
production of steel and other metallurgical products,
various chemical substances especially heavy met-
als are released into the atmosphere, water bodies,
and soil. These heavy metals (Pb, Cd, Cr, Ni, Zn,
Cu, etc.) are toxic to living organisms and can cause
serious ecological and health problems over time.

This article investigates the environmental as-
sessment of heavy metals present in wastes gener-
ated by the metallurgical industry and their impact
on the environment. The environmental effect of
heavy metals is linked to their ability to accumulate

and their resistance to degradation. These substanc-
es can accumulate in soil, be absorbed by plants,
and eventually enter the human body through the
food chain. Metals released into the atmosphere can
enter the body through the respiratory system and
cause serious health disorders. Therefore, the proper
management of waste, as well as the improvement
of filtration and purification systems, are essential
measures.

The most commonly encountered heavy metals
in the metallurgical industry are: Lead (Pb), Cad-
mium (Cd), Mercury (Hg), Chromium (Cr, especial-
ly Cr®"), Nickel (Ni), Copper (Cu), Zinc (Zn), etc.
These heavy metals mainly arise during the follow-
ing industrial processes:

- Steel and iron melting (heating metals in fur-
naces);

- Casting and cooling of metals;

- Wear and cleaning of equipment;

- Surface treatment and painting of metals.

During these processes, heavy metals are re-
leased into the atmosphere in the form of gas-aero-
sols, enter wastewater in liquid form, and remain
in the composition of solid wastes (slag, dust). The
environmental impacts of heavy metals are diverse.
When heavy metals enter the soil, they can persist
for a long time without degrading and are absorbed
by plants. Through this pathway, heavy metals enter
the food chain and affect the health of humans and
animals. They reduce soil fertility and weaken the
activity of microorganisms. The discharge of waste-

37



Ecological assessment of the environmental impact of heavy metals in the waste generated by the metallurgical industry

water into water bodies leads to the contamination
of aquatic and terrestrial ecosystems. Heavy metals
accumulate in the bodies of fish and other aquatic
organisms, which reduces biodiversity and can
cause poisoning in humans. Heavy metal particles
released into the atmosphere can enter the respira-
tory system, leading to chronic respiratory diseases,
allergies, and various types of cancer. For example,
the hexavalent form of chromium (Cr®") has a highly
carcinogenic effect. The heavy metals present in the
waste generated by the metallurgical industry pose
a serious threat to both the environment and human
health. The environmental assessment and monitor-
ing of their impact are essential prerequisites for
developing effective waste management strategies.
The application of environmentally safe technolo-
gies is necessary to ensure environmental protection
and the sustainability of industrial development. In
some countries, the following conditions are consid-
ered essential to prevent environmental pollution:

- Technological discipline;

- Use of modern technologies;

- Implementation of technical modernization.

Thus, based on the explanations provided in
scientific and technical literature [2—11], it can be
scientifically justified that conducting ecological re-
search in various directions at metallurgical indus-
trial enterprises should be considered one of the key
contemporary environmental requirements.

Materials and methods

Asis well known, during environmental research
at any industrial facility, the initial step involves col-
lecting general information about the composition
and characteristics of the raw materials accepted by
the enterprise. In subsequent stages, it is essential
to investigate the causes of environmental pollution
that may arise during the preparation of these raw
materials for processing and throughout the techno-
logical processes. Alongside this, it is also necessary
to document the types of waste generated during the
technological operations at the facility under inves-
tigation. Taking the above into consideration, the
main objective of this environmental research was
to determine the composition and environmental
impact of all types of waste generated in the Electric
Arc Steel Melting Furnace (EASMF) area section,
which is considered one of the main production de-
partments of the Baku Steel Company (BSC).

Initially, the actual concentrations of gaseous
emissions formed in the working area of this pro-
duction site were determined using the Dréager Tubes
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LLG, a flexible and mobile gas detection device.
Regular monitoring of gas emissions in the produc-
tion area is crucial for both safety and environmen-
tal protection. The Dréger Tubes LLG gas detector
is one of the flexible and portable devices used for
this purpose. It is a portable gas analyzer specifically
designed for the detection and measurement of vari-
ous gases. Belonging to the Long Life Gas Detectors
(LLG) series, this detector ensures high accuracy
and ease of use in measuring gas emissions. The
device operates with specially designed test tubes
adapted for different gases such as carbon dioxide,
methane, ammonia, heavy metals, and others. This
detector is mainly used in industrial environments,
particularly in high-risk zones, for monitoring gas
leaks and protecting worker health.

Operating Principle of the Driger Tubes
LLG Gas Detector:

1. Test Tubes: The Drager Tubes LLG gas de-
tector operates using special test tubes. Each test
tube is designed to measure the concentration of a
specific gas. When used, the gas enters the tube and
reacts with the chemical reagents inside, causing a
visible color change.

2. Gas Concentration Measurement:
The device determines the concentration of gas in
the air using a calibrated method. The color change
inside the test tube corresponds to the concentration
of the target gas. A color scale printed on the tube
allows the user to visually interpret the result and
determine the gas concentration.

3. Safety and Portability: The portability of
the device allows workers to use it easily in various
locations. Its compact design and simple operation
make it suitable for a wide range of environments.
Measurements can be taken quickly, and results are
available within a short time, ensuring timely detec-
tion and safety.

A long-term research study was conducted to
determine the continuous and sustained presence of
various inorganic substances with ecotoxic proper-
ties at elevated concentrations within the gas mix-
ture. The concentrations of these specific ecotoxic
substances in the air were measured using the device
with the aid of glass indicator tubes. The analyses
were repeated several times on different days, and
the average values were calculated to improve ac-
curacy.

The Dréger Tubes LLG gas detector offers an
ideal solution for ensuring safety in industrial envi-
ronments by accurately measuring and monitoring
airborne gas emissions. Thanks to its portability and
ease of use, the device helps minimize workplace
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hazards and plays a crucial role in protecting the
health of workers.

Results and discussion
The actual concentrations of inorganic sub-

stances with ecotoxic properties emitted into the
ambient air from the Electric Arc Steel Melting

Furnace (EASMF) area of the Baku Steel Com-
pany were determined, primarily in the working
area, particularly near the electric arc furnace. The
measurements were conducted using the aforemen-
tioned portable device, with flexible analyses car-
ried out in a circular pattern at a 10- meter radius
around the EASMF. The results are presented in
Table 1.

Table 1 — Analysis Results of Ecotoxic Inorganic Substances Emitted into the Atmosphere from the Electric Arc Steel Melting

Furnace (EASMF)

Measured Concentrations in the

Names of Inorganic Substances with
Ecotoxic Properties

Maximum Allowable Concentrations
(MAC) of these substances mg/m?

Electric Arc Steel Melting Furnace

(EASMF)
Hg 0.0003 0.5ppm (4.10 mg/m?)
Cu 0.002 Ippm (2.59 mg/m?)
Ni 0.001 Ippm (2.40 mg/m?)
Pb 0.0003 Ippm (8.47 mg/m?)
Zn 0.05 2ppm (5.34 mg/m?®)

In addition to the aforementioned observa-
tions, it should be noted that in the working area of
the Electric Arc Steel Melting Furnace (EASMF)
of the production facility under investigation, the
concentrations of inorganic gaseous emissions
with ecotoxic properties were also measured at

distances of 50, 100, 150, and 200 meters, as
well as within the sanitary protection zones. The
concentrations of these harmful substances in the
ambient air at these locations were determined.
The obtained results are presented in Table 2 and
Figure.

Table 2 — Analysis Results of Inorganic Ecotoxic Substances in the Ambient Air Outside the Electric Arc Steel Melting Furnace

(EASMF)
Measured concentrations outside the Electric Arc Steel Melting Furnace (EASMF)
Names of Inorganic Substances — -
with Ecotoxic Properties 50 m 100 m 150 m 200 m Within the Sanitary
protection Zone
Hg 0.05 ppm 0.006 ppm 0.004 ppm 0.003 ppm 0.1ppm
Cu 0.9 ppm 0.1 ppm 0.01 ppm 0.005 ppm 0.01ppm
Ni 0.9 ppm 0.1 ppm 0.01 ppm 0.005 ppm 0.01ppm
Pb 0.9 ppm 0.1 ppm 0.01 ppm 0.005 ppm 0.01ppm
Zn 1.5 ppm 1.3 ppm 0.9 ppm 0.1 ppm 0.1ppm
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Figure — Ecotoxic Inorganic Substance Concentrations as a Function of Distance

Additionally, sampling and analysis of industrial
wastewater generated primarily in the production ar-
eas of the Baku Steel Company, particularly in the
Electric Arc Furnace Section (EAFS), have been car-
ried out. Samples were taken from the water enter-
ing and exiting the cooling system of the EAFS (i.e.,
industrial wastewater samples). The analyses mainly
focused on determining the concentrations of metal
ions using established analytical chemical methods
(such as photometric, photocolorimetric, and ar-
gentometric) techniques. During the analysis, it was

found that the inlet water to the EAFS cooling system
contained elevated levels of certain chemical parame-
ters, particularly metal ions. This can be explained by
the fact that a significant portion of the water entering
the cooling system is recycled water, which results
in higher concentrations of metals such as Cu, Mo,
Mn, Al, Pb, Cr, Zn, and others. The concentrations of
Cu, Mo, Mn, Al, Pb, Cr, Zn, and other metals were
determined using the ICP-OES method with the GBC
Quantima instrument. The average results of these
analyses are presented in Table 3.

Table 3 — Determination of Heavy metals in Industrial Wastewater Generated Mainly in the Production Areas of Baku Steel Company,

Especially in the Electric Arc Furnace Section (EAFS)

Component Name Unit of measurement Inlet water to EAFS cooling Outlet wz}ter from EAFS
system cooling system

Na* mg/l 137.8 222.5

K" mg/l 32 3.1
AP mg/l 9.49 41.4

Fe mg/1 79.5 2252

Mn mg/l 0.372 7.98

Cu mg/l 54.4 93.6

Mo mg/l 23.7 25.0

Zn mg/1 0.525 1.8

Pb mg/l 0.162 0.673

Ni mg/1 2.88 2.1

Cr mg/l 3.44 4.68
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It is known from the literature that all steel alloys
contain sulfur, carbon, phosphorus, heavy metals,
and inorganic elements. It should be noted that dur-
ing the high-temperature melting process of recycled
steel equipment in the Electric Arc Steel Melting
Furnace (EASMF) area, oxygenated, hydrogenated,
and halogenated derivatives compounds of many
elements are formed. Furthermore, it can be stated
that many of the inorganic substances with ecotoxic
properties listed in Table 1, even when undergoing
various transformations during the process, lead to
the formation of numerous harmful compounds.

Conclusion

Although the concentrations of ecotoxic sub-
stances formed in the Electric Arc Steel Melting
Furnace (EASMF) area of the investigated facility
which are emitted into the atmosphere and consid-
ered hazardous to both the environment and, pri-
marily, human health tend to dilute over time and
approach the Maximum Allowable Concentration

(MAC), each of these substances is still regarded as
highly dangerous.

During the recycling process of steel equip-
ment, cast iron, and even non-ferrous metals clas-
sified as scrap metal a variety of complex metallic
compounds are formed as a result of the high-tem-
perature decomposition of many components used
in the process (such as coal, coke, ferromanganese,
and ferrosilicomanganese). During the cooling of
these alloys, a portion of the metals that have sepa-
rated from the main alloy enters the composition
of the cooling water, thereby generating industrial
wastewater. In the Electric Arc Steel Melting Fur-
nace (EASMF) area, the amount of ecotoxic and
harmful substances in the water used for cooling
steel alloys which is then reused increases signifi-
cantly. For this reason, the application of multi-
stage physical and chemical treatment methods to
purify the recycled industrial wastewater can be
considered essential in preventing the emergence
of environmentally stressful conditions in the
working zone of the facility.
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MODERN PROCESSES OF ECO-GEOMORPHOGENESIS
IN THE KOSTANAY REGION UNDER THE INFLUENCE
OF ANTHROPOGENIC ACTIVITY

Human economic activity is a key factor shaping the modern landscape. To ensure a high level of
environmental well-being, nature conservation, and the rational use of natural resources, it is necessary
to comprehensively consider all types of technogenic impacts on the natural environment — both direct
and indirect. In this regard, the study of eco-geomorphogenesis under the conditions of anthropogenic
pressure and changing climate is especially relevant and becomes one of the priority tasks for maintain-
ing environmental sustainability. This article examines the features of eco-geomorphogenesis in the
Kostanay region under the influence of current anthropogenic activities. The processes of landform for-
mation and transformation caused by human activities such as land use, agriculture, forestry, and mineral
extraction are analyzed. The consequences of these changes for the natural environment are considered:
increased erosion, alteration of the water regime, soil degradation, and disruption of ecosystem stability.
Special attention is paid to the interaction between geomorphological and ecological factors in land-
scape transformation processes. Conclusions are drawn about the current state of geomorphogenetic
processes, and measures are proposed to mitigate the negative consequences of anthropogenic impact
in the Kostanay region.

Keywords: eco-geomorphogenesis, Kostanay region, geology, geomorphology, geological and lith-
ological features.
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CoBpeMmeHHble npoueccbl 3koreomopcoreHesa KocraHaiickoit o6aacTu
NnoA BAMSIHUEM QaHTPOINOTeHHOM AESATEAbHOCTH

X039MCTBEHHas! AEITEAbHOCTb UYEAOBEKA BbICTYMAET KALOUYEBbIM (PakTOPOM, (DOPMUPYIOLLMM CO-
BPEMEHHbIN AaHALIAdT. AAs 0becriedeHms BbICOKOrO YPOBHSI SKOAOTMUECKOro 6AAronoAyyumsi, oxpaHbi
MPYPOABI U PALMOHAABHOTO MCMOAb30BAHMSI MPUPOAHbBIX PECYPCOB HEOBXOAMMO KOMIMAEKCHO YUMTbI-
BaTb BCE BMAbI TEXHOTEHHbIX BO3AEMCTBUIN HA MPUPOAHYIO CPEAY — KaK MpsiMble, Tak M OMOCpPeAOBaH-
Hble. B cBSI3n € 3TUM M3y4yeHWe aKoreoMopdoreHesa B YCAOBUSIX aHTPOMOreHHOro AABAEHUS WM U3-
MEHSIOLLIErOCsl KAMMaTa npurobpetaeT 0cobyio akTyaAbHOCTb M CTAHOBUTCS OAHOM M3 MPUOPUTETHDIX
3aAay B AeAe COXpaHeHMs YCTOMYMBOCTM OKpY>KatoLleil cpeabl. B AaHHOM cTaTbe paccmartpuBaioTcs
0cobeHHOCTH 3KoreoMopdporeHesa KoctaHanckon 06AacTv B YCAOBUSX COBPEMEHHOIO aHTPOMOreHHO-
ro BO3AENCTBMS. AHAAM3UPYIOTCS NpoLuecchl (POPMUPOBaHMS 1 TpaHCopMaLMm peAbeda, NPoONCXoAs-
LMe MoA BAMSHMEM XO3SMCTBEHHOM AEITEABHOCTM YEeAOBeKa, BKAIOYAS 3EMAEMNOAb30BaHMe, CEAbCKOe
M AECHOE XO3SWICTBO, a Tak>Ke pa3paboTKy MOAE3HbIX MCKOMaeMblx. PaccMaTpuBaloTCs MOCAEACTBUS
3TUX M3MEHEHWIA AASI TIPUPOAHON CPeAbl: YCKOPEHWE 3PO3MOHHbIX MPOLEeCCOB, M3MEHEHWE BOAHOIO
pexkuma, Aerpapaums roys M HapylleHue YCTOMUMBOCTM 3KocucTeM. OCO60e BHUMAHME YAEASETCS
B3aMMOAENCTBUIO reOMOPCOAOTMYECKMX M IKOAOTMYECKMX (haKTOPOB B MpoLecce npeobpasoBaHus
AaHALAdTOB. [NpeacTaBAeHbl BbIBOAbI O TEKYLLEM COCTOSIHUM reoMophoreHeTMUYeCcknx npoLeccoB m
NpeAAO>KeHbl Mepbl MO CMAMYEeHMI0 HEeraTUBHbIX MOCAEACTBUIA @aHTPOMOreHHOro BMeLlaTeAbcTBa Kocra-

Hamckomn obAaacTy.

KaloueBble caoBa: skoreomopdporeHes, KoctaHarickas 06AacTb, reoAoruns, reoMopdoAOris, reo-

AOFO-AUTOAOTMYECKME OCOOEHHOCTM.

Introduction

The modern stage of society’s development is
characterized by intensive human intervention in
natural processes, which entails significant changes
in the structure and dynamics of geomorphological
systems. This is especially acute in regions with ac-
tive agricultural, industrial and infrastructural de-
velopment, including Kostanay region. In recent de-
cades, there have been significant transformations of
natural landscapes caused by human activity — land
development, land reclamation, mining, construc-
tion and other forms of economic activity [1-2].

Ecogeomorphogenesis, as a scientific field,
studies changes in terrain that occur under the in-
fluence of both natural and anthropogenic factors.
In the context of increasing anthropogenic pressure
and global climate change, the relevance of such
research is significantly increasing. The analysis of
modern processes of exogeomorphogenesis allows
not only to assess the current state of the environ-
ment, but also to develop scientifically sound ap-
proaches to the management of natural resources
and the protection of landscapes from degradation
[3].

One of the key components of the natural envi-
ronment is the Earth’s surface. In the Paleolithic and
Neolithic periods, there was practically no anthro-
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pogenic impact on the terrain. However, with the
development of civilization and the growth of hu-
man industrial, economic and engineering activities,
new forms of relief began to form in the geomor-
phological structure, which were called man-made
or anthropogenic. These shapes are the result of an
artificial transformation of the Earth’s surface that
did not previously exist in nature. Their occurrence
is not related to natural climatic or tectonic process-
es. These can be either extended linear or localized
spatial formations — embankments, dumps, quarries,
and other forms formed as a result of the movement
and accumulation of substances of various compo-
sitions (organic, chemical, and mineral), ranging in
thickness from several meters to hundreds of meters
[4-5].

Human economic activity — construction, agri-
culture, hydraulic engineering and mining — has a
significant impact on the geological and geomor-
phological structure of the Earth’s crust. V.I. Verna-
dsky designated these zones of active technogenic
transformation as the technosphere or noosphere
(1944) [6].

All anthropogenic landforms can be roughly
divided into two main categories: man-made and
agrogenic. Technogenic relief arises as a result of
industrial and engineering processes related to the
processing of minerals, construction and other types
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of technical activities. A.E. Fersman coined the term
“technogenesis” to denote such a transformation of
natural forms. Cryogenic landforms are formed as a
result of long-term agricultural exploitation of the
territory and, as a rule, have a longer history of de-
velopment compared to technogenic ones [7-8].

In the process of economic activity, a person
exerts both direct and indirect, intentional and un-
intended influence on natural landscapes, which is
designated by the term “anthropogenic impact”. It
manifests itself both in biotic components (for ex-
ample, the disappearance or replacement of spe-
cies of flora and fauna) and in abiotic ones (climate
change, pollution of the atmosphere, reservoirs and
soils). As a result, destructive changes in natural
landscapes are observed, violating their stability and
functionality [9].

Man-made landscapes are natural and anthro-
pogenic formations formed under the influence of
human activity, especially in the fields of mining,
energy, transport and construction. The sources of
pollution in such areas are classified as point, linear
and areal, while the pollution zones often do not co-
incide in location with the sources themselves [10].

Thus, human economic activity is the main fac-
tor determining the current state of geomorphologi-
cal systems. To preserve environmental sustainabil-
ity, it is necessary to take into account and analyze
all forms of anthropogenic impact on the natural
environment [11-12].

In this regard, the study of exogeomorphogen-
esis under conditions of increasing anthropogenic
pressure and climatic changes is of particular im-
portance. The deterioration of the environmental
situation due to these factors is causing increasing
concern among scientists and specialists [13].

The purpose of this study is to identify the
features of the modern ecogeomorphogenesis of
Kostanay region under anthropogenic influence,
to identify the main types and directions of terrain
transformation, and to assess their consequences for
the natural environment of the region.

Materials and methods of research

The data on cartographic and textual material on
the geology and morphology of Kostanay region for
the modern period of time were used as the research
material, geographical and descriptive methods
were used.

The geographical method was based on the fact
that fieldwork and descriptive work were carried
out, during which research materials were obtained.
Thanks to the geographical and descriptive method,
the main characteristics and the current state of
ecogeomorphogenesis are investigated in this work.

Kostanay region is located in the north of the
Republic of Kazakhstan and is one of the largest ad-
ministrative-territorial units of the country. The total
area is 196,000 km?, which makes it one of the most
extensive regions in Kazakhstan. The region occu-
pies an important geostrategic position, bordering
the Russian Federation (Chelyabinsk, Kurgan and
Orenburg regions), as well as neighboring regions
of Kazakhstan — Aktobe, Karaganda and North Ka-
zakhstan regions [14-15].

Such a border location has a significant impact
on the economic ties of the region, the use of natural
resources and the direction of infrastructural devel-
opment. The large area of the territory and its lo-
cation in a zone of various natural conditions com-
plicate the geomorphological structure of the region
and affect the diversity of the relief [16].

From a coordinate point of view, Kostanay re-
gion is located in the range of 52°-55° north lati-
tude and 61°-69° east longitude. The territory of the
region occupies a transitional zone between steppe
and forest-steppe natural zones, which determines
its diverse landscape. This factor has an impact not
only on geomorphological features, but also on hy-
drological processes, the formation of relief and the
distribution of soil cover. The differences between
the northern and southern parts of the region affect
not only the ecosystem characteristics, but also the
risks of flooding [17].

Results and discussion

The geomorphological structure of Kostanay re-
gion is a combination of flat, elevated and low-lying
landforms formed under the influence of tectonic
processes, erosion, accumulation and denudation.
The regional morphology is determined by the lo-
cation of the region within the West Siberian Plain
and the Turgai plateau, which determines its char-
acteristic features — slight fluctuations in altitude,
wide interfluvial spaces and a developed network of
drainage basins. According to the geomorphological
features, the territory of the region can be divided
into three main zones (Table 1):
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Table 1 — The main geomorphological zones of Kostanay region

Geomorphological zone Relief features Average helglzna)bove sea level Characteristic objects
1 2 3 4
West Siberian lowland Flat terrain with small hills, Ubagan-Ishim watershed,
. 120-180
(northern part of the region) swampy areas lakes, swamps, salt marshes
Undulating plains, sometimes taThIz;rlO;mtzmszo}ig z(zibf;
Turgai plateau dissected by a ravine-girder 200-300 U, hargatyrau, yiad,
. . Teketau, Tosykkum and
network, Aeolian relief forms
Akkum dunes
Wide tectonic depression, Lake Aksuat, Lake
Turgai hollow floodplains, floodplain 150-210 Kushmurun, Turgai and
terraces, salt marshes Ubagan rivers
The Trans-Ural plateau Hilly terrain, sloping plains, Tributaries of the Tobol,
. . 250-350 Lo
(western part of the region) lake-basin areas estuaries, river valleys
The cliffs and hills of the Df:nudatlo'n slopes, elevgted Watersheds of Turgay-
southern part of the reion ridges, slightly undulating 250-300 Zhilanchik, Kabyrga-Teke,
uthernp & plains Zhilanchik-Ulkayak

The Northern plain zone (West Siberian low-
land). It consists of poorly dissected plains with
altitudes from 120 to 180 m above sea level. This
territory is characterized by weakly pronounced
slopes, the presence of numerous lake basins
(Nazhmuli, Amankaragai) and the spread of hy-
dromorphic soils. These features contribute to sea-
sonal stagnation of water and increase the risk of
spring floods.

- The central elevated zone (Turgai plateau). It
extends from the northeast to the southwest and in-
cludes hilly and rolling landforms with heights of
200-300 m. Ravine-girder systems are developed in
this zone, which makes it more susceptible to ero-
sion processes. The Turgai Hollow — an ancient
tectonic trough filled with sedimentary rocks, also
passes through here. During the spring flood, signifi-
cant amounts of meltwater flow down this hollow,
increasing the burden on the hydrological system of
the region.

- Southern arid zone (part of the Turgai depres-
sion). It is characterized by the predominance of
flat plains with rare residual elevations. There are
dry channels of temporary watercourses (sores), as
well as large sandy massifs (Aral Karakums), which
influence the formation of a local microclimate, in-

46

creasing the level of evaporation and contributing to
the occurrence of dust storms.

The geomorphology of Kostanay region is
closely related to its geological structure. The region
is composed of sedimentary rocks of Paleozoic, Me-
sozoic and Cenozoic age, among which sandstones,
clays, siltstones, marls and limestones predominate.
Quaternary deposits of glacial and alluvial origin are
widespread in lowland areas, which determines the
high water permeability of soils and contributes to
the formation of temporary reservoirs after intense
precipitation. The southern part of the region con-
tains denser rocks of the Permian and Carboniferous
periods, which reduces the level of precipitation in-
filtration and leads to the formation of a more stable
water regime. These geological differences create
significant contrasts in the soil and hydrological
conditions of the region and affect economic activ-
ity [18-19].

The geological structure of Kostanay region is
a complex system formed under the influence of
various geological processes over millions of years.
The main tectonic elements of the region are the
Kostanay megablock, the Turgai depression and the
North Kazakhstan region of the Ural Folded system.
The Kostanay megablock is a stable platform struc-
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ture composed of ancient crystalline rocks of the Ar-
chean and Proterozoic, including granites, gneisses
and quartzites. These rocks have high strength and
are the basis for the placement of large iron ore de-
posits. In contrast, the Turgai depression is a tecton-
ic trough in which sedimentary rocks accumulated
during the Mesozoic and Cenozoic eras. It contains
powerful sandstone, limestone and clay strata with
high water content and influencing the formation of
the region’s groundwater resources. The North Ka-
zakhstan region of the Ural folded system is charac-
terized by a complex structure, including fault zones
and metamorphosed rocks that have undergone ac-
tive tectonic processing [20-21].

The lithological composition of the Kostanay
region is represented by a variety of rocks, among
which sedimentary, igneous and metamorphic for-
mations predominate. In the northern and central
regions, sandstones, siltstones and limestones are
widespread, which form aquifers and favorable con-
ditions for groundwater accumulation. The southern
and western regions are characterized by the pres-
ence of basalts, granites and diabases, which have
high strength and resistance to weathering. Meta-
morphic rocks such as gneisses, schists, and quartz-
ites are found mainly in the southern folded zones
and are associated with tectonic processes that oc-
curred in the Paleozoic era [22-25].

The richness of minerals is one of the key geo-
logical features of the region. Kostanay region has
the largest iron ore deposits in Kazakhstan, con-
centrated in the Sokolovsko-Sarbaysky, Kacharsky
and Lisakovsky basins. These ores are of sedi-
mentary-metamorphic origin and have a high iron
content, reaching 50-60%. In addition, there are
significant reserves of bauxite used in the produc-
tion of aluminum in the Lisakovsk area. The Zhi-
tikarinsky phosphorite deposit is of marine origin
and is actively used in the agricultural sector for
the production of fertilizers. Lignite deposits have
been discovered within the Turgai basin, but their
development is limited due to difficult hydrogeo-
logical conditions. Exploration work is also under-
way in the southwestern part of the region to find
oil and gas deposits in the carbonate strata of the
Lower Paleozoic [26].

The geological structure of the region has a
significant impact on the hydrogeological condi-
tions and the distribution of water resources. There
are three main aquifers in the region: deep artesian
basins lying at a depth of 300-800 meters and con-

taining mineralized waters; medium-depth horizons
(30-150 meters) used for drinking and domestic wa-
ter supply; as well as shallow groundwater located
at a depth of 0.5-10 meters and playing a key role in
irrigation of agricultural lands. The most significant
underground water resources are concentrated in the
Turgai basin, where powerful sand and limestone
strata contribute to the active accumulation and fil-
tration of waters. However, in the northern regions
of the region, where dense clay rocks predominate,
precipitation infiltration is limited, which leads to
the accumulation of surface water and increases the
likelihood of floods in the spring [27].

The geology of the region also influences eco-
nomic activity, determining the specifics of the lo-
cation of industrial enterprises, agricultural land
and transport infrastructure. The mining industry is
concentrated in the areas of iron ore deposits, while
the agricultural sector is developing mainly in the
central and northern parts of the region, where the
lithological composition of the soils is more favor-
able for agriculture. In areas where clay deposits are
common, increased soil salinity is observed, which
requires the use of special land reclamation mea-
sures. The construction of roads and engineering
structures also depends on the geological structure,
since additional fortification work is required in ar-
eas with loose sedimentary rocks.

Conclusion

In general, the geographical location and relief
of Kostanay region determine its climatic condi-
tions, water balance and risk level of natural disas-
ters, including floods and erosion processes. The
northern regions of the region, belonging to the
West Siberian Lowlands, are characterized by a
weak surface slope, high moisture storage capacity
and increased susceptibility to flooding, especially
during the spring snowmelt.

The central part, represented by the hills of
the Turgai plateau, is characterized by more active
runoff, which reduces the likelihood of prolonged
floods, but leads to increased soil erosion and land-
scape degradation. In the southern regions of the
region, located within the Turgai basin, the water
regime depends on the composition of the underly-
ing rocks, in particular sandstones and limestones,
which contribute to the active filtration and ac-
cumulation of groundwater, providing nutrition
to aquifers. The geological structure of the region
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forms heterogeneous water exchange conditions,
where the presence of clay deposits in some areas
leads to moisture stagnation, while in others, pre-
cipitation infiltration contributes to the formation
of deep-lying water reservoirs. In recent decades,
due to climate change, there has been an increase
in extreme meteorological events, which increases
the likelihood of severe floods and exacerbates the
problem of water scarcity in the southern regions.
In this context, the study of the relief and geological
features of the region acquires strategic importance,
allowing not only to predict hydrological risks, but
also to develop effective measures to protect terri-
tories from floods, optimize water use and preserve
soil fertility.

Thus, the geographical location, geomorpholog-
ical and geological features of Kostanay region have
a significant impact on the formation of hydrologi-
cal conditions, the nature of landscape dynamics and
the manifestation of natural hazards. In conditions
of a complex and mosaic relief structure — from the
plains of the northern part to the elevated areas of
the central plateau and depressions of the southern
regions — different types of regimes of surface and
underground runoff, water exchange and moisture
accumulation are formed. This determines the un-
even distribution of hydrological risks across the
region and requires an integrated approach to their
assessment.

The study of spatial variability of anthropo-
genic impact on the natural environment is of

particular relevance, since landscape changes
due to economic activity exacerbate natural risks,
including floods, erosion, soil degradation and a
decrease in the water-holding capacity of land-
scapes. Active land development, land reclama-
tion, deforestation, construction of dams and
other engineering structures disrupt the natural
mechanisms of regulating moisture circulation,
which leads to an aggravation of hydroecological
problems in the region.

Taking into account the increasing consequenc-
es of global climate change, including an increase
in extreme precipitation, temperature anomalies and
changes in seasonal water regimes, the need for a
systematic study of ecogeomorphological processes
is becoming a strategic task. Modern approaches
to monitoring, modeling, and forecasting the geo-
morphodynamics of the region make it possible to
identify the most vulnerable areas, develop risk sce-
narios, and make sound recommendations for envi-
ronmental management.

In addition, understanding the interrelationships
between relief, geological structure, climatic condi-
tions and human activity allows us to move from
fragmented responses to the consequences of natu-
ral disasters to their long-term prevention. In this
regard, it is particularly important to develop pro-
grams for sustainable water use, protection of soil
resources, restoration of degraded landscapes and
improvement of the territorial planning system tak-
ing into account geoecological risks.
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of Kazakhstan’s project AP 23486220, titled “Study of the important organ systems reactivity in the
main commercial fish species of the lle-Balkhash basin under anthropogenic load.” (2024-2026). The
ecological condition of the Ili-Balkhash Basin raises serious concerns due to increasing anthropogenic
pressure, accompanied by the influx of heavy metals, pesticides, and other organic pollutants into water
bodies. Fish gills, as a highly sensitive organ of external respiration, serve as a reliable bioindicator of
water toxicity. As part of this study, morphological and histological analyses of the gill apparatus were
conducted on three commercially important fish species — Cyprinus carpio, Abramis brama, and Sander
lucioperca — caught in different areas of the lli-Balkhash Basin. In fish inhabiting zones with elevated pol-
lutant concentrations, pronounced pathological changes in gill tissue were observed, including epithelial
hyperplasia, lamellar fusion, destruction of the capillary network, and inflammatory infiltration. The
severity of these alterations correlated with the level of aquatic pollution. Cyprinus carpio demonstrated
the highest sensitivity to pollutants, whereas Sander lucioperca showed relative resistance. The findings
indicate a significant impact of waterborne pollutants on the morphofunctional condition of the gill ap-
paratus, and consequently, on the viability and productivity of fish populations. These results highlight
the urgent need for regular ecological monitoring and the implementation of protective measures to
preserve the aquatic ecosystem of the lli-Balkhash Basin, safeguard biodiversity, and ensure sustainable
fisheries.
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Ine-baakaiu 6acceifHiHAEeri 6AAbIKTapAbIH,
»keAabe3ek anmnapaTbiHa AACTaFbilL 3aTTapAbIH, dcepi

Makana Kasakcrtan Pecnybamkacbl FblAbIM >KoHe >KOFapbl OiAIM MUHUCTpPAIriHiH AP23486220
«AHTPOTOTEHAIK XXYKTeMe arFaanbiHAa Iae-baakal 6acceiHiHib, Herisri KacinwiAik 6aAblk, TYpAEpPiHiH
MaHbI3Abl OpraH >XyMeAepiHiH peakTUBTIAIrH 3epTTey» xo6achl (2024-2026 >K.) asiCbiHAA >Ka3bIAFaH.
Ine-baAkaln GaccenHiHiH 3KOAOMMSAABIK, XKaFAalbl aHTPOMOrEHAIK 9CEPAIH KYLLEIIHE, COHbIH, illiHAE
aybIp METaAAAPABIH, MECTULMATEPAIH XaHe 6acka Aa OpPraHMKaAbIK, AACTaFbILLITapAbIH CY alAbIHAAPbIHA
TycyiHe 6aiAaHbICTbl ANTAPABIKTAN aAAHAQYLIbIALIK, TYAbIPAAbl. BaAbIKTbIH eabe3ekTepi, CbipTKbl
TbIHbIC AAYAbIH, ©T€ CEe3iIMTaA MYLUECI PETIHAE, CYAbIH YAbIAbIFbIHbIH CEHIMAI GronHamkaTopbl. Ocbl
3epTTey ascbiHAQ Iae-baakawl 6acceiHiHiH OpTYypAi aiMakTapblHAQ ayAaHFaH yil KaCinTik 6GaAbik,
Typiin—Cyprinuscarpio, AbramisbramaxeHe Sanderluciopercaxeabe3ek anmnapatbiHaMOPOAOTMSAbIK,
JKOHE TMCTOAOTMSAABIK, TaAAQy >KYPFi3iAAi. AacTayllbl 3aTTapAblH  KOHLEHTPALMSChl  >KOFapbl
anMakTapAa MekeHaereH 6GaAblKTapAa 3MUTEAMIA TMMeprnAasuschbl, xeabesek >KarblpakliaAapbiHbiH
Gipiryi, KanUAASIPABIK, XXEAIHIH OY3bIAYbl XoHe KabblHy MH(OUABTPALMSICHI TYPIHAET keAbe3ek TiHiHIH
aKblH MaTOAOTUSIAbIK, e3repictepi TipkeAAi. Bby3bliAyAapablH, alkbIHABIFbI CYy OpPTaCblHbIH, AacTaHy
AeHreiiMeH e3apa 6arAaHbICTbl GOAAbI. AacTaylubl 3aTTapFa €H >KOFapbl ce3iMTanabikTbl C. carpio
Kkepcetce, aAn S. lucioperca caAbICTbIPMAAbl TYPAE TYPaKTbIAbIK, TaHbITTbl. AAbIHFaH AEpPeKTep cy
AQCTaFbILITAPbIHbIH, XeAbe3eKk arnnaparbiHbiH, MOPMOMYHKUMOHAAABIK, XaFAaiblHa, TUICIHLIE, BaAbIK
MOMNYASUMSAAAPbIHBIH, TipLIAIK KaBIAETTIAIN MeH eHIMAIAIriHe aiTapAbIKTail acep eTeTiHiH KOpCeTeA|.
HaTukeAep 61MOBPTYPAIAIKTI cakTay koHe TypakThl GaAbIk, ayAayAbl KaMTamachi3 eTy yiiH lae-baakaiu
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BAMSIHME NMOAAIOTAHTOB Ha XKabepHblit annapar pblo
Man-banxawuckoro 6acceiiHa

CraTbs HarMcaHa B pamkax npoekta MmMH1cTepcTBa Hayku U BbicLero obpasoBaHmns PK AP23486220
«M3yueHne peakTMBHOCTUN BaXKHEMLLIMX CUCTEM OPraHOB OCHOBHBbIX MPOMbICAOBbBIX BUAOB pblb Mae-ban-
XaLcKoro 6accerHa B yCAOBUSIX @aHTPOMNOTreHHOM Harpysku» (2024—2026 roAbl). IKOAOTMUYECKOE COCTO-
sHne Man-baaxaluckoro 6acceiiHa Bbi3blBaeT CEpPbE3HYI0 00ECMOKOEHHOCTb B CBS3M C HapacTaloWwmm
AHTPOMOreHHbIM BO3AENCTBUEM, COMPOBOXKAQIOLLMMCS MOCTYMAEHNEM B BOAOEMBI TSXKEABIX METAAAOB,
NecTULMAOB M APYTMX OpraHMyeckmx 3arpsasHuntenent. XXabpbl pbib, Kak BbICOKOUYYBCTBUTEAbHBI OpraH
BHELLHErO AbIXaHMSI, SBASIOTCS HaAEXHbIM GUOMHAMKATOPOM BOAHOM TOKCMYHOCTM. B pamkax AaH-
HOI0 MCCAEAOBaHMS NMPOBEAEH MOPMOAOTMYECKMIA U TMCTOAOTMYECKMI aHaAM3 >kabepHoro anmnapata
Y TPEX MPOMbICAOBbIX BUAOB pbl6 — Cyprinus carpio, Abramis brama v Sander lucioperca, BbIAOBA€H-
HbIX B pa3AMUHbIX ydacTkax Man-baaxaluckoro 6acceriHa. Y pbl6, 06MTaBLIMX B 30HaX C MOBbILLIEHHOWM
KOHLEHTPALMEN NMOAAIOTAHTOB, 3a(PMKCMPOBaHbI BbIPa>KEHHbIE MATOAOrMYECKME U3MEHEHMS >KabepHOit
TKQHM B BUAE FMMEPNAA3ZUN IMUTEANS, CAUSIHWE AENEeCTKOB, AECTPYKLMM KAMUAASIPHOM CEeTU M BOCMa-
AUTEABHOM MH(PUABTPALMM. BbipaKeHHOCTb HapyLUEeHMIT KOPPEAMPOBAAA C YPOBHEM 3arpsi3HEHUs BO-
AHOW cpeAbl. HanboAbLLYIO YyBCTBUTEABHOCTb K MOAAIOTaHTaM NpoaemoHcTpupoBaa C. carpio, Toraa
Kak S. lucioperca NposiBUA OTHOCUTEABHYIO YCTOMUMBOCTb. [TOAyUYEHHbIE AQHHbIE CBUAETEALCTBYIOT O
3HAUMTEABHOM BAMSIHMK BOAHbBIX 3arpsi3HUTEAer Ha MOP(OQYHKLMOHAABHOE COCTOSIHME >KabepHOro
anrnapara u, COOTBETCTBEHHO, Ha >KM3HECMOCOBHOCTb U MPOAYKTUBHOCTb PbIGHbBIX MOMYASILMA. Pe3yAb-
TaTbl NOAYEPKMBAIOT HEOOXOAMMOCTb PEryASPHOrO 3KOAOTMYECKOrO MOHUTOPMHIA U MPUHSATUS Mep Mo
oxpaHe BoAHOM akocucTeMbl Man-baaxatuckoro 6acceiiHa aas coxpaHeHus 61uopasHoobpasms u obe-

crnevyeHns YCTOVILII/IBOFO pr6OAOBCTBa.

KatoueBble caoBa: Man-baaxalickuii 6acceiit, BOAHbIE MOAAIOTAHTbI, MaToAorus xabp, Cyprinus
carpio, Abramis brama, Sander lucioperca, ructomMopcoAorusi.

Introduction

The Ili-Balkhash Basin represents one of the
largest aquatic ecosystems in Kazakhstan, serv-
ing as a critical determinant in sustaining regional
biodiversity, securing freshwater supply for human
populations, and underpinning the development of
commercial fisheries [1-3]. In recent decades, the
aquatic ecosystems of the basin have been subject-
ed to a steadily increasing anthropogenic pressure,
driven by intensive industrial, agricultural, and mu-
nicipal activities. This has resulted in the influx of
a wide spectrum of pollutants into the aquatic en-
vironment, including heavy metals, petroleum hy-
drocarbons, pesticides, and other xenobiotics, which
are capable of inducing severe morphofunctional
impairments in aquatic organisms [4]. The results of
studies on the content and distribution of heavy met-
als in the tissues and organs of fish inhabiting Lake
Balkhash indicate that zinc is among the primary
bioaccumulators in fish organisms, with a tendency

for preferential accumulation in the liver and gills.
These organs are particularly vulnerable to toxicant
exposure due to their physiological activity. The
extent of accumulation is determined by the degree
of environmental contamination, the trophic type of
fish, the chemical properties of the metals, and their
migratory potential. Variations in accumulation pat-
terns reflect adaptive mechanisms and the relative
resistance of different species to pollutant exposure,
which is of particular importance for assessing the
status of fish resources and for developing conserva-
tion strategies for the aquatic ecosystem of the Ili-
Balkhash region [5, 6]. According to the chemical
analysis of surface waters, several sites demonstrat-
ed concentrations of heavy metals exceeding the
maximum permissible limits established for fish-
eries water bodies [7]. Histological investigations
conducted by the authors revealed pronounced de-
structive alterations in the organs of fish inhabiting
the most contaminated locations. These alterations
included degenerative and dystrophic processes in
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the gills, liver, and kidneys, indicating a high toxic
burden on aquatic organisms [8]. Of particular con-
cern is the impact of pollution on key commercial
fish species of the Ili-Balkhash Basin, such as Cypri-
nus carpio, Abramis brama, and Sander lucioperca,
which play a crucial role in the fisheries sector and
regional food security [9]. The gill apparatus, being
in direct contact with the aquatic environment, not
only performs gas exchange but also participates in
ion regulation, osmoregulation, and excretion, mak-
ing it one of the most sensitive indicators of xenobi-
otic exposure in aquatic ecosystems [10].

The results of numerous studies indicate that
exposure to toxic substances in fish may lead to
morphofunctional alterations of the gill epithelium,
including hyperplasia, lamellar fusion, disruption of
the capillary network, and inflammatory responses
[11-13]. Nevertheless, data regarding the extent and
specificity of such alterations in commercially im-
portant fish species of the Ili-Balkhash Basin remain
limited, fragmented, and insufficient to provide a
comprehensive understanding of pollutant impacts
at the ecosystem level.

Given the current level of anthropogenic pres-
sure on the Ili River and Lake Balkhash, there is an
urgent need for integrated morphofunctional and
histopathological investigations of the gill apparatus
in the most ecologically and economically signifi-
cant fish species. Such studies not only provide an
objective assessment of the toxic effects of aquatic
pollutants but also form the basis for developing
bioindicator criteria within ecological monitoring
frameworks. The findings may be applied to the for-
mulation of conservation strategies, the restoration
of commercially valuable fish populations, and the
sustainable management of fisheries resources in the
region.

The aim of the present study was to perform a
comparative analysis of morphological and histo-
pathological alterations in the gill apparatus of the
major commercial fish species Cyprinus carpio,
Abramis brama, and Sander lucioperca under the
influence of aquatic pollutants in the Ili-Balkhash
Basin. The study further sought to assess the spe-
cies-specific sensitivity of these fish to water con-
tamination, with the ultimate goal of applying the
obtained data in bioindication systems for evaluat-
ing the ecological status of aquatic ecosystems in
the region.
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Materials and methods

Field and laboratory studies were conducted
in 2024 in various parts of the Ili-Balkhash ba-
sin, which are characterized by different levels of
anthropogenic impact. The research objects were
three commercial fish species: Cyprinus carpio,
Abramis brama, and Sander lucioperca. The fish
were caught using nets according to standard meth-
ods and then underwent biometric processing. For
histological analysis, gill arches were removed,
fixed in 10% neutral formalin, and embedded in
paraffin. Serial sections were stained with hema-
toxylin and eosin for subsequent microscopic ex-
amination.

Concurrently with the collection of biological
material, surface water samples were taken to assess
the level of pollution. The water samples were ana-
lyzed for heavy metal content using atomic absorp-
tion spectrometry. All obtained data were statistical-
ly processed, including the use of the Student’s t-test
to evaluate the significance of differences between
groups. The results are presented as the mean value
with the standard deviation.

Results and discussion

Morphological and histological analysis of the
gill apparatus of Cyprinus carpio collected from
different sites of the Ili-Balkhash Basin revealed
significant differences between specimens from
polluted and conditionally clean (control) areas.
Fish inhabiting water bodies with elevated con-
centrations of contaminants exhibited pronounced
pathological alterations in gill structure, whereas
individuals from control sites showed either no
abnormalities or only minor deviations. At the
histological level, specimens from polluted areas
demonstrated hyperplasia of the primary gill epi-
thelium in the region of the gill lamellae, accom-
panied by destruction of the secondary epithelium,
indicative of a compensatory tissue response to
chronic toxicant exposure (Fig. 1). Additionally,
edematous changes were observed in both pri-
mary and secondary epithelial layers, pointing to
disrupted osmotic balance and increased vascular
wall permeability.
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Figure 1 — Gills of Cyprinus carpio. Gill filament with arising
lamellae. Edema of the primary and secondary epithelium,
deformation of lamellae. Staining: hematoxylin and eosin, X200.

In several cases, pronounced destructive altera-
tions of the gill lamellaec were observed, including
necrosis of the respiratory cells of the secondary
epithelium, their subsequent desquamation, disinte-
gration of the vascular layer with the formation of
hemorrhages, as well as deformation of individual
lamellae (Fig. 2).

Figure 2 — Gills of Cyprinus carpio. Edema of the secondary
epithelium, presence of mucous and rod-shaped cells in the
lamellae. Staining: hematoxylin and eosin, %200.

The most severe lesions comprised hyperplasia of
the secondary gill lamellar epithelium, fusion of gill
filaments, subepithelial edema, and partial destruction

of the capillary network (Fig. 3). In some specimens,
signs of necrosis and inflammatory infiltration were
detected, indicating chronic inflammation and an im-
mune response to the presence of toxic substances.
Concentrations of heavy metals (Zn, Cu, Pb) in the
studied water bodies exceeded the maximum permis-
sible levels by 2-3 times, which is likely the main
factor underlying the observed alterations.

Figure 3 — Gills of Cyprinus carpio. Necrosis of respiratory
cells of the secondary epithelium, hyperplasia of the primary
epithelium. Staining: hematoxylin and eosin, x400.

Thus, the results of the study demonstrate the
high sensitivity of the gill apparatus of Cyprinus
carpio to anthropogenic pollution of the aquatic en-
vironment, particularly to the action of heavy met-
als. Morphological and histological changes in the
gills impair their respiratory and osmoregulatory
functions, thereby reducing the overall resistance
of the organism to external stressors. The findings
confirm that gills, as organs directly interacting with
the environment, can be considered reliable bioin-
dicators of the ecological status of aquatic habitats.
These data highlight the need for regular environ-
mental monitoring and the implementation of mea-
sures aimed at reducing pollution levels in freshwa-
ter ecosystems.

In the gills of the examined Cyprinus carpio
specimens, pathomorphological changes reflecting
both compensatory-adaptive and destructive pro-
cesses were identified. The compensatory-adaptive
responses were manifested by a marked increase in
the number of mucous and rod-shaped cells within
the primary gill epithelium, as well as their occur-
rence in the lamellar epithelium.
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The results of the analysis of heavy metal con-
centrations in water samples from different sites
of the Ili-Balkhash Basin (mg/dm?) are presented
in Table 1, which shows the mean concentrations
of Zn, Cu, Pb, and Cd determined in samples col-
lected from three sites characterized by varying
levels of anthropogenic pressure: Site 1 — condi-
tionally clean zone (low pollution), Site 2 — mod-
erately polluted zone, and Site 3 — highly polluted
zone.

The analysis indicates that at Site 1, the concen-
trations of all studied metals were within the permis-
sible limits. At Site 2, exceedances of MPC were re-
corded for cadmium (0.0015 mg/dm? at MPC 0.001),
suggesting moderate pollution. The concentration
of copper (0.04 mg/dm?) was within the permissible
limits, but close to the MPC (0.05 mg/dm?). At Site

3, the concentrations of all metals, except copper,
exceeded the regulatory limits: zinc (0.35 mg/dm?)
exceeded MPC by 3.5 times, lead (0.015 mg/dm?)
by 1.5 times, and cadmium (0.003 mg/dm?®) by 3
times.

The data confirm a high level of heavy metal
contamination in the aquatic environment at Site 3.
The obtained results demonstrate considerable vari-
ability in the chemical composition of water across
the basin, which was taken into account when as-
sessing the ecological status of water bodies and the
histopathological alterations in aquatic organisms.
Exceedances of MPC values for zinc, cadmium, and
lead in the most polluted zone were associated with
pronounced histological impairments of the gill ap-
paratus in the studied fish species, particularly in
Cyprinus carpio.

Table 1 — Concentrations of heavy metals in water samples from various sites of the Ili-Balkhash Basin, mg/dm?

Metal Site 1 (low pollution) Sitepi ﬁfjlf)mt" Site 3 (high pollution) MPC (mg/dm?’)
Zn 0.05 0.15 0.35 0.10
Cu 0.01 0.04 0.12 0.05
Pb 0.002 0.006 0.015 0.01
cd 0.0005 0.0015 0.003 0.001

Morphological changes in the gills of Abramis
brama inhabiting the zone of intense anthropogenic
pollution were characterized by severe pathological
alterations of gill structure (Fig. 4A, B). These in-
cluded epithelial hyperplasia, fusion of gill lamel-

lae, intercellular edema, destruction of the epithelial
layer, and the presence of inflammatory infiltrates.
In certain areas, tissue necrosis and vascular chang-
es were observed, indicating both destructive and
adaptive responses.
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Figure 4 — Histopathological changes in the gills of Abramis brama

from a highly polluted area. Staining: hematoxylin and eosin, Ax100, Bx200
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The histological alterations observed in the gill
apparatus of the studied fish species represent char-
acteristic morphological manifestations of chronic
exposure to toxicants and aquatic pollutants. These
changes included hyperplasia, thickening of the
epithelial layer, edema, vascular impairments, and
inflammatory infiltration—typical indicators of dis-
rupted tissue homeostasis under the influence of con-
taminants, particularly heavy metals. Pronounced
histopathological changes in the gills were recorded,
such as epithelial thickening, detachment, and local-
ized necrotic foci. The damage was found to be less
severe than in Cyprinus carpio, although still indic-
ative of significant physiological stress. Such altera-
tions may substantially reduce the efficiency of gas
exchange, compromise the immune defense system,
and diminish the adaptive potential of the species
under deteriorating environmental conditions. This
suggests a limited, yet present, resilience of Abra-
mis brama to long-term pollutant exposure, which is
important to consider in bioecological assessments
of population status.

In contrast to the other species, Sander lucioper-
ca demonstrated a higher resistance to pollutants.
While its gill apparatus largely retained a well-or-
ganized structure, certain deviations from the norm
were detected even at high levels of environmental
contamination. These changes, indicating chronic
toxic stress, included thickening of the secondary
epithelium due to cell hyperplasia and hypertrophy,
lamellar fusion, and epithelial lifting, as well as the
formation of subepithelial edema and telangiecta-
sia (vascular dilation). Signs of venous congestion
and inflammatory infiltration were also observed,

and in severe cases, epithelial necrotic foci were
recorded, indicative of irreversible tissue damage.
These morphofunctional disorders show that even
relatively tolerant species such as Sander lucioper-
ca exhibit pathological responses under conditions
of critical contamination. However, the severity of
these changes was substantially lower compared
to common carp and bream, confirming its relative
resistance to pollutants and potential suitability for
fisheries use under moderate ecological stress. The
histopathology of the gill apparatus in pikeperch can
thus serve as a reliable tool for biomonitoring aquat-
ic ecosystem health and assessing water quality.

Overall, the degree of histopathological alter-
ations in the gill apparatus of fish from different
areas of the Ili-Balkhash Basin correlated directly
with the level of heavy metal contamination in the
aquatic environment. Cyprinus carpio proved to
be the most sensitive species, exhibiting extensive
and severe gill lesions, whereas Abramis brama
displayed moderate resilience. Sander lucioperca
showed the least pronounced pathological chang-
es, indicating high ecological plasticity. These
findings confirm that gills represent a reliable bio-
marker of aquatic ecosystem status and can be ef-
fectively employed in water quality biomonitoring.
A comprehensive assessment of the morphofunc-
tional state of gill epithelium not only enables the
detection of contamination but also allows evalu-
ation of its potential impact on the health and vi-
ability of aquatic organisms, while species-specific
differences in sensitivity can be applied in aqua-
culture management and ecological assessment of
aquatic habitats.

Figure 5 — Histopathological changes in the gills of Sander lucioperca
from a highly polluted area. Staining: hematoxylin and eosin, Ax100, Bx200
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It has been demonstrated that, compared with
normal gill morphology, Sander lucioperca inhab-
iting polluted environments exhibited both com-
pensatory and destructive alterations, indicative of
prolonged toxic exposure and a decline in the over-
all physiological state of the organism. The gills of
pikeperch showed pronounced morphofunctional
disorders, including epithelial hyperplasia, hyper-
trophy, lifting, and necrosis, as well as vascular
and inflammatory changes, reflecting the impact of
aquatic toxicants. Relative to the norm, gill structure
was markedly disrupted, leading to reduced func-
tionality—primarily in respiratory and osmoregula-
tory processes—and increased susceptibility of the
fish to external stressors. The coexistence of com-
pensatory (hyperplasia) and destructive (necrosis,
inflammation) changes points to the chronic nature
of environmental contamination and the exceedance
of the organism’s adaptive thresholds under toxic
pressure.

Gill histopathology can thus be regarded as a re-
liable biomarker of aquatic ecosystem health, while
Sander lucioperca may serve as a sensitive indica-
tor species in ecological monitoring. The findings
highlight the necessity for strengthened environ-
mental control and assessment of pollutant impacts

Table 2 — Comparative analysis of histopathological changes

on aquatic biota in order to prevent degradation of
natural resources and biodiversity.

The histological examination of the gill appa-
ratus in three fish species—Cyprinus carpio (com-
mon carp), Abramis brama (bream), and Sander
lucioperca (pikeperch)-from different sites of the
Ili-Balkhash Basin revealed pronounced interspe-
cific differences in the extent and nature of patho-
logical alterations induced by aquatic pollution. In
Abramis brama, pathological changes were also de-
tected, though their severity was substantially lower
compared to common carp. The principal histologi-
cal features included hyperplasia and partial thick-
ening of the epithelial layer of the gill lamellae, as
well as focal epithelial lifting in certain areas of the
secondary epithelium.

The differences in the nature and severity of
histopathological alterations are determined by
physiological and ecological characteristics, respi-
ratory type, metabolic rate, feeding strategy, and
detoxification capacity. The higher resilience of
Sander lucioperca may be attributed to its preda-
tory lifestyle and reduced duration of contact with
benthic contaminants, in contrast to benthopha-
gous species such as Cyprinus carpio and Abramis
brama.

Fish species Main changes Degree of severity | Resistance to pollutants
Cyprinus carpio Hyperplasia, edema, necrosis, inflammation, hemorrhages High Low
Abramis brama Epithelial thickening, cell detachment, single necrotic foci Moderate Medium
Sander lucioperca | Mild epithelial thickening, capillary constriction Low High

The obtained results are consistent with previ-
ous studies emphasizing that gills represent one of
the most sensitive organs to aquatic pollutants and
can be effectively employed as bioindicators of wa-
ter quality. The most typical signs of lesion include
multilayered epithelial hyperplasia, lymphocyte and
macrophage infiltration, thickening of the lamellar
structure, vascular component degradation, and fo-
cal necrosis. Such alterations reduce the surface area
available for gas exchange and disrupt homeostasis,
which in the long term may decrease population re-
silience.

Thus, a comprehensive histological assessment
of the gills not only revealed the extent of water
pollution but also enabled biomonitoring with con-
sideration of species-specific sensitivity. Sander lu-
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cioperca may be regarded as a promising species for
aquaculture and commercial exploitation in regions
with moderate contamination, whereas Cyprinus
carpio can serve as a sensitive bioindicator signal-
ing excessive ecological pressure.

Conclusion

Gills represent one of the most sensitive target or-
gans to aquatic pollutants, as they perform vital respi-
ratory, osmoregulatory, and barrier functions. Mor-
phological and histopathological alterations occurred
more rapidly in gills than in other organs, serving as
early indicators of environmental degradation. The
presence of both compensatory (e.g., hyperplasia,
epithelial thickening) and destructive (e.g., necrosis,
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inflammation, vascular disturbances) processes al-
lowed assessment not only of the fact of pollution but
also of its nature, duration, and toxicity.

A comparative analysis of three commercial
fish species — Cyprinus carpio, Abramis brama, and
Sander lucioperca—revealed distinct interspecific
differences in the severity of pathological changes.
Common carp exhibited the most pronounced al-
terations, confirming its high sensitivity and value
as a bioindicator of pollution. Bream demonstrated
moderate resilience and partial adaptive capacity,
whereas pikeperch showed the greatest ecological
plasticity, maintaining basic gill structure even un-
der substantial anthropogenic pressure.

Thus, histological examination of the gill ap-
paratus confirmed its reliability as a biomarker of
water quality and highlighted the importance of spe-
cies-specific approaches in biomonitoring and in the
development of conservation strategies for aquatic
ecosystems in the Ili-Balkhash region.

Key Findings

1. Fish gills are highly sensitive indicators of
chronic exposure to aquatic pollutants, particularly
heavy metals (Zn, Cu, Pb, Cd).

2. Pathological changes, including epithelial hy-
perplasia, inflammation, vascular impairments, and
necrosis, can serve as reliable biomarkers of eco-
logical status.

3. Cyprinus carpio proved to be the most sensi-
tive species and can be used as an indicator of high
levels of anthropogenic pollution.

4. Abramis brama demonstrated moderate re-
silience, while Sander lucioperca showed the least
pronounced pathologies, reflecting its ecological
plasticity and suitability for fisheries under moder-
ate contamination.

5. Histopathological methods provide an
objective assessment of tissue damage and rep-
resent an important tool for ecological monitor-
ing.

6. Using gills as bioindicators enables early de-
tection of anthropogenic impacts and supports the
development of strategies for biodiversity conserva-
tion and sustainable ecosystem functioning in the
[li-Balkhash region.
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THE FIRST-LINE ASSESSMENT OF TOXIC POTENTIAL
OF HIGH-ALTITUDE WATER SOURCES OF ILE ALATAU GORGES
(Northern Tien Shan, Kazakhstan)
USING ACUTE D.MAGNA TOXICITY TEST

The ecotoxicological evaluation of lle Alatau headwaters is extremely important for South-East Ka-
zakhstan as mountain cryoshpere provide gross of water sources that supply Almaty agglomeration and
surrounding industrial and agricultural areas of Almaty region. In the current study, the toxic potential
of surface water of two gorges, namely Kuygensay gorge located directly above Almaty city and refer-
enced Orta Turgen gorge, including moraine lakes, alpine lake, springs and main current at altitudes
2400 - 3500 m above sea level, was assessed by acute D.magna toxicity test according to OECD guide-
line. No significant toxicity was shown for water samples from Orta Turgen high-altitude tributaries and
alpine lakes, whereas Titov moraine lake (the very source of Kuygensay river), main current and tributary
spring of river Kuygensay demonstrated significant toxicity toward young daphnids in acute tests. The
indexation based on D.magna immobilization/mortality data scoring, showed that headwaters of river
Kuygensay are considered to meet “moderately toxic” to “toxic” class of toxicity, and Almaty agglomera-
tion is probably the main source of pollution. These data provide opportunity to further investigation on
pollution of glaciers and high-altitude water resources of lle Alatau mountain range.

Keywords: high-altitude water sources, D.magna, bioassay, toxicity assessment, lle Alatau.
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Ine AaataybiHbiH, (CoaTycTik Tanb-LLlanb, Ka3akcraH) waTtkaraAapbiHAFbl
6MiK TayAbl KO3AEPAiH, CYAApPbIHbIH, YbITTbIAbIK, 9AeyeTiH D. magna-ra apHaAFaH
)KEAEA YbITTbIAbIK, CbIHAFbl aPKbIAbI OacTankbl 6arasay

TayAbl kprocdepa — AAMaTbl arAOMEPaLMSIChIHbIH, >KoHe AAMATbl 0BABICHIHbIH, aybIALLIAPYALLBIAIK,
OHEPKaCINTIK ayMakTapbiHbIH 6acTbl cy ke3i. OcbiFaH opa, Iae AAataybiHbiH 6MiK TayAbl alMaKTapbIH
3KOTOKCMKOAOTUSIAbIK, TYPFblaaH OararayAbiH KasakcraHHbiH OHTYCTiK-LUbIFbICHI YLiH MaHbI3bl 30p.
Ocbl 3epTTeyae EKbIY ycbiHFaH D.magna-ra apHaAfaH >XeAeA YbITTbIAbIK TeCTi AAMaTbl KAAaCblHaH
>KOFapbl OpHaAackaH KyireHcam wartkaAbl MeH CaAbiCTbipMaAbl OpTta TypreH laTKaAblHbIH, OeTKi
CYA@pblHbIH, YbITTbIK, 9A€YeTiH 6Gararay MakcaTbiHAQ MalfAAAaHbIAAbL. 3epTTeyre TeHi3 AeHreiniHeH
2400-3500 M GMIKTIKTEri MOPEHaAbIK, KOAAEP, OMIK Tay KeAAepi, ByAakTap >KoHe ©3eHAEPAIH Heri3ri
apHaaapbl eHrisiaai. Opta TypreHHiH 61iK TayAbl KOAAEPI MEH CaAaAapbiHaH aAblHFaH Cy CbIHAMaAApPbIH
3epTTey Ke3iHAE alMTapAbIKTai YbITTbl 8cep GankaAMaAbl, aA TUTOB MOpPeEHaAbIK, KoAiHeH (KyireHcai
e3eHiHiH, 6acTaybl), KyireHcail ©3eHiHiH Herisri arblCbiHaH XXOHE OHbIH, OMiK TayAbl OyAaK-CaAacCbiHaH
AAbIHFaH CblHaMaAap >kac AadHMsIAAQpPFa CTATUCTMKAAbIK, TYPFbIAQH PACTaAFaH >KEAEA YbITTbl acep
etTi. D.magna-HbiH MMMOOMAM3ALMSCBI/EAIMI AepekTepi OoMbiHIIa nMHAEKCTey KyireHcam e3eHiHiH
6acTayblH «OPTaLlA YbITTbi» >KOHE «ybITTbl» A€M CUMATTAAATbIH YbITTbIAbIK, KAACbIHA XKaTKbI3aAbl. OcCbiFaH
opait, AAMaTbl arAOMepaLMsICbiH OMiK TayAbl afiMaKTapAbl AaCTayllibl HETi3ri K63 A€M caHayFa Heri3 6ap.
byA MeaiMeTTep Iae AAaTaybl Tay CIAEMIHAET MY3AbIKTap MEH GMiK TayAbl Cy pecypCTapbiHbIH, AdCTaHy
CaAACbIHAAFbI 3ePTTEYAEPAI YKAAFACTbIPYFa >KOA allaAbl.

Ty#in ce3aep: 6uik TayAbl Cy ke3aepi, 6uoTectirey, D.magna, ybITTbIABIKTbI GaFranay, Iae Aaatay.
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lNepBMYHas OLLeHKA TOKCUMYECKOro NnoTeHLMaAa BOA,
BbICOKOrOpPHbIX UCTOYHHMKOB yiueAmnin Mae Aratay (CeBepHbiit TaHb-LLanb, Ka3axcraH)
C UCMOAb30BaHMEM TeCTa Ha OCTPYIO TOKCMYHOCTb AAs D.magna

['opHag kprocdepa IBASETCS rAaBHbIM MCTOYHMKOM BOAHBIX PECYPCOB AAS AAMATMHCKOM arAOMe-
paLm, CeAbCKOXO3SIMCTBEHHBIX U MPOMbILUAEHHbBIX TEPPUTOPUIn AAMATUHCKOW 00AACTW, BCAEACTBME
3TOro 3KOTOKCMKOAOTMYeCKas oLeHKa Bbicokoropuin Mae Aaatay aag FOro-Boctoka KasaxcraHa kpai-
He BaXKHA. B HacToglwemM MCcCAeAOBaHUM TECT Ha OCTPYIO TOKCMUYHOCTb BOA AAS D.magna, pekomen-
poBaHHbI OBCE, ObIA NMPUMEHEH AASI OLIEHKM TOKCMYECKOro MoTeHUMaAa MOBEPXHOCTHbIX BOA ABYX
yweAann, KiorireHcai, pacnoAO>KeHHOro Haa r. AAMathbl, 1 pedpepeHcHoro yueabs OpTta TypreHb, BKAIO-
4ag MOPEHHbIE 1 BbICOKOTOPHble 03epa, POAHMKM M OCHOBHOE TeueHue pek Ha BbicoTax 2400-3500 m
Haa ypoBHem Mopsi. pu nccaeaoBaHMM 0OPA3LLIOB BOAbI M3 BbICOKOTOPHbIX 03ep M nputokoB OpTa
TypreHb He ObIAO OTMEYEHO 3HAUMTEABHOrO TOKCMUeckoro 3ddekTa, B TO Bpems Kak obpasubl 13
MopeHoro o3epa TutoBa (McTok p. KioireHcai), OCHOBHOro teyeHus p. KionreHcaim 1 ee BbICOKOrop-
HOrO MPUTOKA-POAHMKA OKA3bIBaAW CTAaTUCTUUECKM AOCTOBEPHOE OCTPOE TOKCMYECKOe AENCTBUE B OT-
HOLLEHMM MOAOAbIX AA(PHUA. MHAEKCALMS HA OCHOBE AAHHBIX MO MMMOGMAM3ALMU/CMEPTHOCTU AAS
D.magna nokasaaa, 4To BepxoBbs peku KioiireHcan COOTBETCTBYIOT KAQCCYy TOKCMYHOCTU «yMEPEHHO
TOKCWMYHbIE» N «TOKCUYHbIE», MPU 3TOM AAMATMHCKYIO arAOMepaLMio MOXHO paccMmatpuBaTb Kak OC-
HOBHOWM MCTOYHMK 3arps3HeHUs! BbICOKOrOpWiA. [MOAyUYeHHble AaHHblEe OTKPbIBAIOT BO3MOXHOCTU AAS
AAAbHENMLLIMX MCCAEAOBaHUI B 06AACTM 3arpsisHEHUS! AEAHMKOB M BbICOKOTOPHbIX BOAHbIX PeCypcoB

ropHoro xpe6rta Mae Aaaray.

KAtoueBble caoBa: BbICOKOropHble BOAHbIE NCTOYHWKMH, 6l/IOTeCTVIpOBaHM€, D,magna/ OLEeHKa TOK-

cnyHoctn, Mae Aaaray.

Introduction

Water pollution is currently one of the most im-
portant environmental concerns facing the world.
The importance of water quality reflects a basic
need for clean water for human consumption and
health of aquatic and terrestrial ecosystems, as spec-
ified by the UN SDG “Clean water and sanitation
for all” [1]. The issue of water resources is one of
the most relevant for Central Asia especially rich
with arid and semiarid areas, where water resources
are limited. All Central Asian rivers are nourished
by the mountain cryosphere, their headwaters are
diverse and located in the glacierized mountains of
the Tien Shan, Pamir and Hindu Kush. Thus, this
region strongly depends on water provision from
the mountains and on glacier melt. The mountain
ranges of the Northern Tien Shan, namely Trans-Ili
Alatau, Dzungarian (Zhetysu) Alatau and Kungey
Alatau, provide the glacierized catchments for mul-
tiple rivers that feed all South-Eastern Kazakhstan
and terminally take part in Balkhash-Alakol basin. It
is evidenced that remote alpine ecosystems couldn’t
be further considered as being free from chemi-
cal pollution: long-range atmospheric transport of
pollutants from industrialized and/or urbanized
areas leads to the precipitation and accumulation
of potentially hazardous substances in mountain

cryosphere and their subsequent long-term release
into the headwater streams [2]. For these obvious
reasons, the ecosystems of European Alps, Rocky
Mountains, Sierra Nevada, South American Andes,
European Pyrenees, and others are already under
substantial ecological pressure [3-5].

Accumulation of heavy metals (Cd, Sb, Bi, TI,
Sn, Pb) in glaciers has been reported for Tien Shan,
Himalayas and European Alps since 1980s, thus they
were considered as “legacy pollutants” — amassed
and slowly released during glaciers melting up to
tens of years after accumulation [6]. Recently Co,
Cu, Zn, Cd, and Mo accumulation was determined
in snowpack and high-altitude rivers of Tibetan Pla-
teau (China) [7]. The contents of several metal(oid)
s was measured in soil, moss and water in Shennon-
gjia, alpine critical zone of central China, and over-
all pollution level and ecological risks were calcu-
lated to be low to moderate, and As, Co, and V were
the most critical potential ecological risk factors [8].
Similarly, amass due to atmospheric transport and
distant in time release into the waters was evidenced
for persistent organic pollutants as was researched
at Tibetan Plateau [9]. Elevated concentrations of
heavy metals (Sb, Cu, Cr, Ni, As, Mo) were deter-
mined in the surface snow (cryoconites) samples
in the glaciers of the eastern Tibetan Plateau, the
heavy metal pollutants long-range transport to the
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glaciers from the surrounding densely populated
area of Asia has been proposed [10]. Short-term
atmospheric transport through large low-mountain
cities and adjacent industrial areas was considered
to be responsible for high-altitude pollution by black
carbon that is a product of incomplete combustion,
such as automobile exhausts, crop burning and for-
est fires. Black carbon accumulation was evidenced
for the glaciers of the Cordillera Real (Bolivia) [5].
In the same region the accumulation of monometh-
ylmercury was evidenced in surface and sediment
pore waters of high-altitude Lake Uru-Uru (Bolivia)
due to urban and mining activities [11]. The phe-
nomenon of headwaters secondary pollution due to
snowpack and glaciers melting has been proposed
as “glacier hypothesis”. Researches carried out in
Switzerland Alps during and immediately after the
COVID-19 lockdown showed a general improve-
ment of high-altitude water quality [12].

The bioassay is the most informative and rapid
tool of environmental screening for toxic potential of
surface water and sediment, the test objects of bioas-
say are multiple and include various bacteria, plant,
invertebrates and vertebrates species. The zooplank-
ton cladoceran Daphnia spp. has been used as model
organism of water toxicology since 1920s as it is
lab-adaptive and at the same time chemically sensi-
tive, has rapid parthenogenetic reproductive cycle.
Daphnia spp. toxicity tests are the part of standard-
ized OECD protocols for assessment of the acute
(OECD 202) and reproductive (OECD 211) water
toxicity [13, 14]. Acute tests with Daphnia spp. are
effectively applied in toxicological researches to
establish the LC50 and LOEC of individual and/
or mixed xenobiotics and calculation of environ-
mental risk [15]. Endpoints such as mortality and/
or immobilization, swimming and feeding behavior,
increase or decrease in the number of neonates per
adult daphnid, delay between broods are measured
in acute and chronic tests [16]. Thus, the Daphnia
magna acute immpobilization test recommended by
OECD is a sensitive and valid test for the first line of
biological monitoring of alpine head waters.

The ecological researches in Northern Tien Shan
are scarce despite their irrefutable significance for
Middle Asia and Northern-west China and bioas-
say investigation in this region are nearly absent. le
Alatau mountain range is considered to be appropri-
ate area for ecotoxicology researches of alpine water
resources in our region due to its relative proximity
and significance for well-developed Almaty city and
Almaty region. Numerous springs, small tributaries
and moraine lakes under glaciers form headwater
catchments of rivers Kishi Almaty and Ulken Alma-
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ty, Talgar, Issyk, Shamalgan, Aksay, Turgen, Chilik,
Charyn, Chong-Kemin, Lepsy, Baskan, Karatal and
others that provide the only water source for nearly
four million people and economic activity of Al-
maty and Taldykorgan cities and adjoining regions.
When water qualities and yields change in headwa-
ters, the consequences affect the lands downstream,
so monitoring the toxic potential of alpine surface
water resources is the key concern in determining
the water quality in high-altitude region.

Therefore the aim of the current work was to as-
sess the toxic potential of alpine headwaters of two
Ile Alatau gorges: Orta Turgen (Turgen river basin)
and Kuygensay (Kishi Almaty river basin) includ-
ing moraine lakes and tributaries using D.magna
acute immobilization test by OECD regulations.

Materials and methods

Study area and sample collection. In this
study, the r. Kuygensay (Gorelnik) (Kuygensay
gorge, Ile Alatau, Northern Tien Shan) was selected
as the main study region, while the r. Orta Turgen
(Orta Turgen gorge, Ile Alatau, Northern Tien Shan)
was used as the reference study region for spatial
comparison. (fig. 1). The sampling time was from
August to September 2024, and the sampling points
were arranged in the headwaters of the source re-
gion, including the very river source (moraine lake),
main current and tributaries, altitudes ranged from
2421 to 3564 asl (above sea level). The surface wa-
ter was collected into the sterile plastic sampling
bottles (Y&K Health Care, South Korea) and de-
livered into the laboratory within two days, where
water was filtered using PES 0.22 um filter flasks
(UltraCruz, USA) and stored at 4°C until use. The
measurement of water parameters was conducted in
situ using portable calibrated water quality tester (Ji-
nan Huiquan Electronic, China).

Acute Daphnia magna bioassay. All bioassay
experiments with Daphnia magna were conducted
according to Guideline 202 on “Daphnia sp. Acute
Immobilisation Test, OECD Guidelines for the Test-
ing of Chemicals” [13]. Specifically, young daph-
nids, aged less than 24 at the start of the test, were
exposed to natural water samples for 48 hours and
mortality/immobilization was scored. All animals
derived form a healthy stock (no signs of high mor-
tality, ephippia, discolored animals etc.), established
up to two months prior to experiments from the one
female, so the culture was genetically homogenous
parthenogenetic brood. Stock animals were main-
tained in culture conditions similar to those used in
the test.
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Figure 1 — Sampling sites location in the high-altitude areas of Ile Alatau range (Northern Tien Shan, Kazakhstan).
1 —r. Orta Turgen headwaters, 2 — r. Kuygensay headwaters

Natural water samples were preliminary
warmed up to experimental temperature conditions
in test vessels of sterile glass beakers, media volume
was 25 ml. 15 young dapnids were placed into each
test vessel, in a fivefold sequence per point, thus 75
animals were used per study area bioassay. The ra-
tio of air/water volume in the vessels was identical
for test and control groups. Test was static, vessels
were placed in thermostat (TS-1/20 SPU, Russia)
and kept in darkness at 23+£1°C for 48 h. Vessels
were not aerated and daphnids weren’t fed during
the test. To heavy metal salts were used during the
tests as positive controls, namely cadmium (CdCl,,
0.8 mg/L) and lead (Pb(CH,COO),, 3.0 mg/L), in
concentrations referred to a highly polluted water.
The test conditions and daphnids number were simi-
lar to surface water bioassay tests.

The number of immobilized and/or dead animals
was scored at 24 h and 48 h, the total mortality/immo-

bilization was calculated as the ratio of the difference
between the number of survivors in the control and
in the test groups to the number of survivors in the
control, expressed as a percentage. Any signs of dis-
ease or stress such as discoloration or unusual behav-
ior were recorded. The main validity criteria were no
signs of stress and not more than 10% immobilization
in the control groups throughout the test.

Statistics and data representation. All bio-
assay tests per study area were performed in five-
fold sequence, and the data are expressed as
meantstandard error (M£SE), a probability of p <
0.05 was accepted as statistically significant using a
t-test. Statistical calculation and numerical data vi-
sualization were performed using StatPlus and Ex-
cel MS Office. All maps were prepared using online
software mapy.com (https://mapy.com/en) where
sample area point were placed according to precise
coordinates.
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Results and discussion

Study area description. Two distinct high-
mountain gorges were selected for the Daphnia
magna bioassay study — Orta Turgen and Kuygen-
say (Gorelnik) gorges, both attributed to the north-
ern slope of Ile Alatau ridge and the great basin of
river Ile. The gorges are at different distance form

large Almaty city: Kuygensay gorge is to the south
of Almaty (directly above) at 12 km, while Orta
Turgen gorge is located to the south-east of the city
at about 55 km and was considered to be reference
area. Location information and the main character-
istics of surface waters in chosen sampling areas
are represented in Table 1 and on figures 2B and
3B.

Table 1 — Sampling sites location information and parameters of surface water (Ile Alatau mountain range).

Code Location Coordinates E;ZY?::SH Type TDS, ppm EC, pus/cm PH
Orta Turgen 43.12636, Moraine lake,
Sp.T.#1 gorge 77 58954 3564 source 33+3.1 66+4.3 7.5+0.04
Orta Turgen 43.15813, Alpine lake,
+ + +
Sp.T#2 sorge 77 63632 3187 main stream 136+4.3 272+1.1 7.8+0.04
Orta Turgen 43.16469, Tributary
Sp.T.#3 gorge 77 64986 2942 main stream 114£7.9 231+2.6 7.2+0.14
Orta Turgen 43.18021, Tributary
Sp.T#4 sorge 77 68755 2421 main stream 170+9.5 352+1.8 7.4+0.07
Kuygensay 43.08904, Moraine lake,
Sp.K.#1 gorge 77 04867 3316 source 26+3.5 52+1.8 7.3+0.14
Kuygensay 43.10710, .
Sp.K.#2 gorge 7704052 2931 Main stream 40+2.9 80+2.1 7.4+0.07
Kuygensay 43.10705, Tributary
Sp.K#3 gorge 77 04047 2934 spring 38+5.7 136+1.1 7.3+0.19
Kuygensay 43.11486, Tributary
Sp.K#4 gorge 77 04458 2788 spring 62423 12442.6 7.7+0.14
Control laboratory - - Negative 13742.1 274415 7.5+0.04
control control
Pb(CH,C00),, laboratory ) ) Positive 13624 4 27941 8 754014
3.0 mg/L control control
CdCL, 0.8 mg/L | 1aboratory - ; Positive 15545.0 310+1.1 7.5£0.05
2 control control
Note: asl — above sea level

Turgen gorge is located in Almaty region, in
eastern part of Ile Alatau range, at about 60 km east
from the Almaty city. R. Turgen is formed by the
joining of several large tributaries — Orta Turgen,
Shenturgen, Temirtas, Kishi Turgen and others. R.
Orta Turgen that was chosen for the current study,
is a main receiving stream, originates form the large
Gornogo Instituta glacier. The melting glacier form
a large moraine lake named simply Lake Ne#1, this
lake is the very source of Turgen river and was cho-
sen as first sampling area — sp. T#1 (moraine lake).
The torrent further follows north-eastward down the
wide picturesque valley, sp.T#2 — one of the so called
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“Sphagnum lakes” located downstream. This is a
group of the small lakes, shallow and mossy, origi-
nated from the left Orta Turgen tributary. Sp.T#3 is
an orographically left upper tributary and sp.T#4 is
the lower small left tributary of r. Orta Turgen, flow-
ing into the river above the convenience with the
r. Temirtas. The Orta Turgen gorge is the touristic
hiking place, but less popular than Kuygensay gorge
due to its remoteness from the Almaty city.
Kuygensay gorge is a trough valley. Kuygen-
say (Gorelka) river is the main tributary of the r.
Small Almaty, length is 5.8 km, catchment area
square — 12 km?, three small moraine lakes are in
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the river uppers. As Kuygensay gorge is located
close to Almaty city and very picturesque it is very
popular touristic hiking area. Kuygensay sampling
point sp.K#1 is located at lake Lower Titova, the
very source of the river Kuygensay, and at sampling
time moraine lake became shallow, 1-2 m from the
shore the depth does not exceed 0.5m, the lakeshore
as well as the wide mountain valley leading to it
are alpine meadows used as mountain horse pas-
tures (zhaylau). River further descends northward
by a long wide mountain valley, sp.K#2 is the main
stream sampling, located at end of this valley, river
further turns eastward. Stream is 1.5m width in av-
erage, in places it spills out into many inter-boulder
streams, bottom is rocky. The place is shady, and
riverbed is covered with a large snow shell, power-
ful enough to support an adult. The surrounding area
of rocky slopes and subalpine meadows are dwelled
with marmots (Marmota baibacina). Sp.K#3 is an
orographically left tributary, descending sharply
down the mountainside, 0.5-0.7 m width, 3 m length
spring, shadow and mossy. Sp.K#4 is an orographi-
cally right tributary, torrent and shallow, that origi-
nates from multiple mossy springs, sampling area is
at the very border of the spruce forest, vegetation is
mixed: spruce, juniper, subalpine grasses. Recently
this area became popular hiking place and is under
the direct anthropologic pressure.

As all mountain rivers of Central Asia, Kuygen-
say and Orta Turgen rivers are characterized by low
temperatures, low channel stability and low solute
concentrations (sediment flux is high during the
high flow period), low productivity. The main prop-
erties of surface waters are characteristic to high-
mountain reservoirs usually total concentrations of
dissolved substances are low, but for Orta Turgen
tributaries TDS is high and in case of Sphagnum lake
comparable to laboratory control. Lake Shagnum is
mossy and the bottom is partially silted, as for the
tributaries, they are large and extensional, carrying
huge amounts of sediment and organic matter. At
the same time tributaries of r. Kuygensay are real
springs and the sampling sites were no more then
2-5 m from the spring origin. The measurements of
electrical conductivity support the TDS data, and by
these parameters surface water samples form Orta
Turgen basin (with the exception of moraine lake
#1) approximate the ones for the control laboratory
water. pH value is typically between 7.2 and 7.8, no
signs of acidification or alkalization were recorded
for any sampling points. It should be noted, that
incubation of young daphnids for 48 hours greatly
changes the TDS and EC indexes due to physiologi-

cal activity of animals in a limited volume of me-
dium (data not shown).

Daphnia magna bioassay. Indeed the bioassay
is the only way to evaluate the direct toxic poten-
tial of natural waters being fast, reliable and sensi-
tive method of first-line ecotoxicological screening.
OECD recommendations on water toxicity testing
are referred to several key test-objects, and daph-
nids are among them. Daphnia spp. — is the most
common and standardized test-object for assessing
water quality, used as “sensor” of toxic pollution of
aquatic environment. Due to its adaptability to labo-
ratory cultivation, parthenogenetic reproduction (al-
lows to establish genetically homogenious batch of
test-objects), short life-cycle and great sensitivity to
organic and inorganic substances Daphnia magna
Straus is overall used in first-line bioassay research-
es [17].

In the current study the immobilization/mortality
acute test with D.magna was applied to evaluate the
toxic potential of surface water of high-altitude wa-
ter bodies of Ile Alatau gorges. The results of acute
D.magna larvae exposition to surface water samples
are represented on figures 2A and 3A. In control
groups immobilization/mortality didn’t exceed 6%
throughout the experiments signifying the main va-
lidity criterion for bioassay research (no more than
10% immobilization/mortality in control).

Two heavy metals were chosen as positive
controls — cadmium (CdCl,, 0.8 mg/L) and lead
(Pb(CH,CO0),, 3.0 mg/L), in concentrations re-
ferred to a highly polluted water, results indicating
that daphnids are susceptible to both metals (fig. 2A,
3A). At the same time cadmium exposure showed to
be a highly toxic to daphnids — up to 92% of animals
died nearly after 24 h. of exposure (p<0,001), while
the lead in four-fold more concentration was two-
fold less toxic.

Nevertheless Pb(CH,COO), exposure for 48
h. gained 52% immobilization/mortality index
(p<0,001). The toxic effects of heavy metals and
Cd and Pb in particular, are evidenced and since
widely used in various toxicological researches.
These heavy metals are absorbed by young daphnids
through filtration and with food, disrupt enzymatic
processes, affect physiological activity (heart rate
and thoracic limb activity), reduce growth and pos-
sess not only acute but long-time effects inhibiting
reproductive capacity and population dynamics [18,
19]. Furthermore, studies have shown that heavy
metals can interact with other contaminants, such as
plastics and nanoparticles, altering their toxicity for
water invertebrates [20].
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Figure 2 — Acute D.magna bioassay for surface waters of high-altitude r. Orta Turgen

A —results of acute D.magna toxicity test, mean+SE; B — sampling sites location. asl — above sea level

(Ile Alatau, Northern Tien Shan).
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Exposure of young daphnids to high-altitude sur-
face water evidenced the differences in toxic poten-
tial of two studied areas. For all water samples from
Orta Turgen highlands the average immobilization/
mortality didn’t exceed the 10% referred to control
value and no toxicity effect was recorded, the only
exception is sp.T#2 (Sphagnum lake) — 11%, but
differences were not statistically significant com-
paring to control. For Kuygensay gorge the situa-
tion was different. The slight mortality effect was
shown for the lowest sampling point — K.#4 (2755
asl.), large tributary originating in mossy mountain
slope, at the same time higher points all gained sig-
nificant mortality. So, exposure to water from small
tributary spring, K#2 (2904 asl.) resulted in nearly
22% mortality (p<0,05) of young daphnids, whereas
water samples form main current located no more
than several meters ahead, K.#3 (2896 asl.) caused
44.0% of young daphnids to die after 48 h. of expo-
sure (p<0,001). Water samples from moraine lake
Titov (K.#1, 3320 a.s.l.) were evidenced to be of
moderate toxicity for D.magna as well — 35% im-
mobilization/mortality score has been recorded after
48 h. of exposure (p<0,01).

Thus the results of a current bioassay study evi-
dence the toxic potential of r. Kuygensay headwa-
ters and generate two issues about the reason for
difference between two studied areas and about the
sources of toxicity. As it was noted earlier, daphnia
species showed to be very sensitive to both organic
and inorganic substances. Apart from heavy metals
Daphnia species were shown to be susceptible to
persistent organic pollutants, pesticides and micro-
plastic up to extreme toxicity [21-23]. Multiple re-
searches have shown that high-altitude areas can re-
ceive and amass contaminants from external sources,
which have been deposited onto the ice surface via
processes of atmospheric transfer and precipitation.
The contamination of microplastics was shown for
remote high-altitude lakes by Chinese researches,
the results of the risk assessment were found to be
interconnected with the distribution of the local
population and agricultural activities around the
sampling area [24]. Alpine areas of Western Europe
were also indicated to be polluted by heavy metals
and persistent organic pollutants, however for some
remote high-altitude areas and alpine lakes bedrock
and surficial geology proved to be a major factor
controlling metal concentrations in lake water [25].
The potential serious heavy metal pollution of alpine
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lakes was investigated by physiochemical methods
for the mountain ecosystems of Pakistan and Hima-
layan part of India, and lakes were observed to be
more polluted than the rivers with Cd, Hg, Mn, Cu
[2, 26]. Accumulation of organochlorine pesticides
due to long-range atmospheric transport and sub-
sequent cold-trapping under low-temperature con-
densation at higher altitude has also been shown for
Tibetan Plateau [9]. Melting glaciers would result in
a substantial release of persistent organic pollutants
as has been evidenced by the researches at Tibetan
Plateau, Alps and Antarctica. It also should be not-
ed, that toxic effect might be modulated or caused
by the algotoxins as it is established that daphnids
are susceptible to toxic action of cyanobacteria, and
that toxicity is increased in higher temperature con-
ditions [27]. The water samples for the current as-
say were filtered from bacteria, but nevertheless the
presence of algotoxins in water samples couldn’t be
excluded and the specific research is needed on that
issue for highland waters of Ile Alatau.

Indexation by toxicity classes. The issue of wa-
ter pollution indexation is of high importance due to
diversity of test objects and measured endpoints es-
pecially when a battery of test is applied. The three
toxicity classes were proposed to estimate the level
of pollution: no toxicity, moderate toxicity and high
toxicity, where for all bioassays *50% endpoint re-
sponse was considered as lower boundary for “high
toxicity” of water samples [28]. For invertebrates
bioassay the 20-50% toxicity response is usually
assigned to “moderate toxicity” and 0-20% toxicity
response as “no toxicity”. However according to the
OECD criteria, the threshold (validity criterion) for
D.magna bioassay is no more than 10% toxicity in
control, so that “no toxicity” index ought to be re-
vised. In a current research the following toxicity
criteria were proposed based on D.magna acute tox-
icity test: “not toxic” (0-10% mortality), “slightly
toxic” (10-20% mortality), “moderately toxic™ (20-
50% mortality), “toxic” (50-70% mortality), “highly
toxic” (70-100% mortality). The results of bioassay
indexation of high-altitude waters of studied Ile
Alatau gorges based on D.magna acute toxicity test
are represented in table 2.

As mentioned above the pollution level of the
tested waters from Orta Turgen gorge is considered
as “not toxic” and in case of Sphagnum alpine lake
is “slightly toxic”, while for Kuygensay gorge the
tested pollution level is noticeably higher.
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Table 2 — Toxicity indexes for high-altitude surface water bioassay based on D.magna acute toxicity test

High-altitude water sampling sites

Orta Turgen river basin

Moraine lake#1

Toxicity class 3564m asl

Alpine “Sphagnum
lake”, 3187m asl

Tributary, main
stream, 2942m asl

Tributary, main
stream, 2421m asl

not toxic

slightly toxic

moderately toxic

toxic

highly toxic

Kuygensay river basin

3316m asl

Main stream
2931m asl

Tributary spring
2788m asl

Tributary, spring
2934m asl

not toxic

slightly toxic

moderately toxic

toxic

highly toxic

5
4
3
2
Morain “Titov lake”
5
4
3
2

Note: asl — above sea level

With the exception of lower tributary, water
samples from moraine lake Titov and main stream
of Kuygensay river are indexed as ‘“moderately
toxic”, and for one sample from small spring the
level of pollution is “toxic”. Thus, there are some
chemical substances in those water samples that re-
veal toxic potential when testing on young daphnid,
whether through direct or indirect interactions with
organism, including synergistic interactions and
biotransformation. One ought to keep in mind that
the underlying rocks themself may be sources of
toxic inorganic ions, but that is likely true in relation
to springs with point sources, but not large lakes.

The pollution footprints in highland water ba-
sins depend on geographical position, orographic
characteristics and climatic features, wind rose first
of all, as the atmospheric transport is considered to
be the main source of pollution [29]. Two studied
river basins differ by the orographic position (fig.
2B and 3B). The Orta Turgen highlands extend from
south-east to north-west, while Kuygensay high-
lands occupy less area directed nearly from south
to north and located nearly above the large Almaty
city. This gorge receives the wind-stream from mas-
sive wind-flow coming from the west-north, passing
through dusty semi-deserts, industrial city suburbs
and highly polluted Almaty city. The winds reach-

ing the Orta Turgen gorge are usually passing the
Almaty city by.

Moreover main sources of runoff are different
for two gorges. For Orta Turgen Moraine lake#1
the main source is glacier melting, riverbed is slope
and extended, main stream and tributaries torrents
dilute water significantly, and probably the sedi-
ment is the main collector of toxic substances. In
Kuygensay gorge the primary source of runoff is
the snow melt, the gorge is narrow and river is
supplied by snowpack melting from surrounding
mountain slopes. It is well known that mountain
cryosphere (glaciers, snowpack, frozen ground)
serve as reservoirs for contaminants, however
glaciers are regarded as accumulators of pollut-
ants releasing them slowly, but snowpack receives
pollutants by precipitation immediately and they
are quickly released during the hot seasons. The
deposition of environmental pollutants such as
persistent organic pollutants and black carbon in
mountain snowpack has been shown recently [3,
6, 7]. The investigations of snowmelt samples tox-
icity potential got evidences for accumulation of
heavy metals and PAHs in snowpack and subse-
quent release into the snowmelt with the ability to
induce teratogenic and toxic effects when studied
on embryo-larval fathead minnow [30].
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Therefore the source of toxic potential observed
for headwaters of r. Kuygensay remains unclear,
since it can be of different origin: natural rock ero-
sions, contamination of water with amassed pollut-
ants or algotoxines, etc. it also should be noted that
water hardness may significantly influence the bio-
availability and toxicity of pollutants. Recent me-
ta-research demonstrated that high water hardness
exerted significant effect against pollutant toxicity,
reducing their bioavailability through competitive
mechanisms involving calcium and magnesium ions
[31]. Thus the waters with low TDS as for moraine
lakes and high-altitude currents, potentially may
gain more toxic effect that those with high water
hardness.

Conclusion

Currently there is a serious gap in water qual-
ity assessment for high-altitude regions mainly
due to remoteness of research areas. The ecologi-
cal researches of Northern Tien Shan and its riv-
ers remain scarce, despite its great significance for
population and industrial activity of South-East
Kazakhstan. High-mountain environments are
sensitive to changes in atmospheric pollution, and
for regions of Ile Alatau range close to the highly
polluted Almaty agglomeration the ecotoxicologi-
cal studies are of great interest and urgency, as its
mountain rivers are the very source of drinking wa-
ter for population. The current bioassay for the first
time was aimed to evaluate the toxic potential of two
mountain Ile Alatau rivers by acute D.magna toxic-
ity test. D.magna acute toxicity test, recommended
by OECD is proved to be the sensitive and accurate
methods for water toxicity assessment, and used as
first-line indicator of pollution screening with the
certain degree of approximation may provide the
quantitative assessment of the level of toxicity for
the natural surface waters. The headwaters of rivers
Kuygensay and Orta Turgen attributed to high-alti-
tude regions of Ile Alatau range, starting from 2400

m asl (above sea level) and up to the very sources
of moraine lakes (3316 — 3564 m asl) were indexed
according to toxicity level. The hotspots of wa-
ter pollution were discovered for Kuygensay river
headwaters, indexed as from “moderately toxic” to
“toxic” starting from 2900 m asl, and rising the issue
of high pollution level for lle Alatau gorges located
above Almaty city. The additional researches are
needed to evaluate the level of glaciers and snow-
pack pollution, to assess the role and reasons for
toxic potential of small springs rather than highly
diluted main currents, issue of sediment pollution,
role of agoflora and other open questions. The eco-
toxicological researches of high-altitude Ile Alatau
water sources not only provide information on water
quality but should further be aimed on understand-
ing the mechanisms of mountain cryoshere pollu-
tion and subsequent water contamination.
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CPABHUTEAbHAS OLLEHKA AHTUOKCUAAHTHOMU AKTUBHOCTU
U COAEPXXAHUSA ®EHOAbHbIX COEAUHEHUI Y BUAOB LAMIACEAE
B 3ABUCMMOCTU OT IKOAOTUYECKUX YCAOBUMA
BOCTOYHOI'O KA3AXCTAHA

MccaepoBaHME MOCBSLEHO M3YUEeHMI0 aHTUOKCUAAHTHOM aKTUBHOCTU M COAEPIKaHUS (DEHOAbHbIX
coeAMHEeHUIN Yy npeACTaBUTeAelt cemencTBa Lamiaceae, npouspacratowmx B yCA0BUSX BocTouHo-Ka-
3aXCTaHCKOM 00AaCTM. AAS aHaAm3a ObiAM BblOpaHbl TPU BUMAQ, TPAAMLIMOHHO UCMOAb3YEMbIE B Me-
AMUMHE M NUWEeBon npombiliAeHHoCTH: Mentha longifolia, Melissa officinalis 1 Ocimum basilicum.
BrniepBble npoBeaeHa KOMMNAEKCHAsl CPaBHUTEAbHAS OLEHKA MX GMOAOIMYECKON aKTMBHOCTM C YUYETOM
3KOAOrMYecKMX pakTOPOB PerMoHa, BKAIOUAS BbICOKYIO MHCOASILMIO, KOHTUHEHTAAbHbIA KAMMAT 1 nepe-
rnaAbl TemrepaTypbl, KOTOPblE MOTYT CYLLIECTBEHHO BAMATb Ha (PUTOXMMUYECKMIA COCTaB PacTeHMIA.

MeToAbl MCCAEAOBAHUSI BKAIOUYAAM CMeKTPOMOTOMETPUUYECKOE OMpPeAeAeHUe aHTUOKCUAAHTHOM
AKTMBHOCTU C MCMOAb30BaHMEM paarkara DPPH u koAopumeTpuueckoe onpeaeAeHne coaepskaHms
eHOoAbHbIX coeanHeHuin MmeToaoM DoanHa—YokaabTey. AHAaAM3MPOBAAUCH CBEXKME U BbICYLLEHHbIE
00pasLbl PaCTUTEABHOIO CblPbsl, YTO MO3BOAMAO YCTAHOBUTb BAMSIHME YCAOBMIM 00paboTKM Ha COXpaHe-
HMe GMOAOTMYECKM aKTUBHBIX KOMMOHEHTOB. YCTaHOBAEHO, YTO CBEXME AUCTbS AGMOHCTPUPYIOT GoAee
BbICOKYIO aHTMOKCUMAQHTHYIO aKTMBHOCTb MO CPaBHEHWIO C BbICyLlEHHbIMKW. Hanboaee BblipaXkeHHbIN
apdexT HabAaaaca y Ocimum basilicum, rae 3HaueHme ICso cHM3mnaoch ¢ 30,1 A0 21,1 Mkr/MA. Han-
60AbLIAsA aHTMOKCMAAHTHAA aKTMBHOCTb 3admkcmpoBara y Mentha longifolia (ICso 16,3—17,1 MKr/ma),
YTO MOATBEPXKAAET €€ PUTOXMMMYECKYIO LIeHHOCTb. CMAbHAS OTPULIATEAbHAS KOPPEASILINS MEXXAY CO-
Aep>kaHnem (PeHOAbHbIX COEAMHEHMA U aHTMOKCUMAAHTHOM aKTMBHOCTbIO (r = —0,96...—-0,98) ykasbl-
BaeT Ha BEAYLLYIO POAb (DEHOAbHbIX COEAMHEHUI B MEXaHM3MaX 3aLUMTbl OT OKUCAMTEABHOIO CTpecca.

[MoAyuyeHHble pe3yAbTaTbl AEMOHCTPUPYIOT 3HAUMTEAbHbIA MOTEHLMAA PaCTeHWIA CemencTBa
Lamiaceae, BbipallieHHbIX B BocTouHOM KasaxcraHe, AAS MCMOAb30BaHMs B hapmaLieBTUYEeCKon 1 nu-
LLIEBOM MPOMBbILLIAEHHOCTU. HOBM3Ha MCCAEAOBaHMS 3aKAIOUAETCS B BbISIBAEHUW PErMOHaAbHOM CrieLl-
N(PUKM HAKOMAEHMS (DEHOABHbIX COEAMHEHUI M MOATBEPXKAEHMM LIEAECO0OPA3HOCTM UCMOAb30BaAHMS
CBEXEro CbIPbsi AASI COXPAHEHMS MAaKCMMaAbHOM GMOAOTMYECKOM aKTUBHOCTU. BbiBOAbI paboTbl NoA-
YepKMBAIOT NEPCreKTUBHOCTb AAAbHEMLLIMX MCCAEAOBaHMIA, HaNpPaBAEHHbIX HA ONTUMM3ALIMIO METOAOB
3KCTPaKLMM U N3YUEHNE MHAMBUAYAALHOIO COCTaBa BMOAOIrMYECKM aKTUBHbIX BELLECTB.

KaroueBble caoBa: Lamiaceae, aHTMOKCUMAAHTHAS aKTMBHOCTb, (DEHOAbHbIE COEAMHEHMS], CBEXKME U
BbICyLLeHHble 06pa3sLbl, BoctouHo-KasaxcraHckast 06AacTb.

E.B. Larionova', G.E. Sadykanova’, S. Kumarbekuly?*,
K.B. Alipina', K.Sh. Bakirova?, Zh.K. Kabatayeva'
Sarsen Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan

2 Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
‘e-mail: sanat_kv@mail.ru

Comparative evaluation of antioxidant activity and phenolic content
in lamiaceae species depending on the ecological conditions of East Kazakhstan

This study investigates the antioxidant activity and phenolic content of Lamiaceae species cultivated
under the ecological conditions of East Kazakhstan. Three species traditionally used in folk medicine and
the food industry were selected as objects of study: Mentha longifolia, Melissa officinalis, and Ocimum
basilicum. For the first time, a comprehensive comparative evaluation of their biological activity was
conducted with consideration of the region’s ecological factors, including high solar radiation, conti-
nental climate, and daily temperature fluctuations, which may significantly influence the phytochemical
composition of plants.
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E.b. Jlapuonosa u nip.

The research methods included spectrophotometric determination of antioxidant activity using the
DPPH radical and colorimetric quantification of phenolic compounds by the Folin—-Ciocalteu method.
Both fresh and dried plant samples were analyzed to determine the effect of processing on the preserva-
tion of bioactive components. The results demonstrated that fresh leaves exhibited higher antioxidant
activity compared to dried samples. The most pronounced effect was observed in Ocimum basilicum,
where 1Cso decreased from 30.1 to 21.1 pg/ml. The highest activity was recorded in Mentha longifolia
(ICso 16.3—17.1 ug/ml). A strong negative correlation between phenolic content and antioxidant activ-
ity (r = —0.96...-0.98) confirmed the leading role of phenolic compounds in antioxidant mechanisms.

The findings highlight the considerable potential of Lamiaceae species grown in East Kazakhstan
as a source of raw material for pharmaceutical and food industries. The novelty of this research lies in
revealing the regional specificity of phenolic accumulation and demonstrating the importance of fresh
plant material for maintaining maximum biological activity. These results provide a basis for further stud-
ies focused on optimizing extraction methods and identifying the individual composition of bioactive
compounds.

Keywords: Lamiaceae, antioxidant activity, phenolic compounds, fresh and dried samples, East Ka-
zakhstan.
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LUbiFbic Ka3akCcTaHHbIH, 3KOAOTUSIABIK, XKaFAalAapbiHa 0AMAQHbICTDI
Lamiaceae TyKbIMAACbIHbIH, TYPAEPIHAEr AaHTUOKCUAAHTTbIK, O@ACEHAAIKTI
)kdHe DEeHOAABIK, KOCbIAbICTaPAbI CaAbICTbIPMAaAbI OaFaAay

bya 3epTTey LLbiFbic KasakcTaH >karaarbiHAQ eceTiH Lamiaceae TyKbIMAACbIHA >KaTaTbliH ©CIMAIK-
TepAiH aHTUMOKCUAAHTTbIK, GEACEHAIAITiH >KaHEe (DEHOAADBIK, KOChIAbICTAP KYPaMbIH 3epTTeyre apHaAfaH.
3epTTey HblCaHbl PETIHAE XaAblK, MEAMLIMHACBIHAA XKOHE a3blK-TYAIK OHEPKaCiOiHAE ASCTYPAI KOAAQ-
HbIAQTbIH YW Typ TaHAaAAbl: Mentha longifolia, Melissa officinalis xxene Ocimum basilicum. AAraiwu
peT eHipAIH 3KOAOTMSIAbIK, (DaKTOPAAPbIH (>KOFApbl KYH paAsMaumsCbl, KOHTUHEHTTIK KAMMAT, TOYAIKTIK
Temneparypa aybITKyAapbl) €CKEPE OTbIPbIN, OAAPAbBIH OMOAOTMSIAbIK, GEACEHAIAITIHIH, KeLeHAl CaAbIC-
ThIPMaAbl 6aracbl >KYPriziAAi.

3eptrey aaictepiHe DPPH paamMkaAbl apKblAbl aHTMOKCUAAHTTbIK, OEACEHAIAIKTI crekTpodoTo-
METPUSABIK, aHbiKTay >kaHe (DoAMH—YoKaabTey aAiciMeH (PEHOAADBIK, KOCBIABICTAPAbIH KypPamblH KO-
AOPUMETPUSIABIK, OaFaray KipAi. XKaHa >XMHaAFaH XXeHe KenTipiAreH eCIMAIK YATiAepi TaAAaHAbI, ByA
LIMKI3aTTbl OHAEY >KaF AANAAPbIHbIH OUOAOTUSIABIK, GEACEHAT 3aTTapAbBIH CAKTaAyblHA 9CEPiH aHbIKTay-
Fa MYMKIHAIK 6epAi. HeTuxeAep >kaHa >KanblpakTapAblH KEMNTIPIATEeH YATiAepre KaparaHAa >KOFapbl
AHTMOKCUMAQHTTbIK, BEACEHAIAIK KOpCeTeTiHIH KepceTTi. EH aikpiH anblipmatibiAbik, Ocimum basilicum
Typitae 6aiikarabl (ICso 30,1-aeH 21,1 MKI/MA-Te AeniH TemeHaeAl). EH skorapbl 6eaceHainik Mentha
longifolia-aa anbikTanabl (ICse 16,3=17,1 MKI/MA). DEHOAABIK, KOCBIABICTAp MOALLEPI MEH aHTUMOKCU-
AQHTTbIK, GEACEHAIAIK apacbiHAQ KYLUTI TEPIC KOPPEeAsLms aHbIKTaAAbl (r = —0,96...—0,98), 6yA dheHOA-
AQPAbIH, aHTUOKCUAQHTTbIK, MEXaHU3MAEPAET| KeTeKLLi POAIH ADAEAAENA.

AnblHFaH HaTuxkeAep LU biFbic KaszakcTaHaa eceTiH Lamiaceae TyKbIMAQCBIHBIH ©CIMAIKTEPIH (hap-
MaLeBTMKA XXOHE a3blK-TYAIK 6HEepKaCiBiHAE MarAaAaHyAbIH XKOFapbl SAEYETIH KepceTeai. 3epTrey-
AiH >KaHaAbIFbl — (DEHOAADBIK, KOCBIABICTAPAbIH, YXMHAKTAAYbIHAAFbl OHIPAIK epeKLLIeAiKTEPAI alkbIHAQY
XKOHE KaHa LWMKI3aTTbl KOAAQHYAbBIH MaHbI3ABIAbIFbIH ADAEAAELY. ByA HETUXKeAep GoAallakTa IKCTPaK-
LMsl DAICTEPIH OHTAMAQHABIPYFa XKaHEe BUOAOTUSAABIK, GEACEHA]I 3aTTapAbIH >KEKe KypamblH 3epTTeyre
Heri3 60AaAblI.

TyHin ce3aep: Lamiaceae; aHTMOKCMAQHTTBIK, GEACEHAIAIK; (DEHOAABIK, KOCBIAbICTAp; XKaHa >KoHe
KenTipiAreH yAriaep; LUbiFbic KazakcraH.

BBenenue

B mocnennue roasl HaOnropaercs Bo3pacTa-
IO MHTEpeC K MPUPOJHBIM aHTHOKCHIAHTAM
KaK K IEPCIIEKTUBHOI albTepHATHBE CUHTETHYE-
CKMM TIpernapaTtaMm, HPUMEHSIEMbIM sl Tpopu-
JAKTUKU W JI€UYEeHUs 3a00JI€BaHUH, CBA3aHHBIX C

OKHCIIHUTENBHBIM cTpeccoM. OHMMH U3 Haubo-
Jee OOraThlIX MCTOYHHKOB OWOJIOTMYECKH AKTHB-
HBIX COCAMHCHUH SIBISIOTCS PACTCHUS CeMeiCcTBa
Lamiaceae, BKJIFOYAOIIUE TAKKE THPOKO UCTTOJTb-
3yeMble Bubl, Kak MsaTa (Mentha longifolia), me-
nucca (Melissa officinalis) m 6asunuk (Ocimum
basilicum) [1; 2]
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CpaBHI/ITeHBHaH OIICHKa aHTHOKCHI{aHTHOﬁ AKTUBHOCTHU U COACPIKAHUA q)eHO.IH)HLIX COCIMHCHUI Y BUJOB Lamiaceae...

bnaronmapsi BeICOKOMY coAepKaHUIO (EHOIb-
HBIX KHUCJIOT, ()JIABOHOUAOB U A(UPHBIX MaCEN dTH
pacTeHus TpaJUIHOHHO IPUMEHSIOTCS B HAPOJHON
MEIWIMHE W B TIOCIETHUE IECSITUIICTHA aKTUBHO
HCCNenyoTcs B (apMaleBTHUECKOW M IMHUILEBON
npoMeinuieHHoCTH [3]. CoBpeMeHHbIe 0030pHI TTO-
4EPKUBAIOT, YTO TNpeincTaBuTenm Lamiaceae pac-
CMaTpHUBAIOTCSl KaK HCTOYHUK (DYHKIIMOHATBHBIX
MIPOAYKTOB MUTaHUs Onarogapst boratomy putoxu-
MHYECKOMY COCTaBy [4].

AHTHOKCUJIAaHTHAsl AKTUBHOCTH IpEICTaBHUTE-
neit Lamiaceae Bo MHOTOM ompenenseTcs (heHoIb-
HBIMH COCIUHEHHUSIMH, CIIOCOOHBIMU HEHTpaiu3o-
BaTh CBOOONHBIE pamukaibl [5]. OgHako BIUSHHE
9KOJIOTHYECKUX M arpoOKIMMAaTHYECKuX (aKTOpPOB
Ha HaKOIUICHUE JTAHHBIX COCIMHEHUN OCTAETCS He-
JOCTaTOYHO M3y4yeHHBIM. OcoOeHHO Mano HHQOp-
MaIliH O PaCTEHUSX, TPOU3PACTAIONIUX B YCIOBUIX
Boctounoro Kazaxcrana, rae KOHTHMHEHTAaJIBHBIN
KJIUMAT U BBICOKHIA YpOBEHb COJHEYHON pagualuu
MOTYT (OPMHPOBaTh clielPUIecKuil PUTOXUMHU-
geckui mpoduiib [6].

WccnenoBannss mocneaHuX JECATWIETHH MOJ-
TBEPIKJAIOT 3HAYUTENBHBIN AHTHOKCHIAHTHBIA T10-
tennuan Lamiaceae. Tak, KdhkOnen u coaBT. moka-
3aJI BBICOKOE CoJiepKaHue (DEHOTBHBIX COCIMHEHUH
U paJuKaJ-MorIOMIA0NIyI0 AKTHBHOCTD AKCTPAKTOB
MSATHI U Menrccl [7]. Kypkun u xoJutern ornpenesnu-
7 PO3MapHHOBYIO KHcI0oTy B Mentha piperita, moa-
TBEpIUB €€ KIIIOYEBYIO POJIb B AHTHOKCHIAHTHOM
aktBHOCTU [8]. Abootalebian u coaBT. BBISBHIN
CYIIECTBEHHBIE pa3NW4Ms B AKTUBHOCTH pa3iHy-
HeIx nmomynsiuuid Mentha longifolia B 3aBucumocTn
oT pernoHna npouspactanus [9; 10; 11; 12]. Miraj u
Carocho cooOmmiIm o BEICOKOH OMOJIOrNYECcKO ak-
tuBHOCTH Melissa officinalis, a Nadeem wu IlIlunaru-
COB TMOATBEPAMIN 3HAUUTEIbHBIN MOTEHIMAN Oa3u-
JIUKA, T/Ie ABTEHOJ WUTpaeT AOMHHUPYIOMIYIO POITb.
Ob6o6marone uccnenoBanust Koutfimska u Zheng
MTOKa3aJii, YTO YPOBEHb aKTUBHOCTH Y TIPE/ICTABHUTE-
neit Lamiaceae 3aBUCHT OT yCJIOBHI BBIpaLIMBAHUS 1
MeTooB dKcTpakiu [13; 14; 15; 16; 17; 18].

HecmoTpsi Ha 3HauMTEeNBbHOE KOJMYECTBO IIy-
OyMKaruii, OOJBITMHCTBO MCCIICIOBAHUNA COCPEIO-
TOYEHO Ha OTIEJIBHBIX BUAAX U MPOBEACHO B EB-
porte, Asuu u Amepuke. [lannpie mo Kazaxcrany
OCTalOTCsl KpallHE OTrpaHMYEHHBIMH. DTO MOAUEp-
KHBAaeT HEOOXOTUMOCTh PETHOHAIBHBIX HCCIENIO-
BaHUM, HAIIPABJICHHBIX Ha BBISBICHHE OMOXUMHYE-
CKOTO COCTaBa M AHTHOKCHIAHTHOTO IMOTEHIHAia
MECTHBIX PaCTCHHH.

Lenpro HacToOsmIeH pabOTHI SBISETCS CpPaBHU-
TeJIbHAsl OIIEHKAa aHTMOKCHIAAHTHOM aKTHBHOCTH U

78

cojepkaHusi (EHONBHBIX coeanHeHHd y Mentha
longifolia, Melissa officinalis 1 Ocimum basilicum,
BBIpAIlICHHBIX B YCJIOBHsIX Bocrouno-Kazaxcran-
cKkoil oOmactu. B mccienoBanuyM NMPUMEHEHBI Me-
toasl DPPH n ®onuna—Yokanerey, a Takke Mpo-
BeJEH aHaJdN3 KaK CBEXKEro, TaK M BBICYIIEHHOTO
CBIPBSI, YTO TIO3BOJIUIIO BBISIBUTH BIMSTHHE CIIOCOO0OB
00paboOTKN HA COXpaHCHHE OMOJIOTUYSCKH AKTUB-
HBIX coequHeHui [19].

Takum 06pazom, paboTa coderaet 0030p COBpe-
MEHHOTO COCTOSIHHSI TPOOJIEMBl M PETMOHANBHBIN
9KCIIEPUMEHTANIBHBI aHalIu3, YTO OOecTeYnBaeT
€€ HOBH3HY M NPAKTHUYECKYI 3HAUMMOCTb. CTaThs
BKJIFOYAET Pa3zelibl: MaTepHalbl 1 METO/IBI, PE3Yihb-
TaThl U 00CYXKJICHHE, 3aKJIIOYCHHUE.

MarepuaJjibl 1 METOABI

B kagyecTBe 00BEKTOB HCCIENOBaHUS ObLIN
BBIOpaHBl TpHW BHUAA pPACTEHUH ceMelcTBa
Lamiaceae: Mentha longifolia (L.) Huds. (msata
IIMUHHONHCTHAs), Melissa officinalis L. (menuc-
ca nekapctBeHHas) u Ocimum basilicum L. (Oa-
3WJIMK JAYUIUCTHIN). BpIOOp MaHHBIX 0OBEKTOB
ObU1 00YCIIOBIIEH NMPUHAJICKHOCTHIO K OZHOMY
CEeMEHCTBY, 4YTO 00ecTedYnBacT KOPPEKTHOCTh
CPaBHUTEJIBHOIO aHANN3a, UX IIHPOKUM HCIOJIb-
30BaHMEM B TPAJUIMOHHOW MEIUIIMHE, a TaKKe
HAJUYMEM JIUTEPaTYypPHBIX JaHHBIX O BBICOKOH
AHTUOKCUJAHTHOW aKTHBHOCTH.

Coop u noozomoeka oopazuos

HanzemHble yacTu pacTeHUi (JIUCTHSI U LBETY-
M€ BEPXYIIKK) OBLIM COOpaHbl B (pa3y MaccoBO-
rO IBETECHUsI (MIOJIb—aBryCT) HA OMBITHOM Y4acTKe
niepen HarmonanbHO# Hay9IHOH TabopaTopreit KO-
nexktuBHOro nojszoBanusga BKY um. C. Amanxoro-
Ba. COop ocymiecTBIsIIN B yTpeHHUE 4achl (8:00—
10:00) mocne BeIchIxanusi pocsl. YacTh MaTepuana
aHAJIM3UPOBAIIU B CBEXXEM BHJIE, IpyTast 4acTh MO~
Beprajiach CyIIKE NPH E€CTECTBEHHBIX YCIOBHIX B
tenn (25-30 °C, 7-10 cyTOK) 10 TOCTIKEHHUS OCTa-
ToyHOU BiaxkHocTu <10%.

BricymmenHnoe chIpb€ M3MENnbUai B 1adopaTop-
HOW MENBHUIIE 10 YaCTHL 2—5 MM H JIOTIOJTHUTENb-
HO TipocenBany uepe3 cuto (0,5 MM) I moyde-
HUS OAHOPOAHOTO nopoika <1 Mm. CBeKHe TUCThA
OYMIIAITN OT MEXaHWYECKUX TIPUMECeH 1 u3Menbya-
mu 10 2-3 mm. [loarorosneHnsie 00pa3ibl XpaHuIn
B OYMaKHBIX MTAKETaX MM CTCKIISTHHBIX EMKOCTSIX C
npuUTEPTHIMU Kpblikamu mpu 15-20 °C u BraxHo-
¢t <60%. MakcuManbHBIA CPOK XPaHEHHUS COCTAB-
ns 12 mecsines.



E.b. Jlapuonosa u nip.

Memoowt 3xcmpaxyuu

OKCTPaKLHUIO IPOBOANIN METOAOM Malepaliu
W yJIbTPa3ByKOBOH 00paboTku. B kauecTBe 0CHOB-
HOro pacTtBopuTens npuMeHsin 70%-HbI 3TaHO,
3((heKkTUBHO M3BIICKAIONUI (HEHOJIBHBIC KUCIIOTHI,
¢raBoHOMIBI U TepHICHOUABL. [J1s1 CPaBHUTEIBHOTO
aHaJIM3a JOMOJHUTEIHHO HCTonb30BaIu 50%-HbIi
AIleTOH.

Hagecky 1,00 + 0,05 r u3aMenbu€HHOTO ChIPbS
sKcTparupoBanu 20 MJI pacCTBOPUTEIIS B yIbTPa3BY-
koBoif BanHe (40 kI'm, 25 °C, 30 MuH). DKCTpaKThI
¢unpTpoBanM U AoBOAMIN 00BEM m0 25 M. [omy-
YeHHBIE pacTBOpbI Xpauuin npu +4 °C He Oonee 48
YacoB.

Memoo DPPH

AHTHOKCHJIQHTHYIO ~ aKTHBHOCTh  OLIEHUBa-
JU 1O CIIOCOOHOCTH 3KCTPAKTOB HEHTpPaIN30BaTh
crabunpHbl  pamukan DPPH  (2,2-mudennn-1-
nukpuirnapasuia). CHIKEHHe  MHTEHCHBHOCTH
OKpacKkd (DUKCUPOBAIH CIEKTPOPOTOMETPUICCKU
npu 517 HM. AKTHUBHOCTh BBIPa)Kajdu B 3HAYCHUU
[Cso — xoHIIEHTpanMU, BhI3bIBatomIeit 50%-Hoe UH-
ruOupoBaHue pajnKaia.

[IponieHT HHrUOUPOBAHUS BHIYMCIISIICS TIO (Op-
MyJe:

rae A, - — ONTHYECKAs IIIOTHOCTH PACTBOPA KOH-
TpoJIs, A~ — ONTHYECKAs MIIOTHOCTH PAcTBOpaA C
SKCTPAKTOM.

Memoo @onuna—4oxanvmey

Conepxanne (peHOTBHBIX COSAMHCHHM OTpee-
JISUTH KOJIOPUMETPUYECKUM METOJIOM C HCIIOIb30Ba-
Huem pearenta @onuna—Yokansrey. B mienounoi
cpezne GpeHoIbI BOCCTaHABINBAIN MOJIMOIEHO-BOJIb-
(hpamoBBIiT KOMIUTIEKC, (OPMHUPYS OKpalleHHBINA
MIPOAYKT C MakCUMyMoM abcopOuuu npu 765 HM.
KanubpoBouHyI0 KpHBYIO CTPOWJIM IO CTaHIAPTY
raJuIOBOH KHCIIOTHI:

y=0.0123x + 0.045, R*=0.998

Pe3yJIbTaThl BBIPAXKAJIH B MT TaJUIOBOM KUCIOTHI-IK-
BuBasieHTa (Mr GAE/T cCyX0To BelecTBa).

Cmamucmuueckasn oopabomka

Bce usmepenust BHITOIHSUTNCH B ILIECTH TTOBTOP-
HOCTSIX (N = 6). Pe3ynmbraTsl mpecTaBieHsl B BUIE
CpeIHero 3Ha4yeHWs + CTaHIAPTHOE OTKJIOHEHHE
(M £SD). lns cTaTucTr4Ieckoil 00paboTKH HCITOIh-
3oBasi Microsoft Excel 2016 u GraphPad Prism 9.0.
3HAYMMOCTh PA3TIMYUM ONpeaessiach METOJOM O/I-
HO(aKTOPHOTO ucTiepcuoHHOro aHamu3a (ANOVA)

AKG - Aon:u'r
Harubuposanne (%) = [ ——— | x 100 ¢ nocnexyromum TectoM Trroku (p < 0,05).
AKDETP Cxema OKCIICPUMCHTA MPUBCACH HUIKE HaA pU-
cyHke 1.
IToozomoerka csipss Ixemparyusn (70%
Coop pacmenuii (ceexcue/uicyieH e smarion / 50%
oopaszisi) auemon)
CpasHumensHasn
ouenKa i Cmamucmuveckas Ananus (DPPH,
AHMUOKCHOAHMHOT oopadomra
Donuna—
ARKMUGHOCIU (ANOVA,
Yoxanvmey)
u henonsroco npohuna Koppensauyus)

pacmenun Lamiaceae

Pucynok 1 — Cxema sxcriepuMeHTa

Pe3yabTaThl 1 00Cy:KIeHUE

AHTHOKCHJIAaHTHAsT ~ aKTUBHOCTb  JKCTpakK-
TOB TpEX BHIOB cemeiictBa Lamiaceae (Mentha
longifolia, Melissa officinalis, Ocimum basilicum)
Obu1a onenerHa meromoM DPPH, ocHoBaHHBIM Ha

CIOCOOHOCTH (PCHOJIBHBIX COCJAMHEHHH M APYTHX
AQHTHOKCHJAHTOB BOCCTAHABIMBATh CTaOMJIbHBIN
panukan 2,2-nudenunn- 1 -mukpunruapasun. CHibke-
HHE ONTUYECKOH MIOTHOCTH Ipu 517 HM oTpakaer
CTeTeHb NHIMOMPOBAHUS paJuKalla U XapaKTepu3sy-
eT 9(h(peKTUBHOCTH UCCIIEeTyeMbIX 00Pa3IIOB.
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Ta6auua 1 — OnTuueckas IIOTHOCTH NPH Pa3IMYHBIX KOHIIEH-
Tpausx 3KcTpakToB (A =517 uM + SD)

Konnenrparus Mepthz} Mel'issa. Oc.irpum

longifolia officinalis basilicum

1 MKr/min 0.82+0.02 0.86+0.03 0.89+0.02

5 MKr/mi 0.69+0.03 0.73£0.02 0.76+0.03

10 MKr/ma 0.54+0.02 0.59+0.03 0.63£0.02

25 MKT/™MIT 0.36+0.03 0.41+0.02 0.49+0.03

50 MKr/mit 0.21+0.02 0.27+0.03 0.32+0.02
KonTpomnn 0,91

Kak BumHO U3 Tabnmmpl 1, 0 Mepe yBeIUYeHUS
KOHIICHTPAITMX JKCTPAKTOB HAOIIOAAIOCh CHIDKEHHE

onTuyeckoil TiotHocTn pactBopa DPPH. HaubGo-
Jiee BBIPKEHHOE YMEHBIIIeHHE 3a(UKCHPOBAHO IS
Mentha longifolia, uto yxa3piBaeT Ha €€ BBICOKYIO CIIO-
COOHOCTB K HEMTpayM3ari CBOOOTHBIX PAINKAIIOB.

I'paduyeckas wHTepnpeTanuss JaHHBIX B PH-
CyHKE 2 JIEeMOHCTPHUPYET 3aBUCUMOCTh ONTHYECKON
oTHOCTH pactsopa DPPH ot koHLeHTpanuu sKkc-
TpakToB. C yBenn4yeHneM 1036l HaOIroaaeTcs 3aK0-
HOMEpHOE CHIYKEHNE HHTEHCUBHOCTH OKPACcKH pac-
TBOPA, YTO MOATBEPKIAET CIOCOOHOCTH 3KCTPAKTOB
pacrenuii pona Lamiaceae k 70303aBUCHMOMY HeEii-
Tpanu3yromnieMy aeicTeruio. Hanbonee BIpakeHHOE
cHkeHne 3apukcuposano g Mentha longifolia,
torna kak Ocimum basilicum 10Ka3ajl HauMEHb-
uryto 3 HeKTUBHOCTD.

AHTMOKCUAOAHTHaA akTUBHOCTb MmeTogom DPPH

0.9

0.8

0.7

OnTnyeckas NoTHOCTb (517 HM)

0.3

0.2 |-

Mentha spp.
—=— Melissa officinalis
—&— Ocimum basilicum

0 10 20

30 20 50

KoHUueHTpauna akcTpakTa (MKr/mn)

Pucynok 2 — 3aBucuMocTh onTHYeCKo# rutotHocTH pactBopa DPPH (A = 517 uwm)
OT KOHLEHTPALUH IKCTPAKTOB

[Tokazano 10303aBHCHMOE CHIDKEHHE WHTECH-
CHUBHOCTH OKPAacKH pacTBOpa, YTO OTpakaeT aHTHU-
OKCHJIaHTHYIO aKTHBHOCTH UCCIIEyEMBIX 00pa3IIOB.

Jisi KOJIMYEeCTBEHHOW OLEHKH aHTHOKCHAAHT-
HOM aKTUBHOCTH OBUI PAacCUWTaH IMPOIEHT HWHIH-
OoupoBanus panukana DPPH npu pasnnynbIx KOH-
LEHTPAIUAX dKCTPaKkTOB. [lomydeHHbIE pe3yabTaThI
MpeaCTaBICHbI B TA0IUIIE 2.

Kaksugnoustabmuiie2, yBemTnaeHUE KOHIICHTPa-
LUK 9KCTPAKTOB CONPOBOXKIAIOCH POCTOM MPOLICH-
Ta HHruOmpoBanusi. Hanbomemuit addhext HabIIO0-
naicst y Mentha longifolia (76,9% nipu 50 Mxr/min),
B TO BpeMs kKak Ocimum basilicum moka3an MAHU-
ManbHY10 3 dexkTuBHOCTH (64,8%). DTO MOATBEPK-
JTaeT pa3Nyrs B aHTHOKCHAAHTHOW aKTHBHOCTH UC-
CIIEyeMbIX PACTCHHUH.
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Taomuua 2 — [Iponent narnduposanus DPPH-pangukana sxe-
TPaKTaMH BBICYIIEHHOTO CBIPB (%)

Konnenrpauuss|  Mentha Melissa Ocimum
(MKT/MIT) longifolia officinalis basilicum

1 9.89 5.49 2.20

5 24.18 19.78 16.48

10 40.66 35.16 30.77

25 60.44 54.95 46.15

50 76.92 70.33 64.84

KonTpons 0,91




E.b. Jlapuonosa u nip.

I'padmueckas MHTEpIpETALNS MOTYyYESHHBIX JaH-
HBIX TI03BOJISIET HATIISITHO MPOCIEIUTh JI03032aBHCH-
MBI XapaKTep aHTHOKCUIAHTHON aKTHBHOCTH 1 OTIpe-
nemuth 3HaueHue [Cso 1S KaX0T0 BUIa PACTCHUH.

Ha ocHoBaHMM KpHMBBIX M3 PUCYHKa 3 MHIHOH-
pOBaHUsI YCTaHOBIICHO, YTO MHUHHMAJbHOE 3HAUe-
nue ICso xapakrepno st Mentha longifolia (17,08
MKI/MJT), 9TO CBHJETEINBCTBYET O €€ HamOOIbIIen

AHTHOKCUJIAHTHOM aKTUBHOCTU. OTOT Pe3yib-
TaT MOATBEPKIAeT BBIBOABI Tourabi (2025a), rme
Mentha longifolia Takke mokaszana JOMUHHPYFO-
mee MOJIOKEHUE CPEIH MCCIICOBAaHHBIX BHIIOB I10
YPOBHIO aHTUOKCHUJAHTHOTO noTeHruana [20]. s
Melissa officinalis m Ocimum basilicum 1Cso cocTa-
Bund 21,24 u 30,14 MKr/Mia COOTBETCTBEHHO, UTO
yKa3bIBaeT Ha MX Oosee ciaboe AercTBue.

3aBucnmMocTb MHrnbunposaHus DPPH oT KOHUEHTpauUnn SKCTPaKToB
(BbICYLUEHHOE ChIPLE)

80 =
Mentha longifolia

—e— Melissa officinalis
70} —®— Ocimum basilicum
=== 50% nHrubnposaHue
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Pucynok 3 — 3aBucumocTs npoueHra naruouposanus DPPH
OT KOHIIGHTPALlUH KCTPAKTOB pacTeHnil Lamiaceae ¢ 0603HaueHneM 3unauenuii [Cso

Ha ocHoBanuu rpaukoB HMHIHOMPOBAHUS,
MIPEJICTABIIEHHBIX Ha PUCYHKE 3, OBUIM paccuuTa-
Hbl 3Ha4eHUs [Cso — KOHLIIEHTpALMK SKCTPaKTa, He-
ooxomnmont st 50%-HOTO TOMABICHUS paguKaia
DPPH. Dtot nokasarens ABIsSETCS] yHUBEPCAIBHBIM
KPUTEPUEM aHTHOKCUJIAHTHOW aKTHBHOCTH M TO-
3BOJISIET OOBEKTUBHO CPAaBHHUTH MCCIIECIYEMbIC BHIIbI
pacTeHui, 9TO OTPaKEeHO B TabmuIie 3.

Tadomuua 3 — 3aagenue [Cso 17151 IKCTPAKTOB PACTEHUI ceMeli-
ctBa Lamiaceae

Pacrenue 1C50 (mxr/mi)
Mentha longifolia 17.08
Melissa officinalis 21.24
Ocimum basilicum 30.14

CornacHo TaOnuie 3, HaMEHbIIee 3HAYCHUE
1Cso oT™Meueno y Mentha longifolia (17,08 Mxr/mi),
YTO CBUJIETEILCTBYET O €€ HanOosIee BHICOKOW aHTH-
OKCHIaHTHOU akTuBHOCTH. Jnsa Melissa officinalis
JAHHBIA MOKa3aTenb cocTaBun 21,24 MKr/mi, a ajs
Ocimum basilicum — 30,14 mxr/mu. Takum oOpa-
30M, MOYKHO 3aKJFOYUTh, YTO CPEIH HCCIEI0BaH-
HBIX PACTCHUU JIUACPOM 10 aKTHBHOCTH SIBJISCTCS
Mentha longifolia, Torna kak Ocimum basilicum ne-
MOHCTPHUPYET HAUMEHBIIUHI MMOTCHIIMA B YCIOBUSX
MPOBEAEHHOIO IKCIIEPUMEHTA.

Jliist OlleHKH BKJ1a/1a TTONM(EHOIOB B aHTHOKCH-
JAHTHBIH MMOTEHIIUAN UCCIIEAYEMBIX PACTEHUH OBLIO
OTIpeJIeNIeHO co/iepKanne (PeHOIBHBIX COeINHEHUI
MetojioM PonnHa—Hokansrey. ITOT METOA MO3BO-
JISIeT KOJIMYECTBEHHO M3MEPHUTh CYMMapHOE COJIep-
JKaHWe (EHOJIOB, KOTOPBIC SBIISIOTCS OCHOBHBIMH
KOMITOHEHTaMH, OIPEACIISIFOIIMMUA aHTHOKCHIAHT-
HYI0 aKTUBHOCTb PAaCTeHMH cemelicTBa Lamiaceae.
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Ta6auna 4 — Coneprxanue GpeHOIBHBIX COSMHEHUH B OKCTPaK-
Tax

O6pasery Coﬂepﬁéfgz ?LCSBJ;OB (mr
Mentha 452+18
Melissa 327+15
Ocimum 284412

Ocimum

Melissa

Mentha

CornacHo TaHHBIM TaOIUIBl 4, HaOOMIbLIEE CO-
nepykanne (eHOJIOB BIsIBICHO Y Mentha longifolia
(45,2 mr GAE/r), munumansHoe — y Ocimum
basilicum (28,4 mr GAE/r). Ha pucynke 4 mpen-
CTaBJICHBI CPAaBHHUTEJBHBIC PE3YyJbTAThl, HATIAJHO
JleMOHCTpupYytomue, uto Mentha longifolia obnana-
et moutH B 1,6 paza Gosee BEICOKUM COAEPKaHHEM
(heHONBHBIX COEAMHEHNH TI0 cpaBHEHHIO ¢ Ocimum
basilicum.

30,0

El

40,0

B

Pucynok 4 — Coznepxanust penonosmr GAE/T

DTO MOATBEPKIACT BEIYIILYIO POIb PEHOIBHBIX
KHUCJIOT JAaHHOTO BUAA B (DOPMHUPOBAHUN aHTHOKCH-
JAHTHOTO MOTEHI[HAA.

J7IsT KOMIUIEKCHOM OIIEHKH aHTHOKCHIAHTHOM
AKTUBHOCTH OBLI IPOBEIEH CPAaBHUTEILHBIN aHATIU3
npuMeHEHHBIX MeToguk — DPPH u ®onuna—Yo-
kanpTey. OO0 METOJMKH IUPOKO HUCHOIb3YHTCS
B (UTOXUMHUYECKUAX HCCIICTOBAHUAX, OTHAKO 00-
JIAJA0T PA3JIMYHON UYyBCTBUTEIBHOCTBIO, CIICII-
H(PUIHOCTHIO U MPOTOKATEITLHOCTHIO TIPOBEICHUS
aHanm3a. CpaBHUTENBHBIC XapaKTEPUCTUKU TIPE-
CTaBJICHBI B TAOIHIIE 5.

Taomuua 5 — CpaBHeHHE aHATUTUYECKUX XapAKTEPUCTUK Me-
TonoB DPPH n ®onuna—Yoxkansrey

@ u -
[Tapamerp offHHa-AoKah DPPH
TeY
UyBCTBUTEIILHOCTH Bercoxa (moms Cpennsis (IC50)
Bpewms ananuza 2.54 30 muH
CreruduaHOCTD Bce denomb Tombio BoccTanas-
JIUBAOLINE areHTHI

82

Kak BUJIHO U3 peACTaBICHHBIX JaHHBIX, ME-
ton Donnaa—YokanbTey OTIWYAETCS 0Ojee BBI-
COKOl 4yBCTBUTEJIBHOCTHIO U TO3BOJISIET OIpe-
NIETUTh CYMMapHO€ coaepkaHue (PEeHOIbHBIX
COCJIMHEHUM, OJIHAKO TPeOyeT OOJbIIEro BpeMe-
HH TIpOBEICHUS aHanmu3a (okoio 2,5 4). B To xe
BpeMst metox DPPH xapakrepusyercs MeHbIIeH
MIPOJOJDKUTEIRHOCTRI0 dKcmepuMenTa (30 muH)
u Oojiee HArJIsTHO OTPAXKAET PaJMKAJI-TIOTIOIIA-
IOIIYI0 aKTUBHOCTH dKCTPakToB. Takum oOpazom,
WCIIOJb30BaHUE O00CMX METOIUK B KOMILICKCE
obecnieynBaeT HamboIEe MOJTHOE MPeACTaBICHUE
00 aHTHOKCUJAHTHOM MOTCHIIHAJIE UCCIIEIyEMbIX
pacTeHui.

s BBISABIEHUS CBSI3M MEXKIY COACpPKAHUEM
(heHONBHBIX COCTMHEHUN M aHTHOKCHIAHTHON aK-
TUBHOCTBIO OBUT TIPOBEIEH KOPPEISIIMOHHBINA aHa-
nu3. B xauecTBe nokaszaTeneil uCroyib30BaJIUCh pe-
3ynbTatel MeToa Donmuna—Yokanprey u 3HaYCHUS
1Cso, momyuennsie mo metoxy DPPH.

Pacuér xoad¢unuenta xKoppensiuu mokasai
HaJlMyue CHJIbHOW OTPULATEIbHOW 3aBUCUMOCTH
(r = -0.98, p < 0.05) mexny conepxanueM ¢e-
HOJIBHBIX coennHeHn! U 3HaueHneM [Cso. D10 03-
HayaeT, YTO yBEJIMUYCHUE KOHIEHTpauu (PEHOJIOB



E.b. Jlapuonosa u nip.

HaNpsIMyIO CBSI3aHO C IIOBBIIIEHUEM AaHTUOKCHU-
JIAHTHOM aKTUBHOCTH KCTPAKTOB. HBIMM ClIOBa-
MU, Y€M BBINIE YPOBCHb (DEHOIBHBIX COCAMHCHHUIA,
TeM MEHBINEe KOHIICHTpAlHs DKCTPaKTa HEOO0XO-
muma st 50%-Horo WHTHOWpOBaHUS paguKaia
DPPH.

50,0
40,0
30,0
20,0
10,0

0,0
0 0.5 1 1.5

—o—Oenomsl (GAE/g)

Ha pucynke 5 HarnsgHo noka3ana oOpaTHas 3a-
BHCHMOCTb MEXIy coaep)kaHrneM (eHOJBHBIX CO-
eauHeHuil u 3HauyeHueM [Cso. JlaHHBIN pe3yabTar
MTOATBEPKIACT KIIOYEBYIO POJb (PEHONBHBIX KOM-
MTOHEHTOB B POPMUPOBAHNN AHTHUOKCHIAHTHOT'O I10-
TEHLMaja pacTeHul cemeiictBa Lamiaceae.

2 2,5 3 35
—o—1C50 (ug/ml)

Pucynok 5 — Cpasuenue pe3ynsratoB MmetonoB DPPH n ®omuna-Yoxansrey

Bo BTOpOIi cCepun IKCIIEPUMEHTOB OLIEHUBAJIACh
AHTHOKCHJAHTHAsl AKTHMBHOCTb JKCTPAKTOB, MOJTY-
YEHHBIX U3 CBEXECOOPAHHOT'O PACTUTENBHOTO ChI-
pbs. Ontuueckas mioTHOCTh pactBopa DPPH npu
Pa3IMYHBIX KOHIEHTPAIUAX SKCTPAKTOB IMPEJICTaB-
JieHa B Taomiure 6.

Tadmuua 6 — Ontryeckast INIOTHOCTH MIPU Pa3INYHBIX KOHIICH-
TPALHUSIX SKCTPAKTOB U3 CBEIKETO ChIPhS

Konnenrpa- Mentha Melissa Ocimum
st longifolia officinalis basilicum
1 MKr/MI 0.79+0.02 0.83+0.03 0.85+0.02
5 MKr/mi 0.64+0.02 0.78+0.02 0.72+0.02
10 MKr/™MIT 0.48+0.02 0.53+0.03 0.58+0.03
25 MKr/mi 0.30+0.03 0.35+0.03 0.42+0.03
50 MKr/mi 0.16+0.02 0.22+0.02 0.28+0.02
Konrpons 0,91

CHIDKEHHE ONTUYECKOM IUIOTHOCTU PacTBOpa
DPPH nab6iromgaetcst mo Mepe yBEITHUEHUS KOHIICH-
Tpaluu 3KCTPAKTOB, UYTO CBUAETEJIHCTBYET O BBI-
pakKeHHOM aHTHOKCHIAHTHOM 3¢ dekre. Hanbomee
3aMETHOE YMEHbLIeHHEe aOCcopOUUH OTMEYECHO Y
Mentha longifolia.

Jlnst 6onee HATIIAIHON OIEHKHM aHTHOKCHIAHT-
HOM aKTUBHOCTUA OBUI PAacCUWTaH IMPOICHT HHTH-
oupoBanus panukana DPPH npu paszHbIX KOHIICH-
TpalusaX SKCTPaKkToB. Pe3ynbTaThl IpecTaBICHbI B
Tabmure 7.

Taéamuna 7 — [Nponent nurnéuposanns DPPH npu paznudnbx
KOHLIEHTPALHIX

Konuenrpa- Mentha Melissa Ocimum
s (Mxr/min) | longifolia officinalis basilicum
1 13.19 8.79 6.59
5 29.67 25.27 20.88
10 47.25 41.76 36.26
25 67.03 61.54 53.85
50 82.42 75.82 69.23
KonTpomnn 0,91
Okcrpaktel  Mentha longifolia obecnieunum

MakcuMajbHOe mnojasieHue paaukana DPPH (mo
82,4% npu koHueHTparmu 50 MKr/mit), B TO Bpems
KaK MHUHUMaJIbHBIC 3HAUYEHUs ObUTM 3a()UKCHUpPOBa-
Hbl y Ocimum basilicum (69,2%).

Ha ocHoBaHnu mosy4eHHBIX JaHHBIX OBUIH pac-
cuntanbl 3Ha4eHUs [Cso, KOTOPBIE OTPa)KAIOT KOH-
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LEHTPAIUI0 DKCTpakTa, HeoOoxomumyr st 50%-
Horo mnojasienus panukana DPPH. HWrorosbie
pe3yJIbTaThl IPUBECHBI B TA0HIIE 8.

Ta6anua 8 — 3nauenne IC50 (MKI/MIT) SKCTPAKTOB U3 CBEXKETO
CBIPbS

Pactenue IC50 (mkr/mon)
Mentha longifolia 16.3
Melissa officinalis 18.7

Ocimum basilicum 21.1

Haumenbiiee 3Hauenne [Cso BBISIBICHO Yy
Mentha longifolia (16,3 MKr/mir), 4TO OATBEPKIA-
eT ¢ BBICOKHMI aHTHOKCUAAHTHBIN IMOTeHIAI. J{JIst
Melissa officinalis 1 Ocimum basilicum ICso cocTa-
By 18,7 u 21,1 MKI/MJI COOTBETCTBEHHO.

Jlnst comocraBneHuss aHTHOKCHIAHTHON aKTHB-
HOCTH C YPOBHEM IMOIU(DEHOIIOB OBLIO OMPEIeIICHO
conepkanne (HEHOTBHBIX COCAUHEHUN B CBEKUX
SKcTpakTax pacteHuil MerogoM donuna—Yokanb-
tey. JlaHHbIE TIpe/icTaBIeHbl B TabuIle 9.

Taomuua 9 — Coneprxanne HEeHONBHBIX COSTUHEHHH B OKCTPaK-
Tax U3 CBEXKETO ChIPbs

Oobpaszen ®denonbl (Mr GAE/T) £ SD
M. longifolia 524+£1.9
M. officinalis 48.6 £1.7
O. basilicum 583+£22
MakcuManpHOe — cofepKaHue  (DeHOJBHBIX

coequHeHni otMmedeHo y Ocimum basilicum
(58,3 mr GAE/r), 4TO TpEBbIIIACT aHAJIOTHYHBIC
nokazarenu y Mentha longifolia (52,4 mr GAE/T)
u Melissa officinalis (48,6 mr GAE/r). Ot0 moa-
TBEPXKJIAET, YTO BBICOKHH YpOBEHb (EHOJIOB HE
BCETJa MPSIMO KOPPETUPYyeT ¢ MUHUMAJBLHBIM 3Ha-
yeHueM [Cso, yka3pIBasi Ha BO3MOKHBIN BKJIJ He-
(eHOJIBHBIX aHTHOKCH/IAHTOB.

J71s oLleHKH B3aMMOCBSI3U MEKIY COAEP KaHUEM
()CHONBHBIX COCTUHEHUI M AHTHOKCHUIAHTHON aK-
TUBHOCTBIO OBUI MPOBEAEH KOPPEISIMOHHBIN aHa-
nu3. B kadecTBe nmokasaresieil CIoyib30BAIUCH JIaH-
HBIE TI0 00IIEeMY COZIepIKaHUI0 ()EHOJIOB M 3HAUCHHS
ICso, paccuntanusie o pesyipratam DPPH-Tecrta.

Koppensuna mexay copep>xaHuem deHonos u |Cso

X
22t
R
e -0.98
21t ™
\\\
\\\
\\
20+ NG
— \\\
= S
= 5
g19f =
X
2,
. X
o

fary
2]
T

L1 [

16

X Obpaszupl
=== TpeHa: y = -0.66x + 54.02

50 52

54 56 58

CopeprkaHue ceHonos (Mr GAE/r)

Pucynoxk 6 — Koppensiust Mexay conepkanueM (HeHOIbHBIX COSTUHCHUH
u 3HadeHussMu [Cso y McClieJOBaHHBIX pacTeHuii cemelicTBa Lamiaceae

[TomydenHbIe pe3yNbTaThl YKa3hIBAIOT HA CHJIh-
HYIO OTpUILIaTeNbHYI0 Koppemsuio (r = —0.96...—
0.98, p <0.05), 9To MOATBEPKIACT 3HAUNMBIHA BKJIA]]
(eHONBHBIX COCIMHEHHH B (OPMUPOBAHNE aHTHOK-
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CHJIaHTHOW aKTUBHOCTH. YeM BbIlIe ypOBEeHH (heHO-
70B, TeM Huxke 3HadeHue [Cso, TO ecTh Tpedyercs
MEHbIIIass KOHIIEHTpAIHs SKCTPaKTa IS TOaBJe-
Hust 50% paaukanoB DPPH. OcoGenno otuérnmnBo



E.b. Jlapuonosa u nip.

3Ta 3aBUCUMOCTH mposiBuiack y Mentha longifolia,
YTO COTJIACYETCsI C JIUTEPATYPHBIMU JIAHHBIMH O ¢
BBICOKOM COZICP’KaHUU PO3MAPHUHOBON KUCIIOTHI.

Jns oOBeKTUBHOW HWHTEPHpPETAIH IOJTyYeH-
HBIX JaHHBIX MPOBEIEHO CpPaBHEHHE C pe3yJbTa-
TaMH JIPYTUX HCCIICJOBAHUMN, TPEICTABICHHBIMU B
JUTEpaType.

ITonyuennsie Hamu 3HadueHus a1 Mentha
longifolia (16.3—-17.1 wMKr/mMa) JIE€MOHCTPHPYIOT
AHTUOKCHJIAHTHYIO aKTHBHOCTbH, HAXOJSIIYIOCS B
npezenax, Ho OMKe K HWKHEH TpaHMLe JUTepa-
TypHBIX HaHHBIX (12.5-88.73 Mxr/mi). CymiecTBeH-
HBIH Mana3oH Bapualuil, IpeCTaBICHHBIN B OITy-
OJIMKOBaHHBIX HCTOYHHKAX, BEPOSTHO, 00YCIOBICH
psnoM (GakTOpoB, BKIIOYAsl PAa3IHUUs B MIPUMEHSI-
eMBIX METOJMKaX OSKCTPAKIWHU, reorpapuueckoe
NPOUCXOXKICHUE 00Pa3LoB U PEHOTUITHUECKYIO U3-
MEHUYUBOCTh PACTCHUI JaHHOTO BUAA. DTU JaHHBIC
cornacyrotcs ¢ pesyabraramu Hu et al. (2025), mo-
Ka3aBIIMX BbIPAKEHHBIH aHTHOKCHIAHTHBIA U TIPO-
TeKTUBHBIA 3¢ ekt sxcTpakToB Mentha longifolia
in vivo [21]. Kpome Toro, Ali et al. (2023) moxrsep-
i 3HaunMocTh Mentha longifolia kak nctounuka
OMOJIOTUYECKU aKTUBHBIX COCAMHEHHM, OKa3bIBaIO-
HIMX BIMSIHAE HA UMMYHHYIO CHCTEMY M METa0OIH-
YeCKHE MPOIIecCHl [22].

Pesynbratel mo Melissa officinalis  (18.7—
21.2 MKT/MIT) HAaXOASTCSA B TIpeJIeNax JUTepaTypPHbIX
naHHelx (14.08-25.3 MKr/mi) ¥ JIE€MOHCTPHPYIOT
YCTOHYHMBOE COOTBETCTBUE OIYOJMKOBAaHHBIM 3HA-
yeHusiM. HesHaunTenpHBIE PACXOXKICHUS MOTYT
OOBSICHATHCS AarPOTEXHUYECKUMH YCIOBUSIMH BBI-
pamBaHus, KIMMaTHUYECKUMHU OCOOCHHOCTSIMH,
COCTaBOM TIOYBBI, a TAKXKE BpEMEHEM cOopa ChIpPbSI.
CyIecTBeHHYIO POJIb MTPAIOT U METOJBI SKCTPaK-
[IUH, TAK KaK BBIOOP PACTBOPHUTEIS HATIPSIMYIO BIIH-
seT Ha H3PPEKTUBHOCTh W3BJICUCHHSI OMOJIOTHYECCKH
AKTUBHBIX COCJIMHCHHH.

Iokazatenu 1Cso qi11 Ocimum basilicum (21.1—
30.1 MKr/mi) ykas3plBalOT Ha yMEpPEHHYIO aHTH-
OKCHJAHTHYIO aKTHBHOCTh. OIHAKO B JINTEpaTrype
BCTPEYAIOTCS JaHHBIE C TOPa3io 0oJiee BEICOKOH aK-
TUBHOCTBIO (ICs0 = 6.20 MKI/MIT), 4TO MOKET OBITH
CBSI32HO C OJIATONPUSITHBIMU YCIOBUSIMH KYJIbTHBH-
POBaHMsI WJIM TEHETHYECKMMHU OCOOCHHOCTSIMU CO-
pToB. Kpome TOro, 3KCTpaKIIMOHHBIE METOIBI TAKKE
OKa3bIBAIOT peIlaroliee BIUSHUE HAa UTOTOBBIH pe-
3yJIbTAT.

ITo conepxanuio (eHOTBHBIX COCAMHECHUN Ha-
OIIIOIAt0TCSl aHAJIOTUYHBIE 3aKOHOMepHOCTH. Jliist
Mentha longifolia (45.2-52.4 mr GAE/r) nonyuen-
HbIC 3HAYCHUS TMPEBBINAIOT MUHHMAJIbHBIC JUTE-
parypuble niokazatenu (30.0-48.7 mr GAE/T), uto

MOJKET OBITH CBSI3aHO € OJaronprsTHBIMHA KJIMMATH-
YeckuMH ycsioBusiMu Boctounoro Kazaxcrana.

Hus Melissa officinalis (32.7-48.6 mr GAE/T)
HAIllM Pe3yJIbTaThl COOTBETCTBYIOT CPEJHEMY JHa-
Ma30Hy 3HAYCHWMH, OMyOJIMKOBAHHBIX JPYTUMH aB-
TOpaMH, MPHU 3TOM MaKCUMAallbHbIE KOHIICHTPAIHN
(mo 60.4 mr GAE/r) onncaHbl sl pacTeHUH, BbI-
PAIlEHHBIX B YCIOBUSX I'HJIPOTIOHHUKH.

Hnst Ocimum basilicum BBISABICHBI pa3inuus
Mexay BeicymeHHbIMU (28.4 mr GAE/T) u cBexu-
mu obpasmamu (58.3 mr GAE/T). Ecniu mepBbie oka-
3aJMCh HW)KE JIMTEPATYPHBIX IAHHBIX, TO BTOpHIC
MpUONIMKAIOTCST K HW)KHEH TpaHuIe ommyOnnKOoBaH-
HBIX Auama3oHoB (48.6—-138.24 mr GAE/Tr). Brico-
KM€ 3Ha4yeHus], 3aUKCHPOBAHHbBIC B 3apyOeKHBIX
HCCIIE/IOBAHUSX, OOBSICHIIOTCS] KaK TCHETHUECKIMHU
0COOEHHOCTSMHU COPTOB, TaK U CIEHU(PUICCKUMHU
YCIIOBUSIMU TIpOM3pacTanus (HarpuMmep, B 3acyll-
nuBbIX paiionax Amxkupa u Caxapsr) [23].

Taxkum 06pazoM, pasHOOOpa3we UTOTOBBIX IO-
kazareneit [Cso u cofepkanusi GeHoNIOB y IpecTa-
BUTEJIEH ceMelicTBa Lamiaceae CBA3aHO C KOMILJIEK-
coM (aKTOpOB:

- KJIMMATU9YeCKUE YCIOBUS (MHCOJISIINS, TEMIIe-
patypa, KOJIHYEeCTBO OCAIKOB);

- COCTaB MOYBHI U MUHEPATBHBIN (OH;

- CTajusl BETeTalH U BpeMsi cOOpa ChIPbS;

- crmocoObI 00pabOTKM U XpaHEeHHs (CyIIKa, 3a-
MOPO3Ka U JIp.);

- METOJBl DKCTPAKIHUH (BHIOOP PACTBOPUTEI,
TeMIepaTypa U NpoJOKUTEIBLHOCTD Ipoliecca).

B coBokymHOCTH 3TH (HaKTOPBI ONPEACISIOT
BapHaOEIbHOCTh XMMUYECKOTO0 COCTaBa M aHTH-
OKCHUJAaHTHOW aKTUBHOCTH PACTEHUN U OOBICHSIOT
pa3nuuMsg MEeKAY HAIIUMU Pe3yIbTaTaMu | JIUTepa-
TYpHBIMU JaHHBIMH [24].

3ak/aoyeHne

B xoze npoBeA€HHOr0 UCCIIEI0BAHUS YCTaHOB-
JIeHbI 0COOEHHOCTH aHTHOKCHAAHTHON aKTUBHOCTH
npencraBuTeneii cemeiictBa Lamiaceae (Mentha
longifolia, Melissa officinalis, Ocimum basilicum),
BBIpAIllEHHBIX B YCIOBHUsIX Boctouno-Kazaxcran-
ckoii obnactu. [lonyueHHbIe TaHHBIE TTOATBEPIUIN
HAJINYHE BRIPAKCHHBIX BUJIOBBIX PA3THUUH U CYIIe-
CTBEHHOTO BIMSTHHA CIIOCOO0B 00pabOTKHU CHIPBS Ha
YpOBEHb OMOJIOTHYECKON aKTUBHOCTH [25].

CpaBHUTENBHBIN aHANN3 CBEXKETO U BBHICYILICH-
HOTO PACcTUTENBHOTO MaTepraia MoKas3all, YTo IKC-
TPAKTHI U3 CBEKUX JIUCTHEB 00J1aJat0T O0JIee BBICO-
KOI aHTMOKCUAAHTHOM aKTHBHOCTBIO, YTO OCOOEHHO
otuéTimBo nposiwiiock y Ocimum basilicum (ICso
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21.1 mxr/mia npotuB 30.1 MKI/MJA y BBICYHIEHHOT'O
ChIpbsi). Hanbosee akTHBHBIM BHIOM BO BCEX BapH-
aHTax aHanm3a okasanack Mentha longifolia (1Cso
16.3—17.1 MKr/Mi), 9TO COTIACYETCS C JIUTEPATyp-
HBIMH JJAHHBIMHU O BBICOKOM COJICPYKaHUU PO3MaPH-
HOBOM KUCIIOTHI U IPYTHX (PEHOIBHBIX COEAMHEHUH.

Conepxanue (peHOJBHBIX BELECTB BapbUPOBa-
1o B mpenenax 28.4-58.3 mr GAE/r, mpu aTOM cBe-
KHe 00pa3Lbl XapaKTEPU30BAIUCH CYIIECTBEHHO 00-
Jiee BHICOKMMH 3HAUYCHUSAMU. BBISBICHHAs CHIbHAsS
OTpHLATEIbHAST KOPPEISIIHS MEXKIy COACPKaAHUEM
(enonos u BemmunHOH 1Cso (r = —0.96...—0.98, p <
0.05) moaTBepkAaET KIOYEBYIO POJIb MOJIUPEHOIIb-
HBIX COCIMHEHNH B ()OPMUPOBAHNH aHTHOKCHIAHT-
HOTO TIOTEHLIMAJIa HCCIIEAYEMbIX PACTCHUH.

Ocoboe 3HaueHNE UMEIOT KITMMATHIECKHUE YCITO0-
Busi Bocrouno-Kazaxcranckoii o6iactu, KOTOpbIe,
BEPOSITHO, CTIOCOOCTBYIOT HAKOTUICHHUIO (DEHOTBHBIX

COCIMHEHUM 3a CUET BHICOKOW MHCOJISIIINY, Ieperna-
JIOB TeMIIepaTyp M MNEPUOAMYECKUX 3aCyIUIMBBIX
SBIICHUH. DT (HaKTOPBl MOTYT paccMaTpUBATHCS
KaK OTPECISIIONTNE s (DOPMHUPOBAHUS YHUKAIb-
HOT0 OMOXUMHYECKOTO MPOQHIIST MECTHBIX MTOTYIIsI-
UH.

Takum 00pa3oM, IpoBeAEHHAs pPadOTa HE TOIb-
KO MOATBEPKIAET BHICOKUN aHTHOKCUIAHTHBIN IMO-
TEHIMANl TpeJcTaBuTeNiel ceMeiicTBa Lamiaceae,
HO W BBIIBJSICT PETHOHAIBHBIC OCOOCHHOCTH WX
XMMHUYECKOTO cocTaBa. Pe3ynpTaThl HCCIIEI0BAHUS
CO3JIaI0T OCHOBY JJISl MPAKTUYECKOTO MPUMEHEHUS
M3YYCHHBIX PACTCHUN B (papMarieBTUYECKOM, IHIIIe-
BOM M KOCMETHYECKON MPOMBIIIJIEHHOCTH, a TaKkKe
3a/1a10T MEPCHCKTUBHBIC HAIIPABICHUS JaTbHEHIINX
WCCJICIOBAaHNMN, CBSI3aHHBIC C HICHTH(DUKAITNECH WH-
JIUBUAYAIBHBIX (DEHOJIBHBIX COCIWHEHWH M OITH-
MM3alUEeN METO/I0B KCTPAKIIUH.
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OUEHKA COBPEMEHHOTI O COCTOSIHUA MOIMYASIUNU
PEAKOIO BUAA RHEUM WITTROCKII LUNDSTR.
DAOPDLI IOTO-BOCTOKA KA3AXCTAHA

AaHHas CTaTbsl NOCBSLLEHA M3YUYEHMIO COBPEMEHHOIO COCTOSIHUS NonyAsiumm Buaa Rheum wittrockii
Lundstr., hAOprCTMUECKOrO COCTaBa M 3KOAOTMUECKOM XapaKTePUCTUMKM MOMYASILMIA 3TOrO BMAQ HA
Tepputopun xpebra Y3biHkapa u Mae-Aaatay, AamatuHckon obaactu. Rheum wittrockii Lundstr.,
APEBHWIA POA HEOrEHOBOIO MEPUOAA a3MaTCKOro MPOUCXOXKAEHMS, BKAIOYaeT 9 BMAOB B KasaxcTaHe.
Tpu npurpoAHbIx nonyasumii Rheum wittrockii Lundstr., 6biAM M3yueHbl B pa3AMYHbIX SKOAOTMYECKUX U
hUTOLEHOTUYECKMX YCAOBUSAX XpeOToB Y3biHkapa u Mae-Aaatay. Rheum wittrockii Ha nccaeayembix
TEPPUTOPUSX PACMPOCTPAHEHbI B CPEAHEN YaCTW AECHOIO MOosiCa CPEAHErOPHIA, FTAE MPOSIBASIIOT BbICO-
KMe aAanTalMOHHbIe CMOCOBHOCTU, KOTOPbIE CBUAETEALCTBYIOT 00 MX IKOAOTMUYECKON MAACTUYHOCTH,
XapaKTEPM3YIOTCS BbICOKMMM MOKA3aTEAIMU CEMEHHOMO M BEreTAaTMBHOIO Pa3MHOXKEHMS, YCTONUMBDI K
6GOAE3HSIM, COXPaHSIOT B KYAbTYpE XapaKTepHblil rabuUTyC, BbICOKO-AEKOPATUBHbI U MOTYT ObITb PEKO-
MEHAOBaHbI AASI UCTIOAb30BaHMsl B 03eAeHeHMn. B 6oAblumMHCTBe nonyAsumii Rheum wittrockii npeo6-
AAAAAU 0COOM reHepaTUBHbBIE U BUPTUHMAbHbIE OCOOU, PEXE B CAOKEHUM MOMYASILMU OCHOBHYIO POAb
UrpaAm npereHepaTmBHbie 0co6U. B pesyAbTaTe NPOBEAEHHOTO MOHUTOPUHIA YUCAEHHOCTb MOMYASLMIA
Ha MCCAEAOBAHHOW TEPPUTOPUU B NMOCAEAHWNE AECSITUAETUS CTPDEMUTEABHO COKPALLAIOTCS, YTO Tpeby-
€T HeoOXOAMMbIX Mep MO COXPaHEHMIO M BOCCTAHOBAEHWMIO YMCAEHHOCTM MOMyAsumii BUAOB Rheum
wittrockii Lundstr. Ha uccaepaoBaHHOM TEPPUTOPUM. AASI TOAAEPIKAHMS M HOPMAABHOM >KM3HEAESTEAb-
HocTn nonyAsiumii Rheum wittrockii Lundstr. Ha MccaeAyembix TEpPUTOPUSIX HEOOXOAMMO HOPMMPO-
BaTb CTeNeHb aHTPOMOreHHbIX BO3AENCTBUI. OCHOBHbIE aTPOMOreHHbIMM YrPO3aMu AASl PEAKOFO BUAQ
Rheum wittrockii Lundstr., SBASIOTCSI Upe3mepHbIit Bbinac CKOTa, HapyLleHMe CpeAbl 0OUTaHMS, KOTO-
pble MPMBEAM K COKPALLLEHUIO MOMYASILMIA, YTO NOTPEOYeT CTpaTerin COXpPaHeH s, TakMx Kak MOHUTO-
PUHI CpeAbl OOMTaHMS.

KAtoueBble CAOBa: MPMPOAHbIE MOMYASILMS, PaCTUTEAbHbIE COODLLECTBA, PEAKME BUAbI, Y3bIHKAPA,
Mae Anatay.
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Assessment of the current state of the population of the species
Rheum wittrockii Lundstr. flora of the South-east of Kazakhstan

This article is devoted to the study of the current state of the Rheum wittrockii Lundstr. species popu-
lation, floristic composition and ecological characteristics of this species populations in the Uzynkara
and lle-Alatau ridges, Almaty region. Rheum wittrockii Lundstr., an ancient genus of the Neogene pe-
riod of Asian origin, includes 9 species in Kazakhstan. Three natural populations of Rheum wittrockii
Lundstr. were studied in various ecological and phytocenotic conditions of the Uzynkara and lle-Alatau
ridges. Rheum wittrockii in the studied areas are distributed in the middle part of the forest belt of
mid-mountains where they exhibit high adaptive abilities, which indicate their ecological plasticity, are
characterized by high rates of seed and vegetative reproduction, are resistant to diseases, retain a char-
acteristic habitus in culture, are highly decorative and can be recommended for use in landscaping. In
most populations of Rheum wittrockii, generative and virginal individuals prevailed, less often pregen-
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erative individuals played the main role in the population. As a result of the monitoring, the population
size in the studied area has been rapidly declining in recent decades, which requires necessary measures
to preserve and restore the population size of Rheum wittrockii Lundstr. species in the studied area. To
maintain and ensure normal life of Rheum wittrockii Lundstr. populations in the studied areas, it is nec-
essary to standardize the degree of anthropogenic impacts. The main anthropogenic threats to the rare
species Rheum wittrockii Lundstr. are overgrazing, habitat disturbance, which have led to a reduction in
populations, which will require conservation strategies such as habitat monitoring.
Keywords: natural populations, plant communities, rare species, Uzynkara. lle Alatau.
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K azakcTaHHbIH, OHTYCTIK-LUbIFbICBIHAQFbI CUPEK Ke3AeCeTiH
Rheum wittrockii Lundstr. dpaopacbl nonyAsiuMscbiHbIH, Ka3ipri XxarAaibiH 6aFaray

Makarapa Rheum wittrockii Lundstr kasipri >karaanblH 3epTTeyre apHaAraH. AAMaTbl OBAbICHI
Y3blHKapa >XeHe Iane-AAaaTay »KOTaAapblHAAFbl OCbl TYP MOMYASUMSAAAPbIHLIH TYP MOMYASIUMSIChbI, (OAO-
PUCTUKAABIK, KYpPaMmbl K&He 3KOAOTUSIAbIK, cunaTTamackl. Rheum wittrockii Lundstr., a3usiAbIK, TeKTi Heo-
reH Ke3eHiHiH keHe TyKbiIMAachl KasakcTaHaa 9 TypAi kKamTuabl. Rheum wittrockii Lundstr. yw taburm
nonyAsaUMsChl. ¥3blHKApa >KoHe Iae-AAaTay >KOTaAapbIHbIH, OPTYPAI SKOAOTUSABIK, XXeHe (PUTOLEHO3-
AbIK, >KaFAablHAQ 3epTTeAAl. 3epTTeAeTiH aymakTapaarbl Rheum wittrockii opta TayAapAblH OpMaH
GeAseyiHiH opTaHFbl GOAIriHAE TapaAFaH, oAapAa XKoFapbl 6erimaeay KabireTi 6ap, GYA OAapAbIH, 3KO-
AOTUSIAbIK, UKEMAJIAITIH KOPCETEAl, TYKbIMABIK, X)KOHE BEreTaTUBTI KOOEIOIHIH XKOFapbl XKbIAAAMAbIFbIMEH
cuMaTTaAaAbl, aypyAapra Te3iMAi, ©3iHe ToH TIpLiAiK OpTacblH CakTalAbl, MOAEHUETTE OTe COHAIK
YKOHEe eriHLUiAIKTe MaaaAaHyFa YCbiHblAaAbl. Rheum wittrockii monyAsumsAapbiHbIH, KenWwiAiriHae re-
HEepaTMBTI XKOHe BUPr1HaAbAbl Aapasap 6acbiM GOAAbBI, MOMYASLMSAAQ HEri3ri POAAI asblpak, npereHe-
paTMBTI AapaAap aTkapAbl. MOHUTOPUMHI HOTUXKECIHAE COHFbl OHXKbIAABIKTAPAQ 3ePTTEAETIH ayMaKTa
MOMYASILUMSI CaHbIHbIH Te3 asatobl 6ankasAbl, 6ya Rheum wittrockii Lundstr. 3epTTeAeTiH aymakTarbl
TypAaep. Rheum wittrockii KaabinTbl eMipiH cakTay >keHe KamTamachi3 eTy ywiH Lundstr. 3epTTeAeTiH
ayMaKTapAaFbl MOMYyASILMSAAAPFA aHTPOMOreHAIK 8Cep eTy ASpeXKeciH cTaHAapTTay KaxeT. Cupek Kes-
AeceTiH Rheum wittrockii TypiHe Heri3ri aHTpornoreHaik kayintep Lundstr. nonyAsumsAapAbiH asatoblHa
SKEAIN COKTbIPATbIH LaMaAaH ThIC MaA >Kalo, TIPLIAIK eTy opTacbiHbiH Oy3blAybl, GYA MEKEHAEY OpTa-

CblH 6aKblAQy CMSIKTbI CaKTay CTpaTernsAapbliH TaAamn eTeAl.
TyiiiH ce3aep: TabWFK MOMYAILMSAAD, 6CIMAIKTED KAYbIMAACTbIFbI, CUPEK TYPAEp, ¥3bIHKapa, Iae

AAaTaybl.

BBenenue

Oxpana (opsl 1 PaCTUTEIBHOTO TIOKPOBA MPH-
oOpeTaer ceroJiHs 0COO0YI0 aKTyalbHOCTh B CBSI3H C
YCHUJICHUEM BO3JICHCTBHSI YeIOBEUECKOTO 001IecTBa
Ha MpUpoHYI0 cpeay. dopa U pacTUTENBHBIN I10-
KpOB B ropax, yUIeJbsIX U AOJHMHAX OONBLINX U Ma-
JIBIX PeK OCOOCHHO ySI3BUMBI M3-32 CHIIBHOM pacdiie-
HEHHOCTH penbeda, pa3peKeHHOCTH TPABOCTOEB Ha
pa3JIMYHBIX BBICOTHBIX Nosicax. Ha ceropHsHuii
JIEHb M3yYEHHUE PEIKHUX HCUE3aIolUX BHIOB TOp-
HBIX TEPPUTOPUN HMMeeT OOJIBIIOE TEOPETHUECKOEe
U IpaKkTHYeCcKoe 3HaueHue. VMccienoBanne peakux
MCYE3aloUX BHUIOB TOPHBIX TEPPUTOPUN TPH-
BJIeKaeT OOJIbIIOE BHUMaHME 3apyOeKHBIX M OT-
€4YEeCTBEHHBIX yUeHBIX. VcciemyeMble TeppuTOpUn
xpebta VY3piHKapa u Mne Anaray HCIBITBIBAIOT
CUJIbHOE aHTPONOreHHoe Bo3jeiicTBue. Pacnar-
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Ka 3eMellb, HEKOHTPOJIMPYEMBIH BBIITAC MEIKOTO H
KPYITHOTO POTaTOro CKOTa HAPYIIAKOT ITOBEPXHOCTh
TTOYBBI, BRI3BIBAIOT PO3HIO 1 CMBIB CKIOHOB. boh-
masi KpyTU3HA SKCHO3UIIMOHHBIX CKJIOHOB, Y3KHE
TOPHBIE YIIENbs, 0COOEHHO B BEPXHUX YaCTAX TOP-
HBIX MAaCCHBOB CHJIBHO YpPOaHWU3HMPOBAHBI, HIHPO-
KHE TOJIMHBI HIDKHETO TEUCHHS OONBIINX peK 00y-
CJIOBJIMBAIOT JISTPAIALIMI0 ACTOUI U CEHOKOCHBIX
YTOAMiA, CMBIB KaMEHHUCTHIX CKIIOHOB, HA KOTOPBIX
HaXOJSITCS 3UMHHE CTOSHKHU, JICTHUE U OCCHHHE
CTOWOMINA YKHBOTHOBO/IOB.

HeymepeHHbIe 3aTOTOBKH JISKAPCTBEHHOTO ChI-
pBs, ATOJ MPUBOJIAT K Pa3pyIICHUIO ONOIICHOTHYE-
CKHX CBSI3€H, UCTOIICHUIO 3aI1acoB, NCYC3HOBEHUIO
[IEBIX TOMYJIAIWA BUIOB pacteHuit. Cpemu 3apy-
OCKHBIX UCCIICIOBAHUI MOYHO BBIJICIIUTH PaOOTHI,
TTOCBSIIIIEHHBIE MCCIIEJIOBAHUIO PEIKUX M MCYUE3af0-
X BunoB [1-15].



T'.A. CagpipoBa u 1ip.

MaTepna.mﬂ U METO/JbI

COop pacTMTeILHOTO MaTepHasaa M oOIpese-
JIeHHe pPeAKUX BUAOB pacTenuii. OObEKTOM HcCITe-
JIOBAHUS SIBUIIMCH MPUPOJHBIC MOMYJISIIAN PEIKOTO
MHOTOJICTHETO TOJIMKapIMIECKOI0 KOPOTKO-KOpHE-
BHIIHOTO Buma Rheum wittrockii Lundstr., oTHOCS-
merocst kK cemericTBy Polygonaceae. MccnenoBanus

npoBoAWIMCh Ha XpeOTax Wne Anaray u Y3biHKapa
(CeBepnsbrit Tanp-11lanp) moneBsIMH M CTAIOHAP-
HBIMH MeTOoaMH. Matepuanbl Uil JaHHOH paOoTh
coOpaHBl B €CTECTBEHHOW TPHUPOJE, TJIe IBETYIIHE
9K3EMIUIAPBl PEAKOro HcYe3aromero Buaa Rheum
wittrockii Lundstr. 6putn HalizieHsl 1 coOpansl B Mie
Amnatay B BonbiioM ATMaTHHCKOM YIIEIbE JIECHOTO
nosica, Ha BbicoTe 2850 M H.y.M. (Figure 1)

HEIGHT SCALE IN METERS

POPULATION OF RARE ENDANGERED PLANT SPECIES

® Pop3. Rheum wittrockii Lundstr - 2281 m

RHEUM WITTROCKI LUNDSTR,

HERS-M EADOW COMMUNITY WITH
RHEUM WITTROCKI LUNDSTR,

MEADOW GRASSES OF THE TUYUKSU GORGE

POPULATION OF RARE ENDANGERED
PLANT SPECIES

® Pop1.Rheum witrockii Lundstr - h-1983m

@ Pop.2. Rheum witirockii Lundstr. - h - 2263 m

KALZHAT GORGE KETPEN RIDGE

Pucynox 1 — Kapra paiionos uccnenoBauus. [lomyssiuust Rheum wittrockii Lundstr. Xpebet V3biHKapa,
yuenbe Kamkarcait, Beicota 1983 M, ymiense Tytokcey, BeicoTa 2243 M. Xpeber Uie Anaray,

Bonbuioe AnMaTtuHCKOE yienbe, BbIcoTa 2281 M

IIpn oOpaboTke MaTepuanoB 1o (ropucThye-
CKOMY COCTaBY MCIIOJIb30BAJINCh COOTBETCTBYIOIINE
toma kHUr «®nopa Kazaxcrana» [16], «Omnpene-
mutenst pactenuil Cpenneit Asum» [17], «nmro-
CTPUPOBAHHOTO onpenenutens pacreHuid Kazax-
cranay [18]. Kinaccudukanus pogoB mpoBOANIACE
mo C.A. A6nynnuHoit [19], a Ha3BaHUS BHJIOB TIO
C.K.Yepemanoy [20].

T'eo0oTanuvyeckue Meroabl. [ OLIEHKH CO-
BPEMEHHOI'0 COCTOSHUSI HCCIEIyeMOM MOIyJISIUN
Rheum wittrockii Lundstr. B ee ecTeCTBEHHBIX IPH-
POAHBIX M€CTOO6I/ITaHI/I$1X 6I>IHI/I IIPOBEACHBI ITIOJICBLIC
9KCTIEAUIIMN MapLIPyTHO-PEKOTHOCIIUPOBOYHBIM Me-
TOJOM B AJIMAaTHHCKOW 00NacTh. MapuipyTsl oxBa-
TBIBAJIU CPETHETOPHBIC PaliOHBI JIECHOT'O TT0sica Xpeo-
TOB Y3bIHKapa U Mne Anatay. C Henpio H3ydeHUs

€CTECTBEHHOTO BO30OHOBJICHHS UCCIIEyeMOTO BUA
Rheum wittrockii Lundstr. Ob11H 3a5105KeHBI TPOOHBIE
mromaan pazmepom (100 M x 100 m), (50 M x 50 m),
(25 m x 100 m). Obunue BUIOB B (PUTOLIEHO3AX OIIe-
HHUBAJIOCH C MCTIOJIb30BaHUEM HIKabl oommust [pyne
[21]. Omnpenenenre BO3pacTHOM CTPYKTYpHI MPOBO-
JMIINCH TIOCIIC BBISIBJICHHS JHATHOCTHYECKHX IIPH-
3HAKOB BO3PACTHBIX COCTOSIHUI HN3y4aCeMbIX BUOB.
Bo3pacTHOl cIEKTp COCTaBIEH Ha OCHOBE KOMILIEK-
Ca KaUYCCTBCHHBIX Y KOJIMYCCTBCHHBIX XapPaAKTCPUCTHUK
oco0eil. CpaBHUTENBHBIIN aHATN3 MOP(]OIOTHIECKIX
MIPU3HAKOB 0CO0EH pa3HOBO3PACTHBIX rpyri (Rheum
wittrockii Lundstr.) TpoBOTUIICS COTIIACHO OOIIETPH-
HATBIM MeTojuKaM. J[isi u3ydenus reorpadudecko-
TO pacmpocTtpaHenusi Rheum wittrockii Lundstr. nc-
OJIb30BAJICS METO/I MapLIPYTHOM pa3BeJIKH, a TAKKE
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TPaIUIIMOHHBIC METO/TbI H3YYCHUSI MOP(OIOTHH pac-
TEHUH, TICHOTOMYJISIIIAN, (PUTOIIEHO30B, SKOJIOTHH U
ouonoruu BuIOB. [loeBbIe pabOTHI MPOBOIMIINCH B
COOTBETCTBHM KJIACCHYECKUMHU MeTofaMu [22-23].
Temnepatypa B031yXa, 0CaJIKU U XapakKre-
PUCTHKH BereTalMoHHOro mepuoaa. B tadmure
1 mpencraBieHbl TeMmIepaTypa BO31yXa, OCaJIKHU
U XapaKTEPUCTUKU BETETAIMOHHOTO TIEpHOaa Ha
2023-2024 ronapl B HCCIEIyeMOH TEPPUTOPHUU.

MeTteoposioruueckie JaHHbIC OBLIU TOTYYCHBI
¢ opunmansHoTO caiita «Kasrugpomera» [24]. B
Tabnuie | mpUBOASTCS TOAOBBIE CPAaBHHUTEIbHBIC
JIaHHBbIE C METEOCTaHIMH, Hanboyiee OIU3KUX K
KaXKJI0M UCCIeTyeMOM MOMYJISIUN: METSOCTAHIIUS
«bompImoe ATMaTHHCKOE 03epo» Il bocTaHIbIK-
ckoro paitfona Mne Anatay u mereoctanuus Keren
nns Kerenckoro paiiona xpebrta Y3werakapa (Ta-
Omuna 1).

Ta6auna 1 — Annual comparative data of the meteorological station

Name of Temperature, Relative Atmospheric pressure, h Pa The of
Temperature, . ... .
weather C air average surface soil humidity of ] precipitation.
station & average the air, %, at station level Aa sea level per day mm
Big Almaty Lake -54 -10 60 749.6 3000 29,7
Kegen 7.1 -10 76 815.6 1915 15.5

B BocranpikckoM paiioHe CpeHsIsS TeMIepary-
pa Bo3myxa coctaBisieT -5,4 °C, B To Bpems kak B Ke-
TEHCKOM pailoHe OHa HEMHOTO BBIIIE U COCTABIISET
-7,1°C. TemniepaTtypa 1MouBbI B BOCTaHIBIKCKOM paii-
OHe cocTaBiisieT U B KereHckoM palioHe 0JTMHAKOBOE
u coctapisieT -10 °C. CpeaHsist OTHOCHUTEITbHAS BIIaXK-
HOCTh BO3/yXa Ha bBojbmioM AJMaTHHCKOM 03epe
coctasnser — 60, B Kerenckom paitone va 16% Boitre
1o cpaBHeHuto ¢ bocranapikckoM. Kpome toro, cy-
TOYHOE KOJMYECTBO OcajkoB B KereHckom paifo-
HE 3HAYUTEJIBHO HWXKE U COCTaBIseT Bcero 15.5 mo
CpaBHEHUIO ¢ bocTaHIBIKCKUM paiioHoM — 29,7. 3T
CpaBHUTEIBHBIC METEOPOJIOTHYSCKAE HAOIIOICHUS
[MOKa3bIBAIOT, YTO KJIIMMAT HUCCIICYEMON TEPPUTOPHH
cootBercTByeT KiuMaTy CeBepHoro Tsub-11ans.

OT10op mpo6 pacruteabHocTH. Ilpm orenke
COCTOSIHHSI TICHOTIOMYJIAMA peakoro Bupa Rheum
wittrockii Lundstr. yautsiBanu cnemnyromue nmapame-
TPBI: YUCIICHHOCTD, TNIOTHOCTh, BO3PACTHOM CIICKTP.
Ha uccrenyeMbix TeppUTOPHUSIX MPOOHBIC TUIOIIAIM
100 M? UCTIONB30BANUCH AJI OTIUCAHUS IKOJIOTHYE-

CKUX XapaKTepUCTUK PACTUTEIBHOTO MOKpoBa. s
JIOKYMEHTUPOBAHUS JIAHHBIX MCIIOB30BalIach MO/I-
pobHast reoboTtannueckas Qgopma, BKIIOYAs KOOp-
nuHatel GPS, BeICOTY, TOmIOTpaduro, THI MOYBHI 1
pacTuTenbHbIN MOKPOB. JKnu3HeHHbIe POPMBI BUOB
pacteHnii ObUTH KiacCU(UIIMPOBAHBI B COOTBET-
CTBHMHM € cUcTeMaMH XHu3HeHHbIX popMm K. Paynku-
epa u WN.I'. CepebpsixoBa [25]. IlomydeHHbie naH-
HbIe OBUTM MPOAHAIM3UPOBAHBI C UCIOIb30BAaHHEM
CTaTUCTHYECKOTO TMaKeTa JIIsl COLMAIBHBIX HayK
(SPSS, Bepcust 20 1 HE3aBUCUMOTO BBEIOOPOYHOTO
t-TecTa, ¢ YpOBHEM 3HAYMMOCTH, YCTAHOBJICHHBIM
Ha 5%. AHanu3 JaHHBIX MPOBOIUICS C HCIOJIB30-
BaHWEM IporpamMmMHOro obecrneuenust Microsoft
Office mist craTcTHYeCKOH 00PaOOTKH.

Llens mccnenoBaHus — OIIEHKA COCTOSIHUS T10-
MYJSIIUK PEKOTO M MCUE3alOIIero BUAA PACTEHUS
Rheum wittrockii Lundstr.

OOBEKTOM HCCIICOBaHMS SIBIISIOTCSI MOMYJIsi-
uuu Buaa Rheum wittrockii Lundstr. Ha Tepputopun
xpeOta Y3beiakapa u Mne Anaray (Tabmuma 2).

Ta6auuna 2 — [omynsimum Buna Rheum wittrockii Lundstr., o0HapyXKeHHBIE B XOJI€ TTOJICBBIX UCCIICTOBAHHIA.

HasBanwue BuIa, HOMEp MOMYJISIIIAK Teorpaduieckoe MeCTOMOIOKEHUE KoopauHatsl MECTOHAXOMK ICHUSI
Rheum wittrockii Pop. 1 Xpebet Y3bIHKapa, ymeni,e Kamxarcaii, N 43°24" 771" E 080°38'354",
CEeBEPO-BOCTOUHBIN CKIIOH 1983 M. H.y.M.
Rheum wittrockii Pop. 2 Xpebet Y3bIHKapa, ymejm;e Tytokcey, ceBepo- N 43° 04’ 854"; E 079°24'235",
3amnaJ HbIN CKJIOH 2243 M. H.y.M.
. .. Xpeber Une Anaray, bonbiioe AnMaruHcKoe 43° 04' 504" E 076°59'762",
Rheum wittrockii Pop. 3
ylenbe 2281 M H.y.M.
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Pe3y.]'leaTbI H UX oﬁcym)le}me

Pox Rheum L. — sBnsercss ogHuM H3 JpeB-
HEHINX pOJIOB TPOM3PACTABIIETO B HEOTEHOBBIX
TOPHBIX CMEIIAHHBIX Jiecax Asuu [26]. Ponx Hacuu-
ThIBaeT okoyio 50 BHIOB, KOTOPHIE BCTPEYAIOTCS B
OCHOBHOM yMeEpeHHBIX mmuporax Asun. B Kazax-
cra"e pog Rheum L. mpencrasnen 9 Bunamu [27].
Apean pacnpocTpaHeHusi Buga Rheum wittrockii
Lundstr. Haxogurtcs B Azun, B Cpenneir A3un TsHb-
Ians, [Tamupo-Anait), 3anaansiii Kurait (Jxynra-
pus, Kamrapus) [16].

Rheum wittrockii Lundstr. — peakuii 3H1eMUY-
HbI BuA. TpaBSHUCTBII MOJUKAPIUK, C TOJCTHIM
BEPTHKAJILHBIM KOPHEBUINEM U MPSIMBIM TOHKO0O-
po3muaThiM ctebseM 0 1 M BBICOTHI. JIMCThS Kpy-
HbIC, INTACTUHKU UX STUIEBUIHBIC, TPEYTOJIBHEIE, 10

40 cm pymHo U 30 cM mmpuHoi. Ctebenpb BbICO-
toit 50-100 cMm, comBeTne — pemkas pacKUIACTAs
Metenka [2]. Rheum wittrockii Lundstr. BKIFOueH B
Kpacnyro xuaury Kasaxcrana [38]. Pacrer mo tpa-
BSIHUCTBIM U JISCHBIM CKJIOHaM TOp, MOJHUMACTCS
B cybOampnuiickuii mosic Miie Amaray u Y3bIHKapa
(Figure 5).

Ha wuccnenyemoit Teppuropun oOHApYKCHBI 3
nomyssiiiny Buga Rheum wittrockii Lundstr.

Kamkarckaa mnonmyasiuust Rheum wittrockii
(Pop. 1) pa3memieHa B BOCTOYHOH 4acTH XpeOTa
V3bIHKapa, BcTpevaercst B yuienbe Kamkarcaid, Ha
BbicoTe 1983 M H.y.M. [lomymnsiums 3aHMMaeT crio-
paauyHBIE JIOKYCHl B TOPHO-JIYTOBBIX ME30-KCEpo-
(DUTHBIX PACTUTENBHBIX COOOIIECTBAX. YYaCTKU
HMEIOT IOJIHOE OCBellleHHEe. BeTpoBoe Bo3aeicTBIE
HECWJIBHOE B TEUEHHE BCETO roJa,

Tadmuma 3 — XapakTeprcTHKa MECTOHAXOKACHUHN MONysiiuid Rheum wittrockii Lundstr.

DKkonoro
HasBaHue nomnyJIsuy u ee
(uTOoTIIEHOTHYECKAS
JIOKAJIUTET
IIPUYPOYECHHOCTD

ITnomans KonnuectBo
ITokazarenu ;KM3HEHHOCTH
TIOTYJISIIUY, | TIPEreHepaTUBHBIX
) N ) i nuting
M ocobeit Ha 50 M

Kamxkarcaiickas nomyssinus

[Momynsauus aeco-1yroso-
pasHoTpaBHoro ¢uroneHo3a (Picea
schrenkiana Fisch. & C.A. Mey.,
Spiraea latifolia (Aiton) Borkh.,
Dactylis glomerata L., Phlomoides
oreophila (Kar. & Kir.) Adylov,
Kamelin & Makhm., Aconitum

Paznorpasusle myra,
IIUPOKOH
10JIOCOH 110 CEBEPO-
BOCTOYHOMY JIPEBECHO-

110 reHepaTHBHBIX 0COOCH.
TNonnounennas, pa3surasi, ¢
YAOBIETBOPUTEIHEHBIM
Bo300OHOBIIEHHEM. HeecmoTps
Ha SKCTPEMaJIbHOCTh
YCIJIOBUH, MOITYJISIIHS

400 7

soongaricum Stapf.) KyCTapHUKOBOMY
MMEET BBICOKYIO KOHKYPCH-
Bocrounast wacth xpedra Y3bIHKapa, CKJIOHY. o B
yiense Kamxkar . :BOCTOC
N 43°24" 771" E 080°38'354", p '
1983 M. Hag y.m.
Tyrokcyiickast HOmyasIHs

Tomynsiuust TyroBo-pa3HOTPaBHOTO
¢uronenosa ( Spiraea latifolia
(Aiton) Borkh., Dactylis glomerata
L., Phlomoides oreophila (Kar. &
Kir.) Adylov, Kamelin & Makhm.,
Achillea millefolium L. Aconitum
soongaricum Stapf.)

3amagHast 9acTh XxpeOTa Y3bIHKapa,
yiienbe Tyrokey

N 43° 04’ 854"; E 079°24'235",
2243 M. H.y.M.

PasnorpaBHO-311aK0BBIE
JIyra, Ha OTKPBITOM
CeBepo-3amagHoM
CKIIOHE.

65 reHepaTHBHBIX 0COOCH.
YcToitunBbie, MEIJICHHO
pa3BUBAOLIHECS
€00011IeCTBa ¢ BHICOKOH
TJIOTHOCTBIO U
KOHKypeH1ue. [lomymsmns
pa3MHOXKAeTCs
MIPEUMYIIECTBECHHO
CEMEHHBIM ITyTEM, U HMEET
BBICOKOE BO30OHOBJICHHE.

550 6

93



O11eHKa COBPEMEHHOTO COCTOSTHISI MOMYISIie pearoro Buaa Rheum wittrockii Lundstr. dmopsr FOro-Bocroka Kazaxcrana

Ipooonscenue mabauywvl

DKoJI0ro
Hazpanwue nonynsimu u ee
¢uToreHOTHIECKAsT
JIOKQJINTET
MPUYPOUICHHOCTh

ITnomans KonnuecTBo
IToka3aTenu )KU3HEHHOCTH
TIOMYJISALIAY, | TIPEITreHEPaTHBHBIX
5 N 5 TIOTTY TSI
M ocobeit Ha 50 M

Bonbias AnmaruHckast TOMmyJIALUA

[Momyssiuust pa3HOTPaBHO-371aKOBOTO
¢uronenosa (Dactylis glomerata L.,
Poa pratensis L., Origanum vulgare
L., Phleum phleoides (L.) H. Karst.,
Phlomoides oreophila (Kar. &

Kir.) Adylov, Kamelin & Makhm.,
Achillea millefolium L., Melilotus
albus Medik.). Xpebet Wie Anaray,
bonbuioe AnmaruHckoe yesbe.
43° 04’ 504" E 076°59'762", 2281

M H.Y.M.

PasznorpasHoe
c000IIecTBO Ha
YBIQKHEHHOM CpeIHEN
KPYTH3HBI I0T0-
3araiHOM CKJIOHE

59 reHepaTHBHBIX 0COOCH.
CocTosiHUE OMYIALUN
B Pa3HOTPABHO-3J1aKO-BBIX
(uToneHO3ax Xopo1Iee, BU]
CTaOMIIbHO 3aHUMAeT HOBbIC
TEPPUTOPHH.
BozoGHoBeHHE
CcTaOUIIbHOE, BBICOKOE.

350 3

VYpoBeHb rofoBbix ocaakoB B mpeaenax 800-
900 MM, KOTOpbIE MPHUXOJATCS Ha BECEHHHH U
oceHHHH Tieprojl. OCHOBHBIMH THIIMYHBIMH Me-
CTaMu Tpouspactanus Rheum wittrockii SBIsIOTCS
HE CWJILHO KPYTbIE CKJIOHBI Pa3HOTPABHBIX JIYT'OB.
XapakTepHBIMH  COMYTCTBYIOIIUMH BHIAMH  SIB-
JIIOTCS: M3 OPEBECHBIX MOpox: Picea schrenkiana
Fisch. & C.A. Mey., Sorbus tianschanica, Populus
tremula, Betula tianshanica W3 KyCTapHUKOB

Lonicera karelinii, L. hispida, Rosa laxa, Spiraea
lasiocarpa, w3 TpaBSHUCTBIX BUAOB: Geranium
collinum, Ligularia macrophylla, L. narynensis,
Rumex tianschanicus, Rumex acetosa, Codonopis
clematidae, Gentiana tianschanica, Daucus carota,
Phlomis oreophylla, Veratrum lobelianum, Achillea
millefolium, Veronica spicata, V. spuria, Origanum
vulgare, Thalictrum collinum Wallr., Heracleum
dissectum v npyrue (PUCYHOK 2).

Pucynok 2 — EcTecTBeHHBIC MECTOOOHTAHHMS:

1 — Population of Rheum wittrockii Lundstr. b. Herb-meadow community with Rheum wittrockii Lundstr.

PacturensHbIii TTOKPOB pa3HOOOpa3eH B BH-
IOBOM OTHoOIIeHWH U ciaokeH 118 Bumamu. Hawm-
0oJlee MHOTOYMCJICHHBIMH SIBJITFOTCSI CeMEHCTBa:
Poaceae—17%, Asteraceac—50,1%,Rosaceae—11%,

94

Ranunculaceae — 8%, Fabaceae — 5%. Ilo xapak-
TEepy >KM3HCHHBIX (OPM Ha JOJK0 TPABSIHUCTHIX
BHUJOB MpuxoanutTcss 97% u Ha JONI0 APEBECHO-KY-
CTapHUKOBBIX BUJOB MPHUXOIUTCS 3% B CIOXKCHHUH
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¢uToneHo3a. B 3K0II0THYECKOM OTHOIICHUU B KaJl-
KATCKOH TOMYJISIUHA TipeolianaoT Me30(HuTHbIC
BUIIBI — 75%, HE3HAUUTEIBHYIO YaCTh ME30KCEPO-
¢uroB — 16% u mesorurpodpurst — 2%. Koadhdu-
LHUEHT CUHaHTponu3anuu — 36% — 3HaYuTeNbHAs
CTETIeHb aHTPOTIOTEHHOM Harpy3KH.

Tywkcyiickast monyasiuus Rheum wittrockii
Lundstr. (Pop. 2) pacnonoxena B 3amagHoil 4a-
ctu xpeOTa Y3bIiHKapa B ymienbe TYIOKCY Ha BBI-
cote 2243 m n.y.M. [lomymsiiiust paccenena garie
HEOOJBIIMMH, HO TJIOTHBIMHU rpymnamMu. OCHOB-
HBEIMH MECTaMH TIpOoWM3pacTaHus Buma Rheum
wittrockii Lundstr. sSBISIOTCS OTKPBITBIE CKJIOHBI
pPa3HOTPABHO-3JIAKOBBIX  JIYTOB. PacTutenbHbIN
nokpoB cinokeH 90 Bumamu. OCHOBHOU KU3HEH-
HOM (opMOH SBISIETCSI TPaBSHUCTBIE PACTEHUS
90%, Ha JO0MI0 JAPEBECHO-KYCTapHHUKOBBIX BH-
noB — mpuxonutcsi okoio 10%. CaMbpIMu MHOTO-
YUCJIICHHBIMH B BUJOBOM OTHOIICHUU SIBISIOTCS
cemeiictBa: Poaceae — 23%, Ranunculaceae —2%,
Asteraceae — 26%, Rosaceae — 6%, Apiaceae — 5%,
Fabaceae — 7%. Ilo sxomornyeckoil mpuypoUeH-
HOCTU JAOMHHHUPYIOIIYIO 4YacTh COCTAaBIISIIOT Me-
30puUTHBIE BUABI — 62% ¥ MEHBIIYIO YacTh Me-
30kcepoutHeie Buabl — 27%, Koapduument

cuHaHTponu3anuu — 38% — 3HaYuTEIbHAS CTCIICHD
AHTPOIIOTCHHOW Harpy3KH.

Boabmasa AaMaTuHCcKasi monyasiuust Rheum
wittrockii Lundstr. (Pop. 3) pacmonoxena Ha xpe0-
te Une AnatBy, B bonbimioMm AIMaTHHCKOM yilie-
npe Ha BbicoTe 2281 M. PacTuTenbHBIN TOKpPOB ¢
BBICOKOH TUIOTHOCTBIO U BBICOTOM TpPaBOCTOS, OT-
HOCHUTEIBLHO 0OOrar B BHIOBOM OTHOIIEHUH — &9
BH10B. OCHOBY (DUTOIIEHO3a COCTABIISIOT TPaBSHU-
cThie BUABI — 94%, B MEHBIIIEH CTETICHN IPEBECHEIC
BUIBI U KycTapHUKU —6%. B BUIOBOM OTHOLIECHUU
CaMbIMHA MHOTOYHCJICHHBIMH SIBJISIFOTCS CEMEMCTBA:
Poaceae — 21%, Asteraceae — 19%, Fabaceae — 6%,
Apiaceae — 2%/ Ilo PKOJIOTHYIECKOW MPUYpPOUCH-
HOCTH TpeobianarT Me30huTsl — 58%, Ha 100
Me3okcepoduroB mpuxomutcs mo 32%. Koaddu-
LHUEHT cuHaHTponu3auu — 42% — 3HauuTeIbHAsS
CTENIEHb AHTPOINOI€HHOM Harpy3ku. TUNMYHBIMHU
MecTaMH OOWTAaHUS BHUJIA SIBIISTIOTCS TOPHBIC CKIIO-
HBl. Hmke mpuBoauTCs TeoOOTaHWUYECKAsT Xapak-
TEPUCTUKA PACTUTEIBHBIX COOOIIECTB C y4acTHEM
BUOB Rheum wittrockii Lundstr. B AaMaTUHCKOMN
obmnactu, Kerenckoro, Yirypckoro paiiona, xpedrta
V3biHkapa u bocranapikckoro paitona Mne Anaray
(Tabnuma 4).

Ta6una 4 — ['eoboTaHNuYeCcKast XapaKTEPUCTHKA PACTUTEIBHBIX COOOIIECTB C yuyacTueM Buaa Rheum wittrockii Lundstr. Ha uc-

CIIeTyeMbIX TEPPUTOPHIX

Homep onucanus 1
Jara 22.07.2024 r
Pasmep 1., M? 100x100
JpeBocroii
Coo011ecTBO KyCTapHUKOBOE Kycrapauxosoe

Co00111eCTBO TPABSIHUCTOEC

TpaBsHUCTO-pa3HOTPaBHOE

TpaBsiHOIi U 0JIyKYCTAPHUYKOBBI AApycC

OO1mee TPOEKTUBHOE MOKPBITHE, Y0 100
IIpoekTHBHOE MOKPHITHE TEPEBBEB, %o 10
IIpoekTHBHOE MOKPHITHE KYCTAPHUKOB, %o 5-10
IIpoexTHBHOE NOKPBITHE TPABSIHOIO IIOKPOBA, %o 80-90

®enodasa no Bugam, o b.A. BoikoBy

BETET., TIO/I.

Cocrosinue TIOBEPXHOCTHU

CeBepHEIE JIyTOBO-
pa3sHOTpaBHbIE CKIIOHEI,
JIECHOTO Tosica.

CrerneHb aHTPOIOTeHHOI TpaHchopManuu

Cpenzss

Cremnenn YBJIQ)KHECHUA T10YB

aTMoc(epHbIe 0CaIKI

TI'eomopdosiorusi, MecTonoN0KeHUuEe

Koopnunars! mectHoCcTH 110 JPS

N 43° 04’ 504" E 076°59"762"

Beicora Haj yp. M., M?

2281
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VYKII0H, TpasyChl

45

DKCIIO3UIUS

CB

Muxkpopensed, M

YBanucreie, BOJTHUCTHIE
HEpaBHOMEPHBIE MOBBIIICHUS,
TOPHBIH CKIIOH, CPEIHETOPhE
JIECHOTO Tosica

Makpopensed, m

Kamxkarckoe, Tyrokckoe,
Bonbioe Anmarunckoe

VILEIbSL.
®dopucTHyecKoe pa3Hoodpasue
. Oownue o Pazmenienue 1o Bricora, Genodasa
HasBanue Buga CewmeiicTBO
Hpyne Bb.A. beikoBy M/cM
Hpesecusiii sipyc (TIIT: 5-10%)
; ; - BEL., IO/,
I\i:;a schrenkiana Fisch. & . C.A. Pinaceae sol (1-3%) TpyIl. HEPABHOM. 30-40
BET., ILIOJ.
Populus tremula L. Salicaceae sol (1-3%) CAMHITITNO, 10-12
HEpaBHOM.
BEr., IUIOJ.
Betula tianschanica Rupr. Betulaceae sol (5-10%) TpyTanmi, 8-10
HEPaBHOM.
BET., ILIOJ.
Salix alatavica Kar. ex Stschegl. Salicaceae sol (5-10%) TPYTIanmi, 6-8
HEpaBHOM.
BET., , IJIOI.
Salix hastata L. Salicaceae sol (3-5%) TPyTanmi, 8-10
HEPaBHOM.
) - BET., IO/,
Malus sieversii (Ledeb.) M. Rosaceae sol (1-3%) CIMHUYHO, 6-8
Roem. HEPaBHOM.
Kycrapuuku (ITIT: 10-20%)
BET., ILIOJ.
Cotoneaster uniflorus Bunge Rosaceae sol (1-3%) C/AUMHITTO, 1,5-2
HEPaBHOM.
; BET., ILIO/,.
Cotoneaster melanocarpus Fisch. Rosaceae sol (1-3%) €IUHUYHO, 152
ex Blytt HEPaBHOM.
BET., IIOJ.
Cotoneaster oliganthus Pojark. Rosaceae sol (1-3%) CAMHITAMO, 1,5-2
HEpPaBHOM
; BET., ILTOJ.
Cotoneaster soongoricus (Regel & Rosaceae sol (1-3%) CIMHUYHO, 152
Herder) Popov HEPaBHOM
BEL, IIOJ.
Rosa alberti Regel Rosaceae sol (1-3%) TPYTITanmi, 1,5
HEpaBHOM.
BET., ILTOJ.
Rosa beggeriana Schrenk Rosaceae sol (1-3%) TPyTanmi, 1,5
HEPaBHOM.
BET., IO/,
Spiraea lasiocarpa Kar. & Kir. Rosaceae sol (1-3%) Tpyrmrani, 1,5
HEpaBHOM.
BET., ILIOJ.
Lonicera hispida Pall. ex Schult. Caprifoliaceae sol (1-2%) C/UMHITTO, 1,5-2
HEPaBHOM.
BET., ILIO/,.
Lonicera stenantha Pojark. Caprifoliaceae sol (1-2%) CAUHITIHO, 1,5-2
HEPaBHOM.
; ; . BET., LIB.
Lonicera microphylla Willd. ex Caprifoliaceac sol (1-2%) CIMHUYHO, 152
Schult. HEPaBHOM.
Lonicera altmannii Regel & e o €IMHUYHO, BET., LB.
Schmalh. Caprifoliaceae sol (1-2%) HepaBHOM. 1,5-2
BET., LIB.
Rubus idaeus L. Rosaceae sol (1-3%) rpynmani, 1,5-2
HEpPaBHOM.
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BEL., IJI.
Juniperus sabina L. Cupressaceae sol (1-3%) TPYIIHaMIL, 2-2,5
HEPaBHOM.
BET., LIB.
Ribes meyeri Maxim. Grossulariaceae sol (1-3%) Tpymmami, 1,5-2
HEPaBHOM.
BET., 1IB.
Atragene sibirica L. Ranunculaceae sol (1-3%) TPYHami, 1,5-2
HEPaBHOM.
Berberis sphaerocarpa Kar. & Kir. Berberidaceae sol (1-3%) nuddysHo. 1,5-2 BET., ILIL,
TpaBsinucro-kycTapuuukossliii sipyc (ITII: 15-20%)
- BEL.
Euonymus semenovii Regel & Celastraceae sp- sol (5-15%) bz lin%: 0,5-1,5
Herder
Ajania fastigiata (C. Winkl.) 0 BET,,
Poljakov Asteraceae sp- sol (5-15%) muddy3HO 0,5-1,5
Polygonum aviculare L. Polygonaceae sol (1-5%) en., 50 Ber
Sisymbrium loeselii L. Brassicaceae sol (1-5%) HEpaBH. 35 BET., IB.
el BET., LIB.
Pyrola rotundifolia L. Ericaceae sol (2-5%) ’ 10
HEpPaBHOM.
Goodyera repens (L.) R. Br. Orchidaceae sol (1-5%) enl., 7 BET., IB. ILI.
BEr., LIB. IIJI.
Rheum wittrockii Lundstr. Polygonaceae sol (1-5%) rpynmnamy, 50
HEpPaBHOM.
BET., IIB. 1.
5o rpyImnamu, >
Polygonum undulatum Murray Polygonaceae sol (1-5%) HepABHOM, 75
BEr., IIB. IJ1.
I - <o TpyIITaMH, >
Polygonum coriarium Grig. Polygonaceae sol (1-5%) HepaBHOM, 65
Poa nemoralis L. Poaceae sp (10-15%) HEpPaBHOM. 30-40 BCT., 1IB.
: ; . BET., 1IB.
Phragmites australis (Cav.) Trin. ex Poaceae sol (1-3%) efl., 70
Steud. HEpPaBHOM.
Iris ruthenica Ker Gawl. Iridaceae sol (1-5%) HEPaBH. 45 BET., LIB. M.
Fragaria vesca L. Rosaceae sol (1-5%) HEpaBH. 35 BCT., 1B. I
Mentha asiatica Boriss. Fabaceae sol (1-5%) Tpym 70 BCI., IB. TLI.
Alchemilla vulgaris L. Asteraceae sol (1-5%) HEPaBHOM. 35 BET., IB. ILIL
Poa pratensis L. Poaceae sol (1-5%) rpym 70 BET., 1IB. II.
Dracocephalum origanoides . . BET., LIB. IUI.
Stephan. Lamiaceae sol (1-5%) rpym 35
Artemisia absinthium L. Asteraceae sol (1-5%) HEpPaBHOM 70 BET., IB.
Plantago lanceolata L. Plantaginaceae sol (1-5%) rpyn 35 BEL., B.
Prunella vulgaris L. Lamiaceae sol (1-5%) HEpaBHOM 70 BEL., IB.
Artemisia annua L. Asteraceae sol (1-5%) rpymn 35 BCL., IIB.
Geranium albiflorum L. Geraniaceae sol (1-5%) rpyI. HEPAaBHOM 70 BET., IB.
Geranium pratense L. Geraniaceae sol (1-5%) rpyI. HEPABHOM 35 BET., IB.
Geranium rectum Trautv. Geraniaceae sol (1-5%) IpyIl. HEPAaBHOM 40 BEL., LB.
; - BEL., IIB.
Geranium transversale (Kar. & Kir.) Geraniaceae sol (1-5%) FpyI. HepaBHOM 15
Vved.
Iris sogdiana Bunge Iridaceae sol (1-5%) IpyI. HEPAaBHOM 65 BEL,
Dracocephalum nutans L. Lamiaceae sol (1-5%) rpyI. HEPAaBHOM 45 BCT., LB.
Phleum phleoides (L.) H. Karst. Poaceae sol (1-5%) IpyIL. HEPABHOM 100 BCT, IIB.
Elytrigia repens (L.) Nevski Poaceae sol (1-5%) IPYIL. HEPaBHOM 70 BCL., IIB.
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gf}’;ﬁll?;zon pectiniforme Roemer & Poaceae sol (1-5%) rpyI. HEPaBHOM 80 pets 1
Dactylis glomerata L. Poaceae sol (1-5%) IpyIl. HEPAaBHOM 90 BEL., LB.
Alfredia acantholepis Kar. & Kir. Asteraceae sol (1-5%) IPYIL. HEPABHOM 100 BCT., B.
ggéﬁggjﬁgﬁgfg schanicum Poaceae sol (1-5%) rpyI. HEPAaBHOM 100 pet e
Erigeron acris L. Asteraceae sol (1-5%) rpyI. HEPaBHOM 55 BEL., IIB.
Galium aparine L. Rubiaceae sol (1-5%) ell., Hepas. 70 BCL, LIB.
Senecio nemorensis L. Asteraceae sol (1-5%) rpyI. HEPaBHOM 65 BET., 1IB.
Senecio jacobaea L. Asteraceae sol (1-5%) rpyI. HEPAaBHOM 75 BEL., IIB.
ﬂir;linovia transiliensis Regel & Apiaceae sol (1-5%) rpyn %0 BCT., LIB.
gyg\iiontg suaveolens Waldst. & Kit. Boraginaceae sol (1-5%) oy < BET., LIB.
Thalictrum petaloideum L. Ranunculaceae sol (1-5%) €/1., HEpaBHOM 65 BEL., IIB.
Melilotus officinalis (L.) Lam., Fabaceae sol (1-5%) IPyIl. HEPaBHOM 75 BCT., B.
Melilotus albus Medikus. Fabaceae sol (1-5%) IpyIL. HEPABHOM 85 BCT., 1IB.
Daucus carota L. Apiaceae sol (1-5%) TpYIl. HEPAaBHOM 95 BCT., TIB.
Berteroa incana (L.) DC. Brassicaceae sol (1-5%) rpyI. HEPAaBHOM 85 BEL., IIB.
Astragalus chlorodontus Bunge Fabaceae sol (1-5%) rpyI. HEPaBHOM 85 BCT., B.
Trifolium repens L. Fabaceae sol (1-5%) IPYIl. HEPaBHOM 15 BCT., TIB.
Trifolium pratense L. Fabaceae sol (1-5%) IPyIl. HEPABHOM 10 BCT., 1IB.
Holosteum polygamum C. Koch. Caryophyllaceae sol (1-5%) rpyI. HEPaBHOM 10 BEL., LIB.
Veronica chamaedrys L. Scrophulariaceae sol (1-5%) rpyI. HEPAaBHOM 25 BEL., IIB.
Verbascum thapsus L. Scrophulariaceae sol (1-5%) rpyI. HEPaBHOM 25 BEL., IIB.
Pedicularis alberti Regel. Scrophulariaceae sol (1-5%) IpyI. HEPaBHOM 45 BEL., 1IB.
Vicia tenuifolia Roth. Fabaceae sol (1-5%) IPYIL. HEPABHOM 85 BCL, IIB.
Origanum vulgare L. Lamiaceae sol (1-5%) IpyIL. HEPABHOM 40 BCL., LB.
Dracocephalum integrifolium Bunge. Lamiaceae sol (1-5%) rpyI. HEPAaBHOM 40 BEL., IIB.
if(lil;lr(r)l\ihlies nli Zﬁfﬁi&(ﬁ;% Kir) Lamiaceae sol (1-5%) IpyI. HEPaBHOM 40 per, e
Saxifraga sibirica L. Saxifragaceae sol (1-5%) IPYIL. HEDPABHOM 7 BCT., TIB.
Bromus squarrosus L. Poaceae sol (1-5%) rpyI. HEPAaBHOM 45 BEL., IIB.
Anisantha tectorum (L.) Nevski. Poaceae sol (1-5%) rpyI. HEPaBHOM 100 BEL., IIB.
Cortusa brotheri Pax ex Lipsky Primulaceae sol (1-5%) IPYIl. HEPaBHOM 10 BEL., IIB.
Solenanthus circinnatus Ledeb. Boraginaceae sol (1-2%) IpyIl. HEPABHOM 40 BET., LB. I
Echium vulgare L. Boraginaceae sol (1-2%) rpyI. HEPAaBHOM 45 BET., IB. ILL
Achillea millefolium L. Asteraceae sol (1-7%) rpyI. HEPAaBHOM 70 BEL., IIB. ILIL
Achillea asiatica Serg. Asteraceae sol (1-4%) rpyI. HEPaBHOM 75 BEL., IB. ILIL
Marrubium vulgare L. Lamiaceae sol (1-2%) IPYIl. HEPABHOM 40 BEL., LB. ILIL
Rumex confértus Willd. Polygonaceae sol (1-5%) IPYIL HEPaBHOM 90 BCT., IIB.
Rhodiola linearifolia Boriss. Crassulaceae sol (1-7%) rpyI. HEPAaBHOM 35 BEL., IIB.
Onopordum acanthium L. Asteraceae sol (1-3%) rpyI. HEPAaBHOM 25 BCL., LB.
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Phlomoides oreophila (Kar. & Kir.) . . BET., 1IB.
Adylov, Kamelin & Makhm. Lamiaceae sol (1-6%) rpyI. HEPABHOM 40
Polygonum songaricum Schrenk Polygonaceae sol (1-5%) rpyIl. HEPAaBHOM 35 BCT., LIB.
Bistorta vivipara (L.) Delarbre Polygonaceae sol (1-5%) IPYIl. HEPABHOM 40 BET., IB.
Lithospermum officinale L. Boraginaceae sol (1-3%) TpyIl. HEPAaBHOM 50 BCT., LIB.
Astragalus fedtschenkoanus Lipsky Fabaceae sol (1-3%) rpyIn. HEPaBHOM 20 BCT., 1IB. ILL.
Thalictrum minus L. Ranunculaceae sol (1-5%) TpyI. HEPABHOM 35 BET., IB. ILIL
Hesperis sibirica L. Brassicaceae sol (1-2%) rpyIl. HEPABHOM 20 BCL., 1B. I
. . BET., LIB. IIJI.
gg;fl: iphragma.lancifolium (M.Pop.) Brassicaceae sol (1-6%) IPYyIL. HEPaBHOM 45
Asperugo procumbens L. Boraginaceae sol (1-5%) TpyI. HEPABHOM 30 BET., IB. ILIL.
Ferula akitschkensis B. Fedtsch. ex . o BET., 1B. ILI.
Koso-Pol. Apiaceae sol (1-3%) IpyI. HEPaBHOM 50
] . BET., LIB. IIJI.
iﬁ): I?SP ermum tenuifiorum (L. £.) Boraginaceae sol (1-5%) IpyI. HEPAaBHOM 30
BET., LIB.
Cardaria draba (L.) Desv. Brassicaceae sol (1-7%) TpyIl. HEPAaBHOM 20
Arctium lappa L. Asteraceae sol (1-2%) IPyIL. HEPABHOM 20 BCT., LB.
Capsella bursa-pastoris (L.) Medik. Brassicaceae sol (1-7%) TpyIl. HEPABHOM 15 BCT., IB.
Xanthium strumarium L. Asteraceae sol (1-2%) IpyIL HEPABHOM 30 BCT., IIB.
Taraxacum officinale F.H. Wigg. Asteraceae sol (1-12%) TpyI. HEPABHOM 25 BET., IIB.
Rumex tianschanicus Losinsk. Polygonaceae sol (1-5%) rpyIn. HEPABHOM 85 BET., IB.
Cerastium pusillum Ser. Caryophyllaceae sol (1-5%) IpYyIl. HEPAaBHOM 15 BCT., LB.
] . . BET., 1IB.
ﬁ:ﬁartta bifiora (L.) Schinz & Caryophyllaceae sol (1-5%) rpyI. HEPaBHOM 5
Melandrium apetalum (L.) Fenzl Caryophyllaceae sol (1-5%) rpyI. HEPABHOM 15 BET., IB.
ini j BET., [IB.
Descurainia sophia (L.) Webb ex Brassicaceae sol (1-7%) IpyI. HEPaBHOM 35
Prantl
Draba stenocarpa Hook. f. & . . BET., IB.
Thomson Brassicaceae sol (1-7%) TPyIl. HEPAaBHOM 40
; j i BET., IIB.
Saxifraga setigera Losinsk. Saxifragaceae sol (1-7%) TpyIl. HEPABHOM 20
Potentilla nervosa Juz. Rosaceae sol (1-7%) rpyI. HEPABHOM 20 BET., IB.
Polygala hybrida DC. Polygalaceae sol (1-7%) rpyI. HEPABHOM 80 BET., IB.
Viola rupestris F.W. Schmidt. Violaceae sol (1-7%) I'PyIL. HEPaBHOM 10 BEL., LIB.
Viola biflora L. Violaceae sol (1-55%) | rpym. HepaBHOM 10 BCT., LIB.
Viola altaica Ker Gawl. Violaceae sol (1-7%) IpyIL HEPABHOM 5 BCT., IIB.
ifoli i BET., [IB.
Viola acutifolia (Kar. & Kir) W. Violaceae sol (1-7%) rpyI. HEpaBHOM 10
Becker
Schulzia crinita (Pall.) Spreng. Apiaceae sol (1-7%) | rpym. HepaBHOM 10 BCL., LIB.
Gentiana turkestanorum Gand. Gentianaceae sol (1-7%) TpyIl. HEPAaBHOM 45 BEL., IIB.
Gentiana tianschanica Rupr. Gentianaceae sol (1-8%) TpyI. HEPAaBHOM 50 BET., UB.
Eritrichium villosum (Ledeb.) Bunge Boraginaceae sol (1-5%) rpyI. HEPABHOM 40 BET., IB.
Plantago major L. Plantaginaceae sol (1-3%) IPYI. HEPAaBHOM 30 BCT., LB.
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gloscjﬁnzfgs ;lijln:;l;i eéaéSc&l;;ﬁ;tl:l; & Campanulaceae sol (1-7%) rpyI. HEPaBHOM 30 Bet 1B T
Cirsium arvense (L.) Scop. Asteraceae sol (1-7%) rpyI. HEPaBHOM 70 BEL., LB. ILIL
Hyoscyamus niger L. Solanaceae sol (1-5%) IPYIl. HEPABHOM 30 BEL., LB. ILIL
ll;lﬁgctotrichon pubescens (Huds.) Poaceae sol (7-10%) IpyI. HEPaBHOM 90 pe, HE- T
Anthoxanthum odoratum L. Poaceae sol (5-10%) rpyI. HEPaBHOM 70 BEL., IIB. ILIL
Ligularia macrophylla (Ledeb.) DC. Asteraceae sol (1-7%) IPYIL. HEPABHOM 95 BCT., IB. T
zélgﬁit;ig.cus nemorosa (M.Bieb.) Apiaceae sol (1-5%) S — 6 BEr., IIB. I
Aconitum soongaricum Stapf Ranunculaceae sol (1-7%) rpyI. HEPaBHOM 110 BEL., IIB.
Aconitum leucostomum Vorosch. Ranunculaceae sol (1-7%) IpyIl. HEPaBHOM 95 BEL., 1IB.
Setaria viridis (L.) P. Beauv. Poaceae sol (1-5%) TpYIL. HEPAaBHOM 85 BET., 1IB.
Cynara scolymus L. Asteraceae sol (1-7%) IPYIL. HEDPABHOM 65 BEL., LIB.
Cirsium polyacanthum Kar. & Kir. Asteraceae sol (1-7%) rpyI. HEPAaBHOM 105 BEL., IIB.
Cirsium vulgare (Savi) Ten. Asteraceae sol (1-5%) rpyI. HEPaBHOM 105 BEL., IIB.
ﬁ;ilmm esculentum (Siev.) C.A. Asteraceae sol (1-7%) IpyIl. HEPaBHOM 100 per, e
Lapsana communis L. Asteraceae sol (1-3%) rpyI. HEPAaBHOM 80 BEL., IIB.
lﬁgﬁzﬁmg (IBW;ZZZZh(C Winkl.) O. Asteraceae sol (1-10%) IpyIl. HEPaBHOM 110 Bet 1
Gentiana tianschanica Rupr. Gentianaceae sol (1-7%) TpYIl. HEPAaBHOM 45 BCL., LB.
Phleum pratense L. Poaceae sol (1-5%) rpyI. HEPaBHOM 75 BEL., IIB. ILIL
Solidago dahurica Kitag. Asteraceae sol (1-5%) rpyI. HEPAaBHOM 90 BEL., IIB. ILIL
Erigeron aurantiacus Regel Asteraceae sol (1-2%) rpyIl. HEPAaBHOM 65 BCT., LB. L.
Hieracium korshinskyi Zahn Asteraceae sol (1-10%) IPYIL. HEPaBHOM 120 BET., IIB. IITI.
g:gzsagflhus songaricus (Sterneck) B. Scrophulariaceae sol (1-2%) IpyI. HEPAaBHOM 40 pe, B T
Cirsium polyacanthum Kar. & Kir. Asteraceae sol (1-5%) IpyIl. HEPAaBHOM 75 BEr., 1B. ILIL
gzziigzes arundinacea (L.) Poaceae sol (1-7%) IpyIl. HEPaBHOM 65 per, B T
Cichorium intybus L. Asteraceae sol (1-7%) rpyI. HEPAaBHOM 110 BEL., IIB.
Hierochloe odorata (L.) P. Beauv. Poaceae sol (1-5%) TpyIl. HEPABHOM 60 BEL, LB. L.
Stipa zalesskii Wilensky Poaceae sol (1-3%) IpyIl. HEPABHOM 40 BCL., 1B. ILTI.
Milium effusum L. Poaceae sol (1-3%) IPYIL. HEPABHOM 35 BCT., 1IB. IL
gﬁzghliglérgef]'o};iagii??ngTrin' & Poaceae sol (1-2%) rpyI. HEPAaBHOM 70 Bet 1B T
Calamagrostis epigeios (L.) Roth Poaceae sol (1-3%) IpyIl. HEPaBHOM 220 B, IIB. T
gj;ﬁrg: gﬁiﬁi{; }veudop hragmites Poaceae sol (1-3%) IpyI. HEPAaBHOM 250 pet, 1B T
Trisetum sibiricum Rupr. Poaceae sol (1-5%) rpyI. HEPAaBHOM 75 BEL., IIB.
Melica nutans L. Poaceae sol (1-7%) IpyIl. HEPAaBHOM 25 BEL., LB.
Poa attenuata Trin. Poaceae sol (1-5%) IpyIL. HEPABHOM 30 BCL, 1IB.
Festuca rubra L. Poaceae sol (1-7%) TPYIl. HEPAaBHOM 35 BCT., 1IB.
Brachypodium pinnatum (L.) Beauv. Poaceae sol (1-3%) TpyIl. HEPAaBHOM 55 BEL., LIB.
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Elymus tianschanigenus Czerep. Poaceae sol (1-5%) rpyIl. HEPAaBHOM 65 BET., IIB.
Elymus caninus (L.) L. Poaceae sol (1-3%) TpyI. HEPABHOM 70 BET., B.
Elymus sibiricus L. Poaceae sol (1-7%) rpyI. HEPABHOM 65 BET., IB.
Allium polyphyllum Kar. & Kir. Alliaceae sol (1-3%) IPyIL. HEPABHOM 45 BCT., IB. IUL.
Epipactis latifolia (L.) All. Orchidaceae sol (1-5%) IPYIL. HEPABHOM 10 BET., 1B. L.
Corallorhiza trifida Chatel. Orchidaceae sol (1-5%) rpyI. HEPaBHOM 15 BET., OB. ILL
Rumex acetosa L. Polygonaceae sol (1-7%) TpyI. HEPABHOM 115 BET., B. ILL.
Stellaria soongorica Roshev. Caryophyllaceae sol (1-5%) rpyIn. HEPABHOM 15 BET., IB. ILIL
gggggum davuricum Fisch. ex Caryophyllaceae sol (1-5%) TpyIl. HEPABHOM 10 Bet, 1B UL
Minuartia kryloviana Schischk. Caryophyllaceae sol (1-7%) TpyI. HEPABHOM 10 BET., IB. ILL.
ﬁzyrgizirz_ic;rllfaricum Fisch., C.A. Caryophyllaceae sol (1-3%) IpyIl. HEPABHOM 45 per, B T
Delphinium iliense Huth. Ranunculaceae sol (1-3%) TpyIl. HEPABHOM 75 BET., IB.
Aconitum nemorum Popov. Ranunculaceae sol (1-5%) rpyI. HEPABHOM 105 BET., B.
Cardamine impatiens L. Brassicaceae sol (1-10%) TpyI. HEPABHOM 35 BET., IB.
Potentilla canescens Besser Rosaceae sol (1-7%) IpyIl. HEPAaBHOM 55 BCT., LB.
Potentilla chrysantha Trevir. Rosaceae sol (1-7%) IPyIL. HEPaBHOM 25 BET., 1IB.
Astragalus alpinus L. Faabaceae sol (1-7%) IPYIL. HEPaBHOM 15 BCT., LIB.

B rtabnuue 5 npejcrabieHsl MopdoMerpuue-
CKHE TapaMeTphbl Pa3HOBO3PACTHBIX 0co0eit Rheum
wittrockii Lundstr. U3 pa3nuyHbIX MECTOOOUTAHHIA.
BupruHuibHbele 0COOM HMEIOT MaKCHMATbHBIMH
pa3Mepsbl B OIMJISAIUH |, MUHIMAaJIbHBIE pa3MephI B

nomnyssiiun 2. Konn4ecTBo IMCThEB Y HUX BO BCEX
HOMYJSIIUSIX OAWHAKOBOe. B momymsiuu 3 ObL10
Hal/ICHO TOJBKO 2 PACTEHUH CpPEeIHEBO3PACTHOIO
U CTaporo reHepaTHBHOTO COCTOSIHUS, TOITOMY HX
napameTpsl He yuuTtbiBaiuch (Table 5).

Ta6uuna 5 — Comparative characteristics of the morphological characteristics of Rheum wittrockii

HazBanue BospacTabie rpynmb Juvenile (j) Immature (i) Virginal (v) Generative (g)
OO01iee KOJIIMYECTBO 35 47 74 29
Homymsamus 1 JlnuHa nucra, cMm 8,83+0,76 14,1714,17 17,83+1,26 31,17+3.,40
Bericora pacrenust, cm 15,67+1,15 30,00+5,00 47,33+7,51 83,33+7,64
OO0111ee KOJIIMYECTBO 29 33 63 38
Tomysiums 2 JlnmvHa nucra, cM 6,67+1,53 11,33+1,53 19,33+2,08 30,67+4,04
Bricora pacrenust, cm 17,33+2,52 23,33+1,53 40,67+9,29 78,33+7,64
Oobmiee KOIMIeCTBO 19 25 10 15
Tomymsiimst 3 JlnvHa ucTa, cM 10.00+1,00 22.33+2,52 31.67+2,89 37.67+2752
Bricora pacTenus, cm 12.67+2,52 27.67£2.52 48.00£7.55 73.33+£20.82
YcToiuuBOCTh LIEHOTOMY IS N Rheum  TIEHOTIOIYJISIITAM HOBBIMH CEMEHHBIMH IPOPOCTKA-

wittrockii B OHOIIEHO3aX 00eCIIeunBaeTcsa ero Ouo-
JIOTHYECKUMHU CBOMCTBaMU TaKUMH Kak mpeo0siajia-
HUE MOJIOJIBIX BUPTHHIIIBHBIX U CPEIHEBO3PACTHBIX
FeHEPaTUBHBIX O0COOCH, €XKEroJHOe IIOMOJHECHHUE

MU. MeXaHM3M yCTOWYMBOCTU TMO3BOJISICT Rheum
wittrockii TITUTEIIEHO CYIIECTBOBATH B OTPAaHUYCH-
HOM YHMCIIEHHOCTH B COCTaBE€ ILIMPOKOrO CIEKTpa
pasHoTpaBHBIX coolrmiecTB. Mccnemyemble Teppu-
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Topuu xpeOrta Y3biHKapa u Wne Anartay u3gaBHa
HUCTBITHIBAJIA aHTPOIOTeHHOE Bo3jelcTBue. Ho 3a
MOCJIETHUE NECATUIICTUSI HAPYIIEHUE €CTECTBEHHO-
IO PacTHTEIHHOTO MOKPOBA HA MCCIEAYEMBIX TOp-
HBIX TEPPUTOPUSIX, CBEJCHUE JICCOB HA CKJIOHAX U
BOJIOpa3jienax IMPHUBENIO K Pa3BUTHIO SPO3HOHHBIX
rpoiieccoB. BeneacTBue aHTPOMOreHHOTO BO3MEH-
CTBUS Ha QIIOPY M PaCTUTEIHLHOCTH TOPHBIX MOSICOB
xpebTa Y3biHKapa u Mie Anartay mpowu3ornuio Ha-
pyILIeHHe TEePBUYHOTO PACTHUTEIHHOTO TOKPOBA U
o0pa3oBaHWE BTOPUYHBIX MaHXETKOBBIX, (JIOMH-
COBBIX, T€paHUEBHIX JIyroB. Bospacraromryro poib
B OMPEJCICHUN AAIbHEUIIEro pa3BUTHUS KU3HENE-
STEJIbHOCTU MOIMYJSILUM PEeIKUX BUIOB pAaCTCHUU
UTPAIOT JIMMUATUPYIONIHE (aKTOPBI HE IPUPOJIHOTO,
a aHTPOIIOTEHHOT'0 XapaKTepa.

OCHOBHBIMH  JINMUTHPYIOIIUMHU  (PaKTOpPaMH,
OTPAHWYHMBAIOIINMHU PACCEICHNS BU/A B €CTECTBEH-
HBIX MECTaX OOWTaHUs, SBJSCTCS BBICOKAS KOHKY-
peHmms B GUTOLIEHO3aX, aHTPOMIOTEHHASI HATPY3Ka,
CTpOrasi YKOJIOTUYECKasl MPUYPOUCHHOCTb.

3akiIouyeHne

Takum o0Opa3oM, B pe3ylibTaTe MPOBEICHHOIO
HCCIeNOBaHMs Ha XpeOTe Y3bIHKapa u 3amIniCcKO-
ro Anaray oOHapykeHbI Tpu momyssituu Rheum
wittrockii Lundstr. TunuaasIMA MecTaMH pacce-
nennst Rheum wittrockii Lundstr. siBisrorest pazHo-
TPaBHO-3JIAKOBbIC JIYTOBBIE COOOINECTBA CPEHErO
TOPHOrO JIeCHOrO mosica. BumoBoe paszHooOpasue

coobmecTB ¢ yaactuemM Rheum wittrockii Lundstr.
Ha xpeOTe Y3pHkapa u Mine Anaray HacUHWTHIBa-
et 148 BunoB, mpuHaanexamux K 37 cemeiicTtBam
n 90 pomam. XapakTepHBIMH BHJIaMH-MapKepa-
MH 3THUX coobmecTB siBistiorcsi Phleum pratense
L., Trifolium pratense L., Geranium pratense L.,
Festuca pratensis Huds., Dactylis glomerata L.,
Daucus carota L. @iaopononyJisiiiioHHOE CXOACTBO
00cCJIeIOBaHHBIX TMOMYJISIUA BapbUpPyeT B Mpeie-
max 60-70%. CamomnoanepkaHie W pa3MHOKEHHE
BUJA OCYILIECTBIISIETCS] IPEUMYIIIECTBEHHO CEMEHa-
MH. DKOJIOT0-OHOIOTHUSCKUA aHATHN3 TTOITBEPIHIT
Me30(pUTHBIN 1 Me30KCepO(UTHBIN XapakTep ¢io-
pBI JYTOBBIX MeCTOOOMTaHWH momysiunid Rheum
wittrockii Lundstr. OCHOBHBIMH JTUMUTHPYIOLUTUMU
(dakTopaMu, CYIIECTBEHHO OTPaHUYMBAIOIINMHU
pacceneHme BUJA, SIBJISIOTCS BBICOKAst KOHKYPEHIINS
B (DUTOIIEHO3aX, aHTPOTIOT'CHHAs HArpy3Ka, CTpoTas
9KOJIOTHYECKas MpUypodeHHOCTh. O0cae10BaHHbIE
MOMYJISIIIAN TPEOYIOT OXPaHBI U TPOBEICHHUS MHOTO-
JIETHErO MOHUTOPHUHTA 32 JIeMOTrpauuecKoi CTPyK-
TYpOH.

Paboma evinonnena npu noodepoicke u u-
Hancuposanuu Komumema nayku Munucmepcmea
Hayku u evicuezco obpazosanus Pecnyonuxu Ka-
saxcman 6 pamkax npoekma « OyeHKa eiusHUs Npu-
POOHBIX U AHMPONOSEHHBIX (hAKMOPOB HA CHieneHb
Odezpadayuu nacmMOUUHBIX IKOCUCEM H020-60CHO-
xka Kazaxcmana ons peanuszayuu Llenu ycmotiuugo2o
passumus 15» (MPH AP23490247).
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ADAPTATION OF ORNAMENTAL FLOWERING SHRUBS
TO THE SHARPLY CONTINENTAL CLIMATE:
LANDSCAPING EXPERIENCE IN ASTANA

Under the sharply continental climate of Astana, the selection of resilient ornamental shrub species
is especially important for establishing durable and sustainable urban green infrastructure. The aim of this
study was to assess the survival and adaptation characteristics of ornamental flowering shrubs in urban-
ized areas of the capital of Kazakhstan.

The analysis was carried out on several experimental plots that differed in agrochemical soil prop-
erties, including nutrient availability, humus content, and acidity. The results showed an average plant
loss rate of 28.6%. Glossy cotoneaster (Cotoneaster lucidus) demonstrated thae highest resilience, with
losses below 1%, while common ninebark (Physocarpus opulifolius) exhibited moderate tolerance, with
losses ranging from 15% to 25%. Panicle hydrangea (Hydrangea paniculata) was identified as the least
adapted species, with mortality reaching 24.4%. Plant survival was strongly influenced by soil potassium
and phosphorus levels, organic matter content, and pH balance.

Based on these findings, it is recommended to prioritize glossy cotoneaster and common ninebark
for urban landscaping projects in Astana, whereas panicle hydrangea should be used only in areas with
favorable agrochemical conditions. Future research should focus on identifying and testing new drought-
and cold-tolerant cultivars to further enhance the sustainability of Astana’s urban green spaces.

Keywords: ornamental shrubs, urban ecology, Astana, plant adaptation, andscaping.
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CaHAIK TYAAi OyTarapAbIH KaTTbl KOHTMHEHTTIK KAMMAT XKaFAaibiHa OeiimaeAyi:
AcTaHaHbl KeraAAQHABIPY TaXipubeci

ACTaHaHbIH KaTaH KOHTMHEHTTIK KAMMaTbl YKaF AalblHAQ Y3akK, MEP3IMAI >KacCbIA MH(PPAKYPbIAbIMADI
KAABINTACTBIPY YLUIH TYpakTbl COHAIK OYT TypAepiH TaHAay epekile MaHpbi3fa me. bya 3eptreyain
MakcaTtbl — KasakcraH acTaHacblHbiH, ypOaHM3aumsiAaHFaH aiMaKkTapblHAQ COHAIK T'YAAlI OyTaAapAbiH
TipwiAik eTyi MeH GeliMAEAY epekLLEeAiKTEPIH aHbikTay. Taaaay GipHelue Toxipnbeaik ydackeAepae,
SPTYPAI arpOXMMUSIAbIK, TOTIbIPAK, CUMATTaMaAapbl OOMbIHLLA KYPri3iAAi.

HeTuxxeaep KepceTkeHAen, opTalla eCiMAIK XXOFaATy AeHreii 28,6 % OOAAbI, COHbIMEH KaTap
Kbi3bia TyT (Cotoneaster lucidus) eH xofFapbl TypakThiAbIKTbl kepceTTi (1 %-aaH a3), KabakiabyTt
(Physocarpus opulifolius) opTaiia >ofaATy aeHreiiHae 60AAbl (15-25 %), aA METEAbAI roOpTeH3us
(Hydrangea paniculata) eH TemeH GeniMAEATEH Typ PETIHAE aHbIKTaAAbl. OCIMAIKTEPAIH TipLUiAik
eTyi TikeAel TonblpakTafFbl KaAMii MeH (PoCop MeALLEepiHe, TYMYC AeHreniHe »K8He KbILKbIAAbIKKA
6aAaHbICTbl GOAADI.

AAbIHFAQH HBTMXeAepre CyileHe OTbIpbin, ACTaHaHbl >XACbIAAAHABIPY Ke3iHae KbI3bIA TyT neH
KabakabyTTbl 6acbiM TYpAE MaAaAaHy YCbIHBIAAAbI, aA METEAbAI FOPTEH3MSIHBI TEK arPOXMMUSIABIK,
>KaFAaMAapbl KOAAMAbl yyacKeAepMeH LiekTey KaXkeT. 3epTTey HaTMXKeAepi CBHAIK ecimMAikTep
ACCOPTMMEHTIH TaHAAyAa KELeHAI TOCIAAIH >KOHE TOMbIpak, KePCETKIWTEPIH TypakTbl 6akbIAayAblIH
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Adaptation of ornamental flowering shrubs to the sharply continental climate: landscaping experience in Astana

AbIABIFbIH PAaCTanAbl, OYA TYPaKTbl KAAAABIK, XKaCbIA MH(PPAKYPbIAbIMAbI KAABINTACTbIPY YLLUiH MaHbI3AbI.
boaawwakTa 6yA ACTaHaHblH, HEFYPAbIM TYPAKTbl JKOHE IKOAOTUSABIK, KaFbIHAH OPHbIKTbI KAChIA MH-
PaKyPbIAbIMbIH KQAbINTACTbIPyFa MyMKIHAIK 6epeai.

Tyiin ce3aep: AekopaTvBTi OGyTasap, ypbaH 3KOAOrMSCbl, ACTaHa, ©CIMAIKTEpAiH 6erimaenyi,
AQHALWAMTTbIK, KEraAAAHABIPY.
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AAaHTaLI,MSI AEKOPAaTUBHO-UBETYLLUX KYCTAPHUKOB
K YCAOBUSAM PE€3KO KOHTUHEHTAAbHOIO KAUMATA: ONbIT O03€A€HEHUSA AcTaHbl

B yCAOBMSIX pE3KO KOHTMHEHTAABHOIO KAMMATa ropoAa ACTaHbl 0CO60€e 3HaueHue nprobpeTaet BbiGOp
YCTOMUMBBIX BUAOB AEKOPATMBHbIX KYCTAPHUKOB AASt (DOPMMPOBAHNS AOATOBEYHON 3€AEHOI MHppacTpyK-
Typbl. LIeAbl0 AQHHOIO MCCAEAOBaHUS! IBASIETCS BbISIBAEHME OCOOEHHOCTEN MPUKMBAEMOCTU M aAaNTaLmm
AEKOPATUBHO-LIBETYLLMX KYCTAaPHUKOB HA YPOAHM3MPOBAHHbIX TEPPUTOPUSAX CTOAULIbI KasaxcTaHa.

AHaAM3 MPOBOAMACS Ha HECKOABKMX OMbITHBIX YYaCTKax C Pa3AMUHbIMKW ar pOXMMMYECKMMM Xapak-
TepUCTMKamMu NnouB. Pe3yAbTaTbl nokasaAm, UTO CPEeAHMI YPOBEHb OTMAaAad COCTaBUA 28,6 %, Npu 3TOM
KM3nAbHUK BAecTawmin (Cotoneaster lucidus) NPOAEMOHCTPUPOBAA HAMAYULLYIO YCTOMUMBOCTb (MeHee
1 %), Ny3bIPENAOAHMK KaAMHOAMCTHbIN (Physocarpus opulifolius) nmea cpeannin yposeHb oTnaaa (15—
25 %), ToraAa Kak ropteHsus meteabyuatas (Hydrangea paniculata) okazaracb HauMeHee NpPUCroCOOAEH-
HOM (A0 24,4 %). [Mpr>KMBAEMOCTb pacTeHUI HaMpsSMYIo 3aBUCeAQ OT COAEpyKaHMS Kaaus n doccopa
B MOYBE, YPOBHS rymMyca U KMCAOTHOCTM. Ha OCHOBaHWM MOAYYEHHbIX AAHHbIX PEKOMEHAYETCS Mpu-
OPUTETHOE MCMOAb30BAHME KM3UAbHUKA OAECTSLLEro M My3blPenAOAHMKA KAAMHOAMCTHOMO MpW O3e-
AEHEHMM ACTaHbl, B TO BPEMS KakK NMPUMEHEHME FOPTEH3MU METEAbYATON LIeAecO0BpasHO OrpaHnuunTb
yyacTtkamu ¢ 6AAronpuUsSTHbIMU arPOXMMUYECKUMU YCAOBUSIMU.

Pe3yAbTaTbl UCCAEAOBAHMS MOAYEPKMBAIOT BAXKHOCTb KOMMAEKCHOIO MOAXOAQ K MOABOPY accopTu-
MEHTa AEKOPATMBHbIX PACTEHUIA U PETYASPHOTO MOHUTOPMHIA MOYBEHHbIX NMOKa3aTeAen AAS YCMeLHO-
ro hOpMMPOBAHUS YCTOMUMBOM FOPOACKON 3eAEHON MHDPACTPYKTYpbl. B nepcnekTnBe 370 NO3BOAUT
opmupoBath 60Aee CTAaBUABHYIO U 3KOAOTMUYECKM YCTOMUMBYIO 3EAEHYIO0 MH(PACTPYKTYypYy ropoaa

ACTaHblI.

KaroueBble caoBa: AEKOPaTUBHbIE KYCTaPHUKN, TOPOACKAsS IKOAOIU4, /\CTaHa, aAaNTauna pacre-

Hl/ll;l, /\aHAU.laCbTHOQ O3eAeHeHune.

Introduction

Astana is the capital of Kazakhstan, a mod-
ern and dynamically developing metropolis with a
population of about 1,392 people, embodying ad-
vanced urban ideas and architectural innovations.
The climate of Astana belongs to the sharply con-
tinental type, which is one of the most important
characteristics of the region. This type is due to the
geographical location of the city in the center of the
Eurasian continent, far from the seas and large bod-
ies of water. Therefore, Astana is characterized by
sharp temperature fluctuations and the formation of
weather anomalies: in winter — from severe frosts
to thaws and rains, in summer — from heat above
+35 °C to frosts [16]. The sharply continental cli-
mate influences urbanization, architecture, transport
system, landscaping and lifestyle of the city. Despite
the harsh climatic conditions, the development of
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the capital of Kazakhstan requires new approaches
to landscape design, landscaping, ecologically sus-
tainable and aesthetically attractive urban environ-
ment. Typical vegetation characteristic of the city is
represented by the following plants: fescue (Festuca
valesiaca), feather grass (Stipa), fescue (Festuca),
wormwood (Artemisia), couch grass (Elytrigia),
reed grass (Calamagrostis), bluegrass (Poa), yarrow
(Achillea), rose hips (Rosa) and other plant species.
In the parks, squares and alleys, trees such as pop-
lar (Populus), birch (Betula), ash (Fraxinus), pine
(Pinus) and others are common. You can also find
plantain (Plantago), dandelion (Taraxacum), cham-
omile (Matricaria). The total number of trees in the
city is about 500 thousand pieces. Their number
increases annually due to plantings as part of land-
scaping, due to the construction and reconstruction
of parks and squares, as well as landscaping of the
territories of new construction projects. The average
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survival rate of trees in the capital is 92% [7]. How-
ever, sustainable urban green infrastructure based
only on landscaping with native tree species is not
feasible due to the limited number of native flora spe-
cies. In addition, the list of resistant tree species in a
given region may be too limited to provide ecosystem
services and sustainable development of landscape
architecture objects. Active introduction processes,
primarily of ornamental plants, are observed in the
Mediterranean region [19], in Europe [6], and other
regions of our planet. Introduction processes are ac-
tively manifested in the Asian part of Russia.

Materials and methods

Classical methods for assessing the success of
the introduction of a particular plant species are de-
termining its winter hardiness, drought resistance
and ability to germinate seeds. One of the main
indicators of plant introduction is the study of the
chemical and physicochemical properties of the soil.
Including the study of the properties of the soils on
which the introduced species grow is a necessary
condition for the reliability of the assessment of the
success of the introduction [2].

Due to the fact that the urbanization process re-
quires the introduction of new plant species, since
2020, landscaping activities in Astana have been ac-
tively carried out by Astana-Zelenstroy LLP across
the five administrative districts of the city (Fig-
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ure 1). In particular, ornamental flowering shrubs
such as Cossack juniper (Juniperus sabina), glossy
cotoneaster (Cotoneaster lucidus), Panicle hydran-
gea (Hydrangea paniculata), Japanese spirea (Spi-
raea japonica), Common ninebark (Physocarpus
opulifolius), and Shrubby cinquefoil (Potentilla fru-
ticosa), along with many other species, have been
introduced and planted in containers with C5 and
C3 seedlings. C5 seedlings are obtained after trans-
planting (transshipment) of C3 seedlings into a larg-
er container (from C3 to C5). This type of transplant
does not disturb the integrity of the root ball, which
is already intertwined with roots. This method is
particularly well suited for the cultivation of orna-
mental shrubs. The letter “C” in container labeling
designates a round pot, and the number indicates its
volume in liters (1 liter = 1000 cm?®). For example,
C3 corresponds to a 3-liter pot measuring 18 x 15
cm, where 18 cm is the upper diameter of the con-
tainer and 15 cm is its height; C5 corresponds to
a 5-liter container with a diameter of 22 cm and a
height of 18 cm. The containers are most commonly
round in shape [23].

For the purposes of this study, three types of
ornamental flowering shrubs were selected: panicle
hydrangea (Hydrangea paniculata), glossy coto-
neaster (Cotoneaster lucidus), and common nine-
bark (Physocarpus opulifolius). These species are
highly ornamental, tolerate pruning well, and are
resistant to urban environmental conditions.

Baikonur District

& Almaty District

Figure 1 — Administrative districts of Astana (as of 2023)
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Cotoneaster lucidus

This culture is distinguished (Figure 2), first of
all, by dark green glossy numerous leaves, glossy
cotoneaster plantings are beautiful in spring, when
the bushes are strewn with small pink flowers, which
form black fruits in autumn [1]. Due to the abun-

dant foliage,numerous shoots, glossy cotoneaster
presents great prospects for topiary haircuts, it can
be given absolutely any shape — balls, cubes, trap-
ezoids, various animal figures, etc.; and also form
hedges when creating parks, squares and decorate
highways.

Figure 2 — Cotoneaster lucidus planted in flowerbeds near the “Baiterek” monument, Astana

Hydrangea paniculata

Hydrangea paniculata- this is enough large by
his own sizes shrub (Figure 3). The height can reach
one and a half to two meters. It got its name due
to its spectacular inflorescences — large panicles of
an elongated or spherical shape. In some cases, the
size of the inflorescences can reach 25 or even 30
centimeters.

Hydrangea is highly valued for several key traits,
including ease and cost-effectiveness of cultiva-
tion, frost tolerance even in northern regions where
temperatures can drop to —25 °C, low sensitivity to
environmental conditions, resistance to pests and
diseases, and suitability for growth in urban envi-
ronments, including locations adjacent to busy roads
and highways.

Figure 3 — Hydrangea paniculata flowering on the Green-Water Boulevard, Astana
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Hydrangea is highly valued for several key traits,
including ease and cost-effectiveness of cultiva-
tion, frost tolerance even in northern regions where
temperatures can drop to —25 °C, low sensitivity to
environmental conditions, resistance to pests and
diseases, and suitability for growth in urban envi-
ronments, including locations adjacent to busy roads
and highways.

Hydrangeas are distinguished by a variety of
shapes and sizes. Flowers are collected in spectacu-
lar spherical inflorescences — corymbs or panicles at
the ends of stems. Most species have two types of
flowers in the inflorescences: small fertile ones in
the center and large sterile ones at the edges.

Physocarpus opulifolius

Physocarpus viburnifolia (Figure 4) belongs
to the genus of deciduous shrubs of the Rosaceae
family. The branches are flexible and drooping. The
leaves are round-ovate, up to 4 cm long, with 3-5
blunt lobes, of which the middle one is larger. The
edge of the leaf is serrate-toothed. Depending on the
species, the leaf blades of the physocarpus can have
a color from bright green to bright red shades. The
flowers are pink or white, collected in convex cor-
ymbose inflorescences.Blooms in June-July. Fruits
from 3-4 swollen leaflets, which ripen in Septem-
ber-October. Begins to bloom and bear fruit from
the age of four [13].

Figure 4 — Physocarpus opulifolius in flowerbeds of “Teachers’ Square”, Astana

The genus has about 10 species growing in East
Asia and North America. In culture, the bladder sen-
na shrub is a fast-growing plant, quite shade-toler-
ant, frost-resistant, undemanding to soil conditions,
gas-resistant, tolerates pruning well, and is used in
group plantings and hedges. By 2015, the number of
bladder senna varieties already exceeded three doz-
en. And this is only the beginning, since the shrub
has a large untapped genetic potential. The bladder
senna is popularly called meadowsweet, and some-
times viburnum-leaved spirea (lat. Spiraea opulifo-
lial) [12].

Agrochemical and physicochemical properties
of soils where selected species of ornamental flow-
ering shrubs grow were studied at the Analytical
Center of the A.l. Barayev Scientific and Produc-
tion Center for Agriculture and Chemicalization.
The studies covered areas located in five adminis-
trative districts of Astana — Yesil, Saryarka, Almaty,
Nurinsky and Baikonur (Figure 5) — where shrubs
grow in urban conditions, as well as in the Tselino-
grad district of the Akmola region (Kabanbay Batyr
settlement, Maybalyk street,22/1), where plants are
grown green house environment (Table 1).
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Table 1 — Sampling locations for soil collection in habitats of ornamental flowering shrubs in Astana

Ne District research Object of study Soil layer, cm
1 Yesil Park area of the Bayterek monument 0-20

2 Almaty st.Satpayev (from Kuishi Dina st. to Momyshuly avenue) 0-20

3 Saryarka The square in front of the city Akimat 0-20

4 Baikonur The territory of the «Teachers» square 0-20

5 Nura Park area «Astana-Opera» 0-20

6 Kabanbay Batyr settlement. Maybalyk st. 22/1 0-20

Soil samples were collected from a depth of 20
cm by forming pit-like excavations. All samples
after collection were hermetically sealed, appropri-
ately labeled and sent to a specialized laboratory for
complex agrochemical analysis.

Figure 5 — Research address on the city map (as of 2024)

The following methods were used in laboratory
conditions:

1.The determination of nitrates followed the
TsINAO method specified in GOST 26488-85,
which is based on the reduction of nitrates to nitrites
followed by photometric measurement [12].

2. Determination of mobile forms of phospho-
rus and potassium was carried out according to the
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Machigin method using a 1 M solution of ammo-
nium acetate (pH 4.8) as an extractant. Phosphorus
was determined colorimetrically, potassium — using
a flame photometer.

3. Organic matter content was evaluated using
the Tyurin method modified by TSINAO, which re-
lies on the oxidation of organic carbon with potas-
sium dichromate followed by titration.

4. Measurement of pH, specific electrical con-
ductivity and solid residue were performed in an
aqueous extract (soil:water ratio 1:5) in accordance
with generally accepted methods of agrochemical
analysis [14].

5. The content of fulvic and humic acids was
assessed through sequential alkaline extraction, fol-
lowed by fractionation under decreasing pH. Humic
acids precipitate at pH 1, whereas fulvic acids re-
main in solution [10].

Results and discussion

A comprehensive analysis of the granulometric
composition of soils in the urban microdistricts of
Saryarka, Baikonur, Almaty, Yesil and Nura was con-
ducted, covering sixty control points and resulting in
the identification of four main soil types: dark chestnut,
meadow chestnut, solonchaks, and urban soils. Heavy,
medium and light loams were found to predominate in
terms of mechanical composition [31]. A recent study
examined the engineering and geotechnical character-
istics of sulfate-rich soils in Astana, revealing that a
considerable portion of the urban territory is dominated
by solonetz—chloride clays, clayey sandy loams, and
glaciated sediments. Another investigation focused on
the dynamics of humus, total nitrogen, mobile phos-
phorus, and exchangeable potassium in the soils of
Northern Kazakhstan, including the suburban areas
of Astana [ 9,3]. Over 33 years, a gradual decrease in
these indicators has been observed, which emphasizes
the relevance of the transition to sustainable agriculture
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[3]. According to the study “Study of the soil of green
areas of Astana” (2023), the chemical parameters of
soils in the city’s parks and squares vary depending on
the landscape approach and soil-hydrological condi-
tions.

The study assessed the content of the main plant
nutrients — nitrate nitrogen (N-NOs), phosphates
(P205) and potassium (K,O) — in soils in different
areas of the city. The analysis was conducted at six
points with varying degrees of greenery and anthro-
pogenic load: from central parks and squares to the
surrounding area of residential buildings (Figure 6).

In the Teachers’ Square, the highest potassium
content (approximately 1350 mg/kg) and elevated
phosphate levels (approximately 230 mg/kg) were
recorded, with an average level of nitrate nitrogen.
Such agrochemical characteristics of the soil indi-
cate its high nutrient availability, which contrib-
utes to the successful landscaping using ornamental
plants that are sensitive to mineral nutrition [15].

At 22/1 Maibalyk Street, the highest content of
nitrate nitrogen, as well as elevated levels of phos-
phates and potassium, were observed. This may be
associated with increased anthropogenic pressure,
intensive maintenance, and fertilizer application
typical for residential and public areas [32].

Thus, Teachers’Square and 22/1 Maibalyk
Street stand out as sites with the best agrochemi-
cal indicators, where as Astana-Opera Park requires

reclamation measures and improvement of plant nu-
trition conditions.

The park area around the Bayterek Monument
and the site along Satpaev Street exhibited an aver-
age level of nutrient availability, which is considered
acceptable for introduced woody and shrub species
that do not have high fertility requirements [29].

In the soil of the square in front of the City Aki-
mat, a sufficient potassium content (approximately
760 mg/kg) was detected, but phosphate levels were
low (less than 70 mg/kg), which may limit root sys-
tem development, particularly in young plants [25].
The Astana-Opera park area is characterized by the
lowest concentrations of all studied macronutrients:
K20 — approximately 410 mg/kg, P,Os — less than
50 mg/kg, and N-NOj3 — at minimal levels.

For the quantitative assessment of organic mat-
ter content in the soils of the studied sites, the clas-
sical Tyurin oxidation method modified by TSINAO
was used, as recommended for agrochemical soil
analysis.

The content of total humus and its fractional
composition — humic acids (C\_h) and fulvic acids
(C\_f) — in the soils of the studied green areas of
Astana varies over a wide range (Figure 7). Deter-
minations were carried out using the Tyurin method
modified by TsINAO. These methods remain among
the most accurate and widely applied in agroecolog-
ical research [11,18].
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Figure 6 — Assessment of the content of the main plant nutrients — nitrate nitrogen (N-NOj),
phosphates (P20s) and potassium (K,O) — in the soils of various zones of the city
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Figure 7 — The content of total humus and its fractional composition — humic (HgA)
and fulvic acids (FFA) — in the soils of the studied green areas of the city of Astana

The Satpaev Street site (from Kuishi Dina to
Momyshuly) is characterized by an elevated humus
level (5.29%) with a relative balance between hu-
mic acids (0.55%) and fulvic acids (0.51%), which
is typical for soils with an active microbiological cy-
cle and recent organic matter inputs (Lehmann et al.,
2020). In the park zone of the Bayterek Monument,
humus content was 3.5%, and the humus fractions
(humic acids — 0.31%, fulvic acids — 0.38%) indi-
cated a predominance of mobile forms of organic
matter, characteristic of surface horizons with regu-
lar organic inputs.

Teachers’ Square also demonstrated a moder-
ate humus content (3.05%), with the proportion of
humic acids (0.48%) exceeding that of fulvic acids
(0.26%), suggesting stabilization of organic matter
and its partial fixation within the soil mineral matrix
(Ding et al., 2021). At 22/1 Maibalyk Street, a low
overall humus content was recorded (2.33%), along
with low concentrations of humic acids (0.22%) and
fulvic acids (0.34%), reflecting poor organic enrich-
ment and possibly the effects of soil compaction and
insufficient vegetation cover [34]. The lowest hu-
mus values (1.44%) were registered in the Astana-
Opera park area, where the humus fraction content
was also minimal (humic acids — 0.13%; fulvic ac-
ids — 0.25%). Such values are typical for urbanized
territories with low bio productivity and anthropo-
genic disturbance of the upper soil horizon [21].
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A comparative analysis of the soil pH values
across six landscaped areas of Astana (Figure 8)
showed that all samples exhibited an alkaline reac-
tion, which is typical for soils of arid regions in
Central Kazakhstan. The pH values ranged from
8.28 (Teachers’ Square) to 8.77 (square in front
of the City Akimat). Other sites also demonstrated
high values: Bayterek Monument park zone — 8.76,
Satpaev Street — 8.41, Astana-Opera park area —
8.61, and 22/1 Maibalyk Street — 8.57. Variations
in soil pH may be attributed both to natural fac-
tors (particle size distribution, parent material)
and to anthropogenic impacts, such as differences
in irrigation intensity, fertilizer application, and
urbanization effects [30,33]. Elevated pH values
reduce the mobility and bioavailability of several
micronutrients (Fe, Mn, Zn, Cu), which may nega-
tively affect the growth and development of both
introduced and native plants, especially during the
initial stages of establishment [24,21]. Under such
conditions, the use of organic fertilizers and acidi-
fying amendments is recommended to improve soil
buffering capacity, as well as the selection of tree
and shrub species tolerant to alkaline environments
[34,8]. Thus, the soil pH level is a crucial factor de-
termining the adaptation of vegetation in urban en-
vironments and should be taken into account when
planning landscaping projects and selecting plant
assortments.
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Figure 8 — Acid-base reaction (pH) of soil solution in green areas of Astana city

Based on the collected data (Figure 9) on hu-
mus content, a comparative analysis of the fol-
lowing locations can be made: in the park area
of the Bayterek Monument and along Satpaev
Street, humus content exceeds 0.4 g/kg, indicat-
ing high soil quality [5]. In contrast, in Teachers’

0.6
0.5
0.4
0.3
0.2
0.1

Square, humus content is below 0.2 g/kg, signal-
ing the need for soil improvement measures [28].
These results highlight the importance of moni-
toring and analyzing humus content to maintain
ecosystems and develop effective agronomic
practices.
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Figure 9 — Determination of the group composition of humus (humic acids)
by the pyrophosphate method according to MM Konova and NP Belchikova (g/kg)

According to the report of Astana-Zelenstroy
LLP for 2023 65,471 specimens of ornamental
flowering shrubs and perennial flowers were planted
in five districts of the city. However, out of the to-
tal number of planted material, 18,746 specimens

were considered fallen. This paper presents table 2,
which demonstrates the ratio between planted and
fallen material for 2023 and 2024. These data are
key to assessing the effectiveness of city greening
and identifying factors affecting plant survival.
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Table 2 — Information on planting and cutting of ornamental flowering woody shrubs and perennial flowers in Astana for 2023-2024

Ne Name of the district Planted in 2023 Mortality during 2023-2024
number of specimens (pcs) number of specimens (pcs)

1 «Almaty» 11 075 4305
2 «Baikonur» 18 336 5816
3 «Yesil» 12 404 5050
4 «Saryarka» 8566 2172
5 «Nura» 15 090 1403
Total 65 471 18 746

Table 2 presents data on the planting and loss
of ornamental flowering woody shrubs and peren-
nial herbaceous plants across the districts of Astana
for 2023-2024. These indicators serve as important
measures of the effectiveness of landscaping activi-
ties and allow for the identification of factors affect-
ing plant survival in different urban microdistricts
[27].

According to the data, the highest number of
planting material was introduced in the “Baikonur”
district — 18,336 specimens, followed by the “Nura”
district — 15,090 specimens. At the same time, the
“Baikonur” district also exhibited the highest num-
ber of plant losses in 2023 — 5,816 specimens, rep-
resenting approximately 31.7% of the total planted
material. High loss rates were also recorded in the
“Yesil” district — 5,050 specimens.

Overall, 65,471 ornamental plants were planted
in the city in 2022, of which 18,746 did not survive
the winter period. The average loss rate across the
city was approximately 28.6%.

The analysis results confirm the need for a com-
prehensive approach to the selection of woody and
shrub plant species for urban landscaping, taking
into account the climatic and soil conditions of each
district [1].An important step to increase the survival
rate of planting material is the development of adap-
tive measures, including agrotechnical techniques
aimed at enhancing the resilience of plantings [23].

In the “Almaty” district of Astana, the study fo-
cused on the area along K. Satpaev Street. Table 3
presents data on the number of planted ornamental
shrubs and perennial flowers, as well as the number
of plants that failed to establish in this area.

Table 3 — Data on the Planting and Loss of Ornamental Flowering Woody Shrubs and Perennial Flowers on K. Satpaeva Street in

“Almaty” district for 2023-2024

Ne Planting material Plantil;)gc:l 2023, ROOtcb:l“: lc)::lt size, Plant height, cm Loss :)252024’
1 Juniperus sabina 901 0.3x0.3 (5L) 20-30 0
2 Juniperus sabina 100 0.3x0.3 (5L) 30-50 0
3 Cornus alba 500 0.3x0.3 (5L) 40-60 25
4 Cotoneaster lucidus 2690 0.3x0.3(5L) 40-60 0
5 Spiraea japonica 935 0.3x0.3 (5L) 30-50 0
6 Hydrangea paniculata 215 0.3x0.3(5L) 30-50 153
7 Rosa rugosa 78 0.3x0.3(5L) 40-60 0
8 Physocarpus opulifolius 163 0.3x0.3(5L) 40-60 8
Total 5582 186
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A total of 5,582 specimens were planted, of
which 186 did not survive the winter period. These
data indicate the need for improved agrotechnical
measures and adaptive practices to increase plant
survival under urban conditions.

Within the framework of the study on plant-
ing ornamental flowering shrubs in the “Baikonur”
district, a site was selected for detailed analysis —
Teachers’ Square (Table 4). This square, located on
Alexander Pushkin Street near L. N. Gumilyov Eur-
asian National University, represents an important
element of urban infrastructure and serves as an ex-
ample of successful implementation of sustainable
landscaping principles in an urban context.

In 2023, a total of 1,650 plants were planted.
The highest loss rates were recorded for Common
ninebark (Physocarpus opulifolius)—160 specimens,
Panicle hydrangea “Daimontrush” (Hydrangea pa-
niculata) — 89 specimens, and Cossack juniper (Ju-
niperus sabina) — 60 specimens. Some species, such

as Rowan-leaved cotoneaster, Rugosa rose (Rosa
rugosa), and Japanese spirea (Spiraea japonica),
experienced no losses.

Analysis of plant survival indicators allows the
development of effective landscaping strategies and
enhances the resilience of urban green spaces. As-
sessing plant losses also enables the optimization of
landscaping planning and ensures more efficient im-
provement of the urban environment.

The study site in the Yesil district of Astana is the
area surrounding the Bayterek Monument. As part of
landscaping activities carried out in 2022, ornamen-
tal shrubs were planted, including Glossy cotoneaster
(Cotoneaster lucidus), Cossack juniper (Juniperus
sabina), Panicle hydrangea (Hydrangea paniculata),
and Japanese spirea (Spiraea japonica). The root ball
size (0.3 x 0.3 m, C5 category) and plant height at
the time of planting (30—60 cm) are indicated. Infor-
mation on the number of planted specimens and their
survival rate is presented in Table 4.

Table 4 — Data on the Planting and Loss of Ornamental Flowering Woody Shrubs and Perennial Flowers on “Teachers’ Square” in

“Baikonyr” district for 2023-2024

Ne Planting material Plantir;)gc:l 2023, ROOtcb:l“: Ic)r(:lt size, Plant height, cm Loss :;:024’
1 Cotoneaster scutellaris 182 0.3x0.3(5L) 20-30 0
2 Juniperus sabina 136 0.3x0.3(5L) 30-50 60
3 Cotoneaster lucidus 127 0.3x0.3(5L) 40-60 48
4 Hydrangea paniculata 315 0.3x0.3(5L) 40-60 89
5 Rosa rugosa 420 0.3x0.3(5L) 30-50 0
6 Spiraea japonica 105 0.3x0.3(5L) 30-50 0
7 Physocarpus opulifolius 365 0.3x0.3(5L) 40-60 160
Total 1650 357

The object of the study in the Yesil district of
Astana is the area around the Baiterek monument.
As part of the landscaping work carried out in 2022,
ornamental shrubs were planted here, including:
glossy cotoneaster (Cotoneaster lucidus), Cossack
juniper (Juniperus sabina), panicle hydrangea (Hy-

drangea paniculata) and Japanese spirea (Spiraca

Jjaponica), the dimensions of the planting ball (0.3

x 0.3 m, category C-5) and the height of the plants
when planted (30—60 cm) are indicated. Information
on the number of planted plants and their survival
rate is presented in Table 5.
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Table 5 — Data on the planting and loss of ornamental flowering woody shrubs and perennial flowers in Monument “Baiterek™ in the

Yesil districtfor 2023-2024

Ne Planting material Plantil;)gc:l 2023, ROOtcb;“i Ic)r(;lt size, Plant height, cm | Loss in 2024, pcs
1 Cotoneaster lucidus 8778 0.3x0.3(5L) 40-60 10
2 Juniperus sabina 1684 0.3x0.3(5 L) 30-50 439
3 Hydrangea paniculata 8579 0.3x0.3(5L) 40-60 429
4 Spiraea japonica 2525 0.3x0.3(5 L) 30-50 127
Total 12 788 1005

This material allows for the assessment of plant
survival: the overall loss rate is approximately 7.9%,
which corresponds to successful landscaping prac-
tices under the continental climate of the capital,
where, with proper maintenance, loss rates typically
do not exceed 5-11%.

In 2023, ornamental shrubs in the “Saryarka”
district of Astana were planted in the square located
in front of the City Akimat building. The composi-
tion of the ornamental shrubs planted in this area is
detailed in Table 6.

The use of perennial ornamental shrubs pro-
vides not only aesthetic appeal but also resilience
of plantings to urban conditions, including air

pollution, soil compaction, and temperature fluc-
tuations. According to studies (Smagulova et al.,
2020; Baitursynova, 2018), the use of native and
acclimatized shrub species contributes to reduced
maintenance requirements and increased plant
survival.Based on the data in Table 6, a total of
5,101 ornamental shrubs were planted in the area
in 2023, of which 995 plants did not survive by
2024, representing approximately 19.5% of the
total plantings.

These species were the most abundant in the
planting assortment and were likely selected for
their high ornamental value and resilience to urban
environmental conditions.

Table 6 — Data on the planting and loss of ornamental flowering woody shrubs and perennial in front of the building of the City

Akimat on the “Saryarka” district for 2023-2024

Ne Planting material I;lg;;:l;)gc;n ROOt:;ﬁ“)i lc)r(;nt size, Plant height, cm | Loss in 2024, pcs
1 Pinus mugo 193 0.3x0.3(10 L) 40-60 0
2 Cotoneaster scutellaris 90 0.3x0.3(5L) 40-60 0
3 Hydrangea paniculata 215 0.3x0.3 (5L) 40-60 0
4 Cotoneaster lucidus 716 0.3x0.3(5L) 40-60 262
5 Philadelphus spp. 422 0.3x0.3 (5L) 40-60 0
6 Physocarpus opulifolius 120 0.3x0.3 (5L) 40-60 0
7 Spiraea japonica‘ Anthony Waterer’ 209 0.3x0.3(5L) 30-50 0
8 Spiraea japonica ‘Little Princess’ 558 3x0.3(5L) 30-50 0
9 Spiraea cinerea 300 0.3x0.3 (5L) 30-50 220
10 Spiraea japonica ‘Golden Prince’ 627 0.3x0.3(5L) 30-50 0
11 Juniperus sabina 444 0.3x0.3(10 L) 30-50 7
12 Cornus alba 390 0.3x0.3(5L) 40-60 0
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Continuation of the table

Ne Planting material I;lg;l;:l;gc;n ROOtcb;lz lc):: size, Plant height, cm | Loss in 2024, pcs
13 Potentilla spp. 207 0.3x0.3 (S L) 40-60 0
14 Physocarpusopulifolius ‘Diablo 607 0.3x0.3 (5L) 40-60 150

Total 5098 639

Table 7 — Data on the planting and loss of ornamental flowering woody shrubs and perennials in the “Nura” district at the” Astana

Opera” site for 2023-2024

Ne Planting material le(z;;;:l;)gc;n ROOtcb:lll)i [c):;lt size, Plant height, cm | Loss in 2024, pcs
1 Hydrangea paniculata 30 0.3x0.3(5 L) 40-60 120
2 Cotoneaster lucidus 770 0.3x0.3(5L) 40-60 75
Total 800 195

Based on observations in the “Nura” district at
the” Astana Opera” 2024 (Table 7) , the total plant
loss amounted to 195 specimens, corresponding to
24.4% of the total number planted. The highest loss
rate was recorded for Panicle hydrangea (Hydran-
gea paniculata), with 120 specimens lost out of 30
planted, indicating its low resilience at this study
site. In contrast, Glossy cotoneaster (Cotoneaster
lucidus) demonstrated significantly higher survival,
with a loss of 75 specimens, confirming the findings
of other researchers regarding its adaptability to ur-
ban conditions [27].

The results indicate that adaptation of ornamen-
tal flowering shrubs under Astana’s sharply conti-
nental climate is strongly influenced by species-spe-
cific traits and the agrochemical properties of soils.
The overall loss rate of 28.6% reflects the presence
of several limiting factors, including low frost re-
sistance of certain species, nutrient deficiencies, and
elevated soil alkalinity.

Species with high ecological tolerance, such as
Glossy cotoneaster and Common ninebark, showed
superior performance, confirming their suitability
for urban landscaping. Conversely, Panicle hydran-
gea exhibited substantially lower survival, especial-
ly in nutrient-poor sites such as Astana-Opera.

Soil properties played a decisive role: high po-
tassium and phosphorus levels at Teachers’ Square
corresponded with better plant survival, whereas

low nutrient availability and high alkalinity at Asta-
na-Opera were associated with increased plant mor-
tality. Alkaline soil conditions (pH 8.28-8.77) likely
reduced micronutrient accessibility, further limiting
plant growth.

These findings align with previous research
[27,1], emphasizing the necessity of selecting resil-
ient shrub species and conducting comprehensive
ecological assessments when planning urban green
spaces.

Conclusion

The analysis of the adaptation of ornamental
flowering shrubs to Astana’s sharply continental
climate revealed several important trends relevant
to the planning of urban green infrastructure. Sur-
vival rates varied widely—from 75% to 99%—de-
pending on both the species and the soil conditions
of the planting sites. The smallest losses were ob-
served for Glossy cotoneaster (Cotoneaster luci-
dus), where mortality remained below 1%, while
the greatest losses were recorded for Panicle hy-
drangea (Hydrangea paniculata), reaching up to
24.4%.

Soil characteristics played a decisive role: ar-
eas enriched with potassium and phosphorus—such
as Teachers’ Square, where concentrations reached
1,350 mg/kg K,O and 230 mg/kg P,Os—showed
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higher plant survival. In contrast, sites with low
humus content (1.44%) and strongly alkaline soil
conditions (pH up to 8.77) exhibited notably higher
mortality rates.

The practical value of this research lies in pro-
viding evidence-based recommendations for im-
proving urban landscaping practices. These include:

* increasing the use of species with consistent-
ly high resilience, such as Glossy cotoneaster and
Common ninebark;

* restricting the planting of Panicle hydrangea to
ecologically favorable sites;

* integrating soil agrochemical indicators into
the planning and selection of ornamental shrubs;

* implementing regular monitoring and corrective
measures to enhance soil quality and plant survival.

Overall, the findings help optimize the selection
of ornamental shrubs and support the development
of scientifically grounded landscaping strategies,
which is particularly important for the extreme cli-
matic conditions of Kazakhstan’s capital [1].
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XYTEPI PU3BOBAKTEPUAAAPDI — ©CIMAIKTEPAIH ©HIMAIAITIH
XKOHE KOPFAHbICbIH APTTbIPYADIH,
MEPCIEKTUBAAbI BUOUHOKYAAHTTAPDI

Kasipri TaHAQ ayblA LWapyallbIAbIFbIHAQ CaAAChl TOMbIPAK, AErPAAALMSCHI, KOPEKTIK IAEMEHTTEPAIH,
a3atobl KaHe (UTONaTOreHAEpPAIH TapaAybl CUAKTbl 3KOAOTMAAbIK, KWMbIHABIKTAp >XWi TYbIHAQMADI.
Ocbl MaceAeAepAi WewyAiH 6araMabl TOCIAAEPIHIH Gipi — 6CIMAIKTEPAIH ©CYiH bIHTAaAQHAbIPATbIH
pusobakTepusirnapabl (PGPR) koaaaHy. Ocbl 3epTTey >KYMbICbI >KepriAiKTi 3KOAOTMSAbIK, >KarFAaiiFa
GerimaeareH >xyrepi (Zea mays L., Ka33I 200) pusocdepacbiHaH 6GOAIHIN aAblHFaH aBTOXTOHAbI
GaKkTePUIAAPABIH  OMOAOTUSIABIK, BEACEHAIAITIH >KaH-KakTbl Oarasayra 6GaFbITTaAAbl. AAbIHFaH 25
6aKTEPUSIAbIK M30AATThIHiLIHAE 15 rpamTepickaHe 10rpamMoH WTaMMaHbIKTaAAbl. AAAbIHAAXKYPTi3iAreH
CKPUHUHT OAQPAbIH ©6CIMAIKKE MalAaAbl KACMETTEPIH CAAbICTbIPYFa MYMKIHAIK 6epin, HOTMXKeCiHAE eH
TUIMAI Aen TaHbIAFaH eki mepcnekTuBaAbl WTamMm — BJ14 seHe B)18 3epTTeyre TaHAAAbIM aAbIHAbI.
ByA wramMmaapAbiH DYHKUMOHAAABIK BAEYETi GipHelle BUOAOTUSAALIK, KOPCETKiLl GoMbIHLLA GaFaraHAbI:
MHAOA-3-Cipke KblWKblAbIHbIH, (MCK) cnHTe3i, epimenTiH pocdaTTbl ecimaikke KOAXeTIMAI dhopmara
aHaAAbIpYy KabiaeTi, atmMocdepanblk, a3oTTbl UKCaumsAay >kKoHe UTOMNaToreHAepre Kapchbl
aHTaroHucTik acep. BJ18 eH, >xxorapbl MICK MeawepiH (61.4 Mr/MA) eHAipyi eHe docdatTbl TMIMAI
epiTy KabiAeTiH kepceTTi. AA BJ14 M30ASTHI eki hTOMaTOreHre Kapchbl A €H >KOFapbl MHIMONLMSABIK,
acep kepcertin, Pythium spp. ecyiH 73%, an Alternaria alternata pamyblH 62-63% AeHreniHae
TeXer, TypakTbl 9pi anKbiH 6GMOGaKbIAay OEACEHAIAINIMEH epeKlleAeHAl. 3epTTey HaTuxKeAepi OyA
pr306aKTePUSIAAPAbIH BCIMAIKTEPAIH KOPEKTIK SIAEMEHTTEPAI CiHIpYiH XaKcapTyAad, OAapAbIH ©cyiH
bIHTAAQHAbIPYAQ XK8HEe (PUTOMATOreHAEPAIH AAMYbIH TEXKEYAE XKOFapbl TUIMAIAIKKE e eKeHiH KepceTTi.
MyHaAa KengYHKUMOHAAABI LITaMMAAP ayblA LIAPYALUbIAbIFbIHAQ XMMMWSAABIK, TbIHAMTKbILLTAP MEH
(PYHMMUMATEPAI aAMACTbIpa aAaTbiH 3KOAOTMSABIK, TYPFbIAQH KaYincCi3 GMOMHKYASIHTTapAbl a3ipAeyre
HaKTbl MYMKIHAIK 6epeai. AAbIHFAH AepeKkTep TypakTbl ayblA LUAPYALLbIAbIFbl TEXHOAOTMSIAQPbIH
KaAbINTacTbipyAad >KepriAikTi PGPR wTaMMAQpbIHbIH MaHbI3AbIAbIFbIH aKbIHAAMADI.

Tyiin ce3aep: pusobaktepusaap, PGPR, unHAOA-cipke ybillybiAbl, ocaT epiTy, MbIpbill
COAIOOMAMBALMSACDI, AHTArOHUCTIK BEACEHAIAIK.
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Corn rhizobacteria as promising bioinoculants
for increasing plant productivity and protection

Agricultural production is increasingly challenged by soil degradation, nutrient imbalance, and the
prevalence of plant pathogenic fungi, which collectively threaten crop productivity and ecological stabil-
ity. As a sustainable alternative to chemical inputs, plant growth-promoting rhizobacteria (PGPR) have
gained considerable attention due to their ability to enhance plant vigor through natural biochemical
mechanisms. This study focused on isolating and characterizing autochthonous bacterial strains associ-
ated with the rhizosphere of the maize hybrid KazZP 200 (Zea mays L.) and evaluating their functional
traits relevant to plant growth promotion and biological control.

A total of 25 bacterial isolates were obtained, comprising 15 Gram-negative and 10 Gram-positive
strains. Based on a comparative screening of beneficial traits, two isolates — BJ14 and BJ18 — were
selected for detailed investigation. Their functional potential was assessed through several key indica-
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tors, including the production of indole-3-acetic acid (MCK), solubilization of insoluble phosphorus,
biological nitrogen fixation, and antifungal activity against major phytopathogens. Among the tested
isolates, BJ18 produced the highest level of MCK (61.4 mg/mL) and demonstrated superior phosphate-
solubilizing activity, suggesting a strong capability to stimulate root development. Isolate BJ14 showed
the highest inhibitory effect against both phytopathogens, inhibiting the growth of Pythium spp. by
73% and the development of Alternaria alternata by 62-63%, and was distinguished by its stable and
pronounced biocontrol activity. The results clearly indicate that these maize-associated rhizobacteria
possess multifunctional traits that may significantly contribute to improving nutrient acquisition, promot-
ing plant growth, and mitigating pathogenic stress. Such characteristics highlight their value as poten-
tial bioinoculants for sustainable crop production systems. The findings emphasize the importance of
integrating locally adapted PGPR strains into eco-friendly agricultural technologies aimed at reducing
chemical fertilizer dependency and enhancing soil health.

Keywords: rhizobacteria, PGPR, MCK, phosphate solubilization, zinc solubilization, antifungal ac-
tivity.
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Pu3ob6akTepun KyKypy3bl Kak NepCcrneKTMBHbIE GMOMHOKYASIHTDI
AASI MOBbILLIEHUSI MPOAYKTMBHOCTU M 3aLLMTbl PAaCTEHMIA

CoBpeMEHHOE CeAbCKOe XO3SMCTBO CTAaAKMBAETCS C POCTOM 3KOAOTMYECKMX MPOOAEM, BKAKOYAs
obeAHeHMe NoYs, HapylleHre GaAraHCa MUTaTeAbHbIX SAEMEHTOB M paclUMpeHne crekTpa guTonaTore-
HOB. B 3TMX yCAOBMSIX BO3pacTaeT NnoTpebHOCTb B GMOAOrMYeck 6e30MacHbIX TEXHOAOTMSX, Cnoco6-
HbIX MOBbICUTb YCTOMYMBOCTb PACTEHMIN U CHU3UTb 3aBMCMMOCTb OT XMMMYeckuX npenapaTtoB. OAHUM
13 HanboAee NepCreKTUBHbIX HAMPABAEHMI ABASIETCS MCMIOAb30BaHMe PU30CPEPHbIX OAKTEPUI, CTUMY-
ampytomx poct pactenmii (PGPR). Hactosuee nccaepoBaHme nocBsWEHO BbIAEAEHUIO U XapaKTepu-
CTUKE aBTOXTOHHbIX GaKTEPMaAbHbIX LITAMMOB, aCCOLMMPOBAHHbIX C pM13ocdeport rmbpuaa KyKypysbl
Kaz3I 200 (Zea mays L.), a Takxe oUeHKe MX (PYHKLMOHAAbHbBIX CBOMCTB. B xoae pabGoTbl ObIAO Bbl-
AEAEHO 25 GaKTepMaAbHbIX M30ASTA, CPEAM KOTOPbIX ONpeAeAeHo 15 rpamoTpuuateAbHbix 1 10 rpam-
MOAOXMUTEAbHbIX WTaMMOB. CPaBHUTEAbHbIN aHAAM3 KAKOYEBbIX (PU3MOAOrO-6MOXMMMYECKMX MOKa3a-
TeAeit MO3BOAMA BbIAEAUTb ABa HanboAee NepcrekTMBHbIX M3oAgTa — BJ14 1 BJ18. Mx cnoco6HOCTb K
OGMOAOIMYECKOM aKTUBHOCTM OblAa M3yYeHa Mo PsSiAY KPUTEPUEB: CUHTE3 MHAOA-3-YKCYCHOM KMCAOTDI
(UCK), coatobMAM3aLmMa HEPACTBOPUMBIX COeAMHeHMI hocdopa, puKcaLms aTMOCqepHoro asora, a
TakXKe MHrmbmpoBaHme pocta mUTonaToreHHbIx rpruoos. LLtamm B)18 npoaemMoHCTprpoBaA HaMbOAb-
wyto npoaykumio MCK (61.4 Mr/MA) MPOSIBUA BbICOKYHO 3(P(DEKTUBHOCTb B pacTBOpeHmnn hocaTHbIX
COEAMHEHMM, UYTO yKa3bIBaeT Ha ero noTeHLMaA B CTUMYAILMM KOPHEBOM cucTemMbl. M3oAaT BJ14 npo-
SBUA HanboAee BbICOKMIA MHIMOMPYIOLWMIA 3OEKT B OTHOLIEHUM 060MX (DUTOMATOrEHOB, MOAABASS
poct Pythium spp. Ha 73% w passutue Alternaria alternata Ha 62—-63%, 1 OTAMYAACS CTaBMAbHOM 1
BbIPAXKEHHON GUMOKOHTPOAMPYIOLEN aKTUBHOCTbIO. [TOAYUYEHHbIE AQHHbIE MOATBEPXKAAIOT 3HAUUTEAL-
HbI arPOBMOAOIMYECKMI MOTEHLMAA M3YUEHHBIX WITAMMOB. VX KOMIMAEKCHbIE CBOMCTBA — YAyYLLEHME
AOCTYMHOCTU NMUTATEAbHbIX SAEMEHTOB, CTUMYAMPOBAHME POCTa U NMoAABAEHWEe PUTOMNATOreHoB — Ae-
AQIOT 3TW pU306aKTEPUM NEPCNEKTUBHLIMM KaHAMAATaMM AAS Pa3paboTKM 3KOAOTMUYECKM 6e30MacHbIX
OGUOMHKYASHTOB. Pe3yAbTaTbl MCCAEAOBaHMS MOAYEPKMBAIOT BaXKHOCTb MCMOAb30BaHUS MeCTHbIX PGPR
B COBPEMEHHbIX CUCTeMax YCTOMUMBOrO pacTEHMEBOACTBA.

KaoueBble caoBa: pusobaktepun, PGPR, MHAOA-3-yKCyCHasi KMCAOTA, CoAtobMAM3aums ocda-
TOB, PAaCTBOpPEHME LUMHKA, aHTarOHM3M.

Kipicne

Kaszipri ke3eHjie aybll MapyambUIbIFbl Calachl
OHJIIpIC KONeMiH YIFalTy >XOHE COHBIMEH KaTap
KOpIIaFaH OpTara TYCETiH KBICBIMJBI a3alTy MiH-
JIETTEepiH KaTap MIENIyAi Tajam eTeTiH Kyp/eli 9Ko-
JIOTUSUTBIK, KaFJaiiMeH Oertrie-Oer kemim oTeip [1].
MuHepaniblK THIHAUTKBIITAP MEH IMECTHUIUATE-

JIH y3aK XKbU1Iap 00Ukl 0aKbUIAyChI3 KOJJAHBLTYBI
TOMBIPAKTHIH (DU3HUKAJIBIK HKOHE XUMUSIIBIK KaCHET-
TEpiHIH HalIapliayblHa, KYHAPIBUIBIKTHIH TOMCH-
JeyiHe, KOPEKTIK JJIEeMEHTTEPIiH aifHaIBIMBIHBIH
Oy3bUIybIHA >KOHE (HUTONMATOTrCHIACPAIH TYPAKTHI
MOy IANASIIAPBIHEIH KaNBINITACybIHA OKenyne [2].
Ocpiran 0alJIaHBICTBI AyBUT MIAPYaITbUIBIFBIH/IA
OMOJIOTHSITBIK, HETI3/IeITEH, YKOJIOTHSUIIBIK, KayiIci3
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TEXHOJIOTHsJIapFa CypaHbIc apThin Kemeni. OcbhIH-
nmail GanmamanapAbplH IOIiHAE OCIMAIKTEpAIH OcCYiH
BIHTAJIAHABIPAThIH  pu3oOaxTepusmiapasl  (PGPR)
KOJITaHy epeKIle Ha3ap aymapynaa, cebebi omap Ta-
OUFy OMOXWUMISUIBIK, TETIKTEP apKbLIbl OCIMIIKTIH
OHIMJILTITIH apTThIpyFa KabinetTi [3].

PGPR exingepi eciMIik Tamblp ailMarblH OeJ-
CEHJI KOJIOHUSIANTBIH JKOHE OCIMIIKIICH 6e3apa
nainanel OaiyiaHblc TY3€TiH MHUKPOOPTaHU3MJEP-
IIiH ayyaH TYpJi TOOBIHA jkatambl. byn Oaktepus-
nap OipHelie MaHbBI3Ibl OWOJOTHSUIBIK (DYHKIIHS
aTKapajapl: aTMOC(epallblK a30TThl OHOJIOTHSUIBIK,
¢dukcanusnay, epiMeidTiH Gochop MEH MBIPHIII KO-
CBUTBICTApBIH OCIMIIIKKE KODKeTiMai (opmara aii-
HAJIIBIPY, 6Cy peTTeyili (UToropMoHaap (MHIONI-
3-cipke kprmKbpUTEl — MCK) cunTe3aey, conmaii-ak,
Oipkatap (UTONATOreHI CaHBIpayKyJaKTap MeH
OaxTepusIapra Kapchl TiKeNell aHTaroHHWCTIK dcep
KepceTy. MyHIail KONKbIPJIbl KACUETTEPAIH KHUbIH-
TeIFel PGPR-11 TOmBIpak KyHApIBUTBIFEIH KaJIITBIHA
KENTIpyre >KOHE XUMHSJIBIK THIHAWTKBIIITAD MEH
MIECTUIIUATEPTE TOYCIIUTIKTI a3alTyFa MYMKIHIIK
OepeTiH Kemnemeri 30p OMOIOTUSUIIBIK KYpall peTiHe
KapacTeIpyra Heri3 Oepeni [4-6].

JKeprimikTi  arpo3KOJOTHSUIBIK — JKaFaanIapaa
KaJIBINITACKAH aBTOXTOHJIBI pU300aKTepusiiiap 6CiM-
JIKIEH e3apa 9peKeTTecy e KOoFapbl OeliMaenTinI-
TITIMEH epeKIIeNeHel XoHe KeOiHece ChIPTTaH
CHTI3IJIETIH IITaMMAApFa KaparaHaa aHarypJIbIM
tuiMal HoTmke Oepeni. Coran Kapamacran, Kazak-
CTaH JKarJaibIH/a, BCipece JKATHI KallyFa TO3IMI
Kaz3Il 200 xyrepi rubpuainiy pusocdepacsiHia
ke3necerid PGPR oprypmniniri Men onapisiH QyHK-
[AOHABIK OJICYeTI KETKITIKTI ACHTeHne 3epT-
TenMereH. byn KeprijikTi xarmaiira Oeilimuenrexn
THIMZ1 OMOMHKYJISTHTTAP 931pJieyre MIeKTey KOSIbI
[7,8].

Ocpl 3epTTey KYMBICBIHBIH MaKcaThl — XKYTepi
puzocdepacsiHaH OeIiHIN aJbIHFAH PU300aKTepHUs
MTaMMIAPBIH  OKIIAyJall, OJApABIH OCIMIIKTIH
OCyiH BIHTAJAHABIPATHIH OHE OMOKOHTPOJJIBIK
KacHeTTepiH KemeH i Typae Oaranay. 3epTTey MiH-
nerrepine: (1) puzocdepa TONMbIparbiH )KUHAY KOHE
MHUKpPOOPTaHU3MAEPAl OKmayiay; (2) TOmbIpaKkThIH
XUMUSUIBIK, KYpaMbIH aHBIKTaY; (3) M30IATTapIbIH
HUCK cunre3 kabineriH, (Gochop MEH MBIPHIIITHI
epiTy OeJICeH NI H, a30T (GUKCALUSICHIH koHE (u-
TONATOTEHACPTe KAPChl aHTATOHUCTIK OCEPiH aHBIK-
Tay; (4) eH MepCHeKTHBAIbl MTaMMIAPIBl IpIKTEY
Kipi.

JKYMBICTBIH HETi3rl TUHOTe3achl >KEPriliKTi
opTara JKakChl OeHiMIenreH, Ker(yHKIIMOHAIIBI
pu3o0aKkTepusiap OCIMIIKTepPIiH KOPEKTIK dlie-
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MEHTTEP/1 CiHIpYiH apTThIPY, 6CYiH KYIICHTY jkoHE
¢uTonmaToreHaepre TOIIMIUITIH KOFAPBUIATY ap-
KBUIBl TYPAKThI aybUT MIAPYANIBUIBIFEI YIIIH THIMI
OMOJIOTHSIIIBIK areHT OoJia anajbl JereH IalibIMFa
HeTizaeneni.

3epTTey MaTepHaJIapbl MeH djicTepi

Pusocgpepanviy  mamepuandvr ocunay oicone
baxmepusiiapobl OKULAYIAY

3eprrey yIIiH >kaThim Kaiyra te3imai Kasz3Il
200 xyrepi rubpuainiy (Zea mays L.) puzochepa
TOMBIpaFrbl AJIMaThl OOJBICBIHAAFBI AYBUT HIapya-
NIBUTBIFBI JKOHE OCIMIIK IapyalibUIbIFbl FHUTBIMH-
3epTTey MHCTHTYTBIHBIH TOXIpUOE ankKamTapblHaH
aJBIHIBI. OCIMIIKTIH TaMBIPIAphl MEXaHHKAJBIK,
KocrmajlapAaH Ta3apTbUIFaHHAH KeWiH, OJapJIbIH
6etki kabater 75% stanon xone 1% NaOCI epi-
TIHJICIMEH Oipi3/li eHJeNiN, COHbIHAH CTEPHIIbAII
JTUCTHIIZICHTEH CyMeH OipHere peT maibuiasl. Cre-
PWIBACHTEH TaMbIpJIapJaH aJIbIHFaH TOIBIPAK CyC-
nensusichl 107'-107° apanbIFblHAaFbl CYHBUITY Ka-
Tapaapsl OOHBIHIIA AaldbIHAANGIN, op cyiibuiTy LB
arap opraceiaa ceOinai. [lerpu Tabakmanapsr 28 °C
Temreparypazaa 3 TOYJIiK MHKyOauusianabl. ©OckeH
KOJIOHMsUTap MOP(OJIOTHSIBIK Oenrinepi OoibIHIIa
CYPBINTAJIBIN, Ta3a AAKbUI ajly YIIiH OipHeme per
Kaiita cebinmi. bakrepusmapasiH rpam OoOMBIHIIA
epeKUIENIriH aHBIKTay YIIIH KIaCCHUKAIBIK [pam
omici Konmaueuias [4,9,10].

Hnoon-3-cipre gouuxoinoin (MCK) anvikmay

HItamvmmapaein UCK enmipy kabimeri L-1-
punrodan xoceuFad (0,5 r/m) cyiibik LB xopekTik
OpTachlHJa WHKyOaIusuiay apKbUIbl OaralaHbl.
Y Toynik ecipinren gaxkeuipap 6000 ain/mun
*KeutnamaplkTa 10—15 MuHYT meHTpudyTragaHib.
AnbiHFaH cynepHaTanT 2 mi CalIKOBCKMH peak-
THUBIMEH apalacThIPBUIBI, KapaHrbina 30 MHHYT
Oolibl MHKyOanusTanbl. KBI3FBUIT-KBI3BUT TYCTIiH
naiia 6omysl UCK Ty3inyin kepcerti. ONTHKAIBIK
THIFBI3ABIK 530 HM TOJNKBIH Y3BIHABIFBIHAA OJIIICH],
an xoumeHtparnus 10—100 MKr/mi apanbIFBIHIAFBI
CTaHJAPTTHIK TPaxyupiiey CBI3bIFBl apKbUIbI €Cell-
tenni [11].

Dochammur epimy bencendinici

Epimeiitin ¢ocdatTsr epity kadineri Ilukosc-
Kast opTaceiHga Oarananabl. bakrepusiap Cas(PO,),
KOCBIIFaH OpTa O€TiHe HYKTEIIK dJIICIICH eTiIml e,
28 £+ 2 °C Temmiepatypaja 6—7 KyH HHKyOalusIan-
nel. Kononusimapas! Kopiaran Medip aitmak ¢oc-
¢arTeIH epitinyin xkepcerti. LLltamMmmuapasiy THIM-
JIUTITIH CaNBICTBIPY YIIIH COMFOOMIIN3ANNS WHAEKCI
(SI) ecerrrenmi [12]:



JK.K. BaTteikoBa xone T.0.

SI= (d xononus+d rano aiimarst)/D komonus (1)

MYHIaFbl d — quamerp.

A30T (pUKCAIMSICHIH aHBIKTAY

3epTTeNreH  mTaMMAApAbIH — aTMochepatbik
a30TTHl (puKcarusay KaOiTeTi MUHEPAIIsl a30T
Ke37epi eHrizinMeren J>KeHceH arap opracbiiia 6a-
FaJaHIbl. OpOip H3OIATTHIH JKac NaKbUTBI AJITBIH aJia
JAfBIHIANIFAaH a30TChI3 OpTara MHOKYJIAIUSIIAHBII,
[Terpu Tabakmanapsr 28 °C temrepaTtypana 7 Toy-
JIiK OOMBI CTATUKAJIBIK, JKaF[aii1a MHKYOaIMsUIa bl
NukyOariys COHbIH/IA 6CY KOJOHHUSUIAPBIHBIH IMakiia
0OJybl MITAMMHBIH MOJICKYJIAJBIK a30TThl (PHUKCa-
UsIayFa KaOUTeTTUTITIHIH )KaHaMa KOpCeTKIMIl pe-
TiHJe KaObUIanabl. TanaayapiH AYPBICTHIFBIH )KOHE
MTaMMIAPILIH  a30TPUKCANMUSIAYIIE  KAaCHETIHIH
TYPaKTBUIBIFBIH pacTay YIIiH, OapiblK IO3UTHB-
Ti mTaMMIap SKaHamaH JadbIHOATFAaH OIIOH arap
opTachklHa Kaiita cebinai. Kaiira ecipy Hotmxkenepi
JIxeHCeH opTachlHJla ANBIHFAH JIEPEKTEPMEH ca-
JIBICTBIPBUIBIT, MMTAMMJIAPBIH a30T (UKCAIUIIAY
KaOUTeTiHIH KalTaIaHFBIITHIFE MEH TYPAKTHLUTBIFBI
OaramanneL.[13].

duronaTtorenepre Kapchl aHTarOHUCTIK Oe-
ceHimikTi anbikTay (Kocapnanran gaksut ofici)

bakrepus mramMmMaapbeIHbIH (PUTOTATOTEH/l ca-
HBIpayKyJIaKTapFa KapChl aHTarOHUCTIK OCJICeH/T1Ti-
Tl KocapliaHFaH JaKblJl HeMece KocapiiaHFaH JaKbul
9JIici apKbUIbI OaraiaHabl. OJICTIH MOHI OaKTepwHs
MEH caHpIpayKyJakTel Oip IleTtpm TabakmacwiHma
KaTtap ecipy apKbUIbl CaHbIPAYKYJIaK KOJOHUSCHI-
HBIH OCYIHIH TEXeIyiH aHBIKTayFa HETI3eIe]I.
AnneivMen Alternaria alternata sxone Pythium spp.
¢uTomaTOreHAEPiHIH 6 MM JAMaMeTpili KecUIreH
arap nuckinepi CaOypo nekcTpo3a arapblHa OpHa-
nacteipbuiasl [14]. IlnactuHa opTaceiHa caHpIpay-
KYJIaK WHOKYJIYMbI KOWBUIBIN, OFAH KapChl jKaKKa
3epTreneTin 6axkrepus mrammbl (BJ14 sxone BJ18)
HYKTENIK oaicnien erimin, 28 °C Ttemmeparypana
5-7 Toymik Ooibl WHKyOarusutanmbl. MHKyOarms
asKTaJFaHHAH KeWiH caHbIpayKyJaK MHUIICIHHiHIH
OakTepusira Kapail ©cy KapKbIHBI CaJbICTHIPBUIBII,
TeXeNy aliMarbl MUJUTUMEeTpMeH ommenni [15]. Ca-
HBIPAYKYJIaK IeH OaKTepus apachiH/IaFbl alllbIK 30Ha
ecyiHiH Texeny aiiMarbl (inhibition zone) perinme
Tipkenzi. bakpuray HyckaceiHIa (0akTepusich3) (hu-
TOMATOTEH TOJBIK OCIM HIBIFBII, KOJOHUS PaTUYChI
OJIIeHIl. AHTAarOHUCTIK OEJICEHIUTIK TOMEHJIET]
¢dopmyina OoifbiHIIa ecenrreni (2):

Inhibition % = (Rc—Rt) /Rc X100 2)

MYHJaFel Rc — Oakpuiaynarbl caHbIpayKYJak pa-
muycel, Rt — OakrepusiMen Oipre ecipinreHzeri ca-
HBIPAYKYJIaK PaJHyChl.

Bapnbik cerHaManap yur KaiTanay/a sKypriziiamii
YKOHE HOTHXKEJIEp OpTallla MOH + CTaHJapTThl KaTe-
JIK TYPiH/E YCHIHBUI/IBL.

Cmamucmuxanvix maioay

Bapneik Toskipubenep ymr KadTamaynga Kypri-
3inai. Cratuctukansik eHaey RStudio (2023) Oar-
JlapiaMachIHsia OPbIHAAIABL. JlepeKTep i KabIi-
TeUIbIFBIH lannpo—Ywmik Tecti apkpuibl Oaranar,
corikeciame ANOVA koimaubuiasl. MaHbI3ABIIBIK
neHredi p < 0.05 gem GenrineHmi.

3epTTey HaTHAKeEPi KOHE 0JIAPABI TANAAY

boninin anvinzan uzonammapowiy Heainvt cu-
nammamacul

Kaszipri yakpiTTa sxahaHIplK aybul IIapyamibl-
JIBIFBI CYJIBIH TAIIBUIBIFBI, TOMBIPAKTHIH Jerpajia-
LUSICHI, KITUMATTBIH ©3repyi ®oHe Te3 ypOaHu3auus
CHSIKTBI KOTITETCH KUBIHJIBIKTAPFa TaIl 001y1a — My-
HBIH 09pi a3bIK-TYJIIK OHIIpici KYHenepiHiH Typak-
TBUTBIFBIHA KAYII TOHIpYAe. AOHOTHKAJIBIK CTPECcC-
TiH JaKbpUIIApPJAbIH OHIMIIIITiHE 8cepi CTPECCTiH
Y3aKTBIFBI MEH KAapKBIHIBUIBIFBI, KOpIIAFaH oOpTa
JKaFaiaphel )KOHE OCIMIIKTIH TeHETUKAIBIK ()OHBI
[36], conmaii-ak KeH KOJIOTHSUIBIK aifHBIMAJIBIIAp
CUSIKTBI OipHeme QaxTopiapra OainaHbICTHL. by
cTpeccopiap GOTOCHHTETHUKAIIBIK, KOHE ThIHBIC Ty
MpOILECTePiHACTT ©3repiCTepMEH JKOHE CTpeccKe
OciliM TeH AKCIPECCUSCHIHBIH PETTENYyIMEH OIaH
opi kymeiie Tycemi [2,16,17]. Ocel mocenenepui
€CKepe OTBIPBII, IKOJOTHSIIBIK TYPFBIJIAH TYPAKTHI
aybll LIapyallbUIBIFBI TOXIpUOeEnepiH KaObuigay
KaXETTUTIr apThIn Kenemi. OnapaslH inIiHAe ociM-
JIKTEpAiH OCyiH BIHTAIAaHABIPATHIH PU300aKTEePHsI-
napael (PGPR) konmany makeiaapIsH OHIMAUTITIH
apTTHIpyia KOHE a0MOTHUKAJIBIK CTPECCTIH 3HUSHABI
9CepiH KEeHIIETy 1€ alTapIIBIKTall TTePCIIEeKTHBAIIBI
oommel [18-20].

ATIBIH aa CKPUHUHT MPOIECIHEH KeiiH Oap-
TBIFBI 23 0aKTEePUSUIBIK JAKbLT O6iHIN abIHIIbI.
I'pam Gostysr 14 M30MATTHIH TpamTepic, an §8-iHiH
rpaMoH ekeHiH kepceTTi. Ocwl 23 puszoOakrepus
W30JISTTAPBIHBIH IMTIHEH OCIMIIKTEPIiH ©cyiH
BIHTAJIAHJBIPYIbIH KOFaphl dJICyeTiH KOHE (QYH-
TUCTAaTUKAIBIK OCJICEHIUTIKTIH allKbIH KOpiHICiH
KOPCETEeTiH €Ki IITaMM, JKeKe Hemece OipiKTi-
pimim, epi Kapal erkei-Terskeisi 3epTTey YIIiH
TaHJaNIbl.
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Huoon-3-cipke gvtuoinvin (MCK) onoipy xa-
oinemi

OCIMIIKTEP/IH OCYiH BIHTAJIAHIBIPATHIH MHUK-
pOOpraHU3MAEPAIH HETi3Ti CUMmarTamachl — ojap-
JIBIH OPTYPJIi (PUTOrOPMOHIAP/IBI, DCIpeCce HUHIOJ-
3-cipke kpimkbubiH (MCK) cuHTe3ney kabineri,
ce0ebi Oy KacHeT eciMIIKTep/iH eCyiH bIHTaJIaH-
neipathiH THIMII pu3obakrepusiap (PGPR) ymrin
€H MaHbBI3IbUIAPbIHBIH Oipi OOJIBIT TaOBLIAIBI.
OcimaikTepiH ecyi acymanapasH OeliHyi, ca-
OaKTap/JIbIH y3apybl, T'€OTPOIU3M, TaMbIPJIap/IbIH
JaMybl, KOPEKTIK 3aTTapJbIH CiHyi, OMOMaccaHbIH
JKUHAJTYbI, allUKaJIbJbl JOMUHAHTTBUIBIK, (DOTOTPO-
MU3M JKOHE JKacylanapiabiH auddepeHuanmsce
CUSIKTBI OipHele (QHU3MOJIOTHSIIBIK TPOIIECTEP I
KaMTHJIBI — ONap/IblH OapiibIFbl alTapibIKTall J1o-
pexxene UCK enpipicimen perreneni [11,21]. byn
3epTTey/ic OKIIayTaHFaH OAKTECPUSIIBIK IITaAMMIAp-
1w UCK enaipy kabinerti Tpuntodan mpekypcopst
peTiHme KOCBUIFaH OpTala YII KYHIIK WHKYOarus
Ke3eHiHeH KeiiH CalKOBCKUH pEeaKkTUBIMEH KOJIO-

60
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40

29.8

IAA, mg/L

20 179 13.8

10

PUMETPUSUIBIK, TaJaybl KOJJAHy apKbUIbl Oara-
JIAHJTBI.

1-cypeTTe 25 U30ASATTHIH HHOJI-3-CipKe KBITII-
keutelH  (MUCK) engmipyi kepcerinren. XKacbur
tycti skonakrap WCK Oencenainiri eH >KoFapsl
mTamMaapasl KepceTeli, ajl KOK TYCTI JKoJiaKTap
CanpICTBIpMalbl TYpAE TOMeH OejceHmimiri Oap
M30NATTApIb Oinaipeni. HoTwxenep ceiHanran 25
M30JATTHIH immiHae exi mrammubiH MCK enpipici-
HiH €H JKOFapbhl ICHreUIepiH KOPCETKEeHIH Kopce-
teni: BJ14 (56 wr/x) xone BJ18 (61, 4 mr/m). MbI-
canel, 2 T/1 Tpunitodanaa ecipinren Streptomyces
fradiae NKZ 259 6 xyHuik unkyOanusgan KeiiH
56,3 mxr/mn UCK neitin enaipai [22]. Con cusik-
1h1, Klebsiella n301s9Thl OHTalIaHIBIPBLTFAH JKaF-
naiimapaa 56 mr/nm (~0,056 mr/mur) UCK neitin
eunipai — 6yn CR14 xone CR18 monaepinen Oip-
Henre ece TeMeH. KenTereH pusocdepanblk H30-
naTTap, Mbicaibl, Pseudomonas TykKbeIMachkiHaH
anerHFagmap, omaerre 10-50 MKr/Mi apanmbIFbIHIA
Ty3eni [23-25].
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1-cypet — 25 n301I4T apKBUIBI HHJION-3-CipKe KBIIIKBUIEIH OHIIPY.
Eckeptrie: »xachu1 TYCTi XOTaKTap eH JKOFapsl OeJIceH IuIiri Oap mramaapasl KopceTe;
KOK TYCTI JKOJIaKTap TOMEH OeJIceHIuIiri 0ap mramaapas! KopceTei

Dochammapowt epimy dencenodinizi

docdarra epirim Oakrepusuapasl [TukoBckas
arap OopTachblH/a eCipreH Ke3/e oJapblH KOJIOHHUS-
JApbIHBIH alHaNachlHIA MOJIp Tano aimakTap-
IbIH Taiaa OoJybl apKbUIbl aHBIKTAyFa OoOJasbl,
OyJl onapiablH epiMelTiH yikanbinuii (hochaTsiH
epity Kabinerin kepcereni. CeiHanFan 25 H30M4T-
TeIH imnege 11-1 docdarra epirim GenceHIUTIKTI
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KepceTTi. JlereHMeH, rajio aiMarbIHBIH JHaMETPiH
OJIIIICY JKOHE ePITiIlTIK UHACKCIH eCenTey Heri3inje
OJTaH Opi 3epPTTEY YIIiH TeK eki m3o0JaT — BJ14 sxone
BJ18 tanmanmel. 2-cyperTe TaHAanFaH OakTepHs-
JBIK, U30JIATTapMeH (hochaTThIH epiTimTiri Kepce-
TUITEH, OHBIH iliHAe (a) epirilTik alMaKTapbIHBIH
KOpHEKI KOpiHici koHe (0) WHKyOaIus Ke3eHIHIeT1
epirimTik uHIeKkciHig (SI) nnHaMuKackl KepceTi-



JK.K. BarsikoBa xoHe T.0.

red. byn uzonsarrap ¢ocdarTsiy epirimTik MHACK-
cin BJ14 -1,5 xone BJ18 — 2,2 kepcerri, an BJ18
M30JISITHI €H KOFaphbl epirilTiK THIMAUTIITIH KOpceT-

= = ™
=) n =)

Solubilization index

©
wn

0.0

BJ14

9)

1i. Bacillus firmus MAJ PSB12 ykcac mramaapst
JKaKCBI epITImTIriH kKepceTTi xkoHe pH ~5,4-ke Oe-
HimMaenreH[26].

BJ18

BJ18

2-cypet — Tanganran u3omsirrapMet (pocharThiH epirilTiri:
a) Te)ey alMaKTapbIHBIH BU3yaJ bl KepiHici; ©) MHKyOaums ke3inzeri SI quHamMukacs!

A3zom ghuxcayuscol

A3oTchi3 JIKeHCEeH OpTachIHIA JKYPri3uUireH To-
xipubene BJ14 sxone BJ18 mrammaapbiHbIH ekeyi
Jie ecir, alKblH KOJOHMsIap Ty3e anasl (3-cyper).
Munepamabl a30T Ke3i OoilMaraH karjaiiia Oax-
TEpUSIIAPIbIH TYPAKThl ©Cyl oJapiblH armocdepa-
JIBIK a30TThI OHOJIOTHSIBIK JKOJIMEH (UKCAIsIai
aNaThlHbIH KepceTeai. byn KyObUIbic aua3oTpodThi
MHUKpPOOpTaHU3MAEpre ToH, ce0eli oap a30TThl MO-
JICKYJIaJIbIK KYyHiHEH ©CIMIIKKE KOIDKETIMII (hopmara
aiiHanApIpaThlH (EPMEHTTIK XKylenepre ue. 3-cy-
peTTe eki mTaMM 7 KyH HHKyOalusaaH arap OeTiHie

OipKeNKi ecy CHI3BIKTAPBIH KAIBINITACTHIPFaH JKOHE
OyJl oJapIblH ONap/blH a30TChI3 OpTara (U3HOIO-
THSUTBIK, OCHIM/IIIIIT JKOFaphl €KEeHIH KOHE DHEPTHS
KO3iH Oanamaibl MEXaHU3MJIEp apKbUIbI KAMTaMachl3
eTe aNaThIHBIH ApJenaehni. JuazorpodTel mramm-
Jap TaMmblp alMarbIHOa A30TTHIK KOCBUIBICTAp/bIH
JKUHATYBIH apTTBIPHII, ©CIMIIKTIH OHMOMAaCcCaChIHBIH
VIIFAlObIHA JKOHE BETSTATHBTIK MYIICICPiHIH Kap-
KBIH/IBI TaMybIHa ocep ereni. byn kacuer BJ14 xone
BJ18 mramMmmpapblH a30T THIHAWTKBINIBIHA Oajiama
OomateiH nepcnektuBanbl PGPR arenTrepi kaTapbia-
Jla KapacThIpyFa MyMKIHIK Oepei.
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BJ14 BJ18

3-cyper — 3epTTenreH U30IsATTapAbIH
a30TThI OeKiTy OesceHaiiri

Dumonamozenoepze Kapcol AHMAZOHUCHIK
bencenoinik

Kocapmnanran qakpli 9/1ici apKbUIbI )KYPri3iiren
TOXIpUOEsIep 3ePTTEIreH U30JSITTAPAbIH (PUTOIATO-

TeH/Iepre Kapchl allKbIH aHTATOHUCTIK OCJICeH TITIK-
K€ M€ €KCHIH KopceTTi. byl HoTHXKeep 3epTTe/reH
pH300aKTEepHUSIAPABIH  (PUTOMATOTCHICPTE KapChl
O0Mo0aKpUIay areHTi PETIHJIE YKOFaphl OJICYETKE He
eKeHIH mpnenaeii. 4-cyperte puzobOakTepusuiap-
MEH JKaKChl eriireH alHaiagarbl (GUTOMATOICHHIH
ecyiH Texkey aiimarel kepcerinreH. Kocapmanran
JTAKBLT O[iC1 HET131H/IE KYPIi31IreH Tauay HoTHKe-
nepi BJ18 sxone BJ14 mrammuapbiabig exi GuTona-
TOTEHI'€ KapChl alKbIH OMOKOHTPOJIb KAO1JICTIHE He
€KeHiH KepceTTi. Pythium spp. caHbIpayKyJarsl Oa-
Kbutayna [leTpu TabakIIachlH TOJBIK, XKAYBII MIBIK-
ca, BJ18 mramMmmbl Oap cekTopa OHBIH ©Cy paany-
col 45 MM-ieH 18 MM-Te JCHiH KBICKAPHII, TEXKETY
nenreiti mamamen 60% Gonnel. Alternaria alternata
yirin BJ18 mtaMMbIHBIH Texxerny kepcetkinti 43%
KYparl, CaHpIpayKyJaK MHUICTUIIHIH Tapany Kap-
KbIHBI aliTapibiKTail OastyiaraHbl Oaiikanabl. BJ14
IITAMMBI OJIaH JIa KOFaphl AHTATOHUCTIK OCJICEH i~
JIK KepcetTTi: Pythium spp. ecyi 45 mm-aeH 12 Mm-
re JeiiH TOMEeH/IeT, TeKeny manbi3bl 73.3% xkeTTi,
an A. alternata-r¥a xapcel Texeiny feHreiii 63% 00i-
Il (4-cyper).

duTonaToreHAepaiH ecyiH Texeny geHreni

TeXkeny nanbisbl (%)
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N3onart - ®uTtonartoreH

4-cyper — Pythium spp. sxoHe Alternaria alternata caHpIpayKyJIaKTapbIHbIH 6CYiH
TEKEHTIH U30JIATTAPABIH AaHTATOHUCTIK OSNICeHIUINIHIH AnarpaMMach!
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BJ18

3

o)
BJ18

BJ14

5-cyper — 3eprrenred U30nATTapAbIH Pythium spp. xoHe Alternaria alternata xocapiaaHnrasn
JTaKbUT 9J1iCi GOMBIHIIA CAHBIPAYKYJIAKTAPBIHBIH OCYIH TeXSHTIH aHTArOHUCTIK OEICeHALTIr]

OchIHIai KOFapbl HHTHOUITUSITBIK, OSTICCHIUTIK
BJ14 mramMMbIHBIH €Ki (UTOMATOreHAl e THUIMI
OacaThIH KYIITI OMOKOHTPOJIb areHTI EKEHIH Io-
nenpeiai, an BJ18 mramMer oprarma, 6ipak Typak-
THI AaHTATOHUCTIK ©CeP KOPCETETIH MEPCIIEKTUBAIIBI
PGPR petinne epexmeneneni. A. alternata-ra xap-
CBhI OCJICeHIUTIK TYPFBICBIHAH Oy F. graminearum
skoHe F. verticillioides KOHTEKCTIHAE KOIAAHBLIFAH
B. subtilis ATCC6633 mramaaperaa ykcac [27]. byn
oencenainik aenreiti Bacillus amyloliquefaciens XJ
BV2007 OenceHmimiriMeH caiabICTRIpyFa OOJambI,
oHBbIH OmoOakpinay ocepi A. alternata ecyin Oaca-
THIH JKOHE TOKCUHACPIIH OHIIPUTYiH a3alTaThIH JIH-
nonentu GEeHrnuuHHIH eHIIpiTyiMeH OaiiaHbic-
TeIpbUTanel [28,29]. Bacillus TyBICBIHBIH OpTYpITi
IITaMJIAPbIHBIH HaH MEH XapManapablH (Qy3apros-
JIbl CONMYBIHBIH KO3IBIPFBINIBI  F.graminearum-ra
KapChl aHTAarOHU3M/JII KOPCETyre y3aK YaKbIT OOMbI
KaOUIeTTi ekeHi Oenriyi. byl anTaroHn3M caHpIpay-
KYJIaKKa KapChl KOCBUTBICTAP/IBIH OHIIPITYiHE )KOHE
CaHBIPAayKYIaKTHIH OoceKere KaOiIeTTi BIFBICYBIHA
OaitnanbicTh [27,29].

KopbIThIHABI

byn xymeicTa skyrepi pusocepachiHaH OK-
[iayJaHFaH €Ki aBTOXTOHJbl PH300AKTEpHs IITaM-
Mbl — BJ14 sxene BJ18 — eciMmIikTiH ecyiH bIH-
TaNlaHJBIPATBIH KOHE (UTONMATOTCHIEpPTe Kapchl
Oencenpainiri 6ap nepcrextuBasisl PGPR mMukpoop-
raHusMJiep peTiHie OaranmaHipl. 3epTTey OJiap/blH
KONM(pYHKIMOHAIIBI (DU3HOJOTHSIIBIK, KacHeTTepre
He CKEHIH OHE OpPTYPIl MEXaHHU3MJEP AapKBLIbI
OCIMIIKTIH IaMybIH KOJIJJAUTBIHBIH aKBIH KOPCETTI.

Exi mrramm J1a WHI0JI-3-CipKe KBIIIKbIIBIH CHH-
TE3/IeT, TaMbIp JKYHECiHIH ©cCyiH BIHTAJIAHIBIPY-
Jla MaHBI3JBI POJI aTKApaThIHBI aHBIKTAIABL. BJ18
mTaMMbl QochaTThl epiTy KabileTiMeH epeKIene-
HIII, TOTBIPAKTAFbl KOPEKTIK 3JICMEHTTEP IiH OHOMKe-
TIMJIUTITIH apTTBIPYFa BIKIAN €TeTiH THUIMAl COJFO-
OWIM3aTOp PETiHIAC TaHBUIABL A30TChI3 J[eHCeH
OpTachIHIa €Ki ITaMMHBIH Ja €PKiH ecyi Olap/bIH
atMoc(epaliblK a30TThl (UKcalMsiay KaOijaeTiHe
e aua3zoTpodTel MUKPOOPraHU3MIEP KarapbiHa
JKATaTbIHBIH JIOJIEIIIEA1.
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AHTaroHucTik OejceHIUNK OOWBIHIIA €Ki
mramMm na Pythium spp. xxoune Alternaria alternata
CaHbIPAYKYJIaKTapbIHBIH 6CYiH alTapiIbIKTall Texe-
ni. BJ18 mrammer Oy matoreHnepaid oCyid THICIH-
me 60% >xone 42% nenreliinae O6ocenaerce, BJ14
ITAMMBIHBIH OeJICeHITiTT Oiprmama >Korapel 00-
neit, 73% sxoHe 63% Texeny AeHreiiHe KeTTi. Oci-
pece BJ14 mTaMMBIHBIH TYPaKTHI )KOHE aifKbIH aH-
TUQYHTAIIBIK, OCep KOPCETYl OHBIH OHOIOTHSUIIBIK
(hyHTUIII peTiHae KONJaHyFa KOFaphl dJIeyeTKe he
CKEHIH KOPCETTi.

Kammer anranma, BJ14 xone BJ18 puzobax-
TEpUSIIAPbl OCIMJIIKKE KAXKETTI KOPEKTIK AJIEMEHT-
Tep/IiH OMOXKETIMIUTITIH apTTRIPY, (UTOrOpMOHIAD
OHJIIPY, a30T (PUKCALIUACHI )KOHE (PUTOMATOTCHIEP T

TEXEY CUSKTBI OipHEIIe MaHbBI3Abl (QYHKIUSIIAPIbI
0ip Me3rinae atkapaTsiH kendyaknuoHanasl PGPR
peTiHme cumatTanaabl. bynm KacueTTep osapiabl
KYrepl NaKkpUIapbl YIIIH 3KOJOTHSUIBIK Kayircis,
TUIMII OMOMHKYJISIHTTapAbI 93ipieyie KYHAbl MHK-
POOHOJIOTHSUIBIK, PECypCKa alHaIbIPaIbl.

Anparel 3eprTeynep Oyi mTaMMAApABIH Ope-
KeT €Ty MEXaHM3MICPIH MOJCKYJAIBIK ICHTeHIe
HAKTBUIAY b, OJIAP/IbIH OPTaHUKAJBIK, KBIITKBUIIAD
TY3yiH CaHIBIK Oaraiayibl, COHMAN-aK KXbUTbDKAN
JKOHE eTiCTIK JKaFJaiaapelHaa THIMAUTITIH Oaranay-
JIbl KAMTYBI THIC. ByJ 0apbIH 9KOIOTHsIIBIK, Ta3a
OMOTBHIHAUTKEIIITAD MEH OMOOAKBIIAY areHTTEP1 pe-
TIHJC KCH ayKbIMJIbl MPAKTHKAIBIK KOJIaHBLTYbIH
KaMTaMachI3 €Tyre MYMKIHJIIK Oepe/i.
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OHEPKOCIINTIK KAAABIKTAPAbI ©HAEYAIH,
KOAAAHDBICTATbI SAICTEPIHIH, KA3IPTT XKATAAUDI

bya makanapa KaszakcraHaa >koHe OYKIA 9AEMAE KaTTbl OHEPKSCIMTIK KAaAAbIKTApAbl ©HAEYAIH
KOAAQHbICTaFbl XX8He Ka3ipri yakbiTTa KOAAAHbBIAATbIH 8AICTEPI MEH TOCIAAEPIHIH TaAAQYbl YCbIHbIAFaH.
OHAQ MOCEAEHIH, HETi3i MeH YATTbIK MaHbI3bl KapacTblpbiAFaH. OHAQ FbIAbIMM XOHE TEXHOAOTMUSIABIK,
KQXKETTIAIKTED aHbIKTaAFaH, HOTMXKEAEPAIH FbIAbIM MEH TEXHUKaHbIH AaMyblHa 8CEpiH aHbIKTaFaH >KaHe
KYTIAETIH BAEYMETTIK-3KOHOMMKAAbIK, acep aHblKTaAraH. KaTTbl KAAABIKTapAbl OHAEYAIH TEXHUKAAbIK,
>KeHE SKOHOMMKaAbIK, 6arackl 6epiAreH, acipece KaAAbIKTapAbI KELLEHA] OHAeyre 6aca Hasap ay AapbIAFaH.

LLloAy COHbIHAQ KbiCKAlla KOPbITbIHABI 6epiareH. KoAAaHbICTarbl 3epTTEyAEpAI TaAAdy KeyekTi
JKOHEe >KOFapbl KeyekTi KepamMMKaAblK, MaTepuaAAapAblH (PU3MKAAbIK, >KOHE MeXaHMKaAbIK, acipece
JKbIAYABIK, KACMETTEPIH >KaKCapTyAblH ©AEYEeTTi pecypcTapbiHbiH, 0ipi OAapAbIH KYPbIAbIMbl MEH
KeYyeKTIAITiH peTTey eKeHiH KepceTTi.

Ty#HiH ce3aep: KOAOTMS, KaTa BHAEY, KO0, KAAAbIKTap, KepamumKa.

O.Yu. Golovchenko, G.M. Adilbayeva, S.Kh. Aknazarov,
A.A. Baltabay *, O.S. Bayrakova, M.A. Biysenbayev, D. Aronov

LLP «Scientific and Technical Center «Zhalyn»», Almaty, Kazakhstan
*e-mail: asylym.baltabay@mail.ru

Current state of industrial waste processing methods

This article presents an analysis of the currently applied and existing methods and approaches to
the processing of solid industrial waste in Kazakhstan and worldwide. The fundamentals of the problem
and its national significance are considered. Scientific and technological needs are identified, as well
as the impact of the obtained results on the development of science and technology and the expected
socio-economic effects. A technical and economic assessment of solid waste processing is provided,
with particular emphasis on integrated waste processing.

In the concluding part of the review, brief conclusions are presented. An analysis of existing studies
has shown that one of the potential resources for improving the physical and mechanical, especially ther-
mophysical, properties of porous and highly porous ceramic materials is the regulation of their structure
and porosity.

Keywords: ecology, recycling, utilization, waste, ceramics.

O.10. ToroBueHko, .M. Aamabbaera, C.X. AkHasapos, A.A. baAtaban”,
O.C. bampakosa, M.A. buiiceH6aes, A. ApOHOB

TOO «HayuHo-TexHuueckuit ueHTp «KaabiH», AAmatbl, KasaxcTtaH
*e-mail: asylym.baltabay@mail.ru

COBpeMEHHoe COCTOAAHHUE METOAOB nepepa60TKM
NMPOMBILLUAEHHbIX OTX0OAOB

B AaHHOM CTaTbe NMPEACTAaBAEH aHAAM3 AEVCTBYIOWMX M MPUMEHSIEMbIX B HACTOSILLEE BPEMS Me-
TOAOB 1 MOAXOAOB K MepepaboTke TBEPABIX MPOMbILIAEHHbIX OTXOAOB B KaszaxcraHe 1 BO BCEM mupe.
PaccmoTpeHbl OCHOBbI MPOGAEMBI M €€ HauMOoHaAbHOe 3HadeHue. OrpeAeAeHbl HayUHbIE Y TEXHOAO-
rMuyeckme noTpebHOCTH, a Tak)Ke BAMSIHME MOAYUYEHHbIX PE3YyAbTATOB Ha Pa3BUTME HAyKM M TEXHUKM
M OXMAAEMBIN COLMAAbHO-3KOHOMMYeCKUIn apcpekT. [prBeAeHa TEXHUMKO-3KOHOMMYECKast OLEeHKa
nepepaboTkn TBEPAbBIX OTXOAOB, NPV 3TOM 0COoB0E BHMMAaHME YAEAEHO KOMIAEKCHOM nepepaboTke
OTXOAOB.
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0O.10. T'onmoBueHKo k0HE T.0.

B 3aKkAlOUMTEABHOM YacTu 0630pa NPUBEAEHbI KPAaTKUE BbIBOAbI. AHAAU3 CYLLECTBYIOLMX MCCAEAO-
BaHMIM MOKa3aA, YTO OAHWM M3 MOTEHLUMAABHBIX PECYPCOB YAYULLEHNS (PU3UYECKMX U MEXAHNYECKMX,
B 0COOEHHOCTU TENAOM3NUECKMX CBOMCTB MOPUCTbIX M BbICOKOMOPUCTBIX KEPAMUUECKMX MaTepUAAOB
SBASIETCSl PEryAMpPOBaHUE MX CTPYKTYPbl M MOPUCTOCTY.

KAtoueBble cAOBa: 3KOAOTMs, NepepaboTka, yTUAM3ALMS, OTXOAbI, KepammKa.

Kipicne

2014 xbuirel 30 mambipgarsl Kazakcran Pec-
myonmukacel [lpesunentiaig Ne577 JKapiabiFeiMeH
oexitinren Ka3zakcran PecryOnuKachlHBIH —«Ka-
ChLI DKOHOMHKAFa KOIIly TY)KbIPbIMIaMachiHa COi-
KeC, KaTTbl KaJIBIKTapIbl OacKapylbl KETiAipy
HeT13T1 OaFbITTapAbIH Oipi peTiHae aHbIKTaiFaH /1/.

Kasipri KoFaMHBIH JaMybl KaTThl OHEPKOCINTIK
KaJIJIbIKTapAbIH Tai1a 00IybIHBIH apTybIMEH KaTap
xypeni. byn xangeikrapaeie Oip Gemiri cypslinTa-
JIBIT, TIAIaIsl OHIMAEp OHIIpY YIIiH MaiijiajiaHbl-
naibl. AfTapibIKTail Oeiri naiianaHbuIa amMai bl
YKOHE TMOJIMTOHJAp MEH KOKBIC TOTETIH OpbIHAap/aa
cakrananbl, Oyl KOpIIaraH OpTara anTapibIKTal
3UsTH KenTipeni. KaTTel KanapIKTapasl oHIey KOHE
3USTHCBI3JIAHIBIPY IBIH KOJIJITAaHBICTAFbI SJIiCTepi Ka-
3ipri 3aMaHfFBl KOpIIaFaH OPTAaHbl KOpFay Tajar-
TapblHA COMKEC KeIMEW, €H alIbIMEeH, OJIlap TeX-
HOJIOTHSUTBIK, aiiMaKTa KeJeMIIIK JKbUTYy JKYKTeMecl
TOMEH OpTaJia CAJIBICTEIPMAJIbI TYPJIC TOMEH TeMIIe-
paTypaja )Ky3ere achlpbutanbl. KaTThl OHepKOCINTIK
KaJIJIBIKTapAbl TEPMUSIIBIK OHJIEY TIH 3KOJOTHSIIBIK
KOpCeTKImTepiH aWTapiblKTail kakcapty 1200°C
JKOFapbl TEXHOJIOTHSUIBIK TeMIIepaTrypajga MYMKIH
/2,3/.

KaTThl eHEepKaCINTIK KaIAbIKTAPIbl 3aJIaJIChI3-
JTAHABIPY HEMece >KOI0 Maceneci OyKinm oaieme
03eKTI Mocesie O0JIbIIn TaObUIaAbl. AHATUTUKAJIBIK
moiyra coiikec, Eypomana kanasikTapasie 40%-Fa
neiini kemineni, 20%-b1 epreneni, 22%-bI KalTa
ogenemni xoue 18%-b1 koMmocTranansl. JKanoHus-
Jla KJIJIBIKTap/IbI KO MOCEIIEC] epeKIle 03€KTi, ce-
0e01 apangapaa KOKbIC TIOTUTOHIAPBIHBIH KEHICTIT1
mekTeyni. YKarmoHusinarel KanaslKTapabiH 80%-ra
NediHi epTeremi, al KaJIIbIKTapabl Kary Ke3iHIe
naiiia OoJIFaH MUTAK KYPBUIBICTa KOJIJaHbLTA bL. 17-
18%-b1 KaliTa eHaeneni (MBIHBI OOTENKEIep Kacay
YILiH, MIaCTHK )KYMBIC KHIMJEPiH, CIOPTTHIK KHIM-
JIep/i JKoHe T.0. yKacay YIIiH KOJIIaHbUIAb) /4/.

AKI-Ta 2005 »xbIaFa qeiiH KaIIbIKTap bl )OO
nonuronra tactay (54,3%), xaita enuey (23,8%),
OMOJIOTHSUTBIK  OHJCY JkoHe Kommoctray (8,4%)
xoHe xary (13,6%) apKbUIbl Ky3ere achIPBLIIBI.
Kanagana, ABcrpanusana sxone JKana 3enanausina
KaJIIBIKTap bl KOO IBIH HET13T1 9iCTepi TOJUTOHFA
TacTay OoybIN TaObLIabl. KamapikTapabl JKOIBIH

oyx omici Peceiine, Kazakcranga sxone 6acka TMJ]
enjepinze Herisri 6onsi Tabbuiansl. Kopesina, Taii-
BaHbJa kxoHe CHHTANyp/1a TePMUSIIBIK, KaJABIKTap-
JIbl KaiiTa OHJICY DJIICTepPl KEHIHEH JIaMbIIl KeJIe .

Kazakcranga capammbuiapasiH Oaranaybsl 0o-
WbIHIIA, XUHAKTAJIFAH KATThl KaJJIBIKTAPJbIH KO-
memMi 25 MuWuIHapa TOHHAHBI Kypaimpl. Kokbic
MOJIMTOHAAPBIHGIH Kanmbl canbl 4000-HaH acampl,
oHbIH Tek 307-ci FaHa 3aHIBI TYpHe OCNTiICHTEH.
Caparnubuiapasiy Oaranaybl OOMBIHIIA, KATTHI KaJl-
IBIKTApABIH TeK 5%-bI FaHa KaWTa OHaeNeidi, ai
KairaH 95%-b1 KOKBIC TOTUTOHIAPHIHA TaCKIMANIIa-
Haapl. KazakcTan KanabIKTapbl KailTa eHaey IeH-
reitin 70%-ra JeliH apTTHIPYbI KOCIAPJIAIl OTHIP.
Kaszipri yaksirta Kazakcranga Oenrim 0ip Kamablk
TYpJIepiHE MaMaHAaHABIPbUIFAaH OipHeIle KaTThl
KaJIIBIKTap bl KaliTa eHAeY 3aybITTaphl 0ap: miac-
TUK JKOHE TOJMMEpJIep/l KalTa eHJey OOHBIHIIA
Anmartsl xoHe KpI3buiop/ia; Kanablk Kara3abl KaiTa
eHJiey OoiibiHiia Kagazy Resaykmes, Karina xone
Pavlodar KRZ; xapToHap! KaiiTa eHIey OOWBIHIIA
Kaktas Aktobe; >xone Anmatbl MeH IlIpIMKeHTTE
mUHANapael Kaiita exaey. /5/ Kypaeni anaeiH ana
OHJICYCI3 KATThl OHEPKOCINTIK KAJIJBIKTAPbl KaliTa
OHJIEY/IiH OipBIHFall TEXHOJIOTHSCHIH 93ipIIey ©3eKTi
Moceste OOJTBI Ta0bUTa b

MiHIeT KOFaphl OHIMAUTIKTI, KOpIIaFaH opTa-
HBI KOPFay KOPCETKIIITEPiH KaKCapTybl KOHE KO-
CBIMIIIA PeCcypcTap MEH DHEprusi YHeMIey i KaMTa-
MAacChI3 ETETIH KOFaphl TEMIIEPATYPaIbl TEPMHUSIIBIK
(>KBUTIAM TIUPOJIN3) KANIBIKTap/Ibl OHAEY TEXHOIIO-
TUSICBIH 931pJiey Ie KAaThIp.

MaceJieHiH YATTBHIK ayKbIMAA MAHbI3IbLIBLIFbI

Kartbl KanjblkTap, €H aJJbIMEH, KOpIIaFaH
OpPTaHBIH JIaCTaHYbl MEH DKOJOTHSJIBIK Jerpaja-
LIUSTHBIH KO31 OO0JIBII TaObLIaAbl )KOHE HOTHIKECIHIE
KOFaMJIBIK JIEHCAYJIBIKKA acep erefi. Kemenmi 3ept-
TeyJIep JKacaH bl UKI3aTThl OHICY/IH KaJIbIKChI3
OTaHJIBIK TEXHOJIOTHSCHIH 93ipJey JKOHEe OHJCY HO-
THKECIHJIE JKaHAa MaTepuayiaplbl CHHTE3LY ap-
KBIJIBI KaMTaMachl3 eriienl. OHIMIUIK HeH camna
TYPFBICBIHAH MYHJIall TEXHOJIOTHSI €H JKaKChl UM-
MOPTTHIK OHIMJIEPMEH CaJbICTBIpyFa OOJAThIHIAN
00JIybl Kepek, OyJl OTaHJBIK OHJIPIC JKENUICPiHIH
HMMIIOPTBIH AIMACTBIPYIb KAMTaMaChI3 eTEe/i.
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MaceneHiH MaHbBI3IBUIBIFBl KYPJCHi KaJlJbIK-
Tap/Ibl JAWbIHIAY bl KAKET CTICHTIH, SKOJOTHUSIIBIK
Ta3a )KOHE CHIi3y OHall eMOe0ar KaTThl KAJIBIKTap-
JIbI OHJICY TEXHOJIOTUSCHIH D31pJICy/Ie KaThIP.

Folnvimu jcone mexnonozusanvly Kaxcemmi-
aikmep

Kazakcranga sxoHe OYKiT ojeMie KaTThl Kaj-
JBIKTapbl OeHTapanTaHIBIPy HEMece KalTa ©H-
JIey MOceNeci e3eKTi Mocese OObIT TabbLIambl, all
SKOJIOTHSIIBIK, Ta3a KalTa eHJCY 9JiCTepiHe JICTeH
JKOFaphI CYPAHBIC OYJI MOCEJICHI MIEITyTe FRUTBIMU,
SKOHOMUKAJIBIK JKOHE OHEPKOCINTIK KBI3BIFYIIIbI-
JIBIKTBI TYIBIPY/IA.

DKOIOTHSIIBIK, KayinTepaeH Oacka, TaOuru pe-
CypCTapAblH MIEKTEYIIUIr MOceneci TyBIHIANIbI.
KangpikTapapl Kaiita eHICY/IiH jKaHa TeXHOJIOTHSI-
Japel KaiTa eHACYIIH KalTa eHACNCTIH MINKi3aT
OH/IIPYiH KaMTaMachl3 €Tyre OarbITTaIFaH.

Taburnm pecypcrap eHmipic (aKTOpPIAPBIHBIH
KaTapbIHa skatajpl. Onap )KaHapPTHUIATHIH )KOHE Ka-
HapTBUIMAHTRIH OoJbIT Oeminemi. YKaHapThUIMAali-
TBIH PeCypcTapra KalllbIHA Keiryi 0OJKaMIIbl Te0-
JIOTHSUTBIK YaKBIT iMIiHIE OOMIMAaWTHIH MUHEpAIIap
JKaTaJlbl.

Foitoim men mexuukanvly oamyvina acepi
JHCOHe Kyminemin aieymMemmik-I9KOHOMUKAIIbIK
acep

KaTTbl KajaabIKTapibl JKary HpoIecTepi MEH
KaHa MaTepuanigapibl CUHTe3/1ey OOWBIHIIA ipreii
3epTTEYJIep JKaCaHIbl KATThl KaJJbIKTApIbl OHJICY
CaJIaChIHJAFbl JKaHa OarbITTAp/ABl 93ipiiey JKOHE
KOJITaHOAIIbI 3epTTEYJIEP/i INrepiseTy YIIH FhUTbI-
MU Heri3 6ona anansl /6/. KyTineTiH oaeyMeTTik-3-
KOHOMHMKAJIBIK ©CEP KATThl KAJIABIKTAPIbl OHIACYIC
pecypcTapabl  YHEMJICUTIH, KaJJIBIKChI3 TEXHOJO-
TUSHBI CHT13yIe JKaThIp, OJT Oip ME3TUIAe KaJIIbIK-
TapJbl 3USHCHI3 €Teli, KaiiTa eHJEeHal KOHEe OfaH
Malanel, KaliTa maigananyra OOJIaTeIH MaTepHall-
JapJIbl TIBIFapaibl. OHIeyre apHaIFaH KaparmaibiM
JKOHE ap3aH MaTepHaIapibl JalbIHIAY, 3HSHIIbI
ra3 ToOpi3li, KaTThl JXOHE CYHBIK KaJJIBIKTapJIbIH
00JIMaybIMEH KaTap, XaJbIKThIH JaMyblH, HHTETpa-
LUSCHIH JKOHE SJICYMETTCHYIH KOJJIANUThIH HH(ppa-
KYPBUIBIMIBI JKacaiibl, )aHa *KYMbIC OPBIHIAPbIH
aIraJel, KEePriTiKTi )KOHE YIATTHIK OJDKETTEpre ca-
JIBIK TYCIMIEPIiH JKacal bl JKOHE XUMUS MeH (Pr3nka
OOMBIHIIIA MaMaHAApAbI Aaspiaiasl /7, 8/.

OHEPKOCINTIK KATTHl KATIBIKTAPABI OHICYIH
JKaHa KaJIbIKChI3, DKOJIOTHIBIK Ta3a TEXHOIOTHSI-
CBhIH O3IpJiey CYypaHbIC MMEH KOHOMHUKAJIBIK BIHTA-
JaHJIBIPYMEH aHBIKTAIaIbI.
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Kaszipei 3amanzel Kanovikmapowl Kaiima oHoey
MexHOI02UANIaPbL

Kasipri 3aMaHFbl KaJJIBIKTapbl KaiTa OHJICY
TEXHOJIOTHSIIAPHI YHEMI JTaMBIIT KeJle JKaTKaH KoHe
OapraH cailblH TaHBIMAJI OOJIBITI KeJe JKaTKaH 3epT-
Tey canacel. byrinae 0i3 TYTBIHY I9yipiHIE eMip
CYpIN KaTbIpMbI3. bapiblk eHIMIep MEeH Tayapiap
MOJIIIBUTBIKTA.

Bip xarpiHaH, Oy jKakchl, OUTKEHI agaMaapaa
OpKalllaH YIIKeH TaHaay 0oajsl, Oipak OapIbiK 3aT-
Tap aKpIpbIHJA MaiianaHyFa kapaMchl3 OOJIBII Ka-
Jajpl, al AYpBIC eMec TacTajca, KOpIIaraH opTara
OpHBI TOJIMAC 3USH KENTipyi MyMKiH. Kanapikrapst
KaiTa enyiey OYKUT agaM3aT anjbplHIa TYpFaH Mace-
Jie, COHJIBIKTaH OHBIH IICHIIMIHE aKbUIMEH Kapay
MaHBI3/IBI.

AnaMaap KOJJIaHAThIH 3aMaHayd TEXHOJIOTHSI-
JIApJIBIH KOIIIIIIT MIeKTeYIi TaOUF pecypcTap/ibl:
MYHaii, KeMip JKOHE KEHJII MaijjajlaHyFa Heri3e-
reH. byn pecypcrapabin TaycsurybIHaH Oacka, oyap-
JIbl TaiilanaHaThIH @HEPKOCill aTMocdepa MEH TO-
TBIPAKTHI JIACTaNIbI.

Kanovikmapowvl Kaiima enoey mexnonozusacol-
HbIH Mapuxol

AnaMaap KalJIbeIKTapbl KalTa eHaey Typalibl
eXKeJTi 3aMaHHaH Oepi OWIacTBIPhIN Kemeli. Mbica-
JIBI, aybUT TIAPYAIIbIIBIFBIHIA TYPMBICTHIK iC-0pe-
KETTEep/ICH Maiijia O0JIFaH OPraHUKAJIBIK, KaJJIBIKTap
01311H 3aMaHBIMBI3Fa JEHiH JIe KaliTa maiigaaadbria
Oacrazpl. by nmporecc 6ipTiHae )aKcapabl, i XX
FachIpFa Kapail ol TeK KaJJIBIKTap bl KO KYPabl
pETiHJIe FaHa eMec, COHBIMEH KaTap JIACTaHYMEH KY-
pec keHE TaOWFW pecypcTap/bl THIMII Maianany
KYpaJibl PETiHJIE JIe KapacThIPbUIIBL.

Peceiine ka3ipri yakpITTa KQJIJBIKTAP/IbI OHICY-
JIiH 3aMaHayHd TEXHOJIOTHSUIAPhl HETI3iHEH KaJJbIK
TypJiepi OoitbIHIIA KOIaHbUIaAbl. KOKBIC TONHUTOH-
JIapbIH KO0 Jla KeH TapayiraH. [lmacTmaccanapisbl,
OpTraHMKAaIBIK 3aTTap O0ap eHiMAep/l KOHE TYPMBbIC-
THIK KaJIJIBIKTap/bl KalTa eHjeyre OarbITTaJFaH
KOMTIaHMIIAp KOOI Kenei.

Kaiita eHiey MEH >KOFOJIbI aXKbIPaTy MaHbI3JIbI.
Kanaplkrapbl ©HJICY/iH HETi3r TEeXHOJIOTUsIIaphI
naitaJlaHbUTFaH OHIMJIEP/Ii SKIHII PETTIK MaTepHal-
Japra aiHanapIpyra OarbiTTanFaH. JKor, 3 Kkese-
TiHJE, KATJIBIKTAP/Ibl OHIPICTIK IUKIJIC KaiTa mnaii-
JlaNialy YIIiH naifanany sl HeMece OHBIH Maiiabl
KOMITIOHCHTTEPIH 06Ty 1i )KOHE ally bl KAMTH/IBL.

JKary TEXHONOTHSCHI KANJBIKTApIbl Oackapy
YIIiH y3aK yakKbIT OOWbI KOJJIAHBUIBII KeJleai, OipaK
KATThl KAIJBIKTAP]IbI OHJICY TEXHOJIOTUSIIAPHI YHE-
Mi KeTimipimin keneai. Kaszipri 3amanfbl nrenrim-
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Jiep KOpLIaFaH OpTaHbl CaKTail OTBIPHII, MEMIICKET-
TiK OFOJKET YIIIiH THIMIIPEK.

Kasipri 3aMaHfbl, O3bIK KAaTTBl KaJIbIKTap.Ibl
OHJICY TEXHOJIOTHSUIAPBIHBIH KAJIFbI3  KHBIH]IbI-
FBI — OacTamkpla MIMKI3aTThl KypaMbl OOWBIHIIA
0oy KaxerTimiri. byn ke3eH ke0iHece TYTHIHYIIBI-
ra OallaHBICTBI. YaKbIT OTE Kelie, MaMaHJaH/Ibl-
PBUIFaH MallliHAJIap MEH 3aybITTap Maiia 00 bl

Kanapikrapasl cypeinTay skypriziieni, Oipak
TYTBIHY KeJIEMi MEH KeJeMi COHIIAIBIKTBH YIKCH,
COHJIBIKTaH ©p0ip aJaMHBIH YIIECIHCI3 YKaFaan bl
NIy >KOHE Ke3 KEJTeH €ISy ©3repicTep CHTI3y
MYMKIiH eMec.

KarTel KamabIKTapabl eHIey TEXHOJIOTHSIApbI
KOpIIaFaH OpTaHbl CaKTay YIIiH 93ipJieHyi THIC He-
ri3 00BN TAOBLITAIEL.

Kary — KaTThl KangbIKTapbl TOJBIK, YKOIOIbIH
triMai oxici. bym axic XIX raceipman Oepi Koui-
JaHbUTbIl Kenedi. On KeNTereH CaHWTapIbIK Ta-
JmanTapra OaillaHeICTHI ©Te Kypjaemi. [lerenmew,
KaJIBIKTapAbl JKoro1aH 0acka, OyJ 9ic KOChIMINa
DHEPTHUS PECyPCTAPBIH, MBICABI, KEHICTIKTI JKBIIBI-
TYJIbl KAMTaMachl3 €TeIi.

Kemmrimiktepine atmocdepara HIBIFapbUIATHIH
3USHIBI 3aTTap ’KOHE KATThl KAIBIKTApIaFbl KYH/IbI
OpTraHMUKAJIBIK AJIEMEHTTEP/Il KO0 KayTiHIH )KOFaphl
0O0ITyBI JKaTaIbl.

Kanmpikrapaer KaiiTa eHACYIIH O3BIK TEXHOJO-
rUsIapblHa OMOMETPUSUIBIK KOMITOCTTAY >KaTaJlbl.
byn xammpikrapael Taburu, Oipak KememAeTUIreH
Typienaipy. Karanusarop periHzme Kbury, OTTeTi
KOHE apHaibl )Ka0JIbIKTap KOJIAaHBLIAIbI.

Byn ogxic ere KpMOaT men caHamaThIHABIKTAH,
COHINIAITBIKTHI TAHBIMAII eMec. JlereHMeH, oJ1 ayaHbl
HeMece alHanachIHAAFbl TIPIIUIIK HeNepiH JacTa-
MaWIbl J)KOHE, aiiTyFa OOJa/Ibl, TOJNBIFBIMEH TAOWUFH.
byn omicti mmHanmapapl, MmiacTMaccalapAbl KOHE
Maimapapl KaiTa eHJIey VIIiH naiinamanyra 00Ia b,

KarTel KanapIKTapAbl >KOIOABIH COHFBI OJi-
Ci — KaIOBIKTapabl Ta3nanaslpy. by omic 6ipHere
KE3eHHEH TYpaJbl: ipi HBICAHJapAbI TaHAAY, KOCA-
Kbl XUMHSIIIBIK, KOCBITBICTAP Bl OHJICY JKOHE KAIThI-
Ha KeNTipy, aJIbIHFaH ra3/ibl Ta3apTy KOHE IMaiiaajbl
aneMeHTTepAl (0y, BICTBIK CY, DJIEKTP IHEPTHUSACHI)
ay YILiH raszipl Kary.

Terre3aeirer 1000 kr/M3-11eH a3 jkoHE KBUTY OT-
kizrimriri 0,2 Bt/(m °C)-Tan a3 mocTypiii SHEprus
MEH pecypcTapiabl YHeMJIIEHTIH, THIMII KepaMHKa-
JIBIK, KYPBUIBIC MaTepHajiapbiH (KipIiml, Tac KoHe
OJIOKTap) OHIIPYAETi OTAHBIK KOHE XaJTBIKAPAIIBIK,
ToXIpHOEH1 Tangay KepceTKeHIeH, Oyl Kepamu-
Kara OHJIpiC TEXHOJOTHUACHI IIUKI3aT MCH dHEPTHI
pecypcTapblH OHAIPY Ke3iHJAe 1e, FUMaparTap MEH

KYpBUIBICTap/a MaijanaHy Ke3iHae Ae alTapibIK-
Tall yHemzueyre MYMKIiHIIK OepeTiH KepamuKaiap
kipeni /9, 10/. Ocel cunaTramanapsl 6ap eHiMIep
JOCTYPIIL O0ip KabaTThl KaObIpFa KaJbIHIBIFBIH CaK-
TayFa MyMKiHIiK Oepeni. Lllerengix enamipyurinep
MyHOal eHiMaepain 80%-maH acTaMblH IIBIFapca,
OTaHJBIK 3aybITTap HerizineH 29-33% 0oc Kypambl
Oap KipmimTep MEH TacTapabl IIbIFapassl, cedeli
I'OCT 530-95 Tanan eretin 42-55% 0oc Kypambl
IIUKI3aTTBIH CalachIHBIH TOMEHITIHE KOHE 3ama-
HayH OHJICY JKaOJbIKTapbIHBIH OOJIMaybIHa Oaiina-
HBICTBI KOJI JKETKi3y MyMKiH eMec. COHIBIKTaH, KO-
Fapbl (U3HKAJBIK KOHE MEXaHHUKAJIBIK KacHUeTTepi
Oap KepaMUKaIbIK KaObIpra OYyHBIMIApbIH 3epTXa-
HAJIBIK-TEXHOJIOTHSUTBIK, JKOHE TOKIpHOEITIK-KOHCT-
PYKTOPIIBIK, ChIHAKTaH OTKI3y/Je alTapibIKTail To-
Kipubeci 6ap OTaHIBIK FHUTBIMH MEKTEIl XKYPri3reH
3epTTeyNepAiH HoTHxKenepi Tanmanasl. [11]

Kypbutelc  Marepuangapel, artam aiTKaHnaa,
THIM1 KEYeKTi JKOHE JKOFaphl KeyeKTI KepammHKa-
JBIK MaTepHaliap CalachblHAAFbl TCOPUSUIBIK JKOHE
MIPAKTUKAIBIK 3epTTeyJep ipreii eHOeKkTepre Heris-
nenren /11-18/.

Tuimai kepaMuKaiIbK KaObIpFa MaTepHaIaapbiH
93ipiiey KeyeKTi HeMece KybIC OHIMAEp callachlHIa
3epTTeNTeH, 0ipak KybIC-KeYeKTi OHIMAepIl OHAIpYy
MOCEJIECi CUPEK KapacThIPbUIFaH HEMECE IEII T eH.
ConbIMeH KaTtap, IIUKI3aT MapTUIChIHA KeYeK Ty3e-
TiH KOCIaJapbl CHTi3y €H a3 OpTalla THIFbI3IbIFbI
750 xr/m* nmefin xKoHe eH KOoFapbl KeyeKTutiri 70%-
Fa JIHiH KepaMHUKaJIbIK KaObIpFa OHIMIEPiH OHIIPY-
re MyMKiHIiK Oepeni. Jlereamen, keiioip 3eprreynep
MapTUsIFa KEyeK TY3ETiH KOocTanapabl CHI13y apKbl-
JIBI THIM/TI KEPaMUKaJIBIK, MaTEpHAJIIapabl ATy YIIH
3epTTeyJiepAe KOJAaHBUIATBIH Ca3/bl LIMKi3aTThIH
cUTIaTTaMaapbId Oepmeiii, Oy oapIbIH HOTIKE-
JIepiH KOCHIMILIA CBIHAKTAPCHI3 Maii1anaHy/ bl KHbIH-
nmataasl /19-24/. OpTypai KypaMmIarsl KoHE TUTaCTH-
KaJIBIK Ca3/Ibl IIMKi3aTKa HETi3eTreH KePaMUKaIIBbIK
KaOBIpFa MaTepUaIapbIHBIH KACHETTEPIHE KEyeK
TY3€TiH Kocnaaap/blH TYPl MEH KYpaMbIHBIH 9CEPiH
JKYHe1 3epTTeyep )KeTKUTIKCI3 )KaH-)KaKThl OOJIIbI.
JKanrFpimn kocnanap/blH KO MeJIepi CHIHBIKTHIH
OCPIKTITIH alTapiBIKTall TOMEHACTETIHI aHBIKTAII-
1b1. COHABIKTAH CHIHBIKTBIH OEPIKTITiH apTThIPy MO-
cenecin Oip mesrinie menry KaxeT. byran aptypui
DIICTEPMEH KOJI KETKi3yre 00mabl, oapIsl 9IETTe
ITUKI KOCTIAaHBIH KOMITOHEHTTEPIH OCJICEHIIPY OIic-
Tepi Aem aHbIKTayFa 0o0Jaabl. OpTYpHi KypaMIarbl
JKOHE TUIACTHKAJIBIK Ca3 IIMKI3aThIHBIH MeXaHHKa-
JBIK OeJceHAipinyiHiH KaObIpFa MaTepHaibl Chl-
HBIKTAPBIHBIH KAJIBINITAY, KENTIpy )KOHE KYHIIpy Ka-
CHETTepiHe 9cepi KETKUTIKTI TypAe 3epTTeIMercH.
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JlerenmeH, yKOFaphl carmaibl KybIC-KeYeKTi KaObIpra
MaTepHaIIaphl YIIH KaXeTTi OCpiKTIKKe He CBI-
HBIKTap/Ibl aJly YIIiH Cca3]lbl MEXaHUKAJIbIK OCJICeH-
Iipy xKeTkimkci3. byn 6acka aaicTepal KoiIaHy bl
Tajamn €Teldi, OJapaslH Oipi — MapTHIFa XUMHUSIIBIK
KOCIajap/bl €HIi3y, OHbI INHKI3aTThIH XHUMUSIIBIK
Oerncenaipinyl nen aHbplKkTayFa Oonazabl. bipkatap
3epTTeyNepAl Tannay KybIC-KEYeKTi KepaMHUKAIBIK
MaTepUaIapIblH (PU3UKAIBIK KOHE MEXaHUKAJIBIK,
acipece TepMOPU3UKAJIBIK KAaCHETTEPIH JKaKcapTy
pe3epBTepiHiH 0ipi oJapAbIH KeYeKTi KeHICTIr MeH
KYPBUIBIMBIHBIH ITAPAMETPIIEPIH PETTEy €KeHiH Kop-
ceTTi. byn Macenere onebuerre a3 KOHUT OOIIHII.
OpPTYpJi ca3 OaIMIBIKTAPBIHAH AaJBIHFAH KEepaMHU-
KaJbIK MaTepHhajiapJblH KEYeKTUIIrHIH Kypambl
MEH TEXHOJIOTHSUIBIK, (haKTOPJIAPBIHBIH ©3repyiMeH
e3repy 3aHIBUIBIKTAPhI aHbIKTaIMaraH. KeyekTi ke-
paMUKaJIBIK OHIMICP/IIH (PU3UKAIIBIK, MEXaHUKAJIBIK,
JKOHE TallalaHy KaCUeTTEePiHe KYPBUTBIM/IBIK KOM-
MTOHEHTTEP/IiH (KeyeKTep, MIBIHBI (ha3a, KPUCTAIIBI
HeodopManusiap) ocepi Typaibl JepeKTep KeTKi-
nikci3. KypbutbIMIIBIK KOMITOHEHTTEP/IIH KBUTYJIBIK
KACHETTepiH aHBIKTAYy JKOHE EcenTey dJlicTeMeci
o3ipiicHOCreH, COHIali-aK OJIap/IbIH ©31pJICHIeH Ma-
TepUaapaaH jKacallFaH KOpIIayJapablH HKbLUTY-
JIBIK, KACHETTEPiHe Ocepi 3epTTeaMereH. byn mare-
pHanIapIbIH XKbUTYJIBIK KACHETTEPIHIH 03repyi MeH
OJIAPJIbIH KYPBUTBIM/IBIK, KOMIIOHEHTTEPIHIH apaka-
THIHACBIHBIH ©3repyi apachIHAFbl OANTAHBIC AHBIK-
tanmaraH. OcplFaH 0aliJlaHbICTBI, HETI3r1 CTaHIApT
KIpIIIMITIH JKBUTYJIBIK THIMJUTITIHIH MaHbI3IbUTbI-
FBIH TOMEHJIETETIHIH aTan OTKEH KOH, ce0e0l OHBI
Oaraynayra ilriHapa TOCIJI TEK JKbUIy OTKI3IILITIK
MoHIMeH KepiHei. COHABIKTaH, OCTIICHTeH KbLTY
OTKI3TIImTIK MOHI 25-35 OonaThIH OHIMACPAI OHIIPY
peTTeNyi Kepek.

Xeke 3eprreynepae TYKBIPBIMIAIFAH THIM-
Il KaObIpFa KepaMUKaChIH OHJIpyre apHalFaH cas
IIMKI3aThIHA KOMBUIATBIH Tajanrtap OipMoHII eMec
xoHe Oip-Oipinen epekuieneneni. lIukizarTe ipik-
TEyre >KOHE OJapIblH THIMII KYBIC JKOHE KYBIC
KEYEeKTI OHIMJIEpP/Ii, 9Cipece TOMEH ThIFBI3IbIKTAFbI
(1000 xr/M*-1eH a3) eHIMAEPAl OHAIPYTE Kapam/Ibl-
JIBIFBIH OaFanayfa apHajFaH OipbIHFal, FBHUIBIMHU
HEri3eNreH Tajantap o3ipjieHOereH. JlereHmew,
9IIeOMeT JEPEKTEPiH Taliay KOHE OHBI JKAIIbLIAY
0i3re KybIC K€yeKTi KepaMHUKaJIbIK MaTepHalIapbl
OHJIIpyre apHaliFaH HETi3rl IIUKi3aT mapaMerpiepi
MEH TEXHOJIOTUSIChIHA KOWBUIATHIH HAaKTHUIAHFaH
TaJIANTaP,Ibl aJJIbIH aJa TYXKBIPBIMJIAyFa JKoHe Oe-
rizeyre MyMKiHIIK Oepeli. Y ChIHBUIFAH TajarTap
Ti3IMi KYBIC %OHE KYbIC KEYEKTi OHIMICP/IiH COHFBI
KaCHETTEPiH PeTTey MeH OOJIKayIbIH KYpPISIUTITiH
TaFbl Ja KOpceTeal, oiap OacTankhl MIMKi3aT mapa-
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METpJIepiHe Jie, TaHIaJIFaH IPOIIeCC KaFaaiiapbiHa
na OaiimanbicThl /36-40/.

[Maprusira 6ip yakpITTa >KaHFBIII KOCTATAP]IbI
CHTI3y apKbUIBl KEPAMUKAHBIH OPTaIlla THIFbI3JIbI-
FBIH a3aiiTy OHBIH OepikTirin Temenaereni. CoH-
JBIKTaH, OyJI OCpiKTIKTI cakTay YUIIH HBIFAUTKBIII
KOCIaap/abl eHrizy KaxkeT. ChIHBIKTBIH OCpiKTITiH
JKOHE as3Fa TO3IMIUTTIH apTTBIpyFa, TUXTAHBIH
MKEM/IUTITIH, aya MEH OTKa TOe3IMJIIIriH peTTeyre,
COHJIali-aK IUXTaFa CUITLTIK )KOHE CUITLIIK )Kep Me-
TaT OKCHATEPl TYPIHIET1 aFbIHIApABI, COHIal-aK
rajibBaHuKaJbIK eHipicTeH (JKXKM) KanabikTap/ sl
JKOHE OJIApJIbIH KEIISH/EPIH CSHTi3y apKbLIbl KYH-
JIipy TeMIlepaTypachiH, *KbUTy OTKI3TIMITITIH KoHE
Cy CIHIpUTYiH TeMeHIeTyre OO0JIAThIHBI aHBIKTAJI/IbI
/41,42/. bepikrikTig 27-nen 71,2 Mlla-ra neitin ey
YJIKeH ocyi muxTara Na KypaMblHAarbl Kocraiap-
JIbl HEMeCe OJiap/IblH KEUICHJICPiH, COHBIH IIIiH/e
OHEPKOCINTIK KaJABIKTAP/Ibl €HTI3Yy apKbUIbl KOJ
)eTkizineni. COHBIMEH KaTap, »keke Na KypaMblH-
JIaFbl KOCIAIAP/AbIH 1, OJap/IblH KeIIeHACPIHIH e
BCepiH KYHemi Typ/ie 3epTTey ic )KY31H/E KOK.

Kammul onepracinmik Kaniovikmapowt Kaiima
onoey

Kaiita eHjey oHe %O KUBIHJBIKTAPhI €H aJl-
JIBIMEH OHBIH MOP(OJIOTHSIIBIK KYPaMbIHBIH KYp-
JIENUTITIMeH OalTaHbICTEI. AJIaMHBIH 1C-BpEKETi-
HEH Mmaifna 0oJIFaH KaTThl KAJIABIKTAp TeTepOreH/Il
KOcTa O0JIBIN Ta0BUIAbI, OHBIH KYPAaMBIHIA DJIETTE
Kapa jK9HEe TYCTI eMec MeTajjiap, Karas )KoHe TOKbI-
Ma KOMITOHEHTTEPIi, ChIHFaH IIbIHBI, TUIACTUK, YIIbI
OCIMJIIK KaJIZIBIKTaphl, TacTap, CyHeKTep, ObUIFaphI,
pe3eHKe, aralll, Kellle KaJABIKTaphl )koHe T.0. 0ap.

KanapsikrapapiH 0aKbUIayChl3 KOKBIC TOTUTOH 1~
PpbIHA TacTalybl KOpIIAFaH OpTara Kepi ocep eTeTiHiH,
JKEp acThl CyJIapbIH, XKep YCTi CyIapblH, atmMmocgepa-
TIBIK ayaHbl JKOHE TOIMBIPAKTHI 3USHIBI XUMHSIIBIK
3aTTapMEH JIaCTAHTHIHBIH, OYJl XaJbIKTHIH JICHCAY-
JIBIFBI MEH KayilCi3MiriHe Kayil TOHJIPETIHIH aramn
oTKeH xoH. COHJIBIKTAaH KaJJIBIKTAP/IaH 3UsH/IbI 3aT-
Tap/IbIH KOPIILIEC OpTaFa IbIFAPbUTYbIH OOJIBIPMAY
KaJIBIKTap bl OacKapy/1aFbl MaHBI3/IbI DKOJIOTUSITBIK
KayiTci3Iik MaKcaThbl OO TaObLIaIbL.

Kaiira enniey iy OipHere Oeiriii saicrepi 6ap:

- KoKBIC MONUToHIaphIH KO KE31H/E KaIbIK-
TapAbIH OWOJIOTHSUIBIK BIABIPAUTHIH OOITIH aHad-
POOTHI Typ/ie KOPHITY,

- KangpikTapaplH OWOIOTHSIIBIK, BIIBIPARTHIH
Oeirin a3po0THI TYPAE KOPBITY (KOMITOCTTAY ),

- ITuposnus,

- 'aznangsipy,

- Ilna3mainblK eHJEy KOHE apHaibl MELTEple
Kary.
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KanapikTapasia sxanmnsl aFbIHBIHBIH 90-95%-b1
TYCETIiH TOJIMTOHApaFbl KAJIABIKTapIbl KaiiTa oH-
JIEY TEXHOJIOTHSCHI KAJIJBIKTAPbIH OPTraHUKAaJIbIK
OediriHiH ©3/iriHeH bIbIpaybiHa Herizaenred. [o-
JUTOHAp/Ia KAIIBIKTAP KAPKBIHABI OMOXUMUSITBIK
BIJIBIPAYFa YIIBIpalabl. AHaOPOOTHI JKaFaaiIap Te3
JTaMUJIBI, OYJ1 OpraHUKAIIBIK 3aTTap IbIH ONOKOHBEP-
CHSCHIHBIH MHKPOOPTaHU3MIICPIIH METaHOTCHIIK
KaybIMJIACTBIFBIHBIH KATBICYBIMEH JKYPYiHE MYyM-
KiHZIK Oepeni, Oy OJIUIOH Ta3blH HeMece Onoras-
IIbI TIBIFapaabl. [[oMWMTroH ra3biHaH MIBIFATHIH YITBI
HIBIFAPBIHBLIAP Y3aK KANIBIKTHIKKA, HETI31HEH Oa-
CBIM KeJl OaFbITBIHIA Tapalybl MYMKiH, COH/Ial-aK
aifHanaarel OHEPKACINTIK HbICAHIApIaH IIBIFAThIH
HIBIFAPBIHBIIAPMEH  OPEKETTECIM, 3KOJOTHSIIBIK
JKaFgalapl HamapiaTysl MyMKiH. Ocpuiaiima, mo-
JUTOHAp/1a KOMY JKOJIOTHSIIBIK, TYPFBIAAH KayinTi
JKOHE IKOJIOTUSIIBIK, TOJIEMIED, KEP KYHBI )KOHE OHBI
KaJlbIHa KeNTIpydi KapKbUIAaHIABIPY KaXKeTTLIri
TYPFBICBIHAH YKOHOMHKAIIBIK TYPFBIIaH THIMCI3.

[Muponu3 TEXHONOTHUSACHIH KOJJaHa OTBIPHII,
KaJIJIBIKTap bl KO0 YKOFaphI TEMITEpaTypaja, OTTerl
MIEKTEYJl HeMece OTTETiHIH O0IMaybl KaFJaibIHIa
KaJIJIBIKTapAblH KAHTBIMCBI3 XUMUSUIBIK TYPJICHYIH
KaMTH/IbI, HOTWKECIH/IE TYTAHATBIH TUPOJIU3 Ta3bl-
HBIH (TTUporanap/siH) O0emiHyi opbiH anaasl. JKan-
FBIII KAJIJIBIKTap MacCachlHa TEMIIEPATyPaHbIH 9Cep
€Ty JIepekeciHe OaiIaHBICTBI MHPOIU3 IIAPTTHI
Typae TemeH Temreparypaisl (650°C neitin) xoHe
JKoFapbl Temrepatypaisl (650-900°C) codbin GeJti-
Heql. PeakTopra miekTeyni Melepe aya MEH Cy
OybI OepinreHe, ra3aany Kypesi.

[Muponu3ain KaJabIKTapAbl TIKEJICH JKaryaaH
apTHIKIIBUIBIFBI, €H aJJbIMEH, KOPIIaFaH OPTaHbIH
JIACTaHYBIHBIH ANJIBIH Aty Oonbin TaObuIanel. [lu-
pOJM3 MIMHANAp, IIacTMaccaliap, NaiJalaHbUIFaH
Maitap KoHe IUIaM CHUSKTHI KaWTa eHJICIMEHTIH
KaJIIBIK KOMITOHEHTTEPIH KalTa OHIeH amabl.

[Muponu3 OUONOTHSIBIK OCJICEHIl 3aTTapiibl
KaJIJIbIPMaiiJbl, COHABIKTAH MTUPOJIN3 KAJJBIKTAPbIH
JKEp acThIHJA CaKTay KOpIIaFaH opTara 3WsH Kell-
TIpMEHIi. AJIBIHFAH KYJIIH THIFBI3JIBIFBI JKOFapHI,

OYJ1 ’Kep acThIHJA CAKTaTYybl KePEK KaJJIIKTap IbIH
KOJIEeMIH KYPT a3aiTaibl.

[Muponus ayslp Metanmmapabl (OaIKBITHUIFAH)
azadtnainel. [luponu3aiH  apTHIKIIBUIBIKTAphIHA
aNBIHFAH OHIMIEpP/i CaKTay MEH TachIMalIay/IbIH
KapamabIMIBUIBIFEI, COHAAN-aK KAOIBIKTHIH TO-
MEH KyaT TaJarTapbl )KaTaJbl.

ConbIMeH KaTap, mHponu3re (Ta3maHibIpyFa)
JKIOEpIIeTIH KalbIKTap/bl JaiblHAayFa KaTaH Ta-
nanTap KOWbUIaIbl, Oy KOCBIMIIA KApPKBUIBIK, IIIbI-
FBIHJIAPFa OKEJICII:

- KaliTa eHJICJIMECHTIH KOMIIOHEHTTEp i (OCeTOH,
IIBIHBI, KYM, TacTap, KepaMHKa koHe T.0.) )KoHe ®KaHy
OHIMJICPIMEH JKaHFaH Ke3JIe KOpIaFaH opTara Tepic
acep ereTiH aneMentTepi (Metangap, [IBX Herizin-
JeTi eHIMIEep, aBTOMOOMIIb OOJIIEKTepi MEH KOMIIO-
HEHTTEpi, IaMaap, XJIop Kypamaac 3artap jkoHe T.0.)
aly YIIiH KaJIJBIKTap Il 0oy (cypsinTay);

- KQIJIBIKTap/Ibl KETITIPY;

- KaJJIBIKTapbl allfiblH ajia ycakray (MaccaHbl
OIpTeKTi Ky#re JeiiH YHTaKTAY).

KarTel KamapIKTappl MTUPOIU3 apKbUIBI OHJICY
3aysiTrapsl Janusna, AKIL-Ta, ['epmanusina, XKaro-
HUsIIA KOHe Oacka enjepae xymeic icreitni. EO en-
JICpiH/IC TUPOITU3 APKBUTBI OHACITEH KaIbIKTAPIbI
TAbIHAY KYHBI OPTYPIi. By KaTThl KaaabIKTapabIH
KYpaMbIHAAFbl alTapibIKTall alblpMalllbUIbIKTapFa
OaiianbicThl. Eypomaa KanapIKTap bl 06JIeK KUHAY
TEXHOJIOTHSIIaphl OYPBIHHAH KAJIBIITACKAH.

Conpgpixkran, JKamoHusiga, Mblicanbl, Peceiine
KaJIJIBIKTap/Ibl TAHbIHAAY YIIiH KaparnaibiM ycakTay
KOHJIBIPFBICHI KETKITIKTI 00JIca, KalABIKTapIbl 1a-
HBIHJAY JKOFaphIla CUNIATTAIFAaH OIpHEIIe Ke3eH e
JKYy3ere achIpbUIYbl KepeK, OYJ KOCHIMIIA IIBIFBIH-
Japsl Tajan etei. KarTel KamapIKTapabl THpOIIn3
apKbUIbI OHJICY CaJachIHIAFbl FBUIBIMH 3€PTTEYJICD
MEH MpaKTUKaIbIK o3ipyiemenep 1970 xpuigapsi
Oacranbl.

Conan Oepi MUPOJIU3 apKbLIbl TUIACTUKTECH, Pe-
3CHKEJICH XoHEe 0acKa Jla YKaHFBINI KaJIbIKTapaH
SHEPTHUs MEH JKbUTy OHJIPY DHEPIHus pecypcrapbl-
HBIH K031 OOJIBIIT CaHAJIJIbI.

1-kecTe — OPTYPIIi KaIJBIKTAP/Ibl OHJCY TEXHOJIOTHSIIAPbIHBIH YIKOHOMUKAIIBIK THIMJILIIT

Texnonorun
1 2 3 4 5 6
Wupukaropnap
+ i +
WKany | Kommocrray Cypsintay + | Cypoinray xoHe | Kypaeni | Cypsintay

epTey KOMIIOCTTay oHJIEY TBIFBI3AY
MeHuikTi KanuTai canbiMbl (1 TOHHA KaTThl 280 90 330 100 240 44
Kasasikrapra), AKII gommapsl/T
JKanmel maiinanany merrsiaaaps! (1 ToHHA 9.6 10 12.8 8.7 13.5 35
KaTThl KangsikTapra), USD/t
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Kecmeniy orcanzacwor

Texmomoruu
1 2 3 4 5 6
Wuauxaropnap
+ i +
Kany | Kommocrray Cypsiriray + | Cypeinray sxoHe | Kypaeni | Cypsinray
eprey KOMITOCTTAy oHJIeY TBIFBI3AAY
Kaiita enenmeiitin gpaxius (3KorFa 30 30 15 55 ] 60
xKarabl),%
MaiiganaHbUTMaNTBIH QPAKIHSIHBI JKOIOFA
JKYMCAJIFaH JKanmsl WeiFsiHaap, AKIL 9 9 4,5 16,5 2.4 18
JOITapel/T **
AmMopTu3anus aeHreii, %*** 10 10 10 10 10 10
KanuTasplK WBIFBIHAAPABIH TOMEHCY,
USD/t 28 9 33 10 24 4,4
YKanmer HakTHI WBIFBIHAAP, USD/t 46,6 28 50,3 35,2 39,9 25,9
1 TOHHA TYPMBICTHIK KJIBIKTapIaH
aJIBIHFAH OHIMICP/IIH KAaJTIbl CAThUIBIMBI, 23,7 9,2 33,9 18,7 30,2 34
AKIII nommapsy/T
TC?(HO.J'I(.)F.I/I}IJIap,HBIH SKOHOMHKAJIBIK, 229 188 164 165 9.7 8.1
tuimainiri, AKIL gomrapsy/T

* «CypsIIiTay KOHE THIFBI3/Iay» TEXHOJOTHSCH TEK TYPFBIH eMeC KalIBIKTap/Ibl KaliTa OHJCYTe apHaJFaH.
** KaTThl KQIIBIKTAp bl )KOIOIBIH HAKTI KYHBI ToHHAackiHA 30 AKIL mommapbia Kypaiabl A€t ecenTene/i.
**% AmopTuzanus menmepiaemeci 10% nen ecenrerneni (0apIblk TEXHOIOTHSIIAP YITIH).

DKOHOMHKAIIBIK, KpUTEpUiiiepre (HaKThl KalH-
TaJNJIBIK, MalijajlaHy XOHE TY3CTUITCH MIBIFBIHIAD,
KaJIIBIKTap/IbIH KalTa OHJIeIMENTiH OOJIITiH )KOIFa
apHaJIFaH HAKThI IIBIFBIHIAP XKOHE | TOHHA KaJIJIbIK-
TaH aJbIHFAH OHIM/II caTyJaH TYCKEH Maiiia) Heri3-
JICJITCH KaJIJBIKTap/bl OHICY/IIH HETI3rl 9/icTepiH
casbICTBIpMalbl canaisik Oaramay (1-cyper) KTK-
HbI TIKEJICH KaFy j)KOHE TiKeJieH KOMIIOCTTayAbl KOJI-
JAHATHIH 3ayBITTap Ccaly SKOHOMHKAIBIK TYPFBIIaH
eH a3 TriMai ekenin kepcereni (TMJ] Toxipubeci).

DKOHOMHKAIIBIK TYPFBIIAH allFaHja, OeliHOe-
I'eH KaJJIBIKTap aFbIHIAPbIH OHJIEY YIIIH OipiKTipii-
T'eH TeXHHUKAJBIK IIeNiM/Iep, dcipece MHTerparus-
JIAHFaH KaJJbIKTap/sl eHjaey (CyphlnTay, MUpOu3
XKoHEe OMOeHJIEYIiH YilieciMi) eH KOJaiibl OOJBII
TaOBUTABI. Op TYPJl KaJIBIKTapbl 6HICY TEXHO-
JIOTUSUTAPBIHBIH YKOHOMHKAIIBIK, THIMJIUTITT Keleci-
neit: 1 — xary; 2 — KoMmrocTTay; 3 — cypeinTay +
Kary; 4 — cypplinTay + KOMIIOCTTAy; 5 — MHTErpa-
LUsJIaHFaH OHJIey; 6 — CYpBINTAy + THIFBI3AY.

JlerenmeH, KanabIKTapabl KaObuimay TapugTe-
piH eckepMeceK, OyJl TeXHOJOTUSIIAPAbIH OapJibl-
FBI TUIMCI3. O31H-031 KaMTaMachl3 €TETIH KaIFbI3
TEXHOJIOTUSI — TYPFbIH €MeC KaJJBIKTap MEH KaiTa
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OHJIEJIETIH MaTepruaiiapIbl OelieK JKUHay JKOHE CY-
phinTay (MoOceNeHI ety IiH OipiHii Ke3eHi).

TemeHnze (2-kecTe) CyphINTay MPOLECIHIH Kaj-
JIBIK MaTepualijap aFbIHIAPbIH TEPMUSUIBIK KOHE
OMOTepMUSIIBIK, OHJICY CaThIIaphl apachlHIA KaiTa
Oeiryre ocepi KOPCETUIreH, Oy TEXHUKAIIBIK TYPFbI-
JIlaH MYMKIH JK9HE OHJIIPICTiH SKOHOMUKAIIBIK, KOHE
SKOJIOTUSJIBIK, THIMJILTITIH apTThIPY Ikl KaMTaMachl3
eTelli (alIbITy TEXHOJIOTUSCKHI IAPTTHI TYPJIE OTaH-
JIBIK  OHEPKOCIN HIBIFapaThlH  OnoOapabaHmapsl
naiianany YIIiH jKacallFaH).

2-KecTeJIeH 0acTamKbl KaJbIKTapbl MEXaHH-
KaJlaH/BIPBUIFAH CYPHINTAY HOTIKECIH/IE alIbITyFa
Ki0epiireH (pakIUsIHBIH OHIMIUTIT 0acTalKbIHbIH
mamamMeH 57%-biH (KbUIbIHA 305 KYH JKYMBIC iCTe-
renze 137 140 t/xb1n), an skaryra xibepinreH ¢ppak-
st mmamMameH 37%-n1b1 (kbUTbiHA 340 KYH KYMBIC
icterenyie 87 980 T/KbLT) KypauIbl.

AmpiTy OHIMI KOCHalap/JaH Ta3apThUIFaHHAH
KEWiH, alllbITyFa ajblHFAaH MaTEPUAJIJIbIH [IaMaMeH
25%-b1 KamapIKKa aiHamansl, 0ya 305 KyH »KyMBIC
icrerenje 34 285 TonHannl HeMece caraTeiHa 112,4
TOHHAHBI Kypanael. By Kanmpikrap skaryra kiOe-
pineni.



0O.10. T'onmoBueHKo k0HE T.0.

2-kecte — Kanuslkrap/s! cypbinTay nponeciniy 0omKaMabl MaTepHaiIbK Oaanch! (3aysIT skbutbiHAa 340 KYH, TOyiirine 12 carar
JKYMBIC icTeit, bacTankpiIa Keyieci KaapIKTap Kaobuiaanisl: sxeuibiHa 240 000 ToHHa, Toymirine 705 ToHHa, caratsiHa 60 TOHHA)

b1
OmiMmepnin arays TYI‘[HYCKaJi{f_FLI 3KCT]I())aKIlPIH, Yy

Ma3MyH, % Yo % T/T0]1 T/cyT
Kapa meTamt ceiHBIKTaphl (KypaMbIHIa Kalaibl 3.0 08 204 7056 20.75
Oaprapbl Koca alFaH/a)
Tycti emec MeTaul ChIHBIKTapbI 0.5 80 0.4 960 2.82
Kenin ¢ppakuus (kaHy yIIiH) 30.0 45 13.5 32400 95.29
TokbIMa KOMITOHEHTTEPI (KaHy YILIiH) 6.0 80 4.8 11520 33.88
YixeH Kypamaac Oestikrep (KaFy YIIiH) 2.0 90 1.8 4320 12.7
Bannact komoHeHTTEp1 (CHIHFAH DHHEK, OaTapesiap 70 400 23 6720 1776
JKoHE 0acka Ja KalIbIKTap)
Ipi enmemMai (pakIMsIMEH MEXaHUKAJIBIK MIBIFBIHAAD ) i 10.0 24000 70.58
(>xaHy YIIiH)
IsrFeranap (bUTFa, man) - - 0.06 144 0.42
BaiibIThUTFaH OpraHuKaibIK Gpakuus (alIbITy YIIiH) - - 63.7 L.52880 449.64
AUIBITY KOHABIPFBICH XKbUTbIHA 305 KYH KYMBIC iCTETCH
Ke3Jie aFaH OalbITBUIFAH OPTaHUKAJIBIK (PPaKIMSTHBIH - - 57.14 137140 449.64
HAKTBI MeJIepi
CypsinTay 1exXbIHaH jKary yiiH (6apibirbl 340 KyH) 36.65 87980 258.76
Baprneirsr: - - - 240000 705

Ocbutaiiiia, TEPMUSIIBIK, OHJEY KOHIBIPFBICHI
*bUtbiHa 87 980 ToHHa (CypbINTay KOHABIPFHICHI-
HaH) koHe *KbUTbiHA 34 285 ToHHA (amIbITy KOHIBIP-
FBICBIHAH) allajibl, OYyJ XbUIbIHA OapibiFsl 122 265
TOHHAHBI KYpaiel (Toymirine 359,6 ToHHa Hemece
caraTblHa ITaMaMeH 15 TonHa). backamma aiTkanaa,
WHTETrpalMsIaHFaH oHJIey Ke3iHJe OacTamkpl Ka-
IBIKTapabiH T1amMaMeH 50%-bl epTenexi (Tikemnei
KaFry TeXHOJIOTHUACHIH Koymanrad ke3ae 100%-mp1H
opHbiHa). byn eTe KpIMOAT XKbUTy *KaOAbIKTapbIHA
JIEreH KAXKETTUIIKTI €K1 ecere azaiTaibl.

Con CHSKTBI, amIbITy KOHIBIPFHICBIHA OpHa-
Ty YUIiH OnMomamaapra JIereH KaKeTTUTK a3asiibl.
Ocpinaiima, 6acTankpl KajaabIKTap bl TIKEIEH alllbl-
Ty yuiH cypeimrayceid (CIS 3aybITTapeiHIaFel TO-
Kipu6e) kpiibiHa 240 MbIH TOHHA (YII ayBICBIMBIK
KYMBICTIEH ToyJiirine 786,8 ToHHa, >kputbiHAa 305
KYH), IuaMeTpi 4 M KOHE Y3bIHIBIFBI 36 M (maii-
nanbl kesemi 300 m3) 11 KM101A O6uomaMaapbia
opHaty Kaxer Oonansl. MHTErpauusianran eHiey
TEXHOJIOTHSCHIH KOJJIaHa OTBIPHIN, KbUIbIHA 137
140 ToHHA OAMBITHUIFAH KAIJBIK (PPAKIIMSCHI Alllbl-
TyFa ibepiseni, a1 KOHJIBIPFBIFa TeK 6 Onobapaban
KaxerT (449.6:71 = 6), siFHU €Ki ecere KYbIK a3 (Tir-
Ti OacTankbl KaJlJbIKTAPMEH CaJIbICThIpFaHia Oa-
WBITBUTFAH (DPAKLUMSHBIH THIFBI3ABIFBIHBIH apTYbIH
eckepMecTeH). byn kapamaibiM ecenTey OacTammKbl

CYPBINITAYIbIH HWHTErpalUsIaHFaH  KaJIbIKTap/Ibl
OHJICY TPOIECIHErT TalbIHABIK KE3€HI peTiHIeri
THIMIITITIH afiKpIH KepceTemi (HeTri3iHeH, WHTeT-
panysUIaHFaH KaJABIKTapAbl OHACY TEXHOIOTHSCHI
om0Oebar, cedebi 01 GacTankbl KalAbIKTapAbIH KY-
pambIHa a3 ToyeIi).

Kayasik MaTepuan arbIHAApbIH KaiiTa Oeiy ap-
KBUIBl CYPBINTAay KbIMOAT TEPMUSUIBIK >KOHE OWO-
TEPMUSIIBIK, Ka0IBIKTapFa KaKEeTTUTIKTI 1,5-2 ecere
azaiitanpl. COHBIMEH Kartap, CYpBINTay/ablH ©3iHe
JKYMCAJIaThIH KalUTAIBIK IIBIFBIHAAD TEPMUSIIBIK
JKoHe OMOeH Iey HIBIFBIHAAPBIHBIH 8-15%-bIHaH ac-
nanael.

Benrini O6ip TEXHOIOTUSHBI TaHAAYAB! FEUIBIMH
TYPFBIZIAH HETI3/ey YIIIH TeK SKOHOMHUKAJBIK, (hak-
TOpJapAbl FAaHa eMeC, COHBIMEH KaTap DKOJIOTHUSITBIK
(hbakropaap/sl 1a ecKkepy Kaxert, ce0ebl COHFbI 6H-
JIeNITeH OHIMIEep MEH OHIIPIC KaIABIKTaphl KOpiia-
FaH OpTara 3usH KeNTipMeyi Kepek (0arabl KauabIK
KOMITOHEHTTEPiH OaphlHIlIa Maliaanany Ke3iHae).

KapacThIpbLIblll OTBIPFaH TEXHOJIOTHSIIAPIbIH
immiHge OacTankpl KaIBIKTapbl TIiKENEH AaIlbITy
JKOHE TIKeJIeH jKaFy KOpIlaraH opTaFa €H YJIKCH
acep erefi.

Bacrankpbl KanabIKTap[bl €lIKaHJal JdalbiH-
JIBIKCBI3 HEMECE OHJICYCi3 TiKelleH JKaFy bl KoJaHa
OTBIPBIMN, JKAIBICYPOAJIBIK ayaHbIH JIaCTaHybIHA
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Kapchl 3MHCCHUSl TalanTapblH CaKTay IIapThIMEH,
*puTbHa 240 000 TOHHA KaJABIKTHI JKaFyIaH ITbI-
FaTBIH IIBIFAPBIHJIBI Ta3/bIH JKBUIABIK KeJeMi Iia-
maMeH 900 MuiIInoH M3/5KbUT 00JIabl, all IIaH, IbI-
FapbIHJIBUIAPHI KbUTbIHA 20 TOHHATAH acmaiibl, ai
aybIp MeTaJIIap/bIH KaJIbl MOJIepi KbuTbiHA 4,5
TOHHA OOJIabI.

Herisri yasI KOMIOHEHTTEp PETIHAE aybIp Me-
TaJIap IbIH MIBIFAPBIHIBUIAPEIH KAABIKTAPIBI Kapa
JKOHE TYCTI MeTaJaapasl 06y VINiH alIbH anxa Cy-
pBINITAY apKBUIBI a3aiiTyra Ooyaapl. XalbIKapasblK
3epTTEyJIepPre COMKEC, KAIIBIKTAp bl aJIIBIH ajia CY-
pBINITAY TIBIFAPBIHABI Ta3JapbIHIAFEl aybIp MeTall-
JApIbIH MOJIIEpiH aWTapibIKTall a3alTaabl KOHE
YJIbI TIBIFAPBIHBUIAPABI a3aUTYyIBIH MaHBI3IbI He-
Ti3ri Tapackl OOBIT TaOBIIA b

BipikTipinren «cypeinray + jkary» MporeciMeH
puTbIHA mamamer 200 000 ToHHA KaIabIK TePMUS-
TBIK, OHJIeYTe XKi0epineni nemn ecenrenei. by xar-
naima >xeutbiHa 750 MIJUTHOH M3 KeJieMIeri TYTiH
ra3fapblH/IaFbI IIaH MIbIFAPBIHBLIAPEI 16 TOHHATAH
acmai/Ipl, ajl ayblp MeTajul MIbIFapeIHABLUIapsl S00
KI-HaH acIamabl.

Tikemelr KamabIKTapIbl KaFy TEXHOJIOTHSCHIH
KOJJIaHFaH Ke3Jle, TYTIH ra3JgapblHaH 0acka, KOX
(xputbrHa mamamen 55 000 ToHHA) JKOHE YIIATHIH
Kya (xbputbiHa mamaMed 8000 ToHHA) na eHAipie-
JUi; KOXK/IBIH KYPaMbIHJIAFbl aybIp METaJLI MOJIIIepi-
HiH >KOFapbl 00JTybIHAa OaiIaHBICTBI OHBI KOO OTE
KublH. «CypbINTay >KOHE KaFy» TEXHOJIOTHUSCHIH
KOJIJIaHFaH/1a, KoK Medtepi xbuibiHa 45 000 ToH-
Hara Aeiin, ai kya 6500 ToHHara ACHiH a3asbl, al
KOJIbl OHJICY OHIIIA KUBIH €MEC.

ATNIBIH ama CYPBINTAyChI3 XKOHE JTalbIHAaMait
LIMKI3aT KaJIABIKTAPhl YIIiH TiKeJIeH albITy TeXHO-
JIOTHSICHIH KOJITAaHYABIH 0acThl KEMIIIUJIITI — ITOJH-
TOHFa TacTayFa Typa KelleTiH KaJJbIKTap/IbIH KOl
meumepi (kpuibiHa Keminge 70 000 ToHHA) 'koHE
JAaWbIH OHIMHIH CAIachbIHBIH ©T¢ TOMEHMITT (OHBI
OTKI3y KalieTi Hammap, caTy KUBIH JKOHE KOITeTeH
3epTTeyNepre Colkec, ayblp MEeTaIapblH KOFaphl
NEHTeHiH KaMTHIbI). AIIBITY OHIMIHIH camachlH
JKAKCAPTy alllbITy aJNJIbIHIA KAJIBIKTapIbl CYPHIT-
Tay TEXHOJIOTHSCHIH KOJIIaHY apKbUIbl (COHBIMCH
KaTap COHFbI OHIMHEH KOCHaJIapJbl KETIpYliH *Ke-
TUIIPIITEH TEXHOIOTHUACKI) ’KY3€Te aChIPhLIaIbI.

KannsikTapapl enaeyaiH apOip SIiCiHIH KeM-
TIUTIKTEPl OHEPKOCITITIK TEXHOIOTHS KATIBIKTAPIbI
OHJCY/IH eKe oicTepiH OipiKTipy KaruaaThlHa
HET13]IeJITeH JKaraaiijga a3asbl.

WuTerpanusianFal KaJIbIKTapAbl OHJEY TeX-
HOJIOTHSICBIH KOJIJIaHa OTBIPBIN, KaJbIKTap Oac-
TamKbl KaJJBIKTap/iaH eMec, HETi3iHeH MeTaijiap
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aNbIHFaH OalbITbUIFaH (QPAaKUUSACBIHAH TEPMUSUIIBIK
OHJICYNCH oTelmi. balbIThuTFan Ppakius GacTamKbl
KaJIBIKTapAaH €Ki ece a3 canmakTa Oomanpl. byn
TYTIH Ta3AapbIHBIH KOpIIAaFaH OpTara OCcepiH ai-
TapJBIKTAall a3alTalpl: OJapAbIH KeJeMi KbUIbIHA
450 MuIIMoH M3-Te IeHiH a3asibl, ajl KbUIABIK IIaH
HIBIFApbIHABUIapsl 10 TOHHAAaH, aj ayblp METajll
HIBIFapBIHABIIApEl 250 Kr-HaH acmaiiipl (MIBIH MO-
HiHJE, METaJlT IbIFAPBIHABUIAPE] AaUTapIbIKTal TO-
MEH 0oJazpl).

TyTiH ra3gapslH Tazanay Ke3iHjae KemeH/Ii Kai-
JIBIKTapJIbl OHJICY Ke31H/e naiia 001aThiH KYJI MOJI-
nrepi kpuibiHa mamameH 4000 ToHHaHBI Kypaubl.
Byn xanmerk Typi yiel, 6ipak Kaz3ipri yaKbITTa OHBI
TEK KOMY YIIiH FaHa eMec, COHbIMEH Karap KeHiH-
HEH JKOI0 YIIIiH JI¢ 3WSHCBI3 €Ty OHicTepi o3ipie-
HyJe (MbIcajbl, KYJAi KON KYPBUIBICBIHAA OETOH
KOCIIachl PETiHe HEMece JKapbUIBIC Ta3ajay OHIM-
Jiepl YUIH naijganaHyfa OONaThlH MHEPTTI IIBIHBI
KaJIJBIKKA oHAey apKbuibl). COHBIMEH KaTap, IIaH
HIBIFAPBIHBUIAPBIH KOSATHIH TEPMUSUIBIK, (TIHPOIIN3)
TEeXHOJNOTHsNAp (peceilllik ra3gaHablpy TEXHOJO-
THSICBI) Ka3ip/IiH ©3iH/1e 93ipJIcHIeH.

Ocpinaiima, ©eHEepKOCINTIK TEeXHOIOTHSIIAPIbI
KaJIBIKTapAbIH «KOpLIaFaH OpTara 3USHCBHI3IBIFbI-
Hay (camanblK Oaraiay) HETi3[AeNITeH €Ki mapaiehb
KaTapra OpHaJacThIpyFa OoJiafbl: MUPOIU3AL KOJ-
JTAaHATBIH KOHE TEPMUSIIBIK DIICTEPi JKOK TEXHOJIO-
rusap.

Mpicanbl, ayaHblH JIACTAHYBIH OOJIBIpMAY TYP-
FBICBIHAH TiKeJeH alllbITy TEXHOJIOTHSICHI THIMIIPEK,
Oipak onm kem Memmepae KaumblKTapasH (30%)
naiina OomysiMen OaitnanbicTbl. COHBIMEH Katap,
WHTETpalMsIaHFaH KaIJBIKTapJbl OHJEY Ke3iHJe
HIBIFAPBUTATBIH KAJIBIKTapAbIH Memepi Tek 3-8%
Kypainupl, 0ipaK TEOPHSUIBIK TYPFBIAAH OHEPKOCIT-
TIK IIBIFApBIHABUIAPAAH Oip PETTIK 3KOJOTHSUIBIK
Kayin 6ap. Oceutaiiiia, Tangay WHTETpaIsUIaHFaH
KaJIBIKTapAbl OHJIey TEXHOJIOTUSACH Ka3ipri 3aMaH-
Fbl DKOHOMUKAJIBIK, JKOHE SKOJIOTHSUIBIK TaJlalTapra
CH JKaKChl COMKeC KeNeTiHiH kepceredi. bapibik
KaJIBIKTapAsl OHMACY YIIiH Oip omicTi Hemece Oip
TEXHOJIOTHSIHBI (MBICAJIbl, JKary) MaljajiaHy HuUe-
Ti IIBIFEIHAAPABIH HETI3Ci3 OCyiHe OKeNeNi XOHE
TEXHOJIOTHSIHBIH TepiC KOpIIaFaH oOpTara odcepiH
kymerreni. CoHbIMEH KaTap, KeHOip TepMUSIIBIK
TEXHOJIOTHsIapAbl (ra3laHublpy, CYHBIK KabaTTa
’Kary) TeK MHTEeTpalysIaHFaH KaIJBIKTap.Ibl OHJICY
cxeMaylapblHJa FaHa eHri3yre 6onazabl, cededi onap
OHJIEJIETIH IIMKI3aTTBIH KypamblHA, MeJIIepiHe
JKOHE JKbUTY KYH/BUIBIFbIHA HAKTBI TAJIANTAP KOSIIBL.

Herizinen MmuHepanisl 3aTTapAad TYPaThIH Naii-
na OoJFaH KaJABIKTapAbl KO0 JKOHE OHJCY YIIiH



0O.10. T'onmoBueHKo k0HE T.0.

OipHeIlIe eHEePKOCINTIK KOHE OHEPKOCINKE KAKbIH
TexHonorusmap 6ap. KamibikrapapiH KypaMmbiHa a3
TOyeI1i eH oMOe0an dic — AMEKTPIIiK KaiTa OamKbl-
Ty, COZIaH KeiiH MIBIHBUIAHIBIPY.

el TOPI3AI KYHIHAE yJBI 3aTTap O6iHiN
ANbIHAJIBI J)KOHE YCaKTaJIFAHHAH KeWiH Jie NIIaKTaH
aFbINl KeTHEW . DICSKTPIIIK KBI3AbIPY LUIAK BaHHA-
cerHaarsl Temneparypansl (1400-1500°C) yeran Ty-
pyas! keHingereni. Lbmbl Topizal Kyiinae mate-
pHAaIbI KOJJIAaHYIbIH KeH ayKbIMBIH Ta0yFa 00JIa bl
VNIETO wanimerrepi OOHBIHINA, KaJIBIKTapIbI
ANIEKTPITIK OANKBITYJaH allbIHFaH IIIJIaK KOFaphl ca-
naJiel KYpPBUIBIC MaTepuaigapbiHa OHAEITyl MYMKIH.
ArTarn aiTkanaa, nak TeIFeBAbIFel 180-Hen 250 kr/
M>*-Te JIEHIHTI KeJIeMJIi JKbUTy OKIIayJIaFbIIIbIH He-
Mece THIFBI3ABIFE 900 Kr/M3-re AeHiHT1 KYpbUIbIM-
JIbIK OCTOH YIIIH KE€YEKTi arperat eHIipy YIIiH mnaii-
JTATaHBLTYBl MYMKIH (OHJIpiC TEXHOJOTHUACH IILTaK
YHTaFbIH KOCHIAJIADMEH TYHIPIIIKTEyTe K0HE COAaH
KeWiH TYHIpIIIKTep/i aifHaIMaIbl TIelTe KYHaipyre
HeTi3JeNreH). DIeKTPIiK OaNKbITy TEXHOJIOTHSCHI-
HBIH JI9CTYPIIl KEMIITIT — >KOFapbl YHEPTHsI TYThI-
HY — KaJIABIKTapJaH SHEPrHsl OHAIPETIH KOHIBIPFBI
YKar1alibIH/1a MaHbI3/Ibl MOCEJIE EMEC.

Kyiinipinmeren oTka Te3iMIi ©HAIpIC TEXHO-
JIOTUSACHI YIIATHIH KYJAI KalTa eHIey YIIiH Iai-
JaNaHbUTybl MYMKiH. Byl TexHOmoOTHst KanaslkTap-
JIbl JKary KOHJBIPFBICHIHBIH YIIATBIH KYJIIH JJIEKTP
CTaHUMSCHIHBIH KYJIIMEH koHe Qocdar OaiinaHbic-
THIPFRIIITAPBIMEH (aTam alTKauma, oprtodocdop
KBIIIKBUIBIMEH) YCaKTaylbl, YHTaKTayJbl >KOHE
apanacThIpy/Abl, KipmmTepal KaJbIITayabl, OJap-
161 300-400°C Temneparypana TEPMUSIIBIK OHACY 1
YKOHE 0JIap/IbI OCHI TeMITepaTypana 4 carat 00MbI yc-
Taynbl KaMTuabl. HOBOMOCKOBCKIIeTi 0TKa Te3imi
3ayBITTaFbl AJFAIIKbl THJIOTTHIK ChIHAKTAP KOHLI
KOHIIIITETIH HOTIKENep Oep/i.

Kanmeikrapaer kKaiita eHaeyniH Oyn WHTETrpa-
LUSUTAaHFAH  TEXHOJIOTUSICHL  KYPBUIBIC MaTepua-
MapbeIH OHIIPY TPOIECiHe OIPIKTIpUITeH Ke3me ic
JKY3iH/Ie KaJIJIBIKChI3 OO0Jybl MYMKiH. baWbIThLI-
FaH KauAblK (QpakmusuIapblH omMOe0arr, 3KOJOTHs-
JBIK Ta3a KYpPBUIBIC MaTepHajlapblHa OHJACY XKY-
MeIcTapbl ['epmanus men Kanamama skyprizityne
(SEKUPLAN xosne Hydromex TexHomorusiap).
Oceiapaii texunosaorus Peceline akanemuk M.B. bu-
PIOKOBTBHIH OacCIIBIIBIFBIMEH O3IpJIeHiN, ChIHAKTAaH
OTKI3LII.

Kanapikrapra kenetin 0oJcak, TEXHOJOTHSIHBIH
MOHI OpPTaHUKAaJBIK 3aTTapMEH OaWBITBUIFAH KYp-
FaK, YCaKTaJFaH KaJAbIK (paKIUsCbIH MUHEPAJIbI
OaiimaHBICTRIPFRIITAPALIH (OUIIOMUT KOHE Mar-
HE3UT) EpITIHIIIEPIMEH OHJCYACH JKOHE KeHiHHEH

WHBCKIUSIIBIK, KAIIBINTAY, BICTHIK MPECTEy HeMece
ITAaMITAay YIIiH KaJbllITayFa 00JIaThIH Macca aiy-
JlaH Typajabl. MaccaHbl AaiibIHIay Tpolieci OapibIK
KaJIIBIK OOJIIEeKTepiHiH KanTaTyblH KaMTaMachl3
eTeJli, HOTIKECIHAC OTKA TO31MIII )KoHEe OHOTYpaK-
THI DKOJIOTFSUTBIK Ta3a KYpPBUIBIC MaTepHaIIaphl
anbrHanbl. OpraHUKaIbIK, HET13/1eTi KYPBUIBIC MaTe-
pUaIIapeiH OHIIPY KAIIBIKTAPHI a3 (KaJIBIKCHI3)
KaJIJIBIKTap/Ibl OHJICY KEIICHIH KAMTaMachl3 €T

KopbIThIHABI

Kannmeikrapael kaiita enaey koHe Peceiine
JKOHE IIETeN/Ie KeYeKTI KYpbUIbIC MaTepHalapbiH
OHJIIPY OJIapJIbl 93ipJiey KOHE CHTI3y Kejeci cama-
Japaa MYMKIH ekeHiH kepcereni. Kipmim caser
LIMKi3aT peTiHAe NaliaaiaHaThIHAApFa KYPBUIbIM-
IBIK, (THIFBI3IBIFRL 900-1200 K1/M?) )k0HE KYPBUIBIM-
IOBIK-KbUTy oKmaynarsi (500-900 kr/m®) sxorapsl
KYBICTBI KYBIC-KE€YEKTI KepaMHKa, COHTali-aK THIM/II
3aMaHayd KoOIKTeHETIH jKOHEe YPJICHTIH areHTTepai
naigananaTeif ety okmayaarsi (100-500 kr/m®)
ra3 »oHe Ke0iK Ty3eTiH KepamuKka xarajpl. KeHeil-
TIJITCH Ca3/Ibl HKI3aT PETiH/IC MaiaJaHaTeIHIapFa
MUPOTIIACTUKANIBIK OaJIKbIMAHbIH KBUTYJIBIK COKKBI-
CBI Ke31H/IE alTapJIBIKTal KCHEHETIH TEXHOIOTUSHEI
KOJIJIaHa OTBIPBIN OHIPUITeH >KEHUI JKOHE YIbTpa
JKCHIJT YSIIBIKTHI KepaMHUKaIBIK MaTepHajiap »xa-
taabl. COHBIMEH Karap, KybIC-KEyeKTi KepaMHKa-
JBIK, MaTepuajiapia KoJ JKeTKi3yre OoNaThiH €H
TOMEHT1 oprama THIFBI3ABIFE 700-750 kr/m* sxoHe
*kbury etkizrimriri 0,15-0,18 Bt1/(M°C) xenrteren
ailMaKkTap YLIIH KYpBUIBICTa SHEPrUsSHBl YHEMICY
cascaThl TePEHACTEH CailblH KaOBUITAHYBl MYMKIH
KaTaH >KbUTy KeJleprici cTaHgapTTapblHa COHMKec
KeJy YIIiH KeTKiTiKCi3 60ybl MyMKiH. COHIBIKTaH
MaTepHaNTaHyIIbUIAP 63 KYII-KIrepiH O3BIK JKOHE
THIMIII VSIIBIKTBI KePaMUKAIIBIK MaTepHaIIapabl
93ipJieyre KoHE eHTi3yre OarbITTaybl KEpeK.

Ke0ikTi xoHe Ta3-KepaMHUKaIbIK MaTepuaiaap-
IbIH KYBIC KEYeKTi KaObIpFa KepaMHKachlHa Kapa-
FaHJ1a MaHBI3]bl AP THIKIIBLIBIFBI — OJIAPIBIH JKOFaphI
keyekTiniri (95%-Fa neiin), TOMEH opTallia ThIFbI3-
ne1Fs! (100 xr/M3-11eH 6acran) )koHe JKbLUTY O TKI3TIII-
Tiri (r) 0,06-nan 0,14 B1/(m* °C-ka aeiiin). bipkarap
3epTTeyJiep OJIapIbIH JKOFaphl as3Fa TO3IMAUIITIH
atan oTTi — F200-1en >xorapel. Onapapl eHIIpyIiH
JIamybl KeJeci (hakTopiaapMeH Texeneni: Ko0ik, ra3
KOHE KEYeKTI KepaMHKa XOHE KyWIipy OaiiiaHbl-
ceranarel (BOC) keHin 66TOH YFBIMIAPBIHBIH HAK-
ThI aHBIKTAMACKIHBIH 00JIMaybI, Oy Macene OOMbIH-
ma d/1edneTTepae corKecci3mikTep OONFaH/IBIKTaH,
OJIapAbIH KACHETTEPiHIH HEri3ri KOpCeTKITepiHiH
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HETI3Ti CTaHIapTTHl MOHAEP1 931pIeHOereH, 0J1ap bl
OHTIPY/IIH TEOPHSUIBIK )KOHE TEXHOJIOTUSIIBIK HET13-
JIepi J)KOK, IITUKi3aT 0a3achl )KOHE OJapIbl TAHIay Ta-
JIanTapsl 93ipJeHOETeH, OJIapabl OHIIPYIiH KYpaMbl
MEH TEXHOJOTHSUIIBIK PEeKUMICP] OHTANIaHABIPBLI-
MaFraH, TEXHOJIOTHSIIBIK >KaOIBIKTApAbIH OipKatap
MO3ULMSUIApbIH 93ipiey KaxeT. Ocwl cebenti, Oy-
TiHTI KYHre JeiiH, Oya MaTepuaiiapIblH KOFaphl
(pU3UKAIBIK J)KOHE MEXaHUKAJIBIK KacHeTTepiHe Ka-
pamMacraH, oJlapIbl OHIIPY KCHIHCH TaMbIMaraH.
KonnaneicTarsl 3epTTeyIepaiH Tangaybl KEyeK-
Ti )KOHE KOFaphl KEYeKTI KepaMUKaJIbIK MaTepHa-
JapAblH (PU3MKANBIK, MEXaHUKAJIBIK JKOHE dcipece
TepMO(U3NKAIBIK KACHETTEPIH KAKCAPTYABIH pe-
3epBTEPiHiH Oipi OnapIbIH KYPHUIBIMBI MEH KEyeK-
TUTITIH peTTey eKeHiH kepceTTi. by mocenere ane-
OueTTe KEeTKUIKTI KoHin OenminOexi *oHe Kyiemni
3epTTeyJiep KYPTi3iIreH >KOK. OpTypii ca3 Oal-
LIBIKTApJaH JIbIHFaH THIMII KepaMHKaJIbIK MaTe-
pUaNIapasIH KEYEKTUTITIH OJapJblH KYpaMbl MEH

TEXHOJIOTHSJIBIK (PaKTOpJaphlH ©3TepPTy apKbUIbI
peTTey MYMKIHJIT aHBIKTaaMaraH. KypbUIBIMHBIH,
acipece KYpPBUIBIMJIIBIK KOMITOHCHTTEP/IH (Keyek-
Tep, KPUCTAIIBIK HeoQOpMAaIHsiiap JKOHE IIBIHBI
(aza) KeyeKTi KOHE >KOFapbl KEYyeKTI KepaMuKa-
JIBIK, OHIMIEPAiH (QU3HKAIBIK, MEXaHUKAJIBIK, KOHE
naianany KacueTTepiHe dcepi Typalbl JepeKTep
XKeTKimKci3. KypbUTbIMABIK KOMIIOHEHTTEPIIH Tep-
MO(H3HKAJIBIK KAaCHETTepiH aHBIKTAY >KOHE ecell-
Tey YIIiH 0acTamKbl IEPEKTep JKOK KOHE dJIiCTEME
93ipieHOereH, COHJaW-aK OJIapAblH O3ipJIeHTeH
MaTepHasiap/IaH )KacaJlFaH KopiiayiapblH TepMO-
(U3UKaAIBIK KacHeTTepiHe ocepi 3epTTenMeret. byn
MaTepHaIIapAbIH TePMO(PU3NKAIBIK KACHETTEePiHIH
O3TepyiHiH OJapAbH KYPBUIBIMABIK KOMIIOHEHT-
TEpiHIH apakaThIHACBIHBIH ©3TepyiHe TOYyeIIUIIri
aHBIKTAJIMaFaH.

byn 3eprreyai Kazakcran PecrmyOmmkacer Foi-
JIBIM JK9HE KOFapbl O11IM MUHUCTPIIriHiH FbutbiM
KOMHTETI Kap>KbutaHaeipaasl (Ne BR27199117).
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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
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ITHKACHI )KOHE BeO-CailThI Oap.
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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
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apHaJIFaH.
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Jla MaHBI3/IbI MOHTE H€ JKaHa FhUIBIMH HOTIKEIICP/Ii JKapusiiay.

e Jluccepranusiapasl KOpFayFa )KOHE FRUIBIMH MaMaHIBIKTap OOWBIHIIA FRUIBIMU JIOPEKENIEp alyFa YMIiTKEp MarucTpaHT-
Tap MEH JOKTOPAHTTAP/IbIH FHUTBIMH JKYMBICTAPBIHBIH HOTIDKEIICPIH KeH JKapUsUIay/IblH alllbIKTHIFBI MEH KOJI JKETIMAUIIT OpTachiH
Kypy.

e  FhulbIMH KOFAMIACTBIKTBIH, COHNIAi-aK »ac >KOHE jkaHa OacTaraH FalbIMAAPIbIH JKYpPHAIFa JEreH TYPaKThl
KBI3BIFYIIBUTBIFBIH KAJBIITACTHIPY, OHBIH JKOJIOTHS MOCEIeIepiH 3ePTTCHTIH MaMaHaapIblH KociOM OpTachIHIa OCIM Kelle KaTKaH
KQKETTUTITH KaJbIITACTHIPY.

XKypHan marepuangapbl 3KOJOTHs KOHE KOpIIAaFaH OPTAHBIH JIACTAHYBI CallaChIHIAFbl MPOOJIeManapiblH KEH ayKbIMBIH
KaMTHIbl. Makananap 3K0J0TUsTHbIH KeJleci TAKbIPBINTBIK 06J1iMaepi OOMbIHINA KapUsITaHA b

e OKep Typaiibl FajibIM;

Kopiaran opTaHsl JlacTay jkoHE KOPFay;

DKOJIOTHSUIBIK, OMOTEXHOJIOTHS,

AnaMm, eciMIIKTep, JKaHyapiap )KoHEe MUKPOOPTaHU3MIED SKOJIOTUSCHI;
KimuMaTThIH FanaMabIK e3repyi, Cy pecypcTapbiH 0ackapy,

By3buiran sKoKyHenepi KalambiHa KenTipy;

Kopiaran opta jxoHe Kellli-KOH;

Kananap sxoHe KIMMAaTThIH 03repyi;

DKOJIOTUSUIBIK OMJIay JKOHE a/laM3aT CTPaTeruschl.
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OipiHIIi XKapusuiay KYKBIFBIH JKYMBICIIEH Oipre Oepeni, oHbl 0ip yakpitTa Creative Commons Attribution License (CC BY-NC-ND
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INFORMATION FOR AUTHORS

Journal «Vestnik KazNU. Ecological Series» was founded in 1992. In 2007 was renamed as «Eurasian Journal of Ecology»
(in the English version). The founder and publisher of the journal are the Al-Farabi Kazakh National University. The journal has a
developed and approved cover and title pages with an indication of the institution, imprint of the issue, ISSN, eISSN, editorial board,
editorial policy, publication ethics, and website. The journal is published 4 times a year.
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e  Earth Science;
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Global climate change, water resources management,
Restoration of damaged ecosystems;
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the right of first publication along with the work, licensing it at a time under the Creative Commons Attribution License (CC BY-
NC-ND 4.0).
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MHOOPMALMNA AASI ABTOPOB

Kypuan «Becruuk KasHY. Cepusi 3xosiormueckasi» Obl1 ocHOBaH B 1992 romy. YupeauTenem W H3IaTeleM >KypHaia
sBisieTcst Kazaxckuil HalMoHaNBHEIH YHHBepcHTeT nMeHH anb-Oapadu. XKypHan nmeet pa3paboTaHHbBIE H YTBEPIKICHHBIE 00TI0KKY
U TUTYJIbHBIE JIUCTBI C YKa3aHUEM By3a, BEIXOJHbIC JaHHbIe HOMepa, ISSN, eISSN, cocraB peznkonieruy, pelakiHOHHYO IOJIUTHUKY,
IyOIMKaMOHHYIO 3THKY U BeO-caiT. JKypHai BEIITycKaeTcs IepUOANIHOCTEIO 4 pasa B IO,

Kypnan cinenyer noiauTuke HHGOPMAIMOHHOW OTKPBITOCTH U JOCTYITHOCTH ITyONMKAIMil aBTOPOB, CTaTbU Pa3MENIaloTCsl Ha
caifte xypnaia https://bulletin-ecology.kaznu.kz Ha Tpex sI3bIKax B IIOJHOTEKCTOBOM JIOCTYIIE.

Iean sxypHajaa — 00ecreunTb BCECTOPOHHEE MPE/ICTABICHNE U Pe3YJIBTaThl IEPEJOBBIX NCCIISTOBAHUH B 00IACTH SKOJIOTUH 1
MIPUPOIHBIX pecypcoB. JKypHai peiHa3HauYeH I HayuHbIX COTPYIHHUKOB, IpenojaBaTesaei, JOKTOPAaHTOB U CTYJCHTOB Pa3IMYHbIX
CHEHaTbHOCTEH, IPOSBILIOIINX HAyYHBIH HHTEPeC K SKOJIOTHIECKHM IpodiieMaM U OXpaHe OKPY’Karollei cpesibl.

3anaum :KypHaa:

e (OcBselarh HOBbIC HAYYHBIC PE3YNBTAThI, UMCIOIIHE CYIICCTBEHHOE 3HAYCHUE B PA3IMUHBIX 001acTsIX (PyHIaMEHTAIBHOMN 1
MPUKJIATHON HAYKH IO SKOJIOTHH M OXPaHe OKPYKAIOIICH cpebl.

e  Co3znaBaTh Cpely OTKPBITOCTH U JOCTYITHOCTHU IIUPOKOTO OCBEIICHHS PE3YJIbTATOB HAyYHBIX PA0OT MATUCTPAHTOB U JIOK-
TOPAHTOB, MPETEHIYIONINX HA 3aIIUTY JUCCEPTAIMI U MTOJYYCHUE YUCHBIX CTEIICHEH 10 HAyYHBIM CIICIUATBHOCTSIM TUCCEPTAIHOH-
HBIX COBETOB B PA3JINYHBIX OOJACTAX SKOJIOTHH.

e  dopmHpOBaTh MOCTOSHHBIA YCTOWYHMBBIM MHTEPEC Y HAyYHOH OOINECCTBEHHOCTH, a TAKXKE Y MOJIOJBIX M HAUUHAIOIINX
YUEHBIX K JKypHAIY, €ro PacTyIly BOCTPEOOBAHHOCTD B MPO(ECCHOHATIBHBIX KPYTrax CHEIUAINCTOB, UCCICAYIOMINX BOIIPOCHI KO-
JIOTHH.

Marepualisl )KypHajia OCBEIIAOT MIUPOKHUN KPYT MPOOIeM B 00JACTH DKOJOTHU U 3arpsA3HEHUs OKpyKaromei cpenpl. CTaTtbi
MyOIUKYIOTCS TIO CIISTYIOIIMM TeMATHYECKHM Pa3iesiaM IKOJOTHH:

e  Hayxka o 3emie;
3arps3HEHHE U OXpaHa OKPYKAIOIICH CPe/Ibl;

DKoJioruueckast OMOTEXHOJIOTHS,

DKOJIOTHS YelIOBEKa, PACTCHUH, )KUBOTHBIX U MUKPOOPTAaHH3MOB;
ImoGankHOE M3MEHEHUE KITUMATa, YIPABICHHE BOTHBIMU PECYPCaMH,
BoccTaHoBIeHNE HAPYIICHHBIX YKOCHCTEM;

OxpyKaromias cpejia 1 MUrparus;

DKOJOTUYECKOE MBINUICHHE U CTPATET s YeI0BEYCCTRA.

Jlns my6nukanuu B xxypHaine «Bectank KasHY. Cepust sxonmornyeckasd) NpHHIMAIOTCS paHee He OIMyOJNKOBAaHHBIE aBTOPOM
(aBTOpaMM) cTaTHM HAa PYCCKOM, Ka3aXCKOM YIJIM aHTJIMHCKOM SI3bIKE, KOTOPBIE COOTBETCTBYIOT TEMaTHUECKUM HAIPaBICHHSM )KypHa-
11a 1 0pOpMIIEHBI CTPOTO MO TPEOOBAHMAM O(POPMIIEHHS PYKOIIHCH.

ABTOpHI cTateil xxypHana «BectHuk KasHY. Cepust sxonornueckas» COXpaHsOT 3a coOOl MpaBo aBTOpa Ha HAyYHYIO pabo-
Ty ¥ HEpeaaloT )KypHaIy IpaBo MEepBOil MyOIUKAIMK BMecTe ¢ paboToH, eANHOBPEMEHHO JIMIEH3HPYs ee 110 smieH3un Creative
Commons Attribution License (CC BY-NC-ND 4.0).

Bce yyacTHHKE TIporiecca My OJIMKAIMH, 8 UMEHHO, KaXK/IbIil aBTOP, HAYYHBIH PEJaKTOp, PEIEH3EeHT, OTBETCTBEHHBIH CEKpeTaph,
YJIEHBl PEAAKI[MOHHON KOJUIeTHH Hay4yHOro kypHana «Bectauk KasHY. Cepus sxonorndeckasp 00s3aHbI 0e3yCIOBHO TPHICPIKH-
BaThCsI NPUHIMIIOB, HOPM ¥ CTaHAAPTOB ITyOIMKaIHOHHON 3THKH. COONIOEHNE ITHUSCKUX MPUHIUIIOB SBIISIETCS] BAKHBIM KaK JUIS
obecriedeHys U MOAJIepyKaHus KadecTBa HayqHOTO JKypHaJa, TAKKe U JUIS CO3JIAHMUS JOBEPUTEIBHBIX U YBaKUTEIbHBIX OTHOLICHHN
MEX/y YIaCTHUKAaMH IIporiecca Iy OInKaIiH.

Omiata MPOU3BOAUTCS TOJIBKO ITOCIE MPUHATHS CTaThH K IMyONUKAIMu M cooOmieHus perakuud. CTOMMOCTD ITyOJIMKaun —
2000 Tenre/crpannna B popmare WORD (mpudt 12, Times New Roman).
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