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TypmbIcThIK Kanasikrap; [lupomms; Dueprust tuiMai texHosorusuiap; CunHrtesnik ras; JKeury
sHeprusicel; Meran; Kemipkpikbui ra3sl; [lapHukTik razagap.

1. Kipicne

Kazakcran PecrnyOnmkackl ¥ATTBIK CTaTUCTHKAJIBIK OIOPOCBIHBIH MOJIIMETI OOWbIHINIA,
2023 xbUIIBIH COHBIHA Kapail peciyOsmka OoribrHIma 3200-1eH actam moiauronaa 120 MuIHoH
TOHHara XYBIK TYpPMBICTHIK KaTThl Kannasikrap (TKK) sxunamaner (Serikova, A. xoue T.0.,
2020). XKpin caitbia mamMamed 4,5 MUJUTHOH TOHHA KAJJIBIK TY31Ie/i, OHBIH TeK 15 maiibi3bl raHa
kaiita enmenemi (Inglezakis, V.J. xone T1.0., 2018; Nukusheva, A. sxone T1.6., 2023;
Nukusheva, A. sxone T1.0., 2023). KyH caiibplH MULIHOHAAaFraH agamjaap TOHHAJAl KOKBIC
TacTaipl: KanraManap, TaMakK KaJlJIbIKTaphl, IJIACTHK OeTenkernep, Oarapesuiap, Karas3, €CKi
kuimaep. MyHbIH 0opi Kasipri 3amMaHFbl KajajdapablH OapiibIFbl Tal OOJIATBIH TYPMBICTBIK
KOMMYHAJIBIK KaabIikTap. bip kaparanma, Oy »ail FaHa KOKBIC, OHBI Oip jKepre Tacray Kepek.
bipak mbIH MOHIHIE KapamailbiM KOKBICTBIH apThlHAAa aJaM JCeHCaylbIFbiHA, TaOuWFaTKa,
KIIUMaTKa ocep €TeTIH KypAedi XUMHSUIBIK Tporectep kaTelp. CyphINTamMaraH >KOHE
CYpBINTAJFaH TYPMBICTBIK KaTThl KaJIBIKTApIbIH Y3[IKCI3 KHHAIYbl *OHE CaKTalybl, OHBIH
imiage meran (50-75%), kemipkeImkbul Taszel (25-50%) sxoHEe cy Oybl, COHIal-aKk a3oT
OKCHUATEPl, KYKIPTCYTEK OHE OpraHMKalbIK 3aTTap (mamameH 5-15%) CHSKTHI MapHUKTIK
razaap msirapeiaasuiapel (World Meteorological Organization, 2024; Dharnaik, A.S. xoHe
1.0., 2024; Rodrigues, J.A.P. xxone 1.6., 2024; Bhatt, K.P. xone 1.6., 2022; Chen, H. xone
1.0., 2024; Chen, B. xxone 1.6., 2023; Abbas, R.l. xxone 1.60., 2024; Cao, X. xone 1.0., 2023;
Abis, M. xomne T.6., 2020; Dronia, W. xone 1.6., 2024; Zajac, M. xone 1.6., 2024) Kopiiarad
opTara alTapibIKTail ocep ereni. Kemeci facklpa MapHUKTIK dCepre bIKMajl eTy1e KOMipKbIIIKbLT
ra3piHaH 28 ece xoHe 20 kbl imiHae 84 ece THIMII OONIATHIH METaH €peKIle alaHIayIIbUTbIK
tyasipansl (Nukusheva, A. xone T.6., 2023). KeMipKBIIIKIT ra3bl dPTYPIIi MPOIeCTEPre acep
€TeTIH y3aK arMoc(hepalblK eMip cypyiHe OailIaHbICThl epeKiie Kayin Tyaslpaasl. 1750 xplnnan
6actan armocdepanarsl CO2 koHmeHTpanuschl mamamen 50%-ra octi. COHbBIMEH KaTtap, a3oT
OKCUATEPIHIH MapHUKTIK MOTEHIIMAIbl KOMIPKBIIIKBLIT Ta3blHaH 264 ece achll Tycedl XKoHe
TUIaHEeTaHbIH 030H KabaTkiHa Kepi acepin turizeni (World Meteorological Organization, 2024).

KokpIc KOHTelHepre TyCKeHHEH KeWiH OJI MOJIMTOHFa HeMece Kaita eHaeyre >kidepinei,
HEMece €H Hamap Xarjaiiiga - yHi"aire sxiOepuieni. MiHe, €H KbI3BIKTBICHI OCBHI JK€pJIEeH
OacTanaabl: KOKbIC KOpIIIaFaH OpTaMeH jKoHe 0acKka 3aTTapMEH XUMHUSUIBIK peaKIusiiapra TyCeIi.

KenTeren enaepae KokbICTapAblH Oip Oeiri eprey 3aybITTapblHAA >Karblaaabl. by
JKaFJaiaa TOTBIFY peaKIsuIapbl KYpei - )KaHy:

Kypambinga kemiprek 6ap 3arrap + Oz — CO2 + H20 + xpury;

Bipak kanapIkTap TONBIK >kaHOaca, yiabl KOCBUIBICTap Ty3uieni: kemiprek okcuai (CO),
kytie (C), muokcunnep. [lmactmaccansl xary ocipece KayinTi - Oyn xmopcyrek (HCI) xone
dbypaH KOCBUTBICTAPBI CUAKTHI YIIbI Ta3AapAbl MIbIFapybl MyMKiH. [lmactMacca KanabIKTapablH eH
npoOaemMasl TypJiepiHiH 0ipi 6osbin TaObaasl. OHBIH KeHOIp TYpJIepiH XUMHUSUIBIK peaKIusiiap
apKbLIBI MOHOMEpIIEpre 0omyre 00abl - OYJI XUMUSUIBIK PEIUKIMHT STl aTalabl.

0 0
CH,-OH+ C c’
‘ HO OH

(PET-mnacruk) (karanusarop) — CH~-OH

MyHpaaii KaiTa eHACYy IJIACTHKTI KalTa maiijaliaHyFa, KOKbIC KOJIEMiH a3alTyFa XoHE
KOpILIaFaH OPTaHbIH JTACTAHYBIH a3alTyFa KOMEKTECE/i.

[Tonurongarel TaMak KaJAbIKTaphl, KaFa3, II6I KOHE JKallbpaKkTap jKail FaHa <OKOFaJIbII»
KOMMalapl — oJjap mIipinm KeTeai, SFHU OaKTepUsUIapAblH KaThICYbIMEH aHa’3pOoOTHI BIABIpAY
nporiecide yinbipaiisl. HoTmxkecinme keneci XUMUSIIBIK peakiusiiap sKypei:
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CeH1206 — 3CO2 + 3CH4

Ocputaiiiia KeMIpKBIIIKBIT Ta3bl MEH METaH mnaiaa Oonaabl - >kahaHIBIK >KbUIBIHYIBI
apTTHIPATHIH MApHUKTIK ra3gap. Ocipece MeTaH KayinTi: OJI KIMMAaTKa KOMipKBIIIKBLUI Ta3bIHAH
25 ece Kol ocep eTei.

batapesimappl, ecKi TYPMBICTHIK XUMHSIIBIK 3aTTap/Abl HeMece Oosylap/Abl TacTaraH Ke3ze
013 KayinTi XUMHUSUIBIK TpoLecTepai 6actaitMbl3. MbIcambl:

Mertanaap KbIIIKbIIIAPMEH SPEKETTECIN CyTeri Ty3€e/i, 01 KapbUTybl MYMKIH:

Zn + 2HCI — ZnCl2 + H21

Tazanmay eHIMIEpiHIETI CUITIIEP MEH KBIIIKBUIAAP JKbLIy O6JliHyIMEH OeHTapanTaHabIpy
peaknusIapblHa TYCYl MYMKIH.

Ayblp Metanpap (ChIHaIl, KOpPFachlH, KaJMHN) TOMBIpAK IE€H CyFa TYCIN, SKOXYHeHl
Oy3apl.

TypMBICTBIK KaTThI KaJIJBIKTAp bl KSJIETe sKapaTy IblH OpTYpJii TEXHOJIOTHsIIaphl 6ap:

- kopaanay (Dharnaik, A.S. xone 1.6., 2024).

- muposu3 (Rodrigues, J.A.P. xone 1.6., 2024);

- wasmansik eHaey (Bhatt, K.P. sxone 1.0., 2022; Chen, H. xane 1.6., 2024);

- xary (Chen, B. xone 1.6., 2023).

TKK koMnocT jxacay — KaJIZIIKTapIbIH OPraHUKaIBIK KOMIIOHEHTTEPiHIH OMOTOTHIFYBIHBIH
9K30TEpMUSUIBIK Iporeci OoJbIll  TaObUIATBIH aHA3POOTHl MHUKPOOPraHU3MICP KOMETriMeH
OHMOJIOTHSIIBIK OHJICYl KAMTHTBIH 9JIiC. DK30TEPMHSUIBIK OMOJIOTHSUIBIK TOTBIFY TPOIIECi apKbLIBI
KOJI  OKeTKi3lelmi, OHJa  OpraHUKalbIK CyOCTpaT  MHUKpPOOpPraHM3MJAEpAIH  apanac
HOMYJISIUSICHIHBIH, a3p0O0Thl OMOJIOTHSUIBIK BIABIpAybIHA YIIBIPAHAbI, Oy BUIFAIIBI JKaFnaiaa
TeMIIepaTypaHbIH JKOFapbulayblHa oKenesl. bys TexHonorussel Kosngany apkpuisl 50%-fa neifin
OMOJOTUSIIBIK THIHAWTKBIIITAPAbI (KOMIIOCT), COHAAN-aK apTypiii ra3gapAsiH maMaMeH 50%-bIH
(MbIcanbl, 6MOra3 »XoHe KOMIpKBIIIKbUI ra3bl) skoHe 10%-Fa neifin Oacka >kaHama eHIMAEpAl
HibIFapyra 060mapl.

KomnoctTeiH eki Typi Oap: a’spo0Tel kommoctray (Abbas, R.l. xone T.6., 2024) xoHe
KaTThl KJIIBIKTAp bl OHepKacinTik Kopaaitay (Cao, X. xone T.0., 2023).

AdpoOTHl KOMIIOCTTAy Ke3iHAe aHa’poOThl OakTepusuiap keOeileni, ©WTKEHI bIAbIpay
KaJABIKTAp/AblH TEpEHIpeK KabaTTapblHAA >KYpeli, *bLIy SHEPrusChbIH OHJIPETIH alllbITyMEH
oipre xypeni (Abbas, R.l. xone T1.6., 2024). HotmkeciHne M OHAIKTEPAIH KYMBIPTKaIaphbl,
TeJIbMUHTTEP/IIH KYMBIPTKAJIaphl MEH JIEPHACUIAEPI, COH/AaN-aK MaTOreH 11K MUKPOOPraHU3M/IEp
50-mer 70 °C-xa nmeiiinri TEMIEpaTypaHbIH JCEPiHEH KOWbUIaAbl. KaTThl KalJIbIKTapAbIH
BIJIBIPaybl KOMIPKBIIIKBUI a3kl MEH Cy OYBIHBIH O6IIHY1HE OKENel.

OJICTIH KEeMIIUTIKTepi: ojapJbl KoJlere jkapaThnacTaH MapHUKTIK Ta3iaplblH OerceHl
HIbIFapbeIHbUIapbl. KaTThl KajabIKTapabl eHepkacinTik Kopraaiay 1930 sxeuinapman Oacrarn
nambein keieni (Cao, X. xone T1.6., 2023). On Jlauus, Asctpus, ['epmanus, benbrus sxoHe
Hunepnana cuskrel EO enaepinge tansiMan 6omabl Abis, M. xone 1.6., 2020, MyH1a OapIIbIFbI
400-re )XyBIK KOKBIC OHJICHTIH 3ayBIT Oap.

OpranbIKTaHIBIPBUIFAH KOP/AHBI YIII 06JieK TeXHOJIOoTHsFa 0eyre 6oa bl

- Tananrars! yitinainepae (Dronia, W. xone 1.0., 2024);

- Cratukaislk cTekte (Zajac, M. xomne T1.0., 2024);

- Kennenen peakropaa (Sobieraj, K. sxone T1.0., 2021).

YitinainepMen Kopaanay (opamablK YHIHIUIEp) KaJABIKTapblH ayara OpHAJIacThIPBLIBII,
apHaiibl MalllMHAJapMeH XKYHeml Type ayaapbulyblH Oinaipeni. buikriri 3 M-re neiiH, eHi 3-TeH
6 M-re JeHiH JKOHE Y3bIHIBIFBI OipHeIIe >Ky3 MeTpre AeWiH YHiHAl jkacanaabl. OpraHuKalbIK
3aTTapbIH TOTHIFYBI aya MEH OTTET1 €PKiH alHAJIAThIH 1 M TEPEHIIKTE KYpei.

OICTIH KEMIIUTIKTEPI:

- KOpJIaHbIH KaJIBINTACcy Ke3eH1 4 aifan 6 aifra JeiiiH HeMece O/1aH J1a Kol
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- KOpJia »kacay YIIiH YJIKEH ayMakK KaKeT;

- )KaFbIMCBI3 MICTIH Tapasybl, (GUIbTPATTHIH TOTLIY1 kKoHE T.0.

TKK mnupomusi — OTTEriHiH KETICHEYHIUIiriT HeMece JKeTKUTIKCI3 Memmepi Ke3iHze
KaJABIKTap/IbIH OPTaHUKAIIBIK OOJITIHIH TePMUSIIBIK bIABIPAYbI, HOTUKECIHAE MUPOJIU3 ra3bl MEH
KaTThl KeMipTeri Kanasikrapsl Ty3iieai (Du, Y. sxone 1.0., 2021)

[Tuponu3 eHimMaepiHiH MeJIIepi MEH KypaMmbl KaJIIbIKTapAbIH KypamblHA >KOHE bLABIPAY
TemreparypacsiHa OaimaneicTel. KangplKTapael KaryablH OpHBIHA MHPOJIM3JA1I KOJIJaHy ra3
HIBIFAPBIH/IBUIAPBIHBIH  KOJIEMIH JKOHE OJlap/arbl YJIbl KOMIIOHEHTTEPHAiIH KYpPaMbIH KypT
TOMEHETYre MyMKIHIIK Oepei.

[Tuponu3 TemnepaTypa HemMece KbI3IbIPY KbUIIAMABIFBl CUSKTHI JKYMBIC MapaMeTpliepiH
perTey apKbUIBl QpTYpJi HpOHOpHMsAiapAa KAaTThl, CYHBIK J>KOHE ra3 Topi3ai eHIMAEpAiH
KOMOWHAIMSICBIH ~ OHJIPYre J>KaH-KaKThl MYMKIHIIK Oepeni. KanmbIKrapabslH TEPMHSUIIBIK
BIIBIPAYBl IIAMBIPJBIH TY3UIyiH OapbIHIIA a3aiTaTbIH HEMECE TOJIBIFBIMEH JKOSITBIHIAN eTil
JKY3€re achIpblUlybl MyMKIH HEMece Ka)KeTTI COHFbI OHIMIEP/iH Oipi peTiHAe maiblp any YyIIiH
OHTaiIaHbIpbUTFaH 0oybl MyMKiH (XU, M.-X. xone T.0., 2021). [Tuponu3 KOHIBIPFBLIAPHI
IPOILIECC KYPETiH KbUIY JKaFdaiinapbiHa OaitmanbicTel kikrenemi (Chatterjee, R. »xone T.0.,
2021)

- ToMeH TemmepaTypaisl (450-500°C), ra3aelH MUHAMAIIBI IIBIFYBIMEH, MARBIPIAp/IbIH,
MaiiJIap/IblH JKOHE KAaTThl KAJIBIKTApIbIH MakCHUMaiasl MeiepiMer cunattanansl (Nobre, C.
*)oHe T.0., 2021);

- oprama Temneparypa (800°C neifin), maiibipiap MeH Maiiap/bIH a3aiiFaH MeJIepiMen
ra3 eHIMJIUTITIHIH )KOFapbUIaybIMEH CUTIATTaNIa]Ibl;

- xorapsl TemmepaTrypa (800°C »korapsl), Tra3gblH MAaKCHMAbl IILIFyBIMEH JKOHE
HIaibIpIapabie e a3 Moumiepimen cunarranans! (Chen, T. xone 1.6., 2021).

[Muponuzai konpany apksuibl TKK kaiiTa eHIEY TEXHOJIOTHIIAPHI ©T€ SKOJOTHSUIBIK Ta3a
OOJIBII Kenel.

[Tma3manblKk  KalXIbIKTapAbl Ta3apTy KOHIBIPFBICBIHBIH JKYMBIC TPUHIUI  OTTEKTi
OKIlIayJay, OHTAMJbl KBICBIM jKacay >KOHE KaJJBIKTapAbl TOMEH TeMIlepaTrypaibl Iia3Ma
aFBIHBIMEH OHJIey Ke3iHJe KammsIkTapasl kem aerenie 1200°C eTe skoFapel Temmeparypara
yuibipary 6ounbin Tabbutazael (Park, D.K. xone 1.0., 2021). TemneparypaibiK MapTTap/bl KaTaH
CaKTay KailiTa eHIey Ke3lHJEe CHHTe3 Ta3blHAa CYWBIK (pakIUsSHbIH, COHJai-aK TOMEH
Temreparypaza KaJlAbIKTapJbsl eHJey Ke3iHJe mHaiiga OoyiaThlH IIaiblpiapiblH Naiina GomyblH
Oonabipmayra keMekrecell. COHbIMEH KaTap, ©T€ >KOFapbl TeMIlepaTypaHbl MalJanaHy Yibl
HEMece TYPAKThI KaJIbIK KOMIIOHEHTTEP/I1H TOJBIK bIIbIpayblHa MYMKIH/IIK Oepejil )KoHe epeKIle
KayinTi 3aTTapAbIH Ty3ityine xoi 6epmeiini (Gongalves, M.F.S. xone 1.6., 2022).

[Tna3manblK Ta3gaHablpy KOHJIBIPFBICHIHBIH JKYMbIC HPUHIMITIH KeJleciied cumarTayra
6omanel (Bhatt, K.P. sxone T1.0., 2022; Chen, H. xone 1.6., 2024):

- Kangpikrap Tuey maxrtacbiHa canbiHaabl. CallblHYy THpoleci KaJAbIKTapAblH TYCY
KBUITAMJIBIFBI MEH KOJIeMi OaKbUTAHATHIH jKa0BIK CaKTay KYJITBI apKBUIBI )KY3€Te achIpbIIabl.

- Aya MmeH cy Oybl peakTopra Oepiyiefi, OHAa Kocrna KeiiH ToMEeH TeMmIrepaTypalibl Iaa3Ma
aFbIHBIMEH OH/JICINIE/].

- CuHTEe3-Ta3 peakTop KaMepachiHbIH TYOIHEH Y3/1KC13 Oepiiei.

- AJIBIHFaH CHHTE3-Ta3 JKaHy VIIIH Ta3 Ka3aHJIbIFbIHA HeMece CaJKbIHJaTy VIIiH
CaJIKBIHJATKBIIIKA Oepislyl MyMKIH, COJIaH KEH1H Ta3anay jKoHe CY3y OpbIHAAIaIbI.

- Tazanaynan keiliH cuHTe3-Ta3 KoMIpeccopra Oepisiesii, OHJa bUIFall )KOMbLIa IbI, CY31Ie],
COJIaH KeHiH ra3 TypOuHackIHa Oepinei.

- Kanran kyn sxoHe kelOip »kaHOalTBIH MaTepHaiap Cy bIIBICHIHBIH TYOiHE IIereai, oHaa
HITAKTapAbI aJIBI TacTaMac OYPHIH CaTKbIHAATHIIA/IbL.

[Tna3manbl Ta3naHABIPY KOHABIPFBICBIHBIH Y3IIKCI3 KYMBICHIH KaMTamachl3 €Ty YILIiH
MJIa3MalibIK aFbIHIIBI YHEMI KYTIN ycTay, aya-0y KOCHAachlH ME3TUI-ME3TU Oepy KoHE OHBIH
CHHTE3-Ta3Fa aifHaIybl K€31HJIe pEaKTOPAAFbl KAJIBIKTAp IbIH ACHICHiH OaKbUIay KaXKeT.

[1na3maHbl KaiiTa ©HI€Y 11H apTHIKIIBLUIBIKTaphI:
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- Kaiita enzney ete sxorapsl — 1200°C sxorapbl TeMIiepaTypasia Ky3ere acblpbliaibl, COHbIH
apKachlHIa OpraHUKaJbIK >oHE OeHOopraHMKalblK KalJIbIKTap aTmocdepara yiabl KayinTi
TUOKCUHIEP MEH (ypaHmap mbFapmaid byabipaiael. KayinTi 3aTTap[bplH [IBIFapBIHIBLIAPHI
IUIa3MaNIbIK aFbIHAAPABIH OpPEKETI KOHE peakTopiapAblH apHaibl KOHCTPYKLHMSCH ece0iHeH
OapbIHIIIA a3alTHUIA/IBI.

- Kaiita enjey mporecinie maiManay OOJIMaiiibl, OMTKEHI KAJIJIBIKTAp PEaKkTOpFa Tycep
JIIBIHAA KETTIPUIiN, YCaKTaa /bl.

- KanaeikTap/ap! mua3ManiblK KaiiTa eHIeY KalAbIKTap bl CAKTayAbl KaXKeT eTIEeUTIH KaObIK
nporecc. Keminm TyckeH KanapIKTap Aepey KaiTa eHAeyre KiOepijeai jkoHe oHJIey I KYTKEHIIEe
CaKTaJIManubl.

- Kangpikrapapl miua3Manblk KalTa eHICY €Ki ece Tmaiiia oKenesi, OUTKEHI KaJJbIKTap
Kayinci3 KOWbUIabl, ajl aJlblHFAH SHEPTUs TEK CTAHLMSHBIH JKYMBICBIHA FaHA €MEC, COHBIMEH
KaTap TYPFBIHJIAPIBIH KOKETTUTIKTEPIHE Je )KyMCalabl.

- Kaiita eHaey HoTMXKeCiHIE KalJIbIKTapJaH KAaTThl KaJIbIK alblHAAbl. AJIBIHFAH IILIAK
KeJIeMi KJIBIKTap IbIH OAaCTanKbl KOJIEMiHIH IaMaMeH OHHaH Oip OeiriH Kypaisl.

[Tna3manbIK ©HAEYI1H KeMIILTIKTepi:

- KaTTel KasabIKTap apHaibl dKOJIMEH KOMBUIYFa YIIbIPANIBI.

- [Ima3Ma reHepaTOpbIHBIH KYMBICHI dKOFapbl SHEPTUS IIBIFBIHIAPHIH TaJal eTei.

- By omicti KonmaHy eKiHIN PeTTIK IIWKI3aT pPeTiHze MaiaajaHnyFa OONaThIH KAJIJBIKTAp
CaHaThIH TOJBIFBIMEH YKOIOFa OKEI COFaJIbl.

- JKaOapIKTBI caThIll Ay >KOHE MaiiflanaHy IIBIFBIHIAPHI KAIIBIKTApIbl JKOIOIBIH Oacka
o/icTepiHe KaparaH/a KOFapbl, COHABIKTAH ©TeTy Mep3iMi Y3aFrbIpaK.

TypPMBICTBIK KaTThl KJIIBIKTAP/IbI XKaFy TEXHOJIOTHSICHI Keneci ke3enaepai kamtuasl (Chen,
B. »xone 1.6., 2023; Sikder, S. xomne 1.0., 2024):

- ExiHmmmik mmki3aT peTiHae maigamaHyra OOJaThlH KOMITIOHCHTTEPl OKIIayJay
MaKCaThIHJa KalABIKTapAbl CYpHINTAy; JKaFyFa OONMalTBIH KOMIIOHEHTTepAl (MeTail,
aKKyMYJISITOpIIap oHe T.0.), COHJai-aK >KaryFa THIMBIM CAJIbIHFAH KOMITOHEHTTEpAl (TJIacTuK,
KypaMbIHJia ceiHaIn Oap xoHe 1.0.) 6emy (Wikira, N. sxone 1.6., 2024).

- KaTThl KanmeikTapsl TOMEH Temreparypana anasiH aina enaey (Kuo, W.-C. xone T.0.,
2019).

- DIEKTp SHEPTUSACHIH OHJIIPY MaKCAThIH/IA CYPHINTATFaH TYPMBICTHIK KATThI KAJIJBIKTAP IbI
xary (Traven, L., 2023).

Kazakcrtan  PecnyOnukachlHBIH ~ FajgbIMIapbl  CYPBINTAIFaH  TYPMBICTBIK  KaTThl
KaJABIKTap/Abl JKary Ke3iHJe mMmaijga OonaThlH ra3 TOpi3/i, CYHBIK JKOHE KATThl KalIBIKTapAbl
TOJIBIK TIaWaaHyIbIH TEXHOJIOTHUIAPhl MEH IIEUIIMIEPIH d3ipyieni. by kaHabUIABIK KaTThl
TYPMBICTHIK KaJABIKTApAbI KSJIETe KapaTy/la KaJAbIKChI3 TOCUIIIH Maiia O0TybIHA OKET/Il.

TuicTi Koere skapaTy TEXHOJIOTHSICHIH aHBIKTAY YIIiH KAaTThl TYPMBICTHIK KaJIBIKTAPIBIH
KypaMbl MEH CHUTIaTTaMalapbl Typaibl akmapaTr KaxkeT. Kazakcran PecnyOnukaceiHaa op Kananga
Oacka Kayajmapaarbl KaJJbIKTapJblH KypaMblHaH €pEKIIENICHETIH ©31HAIK Olipereil opTtaria
KaJIJIBIKTAp Kypambl Oap. 3epTreyniH MakcaThl — Ka3aKcTaHHBIH aiThl KaJachlHaH: AcCTaHa,
Anmartel, llIsiMkent, Axrebe, Kaparanapl jxoHe OCKeMEH KalalapbIHBIH TYPMBICTHIK KaTThI
KAIBIKTAPBIHBIH ~ (DU3HKA-XUMUSIIBIK KYPaMbIH, (HU3HKAIBIK JKOHE JKBUTYIIBIK KACHETTEpiH
Tanuay.

KonnanpicTarsl 3epTTeyNepleH aWbIpMAIIbUIBIFBI, Oy 3epTTeyle Kapasblll >KaTKaH
KalalapAblH OpTYpJl ayJdaHJapblHaH OHJIaFaH KOHTEHHEepNep/i TOJBIFRIMEH O0ocaTyabl
KaMTHUTBIH JKaJIFbI3 KaJIJIBIK YIITICI TaiiJaaHbuIabl.

Ocpinaiimia, Kana O0MBIHIIA KATTHI TYPMBICTBIK KAIIBIKTAP/IbIH OpTaIlla KypaMbl CaKTaIIbl.
2021 xbutel KaObutmanraH Kazakcran PecnyOnmkachlHBIH OKOJOTHUSIIBIK KOJEKCIHE COMKec
TKK-HBIH Kelibip KypaMac OemiKTepi SHeprusHbI Kojere xaparyra sxarmaiabsl (The Law of the
Republic of Kazakhstan, 2023):

- cyiibIK Kanaeikrap (Karunasena, G. skone 1.6., 2024);
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- JKapBUIFBII, KOPPO3USUIBIK, TOTBHIKTBIPFBINI, TYTAHFBIII HEMECE >KAaHFBIII KAayiIlTi
KaiaeikTap (Pech-Rodriguez, W.J. xomne T.0., 2024);

- KypaMbIH/a TYPaKThl OpraHUKaJbIK jactarbimrap 0ap kaaaeikTap (Butkowska, K. xone
1.0., 2024);

- KypambIH/a ceiHan 6ap mamaap MeH kyposutrbuiap (Chalkidis, A. sxone 1.6., 2020);

- DIIEKTPOH/IBI JKOHE A1eKTp kadapikTapsl (Torrubia, J. xxone 1.6., 2024);

- TYCTI JKOHE Kapa MeTanaap/ it chiHbIKTaphl (Long, Y. xkoaue 1.6., 2024);

- IUTHIA OaTapesuiapbl, KOpFachIH-KBIIIKbUIABI akkymysstopiaap (Yanamandra, K. skone
1.0., 2022);

- KypbUIbIC MaTepranaapeiabi Kanasikrapsl (Patil, Y.R. xone 1.6., 2024).

Bapinbik TiziMaenren Marepuaiiapbl JIMIEH3UACH 0ap KOCIOPhIHAAP apHaiibl OeKITiNreH
TEXHOJIOTUSUIAP/IbI Mali/1aiiaHa OTBIPHII JKOIOBI KEPEK.

Kazipri yakpITTa KOKBIC >KMHAMTHIH KOHTEHHEpJep/Ae CaKTajJFaH apajac KalJbIKTapra
TYPFBIHIADP JKayan OepMeii, HOTHKECIHAe OapJIbIK KATThl TYPMBICTHIK KAJIJBIKTAP CYPBINTAY
MyHKTiHE Oipre Kemim Tycedl. DJIeKTp ImaMIapbl, KYPBUIFbLIAp, Oarapesuiap jKoHE KYPBUIBIC
KaJJIBIKTaphl CHSIKTHI 3aTTap/ibl KATThl KOKBIC KOHTEHHEpIIepiHe TacTayra 00JIMaiibl, JereHMEH
azgamap OyJ1 THIMBIM CaJIbIHFAH MaTepUaJIIap/ibl Keiie KOHTeHepepre TacTaiabl.

ExiHnn JkaFblHaH, KOJJIAHBICTAFbl KATThl KaJABIKTApIbl CYPBINTAY 3ayBITTapbIH/IA
CyphInTay Kepcerkimi mamameHn 12% Kypaiinel, an Tanam etiuieTiH MuHumyM mamamen 40%
Kypaiapl. backama alTkaHma, KoJere JkaparyFa apHallFaH TINTI CYPBINTAIFaH KaTThl
KaJIIBIKTapIbIH KYPaMbIH 97 Ka3ip 00JrKay MYMKIiH eMec.

Kanapikrapapl skuHay TeK ipl el MeKeHAepAe FaHa >KYpri3ijice, aybULIBIK >Kepiepie
MYHJIall KBI3MET kHi xkeTicreii. OHBIH YCcTiHe OapiblK Kalanapaa CyphINTay 3aybITTaphl )KOK.

AJIBIHFaH HOTWXKENCp KaTThl TYPMBICTHIK KAQJIJBIKTAPIbl THIMII KOJEre Kapary
TEXHOJIOTUSUIAPBIH TallayFa, COHIAi-aK jKapThUIall ©HEPKICINTIK MHPOIU3, OpTey, IIa3MajbIK
OH/ICY JKOHE Kopaaiay OoibIHIIA TIXKIpUOEIiK 3epTTeyep Kyprizyre MyMKIHIIK Oepei.

2. Martepuanaap MeH daicTep

TYpMBICTBIK ~ KATThl ~KAJJBIKTapJbl JKAHAY KBIBMETIMEH KaMmTbUIFaH Ka3zakcraH
PecniyOnukacel xankeiHbIH yieci 45,3%-man - 96% - fa felfiH KOHE TYPMBICTBIK KaTThl
KaJIBIKTapabl Kaiita exuey yieci 0,23 %-nan 44,33% - ra neitin eckeH. (Glazyrin S.A. xoHe
T.0., 2024).

TKK-apiH pu3nuka-XxuMHUSsIIBIK KYpaMbIH Oarajay Kajga Hemece aiiMak YIIiH KaJJIbIKTapbl
Oackapy CTpaTerusiChlH o3ipieyAeH OypblH Oomybl Kepek. KanabIKTapIblH Kypambl Typajbl
HaKThI JKOHE CEHIM/1 I€pEKTEP OHBbIH PECYPCTHIK (MaTepHANIBIK JKOHE YHEPTreTHKANBIK) JIeYEeTiH
Oaranay oHe KaiTa eHJEy HeMece KOJere »aparyAblH HaKThl TEXHOJOTHSJIAPbIH EHTi3YIl
Heri37ey YIIIH KakeT. Artan alTKaHAa, jKeKe KypamaacTapblH OOJybIH TYCIHY KaJJbIKTapJbl
CYpBINITay, KOMIIOCTTAy HEMECe >KaFyJblH JKOJOTUSIBIK XOHE AIKOHOMHUKAIBIK THIMAUIITIH
6omkayra mymkiagik 6epeni (The Law of the Republic of Kazakhstan, 2024).

TKK-man anplHaTBIH IIWKI3aT TIEH DJHEPTUSHBl KaWTajgama eHJICYNl >Kocmapriay
CTpaTerusiapbl OJIapAbIH KypaMbl MEH KaCHETTEpi Typallbl KaH-KAKThl MOJIMETTEpre HeTi3nenyl
kepek. COHIBIKTaH KAIJIBIKTApJbIH CAHJBIK JOHE CalalblK CHIATTaMallapblH 3epTTEYIiH
maHbI3bl 30p (LI, J. sxoHe T.0., 2024).

Kanapikrapabiy (Gu3uKa-XUMHSITBIK KYPaMbIH 3€pTTEy KATThl KaJIBIKTAPBIH IKBLTYJIBIK
KacueTTepiH Oaranay YIIH HaiJalaHblIybl MYMKIH, OYJ1 OJIapJblH HEPreTUKAJbIK oJIeyeTiH
KOHE TEpMUSUIBIK OHJEY ONICTEpiHIH KajlblHAa KeNTIpy JKOHE Kojere xapary YIIiH
JKapaMJIbUTBIFBIH, COHJIal-aK KadTallamMa OTBIH ally MyMKIiHMAIriH Oaranmay ymiiH kaxer (Bhatt,
A.K. xone T1.6., 2024). OcbiFan 0ailyIaHBICTBI KATTHl KAJIJBIKTAPABIH (PU3HKATBIK-XUMHUSITBIK
KypaMmbl OOWBIHINA S>KBUTYJBIK KACHETTEPIH €CENTEYAiH aJIeKBATThl OJICTEpiHIH ©3€KTUIIrl
aptaabl. TYPMBICTBIK KaTThl KaJABIKTapbIH HETI3T1 JKBUIYJIBIK KACHETTEPIHE BUIFAIIBLIBIK,
KYJJIUTIK KOHE KBUTYIBIK KYHIBUIBIK KaTa Ibl.
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KanapikrapaplH KypaMbIHAAFbl OapiiblK BUIFAT CBIPTKBI JKOHE THTPOCKOMUSIIBIK OOJBITT
oemneni (Qi, Y.-P. sxone T1.6., 2022). ChIpTKbI BUIFAlI — aya-KYpFaK Ky#re IcHiH KenTipy
KE31H/I€ 3aTTHIH >KOFAITKAH BUIFAIIBUIBIFEL. AyaJla KEeNTIPUIreH KaJAbIKTap OJETTEe CaaMarbliH
O6enme Temmneparypacbinia (mamamet 15-20°C) xkoHe KaJIBIIThI CAIBICTBIPMAIIbl bUTFAJIBUIBIKTA
(50%) esrepmeiiTiH KanAgblKTap OOJbIT caHamangel. [ wurpockomusiblk butFan — 105°C
TeMIeparypajga KenTipy Ke3iHJe ayaJa KeNTIpUIreH 3aTThIH >KOFAJNTKAH bUIFAJABUIBIFBL. by
OeJIIEKTepPMEH MBIKTAIl YCTAIATHIH Cy OYBI.

ChIpTKBI BUIFANIJIBI ©JIIIIEY apHalbl KENTipy IIKa(TaphlH MaiijanaHyabl kKoHE Y3aK YaKbIT
00¥ibl (5—8 KYH) YJIKEH YAriiepai Tangayabl KaKeT eTeTiH eHOEKTI KOl KaKeT €TeTiH Mpolecc.
Hotmxkecinae KalapIKTap/IbIH JKaJIlbl bUIFAABUIBIFBL 9/IeTTe OaranaHabl. JKanmbl bUIFanIbUTbIK
KaIIbIK  YJTiCiHIH ~ OacTamkpl Maccachl MEH KYpFaK YAl  Maccachl — apachbIHJAFbl
albIPMAIIBUIBIKTBIH KQJIJBIK YJTICIHIH OacTankel MaccachlHa KaThIHACHI PETIHAC €CEmTele/Il.
Kopimaran opTra bUIFaIIBUTBIFBIHBIH Kbl BUFAIIBUIBIKKA KaThiHACKL 9neTTe 0,8-men 0,9-ra
JeHiHTi nuanasona, oprama MoHi mamamen 0,85 (Li, J. sxone 1.6., 2024).

KanaplkrapablH  BUIFQIIBUIBIFBIHA ~ ayaHBIH  BUIFAIBUIBIFGI, JKAaYBIH-IIAIBIH  JKOHE
naiilanaHplIaThlH JKUHAY JKYHecl, COHIal-aK KalJIbIKTapJblH (U3UKAIBIK-XUMUSIIBIK KYpPambl
CHSIKTBI 9pTYpJi (hakropiap ocep erenmi. A3BIK-TYIIK KamabikTapbl cusakTbl TKK-HBIH KeitOip
Kypamac 0eiKTepiHiH bUIFAIIbUIBIFBI KOoFapbl 601ybl MyMKiH (60-70%), an mbiHbl xkoHe [19T
OeTenkesep CHAKTH 0acka MaTepHalAapAblH bUIFAIIBUIBIFBIH IaMaJIbl e caHayra 0osasr (Li,
J. ’xoHe T.0., 2024).

KynnmiH Kypambl OIeTT€ OTHIHHBIH TOJBIK KAHYbl KE3iHJIE MHUHEPAIAbl KOCHalapAaH
TY3UIeTiH XaHOaWThIH (CyChI3) KaJAbIK NalbI3bl peTiHAe aHbIKTananbl. KynmaiH Kypambl
OuomaccanblH mnuponu3iHe Tikenei ocep eremi (Puri, L. skome T.6., 2024). 3epTxaHaibiK
xargainapaa TKK-HbIH KyJnauniri Kyprak KajabIKTap YJTIiCiH skary kesinzeri Oactankbl TKK
MEH KYJ KaJABIFBIHBIH MAacCAChIHBIH aNBIPMAIIBUIBIFBIMEH T'PABUMETPHUSIIBIK — YKOJIMEH
aHbIKTaNaAbl. JKBUTYIBIK KYHIBUIBIK 3aTTHIH TOJBIK JKaHYBI Ke31He OOTIHETIH KbUTYABIH Kbl
MeJIIIepl, OHBIH IIITHAE )KaHy OHIMJEPIH CAJKbIHAATY Ke31H/1e Cy OYybIHbIH KOHAECHCAUS KbLITYbI
OOJIBIN TaOBLIATHIH KAl )KbUTYNBIK KYHIBUIBIK (GKV) GoitbiHina enmeneni. Hemece oHbl Taza
KbuTynblK KYHABUTBIK (NKV) nmenm Te arayra 6omnazbl, 01 Cy OYBIHBIH KOHJICHCAIMS KBLUTYBIH
ecenTeMereH/ie TOJBIK JKaHy Ke3iHae OemiHeTiH b1y Oosbin Tabbiaamsl (Ratomski, P. skone
1.0., 2023).

Xorapel XbUTYyIBIK MOHI QGcv JKOHE TOMEHT1 JKbUTYJIBIK KYHABUIBIFBI Qrcv (KJDK/KT)
KeJlecl KaThIHACTICH 0alIaHbICThI

QLcv = Qocv —25,1 - (OH + W) (1)

myHaarbl 25,1-(9H + W) — skanrsiin 3aTThiH cyTeri H (KI/KT) s)aHybl Ke3iH/e TY31JIeTiH 3aTThIH
pUTFANABUIBIFBL W (KI/KT) OynanyFa skymcanFaH kbuty, KJDk/kr. blnranapuibik W xkone cyreri H
MoHJIepiH 1-kecTeneH Tabyra 60abl.

Korapbl KblTy KYHIBUIBIFBIH AaHBIKTAYJbIH TOXKIPHUOETIK 9iCI KaJOPUMETPHSIIBIK
O6oMOagarel KaJlJbIK MacCaHbIH TOJIBIK JKaHybIHa HerizzenreH. Temenri »xbuty memmepi (1)
dopmynacel OoiibiHIIAa KaiiTa ecenrtenenai. JlereHMeH, OyJl YIIiH cajJMarbl OipHelle TrpaMMm
6onatein TKK 3epTxaHanblK CbIHAMACHIH JAaWbIHIAY KaXeT, ol Kypambl OoibiHIIa 0apibsik TKK
YIIIH penpe3eHTaTUBTI Oonybl Kepek. OcbhlFaH OalIaHBICTBl BUIFANFa, KYJIIUIKKE >KOHE
JKEKEJIereH KOMIOHEHTTEPIH J>KbUIYJIBIK KYHIBUIBIFBIHA HETI3ZENTeH JKbUTY KYHABUIBIFBIH
KaHama OarajiayIblH OpPTYPIIl ToCUIIEpl d31paeH .

KaTTsl KanabIKTapAblH 3JIEMEHTTIK Kypambl Typalibl JepekTep OolMaraH Karjaiia xeke
Kypamzac OemiKTepIiH MaccaiablK (GopMyIaiapbl Typasibl AEPEKTEp Mai1aJaHblUIa b,

Byxkinpeceiinik  kputyrexHukanblk MHCTUTYTHI («BTW» AK) TypMBICTBIK KaTTbl
KaJIIBIKTAp/AbIH HET13T1 XKbUIYJIBIK CHIIATTaMalapblH 3KCIEPUMEHTANIbl TYPJE AHBIKTAYy OIICIH
azipmemi (LI, J. skoHe T.0., 2024). Ojic KOMIOHEHTTEPMAiIH TONTApbIH (Kara3, TOKbIMA,
I1acTMacca, Merajnjap, 6acka OeflopraHuKabIK MaTepUanap *KoHe TaMaK KaJAbIKTaphbl CUSKTHI)

17



A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

AHBIKTAYAbl JKOHE OJApIbIH JKalbl KAJABIK AaFbIHBIHAAFBI MAcCajlblK YJIECIH aHBIKTAYIbI
KamTbl. Co/laH KeiiH 3epTXaHaNIbIK JKaFaaiia bUTFAIIBUIBIK IEH KYJIUTIK 9p TONTHIH KYPFaK
Maccachl OOMBIHIIA OJIIICHE ] XKOHE dp TOII YIIiH JKaHYAbIH >KaJIIbl MEHIIIKT1 XKbUTYbI €CeTTeNe i
(xecte 1).

TKK KypaMbIHBIH KypaMaac OeiKTepiHiH KEHEUTIIreH Ti3iMi opOip KOMIIOHEHTTIH JKaHy
JKBUTYBIH JIONIIPEK aHbIKTayFa MYMKIHAIK Oepeni. KoMmmoHeHTTepAiH KEHEWTUIreH Ti3IMIiHIH
KacHeTTepl Typasibl aHBIKTAMAJBIK JEPEKTEep HETI3IHJE alblHFAaH HOTHXKEIEep >KOFapFbl KaHy
*buTyslH Oepemi (12100 xJx/xr) (Soares, C., 2015). byn colikeccCi3mikTi keke Kypamjac
OemiKTep/IiH XKaHy JKbULYy MOHJEPIH ackipa OarallayMeH >KOHE OJAPAbIH BUIFAIIBUIBIFEIH TOMEH
OarayayMmeH TYCIHAIpyTe 00Jaibl.

Kecre 1. TKK xypambIngarsl xeke smeMeHTrepain konuenrpamuscel (Nasrullah, M. xone T1.6.,
2015; Williams, P.T., 2005; Young, G.C., 2010)

TKK kypamaac ataysl | blaoraan | 7Koa Kyprak, kyJici3 (;KaHFbIII) Maccara Temewnri
BUIBIK, | Maccac Heri3ae/reH 3J1eMeHTTiK Kypambl, % KaJIo0pus
% bIHA C H @) N S JIBIK
IIAKKa KYHIBLI
HAAFbI BIFBI
KYJI Qvrev,
MeJIie Kk /Isx/kr
pi, %
Karas 6,0/24 | 6,0/4,8 | 40,7/32,8 | 5,6/4, | 41,2/3 | 0,3/0 | 0.2/0. | 22,4/13,5
6 3,4 3 1
[Tnactmacca 2,0/13,3 | 10,0/4, | 58,7/67,5 | 7,0/1 | 22,3/3 | 0/0,2 | 0/0,2 | 27,8/33,4
7 0,2 9
Tamak KaJapIKTapbl 70,0/65,4 | 5,0/3,8 | 12,6/15,8 | 1,7/2, | 9,9/11 | 0,7/1 | 0,1/0, 3,1/7,3
4 .3 2 1
TokpiMa 10,0/12,4 | 2,5/5,9 | 49,4/44,9 | 5,9/5, | 28,0/2 | 4,1/2 | 0,1/0, | 23,5/20,4
7 79 9 3
Arar 20,0/14,8 | 1,5/2,4 | 39,5/39,9 | 4,7/5, | 34,1/3 | 0,2/0 | 0,1/0, | 19,8/16,8
1 7,1 ,6 1
Pesenke 2,0 10,0 86,2 1,1 0 0,2 0,5 29,9
Beutrapbl 10,0 10,0 53,4 7,1 10,3 8,9 0,4 23,4
bip per KonmgaHpUIaTHIH 66,9 1,4 16,1 2,5 12,9 0,2 0,1 7,5
KASUTBIKTAP
Wueprti MaTepuangap 0 100 0 0 0 0 0 0
Kyka ppakuus 33,0/41,1 | 34,2/15 | 19,0/22,1 | 2,4/3, | 10,1/1 | 0,6/0 | 0,7/0, 7,3/9,6
(CKpUHHHTTED) 0 1 7,5 9 3
Karrte! oTeiH 15/7,3 8,4/14, | 45,5/43,7 | 6,4/5, | 24,0/2 | 0,5/0 | 0,2/0, | 20,2/18,7
KasasikTapbl (TKK) 0 8 8,5 5 2
Exinmni  oxarbiHaH, Oyl ecemTeyliep COHBIMEH Karap <«JIdCTYpJ»  KaJIOPUSIIBIK

dpakuusanapra (MbpIcalibl, MakyjaTypa MEH IMOJUMepiep) Koca, KaJOPHSUIBIK KYHIBUIBIK
OoMbIHIIIa MaHBI3/IbI eMeC KypaMIacTapAblH YJeciH (MbIcalibl, apajac opay, Mbicaibl, Tetra Pak
xKeprekrepi >koHe T.0.) eckepeni. Ocel Kypamaac Oerikrep Oipirin, TKK-HBIH &aambl KbUTYIIBIK
KyHABUIBIFBIH 10-15%-Fa xanmsl apTThipyFa biknan ereai. Ocpinaitima, TKK xbuty Kacuertepin
ecernTey apKblIbl Oaranay opTYypJii HOTHKeEep Oepe aaThlH opTYpPIIi SICTEep/l KOJIIaHy apKblLIbl
KYy3ere achIpblTybl MYMKiH. Byl skarmaiiia opeIHAaIFaH ecenTeyaep KEeTKUTIKTI CeHIMI 00Tyl
YIIIH MYMKiH OONaThIH KaTelep MEH MANCI3MIKTep[i, COHIai-ak onapAblH maiga Oomy
cebenTepiH CHIHM TYpFbigaH Oaramay KaxkeT. OpblHIaIFaH —ecenTeyyiep KaJTOPHUSIIBIK
KYH/IBUTBIKTBI Oarajay Ke3iHJe HEri3ri Kipic JepeKTepi JKeKe KypamaacTapiblH, OHBIH iIIiH7e
Ma3MYHbl MEH KbUIYJIBIK KYHIBUIBIFBI OOMBIHIIA MaHBI3AbUIAPhI FaHa €MEC, COHBIMEH KaTap
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CANBICTBIPMANIBI  TYpJE a3 MeJIIepAe KaMmThUIFaH OacKamapbl Typalbl aKmapar OOoJIbII
TaOBUIATBIHBIH pacTaiiibl. OTHIHHBIH (U3UKA-XUMUSUIBIK KYPaMbIH 9p TYpJIi Maccajap TYpiHJe
aHbIKTayFa OOJIaJbl: JIBIMKBUI MACCAIBIK KOMIIOHEHTTEp (I), AHAIMTHUKAIBIK MAaCCAIbIK
KOMITOHCHTTED (@), KypraK Maccaiblk KommoneHtrep (d), Kyprak Kyici3 (KaHFBIII) MacCajbIK
kommoHeHTTep (daf) skoHe opraHuKaIbIK MacCaJIbIK KOMIIOHEHTTEp (0) (KecTe 2).

Kecte 2. OTbIHHBIH (DU3UKA-XUMUSIIBIK KYpaMbl

bajuact
= € . Ky, A blaraaabLibik, W
£ 3 = 2 Tanaayabik ChIPTKBI
L
© 5 8 % z = BUIFAIIBUIBIK, | BUIFAJIABLIT
: o
z’ d% == o g N = < 2 Wan bIK, Wex
= IS N Z = - e - =
= o= £ % | = = s =
S| = ) ) - < & a2 <
=] = = = =) = g [= "R = =
o S > = ) 2 = = E = 5 <
Rl 2| 0| 0| <| 0% Ev| =23
0 OpranukaibK Macca
d Kyprak Kysnci3 (>kaHFBILI) MacCaibIK
af KOMIIOHEHTTEP
d Kyprak MaccasblK KOMIIOHEHTTED
a AHaATUTHKAJIBIK MacCaIBIK KOMIIOHEHTTEP
r JIBIMKBITT MaccasblK KOMIIOHEHTTEP

Kynoiy xypamwin anvikmay. AnnpiMeH Ooc ¢apdop Turenbaepi Mydenbai Imemre
(550+10)°C Temmniepatypana 60 MuH ycranasl. Tureabaep/iiH Maccachl aHATUTHUKAJIBIK Tapasbiaa
(Tapa3bpuiapna) TUTENbAEpAl OeaMe TemrepaTypachlHa JeiiH cankblHAaTKaHHaH kKedin 0,1 mr
JOJIKIICH OJIIeH/I1. Opl Kapai OapiblK caiMak ejieysepi ykcac aaicnes xyprizuial. Comax
keiiin turenpaepre TKK camvarsr 140,01 r© Gonatein memmiepi canbiHabl. OcbklnaH KeWiH
chlHamacel Oap OyJ1 TUredbAep CaJKbIH MemKe KOWbuiabl. [lemr o3 imrHaeri KeHICTIKTI
(250+£10)°C Temmeparypara JeHiH KbI3AbIpAbL. ¥INATBIH 3aTTapbl LIBIFAPY YIINIH Oy
TeMIepaTypa HemTiH iminge 60 MmuHyT 60iibI yeramast. [Iponeaypa (550+10)°C Temnepatypana
120 munHyT OOiibl KaiiTamannabl. KenTipy »oHe CalKblHIaFaHHAH KEWiH TUTENbJEp OJIICHEI.
Kyprak kyiizeri (d) kynmin memmepi (A%) Mpraa GopMyTaMen ecenTeni:

= MM 100,100 o 2)

Al .
my,—mq 100-wa

Mk — KYJI KQJIJIBIFBI Oap THUTENBIIH Maccachl, KT,

M1 — 00C THUTENIBAIH MACCACHI, KT,

M2 — CBIHaMaMEH Oipre TUTeJIbIIH MacCachl, KT;

W? — aHaNMTHKAJIBIK YIITIIET] bUTFAIIBIH MacCabIK yiieci, %.

Yuwrkonu opeanuxanviy Kocolivicmapowiy wwlebimulin anvikmay. Mydemsai mem (900+£5)°C
TeMIeparypara JediH ajJblH ajla KbI3IbIpbUIafbl. boc Turenpaep memre 7 MHH YCTallafbl.
ComaH KeiiH THTeNbJep TMEITEH MIBIFaphLIaabl, CATKBIHAATHUIAAB KOHE ofmeHeai. Maccachl
1£0,01 T aHATUTUKAIBIK YITi THTENbre TAapaThUIBIN OpHATACTHIPHUIAABL. Yirini memte 900°C
TeMmriepatypana 7 MuHyT yctaiaesl. CajnkplHIaFaHHAH KEHiH VINMAWTBIH KaJIbIKTaphl Oap
TUTENBJCP >KaOBLIAAbl KOHE AaHATUTHKAIBIK Tapasblla emeHedl. YIIKBII OpPraHUKaJIbIK
KOCBHLIBICTApAbIH V2 MIBIFBIMBI MBIHA (DOPMYITa OOMBIHIIA €CENTENe I
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_ 100(m2—m3)

ve — W [%] @)

mz—my

M1 — KaKnarel 6ap 00C TUTEINB/IIH Maccackl, KT;

M2 — KaKmarbl Oap TUTEIB/IIH )KOHE KYWIIPIIreHre AeHIHT1 ChIHaMaHbIH MacCachl, KT

M3 — KYHOIPIITeHHEH KeWIHT1 KaKMarbl 0ap THUTeNbJiH JKOHE YIIMMAWTHIH KAIJIBIKTBIH MacCachl,
KT;

W? — aHaNMTHKAJIBIK YIITiIET] bUTFAIIBIH MacCalbIK yieci, %.

XKannvi vineanoviieikmel awvikmay. boc turens emmenmi. Camvarel 1£0,01 T ynriai
OJIIICHTIH TUTENbre canbil, emmen, kentipy nemrinzae (105+2)°C Ttemmeparypaga 60 MuHYT
0011l KbI3ABIPBUIAEL. CONlaH KEHiH OJIIEeHETIH TUTeIb bUTFANbI CiHipMey yiriH 10-15 ¢ BICTBIK
Ky#ae enmieH . JKaamsl bUTFAIIBIH MacCAIbIK YJIECI OTHIH KOMIIOHEHTTEPIHIH OpTallia MeJIepi
YIIiH MbIHa (popmyra OOMBIHIIA ecenTeNnei:

(ma—m3z)+my
Wtr = m 100 [%] (4)
M1 — 0OC TUreNbIIH Maccachl, KT,

M2 — ceiHaMaMeH Oipre KenTipyre JeliHri TUTellb Maccachl, KT

M3 — KeNTipyaeH KeHiHT1 yariMeH 6ipre TUTeNbiH Maccachl, KT;

M4 — KanramaJaH )KWHAJIFaH bUIFAIIBIH Maccachl, KT.

Mopdghonocusnviy xypamvin auvikmay. TKK Oactankel yiarici aya TemIeparypacsl
(2045)°C xoHe canbIcTHIpMaITbl bUIFAIABUIBIFEI 80% acnaifTeiH OenMesne KapToH Karasfa jKyKa
Ka0aTKa OpHanacThIpbUIIbL. 18,63 Kr YNTiHIH aJIbl Maccachl 3epTXaHAJBIK Tapas3bl apKbLIbl
AHBIKTAIIBL. YT OHBIH Kypamjaac OeJikTepiHe KBICKBIIITAp apKbUIBI OeiHmil. OpOip Keke
Kypamzaac 0esiek Hayara OpHaJacThIpblIAbl. MophonorusublK Kypamsl = 10 Mr goiaikneH o
3epTXaHAIBIK Tapa3bUIapbl MaiiTadaHblll TPABUMETPUSIIBIK JKOJIMEH OJIIIEH/l. YJTiHIH Kb
Maccacbl OHBIH Kypamjac OelikTepiHe: Kara3 (KapToH), TOKbIMa (1ryOepex OyHbIMIapsbl),
MJIacTMacca, OpraHUKaIbIK KaJIJIBIKTap, KEpaMHKa, METAJIJI, PE3CHKE, araiika OesiH/i. YJITiHIH
op6ip Kypampac OeJiriHiH Ma3MyHBl YITIHIH KaJIbl MacCachbIHBIH MalbI3bl PETIHJE MbIHA
dbopmysa OOMBIHIIIA AHBIKTAJIIBI:

Xt = Dxounonenr . () [05] (5)

m)KaJ'Il'lbl

Mxkommorenr — CHIHAMA KOMITOHEHTIHIH MaccCachl, KT,
Mikamms: — CBIHAMAHBIH KaJIIbl MacCachl, KI.

JKany JHcolrybiHbly MOHIH aHbIKMay. 3epTXaHAIBIK TOKIpHOe OipHele Ke3eHHEH Typasbl: 1.
YJITiHI KaHyFa JaiibiHaay; 2. YiAriHi skary; 3. KopllaraH OpTaHbIH ocepiH OapbIHIIA a3alTyIIbl
ecKepe OTBIPBIN HoTMKenepai Oaranay. KeseHaepal TONBIFBIpAK KapacThIpallblK. AJIIBIH aja
yCaKTallFaH YJTi SKCUKaTopAa KenTipiared skoHe canMarbl 1+0,01 r ynrire npectenni (1-cyper).
YT KaJopuMeTpHUsITBIK O0MOara CaJIbIHBIM, JKaH IBIPBIIIBI.

3epTTey YIIiH Kelleci Kypai-Ka0AbIKTap MaijanaHbUlIbL:

- makcuManpl canmak meri 2200 r, pykcatsl 0,01 r, opHaThuIFaH KanuOpsey maccachl,
nafei3ablk enmey pexumzaepi, ACAI ¢yHkumscsl 6ap eHiM OeJKTEpiHIH CaHbIH CaHay,
KOMITapaTop, CTAaTHCTHUKANBIK ecenTey (YHKIUSACHL, COHJAi-aK MaTepHajJblH MAarHUTTIK
TBIFBI3JIBIFBIH  OJIIIEY MYMKIHZIN Oap »Orapbl JONIIKTEri 3epTXaHaiblK Tapassiiap 2200 T,
pYKcaT eTy MyMKIiHiT1. iMek. Kazakctan PecryOnukackiaa eHIipiIreH;

- 2,0 nmommixk xmacel Oap G-2-210 canmakrapel. JKMHaKKa KipeTiH caJMakKTapblH
HoMUHAABI MoHAEepi 1 1, 2 1, 51, 10 T, 20 T, 50 1 %)0HEe 100 T Gonmpl. Marepuan - KOMIPTEKTI
6omnar. Kopposusira kapcsl xka0biH - XxpoM. Kazakcran PecryOnukacbinia eHIipireH;
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- ABK-1 OoMOachIHBIH KaJOpUMETPi, peAyKTOpHl Oap OTTeri OalIoHBl, MAHOMETpI >KOHE
JKeIETKIII Oap, KOMITBIOTEP/Al KOCYFa apHaJFaH IIBIFBICHI Oap, KeMip, KOKC, IIMKI MYHaM,
JU3ETBIK OTBhIH, KEPOCHH, OCH3WH XKOHE TAaOWFHM ra3 CUSKTHI KATThI, CYWBIK KXOHE Ta3 Topi3Mi
OTBHIHJIAP/IBIH JKaHY KbUTYBIH eJIIeyre apHainraH. Kaszakcran PecryOnukachinaa xacanFaH.

JKviHanFaH eKIHINITIK INHKI3aTTBIH MMaWbI3BIMEH CHITATTANATHIH KaJJABIKTapabl Oesex
JKWUHAY THUIMIUIITIHIH OOBEKTHBTI INETi KaJAbIKTapJarbl Maiaalibl KypamaacTapblH HaKThI
MeJIepi 00IbI TaObUIAABL: TINTI KAIABIKTAPIbl O6JIeK KUHAYIBIH €H THIMII JKyHeci e HaKThI
TY3UIT€HHEH apThIK KalTajaMma IUKI3aTThl aTyFa MYMKIHJIIK OepMeH/Ii.

.
e ‘ .
Cypet 1. KpIcBIMMEH TIpecTenTeH yariiep

Kannpikrapas! 6esex KuHAy bl €HTi3y Ke31He KalTarama pecypcTap MeH KalIbIKTapIblH
KYTUIETIH aFbIH/IApbIH TYCIHY epeKIlie MaHbI3/bl, ceOeoi:

- aJBIHATBIH KalTajama pecypcTapAblH KejleMi MeH camachl KalTallama IIuKi3atr
HapBIFbIH/IAFbl HAKTBI CYpaHbICKa Colikec 0O0ITybl Kepek;

- OeJiek )KMHAYJbl TEXHUKAIBIK YHBIMIACTHIPY KE3iHIE KaKETTi BIABICTAP/ABIH CaHBl MEH
TYpJIEPiH, KaJABIKTap/bl HIBIFAPY JKMUUIITIH, KaXETTI Kypaja-KaOJbIKTap MEH >KYMbIC KYLIIHIH
MeJIIepIH, COHJaN-aK KaJAbIKTap/Abl CYPBINTAy JKEIICIHIH KYTUIETIH OHIMAUIIIIH KoHE Oacka
(baxTopyap/ibl aHBIKTAY KaXeT;

- DKOHOMHUKAQJIBIK THIMJUIIK KOpCeTKIIITepl (IIBIFBIHABIK Oarachl, peHTaOEIbAUIIK KOHE
T.0.) anryra 60JaThIH KaiiTalaMa MIMKi3aTThIH KeJeMi MEeH canachlHa Tikesei OalIaHbICThI.

Kanneikrapael Oenex >KMHAyAbl €HTI3y apKbUIbI KOJ KETKi3yre OOoJIaThIH KaiTaiama
IIMKI3aT aFbIHJAPbIHBIH CaHJBIK JKOHE camnajiblK KOpCETKIIITepiH >KEKeJNereH arblHIapIblH
KeJIeMJIEpIH JKOHE OJapAblH (U3MKAIBIK-XUMUSIIBIK KYpamblH 3€pTTey Heri3iHje Oaranayra
OoJaasl.

Kanngeikrapael  OackapyaplH 3amaHayn KoHHenmusapsl  omaerre TKK  KypalThiH
KOMIIOHEHTTEP/IIH PEeCypCThIK oJIeyeTiH OapblHIIa maiijanaHyra OarblTTanFaH. bynm perre
OHJIeyTe KaOBbIITaHFaH KaJIBIKTapAbIH KYPaMbl CYPHINTAY 3aybITTapbIH/IA KaHTalaMa IIHKi3aTThI
IpiKTey J9pekeciHe acep eTell, TEPMUSIIBIK OHJIeY QICTEepiH KOJNAAaHY Ke31HJe KaJlJbIKTapIbIH
KBUTYJIBIK KYH/IBUIBIFBIH JKOHE OMOTEXHOJIOTHSHBI KOJJAHY Ke3iHJEe BIIbIpay MpOIecTepiHiH
TUIMIUTITIH aHBIKTAWJbl JKOHE HOTIDKECiHAEe Oenrini Oip TEeXHOJOTUSHBIH TEeXHHUKAJBIK-
SKOHOMMKAJIBIK KOPCETKIIITEPIHE acep eTel.

3. HoTu:kenep

Cypeintanmarad  Kanaeiktap MeH  TKK-IbiH — QU3MKaTBIK-XUMUSIIBIK — KYpaMblH
CyphIliTayaH KeWiHri 3epTrey Acrtana, Anmartel, Kaparanmei, AkreOe, IlIpiMkeHT KoHE
OckeMeH Kajajnapbsl YIIIH Keneci ToxipuOenik wmomimerTepai Oepni  (kecrenmep 3-15).
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Kecrte 3. Acrana KanacbIHAaFbl CYphINTaIMaFraH KaJAbIKTapAbIH (PH3HKa-XUMHSIIBIK KYPaMbI

TKK yneci OpTrama kipic, % Koiiburran, % Cypsinrayaan Cypsinrayaan 1 kr komMnoHeHTTiH | CypbInTaJIMaran
Keiiinri kaaapik, % | keiiinri kypam, % JKBLTYJIBIK TKK yaecTik
KYH/BLIBIFbI, JKbLIIYJIBIK MOHI,

KkJ:k/Kr k/Isk/kr

OpraHuKaibIK 40,10 34,09 6,02 24,86 3340,0 1339,34

KaJIABIKTap

[Inactmacca 15,80 10,27 5,53 22,86 24393,76 3854,21

Karasz/kapTon 16,40 10,66 5,74 23,72 9705,97 1591,78

XKastmpikrap 6,20 6,20 0,00 0,00 12000,00 744,00

IpiHbI 5,80 5,80 0,00 0,00 0,00 0,00

TokpIMa xoHE 3,65 0,00 3,65 15,09 17999,41 656,98

OBLTFapHI

Backa ycak ¢paxnus 6,10 6,10 0,00 0,00 7000,00 427,00

(<12 mMm)

Kepamuka >xone 2,80 0,84 1,96 8,10 0,00 0,00

KYPBLIBIC

KaJIABIKTaphl

Meraun 1,80 0,90 0,90 3,72 0,00 0,00

Aram 0,80 0,40 0,40 1,65 14507,88 116,06

DJEeKTp JKoHE 0,55 0,55 0,00 0,00 22000,00 121,00

AIIEKTPOH/IBI

XKaOAbIKTapAbIH

KAJIIBIKTaphl

Bapbirbt 100,00 75,81 24,20 100,00 8850,37

Opranukanslk Kanabikrap 6acrankeiaa 40,10 % OGonransiMeH, cypeintay kesinae 34,09 % sxoiibuibim, Kanasikra 6,02 % nemece 24,86 % kypam
yieciMeH Kanblr, 1 kr yuriH 3340 k/[x KpuTynbIK KyHABUIBIKKA koHE 1339,34 xJ[K/Kr yIIecTiK KblIyFa ue 00JIbl.
[TnactmaccanbiH Oactankel yieci 15,80 % Oonbin, cypeintaynan kedin 5,53 % kangsik (22,86 % Kypam) CakTadbll, OHBIH | KT KBUTYJBIK
KYHIBUIBIFBI 24 393,76 kJx/KT sxoHe yiecTik xKbutybl 3854,21 kJ[x/Kr-Ke KeTTi.
Kara3 6en kapton 16,40 %-nan 5,74 % kanasikka (23,72 % kypam) aeiiin azaiibin, 9705,97 xJ/KT KbUTYIBIK KYHABUTBIKIEH 1591,78 x/x/Kr

YJIECTIK XKbLTY Oepi.
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XKanmer cypeintanMarad KaTTsl TYPMBICTBIK KanaslkTapabiH (TKK) yrnecrik xputynbik Moni 8850,37 xJDK/Kr Kypam, KajaAbIKTapAbIH HETi3ri
KBUTY K031 IIacTMacca, Karas/KapToH KoOHE TOKbIMA OOJIBIN TaObLIAIbI.

Kecrte 4. ActaHa KaJlacbIHJaFbl CYphINITAIMaFaH KAIIBIKTapAbIH (PU3HUKa-XUMHSUIBIK KYPaMbl

Nel Komnonen | Yarigeri |Ilaiibi3, | ZKaan 1 kr Yari TKK yaeci | Opra | Koiisutra | Cypbinray | Cypsinray 1 kr CypsoinTajima
T aTaybl | KOMIIOHE % bl | KOMIIOHEHT | MaCCaChIH/I ma HbI, % aaH naH kommnoneHT | ¥aH TKK
HTTIH Macca TiH arel Kipic, KeuiHri KeHiHri TiH yJIecTik
Maccachbl, , K[ | )KBUIYJBIK | MEHINKTI % KAJIABIK, KYPaMbl, | KbUIYJBIK | SKBbLIYJbIK
KI MOHi, SKbLTY MOHI, % % KYHABLIBIF | MOHi, K/[K/Kr
kJ/kr kJk/kr bl, KJK/KT
1| Kara3/kapt 3,91 20,99 9705,97 2037,06 |Opranumkan | 36,72 31,21 5,51 21,84 3340,00 1226,45
OH BIK
KaJIIBIKTap
2| ToxpiMa 3,41 18,30 15720,88 2877,52 |Ilnacrtmacca | 19,43 12,63 6,80 26,96 24393,76 4739,71
KOHE
OBLTFApBI
3| InacTMacc 4,47 23,99 24393,76 5852,93 |Karas/kapro | 19,46 12,65 6,81 27,00 9705,97 1888,78
a H
4| Opranukan 4,70 25,23 3340,00 842,62 XKasnpikrap | 2,87 2,87 0,00 0,00 12000,0 344,40
BIK
KaJJIBIKTAP
5|Kepavmka | 1,23 6,60 |18.63 0,00 000 |[lsmer 6,87 6,87 0,00 0,00 0,00 0,00
6| Merann 0,57 3,06 0,00 0,00 TokpimMa 2,26 0,00 2,26 8,96 17999,41 406,79
KOHE
OBLIFapBI
7| Bouarapsl 0,08 0,43 25661,24 110,19 | backaycak | 5,69 5,69 0,00 0,00 7000,00 398,30
KoHE ¢bpakuys
pe3eHKe (<12 mMm)
8| Aram 0,26 1,40 14507,88 202,47  |Kepamuka 3,26 0,98 2,28 9,05 0,00 0,00
KOHE
KYPBUIBIC
KaJJIBIKTaPhI
Bapibirs 18,63 100,00 11922,79 |Meramn 1,95 0,98 0,98 3,87 0,00 0,00
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Aram

1,17 0,59

0,59 2,32

14507,88 169,74

DIeKTp
JKOHE
AJICKTPOHIBI
#KaOIBIKTAP
AbIH
KaJIJIBIKTaphl

0,32 0,32

0,00 0,00

22000,00 70,40

bapJibirbl

100,00 74,78

25,22 100,00

9244,57

YoIri KypambIHa €H KOl yJIeC OpraHuKaIbIK Kamabikrapra (4,70 kr Hemece 25,23 %) tuecini, omapabiH 1 KT KbUTYIBIK KYHIBUTBIFRL 3340 kJ[K/KT
MKOHE YITiJeri MeHIIIKTI Kbty MoH1 842,62 kJx/kr kypaiiasl. [Tnactmacca 4,47 kr (23,99 %) kenemue 6ombin, 1 kr yirid 24 394 kJ[>K/Kr ®KbUTYJIBIKKA
We, COHABIKTAH YJTIHIH €H OFapbl MEHIIIKTI *bUTy MoHIH (5852,93 kJIx/kr) Kamramace3 ereni. Karaz-kapron 3,91 xr (20,99 %) 6o, 9706
kJ[x/Kr KbUTYIBbIK KyHABUTBIFBIMEH 2037,06 kJK/Kr yiecTik kbuty 6epei, an TokbiMa MeH ObutFapsl 3,41 kr (18,30 %) maccacsimen 2877,52 kI x/kr
KbUTy Kocaabl. Cypeinray HoTmkecinae xammbl TKK-HbIH 25,22 %-bI )KOUBLIBII, KaTFaH OOIKTIH HETI3Ti KBLTYJIBIK dJeyeTiH turactMacca (4739,71
k/[x/kr) men karaz-kapToH (1888,78 x/[x/kr) kypaiiabl. bapiblK cypbhinTanMaraH KaJlIbIKTapIblH OpTalla YIECTIK KbUTYyNIbIK MoH1 9244,57 kJIk/kr
OOJIBITT aHBIKTAJIIBI.

Kecrte 5. Acrana KanacbIHIaFbl CYphINTAIFaH KATABIKTAPIBIH (PU3UKA-XUMHUSIIBIK KYPaMbl

Ne KoMnoHneHT aTybl Yuarigeri Yaeci, % Kannel 1 Kr KOMIIOHEHTTIiH Yuri MaccachLIHAAFBI
KOMITOHEHT cajJIMa¥bl, KT KBLTYJIBIK MEHIIIKTI KbLTY
caJIMaFrbl, KT KYHIBUIBIFbI, K/[A#/Kr Meuepi, kx/Kr

1 | Karaz/kapToH 391 20,99 9705,97 2037,06

2 | TokpIMa xoHE OBLIFApPhI 3,41 18,30 15720,88 2877,52

3 | Ilmactmacca 4,47 23,99 24393,76 5852,93

4 | OpraHuKaibIK KaJIIBIKTap 4,70 25,23 3340,00 842,62

5 | Kepamuka 1,23 6,60 18,63 0,00 0,00

6 | Meramn 0,57 3,06 0,00 0,00

7 | BeutFapbl J)KoHE pe3eHKe 0,08 0,43 25661,24 110,19

8 | Aram 0,26 1,40 14507,88 202,47

Bapabirsl 18,63 100,00 11,922.79
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Yurize eH yJIKeH yiec OpraHuKajiblK Kanablkrapra Tuecini — 4,70 xr avemece 25,23 %, onapabia 1 Kr xKbUTyIIbIK KYHABUTBIFB 3340 kJ[K/Kr sxoHE
yIIrizeri MeHIIikT xbity Menmepi 842,62 xJx/kr kypaitasl. [lnactmacca 4,47 kr (23,99 %) xenemimen 24 393,76 kJ[/Kr &bUTyJIbIKKa Ue OOJBII,
5852,93 xJI/KT yrnecTik Kbuty Oepeli KoHe YITiHIH €H YJIKCH dHEprus olieyeTiH Kamtamachi3d ereai. Karasz-kapron 3,91 xr (20,99 %) canmarsiMeH
9705,97 xJIK/Kr KbLUTYJIBIK KYHIBLIBIK KopceTin, 2037,06 kJIK/Kr MEHIIIKTI *KbUTy MOJIIIEPIH KOcaabl, all TOKbIMa skoHe Oblarapsl 3,41 xr (18,30 %)
maccaceiMeH 2877,52 xJIx/kr xbuty Kocazpsl. JKanmnsl yiuridiH maccacel 18,63 Kr, an OHBIH KHUBIHTBIK MEHIIIKTI KbUTy Memmepi 11 922,79 xJx/kr

OOJIBIII ecenTenemi.

Kecrte 6. AnmMaThl KalnachIHIaFbl CYpBITITAIMaFaH KaABIKTAPIbIH (GU3HKA-XHUMHSIIBIK KyPaMbl

TKK yJieci Oprama KoiibLiran, Cypsoinrayaan Cypbinrayaan 1 Kr KOMIIOHEHTTIiH Cypsointanmaran TKK
Kipic, % % Kelinri kajaabsik, % KeifiHri Kypam, % JKBLIYJIBIK KYHABUIBIFBL, | YJIECTIK KbLIYJIBIK MIHI,

KJK/Kr kJK/Kr

OpraHuKanbIK 36,72 31,21 551 21,84 3340,00 1226,45

KaJIBIKTAp

IImacTtmacca 19,43 12,63 6,80 26,96 24393,76 4739,71

Karas/kapron 19,46 12,65 6,81 27,00 9 705,97 1888,78

Kasmeikrap 2,87 2,87 0,00 0,00 12000,00 344,40

JRRES15i58 6,87 6,87 0,00 0,00 0,00 0,00

ToxpIMa jkoHE OBUTFapHI 2,26 0,00 2,26 8,96 17999,41 406,79

Backa ycak ¢ppakmuus 5,69 5,69 0,00 0,00 7000,00 398,30

(<12 mMm)

Kepamuka xone 3,26 0,98 2,28 9,05 0,00 0,00

KYPBUIBIC KAJIJIBIKTAPHI

MerTain 1,95 0,98 0,98 3,87 0,00 0,00

Aram 1,17 0,59 0,59 2,32 14507,88 169,74

DJIEKTp KOHE 0,32 0,32 0,00 0,00 22000,00 70,40

AIEKTPOHIBI

XKaOTBIKTapABIH

KQJIJTBIKTAPBI

Bapbirer 100,00 74,78 25,22 100,00 9244 57

TKK Herisri yneciH opraHukanbk Kaiabikrap (36,72 %), mnactMacca (19,43 %) xone karaz-kapToH (19,46 %) kypaiinel. Cypeinray Ke3iHue
KaJABIKTBIH 25,22 %-bI 5KOMBUIBIN, IJJacTMacca MEH Kara3-KapTOHHBIH CYpHINTaynaH KeHiHTi Kypambl THiciHmne 26,96 % xone 27,00 % Oombim
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aiiTapipikTail eceni. JKbUTyIbIK KYHIBUTBIFBI OOMBIHIIIA €H JKOFaphl KepceTKim miactMmaccara (24 393,76 xJlx/kr) Tuecini, on cypsintanmarad TKK-
HBIH YJIECTIK KbLTYJBIK MOHIHE 4739,71 kJK/KT KOCBII, HET13T1 SHEPIHs dJICyeTiH KaMTaMachl3 eTei. JKaamel cyphinTaaMaral KaaAbIKTapIbIH opTalia
YJIECTIK JKbUTYIBIK MOH1 9244,57 xJIx/Kr Kypaiiabl.

Kecrte 7. Anmathl KallaChIHAAFbI CYPBINTAIFaH KAJABIKTAPIbIH (PU3UKA-XUMHSUIIBIK KYpaMbl

Ne KommnoHeHT aTybl Yurigeri KOMIoOHeHT Yaeci, % Kannpl 1 Kr KOMHNOHEHTTIH KBLIYJIbIK YJari MaccacbIHAAFbI MEHITIKTI
cajJiMarbl, KT CaJIMAFbl, KT KYHABUIBIFBI, K/[K/Kr JKbLTY MeJiepi, kJx/Kr

1 | Karas/kapToH 577 27,00 9705,97 2620,61

2 | Toxpmma/mrybepex 1,87 8,76 15720,88 1376,40

3 | [Imactmacca 5,76 26,96 24393,76 6576,56

4 | OpraHuKanbIK 4,67 21,84 3340,00 729,46
KaJIJIBIKTap

5 | Kepamuka 1,93 9,05 21,36 0,00 0,00

6 | MeTamn 0,83 3,87 0,00 0,00

7 | beutrapsr xxoHe 0,04 0,21 25661,24 52,71
pe3eHKe

8 | Aram 0,50 2,32 14507,88 336,58
Bapbirbt 21,36 100,00 11692,31

Kectene Oepnrenneit eH yikeH yiecti mactmacca (5,76 kr nemece 26,96 %) men karaz-kapToH (5,77 kr Hemece 27,00 %) Kypaiiasr; onapasiH 1
KT KBUTYJBIK KYHABUIBIFBI THiCIHIIE 24 393,76 sxone 9 705,97 x/Ix/Kr, an ynrieri MeHIIIKTI bUTy Memtiepi 6 576,56 sxone 2 620,61 x/[x/kr Gonmpl.
Opranukanslk Kanjasikrap 4,67 xr (21,84 %) canmarbiMen 3 340 xJDK/Kr KbUTyJIBIK KYHABUIBIKKA He Oonbin, 729,46 xJDK/KT yiecTIK >Kbuly Oepeni.
Tokpeima/my6epex 1,87 xr (8,76 %) maccaceimen 15 720,88 kJIK/Kr KbUTYJbIK KYHABUIBIK KepceTin, 1 376,40 xJ[/Kr MEHIIIKTI JKbIITYy MeJIIepiH
KamTamachkI3 eTei. bapibik ynrinig sxanmsl Maccacsl 21,36 Kr Kyparl, sKUBIHTBIK MEHIIIKTI bUTy Moepi 11 692,31 kJ[/Kr O0bIT aHBIKTAIIIBI.

Kecre 8. AkTo0e KanacbHIaFbl CYphINTaIMaraH KaJAbIKTapAblH QU3NKa-XUMHUSIIBIK KYpaMbl

TKK yJeci Oprama Koiibaran, % CypbinTayaan CypsbinTayaan 1 KI KOMIIOHEHTTIiH Cypoinraamaran TKK

Kipic, % KeHiHri KaJapIK, Keifinri kypam, JKBLITYJIBIK YJ1€CTiK KbLIYJIbIK MOHI,
% % KYHIBLIBIFbI, KJK/KI KK/ Kr
OpraHuKaiblK KaJIJbIKTap 31,39 26,68 471 19,02 3340,00 1048,43
Iliactmacca 18,21 11,84 6,37 25,74 24393,76 444210
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Karas/kapToH 19,34 12,57 6,77 27,34 9705,97 1877,13
YKasinpikrap 7,02 7,02 0,00 0,00 12 000,00 842,40
I IbIHbI 5,73 5,73 0,00 0,00 0,00 0,00
TokpIMa 5koHE OBLIFapBI 3,24 0,00 3,24 13,09 17999,41 583,18
Backa ycak dpakuus (<12 Mmm) 8,77 8,77 0,00 0,00 7000,00 613,90
Kepamuxa xaHe KyprLTbIC 3,29 0,99 2.30 9,30 0,00 0,00
KaJIIbIKTaphbl

MeTam 1,85 0,93 0,93 3,74 0,00 0,00
Aram 0,88 0,44 0,44 1,78 14,507.88 127,67
DICKTp JKIHE S1CKTPOH/IBI 0,28 0,28 0,00 0,00 22000,00 61,60
XKaOIBIKTapABIH KAJIIBIKTAPHI

Bapibirbl 100,00 75,24 24,76 100,00 9596,41

TKK Herisri ynecin opranukaibik Kanasikrap (31,39 %), karas-kaptoH (19,34 %) xone mactmacca (18,21 %) kypaiinsl. Cypsintay OapbIChIHIA
KaNABIKTBIH 24,76 %-bl »KOWBUIBIN, MJacTMacca MEH Kara3-KapTOHHBIH CYPBINTayaaH KeWIHT1 Kypamaarel yieci TuiciHie 25,74 % >xone 27,34 %
NeHreiine aelin aptansl. JKbUTYJIBIK KYHIBUIBIFBI €H JKOFaphl KOMIOHEHT Iutactmacca Oonbin (24 393,76 kJx/kr), on cypeimranmaran TKK-HBIH
YJIeCTiK KbUTyIbIK MoHiHE 4442,10 kJ[>K/Kr KOCBIM, HEri3ri SHEprusi dJeyeTiH KamTamachl3 eTeni. JKalumbl cyphinTaaMaraH KalAbIKTapJblH OpTalia
YJIECTIK KBUTYIBIK MOHI 9596,41 kJ>K/KT KypauIbl.

Kecte 9. AkTo0e KanmachbHIAFbl CYpPBINITAIFaH KAJIBIKTApABIH (PH3HKa-XUMHSITBIK KYPaMBbI

Ne KoMnoHeHT aTybl Yuarigeri Yaeci, % Kannbl 1 Kr KOMIIOHEHTTIiH YJri MmaccachLIHAAFBI
KOMIIOHEHT CAJIMAFbI, KT KBLTYJIBIK KYHIBLIBIFBI, MEHIIIKTI KBLTY
CAJIMAFbI, KT Kk /JK/Kkr MeJtiepi, kJx/Kr
1 | Karaz/kapToH 5,43 27,34 9705,97 2653,57
2 | ToxkpiMa/myoepex 2,54 12,79 15,720,88 2010,10
3 | IlmacTmacca 511 25,74 24,393,76 6279,48
4 | OpraHuKaibIK KaJIIbIKTap 3,78 19,02 3340,00 635,18
5 | Kepamuxka 1,85 9,30 19,87 0,00 0,00
6 | Metamn 0,74 3,74 0,00 0,00
7 | beuTFaphl )oHE pe3eHKe 0,06 0,30 25661,24 76,97
8 | Aram 0,35 1,78 14507,88 257,82
Bapbirbt 19,87 100,00 11913,13
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Kecre 10. IIbIMKEHT KalachlHIAFbl CYpPHITITAIMaFaH KaABIKTapIbIH (GU3UKA-XHUMHSIIBIK KYPaMbl

TKK yJeci OpTrama KoiibLaran, Cypoinrayaan | CypbinrayaaH 1 KT KOMIIOHEHTTIiH Cypobinranmaran TKK
Kipic, % % KeHiHri KeHiHri KypaMm, JKBLIYJIBIK YJIeCTIK KbLTYJIBIK
KaJabIK, %0 % KYHJBLIBIFbI, KJK/KT MoHi, KJ[:K/Kr

OpraHuKabIK KaJIIbIKTap 39,42 33,51 5,91 21,87 3340,00 1316,63
[Tnmactmacca 19,03 12,37 6,66 24,63 24393,76 4642,13
Karaz/kapTon 18,89 12,28 6,61 24,45 9705,97 1833,46
XKasmpikrap 2,13 2,13 0,00 0,00 12000,00 255,60

[ praBI 7,46 7,46 0,00 0,00 0,00 0,00
ToxpIMa skoHE OBLTFapHI 4,66 0,00 4,66 17,23 17999,41 838,77

Backa ycak dpakmus (<12 mm) 2,43 2,43 0,00 0,00 7000,00 170,10
Kepamuka jxoHE KYpBUTBIC KaJIBIKTaphI 1,32 0,40 0,92 3,42 0,00 0,00
Merann 2,18 1,09 1,09 4,03 0,00 0,00

Aramr 2,36 1,18 1,18 4,36 14507,88 342,39
DJNEKTP KOHE AIEKTPOHIBI 0,12 0,00 0,00 22,000,00 26,40

a0 IBIKTapABIH KAJIIBIKTAPHI

Bapneiret 100,00 72,96 27,04 100,00 9425,48

Kecrezeri mepexrepre coiikec TYPMBICTBIK KATThl KaJJbIKTAp/IbIH HETi3Ti OesiriH opraHukaibik Kanasikrap (39,42 %), miactmacca (19,03 %)
xoHe Kara3-kapToH (18,89 %) kypaiael. CypeinTay OapbIChIHAA KalMbl KAIABIKTHIH 27,04 %-bI KOMBLIBIN, IJIacTMacca MEH Kara3-KapTOHHBIH
CYpBINTAay/laH KEHiHr1 Kypamarsl yieci mamameH 24-25 % neHreitine ketepini. KbUTyablK KYHABUIBIFBI €H KOFapbl KOMIIOHEHT — IutacTMacca (24
393,76 xJlx/kr), on cypbmranmarad TKK-HBIH yJecTiK >KbUTYJbIK MoHIHE 4642,13 kJ[K/Kr KOCBIN, HETI3r1 3HEPrus 9JeyeTiH KaMTaMachl3 eTell.
Toxpbima xoHe ObUTFapbl 4,66 % ynecrien 17 999,41 xJK/Kr KbUTyNbIK KYHIBUTBIKKA He Oombir, 838,77 kJIK/Kr ylecTik KbUly Kocajbl. JKambl
CYpbINTaIMaFaH KaJJABIKTap/bIH OpTalla YJIECTIK KbUTYIbIK MoH1 9425,48 kJ[K/KT Kypaiibl.

Kecrte 11. [IIbIMKEHT KanachlHAAFbl CYPBINTAIFaH KAIIBIKTapAbIH (PU3UKa-XUMUSIIBIK KYpPaMbl

Ne KommnoHeHT aTybI Yurigeri Yaeci, % Kannel 1 Kr KOMIOHEHTTIH Yuari MmaccacbIHIAFBI
KOMIIOHEHT CAJIMAFBI, KT KBLTYJIBIK, MEHIIKTI KbLTY
CaJIMa¥Fbl, KT KYHJABLIBIFBI, K/K/Kr MeJtiiepi, kJK/Kr
1 | Karasz/kapron 4,64 24,45 18,96 9705,97 2373,28
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2 | Tokemma/mrybepex 3,19 16,84 15720,88 2647,29

3 | Ilmactmacca 4,67 24,63 24393,76 6008,90

4 | OpraHuKaibIK KaJlabIKTap 4,15 21,87 3340,00 730,40

5 | Kepamuka 0,65 3,42 0,00 0,00

6 | Meramn 0,76 4,03 0,00 0,00

7 | beurrapsl xoHE pe3eHKE 0,07 0,40 25661,24 101,37

8 | Aram 0,83 4,36 14507,88 633,13
bapabirer 18,96 100,00 12494,38

Yoarigeri eq ipi yiecti miactMacca (4,67 xr Hemece 24,63 %) xoHe Karaz/kapToH (4,64 xr Hemece 24,45 %) Kypaiiabl; oapabiH | KT KBUTYIJIBIK
KYHIBUIBIFBI THiCIHIIE 24 393,76 xone 9 705,97 xJx/Kr, an yari MaccachlHIarbl MEHIIIKTI *blTy Menmiepi 6 008,90 xone 2 373,28 kJ[/Kr O0mnIbL.
Tokpima/mryoepek 3,19 xr (16,84 %) maccaceimen 15 720,88 kJ[/Kr KbUTyIBIK KYHIBUIBIK Kepcerim, 2 647,29 kJx/Kr yiecTik Kbuly Oepeni.
Opranukansik Kanasiktap 4,15 kr (21,87 %) canmarsiMer 3 340 xJDK/Kr *KbpUTyIbIK KYHABUIBIKKA ve 0ombir, 730,40 kJK/KT yIeCTiK >KbULY KOCAJIbI.
Aramr 0,83 kr (4,36 %) xenemimen 14 507,88 xJk/Kr sKpUTyIbIKKa ue 0oubir, 633,13 kJ[K/KT MEHIIIKTI KBUTY MOJIIIEPIH KaMTaMach3 eTei. JKambl
yIiriHiH Maccachl 18,96 Kr, ai )KUBIHTBIK MEHIIIKTI Kbty Meumepi 12 494,38 k/[x/Kr O0JbIN aHBIKTaNIbI.

Kecre 12. Kaparanpl KaJlaChIHAAFbI CYPBINTAIMAFaH KAIIBIKTAPABIH (DU3UKA-XUMHSUIBIK KYPaMbl

TKK yJeci Oprama KoiibLiran, CypsbinTayaan Cypbinrayaan 1 KI KOMIIOHEHTTIiH Cypoinraamaran TKK
Kipic, % % KeHiHTi KalbIK, KeHiHTi KypaM, | KbLIYJIBIK KYHABLIBIFBI, | YJIECTIK KbLTYJBIK MIHI,
% % Kk/sk/kr KkJI:K/Kr
OpraHuKaJIbIK KaJIJIbIKTap 26,80 22,78 4,02 17,23 3340,00 895,12
[TmacTmacca 16,45 10,69 5,76 24,67 24393,76 4012,77
Karas/kapTon 18,76 12,19 6,57 28,14 9705,97 1820,84
XKasnbikrap 5,87 5,87 0,00 0,00 12000,00 704,40
[ e1HBI 11,87 11,87 0,00 0,00 0,00 0,00
ToxpIMa jxoHE OBUTFapHhI 2,97 0,00 2,97 12,73 17999,41 534,58
Backa ycak ¢pakius (<12 Mmm) 10,27 10,27 0,00 0,00 7000,00 718,90
Kepamuka jxoHe KYPBLIBIC 3,36 1,01 2,35 10,08 0,00 0,00
KaJIJIBIKTaphl
Mertann 2,32 1,16 1,16 4,97 0,00 0,00
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Aram 1,02 0,51 0,51 2,19 14507,88 147,98
DJICKTP KOHE IEKTPOHIBI 0,31 0,31 0,00 0,00 22000,00 68,20
a0 ABIKTAPABIH KA IBIKTAPEI

Bapnbiret 100,00 76,66 23,34 100,00 8902,80

Kaparanael KamachlHAAFbl CYpHINTAIIMAFaH KAIJIBIKTAPIbIH (PU3NKA-XUMUSUIBIK KYpaMbIHA COWKEC TYPMBICTBIK KATThl KAJABIKTAPABIH HET13Ti
yJieciH opraHukaiblK Kanasikrap (26,80 %), kara3-kaptoH (18,76 %) xone minactmacca (16,45 %) xypaiiasl. Cypbintay 6apbIChIHIa KalAbIKTHIH 23,34
%-bl KOMBLIBIN, IIACTMAcCa MEH Kara3-KapTOHHBIH CYpbINTayAaH KeWiHTr1 Kypamjaarbl yieci TuiciHme 24,67 % xone 28,14 %-ra neiiin eceni.
JKbUTyIIBIK KYHIBUIBIFBI €H JKOFaphl KOMIIOHEHT riactMmacca 6onbin (24 393,76 xJx/kr), on cypeimranmarad TKK-HBIH yJIeCTiK KbUTYJIBIK MOHIHE
4012,77 xJI>X/Kr KOCBIN, HETi3T1 PHEPTUs oJIEyeTiH KaMTamachl3 eTeli. JKaimbl cypblNTalMaraH KaJlIbIKTapAblH OpTalia YJECTIK KbUIYJIBIK MOHI
8902,80 xx/kr Oosbin ecenreneni. CypblliTalFaHHAH KEWiH YJTi KypaMbIHIa €H Kell yJiecTi Karas/kapToH (5,06 xr Hemece 28,14 %) xoHe
mwiactMacca (4,96 kr nemece 24,67 %) Kypaiabl; onmapAsiH | Kr KbUTyIbIK KYHIBUIBIFBI THiciHIIE 9 705,97 >xome 24 393,76 x/lx/kr, an ynri
MaccachlHIaFbl MEHIIIKTI kbLTy Memmepi 2 731,01 xone 6 018,60 x/x/kr 6omasl. Tokeima/mryoepek 2,50 kr (12,44 %) canmarsiven 15 720,88
K/J[K/KT KBUTYJIBIK KYHABUIBIKKA He 00blm, 1 954,99 xJx/kr ynectik xbuty Oepeni. Opranukanbik Kanasiktap 3,47 xr (17,23 %) xeneminge 3 340,00
K/K/KT SKBUTYJIBIK KYHIIBIIBIKKA He 00mbim, 575,38 kJ[K/Kr yaectik xbury Kocaasl. XKanmsl yiariaig mMaccacsl 20,12 Kr, an »KUBIHTBIK MEHIIIKTI XKBLTY
memmepi 11 671,92 kJx/kr 6obin aHbIKTANABI (KecTe 13).

Kecre 13. Kaparanipl KaJlachIHIaFbl CYPBINTAIFaH KAJIABIKTApIbIH (GHU3HKA-XUMUSIIBIK KypPaMbl

Ne KoMmnoHeHT aTybl YJrigeri KOMIoHeHT Yaeci, % JKaanbl 1 Kr KOMIOHEHTTIiH Yari maccachIHAAFBI
caJIMaFbl, KT CaJIMaFbl, KT JKBUTYJIBIK KYHIBLIBIFBI, MEHUIIKTI KLY MeJIIIepi,
KJK/Kr KkJk/kr

1 | Karas/kaproH 5,66 28,14 9705,97 2731,01

2 | Toxkeima/urybepex 2,50 12,44 15720,88 1954,99

3 | Ilmacrmacca 4,96 24,67 24393,76 6018,60

4 | OpranukaiblK KaJJIbIKTap 347 17,23 3340,00 575,38

5 | Kepamnka 2,03 10,08 20,12 0,00 0,00

6 | Meramn 1,00 497 0,00 0,00

7 | beutFapsl )koHE pe3eHKE 0,06 0,29 25661,24 74,86

8 | Aram 0,44 2,19 14507,88 317,07
bapibirst 20,12 100,00 11671,92
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Kecrte 14. OckemeH KajacbIHIAFbl CYphINTAIMaFaH KaJAbIKTapAbIH (PU3HKa-XUMHSITBIK KYPaMBbI

TKK yneci OpTrama Koiibliran, % Cypsinrayaan Cypsinrayaan 1 KI KOMIIOHEHTTiH Cypsoinranmaran TKK
kipic, % KeliHri KanabIK, | KeliHri KypaMm, JKBLITYJIBIK YJI€CTiK SKBbLIYJIBIK,
% % KYHIBLIBIFBI, KJK/Kr MoHi, K/[JK/Kr
OpraHuKaJIbIK KIIBIKTap 24,54 20,86 3,68 16,11 3340.00 819,64
[Tmactmacca 18,97 12,33 6,64 29,06 24393,76 4627,50
Karasz/kapTon 17,56 11,41 6,15 26,90 9705,97 1704,37
Kasmprkrap 6,74 6,74 0,00 0,00 12000,00 808,80
[ eraBI 8,56 8,56 0,00 0,00 0,00 0,00
ToxkpIMa skoHE OBLTFaphI 2,67 0,00 2,67 11,69 17999,41 480,58
Backa ycak ¢ppakmus (<12 mm) 14,46 14,46 0,00 0,00 7000,00 1012,20
Kepamuka >xoHe KYPBLIBIC 2,89 0,87 2,02 8,85 0,00 0,00
KaJIZIBIKTaphl
Merann 2,24 1,12 1,12 4,90 0,00 0,00
Aram 1,14 0,57 0,57 2,49 14507,88 165,39
DIEKTp JKOHE IEKTPOHIBI 0,23 0,23 0,00 0,00 22000,00 50,60
a0 IBIKTapBIH KAJIBIKTAPhI
Bapnbirbt 100,00 77,15 22,85 100,00 9669,07

Kecreneri Mmanimerrep OolibIHIIA CypbIITAIMAaFaH TYPMBICTBIK KaTThl KaJIBIKTAp/IbIH HET13r1 06JIIriH OpraHuKablK KanaslkTap (24,54 %),
iactmacca (18,97 %) xone karaz-kapToH (17,56 %) kypaiiasl. CypbinTay Ke3iHae *Kajmbl KaIIbIKThIH 22,85 %-bl ®KONBLIBII, IIJJACTMAcCa MEH KaFas-
KapTOHHBIH CYPBINTAaYyJaH KeWIHT1 KypaMarsl yiueci Tuicinie 29,06 % xone 26,90 %-ra neitid octi. KbUTyIbIK KYHABUIBIFBI €H KOFapbl KOMITOHEHT
rtactMacca 6oubin (24 393,76 kJx/kr), on cypsintanmarad TKK-HbBIH yIecTik XbUTyIbIK MoHIHE 4627,50 kJ[/KT KOCBII, HET13T1 SHEPIHsl QJIeyeTiH
KaMmTaMachl3 etefil. TokbIMa sxoHe ObuTFaphl 2,67 % yneciMeH 17 999,41 kJIx/Kr )KbUTyIbIK KYHIBIIBIKKA e 0011bI, 480,58 kJ[>K/Kr yIECTIK KbLTy
Oepeni. XKanmsl cypbInTanMarad KaJlbIKTapAbIH OpTallla YIECTIK XKbUTYJIBIK MoHI 9669,07 kJ[x/Kr Kypailabl.

Kecre 15. OckeMen KanacblHAAFbl CYphINTAIFaH KAJIABIKTApAbIH (GU3UKa-XUMUSIIBIK KYpambl

Ne KommnoHeHT aTysbI

Yuariperi
KOMITIOHEHT

Yaeci, %

Kannel
caJIMarbl, KT

1 Kr KOMIIOHEHTTIiH
JKBLTYJIBIK

Yuri MmaccachIHAAFbI
MEHIIIKTI KbLIY
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caJMarbl, KT KYH/ABLIbBIFBI, Meoutiepi, k/x/Kkr
Kk /K/Kkr

1 | Karas/kapTon 5,17 26,90 9705,97 2610,69
2 | ToxkpiMa/1ryoepex 2,19 11,42 15720,88 1794,90
3 | Ilmactmacca 5,58 29,06 24393,76 7088,22
4 | OpraHuKajbIK KaJIIbIKTap 3,09 16,11 3340,00 538,07
5 | Kepamuka 1,70 8,85 19,21 0,00 0,00
6 | Meramn 0,94 490 0,00 0,00
7 | BeutFapsl sxoHE pe3eHke 0,05 0,27 25661,24 68,73
8 | Aram 0,48 2,49 14507,88 361,91

Bapnbiret 19,21 100,00 12462,52

OckeMeH Kaslachl OOMBIHINIA CYPBINITAIFAH KAJIJIBIKTAPABIH YTl KypaMmblHIa €H YJKEH yJec riactMaccara tueciai — 5,58 kr nHemece 29,06 %,
OHBIH | KT KBUTYJIBIK KYHIBUIBIFBI 24 393,76 kJX/Kr KoHE yirineri MeHIIKTi buty Memmepi 7088,22 xJlx/kr kypaiinel. Karas-kapron 5,17 kr (26,90
%) kenemimen 9705,97 xJIx/Kr xputynbIKKa e 6o, 2610,69 k/x/kr ynectik xbuty 6epeni. Tokpima/mrybepek 2,19 kr (11,42 %) maccacbimen 15
720,88 /KT KBUTYJIBIK KYHIBUTBIK Kepcerim, 1794,90 xJk/Kr MEHIIIKTI KBUTY MOJIIIEPIH KamTamach3 eteli. OpraHukaiblK Kauaslkrap 3,09 kT
(16,11 %) canmarbimMen 3340,00 xJI>k/KT ®KbLUTYIBIK KYHABUIBIKKA 1€ 0ombir, 538,07 kJIK/Kr ylecTik blTy Kocasl. JKanmsl yarinig maccacel 19,21 kr,
aJT )KUBIHTHIK MEHIIIKTI XKbUTy Meumepi 12 462,52 xJ»/Kr OOJIbIN aHBIKTAIIBI.
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Kecrene 16 xamamap OOMBIHIIIA TYPMBICTBIK KATThl  KaJABIKTAPIbIH  KBLTYJBIK
KYHJIBUTBIFBIH 3€PTTEY/I1H JKUBIHTHIK HOTHIKEIEPl OepiireH.

Kectre 16. Kamanmap OoibIHIIA TYPMBICTBIK KATThl KAJJBIKTAPIBIH KBUTYJIBIK KYHIIBUIBIFBI
OOMBIHINIA KOPBITHIHBLIAPIBIH KUBIHTBIK KECTECI

Kana Acrtana AJIMATBI AKkToe0e HIbiMkenT | Kaparanabi Ockemen
CypsinTaaMarad
TKK Maccahiibiit | gagy 37 | 924457 | 959641 | 942548 | 890280 9669,07

opTaria JKbUTYJIBIK
MoHi, KJIK/KT

CypsInTanaran
TKK
MacCaChIHEIH
oprara
JKBUTYJIBIK  MOHI,
kJx/kr

11922,7 | 11692,31 11913,13 12494,38 11671,92 12462,52

Cypsointanran TKK
MacCachIHBIH
TOMEHT'1 KBITYJIBIK
MoHI, KJ[K/Kr

10473,36 | 10013,78 10013,1 10636,5 9734,72 10068,68

Acrana kanaceiHna cypsintanmarad TKK-HeIH opTamia skputynnblk MoHI 8850,37 kJ[k/Kr
Oorca, cypeintayaan kKeiin 0y kepcetkim 11 922,7 xJ[x/kr-re neiin ecir, TOMEHT1 KbUTYIbIK
moni 10473,36 k/DK/Kr Kypainpl. AJMaTtbia CYpBHINTAIMaFraH KaJABIKTAPIBIH SKBLUTYJIBIK
KYHABUTBIFBL 9 244,57 xJIx/xr, cypsintanransl 11 692,31 k/[x/Kr, an ToMeHr1 KbUTyIbIK MoH1 10
013,78 xx/xkr Oongpl. AxreOe, llbiMkeHT xoHe Kaparanapl KamajmapblHAa Aa yKcac ypaic
OalKaJblll, CypbINTaylaH KeHiHri oprama >XKbutyiablKk MoHaep 11 913,13-12 494,38 xJx/kr
apanbIFbiHa 6076, ToMeHT1 MoHAepl 10013,1-9734,72 xJIx/Kr neHreninae Kauibl.

OcCKeMeHJIe €H JKOFapbl CYpBINTAIFaH KaJJABIKTBIH OpTalla >KbUIyJIbIK MOHI 12462,52
kJ>K/KT-Te 3KeTin, ToMeHT1 XbUTYIBIK MoH1 10 068,68 kJ[>k/KT OOIBII TIpKETII.

Kectene 17 xamamap OoiibiHma cypsintanran TKK  (pu3uKambIK-XUMHATIBIK KYpaMbIH
3epTTEY/IH )KUBIHTBIK HOTHXKeEJIepl KENTIPIITEeH.

Kecre 17. Kananap OoiibiHma cypsintanrad TKK (u3nkanbIK-XUMHSUIBIK KYPaMbIH 3€pTTeY
HOTHIKEJIEPIHIH )KUBIHTBIK KecTecl

Kana Acrtana AJMaThI ‘ AKTo0e ‘ IIbIMKeHT ‘ Kaparanabl OckemeH
KTIT %
Karas/kapTon 20,99 27,00 27,34 24,45 28,14 26,90
ToxkpiMa/TryOepek 18,30 8,76 12,79 16,84 12,44 11,42
Ilmactmacca 23,99 26,96 25,74 24,63 24,67 29,06
OpraaukanbK 25,23 21,84 19,02 21,87 17,23 16,11
KaJIJIBIKTAp
Kepamuka 6,60 9,05 9,30 3,42 10,08 8,85
Meramn 3,06 3,87 3,74 4,03 4,97 4,90
Brutrapel sxoHe 0,43 0,21 0,30 0,40 0,29 0,27
pe3eHKe
Arain 1,40 2,32 1,78 4,36 2,19 2,49
Bapnbirst 100,00 100,00 100,00 100,00 100,00 100,00
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Kectenen keprenzeit, OapiblK Kajanap/a MjiacTMacCaHbIH yJeci eH >korapsl — o 23,99 % Oen
29,06 % apansireinga. Kara3 OeH kapToH jaa aiftapinbikrail ke, ocipece Kaparanael MeH
Axrebene 27-28 % mramackiana. OpraHukaiblK KaiaslKTap yieci Acrtanana 25,23 % Oomnca,
Kaparanaer men Ockemenne 16—-17 % neHreitinge, SFHM CaJIBICTBIPMAIbl TYPJAE TOMEH.
Kanran ¢paknusnap a3z memmepne: kepamuka 3,42—10,08 %, meramn 3-5 %, an ObUIFaphI,
pE3eHKe KoHe aralll yJieci 6apiblK Kananapaa 5 %-a1aH TOMEH.

4. Tannay

Bypeinrst 3eprreynep (Serikova, A. xone T.60., 2020; Inglezakis, V.J. xxone T1.6., 2018)
Heri3ineH KazakcTanHbIH AcTaHa %oHe AJIMaThl CUAKTHI OPTAJIbIK KaJladapbIHbIH KalAbIKTapblHA
OarpITTanFaH. by kanamap enzeri eH yikeH kKananap. by kamanapaarel TKK Kypambin opraina
Jien caHayra OOJMaiIbl, OWTKEHI ipi KajajgapJarbl ©Mip Cypy CHIIaTTaMmajiapbl IIaFbIH
KaJjajapJaH alTapibIKTail epekiieneHei. by 3epTTeyain anabHFbUIapAaH ailblpMalIbUIBIFEl —
KazakcTanHblH reorpaduschlH KEHIPEK KaMmTy >KOHE aiThl ipi Kajda MbICAJbIHAA KAaTThI
TYPMBICTHIK KAJIABIKTAPIbI TAJAAY.

3epTTey HOTHXKENEepiHe CyHeHe OThIphIN, aBTopiap opoOip kana ymin TKK xorwnbiH eH
TUIMJI TEXHOJIOTHsJIAPbIHA TajIay JKacaapl. 3epTreyiep n = 5-6 enmieMiep YIIH Mapajiielb
xyprizinai. CoHbIMeH KaTap, opbOip Toxipube m = 10-15 cepusicblHaH >KYpri3uifi.
DKCIIEpUMEHTTIK JiepeKTep yariiepi yursa p = 0,95 bIKTUMAaNAbIK YIIIH CTaHAAPTTHI ayBITKYJIap
MEH CEHIMJILTIK MHTEpBaIIaphbl ecenTen/ii. byJl CTaTUCTUKANBIK Talfay 3€pTTey HOTHKEIEPiHiH
YKOFapbl CEHIMIUTITIH pacTaiipl. ONmeMAepaAiH CTAaHAAPTTHl ayBITKYBI 2% acaii/Ibl.

Kanapikrapabl 0ackapyaslH 3aMaHayu TYKbIpbiMaaMaiapsl oaerre TKK kypammactapeiHa
TOH PECYpCTBIK JJICYeTTI OHTalibl maiinananyael aran kepcereni (Karungamye, P., 2024).
ConpiMeH Oipre eHaeyre KaObUIIAHFaH KaJlJbIKTapAbIH KYpaMbl KaIJBIKTapIbl CYpBINTAY
3ayBITTaphIHAA KalTamaMa IIMKI3aTThl IPIKTEY MIOpEX,eciHe ocep eTell, TEPMUSUIBIK OHJLY
QMICTEPiH KOJAaHy Ke3iHIe KaJABIKTap/IbIH JKbUTYJIBIK KYHIBUIBIFBIH aHbikTaiimer (Kasirski, S.
)koHe T.0., 2024; Glazyrin, S.A. xone T.0., 2020) sxoHe OMOTEXHOJOTHSHBI KOJAaHY KE3iH/e
BIJIBIPAY MPOLIECTEPIHIH THIMALTITIH aHBIKTANH bl dKOHE HOTHIKECIHAE Oenriii O6ip TEXHOIOTUSHBIH
TEXHUKAJIBIK-9KOHOMUKAJIBIK KOPCETKIIMITEPIHE dCEP €TEeIl.

CypeoiniTay IpoLeciHiH THIMAUIIT KenTereH GakTopiaapra OaillaHbICThI, COHBIH 1ITIH/E:

- cypeInTay KOHBeHepi OOMBIMEH KaIBIKTAp/IbIH KO3FAy JKBULAAMJIBIFBI: KaJJIbIKTap
HEFYPIIBIM 0asty KO3Fajica, COFYpJIbIM OJ KOMIOHEHTTEP OOMBIHINA KAKCHI CYPBINTATIA/IbI;

- KOHBeHepneri KauJblK KaOaTbIHBIH KaJbIHIBIFBI: CYPBINTAay KOHBEMEpIHIEr! KaJabIK
Ka0aT HEeFYpJIbIM KYKa 00Jica, KaJIABIKTap COFYPIIBIM MYKHUST CYPBITITATA IbI.

bipak XKbpUTIaMIBIKTBI a3alTy apKbUIBl MPOIECTIH TUIMAUIITIH apTTHIPy OHIMIUTIKTIH
TOMEHJICYyiHe OKeleli, COHIBIKTAaH iCc Ky3iHIe 0acThl Ha3ap >KOFapbl CYpBINTay THUIMIUIIIHE
eMec, eH YKOFapbl OHIMIUTIKKE ayaapbuiaasl. [IpakTukana KoJIMeH cypbInTayabiH THiMaLiri 0,4—
0,8 Kypaisl.

Komnonentrepi anyaslH THIMALTIT OipHene ¢pakTopiaapra OaliaHbICThI, COHBIH 1IIIHJE!

- KOMITOHEHTTIH TaOUFaThl (0J1 CyJaHyFa, IIpyre ®oHe T.0. ce3iMTal 00Jybl MYMKIH);

- KaTThl KAIJIBIKTap/bIH CHMaTTaManapbl (0acTanKbl bUIFANABUIBIK, (QPAKIHMIIBIK KYPaMBbI
xoHe T.0.);

- MayCchIM MEH aya paiibl JKaraaniapsl (bUTFAAHY, MY3/1aTy JKoHE T.0.);

- KaJABIKTap[bl KUHAY >KOHE IIbIFapy >Kyienepi (kainmbel Hemece OejeK KalIbIKTap.Ibl
JKUHAY, TaChbIMaJiay Ke3iH/1e KaJIIbIKTapIbIH HBIFBI3ATY AOPEXKECi, apThIK THEYIIH OOTYhI )KOHE
T.0.).

Byn 3eprreymiH Herisri ImieKTeyJaepi TYPMBICTHIK KAaTThl KAJIJIBIKTap JKUHAJIFaH
aliMaKTap/IbIH JKOHE OCBI OHIPJIEPAIH TYPFBIHIAPHl MEHTAIUTETIHIH Olp ajamra MaKKaHIaFbl
KATThl KAJABIKTAPABIH KYpaMbl MEH YJIECTIK KoJeMiHe ocepi 0ombin Tabbuiaasl. by mekreynep
TY3€TyAl KaKeT eTMeil, eMTKeHI ojlap OoJamak 3epTTeyiepnae eckepineTin Oomanbl. Kemeci
KaJaMm - OapIibIK anThl KaJaHbIH CYPHINITAIMAFAH KOHE CYPBINTAIFaH KATThl KAIJIBIKTAPBIH XKaFy
sKcTiepuMeHTi. bysr perre opOip Kanama KaTThl TYPMBICTBHIK KaJIBIKTAPAbI KaFy Ke3iHJIe Iaiiia
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0ONaThIH TYTIH Ta3/lapblHBIH KeJieMi MEH KypaMbl, COHJai-aK CyYpBINTAaJIMaraH KoHE
CYpBINTAIFaH KAIABIKTAp/Abl XKary Ke3iHae maiiia OoNmaTblH KyJ MEH KOXIBIH Kypambl MEH
KAaCHUETTEPI OJIIICHETIH 0OaIbl.

5. KopbITBIHABI

3epTTey HOTHKECIH/IE KeJecl HOTHXKeNep alblHbl:

1. KazakcTanHblH anThl Kanacel: Acrana, Anmatel, Akreoe, llIsimkenT, Kaparanasr xoHe
OckeMeH YIIH CYpBINTaIMaraH *KoHe CYPBINTaIFaH TYPMbBICTBIK KaTThl KalIbIKTapIbIH (U3HKa-
XUMUSUIBIK KYPaMbl aHBIKTaJIJIbI;

2. ANThI KaJaHbIH TYPMBICTBIK KAaTThl KaJIbIKTAPbIHBIH TEPMO(PHU3UKAJIBIK CHUIaTTaMaapsbl
AHBIKTAIIBL KYJIUIT], BUIFAIIBUIBIFEI, COHBIMEH KaTap >KOFapel (OpyTTO) >KOHE TOMEH
KaJIOPUSUIIBIK KYH/IBUTBIFBL.

Kazakcran kananmapblHIAFbl KaTThl TYPMBICTBIK KAJIIBIKTAPIBIH (U3UKATBIK-XAMHSIIBIK
KYPaMbIHBIH HOTIDKETIEPi:

— OpraHukanblK KaJABIKTapAbIH MeJmepl aiMakTapAblH —achasblK JocTypliepiHe
OallTaHBICTHI KOJIIAHBUIATBIH TaMakK OHIMJICPIHIH epeKIIeTiKTepiHe OalIaHbICThl ©3Tepe/i:
OHTYCTIK I€H acTaHaja Ke0ipeK, OPTAJIBIK MEH IIBIFBICTA a3bIPaK.

- XKeprek meH HopecTere apHajifaH KOMEKIIl MaTepHalAapbIHBIH MeJIIEpl e SPTYpIIi:
OHTYCTIKTE a3, 6acka aiiMakTapaa Kerl.

- Oprama anranga, Kypamaac OeiKTepAiH Memmiepi 0Oacka KOMIIOHEHTTEp YIIiH
CaJTBICTBIPMAJTB.

byn 3eprreyniH Herisri HoTHXkenepi opOip ailMakTa TYPMBICTBIK KATThI KaJJIbIKTap.Ibl
KOJIeTe JKapaTyAblH OHTAMIBI TEXHOJIOTHSCHIH TaHJAy, COHIAN-aK OHBIH THIMAUIIIT MEH OCHI
alimMakTapiarbl SKOJOTHSUIBIK JKaFdai/ibl oJIeYeTTI »KaKcapTyFa KaThICThl OopKaMmaap OOJbII
TaObLUIA B

TyYpMBICTBIK KaTThl KaJIBIKTapIbl KOJEre >KapaTyAblH €H KONAWIbl KOHE OHTAMIBI
TEXHOJIOTUSUIAPBl CHHTE3 Ta3blH OHIIPY YKOHE DIIEKTP SHEPTHACHIH KOHE KOCHIMINA OHIMIEpIi
OHJIIPY apKbUIBI, *aFy apKbUIbl JHEPTHsHBl YHEMACWUTIH KOHE SKOJOTHSUIBIK Ta3a MUPOJIH3
TEXHOJIOTHSUTApbI 00BN TaObUTabl. [IMpOAN3 KanABIKTapJbIH IIAFBIH KOJIEM1 YIIIH acipece
TYPMBICTHIK KalABIKTapAaH Oacka KalJIbIKTapAbplH Oacka Typiepi Ooiica, OHTalIbl Typhae
KOJITAaHBLTAIHI,

KarTel TYpMBICTBIK KaaABIKTApAbIH YJIKEH KelieMi YIIiH aBTOpJap J3ipJereH KajabIKTap
TY3LIMEH kary IpOLECiHIH CXeMachlH Mailanany oHTailsbl 6osbin Ta0buIaAbl. by cxema xany
npoliecinje naiia OonFaH KaTThl, CYHBIK *OHE Ta3 TOpi3Al ©HIMIEPl TOJBIK KoJere apary
TEXHOJIOTHSUIaphIH KaMTH/Ibl. EK1 TEXHOIOTHS Jja TYPFBIHAAPABIH TIPIILIIK 9PEKET! HOTUKECIH e
naiiza OoiFaH JkaHa KaJNABIKTapAbl FaHa €MeC, COHBIMEH Karap €Nl MeKeHJepaeri
MOJIUTOHIAP/IBIH, YAIIBIKTAPBIHIA )KUHAKTAIFAH KaJABIKTapbl KOJETe jKapaTyFa, COJI apKbLIBI
ayMaKTbhl KaTThl TYPMBICTHIK KaJABIKTApAaH TOJBIK Ta3apTyFa MYMKIHIIK Oeperi.

6. KocbiMIia MaTepuaJiap: KOCbIMIIIa MAaTEpHAIIAP KOK.

7. ABTOPJIBIK YJiecTep

Konuenrtyamuzauusa — E.A.; onicreme — T.M.; Gargapnamanslk Kamtamaceiz ety — ALK,
JLK., T.M.; texcepy — K.U., AC.; bopmansasl Tangay — T.M., A.K.; teprey — P.C.; pecypcrap —
P.C., A.C.; nepekrep kypatopsl — T.M; xka3y — TtynHycka xo6a — P.C., E.A.; xazy —
peuensusiiay xoHe pemakuumsiiay — AK., A.C., E.A., T.M.; Buzyanuzauua — X.U., JLK,;
Kanaranay — E.A.; »xo6anbl 6ackapy — E.A.; ogicreme — T.M.; GaraapiamMalblK KaMTaMachl3 €Ty
— E.A.; KapKplmaHAsIpyibl caThin any — E.A.

8. ABTOpJap TypaJbl aKknmapar
AuGynpauHOB, Enaman — Oac reutbiMu Kbi3MeTkep, PhD, JLH. I'ymunieB arbiHmarsi
Eypasus yiaTThIK yHUBepcuTeTiHIH JKaHa XUMHSUIBIK TEXHOJIOTHSJIAP FBUIBIMHU-3EPTTCY

35



A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

UHCTUTYTHI; FBUIBIM JKOHE ChIpTKbI OaimanbicTap keHiHaeri mpopektop, K. Kymaxanos
aTeiHAarel Kazak TexHosorus skoHe OumsHec yHuBepcuteTi, KakepiMykan kemn., 13, AcraHa,
Kazakcran, 010008; email: elaman_@mail.ru, https://orcid.org/0000-0001-9143-4581

Maman, Tormkan — mnpodeccop, x.F.k., JLH. I'ymuneB areinmarel Eypasus yiaTThiK
YHHUBEPCHUTET] >KapaTbUIBICTAHY FBUIBIMAAPH (aKyabTeTiHIH XuMus Kadeapacsl, KaxbiMykaHn
komr., 13, Acrana, Kaszakcran, 010008; email: mashan_tt@enu.kz, https://orcid.org/0000-0001-
7598-1956

Kycenoma, Jlszatr — pnouenr, x.r.K., JI.LH. T'ymuneB areiHmarsl Eypasust yiaTTBIK
YHHUBEPCHUTET] >KapaTbUIBICTAHY FBUIBIMAAPH (aKyabTeTiHIH XuMHs Kadeapacsl, KaxbiMykaHn
komr., 13, Acrana, Kasakcran, 010008; email: kussepova la@enu.kz, https://orcid.org/0000-
0002-6457-0999

Cadapos, Pycnan — 3eprreymii-okeiTymisl, x.F.K., JLH. I'ymuneB ateimarsl Eypa3zus
VITTBIK YHUBEPCUTETI JKapaThUIBICTAHY FBUIBIMAAPH (DaKynbTeTiHIH XUMHUS Kadeapacsl,
Kaxeimykan kemr., 13, Acranma, Kasakcran, 010008; email: safarov_rz@enu.kz,
https://orcid.org/0000-0003-2158-6330

CabutoB, Ast — moktopant, JL.H. ['ymuneB ateingarsl Eypasus yATTBIK yHUBEpPCHTETI
KapaTbUIBICTaHy FBUIBIMAAPHl (akynbTeTiHIH Xxumus Kadenpacbl, Kaxeimykan kemr., 13,
Acrana, Kazakcran, 010008; email: sabitov _as 1@enu.kz, https://orcid.org/0009-0005-9475-
2143

Kennek, Aitnaryn — pgouenr, x.r.k., JLH. D'ymuneB areinmarel Eypa3susi yiaTThiK
YHHBEPCUTETI JKapaThUIBICTAHY FBUIBIMIAPHI (aKyJIbTeTiHIH XuMHS Kadenpachl, KakbpIMyKaH
kemr., 13, Acrana, Kasakcran, 010008; email: kolpek a@enu.kz, https://orcid.org/0000-0001-
6188-6229

WckakoBa, Xanap — nupekrop, X.F.K., JLH. DI'ymuneB arsinparsl Eypasusi yiaTThiK
yHHBEpCUTETIHIH YKaHa XUMHUSIIBIK TEXHOJIOTHSIIAP FBUIBIMU-3€PTTEY MHCTUTYTHI, KaxbpIMyKaH
kemr., 13, Acrana, Kasakcran, 010008; email: iskakova zhb@enu.kz, https://orcid.org/0000-
0002-4434-0707

9. Kapxbuiauawlpy: by 3eprreyni Kazakcran PecryOnukacel FeUTbIM JkoHE KOFapbl OLTIM
MUHUCTPIITIHIH Fruieim KOMUTETI Kap KbLUIaHIbIP]IbI (OarmapiamanbIK-MaKcaTThl
KapkbUT1aHpIpy rpanTsl Ne BR21882171).

10. Auarbicrap: ConsultTech JXXIIC mupextopst Poman Jlamypenkora 3epTTeyzeri
TEXHOJIOTUSUIBIK €CENTeyJepaiH KoCiOM KOHCAITHHITIK KeMeri YIIH 013 IIBIH >KYpPEKTeH
AIFBICBIMBI3IBI OUTIipTiMi3 Keneail. byn ko0aHbl jky3ere acwelpyna oJlapAblH TaxipubOeci MeH
a/1aJ1/IbIFbl MaHBI3/IbI POJT aTKap/Ibl.

11. Myajaenep KaKThIFbICHI: ABTOpiap MyAlenep KAKTBIFBICHI JKOK Jelm MOTiMJICH/II.
Hemeymriniep 3epTreyai d3ipieyae, AEpeKTepial >KWHayaa, Taljayaa HeMece TYCIHIIpYIe;
KOJDKa30aHbI Ka3yla HeMece HOTWIKEIepAl Kapusuiay Typaslbl HISHIiM KaObUiiayna emkaHaanl
POl aTKapFaH JKOK.

12. 9neduerrep Tizimi

1. Abbas, R.1., Flayeh, H.M. (2024). Aerobic Composting of Organic Waste, Alternative and an
Efficient Solid Waste Management Solution. Asian J. Water Environ. Pollut. 21, 101-111.
https://doi.org/10.3233/AJW?240051

2. Abis, M., Bruno, M., Kuchta, K., Simon, F.-G., Gronholm, R., Hoppe, M., Fiore, S.
(2020). Assessment of the Synergy between Recycling and Thermal Treatments in
Municipal Solid Waste Management in Europe. Energies 13, 6412.
https://doi.org/10.3390/en13236412

3. Bhatt, A.K., Bhatia, R.K., Thakur, S., Rana, N. (2018). Fuel from Waste: A Review on
Scientific Solution for Waste Management and Environment Conservation. Prospects

36



mailto:elaman_@mail.ru
https://orcid.org/0000-0001-9143-
mailto:mashan_tt@enu.kz
https://orcid.org/0000-0001-7598-1956
https://orcid.org/0000-0001-7598-1956
mailto:kussepova_la@enu.kz
https://orcid.org/0000-0002-6457-0999
https://orcid.org/0000-0002-6457-0999
mailto:safarov_rz@enu.kz
https://orcid.org/0000-0003-2158-6330
mailto:sabitov_as_1@enu.kz
https://orcid.org/0009-0005-9475-2143
https://orcid.org/0009-0005-9475-2143
mailto:kolpek_a@enu.kz
https://orcid.org/0000-0001-6188-6229
https://orcid.org/0000-0001-6188-6229
mailto:iskakova_zhb@enu.kz
https://orcid.org/0000-0002-4434-0707
https://orcid.org/0000-0002-4434-0707
https://doi.org/10.3233/AJW240051
https://doi.org/10.3390/en13236412

A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

of Alternative Transportation Fuels 205-233. https://doi.org/10.1007/978-981-10-7518-
6_10

4. Bhatt, K.P., Patel, S., Upadhyay, D.S., Patel, R.N. (2022). A critical review on solid
waste treatment using plasma pyrolysis technology. Chem. Eng. Process. - Process
Intensif. 177, 108989. https://doi.org/10.1016/j.cep.2022.108989

5. Butkowska, K., Zieliriska, M. (2024). Recovery of Biogas and Other Valuable Bioproducts
from Livestock Blood Waste: A Review. Energies 17, 5873.
https://doi.org/10.3390/en17235873

6. Cao, X., Williams, P.N., Zhan, Y., Coughlin, S.A., McGrath, JW., Chin, J.P., Xu, Y.
(2023). Municipal solid waste compost: Global trends and biogeochemical cycling.
Soil Environ. Health 1, 100038. https://doi.org/10.1016/j.seh.2023.100038

7. Chatterjee, R., Sajjadi, B., Chen, W.-Y., Mattern, D.L., Hammer, N., Raman, V., Dorris,
A. (2020). Effect of Pyrolysis Temperature on Physico-Chemical Properties and
Acoustic-Based Amination of Biochar for Efficient CO, Adsorption. Front. Energy
Res. 8, 85. https://doi.org/10.3389/fenrg.2020.00085

8. Chen, B., Perumal, P., lllikainen, M., Ye, G. (2023). A review on the utilization of municipal
solid waste incineration (MSWI) bottom ash as a mineral resource for construction
materials. J. Build. Eng. 71, 106386. https://doi.org/10.1016/].jobe.2023.106386

9. Chen, H., Song, X., Jian, Y. (2024). Performance Assessment of a Municipal Solid
Waste Gasification and Power Generation System Integrated with Absorption Heat
Pump Drying. Energies 17, 6034. https://doi.org/10.3390/en17236034

10. Chen, T., Ku, X., Li, T., Karlsson, B.S.A., Sjoblom, J., Strom, H. (2021). High-
temperature pyrolysis modeling of a thermally thick biomass particle based on an MD-
derived tar cracking model. Chem. Eng. J. 417, 127923.
https://doi.org/10.1016/j.cej.2020.127923

11. Chalkidis, A., Jampaiah, D., Aryana, A., Wood, C.D., Hartley, P.G., Sabri, Y.M.,
Bhargava, S.K. (2020). Mercury-bearing wastes: Sources, policies and treatment
technologies for mercury recovery and safe disposal. J. Environ. Manag. 270, 110945.
https://doi.org/10.1016/j.jenvman.2020.110945

12. Dharnaik, A.S., Pramodini, P. (2024). A Review on Composting of Organic Solid Waste. In
Proceedings of the 1st International Conference on Creative and Innovative Solutions in
Civil Engineering, CISCE. I0P Conf. Ser. Earth Environ. Sci. 1326, 012130.
https://doi.org/10.1088/1755-1315/1326/1/012130

13. Dronia, W., Potomka, J., Je drczak, A. (2024). Quantity and Material Composition of
Foreign Bodies in Bio-Waste Collected in Towns from Single- and Multi-Family
Housing and in Rural Areas. Energies 17, 4350. https://doi.org/10.3390/en17174350

14. Du, Y., Ju, T., Meng, Y., Lan, T., Han, S., Jiang, I. (2021). A review on municipal
solid waste pyrolysis of different composition for gas production. Fuel Process.
Technol. 224, 107026. https://doi.org/10.1016/j.fuproc.2021.107026

15. Glazyrin, S.A., Aibuldinov, Y.K., Kopishev, E.E., Zhumagulov, M.G., Bimurzina, Z.A.
(2024). Analysis of the Composition and Properties of Municipal Solid Waste from
Various Cities in Kazakhstan. Energies 17(24), 6426
https://doi.org/10.3390/en17246426

16. Glazyrin, S.A., Aidymbaeva, Z.A., Dostiyarov, A.M., Zhumagulov, M.G., Zlatov, N.,
Strefanovic’, V.P. (2020, April 23). Method for Cleaning Flue Gases of a Drum-Type
Power Boiler. Patent of Republic of Kazakhstan. No. 5184 (Sposob ochistki dymovykh
gazov barabannogo parovogo kotla In Russian).

17. Gongalves, M.F.S., Petraconi Filho, G., Couto, A.A., da Silva Sobrinho, A.S., Miranda,
F.S., Massi, M. (2022). Evaluation of thermal plasma process for treatment disposal of
solid radioactive waste. J. Environ. Manag. 311, 114895.
https://doi.org/10.1016/j.jenvman.2022.1148

37


https://doi.org/10.1007/978-981-10-7518-6_10
https://doi.org/10.1007/978-981-10-7518-6_10
https://doi.org/10.1016/j.cep.2022.108989
https://doi.org/10.3390/en17235873
https://doi.org/10.1016/j.seh.2023.100038
https://doi.org/10.3389/fenrg.2020.00085
https://doi.org/10.1016/j.jobe.2023.106386
https://doi.org/10.3390/en17236034
https://doi.org/10.1016/j.cej.2020.127923
https://doi.org/10.1016/j.jenvman.2020.110945
https://doi.org/10.1088/1755-1315/1326/1/012130
https://doi.org/10.3390/en17174350
https://doi.org/10.1016/j.fuproc.2021.107026
https://doi.org/10.3390/en17246426
https://doi.org/10.1016/j.jenvman.2022.1148

A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

18

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30

31

32

. Karunasena, G., Gajanayake, A., Wijeratne, W.M., Pabasara, U., Milne, N., Udawatta,
N., Perera, S., Crimston, A., Aliviano, P. (2023). Liquid waste management in the
construction sector: A systematic literature review. Int. J. Constr. Manag. 24, 86-96.
https://doi.org/10.1080/15623599.2023.2211416

Karungamye, P. (2024). Energy recovery from solid waste valorisation: Environmental
and economic potential for developing countries. Sci. Afr. 26, e02402.
https://doi.org/10.1016/j.sciaf.2024.e02402

Kasiriski, S., De bowski, M. (2024). Municipal Solid Waste as a Renewable Energy
Source: Advances in Thermochemical Conversion Technologies and Environmental
Impacts. Energies 17, 4704. https://doi.org/10.3390/en17184704

Kuo, W.-C., Lasek, J., Stowik, K., Gtod, K., Jagustyn, B., Li, Y.-H., Cygan, A. (2019).
Low-temperature pre-treatment of municipal solid waste for efficient application in

combustion systems. Energy Convers. Manag. 196, 525-535.
https://doi.org/10.1016/j.enconman.2019.06.007

Li, J., An, D., Shi, Y., Bai, R., Du, S. (2024). A Review of the Physical and Chemical
Characteristics and Energy-Recovery Potential of Municipal Solid Waste in China.
Energies 17, 491. https://doi.org/10.3390/en17020491

Long, Y., Hu, Y., Wang, H., Jia, J., Huang, H., Shen, D., Gu, F. (2024). Effective
disposal of hazardous waste from non-ferrous waste recycling through thermal
treatment. J. Clean. Prod. 434, 140004. https://doi.org/10.1016/j.jclepro.2023.140004

Nasrullah, M., Vainikka, P., Hannula, J., Hurme, M., Karki, J. (2015). Mass, energy and
material balances of SRF production process. Part 3: Solid recovered fuel produced
from  municipal  solid  waste. Waste  Manag. Res. 33, 146-156.
https://doi.org/10.1177/0734242X14563375

Nobre, C., Sen, A., Durdo, L., Miranda, I., Pereira, H., Gongalves, M. (2023). Low-
temperature pyrolysis products of waste cork and lignocellulosic biomass: Product
characterization. Biomass Convers. Biorefinery 13, 2267-2277.
https://doi.org/10.1007/s13399-021-01300-8

Nukusheva, A., Rustembekova, D., Abdizhami, A., Au, T., Kozhantayeva, Z. (2023).
Regulatory Obstacles in Municipal Solid Waste Management in Kazakhstan in
Comparison with the EU. Sustainability 15, 1034. https://doi.org/10.3390/su15021034

Park, D.K., Kim, J.-H., Kim, H.-S., Kim, J.-H., Ryu, J.-H. (2023). Possibility Study in CO>
Free Hydrogen Production Using Dodecane (Ci2H26) from Plasma Reaction. Energies 16,
1589. https://doi.org/10.3390/en16041589

Patil, Y.R., Dakwale, V.A., Ralegaonkar, R.V. (2024). Recycling Construction and
Demolition Waste in the Sector of Construction. Adv. Civ. Eng. 6234010.
https://doi.org/10.1155/2024/6234010

Pech-Rodriguez, W.J., Meléndez-Gonzalez, P.C., Hernandez-Lopez, J.M., Suarez-
Velazquez, G.G., Sarabia-Castillo, C.R., Calles-Arriaga, C.A. (2024). Pharmaceutical
Wastewater and Sludge Valorization: A Review on Innovative Strategies for Energy
Recovery and Waste Treatment. Energies 17, 5043.
https://doi.org/10.3390/en17205043

. Provisional Statement on the State of the Global Climate in 2018; World Meteorological
Organization (WMO): Geneva, Switzerland, 2018, 47 p.

. Puri, L., Hu, T., Naterer, G. (2024). Critical review of the role of ash content and
composition in biomass pyrolysis. Front. Fuels 2, 1378361.
https://doi.org/10.3389/ffuel.2024.1378361

. Qi, Y.-P., He, P.-J, Lan, D.-Y., Xian, H.-Y., Liu, F., Zhang, H. (2022). Rapid
determination of moisture content of multi-source solid waste using ATR-FTIR and
multiple  machine  learning  methods. @ Waste  Manag. 153, 20-30.
https://doi.org/10.1016/j.wasman.2022.08.014

38


https://doi.org/10.1080/15623599.2023.2211416
https://doi.org/10.1016/j.sciaf.2024.e02402
https://doi.org/10.3390/en17184704
https://doi.org/10.1016/j.enconman.2019.06.007
https://doi.org/10.3390/en17020491
https://doi.org/10.1016/j.jclepro.2023.140004
https://doi.org/10.1177/0734242X14563375
https://doi.org/10.1007/s13399-021-01300-8
https://doi.org/10.3390/su15021034
https://doi.org/10.3390/en16041589
https://doi.org/10.1155/2024/6234010
https://doi.org/10.3390/en17205043
https://doi.org/10.3389/ffuel.2024.1378361
https://doi.org/10.1016/j.wasman.2022.08.014

A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Ratomski, P., Hawrot-Paw, M., Koniuszy, A., Golimowski, W., Kwas'nica, A.,
Marcinkowski, D. (2023). Indicators of Engine Performance Powered by a Biofuel Blend
Produced from Microalgal Biomass: A Step towards the Decarbonization of Transport.
Energies 16, 5376. https://doi.org/10.3390/en16145376

Rodrigues, J.A.P., Pinto, N.A.B.T., Leite, L.A., dos, S.B., Pereira, A.O. (2024).
Production of Bio-Oil via Pyrolysis of Banana Peel and Tire Waste for Energy
Utilization. Energies 17, 6149. https://doi.org/10.3390/en17236149

Serikova, A., Baidakov, A., Syrlybayeva, N. (2020). The organization of municipal solid
waste collection, disposal and recycling in Kazakhstan. E3S Web Conf. 159, 01010.
https://doi.org/10.1051/e3sconf/202015901010

Sikder, S., Toha, M., Rahman, M.M. (2024). Municipal Solid Waste Incineration: An
Incredible Method for Reducing Pressures on Landfills. Technical Landfills and Waste
Management 7, 169-188. https://doi.org/10.1007/978-3-031-55665-4_7

Soares, C. (2015). Chapter 7-Gas Turbine Fuel Systems and Fuels. In Gas Turbines, 2nd
ed.; Elsevier: Amsterdam, The Netherlands, 317—411. https://doi.org/10.1016/B978-0-12-
410461-7.00007-9

Sobieraj, K., Stegenta-Da, browska, S., Koziel, J.A., Biatowiec, A. (2021). Modeling of
CO Accumulation in the Headspace of the Bioreactor during Organic Waste
Composting. Energies 14, 1367. https://doi.org/10.3390/en14051367

The Law of the Republic of Kazakhstan. The Environmental Code of the Republic of
Kazakhstan Dated 2 January 2021 No. 400-VI LRK. (Including the Changes from 2
October 2023); Akorda: Astana, Kazakhstan, 2023, 446 p. Available online:
https://www.gov.kz/memleket/entities/cerc/documents/details/113729?lang=kk

Torrubia, J., Torres, C., Valero, A., Valero, A., Parvez, A.M., Sajjad, M., Paz, F.G.
(2024). Applying Circular Thermoeconomics for Sustainable Metal Recovery in PCB
Recycling. Energies 17, 4973. https://doi.org/10.3390/en17194973

Traven, L. (2023). Sustainable energy generation from municipal solid waste: A brief
overview of existing technologies. Case Stud. Chem. Environ. Eng. 8, 100491.
https://doi.org/10.1016/j.cscee.2023.100491

Wikira, N., Bazooyar, B., Darabkhani, H.G. (2024). Modelling and Analysis of Low and
Medium-Temperature Pyrolysis of Plastics in a Fluidized Bed Reactor for Energy
Recovery. Energies 17, 6204. https://doi.org/10.3390/en17236204

Williams, P.T. Waste Treatment and Disposal; John Wiley & Sons Ltd.: Chichester, UK,
2005, 388 p.

World Meteorological Organization (WMO). State of the Climate 2024. Update for
COP29; WMO: Geneva, Switzerland, 2024, 12 p. Available online:
https://library.wmo.int/records/item/69075-state-of-the-climate-2024  (accessed on 11
November 2024).

Xu, M.-X,, Di, J.-Y., Wu, Y.-C., Meng, X.-X., Ji, H., Jiang, H., Li, J.-H.. Lu, Q. (2023).
Insights into the pyrolysis mechanisms of epoxy resin polymers based on the
combination of experiments and ReaxFF-MD simulation. Chem. Eng. J. 473, 145404.
https://doi.org/10.1016/j.cej.2023.145404

Yanamandra, K., Pinisetty, D., Daoud, A., Gupta, N. (2022). Recycling of Li-lon and
Lead Acid Batteriess A Review. J. Indian Inst. Sci. 102, 281-295.
https://doi.org/10.1007/s41745-021-00269-7

Young, G.C. Municipal Solid Waste to Energy Conversion Processes; Economic, Technical,
and Renewable Comparisons; John Wiley & Sons: Hoboken, NJ, USA, 2010, 398 p.

Zajac, M., Skrajna, T. (2024). Effect of Composted Organic Waste on Miscanthus sinensis
Andersson Energy Value. Energies 17, 2532. https://doi.org/10.3390/en17112532

39


https://doi.org/10.3390/en16145376
https://doi.org/10.3390/en17236149
https://doi.org/10.1051/e3sconf/202015901010
https://doi.org/10.1007/978-3-031-55665-4_7
https://doi.org/10.1016/B978-0-12-410461-7.00007-9
https://doi.org/10.1016/B978-0-12-410461-7.00007-9
https://doi.org/10.3390/en14051367
https://www.gov.kz/memleket/entities/cerc/documents/details/113729?lang=kk
https://doi.org/10.3390/en17194973
https://doi.org/10.1016/j.cscee.2023.100491
https://doi.org/10.3390/en17236204
https://library.wmo.int/records/item/69075-state-of-the-climate-2024
https://doi.org/10.1016/j.cej.2023.145404
https://doi.org/10.1007/s41745-021-00269-7
https://doi.org/10.3390/en17112532

A.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 152(3)

Analysis of the composition and properties of solid municipal waste in cities of
Kazakhstan

Yelaman Aibuldinov, Togzhan Mashan, Lyazat Kusepova, Ruslan Safarov, Aiyat Sabitov,
Ainagul Kolpek, Zhanar Iskakova

Abstract: According to the Bureau of National Statistics of the Republic of Kazakhstan, by the
end of 2023, approximately 120 million tons of municipal solid waste (MSW) had been
generated across over 3200 landfills in the country. The accumulation of both unsorted and
sorted waste poses significant environmental risks, primarily through the generation of methane,
a greenhouse gas that is 28 times more dangerous than carbon dioxide in contributing to the
planet’s greenhouse effect over a century and 84 times more effective over a 20-year timeframe.
The objective of this research is to examine the physicochemical composition, as well as the
physical and thermal-chemical properties, of municipal solid waste from six cities in
Kazakhstan: Astana, Almaty, Shymkent, Aktobe, Karaganda, and Ust-Kamenogorsk. Analysis of
the physicochemical composition was conducted for both unsorted and sorted municipal solid
waste from all cities, determining the total and analytical moisture content, ash content, and
volatile matter, as well as the higher and lower calorific values. The efficiency factor of the
manual sorting process in practice was 0.4-0.8. The results obtained enable the evaluation of
technologies for the effective management of municipal solid waste and facilitate experimental
investigations into semi-industrial pyrolysis, combustion, plasma processing, and composting
facilities.

Keywords: waste-free production; waste recycling; household waste; pyrolysis; energy-efficient
technologies; synthesis gas; thermal energy; methane; carbon dioxide; greenhouse gases.

AHaJM3 COCTaBa W CBOWCTB TBepAbIX OBITOBBIX OTXO0A0B B TOpoAax
Ka3zaxcrana

Enaman AilOyabaunoB, Torkan Maman, JIsszar Kycemoa, Pyciaan CadapoB, Asart
Caowuros, Aiinaryas Koumnek, )Kanap UckakoBa

AnHotauus: [To nanusiv HanmonansHoro Gropo cratuctuku Pecnyonuku Kazaxcran, Kk KOHITY
2023 rona B crpane Ha 6onee yem 3200 nmonmuronax Oyzaet coOpaHo okoisio 120 MUTUTHOHOB TOHH
TBepabIX ObITOBBIX 0TX00B (TBO). Exeronno obpasyercs okono 4,5 MUITMOHOB TOHH, U3
KOTOpBIX TepepabaTbiBaeTcss Jumib 15 mpoueHTtoB. HakorieHne HECOPTHPOBaHHBIX U
COPTUPOBAaHHBIX OTXOJOB IPEACTABISAET 3HAUUTENIbHBIE 3KOJOTMYECKHE DPHUCKH, B IEPBYIO
ouepelb H3-3a OOpa30BaHMS METaHa — MApPHUKOBOTO Ta3a, KOTOPBI MO BO3JEHCTBUIO Ha
NapHUKOBBIN (P (EKT IIaHeTHl B 28 pa3 onacHee YrieKUcIIoro rasa, a rno apgexTuBHocTH 3a 20
et — B 84 paza. llenblo JaHHOrO HMCCIEAOBAaHUS SBISETCS H3y4eHHE (PU3MKO-XUMHUYECKOTO
coCTaBa, a TaKke (U3NYECKHMX U TepMOXMMUYeckux cBoicTB TBO wu3 mectu ropomos
Kazaxcrana: Acranbl, Anmarsl, lllsimkenTa, AxtoGe, Kaparannet u Ycth-Kamenoropcka. B
JTAHHOM MCCJIEJOBAHUHU HCIIOJIb30BAIach OJHA BBIOOPKA OTXO/0B, KOTOpas BKJIIOYANa IOJHOE
OINOPOKHEHHUE JIECITKOB KOHTEWHEPOB U3 Pa3HBIX PallOHOB PacCMaTpUBAEMBbIX ropoAoB. Takum
o0pa3oM, ObUI COXpaHEH CPEAHMN COCTaB TBEPJBIX OBITOBBIX OTXOJO0B MO ropoaam. Ilposenen
aHaIN3 (PU3HKO-XMMHYECKOT0 COCTaBa HECOPTHUPOBAHHBIX U COPTUPOBAHHBIX TBEP/BIX OBITOBBIX
OTXOJIOB BCEX T'OPOJIOB, OIpPE/eNIeHbl 00IIas U aHATUTUYECKasl BIAXKHOCTb, COAEPIKaHUE 30JIbI U
JETy4uX BEILECTB, a TaKXKe BEPXHsISI U HUXKHAA TEIUIOThl cropaHusa. OueHeHa 3()(peKTHUBHOCTh
COpPTUPOBKH Kak mepBoil craguu nepepabotku THO. Koadpdumnment >ppexTuBHOCTH pydHOI
coptupoBkr Ha mpakthke coctaBun 0,4—0,8. [lomydeHHbIE pe3ynbTaThl MO3BOJISIIOT OLUECHHUTH
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3P PEKTUBHOCTh TEXHOJOTHH OOpAIICHUsI C TBEPABIMH OBITOBBIMH OTXOAAMH U CIIOCOOCTBYIOT

9KCIIEPUMEHTAIBHBIM HCCIEIOBAHUSM OJYNPOMBIIUIEHHBIX YCTAHOBOK MHPOJIN3a, CKUTAHUSA,
TIa3MEHHOW TIepepaboTKU U XPaHCHHSI.

KawueBble cjioBa: 0€30TXOJHOE IMPOU3BOACTBO; MEepepabOTKa OTXOJ0B; OBITOBBIC OTXO/IBI;

IMUPOJINU3; 3HepF03(1)(beKTI/IBHBIe TEXHOJIOTMH; CHHTE3-ra3; TCIINIOBas OHEPrusA; MCETaH;
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Abstract: Pyrazole and its derivatives are z-electron-excess aromatic
heterocyclic compounds, the ring structure of which contains two
bonded nitrogen atoms. Pyrazoles are attracting increasing attention of
scientists due to their extensive and diverse range of biologically active
properties.

In this study a series of N-(acylalkyl)pyrazole derivatives were
synthesized by reactions of aliphatic and aromatic a-bromideketones
with pyrazole and its 3,5-dimethyl- and 3,5-diphenyl- derivatives via a
two-stage one-pot reaction, in the presence of the K>COs base. Thus,
new, previously undescribed N-pinacolopyrazoles with yields of 65—
92% and N-phenacylpyrazoles with yields of 38-91% were obtained.
The structures of the products were characterized by NMR, IR, X-ray
diffraction and GC-mass spectrometry. According to the X-ray
diffraction results, N-(acylalkyl)pyrazoles are conjugated z-systems, in
the formation of crystals of which carbonyl groups participate.

The cytotoxicity of the studied N-acylalkylpyrazoles towards Artemia
Salina crustaceans has been determined, and the toxicity depends on the
type of substituents. Thus, N-phenacylpyrazole has a cytotoxicity 6
times higher than the cytotoxicity of N-pinacolonpyrazole, and the
cytotoxicity of N-phenacylpyrazoles varies depending on the
substituents in the benzene ring, and decreases in the presence of
acceptors. The results of the cytotoxicity study can be used to develop
drugs with their further modification.

Keywords: pyrazole, N-acylalkylation, a-bromoketones, NMR, X-ray
structural analysis, cytotoxicity, Artemia Salina.

1. Introduction

Pyrazoles are five-membered m-electron-rich aromatic heterocyclic
compounds that have two linked nitrogen atoms (N-N bond) in the ring
structure (Elguero, J., et al., 1995; Rague Schleyer, P., et al., 1996;
Schmidt A., 2011; Stanovnik, B., et al., 2003), in addition, the molecules
of pyrazole 1a are planar and strongly associated due to hydrogen bonds
(Cour, T. etal., 1973; Sikora, M. et al., 2013) (Figure 1a).
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Figure 1. Hydrogen bonds in the molecule of pyrazole 1a (a) and its prototropic tautomerism (b)

Pyrazole ring derivatives have wide applications in various fields of human activity such as
technology, medicine and agriculture (Al-Aizari, F.A. et al., 2018). Pyrazoles are considered an
important class of nitrogen-containing heterocyclic compounds due to their wide range of biological
activities (Ansari, A. et al., 2017; Schmidt A., 2011). In medical sources, pyrazole derivatives are
described as substances with antibacterial (Alan, R. K., 1997; Karrouchi, K. et al., 2018; Secrieru,
A. et al., 2019), analgesic, antimicrobial, antiviral, antidepressant and anticancer properties
(Karrouchi K. et al., 2018). In addition, pyrazole is the main component of many pharmaceutical
and agrochemical substances (Unnava, R. et al., 2016). Thus, pyrazole systems as biomolecules are
currently attracting more and more attention from scientists due to their interesting pharmacological
properties (Calenda S., et al., 2024; Ozdemir, Z., et al., 2015; Salerno, L., et al., 2012; Sharma, T.,
et al., 2020; Sharma, T., et al., 2021).

Pyrazoles are usually synthesized by classical cyclocondensation of hydrazine derivatives
with a,b-unsaturated aldehydes and ketones (Karrouchi, K., et al., 2018; Katritzky, A. R. et al.,
2001; Lei, J., et al., 2021).

The presence of a mobile hydrogen atom of the NH-group and the main center — a nitrogen
atom of the pyridine type, in the pyrazole molecule is the reason for the manifestation of
prototropic, or so-called azole tautomerism (Secrieru, A., et al., 2019). Prototropic tautomerism of
pyrazole and its homologues is due to the migration of a proton from the NH-group (Alan, R.K.,
1997) (Figure 1, b).

The acid-base properties of pyrazole are due to the presence of pyrrole and pyridine nitrogen
atoms in its structure (Secrieru, A., et al., 2019). Due to the pyridine nitrogen atom, pyrazole
exhibits basic properties (pKy = 11.5), and due to the pyrrole nitrogen atom, it exhibits weak acidic
properties (pKa = 2.49) (Perrin, D. D., 1965). Moreover, the acidic proton of the NH-group is easily
subject to N-alkylation and N-acylation and N-alkylacylacylation reactions (Castillo, J.M., et al.,
2019).

Thus, in the scientific literature (Dhiman, Sh., et al., 2018; Marcos, A.P.M., et al., 2010;
Solomons, T.W., et al., 1965) one can find a large number of examples and conditions for the
synthesis of N-alkylated and N-alkylacylated pyrazoles 1 at the nitrogen atom of the NH-group
(Alan, R.K., 1997), in addition, pyrazoles have the ability to be alkylated again to form salts
(Solomons, T.W., et al., 1965). The formation of salts occurs due to interaction with the nitrogen
atom of the pyridine type, which exhibits weak basic properties. Pyrazole salts are quite stable
compounds and their stability is due to the delocalization of the positive charge in the pyrazolium
cation (Figure 2), or the negative charge in the pyrazolide anion between all the atoms of the ring
(Solomons, T.W., et al., 1965)
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Figure 2. Formation of pyrazole salts by delocalization of the positive charge in the pyrazolium
cation

Taking into account the above-described properties of pyrazole 1a, in this work, we
investigated a series of N-acylalkylation reactions of pyrazoles la-c with a-bromoketones 2a, 4a-g
via one-pot reaction in the presence of a base to release the intermediate salt and eliminate hydrogen
bromide. The resulting series of products were characterized by IR and NMR spectroscopy, GC-
mass spectrometry. The structural features of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a and 1-
phenyl-2-(1H-pyrazol-1-yl)ethan-1-one 5a were studied by X-ray diffraction, and the cytotoxicity
properties of N-acylalkylpyrazoles 3a, 5a-c, e, g on crustaceans Artemia Salina were considered.

2. Materials and methods

The starting materials for the syntheses were reagents purchased from Acros, Merck and
Aldrich, which were used without further purification. All reactions and purity were monitored by
thin-layer chromatography (TLC) on Silufol plates with detection by iodine vapor. Melting and
boiling points were determined in open capillaries using a Buchi M560 device.

'H NMR and C NMR spectra were obtained using Agilent 400-MR (400 MHz for H, 100
MHz for 3C) spectrometer in CDCls (chemical shift: § = 7.26 for *H, § = 77.76 for *3C) and
DMSO-ds (chemical shift: § = 2.47 for *H, § = 40.03 for 13C). Hexamethyldisiloxane was used as an
internal standard. Splitting is reported as s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet, br = broad and coupling constants are given in Hz. High-resolution mass spectra were
recorded on a GC-Mass analysis was performed on an Agilent 7890A gas chromatograph with an
Agilent 5975C mass-selective detector on an Rtx DHA-100 column; carrier gas was helium. The
samples were dissolved in 1 ml of acetone. Analysis time was 32 minutes. X-ray analysis was done
on a single-crystal diffractometer STADIVARI Pilatius 100K with 4 Cu-Ko radiation using
focusing mirrors. The IR spectra were obtained using a FSM 1201 FT-IR spectrophotometer in a
KBr pellet, in the frequency range: 400 — 4000 cm™.

Methodology for studying cytotoxic properties

Artificial sea water, 1 liter in volume, was prepared from the following substances, according
to the method (Kester, D.R. et al., 1967): NaCl (0.409 mol), Na2SO4 (0.028 mol), KCI (0.009 mol),
NaHCOs (0.009), KBr (0.0008 mol), HsBOs (0.0004 mol), NaF (0.00007 mol).

The cytotoxic activity of the extract was determined according to the method (Solis, P.N. et
al., 1992; Suleimenov, E.M., 2009). For the analysis, 200 mg of Artemia salina eggs in 1 liter of
artificial seawater were used. Artemia Salina cysts were kept under aeration conditions with
constant illumination and a temperature of 25°C for 2—3 days until hatching. Then one side of the
vessel was covered with aluminum foil, and 5 minutes later, the larvae that had gathered on the
bright side were removed with a Pasteur pipette. Each sample was tested in three parallel
experiments. 20-40 larvae (nauplii) were placed in 0.990 ml of seawater in a 2 ml cell of a
laboratory plate. A 10 mg/ml stock solution of the studied substance 3a, 5a-c, e, g was prepared in
dimethyl sulfoxide, and 0.10 ml of this solution was added to the cell. For the negative control, only
0.10 ml of dimethyl sulfoxide was added. The relative deviation of the percentage of dead Artemia
from the control values was calculated. Solutions with 10 pg/ml of the studied substances 3a, 5a-c,
e, g were added and the number of dead larvae was counted. The results were read by counting
under a dissecting microscope.
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The cytotoxic activity was determined using the method (Meyer, B.N. et al., 1982). The
number of dead individuals was calculated after 1, 4 and 24 hours, with the determination of the
concentration of the studied toxicant 3a, 5a-c, e, g, which causes the death of 50% of crustaceans in
24 hours. The percentage of mortality (P) was calculated using the following formula:

_(A-N - B)

Z * 100%

where A is the number of dead larvae after 24 h; N is the number of dead larvae before the
experiment; B is the average number of dead larvae in the control sample; Z is the total number of
larvae. The results are shown in Table 1.

Based on the number of dead larvae, the cytotoxic activity of the studied compounds on
Artemia salina larvae was determined, where the LCso (ug/ml) (lethal concentration) at which 50%
of the larvae die was determined.

Preparation of 1-(pinacolone)pyrazoles 3a-c

Synthesis of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a

2 g (0.0294 mol) of pyrazole 1la and 15 ml of acetone were placed in a 100 ml round-
bottomed flask. Then, 4 g (0.0294 mol) of anhydrous potassium carbonate was added to the
mixture. Then, 3.95 ml (5.3 g, 0.0294 mol) of 1-brompinecolone 2a was added to the mixture while
stirring. The reaction mass was stirred for 24 hours at room temperature. Then the reaction mixture
was filtered of inorganic salts. The solvent was evaporated on a rotary evaporator. The precipitated
yellowish crystals 3a were dried in air. The yield of product 3a is 4 g (84%). M.p. 56°C. *H NMR
(CDCl3) 6 (ppm) 8.54 (d, J = 3.0, 1H, Pyr), 8.08 (d, J = 6.8, 1H, Pyr), 6.71 (t, J = 3.0, 1H, Pyr), 4.67
(s, 2H, CH2), 1.28 (s, 9H, C(CHs)3). **C NMR (CDCls) 3 (ppm) 205.92 (C=0), 139.34 (CH, Pyr),
129.81 (CH, Pyr), 107.48 (CH, Pyr), 56.53 (CH2), 43.89 (C(CHz)3), 26.34 (C(CHs)s3). GC-MS
Retention time 11.759 min, m/z (EI) = 166, 151, 138, 109, 85, 81, 57, 41, 29, 28. IR v, cm™* (KBr,
neat): 2959 (CHz), 1716 (C=0), 1597 (C=N).

The synthesis of 1-tertbutyl-2-(3,5-dimethyl-1H-pyrazol-1-yl)ethan-1-one 3b and 1-tertbutyl-
2-(3,5-diphenyl-1H-pyrazol-1-yl)ethan-1-one 3c was carried out in strict accordance with the
method for the preparation of 3a using the appropriate reagents.

Yield of product 3b is 3.7 g (65%), light yellow crystals. M.p. 82°C. *H NMR (DMSO-ds) &
(ppm) 5.82 (s, 1H, Pyr), 5.15 (s, 2H, CH2), 2.05 (s, 3H, CHzs), 2.00 (s, 3H, CHz), 1.14 (s, 9H,
C(CHs)3). *C NMR (DMSO-dg) § (ppm) 209.55 (C=0), 146.27 (C, Pyr), 140.67 (C, Pyr), 105.42
(CH, Pyr), 53.97 (CH), 43.26 (C(CHzs)3), 26.27 (C(CHz3)3), 13.60 (CHzs), 10.88 (CHz). GC-MS
Retention time 15.409 min, m/z (EI) = 194, 180, 166, 137, 109, 85, 57, 41, 29, 28. IR v, cm™ (KB,
neat): 2959 (CHs), 1620 (C=0), 1593 (C=N).

Yield of product 3¢ is 8.6 g (92%), light beige crystals. M.p. 110°C *H NMR (DMSO-dg) &
(ppm) 7.81 (d, J = 7.1, 2H, Ph), 7.46 — 7.42 (m, 2H, Ph), 7.42 — 7.35 (m, 5H, Ph), 7.29 (t, J = 7.3,
1H, Ph), 6.87 (s, 1H, Pyr), 5.34 (s, 2H, CH2), 1.02 (s, 9H, C(CHs)3). *C NMR (DMSO-ds) & (ppm)
209.52 (C=0), 150.16 (C, Pyr), 145.95 (C, Pyr), 133.62, 130.58, 129.30, 129.28, 129.22, 128.88,
128.15, 125.62 (Ph), 104.03 (CH, Pyr), 55.54 (CH2), 43.39 (C(CHa)s), 26.16 (C(CHz)3). GC-MS
Retention time 28.480 min, m/z (El) = 220, 191 165, 117, 77, 51, 39. IR v, cm™ (KBr, neat): 3015
(CH), 2959 (CHs), 1720 (C=0), 1620 (C=N).

Preparation of 1-(phenacyl)pyrazoles 5a-g

Synthesis of 1-phenyl-2-(1H-pyrazol-1-yl)ethan-1-one 5a.

3.4 g (0.05 mol) of pyrazole 1a and 15 ml of acetone were placed in a 250 ml round-bottomed
flask. Then, 6.9 g (0.05 mol) of anhydrous potassium carbonate was added to the mixture. Then, 10
g, (0.05 mol) of phenacylbromide 4a was added to the mixture while stirring. The reaction mass
was stirred for 24 hours at room temperature. Then the reaction mixture was filtered of inorganic
salts. The solvent was evaporated on a rotary evaporator. The precipitated yellowish crystals 5a
were dried in air. The yield of product 5a is 8.4 g (91%). M.p. 95°C. 'H NMR (CDCl3) & (ppm)
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7.95-7.89 (m, 2H, Ph), 7.59 — 7.52 (m, 2H, Ph), 7.48 — 7.42 (m, 4H, Ph, Pyr), 6.31 (t, J = 4.4, 1H,
Pyr), 5.54 (s, 2H, CH,). *°C NMR (CDCls3) & (ppm) 192.62 (C=0), 139.98 (CH, Pyr), 134.66 (C,
Ph), 134.12 (CH, Pyr), 131.03 (C, Ph), 129.03 (CH, Ph), 128.19 (CH, Ph), 106.59 (CH, Pyr), 57.75
(CH,). GC-MS Retention time 17.590 min, m/z (EI) = 186, 158, 105, 77, 51, 41, 28. IR v, cm™
(KBr, neat): 3013 (CH), 2986 (CH2), 1685 (C=0), 1601 (C=N)

The synthesis of  1-(4-bromophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one ~ 5b,  1-(2-
methoxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5c¢ and 1-(4-trifluoromethoxyphenyl)-2-(1H-
pyrazol-1-yl)ethan-1-one 5d was carried out in strict accordance with the method for the
preparation of 5a using the appropriate reagents.

Yield of product 5b is 11.9 g (90%), light beige crystals. M.p. 156°C. *H NMR (CDCl3) &
(ppm) 7.84 (d, J = 8.6, 2H, Ph), 7.65 (d, J = 8.6, 2H, Ph), 7.59 (d, J = 1.9, 1H, Pyr), 7.50 (d, J = 2.3,
1H, Pyr), 6.37 (t, J = 2.2, 1H, Pyr), 5.56 (s, 2H, CH>). $3C NMR (DMSO-ds) & (ppm) 193.45 (C=0),
139.40 (CH, Pyr), 134.08 (C, Ph), 132.41 (2CH, Ph), 131.95 (CH, Pyr), 130.47 (2CH, Ph), 128.43
(C, Ph), 106.01 (CH, Pyr), 58.01 (CH2). GC-MS Retention time 21.176 min, m/z (EIl) = 264, 236,
183, 155, 104, 76, 50, 41, 28. IR v, cm™ (KBr, neat): 3117 (CH), 2996 (CH2), 1709 (C=0), 1589
(C=N), 991, 551 (C-Br)

Yield of product 5¢ is 4.1 g (38%), light beige crystals. M.p. 70°C. *H NMR (CDCl3) & (ppm)
7.84 (dd, J=7.8, 1.9, 1H, Ph), 7.52 (d, J = 1.9, 1H, Pyr), 7.49 (ddd, J = 8.6, 7.4, 1.9, 1H, Ph), 7.44
(d, J =23, 1H, Pyr), 6.99 (td, J = 8.3, 3.3, 2H, Ph), 6.30 (t, J = 2.2, 1H, Pyr), 5.53 (s, 2H, CH>),
3.93 (s, 3H, OCHs). *C NMR (CDCl3) & (ppm) 193.82 (C=0), 159.48 (C, Ph), 139.65 (CH, Pyr),
135.07 (CH, Ph), 131.28 (CH, Ph), 131.07 (CH, Pyr), 125.00 (C, Ph), 121.21 (C, Ph), 111.71 (CH,
Ph), 106.15 (CH, Pyr), 62.11 (OCHzs), 55.71 (CH2). GC-MS Retention time 20.714 min, m/z (El) =
216, 188, 157, 135, 105, 92, 77, 64, 51, 41, 28. IR v, cm™ (KBr, neat): 3016 (CH), 2996 (CH>),
1689 (C=0), 1597 (C=N), 1288, 1022 (C-O-C).

Yield of product 5d is 9.9 g (73%), light beige crystals. M.p. 138°C. *H NMR (CDCls) §
(ppm) 7.93 (d, J = 8.8, 2H, Ph), 7.49 (d, J = 1.9, 1H, Pyr), 7.41 (d, J = 2.3, 1H, Pyr), 7.22 (d, J = 8.4,
2H, Ph), 6.27 (t, J = 2.1, 1H, Pyr), 5.49 (s, 2H, CH2). °C NMR (CDCls3) § (ppm) 191.22 (C=0),
153.27 (C, Ph), 140.10 (CH, Pyr), 132.76 (C, Ph), 130.86 (CH, Pyr), 130.32 (2CH, Ph), 120.61
(2CH, Ph), 106.70 (CH, Pyr), 57.66 (CH2). GC-MS Retention time 17.040 min, m/z (El) = 270,
242, 189, 161, 133, 95, 84, 70, 64, 51, 28. IR v, cm™ (KBr, neat): 3096 (CH), 2996 (CH_), 1709
(C=0), 1612 (C=N), 1300, 1030 (C-O-C), 1200 (C-F).

Synthesis of 1-(4-nitrophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5e

3.4 g (0.05 mol) of pyrazole 1a and 15 ml of acetone were placed in a 250 ml round-bottomed
flask. Then, 6.9 g (0.05 mol) of anhydrous potassium carbonate was added to the mixture. Then,
12,2 g, (0.05 mol) of 4-nitrophenacylbromide 4e was added to the mixture while stirring. The
reaction mass was stirred for 24 hours at room temperature. Then the precipitate was filtered,
washed with acetone, and then washed with water to remove impurities of inorganic salts, and dried
in air. A light beige powder of 5e was obtained. The yield of product 5e is 10.4 g (90%). M.p.
202°C. *H NMR (DMSO-dg) & (ppm) 8.37 (d, J = 8.5, 2H, Ph), 8.23 (d, J = 8.5, 2H, Ph), 7.74 (d, J =
2.3, 1H, Pyr), 7.48 (d, J = 1.8, 1H, Pyr), 6.32 (t, J = 2.2, 1H, Pyr), 5.90 (s, 2H, CH2). 3C NMR
(DMSO-ds) 6 (ppm) 195.77 (C=0), 150.71 (C, Ph), 140.22 (C, Ph), 139.45 (CH, Pyr), 129.65 (CH,
Pyr), 128.65 (2CH, Ph), 124.35 (2CH, Ph), 106.17 (CH, Pyr), 58.46 (CH>). IR v, cm™ (KBr, neat):
3097 (CH), 2995 (CHz), 1709 (C=0), 1611 (C=N), 1523, 1350 (NO>).

The synthesis of 1-(4-hydroxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5f and 1-(4-
(methylsulfonyl)phenyl)-2-(1H-pyrazol-1-yl)ethan-1-one 5g was carried out exactly according to
the method for the preparation of 5e using the appropriate reagents.

Yield of product 5f is 8.5 g (84%), light beige powder. M.p. 255°C. *H NMR (DMSO-dg) &
(ppm) 10.01 (s, 1H, OH), 8.08 (s, 1H, Pyr), 8.06 (s, 2H, Ph), 7.60 (s, 2H, Ph), 7.25 (s, 1H, Pyr),
6.34 (s, 1H, Pyr), 4.66 (s, 2H, CH>). 3C NMR (DMSO-ds) & (ppm) 192.30 (C=0), 163.13 (C, Ph),
138.24 (CH, Pyr), 130.57 (2CH, Ph), 128.55 (CH, Pyr), 127.82 (C, Ph), 115.19 (2CH, Ph), 100.72
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(CH, Pyr), 70.49 (CH>). IR v, cm™ (KBr, neat): 3500 (OH), 2995 (CHz), 1701 (C=0), 1593 (C=N),
1230 (C-0).

Yield of product 5g is 10.3 g (78%), light beige powder. M.p. 178°C. 'H NMR (DMSO-ds) &
(ppm) 8.24 (d, J = 8.5, 2H, Ph), 8.11 (d, J = 8.5, 2H, Ph), 7.74 (d, J = 2.4, 1H, Pyr), 7.49 (d, J = 2.0,
1H, Pyr), 6.33 (t, J = 2.3, 1H, Pyr), 5.90 (s, 2H, CH,). 13C NMR (DMSO-ds) & (ppm) 193.82 (C=0),
145.29 (C, Ph), 139.50 (CH, Pyr), 138.79 (C, Ph), 131.96 (CH, Pyr), 129.42 (2CH, Ph), 127.87
(2CH, Ph), 106.11 (CH, Pyr), 58.37 (CH>), 43.59 (CH3). GC-MS Retention time 25.751 min, m/z
(El) = 249, 247, 223, 183, 155, 121, 103, 76, 70, 50, 28, 15.

3. Results

The results of this study are presented in a series of reactions to create new N-acylalkylated
pyrazoles 3a-c, 5c¢, f, g. Thus, the interaction of pyrazoles la-c with a-bromoketones 2a, 4a-g was
carried out via a one-pot reaction in the presence of a base to neutralize the released hydrogen
bromide. Probable reaction mechanism of the N-acylalkylation reaction with a-bromoketones 2a,
4a-g are considered.

The structures of the obtained products are characterized by NMR, IR, and GC-mass
spectrometry. The crystal structures of tert-butyl-1-(pyrazol-1-yl)butan-2-one 3a and 1-phenyl-2-
(pyrazol-1-yl)ethan-1-one 5a were described by X-ray diffraction, according to which, N-
(acylalkyl)pyrazoles 3a and 5a are conjugated m-systems, and carbonyl groups participate in the
formation of their crystals.

The studied compounds 3a, 5a-c, e, g showed some manifestation of cytotoxicity towards the
crustacean Artemia Salina (Table 1).

The results of the cytotoxicity study show the possibility of varying the cytotoxic properties
of the substance by introducing a certain functional group. Thus, N-phenacylpyrazole 5a showed
the highest toxicity, and in the presence of an acceptor group in the benzene ring of the N-phenacyl
substituent (5e), the toxicity of the studied compounds decreases.

Table 1. Results of cytotoxicity test of 3a, 5a-c, e, g on Artemia Salina

. Mortality
Ne Formula Cor(lfr?n/tr;?)t on (after 24 L/?;‘i)
g hours), % H9
GHa 100 1.87
3a /> cH, 500 241 644.00
/NI 1 1000 96

5a

100 18.75
500 92.59 108.89
N
| 1000 99
(o]

N

y

o 100 76.64
5b / 500 82.86 153.00
N
C/ 1000 91.84
— (0]

N
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100 4.04
500 94.32
5c S~ 264.00
| 1000 96.04
—N o OCH4
NO: 100 7.07
500 125 45,
5e ~ 3045.00
| 1000 13.00
N (o]
SO,CHs
100 7.23
5g J 500 49.00 723.00
N
CN/ I 1000 50.00
4. Discussion

Thus, N-acylalkylpyrazoles can be synthesized by two methods (Babaev et al., 2025), where
the first involves N-acylalkylation of pyrazoles la-c with a-bromoketones 2a, 4a-g with the
isolation of an intermediate salt, from which the N-acylalkylation products are released by treatment
with a base; the second approach involves one-pot reaction in the presence of a base, bypassing the
stage of obtaining salts. Taking into account the convenience of the latter method, we obtained a
series of substances 3a-c, 5a-g with the simultaneous use of a base — K>CO:s.

In the scientific literature, one can find a large number of examples and conditions for
carrying out N-alkylation reactions with a-haloketones in the presence of alkaline reagents (Dago et
al., 2018; Solomons et al., 1965). The base K.COs was chosen as the base due to previous
experience with its use (Babaev et al., 2025) and its easy availability; in addition, stronger bases
may lead to unwanted side effects (Balasubrahmanya, K.S. et al., 2023).

To obtain a series of products 3a-c, 5a-g, unsubstituted pyrazole 1a and two of its derivatives
1b, c, two types of a-haloketones, were used: aliphatic brompinacolone 2a (Figure 3) and a series of
aromatic phenacyl bromides 4a-g (Figure 4).

N o] N
R \ + CH3 I R \ CH3
BT K2COs h,c—C—CH, 7" N
Br CH3 - CH3
— u rt., 24h
; 2a O 3a(84%)
a-c = 1,3 R 3b (65%)
a)R=H, b)R = CHs, c)R = Ph 3¢ (92%)

Figure 3. Scheme for the synthesis of pinacolonpyrazoles 3a-c

Thus, under the conditions we have chosen, the reaction (Figure 3) occurs in the presence of a
base — potassium carbonate, which, in parallel with the N-alkylation reaction one-pot, neutralizes
the released hydrobromide with the formation of inorganic salts, as well as target products 3a-c.
Substance 3a was obtained with a yield of 84% and is a low-melting light-yellow crystal. In
reactions with substituted pyrazoles 1b, c, N-acylalkylation products 3b and 3c were obtained in
yields of 65% and 92%, respectively. The higher yield of 3c is probably due to the lipophobicity of
the phenyl substituents. With long-term standing of mother solutions 3b, an additional 10-20% of
the product can be extracted. Compounds 3a-c were characterized by IR, NMR spectroscopy and
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GC-MS. The structure of tert-butyl-1-(pyrazol-1-yl)butan-2-one 3a was described using X-ray
diffraction analysis (Figure 7).

Corresponding approaches have been implemented in other examples of N-acylalkylation of
pyrazole 1la with phenyl-substituted a-haloketones 4a-g (Figure 4).

§ / /\(@ K,CO3, H,C- c CH3 L
r.t., 24h

4a-g O sa- -g

4,5
a)R'=H, b) R" = 4-Br, ¢c) R' = 2-OCHjs, d) R' = 4-OCF3, e) R' = 4-NO,, f) R' = 4-OH, g) R' =4-SO,CHj,

Figure 4. Scheme for the synthesis of phenacylpyrazoles 5a-g

Referring to the author’s reasoning (Baker, J., 1941), it can be assumed that the interaction of
a-haloketones 2a, 4a-g with pyrazoles la-c involves the carbonyl group taking an active part in the
process in the reactions of substitution of the bromine atom by the pyrazole anion. In particular,
when bromine is exchanged for a pyrazole group, the primary interaction of the reagent with the
carbon atom of the carbonyl group occurs. In the formed anion, an electron shift occurs, shown by
the arrows (pinacol electron shift), which ends with the release of a bromine ion and the shift of a
proton to the adjacent NH-group (Figure 5).

R']
Y R
1a-c / Br
"~ oo R
an /o
/ R1 Br—=C ® N
> — =N o
slow fast CH:
2
2a, 4a-g _0
R1 3a-c, 5-g

R', R?= Alk, Ar

Figure 5. Probable routes of N-acylalkylation of pyrazoles

N-acylalkylation reactions (Figure 3, 4) are accompanied by the formation of resin-forming
by-products 6, as well as by-product self-condensation reactions (Balasubrahmanya, K.S. et al.,
2023) of a-bromoketones 2a, 4a-g (Figure 6), especially when the temperature of the reaction
mixture increases, in this regard, it is not recommended to heat reaction mixtures, even partially,
during the process of lyophilization of the solvent.

0
0 Br o)
OH

Br

R 24 4ag R = Alk, Ar R 6 R

Figure 6. Scheme of side reactions of self-condensation of a-bromoketones 2a, 4a-g
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The use of the one-pot approach reduces the reaction time and the number of manipulations,
which gives on average yields of compounds 5a-g varying in the range of 38-91%. N-phenacyl-
substituted pyrazoles. Pyrazole 5¢ with a methoxy group in position 2 of the phenyl ring was
isolated with the lowest yield (38%). Other substances were obtained in yields of (61-91%).
Products 5a—g were characterized by IR, NMR spectroscopy and GC-MS. The structure of 1-
phenyl-2-(pyrazol-1-yl)ethan-1-one 5a was described using X-ray structural analysis (Figure 7).

3a Sa

Figure 7. Crystal structures of 1-tertbutyl-2-(1H-pyrazol-1-yl)ethan-1-one 3a and 1-phenyl-2-
(pyrazol-1-yl)ethan-1-one 5a according to X-ray diffraction data

During X-ray diffraction analysis it was determined that the crystal 3a, formed by ordered
molecules 3a, has an orthorhombic crystal lattice with symmetry type C», with 2 vertical planes of
symmetry located along the axis (space group Pna2:). And crystal 5a has a triclinic crystal lattice
with symmetry type C1 (Space group P1i) and molecules 5a fit more tightly to each other due to
additional w-stacking interactions of phenyl rings.

Thus, crystals of substances 3a and 5a are formed from a pair of molecules connected to each
other by two hydrogen bonds, in the formation of which carbonyl groups participate. The formation
of the crystal structure 3a involves the C=0 group of the tert-butyl fragment of one molecule and
the hydrogen H-C of the tert-butyl fragment of the second molecule. The mechanism of hydrogen
bond formation in 5a is similar, but the donor of hydrogen interaction is the H-C hydrogen of the
adjacent phenyl fragment. The pyrazole fragment in both molecules is planar and lies in the same
plane as the carbonyl group.

In light of recent advances in anticancer drug development, pyrazole derivatives have been
extensively studied due to their pronounced cytotoxic activity. It is important to note that the studies
are not limited to cytotoxicity alone; many of these compounds also demonstrate other valuable
biological properties. The paper (Zhang, Y., et al., 2023) details how pyrazole derivatives have
already been tested for cytotoxicity. The authors highlight that many of these compounds have
shown strong inhibitory activity against various cancer cell lines. However, there is no information
in the available sources on the study of N-acylalkyl derivatives of pyrazole for the manifestation of
toxic properties. In order to fill the gap in this information, we determined the cytotoxic properties
of the studied compounds 3a, 5a-c, e, g on Artemia salina crustaceans. The Artemia salina model is
a useful initial screening tool and helps to quickly eliminate known toxic compounds (Solis, P.N. et
al., 1992). However, it should be considered as a preliminary method. More complex and specific
methods are needed for accurate assessment of cytotoxicity.

Standard research methods were used for the experiment. The cytotoxic activity of the extract
was determined using the generally accepted method (Suleimenov, E.M., 2009). For the analysis,
200 mg of Artemia salina eggs in 1 liter of artificial seawater were used. The water was prepared
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using the method specified in (Kester, D.R. et al., 1967). The cytotoxic activity was determined
using the method (Meyer, B.N. et al., 1982) of survival of Artemia salina crustaceans in 3 parallel
experiments with concentrations of 10, 5 and 1 mg/ml, at a temperature of 25°C, with a larval
density of 20-40 specimens in each test tube. During the biotesting, Artemia salina larvae were 1
day old.

The obtained LCso values (ug/ml) (Table 1) indicate that all the studied compounds 3a, 5a-c,
e, g, have cytotoxicity towards Artemia salina crustaceans, since the LCso value (lethal
concentration at which 50% of crustaceans die) is below 1000 pg/ml. However, it was determined
that N-acylalkylpyrazole 5e with the presence of a nitro-group in the para-position does not have
cytotoxicity, since the LCsg value is 3045, which is higher than 1000 pg/ml.

When comparing the cytotoxicity of N-pinacolone pyrazole 3a with N-phenacylpyrazole 5a, it
was shown that when the phenacyl substituent is replaced by a pinocolone substituent, the
cytotoxicity drops almost 6 times (from LCsg 108.89 pg/ml to 644.00 ug/ml).

So, substances 5a-c have medium toxicity, substances 3a, 5g, exhibit low toxicity, 5e is not
toxic. This can be compared to the toxicity of some fungicides and herbicides, as well as some plant
extracts or fungal toxins (Libralato, G., et al., 2016). For example, the LCso of some toxic fungal
metabolites for Artemia salina can range from 9.78 to 40.84 pg/ml, which is also high (Favilla, M.,
et al., 2006). In the series of N-phenacylpyrazoles 5a-c, e, g, the cytotoxicity decreases in the
presence of an acceptor group in the benzene ring of the N-phenacyl substituent.

5. Conclusion

Thus, based on known N-acylalkylation methods, a series of N-acylalkylated pyrazoles 3a-c
and 5a-g were synthesized, including new, previously undescribed N-pinacolone pyrazoles 3a-c and
N-phenacylpyrazoles 5c, f, g. The course of the reaction is affected by temperature, since with an
increase in temperature the reaction shifts toward the formation of by-products.

The structures of the obtained products were characterized by NMR, IR, X-ray diffraction and
GC-mass spectrometry.

The studied compounds 3a, 5a-c, €, g, showed a certain manifestation of cytotoxicity in
relation to crustaceans Artemia Salina. It is shown that in the presence of an acceptor group in the
benzene ring of the N-phenacyl substituent (5e), the toxicity of the studied compounds decreases,
relative to unsubstituted phenacylpyrazole 5a.

The above method using Artemia Salina is a simple and inexpensive screening test for
cytotoxic compounds. It has the advantages of requiring only small amounts of compounds and the
employment of microplate technology facilltates the testing of large number of samples and
dilutions. Although the assay did not detect those compounds which require metabollc activation in
man, it maybe conveniently used where, as in the case of the quassinoids, the brine shrimp is a
reliable detector of biological activity.

The results of the cytotoxicity study show the possibility of varying the cytotoxic properties
of the substance by introducing a certain functional group into N-acylalkylpyrazole derivatives, and
can be used as a trend for further molecular design or pharmacological optimization.
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N-AUMJIaJdKHINEPA30IAapAbIH  CHHTE31 JKoHe oJIapAblH KYPbLIBIMbIHBIH
HUTOYBITTBUIBIK KaCHETTepiHe dcepi

Ha3pim AskanmapoBa, Csersnana Ilanbmmna, Mapar Ho6paeB, Aceabr Kymmna, AKHYp
Opa3zoait

Angarna. [Iupazonnap *oHe oJlapAblH TYBIHABLIAPHI CaKMHA KYpPBUIBIMBIHJA €Ki OallaHbICKaH
a30T aTOMbl Oap 7-3JEKTPOHIBI apOMATThl T'eTEPOLUKIAI KOochulbicTap. [lMpa3on TybIHABLIAPHI
OMOJIOTHSUIIBIK OeNiceH/l KacHETTEpiHIH KEeH JKOHE allyaH TYpJUliriHe OaigaHbICThl FaJIbIMAApAbIH
Ha3apbIH ayaapanabl. [1upazon jxoHe OHBIH TOMOJOITAphl MOJIEKYJIANAPIbIH KhIIIKBUIABIK-HET13/I1K
KacueTTepine bIKnan eTeTiH NH-ToOBl MpOTOHBIHBIH MHUTPAIMACHI HOTHIXKECIHAE Taiiaa OoJaThiH
MIPOTOTPONTHI TAYTOMEPHUSIMEH CUIATTANIAIbI.
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byn 3eprreyne mupa3ongapiblH KAaCHETTEPIH €CKEpe OTBIPBIN, amudarThl XKOHE apoMarThl -
OpOMUIKETOHIAP/IBIH MTUPA30JIMEH JKOHE OHBIH 3,5-TUMETHII-XKoHE 3,5-Au(eHMI-TYbIHABLUIapbIMEH
e3apa  OpeKeTTecy  peakuussiapbiHbIH - Oipkatap  N-(anmmankwn)nupaszonmapsl  Oenme
TeMIIepaTypachlHa apajblK Ty3aap MeH OpomcyrekTiH Oeminyi ymiH KoCOsz HeriziHiH
KATBICYBIMEH alleTOHJAFbl €Ki caThbUlbl «One-poty peakuuschl apKbUIbI CUHTE3EN . 3epTTEIeTiH
KOCBUIBICTApABIH  imiHae  65-92%  meiFbIMBI - Oap  JKaHa, OYpbIH  CUIATTaJIMaraH
MUHAKOJIOHTIUpazomaap xkoHe 38-91% mbiFeiMbl Oap ¢eHamumupasongap cuaresmenmi. N-
aIMIIATIKWIICHY PEaKIUsAChIHBIH BIKTUMA JKOJIaphl KapacThIpPbLIabl.

Aneiaran  eHiMaepaiH KypeutbiMaapel SIMP, UK, PKT xone I['X-Macc-cnekTpoMeTpusiMeH
cunarranabl. PKT Hotmxkenepi 6otibiama N-(anumankuia)nmupa3ongap KpUCcTalapblHbIH TY31TylHE
KapOOHMII TONTAPBI KaTHICATHIH KAa3bIK KOHBIOTAIMSUIAHFAH 7-)Kyienep O0ibIn TaObuIabl.

Artemia Salina masH Topi3ainepiHe KaThICTBI 3epTTesieTiH  N-alMianKkuImupa3oiaapabH
[UTOYBITTBUIBIFBIHBIH ~ KOPIHICI aHBIKTANABl KOHE YBITTBUIBIK OpBIHOAcapiiapAblH — TYpiHE
OaiimanpicTel  ekeHi  kepceTuireH.  CoHbIMEH,  (DEHAUWIMHUPA3OJNIbIH  LUTOYBITTHUIBIFBI
MMMHAKOJIOHITUPA30J/IBIH ~ [IUTOYBITTBUIBIFBIHAH 6 ece Kem, ai  (eHAIMINIPa30IIap IbIH
UTOYBITTBUIBIFBI OCH30J1 CaKWHACBIHIAFbI OpbhIHOAcapiapra OailaHBICTBI ©3Tepei >KoHe OeH3011
SIPOCHIHJIA aKIenTopiap OONFaH Ke3le ToMeHACHIi. [IUTOYBITTBUIBIKTBEI 3epTTEeYy HOTHIKEIepi
oJlap/ibl OIaH KeHiHr1 Moau(UKAIM Ke31H e TOPUTIK 3aTTap bl )Kacay YIIiH KOJJAHBLUTYybl MYMKIiH.

Tyiiin ce3aep: mwmpazon, N-amunankuiaeny, o-o6pomketonmap, SAMP, PKT, mUTOYBITTBUIBIK,
Artemia Salina.

Cunre3 N-anuJajJKHINUPA30J0B M BJUSAHME HX CTPYKTYpPbl HAa CBOICTBA
HUTOTOKCUYHOCTUM

Ha3pim AspkanmapoBa, Csersnana I[lanbmmna, Mapar U6paes, Acenbp KymunHa, AKHYp
Opa3soaii

AnHoTanusi: Ilupa3onsl M €ro NpPOM3BOJHBIE — 3TO Z-3JIEKTPOHM3OBITOUHBIE ApPOMAaTHYECKHE
reTepOLMKINYECKNE COEIMHEHHUS, B CTPYKType KOJbIa KOTOPHIX MMEIOTCS JiBa CBA3aHHBIX aTOMa
azorta. [Ipou3BoaHbIe MMpa3osa NpUBJIEKAIOT BCe OONbIIE BHUMAaHMS YYEHBIX, Ojarogaps cBoeMy
OOLIMPHOMY M pPa3HOOOpa3HOMY psay OHOJIOTMYECKHM AaKTUBHBIX cBoOWcTB. Ilupasomam u ero
rOMOJIOTaM CBOMCTBEHHA IPOTOTPOIIHAS TAYTOMEPHSI.

VYuuTtbiBas CBOMCTBA NMUPA30JI0B, B JAHHOM HCCIIEJOBAaHMM CHUHTE3UPOBAH PsJl MPOoU3BOIHBIX N-
(aUMTaNIKWIT)IUPA30JIOB  peakluil B3auMOJCHCTBUSA anu]aTHYecKUX ¢ apOMAaTHUYECKUX  a-
OpOMHUIKETOHOB C TMHPa3ojoM u ero 3,5-gumetun- u 3,5-TUQEHUINPON3BOIHBIMU  Yepes
IBYXCTaJUHHYI0 peakinuio «One-poty B aneToHe, NpU KOMHATHOW TeMIepaType, B NPUCYTCTBUU
ocHoBauuss KoCO3 1yt BBICBOOOXICHUS MTPOMEXKYTOUYHON COIM W OTIIEIUICHUS OpOMOBOJIOPOJIA.
Cpenu uccineayeMblX COEAMHEHNH MOTY4YEHbl HOBBIE, paHEe HE ONMCAaHHbIE MMHAKOJIOHIIUPA30JIbI C
BbIxomamu 65-92% wu denammmmupazonsl ¢ Beixogamu 38-91%. PaccMoTpeHBI BEpOSTHBIE ITyTH
peakuuu N-anuaanaKuIMpOBaHuUs.

CTpyKTypbl NOJYYEHHBIX MPOAYKTOB OXapaKTEpU30BaHbl meToAamu crekrpockonuun AMP, UK,
PCA u I'X-Macc-cniektpomerpuu. CornacHo pesynbratam PCA, N-(anmmamkuia)nupaszonbl —
IUIOCKHE, COMPSIKEHHBbIE 7-CUCTEMbI, B (OPMUPOBAHUU KPUCTAIJIOB KOTOPHIX YYacTBYIOT
KapOOHMJIbHBIE TPYIIIIHI.

OmnpeneneHo NposiBICHWE HUTOTOKCMYHOCTH H3ydaeMbIX N-alnIaJKuINupa3ojioB B OTHOLIEHUU
paukoB Artemia Salina, npudyeM moka3aHo, YTO TOKCHYHOCTb 3aBHCHUT OT THIA 3amecTuTenci. Tak,
(dbeHamINMUpa3ol KMMeeT IMTOTOKCMYHOCTb, B O pa3 MPEBHIIAOIIYI0 IUTOTOKCUYHOCTh
MUHAKOJIOHIHNPA30Jia, a LUTOTOKCHYHOCTh (PEHALMIIUPA30JI0OB MEHSIETCS B 3aBUCUMOCTH OT
3aMecTuTeNnel B OEH30JIbHOM KOJblle, IpUYEM MaJaeT NpU HAJIMYUU aKIENTOpOB B OEH30JIHHOM
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saape. Pe3ynbraThl Mccie0BaHUS HIUTOTOKCHYHOCTH MOTYT OBITh MCHOJIB30BAHBI ISl pa3padOTKU
JIEKapCTBEHHBIX CPEJCTB IIPU UX AajbHEeHIIeH MoaupuKaum.

KiroueBbie cjoBa: mmpason;  N-amwrankwidpoBanue; — a-Opomkeronsr, SAMP, PCA,
IUTOTOKCHYHOCTH, Artemia Salina.
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Abstract: The integration of biological and renewable resources as fillers
or novel components in thermoplastics and rubbers has gained attention
due to their potential to mitigate the environmental impact of petroleum-
and natural gas-derived fillers. This study explored using a carbon-
mineral filler, derived from coal shale processing by-products, as a partial
or complete substitute for standard industrial fillers in rubber formulations
for sealing materials. Six rubber compositions were produced, varying in
the proportion of carbon-mineral filler replacing N550 semi-reinforcing
carbon black, and were evaluated for viscoelastic, kinetic, physical-
mechanical, structural, and operational properties. Fully substituting
technical carbon with the carbon-mineral filler improved technological
characteristics, reducing Mooney viscosity by 40.5% and increasing
resistance to premature vulcanization by 53.6%. When up to 10 wt.% of
N550 was replaced, the materials retained required strength and hardness.
Moreover, the elasticity of rubbers increased by up to 1.5 times with
higher filler content. Even at elevated substitution levels, sealing
performance remained stable, while resistance to aggressive liquid media
nearly doubled (up to 1.9 times). These findings suggest that the carbon-
mineral filler can extend the service life of rubber sealing products while
reducing reliance on conventional fillers.

Keywords: carbon-mineral filler, industrial elastomeric compositions,
Mooney viscosity, relative compressive set

1. Introduction

Technical carbon and white carbon black (hydrated silicon dioxide,
mSiO2-nH20) remain the most widely used reinforcing agents in
elastomer composites based on both natural and synthetic rubbers. Their
incorporation into rubber matrices substantially enhances mechanical
performance, particularly strength and deformation characteristics.
However, these improvements are now well-documented and understood,
and further advancements using this conventional approach have reached
a practical limit (Garishin et al., 2018; Basak et al., 2012). To achieve new
breakthroughs, it is necessary to explore alternative, non-traditional
fillers.
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One promising strategy involves the use of finely dispersed clay minerals such as
montmorillonite, halloysite, palygorskite, and shungite (Valera-Zaragoza et al., Shakun et al., 2014;
Zoromba et al., 2015; Lua et al., 2016). These materials offer natural variability in particle
morphology, which can be selected to suit specific application requirements. For instance,
montmorillonite dispersion yields ultrathin plate-like structures (Xie et al., 2001; Garishin et al.,
2009), palygorskite forms elongated needle-shaped particles (Tang et al., 2016), while shungite
results in spherical globular particles (Ignatov et al., 2014). It is important to note that these mineral
fillers are derived from soft, loose sedimentary rocks, which typically have a Mohs hardness between
1 and 4. Interestingly, after dispersion, the resulting filler particles exhibit significantly higher
hardness and strength than the original mineral. Thus, low initial hardness of the raw mineral serves
as an indicator of its favorable dispersibility and suitability for producing high-quality reinforcing
fillers.

Incorporating dispersed clay particles into rubber enhances not only its physical and mechanical
properties but also provides several valuable functional characteristics, such as improved thermal
stability, flame resistance, reduced diffusion permeability, environmental safety, and lower overall
production costs (Fengge, 2004). These composite materials represent structurally complex and
heterogeneous systems, consisting of a soft, highly elastic, low-modulus rubber matrix reinforced
with much harder and stronger dispersed filler particles. Such a structure leads to intricate mechanical
behavior, including finite deformation, nonlinear elasticity, and viscoelastic responses, which arise
from the coexistence of reversible and irreversible structural transformations during deformation. At
present, elastomer composites containing mineral fillers are being actively investigated through both
experimental studies and theoretical modeling (Rooj et al., 2012; Rooj et al., 2013; Zhang et al.,
2012). From a practical standpoint, one of the most promising applications for these advanced
materials is in the manufacturing of automotive tires and various technical rubber goods.

Elastomeric composites are considered highly promising structural materials, with their
products widely utilized in industries such as automotive, aviation, aerospace, oil refining, and many
others. In the development of these composites and the manufacturing of products from them,
significant emphasis is placed on environmental sustainability, along with enhancing both economic
and energy efficiency during production. Consequently, there is a growing need for the creation of
new types of highly dispersed fillers, including those derived from natural sources. Such fillers should
ensure an optimal balance of mechanical characteristics in polymer composites while offering clear
advantages over conventional materials, making their development a critical and timely objective.

This study aims to explore the possibility of utilizing a by-product from oil shale extraction as
a partial or complete substitute (10-90 wt%) for synthetic filler in specialized rubber compositions.
The research focuses on assessing the rheological, kinetic, physical-mechanical, and performance
properties of these modified formulations with the goal of lowering production costs and minimizing
environmental pollution. For this purpose, an existing industrial rubber compound recipe designed
for manufacturing sealing products was selected, where the conventional N550 technical carbon was
replaced by the carbon-mineral filler derived from coal shale processing.

2. Materials and methods
2.1 Materials

The study utilized a carbon-mineral filler (CMF) derived from the by-products of coal shale
mining at the Balausa deposit (Republic of Kazakhstan) through a preliminary flotation process. This
filler has a chemical composition comparable to that of shungite rock (Table 1) but is distinguished
by its higher carbon content and stable, uniform composition.

Table 1. Elemental composition of the surface of carbon-mineral filler

Elements Content, %
C 38.34
0] 35.85
Si 18.24
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Al 1.20
S 1.41
Fe 1.82
K 0.79
Ba 2.23
Mg 0.05
P 0.04
Na 0.01
Ca 0.02

The CMF contains a relatively high level of metal impurities (=6.16%) along with a measurable
amount of sulfur (1.41%), both of which can significantly influence the kinetic behavior during the
processing of rubber compounds.

The CMF is characterized by a structure composed of fragmented mineral aggregates
interspersed with larger grains, which are surrounded by fragments of the rock matrix (Figure 1).

a) x100, b) x200, c¢) x500, d) x2000, e) x2000, f) x4000
Figure 1. SEM image of CMF at different magnifications

The physicochemical characteristics of the CMF are presented in Table 2.

Table 2. Physicochemical characteristics of CMF

Indicator name Indicator value
Specific external surface area according to BET, m?/g 21
Sorption volume, cm®g 0.02
Particle size, um 5
Structure crystalline

X-ray phase analysis conducted using a D8 Advance Bruker AXS diffractometer (Germany)
revealed that the silicon in the CMF exists predominantly in a crystalline form (Figure 2).
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Figure 2. Diffractogram of the CMF sample

To evaluate the feasibility of incorporating CMF into production, studies were carried out using
an existing industrial formulation of an elastomeric composition based on BNKS-18AMN synthetic
butadiene-nitrile rubber (GOST R 54556-2011, 2013), specifically designed for manufacturing
sealing products (Table 3). The formulation is presented solely for reference, as the exact industrial
recipe cannot be disclosed by the authors.

Table 3. Recipe for industrial elastomeric compositions

Ingredient name Ingredient content,
wit. parts

BNKS-18 AMN 100.00
Sulfur 2.60
Vulcanization accelerators 2.45
Zinc white 5.0
Antioxidants 2.0
Filler: technical carbon grade N550 90
Plasticizer 35
Stearic acid 1
Total 238.05

The BNKS-18 AMN-based composition is utilized in the production of sealing rings that
require high sealing performance. For this purpose, a semi-reinforcing grade of carbon black, N550,
is used, featuring a specific external surface area of 41 m%/g and an average aggregate size of 3 pm,
as determined experimentally and in accordance with ASTM D1765-03. The structural characteristics
of carbon black depend on its grade, which is defined by the size of primary particles and the
morphology of aggregates. Based on these parameters, carbon black can exhibit either a highly
aggregated or a less aggregated structure. Typically, aggregates are further combined into
agglomerates held together by physical forces. Highly reinforcing grades of carbon black are
distinguished by a greater proportion of branched aggregates, which create porous structures with a
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large surface area. This extensive surface promotes strong interactions with the rubber matrix,
resulting in superior reinforcing effects (Balasooriya et al., 2019; Savetlana et al., 2017). Reinforcing
fillers enhance the mechanical strength of rubbers and improve other key performance characteristics,
such as tear resistance, wear resistance, and conditional stress at specific deformations. Conversely,
when the structure of carbon black decreases, a higher proportion of spheroidal and ellipsoidal
aggregates is observed (Jurkiewicz et al., 2018). Fillers with a low structure are less effective at
reinforcement but are commonly used to reduce the production cost of rubber compounds. They also
improve processing characteristics through hydrodynamic effects and can impart specific properties,
such as improved heat and light resistance, to the final rubber product (Savetlana et al., 2017).

In the tested formulation, both partial replacement of N550 technical carbon with carbon-
mineral filler in dosages ranging from 10 to 50 wt.% and its complete replacement in a dosage of 90
wt.% were carried out. With partial replacement, the total filler content in the elastomeric composition
remained unchanged.

The concentrations of all other components in the formulation were kept constant, allowing for
a clear assessment of the influence of the CMF on the technological and performance properties of
the industrial elastomeric compositions.

2.2 Methods

The mixing of the components was carried out on RC-WW 330 150/150 laboratory roll mills
(Rubicon, Germany) at a temperature of 45+5°C and a roll speed of 25 rpm. Following the mixing
process, the rubber compound was used without any additional treatment. The introduction of the
carbon-mineral filler was performed simultaneously with N550 carbon black in three successive
stages.

In this study, the Mooney viscosity of the rubber compounds was measured using an MV 2000
shear disc viscometer (Alpha Technologies, USA) following the requirements of GOST R 54552-
2011 (GOST R 54552-2011, 2013). The test involves immersing a metal rotor (disc) into a rubber
compound sample placed inside a rigid cylindrical chamber, where specific pressure and temperature
conditions are maintained. The rotor rotates slowly at a constant speed in one direction for a set period
of time. The resistance of the rubber to this movement generates torque, which is recorded in
conventional units and expressed as the Mooney viscosity of the sample.

The vulcanization and rheological characteristics of the rubber compounds were evaluated
using Kinetic vulcanization curves obtained with an ODR 2000 rheometer (Alpha Technologies,
USA) in accordance with GOST 12535-84 (GOST 12535-84, 1985). This method involves measuring
the torque generated during shear deformation of the sample, which is caused by the oscillations of a
rotor equipped with a biconical disc operating at a specified frequency and amplitude under controlled
temperature conditions. Test specimens weighing 10 g were prepared in any shape that allowed the
chamber to be completely filled. The vulcanization of the BNKS-18 AMN-based elastomeric
compositions was performed at 163°C for 30 minutes using a vulcanizing press, after which the
samples were kept at room temperature for 24 hours prior to mechanical testing.

The evaluation of elasticity and strength properties of the elastomeric compositions was
performed by determining the conditional tensile strength and elongation at break at a stretching
speed of 500 mm/min using a T2020 DC10 SH tensometer (Alpha Technologies, USA). Testing was
conducted on 15 standard specimens for each rubber formulation in compliance with GOST 270-75
(GOST 270-75, 1975). The method involves stretching the test samples at a constant rate until rupture,
while measuring the force at specific elongation points, as well as recording both the force and
elongation at the moment of sample failure.

The Shore A hardness of the elastomeric compositions was measured using a DIGI-TEST
hardness tester (Bareiss, Germany) in accordance with GOST 263-75 (GOST 263-75, 1989). This
method is based on determining the material's resistance to the penetration of an indenter into the
rubber surface.

The relative residual compression deformation (RRCD) of the rubber samples was measured
on nine specimens following the procedure outlined in GOST 9.029-74 (GOST 9.029-74, 1982). The
RRCD value, expressed as a percentage and calculated with an accuracy of 0.01, was determined
using Formula 1:
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_ hg—h
hy —h 1)

where ho — height of the sample before testing, mm;
h — height of the sample after «resting», mm;
hs — height of the limiter, mm

The method involves subjecting the samples to static compression deformation, after which the
RRCD value is used to assess the rubber's ability to maintain its elastic properties following aging
under controlled conditions. The tests were performed at 25% compression and a temperature of
125+£2°C. The final result was calculated as the arithmetic mean of the measurements obtained from
all tested specimens, with a minimum of three samples required for accuracy.

The resistance of the elastomeric compositions to aggressive liquid media was assessed by
measuring the changes in mass and volume of the samples after exposure to a standard test liquid. To
evaluate the chemical resistance of the rubbers, the samples were immersed in a 70:30 vol.% mixture
of isooctane and toluene and kept at a temperature of 23+2°C for a period of 1 to 7 days, following
the procedure specified in GOST 9.030-74 (method A) (GOST 9.030-74, 2006).

The equilibrium swelling method is one of the most commonly applied techniques for
determining the cross-linking density of vulcanized rubber materials (Averko-Antonovich et al.,
2002). For this study, five rubber samples were prepared, each measuring 200x10x2+0.2 mm. The
samples were initially weighed using analytical balances and then immersed in toluene as the solvent.
After reaching the equilibrium swelling state, the specimens were placed in an oven at 60+£1°C for 24
hours to completely remove the absorbed solvent, followed by a final weighing to determine mass
changes.

The volume fraction of rubber in the swollen unfilled vulcanizate Vr, m®/mol, was calculated
from the ratio:

F

Pstart p—r
V.= 2

P -P
£+ swell ~dry

r Ps

where Pstart — is the initial mass of the sample, kg;
F —mass fraction of rubber in the vulcanizate;
Psweit — mass of the swollen sample, kg;
Pary — mass of the sample dried after swelling, kg;
pr, ps — densities of rubber and solvent (toluene), kg/m?.
For filled rubbers, the value of V, was converted to Vo using the equation of Cannin and Russell
(Ovcharov, 2001):

V,y=Vi(ae’+b) (3)

where a and b are constants characterizing the system (for the rubbers under study, a = 0.56; b =
0.44);
z is the mass fraction of the filler in the vulcanizate.
The average molecular weight of the chain segment M. enclosed between two crosslinks was
determined using the Flory-Renner equation:
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2
i _ V,0+)(-V,0+ln(]—V,0)
M. z

pKVO(Vr0_0,5Vr0)

(4)

where Vo is the molar volume of the solvent, m3/mol;
x — Huggins constant, which characterizes the polymer-solvent interaction.
The value of y for each sample was calculated according to Kraus, who assumed a linear
relationship between y and V.:

x=0,37+0,52-V, (5)
The number of cross-links n contained in 1 cm? of vulcanizate was calculated using the formula:

_ Nup,
SV 6)

where Na is Avogadro's number, 6.023-102% mol ™.,
The cross-linking density v, mol/m® was determined by the expression:

—Px

m ™

v

where p is the density of the vulcanizate, kg/m?®.

Based on the study results, the obtained data were subjected to mathematical processing, which
demonstrated that the relative measurement error at a confidence level of 0.95 did not exceed 5%.
The analysis and processing of the experimental results were carried out in compliance with GOST
269-66 (GOST 269-66, 1993).

3. Results and discussion
3.1 Determination of viscosity according to Mooney

Figure 3 presents the results of measuring the Mooney viscosity (M.) of rubber compounds
formulated with different amounts of carbon-mineral filler based on BNKS-18 AMN.
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Figure 3. Dependence of the change in Mooney viscosity of rubber compounds on the dosage of
CMF in elastomeric compositions based on BNKS-18 AMN
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When N550 carbon black was replaced with CMF, the Mooney viscosity of the rubber
compounds decreased by 5.0-40.5% as the CMF content increased. This reduction is attributed to the
differences in the physicochemical surface properties of the fillers, particularly their specific external
surface area. CMF has a surface area of 21 m?/g, whereas N550 carbon black has a higher value of
41 m?/g. Due to this difference, the ability of the combined filler system to form chain-like structures
Is significantly diminished, which weakens the physical interactions between the filler and the rubber
matrix. As a result, the mobility of elastomer macromolecular segments increases, facilitating greater
shear deformation and easier movement of macromolecules relative to one another, ultimately leading
to lower viscosity (Fernandes et al., 2017). This decrease in viscosity is advantageous for processing,
as it reduces the energy consumption required during the manufacturing of rubber compounds
(Beknazarov et al.).

3.2 Determination of the kinetic parameters of the vulcanization process

Vulcanization of elastomeric compositions is the process in which rubber reacts with a
vulcanizing agent, leading to the formation of a three-dimensional cross-linked network. During this
process, the plasticity of the rubber decreases, while its elasticity and strength increase. At the initial
stage, the rubber compound gradually loses its fluidity (sub-vulcanization). This is followed by the
main stage, characterized by a sharp increase in strength as cross-linking intensifies. When the
optimal vulcanization point is reached, the rubber achieves a balanced combination of physical and
mechanical properties. After reaching this optimum, the material maintains its properties for a certain
period, known as the vulcanization plateau. However, with prolonged vulcanization, reversion (over-
vulcanization) occurs, leading to the breakdown of cross-links and a deterioration of rubber
properties. By analyzing the kinetic parameters of the vulcanization process using rheometers, it is
possible to track and evaluate all major stages of network formation and structural changes during
vulcanization (Shutilin, 2003).

Table 4 shows the kinetic parameters of the vulcanization process of industrial rubber
compounds based on BNKS-18 AMN with carbon-mineral filler.

Table 4. Kinetics of vulcanization of rubber compounds based on BNKS-18 AMN

Filler ratio M, ts2, ts(90), M,

N550 / CMF, wt. parts dH'm min min dN'‘m
90 / 0 (industrial) 6.62 1.66 4.33 26.87
80/10 3.87 1.92 4.23 25.58
70/20 3.30 1.91 4.07 24.99
60/30 2.80 2.06 4.69 23.15
40/50 2.55 2.24 4,59 21.41
0/90 2.10 2.55 511 16.34

Notes:

1. ML — minimum torque, dN-m;

2. ts2 — vulcanization start time, determined by an increase in minimum torque by 2 Nm, min;
3. tco0)— optimal vulcanization time, min;

4. AM — difference between maximum and minimum torque, dN-m.

The analysis of the vulcanization kinetics revealed that partial substitution of N550 carbon
black with CMF results in a 41.5-68.3% decrease in My compared to the control composition
containing only carbon black. This reduction reflects the enhanced fluidity of the modified rubber
mixtures (Brum et al., 2019). These findings align with the observed trends in Mooney viscosity
changes, confirming the consistency of the results. Furthermore, the pronounced decrease in this
parameter highlights the significant role of metal impurities present in the CMF (Table 1), which
strongly affect the vulcanization kinetics (Kabulov et al., 2022).
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It was found that partial replacement of N550 carbon black with CMF leads to a notable increase
(up to 53.6%) in the onset time of wvulcanization (ts2), indicating higher resistance to sub-
vulcanization. As a result, the optimal vulcanization time also rises by up to 15.3%. However, these
effects are observed only at higher CMF concentrations (30-90 wt%). This behavior is likely
associated with the high porosity of the CMF surface, which enhances the adsorption of vulcanizing
system components. Such adsorption reduces their availability in the rubber matrix, thereby slowing
down the vulcanization reaction (Dominic et al., 2019).

The analysis of the difference between the maximum and minimum torques (4M), which serves
as an indirect measure of polymer crosslinking density (Ovcharov, 2001), showed that incorporating
CMF derived from coal shale by-products into elastomeric compositions causes a reduction of up to
39.2% in this parameter compared to the industrial control formulation. This decrease suggests
weaker interactions within both the «rubber-filler» and «filler-filler» systems. Such a reduction in
interfacial bonding is expected to have a significant impact on the elasticity and strength of the
resulting rubber materials.

3.3 Study of the effect of CMF on the physical and mechanical properties of elastomeric compositions

To evaluate the impact of CMF on rubber performance, the physical and mechanical properties
of the vulcanizates were examined. The analysis included measuring the conditional tensile strength
(fp), elongation at break (ep), and Shore A hardness.

The industrial BNKS-18 AMN-based elastomeric composition is designed for the production
of sealing products that must comply with the requirements of TU 2512-046-00152081-2003 (TU
2512-046-00152081-2003, 2003). According to this standard, the finished products should exhibit
the following technical specifications:

« Conditional tensile strength (f,): not less than 7.8 MPa;
« Elongation at break (ep): at least 150%;
o Shore A hardness: within the range of 60-85 units.

Figure 4 presents the results of testing the physical and mechanical properties of special-
purpose rubber compounds in which CMF was used as a partial or complete replacement for N550
carbon black.
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Figure 4. Physical and mechanical characteristics of elastomeric compositions based on BNKS-18
AMN containing CMF in various dosages

It was found that partial substitution of N550 carbon black with CMF at dosages of up to 30
wit% results in a 28.7% reduction in conditional tensile strength (fp). Despite this decrease, the strength
values remain within the technical requirements for this type of rubber. However, when the CMF
content exceeds 30 wt%, a sharp decline in tensile strength is observed (Figure 4a). The reduction in
rubber strength in the presence of CMF can be attributed to its inert filler effect, which leads to non-
uniform distribution of applied stress during tensile testing (Zhang et al., 2004; Sehriban et al., 2024).
A similar trend was observed in the Shore A hardness values (Figure 4c). The hardness of the
industrial composition was 64 Shore units, while formulations with CMF ranged from 63 to 45 Shore
units, depending on the level of replacement. Conversely, relative elongation at break (ep) increased
by up to 1.5 times with higher CMF dosages (Figure 4 b). This effect correlates with the observed
changes in fp and is explained by a reduction in intermolecular forces between polymer chains, which
enhances their mobility and flexibility (Karaagag, 2014). The differences in strength characteristics
of CMF-containing rubbers are most likely due to a lower crosslink density of the vulcanization
network combined with a decrease in reinforcing filler content. At higher filler loadings, variations
in particle structure and surface energy may cause filler agglomeration or dilution effects, which
further reduce strength. This behavior suggests that CMF particles are less capable of bearing and
distributing stress within the polymer matrix, leading to deterioration of the rubber's mechanical
properties (Arayapranee et al., 2005).

3.4 Determination of the cross-linking density of rubbers

Rubber is produced through the vulcanization process, during which linear macromolecules of
rubber are chemically cross-linked, forming a three-dimensional network structure. This
transformation fundamentally alters the material’s properties, giving the final product its
characteristic strength and elasticity. One of the key structural parameters of amorphous network
polymers is the degree of cross-linking, which directly influences their performance. The physical
and mechanical properties of vulcanized rubber are closely related to both the crosslink density and
the overall architecture of the vulcanization network (Kimet et al., 2020).

To describe the spatial network structure of rubbers, key parameters are used, including the
crosslink density (v) and the number of crosslinks per cubic centimeter of vulcanizate (n). These
indicators provide essential information about the degree of network formation and are crucial for
evaluating the performance characteristics of vulcanized rubber materials (Averko-Antonovich et al.,
2002).

Table 5 presents the results of determining the spatial network indicators of the studied
elastomeric compositions containing CMF in various ratios.
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Table 5. Spatial network indicators of industrial rubbers

Filler ratio Name of indicators
N550 / CMF, wt. parts n-102°, cm= v-10%, mol/cm?
90/ 0 (industrial) 10.56+0.5 1.7540.1
80/10 10.16+0.5 1.68+0.1
70/20 9.64+0.5 1.60+0.1
60 /30 9.28+0.5 1.54+0.1
40/50 8.18+0.4 1.36+0.1
0/90 6.66+0.3 1.1140.1

The analysis of the spatial network parameters of special-purpose rubber compounds in which
CMF was used to replace the synthetic filler N550 demonstrated that the addition of CMF caused a
reduction of up to 36.9% in the number of cross-links (n) compared to the formulation containing
only carbon black. These findings are consistent with the results obtained from evaluating the
vulcanization kinetics (Table 5). A less dense crosslinking network leads to increased elasticity of the
vulcanizates, as it reduces the intermolecular interactions between macromolecular chain segments
located between the network nodes (Zhovner et al., 2003). Moreover, due to their smaller particle
size and larger specific surface area, carbon black particles facilitate a higher degree of crosslinking
with the elastomer matrix compared to CMF (Savetlana et al., 2017).

3.5 Study of the effect of CMF on the relative residual compression deformation of rubbers

Modern technology heavily relies on rubber products, which are essential components in
various machines and often directly influence their operational efficiency. When designing rubbers
for such applications, it is crucial to consider both the operating conditions and the types of
deformation the material will experience during service. Selecting the key performance indicators for
rubber products is often the most challenging part of development. For non-stressed rubbers, these
indicators typically include relative elongation, tensile strength, and elastic modulus. In contrast, for
stressed rubbers, residual deformation becomes a critical parameter. Since the geometric dimensions
of rubber products must remain nearly unchanged throughout their service life, the relative residual
compression deformation (RRCD) is considered one of the most important indicators. It reflects the
rubber's ability to maintain its elastic properties under continuous compression. A lower RRCD value
indicates better performance and higher suitability of the rubber for long-term use (llyicheva et al.,
2021).

Given that the BNKS-18 AMN-based compositions under study are designed for the production
of sealing products, which are typically mounted in a fixed position and subjected to static
compression deformation caused by the weight of the machinery and operational loads, tests were
carried out to measure the RRCD of these materials (Figure 5).

Comparative analysis of the sealing performance of BNKS-18 AMN-based rubbers showed that
replacing the semi-reinforcing N550 carbon black with CMF leads to a slight increase in RRCD
values, by up to 5.5%, as the CMF content rises compared to the formulation with only industrial
filler. This trend can be explained by the higher elasticity of the macromolecular chain segments
between the network nodes in CMF-containing compositions. This enhanced flexibility facilitates the
return of the polymer chains to their original conformation after compression, thereby maintaining
the sealing properties of the material.
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Figure 5. Dependence of the change in the relative residual compression deformation of elastomeric
compositions on the filler ratio

3.6 Study of the effect of CMF on the resistance of rubbers to aggressive environments

Rubbers are widely used for sealing devices because of their high elasticity, excellent shock-
absorbing capacity, and other valuable performance characteristics. Typically, these seals operate in
direct contact with hydrocarbon-based working media, which can significantly alter their composition
and properties over time (Fedorova et al., 2022). Considering this, it was important to investigate how
different dosages of CMF affect the resistance of BNKS-18 AMN-based rubbers to aggressive liquid
environments. For this purpose, tests were conducted using a 70:30 mixture of isooctane and toluene
as the standard medium (Figure 6).
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Figure 6. Dependence of the change in mass of rubbers on CMF after exposure to liquid aggressive
media

The study of BNKS-18 AMN-based elastomeric compositions containing CMF demonstrated
that increasing the CMF content enhances the resistance of vulcanizates to swelling in aggressive
liquid media. Specifically, as the CMF dosage rises, the resistance improves by up to 1.9 times
compared to the composition filled only with N550 carbon black. This behavior is likely linked to the
physicochemical properties of the CMF surface. The interaction between aggressive liquids and filled
rubbers largely depends on the wettability and activity of the filler, as well as the strength of the filler-
rubber network it forms. Fillers are generally classified into active and inert types. Active fillers
contribute to the higher strength and wear resistance of rubbers. Inert fillers, on the other hand,
primarily impart special properties, such as heat resistance or enhanced chemical resistance
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(Vorobyova, 1981). Given these characteristics, the improved resistance of CMF-containing rubbers
is most likely due to the inert nature of CMF, which limits the penetration of aggressive media into
the rubber matrix.

4. Conclusion

This study examined the effect of a natural carbon-mineral filler (CMF), derived as a by-product
of coal shale mining at the Balausa deposit (Republic of Kazakhstan), on the properties of BNKS-18
AMN-based elastomeric compositions designed for the production of sealing products. The findings
showed that complete replacement of N550 carbon black with CMF led to a decrease in Mooney
viscosity of the rubber compounds by up to 40.5%, indicating improved processability compared to
the industrial reference composition. Rheometric analysis revealed that increasing the proportion of
CMF enhanced the resistance to premature sub-vulcanization, with a rise of up to 53.6%. In terms of
mechanical properties, full substitution of N550 with CMF caused a reduction in conditional tensile
strength by up to 86.0%, while the relative elongation at break increased by up to 1.5 times. Notably,
replacing up to 10 wt% of carbon black with CMF allowed for the production of rubbers that met the
required technical specifications for sealing applications. Furthermore, higher CMF loadings
preserved the sealing performance (variation within 5.5%) and significantly improved the resistance
to aggressive liquid media, with an increase of up to 1.9 times. Overall, these results demonstrate that
carbon-mineral filler can serve as a sustainable and cost-effective alternative to conventional fillers
in the rubber industry, offering environmental benefits while maintaining satisfactory performance in
sealing products.
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AHaaTna. BUONOTHAIIBIK JKOHE >KaHAPTBUIATBIH pecypcTapibl TepMoILiacTap MEH pe3eHKeae
TOJITBIPFBIII HEMECE KaHa KOMIOHEHTTEP PETiHJIe Maijaany oJiap/blH MyHail MeH TaOuFu ras3jiaH
QJIBIHFAH TOJNTBIPFBIIITAP/ABIH KOpPIIAFraH OpTara ocepiH a3ailTy KaOUIeTiHIH apKachblHIa Hazap
aynaprtajsl. byl 3epTTey KeMipTeKTi TaKTaTacTap/abl KaiiTa eHIey/ 1iH )kaHaMa OHIM/IEPIHEH aJlbIHFaH
KOMIPTEKTI MHUHEpPaIIbl TOJTBHIPFBIIUTHl  THIFBI3AFBIN  MaTepUANapFa apHaJIFaH pE3eHKE
KOMIO3UIMSUIAPAAFbl  CTAaHAAPTTBhl OHEPKACINTIK TOJNTHIPFBIIITAP/BI 1lIIHApA HEMECEe TOJIBIK
aybICTBIPY peTiHAe mMmaijanaHyabl KapacTeipaisl. N5S50 skapTbulaii  apMHpIIEHTEH KyHeHi
aJIMACTHIPAThIH KOMIPTEK-MUHEPAJAbl TOJTBHIPFIIITHIH apaKaThIHACKIMEH EPEKIIEeNICHETIH >KOHE
TYTKBIPp CEpIiMIl, KHHETHKAIBIK, (DPU3MKaIBIK-MEXaHUKAIBIK, KYPBUIBIMABIK >KOHE MalganaHy
KacHeTTepiHe OarajaHFaH alThl pe3CHKE KOMIO3UIINS Kacaibl. KeMipTeKTi KOMipTEeKTi-MUHEPAII/IbI
TOJITBIPFBIIITNCH TOJBIK AYBICTBIPY TEXHOJOTHUSIIBIK OHIMIUTIKTI KaKCcapTThl, MYHU TYTKBIPJIBIFBIH
40,5%-ra TeMEeHIETT] *KoHEe Mep3iMiHEH OYPBIH BYJIKaHU3ALUAFa TOIIMAUTIKTI 53,6%-Fa apTThIP/IbI.
10 mac.% neitin aysicTeipran ke3e N550 marepuanaap KaXeTTi OepiKTiK IeH KaTThUIBIKTHI CAKTa bl
CoHbIMEH KaTap, KaydyKTepJiH HWUITIIITITT TOJATBHIPFBIMLITHIH MOJIIepl >KOFapbl OOIFaH Ke3je
mamamed 1,5 ece ocTi. TONTBIPFBIIITHIH MOJIIIEP] apTKaH Ke3/I€ 1€ THIFbI3/IAY TYPAKThI OOJIBIT KaJIIbl,
an KaTThl CYHBIK OpTara Te3IMIUIK eKi ecere >XyblK ocTi (1,9 ecere neitin). byn Hotmxkenep
KOMIPTEKTi-MUHEPAIAbl TOJTBIPFBINI KOIIMIT TOJTBHIPFBIIITAPFA TOYENJUIIKTI a3aiiTa OTHIPHII,
PE3EHKE THIFBI3AAFBIIITAP/IBIH KbI3MET €Ty MEP3IMiH Y3apTa aJlaThIHBIH KOPCETEIl.

Tyiiin ce3aep: KeMipTeK-MUHEPAIIbI TOJITHIPFBIIL, OHEPKICIMTIK JTACTOMEPIIIK KOMITIO3UIIUAIIAD,
MyHu OOMBIHIIIA TYTKBIPIIBIK, CATBICTHIPMAIIBI KAJIABIK KbICY J1e(OpMaIHsChI

HpHMeHeHI/Ie YIJI€poa-MUHEPAJTBbHOI0 HAMNOJHUTEJId Ha OCHOBE MOOOYHBIX
IPOAYKTOB I[Oﬁbl‘-ll/l YIJHUCTBIX CJIAHIEB B 3JIACTOMEPHBIX KOMIIO3HIIUAX

Basnepus booposa, Cepreii Heunnypenxo, Auapeit Kacneposunu, Aiirepum Kaiiaiinaposa

AHHoTauusi: lcnonb3oBaHue OHOJOTMYECKMX U BO300OHOBISIEMBIX pECYpCOB B KayecTBe
HAIOJIHUTENIEH WM HOBBIX KOMIIOHEHTOB B TEPMOILJIACTaX M KayyyKaX MPHUBJIEKIIO K ce0e BHUMaHue
Onmaromapsi MX TOTEHLUUAIBHOW CHOCOOHOCTH CHMXAaTh BO3JCWCTBUE HA OKPYXKAIOIIYIO Cpeay
HAIOJHUTENIEH, MOJIydaeMbIX M3 He(TH M HmpUpOIHOro rasa. B »ToM HccinenoBaHHMU HM3y4aloch
UCIIOJIb30BaHUE YIIIEPOA-MUHEPAIBHOTO HAMOJHUTENS, MOJIy4aeMoro M3 MOOOYHBIX MPOIYKTOB
nepepaboTKH KAaMEHHOYTOJIbHBIX CJIaHIIEB, B KAUECTBE YACTUYHOM WJIU [TOJIHOM 3aMeHbI CTaHJapTHBIX
IIPOMBIIIICHHBIX HAIOJIHUTENEH B PE3MHOBBIX KOMIIO3MLMSX Ui YIUIOTHUTEIbHBIX MAaT€pHaIOB.
bbul0 M3roTOBIEHO MIECTh PE3UHOBBIX KOMITO3UIMI, OTIMYAIOUIMXCS COOTHOIIEHHWEM YTJIEepO.i-
MHUHEpAJIbHOTO HAIOJHUTENS, 3aMEHSIOIIEro MojyapMHupyoouyo caxy N550, u koTopble ObuIH
OLICHEHbl Ha  BS3KOYNpYyrue, KUHETHUECKHEe, (PU3UKO-MEXaHUYECKUE, CTPYKTypHble U
JKCIITyaTallMOHHbIE cBOMCTBA. [loHast 3aMeHa TEXHUUYECKOTO yIiepoaa yriepoaHO-MUHEPAIbHBIM
HATOJTHUTEJIEM YIy4IlIijia TEXHOJOTHYECKHE XapaKTePUCTUKH, CHU3UB BA3KOCTH o MyHu Ha 40,5%
Y TIOBBICUB YCTOMUYMBOCTH K IIPEKIEBPEMEHHOM BynkaHu3auuu Ha 53,6%. IIpu 3amene no 10 mac.%
N550 marepuansl coxpaHsuii TpeOyeMyr0 MPOYHOCTh W TBEPIOCTh. Kpome TOro, 351acTUYHOCTH
Kay4yKOB YBEIMYHIIACh MOYTH B 1,5 pa3a rnpu 6osiee BEICOKOM COJIepKaHUU HanoaHuTeNs. Jlaxe npu
MOBBIIICHHOM KOJINYECTBE HAIOJHUTENS T€PMETHUYHOCTh OCTaBajlaCh CTaOMJIbHOM, a CTOMKOCTh K
arpecCUBHBIM XHUJKUM CpeJaM IMouTd yasousach (10 1,9 pasa). DTy pe3yiabTaThl CBUIETEIbCTBYIOT
0 TOM, YTO YIJIEPOJHO-MUHEPAJIbHBIM HAMOJHUTENb MOXET MPOJJIUTh CPOK CIIY>KObl PE3HMHOBBIX
YIJIOTHUTENbHBIX U3, CHU)KAsl IPU 3TOM 3aBUCUMOCTB OT OOBIYHBIX HAITOJIHUTENEH.

KiroueBble cioBa: yriepoA-MUHEPAJIbHBIM HAMNOIHUTEIb, HPOMBILUIEHHBIE 3JACTOMEPHbBIE
KOMITO3UIIUH, BA3KOCTh 0 MyHH, OTHOCUTENIbHAS OCTaTOYHAas eopMalnus CKaTus
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Abstract: Catalytic reforming with continuous catalyst regeneration
(CCR) is one of the key processes in the production of high-octane
gasolines. The need to improve its energy and resource efficiency while
complying with modern environmental standards remains a relevant and
pressing issue. Particularly challenging is the development of accurate
mathematical models of this process under industrial operating
conditions, considering catalyst degradation, fluctuations in feedstock
composition, and significant thermal effects. The purpose of the article is
to develop and calibrate a mathematical model of the CCR reforming
process using Aspen Hysys, demonstrated through a case study of the
Atyrau Refinery. The research methodology includes the collection of
operational data (feedstock composition, reactor parameters, catalyst
properties), construction of a detailed process flowsheet, thermodynamic
modeling, and calculation of material and energy balances. The
developed model was calibrated using actual industrial data and tested
for reproducibility and predictive accuracy. The results confirm that the
proposed model reliably predicts reformate yield and octane number, as
well as identifies optimal process parameters under variable production
conditions. The article emphasizes the technological advantages of CCR
reforming, including high process stability, extended catalyst service life,
and improved energy efficiency. The practical significance of the
research lies in the possibility of applying the developed model to
optimize the operation of existing CCR units and for the training of
engineering personnel. The proposed approach can also be adapted for
other refineries with similar technological configurations.

Keywords: catalytic reforming, continuous catalyst regeneration, Aspen
Hysys, mathematical modeling, process optimization, high-octane
gasoline.
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1. Introduction

The current level of development of world economic systems is accompanied using oil
refining and petrochemical products everywhere. The international petroleum products market is
among the most investment-intensive sectors of global trade. Over a hundred countries are involved
in producing refined petroleum, regardless of whether they possess their own hydrocarbon reserves.
In some states, petroleum products are primarily manufactured for export, whereas in Southeast
Asia and the Pacific region the focus remains on satisfying domestic demand (lIvanchina et al.,
2021; lvashkina et al., 2023). Given the unique performance characteristics and relatively low cost
of petroleum-based products, the oil refining and petrochemical industries are expected to retain
their strategic importance for the foreseeable future (Muhammad Nadeem Khalid, 2023). Currently,
three oil refineries operate in Kazakhstan (Atyrau, Pavlodar, Shymkent). The total capacity of the
three main oil refineries in Kazakhstan for oil refining as of 2024 is 16.7 million tons per year
(Annual Report, 2024).

The catalytic reforming process is the basic process to produce high-octane components of
motor gasoline and aromatic hydrocarbons for most oil refineries in Kazakhstan. However, modern
environmental requirements increasingly limit the content of aromatic hydrocarbons in gasoline and
force oil refineries to introduce new processes that provide the necessary octane characteristics. At
the same time, it is impossible to completely abandon the production of reformate. At present, this
is the cheapest and most traditional way of upgrading the straight-run gasoline fraction of 85—
180°C. In addition, for many enterprises, this is the only way to produce hydrogen, which is
increasingly required with the constant growth of capacities for hydrodesulfurization of gasoline
and diesel fuels (Lopes et al., 2020; Orazbayev et al., 2021).

The method of mathematical modeling is the most cost-effective in terms of economic costs
and efficiency. In the work (lIvashkina et al., 2023), engineering models of oil refining are
considered as a method for increasing the efficiency of multi-stage gasoline production. The
application of engineering mathematical models in oil refining makes it possible to optimize the
composition of commercial gasolines by reducing the reliance on costly additives. This is achieved
through a more rational use of reformate and catalytic cracking gasoline in fuel blending, which can
lower production costs by approximately 0.1-1.0%. With such models, it becomes feasible to
predict the composition of gasolines with required properties based on known parameters of the
components, including octane number, yield, and the content of aromatics, benzene, olefins, and
sulfur. The performance of the final fuel depends not only on the quality of each component, but
also on the characteristics of the mixture, which are influenced by hydrocarbon interactions during
catalytic processes (reforming, isomerization, catalytic cracking, hydrocracking) as well as during
compounding. By accounting for changes in feedstock composition, engineering models enable the
calculation of gasoline blends that meet modern environmental requirements while simultaneously
lowering production costs through reduced use of expensive streams and minimizing excess
margins in key quality indicators such as octane number, sulfur content, and aromatic hydrocarbons.

The study (lvanchina et al., 2021) presents an approach to optimizing the SRR catalytic
reforming process. The approach is based on the use of a mathematical model. The model considers
the activity of the catalyst, the instability of its operation, and changes in the hydrocarbon
composition of the feedstock. The model allows monitoring the production process and finding the
optimal operating mode, which is determined by the conditions of equilibrium of the coke
formation reactions and hydrogenation of intermediate pressing products. Using a mathematical
model, it is possible to improve the technical indicators of the production process, such as the yield
and octane number of the product. In addition, mathematical modeling allows assessing the
efficiency of the catalyst and can help decide on replacing it with a new one. According to the
research of (Orazbayev et al., 2022), an efficient methodology was proposed for building a system
of interconnected process unit models based on diverse sources of data, including fuzzy
information. This approach enabled the creation of hybrid models capable of predicting both the
yield of catalyzate and its quality parameters. Furthermore, a scheme was developed to integrate the
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models of the main units of a catalytic reforming plant into a unified modeling framework. The
resulting system provides a comprehensive tool for simulating plant operations, enhancing
production efficiency by increasing the output of target products and improving their quality
characteristics.

Modern research in the field of catalytic reforming and modeling of oil refining processes
demonstrates a steady interest in the development of new catalysts and digital optimization tools.
Thus, significant progress has been made in the field of catalyst technologies for producing high-
octane gasoline (Gupta & Gupta, 2022; Jarullah et al., 2023; Velazquez et al., 2023; Wei et al.,
2008), including approaches to prolonging service life and improving regeneration methods. It was
shown in (Boukezoula et al., 2022; Ma et al., 2024; Mokheimer et al., 2024; Pasandide & Rahmani,
2021; Wu et al., 2025; Yang et al., 2022) that the introduction of improved mathematical models
and hybrid optimization algorithms can reduce energy costs, reduce coking, and improve the
accuracy of forecasting process parameters. At the same time, the direction of integrating machine
learning with process modeling is developing (Garma et al., 2024; Moon et al., 2025; Naderi et al.,
2025; Samad et al., 2023), which opens new prospects for creating intelligent control and
forecasting systems in conditions of uncertainty. These results validate the significance of
employing Aspen HYSYS in combination with the adaptation of models to real industrial data,
while also underscoring the potential of integrating conventional modeling techniques with
advanced digital technologies.

The purpose of this paper is to analyze and critically assess existing mathematical models of
the catalytic reforming process with continuous catalyst regeneration, to identify their inherent
limitations, and to highlight approaches that improve process efficiency, selectivity, and catalyst
performance through advanced simulation and modeling strategies.

2. Materials and methods

The object of the study is the catalytic reforming unit with continuous catalyst regeneration
with a benzene extraction unit of Atyrau Oil Refinery LLP (ANPZ). The licensor of the processes
and the developer of the basic design package is Axens (France). The working design, supply of
equipment and construction of the complex were performed by Sinopec Engineering Co. Ltd
(Group). The year of commissioning of the complex is 2014 (Seitenova G.Zh., Dyussova R.M., et
al., 2023).

The catalytic reforming unit with continuous catalyst regeneration with a benzene extraction
unit consists of the following sections:

- section 100 — catalytic reforming, for obtaining high-octane components of gasoline (or raw
materials for the future aromatics complex) and raw materials of section 300;

- section 200 — continuous regeneration of the catalytic reforming catalyst;

- section 300 — extractive distillation of Morphylane, for obtaining a benzene-toluene
fraction;

- section 400 — separation (rectification) of the benzene-toluene fraction, obtaining benzene
and toluene; - section 500 - auxiliary section (Zainullin et al., 2020).

The feedstock for the catalytic reforming unit consists of a mixture of stabilized heavy
naphtha, obtained from the gasoline hydrotreating and fractionation unit, as well as from the
naphtha hydrotreating unit. The processing capacity of the catalytic reforming unit (section 100) is
1,000 tons per year, determined by the volume of feedstock available at the plant. The nominal
capacity of section 300, dedicated to extractive distillation using the Morphylane process, is 417
tons per year, while section 400, responsible for separating the benzene—toluene fraction to produce
commercial benzene, has a capacity of 133 tons per year. The operational flexibility of the complex
allows for throughput fluctuations in the range of 50-100%, which defines the selection of process
equipment and automated control systems to ensure stable operation within the specified limits.
The total number of operating hours amounts to 7,920 annually.

Reforming reactions take place in reactors with a moving catalyst bed, from which the
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catalyst is removed for regeneration and returned to the reactors again. The circulation and
regeneration of the catalyst is carried out on a continuous basis with fully automated control of all
operations. To facilitate chemical reactions that contribute to an increase in octane number, elevated
temperatures of approximately 500 °C are required, which necessitates preheating of the feedstock.
Moreover, several key reactions are highly endothermic and consume significant amounts of heat.
As a result, the catalyst bed is distributed across multiple reactors, with inter-reactor furnaces
installed to compensate for heat losses and maintain the required reaction conditions (Orazbayev et
al., 2021).

As we know, high efficiency of the reforming process mainly occurs with a combination of
high temperature and low operating pressure. These parameters lead to a short operating life of the
catalyst in traditional fixed-bed reactors. Therefore, the advantage of this reforming unit compared
to traditional units is the continuous regeneration of the catalyst. The main research method is
mathematical modeling of the catalytic reforming unit using the Aspen Hysys model developed by
Aspen Tech (Rekoske et al., 2017; Sapre & Katzer, 2020; Smith et al., 2022).

3. Results

The catalytic reformer model was created using the Distributed Control System (DCS)
diagrams, process and instrumentation diagrams, column and reactor specifications, catalyst
loading, laboratory analysis data, hourly average unit data, and daily material balances.

Modeling steps:

1. Data collection

2. Review and analysis of the obtained data:

- Structuring, grouping, and validation;

- Application of standard methodology for concluding;

- It is essential that it is applied by process experts and, with good engineering judgment (a
thorough understanding of the process and data quality);

- The accepted conclusions can be revised at;

- Optimizer task (automatic calibration tool);

- Verification of results.

3. Entering reactor data

4. Calibrating the reformer reactor (Calibration Environment)

5. Within the Simulation Environment:

- Building the rest of the scheme;

- Performing simulation runs to assess the reliability of reactor predictions;

- Setting up a Case Study (e.g. to generate linear programming data).

The HYSYS model consists of three sections:

1. Plant data analysis (red rectangle in Figure 1).

2. Linear programming (green rectangle in Figure 1).

3. Reactor, furnaces, fractionation columns and hydrogen recycle loop with blowdown.

Refinery System (RefSYS) reactors are operational models, meaning they are not very
sensitive to reactor designs and catalyst compositions. Essentially, the model theory is distorted to
match the actual data (Figure 2). This is done in the Calibration Environment and using the
measured Net Product (Measurement) as the target.
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Design | Feed Data | Reactor Section | Stabilzer Tower Resuits

Results External Feed Internal Feed 15.0 Blend
Summary Mass Flow [tonne/h] 1055 0.0000 105.5
Feed Blend Volume Flow Rate [m3/h] 1413 0.0000 1413
Product Yields Std. Vol Flow [m3/h] 1398 0,0000 1398
Product Properties Molar Flow [Nm3/h(gas)] 2.167e+004 2.167e+004
Reactors Molecular Weight 109.1 1091
e 2 Specific Gravity (60F/60F) 0.7475 7538 0.7475
Product Streams

API Gravity 57.79 20 7.7

Composition, Mol Frac

5NS
220MC4
23DMC4
MBPS

2MC5

3MC5

Delete | Reformer Environment...

Figure 2. Dialog box «Measured net product»

The reforming model uses a fixed set of components suitable for the reforming process. This
set is based on the standard list of components of the gasoline reformer REFSRK.

Aspen reforming components are grouped based on carbon number (Table 1).

Table 1. Components grouped

Ne | Components in program Reforming components

1 MBP Highly branched iso-paraffins

2 SBP Single side chain iso-paraffins

3 5N 5-carbon (cyclopentane) naphthenes
4 6N 6-carbon (cyclohexane) naphthenes
5 N Grouped 5- and 6-carbon naphthenes
6 NP Normal paraffins

7 P Grouped iso- and normal paraffins

8 O Olefins

9 A Aromatics

Depending on the carbon number, the component will either be a pure component (e.g. nP4)
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or a group of pure components with a similar structure (e.g. MBP7). All A8 isomers are presented

as pure components.

Additional pure components for Cs and C7 are added so that individual iso-paraffins can be

accounted for in the fractionation section that processes the product from the reactor block.
The full list of components processed by the reforming unit is given in Table 2.

feuin

reforming reactor
simulation environment g

Figure 3. Isomer ratios

C6+ Iso to

C6lsoto N

C7lsoto N
C8lsoto N

Normal Ratio
Aulti-branch Rat

ormal Ratio

ormal Ratio

ormal Ratio

the reforming product

the calibration

environment of the
reforming reactor

Py 1-.Py :7an >
Py1--Py \
5Ny ;. .5Ng
Py,..P, ¢ SPx » 6Nx 4—> A,
Px—l 'Pl / l
6N, ,..6N
- S -] s Ay1--Ag
Py i1..P;
Figure 4. Reforming reaction routes
Table 2. List of components processed by the reforming unit
Ne Formula Hysys Components Ne Formula Hysys Components
1 H> Hydrogen 39 5Ny Branched 7 carbon
cyclopentanes
2 P1 Methane 40 A7 Toluene
3 P2 Ethane 41 6N Methylcyclohexane
4 OL; Ethylene (C2H.) 42 MBPg Multi-branch 8 carbon
paraffins
5 Ps Propane 43 SBPg Single-branch 8 carbon
paraffins
6 O3 Propylene (CsHs) 44 Og Octenes (CgH1e)
7 1P, Isobutane 45 NPg n-Octane
8 NP4 n-Butane 46 5Ng Branched 8 carbon
cyclopentanes
9 P4 Total butanes 47 | ETHYLBEN Ethyl-benzene
10 O4 Butylenes (C4Hsg) 48 | O-XYLENE 1,2-dimethylbenzene
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11 IPs Isopentane 49 | M-XYLENE 1,3-dimethylbenzene
12 NPs n-Pentane 50 | P-XYLENE 1,4-dimethylbenzene
13 Ps Total pentanes 51 As 8 Carbon aromatics
14 Os Pentylenes (CsHs) 52 6Ns 8 Carbon cyclohexanes
15 5N;s Cyclopentane 53 IPg 9 Carbon isopar affins
16 22DMC, 22-Dimethylbutane 54 NPy 9 Carbon normal paraffins
17 23DMC, 23-Dimethylbutane 55 5Ny 9 Carbon cyclopentanes
18 MBPs Multi-branch butanes 56 Ag 9 Carbon aromatics
19 2MCs 2-Methylpentane 57 6Nog 9 Carbon cyclohexanes
20 3MCs 3-Methylpentane 58 IP1o 10 Carbon isoparaffins
21 SBPg Single-branch pentanes | 59 NP1 10 Carbon normal paraffins
22 NPs n-Hexane 60 5N1o 10 Carbon cyclopentanes
23 Os Hexenes (C¢H12) 61 Ao 10 Carbon aromatics
24 5Ns Methylcyclopentane 62 6N10 10 Carbon cyclohexanes
25 As Benzene 63 IP1; 11 Carbon isoparaffins
26 6N Cyclohexane 64 NP1 11 Carbon normal paraffins
27 22DMCs 22-Dimethylpentane 65 5Ny 11 Carbon cyclopentanes
28 23DMCs 23-Dimethylpentane 66 A 11 Carbon aromatics
29 24DMCs 24-Dimethylpentane 67 6N11 11 Carbon cyclohexanes
30 MBP; Multi-branch 7 carbon | 68 P12 12 Carbon paraffins

paraffins
31 2MCs 2-Methylhexane 69 N12 12 Carbon naphthenes
32 3MCs 3-Methylhexane 70 A 12 Carbon aromatics
33 3ECs 3-Ethylpentane 71 P13 13 Carbon paraffins
34 SBP; Single-branch 7 carbon | 72 Ni3 13 Carbon naphthenes
paraffins
35 NP~ n-Heptane 73 Az 13 Carbon aromatics
36 Oy Heptene (C7H14) 74 P1a 14 Carbon paraffins
37 DMCP Dimethycyclopentane 75 N14 14 Carbon naphthenes
38 ECP Ethylcyclopentane 76 Ay 14 Carbon aromatics

The detailed kinetic scheme includes 50 kinetic groups that are linked by a network of 112
reactions. The reaction routes used for Ce-Cg are shown in the following diagram. As the carbon
number increases above 8, the complexity of the pathways decreases.

Coke formation in a reformer is modeled by reacting paraffins, Cs cyclic naphthenes, and
aromatics in a first-order reaction mechanism. All Cs cyclic naphthenes have a common activation
energy, as do the aromatics and paraffins. The frequency coefficients vary with carbon amount and

type.
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A 4

Stabilized Naphtha (CrabunbHbiit pudopmar) to Benfree
15t/h
U-300

Raffinate (PaduHat) 17 t/h
Benzene (Benson) 3.7 t/h

A 4

30.2

H2 + c1-cal ¥h] %
nehing 8. .11

Extractive

Distliation | Toluene (Tonyon) 44.5 t/h

NHT ¢
New + Old :

Naphtha/,«' -+ C8+ (to PX) 38.4 t/h

Reformer feed 105.5 t/h

(*) Losses/imbalance included

Figure 5. Model boundaries

Figure 5 shows the simulation boundaries of the three units implemented in the HYSYS
reforming model: U-100 (blue), U-300 (green) and U-400 (orange). A portion of the stabilized
reformate is sent to Benfree (15 t/h), and two external feed streams (62.4 t/h with Trans Plus and 11
t/n with XyMax) contribute to the final products. The reforming unit (U-100) includes the following
units:

1. Reactor (R-101/2/3/4)

2. Stabilization (C-101)

3. Reformate separation (C-102)

The purpose of U-100 is to obtain a reformate fraction rich in aromatic compounds with a
high octane number, along with high-purity hydrogen, LPG and a light reformate fraction rich in
toluene (A7).

The reformer catalyst regeneration loop (U-200) and the water-chloride balance are not
included in the model. The HYSYS reactor model assumes that operators will control the catalyst
chlorination according to the catalyst supplier's specifications. The activity of the chlorinated
catalyst is determined during calibration based on measured values of light ends, reactor
temperature drop, and coke yield. The reformer (U-100) is typically modeled as a single unit in
planning models (i.e., as a single Ip submodel). An example of a simplified scheme is shown below
in figure 6.

H2 +C1-C4
CCR + Stabilizer (U-100) [*]

New + Old
Uastidldd StablhzeduNaphtha Net Gas (BCT) Offgas (YB raa) 8 D-107
- (CrabunbHbiit pudopmar) R-101/2/3/4

Naphtha

LPG (CYT)

s

Chipbe o7
NHT

Pucbapmar ANS CMELMBaHUA GeH3NHa UNU U3BTIEYeHUs apoMaTU4eckux yresoAopoaoB
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Figure 6. CCR Simplified Schematic

When the reformer operates in gasoline mode, the stabilized reformate from the C-101
stabilizer still is sent to the gasoline blending park or tank. An alternative mode of operation was
chosen for calibration of the HYSYS model: the aromatic mode. Light gasoline (LN) from the
reformate splitter overhead and BT (benzene-toluene) from the XyMax are processed in the
Morphylane section (U-300). This is an extractive distillation, which is modeled by the HYSYS
component splitter. The aromatic extract from the extractive distillation section is clay scrubbed in
R-301/R-302. Hot clay scrubbing (R-302) converts traces of olefins (and/or diolefins) into higher
boiling components via olefin alkylation (Figure 7). Some of the valuable aromatic product
produced by catalytic reforming is lost to remove olefinic impurities.

M + b
Activated clay

or catalyst
Olefin Aromatic Heavy aromatic
(valuable product)

—
+ .
Activated clay
or catalyst

Alkenyl aromatic Alkyl aromatic Heavy aromatic
(valuable product)

Figure 7. Alkylation of olefins (R-302)

Finally, the processed U-300 extract is combined with A7+ from the TransPlus stabilizer
bottoms (U-700), and valuable aromatics are recovered in the benzene and toluene column sections
(U-400).

The quality of the CCR reactor feed is determined by a mixture of hydrotreated (HT) streams:

1. Straight-run gasoline.

2. Gasoline from the DT GO unit (Prime D).

3. Cracking gasoline from the FCC unit (Prime G).

4. Coker gasoline (which is processed in the “old” gasoline hydrotreater).

5. Raffinate (which is processed in the “new” gasoline hydrotreater).

The HYSYS standard reformer block was used to model the 4-bed CCR catalytic reformer.
This block includes the reactor, product separator and hydrogen recirculation loop integrated with
the model block. The feed-to-product heat exchanger (CFE E-101) is modeled internally as a simple
heat exchanger with a hot side approach.

The reformer has 2 products: H> Product and Net Liquid. These streams are calculated using
the internal instantaneous vapor-liquid equilibrium model and considering the pressure and
temperature specified for the product separator (Reactor Control parameter in the Reactor Section
tab). In the reformer, the H. recycle is assumed to come from the top of this separator. The H>
product is the "net" gas phase produced (i.e. excluding Hz recycle).
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Figure 8. Reforming products

The reactor product gas portion leaving the product separator (D-101) is recycled to the
reactor inlet, with the flow rate typically adjusted to obtain the desired HoHC ratio. This ratio is
important for catalyst stability and the effect of removing reaction products and condensables from
the catalyst and supplying the catalyst with available hydrogen. Increasing the H2HC ratio will
move the naphtha through the reactors at a higher rate and provide greater heat removal for the
endothermic heat of reaction.

Key reactor operating parameters can be entered in the CR Operating Targets spreadsheet:

1) Inlet weighted average temperature (°C).

2) Product separator (D-101) pressure (MPa g) and temperature (°C).

3) H,HC (Recycle compressor flow rate (Nm®h) can be entered as an alternative).

For the CFE (E-101) and preheater (H-101) simulations, the effluent from reactor Ne4 was
reconstructed by adding 61 kNm®/h (approximately 18 t/h) to the product Ha (Figure 8). The H2HC
ratio was determined to be 2.6 mol/mol in the reactor block, resulting in a calculated H2 recycle
purity of 89 mol.% in D-101 once the recycle loop converges. The reformers are continuous catalyst
regeneration (CCR) units; Axens process with 4 radial flow reactors. Only catalyst is injected into
the reactors; this is used to calculate the weighted average inlet temperature.

The vessel volume is necessary when modeling reactors in a steady state, since it determines
the residence time. The effective reactor volume (catalyst volume) is calculated based on the mass
of the catalyst and the density of the catalyst particles.

4. Discussion

The results of catalytic reforming modeling showed high accuracy in reproducing material
and energy balances, predicting the yield of the reformate and its octane number. This is consistent
with studies (Ivanchina et al., 2021; Ivashkina et al., 2023), which demonstrated that engineering
models allow for the degradation of the catalyst, fluctuations in the composition of raw materials,
and thereby increase the efficiency and cost-effectiveness of production. A comparison with
(Orazbayev et al., 2021, 2022) confirms that the integration of industrial statistics with
thermodynamic modeling is a universal method for optimizing the operation of CCR installations
and can also serve as a tool for training engineering personnel and digitalizing processes at
refineries.

However, there are still areas for further work — more detailed modeling of catalyst
deactivation and coke formation (Zainullin et al., 2020), as well as the use of hybrid methods
combining mechanistic modeling and machine learning. This will expand the applicability of the
developed model to various refineries and increase its predictive value in the context of changing
raw material composition and stricter requirements for sustainable development.
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5. Conclusion

The model developed for the purpose of optimal control of a catalytic reformer is a good
calibration of the available data and is therefore adequate for updating the linear programming
submodel.

As a rule, when performing new calibrations, it is important to check the hydrogen balance
"original™ and "corrected" (i.e. after adjusting the material balance). A reasonable range for this is
from 98% to 102%. If the material balance is confirmed to be good, but this value is bad, the GC
data should be reviewed, the feed and product analyses may be inconsistent. An error does not
always mean that the hydrogen yield itself is incorrect.

The default material balance reconciliation performed by the reformer model consists of
distributing the material balance error across all products by normalizing their consumption
upward or downward by the same factor. This approach is not recommended when the hydrogen
or carbon imbalance is high.

The amount of final product obtained has a direct impact on its final quality. Therefore,
reconciliation should be performed with reasonable calculation when balance errors are too large.

It is recommended to recalibrate once a year when major changes occur in the plant or when
forecasts seem to diverge from actual operation.

The review of existing models for catalytic reforming with continuous catalyst regeneration
has demonstrated the growing importance of advanced simulation tools for understanding and
optimizing this complex process. While many models effectively describe reaction kinetics and
product distribution, challenges remain in the accurate representation of catalyst deactivation, heat
integration, and multi-reactor system dynamics. Integrating empirical data, kinetic modeling, and
digital tools such as Aspen Plus and machine learning approaches opens new perspectives for
improving predictive accuracy and operational efficiency. Future research should focus on
refining model parameters through real-time plant data and exploring hybrid modeling techniques
that combine mechanistic and data-driven methods.
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Karanutukaabik pedopmasiay npoueciH :x00aj1ay :xoHe 6HEPKICINTIK TeKcepy

Pusaryan iocosa, I'aitnu CeiiteHoBa, MeJnip bopamosa, Exarepuna KakmanoBa, SIko0c¢
Cepreesc

Annarna: KaranusaropabiH y3aikcis perenepaiusicbl (CCR) kaTamuTUKaNbIK puOPMUHTI KOFaPhI
OKTaHIbl OCH3WHJAEPII ©HIipyneri Herisri mpouecrepaid Oipi Oonbeim  Tabbutambl.  Kasipri
HKOJIOTHSUIBIK CTaHJAPTTApAbI CAKTal OTHIPHIN, OHBIH YHEPTeTUKAIBIK XKOHE PECYPCTHIK THIMIUIITTH
apTTBHIPy KaKETTUIN ©3€KTI JKoHE IIYFbII Mocene Oonbil Kayma Oepemi. Karammzatopnbiy
JeTpalaliisChiH, 0acTanmKbl MIMKI3aT KYPaMBIHBIH aybITKYBIH JKOHE MAaHBI3bI JKBUIY OCEpIEpiH
€CKepe OTBIPBIN, OHIPICTIK >KYMBIC JKaFJailblHOa OChl TMPOIECTIH HAKThl MaTEMAaTHKAJBIK
MOJICTIBICPIH JKacay ©Te KWUBIH MiHJIET OObIl TaObuIazpl. MaKalaHbIH MakcaTbl AThIpay MYHai
OHJICY 3aybITHIHBIH MbICANbIHA KopceTiired Aspen hysys kemerimed CCR pudopMHHT MpOIeCiHiH
MaTEeMATHKAIBIK MOJCIIH J3ipJiey JKOHE KamuoOprey Oobll TaObUIaAbl. 3epTTEY odJicTeMeci
naiianany JIepeKTepiH JKuHayabpl (MIMKIi3aT Kypambl, PEaKTOp IMapaMeTpiiepi, KaTalau3aTop
KacHeTTepi), eMKeH-TerKeWIl  TEXHOJNOTHSUIBIK ~ CXEMaHbl  KYPYAbl, TEPMOJMHAMHKAIIBIK
MOJIETIBACYAl KOHE MAaTepHUaAbIK JKOHE OJHEPreTUKANbIK OajaHCcTapAbl €cenTeyli KaMTHbI.
O3IpJIEHTeH MOJETb HAKThl OHMIIPICTIK JepeKTepli KOJJaHa OTBIPHINT KaTHOpICHII JKOHE
PENpPOAYKTUBTUIIK TeH Ooikay Jonjirine Tekcepinai. HoTwkenep YChIHBUIFAH MOJETH
pUGOPMUHITIH IIBIFYBIH JKOHE OKTaH CaHBIH CCHIMJI Typae OOJDKAaNTBIHBIH, COHAAW-aK OpTYpIIi
OHJIIPICTIK JKaFfailnapia MPOLECTIH OHTAWIbl MapaMeTpiepiH aHBIKTAUTBIHBIH — pacTaiibl.
Makanaga CCR pudopMUHTIHIH TEXHOJOTHUSIIBIK apTHIKIIBIIBIKTAPEI, COHBIH IMIiHAE MPOLECTIH
KOFapbl TYPAKTBUIBIFBI, KaTAIU3aTOPIABIH Y3aK KbI3MET €Ty Mep3iMi jKOHE PHEeprus THIMILTITIHIH
KOFapbUIaybl KOPCETUITCH. 3epTTeyMiH MPaKTUKAIBIK MAaHBI3IBUIBIFEI  KodaanbicTarbl CCR
KOHJIBIPFBUIAPBIHBIH  JKYMBICBIH OHTAMIaHIBIPY JKOHE HHXKEHEPIIK TEePCOHANABl OKBITY VIIiH
O3IpJIGHIreH MOJIeNbl KOJJaHy MYMKIHIIrT Oonbln TaObulajbl. YCHIHBUIFAH TOCUIAl YKcac
TEXHOJIOTHSUIBIK KOH(pUryparusicsl 6ap 6acka MyHail eHJiey 3aybITTapbiHa J1a Oelfimaeyre 0onaabl.
Tyiiin ce3mep: KaTaIUTUKAIBIK pedopmanay, KaTalIM3aTOPJbIH Y3/IKCI3 pereHeparusicel, Aspen
HYSYS, maremMaTukanbik MOJENb/IEY, TPOLECTEP/Ii OHTAUIAHBIPY, dKOFAPhl OKTaH bl OCH3HH.

Pa3paborka ¥ npoMbIILJIEHHasi MNPOBepKa IMpolecca KaTAJIUTHYECKOro
pudgopmMuHra

Pusaryas [rocoBa, I'aitnu CeiitenoBa, Moaaup bopamosa, Exarepuna Kakmanosa, Sko0c
Cepreesc

AnHoTtanus: Karanutnyeckuii pudopMHUHT ¢ HempepblBHOM pereHepanueil karanuzaropa (CCR)
ABISETCS OJHUM M3 KIIOYEBBIX IPOIIECCOB B IPOU3BOJACTBE BBHICOKOOKTAHOBBIX OCH3MHOB.
Heo0OxonuMocTh TOBBIIIEHUS €r0 3HEPreTUYecKoil U pecypcorHEeKTUBHOCTU MPH COOIIOACHUU
COBPEMEHHBIX JKOJOTMYECKMX CTaHJApTOB OCTAETCS AaKTYAIbHOM M HEOTJIOXKHOH NpoOiIeMOi.
OcoOEHHO CJIOKHOW 3amadeil sBseTcss pa3paboTka TOYHBIX MATEMAaTHYECKHUX MOJENEH 3TOro
mporiecca B MPOMBINUIEHHBIX YCIOBUAX AKCIUTyaTallMM, YUUTBIBAIOIIMX JETPAJalluio KaTaau3aTopa,
KoJeOaHusi COCTaBa HCXOJHOTO ChIpbsi U 3HAYUTENbHblE TeryioBble 3PdekTrl. Llenapio crarbu
SBIIIETCS pa3paboTka M KanumOpoBKa MaTemarmueckoil mojenu mpomecca pudopmunra CCR c
ucnosbzoBanneM Aspen HYSYS, mnpoaemoHcTpupoBaHHO Ha mnpumepe ATBIPayCKOro
HedTenepepabaThiBatoiero  3aBoja.  Merojonorus — HCCIeNOBaHMS — BKJIIOYaeT  cOop
SKCIUTyaTal[MOHHBIX JIaHHBIX (COCTaB ChIPbs, MapaMeTpbl peakTopa, CBOMCTBa KaTanu3aTopa),
MIOCTPOEHHE MOAPOOHON TEXHOIOTHUECKOM CXEMBI, TEPMOJMHAMUYECKOE MOJCIIMPOBAHIE U PacUeT
MaTepuaIbHOTO M 3HepreTudeckoro OamaHcoB. PaspaGortanHass Mojaenb Oblla OTKaIMOpOBaHA C
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UCIIOJIF30BAHUEM PEAbHBIX MTPOMBIIUICHHBIX JAHHBIX M IPOTECTUPOBaHA Ha BOCIIPOM3BOAUMOCTD U
TOYHOCTh MPOTHO3MPOBAHUS. Pe3ynbTaThl MOATBEPKAAIOT, YTO MPEAJIOKEHHAS MOJIENIb HAJEKHO
NPEICKa3bIBACT BBHIXOA PU(OPMHHIa W OKTAaHOBOE YHCIIO, a TAaK)KE OIpENeNsieT ONTUMAalbHbIC
napaMeTpsl Mpolecca MpU Pa3IUYHbIX MPOU3BOJICTBEHHBIX YCIOBHIX. B cTaThe MoauepKUBaIOTCS
TeXHoJOorn4yeckue npeumymiectsa pupopmuara CCR, Bxitodas BRICOKYIO cTaOMIIBHOCTH TpoIiecca,
YBEIUYEHHBIN CPOK CITYKOBI KaTaau3aTopa U MOBBIIICHHYIO 3HeprodddexktuBHOCTD. [IpakTHyeckas
3HAYUMOCTb UCCIIEIOBAHHS 3aKIIF0YACTCSl B BO3MOXXHOCTH IMPHUMEHEHUS pa3paOd0TaHHON MOJIENH JUIS
onTUMH3AIMU paboThl cymecTByronmx yctaHoBOK CCR u i 00yueHust HHXKEHEPHOTO TIepCoHaa.
[TpennoxeHHBIN MOAX0/ TAK)KE MOXKET OBITh aAanTHPOBAH VIS APYrHX HedTenepepadaThBalOMINX
3aBOJIOB C aHAJIOTUYHOM TEXHOJIOTUYECKOI KOH(UTYpaIHei.

KiroueBble cioBa: KaTaJIuTHUCCKU pH(OPMHUHT, HEMpephIBHAS pereHepalis KaTalin3atopa,
Aspen HYSYS, marematnyeckoe MOJCIUPOBAHUE, ONTHMHU3AIMSA IIPOIECCa, BBICOKOOKTAHOBBIN
OCH3UH.
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Abstract: With the increasing demand for efficient and environmentally
friendly energy storage, developing alternatives to commercial graphite
anodes in lithium-ion batteries (LIBs) has become a major research focus.
Zinc oxide (ZnO) is a promising candidate due to its high theoretical
capacity (978 mAh/g), but its practical application is limited by large
volume expansion, low electrical conductivity, and poor cycling stability.
In this study, a three-dimensional (3D) Zn/ZnO foam was synthesized via
thermal oxidation and then coated with carbon through carbonization of
polyethylene oxide (PEO). The 3D porous structure facilitates ion and
electron transport, while the carbon coating mitigates volume changes
during cycling and enhances overall conductivity. Structural and chemical
analyses using XRD, SEM, SEM-EDS, and FTIR confirmed the
successful fabrication of the Zn/ZnO@C composite. Electrochemical
tests showed that Zn/ZnO@C maintained a specific capacity of
approximately 380 mAh/g after 100 cycles at a current density of 50
mA/g, compared to only 100 mAh/g for the uncoated Zn/ZnO sample.
This significant improvement in performance highlights the potential of
carbon-coated Zn/ZnO foam as a high-performance anode material for
next-generation lithium-ion batteries.

Keywords: lithium-ion batteries; electrode materials; energy storage
systems; electrochemistry

1. Introduction

The substantial rise in fossil fuel consumption over the past two
decades for electricity generation has emerged as a major contributor to
global ecological degradation, including greenhouse gas emissions,
climate change, and air pollution. As a result, the global energy landscape
is undergoing a transformation toward sustainable and environmentally
friendly alternatives. Renewable energy technologies, particularly solar
and wind power, have been increasingly adopted to address these
challenges. However, these sources are inherently intermittent and
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location-dependent, necessitating the development of efficient, reliable, and scalable energy storage
systems to ensure a stable power supply and grid integration (Cai et al., 2020).

Among the various energy storage technologies available, lithium-ion batteries (LIBS) have
garnered considerable attention due to their high energy density, long cycle life, low self-discharge,
and relatively high efficiency. These characteristics have made LIBs indispensable in applications
ranging from portable electronics to electric vehicles and grid-level storage systems. However, the
demand for high-performance batteries continues to increase, prompting the need for further
improvements in specific capacity, rate capability, and cycling stability (Hao et al., 2020; Tarascon
& Armand, 2001).

Conventional LIB anodes, particularly those based on two-dimensional (2D) electrode
structures and commercial graphite, are reaching their theoretical performance limits. Graphite
anodes offer a theoretical capacity of only 372 mAh/g, which restricts the energy density of LIBs.
Attempts to increase electrode mass loading often lead to thicker electrodes with prolonged ion
diffusion paths and higher internal resistance, ultimately degrading the battery’s rate performance and
fast-charging ability (Y. Liu et al., 2019). To address these challenges, three-dimensional (3D)
structured current collectors and electrode architectures have emerged as a promising design strategy.
The 3D porous framework offers a high surface area for active material deposition, facilitates
electrolyte infiltration, shortens ion/electron transport pathways, and accommodates volume
expansion during cycling, thereby enhancing both energy and power performance (Zhang et al.,
2017).

In pursuit of higher-capacity anode materials, transition metal oxides (TMOs) have attracted
significant attention due to their abundance, environmental benignity, and high theoretical capacities.
Materials such as CuO (674 mAh/g), NiO (718 mAh/g), and particularly ZnO (978 mAh/g) have been
widely investigated as potential anode candidates (Issatayev, Adylkhanova, et al., 2024; Issatayev et
al., 2021). Among these, ZnO stands out for its high theoretical capacity, low cost, nontoxicity, and
chemical stability. However, ZnO-based anodes face several critical challenges, including low
intrinsic electrical conductivity, sluggish lithium-ion diffusion kinetics, and substantial volume
expansion (~300%) during lithiation/delithiation processes. These drawbacks often result in
mechanical degradation, particle pulverization, and rapid capacity fading upon cycling (Khac et al.,
2021).

To mitigate these limitations, researchers have developed various strategies, among which
carbon coating has emerged as one of the most effective approaches. Carbonaceous materials, such
as graphene, carbon nanotubes, and amorphous carbon, serve as conductive matrices or protective
layers that enhance electronic conductivity, buffer volume changes, and prevent direct contact
between ZnO and electrolyte, thereby minimizing side reactions and stabilizing the solid electrolyte
interphase (SEI) layer (Y. Liu et al., 2019). For instance, Thauer et al. (2023) reported ZnO/C
composites prepared via the calcination of zinc glycerolate under nitrogen, achieving a specific
capacity of 212 mAh/g compared to 100 mAh/g for bare ZnO at a current density of 100 mA/g
(Thauer et al., 2021a). Bai et al. (2013) synthesized ZnO@C nanospheres via a one-step co-pyrolysis
of zinc and acetylacetone, yielding a carbon-coated structure, demonstrating enhanced
electrochemical stability (Bai et al., 2014). Recent studies have also highlighted the effectiveness of
hydrothermal synthesis and annealing techniques in developing ZnO nanorods coated with carbon,
achieving improved capacity retention and structural integrity (Ding et al., 2019).

Further improvements can be achieved by combining carbon coating with 3D current collector
designs. In this context, metal foams - such as copper or zinc foams - offer a self-supporting,
conductive, and porous scaffold for growing active materials. When combined with a carbon layer,
the resulting 3D hybrid structures exhibit synergistic effects: the foam provides structural robustness
and continuous electron pathways, while the carbon coating ensures surface passivation and
conductivity. This dual-function approach provides a viable pathway for achieving high-performance
ZnO-based anodes (Issatayev et al., 2021).

Building on these recent advances, the present study introduces a novel 3D Zn/ZnO@C foam
electrode synthesized through a simple and scalable two-step process. In the first step, commercial
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Zn foam is thermally oxidized to form a conformal ZnO layer. Subsequently, the Zn/ZnO composite
is coated with polyethylene oxide (PEO) via dip-coating and subjected to carbonization under an
argon atmosphere. PEO serves as the carbon precursor, producing a thin, uniform carbon layer upon
pyrolysis. This carbon layer not only enhances electronic conductivity but also provides mechanical
stability during cycling. The 3D foam structure offers improved electrolyte accessibility and reduced
ion diffusion resistance, contributing to superior electrochemical kinetics. Electrochemical evaluation
revealed that the Zn/ZnO@C foam exhibited significantly enhanced performance compared to
uncoated Zn/ZnO foam, delivering a reversible capacity of approximately 380 mAh/g after 100 cycles
at 100 mA/g. The results of this work underscore the effectiveness of integrating carbon coating and
3D architecture for developing high-performance ZnO-based anodes for next-generation lithium-ion
batteries.

2. Materials and methods
2.1 Materials

Zn foam deposited in Ni foam was purchased from DEK Research. Polyethylene oxide (PEO,
average My = 100000) and Acetonitrile were purchased from Sigma Aldrich. The authors used
OpenATI’s ChatGPT (GPT-4, accessed via chat.openai.com) as a language support tool to assist with
academic writing, grammar refinement, and paraphrasing, and for generating the animated 3D
structure of Zn foam and modified electrodes. No data or results were generated by the Al; all
scientific input, analysis, and interpretation were solely the responsibility of the authors.

2.2 Synthesis of Zn/ZnO foam

The porous ZnO electrodes were fabricated by thermal oxidation of pure Zn foam (0.5 mm
thickness, 95-98% porosity) in air using a muffle furnace. At first, Zn foam was cut into disks with a
14 mm diameter. Cut disks were cleaned by ultrasonication in a solution of ethanol and acetone in the
ratio of 1:1 to remove dust and dirt. After the cleaning process, the washed disks were dried in a
vacuum oven at 60°C for 3 h to completely dry any moisture. After all of these preparation processes,
Zn foams were placed into a muffle furnace to 500°C for 15 minutes at a controlled rate of 5°C per
minute. As a result of thermal oxidation, Zn/ZnO foams were obtained. The average mass of the ZnO
coating was approximately 8—10 mg.

2.3 Synthesis of Zn/ZnO@C foam

The carbon layer was obtained by dip coating the Zn/ZnO foam into a 15% solution of PEO.
After each dipping, polymer-coated Zn/ZnO foam was dried at 50°C in a drying oven for 30 minutes
with ventilation turned off. This dip coating process was repeated several times to ensure a uniform
polymer coating. Finally, the obtained polymer-coated Zn/ZnO foam was annealed at 600°C for 1h
in an argon atmosphere, with a ramping rate of 5°C per minute. To investigate the effect of carbon
coating on the electrochemical performance of Zn/ZnO foam anode, the polymer coating was applied
in 5 and 7 layers.

2.4 Material Characterization

The structural characterization of the obtained materials was performed by X-ray diffraction
(XRD) using a MiniFlex 600/600-C Benchtop X-ray diffractometer (Rigaku, Japan) covering
diffraction angles from 25° to 95° at a scanning rate of 5° per minute. Scanning electron microscopy
(SEM, JEOL JSM-IT800, Japan) coupled with energy-dispersive X-ray spectroscopy (EDS) was used
to examine film morphologies.

2.5 Electrochemical measurements

The electrochemical performance of the samples was investigated using CR2032 coin-type
batteries assembled in an argon-filled glove box (MBRAUN, LABmaster PRO Glovebox, Germany)
containing <0.1 ppm O; and <0.1 ppm H>O. Lithium chips are used as an opposite and reference
electrode. The lithium hexafluorophosphate (LiPFe) dissolved in a mixture of ethylene carbonate
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(EC), diethyl carbonate (DEC), and ethyl methyl carbonate (EMC) in a volume ratio of 1:1:1 was
utilized as an electrolyte. Celgard 2400, microporous polypropylene, was employed as the separator
membrane. After assembly, the coin cells were kept overnight, and following this rest, they were
tested on a Neware BTS4000 test (Neware Co., Shenzhen, China) system across a potential range of
0.05 to 2.5 V vs. Li/Li". The mass of ZnO and carbon in the Zn/ZnO@C foam is utilized for
calculating the current. Current density was calculated using the total mass of ZnO and carbon (68

mg).

3. Results

According to the conducted research, the morphological and electrochemical analyses were
done and demonstrated in subsection 3.1. Meanwhile, the chemical equations provided in subsection
3.2 and discussed in section 4.

3.1. Figures and Schemes

S

Pure Zn foam

Polymer coated sample

i)
-

P 94
600C, 1 h
Ar

PEO, 15%
=

Zn/ZnO@C foam

Figure 1. Experimental part illustration and SEM images at various magnifications: a-b) Zn foam, c-
d) Zn/ZnO foam, e-f) Zn/ZnO@C foam
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Figure 2. EDS mapping of Zn, O, and C elements on the surface of Zn/ZnO@C foam
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Figure 3. a) FTIR spectra of pure PEO and coated on Zn/ZnO foam; b) XRD patterns of pure Zn
foam, Zn/ZnO foam, and Zn/ZnO-C foam
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Figure 4. dQ/dV plots of (a) pure Zn/ZnO foam and (b) Zn/ZnO@C foam and potential profiles of
all electrodes at (c) the 1st cycle and (d) 100th cycle at the current density of 50 mA/g. (e) Cycle
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Figure 5. The rate capability of Zn/ZnO foam and Zn/ZnO@C foam
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3.2 Chemical Equations

yZn + XLi" + x& = LixZny (1)
ZnO + 2Li* + 28 =Zn + Li,0 (2
NiO + 2Li* + 2& = Ni + LizO ©)
Zn+ Li;O=27Zn0 + 2Li" + 2& 4)
Ni + LiO = NiO + 2Li* + 2& (5)

4. Discussion

The Zn/ZnO-C foam was synthesized via a straightforward two-step process, as illustrated in
Figure 1. In the first step, pure Zn foam underwent thermal oxidation to develop a conformal ZnO
layer on its surface. This was followed by a dip-coating procedure using a polyethylene oxide (PEO)
solution and subsequent carbonization in a tube furnace under an argon atmosphere. Here, PEO acted
as the carbon source, enabling the formation of a uniform carbon coating on the Zn/ZnO surface. This
carbon layer is crucial, as it enhances the electronic conductivity of the electrode and helps stabilize
its electrochemical behavior by mitigating volume changes during lithium cycling.

To evaluate the morphological evolution throughout each synthesis stage, scanning electron
microscopy (SEM) was conducted on the pristine Zn foam, oxidized Zn/ZnO foam, and carbon-
coated Zn/ZnO@C foam (Figure 1). The SEM images of the untreated Zn foam reveal a highly
porous, three-dimensional architecture composed of interconnected pores, which provides a large
surface area beneficial for ion transport and subsequent surface modification. At low magnification,
variations in topography were noted - some regions appeared smooth, while others showed a degree
of roughness. High-magnification images further disclosed the presence of fine particles, likely
corresponding to a thin native oxide layer formed from atmospheric exposure.

Following thermal oxidation, a significant transformation in surface morphology was observed.
The Zn/ZnO foam exhibited increased roughness and surface complexity, confirming the formation
of ZnO. SEM images indicated that the metal surface was uniformly covered with nanoscale ZnO
particles, forming a dense and adherent oxide film. The absence of microcracks or delamination
reflects good mechanical integrity of the oxide layer, a critical factor for long-term cycling stability.

In the final modification stage, the Zn/ZnO foam underwent multiple dip-coating cycles ina 15
wt% PEO solution, followed by carbonization. This resulted in the formation of Zn/ZnO@C foam
with a well-distributed carbon layer. High-magnification SEM images revealed a further increase in
surface texture, indicative of successful carbon deposition. The coating appeared to be continuous,
porous, and uniformly spread across the foam framework. The uniformity and presence of porosity
were confirmed through SEM at different magnifications, which demonstrated continuous coverage
without cracks or agglomerations, while SEM-EDS mapping (Figure 2) further verified the
homogeneous distribution of carbon and oxygen signals. The porous nature of the coating was
supported by nanoscale voids observed in high-magnification SEM images, typical for polymer-
derived carbons after pyrolysis (Thauer et al., 2021; Zhang et al., 2018). Although layer thickness
and specific surface area were not directly quantified, these morphological observations strongly
indicate a uniform and porous coating.

To support these morphological findings, elemental mapping was performed using SEM-EDS
analysis (Figure 2). The oxygen distribution map (Figure 2c) confirmed the successful formation of
a ZnO layer via thermal oxidation. Simultaneously, carbon mapping (Figure 2d) validated the
presence of a uniform carbon layer formed during PEO carbonization. It should be noted that the
oxygen detected in EDS mapping originates from ZnO, NiO (formed via partial oxidation of the Ni
substrate), and residual oxygen-containing groups in the carbon.

The structural evolution of the materials was further characterized by X-ray diffraction (XRD),
as shown in Figure 2b. The XRD pattern of pristine Zn foam exhibited sharp diffraction peaks at
36.5°, 39.2°, 43.5°, 54.4°, 70.3°, 70.8°, and 77.1°, corresponding to the (002), (100), (101), (102),
(103), (110), and (112) planes of metallic Zn, respectively (Chou et al., 2019; Lin et al., 2012,
Pramanik et al., 2023). Additionally, peaks at 44.8°, 52.1°, and 76.6° matched the (111), (200), and
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(220) planes of Ni, confirming the Ni substrate underneath the Zn coating, consistent with the SEM
observations (Srinivasa et al., 2021).

Following thermal oxidation and carbonization, new peaks emerged at 32.1°, 34.7°, 35.2°,
48.1°,56.8°, 68.1°, and 76.6°, indexed to the (100), (002), (102), (102), (201), (110), and (112) planes
of ZnO, which confirm the successful synthesis of ZnO (Ghosh & Raychaudhuri, 2008). Furthermore,
peaks at 63.1° and 79.1°, corresponding to the (200) and (222) planes of NiO, were also detected,
indicating partial oxidation of the Ni substrate during the thermal treatment step (Rahdar et al., 2015;
Song et al., 2022).

To confirm the presence of the PEO-derived carbon coating, Fourier-transform infrared
spectroscopy (FTIR) was conducted on the polymer-coated samples (Figure 3a). The spectrum
showed a prominent peak at 2877 cm™, corresponding to the asymmetric C—H stretching of
methylene groups - a signature of pure PEO (Abdelrazek et al., 2018). Additionally, characteristic
CH: wagging vibrations appeared at 1341 cm™ and 1467 cm™'. A cluster of strong bands around 1092
cm™!, accompanied by peaks at 1145 cm™ and 1060 cm™, was assigned to the C-O-C stretching
vibrations, with the 1092 cm™! band being the most intense (Arinova et al., 2023). Minor peaks at 960
cm ' and 841 cm™ were attributed to asymmetric rocking motions of CH:, while the absorption band
at 531 ecm™! corresponded to C—O—C bending(Kumar et al., 2014; Tleukenov et al., 2022). These FTIR
results support the successful deposition of a PEO-derived carbonaceous layer on the Zn/ZnO surface.
The oxygen functionalities observed in the carbon layer arise from decomposition of PEO during
carbonization and partial contribution from ZnO. Their concentration was effectively controlled by
carbonization at 600°C under Ar, which removed most oxygen-containing groups while retaining a
fraction of stable residual functionalities. This selective removal enhances conductivity while limited
residual oxygen improves interfacial wettability and ion transport. Although these groups were not
quantitatively measured in our study, the improved conductivity and stable cycling performance of
the Zn/ZnO@C electrode are consistent with prior reports on ZnO/C composites where oxygen
functionalities were analyzed by XPS (Thauer et al., 2021; Bui et al., 2021; Zhang et al., 2018).

Figures 4a and 4b present the differential capacity (dQ/dV) curves for the bare Zn/ZnO foam
and the Zn/ZnO-C foam, respectively. For the pristine Zn/ZnO foam, the cathodic scan reveals a
distinct peak at approximately 0.1 V, which corresponds to the alloying reaction between Zn and Li*,
as described by Eq. 1 (Belliard & Irvine, n.d.). A prominent peak observed at around 0.5 V is
attributed to the formation of the solid electrolyte interphase (SEI), a typical feature of the initial
lithiation cycle (Belliard & Irvine, n.d.). Additionally, a strong reduction peak at 0.65 V is associated
with the conversion reaction of ZnO with Li* ions (Eq. 2) (J. Liu et al., 2008). Since the ZnO layer
was formed by thermal oxidation on Zn-coated Ni foam, the presence of NiO is also expected and
was confirmed through XRD and SEM analyses. A smaller peak at 0.58 V corresponds to the
reduction of NiO to metallic Ni, as represented by Eg. 3 (Issatayev, Abdumutaliyeva, et al., 2024).

As the electrochemical cycling progresses, structural and morphological changes - such as
electrolyte decomposition—cause a shift of these cathodic peaks to higher potentials in subsequent
cycles. During the anodic scan, multiple peaks appear at 0.27 V, 0.3 V, 0.52 V, and 0.65 V, which
are indicative of a multi-step dealloying process of the Li-Zn alloy (Gachot et al., 2008; Huang et al.,
2011; N. Li et al., 2014; Shen et al., 2013). Additionally, anodic peaks at approximately 1.2 V and
2.1V correspond to the reversible reformation of ZnO and NiO, respectively, as represented by Eq.
4 and 5 (Issatayev, Abdumutaliyeva, et al., 2024; N. Li et al., 2014).

Interestingly, in the differential capacity (dQ/dV) profile of the Zn/ZnO-C electrode (Figure
4b), peaks attributed to NiO are no longer observed, which contrasts with the pure Zn/ZnO foam.
This absence suggests that the NiO component does not actively participate in electrochemical
reactions with Li* ions, likely due to passivation by the carbon coating. Nonetheless, the remaining
peaks closely resemble those seen in the uncoated sample, thereby confirming the electrochemical
inertness of the carbon layer and its non-involvement in redox processes (Issatayev, Abdumutaliyeva,
etal., 2024).

This interpretation is further supported by the potential-capacity profiles at a current density of
50 mA g', shown in Figures 4c and 4d, which are consistent with the dQ/dV features described
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above. As commonly observed in conversion-type electrodes, the initial discharge capacities of all
samples were noticeably higher than those recorded in subsequent cycles, a behavior attributed to SEI
formation. Specifically, the initial charge/discharge capacities of Zn/ZnO, Zn/ZnO@C-5, and
Zn/ZnO@C-7 were 809/1363 mAh g!, 734/1361 mAh g', and 810/1510 mAh g, respectively. The
corresponding initial coulombic efficiencies (ICE) were 59% for bare Zn/ZnO and 54% for both
carbon-coated samples. These lower ICE values in carbon-coated electrodes are attributed to their
higher surface area, which increases active sites for electrolyte decomposition and SEI formation.
SEM/EDS and porous morphology support this, consistent with previous reports linking higher
surface areas and oxygen groups to larger irreversible capacities (Thauer et al., 2021).

The lower ICE values in the carbon-coated electrodes are most likely due to their higher specific
surface areas, which increase the number of active sites available for electrolyte decomposition and
SEI formation. As a result, more Li" ions are irreversibly consumed during the initial cycle,
contributing to the lower coulombic efficiency.

Despite this early inefficiency, the long-term cycling results indicate that carbon-coated
samples achieve significantly improved stability. By the 100th cycle, the Zn/ZnO, Zn/ZnO@C-5, and
Zn/ZnO@C-7 electrodes-maintained charge/discharge capacities of 104/105 mAh g, 317/320 mAh
g ', and 383/389 mAh g, respectively. Moreover, their coulombic efficiencies improved to 99.3%,
99.2%, and 98.4%, indicating that the lithiation/delithiation processes became highly reversible over
extended cycling.

To further explore this long-term stability, the cycling performance was evaluated at a current
density of 50 mA g! across a voltage range of 0.05-2.5 V, as shown in Figure 4e. The data reinforces
the superior capacity retention of carbon-coated samples compared to the bare Zn/ZnO electrode.
After 100 cycles, the Zn/ZnO sample maintained a specific capacity of ~100 mAh g, while
Zn/ZnO@C-5 and Zn/ZnO@C-7 retained ~320 mAh g ! and ~380 mAh g!, respectively.

All electrodes initially exhibited a decrease in capacity over the first 20 cycles, which can be
attributed to the ~300% volume expansion of ZnO during lithiation/delithiation. This significant
expansion impairs the mechanical integrity of the electrode, leading to layer cracking and loss of
active material. However, following this initial degradation, a moderate increase in specific capacity
was observed, likely due to the exposure of new electrochemically active sites formed because of
structural fracturing. Eventually, with prolonged cycling, mechanical degradation reaches a critical
point beyond which capacity undergoes irreversible fading.

The presence of a carbon coating plays a crucial role in mitigating this issue. Owing to its
electrical conductivity and structural flexibility, the carbon layer effectively suppresses the negative
impact of volume fluctuations, thereby enhancing the cycling stability. Notably, this improvement is
attributed to the mechanical buffering effect of the carbon rather than its electrochemical activity.
This is further supported by the absence of any carbon-related peaks in the differential capacity
(dQ/dV) profiles, indicating that the carbon does not participate in redox reactions within the cell
(Wang et al., 2022).

As shown in Figure 5, the discharge capacities of Zn/ZnO@C foam at current densities of 50,
100, 500, and 1000 mA g! were 1929, 615, 371, and 225 mAh g!, respectively. When the current
was reduced back to 50 mA g!, the capacity quickly recovered to 964 mAh g, demonstrating
excellent rate reversibility and structural integrity. In contrast, the pristine Zn/ZnO foam delivered
lower discharge capacities of 1445, 533, 292, and 174 mAh g™ at the same respective current
densities, and showed a lower recovery capacity of 811 mAh g! when returned to 50 mA g'. The
performance degradation observed in Zn/ZnO foam can be attributed to increased internal resistance
and structural instability under rapid charge/discharge cycling, which may lead to mechanical
degradation and loss of electrochemical active sites. By comparison, the good electrochemical
performance of Zn/ZnO@C foam is ascribed to the uniform carbon coating that enhances electronic
conductivity and suppresses volume expansion during lithiation/delithiation. This buffering effect not
only preserves the electrode’s structural integrity but also facilitates ion/electron transport, resulting
in higher specific capacities, improved rate capability, and good reversibility. These results confirm
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that the introduction of carbon significantly improves the electrochemical kinetics and mechanical
stability of Zn/ZnO-based electrodes for lithium-ion batteries (Thauer et al., 2021a).

To benchmark our approach, Table 1 compiles ZnO-based electrodes coated with carbon from
different precursors alongside their electrochemical metrics, providing direct context that our PEO-
derived Zn/ZnO@C foam delivers competitive or superior performance.

Table 1. Comparison of ZnO-based anodes with carbon coatings from different precursors.

Sample Carbon Source / | Capacity | Current | Bare ZnO DOI / Reference
Coating Method | After 100 | Density after 100
Cycles cycles
(mAh/g) (mAh/g)
ZnO/C (from | Calcination  of 300 100 100 (Thauer et al., 2021b)
zinc zinc glycerolate mA/g
glycerolate) in N2
Zn0O/C Sol-gel + 490 100 360 (Guo et al., 2020)
microspheres | calcination mAJ/g
ZnO/C Atomic layer 430 200 200 (Y. Lietal, 2017)
deposition mAJ/g
Zn0O/C ZnO  nanorods | 330 (50 0.25C - (J. Liu et al., 2009)
microspheres | coated with | cycles)
carbon nanotubes
Zn/ZnO@C Dip coating with 380 50 100 This work
foam (coated) | PEO + pyrolysis mAJ/g

5. Conclusion

In summary, a carbon-coated Zn/ZnO anode was successfully fabricated on Zn foam via
thermal oxidation followed by carbonization, and demonstrated as a three-dimensional (3D)
structured material for lithium-ion batteries (LIBs). Structural and compositional analyses using
XRD, SEM, SEM-EDS, and FTIR confirmed the successful formation of the carbon-coated ZnO on
the 3D foam substrate. The interconnected porous architecture provided a high surface area that
enhanced electrolyte accessibility and shortened lithium-ion diffusion paths. Additionally, the carbon
layer effectively buffered the large volume changes of ZnO during cycling and improved its intrinsic
electronic conductivity. As a result, the Zn/ZnO@C electrode delivered significantly improved
electrochemical performance, achieving a stable capacity of approximately 380 mAh g at 50 mA
g ! after 100 cycles, compared to only ~100 mAh g for the uncoated Zn/ZnO electrode under the
same conditions. This substantial enhancement highlights the potential of carbon-coated Zn/ZnO
foams as promising anode materials for next-generation high-performance LIBs.
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3D Zn/ZnO@C aHoabIH ajy YIIiH KapamaibiM TEPMHUSUIBIK TOTBIFY KIHE
KOMIPTEKIIeH KanTay d/ici

Epxirit Cepik, Hypoonar Ucaraes, Moaaup ApxapoexoBa, )Kymadaii bakenos, Apaiiibim
HypneiicoBa, Anmuss MykaHoBa

Anparna. Kasipri Tanaa autuii-uosabIK 6arapesiap (LIBs) yiriH >koFapbl eHIM/I %KoHE TYpPaKThl
aHOJTBIK MaTepuaiap/ibl JaMbITY — ©3€KT1 FhUIBIMU MacelnenepAis 0ipi. by »kyMbicTa TepMUSIIBIK
TOTBIFY JKOHE KOMIPTEKTEHIIPY 9icTepi apKbuIbl Zn/ZnO Herizineri ymenmeMai (3D) ke6ik Topizai
aHoJl cuUHTe3zeNin, OHbIH Oeri mnomudTwieHokcu] (PEO) apkpuibl KeMIpTEKNEH KamnTajjabl.
OneKkTpoaThIH KypbuibiMbl MeH Kypambl XRD, SEM, EDS sxone FTIR omictepi apKbLibl CHIIATTAN B
YmenmeMal KeyekTi KYpbUIbIM JIMTUH HMOHAAphl MEH SJIEKTPOHIApJbIH TachIMAlbIH KaKcapTra
OTBIPBII, KOJEMJIIK KeHEIOIIH ocepiH a3zaitanbl. Kemiprek kabaTsl ZnO-HBIH 3JIEKTPOTKI3ILTITIH
apTTBHIPBIN, LMK  KE31HAE€ OHBIH  KYPbUIBIMIBIK  TYPaKTBbUIBIFBIH  KamMTaMmachl3  €Tel.
DNEeKTPOXUMUSIIBIK 3epTTey HoTIKenepi Zn/ZnO@C snextpoasiabie 100 nukinan keitin 50 MA -1
TOK THIFBI3BIFbIHAA ITaMaMeH 380 MA -caF T ! CBIMBIMIBUIBIKTHI TYPAKThI CAKTAUTHIHBIH KOPCETTI, all
KeMipTekiieH KantanMarad Zn/ZnO anonsl Tek ~100 MA-car T ' KepceTTi. AJBIHFaH HITHXEJep
KeMIpTeKneH KantairaH Zn/ZnO ke0iKk aHOATapBIHBIH OoJIamiak >KOFapbl OHIMIII JIUTUA-HOHIBIK
Oarapesiap YIIiH NepCHeKTUBAIBI MaTepuall eKEeHIH JoJIen el

Tyiiin ce3aep: nUTHH-MOHABI OaTapesuiap; JIEKTPOJ MaTepualgapbl, SHEPrus cakTay XyHenepi,
ANEKTPOXUMHUS.

IIpocTasi cTpaTerusi TEPMHYECKOr0 OKHCJIEHHS] M HAHECEHHs YIJIEPOIHOIro
nokpuITHS 1 moydenust 3D anoma Zn/ZnO@C
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Epxurur Cepuxk, Hypooaar Ucataes, Moaaup Apxap0exoBa, ZKymabdaii bakenos, Apailjibim
HypneiicoBa, Anus MykaHoBa

AnHoTanusi: B Hacrosmee Bpemsi pa3paOoTka BBICOKOI((GEKTHUBHBIX U CTAOMIBHBIX aHOHBIX
MaTepHalioB JJIsl TUTHIH-UOHHBIX OaTapeii (LIBS) siBisercs akTyanpHON HaydHOMU 3aa4yeil. B nanHoOH
paboTe METOAOM TEPMHUYECKOT0 OKUCIIEHUS M KapOOHU3aluK OblJI CUHTE3UPOBAH aHOJ HA OCHOBE
Zn/ZnO B Buzge tpéxmepHoi (3D) mopucTON TCHBI, MOBEPXHOCTH KOTOPOrO ObLIA MOKPHITA
yIJepoJoM ¢ Hcnosib3oBaHueM nonuatwieHokeuaa (PEO) B kadectBe nmpekypcopa. CTpykrypa U
coctaB IeKTpoaa Obutu oxapakTtepuszoBanbl meromamu XRD, SEM, EDS u FTIR. Tpéxmepnas
[IOpHUCTasl ApXUTEKTypa CHOCOOCTBYET YJIYYLIEHHOMY IEPEHOCY JIMTHEBBIX HOHOB U 3JIEKTPOHOB, a
TAaKXKe CHIDKAeT BIMSHUE OOBEMHOTO PpACHIMPEHHUs. YTJIEPOIHOE TMOKPHITHE IOBBILIIAET
3J1eKTponpoBoIHOCT, ZNO n obecreunBaeT CTPYKTYpHYIO CTaOMJIBHOCTh MaTepuajga B Ipolecce
[UKJIMPOBAHUS. DICKTPOXUMHUUCCKUE UCIIBITAHKSI TTOKa3ald, 9To 3JekTpon Zn/ZnO@C coxpaHser
CTaOUIIBHYIO YIENbHYI0 EMKOCTH 0K0JI0 380 MA -u/r mocine 100 HuKIoB npu mIoTHOCTH ToKa 50 MA/T,
TOorja Kak HeoOpabGoraHHbI 3nekTpon Zn/ZnO mnpopemoHcTpupoBan Jmib ~100 MA-u/r.
[Tony4yeHHbIe pe3y/ibTaThl IMOATBEPIKAAIOT IEPCHEKTHBHOCTh MeHoMmarepuanoB Zn/ZnO ¢
YIJIEPOAHBIM MOKPBITHUEM B KaueCTBE AHOIHBIX MAaTEpUajIOB I JIMTUH-MOHHBIX OaTrapeil HOBOro
MOKOJICHHUS.

KiaroueBble cjioBa: JIMTUH-UOHHBIC 6aTapeH; QJICKTPOAHBIC MAaTCpHaAJIbl; CHUCTCMbl HAKOILJICHHA
OHEPIHUH; SJICKTPOXUMHUA.
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AnHOTanus. B crarbe mpencTaBlieHbl pPe3yibTaThl JIETHHX TOJIEBBIX
uccnenoBanuii 20242025 romoB 1o U3y4eHHUIO PYCIOBBIX MIPOLIECCOB HA
peke Ecwip B mpemenax AKMOJWHCKOH oOmactu. OCHOBHasl IIelb
HCCIEAOBAHMUS 3aKJII0OYajach B BBISIBICHMM HAa KOCMHMUYECKMX CHUMKax
YYaCTKOB C PYCJIOBBIMHU JeOpMAIUsIMU U UX TIOJTBEPKICHUE JTAHHBIMU
MmoJieBbIX HabOmrofeHwit. Bcero Ha wuccieqyeMoM OTpe3ke pycia
MPOTsHKEHHOCThIO  Oosiee 500 kM ObLIO BBIETEHO 17 KITHOYEBBIX
Y4aCTKOB, M3 KOTOPBIX MOAPOOHO PACCMOTPEHBI 5 pernpe3eHTAaTUBHBIX.
BriepBbie 1151 JaHHOW TEPPUTOPUU MIPOBEICH aHAIN3 MOPPOIOTUICCKUX
MIPU3HAKOB U OMPEEIEHBI TUIIBI PYCIOBBIX MPOLIECCOB B COOTBETCTBUU C
TUAPOMOPQOJIOTUUECKON TEOPUEH PYCIOBOTO Tpoiiecca, pa3paboTaHHOM
l'ocynapcTBEHHBIM THIPOJIOTUYECKUM HUHCTUTYTOM P®. Ilonesbie
WCCJICIOBAHMST TIO3BOJIMIIM BBIIBUTH OCHOBHBIC Y4YacTKH, Hambosee
MOJABEPKEHHbIE K pPa3MbIBy M MOATOTOBUTH [JE€TalbHOE OINHMCAHHUE
OeperoBoil JMHUM HCCIETyeMONM pEKH U HHXKEHEPHBIX COOPYKEHUU.
Pe3ynbTarhl BKIIOYAIOT KaK Ka4eCTBEHHBIE XapaKTEPUCTHKHU (OMUCaHUE
MOP(QOJIOTUH PYyCIIa, ONPECIICHHE TUIIOB PYCIOBBIX MPOIECCOB), TaK U
KOJIMYECTBEHHBbIC JaHHbIE (BBICOTA, IIHPUHA U TMPOTHKEHHOCTD
pa3MbBIBaEMbIX OEpPEroB, MapaMeTPhl JOPOKHOTO MOJOTHA). BhISBIECH THIT
pYCIOBOTO TMpoIecca C TMOBBIIIEHHOW 3pO3UOHHON OMAacHOCTHIO,
MIPEACTABIISIIONIUIN CYIIECTBEHHBIE PUCKH JIJIs MHKEHEPHBIX COOPYKEHUM
M HaceJeHHBbIX NYHKTOB. COMOCTaBIIEHHE JaHHBIX JAUCTAHIIMOHHOTO
30HIMPOBAHUS C pe3yJbTaTaMH TIOJEBBIX HAOIIOEHUA TOKa3ajo
BBICOKYIO A()(PEKTUBHOCTh KOMITJIEKCHOTO TOJAXOAa s YTOYHEHUs
MaciiTaba 1 XxapakTepa pyciaoBbIX U3MeHeHH. [lomyueHHbIe pe3ybTaThl
CO3Ial0T OCHOBY JIJIsl pa3pabOTKHU KOMIUIEKCHOW METOJIMKHA MOHUTOPUHTA
OeperoBeIX JHMHUN pEeK W OyAyT HCIOJB30BaHBI TPU TOATOTOBKE
JUCCepTaIlMU 10 UCCIEAOBAaHUI0 BO3MOXHOCTEH MPUMEHEHUs JaHHbBIX
JTUCTAHIIMOHHOTO 30HIUPOBAHMS 3€MJTH TP BBISIBJICHUU U MOHUTOPUHTE
PYCIIOBBIX MPOIECCOB.

KawueBbie ciaoBa: peka Ecuib, MOJIEBbIE METOABI HUCCIEIOBAHMIA,
PYCJOBBIE M SPO3HOHHBIE TIPOIECCHI, 3PO3Usi OEPETOBBIX JIMHUMN, peUHasI
9pO3usl, TUCTAHIIMOHHOE 30HIUPOBAHIE
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1. BBenenue

OanuMm u3 Hambojee 3HAYUMBIX MPOSIBICHUN PYCIOBBIX MPOIECCOB, MPEICTABISIOMINUX
OTIaCHOCTb, SIBJISIIOTCS Pa3MBIBBI OEPETOB PEK, KOTOPBIE CO3JAI0T KaK HEMOCPEICTBEHHYIO OMIACHOCTh
(Yusicheva et al., 2022), Tak ¥ HOTCHIMAIbHBIE PUCKH, CBS3aHHBIE C OCBOCHHEM IOWMEHHBIX
TEppPUTOPUI. B 3TOM KOHTEKCTEe M3y4eHHE TUHAMHUKH PYCIOBBIX IMPOLIECCOB M COMYTCTBYIOUINX UM
OTIACHBIX SIBJICHUM, CIIOCOOHBIX HEraTUBHO MOBJIMSTH Ha XO3SIICTBEHHOE UCIIOJIB30BAHUE U DKOJIOTHIO
NPUPEYHBIX TEPPUTOPUH, TPHOOPETaET 0COOYIO AKTYabHOCTb.

B nacTosmiee BpeMs IpHU HM3YYEHUU PYCJIOBBIX MPOLIECCOB AKTHUBHO MPUMEHSIOTCS METOJIbI
HKCIEPTHOTO aHaIM3a KOCMHYECKHUX U OPTO(POTOCHUMKOB IO HMX JEMH(POBOUYHBIM IPU3HAKAM
(Mandal, 2017; Wu et al., 2023; Taukenov et al., 2018; Ballanti et al., 2017; Dragicevic¢ et al., 2017;
Nath et al, 2024). Illupokyr mNOMyISIPHOCTh MPHOOPETAIOT HCCICIOBAaHMS HA OCHOBE
M0JTyaBTOMaTHU3UPOBAHHBIX U aBTOMAaTU3UPOBAHHBIX METOJIOB JEUIM(PPUPOBAHUS C TMPUMEHEHUEM
CHEIHUATM3UPOBAHHBIX MTPOIPAMMHBIX oOecrieueHuit u MarmHHoro ooyuenwus (Tobon-Marin, 2020;
Boothroyd et al., 2021; Gonzales-Inca et al., 2022; Wang et al., 2023; Sultana et al., 2025; Gharti et
al., 2025). OgHako, HECMOTPSI Ha HIMPOKHE BO3MOXHOCTH JAMCTAHIIMOHHBIX METOJOB, IOJICBBIC
UCCIIEIOBAHMSI OCTAIOTCS HEOOXOAMMBIM 3TaroM, IENbI0 KOTOPOro sBiseTcs BepubUKalus
nposiBiieHuit pyciossix aedopmaruii (Gharti et al., 2025; Nath et al., 2024).

B pa6ore Mandal S., mocssienHol onenke cMmemnieHus 6eperos peku ['anr (Muaus) B paiione
ropoaa Mainbaa 1 MOTepH CeNIbCKOXO3HCTBEHHBIX YTOINH, MTOJIEBBIC TaHHBIE, BKIIIOYast BU3YyaJIbHBIC
HaOmonenus u pacyer uamekca BEHI (Bank Erosion Hazard Index), mernu B OCHOBY aHajm3a
SPO3MOHHON OMAcCHOCTU AaHHOUM peku. Meromonorus BEHI Bxirowana B cebsi m3amepeHus BBICOT
Oepera, YKIOHOB, TJyOMHBI KOpHEH, IUIOTHOCTH KOpHEH W CTeNeHb IMOKPBITUS Oepera
pactutenbHOCThIO B % (Mandal, 2017).

KomruiekcHbIN MOAX0/ K U3y4eHHIO BpPEMEHHBIX U MPOCTPAaHCTBEHHBIX M3MEHEHUH peku bapak
(Uuaust) npeacrasien B padore Apurba Nath u Susmita Ghosh, rae ananus Ttpanchopmarmii
OeperoBbIx (OPM M U3MEHEHHH B CTPYKTYpe 3€MJIENOJIb30BAaHUS U PACTUTENIBHOIO MOKPOBa OBLI
OCHOBaH Ha COYETAaHUHM TUCTAHIIMOHHOTO 30HAMPOBAaHUS W TMOJIEBBIX HaOmoneHwid. [lonesbie
HaOJIr01eHUS TT03BOJIMIIM aBTOPAaM BBISIBUTh KaK y4acTKH, HanOoJjiee MoBepKEHHbIE BOJHON SpO3HH,
TaK ¥ OTHOCHUTEIIbHO CTa0MIIbHBIC 30HBI, YCTAHOBUTH CTEIIEHb YPO3MOHHOW aKTHBHOCTH, a TAaKXKe
HO/ITBEPIUTD BIUSIHUE aHTPOIIOTCHHOI JiesTeIbHOCTH Ha pycioByro auHamuky (Nath et al., 2024).

B uccrnenoBanuu Gharti u ap. mist OleHKH MPOCTPAHCTBEHHO-BPEMEHHOW TUHAMHUKH pycia
pexn Yacr-Pantu (Hemam) Obl1 mpyMeHEH METOJ MONEPEUHbIX CEYEHUH, MO3BOJIMBIIUI BBISIBUTH
YYaCTKH HMHTEHCHBHBIX pYCIOBBIX paedopmaruii. [loneBbie HaOMOOEHWS Ha JITHX ydYacTKax
CHOCOOCTBOBAIM  KJIACCU(HUIIMPOBATH THUIBI PYCIOBBIX IPOLECCOB, HAECHTU(GHUIUPOBATH 30HBI
3apacTaHUsl CTapbIX pyces, a TakkKe MOATBEpKIaTh d()()EeKTHBHOCTh MHKEHEPHBIX COOPYKECHUH,
CTaOWIIN3UPYIONIMX MOTOK. TakuM 00pa3om, coueTaHne METOI0B JUCTAHIIMOHHOTO 30HANPOBAHUS U
[MC-ananmu3a, mMOMEpPEYHBIX CEYCHWH U TIOJIEBOW BepUPHUKAIMH OOECIEeYMIO KOMIUIEKCHOE
OHUMaHKE PYCIIOBOH JedopMaliiu U ee reodkooruueckux nociencteuii (Gharti et al., 2025).

B pabGote Ky3nernoBoil u Ap., MOCBSIIEHHOW KOJMYECTBEHHOH OlLIEHKE pa3MbIBa Oeperos
HEOOJIBIIIOr0 TOPHOTO pydbs B Poccuu, KIIIOUEBYIO pPOJIb CHITpaid HATYPHbIE H3MEpPEHHs C
UCIIOJIb30BAHUEM INTHIPEBOrO Meroma (erosion pins). TpexkpaTHbie TMOJIeBbIe HAOIIOACHHS
MO3BOJIMJIM ONPENEIUTh JTMHEWHBIE MOKa3aTelld Pa3MbIBa, BBISBUTH PA3IMyHs B MOABEP)KEHHOCTH
TIOPO/T SPO3NOHHBIM TPOIIECCaM, a TAaKKe KOJMIECTBEHHO OIEHUTh BKJIA]] OJTHOTO CHIIBHOTO TTABOJIKA
B 001K 00bEM pOIUPOBAHHOTO MaTepuana. B nonoiaHeHne K npsMbIM H3MEPEHHSIM TPUMEHSIIACh
dorodukcanys, MO3BOJNMBILIAS BU3YaIbHO 3aQUKCHUPOBATH W3MEHEHHS MOP(OJIOTHUU CKIOHOB U
YTOYHHTH TIPHYMHBI MCUE3HOBEHUSI IITHIPEH Ha OTAENBHBIX yuacTkax (Kuznetsova et al., 2019).

B wuccnepoBanum AnekcoBod M Ip. mo wuccienoBaHusM pek CeBepHoll MakenoHun
NOJUYEPKUBACTCSA, UTO JAaHHbIC JMCTAHIMOHHOTO 30HIUPOBAaHUA U  IPOCTPAHCTBEHHOTO
MOJIeTUPOBaHUS TPeOYyIOT 00s3aTeNbHON MOJIeBOM Bepu(UKAIIMK /711 TIOBBIIICHUS TOCTOBEPHOCTH
OLICHKH TPUPOIHBIX PHCKOB. ABTOPBI OTMEUAIOT, YTO 0e3 HATypHBIX HaONIOJEHUIl HEBO3MOKHO
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YUYECTh JIOKAJIbHBIE T€OMOP(OIOrHYECKHE U COIMATbHbIE OCOOCHHOCTH, KPUTUYECKH Ba)KHBIC TIPU
HHTEpIpETAni MHOrOprucKoBbIX 30H (Aleksova et al., 2024).

[ToneBbie HaOmOAEHUS, TpOBeAeHHBIE Benkypuesoit Ha pexe Mmum B npenenax Poccuiickoi
®denepaliiiu, TO3BOJMIH BBISIBUTH KIIFOUEBbIE YYACTKU aKTUBHOT'O OBparooOpa3zoBaHus, 3apacTaHusl U
3anMsIeHus pycia. PeKorHocuupoBKka MECTHOCTH MOKa3alia, YTO JIaHHBIE MPOIIECCHl 00YCIOBICHBI KaK
€CTECTBEHHBIMU NpUYMHAMH (ONOJ3HM Ha IEeCYaHbIX, Cl1a00 3aKpeIuIeHHbIX Oeperax), Tak u
AQHTPOTIOTEHHBIM BO3ICWCTBUEM, BKIIOYAs CTPOHUTEIBCTBO IUIOTMH M MOCTOBBIX MEPEXOOB,
BIIUSIIOLINX HA TUAPOJIOTUYECKUHN PEKUM U CIIOCOOCTBYIOIIUX JAeTpaialliu pycia. ITO MOAYEePKUBACT
Ba)XHOCTb TOJIEBBIX HAOIIOICHUH U1 IMaTHOCTUKU PYCIOBBIX AedopMaruii 1 yTouHeHus: pakTopoB
ux opmuposanus (Veshkurtseva, 2008).

BopobseB u KanpipoB B xoze mosieBbix uccieqoBanuit pycina peku Oku (Poccus) B 2014—
2018 rr. mpUMEHWIIA METO/T IPOCTHIX PETIEPOB VIS OIEHKH JJMHEHHBIX CKOPOCTEH OeperoBoi SpO3HH.
Hatyphbie Habi1t0/1eHUS TO3BOJIUIIM C BHICOKOH TOYHOCTBIO 3a()MKCUPOBATH OTCTYaHUE OEeperoB Ha
Pa3MYHBIX y4YacTKax M MPOCIEAUTh TUHAMHUKY PYCIOBBIX Aedopmanuii BO BpeMEHH. ABTOPHI
MOYEPKUBAIOT, YTO HCIIOJIB30BAaHUE MPOCTHIX pPEnepoB ocTaercss 3(P(PEeKTHBHBIM U JOCTYITHBIM
CIIocoO0M MOHHMTOPHHIA IPO3UOHHBIX MPOIECCOB, OCOOCHHO MPH MHOTOJETHHUX HCCIIEIOBAHUSX,
TpeOYIOIIUX HaIC)KHBIX IaHHBIX O pealibHO# quHamuke 6eperosoii imuuu (Vorob’ev et al., 2020).

B wuccnemoBanun AKHUSHOBOW H JIp. JaHa KOJNWYECTBEHHAs OLEHKAa aHTPOIIOT€HHOM
TpaHnchopManuu MOP(OIOTHIECKUX HIEMEHTOB MoJauH pek Ecnib u Hypa Ha ocHOBe COBMeEIIEHUS
TUCTAHIIMOHHOTO  30HAMPOBaHMS W  TMoOJeBbIX HabmogeHwit. IloneBoit ostam  BKITHOYAl
a3poOTOCHEMKY C MCIIOJIb30BaHUEM OecrmiIoTHOrO JyetarenbHoro ammapata (BI1JIA) Phantom 4,
GNSS-cvemky ¢ mpuemHukoM Trimble R8, a Taxke BepuUpHKAINIO y4aCTKOB C XapaKTEPHBIMH
dopmamu penbeda B monmHax. Paborta memoncTpupyeT 3()()EKTHBHOCTH NMPUMEHEHUS IMOJEBBIX
METOJIOB JUIsl MPOCTPAHCTBEHHOW NPUBSI3KH U YTOYHEHHS PE3yJIbTaTOB aHalli3a KOCMUYECKHX
CHHMKOB, 0COOEHHO B YCJOBHAX aHTPOINOreHHO-MOuHUIMpoBaHHbIX NanamadToB (Akiyanova et
al., 2019).

Kak mokaspiBaeT aHaNM3 JUTEPATyphl, HECMOTPS Ha CYIIECTBYIOIIUE PA3IMYMs B METOIHKAX
HOJIEBBIX MCCIIEOBAHUN, UMEHHO HATypHble HaOJIIOJICHHUsI OCTAlOTCS OCHOBOW JUIs JJOCTOBEPHOM
OLICHKY W BBISBIICHHS IUIAHOBBIX MePOpMalnii pycell U CMEUIeHn 0eperoBoil JIMHUU peK. ABTOPBI
Mussina u ap. OTMEYaroT, YTO MCCIeI0BaHUs PYCIOBbIX nedopmaruii B Kasaxcrane HaxoasTes Ha
HAyYaIbHOM CTa/Iny, B 3HAYUTEILHON CTETIeHU (parMeHTHPOBaHKL. Takke, M0 MHEHHIO aBTOPOB, MTPH
UCCIIEIOBAaHUU PYCIIOBBIX jAedopMaliii TOpHOH pekn YIIKeH AJIMaThl OTCYTCTBUE JaHHBIX MOJIEBBIX
WCCIIEIOBAHMIA, HAPSTY C IPYTHMHU OTpaHHYEHHSIMH, MOTYT TTOBITUSITh HA TOYHOCTH U JIOCTOBEPHOCTH
pe3yabTaToOB JONTOCPOUHBIX TporHo3oB (Mussina et al., 2025).

Hacrosimass paGota mpezacraBisieT pe3yiabTaThl MOJEBOTO 3Talla HAyYHOTO MCCIEA0BaHUS,
nposesieHHoro B 2024 u 2025 rogax Ha pexe Ecuib, ¢ nenbio BepuduKauy Mpu3HAKOB PyCIOBBIX
NPOIIECCOB HA KIFOUEBBIX YYacTKaxX ITyTeM HATYpHBIX HAONIOJACHUH, COTOCTAaBICHHBIX C
KOCMMYECKMMHM CHUMKaMHM W TEOPETHUYECKUMH IOJIOKeHUsIMHU. ccnenoBaHue HampaBieHO Ha
yTOYHEHHE (PAKTHUECKUX TPOSBICHUIA PYCIOBHIX JedopManuii Ha KOCMHYECKMX CHUMKaxX W
SIBIISICTCS. TIOMBITKOM BOCIIOJIHUTH JEQUIUT MOJEBBIX JAHHBIX B HAYYHBIX HCCIEIOBAHUAX PEKH
Ecune. Ml nipeninonaraeM, 4To KOMIUIEKCHBIA TOAXO/T K M3YYEHUIO PYCIOBBIX MPOIECCOB HA OCHOBE
JAHHBIX JUCTAHIIMOHHOTO 30HAMPOBAaHUS 3€MJIM M TIOJEBBIX HAOJIOJEHHH MO3BOJUT HE TOJIBKO
JIOCTOBEPHO BBISIBIISATH YUACTKH PYCIOBBIX AeopMannii peku Ecuib, HO U ompeiessiTh MPUPOIHBIC
U aHTPOIOTeHHbIE (PAaKTOPBI UX PAZBUTHUS.

2. MaTepuaJjbl U METObI

Pation uccneoosanuii. OOBeKTOM ucclenoBaHus sBiseTcss peka Ecunb B mpeaenax
AxmonuHCKOM obnactu. Ecuib npencrasiser co6oi TpaHCTPaHUYHBIA BOJIOTOK U SBISIETCS OJTHUM
W3 JIEBBIX KPYIHBIX NMpuUTOKOB HpThima Ha Tepputopum Poccuiickoit deneparnuu, ee obmias
NPOTSDKEHHOCTh cocTaBisgeT 2450 kM, mwomanp Bogocoopa 177000 xkm? B BepxoBbsx, Ha
TEPPUTOPHUU HccieoBaHuM, Ecuiib mpoTekaeT B y3KOH JOJIMHE CO CKATUCTHIMU Oeperamu, HUXKeE T.
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AcCTaHbl 3aMETHO pacIIMpsieTcss ¢ [pHOOpeTaeT uepThl IIMPOKONOWMEHHOH pEeKd ¢
MHOTOUYMCJICHHBIMU H3JIlyduHaMu U crapuiiamu. B 50 KM K BOCTOKY OT CTOJMIIBI HaXOJIUTCS
ACTaHHMHCKOE BOJIOXPAaHWINIIE, OKA3bIBAIOIIEE BIMSIHUE HAa TUAPOJIOTHUECKUI pexuM peku Ecuib.
CTOK pexu XapakTepu3yeTcs Kak HEOJHOPOAHBIA B T€UEHUE TUAPOJIOMUECKOro rojfia U Mo rojam.
[TooBObE MPUXOIUTCS HA TEPUOJT alpelib-Mai, B 3TOT nepuoj dopmupyetcs 85-95% romosoro
ctoka. Ilutanue mnpeumymiectBeHHO cHeroBoe. OcHOBHble mpuTokd Ecunsg B mpenenax
AxMouinHCKoM 00acTu: npasbie — KonyTtoH, JKabait, AkkanOypiibik; JieBbie — Tepucakkan (Ongdas
et al., 2020).

Memoowr uccredosanuii. J{ns1 nperBapUTENbHOTO BbIACIEHUS MOTEHIMAIBHBIX YYaCTKOB C
pycioBbiMU AeopmanusasMu Ha peke Ecuib Obuin ucnonb3oBaHbl kocmuueckue cHUMKH [HUC
cepsuca Google Earth Pro. [/lannblii cepBUC COOMpacT M MPEAOCTABISAET KOCMUYCCKHE CHUMKHU
(World View 1 u 2, SPOT 6,7 u ap.) oT pa3HbIX IMOCTaBIIUKOB, YTO 00CCIIEYMBAET MX BBICOKOE
MpOCTpaHCTBeHHOE paspemienne (mo 0,6 M sl maHxpomatuyeckoro u 2-2,4 M st
MyJIBTUCIEKTPAILHOTO KaHana). B uccnenyemoii Teppuropur cHUMKH npeacraBieHsl Maps Data:
Google, CNES/Airbus or 12.06.2024, 06.07.2023, 05.08.2022 u 01.05.2015 rr. DTu maHHbIE
MO3BOJISIIOT JIETAIHO aHAIM3HPOBATH CTPYKTYPY PYycCia, BBISBISTH M3JIydUHBI, ODOBKH Pa3MBIBOB,
CTapulbl ¥ aHTPOIOTEHHBIE FJIEMEHTHI, YTO MOCITY>KUJIO OCHOBOM ISl BEIOOPA KITFOUYEBBIX YYACTKOB
JUIs  TIOJEBBIX HCCIeNOoBaHWA. J[msi aHaim3a WCMONB30BAINCH PAa3HOBPEMEHHBIE CHHMKH,
MPEUMYIIECTBEHHO MOyYEeHHbBIE B IEPUO/IbI HU3KOH MEXKEeHH 17151 AenPpUpOBaHUs pycia, TPAHUIIBI
NOWMBI YTOYHSUTHCH IO MaTepHajaM CheMOK, BHITOJHEHHBIX BO BPEMs MTOJIOBOAM U ITaBOIKOB.

JemudpoBouHble TpPU3HAKK PYCIOBBIX JAedopmanuii OBLIM  COCTAaBIEHBI C Y4YETOM
«PexoMeHaIuil 110 WCIIOJIB30BAHUIO adPOKOCMHYSCKON WH(GOPMAIUK TIPH H3YyYSCHUH PYCIOBOTO
nporecca» (Snishchenko et al., 1985) ¢ akryanusanueit B 2021 1. ¥ IOMOJHEHbI OTACIbHBIMH
XapaKTePUCTHKAMH Pa3MbIBAEMbIX OEpEroB Ha OCHOBE COBpeMeHHBIX nccnenoBanuii P. C. Yanoa B
obnactu MmopdoarHamuku peunbix pycen (Chalov et al., 2023; Chalov, 2011). Pa3mbiBbl 6eperoBoii
JMHAW PEK M0 KOCMHYECKHUM CHUMKAM ONPEACIISIOTCS CIEeYIONMMH TPU3HAKAMU:

- 30HaM pa3MblBa JIOJDKHA COOTBETCTBOBATh UYETKO BbIpakeHHass OpoBka Oepera, KpyToi
OeperoBoil OTKOC, JIMILIEHHBIH PAaCTUTEIBHOCTH, CO CleAaMH HEAaBHUX OOpYIIEHHH (KIIOYeBbIE
yuactku 1, 2, 3, 5);

- HAIMYHUE W3JIYYUH: YroJl MOAX0/1a CTPEXKHS MOTOKA K Oepery: yeM oH OoJiblie, TeM OOJbIIe
CKOpOCTh pa3MbIBa (MeaH/phl). B npsamonnHeliHOM pyciie CTpeXeHb MOTOKa PacHojaraercs B €ro
[EHTPAJIbHOW YacTH, K OeperaM CKOpOCTh TOTOKa CHWXXaercs. B 3Tux ycnmoBusx Oepera He
pa3MbIBAIOTCH,

- pacmmpeHue pycia: B Pa3BETBICHHOM pyclieé TpPH OTMHUPAHUU TPOTOKHA MOTOK
COCPEIOTOUMBACTCA B OJIHOM M3 HHUX, IJle HaOMIoaeTcs yCUJIEHHE Pa3MbIBOB OeperoB M oOriee
paciupeHue pycia;

- Y pa3BeTBIIEHHBIX Ha PyKaBa peK (pyciIoBbIe IPOTOKU) Pa3MbIBAIOTCS M OCTPOBA, U Oepera pex
(xnroueBolt yyactok 1);

- HaJIM4re OCTPOBOB U (POPMHUPOBAHUE OTMENEH: MPU OOJIBIIOM CTOKE HAHOCOB M Ha peKax C
TaJICYHBIM QJUTIOBHEM Yy OTOJIOBKOB OCTPOBOB JIMOO 000COOJIEHHO B pyciie (hOPMHUPYETCS OTMEINb
(xkroUeBo# yyactok 1);

- B OTMHpAIOIIEM pyKaBe (IIpH HE3aBEPIICHHOM MEaHAPUPOBAHWH) MPEOOIaar0T MPOIECCHI
AKKYMYJISIIMH, Pa3MbIBBI JIOKAIM3YIOTCS Ha KOPOTKHMX YydYacTKaX, B pPa3BUBAIOLIEMCS pYyKaBe
(n3myunHe) peobaiaeT pa3MbIB pyciia, TPOTHKEHHOCTh Pa3MbIBAEMBIX O€PEroB BO3paCTaeT;

- B OTHOCUTEJIBHO MPSIMOJIMHEHHOM, HEPa3BETBICHHOM pyciie HaOIro1aeTcs c1adblii pa3MbIB
OJIHOTO, OOBIYHO HE3ATOIUISIEMOr0 B TIOJIOBOJIbE Oepera, Torja Kak MpOTHBOMOIOXKHBIA MONMEHHBIN
— OTJIOTUH, BO3JIE HETO NMPOUCXOAUT aKKyMYJIALKs HaHOcoB. Ha HEOONMbIINX pekax ¢ TaKUM pycioM
Oepera BoOOIIIe YacTO HE Pa3MBIBAIOTCS, TaK KaK M3-3a MAJIOr0 CTOKa HAHOCOB MPUPYCIOBBIE OTMENN
He (popMupyIOTCs (KIF0UEBOH y4acTok 5);
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- 30HBI [TOATOIUIEHUS] U U3MEHEHMsI BOJHOTO 3€pKaja, Ha CHUMKaX MOTYT ObITb BHUJIHBI 30HBI
PETYJISIPHOTO MM BPEMEHHOI'O 3aTOMJICHUS MIPUJIETAIOIINX K peKe TEPPUTOPHM (KIIF0YEBOM y4acTOK
3);

- aHTPONOI'€HHbIEe (PAKTOPBI (JOPOXKHBIE HACKHINIU B M0OMMe, 1aMOBbI, MOCTBI, J0ObIYA [TECKA WU
rpaBusi), ypOaHU3UPOBAHHbBIE TEPPUTOPUH, HIDKHUE Obe(bl BOIOXpaHUIHIL (32 CYET MPOXOXKICHHS
BOJIH TOITYCKOB — UCKYCCTBEHHBIX COPOCOB BOJIbI) (KJIFOUEBBIC YUaCTKH 2,3,4).

KnroueBbIMH ydacTKaMH JUIs IPOBEICHUS MOJIEBBIX MCCIEIOBAHUN ObUIM BBIOpAaHBI Y4aCTKU
pycia pexku Ecuib B paiiloHax aBTOMOOMIIBHBIX MOCTOB U HACEJIEHHBIX ITYHKTOB, TJI€ peKa IPOTeKaeT
B HEMOCPEJCTBEHHOW ONM30CTH K JKWJIBIM JIOMaM U APYTUM CTPOEHUSIM. OTO 0O0YyCIOBJICHO
HEOOXOIMMOCTBIO JIETaIbHOIO aHalM3a BIMSHUS PYCIOBBIX IMPOLIECCOB HAa HUHPPACTPYKTYPY H
oOecrieyeHus 6€30MACHOCTH JaHHBIX 0OOBEKTOB.

OnpezneneHue THUIOB pPYCIOBBIX IPOLIECCOB OCYILECTBIAJIOCh IO KIacCU(UKALUU U
IpU3HaKaM, NpeUIoKeHHON ['ocynapcTBeHHbIM ruaposiornyeckuM uHctutytoM Poccum (ITH) B
pamMkax ruapomophoorndeckoit Teopun pyciosoro npoiecca (Kondrat'ev et al., 1982). Yuactku ¢
OpsIMOJIMHENHON (opMOM pycia, HE BbIIEIEHHbIE Kak caMocTosATenbHbIM Tun no I'TU, Obuim
kiaccuuuponansl o cxeme P.C. Yanosa, coryiacHO KOTOPO# JaHHBIE YyYaCTKH OTHOCSATCS K THILY
NPSMOJIMHEHHBIX pycel, GOPMUPYIOMIMXCS MOJI KOHTPOJIEM KOPEHHOTO Oepera Wi WH)KEHEPHBIX
coopyxkenuit (Chalov, 2011). Ilpu 3TOM NpHUMEHSUICS METOJ SKCIEPTHOTO JACIIU(pPHPOBAHUS
KOCMUYECKMX CHUMKOB U TOJEBBIX JIAHHBIX, IIOCKOJIbKY METOAbl aBTOMAaTU3UPOBAHHOIO
nemupupoBaHUs A JaHHOW 3ajauyd Ioka He paspaboranbl. [Ipouecc nemudpupoBanus
NOJIpa3esisAioT Ha 3TaIlbl:

1. IlepBslii 3Tan — oOHapyKEHUE PYCIIa C €ro BHYTPUPYCIOBBIMU 00pa30BaHUAMU, BbI/IETICHUE
MMOMMEI M JIOJIMHBI;

2. Btopoii 3Tan — onucaHue TUIa pyciaoBoro npouecca. Onpenenstorcs NpU3HaKky, Jajaee OHU
TPYHIHUPYIOTCS U ONIO3HAETCSI TUIT PYCJIOBOTO MpoIiecca.

3. Tpetwuii 3Tanm — aHanMU3 pycIoOBOro MpoOIEcca Ha YYacTKe PEKH, BKIKOYas aHTPOIIOT€HHYIO
nesrensHOCTH (Snishchenko et al., 1985).

[Tocne aHanm3a KOCMUYECKMX CHUMKOB U ONPEIETICHHs KIIOYEBBIX YYacTKOB ObLT MPOBEAEH
MOJIEBOM 3Tam ucclieoBaHus. MapupyTsl ObLIM 3aIUIAHUPOBAHBI C YYETOM JIOPOXKHOW CETH U
YCIOBUHA MPOXOAMMOCTH MECTHOCTH. B Xome paboT mNpUMEHSUIMCh MeETOAbl HaOIroAeHUl,
(doTocheMKa U IPOCThIE JINHEHHBIE U3MEPEHMS Ha IOCTYIHBIX ydacTKax pycia. Merosa Habo1eHui
ObUT HampaBiIeH Ha cOOp BU3YAJIbHBIX JaHHBIX JUIS BBISBICHHS TEKYILIUX U3MEHEHUH B pyciie peKu U
IPOLIECCOB, MPOUCXOIAIINX Ha Oeperax (OTIOKEHHE HAHOCOB, U3MEHEHUS! HAIPABJICHUS TE€UYEHUS,
oOpy1eHue 0eperos, (GOpMUpOBaHHE OCTPOBKOB U JIp.). Ha pa3nuyHbIX yuacTkax, B TOM YUCIIE OKOJIO
MOCTOB U HaceJIEHHBIX ITyHKTOB, POBOJINJIACh BU3YyalIbHAsI OLIEHKA COCTOSIHUSI OeperoBoi JTUHUHU U
pycina peku Ecwmib. @ukcupoBagnch OCOOEHHOCTH PYCIOBBIX IPOLIECCOB, OINPENENSINCh 30HBI
Haubosee aKTUBHOMN 3PO3UU U aKKYMYJISIIUN HAHOCOB.

doTocheMKa COCTOSIHMA pyclla U OeperoB ¢ KOOPJIMHATHOM MPUBS3KONW HeoOXoauma s
JOKYMEHTUPOBAHUA W TOCIHEAYIOUIEr0 aHallu3a, BbIIBICHHUS JWHAMUKA HW3MEHEHUH mpu
CHCTeMaTHYEeCKUX HAOIIOAEHUSX, a TAKKe JJIS MCIIOJIb30BAaHUS B OTUETHBIX MaTepHaliaX U Hay4HbIX
nyonukanusax. [lpm OnaronpusATHBIX MOTOJHBIX YCJIOBUSX BBINOJHSUIACH a’podOTOChEMKA C
ucnonszoBanueM bBIIJIA. Jluneiinsie wu3Mmepenus (BbicoTa OpOBKM Oepera, MPOTSIKEHHOCTh
pa3MbiBaeMoro Oepera, IIMPUHA JOPOXKHOTO IIOJIOTHA) BBIMOJHSUIUCH HEMOCPEACTBEHHO Ha
MECTHOCTH C UCIIOJIb30BAaHUEM U3MEPUTENBHON PYJIETKH ¢ TOUHOCTHIO 110 0,1 M.

B moneBbix uccienoBaHusx ucnonb3oBanuck cmaprdon Oukitel G1 ¢ GPS narumkom u
HapuranmonHo ['MC mporpammoii QField, mms kauecTBeHHOH (OTOCHEMKH MPUMEHSIIHCH
cmapTdoH, 3epkanbHbiii ¢oroammapatr Nikon D3100 u BIIJIA DJI Mavic 2 Pro. Jluneiinsie
U3MEpEeHHUs TIPOBOIMIINCH C MCIOJIb30BaHHEM MEPHBIX JieHT. [IporpamMmusie obecrieuenusi: Google
Earth Pro u QField (6ecrratHoe Open-source npusaoxkeHue it cOopa U peAaKTHPOBAHUS MOJCBBIX
nanabix a1 QGIS nHa cmaprdone wmnm tuanmere, pabortaromee M OQuIaiiH MpH  yCIOBUU
IpeBapUTENbHON 3arpy3KH MapIIPYTOB).
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3. Pe3yabTaTsl

Uccnenyemblii oTpe3ok pyciia peku Ecuib oT cena MxeBckoe ApHiajablHCKOTO pailoHa A0 T.
Jlep>kaBUHCK cOCTaBiIsIeT OKoJo 525 kM mo pyciy. Beero mo pesynbpraram jaemm@pupoBaHHs
KOCMHUYECKHX CHUMKOB U TOJIEBBIX MCCIIEAOBAHUN ObUIO BBIIEIECHO 17 KIIIOUEBBIX Y4aCTKOB pyciia
pexku. B naHHONH craThe MpEACTaBICH aHAIU3 S5 PENPE3eHTATUBHBIX YYacTKOB, KOTOpBIE
JEMOHCTPUPYIOT pa3UYHbIE THUIBI PYCIOBBIX MPOLECCOB W YCIOBUS B3aWMOJACWUCTBUSA C
uHpacTpyKkTypoil (pucyHok 1). OcTanpHble y4acTKH B JaJbHEHIIEM OyAyT HCIIOJIB30BaHBI IS
0000111eHIS XapaKTEPUCTUK U BepU(PUKALIUU TOTYyYCHHBIX PE3yJIbTaTOB.

™ B - WY

| KAPTA KNKOYEBBLIX YYACTKOB NONEBOIO
NCCNEONOBAHUA PYCNOBbLIX NPOUECCOB PEKW ECUNb |/
it

1:2 500 000

Broseme 108

* Kniouyessie y4acrku

1. c. Ukesckoe

2. Bopoperynupymouaa nnoTuHa

3. AsTomobunbHbBI MOCT Mexagy cenamu

Tanankep v Hypecunb

{ K ) Dy 4. ABToMOBUNBHBIN MOCT MEXAY CENaMN
4 il { W B N AxmewnT u Poguxa

oy W > 5 1 [lepxaBuHCK

Pucynox 1. Kapra KiIr04eBBIX y4aCTKOB ITOJIEBOTO UCCIIEAOBAHUS PYCIOBBIX IPOLECCOB peku Ecuip
(McTovHUK: cOCTAaBIEHO aBTOPAMH)

Jlns cucrematusanyu COOpaHHBIX MaTepUaIoB ObLT COCTABIIEH CBOAHBIN JKypHA HAOII0IeHU
(Tabnuma 1), mpeacrasnsromuii co60i aHANIOr MOJEBOr0 JHEBHMKA. Takas CTpyKTypa MO3BOJIHIIA
00BEIMHUTD PE3YNbTAThl ACMHUPPUPOBAHUS KOCMHYECKUX CHHUMKOB U TIOJIEBBIX HMCCIICIOBAaHUN B
eanHyl0 0a3y JaHHBIX, KOTOpas O0O0ECIeurnBaeT COMOCTABUMOCTh M BO3MOXHOCTH TMOCITEAYIOIIETO
aHajan3a.

Ta6auna 1. CBoaHBIN KypHasl HAOMIOJEHUH MO KIOYEBBIM yyacTKaM peku Ecuib

Ne Haspanue Koopaunatsl | Ilpuznaxkm | Tum pyciaoBoro | Uudpactpy | OnmacHoctH as
yuactka//laTa (mmpora, KJII04€BOro npouecca KTYpPHbIE 00bEeKTOB
NnpoBeAeHus H0JIr0TAa) y4acTKa 00BeKThI

MoJeBbIX NMo00JIM30CTH

HA0JII0ICHUI

1 | Kirouesoit 50°52'36" c.m. | 6eperoBoii pyciioBas JKUJIBIE IOMA, | 3aUJICHUE U
yagactok 1 —c. | 72°09'29" B.1. | oTKOC, MHOTOPYKaBHOC | CTOJIOBI U 3apacraHue
MxeBckoe JIMIIEHHBIN Th JINHUWT PACTUTEIBHOCTHEO
(BBIIIE pacTUTEIBHO 3NEKTPOINEpPE | OCTPOBOB,
ACTaHMHCKOTO CTH, Jaq MOTEHLUAIBHOE
BOJOXPaHWIN Pa3BETBIICHU paspylicHHE

€ pyclia Ha
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1a) pyKaBa, JIEBOM OeperoBoit
24.07.2025 r. HaJu4ue JUHUU
OCTpOBOB.
JlaTa
CHHMMKA:
12.06.2024
KiroueBoif 51°09'51" c.mr. | 6GeperoBoit MIPSMOJIMHEHHOE | Ja9HBII MTOTCHITHAIBHOE
Y4acToK 2 — 71°21'29" B.A. | OoTKOC, HEpPAa3BTEIHHOE | MacCHUB pa3pylLieHue
BOJIOPETYIHUPY JIUILICHHBIA pycio OeperoBoii TMHUH
foras pacTHTEIHHO
TUIOTHHA CTH,
06.07.2025 . AHTPOTIOTeHH
b€ (haKTOPBHI:
mwiotuH. JlaTta
CHHMMKA:
12.06.2024
Kirouepoit 51°13'54" c.u1. | BeIpakeHHas | MOMMEHHAs JOPOXKHOE MOTEHIMAIBHOE
Y4acToK 3 - 71°0922" B.n. | u3BMIKCTAA MHOTOPYKaBHOC | MOJIOTHO, pa3pylicHHe
MOCT MEXITY OpoBka Th MOCT OeperoBoii TMHUU
cenaMu Oepera, ABTOMOOWJIb | BBIIIIE MOCTA
Tamamnkep u OeperoBoit HBIH,
Hypecunp OTKOC, MEIIEXOIHBIN
13.07.2024 r JUTIICHHBIN
pacTHTEIHHO
CTH,
AHTPOIIOTEHH
ble (paKTOpEI:
MOCT.
Jara
CHHMMKA:
06.07.2023
KiroueBoit 51°19'30" c.u1. | aHTPONOTreHH | MOMMEHHAs JOpO>KHAs HOTEHIIHAIBHOE
y4acTok 4 - 70°31'9" B.n. | bie (GaKTOpBl: | MHOTOPYKaBHOC | HACHIIb, paspylieHue
JIOPO’KHOE MOCT. Tb, TIpaBas BOJIOTIPOMYC | HACBIITHOM YacTH
MOJIOTHO Hata MPOTOKA C KHOE aBTOJIOPOTH U
MEX]y celaMH CHUMKA:! 3JIeMEHTaMH COOpPYXXEHHE | BOJOMPOITYCKHOT
AKMenuT u 06.07.2023 cBOOOTHOTO 0 COOpYKEHHUS,
Ponuna MeaHAPUPOBAHU MOITOTIIEHUE
27.07.2024r A, JIOPOKHOM
13.07.2025 He3aBepIIEHHOT HaCBINHA
0
MeaHIPUPOBaHU
s
Kitouesoii 51°05'39" c.m. | mpsamonuHei | OrpaHuyeHHOE | MOWMEHHBIE | TOTEHIMAJIbHAs
ydacTok 5 -T. | 66°19'43" B.1. | HOE MEaHJPUPOBAaHU | Jyra pa3MbIBa
JepxaBUHCK HEpa3BeTBIIC | €, CBOOOAHOE OeperoBoii TMHUU
29.07.2024r HHOE PYCJIO, | MEaHAPUPOBAaHU
BBIpO)KEHHAsA | €
OpoBka
Oepera,
OeperoBoit
OTKOC,
JIMIIEHHBIA
pacTUTEIHHO
CTH.
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Jara

CHHMKA:
05.08.2022

VYyacTku TpUBEIEHbI B TMOPSAKE PACIOJIOXKEHUS [0 TEUCHUIO peku. JlaTbl MOJIEBBIX
HAOJIO/IEHUIT HE COOTBETCTBYIOT XPOHOJOTUYECKOM MOCIIEeI0BATEIILHOCTH, TaK KaK 00cie10BaHus
MIPOBOJIUJIUCH B Pa3HbIE TOJIbI; OTACIbHBIC YUACTKU MTOBTOPHO MOCEIIATUCH B KAUE€CTBE 3TAJTOHHBIX.

3.1. OnucaHnue K110u4e8bIX Y4ACMKO8
3.1.1. KnroueBoit yuactok 1

CornacHO mnpeABapUTENbHOMY aHaluM3y KOCMHYECKOro CHHMMKa, KiroueBoid yuactok 1
pacnonoxkeH Ha Oepery peku Ecuib B mpeaenax cena MkeBckoe ApIIaNbIHCKOTO paiioHa, BbIIIE
ACTaHMHCKOTO BOJOXpaHWJIMINA. Bplllle IO TEUYEHHIO PYCIO PEKU MPOTEKAET B Y3KOH JIOJIMHE,
npaBblii Oeper KOTOpoil oOpamileH CKalMCTBIMU BbIcTynamu. B paiione cena MxkeBckoe peka
BBIXOJIUT 32 MPEJIENIbl CKATUCTBIX YYaCTKOB, PYCIIO paciupsercsi, GOpMHUPYIOTCS POTOKHU, OCEPEIKU
U pycioBble ocTpoBa. Ha noiimMe npaBoro Oepera onpeaesistoTcs CTapHilbl, CBUAETEIbCTBYIOLIUE O
npouuisix aedopmamusax pycna. C yeBoro Oepera 3amMeTHBI HEOOJBIIME OBpard, BBIXOJSIINAE
HEMOCPEACTBEHHO B PYCII0, YTO YKa3bIBa€T Ha pa3BUTHE PO3UOHHBIX MPOLIECCOB (PUCYHOK 2).

le Earth
. Hara: 12.06.2024

98 2025 AU,
2025 CNES T Al

Goog

24.07.2025 24,07.2025

Pucynoxk 2. KiiroueBoit yuactok 1 — c. Mxesckoe (Mcrounuk: Maps Data: Google, © 2025 CNES/
Airbus, 12.06.2024; hotorpaduu aBTOpOB)

ITo pesynbraram moseBoro oOcienaoBaHHs B paiione cena MbkeBckoe OblT 3adukcupoBaH
YY4aCTOK pPEKH C IIUPOKUM PYCIOM M yMEPEHHOW CKOPOCThIO TeueHUs. Ocepelku U PYCIOBBIC
OCTPOBa, 3apOCIINE KaMbIIIOBOW PACTUTENBHOCTHIO U YACTUYHO 3aTOIJICHHBIE, (POPMUPYIOT CUCTEMY
poTokoB. [IpaBeiif Oeper HEOJTHOPOIHBIN: BBIIIE Y9acTKa CJI0KEH KOPEHHBIMH MTOPOIaMHU, HUXKE 110
TE€YEHUIO, 110 OKOHYAHHUIO OOHAXEHUH CKaJIbHBIX MOPOJI, PYCJIO M MOHMa PAaCUIMPSIOTCS B MPaBYIO
cTopoHy. B pacmmpeHHOW dYacTu TOWMBI pPa3BUBAIOTCS KYCTapHUKOBas W JIpeBecHas
pactuTenbHOCTh. JIeBbIil Oeper MoJIoTHil, OTHOCHUTEIHHO OIHOPOJHBINA, PACWICHEH HEOOJBIION
OBPXHOW CEThI0 W JIOKAJbHBIMU pa3MbIBaMH OeperoBod JuHHH. OTMedaeTcsi HEYCTOMYHMBOE
TPaBSHUCTOE MOKPBITUE U CJEbl aHTPOMOTEHHOTO BO3ICHCTBUS (CIEIbl TPAHCIIOPTHON TEXHUKH,
BbITIaca CKOTa, PhIOOJIOBCTBA).
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AKTHBHBIE SPO3MOHHBIE TPOLIECCH BBIPAXKEHBI CJIa00, pa3MbIBBI OEPETOB UMEIOT JIOKAIbHBIN
xapaktep. BonHas pacTUTEIbHOCTh pa3BUTa B MPUOPEKHOM IMOJOCE M HAa OCepeAKax, 4TO
CHOCOOCTBYET aKKyMyJISILMM HAaHOCOB. COBOKYIHOCTH 3THX HPU3HAKOB ITO3BOJIET OIPEICIUTh
JAHHBINA YYaCTOK I10 THITY PYCJIOBOTO MpoIiecca KaK pyciioBasi MHOTOPYKABHOCTb.

3.1.2. KnroueBoii yyacTtok 2

KiroueBoit yuacTok 2 — BOAOpEryIupyOMas INIOTHHA HAXOAUTCS B YepTe ropojia ACTaHbl, B
paiione Kokran-1 u npegHazHaueHa sl peryJMpoBaHus ypOBHSA BOAHOW akBaTOpuu peku Ecuib B
ICHTPAJIbHOW YacTH ropojga B JeTHud u 3umHui nepuonbl (Esekej, 2024). B crtBope
TUAPOTEXHUYECKOT'O COOPY>KEHHUS PYCIIO PEKH UMEET UCKYCCTBEHHO CIPSIMIICHHBIN XapakTep. Boiie
TUTOTUHBI IIUPHHA 3€pKaJia BOJbI 3HAUUTEIHHO OOJIBIIE, YeM HUXKE, CKOPOCTh TCUCHUS Maja, Pycio
3aTOIUIEHO U co3aaercs 3¢ dexT Bogoxpanunuia. Hiske IIOTHHBI PyClio clIaOOKpUBOIMHEHHOE, C
TEXHOTEHHBIMH HACBITIIMH, HAPYIIUBIINE CCTECTBECHHBIN PEKUM (PUCYHOK 3).

Google Farth
Ji12::12,06.2024

Pucynoxk 3. KimroueBoii yuactok 2 — Bogoperynupyrorias miotuna (Mcrounuk: Maps Data: Google,
© 2025 CNES/ Airbus, 12.06.2024; ¢poTorpaduu aBTOpoB)

OOcneoBaHHbBIN y4acTOK pACIONIOKEH HHUXKE MO0 TEYCHHUIO OT IUIOTHHBL JIeBblit Oeper
MPECTaBICH BEICOKMM OOPBIBUCTHIM OTKOCOM (BBICOTa OpOBKH Oepera 10 3 M.) ¢ KyCTapHUKOBOU H
JYrOBOM PacTUTENHHOCTHIO TO0 OpoBKe, (MKCHUPYETCS aKTHBHBIA pa3MbIB U OOpYIIEHHE TPYHTA.
[IpaBerii Oeper WMeeT aHTPOMOTEHHBIM XapaKTep, BJOJIb HEro TAHYTCS OeperoyKpernuTelIbHbIC
HACBINIM HEPABHOMEPHBIE TI0 BHICOTE U COOPYKEeHA OETOHHAS HAIPaBJISIONIas Jam0a, BEICTYIAIOIas
B pycio. Ota 1amba OTBOJIUT OCHOBHOW TOTOK K JIEBOMY O€pery, 4TO YCHIIMBAEeT €ro pa3MbIB, a Y
MPABOrO CO3JA€T 30HBI OCIAOJICHHOTO TEUEHHs, TJe MPOUCXOAUT 3auseHue. [lo Tumy pycroBbIx
MPOIIECCOB  YYaCTOK OTHOCUTCS K TMPSIMOJMHEHHOMY Hepa3BeTBIeHHOMY. OJHako mpu
OPSIMOJIMHEHHOM IUIaHE pycia 37ech (POPMHUPYIOTCS TMOTOKH W SJIEMEHTHI (TUDKU, MOOOYHM),
XapakTepHBIC ISl TTOOOYHEBOTO pycia. JTO SBISETCS CIECICTBHEM BO3ICHUCTBUS HAIPABISIONICH
IaMOBI U THIIPOTEXHUYECKOTO COOpYyKeHUsl. B pamkax ucciaenoBaHUsSI THUIT PyCIIOBOTO Ipoliecca Ha
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JAaHHOM y4yacTKe IUJJAHUPYETCSl YTOYHUTh HA OCHOBE AaHalM3a [UHAMUKUA pa3MblBa IO
Pa3HOBPEMEHHBIM KOCMHMYECKMM CHUMKAaM, BKJOYas IE€pUOJ [0 AaAKTUBHOM 3aCTPOMKH U
peryiIupoBaHusl CTOKA.
3.1.3. KnroueBoit yuactok 3

KiroueBoit yuactok 3 mpeacraBisieT co00i pykaB peKd MOl MOCTOM MEXAy cenaMu Tanankep
u Hypecuiib. [l KOppEKTHOIO OIpeAESICHUs] TUIAa PYCIOBOTO IPOLECCa AHAIU3UPYETCS HE TOJIBKO
JIaHHBII PyKaB, HO U BCS MOMMa paccMaTpuBaeMoro yyactka. [1o pesyibpraTaM aHanm3a KOCMUYECKHX
CHUMKOB IIMpHHA TNOWMBI peku cocraBisger 0,5-2,5 kM, Xapakrepusyercs MHOKECTBOM
PaBHO3HAYHBIX PYKABOB, CTapull, MPOTOK U OCTPOBOB (puUCyHOK 4). Hanuume 3THX NpU3HAKOB
MIO3BOJISIET OTHECTH JIAHHBIN YYaCTOK K TUILY HOMMEHHON MHOTOPYKaBHOCTH.

N

(6)

Pucynok 4. ®parMeHT KOCMHUYECKOTO CHUMKa MOMBbI peku Ecunb mexnay cemamu Tanankep u
Hypecwuis. (a) — caumok B iepuo sietHer meskenu (Mcrounnk: Maps Data: Google, © 2025 CNES/
Airbus, 06.07.2023) u (6) - cHuMOK B iepro 1 Becennero mosoBoabs (Mcrounuk: Maps Data: Google,
© 2025 CNES/ Airbus, 01.05.2015)

Cpenu MHOXECTBAa PYKaBOB U IIPOTOKOB MOWMBI BBIJICISAETCS KITFOUEBOM y4yacTok 3. Pycio Ha
JAHHOM Yy4YacTKe OJHOPYKaBHOE, CIAa0OM3BWIIMCTOE, HEYCTOMYMBOE B IUIAHE, C OTACIbHBIMH
3amBaMu. bepera MOKpBITHI T'yCTOM PacTUTENHHOCTRIO, 32 UCKITIOYCHUEM TPaBOTO Oepera y MocTa,
KOTOPBI UMEET KPYTOH OTKOC U JIMIIIEH PaCTUTENBHOTO MoKpoBa. Ha o6oux Geperax npucyTcTBYIOT
JOpO’KHAsT HHPPACTPYKTYpa U CIIECIBI AHTPOIIOTC€HHOTO BO3CHCTBUS (PUCYHOK 5).

Google Earth k)

Jata: 06.07.2023 ' |} > : N 13.07.2025

image ©2025 Airbus

Pucynoxk 5. KiroueBoii yuactok 3 — moct mexxay cenamu Tamankep u Hypecuns (Mcrounuk: Maps
Data: Google, © 2025 CNES/ Airbus, 06.07.2023; ¢poTorpaduu aBTopoB)
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[ToneBpie HaOMIOACHUS TpoBOAMWIHCH B Hiose 2024 1. m 2025 r. B Xoae BU3yaJIbHOTO
oOcienoBaHusl ydyacTka peku Oblia 3aUKCHpOBaHa BBIpaKCHHAss OpoBKa Oepera W KpyTOH OTKOC,
JUIICHHBIA pacTUTENbHOCTU. BbicoTa Oepera coctasisieT okoio 1,4 M, a JJIMHA pa3MbIBaeMON YacTH
okoji0 40 M. IIpoTuBONONOXKHEIM Oeper B ¢opme 3amuBa HE AEMOHCTPUPYET NMPU3HAKOB Pa3MbIBA.
[IpaBslii Oeper BbIlIE 110 TEYCHHUIO MOABEPraeTcs pa3MbIBY, YTO MOATBEPIUIOCH BO BpeMsl BTOPOTO
nojieBoro oocienoBanus. OCTajabHbIE YHaCTKH OEperoB MOKPHITH KaMBIIIOBOH PaCTUTEIBHOCTHIO Y
ype3a BOJibl, 32 KOTOPOU cleAyeT 30Ha KyCTapHUKOBOM M TPaBSHUCTOM pacTUTelbHOCTU. Huxke mo
TEYCHHIO 32 MOCTOM HAOIIOJAIOTCSl HACKIH B BHJIE JaMO, pacloio>KeHHBIE BIOJb MIPaBoro oepera,
JeBBIN Oeper pa3MbIBAETCs JIOKAIbHO.

3.1.4. KimroueBoii yuacTtok 4

Ha paHHOM KOCMHYECKOM CHHUMKE BBISBIIEHA IIHUPOKAas IOWMEHHAas TEPPUTOpUS C
BBIPaKCHHBIM aHTPOIIOT€HHBIM BO3/1EHCTBUEM B BUE aBTOMOOUIILHOM JIOPOTH, NEpeceKarollel 1Ba
nporoka peku. lllupuHa moiimsl JOCTUTaeT A0 3 KM, €€ MOBEPXHOCTh HEOAHOPOJHA 10 XapaKTepy
PaCTUTEIBHOCTH U COAEPIKUT 3HAYUTENILHOE KOJIMYECTBO CTapUll M CJIEA0B NpPEeXHUX pycen. B
IpeJieNnax y4yacTKa pycio peku Ecuiib MHOropykaBHOE, BBIIEIUTD TJIaBHBIA PYKaB 3aTPYAHUTEIBHO.
[To mopdonornyeckum mpu3HaKaMm JTAHHBIH OTPE30K OTHOCHTCS K IMOMMEHHOW MHOTOPYKAaBHOCTH,
IIPU 3TOM OTZAEJIbHBIE pyKaBa MOT'YT Pa3BUBATHCA 10 CAMOCTOATEIBHOMY THILY PYCJIOBOTO IpoLiecca

(pucynox 6).

13.07.2025
arth
o092 b2 2023

13.07.2025 27.07.20%4.

Pucynok 6. KirroueBoii ygacTtok 4 — JIOpOKHOE IMOJIOTHO MEXIy celaMu AkmemmitT w PoawHa
(Ucrounuk: Maps Data: Google, © 2025 CNES/ Airbus, 06.07.2023; dpororpaduu aBTopoB)

[Ipu oOcnenoBaHUM TPAaBOTO pykaBa 3aHUKCUpOBaHA JOPOXKHAS HACHINb, MEPECEKAIOIIas
MIPOTOKH, a TAaKXKe BOJOMPOITYCKHBIE COOPYXEHHS ¢ OETOHHBIMU TpyOaMu-KyJabBepTaMu. PycioBsie
MPOIECChl HAa JIaHHOM pPYKaBe Pa3BHBAIOTCS IO TUIY CBOOOJHOTO MeaHApPUPOBaHUSA. BeposTHO,
MPOTOKA HAaXOMUTCS Ha CTaJid HE3aBEpPIICHHOTO MEaHIPUPOBAHMS, YTO TOATBEPIKIACTCS
OTCYTCTBHEM IIOJIHOM TOTEPH CBS3M pyclia Ha U3NydnHE. DTO COCTOSTHUE 00YCIOBUIIO OOpYIIEHUE
PBIXJION TOPOXXHOW HACKHIMK BBIIIE OEPErOYKPENMUTEIbHBIX KOHCTPYKIUK (O€TOHHBIX IUIWT),
YCTaHOBJICHHBIX Y BOJOIPOIYCKHBIX TPYO. YKpETIeHUs BHITIOTHEHBI U3 JIESTKOCMBIBAEMOTO TPYHTA,
UMEIOTCs cliefbl pa3mbiBa. Cuia MOTOKAa OKas3ajlach JOCTAaTOYHOW JUIsl pa3pylIeHHs W CMbIBA
OETOHHBIX 3JIEMEHTOB C MPOTHBOIOJIOXKHON CTOPOHBI TPYO, UTO MPHUBENO K 00pa30BaHUIO B pycie
KacKkaja U3 OTJIO)KEHHBIX HAaHOCOB. OTMEYEH CMBIB YaCTH JIOPO’KHOM HACHIIH, YTO BHI3BAJIO CYKCHHE
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noporu. lupuna gopoxknoro nosiotHa B utosie 2024 rona cocraisiia 8 M, a Kk uromo 2025 roga
COKpaTHjach 10 5 M. Mexly IpOTOKaMH BBISBIEHBI YYaCTKH NEpeOPOCKU CTOKA Yepe3 MOA3EMHbIE
TpyObI Majioro quamerpa. Beicota noporu cocrasisier okoio 1,5 M, 6epera MmectaMy MOAKPETIIICHBI
KPYIHBIMH IJ1bI0aMu. B nienoM okoso 50 M TOpOKHOIO MOJOTHA MEXAY MPOTOKAaMH IOJIBEPKEHO
pa3MbIBY.
3.1.5. KnroueBoit yyacTok 5

B paitone r. Jlep:kaBUHCK pe3KO€ W3MEHEHME HaIpaBICHUSA TeueHUs peku Ecwib ¢ roro-
3aMaJHOr0 Ha CEBEPHOE OOBACHAETCS IepeceueHUeM ABYX MOPQOCTPYKTYp — aKKyMYJISITUBHO-
JICHYJallMOHHOW paBHUHBI CapblapKu U IUIACTOBO-AeHyAannonHoro Topraiickoro miato (Medeu et
al., 2010). Topraiickoe IATO MPEACTABISIET COOOM MPHUITOAHATYIO CTAOUIBHYIO MOPHOCTPYKTYPY C
MOITHOM TOJIIEH NaleoreH-HEeOreHOBBIX OTIOXKEHUH, (OPMHUPYIOUIYIO JIOKAJbHBIA Oapbep s
IUIAHOBOT'O CMeIIeHMsl pycia. BceneacTBue 3Toro pasBurue HMOWMBI M CMEIIEHUE JOJIMHBI B
JEeBOOEPEIKHYIO CTOPOHY OTIPAaHUYUBAIOTCS, (OPMHUPYETCS CIIA0OM3BUIIMCTOE, IMPSIMOJMHEHHOE
pYCIIO C NPEeUMYIIECTBEHHO MpaBoOepekHOW MoiMoil. B mpenenax ydyacTka pycio B OCHOBHOM
OJIHOPYKaBHOE, C OTHOCUTEILHO OJHOPOIHON IIMPUHOM U MO COBOKYITHOCTH MPU3HAKOB OTHOCUTCS
K TUIIy OTPAaHMYEHHOTO MEaHpUPOBaHUs BOI0TOKA. OIHAKO B CpEeJHEH YacTH KIIFOUEBOI'O y4acTKa
5 mHaOmomaercss TmpaBas H3JIyddHA, paHee KMEBINas CBS3b C OCHOBHBIM pyCiIOM, a Ha
IPOTUBOIOJIOKHOM Oepery (UKCUPYIOTCS CTapullbl ObIBIIEro pykaBa. JlaHHbIM ydacTok
npeJcTaBisieT co00il MHTepeC, MOCKOJIbKY, HAX0ISCh B YCIOBHSIX OTPaHUUEHHOIO MEaHPUPOBAHMUSI,
pyciio B Ipefesax MOHMBbI MPOSBISET 31€MEHTbl MOWMEHHOH MHOIOPYKAaBHOCTU U 3aBEPILIEHHOIO
MEaHIPUPOBaHUs, a 000COOICHHBIN MPaBBI PyKaB HAXOAMUTCS HA CTaTUH (POPMHUPOBAHUS CTAPHUIIBI
(pucyHnok 7).

éoogle Earth [ N Google Earth

Haza; 05.08.2022 ) Harta: 05.08.2022

Pucynok 7. KitoueBoii yuactok 5 — 1. [lepxkaBunck (Mcrounuk: Maps Data: Google, © 2025 CNES/
Airbus, 05.08.2022; dhotorpaduu aBTOpoB)
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[Tpu Bu3yambHOM OCMOTpE JIEBOTO Oepera oIpeaenseTcs y3kas noMa ciaboHaKIOHEHHas! K
pycily pEKH U ITOKPBITasi KyCTApHUKOBOW PaCTUTENIBHOCTHIO. Bhlllle pacnonaraercs BbICOKHI KPyTOil
CKJIOH OpOBKH, MEPEXOSIIUIN B Teppacy BBICOTON 0KOJIO 6-7 M. B BepxHeii 4acTu CKIIOHA Teppachl
PaCTUTENBHOCTh PA3PEKEHHAsI, MPEUMYIIECTBEHHO TPABSHUCTAsA, 3aMETHBI CJIEJIbl BPE3aHUS U
CMBIBA, BEpPOATHO C(HOPMUPOBAHHBIE B pe3yJbTaTe BBICOKMX MaBOAKOB. Ilo OpoBke Teppacs
IIPOXOAUT J0pOra, BJIOJb KOTOPOM PpAaCIOJIOKEHBI JKUJIbIE JOMa, IMOCTPOUKHM M KOMMYHHKALUH.
[oiiMa 3aHATa T'YCTBIMH KYCTAPHHUKOBBIMH 3apOCISIMH, MEPEXOSIIUMH B MPUOPEKHO-BOIHYIO
pPacTUTEIbHOCTD (KaMblIll, TPOCTHHK).

[IpaBblii Oeper MOHW)KEHHBIN, MMEET NMOWMEHHBIN Xapakrep. Ee moBepXHOCTh mmpoKas, ¢
XOPOIIIO BBIPAXKEHHOM I'yCTON KYCTapHUKOBOW PAaCTHTEIIBHOCTHIO. Penbed 6oee MATKUN 1 TIOJIOTHIA
10 CPAaBHEHHMIO C JIEBBIM OEpErom, ipko BEIPaKEHHBIX OPOBOK M 0OpBIBOB HEe Habmogaercs. Huke mo
TEYEHUIO, B paiioHe u3ruda pycia, Ha mpaBoM Oepery GUKCUPYIOTCs OeperoBble OTKOCHI, JTUIIEHHBIE
TPaBSIHUCTOM pacTUTENbHOCTU. Ha CKJIOHaX OTYETIMBO NPOCIIEKUBAIOTCA CIEAbl pa3MbiBa U
JIOKaJIbHOTO 00pyIIeHus TpyHTa. B X0/e moneBoro oocneaoBanus MOATBEPKACHO HAIUYUE 0OphIBa
IPOTSKEHHOCTHIO0 0K0s10 160 M. 1o cpaBHEHUIO ¢ y4acTKOM BbIIIE IO TEUEHUIO, I7I€ NPpaBblil Oeper
uMeN TOMMEHHBIA XapakTep C T'YCTOM PacTUTENbHOCTBIO, 3/IeCh HaOMoIaeTcsl mepexos K Oomee
KPYTBIM O€pEeroBBIM OTKOCaM, ()OPMHUPYIOIIUMCS B Pe3yJIbTaTe YCHUIICHUS 3PO3HOHHBIX MPOIECCOB
IIpU BO3JICHCTBUU TEUEHHUs B 30HE M3ruba pycia. Hmwke mo TedeHHio MoMMEHHas pacTUTEIbHOCTh
CTAaHOBUTCS 3HAUUTEIBHO PEXKE WJIU IMOJIHOCTbIO OTCYTCTBYET, a 3a MpejesiaMu OeperoBoi JIMHUU
npeodiaatoT MaXOTHBIE YTOJIbSI.

4. O6cyxneHue

Pe3ynbraThl NpOBEIEHHBIX MOJEBBIX HCCIEA0BaHUM Ha peke Ecnib B npenenax AKMOIMHCKON
00JyacTu JOMOJHAIOT M YTOUHSAIOT JAaHHBIE JUCTAHIIMOHHOTO 30HAUPOBaHUS 3eMJIH. BbIsSBIeHHbBIE
YYaCTKU aKTUBHOI'O Pa3MbIBa, (OPMUPOBAHUE U3ITYyYUH, 3JIEMEHTOB MHOTOPYKAaBHOCTH U CTapHIl
COIJIACYIOTCS C MOJIOKEHUIMH TeopuH pycioBoro mporecca (Kondratyev et al., 1982; Snishchenko,
1985; Chalov, 2011). CpaBuenue ¢ apyrumu uccieaoanusmu (Mandal, 2017; Sultana et al., 2025;
Gharti et al., 2025) noka3siBaeT, 4TO Aa)ke€ Ha OTHOCHUTENBHO CTaOMIBHBIX MOP(OCTPYKTYpax
JOKallbHbIE (AaKTOpPbl — CE30HHbIE KOJEOAHHWS CTOKa, NABOJKH, PpAaCTUTEJbHBIA IOKPOB,
XO35IICTBEHHOE OCBOEHHE NOWMBI — MOTYT CYIIECTBEHHO YCWJIMBATh JPO3MOHHBIE IPOLECCHl U
U3MEHATh YCTONYHMBOCTH OEPETOB.

Oco0blit HHTEpEC MPEACTABISAIOT YYaCTKU C OTPAaHUYEHHBIM MEaHIPUPOBAHUEM U NMOMMEHHON
MHOTOPYKaBHOCTbIO, TJI€ B YCIOBUSAX MOP(OCTPYKTYpPHBIX OapbepoB pyclo JIEMOHCTPUPYET
COYeTaHUE MPU3HAKOB CTAOUIBHOCTH M aKTUBHOT'O OOKOBOT'O pa3MbIBa. DTO COOTBETCTBYET BBIBOJIAM
3apyOeKHBIX aBTOPOB O MPOCTPAHCTBEHHOM W BPEMEHHON HM3MEHUYMBOCTH OEpEroBOM 3PO3UU U
murpariu pycen (Boothroyd et al., 2021; Dragicevic et al., 2017).

CpaBHeHuE pe3yabTaTOB AMCTAHIIMOHHOTO aHalM3a C MOJEBBIMHU HAOIIOJEHUSIMH MOKa3ajo,
4TO HauboJee Ha/Ie)KHBIMU MTPU3HAKAMH, BBISBISIEMBIMA HA KOCMUYECKUX CHUMKAX, SBISIOTCA:

- (hopma pycia (IpSIMOTUHEHHOS/M3BUIINCTOE PYCII0, HATHYHE PYKABOB, U3JIY4YHUH, OCTPOBOB);

- yeTKas OpoBKa Oepera u KpyTble OTKOCHI, JTUILIEHHBIE PACTUTEIbHOCTH;

- cjesibl 00pa30BaHus CTapUIl U IPOTOK.

OTH 3IEMEHTBHl XOPOLIO pa3IW4MMbl JaXE€ Ha CHHMMKAaxX CpPEIHEro pa3pellieHus, YTo
o0OecrieunBaeT BBICOKYIO BOCIPOM3BOJUMOCTh HHTepIpeTanuu. MeHee HaJeKHBIMU OKa3alHCh
NPU3HAKH, CBSI3aHHbIE C PACTUTENBHBIM TIOKPOBOM U MEJIKOMACHITA0OHBIMH W3MEHEHHSIMHU
(JlokanbHBIE OBpary, 3auj€HUE MEJIKUX MPOTOKOB, CE30HHOE 3aTOIUIeHHe MOoNMBI). MIX KoppekTHOe
OTIpeIeIeHNE OCJIOKHSACTCS Pa3HOBPEMEHHOM CheMKON M CE30HHBIMH KOJIEOaHUSMHU YPOBHS BOJIBI.

[ToneBble HaOMIOIEHUS TOATBEPIMIIN, UTO HH)KEHEPHBIE COOPYIKEHHUS CYIIIECTBEHHO U3MEHSIOT
€CTECTBEHHBIN pexuM TeueHus peku Ecuib. Ha yuacTke Bogoperynupyromei IoTHHbI (Y4acTokK 2)
HCKYCCTBEHHOE CIIPSIMIJICHHE pyciia U HaJTM4YKe HalpaBJIstoniei 7aMObl CO3/1al0T IiepepacnpeiesieHue
MIOTOKOB: YCHJIMBAETCS pa3MBbIB JIEBOTO Oepera, a y mpaBoro HabJrogaercs 3auiieHue. B 30He MOCTOB
(ygactok 3) popMuUpYIOTCS JTOKaIbHBIE YCKOPEHHUS IMOTOKAa U Pa3MbIBBl OTKOCOB BOMM3M omop. Ha
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y4acTKe JOpOXKHOW HachblM (y4yacTOK 4) MEpeKphITHE IPOTOKOB M HEAOCTATOYHAs IPOITYCKHAas
CHOCOOHOCTh TPYO IpHMBENM K H3MEHEHHMIO HAIpaBICHHUsS IOTOKAa, YTO BHI3BAIO CMBIB YacTu
JIOPO’KHOTO IIOJIOTHA M 00pa3oBaHME KacKaJa HAHOCOB. OTH IPUMEPhl IOKa3bIBAIOT, YTO
aHTPOIIOT€HHbIE OOBEKTHI MOTYT HE TOJIBKO YCHJIMBAaTh 3pPO3MI0, HO M CIIOCOOHBI (hOPpMHPOBATH
JOKaJbHBIE M3MEHEHHs MOp(OIMHAMHMKH pycia. B pesynpraTe BMeEIIaTENbCTBA BO3HHKAET
TpaHchopMalMs  €CTECTBEHHOTO THUIIa PYCJIOBOrO Ipoliecca: HampuMmep, Ha  Yy4acTke
NPSAMOJIMHEHHOTO pyciia Mo/ IeHCTBUEM HaIPaBJISIOIIEH JaMObl ¥ THAPOTEXHUYECKOTO COOPYKEHUS
IPOSIBIIAIOTCS Y€PThI TI0OOYHEBOr0 TUIA PyCIIa.

ComnocTaBiieHle AaHHBIX KOCMHYECKHMX CHUMKOB M TIOJIEBBIX HAONIOJEHHMN IOKAa3ajo, YTO
JUCTAHIIMOHHOE 30HAMpOBaHHE 3()(YEKTUBHO s BBIABICHHUS OOLIMX TEHAECHUUH pYyCIOBBIX
M3MEHEHUH, OJIHAKO MMEHHO IOJIEBOW 3Tall MO3BOJIAET YTOYHATh UX MAcCIITa0bl, MOATBEPXKAATh
XapakTep PO3UOHHBIX MPOLIECCOB U OLIEHUBATh TEKyIlee COCTosHUEe OeperoBoit nuHum. [losneBsle
HaOJII0ICHUS TPOBOIUIIUCH B JIETHIOKO MEXKEHb, YTO TO3BOJIMIIO 3a(DUKCUPOBATH JIEMEHTHI PYCIOBOM
Mopdororuu. B nanpHelimem neaecoo0pa3Ho paclMpuTh HAOMIOAEHUS Ha IEPUOJL ITOJIOBObS A
OLICHKH I'paHUI] IOMMBI U COCTOSIHUS pyciia BO BpeMs 3aTroruieHui. CylecTBEHHbIM OIrpaHUYeHUEM
UCCIICIOBaHMs SIBJISIETCS HEAOCTATOYHOCTh JIAHHBIX 10 JKHJIKOMY M TBEPAOMY CTOKY, CKOPOCTH
IIOTOKA U PAacXoJaM BOJIbI 110 BCEH JTIMHE PEKU.

[Ipumenenne OecnmioTHBIX JietarenbHbIXx anmapatoB (BIIJIA) mpoaeMoHcTpupoBaio
BBICOKYI0O MH(OPMATHBHOCTH: TaK, Ha KIIOYEBOM YYacTKE 5 yAaJoCh IONYYUTh JETAIbHOE
n300pa’keHre pa3MbIBAEMOro Oepera, HE HMHTEPHIPETUPYEMOTO MO KOCMHUYECKHMM CHMMKaM. OTO
MOJYEPKUBACT HEOOXOIUMOCTh IIOJIEBOTO JTalla WCCIEAOBAaHUN Ui BepU(UKAIUN JTaHHBIX
JUCTAHIIMOHHOI'O 30HIUPOBAHUS U YTOUHEHUS MaclTada U XapakTepa pyciIoBbIX H3MEHEHUH.

5. 3ak/04eHue

1. B pe3ynbTaTte MpoBEEHHBIX UCCIEIOBAaHUM JUIsl y4acTKOB pycia peku Ecuib B mpeaenax
AKMOJIMHCKOM 00JIacTH BIEPBbIE BBIIIOJHEHO ONpeE/eIeHNEe TUIIOB PYCIOBOI0 Mpoliecca Ha OCHOBE
cxeM seopmalnii B COOTBETCTBUU ¢ ruapomMopdosiornueckoit reopueil pycinosoro mpouecca (I'TH).
[TpoBeneH aHanM3 U 1aHO JIETAIBLHOE ONKCaHHE MOP(HOIOTHUECKUX NMPU3HAKOB, UCTIOIb3YEMBIX MPU
nemupUpOBaHUN KOCMHUYECKUX CHUMKOB. Jlemm@poBOvHbIE MPU3HAKH PYCIOBBIX Ae(opmaruii,
BBIJICJIEHHBIX 110 KOCMHYECKUM H300paXXeHHUsSM, MOATBEPAMIIMCH MPHU HATYpHOM IpOBEpKe, 4TO
CBUJIETENILCTBYET O HAJIEKHOCTU U BOCIIPOU3BOIUMOCTH IPUMEHEHHON METOIMKH.

2. TloneBble uccnenoBaHus peku Ecuip moATBEpAMIM HMPOCTPAHCTBEHHYIO H3MEHUMBOCTH
PYCIIOBBIX MPOLIECCOB: OT PYCIOBOM MHOTOPYKAaBHOCTH B BEPXHEM TE€UEHHH JO NMPSMOJIMHEHHOTO
pycia ¢ OrpaHHYEHHBIM MEaHIPUPOBAHUEM HUKE 110 TEUCHUIO.

3. Hambomnee axkTuBHBIE mpolecchl jaedopMaiiii OeperoBoil TMHUNA (PUKCHUPYIOTCS B 30HAX
AQHTPOIIOT€HHOT'0 BO3JEHCTBUS (HAmpaBisIOIUME JaMObl, MOCTBI, JIOPOKHBIE HACBIIH), YTO
MOJITBEPKIA€TCSI OTCYTCTBUEM PACTUTEIBHOCTHU M pa3pyLICHUEM OTAEIbHBIX KOHCTPYKIHI.

4. Tumom pyciaoBOro Imporecca ¢ TOBBIIIEHHONH 3PO3MOHHON ONAcHOCTBIO  JUIS
UHPPACTPYKTYPHBIX OOBEKTOB SIBJSIETCS TMOWMEHHAass MHOTOPYKAaBHOCTB. JIJIT TakMX y4acTKOB
XapaKTepHBI IIMPOKas, HU3Kas W YacTO 3aToIUiseMas IoiiMa, BBICOKAs MUHAMUYHOCTH pYyCIia,
3aTpyJHEHHOE BbIJIEJICHUE TJIABHOIO PYKaBa W BO3MOXKHOCTh PA3BUTHUS OTIEIbHBIX NMPOTOKOB IO
CaMOCTOSITEILHOMY THUIy PYCJIOBOTO Ipolecca. OTH OCOOCHHOCTH TMOBBIIIAIOT PUCKU TS
UHPPACTPYKTYPHI — Pa3MBIB IOPOXKHBIX HACKHITIEH W OITOP MOCTOB, OBPEXKICHHE BOIOTIPOITYCKHBIX
COOpY’KEHH, 3aTOIJICHNE MPUIIETAIOIIUX TEPPUTOPUI U OOBEKTOB.

5. IlomyueHHble MaTepuaibl CBUAETEILCTBYIOT O MEPCHEKTUBHOCTH KOMIUIEKCHOTO TOJX0/a,
COYETAIOLIEero UCIOJIb30BaHUEe KOCMUYECKIX CHUMKOB, BITJIA, reonH(popMalinOHHBIX TEXHOJIOTUH U
MOJICBBIX HAONIOJACHUHN I MOHMTOPHHTA JWHaMHKK pycen pek Kazaxcrama. Takoit momxon
MIO3BOJISIET MOBBILIATH TOYHOCTh MHTEPIPETalni MOPHOIUHAMUYECKHIX MTPOIIECCOB, pa3padaThIBaTh
MOJIeJIM MPOTHO3HPOBAHUS W3MEHEHUS OEpEeroBoil JMHUM W YYWUTHIBaTh BIUSHUE MPUPOJHBIX
AHTPOIIOTEHHBIX (pakTOpoB. bynymiue nccnegoBanus 1enecooOpa3Ho MPOBOIUTH TAKXKE B EPUOIBI
MOJIOBOJUM JUTsI OLIGHKW TPaHUIl TMOWMBI, CKOPOCTEH pa3MblBa M CMEIICHHS OEperoB, a TakkKe
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pacHIUpsTh PETYISIPHBIA MOHUTOPHUHT ¢ mpuMeHeHneM BITJIA, uro 6yaer cmocoOCTBOBATH CO3TaHUIO
HAJSKHOW CHUCTEMBbI HAOIIOJEHUH 3a pyCIOBBIMU Tporieccamu. Pacmupenue npumenenus BITJIA
MO3BOJIUT OMNEPATUBHO IOJIy4aTh OO030pHBIE CHUMKH pycjia MO BCed mupuHe, (PUKCHPOBATH
U3ITyYUHBI U pyKaBa, yTOUHITh MOP(OJIOTHUECKHE N3MEHEHHUS.

6. IlonydeHHble pe3yNbTaThl CO3/AIOT OCHOBY I pa3pabOTKH KOMIUIEKCHOW METOJMKHU
JIOJITOBPEMEHHOTO MOHMTOpPMHIA PYCIOBBIX H3MEHEHMH pek Kaszaxcrana, NpOrHO3MpPOBAaHUS
Tparcopmaruii O6eperoB u pycia, a TaKXKe OICHKH BO3JACHCTBHSI HHKEHEPHON HHPPACTPYKTyphI HA
YCTOMYHUBOCTH OEPETOBOM 30HBI.

6. BcrmomorareabHbI MaTepuaJi: HECT BCIIOMOraTeJIbHOIro MaTrepuala.
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Bakbliaynan Tajggayra: JgajgajblKk  3epTTeyJiep apHAJbIK  e3repicrepai
3epaeJieyaiH OipiHIIi Ke3eHi peTiHae

Kynanei3 Epxkanosa, Tanrar Taykenos, Mepyept MycabaeBa, I'adbut Ecum0exoB

Angarna. Makanana Akmona oOnbIchl mmieriHaeri Ecin e3eHiHIH apHaNBIK MPOLECTEPIH 3epTTey
Ootipiama 2024 sxone 2025 xblaapAarsl Jana 3epTTeyJepiHiH HOTHXKeNepl YChIHbUIFaH. 3epTTeyliH
HETI3I1 MaKcaTbl KOCMOCTBIK CypeTTep/e apHa jaedopMalisIchl OpbIH ajlFaH aliMakTapAbl aHBIKTAY
YKOHE OJIap/Ibl TaJlajibIK 3€PTTEY JAepeKTepiMeH pactay 00abl. ¥3eHABIFRI 500 KM - IeH acaThlH 03€H
apHACHIHBIH 3EPTTENTeH ydJacKeciHae OapibiFbl 17 HEri3ri aymMak aHBIKTANIbI, OHBIH IMIiHAE 5
penpe3eHTaTUBTI aliMaK erkel - TerKensIl KapacThIpbUIbIN YCBIHBUIBL. AJIFAIl PET OChl ayMaK YIIiH
MOpGOJOTHIBIK Oenriiepre Tanaay >Kyprizuigi xkone Peceit denepanusicblHbIH MeMIIEKETTIK
THJIPOJIOTUSIIBIK HHCTHTYTHI 931pJIeTeH apHAIBIK MPOIECTEPIiH THAPOMOP(OIOTHSITBIK TEOPHICHIHA
coiiKec apHaIBIK MPOLECTEPAIH TYpJiepi aHbIKTaNAbl. Jlamanblk 3epTreynep 3po3usiFa eH OeriMm
OoJiFaH HETI3T1 aliMaKTapJbl aHBIKTAyFa >KOHE 3EPTTEJICTIH ©3CHHIH JKarajiay ChI3BIFBIHBIH JKOHE
MH)KEHEPIIK KYPBUIBICTAP/AbIH TOJBIK CHIIATTaMAChIH JaibiHAayFra MyMKiHaiK Oepai. Hotmwxkenepre
canaJjblK cumarramaap (apHajaapabiH MOP(OIOTHSCHIH CUIIATTaY, apHAJIBIK MTPOIIECTEP/IIH TYpIAEPiH
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aHBIKTAy) JKOHE CaHIBIK JepeKTep (Ppo3WsiFa YIIbIparaH KarajlayiaapblH OWIKTIrl, €HI >KoHE
Y3BIHJIBIFBI, J)KOJI OCTiHIH TapameTpiepi) kipeai. MHkeHepik KYphUIbICTap MEH €11l MeKEHEep YIIiH
alTapibIKTall Kayill TOHIIPETIH 3pO3Us Kaylli *KOFapbl ©3€H apHAJIBIK MPOLECIHIH TYpl aHBIKTAJJIBL.
KampIKThIKTaH 30HITAY JEPEKTEPIH NaalbIK 3€PTTEY HOTIIKEIIEPIMEH CAJIBICTBIPY apHaJIaplarbl
e3repicTepiH ayKbIMbl MEH CHUIATBhIH HAKThUIAy YLIIH KEWIeHI TOCUIAIH KOJJAHYBl >KOFaphl
THIMJIUIITIH KOPCETTi. AJIBIHFAaH HOTIDKEIIEp ©3€H JKarajay ChI3bIFBIH OaKbUIayJblH KEIIeH/Il
o/licTEMECiH d3ipiey YIIiH Heri3 OoJbIn TaObUIaAbl JKOHE apHANBIK MPOIECTEpi aHBIKTAy >KOHE
OakpuIay K€31H/1€ KAlILIKTBIKTaH 30HATAY JIEPEKTEPIH Maiaiany MyMKIHIAIKTEPiH 3epTTey OOMBIHIIA
JiCCepTalUSHBI JallbIHAaY Ke31HAe Nai1ananbluiaibl.

Tyiiin ce3gep: Ecin e3eHi, AananblK 3epTTEy 9MiCTepl, apHAIBIK KOHE 3PO3USIIBIK IMPOLECTEp,
JKarallay ChI3bIKTAPBIHBIH 3PO3HSICHI, ©3€H IPO3USICHI, KAIIBIKTHIKTAH 30HATAY

From Observations to Analysis: Field Research as the First Stage of Studying
Riverbed Changes

Zhuldyz Yerzhanova, Talgat Taukenov, Meruert Musabayeva, Gabit Yessimbekov

Abstract: The article presents 2024-2025 field study results on channel processes of the Yesil (Ishim)
River within Akmola region. The main goal was to identify areas with channel deformations on
satellite images and confirm them with field data. In total, 17 key areas were identified on the studied
section of the riverbed over 500 km long, and 5 representative ones were examined in detail. For the
first time, morphological features were analysed for this territory, and types of channel processes
were determined according to the hydromorphological theory developed by the State Hydrological
Institute of the RF. Field research revealed the most erosion-prone areas and provided detailed
descriptions of the river coastline and engineering structures. Results include qualitative
characteristics (channel morphology, process types) and quantitative data (height, width, length of
eroded banks, road surface parameters). A riverbed process with increased erosion hazard was
identified, posing risks to structures and settlements. Remote sensing and field data comparison
demonstrated the high efficiency of an integrated approach for clarifying the scale and nature of
channel changes. The obtained results form the basis for developing a comprehensive methodology
for monitoring river coastlines and will be used in preparation of a dissertation on using remote
sensing data to identify and monitor riverbed processes.

Keywords: Yesil River, field research methods, channel and erosion processes, coastline erosion,
river erosion, remote sensing
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Abstract: The article is dedicated to the creation of a digital
geoinformation framework for Central Kazakhstan based on the
integration of various sources of spatial data. The aim of the study is to
develop a structured GIS foundation capable of supporting analysis,
ecological monitoring, and spatial modeling in a region with high natural
resource potential. Methods included the integration of cartographic
materials, remote sensing data, and digital elevation models, followed by
georeferencing, vectorization, topology assessment, and spatial data
analysis. Quantitative results showed that the hydrographic network of
Central Kazakhstan includes 12,681 km of rivers and streams, 1,572 lakes
with a total area of 11,354 km?, as well as 63,028 km of roads and 8,288
km of railways. Accuracy assessment of digitized lake boundaries
demonstrated high consistency between Landsat-9 and OSM (loU = 0.86;
Dice = 0.92). Morphometric derivatives such as slope, aspect, and
hillshade were generated to delineate erosion-prone zones and assess land
degradation risks. The practical significance of the research lies in the
creation of an updated digital GIS framework that can be applied for
spatial planning, environmental monitoring, infrastructure management,
and scientific purposes. The developed system supports WebGIS
platforms and can evolve into a regional digital twin using real-time data.

Keywords: GIS basis; digital map; cartographic materials; remote
sensing data; Central Kazakhstan Region; spatial planning; digital
framework; Central Kazakhstan GIS framework.
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1. Introduction

In recent decades, the role of Geographic Information System (GIS) technologies has grown
significantly, becoming a key tool in managing land resources, natural hazards, and environmental
sustainability (Kurowska et al., 2020). The implementation of modern digital geoinformation
technologies across various sectors of the national economy is aimed at fostering its intensification
and optimizing the use of natural resource potential (Zhao et al., 2024). This, in turn, requires the
availability of a high-quality, structured, and spatially referenced digital foundation.

GIS is a framework designed for the collection, storage, processing, analysis, management, and
presentation of spatial or geographic data (Ananda et al., 2016). GIS data structures for analysis are
defined as “themes of geospatial data identified as the basis upon which all other layers of data are
structured and integrated for analysis and application” (Makanga et al., 2016).

In most high-income countries, large-scale maps and structured GIS data are readily available.
However, in much of the world, such data remain largely inaccessible, and the available datasets are
often stored in private databases held by non-governmental organizations and corporations (Tatem et
al., 2007).

In Kazakhstan and Central Asia, several local studies have highlighted the challenges of pasture
degradation, soil salinization, and vegetation change under climate variability and anthropogenic
pressures. Vegetation phenology in Central Asia strongly responds to climatic gradients, emphasizing
the need for systematic monitoring (Kariyeva & Van Leeuwen, 2011). More than 40% of
Kazakhstan’s territory shows signs of significant land degradation, with pasturelands particularly
vulnerable to overgrazing and desertification processes (Issanova et al., 2020). National reports of the
Kazhydromet confirm that the region has experienced a steady warming trend and recurrent droughts,
directly affecting vegetation productivity (Kazhydromet, 2020). These changes have contributed to
the expansion of arid zones, with semi-arid lands progressively transitioning into more arid conditions
across Central Kazakhstan (Bissenbayeva et al., 2025). These findings underline the necessity of
developing a structured digital GIS framework that can integrate diverse datasets and provide a
reliable basis for spatial planning and sustainable resource management in Central Kazakhstan.

The central region of Kazakhstan, with its vast territory and distinct natural and socio-economic
characteristics, requires the development of a digital platform that can serve as a foundation for spatial
analysis, monitoring, and modeling. For this reason, geoinformation systems have become
ubiquitous. Data curation, map visualization, geocoding, and online deployment using GIS
technologies represent user-generated content that is interactive, geolocated, and essential. However,
Central Kazakhstan faces challenges such as a lack of regularly updated spatial data and limited public
accessibility of geospatial information, which complicates planning and monitoring processes.
Establishing a GIS foundation is a key stage in the creation of such a digital platform.

Study area. The study area — Central Kazakhstan consists of two administrative regions:
Karagandy and Ulytau, with a total land area of 42.8 million hectares (Figure 1). The region includes
a denudation plain known as the Kazakh Uplands, where steppe and dry steppe (semi-desert) soil and
vegetation zones are clearly expressed, characterized by a semi-arid climate. This territory accounts
for 37.4 million hectares of agricultural land, of which pastures — 35.2 million hectares or 94% of all
agricultural land. 15.8% of the region's land (14.8 million hectares) is part of reserve lands, of which
87.2% are pastures (Pachikin et al., 2014).

The region plays an important role in the economic structure of Kazakhstan, with industries
such as mining, agriculture, and energy production. There are about 13 thousand agricultural
formations in the region. Livestock products account for 56.8% of the total gross production of the
agricultural sector in the region under study. The livestock population in the region is growing both
on farms and in private households. Due to the lack of pastureland, villagers are forced to keep their
livestock practically in the yard, since pasture lands near settlements are not used for their intended
purpose or are degrading. According to statistics from the Department of Agriculture of the
Karaganda Region, as of January 1, 2022, the region contains about 800 thousand heads of cattle,
over 1,381 thousand goats and sheep, and more than 537 thousand horses. Also, personal subsidiary
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farms contain about 321 thousand heads of cattle, about 474 thousand heads of small cattle, and more
than 164 thousand horses (World Bank, 2021).
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Figure 1. The object of the study (Source: compiled by author)

2. Materials and methods
2.1. Data Sources and Integration

The methodological workflow involved initial preprocessing, georeferencing, vectorization,
attribute tagging, and conversion of raster datasets to analysis-ready layers.

The process of forming the digital GIS framework for Central Kazakhstan was based on a
comprehensive approach that involved the integration of heterogeneous spatial data, including
traditional cartographic materials, remote sensing (RS) data, and digital elevation models (Table 1),
their structural unification, and subsequent analytical processing. This integration ensured spatial
consistency across all thematic layers and provided a unified basis for further spatial analysis. Special
attention was given to maintaining geodetic accuracy and semantic integrity when merging datasets
from different sources and scales.

To implement the data integration and analysis procedures, several GIS tools were employed.
ArcGIS Pro was utilized for georeferencing, digitization of cartographic sources, and raster-vector
data management using tools such as Spatial Analyst and Raster Calculator (Esri, 2020). Google Earth
Engine (GEE) was applied for cloud-based processing of satellite imagery, spectral indices
calculation, and classification (Gorelick et al., 2017). These platforms ensured efficient handling of
large datasets, spatial harmonization, and extraction of key landscape features essential for the
regional GIS framework.

In the development of the digital GIS framework, an integrative geoinformation modeling
method was applied, based on the combination of cartographic data, satellite imagery, and digital
elevation models. This approach is recognized as effective for regional mapping of areas with diverse
natural and geographical structures (Goodchild, 2007; Longley et al., 2015).
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The key stages included correction of geometric and spectral characteristics, standardization of
spatial resolution, and alignment of all data to a unified coordinate system (Burrough et al., 2015).

Scientific studies have shown that preliminary vectorization, mosaicking, and normalization of
raster data significantly improve the quality of geoinformation frameworks for spatial analysis
(Foody, 2002; Lillesand et al., 2015).

Table 1. Source data used for building the GIS framework of Central Kazakhstan

Ne | Data Source Data Type Spatial Temporal Source
Resolution / Coverage
Scale
1 Topographic Raster Maps 1:500 000 1987 https://maps.vlasenko.net
Maps 1:1 000 000
2 SRTM Digital 30m 2000 NASA, USGS
Elevation Model

(DEM)
3 Landsat 9 Satellite 30m 2024 USGS, EarthExplorer

Imagery (individual (May -

(Optical) bands) September)
4 | OpenStreetMap Vector Data Vector layers 2025 https://www.openstreetmap.

(OSM) (roads, rivers, org
boundaries)

The methodological scheme applied in this study ensured the comprehensive preparation of
data for subsequent modeling of natural and anthropogenic processes and is based on modern
principles of geoinformation modeling, digital cartography, and remote sensing of the territory
(Figure 2).

The applied methodological workflow was directly connected to regional challenges: Landsat
imagery supported the detection of land cover transformations and land degradation processes; OSM
data provided up-to-date information on settlement distribution and transportation accessibility,
essential for estimating pasture load; and DEM derivatives such as slope and aspect facilitated the
identification of erosion-prone areas.
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Figure 2. Methodological workflow of the GIS framework development (Source: compiled by

author)

2.2. Data Preprocessing Workflow

Primary sources of spatial information included topographic maps at scales of 1:500,000 and
1:1,000,000, covering the main natural and geographical zones of Central Kazakhstan, including
steppe, semi-desert, and desert areas of the Karaganda and Ulytau regions (Figure 3). These scales
are optimal for regional mapping, providing a balance between detail and territorial coverage, as

confirmed by several studies in the field of geoinformation modeling (Hohle, 2017).
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Figure 3. Topographic maps of Central Kazakhstan: a) 1:500 000; b) 1:1 000 000 (Source: compiled
by author)

Topographic maps of this accuracy level maintain a high degree of reliability in the spatial
positioning of natural and anthropogenic objects, especially in areas with low population density,
where large-scale geospatial data are limited (Bocco et al., 2001). After geographic referencing, the
maps were aligned to a unified coordinate system (WGS 84), ensuring compatibility with other spatial
data sources. Based on these maps, vectorization of key components of the territorial structure was
carried out, including the hydrological network, water body boundaries, settlements, and linear
transport infrastructure objects. The resulting vector layers were structured and systematized for
further use in GIS analytics and spatial modeling of the region's natural resource potential.

To improve the accuracy and completeness of the vectorized features, additional cross-
validation with recent satellite imagery and ancillary datasets was performed. This step allowed the
elimination of outdated objects and correction of positional inaccuracies, particularly in dynamic
landscape zones. As a result, the final digital representation of the territory reflects both historical
continuity and current geospatial realities.

To update and verify the spatial data used in creating the digital cartographic foundation of
Central Kazakhstan, open geospatial data sources were utilized, meeting modern accuracy,
accessibility, and spatial coverage requirements. Landsat-9 OLI/TIRS multispectral imagery was
used as the primary remote sensing tool, providing an optimal combination of spatial and spectral
resolution for analyzing land cover conditions and transformations (Roy et al., 2014; Wulder et al.,
2019). These data enabled retrospective assessment of landscape changes over a defined observation
period. An additional source of vector information was OpenStreetMap (OSM) cartographic data,
widely used in applied and scientific research due to its high level of detail, regular updates, and open
access (Haklay & Weber, 2008; Minghini et al., 2017). The use of OSM data allowed for refinement
of the configuration of transport and settlement infrastructure, as well as individual land use objects
(Figure 4).

The basis for constructing the Digital Elevation Model (DEM) of Central Kazakhstan was the
SRTM (Shuttle Radar Topography Mission) model with a spatial resolution of 30 meters (Figure 5).
The choice of this model is due to its global coverage, open access, stable accuracy, and wide
application in scientific research. According to several studies, SRTM 30 m provides an optimal
balance between spatial resolution and the volume of data processed when modeling terrain at the
regional level (Jarvis et al., 2008; Reuter et al., 2007). For the Central Kazakhstan area, characterized
by predominantly flat-hilly and weakly dissected terrain, the 30 m resolution is sufficient for
generating key derivative layers such as slope, aspect, contours, and shaded relief images (Grohmann,
2015)
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Figure 4. Vectorization of Spatial Objects from OpenStreetMap: a) road network; b) hydrological
objects (Source: compiled by author)
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Figure 5. Digital Elevation Model of Central Kazakhstan Based on SRTM (Source: compiled by
author)

Before conducting spatial analysis, all raster data were aligned to a unified geographic reference
system (WGS 84) and clipped to the administrative boundaries of Central Kazakhstan, including the
Karaganda and Ulytau regions.

Preprocessing of multispectral satellite imagery from Landsat 9 OLI/TIRS was carried out in
the Google Earth Engine (GEE) environment, which enabled scalable, cloud-based processing of
large geospatial datasets. This approach ensured not only time efficiency but also consistency in
handling multi-temporal imagery, particularly for areas with frequent atmospheric interference. Next,
the images underwent mosaicking based on median values for the growing season and normalization
of reflectance (TOA Reflectance) to enhance comparability between dates and scenes (Figure 6).
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To standardize the spatial resolution of all raster layers, the SRTM Digital Elevation Model was
resampled to 30 meters using the bilinear interpolation method. This helped avoid abrupt transitions
between pixels and ensured consistency with other raster data. After preprocessing, all raster data
were exported in GeoTIFF format and imported into ArcMap, where unified raster layers were
created. In ArcGIS, additional steps were carried out: renaming classes, calculating derivative
parameters (such as slope, aspect, etc.), as well as visualizing and exporting thematic maps. The
Raster Calculator, Extract by Mask, and Project Raster tools were used to prepare the data for
subsequent spatial analysis and modeling.
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Figure 6. Preprocessing workflow of Landsat-9 OLI/TIRS imagery (Source: compiled by author)

Vectorization of topographic maps at scales of 1:500,000 and 1:1,000,000, covering the
territory of Central Kazakhstan, involved extracting key elements of the spatial structure — riverbeds,
lakes, seasonal watercourses, roads, railways, settlements, and more. The vectorization process was
carried out in the ArcGIS environment using both manual and automated methods. The resulting
vector layers underwent topological verification, categorization, and attribute structuring, ensuring
their consistency and comparability with other spatial sources (Figure 7). The reliability of the spatial
database was further evaluated through accuracy assessment procedures, with the corresponding
results reported in the outcome section of the study.
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Figure 7. Vectorization and Attribute Structuring of Topographic Maps (Source: compiled by author)

3. Results
3.1. Data sources and integration

As a result of integrating heterogeneous spatial sources, a unified GIS foundation was formed
for Central Kazakhstan, including raster, vector, and analytical layers suitable for subsequent thematic
mapping and spatial modeling.

A structured spatial database was created based on the digitization of topographic maps at scales
of 1:500,000 and 1:1,000,000. As a result of manual and semi-automated vectorization, layers for the
hydrographic network, road infrastructure, mineral deposits, and settlements were obtained. The
categorization conducted ensured consistency with contemporary sources (Figure 8). To enhance the
reliability and spatial resolution of the database, vector layers were cross-validated with high-
resolution satellite imagery and OpenStreetMap data. Attribute enrichment was carried out using both
field survey records and statistical yearbooks, enabling thematic segmentation of infrastructure and
land use. This integrated approach ensured high interpretability and scalability of the GIS database
for regional-level analysis and decision support.

3.2. Comparative analysis of cartographic and open data

By overlaying vector layers created from topographic maps with modern open data sources
(OSM, satellite imagery), spatial discrepancies were identified (Figure 9). The most significant
differences were observed in the structure of temporary watercourses and small rivers; the
configuration of lakes (including drying ones); the development of road infrastructure; and the growth
or changes in the configuration of settlements. These differences reflect both natural landscape
transformations over the past decades and anthropogenic pressures related to land use intensification
and urbanization. In particular, the road network extracted from topographic sources significantly
underrepresents recent expansions, especially around rural settlements and mining clusters.
Comparative analysis enabled refinement of spatial boundaries and provided a basis for generating
updated layers aligned with present-day land cover conditions.
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¢

Figure 8. Comparative Vectorization Map from Different Sources: a) Topographic Map 1:500,000
(1987); b) Landsat 9 Image (14.09.2024); c) OpenStreetMap (2025) (Source: compiled by author)

3.3. Morphometric and relief analysis

Based on the SRTM 30 m Digital Elevation Model, derived layers were generated: slope,
aspect, contour lines, and shaded relief (Figure 10). These layers were used to verify and refine the
delineation of watersheds, assess the morphometric characteristics of the area, and construct the basic
geomorphological framework of the region. The analysis of morphometric parameters allowed for
the identification of key terrain features influencing hydrological processes and soil erosion risk.
Slope and aspect data provided insights into solar radiation exposure and microclimatic variability
affecting vegetation patterns. Additionally, shaded relief visualization enhanced the understanding of
landform structures and facilitated the interpretation of geomorphological processes shaping the
landscape.
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Figure 9. Comparison of hydrological features: a) topographic map; b) OSM data (Source: compiled
by author)

Analysis of the slope map derived from the SRTM 30 m Digital Elevation Model revealed that
slope values across Central Kazakhstan range from 0° to 70.91°. The majority of the area is
characterized by slopes of up to 5°, indicating predominantly flat terrain. Areas with slopes greater
than 15° are limited in extent and primarily associated with the Ulytau and Karkaraly mountain
ranges. The resulting slope distribution enabled a preliminary morphometric zoning of the region and
the identification of areas with increased erosion risk. For instance, zones with slopes exceeding 12°
were marked as potential areas of accelerated water erosion, which can be considered in
environmental planning and agricultural land use.

65°00°E 70°00°E 75°00°E 80°00"E 85°00°E 70°00"E 75°00°E 80°00°E

N b) N
A

a)

50°00°N
50°00"N

S0°00N
50°00°N

Aspect
[0 Flat (1)
I North (0-22.5)

Slope

I 0 - 503 076,1098

[ 503 076,1099 - 1 257 690,275
[C11257 690,276 - 2 766 918.604
[ 2 766 918,605 - 4 779 223,043

[0 Northeast (22.5-67.5)
[] East (67.5-112.5)

[ southeast (112.5-157.5)
[ South (157.5-202.5)
[ Southwest (202.5-247.5))

45°00°N
45°00°N

45°00°N
45°00'N

I West (247.5-292.5) [ 4 779 223,044 - 7 546 141,647
o ms o 500 km B Northwest (292.5-337.5) o s 20 500 Km I 7 546 141,648 - 64 142 204
| NS S ST S SO S V— — 2 & | WO S S SR TS S S S_— |
I North (337.5-360)
65°00'E 7000 75°00°E 80°00°E 85°00°F 7000 75°00°E 80°00°E
85°00°E 70°00°E T5°00E 80°0'0°E 85°00°E 7000°E 75°00°E 80°00°E
c) ‘N\ d) A
z z z z
=4 o 2 =4
3 CO ] )
8 8 8 3
Hillshade
Value
Contour
High : 180
z 300 z =z z
3 £00 8 3 g
g — 900 3 2
— 1200
[] 125 250 500 Km — 1500 0 125 250 500 Kem . Low=0
85°00°E 70°00°E 75°00"E 80"00°E 85°00°E 70°00"E 75°00°E B80°00E
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(Source: compiled by author)
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3.4. Mapping of settlements and infrastructure

As a result of processing and analyzing OpenStreetMap vector data (as of 2025), a current
spatial model of the key territorial structure elements of Central Kazakhstan was constructed. The use
of open geodata made it possible to obtain up-to-date quantitative and qualitative characteristics of
features such as the hydrographic network, transportation infrastructure, and settlements (Figure 11).
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Figure 11. Results of feature digitization: a) settlements; b) hydrographic network; c) transportation
network (Source: compiled by author)

Settlement distribution. Settlement density is highest along major transport corridors such as
“Center-South” and “Astana-Almaty,” and decreases significantly in peripheral semi-desert and
desert zones. Remote settlements were identified, some located more than 50 km from the nearest
paved road, indicating challenges for emergency and utility service access.
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Transport connectivity. Comparative analysis of the road network revealed an increase in the
length of tertiary and quaternary category roads by approximately 17% compared to 1987. The least
connected areas are located southwest of Lake Balkhash and east of Zhezkazgan, with network gaps
exceeding 100 km.

Remote areas. Combined analysis of relief and infrastructure layers made it possible to
delineate zones with complex transport inaccessibility — areas that combine steep slopes (> 8°),
absence of roads, and low settlement density.

The developed GIS foundation has demonstrated a wide range of applications in spatial
planning and regional development:

1.  Transportation planning. Slope and accessibility maps allow for the optimization of proposed
transportation corridors, minimizing earthworks and avoiding ecologically sensitive areas.

2. Water resource management. The updated hydrographic network and DEM-derived layers
(watersheds, slopes) provide a basis for runoff modeling and the planning of water control
structures (e.g., check dams, small reservoirs).

3. Agro project design. The integrated GIS framework supports the zoning of land by erosion risk
and pasture productivity, facilitating the rational allocation of agricultural lands and the
implementation of soil conservation practices.

In addition, spatial analysis revealed that the most vulnerable areas to land degradation are
concentrated in the southern and southeastern parts of Central Kazakhstan, particularly in semi-desert
and desert zones with low vegetation cover and high grazing pressure. Infrastructure growth was most
pronounced along major transport corridors and in mining regions, where settlement expansion and
new road construction have intensified since the late 1980s. Conversely, peripheral areas located far
from transport networks exhibit stagnation or decline, facing challenges in service provision and
accessibility. These patterns highlight the uneven spatial development of the region and the need for
differentiated management strategies.

3.5. Accuracy assessment of vectorized lake boundaries

To quantitatively evaluate the consistency of the digitized boundaries of Zhezdinskoye Lake
derived from different sources (topographic map of 1987, Landsat-9 imagery of 2024, and
OpenStreetMap of 2025), a comparative spatial analysis was conducted. The assessment included
area calculations, intersection and union operations, and similarity indices (Intersection over Union
— loU, Dice coefficient, and relative area difference). These indicators are widely used in remote
sensing and GIS studies to measure the geometric accuracy of vectorized features and ensure
reproducibility of results (Guindon & Zhang, 2017).

Table 2 summarizes the results of the comparison. The highest agreement was observed
between Landsat-9 and OSM boundaries (loU = 0.86; Dice = 0.92), with only a 13.2% difference in
area, indicating a strong consistency of these modern data sources. In contrast, the topographic map
contour shows a significant overestimation of lake size (17.57 km? compared to 13.48 km? in OSM),
resulting in a 30.3% area difference and a moderate similarity (loU = 0.61; Dice = 0.76). A similar
pattern is observed when comparing the topographic map and Landsat-9 (loU = 0.62; Dice = 0.77,
AArea = 15.1%).

Table 2. Accuracy assessment of Zhezdinskoye Lake boundaries from different sources

Comparison | Area_A | Area B | Intersection Union loU Dice AArea
(km?) (km?) (km?) (km?) (%)
Topo vs OSM 17.57 13.48 11.77 19.36 0.61 0.76 30.3
Landsat vs 15.26 13.48 13.25 15.49 0.86 0.92 13.2
OSM
Topo vs 17.57 15.26 12.58 20.25 0.62 0.77 15.1
Landsat
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These results confirm that historical topographic maps, while valuable for retrospective
analyses, are less reliable for present-day assessments of hydrological systems. Modern datasets such
as Landsat-9 and OSM provide more accurate delineations, reflecting both current hydrological
conditions and ongoing anthropogenic influences. The proposed approach can be extended to other
lakes and reservoirs of Central Kazakhstan, contributing to more accurate water resource assessments
and supporting regional environmental monitoring.

3.6. Integrated map of Central Kazakhstan

As a final step, an integrated GIS map of Central Kazakhstan was developed (Figure 12),
combining relief (hillshade), hydrology (rivers, lakes), infrastructure (roads, railways), and settlement
layers. This synthesis map provides a holistic view of the region’s territorial structure and serves as
a cartographic basis for applied spatial planning, infrastructure design, and environmental monitoring.

In addition, the integrated map highlights spatial contrasts within the region, such as
mountainous versus lowland zones, densely populated versus remote settlements, and saline versus
freshwater lake systems. It allows for the identification of areas most vulnerable to land degradation
and infrastructural isolation, thereby providing decision-makers with a visual tool for prioritizing
development and conservation measures.

This final product not only reflects the current geospatial configuration of Central Kazakhstan
but also serves as a reference model for comparative studies in other arid and semi-arid regions of
Central Asia.
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Figure 12. Integrated GIS map of Central Kazakhstan (Source: compiled by author)

4. Discussion

Based on the linear and polygonal hydrological features represented in OSM, a classification
and quantitative assessment of water resources was carried out. The total length of rivers and
watercourses amounted to 12,681 km. The total number of lakes, including unnamed ones, was 1,572,
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of which 107 have official names. The combined area of the lakes reached 11,354 km?, indicating the
significant impact of lake systems on regional water balances.

Analysis of transportation networks based on OSM vector data revealed that the total length of
roads in Central Kazakhstan is 63,028 km, while the railway network extends for 8,288 km. The road
network was classified by surface type: paved, compacted, gravel, and dirt roads. In addition, a
functional classification was carried out, including railways, main roads, secondary roads, and rural
roads.

According to point data of settlements from OSM, Central Kazakhstan contains 289 villages,
219 aul settlements, and 22 cities. These settlements were distributed by administrative-territorial
units, considering their classification. The data obtained formed the basis for mapping population
density and infrastructural accessibility across the region.

The resulting digital GIS framework of Central Kazakhstan can be effectively used for
generating thematic maps in various fields (landscapes, infrastructure, ecology); producing visual and
analytical reports and diagrams; developing web maps and 3D models for digital platforms, as well
as for the creation of interactive web-based maps and 3D visualizations.

The integrated geospatial framework for Central Kazakhstan is designed as a modern, flexible
platform ready to meet future challenges. It brings together harmonized and co-registered spatial
layers, which serve as a direct input for advanced analytical tools. For instance, the updated
hydrographic network (12,681 km) and lake systems (11,354 km?) provide a foundation for
simulating water balance under drought scenarios, while infrastructure layers enable Al-driven
accessibility analysis for rural settlements. These include Al-based applications such as land cover
mapping, erosion risk assessment, drought forecasting, and crop yield modelling — using methods like
Random Forest, convolutional neural networks (CNN), and long short-term memory (LSTM)
architectures.

By connecting to near-real-time satellite data streams — such as Sentinel-1/2, MODIS, and
VIIRS — the system can support the creation of a dynamic regional digital twin. This digital twin
continuously updates key indicators, including vegetation stress, water reservoir levels, and wildfire
activity. Unlike the earlier conceptual discussion, here the digital twin is directly linked to the newly
obtained spatial layers, ensuring practical relevance for monitoring land degradation, pasture load,
and hydrological dynamics in Central Kazakhstan.

The database design is cloud-native: fully compatible with ArcGIS Online, GeoServer, Cesium
ION, and similar WebGIS platforms, enabling rapid publication of interactive 2D and 3D services
for government agencies, researchers, and the public. In this respect, the framework parallels recent
initiatives in the Mongolian Steppe (Munkhdulam et al., 2022), the Australian Rangelands (CSIRO,
2025), and the U.S. Great Plains (Miu et al., 2017). In the Kazakhstan context, the system
complements national findings on climate-induced droughts and pasture degradation, but provides a
novel digital foundation that integrates both retrospective maps and modern open data (Issanova et
al., 2020).

Despite the results achieved, certain limitations remain, such as the heterogeneity and
fragmentation of source data; challenges in automating the processing of unstructured sources; and
the need to adapt to modern IT trends — including the use of cloud-based GIS services, artificial
intelligence, and neural networks for image analysis.

5. Conclusion
This study introduces a novel geospatial framework for Central Kazakhstan through the
integration of historical topographic sources, contemporary satellite imagery, and open-source
geospatial data. For the first time, a comprehensive and unified digital GIS model of Central
Kazakhstan has been developed, combining heterogeneous spatial layers into a standardized,
interoperable environment.
The methodological workflow encompassed the full geospatial data cycle — collection,
preprocessing, classification, vectorization, and verification — resulting in a spatial model that reflects
the region’s natural and human-made landscape. Core outputs include:
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- Generation of morphometric derivatives (slope, aspect, contours, hillshade) that enabled
zoning of erosion-prone territories;

- Mapping of hydrological networks (12,681 km of rivers and streams; 1,572 lakes with a
combined area of 11,354 km?), transportation infrastructure (71,316 km of roads, classified by surface
type), and populated areas (530 settlements by administrative units);

- Development of thematic layers on population density and infrastructural accessibility, which
were not previously available for Central Kazakhstan in a unified digital format.

The novelty of this research lies in the development of an integrated, bilingual (Kazakh/English)
digital environment tailored for arid and semi-arid regions with scarce geospatial infrastructure. It
represents the first digital GIS foundation of its kind for Central Kazakhstan, ensuring both historical
continuity and modern accuracy.

The system is designed to evolve into a dynamic digital twin of the region. It can integrate real-
time data from satellites — such as Sentinel-1, Sentinel-2, and MODIS — as well as unmanned aerial
vehicles (UAVS), to monitor vegetation conditions, water dynamics, and human-induced changes.
Practical applications include support for the Ministry of Agriculture of Kazakhstan in assessing
pasture degradation and optimizing land use, for Kazhydromet in hydrological and climate
monitoring, and for regional administrations in transportation planning and rural development.

Future development of this GIS framework may include integration with Al-based
classification tools, real-time sensor data, and web-GIS interfaces for public access and stakeholder
engagement. Further work should focus on automating feature extraction, expanding temporal
analysis, and developing user-oriented GIS applications for planning and management.
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Opranbik Ka3zakcran oHipI YIIiH KaprorpaQusiiblKk MaTepHAJIaAp MeH
KAIIBIKTBIKTAH 30HATAY JepeKTepi Herizinae canabik I'AYK-Heri3in a3ipJiey

IIuap KampoBa, Haseim KenicoBa, Kanrac Tokrapos, Kanar 3yianbixapoB, /Imac
ToxkoxkaeB, Aiicapa AcanbaeBa, Omup:kan TaykebaeB

Anparna. Maxkana Opranslk KasakcTan ymiiH opTypii KEHICTIKTIK JAepeKkesaepli OipikTipy
Herizinae UudpiblK reoakmapaTThlK HETi3 KypyFa apHalfaH. 3epTTeyliH MakcaTbl — Tajjay,
9KOJIOTHSUTBIK MOHUTOPHUHT JKOHE KEHICTIKTIK MOJACTBACYAl KOJIall aaThlH KypbUibiMaanran [TAX
HET131H 93ipiey. Onaicrepre kaprorpadusiblK MaTepUuaiiapabl, KAIBIKTBIKTaH 30HATAY AepEeKTepiH
JKOHE CaHJBIK OWIKTIK MOJEIBJACPIH HWHTETpalusiay, KeWiH oJapAbl TEoXyieney, BeKTopiay,
TOTOJIOTUSHBI Oaraiay *oHe KEeHICTIKTIK JepekTep i Tanaay Kipeai. CaHIbIK HOTHXKeNIepre colkec,
Opraneik KazakcranHbeiH THAporpadrsuibik skemici 12 681 kM e3eHmep MeEH cajayiapbl, JKajlibl
aynansl 11 354 xm? 6onateia 1 572 xenai, conaaii-ak Y3eIHABIFEL 63 028 KM aBTOMOOWIIb KOJIAaphl
MeH 8 288 KM TeMip KOoJaapbiH KaMmTuibl. KenaepaiH BEKTOpJIaHFaH MIeKapaJapbIHBIH JOJIITH
6aranay Landsat-9 nen OSM nepekrepiHiH xorapsl colikecTirid kepcetTi (IoU = 0.86; Dice = 0.92).
benepix eHICTIK, KCTIO3ULIUS KOHE pebed KoJIeHKeNeyl CUSKTh MOP(GOMETPHUSIIBIK TYBIHbIIAPbI
spo3usira OeiM aymMakTapibl alKbIHAAY *KOHE JKEep/iH TO3y KayliH Oaranay YIIiH MaiganaHbUIIbL.
3epTTeyaiH MPaKTUKAIBIK MaHBI3ABUIBIFBl ayMaKTHIK JKOCIapiay, KOpIIaFraH OpTaHbI OakpLIay,
UHGPaKYPBUIBIMIBI 0acKapy >KOHE FBUIBIMU MakcaTTap YIIIH Maiijananyra 00JaThiH KaHAPTHUIFaH
undpasik ['AXK xyitecin Kypy Ooibin TaObutanbl. O3ipaeHreH xkyile WebGIS mardopmanapsin
KOJIJIal Il )KOHE HAKTHI YaKbIT PeXUMIHAC AePEKTEP/Ii Maii1aaHaThIH allMaKTHIK [IU(PIIBIK aHATIOTKA
alfHaJIybl MYMKIH.

Tyiiin ce3gep: ['AXK Heri31; canbIK KapTa; KapTorpadusiablKk MaTepUaIAap; KalIbIKTHIKTaH 30HATAY
nepektepi; Optanblk KazakcTaH; KeHICTIKTIK Kocnapiay; Hudpiaslk Heri3; Opransik Kasakcran
['AXK Heri3i.

Pa3pa6orka nudgposoit 'MC-ocHoBbl aj1s1 peruona IlenTpaabHoro Ka3zaxcrana
HAa OCHOBe KaprorpauyecKux MAaTepHAJIOB M [JAAHHbIX JAUCTAHIIMOHHOIO
30HUPOBAHUS

IInap KampoBa, Haspim Kenmcoa, Kaarac Tokxrapos, Kanar 3yansbixapos, [Iuac
Tokko:xaeB, Aiicapa AcanbaeBa, Omup:xkan Tayke0aeB

AnHoranusi: CTaThsl TOCBAIIEHA CO3JaHUI0 MHUQPPOBOKH TCOMHPOPMAITMOHHON OCHOBBI IS
HentpansHoro Kazaxcrana Ha 0a3e WHTErpanuu pa3UYHBIX HCTOYHHUKOB MPOCTPAHCTBEHHBIX
nanHbiX. llenmp wccnmemoBanus — paspabotarh CTpykTypupoBaHHyl ['MC-ocHOBY, crmocoOHYIO
MOJJICPKUBATh AHANIN3, SKOJOTMYECKUI MOHHUTOPUHT M MPOCTPAHCTBEHHOE MOJCIUPOBAHUE B
PErHOHE C BBICOKMM HPUPOJHO-PECYPCHBIM MOTEHIMAIOM. MeToAbl BKIOYAINA WHTETPALUIO
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KapTorpaguuecKuX MaTepUalIOB, TaHHBIX JUCTAHLIIMOHHOTO 30HIMPOBAHUSA U LU(PPOBBIX MOJEIEH
penbeda, ¢ mocimedyromel TeonpHUBSI3KOW, BEKTOpHU3alMel, OIEHKOM TOMOJOTMU U aHAIU30M
IPOCTPAHCTBEHHBIX JaHHBIX. KoIMuecTBeHHbIE pe3ynbTaThl MOKA3alu, YTO TUAporpaduyeckas ceTb
[lenTpanpHoro Kazaxcrana BximouaeT 12 681 kM pek u pyubéB, 1 572 o3epa obmieit miomaasio 11
354 xm?, a Taxoke 63 028 kKM aBTOMOOMIIBHBIX TOpoT U 8 288 KM xene3HbIX Jopor. OneHKa TOUHOCTH
BEKTOPHU30BAHHBIX IT'PaHUI] 03EP MPOAEMOHCTPUPOBAJa BEICOKYIO COrNIaCOBaHHOCTH NaHHBIX Landsat-
9 u OSM (IoU = 0.86; Dice = 0.92). [Ina onpeneneHus: 30H, MOABEP)KEHHBIX PO3UH, U OLEHKU
PHUCKOB Jerpajallii 3eMellb ObLIN CO3/JaHbl MOp(hOoMETpUYECKUEe MOKa3aTelH, TaKhe, Kak HAaKJIOH,
BUJ U OTTEHOK XOJMOB. I[IpakTuyeckass 3HAUMMOCTb HCCIIEOBAHUS 3aKIIOYAETCSI B CO3JIaHUU
obnoBnenHont mudpoBorr ['MC-cuctembl, KoOTOpas MOXKET OBITh  HCIOJB30BaHA  JJIA
TEPPUTOPUAIBHOIO  IJJAHUPOBAHUS, MOHMTOPUHIA  OKpPY)KAWOIIEH  Cpenbl,  YIpaBJICHUS
nH(ppacTpyKTypoil 1 HaydHBIX 1ieneit. Pazpaborannas cuctema nojaepxxubaet miatdopmsl WebGIS
¥ MOKET CTaTh PETMOHAIBHBIM HU(PPOBBIM aHAIOTOM, HCIIOJIb3YIOIINM JaHHBIE B PEKUME PEATHHOTO
BPEMEHH.

KawueBble cioBa: ['MC-ocHoBa; mudpoBas kapra; KapTorpapuuecKhe MaTepuabl; JaHHBIC
JMCTAaHIMOHHOTO 30HAupoBanus; Llentpanpublii Kazaxcran; mpocTpaHCTBEHHOE IJIAaHUPOBAHUE;
mudpoas ocaoBa; [ UC-ocHoBa LlentpansHoro Kazaxcrana.
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Abstract: In the article, the problems of landscape planning in
environmental protection measures were considered. Landscape planning
(LP) is a scientific direction in landscape science that studies the spatio-
temporal organization of community life in certain geographical areas.
Aiming to achieve the maximum adaptation of the functional areas of the
farm to the landscape structure and create new optimal anthropogenic and
cultural landscapes. The theory and practice of economic development, as
well as the placement of environmental prerequisites and constraints that
are characteristic of regional landscape features.

The relevance of the work is the development of a landscape management
system adapted to the natural environment of the local area, the
preservation of large areas of special protection, the reproduction and
protection of unique plants that are declining, the modeling of an aesthetic
artistic and cultural landscape in the territory of tourist recreation zones
and private residential buildings, the greening of cities and villages - in
other words, the ecological organization of nature. The relationship
between man and nature is a coordination problem with art and beauty.
This study presents a landscape design plan for the "Merry Resort" tourist
recreation zone near Lake Alakol in Kazakhstan. The plan prioritizes
ecological sustainability, aesthetic appeal, and the integration of local
flora and fauna. Utilizing the Realtime Landscaping PRO application, the
study models a diverse range of zones, including recreation areas,
accommodation zones, and ecologically sensitive areas. Particular
emphasis is placed on the cultivation of declining plant species, such as
the Sievers apple tree, and the creation of an alpine-style landscape. The
research incorporates theoretical frameworks of landscape planning,
considering the region's unique geographical and climatic conditions,
including the impact of strong winds and water characteristics. The
findings contribute to sustainable tourism development in the Alakol
region, enhancing both the aesthetic and ecological value of the area.

Keywords: Landscape planning, landscape design, recreation area,
ecological sustainability, Alakol Lake, Realtime Landscaping PRO,
Sievers apple tree, alpine slope, sustainable tourism.
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1. Introduction

The integration of increasingly available remotely sensed data and crowdsourced big data
provides opportunities to quantify the continuum of urbanity in a spatially explicit way. Remotely
sensed data have long been used to map urbanized areas (Lian Zhu et al., 2021) and to quantify
urbanization-related indicators such as population density and socio-economic profile of urbanized
areas (Li et al., 2020; Zhang, H. et al., 2018; Zheng et al., 2023).

Merrey is located in the village of Akshi, which is part of Yrgayty rural district, Alakol district,
Zhetysu region, Republic of Kazakhstan. Resort: the territory of the tourist recreation zone. Based on
the plan/ning of this area, develop a model of landscape design. Since the village is situated on the
shore of Lake Alakol, it offers numerous tourist and recreational areas. Our experimenter, "Merry
Resort" tourist recreation zone, is located 100 m east of Lake Alakol.

The purpose of the work is the aesthetic and cultural landscape design of a comfortable and
picturesque natural living area in the recreation area, beautifying the landscaping area, correctly
planning recreation and green areas, and rational placement of objects in the recreation area. The
object of research is "Merry The task was set to effectively plan therapeutic and recreational resources
in the territory of the "Resort™ tourist recreation zone and to create a model of landscape design by
collecting flora species adapted to this area, beautifully in the shape of the alpine slope of the relief
(Anvar et al., 2020).

The increasing availability of remotely sensed data and crowdsourced information provides
valuable insights for urban planning and landscape design. This study leverages these data sources to
inform the creation of a comprehensive landscape plan for the "Merry Resort" recreation zone,
situated on the shores of Lake Alakol. The unique characteristics of the area, including its location
within the Balkhash-Alakol basin and the presence of Lake Alakol's unique geochemistry and
microclimate, are crucial factors in designing a sustainable and aesthetically pleasing environment.
This research aims to create a model that balances recreational opportunities with environmental
conservation.

Research methods: Realtime Landscaping PRO is a modeling method in a landscape design
planner application. Plan the area by dividing it into zones using the program's visualization options
and 3D features.

The study employs a multi-faceted approach. First, existing data on the geographical and
ecological characteristics of the Alakol region, including topographical maps, soil analysis, and plant
species inventories, are gathered. Secondly, the Realtime Landscaping PRO application is used to
model the landscape design, simulating different zones (e.g., recreation, accommodation, ecological
zones). The plan is designed to effectively manage therapeutic and recreational resources while
considering the aesthetic integration of various landscape elements, such as alpine slopes, and
incorporating local plant species.

Another component of the destination image is the affective component, which refers to the
emotional and attitudinal responses that an individual has toward a destination. (Fuchs & Reichel,
2006) maintained that emotional attachment to a destination positively influenced tourists' loyalty to
that destination, and argued that emotional responses such as enjoyment and satisfaction were
significant predictors of tourists' intention to revisit. Similarly, researchers have found that tourists'
emotional experiences, such as nostalgia and awe, play a crucial role in shaping their overall
experience of a heritage destination (Reyes & Dael, 2023).

2. Materials and methods

A field of activity based on the integration of geography, landscape science, territorial planning,
and land management. The geographical landscape is a relatively homogeneous part of the
geographical shell, which includes natural constituents (topography, climate, water, soil, plant
communities, and animals) and morphological parts (facies, settlements, and local areas) and has its
own structure. The term "Landschaft” (German: Land, schaft, a suffix denoting interconnection) was
coined by the Russian scientist L. S. Berg. The main indicators characteristic of the geographical
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landscape includes the homogeneous nature of the territories, the complex nature and unity of the
constituents, stability, and homogeneity of matter and energy exchange (lan Smalley et. al., 2010).

The term geographic landscape has a definition of "a natural complex that is constantly
developing while preserving its historical formation and integrity" or "a natural geosystem."
Landscapes are classified into types, subtypes, and species. The classification of landscapes takes into
account the conditions of emergence, moisture supply, and geobotanical signs. The set of all
landscapes on the globe is called a sphere. As a result of landscape clusters and landscape maps of
various scales, mathematical models of geographical landscapes are now created, and information
about them is processed by computers. A landscape changed by human activity is called an
anthropogenic landscape.

Cultural landscape. It is a man-made work of art made from natural space. UNESCO defines it
as "the joint image of nature and human creativity.” In the 2000 landscape convention of the Council
of Europe, it is defined as "the result of the action and interaction of natural and/or human factors".

Planting trees in the cultural landscape creates a microclimate, affects the quality of the soil,
determines the hydrological processes in this area, and plays an important ecological role. Territories
protected by such plantings are better for use in economic activities than open areas. Forest
plantations around water bodies protect them from shoreline erosion with fine particles of sand and
soil. The weakening of the wind and the cultural and artistic design of the landscape, especially in the
recreation areas, directly affect the mood of tourists.

The goal of the LP theory is to ensure sustainable (balanced) use of nature, preserving the main
functions of natural landscapes and their components as a separate system of the biosphere. Within
the framework of the regional policy of the state, LP is a component of territorial planning and serves
as a means of environmental protection. The design levels of LP are implemented in different
hierarchies of territory organization.

The LP is to create a project based on the applied programs in accordance with the landscape
program of the territory development, to create a landscape plan (on a scale of 1:200,000 to
1:100,000) and a large-scale landscape plan (1:25,000 and above). includes the development of
regulatory documents for the implementation of landscape plans and monitoring their
implementation.

The algorithm for performing scientifically interrelated procedures in modern LP, based on the
concept of landscape planning, consists of five stages (Getting Started with Realtime Landscaping
Pro, 2024).

1. The context of preliminary inventory and analysis of landscape and ecological problems of
the territory aimed at collecting and summarizing all available information about the natural
environment of the territory, its social and economic conditions, the structure and peculiarities of land
use, as well as getting ideas about the main contradictions of land use.

2. Assessment of the importance and sensitivity of the current natural conditions of the
planning territory, as well as assessment of the nature of land use.

3. Creating targeted concepts of natural resource use for individual natural environments.

4. Development of a comprehensive target concept of land use (land use concept).

5. Formulation of the concept of the main directions of action and modeling.

Modern landscape design is a set of activities, the goal of which is to create a landscape plan
that is adapted to specific environmental conditions and meets all customer requirements.

Lawns and flower beds, natural fences and water ponds, stone paths, large trees and shrubs,
planting flowers - all the attributes of living nature familiar to such eyes should perfectly adapt to
local conditions and please the owners with their vitality for a long time.

Landscaping gives future owners confidence that they are the owners of a truly unique space.
Any landscape projects are carried out in close dialogue with the customer, whose opinion determines
the individual intonation of the outdoor environment, which should be reflected in a specific
decorative form.

Based on professional landscape design, first of all, it is necessary to carefully consider all
available factors: topography (plains, mountains, slopes, etc.), soil quality and structure, and climatic
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conditions. After the customer and the landscape designer come to a joint, clearly formulated
decision, specialists begin to create plans and models of the future landscape.

Landscape design is a unique art based on the artistic decoration and improvement of residential
gardens, recreation areas, landscape gardening, and architectural objects.

It is urbanized, observing the rules of landscape design. With macroforms, you can beautify
almost any part of the land, creating the landscape harmony of nature. Programs offered on the
Internet for both professional and amateur design of summer cottages by the owners help to solve this
problem.

The dominant objects in the spatial structure of the landscape composition are residential
buildings, recreation areas, communal buildings, and other buildings. Around them are all the other
pieces. Programs for creating landscape compositions usually include advice on the location of the
following elements in the designed area:

o lawns that create a general background for the landscape of the plot on the slope.
green spaces: trees, flowers, bushes, grass.
decorative sculptures, lighting lamps, and fences.
architectural forms: benches, stairs, gazebos on the square, bridges.
alpine slopes, fountains, streams, and cascades (Figure 1).
water ponds, artificial small lakes, or ditches (Figure 2).

Figure 1. Landscape design, example of an alpine slope with cascading water
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In cases where the water bodies do not exceed the permissible value, forest strips protecting the
main (longitudinal) field are located horizontally in the direction of more dangerous winds (causing
dry winds, blizzards, and dust storms).

Forms of research. Alakol is a bitter-salty lake located in the south-east of Kazakhstan, on the
border of the Abai and Zhetysu regions, in the Balkash-Alakol pothole. Known as "healing lake."”
Balkhash-Alakol crater is a large tectonic structure. It is bounded in the north by Saryarka, in the east
by the Tarbagatai ridge, in the south by the Zhetysu and lle Alatau mountains, and in the west by the
Zheltau and Aitau mountains.

Kazanshunkyr is divided into Balkhash and Alakol depressions. The total length is 800 km. Its
width is 300 km near Lake Balkash and 100 km near Sasykkol. The bottom of Kazanshunkyr is
formed from folded Paleozoic sediments, igneous rocks, and intrusive rocks. They are covered by
continental loose rocks from the Cretaceous, Paleogene, Neogene, and Quaternary periods. The
majority of the territory is occupied by quaternary sand fields such as Sary-esik-atyrau, (Lekkum),
and Taukum, with an absolute height of 342-600 m.

Alakol Lake can be considered truly unique; there are mountains and steppes around the lake,
and between the mountains. In the south-east of the lake is the "Dzungar Gate" pass, which stretches
for about 10 kilometers (Figure 2).

Figure 2. Dzungar Gate

Due to its unique nature, strong winds often blow in Alakol. That's why there are real sea storms
in Alakol. The storm starts suddenly and develops very quickly.

There is a reason why the lake is called "Ala Kol" in Kazakh. The color of Lake Alakol changes
from light blue to dark brown during storms, depending on the weather, time of day, and season. The
resort villages of Akshi and Koktuma are located on the western shore of the lake, about 60 kilometers
from the Kazakh Chinese border.

Hydrography. It is located in the semi-desert region in the east of the Balkhash-Alakol basin,
near the coal deposit, at an altitude of 343 meters. It stretches from west to east; the area (with islands)
is 2696 km?; the length is 104 km; the maximum width is 52 km; the depth is up to 54 m; and the
water volume is 58.56 km?. The annual fluctuation of the level is 1.2 m. Freezing continues until
January or April. The diving season lasts about 3.5 months (June to mid-September). Water contains
sodium chloride.
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Urzhar, Katynsu, Emelkuysa, Zhamanotkel, and Jamaty rivers flow into it. Alakol and shallow
Koshkarkol, Sasykkol, and Jalanashkol lakes make up a system of lakes with an area of up to 55,000
km?. The amount of fluorine and bromine in Alakol water has increased. According to one of the
scientific assumptions, in the early geological ages, there was a single wide lake in place of a number
of lakes. The hypothesis is based on geological drilling data that found lacustrine sediments in the
now dry areas surrounding the lakes.

The composition of the water in Alakol. The composition of the water in Alakol is as salty as
that of the sea. In terms of composition, sodium chloride and sodium chloride-sulfate water can be
compared with the water of the Black Sea. By the water area of water mineralization from 1.2 to 11.6
g/l until it swings. Alakol Valley's moisture is not enough for the region, which is an excellent climatic
resort. In Alakol, the bathing season of season in the middle opens. Amazing, the coast is healing; see
Malta stones. of the lake, the bottom Malta stoned of the coast, some points muddy, coastal day from
heat received in May, gravel stones closed. Holy from the water, other here hydrogen sulfide clay,
and of the field mineral with saturated clean, dry air.

Groundwater is mostly concentrated in Neogene and Quaternary formations. In terms of ionic
composition, groundwater is divided into sulfate-chloride, sodium-calcium, and sulfate-chloride
sodium-magnesium. They are different in terms of productivity, degree of mineralization, and
chemical composition (Asmelash & Kumar, 2019).

Climate. The climate in the Alakol region is sharply continental: dry summers and relatively
cold, snowless, windy winters. The average annual air temperature varies between +6.2 and 7.2°C.
In July, the average air temperature at the Zhetysu gate is +25.3°C, +24.1°C in the Usharal district,
and the absolute maximum is +42°C. Most of the precipitation falls in April-May and November—
December.

Soil and vegetation. Most of the land in Alakol district is made up of gray soil from the desert
belt and dark brown and pale brown soil from the mountain slopes and valleys. In the sandy valleys,
there are sorne and saline soil types.

In the vegetation cover of the steppes, sagebrush, sorghum, willow, blackberry, bramble, and
sedge, reed, wheatgrass, and grain plants grow along the river valleys. High mountain slopes and
valleys are covered with spruce-pine forest. River valleys and sand hills are used as winter cattle
pastures, and plains on mountain slopes are used as irrigated fields.

The flora of this place comes in the following types:

Siberian fir is a coniferous tree belonging to the pine family.

The Sievers apple tree is the ancestor of the domestic apple tree.

The Niedzwieki apple tree is a tree that looks like a Japanese cherry blossom with its pink flowers.
Ostrovsky tulips: a bright red flower with sharp leaves.

Kolpakovsky iridodicii: pale purple gray iris;

Altai holosemyannigi is a medicinal plant.

Adonis is a unique plant whose leaves resemble pine needles.

Fauna. As for the fauna, in the central part of the lake, there is an archipelago consisting of
three islands, where the Alakol State Nature Reserve was established in 1998. Alakol is considered
to be a very important road junction for birds flying from Central Asia to spend the winter in India
and Africa. Hundreds of thousands of birds find shelter and rest here; most of them are listed in the
Red Book. Among them are pink and curled terns, whooper swans, white-ailed ducks, white-tailed
eagles, white-tailed cranes, duadaks, relict gulls, flamingos, etc.

The coastal area is inhabited by many birds: blackbirds, swans, eagles, herons, etc. The main
attractions for tourists are: relict seagull, black-necked seagull, Birds belonging to the order of Tatras,
the family of seagulls

Alakol is rich in fish; there are up to 80 species of zooplankton. White perch, Ottoman
(Odnatsvetny gubach), lake and river bream, carp, pike, and mullet. Fishermen are interested in
catching marinka, gubach, perch, pike, and carp.

"Alakol-Arasan™ mud treatment center is working in the village of Aktubek for the development
of health and wellness tourism in the region. If we believe in modern medicine, clay and salt water
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give healing properties to Alakol water. Clay treatment for joint and skin diseases, radiculitis, and
injury. The clay contains a lot of silicon and is able to strengthen immunity. The water on the north-
eastern side of the lake is salty. It contains a lot of chlorine and sodium salts, chlorine, sodium sulfate,
fluorine, and bromine. This property of water is good for calming the nervous system and treating
skin diseases. The water in Alakdl is warm in the summer, +27-28°C. In 2018, scientists from D.
Serikbaev State Technical University and the Tomsk Research Institute of Spa Resorts and
Physiotherapy studied the water of Alakdl and found out that it contains a lot of radons. Such a
composition of radon water is a treatment for dermatology, gynecology, diseases of the endocrine
system, the gastrointestinal tract, and back and lower back diseases to prevent joint, lumbar, and back
diseases.

e Osteochondrosis.

cardiosclerosis.

chronic thrombophlebitis.

Skin diseases (eczema, neurodermatitis);

diseases of the central nervous system (radiculitis, vegetative neurosis, thinning of the nervous
system, neurosis).

There are more than 20 recreation centers in Alakol district on the shores of Lake Alakol, which
receive from 10 to 130 people per day. A significant number of tourists stay in private hotels. In 2004,
11,000 people rested on the southern shore of Lake Alakol, and in 2005, the number of tourists
reached 12,000. In 2012, the total number of tourists is expected to be about 25 thousand, and many
people prefer to reach the resort area by their own car and stay in the camps. At present, Lake Alakol
is the most rapidly developing summer and seasonal tourist center in Kazakhstan.

1. Background and Literature Review

Summarize relevant literature on landscape planning, ecological principles, and the specific
characteristics of the Alakol region. Focus on the theory of cultural landscapes, anthropogenic
impacts, and sustainable approaches to landscape design. Incorporate citations.

2. Case Study: The "Merry Resort™" Recreation Zone.

Provide a detailed description of the "Merry Resort" zone, including its location, size, existing
infrastructure, and environmental constraints. Highlight the unique aspects of the region's flora
(Sievers apple tree, other endemic or threatened species) and fauna.

3. Landscape Design Zones.

Describe the planned zones of the recreation area. Include details on specific design elements, such
as the proposed alpine slope zones, tree planting strategies for wind protection, and the location of
accommodation and recreation facilities. This section should be more concise and focused on the key
features of the design.

4. Plant Selection and Integration.

Focus on justification for selecting specific plant species, considering their adaptation to the local
climate and soil conditions, their aesthetic value, and their potential ecological benefits (e.g.,
windbreaks, biodiversity). Specific examples of trees, shrubs, and ground cover should be included.
5. Water Management and Hydrological Considerations.

Address the unique hydrology of the area, specifically Lake Alakol and its impacts on the design.
This includes water resource management, potential water features (e.g., ponds, waterfalls), and
considerations related to the area's moisture levels. (Bramwell, B. and Lane, B., 2015).

3. Results

Real-time planning in the Landscaping PRO application. Realtime Landscaping Pro is a
professional landscape design planning program. Offers good visualization options for modeling a
yard or garden. Since the program uses 3D capabilities, the design looks very realistic. The database
contains many different types of garden decor elements. As a result, the garden can be planned down
to the smallest detail. The application can be used by both novice designers and professional masters
of their work. Realtime Landscaping Pro works in English and can save a project (Getting Started
with Realtime Landscaping Pro).
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Powerful and professional design, all in real time. Landscaping is an application program that
includes many powerful visual tools to help you develop landscape design ideas professionally.

To simplify the process of creating a landscape design model, you can upload a photo of the
exterior and work with it in a full 3D environment. The program includes more than 11,000 elements,
as well as 5,500 different plants and shrubs, which allows you to accurately represent ideas on the
screen. With online tutorials available, the entire design process is suitable for both beginners and
professionals and therefore does not require much experience.

Landscape design of a garden plot means the arrangement of natural landscape elements in
different areas. Landscape design for beginners: starting with the size of the site, regardless of the
parameters of the summer cottage, when it comes to its improvement, every millimeter can be used
as rationally as possible. Therefore, it is necessary to approach the placement of various elements as
responsibly as possible, observing various principles.

Let's take a closer look at the planning features of the area near the recreation area based on its
parameters. The landscaping of a 10-hectare garden plot can turn into a well-equipped area that will
bring pleasure and joy to its owners. During planning, four main areas should be considered:
residential, communal, landscaping, and recreation areas.

The most optimal option for space design is to place objects according to the rectangular
principle. Central and side areas are usually used for landscaping. Landscaping may include
additional buildings. A popular solution for landscaping a summer residence is to build a gazebo
(gazebo) on the territory. It serves as a perfect vacation spot. The landscape design of a summer
cottage or a private house plays a major role in the surrounding landscape.

Beautiful flowers, decorative trees, and interesting sculptures provide an aesthetic impression
to the vacationers as opposed to the boring and dull concrete walls. But trends in landscape design do
not stand still. Shrubs and classic flower beds are replaced by a new type of decorative decoration: a
rock garden. Often, a competent, aesthetic combination of dome-shaped stone and small plants is
called an alpine slope.

Features of the placement of the alpine slope. Placing an alpine slope in a recreation area does
not cause any problems. It is a specific feature of the terrain that corresponds to the composition of
possible species; the surface stones represent the top of the alpine meadows and vegetation.
Landscaping should give the impression of natural rock outcrops.

For the flower garden, you should choose a high place so that the whole alpine composition
gets good sunlight. Landscape elements should not be placed near or under trees; this will have a bad
effect on plants. On cold, rainy days, moisture in the leaves overwaters open areas of the mountain.
This can cause plant stress. Fallen leaves in autumn not only spoil the appearance but also turn delicate
flowers into a pile of leaves.

4. Discussion

Owners of summer recreation areas, before placing an Alpine slope in the garden, dig a
foundation pit, fill it with drainage, and only then start designing. In fact, the arrangement of the
alpine slope does not require such complicated work because the rain that falls on the top of the hill
flows immediately to the feet, and the plants do not feel an excess of moisture. Some installation tips
are provided (Coelho et. al.,2018).

1. Mountain slope (stone): open rocks with a minimum amount of vegetation. It can be
built only on a steep slope.

2. Alpine meadow: stony soil, low vegetation.

3. The mountain valley is a rocky garden. Large rocks partially sticking out of the ground
are surrounded by decorative alpines.

4. Waterfall (mountain spring).

5. The mountain gorge is the most impressive composition. It can be placed in a natural

pit, covered with stones, and planted with alpine flora.
Mountain landscape, in such a small copy of a natural relief, stones are combined with several
small plants and dwarf trees.
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What plants are suitable for a rock garden on alpine slopes?

The wonderful landscape is emphasized by various mountain plants, but the climatic conditions
of the region should be taken into account when arranging the landscape composition of the summer
recreation area. Plants for the rock garden are selected to adapt to the conditions of the climatic zone.

Alpine slopes are famous for the harmony of the delicacy of flowers with the inaccessibility of
stone elements, so to achieve the maximum natural similarity, it is necessary to use only low-growing
grassy plants.

Garden waterfall.

A garden waterfall can not only transform the garden but also make it functional. In such a
place, you can relax by watching the flowing water and listening to its sound. This significantly
improves the moral and psychological condition of a person. Doctors in many European countries
say so.

In addition, water structures can repeatedly improve the visual characteristics of any landscape
and give it a natural look. A waterfall plays one of the first roles in landscape design. This simple
element is incredibly popular in many cultures and styles, especially in Chinese and Japanese design.
It was the inhabitants of these countries who were great lovers of all aspects of nature. So over time,
they have come up with a way to create artificial waterfalls that can easily be placed in their homes.

Types of garden waterfalls.

A fountain made of stones. Natural stone is considered the best material for these installations.
Stylists say it's a great choice. The stone is practically indestructible, so it can serve you for decades.
The stone version with cascades is one of the most popular types of waterfalls in our time.

It is better not to have trees above the waterfall; many leaves fall from them in autumn. You
should choose a place where you can see the waterfall from a window, porch, terrace, or usually from
a sitting area in the garden. The waterfall pump should be near the power source (Coelho, M.S. et
al.,2018).

"Merry, the territory of the landscape design of the resort "recreation zone:
o 11 natural landscapes (1-10, 15);

o 4 large tourist accommodation and economic zones (11-14);
o We divided the flint footpath (16) into zones (Figure 3).
"Merry Zones of Landscape Design of the Resort » recreation zone:
Siberian fir-growing zone.

Stone rose Alpine slope zones.

Various floral planting zones.

Samaljail zone.

Ornitofaunal wastewater zone.

A fountain made of stones.

The zone where the healing mud barrels are located.

Coniferous and diverse vegetation zone.

Coniferous, shrubby plant zone.

Japanese maple garden zone.

"Merry "Resort" recreation zone residence.

Car parking.

Barbecue zone.

Warehouse.

Sievers apple orchard zone.

Flint footpath.
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Figure 3. "Merry Resort is an example of the landscape design of a recreation area.

In the south of the territory, between the parking lot and the storage block, 2 rows of (1) Siberian
fir will be planted. In addition to this place, Siberian fir is also planted in large numbers in zones (3,
4,6, 8,9, and 15). This is because the Siberian fir does not tolerate water stagnation, soil salinity, or
dryness and prefers well-drained, sandy, and clay soils. It is very resistant to frost and cold; it lives
for 300-500 years. Plants are grown as single specimens or in rows.

Siberian fir (Abies sibirica Ledeb): up to 30 m in height, very pointed head, straight trunk, thick
bunch of branches, grows smoothly. A slow-growing coniferous tree belonging to the pine family.
As they grow, they spread out, so they should be at least 6 meters away from each other or other trees.
For this reason, it is better to plant it in recreation areas with a wide yard than in narrow yards.

Spruce bark contains 8-15% fatty substances; its bark contains vitamin C, ascorbic acid, and
essential oil; and its fruit contains 25-29% liquid oil. Due to its special air-purifying properties, this
"Merry Resort plans to sow a lot in the recreation area. Because, in addition to its healing properties,
it beautifies the recreation areas very well.

In zone (15), which occupies a large part of the territory due to the favorable natural and climatic
conditions and soil of the region, many Sievers apple trees (Mdlus sievérsii) are planted. The Sievers
apple is a declining species in the Rosaceae family, a valuable edible tree, a supporter of mountain
slopes, and a wild relative of many cultivated varieties. A wild fruit of apple trees in the foothills of
Central Asia and Kazakhstan. It blooms in April-May, and apples ripen in August-September.

In the zones (2, 3, 4, 5, 6, 8, 9) of the territory, on the Alpine slopes, it is planned to grow a
large number of stone roses along with miniature rose plants. Stone rose, Echeveria—this plant is an
indispensable solution for flower growers and landscape designers. This is because, despite all its
decorative qualities, growing a rock rose is easy and simple. Stone rose is a low-growing herb with
fleshy rosette leaves and belongs to the perennial Tolstyankov family. Rock rose grows in rocky soil

151



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 152(3)

and sandstone where other plants cannot survive. Value: decorative effect and ease of cultivation.
This explains the wide use of stone roses in landscape design, such as for decorating alpine slopes
and flower beds.

Our recreational specialty in the recreation area is the healing mud located in Zhalanashkol, 30
km from the village of Akshi. If we believe in modern medicine, clay and salt water give healing
properties to Alakol water. Clay treatment for joint and skin diseases, radiculitis, and injury. Clay
contains a lot of silicon and can strengthen immunity. Healing mud is very popular among tourists
and is in great demand. At the moment, healing mud is spontaneously sold to vacationers on the coast
for 500 tenge per kg in cellophane bags.

And we suggest planning to make wooden barrels in the western part of the Alpine slope in the
territory of landscape design, dig a pool, and fill the wooden barrels with healing mud. It is
recommended to install 2 pools with a length of 2 meters, a width of 1 meter, and a height of 1.5
meters, transport them every 15 days with a special vehicle, and renew the mud. In this zone, sanitary
showers will be installed for those who receive healing mud. And in zone (16), instead of concrete
pavements, natural flints will be brought in, and a pink flint pavement will be made. These stones can
be brought from Shybindy Mountain, 30 km from Akshi village, which is financially beneficial.

Researchers and local governments have constructed urban redevelopment models by
combining the SSI and Gl theories, incorporating both residents’ activities and physical changes in
communities. Undoubtedly, GIS has become ubiquitous for scientists to comprehend urban
redevelopment by linking data to demographic and socioeconomic characteristics. However, current
research on urban redevelopment identification sometimes faces challenges in delivering timely and
precise information for various reasons.

Present the output of the Realtime Landscaping PRO model and its key features. Evaluate the
suitability of the proposed plan in terms of its ecological impact, aesthetic appeal, and potential for
sustainable tourism.

5. Conclusion

The purpose of the research work was to design a cultural landscape design of a comfortable
and beautiful natural living area in the recreation area that matches the taste of tourists, to beautify
the landscaping area, to properly plan recreation and green areas, to divide them into zones, and to
place objects rationally.

For this, the concept of landscape planning, as well as its development trends and general
importance in the system of environmental protection measures and the physical-geographical
situation of the Alakol lake basin, were considered. After determining its biogeography, it was found
that it is rich in flora and fauna. It is possible to grow Sievers apple trees, conifers, and all the birds
that fly to the warmer regions.

Research object: "Merry In the territory of the "Resort™ tourist recreation zone, we have
effectively placed medical and recreational resources and created a landscape design model by
collecting flora adapted to the Akshi rural district in the form of an alpine slope. According to this
model, we have divided the recreation area into 16 zones. Merry, the area where the landscape design
of the resort zone will be created is mainly natural landscape zones, tourist accommodation, and
business zones. We divided the flint into footpath zones. It is planned to place a zone of wooden
barrels in our recreation area, preserving the composition of healing mud, which is characteristic of
Alakol Lake.

In general, in the course of this work, we planned to study the "Merry Resort™ recreation area,
create favorable conditions for tourists, and heal with therapeutic water and mud. The aesthetic effect
of the beautiful natural landscape and the high emotional mood were guided. In addition, the
ecological importance of growing, multiplying, and protecting the dwindling Sievers apple orchards
in Zhetysu Alatau was also considered.

The study demonstrates that ecologically based landscape planning promotes biodiversity,
enhances water and soil sustainability, and facilitates climate regulation, while also creating
aesthetically diverse and restorative environments. The proposed design illustrates how sustainable
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resource management can strike a balance between ecological resilience and cultural and recreational
values. For similar contexts, future research should quantify ecosystem services, integrate local
participation, and assess adaptive strategies under climate change scenarios.
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Angatna. Makanajga KopmiaraH OpTaHbl KOpFay MIapayiapblHAaFbl JIAHAMAPTTH JKOCHapiiay
Mocenenepi  KapacTeipbuiabl. JlanamadTreik kocmapiay (LP) — Oenrimi Oip reorpadusiibik
aliMaKTapJarbl KaybIMJIACTHIK ©OMIpiHIH KEHICTIKTIK-yYaKbITTBHIK YHBIMIACTHIPBUTYBIH 3€PTTECUTIH
nanamadTTaHydarbl  FeUIBIME  OarbIT. [llapyamibUTBIKTBIH —~ (DYHKIMOHAIBIK —alMaKTapbIHBIH
JaHIaPTTRIK  KYPbUIBIMFA OapbiHIIA OeWiMelyiHe KOJI KETKI3y JKOHE JKaHa OHTAMJIbI
AHTPOTIOTEH/TIK XKOHE MOJICHU JaHAIMA(TTapIbI Kypy. AWMaKTap IbIH JIaH A THIK €peKIISTIKTepiHe
TOH DKOJIOTHSUIBIK QIFBINIAPTTAP MEH MICKTEYJEP.i OPHAIACTBIPY JKOHE SKOHOMHKAIIBIK JaMYyIbI
KY3€ere achIpy/IbIH TEOPUSACHI MEH MPAKTHUKACHI.

JKYMBICTBIH ©3€KTLTIr XKEPriTiKTi JKepAiH Taburu oprackiHa OeHimuaenreH JaHamadTThl O0acKapy
KYHeciH 93ipiiey, epeKile KOpFalaThlH KEH ayMaKTapJbl CakTay, a3aiblll Oapa >kKaTKaH Oipereit
ocIMIIKTEepAl KOOCHUTy >KOHE KOpFay, TYPHCTIK JAEMallbiICc alMaKTapbl MEH JKEKe TYPFbIH Y
KYPBUIBICTAphl ayMaFbIHAA ICTCTHKAIBIK KOPKEM-MOJCHH JTaHAMA(TThI MOJEIBACY, Kajlaiap MEH
ayblIIap/bl KeraJlJaHelpy, Oackamia alTKaHIa TaOMFATThl YUBIMIACTHIPY JKoHE T.0. AJaM MEH
TaOMFATTHIH KapbIM-KATBIHACHI OHEP MEH CYJIYJIBIKTHI YHJIECTIpY Maceeci OOJIbIT Ta0blIa bl

byn 3eprrey Kazakcranmarbl Asaken KeJiHIH >KaHbIHAAFbl «KeOHIIMI JeMalbic OpHBI» TYPHUCTIK
JeMallbic alMaFbIHBIH JIAaHTIA(QTHl TU3alilH JKOCHAphIH YCBIHAABL. JKocmap 3KOJOTHSIIBIK
TYPaKThUIBIKKA, 3CTETHKAIBIK TapThIMIBUIBIKKA JKOHE IKeprurikri ¢uiopa MeH QayHaHbBIH
UHTerpalusachina oackiMabik Oepesi. Realtime Landscaping PRO kosnanbachki naitianana OThIpHII,
3epTTey JAEMANbIC alfMaKTapbIH, TYPY aliMaKTapbIH XOHE SKOJIOTUSIIBIK Ce3IMTal aiiMaKTapabl Koca
aJfFaHjIa, aryaH TYpJii akMakrapasl yiariterai. CuBepc aiMa aramibl CUSKTHI a3aibill Oapa jKaTKaH
OCIMJIIK TYpJIEpiH ecipyre >KoHE albMUIiK YIriferi jJanamadT jkacayra epekiie MoH Oepiieni.
3epTTey aitMaKThIH Oipereil reorpadusuIbIK KOHE KIMMATTHIK KaFJaiIapblH, COHBIH IMIHAC KYIITi
EJIIH 9Cepl MEH Cy CHITaTTaMajiapblH €CKEPEe OTBIPHII, JaHIIA(TThI )KOCIAPIIAYIbIH TCOPUSIIBIK
HETi37IepiH KaMTHIbI. AJIBIHFAH HOTIDKENEp AJaKesl ailMarbIHIarbl TYPU3MJIlI TYPAKThl JAMBITYFa,
ayMaKTbhIH 3CTETUKAJIBIK JKOHE IKOJIOTUSIIBIK KYH/IBUTBIFBIH apTTHIPYFa BIKIAJT €Te/Ii.

Tyiiin ce3xep: manamadTel xocmapnay, JaHTAPTTHIK AU3aiH, JeMabic alMarbl, SKOJIOTHSUIBIK
TYpakThUIBIK, Asaken ke, Realtime Landscaping PRO, CuBepc amma arainbl, anbii OeTKeli,
TYPaKThI TYPHU3M.

I'eorpajguueckne 0cO0EHHOCTH JAHAMAPTHOTO IJIAHUPOBAHUSA PEKPEANNOHHBIX
30H B AJIaKOJIbCKO KOTJIOBHHE

Bbasan Kepumoaii, Kyar Baiimbip3aes, Hyp:xan Kepumoaii, Epknn Toxknanos, Anyap UcabGaes

AHHoTanusi: B crarbe paccmaTpuBaroTcs TpoOieMbl JIaHAIA()THOrO IJIAHUPOBAHUS B
MPUPOJIOOXPAHHBIX MeponpusaTusix. Jlanamadraoe mnanuposanue (JIIT) — HayuyHOE HanpaBieHUE B
naHAmwadTOBEICHNH, U3yYalollee MPOCTPAHCTBEHHO-BPEMEHHYIO0 OPraHMU3aINI0 KU3HH COOOIIECTB
B OTIpeJIeIEHHBIX reorpaduueckux 30Hax. Llenpo sBiseTcst JOCTHKeHUEe MaKCUMAalIbHOW a/1anTalluu
(YHKIIMOHAJIBHBIX 30H XO3siCTBa K JaHAMA(THOM CTPYKTYpe M CO3JIJaHUE HOBBIX ONTUMAaJIbHBIX
AHTPOIIOTEHHBIX U KYJbTYPHBIX JIaHAmagpToB. Teopus M MpakTUKa peaau3aliy XO03SHCTBEHHOTO
OCBOEHHUS M pa3MEUIeHMs] SKOJIOTMYECKHUX MPEANOChUIOK M OTrpaHUYEHUMN, XapaKTepHBIX IS
naHAmadTHEIX 0COOCHHOCTEH PETHOHOB.

AKTyallbHOCTh pPa0OTHI 3aKilo4aeTcss B pa3paboTke CUCTEeMBbl JaHAMA(THOTO YIpaBICHHUS,
alanTHPOBAHHOM K MPUPOIHOM cpejie JaHHOM MECTHOCTH, COXPaHEHUH KPYITHBIX 0CO00 OXpaHIEMBIX
TEPPUTOPUH, BOCIIPOM3BOJCTBE M OXPAHE YHHMKAIBHBIX PACTCHHM, HAXOIALIMXCS IOJA Yrpo30il
MCYE3HOBEHHMS, CO3/IaHUM 3CTETUYHOIO XYA0KECTBEHHO-KYJIBTYPHOTO JIaHAmadTa Ha TEPPUTOPUN
TYPUCTCKO-PEKPEAIIMOHHBIX 30H M YaCTHOM KUJIOM 3aCTPOMKH, 03€JICHEHUU TOPOJOB U MOCEIKOB —
UHBIMHM CJIOBaMM, B DKOJIOTMUECKOH OpraHu3allMM INpUpOAbl. B3aMMOOTHOLIEHHS 4EIOBEKa M

MPUPOJBI — ATO TpobIIeMa KOOPAUHALIMY UCKYCCTBA U KPACOTBHI.
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B nanHOM Hcce[oBaHUY MPEACTABICH MPOEKT JaH A THOTO Tu3aifHa TYPUCTCKO-PEKPEATMOHHON
30Hbl «Becenblii kypopT» Ha o3epe Auakoinb B Kazaxcrane. B mimaHe mnpuoputeT oOTHaH
HKOJIOTUYECKON yCTOWYMBOCTH, 3CTETUUECKON MPHUBIICKATEIILHOCTH U MHTETPALIMU MECTHOH (DIOPHI
u ¢aynsl. C momomsio mpuiaoxenus Realtime Landscaping PRO B mcciieoBaHuu MOIEITHUPYETCS
LIMPOKUI CIEKTP 30H, BKIKOYasi 30HBI OTAbIXA, 30HBI Pa3MEIICHUS U SKOJIOTMUECKU ySI3BUMBIE 30HBI.
Oco0oe BHUMaHUE YAENSAETCS BBIPAIIMBAHUIO MCYE3AIOIIMX BHUAOB PACTEHH, TaKuX, Kak sOJIOHS
CuBepca, W co3maHuio JaHamadTa B ambnuiickoM cTuie. McciaemoBaHue BKIOYaeT B ceds
TEOPETUYECKHE OCHOBBI JIAHIIMIA(YTHOTO TUIAHWPOBAHUSA C YYETOM YHUKAIBHBIX reorpapuueckux u
KJIMMaTHYECKUX YCIIOBUN PETMOHA, BKJIIOYAs BJIMSHUE CUJIBHBIX BETPOB U XapaKTEPUCTUKU BOBI.
Pe3ynbratel ucciieqoBaHus CHOCOOCTBYIOT Pa3BUTHUIO YCTOMYMBOTO Typu3Ma B AJAKOJIBCKOM
pailoHe, OBBIIIAsl KaK 3CTETUYECKYIO, TAK U IKOJIOTUYECKYIO LIECHHOCTh TEPPUTOPUH.

KiaroueBble cjioBa: yaHamadTHOE IUIAHUPOBaHWE, JNaHAMA(THBIA AW3aiiH, 30HA OTABIXA,

IKOJIOTMYECKasi yCTOWYMBOCTh, 03epo Auakoib, Realtime Landscaping PRO, si6nonst Cusepca,
ANBIIMNUCKHUN CKJIOH, YCTOMYUBBIN TYPU3M.

156



XFTAP 87.15.15, 87.21.37, 87.21.15

Cexnus: I'eorpadus
FruteiMu Makana

Kazakcran PecmyOimkachl ipi KajajgapblHbIH TONBIPAK >KAMbLIFbICHIHIAFbI
aybIp MeTAJJapAbIH TapajyblH reoakmapartThik yiariiey (Kasruagpomer PMK
2019-2023 x:x. MaJstiMeTTepi Herisinme)

Hypryan Cuxanosal, Epian llIbin6eprenos'™, Hypuiaa Torbiz6aesal, Aliman Kapa6anaesa

Jaiiexco3: CuxaHoBa, H.,
Ileia6eprenos, E,. Torsi3bacsa,
H., KapaGamaea, A. (2025).
Kazakcran Pecmybmukacel  ipi

KaJaJapbIHBIH TOTIBIPaK
JKaMBLIF BICBIH JAF bl aybIp
MeTalIapIbIH TapaxyblH
re0aKmapaTThIK yJiriney

(Kasrugpomer PMK 2019-2023
HOK.  MOmiMeTTepi  HerisiHge).
JLH. T'ymuneB ateingarsl EYY-
HIiH Xa0apIIbICHL. Xumus.
leorpadus. Dxonmorus cepHscH,
152(3), 157-174.
https://doi.org/10.32523/2616-
6771-2025-152-3-157-174

AKaIeMUSIIBIK PEIaKTOp:
H.E. PamazanoBa

Penakumsra tycri: 13.04.2025
Tyzerinzi: 24.09.2025
Kao6suimanasr: 26.09.2025
Baceuisivra msikTel: 30.09.2025

Copyright: ©2025 by the
authors. Submitted for possible
open access publication under the
terms and conditions of the
Creative Commons Attribution
(CC BY NC) license
(https://creativecommons.org/lic

enses/by-nc/4.0/).

2

1KOpKHT Ata ateiHzmarel Kpi3pmopna yHuBepcuteTi, KeI3puiopaa,

Kaszakcran; sihanova.nurgul@mail.ru; shynbergenov.erlan@mail.ru;
nurila2009@mail.ru
Actana  XambIKapamblK ~ yHEBepcHTeTi, AcraHa, Ka3zakcram;

aiman_jan@mail.ru
*Koppecnonaennus: shynbergenov.erlan@mail.ru

Anpartna. TonbIpakThIH J1acTaHy YPAICI aJaM 9pEKeTi calliapblHaH COHFbI
€Ki FachIp/Jia KapKbIHABUIBIFBI OipHEIIIe ece apThI, KesieMi yiken . OHbIH
canjapblH Oakbulayjga ycTall, SKOJOTUSHBI TYPAKTaHIbIPY MaKcaTbIHIA
QJIeM enaepi XUMHUSUTBIK KOCBUIBICTAP MEH YBITTHI 2JIEMEHTTEP/IIiH TaOUuFru
opTara HIBIFY MeJIepiH Oenrii 6ip HOpMaTUBTEPre COMKECTEHIIPE.
EniMi3zzie TONBIPaKTHIH JIACTAHYBIHBIH HET13T1 SKOJIOTHSUIBIK HOPMATUBI —
mekTi pykcar etiareH konmeHtpanus (IIIPK) OGonbim TaObLIaTHIHBL
Oenrul, ssFHU Oenriil O1p yakbIT apaibiFbIHAA TYPAKThl OaillaHbIC HeMece
e3apa opekerTecy Ke3iHJe JKaHyapJapra, eCIMIIIKTepre,
MHUKPOOPTaHU3MIEpre JKOHE JKalNbl TaOWFU KaybIMIACTBIKKA ocep
eTIENTIH TOMBIPAKTaFbl IMOJUTFOTAHTTBIH MeJllepi. AJmayblT eHAipic
OpBIHJIAphl OpHAJIACKAaH OKIMUIUTIK-ayMaKThIK OIpIIKTEpiH TOMbIpaK
KaOaTbIHBIH ayblp MeTalJapMeH JacTaHy JeHreliH Kajaraiay
makcateiHna  «Kasrunpomer» PMK  rtapanbsiHan — emimi3giH  ipi
KaJanapblHaa Y31KCi3 MOHUTOPUHT Kyprizeai. Hotmkeci kamaranayibt
MEKEMEHIH pecMU 0achbUIBIMbI — OIOJIIETEHIEp/Ie KapusiiaaHaabl. Makana
oromerenaepain 6ec xputmarsl  (2019-2023) Gakputay HOTHXKECIH
capanTay MakcaThIH/Ia YHBIMAACTBIPBUTFAaH. MOHUTOPUHT HOTHIKEJEPiH
CTaTUCTHKAJIBIK TYPJIEHIIPY OapbICBIHIA XPOM, MBIC, MBIPBIII, KaJMUH
’KOHE KOpFAChIH 3JIEMEHTTEPIHIH ypOaHAanFaH aiMaKTap TOMbIPAaFbIH]IA
Tapajxy CHIIaThl CapanTajblll, aHBIKTANAbl. MyHaH KeiliH Jepekrtep
reoaknapaTThlK TEXHOJOTHsS KOMETriMeH JJIeKTpOHAbl Kapra OeTiHe
TYCIpLIiN, KayINTLTIK JOpekKeciHe COMKec TONTacThIpbuLabl. Kanamapasia
TOTIBIPAFBIH/IAFBI aYBIP METaJapIbIH KCHICTIK MeH YaKbIT apalibIFbIHIa
TapalyblHa FBUIBIMH TYPFbIJa capanTama OSKYpri3uiim, —oJIeMIiK
TPEHATEPMEH CallBICTBIPY JKOHE Tajjay »Kacaiabl. brojureteHmepMeH
capanTamMa JKyprizy OapbIChIH/a YaKbIT ©Te Kejle 0achbUIBIMHBIH Canachl
apThIN, OHJAFBI aKMapaTThlH OIpi3AUIIrT MEH KyHeleHy AeHreil enayip
KaKcapraHIbIFbl OalKanJbl, JETeHMEH KOIl Xepiepae MolliMeTTep/iH
OOBEKTUBTUIITIHE KYMOHI JKaWTTap Ke3/Iece/l >KOHE ayblp METaJIbIH
MeJepi OipHelle J>KbI KaTapblHAaH KOKTEM J>KOHEe Ky3 Me3TiIiHzae
e3repicci3 mamMaHbl KepceTy (akTiaepi TipKeI/l.
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Tyiiin ce3aep: TOMBIpAaKTaFrbl ayblp METANAAP; MEMJIEKETTIK MOHUTOPHUHT; ypOaHaanFraH aiMaKTap
tonbiparsl; ['AXK.
1. Kipicne

2005 >xpLabl aam3aTThid 49 maite3el, SFHU 3,2 MIULTHAPA afaM, Kainaizapaa eMip cypai, 2020
KBUTIFBI JKaFaail OOMBIHIIA JKEp XaIKBIHBIH 56,2 maiibi3pl Kanamapaa Typasl. bYY OomkaMbIHBIH
oprama Hyckackl 0oibiHIma 2050 >KbUTHI Kajlanap/ia ep XalKbIHbIH 68,6 maiibi3el TypaThiH 0oJica,
2070 >xputra Kapail oyieM XankbIHbIH mamamen 70 maibi3bl Kajnanapaa Typajas! aen kytiayae (Desa,
2014). Ex namblraH aiiMaKTap/IbIH XaIKbIHBIH KapThIChIHaH K001 1950 sKbUTbI Kaiamapaa TYpAbl JKOHE
2030 sxpurra Kapaii Oy kepcerkim mamameH 80% sxereni nen 6omkanyna. Eyponanslk Kopiaran
opTanbl Kopray areHrririnig (Aurambout et al., 2018) conrbl ecebi Kaaablk ayMaKTapabl KEHEHTYIiH
KOpILIaFaH opTara ocepiHe Oaca Ha3ap ayaapabl.

TaOuru oOpTaHBIH JACTAHYBIHBIH JKal-KyHi MeH JICHreiiH Oakpliay »KoHE Kajaraiay
Mocelesiepine aIeMHiH kenrtereH enaepi 1972 xpurrbl CTOKIoabM KOHPEPEHIUACHIHAH KSHIH Ha3ap
aynapbin keneai. XKahanaplk aHTPOMIOTeH 11K MUKPOAJIEMEHTTED LIbIFAPBIHABLIAPBIHBIH HEr13r1 06iri
AzusHbIH gamymibl enjepinen keneni (Fouzia et al., 2024). byn enpepre onemueri KaaMmuii
HIBIFaPBIHABUIAPBIHBIH 49%, MbIc mbIFapbIHABLIAPBIHBIH 50%, KoprachIHHBIH 43% 'KOHE MBIPBIIITHIH
61% Tuecini, an AsusueiH TopT e (Kprraid, Xamonus, Onrycrik Kopes sxone Kazakcran) kaamuit
MEH CHIHAITHIH OHMIPICTIK KaJAbIKTapbIHAH dJIeMIEri Kemrbaciisl oHabIKKA Kipemi (Pacyna et al.,
2001; Li et al., 2009; Kismelyeva et al., 2021).

TombIpak agamM3aTThIH KaJlllbl 6MIP calachlHa TIKEJICH HeMece jkaHaMa TYPAE YJieC KOCaThiH
KaJIaJblK SKOXKYHeHIH MaHbI3/16l Kypamac Oesiri (de Hollander et al., 2003; Van Kamp et al., 2003).
Kananelk >xarnaiiia oi1 TaOMFM HEMECe aybUIIAPYalIbUIBIK TOMBIPAKTAPhIHA KATBHICTHI KOCHIMIIA
dbyHKIUsUTapAbl atkapaabl. Jlanamadrt anemMenTi petinge o casdakTap MeH 0aKTap/ia SCTETHKAIBIK
JKOHE peKpealsuiblK  (QYHKUIUSTIapAbl OpPbIHAAWIBI, OHOSPTYPILTIKTI CcakTayFa BIKOAI eTeal
(Berdenov et al., 2024). Kananslk TOmbIpak kWi MaiijajiaHy OapbIChIHIA KbUIIAM ©3repicTepre
YIIBIpaiisibl, onap KkeOiHece HKOXKyHeHIH Oacka OeJliKTepiMEH, ayaMeH, CyMEH >XoHe OHOTaMeH
KapbIM-KaThIHACKIH ©3I¢PTETiH HBIFbI3AaTyMeH askTanaabl (Farooq et al., 2021; Bahetnur et al., 2023;
Zhalmagambetova et al., 2024; Dyussembayeva et al., 2025). OHbIH CyOCTpPaThIH OHBIH YMBICHIH
e3repTe aNaThiH Oacka aHTPOIOTCH/IIK MaTepuaaapMeH apanacteipyra 6omaasr (Morel et al., 2005;
Efremov et al., 2021). ©nepkacir, K071 KO3FAIBICHI, KaHApMail JKary JKOHE KOKBICTAp/bl HIBIFapy
CHSIKTBI aHTPOIIOTEHJIIK dpeKeTTep KebiHece TOMBIPaKThIH JiacTaHybiHa okeneai (Akhmetov et al.,
2022; Temirbekov et al., 2023). Backaria aiitkanaa, Eyponansik KOMHUCCHS Ti3iMIEre€H TOMBIPAKTHI
CaKTayJbIH HET13T1 KaylnTepiHIH KOIIIUIITi, aTan alTKaHa: 3po3usi, Ty3/1aHy, ThIFbI3/Iay, HBIFbI3IAy
JKOHE JTaCTaHy KaJallbIK aifMakTap/ia ThIM OelCeH 1 Kype/i.

Kananbeik TONMBIPaKTHIH JIACTaHYbIHA apHAIFaH oneOueTTep/iH canbl ore ken (Zhang et al.,
2022). Kemik KO3FaJbIChl, XbUTy, OHEPKICIN KOHE KOKBIC IIBIFAPY CHIKTBI Ke3aep KebiHece
TOTIBIPAKTBIH OPTraHUKAJIBIK JKOHE OCHOPraHWKAJBIK JIACTAyIIBI 3aTTapMEH JacTaHybIHA OKeJe/i
(Kozhagulov et al., 2025). backa HopcenepMeH KaTap, ajllaHAaylIbUIBIKTBIH HETI3ri cebentepi
MOJIMIUKIII1 XOII HiCT1 KOMIPCYTEKTep, MOJMXJIOpIaHFaH TudeHuiep, IMOKCUHIEP, MeTaniap koHe
MeTaouaTap. byn macranynblH TUNTIK TUGOY3UATBIK CHUIIATHI KOHE TOMBIPAKTHIH ajamaapra
JKaKBIH/IBIFBI XJIBIK JIEHCAYJIBIFHI YIIIIH KayilTi apTThIPAJIbL.

TombIpakThlH >KOFaphl JCHTEH/Ie JIaCTaHYBIHBIH HETi3T1 Ke3aepi aTmocdepara TyceTiH
JacTaylibl 3aTTapAblH, HET131HEH Tay-KeH OHIpICl Ke31HJe, METaUIyprusl 3aybITTapbl, XUMUSIIBIK
OHJIIpiCTep OpHAJaCKaH ayAaHaap/aa, Ka30a OTHIHAAPBIH JKaFy jkoHe 0acka aa Oipkarap eHJipicTep,
TEXHOTEeHJIIK arnarrap, COHbIH IIIIH/AE aTOM ©HEPKACiOl KOHE PHEepreTuka 0ObeKTUIepiHAe, Kapy/ bl
chiHay Ke3iHae Tycyi myMmkin (Yang et al., 2018; Khan et al., 2021).

Kanaiblk aymakrapjJblH 3aMaHayd TOMBIPaFbl KAPKBIHABI TEXHOTCHJIIK IKYKTeMelepre
yiibIpaiael. TaOWFU sKaraiiiarsl TOMBIPAKTaH AMKBIH EPEKIICIICHETIH KEKE TOM KaJIbIITACThIPAIbI.
Meranonuc TombIpaKTapblHa Kejieci Oenruiep TOH: KOpIIaFaH OpTa PEaKIMSICHIHBIH CUITUICHYTE
Kapail aybICybl, TOTBIFY-TOTBIKCBI3/IaHY OJNIEYETiHIH TOMEH/CYl, OPraHUKAIBIK 3aTTap/IbIH, KAJIIbI
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A30TTHIH, KaIHUIIH koHE (POChHOpPIBIH KOFAphUIAybl KOHE ayblp METalgapisl Koca alFaHiaa,
JacTaymibl 3aTTap/IbIH KUHAKTATYBI.

Kananblk TombIpakTap MaHBI3ABl OKOJOTHSUIBIK  (YHKIUSUTApABl  OpbIHAaiabl.  Omap
AQHTPOIIOTEHIIK  TOJUTIOTAHTTAPBIH  JKMHAKTAIYy CHIMBIMIBUIBIFBl JKOFApbhl KyaTThl —KypJeli
TCOXUMUSUTBIK TOCKAYbLI OOJaIbl, JET€HMEH OYJ CHIMBIMABUIBIKTHIH IIETi i aHBIKTAJIFaH KOK.
Kamanelk  TombIpakTapia a3 3epTTENTCHIEpre  3aTTapAblH  COPOIUSCH,  JAECOPOIMACHI,
TpaHc(hOPMAIHACH XKOHE KOIIIi-KOH MPOLeCTepi KaTaIbl.

Kazipri yakpITTa KajaJblK TONBIPAKTHI MOHUTOPUHITIK 3€PTTEYAIH ©3CKTLIIr aOMOTHUKAIIBIK
KaTaJIMTHKAIIBIK OCJICEHAUTIK CHAKTHI )KaHa 3epTTeIIMETeH KaCUeTTEP/IiH Haiiia 00Iybl, TOBIPAKTHIH
OpPraHUKAaJIBIK KOCBUIBICTAPHIMEH ayblp METAJAapIbIH JKOHE OJIAPIbIH KEIICHACPIHIH KOFaphl
KOHIICHTpaluschiMeH OaimanbicTel (Sharma et al., 2017). Kananapaarbl XajabIKThIH ThIFbI3IbIFbI
JKOFaphl OOJybl METAIOJMCTEP/IiH TOMBIPAKTAPBIH XaJBIKTHIH JICHCAYJBIFbIHA Kayill TOHAIPETIH
taburu (akTopinapabiH Oipi periHae KapacThipyra MyMmKiHaik Oepemi (Zhang et al., 2020).
CoHABIKTaH ToXKIpUOENiK 3epTTeyNepli JambITy YIIIH MOHUTOPUHITIK 3€pTTEyJiep bIHFAUIIBI
KaJaJblK OpPTaHbl KAJIBINTACTHIPY JKOHE SKOJOTHSUIBIK amaTTapAblH alJbIH Ay YVIIIH OJapJbl
JICTOKCHKAIHsiIay OOMBIHINA YCBIHBICTAp, TEXHOJIOTUIAD MEH MoJebaep Kaxer (Zamotaev et al.,
2017).

2. MaTepuaaaap MeH djicTep

«Kasrugpomer» PMK 2019-2023 xok. OrojuieTeHIEpiH MOHUTOPUHT jkacay OapbIChIHIA
eiMi3IiH ipi 23 KamachlHBIH TOIbIpaK KabareiHaa aybip metangapabiy (Cr, Cu, Zn, Cd xone Pb)
HIOFBIPJIAaHY MOJIIIepl AaHBIKTANbIN, CTATHCTUKANBIK OHJAeY (MHUHHMAIAbl-MaKCUMANIbl IIaMa,
OpTalIa+CTaHAapTThl AYBITKY) KYpriziaui (kecte 1).

AybIp MeTanaap MeH MeTaITIOUATap IbIH TeoNOTUsIIBIK XKikTenyinae Cr — cunepodun, Cu, Zn,
Cd xone Pb — xanpkodunai snementrep ToobiHa OipikTipiares (I'punByna, Dpuino, 2008). Kecrene
OepiireH Kanajmapipl TaHAayFa keseci cebenrep Heri3 O6omnnel: bypabaii, lllyunHck kanamapsl ipi
OHEPKACIIT OLIaKTaphl XKOK, TYPUCTIK MaKcaTTa laMy TPaeKTOPHCHIH YCTaHFaH OKIMIIUIIK O1pJIiKTep.
Kexkmeray xamacel — sxorapbigarbl TypucTik aiMakThiH 100 makbipbIMABIK Oydepiik 30HACHIHAA
OpHaJlacKaH, ®HEPKICINl OpbIHAAPHI JaMbIFaH KOHbICTaHY aiiMarbl. Kecrenmeri kanraH kKaiamap —
00JIBIC OpPTANBIKTAPHI )KOHE/HEMece METAITyprus KellleH1 JaMblFaH ypOaHAallFaH TeppUuTopusiap.

Kecrtezeri manimerTep/1i BU3yaiibl aiikpiniay makcarsinaa OpenStreetMap (OSM) nepexrepi
— CaHBIK BEKTOPIIBI KapTOTpadUsIIbIK MaTepUATIaPbIHBIH JIEMIIK MEMIIEKETTEP AePEKTEP KOPbIHAH
ArcGIS makeriHIe KenTIpijreH reoakmaparThiK JKylenep MYMKIHAIKTepiH Kojianeii, Kasakcran
PecniyOnukachIHBIH II€Kapackl MEH KallaJapbIHBIH OpHaiacy KapTachl kacakTanisl. JlaiiblHaanran
KaJIBIITAaH JEKTPOH/IBI TAKBIPHINTHIK KapTa KabaTTaphl KypacThIpeiiabl. Ol YIIiH 3epTTey HBICAHBI
— Op ayblp MeETaifa KEeKe JJIEKTPOHJIBI KapTa KYpacTBIPBUIBII, Kajanap OOWBIHINA S >KBUIIBIK
MOHHUTOPHHT OapbhICHIH/Ia AHBIKTAJIFAH TOJUTIOTAHTTHIH MaKCHUMAJIIbl MOJIIIepi OaraHabl quarpaMMa
TYpiHIe KapTa OeTiHe Tycipinai. HakTel KepCeTKIMTIH JacTaHy ACHrediH alKbIHIay MaKcaThIHAA
Kazakcran PecrnyOnukaceiHna KaObBUITAHFAH ayblp METaNIapblH TOMBIPAK >KaMBLIFBICBIHIA
tapanyslHblH HIPK Memnepi ne ntuarpamMma Typinae Koca Oepiiai.
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Kectre 1. Kazakcran PecmyOnmkackl KajmalapblHBIH TONBIPaK >XKAMBUIFBICBIHAA aybIp METaJNapiblH MIOFBIPIAHY MOHJEpi, MI/KT (MUHUMAJJIbI-
MaKCUMaJIIbl Iama), opTamatcranaaptTsl aybITKy («Kasruapomer» PMK 2019-2023 k. GromeTenaepi Heri3iHae)

KaJia ataybl, CbIHAMA aJILIHFAH Kep Cr Cu Zn Cd Pb
Bankam, «bankamrycriMeramny, JIeHUH—ONIMXaHOB KOIIL. (0,67-18,02%) (6,12-526,7) (74,2-1327,8) (0,27-70,5) (5,54-1010)
KUBUIBICHI, casg0aK 7,004+5,8 120,4+125,8 417,5+420,47 18,3+25 433,3+326,5
Pumnep, Ne3 mexrern, KoprachiH 3aybIThI [IEKapaChl (0,07-108,5) (0,14-27,2) (23,8-1145,3) (1,2-17,6) (77,4-1055,6)
724 6,27+8,2 310,6+384,4 5,5+4,8 514,44352
OckemeH, TpakTop—Aobaii Kerenepi KUBLIBICHI (0,01-5,6) (0,33-137,9) (3,3-951,9) (0,28-36,1) (2,5-1605,8)
1,54+1,7 29,4+40,7 312,5+361,1 9,8+11,7 460,5+£512,7
IemvkenT, «HOxmomumeTamm JKAK (0,2-3,41) (0,12-84,3) (0,5-221) (0,1-32,5) (14,7-1515)
1,17+1,001 16,81+22,95 61,14+68,006 12,1+12,84 374,07+554,75
Acrana (0,0001-17,7) (0-22,6) (0-7,1) (0,001-2,2) (0-24,3)
1,9+45,2 4,02+7,25 2,6£6,8 0,5+0,6 4,1+8,0
Bbypabaii, «bypabaii» kemeHai (GOHABIK MOHHUTOPHHT (0,0001-1,5) (0-22,1) (0,0019-1,5) (0,0002-2,1) (0-24,5)
CTAHIMSCHI 0,17+0,4 2,5+5,4 0,44+0,5 0,3+0,6 1,87+5,7
lyunHCcK (0,0001-1,5) (0-23,2) (0-1,6) (0-1,9) (0-10,2)
0,2+0,46 2,9+5,76 0,5+0,6 0,36+0,62 0,8+2,3
Kokieray (0-1,3) (0-21,1) (0-1,7) (0-1,1) (0-30,3)
0,18+0,3 3,2+7,3 0,4+0,5 0,16+0,3 6,6+10,8
Axrebe, Nel6 mekrer, TypreHes Kolil., aBHAKaNaIIbIK, T/ (0-0,15) (0,04-1,04) (1,3-4,7) (0-0,2) (0-0,25)
BOK3aJIbI 0,06+0,04 0,3+0,2 2,37+1,0 0,1+0,06 0,1+0,07
Anmatel, Abaii—CeiiyUIMH TaHFBUIBI KUBUIBICHI, dyexkal, (0,11-2,36) (0,3-6,89) (2,13-19,8) (0,04-0,62) (9,4-105,6)
«Mepkyp» aBToopTaiibiFel, CalipaH Kei 0,87+0,7 1,712 9,5+6,4 0,3+0,2 37,3+£28,2
Tanapikoprad, Kupos, Uuayctpuanasl, Toyesaci3mik Kelir., (0,04-10,3) (0,3-45,8) (1,12-83,4) (0,1-17,5) (10,03-1183,5)
Nel8 mexren, Kapnnonorus aypyxaHachl 2,4+2 8 4,6+£10,0 18,05+20,8 2,2+4,05 267,4+303,67
Atpipay, Nel9 wmekten aynacel, Jlemanbic —casOarbl, (0,01-2,49) (0,01-3) (1,18-4) (0,025-0,35) (0-3,39)
Atpeipay—Opaun a/x., AMO3 0,3+0,6 0,5+0,8 2,1+0,7 0,1+0,08 0,36+0,87
Cewmeit, «CemeiieMeHT (0,05-4,5) (0,06-6,4) (1,6-29,98) (0,02-0,62) (5,5-65,66)
1,18+1,3 2,5£2.5 12,9+11,3 0,25+0,2 28+17
Tapas, Ned0 mekren (0,16-1,8) (0,3-2,36) (3,02-12,9) (0,1-0,6) (13,9-189,53)
0,6+0,4 1,0+0,6 6,8+2,7 0,26+0,1 57,7+£52,6
Opain, Nell mexren aynacel, «KupoB» casOarbl, «3eHHT (0,01-0,15) (0,06-0,81) (0,81-6,38) (0,01-0,22) (0-0,3)
3aYBITHI 0,06+0,04 0,3+0,2 24+1,4 0,1+0,1 0,1+0,07
Kaparanmsr, «Kazakmbic» xoproparuscel, JK30—3, Nel0l (0,2-4,25) (0,54-7,67) (6,2-150,5) (0,1-1,54) (1,2-38,1)
MEKTEIT 1,26+1,3 3,524 26,1+£30,7 0,5+0,5 20,6+10,6
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JKeskasran, aBToMarucTpaib, «JKeskasraH MbIC OAIKBITY (0,9-17) (0,1-511,8) (26,9-448,1) (0,34-5,34) (3,6-310,2)
3aybIThI», Ne3 MekTen, KeHrip cykoiMachIHBIH 0ereTi 5,4+£5,5 70,2+114,46 144,03+122,6 2,4+1,8 130,2+103
Temipray, HayOaiixaHa, aBroMaructpaib, JKI0—2, Nell (0,52-9,3) (0,11-15,4) (14,6-311,3) (0,13-1,8) (0,8-52,8)
MEKTeIl 3,5+2,9 5,1+5,2 38,5+64,7 0,6+0,5 30,01+14,4
Kocranait, Kongutepiik pabdpuka (0,02-1,2) (0,1-5) (8,1-19,3) (0,2-0,4) (2,96-60,46)
0,565+0,3 2,5+2.3 13,2+3,4 0,21+0,1 2524221
Kessuopaa, Kya—kox yiiHmici, T/K BOK3aJbI — €CKi OTKEI, (0,07-1,8) (0,3-5,45) (2,3-22,6) (0,08-0,33) (7,1-97,06)
ITuonep cassOarbl 1eMabIC OPHBI 0,675+0,55 2,4+1,8 10,17+7,45 0,17+0,07 28,56+25.9
Axray, «Komkap—ATa» KalIbIKKONMAach! (0,01-0,067) (0,483-1,8) (0,156-0,51) (0,0061-0,064) (0,001-0,028)
0,03+0,01 0,85+0,35 0,3+0,1 0,03+0,01 0,004+0,006
IMaBnogap, HasapbaeB—TopaiirsipoB, Ecraii—bekeiixan (0,08-4,7) (0,2-4,3) (1,4-20,3) (0,05-0,69) (7,4-64,2)
Kerrenepi KMpUIbICH, «Kazakcran amomuHnDy AK 1,2+1,47 1,084+1,3 8,27+5 0,2+0,17 22,6+£16,6
[erpomnani, Ne4 mMekTemn aynachl (0,08-4,4) (0,1-20) (0,01-5,6) (0,04-0,8) (0,1-31,8)
2,03+1,65 9,175+7,6 1,76+2,09 0,31+0,25 20,18+10,47
Kazakcran™ 6 3 23 0,5 32

Ecxepmy. *Korw Kapa tycmeH epekmencHren mama — [IIPK memmepinen

’KAMBUIFBICBIH/IA TapalybIHbIH Ka0Obu1nanran [1IPK memmepi
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xorapbl MoHzep; *Kazakcran — ayblp MeTangapJblH €liMi3/iH TOIbIPaK




3. Horu:kenep
3.1. Kazaxcmanoaewl ipi Kanaiapovly monvipax Kabamolibly 1ACMAHY b

2000 >xpurmapasiH OackiHga KazakcraH XankbIHBIH 56% KamallbIK >Kepiiepli MeKeHiece
(Almaganbetov et al., 2008), conrsl nepektep OoiibiHIIa KopceTki 62,9% TeHenreH. KasakcraHHbIH
ypOaHHU3aIUsIaHFaH ayMaKTapbIHBIH TOIBIPAK KaMBUIFBICHIHBIH JIACTAHY MpoOJieMaliapbl HETI31HEH
OHEPKACINTIK KaJAbIKTapMeH OaiimanbicThl (Saparov, 2014; Askarova, et al., 2018; Krasilnikov et al.,
2018), mocenen emimizge xbu1 caiiblH ibiFaThiH 900 MuH.T. KanasIKThiH 99,4% eHepKacinTik
KaJIBIKTap, Oyl perTe KAaTThl KaJABIKTapAblH €H Kem jxuHamybl Kocranaii, Kaparanmaer sxoHe
[MTaBomap obmsicTapeinga Oatikamansr (Dahl et al., 2001; Iztileu et al., 2013; Aiman et al., 2018;
Faurat et al., 2025).

EniMi3aiH KanainslK aifMaKTapbIHBIH TOIBIPAK aMBUIFBICHI TEXHOTCH/IIK JIACTAHYIBIH KeJeci
TypJiepiHe OedimM: Tay-KeH OHIpicCl, )KbUTy YHEPTEeTHUKANIBIK CTAHIMACHI )KOHE aBTOKOIKTEP/iH YIIbI
tyrini (Saparov, 2014; Askarova et al., 2018; Krasilnikov et al., 2018).

JKanmel, emiMizae KanalmblK KepepIiH TOMBIPAK >KaMBUIFBICHIHBIH JIACTAHYBIH OaraMIaliThIH
HAKThl CTaHIApPT HEMECE epeke KalbllTaciaraH. by mocenere ke3 KETKi3y VIIH 3JICKTPOHIbI
JIepeKTep KOPBIH/AA CAKTAIFaH €pKiH KOJ JKETIMJI FBUIBIMH oIeOMeTTepre MOy XYPTi3il KepHik.
MaceneHn, Oip karaaiaa aBTopJap KajnajJlapAarbl Ta3adbIKThIH S JCHreli 0ap mikajaHbl 0acIIbUIBIKKA
alajibl, CKIHII 3epTTeye XUMHSJIBIK JIaCTAHY/AbIH J>KUBIHTBIK KepceTkimine (ZC) Heri3aesireH
PEUTHHT Oici KOJIJAHBUIFAH, OJl ayblp METaJIIapiblH JKUBIHTHIK JIACTaHYbl OOWMBIHINIA TOIBIPAK
’KaMBUIFBICBIHBIH JIACTaHy JICHreiiMeH ic ky3inae Oipaeit (Revich et al., 1990). Zc monnepi HIPK
Hemece Kimapk caHbIHaH yKOFapbl KOHIEHTPAIMSICHI 0ap OapiIbIK SIEMEHTTED YIiiH ecenreared (Salim
et al., 2023).

Amiblk  ke3nmepneH anbiHFaH Kaszakcran PecnyOiiMkachlHIa TOIBIPAKTBIH —JIACTaHYbBIH
capanaynsl alKbIHIAayFa KaOBUIIAHFaH TOCUINEPHMIH JKHBIHTBIK KECTECIH JKacay Ke3iHJe
KOPCETKIIITEpIiH OeNrii 6ip MOHEPiH TYCIHAIPYIiH KeHOip AoNCi3aikTepi aHBIKTAN B (KecTe 2).

Kecte 2. TonbIpakThiH JacTaHybIH aHBIKTAY TOCUIAEP]

HIxana | KubiutbiK | JlacTrany | Jlactany | TonbIpakThIH JacTaHy CaHuTaPJIBbIK-XUMHUSITBIK
Ta3adbIK | JeHreifi? | qenreiti Japexecin 6aramay KOpceTKilTep 00ibIHIIA
nenreiiit® KpuTepHiii* TONBIPAKTHI GaFaiay>

MboHni Kaacsl XUMHSAJIBIK Kayinrinix
3aTTapabIH napesxeci /
IIPK acein | aysip MmeTajagap
KeTy MIOFBIPJIAHYBIZ®
SKMiJIiri
<2 oTe Taza I geo <0 | nacranbaran
nacTanOaraH
2...8 Tasza Kcat 0<1geo Hemece Kayinci3 / a3
P¥ TOMEH <1 opTaria <1 Y
eTUIreH JacTaHFaH
JIaCTaHFaH
3 16 pyxcar 1<1lgeo opraria
eTireH <2 JIACTaHFaH
opraiia
opTaia opraia 2<lgeo p
16...32 KayimnTi KayinTi opratia <3 HKIHC KATTEL ayinTi / oprama
y y JIACTaHFaH 1...10 ay p
JlacTaHFaH
32...128 KayinTi KayimTi JKOFapbl 3<lgeo KaTTRI
Y Y P <4 JIACTAHFaH
KATThI .
ere Kayinri /
ere etTe 4<|geo | Hemece oTe
> 128 - .. 10...25 KATThI
KayinTi KOFapbl <5 KATTHI
JacTaHFaH
JacTaHFaH
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oTC KATTHI 9KOJIOTHSUTBIK
lgeo>5 >25 amat / ete
JacTaHFaH
JIaCTaHFaH

Ecxepmy. Plztileu et al., 2013; ??Salim et al., 2023; ZI'pebenesa u ap., 2014; 2Woszczyk, Spychalski
& Boluspaeva, 2018; ®Tipmrinik ety opracki ..., 2021; Baubekova, Akindykova, Mamirova, 2021.

Y ChIHBUTFAH KECTEHIH COHFbI OaFaHBIHAA TOMBIPAKTHI CAHUTAPIIBIK-XUMHUSIIBIK KOPCETKIIITED
OoifpIiHIIIA OaFanay KENTIPUIreH, MYH/JA achlll KETYy XHUIIIrT MEH KayIiTUIK JOpEXECiHIH MOHIEpPl
TOTIBIPAKTHIH JTACTAHYBIHBIH THICTI PEHTHUHITIK mapaMmeTpiepiHe coikectennaipingi (Tipmrimik ety
optachl..., 2021). Xammel, xorapbizarbl 1 KeCTeHI oneOMETTEpAEeH KMHAKTAIl, OCHI JKYMBICTA
naiiiananyeIMb3IbIH OacTel cebebi — Kazakcran PecnyOnuKkachIHBIH 1pi KalalapblHIAFbl TOMBIPAK
YKaMBUIFBICBIHBIH JIACTAHY JICHIeiiH 3epTTeyre OailIaHbICThI KOJDKETIMII 91e0eTTep/ I IIbIFApbUIFaH
FBUTBIMU MaKajiaJilap MCH OIOJUICTEHICPICH MaTepHalIIap bl )KUHAKTAII, Oip IaMara KeJTipy.

«Kasrunpomer» PMK Ttapanbinan eniMi3aig 23 ipi KaJachIHBIH TOIBIPAK aMBUIFBICHIHIA 5
aysip MetasusiH (Pb, Cd, Cu, Zn xone Cr) mofbipianybiHa Y31IKci3 OaKbLUIay KYpri3iieii, MocelIeH
2011-2018 »xok. apanbIFbIHIAFBI TOIBIPAKTa TIPKEITeH MOJUTIOTAHTTApAbl caparTay HOTHXKelepi
OTaHJIBIK XKOHE MICTEIIK FaIbIMAap/IbIH Makanachkinaa Oepiaren (Ramazanova et al., 2021).

4. Tannay
4.1. Xpom

Kananbik sxepiepne XpoM Ke3Jlepi HeTi3iHeH METaLTyprusi KOHE T'ajbBaHUKAIBIK ©HEPKCIIT
0omanpl, OUTKEHI OJI KOPPO3UsFa TO3IMILTIK YIIH KOPBITIIa KOMIIOHEHTI PETiHJE KOJIaHBLIAIbL.
Bosirpiurap MeH OostynmapiblH KypaMbIHIa XpoM OO0yl MYMKiH. ATMOcgepara IIBIFapbIHIbLIAP
aBTOMOOWJIBJICpACH INBIFATBIH Ta3gap/aH, KaJAbIKTapIbl JKarylaH J>KOHE MyHail MeH KeMipi
KarylaH TybIHOAybl MYMKIH. Auaiija, keOiHece XpoM JIMTOT€HIIK CyOCTpaTTaH Ty3uIeal.
VYnbTpamaduKaiblK KbIHBICTAp/IaH, ocipece CepIEeHTUHUTTEP/AEH TY3UITeH TOIbIpaKTapaa KeOiHece
XpoMm Medtiepi sxorapel 6osaaer (Adriano, 2001 Achmad et al., 2017).

XpOMHBIH TOTBIpaKTa xHi Oaiikanateia MoHi — 40 mr/kr (Adriano, 2001), ax (Alekseenko et al.,
2014) momimerti OOMBIHIIA €Nl MEKEHAEP/iH TombIparbiHaa Ke3meceTin Cr kimapk mesmepi — 80
mr/kr. Herisi, eniMi3zieri ipii-ycakThl €/1i-MeKeHIep MEH KaajapblH TOMbIPAFbIHIAFbl K€3/1€CEeTIH
XPOMHBIH Kiapk MoHi 42,2-82,7 mr/kr apansirbinga (Alekseenko et al., 2014). Pecmu Oyiipbikka
coiikec xpomHubIH ITIPK mentiepi 6 mr/kr neHreitinae kaoburaanran (Tipiriik eTy opTacsl..., 2021).
Temenneri cyperre Kazakcran Pecybnmukacs! ipi KamanapbIlHBIH TONBIPaK KabaTeiHAa Tipkenren Cr
makcumaiabl Menmiepi LIIPK MoHiMeH canbicThipMaltbl Typae OepiireH (cypert 1).

| - ayblp METAJIZIBIH TONbIPpAaKTa
AHBIKTAIFAH MAKCHMAI/IBI MOJTLICPT _“/ 2

~ B aywp veranabin LIPK

° Kajzazap
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Cyper 1. Kazakcran Pecmybnukacel ipi KalajdapblHBIH TOMBIPAK KadartbiHAa Tipkenren Cr
Makcumaiibl Memepi («Kasruapomer» PMK 2019-2023 k. OrosmeTeHaepi Heri3inae) (aBTopiap

KYpacThIpFaH)

Enimizneri ypOannanran aiiMakTapAblH TONBIparblH 3epaeiey Oapwichinga 2019-2023 k.
apaJIbIFBIH/Ia XPOMHBIH €H JKOFaprbl Menmiepi Pumnep kamaceinga Tipkeiaren — 108,5 mr/kr, Oy
18,1 *[1IPK-ra TeH, sran CaHUTaPIBIK-XUMUSIIBIK KOPCETKIIITEp OOMBIHIIIA TONBIPAKTHI OaraiayablH
«OTe KayilTi» aopekecine coiikec keneni. banakamr (18,02 mr/kr), Acrana (17,7 mr/kr), XKe3kasran
(17 mr/kr), Tannsikopran (10,3 mr/kr) sxone Temiprayaan (9,3 mr/kr) 6acka KananapblH TOMBIPAFBI
XPOMMEH «KAYINTI» JEeHIel/Ie JIacTaHOAaFaH IbIFbl aHBIKTAJIBIIT OTHIP.

4.2. Muvic

Byt a5ieMeHT 3JIeKTp ChIMAAPBIH JKacay YIiH KeHIHEH KOJIAHBUIAbI. DIIEKTPOHIBIK JKa0IbIK
COHBIMEH Karap MbIC Ke3iHe aitnanmazasl (Lincoln et al., 2007; Wong et al., 2007). ConapIKTaH MbIC
KasabIK kepiiepae xuHanyra ocitim (Chen et al., 2022). sia moninge, AKII-teig Heio-XeiiBen
KaJachlH/a skaH OaceiHa makkanaa 144 xr meic Kopbia ecenreni (Drakonakis et al., 2007). MbIcTbIH
TOTBIPAKTAFbl KJapk canbl 20 MI/Kr, opTamia aJieMaiK MeJIepi FaasIMAapAbIH naiisivaaysiHma 30
mr/kr Kypaiael (Adriano, 2001), peceiimik TeOXMMHKTEP €I MEKEHAEP TOIBIPAFbIHAaFbl KIapK
canbl 80 mr/kr mamaceiaaa aen mamimueitni (Alekseenko et al., 2014). Kazakcran Pecrny0imkacer
ipl KamajgapblHBIH TOIBIpaK KabOaTbiHAa TipkenreH Cu makcumamasl Memmepi ITPK monimeH
CaJIBICTBIpMaJIBI TYpJie OepiiireH (cyper 2).

,’ - aybIp METAJ/IbIH TOMNbIPAKTA
AHBIKTAIIFAH MAKCHMALIbI MOJIIIEp!

B ayuip veranbin LIPK
e  Kananap

Cyper 2. Kazakcran PecmyOmmkachl ipi KallalapblHBIH TOIBIpaK KabaTeiHIa Tipkenren Cu
makcumanabsl menmepi («Kasrugpomer» PMK 2019-2023 xok. Orosierenaepi Herizinze) (aBTopiap

KYpacThIpFaH)

«Kasrugpomer» PMK 2019-2023 sxok. OrojuteTeHAEpiH MOHHTOPHHT jKacay OapbICBIHIA
MBICIIEH TOTBIPAKTHIH JacTaHybl OOMBIHIIA MaKkCHMalbl IIamMa bankamn KanacklHAa TIpKENTeH —
526,7 mr/xr, Hemece 175,6*I1IPK (ILIPK — 3 mr/kr), sFHU CaHUTAPIIBIK-XUMHSUIBIK KOPCETKIIITEP
OOMBIHIIIA TONBIPAKTHI OaFanayablH «IKOJOTHSIIBIK araT» Adpekecine coiikec keneni. Keneci catbiia
Keskazran, OckemeH xoHe [IIbIMKEHT KajanapbIHBIH TOBIPAK MOHUTOPUHT HOTHIKECI — COMKECIHIIIEe
511,8 wmr/kr (170,6 IHPK), 137,9 mr/kr (46 HIPK) »xone 84,3 mr/kr (28,1 HIPK). XKanmsi,
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ypOaHanFaH aiiMaKTap/bIH TONBIPAFBIHBIH MBICTICH JIACTAHY JIOPEKECI — «Ta3a» IMaMachlHa COUKeC
KeJIeTiH 4 Kaja aHbIKTaaraH, ojap — Tapas (2,36 mr/kr), Akray (1,8 mr/kr), Akreoe (1,04 Mr/kr) xoHe
Opan (0,81 mr/kr) kamamapbl. Atan eTy Kepek, Oyl arajraH Kajiajgapjaa TIPKEJITeH MBICTBIH €H
JKOFaprbl miamachl. EmiMizgin Oacka kanmamapbiHbiH OapibirbiHga 2019-2023 sxok. apanbIFbIHIA
JKYPTri3iIreH MOHUTOPUHT HOTHIKEJIEPIHE COMKEC TONBIPAKTHIH MBICTICH JTACTAHYBI aHBIKTAIIBIT OTHIP.

4.3. Muipoiu

Kananelk >kepiepie MBIPBIIITHIH OPTYpPJl Ke3/epl IIOFbIpJIaHFaH. MeTaryprus KoHe
TaJIbBAHUKAJIBIK OHEPKACINITEH JKOHE KaJJABIKTapAbl OHICY JKOHE >KaHapMaill jKary CHSIKTBI
METaJIapMEH JIACTaHY/bIH KapamnaibIM Ke3llepiHeH 0acka, MBIPBIII IIUHANapia, Oarapessapiaa,
anekTpoHabl kadasikTapaa (Lincoln et al.,, 2007) »xoHe KopbITHAnapaaH >KacajiFaH KeOINTereH
3aTTapaa O6ap. CHIHEHIIH OpTAJIbIK OOJIIriH/er1 MBIPBIII KOPBI )KaH OachkiHa makkanga 420 kr nen
OaranaHbl.

MBpipbiThiH eniMizae Oekitinren TonsipakTarsl LIIPK Moni — 23 mr/kr (Tipiiiiik eTy opTacht...,
2021), tomblpakTarbl ANeMJIiK oprama koHueHtparmscel 50 Mmr/kr kypaitnst (Alloway, 2012),
JETeHMEH €Il MEKEHIEp TOoIbIparbiHaarbl Kiaapk canbl — 158 mr/kr ten (Alekseenko et al., 2014).
Enimizniy ipi KanamapblHBIH TOINBIpaK KaOaTbiHIa TipkenreH Zn makcumangsl memmepi HIPK
MOHIMEH CalIBICTBIPMaIbl TYp/e Oepinren (cyper 3).

[ - aybIp META/IbIH TONBIPAKTa

AHBIKTAIFaH MAKCHMALAb! Motepi|

B ayeip veranabin LIPK

e  Kamanap

Cyper 3. Kazakcran PecnyOnukachl ipi KadajgapblHbIH TOIBIpAaK KabaThlHAA TipKenreH Zn
makcuMaibl Menmiepi («Kasruapomer» PMK 2019-2023 ok, OroruteTeHaepi HeriziHze) (aBTopiap

KYpacTBIpFaH)

MOHUTOPHHT HOTHKECIHE COMKEC MBIPBIILITHIH IIOFBIPIAHYbI €H KOoFaphl mama 1327.8 Mr/kr —
bankam kamaceiHga TipkenreH, MeIpeThiH [IIPK — 23 mr/kr exenmiria eckepcek, 57,7*1IPK —
CaHMUTAPJIBIK-XUMHUSJIBIK KOPCETKIIITep OOMBIHIIA TOMBIPAKTHI OarajayablH <«IKOJIOTHSUIBIK amaTy
Jopexecine coiikec keneni, myHan Oenek Pumaep (1145,3 mr/kr) sxone Ockemen (951,9 mr/kr)
KaJlaJapbIHbIH TOTBIPAFBIHBIH /12 OPACcaH 30p MOJIILEpIe MBIPBIIIIIECH JaCTaHFAHbI aHBIKTAJIBII OTHIP.
Kammer, 2019-2023 k. apanbiFblHAa emiMi3faiH 13  KalachIHBIH  TOIBIPAFbl  MBIPBIIITICH
JacTaHOaFaH/BIFBI TIPKEJITEH.

4.4. Kaomunu
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Kananeik oprana Cd sxunakrayabiH 6ipHemie ke3aepi 6ap. LIbiH MoHiHe, d5eM/Ie OHIIpUICTIH
KaIMHUIIH Kem OeJiri HHKeIb-KagMUW OaTapesulapblH OHIIpyAe KOJIaHBUIAIbI, KaJFaHbI
raJIbBAHUKAJIBIK JKaOBIHIAp YIIiH, MUTMEHTTEp MEH IUTacTMaccaiapia KojaaHbuiansl. Kammmii
COHBIMEH KaTap aBTOMOOWJIb PaJMaTOPJIapbIH OHIIpYIE, AJICKTPOHIBI KOMIIOHEHTTEP OHIIpiCiHIe
xoHe (oTorpadusa komaanputa el [llnHanap, 6eH3MH, TU3EIb )KOHE KO3FAITKBIIITAp MaIapbIHbIH
KypaMbIHA Kipei.

KP tomsipakrarsl kagmuii [IIPK memmepi — 0,5 mr/kr neHretiinae oekitiiren (Tipmiiiik eTy
optachl..., 2021), Tonbipakrarsl daeMaik oprama memmrepi 0,3 mr/ kr kypaiiasr (Adriano, 2001;
Vodjanickij, 2008), enimizneri ypOannanran aiiMakTap Tombiparbinaarbl Cd wmapk canbl 0,2-2,9
MI/KT apaibIFbIH/IA, all eJ11i MeKeH Iep/e Tipkearen opraiia kiapk causl 0,9 mr/xr (Alekseenko et al.,
2014). Enimi3aiH ipi KajanapbelHbIH TOIbIpaK Kadareinaa Tipkenren Cd makcumanasl mesmepi LIIPK
MOHIMEH CallbICTBIPMaJIbl TYpe Oepinren (cyper 4).

[ ] aybIp META/IbIH TOMBIPAKTa [ i
| AHBIKTAIFAH MaKCHMaIIbl Mosepi| [

- aybip MeTanabin LIPK

e  Kasanap

Cyper 4. Kazakcran PecrmyOnukachl ipi KanamnapblHBIH TOIbIpaK KabaTbiHAa Tipkenren Cd
makcuMabel Menepi («Kasruapomer» PMK 2019-2023 k. OrouteTeHaepi Heri3iHzie) (aBTopiap

KYpacTbIpFaH)

FOHEII-TiH TonTaysl OOWBIHIIA «EpEeKIIe KayilTi» ayblp MeTala OOJIbI ecenTeseTiH
KaIMUNIIH eTiMI3Ieri KajlalblK aiiMaKTap TONbIparbiHaH TaObLTYbl OOMBIHILIA MOHUTOPUHT HOTHXKEC]
TOMEHIET11eH:

bankam kamacer — 70,5 mr/kr (IIIPK — 0,5 mr/kr) Hemece 141*IPK — «3KOJIOTHSITBIK ammat,
OckemeH Kanacel — 36,1 mr/kr — 72,2*1IPK — «3komorusislk amaty, IIIIMKEHT Kanacsl — 32,5 MI/KT
— 65*IIPK — «okonorusibik anaty, Pumgmep (17,6 mr/kr) sxone Tanmsikopran (17,5 mr/kxr) —
«OKOJIOTHUSIIBIK amat.

4.5. Kopzacwin

Kopraceia 1920 xpurnan Oactam OSH3WHIE AYMITIOACKBI PETiHAC KOJAAHBUIBI KeJedi JKoHe
Oostynapa KOJAaHbUIATBIH KOPFAaChIHMEH Oipre KajalapJarbl JIACTaHYAbIH HET13r1 Ke3JepiHiH Oipi.
Pb-niH Oacka ke31epi — aBTOKeIIiK OaTapesiaphbl, SHHEKTep, paJHalusiiaH KOpray jKoHE JIOHEKepIiey.
COHFBI KBUIIAPbI 3JIEKTPOH/IBI OHIMIED, JICKTPOH/IBI KaJABIKTap PD-HIH MaHbBI3 bl KO31HE aliHAII B!
(Lincoln et al., 2007; Terazono et al., 2006). OHbIH alKbIH YBITTBI dcepyiepi OHBbI KOJIAHYIbIH
OappIHIIa TOMeHjeYyiHe okemmi. Kasipri yakpITTa KypaMbIHAa KOPFAaChIH KOCBUIMaraH O€H3WH
KOITereH enjepAe KojnaHbuiaabl xoHe 1978 xpuinan Oactan Oosynapaa Pb xommanyra ThIiibIM
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canplHFaH. JlereHMeH, OHBIH Y3aK Mep3iMi KOJJAHBUIYbl MEH KOpIIaraH OpTara Te3iMILIiri
Kananapaa Ph 1morpipiaaHybIiHa OKeJ/Ii, BIKTUMaJl TOKCHKOJIOTHSIIBIK dcepiIep/ii 3epTTey HeMece xKai
FaHa TONBIPAK KypaMbIH OaKblIay YIIiH KOITEreH 3epTTeyiep Kypri3iii.

KoprachlH — Heri3ri xanbKohuil, oaeOneTTep IiH KOMITITHAC KaAMUUMEH O1pre yhITThUIBIFBI
KOFapbl aywlp diieMeHTTep Katapbinaa (CaBuu u jap., 2002), nereHMeH Tomblpakka TyckeH PD
O€JNCeHIUIrH  TOMEHAETIN, YBITTBUIBIFBIH skoFanTansl  (Empkuua, 2007). Kasakcraumbik
HopMmatuBTepre colikec oHbIH IIPK Memiepi 32 Mr/Kr, TONBIpaKTaFbl SJIEMIIK OpTalla KjIapK CaHbl
10 mr/kr, enai MekeHep Tonbiparbinaars! kiaapk 54,5 mr/kr tey (Alekseenko et al., 2014). Kazakcran
Pecmy0Onukacs! ipi KajalapbIHBIH TOMBIpaK KabatbiHaa Tipkenren Pb makcumanasr memmepi [ITPK
MOHIMEH CallbICTBIPMaJIbl TYpe Oepinren (cyper 5).

[ =] aybIp METAI/IbIH TONbBIPAKTa G
| AHBIKTAIFAH MaKCHMAIbl Mosepi|

B ayeip veranasin LIPK

° Kajzaaap

Cyper 5. Kasakcran PecnyOnmkachl ipi KalalapbslHBIH TOMbIpaK KaOaTbiHAa Tipkenaren Pbh
makcuMaibel Menmiepi («Kasruapomer» PMK 2019-2023 k. OrouteTeHaepi Heri3iHze) (aBTopiap

KYpacTbIpFaH)

«Kasrugpomer» Oromterennepi 2019-2023 xok. apasibIFbIHIAFBl MoNlIMETTEpiHE ColKec
KOpPFAaChIHMEH TOIBIparbl eoyip nacranran — OckemeH (1605,8 mr/kr), IlleivkenT (1515 mr/kr),
Tanmsikopran (1183,5 wmr/kr), Pumaep (1055,6 mr/kr) sxone bankam kamamaper (1010 mr/kr),
«TipuIiTik eTy opTachlHBIH KayilcCi3IiriHe apHajJFaH TUTHEHAIbIK HopMaTuBTepre» (2021) coiikec
«OKOJIOTHSIIBIK amary aiimarbl 0onbin ecenrenexi (Tipmriiik ety opracsl..., 2021). MoHuTOpHHTIICH
KaMTBUTFaH 23 KaJaHBIH TOFBI3bI KOPFACHIHMEH TONBIPAKTHIH JIACTaHYhl CAHATHIHIA — «Ta3ay
TIOpeXKECIHIE.

«Kasrugpomer» PMK 2019-2023 xok. apHanraH OroJUleTeHAEpiH capanTay OapbhIChIHAA
eNIMI3JIIH ayblp METaIJapMEH TOMbBIPAK JKaMBLIFBICHI JiacTaHOaraH, ssau Cr, Cu, Zn, Cd, Pb
KOHIICHTPAIUSACH OOMBIHINA «Ta3a» IOPEHKECIHETT OKIMIIUIIK OIPIIKTEP/IH Ti3iMi >KacaKTaJ bl
(Tipminik ety opracsl ..., 2021). Onap: Akre6e, Opai, AkTay Kajiajiapsl.

AyBIp MeTanmapAblH ©Te >KOFapbl KOHIIEHTPAIUSCH TIPKENTeH KajalapJblH OapIIbIFbIHIA
METaJulyprust eHepkociOi JamblFaH, acipece MOJIMMETaNlI KEeHIH OHAIPY JKOHE OHJIEY OLIaKTaphl
opHanackaH. Moacenen, bankam kanmaceiHaa —«banmkamrycTtiMeTalny  ©HAIPICTIK - OipiiecTiri
(«KazaxmbIcy koprioparusichl), Pugnep kanaceiaga «Pugaep metammyprus kemeH» («Ka3MbIpsimy
XKUIC), Ockemen kanacsinaa «Ockemen KopraceiH-Mpipbim KomounaTe («Kazmeipsin KIIC)y,
HIeiMkeHT KanacbiHAa OypblHFBl «llIBIMKEHT KoprachlH 3aybITh» («OHTYCTIKIOIMMETAILI»
OHEPKACINTIK Kopnopauuscel), TamapikopraH KanacbiHaa «KaiiHap» aKKyMynsaTop 3aybIThI,

167


https://kk.wikipedia.org/wiki/%D2%9A%D0%B0%D0%B7%D0%BC%D1%8B%D1%80%D1%8B%D1%88
https://kk.wikipedia.org/wiki/%D2%9A%D0%B0%D0%B7%D0%BC%D1%8B%D1%80%D1%8B%D1%88

A.H. I'ymunes amuindazvt Eypasus yammuik ynusepcumeminity xabapuivicol. Xumus. Teozpagus. Dxorozus cepuscl, 2025, 152(3)

XKeszkazran kamaceiga «K.J. CormaeB arbiHmarbl JKe3KazraH KEH-METAUTyprus KOMOWHATBI»
(«KazakmbIc» KOpIIOpanuschl) oHE T.0. OpHHE, IOJUIIOTAHTTApAbIH aTalfaH Kalaltap.blH
TOTBIPAFbIHA Oip Me3eTTe >KMHAIMaFaHbl aiilaH aHbBIK. 3epTTey OapbhICBIHIA ENIMI3IIH YJIKCH
KaJanapblHaa OyFaH AEHiH JKYPTi3ireH FhUIBIMU 3epTTEyJep MEH OJap/blH HOTHKECIHE capanTtay
KYMBICTapbl KYPri3iiai, coHaa OallKanFaHbl — ayblp MeETalgap >KOFapblla KepCETLreH eHipic
OpBIHIApel 0ap KajaJapblH TONBIPAK >KaMBUIFBICHIHIA OYpBIHHAH J>KOFapbl KOHIIEHTpalMsaaa
eKeH/Ir aHBIKTANIbL. SIFHU, KyMYJSTHBTIK OCEpAiH CajapblHAH JIACTAYIIbl JJIEMEHTTEP
tonbIpakThiH 0eTKI 0-30 cM KabaThIHIa )KMHAKTaIa Oepei, pac, TONbIpaK 00MBIMEH TOMEHT1 KabaTKa
Kapai JKbUIBICTAI )KbUDKYBI MYMKIH, IETEHMEH, ayblp MEeTaJIapbIH HETi3r1 Oeiri cos 0eTki KabaTTa
kKasma Oepeni. JKone Oip Hazap ayaaparblH KaWT, YIKEH OHIIPIC OPBIHIAPHI HEMECE ©OHEPKICII
OPTAJIBIKTAPBl ©3 KYMBICHIH TOKTATKAHHBIH ©31HE ayblp METAJAap/bIH TOMBIPAKTAFbI IIOFBIPIIAHY
MeJiiepi JKoFapel JieHreiae Kana oepeni. Mocenen, Kenray xamacblHIa OpHanacKaH KEH-OAHBITY
KOMOWHATHIHBIH jka0butranbiHa 30 JKbUFa KYBIK YaKbIT ©TCE /16, MOHUTOPUHT OapBICBIHAA KAYIITi
JICHTeli/ie TacTaHy JepeKTepi aHBIKTaIFaH. | COXMMUK, SKOXMMUK FaJIbIMAAp/Ibl aJJaHAAaTaThIHbI aybIP
MeTaJIap IbIH TOIBIPAK — KEPACTHI Cybl — OCIMIIK — JKaHyap — aJiaM ar3achl TPOPUKAIBIK Ti30eri
apKBUIBI TATOJOTUSUIBIK aypyFa MIAIIbIKTBIPYBIH/IA.

5. KopbIThIHABI

Tombipak — sxep OeTiHAEri Ke3-KelNreH TIPIIUIIK HEeCiHIH eMip cypyiHe KaXKeTTi KaJIbIHa
KeJETIH CapKbUIaTBIH 3 pecypcThiH (aya, Cy, TONBIpaK) Oipi jKOHE BDKAAFATTBUIBIKIICH KYTiM
JKacaJFaH JKaFaiia oyl MbIHAAFaH XKbliiap 0okl aiiiananyra sxapaM/sl. JlereHMeH, TONbIPaKThIH
Kall-kyiiHe kere MOH Oepmeit, oHbl nactay coHrbl 200 xpiima OeneH ambin kenmemi. Herisi,
TOMBIPAKTHIH JIACTAHYBI 2 TOMKA O6JiHeAl: TAOUFHU KOHE aHTPOMOTeH/IIK, COHBIH 1MIIH/E aaM OpeKeTi
caJIapblHaH TONBIPAKTHIH TEXHOTEHIIK JacTaHybl KOpIIAFaH OpTara OKeJIeTiH opacaH 30p 3aiajibl
OolibIHIIA Kol 6acTan Typ. TonbIpakThIH ©HIM/UIITHE aHTPOMOT€H 1K KbICBIMHBIH IIaFbIH ayMaKTa
OipHelie ece apTybIHBIH alKbIH KepiHicl ypOaHmanraH aiimakrapna Oadikamanel. Kamamapmarbt
TOTBIPAKTBIH JIACTAaHYbIHA OKEJETIH (pakTopiap — ayblp MeTajiap, XKbUIy AJIEKTP OPTaJIBbIKTapBhI,
aBTOMOOWIIb KaHapMalbIHBIH TYTIHAEp] >koHe T.0. Kazakcrangarbl eHipic olaKTapbl OpHANIACKaH
1pi Kajanap MEeH 00JIbIC OPTaJIBIKTAPbIHBIH SKOJIOTUSIIBIK JKali-KYHiH KYHAETIKTI MOHUTOPHUHT JKacarl,
caparntama >kacailTelH OacThl yiibiM — «Kasruapomer» PMK. MekeMeHiH HIbIFapFaH KOIKBIIABIK
OroJIeTeHIePiH capanTar, Tanjaay oapbeichiHa ypOaH anFaH aiMaKkTapAblH ToNbIpak KadaTeiHaa Cr,
Cu, Zn, Cd, Pb ete »oFapbl KOHIIEHTPALIUACH! aHBIKTANIbI. BYJI skep/ie ®eTe Hazap ayaapaThiH JKalT
— TOIBIPAFbl ayblp METANAAPMEH OTE JKOFaphl JICHIei1e JacTaHbIll OTHIPFaH Kajanap — eliMi3IiH
MOJIMMETAIT KeH OHIIPY OpTalbIKTaphl. «KasruapoMery YHBIMBIHBIH OIOJUIETEHIIEPIH JKaH-KAKTHI
TaJjar, MOHUTOPHHT HOTHXKECIH DJIEKTPOH bl KapTa OeTiHe TYCIpy — OTaHIbIK T€OXUMHMS, SKOXUMHUS
calacblH  UU(praHablpy  dJeMEHTTepiHiH  Oipi.  Aybslp  MeTanAapAblH  TOIBIPAKTAFbI
KOHIIEHTPALIUSICBIHBIH JKOFaphl OOIYybl — OHEPKACINTIK KEIIEHAEPAeH MIBIKKaH MOJUTIOTAaHTTap IbIH
aya, Cy apKbUIbl TaOMFU CY3Il — TOIBIpAaKKa CiHim, cyOcTpaT OOWbIHAA y3aK YakKbIT apabIFbIHa
xuHaTybIHAa. COHBIMEH KaTap, eiMi3e KaObUIlaHFaH HOPMATHUBTIK-KYKBIKTBIK aKTiIepre coikec
TOMBIPAKTaFbl ayblp METaJapAblH IIOFbIpIaHybIH peTrTey OoitbiHmia IIIPK monzmepi ambic-KakblH
IIeT MEMJICKETTEP/IiH, TIMTi aTaJiFaH 3JIEMEHTTEPIH TOMBIPAKTAFbI QJIEMJIIK OpTallla KIapK CaHbIHAH
eIoylp TOMEHJIT1 aHBIKTAIABl. byl OTaHIBIK FaldbIMIApABIH TOMNIIBLIIAYBl OoibiHIIA Kazakctan
PecnyOnuKachIHBIH 9KOJIOTUSAJIBIK BDKJIAXaTTHUIBIK, <OKachUl SKOHOMHUKa» YCTaHbIMJIapblHa COWMKec
JlaMy TPaeKTOPHUSIChIHBIH KOPIHICI.
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Abstract: The trend towards soil pollution due to human activity has increased several times in
intensity over the past two centuries, and the volume has increased. To control the consequences and
stabilize the environment, countries around the world regulate the amount of chemical compounds
and toxic elements released into the natural environment. It is known that the main environmental
standard for soil pollution in the country is the MPC, that is, the amount of pollutant in the soil that
does not affect animals, plants, microorganisms, and the natural community as a whole with constant
contact or interaction over a certain period of time. In order to control the level of contamination of
the soil cover with heavy metals in administrative units where giant production facilities are located,
Kazhydromet conducts continuous monitoring in large cities of the country. The result is published
in bulletins, the supervisory institution's own publication. The article is organized in order to analyze
the results of the control of the ballots for the last five years (2019-2023). During the statistical
transformation of the monitoring results, the nature of the distribution of chromium, copper, zinc,
cadmium, and lead elements in the soils of urbanized zones was revealed. Then the data was applied
to the surface of the electronic map using geoinformation technology and grouped according to the
degree of danger. A scientific analysis of the spatial and temporal distribution of heavy metals in
urban soils was conducted, as well as a comparison and analysis with global trends. During the
analysis of the bulletins, it was noted that over time, the quality of the publications had improved,
and the consistency and systematization of the information presented in them had significantly
improved. However, in many places, doubts arose about the objectivity of the data, and there were
cases where the amount of heavy metals showed unchanged values in spring and autumn for several
years in a row.

Keywords: heavy metals in soil; state monitoring; soils of urbanized regions; GIS.

I'eoundgopmannonHoe MOAeJHMPOBAHUE paclHpeleseHUs] THKEJbIX METAJLIOB B
IOYBEHHOM IIOKpPOBe KpPYHHbIX ropoaoB PecnyOauku Kazaxcran (Ha OCHoOBe
nanubix PI'TT «Kasrmapomer» 3a 2019-2023 rr.)

Hypryas Cuxanosa, Epaan llIsin6eprenos, Hypuia Toruztaesa, Aiiman KapabasaeBa

AHHOTauMs: IHTEHCHMBHOCTD 3arpsi3HEHHS TTOYB M3-3a JICATEIBHOCTH YEIIOBEKa 3a TIOCIEeTHHIE JABa
CTOJIETUSI BO3POCIIAa B HECKOJBKO Pa3. B 1ensx KOHTpOIMpOBaHUS MOCIEACTBUN M cTabUIM3alUU
OKpY’KaloMIeH cpeJibl CTPaHbl MUPa HOPMHUPYIOT KOJIMYECTBO XUMUYECKUX COSTMHEHUI M TOKCHYHBIX
AJIEMEHTOB, BBIOPACBHIBAEMBIX B IPUPOAHYIO Cpeay, 10 ONpPEJeNCHHBIX BEIHYMH. M3BECTHO, 4YTO
OCHOBHOHM JKOJIOTHYECKOW HOPMOM 3arpsi3HEHUS MOYB B CTPaHE SIBISICTCS MPEACTHHO JOMYCTHMAs
koHueHntpauus (IIAK), T.e. KonMuecTBO 3arpsi3HAIOMIMX BEUIECTB B I0YBE, HE OKa3bIBAIOIIEe
BO3/ICHICTBHE Ha XKMBOTHBIX, PACTCHHS, MUKPOOPTaHU3MBI U TPUPOIHOE COOOIIECTBO B IIEJIOM B
TEUEHHUE OIPEeJIeNIEHHOT0 MIepro/ia BpeMEHH, B IEPHUO/I ITOCTOSHHOIO KOHTAKTa W B3aUMOACHCTBUS.
B menmsx KOHTpOJIS ypOBHS 3arpsi3HEHHS TSDKEIBIMH  METaJUTAaMH  TIOYBEHHOTO  ITOKpOBa
a/IMUHUCTPATUBHO-TEPPUTOPUAIBHBIX €IMHHUI, TJE PACIOJIOKEHBl KpPYIHbIE MPOU3BOJCTBEHHBIE
00wekThl, PI'TI «Ka3ruapomer» ocyliecTBIsSE€T MOCTOSHHBI MOHUTOPUHI KPYMHEHMIIUX TOPOIOB
cTpaHbl. Pe3ynpTaThl MyOIMKYIOTCS B OQUIMATIBEHOM M3IaHUU yupexaeHus — Oromerensax. Crarbs
OPTraHW30BaHa C IO aHAIN3a OMYOJMKOBAHHBIX MAaTEPHAJIOB B OIOJUICTEHSX 3a MOCIEAHUE MAThH
aer (2019-2023 rr.). B mpomecce craTHCTUYECKOH OOpPaOOTKH pe3yJbTaTOB MOHHTOpPHHTA
NIPOAHATM3UPOBAH U ONPEICIICH XapaKTep pacipeieIeHNs TAKAX TXKEIBIX METAJUIOB, KaK XpOM, Me/Ib,
IIUHK, KaJIMUI U CBUHELl B IIOYBE TOPOACKHUX TeppuTopHil. bbia coznana snexkrpoHHast 6a3a TaHHBIX
u uudpoBas KapTa B BEKTOpHOM ¢opmare pacrnpocTpaHeHus TM ¢ HCIoIb30BaHHEM
reoMH(pOPMALIMOHHBIX TeXHOJOrui. [IpoBeneH HayuyHBI aHAIW3 MPOCTPAHCTBEHHO-BPEMEHHOTO
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pacrpeesieHust TSYKEIbIX METAJIJIOB B TOPOJICKUX MOYBAX, a TAK)XKE CPAaBHEHUE U aHAIIU3 C MUPOBBIMU
TeHACHIMSIMH. B Xoze aHamu3a OrojuleTeHel OTMEYEHO, YTO C TEYEHHEM BPEMEHH KauecTBO
nyOJIMKalMy  BO3pPOCJO, CYIIECTBEHHO YIYYLIMJIUCh COTJIACOBAaHHOCTh W CHCTEMaTHU3alus
NPEJICTaBICHHON B HHUX HHQOpPMAIMHM, OJHAKO BO MHOTHX MECTaX BO3HUKAIOT COMHEHHUS B
OOBEKTUBHOCTH JIAHHBIX, @ TaKXK€ OTMEUEHBbI ClIy4a, KOTrJa KOJIMYECTBO TsDKENIBIX METaJlIOB
MOKA3bIBAJIO0 HEM3MEHHbIEC 3HAYCHUS BECHOW U OCEHBIO B T€UCHHE HECKOIBKUX JIET MOAPS/I.

KiiroueBble ci10Ba: TsDKeNble METaulbl B IIOYBE; TOCYJApPCTBEHHBII MOHUTOPUHI; IOYBBI
yp6anu3upoBaHHbIX peruoHos; ['MC.
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Angatna: bepinren xymbicta OHTycTik Opan Taynbl alMarbIHBIH
(Kaszakcran Oemirinaeri) oCiMIiKTep KaMbUIFBICH CUIATTAJIBII, OHIPIIH
HETi3r1 ©eCIMJIK KaybIMJACTBIKTApbl KapacThIpbUIAbL. ApHaiibl Hazap
IHACMHUSUTBIK TYPJIEPre, PEIUKTIK )KOHE AOPIIIK 6CIMIIKTepre, COHBIMECH
karap KpI3bU1 KiTanmka €HreH TypJiiepre ayJaapbuUlblll, ayMaKTbIH
OCIMJIIKTEp KapTachl KypacThipbuLIbl. COHBIMEH KaTap MaKajiaaa 3epTTey
aiimarbiHa opHaynackaH J[oH Tay-keH 0ailbITy KOMOMHATHI KbI3METiHIH
ipremec aymaxkTapIblH ©OCIMIIK >KaMBUIFBICHIHBIH JKOJOTHSUIBIK JKaii-
KYIiHe ocepi KapacThIpblIaibl. 3epTTey KyMbICTapbl « MUPHBII» Kapbepi
MeH «llouckoBeiii» koHEe «HOKHBIMNY» KapbepliepiHiH YHiHIUIEpi
ayMarbIHJa Kyprizunai. dnopa KypamblHa Tanjgay >Kyprizy MakcaTbIH/Aa
ChIHAK anaHiapsl oenrutenal. Kasipri 6uoanyaHTYpIUIIKTI CUTTAaTTalThIH
6aceIM ecCiMJIIK Typiepi aHbIKTanbl. JlacTaHy Ke3JepiHeH OeNrijJeHrexH
500, 3000 xone 5000 M KamIBIKTHIKTapAa OCIMIIK KaMbUIFBICHIHBIH
KYPbUIBIMBIHA ~ CQJIBICTBIpMaJIBl  TalJay JKacajablHABL. TeXHOTreHIIK
BIKIAJIJIBIH ©CIMJIIK aMbUIFBICBIHBIH TYPJIIK KYpaMblHa €MeC, HEeT131HEeH
OHBIH JKaJIIIbI KOJIOT0-(hU3HOJIOTUSIIBIK YKaFJaiibIHA ocep eTeTiHI 3epTTey
HOTHOKEJIEPIHIH Taljaybl KepceTTi. OUTOLEHO3AapAbIH JJICIpeyiH KoHE
ecy  OKaFalIaphlHBIH ~ CTPECCTIK  CHUINATTapblH  alFaKTaWThIH,
JerpaJlallusiHbIH, HETr13r1 Oenrijepi peTiHAE JKallblpaKTapAblH TaOuFu
TYCIiHIH e3repyl, 6CIMIIKTEP/IIH *KeKeJlereH OeiKTepiHiH Kypaybl, KaJIlbl
OvoMaccaHblH a3alobl, COHJAl — aK (PUTOIEHO3/ap KYPbUIBIMBIHBIH
Oy3blTybl aHBIKTaJ bl JKoFaphia alThUIFAH JErpajalusuIbIK Oenrijaep
nmactaymbl  ke3depmeH 500 M KamBIKTBIKTaH — Oaifkanca, — an
peHarypanu3anusHbl Oactankel Oenrinepi 1000-1200 M, OymiHrex
aymakTapasiH Kaita ecyl 2000 M, TpOEKIUSIIBIK KaMBUIFBIHBIH apTYhI
2500 M KambIKTBIKTaH KOPIHIC TaNThl. 3epTTEy HOTHXKENIEPl Fe0AepeKTep
0a3acblHa EHTI3LTIM, 3€pTTENETIH ayMaKTarbl OYy3bUIy JEHTeHiHIH YII
rpaganuscel OOMBIHIIA ©CIMJIIK >KaMBUIFBICHIHBIH KapTachl »Kacabl.
KacanbiHFaH ©CIMJIK KaMbUIFBICBIHBIH OY3bUTy JEHTeWiHIH KapTachl
3epTTeNeTiH ayMaKTaFrbl (buTOIIEHO3IAPIBIH aHTPOIIOTEHIIK
TpaHchOpPMAaIUSICHIH ICHTeH1H alKbIHIANTbI.

Tyiiin ce31ep: TEXHOTEHIIK dcep; OCIMIIK KaMbUIFBICH; J[OH Tay-KeH
OaifbITy KOMOMHATBI; SKOJOTHSUIBIK >karnai; OHrycTik Opan Tayibl
aiiMarsbl.



mailto:atbeketova@mail.ru
mailto:mendybayev_yekh@enu.kz
mailto:gulziragataulina@gmail.com
mailto:atbeketova@mail.ru
https://doi.org/10.32523/2616-6771-2025-152-3-175-190
https://doi.org/10.32523/2616-6771-2025-152-3-175-190
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Drorozus cepuscol, 2025, 152(3)

1. Kipicne

CoHFBl  OHXBUIJBIKTApAAa Tay-KeH oHaipy ©Hepkacioi Kaszakcran PecmyOimkace
HKOHOMHKACHIHBIH JIaMybIH alKbIHAAUTBIH CTPATETHSUIBIK MAHBI3/IbI cajalapaslH Oipi OOIbII Kasia
oepyne. Kewmipre, kapa »oHE TYCTI MeTaUl KEHJACpPIHE, COHAAM-aK KYpPBUIbIC IIMKi3aThIHA
CYPaHBICTBIH apTybl OJApJbIH OHIIpY KeJEeMiH YHEeMi YIFalTy KaKCTTUITIH TYbIHIATa bl
(Sazanbayeva et al., 2024).

MunepanasIK-mukizar 6a3acei urepy OHTycTik OpaiabslH Taylibl aiiMaFrbIHBIH ©HEPKACIMITIK
MEHIrepiayiHiH MaHbI3a6I GaKTOPBIHA aiHaibIn, XpoMTay Kamacel (Arystan et al., 2020) cuskrsr ipi
WHAYCTPUSIIBIK OPTAJIBIKTAPABIH KATBITACYbIHA BIKHAT €TTi. OHBIH ©3€TiH Tay-KeH OHEPKICINTIK
KEIIICHIHIH KocimopbIHAapHkl, aTan aiTkanaa J{on tay-ken Oaiipity komOuHatel (Jlon TKBK) kypaiiibt
(Neudakhin, 1988). Aunaiina maimanel Ka3Oamapiasl ©HAIPYAIH WHTEHCU(UKAIMACHI KOpIIAFaH
oprara, acipece Ouocdepa KypamaacTapbiHa, COHBIH 1MIIHE ©CIMIK KaMbUIFBICHIHA aUTapJIbIKTaM
BIKITaN eTedi. TOmbIpaK >KaMbUIFBICHIHBIH OY3bUIYBI, aTMOCc(epa MEH THIpOc(epaHbIH JIACTAHYHI,
TaOWFU KelIEHACPAIH MEXaHUKAJbIK OYIiHYl koHEe TEXHOTeHIIK JaHamadTapAblH KalbIITacybl
OCIMJIIK KaMBUIFBICHIHBIH JIeTpaJalisIChiHa, OWOJIOTHSUIBIK ajdyaH TYPJIUTIKTIH a3aloblHa JKOHE
9KOJIOTHSIJIBIK TEHe-TCHIIKTIH Oy3bLTybIHa oKein coraanl (Berdenov et al., 2025).

3eprreyain makcatbl — OHTYCcTiK Opan TaynapeiabiH (Ka3akcran OesiriHjeri) aymarbiHIa
opHanackaH /[oH Tay-keH 0ailbITy KOMOMHATHI KbI3METIHIH OFaH iprejec xaTKaH ayMaKTaFbl ©CIMIIIK
KAMBUIFBICBIHA dcepiH 3eprrey, coHbiMeH Katap Omntyctik Opan TtaynapeiaeiH (Kaszakcran
Oedirinzeri) eciMiK >KaMbUIFBICBIHBIH OY3bLTYy JIEHTeiiH Oaranay OOJbIN TaObLIaabl.

3epTTey aymarbl MeH HbICaHbl. 3eprrey x)oHe Tanmay OHryctik Opan TayiaapbIHBIH
ayMarbplHIa SKyprizingi. 3eprrey Hbicanbl peTiHie OHTycTik Opan TaynapblHBIH ©CIMAIKTED
KAMBUIFBICHI TAOBIIAIBL.

Jon Tay-ken Oaiibity koMOuHaThl (TKBK) — «Kazxpom» T¥K» AK dunmansl, on Kazakcran
PecnyOnuKkachIHbIH IMKI3aT HAPBIFBIHIAAFb METAILTYPIHsl, XMMHUSI KOHE OTKa TO3IM/I MaTepHaigap
©HepKociOl YIIIIH JKOFaphl carajibl XpoM KeHAepi MEH XpOM KOHIIEHTPATTAPBIHBIH €H 1pi dKYMBIC icTen
TypraH keTki3yurici 0onbin Tadbutazsl. Kacimopsia 1937 sxpuibl ambiran OHTycTiK Kemipcail ke
opubiH urepyne (Kozachok, 2008). KomOuHaT KypambIHA KBUIABIK €CENTEe XPOM HIMKI3aThIH OHAIPY
YKOHE OHJIey KeJieMi OOMbIHIIIA QJIeM/IET €H 1pl cCaHaJlaThIH 2 1axTa MeH 2 OalbITy hadpukacs! Kipeai
(Kakimzhanov et al., 2025).

KomOunat Xpomray KanachlHbIH Kaja Kypaylbl KocimopHsl 60ibin Tadbuiaasl. TKBK - HbIH
OHEPKACIINTIK alTaHbl MEH XpOoMTay Kajlachl «/{oH» TeMip:Koi cTaHIUSAChIMEH OalIaHbICKaH aBTOMXOJ
KOHE 1IIKI KOMOMHATTBIK TEMIPKOJI JKeJIiCl apKblIbl KOCBUIFAaH. AyJlaH eHepkaciOi ic xKy3iHae Oip
FaHa KOCIMOPBIH - Tay-KeH OalbITy KOMOMHATHIMEH KOPCETLITeH. XpOMTay KalaChIHBIH XaJKbl 24
MBIHHAH aca afamMpl Kypaiasl (Safarov et al., 2023).

Jon TKBK kocimopHbl XpOMHUT KEH OpbIHAAPbIH, KEH TapalifaH nainansl Kazoanap (ca3, Kym)
KEH OPBIHAAPBIH UTepy/li KY3ere achlpalbl, COHIA-aK €Ki Cy aly MyHKTiHJE MIapyallbUIbIK jKOHE
aybI3 Cy KamTaMmachl3 €Ty VIIIiH jKkepacTbl cynapsiH eHuipeni (Program of industrial environmental
monitoring of Donskoy MPP..., 2023).

Hon TKBK kypambIHa ammbIK Tay-KeH )KYMBICTapbl )KYPri3uieTiH «JloHCKoM» - O1p KeHIIT MeH
«MomnonexHslit» xoHe «10-nmetuss HezaBucumocTH KazaxcraH» - epacTbl Tay-KEH >KYMBICTAphl
Kypri3iieri exi maxra kipeai. Consimen Katap, Jlon TKBK kypambinaa exi 6aitbiTy abpukachl —
¥Yb®-1 xone KBK® sxymsic icreiini. KomOuHat Kypambinia Gipkatap Kocaikbl Oesiminenep Oap.
KombOunar kypambina 6apibirsl 28 6emimine kipeai (Koshim et al., 2015).

['eomopdonorusinplk TYpFeIIaH anFaHaa, aymak Opai Tayibl KYHECiHIH OHTYCTIK IIETIHIH
KazakcTauabIK Oenirine skataabl (Ozgeldinova et al., 2025). Kazak Opaiibl eki Tapmakka OesiHe:
Oarbicel — Op-Enex KpIpaThl %oHe MbIFbICHl — MyFamkap Taynapbl. Op-Enex kpipatsl Enek nen Op
©3CHJICPIHIH apasIbIFbIHAa OpHaNlacKaH, OWIKTIrT 509 M-Te MaeiiH >KEeTeTiH, TeOeml >KOHE TayJbl
allMaKTapMeH aJMachlll OTHIPATHIH TUTIMACHTEH kep OeaepiHe ue aiimak. LLIbiFpic 6omiriH Heri3iHeH
Myramxap Taynapsl MeH OipTiHzaen blprei3 e3eHiHIH aHFapbiHa Kapaii eHkeieTiH LLsirpic Myramxkap
*a3bIrbl Kypaiael (Abdulin, 1994). OHipain sxep Oenepi opTyplli: TETiCTENreH y4ackenepaeH oacran,
Opan meH bIpFbI3 e3eHIepiHiH cajanapbl KaIbIITACTHIPFAH IIATKAJl TOpI3[l aHFapiapra AeliH
cosbutazsl (Vilesov et al., 2009).
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AyMaKTBIH KJIMMAThl — KYPT KOHTHHEHTTIK, ’Ka3bl BICTHIK opi KypFrak ( +38°C-Kka neiiH), KbIChI
kataH (—40°C-ka aeitin). XXpu1abIK sxaybiH-11ambiH Memepi 150-300 MM, HeTi31HEH KbIC TIEH KOKTEM
altmapeiaga tyceni. XKenmep OHTYCTIK-IIBIFBICTAH COFAIBL, KbUTAaMabIFel 20—30 M/c, Keiiie maHIbl
naysl1 Typinge 50 m/c-ka aeitin skeremi (Agroklimaticheskie resursy Aktjubinskoj oblasti (1974).
Berki cymapsr a3; XKem, Op xone blprbi3 e3enzepi TapMakrapbIMeH Oipre »a3ga TaWlbI3JIaHbII
Kajajapl, ajlaiifia Taylibl JKOTalapaa *KepacThl CYIapbIHBIH endyip Kopel (700 mupm m3-ka AeiiiH)
morsipiianran (Gataulina et al., 2025).

bBaccelinmik  aymakrap reoxyiienepiHiH okikrenmyiHe coiikec  (Dzhanaleeva, 1998),
KapacThIpbUIBIN OThIpFaH aymak Op - Enek MuKkporeosyiecine kipedi, on e3 keserinae Emnex
Makporeoxyiiecine sxaranasl (Berdenov, 2018). Op - Enek cyaiibippirbiHan Op xoHe Enek
e3eH/IepiHiH camanapbl Oacray anmanbl. AynaHHeiH Oatbic Oemiringeri Kekmekrti >xone Kyaramn
e3eHepi Enekke kysapl. LIbIFpic sxoHE OHTYCTIK Oomirinaeri Taccait, XKapabi-byrak, KbI3puikaiibiy,
Mawmsit, Kaiipakter e3ennepi Opra kysael (Berdenov, 2014). ConbiMeH KaTap, ayJaH ayMarbIHIA
blprei3 xone JKem e3eHepiHiH OacTaynapbl KalbINTACKIN, oap OETKi aFbIHHBIH HETi3ri Oeirin
Kypaiinel. Conpaii-ak Cy TeHrepiMiHAe KEepriuliKTi MaHbI3fa W€ IIarblH Keyjaep Ae Kesaecenl
(Sotnikov et al., 1972).

AyMaKTa HETI3IHEH aHaJbIK JXBIHBICTAPJBIH ODJIIOBUHI MEH KHBIPIIBIKTACTHI LIOTIHILIEpAEe
KaJIBINITACKAH JKETUIMETeH YCaKTaCThl TOIbIpaKTap 0achkiM. Bys1 TOnbIpakTapabIH KyaThl a3, KYpambl
ca3apl HEMECe Ca3aKThl OOJIBIT KeJedi JKOHE JKapTacThl HKBIHBICTAPJBIH KAKbIH OpHAIACYBIMEH
cunartaiaabpl. MyrampkapabiH Oenjiik OeliriHae MYHJai TONBIPAKTap KAChUITAC JKOHE TaKTaTac
bIHBICTApbIHA Aamuael (Dmitriyev et al., 2024).

Kazakcran aymarbsiHgarel OHTYCTIK Opall TayJapblHBIH ©CIMJIIK JKaMBUIFBICHI aJlyaH TYPIIi.
Hananeik 6emmgem OHTycTik Opayt Tayinapbl ayMarblHBIH JCpPIiK OackiM O6JIriH ajibIll KaThIp.
CoJITyCTIKTEH OHTYCTIKKE Kapail YJIKEeH CO3bUIBIMIbIFbIHA OaiJIaHBICTHI Jjajla aiMarbl TOPT OelaeM
TapMarbIHa OesiHeal:

- OHTYCTIK Kapa TOTbIpaKTapAarbl KYPFaKIIbUIBIKKA OeiiiM TYypIii menTi-003/1bl fananap;

- KOKO-KOHBIP TOMBIPAKTapJaFbl OpTalia KypraK JOHIi-1aKbLUIAbl aCTHIK TYKBIMJIAC JTajiaiap;

- KOHBIP TOIBIPAKTapAaFrbl KYPFaK KCEPOPHUTTI-TYpJi IIOMNTi-TdHII-TaKbIIAbl  aCThIK

TYKBIMZAC Jajajap;
- amIbIK KOHBIP TOMBIPAKTapaFbl MIOJIICHIEH YCaH/IbI-oH Ii-TaKbUIIbI aCThIK TYKBIMIAC
Jananap.

Kyprak nana eciMIiK *aMbUIFBICHI KbI3bLT OO3bI - OPTYPIl LIOMNTi, ASHIi-AaKbIIABI ACTHIK
TYKBIMJIAC - TYPJl MONTI KaybIMAACTHIKTap/aH Typaabl. OnapabiH KypaMbIHaa OO34BIH TYpJiepl —
KpuTKan6o03 (Stipa capillata), kei3e1 603 (Stipa pulcherrima), 6erere (Stipa lessingiana) 6aceim
keneni. lentepain apaceiHma Ke3su10osy (Galium), kasraban (Potentilla), TyitHekTi duiommc
(Phbomis tuberosa), kepoe3 mbrrkansipak (Achillea nobilis) xone T.6. cexinai kcepopuTTep GachiM.
Tysra Te3imai Oipkarap TypJiepi ae Oap: amibl (Artemisia absithium) sxone Jlepxa xycan (Artemisia
lercheana), Ttatap kepmeri (Limonium tataricum), merpkansipakTsl TyiimernereH (Tanacetum
millefolium), a6anak Teckeii (Linosyris villosa), nana 3eireiper (Galatella).

OcimiKkTep KaMbUIFBICBIHA KbI3bLT 003 (Stipa pulcherrima), kymaer Oerere (Stipa pennata),
KbuikanOo3 (Stipa capillata), comsimen katap Oetere (Festica valesidca), men CyJbpI0Oacsl
(Helictotrichon desertorum), xemnepus (Koeleria) »xoHe Typii menrtep €HETiH YCaK HIOKBIHBIH
KHUBIPIIBIKTACTHI TOMBIpAaKTapbIHAAFbl OeTerei-cyIpl0ac-TypIIiIlIenTi Jajackl KeH TapajFaH.

KyMmibl TombIpakTap MEH KymJIapJaFbl ©CIMIIK KaMbLUIFBICBIHIA KYM OO3BI—TYNTY3/li aCTBIK
TYKBIMJIAC KaybIMJACThIKTAp OackiM Kenemi. OyapablH KypamblHa KyM OO3BI, THITYaK, THIPCA,
EPKEKIIOI, KUK JKOHE dPTYPIIl MenTep Kipei.

Kymaer Gerere (Stipa pennata), 6erere (Festica valesidaca), xpiikan6o3 (Stipa capillata)
keepust (Koeleria) sxoHe T.0. Typii menrtep Kypamjaac 0OJaThiH KyM 0031kl — JOH/I JaKbUIIbI
ACTBIK TYKBIMZIAC KaybIMIACTBIKTap 0achIM KeJeIi.

Olinagmap MeH XallbUIMallbl JKepieple IIATFBIHABIK TUOTETI OCIMIIKTep KEH TapajFaH:
kararaH ounaieik (Elytrigia répens), aiipaysik (Calamagrostis), koxsipbac (Poa), cyotsr (Agrostis)
YKOHE OPTYPJIi MIONTECIH OCIMIIIKTEP.
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Opraia Kyprak Jana eciMIIiK )KaMbUIFBICH 003/l - OeTereni, KbUIKaHO03 - KycaHIbl, OeTereri
- 603161 KaybIMIACTHIKTApAaH Typabl. ACTHIK TYKbIMIACTApAbIH immiHze Kplakanoo3 (Stipa capillata)
Hemece Oetere (Stipa lessingiana) OackiM Kenenmi. OpPTYpii IIeNnTep KypamMblHA HETi3iHEH
KYyaHITBUIbIKKA OCiiM ajia Typsepi sKaTajbl.

[NanFpIHABIK KaTap TONbIPAKTapbIHJAAFHI 1I6I1 XKAMBUIFBICH KbUITaHAKChI3 apnabdac (Bromus
inermis), manFbIHABIK TYJIKIKYHPBIK (Alopecurus pratensis), skataran Oumaibk (Elytrigia répens),
Kyprak aiipaysik (Calamagrostis epigejos) TypiiepiMeH CUMaTTaIabl. OPTYPJIi HIONTEPiH apachIHIa
Oypmak TyKbIMaacTap Kem Kesjaeceni: »koHbimika Medicago, Hokarmen (Lathyrus), opam muscer
(Glycyrrhiza uralensis), conpaii-ak apamimentep ne ©Oap - Ttammbslk cyrrired (Euphorbia
pseudoglobosa), 6putan anae3sl (Inula britannica L), aspan (Gratiola) (kecte 1).

Kyprak mama eciMIiK XaMbUIFBICKI Oerereni - 0031l - JKycaHHbl, OeTeren - >KyCaHIbl
KaybIMIACTBIKTApJaH Typajabl, MyHAa Herizinen Oertere (Festuca valesiaca) GaceiM TapairaH.
Boznapapiy imiHae KelaThik003 (Stipa capillata), maiina 603 (Stipellula), 6etere (Stipa lessingiana)
KU1 Ke3/1ece/Ii, ojlap KapaMaTay jKOHeE JKyCcaH bl KaybIMIACTBIKTapMEH apajiaca ece/i.

Kycanmapapin imnnage Jlepxo sxkycansl (Artemisia lercheana), kebip sxycan (Artemisia
nitrosa) »one ycakryaai »kycan (Artemisia pauciflora) 6aceim. Kcepodurri aptypii mmenrtep a3
TapajraH, onapaslH KatapeiHaa teckeit (Galatella linosyris), ryiimemeren (Tanacétum vulgdre),
kasramak (Gdlium), capel xonpimka (Medicago falcata L.) 6ap. An Oy3butFaH xepiiepie KalTabl
eobenex (Ceratocarpus utriculosus), asctpusibik (Artemisia austriaca) »xone ak sxycan (Artemisia
alba) xe3neceni.

Kymaap MeH KyMmbl TOIbIpaKTapaa nmcaMMo(MUTTI Jajanap TapajaraH, ojapAblH KypaMblHaa
Kymabl Oetere (Stipa pennata), Oyiipa Taiipan (Cleistogenes squarrosa), bekkep 6o030tsl (Festuca
beckeri) sxone yiken cyor (Agrostis gigantea) kesmeceni. by3puiran Kymaapaa eCiMIiKTEp CHPEK
ke3nmeceni, mynaa kusk (Leymus) sxome Oyransl ecimaikrep — skysrin (Calligonum), kostHcyiiek
(Ammodéndron) eceni. IllanFeIHABIK Kepiiep/ie acThIK TYKbIMIAC IO KaybIMIACTHIKTaphl OachIM:
KaTaraH OUJIaibIK, XKayIlIaJIFblH, apradac, KAMBICKYJIAK; all COpPTaH IIAJFbIHIAp/Ia - AKMaMBIK, KbICKA
KBUITBIKTHI J)KoHE boran aprianapsl, COHIai-aK KUSK TYpJepl ecel.

[lenmeHreH MajaHbIH O©CIMIIK JKaMBUIFBICHI IIOJJII JKapThUlail OyTajnaplaH >KOHE JaajibIK
JOHI-TaKbUIIbI, OOPHBUIAAK JOHII-AAKbUIIBI 9pl TaMbIpcabakThl OCIMAIKTEPACH KypaJFaH
KEIICHJCPMEH cunartanaasl. Jlananblk KaybIMAACTBHIKTApbIH JOMHHAHTTaphl pETiHAE Oerere
(Festuca valesiaca), maiina 603 (Stipa sareptana), keiaThiK 003 (Stipa capillata L.), men (Agropyron
desertorum) sxoHe TapakThl epkekimomn (Agropyron cristatum) kesmecesi.

lexn kaysimaacTeikTapbiaa Jlepx sxycansl (Artemisia lerchiana), ycaxrynmi sxycan (Artemisia
pauciflora), cemutpansl xycan (Artemisia nitrosa), copran »ycan (Artemisia santonica), KOTbIp
koknek (Atriplex verrucifera), copran Oyiteiprein (Aeluropus littoralis), kexmex (Haloxylon
aphyllum) xoHne 6acka Typiep 6acsiM TapasFaH.

¥cak MOKbUIBI aiMaKTapAa OCIMIIK >KaMBUIFBICHIHBIH HETI31H CHPEK OpHATAacKaH JIOH/II-
JAKbUIIbI ACTHIK TYKBIMJAC Jayanap Kypaunael. blaranael oWnmapmapaa MAIFBIHABIK ©CIMIIKTED
tapanrad: anpayslk (Calamagrostis epigejos), »xararan Owumaiieik (Elytrigia repens), atkonak
(Phleum pratense), manreiHABIK TYIKIKYHpBIK (AlOpecurus pratensis.) xoHe opTypIti menTeciHaep.

Kecte 1. OnTyCcTiK Opan taynsl aiimarbeiagarsl (Kazakcran OemiriHaeri) peinuKkTi, CHpeK Ke3/1eCeTiH
JKOHE KEeH TapaJiFaH eCIMIIKTep

Ne OcimaikTep TypJepi
JKabbickak kanapiaraimr - Alnus glutinosa

Epkek ycacwip - Dryopteris filix-mas

Barmakrel KeIpBIKKYIAK - Thelipteris palustris

Komimri mertsipiak - Impotiens noli-tangere

Yuiken cyiiemmuen - Chelidonium majus

Bapmsaryn - Gladiolus imbricatus

OO W INF
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KeipbikOybin — Equisetum

XKacein 6ynaipren - Fragaria viridis
JlanaxansipakThl KoHbIpayma - Adenofora liliifolia
Apam cymernek - Delhinium consolida

Kexxxanoniz — Nepeda

12 | Tereypiuryxn — Delhinium

=
= [{e3¥C] BN

13 | 3wemrsipoT — Linaria

14 | Kamammsip — Dianthus

15 | Kana rpaBumate! - Geum urbanum

16 | Kyiinipri caprannmak - Ranunculus acris
17 | Kecrexycan — Pulsatilla

18 | Ammik kectexxycan -Pulsatilla patens
19 | Ci6ip simMeIpTrYITi - Hesperis sibirica
20 | Komimri xxymapryn - Origanum vulgare
21 | bos - Stipa Lessingiana

22 | Tapak0o03 THIPCHIK - Stipa sapertana

23 | benenemen — Veronica

24 | Opsic ryiakekipe - Centaurea ruthenica
25 | berere - Festuca valesiaca

26 | Tyinekri paomuc - Phbomis tuberosa
27 | Kasraban — Potentilla

28 | KeinTanakcsiz apmabdac - Bromus inermis

29 | Harei3 kb3bu100sty - Galium verum

30 | MeimpkanelpakTsl TyiiMemerer - Tanacetum millefolium
31 | Jlepxa xycanbl - Artemisia lercheana

32 | Amsl xycan - Artemisia absithium

33 | Capnibac xonsiika - Medicago falcata

34 | Xomnsmuka — Medicago

35 | Toosurrsl — Filipedula

36 | Kep6e3 mbimpkanbipak - Achillea nobilis

37 | ConbGen — Salvia

38 | XKammakxkanbipakThl Kekoac - Eryngium planum
39 | baganansr KoHBIpOac - Poa bulbosa

40 | Komimri mermpkansipak, - Achillea millefolium

41 | Ilpenk kpi3rasigars - Tulpipa schrikii

42 | Apammsiteip — Lepidium

43 | Tomap Oosty kepmek - Limonium gmelinii

44 | Ianrer KOHBIpOac - Poa pratensia

45 | Teckeit — Linosyris

46 | AbGanak Teckeii - Linosyris villosa

Omnryctik Opan taynsl aimareiaaa (Kazakcran Gemirinzeri) opHanackan JloH Tay-keH OailbITy
KOMOWHATBIHBIH ayMarbl KyaH oOpTYpJii IIenTi jgana OeineM TapMarblHAa OpHajacKaH jaja
aliMarbIH/1a KaTBIP.

OCIMIIIK )KaMBUTFBICHI CUPEK KOHE HET131HEH OeTere jkoHe OeTere-KycaH (GopManusuiapbiIMeH
cunartanaapl. TaOufu nana KaybIMJIACTHIKTapbl OeTere-KbUITHIKTHI IIeI acCoLualysIapblHaH
TY3UIiM, OJIapJbIH KypamblHAa KCepo(uIb/l, TYNTY3Y LIBIM TY3€TIH acThIK TYKbIMaacTap OachIM:
oerere (Festuca valesiaca), xinimke kaybpceiHabl Oetere (Stipa capillata), Tapak603 KaybIpChIHIIBI
Oerere (S. sareptana), KbI3FbUIT KaybIpchIHIBI OeTere (S. rubens), kpicka KaybIpchiHIBI OeTere (S.
lessingiana) sxone menaik apmabac (Helictotrichon desertorum). ConbiMeH KaTap MIONTECIH
KaMBUIFbIIA KycaH (Artemisia Spp.) ’koHe KyaHIIBUIBIKKA TO3IMIi OpTYpJi IIenTep — Tarapiia
actparat (Galatella tatarica), »ximimke xymremi xamammsip (Dianthus stenocalyx), cabayceis
tacxkapran (Potentilla acaulis), ka3zakcranapik Tyiimenak (Tanacetum kasachstanicum) kesneceni.
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[enrecinnig TyTacThiFbl 60%-ra neliH xkeTemi, eciMIikTepaiH oprama OuikTiri 50-60 cm
(Berdenov et al., 2022).

Ocimuik )xaMbUIFBICH JloH Tay-keH OaitbiTy komOuHaThIHBIH (o TKBK) Tay-KkeH skymbIcTapsl
HoTmwkecinae Oy3siaran (Berdenov et al., 2021).

Tay-keH »KyMBICTapbl, Kaja KYpbUIBICHI JKoHe Oacka Ja MakcaTTap YUIIH TiKeJen
nai1anaHblIaThIH alaHAap bl KAMTUTBHIH KOCITOPBIHHBIH JKEP TENiMi MIaMaMeH 5 MBIH T'a Kypaubl.
Ocpl aymakThIH mamMaMeH 90 %-bl Kapa-KOHBIP TYCT1 OpTallla ca3/1aKThl TOMbIPAKTap/1a KalIbIITaCKaH,
Keil JKepliepiHJe COPTAaHAAapMEH aybICHIII OTHIPATHIH aybLI IIAPYAIIbUIBIK JKEpJiepl albll >KaTbIp.
Tikeneld keH eHuipyre (Tay-KeH Temimi) OeiiHreH kep kesnemi 350 rekTapibl Kypaca, ajl KbIHBIC
yHiHIIepl, KalAbIK CakTay KOMMACBHl OHE Cy KOWMAChl albIll JKaTKaH ayMaK €Ki ece YJKEH
(Beketova et al., n.d.).

AWMaKTBIH O©CIMIK >KaMBLIFBICEIHA TOH €PEKIIeNir — OHBIH Jajia OyTalapbIHBIH, HET131HEH,
ToOBLIFBIHBIH OachiMabLIbIFs! (Carpenter et al., 2009).

JKazpIKTapAblH JanaiblKk OCIMIIKTEp apachlHla IIaFblH ayMaKTapMeH MIa0bIHABIKTap
ke3neceni. Onmap KocbIMIa bUIFanaHy OonatelH xepinepre — Op, OlicbuiKapa e3eHIepl kKoHe
OJNIapJIbIH CaJlaJlapbIHBIH aHrapiapbiHa ToH. LIIaObIHABIK ©ciMIIKTEpiHIH (IIOpANBIK Kypambl Oai,
ojap Me30(uIbJI aCThIK TYKbIMAACTApPMEH, alyaH TYpJi LIONTECIHIEPMEH »OHE >KyCaHIapMeH
CHUIATTaIAIbI.

KapacTeIpbutbIll OTBIPFaH HBICAH ayMarblHIIA JKEMIIONTIK KacueTTepi 0ap eciMmiKTepAeH
OeJiek, TOpLTIK 6CIMIIKTEep e Ke3mecei: KaHkb3bul (Sanguisorba officinalis), komimri sxycaimern
(Tanacetum vulgare), narbi3 KbipMbBBITYT (Galium verum), komimri wmbiHxkanbipak (Achillea
millefolium), Mapruamn tumesiast (Thymus marschallianus) - mryiirinmen, ipi skomkenken (Plantago
major), xomimri Oaxbak (Taraxacum officinale), xoiikanm (Capsella bursa-pastoris), mopimikx
tyiexonsimka (Melilotus officinalis), capeiryn (Hypericum perforatum), mopimik Oanabipran
(Valeriana officinalis), anremryn (Adonis spp.) (Chashina et al., 2020).

Ken opHBI aymarbsIH/Ia )KOHE OFaH ipresec xarkaH xeprepnae Kazakcranusiyg Kp3put kiTaObiHa
€HI'€H, 3aHMEH KOpFaJjaTblH ©CIMJIK TypJiepl aHbIKTalIFaH KOK. KeH opblHFa yKaKbIH JKepJeri y3aK
Mep31M/Ii TEXHOT'eHIIK KYKTEMEHIH 9CepiHEH OCIMJIIK KaMbUIFBICHI Al TApIIBIKTAN QJICIpEreH KoHe i¢
JKY31H€ JKOKTBIH Kachl. YUacKke ayMmarbl HET131HEH UIepuIreéH KeHICTIKTEPMEH, ecKl YHiHAlIepMeH
*xoHe T.0. kepcetinren (Aypeisova, 2012).

KoMOuHaTTHIH KOplIaFaH OpTara HET13I'1 SKOJIOTHSUIBIK 9Cep TYPJIEpiHe: Ta3-a’3p030JIbdiK KoHE
IIaHMEH JacTaHy, COHJAN-aK XMUMHSIIBIK, MEXaHUKAJBIK, PAaIHalUsIIbIK, KBUTYJbBIK, OTYABIK KOHE
celicMUKalIbIK ocepiiepi xatajsl. Tay KeHAepiH eHAIpyAeH OacTan JailblH OHIM LIbIFapyFa JeHiHri
TEXHOJIOTHSUIBIK YPAICTEPAl KYPrizy Ke3lHJe MyHaill eHIMIEpl, MbIC, MBIPBIII, TeMip, KabIHii,
MarHuii xoHe 0acka Ja ayblp MeTajiap CHAKTHI KOl MOJIIIEep/Ier JIacTayIIbl 3aTTapAbIH TY311yl )KoHE
OeuiHyl OpbIH anajsl. KeHil jkoHe maxTa CyJlapblH YIKEH KeJleMe XKepycTi Cy )Kyienepine Tery
HOTH)KECIHJIE TepIC 3KOJIOTHUSUIIBIK 9cepiep KeH OpbIHAAphl IIETIHEH ThIC JKepiepnae OalKambl, ipi
aymakrapasl Kamrtyna. JKep Tenmimi MeH pecypcTapibl ainy - TaOMFH JaHAAPTTHIH Oy3bLIybIHA
OKEJIIIT COFAThIHIAP MaHBI3IbI MacesenepaiH 6ipi 6osbin TabbuTaael (Ramazanova et al., 2019).

2. Martepuangap MeH dicrep

3eprrenerin aymakra A.I'. MomkaneB (1988) xone H.T. CmupnoB (1979) smictremenepi
ooripiara 10x10 M? yarimik ananmgap ansiHAsl (Smirnov, 1979; Baitenov, 1999). Jlon TKBK-na
ipresiec aymakra YJriIik ananap «MI/IpHHﬁ» KapbepineH, «HOXHbINY» KapbepiHiH YHIHIUIEpIHEH
x)oHe «llouckoBbIi» Kapbepi YI/IIHJIIJ'IeleeH 500 m, 3000 m, 5000 m KaIIBIKTRIKTAP/1A (kecte 2)
OpHAJACTBIPBUIABL. OpOip anmuc alaHAa OCIMAIKTEPAIH TYPIIK KypaMbl €CENTelNil, TaJlJaH]Ibl.
OcimaikTepai aHBIKTAy YVINiH aHBIKTaMalbIKTap makganansuiasl (Baitenov, 1999; Paviov, 1956-
1966).
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KecTte 2. OciMaikTepai 3epTTeyre apHaJIFaH ChIHAK alaHIapbIHBIH aTaybl MEH KOOPIUHATTAPHI

Yarinik I'eorpadusiibiKk cunmaTraMmachl I'eorpadusianik
aJaHIapAbIH O0OpAMHATTAPBI
aTajaysbl
«MupHBII» XpoMmTay KajlacblHaH OHTYCTiK-OaTbicka Kapai 2,5 kM | Kapbepain opTanblk OemiriHig
Kapbepi KOHE JKaKblH MaHJarbl TYPFBIH aynaHaapiad 1,2 kM | reorpadusuiblk KOOpAMHATTAPHL:

KallIBIKTBIKTa ~ OopHanackaH. Kapeep  y3aprteurran | 50°14'10" c. e.
comakiia mmHmi, enmemi mamamed 1,1x0,7 km sxone | 58°23'55" mr. 6.
teperuiri 180-200 M peiiiH. bBy3puFaH ayMaKThIH
ayJaHsbl iprejec TEXHOJIOTHSJIBIK aiMakTapmeH Oipre 0,8
KM>-7ICH acaJibl.

«FOxHBI Yiinginep Akrebe oOmpICH, XpoMmTay KaJaChIHBIH | Y HIHAIIEPIiH OpTaJIBIK
KapbepiHiH OHTYCTIK OHEPKOCINTIK aiiMarblHIa, >KaKbIH MaHJAFbl | OeiriHig reorpadusIbIK
yHiHainepi TYpFbIH aynaHaapiaH mamaMmed 300 M KoHEe Kapaychl3 | KOOpAUHATTAPHI:

KallFaH OHEepKacinTik aymakraH mamamed 50 w | 50°14'50" c. e.

KAIlIBIKTHIKTA OpPHAJIACKaH. 58°25'10" . ©.

Heican XxpoMuT KeHIEpiH OHIIpy Ke3iHae apiry
JKYMBICTaphl Ke3iH/e maiina OONFaH CONTYCTIK-IIBIFBIC
JKOHE NIBIFBIC OAFBITTA CO3BUIFAH YHIHILICD KyHeciMeH
ycoiHbUTFaH. JKeke yiinginepaig ouikriri 20-man 60 M-
re JCWiH, Y3bIHIBIFBI-1,2 KM-Te nediH, eHi-300 M-re
JeHIH. YHIHALIEpIH Kalbl ayaadel mamamen 0,35 km?

Kypanmpl.
«[louckoBeiity | YHinminep  XpoMmray  KalachlHBIH  ©OHEPKOCINTIK | YHIHAI aliMarblHBIH OPTAJBIK
Kapbepi aliMarbIHBIH CONTYCTIK-0aTbic Oemirinne, «llonckoBeiii» | OemiriHig KOOpIMHATTAPHI:
yHiHainepi KapbepiHe JKaKbIH JKepAe >KoHe KanaHblH opTanblk | 50°16'05" c. e.

OeJjliriHeH CONTYCTiK-OaTbicka Kapaid 3 kM kepue | 58°21'45" mr. O.
opHanackaH. YHiHminep mamameH 1,5 KM? ayMakThl
QJBIT JKAaTBIP KOHE XPOMHUT KEHJAEPIH OHIIpY Ke3iH[e
Kapbep/leH IIbIFaphUIFaH apIIbUIFaH JKoHe YHiH[II
JKBIHBICTAP/IBIH OipHEIIIe ipi KOHYC TOPi3/Ii KOHE )KOTAIBI
KUHAaKTapbIMeH ycbiHbUFaH. JKeke YHiHAUIEpAiH
OuikTiri 60-75 M-re xKeTei.

OCIMIIK >KaMbUIFBICBIHBIH Oy3bUly JEeHreWiH Oaranay >KyMBICTapbl JaHIIIaQTTapAbIH
KEHICTIKTIK-TUIIOJIOTUSUIBIK epEKIIETIKTEPIH €CKepe OTBIPBIN, KapTOrpadusiblK, KalIbIKTHIKTaH
30HATAy JKOHE JajaliblK 3epTTeyjiep JIepeKTepiH KeIleHAl Tajjay Heridinie kypriziani. Herisri
JIEPEKKO3 PETiH/Ae KYPBUIBIMIBIK-INHAMHUKAIBIK KIKTEY KaFuIaTTapblHa COMKeC KYpacTBIPBUIFaH
1:3000000 (macmTal) nmaHAMA(TTHIK JKOHE OCIMJIIK KapTallapbl, F€0aKIapaTThIK JepeKTep Oa3achl
YKOHE JKOFaphl albIPBIMIBI FAPBIIITHIK CYpETTEp, COHBIMEH KaTap JaNajblK 3epTTey MaTepHaaapbl
naiimanaHeAbL. by skikTeyne eciMIikTep TaOUFU OPTaHBIH XKaill-KYWiHIH HHTErpaIIbIK KOPCETKIIIi
perinze kapacteipbuiazasl. (de Groot et al., 2010).

Korappima aranraH Oaranay OKYMBICTapblH JKy3€re achlpy MakKcaThlHIA ©CIMIIK
KAMBUIFBICBIHBIH OY3bUTY JACHIeHiH CHUNATTalWTBIH YII TpajalsiaH TYpaTblH JKIKTEy JKyiHeci
azipneni (Pettorelli et al., 2011):

DOHJBIK koHE a3 Oy3bUIFaH ©CIMIIK >KaMbUIFbICHI. CHUIaTTaMackl — UIece TypJiep YJECiHIH
azfan TeMeHzaeyi (5 %-ra neiiH) jkoHe MPOEKIUUIBIK KaMbUIFbLIA QJICI3 ©3repicTepaiH OalKatysl.
durorneHO3AapABIH KYPhUIBIMBI MEH KYpambl TAaOWFH JKarjaiimapra OapblHINA >KaKbIH KyHiHIE
CaKTasapl.

Opraia Oy3bUTFaH ©CiMJIK KaMBUIFBICHL. [necnie Typnepa kypambiabiH 10-30 %-ra e3repyi
Oaiikamanel. Herisri JOMUHAHTTap caKTalfaHbIMEH, KaybIMIACTBHIKTAp KYpPbUIBIMBIHIA IIIiHapa
Oy3bUTySap OPBIH ala/ibl.

Kymti Oy3putraH eciMIIK KaMbUIFbICHL. lnecne Typnepnin Oaceim Oemiriniy (40-60 %-ra
JIeH1H) KOUBLTYbIMEH MEH aJIBEHTHUBTI )KOHE PYACPaIbJIbl TONTAPABIH alTapJIbIKTal 0aChIN KipyiMeH
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CHUIIaTTaJaabl.

KYPBUTBIMBIHBIH 50 %-/1aH achITl TyCe/i.

3. Horu:kenep

XKekeneren aymakTapia OJapIblH — yIieci

OCIMIIK JKAMBUIFBICBIHBIH O KAJIIIbI

3epTTeNreH ayMakTapaarbl ©CIMIIK KaMBUIFBICHIH TaJIay HOTHIKECIHIE 3epTTey aiiMarbliHIa
€H KeIl TapairaH Typiep perinme Festuca valesiaca (kym ceney), Stipa capillata (Gerere)
aHbBIKTaJIBL. JKycaH TYKpIMIaCTap 1aH JKyCcaHIap/IbIH aBCTPUSUIBIK TYPi skoHe Artemisia lerchiana (ak
JKycaH) Ke3Jecei; apTypii menrepacH Herizinen Medicago (;kabaiinl xxoubimka), Achillea nobilis

(acei1 MbIHpKanbipak), Potentilla (kan Tambipinen) >xoHe Oackanmapbl OachbiM. [TpOSKIUSIIBIK
#aMbLIFBICHI 60—70%, eHiMaiiri 1 rekrapaan 5—6 neHtHep (kecte 3).
Kecte 3. Jlom Tay-keH OaiibiTy KOMOWHATBIHBIH e©HAIpicTik amadmapeiHadn S500-5000 ™
KAIIBIKTBIKTAFbI 1prejiec ayMaKThIH (DIOpaNbIK KYpaMbl
Ocimaik Typi Typ Boranukansl | Ixomopdacel | Puronenorypaini | apyamsia
eMipienairi | K Tuecinmiairi ri BIK
MaKCcaThl
Stipa capillata | KemKBLIABIK TOHI Kcepout TayJIbl TAJTAIIBIK A3BIKTHIK
L. JaKbUIABI
Stipa KOIDKBUIIBIK oHI1 kcepodur Jaja KOHE TaCThl a3BIKTHIK
sareptana JTAKBUIIBI OeTkeiinep
Stipa KOIDKBUIIBIK OHTI aBKcepodun JAJTAIBIK a3BIKTHIK
lessingiana IAKBLIIBL
Stipa KOIDKBUIIBIK oHIl Me30KcepouUT | Jalia, TacThl Jajia a3BIKTHIK
pulcherrima TAKBUTIBI
Festuca KOIDKBUIIBIK JOHTI aHeMo KapTacThI a3BIKTHIK
rupicola JTAKBUIIbI OeTkeitep MeH
xKapracrap
Festuca KOIDKBUIIBIK JOHTI arogur Jana, Kyprak ’KaHBUTBIMIBI
valesiaca JaKbULIbI HIATFBIHIAP, TACTBI | K-a3BIKTBIK
OeTkeiiep
Calamagrostis | KeImKbUIIBIK TOHI - - -
sylvatica TAKBLIIbI
Elytrigia KOIDKBUIIBIK OHA1 kcepodur J1aja, yoJI apaMIier
repens JaKbUIABI JKUEKTEPi, COPTaH
xKepiep
Artemisia KOIDKBUIIBIK TYpJIi men IBKCEPOPHUT KYPFaK TY3/1bl )KOHE | apaMIiern
pontica TY3/IbI MAJFBIHIAD
Achillea KOIDKBULIBIK TYpJIi 1er IBKCepOPHT HIeTiH/i apamIer
nobilis OeTkeinepi
Artemisia KOIDKBUIIBIK KapThUIai kcepout Jana, Ty3/bl apamuier
austriaca Oyra xKepiep (mopimik)
Kochia KOIDKbUIJIBIK XKapTbLiai aBKcepodun TY376I OaTnaKrap a3bIKTBIK
prostrata (L.) Oyta
Schrad

XKyprizinren skympicTap OaphIChIHIAA 3€pTTENTeH HbicaHmapaa KasakcraHHblH —KbI3bLa
KiTaObIHA CHTI31JIreH TYPJIEp aHBIKTAIMA/IbI, aJIali/1a apealibl KbICKaphIT 0apa )KaTKaH CHPEK, YHIEMHUK
OCIMIIIKTep TOOBIHA KaTaThlH 8 Typ aHbIKTanael. Oyap: KaTThl >kambIpakThl kenena (Koeleria
selerophylla P. Smirn), nymeira topizmi camen (Orchis militaris), sxaObickak KoHbIpKai (Alnus
glutinosa), nomanak s>xambipakThl HibIKIIakbp (Drosera rotundifolia), KomapoB »OHBIIIKACK
(Medicago komarovii Vass), Myramkap 6acrymi (Jurinea mugodsharica lIljin), TamueB kexry:i
(Centaurea talievii Kllop) (cyper 1).
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57° 60°

3epTTeniHreH aymaKTbiH ecimaikTep KapTacbi
1:2 000000

1
Komcomoneckoe

F50°

15

(s Kanasiaraw

Ly6apkyayk Temup

n
M¥asbik gana 9'2'33

1 Typni wenTi-Kbi13bin 603461 AaNaHbIH
JKBIPTBINATBIH Kepnepi

E03-6 {ini-603.6

IKbIPT

¥caK WOKbINbI Aana

Al P

4 Tyiimegak-603 ganacol

5 Betereni-cynbi6ac603 panacel 9 Typni wenTi KbinkaH603 ceney ganacol
Berer: MOHe TTi TYpAi
wenTi-6erere ganace:

10 McepoduTri Typai wenti-cynbibac-KbinkaH603 ganack! !

7 Byranbi-kbinkanbosge: pana E ‘ HycaHabl-KblKaH603 ganacbl

12 F: poduTTi A3KbIN ganace!

~ 2 panai-aakeinas pana

Tay ereringeri gana XKasbiKTbl W1en

13 j Kaiibinabl YA,
waue neTpodmnTTi TYpai wen ganacot

15 Kaii o

i | 14 KeweHgai »ycaHabl }kaHe Tac GYibIpFbiHAbI Wengep

i Gosmycanae

Cypert 1. Onryctik Opan taynsl aiimarbiabiy (Kazakcran GesniriHzeri) ©CIMIIK >KaMbLIFBICHIHBIH
KapTachl

4. Tanpnay

Kypriziiren 3epTreysiaep TEXHOTEHIK 9CEpAiH OCIMIIK KaMbUIFbICHIHBIH JKaralbIHa eneyl
BIKIAJIBIH TUT13€TIHIH KopceTTi. PUTOLEHO3AapAbIH TOJBIK KOWBLUTYBI TYPIHJIETT OCIMAIKTIH JICipeyl
OaifkanMaraHbIMEH, ©CIMJIKTEp >KaMBUIFBICHI CHIIATHIHBIH ©3repyl alKbiH KepiHenmi. EH alKbiH
Oy3bLTyNap JjacTaylibl Ke3Jep/ieH, COHbIH IMIHJe Kapbepiiep MeH YHiHal maccuBTepineH 500 m
KalIBIKTBIKTa (CypeT 2) OpHaJlaCKaH ywackenepne Tipkenai. byn aiimakTa eCIMAIK KaMbUIFBICHI
JerpalallusAChIHBIH alKbIH Oenrinepi 6alKanaabl, MbICAJIbl, OCIMAIKTEP/IIH JKeKellereH OOMKTepiHiH
Kypay®bl, JKallbIpaKkTapAblH TaOUFU TYCIHIH €3repyi, OMOMacCaHbIH KOHE MPOEKTUBTI KaMbLTYBIHBIH
ToMeHzaeyl. COHBIMEH Karap, TEXHOTEHIIK acep OCIMAIKTepAIH MOPQOJIOTHIIBIK KOHE
(GU3HONOTHSIIBIK ~ CHUIIATTaMaJapbIHBIH OY3bUTyblHA OKEJIETIHI aHBIKTANIbl: JKamblpakrap MeH
TYJAEpAIH MillliHI MEH TYCl ©3Tepil, COHAali-aK BereTalus Mep3iMIepi bIFbICa/Ibl.
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Cyper 2. Yitinainepaer 500 M KaIIbIKTBIKTaFbl ayMaKThIH ©CIMJIIK KYpaMbl

Cyper 3. Yitinainepaen 5000 M KalIbIKTHIKTaFbl aQyMaKThIH ©CIMIIK Kypambl
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Jlactaymbr ke3aepiaen 3000-5000 M KalIbIKTHIKTaFBl ydackenepzae (cyper 3) artaiFaH Tepic
KyObUIBICTAp QiJeKaiiia a3 HeMece MysjaeM Oalkanmaiabsl. Byl eHepKocinTiK HbICaHHAH
KallIBIKTaFaH CalbIH ©CIMIIK KaybIMIACTBIKTAPBIHIAFEI ©3repicTep Mopekeci a3asThlH TEXHOTCHIIK
ocep rpaAueHTIHIH Oap eKeHIH KOpCEeTeIi.

Kymbic OapbIChIHAA 3€epTTeY ayMarblHAa S>KUHAIFAH JANAlbIK 3€pTTey MaTepHalaaphl
xyHenenin, ennenai. Omap ©CIMIIK >KaMBUIFBICBIH CHIIATTay, TYPJIIK KYPaMbIH, MPOSKLHUSIIBIK
KaMbBUIFbIHBI JKOHE HET13r1 (UTOLIEHO3AAPAbIH MOPQOIOTHSUIBIK KaFAallblH KaMTHUIbl. AJIBIHFaH
HOTIKENep LU(PIaHBI, TreojepekTep Oa3achlHa EHTI3LIIN, ©CIMIIK >KaMBUIFBICHIHBIH OY3bLTY
JTOpeKeCiHiH ym rpaganusacel kepcetinren (cyper 4) Kaszakcran aymarbiHaarbl OHTycTiK Opan
ciemzaepi eCiMaIKTep KaMbUIFBICHIHBIH OY3bUTY KapTachl jKacallbl.

67" 60°

OcimaiK }XambINFbICbIHbIH, 6Y3blay KapTacbl

_ Bopamwal
L

)

_ Komcomonbckoe
&

. Xpowray
(s

r50°

(s )KaHablaraw

LWy6apkyayk Temup

KeHKkusiK Vprua

OcimpaiKkTep }amMmbINFbICbIHbIH 6y3blaybl
r48°
DoHAbIK KaHe a3 by3binFaH ecimaikTep

8, 9, 11, 13

Oprawa by3binFaH ecimaikrep
1,4,5,6,7,8,10,11,12

KywTi 6y3binfaH ecimaiktep
2,3,4,9,15 200

Cypert 4. Onryctik Opan taynsl aitmarsiHbIH (Ka3zakcran OesiriHaeri) oCiMIiK >KaMbIIFBICHIHBIH
OY3BLTY KapTachl
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5. KopbIThIHABI

Kopsitbiaapinaii kene JloH Tay-ken OaiibiTy komOuHaThIHbIH (TKBK) ennipictik acepiH ipresiec
ayMaKTBhIH ©CIMJIIK JKaMBUIFBICBIHA 3€PTTEY HOTIDKECIHAE TEXHOTEHMIK (pakTopiapiblH HeTi3iHeH
OCIMIIKTEPiH AKOJOTUSIBIK-(QU3HOJOTUSIIBIK JKaFJIaiiblHA ocep €TETiHI, al oJapIblH TYPIiK
aTyaHIBUTBIFBIHA 9CEpPi a3 €KCeHI aHBIKTAJIIBI.

OCIMIIK >KaMBIIFBICHI JICTPAAAIMSCBIHBIH alKbIH OeNTiIepi JIacTayIibl Ke3aep/eH (Kapbepiiep,
yiiaaiiep) 500 M KambIKThIKTa OaliKayiael. bysl aiimMakTa eCIMIIKTEpHiH Kypaybl, >KalbIpaKTap
TYCiHIH e3repyi, OnoMaccaHbIH TOMEHICY1 )KoHEe (PUTOICHO3Iap KYPBUIBIMBIHBIH OY3bLTYhI TIPKEJIII.

Penarypanuzanusueiy Oactankbl Oenrizepi 1000—-1200 M KamIbIKTBIKTA, ajd OYJIiHIeH
ayMakTapAelH OenceHni Typae kKadta ecyi 2000 M-men Oacran Oaiikamansl. [IpoeKIUSITBIK
KaMBUTFBIHBIH apTybl 2500 M-1eH 6actan GapiiblK 3epTTeNreH HbICaHAap YIIiH TOH O0JIbIN TaObLIA IbI.

KypacTeipbuiran eciMIiK )KaMbUTFBICBIHBIH OY3bLTY ICHIeliHIH KapTachkl (7-CypeT) 3epTTeireH
ayMakTarbl (UTOLEHO3IAPABIH AHTPONOTeHIIK TpaHchopManus ICHIeHiH alKblH KepCceTei.
Korapsl Oy3bLTy Aopexkeci 0ap eH YIKeH ayMmakTap (KbI3bLI TycreH OenriieHren) Axre0e Kaiaachl
MeH XpowmTay, Kapransl skoHe AnFa ayqaHIapblHIa Tipkenai. by atanran aitMakTarbl KapKbIHIbI
Tay-KeH OHJIpICI MEH Ipi OHEPKACINTIK HBICAHAAPABIH OONTYBIMEH OaiJIaHBICTBI AWTAPIBIKTAN
TEXHOTCH/IIK dCep/li pacTaipl.

AJBIHFaH AepEeKTep TEXHOTSH TIK 9CEPIiH I'PaJUeHTIHIH O0ap eKEeHIH XKoHE JIaCTayIIbl KO3/IepAcH
aNbICTaFraH CalbIH ©CIM/IIK )KaMBUIFBICHIHBIH 11I1HAPA ©3IIrHEH KAJIIbIHA KEIIy JIeYeTiH KopceTe/i.
Byn pekynbTHBAIMSUIBIK KYMBICTAP MEH SKOJOTHSUIBIK MOHHTOPHHITI JKYPri3yle capajaHraH
TOCUIIIH KaKETTLNIrH aiirakTaiipl (Berdenov et al., 2024).

6. KochiMIa MaTepuaJiap: KOChIMIIIa MaTepualaap oK.
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Assessment of anthropogenic impact on the vegetation cover of the mountainous
region of the Southern Urals (within Kazakhstan)

Aidana Beketova, Yerbolat Mendybaev, Gulzira Gataulina

Abstract: In this study, the vegetation cover of the Southern Ural mountain region (within the
territory of Kazakhstan) is described, and the main plant communities of the area are considered.
Special attention is given to endemic, relict, and medicinal species, as well as to species listed in the
Red Book. A vegetation map of the territory was compiled. In addition, the article examines the
impact of the activities of the Don Mining and Processing Plant, located within the study area, on the
ecological state of adjacent vegetation cover. Field research was carried out in the areas of the
“Mirny” quarry and the dumps of the “Poiskovy” and “Yuzhny” quarries. Sample plots were
established in order to analyze the composition of the flora, and the dominant plant species
characterizing current biodiversity were identified. A comparative analysis of vegetation structure
was conducted at distances of 500, 3000, and 5000 m from pollution sources. The analysis of results
showed that technogenic impact affects not so much the species composition of the vegetation cover,
but mainly its overall ecological and physiological state. The main indicators of degradation,
reflecting the weakening of phytocenoses and stressful growth conditions, include changes in natural
leaf coloration, drying of individual plant parts, reduction in total biomass, as well as the disruption
of community structure. These degradation features were observed starting from 500 m from
pollution sources, while the initial signs of renaturalization were recorded at distances of 1000-1200
m, the regrowth of disturbed areas was evident at 2000 m, and the increase in projective cover was
noted from 2500 m. The results of the study were digitized and entered into a geodatabase, and a
vegetation disturbance map was created for the study area, based on three gradations of disturbance
levels. The compiled map of vegetation disturbance levels makes it possible to determine the degree
of anthropogenic transformation of phytocenoses in the investigated territory.

Keywords: technogenic impact; vegetation cover; Donskoy Mining and Processing Plant; ecological
state; Southern Urals.

OuneHka TeXHOTeHHOI'0 BO3/1eliCTBHS HA PACTUTEJIbHBIN OKPOB rOPHOM 00J1aCcTH
IOskHoro Ypana (B npenesax Kazaxcrana)

Aiinana bekeroBa, Epoosnat Menabioaes, I'yan3upa I'aTayanna
AnHoTanusi: B nanHo# pabote omucaH pacTUTeNbHBIN TOKPOB FO)HO-Y panbckoii TopHO# 00IaCTH

(B mpenenax KazaxcTana) M pacCMOTpEHBI OCHOBHBIE pacTUTENbHbIE coodImecTBa pernoHa. Ocoboe
BHUMAaHHUE YJEJIECHO HHJEMHUYHBIM, DPEIUKTOBBIM M JIEKAapCTBEHHBIM BHUAAM, a TaKXe BUAAM,
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3aHecéHHbIM B KpacHyto kHury. CocTaBieHa KapTa pacTUTEIbHOCTH TeppuTopuu. Kpome toro, B
CTaTh€ PAacCMaTPUBAETCS BIUSHHUE AEATENbHOCTU JJOHCKOro ropHo-o0OraTMTEIbHOr0 KOMOMHATa,
PacIoJIOKEHHOT0 B Mpeeiax UCCIEAYEMOro palioHa, Ha IKOJIOIMUECKOE COCTOSIHUE PACTUTEIBHOTO
IIOKPOBA COIPEAEIbHBIX Teppuropuil. MccienoBaHus NPOBOJWINCHE Ha TEPPUTOPUU Kapbepa
«MupHslil», a Takke Ha oTBasax KapbepoB «llonckoBbiit» u «fOxHbIl». [ aHamuza cocTtaBa
Guiopbl ObLIM 3aJ105K€HBI IPOOHBIE IUIOMAAKU. OmpeneneHbl JOMUHUPYIOIME BUABI PACTEHUH,
XapakTepu3ymoIue coBpeMeHHoe OunopasnoodOpasue.Ha paccrosuusx 500, 3000 u 5000 m ot
UCTOYHUKOB 3arpsi3HEHUs ObUT NPOBEIEH CPAaBHUTENBHBIM aHAIU3 CTPYKTYPbl PACTUTEIBHOIO
IIOKpOBa. AHalM3 Pe3yJabTaTOB IOKa3aJl, YTO TEXHOTE€HHOE BO3JEHCTBUE BIMUSET HE CTOJIBKO Ha
BUJIOBOM COCTaB PacTUTEIbHOCTH, CKOJbKO Ha €€ olliee HKO0J0ro-(hu3H0JIIOrH4ecKoe COCTOSIHUE.
OCHOBHBIMU TpU3HAKaMH JIETPaslalliy, CBUAETEIHCTBYIOIMMH 00 OCiIalleHnu (UTOLEHO30B U
CTPECCOBOM XapaKTepe YCJIOBUN IPOU3PACTAHMSA, SBJSIOTCA M3MEHEHUE €CTECTBEHHOM OKpacKU
JVMCTHEB, YBANAHHWE OTHIENBHBIX YacTeH pacTeHWH, yMEHbIICHHE OOmeill OMoMacchl, a TaKKe
HapylIeHUE CTPYKTYphl COOOIIECTB. YKa3aHHbIe MPU3HAKU Jerpajalii oTMeyalnuch HaunHas ¢ 500
M OT HCTOYHUKOB 3arps3HEHMs, B TO BpEMsl KaK HadajbHbIE MPOSBIEHUS pPEHATypalu3aluu
¢dukcupoBanuce Ha pacctosiuuu 1000—1200 M, BoccTaHOBIEHHE HAPYIIEHHBIX Y4acTKOB — ¢ 2000 M,
a yBEJIMUYEHHE MPOEKTUBHOTO MOKPHITHA — ¢ 2500 M.Pe3ynbraThl nccienoBanus 06U onnpoOBaHbI
U 3aHECEHBbI B I€0JIJaHHYIO 0a3y, Ha OCHOBE YEro COCTaBJIeHa KapTa PacTUTENLHOIO IIOKPOBA MO TPEM
rpajanusaM ypoBHs HapylieHHOCTH. CocTaBiIeHHas KapTa CTEIEHH HapyILIEHHOCTH PaCTUTEIbHOCTU
IO3BOJISIET ONPENEIUTh YPOBEHb aHTPONOTEHHOM TpaHchopMaluu (PUTOLEHO30B B HCCIELyeMOM
TEPPUTOPUH.

KiiloueBble cJjioBa: TEXHOTCHHOE BO3JIEWCTBHE; pacTuTenbHbli 1mokpoB; Jonckoit ['OK;
9KOJIOTUYECKOE COCTOSIHKE; TOpHas obacTh FOxHbIN Ypail.
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Kokmeray,

AHHOTanusA: B craree mpencTaBieHbl pPE3YyIbTAaThl  KOMIUIEKCHOTO
UCCJICIOBAaHMsI MUKPOMHUHEpPAJIbHOTO  COCTaBa  IJIAIICHT  KUTEIbHUIL
AKMOJIMHCKON 007acTH, PEruoHa, XapaKTEPHU3YIOUIETOCs IMOBBIIICHHOM
PaIMOdKOJIOTMYECKON  HAINPSKEHHOCTBIO, CBS3AHHOM C WHTEHCUBHOU
noObIuel ypaHa M 30JI0Ta, a TaKKe C HAIMYUEM IPHUPOJHBIX PaJIOHOBBIX
aHomanuii. OCHOBHOW  1I€JIbI0  HMCCIEOBAHMUS  CTAlO  BBISIBJICHHE
0COOEHHOCTEH HAKOIUICHWS U pACIpEeieHUsT MHHEpaJbHBIX (a3 B
IUTAIIGHTAPHOM TKAaHMU, YTO TO3BOJIJIO OIICHUTh BIUSHUE HKOJIOTO-
T€OXUMHYECKUX (PAKTOPOB HA CUCTEMY «MAaTh—TIAIICHTA—TLION.
MeTtoauueckas 6a3a BKIIouaia NCIOIb30BAHUE CKAHUPYIOIIEH IIEKTPOHHON
mukpockoruu  (COM, Hitachi  S-3400N) wu »HeproaucnepcHOHHON
cniekrpockomuu (Bruker XFlash 5010), uto obecrne4nsio BHICOKYIO TOYHOCTh
npu onpeneaeHund MOpQhOJIOTHH U XHMHUYECKOTO COCTaBa MUHEPaIbHBIX
BKIItOUeHUH. B xo/e aHanm3a 00pa3ioB MIALEHT KEHIIHH, TPOKUBAIOLINX B
AKMOJMHCKOM 0051aCcTH, OBIJIO YCTAaHOBJIEHO HAJIM4YKE COJIEH Kalus U XJI0pa,
COTIPOBOKAAIOIIMXCS MPUMECSIMHU HaTpHs U amoMuHus. Kpome Ttoro, Obuin
3adukcupoBanbl (hochopconepxkamnue ¢aszpl 1Byx THNoB: P-Na u P—Ca,
KOTOpBIE WrpaloT KIIOUYEBYI0 pOJb B Ipoleccax KaabIupUKaluu
MJIalleHTapHOW TKAaHW HM MOTYT OBITh CBsSI3aHBI € (OPMHUPOBAHHUEM
MATOJIOTHYECKUX KanbIIMHATOB. OCOOBINi MHTEpeC BBI3BATO OOHApYKEHUE
penkoii accormaruu |1-Cu-gactuil, paHee He ONMMCAHHON B IUTAIEHTAPHBIX
CTpYKTypax. OToT (akT HampsIMyl  OTpakaeT CHeruduIecKoe
FEOXUMHUYECKOE COCTOSIHHE MCCIEAYyeMOro perhuoHa W MOATBEPKAAeT
BO3MOXXHOCTh HAKOIUJICHHSI B TUTAIIEHTE MAPKEPHBIX JIEMEHTOB, CBSI3aHHBIX
C TEXHOTEHHBIM M MIPUPOTHBIM 3arpsi3HCHUEM.

TakuM oOpa3oM, TONyYeHHBIC IAHHBIE CBHJETEIBCTBYIOT O TOM, YTO
JIaIleHTa MOXKET pacCMaTPUBATHCS HE TOJIHKO KaK OpraH, 00eCTIeYrBaOIINMA
KUBHENEATENIbHOCTh IJI0JJa, HO © Kak OWOWMHAMKATOP COCTOSHUS
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OKpyxaromei cpeapl. Hamuune cnenuduuecknx MHUHEPAIBHBIX (a3 OTpakaeT peallbHyI0 3KOJIOro-
FEOXMMHUYECKYIO CUTYalMIO U €€ MOTEHIIMAIbHOE BO3JICHCTBUE HA PENPOAYKTUBHOE 3/I0POBHE KEHILHH.
Pe3ynbrarel momuépKkuBarOT HEOOXOTUMOCTh NATbHEUIINX MEKIUCIUIUIMHAPHBIX HCCICAOBAHUN H
pa3paboTKu MPOOUIAKTHYCCKUX MEPONPUITHA, HAIPABICHHBIX HA CHIDKEHHUE PHUCKA OCJIOKHCHHH
OEpEeMEHHOCTH U OXPaHy 3I0POBbSI HOBOPOXKIEHHBIX.

KiarueBble ciioBa: 1ianeHTa; AKMOJUHCKAsE 00J1aCTh; MUKPOIJIEMEHTbI; CKAHUPYIOIIAsk 3JICKTPOHHAS
MHUKDPOCKOIIHS; 3HEPrOAUCIICPCUOHHBIA aHAU3; JKOJIOTO-TCOXMMUYECKasi CHTYallus; KaJjbIIMHATHI;
3I0pPOBLE MaTepH U peOEHKA.

1. Beegenue

CoBpeMeHHbIE 3KOJOTUYECKHUE YCIIOBUS B psiie pernoHoB KazaxcraHa, BKiIto4asi AKMOJUHCKYIO
00J1aCTh, XapaKTEpU3YIOTCS BBICOKUM YPOBHEM aHTPOIIOIEHHOI'O M TEXHOTEHHOTO BO3JeHcTBUS,
CBSI3aHHBIM C JTOOBIYEH ITOJIE3HBIX MCKOMAEMBIX, MPOMBIIUIEHHON AEATENbHOCTBIO, ypOaHu3anuen u
M3MEHEHHMEM NpHpoiHoro Janamadra. Ha repputopun 06sactu GyHKIHOHUPYIOT 30J10TOJ00BIBAIOIINE
U YPAHOBBIE NPEINPHUATHS, Ubsl JNEATEIBHOCTb COMPOBOXKIAETCS BbIOpOCAMU TSKEIBIX METAIOB U
pamHoOHYKIHIOB B OKpyskaromryto cpeay (Alimzhanova, 2021; Zhumabekova, 2022). B pe3syabrate
MPOUCXOIUT HAKOIUICHHE TOKCUKAHTOB B MPHUPOJHBIX cpenax (1ouBa, BO3IYX, BOAA), YTO (GOPMHUPYET
HeOnaronpusaTHble (HaKTOphl PUCKA AJIS 370POBbS HACEJIEHUS M AETPAfalMio JOKaJIbHBIX 3KOCHUCTEM
(Sharipova, 2020).

OCOOeHHO YysI3BUMOW K BO3JCMCTBUIO HKOJOTHUECKUX U T€OXMMHUYECKUX HArpy3o0K SsBISETCS
CUCTEMa «MaThb—IIALEHTa—IIJI0», KOTOpas MPEACTaBIsAET COO0M CIOKHBIA OMOJOTNYECKUI KOMIUIEKC,
obecreynBaoMil HE TOJIBKO NUTAHWE M JbIXaHHE IJI0Ja, HO M €ro IOJIHOLIEHHOE pa3BUTHE Ha
MPOTSHKEHUM BCEro mnepuoja recrauuu. llnaneHTa BBINOIHSET IENbIM CHEKTP JKU3HEHHO Ba)KHBIX
GbyHKUMA: OappepHyl0 - 3alluIlas IUI0[ OT MPOHUKHOBEHHUS 3HAYUTEIbHOM YacTH TOKCHUHOB U
MATOT€HOB; TPOPHUUECKYIO - oOecreyrnBasi TPAHCIIOPT KHCIOPOa, BOIBI, MaKpO- ¥ MHUKPOAJIEMEHTOB,
HEOOXOAUMBIX Il pOCTa U CO3pPEBAHUs TKaHEH; SHAOKPHUHHYIO - CHHTE3HPYsl TOPMOHBI, peryJINpyIOLIHe
Te4eHHe OepeMEHHOCTH U Pa3BUTHE IUIOAA; UMMYHOPETYIATOPHYIO - (POPMHUPYS TOJEPAHTHOCTh K
TEHETUYECKU UY>KEPOJIHOMY OpraHU3My U IIPEeN0TBpaliasi HIMMYHHOE OTTOP>KEHHUE.

BwMmecre ¢ TeM nianeHTa sSBisieTcsl AMHAMUYHBIM OPTaHOM, CIIOCOOHBIM aKKYMYJIMPOBATh IIMPOKHMA
CIEKTP XMMHUYECKHX 3JIEMEHTOB, BKIII0Yasl KaK dCCEHLUANbHbIE (KaJbIMi, MarHui, HoJl, IIMHK, CEJIeH),
TaK U TOKCUYHBIE (CBUHEL], KaJIMUH, PTYTbh, PAAUOHYKIUAbI). Takoll 1BONCTBEHHBIN XapaKTep JAeaeT e€
OJTHOBPEMEHHO 3aIlIUTHBIM (PUIBTPOM U «OMOJIOTHYECKUM apXUBOM», B KOTOPOM OTPAXKaeTCsl HE TOJIBKO
COCTOSIHME OpraHM3Ma MaTepH, HO U YPOBEHb SKOJOTMYECKON HANpsSKEHHOCTH PErMoHa MPOKUBAHMUS.
Hapymenne e€ QyHkuuil nam aucOanaHC 3JI€MEHTHOIO COCTaBa MOXKET HANpsSMYIO CKa3bIBaTbCsS Ha
3I0pOBbE€ MaTepu M peOEHKa, CHnocoOCTBYS BO3HHMKHOBEHHIO OCJIO)KHEHUN OEpeMEHHOCTH H
(bOpMHUPOBAHHUIO JOJATOCPOYHBIX MATOJOTUI Y HOBOPOKAEHHOTO.

[InamenTa BBICTYNAET YHHMKAJIbHBIM HHJIWKATOPHBIM OPraHOM, MO KOTOPOMY MOHO CYIUTh O
COBOKYITHOM BJIMSIHUU BHEIIHEW Cpellbl HAa CUCTEMY «MaTb—IUI0A». E€ HcciaenoBaHue MO3BOJSET HE
TOJIBKO OLIEHUTh OMOJIOTUYECKHE PUCKH, HO U BBIIBUTH MapKEPHbIE MPU3HAKU KOJIOTUYECKON HArpy3KH,
YTO JI€JIaeT aHAJIN3 TUIALEHTAPHBIX TKAaHEH BaKHENIIIMM UHCTPYMEHTOM JUIsl MEAULIMHCKON SKOJIOTUU U
penpoayktuBHoi MeaunuHbl (Lugovaya, 2002; Lugovaya, 2014).

BnusiHue TsOKENBIX METaIOB, PAJMOHYKIMIOB M JAe(UIUTAa >KU3HEHHO HEOOXOIUMBIX
MHUKpO3JIEMEHTOB Ha 3/I0POBhE MaTepu U peOEHKa SBISETCS HAYYHO JOKAa3aHHBIM M TOJTBEPKIEHO
MHOTOYHCIEHHBIMU KJIMHHUKO-3IUAEMHUOIOTMUECKUMA UM JKCIEPUMEHTAIBHBIMU HCCIIEIOBaHUSAMMU.
[InanenTa, BEIIOMHSAS KIIIOUEBYIO OapbepHYIO U TpoduuecKyro QyHKINHU, TOJKHA 00ECIeUnBaTh 3alIUTy
IUI01a OT TOKCHMYECKUX areHTOB M OJHOBPEMEHHO CHa0XaTh €ro HeOoOXOAWMBIMU HHUTATEIbHBIMU
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BemecTBamMu. OHAKO MPH HEOIATOMPHUSTHONW IKOJOTUYECKOW CUTyaluu e€ OapbepHasl CIIoCOOHOCTh
MOJKET OBITh HapyIICHA, YTO BEIET K HAKOIUICHHUIO B IUIAIICHTAPHONW TKAaHW TOKCHYHBIX 3JIEMEHTOB —
CBUHIIA, KaJIMUSI, PTYTH, YpaHa U IPYTUX PaJHOHYKIH]IOB.

Hapyienre MEKpO3JIeMEHTHOTO TOMEOCTa3a U NEPUIIUT TAKUX JICMEHTOB, KaK IIMHK, ME/Tb, CEJICH
U oA, B COYETAHUU C BO3JCHUCTBUEM TSDKENBIX METAUIOB CO3MAOT YCIOBHUS JUISL CIIOXHBIX
METa0OJIMYECKUX M YHIOKPUHHBIX COOEB. DTO OTpakaeTcsi KaK Ha COCTOSIHUU OCPEMEHHOM JKCHIIUHBI,
TaKk ¥ Ha pa3BuTUM TUIoAa. Jloka3aHO, YTO W3OBITOK TSHKENBIX METANIOB CIIOCOOCH BHI3BIBATH
OKCHJATHBHEBINA cTpecc, moBpexaeHue JITHK u snmureHeTnueckne M3MEHEHHS, KOTOPBIC 3aKJIaIbIBAIOT
OCHOBY ISl IOJTOCPOYHBIX MATOJIOTUYECKUX COCTOSIHUN y peOEHKA, BKITIOYAsi CHIDKEHUE KOTHUTHUBHBIX
(GYHKIUH ¥ IPEIPACIIONOKEHHOCTh K XPOHUYECKUM 3a00JICBaHUSM B Oy IyIIIEM.

Ha xnuHMYecKoM ypOBHE TaKve HapYIICHHUS MPOSBISIOTCS B BUC OCIOKHEHUN OEPEeMEHHOCTH:
MPEIKIIAMIICUH, 3aJCPKKH POCTa ILUI0Ja, HEBBIHAIIUBAHHUS OCPEMEHHOCTH W IOBBIIICHHOW YacTOTHI
CaMOIIPOU3BOJILHBIX a00pTOB. TsHKENMbIE MeETaIbl W PAJAMOHYKIUILI HApyIIaloT (OPMUPOBAHUE
COCYIUCTOM CEeTH IUIAICHTHI, YXYAIIAIOT TPAHCIOPT KHUCIOPOJa M THMTATENbHBIX BEHIECTB, YTO
CHOCOOCTBYET BHYTPUYTPOOHOH TrHIIOKCHH. B pe3ynbpTaTe Bo3pacTaeT pUCK MPEKICBPEMEHHBIX POJIOB,
HU3KOH Macchl Tella MPH POXKIACHUU U BPOXKIEHHBIX aHOMAJIHIA Pa3BUTHSI.

Oco0yr0 TpeBOTY BBI3BIBACT POCT IMOKa3aTelie MaTEepPUHCKOW W MIIaICHYCCKOW CMEPTHOCTH B
pEeruoHax ¢ HeOJAroNmpPUATHON 3KOJIOTHYECKON 00CTaHOBKOM. HapyieHusi MUKPO3JIEMEHTHOTO COCTaBa
IUTAIICHTH MOTYT HE TOJBKO IMOBBIIMIATH BEPOSITHOCTH JICTALHBIX HUCXOJIOB B TIEPUHATAIIEHOM MEPHO/IC,
HO U OKa3bIBaTh MEXITOKOJICHYECKOE BO3/ICHCTBHUE, OTPAXKAIOIICECs Ha 30POBbE OYAYIIUX TOKOJICHHH.
B coBokymHOCTH 3TH (aKTOphl TOMYCPKHBAIOT HEOOXOJUMOCTh KOMILJICKCHOTO MOHHUTOPUHTA
3JIEMEHTHOTO CTaTyca OEPEMEHHBIX JKEHIIUH, pa3padOTKH MPOrPaMM 10 KOPPEKITUU MUKPOIIIEMEHTHOTO
aeduIKTa U CTPOroro KOHTPOJIS 3a COACPKaHUEM TOKCHYHBIX BEILECTB B OKpyxaromiei cpene (Badri,
2018; Robert, 2011).

[To nannbsiM Beemupuoit opranuzanuu 3apaBooxpanenus (BO3), okono 25% Bcex 3aboneBaHuit
JeJI0BeKa UMEIOT IKOJorHYecku o0ycioBiennyto npupoay (Fenger, 2016; Gude, 2004). Jlist sxeHIITUH
PENPOAYKTUBHOTO BO3pacTa 3TO OCOOCHHO KPUTHUYHO, TIOCKOJBKY TOKCHKAHTHBIC JIJIEMEHTHI,
MOCTYMAIOIINEe C BO3AyXOM, BOJOW M TMPOAYKTAMH TIHTaHUS, CIHOCOOHBI MUTPUPOBATH dYepes
TUTAllEHTapHBIN Oapbep W BO3JEHCTBOBATH HA TUIONA. TakuM 00pazoMm, TUTalleHTa BHICTYINAET HE TOJBKO
KaK opraH XH3HEoOecledeHus, HO U Kak OuoMapKep HMHTErpajbHOTO BO3JCHCTBHUS IKOIOTHUECKUX
(hakTOpOB.

B ycnoBusax Kazaxcrana »skosoruueckas Harpyska ycyryomsercs —aemMorpaduyecKuMu
OCOOCHHOCTSIMH pervuoHa. B mocnemnnue necaTmiieTusi QUKCHPYETCsS CHIKCHHE POXKITAEMOCTH, YTO
CBSI3aHO KaK C COIIMAIbHO-DKOHOMHUYECKHMH (DaKTOpaMH, TaK M C YXYAIICHHEM pPENpOTyKTUBHOTO
3nopoBbs xkeHiuH (Gorbatko, 1999; World Health Organization, 2021). Hecmotpsi Ha oOmmii poct
COLIMAJILHOTO YPOBHS JKU3HU, B psAe obnacteil cTpaHbl KOd(P(GUIMEHT POXKIAEMOCTH OCTaéres
CTaOWIBHBIM M HEBBICOKMM. YIydIICHHE JeMOTpaduyecKuX IoKazaTelied BO MHOTOM OOBSCHSIETCS
MUTPAIMOHHBIMU MPOIIECCAMU, @ HE BHYTPEHHUMH YIYUYIICHUSIMH PENPOAYKTUBHOTO TOTEHIHAIA.

Cormacio llenmsam ycroriumBoro paszsutus (UYP 3  «3gopoBee wu  Omaromomyuuey),
nemorpaduueckre moka3aTelld — YpOBEHb MIIAJICHUECKONH CMEPTHOCTH, MPOIOJKUTEIILHOCTD KU3HU U
POXKIAEMOCTh — SIBJISIOTCS KITFOYEBBIMH HWHJIUKATOPAMU COCTOSHUS 3JI0pOBbs HacesleHus. VIMEHHO
MO3TOMY M3YYEHHE PEMPOAYKTUBHOTO 3OPOBBSI B IKOJIOTUYECKH HEOIArOMONYyYHBIX PETHOHAX MMEET
CTpaTEeTHYECKOe 3HaUCHNUE.

AKMONHMHCKasT 00IacTh OTJIMYAETCSd BBICOKOH  PaJMOIKOIIOTUYECKON HANpPsHKEHHOCTHIO,
00yCIIOBJICHHON HAJIMYMEM YPAHOBBIX W 30JI0TOJOOBIBAIONINX MPEANPHUATHH, a TakKe MPHPOJIHBIX
pPaZloHOBBIX aHOManwil. Pa3nuuus B paguanmoHHOM (oOHE, XMMHUYECKOM COCTaBe TMOJ3EMHBIX BOJ H
TCOXUMHH ITOYB CO3JAI0T HEOJMHOPOJHBIC YCIOBHS, KOTOPHIE MOTYT OKa3bIBaTh HEMOCPEICTBEHHOE
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BJIMSIHUE Ha 3JI0pPOBbE HACEJICHUS, OCOOCHHO JKEHIMH pernpoayKTuBHOro Bo3pacta (Akhmetzhanov,
2022; Desforges, 2010; Pacifici, 1995).

J10 HaCTOSIIEr0 BpEMEHH IaHHbIE 0 MUKPOMUHEPAIBHBIX (ha3ax M AJIEMEHTHOM COCTABE TUIAIICHTHI
KUTEJIbHULl PETHOHA B YCIOBMSX PAJAMO’KOJIOIMUYECKOW HArpy3KH MPaKTHUECKH OTCYTCTBYIOT. JTO
JieNlaeT MCCIIEAOBAaHM B JTAHHOM OO0JIACTH KpailHEe aKTyaJbHBIMH, TaK KaK OHM IMO3BOJSIOT OLEHHUTH
OapbepHble PYHKIUY MJIALEHTHI, BBIIBUTH OCOOCHHOCTH HAKOIUIEHUS! MUKPO3JIEMEHTOB U TOKCUKAHTOB,
a TaKk)Ke ONPEACTUTh PUCKH IS 30POBbS MaTepH U PeOEHKaA.

M3yueHune 51€MEHTHOIO cocTaBa OMOJIOTMYECKMX CYOCTpaToB, TAaKMX, KaK BOJIOCHI, KpPOBb,
IUIalleHTa U MOJIOYHBbIE 3YObl, B MOCJIEAHUE NECATUIIETUS CTAJI0 OJHMM U3 KIIIOUEBBIX HaIpaBJICHUI
OMOMEIUIIMHCKUX U HKOJOIMUYECKUX HCCIENOBaHMNA. DTH TKAHM U >KUJKOCTH PacCMAaTPUBAIOTCS Kak
CBOEOOPA3HBIC «apXHUBB» METAOOINYECKUX MPOIECCOB, MPOUCXOIAINX B OPraHU3ME, U OJHOBPEMEHHO
KaK 4YyBCTBUTEIbHbIE WHIMKATOPbl COCTOSIHMA OKpyXarolied cpenbl. brarogaps BbICOKoMH
MH(POPMATUBHOCTH M OTHOCHUTEJIBHOM JOCTYHHOCTH Ui OTOOpa 0Opas3loB, JaHHBIE CyOCTpaThl
MIO3BOJISIIOT BBISBJIATH CKPBIThIE (POPMBI MUKPO3JIEMEHTHOI'0 JucOanaHca U yCTaHaBIMBATh B3aMOCBS3b
MEX1y KOJOTHYECKUMH (PaKTOpaMU M COCTOSIHUEM 3/I0POBBS UETIOBEKA.

Pe3ynpTaTbhl MHOTOUUCIIEHHBIX MEXYHAPOIHBIX MCCIEOBAHUN TEMOHCTPUPYIOT 3HAUUTEIIbHbIE
pa3nuyuys B HaKOIUIEHMM MaKpO- U MUKPORJIEMEHTOB Y HAacEJIEHUS Pa3HbIX PETMOHOB, YTO HANPSAMYIO
CBSI3aHO C TE€OXMMHUYECKHMHU OCOOCHHOCTSMH TEPPUTOPUH, YPOBHEM IPOMBILUIEHHOW HArpysKy,
Ka4eCTBOM INMUTHEBOW BOJIBI M pallioHOM nuTaHus. Hampumep, nedunut uiam, Ha000pOT, U30BITOUHOE
CoJiep KaHue ONpe/IeEHHBIX IEMEHTOB B reocpeie NpUBOAUT K (POPMUPOBAHUIO IHIEMUUECKUX 30H C
MOBBILIEHHBIM PUCKOM Pa3BUTHsI PA3IUYHbBIX MMaTOJOTrui. B 3TOMN CBsI3M 0coO0€ BHUMaHUE yIensercs
MOy U CelleHy - JIEMEHTaM, UTPAIOILUM BaXKHYIO POJIb B SHIOKPUHHON PEryJIsliui U aHTUOKCUJAHTHON
3alIUTe OpraHu3Ma.

Nonomeduuur mo-npexHeMy OCTaéTcs TNOOATbHOH MEIHKO-COLMANBHON IIpobneMoil: oH
XapakTepeH HE TOJIbKO JJISl TOPHBIX M BHYTPUKOHTHHEHTAJIBHBIX TEPPUTOPHUN, HO W BCTPEYAETCS B
CTpaHax C pa3BUTON CUCTEMOM 3apaBooxpaHeHus. Hemoctarok Hona y GepeMeHHBIX KEHUIMH MOKET
BbI3bIBaTh TMIIOTUPEO3 y MaTepU U ILJI0JA, 3aAEPKKYy BHYTPUYTPOOHOTO pa3BUTHUSA, BPOXKIAEHHBIE
aHOMAJIMM U CTOWKHME KOTHUTUBHBIE HapylleHus y peOEéHka. CeneH, B CBOIO Ouepelb, SBISETCS
KJIFOUEBBIM ~ KOMIIOHEHTOM (DEpMEHTOB AaHTHOKCUAAHTHON CHCTEMbI (TJIyTaTHOHIIEPOKCH]IA3bI,
THOPEIOKCUHPEAYKTa3bl), U €ro HEeIO0CTaTOK YCYryOJisieT BO3JEHCTBHE OKHCIUTEIBHOTO CTpecca,
CHIDKAeT MMMYHHYIO 32Ty U TIOBBIIIAET YSI3BUMOCTh K MH(EKIIHSM.

OCOOEHHO TPEBOXKHBIM SIBISETCS TOT (PakT, 4yTo AePULUT Hoaa U celeHa HEepPEeJKO BCTpeyaeTcs
OJTHOBPEMEHHO, yCHUJIMBas HeraTuBHbIE () dekTol npyr npyra. Takas KoMOMHAINS MOKET TPUBOIUTH K
CIIO)KHBIM 3SHJOKPHHHBIM HapyIICHUSM, CEpPbE3HBIM OCIOKHEHMSIM OEpEeMEHHOCTH M JlaXe K
MEXIOKOJIEHUECKOMY BIIMSHHUIO Ha 3]J0pOBbE MOTOMCTBA. B CBA3M ¢ 3TUM M3y4YEHHE HJIEMEHTHOTO
cocTaBa OMOJIOTHYECKUX CyOCTpaTOB O€pEeMEHHBIX JKEHIIIMH 1 HOBOPOXKIEHHBIX IPHOOPETAET HE TOJIBKO
aKaJeMHYecKoe, HO M MPaKTUYECKOE 3HAu€HHUe: MOJIyYeHHbIE JaHHBIE CIyXaT OCHOBaHUEM IS
pa3paboTku NMpo(UIAKTUYECKHX MPOrpaMM, KOPPEKIHH MUTAHUS W peaju3aliy IEeJeBbIX MEIUKO-
CaHWUTAPHBIX MEPOIIPUATHI HAa PETHOHAILHOM U HAITMOHAIBHOM YPOBHSIX.

Takum o0pa3om, UcCieIoBaHHE DJIEMEHTHOTO CTaTyca OpraHM3Ma C HCIOJIb30BAHHUEM BOJIOC,
KpOBH, IUIAlIEHTHl M MOJIOYHBIX 3YOOB IMpEICTaBIseT COOOW MOIIHBI MHCTPYMEHT OIIEHKH Kak
WH/IMBUYyAJIbHOTO, TaK U MOMYJIALIMOHHOTO 3/I0POBbs. DTH IaHHBIE TO3BOJIIOT IPOTHO3UPOBATH PUCKH,
pa3pabaTrhiBaTh CTpaTeTWH IO CHIKEHHIO HEOIAarompusiTHBIX BO3JEHCTBHIM M (QopMupoBaTh Oojee
TOYHBIE PEKOMEHIAIINH JIJIsl COXPAaHEHHUs PENPOIyKTUBHOTO M 00IIIECTBEHHOTO 310poBbs (Zhumabekova,
2022).

[IpoBenenne OaHHOIO MCCIEAOBAHUS HMMEET psAJ NPEUMMYLIECTB: OHO II03BOJMUT OLIEHUTH
OapbepHBIE CBOWCTBA IIAIIGHTHI B YCJIOBUSAX PAJUANMOHHON M TEXHOTCHHON HArpy3KW; BBISIBUTH
peruoHanbHble OCOOEHHOCTH HAKOIJIGHHWS MHKpPO- M MAaKpO3JEMEHTOB; COIOCTABUThH MOJTyYCHHbIE
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pe3yabTathl ¢ MexayHapoanbiMu gaHHbiME (EShkoli, 2011) pa3paGorath Hay4HO 0OOCHOBAHHBIC
PEKOMEHIALNH [Tl CUCTEMbI 3/IPaBOOXPAHCHHUS PETHOHA.

PesynbTaThl HcCeIOBaHUS MOTYT OBITh HCIOJB30BaHBI B  aKYIIEPCKO-THHEKOJIOTHYCCKOM
NpaKTHKE, B IPOrpaMMax OXpaHbl 3[0POBbS MAaTepPH U PEOEHKA, a TAKIKE B TOCYIaPCTBCHHOW OJIUTHKE,
CBSI3aHHOM C DKOJIOTUYECKOW 0E€30IacCHOCTBIO M ieMorpaduueckiuM pa3ButueM. Kpome toro, miareHra
KaK OMOMHINKATOP MOXKET CTaTh [[EHHBIM MHCTPYMEHTOM Ui MOHMTOPHHIA BIMSHHS 3KOJIOTHUECKIX
(bakTOpOB Ha 370pOBbE HacelleHus B qoarocpouHoit nepcnektuse (Mikelson, 2015; Savchenko, 2016).

2. MaTepuajibl 1 MeTObI

Jliia mpoBenieHusl UCCIEeNOBaHUS ObUl MPUMEHEH KOMILIEKC COBPEMEHHBIX HMHCTPYMEHTAJIbHBIX
METOJIOB, BKJIFOYAIOIIMX CKAaHUPYIOIIYIO IEKTPOHHYI0 Mukpockonuio (COM) Ha mpubope Hitachi S-
3400N u pentrenocnekTpaibHblii MUKpoanaaus (PCMA) ¢ ucnosib30BaHUEM DHEPTOAMCIIEPCHOHHOTO
cnekrpomerpa Bruker XFlash 5010. Takoit MeTOIMYECKUN TMOAXOM TO3BOJIMI OOBEIUHHUTH
Mop(onoruueckoe H3yuyeHUE IUIAEHTApHON TKaHH C KOJIMYECTBEHHO-KAueCTBEHHOM OIEHKOI
AJIEMEHTHOTO COCTaBa MUKPOMHHEPAIBHBIX (a3.

HcxomapiM MaTepranoM MOCTYKWIH TUTAlIEHTAPHbIE TKAaHHU KUTEIbHUI AKMOJIMHCKON 0051acTH,
MOJTyYeHHBIE B PaHHEM IOCIEpoAoBOM mepuone. Jns aHammza Obuia chOpMHUpOBaHA CEPHSl CyXHX
oOpa3ioB 1uianeHTsl. [loaroroBka BkiItoyana cieayromue stanbl: Cymika martepuana — (pparMeHThbl
IUTAIICHTAPHOW TKAHW BBICYIIMBAIMCH TPH KOMHATHOH TEMIIEpaType B YCJIOBUSAX €CTECTBEHHOM
BEHTWISIIIUM /10 TIOCTOSIHHOW Macchl. MexaHuueckas TIOATOTOBKAa — BBICYIIEHHBIE 00pasiibl
MOJIBEPTAJIUCh W3MEIBUCHHUIO 10 MOPOMIKOOOPA3HOTO COCTOSHUSI C IIENBI0 YBEIWYCHHS IUIOIIAIN
MOBEPXHOCTH M TMOBBIMICHUS OJHOPOJHOCTU TpoObl. HaHeceHune Ha MOANOXKKY — H3MEIbYEHHBIE
YaCTUIl PAaBHOMEPHO paCHpEeAeIBUIACh [0 YIIEPOJHOM NPOBOJALIEH JIEHTE, 3aKpEIUIEHHOW Ha
MPEeIMETHOM CTOJIMKE MUKPOCKOTMA. Y TalieHue 3arpsi3HEHUI — MpernapaThl JOMOJIHUTEIBHO 00 1yBauCh
C)KaThIM BO3JYXOM JUIS YAAJCHUS MBUICBBIX U CBOOOJHBIX YACTHII, CIIOCOOHBIX MCKA3UTh PE3yJIbTaThl
aHanu3a. HambuieHue npoBosiero ciosi — 00pasibl MoABEeprajiich BAKyyMHOMY HAIbIJICHHUIO TOHKOTO
ciost 3oJoTa-matudel (AU-Pt) ¢ 1enpi0 TpeoTBpaleHUsT 3apsIKH MMOBEPXHOCTH M OOECIICYECHUs
CTaOUIILHOCTH DIIEKTPOHHOTO MyYKa IPU MUKPOCKOTIHH.

COM-uccrnenoBanue MpoBOIUIIOCH MPU YCKOPsitoliieM HanpsbkeHuu 15-20 kB, uto obecneynBano
JOCTATOYHYIO TNIyOMHY MPOHUKHOBEHHUS DJIEKTPOHOB M BHICOKOE MPOCTPAHCTBEHHOE pasperieHue. s
KaXJ0i 1poObl (PUKCUpOBAIUCH: MOP(OJIOTHS MOBEPXHOCTEN; CTPYKTypa M pa3Mepbl MUKPOUYACTHII,
O0COOEHHOCTH paclpeeeHus MUHEPaIbHbBIX BKIIOYEHHUH B MAaTPUKCE TUTAlIEHTAPHON TKaHH.

Hcnonb30BaHWe BTOPHYHBIX W OOPAaTHO PACCESHHBIX 3JICKTPOHOB IMO3BOJIMJIO TOIYYHTH Kak
Tonorpapuueckre, Tak M KOHTPACTHbIE IO aTOMHOMY HOMEpY U300pa)xKeHus, 4To oOieryano
uAeHTUPUKAIUIO (a3 ¢ pa3InYHbIM ATOMHBIM BECOM.

J171s KOJTMYeCTBEHHOTO U KaYECTBEHHOT'O OMPeeNIeHUs] XUMUYECKOTO cocTaBa (a3 ObUT MPUMEHEH
sHeproaucnepcuonnsiii criektpomerp Bruker XFlash 5010. 3amuch CrekTpoB OCYIIECTBISLIaCh B
nuanazone osHeprui 0-20 k3B ¢ BpeMEeHHOW »SKCIO3MIMEH, [OCTAaTOYHOM /I HAaKOIUICHUS
CTaTHCTUYECCKH JIOCTOBEPHBIX JIAHHBIX.

Oco060oe BHUMaHKE YJCISIIOCh CICAYIONINM aclieKTaM: onpeaeseHre MmakpoanemenToB (Ca, K, Na,
Mg), yuacTByrommMx B OOMEHHBIX NpoIlleccax; BbisBIeHHE MukpodnementoB (Fe, Zn, Cu, Mn),
HEOOXOUMBIX Ui Ouosiornueckux GyHkuui; ¢pukcanus tokcukantos (Pb, Cd, U, As), oTpaxaromux
HKOJIOTHYECKYIO HArpy3Ky perroHa; CpaBHUTEIbHBIA aHAJIH3 PacIpeIeIeHUs SJIEMEHTOB B Pa3IMUHBIX
30HaX OJJHOM M TOM ke MPOOBI.

JIisi  TIOBBIIIIGHUST JTOCTOBEPHOCTH PE3YJIbTATOB  HCIIOJIB30BAUCH  CIEAYIONIHE TTOAXOJIBI:
MPOBEJICHUE MOBTOPHBIX M3MEPEHHUI HAa PA3HBIX y4acTKax OAHOW M TOH ke MpoObI; MCIONIh30BAHHE
CTaHJAPTHBIX 00pa3moB /I KaTMOpOBKH TpubOopa; comoctaBieHne AaHHBIX COM um PCMA nmns
UCKITIOYEHUS OIHOOK MHTEPIPETALIUH.
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Takum o6paszom, coueranne COM U PEHTICHOCIEKTPAIbHOTO MHKPOAHAIN3a IO3BOJIUIO
KOMILJICKCHO OIIGHUTh KaK MOPQOJIOrHYECKUEe XapaKTePHUCTHKH IIAlCHTAPHOW TKaHHW, Tak U &
SNICMEHTHBIM COCTaB, BKJIIOYAs BBISBJICHHEC MHKPOMHUHEPAIbHBIX (ha3 ¥ JIOKAJIbHBIX YYaCTKOB
HAKOIUICHWSI TOKCHKAaHTOB. TakoW mMOAX0J OO0ECHeYyrBaeT BBICOKHHA ypPOBEHb TOYHOCTH U
BOCIIPOM3BOJIMMOCTH, YTO JIETACT PE3yJbTaThl UCCIICAOBAHUSI COMOCTABUMBIMHU C MEXKIYHAPOIHBIMU
JTaHHBIMH U IPUMEHUMBIMH IS METUKO-3KOJIOTHYECKUX BBIBOJIOB.

JIstst ¥icClieIOBaHMi KMCIOJIBb30BAIACh PACHIMPEHHAs BBIOOPKA M KOHTPOJIbHBIC CEpUU 00pa3IoB
IUTAIICHTBl M MYNOYHOW KpPOBH, a Takke marepuanbl kaptupoBanus (EDS-mapping) ans oneHku
pacrpe/eeHust Ha TEPPUTOPUU AKMOJIMHCKO# 00JIACTH TEXHOTCHHBIX TCOXUMHUICCKHX 3arpsA3HSFONINX
BEIIIECTB.

Hanemenue Au—Pt nopoxnana coorsercrBytoniie nuku Ha DC-cniekTpax; Ipyu UHTEPIpPETaLUU
oHHU ucKIoyanuch. Cyxas IMOAroTOBKa yCHIMBajia KpucTaumsannonnsie ceoiictsa coneii (KCI/NaCl).

3. Pe3yabTaThl

MuKpOMHHEpaIbHBIA COCTAaB IUTALIEHTapHOW TKaHM u3ydeH Ha Oaze MMHOLla «Ypanoas
reosiorusi» npu Hay4yHo-uccinenoBareibckoM TOMCKOM MOJIMTEXHUYECKOM YHHBEPCUTETE, Ha MPHOOpax
COM Hitachi S-3400N ¢ wucmonb30BaHHEM JCTEKTOpa OOpaTHO-pacCesiHHBIX 3eKTpoHOB (BSE,
BBICOKOBAKYYMHBII PEXHUM). DIIEMEHTHBIH aHAJIN3 BBITIOJIHEH YHEPTOAUCIICPCUOHHON CIIEKTPOMETPHUCH
(Bruker XFlash 5010). Ha cyxue 00pasiibl HCXOAHOTO MaTepraia HAHOCHIIU MPerapaThbl Ha yrIIEPOIHYIO
JICHTY, OOayBasi CXaTbIM BO3AYXOM C IOCICAYIONIMM 30JI0TO-IUIATUHOBBIM HAIBLUICHUEM, YTO
YUUTBIBAIOCH MPH HHTEPIIPETAIIMH CIICKTPOB.

Ha Pucynkax 1, 2 mpencraBiensl BSE-u3oOpakenuss OvonTaHTa MIIAlEHTHI, Ie B KayecTBE
OCHOBHOTO (pOHA MTOKA3aHbI MHOTOYHMCIIEHHBIC YaCTHIIBI COJICBOTO COCTAaBa C IOMUHUPOBAHUEM KAJIHS U
XJiopa, a B MeHbiei crernenu gosei Hatpus (K, Na—Cl) ¢ nokanbHbIME pUMeECSIMU JIETKUX METAJLIOB
(manpumep, Al).

Q=

)
p Ci
Na K Feo
51055 s [‘N%, .
e

SE MAG: 270 x HV:20.0 kV WD: 10.7 mm : 2 3 L s 6 7 8

PI/lcyHOK 1. CuumMoOK B O6p3.THO-p3.CC€HHHBIX QJICKTpOHAX U 3HepFO,Z[I/ICHepCI/IOHHLII71 CIICKTP 2JICMCHTOB
B COCTaB€ IIJIALICHTHI XU TCIIbHUIIBI AKMOJMHCKOM 0071aCTH
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51056
SE MAG: 1000 x HV: 20.0 kV. WD: 10.7 mm

Pucynok 2. CHUMOK B 00paTHO-PACCESIHHBIX 3JIEKTPOHAX U YHEPrOJUCIIEPCUOHHBIN crekTp yacTul K-
Cl, comeprkammxcsi B cOCTaBe TUIAICHTHI JKUTESIbHHUIIBI AKMOJIMHCKOM 00acTH

Kak Buano u3 Pucynkos 1 u 2, cosneBble 4acTULbI BCTPEYAIOTCSI IOCTATOYHO YaCTO, YTO SBJIAETCS
BOXHBIM HAOJIOJCHUEM, IIOCKOJBbKY 3TO IOATBEP)KIAeT BKIIOYEHUE KaJusid M XJIOpa B COCTaB
TUTALIEHTApHON TKaHH, IPU MEHBILEM COAEP)KaHWU HaTpusi. Takoil pe3yibTaT OTpa’kaeT CocOOHOCTh
IUTALEHTBl aKKyMYJIMPOBAaTh MOHHBIE (DOPMBI 3JE€MEHTOB, LUPKYIMPYIOLUUX B OpraHu3Me Marepu U
MOCTYHAIOIINX U3 BHELIHEH Cpeibl.

Mopdosorust BbISIBICHHBIX YaCTHIl BapbUPYET OT U30METPUUYHBIX JIO IUIACTUHYATBIX arperaros.
dopMa U CTPYKTYpa YKa3bIBaIOT Ha KPUCTAJUIM3ALUIO COJEBBIX (a3 B YCIOBUSAX OrPAaHHYECHHOTO
pOCTpaHCTBA W IepeMeHHON BiaxkHocTH. Kontpact B pexume BSE (back-scattered electrons)
JEMOHCTPUPYET CpPAaBHUTEIBHO HHU3KOE CpEAHEE AaTOMapHOE YHCJIO, YTO COrjacyercss C
IIPUHAAJICKHOCTBIO YAaCTHI] K TaJOr€HUAAM ILEIOYHbIX 3JIEMEHTOB, IPEUMYILECTBEHHO Kallus U HATPHSL.

B OonbumimHCTBE IpoaHAIM3UPOBAaHHBIX ToJied 3peHus K-comepskamue ¢a3bl CTaTUCTUYECKH
npeobnanatoT Haa Na-coaepKanMu, YTo MOATBEPKAAETCS CTAOMIIbHBIM IPUCYTCTBUEM CHIEKTPATIbHBIX
mukoB K-Ko u Cl-Ko, a Takke nepemenHoit mHTeHCcHMBHOCTBIO Na-Ko (Pucynku 2-5). JlaHHbli
pe3yibTaT yKa3bIBaeT Ha U30bITOYHOE HAKOIUIEHUE KaTMHCOoIepKallluX COeAMHEHUH B TKaHX IJIAlleHThI
10 CPAaBHEHUIO C HATPUEBBIMU aHAJIOTAMH.

ConeBble 4acCTHIIBI, YacTO BCTpEYAlOIIMECs B IJIALIEHTE >KUTEIbHHUI AKMOJIMHCKOM oOiactw,
JEMOHCTPUPYIOT HE TOJBKO paziuuus B MOP(OJIOrUH, HO U pa3HOOOpa3ue B XMMHUUYECKOM cocTaBe. Ha
pucyHKe 3 ¢puKcupyeTcs Hanu4ue nmpuMeceit Hatpus, pochopa 1 aTFOMUHUSA, YTO MOXKET YKa3bIBaTh HA
BKJIIOUEHUE KOMIUIEKCHBIX QochaTHbix coequHeHnii. Ha pucyHnke 4 oT4ETIMBO BBIIEISAIOTCS MPUMECH
HaTpusi U (ocdopa, MOATBEpXkaas THIOTE3y O B3aUMOJEHCTBMM coNieBBIX (a3 ¢ QocdaTHbIMU
KOMIUIeKcamMu. TakuM o0pa3oM, MiianeHTa MOKET pacCMaTpUBaThCs KaK €CTECTBEHHbIN COPOIIMOHHBII
0apbep, aKKyMYJIUPYIOIIUN COIH HIETOYHBIX HJIEMEHTOB M COITYTCTBYIOIME IPUMECH.

HaGmronaemass BaprabenbHOCTh MOPGOJIOTHU U COCTaBa COJIEBBIX YACTHI[ MUMEET HECKOJIBKO
oO0bsicHeHUi: DU3MONOTHYECKUH acCHeKT — pa3iuyusi B OOMEHE MaKpOd3JIEMEHTOB Y JKEHIIMH,
MPOXKUBAIOLINX B YCIOBHUSAX PaJMOIKOJOTUYECKOW HArpy3Ku. DKOJOTHYECKUH (PakTOop — BIUSHUE
reOXMMHUYECKOH cpesibl (COCTaB MOJI3EMHBIX BOJI, TOYBEHHBIE COJIM, MUTPALIUs XJIOPUAOB U (ocdaros).
MeTtabonuueckuil ypoBeHb — pa3IndHas CIOCOOHOCTh OpraHu3Ma K peryisiuuu 0aaHca Kaiaus, HaTpHs
u ¢dochopa B mepuon 6epemenHoctu. Brimodyenue npumecein (P, Al, Na) moarBepkaaeT CIOXKHBIH
XapakTep MHMHEpPAJIbHOM COCTABIISIONIEH IUIALIEHThl W yKa3blBaeT Ha €€ pojb Kak HHAMKATOpa
OMOTeOXUMHUECKUX YCIOBUN PErHOHA.

[Mpesamuposanue K-Cl da3 nag Na-comepkalimMu MOKET OTpaXkaTh: aanTalluOHHBIE MPOIECCHI
B OpraHM3Me MaTepH, CBSI3aHHbIE C HEOOXOUMOCTBIO MOIEP)KAHUS ONITUMAIIBHOTO YPOBHS KaJus JUIs

197



A.H. Tymuaes amoirdazvt Eypasus yammulx ynusepcumeminit; xabapuivicvt. Xumusl. Feozpadus. xorozus cepuscot, 2025, 152(3)

KJIETOYHOUW aKTUBHOCTH M Pa3BUTHS IJI0/1a; CIICIIM(UKY MUHEPATLHOTO COCTaBa MUTHEBBIX U MOA3EMHBIX
BOJ AKMOJIMHCKOW O0JIACTH, TJ/Ie 3a4acTyr0 HaOJIOJaeTcsl TOBBINICHHOE COJCpKAaHWE Kalus II0
CpPaBHCHHUIO C HATPUECM; BEPOATHOC YHACTHUC IJIALICHTLI B PETYJIALIUHA NOHHOI'O O6M€Ha C I CJIBIO 3alIUThI
IJ10/1a OT M30BITKA HATPHS, KOTOPHIH HEOJAronpusTeH Mpu OCpEeMEHHOCTH (HalpuMep, B KOHTEKCTE
pHCKa MPEIKIAMIICUN ¥ THIIEPTOHUH).

Takum 00pa3zoM, MOJNyYEHHBIC IaHHBIC IMO3BOJIAIOT PACCMATPUBATH COJIEBBIE MHUKPOYACTHUIIHI
INIAICHTHBI KakK GI/IOFCOXI/IMI/I‘IGCKI/Iﬁ HUHAUKATOp, OTpa)KaIOH_II/Iﬁ BSaHMOHeﬁCTBHe OKOCUCTEMHBIX U
¢dusnonornueckux (HakTopoB. ITO MOATBEPKIAET BAXKHOCTh KOMIUIEKCHOTO IMOJAXOJa K H3YYCHUIO
AJIEMEHTHOTO COCTaBa IUIAIEHTHI B YCIOBHAX IKOJIOTHUSCKU HATIPSDKEHHBIX TEPPUTOPHIA.

cl

z
S

51048 g .| M oa
SE MAG: 1202 x HV: 20.0 kV. WD:10.0 mm

Pucynok 3. CHUMOK B 00paTHO-pAacCEsTHHBIX AIEKTPOHAX M SHEPTOAMCIIEPCUOHHBIN CIEKTp YacTHIbl K
— Cl, coneprkarieiicsi B cOCTaBe IUIALICHTHI )KUTEIbHHUIIBI AKMOJIMHCKOM 00J1aCcTH.

cl

c*
o spore oled ;
mom 0.00 :dW V) 0.0S :VH x Y00S :9AM 32 kev
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Pucynoxk 4. CHUMOK B 00paTHO-pacCeSHHBIX JNIEKTPOHAX U SHEPTOIUCIIEPCUOHHBINA CIIEKTpP yacTHIbl K
— Cl, comeprkariieiicst B cCOCTaBe TUIAICHTHI JKUTEIbHHUIIBI AKMOJIMHCKOM 00J1aCTH.

Pe3ynbTathl, Moy4eHHbIE IPU UCCIIEAOBAHUY IUIALICHTAPHBIX TKAHEH KUTEIbHUL AKMOJIMHCKOM
00J1aCTH, XOPOILIO COTJIACYIOTCS C IaHHBIMU, ITPEICTaBICHHBIMH B MEXyHApOJHOU uTepatype. B psne
paboT oTMedYaeTcsl, 4TO B IUIALEHTE MOTYT (DOPMHUPOBATHCS U AKKyMYJIHPOBATHCS KPUCTAJUINYECKHE
coJsieBble (hazbl, MPEUMYIIIECTBEHHO XJIOPUIBI U GochaThl HIETOYHBIX U HIETOYHO3EMENIbHBIX 3JIEMEHTOB.

Tak, uccnenoBanus, nposenéHHele B Boctounoii EBpone m crpanax CHI', ykasbiBatoT Ha
3HAYUTEIIBHOE COJIEPKaHNE KAIMKACOAEP/KAIUX COCTUHEHUN B IUIALICHTAPHBIX TKAHAX, YTO CBSI3bIBACTCS
C BBICOKMM YPOBHEM MOCTYIUICHUS Kallksi C MUTbEBOM BOMOW W mpoayktamu nutanus (Shevchenko,
2018; Li, 2017). B pabotax aBropoB u3 Kutas u MHauu mogu€pkuBaeTcsi posib FTeOXMMHUYECKON CPEIbI
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B (hOpMHPOBAHWH IJIAIICHTAPHOTO AJIEMEHTHOTO MPOQWIIS: BBISBICHO, YTO B pallOHAX C MPeo0IalaHueM
KaJIUHAHBIX cOJiel B moa3eMHbIX Bogax koHueHtpauus K-Cl $a3 B mameHTe 10CTOBEPHO BBIIIE, Y€M B
peruoHax ¢ HaTpUEeBBIM TUIIOM cojieBoro Oartanca (Kumar, 2019; Ali, 2020).

OTnenbHOTO BHUMaHHMSI 3aCIIY)KMBAET BOIPOC O MPHUCYTCTBUU mpuMeced Gocdopa U altoOMUHUSL.

[To maHHBIM 3apyOeKHBIX UCCIIeOBaTeNeH, pochaTHbIe COSTUHEHHS B IUIAIICHTE MOT'YT OBITH CBSI3aHBI
KaK ¢ HOpMaJIbHBIMH (PU3UOJIOTHUECKUMH TTporieccaMu ((hOpMUPOBaHUE KOCTHOW TKaHH TUIOJIA, YYACTHE
dbochopa B dHeEpreTMdeckoM OOMEHE), TaK W C TEXHOTCHHBIM BO3JCHCTBHEM (HCIIOJIb30BAHUE
dbocdarcoaepkanux yno0peHui B CEIbCKOM XO03SMCTBE, TEXHOTEHHBIE BBIOPOCH!). [Iprmecu amomMuHus
TakKe€ HEPeaKo (UKCHUPYIOTCS B IUIANICHTAPHBIX TKAHSIX IKUTENEH pErrmoHOB C  Pa3BHTOM
MPOMBIIIICHHOCTBIO, YTO TPAKTYETCS KaK MHJIMKATOP TEXHOTCHHOTO 3arpsiI3HEHUST OKPYKAIOIICH Cpe/Ibl
(Ivanova, 2021; Yerzhanova, 2025).
1.  ComocraBieHue MONYYCHHBIX IaHHBIX C JHUTEPATYPHHIMH HMCTOYHHKAMH TO3BOJISET ClHENATh
HECKOJIBKO BBIBOJIOB: [IpeBanupoBanue kanuiicogepkamux (a3 B IIIareHTe SBIsSETCS 3aKOHOMEPHBIM U
XapaKTEPHBIM JIJIsl PETHOHOB C IMOBBIIICHHBIM COJICPKaHUEM KaJlis B BOJIC M TIOYBAX, YTO MOATBEPIKIACT
reOXMMHUYECKYIO crenn(uky AKMOIMHCKON obOnmactu. Hammume mpumeceit ¢ocdopa u amromMuHus
YKa3blBa€T HA CMEIIAHHBIA XapakTep HAKOIUICHHS MHKPOAJIEMEHTOB — Kak OSHIOTCHHOTO
(pusmonoruyeckoro), Tak M 3K30r€HHOro (3Kosoruueckoro) mpoucxoxaeHus (Yerzhanova, 2025;
Aleksandrovskaya, 2016). CxoacTBO ¢ MEXIyHApOJHBIMH HCCICIOBAHUSAMH  [MOTYEPKUBACT
VHHBEPCATHHOCTh MPOIIECCOB, HO BMECTE C TEM BBISBISICT PETHOHAIBHBIE OCOOCHHOCTH, CBS3aHHBIE C
paaroskosornueckumu ycnosusmMu Kazaxcrana (Golubkina, 2017; Zhumay, 2021).

TakuMm 00pa3zoM, IJIAIleHTa MOXET PacCMaTPUBATHCS HE TOJIBKO KaK OMOJIOTHYECKUH Oapbep H
WH/IMKATOP WHIUBHIYaJbHOTO COCTOSHHMS MaTepu W peOEHKa, HO W KaK IEHHBIH OOBEKT IJis
MOHHUTOPHHTA JKOJIOTUYCCKUX YCIOBUH Ha r100allbHOM ypoBHE. COINMOCTaBICHUE C JUTEPATYyPHBIMH
JaHHBIMKH ToaTBepxkaaeT, uto BeisBicHHbIE K-Cl m Na-comepkamme dasbl, a Taxke (ocdarHbie
BKJIFOUCHUSI COOTBETCTBYIOT MHPOBBIM TCHICHIMSM, HO HMEIOT PETHOHAIBHYIO CHCIH(UKY,
OTPAXKAIOIIYI0 OCOOCHHOCTH AKMOJIMHCKOW OOJIACTH.

Ha oGpa3ue, nmpencraBneHHoM Ha PucyHnke 5, B M3y4eHHBIX YacTUIIAX HAOIOIaeTCs MPeodiaanne
XJIopa.

Cl

Cc*
Na

Pucynok 5. CHUMOK B 00paTHO-pacCeSHHBIX JJIEKTPOHAX U SHEPTOIUCIIEPCUOHHBIN CIIEKTpP YacTHIbl K
— ClI, comeprkariieiicst B cOCTaBe TUIAICHTHI JKUTEIbHHUIIBI AKMOJMHCKOM 001aCTH.

Conesble yacTuIlbl Ha Pucynke 3 1eMOHCTpUPYIOT 3aMETHBIN XUMUYECKH pa30poc Mo MprUMecsM:
¢uxcupytorcs coueranust K—Cl ¢ Na, P w/umu Al, 6onee «auctrie» cocrasl o0pazna K—Cl-Na—P 6e3
Al nokazansl Ha Pucynke 4. B psje ciydaeB mpucytcTBue (a3 THIA TaloreHHI0B ¢ MOBEPXHOCTHOM
azicopOureit 00bSICHAETCSI OTHOCUTEIBHBIM Mpeo0IaJaHueM XJIopa HaJl KATHOHHON KOMITOHEHTOH (T. K.
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BeigeneHbl  Bhicokne  mmkum  Cl mpm ymepennsix K,  Na), mbo  4acTH4HOI
JIeTUApaTalueH/IepeKPUCTAIIU3AINEH B X0/I€ TIOITOTOBKH.

BrsiBiieHBI 1BE yCTOWYHBBIE TPYIIIBI (hochOpcoaepKaux 4acTHIl, H300pakeHHbIe Ha PucyHkax
6, 7. Illo pucynky 6 B rpymnmne P—Na-tuna docdhop IOMHUHHpPYET, HATPUH ABISETCS BTOPBIM IO
WHTEHCUBHOCTH KOMIIOHEHTa, KOTOPBIM  corjacyercs ¢ HarpueBbiMu  (Qocharamu  n1ubo
dbochoopranukoii. B rpynne P—Ca-tuna docop mpu CyIIECTBEHHBIX KOHIEHTPALUSAX KaIbIIHs
(PucyHoKk 7) cOOTBETCTBYET KaJIbLIUEBBIM ocdaram B BHJIE allaTHTONONOOHBIX WM KaIbIUPHIOKCUC-
ACCOIIMMPOBAHHBIX (hazax.

Yactuupl, conepxamue (Gocdop, SBISIOTCS NOCTATOYHO TUIHYHBIMU. MHOTAA 3TOT 31€MEHT
npeo0saaeT B COCTaBe YaCTHUIl, UMEsI IPU 3TOM JIOCTATOYHO CIIOXHBIH XUMHUYECKHI COCTaB, B KOTOPOM
Ha BTOPOM MECTE IO HAKOIUICHHIO cTOWT HaTpuii (PucyHok 6). B apyrux o6pasmax docdop crout Ha
IIEPBOM MECTE, a Ha BTOPOM MecTe CTOMT Kanbluii (PucyHok 7). Bo3MOXHO, IMEHHO 3TH YacCTHIIbI U
COJMM B KOHEYHOM cueTe (OPMHPYIOT T€ KaJbIIMHATBHI, KOTOPHIE MBI OMNHCHIBAIU, HAXOIWIN HpPU
HU3y4eHUH MOPGOJIOTHH.

Al cl K

Pucynok 6. CHUMOK B 00paTHO-PACCESTHHBIX dJIEKTPOHAX M SHEPTOMCIIEPCUOHHBIN CIIEKTpP YacTUIs! P
— Na, cogeprxareiics B cocTaBe MIaleHThl )KUTEIbHUIBI AKMOJIMHCKON 00JacTH.

51038 Al E Fe
SE _MAG: 1700% HV: 20.0 kV_WD: 10.6 mm ¢

Pucynok 7. CHUMOK B 0OpaTHO-PACCESTHHBIX JIEKTPOHAX M YHEPTOIUCTIEPCUOHHBIN CIIEKTP YacTUIlBI P
— Ca, conepkaiieiics B COCTaBe IJIAICHTHI JKUTEIHHUIIBI AKMOJMHCKON 001acTu

C yuéToM paHee ONMMCAaHHOW HaMU MOP(OJOTHUECKONH KapTHHBI IJIALEHTapHOM KalblUupuKauu

O6Hapy)KeHHI>Ie (I)OC(l)aTHBIC MI/IKpO(l)aBBI, BCPOATHO, CIHYXAT MHUHCPAIOTHUYCCKUMHU MPOTOTHUIIAMU
YYaCTKOB KaJIbIIMHATOB U MOT'YT Y4aCTBOBATh B MX HapalllMUBaHWH.

200



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 152(3)

B oagnom u3 o0pa3ioB oOHapyxeHa yacTula, oOoraiméHHas HOIOM IMpH COMYTCTBYIOIIEM MEIHOM
curnaie (Pucynok 8).

51066 . "
SE MAG: 6987 x_HV: 20.0 KV WD: 10.7. mm ‘

Pucynok 8. CHUMOK B 00paTHO-pacCesHHBIX JIEKTPOHAX U SHEPTOAUCIIEPCHOHHBIN CIIEKTP YacTUIb |
— Cu, copepxarieiicsi B COCTaBe TUIAIICHTHI JKUTEIBHHIIBI AKMOJIMHCKOHN 00J1acTi

Takoii |-Cu-Tun sBIsieTCs HETUMHYHBIM JUIS IIAEHTHI U TPEeOyeT OTIENbHOW BepU(pHKAINN
HCTOYHMKA: HPU 3TOM BO3MOXKHBI CIIEHAPUM aAJTUMEHTApPHOTO/BOJHOIO IOCTYIUIEHUS TaJIOr€HOB,
JIOKaJbHAst afCcoOpOIMsl HOICONEPKAIUX COCJUHEHUH Ha MeEAb-KOMIUIEKCaX JHMOO0 TEeXHOTCHHBIH
a’po3oiib. Ha Tekyniem maccuBe JaHHas TPAKTOBKA OCTAETCS THIIOTETUYECKOM.

4. O0cy:xneHue

[Mpeobnananne K—Cl u npucyrcTBrue Na ykas3pBaroT Ha (PU3MOJOTUYECKH PEICBAHTHBIC MOHBI,
XapakTepHble JJs IJIalleHTapHOW cpeabl (TpodoOiaacTHYeckue MHUKPOIOMEHBI, MEKBOPCHHYATOE
npocTpancTBo). X ¢ukcanus B BUje MUKPOKPUCTAIUTUTOB MOYKET OBITh CIEICTBUEM JIBYX IPOIIECCOB:

1. DHOTEHHBIX MPOLIECCOB: JOKaJIbHAs JeTUApPATALUsA/KPUCTAITU3ALMS COJlel TPOMCXOIUT HU3-32
CHWKEHUsI ajanTtanuu OaphbepHOM (YHKIMM TUIALIEHTHl M3-3a COOEB PabOThl MMMYHHOM CHCTEMBI,
COITYTCTBYIOIMX COMAaTHUECKUM 3a00JIeBaHUAM, a TAKXKE MPU OCIOXKHEHHBIX (hopMax GepeMEHHOCTH.

2. DK30TeHHBIX TIPOIIECCOB: OCAXKICHHUE adPO30JIeH TAIOTEHUIOB SBISETCS PE3yJIbTATOM SMUCCHIHA
OT 30JI0TOYPaHOAOOBIBAIOIIMX MPOU3BOJICTB KaK TEXHOT€HHBIH MCTOYHUK M KOHTAKT C pacTBOpPaMu B
OBITY.

Cucremarnueckoe nomunnposanue K Hag Na npu obuieii Cl-Harpyske 1 moBTOpsieMOCTh MOTHBOB
Ha BCEX HCCIeAyeMBIX 00pasliax CKJIOHSIOT K JHJIOT€HHOMY SJpY C CYNEpPHO3UIMEeH 3K30T€HHBIX
npumeceit (Al u np.).

Hammune P-Ca- m P-Na-uactui B muiarnieHTe sIBISIeTCS NMPHYUHONW OHMOMHHEpaTM3allMOHHBIX
IPOIIECCOB € O0Opa3oBaHMEM KAJIbLIMHATOB B TKaHAX IUIALEHTHI, a (ochopopraHuuecKue MaTpPUILIbI
MTOKa3bIBAIOT ATOJOTUYECKHE MTPOLIECCHI B OCTaTKaX MEMOpPaHbl UM BE3UKYJIaxX 000JI0UEK MJIAL[CHTHI.

Koppensus ¢ Mmopdoaornueck 0OHapyKEHHBIMH KaJIbIIUHATAMU TOJIEP’KUBACT TUIIOTE3Y, YTO
BbIsIBJIEHHbIE ocaTHbIe MUKPO(ha3bl YIaCTBYIOT B MHUIIMAIIMH WU B pOCTe KajblnHaTOB. Enie oaHoi
NPUYMHON KaJbLIIMHAIIMM OCTAIOTCS TEXHOTCHHBIE 3arps3HSIOIINE reoXMMUYecKrue BelecTa ((poHoBas
dbocdaTHast MbUTb, aTATUTCOAEPIKALLUE a3PO30JIN).

Oo6Hnapyxennble |-CU-yacTUIbl B €AMHUYHOM 3K3EMIUISIPE MOTYT OTpa)kaTh aIAMEHTAapHOE WIIH
BOJTHOE TTOCTYIIEHUE H0/1a ¢ HOUPOBAHHOM BOJION MITH C COJIBIO, C TIOCIICAYIOIIEH PuKcanre Ha MeIb-
cBsi3pIBaronux Oemnkax. [Ipu Mukpodaznom ananuze nusiaue Au—Pt Hanbiienus Ha nuku | 1 Cu MoxHO
UCKITIOYUTD.

5. 3akaouenue
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[IpoBenénnbie Hccaen0BaHNs MEKPOMUHEPATLHOTO COCTaBa IJIAICHT YXKUTEIHHUI AKMOITHHCKON
00JIaCTH METOJIOM CKaHHUPYIOMEeH 3JeKTpoHHOH Mukpockormuu (COM) ¢ sHeproaucrnepcCuOHHBIM
aHAJIM30M ITO3BOJIMIIM BBISIBUTH CTICHU(UKY HAKOTUICHHUS M pacpeeTeHUs TeOXUMHUECKUX JIEMEHTOB
B TKaHSX IUIALEHTHI.

JIOMUHUPYIOIUM KOMITOHEHTOM TUTAIICHTAPHBIX MUKPOUYACTHI] SBIISTFOTCS COJIM KAJIHS U XJiopa ¢
[EPEeMEHHBIM  COJICp)KaHHEeM HaTpus u npuMmecsamu  amomunus. [Ipeodmaganune K-Cl  das
CBHJICTEIILCTBYET O XapaKTEPHBIX MOHHBIX MpoIleccax B IUIAIICHTAPHOM cpelie U MOXKET ObITh CBSA3aHO
KaK C DHJIOT€HHBIMH MEXaHU3MaMHU, TaK U C OCOOEHHOCTSAMHU PErMOHAIBHON YKOJIOTUYECKON CUTYAIlHH,
T. €. IOCTYIUIEHNE T€OXMMHUYECKHIX 3JIEMEHTOB U3 BHEIIHEH OKPYXKAIOIIEH Cpe/ibl.

OO6HapyxeHHbIe B IianeHTe ¢GochopcoaepsKaliue YacTUIlbl IPEICTaBICHbI IByMs TUaMu - P—Na
u P-Ca. OHu u sBISIIOTCS MUHEPAJIHHOH OCHOBOM Uil ()OPMHUPOBAHUS KAIBLIMHATOB B IJIAIlEHTApHON
TKaHH, MOATBEPXKIAETCSI U MOP(OIOTHUECKUMH TaHHBIMU O KaJlbIU(UKAIIMY, YTO YACTUYHO CHHKAET
06apbepHYIO (DYHKIIHIO IJIALIEHTHI ¥ BIUSET HA YPOBEHb POXKIAAEMOCTH B PETHOHE.

Enunununoe obHapysxenue |-Cu-yactuibl umenock B Ouotanrtax u3 r. Kokmieray, 4to yka3blBaeT
Ha aHTPOIIOTCHHOE BIUSHHUE IPOM3BOJICTB M HA KOJIOTMYECKOE COCTOSTHUE PETHOHA.

[lonydyeHnHble naHHBIE MOATBEPXKIAIOT, YTO (AKTOPHI Cpelbl OOUTAHMS OKa3bIBAIOT MPSIMOE
BIMSIHUE HA DJIEMEHTHBIA W MHUHEPAIBHBIA COCTaB IUIALIEHTHI, KOTOpas BBICTYMAE€T HE TOJBKO
OMOJOTMYeCKUM OaphepoM, HO U HHIUKATOPOM SKOJIOTHMYECKON CUTyallud PErHoHa U 30pPOBOTO
Hacenenus. [lpu coope marepuana B r. Kokmreray ObIJIO BBISBICHO OOJbIIeEe KOJWYSCTBO KCHIIWH,
CTpaJarolIMX MaTOJOTHEeH IIMTOBUIHOW 3JKeJe3bl, 4TO MOATBepxaaeT Hamuyue |-Cu-yactuibl B
TUTaleHTe.

Takum oOpa3om, pe3ynbTaThl HCCIENOBAHUS MOJYEPKUBAIOT 3HAYMMOCTH IUIALEHTHI Kak
YYBCTBUTEIHHOTO MapKepa BO3ICHCTBHUS KOJIOTO-TEOXMMUYECKHX (DAKTOPOB Ha OPraHU3M MaTepu U
wioga. BolsBneHHBIE MUKpOMHHEpalbHbIE  (a3bl  OTpaXarOT OCOOEHHOCTH  PErHOHATBHOM
OMOTEOXUMHUYECKOW OOCTAHOBKM M MOTYT HCITOJIb30BATHCS B KAUECTBE JIOTIOIHUTEIILHOTO KPUTEPHS IS
MEIMKO-7KOJIOTHYeCKOr0 MOHUTOPUHTA U MPO(PUIAKTUKHA HAPYIICHUH PEIPOAYKTUBHOTO 3JOPOBBSI.

[lepcnieKTUBHBIM HANpPaBICHUEM SIBISICTCS PACIIMPEHHE BBHIOOPKH 0O0pa3IoB, COMOCTABIICHHUE
MUKPOMHHEPATHHOTO COCTaBa IUIALIEHTHI ¢ KAYECTBOM MUTHEBOM BOJBI U BO3AYIIHON CPEJbI, a TaKXKe
KOMIUIEKCHBIA ~ aHaJIM3 CHUCTEMBl «MaThb—IUIAICHTAa—IUION» C HCIOJh30BAHUEM COBPEMEHHBIX
BBICOKOYYBCTBUTENBHBIX MeTO/10B (ICP-MS, kaptupyroumiit COM-2]IC, u-XRD).
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IlnaneHTa 3KOJIOTUSJIBIK KAFAANABIH OMOMapKepi peTiHae: AKMO0J1a 00JIbICBIHIAFbI
MHKPOMMHEPAJIbI TAJAay HITHAKeJIepi

Apaak EpxanoBa, Epuk Mepkubaes, Cayie Hypmakosa, Epian Kymaii, AHyap AXmeT:KaH,
Anuna Epkinkbi3bl, Akmapana HusizoBa

AnpaTrna. Makanaza ypaH MEH aJIThlH K€HIH OHAIPY/iH KOFapbl JeHreiliMeH, CoHiali-aK TaburH pajioH
AHOMAJTMSUTAPBIHBIH OOJTYBIMEH CHUIIATTATIATHIH PAIHOIKOIOTHSIIBIK IIHEIICHICT )KOFaphl alMaK — AKMOJIa
OOJIBICBI  TYPFBIHAAPBIHBIH IJIALlCHTAIAPbIHBIH MHUKPOMUHEPAIIBIK KYpPaMbIH KELICHIl 3epTTey
HOTIDKEJIEPl YCBHIHBUIFAH. 3epTTEY/AIH HETri3Ti MakKcaThl 3KOJOTHSIIBIK-TEOXHMUSIBIK (HaKTOpIapablH
«aHa—TIIalleHTa—YpPhIK» KyleciHe ocepiH Oaraiay YIIiH IUIALIGHTANBIK TIHAEPAETT MUHEPAIbIK
(azanapabIH KUHATY J)KOHE Tapally epeKIIeNIiKTepiH aHbIKTay OOJIbI.

OJIiCTeMeNiK HeTi3 peTiHAe cKaHupieyuri anekTponabl Mukpockonus (COM, Hitachi S-3400N) xoHe
sHeprus-aucnepcusuiblK - cnektpockonust (Bruker XFlash 5010) kommaneuigel, Oy MUHEpasIbl
KOCBIH/IbUIAP IbIH MOP(OJIOTUSCHL MEH XUMUSIIBIK KYPAMBIH JIJI aHBIKTayFa MYMKIHAIK O6epai. AKkMouia
OOJIBICBIH/IA TYPATHIH SUENIep/iH TUTalleHTaapbIH Tajiay OapbhICBIHIA KA MEH XJIOp TY3apBIHBIH,
COHJal-aK HaTPUI MEH aTIOMUHUI KOCHaJapbIHBIH Oap eKeHIIr aHbIKTaAbl. bynan Oesnek, eki TunTeri
dbochopkypamabr  ¢dazamap (P-Na xome P—-Ca) TtalObuiapl, onlap TUIAICHTANBIK —TIHACPIIH
KaJbIM(PUKALMACHIHA KOHE MAaTOJIOTUSIIBIK KaJIbLIMHATTAPAbIH TY3UTyiHe BIKMal €Tyl MyMKiH. Epexkiie
Ha3ap ayJapaThlH jKalUT — OYpBIH TUIAIEHTAJIBIK KYPhUIBIMAAp/Ia CHITaTTaIMaFaH cupek ke3aecerin [-Cu
OenIeKkTepiHiH aHbIKTamybl. bysn (akt 3eprrenreH alMakThIH T'€OXUMUSUIBIK SKarJaliblH Tikesel
KepceTell JKOHE IUIAlleHTaZa TEXHOTeHAIK opl TaOufu JlacTaHyFa OalIaHBICTBI MapKepiliK
ANIEMEHTTEP/IIH KUHATYbl MYMKIH €KEH/IIT1H AdTeN e Ii.

Ocplnaiiiia, anblHFaH HOTHIKENEp IJIAllEHTaHbl TEK YPBIKTHIH OMIp CypylH KamMTaMachl3 €TeTiH opraH
peTiHJe FaHa eMec, COHBIMEH Karap KOplIaraH OpTaHbIH OHOMHAMKATOPBI PETIHAE KapacThIpyFa
00aThIHBIH KepceTe/ll. ApHalibl MUHEepalIbIK (hazamapblH 00s1ybl alMaKThIH 3KOJOT0-T€OXUMHUSIIBIK
axyaJIblH JKOHE OHBIH dHesiep/liH penpoIyKTHUBTI IeHCAYIIbIFbIHA BIKIATIBIH HAKThI OeiiHeneini. 3eprrey
HOTHOKENepl JKYKTUIIK aCKbIHYJIAPBIHBIH alJIbIH aly >KOHE HOpecTelep.iH JeHCayJbIFbIH KOpFayFa
OarbITTaJIFaH KeLIeHJI 3epTTeylep MeH NpOQHIAKTUKANBIK IIapanapibl o3ipiey KaKeTTiriH
aMKBIH AN b,

Tyiiin ce3aep: mianeHTa; AKMOla OOJBICH; MHUKPOAJIEMEHTTED; CKaHEPJEYIIl 3JIEKTPOHIBI

MUKPOCKOIIHSI, DHEPrusl JTUCHEPCUSIIBIK Taljay; OKOJOTHSIIBIK J>KOHE TEOXUMUSIIBIK IKardaif;
KaJIbIIMHAIMSIIAp; aHa MEH 0ajia JICHCAYJIbIFbI.
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Placenta as a biomarker of the ecological situation: results of micromineral analysis
in Akmola region

Ardak Yerzhanova, Yerik Merkibayev, Saule Nurmakova, Yerlan Zhumai, Anuar Akhmetzhan,
Alina Yerkinkyzy, Akmaral Niyazova

Abstract: The article presents the results of a comprehensive study of the micromineral composition of
placentas from residents of the Akmola region, an area characterized by high radioecological stress due
to intensive uranium and gold mining, as well as the presence of natural radon anomalies. The primary
objective of the research was to identify the peculiarities of mineral phase accumulation and distribution
in placental tissue, thereby assessing the influence of ecological and geochemical factors on the “mother—
placenta—fetus” system.

The methodological basis included scanning electron microscopy (SEM, Hitachi S-3400N) and energy-
dispersive spectroscopy (Bruker XFlash 5010), which ensured high precision in determining the
morphology and chemical composition of mineral inclusions. The analysis of placental samples from
women residing in the Akmola region revealed the presence of potassium and chlorine salts,
accompanied by sodium and aluminum impurities. In addition, two types of phosphorus-containing
phases (P-Na and P—Ca) were identified, which play a significant role in the calcification of placental
tissue and may contribute to the formation of pathological calcifications.

Of particular interest was the detection of a rare I-Cu particle association, previously not described in
placental structures. This finding directly reflects the specific geochemical conditions of the studied
region and confirms the potential for placental accumulation of marker elements related to both
anthropogenic and natural contamination.

Thus, the obtained results demonstrate that the placenta can be considered not only as an organ vital for
fetal development but also as a bioindicator of environmental conditions. The presence of specific
mineral phases reflects the actual ecological and geochemical situation and its potential impact on
women’s reproductive health. The findings emphasize the necessity of further interdisciplinary research
and the development of preventive measures aimed at reducing pregnancy complications and
safeguarding newborn health.

Keywords: placenta; Akmola region; microelements; scanning electron microscopy; energy dispersive
analysis; ecological and geochemical situation; calcifications; health of mother and child.
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Abstract: This work is dedicated to the study of impact of local vibration
on the health of miners in the East Kazakhstan region, where mining
industry is one of the leading sectors of the economy and a major source
of employment. Vibration disease is one of the most common
occupational diseases among workers who use vibration-prone equipment
on a regular basis. Vibration, combined with other harmful factors such
as industrial noise, poor microclimate, and heavy physical loads,
negatively affects workers' health and significantly contributes to the
development and progression of vibration pathology. The study used
mathematical modeling methods to analyze the relationship between
vibration dose, exposure time, and the body's physiological response.
Special attention was given to eco-rehabilitation measures aimed at
improving working conditions and reducing the risks of occupational
diseases in hazardous environments. The work presents practical
recommendations for organizing effective protective measures for
workers, including compliance with sanitary and hygienic standards,
reducing vibration exposure, conducting regular preventive medical
examinations, and improving the occupational medical care system. The
results of the study can be used to develop and implement new standards
and recommendations for the mining industry to improve working
conditions and protect the health and long-term well-being of miners.

Keywords: local vibration; vibration disease;
occupational diseases; workers' health; prevention.

mining industry;

1. Introduction

Occupational health and safety in the mining industry remain a
significant concern in modern industrial production. One of the major risk
factors is exposure to local vibration, especially from mechanized hand
tools.
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Vibration disease is among the most common occupational illnesses, accounting for
approximately 80.5% of all cases linked to hand-held tool use (Zimmerman et al., 2024).

Scientific interest in the health effects of vibration dates back to 1911, when Loriga first
described the clinical symptoms caused by pneumatic tools (Coggon, 2022). Later, Walsh et al.
(2019) proposed a dose-based evaluation system for protective measures (Walsh et al., 2019).

In recent decades, deteriorating socio-economic and healthcare conditions - particularly in
urban areas like Moscow - have exacerbated health risks (Shastin et al., 2021). For example, in the
UK, over 2 million people report work-related illnesses, with 0.5 million suffering from chronic
stress. National initiatives promote healthy workplaces, rehabilitation, and early diagnostics
(Ljandres et al., 2000; Alekseev & Janushanec, 2002; Izmerov, 2012; Trumel’, 2002; Maljutina &
Eremeev, 2003).

According to Eurostat and the 2nd European Working Conditions Survey, occupational
morbidity is increasing across Europe (Barnay, 2016). In Russia, Retnev V.L. reports that long-term
exposure to physical and environmental stressors remains the main cause of occupational illness.
Annually, Russia registers 10,000-11,000 cases, while the U.S. reports around 200,000, with an
estimated economic burden of $40 billion. The UK has integrated health and safety into its business
frameworks (Nurzhasarova, 2007; Lebedev et al., 2002).

Between 2019 and 2024, the number of registered occupational diseases in Russia increased
from 9,280 to 57,710, although official rates remain 30-45 times lower than in developed countries
due to differing diagnostic standards (Zenkov, 2002; Oleshhenko et al., 2002).

In the coal mines of Kuzbass, disease incidence exceeds the regional average by 3.5 times,
reaching 12.9 per 10,000 workers. Most common diagnoses include musculoskeletal disorders (48%),
hearing loss (22.2%), and vibration disease (16.2%) (Amanbekov et al., 2002). In Ukraine, vibration
disease accounted for 61.8% of occupational illnesses among miners (2019-2021), with physical
overstrain contributing 9.7% (Farrell et al., 2020).

In low-mechanized mines, occupational illness is caused by intense vibration, dust, noise, and
high workload (Muhin & Solov’ev, 2001). Even in mechanized enterprises, over 63% of cases are
related to musculoskeletal and nervous system disorders (Walker-Bone et al., 2002). A comparative
study involving 2,245 patients from 24 professions confirmed the significant role of regional muscle
overload (Moellering et al., 2023).

Conditions such as polyosteoarthrosis, spondylosis, radiculopathy, and osteochondrosis are
most prevalent among workers aged 45-65, especially with genetic predisposition and prolonged
physical load.

Professional breakdown shows coal miners (32%), tunnelers (22.2%), repair workers (12.5%),
machine operators (6.8%), electricians (5.6%), engineers/technicians (6.5%), and other professions
(14.4%) (Farbtuh et al., 2002). Notably, 84% of miners work in Class 11 hazardous conditions, with
34.3% in levels 3—4. In Smolensk, 75% of illnesses are attributed to vibration, noise, and strain.

Modern occupational illnesses are increasingly multifactorial, combining vibration, overload,
and microclimate impacts, with 70% of cases involving comorbid pathologies (e.g., musculoskeletal
and vibration-related) (Samanta et al., 2023).

Theoretical modeling and socio-economic analysis of comorbid illnesses are key research
priorities. In Kemerovo, up to 1,500 workers are declared disabled annually due to occupational
diseases, with 60% from the coal industry. In Anzhero-Sudzhensk, 29% of patients have 2-3
diagnoses. Despite industrial decline, morbidity remains high (Shastin et al., 2019).

In Latvia, from 2019 to 2021, the average number of diseases per case was 2.2. In Donetsk,
cardiovascular and musculoskeletal disorders dominate. In Kazakhstan, the highest risk regions are
Karaganda, Zhezkazgan, East Kazakhstan, and Pavlodar, with illness prevalence rising among
workers with over 15 years of experience.

This research is aimed at analyzing the structure, prevalence, and causes of occupational
diseases associated with vibration exposure among workers in the mining industry of Kazakhstan and
selected CIS countries.

The study focuses on identifying key vibrational, physical, and ergonomic factors contributing
to the development of occupational pathologies. Particular emphasis is placed on the correlation
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between working conditions (including duration of exposure, intensity of vibration, and combined
action of harmful factors) and the incidence of disorders affecting the musculoskeletal and nervous
systems. In addition, the study assesses the effectiveness of preventive and protective measures aimed
at mitigating occupational health risks.

It is hypothesized that chronic multifactorial exposure to vibration, physical overload, and
industrial noise exerts a cumulative and systemic effect on the health of mining personnel. This effect
is especially pronounced among workers with long-term exposure and limited access to medical
surveillance.

2. Materials and methods

Object of the study: Industrial mining enterprises in Kazakhstan (including the Ridder Mining
and Processing Plant), Kuzbass (Russia), and Donbas (Ukraine).

Subject of the study: Occupational morbidity associated with local vibration, noise, and physical
overload in high-risk mining occupations.

Data sources and research tools:

- Official statistics from the Ministry of Health of the Republic of Kazakhstan, the National
Center for Occupational Pathology, Rosstat (Russia), Eurostat, and WHO reports;

- Archival data on occupational disease incidence (2000-2024);

- National and international legal documents and sanitary norms (e.g., SNIP, GOST, ISO
standards);

- Clinical reports and diagnostic data (functional, neurological, and imaging examinations) from
occupational health centers.

Analytical methods:

- Content analysis of regulatory frameworks and labor protection laws;

- Comparative method for interregional and international comparison of disease prevalence and
risk factors;

- Descriptive and inferential statistical analysis using SPSS Statistics 26.0, including
correlation, regression, and trend analysis;

- Graphical visualization and structural mapping with Microsoft Excel and Tableau Public;

- Synthesis of clinical results, including data from electromyography, radiographic imaging,
and cardiovascular functional tests.

Stages of the study:

1. Collection and verification of statistical, clinical, and legal data (2000-2024);

2. Quantitative analysis of the structure and dynamics of occupational morbidity in the mining
sector;

3. ldentification of regional and professional risk factors, including duration of exposure and
workplace conditions;

4. Comparison of international preventive practices and implementation models in occupational
health;

5. Formulation of recommendations for risk assessment, prevention, and mitigation strategies
in the mining sector.

3. Results
3.1 Clinical characteristics of vibration disease

When determining the severity of vibration disease, researchers take into account the degree of
expression of vegetative-vascular, trophic, sensory, motor, and reflex disorders.

Vibration disease of the first degree is marked by early symptoms, including:

- Peripheral angiodystonic syndrome;

- Angiodystonic syndrome with intermittent acrospasms of the fingers;
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- Sensory polyneuropathy of the hands. The early symptoms include mild pain and paresthesia
in the limbs, slight acrocyanosis of the fingers, capillary spasms up to the wrist joint, reduced
vibrational sensitivity, and mild functional disorders of the central nervous system.

Vibration disease of the second degree is characterized by moderately pronounced symptoms,
including:

- Peripheral angiospastic syndrome with frequent acrospasms and chronic vegetative-trophic
disorders;

- Sensory polyneuropathy with dystrophic changes in the musculoskeletal system and
polyradicular disturbances.

In these cases, pain and paresthesia become constant, the polyneuritic type of disorder spreads
to the hand and forearm, accompanied by reduced vibrational sensitivity, acrocyanosis of the hands,
and whitening of the fingers. Functional disorders of the nervous system, such as neurasthenia
syndrome and cardialgia, are also observed.

Vibration disease of the third degree is characterized by pronounced manifestations:

- Sensomotor polyneuropathy syndrome;

- Generalized angiospastic syndrome with polyneuropathy.

Vegetative-vascular and trophic disorders become persistent, with thermosymmetry, capillary
atony, and arterial hypertension syndrome. Sensory disturbances become more persistent and may be
segmental in nature. Vibrational sensitivity decreases or disappears.

Pronounced asthenoneurotic states are accompanied by increased reflexes, eyelid and finger
tremors. Vestibulopathy and disorders of endocrine and metabolic processes are often observed.
Cardiac dysfunction becomes persistent, and myocardial dystrophy is detected on the ECG.

3.2 Subjective assessment of working conditions

The questionnaire method was applied to assess the working conditions of 32 miners, with
attention to the severity and intensity of labor processes. The survey revealed a diverse range of
responses concerning factors perceived to influence performance in underground mining operations.

More than one-third of the respondents (38.7%) attributed decreased performance to the
heaviness of the work, with 47.0% noting it as a primary factor. Among tunneling miners, 55.1%
reported that dust exposure hindered the completion of production tasks. The next most frequently
cited factors were the heaviness of the work (48.6%) and high air humidity (32.3%).

Support workers, engaged in particularly demanding physical activities, primarily associated
reduced performance with the heaviness of the work (69.7%) and the effects of vibration (24.7%).
For underground electricians, the main limiting factors were the heaviness of the work (26.6%) and
elevated humidity levels (24.3%).

Additionally, 46.1% of miners linked their work efficiency to increased strain on sensory
systems, while heaviness of labor, vibration, and cooling microclimate conditions were commonly
perceived as hindrances to productivity (Table 1).

Table 1. Subjective assessment of working conditions by miners in underground mines, %

Questions Answer Mining | Tunneling Support Underground ¥/ p-
options face miners workers electrical value
workers fitters
Assessment of Good 31.25 21.67 21.4 24.8 ¥ =6.54,
Working Satisfactory 46.8 45,18 43.1 45.1 p=0.011
Conditions Bad 21.95 33.15 35.5 30.1
Total: 100 100 100 100
Have the Improved 14.3 13.7 11.3 15.2 =428,
working Worsened 21.2 194 23.3 20.4 p =0.042
conditions Remained 64.5 66.9 65.4 64.4
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last few years
(2020-2024)

changed in the unchanged

Total:

100

100 100

100

Note: Values are presented as percentages of respondents (n = 32). Statistical significance was
assessed using the chi-square test for categorical data. p < 0.05 () was considered statistically

significant.

Figure 1 presents the subjective assessment of the impact of mining industry factors on the
health of miners, expressed as a percentage of respondents who identified specific risk factors.

60

94.5

® Mining face workers

m Support workers

371 34.3

Satisfactory

Tunneling miners

38.5 39.2

Good

27.3
. :
Bad

Underground electrical fitters

Figure 1. Subjective assessment of the impact of mining industry factors on the health of miners, (%

of respondents, n = 32).

Data are presented as percentages for four occupational groups: mining face workers, tunneling
miners, support workers, and underground electrical fitters.

3.3 Hygienic standards of vibration

For comparison with the obtained results, hygienic standards for vibration were used according
to the Sanitary and Epidemiological Requirements No. 310 (Ministry of Health of the Republic of
Kazakhstan, 2005). Tables 2 and 3 present the hygienic standards for vibration and the maximum
allowable values of local vibration parameters along the axes Z, X, and Y, respectively. These
reference values are presented in Tables 2 and 3.

Table 2. Hygienic standards for vibration

machines generating
vibration

Type of Vibration Maximum allowable vibration velocity level, dB, in octave bands with
mean geometric frequencies, Hz
1 2 4 8 16 | 315 | 63 | 125 | 250 | 500 1000

General transport 132 | 123 | 114 | 108 | 107 | 107 | 117

vertical horizontal 132 | 117 | 116 | 116 | 116 | 116 | 116 | i ] j
Transport-technological | - | 117 | 108 | 102 | 101 | 101 | 101 - - - -
Technological - 108 | 99 93 92 92 92 - - - -
In production rooms

where there are no ) 100 | o1 85 84 84 84 ) ) i )
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In service rooms,

medical points, design - 91 | 82 76 | 75 75 75 - - - -
offices, and laboratories

Local vibration - - - 115 | 109 | 109 | 109 | 109 | 109 | 109 109

Table 3. Maximum allowable values of local vibration parameters along the axes Z, X, and Y

Mean geometric frequencies of octave bands, | Vibration acceleration Vibration velocity
Hz m/s? dB m/s x 1072 dB

8 1.4 123 2.8 115

16 1.4 123 1.4 109

31.5 2.8 129 1.4 109

63 5.6 135 1.4 109

125 11.0 141 1.4 109

250 22.0 147 1.4 109

500 45.0 153 1.4 109

1000 89 159 1.4 109

Corrected and equwa}lent corrected values and 20 126 20.0 112

their levels

Source: Ministry of Health of the Republic of Kazakhstan (2005).

3.4 Prevalence of vibration disease
The data on the number of patients analyzed for vibration disease, categorized by severity, age,
and experience, are shown in Figure 2.

120 100 100
2100 83.3 83.3

z 8 47.95 >83

w60 458 41.7 40

D 40 23

220 = I ap 0708 (12 P 10 I 16'711 I 00 00
2 B N n —u - i = |

2 g = g & & =® g = g =& g ¥
2 © © I=) © © ©

— [72} (%) [72) [72] [72] [72]

= < < < < < <

[

o

@ 30-39 40-49 50 and older Upto 10 10-20 20 and above
m

§ By age By work experience

m [ndividuals with specific signs of vibration exposure on the body
= Vibration disease of the first degree
m Vibration disease of the second degree

Figure 2. Distribution of patients with vibration disease by severity, age, and work experience
(absolute numbers and %, descriptive statistics)

3.5 Mathematical modeling of vibration impact

A mathematical model was developed to assess the «dose—time—effect» relationship of
vibration exposure among miners. Figures 3-7 illustrate the progression of physiological response
depending on dose level and exposure time.
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Figure 3. Mathematical model of the «dose—time—effect» relationship of vibration exposure, showing
the dependence of exposure time (years) on vibration dose level

A fragment of the construction of the mathematical model is shown below in Figure 4.

Enter a function of the form Z = f [X.Y): E

% ¥ Cancel
Minimurn: |0 [i]
Magimurn: | 300 {100
Increment: |1 |1
i~ Output Grid File

OUT.GRD Browse... l

Figure 4. Fragment of the construction of the mathematical model
E=dx(exp(f+xd)—1) 1)

where E - effect
- scalable dose;
- scalable time;
The scalable dose and time are defined as follows:
d=d/D"
and accordingly
t=t/T*
where D* u T™* - are the maximum dose and maximum work experience, respectively
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The following values for the dose and time parameters were used in the above-mentioned
graphs: T"= 25 years = 300 months, D"=1000 Hz

Figure 5 shows the cumulative effect of vibration exposure at fixed doses over the maximum
time period.

E=YY E 2
where E - the effect obtained at a fixed dose, and - the N maximum time.

E;=d;* (exp (f * ci) - 1) 3)

250
200
150
100

50

) o
0 o— ¢

1 2 3 4 5
WORK EXPERIENCE, YEARS

CUMULATIVE EFFECT

Figure 5. Cumulative effect achieved over the maximum duration

450
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250
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0
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PHYSIOLOGICAL RESPONSE

1 2 3 4 5 6 7 8 9 10
EXPOSURE TIME, YEARS

Figure 6. «Dose - time - effect» relationship
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Figure 7. Continuation of the «dose - time - effect» relationship

4. Discussion

Vibration exerts multisystem effects through mechanical transmission and neuroreflex
pathways. Its biological impact depends on frequency and intensity, affecting vascular tone and
peripheral nerve function.

Our findings confirm the critical involvement of both central and peripheral nervous systems
in the development of vibration disease. Notably, dysfunction of the sympathetic nervous system,
which regulates vascular tone, is consistent with earlier reports by Grassi et al. (2015) and Bruno et
al. (2012). Sensory disturbances - including reduced vibrational sensitivity and paresthesia - increase
in severity proportionally with exposure duration and intensity, supporting the dose-time—effect
relationship demonstrated in Figures 3—7.

It is known that low-frequency vibrations (4-11 Hz) particularly impair coordination and
psychomotor functions, consistent with the observations of Matsumoto and Griffin (2002). Moreover,
female workers are at increased risk of gynecological complications under chronic vibration
exposure, as noted by Skroder et al. (2020).

Despite ongoing technological modernization, vibration disease remains prevalent in the
mining sector, especially in areas using outdated equipment or lacking adequate hygienic oversight.
This is corroborated by our survey (Table 1), where over 30% of miners assessed their working
conditions as poor, citing vibration, high workload, and inadequate microclimate as key hindering
factors. These findings align with Sharipova (2015), who emphasized the negative consequences of
declining workplace healthcare infrastructure in Kazakhstan.

Our mathematical model of the «dose—time—effect» relationship (Figures 3—7) demonstrates
that exceeding vibration exposure thresholds leads to accelerated onset of pathological conditions.
The model enables estimation of individual risk levels based on specific exposure parameters,
supporting the development of early preventive measures.

However, the study has certain limitations. It was conducted at a single mining site, and
longitudinal monitoring was not performed. These factors limit the generalizability of our findings.
Future research should include multi-site longitudinal studies and explore biological markers of
sensitivity to vibration, as well as the effectiveness of intervention and rehabilitation strategies.

In summary, vibration remains a significant occupational hazard with wide-ranging effects on
workers’ health and performance. Predictive modeling may serve as a practical tool for early risk
identification and enhance hygiene regulations and medical protocols.

Table 1 presents the results of a questionnaire survey conducted among 32 miners, which
assessed their subjective evaluation of working conditions in underground mines. The table reflects
differences among specific occupational groups - such as tunneling miners, support personnel, and
underground electricians - in how they perceive factors like work heaviness, dustiness, air humidity,
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and exposure to vibration. These data reveal considerable variation in the perceived impact of
working conditions depending on the nature of the tasks performed.

At the current stage of scientific and technological progress, improving working conditions,
living standards, and medical services plays an essential role in occupational health. In this regard, a
hygienic survey was conducted among miners to collect data for the development of health-improving
measures. A questionnaire was used to gather information on miners’ subjective assessments of their
health status. The results, presented in Figure 1, reveal significant differences in how workers
perceive the impact of various mining-related factors on their health.

Mining is classified as heavy physical labor and involves significant dynamic muscle strain.
According to the results, 88% of miners are employed under Class I11 hazardous working conditions,
with 54.4% working in levels 111.3 and I11.4 - environments characterized by exposure to vibration,
poor microclimate, and physical overload.

Our analysis confirms that task performance quality is influenced by the degree of
mechanization of labor-intensive operations and the intensity of adverse workplace factors. Miners’
work remains associated with unmechanized and monotonous tasks, exposure to cold and heat,
vibration, and psycho-emotional stress, all of which contribute to accelerated development of
occupational pathologies.

Risk assessment of exposure to physical factors - particularly local vibration - is essential in
preventing occupational diseases. When hygienic standards are exceeded, both occupational and
general somatic illnesses may develop.

As noted by Kulkybaev G.A., the deterioration of occupational healthcare - including the
elimination of shop physician positions - has led to reduced effectiveness in prevention and early
detection of occupational diseases. The low quality of periodic medical examinations results in late
diagnosis and growing numbers of workers with occupational disabilities.

Further study of the pathogenesis of vibration-related disorders and the development of
rehabilitation strategies are urgently needed, especially given the limited current understanding of the
«dose-time—effect» relationship. This relationship forms the foundation for reliable risk assessment
and disease forecasting.

Regulatory documents, including the Sanitary and Epidemiological Requirements for Working
Conditions with Vibration Sources No. 310 (2005), define permissible exposure levels. These
standards regulate vibration exposure within specific frequency bands: 16, 31.5, 63, 125, 250, 500,
and 1000 Hz for an 8-hour shift. Hygienic limits for different vibration types and frequencies are
summarized in Tables 2 and 3.

Additionally, health records from the Ust-Kamenogorsk Occupational Pathology Clinic were
analyzed for 84 miners diagnosed with vibration disease of varying severity. These miners, primarily
tunneling workers and drill operators from the Ridder mining and processing plant, were examined
at the Research Institute of Hygiene and Occupational Diseases (Ministry of Health, Republic of
Kazakhstan).

As illustrated in Figure 2, most patients (48 individuals, 57.2%) were diagnosed with first-
degree vibration disease, while 24 individuals (28.6%) exhibited early signs of vibration-related
pathology. Only 14.2% (12 individuals) were diagnosed with second-degree vibration disease,
confirming that early detection remains feasible with proper monitoring and workplace screening.

The model presented in Figure 4 demonstrates the «dose - time - effect» relationship, where the
horizontal curves illustrate the probability of the miner's physiological response depending on
vibration exposure and the development of vibration pathology.

From the obtained data, it can be concluded that as the vibration dose increases, the time for the
effect to occur from exposure to this physical factor decreases.

As shown in Figure 5, this curve represents the physiological response of a worker engaged in
the drilling process with a short work experience (up to 5 years) when using equipment that generates
vibration at doses corresponding to the maximum permissible level (MPL) of 109 dB. At a vibration
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frequency of up to 250 Hz, which also corresponds to the MPL of local vibration, a sufficient
physiological response occurs after 5 years of work experience.

As shown in Figure 6, after a certain period (5-8 years), with an increase in vibration dose, the
physiological resources of the body become depleted, and performance decreases. At a vibration dose
with a frequency of 300 Hz (130 dB), a physiological response may appear after approximately 3.5
years of exposure, which can lead to the development of vibration disease.

As shown in Figure 7, the model reflects the continuation of the «dose—time—effect»
relationship, where negative processes in the body accumulate and intensify with the depletion of
physiological resources. When exposed to a physical factor with a frequency of 400 Hz (174 dB), the
body may begin to respond after only 2 years of exposure. On the one hand, as the vibration dose
increases, the time required for the manifestation of negative physiological effects and the
development of vibration disease decreases. On the other hand, with increasing work experience in
vibration-producing occupations, the dose load tends to decrease. Thus, based on the results of the
mathematical modeling (Figures 3, 5, 6, and 7), the impact on the human body can be assessed in
terms of both vibration intensity and duration of exposure.

5. Conclusion

The mining industry remains a strategic sector of the economy in the Republic of Kazakhstan;
however, it is associated with intense physical labor and exposure to harmful occupational factors,
particularly vibration. The specific geological conditions and outdated equipment used at mining
enterprises create an environment that exceeds sanitary and hygienic standards, significantly
increasing the risk of developing occupational diseases, especially vibration pathology.

The study confirms that the incidence of vibration disease among miners in East Kazakhstan
remains high, reaching 52.6%, with the onset of symptoms observed as early as 8 years into
employment. As vibration levels rise, the time for clinical manifestation shortens from 5 to 2 years.
The critical exposure period of 5-8 years serves as a threshold for the onset of pathological changes.
Furthermore, as experience increases, the cumulative dose tends to decrease, suggesting that
physiological adaptation or workforce attrition may play a role.

Vibration pathology remains prevalent among miners, with disease onset observed after 8 years
of exposure.

Preventive strategies include limiting exposure duration, providing scheduled breaks,
improving tool design, maintaining optimal microclimate, and ensuring regular medical checkups.

However, the current socio-economic context complicates effective prevention. Economic
instability, reduction of workplace medical units, and limited access to occupational health services
contribute to workers’ reluctance to seek timely medical attention. As a result, many continue
working despite clear signs of occupational illness.

The study highlights the urgent need for systemic reforms in occupational health management,
modernization of equipment, and restoration of preventive medical services in the mining industry.
Further longitudinal studies involving larger and more diverse worker populations are needed to
refine predictive models and develop targeted interventions. Addressing these issues is essential for
safeguarding the health and productivity of Kazakhstan’s mining workforce.
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HIbireIic Ka3zakcTaHHbIH Tay-KeH OHEPKACIOI  KYMBICIIBLIAPBIHBIH
JAEeHCAYJIbIFbIHA JIOKAJIbl BUOPALUSAAHBIH dCepiH 0arajay

I'ayxap Hyp:xan, I'yibnas CaapikanoBa, Canat Kymapoexyisl, Kypanait Anununa, ’Kaman
Hrucunosa

Anpatna. byn xymeic Ileirbic Kazakcran eHipiHzeri Tay-KeH OHJIpICIHAE €HOEK eTeTiH
KEHIIJIEp/iH JCHCayJbIFbIHA JIOKANIbl BHOpALMSHBIH OCEpIH 3epTTeyre apHajifaH. Tay-KeH
OHEpKaCIOl - OHIp AKOHOMHUKACHIHBIH JKETEKIIl calajapblHbIH OIpl JKOHE XaJIbIKThl >KYMBICIIEH
KaMTY/IbIH MaHBI3/1bI K631 00JIbII Ta0bl1a1bl. BUOpanusuislk aypy - BUOpanusra YIIbIpalThIH Kypai-
XKaOJIPIKTApMEH YHEMI YMBIC ICTEHTIH >KYMBICIIBUIAD apachlHa €H JKUl KEe3JECEeTIH KOCINTIK
aypynapabiH Oipi. BubOpauus eHIipicTiK IIy, KOJaWChl3 MUKPOKIMUMAT KOHE ayblp (DHU3MKaIIBIK
KYKTEME CHUSKTHI 0acKa Ja 3UsHIBl (PaKTOpiIapMeH KaTap XYMBICHIIBUIAPIBIH JCHCAYIBIFBIHA TEPIC
ocep eTim, BHOpALMsIIBIK MATOJOTHSHBIH JaMybl MEH epIIyiHe eleyli ylec Kocalbl. 3epTTey
OapbICBIHIa BHUOpamus J103achl, oCEp €Ty YaKbIThl MEH aF3aHblH (DU3HONOTHSIIBIK JKayaObl
apachIHIarbl 0AMTAHBICTHI TANIAY YIIIIH MATEMATUKAIIBIK MOJIENbJIEY dicTepl KonaaHbuiabl. KayinTi
OHJIIPICTIK OpTa/ia eHOEeK KaFJaiapblH jKaKcapTy KoHE Kac10u aypynap KayIiH a3aiiTy MaKkcaThIHIa
9KOJIOTUSUIIBIK CAyBIKTHIPY IIapajiapblHa epeKiie KoHT 0einal. XKyMbICIbIIapsl KOpFayablH THIM
HIapajapblH YABIMIACTBIPYFa apHAJIFaH TPAKTUKAIBIK YCBIHBICTAD YCHIHBUIABI, OHBIH IMIiH/AC
CaHMTAPJBIK-TUTUCHATIBIK ~ TaJanTap/bl CcakTay, BHOpalMsJIBIK ocepli a3zalTy, TYpaKThl
podUIAKTUKAIIBIK MEIULIMHAIBIK TEKCEPYIIEP KYPri3y *KoHe KOCIO0M MEIUIIMHAIIBIK KbI3MET KYHeciH
KETUIIPY KaMThUIFaH. 3epTTey HOTIKeNepl Tay-KeH ©HepkaciOiHae eHOeK KaraaiaapblH
KaKcapTyFa ’KoHe KeHIIIepiH JeHCayIbIFbl MEH Y3aK Mep3iM/Ii eHOEKKe JKapaM IbUTbIFbIH CaKTayFa
OaFpITTalIFaH ’KaHAa CTAHAAPTTap MEH YCBIHBIMIAp/bl 93ipieyre *oHE EHri3yre mNaianaHblIybl
MYMKiH.

Tyitin ce3aep: nokanapl BHOpaius; BHOpaMSIIBIK aypy; Tay-Ke€H OHJIpici; KociOu aypynap;
KYMBICHIBUIAPIBIH JCHCAYIIBIFBI; MTPO(PUIaKTHKA
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Ounenka BO31eiiCTBUA JIOKAJbHOW BHOpPAUMU HA 310POBbe PAOOTHHMKOB I'OPHO-
pyaHoi orpaciau Bocrounoro Kaszaxcrana

I'ayxap Hypxan, I'yabna3 CaapikanoBa, Canat Kymapoekyasl, Kypanaih Anununa, Kaman
Hrucunosa

AnHoTauus: [lannas pa0®oTa mMOCBsIIEHAa HW3YYEHHIO BO3ACWUCTBHUS JIOKAIbHOM BHOpamuu Ha

310pPOBEE H_IaXTéPOB Bocrouno-Kazaxcranckoro pEeruoxa, rae rOpHO,HO6BIBaIOHla$I
IMPOMBIINIJICHHOCTDb ABJIACTCA OJIHOI U3 BCAYHIUX 0Tpacneﬁ OKOHOMHUKH H Ba’>XHBIM HMCTOYHHKOM
3aHATOCTH HAaCCJICHU. BI/I6paHI/IOHHaH Ooone3Hp - OAHO U3 HauoOoee paCHpOCTpaHéHHHX

npodecCHOHATBHBIX 3a00JIeBaHUN Cpear PabOTHUKOB, PETYISPHO HCIIOJIB3YIOIUX 000pyIOBaHHUE,
noJBepxKeHHoe BuOpanun. Bo3aelicTBrue BUOpauy B COYETaHUU C APYTMMH BpeIHBIMU (PAKTOpaMH,
TaKUMH, KaK MMPOM3BOACTBEHHBIN IIyM, HEOJArONPUATHBIA MUKPOKIMMAT M BBICOKasi (pU3MUECKast
Harpy3ka, OTPULATENIbHO CKa3blBa€TCsl Ha 3/10pOBbE PAOOTHUKOB W B 3HAYUTENBHOM CTENEHU
CIOCOOCTBYET Pa3BUTHIO M MPOTPECCHPOBAHUIO BUOPAIIMOHHOM MTaTOJIOTHH.

B wuccienoBaHuM MCIONB30BAIMCh METOJbl MAaTEMATUYECKOTO MOJEIUPOBAHMS Ul aHalIu3a
B3aMMOCBSI3M MEX]y J030i BHOparuy, BpeMEHEM BO3ACUCTBUS M (U3MOJOTHYECKOW peakuueit
opranuzMa. Ocoboe BHMMaHUE ObLJIO YAEIEHO MepaM 3KO-peaOMIMTAallMM, HAIlpaBJICHHBIM Ha
yIy4IIeHUE YCIOBUH TpyAa W CHI)KEHHE PUCKOB NMPO(ECCHOHAIBHBIX 3a00JIEBaHUI B YCIIOBHX
BPEIHOI0 IPOU3BOJICTBA.

PaboTa conepuT mpakTHUECKUE PEKOMEH/IAIMH 110 OpraHu3auni dP(GEKTHBHON CUCTEMBI 3aIUTHI
paOOTHUKOB, BKJIIOYas COOJIOJEHUE CAHUTAPHO-TUTMEHUYECKUX HOPM, CHIDKEHHE YPOBHS
BUOPAIIMIOHHOTO BO3/ICHCTBHS, TMPOBEACHHWE PETrYISPHBIX MPOQUIAKTUYECKUX MEIUIIMHCKIX
OCMOTPOB U COBEPIIEHCTBOBAHUE CHCTEMBbI MPO(ECCHOHAIBLHOTO MEAMIMHCKOTO O00CIYXHBaHUS.
[TomyyeHnble pe3yabTaThl MOTYT OBITh HWCIOJB30BAHBI TMPH Pa3pabOTKE W BHEAPEHHHM HOBBIX
CTaHJApTOB U pEKOMEHAINHN JUI TOPHOAO0OBIBAIOIIEH OTPACIH C LIEJIbI0 YIyUIlIeHUs YCIOBUH Tpy/a,
COXpaHEHHUs 37I0POBbs U PAOOTOCTIOCOOHOCTH TOPHSIKOB.

KioueBble cJjoBa: JokaibHas BuOpamus; BuUOparMoHHas O0J€3Hb, TOPHO0OBIBAOIIAS
MPOMBINIIEHHOCTh; MpOodeCCHOHANbHBIE 3a00JIE€BaHUS; 3J0POBHE PAOOTHUKOB; TPO(DUIAKTHKA

221



MPHTH 31.25.19
Cexkius: DKoI0THsS
Cratbsa

IKO0JIOrHYeCKHuii HHKUHUPHUHT B arpo3KkoCcucreMax:

odoraimieHue ceJeHOM

ﬂpOBOi’i MATKOM MNIIEHNIbI B YCJIOBHUAX CeBepa MoHroauu

Aunna Cungupesa'*, Dpmou3 Opmousunorr?, Auna Manryrosa', Buxropuss HMeponosal,

Pagmup Koconanos!

HutupoBanue: Cunmupena, A.,
OpmednorT, J., ManryToBa, A.,
Heponosa, B., Koconamos, P.
(2025). DKOJIOTUYECKUH
WHXUHUPHHT B
arposKocucTeMax: OOOTalleHUe
CEJIEHOM ApOBOH MSATKOH
mreHnnel B ycnosusax Cesepa
Monromuu.  Bectouxk ~ EHY
nmenn JLH. I'ymmnesa. Cepus:
Xumust. Teorpadus. Dxomorwus,
152(3), 222-233.
https://doi.org/10.32523/2616-
6771-2025-152-3-222-233

AxkaieMU4ecKuil pelakTop:
K.I'. bepnenon

[Moctynumna: 09.09.2025
Hcnpasnena: 22.09.2025
[Mpunsta: 23.09.2025

Ony6uuxosana: 30.09.2025
BY NC

Copyright: © 2025 by the
authors. Submitted for possible
open access publication under the
terms and conditions of the
Creative Commons Attribution
(CC BY NC) license
(https://creativecommons.org/lic
enses/by-nc/4.0/).

!denepanbHoe  TOCYTapcTBEHHOE  aBTOHOMHOE  00Opa30BaTENbHOE
yupexKJIeHHue BhICIIEro oOpa3oBaHust «TIOMEHCKUI TOCYIapCTBEHHBIN
yHuBepcutTeT», lllkonma ecTecTBeHHBbIX Hayk, Tromenb, Poccus;

a.v.sindireva@utmn.ru; a.k.mangutova@utmn.ru;
stud0000265202@study.utmn.ru

’Hauuonanbupiii Llentp O6LIecTBEHHOrO 310poBbs MoHrouu, YiaH-
barop, Mounronus; erd625@yahoo.com

*Koppecnonennusi: a.v.sindireva@utmn.ru

AHHOTanusi. B crarbe BIiepBbIE MPEACTABICH KOMILUIEKCHBIM aHAU3
BJIMSIHUSI MUKPO3JIEMEHTOB CEJIEHa U HoJla Ha POCT U pa3BUTHUE SPOBOM
MsTKoU mieHutsl (7riticum aestivum L.) B yCIOBHUSIX CEBEPHBIX PETHOHOB
Mosronnu. B Xone MONEBBIX ONBITOB M3Y4aJIOCh JEHCTBUE Pa3IMYHBIX
(bopM MHKPO3IJIEMEHTOB — CEJICHUTA HATpUs, CelieHaTa HAaTpUs U Hoauaa
KaJgusi Ha OMOMETpUYECKHE IapaMeTpbl pacTeHUHl M ypoxXalHOCTb
KylIbTypbl. Pesymprarel mokasaiu  Au(QepeHIMpPOBaHHBIH  OTBET
pacTeHH Ha NPUMEHEHHE pa3JIUYHbIX COCAMHEHHH U JO3UPOBOK.
ITpuMeHeHne celleHnTa HaTpHsl, a TAK)KE COBMECTHOE JIEHCTBUE CelleHaTa
HaTpPHs U MOJIU/IA KaJIHS CTIOCOOCTBYET YBEIIMUEHUIO YPOKATHOCTH 3e€pHA
SAPOBOM IIIEHMIIBI, 33 CUET YBEJINYECHHS INIOTHOCTH PACTEHUIN, HECMOTPS
Ha CHW)XEHHE WHIUBUYalIbHOW NMPOJYKTUBHOCTU Kojioca. BrepBwie B
KOHKPETHBIX arpo’KOJIOIMYECKHX YCIIOBUSAX I PACTCHMM IIIECHULIBI
YCTaHOBJIEHA CHJIbHAs KOpPESALUs MEeXAy KOHLIEHTpalMel ceileHa B
pacTBopax [yl HEKOPHEBOI 00OpabOTKH M €ro CoiepKaHUeM B 3epHe (I =
0,99). ITpu sTOM HCTIONIB30BAaHUE CeTIeHaTa HAaTpuUsl obecreunBano 6omee
MHTEHCUBHOE HAKOIJIEHHE MUKposJieMeHTa (koa¢pdurment b = 80,23) o
cpaBHeHUIO ¢ ceneHuToM (b =44,94). Ilpu makcuManbHON KOHIIEHTpAIIN
pactBopa cenenara Harpus (0,01%) comepxaHue ceneHa B 3epHE
YBEJIMUMUBAIOCH B 6,4 pa3a OTHOCHUTEIBHO KOHTPOJIS. DKOJIOTUYECKUN
aHaJINU3 PEe3YJbTaTOB MO3BOJSET PAcCMAaTpuBaTh CEJIEHOBYIO U HOJHYIO
onodopTuduKamnmio Kak WHHOBAIMOHHYIO OMOTEXHOJIOTHIO,
HalpaBJIEHHYIO Ha ONTHUMM3AIMIO MPOAYKTUBHOCTH arposKocucTeM 0e3
Ype3MEpPHOM XMMHYECKOW Harpy3kh. Takue MeTOoAbl YKPEIUISIOT
KOHLEMIMIO «3eNEHOr0 3eMJIe/IeNus», CHOCOOCTBYIOT COXPaHEHUIO
IUIOAOPOAUSI TTOYB U CHHKEHHUIO IKOJIOIMUYECKOTO PHCKa, CBA3aHHOIO C
NPUMEHEHHEM CUHTETHUYECKUX ynoOpeHni. BakHbIM acrieKToM sIBIISETCS
MHTETpaIys MOJTYYEHHBIX JAaHHBIX B CTPATETHIO0 YCTOMYMBOIO Pa3BUTHS
CEJIbCKOTO XO35HCTBA CEBEPHBIX PETMOHOB MOHIONIMH, IOCKOJIBKY
ouodopruduKanrs 3epHOBBIX KYJIbTYp MHUKPOAIJIEMEHTAaMH IOBBILIAET
HKOJIOTUYECKYI0 YCTOMUMBOCTH arpojaHamadTroB U CrHocoOCTBYET
pa3paboTKe MEpONPUITHIA IO KOPPEKIIMU MUKPOIIEMEHTO30B Y UeTIOBEKa
Y )KMBOTHBIX.
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Takum 00pa3om, pe3yabTaTsl HCCIEIOBAHUS IEMOHCTPUPYIOT 3HAYMMOCTH OHodopTHhHKaun
KaK MHCTPYMEHTA KOJIOTHYECKOTO MHKUHUPHHTA, TI03BOJISIONIETO O0bEANHHUTD 33/1a4H ITOBBIICHHS
YPOXKAMHOCTH, YITy4lICHUS KaueCTBa MPOAYKIIUHN U COXPAHEHUS IIPUPOTHON CPEJIBI.

KuaroueBsblie cioBa: O6uodoprudukanus; sipoBas miienuna; ceier (Se); hon (I); HekopHeBbIe
MTOJIKOPMKHU

1. BBenenue

[IpoGiema HemocTaTka MOCTYMHBIX JUIsl PACTEHH MHUKPOSJIEMEHTOB B IIOYBE, SIBISETCS
JIOBOJIBHO PACIPOCTPAHCHHOMN Cpe MHOTHX arpoIleHO30B MHPa, YTO MOKET HETaTHBHO MOBJIUATH
Ha YPOXKaHOCTh M KaUeCTBO CEIbCKOXO03UCTBEHHBIX KYIbTYp. Kpome Toro, HeaocTaToK 31€MEHTOB
B CHCTEME TI0YBa-PaCTEHUE SBISETCS OJHOW M3 MPUYMH MHKPOAJIEMEHTO30B 4YeioBeka. M3BecTHO,
YTO MHUKPO3JIEMEHTHI UTPAIOT OOJIBINYIO poJib B xku3HU uenoBeka (Aleksandrovskaya, 2016; Bano,
2021). Cpemu mpoOieM HemocTaTKa MHUKPODRJIEMEHTOB B CHUCTEME I10YBa-PACTCHUE-)KHBOTHOE
(uenmoBek) 0co6o BeIAeIseTCs AeduuuT ioaa u cenena (Danso, 2023; Erdenotsogt, 2023). Posis sTux
JJICMEHTOB B PACTCHUSAX HEJOCTATOYHO W3YYCHA, OJIHAKO HEBBICOKOE COJIEp)KaHUE ITHX
MHUKPODJIEMEHTOB B PAaCTEHHEBOAYECKON MPOAYKIIMU MOKET HEraTUBHO OTPAa3UTHCS HA 3JI0POBbHE
YeNIOBEKa M KUBOTHBIX. Cpelin CeTbCKOXO03SIMCTBEHHBIX KYJIBTYP C MTO3UIIUN 00ECIICYCHHOCTH HOA0M
U CeJICHOM 0c000€ BHUMaHUE 3aCIyKUBAIOT 36pPHOBBIC KYJIbTYPhI, KOTOPbIE 3aHUMAIOT 3HAUUTEIHHOE
MECTO B PaIlMOHE )KHBOTHBIX M YEIIOBEKA.

B cBs13u ¢ 3TUM, HEOOXOAUMBI HCCIIEI0BaHUs B 00acT pa3pabOTKU ONTUMANIBHBIX IPUEMOB
oOoramieHusl 3epHOBBIX KYyJIbTYp HOJOM W CEJICHOM W OIICHKAa BO3MOXHOCTH OINTHMHU3AINAN
CEJICHOBOT'0 U MOJHOI0 CTaTyca HACeJIeHUs IPU UCTIOIb30BaHUH 000TallleHHBIX pacTenuid. [Ipu aTom
aHaJIN3 BO3MOYKHOCTH TPHUMEHEHHUS ITaHHBIX MHKPOAJIEMEHTOB JIOJDKEH OCYIISCTBIISTHCS, KaK C
arpOHOMHUYECKOW, TaK U C CaHUTAPHO-TUTHEHHYECKOW mo3unuid. CreayeT OTMETUTh, JeWCTBUE
celicHa M HoJia B CHCTEME MoYBa-pacTeHHE BO MHOTHX perMoHax akTuBHO m3ydaetcs (Erdenotsogt,
2023; Golubkina, 2017; Golubkina, 2022; Golubkina, 2024).

Mon u cemeH WCHONB3YIOTCS B PENPOAYKIHM THPEOTPOIHBIX TOPMOHOB, KOTOPBIC
CTUMYJIHPYIOT (QYHKIIMM BCEX Kelle3 BHYTPEHHEH cekpelnu. Bxoas B cocTaB aKTUBHOTO LIEHTpa
TPUHOATUPOHUH JEHOJMHA3, CEJICH AaKTHBHO YYacTBYyeT B MeETa0ONM3Me HoMa, SIBISISICH €ro
CHUHEPTUCTOM. DTH 3JIEMEHTHI OMPEIEISIOT YPOBEHh UMMYHHOM 3aIIUTHI OPTaHU3Ma, ONITUMUZHPYIOT
poct, paboTy MO3ra W PENpOAYKTUBHBIX OPraHOB, MPEIYIPEKIAIOT BO3HUKHOBEHUE M Pa3BUTHE
KapAHOJOTHYECKUX M psAa OHKOIOTWYeCKuX 3a0oneBaHuil. OIHOBpEMEHHas HEAOCTATOYHOCTh
CeJieHa W ¥0/1a MPUBOINT K 3HAUYUTEIILHOMY YCYTyOJIeHHIO rmocieacTBuit ux nedummra (Golubkina u
ap., 2024). Jlo HacTosIIero BpeMEeHH pellieHre 3T MpoOIeMbl OCYIIECTBISIOCh HE3aBUCHUMO ISt
cenena u foaa (Golubkina, 2024; Gupta, 2017).

B mepBoM ciydae HKCIONB30Balld  CEIIGHOCOJEpIKAIUe TMPEMHKCHI B KOpMax
CEJIbCKOXO3SMCTBEHHBIX UBOTHBIX M MNTHUIIBI, cereHocoaepxkamue BAJIpl u ceneHoconepxkamye
ynobpenusi. Takxke B psizie pabOT H3y4danoch JeWCTBHUE CEIeHa Ha YeIOBeKa U )KUBOTHBIX C MO3UIIUN
ero B3aumojieicTBus ¢ Apyrumu anementamu (Kapitalchuk, 2023).

Pemenne mpobnembl HomoaeduIUTa OCYIIECTBISUIOCH B OCHOBHOM IyT€M MPUMEHEHUS
WOJMPOBAHHOM COJIM M B MEHbIIIEH cTenieHn Hoacoaepxkamux bAJl. Tem He MeHee, MO MHEHUIO psia
aBTOPOB, HUCIOJB30BaHHWE WOJAMPOBAHHOW CONM HE SBISETCS OOCTAaTOYHO A(P(HEKTHBHBIM IS
ONTHMHU3AIMHA OOECIICYCHHOCTH HOJIOM HacelleHus. Kpome Toro, n30bITOYHOE MOTpeOICHHE COTN
MOJKET BBI3BaTh Psijl HEraTUBHBIX MMOCIIEACTBUN JijIsl opranu3ma denoBeka (Glagoleva, 2025).

Taxoke 10Ka3aHO U TOKCHYECKOE JIEHCTBHE HEOPraHWMYECKUX COeqMHEHui cenena (Samynathan,
2023).

[loaTomMy mpencTaBisieT HHTEPEC BO3MOXKHOCTh OOOTAIIEHMs] CEJIEHOM U HOJO0M
PaCTEeHHEBOYECKON MPOIYKIIMH, IIOCKOJIBKY 3TO J1a€T BO3MOXHOCTh BBECTH B PAI[MOH KUBOTHBIX H
YeJloBeKa HE OMacHble HEOPTaHUYECKUE COSMHEHHUS, a TIEPEBECTU X B OE30MaCHYI0 U JOCTYIHYIO
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opranndeckyro ¢opmy (Sheshnitsan, 2024). Kpome Toro, wu3BecTHO, 4YTO OOOTrallcHHE
MHUKPOAJIEMEHTAMH TIOJIOKHUTEIILHO BIUSCT Ha KauecTBO pactenwmii (Sindireva, 2022).

Takum 00pa3oM, MIMPOKO pacHpOCTPaHCHHBIC NEPHUIUTHI HOMa U CEJICHAa CPEIM HACeICHUsI
MHpa ¥, B YaCTHOCTH, B MOHroNMH, a TaKk)ke Hepa3pbIBHAs OMOJIOTHYECKas CBS3b ATUX JICMEHTOB-
CHHEPIHCTOB OIPECISIOT MEPCIIEKTUBHOCTD MOTy4eHHS ()yHKIIMOHAIBHBIX IPOYKTOB MUTAHMS HA
OCHOBE KaK OT/ICIBHOTO, TaK U OJHOBPEMEHHOTO OOOTAaIIECHHs CEeIbCKOXO3AHCTBEHHBIX KYIBTYP
HOJIOM M CEJICHOM C IEJIbI0 ONTHMHU3AIMK HOIHOTO U CEICHOBOTO CTaTyca HACEICHHS, CHUKCHUS
OKCHJIaHTHOTO CTpecca y HACEeNICHHS M 3allUThl OT HETaTUBHBIX (PAKTOPOB OKPYKAIOIIEH Cpeibl
(Sindireva, 2023; Sindireva u ap., 2024, Sindireva, 2025; Skrypnik, 2024; Tallarita, 2025).

Llens pabOTHI — arpo’KOJIOrHYECKask OLIEHKA OTAEIBHOTO U COBMECTHOTO MMPUMEHEHUS CEJICH-
U foacoaepkamuid y1o0peHuil Mo spoByto MATKYIO MIIEHUIy B ycinoBusix CeBepa MOHTOIHH.

JlaHHbIE WCCIENOBAaHHUS B arpol’kojorndyeckux ycinoBusix CeBepa MoHroigmu mnpoBeaeHBI
BIICPBBIC.

2. MaTtepuaJjbl 1 MeTO/AbI

HccnenoBanus mo oueHke 3(QpPEeKTUBHOCTH MPUMEHEHHs celieHa W Hojaa JUisl oOoraieHus
SpOBOW MSITKOH MieHu1b! copta Jlapxan-193 npoBoanu Ha ONBITHOM I0JI€ CEJIEKLIIMOHHOTO y4acTKa
WHucTuTyTa pacTeHUEBOCTBA U CeIbCKOro xo3siicta (T. Japxan) B 2022-2023 rr. (2022 nonessie
onbIThl, 2023 mnabopaTopHble HccienoBaHus). IlouBa ONBITHOrO ydacTka TEMHO-KalITaHOBas,
coJiep>kaHue Tymyca B cpeqHem cocrapisiio 1,16%, pH Box. — 7,2, cogepkanue HUTPATHOTO a30Ta,
MOJIBMKHBIX (hopM dochopa u Kanus xapakTepusyercs Kak Hu3Koe. icxonHoe conepkaHue ceneHa
B nouBe He npeBbiiano 0,08 Mr/kr, 4To xapakTepusyeTcs Kak JOBOJIBHO HU3KOE.

Kimmarnueckue ycioBus I. J[apxaH HOCAT pe3KO0 KOHTHMHEHTAJIBHBIM Xapakrep. B jeTHuit
MIEPHOJ MOTYT HAOJIOAThCSl HE3HAYUTEIbHbIE KPAaTKOBPEMEHHBIE OCA/IKHU, TEMIIEparypa Bo3ayxa He
6onee +25 °C. 3umMoii Temmeparypa Bo3ayxa omyckaercs 10 —25 °C, cHera 371eCh IPAKTHYECKH HET.
B nenom B 1. JlapxaHe coiHe4HbIX AHEH B rogy Habmonaetcs 6oiee 250.

XapakTepucTuka MeTeoycinoBuil Mas-aBrycta 2022 rtoma. Becenne-netHuii  nepuon
XapaKTEPU30BAJICA IIOCTENIEHHBIM HApacTaHWEM TEMIIEPATYPHOIO peXUMa € 3aCyLUIMBBIM MaeM
(cpenusia remneparypa +11.8°C, ocagku Bcero 14.2 MM) u mo3aHUME 3aMopo3kamu 110 -4.8°C. UioHb
OTMeYaJiCsl yMepeHHO Teruioi noronoit (+17.4°C) ¢ yBenuueHneM BIaxHOCTU 10 58% U ocagkamu
43.6 mM. [Tuk neTHEro ce30Ha MPHUILEIICS Ha HIOJIb C MAKCUMaJIbHOM cpeiHel Temmneparypoit +20.2°C,
OOWIBHBIMU JOXIAMHU (95.8 MM) M BBICOKOW BIaXHOCTbIO 72%, Korma Obul 3aMKCHUPOBaH
abcomoTHbI MakcuMyM +33.1°C. ABrycT xapakTepH30BajCs HauyajOM TEMIEPAaTypHOTO CIajaa o0
+18.1°C npu coxpaHEeHUH 3HAYNUTEJIbHON YBIaXKHEHHOCTH (68.3 MM 0Ca/IKOB) U TIOSIBJIEHUEM MEPBbIX
3aMOpO3KOB B KoHIlE Mecsa (+0.9°C).

OneITBl IPOBOAWIIM B TPEXKPATHOW MOBTOPHOCTH. ONBITEI MENKOIEISHOYHBIE, IJIOLIAb
ONHOW NensHKM 1 M2, MOBTOPHOCTH TPEXKPAaTHAS, PACIONOKEHHE BAPMAHTOB CHCTEMATHYECKOE.
Cxema ombita: 1) Konrtpons; 2) 0,005% pactBop cenenuta Hatpus; 3) 0,01% pactBop cenenura
natpus, 4) 0,005% pacteop cenenara Hatpus, 5) 0,01% pactBop cenenara Hatpus, 6) 0,005% pactBop
nomuna kanus, 7) 0,01%, pactBop moauna kamus, 8) 0,005%, pactBop cenenuta Hatpus +0,005%
pactBop noauaa kanus; 9) 0,005% pacteop cenenara Harpust +0,005% pacTBop moana Kamus.

MHUKpPO3JIEMEHThl MPUMEHSUIM METOJOM IyTeM HEKOPHEBOH 00paboTKH (ONPBICKUBAHUS)
OJTHOKpaTHO Tiepen ¢azoi komomeHus. Ha kaxmoe pacrenue pacxomoaioch 30 MiI pacTBopa,
COOTBETCTBEHHO Ha JIEJIIHKY PAcXOJl penapara COCTaBIIsII B 3aBUCUMOCTH OT KOJIMYECTBA pacTEHUI
ot 4,510 5,5 nuTpoB. 3aKIaJKy OMBITOB C MUKPOYIOOPEHHUIMH, BCE YUETHI, HAOIIOACHUS U OTOOD
PaCTUTENLHBIX U TIOYBEHHBIX 00Pa3LlOB MPOBOAMIN MO OOIIETPUHATHIM METOIMKAaM. ATpOTEXHHKA B
ombITe ObUTa OOIICTIPUHSITON /I YCIOBHUH 30HBI. HaOmroeHust B onbiTe: a3za KOJOMICHUS, TTOJTHON
crienoctd. OTOMpanu pacTeHus! C KaXaA0i JNEeNSHKU JJIS POBEACHUS OMOMETPHUECKUX M3MEpEeHUi
MO CJIEAYIONIMM TMOKA3aTelsAM: BbICOTa PACTEHUMN, KOJUYECTBO pacTeHUM Ha 1 M2, JUIMHA KOJIOCa,
Macca ceMsH Ha 1 M2, Macca 3epeH OJJHOTO KOJIOCa, KOMYECTBO 3epeH B KOIOCE APOBOil MIICHHUIIB.
B craTee npenacTaBieHbl JaHHBIE OMOMETPUUECKUX TTOKA3aTele sSipOBOM MITKOM MIIIEHUIIBI B yOOPKY
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(paza momno#t cmenmoctH). YOOpKY NpoBOAMIM B TEepBOil aekane ceHTsOps 2022 roma. Yuer
YPOKaHOCTH OCYIIECTBIISUINA MPSIMBIM MOJICTISTHOYHBIM B3BEIIMBAHUEM.

CopepxaHue celeHa U TSHKEIBIX METAJUIOB B MIOYBE U PACTUTENBHBIX 00pa3iax OmpeeIisiifn B
aKKpeIUTOBaHHOW wucnbITarenbHON saboparopunn PI'BY «IJIATU mo YPO» mo TromeHckoi
00JacT METOJIOM CHEKTPOMETPUM C WHAYKTHBHO-CBS3aHHOW IIIa3MOW B COOTBETCTBHH C
MeroandeckumMu pekomermamusamu [THJ[ @ 16.1:2.3:3.11-98 («KonudecTBEHHBIH XUMHUUYECKHI
aHanu3 mouB», 2005).

[To okoHYaHMM KcCIeI0BaHUS TOTyYEHHbIE JAHHbBIE MOJBEPrajik CTAaTUCTHUECKON 00padoTKe.
i cTaTHCTUYECKOW 0OpaOOTKHM JaHHBIX HCIIOJNB30BAM CTAHJAPTHBIC MAKEThl KOMITBIOTEPHBIX
nporpamm Microsoft Office Excel 2007 u STATISTICA 6.0.

3. Pe3yabTaThl

KommiekcHoe BO3EiCTBHE MUKPOIJIEMEHTOB Ha POCT U Pa3BUTHE SIPOBOW MATKOW IMIIEHHIIBI
OLICHUBAJIOCh KaK B TEPUOJI BEreTallUW, TaK M Ha CTaAuH yOOpKH ypokas. Mopdomerpuueckuit
aHaJM3 ToKa3all, 4To 00paboTKa HCCieyeMbIMU COSAMHEHUSIMH OKa3alla HEOAHO3HAYHOE JIeHiCTBHE
Ha U3MEHCHHE MapaMEeTPOB POCTa U Pa3BUTHS B OOJBIIMHCTBE OMBITHBIX BapuaHToB (Tabmmma 1,
Pucynku 1 u 2).

Ta6amua 1. [Tokazarenu pocta copra sipoBoii nieHunbl (7riticum aestivum L.) copra Japxan-193
O] BIMSIHUEM TpernaparoB cenena u iioga (MESEM)

BbicoTa KosuvecTBO Jauna kogoca,
Ne BapuanTt onbiTa . N
pacTeHuii, cM pacTeHmMii, IIT. cM

1 | KouTpons 91,33+0,88 158,67+9,62 9,80+0,20
2 1 0,005% NaxSeOs 84,67+2,40 184,67+4,67 9,37+0,20
3 1 0,01% NaxSeO3 84,00+1,00%* 186,67+29,28 9,27+0,14
4 1 0,005% NaxSeO4 85,67+1,46* 186,67+22,81 9,30+0,12
5 10,01% NaxSeOq4 84,33+0,66** 149,334+9,34 9,33+0,18
6 | 0,005% KI 82,67+0,69** 117,33+£11,40 9,17+0,41
7 10,01%KI 83,67+0,88** 152,004£29,52 9,03+0,26
& 10,005% Na,Se03+0,005% KI 85,00+2,52 141,33+£22,69 9,50+0,31
9 10,005% Na»SeO4+0,005% KI 90,33+2,37 180,00+14,43 9,47+0,22*

[Tpumeuanue: * Pa3nuuus ¢ KOHTPOJIEM CTAaTUCTHUUECKH 3HAYUMBI 110 t-KpuTepuio CThIOEHTA MPU P
< 0,05.; ** - Pa3nuuusi ¢ KOHTPOJIEM CTATUCTHUUECKU 3HAYUMBI 1O t-KpuTeputo CThIofeHTa Npu p <
0,05.

I[To cpaBHEHHUIO C KOHTPOJIEM BBICOTA PACTEHHIA B ONTBITHBIX BAPUAHTAX B OOJIBITMHCTBE CITyYacB
JOCTOBEPHO CHIKanach. CaMble HU3KHE ITOKA3aTeIH BBICOTHI PACTEHUH OTMEUAINCh IPU BHECEHUHU
pactBopoB KI B kontenTparusax 0,005% u 0,01%.

OO0paboTka pacTeHWH MIICHUIBI W3YYaeMBIMHU IperapaTaMy TpUBela K HE3HAYUTEITHHOMY
CHIDKEHMIO JJIMHBI Kojloca. MUHMMajabHOE 3Ha4eHHWE OTMEUYeHO B ombITHOM Bapuante ¢ 0,01%
pactBopoMm KI u cocraBuno 9,03+0,26 cm (koHTpOas - 9,80+0,20 cm). KomnuecTtBo pactenuii Ha
JeNsTHKE B CpPaBHEHHMH C KOHTPOJBHBIM BapuaHTOM (cpeaHee 3HaueHue 158,67+9,62 mT.)
BapbUPOBAJIO KaK B CTOPOHY yBenudeHus npu ucnonb3zoBanuu 0,005 u 0,01% pactBopoB NazSeOs,
TaK U B CTOPOHY YMEHBIIIEHUs 3HaYeHU TapameTpa (mpu o0paboTke pactenuit pactsopamu KI).
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- 35 350
E 30 300
£ 25 c 250
§ 20 < 200
E 15 S 150
g 10 > 100
g2 5 50
> 0 0
1 2 3 4 5 6 7 8 9 1 2 3 45 6 7 8 9
Bapuant Bapuant
A) b)

Pucynoxk 1. [Tokazatenu A) ypoxxaiiHOCTH 3epHa b) Maccel 3epHa sipoBo# MieHuUIbl copTa Jlapxan-
193 ma 1 M

1,8 38
1,7 & E 36
- -
§ 1,6 & E 34
g 15 s 32
= 5
14 = 30
13 < 28
1 2 3 45 6 7 8 9 1 2 3 45 6 7 8 9
Bapuant Bapuant
A) b)

Pucynok 2. [Tokazarenn A) Maccel 3epeH OJHOTO Koyioca b) komu4ecTBo 3epeH B KOJIOCE SIPOBOM
nreHuIs copra Jlapxan-193

[Tpumeuanue 1 — koutposnb; 2 — 0,005 % NaxSeOgs; 3 - 0,01 % NaxSeOgs; 4 - 0,005 % NaxSeOq; 5 -
0,01 % NaxSeOg4; 6 — 0,005 % KI; 7 - 0,01 % KI; 8 - 0,005 % Na Se03+0,005 % KI; 9 - 0,005 %
Na>Se04+0,005% KI

OO0paboTka CENeHUTOM HAaTpUsl CHOCOOCTBOBAja NPOSBICHUIO HamOoJiee BBIPAKEHHBIX
MOJIOKUTEBHBIX 3((PEKTOB cpeau Bcex ucciaeayeMbix coenuHeHuil. Hecmorps Ha Habmonaemoe
CHID)KEHHE MacChl 3¢pHA B OJIHOM KOJIOCE U UX KOJIMYECTBA, Macca CEMsIH M 00111ast ypoKalHOCTb TNO0
nojiep>xuBaiuch Ha ypoBHe KOHTpois (0,005% Na2SeOs), 1160 otmeuanocs ysenuuenue (0,01%
Na2SeOs) 1m0 cpaBHEHHMIO € KOHTpojeM. JlaHHOe sBJIEHHE, TO-BHANMOMY, KOPPEIHPOBAIO C
MOBBIIIEHHONW IJIOTHOCTBIO PpAcTeHUWH Ha €QUHUIY IUIOIIAAM, KOMIICHCHPYS CHUXKEHHE
WH/IMBUYATBHBIX TTAPAMETPOB PACTCHH.

Hanpotus, pacTBopsl Hoauaa Kajausi M CeJeHaTa HAaTpUsl HE OKa3ajdu OJarornpHsTHOTO
BO3JICUCTBUS HU HA Pa3BUTHE PACTEHUM, HU HA MapaMeTpsl ypoxkaiHocTH. [IpuMeHeHne Hoauna
KaJusl TPHUBEO K TOCTOSHHOMY CHHKEHHIO BCEX M3MEpSeMbIX IMapaMeTpoB NpU MPUMEHEHHU
MUKPOYIOOpeHHUs: B 00€MX HCCIeayeMbIX no03ax. XoTs oopaborka 0,005% pacTtBopom cesieHaTa
HaTpHs CIIOCOOCTBOBAJIA YBEIIMUECHUIO KOJTMUECTBA PACTEHUM Ha €AMHUITY IUIOIIA/IU, 3TO HE IPHUBEIIO
K TIOBBIIICHHUIO YPO)KaWHOCTH, B OTIIUYHE OT PE3yJIbTATOB B OMBITE C IPUMEHEHHEM CEIICHUTA HATPHSL.
OnHaKo COBMECTHOE NMPUMEHEHHE 3TUX COEIMHEHHUI CIIOCOOCTBOBANIO YBEMUEHHUIO MOKazaTesei
pocta u pa3BuTHs 110 cpaBHeHuUIo ¢ BapuanToM 0,005% Na2SeOs + 0,005% KI.

Hakomnnenne MHKpPO3JIEMEHTOB B MHIIEBBIX MPOJYKTaX PACTUTEIBHOIO MPOUCXOKICHUS
MPOUCXOIUT B 3aBHCHMOCTH OT BHJA TOYBHI, €€ (U3NYECKUX CBOWCTB M XMMHYECKOTO COCTaBa,
reorpagpuecKoro pacrojoXKeHUs paioHa, KIMMATUYECKHX YCIIOBHM, BHJAA, COpTa W CTaaAUU
BEreTaly pacTeHUH, IPUMEHIEMBIX ynoopenuii u apyrux ¢axropos (Erdenotsogt, 2023). B cesa3u
C BO3MOXXHBIM HETaTUBHBIM BIUSHHEM HW30BITOYHBIX KOJHYECTB CEJICHA, MOCTYMUBIIUX C
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pacTUTENLHOW MUINEH B JKUBOM OpraHW3M, BO3HUKAET HEOOXOIMMOCTb IPOBOJUTH KOHTPOJb
MIUTAaHUsS pacTeHus mo xuMudeckomy ananusy (Wang, 2022). /lanHble 0 COAepKaHUU CelieHa B 3¢pHE
SPOBOW IIIEHUIbI IPU ONPBICKUBAHUM KYJIBTYpPbl COCIMHEHUSMHU CEJI€HA U HOAa B PA3INYHBIX
KOHIIEHTpAaLUsX MpeAcTaBieHbl Ha Pucynke 3.

Ha Bcex BapuanTtax ¢ 00paboTKoOM mpenapaToB 0TMEYAIOCH MOBBIIICHHOE COJIEPKAHHUE CeJIeHa
[0 CpaBHEHUIO ¢ KOHTposieM. [IpuMmeHneHue ceneHnata HaTpUs MPUBENO K Haubojee UHTEHCUBHOMY
aKKyMYJUPOBAHUIO CeJIeHa, MpU 3TOM HauBbIciias koHueHTpanus (0,01%) npusena k 6,4-kpaTHoMy
YBEJIMUEHUIO COJIEPIKaHUs CeJIeHa B 3epHE 110 CPAaBHEHUIO C KOHTpoJsieM, U coctaisuia 0,96 Mr/kr.
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Pucynoxk 3. CozmepsxaHue celieHa B 3epHE SpOBOI MSATKO# mieHuIsl copta Jlapxan-193
[Tpumeuanue 1 — kouTponb; 2 — 0,005 % NarSeOs; 3 — 0,01% NaxSeOs; 4 - 0,005 % NaxSeOg; 5 -
0,01 % Na2SeOq; 6 - 0,005 % KI; 7 - 0,01 % KI; 8 - 0,005 % NaSe03+0,005 % KI; 9 - 0,005 %
NaxSe04+0,005 % KI

Y cTaHOBIEHBI IPSMBIE JIMHEHHBIE 3aBUCHUMOCTH MEXKTY J03aMU CEJICHAa B paCTBOPaX CEJICHUTA
U celeHara:

- Cenenut: yi = 44,94x: + 0,14, r = 0,99 (YpaBuenue 1)
- Cenenar: y2 = 80,23x2 + 0,18, r = 0,99 (YpaBueHnue 2)

TJI€ Y1, Y2 - COJIEp)KaHHE CEJICHA B 3€pHE SIPOBOM MIIEHUIIBI (MT/KT), a X1, X2 - KOHIIEHTpAI[UU ceJeHa
B pacTBOpE MpU HEKOpHEBOit 00padoTke (%0).

[loneBble  uWccienoBaHUS  MO3BOJWJIM — PAacCUUTATh ~ HOPMATHUBHBIE — KO3(PPUIIMEHTHI
uHTeHcuBHOCTH (D) nmeiicTBus ceneHa B TeMHO-KAIITAHOBO MOYBE, YKA3bIBAIOIIME HA W3MCHEHUS
COJIep’)KaHUsl B 3€pHE SIPOBOM NIIEHUIBI. OTH KO3(PPHUIMEHTHl JEMOHCTPUPYIOT YBEIMYEHUE
cojiepkaHus ceneHa Ha 1% yBenMueHHs KOHLEHTpallud MUKPOAJIEMEHTa B pacTBope: b = 44,94 nns
ceneranTa Hatpus u b = 80,23 11 cenieHaTa HaTPusI.

OnHOBpeMEHHOE MPUMEHEHHUE celieHa M 1Ho/a CrocoOCTBOBANIO 3HAYUTEIHHBIM U3MEHEHUAM
COJIepKaHUs CeJIeHa B 3€pHE IPOBOM MATKOW IMIIIEHULIBI.

B nenom uccienoBaHus MO M3Y4YEHUIO OCOOCHHOCTEW HAKOIUIEHHUS CEJIE€HA B 3€pHE SIPOBOMU
MSTKOM MIIEHUIIBI TO3BOJINIM BBIIBUTH CIIEIYIOIINE 3aKOHOMEPHOCTH:

— HaKOIUIEHHUE CeJieHa 3aBUCUT OT CIlocoda ero MpuMeHEeHHUS,;
— MIPH pa3IMYHBIX CIOCO0AX €ro BHECEHUS CYILECTBYET NMpsiMast 3aBUCUMOCTh KOHIIEHTPAIH
CeJIeHa B pacTeHUsX OT j03bl noctymienus (Yerzhanova u ap., 2025; Zharkova, 2020).

B noneBpIX ycNOBUSX MpU NMUTAHUU PACTEHUN BO3HUKAIOT CJIOXHBIE B3aUMOCBSI3U MEXIY
MOHAaMHU MaKpO- U MUKPO3JIEMEHTOB, 00OYCIIOBIIEHHbIE B3aMMO/ICHCTBHEM HE TOJIBKO MEXAY JABYMS,
HO U OOJBIIUM KOJIMYECTBOM MOHOB. DTU B3aMMOCBSI3U OCIIOKHSAIOTCS TIOUBEHHBIMH YCIOBUSMU U
IPUMEHEHHEM YA0OpEHH, OKa3bIBAIOIIMMU BIMSHIE HA N3MEHEHHE COCTaBa MOYBEHHOI'O pacTBOPA.
ITo3HaHue B3aMMOCBSI3€ll OU€Hb BAXHO Ul pa3pabOTKH AMArHOCTHKM MHUTAaHUS PACTEHHUH, B TOM
qucie MpU NPUMEHEHUH MUKPOYA0OpEHHIA.

Hamummu nccreoBaHusIMHM yCTaHOBJIEHO BIIMSHME HEKOPHEBOTO BHECEHMs HoJa U celeHa Ha

COACPIKAHUC MUKPOIJICMCHTOB, OIIPCACTIACMBIX ITPHU AIPO3KOJIOTUICCKOM MOHUTOPUHTC.
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OmHuM W3 CYHIECTBEHHBIX IIOKa3aTelied KadecTBa pPAaCTEHHEBOIYECKOW MPOAYKIIHH,
CBUJCTEILCTBYIOIIUNA 00 €€ IKOJIOrMYecKod Oe30MacHOCTH, SBJISETCS AJIEMEHTHBIM XUMUYECKUI
COCTaB, B YaCTHOCTH, COJICPKAHUE TSKEIBIX METAILIOB.

B Hamux wuccnenoBaHMSX H3YyYEHO B3aUMOJCHMCTBHE cCelieHa C MHKPOAJIEMEHTAaMHU IpU
MOCTYIJICHUU B PACTEHUS SIPOBOM MILIEHUIIBI B YCIOBUSIX ceBepa MOHTOIMH.

HccnenoBanus noka3aiu, 4YTO XapakTep B3aMMOOTHOILIEHUH IIPU MOCTYIUICHUU UX B PaCTECHUS
BO MHOTOM OTpEIENIeTCs OWOJIOTMYECKUMU OCOOCHHOCTSIMH PACTEHUH, (DU3MKO-XUMUYCCKIUMHU
CBOMCTBAMHU CEJICH-COJIEPKAIMX MpPernapaToB, MPUMEHSEMBbIX B KauecTBe MHUKpoyaoOpenuit. [lpu
ONPBICKUBAaHUU PACTBOPOM celieHuTa HaTpus ¢ koHieHTpauueit Se 0,01% coxmepxanue kaamus
CHIDKaeTcs B 3epHe mieHuIsl Ha 38% (P <0,05), B To ke Bpemst pu NPUMEHEHUU CcelieHaTa HaTpHs
C aHAJIOTMYHOM /10301 Se coJiepkaHue KaJMus B 3epHE yBeInuuBaeTcs B cpenneM Ha 32% (P<0,05).
Taxum 00pa3zom, OTMEUAIOTCS KaK SIBJICHUS aHTarOHU3Ma, TaK U CUHEPryu3Ma B Mape CeleH-KaJIMMA.
OTMeueHbl TOJIOKUTENbHBIE B3aUMOCBSI3U B Mape CEJEeH-LUHK, celeH-menb. Hampumep, npu
HEKOPHEBOM IIOCTYIUIEHUHM pacTBOpa cejieHuTa HaTpus ¢ KoHueHtpauued Se 0,01% conepkanue
LIMHKA B 3€pHE MIIEHUIBI yBeanuuBaeTcs Ha 16% (P <0,05), mequ — Ha 28,9% (P<0,05).

B3aumopeiicTBue cesieHa 1 HUKEsI, ceJieHa U CBUHIIA B YCIIOBUSX MPOBEACHHBIX HCCIEA0BaHUN
XapaKTepu3yeTcs MpOsIBICHUEM aHTaroHu3ma. Tak, npu npumeHeHuu ceineHa B no3e 0,01%
coJiepKaHUE CBHUHIIA CHIDKaeTcs B cpeaHeM Ha 75 u 78% (P<0,05) cOOTBETCTBEHHO Il CEJICHUTA U
ceJieHaTa HaTpusl.

Taxum oOpa3om, 4TOOBI CyTUTh O XapaKTepe B3aUMOOTHOIICHUN HOHOB B PACTEHUSX, CIEAYET
3HATh ()AaKTUYCCKHU CIIOKUBINUICS OaaHC 3JIEMEHTOB MUTAHUS BHYTPU PACTUTEIBHOTO OpPTaHU3MaA.
Y cTaHOBIEHHBIE HAMU 3aBUCUMOCTH MOCTYIUICHUS OJTHUX 3JIEMEHTOB OT COJIEPKaHUs IPYTHX MOKHO
WCIIOJIB30BaTh 71l MPOTHO3a BJIMSIHUS MHKPOSJEMEHTOB (B YAaCTHOCTH, CEJIEHAa) Ha XUMHMUYECKHUI
COCTaB pacTeHui U GopMUpOBaHUE MPOAYKIIMOHHOTO Mpoliecca.

4. O0cyxneHune

Ocrtpast MOTpEeOHOCTH PA3IMYHBIX CTPAH MHUpPA B TUKBUIANNHU TTOJTUMUAKPOIIEMEHTO30B JIeTaeT
HCCIIEIOBaHMsI BOBMOYKHOCTEH coueTaHHON 6MopOopTU(PUKALINU CETCKOXO035IMCTBEHHBIX pacTeHui |
u Se TPUOPUTETHBIMHU, TOCKOJBKY MMEHHO TaKOW MOIXOJ MOXET OOeCIeYHTh HEIOpOTOr M
BbICOK03()(peKkTHBHBIN crocob ymyumenuss | u Se craTyca W ynydlleHHe 3/10pOBbsl HacEJICHHUS.
HccnenoBanusi 1mMokaszaid, 9YTO COBMECTHOE NMPUMEHEHHE MHKPODJIEMEHTOB IO/ SPOBYIO MSTKYIO
MIIEHUILY B ONTUMAJIBHBIX J]03aX MOJIOXKUTEIIBHO CKa3bIBA€TCS HA POCTE U PA3BUTUHU pacTeHUi. B To
e BpeMsl TP MOCTYIUICHUH MUKPOIJIEMEHTOB B MTOYBY B UCCIIEAYEMBIX 033X MOKET BO3HHUKHYTh
HKOJIOTHYECKas TpobiieMa, CBsI3aHHAs C M30BITOYHBIM HAKOMIJICHUEM Psij1a XUMHUECKUX 3JIEMEHTOB U,
B TIEPBYIO OUepelb CelieHa W ioJa, B CHCTEME IOYBa-pacTeHUe-KUBOTHOE. [loaToMy cC Ienbio
obecreyeHns: HKOJIOTHUECKOM 0e30macHOCTH Mpu pa3paboTKe TEXHONOTUu OuodopTudukanun
HE00XO0IMMO MTPOBOJIUTH arpO’KOJIOTHUECKUI MOHUTOPHUHT M OIICHKY BIMSHHS METOa 000TaIleHHUs
pacTeHuil Ha MUIIEBYIO IIEHHOCTD MOJy4aeMOoro MpoayKTa.

JlaHHOE€  WCCIEeOBaHWE  BBISIBISIET  HECKOJBKO  3aKOHOMEPHOCTEH  OTHOCHTEIFHO
ouodpopTudUKauu ceIeHOM M HoIOM ApoBOil MsArkoi mimeHuisl. Hanbonbmas 3¢dexTuBHOCTD
CEeJICHUTa HATPUs B YaCTH OOOTAIEHHs CEJICHOM HaJ IPYTUMH COCAMHEHUSMH MHKpPODJIEMEHTa
COIJIaCyeTCsl C YCTaHOBJICHHOH JIUTEPATypoil 0 OMOIOCTYITHOCTH CEJI€HA U MEXaHU3MaXx MOTJIOMIEHUS
pacTeHMSIMH.

HeonunakoBast 3¢ppeKTUBHOCTh IPUMEHEHHUsI CEJICHUTA M CeJIeHaTa OTPaXKaeT UX Pa3IUuHbIe
METa0OJTMYECKUEe MyTH W MEXaHW3MBl KJIETOYHOTO TMoOTjomeHus. [loBbIeHHbI K0d(hdUIHEHT
WHTEHCUBHOCTU JneiicTBus s cenenara (b = 80,23) mo cpaBHeHuio ¢ ceineHutoMm (b = 44,94)
yKa3bpIBaeT Ha Oosiee d(PPEKTUBHYIO TPAHCIOKAIMIO W aKKyMYJSAIHMIO B 3€pHE, YTO OOBSICHSIETCS
OoJbIIIeH MOJIBUKHOCTBIO CeJIeHaTa B COCYIUCTBIX CUCTEMaX pacTeHU.

HeratuBnbpie 3¢ ¢dexTr, HaOm0gaeMbIe MPU 00pabOTKE MOAMIOM Kallis, MOTYT OTpa)aTh
(UTOTOKCHYECKHE PEAKLIUU TPH MPUMEHAEMBIX KOHIICHTPALIUAX, YTO YKa3bIBAET HAa HEOOXOAUMOCTh
ONTUMHU3ALMY TPUMEHEHHSI 0J]a B KauecTBe MUKpOdJIeMeHTa. DPPEKThl B3aUMOAECUCTBUS MEXKIY
COCMHEHUSIMHM CeJIeHAa M HOoJa yKa3plBalOT HA TOTCHIMAIbHbIE CHHEPrMYECKHE WM
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AHTarOHUCTUYECKHE OTHOIICHHUS, KOTOphle MOTYT 3HAYUTEIbHO BJIHMATH Ha CTpaTeruu
onodoprudukanum.

YcTaHOBIIGHHBIE JMHEHHBIE 3aBUCUMOCTH W TPOTHOCTHYECKHWE MOJETH IMPEIO0CTABISAIOT
[ICHHbIE HWHCTPYMEHTHI JUIS TPUMEHEHHUS B TOYHOM 3EMJIC/ICIINHU, II03BOJISS IUIAHMPOBATH
IeJICHANPaBICHHOE 000TallIeHNE CEIEHOM M HO0M IIPU COXPAHEHUH arpPOHOMUYECKHX MTOKa3aTeleH.
OnHako CIOXHBIE B3aUMOJCHCTBHUS, HaAONIONAaeMble MEXKIY pa3IMYHBIMH MHKPOIJIEMEHTaMH,
MOJYEPKUBAIOT HEOOXOJUMOCTh KOMIUIEKCHOM OIIGHKH TMOJAXOAO0B K OnodopTHHUKanuu
HECKOJIbKUMH JIEMEHTaMH.

[Tonmy4yeHHble pe3yNbTaThl IMOATBEPKAAIOT BO3MOXKHOCTH TMPUMEHEHHUS arpoOXUMHYECKOTO
METO/la, B YAaCTHOCTH, HEKOPHEBOW OOpabOOTKH CENeHOM, Ul pelIeHUs MpoOJIeMbl JIepuuuTa
MUKPOHYTPHUEHTOB, OJTHOBPEMEHHO MOAYEPKHUBas HEOOXOAUMOCTh BbIOOpA COSIMHEHHI, IPUEMOB,
703 IPUMEHEHHUS IS JOCTHIKECHUS ONITUMAJIbHBIX PE3yIbTaTOB.

Taxke HEOOXOOUMO OTMETHUTh, YTO Ha KAdyeCTBO PACTCHHEBOAYECKOW TMPOIYKIHHU, B
YaCTHOCTH, B YCIOBHSX IPUMEHEHHS MHUKPODJIEMEHTOB B KaueCTBE YAOOPEHUi, 3HAYMTEIHHO
BJIMSIFOT B3aMMOCBSI3M HMOHOB TIPH TOCTYIUICHMH WX B PacTUTENbHBIA opraHu3Mm. Kak mpaBumio,
B3aUMOCBSI3U MEXIY JIEMEHTAMH IHUTAaHHSA, B YACTHOCTH, MUKPOIJIEMEHTAMH B PACTEHHSIX MOKHO
OOBSICHATh B3aMMOJCHWCTBUEM HOHOB C OHMOJIOTMYECKH AKTUBHBIMH MOJIEKYJIaMH, Harpumep,
¢bepmenTatuBHBIMU cucteMamMHd. OcoOblif MHTEpec MpeJCcTaBiseT B3aUMOICHCTBUE CElIEeHA U
TSDKEIIBIX METAJIOB, MOCKOJIBKY 3TO OYEHb BAXXHO C IMO3WIIMH KOJIOTHYECKOl OezomacHoctu. Kak
IIPABUJIO, TAKME B3aUMOCBSI3H B JIMTEPATYpe ONMUCHIBAIOTCS Kak aHTaroHn3M. OIHaKko Mcciae10BaHus
MOKa3bIBAIOT, YTO MOTYT IPOSIBIATHCS KaK SBJICHUS aHTarOHMU3Ma, TaK ¥ CHHEPTU3Ma B 3aBUCHMOCTHU
OT yCJIOBHH. B Hammx nccienoBaHUsIX yCTaHOBIICHBI ITOJIOKUTEIBHBIC B3aUMOCBSI3H MEXKTy CEIICHOM
U IIMHKOM, MEIbIO, a OTPUIATEIbHBIC 3aBUCHMOCTH MEXIY CEJICHOM W HHUKEJIEeM, CBHHIIOM.
HeoHo3Ha4yHbIe B3aMMOCBSI3U YCTAHOBJIEHBI MEX]y CEJIEHOM U KajMueM. O4eBUIHO, UTO XapaKkTep
B3aMMOCBSI3€H MTPH NOCTYIUICHUH B PACTUTEILHBINA OPraHU3M MOKET 3aBHCETh OT MHOTHX (haKTOPOB:
¢da3pl pa3BUTHS pacTeHUHM, (GOPMBI, J03bI U IMYTH TOCTYIUICHHUS JOMOJHUTEIbHBIX KOJIMYECTB
MHUKpPOJJIEMEHTa B pacTeHus. M3yueHne Takux MeXaHHU3MOB — JIOBOJIBHO TpyJHas 3ajaya, HO OHa
MMeeT O4YeHb OO0JIbIIOE 3HaYeHNE B IPAKTUYECKON arpo3KOJIOTUH, arPOXUMHUH, a TAK)KE BETEpUHAPUU
Y MEIUIIMHEI, TOCKOJIBKY JaHHBINA ()aKTOP MOKET 3HAUYUTEIILHO MOBIUATH HA KAYE€CTBO KOPMOB.

S. 3akinouenue

Octpast NoTpeOHOCTh pa3IMUHBIX CTPaH MUpPA B JINKBUIAIIMH TOJTUMHUKPOJIEMEHTO30B JIEJIaeT
UCCIIEIOBaHUsI BO3MOYKHOCTEM Kak OTIENbHOM, Tak M coyeTaHHOM Ouodopruduxanmu
CEeNIbCKOXO035MCTBEHHBIX pacTeHU | M Se OBOJBHO MEPCNEKTUBHBIMU METOJaMH, MOCKOJIBKY
MMEHHO TaKOMU MOJX0JI MOKET 00eCeYnTh HEJOPOToil M BEICOKOA((EKTUBHBIN CIOCO0 yIIydIlIeHUS
| u Se cratyca u ynydmieHue 310poBbs HaceneHus. VMccnenoBanus nokasainy, 4To Kak OTAEIbHOE,
TaKk M KOMOWHHPOBAHHOE BHECEHHE MHUKPOIJIEMEHTOB 10/ SPOBYI0 MATKYH [MIIEHUIY B
ONTHMAJIBHBIX J]03aX MOYXKET IOJIOKUTEIBHO CKa3bIBAaThCS HAa POCTE M pa3BUTUU pacTeHHil. OaHaKo
HecOaaHCUPOBAHHOE TPUMEHEHHE MHKPOYIOOpEeHHII B MOBBIIIEHHBIX JIO3UPOBKAX MOXET
HETraTUBHO CKa3aThCs KaK Ha OMOMETPUYECKUX TMOKa3aTeNsIX PAaCTeHUH B MPOLIECCe OHTOIeHEe3a, TaK
Y Ha CHUKEHHUH MTPOYKTUBHOCTH, YPOXKANHOCTH U KauecTBa B Mepuo.l (U3HOIOTHUECKOM 3peoCTH.

K Tomy ke Ipu NOCTYIIIEHNN MUKPO3JIEMEHTOB B TIOYBY B BBICOKHX J103aX MOXKET BO3HUKHYTh
JKOJIOrHuecKas nmpobiema, CB3aHHas ¢ U30BITOYHBIM HAKOIUIEHUEM PAJIa XUMUYECKUX 3JIEMEHTOB,
HaIpuMep, cejeHa U Ho/1a, B CUCTEME [10YBAa-PaCTEHUE-KUBOTHOE.

W3ydyeHo B3auMOJAEHMCTBHE ceJeHa M TSKEIbIX METAJUIOB. Y CTaHOBJIEHBI IMOJIOKHUTEIbHBIE
B3aMMOCBS3U MEXIY CEJIEHOM U [IMHKOM, MEJIbIO, @ OTPULIATENbHBIE 3aBUCUMOCTH MEXKIY CEJIEHOM U
HUKeNleM, CBHHIIOM. HeoJHOo3HauHble B3aMMOCBSI3UM YCTAaHOBJIEHBI MEXIY CEJIIEHOM MU KaJIMHEM.
O4eBHIHO, YTO XapaKTep B3aUMOCBS3€H NpPU MOCTYIUIEHUH B PACTUTEIBHBIM OpraHU3M MOXET
3aBUCETb OT MHOTHMX (PaKTOpOB: (a3bl pa3BUTHs pacTeHUil, GOpMbI, JO3bI U MyTH HOCTYIUICHUS
JIOTIOJTHUTENBHBIX KOJMYECTB MUKPOIJIEMEHTA B PACTEHHUSI.
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Arposkoxyuesnepaeri 3K0JOTUAJIbIK HHXKUHUPUHT. Coarycrik MoHFoaus
JKaAFIAUBIHAA KA3ABIK *KYMCAK OnJaiiabl ceJIeHMEH 0albITy

AnHa Cunaupesa, JpA3H3I JDpadHiuort, AHHa ManryroBa, Bukropus Ueponosa, Paagmup
Kocosanos

AHHOTanmusi. Makajiaza CelleH MEH HOJ MHKPOIJIEMEHTTEPIHIH JKa3JbIK JKYMCaK OWIaiIbIH
(Triticum aestivum L.) ecyi MeH JaMy KepCETKIIITEpiHE OCEpiH KEIIeHMI Tajnay YCHIHBUIFaH.
Jamaneik ToxipuOenep HATpUN CEICHUTIHIH, HATPUM CEJICHATBIHBIH KOHE Kaluil WOIUIIHIH
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OMOMETPUSITBIK MapaMeTpiiep MEH NaKbUI OHIMIIIITiHEe ocepiH 3eprredi. HoTmxkenep ThIHANTKBIII
pEeTiHIE MHKPO3JEMEHTTEPAIH OpTYpii QopMamapsl MEH Jg03ajapblH KOJIJaHYyFa ©CIMIIKTEePAiH
capaJlaHFaH PEaKIUsCHIH KopceTeai. HaTpuii celeHuTI MacaKThIH JK€KEe OHIMIIUTITIHIH TOMEHACYiHE
KapaMacTaH, ©CIMIIKTEPAIH THIFBI3IBIFBIH aPTTHIPY apKbUIBl TYPAKThl OHIMIUIIKTI KaMTaMmachl3
eTeTIH eH aiiKbIH OH acepi kepceTTi. TaMbIpChI3 eHAey YIIIH KOJIAAHBUIATHIH CEJICHUT MEeH HATPHUil
CEJICHATBIHBIH ePITIHAIICPIHAET] CeJIeH KOHIICHTPAMIChl MEH OHBIH JIOHJET1 KYpaMbl apachIHJa
Tikene Oainanpic opHarbutFaH (r = 0,99). HaTtpuii cenenaTslH KoJianFaH ke3zie ceneHutieH (b =
44,94) canpICThIpFaHJa CEJICHHIH HEFYPJBIM KapKbIHABI KHHAKTaIybl (b = 80,23 xoaddummeHTi)
Oaiikamanel. HaTpuii ceneHaThIHBIH EpITIHAICIHACT] CEJICHHIH MaKCHMAalbl KOHICHTPAIUSIChIHIA
(0,01%) 6upaii qoHIHAETT MUKPOSJIEMEHTTEPAIH MoIIepi OaKblIayMeH CalbICThIpFaHa 6,4 ece ocCTi.

Tyiiin ce3aep: Ouodoprudukanms, xa3aplk Owmaid, cenen (Se), Hox (I), Tambipman ThIC
a3bIKTAHABIPY

Ecological engineering in agroecosystems: selenium enrichment of spring soft
wheat under the conditions of Northern Mongolia

Anna Sindireva, Erdenee Erdenetsogt, Anna Mangutova, Victoria leronova, Radmir
Kosolapov

Abstract. The article presents a comprehensive analysis of the influence of selenium and iodine
micronutrients on the growth and development indicators of spring soft wheat (Triticum aestivum L.).
Field experiments were conducted to study the effect of sodium selenite, sodium selenate and
potassium iodide on the biometric parameters and yield of the crop. The results demonstrate a
differentiated response of plants to the application of various forms and doses of trace elements as
fertilisers. Sodium selenite showed the most pronounced positive effect, ensuring stable yield by
increasing plant density, despite a decrease in individual ear productivity. A direct correlation has
been established between the concentration of selenium in selenite and sodium selenate solutions
used for foliar application and its content in grain (r = 0.99). When sodium selenate was used, a more
intense accumulation of selenium was observed (coefficient b = 80.23) compared to selenite (b =
44.94). At the maximum concentration of selenium in the sodium selenite solution (0.01%), the
content of the microelement in wheat grain increased 6.4 times compared to the control.

Keywords: biofortification, spring wheat, selenium (Se), iodine (l), foliar feeding

233



PepakropJsap: 3.E. Konumes, H.E. PamasanoBa, JK.I'. bepaeHoB

ABToOpJiapFa apHa/IFaH HYCKAyJIbIKTap,
»KapusJIaHbIM 3THUKAChI )KypHaJl calThIH/a eHrisiareH: http://bulchmed.enu.kz

JLH.TymuneB aTbinAarbl Eypa3ust yITThIK YHUBEPCUTETIHIH XabaplIbIChL.
Xumusi. [eorpadus. IKo10THs CepUSsICHI.
- 3(152)/2025 - Acrana: EYY. 234 6.
[lapTTh! 6.T. - 20.43. TapanbiMbl — cypaHbIC 60UbIHIIA.
Bacyra Kos1 KobLibl: 30.09.2025
ALIBIK KOJIAAHBICTAFbI 3JIEKTPOH/BI HYCcKa: http://bulchmed.enu.kz

MasmyHbiHa munozgpagus xcayan 6epmetioi
Penmaknus mekeH-xaibl: 010008, Kazakcran Pecniy6sinkacel, ActaHa K,, CoT6aeB Keleci, 2.

JLH. T'ymuneB aTbingarbl Eypasusa yaTTeiK yHUBepcuTeTi Tes.: +7(71-72) 70-95-00(iwki 33-207)
JLH. TymuneB aTbiHarbl Eypasus yaTThIK YHUBEPCUTETIHIH 6acnachiH/a 6acbLI/bI


http://bulchmed.enu.kz/
http://bulchmed.enu.kz/

