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PARMELIA SULCATA-HbIH BUOJIOIrUAJIbIK BEJICEHAI
3ATTAPBIHA CATAJIbIK PEAKLUAJTIAP

byn scymvicma Parmelia sulcata (P. sulcata) vlnacwiHblH
KypamuviHoagel ouonocuanvly bencendi sammapea (bb3) cananvix
manoay drcypeizindi. Cmandapmmel cananbly mauioay 20icmepi apKblivl
KbIHA 9KCMPAKMBICHIHbIY KYPAMBIHOA (hrasoHouomap, Kymaputoep,
GenonovlK Kocvliblcmap, CanoHuHoep JCaHe ULNIK 3ammap CusKmol
neeizei b3 keweniniy 6ap exenoici pacmanodvl. Anvinean oy Hamuicenep:
@rasonouomapoviy 601ybl (epimiHOIHIY Capbl JHaHe KOHbID MYCKe
bosnyvl) ¢rasonoap, GaasoHordap, XaikKoHOAp MeH aypoHOApOblH
bap exenin atizakmatiovl. Kymapunoepee sxcypeisineern 1axmoHObl
CHIHAMAHBIY O HIMUdICECi OYN KOCbLIblcmapoblly PapmMaxkoiousivly
KYHObLIbIZbIH KepcemeOi. DeHON0bIK KOCLIbICIAP MeH ULTIK 3ammapobiH
(mannuomepoiy) 6oysl P. sulcata-Holy anmuoKcuOanmmulK JHcaHe alkblH
MUKpobxa xapcwl Kacuemmepin mixenei nezizoeiidi. Canonunoepee
JHCYpeizineer peakyusaniapobly Hamuxicecinoezi mypakmol KeOIK JHcaHe
KbI3bL1 MYyCcmiy nanoa 60aysl 01apobly mpumepneHouomsvl madu2amliH
0an1en0etloi.
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Conviven xamap, anmpayeHn myblHObLIAPLL MeH AIKALI0UOMapad
JHCypeizineen colHamanapovly mepic Hamudce kepcemyi P. sulcata
XUMUSTIBIK, KYPAMBIHbIH O3IHOIK epeKiieiicit JHCaHe CATbICIbIPMAbL mypoe
Kayincizoiein (0cbl monmazl NOMeHYuanobl MOKCUKATBIK, KOCBLIbICIAPObIY
JHCOKMBIEbIH) OL10IpeOi.

Ocwi 3epmmey nomudicenepi P. sulcata Kypamvinoa anmuokcuOanmmoix,
KabviHy2a Kapcol sHcane adanmozeHOik acepaepi oap BBE3-uwiy eneyni
Mmenuepoe HCUHANRAHBIH 0271e10elol. AHbIKMAanean GumoxumMusibly
npoguns P. sulcata-ner dapinik wukizam peminoe bLiblMu MYPEbIOAH
Heziz0en, OHbIH OMAHObIK (PapMayesmuKaIblK HaHe OUOMEXHOIOUATbIK
eHOIpicme Jcana, madueu Heane PYHKYUOHALObL KOCHALAp KO3l peminoe
KOJLOAHBLIY 271€YeMIHIH HCO2aApbl eKeHiH Kepcemeoi.

Kinmmi cesoep: Parmelia sulcata, buonoeusnvix bencenoi sammap,
cananvlk manoay, (pnasoHouomap, Kymapuroep, canoHunoep, QerHonovix
KOCbLIbICMAp.

Kipicme

AHTHOHOTHKTEPTe TOIIMIUTIKTIH 6Cyi MCH CO3BLIMAIIBI aYPyJIapIbIH TapaTyhl
armaiterana skaHa Bb3 xe3nepin i3ney Kazipri papMaKoIOTHSIHBIH 6aChIM OaFbITHI
6onbin TabbuTanpl. OChIFaH OaMIaHBICTHI OCIMIIKTEP KYpPaMBIHIAAFBI SKIHIIIIIK
MeTaOOMUTTEPIi 3ePTTEY YAKEH KBI3BIFYIIBUIBIK TyIbIpansl [ 1; 2; 3].

Kemanap (Lichenes) — oTocuHTe3neyIi Oamablp MEH CaHBIPAyKYJIAKTHIH
CUMOMOTHKAIBIK OipiecTiri 6ompim TadsIansr [4]. Onemuae 20 000-HaH acTam
Typi Oenrini, onapApIH iMIiHae eH Kol TaparaHnapsel Parmeliaceae, Cladoniaceae,
lecanoraceae tyvictapbl. P.sulcata Typi Parmeliaceae TypicbIHA KaTalbl
JKOHE CYp HeMece CYPFBUIT-KACBUI TYCTi JXKambIpak Topi3ai OerikTepiMeH
epekmeneHeni [5; 6; 7]. Taburu xarmaiima aram KaOBIKTapbIHAA, JKapTac
OeTTepiHe KOHE 0acka Ja KarTel cyocTparrapna ecemi. Ol — KOCMOIOIUTTI
TYp, stfHU Eypoma, A3usa, ConTycTik AMepuKa x&oHe ABCTpanus aiiMaKTapbIHIa
KeHiHeH TapanraH, an KaszakcTaH aymaresiHna Anraii, JKonrap xone lme
Amnaraynapsr, Kexmreray mer Kapkapansr eHipiepiame xke3aeceni [8; 9; 10].

JocTypari MenuIHaa TapMeIns THIHBIC aTy )KYHECiHIH aypyTapblH eMIey
YIIiH Ui KoIaasbuFad. KerHamapaprH CyiIbl CBIFBIHABUIAPE] MCH KaifHaTIaIaphl
XaIBIKTBIK METUIIMHAAA OPOHXUT, CO3BUIMAIIBI JKOTEIN KOHE THEBMOHUS CUSKTHI
aypyiapra puTo-maii perinae nainanansmans [11;12].
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Cyper 1 — Ilapmenust KbIHACHI

ConpgpikTal P. sulcata TypiHiH OMOXUMHUSIIBIK KYpamMbl MEH OMOJIOTHSITBIK
OeJIceH i 3aTTapBIHBIH CaMajblK KYPaMBIH 3€pPTTEy — (hapMaIleBTUKAJIBIK JKOHE
OMOMEeTUITIMHAIBIK KOJAaHy TYPFBICHIHAH MaHBI3bI.

OcsI 3epTTey JKYMBICBIHBIH HETi3Ti MakcaTsl — P. sulcata KypaMbIHIAFsI
Oononorusanslk Oencenmi 3aTTapabH (peronmgap, ¢hraBoHOMATAp, KyMapHUHIAECD,
CaIIOHMHJEP, MUTIK 3aTTap) OONYBIH CamallblK peakiysIap KOMETiMEeH aHbIKTaY.

Marepuagjaap MeH dicrepi

3epTrey HBIcaHbI peTiHae P. sulcata (KpHa TYp1, Parmeliaceae TYKBIMIACH)
TaJutoMbl anblHABI. KerHa yarinep Kazakcranuwiy IlbIFpic aiiMaFblHAH
2025 XBIIIABIH KOKTEMIHJE OPMaHJIbl ailMaKTapblHAH XUHAIILI. JKUHAIFaH
IUKI3aT IMaH-TO3aHHAH Ta3apThUIBIN, KOJECHKENI, )KaKChl KEIIETIICTIH Kep/e
O6emme TemmepaTypachkiHAa KenTipinai. Kenken yarinep yHTaK KyHiHe nedin
YCaKTaJBIM, opi Kapail Tangay VIIiH JaWbIHAANAel. OpOip Tanmay TypiHe
3—5 r MedIIepiHe ONIMIEHTeH MINKI3aT YITIepi KOJIaHbIIIbL.

3epTTey GaphICHIHIA OCIMAIK IIUKi3aThl KYPAMBIHIAFBI HET13T1 OHOJIOTUSIIBIK
OenceHi KOCBUTBICTAPABI — (DIABOHOUATAP, KYMapHHIEP, XPOMOHAAP, UK
3arTap, kail (heHOIIbI KOCBUIBICTAP, CATTOHUHACP, AHTPAIICH TYBIHABUIAPHI KOHE
AIKAJIONATAPIBI — CAlIANIBIK AHBIKTAY SICTEPl KYPTi3imi.

P. sulcata xprHACHI STAHOJIBIK IKCTPAKTHICBIHAAFHI Heri3ri bb3 TonTapeH
aHBIKTAY YIIH (hapMaKOTHO3MIAa CTAaHIAPTTAIFaH TYC ©3repici xKoHe TYHOATBIK
peakuusaIap KOJJaHBUIABL. BapiblK peakmusuiap ChIHAYBIKTapAa >KYpri3iiim,
HOTIDKEJIEp BU3YaIIBI Type OaramaHmbl.
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1.1Dnasonouomapza cananvix manoay

3 r eciMaik mmki3aTel 100 M Kombara canbIHbI, YeTiHe 30 mir 70 %-IbIK
9THI CIIUPTI KyibuIpl. Kocra kepi TOHa3BITKBIIIIECH Ka0bUIFaH Cy MOHIIACHIHAA
10—15 MUHYT SKCTpaKIHsITaHABL. AITBIHFAH CHIFBIH/IBI CYBITHIII, CY3Ti/ICH OTKI31III.
@unbpTpaT TOMEH/ET! peakiysIap apKbUIbl TANJaHIbl: MUAHUAWHAI peaKius,
amfoMuHUNA XiopuaiMeH peakius, temip (III) xmopumiMeH peakius, aMMuaK
epiTiHAiICiMeH JKOHEe KOPFAChIH alleTaThIMEH peaKIusiIap.

1.2 Canonunoepoi cananvlk anblKmay

5 rmmkizarran 50 mit cy Hemece 50 % 3THI CIUPTI @PKBUTBI SKCTPAKT AJTBIH/IBI.
DKCTPaKT canayblK PeaKIMsIIapMEeH TATJaHABl: KOOIK Ty3y ChIHAMACHI, KOPFaChIH
areTaThIMEeH, KYKIPT KbIIIKbUIbIMEH koHe JIadoH chiHamMackIMeH peakiusiiap.

1.2.1 Canonunoepoiy Xumusiblk mabuamvlH aHbIKmay

Bipzmeit kememzeri exi mpoOrpKa aTbIHAABL: OipIHIITICIHE 5 MIT TY3 KBIITKBIIBI
(HCI), exinmicine 5 mi Hatpuit ruapokcuai (NaOH) epiTiamici KyHsDiabl. Op
npoOupkara 0,5 MJI 3epTTeNiN OTBIPFaH OCIMIIK CHIFBIHABICHI KOCBIIBIN, | MHHYT
00iipr Oipkenki mraikamapl. KelIIKeUIABI KOHE CINTUIL OpTaja TY3UITeH KoOik
KeJIEMi CaJTBICTBIPBUI/IBI.

1.3 Kymapurnoep meH XpomMoHOapaa cananvl maioday

3,0 T yHTaKTanran eciMaik mukizatel 30 Ma 95 % >THN cnupTiMeH cy
MoHIIIackiHAa 10-20 MUHYT 3KCTPaKIUIAHIBL. DKCTPAKT CY3TiICH OTKI3UITCHHEH
KeHiH KyMapHH/epre jKoHEe XPOMOHIAapFa CaraiblK peakiysuiap Ky pri3iii.

1.4 Uinix 3ammapovl canaivl aHbIKmay

5 r yHTaKTanFaH mmkizatka 100 Mur KaliHaFaH Cy KYHBUIBIN, 5 MHHYT Cy
MOHIIACKIH/A dKCTpakuusaanabl. Cy31IreH CHIFBIHABI KEIATHHMEH, Kalnui
ouxpomarteiMeH jxoHe TeMip (II1) Ty3mapeiMeH peakmusiiap apKbUTBI TEKCEPITIi.

1.5 @enonovl Kocvibicmapa cananvlk mauoay

P. sulcata TammomsrHan ¢enonasr KocsuisicTap Folin—Ciocalteu pearenri
apKBUTBI KEIICH/ 1 TY3y peakusCchl Herizaeni. by omicte | r TauioMHaH anbIiHFaH
9TAHOJJIBI HKCTPAKT OCHI PEAKTHBIIEH PEKETTECIM, OHBIH KypaMbIHIa (EeHOIIbI
KOCBUIBICTAp Oap *armaiia Kek Tycke Oositaibl.

1.6 Aumpayer myviHOBLIAPBIHA CANANBIK MANOAY

0,2 r mmkizar ynrici 10 % NaOH epitinaiciMen Kei3asIpblibi, bopaTperep
PEaKIHSCH apKBUIBI TAJIAH/IBI. AMMHAK KaOaThIHBIH KbI3bUT HEMECE KYJITiH TYCKE
0O0sUTYBI aHTpAIICH TYBIHABUIAPEIHBIH Oap eKEeHIH KOPCETTI.

1.7 Anxkanouomapea cananeix maaioay

5 1 ycakranraH mukizar 50 M cy/a KaiHATBUIBIN, aJIbIHFaH CHIFBIHIBIFA
2 % HCI, 5 % NaOH >xone xi10podopM KOCBUIABI. ANBIHFAH CyJbl Kadat
Hparennopd xone Maiiep peakTUBTEpIMEH TEKCEPLIIIi.
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Hotum:kenep koHe TATKbLIAY

3eprrey Oapbickinna P. sulcata KeIHACHI KypaMbIHaars! Heri3ri bb3 camanbik
aHBIKTAY KYPri3uii. OpOip peakiys HOTHKeC OOMBIHIIA ABIHFAH TYC ©3repici, TyHOa
TY3UTyi HeMece epiTiHIl JKaFIaibIHBIH 63repici OOMBIHIIA KOPBITHIHIIBI KACAIIBL.

P. sulcata skcTpakThichIHAA (ITABOHOUATAPJBIH OOJYBIH aHBIKTAY
MakcaTblHJa OipHelle peakuusiap Xyprisinai. Peaknusimap HoTHXKeIepi
1-xecTene kenrtipinreH. [{naHuauH XKoHE aTIOMUHUN XJIOPHJIMEH peakuus
Ke3iH/e capbl TYCTIiH TY3UIyi Oalikanabl, Oy guaBoHIap MeH (JIaBOHOIIAPAbIH
6onysrn nanenneini. Temip (III) xsopuniMer spekeTTeCKeHie KOHBIP TYCTIH
naiiga 0oiys! raBaHOHAAP/BIH Oap eKEHIITH KOPCeTTi. AMMHAK epiTiHAiCiMEeH
peaknus Ke3iHje Jie capbl TYCTIH TY3UIyi (aBOHAAap MEH XaJKOHAAp TOOBIHA
ToH. COHBIMEH Karap, KOPFachlH alleTaThIMEH OPEKETTECKEHJIE allbIK Caphl
TYCTI TyHOA TY311IiIl, KypaMbIHIa 00C OPTO-THAPOKCHI TONTaphl Oap XalKoHIap
MEH aypoHJIap/bIH 0ap eKeHi aHbIKTaJI/Ibl.

1-xecre — P. sulcata >KcTpakThIHAAFBl (DJIABOHOWMATApFA CalajblK Tajjaay
HOTHXeNepi

Ne Peaxuus Hornxe KopbIThIHBI
aTaybl
HMaHUIUH . . | ®naBonmap MeH (aaBoHOIIAPIBIH 62
1. 1 A Capsl TyC TY31171 flap Men ¢ /LApJIbIH Oap
PEaKIHsCH EKCeHIH KepceTe/i
AdoMHHH DdnaBoHonATAPABIH Oap eKEHAITH
2. XJIOpUAIMEH Capsl TyC TY3111 JLTApJIBIH bap a
Jroren e i
peakiys
Temip (111 .
p(. ) L draBaHOHIAPBIH 0ap eKEHIH
3. xnopuaimMen | KowsIp Tyc Ty3inai N
Jronenenai
peakius
AmmHaK ®dnaBoHAap MeH (1aBOHOIAAPIBIH O
4. epitingiciven | Capsl Tyc Ty3inzi ftap | DITABOHONAAPBIH ©ap
eKeHiH Oinaipeni
peakys
Koprachin XankoHIap MEH aypoHIapAbIH O0IyBIH
5. aneTaTbIMeH AmIBIK capbl TYHOA Aap YPOHIap] Yy
KepceTei
peakIys

CanoHuHAEpre canalblK peakusIap alKbIH OH HOTHKe KepceTTi. Kebik
TY3Y ChIHAMachl Ke3iHJe TYPaKThl KOOIK TY3UIiM, CaltoHnHACPAIH 0ap eKeHmiri
nonenaeHyi. bapuii xoHe KOpFachlH Ty3JapbIMEH opeKeTTeCKeH e TyHOarap
TY3UJIiI, KOHIEHTPAMsIaHFaH KYKIPT KBIIIKBUIBIMEH Peakiusi Ke3iH/Ie KbI3bLI
TYCTi Oosty GaiiKasubl.
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Kecte 2 — CanornHzepre xacajiraH 3epTTey HOTHXeIepi

Ne | CanajbIK peakiusi aTaybl HoTuike cunarramachl
1. Ke0ik Ty3yre cbiHama TypaxTs! ke06ik Ty3inmi
Canonunaepai 0apuii Ty3sIMEH .
2. AcpAt bap ¥ Caprbin TyHOA maiiia 0061
TYHIBIPY
CanoHuHIEp/Il KOPFachlH alleTaTEIMEH ..
3. JIepul Kop 1 Tynb6a Ty3ingi
TYHJIBIPY
KonueHnTpii KyKipT KbIIKLUIEIMEH .
4. [CHTPII KYKIPT KBITIK Kp13b11 TYC Maiiza 60mabt
peakius
S. Canonunre JlagoH ceiHamMacs Kexurin—xacsut Tyc naiiaa 60ss
. OprasukablK KadaT KbI3FBUIT Caphbl
6. CanbKOBCKUI peakusiCchl p KK K P
TYCKe OOsIabI

CanoHuHAEPIH XUMUSUIBIK TAOUFAThI (2-CypeT) aHbIKTamabl. HoTmwkecinae
3epTTENTeH OCIMIK MHMKi3aThl KYPaMbIHIAFbl CATIOHUHACPAIH TPUTEPIICHOUITHI
CHUNATKa M€ €KeHiH gojenneiini. MyHaaid canoHuHIAEp KoOiHece KOFapbl
MOJIEKYJIQJIbl TPUTEPIIEH CIUPTTEPIHIH TIIMKO3UATEPi OOJBIN TaObIIaabI
JKOHE eciMaiKTepie OUOTOTHSIBIK OENCeH I KOCBUIBICTAP PETIHIE MaHBI3IbI
(U3HONIOTHSIIBIK POJT aTKApaIbl.

Cyper 2 — CanoHuH/IEP/IH XUMHSIIBIK TAOUFaThI
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CamoHUHAEPiH KoOiIK CAaHBIH aHBIKTAY HOTIKEINEpi 3 KecTele KOpCeTiTeH.
Kebix canbsiabIH x0Fapbl 60mysl (K =2000) canoHuHIEpiH alKbIH OCTKi-aKTHBTI
KacueTTepre ue eKeHiH OuTmipei.

Kecre 3 — CanonuHmep/IiH KoOiK CAHBIH aHBIKTAY

Ne CyiibuiTy peri Ko0ik TypaKThLIBIFbI
1. 2 ece (2 MJI 9KCTPAKT TEH 2 MII CY); Typaxrsl
2. 5 ece (2 MJI OKCTPAKT TeH 8 MJI ¢y); Typakrbt
3. 10 ece (1 mu akcTpakT nex 9 mi cy); Typaxrsl
4. 20 ece (1 mu sxcTpaxt nex 19 mi cy); Typaxrsl
5. 30 ece (1 mu akeTpaxT neH 29 mi cy); Typaxkcei3
6. 40 ece (1 mu axcrpaxT nex 39 mi cy); Typaxkcei3
7. 50 ece (1 mu akerpaxT neH 49 mi cy); Typaxkcei3

3eprrenren 1 % epitinaini 20 ece cyiiburtkanga (1 M 6acTanke! epiTiHmi
xoHe 19 M1 cy) *xanbl CYHBIITHUTY MBIHAFa TEH:
100 x 20 = 2000. Coiixecinme kobik cansl — 2000 Kypaiapl.

Kymapunepre apHaiFaH JJaKTOHJIb CHIHaMa HOTHKeC1 OOMBIHIIA epiTiHTi/Ie
capsl TYCTIiH T3yl OaliKayapl, OyJr eciMJIiK MIMKi3aThIHIA KyMapHHAEPIiH 6ap
ekeHiH kepcerTi. KymMapuHaep aHTHKOATyJISIHTTHIK, CIIa3MOJIMTHKAIBIK JKOHE
MHUKpPOOKa Kapchl OCIICEHIUIINIMEH OCMTiii, COHABIKTAH OYJI KOCBUIBICTAPIBIH
aHBIKTaIyb! P. sulcata hapMaKoIOTHsUTBIK TYPFBIIAH MaHbI3/1bl €KEHIH JQJISIICH I
3eprrey OolbIHIIA HITHXKETEP 4 — KecTe/le KOPCETUIreH.

Kecte 4 — Kymapunjepre sxacanraH 3epTTey HOTHKENIEpi

Ne CanaJsbIK peakius aTaybl Horuike cunarramacol
1. JlakToHIBI CHIHAMA Capsbl Tycke 00suTbIN, TYHOAFa TYCTI.
2. ABOKOCBIIBICTAPFa PEAKLIUS [IIue TycTec KpI3bUI TYC Maiaa OOJIbL.

Winik 3aTTapFa )Kypri3ijireH cblHaMasap HOTHKeCiHe (5-KecTe) dKelaTHHMEH
peakmus Ke3iHae epiTiHIIHIH JaiaaHysl OaWKanabl, all HETi3iK Cipke
KBIITKBUIBI KOPFACBIHMEH OpEeKeTTeCKeHAe TyHOa Ty3uiai. byn TaHHMITEpIiH
O6ap exenin kepcetti. Temip (III) Ty3mapsiMeH peakius Ke3iHAe Kapa-
JKAachll TYCTIH TY3iNyl KoHIeHcupieHreH Wimik 3aTttapasiH 0ap €KeHiH
nonenaeiai. MyHmIa KOCBUTBICTAPBIH OOYBl ©CIMAIKKE aHTHOAKTEPUATIBI
JKOHE KaOBIHYFa Kapchl KacueTTep Oeperi.
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Kecre 5 — Uinik 3aTTapra )acaiaraH 3epTTey HOTIDKEIEPi

Ne JKyprizisiren Toxipuoe Hornxe

1. JKenatHMeEH peakius -

2. Kasnii OuxpoMaTbIMeH peaxiust CapbI-KOHBIP TYC OOIIBI

3. Bpom cysiMeH peakiys CapbI-KbI3FBUIT TYHOA TY31111

4. Tewmip (III) Ty3mapbIMEeH peakiust Kapanay-xacbut Tyc 601161

S. KoprachIH aretaTbIMeH Cipke Tym6a Tysinmi
KBIIIKBIIBI OPTaa PEaKLus

6. Hatpwuii HUTpUTIMEH KBIIIKBUT ALTBIK KI3bUT TYCKE GOATLIBL.

opTazia peakmus

CeirprHabInarsl penonasl KocwmpicTap Folin—Ciocalteu pearentin
TOTBIKCBI3JaHbIpabl. byl pearent docdoppanaauit Mmen dochopmonudaeH
KBIIITKBUTBIHBIH KOCTIACKIHAH TYPAJIBI, OJT CUTTLTIK OpTaaa (PeHOIIBI KOCBUTBICTAPMEH
KOK TYCTI KemeHAep Ty3eni. XUMHUSITBIK PeaKIUsACH HOTHKECIH e Maiiia 60maThH
TYCTi KeIIeHHIH TY311yl 3-CyperTe OepiireH.

Cyper 3 — deHonIp! KOCBUIBICTAPIBIH
Folin—Ciocalteu pearenrtimen apekerrecyi

AHTpalleH TYBIHIBLIAPBIHA KYPTi3inreH BopHTperep peakmusChHIA
(7-xecte) e3repic OalikaaManbl, SFHU OyJl KiIacKa >KaTaThIH KOCBLIBICTAP
AHBIKTAJIMA/IbI.
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Kecre 7 — AHTpatieH TysIHABUIAPBIHA KacalFaH 3epTTey HOTIDKEIepi

Ne JKyprizinren Taxipuoe Hoarnixe
1. bopHTperep peakiuscel O3repic O0JIFaH KOK
2. Maruwuii anetaTbIHbIH 1% crimpTTi .
| ALCTATRIHBIH 170 CITHP Osrepic 6OJIFaH KOK
epITIHAICIMEH peakIys

CoJ1 CHSIKTBI, aJIKAIOUITapFa CalalblK peakiysiiap xxyprizrese, parennopd
*koHe Maliep peakTHBTEepIMEH, COHIai-aK KYKIpPT KOHE a30T KBIIIKbUIAAPHIMCH OH
HoTmke Oepinmeni (8-kecte). by P. sulcata KpIHACHI KypaMbIHIA ATKAIOUATAPIbIH
YKOK HeMece OTe a3 MeJlliep/ie OOJIaThIHBIH KOPCETTI.

Kecre 8 — Ankajouarapra xacaaraH 3epTTey HOTHXKEIEPi

No CanaJbIK peakuusjap Hotuxenepi

1. Jlparennop¢ peakTHBIMEH peaKIlHs Osrepiccis

2 Maiiep peakTHBIMEH peaKiys Osrepiccis

3. IIukpuH KBIIKBUIBIMEH PEeaKLus Osrepiccis

4 Bymapn, Baruep, JTrorons Osrepiccis
PEaKTHUBIMEH peaKius

KopsIThIHABI

Kyprizinren 3eprrey HoTmKenepi P. sulcata Kypambrana 6ipkarap bb3 6ap
eKeHiH KepceTTi. 3epTTey OapbichiHia (IIaBOHOUATAP, KyMapHHAED, (EHOIIBIK
KOCBUIBICTAP, CAIOHUH/IEP JKOHE HIJTIK 3aTTapFa CalajbIK PeakIHsIap OH HOTHKE
6epmi.

@drraBoHOUATAPFA apHAIFaH ChIHAMANap HOTIKECIHIE epITiHAlI TYCIHIH
capbl )KOHE KOHBIP TYCKE ©3repyi oJapJblH KblHa KypaMblHIA (IaBOHIAp
MeH (hITaBOHOJIAPABIH, COHIA-aK XalIKOHAAp MEH aypoHAapAbH 0ap eKeHiH
nonenaeni. Kymapunaepre Kypri3iJireH JakTOHIBI ChIHAMa Capbl TYCTIH
TY3UTyiMEH OH HOTIKE Oepill, OYJ1 KOCBIIBICTAPABIH 0ap eKeHiH KOPCeTTi.

AHBIKTaJFaH MK 3aTTap MeH (eHOIAbI KOCHIIBICTap KBIHAHBIH OMOIOT USUTBIK
OeJCeHAiNiTiH, COHBIH IMiHAC aHTHOKCHAAHTTHIK JKOHE aHTHMHUKPOOTHIK
KAaCHEeTTEPiH TYBIHIATYbl MYMKIH.

CamoHnHAEpTe KXYPTi31ITeH ChIHaMaap TYPAKThI KOOiK TY31Iyi MEH KBI3bLT
TycTi O0sTyTBIH Maiiia O0JTybIHA HET13/ETIIIT, Oap IbIH TPUTESPIICHOUITH TAOUFATHIH
aHBIKTAayFa MYMKIHIIIK Oepi.

CoHBIMEH KaTap, aHTPAIleH TYBIHBIIAPHI KOHE AKAJIONATAPFa JKYPIi3iIreH
peakuusiap Tepic HOTIKE KepceTTi, Oy P. sulcata XUMUSAIBIK KYpaMBIHBIH
O31H/IIK epeKIIeNiriH OuTmipeni.
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3eprrey HoTIKeepi P. sulcata KypaMbIHIa ONOTOTHSIIBIK OeTICEH/ T 3aTTapIbIH
OOITYBI, TYPITi OHOJIOTUSUITBIK KOHE (PapMaKOIOTHSITBIK OCIICEHIUTIKTeP IiH O0TyhIHA
okeneni. OceI opaiina Oy eCiMIIIK ITUKi3aTHIH OTAHIBIK (PapMalleBTHKAIBIK KOHE
OMOTEXHOJIOTHSUIIBIK OHIIPICTe OCIMAIK TEKTI JOPLTIK 3aTTapablH TaOWFU Ke3i
peTiHIe KoJIaHyFa MYMKIHIIT] Oap eKeHIITIH KopceTe .
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KAYECTBEHHBIE PEAKIIMX HA BUOJIOTNYECKH
AKTHUBHBIE BEIIIECTBA PARMELIA SULCATA

B oannoii pabome Ovin npogeden kawecmseenHbill AHANU3 OUOTIOSUYECKU
axmueHwix seujecme (BAB), cooeporcawpuxcs 8 nuwatinuxe Parmelia sulcata
(P. sulcata). C nomoupbro cmanOapmHuix Menooos KauecmeeHH020 AHANU3d
ObLIO NOOMEEPIHCOEHO HanudUue 8 IKCMpAaKme AUMATHUKA KOMNIEKCd
ocnogHblx BAB, maxux xkax ¢aagonoudwi, Kymapunsl, eHoibHble
coeOuHeHUs, CanoHuHbl U 0YOUTbHbIE 8elecmad.

Tlonyuennvie nonodxcumenvrvle pe3yibmamsl. Harudue GiasoHou00
(okpawusanue pacmeopa 8 JHCeamulli U KOPUYHEGHL Yeema)
ceudemenvcmeyem o npuUcymcmeuu PaagoHos, huasoHoN08, XAIKOHOE U
ayponos. Ilonosicumenvhbiil pe3yavmam 1aKmMOHHOU Npoobl, NPO8eOeHHO
HA KyMapumbl, YKaszvleaem HA apmaKoiocuyecKyro YenHoCms IMmux
coeounenul. I[Ipucymcmesue eronbHbIX cOeOuHeHUll U OYOUTbHBIX
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sewecme (MAHHUO08) HANPAMYIO 0OOCHOBLIBAEN AHMUOKCUOAHMHbIE U
8bIPAdNCEHHBIE NPOMUBOMUKPOOHBIE ceoticmea P. sulcata. Yemoiiuueas
NneHa u nosisiieHue KpAcHoU OKPACKU 8 pe3yibmame peakyuii Ha CanoHUuHbl
00KA3b18AIOM UX MPUINEPNEHOUOHYIO NPUPOOY.

Kpome mozco, ompuyamenvrule pezynivmamol npod Ha npou3800HbvLE
ammpayena u aiKaioudbl c8udemenbCmeym 06 0coOeHHOCmMAX
Xumuueckozo cocmasa P. sulcata u eco omnocumenvroul 6ezonacnocmu
(omcymcmeue nomeHyUaIbHO MOKCUYECKUX COeOUHEHUL OAHHOU 2PYNNbL).

Peszyremamer dannozo uccreoosanus dokaszviearom, umo P. sulcata
Hakaniugaem 3uawumenvHoe Koauvecmeo BAB ¢ anmuokcuoaHmmvim,
NPOMUBOBOCNATUMENbHBIM U AOANIOEHHBIM OeliceueM. Y cmanosneH bl
dumoxumuyeckuii npodunv Hayuno obocHo8vigaem npumenerue P.
sulcata 6 xauecmee 1eKaAPCMBEHHO20 CbIPLS U NOKA3bIBAEN bLCOKULL
NOMEHYUA e20 UCNONIb30BAHUS 8 OMeYeCB8EeHHOM (Dapmayesmuieckom u
OUOMEXHONI02UYECKOM NPOU3BOOCBE KAK UCHIOYHUKA HOBbIX, NPUPOOHBIX
U QYHKYUOHANBHBIX 000ABOK.

Kurouesvie crnosa: Parmelia sulcata, 6uonocuuecku axmugHvle
sewecmed, KayecmeeHHblll aAHAIU3, lasoHoUObl, KyMAPUHbL, CANOHUHDI,
0yOubHbIE Geuecmad.
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QUALITATIVE REACTIONS FOR BIOLOGICALLY ACTIVE
SUBSTANCES OF PARMELIA SULCATA

The positive results obtained: the presence of flavonoids (manifested
by the solution turning yellow and brown) indicates the presence of flavones,
flavonols, chalcones, and aurones. A positive result of the lactone test
for coumarins suggests the pharmacological value of these compounds.
The presence of phenolic compounds and tannins (tannides) directly
substantiates the antioxidant and pronounced antimicrobial properties of

P. sulcata. The stable foam and the appearance of a red color resulting
from the reactions for saponins prove their triterpenoid nature.

Furthermore, the negative results of tests for anthracene derivatives
and alkaloids point to the uniqueness of the chemical composition of P.
sulcata and its relative safety (the absence of potentially toxic compounds
from this group).

The findings of this study demonstrate that P. sulcata accumulates
a significant amount of BAS with antioxidant, anti-inflammatory, and
adaptogenic effects. The established phytochemical profile scientifically
Justifies the use of P. sulcata as a medicinal raw material and shows its
high potential for use in domestic pharmaceutical and biotechnological
production as a source of new, natural, and functional additives.

Keywords:Parmelia sulcata, biologically active substances,
qualitative analysis, flavonoids, coumarins, saponins, phenolic compounds.
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MOHOOBMEHHAS OYNCTKA MA3A OT [TIPOAYKTOB
AErPAOALNN U TEPMOCTOUKUX COJIEN

B oannoii cmamve npedcmagnen KOMIAEKCHbLL AHATU3 NPOYeccd
yoanenus mepmocmouKux conei U3 NPOMbLULTIEHHbIX PACTEOPO8
MEMUNOUIMAHOIAMUHA C UCNOTb30BAHUEM MEXHOT02UU UOHHO20 0OMEHdA.
Haxonnenue mepmocmoiikux coneti paccmampueaemes Kak 0OHAd u3
KAIOUeBbIX IKCNAYAMAYUOHHBIX NPOOIEM HA YCMAHOBKAX AMUHOBO
OUUCTKU 2a30, NPUBOOAWAS K MAKUM HE2AMUSHBIM NOCIeOCMEUAM, KAK
CHUdICEHUe abCcoOpOYUOHHOU CROCOOHOCNU PACMEOPUMEeNs, YCUIeHUe
KOppo3uu 060py00saHus, OnepayuoHHas HecmabuilbHOCMb U3-3d
BCTIEHUBAHUSL U POCIN OOWUX FHEP2O3AMPAN.

HemanvHo oceeujenvl 0OCHOBHbBIE MEeXAHU3MbI 00paA306aHUA
mMmepmMOCMoOUKuUx conell, 6KI0Uas OKUCIUMENbHYI0 0eepadayiio
MEMUNOUIMAHOIAMUHA U €20 PeaKyull ¢ NPUMECAMU 2A308020 NOMOKA, 8
pesyavmame KOMOPHIX 6 CUCmeme HAKANIUSAMCs MaKue AHUOHbI, KaK
dopmuam, ayemam, buyun, muoyuaram u cyivpam. OCHO8HOe GHUMAHUE
6 pabome y0eneHo NPUMEHEHUIO CUTbHOOCHOBHBIX AHUOHOOOMEHHBIX CMOL
0151 CENeKMUBHO0 U3BNIeUEHUs MEePMOCMOUKUX conetl. Onucanl NpUHYunbl
UOHHO2O OOMEHA U NOAHBIL MEXHOL02UUECKUU YUK, BKAUAS CMaouu
pabouezo npoyecca ucmowerue, 83pbIXIeHUs, peceHepayuu pacmeopom
e0Koeo Hampa u QuHanbHoU ommyleku. IIposeden cpasHumenbHbli
AHATU3 PA3TUYHBIX MUNOE CMOT NOTUCTIUPOTbHBIX U NOAUAKPUTOBBIX,
MAKPONOPUCTBIX U 2e1€8bIX, NOOUEPKUBAS KIIOUEesble KpUmepuu 6bloopa.:
MepMOCMOUKOCHb, YCMOUYUBOCb K OPSAHUYECKOMY 3ACPASHEHUI) —
Gayrunzy u a¢pgpexkmusrocmo pecenepayui.

Cmamws maxaice 8KIOUAC NPAKMUYECKYIO MEMOOUKY € NPUMEPOM
pacuema npooOICUMENbHOCU paboyue2o YuKkid Ha OCHose pabouell
0OMEHHOU eMKOCIU CMObL U KOHYEHMPAyuu mepmoCcmouKux coeil
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6 pacmeope. B zaknouenue deraemcs 661600, Umo mexmono2us
UOHH020 0OMeHA SIBNSIEMCS 8bICOKOIPPERMUBGHBIM U IKOHOMUUECKU
yenecoobpasHviM peuieHuem 0 NOOOEPHCAHUS KAuecmed aMUHO8020
pacmeopa, npu YCio8uu NPAsUiIbHO20 8blO0PA CMOIbL U ONMUMUZAYUU
MEXHON02UHECKUX NAPAMEMPO8 NPOYeccd.

Knouesvle cnosa: mepmocmotixue conu, MemuioudmaHoidMUH,
AMUHOBAsL OYUCMKA, Pe2eHepayusi CMOJbl, 0e2paayusi aMUHd, UOHHbLIL
00MeH, Koppo3us.

Brenenne

AMUHOBAsI OYHCTKA SIBISCTCS KPACyroJbHBIM KaMHEM B MHPOBOH
razonepepadaThIBalomei 1 He TeXUMUIECKON IPOMBIIIIIEHHOCTH, 00eCcIIeunBast
y/aleHne KUCIBIX Ta30B, TakuX Kak cepoopopos (H-S) m nmokcun yrimepona
(CO2), n3 TexHONMOTHYCCKUX TMOTOKOB [1]. Cpean pa3muYHBIX aTKaHOJIAMUHOB,
MetmwiamaTanonamMud (MJIDA) momyunt mmpokoe pacipocTpaHeHue onaronaps
CBOEH BBICOKOM CENEKTUBHOCTH 110 oTHOIIeHHIO K H2S B mpucytcTBun CO-, Gosee
HU3KOH TEIUIOTE peakiMy, YTO CHMKAET HHEPro3aTrpaTbl Ha pereHepanuio, u
MEHBIIIEH KOPPO3HOHHOM aKTHBHOCTH 10 CPABHEHHIO C IEPBIYHBIMH aMUHAMH [2].

OnHako B mpolecce JAIUTEIbHOM 3KCIUTyaTalluu pacTBopsl MDA
MOJIBEPTAIOTC XUMHUYECKON JIeTpajalni, 4To MPUBOJUT K 00pa30BaHUIO U
HAKOIJICHUIO TEPMOCTOMKHX COJEeH. DTH COJM, B OTJIMYME OT KapOaMaToB U
OukapOOHATOB, HE Pa3IaraloTCs B YCIOBUAX CTpHUIMIIEpa (iecopOepa), HeoOpaTHMO
CBSI3bIBAsl aMHMH M HaKaIJIMBasCh B cucteme [3].

Haxorurenne TCC — TepmocToiikux cosnet cbimie 1-2 % ot Macchl amuHa
SIBIISICTCSI O/THOM M3 CEPbE3HENIINX IKCILTYaTAlIMOHHBIX 1TPpo0sieM. OHO TPUBOANT
K [[eJIOMY KacKaJy HeraTHBHBIX ITOCIIEACTBHUH:

a) CHmkeHue abcopOunoHHON crrocoOHOCTH: CBSI3aHHBIA B COJM aMUH
TEepsIET CIIOCOOHOCTB MOTJIOMIATE KUCIIBIE Ta3bl, YTO TPEOYET YBEIHMUCHHS CKOPOCTH
LUPKYJSIIAN PACTBOPA ISt TOCTIDKEHNUS TOM JKe€ CTENEHN OYHCTKH, a 3TO, B CBOIO
o4epe/ib, MOBBIIIACT ONEPAIIMOHHBIC 3aTPaThI [4].

0) Ycunenne Koppo3un: AHHOHBI, TAKHE KaK XJIOPHJ, CyIb(aT H 0COOCHHO
THOCYIB(AT, ABIAIOTCS MOIITHBIMUA KOPPO3HOHHBIMH ar€HTAMH JJIsl yTIIEPOJUCTOH
CTaJIH, BBI3BIBAsI IOKAIBHYIO 1 OOIIYI0 KOPPO3HIO 000PYA0BAHUSL, UTO COKPAIIAET
€r0 CPOK CITYKOBI [5].

B) YBenmueHne BA3KOCTH U IUIOTHOCTH PAacTBOpa: JTO MPHUBOJIUT K POCTY
THPABIMYECKOTO CONPOTHBIICHHS CHCTEMBI, YBEITHIECHHIO HArPY3KH Ha HACOCHOE
000pyIOBaHUE U CHIDKEHHIO A (HEKTUBHOCTH TETIOOOMEHA.
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r) BenenuBanue pactBopa: TCC mMoryT AelCTBOBaTh Kak IMOBEPXHOCTHO-
aKTHBHBIC BEIIECTBA, CTAOMIM3UPYs IMEHY, YTO HapylmaeT MacCoOOMEH B
abcopbepe 1 MOXKET IIPUBECTH K YHOCY aMHHA M aBAPUITHON OCTAaHOBKE YCTAHOBKH.

Jnsa mogmepkaHus cTadbmIbHONH M 3P (PEeKTHBHONW pabOTH yCTAHOBOK
AMHHOBON OYMCTKH MPUMEHSIOTCA Pa3JIMYHbIE TEXHOJIOTHUN yJaJICHUS
TCC. Cpenn HUX HOHHBIH OOMEH 3apeKOMeHaoBaa ceOs Kak OAUH W3
HanboJsiee THOKUX M SKOHOMUYECKH OIpaBJaHHBIX METONOB. B nanHHOM
cTaTtbe moApoOHO paccmarpuBaetcs npoinecc yaaneHuss TCC u3 pacTBopoB
MDA ¢ mOMOIIbI0 HOHOOOMEHHBIX CMOJ, BKIIIOUas YIITyOJICHHBINH aHAIN3
MEXaHHM3MOB JeTpajalnuy, XapaKTEePUCTHK CMOJ, PAaCUETHBIX METOJIHK
1 TIPAaKTUYECKUX ACHEKTOB SKCIUTYaTAIIH.

[Tonnmanue MexaHu3MoB oOpazoBanus TCC sBaseTCs KIHOYOM K HX
MIPEIOTBPAIEHUIO M YPPEKTUBHOMY yAAICHHIO. TE€PMOCTOIKHE COIH — 3TO
MIPOJLYKTHI CIIOKHBIX M 3a9aCTyI0 HEOOPATUMBIX XMMUYECKUX PEAKIIUH.

a) OxkucnurenbHas gerpajnanus amuHa: PactBopenHbl kucinopon (O:z)
SIBIIACTCS TJIABHBIM MHUIATOpoM aerpamannu MJIDA. MexaHu3Mm BKIIOYaET
o0pa3oBaHNE CBOOOAHBIX PAJUKAIOB U IOCIEIYIONIEe OKUCIEHHE aMUHa 10
QJIBAETUIOB U KapOOHOBBIX KUCIOT [6]. DTOT mporiecc ycKopsieTes U BEICOKUX
TeMIIepaTypax B pereHepaTope W B IPUCYTCTBUU HOHOB MeTayuioB (Fe?', Cu?"),
KOTOpBIE ACHCTBYIOT KaK KaTain3aTopbl. OCHOBHBIMU HPOIYKTAMH SIBIISIFOTCS
KOPOTKOIIETIOYEYHBIE KUCIIOTHI (MypaBbUHAs!, yKCyCHasI, JIUKOJICBAs, II[aBEJICBAs ).

6) derpanarms ¢ yaactrem CO2: B pricyterBrm CO: OKHCTHTEBHAS IETPAIaLs
MJIDA MOXeT IpUBOANTE K 00pa30BaHUIO CIOKHBIX aMHHOKHCIOT. Hambomee
W3BECTHBIM NPOAYKTOM siBsieTcss OUIHH (N,N-Ouc(2-THApOKCHITHI)TIUIINH),
KOTOPBIN 00pa3yeTcs B pe3ylbTaTe peakuun kapookcumipoBanmst MJIDA [7].

B) Peakuu ¢ mpumecsimu B rase:

1) Huanauctsrit Bogopox (HCN): Pearupyet ¢ nonucynshugamMu

(oOpazyromumucs npu okuciaernn H.S) ¢ oOpa3zoBaHneM THOIMAHATOB
(SCN).

2) Cepooxcup yriepoaa (COS) u cepoyriepon (CSz): 'maponusyrores B
pacTBOpe aMHHa, CTIIOCOOCTBYsI 00pa30BAHUIO

THOKapOaMaToB U JIPyTUX CEPOCOCPIKAIINX COSTNHEHUH, KOTOPBIE MOTYT
Jlaiee OKUCIATHES 10 THOCYIb(aToB (S20327) u cynbdaTon (SO4>).

Tabnuma | — OCHOBHBIC aHHOHBI TEPMOCTONKHX COJICH U MIX MCTOUYHUKH.

AHHOH Xumnyeckas gpopmy.ia Mcrounnk o6pa3oBanus
dopmuar HCOO Oxucnenne MIDA
Arnerar CHsCOO~ Oxkucnenne MDA
Okxkcanar (CO0)> Oxucnenne MIDA
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Tnukosnst HOCH2COO~ Oxucnenne MDA
B (HOCH,CH:):NCH.COO- | Oxuerenne MIIDA s
npucyrcreuu CO2
Tuocynbdar S205* Oxwucnenne H2S, peaknus ¢ SOz

Tuonuanat SCN- Peakuus ¢ HCN
OKuCIIeHHE COeTUHEHUH CepBI
Cynbdar SO ’
yb N nanuure SO2/SOs
IlocTynienue ¢ nmoanuTOYHOU
BOJIOM MJIU Ta30M

Xnopun ClI-

Marepuajbl 1 MEeTOABI

Wonnsrit 06MeH — 310 mporece, npu kotopoMm moHbl TCC m3 pacTtBopa
amMHHa OOMEHMBAIOTCS Ha (PYHKIIMOHAIBHBIC HOHBI, 3aKPEIUICHHBIC HA MATPUIIC
HOHOOOMEHHOW cMONBI. JIJIst 9TOH IE€TM MCHOJNB3YIOTCS CHIBHOOCHOBHBIC
annoHoobmenable cMoibl (CBA), mpeaBapuTeIbHO pereHepupOBaHHEBIC B
runpokcuanayio (OH™) dpopmy [8].

[puaInn padoTsr:

OuncTtka 0OBITHO TTPOM3BOIUTCS IO cxeMe «slip-streamy (Oaifmac), korma
HebobIIoi oToK (1-5 %) pereHepupoBaHHOTO («TOIIET0») aMHHA OTBOIHUTCS
OT OCHOBHOTO KOHTYpPa M HalpaBIIsIeTCs] B HOHOOOMEHHBIH (QHIIBTP.

Xumu3M mporiecca (CTaausi CepBUCa/UCTOIICHHS):

Resin-N*Rs OH™ (cmomna) + H-Amine*A™ (coms) —

Resin-N*Rs A~ (cmoma) + H-Amine + H:O.

I'me Resin-N*Rs — ¢yHKIIMOHANBHASA TPYIAa CMOJIBI (4ETBEPTUIHOE
aMMOHHEBOe ocHOBaHue), a A~ — annon TCC.

B pesynprate anmonsl TCC ¢ukcupyoTcs Ha cMoje, a B pacTBOP
BO3BpAIACTCS] aMUH, «OCBOOOXKIAECHHBII» OT conn. Korna cmora Hachlmaercs
(mpoucxomut «mpockox» TCC), ee BEIBOAAT U3 pabOTHI HA peTreHepaIHio.

ki1 paboThl HOHOOOMEHHOM yCTaHOBKH:

[TpoMbInICHHAsT yCTaHOBKA YacTO BKIIOYAET 1Ba (DMIIBTpa, pabOTAIOMNX
B pekuMe «Benymmi-Benombrin» (lead-lag), uto obGecreunBaeT HEMPEPHIBHYIO
OYHCTKY ¥ OOJIee MOJTHOE UCTIONH30BAHNE EMKOCTH CMOJIBI.

a) CepsucHbrii nuki (Service): [Ipomyckanne amMmHa 4epe3 CMOIY IO
JOCTIDKEHUS 3aaHHoi koHnerTpanuu TCC Ha BBIXOE.

0) Baprixnenne (Backwash): [Togaua memmHepamn30BaHHONW BOJIBI CHU3Y-
BBEPX UISl YAAICHUS B3BEIICHHBIX YaCTHUI U Pa3yIUIOTHEHUS CIIOSI CMOJIBL.

B) Perenepanus (Regeneration): [Ipomyckanue pa30aBIeHHOTO pacTBOpa
enxoro Hatpa (4-6% NaOH) ms Beirecaenns annoHoB TCC 1 BOCCTaHOBIICHUS
OH - op™MBI CMOJTEIL.
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Resin-N*Rs A~ (cmomna) + NaOH — Resin-N"Rs OH™ (cmoma) + NaA (pactBop
colie).

r) Memrennas ormbiBka (Displacement Rinse): MemeHHas mpoMbIBKa BOJOH
JUTS BBITECHEHUS OCTATKOB IIIEIOYH.

1) Brictpas ormeiBka (Fast Rinse): ®unanbHas ObIcTpast IPOMBIBKA BOJON
JI0 TOCTIKEHHUs TpeOyeMbIX ImoKazaTelneil kadectBa (pH, 3JeKTpompoBOAHOCTE ).

[IpaBunbHEIA BEIOOP CMONBI — KIFOYEBOH (akTop ycmexa. HeBepHo
momgoOpaHHas CMOJa MOXET OBICTPO AETpagupoBaTh HJIH HEOOPaTHUMO
3arps3HATHCS, YTO MPUBEIET K BRICOKUM IKCIUTYyaTAIlHOHHBIM 3aTpaTaM.

a) Tun MaTpHUIIBl CMOJIBL:

1) IomuctuponbHas (Styrene-Divinylbenzene): Ctanmapt otpaciu,
o01ajaeT BEICOKOM MEXaHUIECKOM MMPOYHOCTHIO H TEPMUIECKOM CTAOHIBHOCTHIO
(o 80—100 °C). OcHOBHOIT HEAOCTATOK — THIPOPOOHOCTD, UTO ETIACT €€ YSI3BUMON
K HeoOpaTUMOMY 3arpsi3HEHUIO ((PaylHuHTY) TSDKEIBIMH YTICBOJAOPOIAMA H
MPOAYKTaMHU JeTpaJallii aMIHA.

2) [onmakpuiosas: ['uapodriipHas MaTpuUIla JeTlaeT ee 3SHaYNTeIIbHO OoJiee
YCTOHYMBOH K opraHmdecKkoMmy (aynuHTy. Takme CMOJIBI TakKe MOKa3bIBAIOT
BBICOKYTO 3(p(pekTHBHOCTH pereHeparin. OTHAKO HX TEPMOCTOHKOCTh HIKE, YeM
y TOJIMCTHPOIBHBIX aHaJoroB (006raH0 10 60 °C) [9].

6) CtpykTypa mop:

1) TemeBast: O6namaeT BHICOKOW OOMEHHOW €MKOCTBIO, HO HH3Kas
TTOPHUCTOCTH 3aTPyIHSET U PY3UI0 KPYITHBIX HOHOB H JIETIACT €€ TyBCTBUTEIHHOM
K OCMOTHYECKUM yIapaM.

2) MakpomnopucTas: IMeeT )eCTKyI0 CTPYKTYPY € KPYITHBIMHU TIOPaMH, 9TO
00JIer4aeT JOCTYI HOHOB K aKTHBHBIM IIEHTPaM. DTO 00eCTIeYrBaET IPEBOCXOIHYTO
KUHETUKY, BBICOKYIO CTOHKOCTh K OCMOTHYECKHM IIOKAM ¥ OPTaHUYECKHUM
3arpsA3HEHUSM, 9TO JIeNIaeT MaKPOIIOPHCTHIE CMOJIBI IIPEIIOYTHTEIBHBIM BEIOOPOM
JUTSL OYUCTKH aMUHOB.

B) ®ynxmmonansHast rpymma (CBA):
1) Tun I (Tpumetnnammonwii): HanmBpICIIas OCHOBHOCTh I XUMHUYECKAs
CTaOMIBHOCTE. DPPEKTHBHO yAAIIIOT Bce aHHOHBI TCC.
2) Tun I (AuMeTnisTaHOIAMMOHUI): MeHee TepMUYeCKH CTaOMIIBHBI,
HO JIeT4Ye pereHepupyroTcs. i TOpsYnX aMHHOBBIX KOHTYPOB PEKOMEHIYETCS
HCI0JIb30BaTh cMouibl Tuma I [10].
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Tabnuma 2 — CpaBHEHHE CMOJT JJIs1 OYHCTKU aMUHA.

Iomuctuponshas, Tun | Ilommakpuiosas, Tun | Pexomenpanuu mno

Hapamerp 1, Makponopucras 1, Makponopucrast HPUMEHEHHIO

ITonuctuponsHele
CMOJIBI 11715 TOPSYUX
MIOTOKOB TOLLIET0
aMuHa.

TepmocToiikocTh Beicokas (no 100 °C) Cpennsist (no 60 °C)

Ilonuakpusnoseie
CMOJIBI 17151
Cpennss Beicokas CHUCTEM C BBICOKUM
comepKaHueM
OpraHUKH.

YceToiuuBoOCTh K
(haynunry

AKpPUIIOBBIE CMOJIBI
Beicokas OueHb BBICOKAs MOT'yT 00€CIIeunTh
(=1.2 sxB/m) (=1.3-1.4 >xB/n) OoJee JUTUTENbHbIC
(HIBTPOLUKITBL.

O0MeHHasi eMKOCTh

AKpPUIIOBBIE CMOJIBI
CrangaprHas Beicokas TpebytoT Ha 20-30%
MEHBIIIE KayCTUKa.
Kpewmnwii (SiO:2)
MOXET HeoOpaTumMo
Huskas Beicokas 3arpsA3HATh
MIOJIUCTHPOJIBHEIE
CMOJIBL.

ddekTuBHOCTH
perenepanun

YceToiunBoOCTh K
KPeMHUI0

D¢ dexTHBHOCTE ycTaHOBKH OMpeensieTcs ee pabodeii 00MEeHHOI eMKOCTBIO
(POE) — daxtruecknm xonmdectBoM TCC, koTopoe moriomaer | JIUTp CMOJTBI
B peaJbHBIX YCIOBHSAX 0 HPOCKOKA.

[Tpumep pacyera CepBUCHOTO MUKJIA (PACITHPEHHBIN):

Hcrnonb3yeM JaHHBIE M3 TIPEIbIIYIIero npuMepa, Ho yuareM coctas TCC:

— O6mmii yposens TCC: 8000 ppm (mr/m).

—Cocras TCC (ynpomtenno): 50 % dpopmuarst, 30 % anerarst, 20 % OunnH.

— IloTokx aMHHa HA OYHCTKY: 2 M>/d.

— O6wem cmomsl B puimbTpe: 1.5 M.

— POE cwmoms! (mpuasitas): 0.5 sxs/m (500 sxB/M3).

[ar 1: Pacger cpeaneB3BenieHHOH dkBrBaIeHTHON Macchl TCC.

— DkBuBanenTHas Macca popmuata (HCOO™): 45 1/3kB.

— DkBuBanenTHas Macca aretara (CHsCOO™): 59 r/aks.

— OxkBuBanenTHas Macca ourmHa (CsHi:3NO4"): 163 1/3kB.

— CpenneBsBemieHHas dkB. macca = (0.5 * 45) + (0.3 * 59) + (0.2 * 163) =
22.5+17.7+32.6 =72.8 r/7kB.

[ar 2: Pacuer xoruenTparwm TCC B SKBUBaJICHTAX.

— Konnentparms TCC ans yoanerus = 8000 mr/m = 8.0 /1.

— KonmnenTparws B 9kB. = 8.0 1/1/ 72.8 1/5kB =~ 0.110 3xB/71 = 110 3KB/M>.

23



TopaiireipoB yuuBepcuterinin Xabapibicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 4. 2025

[ar 3: Pacyer o6meit moriomaroniei CiocoOHOCTH (PUITBTpa.

— O6mmas emkocts = O0seM cMoitbl * POE = 1.5 M® * 500 sxB/M> = 750 3KB.

[ar 4: Pacyer o0beMa aMHHA, KOTOPBIH MOKHO OYHCTHTb.

— O6wem ammna = OOmas emkocth / KoHnenTparwust B 3xB. = 750 3kB /
110 sxB/M>® = 6.82 M3,

[ar 5: Pacyer mpoI0omKUTEIEHOCTH CEPBUCHOTO LIUKJIA.

— IlponomxurensHocTh = O0BeM amuHa / [ToTok Ha QuabTp = 6.82 M* /
2 M*/a = 3.4 yaca.

BreBox: YTouneHHBIH pacueT, yunthiBaromuii coctaB TCC, moka3siBaeT
3HAYUTEIHHO MEHBIIYIO TPOIOIDKATEIEHOCTE IUKIa (3.4 Yaca MpOTUB § 4acoB
B MIEPBOM MPUONIMKEHUH). DTO MOAYCPKABACT BaXKHOCTH JCTAITBHOTO aHAIH3a
cocraBa TCC i TOYHOTO MPOSKTUPOBAHUS U SKCILTYaTalllnH YCTAaHOBKH.

Pe3yabTaTsl U 00cyK1eHUe

Bri6op texnomornu ynanenus TCC 3aBucuT oT Macmrada IpOU3BOICTBA,
Oro/KeTa U CIICII(HUKH 3arpsI3HSHUI.

WouHBIT 00MEeH SBISETCA «30JOTHIM CTaHIAPTOM» IS OOJIBIIMHCTBA
MIpUMEHeHnH Omaronaps cBoeit 3 (heKTUBHOCTH, THOKOCTH M TIPEICKa3yeMOCTH.

Tabnuma 3 — CpaBHEHHE TEXHOJIOTHH pereHepaIii aMiHa.

. HNoHoo0MeHHBbIH Bakyymuas
Kpurepunii DJIeKTpoANAIN3
metoa (IEX) TUCTUILIISIUA
Huskue/
KanuranbHsble 3aTpaTsl Bricokne OueHb BBICOKHE
Cpennue
Cpennue Bericokue (3HEprus, Cpennue (3neprus,

Onepauuonnue 3aTpaTbl

(peareHTbl, Bozia)

nap)

3aMeHa MeMOpaH)

O4eHb BBICOKAS

34;2:5:::;“0”" Beicokas (ymamster TCC u Beicokas
ya HPOJYKTHI A€TPaIaliim)
Kunkue (pactBop | KonnentpupoBannsiit | Kuaxue

O0pa3syemble 0TX0IbI

cosieit Na*)

KyOOBBIif OCTAaTOK

(KOHIIEHTpAT coJie)

Ce1eKTUBHOCTH

Vnanser TolIbKO
HOHHbIE TIPUMECH

HecenekruBHa,
YAQJISET BCE HENETY4ue
KOMITOHEHTBI

Vnanser ToiabKO
HMOHHbIE IPUMECH

IMoTepu amuua

MuHuMaIbHBIC

3Ha4YuTEIbHBIE (10
5-10% c xy60oBBIM

Huzkue

(<0.1%)
OCTaTKOM)
Huzkas/ Beicoxkas, TpeOyer
C10:KHOCTH
kBaIU(HUIIPOBaHHOTO | Bhicokas
IKCILTyaTALUH
Cpennsis nepcoHana
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BriBoabl

KoHTpomp 3a comepkaHueM TEPMOCTOMKHX colieil B pacTBopax MDA
SIBIISIETCS] HEOTHEMIIEMON 4acThio 3(PEKTUBHON M Oe30MacHON AKCILTyaTalun
YCTaHOBOK aMuHOBO# ounctku. Hakoruienne TCC mpuBOANT K CHHIKEHUIO
TIPOM3BOANTEIBHOCTH, YCHIICHNIO KOPPO3UH U OTIEPALIIOHHONW HECTAOUIBHOCTH.

TexHoJIOrUs HOHHOTO OOMEHa C HCIOJIb30BAaHUEM CHIBLHOOCHOBHBIX
AHMOHOOOMEHHBIX CMOJI IPEJICTABIISIET COOOI MPOBEPEHHOE M HA/ISKHOE PEIICHHE
quist ynanenust TCC. Yeneninast peasin3ariis 5Toro MeTo1a TpeOyeT KOMIUIEKCHOTO
MI0JIX0/1a, BKITIOYAIOIIETO:

a) Jleranpnpnii anamis cocraBa TCC: [ TOUHOTO pacdeTa M IPOrHO3UPOBAHHS
pabOTBI CHCTEMBI.

6) O0OCHOBaHHEIN BHIOOP CMOJBI: C YYETOM TEeMIIEPATyphl, HATHIHI
OpPraHWYeCKUX 3arps3HUTENCH U TpeOOBaHUH K 3(PPEKTUBHOCTH PETCHEPALHH.
Makpornopuctsie cMoibl Tuna I siBistorcst HanOosee yHuBepcaaIbHBIM BEIOOPOM.

B) OntuMuzanus pabounx mapameTpoB: KOHTpPOJIb CKOPOCTH HOTOKA,
TEMIEPaTypbl U PEXKUMOB PETCHEPAIMH TT03BOJISIET MAKCUMU3HPOBATH CPOK
CITy>KOBI CMOJIBI 1 MUHUMH3HPOBATh 3KCIUTyaTallHOHHBIE PACXO/IBL.

r) Perynsapupii MmonuTopuHr: [IoCTOSHHBIN KOHTpPONH 3a paboueit
€MKOCTBIO CMOJIBI M (POPMOIT KPHBOH MTPOCKOKA U1l CBOEBPEMEHHOTO MPUHSTHS
KOPPEKTUPYIOMINX MEp.

[TpaBUIIBHO CIPOEKTHPOBaHHAs M 00CITyKHBaeMasi HOHOOOMEHHAs! CHCTEMa
TI03BOJISICT 3HAYUTEILHO POUTUTH CPOK CITY>KOBI aMHHOBOTO PACTBOPA, CHU3HUThH
3aTpaThl, CBSI3aHHBIE C KOPPO3UEH M ITOTEPSIMHU aMHHA, 1 00eCIIEUYNTh CTaOMIIBHO
BBICOKOE KAa4EeCTBO OYHMCTKH Ta3a, YTO SBJISAECTCS KPUTHUECKHM Ba)KHBIM IS
COBPEMEHHOH ra3ornepepadaThIBarONICH OTPACIIH.
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2HCAOOBIKMbLH KOPPOUACHIHBLH JHCORAPLLIAYLL, KOOIKMEHY il Onepayusibik
MYPaKCoI30bI2bl HCIHE IHCANNBL IHEPSUSL WUbIZLIHOAPIHLIY OCYI CUAKIbL
AHCARBIMCBL3 Candapea aKeneoi.

Memunousmanoramunuiy momeiey 0e2paoayusicbli HCIHe OHbLH
2a3 a2bIHBIMBIY KOCNANAPbIMEH PEaAKYUACHIH KOCA ANAHOd, blCMbIKKA
me3imoi my30apovly naoa OONYbIHbIY He2i3el Mexanuzmoepi elceli-
mezoicelii KAMMbLI2AH, HIMUdACeCiHOe Jcyliede hopmam, ayemam, OUYUH,
MUOYUAHAM JiCIHE CYIbPHAM CUAKIMbL AHUOHOAD dcunanadsl. Kymvicmoly
Hezi3el bagvlmbl bICHbIKKA MO3IMOI My30apovl ipikmen any YuiiH Kyumi
He2i301 AHUOH AIMACMbIPEbIUL WAUBIPAAPObL KOLOAHY2A OAbIMMANAH.
Hon anmacy npunyunmepi sicone monwlk MexHOA0USLIbIK YUK, COHbIH
iwiHOe JHCYMbIC NPOYECIHIH CAPKLLIY, KONCLIMY, KAYCMUKAIbIK co0d
epiminoiciMeH peceHepaylusi JHCaHe COHEbL JHCYY Ke3eHOepl CUNammanzaH.
Tonucmupon dcare NOTUAKPUTL, MAKPO KEYEKIMI JHCIHE 2e/lb WAUbIPAAPbIHbIH
apmypai mypaepine CanblCmulpMaibl Maiday HiCypeizinin, mayoayobiy
Hezizel Kpumeputliepine baca Ha3ap ayoapsliaobl. bICMbIKKA MO3IMOLLIK,
OpP2AHUKANLIK TACManyed mo3imMoinik — ¢aynune dcane pezenepayus
MUiMOinizi.

Makanaoa waivblpOvly HCYMbIC AAMACY CHIULIMObLIbLIELI MEH
epimindioeai bIcMbIKKa me3imoi my30apObly KOHYEHMPAYUsCol He2i3iHoe
HCYMBIC YUKAIHIY Y3AKMbIRLIH eCenmey MblCAlblMeH NPAKMUKAIbLK
a0icmeme de Kammouinean. Kopvimeinovinaii xene, uon aimacy
TMEXHONO2UACDL UALIBIPObL OYPbIC MAHOAY HCIHE NPOYECHIIH MEXHONOSUATBIK,
napamempiepin OHMAalIAHObIPY HCAROAULIHOA AMUH epimiHOICIHIH
Canacvii CaKkmay yuLin Hco2apbl MuimMoi JHcaHe IKOHOMUKANBIK, IYPEbIOAH
MUimMOi wewim 60abn madwviiaobl.

Kinmmi ce30ep: vicmuvikka me3imoi my30ap, MemuaousmanHoiaMuH,
AMUHOT MaA3apmy, wanblpoObly peceHepayuacyl, AMUHHIY bLObIPAYbL, UOH
anmacy, Koppo3us.
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’KOHE BICTBIKKA TO3IM/I TY3IAPJIAH
HOH AJIMACY APKBLJIBI TABAPTY

Byn maxanaoa uon anmacy mexnono2usicblh KO10aHa OMbIpbin,
MemunoUdIMaHOIAMUHHIY OHOIpicmiK epimindiiepiHeH blCMbIKKA
me3iMoi my30apovl Kemipy npoyeciuiy KeuileHOi manoaysvl KeimipiiceH.
blcmeixka me3imoi my3oapovly dcunanysl 2eazovl AmMunoi masapmy
KOHOBIPRLLIAPBIHOASbL He2i32el natldaniany npooiemanapeisiy 0ipi peminoe
Kapacmulpuliaowsl, OYa epimkiwumiy ciyipy Kabineminiy memenoeyi,
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ION EXCHANGE PURIFICATION OF MDEA
FROM DEGRADATION PRODUCTS
AND HEAT-RESISTANT SALTS

This article presents a comprehensive analysis of the process of removing
heat-resistant salts from industrial solutions of methyldiethanolamine
using ion exchange technology. The accumulation of heat-resistant
salts is considered as one of the key operational problems in amine gas
purification plants, leading to such negative consequences as a decrease in
the absorption capacity of the solvent, increased corrosion of equipment,
operational instability due to foaming and an increase in total energy
consumption.

The main mechanisms of formation of heat-resistant salts are described
in detail, including the oxidative degradation of methyldiethanolamine and
its reactions with admixtures of the gas stream, as a result of which such
anions as formate, acetate, bicin, thiocyanate and sulfate accumulate
in the system. The main focus of the work is on the use of highly basic
anion exchange resins for the selective extraction of heat-resistant
salts. The principles of ion exchange and the full technological cycle
are described, including the stages of the working process of depletion,
loosening, regeneration with a solution of caustic soda and final washing.
A comparative analysis of various types of polystyrene and polyacrylic,
macroporous and gel resins was carried out, emphasizing the key selection
criteria: heat resistance, resistance to organic fouling and regeneration
efficiency.

The article also includes a practical methodology with an example of
calculating the working cycle time based on the working exchange capacity
of the resin and the concentration of heat-resistant salts in the solution.
In conclusion, it is concluded that ion exchange technology is a highly
efficient and economically feasible solution for maintaining the quality of
the amine solution, provided that the resin is selected correctly and the
technological parameters of the process are optimized.

Keywords: heat-resistant salts, methyldiethanolamine, amine
purification, resin regeneration, amine degradation, ion exchange,
COrrosion.
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AHAJIN3 KOHUEHTPAL NN BbIBPOCOB ®TOPUCTbIX
COEUWUHEHWN U CBPOCOB CTOYHbIX BO4
rnPU riPON3BOL4CTBE AJTIOMUHUA

AO «KazaxcmaHcKull 31eKMpPoOLU3HbLU 3A800» €AHCe200HO
npoU3800UM KOMINEKCHbIU MEXHOL02ULEeCKUll ayOum 6 coOOmeemcmeuu
¢ 00WeNnpUHAMbBIMU NPAKMUKAMU U 3aKoHodamenscmeom Pecnyonuku
Kasaxcman. Ha npouzéo0ocmee npumensemcs psao mexHuieckux peuieHul,
KOMOpbie MOJICHO OMHECMU K JYHUWUM NPAKMUKAM, HANPAGIEHHbIX HA
npedomepawjenue Uil MUHUMU3AYUIO He2amueHo20 anmpoOno02eHHO20
8030€lICMBUsL HA OKPYAHCAIOWYIO Cpedy

B cmamve npouseeden ananusz oeamenvnocmu AO «Kazaxcmauckuti
INEKMPOIUZHBIU 3A600» NO OUUCTIKE AMMOCHEPHBIX 8bIOPOCOB U CIOUHBIX
600, obpasyrowuxcsa npu npouzgoocmee antomunus. Ocoboe GHUMAHUE
yoensemcs cnocobam o4UCmKU 8blOPOCO8 pmopucmsix coeouHeHull 8
ammocgpepy. OcrosHbim nuliecazoyiasiusarowum (I11'Y) obopyodosaruem
ABNAEMCA PYKAGHBLI UL, KOMOPBIX UCHONb3YEMC A HECKONbKO MUNOS.
B kauecmese gpunompyrowjeco mamepuana ucnonib3yiomcs u2ionpoousHou
noauscmep (Heun10m), noaudscmep U 60J0KHO NOAUdIPUpHOe. [annbie
Gunempuvl docmamouno 3¢ppexmusnvle, pakmuueckuit KII/[ annapamos
99,3-99,4 %. Kak noxazan anHaiu3 KOHYeHmMpayul HeKomopuvlx
gewjecms, Ha 6bIX00€ U3 NbLIE2A30YIANUEAIOUe20 000PY00BAHUA
munumanvhoe cooepoicanue KF, NaF, Na3AIF6 cocmasnsiem 0,1 me/m,
a maxcumanvroe — 5,04 me/mP. Ananuz ucnonbzyemvix 6 npouzgoocmee
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ATIOMUHUSL NBLIE2A300HUCTIHO20 060PY008AHUSL DOKAZBIEAEH MUHUMATLHOE
He2amugHoe 6030eUCmeUe Ha OKPYICAIOWYIO CPedy.

Monumopune c6pocog 3a2pA3HAIOWUX BEUeCE CO CIMOYHbLMU
600aMU HA NPEONPULIMUU NPOBOOUMCS €)HCeK8APMALbHO 8 3
MOYKAX RO NOKA3AMENAM KOHYEHMPAyuil Ciedyiouux euecms
Ha sbinycke (Me/OM?): 636ewienble euecmaa, Xaopuobl, Cyibhaml, JHceneso
obujee, namputl, Karoyuil, macnuil, pmopuovl, IIAB, nepmenpodykmul,
amomunull, ocgamel, aumuar, a Maxxice no Koauvecmeay copocos (m/
200). Copoc 6 npyo-ucnapumenv 0Cyujecmeansemcs no 08yM 6000CHYCKAM.
CoenacHo 0aHHbIX, 0Ouee Koauuecmao cOpPocos u3 80008bINYCKA
Ne 1 62022 200y OvLno pasno 21,29 m., uz éodogvinycka Ne 2 — 15,326 m.
Tpoussedennbviii ananusz noKA3a, Ymo KOHYESHMpPayuu GeUecime 6 CINOYHbIX
600aX COOMEEMCMBYION MPebOBAHUSIM, OMPANCEHHBIX 8 HOPMAMUBHO-
NPABOBHIX AKMAX U HOPMAMUBHO-MEXHUYECKUX OOKYMEHMAX CIMPAHbL.

Knwuesvle ciosa: npouzgo0cmeo aiiomMunus, Gmopucmole
coeOuHeHUsl, KOHYeHMpayuu eewecms, Cmounvle 800bl, 3¢pexmusHvle
MexHon02uUU

BBenenne

AO «Ka3zaxcTaHCKUH 3JE€KTPOJU3HBINA 3aBOJ» SABISETCS MOJIOIBIM
NpEANPUATUEM, dKCIUTyaTalus Kotoporo Havanack ¢ 2007 roga. OH ocHalieH
COBPEMECHHBIM 000PYJOBaHUEM, COOTBETCTBYIOIINNA MEXKIAYHAPOIHBIM
9KOJIOTHYECKUM TpeOoBaHMsAM. Ha 3aBone mpuUMeEHSETCS TEXHOJIOTHUS
MIPEeIBapUTEIHFHO 000MCIKEHHOTO aHO/da, KOTOpasi CYMTACTCS OTHOW M3 CaMbIX
COBPEMCHHBIX W JKOJOTUYCCKH 0€30MacHbIX. VICTOYHHKOM SHEProCHAOKCHHUS
sBisieTcs: Akcyckasa temnosHeprocranuus AO «EDK», Bxonsmas Bmecte
¢ KO3 B oany rpynny komnanuid ERG. Ilpoaykuueil 3aBojaa sIBJISIIOTCS
JIBaJIIaTUKUJIOrPAMMOBBIE aIIOMUHUEBBIE CIUTKU Mapku A7, A8. I'muHozem
JUIsl IPOU3BOACTBa antoMuHus nocrynaer or AO «Amomunuii Kazaxcranay.
Ot PaKkTophl 00eCIeYNBAIOT KOHKYPEHTOCTIOCOOHOCTh KOHEUHOW TIPO Ty KITHH.

B MupoBoM peiTHHTE 110 TPOM3BOACTBY amoMuHMsI KazaxcTaH HaXOAUTCS HA
29 MecTe, MpoeKTHAst MOIIHOCTE 0K0J10 250 ThIc. ToHH/TOA. AO «Ka3zaxcTaHCcKuid
AJICKTPOJIM3HBIA 3aBO» SBIsETCA B Ka3zaxcTaHe MEpBBHIM H CIHMHCTBECHHBIM
MIPEIIPUATHEM IO TPOU3BOACTBY amfomuHMsA. B 2019-2020 rr. Ha KO3 65110
NpOU3BEAEHO 263 ThIC. TOHH M 265 ThbIC. TOHH allOMUHUA. 13 mepBUUHOIO
amoMuHuA B Kazaxcrane npou3Boautcs 0koio 30 ThIC. TOHH TOTOBOH POy KITHH
— (orpra, MPOBOJIOKH, JIUCTOMIPOKATHI, PaTHATOPHI, MPOPIIIH 1 MTOPOIITKH.

OTANYHUTENTFHEIC CBOMCTBA alIOMHHHUS 3aKITI0YACTCS B TOM, YTO ITOMY
METallTy CBOWCTBEHHBI TaKMEe Ka4eCTBA, KaK BBICOKAS TEILIOMPOBOJHOCTB,
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JIOCTaTOYHAsI MEXaHWYecKas MPOYHOCTh, MPU TOM, UTO OH IUIACTUYHBINA M
HETUIOTHBIN, TAK)KE aTFOMUHUNA HETOKCHYEH, HEMarHUTeH U KOPPO3HOHHOCTOEK
K psIoy XMMHUUYECKHUX BEIIECTB. Takume BHITOJHBIE KAadecTBa JENAIOT
QIIOMHHUH JOCTaTOYHO BOCTPEOOBAHHBIM.

AJIOMUHHH U €T0 CIUIaBbI HCIIOJIB3YIOTCSI BO MHOTHX C(pepax 3KOHOMHKH:
B MPOMBINUIEHHOM M TPaXXJTaHCKOM CTPOHUTEIbCTBE, MAIIMHOCTPOCHUH,
KEJIC3HOJJOPOKHOM M BOJHOM TPAaHCHOPTE, aBUAIMOHHOW M aBTOMOOMIIBHON
OTpacisiX, XUMUYECKONH NMPOMBIIIJIIEHHOCTH, JIEKTPOTEXHUIECKOM H
IpUOOPOCTPOCHHH, TPOU3BOACTBE MIPEAMETOB HAPOIHOTO MTOTPEOICHNS.

Kak BBISICHWIM aBTOPBI, ISl TOTO, YTOOBI MPOW3BECTH TOHHY AJTIOMUHHSA,
HeoOxoanMo okoso 14000 kBT1/4 aneKTpodsHEpruu u OKOJIO 2 T TIMHO3EMa, a
it 1 T rimHO3eMa HeoOX0IMMO TiepepadoTaTh OKOIIO 5 T OOKCHTOBOH pyxabl. B
HacTosIIee BpeMs CTOMMOCTh | T aimoMunus Ha JIOHZOHCKOM OMpoke cocTaBisieT
2600 nosnapos.

MupoBbIM K€ IUAEPOM B JaHHOU oTpaciiu sBisieTcs: Kurail, npoussoasiuuii
oT 36 muH ToHH B 2019 1. 1o 43 muH ToHH B 2024 1. Cinenom 3a Kuraem
unyt Uuaus u Poccusi, OHU BBIILIABIAIOT COOTBETCTBEHHO 4,2 MJIH TOHH
u 3,9 MJIH TOHH aTFOMUHUS B Tox [1; 2].

MarepuaJjbl 1 METOAUKA

Bechp TexHONOTHYECKHH Npomecc MPOU3BOACTBA ATIOMHHHUSA
CBOJMTCS B JIBE CTa/IUH:

— IIPOM3BOJICTBO rMHO3eMa (Al,O,) n3 aMOMUHNEBON PYIbI;

— 3JIEKTPOJIN3 U PaUHNPOBAHUE ATIOMHHUS U3 TIIMHO3EMA.

ITpu 06paboTKe GOKCHUTOB IENOYBIO OTYYatOT ATFOMUHAT HATPHSL, KOTOPBIHA
3aTeM IMOJBEPTaIOT TUAPoau3y. [Ipr 3TOM 00pa3yloTcs KpHCTaLIbl THAPOKCHAA
anfoMHuHHMA. Jlanee mpu HarpeBaHWU B CIIEHHAIBHBIX BPAMIAIOMIMXCS MEdax
ero 00e3BOXKMBAIOT M MOJIy4aroT 00€3BOKEHHBIN TiIMHO3eM. Jlanee myTem
JIEKTPOIIM3a PACTBOPEHHOTO TIIMHO3EMA B KPHOJIUTE MOTYYar0T METAJUTHUECKUN
ATIOMUHUH 0e3 mpuMeceit.

[Tpon3BOACTBO KPHOINTA HAYMHACTCS C MOJTYUEHHs (GTOPUCTOrO BOJOPOIA
13 MJIaBMKOTO INMATa, & HOTOM M3 HEro MOJy4YaloT IUIABUKOBYIO KHCIOTY. B
pacTBOp JaHHOW KHCJIOTHI MOMEIIAIOT THAPOKCH]] allfOMUHHS ¢ 00pa3oBaHNEM
(TOpaNTIOMIHNEBOH KNUCIIOTHI, KOTOpasi HeWTpanu3yercs cofoi. TakuM oOopazom
TOJTYYar0T KPHOIIUT MK rekcadropamomunat Hatpus (Na, [AlF ]), Bemamaronmmit
B 0Ca/I0K, KOTOPBI OT()MIIBTPOBBIBAIOT U CYIIAT B CYIIMJIBHBIX OapabaHax.

Bropoii sTam nponsBoacTBa — 3TO MEKTPOSIU3 ATIOMUHHS U3 TJIMHO3EMA.
TexHOMOTHYECKUH NMPOIECC B ATIOMUHHUEBOM 3JIEKTPOJIU3EPE — CIOKHBIN
KOMIIIEKC B3aNMOCBSI3aHHBIX XUMHYECKNX, (PU3UKO-XUMHIECKUX U (PU3NIECKUX
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¢axrTopos. IIponecc pa3noxkeHUs TJIIMHO3EMa B 3JEKTPOJIN3EPaX MOXKHO
MIPEACTaBUTh B BUAE (POPMYII:

AI203+1,5C 2 Al+1,5CO2
Al203+3C < 2Al+3CO
CymMapHasi peakiys BBITIISIUT TaK:
AI203 +x C=2Al + (3 —x) CO2 + (2x — 3) CO

DJIEeKTPONIN3 MPOU3BOANTCS IPH TEMIIEPAType PacIUIaBICHHOTO KPHUOJIHUTA
960 0C. DeKTpoIH3epsl pacmoIararTcs B psiI 00pa3yst CEPHIO SIEKTPOIH3EPOB.
C aHO/1a TOK MOCTYTIAET Yepe3 3IEKTPOINT U CIION METaJIJIa Ha KaTOJ, a IOCJIe HAET
10 IPOBOJIHUKAM Ha CIEAYIOIUH 351eKTpoausep. [Ipu 3ToM KuaKui alltoMUHUN
JIOJDKEH ocecTh Ha KaTtone. JKMAKUH allOMHUHMHM MOCTOSHHO H3BJIEKAETCS
CTICIMAIBHBIMHU KOBIIIAMH H ITOJIAETCS B INTEHHOE OT/IENICHHUE IS OTIINBA TOTOBOM
MpoAyKIMK. Tak Kak MpH 3JIEKTPOIN3E KUCIOPOJ PEarupyeT C YIrIIepOAHBIM
anoznom, To obpasytorcas CO m CO,. DTO NPUBOAUT K OOJBIIOMY Pacxomy
yriaepoaHsIX aHo1oB [3]. CxeMa moaydeHus aJroMUHUA TI0Ka3aHa Ha PUCYHKE 1.

Dobbiua bokcuToR

- of

3NEHTPOMNS ANOMUHMS e
MpowssoacTeo NuTeiHoe NpoM3e0ACTE0

MHHD3EME

- fpobnenue

- BriwjenajyusaHue
- dexoMnozuyus

MepBHYHBIA ANHMAHHA
Pucynox 1 — Cxema npou3BOACTBA IEPBUIHOTO ATTFOMIHHUS
PadunupoBanne HE0OXOAMMO JIS yOaJeHHs MPUMEced M3 MOJTyYeHHOTO

AITIOMHUHUS, IPOBOJAAT €r0 NMPOAYBKOHW XJIOpOM uepe3 pacmias. [Ipu stom
o0pasyeTcs mapooOpa3HbIN XJTOPHUCTHIN aTFOMIHHAN, OH MMPOXOANT Yepe3 MeTalll
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1 00BaJIAKMBAECT YaCTUUKH IIPUMeECEH, KOTOpPBIE BCIUISBAIOT HA MOBEPXHOCTb,
rae u yaanapTcs. Takxke MpH XJIOPUPOBAHWH NMPOUCXOIUT OYHMCTKA OT
ra3oB U HEKOTOPBIX METAIJIOB, TAKMX KaK HAaTpHil, Kaibuui, marauil. ITocne
pagpUHUPOBAHMS YNCTOTA ATTFOMUHUS cOCTaBisteT 99,5-99,85 %.

B niporiecce npor3BoicTBa MEPBUYHOTO ATFOMUHHST OCHOBHBIMH 3ar PSI3HUTEIISIMA
Bozayxa Oynyr CO,, HF, AIF, n Na, [AIF]. ®TopucThIii BOXOPOI COCTABIAET
50-80 % ot BBIOpOCOB (hTOPHIOB, KOTOPBIN 00paszyeTcsi B pe3ybTaTe peakiuu
(hTOpHIa ATFOMUHIS M KPHOJIUTA C BOJIOPOIOM B ITporLiecce dIeKTpoiisa [4, ¢. 72—77].

Kak u B m000M NPOM3BOJCTBE, MPOU3BOJCTBO ATIOMUHMSA TPeOyeT 3aTpat
BOJHBIX pecypcoB. Texanueckoe BogocHaOxenne KO3 ocymecTsisiercs 1ByMs
HCTOYHHMKAMH: OT BOJIOIIPOBOAHBIX ceTeid T. [1aBioxap u Mo 3eMHBIMH BOJaMU
13 7 apTe3MaHCKUX CKBAKUH.

I[Ipn mpou3BOACTBE aJIOMHHHUS 3aBOJOM HCIIOJNb3yeTCH
000poTHAsl cXeMa BOJOIOJIL30BAaHMSA, KOTOpasi OCYIIECTBIAETCS MO 4
y3mnam BojooOpora. Boma momaeTrcs s oxXJaxkIeHHs 00OpyJIOBaHUS B
HECKOJIbKUX OTICNCHUSAX W MOJCTAHIUAX, IOCJIE YEro OXJIAXJIAeTcs U CHOBA
BO3BpAIAETCS B IPOU3BOICTBEHHBIH MpoLecce.

B KoHeYHOM HTOre NMPOM3BOJCTBEHHBIE CTOYHBIE BOJIBI IMPOXOIAT
Yepe3 CeTh OUHCTHBIX COOPYKEHHH, B KOTOPBIH BXOASAT 000pYyIOBaHUE IS
KoaryJsinuu, (guorannu, GpUIBTPH U3 KBApILEBOrO IECKa U aKTHBUPOBAHHOTO
yrig. MHOrocTyneH4aras O4nCTKa MO3BOJISET IOBTOPHOE HMCIOJIb30BAHNE
CTOYHBIX BOJ JUIs TPOM3BO/ICTBA. HOMUHAIIBHAS IPOM3BOANTENEHOCTE OYUCTHOTO
obopynoBaunust — 75 m*/4. Bce obopynoBaHue paboraeT Ha aBTOMATHYECKOM
pexume. BpeMs peaknuu cTOKa ¢ XMMHYECKUMH pearcHTaMH COCTaBIISIET
16 munyT, a nepuoj pazaeneHus — 30 MUHYT.

[Tpon3BoACTBEHHBIE CTOYHBIE BOIBI, KOTOPBIE 00pa3yloTCs B Ipolecce
pereHepamuyu ¥ IPOMBIBKH, 3arpy3Kd B (QUIBTPAaX CTAHLUHUH OYHUCTKHU
MIPOMCTOKOB, (pritbTpax y3max Bogoobopora U GUIBTpax Al BOJOHNOATOTOBKU
B KOTEJBHBIX OTBOISATCS IO JIMBHEBOH KaHAIM3AUMHU C MOCIEIYIOMINM
cOpocoM B IIpyA-HAKOITUTETH [S].

Pe3yabTarsl U 00cyK1eHUe

Jng ouncTKH BBIOPOCOB B aTMOC(epy HMCIOJb3YIOTCA pa3IndHOE
MIBIJIETa3004MCTHOE 000pyRoBaHue. B razoynasnmBaromem 000py10BaHUM HA
MIPAKTHKE MCIOJIb3YEeTCsl METO/ CAMOOUYHMCTKH 32 CUET aKyCTHKO-BHOPAIMOHHHOTO
BCTPSAXHMBAHUS, MaTEPUAIOM (DPUIBTPYIOIIEro AJIEMEHTA SIBJISETCS TOJUACTED.
®opma unpTpyomero 3neMeHTa — GUIBTp-pyKaB MIMHIApHYEeCKU. Vx
HCTIOJTB3YETCs HECKOIBKO THITOB: pykaBHBINA QuibTp IFIN 55/2-2250, pykaBHBIiA
¢uneTp STC-180B, pykaBusiit punstp PJ 132/11, pykasusrit pmistp KOE-240
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A6, pykaBasiii puibTp INFA-VARIO-JET AJV 640-490-7 P, pykaBHBIN GUITBTp
RISB 07-7.1/18.

Pasznmma kormeHTpanuii propraos Ha Beixoe u3 [1I'Y (mputera3oynoBUTeNb)
3aBUCHT OT MaTepuasa QIIbTPYIOIIETo 3J1eMeHTa. B kauecTBe marepuana MOTyT
OBITB UCIIONIF30BAHBI UTIIOTPOOMBHON MOIHUACTED (HEHIIOH), TOTHACTEP U BOJIOKHO
nommaduproe 100 %. danubie GuibTpel oueHb 3G PeKTUBHBIE, (HAKTHUSCKUN
KII/[ arrmapaTa ot 99,3-99.,4 %. [lnanazoH KOHIIGHTPAINil HEKOTOPHIX BEIIECTB
Ha BBIXOJIC U3 MBIJIETa30yJIaBIMBAIOIIEI0 000PYAOBAHNUS CIEIYIOIINH:

— B mexe siekrtponn3a amoMuHUA 1 (mamee [[DA) mnms GpropucThix
ra3zoo0pasubix coepunenuit — 0,546-0,567 mr/m*; s Gpropuaa amoOMUHUS,
¢dropuaa kanbius u Hatpus rekcadropamromunara — 0,892-0,918 mr/m?;

— st hTOpMIA ATFOMUHIS, (PTOPH KATBIS U HATPHS TeKcadTopaTroMUHAaTA:

—B LIDA 2 -0,013-0,028 mr/m?;

—BIIDA 3 -0,01-0,02 mr/m3;

— B LIeXe 10 mpou3BoacTBY ekrpoaos (LI 1) — 0,87—1,19 mr/m;

— B IO 2 - 0,41-0,46 Mr/v3;

— B IO 3 - 0,96-1,54 mr/v3;

— B LIeXe HeHTpain30BaHHbIX peMoHTOB (LILP 1) —4,18-5,04 mr/m?;

— B LIIP 2 — 0,024-0,029 mr/m?;

— B LIEHTPAJIbHOU 3aBoIcKOi 1aboparopun — 0,00000003 mr/m?>.

I[ToMrMO OYHMCTKH OT ra3000pa3HBIX BHIOPOCOB MBIIETa3004HCTHOE
obopynoBaHHE CIIOCOOHO yJaBIMBATh IBUIb U OKCHA yriaepoxa. IIeurs
HEOPTaHMECKas 10 CBOEMY CocTaBy coepkuT oT 20 % mo 70 % SiO,, a Taxke
FeO, Fe,0,, AL,O,, Mn u ero coennnenns [6, ¢. 11-29].

JInst OYMCTKHM HEOPTraHMYECKOW MNBIIM HCIOJB3YIOT Cleaylolnee
MBUTIeYyIaBIHBatoIIee obopynoBanue: mputeodnctHoi ammapatr DT.RR.5S.,
31JI-900M, meuteynaBnuBatomas yctanoBka MOBI-FLEXEUR, nmepeHnocHbIe
¢unpTpel — meuteynosutens HFE-4, ¢punberp mpousBoactBa « COBIITUMY,
ook meuteynaBiuBaHus BIIY-1. Hamnsie [II'Y mocraTtouno »¢¢dekTuBHBIE,
¢axTmueckuit KIT1/] anmmapara ot 98,0-99,5 %. Jlnana3oH KOHIICHTPAIIH BEIIECTB
Ha BBIXOJIC U3 NBIJICYJIABINBAIOLIETO anapara cJIeIyommunii:

— B II€X€ 10 MPOU3BOJICTBY HIICKTPOJIOB (JIMHUS HAPE3KH 11a30B HA aHOJAX)
— KOHIICHTpAIUS IBYOKHCH KpeMHUsI Kosiebsercst B penenax 8,15-9,37 mr/m;

— B IIeX€ LEHTPAIM30BAHHBIX PEMOHTOB — KOHIIEHTPALIUS OKCHJIOB JKeJle3a
(I1, IIT) u3mensiercs B npeaenax 0,091-0,124 mr/m;

— B HIIP 2 — xoHUEHTpauus Mapraiia U €ro COeIMHEHUH COCTaBIIAET
1,83—-1,97 mr/m3;
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— B JIIP 3 — xoHmeHTpamnus B3BemeHHBIX dyacTuku PM10 komeGmercs
B mpenenax 0,432-0,678 Mr/m?®; KOHUEHTpANUs OKCUJA ATIOMUHHUS —
0,0026-0,031 mr/nm?;

— B [I3JI KOHIIEHTpanys XOPOIIO PACTBOPUMBIX HEOPTAaHUIECKUX (PTOPUIIOB
(propun Hatpust u Hatpust rekcapropun) — 0,0004-0,0005 mr/m;

— B OTZEJIE TEXHIYECKOTO KOHTPOJIS IIEHTPATBHOM 3aBOJICKO Tab0paTOpHH
KOHIeHTpawwst abpazuBHoi mbutk 10 0,001-0,0012 mr/v? [7, ¢ 5-22]

[MTapaMeTpsl KOHIEHTpAIUN (QTOPUCTHIX COCAWHEHHH HA BHIXOJE
u3 III'Y npexncrasiieHsl Ha pucyHKe 1.

0,9
0,8
0,7
0,6
0,5
04
03
0.2
0,1
0 - ——

IPA1  IPA2  I[PA3 IID1  I[0O092 [O033  IIP 1371
Hmin 0,892 0,013 0,01 0,87 0,41 0,96 0,024 0,00000003
Hmax 0918 0,028 0,02 1,19 0,46 1,54 0,029  0,00000003

Pucynoxk 1 — Konnentparu KF, NaF, Na3AlIF6 na Beixone u3 [II'Y

TakuMm o0pa3oM, HCIOJNB3yeMble B NMPOM3BOACTBE AJTIOMHUHHUSA
MIBIJIETa30049HNCTHOE 000pyAOBaHHE OOECIeuynBacT MUHIMAIbHOE HETaTHBHOE
BO3IICHCTBHE HA OKPYKAIOIIYIO cpeny [8].

OOpa3syromumecst BO BpeMsl IIPOU3BOJCTBEHHBIX TPOLIECCOB CTOYHBIC BOJBI, &
TaKKe JINBHEBBIC BOZIBI C TEPPUTOPUH 3aBOIA, CTECKAIOT B IPY/I-HAKOITUTEIb, COCTOSIIN
U3 JIBYX CeKIHi, pasmepsl KoTopbix 170x340 m. [TpoektHas emxocTs mpyzaa 250 000 .
COpock! B TPy A-HAKOITUTEIH ITPOU3BOUTCS TI0 2 BOAOCITYCKaM: TIEPBBIH OCYIIECTBIIAET
cbpoc Boj B o0beme 81 ThiC. M3/roj, a BTopoii B 00beMe 55 Thic.M*/To1.

Ha nmpennpustiu nmpou3BOIUTCS MOHHUTOPHUHI COPOCOB CTOYHBIX BOJ HA
MIPEMET COOTBETCTBHE KOHIICHTPAIIMM COJEPIKAIINXCSA B HUX 3arpsI3HSIONINX
BEIIECTB HOPMATHBHBIM TpeOoBaHMAM. J[aHHBIH MOHHTOPHHT HPOBOJUTCS 4
pasa B rof IO ITOKa3aTessM, peACTaBIeHHbIM B Tabuuie 1. Pabora B naHHOM
HaIpaBICHNH OCYILECTBIIAETCS U1l CBOEBPEMEHHOTO BBISBICHUS HAPYIICHUH 1
OLICHKH BIIMSTHUS HA OKPYKAIOIIYIO CPEey.
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B pamkax mpou3BOACTBEHHOI0 MOHUTOPHMHIA HMPOU3BOAUTCS KOHTPOJIb
CHCTEM BOJONOTPEOJICHHS, BOJOOTBEACHNS N HAOIIOAEHUE 32 UCTOYHUKAMHU
BO3/ICHCTBUS Ha BOJHBIE PECYPCHI.

Tabnuma 1 — JlarHBIe MO cOpocaM CTOYHBIX BOJ B NMPYyJ-HAKONMHUTEIb
AO «Amromuunii Kazaxcrana» 3a 2022 rox

HaumenoBanue KoHueHTpanus Ha BbIycKe Copoc, T/rox
ToKa3areJist mr/am?
Bonosbinyck | BopoBbinyck | BoaoBbinyck | BopoBbinmyck

Ne 1 Ne 2 Ne 1 Ne 2
B3Berniennbie 12,3 7,3 0,997 0,402
BEIeCTBA
Xaopuabt 86,5 83,9 7,012 4,614
Cynbdarsr 48,72 48,7 3,95 2,678
Keneso obmiee 0,08 0,18 0,006 0,0099
Harpwii 64,3 86,32 5,2 4,747
Kaunbrmit 34 29 2,75 1,595
Maruwuii 7,87 13,8 0,63 0,759
Dropunsl 8,86 43 0,7 0,236
ITAB 0,018 0,012 0,0014 0,00066
HedTtenpoaykrs 0,12 0,06 0,0097 0,0033
AmoMuHUN 0,48 0,247 0,039 0,0136
BITKnonu - 2,93 - 0,161
Docparsr - 0,95 — 0,0522
Ammuak - 0,99 — 0,0545
Hroro 21,29 15,326

CornacHo tabauie 1, odiiee KoianyecTBO cOPOcoB 13 BoOBhITycka No 1 B
2022 roay 0bw10 paBHO 21,29 T., 13 BogoBbIimycka Ne 2 — 15,326 T. OCHOBHBIMH
3arpsiI3HUTENSIMUA B cOpocax SIBISIOTCS XJIOPUIBI, CYlb(aThl, HOHBl HATPHS.
KoHueHTpanuy BeecTB B CTOYHBIX BOJAaX COOTBETCTBYIOT TPEOOBAHUSIM,
OTpPaXCHHBIX B HOPMATHUBHBIX IPABOBBIX aKTaX U HOPMATHUBHO-TEXHUYECKUX
JIOKYMEHTaX CTpaHsl [9].

BriBoabl

B AO «Ka3axcTaHCKHH 3JIEKTPOIN3HBIN 3aBO/1» €KETOJHO MPOU3BOIAUTCS
KOMIIJICKCHBII TEXHOJIOTHYECKUH ayTUT B COOTBETCTBHH C OOIICTIPHHSTHIMHU
npakTUKaMu M 3akoHojaaTenbcTBOM PecmyOnuku Kazaxcran. OpHoil u3
COBPEMEHHBIX METOJIMK OLICHKHU 3KOJOTMYHOCTH pousBoactsa ssisercs HT.
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HAT — Hanmydmme AOCTYHNHBIC TEXHUKH, MOJ KOTOPHIMH ITOHMMAIOTCS
Hanbonee > eKTUBHAS 1 TepeIoBasi CTAANS Pa3BUTHS BHJIOB JIESITEILHOCTH 1
METOJ/IOB UX OCYIIECTBIICHHS, KOTOpas CBUJETENBCTBYET 00 MX MPAKTUYECKOU
TIPUTOAHOCTH JUIs TOTO, YTOOBI CITYKHTh OCHOBOH YCTAHOBJIEHHS TEXHOJIOT HUECKUX
HOPMAaTHBOB 1 MHBIX KOJIOTHIECKHX YCIIOBHH, HATIPABJICHHBIX Ha PEJOTBPAILICHHIE
WM, €CIU 3TO MPAKTHYECKH HEOCYIIECTBUMO, MUHUMHU3ALNIO HETaTUBHOTO
AHTPOIIOT€HHOTO BO3JCHCTBHS Ha OKPYKAIOIIYIO CPEy.

CoriacHO 3KCIEPTHON OLIEHKE MPEeANnpHATHs ypoBeHb (%) BHEAPEHHBIX
HAT B menom, cocrasisier 76 %, Mpu 3TOM COOTBETCTBUE CIIPABOYHHUKY
EC BREF 86 %, coorBercTBue cpaBounuky P® 83 % [10].

Ha npown3BozcTBe mpuMeHsieTcst psiJi TEXHUYECKHX PEIICHUH, KOTOPhIE MOKHO
OTHECTH K JIy4IINM ITPAKTHKaM:

— ucronbs3oBanue npecca Gpupmel ALTEK, koTopoe mo3BoisieT yMeHBITUTD
00pa3oBaHKEe OTXO0/I0B AIFOMUHHEBOTO MIJIAKA;

— ONTHUMU3AIHS KOMIIOHOBKH TOKONOABOMAAIIMX IIMH, MPHUBOISIIAS K
YBEIMUCHUIO CPOKA CITYKOBI SJIEKTPOIU3EPOB;

— MPUMEHEHHE YCOBEPIICHCTBOBAHHBIX YKPBITHI 3JIEKTPOJIN3EPOB, CHCTEMBI
CyXOH OYHCTKH Ta30B ¥ HCTIONIb30BAHKE TEXHOIIOTHH aBTOMaTHIeckoi ofaqu A1,0,;

— IpUMEHEHHE ITPOOOHHHUKOB /I TOYEYHOT'O PA3PYIICHNS KOPKH 3JIEKTPOIIHTA
U muTaTelieil aBTOMaTHYECKO mojadu Marepuala, clocoOCTBYIONMEro
3HAUYUTEIBHOMY COKPAIIEHHUIO BEIOPOCOB B aTMOc(hepy (HTOPUCTOro BOAOPOIa U
MeNKuX (pakiui rmHO3eMa U Gropconei;

— MEXaHM3aLKst ¥ aBTOMATH3alust IPOU3BO/ICTBA M TPAHCIIOPTHPOBKH aHOIOB,
MHUHAMHU3HPYIOMNX 001 aHO/IOB;

— CHWXeHHe (OHAPHBIX BHIOPOCOB, B MOCIEAHUE CYTKH NPH OOXKUTE WIIH
B JIEHb ITyCKa I1OCJIE Ta30IUIAMEHHOTO O0XWTa, 3a CUYET YCTaHaBJIMBIICHUS
BPEMEHHBIX YKPBITHIA Ha AIeKTpoim3epsr [11].

C yderom cucremarnzannu HAT MOKHO BBIICTUTD CIIeTyIOIINE OCHOBHBIC
TpeOOBaHUS CIIPABOYHUKOB, OPUEHTHPYSICh HA KOTOPHIC, MOKHO OINPEICIIUTD
o0acTi BO3MOKHBIX K BHenpeHuto H/T:

— CHCTEMBI 3KOJIOTHYECKOTO U SHEPTETUIECKOTO MEHEKMEHTA;

— 3Heprod3(HeKTHBHOCTH;

— aBTOMaTHYECKUE CHCTEMbl MOHUTOPHHT';

— IPUMEHEHNE TEXHUK 1 JUIS1 CHIKEHHSI BHIOPOCOB B aTMOC(EPHBIH BO3IIYX;

— IIPUMEHEHUE TEXHUK, HAlPaBJICHHBIX HA YMEHbIICHNE 00BEMa OTXOI0B;

— YIpaBJICHHE BOIOW M CTOYHBIMH BOJIAMH;

— yIpaBJIeHHE OTXOJaMH Ipou3BoAcTBa [12].
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AJIOMUHUM OHAIPICIHAETT ®TOP IIBIFAPBIH/IBLIAPBI

MEH AFBIH/JbI CYJIAPJABIH TOTTHAIJIEPIH TAJIJAY

«Kasaxcman snexkmponus zayvimory AK ocaninvi Kabviioanzan
maoicipudenep men Kazaxcman Pecnybnukacbinblly 3aHHAMACBIHA CIUKEC
JHCHLL CAUbIH KeUleHOI MeXHOA0UANLIK ayoum ducypizedi. Kopwazan
opmaza mepic aHmpono2enoik acepaepoiy aidblh any Hemece a3aumy
YWin eHOipicme el dcakcol madgicipubenep OOIbIN caHaIamvlH OipKkamap
MEeXHUKANBIK uetimoep KoI0aHbLIAObL.

Byn maxkanaoa «Kasax snekmponus 3ayeimely AK-Heiy anromunuil
6HOIpici Ke3iHOe natioa OoramviH AMMOCHepanblK Wbl2ApbIHObLIAD MeH
aA2blHObL CYIapObl MA3apmy HCOHIHOe2l ic-apekemi mandanaovi. @Pmop
KOCLLILICIMAPbIHbIY Mazapmy a0icmepine epekuie HA3ap ayoapulidobi.
Heeizei waymosan-2as yemanviu (LLUT'Y) sca60sievr 60vin scenoik
cyseici mabvinaovl, oHvly OipHeuwe mypiepi Koaoauwviiadwl. Cyzei
Mamepuandapvl peminde unemecimoi noauscmep (HeilioH), noauscmep
JHCoOHEe NOAUICMEPT MATUBIK KOLOaHbl1a0bl. Byn cyszeinep eme muimoi,
nakmul annapammapowviy [1OK 99,3-99,4 % xypaiiovl. Ketibip sammap
KOHYEHMPaYyusaCcoblHbly Manidaysvl KoOpcemrKeHnoell, waymo3ay-2a3
yemanbiuiol 2cabobizbitbly wviebicvinoazot KF, Nal ocane Na AIF,
ey memenei konyenmpayuscol 0,1 me/m? an ey socozapvicer 5,04 me/m?
eKeHI anblKmaowvl. Antomutuil 6HOIPICiHOe KOLOAHBLIAMbIH WAHMO3AH-
2a3 ycmanvlul sHcabovleblh manday Kopuiazan opmaza mepic acepoiy
MUHUMATIObI eKeHIH pacmatiovl.

3ayvimmazel agbiHObl cyrapmen Oipee nacmayuivl 3ammapovly
Wbl2ApbIHOBLIAPLIH OAKbIIAY MOKCAH CAUbIH YUl HyKmeoe Keaeci
3ammapovly Wbl2APbIHObLOARLI KOHYEHMPAYUACLIHA (Me/OM?) Hezizoenin
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Jcypeizinedi: KankblManbl KAmmol 3ammap, xiopuomep, cyibgammap,
JHcannvl memip, HAMpuil, Kareyull, MazHuil, pmopuomep, bemmik dencenoi
sammap, mynain oHimoepi, anomMunul, ocammap dcane amMMuadx,
CcoHOau-aK cy macmay Kenemi (m/sxcoin). Bynanovipy moeanviHa cyobiy
macmanysl eKi cyazap apKulisl Jcy3eze aculpbliaobl. [Jepexmepee calikec,
2022 srcornvr Ne 1 cyazapoan scannvt cy macmanyst 21,29 monnanul,
an Ne 2 cyazapoan 15,326 monnansl Kypaovl. Tanday xepcemkenoetl,
AgbIHObL CYAPOagbl 3ammapoblly KOHYEHMpAyusAcyl enoiy HOpMamuemix
KYKbIKMbIK AKMINEPIHOe JCIHE HOPMAMUSMIK-MEXHUKANbIK KYocammapoa
beneineneen mananmapaa caKec Keneoi.

Kinmmi cesdep: antomunuil endipici, pmop Kocwvlivicmapol,
3ammapobly KOHYEHMPayuscsl, azelHObl CYAAP, MUIMOI MEXHOI0UANAD
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ANALYSIS OF FLUORIDE EMISSIONS AND WASTEWATER
DISCHARGES IN ALUMINUM PRODUCTION

Kazakhstan Electrolysis Plant JSC conducts a comprehensive annual
process audit in accordance with generally accepted practices and the
legislation of the Republic of Kazakhstan. A number of technical solutions,
considered best practices, are used in production to prevent or minimize
negative anthropogenic impacts on the environment.

This article analyzes Kazakhstan Electrolysis Plant JSC’s efforts to
treat atmospheric emissions and wastewater generated during aluminum
production. Particular attention is paid to methods for treating fluoride
emissions. The primary dust and gas collection (DGC) equipment is a
bag filter, of which several types are used. Needle-punched polyester
(nylon), polyester, and polyester fiber are used as filter materials. These
filters are quite effective, with an actual efficiency of 99.3-99.4 %. An
analysis of the concentrations of certain substances showed that the
minimum concentration of KF, NaF, and Na3AlF6 at the outlet of the
dust and gas collection equipment is 0.1 mg/m> while the maximum
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is 5.04 mg/m>. Analysis of the dust and gas cleaning equipment used in
aluminum production confirms minimal negative environmental impact.

Monitoring of pollutant discharges with wastewater at the plant is
conducted quarterly at three points based on the concentrations of the
following substances at the outlet (mg/dm?): suspended solids, chlorides,
sulfates, total iron, sodium, calcium, magnesium, fluorides, surfactants,
petroleum products, aluminum, phosphates, and ammonia, as well as
the amount of discharges (t/year). Discharges to the evaporation pond
are carried out through two outlets. According to the data, the total
discharge from Outlet No. 1 in 2022 was 21.29 tons, and from QOutlet
No. 2, 15.326 tons. Analysis showed that the concentrations of substances
in the wastewater comply with the requirements set out in the country’s
regulatory legal acts and normative and technical documents.

Keywords: aluminum production, fluoride compounds, substance
concentrations, wastewater, efficient technologies
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KITUMATUYECKUE N3MEHEHWS KAK KITOYEBOU
®AKTOP JEFPAOALUNN BEPE30BbIX JIECOB
CEBEPHOI'O KA3BAXCTAHA

B cmamve paccmampueaemcs énusinie KIuMamudeckux usmMeHenutl
Ha cocmosnue u decpadayuio bepézosvix necos Ceseproeo Kaszaxcmana.
bepézosvie KoaKU, AAOWUEC BANCHBIM INEMEHMOM IKOCUCTHEM
eCOCMenHol 30Hbl, GbINOIHAIOM 8O0OpeyIUpyiowue, 3aujummnsie u
KAUMAmocmadumuzupyoujue QyHKYuU, 0OHaKo 8 NnoCieOHue 0eCmuienmusl
UCNBIMBLBATOM GbIPAdICEHHble npoyeccvl decpadayuu. Ommeuaromcs
YebIXanue 0pesocmoes, CHUdICeHUe NPUpoCcma, nopaxicenue Oone3HIMU U
COKpawenue niowaou ux pacnpocmpaneHus.

Hccnedosanue ocnosano na ananusze mMemeopoiosudeckKux OUHHbIX
PI'll «Kaseuopomemy 3a 2017-2024 20061, a makoice HA CPAGHEHUU
CRYMHUKOBLIX U KAPMOSPAPUUecKux Mamepuanios. Ycmanoeieno, umo
KI04eBbIMU KAUMAMUYEeCKUMU hakxmopamu dezpadayuu 6epézosuix
IKOCUCmEM SBIAIOMCS NOBbIULEHUE CPEOHEe200060U meMnepamypbl,
COKpawerue CHeJICHO20 NOKPOBd, YuaujeHue 3acyx U UsMeHeHue pexrcumad
0caokos. dmu npoyeccvl NpUBOOsim K 0ciabIenuio opesocmoes, ux
Guzuonocuteckomy UCIMOWEHUIO U POCIMY YA3Z6UMOCTIU K OUOMULECKUM
U AHMPONOSEHHBIM 8030€UCTBUSIM.
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Heepaodayusa 6epé306ubix 1ec08 HOCUM KOMNIEKCHLIU Xapakmep u
00ycno6nena 83aumooeticmeuem KiuMamuieckux, 2u0poi0cutecKux,
buomuueckux u amnmponocennvlx Gaxmopos. Ilokazano, umo
usMeHeHue 2uOPOIOSULECKO20 PEANCUMA U B0OH020 DanaHca IKocucmem
ycunusaem He2amusHoe 6030eUcmeue KIUMAMULECKUX CMpeccos.
B 3akniouenue npednodicenvl 0CHOGHbIE HANPAGIEHUS COXPAHEHUS U
aoanmayuu 6epé308biX 1€C08: CUCMEMHbIN MOHUMOPUHS COCTOAHUS
Hacax)coeHul, 0CCmanogienHue 0ecpaoupo8aHtHblX YYacmKoas,
pezynuposane aHmpono2eHHoOU HAZpY3KU, QOopMuposanue 3aujumHsix
JIeCONONOC U pazeumue MexcoOyHapooH020 COmpyOHU4ecmsda 8 cgepe
VCMOU4UBO20 YNPAGLEHUS 1eCAMU.

Pesynvmamol ucciedosanus noomeepicoarom, Ymo KiumMamuveckue
U3BMEHEeHUs AGNAIOMCA KIIYesbiM (pakmopom oecpadayuu 6epé3osvix
okocucmem Cesepnoco Kazaxcmana u mpebyrom KOMNIEKCHOZ0
no0X00a K UX COXpPAHEHUIO.

Knwuegvie cnosa: 6epésosvie neca, Cegepnuiii Kazaxcman,
KAuMamuieckue usmenenus, 0espaoayus IKOCUcmem, 2u0poI0cuteckuil
pedicum, adanmayus, ycmoudueoe ieconoib308anue

BBenenue

Bepézorie meca CeBepHoro KaszaxcTaHa 3aHUMarmT 0co00e MECTO B
CTPYKTYpe MPHUPOITHBIX dKOCUCTEM peruoHa. OHU TpEeaCcTaBISAIOT cOOOMH
YHUKAJIBHBIE OCTPOBKH JIPEBECHOH PACTHTEIBHOCTH B JICCOCTEITHOHN 30HE, TIIE
mpeodIagaoT CTEMHBIE W CeNbCKOXO03sMCTBCHHBIC TaHAMA(PTE. DTH Jeca
BEITIOJTHAIOT BaXKHBIC (QYHKIUHU: PETYIUPYIOT BOIHBIA PEKUM H MUKPOKIHMAT,
3aIUIIAIOT MTOYBBI OT SPO3UHU, COXPAHSIIOT OHOpPa3HOOOpa3ne M OJTHOBPEMEHHO
HMCIOT COIMATbHO-DKOHOMHYECKOE 3HAUCHUE KaK UCTOYHHK JIPEBECHHBI H
MecTa pexpeartui. OJHaKO B MOCTIEIHUE TCCATIICTHS HAOMIOAACTCs yCTONINBAS
TEH/ICHIINSA JAeTpaauy 6epEé30BBIX MACCUBOB: (PUKCHUPYETCsI YChIXaHHE ICPEBHEB,
CHIDKCHHE TIPUPOCTA, paclpocTpaHeHue Oone3Heil u Bpeaureneit. [IpuanHer
ATUX TPOIECCOB KOMIUICKCHBI, HO KIFOUEBBIM M yCHJIMBAIONUM (aKTOPOM
BEICTYTIAIOT KIIMMATHICCKUE H3MEHEHUS, BEIPAYKAFOIITIECS B POCTE CPEIHETOIOBOM
TeMIepaTyphl, YIalleHUH 3aCyX, N3MECHCHHU PEKIMA 0CaTKOB M SKCTPEMaTbHBIX
sBIICHUH. VIMEHHO KITMMAaTHYECKHUH cTpecc AenaeT O0epé30BbIe Jieca OCOOCHHO
YS3BUMBIMH U TIOBBIMIAECT BO3JIEHCTBUE APYTUX HEOIATOMPHUSATHBHIX (HaKTOPOB
— MMOoXapoB, pyOoK, BITaca CkoTa M Ooyie3HEd. B cBsA3m ¢ ATUM H3ydcHHE
BIIUSHUS KIUMaTa Ha cocTosHue Oepé3oBbix necoB CeBepHoro Kazaxcrama
SIBIIICTCS aKTyaJbHOM 3a/aueii, a 1Meh HACTOSIIETO MCCICJOBAaHUS — ITOKa3aTh
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POJb KIMMAaTHYECKUX M3MEHEHUH B MX JIETPAIALNH U PACCMOTPETH BOZMOKHBIC
ITyTH AT U COXPAaHEHUS.

IIpupoaHo-KIMMaTHYECKHE YCJIOBHUS M IKOJOTHYECKOe COCTOSIHHE
0epé3oBbIx KoJK0B CeBepHoro Kazaxcrana

Bepésorrie neca CeBeproro Kazaxcrana (pucyHku 1-3) umMeroT ouaroBoe
pacrpocTpaHeHne U 00pa3yroT TaKk Ha3bIBAEMbIE «KOJIKMY» — OCTPOBHBIE POIIH,
MIPUYpPOYEHHBIC K IOHIKEHUSM penbeda u Oonee yBIaXKHEHHBIM ydacTKaM.
OcHoBHBIE MacCUBHI Oepé3 BeTpedatoTes B Kocranaiickoit, CeBepo-Ka3axcTaHCKoH,
AxMonmHCKo 1 yactiaHo [TaBmomapckoit oomactsx. I eomoruaeckuii GyHIaMEHT
pErroHa PeICTaBIICH APEBHEATUTIOBUAILHBIMH 1 JIETHUKOBO-aKKYMYJIA THBHBIMH
OTIIOKECHUSIMH, NMEPEKPHITHIMU YePHO3EMAMU U TEMHO-KAIITAHOBBIMHU
mouBami [1; 2; 3]. DTu MOYBBI 00ECTIEYNBAIOT BHICOKYIO MPOAYKTUBHOCTH, HO
IIPY 3TOM YYBCTBHUTEJILHBI K 3aCyXaM M OPO3HH.

2 b s ul e

Pucynok 1 — bepe3oBbie KoJKu

Kimmmar ceBepHBIX 00J1acTeli pe3K0 KOHTHHEHTAIBHBIIN: 31Ma PO I0/DKUTETbHAS U
XOJIO[THAS, JIETO — TEMIIOE 1 HEPEe/IKO 3acyIUTHBOE. CpeTHEroI0BOe KOJIMIECTBO OCAIKOB
coctapyrsieT 300-360 MM, 13 koTopbIx 10 70-80% BbImagaeT B TEMIBI ieproarona [4; 5).
JIns permona xapakTepHa BEICOKas I3MEHUUBOCTB BIIaro00eCTICYeHHOCTH: YepeIOBaHNE
BIIQKHBIX U CyXHX JieT. CoBpeMeHHbIe HabuoaeHns Kasruapomera GUKCUPYIOT pOCT
CPE/THETOJIOBOI TEMITEPATYPbI M yUaIlleHHE 3aCy X, UTO YCHITHBAET YSI3BUMOCTh OEPE30BBIX
poiir [4]. B cBsI3U ¢ 3TUMH M3MCHCHHSIMU Ha PUCYHKE 2 MBI MOYKEM HAOJIOaTh Kak
YBEJIMUUBAIOTCSI CYXOCTOWHBIE AEPEBbS M COKPAIIIAIOTCS IUIOIAIN OEpEe30BbIX KOJIOK.
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Pucynok 3 — Pacripezesnenue 6epe3oBbIX KOJIOK

bepéza nosucnas (Betula pendula Roth) — oHa U3 OCHOBHBIX JPEBECHBIX
mopoz JgecoctenHoi 30H61 CeBepHOro Kazaxcrana. 3T0oT BUI OTIIMYAETCS BEICOKOM
9KOJIOTHYECKOH MIIaCTUYHOCTBIO, CIIOCOOHOCTBHIO OBICTPO 3aCEIATh HAPYILICHHbIE
Y4YacTKH U BOCCTaHABIMBATHCS IOCIIE MOXKapoB. bepésa ceeronodusa, Xopoo
pacTéT Ha IUIOJOPOAHBIX M YMEPEHHO BIIAXKHBIX IOYBaX, OQHAKO IJIOXO
MIEPEHOCHT JUIUTEIIBHbIE 3aCyXH U 3aCTOU Biard. CpeqHsas NpoJOKUTEIBHOCTD
xu3Hu O0epésbl cocramnser 70—100 net, HO MpU HEOIATONPHUATHBIX YCIOBHUIX
9TOT CPOK coKpamaercs. [IoBepXHOCTHAs KOpHEBas CHCTeMa AENaeT pacTeHHe
3aBHCHUMBIM OT aTMOC()EPHBIX OCAAKOB M YPOBHS I'PYHTOBBIX BOJ, YTO OOBSACHACT
BBICOKYIO UyBCTBUTEIBHOCTb K M3MEHEHUSAM KINMaTa. bep&30Bble KOJIKH UTParoT

46

Bectaux TopaiirsipoB ynusepcurera, ISSN 2710-3544 Cepus Xumuko-6uonozuuecras. Ne 4. 2025

3HAYUTEIBHYIO 3KOJIOTHYECKYIO POJIb: OHU CIIOCOOCTBYIOT HAKOIUICHUIO BJIATH,
MIPEISITCTBYIOT SPO3HH TTOUB, YIIyUIIAI0T MUKPOKIMMAT U CIIy’KaT YOeXKUIIEeM JUIs
MHOTHX BHJIOB KUBOTHBIX U pacTeHHil. B maHamadTHO! CTPYKType CeBEpHBIX
obmacreir Kazaxcrana O6ep&30Bbie pOIIH BBIMOIHSIIOT BOJOPETYIHPYIOMIYIO,
3aIIUTHYIO U peKpeannoHnyto yHkui [1; 3; 6; 7].

ITo maHHBIM MecTHBIX HaOmomeHuit, B 2022 r. oTMeyaiacs U30BITOYHBIHN
YPOBEHb BIIaTd M MO BOJE IOLUIO OBICTPOE PAaCHpPOCTpaHEHHE OAKTEpHATLHOU
BOosHKH. ClielyeT OTMETUTh, YTO aHAJIOTWYHBIE TCHICHIUH HAOIIONAIOTCS 1
B NIpHIIeraomux pernonax Poccuiickoit deneparun, B 9acTHOCTH B OMCKOH
u Kypranckoit o0mactsx, rie 0ep&30Bbie Jieca TaK)Ke WCHBITHIBAIOT TaBIICHUC
KJIMMaTHYeCKUX U3MEHEeHUH [8].

OCHOBHBIMH BO30yIHTENSIMH OaKTepHalbHOW BONIHKH CUHTAIOTCS
npeacrasutenu poxos Erwinia, Enterobacter, Pseudomonas, Clostridium,
Ppa3BHBAIOIINECS B aHAPOOHBIX YCIOBHUSIX, BOSHUKAIOIINX BHYTPHU 3a00JIOHHBIX 1
CepILEBUHHBIX TKaHel. bakTepun npoayUpyIOT yIIIEKUCIbII ra3 U OpraHuyecKue
KHCJIOTBI, YTO BBI3BIBAET MOBBIIICHHE BHYTPEHHETO JABICHHS M IOCIEIyomIee
BBITEKAaHUE KUAKOCTH Yepe3 TPEIIUHBI KOpHI [9].

I'maponornueckas cers CeBepHoro Kaszaxcrana Bimowaer pekn Mmum n
Tobon ¢ mpuTokaMu, a TakKe MHOTOYHCICHHBIE Maslble 03¢pa M BpPEMEHHBIC
BoJ0TOKH [ 10]. OHM HIpatoT KIIFOUEBYIO POJIB B ITOIEPKAHHUH BIIATH B TOHMKEHHBIX
MecTax, TJIe COCPeI0TOYECHBI OepE30BbIe POIH. [[jIsl perroHa XapakTepHbI TAKKe
3a00JI0YEHHBIE TEPPUTOPUH, OCOOCHHO B HU3WHHBIX MECTaxX, 4TO OKa3bIBAET
CYIIECTBEHHOE BJIMSIHAE HA BOJIHBIN PEKUM M yCIOBHS TPOU3PACTAHMS JIECHBIX
MaccuBOB. B Takmx ycnoBusx 0epé3bl 3aHMMAIOT MPEUMYIIECTBEHHO yYacTKH
C XOpOUINM BOIOOTTOKOM, I'I€ HE 3aCTaMBACTCs Biara, u3berast H30BITOYHOIO
MepeyBIaKHEHNU. B TOABI ¢ OCTATOYHBIM KOJWYECTBOM OCAJKOB M TaJIBIX
BOJ B TaKMX INMOHMIKEHHUSIX CO3/1al0TCs OJarompusTHBIE YCIOBHS IS POCTa
JIEpEBbEB, HO BO BPEMs 3aCyX YPOBEHb IPYHTOBBIX BOJI NA/1A€T, YTO BHI3BIBACT
YCBIXaHHUE U IETPaIalliio JECHBIX yaacTKoB [5; 10]. CnenoBateiapHO, COCTOSHUE
THIPOJIOTMYECKON CETH HANpSAMYIO OINpeneisieT cyAb0y OepE30BhIX KOJIKOB.
Jlaxxe He3HAUNTEIbHOE TIOHKEHUE YPOBHS I'PYHTOBBIX BOJI B 3aCYIIUTUBBIE TOJIBI
MIPUBOJUT K MACCOBOMY YCBHIXaHHIO, & M30BITOK BJIAard B TOJIbI TYMUAN3AINN — K
pasBuTHIO OoJye3HEN. D10 nenaer 0epé3y OCOOEHHO YS3BUMOH IO CPaBHEHHIO
C JIpyTUMH JIPEBECHBIMHU MOPOAAMH pernoHa. Jlerpamarust 6epE30BbIX KOIKOB
MpeAcTaBIsieT co00i KOMIIJIEKCHOE SIBIIEHHE, O0yCIIOBIEHHOE JIeHCTBHEM
KITMMATHYECKUX, OMOTHYECKUX M aHTPOIIOTeHHBIX (hakTopos [6; 7].

Kimmatndeckue MpUYMHBI BKJIIOYAIOT MOBBIMICHHE CPEIHEr0J0BON
TEMIIepaTypPbl, COKpAIIEHHE CHEKHOTO TIOKPOBA, CHI)KCHNE KOJIMYECTBA OCATAKOB 1
POCT MPOJOIDKUTENIBHOCTH 3aCyIUTHBBIX IIEPHO/10B. I3MEeHeHN s THAPOIOTHYECKOTO
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PEKUMa MPUBOIST K TOHMKEHHUIO YPOBHS TPYHTOBBIX BOJ] M IEPECHIXaHUIO MTOYB.
Bepésbl, 0coOeHHO MO0 IbIE, CTPAAAIOT OT BOJHOTO Ae(UINTA, UTO BBIPAXKACTCS
B YCBIXaHHWHU BEpPXYIIEK u KpoH [4; 5; 6]. BuoTnueckue hakToOpsl MPOSBISAIOTCS
yepe3 MopakeHHe JepeBbeB Oosie3HsMU U BpeauTeasiMu. OcrnabieHHbIE
KIIMMaTHYECKUM CTPECCOM PACTEHHS CTAHOBATCS YS3BUMBIMH K OaKTepHaIbHON
BOJSTHKE, TPUOKOBBIM MH(EKIHIM M CTBOJIOBBIM BpenutensiM. Ilopaxenne
MHPEKIUSIMA 4acTO CTAHOBHUTCS BTOPHUYHBIM CIIEACTBUEM HEOIArONpUsSTHBIX
TIOTOAHBIX yclioBui [3; 7]. AHTponOreHHbIE (PaKTOPHI YCHIMBAIOT ECTECTBEHHBIC
nporeccsl Aerpaganun. K HIM OTHOCATCS HE3aKOHHbBIE PyOKH, BEDKUT'AaHHE TPABBI,
Ype3MEPHBIN BBINIAC CKOTA, YINIOTHEHUE MIOYB U OCBOCHUE 3€MEITh ITO]] CEILCKOE
XO035HCTBO. DTH BO3ACHCTBHS HAPYIIAIOT TOYBEHHO-THIPOJIOTHYECKNE YCIIOBHS,
MIPUBOAS K 9p0o3uu U uctouieHuto skocucreM. I1o nanuemv PI'TI «Kasrunpomer»,
Cpe/IHEeT0J0Basi TEMIIEPATypa B PErHOHE TOBBICHIAch Ooiiee yeM Ha 1,5 °C, uTto
CYIIECTBEHHO BIMSET Ha BOTHBIN OamaHc skocucreM [11; 12].

CokpallieHne CHEe)XHOTO TIOKPOBA CHIDKAET 3aIIUTY T0YB OT IPOMEp3aHHs,
0COOCHHO Ha OTKPBHITHIX ydacTKax. BeceHHHME OTTenesn, CMEHSIOMnecs
3aMOpO3KaMH, MPUBOAAT K MOBPEKICHUIO KOPHEBBIX CUCTEM U TPEIIHHAM
B cTBOJaX. JIeToM aepeBbst CTpagaroT OT Ae(HUIMTA BIArH M MEperpena, uTo
BBI3BIBACT (PM3HOIOTMIECKOE OCITA0ICHNE 1 CHIKAET YCTOHUMBOCTD K OOJIC3HSIM.
B ycnoBusix 3acyxm Hapymiaercst 0anaHC MEXIy MOCTYIJICHHEM M PacXoIoM
BJIarH, CHMKAETCS IMPUPOCT JIPEBECHHBI M YMEHBIIACTCSI KOJINYECTBO JICTHEB.
Ha otnenbHBIX yyacTkax HaOIIOMAETCS MTOJTHOE YChIXaHHE JPEBOCTOEB. Takum
o0pa3zomM, nerpananus 0epE30BEIX KOJIKOB — 3TO MPOSBICHUE HECOOTBETCTBUS
MEXIy MU3MEHSIOMUMCS KIMMATOM M 9KOJOTHYECKHMH MOTPEOHOCTAMH BHIA.
Wzyuenne nerpaganny 6epE30BbIX IKOCHCTEM OCHOBBIBACTCSI HA KOMITJIEKCHOM
MOJX0/€e, BKJIIOYAIOMIEM AHAIU3 KINMATHUYECKUX, THAPOIOTHUECKUX U
ononornuyecknx nanHbIX. Hayunsie nccnenosanus (Lynsrun, 2020; BopoOnéB,
2019) moaTBepKAAIOT, YTO YCTOWYHMBOCTH OEPE3OBBIX JIECOB TECHO CBs3aHA C
BOJHBIM PEKUMOM H TEMIIEpaTypHBIMU KonieOanusmu [4; 5; 6; 7]

J1J151 OLIEHKH COCTOSTHHS APEBOCTOEB MCIIOJIB3YIOTCS HA3eMHbIE HAOTIOICHUSL:
N3MEpEeHNE IIOTHOCTH, ONPEEIICHNE IO CYXOCTOsI, MOHUTOPHHT OOJe3HEeH n
N3y4YeHHE TIOYBEHHOH BIIaKHOCTH. IlosryueHHbIE JaHHbBIE TIO3BOJISIOT BBIABISTH
TEeHJCHIUU Jerpajalnnuy 1 pa3padaTeiBaTh MEPHl MO0 COXPAHEHHUIO JIECHBIX
skocucteM. COBpeMEHHbIE CTPATETUH COXPaHEHNS O€pE30BBIX KOJIIKOB BKIFOUAIOT
BOCCTAHOBJICHUE JIETPaJINPOBAHHBIX yYacTKOB, OrpPaHWYCHNE aHTPOIOTCHHON
Harpysku, (popMupoBaHHE 3aLIUTHBIX JIECONOJIOC W KOHTPOIb 32 MOXKapamH.
BaxHoe 3HaYeHNE MMEET TAaKXKe MEXIyHApOIHOE COTPYIHHYECTBO B paMKax
MIpOrpaMM aJarTaIliy JIECHOTO X03HCTBa K M3MeHeHno kiumara [8; 11; 12].
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Marepuajbl 1 METOABI

OOBEKTOM HCCIEI0BaHHUS SBISUIUCH Oepé3oBbie Koaku CeBepHOro
KazaxcTaHa, oTiau4alomuyecs 04aroBsIM paclpoCTpaHEHUEM U BBICOKOU
YyBCTBUTEIBHOCTBIO K KIIMMAaTHYECKUM N3MEHEHHSIM.

Jns ananusa Owpuin ucmonb3oBansl gaHHble PI'TI «KasrugpomeT» 3a
2017-2024 rr., pa3meménnbie Ha opuIMaibHOM caite. [4] PaccmarpuBanuch
Clle/TyolHe KIMMAaTHUECKHE TTapaMeTphl:

— CpeJHsIsl TeMIepaTypa Bo3/IyXa;

— MUHMMAaJIbHAsI 1 MaKCUMaJIbHAsI TOYKa POCHI;

— MapIUaIbHOE JaBJICHHE BOISHOTO 11apa;

— CKOPOCTb BETPa;

— KOJINYECTBO aTMOC(EPHBIX 0CATKOB;

— OTHOCHUTEJbHAS BIaXXHOCTh BO3/yXa;

— IeQUIUT HACBIIICHHS;

— BBICOTA CHEXHOTO ITOKPOBA.

Meroayka BKIIOYaia CPaBHUTEIBHbIH aHAIN3 TUHAMUKH KIMMaTHYeCKUX
rokasaresiedl o rojlaM M ce30HaM, YTO MMO3BOJIMJIO BBISIBUTH TEHICHIUU
W3MEHEHHS TeMIepaTypbl, BIaroo0ecrnedeHHOCTH U CHEXHOT'0 MOKPOBA.
JIONOJTHUTENIFHO YYNTHIBAIACH MEKIOJ0Basi M3MEHUYMBOCTh, TaK KaK MMEHHO
pe3Kue KoyieObaHHs KIMMaTHIeCKUX YCIOBHI OKa3bIBalOT HAMOOIIbILEE BIUSIHUE
Ha yCTOWYHMBOCTH OEPE3OBBIX IKOCHUCTEM.

OtrnenbHOE BHHUMAHHE yJENsI0Ch paboTe ¢ KapTorpapuuecKuMu
Marepuanami. I1o CIryTHUKOBBIM KapTaM M cXeMaM paclipe/iesieHns: 0epE30BhIX
konkoB (Google Earth, Tomorpaguueckne KapTbl) IPOBOAMICS BU3YallbHBIN
aHaJIN3 IPOCTPAHCTBEHHOW AnHaMuKU. CpaBHEHHE KapTOrpa(uuecKux JaHHBIX
C METeOHaOIIO/ICHUSIMU TTO3BOJIMIIO BBISIBUTH 30HBI ¢ HanboJiee BHIPaKEHHBIMHU
M3MEHEHUSIMH — JIeTpaJlalineld APEeBOCTOEB B 3aCYIIIMBEIC T'0JIbI, 3a00IaUNBaHUEM
B IIEPHO/IbI U30BITOYHOM BJIard M COKpAIIEHNEM CHEXKHOTO TIOKPOBa.

Takum 0Opa3om, coueTaHHe CTaTUCTHYECKUX NaHHbIX Kasrmapomera u
KapTorpaduyeckoro aHaam3a 00eCleYnsI0 KOMIUICKCHBIA MOAX0J K OLEHKE
BIIMSTHUSL KJIMMaTHYECKUX (AKTOPOB Ha Jerpajanuio 0epE30BBIX KOJIKOB
CesepHoro Kazaxcrana.

Pe3yabTaTsl U 00cy:KI1€eHUE

Ha dotorpadusix anxe (prucyHkn 4—5) HaOIr0Ja0TCSl ©3MEHEHUSI BOJHOCTH
o3ep CesepHoro Kaszaxcrana. IIpu cpaBHenun 1993 r. u 2025r. MBI BUAUM TO,
KaK B MECTHBIX 03€pax yBEINYMBACTCS YPOBEHB BOIbI. CpaBHEHHE CITy THUKOBBIX
n3o0pakenuii paszHbIx Jiet (Google Earth) mo3sosisieT Gonee netaabHO MPOCIETUT
JIMHAMHKY COCTOSIHUSI O€pPE30BBIX JIECOB M BOAHBIX 00BEKTOB peruoHa. Bo-mepBsbIx,
CIyTHUKOBBIE KapThl (PUKCHPYIOT M3MEHEHHE IIJIONIaJN BOJHBIX OOBEKTOB:
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OJTHM 03€pa 3aMETHO YBEIHMYWJIN CBOIO aKBATOPHIO (TIPOSIBICHHE IPOIECCOB
TYMUIM3ALMHN ), TOT/Ia KaK 9acTh MaJIbIX 03¢ MOIHOCTBIO IIEPECOXIIA B 3aCYIILIUBbIC
ro/ibl. DTO OATBEPKIAET BEICOKYIO HEYCTOWYNBOCTB BOHOTO peskuMa CeBEepHOTo
KaszaxcTtana. Bo-BTOpBIX, KapThl HATJsAJHO AEMOHCTPUPYIOT MO3aHYHOCTH
W3MEHEHUIL: B TOHIKEHHAX penibeda HabIromaeTcs 3a001auiBaHNE U BEITECHEHHE
6epé3bl BIAroJr0OMBBIME BHJAMH, a HA BO3BBIMICHHOCTSIX M CyXHX y4JacTKax-
YCBIXaHHUE U COKpPAIEHNE III0Ia 1 por. TakuM 00pa3om, TPpOLecCh Aerpaiaiim
HOCSIT OYaroBBIH XapakTep M 3aBUCAT OT COYETAHHS KIMMATHYECKUX (PAKTOPOB
1 JIOKAJIBHBIX THIPOJIOTHUECKUX YCIOBUH. Mcroab30BaHNE CIyTHHUKOBBIX
JTAHHBIX ITO3BOJISIET HE TOJIBKO ITOJITBEPAUTH HAOII0JaeMbI€ B TIOJIEBBIX YCIOBHUSX
W3MEHEHHS, HO W BBIABUTH TCHACHINHU, HE3aMETHbIC 0€3 INCTAaHIIMOHHOTO
MOHHUTOPHUHTA. DTO JAEIaeT METOJ JMCTAHIMOHHOTO 30HANPOBAHUS 3eMIIN
Ba)KHBIM MHCTPYMEHTOM JJIs IPOTHO3a OyAyIIETr0 COCTOSIHNS O€PEe30BbIX JIECOB
1 BBIpaOOTKH Mep 10 UX coxpaHeHuio [8; 10]
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Pucynox 4 — CriytHukoBbI cHUMOK 1993 rona.
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Pucynox 5 — CriytHuKOBBIN cHUMOK 2025 rona.

PacrurenbHbIN TOKPOB pErMoHa XapaKTepU3yeTcs yepejoBaHueM 0epE30BbIX
1 OCHHOBBIX POIII C y4acTKaMu crernu. JIpeBocToil npecrasiicH 6epé30ii MOBHUCIIONM
(Betula pendula), mecramu BcTpeuyaeTcsi ocuHa U MBHSK. [loaiecok oOpa3yror
4yepéMyxa, psiOrHa, KAJIMHA, IIUITOBHUK, & TPABSIHUCTBIN SIPYC BKIIIOYAET 3J1aKOBO-
pa3HOTpaBHbIE BUJIbI (KOBBLIb, KOCTEP, MOJIBIHb, BACHIEK). Takoe coueranue
Jenaet 0epE30Bble MAaCCUBBI TUITMYHBIM JIEMEHTOM JIECOCTEITHOTO JiaHamadTa,
HO 1 OJHOBPEMEHHO OYCHb YYBCTBUTCIIbHBIM K U3BMCHCHUAM KJIMMaTa.

AHaau3 kauMaTtuyeckux ycaoBuii CesepHoro Kasaxcrana
(2017-2024 rr.)

AHanu3 mMeTeoposorndyeckux AaHHbIX 3a 2017-2024 rr. mokasbIBaeT,
YTO KJIUMAaT PErHuOHAa XapaKTepU3yeTcs BBICOKOH M3MEHYHUBOCTLIO
1 YCUJICHHUEM OKCTPEMAJIbHBIX SIBJICHUM.

Paznuia mexay camoit xonogHoi 3umoit (2018 r., —22 °C) u camoit Térnoi
(20232024 rr., —7...—8 °C) cocraBuia okosno 14—15 °C, yTo moaTBEpKIAET
TCHACHIHNIO K CMATYCHHUIO 3UM U COKPAIICHUIO IIEpUoaa yCTOfI‘-IPIBI:IX MOPO30B.
Jliist 6epé30BhIX JIECOB 3TO JBOWCTBEHHAS CHTYyallUs: C OJHOW CTOPOHBI, Oojice
MSTKHE 3UMBI YMEHBIIAIOT INIyOHHY NMPOMEP3aHHUsS MOYB M CHUIKAIOT PUCK
MOBPEXK/ICHHUSI KOPHEBBIX CHUCTEM; C JIPYrOM CTOPOHBI, y4allleHHe OTTernenen
NPUBOJMT K IIOTEpE 3aKaJEHHOCTH U POCTY 3UMHHUX IOBpEKICHUH. Takum
00paszom, rpad)uK IEMOHCTPHPYET, YTO UMEHHO HECTAOMJIBLHOCTH U PE3KHE
repernazpl TeMIeparyp, a He TOJILKO 0011 MOTENICHUE, CTAHOBSTCSI KIIFOYEBbIM
(dakTopoM gerpamanuu 6epés. (PUCYHOK 6).
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Pucynox 6 — lnnamuka temnepatyp 2017-2024 rona.

TonmHa CHEXHOTO TOKPOBA 32 ITOCTIETHIE TOIBI COKpaTmiiach ¢ 52 cM (2017
r.) 10 15-25 cm (20232024 1T.), 9TO yKa3bIBA€T HA BRIPAKCHHYIO TCHICHIIHIO K
YMEHBIICHUIO €CTECTBEHHO 3aIUTHI ITOYBHI. /1151 OpE30BBIX JIECOB 3TO KPUTHYHO:
HE/IOCTaTOYHBIM CHEKHBIM MOKPOB OCTABISIET KOPHEBYIO CUCTEMY M HUKHIOIO
YacTh CTBOJA O€3 TEIION30JISIIINH, YTO YBEJIMUUBACT BEPOSATHOCTD OAMEP3aHHSL.
OCOOEHHO OMACHBIM CTAHOBHUTCS COYETAHHE MAJOCHEKHBIX 3UM C PE3KUMHU
TeMIepaTypHBIMH KolieObaHusIMA. TakuMm 00pa3oM, rpaduK MOATBEPKAAET, UTO
CHM)KEHHE CHEXHOTO MTOKPOBA HANPSIMYIO HOAPBIBAECT YCTOWINBOCTh MOJIO/BIX
6epE30BBIX HACAKACHUH 1 TIOBBIMIACT PUCK UX THOENH. (PHCYHOK §).

I'omoBoe komIaecTBO 0caaKoB BapbupoBaio ot 330 mm (2019 1.) 1o 520 mm
(2022 .), aTo coctaBsieT mout 60 % xomebanmii. Takas HI3MEHUYHBOCTD YKA3bIBACT
Ha HECTaOMJIBHOCTh KIIMMATHYECKON CHCTEMBI perroHa. J{i1st 6epEé30BhIX J1ecoB
9TO O3HAYAET YEPEOBAHME BYX CTPECCOBBIX COCTOSHHIA: B 3aCYIUIUBBIC TOJIBI
HaOII0JaeTCsl MaJieHNE YPOBHS IPYHTOBBIX BOJ M MACCOBOE YCBIXaHHE JIEPEBBEB,
a B IIEPUOABI N30BITOUHBIX OCA/IKOB — 3aCTOM BJIATM M Pa3BUTHE 3a00JI€BaHU, B
YaCTHOCTH OaKTepHaIbHON BOISHKH. Takum 00pa3om, rpaduK MOITBEPIKIALT, ITO
KITIOYEBOI yIpo30i au1st 6epé3 SBIIETCS HE TOIBKO 001IIee CHIKEHUE KOJTMYECTBA
BJIaTH, HO U €r0 pe3KHe KOoJEeOaHus, KOTOPBIE JEIar0T 3KOCHCTEMY KpaiHe
YSI3BUMOM K KIIMMAaTHYECKUM U3MEHEHUSAM. (PHCYHOK 7).
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Pucynox 7 — lnnamuka ocankoB 3a cytku 2017-2024 rona.

80
T0
60
50
40
30 ¥
20

10

0 /

1 2 3 4 5 6 T 8 9 10 1 12

—a—2017 ron—e—=2018 rog—e—=2019 rog—e—2020 rog
——2021 rof=—e—2022 rof—e—2023 roa 2024 ron

Pucynoxk 8 — lunamuka cHexxHoro nokposa 2017-2024 roxa.
OTHocUTEeNbHAs BIAXHOCTh BO3AyXa Aepxkanach B npeaenax 70-80 %,
omHako B 2021-2023 rT. B JIeTHHE MECAIBI CHIKANACh 10 60—65 %. Jedumur

HachlleHus B 9ToT nepuoj npesbiian 10—12 rlla, yTo ykas3biBaeT Ha BHICOKYIO
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HCTIapIeMOCTbh U CyXOCTbh Bo31yxa. [yt 0epE30BbIX JIECOB TaKHE YCIOBHS BELYT
K (PU3MOJIOTHYECKOMY HCTOIIEHHIO.

Cpennsist CKOpOCTb KoJiebanach oT 2 10 5 M/c, IpU 3TOM B BECEHHHUE 1 OCCHHHE
TIEPHOBI OTMEYAIINCh TOPBIBUCTHIE BeTPhl. OHM CITOCOOCTBOBAIIM YCKOPEHHOMY
WCCYIICHHUIO TTI0YB M yCHJIMBAIIN TPAHCITUPALIHIO.

Taxum obpazom, B 2017-2024 rr. knmumat CeBeproro Kazaxcrtana
JIEMOHCTPUPYET YETKYIO TEHACHIMIO K MOTEIUICHUIO M POCTY KIMMaTHYeCKOH
KOHTpacTHOCTH. {715t 6epE30BBIX JIECOB 3TO BHIPAYKAETCS B COKPAILICHUH CHEXHOTO
MMOKPOBA, YBEIMYCHUH YHCIA XAPKUX M 3aCYIUIMBBIX JIETHUX IEPHOJOB,
KOJIE0aHHSAX BIAT000ECIIEYCeHHOCTH. DTH (PaKTOPHI CIIOCOOCTBYIOT OCIA0ICHUIO
JPEBOCTOEB, CHIKEHHIO MX MPOAYKTUBHOCTH W TMOBBIIICHUIO YSI3BUMOCTH K
BPEIUTENISIM U OOJIE3HSIM TaKNM KaK OakTepuaibHash BOASHKA.

BriBoabl

Jerpananust 0epE30BBIX JIECOB O] BO3ACHCTBHEM KIMMATHYECKHX
N3MEHEHHH — 3TO PETrHOHAIBHOE MPOSBICHHUE TI00aTbHONH 3KOJIOTHYECKON
Mpo0OJIeMBl, CBA3AHHOW C YSI3BUMOCTBIO JIECHBIX 3KOCHCTEM B yCIOBHUSAX
n3meHeHus kiauMata. B CeBepHom Kaszaxcrane poct Temmepatyp, ydalieHHue
3aCyX, COKpAIEHHEe CHEKHOTO MOKPOBA M IIPOLECCHl YACTHYHON TyMUAN3ANN
KIIMMaTa MPUBOIAT K OCIAaOJICHHIO APEBOCTOEB, UX MOPAXKEHHIO OONE3HSAMH U
TIOCTETIEHHOMY BBITECHEHHUIO Oepé3bl IpyTUMH BUAAMH. Jisi IPOTUBOACHCTBHS
9THM IIpolieccaM HEOOXOANM CHCTEMHBIM MOJIXOM: PETyJISIPHBIH MOHHUTOPUHT
COCTOSIHHUS JIECOB, M3yUCHHUE aJalTallMOHHOTO TIOTEHIMana Oepésbl, BHEAPEHNE
MIPOTPaMM JIECOBOCCTAHOBJICHHS M YCTOWIHMBOTO yrpasieHus. Ocoboe 3HaueHne
MMEIOT MPAKTHYECKHE MEPhl — CO3JJaHNE 3AIIUTHBIX JIECOIOJIOC, KOHTPOJIb 32
Mo’kapaMM, OrpaHHYEHME BbINIaca CKOTa M MOJAEpKaHWe BOJHOTrO OanaHca
B YCJIOBUSIX YCHJIMBAIOLIEHcs TyMuIu3anuu. [I0CKOIBKY CXO0XHE MPOLECcCH
HaOJI0aI0TCS U B CONpPEACIbHBIX peruoHax Poccum, Ba)kHO pa3BUBATH
MEXIYHAPOAHOE COTPYIHHYECTBO W 00MeH ombiToM. CoxpaHeHne 0epé30BBIX
JIECOB KaK Ba)KHOTO 3JeMeHTa npuponHoro Hacienus CesepHoro Kaszaxcrana
BO3MO’KHO TOJIBKO IIPH KOMIUIEKCHBIX YCHIINSIX YIEHBIX, TOCYAApCTBA M 00IIECTBa
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KJINMATTBIK O3I'EPICTEP COJITYCTIK KABAKCTAHHBIH
®AKTOPBI PETIHIE

Maxanaoa knumammutx o32epicmepoiy Cornmycmix Kazaxcmanmnoiy
Katibly OpMAHOAPBIHbIY JHCAU-KYUI MeH de2padayusicblHa acepi
Kapacmulpbliaovl. Opmanovl-0ania aumMablHbly IKOACYUenepiHiy
Maywvl306l 31emMeHmi 6oavln mabvliamvlH Kalibly WOKMApsbl CYObl
pemmetmin, KOpeaumvlii JdcoHe KAUMAMMbl MYPAKMAHOLIPAMbIH
GYHKYUATLAPOBL OPLIHOAUObL, OIPAK COHEbL OHICLLIOBIKMAPOA 01ap
auKbIH 0ecpadayus npoyecmepin bacmaw Kewipyoe. Azaumaposiy keOyi,
6cyOiH momMeHOeyl, aypyiapobly 3aKbIMOAHYbL JCIHE 0apOblH MAapary
AUMazblHbIY KbICKapybl OAUKANIaobL.

3epmmey «Kazeuopomemy» PMK-noiy 2017-2024 ancvindapoassi
MEemeopoNo2UsIbIK 0epeKmepin manioayed, COHOAl-aK CRYMHUKMIK JcaHe
Kapmozpapusnvlk, Mamepuaioapobl caibicmoipyea HeeizoenzeH. Kaiiviy
9KOJICYUEeNIePIHIH 0eepadayUusaCbiHbIY He2i32l KIUMAammblk Qakmopiapol
OpMANia JHCbILObIK MEMNEPAMYPAHbIH JHCOLAPBIIAY b, KAP HCAMBUIZLICHIHbIY
MOMeHOeY, KYPAKULbLIbIKIbIH JCOLAPLLIAYbL HCIHE HCAY bIH-ULAUUbIHHBIY
e3eepyi boavin madwvLiadsl. bByn npoyecmep agzawmapoviy aacipeyine,
0napovly PU3UONO2UALBIK CAPKLLIVLIHA JHCIHE DUOMUKAILIK IHCIHE
anmponozeHoix acepiepee 0CanlOblKmbly OCYiHe aKeneol.

Kaiiviy opmanoapeitsiy 0ecpadayusicol Kypoeai Jicane KiuMammaolk,
2UOPONO2UANBIK, OUOMUKATIBIK JHCIHE AHMPONO2EHOIK (aKmopiapobly
esapa apexkemmecyine baunranvicmol. IKodACYUenepOiy cUOPOIOSUANbIK,
pedicumi MeH Cy OanancwiHbly 632epyl Knumammulx cmpeccmiy mepic acepin
Kyweumemini kepcemineen. Kopvimvinoviiail kene, Kailbly OpMaHOApbIH
cakmay meH 6euimoeyoiy Hezizel 6asblmmapsl YCbIHbLIObL: eKnenepoiy
JHcatl-KyinHe JHCyiieni MOHUMOPUHE JCYP2i3y, MO32aH yuacKkenepol KainvlHda
Keamipy, aumpono2eHoix JcyKxmemeni pemmey, KOPEAHbIUL OPMAH
bendeynepin Kaiblnmacmolpy HCIHe OPMAHOAPObL MYPAKmMul OACKApPY
CanAcbIHOAbl XAAbIKAPALLIK LIHMIMAKMACIbIKIbL OaMbIMNY.

3epmmey nomuoicenepi kaumammulx oseepicmep Coamycmik
Kaszaxcmannvly Kaiivly 3K0oicylieslepiniy 0eepadayusicoblHbly He2li3el
daxmopol 60bIn MAOLIIAMBIHBIH JCIHE 0]1apObl CAKMay2d KeuleHol
KO3Kapacmul manan ememitin pacmatiobi.

Kinmmi cezdep: kaiiviy opmanoaper, Conmycmix Kazaxcman,
KAUMAMMObLY 632epyi, IKOACYUeNepOiy 0ecpadayuscsl, 2UOPONI0SUsIbIK
peoicum, detiimoeny, mypakmsl OpMAaH NAOAIaHy.

KAWBIH OPMAHJIAPBIHBIH JETPAJALIIUSCBIHBIH HET'I3TT
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CLIMATE CHANGE AS A KEY FACTOR IN THE DEGRADATION
OF BIRCH FORESTS IN NORTHERN KAZAKHSTAN

The article discusses the impact of climate change on the condition
and degradation of birch forests in Northern Kazakhstan. Birch forests,
which are an important element of the forest-steppe zone ecosystems,
perform water-regulating, protective, and climate-stabilizing functions,
but in recent decades they have been undergoing significant degradation
processes. There has been a noticeable drying out of tree stands, a decline
in growth, disease damage, and a reduction in their distribution area.

The study is based on an analysis of meteorological data from the
Kazhydromet State Agency for 2017-2024, as well as a comparison of
satellite and cartographic materials. It has been established that the
key climatic factors contributing to the degradation of birch ecosystems
are an increase in the average annual temperature, a reduction in snow
cover, more frequent droughts, and changes in precipitation patterns.
These processes lead to the weakening of tree stands, their physiological
depletion, and increased vulnerability to biotic and anthropogenic impacts.

The degradation of birch forests is complex in nature and is caused by
the interaction of climatic, hydrological, biotic, and anthropogenic factors.
It has been shown that changes in the hydrological regime and water
balance of ecosystems exacerbate the negative impact of climatic stresses.
In conclusion, the main directions for the conservation and adaptation
of birch forests are proposed: systematic monitoring of the condition of
plantations, restoration of degraded areas, regulation of anthropogenic
pressure, formation of protective forest belts, and development of
international cooperation in the field of sustainable forest management.
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The results of the study confirm that climate change is a key factor in
the degradation of birch ecosystems in Northern Kazakhstan and requires
a comprehensive approach to their conservation.

Keywords: birch forests, Northern Kazakhstan, climate change,
ecosystem degradation, hydrological regime, adaptation, sustainable

forest management.
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COMPARATIVE LETTUCE CULTIVATION
METHODS IN OPEN FIELD CONDITIONS

Abstract: this article presents a comparative model of cultivation
methods for three varieties of lettuce (Lactuca sativa), developed based on
open-field experimental experience and the analysis of foreign agrotechnical
sources. The study explores agrobiological and methodological aspects of
the cultivation process. The model includes methodological, technological,
and visual-analytical levels — from variety selection and lighting conditions
to the recording of results in tables and photographic materials. It reflects
the principles of adaptive crop production, resource conservation, and
a practice-oriented approach to agrotechnics under limited conditions.

In the results visualization section, a system of photo documentation
and tabular data is proposed to illustrate plant development dynamics,
enabling an assessment of the effectiveness of the applied methods. The
presented model is aimed at further improving open-field agrotechnologies
and can be used for educational and research purposes.

Additionally, the study emphasizes the importance of sustainable
practices, local adaptation, and interdisciplinary integration in small-scale
agricultural systems under climate variability.

Keywords: cultivation methods, agrotechnics, comparative analysis,
photo documentation, soil conditions

Introduction

Lettuce (Lactuca sativa L.) is one of the most important leafy vegetable crops,
widely cultivated across various agroclimatic zones. It is distinguished by its rapid
growth, biological value, and dietary properties, making it a highly demanded
component of human nutrition and a promising subject for agrotechnical research [1].
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An open-field lettuce cultivation experiment, based on accessible materials
and observational data, can serve as an empirical foundation for evaluating the
applicability and effectiveness of agrotechnical practices. At the same time, foreign
sources offer standardized methodologies tested in scientific and commercial
settings, enabling comparative analysis and the identification of optimal strategies.

This study focuses on a comparative examination of lettuce cultivation
methods, drawing on data obtained during the experiment and information from
international scientific publications.

The aim of the research was to compare the effectiveness of three different
lettuce varieties under identical growing conditions, followed by a comparison
of the results with foreign agrotechnological practices. The analysis includes a
description of the cultivation conditions, the varieties used, soil types, lighting
and irrigation regimes, as well as the recording of visual and quantitative results.

Materials and Methods

The lettuce cultivation experiment was conducted in open soil in the city
of Ekibastuz from May to July 2025. The total cultivation cycle lasted 50 days
— from sowing to harvest. The following varieties were grown: Iceberg lettuce
(Lactuca sativa var. capitata) — a head-forming variety characterized by a dense
structure and high heat resistance; Oak leaf lettuce (Lactuca sativa var. crispa)
— a leafy variety with characteristically lobed leaves; Red Romaine lettuce
(Lactuca sativa var. longifolia) — a leafy variety with elongated purple leaves,
resistant to temperature fluctuations.

The cultivation site was an open garden bed without the use of a greenhouse.
The soil contained a universal substrate based on peat and coconut fiber. Pesticides
were applied to protect against insect pests, following the dosage instructions
provided by the manufacturer. Irrigation was performed manually on a daily basis,
with increased volume on hot days to account for moisture evaporation. Lighting
was entirely natural, without the use of artificial lamps.

Plant growth was monitored visually and by measuring height (in centimeters)
at various developmental stages. For each variety, the following parameters were
recorded: growth rate (days to technical maturity), resistance to external factors
(heat, pests), visual characteristics (leaf color and shape), and yield (by mass
and volume of leaf biomass). Photographic documentation was carried out at all
stages — from seedling emergence to harvest.
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Figure 2 — Red Romame Lettuce on Day 50 of Growth
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Flgure 3 — Iceberg Lettuce on Day 40 of Growth
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As shown in Figures 1-3, all three lettuce varieties reached a height of
20-25 cm between days 40 and 50 of growth. Cultivation was carried out on a
grass-based substrate.

Results and Discussion

The experiment yielded data on the growth, resilience, and visual
characteristics of three lettuce varieties: Iceberg, Oak Leaf, and Red Romaine. All
plants reached technical maturity within 50 days under stable lighting conditions,
regular manual irrigation, and the use of a commercial substrate. A comparative
table of parameters is presented in Table 1.

Table 1 — Comparison of Lettuce Biometric Data

Lettuce | Height | Time to Heat Visual Notable
Variety (cm) Maturity | Resistance Characteristics Features
(days)
Iceberg ~25 50 Moderate Dense head, broad | Slow growth,
leaves, local sensitive to
discoloration spots | overheating
observed. Leaf
count 20.
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Oak ~30 45-50 High Lobed, deep green | Fast growth,
(leaf) leaves. Leaf count: | tolerates heat
18-22. well
Red ~25 50 High Elongated leaves | Aesthetically
Romaine with a purple hue. | expressive,

Leaf count: 20. | pest-resistant

Visual Observations: Red Romaine demonstrated the most stable growth
and highest ornamental value. Its leaves retained a rich color even under high
temperatures. Oak Leaf lettuce proved to be the most heat-resistant: its leaves
maintained turgor even after several consecutive hot days. Iceberg formed a dense
head but was more sensitive to overheating and required increased irrigation.

The results confirm that under open-field conditions (garden bed), with natural
lighting and manual irrigation, leafy lettuce varieties (Oak and Romaine) exhibit
greater resilience and adaptability compared to the head-forming Iceberg. This
aligns with data from international sources, where leafy varieties are recommended
for low-intensity farming and resilient agricultural systems [2; 3].

In conventional agriculture, lettuce protection is typically carried out through
preventive pesticide treatments up to eight applications during the entire cultivation
period. Such frequent use reduces ecosystem services and may also lower product
quality and contribute to pest resistance. The use of chemical insecticides did not
negatively affect plant growth in this experiment; however, organic alternatives
are recommended for longer cultivation cycles [4].

Compared to international data (Reis et al., 2014), the use of organic compost
demonstrates more consistent results in terms of lettuce growth and quality than
mineral or commercial substrates. In this experiment, a commercial substrate
was used, which ensured stable growth but did not show advantages in moisture
retention or soil biological activity [5].

Manual irrigation was employed during cultivation, providing stable growth
for the leafy lettuce varieties (Oak and Romaine), but showing limited effectiveness
for Iceberg, which is sensitive to overwatering. In comparison with the findings
of Santosh et al. (2022) and Dlamini et al. (2019), drip irrigation ensures more
uniform moisture distribution and increases yield [6; 7].

A comparative analysis of lettuce cultivation methods is presented in Table 2 [8; 9].
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Table 2 — Comparative Analysis of Foreign and Kazakhstani Lettuce Cultivation
Methods

Parameter Poland Kazakhstan Experimental
Conditions
Soil Type Organic compost Mineral mixtures | Commercial universal
and open field substrate
Fertilizers Biological: Chemical: Chemical pesticides for
bacterial inoculants, nitrogen, pest control
mycorrhizal fertilizers, phosphorus,
seaweed extracts, potassium—based
humates mineral fertilizers.
Irrigation Drip, automated Manual Manual
Varieties Leafy, resilient Head—forming Iceberg, Oak Leaf, Red
Romaine
Heat High under organic Moderate High for Oak and
Resistance conditions Romaine

In recent years, there has been growing interest in sustainable and adaptive
cultivation methods in both Eastern Europe and Central Asia. Agriculture
in Poland, for example, demonstrates a steady transition toward organic and
biologically balanced practices.

According to the study by Yu et al. (2024), intercropping, the use of compost,
humates, and biostimulants have become widespread. These approaches contribute
to improved soil structure, reduced dependence on mineral fertilizers, and enhanced
plant resilience to stress factors [2].

Particular attention is given to leafy lettuce varieties such as Oak Leaf
and Romaine, which adapt well to drip irrigation and organic substrates. Polish
farmers actively employ automated irrigation systems and regulate greenhouse
microclimates, enabling stable yields with minimal intervention.

In Kazakhstan, traditional open-field lettuce cultivation methods prevail,
typically involving the use of mineral fertilizers. As shown in the meta-analysis by
Ishfaq et al. (2023), such fertilizers can enhance the nutritional value of vegetable
crops, including lettuce, provided that dosage and application timing are strictly
controlled. However, high temperatures, arid climate conditions, and limited access
to organic resources pose challenges for cultivation [3].

On average, fertilizer application in Kazakhstan amounts to 5 kg per hectare,
whereas the agronomic norm is up to 100 kg per hectare. In southern regions, the
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rate reaches up to 30 kg/ha, while in northern areas it remains around 5 kg/ha.
The structure of fertilizer use is illustrated in Figure 4 [10].

4 N\

Proportion of overall fertilizer
use

M Nitrogen
M Phosphorus

Potassium

. S

Figure 4 — Structure of Mineral Fertilizer Use in Kazakhstan [10]

Kazakhstani farmers tend to favor head-forming lettuce varieties such as
Iceberg, which require more intensive care, especially during the head formation
stage. Irrigation is typically manual or performed using basic systems, while pest
control relies primarily on chemical agents. In the southern regions of Kazakhstan,
surface irrigation predominates, which reduces water use efficiency. Drip irrigation
covers only 26 % of all modern systems [11].

Conclusion

The comparative analysis indicates that cultivation methods used in Poland are
oriented toward sustainability, ecological balance, and automation, making them
promising for adaptation in household-scale agriculture. In contrast, Kazakhstani
practices rely on mineral inputs and require more intensive management. Open-
field experience confirms the effectiveness of leafy lettuce varieties under minimal
resource conditions, opening avenues for further research into small-scale agro-
systems and sustainable farming.

The analysis showed that commercial substrates provide a basic nutritional
medium but are inferior to organic compost in terms of biological activity
and moisture retention. Manual irrigation yields acceptable results but is less
efficient compared to drip and automated systems, especially under limited water
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availability. Lettuce varieties adapted to arid climates demonstrate resilience under
minimal input conditions, as confirmed by Kazakhstani agronomic practices.

To ensure successful lettuce cultivation in Kazakhstan, it is necessary to
modernize irrigation systems by transitioning to drip irrigation. The reliance on
mineral fertilizers should be reduced, while the role of organic compost should
be increased.
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AIIBIK TONBIPAK JKAFTAUBIHIA ’KOHE IIETEJIIK
JEPEKKO3JEP HET'I3IHAE CAJIAT OCIPY 9JICTEPIHIH
CAJIBICTBIPMAJIBI BEPTTEYI

byn maxanaoa yw mypai canam (Lactuca sativa) copmmapuin
ecipy a0icmepiniy carvicmulpmansl Mooeni YcvlHbiiaosl. Moodens
AublK MONLIPAKMAbl IKCREPUMEHMMIK majcipube meH uiemenoix
acpomexHuKanblK 0epekkozoepee nezizoenzen. 3epmmey ocipy npoyeciniy
a2poOUONOUANBIK JHCIHE d0iCmeMeNiK AdCneKminepin Kammuob.

Mooenv copmmbl mayoay meH HcapblKMAHObIPY HcA0AUIAPLIHAH
bacman Hamudicenepdi Kecmenep mMeH omomamepuaioapoa mipkeyee
Oetlinei a0icmemeniK, MexXHOI02UAIbIK HCIHE 8U3YANObI-AHATUMUKATBIK
Oeneetinepdi Kammuovl. On Oetlimoenzen e2iHWiniK, pecypcmapobvl
YHemOey dHcaHe uweKmeyii Hcae0auiapoa acpomexHuKasa 6aolmmaiean
NPAKMUuKAIblK Mmacin Kaguoammapbii kopcemeoi.

Homuocenepoi suzyanuzayusnay b6eniminoe ecimoikmepoiy damy
OUHAMUKACLIH KOpcemy Yulin pomoooKyMenmayus meHn Kecmeik
Odepexmep JHcyiieci YCblHbLIAO0bL, OYT KOIOAHBLIZAH 20icmepOin MuiMOiniei
bazanayea MymMKiHOIK Oepedi. ¥ColHblIZaH MOOelb auLbIK MONbIPAKMARb]
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A2pOMexXHON02UAIAPObL 0O0AH P dHcemindipyee OALIMMANAH HCIHE OLIIM
bepy MeH 2bLiblMu MaKcammapoa Koaoanyea 60aaoul.

Convimen kamap, 3epmmey KIUMAmmyly 032epy Hca20aublHOa WaAbIH
AybLI WAPYAUbLIBIK JHCYLieepiHOe MYpPaKnibl madxcipubenepoiy, sHcepeinikmi
OetlimoenyOin dicoHe NaOHAPANLIK UHMe2PAYUAHBIY MAHbI30bLIbIEbIH AMan
Kepcemeoi.

Kinmmi cesdep: ecipy adicmepi, acpomexHuxa, canivlCmvlpmaisl
manoay, omoooKymeHmayus, Mmonvipax Ha20alliapsl

*4. E. Maezamog
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CPABHUTEJBHOE UCCJIEJOBAHUE METOJ10B
BBIPAIIMBAHUSA CAJIATA B OTKPBITOM I'PYHTE U HA
OCHOBE 3APYBEKHBIX HCTOYHHUKOB

B cmamve npeocmagnen cpasHumenbHulil AHALU3 MEMOO08
svipawusanuss mpéx copmos canama (Lactuca sativa), ocnoeanmwvlil Ha
IKCNEPUMEHMANbHBIX OAHHBLX, NOAVYEHHbIX 68 VCI0BUAX OMKPBINO20
2PYHMA, A MAKIICE HA AHATU3E 3aPYOEIHCHBIX AZPOMEXHUECKUX UCHOYHUKOG.
Hccnedosanue oxeamvieaem acpobuonocuieckue u Memoooi02utecKue
acnexmol npoyecca sbipawusanus. Mooens sKuouaem Memooonroeudeckuil,
MEXHON02UMECKUL U BU3YATbHO-AHATUMUYECKULL YPOGHU — 0m nodbopa
copma u ycnosuil oceeujeHust 00 ukcayuu pe3yibmamos 6 mabauyax
u pomomamepuanax. Paboma ompasicaem npuHyunst a0anmueHo20
Pacmenueso0cmaa, pecypcocoepesiceruust U nPaKmuKo-OpUeHmMupO8aHHO20
n00X00d K a2pOmexHuKe 8 YCA06Usx 02PAHULEHHbIX PECYPCO8.

B paszoene susyanuzayuu pe3yibmamos npediodicena cucmema
domoookymenmayuy u MabAUYHLIX OAHHBIX, NO360AIOWAS OMPAZUMD
OUHAMUKY PA3GUMUSL PACTEHUTL U OYEHUMb YD PHEKMUBHOCHT NPUMEHEHHBIX
Memo0os. [Ipedcmasnennas Mooelb HanPaeiIeHa Ha COBEPULEHCMBOBAHUE
A2POMEXHONO2UTL OMKPLINO20 SPYHMA U MONCEN OblMb UCHOIb308AHA 6
00pA306aMENbHBIX U UCCIEO0BAMENbCKUX YEISIX.
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KATTbI TYPMbICTbIK KANQbIKTAPAbI GACKAPY/bIH
3KOJIOrUATbIK XXOHE 3KOHOMMKAJIbIK ACIMEKTINEPI
(MABJIOGAP OBJIbICbl MbICAJIbIHAA)

byn maxanaoa Ilasnooap obaviceinOazvl Kammel MYPMblCIbIK
Kanovikmapowl (KTK) 6ackapyovly 9KOI0SUANBIK HCIHE IKOHOMUKATILIK
acnexkminepi HCaH-H#caKmol maidanaosl. Ypoanuzayusausvly KapKblHObI
0amysl, XaiblK CAHbIHLIY KeOetl Jdane OHepKaCInNmMIiK eHOipicmiH
yaeaioel aumMakma Kai0blKmapowvly JiCbll CAublh apmyvlHa ceben
oonvin omulp. Byn owcazoail Kopwasan opmaea dxcane mypulHOApObIH
emip canacvlHa Kepi acepin mueizyde. 3epmmey 6apuvlcoiHOa 00.1blC
aAyMagvlHOazbl KALObIKMAPObLIY IKOMHCYleze bIKNaisl, aman aumkaHod
MONBIPAKMbLY, CYObIH HCIHE AYAHLIY 1ACMANy O0eHeelli AHbIKMAa0bL.
CoHvimeHn Kamap, KaioblKkmaposl Kalma oHoey MeH Kadeze Hcapamy
Canacwliuly IKOHOMUKAILIK MUIMOLTII MEH AUMAKMbIK dKOHOMUKARA
acepi bazananowl. Aemopnap Kanovlkmaposl 0acKapyovlH Ka3ipei HCyiecin
orcemindipyoiy muimoi memikmepin YColHAObL: HceKe UHBECTNUYUAIAPObL
mapmy, Kauma eyoey UHOPAKYPLLILIMbIH KeHeumy, 9K0JI02UANbLK
MIOeHUuemmi apmmaulpy HCIHE «AHCACHIL IKOHOMUKAY KAUOAMMAPbIH
eneizy. 3epmmey Hamudicenepi Kanioblkmaposl Muimoi 6ackapy Kopuiaean
OpMAHbIY TACMAHYBIH A3AUMBIN, JCAHA HCYMbIC OPLIHOAPLIH aulyed,
IKOHOMUKATIBIK, OCIMOT bIHMANAHOBIPY A HCIHE OHIPOIH MYPAKMbl OAMYbIH
Kammamacwlz emyee MyMKiHOIK bepeminin kepcemmi. ConvimeH bipee
3epmmey HaMudICeNePi HcepeLiikmi AmKapyuLbl OpeaHOap MeH SKON0SUIBIK,
cascammul 2Hcemindipy Yulin NPAKMUKAIbIK YCoIHLIMOAD YCbIHYed Heel3
bonaovl. Byn sepmmey namuowcenepi enipiik Oeneetioe Kan0biKmapowl
muimoi bacKapyobiy KeuleHoi Cmpame2usiCblH 23Ipiiey HCaHe IKOJI0SUATBIK
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Kayincizoikmi apmmaolpy O0UbIHWA OONAUAK bLILIMU [30eHicepee He2l3
bona anaowi.

Kinmmi co30ep: Kammvl mypmblcmulK KATOLIKMAD, IKOIOSUSLIbIK
MUiMOINIK, SKOHOMUKANLIK acnekminep, Ilagnodap obnvicul, Katima eHoey.

Kipicne

COHFBI OHXXBUIIBIKTapIa OHEPKACiOl JaMBIFaH eniepaeri KaaabIKTapabl
Oackapy cascaThl KaJIbIKTapIbIH TY31TyiH a3alTyfa jKOHE OHBI OaphIHIIA
maanaHy oJicTepiH o3ipieyre OarbITTalIFaH eleyii e3repicTepre
yirsipagsl. By esrepicTeplliH HETi3ri KO3FayIIbl KYIIi KOpIIaFaH OPTaHBIH
JlacTaHybl, OHBIH XaJBIK JCHCAYJIBIFEIHA Kepi dcepi, IKOJIOTHUSIBIK cascaT
TIeH 3aHHaMa Iarbl e3repictep Oommsl [1, 1420-1434-66.; 2, 133088-6.].

KaszakcTranma >KOHOMHUKAIBIK JaFJapbicka KapamMacTaH, KOpIIaraH
OpTaHBl KOpFay 0acThl OachIMIBIK OOJIBIT Kaja Oepemi. MeMiekeT OacuIbIChI
03 cesinme 2050 xpuTFa Kapail PecrryOnmkaHbIH Y3aK MEp3iMIli TEpCIIeKTHBAIa
KOJ JKETKi3yi THic 0acThl MakcaT — OOJNalIaK YpPIaKThl eIeyil dKOJIOTHUSIIBIK
Kayin-KaTepre YImbIpaTiai, KyaTThl MEMIICKETKE HETI3[eNTeH TYIICHTCH KOFaM
KYpY €KCHiH aTam oTTi. YKIMETTIH albIHAa «KOHBIP YKOHOMHUKAIAH» <OKaChLI
SKOHOMHUKAFa» Keury MiHaeTi Typ, 0yn EnxGaceraery KasakcTaH xamxkpiHa
Konmaysiama «Kazakcran 2050» jkaHa CTpaTeTHACHIHIA KOPCETUITCH MaKcaT.
Kazaxcran PeciryOmrKachIHBIH «Kachll SKOHOMHUKAFay KOIIy TYKbIPBIMIaMAacChI
Kazakcran XalKbIHBIH oJI-ayKaThl MEH OMIp CYPY CalachlH apTTBIPY KOHE eI
onemHiH eH nambrraH 30 eniHiH KaTapblHa KOCY, COHBIMEH Oipre KopIiaraH
opTara ocep MEH TaOWFU pecypCTapblH TO3YBIH OaphIHINA a3adTy apKbLIBI
SKOHOMUKAHBIH XaHa TYpiHE KOIIyre OarbITTalfaH TePeH JKyHeni KanWTa
KYpyJNapIbslH HeTi3iH Kamaiasl [3, 225-235-006.].

DKOHOMHKAIBIK KBI3METTE YKOJOTHSUIBIK KAYINCi3MIKTI KaMTaMachl3 €Ty
MEMIICKeTTiH OapraH caifblH MaHBI3ABI GYHKIUACHIHA aifHaya. Kanasikrapisr
Oackapy eH KYpAeii dKOJOTHSIIBIK MaceienepaiH Oipi Ooxbim TaObLIamHBI.
Ennin xemnTereH aifMakTapblHIa OHIIPICTIK JKOHE TYTHIHY KaJJIbIKTapBIH
0acKapyIblH AKOJOTHSIBIK CascaThl KaJIAbIKTapAbl OpPHATACTHIPY YIIiH
SKOJIOTHSITBIK TOIIEMJICPIi JKUHAYFa HETI3[ICNTeH, all KaJABIKTap bl OacKapyIbIH
JKaHa TEXHOJOTHSUIAPBIH CHTi3y KYNTaTIMaiabl. DKOJOTHUSIBIK MpodieManap
mIenryi Ke3eK KYTTipMeWTiH MoceneNepaiH KaTapblHa jkatanbl. Ke3 xenreH
Ka3ipri epKeHHUEeTTi KOFaMHBIH NaMyBIHAAFBl OYJI Mocelelepi MemyIiH
KIUJITI OJapIblH SKOHOMHUKAHBI, YKOJOTUSIHBI KOHE CascaTThl KAMTUTHIH
Kypaemiiri 6omein Tadbuaasl [4, 127516-6.; 5, 899-918-006.].

72

Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544 Cepus Xumuko-6uonozuuecras. Ne 4. 2025

Matepuangap MeH dicrepi

KaTtThl TYpPMBICTBHIK KalJABIKTapABIH J3KOJIOTHUSIIBIK dcepi
[TaBnomap oObICEIHIA KBUT caiibiH NtaMamMeH 400 MBIH TOHHA/IaH acTaM KaTThI
TypMbIcTHIK KanasikTap (KTK) Ty3ireai. OubiH mamameH 90 %-b1 monuroniapra
IIBIFAPBUIAJEI, Al Kaita eHjaey yieci 10 %-man acnaiael. By kepceTkinr
SKOJIOTHSUIBIK TETe-TCHIIKKEe alTapibIKTall Kayiln TOHIIpe/I.

KanabIKkTapabIH SKOIOTHSIIBIK dCepi TOPT HET13Ti OAFBITTa KOPIHIC Ta0abl:

1 TomslpakThiH JacTaHybl. [lmacTuk, O6atapesiap, TYPMBICTHIK XHMHUS
3aTTapbl MEH METAJIT CBIHBIKTAPHI TOIIBIPAKKA YIIBI 3JIeMEeHTTep Oeutemi. by aybip
MeTalIapabIH (KOPFaCchIH, ChIHAIL, KaJMHI) TOMBIPAK Ka0aThIH A )KHHAKTATYbIHA
YKOHE OCIMIIKTEP/IIH yJIaHybIHA SKeJe/Il.

2 Cynprg nactanybl. KannelkTap MOJUTrOHBIHAH O6ITiHETIH QUiIbTpat cysap
JKEp acThl Cy KO3JepiHe TYCIN, 63¢H-KoIepre Tapaiabl. bys KyObUIBIC acipece
Epric e3eHiHiH karanaybHIarbl KOKBIC OPBIHapbIH/IA KU Ke31ece .

3 AyanbrH tactanysl. [Tomurosmapaa KanasIKTapIsiH MIipyi Ke3iHIe METaH,
KOMIPKBIIIKBUT I'a3bl )KoHE KYKIPT KOCBUIBICTaphl OeiHeai. Al Kelije 3aHCHI3
KOKBIC JKaFy OpeKeTTepi HOTHXKecCiHIe aTMoc(hepara KaHIICPOTCHII 3aTTap
Tapaiabl.

4 BbuonorusuiblK ocep. KOKbIC OpBIHIApEI KEMIipTIMITep MEH 3USHJIBI
MHKPOOPTaHU3MICPAIH Tapaly OIlaFbiHA aifHalanbl, OYJ TYPFBIHIAPIBIH
CaHMTAPJIBIK XKaFIallbIHA Kepi ocep eTe/i.

1-kecre. [TaBnonap o6eickr 6oiibrHma KTK-HBIH 9K0IOTHASIIBIK ocep ety yireci (%)

IKOJIOTHSLIBIK 0aFBIT Jlacrany yaeci (%) Cunarrama
TonbIpak nacTanybl 40 % V111 3aTTapAbIH CiHY1, aybIp
MeTaJIapAbIH KUHAIYbI

Cy pecypcTapbIHbIH 25% DubTpaT apKblIbl JKEP aCThI

JacTaHybl CyJIapJIbIH YJIaHYbI
Aya canacbIHbIH Halllapiaybl 20 % MertaH MeH AMOKCHUHIEPIIH

Oeminyi
buonorusisik acepiep 15% Wuexnus omarsl,

3USHKECTEPIiH Keberoi

Kanasikrapapl 0ackapyablH SKOHOMHKAIBIK acrekTiaepi. KanasikTapast
0ackapy TeK SKOJOTHUSIBIK €MEeC, COHBIMEH KaTap dKOHOMUKAJBIK TYPFBIIAH
na ynkeH maHb3ra me. KatTel TypMbicTeIK Kanabiktap (KTK) mypsic
YHBIMIACTHIPBIIFAH KaFjgaiila — PKOHOMHKAHBIH >XaHa OarbITHIHA,
SFHU PECYPCTHIK afiHAaJBIM MEH «)KacCbhll YKOHOMHKa» MOJCIIHIH
HeT13r1 Oeutirine aiiHananel [6, 277-281-60.; 7, 448—454-60.].
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[TaBnomap oOxBICH OOWMBIHIIA KaJNIBIKTapABl Oackapy KyiHeci COHFBI
KBUTIAPBI O1pTIHICTI )KaHAPHII KeJIe )KaTKAHBIMEH, YKOHOMUKAIIBIK 9JICYETi TOJIBIK
MaiJanaHbUIBIT OTBIPFAaH KOK. 2024 KBUTFBI MATIMETTEPre CoWKec, aiiMakTa
xbUTbiHa amMaMed 400 mbrH ToHHa KTK Tty3ineni. OubiH imiage Tex 18 %-br
KaiiTa eHJeNel, al KajdFaH OeJiri MOJNroHIapra IIbIFapeUiaasl. Erep xaiita
enzey yiecid 40 %-ra neiiin apTTIpy MYMKiH Oosica, OyJ1 00JIbIC 5KOHOMHUKAChIHA
afTapIbIKTall KapKBUIBIK )KOHE SJICYMETTIK Taiiia oKemep efi.

Kaiita eHIeyIiH 3KOHOMHKAIBIK THIMIALUTITI. KanaeikTapasl KaiTa eHaey
apKBUIBI aBIHFaH OHIMAEP eKiHII peT MaijaraHyra Kapailabl )koHe OYJ1 *KaHa
IIUKI3aTTHl OHAIPYICH JNeKaiia ap3aH. MbIcabr:

— 1 ToHHa MIacTHKTI KaWTa eHaey apKpuUibl mamamed 700 muTp MyHan
YHEeMIeNe i;

— 1 ToHHa Kara3nbl Kaiita eqaey 17 aramrel cakrar, 4000 kBT/caraT amexTp
SHEPTHUACHH YHEMICH]I;

— KaiiTa eHzenTeH afOMHHAHN KaJIIbIKTapbl OacTanKel KCHHEH OHIIPIITeH
IOMHHUITE Kaparanaa 95 % ap3aH 3HEprys )KyMcaipl.

[TaBmomap oOIBICEIHIA KaFas3 )KOHE TUTACTHK KAIIBIKTaphIH KaliTa oHIeyMeH
attnaneicateiH «TazaEco», «EcopromPavlodary xone «IlaBmomap kapToH
3aYBITBI» CHAKTBHI KOCIMOPBIHAAD aiiMaK 9KOHOMHKACBIHA Yiec Kocyaa. by
KOCITOPBIHAAPABIH OpTaIlla )KBIIIBIK aifHATBIMBI 1,5—2 MIIpI TEHTe apaibIFbIHIA.

DKOHOMUKAJBIK Taiaa OarbITTapbl. KanaelkTapael 6ackapy calachlHIaFsl
SKOHOMUKAITBIK dcep OipHerre OarpITTa KOpiHic Tabaabl:

Kaiita enneyaen amsiHATHIH TaObIc. KanapIKTapasl cyphInTay jkKoHe KalTa
OHJICY 3ayBITTAPBI KEPTUTIKTI OFO/KETKE CaJBbIK TYCIMICPiH apTTHIPaIsl. Opoip
OHJCNTCH TOHHA KAJJBIKTAH OpTa ecemmeH 12—15 MBIH TeHre KeJieMiHIe
maiina amyra 6omansr [8, 148—-159-66.].

YKaHa KyMBIC OpBIHIAPBIHBIH alIbUTYhL. KamabIKTap sl )KIHAY, CYPHINTaY,
OHJICY KOHE TackIMaJiay mporectepire opoip 10 MpIH ToHHA Kanabikka 30-40
YKYMBIC OpHBI KypbiIaael. [TaBmonap o6pIck OOMBIHINA KaliTa OHICY CalachIHIa
kazipri Tagna 400-1eH actam agam eHOeK eTeti.

VIMmopT anMacTeIpy JKOHE iIIKi HApBIKTHI JaMBITy. Kaita eHuey apKbUIbl
aJNBIHFaH MIHUKi3aT (IUTACTHUK TYHIPIIIKTEp, MaKylaTypa, METalll CHIHBIKTAPHI)
IICTeN/ICH OKEIIHETIH OHIMISPIiH OPHBIH 0acaabl. Byl YITTHIK 9KOHOMHUKAHBIH
TYPaKTBUIBIFBIH aPTTHIPAIBL.

DHeprus eHAIpY aneyeTi. OpraHuKaIbIK KATIBIKTap OHOTas TYpiHAe OHICTIIIL,
ANIEKTP JKOHE XKBUTY DHEPTHACHIH oHAiIpyre MyMKiHIik Oepemi. Erep IlaBmomap
00BICHIHAA KaTIbIKTapABIH 20 %-b1 OHOoTasFa aifHaIIBIPBLICA, KBUTBIHA IIAMaMEH
50 mutH KBT/carat sHeprus eHaipyre Oomap ei.
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DKOHOMUKAJIBIK THIMILUTIKTI apTTHIPY JKOIAAPHI

1 XKexe nuBecTHnMsIapAsl TapTy. Kangsikrapasl 6ackapy caiacklHIa
MeMIIeKeTTiK-)keke cepikrectik (MXKC) Herizinae »xobamapasl icke aceIpy
TriMai. UHBecTOpIapFa CalbIKTHIK KXEHIUIIIKTEP MEH WH(PaKYPBUTBIMIBIK
KOJIIay KOPCETY KaXKeT.

2 DKOJIOTHSUTBIK TOJIeMJIep XKyHeciH KeTinaipy. «Jlactaymsl Temewmi»
KaruJaThl OOMBIHINA ITOJMTOH/IAPFa KAJJIBIK TacTaFaH KOCIMOPBIHAAPFa KOFaphl
TapudTep €Hri3y, an KaiiTa eHIeyre xibepreHmepre KeHIIAIKTEp Oepy —
SKOHOMUKAJIBIK BIHTAJIAHABIPYIBIH THIMII KYpaJIbl.

3 Kaiita eHney mHGpaKYpHIIBIMBIH KeHe#Ty. [laBmomap oOIBICHIHIA
KaHa KaJAbIK eHJEy KEIIEeHJAEpPiH caly, COHJaif-ak HIaFrblH ayJaHaapna
CYpBINITAy MYyHKTTEPIiH amly KaKeT. byd KesiK IIBIFBIHAAPBIH a3alThII,
OHJICY THIMILTITIH apTTHIPAIBL.

4 DKOJOTHSIBIK KICIMKEep KT Konmay. Kaiita eHziey KoHe KalIbIKTapIbl
eKIHIII PEeTTIK IUKi3aT PeTiH/e MaijaanyFa OaFpITTAIFaH CTapTalTapFa TpaHTTap
MeEH JKEHITIETINTeH Hecuenep Oepy YCHIHBLIAIBI.

2-xecte. [1aBmomap 00JbICHI MBICAIBIHIAFBl YIKOHOMHUKAIBIK KOPCETKIIITED
(2024 >xpuT)

Kepcerkim MoHi Tycinaipme
Kanner KTK kenemi 400 000 T O6BIc GOMBIHIIA KEUILIK
KaJIJIBIK MOJIIepi
Kaiita enney yneci 18 % Pecmu moamimer OolibiHIIIA
Kaiita enneynen tycetin optama | 12 000 Tr/T | DKOHOMHUKANIBIK ecen OOMbIHIIA
naiina
JKeineik oneyerTi naiina (ecentik) | ~ 864 MIH T 72 000 T %< 12 000 Tr
Kosnna 6ap s»yMbIC OpbIHIAPHI 400 Kaiita enney cextopbinaa
blkruman KoceIMIIIa dKYMBIC +500 JKaHa 3aybITTap MEH CYphINTaY
opsiaaapst (40% enzaey MYHKTTEpi eceOiHeH
JICHreiiH/Ie)

Kangpsikrapisl 6ackapy/bIH SKOHOMUKAIBIK acriekTiiepi [1aBiomap o0ibich
YILiH MaHBI3BI 1aMy OarbIThI O0JIBIT TA0BUTAIBL. By canana SKOIOT HsIIBIK )KOHE
9KOHOMUKAIIBIK, MakcarTap 0ip-OipiMeH yiieciMi: KopIIaraH OpTaHbl KOpFay
apKbUIBI OHIPAIH YKOHOMHKAJIBIK SJIeyeTiH apTThIpyra Oosanbl. Kaiita enuey
XKYHeciH KeHelTy, aHa TeXHOJIOTUsUIapAbl €HT13Y )KOHE MHBECTHIIMSUIBIK KOJIIAY
kepcety HoTmxkecine [laBiogap 06mbIck Ka3akcTaHaarsl 9KOIOTHSIIBIK THIMT
eHipJIep iy OipiHe aifHaa anajpl.
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HoaTmxenep koHe TATKBLIAY

[TaBnomap OONBICEIHIAFEI KaJIBIKTapAbl OacKapy >KYHECiHIH Ka3ipri
JKaraaibl. AMaKTa KaJaIbIKTapabl 0ackapy HHGPAKYPBUIBIMBI O1pTIHIIC JaMBIIT
keneni. Kama MeH ayaH opraibIKTapbiHIa KOHTEHHEPITIK JKYHe OPHATBUIFAH, aJl
KeiOip MeKTenTep MEH KaCiNOphIHAAp/Ia KaJIbIKTap/Abl 0eJIeK )KHUHAY TaxKiproeci
eHrizinres. Jlereamen, Oipkarap Macesenep 0ap: KaJABIKTapAbl CYpHINTAY
HYKTEJICPIHIH a3]IbIFbl, TYPFBIHIAP/IBIH SKOJIOTHSIIBIK MOJICHUETIHIH TOMEHIITI,
KailiTa OHJCY 3ayBITTAPBIHBIH KyaTTBUIBIFBI XKETKUTIKCI3MIT] KOHE MOHUTOPHHT
JKyHeciHiH ancizairi [9, 65-72-60.; 10, 41-45-60.].

Kangeikrapasl 6acKapyabl XKeTiaaipy konaapbl. KaTThl TYpMBICTBIK
kaasikrapasl (KTK) tnimai 6ackapy — SKOIOTHSUIBIK Kayilci3iKTi KaMTaMachl3
STYIH YKoHE alMaKThIH TYPaKThI TaMYbIH KAMTaMachI3 €Ty IiH MaHBI3/IbI TETIT1.
[TaBomap 0OJIBICH YIITiH KAJIABIKTAp MICENIECi ©3¢KTi OOJIBII TaObLIAIbI, OHTKEHI
KaJIaHBIH OHIIPICTIK )KOHE TYPMBICTHIK KAJIIBIK KOJIEMI JKbIT CAbIH aPTHIIT KEJIE/Ii.
COHJIBIKTaH Ka3ipri )KYHeH1 JKeTUIIipy OaFbIThIH/IA KEIICH Ti, FEUTBIMU HETI31CITCH
rapaapisl iCKe achIpy KaeT.

DKOJOTHSIIBIK TYPFBIIAH KETULIIPY MIapaiapsbl.

Kannbikrapael 0eJiek )UHAY MOIECHHETIH KalbINTacThipy. TYpreIHAAD
apachlHJa KaJJbIKTapIbl CYPBINTAy MaHBI3bIH TYCIHAIPETIH YKOJIOTHUSIBIK
arapTy JKYMBICTapblH KYIICHTY Ka)xeT. MbIcaiabl, MEKTECNTEpP MCH
JKOO-napaa «IKONTOTHSIBIK CaFaTy, «Ta3a OpTay» aTThl aKIUsIIap OTKi3y
TOXKIPUOECIH TYPAKTHI €Ty YCHIHBLIAIBI.

Katita enney mHppakypbUIBIMBIH KeHEWTY. Kanabikrapasl eHICHTIH
3ayBITTAPIbIH KYaTThUIBIFBIH aPTTHIPY, TUNIACTHK, IIBIHBI )KOHE KaFa3 KaJILIKTapbIH
KaliTa OHJIeyTe apHaJIFaH [IaFbIH OHIIPiCTep alty MaHbI3IbL. [1aBIoaap KanaceiHaa
OpHAaJIaCKaH KoCIMOPBIHIAp THKIPUOECiH OOJIBICTHIH ©3re ayAaHaapblHa TapaTy
THIMII OOaabL.

[MoauroHmapablH 3KOJNOTHSIIBIK Kayimci3nirin apTtreipy. Ecki
MOJIMTOHAAPbl PEKYJNbTHBANMsIAY (SIFHHM, TaOUFK JIaHIapTKA KEATipy),
CY3iH/II CyNapibl Ta3apTy JKYHelepiH OpHATY KOHE ra3jbl 3aJIaJICHI3AaHIbIPY
KOHJIBIPFBUTAPBIH CHT13y KaXeT.

YKacwu1 TexHOTOTHSIIApABI eHTi3y. « Waste-to-energy» (KaJIbIKTaH dJHePTUs
aJTy) TEXHOJIOTUSCHIH Ke3eH-KE3CHIMEH €HTI3y — OOJIBICTBIH JYHEPTCTUKAIBIK
TUIMJIUTITIH apTTHIPAIBI )KOHE KOMIPTEK 131 a3aiiTasbl.

DKOHOMUKAITBIK JKOHE 0aCKapYIIBLTBIK KETUIIPY MIapaiapbl. MeMIICKeTTiK-
xekemeHmik cepikrectik (MXC) xobanapsiH nambiTy. Kanapikrapasl enaey
caJlachlHA KEKE HHBECTOPIIAPIBI TAPTY — OFOKETTIK KYKTEMCHI a3aiiTaibl )KoHE
WHHOBAIMSUTBIK MICITIMICP/IIH SHTI31TyiH Te3aereni. KaiiTa eHeyre bIHTaaHIbIpY
KYUECIH KaJIBIITaCThIPY.
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— TypreiHIapFa KauabIKTapAel 0eJeK TamlchIpy VIIiH OOHYyC Hemece
Tapu]TiK KEHUTTIK Oepy.

— KaiiTa eHIeyMeH alHaANBICATHIH KOCIMOPBIHAAPFa CANBIKTHIK
KCHUTTIKTEP KapacThIpy.

ANMaKTBIK KaJIIbIKTapabl O0acKapyIblH aKMapaTTHIK JKYHECiH KYpy.
KanapikTapapIH KO3FaNbICHH (KHHAyHaH OacTam eHaeyre AeiiH) OaKpUIaiThIH
U pIBIK MOHUTOPHHT KYHECIH eHTi3y. Byi kyiie mepexTepiiH amrbIKThIFbIH
KaMTaMachI3 €Till, THIMAI IeimM KaObuiaayra MyMKiHIik 6epemi [11,25-31-66.].

TapudTik cascarTsl x)eTinaipy. KanabIKTapapl )KuHAY KOHE TachIMalay
KBI3METTepiHiH Tapu(iH HAKTHI €CENTey dJIicTeMeci HeTi3iHIe KaliTa Kapay KaxKeT.
Byt KpI3MeT camachlH apTTHIPHIN, TYPFRIHAAPIBIH CEHIMIH KYIIEHTe .

Y WBIMIACTHIPYIITBUTBIK JKOHE QJICYMETTIK OarbITTap.

DKONOTHANBIK O1IiM MEH MOJICHHETTI apTThIpy. bamamap mMeH xacrtap
apachlHJa YKOJOTHSJIBIK CaHAa KaJBINITACTHIpYFa OarpITTanFaH Oimim Oepy
OafrmapramManapblH JaMbITY.

KoraMapIk yitbIMIapasie peltid apTTeipy. Y EY, sKomorusuielk 6actamanap
MEH BOJIOHTEPJIIK KO3FaIbICTapAbl KOJAAY — XalbIK IeH OWJIIK apachIHIaFbl
OailylaHbIC TETITIH HBIFANTAIBI.

AKMapaTThIK alIBIKTHIK, [ [0UTrOHIap IBIH JKaFIalibl, OHIeY KoteMi, Tapudrep
YKOHE SKOJIOTHSITBIK KOPCETKIIITEP TyPaibl MOTIMETTEP/ alIBIK TYPAE KapHusiay
KOFaM CEHIMIH apTTBIPaJIBL.

KyTinetin HoTIKEIED

— Kanmsikrapaer erney yieci kasipri 10 %-man 30-35 %-ra geifin apTasl.

— INonmuronnapra TyceTiH KalaablK kexemi 50 %-ra neiin a3asabl.

—Kaifra eHney canacriaia skaHa )KyMBIC OPBIHIAPHI AIlTBLTHIIT, SKOHOMUKAITBIK,
OeJICEHIUTIK oce.

— IlaBmomap OOXBICHI DKOJNOTHSAIBK Kayimci3 XoHE Ta3a
aiiMaK peTiH/e KaJabITacaibl.

3-xecte. SWOT-tannay: [laBmogap oONBICEIHIAFEI KaJIABIKTapIbl OacKapy
KYHECIH KEeTUIAIpy

Kyuri skakraps! (Strengths) 9uci3 xakrapsl (Weaknesses)

Kannsikrapasl 0esek )KuHay xyiteci Kaiita enzey yneci ete Temen (=10 %)
EHTI31IIIT )KaThIp
Kaiita enneymeH aliHanbICaTbIH [MonuronaapasiH K601 SKOIOTHSITBIK
KacinopbeIHaap 6ap CTaHaapTTapra caii emec
DKOJIOTHSUTBIK 3aHHAMAIap MCH AyBUIIBIK JKepiepie HHPPaAKYPbLUTBIM
Oariapiamaiap KaObUIJaHFaH JKETKLUTIKCI3
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DKOJOTHSIBIK MOICHHUETKE OarbITTaIFraH
MeMJICKETTiK OacTamainap 6ap

CaHIbIK MOHUTOPHHT TICH €CeIl JKyleci
TOJIBIK CHI131JIMETECH

Mywmkingikrep (Opportunities)

Kayintep (Threats)

JKeke cekTOp MEH HHBECTOPJIAPABI TAPTY
MYMKIHJIT1

DKOJOTUSIIBIK TalanTap IbIH
OPBIHIATIMAYBI CalAapbIHaH TAOUFU
opTara 3usH

Waste-to-Energy TexHonorusinapsix
CHTI3y

KapkpuianapIpy TamIbUIBIFGL JKOOATAPIbI
TEXKEH I

DKOIOTUAIBIK O171IM MEH MOIEHUETTL
apTTHIPY

Kanaeikrap sy 3aHCBI3 TOT1TY1 JKOHE
OaKpUIAY IBIH QJICI3IIT

«Kacp1r sxoHOMUKa» OaFaapiIamMacs!
asICBIHZAFBI TPAHTTAap MEH cyOcuausnap

KnumatTeIk e3repicrep MeH aya
carachlHbIH HaIlapiaybl

Kanmer anranna, [TaBmogap 0GIBICEIHBIH KaJABIKTapAbl OacKapy KyHeciHae
oJieyeT KOFaphl: 3aHIBIK HETi3 KaJbIITacKaH, KEKe CEeKTOp OenceHmimiri
Oalikamaapl koHE OHIpIik Oarmapiamanap Oap. JlereHMeH, KaiiTa eHaey YieciH
apTTBIPY, MHOPAKYPHUIBIMJIBIK KAMTY/ bl KEHEHTY 5KOHE IKOIOTHSIIBIK MOJICHUETTI
KYIIEHTy — 0aCTBI CTPATETUSUTBIK OaFBITTAp OOJBII TAOBLTAIBI. DKOIOTHSIIBIK )KOHE
KOHOMHKAITBIK THIMAUTIKTIH ©3apa OaiianbIChl. KaTThl TYPMBICTBIK K IBIKTAPIbI
(KTK) Gackapyna 3KOJOTHSIBIK JKOHE SKOHOMHUKAIBIK THIMIUTIK ©3apa THIFBI3
0aiIaHBICTHI €Ki MaHBI3/Ibl ACTIEKTIHI KYpaiIbl. DKOJOTUSIIBIK TYPFBIIAH THIMII
menriM KaOpiaay kKeOiHe SKOHOMHKAIBIK TYPFBIIAH /1a OH HOTIKE Oepei, a
KepiciHIle, pecypcTap/ipl YHEMICY JKOHE KalTa eHJey dKOHOMHKAIIBIK Taiia
OKeNyMeH KaTap, KoplllaFaH OpTara TYCETiH XKYKTeMEeHI a3aiTapl.

DKOJOTUSIIBIK THIMIITIK YFBIMBI. DKOJOTHSIIBIK THIMIUTIK — TaOUFH
pecypcrap/bl YThIMIBI Naiianany, KopllaraH OpTaHbl KOPFay, KaJIbIKTap/IbIH
KOJIEMiH a3aiTy )KoHE KOMIPTEK 131 MEH JIacTaHy JICHI€HiH TOMEH/IETY HOTH)KECIHE
KOJI KETKi31IeTiH kepceTKim. laBinogap oOJBICH KaFaalbiHaa OYJI THIMIUTIK
MbIHa OaFbITTap apPKBUILI KOPIHIC TabaIbl:

— KaifTa eHaeyre ki0epiiareH KaaapIKTap KeJeMiHiH apTyFhl;

— TOJINTOHIAPFa TYCCTIH KAIIBIKTAP IbIH a3ai0bl;

— aTMoc(epabiK aya carachlHbIH jKaKCapybl )KOHE JKep aCThl CyJapbIHbIH
JlaCTaHybIHBIH TOMEH/ICY1;

— IKOXKYHeNep/IiH TYPaKTbUIBIFBIHBIH CAKTAITYbI.

MpIcainsbl, eHipAe Kaifta eHaey AeHreitin kas3ipri 10 %-nan 30 %-ra apTTeIpy
APKBUIBI KBUTBIHA maMaMeH 60—70 MBIH TOHHA KQJIJIBIK TIOJTUTOHFA TYCTISHTi, Oy
03 Ke3eTiHAe MeTaH ra3bHbIH Oeminyin 25-30 %-ra a3alTaubl.
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DKOHOMUKAIIBIK THIMILTIK YFBIMBL. DKOHOMHKAIBIK THIMALTIK — KAIBIKTAPIBI
Oackapy caiachlHa JKYMCaJaTHIH INBIFEIH MEH aJBIHATBIH YKOHOMHUKAJBIK
naiijaHblH apakaTbiHackl. by naiaa:

1) Kaiita eHenreH MaTepraapIbl (TUTACTHK, ITBIHBL, METAJLT, KaFa3) KaifTa caTy.

2) DHeprust eHIIpY (Waste-to-energy TeXHOJIOTHICHI apKBLIHI).

3) Kaiita eHzaey 3aybITTapbIlHIa KaHA KYMBIC OPBIHIAPBIH KYPY apKBLIBI
SKOHOMUKAIIBIK OCIICEHILTIKTI apTTHIPY.

4) TlonuroHmapABIH KBI3MET €Ty Mep3iMiH y3apTy eceOiHeH OroKeT
IIBIFBIHIAPEIH KBICKAPTy apKBUIBI KOPIHEeT.

Mpicaibl, 1 TOHHA MIACTUK KaJJIbIFbIH Kaiita enaey mwamamen 500 kBt-car
AIIEKTp PHEPTUACHH YHeMIeH 1, ant Oyt ramamen 2 000 TeHrere TeH yHeM. Erep eHip
6oiiprama xXpUThHA 10 000 TOHHA IDTACTHK KaliTa eHIeNce, OH/a SKOHOMHUKAJBIK dCep
20 MiH TeHrere Aeiin xeTyi MymkiH [12, 47-6.; 13, 23— 25-66.].

4-xecte. DKOJOTHSIBIK KOHE IKOHOMUKAJIBIK THIMIUTIKTIH TOFBICY HYKTEIEpi

Ne O3apa Oaiianbic IKOJIOTUSIBIK dcep IKOHOMHKAJIBIK dcep
cajiachl
1 Kanasikrape! kaiita Taburu pecypcrapabl [IukizaT *oHe SHEPTUs
oHJIeY YHEMJICY, JTACTAHY b1 IIBIFBIHAAPBIH KBICKAPTY
azaiTy
2 [Tonuronaapast TombIpak reH cyabiH XKepni kaiita naiiganany
peKyJIbTUBALUSIIAY KaJIIbIHA KeTyi MYMKIHIIT1
3 | Dueprus eHaipy (waste- | I'a3 mibIFapbIHIBUIAPBIH DICKTP KOHE JKBLTY
to-energy) azaiity SHEPIHACHI OHIpIC]
4 | DxoJorusuIbIK O11iM MEeH TyTbIHY neHrelin CepBUCTIK JKoHE KaiTa
MOJICHHET TOMEHJIETY OHJICY OU3HECIHIH JaMybl

KannupikTapasl 6ackapy cajachlHJIa 9KOJOTHSUIBIK KOHE IKOHOMHUKAIBIK
THIMJLUTIK Oip-0ipiH TOJNBIKTHIPAIBI.

[TaBnonap 00JIBICH MBICAIBIHAFBI IPAKTUKANBIK Oaitansictap. [1aBionap
OOJIBICBIH/IA PKOJIOTUSIIBIK JKOHE IKOHOMHUKAIIBIK THIMILTIKTIH ©3apa OailJlaHbIChIH
HaKThUIayFa 00Jabl:

Kaiita eHiey KocinopbIHAapbIHa MEMIICKETTIK KOJIJIay KOPCETY HOTH)KECIHe
9KOJIOTMSUIBIK KOPCETKILI )KaKCapBbIIl, OHIPJIIH YKOHOMHUKAIIBIK Kipici ecei;

[Tosmuronmapra TyceTiH KalJbIK a3aliFaH CailblH, OJapAblH KbI3MET €Ty
Mep3iMi y3aphlll, OI0JUKET IBIFBIHAAPHI KBICKAPaIbl;

Waste-to-energy >xo0aapbl icKe acKaH jkKaraaiia, 00JIbIC SHEPTHSHBIH JKaHa
Oayama Ke3iH aJyia/ibl, OYJI SKOJIOTHSUIBIK KAayIICI3AIKIIeH KaTtap SHepreTHKAaIbIK
Toyelci3aikTi apTTeipazst [14, 311-6.].
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KopbITbIHABI

Katter TypmbicToik KanasikTapasl (KTK) O6ackapy maceneci kasipri
TaHIla 3KOJIOTUSIBIK TYPAKTBUIBIK MEH 3KOHOMUKAIBIK aMyIbIH MaHbI3/IbI
OarbpITTapbIHBIH Oipi Oousblll TabbLTaAbl. 3epTTey OapsichiHa IlaBionap
OOJIBICBIHAAFB KAJIJBIKTApAbl OacKapy >KYWeciHiH ai-KYHiH Tanjgay, OHbIH
KOpIIIaFaH OpTa MEH OHIp YKOHOMHUKACHIHA dCePi )KAH-)KAKThI KAPACTHIPBUIIIBL.

DKOJOTHSIBIK TYPFBIIAH KaparaHJa, TYPMBICTHIK KaJlJABIKTapIbIH
IYPBIC )KMHAJIMaybl MCH OHJCIMEYl TONBIPAKTBIH, CYJBIH JKOHE ayaHBIH
JIACTAHYbIHA OKEJNIN COFaIbl. BYJl €3 Ke3eriHae XayblK JICHCAYJIBIFbIHA, aybUT
IapyanbUIBIFBIHA KOHE DKOXKYHEHIH Teme-TeHJITIHEe alTapibIKTail Kayir
TeHipe . COHIBIKTaH YKOJOTHSUIBIK KAYITICI3/IiK MapalapbiHbIH KYHeTl Typae
JKY3€ere acybl aca MaHBI3/IbI.

DKOHOMHUKAJIBIK aCIEKT TYPFBICHIHAH alFaH/a, KaJJBIKTapIbl OHICY MEH
KaliTa mainanany eHip/iH dKOHOMUKAJIBIK dJICYCTiH apTTHIPYIbIH THIMJII JKOJIBI
Oonbin TabbuIaABl. KaiiTa eHIey KOCIMOPBIHAAPHI JKaHA KYMBIC OPBIHIAPBIH
allryFa, )KepruTiKTi OFOIXKETTI TOJBIKTBIPYFa JKOHE TAOUFH PeCypCTapIbl YHEMICYTe
MyMKiHaiK Oepeni. Meicanbl, [laBmonap OOJBICEIHIA KAIIBIKTAPIBI CYPBINTAY
JKOHE KaiTa eHJIey OPTAJBIKTAPBIHBIH KYMBICHI aUTapIIBIKTall YKOHOMUKAIBIK
HOTHXKe Oepim OTHIp.

[MaBnogap oOJBICHIHIA KaJIABIKTapIbl OacKapy >KYHECIH JKETUINIPY YINiH
KCIICH/II Iapanxap KaxKeT:

— KAIIBIKTAPIIBI XKUHAY, CYPBIITAY KOHE KaiiTa OHIeY HH(PPAKYPhUTHIMBIH JAMBITY;

— XaJIBIK apachIH/Ia SKOJOTHSIIBIK CaHa MEH MOICHUETTI KaJIbIITACTBIPY;

— MEMJICKETTIK KOHE JKEKE CCKTOP apachIHIAaFbl CEPIKTECTIKTI HBIFANTY;

— KQJIIBIKTAp bl OHJICY TEXHOJIOTUsIIAPhIHA HHBECTHIINS TapTYy.

Ochl mapanxapasl THIMII Ky3ere achblpy apKbLIbI 3KOJOTHSIBIK
JKYKTEMCHI a3afThIN, OHIPAIH KOHOMHUKAIBIK QJICYETIH apTTHIPYFa TOJIBIK
MYMKiHJIK Oap. KopbITBIHIBUIAH Kele, KaJIIbIKTap bl OacKapyIblH THIMII
KYHECiH Kypy — Oyl TaOMFaTThl KOpFayMeH KaTap, SKOHOMUKAJIBIK JaMyFa
cepIliH OepeTiH CTPATCTUSIIBIK OaFbIT.
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IKOJOI'NMYECKHE 1 DKOHOMMNYECKHUE ACIIEKTBI
YIIPABJIEHUSA TBEPABIMH BBITOBBIMHU OTXOJAMM
(HA TPUMEPE ITABJIOJIAPCKOM OBJACTH)

B oannoii cmamee KOMNIEKCHO npoanaiusupoedansvl dKojlocudecKue
U YKOHOMUYECKUue acnekmol 06pameHu;l C msepabmu ObImosviMuU
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omxooamu (TBO) 6 [lasnooapckoii obnacmu. CmpemumensHoe pazgumue
ypOanuzayuu, pocm HaceieHus u NPOMbLUUIEHHO20 NPOU3E0OCMEd
AGNAIOMCA NPUYUHAMU €XHCe200H020 YBeTUUEHUs KOTUYeCmea 0mxo008 &
pecuore. Dma cumyayus He2amueHo CKA3bl8Aencsi Ha OKpYJcaiowell cpeoe
U Kavecmee JHcU3HU dcumenell. B xode ucciedosanus Ovlio onpedeneHo
g030eiicmeue omx0008 HA IKOCUCIEMY PeSUOHd, 8 YACMHOCHU,
VPOBEHb 3acPA3HEHUs NOUYBbl, 600bl U 8030yxa. Kpome moeo, oyenena
IKOHOMUYECKAS IPPEKMUSHOCb CeKmopa nepepabomKu u ymunu3ayuil
OMX0008 U €20 6IUAHUE HA IKOHOMUKY PESUOHA. A8MOopamu npednoxtceHbl
pPpexmusHble MEXAHUIMBI COBEPUUEHCMBOBAHUS OCUCMEYIOWell CUCTEMbL
o0bpaujenus ¢ OMmxo0amu. NPUBIEHeHUe YACMHbIX UHBECUYUIL, PACUIUPEHIe
UHGpacmpykmypbl nepepadomKiu, NOBLIUEHUE IKOTOSULECKOU KYTbIMYpPbl U
6HEOpeHUe NPUHYUNOG «3eTIeHOU SKOHOMUKY. Pesyibmamut uccredosanust
nokasaiu, umo 3¢hgexmugHoe obpawenue ¢ omxoo0amu noO360.Jaem
CHU3UMb 3aeps3HeHle OKpydcaruell cpedvl, co30amy Hogvle pabouue
Mecma, CmuMyIupo8amb IKOHOMULECKULL POCI U 0OeCneyuntb YCmouiueoe
passumue pecuoHa. B mo dce epems, pe3yibmamul UCCIeO08AHU
CIYAHCAm OCHOBOIL 0TI NPe0O0CMABIEHUSA NPAKMUYECKUX PEKOMEHOAYULL NO
COBEPULEHCMBOBAHUIO 0ESMENTbHOCTIU MECTNHBIX UCNOTHUMETbHBIX OP2AHO8
U IKON02UYECKOU nonumuKu. Pe3ynomanvl 0aHHO20 UCCTIE008AHUL MOSYM
NOCTIYAHCUMB OCHOBOT 0151 O OYUUX HAYYHBIX UCCIe008AHULL NO PA3PAOOMKe
KOMNJIEKCHOU cmpamezuy 3Q@HeKmueno2o YnpagieHus omxooamu Ha
PECUOHATLHOM YPOBHE U NOBBIUUEHUS IKOIOSUYECKOU De30NACHOCU.

Knioueswie cnosa: meepovie 6vimogvie omxoovl, IKOA0SUUECKAA
agppexmusnocmy, dKoHOMUYecKUe acnekmsl, [lagrodapckas obracms,
nepepabomka.
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ENVIRONMENTAL AND ECONOMIC ASPECTS
OF SOLID WASTE MANAGEMENT
(ON THE EXAMPLE OF THE PAVLODAR REGION)

In this article, the ecological and economic aspects of municipal solid
waste (MSW) management in the Pavlodar region are comprehensively
analyzed. The rapid development of urbanization, population growth,
and industrial production are the main factors contributing to the annual
increase in waste generation in the region. This situation negatively affects
the environment and the quality of life of local residents.

The study identified the impact of waste on the region’s ecosystem,
particularly the level of soil, water, and air pollution. In addition, the
economic efficiency of the waste recycling and disposal sector and its
influence on the regional economy were assessed. The authors propose
effective mechanisms for improving the current waste management system,
including attracting private investment, expanding recycling infrastructure,
increasing environmental awareness, and implementing the principles of
a “green economy.”

The results of the study show that effective waste management can
reduce environmental pollution, create new jobs, stimulate economic
growth, and ensure sustainable regional development. At the same time,
the findings serve as a basis for providing practical recommendations for
improving the activities of local executive authorities and environmental
policy. The results of this research may also serve as a foundation for

future scientific studies aimed at developing a comprehensive strategy for
efficient regional waste management and enhancing environmental safety.

Keywords: municipal solid waste, environmental efficiency, economic
aspects, Pavlodar region, and recycling.
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UCKYCCTBEHHbIA UHTEJIJIEKT B BUOTEXHOJIONU:
COBPEMEHHOE COCTOAHUE
N TrOPU3OHTbI PA3BUTUSA

B o630pe cucmemamuszuposansl HedagHue 00CMUICEHUS NPUMEHEHUs]
uckyccmeennoeo unmeniexma (MH) 6 buomexnonozuu, oxeameisaroujue
2EHOMUKY, CMPYKMYPHYIO OUONIO2UI0, PEOAKMUPOBAHUE 2eHOMOS,
OOHOKNIEMOYHbIE U MYIbMUOMHBIE AHANU3bL, OUONPOYECCUHe, d MAKICe
nuwesyio u MonouHyro buomexnonozuio. Iloxazano, kax cogpemenuvie
apxumexkmypbl 21y00K020 00yueHus — mpancghopmepul u ceHepamusHbie
mooenu (AlphaFold2, RFdiffusion, Chroma u op.) nepesoosm HHU
om AHANUMUKU K PAYUOHALbHOMY OUZAUHY OUOMONEKY], YCKOPA
uoenmuukayuro QYHKYUOHAIbHbIX OENK08, epmenmos u cOHOpoK.
Paccmompenvt seposimmnocmuvie modenu (nanpumep, scV1) ons unmezpayuu
PA3HOPOOHBIX OMUYECKUX OAHHBIX U YCHIOUYUBO20 U3GIIEHEHUsL IAMEHINHBIX
OUOCUCHANIO8 C Yenbl0 NPOSHOZUPOBAHUS. (DEHOMUNOE U OMKIUKA Hd
emewamenvcmea. Ocoboe guumanue yOeieHo asmomMamuzayuu Yukida
DBTL (design—build—test-learn) u ceszke MU ¢ pobomusuposannvimu
aabopamopusimu, Yu@Gposvimu Os8otHuKamu u oHaaH-cencopamu (PAT),
umo opmupyem «ymHvle» 6UODAOPUKU ¢ COKPAWEHHBIM 8pEMEHEM
umepayuil U NOBLIUEHHOU 80CNpou380oumocmoio. Obcyscoaromest
KII0Uegble 8bl308bl. CMAHOAPMUZAYUS OAHHBIX U MeMAOAHHBIX,
unmepnpemupyemocms u sepupuyupyemocms mooeiel, buodsmuxa u
mpeboganusi pezyrsimopoe (GxP), nepenocumocms peuieHutl mexncoy
NIOWAOKAMU U IKOHOMUYecKas yenecoobpasznocmy. Coenan 6bi600, 4mo
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HU cmanosumes «a0pom» OUOMEXHOI0SUYECKUX UHHOBAYULL, YCKOPA
nepexoo K yCmouuusbiM, KOHMPOIUPYEMbIM U MACULMAOUPYeMbLM
UCCIe008AHUAM U NPOU3BOOCHIBEHHBIM Npoyeccam 6 buogapmayesmure
U nuwegoll UHAyCmpuu.

Kniouesvie crnoga: uckyccmeenHulil uHMeNIeKm, 2eHepamusHble
MoOenu, nuwesas OUOMexXHON02Us, MYAbIMUOMUKA, ABMOMAMU3AYU
NULYEBbIX NPOU3BOOCTIS.

Brenenne

UckyccrBennsiii naTemekT (M) 3a mocneqHue TOMBI CTal OJHAM W3
KJIIOYEBBIX JIEMEHTOB TpaHc(opManuu OMoTexHOJOTHYecKol oTpaciu. OH
MIPOHHUKAET B (yHIaMEHTAJIbHBIC MCCIEIOBAHUS (HapuMep, CTPYKTypHAas
Ouonorusi, MHXXeHEepUs OCIKOB) M NPHUKJIAHBIC IENOYKH (FreHOMHKA,
OTHOKIICTOYHAsl OMONOTHsA, OnodapMarieBTuKa, muTanue). [IpopeIBEI B 00IacTH
rIyOOKOro 00y4YeHUs, TCHEPATUBHBIX MOJENCH W BEPOSITHOCTHOTO BBEIBOJIA
TI03BOJISIFOT MHTETPHPOBATh OOJIBIINE TaHHBIC, ABTOMATH3UPOBATH SKCIICPUMEHTBI
1 yCKOpATh MUKIH «design—build—test—learn» (DBTL). B 310if cTatbe MbI
cucTeMaTHyeckn paccMotpuM cratyc M-uHCTpyMEHTOB B OMOTEXHOJIOTHH, C
(okycom Ha 3apyOeXHbIE HCTOUYHHUKH, a TAK)KE B KOHIIE — BBIJICITUM HMPUMEPHI
13 MUIIEBONH/MOIOYHOW OMOTEXHOIOTHH, YTO MIUTIOCTPUPYET paCHIMpEeHUE
npumenerns VU BHe knaccndeckoit papma/mMen0no HampaBIeHUH.

UckyccrBennsiii naTeekT (M) 3a mocneqHue TOMBI CTal OJHAM W3
KITIOYEBBIX 2JIEMEHTOB TpaHC(HOPMAIIMY OMOTEXHOIOTHIECKOH OTPACIIH, OXBAThIBAS
(hyHIaMEeHTANBHBIC UCCIICIOBAHNUS (CTPYKTYPHAS OHMOIIOTHS, MHKCHEPHSI OCIIKOB)
TIPUKJIa/THBIE KOHTYPBI (TeHOMHKA, OTHOKJICTOYHAs Onosornsi, 6nodapmaneBTuka,
nUIeBast MHAYCTpus). [IpopbIBBI B TIIyOOKOM 00y4YeHHH M TpaHC(HOPMEPHBIX
apXUTEKTypaxX, a TaKKe B ICHEPATUBHBIX MOJAEISAX Ul OCIKOB, pPaJNKaIbHO
yckopuiu dtambl mukia «design—build-test—learn» (DBTL) u pacmupunu
BO3MOXKHOCTH MHTETPAllMU JaHHBIX W aBTOMATH3alnH 3KcriepuMenTa. Ha atom
(oHe 3HAYMMBI 7Ba TpeHa: 1) mepexo oT cyry0o0 aHaTUTHYECKOT0 IPUMEHEHNUS
WU k reHepaTHBHOMY TU3aiHYy OMOMOJIEKYI 1 Ororporieccos [ 1]; 2) KoHBepreHIus
WU, poboTu3anmu u (G pOBEIX TBOMHUKOB B «YMHBIX» Onodadpukax [2]. Llens
CTaThH — CUCTEMaTH3MPOBAThH HaNpaBiieHus mpuMenenns 11 B GnorexHonornu n
00CyINTH OTPAaHUYCHHUS U TIEPCIICKTHUBEI, BKIIFOUast IIUIIEBYIO 1 MOJIOYHYIO BETBb
1 HaIlMOHAJbHBIC MHUIMATHBEI B Kazaxcrawne.

Marepuajbl 1 METOABI

Brut mpoBenen TMatiueckuii mouck B Scopus, Web of Science m PubMed
mo KiIroueBeIM cioBaM: «Al in biotechnology», «protein design Al», «single-
cell Al», «bioprocessing digital twinsy, «food dairy Al» (mepmox 2018-2025).

87



TopaiireipoB yuuBepcuterinin Xabapibicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 4. 2025

B 0030p BKIJIIOYEHBI pEIEH3NPYEMbIE HCTOYHUKH BBICOKOTO MMIAKT-(aKTOpa
(Nature, Nat. Struct. Mol. Biol., Nat. Biotechnol., Bioresource Technology,
Processes, Animals), a Tax)ke aHATUTHYECKUE U 0030pHBIC PAOOTHI IO OMOATHKE/
6e3zomacHoctu u nonutuke BHeApenns M. Kpurepun Bkimrouenus: ¢okyc Ha
O6rnorexHoIOTHYECKNX npmiioxenusx N, HoBn3Ha moaxona/mMacmrad JaHHBIX,
HaJIMYUe SKCIIEPUMEHTAILHOM/TPOM3BOACTBEHHON BaIMIAlNU HIIM CHCTEMHOTO
0030pa. JOMOIHUTEIBHO HCIIOIB30BAHBI OTPACIEBbIE CBOAKH IO TII00ATBHBIM
MHBECTUIUSM 1 3aHsTOocTH B VI Ha OCHOBE OTKPHITO OITyONIMKOBAHHBIX MATEPHAIIOB.

J171s1 pacimpeHnst 1 Bepr(UKaIIY ONCKOBOH BEIOOPKH MPHMEHSIIACH ITaT(hopma
Semantic Scholar Ha 0CHOBE HCKYCCTBEHHOTO HHTEIIIEKTa, 00ECTICUHBAIOIIAs IIATATHO-
OPUEHTHPOBAHHBIN TIONCK, KJIACTEPHU3ALIMIO TIO TOJISIM 3HAHWI W PAHKUPOBAHUE 110
«BIMSHAIO» TTyOnmKatwi. [TorckoBble 3armpockl GOpMHUPOBATIMCH Ha aHIJL. SI3BIKE C
HCTIOTE30BaHMEM JIOTHYECKHX OTIEPaTOPOB 1 KITFOUEBBIX cJI0B («Al in biotechnology»,
«protein design Al», «single-cell transcriptomics Al», «bioprocessing digital twiny,
«dairy and machine learning» u 1p.).

Pe3yabTaTsl U 00cyK1eHUe

B To BpeMs Kak OCHOBHAas Macca MCCIETOBAHMI M KOMMEpPUYECKHX
pemrennit B chepe N popmupyeres B CIIA, EBpone  A3um, B ctpanax CHI'
TaKke BeAyTcs padOThI MO KIFOYEBBIM HampasieHusM: mudposnzamus AIIK,
npuMeHerne VUM ams KOHTpOJIsE KauecTBa MOJIOKA, AaTOJIOTOAaHATOMUYECKast
JIMarHOCTHKA M 3/IpaBOOXpaHeHne. PycCcKosI3pI9HBIC 0030PbI TTOAYEPKUBAIOT, YTO
aMEpHUKaHCKNE MPAKTHKH MOTYT OBITh aJalTUPOBAHbI K MECTHBIM YCIIOBHSIM,
OJIHAKO 3TOMY IPEMATCTBYIOT ACPUIUT AaHHBIX, KaJAPOBbIE OTPAHUICHUS
1 HenoctaTogHoe (prHaHCcHpoBaHue [3; 4].

B poccuiickoii Hay4HOH JIUTEpaType OTMEYAETCsl BHEAPEHUE METOJO0B
MAaIIMHHOTO O0YUYEHHsI B TATAHATOMHHN M MEIMIIMHE (B T. 4. aHAIN3 N300pa)KeHNH 1
JMAarHOCTUYECKHE allTOPUTMBI) [5]. DTH IOAX0/16 HOTEHINAIBLHO IEPEHOCHMBI Ha
OMOTEXHOIOTHUECKHE U ITUILEBBIE TPOIECCHI — HAITPUMED, Ha KOHTPOJIb Ka4ecTBa
MOJIOYHOH MPOAYKIMU U OLEHKY CHIPONPUTOJHOCTH CHIPHSL.

AHaIUTHYECKOE HCCIE0BAaHNE, BHIIIOJHEHHOE 10 3aKa3y KOMIAHUHU
ZeroBounce B 2024 rony, conoctaBuio CTpaHbl-IuAepbl no pazsutuio U, B
OCHOBY CpaBHEHHS JIETJIM COBOKYITHBIC HHBECTHIINH 32 ITOCIIECAHEE ACCATHIIETHE,
YHCII0 CBSI3aHHBIX co cdepoit MU crapramoB M moka3aTelay 3aHATOCTH (OIS
3aHATHIX M 00beM BakaHcuit). MIcXoaHble HaHHBIE MOJYyYECHBI M3 OTUETOB
Statista, GlobalData u Visual Capitalist; #TOroBBI peHTHHT cHOPMHPOBAH
NPEUMYILECTBEHHO 110 BEeIW4YMHE MHBecTULMH 3a 10-netHuil nepuoa./lanHele
IIpeACTaBIIeHbI B Tabmmne — 1.
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Tabnuma | — CTpaHBI-THIEPHI IO Pa3BUTHIO U BHeapeHuto 1IN

Obbem unBecTHUHI M. Joas
poan. CIOA Crapranst 3AHATOCTH Muposoii

B

20132024 | podmacrn | muxexcim | P 00AacTH | obaacru MU Gann

2023 2013-2023 um, % uu, % (2024)

Crpana

CIIA 67,22 335,24 5509 0,34 100 1,62 71000 17,25

Kuraii 7,76 103,65 1446 0,64 61,5 0,61 21508 14,07

Benukobpuranus 3,78 2225 727 0,35 41,8 0,85 5218 10,81
Cunramnyp 1,14 6,25 193 0,88 49,7 1,07 1584 12,73
Kanaja 1.61 10,56 397 0,45 40,3 1,05 3802 11,06

FOxuas Kopest 1,39 7.25 189 0,79 40,3 0,47 426 10,84

W3pauns 1,52 12,83 442 1,13 40,0 0,59 857 12,45
Iepmanms 1,91 10,35 319 0,69 39,2 0,81 4673 11,39
Slnonus 0,68 4,81 333 0,81 339 0,21 1621 10.21

Ascrpanus 0,37 3,40 147 0,31 30,9 1,00 1289 9,74

Wupms 1,39 9,85 338 0,42 314 0,15 12047 9,13

Dpanus 1,69 8,31 391 0,49 328 1,07 2694 10,87

1IBeuus 1,89 2,88 94 0,56 30,3 1,31 613 11,2
Uctounuk: [6]. UccnenoBanne ZeroBounce: « CTpaHBI-THAECPH B 00IacTH
HCKYCCTBEHHOTO MHTEIIJICKTa»

Tabnua oTpaxkaeT cpaBHUTEIIBHBIE JAHHBIE [0 OCHOBHBIM MUPOBBIM JIUJIEPAM
B c(hepe nckyccreHHOro naTeiiekra (MN), Bkimoyast 00beM HHBECTHIINH, IUCITO
CTapTaroB, JOJIIO0 3aHATOCTH, MHJEKC pa3BuTHst MM u BocTpeOOBaHHOCTB KapoB.
ITokazaTeny 0XBaThIBAIOT KAK 9KOHOMHYECKYIO (MHBECTHLIMOHHYIO M CTapTar-
AKTUBHOCTB), TaK W KaJPOBYIO (3aHATOCTh M BAKAHCHHM) COCTABJIAIOIINE, YTO
MIO3BOJISIET OLIEHUTh KOMITIEKCHYIO 3penocTs MH-3kocucrem cTpaH.

B 2025 roxy Kaszaxctan Bomén B 3Tam akTHBHOTO (pOPMUPOBAHUSA
HallMOHAJIbHON 3KOCHCTEMBI UCKYCCTBEHHOTO MHTeiiekTa. CtapT 3azmana
Peus-Ilocmanne Ilpesnnenta PK K.-)K. TokaeBa, B kotopom UMW ob6o3nauen
KaK CTpaTernuecKuii MpuHopuTeT nnuppoBoil TpanchopMaluu; B JOKyMEHTE
aHOHCHPOBAHbI CO3JaHue NMpopuIbHOro BegomMcTBa no MM u paszpaborka
«rdpoBOTO KOJIEKCaY, a TAKAKE KypC Ha CHCTEMHYIO FOCYIapCTBEHHYIO TTOJIUTHKY
B oOmacTH 1udpoBoii sSkoHOMHUKH [ 7]. Yxe 1 okTs10pst 2025 roma cocTosock mepBoe
3acenanne CoBeTa M0 pa3BUTHIO HCKYCCTBEHHOTO HHTEIUIeKTa pu [Ipesunente
PK, npusBanHOro KoopauHupoBath BHeapeHue VHM-TexHONOruil B Kiro4eBble
OTpaciy W BBICTPaMBATh B3aWMOJICHCTBHE TOCYAAapCTBa, HAyKd W Om3Heca [§].
B noBecTKy Taxke BKIIIOYEHBI ITOJTOTOBKA KAJPOB U PA3BUTHE OTEUECTBEHHBIX
NH-moneneit Ha Ka3aXCKOM SI3bIKE, YTO COOTBETCTBYET LETH (OPMHPOBAHHS
HannoHanbHOU cTparernn MW m amMOWIMM cTaTh peruoHANBHBIM IIEHTPOM
udpoBbIX HHHOBaNMi LlenTpansroit Aszuu. [Ipu 3ToM coxpanseTcs HoTpeOHOCT
B YKPEIUICHUH HHPPACTPYKTYPbI, HOPMATUBHOH 0a3bl M yCTOMYMBBIX MEXaHU3MOB
(MHAHCHPOBAHUS, OJHAKO TOJUTHYECKAS BOJIA U MHCTUTYILHOHAJIbHbIEC IIard
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YKa3bIBAIOT Ha yCKOpeHHe MUPpoBOH TpaHCchopMmanuu u Ooiee riayboKyro
HWHTETPALUIo CTpaHbl B robdansHoe MU -ipocTpaHcTBO.

Cymmupyst obmrue TpeHasl pa3Butus MU — pocT MHBECTUIHIA, KaJpoB U
3pEIIOCTh HHCTPYMEHTOB, TJOTMYHBIM CJICTYFOIIIM IIIarOM CTAHOBHUTCS aHAJIN3 €T
MIPaKTUYECKUX BHEIPEHHUHA B OMOTeXHOIOTHA. FIMEHHO 371ech coueTaHne OOIBIINX
OMOMEIMIIMHCKAX TAHHBIX, POOOTH3AINN HKCIEPUMEHTa ¥ BBIUYHCIUTEIHHBIX
MoIeIeit co3aeT HanOOIBITYI0 JOOABICHHYIO CTOMMOCTE: OT YCKOPEHUS IIUKIIOB
DBTL u noBbIIIeHAsS BOCTIPOU3BOJUMOCTH JI0 TEHEPATHBHOTO JM3aliHa OEIIKOB
Y MHTETPAIlHA MYJIbTHOMHUKH.

PazBuTtre MU B OMOTEXHOIOTHH OTIIHPACTCS HA HECKOIBKO B3aMMOCBSI3aHHBIX
TEXHOJIOTHIECKUX BEKTOPOB:

Apxumexmypul enybokoeo obyuenus u mpauncgopmepol. CBEpXTOUHEBIE
aeripornsle cetr (CNN) 1 TparchopMepbl epelnI U3 00J1acTei KOMITBIOTEPHOTO
3peHHus U 00pabOTKU €CTECTBEHHOTO S3BIKAa K 3aadyaM OMOJOTHYECKHUX
MTOCIIEA0BATEIBHOCTEH, CTPYKTYp M TPaeKTOpHil 3KcmepuMeHTOB. Hampumep,
apXHUTEKTypa TpaHCPopMepa MO3BOJSET MOACTSAM «YHTATh» AMHHOKHCIIOTHBIC
MMOCTIEJOBATCIPHOCTH KaK «SI3BIKU OCIIKOBY», M3BICKATh KOHTEKCTYaJIbHBIC
3aBUCUMOCTH W TMPEICKa3blBaTh QYHKIUH/CTPYKTYpHl. Takue mOIXOIBI
MTO/IIEP’KUBAIOT HIICH, U3J0XKeHHBIe B 0030pe «The transformative power of
artificial intelligence» [9].

Tenepamugnsie modenu. B OMOTEXHONOTUN MOSBUINCH yCIEIIHBIC
TeHepaTUBHBIC MOJIENH (Harpumep, Tn(Py3HOHHBIC MOJIEITH, aBTOKOANPOBIINKY,
ABTOPETPECCUBHBIC S3BIKOBBIC MOJIETH OCIKOB) — OHH ITO3BOJIAIOT HE MPOCTO
aHAJIM3UPOBATh, HO TEHEPUPOBATH HOBBIE OMOMOJEKYIBI (OCNKH, (epMEHTHI,
OJIUTOMEPHI) C 3aJAHHBIMU CBOWCTBAMH, YTO OTKPBIBAET IMYTh K «PAIlHOHATIEHOMY
IU3aifHy» OMoMaTepHuaioB U TepareBTHISCKUX areHToB [10].

Bepoamnocmuvie/namenmuvie moderu u myaromuomuxa. OTHAM H3
KIIFOUECBBIX HANPaBICHUU SBISETCS NMPUMEHEHHE BEPOSTHOCTHBIX MOJCIEH
(HampuMep, BapHAIMOHHBIX aBTOYHKOJIEPOB, JTATCHTHBIE BEPOSITHOCTHBIC
MIPOCTPAHCTBA) AJIS aHATN3a OMHYECKIX JAHHBIX (T€HOMHUKA, TPAHCKPUTITOMHKA,
MIPOTEOMUKA), MHTET PALIUH TAHHBIX M TPOTHO3UPOBAHUS (PEHOTUIIOB. DTH METO/IBI
MTO3BOJISTIOT YMEHBIIUT Pa3MEPHOCTD, CIIPABUTHCS C ITYMOM U W3BJICYb JTATCHTHEIC
Ouosnoruveckue curHaisl [11].

Hnmeepayus asmomamuszayuu u pobomusayuu. JJonomaurensno, U
BcE Halle MCIOIBh3yeTCs B KOHTEKCTE aBTOMATH3UPOBAaHHBIX Onodadpuk, rae
SKCIICPUMEHTHI INTAHUPYIOTCS, BBITOJHSIIOTCS W aHATN3UPYIOTCS aBTOMATHICCKH
— 9TO MO3BOJISET 3HAYUTENBHO COKPAIaTh BPEMEHHBIC H PECypCHBIC H3ICPIKKH.
Taxoii caBur craHOBUTCS (pyHIAaMEHTAIBHBIM UIs yeKopeHus nukiaoB DBTL.
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B o6nactu renomuku UM-meTtonsl BHEAPEHHBI yke MHUPOKO: MeTton
DeepVariant (pa3zpaboTanusrii komnanueit Google) HCroab3yeT CBepTOYHEIE CeTH
ULt 00pabOTKM H300pakeHHH «pile-upy (BrIpaBHHBAaHHUE CYNTHIBAHHI ) U CTIOCOOCH
OTJINYATh UCTHHHBIC BAPHAHTHI OT OMIMOOK CEKBEHUPOBAHUSI, YTO 3HAYUTEILHO
yJydiIaeT kKa4ecTBo Bb130Ba SNP 1 MHAENI0B. DTOT NOAXO0/1 3HAYUTEIHHO HOBBICHIT
TOYHOCTB ¥ CTaJI CTAaHAAPTOM BO MHOTHX Jlaboparopusix [12].

[Tocne mosy4yeHus CIMCKAa BapHAHTOB (HANpPUMEpP, MUCCEHC-MYTAIHUN)
BO3HHUKAET 33/1a4ya: KaKue W3 HUX MMEIOT KIMHUYECKOe WM OMOIOTHYEecKOoe
3nauenne? 3xeck MV momoraer depes npejicka3aHue BIUSHHUS MyTallMHd Ha
CTPYKTypy Oenka, cTabmIbHOCTB, B3auMoaeicTBue. Hanpumep, mpuMeHeHne
Mozeneit Bpoxe AlphaFold2 mo3Bomser paccMOTpeTs BapHaHTHI B KOHTEKCTE
TPEXMEPHON CTPYKTYPBI, BBISBIISS MOTEHINAIBHO BpeIHbIe n3MeHeHus [13].

OO0 13 HanboJIee BrieYaTITIONIMX npruMeHenui VI —npenickasanue CTpyKTypbl
OenkoB 1 reHeparys HoBbIX. Pa3paboTka AlphaFold2 (DeepMind) crama mpopbeiBoM:
OHa CIIOCOOHA MPe/ICKa3bIBaTh TPEXMEPHBIE CTPYKTYPhI OEIIKOB C TOYHOCTHIO, paHee
HEJIOCTYITHOM, ¥ I3MEHUIIA caMy TIPaKTHKY CTPYKTYpHOI Ouomorum [ 14].

T'enepamuenbiii dusaiin benxog. CreTyomuii mar — He POCTO MPECcKa3biBaTh
CTPYKTYPBI, @ IPOCKTHPOBATh nX 3aH0BO. Moxenu Bpoxe RFdiffusion, Chroma —
TI03BOJISIIOT TEHEPUPOBATH CTAOMIIBHBIE OCIIKH, OJTMTOMEPHI M (DYHKIIMOHAIbHBIC
OeITKOBBIC KOHCTPYKITHH, KOTOPBIE 3aTeM TECTHPYIOTCS in Vitro u in vivo [15].

OTO OTKPBIBAET ITyTh K HOBBIM OMOKAaTaIM3aTOpaM, TEPAIEBTHIECKAM OelKaMm,
yCTOWYMBEIM OroMaTepuanam. HyHIyCTpHaIbHbIE YCTaHOBKH (OHO(paOpuKiT) BCE
yarte BKro4atoT M-Moenu B UKL THIIOTE3bI — POOOTHU3MPOBaHHAsS IITaThopma
— aHaJM3 JaHHBIX — KOPPEKTHPOBKA TUIIOTE3bI. Takas HHTEerpanyus mo3BojseT
3HAYUTEIBHO YCKOPUTH IUKJI ONITHMU3AINHN OEJIKOB MII MUKPOOPTaHU3MOB [ 16].

OTta aBTOMaTH3alusi — QyHIAMEHTAJIbHOE M3MEHEHHE MapajaUTrMBbl:
nabopaTtopust nepectaér ObITH BPYUHYIO YNPaBIsieMOH, a CTAHOBUTCSA
YacThIO U(PPOBOTO KOHTYPA.

OpHoKIeTOYHAst OMOJIOTHS ¥ MyJIbTHOMUKA. COBpeMeHHasi OMOTEXHOJIOTHs
aKTUBHO HCIIOJIb3yEeT OMHYECKNE IaHHBIE, OCOOCHHO Ha YPOBHE OTIECIBHBIX
KIIETOK, ¥ 371ech M urpaer Kimro4eByro poss.

[TosiBIeHME TEXHOJOTHH OJAMHOYHOW KIETOYHOW TPAHCKPUITOMUKHU
(scRNA-seq) 1o3B0oIHIIO TPOGHUINPOBATE THICSYU-MUJUINOHBI KJIIETOK 1 BBISIBIATH
TeTePOreHHOCTh TKaHeH, TpackTopui An(PpepeHINPOBKH U OTBETa HA TEPAITHIO.
Mertogn sc VI (variational autoencoder) mO3BOJISIET HHTETPHPOBATH JTAHHBIE U3 PA3HBIX
MapTuii, yMEHBIIATh PA3MEPHOCTh, CHPABIAThCS ¢ OaTd-3(h(heKTamMmn 1 U3BIEKaTh
JIATEHTHBIE TPE/ICTABIICHNS] COCTOSTHUH KJICTOK. DTO YCKOPHIIO CO3/JaHNE KIIETOYHBIX
aTJIacoB 1 yrITyOJIeHnEe TOHNMAaHHS KJICTOYHON TrHAMUKH [17].
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Mynbmuomuka u npoenosuposanue genomunos. K HacTosmeMy MOMEHTY
N -moneny mpUMEHSIOTCS HE TOJIBKO B TPAHCKPUITOMUKE, HO M K MHTETPALNH C
MIPOTEOMHUKOH, METaOOIOMUKON | a)Ke IMPOCTPAHCTBEHHBIMH JaHHBIMH (Spatial
transcriptomics). OHI TTO3BOJISIOT (POPMYITUPOBATH MTPEACKA3AHNS: KAKHE KICTKH
CTaHyT OTBETOM HAa BMEIIATEIbCTBO, KaKWe MapIIpyThl Inu(p(HepeHIHPOBKU
AKTUBUPYIOTCS, U JJayKe TIPOTHO3MPOBATH OTKIIMK Ha JiekapcTso [18; 19].

Huwesas u monounas duomexnonozus. 3necy UN-UHCTpYMEHTHI
TIPUMEHSIOTCS I MOHUTOPHHTA CHIPBST, IPOrHO3UPOBAHUS ITPON3BOANTEILHOCTH,
Ka4eCTBa MOJIOKA, BHISIBIICHUS 3200JICBaHUH Y )KUBOTHBIX M KOHTPOJISI TPOIIECCOB
MUIIEeBOTO Mpon3BocTBa. Hampumep, 0630p «Al and Data Analytics in the Dairy
Farms: A Scoping Review» paccmaTpuBaeT, Kak NPEANKTHBHAS aHAIUTHKA
HCIIONIB3YETCSl Ha MOJIOUHBIX (pepMax JuIs MPOrHO3MPOBAHMS Y05, BBIIBICHUS
MacTuTa u XpoMoTHI (lameness) [20].

I'moGanbHBII cIpOC Ha MUIIEBBIC TPOAYKTHI CTPEMUTEIIBLHO PACcTET: TpedyeTcs
TIOBBIIICHHE TIPOM3BOIUTEIFHOCTH, YITydIIEHHE KOHTPOJIS KaUECTBA, COKpAICHHIE
moreps n obecriedyeHne Oe3omacHocTH npoayknuu. MM-pemenns B mumeBoi
WHIyCTPUH CErOJIHSI OXBATBHIBAIOT: ITPOTHO3NPOBAHUE CHIPBSI M MOTPEOHOCTEH,
aBTOMATHYECKYI0 MHCIEKINIO MPOJYKIIMH, MOHUTOPUHT KOHTaMUHAINH/
¢danscuuKannii, ONTHMU3AINIO TIPOIECCOB (PEPMEHTALUH U TPOM3BOACTBA.

Ha momounsix ¢pepmax MU-MHCTPYMEHTH HCHIONB3YIOTCS IS
MIPOTHO3UPOBAHUS Y105, BBIABICHHS CIIydaeB MacTHTa W XpoMoThl (lameness)
Yy KOpOB Ha OCHOBE CEHCOPHBIX JaHHBIX, BHJCO-aHATUTHUKN U UCTOPHUUECKUX
Metpuk. O630p Palma O. u np. (2025) puxcupyet ponb «predictive analytics» B
TTOBBITIICHUH () (HEKTUBHOCTH MOJIOYHOTO TIpomn3BocTBa [20].

B npousBocTBe MOOYHBIX opomkoB (milk powder) Op01 mpoBeaéH 0030p,
T'JIe ONMCAHbI TPSIMBIC ¥ HEMPSIMbIE METO bl KOHTPOJIS KAYECTBA, K OTMEUEHO, YTO
NH-TexHonornu (B 4aCTHOCTH, CIIEKTPOCKOIHS, 1300pakeHNne, HEHPOHHBIE CETH)
cTaHOBATCA BCE Ooree BocTpeOoBaHHBIMHI. [IpiMep: NCIONIb30BaHNE HEHPOHHBIX
cereit (CNN) Ha H300paXeHUSIX YaCTUI] MOJIOYHOTO ITOPOIIKA IS TIPEICKa3aHus
CBIIYYECTH, TUCTIEPTUPYEMOCTH U JIPYTHX TEXHOJIOTHIECKUX ITapaMeTPOB .

B nmmeBoii TpOMBIIITIEHHOCTH B LIEJIOM M MOJIOYHON B YaCTHOCTH 0030pBI
oTMevaloT npuMeHenne MM B aBTomMarn3anuy MpOM3BOACTBEHHBIX JIMHUM:
KOMITBIOTEPHOE 3pEHHE [Ts1 THCTIEKIINH CBIPHS M TOTOBOH ITPOTYKIINHN, aBBTOMATHIECKOE
oOHapy»xeHne Opaka, KOHTPOJIb Mporecca (PepMEHTAINH 1 YTTAKOBKH.

Cospemennsle TN-1o1x0161 B OMOTEXHOJIOTUH PACXOISTCS IO IBYM TTTaBHBIM
TpaeKTopusIM: 1) TeHepaTUBHBIN Tu3aiH (Andy3noHHbIE, aBTOPETPECCHOHHBIE,
aBTOBHKOJICPHBIE MOJIEIIH) JUT OENKOB M OnoMaTepuanos, uro nepesoant VN
13 AaHAJIUTHYECKOH PONM B MHCTPYMEHT «PAallMOHAIBLHOTO KOHCTPYMPOBAHUS»;
2) BEpOSATHOCTHBIEC JIATEHTHBIE MOJEIN AJIST MYJIbTHOMHKH, WHTECTPUPYIOIINE
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RNA, ATAC wu spatial-gannsle, narmimue yCTOHYHBBIC TPEICTABICHUS IS
npeAcKazaHus GEeHOTHUIIOB U OTKIMKOB. Ha ypoBHE nmpoun3sBo/cTBa odopmiisiercs
cesa3ka «MU, poboTuzanus, nudpoBsie ABOHHUKHU, OHJIAWH-CEHCOPHI»,
yckopstommast DBTL-1uki v moBaInIaromias BOCHpON3BOIMMOCTS OHOIPOLIECCOB,
a B NHUIIEBOH W MOJIOYHOW OTpaciy — aBTOMAaTHU3UPYIOIIas KOHTPOJIb KadyecTBa
(CV, CnexTpocKOmus) ¥ CHUXKAS TTOTEPH.

Jns macmTabupyemMoro BHEAPEHUS HEOOXOAUMBI o0mue (hopMaThl U
OHTOJIOTHH METaIaHHBIX (00Pa3eL-IPOTOKOI-CEHCOP-TIAPTHsI), MUHUMAJIbHBIE
Haboper QC-MeTpHUK AN OMHUK-JTAHHBIX M H300pakeHUH, dTaTOHHEIE
JaTaceThl, OEHUIMAPKN C «YECTHBIM» Pa30MEHNWEM M BHENIHEH BalnJalueH,
(iv) koHTeitHepu30BaHHBIe, BepcuoHupyembie ML-nafimaitaer (MLOps) ¢
BO3MOXKHOCTBIO ay/IUTa.

B Ouodapmanestuke u numeor 6ezomacHoctH UM-pemieHUs TOMKHBI
ykianeBatecsi B ISO-paMKu: TpaccHpyeMOCTh AAHHBIX M PEIICHUH MOAEIH,
ynpasieHne puckamu (model risk management), mpomenypsl mepeHacTpOHKH,
pe-Banupanuu, KnbepOe30nacHOCTh M 3aIINTa NEPCOHAIBHBIX NaHHBIX. s
TeHEPaTHBHBIX OMOMOJIEKYII — 00s13aTeIbHa MHOTOYPOBHEBAsI OM00E3011acHOCTh
1 9KCIEPUMEHTAIBHBIE «CTOT-KPAaH»-KPUTEPUH NTepel MacITabupoBaHUEM.

Haubompmmii Bo3BpaT MOKa3bIBalOT y4acTKu, Tae MU cokpamaeT uncio
9KCIIEPUMEHTAIbHBIX UTEpanuil (reHepaTUBHBIN NU3aliH, ONTUMH3AIUS
Cpenbl, mapaMeTpoB), CHIKAET Opak (BU3yanbHBINH QA) mim yMeHBIIAeT
MIPOCTON JIMHUH (ITPOTHO3HBIE MOAETH M TA.). I MIPUHATHS PELICHUH Hy>KHBI
MIPO3pavHble METPUKH: CTOMMOCTH nteparn, TAT, 1oms yCcHenHbIX KaHI/1aToB,
OEE/FPY na nuaun.

Ha ropuzonte 2025-2030 rr. MOXHO BBIIEJHUTH CIEAYIOIIUE
KITFOUEBBIC HATPABIICHNUS:

— ABTOHOMHBIE O0MO()aOPUKK M TMOITHOCTHIO MHTETPUPOBAHHBIC ITMKJIBI.
Oskmpaercs, uro couetanue MM, poOOTOTEXHUKH, CEHCOPOB M aBTOMATH3alNN
MO3BOJIUT CO3JaBaTh aBTOHOMHBIE 71a0OpPaTOPUU/IPOU3BOACTBA, TIe
9KCTIEPUMEHTAIIbHBIEC THIIOTE3bI BEIIBUTAIOTCS U TECTUPYIOTCSI O€3 HEPEPHIBHOTO
BMEIIATEIbCTBA YEIOBEKa.

— I'emepaTuBHas TepameBTHKAa M MaTepHaybl. | eHepaTUBHBIC
NUN-monenn OyayT HMCHONB30BATHCS MAJISI HPOEKTHPOBAHUSA
HOBBIX TEpaNeBTUUYECKNX OEIKOB, OMOKATAIN3aTOPOB M yCTOHUYMBBIX
OMOMOIMMEPHBIX MaTepHaNoB. B mHIeBoil MHAYCTPUHM — NMPOCKTHPOBAHUE
(epMEHTOB ¥ MHUKPOOPTaHN3MOB, ONTUMU3HPOBAHHBIX U ()EPMEHTALNH,
nepepaboTKN M yCTOHYUBOTO TPOM3BOACTBA.

—HopmarusHoe perynmposanue u crannapTel I-6mo. [TosiBATCs oTpacieBsie
cTaHgapThl (Hanpumep, «model in the loop», aynut U-moxmeneit, 6e3omacHoe

93



TopaiireipoB yuuBepcuterinin Xabapibicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 4. 2025

HCIIONTb30BaHNE TCHEPATUBHBIX CHUCTEM) W MEXKIYHAPOIHBIC WHUIIMATHUBEI IO
o0OMeHy NaHHBIMH, (eIepHpPOBAHHOMY OOYUEHHUIO W OTKPBHITHIM 0azaM ITaHHBIX
(0COOCHHO TS MTUIIEBBIX U OMOTEXHOJIOTHYESCKIX TTPHIIOKEHIH).

BriBoabl

WU B OMOTEXHOIOTUH TIPeoOpa3miICcs U3 BCIIOMOTATEIIEHOTO HHCTPYMEHTA
B PO MPOCKTHPOBAHUS, TPOU3BOJICTBA U KIMHUYECKOW TpaHCsun. Hay4nbre
1 WHXCHEPHBIC MPEATIOCBUTKA YK€ CO3JIaHBI: CTPYKTYpPHBIC W T€HEPAaTHBHEIC
MOJEINH, BEPOSTHOCTHBIC METOABI ISl OMUK-IaHHBIX, U(POBBIC TBOHHUKH
U aBTOMAaTH3UPOBaHHBIC JabopaTopuu. KitoueBBIMH OCTAIOTCS BOTIPOCHI:
CTaHIAPTHU3AIM JAaHHBIX, HHTEPIPETHPYEMOCTh, HOPMATHBBl OC30MACHOCTH H
uHTerpanus M-uHCTpyMEHTOB B pealibHbIe Tab0paTOPHH U IPOHU3BOICTBA.

Oco00 cTouT MOTYEPKHYTH pacmiupeHue npuMmeHeHus VM B mumesoi u
MOJIOYHOI OMOTEXHOJIOTHH — OT aHAJIN3a MOJIOKA 1 TIOPOIIIKOB 0 aBTOMATH3AIIH
MIPOW3BOJICTBEHHBIX JIMHUI W KOHTPOJISI KadecTBa. JDTO CBUACTEIBCTBYET O
TOM, YTO OMOTEXHOJOTHYECKash pPEeBOMIONHA ¢ ydactueMm MU BBIXOAWT Hajiexo
3a paMKH MEIHUIIUHBI U (hapma.

Ecnu napycTpus (akamemMuueckasi, IPOMBINUICHHAS, PETyISTOpPHAS)
CMO’KET CHHXPOHH3UPOBATh TEXHOJOTHH, JaHHBIC M MPOIECCHI, OmmKaimme
5 1et oGemaroT OBITH 3MOX0H OypHOTO pocTa U TpaHchopmanuu. OgHako Oe3
paccMOTpEeHUS dTUYECKUX, HOPMATUBHBIX U HHPPACTPYKTYPHBIX BOIPOCOB
JATBHEHIINHA TpoTpece pUCKYeT OBITh (pparMeHTHPOBAHHBIM.
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11.25 x. bacmara TycCTi.
11.25 x. Ty3erynepiMeH TYCTi.
12.25 x. GachI mbIFapyFa KaObUITaH IBL.

BUOTEXHOJOTI'UAJA KACAHAbI MHTEJIJIEKT:
KA3IPTT ) KAFJIAWBI J)KOHE TAMY KOK/XHETT

Byn wonyoa scacanovr unmennexminiy (JKH) 6uomexnonocusoazol
COH2bL JHcemicmikmepi HCyueneHOl: 2eHOMUKA, KYPbLIbIMObIK OUon02Us,
2eHOMObl pe0aKyusanNay, 0ipacacyulanbly Jcaone MyJabmuOMUKaIbLE
manoayaap, buonpoyecmey, COHOQU-AK A3bIK-MYILIK dCoHE CYM
buomexnonozusacwl. Tepey oKbimy apxumexmypaniapvl — mpancgopmepiep
men eenepamuemi yneinep (AlphaFold2, RFdiffusion, Chroma scane m.0.)
— JKH-0i mex ananumukadan 6uoMoaeKy1aniapobl payuoHaiobl deobanayed
KOwipy apKvlivl QYHKYUOHATIObIK aKybl30apobl, (epmenmmepoi Hane
HCUHAKMAPOBL AHCHLLIOAM AUKBIHOAYObl dHcederdememini Kepceminoi.
OpmeKkmi OMUKAaiIvlK oepekmepdi Oipikmipyee dcane namenmmi
OUONO2UANBIK CUSHANOAPObl OPHBLIKMbL Mypoe 06N any2a apHAIaH
BIKIMUMAIObIK MOOebOepi (mbicansl, sc V1) penomunmepoi scane apanacyza
arcayanmel 6ondxcayea Mymkinoik oepedi. DBTL (design—build—test—
learn) yuknin asmomammanovipyea sicone KH-0i pobommanovipulLiean
3epMXAnaNapmet, Yu@puvly e2iz0epmen JdcaHe OHAANUH-CEeHCOPIapMeH
(PAT) ywmacmuipyea anpvikuia Hazap ayoapuliadsl, 01 umepayus
VaKulmoll KbICKApMAamblH JCaHe KaumaiaHblMObLIbIEbIH aPMMbIDAMbIH
aKwuliovl buogabpurarapovly Karvinmacyvina akenedi. Heeizei
CcolH-Kamepiep mMAaiKkblianaodvl: 0depekmep MeH memaodepekmepoi
cmanoapmmay, mooenb0epoiy MyciHOipmeniniei MeH 8epupQurayuscyl,
ouosmuxa sxcone pemmeywi mananmap (GxP), wewimoepoiy arayoap
apacvinoa macbiMaiOaHbIMObLIBIEbL HCIHE IKOHOMUKATBIK OPbIHObLIbIZb.
Kopoimuinovicoinoa KU 6uomexHono2usmblK UHHOBAYUAIAPOLIH 63e2iHe
atiHanein, ouopapmayesmura mMeH a3vlK-myniKk UHOYCMPUACbIHOARbI
3epmmeynep MeH 6HOIpICMIK npoyecmepoi OPHLIKMbL, OACKAPLLIAMbIH
JHCOHE AYKLIMOAHOBIPLLIAMbIH JCYliesiepee Kapall dcedendememini aman
omineoi.

Kinmmi cesdep: srcacanovl unmeniekm, eeHepamusmi mMooenvoep,
A3bIK-MYIK OUOMEXHOI02UACH, MYTbIMUOMUKA, A3bIK-MYTIK OHOIpICmepiH
aA8MoOMammaHobIpy.
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ARTIFICIAL INTELLIGENCE IN BIOTECHNOLOGY:
CURRENT STATUS AND FUTURE HORIZONS

This review systematizes recent advances in the application of artificial
intelligence (A1) to biotechnology, spanning genomics, structural biology,
genome editing, single-cell and multi-omics analyses, bioprocessing,
and food & dairy biotechnology. We show how modern deep-learning
architectures—transformers and generative models (AlphaFold2,
RFdiffusion, Chroma, and others)—shift Al from pure analytics to the
rational design of biomolecules, accelerating the identification of functional
proteins, enzymes, and assemblies. Probabilistic models (e.g., scVI) for
integrating heterogeneous omics data enable robust extraction of latent
biological signals to predict phenotypes and responses to interventions.
Special attention is given to automation of the design—build—test-learn
(DBTL) cycle and to coupling AI with robotic laboratories, digital twins,
and online sensors (PAT), which is giving rise to smart biofoundries with
shortened iteration times and improved reproducibility. We discuss key
challenges: standardization of data and metadata, model interpretability
and verifiability, bioethics and GxP regulatory requirements, cross-site
portability of solutions, and economic feasibility. In conclude that Al is
becoming the core engine of biotechnological innovation, accelerating
the transition toward sustainable, controllable, and scalable research
and production workflows in biopharmaceuticals and the food industry.

Keywords: artificial intelligence, generative models, food
biotechnology, multi-omics, automation food production.
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THE EFFECT OF NUTRITIONAL MEDIUM ON THE
REPRODUCTION COEFFICIENT OF CULTIVATED PLANTS

This article presents an analysis of one of the key areas of potato
micropropagation optimization: the development of nutrient media
adapted to the physiological needs of plants and enhancing their rooting
efficiency and in vivo survival. To explore the potential for nutrient media
optimization, an analysis of the crop s nutritional requirements for adequate
plant development was conducted. The role of optimizing the composition
of growth stimulants used during the primary adaptation stage is also
considered. A literature review revealed that the use of nutrient media
that best meet potato crop requirements and an optimized composition
of growth regulators, as well as the selection of cultivation, rooting, and
acclimatization conditions, can significantly enhance the effectiveness of
clonal micropropagation technology in specific application settings. A
properly selected medium can increase the multiplication rate by 8-10 times
per cycle and ensure high rates of production of healthy planting material
suitable for large-scale industrial propagation and breeding purposes.
The use of a set of optimized measures will enable us to reach a new level
of supply of initial planting material for potatoes of higher reproductions
and will help solve the problem of seed import substitution.

Keywords: potato, meristem culture, in vitro propagation, nutrient
medium, morphogenesis.

Introduction

Potato (Solanum tuberosum L.) is one of the most important food crop, capable
of producing high yields in various agroecological conditions and characterized by
a significant dry matter yield per unit of sown area. Increasing yields and improving
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planting material are key areas of modern potato seed production, which has been
based on biotechnology in recent decades.

Elite potato seed production is based on the use of modern biotechnological
approaches. The most effective method for obtaining healthy planting material is
recognized as the use of apical meristem isolation and microclonal propagation
technologies. Cell culture methods aimed at producing virus-free potato starting
material are actively being developed worldwide [1].

The use of meristem cultures in combination with chemo- and thermotherapy
ensures the production of genetically stable microplants that are free from
infections caused by viruses and other phytopathogens. The study of methods
for reproducing seed material using these biotechnological techniques remains
a relevant area of research, since in countries with a developed agro-industrial
sector, biotechnological methods are the basis of modern seed production [2].

Clonal micropropagation is an aseptic process involving the
cultivation of plant organs, tissues, or individual cells. This method allows
offspring to be obtained without sexual reproduction and traditional
methods of vegetative propagation.

It is known that at each stage of micropropagation, it is necessary to optimize
in vitro cultivation conditions for specific species and varieties, including the
selection of the mineral and organic composition of nutrient media, the regulation
of physical growth parameters, and the determination of the optimal level and
ratio of growth regulators [3].

One of the main factors determining the effectiveness of this method is the
composition of the nutrient medium, which affects the growth, morphogenesis,
and reproduction rate of cultured plants [4]. This coefficient reflects the number
of new shoots formed from a single explant per subcultivation cycle and is the
main indicator of the productivity of microclonal propagation [5].

Materials and methods

To prepare this review article, a systematic analysis of domestic and foreign
scientific publications devoted to the influence of nutrient medium composition on
the reproduction rate of plants in vitro was performed. Sources were searched in
the Scopus, Web of Science, PubMed, Google Scholar, Cyberleninka databases,
and on the eLibrary.ru platform. The analysis included works published
in 2010-2025 containing data on the effect of macro- and microelements, growth
regulators, carbohydrates, and gelatinizing agents on micropropagation parameters.

The literature was selected based on the following criteria: peer review of
the publication, availability of experimental data on modifications of standard
nutrient media, and presentation of quantitative indicators of the reproduction
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coefficient. The main methods of information processing included content analysis
and comparison of the experimental conditions of different researchers.

The search was conducted using keywords and combinations there of:
«potator, «in vitroy, «micropropagationy, «culture medium compositiony,
«meristem culturey, «nutrient mediumy, as well as their Russian equivalents.
To refine the queries, logical operators AND, OR, NOT were used, for example:
«potato AND meristem culture», «in vitro propagation AND nutrient mediumy,
«culture medium composition AND micropropagationy.

For each selected publication, the object of study, the type and composition of
the nutrient medium, the concentrations of phytohormones used, and the obtained
reproduction coefficient values were recorded. Data synthesis allowed us to identify
key trends in the relationship between medium components and the effectiveness
of microclonal reproduction.

Results and discussion

1 The role of nutrient medium composition in plant development

The fertilizer requirements of potatoes at various stages of their life cycle
are largely determined by the nutrient content of the soil, substrate, and, above
all, the nutrient medium or nutrient solution used in the hydroponic system [6].
Recently, numerous studies have attempted to optimize the composition of in
vitro nutrient media to accelerate the growth of microplants and increase the
yield of micro- or mini-tubers [7]. Much attention in the current literature is
devoted to the modification of nutrient media to improve the efficiency of in
vitro potato cultivation. Researchers analyze the influence of both traditional
components and new combinations of substances, developing individual
compositions for different varieties.

The nutrient medium provides plants with all the necessary elements for
cell division, tissue differentiation, and photomorphogenesis [5]. Of the large
number of nutrient media studied for potato meristems, the most suitable
are mineral-based media according to Murashige and Skoog (MS), which
are distinguished by the most complete nutrient content and high nitrogen
and potassium content [8]. However, its composition may vary depending
on the variety and stage of plant development.

The main element of any nutrient medium used in the cultivation of isolated
plant tissues is a balanced set of mineral salts, including macro- and microelements
necessary for maintaining cell viability. The main macroelements include nitrogen,
phosphorus, potassium, calcium, magnesium, sulfur, and iron, while microelements
include boron, manganese, zinc, copper, molybdenum, and others. Additionally,
vitamins, carbohydrate energy sources, and phytohormones, or their synthetic
substitutes, are added to the media, which ensures complete nutrition and regulation
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of plant growth in vitro. Some types of nutrient media are additionally enriched
with casein hydrolysate and amino acids, which serve as a source of organic
nitrogen and stimulate cell growth [9].

2 The influence of macro- and microelements on the growth of cultivated
potato plants

At the stage of mass propagation, the main task is to obtain the maximum
number of regenerated plants by stimulating the formation of shoots with a
large number of internodes. In addition to growth regulators, the composition
and concentration of the components of the nutrient medium have a significant
influence on the formation of this morphological indicator [2].

Macro- and microelements present in plants are among the essential nutrients
that ensure the normal course of biochemical processes. Their importance is
determined by the fact that:

— without them, the plant is unable to complete its life cycle;

— no other element can completely replace their physiological role;

— complete plant nutrition is impossible without the participation of each
of these elements, since they are all involved in key metabolic processes [10].

The key elements of mineral nutrition for potatoes are nitrogen (N),
phosphorus (P), and potassium (K), which play a fundamental role in tuber
formation processes [11]. In addition, it has been established that calcium (Ca)
and magnesium (Mg) have a significant impact on plant productivity, contributing
to increased yields and improved tuber quality [12].

Together, macronutrients — nitrogen, phosphorus, potassium, calcium,
magnesium, and sulfur — enable the synthesis of proteins, nucleic acids,
enzymes, and structural components of cells. They participate in the
regulation of metabolic and physiological processes, determining the growth
and development of potato plants [10].

Nitrogen (NH4"/NOs") is a key macronutrient that determines plant growth
and morphogenesis in vitro. In potato cultures, its balanced content ensures
participation in the biochemical reactions of amino acid, protein, nucleic acid,
chlorophyll, and purine base synthesis, as well as regulates the work of enzyme
systems involved in respiration and photosynthesis. The nitrate form is absorbed
through the nitrate and nitrite reductase pathway, while the ammonium form is
directly involved in the GS-GOGAT cycle, ensuring the efficient incorporation
of nitrogen into organic compounds.

Optimal concentrations of macronutrients (nitrogen, phosphorus, potassium,
calcium, and magnesium) in the nutrient medium help maintain ion balance,
osmotic pressure, ATP synthesis, cell wall formation, and active cell division.
Excessive nitrogen supply to the nutrient medium causes an imbalance in
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physiological processes, which manifests itself in elongation of shoots, darkening
of leaves, and deterioration of the regenerative properties of microplants.
Insufficient nitrogen supply leads to signs of chlorosis, slow growth, and reduced
photosynthetic efficiency [10].

Phosphorus (P) is one of the main elements of mineral nutrition
for plants and plays a key role in energy exchange processes, as it is a
component of adenosine triphosphate (ATP). This element actively contributes
to the formation and development of the root system, and also affects
the reproductive processes of plants.

The physiological significance of phosphorus is manifested in its participation
in the storage and transfer of energy, ensuring full flowering, fruiting, and seed
formation. Adequate phosphorus supply to plants contributes to their resistance to
stressful conditions and various infectious diseases. A deficiency of this element,
on the contrary, leads to slower growth and weakened physiological activity of
plants, weakening of the root system and the formation of thin shoots, while the
leaves acquire a dark green, purple or reddish tint. Excessive phosphorus intake
can disrupt the mineral balance, reducing the absorption of trace elements such
as zinc, iron, copper, manganese, and boron [10].

Potassium (K) is one of the main elements of mineral nutrition for plants and
performs important functions in regulating the water and osmotic balance of cells,
helping to increase their resistance to stress factors. This element is involved in the
mechanisms of plant adaptation to adverse environmental conditions, including
drought and low temperatures.

The role of potassium in plant life is manifested in its participation in
the regulation of water metabolism, transpiration, and metabolic processes.
The presence of sufficient amounts of this element increases the resistance of
plants to drought and frost, and also strengthens their defense mechanisms
against fungal diseases and pests. In addition, potassium is involved in the
biosynthesis of proteins, carbohydrates, and lipids, ensuring the normal
course of metabolic processes.

Potassium deficiency causes stunted growth, burns and yellowing of
leaf edges, as well as the formation of necrotic areas on old leaves. Excessive
accumulation of potassium, in turn, can interfere with the absorption of other
macro- and microelements, including magnesium, calcium, and nitrogen [11].

Calcium, magnesium, and sulfur play an important role in maintaining the
structural integrity of plant tissues and ensuring the normal functioning of the
photosynthetic apparatus [13].

Virtually all major physiological functions of plants depend on the presence
of trace elements — iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), boron
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(B), molybdenum (Mo), and cobalt (Co). Sulfur (S) occupies a special place
among mesoelements, second only to nitrogen and phosphorus in terms of
its influence on plant life. Although trace elements do not perform an energy
function, their importance is determined by their participation in the regulation
of metabolism, as they are part of enzymes, coenzymes, hormones, and vitamins.
These elements are involved in respiration, genetic information transfer, and
absorption, transport, and metabolism mechanisms. In addition, trace elements
play an important role in redox reactions and biosynthetic processes, ensuring
normal plant development and maintaining high photosynthetic activity through
the activation of enzyme systems [10].

Boron (B) is one of the trace elements that play an important role in
ensuring normal plant growth and development. It participates in carbohydrate
transport, amino acid synthesis, and cell wall formation. Boron is also
important in the reproduction of agricultural crops, ensuring flowering, fruiting,
and improving crop quality.

Boron deficiency causes disturbances in the physiological functions of plants:
slow growth of young shoots, leaf deformation, death of growth points, appearance
of dark brown spots, and chlorosis of leaf blades. In addition, a deficiency of this
element leads to a decrease in flowering intensity and impaired fruit formation [11].

Iron (Fe) is a vital trace element involved in key stages of plant energy
metabolism. It ensures chlorophyll synthesis, activates respiration and
photosynthesis enzymes, and promotes efficient electron transfer in cell
membranes, which is directly related to plant growth intensity and productivity.
Iron plays a key role in the processes of nitrogen reduction and fixation, as well
as in the formation of lignin, which strengthens cell walls. Iron deficiency leads
to the suppression of photosynthetic processes, manifested in weakened growth,
the formation of chlorosis, and reduced plant viability during the flowering and
fruiting phases, which naturally leads to a decrease in yield [13].

Manganese (Mn) is an important trace element that ensures the normal
functioning of physiological processes in plants. It participates in the formation
of chloroplasts and plays a key role in photosynthetic activity, in particular in
the photolysis of water. In addition, manganese contributes to the activation
of a number of enzymes that affect seed germination, growth, and ripening of
agricultural crops. Manganese deficiency causes pigment metabolism disorders
and manifests itself in the form of chlorosis, in which young leaves acquire a
characteristic yellowing along the veins [14].

Zinc (Zn) is an essential trace element involved in a wide range of
physiological and biochemical processes in plants. It is especially important in the
early stages of ontogenesis, contributing to the normal development of the root
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system, seeds, and fruits. Zinc is involved in photosynthesis, maintains hormonal
balance, and regulates the activity of auxins, which affect plant growth responses.
Zinc deficiency causes slow plant growth, shortened internodes, smaller young
leaves, and chlorosis, which mainly shows up in the lower parts of shoots [14].

Research results have shown that reducing the concentration of mineral
salts to half the standard Murashige and Skoog medium (2 MS) leads to
a decrease in shoot hypertrophy and promotes the formation of a greater
number of viable microstems.

Thus, the balance of macro- and microelement nutrition determines the level
of morphogenetic activity of potatoes and the formation of their productivity. In
in vitro culture conditions, the composition of the nutrient medium is of particular
importance, as it directly affects the intensity of morphogenesis, the growth rate
of micro-shoots, and the formation of micro-tubers. Optimizing the mineral and
organic composition of the medium can significantly increase the efficiency of
clonal micropropagation and the quality of the resulting planting material.

3 The importance of growth regulators in the formation of shoots in vitro

Growth regulators are a key component that determines the morphogenetic
orientation of a culture.

Phytohormones determine the direction of morphogenetic processes in vitro.
Aucxins initiate cell dedifferentiation, while cytokinins activate cell division and
callus formation. When inducing stem morphogenesis, the concentration of auxins
in the medium is usually reduced or completely eliminated, which promotes the
formation of shoots from meristematic structures [12].

Cytokinins (BAP, kinetin, zeatin) promote shoot formation
and increase the reproduction rate.

Auxins (IUC, IMC, 2,4-D) stimulate root formation, but in high concentrations
they inhibit shoot cell division.

Gibberellins (GA3) accelerate shoot growth and internode elongation,
facilitating their division during subcultivation.

The optimal ratio of cytokinins and auxins is crucial: when cytokinins
predominate, meristem cell division and shoot formation are enhanced; an excess
of auxins activates callus and root growth, which reduces the reproduction rate.
The rooting of shoots and the formation of a full-fledged root system in vitro is
the third and key stage of clonal micropropagation of potatoes. The effectiveness
of rhizogenesis depends on the type and concentration of auxins used.

A study by Babadzhanova F. I. et al. proved that phytohormones — kinetin
and BAP — affect the growth and morphogenesis of new RNA interference lines of
potatoes obtained during somatic embryogenesis by suppressing the expression of
the phyB gene. The results also showed that the greatest growth and development of
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plants was observed when using a nutrient medium containing 1.0 mg/1 of kinetin.
This ratio of components contributed to an increase in the height of plants of all
studied lines and stimulated the formation of a more developed root system [15].

A study conducted by Sunil Tulshiram Hajare et al. also showed that
the effectiveness of potato morphogenesis depends on the composition of the
phytohormonal complex of the nutrient medium. For the Gudiene variety, the
largest number of shoots was formed on Murashige and Skoog (MS) medium
supplemented with 1.5 mg/l BAP and 3.0 mg/l NAA, while for the Belete variety,
optimal results were obtained with 1.0 mg/l BAP and 2.0 mg/l NAA. The best
rooting ability was observed when using MS medium containing 1.0 mg/l IBA
and 0.5 mg/l ITUK [16].

Koleva Gudeva et al. conducted research aimed at evaluating the effect
of cytokinins and their combination with auxins on the formation and growth
of microtubers of two potato varieties (Solanum tuberosum L.) under in vitro
conditions. Sprouts and nodal segments cultivated on MS medium containing
4 mg/l kinetin (KIN) or 2 mg/l BAP (6-benzylaminopurine), as well as their
combinations with auxins — MS + 4 mg/l KIN + 1 mg/l [AA (indole-3-butyric
acid) and MS +2 mg/l BAP + 1 mg/I NAA (naphthaleneacetic acid). To stimulate
tuber germination in vivo, treatment with 2 ppm gibberellic acid (GAs) was used.
Comparative analysis showed that nodal explants were characterized by a higher
ability to form microtubers compared to seedlings [1].

4 Influence of carbohydrate sources and organic additives

Carbohydrates are an essential component of nutrient media used in the
cultivation of isolated plant tissues and cells, since most such cultures are incapable
of complete autotrophic nutrition. Carbohydrate sources provide cells with the
energy necessary for growth and division. Sucrose at a concentration of 20-30 g/1
is most commonly used as a carbon source, less commonly glucose or fructose.

The sugar concentration has a significant effect on the osmotic potential of
the medium and the intensity of cell division: an increase in carbohydrate content
above 35 g/l leads to a slowdown in shoot growth [12].

Sucrose is the main source of carbohydrates in nutrient media for plant
cultivation. Numerous studies confirm its important role in root system formation
and microtuber induction [ 14]. However, sucrose acts not only as an energy source
but also as a growth regulator that influences plant morphogenesis. According to
Miakisheva E. P., changes in the concentration of sucrose in the nutrient medium
alter the morphogenetic response of regenerated plants, affecting the number of
internodes and confirming the involvement of carbohydrates in the regulation of
growth and differentiation [2].
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According to Miakisheva E. P., both low (1 %) and excessively high (9 %)
carbohydrate content in the nutrient medium leads to inhibition of morphogenesis,
manifested in a reduction in the number of internodes and a decrease in the
reproduction coefficient to 5—-6 microcuttings per plant. The most favorable
development of regenerants forming 9-10 internodes is observed at a sucrose
content of 3—5 % of the total composition of the medium [2].

In a study by Cheremisina A. I. and Kumpan V. N., the process of potato
regeneration from meristems on nutrient media with different sucrose and
growth regulator contents was investigated. It was found that the composition
of the nutrient medium significantly affects the growth and development of
potato varieties and hybrids. Optimal results for varieties were obtained on
the original medium developed by the Lorch Research Institute of Potato
Breeding, while for hybrids, the best effect was observed when using a medium
with an increased sucrose content [8].

Organic additives — vitamins (thiamine, pyridoxine, nicotinic acid),
amino acids, yeast extracts, or coconut water — activate metabolism
and stimulate tissue regeneration.

Lebedeva N. V. and Fedorova Yu. N. established that vitamins included in
the nutrient medium are important growth regulators that ensure normal plant
development in vitro. The classic Murashige and Skoog (MS) nutrient medium
uses a vitamin complex that includes thiamine hydrochloride (vitamin Bi) —
0.1 mg/l, pyridoxine chloride (vitamin Bs) — 0.5 mg/l, and nicotinic acid (vitamin
PP) — 0.5 mg/l; the stock solution is added at a rate of 1 ml/l of medium [17].

In studies by Miakisheva E. P. et al., the effect of the Murashige and
Skoog medium vitamin complex, including thiamine, pyridoxine, and
nicotinic acid, on the development of regenerated plants of various potato
varieties was studied. These vitamins act as coenzymes and participate in key
biochemical processes. It has been established that the vitamin component
has a positive effect on morphogenesis — the growth of the above-ground part
and the development of the root system — and the optimal ratio of vitamins
for each variety has been determined [2].

Research conducted by Anikina I. N. et al. in northeastern Kazakhstan
revealed a pronounced stimulating effect of black nightshade infusion on potato
productivity. Treatment of plants with this herbal preparation contributed to an
increase in the total mass of tubers from one bush by an average of 34 %, while
the increase in the mass of edible tubers reached 46 %. Given the biochemical
composition of black nightshade, it can be assumed that its effect is not limited to
a growth-stimulating effect. A promising direction for further research is to study
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the role of this preparation in activating the protective reactions of potatoes and
forming their resistance to biotic stressors [18].

Thus, the combination of growth regulators has a pronounced stimulating
effect, contributing to an increase in the height of plants of all studied
biotechnological lines and more intensive formation of the root system.

5 Practical aspects of selecting a medium for potatoes

When conducting microclonal propagation of potatoes, optimal results
are most often achieved using MS nutrient medium enriched with a number of
additional components (Table 1).

Table 1 — Additional components of MS culture medium

Component Concentration Purpose
Sucrose 30 g/l Energy source
BAP 1,5 mg/l Stimulation of shoot formation
IUK 1 mg/l Acceleration of root formation
GAs 0,2 mg/l Shoot elongation
Agar 7 g/l Structuring the medium
pH 5,7-5,8 Optimal digestibility of elements

Under these conditions, the reproduction rate varies from 6 to 9 shoots
per cycle, and the plants maintain morphological stability. A reduction in salt
concentration to %> MS is used at the rooting stage, which increases the survival
rate of micro-shoots during ex vitro adaptation.

A series of experiments is conducted on the culture to vary the concentration
of hormones and salts. Optimal conditions are determined empirically based on
the highest reproduction rate and shoot viability.

The optimal pH of the medium is 5.6-5.8, which ensures
the assimilation of macronutrients.

In the practice of clonal micropropagation of plants, solid nutrient media are
more commonly used, but the use of liquid options has a number of advantages.
They ensure a more uniform distribution and mobility of nutrients, as well as
make it possible to change the composition of the medium directly during the
cultivation process, which contributes to the active growth of meristem buds [17].

Reducing the content of the gelling agent has a positive effect on the
availability of nutrients for plants [2].

Agar, added to the medium at a concentration of 6-8 g/l, determines its
density and affects root permeability. Traditionally, it is used in a concentration
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of about 7 g/, but experimental data show that when the agar content is reduced
to 4 g/l, there is an increase in the number of internodes, thickening of the stem,
and intensification of green mass growth and root formation, which is associated
with improved nutrient supply [2].

The use of retardants in in vitro culture media is an effective method for
regulating the growth and morphogenesis of potato plants. The addition of
compounds such as paclobutrazol (PBZ) or chlorocholine chloride (CCC) slows
shoot growth, reduces internode length, and increases the interval between cuttings,
which contributes to more stable maintenance of plant collections and reduces
the labor costs of subcultivation. According to Baltazar Bernal O. et al., the
introduction of paclobutrazol into the Murashige-Skoog medium at a concentration
0f 0.5-2.0 mg/I ensured the formation of compact, physiologically stable plants and
contributed to the preservation of their viability under conditions of slow growth.
The authors note that this approach can be successfully applied for medium-term
storage and regeneration of potato collection samples in vitro, ensuring growth
control while maintaining the regenerative capacity of plants [19].

Conclusions

The composition of the nutrient medium has a decisive influence on the
reproduction rate of cultivated potato plants.

The balance of macro- and microelements, the optimal ratio of cytokinins
and auxins, as well as the choice of carbon sources determine the rate of shoot
formation, their viability, and morphological uniformity.

A properly selected medium allows the propagation rate to be increased by
8—10 times per cycle and ensures high rates of obtaining healthy planting material
suitable for large-scale commercial propagation and breeding purposes.
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KOPEKTIK OPTAHBIH 9CEPI

Byn makanaoa kapmonmoly mukpokebeiimyin oymailiaHoObIpyObiy
Heeizei 6azeimmapuviHbly 0ipi: ecimMOikmepOiy QuU3U0N02UANBIK
Kaosicemminikmepine beliimoencen KoOpeKmik opmanapovl a3ipiey HaHe
0N1apObIY MAMBIPIAHY MUIMOLLIZIH JHcaHe in VIvo mipwiniein apmmeipy
manoanadvl. Kopekmik opmanapovl OHMaiianowlpy aneyemin 3epmmey
YWiH 6cimMOikmiy muicmi 0amybvl YuliH OaKbliObly KOPEeKMIK 3ammapad
OdeceHn Kaocemminiein manoay xcypeizindi. bacmankuvl Oetiimoeny
Kezeninoe KONOAHbIIAMbIH OCY CMUMYIAMOPIAPLIHbIY KYPAMbIH
OHMALIAHOBIPYObIH POl Oe Kapacmulpuliadsl. Odebuemmepee oy
Kapmon 0axuli0apblHbly MAlanmapulHa ey JHcaKcbl Coukec KeiemiH
KOpeKkmix opmanapovl nAt0alany dHcane 6cy pemmeciuimepiniy
OHMAUNAHOBIPLIIZAH KYPAMbL, COHOAU-AK OCIpY, MAMbIPAAHY JHCIHE
AKKAUMAMUZAYUS HCAROAUIAPLIH MAHOAY KIOHObIK MUKPOKebelny
MeXHONI02UACLIHbIH HAKMbL KOAOAHY HCALOAULAPbIHOA&bl MUIMOLNIIH
anumapiulKmar apmmaelpa alamulibli Kopcemmi. J{ypvlc mayoanean opma
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yukOe kebemy xcvlioamovizvin 8-10 ecece apmmoipa anadvl sHcaHe
ipi KenemOi eHepKacinmik Kebeumy JHcaHe celekyus MaKcammapbliHd
ACAPAMObL €AY OMBIPELLZY MAMEPUATLIH OHOIPYOIH IHCOAPbI KAPKLIHbIH
Kammamacelz eme anaovl. OHmaiiianobIpbIIeaH WaApaIap HCUbIHMbIbIH
nauoanamy sHco2apvl penpooyKYUsIbl Kapmon yulii 6acmanisl Omulpui3y
MAmepuanvl JHCemKizyoin Hana OeHeelline dcemyee MyMKIHOIK bepedi
JICOHE MYKbIM UMNOPIBIH AIMACMbIPY MICENECIH weutyee KoMeKmeceol.

Kinmmi ce30ep: kapmon, mepucmemanvix 0akwli, in vitro Keoeio,
ocipy opmacul, mopghozenes.
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BJIMSSTHUE MATATEJBHOM CPEJBI HA KOD®PUIIUEHT
PASMHOXEHHUSA KYJbTYPAJBHBIX PACTEHUM

B cmamve npeocmasnen ananuz 00H020 U3 KIHOUEBbIX HANPABIEHUIL
ONMUMUIAYUU MUKPOKIOHALLHO20 PA3SMHONCEHUS Kapmogens —
PA3pabomKu nuMamenbHsix cpeo, A0anmupoO8aAHHbIX K PU3UOL0UYECKUM
nompeOHoOCmAM pACMeHUll U NOBLIUAIWUX IPPEeKMUBHOCb UX
VKOpEeHeHUs U GbIHCUBAEMOCMU PACMeHull Kapmogens in vivo.
Hna usyuenus 603MONMCHOCMEN ONMUMUZAYUYU NUMATNETbHBIX CPeO
npogeder awnaius nompebHocmel OAHHOU KYIbMypbl K 9AeMeHMAM
numManus, 00ecnevusauux NOJIHOYEHHoe pa3eumue pacmenull.
Paccmompena max sice porv onmumuzayuu coCmagd UCHOIb3YeMbIX
CMUMYIAMOPO8 pOCMa HA cmaduu nepsuyHou adanmayuu. B xooe
aHATU3a TUMeEPaAmypuvl 8bIAGIEHO, UMO UCNOAb308AHUE NUMANETbHBIX
cpeo, Hauboee COOMBEMcmaYIUUX MpebosaHUAM KyIbmypbl Kapmogeis
U ONMUMUSUPOBAHHO20 COCINABA PE2YIAMOPO8 POCMA, A MAKHCe NOOOOP
VCR08UL KYIbIMUBUPOBAHUSA, YKOPEHEHUS U AKKIUMAMU3AYUY NO360151em
6 3HAUUMENbHOU CMeneHu NosblCUmMy IPPOEeKMuUgHOCMb MEXHOI0UU
KILOHATbHO20 MUKPOPAZMHONCEHUSL 8 KOHKDEMHBIX YCII08UAX NPUMEHEHUS.
Ipasunvro nododpannas cpeda no3eonsiem NOBbICUMb KOIPpuyuenm
pazmuodicenusn 00 8—10 paz 3a yukn u obecneyums GblCOKUE MEMNbL
NOAYYEeHUsL 0300POBIEHHO20 NOCAOOUHO20 MAmMepudid, npueooOHo2o OJisl
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MODERN PEDAGOGY OF TEACHING THE DISCIPLINE
«PLANT GROWING»: TRADITIONS AND INNOVATIONS

The methodological modernization of teaching the discipline «Plant
Growingy in Kazakhstan is driven by the strategic economic importance
of the country’s agro-industrial complex (AIC) as a major grain exporter
and by the imperative of the widespread introduction of precision farming
technologies. Modern educational standards require the training of
highly competent, socially responsible, and environmentally conscious
specialists capable of integrating scientific research potential and artificial
intelligence systems into practical activities.

This process entails a transformation of the teacher’s functional
role — from the passive transmission of information to mentoring and
moderation — encouraging an active and reflective position on the part of
students. The updated methodology is based on a humanistic framework,
the principles of cooperative pedagogy, the personalization of learning
trajectories, and the synergy between verbal presentation and the digital
reactivation of visual methods.

Particular importance is attached to the integration of geographic
information systems (GIS), 3D modeling, and immersive technologies (VR/
AR) for realistic simulation of production scenarios. A central element of the
methodology is the concept of independent work as an individualized path
to professional self-realization. This approach involves students mastering
the skills of critical analysis of large data sets (Big Data), working with
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satellite information, and integrating laboratory practice with modern
statistical methods for processing field and production data.

Key words: plant growing, personnel training, educational innovation,
data analysis, professional competencies

Introduction

The development of the agro-industrial complex is recognized as one of the
key strategic directions of Kazakhstan’s economy, directly determining the food
security and well-being of the country’s population. The Republic is a significant
player in the global food market, ranking among the top ten world leaders in grain
exports and second in terms of flour production [1].

In today’s world, it’s super important to train a new generation of agribusiness
professionals. At this stage of economic development, specialists need to be not
only highly professional and responsible, but also environmentally conscious,
and able to effectively integrate scientific achievements with practical agricultural
production tasks using artificial intelligence [1; 2; 3].

The discipline of plant growing is the main one in the training of agronomists
and agroecologists. Studying the discipline of “Plant Growing” is not just about
mastering technologies; it is a path to becoming a qualified, responsible, and
creative specialist in this field [4].

The relevance of updating the methodology is due to fundamental changes
in the agro-industrial complex: the transition to precision farming, the need to
ensure food security in the context of global climate risks, and the introduction
of modern digital platforms [5]. A modern specialist — an agronomist — must not
only know the morphology of plants, but also be able to interpret satellite images,
analyze yield maps, and make decisions based on data.

To achieve this goal, a system of deep, purposeful, and active interaction
between the teacher and students is necessary. Teachers need to act as mentors,
organizers, and inspirers.

For example, when studying the topic “Corn,” the teacher not only shares
facts (economic significance, biology, agricultural technology), but also invites
students to reflect on: «How can we create optimal conditions for the growth of
this crop in a changing climate?» [4; 6] . In order for knowledge to be consolidated,
the narrative must be accompanied by demonstrations: the teacher works with
live specimens, collections, interactive models, and GIS maps, linking theory
with reality [4; 6; 7]. True assimilation and consolidation occurs when the learner
becomes an active subject of cognition [7]. This is achieved through independent
immersion in literature, creative laboratory and practical tasks, conducting mini-
research and field observations, as well as developing comprehensive technological
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maps and participating in industrial practice. It follows that teaching is carried
out using various methods [5; 7; 8]. Teaching methods are usually defined as «the
ways in which teachers and students work together to achieve the acquisition of
knowledge, skills, and abilities by students, the formation of their worldview, and
the development of their abilities» [8].

Materials and methods

In preparing this review article, methods of theoretical analysis and
systematization of scientific and pedagogical sources were used. Textbooks and
manuals used in agricultural universities, as well as publications in scientific
journals devoted to issues of agricultural education and the application of modern
digital technologies in agriculture.

Results and discussion

Current trends and principles of teaching

The methods used to teach the discipline of “Plant Growing” have features in
common with the methods used to teach other disciplines, but they are determined
by the content of the “Plant Growing” course and reflect the nature of the research
methods characteristic of this science. In plant growing, the main research methods
are observation and experimentation [9]. Therefore, teaching plant growing cannot
do without observation and experimentation [5; 9 ; 10].

The training of agronomists requires the use of exercises (participation in
production work) that help develop the skills of observation and comparison
of facts [8], as well as the formation of critical thinking and digital
competencies [11]. The humanistic method of teaching plant growing is
based on cooperative pedagogy: we follow the principle of a personalised
approach, where each student is unique, and relationships are built on dialogue
and partnership [6; 7]. According to the teachings of Pavlov I.P., humans have two
signalling systems. Based on the understanding of the unity of the two signaling
systems, demonstration and narration should work together [7]. In order for
students to perceive the material being studied, the teacher must skillfully combine
explanation, work with the textbook, demonstration of visual aids, conducting
observations and experiments by students, and performing practical tasks.

The choice of teaching method depends on the didactic goals it serves:
a) acquisition of new knowledge by students; b) comprehension and consolidation
of acquired knowledge; c) formation of skills and abilities in students;
d) application of knowledge and development of creative activity (project
approach); e) testing and evaluating students’ knowledge [6; 7].
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Didactic and organizational components of the educational process in
the teaching methodology of the discipline «Plant Growing»

Classroom work should be based on lively communication and exchange of
ideas. As is well known, the main forms of verbal interaction between the teacher
and students are storytelling, explanation, lecture, and conversation [6; 7].

Instead of a monologue, explanations and narrations serve as an invitation
to joint exploration: usually, the teacher does not simply convey information,
but reveals the essence of processes and cause-and-effect relationships [8; 9],
thereby stimulating critical thinking and the need for students to independently
comprehend the material.

The lecture is transformed from a passive form into structured co-creation:
it should not be a dictation, but a logically structured scientific dialogue in which
the teacher clearly outlines the horizons of research and directs the audience’s
attention to key concepts and scientific conclusions [6; 7].

Conversation (dialogue) is, in essence, the main tool for feedback and personal
activation of students. The question-and-answer format allows students to formulate
their professional position, exchange practical experience, thereby developing
communication skills and strengthening confidence in their knowledge [9].

In parallel with verbal methods, there is a radical renewal of visual methods.
Thanks to the intensive development of digital technologies, demonstrations of the
objects being studied can go beyond the old teaching aids and turn into an exciting
form of visualization and complete immersion in agronomic reality.

This requires the use of advanced digital tools: interactive 3D models [12; 13; 14],
and, in our vision, these should be video cases from production fields, detailed
GIS maps, as well as virtual and augmented reality (VR/AR) technologies that
allow for the safe simulation and practice of complex agronomic operations or
disease diagnostics [15].

Laboratory work has always been and remains at the heart of the discipline
[9], where the student acts as a real researcher, and the learning process becomes a
discovery through personal experience [7]. Classical observations and experiments
must be integrated with advanced methods of statistical data analysis [10; 11; 12].
It is necessary for students to be able to immerse themselves in practical work with
real data and analyze it, study the monitoring systems of combines and GIS platforms,
thereby mastering the key tools and technologies of precision farming [5; 15].

Independent work by students within the framework of the «Plant Growing»
course should be transformed into an individual trajectory of professional
growth [5; 7]. Its key goal is to develop not only subject knowledge, but also
such important qualities as independence, initiative, and responsibility [12; 13].
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In keeping with the trends of the times, work with information resources
should be significantly expanded: it should go beyond traditional textbooks and
include active interaction with specialized digital platforms [13; 14]. Students
must learn to critically analyze data obtained from electronic systems, process
satellite images and GIS reports, thereby developing the skills necessary for
decision-making in precision agriculture [5; 15;16].

To ensure the intensity of training and operational control of knowledge,
programmed learning (e.g., electronic testing) should be used, which will allow
for effective management of the learning process [6; 7].

Conclusions

The teaching of the discipline “Plant Growing” is undergoing a profound
methodological transformation, reflecting the convergence of agricultural
education with digital and humanistic paradigms. In modern conditions, the main
task of the teacher is not so much to convey academic material as to stimulate
systematic thinking in students and to develop the responsibility and competencies
of a highly qualified agronomist.

In turn, the role of the teacher is undergoing strategic changes in modern
realities; they are no longer just a source of knowledge and must transition to the
role of a mentor-moderator of the educational process.

The digitalization of the educational environment opens up fundamentally
new opportunities for increasing clarity and engagement. The use of interactive GIS
platforms, virtual and augmented reality (VR/AR) technologies, and 3D modeling
will allow students to immerse themselves in technological cycles and simulate
production management scenarios. These tools effectively transform learning into
research practice, ensuring an inseparable link between theory and applied tasks.

Individualization of the educational process occupies a key place in modern
methodology. Independent and practical activity of students should become a
conscious trajectory of professional development for agronomists.

Modern teaching methods for the discipline of “Plant Growing” should
represent an effective synthesis of tradition and technological innovation.
The basis of these methods should be the unity of sensory perception
(digital visualization) and cognitive understanding (scientific dialogue),
which is the foundation for training a new generation of specialists. Such
graduates are capable of demonstrating interdisciplinary thinking, working
effectively with digital ecosystems, and at the same time understanding
the importance of sustainable agricultural work.
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Kaszipei 6inim 6epy cmanoapmmapsl 2bliblMu-3epmmey djneyemin HcoHe
AHCAcanOvl UHMENIeKM HCYUeNepin NPAKMUKAILIK KblsMemKe Oipikmipe
anamolH, HCOEApvl OIIKMI, dNeYMEeMmIK HCAYaAnmyl HCoOHe IKOIOSUALTBIK
CAHABL MAMAHOAPObL 0aapaayObl MAan emeo.

bByn 63 kesezinde okbimyuvlHbly BYHKYUOHALOBIK POTIH 632epmedi.
OJ1 aKnApammul NACCUBMI HCEMKIZYWIOeH MAimMeep MeH Mo0epamopad
atiHaneln, cmyoenmmepoiy OeiceHOl api peghiexcugmi YCmanbiMbiH
BIHMANAHOBIPAOBL.

Kanyapmuvingan adicmeme eymanucmik niameopmaza,
KOOnepamusmix nedazo2uxa Kaguoammapuliid, OKblny mpaeKmopusiapsii
JrcekeneHoipyee dcane 8epoandvl 6AsHOAYObl 8U3YALObL 20icmepOil
YuUppvlK peakmueayuacbiMen Yumacmelpyea ne2izoencen.

Manwi3061 Hazap eeoepagusansiy aknapammoix scylienepoi (I'AXK),
3D mooenvoeyoi scane ummepcusmi mexnonocusnrapost (VR/AR) oxy
npoyecine enzizyze ayoapuliaosl, O 6HOIPICMIK HCaA20AUIAPObL WUbIHALD
MoOdenvoeyee MYMKIHOIK bepeoi.

OoicmeMeHiH opmansiK daemMeHmi — cmyOeHmmiy Kaciou o3iH-031
JHCy3e2e AcbIpybiHblY 0apa JHCObl peminoe KapacmulpbliambvlH oepbec
arcymuic myorcvipvimoamacst. On cmyoenmmepOin yakeH oepekmepoi (Big
Data) coinu manoay, cnymuukmix oepekmepmen JICYMbiC iCmey dHcoHe
3ePMXAHANBIK-RPAKMUKATbIK CADAKMapObl UHMeZPayusnay 0az0bliapsiH
MeHeepyiH Ko30elio.

Kinmmi ce30ep. ecimoik wapyauvlivlesl, KaOpaaposl Oaspiay, OKbImy
JHCAHANLIKMApPbI, Oepekmepdi manoay, Kaciou Ky3vipemmep
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«OCIMIK INAPYAIIIBIJIBIF BIH»
OKBITYIbIH 3AMAHAYHU NEJAT'OI'MKACHI:
JAO9CTYPJEP MEH UHHOBAIIUSIJIAP

Kasaxcmanoa «OcimOik wapyauiviivizbl» noHiH OKblmMYOblH
20icmemeniK HCAHRLIPMBLLYbL eIl A2POOHEePKICINMIK KeueHiHiY
(AOK) cmpamezusanvlk 3KOHOMUKANLIK MAHBI3ObLIbIRLIMEH, AHU ipi
ACmulK SKCNOPMmMayuibl peminoezi peniMeH HcaHe 02iMe-0aJ eLiHUINIK
MexXHONO02UANAPbIH KeHiHeH eHei3y KaxcemminieiMeH auKblHOALAObL.
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COBPEMEHHAS IEJIATOTHKA IPENOJABAHHUS
JUCUUILIAHBI «PACTEHUEBO/ICTBO»:
TPAJULIMA 1 THHOBAIIMHA

Memoodonozuueckas mooepHuzayus npenooagaHus OUCYUNIUHb
«Pacmenuesoocmeon 6 Kazaxcmane obycnogiena cmpamezuueckou
IKOHOMUYECKOU 3HAUUMOCTBIO A2PONPOMBIUICHHO2O KOMNIEKCd
(AIIK) cmpanel Kak KpynHo2o 3KCnopmepa 3epHda U HeoOX00UMOCHbIO
WUPOKO2O GHEOPEHUS MEXHON02UU MOUYHO20 3eMAeOenus.
Cogpementnvie 0bpazosameibHble CMAHOAPMbL MPedYIom Nno020MO8KU
6bICOKOKOMNEMEHMHDBLX, COYUATLHO OMBEMCMBEHHBIX U IKONO0SUYECKU
CO3HAMENbHBIX CREeYUAIUCMO8, CHOCOOHBIX UHMESPUPOBAMb HAYYHO-
uccnedo8amenbCKull ROMEHYUal U CUCMeMbl UCKYCCIMBEHHO20 UHIMELEKMA
6 NPAKMUUECKYIO 0eSAMeNbHOCb. DMO 6i1edem 3a cO60l MPAHCHOPMayuio
DYHKYUOHAILHOT pOIU npenodasameis, KOMopblll cMeuaem akyeum ¢
naccugrou nepeoayu UHGOPMAayul Ha HACMABHUYECTNEO U MOOEpayuio,
UHUYUUPYS AKMUBHYIO, DePIeKCUBHYIO NOZUYUIO CO CMOPOHBI
cmy0enmog. O6HO6IeHHAS MEMODON02USL OCHOBAHA HA 2YMAHUCMUYECKOU
naamghopme, NPUHYURAX KOONEPATMUSHOU NeOA202UKU, NEPCOHATUIAYUU
mpaexmopuii 06yuenus u cunepeuu 6epOANbHOU Npe3eHmayuu ¢
yu@posou peaxmusayuell GU3VAIbHLIX Memo008. DyHdamenmaibHoe
3HAUeHUue NPUOAemcs UHmezpayuu 2eoepapuieckux UHGOPMayUoHHIX
cucmem (I'UC), 3D-moldenuposanus u umMMepCUBHbIX MEXHOLO2UL
(VR/AR) Ons peanucmuuno2o M0Oeaupoans npou3e00CmeeHHbLY
cyenapueg. LlenmpanvHovlm 91eMeHMOM MEMOO0I0CUU AGNSAEMC S
KOHYenyusi CamoCmosamensHou pabomol Kax UHOUSUOYANUZUPOBAHHOSO
nymu K npoghecCuoHanbHOl camopearu3ayuy, Komopdas npeonoiazaem
081a0eHUe CMyOeHMAaMU HAGBIKAMU KPUMUYECKO20 AHAAU3A OONbULUX
00wvemos ungpopmayuu (Big Data), pabomei ¢ cnymuukogulmu OAHHbIMU
U unmezpayuy 1a60PAMOPHLIX NPAKMUYECKUX 3AHAMULL.

Kniouegvie cnosa: pacmenuesoocmeo, nod2omogka Kaopos,
obpaszoeamenvHble UHHOBAYUU, AHAAU3 OAHHLIX, NPOPeECCUOHATbHbIE
KoMnemeHyuu
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IPABUJIA JJISA ABTOPOB
Hay4HBIX )kypHas10B HAO «TopaiirelpoB yHuBepcuTe™
«BecTtHuk TopaiirslpoB yHuUBepcuTeTa»,
«Hayka n Texunka Kazaxcrana»

PenaxkunoHHas KOJUTETHsl TPOCUT aBTOPOB PYKOBOICTBOBATHCS CJIETYIOIIUMHU
TIPaBUJIaMH TIPH TIOJITOTOBKE CTAThEH JUIsl OMyOIMKOBAHHMS B JKypHAJIE.

HayuHble craThu, mpejcTaBisieMble B PEeNaKLIHIO JKypHala JOJKHBI
OBITH OOpPMIIEHBI COrJacHO 0a30BBIM H3JAaTEILCKUM CTaHIapTaMm IO
oopmnennto crateir B coorBercTBur ¢ ['OCT 7.5-98 «XKypnaibl, cOOpHUKH,
nHpOpMaMOHHble H3NaHus. M3narenbckoe opopmiieHUE ITyOINKyeMbIX
MaTepHalioBy, IPUCTATEHHBIX ONOIHOTPA(UIECKUX CIIUCKOB B COOTBETCTBHU C
I'OCT 7.1-2003 «bubnuorpaduyeckas 3amuch. bubnuorpadudeckoe onucanue.
OOmmue TpeboBaHMS M TIPaBHIIa COCTABICHUS.

* B HOMep noryckaeTcst He 6oJiee OHOW PYKOIIUCH OT OZJHOTO aBTOpa JI00
TOTO JK€ aBTOPa B COCTaBE KOJUIEKTHBA COABTOPOB.

* KonndecTBO cOaBTOPOB OHOMW cTaThu He Ooee 5.

* CrerneHb OPUTHHAIBHOCTH CTAaThH JIOJDKHA COCTAaBISITH He MeHee 60 %
(coracHO penIeHuIo peJaKIMOHHON KOJIIETHN).

* Hampaisiemble CTaThbU HE JOJDKHBI OBITH paHee OIyOJMKOBAHBI, HE
JIOIYCKaeTCsl Iocye/IyIoliee OnyOJIMKOBaHNE B IPYTUX XKypHaJlax, B TOM YHCIIE
TIepEeBOBI Ha JIPYTHE SI3BIKU.

* PenieHue 0 IPUHATHH PYKOIHCH K OITyOJIMKOBaHUIO TPUHUMAETCS 110CTIe
MIPOBEICHUS ITPOIIEAYPHI PELIEH3NPOBAHUSL.

* JlBoliHOE pereH3upoBaHue (clienoe) NpoBOIUTCS KOH(UICHINAIBHO,
aBTOPY He COOOIIAeTCsl UMS PELIEH3EeHTa, a PELIEH3EHTY — UMs aBTOpa CTAaThH.

* KBuTaHuust o0 orurate mpeaocTaBisieTCs MOCiie MPUHATHS CTaTel K
my6smkarn. CTOMMOCTb IMyOIMKauy B KypHaie cocrasisier 7000 (ceMb ThICSY)
TEHTe.

* noxropantam HAO «TopalirslpoB yHUBEPCUTET» M MHOCTPAHHBIM aBTOpaM
(Oe3 Ka3axCTaHCKUX COABTOPOB) ITyOIMKaIMS B )KypHase OecIiaTHO.

* Ecnmu cTaThsi OTKJIOHEHA aHTHIUIATHATOM WM PEIeH3EHTOM CTaThs
BO3BpaIlaeTCs aBTOPY Ha JOPaObOTKy. ABTOP MOXKET TOBTOPHO OTIIPABHUTH CTATHIO
Ha aHTUIUIarHaT WM pelieH3eH3npoBanne 1 pa3. OTBETCTBEHHOCTH 3a COAEpKaHHE
CTaThH HECET aBTOD.

Pepakiyst He 3aHMMAETCs IMTEPATYPHON M CTHIIMCTHUECKOH 00paboTKON
CTaThH.
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Crarbn, opopMiIeHHBIE C HApYLICHHEM TPeOOBaHMIl, K My0JIMKAIINY He
NMPUHUMAIOTCS M BO3BPAINAIOTCS AaBTOPaM.

JlaToil mocTymiIeHnsT CTaThbU CUMTAETCs JaTa IMOJIyueHUs pelakiueil ee
OKOHYATEJIFHOTO BapHaHTA.

Crarpy IyOJIMKYIOTCS 1T0 Mepe NOoCTyTuIeH s . XKy pHai popMHUpyeTcst HCXO/1s
U3 KonmdectBa He Oonee 30 craTeil B 0JJHOM HOMeEpeE.

IepuoanyHOCTb M3XAHUS KYPHAJIOB — 4 pa3a B roj (e;xeKBapTaJbHO).

Cpoku nmojgaum cTaTbu:

- nepBbIi kBapTan g0 01 despais;

- BTOpoii kBapTan 1o 01 mas;

- Tpetuil kBaprain g0 01 aBrycra;

- 4eTBepThIi kBapTai 10 01 HOSOpsI.

Hayunsii xypHan «BectHuk Topaiirsipos ynuBepcutera», «Hayka n
TexHuKa KazaxcraHa» BBIITyCKaeTCsl ¢ IEPHOIUYHOCTHIO 4 pa3a B TOJl B CETEBOM
(a:1eKTpOHHOM) popMare B ClIeTyIOIHE YCTAHOBICHHBIE CPOKH BBIX0J1a HOMEPOB
KypHaJa:

- IepBBII HOMED BBITycKaeTcs 10 30 MapTa TeKyIero rosa;

- BTOpOi HOMep — 710 30 uIoHS;

- TpeTuil HoMep — 10 30 ceHTsIOps;

- 4eTBepTHIi HOMep — 110 30 nexadpsi.

CraTpio (2JIEKTPOHHYIO BEPCHIO W KBUTAHIMU 00 oIUIaTe) cienyer
HaIpaBJTh HA caliTax:

- https://vestnik-pedagogic.tou.edu.kz/

- https://vestnik-philological.tou.edu.kz/

- https://vestnik-energy.tou.edu.kz/

- https://vestnik-humanitar.tou.edu.kz/

- https://vestnik-cb.tou.edu.kz/

- https://vestnik-economic.tou.edu.kz/

- https://vestnik-pm.tou.edu.kz/

- https://vestnik-law.tou.edu.kz/

- https://stk.tou.edu.kz

- https://localhistory.tou.edu.kz

Jlnst moyavy cTaThu Ha IMyOJMKAIMI0 HEOOXOUMO MPOMTH PETrHCTPaLUIo Ha
caiire.

ABTOp, KOTOpBIIT BHEC HAMOOJBIINN MHTEIUIEKTYIBHBII BKJIAJI B TIOJJTOTOBKY
pyKorucH (TIpy ABYX U OoJiee coaBTopax), SIBISETCS aBTOPOM-KOPPECTIOHICHTOM H
0003HayaeTcs «*».

ABTOpBI 13 pa3HBIX YYEOHBIX 3aBE/ICHHH yKa3bIBatoTcs 1udpamu 1,2.
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J17151 ocyIIeCTBIICHHS IIPOLIE/ Ty PbI JIBOWHOTO PELIEH3UPOBAHNS (CIIETIOr0), aBBTOpaM
HEOOXOMMO OTIIPABIIATH [[Ba BAPUAHTA CTATHbU: MEPBBIN — C YKa3aHUEM JIMIHBIX
JIaHHBIX, BTOPOH — 0€3 yKa3aHWs! JTMYHBIX JaHHBIX. [ [pr HapyIIIeH!H PUHIHNIIA CIIETIOr0
PELIEH3NPOBAHMS CTaThsl HE PAaCCMATPHUBACTCS.

CtaTbH 10/LKHBI OBITH 0)OPMJIEHBI B CTPOIOM COOTBETCTBUHU
€O CJIeIYIOLMMH NPABUJIAMH:

— B >kypHaibl pUHUMAIOTCS CTaThH 10 BCEM HAYYHBIM HalpaBJICHUSIM, B
JIEKTPOHHOM BapHaHTE CO BCEMH MaTepuallaMH B TEKCTOBOM pepakTope «Mi-
crosoft Office Word (97, 2000, 2007, 2010) ams Windows» (B hopmarax .doc,
.docx, .rtf).

— OOmuit 00beM cTaThby, BKIIOYas aHHOTAIMH, JIUTEPATypy, TaOIHUIIBL,
PUCYHKH M MaTeMaTHdeckue (popMyJbl JJOJDKEH COCTAaBISITH He MeHee 7 M He
0osiee 12 cTpaHuIl MEYATHOTO TeKCTa. /1o cmpanuy — 30 Mm co 8cex cmopoH
aucma; Texcm cmamou: xeenb — 14 nynkmos, capuumypa — Times New Roman
(01151 pycckoeo, anenuiickoz2o u Hemeyxkoeo sA3vikos), KZ Times New Roman (014
KA3aXCKO20 A3bIKA).

CTpyKTypa Hay4dHOH cTaTbu BKJIIOYAET Ha3BaHHE, aHHOTAIMS, KJIIOUYEBbIC
CJIOBA, OCHOBHBIC MOJIOXKEHHS, BBEACHUE, MaTepHalbl U METOABI, PE3YIbTaThl
1 00CyXJeHHUE, 3aKIF0UCHNE, BBIBOIBI, MH(POPMAIHIO O (PMHAHCHPOBAHUH (IIpH
HaJIMYMN ), CITIUCOK MCTIOJIb30BaHHBIX HCTOYHUKOB (JINTEPATYPBI) K KAXKJI0H CTaThe,
BKJIIOYasi POMAaHU3HPOBAHHBIHN (TPAHCIUTEPUPOBAHHBII JIATHHCKUM a(haBUTOM)
BapHaHT HAMMCAHMS HICTOYHUKOB Ha KUPHJLTHLIE (HA Ka3aXCKOM U PYCCKOM SI3BIKAX)
cem. TOCT 7.79-2000 (UCO 9-95) Ilpasuna mpanciumepayuu KUPULIOBCKO20
RUCLMA TAMUHCKUM ANPagUmMoM.

Cmamus 00191cHa codeprcamsp:

1. MPHTU (MexrocyIapCTBeHHBI PyOpHUKaTOp HAYYHOH TEXHHUYECKOU
nHpOpMAIIHN);

2. DOI — mocne MPHTH B BepxHeMm mpaBoM yTiy (IpHCBaWBaeTCs U
3aI0JIHSCTCS PelaKINel Ky pHaa);

3. Mauuuansl (uMs, oTdaecTBo) @aMmians aBTopa (-0B) — Ha Ka3aXCKOM,
PYCCKOM M aHTJIMMCKOM $SI3bIKaX (KUPHBIM MIPH(TOM, 110 LIEHTPY);

ABTOp, KOTOPHII BHEC HANOOJBINNI HHTEIUICKTYaIbHBIA BKJIA]] B [IOITOTOBKY
pykomnucH (IpH ABYX U 00Jiee COaBTOPAX ), SIBISETCS aBTOPOM-KOPPECTIOHIEHTOM
1 o6o3HaYaeTCs «*».

ABTOpHI U3 Pa3HBIX YUeOHBIX 3aBE/ICHUN yKa3bIBaloTCS nudpamu 1,2.
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4. Appunananus (opranmsanus (MecTo padoTsI (yueOnl)), CTpaHa, TOPOx) —
Ha Ka3aXxCKOM, PyCCKOM M aHIJIMMCKOM si3bIKax. [TomHble qanuble 00 addummarim
aBTOPOB MPE/CTABIIIOTCS B KOHIIE JKYPHAIIA;

5. HazpaHMe cTaTbH JOJDKHO OTPaKaTh COJEPXKAHUE CTATbU, TEMATHKY
1 pe3yJbTaThl IPOBEAEHHOTO HAYYHOTO HCCieloBaHMs. B Ha3zBaHue crartbn
HEOOXOANMO BIOXKUTH HHPOPMATHBHOCTb, IPUBIICKATEIbHOCTD U YHUKAJIBHOCTh
(ue 6omnee 12 cnoB, MPONMUCHBIMU OYKBaMH, SKUPHBIM MIPH(TOM, IO IIEHTPY, Ha
TpeX SA3BIKAX: PyCCKUMN, Ka3aXCKUH, aHTTTMICKHUN THO0 HEMEIIKUH);

6. AHHOTAINs — KpaTKas XapaKTePUCTHKA HA3HAUYCHHMS, COIEPKAHMSL, BU/IA,
(opMBI 1 ipyrux ocoOeHHOCTel cTaThu. JloJKHA OTpaskaTh OCHOBHBIE U IICHHBIE,
110 MHEHHIO aBTOPA, STalbl, OOBEKTHI, NX MPU3HAKA U BBIBOABI IIPOBEICHHOTO
nccuenoBaHus. JlaeTcst Ha Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM JIN0O HEMEIIKOM
sI3bIKaX (PEKOMEHAyeMblii 00beM aHHOTAIMH Ha SI3bIKE ITyOIMKAINN — HE MEHee
150, e 6omee 300 croB, KypCUB, HEKUPHBIM MIPUPTOM, KeTIb — 12 TMyHKTOB,
a03aIHbI OTCTYII ClIeBa | crpaBa 1 cM, cM. oOpasen);

7. KiroueBble cj10Ba — HA0OP CIIOB, OTPAKAIOLINX COJCP)KAaHUE TEKCTa B
TEpPMHUHAX 00BEKTA, HAYYHON OTPACIIN U METOJIOB MCCIIEOBAHUS (OPOPMIISIOTCS
Ha TpeX SA3bIKaX: PyCCKHUN, Ka3aXCKUN, aHTTTHHCKIHA THO0 HEMEIKHUN; Kerihb — 12
ITyHKTOB, KypCHB, OTCTYII clieBa-cripaBa — | cM.). PekoMeHyemMoe KOInIecTBO
KITFOYEBBIX CJIOB — 5-8, KOIMYECTBO CIIOB BHYTPH KIIFOUEeBOH (hpa3sl — He Ooee 3.
3aJaroTcs B MOPSIIKE UX 3HAYUMOCTH, T.€. CAMOE BXKHOE KITFOUEBOE CIIOBO CTATHU
JOJDKHO OBITH IEPBBIM B CITUCKE (CM. 0Opaserr);

8. OCHOBHOI1 TEKCT CTAaTbH U3JIATacTCs B ONPEEICHHON OCIEJ0BATEIbHOCTH
€ro 4acTel, BKIIIOUaeT B ce0s:

- BBengenue (a03ar 1 cM 1o 1eBOMY Kparo, KUPHBIMU OyKBamH, Kerib — 14
myHKTOB). OOOCHOBaHHE BHIOOPA TEMBI, aKTYAIBHOCTh TEMBI WJIH ITPOOIIEMEL.
AKTyaJIbHOCTB TE€MBI ONPEEIISIETCS] OOIIMM HHTEPECOM K H3YHIEHHOCTH JAaHHOTO
00beKTa, HO OTCYTCTBHEM MCUEPIBIBAIOIINX OTBETOB Ha NMEIONIHECS] BOIPOCHI,
OHa JIOKa3bIBAETCS TEOPETUUECKON MIIM MPAKTUIECKOW 3HAYMMOCTBIO TEMBI.

- MaTepuaibl U MeTOABI (ab3ay 1 cm no 1esomy Kpaio, HcupHulmu OYKeamu,
Keanb — 14 nynkmos). JI0IDKHBI COCTOSITH M3 OTIMCAHNS MaTEPUAIIOB M X0/1a pabOTEI,
a TaKKe IOJTHOTO ONMCAHUS NCIIOJIb30BAHHBIX METOOB.

- PesyabTathl u o0cy:xknenue (aozay I cm no nesomy Kparo, HUpHoiMU
oykeamu, keanv — 14 nynkmos). IlpuBoanTcs aHaIN3 1 00CYKACHHUE MOTYIESHHBIX
BaMH Pe3yJIbTaTOB HcCIea0BaHus. [I[pUBOATCS BEIBOABI 110 TIOJyYSHHBIM B X071€
HCCIEI0BaHMUs PE3yIbTaTaM, PACKPBIBACTCSI OCHOBHAS CyTh. M 3TO OJIMH U3 caMbIX
Ba)KHBIX Pa3/JeyoOB cTaTbu. B HEM HEOOXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
cBOEH paboThl M 00CYKJEHHE COOTBETCTBYIOLINX PE3YJIBTaTOB B CPAaBHEHUH C
TIPEABLIYIIMH Pa00TaMH, AHATU3aMH U BHIBOJAAMH.
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- Undopmanuio o puHancupoBaHUH (MPH HATUYHHU) (abzay | cm no
JeBOMY Kpaio, HCUPHbIMU OyKeamu, Ke2ib — 14 nynkmos).

- BoIBOaBI (ab3ay I cm no iegomy Kparo, sHcupHeimu OyKeamu, keaib — 14
NYHKMO8).

BeiBosibl — 00001IEHNE M TIOJBEICHUE NTOTOB pabOTHl HAa JAHHOM 3Tare;
MOATBEPK/ICHNE NUCTUHHOCTH BBIBUTACMOTO YTBEP)KJICHUS, BHICKA3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 M3MEHEHHWH HAYYHOTO 3HAHUS C y4ETOM
TIOJTyYEHHBIX PE3yJbTAaTOB. BBIBOABI HE JOJDKHBI OBITH AOCTPAKTHBIMH, OHU
JIOJDKHBI OBITh HCIIOJIB30BAHBI [Tt 000OIIEHHSI PE3YIIbTAaTOB HCCIIEIOBAHUS B TON
WM WHOW HAay4YHOH 00JIacTH, C ONMMCAHHWEM IPEAJIOKEHUH M BO3MOXKHOCTEH
JanpHeHIe paboThL.

- CnucoK MCMOJIb30BAHHBIX HCTOYHMKOB (JICUPHBIMU OYKEAMU, Ke2lb —
14 nynkmos, 6 yenmpe) exnouaem 6 ceos:

CTaTbs ¥ CIMCOK UCTIONb30BAHHBIX HCTOYHUKOB TOJKHBI OBITH O()OPMIICHBI
B cootBercTBUH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cM. oOpaserr).

OuepeHOCTh NCTOUYHUKOB OMPEACIACTCS CIEIYIONMM 00pa3oM: cHadaia
MOCJIEI0BATEIbHBIE CCBUIKH, T.€. HCTOYHUKHM Ha KOTOPBIC BBl CCBHUIACTECH
110 OYEPEIHOCTH B CaMOW cTaThe. 3aTeM JOIMOJHUTEIbHBIC NCTOUYHUKH, Ha
KOTOPBIX HET CCBUIOK, T.€. HCTOYHHKH, KOTOPBIC HE UMENIN MECTO B CTaTbe, HO
PEKOMEH/IOBaHbI BAMHU YUTATEISIM JUISi O3HAKOMIICHHS, KaK CMEXHBIE PabOTBHI,
MIPOBOIMMEIE TTapairiebHo. O0beM He MeHee 10, He 6oiree uem 20 HanMEHOBaHUIA
(CCBUIKM W TIpUMEYaHusl B CTaThe 0003HAYAIOTCS CKBO3HON HyMmepanueil u
3aKJIFOYAIOTCSl B KBaPaTHBIE CKOOKH), MPEUMYIIECTBEHHO 3a Tocnenaue 10-15
JIeT.

B cityuae Hasmmaus B criMcKe NCIOb30BaHHBIX ICTOYHHKOB PA0OT Ha KUPHIITULIE
(Ha Ka3aXCKOM M PYCCKOM SI3bIKaX ), HEOOXOANMO IPE/ICTaBUTh CITMCOK JIUTEPATYPBI
B JIByX BapuaHTax: 1) B opurnHase (yKa3bIBalOTCS HCTOYHHUKH HA PYCCKOM,
Ka3aXCKOM M aHTJIMHCKOM JTHOO HEMEIIKOM s3bIKax); 2) pOMaHM3MPOBAHHBIN
BapHaHT HAIMCAHNS NCTOYHUKOB Ha KUPHJIIHLIE (Ha Ka3aXCKOM 1 PYCCKOM S3bIKax),
TO €CTh TpaHCIUTepaIys JaTHHCKUM andaButoM. cM. [OCT 7.79-2000 (MCO
9-95) IpaBnina TpaHCIUTEPALMN KUPHIIOBCKOTO MHChMa JIATHHCKUM aJI(haBUTOM.

Onnaiin cepsuc Tpancarumepayusa no I OCTy — https://transliteration-on-
line.ru/

IIpaBuaa TpaHcauTepaluu KHPHJIJIOBCKOIO MUCbMa JATHHCKHM
ajnpaBUTOM.

Pomanusuposannulit cnucok numepamypuvl 00J1)4ceH Gbl2iAA0ems
cnedyroujum oopazom: aBTop(-bl) (TpaHCIUTEpaAnUs TUOO aHTIOS3BIYHBIN
BApUaHT NPH €ro HAINYNHM) — Ha3BaHWE CTAaThU B TPAHCIUTEPHUPOBAHHOM
BapHaHTe — [MepeBOJ HAa3BaHMs CTAaTbM HA aHTJIIMHCKUH A3BIK B KBAJPATHBIX
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CKOOKax| — Ha3BaHME Ka3axOs3BIYHOTO JHOO PYCCKOS3BIYHOTO MCTOYHHMKA
(TpaHcuTEpaIys, 1100 aHTIIHICKOE Ha3BaHHE NIPH €T0 HAIMYNHU) — BBIXOJIHBIC
JIaHHBIE ¢ 0003HAYCHUSIMU HA aHTJIMHCKOM SI3BIKE.

HNnmocTpanuu, nepedyeHb PUCYHKOB U MOAPHUCYHOUYHBIE HAANHCH K
HUM TPEJCTABIAIOT 110 TEKCTy CTaTbU. B 3JIEKTPOHHOW BEpCHHM PHUCYHKH U
wiTocTpanuu npeacrapisiiores B Gopmate TIF wmm JPG ¢ paspemieHuem He
menee 300 dpi.

MaTtemaTtudeckue (popMyJIbl TOJDKHEI OBITH HaOpaHbl B Microsoft Equation
Editor (xaxxmas popmyna — oqiH 0OBEKT).

Ha ornenbHoii cTpanuue (nocje crarbu)
B hiekTpoHHOM BapHaHTe MPHUBOASITCS MOJHbIE MOYTOBLIE ajpeca,

HOMepa cay:ke0HOro u foMamnero TeaedoHoB, e-mail (Homepa TeedpoHoB

JUISl CBSI3M PeIaKIUM C ABTOPAMU, He MYOJIUKYIOTCH);

Caenenusi 00 aBTopax

Ha ka3zaxckom si3bike Ha pycckom sa3bike | Ha anriuiickoM si3bike

Damuiust mst OTaecTBO (MOJHOCTHIO)

Z[OJ'DKHOCTB, y4€Has CTCICHb, 3BaHNUC

OpraHusanus

T'opon

Wunexc

Crpana

E-mail

Tenedon
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OBPA3EIl K O®POPMJIEHHIO CTATEM Brenenne

MPHTU 14.37.27 ConnanpHast paboTa — OTHOCUTEIBHO HOBAs /ISl HAILIEH CTPaHbI TPOQecCHs.
[TosTOoMy 00y4yeHHe COIHMaIbHBIX PAOOTHUKOB HAa COBPEMEHHOI CTaauu HE Xa-
paKTepU3yeTCsl HATMYMEM JOCTATOYHO Pa3padOTaHHBIX 00pa30BaTEIbHBIX CTaH-
JIapTOB, KOTOPBIE HAXOMIH OBl BBIpAXKEHUE B (POPMYIIHPOBKE MEIArOrNIeCKUX
LieJIe, B coJiep)KaHu1, TEXHOJIOTHSIX Y4eOHOT0 Tpoliecca.

IIpodonsicenue mexcma nyOIuUKyemo20 mamepuand

Marepuajibl 1 METOAbI

TeopeTnueckuil aHaaM3 HAyYHOU MCHUXOJOTO-NEJarornyeckoi u crenu-

DO xxxXXXXXXXXXXX

*C. K. AHmukeeea
TopaiireipoB ynusepcutert, Pecriyonmka Kazaxcran, r. [TaBnogap

TEOPETUYECKAS MO4EJIb ®OPMUPOBAHUS KOMIIE- AJILHOMN JTMTEPATYPHI 1O TPOOIEME UCCIIEI0BAHNS; AHAN3 3aKOHOAATENLHBIX 1
TEHL[MI'? COLUNAJIbHbIX PABOTHUKOB YEPE3 KYPChbI HOPMATHBHBIX JTOKYMEHTOB MO OTKPBITHIO OOIIECTBEHHBIX 00BEAMHEHUN; aHa-
MOBBbIUIEHUNS KBAJTTUDOUKA [_IMM JIU3 COJICPXKAHUS MPOTPAMM KYPCOB IOBBIIICHUS KBATH(HKAIIMNA COMUATBHBIX

PpabOTHHUKOB; MOJICIMPOBAHNUE; aHAIN3 U 0000IICHUE MEAarOrHYECKOr0 OIBITA;
OIPOCHBIC MeTOIbI (Oece/1a, aHKETUPOBAHKE, HHTCPBBIOMPOBAHNUE ); HAOFOICHHE;
aHAaJIU3 MPOYKTOB JESITeTLHOCTH CIIELUAINCTOB; SKCIIEPUMEHT, METObI MaTeMa-
THUYECKOH CTATHCTHUKY IO 00pabOTKE IKCIICPUMCHTATBHBIX TaHHBIX.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana

Pe3yabTaThl U 00cy:KI1€HUE

UroOBI HOHSITH 0OBEKTHBHBIC 3aKOHOMEPHOCTH, JISKAIIIUE B OCHOBE MpoIiecca
(hopMHUpPOBaHUS M PA3BUTHUS JIMYHOCTHBIX U MPO(ECCHOHATBEHBIX KOMIICTCHITHIA
COITMATIBHBIX PAOOTHUKOB Yepe3 KyPChI MMOBBIICHHS KBaTH(QUKAIMH, HEOOXO0IUMO
YETKO MPEACTABIATH ce0e MX MOJCTb.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana

BriBoabl

Takum 00pa3om, Ha OCHOBaHUH BBIIIEU3I0KEHHOT'O MOKHO CJIETIaTh BHIBOT
0 TOM, YTO TEOpPETHYECKass MOJEIb (DOPMUPOBAHUS JTMYHOCTHBIX U Mpodeccu-
OHAJIbHBIX KOMIICTCHIIUH COLUAIBHBIX PA0OTHUKOB Yepe3 KYypPChl MOBBINICHHS
KBaJTU(UKAIMH COJICPKHUT TPU YPOBHS €€ pPean3aiuu.

Tpodondcenue mexkcma nyonuKyemo2o mamepuana

B oannoii cmamve npedcmasnena meopemuyeckas mooeins gopmupo-
6AHUSL IUUHOCHIHBIX U NPOPECCUOHATILHBIX KOMREMEHYUT COYUATbHBIX Pa-
OOMHUKOB Uepe3 KypCbl NOGbIUUEHUS K8ATUDUKAYUL, KOMOpas paspadomana
6 pamkax 0okmopckotl ouccepmayuu « Copmuposanue TUUHOCMHBIX U Npo-
heccuonanbHbix Komnemenyuti COYUAIbHLIX PADOMHUKOB Yepe3 KypCbl HOBbI-
wenus keanugurayuuy. B cmamove npueoosimcs nedazoeuteckue acneKkmol
camoeo npoyecca mMoOenuUpOBanUsl, NePeducienbl dMansl Nedazoesudeckozo
modenuposanusi.  [Ipeocmasnenvl  memooonocudeckutl, npoyeccyaibHblil
(mexHonocuYecKutl) u UHCIMpPYMEHMAIbHLIIL YPOGHU MOOEU, ee Yelb, MOHU-
MOPUHE CHOPMUPOBAHHOCHIU UCKOMBIX KOMNEMEHYULL, d MAKice Pe3Vibman.
B mooenu noxasanvl KomnemenmHocmmblil, IUYHOCMHO-OPUEHIMUPOBAHHBIIL U
NPAKMUKO-OPUEHMUPOBAHHDLIL nedazocudecKue nooxoobl, 3aKOHOMEPHOCMU,
NPUHYUNDL, YCI08USL (POPMUPOBAHUST BbIOPAHHBIX KOMNEMEHYUL, ONUCAHbL
IMansl peanuzayuu npoyecca PopmMuposanus, YPosHU chopMUpOSaAHHOCU
JUYHOCHHBIX U NPOQECCUOHANbHBIX KoMnemeHnyul. B paszoene npaxmu-
uecKkol no020MOGKU Npediazaemcs UHMepaKmusHas paboma 6 cucmeme
CIYWAMENb-NPenooasamelib-2pynnd, noopasyMesaiowas JudHoe yuacmue
Kasc0020 Cneyuamucma, a maxdice omkpvimue nepeoeo 6 Haulel Cmpane
Pecnybnuxancrkoeo obwecmeennoeo obveounenus «Hayuonanvhvlil anvsauce
NPOGecCUOHANBHBIX COYUATIbHLIX PAOOMHUKO8Y. [lanHasi MoOenb noopasyme-
6aem noo coboll OabHeliuee COBEPUIEHCMEOBAHIUE U CAMOCNOSMETbHOE PA3-
sumie JULHOCHIHBIX U NPOPDECCUOHATILHBIX KOMREMEHYUL COYUATIbHBIX Pa-
bomHUK08. MO no36osem yeudems 8 MoOeu 3PhekmueHocmy peanusayuu
KYPCOB8 NOGBIUUEHUS KEATUDUKAYUU, opmbl, MemoObl U CPeOCmea padomal.

Kniouegvie cnosa: meopemuueckas mooens, KOMnemeHyuu, nosvliie-
Hue Keanugurayuu, coyuanbhvle pabomHuKuU.
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C. K. Aumuxkeesa
TopalifbIpOB YHUBEPCUTET,
Kazaxcran PecyOnukacer, [TaBmomap K.

BIJIIKTIJIIKTI APTTBIPY KYPCTAPBI APKbIJIbI
IJIEYMETTIK KbIBMETKEPJIEPAIH KY3IPETTIVIIKTEPIH
KAJIBIIITACTBIPYABIH TEOPUSIJIBIK MOJEJII

byn  maxanaoa «Oneymemmix Kvizmemxepiepdiy  OLMIKMiniciH
apmmuelpy — Kypcmapul — apKblibl  MYJALANblK  JicoHe  Kaciou
KY3ipemminikmepin — Kaislnmacmolpy» — OOKMOPAbIK — OUCCePmAayisl
weHbepinoe a3ipieneer OINIKMINIKMI apmmulpy Kypcmapuvl ApKblibl
aneymemmik KbizmemxepiepOiy mYaanblk HCaHe KICIOU KY3blpemminicin
KanelnmacmulpyoObly — mMeopusnblk  mooeni  ycuinwviizan. Makanada
MoOenvoey NpoyeciHiy nedazocuKanvlk dcnekminepi, neoacocuKanbi
MoOenvoeydiy  KezeHOepi  kenmipineeH. Modenvoiy — 20icHamanvix,
npoyeccyanovix (MexXHOLOLUANbIK) HCOHE ACNANmblK Oeqeelliepi, OHbIH
makcamul,  Kadcemmi  Ky3vblpemmepoiy —KaiblRmacy MOHUMOPUHZI,
conoau-ax Hamuoiceci ycvinvlizan. Mooenvoe Kysvipemminikke, mynzaga
basbimmangan Jicone NPAKMuKaea OALIMMAN2an nedazoSUKaIblK
macinoep, mayoaiean Ky3vipemmepoi KAIbINMAcmulpy 3aHObLILIKMAPDI,
Kaguoammapbl, wapmmapsl KOpcemineeH, Kalblnmacy npoyecin icke
acelpy Keseyoepi, dlceke dicone KaciOu Kyzvipemmepoiy Kaablnmacy
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Oeneetinepi  cunammanzan. Ipaxmukanvlk — OatiblHOLIK — OOMIMIHOE
MBIHOAYUWbI-OKbIMYULLI-MON  JICYUeciHOe — UHMEPAKMUSMi  ACYMbIC
YCUIHBIIAObL, Ol 9P MAMAHHBIY JceKe KAMbICYbIH, COHOAU-aK enimizoe
aneawkvl «Kaciou aneymemmix Kvizmemkepnepoiy YAmmolk albsiH-
cvly Pecnybnuxanvlk Ko2amowlk Oiprecmiciniy awbliybin 0i10ipedi. Byn
MOOenb dneyMemmiK Kol3MemKepepoin JHceKe HeaHe KaCIOU KY3blpemmepin
00an api owcemindipyoi owcone mayeiciz O0amwimyowl 0indipedi. Byn
MoOenvOe  OiniKminikmi — apmmelpy — KVPCMApulH — iCKe  acbipyObiH
MUIMOINIZIH, HCYMBIC HBICAHOAPHI, d0icmepi MeH KYpaioapbiH Kepyee
MYMKIHOIK 6epeoi.

Kinmmi cesdep: meopusnvi mooens, Ky3vipemminix, OLIiKminikmi
apmmulipy, aneymemmix Kplamemxepiep.

S. K. Antikeyeva
Toraighyrov University,
Republic of Kazakhstan, Pavlodar.

THEORETICAL MODEL OF FORMATION
COMPETENCIES OF SOCIAL WORKERS THROUGH
PROFESSIONAL DEVELOPMENT COURSES

This article presents a theoretical model for the formation of personal
and professional competencies of social workers through advanced
training courses, which was developed in the framework of the doctoral
dissertation «Formation of personal and professional competencies of
social workers through advanced training courses». The article presents
the pedagogical aspects of the modeling process itself, and lists the stages
of pedagogical modeling. The methodological, procedural (technological)
and instrumental levels of the model, its purpose, monitoring the formation
of the required competencies, as well as the result are presented. The model
shows competence-based, personality-oriented and practice-oriented
pedagogical approaches, patterns, principles, conditions for the formation
of selected competencies; describes the stages of the formation process,
the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-
group system, which implies the personal participation of each specialist,
as well as the opening of the first Republican public Association in our
country, the national Alliance of professional social workers. This model
implies further improvement and independent development of personal
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and professional competencies of social workers. This allows you to see
in the model the effectiveness of the implementation of advanced training
courses, forms, methods and means of work.

Keywords:  theoretical —model, competencies, professional
development, social workers.
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INYBJIUKAIIMOHHAS OTUKA
Hay4HBIX )kypHas10B HAO «TopaiirelpoB yHuBepcuTe™
«BectHuK TopaiirbIpoB YHUBEPCHTETAY,
«Hayka u Texnnka Ka3zaxcrana», «Kpaesenenue»

Penakumonnas xomnnerus HaydHbIX kypHanoB HAO «Topaiirsipos
yHuBepcuter» «BecTHuk TopalireipoB yHuBepcureTa», «Hayka u TexHuka
Kazaxcrana» n HayuHO-momyJsipHOro xypHaina «KpaeBenenue» B cBoei
podecCHOHANBHON JesATEIbHOCTH NPUIEPKUBAIOTCS MPUHIUIIOB U HOPM
[Ty6nukanoHHO# 9THKM HayIHBIX KypHaIoB HAO «TopaiirslpoB yHUBEpCHUTETY.
[TybnukannonHas 5THKa pa3paboTaHa B COOTBETCTBHH C MEXIyHapOIHOU
myOIMKaMOHHON 3THYecKkoi HopMol KomuTera 1o myOnMKalMOHHON ITHKE
(COPE), sTryecknmMu NpHHIMIIAME TyOauKaun xypHainoB Scopus (Elsevier),
Konekca akanemuueckoit uectnoctt HAO «TopaiirbIpoB YHUBEPCUTET.

[TyOnukanuoHHast ATHKa ONpeaessieT HOPMbI, IPUHIUIBI U CTaHAapThI
9TUYECKOT0 MOBEJEHUSA PEJaKTOpPOB, PEIEH3EHTOB U aBTOPOB, MEPHI IO
BBISIBJICHUIO KOH(DJIMKTOB MHTEPECOB, HEITUYHOTO MOBEJCHUS, HHCTPYKLIUH 110
U3BATUIO (PETPAKIMN), UCIIPABICHHUIO U OTIPOBEPKEHUIO CTATHH.

Bce yyacTHuKEN nporiecca myOIMKauK, COOI0NAI0T IIPHHIHITEI, HOPMBI 1
CTaH/IapThI ITyOINKAI[IOHHOW 3THKH.

KavecTBO Hay4HOrO jXypHaia 00ecreYnBaeTCsl HCIOIHEHNEM MPUHIIUTIOB
YYaCTHUKOB Ipollecca MyOJuKaluu: paBEHCTBA BCEX aBTOPOB, MPUHIUII
KOH(HIEHIINaTbHOCTH, OJHOKpPATHBIE MyOJIMKallMK, aBTOPCTBA PYKOIHCH,
MPUHLUI OPUTHHAIBHOCTH, NPUHIMII MOJTBEPKACHUS UCTOYHUKOB, IPUHIIUII
00BEKTHBHOCTH U CBOEBPEMEHHOCTH PELICH3UPOBAHHSI.

[TpaBa u 00513aHHOCTY WICHOB PeJaKIIMOHHBIX KOJUIETHH HAYYHBIX )KYPHAJIOB
HAO «Topaiirsipos yHusepcutet» «BecTHuk TopalirbIpoB YHHBEPCUTETA,
«Hayxka 1 Texnuka Ka3zaxcrana» 1 HayqyHO-IOIYJISIPHOT O XKypHaia «KpaeBeneHue
onpenenensl CO CMK 8.12.3-20 VnpaBieHHe Hay4HO-U31aTEIbCKOU
JIeSITEIbHOCTBIO.

IIpaBa u 003aHHOCTH PeLCH3EHTOB

Peniensentsl Hay4HbIX )KypHanoB «BecTHuk TopalrslpoB yHUBEPCUTETAY,
«Hayxka u rexnuka Kaszaxcranay, HayuHo-nomnyJsipHoOro sxypHania «Kpaesenenue»,
00s13aHBI PYKOBOJICTBOBATHCS IIPUHIIUIIOM OOBEKTHBHOCTH.

[lepconanpHasi KpUTHKA B ajpec aBTOpa(-0B) PYKOIHMCH HEIONYCTHMA.
PerieH3eHT JODKEH apryMEHTHPOBATh CBOM 3aMEYaHUsl 1 00OCHOBBIBATH CBOE
pelleHne 0 NPUHATUH PYKOIMCU WU O €€ OTKJIIOHEHUH.
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HanmoHanbHOCTb, peNTUTHO3HAs IPHUHAIEKHOCTD, TIOJTMTHYECKNE HITH HUHbIE
B3MJISABI aBTOPA(-0B) HE JIOJKHBI IIPHHUMATHCS BO BHUMAHUE U YUUTHIBATHCS B
IIPOIIECCEe PEIICH3NPOBAHUS PYKOIIUCH PELICH3EHTOM(-aMH).

DKcnepTHas OLIEHKA, COCTaBJICHHAs! PELICH3EHTOM JI0JDKHA CIIOCOOCTBOBATH
MIPUHSATHIO PELICHUs pPelaKiiell 0 MyOIUKaUK U IIOMOTaTh aBTOPY yIyUIINTh
PYKOIIHCH.

Pemienne o pUHATHAY PYKOIINCH K ITyOJIMKaI|H, BO3BpAIIEHUE PAOOTHI aBTOPY
Ha U3MEHEHHE WK JOpadOoTKY, THO0 peleHne 00 OTKIOHEHUH OT ITyOIHUKAIHH
MIPUHUMAETCS PEJIKOJUIETHEH OITMpasich HA PE3yIbTaThl PEIIEH3NPOBAHMS.

[IprHIUT CBOEBPEMEHHOCTH PELEH3MpOBaHUs. PeneH3eHT o0s13an
MPEAOCTaBUTh PELIEH3UIO B CPOK, ONPEEIICHHBIN peJakLiiell, HO He no3/iHee 2-4
HeJIeIb C MOMEHTA TTOJTyYeHHs] PYKOIHMCH Ha perieH3uposanue. Ecim paccMoTpenue
CTaThH 1 ITOJIrOTOBKA PELICH3MN B HA3HAUCHHBIE CPOKH HEBO3MOKHBI, TO PELICH3EHT
JIOJDKEH HEe3aMeUINTEIbHO YBEJOMHUTE 00 3TOM Hay4HOTO pelaKTopa.

PenieH3eHT, KOTOPBII CUNTAET, YTO €T0 KBATN(HUKAINS HE COOTBETCTBYET JIOO
HEI0CTaTOYHA JUIS IPUHATHS PEIICHUS IPH PELCH3UPOBAHNH IIPEI0CTaBICHHON
PYKOIINCH JOJDKEH HE3aMeITUTENFHO COOOIIUTL 00 TOM HAYYHOMY PEIaKTopy
1 OTKa3aThCsl OT PELICH3NPOBAHUS PYKOIUCH.

[MpuHIMI KOH(GHUAESHINATLHOCTA CO CTOPOHBI PEIEH3eHTa. PyKomucs,
MIPEOCTABICHHAs PELEH3CHTY Ha PEIEH3UPOBAHUE JOJKHA PaccMaTpHUBATHCS
KaK KOH(HUICHINATBHBIN MaTeprai. PeieH3eHT nMeeT IpaBo IEMOHCTPUPOBAThH
ee 1/ 00CyKAaTh ¢ APYTHMH JINIIAMH TOJIBKO ITOCIIE MOTy4eHHs THICEMEHHOTO
pa3pemeHns Co CTOPOHbBI HAYYHOTO PeIaKTOpa KypHaa |/Uin aBTopa(-oB).

Wudopmanns n naen HayqHOH pabOTBI, ITOIYUSHHBIE B XO/I€ PELIEH3UPOBAHMS
n obecrieueHns MyOINKAIMOHHOTO TPOLIECca, HE TOJDKHBI OBITh NCIIOJIb30BAHBI
peneH3eHTOM(-aM1) [UISl TTOJTyYEeHUS TMIHON BBITOIBI.

[TpyHIMO MOATBEPKACHHUS MCTOYHHMKOB. PEIeH3eHT AOIKEH yKas3aTh
Hay4HbIE pa0OTHI, KOTOPBIE OKa3ajdu Obl BIUSHUE HA HCCIEI0BATEIbCKUE
pe3ysbTaThl pacCMaTPUBAEMON PYKOIMCH, HO HE OBUINM MPHUBEIECHBI aBTOPOM(-
amn). Taxoke peneH3eHT 00s3aH 00paTUTh BHUMAaHUE HAYYHOTO PEIAKTOpa Ha
3HAYUTEITBHOE CXOJICTBO MJIM COBIIAZICHUE MEX/Y PACCMATPUBAEMOH PYKOIHCHIO
1 paHee OIyOJIMKOBaHHON pabOTOH, 0 KOTOPOM €My N3BECTHO.

Ecnn y peneH3eHTa MMEIOTCS JIOCTaTOYHBIE OCHOBAHMS I10JaraTh, 4TO
B PYKOITUCH COIEPIKHUTCS IUIaruaT, HEKOPPEKTHBIC 3aMMCTBOBAHUS, JIOKHBIC
n c(haOpuKOBaHHBIE MaTEPUATBl WIM PE3YIbTATHl UCCIEIOBAHMS, TO OH HE
JIOJDKEH JIOIYCTHTh PYKOITUCH K ITyOJIIMKAuy U MPOMH(GOPMUPOBATH HAYYHOTO
peIaKkTopa KypHalla O BISIBJICHHBIX HapYIICHUSX IPUHINIIOB, CTAHAAPTOB U HOPM
My OMMKAIMOHHON M HAYYIHOW ATHUKH.
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IIpaBa u 00A3aHHOCTH aBTOPOB

[TyGmukannoHHast aTUKa Oa3upyeTcsi Ha COOIIOICHUH ITPUHIIATIOB!

OHOKPaTHOCTB ITyOJIMKaLiK. ABTOP(-bI) TapAaHTHPYIOT YTO IPE/ICTaBICHHAS
B PENaKLHUIO PYKOIIMCh CTaTbu He Oblila IpeAcTaBiIeHa Al PACCMOTPEHUS B
npyrue uzganus. [IpencraBieHne pyKoONUCH €IMHOBPEMEHHO B HECKOJIBKUX
YKypHaJIaX/U3IaHUSIX HETIPUEMIIEMO U SIBIISIETCS TpyOBbIM HapyIIEHUEM IIPUHIIUTIOB,
CTaH/IapTOB ¥ HOPM ITyOJIMKAIIMOHHOM ATHKH.

ABTOpcTBO pykKomucu. JIumo, KoTopoe BHECIO HAMOOIbIIHN
MHTEIUIEKTYJIbHBIN BKJIAJ B TIOI'OTOBKY PYKOITHCH (TIpH ABYX 1 O0JIee CoaBTOpax),
SIBJISIETCSI aBTOPOM-KOPPECIIOH/ICHTOM M YKa3bIBAETCSI IEPBBIM B CITUCKE aBTOPOB.

Jiist Kaxk 1ol cTaTh JOJKEH OBITH Ha3HAUEH aBTOP VISl KOPPECHIOHICHIINH,
KOTOPBIH OTBEYAET 3a IIOArOTOBKY (PMHAILHON BEPCHHU CTAThH, KOMMYHHKAIIHIO C
PpeIKoIIerHe, T0JKeH 00eCTIeunTh BKIIOUYEHUE BCEX YIaCTHUKOB HCCIICIOBAHMS
(TIpM KOJIMYECTBE aBTOPOB 00JI€e OHOTO), BHECIIIMX B HETO JOCTATOYHBIN BKIIAJI, B
CIIMCOK aBTOPOB, & TAKXKE MOIYYHUTh 0JI00PEHIE OKOHYATEILHOH BEPCHHU PYKOITHCH
OT BCEX aBTOPOB JJIsI TIPEJICTABIICHHS B PeJaKInIO st Ty Onukanmu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTaThe, HECYT OTBETCTBEHHOCTD 32 COJICpPIKaHHUE PAOOTEHI.

[TpuHIMIT OPUTHHAIBHOCTH. ABTODP(-bI) TapaHTUPYET, YTO PE3YJIbTATHI
WCCIIeIOBAHMSI, N3JI0’KEHHBIE B PYKOIHCH, TIPEJICTABIISIIOT COOO0I OPUTHHAIBHYIO
CaMOCTOSITENIbHYI0 paboTy, U He Cojep’KaT HEKOPPEKTHBIX 3aMMCTBOBAaHHN U
IUIaruaTa, KOTopble MOTYT OBITh BBISIBIICHBI B TIpOLIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTH 32 ITyOJHMKAIMIO CTaTed C MpU3HAKaMHU
HEITUYHOTrO TMOBEJACHHUs, IIarnara, camolularuara, CaMOIUTHPOBAHHUS,
¢danpcupukanum, Gpabpukanum, UCKaKEHUSI JaHHBIX, JOKHOTO aBTOPCTBA,
JQyOIMpOoBaHMsl, KOH(IIMKTA HHTEPECOB U OOMaHa.

[TpuHOMT MOATBEP>KACHHUSI NCTOYHUKOB. ABTOP(BI) 00513yeTcsl IPaBUIILHO
yKa3blBaTh HAay4HbIE W WHBIE MCTOYHHMKH, KOTOpPBIE OH(M) MCIIONB30BaI(M) B
X0Jle UCCJIeJIOBaHMA. B cilydyae MCIIOJIb30BaHUsI KaKUX-THO0 YacTel dyKUX
paboT W/MiKM 3aMMCTBOBAHUS YTBEPKICHUH JPyroro aBTopa(-oB) B PYKOIUCH
JIOJDKHBI OBITh yKa3aHbl OMOIHOrpaduiecKie CChUIKU C yKa3aHueM aBTopa(-oB)
nepBoucrouHuka. Madopmanus, moaydeHHas ©3 COMHUTEILHBIX HCTOYHUKOB HE
JIOJDKHA MCIIOJIb30BaTHCS MPU 0(OPMIICHUH PYKOITHCH.

B cnywae, eciim y pelieH3eHTOB, HAYYHOI'O pelakTopa, 4djaeHa(-oB)
PEIKOJUIETUH XKypHaJla BO3HUKAIOT COMHEHHS! MOJUIMHHOCTH U JIOCTOBEPHOCTH
PEe3yJIbTaTOB UCCIIEA0BAHUSL, aBTOP(-bl) IOJDKHBI ITPEAOCTABHUTh JIOTIOTHUTEIBHBIE
MaTepuaibl JJIsl MOJTBEPKACHUS PE3yJIbTaTOB MM (haKTOB, IPUBOJIUMBIX B
PYKOIIHCH.

Hcnpasienne ommbOK B mpouecce myonukanuu. B ciaydae BBISIBICHUS
OIIMOOK ¥ HETOYHOCTEH B paboTe Ha JII000# cTa U My OIMKaIMOHHOT O TIpolecca
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aBTOPBI O0SI3YFOTCS B CPOYHOM MOPSIKE COOOIIUTH 00 3TOM HAYyYHOMY PEIAKTOPY
1 OKa3aTh IIOMOLIb B YCTPAHCHUH WIIM MCIPABJICHUU OIIMOKH JUIS 1Ty OJIMKALHH
Ha caiiTe )xypHasia cooTBeTcTBYfomei koppekun (Erratum nmm Corrigendum) ¢
KOMMEHTapUsiMU. B citydae 0OHapy keHHUst IpyObIX OLINOOK, KOTOPBIE HEBO3MOYKHO
HCTIPaBUTh, aBTOP(-bI) TOJKEH(-HBI) OTO3BaTh PYKOIHCE/CTAThIO.

[TpuHIMO coOnrogeHus] MyOIMKALMOHHON STUKH. ABTOPBI 00sS3aHEI
COOJIONATh ITHYECKUE HOPMBI, CBSA3aHHBIC ¢ KPUTUKOW WM 3aMEYaHUSIMHU B
OTHOLICHHH HCCIICIOBAHUI, & TAK)KE B OTHOLICHUH B3aUMOJCHCTBHS € pelakuueit
[0 MOBOJY peleH3HpoBaHUsA M MyOnukanuu. HecoOuroneHne 3THYECKHX
NPUHIMIIOB ABTOPAMHU PACLICHUBACTCS KaK Ipy00e HapyIIeHHE STHKH ITy OJIMKaLHi
U JIaeT OCHOBAHUE IS CHATHUS PYKOITUCH C PELICH3UPOBAHMS U/HIIU Ty OJIMKALIUH.

Konduukr uaTepecon

KoHdmuKT mHTEpecoB, 1o onpeneneHnio Komurera o myOauKaMOHHOH
stuke (COPE), 310 KOH(IMKTHBIE CUTyallld, B KOTOPBIX aBTOPHI, PEIICH3CHTHI
WM YWICHBI PEJIKOJUICTUH UMEIOT HEsIBHBIC HHTEPECHI, CIIOCOOHBIC MOBIUATH Ha
UX CYXICHHS KacaTellbHO IyOiHuKyemoro marepuana. Kondaukr nHTepecoB
MOSIBIISICTCS, KOTJa UMEIOTCS (DMHAHCOBBIC, JINYHBIE HJIM NPO(heCcCHOHATIbHBIC
YCIIOBHS1, KOTOPBIE MOT'YT IOBJIUSATH Ha HAYYHOE CY)KICHHE PELICH3CHTa 1 YICHOB
PEIKOJUIETHH, M, KaK pe3yjbTaT, Ha PEIICHHE PEAKOJIICIMH OTHOCHTEIBHO
yOJIHMKALIMU PYKOIHCH.

['aBHBINA peaKTOp, YWICH PEIKOJUICT U U PELIEH3CHTHI JJOJKHBI OIIOBECTUTD
0 IIOTCHLHAITEHOM KOH(IHMKTE HHTEPECOB, KOTOPBI MOXKET KaK-TO IMOBJIUSATH HA
pelIeHre peIaKIHOHHON Koulernn. YIIeHbI peIKOIerHH JOJDKHBI OTKa3aThCs
OT PaCCMOTPEHUS] PYKOIIMCH, €CIIH OHU COCTOAT B KaKHX-JIMOO KOHKYPEHTHBIX
OTHOLICHHSX, CBA3aHHBIX C Pe3yJIbTaTaAMH UCCIICI0BAHNUS aBTOPA(-OB) PYKOIIUCH,
00 eCITH CYIECTBYET HHOI KOH(IIMKT HHTEPECOB.

[Tpu mogave pyKoMUCH Ha pACCMOTPEHHE B XKYpHAI, aBTOP(-bI) 3asBIISET O
TOM, 4TO B COJICP)KaHUH PYKOIUCH yKa3aHbl BCE HCTOYHHMKH (DHHAHCHPOBAHUS
HCCIICIOBAHNS; TAKKE YKa3bIBAIOT, KAKHE MIMEIOTCS KOMMepUecKie, UHaHCOBBIE,
JIMYHBIC WU PO ECCHOHATIBHBIE (hPaKTOPbI, KOTOPBIE MOTIIU ObI CO3/1aTh KOH(IUKT
HUHTEPECOB B OTHOLICHHUH IIOJAHHOIN Ha pacCMOTpeHHe pykomucu. ABTOp(bl), B
MIChME ITPU HAJIMYUH KOH(IMKTa HHTEPECOB, MOTYT yKa3aTb YUCHBIX, KOTOPbIE,
10 MX MHEHHIO, HE CMOT'YT OOBEKTHBHO OLICHUTh UX PYKOITHUCE.

PerieH3eHT He I0JDKEeH paccMaTpUBaTh PyKOIHCH, KOTOPBIE MOTYT HOCITYKHUTb
NPUYMHAMU KOH(JIHKTa UHTEPECOB, IPOUCTEKAIONIEI0 U3 KOHKYPEHIUH,
COTPYAHHYECTBA HJIM JAPYTHX OTHOLICHUI ¢ KEeM-ITHMOO0 M3 aBTOPOB, MMEIOIINX
OTHOLIECHHE K PYKOIIHCH.
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B ciayvae Hannuus KOH(IMKTAa HHTEPECOB C COACPIKAHHEM PYKOIHUCH,
OTBETCTBEHHBIN CEKpeTapb NOJDKEH M3BECTUTH 00 3TOM IJIABHOTO PEIaKTopa,
TIOCJIE Yero PYKOIIUCH IIePEACTCs APYTOMY PELICH3CHTY.

CyniecTBoBaHHE KOH(IMKTa HHTEPECOB MEXKIy YUYaCTHUKAMH B IIpoLiEcce
pPacCMOTPEHHUS U PELICH3UPOBAHMUS HE 3HAYHT, YTO PYKOIHCH OYAET OTKIOHEHA

Bcem 3aMHTEpeCOBaHHBIM JIHLAM HEOOXOANUMO, IO Mepe BO3MOKHOCTH
n3beratb BOSHHKHOBEHUS KOH(JIMKTAa MHTEPECOB B JIOOBIX BapualHMsIX Ha
BCEX JTanax IyOoiuKanun. B ciryyae BOSHHKHOBEHHS KaKoOro-JIMOO KOH(IMKTA
HUHTEPECOB TOT, KTO OOHAPYXKHJ 3TOT KOHQIIUKT, JOJDKEH HEe3aMeIIHTEIILHO
OIOBECTUTH 00 3TOM pelnakuui. To jxe camoe KacaeTcs JOBIX IPYrHX
HapyLIeHHH IPUHIMIIOB, CTAHAAPTOB M HOPM ITyOIMKALOHHON ¥ HAyYHOM STHKH.

HesTnunoe noseaenue

HesTH4yHBIM NOBEICHHEM CUUTAIOTCS JCHCTBUS aBTOPOB, PEIAKTOPOB
WIN U3JATeNsl, B Cllydae CaMOCTOSTEIBHOrO MPEJOCTABICHUS PELEH3HH Ha
COOCTBEHHBIC CTaTbH, B CJIy4ae JOTOBOPHOTIO M JIOKHOTO PELCH3UPOBAHMS, B
YCIOBUSX OOpAIleHHs K areHTCKUM yCIyraM sl IyOJHKaluH pe3ysIbTaToB
Hay4YHOTO WCCJIeJIOBAHUs, JDKEABTOPCTBA, Qanbcuduranuu U Gpadpuxannu
pe3yIbTATOB UCCIEIOBaHU, MyOINKAIM HETOCTOBEPHBIX MCEBIO-HAYYHBIX
TEKCTOB, IIepejayi PYKOIHCH CTaTell B IpyTrUe N3aHus 0e3 pa3peLieHus aBTOPOB,
nepeiayd MaTepualioB aBTOPOB TPETHUM JIMIIAM, YCIOBHS KOTZa HapyLICHBI
ABTOPCKHE [TPpaBa M MPHHIUITEI KOHQUICHIIMATBHOCTH PeaKIIHOHHBIX IIPOLIECCOB,
B CJIly4ae MaHHITYJISILHHU C HUTHPOBAHUEM, IUIATHATOM.
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Tepyre 24.12.2025 x. xibepinmi. bacyra 30.12.2025 k. KO KOWBLUTIEL.

DnekTpoH/bI Oacna
4,32 Mb RAM
[HaptTer 6acna Tabars 8,81.
Tapanemver 300 nana. baracer kemiciM OOHBIHTIIA.
Kommerotepne 6erreren A. K. TemuprannHosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4497

Cnano B Habop 24.12.2025 . [Tognucano B neuats 30.12.2025 1.

3J'IeKTpOHHO€ HU3J1aHuec

4,32 Mb RAM
Ven. o . 8,81. Tupax 300 »x3. Llena noroBopHasi.
Kommnsrotepnas Bepctka A. K. Temupranunosa
Koppextopsr: A. P. Omaposa, /1. A. Koxac
3axa3 Ne 4497

«Toraighyrov University» GacriacbiHaH OachlIbII NIBIFApbUIFaH
TopaiireipoB yHHBEpCUTET]
[TaByrojap MEMIICKETTIK YHUBEPCUTETI
140008, IMaBtomap k., Jlomos k., 64, 137 xad.

«Toraighyrov University» Gacriace
TopaiireipoB yHHBEpCUTETI
140008, IMaBtomap k., Jlomos k., 64, 137 xad.
8 (7182) 67-36-69
e-mail: kereku@tou.edu.kz
www.vestnik-cb.tou.edu.kz




