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T’MCTOMATOAOIMYECKUE U MOPO®OMETPHUYECKUE U3MEHEHUS
B OPTAHAX BEAOTI'O TOACTOAOBUKA
(HYPOPHTHALMICHTHYS MOLITRIX) N3 PEKU UAE
U KAMLUATAMCKOIO BOAOXPAHUAULLIA (KABAXCTAH)

B nocaeaHre aecsatuaetms skocmctembl peku Mae n Kanwaraiickoro BoAOXpaHMAMLLA MOABEp-
raioTcsl aHTPOMOreHHOMY MPECCHMHIY, UTO CHM>KAeT MPOAYKTUBHOCTb AAHHbIX BOAOEMOB, Bbi3biBaeT
rmbeAb 1 MCUYE3HOBEHWE aBOPUTEHHbIX M MHTPOAYLIMPOBAHHBIX BUAOB Pbi0, MMEIOLMX NMPOMbICAOBOE
3HaveHue. B HacTosiwen paboTe npoBeaeHO MOPOMYHKLIMOHAABHOE COCTOSIHME GEAOTO TOACTOAODOU-
ka (Hypophthalmichthys molitrix) u3 pastbix yuyactkoe pekn Mae 1 Kanwarainckoro BoAOXpaHMAMLLA,
a Takxe OAHOrO U3 MPYAOBbIX XO39MCTB AAMAaTMHCKOM 00AACTH, TAE €ro BbipalmBaloT. XMMUYECKUi
aHaAM3 MOBEPXHOCTHBIX BOA MCCAEAOBAHHBIX YYacTKOB peku Mae m Kanwwarainckoro BoAOXpaHuAMLLA
BbISIBUA MPUCYTCTBME 9 TSXKEABIX METAAAOB, 3 13 KoTopbix: Pb, Zn, Cu nokasaau npesbiweHne MAK
AAS pbIO0X03sMCTBEeHHbIX BopaoemMoB (MAKpx). CoaeprkaHue AaHHbIX TM B MOBEPXHOCTHBIX BOAAX MPY-
AOBOrO Xx039cTBa 6bIA0 HMe MAKpX, NO3TOMy KauecTBO BOAbI B HEM ObIAO MPUHSTO, KaK YCAOBHO
yncToe (KOHTPOAb). pr rMCTOAOTMYECKOM UCCAEAOBaHMM 06pasLoB opraHoB (kabpbl, neveHb, Ku-
LLIEYHMK) HEAOrO TOACTOAOOMKA ObIAM BbISIBAEHbI 3HAUMTEAbHbIE AECTPYKTUBHbIE M3MEHEHMs Y ocoben,
BbIAOBAEHHbIX B 4 pa3HbIXx TOUKaxX BepxHero TeyeHus pekn Mae mn Kanwaraickoro BopoOXpaHUAMLLA
(PIAOM C MAOTMHOM M . KOHaeB), 1 B MeHbLLIEN CTerneHn y pbib 13 cesepHoi yactu Kanwaras. Takxe
BbISIBAEHO, UTO COCTOSIHME PbI6 M3 MPYAOBOro X03SMCTBA ObIAO B MpeAeAax Hopmbl. [poBeaeHHbI
MOPMOMETPUYECKMIA aHAAM3 BaXKHEMLUMX OUOMHAMKALMOHHBIX MOKa3aTeAeil OpraHoB pbi6 KOAWYe-
CTBEHHO MOATBEPAMA TMCTOAOIMYECKME HabAI0AeHUS. Ha OCHOBaHMM MOAYUYEHHbIX PE3YAbTATOB U AQH-
HbIX APYTMX aBTOPOB AEAQETCS 3aKAIOUEHME O BEPOSATHOM 6UMOAKKYMYASLMM TM 13 3arpsi3HEHHOM BOAbI
B OpraHunsme pbl6, YTO NMPUBOAMT K HAPYLLEHMIO OBUOXMMMUYECKOTO U (PU3MOAOTMUYECKOTrO rOMEOCTasa, U,
B MTOre, OTPAXAETCsl Ha CTPYKTYPHOI OpraHmM3aLMu OpraHoB U BbIXKMBAEMOCTU TMAPOOMOHTOB.

KaroueBblie caoBa: peka Mae, Kanwarainckoe BOAOXPaHMAMLLE, TIXKEAbIE METAAAbI, OEAbIA TOACTO-
AODOWIK, TUCTOAOTUS, MOPCHOMETPHSI.
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Investigation of the morphofunctional condition
of the white silver carp (Hypophthalmichthys Molitrix) from
the lle River and Kapshagai Reservoir

In recent decades, the ecosystems of the lle River and the Kapshagai reservoir have been subject
to anthropogenic pressure, which reduces the productivity of these reservoirs and causes the death and
disappearance of native and introduced fish species of commercial importance. In this work, the mor-
phofunctional state of silver carp (Hypophthalmichthys molitrix) from different parts of the lle River and
the Kapshagai reservoir, as well as one of the pond farms in the Almaty region, where it is grown, was
studied. Chemical analysis of the surface waters of the studied sections of the lle River and the Kapsh-
agai Reservoir revealed the presence of 9 heavy metals, 3 of which: Pb, Zn, Cu showed an excess of the
MPC for fishery reservoirs (MPC). The content of these heavy metals in the surface waters of the pond
farm was below the MPC, therefore the water quality in it was accepted as conditionally clean (control).
Histological examination of samples of organs (gills, liver, intestines) of silver carp revealed significant
destructive changes in individuals caught at 4 different points in the upper reaches of the lle River and
the Kapshagai reservoir (near the dam and the city of Konaev), and to a lesser extent in fish from the
northern part of Kapshagay. It was also revealed that the condition of the fish from the pond farm was
within normal limits. The morphometric analysis of the most important bioindicative indicators of fish

4 © 2024 Al-Farabi Kazakh National University
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organs quantitatively confirmed histological observations. Based on the results obtained and data from
other authors, a conclusion is made about the probable bioaccumulation of HMs from contaminated
water in the body of fish, which leads to disruption of biochemical and physiological homeostasis, and
ultimately affects the structural organization of organs and the survival of aquatic organisms.

Key words: Ile River, Kapshagai Reservoir, heavy metals, silver carp, histology, morphometry.
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Ine e3eHi men Kanwuarai cy KoMMacbiHaH aAblHFaH
aK, Kymic TykbiHbiH, (Hypophthalmichthys Molitrix)
MophohyHKLLMOHAAADBI XKaFAQibIH 3epTTey

CoHfFbl OH XbIAAbIKTapAQ IAe e3eHi MeH Kaniarai cy KOMMAaCbIHbIH, 3KOXKYMeAepi aHTPOMOreHAIK
KbICbIMFa yuibIparn, OyA Cy KOMMaAapbIHbIH OHIMAIAINIH TOMEHAETIM, KOCINTIK MaHbI3bl 6ap >KepriAikTi
>KOHE MHTPOAYKLMSAABIK, GAABIK, TYPAEPIHIH KbIPbIAYbI MEH XKOMbIAYbIH TyFbi3yAd. ByA >kymbicTa lae e3e-
HiHIH 8p >kepiHeH >koHe Kariaram cy KOMMacblHaH, COHAA-aK, OA ©cCipiAeTiH AAMaTbl OOABICBIHAAFbI
TOFaH LIApyallbIAbIKTapbIHbIH 6ipiHeH aAbiHFaH Kymic Tykpbl (Hypophthalmichthys molitrix) 6aAbIKTbIH
MOPOYHKLIMOHAAABIK, XKaFAalbl 3epTTeAAl. Iane e3eHi MeH Kanwarai cy KOMMaCbIHbIH 3epTTeAEeTiH
yuacKeAepiHiH Xep YCTi CyAapblHa XUMUSAbIK TaAAQy SKYPri3reHAe 9 ayblp MeTaAAbiH 6ap ekeHi aHbIK-
TaAAbl, OHbIH, 3-iHAe: Pb, Zn, Cu 6aAbIk, wapyauibiAbiFbl Cy KomMaAapb! yuwiH LLIPK (LLIPK) apTbik, ekeHiH
KepceTTi. ToFaH LWapyallbIAbIFbIHBIH YKep YCTi CyAapblHAQ OCbl ayblp METAaAAAPABIH MeALlepi LLIPK-aAaH
TOMEH GOAAbI, COHAbIKTAH OHAQFbl Cy carnacbl LWAPTTbl TYpAe Ta3a (6akbiray) GOAbIN KAOGbIAAAHADI.
KyMmic Tykbl 6aAbIfbiHbIH aF3aAapbiHblH, (keaeH, 6ayblp, ilek) YAriAepiH rMCTOAOTUSIAbIK 3epTTey lae
©3€eHiHiH XOFapFbl aFbiCbiHAQ XoHe Kanwarail cy komMacbiHaa (Geret neH KoHaeB KaAacbl MaHblIH-
AQ) 4 TYPAI HYKTEAEH ayAaHFaH AapasapAa alTapAblKTal AECTPYKTUBTI e3repicTepAi aHbIKTaAbl. a3
papexkeae KanwaramabiH COATYCTIK GeairiHaeri 6aabikTapaa. CoHA@it-ak, TOFaH LAPYALLbIAbIFbIHAH
aAbIHFaH GaAbIKTapAbIH XKaFAaibl KAAbIMTbI LIEKTEPAE eKeHi aHbIKTaAAbl. baAblk MylleAepiHiH aca Ma-
HbI3AbI BUOMHAMKATUBTI KOPCETKILLTEPIHIH MOP(OMETPUSABIK, TAAAQYbI TMCTOAOTUSIABIK, GakblAayAap-
Abl CAHABIK, TYPAE PacTaAbl. AAbIHFAH HOTUMXEAEP MeH 6acKa aBTOPAAPAbIH, AepeKTepi HerisiHAe 6aAbIK,
opraHusMmiHAEeri AacTaHFaH cyAaH [M-HbiH, bIKTUMaA GUOXKMHAKTAAYbI TYPaAbl KOPbITbIHABI YKaCaAaAbl,
OYA BUOXMMMSIABIK, KOHE (PU3MOAOTUSABIK, TOMEOCTA3AbIH OY3bIAybIHA BKEAEA] )KOHE Calibil KEATEHAE
OpraHAApAbIH KYPbIAbIMABIK, YMbIMAACTbIPbIAYbIHA 8CEP eTeAl. CYy OpraHU3MAEPIHIH TipLiAiri.

Ty#in ce3aep: Iae e3eHi, Kanwarain cykonmMachl, ayblp METaAAap, aK, TOACTOAOOUK, TMCTOAOTMS,
MopcomeTpus.

BBenenune

B macrosmiee Bpems 3arps3HEHHE BOIOSMOB
CTajo TI00aJbHON HSKOJIOTHUECKOW MpoOIeMol B
CBSI3M C HEKOHTPOJIUPYEMBIM BBIOPOCOM 3arpsi3Hsi-
FOIINX BEIIECTB Pa3TUIHBIMU MPOU3BOACTBaMHU [1].
Kax n3BecTHO, XUMUYECKHE BEIIECTBA, IPUCYTCTBY-
IOIIME B MTPOMBINUICHHBIX, CETLCKOXO03HCTBEHHBIX
U OBITOBBIX CTOYHBIX BOJAaX BBICOKOTOKCUYHBLI B
3aBUCUMOCTH OT J03bl U MPOJODKUTEIFHOCTH HUX
BozjeicTBus [2]. BoJHbIe 3KOCHUCTEMBI, SBISACH
MTOTJIOTUTEIIEM JUTsI MHOTHUX U3 HHUX, MOTYT HAaHECTH
cepbe3HbIil yiiepO BojgHbIM opranu3mam [3]. Ilo-
3TOMY PBHIOOJIOBCTBO M aKBAaKyJIbTypa OTHOCATCS K
YUCITy OTpaciel, Hanbosee ySI3BUMBIX K BOTHOMY
3arpsi3HeHu0. Hampumep, TspKenble MeTaslibl, HU-
TPUTHL, HUTPATHI, necTuuabl, [IABBI npeacrasis-
0T CEPHE3HYIO YTPO3Y IS BOAHOH (IIOPHI U hayHbI
M3-32 UX TOKCUYHOCTH, JITUTEIHHOU EPCUCTEHIINN,
OMOAKKYMYIISIIUU U OMOAMITTH(DUKAIH B ITUIIEBON

uenu [4]. HakannuBasice B opranu3Me ruipoOHoH-
TOB U, B YACTHOCTH, IPOMBICJIOBBIX PHIO OHU MOTYT
BBI3BIBATh pa3InUHbIC 3a00JCBaHUS Y HaCEJCHUS,
ynotpebisitomiero ux B numgy [5]. Kpome Toro,
OMOAKKYMYJISILIUSL 3TUX BELIECTB MOXET BbI3bIBAThH
cTpecc ¥ 3a00JIeBaHMsI CAMHX PHIO, BEI3bIBAsI CMEPT-
HOCTb U UCUYE3HOBEHUE YyBCTBUTEIbHBIX TAKCOHOB,
IIPUBOJIS, TAKUM 00pa3oM, K HAPYLICHUIO IKOJIOTH-
4yecKoro OanaHca BoJ0eMa U, B IeJI0M, OHOpa3HOO-
Opasus [6]. [losToMy pBIO YAaCTO UCHONIB3YIOT Kak
OMOMHIMKATOPBI KAYECTBA BOJIbI HA HAJTMUUE METall-
JIOB U JPYTHUX 3arps3usonmx semiects [7]. Kak uz-
BECTHO, TOKCHYECKOE BO3/AEHUCTBUE 3arpsA3HSAIOIINX
BEIIECTB MOKET MPOSBIIATH ce0s Ha KJIETOUHOM WIIN
TKaHEBOM YPOBHE, MO3TOMY JJISi OLIEHKH IOCIIE-
CTBUI TaKoro BO3/AEHCTBUS HCIOJB3YIOT METOIBI
TUCTOIaTooruueckoro ananmmsa [8]. KauecTBeH-
HbIE U KOJIMYECTBEHHBIE MOKA3aTeIN TUCTOJIOTHYe-
CKOT0 aHaAJIN3a SIBJISIFOTCS HAIGKHBIMU OMoMapKepa-
MU TPOSABIICHUS IKOJIOIMYECKOTO CTpecca, TaK Kak
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YKa3bIBaIOT Ha COCTOSIHUE )KU3HEHHO BYKHBIX Opra-
HOB pbIO B IaHHBIM KOHKpETHBIH MomeHT [9]. Ta-
KUM 00pa3oM, HCCIIeZIOBAaHHE THCTONATOIOTUU PHIO
MOJKET CITy’)KUTh BAXKHBIM OMOMapKEPHBIM METOJIOM
B MOHHTOPHWHTE OKpYykaromei cpexast [10].

B HacTosiieM uccieoBaHUHM H3YYe€HO MOp-
¢dodyHKIIMOHATBHOE COCTOSHUE OJHOTO W3 IpPO-
MBICJIOBBIX BHJIOB PBIO — OEJIOT0 TOJICTOJIOOMKA
(Hypophthalmichthys molitrix) u3 pexu Une u Karm-
mraraiickoro Bojoxpanuiuia. Pexa e Oeper cBoe
Hauyano B 3anajHoi npoBuHuuu Cunbizsds KHP u
BrmagaetT B 3amamaelii bamxam (Kazaxcram) [11].
Peka mpepbiBacTCS HECKOJIBKUMH HEOOJBITHMMH
mwioTuHaMu B Kutae m o/1HOM OOJNBIION IITOTHHON
Ha Kanuarae B roro-socrouHom Kazaxcrane. Bono-
XpaHWINIIEC HETATHBHO TIOBIUSUIIO HAa HIDKHEE TeUe-
HUe pexu Mite myTeM u3MeHeHHUs THIPOIOTHIECKO-
T'0 IUKJIa 1 K CHUXKCHHUIO BBIJIOBA pr6bI.

Lenpto HacTosimieil paboThl SIBUJIOCH HCCIie-
JIOBaHWE COJNIEP)KaHUS TSDKEIBIX METauIOB B IIO-
BEPXHOCTHBIX Bojxax peku Mine, Kammaraiickoro
BOJIOXPAHWIINIIA U TPYJIOBOIO XO3SWCTBA, a TAKKE
OIIEHKA THCTONATOJIOTMYECKOTO COCTOSHUS OJTHOTO
W3 MPOMBICIIOBBIX BUAOB PbIO — OEIIOr0 TOJCTOIO-
ouka (Hypophthalmichthys molitrix).

MaTepI/IaJ'lbI U METOAbI UCCJICTOBAHUA

Memoouku coopa 600l u ceOuMeHmos

B matu yuactkax BepxHero tedeHus pexu Hie
(Viirypckuii, IlandunoBckuii paiion n EnOexmmu-
Ka3axCKUH paiioHBI, ATMaTHHCKass 00JIacTh), IOTO-
BOCTOUYHOM M ceBepHOM yactu Kamnmaraiickoro Bo-
JOXpaHWJIMIIA MPOU3BOIMIN cOOp, KOHCEPBALHUIO
Y XpaHeHHe TPoO TMOBEPXHOCTHBIX BOJ COTJIACHO
MexyHapOJHBIM CTaHAApTaM U YTBEPKACHHBIM
I'OCTam [12-13]. OTO0p nMpoO OCYIIECTBISIICS BEC-
HO¥ 1 B Havarne yieta 2023 rona Ha rryoune 0,5-1,0
M. [Ipo600TOOpHHUKAMY SBISITUCH XUMHUECKH CTOM-
KM€ 4HCThle 1-5 TUTPOBBIE TIACTUKOBBIE EMKOCTH.
XpaHeHre U JOCTaBKY JI0 JIA0OpaTOpHUH MTPOO BOJIBI
OCYIIECTBIISUIM TIpH HM3KUX Temieparypax 0°C B
CyMKax-XoslonuibHUKax. [lepen XxpaneHneM u KoH-
cepBaluell BOJly NMPOLEKUBAIA OT BOAOPOCIEH ue-
pe3 MEJIKOTIOPUCTOE CHUTO.

Memoouku xumuueckozo auanuza  no-
GEPXHOCHHBIX 600 HA COOEPIHCAHUE HMIANCENbIX
Memaios

BaxueluM 1okazaTejgeM KayecTBa Cpeibl
oOuTaHusI TUAPOOUOHTOB SIBJISICTCS CTEIIEHb YHCTO-
ThI TIOBEPXHOCTHBIX BOJ[ TIO COACPIKAHUIO TSIKEIBIX
METaJUIOB, KaK CTOWKHX K OHOpeMenuanuy u Haka-

IJIMBarOIIUXCs B opranusme [14]. B cBs3u ¢ stum
BO BCeX COOpaHHBIX IpoOaxX BOIBI OBUIH OIpeIe-
JICHBI TSDKENIbIe METaJUTbl COTJIACHO MPaKTHYECKHM
pyxosoactBaM U ['OCTam. Onpenenenne TM mpo-
BOJIMJIN TTOCIIE COOTBETCTBYIOIIEH MPOOOIOITOTOB-
KM Ha aTOMHO0-a0COPOIIMOHHOM cIieKTpodoToMeTpe
MI'A-915 M/] (r. Cankr-IletepOypr) [15].

Memoouka npuzomognenua 2ucmonocuye-
CKUX npenapamos

bruta n3ydena ructocTpykrypa xalp, MedeHH,
KHUIIEYHUKA 25 HK3eMIUIIPOB B3POCIBIX 0CO0eH
0eJIoro TOJCTOJOOMKA, OTJIOBJICHHBIX HA Pa3HBIX
yuactkax pexku Wne, Kanmaraiickoro BogoxpaHu-
JUIA ¥ TPYJOBOTO XO3siicTBa B Mae-uroHe 2023
roaa. [lyis aToro, cpasy mocie OTJIoBa pbI0, Kycod-
KM OPTaHOB pa3MepoM 5 X 5 X SMM GUKCHpPOBAIH B
10% neliTpansHOoM opmanuHe B TedeHue 10 qHel.
[Tocne ¢ukcanyuy KycCOUYKH OpraHOB NMPOMBIBATHCH
B IIPOTOYHOU BOJie B TeueHue 12-24 yacos, 3aTem
o0e3BokuBas 90% H30MPOIMWIOBBIM CIHHPTOM U
3anuBajiy B napadut [16]. 3aTeM U3roTaBIMBaINCh
Cpe3bl TONIUHON 5-7 MKM, KOTOpbIE MOCJE yAalle-
HUS TlapauHa W MPOBENEHHS 110 CIIUPTaM BOCXO-
JSIIIEH KperocTH, OKpaIllMBalId KPacKoW reMarok-
CWJIMH M 203WH. 3aTeM 3aKIII0Yalii 10/ TOKPOBHOE
CTEKJIO B CHHTETHYECKYI0 cpenay Bio-Mount (Bio-
Optica, Italy). Ananus oxpaeHHBIX THCTOJIOTHYE-
CKHX TIperapaToB U uX ¢GoTorpadupoBaHue MPOU3-
BOJIMJIM C TIOMOIIBI0 MuKpockomna Leica DMLB2 ¢
uudposoii kamepoii Leica DFC 320 (Germany) npu
Pa3IMYHBIX YBEIHMUEHUSIX.

Memoouxka mopghomempuueckozo uccieoo-
6anusn

Ha Tex >xe rucToJIOrMYecKuX mpemnaparax ¢ Imno-
MOIIIBIO CTCIHATBHON MPOTPaMMbI HA MHKPOCKOTIS
Leica DMLB2 0buto TpoM3BEACHO OIpeaeiicHUe
KOJINYECTBEHHBIX MMOKa3aTesei >1<a6p, IICYCHHU U KU-
IICYHUKA.

Memoouka cmamucmuyeckoii 00padomku pe-
3yabmamos

Pe3ynbpTaThl KOJIMYECTBEHHBIX HCCIEIOBAHUI
MOJBEprajiich CcTaTHCTHUecKold obOpabotke. Bo
BCEX CIydasx OMNpPENesUIM CPEIHUE 3HAUCHUS U
OIMOKY CpefHel BeNMW4HMHEL. J|OCTOBEpPHOCTH pa3-
JTYHH Cp€AHUX BCJIMYUH OLCHUBAJIN, UCIIOJIB3YSs
t-kputepuii CthrojieHTa. Pasnuums cuuranuck ao-
CTOBEpHBIMH TIPW JIOBEPUTEIHHON BEPOSITHOCTH
pasHoii 0,95. Craructudeckyro o0pabOTKy H Tpa-
(uveckoe Mpe/CTaBICHUE MaTepHUajOB OCYIIECT-
BIISUTH C TIOMOIIBIO TIprutoskeHms Microsoft Exel 7.0.
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PeSyJ'ILTaTbI H UX oﬁcy)wle}me

Hccneooeanue cooepicanus maxjicenvix me-
masnoe 6 NOGEPXHOCMHBIX 600aX

[IpoObl MOBEPXHOCTHBIX BOJ ObUIM OTOOPaHBI
B IISITH Pa3HBIX YYaCTKaX BEPXHETrO TEYCHUS PEKU
Nne u Kammaraiickoro BOJOXpaHWININA, a TaKKE
U3 TIPY/IOBOTO XO35HCTBa B AJIMATUHCKOM 00nacTu
(Tabmuma 1).

C noMoIbpr aTOMHO-a0COPOIIMOHHON CIIEKTPO-
(oTOMETpUU B MOBEPXHOCTHBIX BOJAX W3 BHIIIEY-
KazaHHBIX y4acTkoB peku Hie, Kammaraiickoro
BOJIOXpaHWIIUINA U TIPYJI0BOTO XO34HCTBA OMpere-
JSUTA COJIEPYKAHKUE TSDKEIBIX METaJUIOB, KaK Hau-
OoJiee CTOMKUX, HE TOJIBEPTarOIINXCs OHOpeMe -
aiuu nosuttotaHToB. Ha mepuop uccnenoBaHus B
MOBEPXHOCTHBIX BOAAX BO BCEX MPoOax BOABI ObLIH
BBISIBJICHBI CIIEAYIONIHE TsoKenble metamsl: Pb, Co,
Mn, Cd, Cu, Zn, Fe, Ni, Cr, ogHako cojepxaHue
TONBKO Tpex u3 Hux: Pb, Zn, Cu npesbimanu [1/IK
IUIST  pHIOOXO3SHCTBEHHBIX BOJOEMOB. MEHBIIE
BCErO0 OTHOCHUTEIHHO YCTAHOBJIEHHBIX HOpMaTH-
BoB  (https://unece.org/sites/default/files/2021-08/
ECE CEP 185 Eng 0.pdf) Opmo comepxanue
TSOKETIBIX METAJUIOB B MOBEPXHOCTHBIX BOAAX MPY-

noBOro xo3siicTBa (Ne6), moITOMY UX YPOBEHB ObLI
B3ST 32 KOHTPOJBHBIN, & Ka4eCTBO BOJBI MIPHHATO,
kak ycioBHo uuctoe. Coaepxanue Pb B mpobax
BoJbl npesbimano [IJIK B Toukax Nel — Ne 5 coot-
BercTtBeHHo B 2,0; 1,6; 1,7; 1,5; 1.4 pa3a. Onnako
no cpaBHeHuto ¢ Ne 6 conmepkanue Pb B mpobax
BOJIBI B TeX ke Toukax Nel — No 5 ObLJIO 3HAYHUTEIh-
HO Ooublie, cooTBETCTBEHHO B 5,0; 4,0; 4,3; 3,7; 3.6
pasa. Conepkanue Zn B npobax BOJbI TaKKe Tpe-
Boimano [1/IK, Ho Tonbko B Toukax Nel — Ne 4, co-
oTBercTBeHHO B 1,8; 1,6; 1,5; 1,3; 1.4 paza. B Touke
No5 comepxanue Zn Obuto Hiwke [1JIK. CpaBHuBas
3HaueHUs conuepkanust Zn B Toukax Nel — Ne 4 ¢
ITyHKTOM Ne6, OBUTO YCTaHOBJIEHO MX TPEBHIIIICHUE B
4,1; 3,6; 3,5; 1,8 paza. Coneprkanue Cu TpeBbIIIano
[IAK B msatu myHkTax Nel — Ne 5, COOTBETCTBEHHO —
3,1; 1,3; 1,4; 1,2; 1,5 pa3a, a 10 CpaBHEHUIO C y4yacT-
koM Ne6 — B 4,4; 1,8; 2,0; 1,7; 2,1 pa3za. Takum 00-
pasom, HauOobiee npepbinenue [1/1K g Pb, Zn,
Cu Ha0MrO1AITOCH B TOBEPXHOCTHBIX BOAAX BEPXHETO
teueHus pexku Mie n Kanmaralickoro BOJoXpaHuiin-
1a 613 ropojia Konaes 1 B MEHBIIIEH CTETICHU B €T0
CEBEPHOH YacTH (OKOJIO HACOCHBIX CTAHIWH). Bombl
NPYJOBOTO XO3SIMCTBa 1O cojepkannio TM Obutn
BITOJTHE TIPUTOJIHBI JJIsl PHIOOPA3BEICHHUSI.

Taomuua 1 — KoopnuHatsl y9acTKoB cOopa MaTepraia Ha peke Ve n Kammraraiickom Bogoxpanmuiie (Maid-uronHs 2023 roma)

Ne Ha3zBanue yuacTkoB cOopa MaTepuaia [Hupora Jonrora

1 | dy6unckas ctanuus (YHrypckuii paitoH, AnMaTuHcKas 001acTh) 43°52°40.5»N 78°18°30.3»E
2 | Ceno Aiinapasl (ITandunosckuii paiion, AnmaTuHCKas 001acTh) 43°58°33.8»N 79°34°26.9»E
3 | Ceno Kypunnuk (EnOekimkazaxckuil paiioH, AJIMaTHHCKast 00J1acTh) 43°45°36.3»N 80°14°24.0nE
4 | Kammmaraiickoe BopoxpaHuiniie (moTuHa u ropoa Konaes) 43°87°92.73»N 77°09°84.05»E
5 | Kammaraiickoe BomoXpaHWIUIIE (HACOCHBIE CTAINH) 43°90°34.10»N 77°25°86.44»E
6 | IlpymoBoe X03siCTBO B AJIMaTHHCKOH 0051acTh (KOHTPOJIb) 43°18°02.1»N 76°58°11.4»E

Taomuua 2 — Copeprxanre TM B MOBepXHOCTHBIX BOJIaX U3 pa3HbIX Touek peku Mie, Kanmaralickoro Bo1oXpaHuinIia U npyaoBoro

x03s1#icTBa, MKT/J1 (mean + S.D.), mait-urors 2023 roga

Touman Ni Mn Co Pb Cr Fe Zn Cu Cd
HCCIIEI0BAHHUS
Ne 1 1.740.1 | 6.4£0.2 | 3.1£0.1 | 12.1+0.2* [ 12.7+0.1 | 2.7£0.1 | 18.0£0.1* | 3.1+0.2* | 0.6+ 0.1
Ne 2 22402 | 7.8¢0.1 | 3.5£0.1 | 9.7£0.1* | 3.5¢£0.2 | 2.4+0.1 | 15.7£0.2*% | 1.3+0.1* | 0.8+ 0.1
Ne 3 1.9+0.1 | 9.5£0.2 | 3.3£0.1 | 10.5£0.1* [ 3.7+0.2 | 2.6£0.1 | 15.3+0.4* | 1.4+0.1* | 0.7+ 0.1
Ne4 24+0.1 | 74+0.1 | 3.0+ 0.1 | 9.0£0.1* [ 3.8£0.1 | 24.5+0,1 [ 13.7£0.2* | 1.2+0.1* | 0.6+ 0.1
No5 34+0.1 | 2.9£0.6 | 2.5+0.2 | 8.7£0.6* | 3.9£0.1 | 18.0+1.4 | 8.1+0.6 1.5€0.2% | 0.4+0.1
Ne 6 0.4+0.1 | 3.8+0.5 [ 1.1£0.2 2.4+0.3 1.240.1 2.5+0.5 4.340.1 0.7+1.0 0.1£0.1
IMAK (s TM psi-
00X0351HCTBEHHBIX 10.0 10.0 10.0 6.0 20.0 100.0 10.0 1.0 5.0
BOJIOEMOB)
[Ipumeuanue: *-P<0,05 nmo cpaBHEHMIO C JaHHBIMHU TOYKH HccaeqoBaHusA Ne6 (Ipy0BOE XO3SHCTBO)
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Hccnedosanue 2ucmonamonozuu eHympen-
HUX 0p2ano6 0eno20 moacmonoouKa

Y B3pocaBIX 0co0eit 0emoro TOJICTONOOMKA
(Hypophthalmichthys molitrix), OTIIOBJICHHBIX Ha
pasHbIX yuyacTkax peku Mne, Kammaraiickoro Bo-
JMOXpaHWINAIIA U B TPYIOBOM XO3SIHCTBE, OBIIO
H3y4eHO  MOPPO(YHKIMOHATBHOE  COCTOSIHHE
BHYTPEHHHMX OPraHOB JIBIXaTE€IbHOW W MHUIIEBAPH-
TeIbHOU cucTeM (>kabphl, TeUYeHb, KUIICYHUK). [ 1-
CTOJIOTHUYECKOE MCclieIoBaHue xabep 0enoro To-
CTOJ00MKA U3 MPYIOBOTO XO3SHCTBA HE BBISIBUIIO
KaKUX-TN0O Cephe3HBIX HAPYIICHWH B CTPYKTYpE
oprana: xa0epHble TyTH (Xpsil) ObUTH MOKPBITHI
MEPBUYHBIM XKaOEPHBIM dnUTENUEeM (KaOepHas ja-
MeJlIa), TPEACTABISIOMMIM CO00H MHOTOCIIOWHBIN
SMUTENNN, COCTOAIIMNI U3 XJIOPUIHBIX, CIU3UCTBIX,
pecMpaTOpHbBIX, MaJOYKOBUAHBIX U Majogudde-

pEeHIMPOBaHHBIX KieToK. [lomepek >xabepHoi ma-
MeJLUTBI OBLTH PACTIONIOXKEHBI CKIIAIKH, Ha3bIBaeMbIC
BTOPUYHBIM JKaOEpHBIM dSIuUTENHEM (3KabepHbIe
JIETIECTKH), B OCHOBHOM NPEJCTaBJICHHBIC PECIH-
pPaTOPHBIMH KJIETKAMH, IMEIOIIMMHE YIUTOIICHHYTO
¢dopmy (Pucynok 1, A). Huke anutenus JIexKHT co-
eMHUTENIbHASL TKaHb, COJAEPIKallasi KPOBEHOCHbIE
COCYJIBI, KOTOpBbIE CHA0XalOT KPOBBIO jkaOepHBIE
nernecTky. B ornuune ot peId U3 MpyJ0BOTO X0351H-
cTBa B jkabpax OEJoro TOJICTOJIOOWKA M3 Pa3HBIX
yuyacTkoB peku Mne n Kanmaraiickoro Bonoxpa-
HWINIIA ObUTM OOHApyKEHBI THUCTOINATOJOTHYE-

CKHE W3MCHCHHS B BHJIC IOJHOKPOBHS COCYIIOB,
OTEKOB Y OCHOBaHHs XKaOEpHBIX IUIACTHHOK M B
IMMOKPBIBAIOIEM HUX BTOPUYHOM ODIIUTCIIMU: THUIICP-
Mia3us, CIUSHUE TUIACTUHOK W DIHUTEINaTbHBIN
Hekpo3 (Pucynok 1 b,1B).

Pucynok 1 — T'uctoctpykrypa sxadep 6exoro Tonctonoduka u3 pexu Mie, Kammaraiickoro BogoxpaHumia
U IIPYyIOBOTO X03aicTBa. OKpacka reMaTOKCHINH-2031H. YBenmdenue X 400.
A — 13 TIpyZI0BOTO XO3SIHCTBA: CTPYKTypa xabep He HapymieHa; b — n3 Bepxuero Teuenus peku Iie:
TIOJTHOKPOBHE COCYJIOB, aTPOQHs, JECTPYKIHS JIAMEII, HEKPO3 MNUTEINAIBHBIX KICTOK;
B — u3 Kammaraiickoro BOJOXpaHMINIIA: YTONIIEHNE YUTENNAIbHBIX NIACTHHOK M AECTPYKIIHS JIaMEJLT

Kax wu3BecTHO, XaOpbl, SABISSICH MHOTO(YHK-
UOHAILHBIM OPTaHOM, BBITIOJHSIONIMM KU3HEHHO
BakHbIe ()YHKIMH B OpraHu3Me pbi0 (ra3ooOMeH,
OCMOPETYJISINSA, PETYJISIIUS KUCIOTHO-1EIOYHOTO
OanaHca, BBIBEIEHHE TIPOAYKTOB a30THOTO OOMEHa
U Jp.), OCOOCHHO YYBCTBHUTEIbHBI K W3MEHEHHUIO
cpensl oouranus [18]. PasHeiMu aBTOpamMu OBLIO
[MOKAa3aHo, YTO TpH 3arpsisHeHu Bojabl TM y pbId
pa3BUBAIOTCS JereHepaTuBHbBIC U3MEHEHUs jkadep-
HBIX JICTIECTKOB BTOPOTO TOPSKA (JIaMeIT), THITep-
IUTa3Msl U HEKPO3 KIIETOK KaOepHOTO AMHUTEINHS, 00-
paszoBanue omyxoneit u 138 [19-20]. [IpakTuuecku
TaKWe ke HapyIIeHHs B CTPOCHUH 5Ka0p MBI HaOITFO-
Ty y O€soro TOJICTOJI00MKA U3 PAa3HBIX YYacTKOB
BepxHero TeueHus peku Wie u Kammaraiickoro Bo-
JOXpaHUJIHIIA.

W3 BHYTpeHHUX OpPraHOB MHILEBAPUTEILHOMN
CUCTEMBbI HAMU OBUIM MCCIICJIOBAHBI MEYCHb U KH-
nIeyHuK 0enoro tosictoiooOuka. [leyenn, kak 00I1b-
11ast MMIIeBapUTeNIbHAs JKeie3a 1 OCHOBHOM OpraH
JIETOKCHKAIIMYA MPOHUKAIONIMX B OPTaHU3M SIJIOB,
OUYeHb YYBCTBUTEIJIbHA K 3arpsI3HEHUIO CPebl 00U-
TaHusg TuApoOonoHTOB [21]. [leuens BepabaThIBaeT
JKEeJIYb M BBIBOJUT 4Yepe3 Hee MPOJIYyKThl MeTado-
JM3Ma M HAaKOTJIEHHBIE TOKCUKAHTBI, @ TAKXKE C I10-
MoOIIbI0 (hepMEHTOB ceMelcTBa MUTOXpoMoB P450
ydacTByeT B WX oOe3BpexxuBanuu [22]. Kak u3-
BECTHO, BCE 3TU (PYHKIMHU BBHIMOJIHSAIOT T'eNaTOLN-
ThI, KOTOpBIE 3aHUMAIOT 85 % 00BEMa MapeHXUMBI
MEYeHN Yy KOCTUCTBIX pbi0. [ToaTomy mpu omwmca-
HUU THUCTOCTPYKTYPBI IIeUeHU 00JIbIIOC BHUMAHUE
oOpamaeTcst Ha CTPYKTypHbIE U3MEHEHUS B rema-
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touutax. Ecnu B meuenn 6enoro ToscTono0uKa u3
IPYAOBOTO XO3SHCTBA reNaToLUThl (OPMHUPOBAIN
pacxonsiuuecss OT UEHTPaJIbHOW BOPOTHOW BEHBI
paauanbHBIE TSHKM HOPMAaJIbHBIX 110 CTPYKTYype Ie-
HNaTOLUUTOB (IIOJIMTOHAJIbHbIE KJIETKH C LEHTPallb-
HO pacnojokeHHbIM sifpoM) (PucyHok 2, A), To y
pBIO U3 BepxHero TeueHus peku Wiae oHM Tepsiim
pannaibHOCTh U JIEMOHCTPUPOBAIN THAPONHYE-
CKYIO TUCTPOQUIO M HEKPO3 TeNaTOIUTOB, a TAKKE
CKJIEpO3 Ha MECTE MOTMOIIMUX KJIETOK U BJIOJIb CO-
cynoB (Pucynok 2, B). A y pei0 u3 Kanmaratickoro
BOJOXPaHWINIIA HAPALY C AECTPYKTUBHBIMH IIPO-
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LecCaMM B TeNaTolMTaxX, HaOII0AaIuCh MPU3HAKN
paccTpoiicTBa KpoBOOOpalIeHUs: IOJIHOKPOBHE
cocynoB, pacmupenue mpocTtpancTB Hucce (Pu-
cyHOK 2, B). ToOKCHKaHTBI TIOMAal0T B OPraHU3M
peIO HE TONBKO Yepe3 kadphl, HO M JKEIyJI0YHO-
kumeyHslid Tpakt (XKKT) ¢ Bogo# n numeit, pas-
HOCSITCS KPOBBIO M JTMM(OH, BBI3bIBasI HM3MEHEHUS
B CTPOCHMM M (YHKUHAX BHYTPEHHUX OPIaHOB.
[ToaTOMy, M3MEHEHHS] THCTOCTPYKTYPHI MEUEHU U
npyrux opranos JXXKT MoryT 0bITh OMOMapkepaMu
YYBCTBUTEIHHOCTH PBIO K CTPECCOBHIM (haKTOpaMm
OKpy>Karomei cpeasr [21].

Pucynok 2 — ['ncrocTpyKTypa 1nedeHu ToscToiaoouka u3 pexu Mie, Kanmaraiickoro BogoxpaHuimina
U IIPY0BOro Xo3dicTBa. OKpacka reMaTOKCUIMH-3031H. YBesnudeHue X 400.
A — 1ipyioBoe X0351{iCTBO: HOPMaJIbHAS CTPYKTYpa IeueHH (IIeYeHOUHbIe OAIKU HMEIOT PaJnalbHOE PACIIONIOKEHHE,
renaTolnThl MHTEHCHUBHO OKpAILCHEI C si1poM; b — n3 Bepxuero Teuenust pexu Vie: ruaponndeckas ACTpodus
U HEKPO3 IenaToluTOB, CKJICPO3 HA MECTE HOTHOLINX KIETOK U BJIOJIb COCY/IOB;
B — 3 Kanmaraiickoro BoqoXpaHHINILNA: HOJIHOKPOBUE COCYJIOB, PACIIMPEHHE IPOCTPAHCTB Jlucce.

W3 opranoB XKKT Taxxe Obuta u3ydeHa CTpyK-
Typa TOHKOTO KAIICYHHKA OEJIOTO TOJICTOIO0NKA U3
UCCIIelyeMbIX BOJIOEMOB, KaK OpraHa MHUIIEeBapEeHUS
U BCACBIBaHUS IE€PEBAPEHHBIX IMPOAyKTOB. CTpo-
€HHE TOHKOTO KHIICYHHKA OYECHb YyBCTBUTEIHHO
K M3MCHEHHMSIM B IUILEBOM pAallMOHE M KadecCTBY
noryomaeMelx Bemects. Ilpu stom, Obulo ycTa-
HOBJICHO, YTO THUCTOCTPYKTypa KHUIIEYHUKA Oelno-
ro TOJCTOJNIOOMKA M3 MPYIOBOTr0 XO03siicTBa OblLIa
B mpexnenax HOpMEI (puc.3A). CTeHKa KHIIEYHNKA
ObLIa MPECTaBICHA BCEMH YETHIPbMSI 000JI0UKaMU:
CIU3UCTOM, TOJICIU3UCTOM, MBILLIEYHOU U CEPO3HOM.
Bce onu mmotHO npuiieranu apyr K apyry. Ciausu-
cTasgs 000JIOYKA MMeNla XapaKTEPHBIA JIsl HOPMBI
CKJIaquaThii penbed, Onaronaps HATMYHIO CKIIAIO0K.
BOPCHHOK U KpUNT. BopcuHku OBl IpeAcTaBIICHbI
SMUTETUATBHBIMHU KIIETKAMH TIPU3MAaTHIECKOH Bop-
MBI C AapaMHu 1o cepeanHe. Kpuntel npeacTaBieHb!

npoiudepupyommMa (aensmumucs) u auddepen-
HUPYIOLIUMHCS  KIeTKaMu., DyHKIIMOHUPYIOIIHE
SMUTETUATBHBIC KIETKU PACTIONIOXKEHBI Ha MOBEPX-
HOCTH BOPCHHOK. B OTIIMYHE OT 3TOTO THCTOCTPYK-
Typa KHIIeYHHKa OeJI0ro TOJICTON00nKa 13 peku Mie
(BepxHee TedyeHue) JIEMOHCTPHpOBANA YTOIIICHUE
CEpO3HOH 000IOUKH, PACCIOCHIE MBIIIIEYHOTO CIOS
U CWIBHBIA OTEK MOJICIIU3UCTON OCHOBHI (puc.3 b).
B pesynbrate yero cnusucTasi 000JI04YKa OTCIaNBa-
JIaCh U IPAKTUIECKH METISIMU «CBUCANIa)» B TIPOCBET
KUIIKKA. B moaciu3ucToil 000JI0YKE BBISIBISLIACH
MHOTOUYHUCIICHHBIE OYard BOCIAIUTEIBHBIX KIIETOK.
VY Genoro toncronobuka n3 Kammraraiickoro Bomo-
xpanunuma (6113 r.KoHaeB) B THCTOCTPYKTYpE KH-
[IEYHUKA TaK)Ke OBUIM BBISBICHBI JAECTPYKTHUBHBIC
MIPOIIECCH B BUJIE€ CIYIIMBAHUS MUTEIHOINTOB Ha
BEPXYIIKaX KHIICUHBIX BOPCHUH M HEKPOTHUYECKUX
Macc B mpocBeTe Kumiku (puc.3.B).
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Pucynok 3 — ['uctocTpykTypa KUIIEUHHKA ToJICTON0OMKa 13 pexu Wie, Kanmaraiickoro BomoxpaHminia
U IPYAOBOTO X03s1icTBa. OKpacka reMaTOKCHIHH-203HH. YBenuueHue X 200.

A — mIpyioBO€ X035HCTBO: HOPMaJIbHAS CTPYKTypa KUIIEYHHKA (BCE CIION XOPOIIO BHIPAKEHBI
MBIIICYHBIN CITOH MPHUIIEraeT K MOACIN3UCTON OCHOBE, KUIIEYHBIC BOPCUHKH C HEMOBPEKACHHBIMH INUTEINOITaMU;
b — u3 BepxHero TedeHus pexu Mie: BUIHBI IPOIECCH PACCIOSHHS 000T0YEK CTEHKH KHIIKH,

OTEK MOJICITI3HUCTOTO CII0SA, BOCTIAUTEILHBIE HHPHUIBTPATHI, HCTOHYEHHE BOPCHHOK U UX OTCIOCHHE;

B — u3 Kammaraiickoro BogOXpaHMININA: CITYIIUBAHIE SMUTEIHMONNTOB Ha BEPXYIIKaX KUIICTHBIX BOPCHH

Pezynomamur moppomempuueckozo ananusa

Kak BumHO w3 Tabmumel 3, M3MEpEHHBIC I10-
Ka3aTejqu BHYTPCHHHMX OpraHoB (okaOp, INEYeHH,
KHUIIIEYHUKA) y OeJOro TOJICTONIOOMKA W3 Pa3HBIX
yuacTkoB peku Mne, Kanmaraiickoro Bogoxpanu-
JUIIa, TPYJ0BOTO XO35SHCTBAa KOJIMYECTBEHHO OT-
pa’KarOT BBIIICONMUCAHHBIE THCTOMATOJOTMYECKUE
HaOmronennst. Tak, CpemHsAs TUIOMAAb, 3aHMMAae-
Masi OT€YHOW COEJAMHUTENIbHONW TKaHbIO Yy OCHO-
BaHMI >KaOCPHBIX IUIACTUHOK, OblIIa BBICOKOH Y
0eyIoro TOJCTOJIO0MKA U3 Pa3sHBIX YYaCTKOB PEKU
Wne (Nel- Ne3) u Kammiaraiickoro BOJoXpaHUIIN-
ma Omu3 r. KonaeB (Ned), Hu3kol y peIO H3 ce-
BepHoM uactu Kammaraiickoro BOAOXpaHUIHUIIA
(Ne5) m mpakTudecku He OOHapyKMBaJlach y pbIO

W3 TIPyA0BOTO XO3siicTBa. JnmnHa mamenn, Hao0o0-
POT, yMEHBIIATACh B TOW )K€ TOCIEA0BATEIbHOCTH.
KomnuectBo auctpodruyeckn M3MEHEHHBIX M He-
KPOTH3WPOBAHHBIX T€ATOIUTOB B COTHU H JIECST-
KM pa3 ObUIO BBINIE Y PHIO M3 TOYEK UCCIICIOBAHUS
Nel- Ne 4 u menbnie u3 Ne 5- Ne6, a M3MeHEHHE
YuCia WHTAKTHBIX (HETOBPEXICHHBIX) KIIETOK
MUMeIIo 00paTHYIO TEHICHIINIO. BpIcoTa KHIIIEYHBIX
BOPCHHOK M TNyOMHA KPUINT TaKKe JOCTOBEPHO
YMEHBIIAINCH y OIIOTO TOJICTOJI00NKA U3 TYHKTOB
uccnenoBanms Ne 1-Ned o cpaBHEeHUIO ¢ No 5- Neb,
KonnyecTBo BocmamuTeNbHBIX HHQHUIBTPATOB B
MOJICITU3UCTON OCHOBE KUIIIEYHHUKA OBLIO BBICOKHM
y pbi0 u3 myHKTOB HccnenoBanus Ne 1-Ne4 raxoxe
1o cpaBHEHMIO ¢ No5- Ne6.

Ta6auua 3 — Pe3ynbrartel MOp(HOMETPHUECKOTO HCCIICIOBAHUS OPraHOB OEIOT0 TOJICTOIO0NKA U3 pa3HBIX y4acTKoB pekn e, Kar-
[1araiicKoro BOJOXPAaHUIININA U TPYIOBOTO X03sicTBa (mean + S.D.), maii-urons 2023 romga

sz;g:az‘;ﬂ YKabpbr ITeuenn Kumeunnk
Cpenssist Tuio- Kost-Bo Ho- Komn-Bo
3menen ab OTeKa Jinna na- Komn-Bo quc- « (;ITI/BH o- Komn-Bo un- Bricora Imy6ouna BOCIIAJIN-
HBIC TI0Ka3a-| Y OCHOBaHHM T a TpO(hUIECKUX P P TaKTHBIX Te- | BODCHHOK, | KpPUITEHI, TEIBHBIX
MEJLI, MKM BaHHBIX rera-
TeIu yKaOepHBIX TIIa- renaTolUuTOB IIaTOLIUTOB MKM MKM UHQHUIBTpa-
CTHHOK, MM? TotTos TOB
155.0+10.0 [ 89.0+5.4 10478 £96 | 64.8 3.8 | 70.5+3.5 10.6 £2.2
Ne 1 7.6 £ 1.2%%*% [ 65 1+£3.3%* s kst oo . oo .
69.8+52 [130.6+17.2 | 684+48 [11564+56 | 852+58 | 78.8+3.8 92+24
N22 56:|: 16*** k% skksk sekk sk EE sk kK
77.0+5.0 | 123.8+16.2 | 58.6+3,8 12982 +95 [ 984 +6.3 | 85.6+4.5 88+19
N93 38i09*** Kk skksk skksk sk sk sk sk
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TIpooonacenue mabauyvl

Tounit ne- KaGpsr [euens Kumeunuk
CIICZIOBAHUS
Cpenusist mio- Kon-Bo
Kon-Bo He-
M3menen 1a/1b OTeKa Kon-Bo auc- Kon-Bo un- | Bsicora T'myOuna BOCHAJIU-
. | MnuHa na- KpOTH3UPO-
HbIC [10Ka3a-| y OCHOBaHHIl TPOYUIECKHX TaKTHBIX Te- | BODCHHOK, | KpPUIITHI, TEIbHBIX
MeJUl, MKM BaHHBIX remna-
TeIu JKaOePHBIX 1A~ TeHaToLHTOB [aTOLUTOB MKM MKM UHOUIBTPa-
) TOLIUTOB
CTUHOK, MM TOB
wree | 35634 1625+150 | 64053 [10592+£52 | 842+£5.8 [ 65.5+5.2 95+1.3
O0=x1. 0=x0. + = S5, B x0.
Nos 122 0.5% 1155+ 8.6 120* 1.5 1.0+0.2 15452 72 1127* 5,8 905**55 1.8 *04
Ne 6 0.0+£0.0 116.8+84| 11.0+1.5 00+0.0 | 16554+53 (1148+5.8[120.7+1.2( 0.5+0.0
[Mpumeuanue: *-P<0,05; ** — P<0,01; ***-P<0,001 o cpaBHEHWIO C JAHHBIMHU TOUKH HccienoBaHus Ne6 (TIpyaoBoe X03sHCTBO)

Takum 00pa3oM, Ha OCHOBAHHH PE3yJHTATOB
TUCTOJIOTHYECKUX U MOP(POMETPUYIECKUX HCCIe-
JIOBAaHUN MOXKHO 3aKIIOYUTh, YTO camasi BBICOKAs
BCTPEUAEMOCTh PBIO C THCTONATOJIOTHAMHU Kadep,
MeYeHN W KWIIeYyHUKa HaOmronmaeTcs B peke e
(Bepxnee Teuenue) u B Kammaraiickom Bojoxpa-
HUJIUIIE OKOJIO TUIOTHHBI U T. KonaeB (Nel — Ned),
B MEHbIIIEN cTerneHu B ceBepHoi yactu Kammaraii-
CKOT'0 BOJOXPAaHUIIUINA OKOJIO HACOCHBIX CTaHIUI
(Ne5). Poi6bb1 13 mpymoBoro xo3siicta (Ne6) Mox-
HO CYMTATh MPAKTHYECKH 370POBBIMH. DTH JIaH-
HBIE COOTHOCATCS ¢ conaepxkanuem TM B Boje Ha
HCCJIEIOBAHHBIX Y4acTKaX, TO €CTh, MO-BUIUMOMY,
MIPOUCXOANUT UX OMOAKKYMYJISIIHS BO BHYTPEHHHUX
OopraHax pbl0, 4TO U MPHUBOJIUT K JIECTPYKTUBHBIM
IpoleccaM B OpraHu3Me.

3akjoueHue

TIpoBeneHHBIN THAPOXUMUYECKUN aHaU3 T0-
BEPXHOCTHBIX BOJI U3 Pa3HbIX Y4acTKOB peku Mie u
Kanmaraiickoro BonoxpaHuiniia moKazai IpucyT-
CTBHE CIEAYIOMINX TSDKENBIX MeTauioB: Ni, Mn,
Co, Pb, Cr, Fe, Zn, Cu, Cd, Tpu u3 xoropsix: Pb, Zn
u Cu npessianu yposess [1/IKpx. B To xe Bpems
cogepxkanue TM B OBEpXHOCTHBIX BOJIaX MPY/0-
BOTO XO3sHCTBa OBLIO B Ipefesiax HOPMAaTHBHBIX
3HauCHUI. BBIsSBIIEHHOE YBENIMUECHHUE COJEpKaHUE
TM B noBepXHOCTHBIX Bojiax peku Mie u Kanma-
raiickoro BojoxpaHwiInina B mae-utone 2023 rona,
BEPOSITHO, SIBJISIETCS CICACTBUEM TPAHCTPAHUYHO-
TO 3arpsi3HEHUs CTOKa C TEPPUTOPUHU COIPENEhb-
HeIx rocynapctB (KHP u PK) [23]. MccnenoBanue
TUCTOCTPYKTYPhI OPraHOB OEJOro TOJICTOJIOOHKA
13 pa3HbIX yuyacTkoB peku Mne m Kammarakickoro
BOJIOXpPAHWINIIA BBIIBUJIO CIEAYIONNE H3MEHe-
HUS: B ’KaOpax Oenoro ToncronoOuka u3 pexu e

n Kammaraiickoro BojoXpaHWIHINA HaOIIOIAINCh
TUCTOIATOJIOTHYECKHE U3MEHEHHUS B BUJIE OTEKOB y
OCHOBaHMSI TUTACTUHOK U B TTOKPBIBAIOIIEM UX BTO-
PUYHOM SIHUTENUU (JaMEIUTbI), TUIIePIUIa3us, CIU-
SHHUE€ TNIACTUHOK W DIHUTETHATbHBIA HEKPO3, TOJ-
HOKPOBUE; B TICUCHH MTPE0OTIaTaTH 1SCTPYKTUBHBIC
MIPOIIECCHI B BUJIE PACCTPOIMCTB KPOBOOOpAIICHHUS,
MEXTpabeKyIIpHOTO U BOKPYT COCYIMCTOTO OTEKa,
TUAPONUYECKON JUCTPO(UU U HEKPO3a KIICTOK Ta-
PEHXMMBI OpraHa; B KHIIEYHUKEe 0OHAPYKUBAIUCH
BCE TIPHU3HAKN BOCTATUTEIHHBIX U HEKPOTHUECKUX
MPOIIECCOB B BHUJIC OTEKA MOJCIU3UCTON OCHOBBHI,
HEKpO3a U CIYIIHMBAHUS SIUTEIUATBHBIX KIETOK.
I'mcromaromornueckue HaOMIONEHUS MOIHOCTHIO
MOJITBEPKIATUCH MOP(HOMETPHUECKUM aHAIU30M
CTPYKTYPHBIX 3JIEMEHTOB B Pa3JIMYHBIX OpraHax.
HaGmronaembie THCTOMATOIOTHYECKAE M3MEHEHUS
B pa3JIMYHBIX OpraHax OeJIoro TOJCTOJIOOWKA, Be-
POSITHO, IPOUCXOIAT B PE3YJbTATE HAKOIUJICHUS
TSDKETBIX MeTaioB Pb, Zn u Cu, ypoBeHb KOTO-
peix npesbian Hopmbl ITJIKpx u3 paszHbeIx yuacrt-
koB peku Une n Kanmaraiickoro BogoXpaHuInIna.
Taxxe, BEpOsATHO, JUINTENFHOE HAKOIJIEHUE APY-
TUX MHUKPODJIEMEHTOB U METAIOB-TOKCHKAHTOB
Jla)Ke B HE3HAYUTENBHBIX KOJIMYECTBAX CIOCOOHO
BBI3BATh U3MEHEHHUS B OMOXMMHUYECKHUX PEaKIUsIX,
a 3aTe€M U B CTPYKType OpraHoB. benblii TosicTON0-
OMK, KaK M3BECTHO, MUTAETCS (PUTOIIIAHKTOM, KO-
TOPBIA MOXKET B 3HAUUTEJIIbHOM CTENEHU HaKaIlIU-
Batb TM u3 Bojpl. [lonagas B opranusm, B OTIIMUKME
OT OPraHUYECKUX TOKCUKAHTOB, TSXKEJIbIE METAILIIbI
HE TIOABEPTraloTCAd KaKUM-THOO CYIIECTBEHHBIM
MPEBPAIICHUSIM W BKIIOYUBIINCH B OHMOXUMHYE-
CKMH LUKJI, OHU KpailHe MEIJICHHO BBIBOMSITCS U3
Hero [24]. Kak npasuno, TM BXOIST B KOMIUIEKC C
OelikaMK, aMHUHOKHCIIOTAMHU U JPYTMMH OHOJIOTH-
YECKU aKTUBHBIMU COCIUHEHUSIMU, I03TOMY MOTYT
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BbI3BaTh HapylIeHHE OMOXUMHUYECKUX U (PU3NOIIO-
ruueckux (PyHKIMHM OpraHu3ma, OTpaBlIeHUE U T'H-
6enb pbI6 [25]. Kymynsinus BpeJHBIX BENIECTB TKa-
HSIMU IIPOMBICIIOBBIX PBIO CO3/1a€T YIpO3y BIMSHUS
Ha OpPraHu3M 4YeJOBEKa 4Yepe3 PbIOHbIE MPOAYKTHI,
ynotpebisieMble B Muily. BBeneHne B akBakymnbTy-
py 0esoro ToNCTONO0MKA M APYTHX MPOMBICIOBBIX
pBI0O Ha npynoBbIX xo3siicTBax PK ¢ wmcToit Bonoit
MOXET OBITh OIHUM W3 MyTeW pelIeHus MpPOoJo-
BOJIbCTBEHHOW MPOTPaMMBI.
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Pabora BBITTONTHEHA B paMKax TPAHTOBOTO TIPO-
ekta Komurera Haykm MuHHCTepCTBa HayKu H
BhIcIIero oopaszosanus [AP14869740] «buorecTu-
pOBaHME BOJIbI M JIOHHBIX OTJIOXKEHUU pexu Mie u
Kamnmaraifckoro BOJOXpaHUIIUINA, MTPOTHO3UPOBA-
HUE DKOJIOTMYECKOTO PUCKA I OMOpa3HOOOpasus
HCCIIeyeMbIX AKocucTeM». HayuHblil pyKOBOJHU-
Teib — J1.0.H., npodeccop T.M.I1lanaxmeToBa

Jluteparypa

1. WHO. Guidelines for Drinking-Water Quality, 4th ed.; WHO: Geneva, Switzerland, 2011; pp. 155-202.
2. NBanenko H.B., Oxonoruueckas Tokcukonorus: yuedHoe nocodbue. Bnagusoctok: BI'YOC. —2006. — C. 108.
3. Xycuytaunosa P.JI., UcxakoBa A.T., CogepxaHue TsDKEIbIX METAJUIOB B TKaHSX M opraHax pbid peku Oenas // Camapckuit

HayuHblil BecTHHK. 2018. T. 7. Ne 2 (23).

4. Sardar, K.; Ali, S.; Hameed, S.; Afzal, S.; Fatima, S.; Shakoor, M.B.; Bharwana, S.A.; Tauqeer, H.M. Heavy Metals
Contamination and what are the Impacts on Living Organisms. Greener J. Environ. Manage. Public Safety 2013, 2, 172—179.
5.WHO.Water-Related Diseases; Lead Poisoning. Available online: http://www.who.int/water_sanitation_health/diseases/lead/

en/ (accessed on 1 May 2015).

6. Mouceenxo T.W. Bognas sxotokcukonorust: MoHorpadus. M.: Hayka. 2009. 400 c.

7. Paul K.S. Lam. Use of biomarkers in environmental monitoring. // Ocean & Coastal Management. —2009. — No52. — P.348- 354.

8. Zhang W, Ma L, Abuduwaili J, Ge Y, Issanova G, Saparov G. (2020) Distribution characteristics and Assessment of heavy
metals in the surface water of the Syr Darya River,Kazakhstan. Pol J Environ Studies 29(1): 979-988.

9. Bynuukos I H. Tspxenblie MeTaIbl B 9KOJIOTHYECKOM MOHUTOPUHTE BOIHBIX cicTeM // COpOCOBCKHUiT 00pa30BaTeNnbHbIH Kyp-

Han. — 1998. — No 5. — C.23-29.

10. Yemarus, A. A. BHoakkyMyJTsiust TSOKEIIBIX METAJUIOB ABYMsI BUJIAaMU OSHTOCOSIIHBIX PBIO: cTepisap Acipenser ruthenus u
nent Abramis brama (0630p nanubix) / A. A. Yemarus, I. . Bonocuukos // EBpasuiickoe Hayunoe O6benunenne. —2018. — No 9-1
(43). — C.42-45. - DOI 10.5281/zenodo.1443461. — EDN VBHCAY.

11. Burlibaev M. Zh., Dostaj Zh.D., Mirhashimov I., Nikolaenko A.Ju. Sovremennoe sostojanie hozjajstvennoj dejatel’nosti v
Ile-Balhashskom bassejne. Integrirovannoe upravlenie vodnymi resursami v Ile-Balkashskom bassejne. UNDP. — Almaty, 2011. —

S. 3-16.

12. Water quality — Sampling — Part 1: Guidance on the design of sampling programs (KauectBo Bogst. OT60p npo6. PykoBoa-
CTBO [0 COCTaBJICHUIO MpOrpaMm otdopa npobd) // Mexaynapoansiit cranmapt. ISO 5667-1:1982.

13. TOCT 31861-2012. Bozma. O6mue TpeboBanus k otoopy npob // MexrocyaapcTBeHnsiii crangapt. — 2012. — 25¢. Ipyros
10. C., Ponun A. A. AHanu3 3arpsi3HeHHON BOJBI: TpakTHUecKoe pykoBoacTBo. — M.: BUHOM. JlaGoparopus 3uHanuii, 2012. — 678 c.

14. pyros 0. C., Pomua A. A. AHanu3 3arps3HEHHON BOJBI: MpakTHYecKoe pykoBoAacTBo. — M.: BUHOM. JlaGoparopus

3uHanui, 2012. — 678 c.

15. [paiic B. AHanuTHueckast aToMHO-a0COpOIMOHHAs crieKTpockonus. — Mocksa: Mup, 1976. — 235 c.

16. Pomeiic b. Mukpockonnueckas Texuuka / [lep. ¢ uem. npod. B. 5. Anekcanaposa u 3. Y. KprokoBa; moa pef. u ¢ Ipe/ucI.
mpod. U. U. Cokomnoa. — Mocksa: U3n-Bo unoctp. mur., 1954. — 719 c.

17. Muree A.K. MopdodyHkimonansHele n3MeHenus y jemia Abramis brama CaparoBckoro Bogoxpanuiuiia / Bormpocst

pri6onoBeTBa, 2015, Tom 16, Ne3; ¢. 332-350.

18. Lawrens A.J., Arukwe A., Moor M. et al. Mollecular/cellular processes and the physiological recponse to pollution // Effects
of Pollution on Fish / Ed. A.J. Lawrens, K.L. Hemingway. N.Y.: Blackwell Sci., 2003. P. 83 — 133.

19. Parashar Ram Sanehi, Banerjee Tarun Kumar Toxic impact of lethal concentration of lead nitrate on the gills of air-breathing
catfish (Heteropneustes fossilis (Bloch)) // Ver. Arh. 2002. — 72, Ne 3. P. 167 —183.

20. Heath A.G. Water Pollution and Fish Physiology. L.: Lewis Publ., 2002. 506 p.

21.Rashid Alijani Ardeshir, Abdolali Movahedinia*, dna Sara Rastga. Fish Liver Biomarkers for Heavy MetalPollution: A

Review Article// American Journals of Toxicology 2017, 2:1-8.

22 Mitra V and Metcalf J. Metabolic functions of the liver// Anaesth Intensive Care Med. 2009,10(7):334-335.
23.3.A. TypcyHoB. Bo3aMokHbIe HU3MEHEHHS Ka4eCTBa IIOBEPXHOCTHBIX BOJ Ha TPaHCTPaHUYHOM nocty p. Wi — mp. JyOyHs//

I'uapometeoponorus u sxonorus. -2011.-Ne2.-c. 11-20.

24. T.A. JlobanoBa. OCOOSHHOCTH HAKOIUICHHs TSDKEIbIX METAIOB MPOMBICIOBbIME BuAaMu pbio// Bectuk KI'Y nwm.

H.A.Hexkpacosa, 2008, Ne3, c. 22-24.

25. Manoj Kumar, Shefalee Singh, Anamika Jain, Seema Yadav, Aastha Dubey, Sunil P. Trivedi A review on heavy metal-
induced toxicity in fishes: Bioaccumulation, antioxidant defense system, histopathological manifestations, and transcriptional
profiling of genes// Journal of Trace Elements in Medicine and Biology.-2024 — https://doi.org/10.1016/j.jtemb.2023.127377

12



IA. YaxurkaHosa u zip.

References

1. WHO. Guidelines for Drinking-Water Quality, 4th ed.; WHO: Geneva, Switzerland, 2011; pp. 155-202.

2. Ivanenko N.V., Environmental toxicology: textbook. Vladivostok: VGUES. —2006. — P. 108.

3. Khusnutdinova R.L., Iskhakova A.T., The content of heavy metals in the tissues and organs of fish in the White River //
Samara Scientific Bulletin. 2018. T. 7. Ne 2 (23).

4. Sardar, K.; Ali, S.; Hameed, S.; Afzal, S.; Fatima, S.; Shakoor, M.B.; Bharwana, S.A.; Tauqeer, H.M. Heavy Metals
Contamination and what are the Impacts on Living Organisms. Greener J. Environ. Manage. Public Safety 2013, 2, 172—179.

5.WHO.Water-Related Diseases; Lead Poisoning. Available online: http://www.who.int/water_sanitation_health/diseases/lead/
en/ (accessed on 1 May 2015).

6. Moiseenko T.I. Aquatic ecotoxicology: monograph. M.: Science. 2009. 400 p.

7. Paul K.S. Lam. Use of biomarkers in environmental monitoring. // Ocean & Coastal Management. — 2009. — No52. — P.348-
354.

8. Zhang W, Ma L, Abuduwaili J, Ge Y, Issanova G, Saparov G. (2020) Distribution characteristics and Assessment of heavy
metals in the surface water of the Syr Darya River,Kazakhstan. Pol J Environ Studies 29(1): 979-988.

9. Budnikov G.N. Heavy metals in environmental monitoring of water systems // Soros educational journal. — 1998. — No. 5. —
P.23-29.

10. Chemagin, A. A. Bioaccumulation of heavy metals in two species of benthic fish: sterlet Acipenser ruthenus and bream
Abramis brama (data review) / A. A. Chemagin, G. I. Volosnikov // Eurasian Scientific Association. —2018. — No. 9-1 (43). — P.42-
45.-DOI 10.5281/zenodo.1443461. -EDN VBHCAY.

11. Burlibaev M. Zh., Dostaj Zh.D., Mirhashimov I., Nikolaenko A.Ju. Sovremennoe sostojanie hozjajstvennoj dejatel’nosti v
Ile-Balhashskom bassejne. Integrirovannoe upravlenie vodnymi resursami v Ile-Balkashskom bassejne. UNDP. — Almaty, 2011. —S.
3-16.

12. Water quality — Sampling — Part 1: Guidance on the design of sampling programs (Water quality. Sampling. Guidelines for
designing sampling programs) // International standard. ISO 5667-1:1982.

13. GOST 31861-2012. Water. General requirements for sampling // Interstate standard. — 2012. — 25 p. Drugov Yu. S., Rodin
A. A. Analysis of contaminated water: a practical guide. — M.: BINOM. Knowledge Laboratory, 2012. — 678 p.

14. Drugov Yu. S., Rodin A. A. Analysis of contaminated water: a practical guide. — M.: BINOM. Knowledge Laboratory,
2012.-678 p.

15. Price V. Analytical atomic absorption spectroscopy. — Moscow: Mir, 1976. — 235 p.

16. Romeis B. Microscopic technology / Transl. with him. prof. V. Ya. Alexandrov and Z. I. Kryukova; Ed. and with a preface.
prof. I. I. Sokolova. — Moscow: Foreign publishing house. lit., 1954. — 719 p.

17. Mineev A.K. Morphofunctional changes in the bream Abramis brama of the Saratov reservoir // Fisheries Issues, 2015,
volume 16, No. 3; With. 332-350.

18. Lawrens A.J., Arukwe A., Moor M. et al. Mollecular/cellular processes and the physiological response to pollution // Effects
of Pollution on Fish / Ed. A.J. Lawrens, K.L. Hemingway. N.Y.: Blackwell Sci., 2003. P. 83 — 133.

19. Parashar Ram Sanehi, Banerjee Tarun Kumar Toxic impact of lethal concentration of lead nitrate on the gills of air-breathing
catfish (Heteropneustes fossilis (Bloch)) // Ver. Arh. 2002. — 72, No. 3. P. 167 —183.

20. Heath A.G. Water Pollution and Fish Physiology. L.: Lewis Publ., 2002. 506 p.

21.Rashid Alijani Ardeshir, Abdolali Movahedinia*, dna Sara Rastga. Fish Liver Biomarkers for Heavy Metal Pollution: A
Review Article / American Journals of Toxicology 2017, 2: 1-8.

23. E.A. Tursunov. Possible changes in the quality of surface water at the transboundary post of the river. Or — Dubun Ave.//
Hydrometeorology and Ecology.-2011.-No.2.-p. 11-20.

24. T.A. Lobanova. Peculiarities of accumulation of heavy metals in commercial fish species // Bulletin of KSU named after.
N.A. Nekrasova, 2008, No. 3, p. 22-24.

22. Mitra V and Metcalf J. Metabolic functions of the liver // Anaesth Intensive Care Med. 2009,10(7):334-335.

25. Manoj Kumar, Shefalee Singh, Anamika Jain, Seema Yadav, Aastha Dubey, Sunil P. Trivedi A review on heavy metal-
induced toxicity in fishes: Bioaccumulation, antioxidant defense system, histopathological manifestations, and transcriptional
profiling of genes// Journal of Trace Elements in Medicine and Biology.-2024 — https://doi.org/10.1016/j.jtemb.2023.127377

Ceeodenusn 00 agmopax:

Hlanaxmemosa Tamapa Munadsicesna — 0okmop 6UoI02UYECKUX HAYK, npogeccop Kagedpwl buopaznoobpasus u duopecypcos
Gaxyremema buonozuu u 6uomexnonoeuu Kazaxcxoeo Hayuonanvrnoeo ynusepcumema umenu ano-Papabu (Armamei, Kazaxcman,
email: t_shalakhmetova@mail.ru)

YVaxumranosa Fanusxcaman Apoaxkwizelr — macucmp ecmecmeennwix nayk Kasaxckoeo Hayuonanonozo ynusepcumema umenu
anv-Dapabu kagedpul 6uopasnoobpasus u 6uopecypcos paxyrmema éuonozuu u 6uomexnonoeuu (Aimamel, Kazaxcman, email:
genetics.uakhitg@gmail.com)

Koowcaxmemosa Juana Jlapxankwizel — macucmpanm Kasaxckoeo Hayuonanonoeo Yuusepcumema umenu Ano-Papabu, kagde-
Opbl 6uopasznoobpasus u 6uopecypcos gaxyrsmema duonocuu u 6uomexmonoeuu (Armamet, Kazaxcman, e-mail: ddiyeol@mail.ru)

Tnenwuesa Apwvin Mypamkwizer — 0okmopanm Kaszaxckoeo Hayuonanvnozo Ynusepcumema umenu Anv-Dapabu, kageopor
buopasnoobpasus u buopecypcos gaxyromema ouonocuu u 6uomexmonoeuu (Aimameol, Kazaxcman, e-mail: arshynmuratkyzy@
gmail.com)



T'ucronaronornueckue u MOpq)OMeTpI/I‘{eCKI/Ie HU3MCHCHHS B OpraHax 0€eJI0r0 TOJICTOIOOHKA. ..

Yexumbaesa [apuna Taneamosna — cmadicep-uccieoosameny Kazaxckoco Hayuonanvnoco Ynueepcumema umenu Anb-
Dapabu, kagheopvl buopasnoodpasus u duopecypcos gaxyromema ouonocuu u buomexunoroeuu (Aimamel, Kazaxcman, e-mail:
dchekimbaeva@mail.ru)

Information about authors:

Tamara Shalakhmetova (corresponding author) — doctor of biological sciences, professor of the Department of Biodiversity and
bioresources of Al-Farabi Kazakh National University (Almaty, Kazakhstan, email: t _shalakhmetova@mail.ru)

Uakhitkanova Ganizhamal Ardakkyzy (corresponding author) — Master of Natural sciences of Al-Farabi Kazakh National
University, Department of Biodiversity and (Almaty, Kazakhstan, email: genetics.uakhitg@gmail.com)

Diana Kozhakhmetova — Master student of Al-Farabi Kazakh National University, Department of Biodiversity and bioresources
of the Biology and biotechnology faculty (Almaty, Kazakhstan) email: ddiyeol@mail.ru)

Tlenshiyeva Arshyn — Doctor student of Al-Farabi Kazakh National University, Department of Biodiversity and bioresources of
the biology and biotechnology faculty (Almaty, Kazakhstan email: arshynmuratkyzy@gmail.com)

Chekimbayeva Darina — trainee-researcher of Al-Farabi Kazakh National University, Department of Biodiversity and
bioresources of the biology and biotechnology faculty (Almaty, Kazakhstan, e-mail: dchekimbaeva@mail.ru)

Hocmynuna 9 urons 2024 200a
IHpunama 25 dexabps 2024 2o0a



ISSN 1563-034X; eISSN 2617-7358 Oxonorus cepusichl. Ned (81). 2024 https://bulletin-ecology.kaznu.kz

MPHTMU 44.01.99 https://doi.org/10.26577/EJE.2024.v81.i4.a2

E.X. Mennni6aes' 2, JK.T. Bepaenos' ™, T.M. Taukuéaes' &,
C.H. Anbmyp3aesa?™, P.M. Myparos' &, M.K. Kymaryr+ &

'EBpasuiickuii HAlIMOHAIBHBIA YHUBEPCUTET UM. ['ymuiieBa, . Acrana, Kazaxcran
“MesXayHapOIHbIN HCHTP 3eIEHBIX TEXHOJIOTHIl M HHBECTHLMOHHBIX IIPOEKTOB, I. AcTaHa, Kasaxcran
SMesxnyHapoIHbIl yHUBEpCHTET AcTaHa, T. Acrana, Kasaxcrau
4AcraHuHcKuil OoTaHMYecKHii caf, I. Acrana, Kasaxcran
“e-mail: mzhakypzhan@mail.ru

NMOTEHUUMAA PACHETA CO/\J—IE‘IHOVI SHEPITUN
B MAHIbICTAYCKOWM OBAACTU

B cTathe onMcaHo MCCAEAOBaHME O MOTEHUMAAE COAHEYHONM 3HEPrMM B MaHrbICTayckon o6AacTy.
B aaHHOM paboTe nMpeaCTaBAEHbl KapThbl MPUXOAA COAHEUYHOM paAuu KBT.u/mM2/aeHb Mo KAOUEBbIM
MecsiLIaMm: sIHBapIO, anpeAlo, MIOAI0, OKTS6PIO 1 3a roa. BblA NpoBeaeH pacueT noTeHuMasa NpMxoasa
COAHEYHOM BHEPT1M, KOTOPYIO MOXKET MOAYUMUTH (DOTOIAEKTPUUECKMIA MOAYAD 3a TOA PaboTbl B MaH-
rbICTayCKOM 06AaCTH, B parioHe roposa AkTay. [oAyueHHble pe3yAbTaThbl AQIOT NPEACTABAEHME O MPU-
XOAE COAHEUYHOM paAMaLMK HAa BEPTUKAAbHYIO MOBEPXHOCTb. Pe3yAbTaTbl MCCAEAOBAHMS MOTYT ObiTb
MCMOAb30BaHbl AAS AAAbHENMLLIMX, GOAEEe TAYOOKMX PACUHETOB NMPUXOAA COAHEYHOM PaAMaLIMM, HE TOABKO
AAS MaHrbicTayckorn 06AacTH, HO U AASL APYTMX PErMOHOB, FTAE MMEETCsl MOTEHLUMAA BbIpaGOTKM COA-
HeyHoW 3Heprun. [NpoBeaeHMEe TECTOBbIX PACUETOB MOKa3aA0 XOpollee COrAacue C NpeACTaBAEHHbIMU
B AMTepatype.

KAtoueBble CAOBa: COAHEUHAs paaMaLMs, pacyeT NnoTeHLMaAa, sHeprus, MaHroictayckast 06AaCTb.
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Estimated solar energy potential in Mangystau oblast

The paper describes a study on the potential of solar energy in Mangystau oblast. This paper presents
maps of solar radiation arrival kWh/m2/day by key months: January, April, July, October and for a year.
A calculation of the solar energy potential, which can be received by the PV module for a year of opera-
tion in Mangystau region, near the city of Aktau, was carried out. The results obtained give an idea of
the solar radiation arrival on the vertical surface. The results of the study can be used for further, more
in-depth calculations of the arrival of solar radiation, not only for Mangystau region, but also for other
regions where there is a potential for solar energy generation. Test calculations showed good agreement
with those presented in the literature.

Key words: solar radiation, potential calculation, energy, Mangystau region.
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MangbicTay 06AbICBIHAQ KYH SHEPIUSICbIH ecenTey dAeyeTi

Makanasa MatgbicTay 0BAbICBIHAQFbI KYH 3HEPrUSICbIHbIH SAEYETi TypaAbl 3epTTey CMnaTTaAFaH.
ByA >kymbicTa KBT KyH paAMaumMsiCbiHbIH, KEAY KapTaAapbl YCbIHbIAFAH.Heri3ri aiAap GonblHiLa caF/m2/
KYH: KaHTap, cayip, WiAAe, Ka3aH >K8He XblA. MaHFbICTay 0OAbICbIHAQ, AKTay KaAacbl ayAaHbIHAQ
>KYMbIC iCTEereH >KbIAbl (DOTO-3AEKTP MOAYAI aAaTblH KYH 3HEPrUsICbIHbIH KEeAy OAeyeTiH ecenTey
JKYPri3iAAi. AAbIHFAH HOTMXKEAEP KYH PAAMALMACBIHbIH TiK 6eTKe KeAyi TypaAbl TYCiHIK Oepeai. 3epTTey
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[orennman pacyera COTHEYHOH SHEPTrUH B MaHTHICTayCKOW 00IacTH

THxKeAepi MaHrbicTay 0BGAbICHI YLLiH FaHa eMeC, COHbIMEH KaTap KYH SHEpPruscbiH 6HAIpY aAeyeTi 6ap

6acka arlmakTap YLiH Ae KYH PaAMaLMSCbIHbIH KEAYIH OAQH 8pi, TepeHipek ecenTey YLliH nanaaAaHbl-

AYbl MYMKiH. TECTTIK ecenTeyAepAi XXypridy aAeOmneTTe yCbiHbIAFAHAAPMEH XKaKCbl KEAICIMAT KOPCEeTTi.
Ty#iH ce3aep: KYH paAMaLmsIChbl, MOTEHUMAAAbI ECEMNTEY, SHEPreTHKa, MaHFbICTay 0OAbICHI.

BBengenne

UenoBeuecTBO €Ile C AABHUX BPEMEH Hayallo
HCIOJIb30BaTh COJTHEUHYIO SHEPTUIO B CBOUX LEIIAX.
B Tperbem Beke 110 Halle 3pbl pUMIISTHE U TPEKHU
WCIIONIb30BANIA TOPSIIME 3epKana Ui 3aKUTaHHA
(akesoB BO BpeMsl PeIMTHO3HBIX 1epeMonnii. Co-
[JIACHO HCTOPUYECKUM 3amucsaM, B 212 romgy no
HaIlIel 3pbl TpeuecKnil yueHbIH ApXUMe]l UCTIONb-
30BajJl OTpa)karolllie CBOWCTBA COJHEYHOIO CBETa
1 OpOH30BBIE IIUTHI, YTOOBI MMO/KEYb JIEPEBIHHBIC
Kopabmm Pumckoit mmmnepun, ocaxaasmue Cupa-
Ky3bIX [9]. PaccmaTpuBasi cOBpeMEHHBINH MEPHOA
WCCIIEJIOBAHNS TOTEHIIMAIa COJHEYHOW DSHEpPTHH,
TYyT MOXHO OTMETHUTh, uT0 B 1816 Tromy PobGept
Crupnunr, munuctp lloTnanauu, nojxan 3asBKy Ha
MaTeHT Ha WHHOBAIIMOHHBIM SKOHOMaiizep. MuHu-
CTEpCTBO YHEPTeTUKH COOOIAET, YTO B CBOOOHOE
Bpemsi CTHPIMHT CTPOMJ TEIUIOBBIE JIBUTATENH,
KOTOpBIE MO3Ke OyAyT MCIIONB30BATHCS B CONHEYU-
HOM TENJIOBOW 3JIEKTPUYECKON TEXHOJOTUU IS
MIPOU3BOICTBA SHEPTUHU. DAMOH bekkepenb OTKpbLI
MIPUHIIAT COTHEYHOH sHeprun B 1839 roxy [9]. Bo
BpeMsi padOThl yUeHBIH OOHapyKWJI, YTO HEKOTO-
pBIe MaTepHabl MOTYT T€HEPUPOBATh HAIPSKEHUE
U BJEKTPUYECKUI TOK MOJ BO3JIEHCTBUEM CBETA.
Paccen C. On 6bu1 aMepUKaHCKUM HH)KEHEPOM, H3-
BECTHBIM HCCJIEAOBATEIEM MMOJIYIPOBOIHUKOB [9].
B 1839 rony on otkpbut PN-mepexon (MMeromimii
TIOJIOKUTENIBHYIO M OTPHUIIATETIbHYIO CTOPOHBI BHY-
TPU MOHOKPHUCTAIJIMYECKOTO ITOJyIPOBOIHHKA).
OH u3yyasl IpOBOJUMOCTb M CBOWCTBA Pa3IUUYHbIX
TUTNIOB KpHcTauioB. Ero pabora ¢ moiynpoBOIHH-
kaMH 1 PN-niepexoiom npuBesa K CO3/1aHUI0 TaKUX
BeIe, KaKk TPaH3UCTOPHI, CBETOINO/IbI U Ja3epHbIE
nuonbl, a B 1841 romy oH co3mai mepBbIi KpeMHU-
€BBII COJTHEYHBIH 2JIEMEHT, KOHCTPYKIIHSA KOTOPOTO
JI0 CUX TIOp MCIIONB3YeTCS B COBPEMEHHBIX COJI-
HeuHbIX (oTodnekTpudeckux (PV) nmanensx [9]. B
JTAJIbHEHIIIEM METOJIMKY pacueTa MOTeHIHajga CoJ-
HEYHOW JHEPruM MpeUIoKUIN uccieaoatenun [l.
Hadpdu u Y. bekman. Ha ocHOBE UX METOIMKH MbI
B JanbHeimeM OyaeM BBIUYUCISATh NOTEHIUAI MPH-
X0Jla COJTHEYHOW SHepruu B MaHTBICTayCKOW 00-
Jjactu. B urore pa3BuTHe TEXHOJOTUNA U 3HAHUM B
00JIaCTH TIOJlyYCHHE W WCIOJIb30BaHUE COTHEUHOH
SHEPruu 1UIO ¢ JaBHUX BpemeH. Ha ceromHsmHuin
JICHb POJIb BO30OHOBIISIEMBIX MCTOYHUKOB SHEPTHU
U COJIHEYHON SHEPruH pacTeT ¢ KaXKIbIM TOI0M.
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Jns Pecrry6nmukn KazaxcTan 3To OTKpBIBaeT HOBEIE
BO3MOYKHOCTH YJIYUIICHHs] CBOEH SHEPreTHYECKOMN
0€301acHOCTH, TaK KaK B CBSI3U C POCTOM Je(HIIHU-
Ta 3Hepruu, Kotopslil k 2030 roxy cocraBur 6 I'BT.
A Takxe HMMEIOIUMCS 0053aTeNbCTBAMHU CTPAHBI
M0 CHIKEHHUIO BHIOPOCOB MapHUKOBBIX Ta3oB, MPO-
nucanHble B KnotckoM mpotokoine u Ilapmxckom
COTJIAIICHUH, PA3BUTHE ANbTEPHATUBHBIX HCTOYHH-
KOB DHEpPIMH SIBISETCS OAHOM M3 NMEpPCIEeKTHBHBIX
HaIpaBICHUN pa3BUTHS dHepreTHkn KazaxcraHa B
OymKaiteM Oyaymem.

MarepuaJjibl 1 METOABI

B kadectBe TeppUTOpUHU HCCIENOBaHMUS ObLIA
BblOpana Manreictayckast obnactb. Manreictay-
cKast 006J1acTh pacroyiokeHa Ha 1oro-3amane Pecmy-
onuke Kasaxcran, ombiBaercss Bomamu Kacnuid-
ckoro Mops. Knumar pe3ko-KOHTHHEHTaJbHBIH,
3acynumBblid. Kpymuedmuii ropox — Aktay
193 ThIC. yenmoBek mo JaHHbIM 3a 2020 rox [2].
Bei6op Tepputopun 0OyCIOBIEH NEPCIEKTHBON
pa3BuTHs permoHa. MaHreIicTayckas o0JacTh 00-
peTaer Bce Oobliee 3HAYCHHE B KauecTBE JIOTH-
cTuueckoro xaba, «soporamm» Kaszaxcrana B Mu-
pOBOE COOOIIECTBO, & TaKKE POCT UYUCICHHOCTH
HaceJeHUs, M0 KOTOPOMY PETHOH SBISIETCS OJAMH
n3 nmuaepoB PK v pocT mpoMBINIIEHHOTO MPOU3-
BOJICTBA TpeOyeT OOJbIIe IMEKTPOIHEpTruu. Me-
TOAMKA OIIEHKM MOTEHIMalla pacdyeTa COJHEUHOM
SHEPIUM COCTOHUT U3 TPEX HTAIIOB.

[lepBbIM DTaroM OLECHKH IOTEHIMAaIa BO300-
HOBJISIEMOM SHEpIruu paboTa sBIsIETCS COOp TaHHBIX.
HcTOUHMKOM JaHHBIX AJIs1 UCCIIEIOBAHUS SBISICTCS
0a3a manaeix NASA POWER. B 6a3e ga"HbIX co-
JiepKaTcsl aHHble BO30OHOBISIEMBIX HCTOYHHKOB
sHepruu no Bcemy mupy. Komanga POWER npe-
nocrasisier Data Access Viewer, BeO-HHCTPYMEHT
I'NC, xoTopslii TO3BOJISET JIOOOMY YBUAETH U U3-
YUUTh pa3lIddHbIC [IEPEMEHHBIC, CBSI3aHHBIC C BO3-
OOHOBJIIEMBIMH HCTOYHUKAMHU HEPTUH, B JIIOOOM
MecCTe MO0 BceMy MHpy. i1 oLleHKH MoTeHuuanta
COITHEYHOM »Hepruv B MaHTBICTAyCKOW 00JacTu
HaM HEOOXOJMMO COOpaTh MOYACOBBIC JAHHBIC O
MIPUXOJIE COJHEYHOW pajuali Ha TOPHU30HTalb-
HYI0 TIOBepXHOCTh KBT.u/M2/menn. IlodacoBsie
JTAaHHBIE TI0 IPUXOJTY COTHEYHOH pajinanyu OOJIbIIe
MOIXOJAT JUIsl MAKCUMANBbHBIX U JIOCTOBEPHBIX HC-
CJIeJOBaHUH.
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4 Announcing the Enhanced POWER Data
Access Viewer (Beta)

The enhanced POWER Data Access Viewer (DAV) is now
available in Beta! It has additional features and
functionalities. This classic DAV version will still be available
for use thru early 2024.

You can view the new enhanced POWER DAV in Beta and
provide feedback at larc-power-project@mail.nasa.gov.
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Pucynok 1 — Untepdetic caiita NASA POWER

BropeiM 3Taniom paboThl SIBISICTCS OLIEHKA T10-
TEHIMalla MPUXO0/a COJHEYHOW paaualii Ha Bep-
TUKaJIbHYIO TOBEPXHOCTH. JlJIs OllEHKM MOTeHIHMaa
SHEPTrUH MBI OyZEeM HCIIOJIB30BAaTh METOUKY, KOTO-
prie paspaboranmu yuenbie [xon Hadpdu n Yunbsim
bexman, xoTopyto onucanu B cBoei kHure «OcHo-
BbI COJIHEYHOH TETJIOIHEPTETHKI.

Hcmounuku 0auHbIX 0151 OYEeHKU pecypcos U no-
MEHYUAN08 COTHEUHOU IHepIUlL

OCHOBHBIMH UCTOYHUKAMH JAHHBIX O MOTOKAX
COJTHEYHOU pajinaliuil U XapaKTepPUCTUKAX:

* pe3yJbTaThl MHOTOJETHHX H3MEPEeHHH Ha
METEOPOJIOTHUECKUX M aKTUHOMETPHYECKUX
CTaHIINAX;

* pe3yabTaTbl MaTEeMaTHYECKOTO MOJEIHUPO-
BaHMUsI, TIPOBOJAUMOIO C HCIIOJIb30BAaHUEM JaHHBIX
CITyTHUKOBBIX ¥ HA3€MHBIX HaOJIOACHUN;

* QHAINTHUYECKHE PAcCUeThl I TPUXOASIIEH
COJIHEYHOH panuanuy Ha OCHOBE (OpMYJ CONHEY-
HOM reOMETpHH.

OTHOCUTENBHO TEXHUYECKUX XapaKTePUCTUK
000pYyZOBaHMsI, BXOJALIETO B COCTAaB COJHEYHBIX
anektpoctanimii — COC (WM CONTHEYHBIX yCTaHO-
BOK — CDOVY) — MOXHO MIPUMEHUTH CIEAYIOIMINE 0~
nymenus. CrangaptHas COC (CDY), coequHeHHas
C DIIEKTPUUYECKOH CeThIO (T.€. He MMEIoIasi B CBOEM
COCTaBE€ aKKyMYJIHPYIOIIUX YCTPOICTB) BKIIIOUAET B
ce0st eIy oIINe IIEMEHTHI:

- COJTHEUHYI0 0arapero, COCTOSIIYI0 U3 COBpe-
MEHHBIX BBICOKOO((QEKTUBHBIX (OTOIIEKTpUYEC-
ckux moxayner (POM); KI1J] npeobpazoBanus mep-

BUYHOTO UCTOYHMKA OKosO 21,7% B cTaHAApTHBIX
ycioBHsX, criektp AM 1,5, 1000 Bt/m?, 25 °C;

- (hOTORNIEKTPUUECKUIN CETEBOI MHBEPTOP, 00€-
CIIEYMBAIOLINI  JKCTPEMAJIBHOE  PEryJIMpOBAaHHE
MOIITHOCTH COJTHEYHOU Oarapen u mpeoOpa3oBaHue
MOCTOSIHHOTO TOKa B niepemenHbIi. KII/] 6onpurmn-
CTBa CETEBBIX MHBEPTOPOB HAXOJUTCS B JUAMa30HE
97-98 % (3aBucsAT ot MoutHOCTH DOM);

- (QOTORNIEKTPUYECKHE WHBEPTOPHI OOJBIION
MOIIHOCTH 00ecneunBalT paboty ¢ TpexdazHon
cerbto HanpspkeHueM 0,4 kB. OnHako Juisi cTaHIMN
ot 500 kBt sTOr0 HampspKkeHus y’ke HeI0CTaTOuHoO,
Mo3TOMY TpeOyeTcs MOBBILAOIINN TpaHchopMa-
top mo 10-110 kB (B 3aBUCHMOCTH OT TOTO, K Ka-
KUM ceTsiM Tutanupyetcst noaxmouenue). KIIJ co-
BPEMEHHBIX TPaHC(HOPMATOPOB JICKHUT B JUANIA30HE
96-99 % u ATO MPaKTUIECKH TPEAET IS dTOI TeX-
HOJIOTHH.

Torna 1 m? mpuemnoii moBepxuoct ®OM B co-
crape COC B cpe/iHeM 3a T'OJl IPOU3BOIUT SHEPTHUIO:

E=1%*0,24*0,96 * 365 * 2,07, [8]

rue:

| = nmaparomias paguanysi Ha HAaKJIOHHYIO TIO-
BEpXHOCTH KBT.u/M2/1eHb

0,24 — KOIMYECTBO YACOB B CYTKax;

0,96 -KIIJl anekTpudeckoit yacTy;

365 — KOJIMYECTBO AHEH B roay;

2,07 — rutommanb HeoOXoauMast JUIsl CTPOUTEITh-
CTBa OJTHOM TaHEeJH.
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BroprsiM 3Tanom aeiusiercst paboTa ¢ ruc-0JI0KOM.
Llenpro paboTHI ¢ THC-0JIOKOM SIBIISETCS TIOTyYEHIHE
KapTorpaduyeckux n300pakeHUH TOTSHITANIA COJT-
HeuHo SHepruu B ManreicTayckoit o0nactu. Beero
BO BpeMsi pabOTbl Mbl NIOJYYUM IISITh KapT, YEThIPE
13 KOTOPBIX KapThl MPUXO0a COJHEYHON SHEPTHHU Ha
LEHTpaJIbHbIE MECALBI TOa: SHBAPb, alpelib, HIOJIb
U OKTSI0pb, @ TAKXKE O/IHA KapTa 3a TOJl.

[Ipu moctpoeHnn KapT OyAET MCIONb30BaThCS
nporpamMMma Qgis, ¢ TOMOIIBIO KOTOPOW MOKHO IT0-
CTPOUTH HEOOXOAMMBIC KapThl. B camoii mporpam-
Me, JJISl IOCTPOCHUST KapTMbI OyJIeM MCIIOJIb30BaTh
HHCTpYMeHT uHTepnosinun IDW (6auskoro co-
cenctBa). MuacTtpyment IDW umeer 0cOOEHHOCTD,
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TOYKAaM U Ha KapTax MOXKHO 3aMETUTh «IIYMBD», KO-
TOpPbIE HEMHOTO OyJIyT MeIIaTh aHAJIM3y IOJIyYCH-
HBIX PE3yJIbTATOB.

Pe3y.]'leaTl)I U UX 06cym)1elme

PaccmarpuBasi momydeHHYI0 KapTy 3a SHBapb,
MOKHO 3aMETHUTh, YTO MPUXOJl COJHEYHOW pajua-
UM MMEET 30HaJbHOE pachpeaeicHue, HanOoib-
Mye 3HAYCHUs IPUXOJAa COJHEYHOH pajnanuu
MOKHO 3aMCETHUTh B I0OKHBIX U OI0-3aIta IHbIX pal‘/'lo-
Hax 00JIacTH, a HAUMEHbIIIEE 3HAYECHHUS B CEBEPHBIX
paiionax MaHrbIcTaycKoii 00acTy.

54.000 55.000 56.000 57.000 58.000

47.000

46.000

47.000

46.000

45.000

44.000

43.000

MNpuxoa conHeyHo paamaummn KBT.4/M2/aeHb

45.000

44.000

43.000

42.000

42.000 Band 1 (Gray)
[ ]<=1,1450
[]1,1450 - 1,2827
[ 1,2827 - 1,4204

41.000| [ 1,4204 - 1,5581
Il > 1,5581

I

41.000

100 200 km

49.000 50.000 51.000 52.000 53.000

54.000

55.000 56.000 57.000 58.000

Pucynok 2 — [Ipuxon conHeuHOU paanauy o MaHTbICTayCcKoi oOmacTh 3a stHBapb 2023 roma

B ampene HauGomblive 3HAYCHHUS MBI MOXEM
HaOIII0IaTh B 3aIa/IHOM YacTH MaHTBICTayCKO# 00-
JIACTH, & HAUMEHBIINN MPUXOJ COJIHEYHOH paaua-
LMY UMEETCSI B CEBEPO-3aIaHBIX palOHaX pErHOHa.
Pacnpenenenue npuxolia CONHEUHON paavaluU B
arpesie UMEIOT NPEUMYIIECTBEHHO a30HAJIbHYIO Ha-
MPaBICHHOCTb.

B urone pacnpenenenue mpuxoga CONHEYHOM
payaiy TaKkKe UMEET 30HaJIbHbIN XapakTep. Hau-
0OJIBIINE PUXOJT COTHEUHOM paIuaIliK TPUXOUT-
Csl Ha I0KHBIE paliOHbl, HAUMEHBIIUN — CEBEPO-3a-
maj o0J1acTH.
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[Tpuxox conHedHOW pajnalyy B OKTIOpEe nMeeT
30HaJIbHOE pacnpeneseHue. Hanbonpume 3HaveHns
MPUXO0/Ia COJHEYHOM paJualu IOro-BOCTOYHON
YacTH, a MEHBILINN PUXO0/1 HAOII01aeTCsl B CEBEPO-
BOCTOYHBIHN paliloHaX 00JIaCTH.

PaccmaTprBas momy4eHHYIO KapTy 3a TOJ, MBI
BUJUM, YTO pacHpeesIeHue NMPUX0/Ja COJHEUHOU
pagpanuu MMeEeT a30HalbHBIA xapaktep. Ham-
OoJpIIINe 3HAYEHHUS MTPUX0/1a COTHEUHON pajrannun
UMEIOTCS B IOr0-BOCTOYHOW dacTH MaHreicray-
CKOM 00JIACTH M MOCTENEHHO K CEBEPO-BOCTOKY OH
YMEHBIIIAETCH.
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Bxone pacdera mpou3BOACTBa 3HEPTUU 3HAUE-
Hue | OBIIO pemIeHo B3ATh ¢ TOYKH, KOTOpask pacio-
JIO’KEHa pSAAOM C T AKTay, Tak Kak OoJblIasi 4yacThb
HACEJICHUSI U MPOMBIIUICHHBIX MOIHOCTEH pacIio-
JIO’KEHO PSAZIOM C TaHHBIM TOpoIoM. Taroke ¢ IKOHO-
MHUYECKON TOYKH 3PEHUS, Pa3MEICHUE COJIHEYHBIX
AJIEKTPOCTAHIIMH PSOM C T.AKTay yMEHBIIIACT pac-
XOJIbI Ha JIOTUCTUKY ¥ Ha OOCITYXMBaHHME COJHEY-
HBIX IMaHejel. B utore 3nauenue I cocrapnser 4,19
KBT.u/M2/1eHb ¥ WUTOTOBBIN pE3yNbTaT BBITISIUT
TaKUM 00pa3oM:

E=4,19*0,24 * 0,96 * 365 * 2,07 = 729,101

729,1 kBT.4/roj1 BBIpabOTaET O/IHA ITAHENb
B paifoHe T. AKTay MaHTBICTayCKO#l 00JIacTH.

[lo pesynpTatam ucciegoBaHusi OBLIM TIONY-
YeHbl KapThl paclpeleseHus NPUX01a COJIHECUHON
pamuanmuy o LEHTPaAJIbHBIM MeECAlaM U 3a rof, a
TaK)K€ pPACCYMTAHA IPOU3ZBOAUTEIBHOCTh OJIHOM
COJIHEUHOM MaHeu 3a roj B paiione r. Akray MaH-
I'BICTayCKOH 00MacT. X0TENOCh ObI OTMETUTBH, UTO
MIOJTy4Y€HHBIE PE3yJIbTaThl MOTYT UMETh MpPaKTHYE-
CKO€ IPUMEHEHHE, AJIsl PeleHUs] IPoOJIeM C 3JIeK-
TPOHEPTHH HE TOJIBKO B MaHThICTAyCKOW 00JIaCTH,
HO U B Apyrux pernonax Pecnyonuku Kazaxcran.
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MOTEHUUAA U NMEPCIEKTUBbI UHTETPALIMA
TPAHCITOPTHOI'O CEKTOPA PECITYBAUKHN KA3AXCTAH
B CUCTEMY TOPIOBAU BbIbPOCAMU

B 3Moxy rao6aAbHbIX KAMMATUUECKMX Bbi30BOB, KaszaxcTaH, NOAOGHO MHOMMM roCyAApCTBaM MMPa,
CTOUT nepeA HeOOXOAMMOCTbIO MEPEOCMbICAEHUS CBOEMO MOAXOAA K SKOAOIMYECKOM MoAUTUKE. B pam-
Kax MEXAYHapPOAHbIX 06513aTEAbCTB, B YaCTHOCTM MapM>KCKOro COrAalLIEHMS], Hallla CTPaHA UCMOAb3yeT
Pa3AMYHbIE MHCTPYMEHTbI PETYASILIMM, HarNpPaBAEHHbIE Ha COKpauleHVe BbIGBPOCOB MapHMKOBbIX ra30B,
CTaBs nepea coboi amMOMUMO3HbIE, HO B TO >KE BPEMSI PEAAMCTMUHbIE LIeAU. B KOHTekcTe 3Thx rAo-
6aAbHbIX ycrMAniA KaszaxcTaH onpeAeAmA Ha 3aKOHOAATEALHOM YPOBHE KAIOUEBbIE OTPACAM SKOHOMMKM,
KOTOpble MOAAEXAT PEryAMPOBAHUIO B MPEAEAAX CUCTEMbI TOPrOBAM BbiGpocamn. B cBoto ouepeab, B
pamMKax AAQHHOFO PbIHOYHOTO MEXaHM3Ma CPeAr MPUOPUTETHbIX Chep, TPeGyIoUIMX 0COBOro BHUMAHMS
M PEryAMPOBaHMS!, BbIAEAEHbI AMLLb SHEPreTHUKA U MPOMBILIAEHHOCTb. OAHAKO Tak>Ke HE MEHEE BaXKHbI-
MM C TOUKM 3pEHUS BO3AEMCTBMS Ha M3MEHEHHME KAMMATA IBASIETCS CEKTOP TPAHCMOPTa, FAE MOTEHLIMAA
COKpaUleHWs BbIGPOCOB Tak)Ke 3HaUMTEAEH. B CBA3M C 3TUM, yumnTbiBasi 3HAUMTEAbHbIN BKAGA BbIGPOCOB
OT MOOMABHbIX MCTOUYHMKOB B 00LLUMI 0ObEM CTPAHOBbIX BbIOPOCOB MapHMKOBbIX Fra30B M PACTYLLEN He-
06XOAMMOCTBIO AOCTUXKEHMS FAOGAABHBIX KAMMATUUECKUX LIEAEH, CYLIECTBYET HACyLLHAs NOTPe6GHOCTDb
B MHTErpaumm TPaHCMIOPTHOMO CEKTOPA B AEMCTBYIOLLME MEXaHU3Mbl PETYAMPOBaHMS BbIOPOCOB NMapHU-
KOBbIX ra3oB. B AaHHOM cTaTbe pacCMOTPEHbI MOTEHLMAA M NEPCMEKTMBBI BKAIOUEHMS TPAHCTIOPTHOMO
cekTopa Pecry6amkn KazaxcTaH B cMCTeMy TOProBAM BbIGPOCaMM, @ MMEHHO MPUBEAEHbBI BO3MOXXHOCTH
peryAMpoBaHust BbIGPOCOB OT MOBUABHbBIX MCTOUHMKOB, MPEACTABAEH MOAXOA K OLEHKE, a TakXKe Bbl-
CTPOEHa NMpPeANoAaraemasi MOAEAb MX U3MEPEHUSI.

KAtoueBble CAOBa: MapHMKOBbIE rasbl, AMOKCUA YTAEPOAQ, TPAHCTIOPTHbIN CEKTOP, MOGUAbHbIE M1C-
TOYHUKM, CUCTEMA TOPrOBAM BbIGPOCAMM, YTAEPOAHbIA PbIHOK.

K.G. Muratova'”, B.A. Kapsalyamov', M.T. Kozhikov', O.M. Doszhanov?
"L.N. Gumilyov Eurasian National university, Astana, Kazakhstan
2 Almaty technological university, Almaty, Kazakhstan
*e-mail: muratovak351@gmail.com

Potential and prospects for integration of the transport sector
of the Republic of Kazakhstan into the emissions trading system

In the era of global climate challenges, Kazakhstan, like many countries around the world, faces
the necessity of rethinking its approach to environmental policy. As part of international commitments,
particularly the Paris Agreement, our country employs various regulatory tools aimed at reducing green-
house gas emissions, setting ambitious yet realistic goals. In the context of these global efforts, Ka-
zakhstan has identified key economic sectors for regulation within the emissions trading system at the
legislative level. Within this market mechanism, priority areas requiring special attention and regulation
include only energy and industry. However, the transport sector is also significant in terms of its impact
on climate change, where the potential for emission reduction is also considerable. Given the substantial
contribution of emissions from mobile sources to the total volume of national greenhouse gas emis-
sions and the growing necessity to achieve global climate goals, there is an urgent need to integrate the
transport sector into existing greenhouse gas emission regulatory mechanisms. This article explores the
potential and prospects for including the transport sector of the Republic of Kazakhstan in the emissions
trading system, specifically presenting the possibilities for regulating emissions from mobile sources,
introducing an assessment approach, and constructing a proposed model for their measurement

Key words: greenhouse gases, carbon dioxide, transport sector, mobile sources, emissions trading
system, carbon market.
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ITorenmuan u TNEPCIEKTHUBLI UHTETPpAlUN TPAHCIIOPTHOI'O CEKTOPpa PeCHy6III/IKI/I Kazaxcran B CHUCTEMY TOPIOBJIN BbIGpOC&MI/I

K.I'. MypatoBa'’, b.A. Kancaaamos', M.T. Koxxunkos', O.M. AocxkaHoB?

T"A.H. T'ymmnaeB atbiHAafFbl Eypasns YATTbIK yHMBepcuTeTi, AcTaHa K., KasakcrtaH
2 AAMaTbl TEXHOAOTMSABIK, YHUBEpPCUTETI, AAMaThl K., KasakcraH
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KasakcraH Pecny6AMKACbIHbIH KOAIK CEKTOPbIH LUbIFAPbIHABIAAPADI
caTty )XyHeciHe UHTerpauMsiAayAblH, dAeyeTi MeH nepcreKTMBaAapbl

KahaHAbIK, KAMMATTbIK, CblH-TereypiHaep AdyipiHae KasakcTtaH 8AemHiH KernTereH MemAaekeTTepi
CUSIKTbI, 3KOAOTUSIABIK, CasicaTKa ©3iHiH, Ke3KapacblH KaiTa KapacTblpy KAXKETTIAIMHIH arAbIHAQ TYP.
XaAbIKapaAblK, MIHAETTEMEAEPAIH, aTan anTKaHAa [lapmxk KeAiCiMiHiH, 6eAiri peTiHae 6i3AiH eAimi3
NAPHMKTIK ra3Aap LblFapbIHAbIAAPbIH a3aiTyFa GarbITTaAFaH SPTYPAI peTTey KypaAAapbiH NnanAaAaHa-
Abl. OAapAbIH aAAbIHA BpLLiA, Gipak, COHbIMEH Gipre HakTbl MakcaTTap Kosiabl. Ocbl ahaHAbIK, KyLu-
KirepaiH, KoHTekcTiHAe KasakcTaH 3aHHaMaAblK, AEHrerAe LbIFapbIHABIAAPAbBI CaTy >KYMeci LueriHae
peTTeAyre >kaTaTblH 3KOHOMMKAaHbIH HEri3ri caAraAapblH anlkblHAAQAbL. ©3 Ke3eriHAe, OCbl HapbIKTbIK,
TETIK WeHbepiHAE epekile Ha3ap ayAApPyAbl KOHE PeTTeyAl KaXKeT eTeTiH 6acbiM canaAap apacbiHAQ
TEK dHepreTvka MeH eHepKacin GOAIHAI. AereHMeH, LblFapbIHABIAAPAbI A3aMTy SAEYETI AE MaHbI3ADI
KOAIK CEKTOPbl KAUMATTbIH, ©3repyiHe acep eTy TypfbiCbiHaH GipAer MaHbi3Abl. OcbiFaH 6aiAQHbICTbI
eAAEri MapHMKTIK ra3pap LblFapbIHABIAAPbIHbIH >KAAMbl KOAEMIHE MOOMAbAI KO3AEP LbIFAPbIHAbIAQ-
PbIHbIH AEYAI YAECIH KaHe ahaHAbIK, KAMMATTbIK, MaKcaTTapFa KOA XKETKi3y KaXKeTTIAIrHiH apTybIH
ecKepe OTbIPbIM, KOAIK CEKTOPbIH KOAAAHBICTaFbl MAPHMKTIK rasaap LWbIFAPbIHABIAAPBIH peTTey TeTik-
TepiHe GipiKTIPYAIH WYFbIA KaXKeTTiAiri 6ap. bya makaraaa Kasakcran Pecrny6AmMKacbiHbIH KOAIK Cek-
TOPbIH LWbIFAPbIHABIAAPABI CATy >KYMeCiHe eHri3yAiH aAeyeTi MeH MepcrneKkTUBAAapbl KApacTbIPbIAFaH,
aTan anTKaHAQ, MOOMAbAI KO3AEPAEH LLbIFAPbIHABIAAPABI PETTEY MYMKIHAIKTEPI KEATIpiAreH, GaraAay-

Fa K&3Kapac YCbIHbIAbIM, COHAAN-AK, OAAPAbI OALLEYAIH GOAXKAMAbI MOAEAI KYPbIAFaH
Ty#iH ce3aep: NapHMKTIK ra3zpap, KOMIPKbILKbIA rasbl, KOAIK CEKTOPbI, MOOMAbAT KO3AEP, LiblFa-

PbIHABIAAPAbI CaTy XKYMeCi, KeMipTeri HapblFbl.

BBeaenue

Ha ceropssimiauii JeHb peryiupoBaHUE BhI-
OpOCOB MapHUKOBEIX Ta30B (manee — [1I7) sBseTcs
Ba)KHBIM LIIATOM B YCHIIMSIX MO COKpAIIEHHIO 001I1e-
ro o0bemMa BBHIOPOCOB M OOphOE C U3MEHEHHSIMH
KJIAMAaTa, B YAaCTHOCTH CMSTUCHHUIO BO3ICHCTBUIA,
YCUJIMBAIOUIMX TJI00aJbHOE TMOTEIUIEHHE B MHDE.
OcHOBOMOJIATaIONINM B peaJIU3aliU JAHHOTO IPUH-
[UTIA SBISIFOTCS. PRIHOYHBIE MeXaHu3Mbl KHOTCKOTO
MIPOTOKOJIA, O/IMH M3 KOTOPBIX MPEJCTABISET OO0
cucreMmy Toproeiu Beiopocamu (manee — CTB) [1].
JlaHHBIA MEXaHU3M HEU3MEHHO paccMaTpUBaeTCs
KaKk Haum0OoJee TCePCHEKTUBHBIA WHCTPYMEHT IS
CHIDKEHUS TII00anbHbIX BbIOpocoB [II Gmaromaps
CBOWIM TIPEUMYIIECTBAM — THOKOCTH, SKOHOMHU
cpeacts 1 d3pdeKTHBHOCTH [2].

[Ipoananu3upyeM HOPMATHBHO-IIPABOBBIE OC-
HOBBI, HAIIPABJICHHBIE HA YBEITMYCHUS COKPAIECHHH
BeIOpocoB I1I'. Kazaxcran, o0nanas 3KOHOMUKOIA,
KOTOpasi HaXOJIUTCSl Ha CTAaIUM Pa3BHUTHUs, MOKA HE
pa3paboTai 4eTKyI0 CTPAaTeTHI0 B O0JACTH TPaHC-
MOPTHOTO CEeKTOpa. B cBs3M ¢ 3TUM, paccMOTpeHHE
B paMKax JIaHHOW CTaThH MOTEHIUANIA ¥ BOZMOXKHO-
CTelt mHTerpanuu TpaHcmopTHoro cektopa B CTB
SIBJIIETCSI BECbMa akTyanbHOU. Mcxons u3 3rtoro,
olpejielieHa OCHOBHAsl IIeNIb CTAaTbU, 3aKIHYar0-
masicst B aHAJIU3€ PETyJISATOPHBIX BO3MOXKHOCTEH H
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orieHKH BeIOpocoB [1I" TpaHcmopTHOro cexkropa Ha
OCHOBE MPEJIOKEHHOTO MOIX0/1a.

CTB sBnsieTcss OTHAM W3 WHCTPYMEHTOB PETy-
npoBanusi BeIOpocoB [, KOTOpBIH mpuUMeHsieTcs
B pa3iIMYHBIX cTpaHax, Bkitovas PecrmyOnmky Ka-
3axcra (nanee — PK). B mamreii crpane CTB Obuia
BBEJICHA C IENbI0 MOCTENEHHOTO CHIKCHHUSI BO3-
JEHCTBUS MPOMBIIUICHHOCTH Ha KIUMAT U CTHMY-
JTUPOBAHMS TIepexoa CTPaHbl K HU3KOYTIEPOIHOM
9KOHOMHKE B COOTBETCTBHU C MEXKIyHapOJHBIMU
00s13aTenbCTBaMU 1O O0OpbOE ¢ U3MEHEHUSIMU KIIH-
MaTa. JTa CHCTeMa HalpaBlieHa Ha COKpaIleHHe
o0miero odobvema BbiOpocoB [1I" Ha HaMOHATBLHOM
YPOBHE Uepe3 YCTAaHOBJICHUE U PacIpeielieHuE KO-
HOMHYECKUX CTUMYJIOB JISl TIPENNPHUATHN U Opra-
HU3AIMH, a TaKXKe KYIUII0 U MPOAaXy JIMMHUTOB, TO
ecTb KBOT Ha oOmuii o0beM BrIOpocoB I1I" yuact-
HUKaMHu cucteMbl. Takum oOpaszom, CTB crumy-
JUPYeT KOMITAaHUU K COKpaIleHuIo BEIOpocoB. Crie-
JIOBATENIbHO, 3TO JOJDKHO NPHBECTH K Pa3BUTHIO
3€TIEHBIX TEXHOJIOTHIA U ITOCTEIIEHHOMY TIepeXoay K
OoJiee yCTOMUUBBIM MOJICISIM BeICHUs OM3HEeca.

Ha cerognsmuumii nens pamkax CTB PK ompe-
JieneH nepedenb BU0B 117, mojiexammx peryiu-
poBanuio. Oto amokcua yrinepoxa (CO,), meran
(CH,), 3akuck asora (N,O), ruapodTopyriepopl
(I'oy), nmepdropyraeponst (IIDY) m rumporcum
cepsl (SF) [3]. B cBotO 04epesb, cpey BCEX BUJIOB



K.I'. Mypatosa u nip.

III' kxBOTMPOBAHMIO TIOJUIEXKHUT AMOKCUZ YIJIepoJa,
TO €CTh Ha JJAaHHBIN BHJ T'a3a yCTAHABJIHUBAIOTCA CO-
OTBETCTBYIOIINE JTUMUTHI BHIOPOCOB [4], a mepBbIe
Tpu Buaa 11" HanpsimMyro perynupyrorcs MoHpeas-
CKHM coTJIaImeHuem [5].

CTouT OTMETHTH, YTO MO JACHCTBYIOIIEMY Ha
CErOAHAILIHUM JI€Hb 3aKOHOJIaTENILCTBY B MIEpEUYEHb
CEKTOPOB IKOHOMHMYECKOHN NEATENBHOCTH, MOJJIe-
JKaIUX peryaupoBaHuio BbiOpocoB I, oTHeceHsI
UCKIIIOUUTEIBHO CIEAYIOUINE CEKTOpa, TaKHe Kak,
JHEpPreTHKa M MPOMBIIUIEHHOCTE. B cexkrop mpo-
MBIIIJICHHOCTH BKJIIOYEHBl He(TerasoBas, MeTa-
Jypruyeckasi, TOpHOJOOBIBAIOIIAs, XUMUYECKasi U
obOpabaTrIBaroIIasl OTpaciu. B cBoro odepens, co-
rnacHo KnotrckoMy nmpoToKoiIy B JaHHBIN TIepedeHb
CEKTOpPOB, MOTEHUUAIBHO MOANEKAIINX PEryiu-
POBaHMIO, TAKXKE BXOIAT OOpAIIEHHE C OTXOIAMH,
aBTOTPAHCIIOPT, CEITLCKOE U JIECHOE X035IICTBO, YTO
B pamkax CTB PK sBnsercs HenpeayCMOTpPEHHBIM.
OHO3HAYHO OTCYTCTBHE 005M3aTEIIEHOTO PErYIHPO-
BaHMsI BBIOpocoB I1I" B mpounx cexTopax, He OXBa-
YeHHBIX 3aKoHoJaTenscTBOM PK B cucreme moxer
MIPUBECTH K PSAY HEraTUBHBIX MOCieACTBUM. Mcxo-
JIl U3 3TOTO HEOOXOAUMOCTh YCOBEPIIIEHCTBOBAHMS
cucTeMbl siBIsieTcs: oOycioBieHHoH. Iloatomy, B
CTaTbe PacCCMOTPEHBI BO3MOKHOCTH PEryIHpOBa-
HUS, TIPEJICTABIICH MOIX0/ K OIIEHKE, a TaK)Ke Mpe-
JIOKeHa MoJIeNb n3MepeHust Beiopocos I1I7 B pamkax
MOCTABJICHHBIX 3a1a4 JUIsl ONPEAEICHHs IOTEHINA-
Jla ¥ BO3MOXKHOCTEH HHTErpalyu TPaHCIOPTHOTO
cextopa B CTB PK. Bkimouenue BEIOPOCOB OT Hc-
TOYHUKOB TPAHCIIOPTHOTO CEKTOPA CTpPaHbl B JTY
CUCTEMY MO3BOJIMT YyCTAHOBUTH BEPXHUH Mpees Ha
BBIOPOCHI U CO3/1aTh SKOHOMHYECKHE CTUMYJIbI AJIS
MHHOBALM{ U nepexona K 0ojiee 3KOJIOTHYHbIM BU-
JlaM TpaHCIopTa.

OpHako cieayeT y4ecTh, YTO BHEJIPEHNE TpaHC-
nmoptHOoro cekropa B CTB mpencraBiser coboit
CJIOKHBIN TpOIECcC, KOTOPBIM TpedyeT KOMIUIEKC-
HOTO TOAXOJa W Yy4eTa MHOXKECTBa (haKTOPOB,
CBSI3aHHBIX C OCOOCHHOCTSIMH 3TOH oTpaciu. J[is
ycrenrHoro 3anycka u ¢pynkuuonupoanust CTB B
TPaHCIIOPTHOHU cepe HeoOXOIUMO YUUTHIBATH Clie-
JyIOLIUE aClEeKThl. BO-IIepBBIX, TPAHCIIOPTHBIN CEK-
TOp BKJIFOUAET B ce0s pa3INuHbIe BUIBI TPAHCIIOPTA.
Kaxzaplii u3 3TUX MOACEKTOPOB MMEET CBOM OCO-
o6ennoctu 1o BeIOpocaMm 11" u TpeOyer MHAMBHITY-
aIBHOTO TOAXO0/a K PEryaupoBaHuio. Bo-BTOpHIX,
B OTJIMYHE OT CTAllMOHAPHBIX MCTOYHHUKOB, TaKUX
KaK 3aBOJbl W DIEKTPOCTAHLUH, TPAHCIIOPTHBIE
CpEeJCTBa IMOCTOSHHO IEpPEeMeNaloTcs, YTO COo37a-
€T JIOTOJIHUTENbHBIE TPYAHOCTH JUII MOHUTOPUHTA
u ydera BbIOpocoB. CiiesjoBaTebHO, HEOOXOTUMO
OpaTh BO BHUMaHHE BCE BhINIENEPEUHCICHHOE.

PackpeiBast uHpopmanuio Oojee JeranbHee,
a WIMEHHO TOBOPSI O MOOWJIBHBIX MCTOYHHKAX BHI-
opocos III', To oHM BKIIIOYAOT B ce0si BCE mepe-
JIBMOKHBIC BUBI TPAHCIIOPTHBIX cpecTB. CoriacHo
nHpOpMaIu, B pa3OMBKE IO BUIAM TPAHCIIOPTa B
JAHHOW WH(PACTPYKType, MPEIoNI0KeHO, YTO B
PK 3naunrenwsHas 07 BeiopocoB [1I" mpuxoaures
Ha aBTO/IOPOXKHBIN TpaHcnopT (81%), BKiIOUas aB-
TOOYCBI, IETKOBBIE U IPY30BbIC aBTOMOOHIIH, OCTaB-
masicsi 4aCTh BBIOPOCOB PACIIPENEISIETCS MEXKITY
BHEJIOPOXKHBIM (7%), TpybonpoBomHEIM (7%), *Ke-
TIe3HOAOPOKHEIM (4%), aBHaTpaHcropToM (MeHee
1%) 1 BOAHBIMHU TPAHCIOPTHBIMH CPEACTBAMU (Me-
uee 1%) [6].

Kak Ob110 0TMEUEHO, aBTOMOOUIIBHBIN TpaHC-
MOPT SIBISICTCS OJHUM W3 OCHOBHBIX MCTOYHUKOB
BeIOpocoB III', a mMeHHO nWoKcHaa yriepojaa
D70 CBA3aHO C HCMOIB30BAHUEM YTTIEPOI0COIED-
JKAIMX BHUJJIOB TOIIMBA, B YaCTHOCTH OCH3WHA,
MU3ETFHOTO TOIUTMBA WM CXKIDKCHHBIX HE(TSIHBIX
ra3oB (mpomnaHa W OyTaHa), KOTOpPbIE MpPH Cropa-
HHH BBLIEIAIOT Oonbinoe koauuectBo CO,. Kpome
TOTO, aBTOMOOMJIN Tak)Ke BBIJCIAIOT METaH W 3a-
KHCh a30Ta, KOTOPbIC TAKXKE SBJISIOTCS OJHUMH U3
OCHOBHBIX BUOB [II'. ABmanmsi Takxe SBISETCS
3HAYUTEIHFHBIM UCTOYHUKOM BBIOPOCOB, OCOOEHHO
YTJIEKHUCIIOTO Ta3a. DTO CBA3aHO C MCIOJIb30BAHU-
€M aBHAIlMOHHOTO KEPOCWHA, KOTOPBIH MPU CTO-
paHuu BbIAEISAET ATHU ra3bl. JKelae3HOA0pPOKHbBIN
TPaHCIIOPT, 0COOEHHO TOT, KOTOPBIK paboTaer Ha
JIM3EIIbHOM TOIUIMBE, TAK:K€ BHOCUT CBOW BKJIAJ B
BBIOpOCH [1I". BomHEbIit TpaHcopT, BKIIOYas Cya,
paboTaromye Ha TSHKEIOM TOILIUBE, TaKXKe SBIIS-
€TCSl HICTOYHMKOM BBIOPOCOB JIBYOKHCH YTJIepOjia
U ApYyTHX Ta30B. BHeZOpOXHBIE TpaHCHIOPTHHIC
CpencTBa 4acTo paboTaloT Ha JU3ETLHOM TOIIJIUBE
Y U3-32 CBOMX PabOYMX yCIOBUU U XapaKTEPUCTUK
MOTYT TIPOU3BOJUTH 3HAYHUTENbHBIE BBIOpOCH! 11,
0COOCHHO YTIIIEKHCIIOTO T'a3a, 3aKHCH a30Ta U MeTa-
Ha. B cBOtO 04epenb, TpyOOPOBOIHBIN TPAHCIIOPT
CUUTACTCS ONHMM W3 Hambonee >HPEKTHUBHBIX U
9KOJIOTUYECKH YUCTBIX CITIOCOOOB MEPEBO3KH dHEP-
TOHOCHUTEJICH Ha OOJIBIITUE PACCTOSHUS, TaK KaK OH
MHUHHAMH3UPYET MOTEPH B IMPOIIECCE TPAHCIIOPTH-
POBKH M CHUXKAET PUCK CIyYalHBIX Pa3auBOB. TeM
HE MEHEe, JTaHHBIA BUJ TPAHCIIOPTA TaKKE MOKET
pUBOANTH K BEIOpocam I1I', ocobenHo mpu yTed-
Kax, a Takke B MPOLecce dKCIUTyaTalliil KOMITpec-
COPHBIX CTaHIUW, KOTOPBIE WCIOJB3YIOTCS IS
MTO/IIeP KaHMs TaBIICHUS B Ta30IIPOBOJIAX.

CrnenoBaTenbHO, M3Y4YHB BO3JEMCTBHE TpaHC-
MIOPTHOW OTPACIH ¢ TOYKH 3PCHHS YCUIICHUS Iap-
HHKOBOTO 3((dekTa, 000CHOBaHA TOTPEOHOCTH B
HOPMATHUBHOM  PETYJIHPOBAHUM  TPAHCIIOPTHOI'O
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cektopa. OHAKO CTOMT OTMETHUTbH, UTO pELICHHE
O BKJIIOYEHUU TOW WM MHOM OTpACIU B CHUCTEMY
pEeryJIUpOBaHUsl HE MPUHUMAIOTCS a0CTPAaKTHO.
Ono 0OazupyeTcss Ha TIIATEILHOM aHajH3€e, KOTO-
pPbIl YUUTBHIBAET HE TOJBKO SKOJOIMYECKUE, HO U
9KOHOMHYECKHE acIIeKThl, CTPEMsICh HalTH OajaHc
MEXIY YCTOMYMBBIM Pa3BUTHEM MU COXpPAaHCHUEM
KOHKYPEHTOCITOCOOHOCTH HAIIHOHATbHOW YKOHOMHU-
K. B pesynbrare 3TO HaBOJIUT K MOCTABICHHOMY
BOIIPOCY HCCICAOBAHMS B paMKaX JaHHOW CTaThbU,
3aKJIH0YAOUIUIICS B ONPEIEICHUM KIHOYEBBIX BO3-
MOXKHOCTEH U YCIIOBHUM, HEOOXOIUMBIX JIJISl yCIIeIII-
HOU MHTETpaly TPAaHCIOPTHOTO CEKTOpPa CTPAHBI B
CTB PK.

[Ipu BcéM 3TOM ClieqlyeT He 3a0bIBaTh CIICIYIO-
miee — kirodeBad 3agada CTB cocrout B cokpate-
HHUA BBIOpOcoB 11" epe3 mpuMeHEHHE pa3IMIHBIX
WHCTPYMEHTOB YTIPABIICHUS U IMOAX0A0B. B maHHBIH
MOMEHT TPYJHO TOYHO OIICHUTb, HACKOJIBKO MOK-
HO YMEHBIIUTHh BHIOPOCHI B 3TOH cdepe, HO SACHO,
YTO TMOTEHLIHAN JJIs COKpalleHUHl CYIIEecTBYeT.
DT0 MOXKET OBITh JOCTUTHYTO ITyTeM ONTHMU3AIIUN
[IPOLIECCOB B ONPEIECICHHBIX MOACEKTOpaX, YJyd-
LIEHUS JIOTUCTHYECKUX CHUCTEM. DTO BKIIIOYAET B
ce0st Tiepexo/] Ha MEHee YIriepoJoEMKUE BHIIBI TO-
[JIMBA, CTUMYJIMPOBAHUE HCIOIb30BAaHUS 3JIEKTPO-
MoOwiielt, koropsle He BbienstoT I B ciydae
HCIIONb30BAaHUE MUMH MPU IKCIUTyaTallMU SJICKTPO-
SHEPTHH, BRIPAOOTAHHOH 3a CUET BO30OHOBISEMBIX
HMCTOYHUKOB 3Hepruu. [loaTomy, mporecc nnurTerpa-
uuu tpancnoptHoro cektopa B CTB PK pacmmpur
CIIEKTP BO3MOYKHOCTEH IO COKPAIIEHUIO BHIOPOCOB
1T, 4yTO B mEepBYIO OUEPENb NOJIOKUTEIBHO CKAXKET-
Cs1 Ha 9KOJIOTUYECKOH 00CTaHOBKE B MUpE.

MaTepna.mﬂ U METOAbI

B pamkax naHHOUM CTaThbU MOCTaBJIEHBI TPH OC-
HOBHBIE 3aJ1a4U, IIEPBast U3 KOTOPBIX IIpeLycMaTpu-
BACT PACCMOTPEHHUE DKOJIOTMYECKH M HKOHOMHYE-
CK{ PEHTa0EIbHBIX BO3MOXKHOCTEH PETYINPOBAHUS
BBEIOPOCOB TTOCPEICTBOM BKJTFOUCHHS TPAHCTIOPTHO-
ro cektopa B CTB PK.

BosmoxxaocTn perymmpoBanus BbiopocoB [T
B CTpaHe 0a3upyeTcst Ha ONpe/eiseMbIM Ha HaIlH-
OHaJBLHOM ypoBHe BKianamu PK B rmobanbHOE pe-
arnpoBaHrEe Ha U3MEHEeHHe KinMarta. B pamkax mo-
CTaBJICHHOW Tiepes co00i CTpaHOBOM 0e3yCIIOBHON
uenu B cHwkeHuu BeiOpocoB [1I" Ha 15% k koHIy
2030 Toma OTHOCHTEBHO YPOBHSI BHIOPOCOB 0a30-
Boro 1990 rona [7], cTpaHoii MpeyCMOTPEHBI pa3-
JUYHBIC MHCTPYMEHTHI YIPaBJICHUS B MacmiTabax
BCEH HKOHOMHKH, HE HCKJIIOYas TPaHCIOPTHBIN
ceKkTop. B cBoro ouepenb, MOCTIKEHHE ITAHHOTO
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L[EJIEBOT0 TOKa3aTessl BO3MOKHO Yepe3 PhIHOYHBIN
Mexannsm — CTB.

Kak ObIIO OTMEYeHO, cucTeMa KBOTHPOBAHHS
Y TOPTOBIIM BBIOPOCAMH — 3TO MEXaHU3M, KOTOPBIN
UCIIOJIB3YETCs ISl PErYIMPOBAHUSI YPOBHS BBIOPO-
coB III'. B pamkax Takoil CHCTEMBI, IPABUTEIBCTBO
WM APYTOH PEryaupyrOINil OpraH yCTaHaBINBAeT
00K JTUMHT WM KBOTY Ha KOJIMUECTBO ra3os, KO-
TOpBIE MOTYT OBITH BBEIOPOIIEHBI 3a OIpEe/IeNICHHBIH
MepHos BpeMEeHHU. DTOT JIMMHUT 3aTeM pas3jeisiercs
Ha MHIUBHIYaJbHbIC «IpaBa Ha BBIOPOCHD», KOTO-
pble MOTYT OBITh BBIJIAHBI WIIM TPOJaHbI KOMITaHH-
AM-OMUTeHTaM. KommaHuu, KOTOpble CIOCOOHBI
CHHM3HUTb CBOM BBIOPOCHI HMXKE YPOBHS, YCTAHOB-
JICHHOTO WX KBOTOMW, MOTYT TPOJATh CBOW Mpodu-
LUT KBOT JPYTUM KOMIAaHUSIM, KOTOPBIE HE UMEIOT
BO3MOYKHOCTH COKpaIaTh CBOM BBIOPOCHI [8]. DTO
co3naer (PMHAHCOBBIM CTUMYJ IS CHU)KEHUSI BbI-
OpOCOB, MOCKOJIBbKY KOMITAaHUH MOTYT 3apabaThiBaTh
Ha MPOJIaXKe CBOUX M3IHILIKOB.

B koHTekcTe MOOMJIBHBIX UCTOYHUKOB BBIOPO-
cos III', Takoil momxox MokeT OBITH MPUMEHEH
K JIMIaM, 3KCIUIyaTUPYIOIIUM O€33MHCCHOHHbBIE
TPAHCTIOPTHBIE CPEJICTBA, SIBJISIONIUMUCS YIaCTHHU-
KaMH cucTeMBbl. B cBOrO ouepens, mpeanoaaraercs,
YTO Y4aCTHUKAMHU CUCTeMbl OyIyT IPU3HAHBI JIMLA,
ypu 001IMe rofosbie BIOpockl [II 6yayT mpeBbI-
1aTh YCTaHOBJIEHHBIN MOPOT, KOTOPBIA ONpPEAETUT-
Cs1 HA OCHOBE CPEIHETO YPOBHSI BBIOPOCOB 3MUTEH-
TOB TPAHCIIOPTHOT'O CEKTOPA B CTpaHe. DTOT MOPOr
MOCITY’KUT KPUTEPUEM JUIS BKIIOYEHHS B CHCTEMY
TOProBJIM KBOTaMM Ha BbIOpocsl. [Ipenmnonaraercs,
4TO JaHHas cucTeMa OyJeT pacripoCTpaHSTHCS, B
YaCTHOCTH, Ha BEIYIIUE CTPYKTYphl CPEAH TpaHC-
MTOPTHOTO CEKTOpa.

Ha ocHoBe 3TOro Biajenblpl 0€39MHCCHOH-
HBIX TPAaHCIOPTHBIX CPEACTB B paMKax BCIIOMOTa-
TEJIBHOI'0 MHCTPYMEHTA PETyJINPOBAHUS BHIOPOCOB
CMOTYT IOJIy4aTh €JUHUIIBI COKPAILIIEHUS, COOTBET-
cTBytoue koiudectBy III, koTopbele mx TpaHc-
ITOPTHBIC CPEICTBA MOTITH OBI IIPON3BECTH, €CIIH OBl
OHH HCTIOIB30BAIH TPAJAUIIMOHHBIE BUJIbI TOTUINBA.
Takum 00pa3oM, 3T y4aCTHUKU OYIyT CIIOCOOHBI
HOJYyYUTh O(CETHBIE €AMHUIBI 33 MPeloTBpalle-
HHUE TIOTCHIIMAJIBHBIX BHIOpOCOB. B manHoM ciy-
qae Moj yriepoAHbIM O(CeTOM MoApa3yMeBaeTcs
COKpALIEHUE BHIOPOCOB WM YBEIMYCHHE MX IIO-
rnomenust [9]. Takol momaxon OymeTr MOOMIPSITH
WCIOJb30BaHUE O€39MUCCHOHHBIX TPAHCIOPTHBIX
CPEACTB U NMOAAEPKHUBATH PA3BUTHE YHCTBIX TEX-
HOJIOTHM, B TO K€ BpeMs IPEeAOCTaBisis THMOKUN
MEXaHU3M Ui peryiaupoBaHusi BeiOpocos I1I' ot
TPAHCIIOPTHOTO CEKTOpa. DTO TAKXKE CO3AACT DKO-
HOMHYECKUE CTHUMYJIBI JIJIsl CHHYKEHHSI BHIOPOCOB U
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MOCIOCOOCTBYET IMepexoy K Oosiee yCTOWUMBBIM
MOJIETISIM TPaHCTIOPTA.

Crnenyer o0paTtuTh BHHMAaHHE, YTO 3aKOHO-
nmatenscTBoM PK  mpemycmoTpeHa aHanorudHas
crucreMa st BeIOpocoB [IIT OT cTarmoHapHBIX HC-
TOYHHMKOB, KOTOpasi PEaln3yeTcsi 4epe3 MPOEKTHI
yraepoanbsix odeeros [9]. I'maBHast 3amada mpoek-
TOB YIJIEPOJHBIX O(CETOB — KOMITEHCAIUS BBIOPO-
COB YTJICKUCIIOTO Ta3a IyTeM (UHAHCUPOBAHUS I
pean3anny NpOeKTOB, KOTOPBIE CHIDKAIOT MITH y1a-
JISIOT 9TH Ta3bl U3 aTMochepsl B ipyrom mecre. Of-
HAaKO BAKHO OTMETHTH, YTO 3()(HEKTUBHOCTD TaKOH
CHUCTEMBI 3aBHCUT OT MHOTHX (PAaKTOPOB, BKJIFOYAs
YPOBEHb YCTAaHOBIIEHHOTO JIMMUTA, TIPABUII pactpe-
JIeJICHHS KBOT, BO3MOYKHOCTEH MOHUTOPHHTA U TIPO-
BEPKHU YPOBHS BBIOPOCOB, a TAKXKE OT HAIHYUS JI0-
CTaTOYHOTO KOJIMYECTBA YYACTHUKOB JJISI CO3TAHUS
KOHKYPEHTHOT'O PBIHKA.

B cBoro ouepenp, i obOecrieueHus CripaBe-
JUBOTO TIOJXO/Ia K PETyJIMPOBAaHUIO BBHIOPOCOB, B
pamkax CTB PK npemaraercs BHeapeHHe HHCTPY-
MEHTa, IPEeyCMaTPUBAIOLIETO YCTAHOBJICHHUE yTIJIe-
pOJHOTO Hajora. JTOT HAJOT OYyIeT MPUMEHSITHCS
K OIlepaTopaM, YbM BBIOPOCHI HE IOCTUTAIOT MOPO-
ra, YCTaHOBICHHOTO AJisi 0053aTENbHOTO Y4acTHs
B CTB, HO Bce e BHOCSIT BKJIaJg B oOwmMii 00beM
BbIOpocoB [1I". Yrnepoauslii Hanor OyaeT Harpas-
JICH Ha CTUMYJIMPOBAaHUE BCEX YYaCTHUKOB TpPaHC-
MOPTHOTO CEKTOpa K CHIDKEHHWIO CBOMX BHIOPOCOB,
BHE 3aBHCHUMOCTH OT UX TEKYIIEro YPOBHS. JTO MO-
3BOJIUT CO3JaTh SKOHOMHYECKHH CTHUMYJ Jisi BHE-
JpeHus 0oJiee YUCTHIX TEXHOJIOTHH 1 MPAKTHK JIaxkKe
JUTSL TeX, KTO He MOJIaaeT 1o/ 00s3aTesbHbIe Tpe-
6oBanwus, npenxycmorpennsie CTB PK.

OYHKIMOHUPOBAHWE  YTIIEPOJHOTO  HAJIOTO-
obnmoxkeHust OyAeT MPEeAyCMOTPEHO IMPOILECCOM
JICKJIapUPOBaHUs. YYUTHIBAs, YTO 3aJlaya Peryiiu-
poBaHus BEIOpocoB III' B TpaHCIOPTHOW OTpacid,
HEOXBAYCHHOM CHCTEMOU OYyJeT SIBISTHCS OCOOCH-
HO CJIOKHOHM H3-3a MHOT000pasusi TPaHCIIOPTHBIX
CPEJICTB, X TEXHHYECKUX O0COOEHHOCTEH, pa3iny-
HBIX YCJIOBUH JKCIUTyaTallid U IIHPOKOTO CIIEKTPa
UCTIOJb3yEeMbIX BHJIOB TOIUIMBA, JCKIAPHPOBAHUE
MIPEJICTABUTCA KakK I1eJIecO00pa3HbId MHCTPYMEHT.
DTOT MOAXO] MO3BOJMUT 00ECIEUnTh 0ojee THOKOoe
U aJanTUPOBAHHOE PEryJMPOBaHHE, CHOCOOCTBYS
3¢ (deKTHBHOMY KOHTPOJIO M CHM)KCHHIO BO3JCH-
CTBHSI TPAHCIIOPTHOT'O CEKTOpa Ha KJINMAT.

Jnst ynpoienust mporecca peryJupoBaHusl U
MTOBBIMICHUS €0 dYPPEKTUBHOCTH JCKIapUPOBAHUE
BbIOpOCOB [1I" MOkeT OBITH OPraHU30BaHO HA OCHO-
Be pa3paboTaHHOHN 0a3bl NAaHHBIX IO BHJIAM TPaHC-
MopTa, MCHOJIB3yEeMOMY TOIUIMBY M COOTBETCTBY-
oM ko3dduiimeHTaMm BIOPOCOB. DTO MO3BOJIMT

CTaHAAPTH3UPOBATH MPOLECC U CleNIaTh ero Oosee
ynpasisieMbiM. TeM caMbiM, B paMKax 3TOTO HWH-
CTpYMEHTa peryJIMpoBaHus KIto4YeBas ujest Oyaer
3aKJIIOYaThCS B CO3/IaHUU CUCTEMBI, KOTOpasi O3BO-
JUT KOHTPOJIMPOBATH BHIOPOCHI MMAPHUKOBHIX T'a30B
Ha YPOBHE KOHEYHOTO oTpeduTens. Hapsmy ¢ atum
CTUMYJIUPYS MOTpeOUTENeH K MCIOIB30BaHHIO0 00-
Jiee HKOJIOTUYECKH YHCTHIX BHJIOB TpaHcmopTa. Ta-
KUM 00pa3om, yriepoansiii Hajor pononHut CTB,
pacumpsisi BO3AeicTBUE MOJUTUKU B 00JacTH KITU-
MaTa Ha 0oJjee MIMPOKUI KPyT YYaCTHHKOB W TIO-
JICpKUBasi O0IIME YCUIIHSI TI0 COKPAIIEHUIO BHIOPO-
coB [II"' Ha HaMOHABHOM YPOBHE.

B nienom, B XoJie paccMOTpeHUsI BO3MOXKHOCTEH
perynupoBanus BeiOpocoB I HeoOXomumMo yuu-
TBIBaTh OOIIYIO TIIOOANBHYIO LIENb, KOTOpask Mpea-
ycMaTpuBaeT co0O0i OrpaHHYEeHHE TI00ATBEHOTO
noTerieHus B pamkax 1,5 rpamycos Llenscus [10].
COOTBETCTBEHHO, B X0JI¢ PUHATHS Ha ceOst 00s13a-
TENBCTB Ha YpOBHE pa3BUTHIX cTpaH PK oObsBmIa 0
CBOEM HAMEPEHHUH BHECTH MOJIOKUTEIbHBIN BKIIAJ B
COJICHCTBHE MepaM, CIIOCOOCTBYIOMIMM MPEJOTBpa-
[IIEHUIO0 HETaTUBHOTO BO3MelcTBHS Ha KiauMat [11].
To ectb, sBIsAACH yuacTHUKOM Pamounoii KoHBeH-
LMY 10 U3MEHEeHUI0 KiaumaTa, Kazaxcranom, kak u
BCEMH 3aMHTEPECOBAaHHBIMH CTPAaHAMH HEOOXOITUMO
pean30BbIBaTh MEPHI JUISI JOCTHXKEHNUS 00IIEMHUpPO-
BOHM LIENM B Mpejenax JOCTYIHBIX BO3MOXKHOCTEH
[12]. OnHolt U3 HHUX SBIAETCS CHCTEMa TOPTOBIIH
BbIOpocamu [13]. A ycoBepIlIeHCTBOBaHHUE JAHHOU
CHCTEMBl OJHO3HAYHO MOCHOCOOCTBYET IOBBILIC-
HUIO MOTEHIMAIa MUHUMHW3aLUM BO3ACHCTBUI Ha
KIJIUMaT.

B cBoro ouepenp, paccmMaTpuBaeMoe B JTaHHOM
CTaThe TMPEUIOKEHNE NpeayCcMaTpuBaeT CcoOon
KOMIUIEKCHBIM ITOJIX0J, a UMEHHO IIaru, Tpedyro-
IIMe TINATeJbHOM mojarotoBku. JlaBaiiTe ke pac-
CMOTpHUM HX OoJiee aetanbHO. IlepBoe, d3hderTHB-
Has MHTErpanus MoOWIBHBIX HcTouHUKOB B CTB
HA4YMHAETCS C CO3/IaHUS HAJEKHOW METOO0JOTHH
ydeTa BBIOPOCOB OT TPAHCIIOPTHOTO CEKTOpa. ITO
BKJIFOUaeT B ceOs omnpe/esieHne METOIOJIOTHH W3-
MEpEHHs, COIJIACOBAHHOM C MEXAYHapOJHBIMU
cTaHmapramMu B pamkax crenupukn Kazaxcrana.
BTopoli BaxkxHOUM cocCTaBisIOLIEH BHEIPEHUS pac-
cmatpuBaemoro cekropa B CTB PK asnsercs pas-
paboTka W WHTETpanus HaJIeKHOH CHCTEMBI MO-
HUTOPHHTa, OTYeTHOCTH M Bepupukanuu (MRV),
KOTOPAasi TO3BOJIMUT TOYHO OTCIICKHUBATH BEIOPOCHI OT
MOOWJIBHBIX UCTOYHHKOB W TapaHTUPOBATH COOJIIO-
JIEHHE YCTAHOBJIEHHBIX KPUTEPHEB COOTBETCTBUS.
TpeThbuM 1IaroM SIBJISIETCS BKJIIFOUEHUE MOOMIIBHBIX
HACTOYHUKOB B YK€ CYIIECTBYIOIIYI0 HH(PACTPYK-
typy CTB, uTo MoOXeT nmorpeboBaTh H3MEHEHHI B
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3aKOHOJIATEIBCTBE U aaNTallUl PHIHOYHBIX MeXa-
HI3MOB. Ha (uHamsHOM 3Tarre HeoOX0IUMO HETIo-
CPEICTBEHHOE YCTAHOBJICHUE KBOT HA BBIOPOCKHI OT
MOOUIIBHBIX UCTOYHHKOB.

B pamkax BTOopoil paccMmaTpuBaeMoW 3ajauu
JTAHHOW CTaThU IMOAXOJ K OleHKe BbIOpocoB I
MpeJIcTaBIsIeT coO00 METO/I, OCHOBAaHHBIN Ha M3Me-
PEHHSIX, TO €CTh PACYETHBIN METO/I.

Mertonomnorust, Kotopas Obuia BbIOpaHa JUIst
OIICHKH BBIOPOCOB, OCHOBBIBACTCSI HA PYKOBOISIITIX
MIPUHITUIIAX HAITMOHATLHBIX WHBEHTapu3amwii [14].
JlaHHBIA TOAXOJ TpelycMaTpuBaeT COOOH Haju-
YyHhe CIEIYIONMUX TOoKa3aTenei, HeOOXOIUMBIX IS
OIIEHKH, & UMEHHO yJIEIbHBIN pacXo MOTpeOIeHUs
TOTO WJIA WHOTO BHAA TOIUIMBA IMOAKATETOPUSIMHU
JIOPOYKHOTO TPAHCIIOPTA, a TaKKe KOAPPUIIHMCHTHI
HU3IIEH TeTIOTHI CrOPaHUs, OKUCIICHUS TOTUINBA U
yaenabHble K03 duimeHTs BoIOpocoB mo Buy 117

Pazbepém ke Kakablil mokaszaTenb Oosee Je-
TanbHO. O0BeM MOTpeOJIeHUsT TOTUIMBA TIpeaycMa-
TPUBAET COOOW yAENbHBIC NAHHBIE O KOJIUYECTBE
MOTPEOJICHHOTO TOIUIMBA TI0 KaXKI0MY BUIY (B pam-
Kax JIaHHOW CTaThbH — OCH3WH, AU3EIbHOE, COKIKEH-
Hble He(DTSHBIC ra3bl, BKJIFOYAs IPOIaH U OyTaH) 3a
ONpeJeNeHHbI TepuoJ BpemeHU. CTaHIapTHBIC
K02(DPUITMEHTHI BRIOPOCOB I KKIOTO THIIA TO-
IJTUBA TOKA3bIBAIOT KOMIWYECTBO BBIOpocoB I Ha
eJIMHUILy MOTPEOJICHHOTO TOoIuMBa. B pamkax rmo-
CTPOCHHS JAHHON MOJIETN PacueTOB UCIOIB30BaHBI
YCPEIHEHHbIE 3Ha4YeHus, a uMeHHO ToHHbl CO, Ha
TOHHY TOILJIMBA B CBSI3U C MPUMEHEHHEM IOJIX0Ja
K OIICHKE B paMKaxX MEXJTyHapOJIHON METOJIOIOTHH.
Taxoke qaHHBIE 00 YPHEPTETUICCKON IIEHHOCTH KaXK-
JIOTO THUIIA TOILJIMBA, UCTIOIB30BAHBI ISl TIepecueTa
00BEMOB TOTUTMBA B SHEPTHUIO M AalbHEHIIEro pac-
yeTa BBIOPOCOB. B kauecTBe yueTa BO3MOXKHBIX JI0-
MIOJIHUTEILHBIX (PAKTOPOB HEOOXOIMMO OTMETHUTH
CBEJICHHS TI0 OKHCJICHHIO TOIUIMBA, HO B paMKax
JAHHOW MOJIEJIH 9TU 3HAYCHUS TIPUHSATO YCIOBHBIM.

B nenowm, oriernts 00beMbI BBIOpOCOB [117 Mox-
HO Ha TpeX PaziINYHbIX YPOBHAX JETaTU3aIUH, UC-
X0/l M3 JIOCTYITHOCTH M IOJHOTHI MH(OpMAIUH.
Yem Oouibllie JaHHBIX JOCTYITHO O TEXHOJOTHUSIX
CKWTaHWsI WCIOJB3yeMOTO TOIUIMBA, TeM Ooiee
TOYHOW M BBICOKOW MOXET OBITh OLICHKa BBIOPO-
coB. BBuay TOro, 4ro oueHkKa OCHOBaHA Ha yCpel-
HEHHBIX JTaHHBIX, OTPEICIICHHBIX METOINYECCKIMHU
YKa3aHUSIMH, NAHHBIM MOJXOJ K OLIEHKE MPemyc-
MAaTPUBAETCS MEPBLIM YPOBHEM. DTO 03HAYACT, UTO
MIPUHSATHIE MTOKA3aTENN SBJISIOTCS 3HAUCHUSMH «IIO
ymomganuio» [15, 16].

Pacuer BbiOpocoB CO, 0 TOIIMBHOMY HOJXO-
Iy BKIIIOYaeT B ceOsi mociemyrommue dTambl. [lep-
BbIM SIBJISICTCSI OMNpPEJCICHHE OOIIero KOJIMYeCTBa

28

MOTPEOJICHHOTO TOTUIMBA KAXKAOTO THITA 3a Toj. [la-
Jiee ClleflyeT yMHOXKeHHe o0bemMa TOTPEOIIEHHOTO
TOIJIMBA HAa COOTBETCTBYIOIIUE MOKA3aTeNd KOA(]-
(DUIUCHTOB YIS KQXKJIOTO THIIA TOTUIMBA COTJIACHO
MIpUMEHAEMOH MeTomoornn pacdyera. Ha dpurams-
HOM JTarie OlleHKa BKJIIoYaeT B ce0si CyMMHUPOBaHHE
MOJTyYEHHBIX 3HAYCHUH BBIOPOCOB OT BCEX BHUOB
TOTUTMBA TSI TIOJYYeHHsI OOIIET0 KOJIUYECTBA BbI-
opocos I1II" o TpaHCITOPTHOMY CEKTOpY (B TaHHOM
cllydae — IMOJIKaTerOpHH JJOPOIKHOTO TPAHCIIOPTA).

B paccmarpuBaemoii Moeny pacdeThl BEIOpPO-
coB CO, Ipou3BeIcHbI CJIEYIOIHMM 00pa3oM:

MC02: m * kmc* konmc. * k3M’ (1)

rue:

M_.,, — BBIOpOCHI nnokcuaa yriepona, TCO, B
rO;

m — KOJIMYECTBO NOTPEOICHHOTO TOIIMBA, TOHH
B TOJI;

k, . — nusmas terora cropanus (HTC) To-
wmBa, Tx/TonH. 3nauenns HTC mpusATH «110
ymomdanuio», s OenszuHa — 0,0443 TJx/ToHH,
nusenbHoro Tomiuea — 0,043 T/Ix/ToHH, mpomnaHa
n OyTaHa (He(TSHBIX CXIKEHHBIX ra3oB) — 0,0473
T Ix/ToHH;

k.. — KOOQPUIMEHT OKHMCIIEHUS TOTUIMBA. 3Ha-
YeHHUs KOO(PQPUITMCHTA OKUCICHHS TOTLTMBA TTPHHSI-
TO «II0 YMOJYAHUIO», PABHBIM 1;

k  — ko3 puimenT BHIOPOCOB TUOKCHIA yTJIE-
pona, toun/T/x. 3nauenuss k03)HUIMEHTOB BbI-
opocos CO, MPUHATHL «I10 yMOJIYAHUIO», I O€H-
3uHa — 69,3 Toun/T Ik, qu3enpHOro Tormmsa — 74,1
tonn/TJ[k, nponana u Oyrana (HeQTIHBIX CKIKEH-
HBIX Ta30B) — 63,1 Toun/Tx.

B cooTBeTcTBHM C MPEUIOKEHHBIM MOIXOJIOM
K OIICHKE B TPaHMIAX JAHHOW CTaThH IPEIJIONKE-
Ha CcIefyIoniass MoJenb u3MepeHus BeiopocoB [1I7
OT MOOMIIBHBIX MCTOYHUKOB, & UMEHHO OT JIOPOXK-
HBIX TPAHCIIOPTHBIX CPEJCTB, OOIIMH BKJIaJl KOTO-
PBIX HAXOJIUTCS B TIpEJieNiaX BHICOKMX MTOKa3aTeNeH.
BpemMennrsie rpaHuilsl, moajiexaniye omnenke — 2023
TOJI.

B xone npoBeneHus ONIEHKHA BHIOPOCOB YUTEHBI
CJIEYIOIINE BHJIBI TPAHCIIOPTHBIX CPENICTB, BXOS-
IIME B KATETOPHUIO JOPOKHOTO TPAHCIIOPTA, @ UMEH-
HO JIETKOBBIE, TPY30BbI€ aBTOMOOMIIM U aBTOOYCHI.
Jonst pacmnpeneneHusi BUAOB JOPOXKHBIX TpPaHC-
MOPTHBIX CPEJCTB MEXKAY COOOH MpeaCcTaBiIeHa Cie-
IyIOIIAMHU TIokazaTensmMu — 87,9%, 9,9% u 2,07%
CcOoO0TBEeTCTBeHHO [17], W3 KOTOpBIX oOIIas HOJsI
anekrpomoduieit cocrasuser 0,021% [18]. Co-
TJIACHO TIPEJICTABICHHOW CYIIECTBEHHOCTH MEXKITY
MOJKATETOPHSAMH B KAaTErOPUHU JOPOKHBIX TpaHC-



K.I'. Mypatosa u nip.

MOPTHBIX CPEICTB MPOBEICHBI PacyeThl BHIOPOCOB
JIBYOKHCH YTJIEpOJa COTJIACHO MOIXOMAY, KOTOPBIH
npeaycMaTpuBaeT oleHKy BeiOpocoB I1I" Ha ocHOBe
JaHHBIX OOIIEr0 KOJMYecTBa MOTPEOIEHHOrO TO-
TUTMBA TI0 KaXKJIOMY HCTIOIB3yeMOMY BHIY. BaxxHO
MOJYEPKHYTh, 4TO y4eT BbiOpocoB III' ocymect-
BJICH MPEUMYLIECTBEHHO JJIS1 ABYOKHCH YTIJIEPOJa,
1pu 3ToM KBoTUpoBaHue B PK mpumensieTcss umeH-
HO K 9TOMY rasy.

B kauecTBe HaHHBIX MO TOKazaTeNsM o0OIIe-
ro oobeMa MOTPEOICHHS TOIUTHBA OBUTH TIPHHSTHI
3HaueHUS U3 craTucTuuecknx gaHHeiX PK. B coot-
BETCTBUHU C ATUM OIpPENENICHO, YTO A (PYHKLIHO-
HHUPOBAaHHUS MOOWMJIBHOTO TpaHCIOpTa, HamOoJee
9acTO UCMOJIb3yeMbIM BHIOM TOTUTHUBA SBISETCS —
OensuH. Taxxe moMuMO OEH3HMHA TPAHCHOPTHBIMHU
CPEJICTBAMH PACXOIYIOTCS TU3EIbHOE TOIUIUBO U
CKKeHHbIe HedTsiHbIe Ta3kl (pornad u OyTtan). Ha
JIOJIIO aBTOMAapKa, MCHOJIB3YIOMINX MPUPOTHBIN Ta3
W CMeIIaHHbIE BUIBI TOIUIMBA MPUXOAUTCS OKOJIO
2% ot obmero oobéma [19].

Pe3yabTaThl H 00Cy:KI€HHE

B cooTBeTcTBUM ¢ TpeThel IMOCTAaBICHHOW B
paMKax JaHHOH CTaThbU 33Ja4eil ¢ y4ETOM NOTECHIIU-
aJla UCII0JIb30BaHU TOI'O MJIKM MHOT'O B A TOIIJIMBA B
CTpaHe MPOBeJIcHa OIIEHKAa BHIOPOCOB U BBHICTPOCHA
MoJieNb UX n3Mepenus. [loreHman ncmonp30Banus
MPEJICTABJICH CICAYIOIUMHU TOoKa3aTeasimMu. [oJ1o-
BOH TOILTUBO-YHEPIETUYCCKUI OallaHC, BBIPAXKCH-
HBI B HATypaJlbHOM 3KBUBAJICHTE paBeH 7,855 ThIC.
ToHH. [loTpebnenne OGeH3WHA JOPOKHBIMU TPAHC-
MOPTHBIMU  CPEJICTBAMH coCTaBisieT 5,172 ThIC.
ToHH (65,84%), mu3enpHOTO TOIUTHBA — 2,25 THIC.
TOHH (28,6%) 1 CKMKEHHOTO HeTsHOTO ra3a — 275
ThIC. TOHH (3,5%), 9TO B O0IIIEH CIIOKHOCTH SIBIISICT-
cs1 98% oT 001Iero KoM4YecTBa BCETo COXIKEHHOTO
TOIJIMBA B JIAHHOW MOJKATErOpUU TPAHCIIOPTHOTO
cekropa [19].

Ilokazarenmn 1o BBIOpOCaM, OIpeeICHHbIC
pacdy€THBIM METOJAOM IPEACTABJICHBI HMKEC. CTO-
UT OTMETHTh, YTO BHIOPOCHI TMAPHUKOBBIX Ta30B
OT CXKHTaHHUsS TOIUIMBA B TIPOIECCE DKCILTyaTaluu
TPAHCHOPTHBIX CPEACTB, B HaCTHOCTU aBTOAOPOK-
HBIM TPAHCIIOPTOM TMPEJACTABICHBI TI0 Hauboee
CYIIIECTBEHHBIM BHUIaM TOILJIMBA C TOYKH 3PEHUS UX
IMPUMCHCHUA.

Pacuer BbIOpocoB CO, 0T coxMranus OeH3uHa:

M, o, =5 172100 T * 0,0443 T Ix/T *

II".CO!

*1 % 69,3 TCO,/Tx = 15 878 295,3 TCO, (2)

Pacuert BrIOpocoB CO, OT CKMraHuUs JTU3EIBHO-
ro TOILUINBA:

M, oo, = 2 349 900 T/Dx * 0,043 T/Ix/t *
*1 % 74,1 1CO/T]lx = 7 487 486,4 1CO,  (3)

Pacuer BriGpocos CO, OT CxkUraHMs NponaHa u
OyraHa:

M =274 500 TOx * 0,0473 T[Lx/T *

I11.CO2

*1*63,1 1CO,/TIx =819 280,9 1CO, (4)

B Tabmune | mpuBeneHBl COOTBETCTBYIOLIHME
3HAa4YEHHs HAa OCHOBE MPE/ICTABICHHBIX MIOKa3aTese
10 noay4eHHsIM Beiopocam CO,.

Ha ocHoBe omnpeieneHHBIX TOKa3aTeNneH 1Mo BbI-
OpocaM MOKHO CJeNaTh cleaylomne BBoabl (Pu-
CyHOK 1).

Bri6pocer CO, B KaTeropuu JOPOKXHOIO aBTO-
TpaHCIIOpTa B paspe3e M0 BUAAM HCIIOJIb3YEeMOTO
TOILIMBA!

1. Beiopocer CO, oT coxuMranust OeH3MHa COCTaB-
asrot 15 878 295,3 ToHH. DTO HanOOJBIIKH 00bEM
BBIOPOCOB CpeJli pACCMOTPEHHBIX BHJIOB TOILINBA;

2. Beibpocer CO, OT CHKUTaHMS JU3ETBLHOTO TO-
mvBa coctapisitor 7 487 486,4 TOHH. DTO BTOpOH
M0 BEJTMYMHE MCTOYHUK BBIOPOCOB CPEAHM PAcCCMO-
TPECHHBIX;

3. Beiopocer CO, ot coxuranus npomnana u oyra-
Ha cocrtaBisaoT 819 280,9 ToHH. DTO HAUMEHBILINHI
00bEeM BBIOPOCOB Cpelayl MPHUBEACHHBIX BHIOB TO-
TJTHBA.

B obmeii cnoxuoctu BIOpockl CO, OT Cxku-
raHusi 9TUX Tpex Hamboliee MaTepHalIbHBIX BHUIOB
TOILJIMBA COCTABJISIOT puMepHo 24 185 062,6 ToHH
CO,.
Ha ocHoBe ananmm3a o01iero oobeMa BRIOPOCOB
III" OT TpaHCTIOPTHOT'O CEKTOPa CTPAHbI, IPEIIOKE-
Ha MOJIEJNb I CPABHEHUSI yIETBHBIX BHIOPOCOB OT
TPaHCHOPTHBIX cpelacTB. COrjaacHO MPHUBEICHHBIM
pacderam, B CpelHEM Ha KaXIylO eIWHUILYy TpaHC-
nopta npuxoaurcs 3,1 Tonnsl BeIOpocos CO, Ha rox
3a CYET CHKUTAHUS OJHOM TOHHBI COOTBETCTBYIOLIE-
ro BHJA TOTUIMBA. JTO O3HAYAET, YTO MPH IMOIHOM
CropaHuu OIIHOI71 TOHHBI TOIUIMBA, TPAHCIIOPTHOC
CPEICTBO B CpelHEM TeHepupyeT 3,1 TOHHBI yTie-
KHCJIOTO ra3a, BHOCS CBOM OTPHULIATEIbHBIN BKJIAJ B
obmmit 00bem 1T, BeIOpackiBaeMbIX B aTMochepy.
JanHast MozieNb MPEOCTABISIET HCHHYIO HH(pOpMa-
LU0 JJIS1 OLIEHKU BO3ACHWCTBHUS TPAHCTIOPTHOTO CEK-
TOpa Ha KIMMAT M TIOAYEPKUBAET BaKHOCTh BKIIIO-
yeHust JanHoro cektopa B CTB PK.
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Tadmuma 1 — KonuuecTseHHble NOKa3aTeNt, OCHOBAHHbIC HAa H3MepeHHUsX BbIOpocos CO,

Bri6pocst VnenbHble OKa3aTenu
KonnuectBo
Kareropust Tloaxareropuu Bun HOTDEBICHHONO MapHUKOBBIX Ta30B BBIOPOCOB Ha TOHHY
TPAHCIIOPTHOTO | TPAHCIIOPTHOTO |  MOTPEOICHHOTO o anBa TOHH B BXOJIC OKCIUTyaTallil | COMOKEHHOTO TOILIMBA,
CeKTopa CeKTopa TOILTHBA ro, TPAHCIIOPTHBIX CPEICTB, | TOHH, ToHH CO, B rox
A TOHH CO2 B I'OJI Ha CAMHUILY
Bensun 4 548 599,5 13964 155 3,1
Husennroe 20666178 6 584 864,3 3.2
JlerxkoBbie TOTUIMBO
aBTOMOOMITH
CoKMKEHHBIE
He(TSIHBIE Ta36l 2414088 720 516 3
(poran u GyTaH)
Bensun 516 1973 1584 720,6 3,1
) Auseneroe 2345299 747 282,6 3.2
JlopoxHbIit I'py3oBbie TOTIUBO
TPaHCIIOPT aBTOMOOWIIN e — 5
HE(TSHBIC Ta3bl 27 396,3 81767,7
(npomau u OytaH)
Beusun 107 303,2 329 419,6 3,1
Jlusenehoe 487523 155 339,4 32
TOILIUBO
ABTOOYCBI
CKM)KEHHBIC 3
He]TSIHbIE Ta3bl 56949 16 997,2
(npoman u OyTaH)

Briopockl, TCO2

EBensun W [[usensHoe TOILIHBO ECHI

Pucynoxk 1 — Coornourenue Bribpocos CO, o BuiaMm noTpeOIEHHOro TOMIMBa

K Tomy ke, HEOOXOIMMO OTMETHTh, YTO BBI-  TPAHCIOPTA. DTO CBS3aHO C TEM, YTO 3TH BUJBI TO-
OpOCHI TMOKCHIA YIJIepoJa OT CKUraHusl OCH3MHa,  IIJIMBA SABJIAIOTCS HanOOJee YacTO UCIOIb3yeMbIMU
JM3EJbHOTO TOIUIMBA U CKIDKCHHBIX HE(TSHBIX I'a-  3HAYUTEIBHOM J0JIeH BCEro TPaHCIOPTa B JaHHOM
30B cOCTaBISIOT 98% Bcex BBHIOPOCOB JOPOKHOTO  Kareropuu. B To xe Bpemsi, BBIOPOCH JOPOXKHOTO
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TpaHcrnopTa cocTaBisitoT 81% oT Bcex BBIOPOCOB
MOOWJIBHBIX UCTOYHHKOB B CTPAHE COTIIACHO BBIIIIE-
MIPUBEJIEHHBIM CBEJICHUSIM 10 COCTaBY TPaHCIOPT-
HOTO MapKa CTPaHbl. ITO MOJUYEPKUBACT KIIOUCBYIO
POJIb TOPO’KHOT'O TPAHCTIOPTA B OOIIEM 00BEME BBI-
6pocos I1I" 0T MOGMITHHBIX HCTOYHUKOB.

B KkoHTekcTe BKIIOUEHHUS 3THX BBIOPOCOB B
CTB PK 5Ty jaHHbIE MOJUYEPKHUBAIOT 3HAYUTENb-
HBIN TIOTCHITHAJ JJIs PETYIUPOBAHUS U CHIDKCHHS
BbIOpocoB [1I'. B cnyuae, ecin nHTeTpanus TpaHc-
noptHoro cexkropa B CTB PK ycnemno peanu-
3yeTcs, 3TO IOCIOCOOCTBYET CTUMYJIUPOBAHUIO
ycwiuii 1o cHmkeHuto BbiOpocos [T ot mopox-
HOI'O TPAaHCHOPTA, MOCKOJBKY YYAaCTHUKHU pPbIHKA
OyIlyT MOTHBHUPOBAHBbI CHHXAaTh CBOU BBIOPOCHI
BBUIY SKOHOMHYECKHUX BBHIrOJ. B TO ke Bpems,
9TO CMOJKET IOCIIOCOOCTBOBATH MOBBIMICHHUIO (-
(EeKTUBHOCTH HCIIONB30BAHUS TOIIMBA U BHEApe-
HUIO 00JIee YHCTHIX TEXHOJOTUH B TPAHCIIOPTHOM
cekTope. B o0miem, BKIIFOUCHUE 3THX BEIOPOCOB B
CTB PK crirpaer BakHy10 posib B CTpaTeTuu CTpa-
HBI 110 CHMKEHHUIO 00miero oobema Boiopocos 1T
B LIEJISIX JOCTHXKEHUS YIIIEPOAHON HEUTPATbHOCTH
10 2060 roga [20].

3akaouenue

B 3axmiouenue BaKHO OTMETUTBH, YTO BKJIIO-
yenue TpaHcnoptHoro cexkropa PK B CTB umeer
3HAUUTEIBHBIA TMOTCHIIMAT W TIEPCIIEKTUBBI TS
CTUMYJIMPOBAHHS COKpalieHus BbIOpocoB [IIT u
YCTOWYHMBOTO Pa3BUTHS TPAHCIOPTHOH wH(ppa-
CTPYKTYPBL. DTO TAKXKE CMOKET ITOCIIOCOOCTBOBATH
YKPEIUICHUIO YKOHOMUYECKOH KOHKYPEHTOCTIOCO0-
HOCTH CTpaHbl 3a CYET MHBECTUIUN B JKOJOTH-
YECKHM YHUCTHIC TEXHOJOTHU U Pa3BUTHE 3EJCHBIX
WHHOBAIUH.

B pamkax paccMoTpeHus MOTEHIMAa W TIep-
CIIEKTHB HMHTETPAIlMi TPAHCIIOPTHOTO CEKTOpa B
cymectByroryto CTB PK MoxkHO caenats cnenyto-
IIHe 3aKITIOYCHHS.

[Ipex e Bcero, ¢ Touku 3peHust 0OpHObI ¢ U3Me-
HEHUEM KIIMMaTa, JaHHAasl Mepa MO3BOJUT CHU3UTh
oTpuuareiabHoe BausHue [1I7 Ha okpy»Karollyto cpe-
Iy, B YaCTHOCTH, Ha INI00aJIbHOE MTOTETICHHE, Yepe3
MPUMEHEHUE PA3IUYHBIX MHCTPYMEHTOB YyIpaBlie-
HUSI, HAPABJICHHBIX HA COKpAIleHHEe BHIOPOCOB 3a
CYET peryaupoBaHUs TPAHCIOPTHOTO cekTopa. B
paMKax JaHHOT'O MCCIEIOBaHUS, IOMUMO yYCTAHOB-
JICHWsI TUMHUTOB JIJISl YYAaCTHUKOB CHCTEMBI, TIPeI-
JIO’)KEHO BHEJPEHHE CHUCTEMBI yIJIepOJIHOTO JIeKIa-
PUPOBAHUS U peaTU3alUUd MPOCKTOB COKPAILICHUS,
TaK)Ke U3BECTHBIX KaK MMPOEKTHI YTIIEPOIHBIX odce-
TOB. DTH MEPbI IPE/ICTABIISIOT OO0 AP PEeKTUBHBIC

WHCTPYMEHTHI JIJIsl CHUKEeHUs BBIOpocoB [1I" u 6opsb-
OBl ¢ I3MEHEHNEM KIIUMarta. YTIEpPOAHOe JIeKIapH-
pOBaHMeE MO3BOJUT KAKIOMY YHACTHUKY 9KOHOMHKHU
OCO3HaBaTh U KOHTPOJHMPOBATH CBOH YIJIEPOIHBII
CJIeZl, 94TO TIOCITOCOOCTBYET OoJiee OTBETCTBEHHO-
My MOTPEeOJIeHHIO, MOCKOJIbKY YYAaCTHHKH CTaHYT
0ojee OCBEIOMIJIEHHBIMH O CBOEM BIIMSHUU Ha
OKpY’Karollyto cpeny. B To ke BpeMsi, yriiepoiHbie
oceTsl TpeAsaraloT BO3MOXKHOCTh KOMIICHCAIIUU
BBIOPOCOB TMYTEM MHBECTUPOBAHUS B MPOEKTHI, KO-
TOpPbIE CHUKAIOT WIN YJAJSIIOT JBYOKUCH yIiIepoa
u3 arMocdepsl. BMecTe 3T MHCTPYMEHTEHI, a Tak-
)K€ MHTerpauusi TpaHcmoptHoro cekropa B CTB
PK, ceIrpatoT KiIto4eBylo poiib B Iiepexoyie K Oosee
YCTOHYMBON U HU3KOYTJIEPOAHON d3KOHOMHUKe. OHH
TaKke MOCIOCOOCTBYIOT AOCTHXeHuIo wneneit Ila-
PUKCKOTO COIVIAIICHUS U YCUIIUU O COKPALLEHUIO
BbIOpocoB [1I" Ha robansHOM ypoBHE. OHAKO A5
UX YCIEUIHOTO BHEJPEHHS MOTPeOyeTcsl COTPYTHH-
YECTBO BCEX 3aMHTEPECOBAHHBIX CTOPOH, BKJIIOYAs
rOCyJJapCTBEHHBIE OPraHbl, OU3HEC U TPAKAAHCKOE
00IIECTBO.

Kpome Toro, B pamkax JaHHOM cTaTbu MpeEj-
JIOKEH MOAXO0/]1 K Oo1leHKe BbiOpocoB I1I" TpancmopT-
HOTO CEKTOpa, KOTOPBIX SABIAECTCS BaKHBIM LIArOM
Ha NYTU K HOHMMAHMIO U YIPABICHUIO HKOJIOIHYE-
CKHMM BO3JCHCTBHUEM TpAHCIOPTA B CTpaHe. Takum
00pazoM, XOTsI MPEUIOKEHHBIM MOAX0A K OLICHKE
BBIOpOocoB Il TpaHCITIOPTHOTO CEKTOpa SBISETCS
SHAYUTCIIbHBIM BKJIAZIOM B YIIPABJICHUEC KJIWMMAaTU-
YECKUMH BO3MOKHOCTSMU M PUCKAMHU, €r0 pealiu-
3amua MOTpedyeT HalbHEHINX KOPPEKTHPOBOK,
YTOUHEHUH, IPOIOJKAOLIENCS OLEHKH, alanTallui
U yIy4dlIeHUuH, 9TOObI OTBEYATh TEKYIIUM OCOOCH-
HOCTAM H OyaymuM notpedHocTsM. Ho Tem He me-
Hee, MPEeINoaraeTcs, 4YTo MpeayIoKeHHBIN MOAX0.T
ITOCIIOCOOCTBYIOT TIPOBEJICHUIO AalbHEHIICH Hal-
Jexarmeld oreHku BeIOpocoB IIIT TpaHCmOpTHOTO
CeKTopa Hamieil crpaHbl. B cBow ouepenb, Takas
OLICHKA MO3BOJUT CHOPMHUPOBATH peecTp MOKaza-
Tenel, HeoOXOAMMBIX sl (DYHKITHOHUPOBAHMS WH-
CTPYMEHTOB YIJIEPOJIHOIO PETYJIMPOBAHUA, IIPEAYC-
MoTpeHHbIX B pamkax CTB PK.

K tomy e, B 1aHHOH cTaThy HAa OCHOBE MpE.-
JIOKEHHOTO TI0JIX0/1a K OIIEHKE BBHICTPOEHA MOJIENb
U3MEpPEHMs] U MPHUBEJIEHBI COOTBETCTBYIOLIHME II0-
kazarenu 1o BeiOpocam III' B rpanmmax Hamboiee
CYIIIECTBEHHOM KaTeropuu TPAaHCIIOPTHOTO CEKTOpa.
[IpuBenennsie nokaszarenu no BeidOpocam I1I" Ham-
OoJiee MaTepruaIbHOW KaTEeTOPHUH TPAHCIIOPTHOM OT-
paci MOTYT ObITh TPUMEHEHBI JUIS IPOBEACHUS 00-
el OLCHKH MOTEHIMANa CHUXKCHUS BO3ICHCTBUS
BBIOpOcoB [1I" Ha M3MEeHEeHME KIIMMaTa, 8 UMEHHO Ha
rio0akHOe MOTEIUICHHE.
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B coBokymHOCTH cTaThsl mpenjaraeT CTpaTeru-
YECKHH TMOIX0J K aIanTallid TPaHCIOPTHOTO CEK-
Topa B cymectBytomyio CTB PK nmyrém onenku u
yIpaBJICHHS, KOTOPBIH MOCIMOCOOCTBYET COKpaIle-
HATO BIUsSHUA BEIOpocoB 11" Ha xkimmar. [logxon u
COOTBETCTBYIOIIASI MOJIEIh HU3MEPEHUs MOTpeOyeT
JaJbHEHTIIed MOAUQUKAINH, HO YKe ceifuac mpeio-
CTaBIIIET OCHOBY JIJISl U3MEPEHUS W KOHTPOJISI KITFO-
YEBBIX KaTETOpU BBIOPOCOB, UTO SIBISICTCSI BaXK-
HBIM IIaroM B MEPEX0Ji¢ K YCTONYMBOMY Pa3BUTHUIO
TPAHCTIOPTHOTO CEKTOpa CTPAHEI.

B urore nmyth PecnyOmuku Kazaxcran k sko-
JIOTUYECKH YCTOHYMBOMY OyayliemMy OyIeT Tpe-
0oBaTh HE TOJILKO TEXHOJOIMYECKHMX MHHOBAIUH,

HO U TMOJHUTHUYECKON BOJIM, & TAKXKE TOTOBHOCTH
obmecTBa K M3MeHeHHsAM. B3sB Ha BoopykeHHe
JIydIke MPaKTUKA MUPOBOTO COOOIIECTBA U ajial-
THUPOBAB HMX K CBOUM YHUKAJIBHBIM YCIOBUSIM,
Kazaxcran MOXeT cTarhb NPUMEPOM YCIEIIHON
HMHTErPalliU TPAHCIIOPTHOTO CEKTOpa B OOIIICHAIIH-
OHAJIBHBIC YCHIIUS 1O O0phOE ¢ KIIMMAaTHYECKUMHU
M3MECHEHUSIMHU.

Kondaukr narepecon
ABTOpI)I CTaTb MNOATBCPXKOAOT OTCYTCTBUC

KOH(JIMKTa HHTEPECOB, a TaKKe J1000i hopmbl Pu-
HAHCHPOBAHUS U TTOIICPIKKH.
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ASSESSMENT OF SOIL AND PLANTS
IN PRIVATE GARDENS OF AN INDUSTRIAL CITY

In this study, ecological evaluation of the soils of the private gardens located in the industrial
area and in the suburban rural area was given. The results of physical and chemical analysis of soil
samples were summarized, and the obtained data were statistically processed. Soil and vegetable
samples for analysis were taken from private gardens located in the city near «Kazzinc» LLC. In ad-
dition, samples were collected from the outskirts of the city — Akhmirova village for comparative
analysis. These samples were prepared for chemical investigation to determine the content of Zn, Pb,
Cu, and Cd.

The findings revealed that the levels of heavy metals in the soils of the industrial area are several
times higher than those in the suburban rural area. The average values of the analyzed metals in the
industrial soils across all studied regions exceed the safe levels accepted in Kazakhstan. In the samples
taken in the industrial area, the content of all investigated heavy metals was 2 to 8 times higher than the
internationally recommended safe level. Despite being grown in the same environmental conditions,
vegetables have different accumulation levels of heavy metals. However, it should be noted that high
concentrations of heavy metals in the soil affect their content in plants. The highest levels of heavy met-
als were found in vegetables grown in the industrial area, while the lowest levels were observed in the
suburban area.

Key words: industrial zone, suburban rural area, private gardens, soil and vegetables.
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OHepKaCIiNnTiK, KaAaHbIH, XXeke 6aKLaAapbIHAAFbI TOMbIPAK,
)K9He OCIMAIKTepAiH 6aFaray

ByA 3epTTey >XyMbICbIHAQ OHAIPICTIK KeLleHre >KakblH X&He KaAa MaHblHAQ OPHAAACKAH aybIAAAFbI
JKeKe MeHLIK OaKlaAapAblH, TOMblpakTapbiHa SKOAOTUSIAbIK, Gara Oepiaai. Torblpak, cbiHamaAapbiHa
SKYPFi3iAreH (OM3MKAAbIK, )KOHE XMMUSIAbIK, TAAAQY HOTUXKEAEPI KOPbITbIHABIAAHBIM, aAbIHFAH AepekTep
CTAaTUCTUKAABIK, OHAEYAEH OTKi3iAAl. AHAAM3AEPAI >KYPri3yre apHaAfaH Torblpak, »X8He KOeKeHiC
YAriAepi Kaaa iwiHae «Kasmbipbiiws YKLLIK -He >kakbiH MaHAa OpHAaAaCKaH »keke 6akliarapAaH aAbIHAbI.
COHbIMEH KaTap CaAbICTbIPMaAbl TaAAQy XKYPri3y YLWIH KaAa weTiHeH- AXMep ayblAblHAH COMKeCiHLIe
YATIAEP XKMHaKTaAAbl. BYA YATIAED XMMUSIABIK, TaAAdyFa AalbIHAAABIM, KypambiHAaa Zn, Pb, Cu xene Cd
MOALLEpPI aHbIKTAAADI.

3epTTeAin OTblpFaH arMMaKTapAblH TOMblPaFblHAQ TAAAQHFAH ayblp METAaAAAPAbIH  MeALlepi
BHAIPICTIK aiMakTa AXMep aybiAbiHaH KaparaHaa GipHelle ece >XorFapbl eKeHAITT aHblKTaAFaH. bapAbik,
3epTTeAreH alMakTapAafFbl TOMbIPAKTAPAAFbl TaAAAHFAH METAAAAPAbIH AAbIHFAH opTalla MaHAepi
KasakcTraHaa KabbiAAAHFaH Kayinci3 AeHremAeH >Korapbl. OHAIPICTIK alMakTa aAblHFaH CbiHAMaAapAa
6GapAblK, 3ePTTEAreH ayblp MeTaAAAPAbIH MOALLEPI XaAblKApPaAbIK, YCbIHbIAFAH Kayirci3 AeHrenmet
CaAbICTbIpFaHAQ 2-AeH 8 ecere AeliH XKoFapbl 60AAbL. BipAer 3KOAOTUSIABIK, KaFAaiAa ©CipiAreHAiriHe
KapamacTaH, KOKeHICTepAiH ayblp MeTaAAapAbIH >XMHAKTay AeHremi ap TypAi 6OAAbl. AereHmeH,
TOMbIpaKTarbl ayblp METaAAAPAbIH XOFapbl BOAYbI 6CIMAIK KypamblHa Typa 8cep eTKeHiH aTan eTKeH
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Assessment of soil and plants in private gardens of an industrial city

>KOH. Ayblp METAAAAPAbIH, €H Kern MeALLEpPi BHAIPICTIK ayAaHAQ ©CiPIATEH KOKBHICTEPAE, €H a3bl — KaAa
MaHbIHAAFbl ayAQHAQ aHbIKTAAADI

Ty¥in ce3aep: 6HEPKaCINTIK afMak, KaAa MaHbIHAAFbI ayblA, XKeke 6akiiaAap, TOMbIpak, KaHe Ke-
KeHicTep.
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OueHka NoYBbl U pacTeHUi
B YaCTHbIX OrOPOAAX MPOMBbILLAEHHOIO ropoAa

B nccaea0BaHMM AaHa CpaBHUTEAbHAS XapaKTEPUCTMKA MOYB YACTHBIX OFOPOAOB, PACTOAOXKEHHbBIX
BOAM3M MPOMBILIAEHHOTO KOMIAEKCA M B MPUrOPOAHOM ceAe AXMUPOBA. Pe3yAbTaTbl (h13UKO-XMMUYe-
CKOro aHaAM3a 006pasLIoB MouBbl OblAM 0606LLEHBI U MOAYYEHHbIE AaHHble 06pPabOTaHbl CTATUCTUYECKM.
[Mpo6bl MOYBbI M OBOLIEN AAS aHAaAM3a GbIAM B3STbl M3 YaCTHbIX CAAOB, PACMOAOXKEHHbIX B FOPOAE
BOAM3KM TOO «KasumHk». Kpome TOro, AAS CpaBHUTEALHOIO aHaAM3a OblAM COOPaHbl MPobbl Ha OKpanHe
ropoaa — ceno AxMmpoBa. 91 06pasibl BbIAM MOAFOTOBAEHbI K XMMMUYECKOMY aHaAM3Y U OMPEAEAEHO
coaepxkarue Zn, Pb, Cu n Cd.

YCTaHOBAEHO, UTO COAEP>KAHME TIKEAbIX METAAAOB B MOYBAX MCCAEAYEMbIX TEPPUTOPUIA B He-
CKOAbKO pas3 Bbllle B MPOMbILIAEHHOM 30HEe, YeM B nouBax cera Axmupoa. CpeaHue 3HauYeHus aHa-
AM3MPYEMbIX METAAAOB B MOYBAX BCEX M3YyYaeMbIX PErMOHOB MPEBbILAIOT MPEAEAbHO-AOMYCTUMbIN
ypoBeHb, NpuHATbIN B KasaxcTaHe. B npo6ax, B3STbIX Ha CAAOBbIX y4dacTkax BOAM3M MPOMbILLAEHHOM
TEPPUTOPUM, COAEPIKAHME BCEX MCCAEAOBAHHBIX TIXKEABIX METAAAOB OT 2 AO 8 pas MpeBbIlAAO PEKo-
MEHAOBaHHbI MEXXAYHAPOAHBIMU CTaHAAPTaMM 6e30MacHbIi ypoBeHb. HecMoTpst Ha TO, YTO OBOLLM
BbIPALLMBAIOTCS B OAMHAKOBbIX YCAOBMSIX OKPY>KAIOLLEN CPEAbI, OHM UMEIOT Pa3Hblil yPOBEHb HaKOMAe-
HUS TKEABIX MeTaAAOB. OAHAKO CAEAYET OTMETUTb, UTO BbICOKAsl KOHLIEHTPALMS TSXKEAbIX METAAAOB B
MOYBE BAMSIET Ha COAEpP KaHMe UX B pacTeHmsx. HanboAblLee KOAMYECTBO TAXKEAbIX METAAAOB OBHApPY-

’KEHO B OBOLWlaX, BblpallleHHbIX B I'IpOMbIUJ/\eHHOVI 30H€, a HaMMeHbllee — B I'IpVIFOpOAHOVl 30He.
KaAroueBble caoBa: I'lpOMblLU/\eHHbIl71 KOMIAEKC, YaCTHbl€ OropoAbl, MPUropoAHble CeAbCKNe pa17|o—

Hbl, MO4YBa N paCTeHns.

Introduction

The rapid development of industry in the city of
Ust-Kamenogorsk leads to environmental pollution
with heavy metals. The smoke released from the
chimneys of industrial giants contains more than a
hundred pollutants. They not only pollute the air, but
also increasingly accumulate in the soil from year
to year. According to research by Woszczyk M. and
others, the level of soil pollution in Ust-Kamenogo-
rsk with heavy metals was estimated from medium
to very high[1]. However, residents of the city and
suburbs plant vegetables in their private gardens and
use them in large quantities in their daily diet. The
importance of vegetables as a source of micronutri-
ents and fiber, antioxidants in the diet is very high.
Moreover, since plants are considered excellent ab-
sorbers of metals from the soil, they also contain
toxic components in various concentrations. The
ability of vegetables to absorb heavy metals varies.
If some can accumulate less, then others can ac-
cumulate more[2]. Therefore, due to cultivation in
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polluted regions, this type of food leads to the in-
gress of toxic pollutants such as heavy metals into
the human body. Since there is no strong mechanism
for removing heavy metals from the body, even if
ingested in small quantities, they are very danger-
ous[3]. Eating vegetables contaminated with heavy
metals poses a great danger to health, causing vari-
ous serious diseases in humans [4,5,6]. Heavy metal
pollution of plants usually occurs when they absorb
pollutants from the soil through roots or leaves from
polluted air during growth [7,8,9].Currently, stud-
ies by many foreign scientists report high levels of
heavy metals in the tissues of crops and vegetables
grown in polluted urban areas [4,5,10]. In this re-
gard, to date, food contamination with heavy metals
and their harmful effects on the health of the local
population have become an urgent problem in many
countries and it was recommended to constantly
monitor heavy metals in vegetables [5,7,8,11].

The purpose of this study is to provide an envi-
ronmental characterization by determining the con-
centrations of lead (Pb), cadmium (Cd), copper (Cu)
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and zinc (Zn) in garden soils and vegetables located
in the sullied region and at a separate of a few kilo-
meters from pollution sources.

Materials and methods

The necessary soil and vegetable samples for re-
search were taken from garden plots near Kazzinc
LLP (industrial area) and the village of Akhmer
(suburban area), located about 3 km southwest of
Ust-Kamenogorsk.

The contribution of the Kazzinc LLP to the pol-
lution of the city’s atmospheric air is 47.8% of the
total emissions of the city (51 thousand tons), ac-
tually for the enterprise — 24.4 thousand tons. The
company has received an environmental permit for
emissions into the environment for 2023, taking into
account a reduction in standards by 4.9%, from 26.1
to 24.8 tons [12].

Sampling of soil and vegetables, their trans-
portation, storage and preparation of samples for
analysis were developed on the basis of approved
methodological recommendations. Soil samples
were completely decomposed with concentrated ac-
ids to determine the total content of heavy metals.
The overall metal content in the soil was measured
using atomic absorption in compliance with the ISO
standard [13].

The edible parts of the vegetables were dried at
60 ° C, ground, and converted to ash by heating at

450 © C for 6 hours in an oven. The resulting ash was
dissolved in 5 ml of 6 mol-dm?* HCI and then diluted
with distilled water to a constant volume [14]. The
prepared plant extracts were analyzed using a Var-
ian Spectra AA2204 FS apparatus to measure the
metal content through atomic absorption spectro-
photometry (AAS). The total content of heavy met-
als in beets, carrots, and potatoes was determined by
atomic absorption using a spectrophotometer.

To assess the accumulation of heavy metals in
soil and garden crops, the following environmental
and geochemical indicators were calculated:

- hazard ratio (R,) — the ratio of the metal con-
tent in the soil to the highest safe metal level;

To evaluate the buildup of heavy metals in veg-
etables, the following metrics are calculated:

- the coefficient of contamination of vegetable
crops, which is the ratio of the concentration of an el-
ement in a plant to the permissible residual amount;

- the bioaccumulation coefficient (BCF) is de-
fined as the ratio of the concentration of heavy met-
als in plants to the concentration of heavy metals in
soil [15].

- BCF = (concentration of heavy metals in
plants) / (concentration of heavy metals in soil).

Results and their discussion

The levels of heavy metals in the examined soil
samples are displayed in table 1-2.

Table 1 — The metal content in the soil of gardens situated in close proximity to Kazzinc LLP (mg/kg'dry weight)

Sample number Cu Cd Pb Zn
1 93,5 5,58 232,98 819,16
4 116,17 7,3 293,87 1014,21
114,17 7.3 280,39 981,62

In general, levels of all studied elements in gar-
den soils within the Kazzinc LLP were 2.6 to 28
times higher than those found in rural country re-
gions. The mean Cu content in the industrial area
was 107.95 mg/kg! dry weight, while in the soils
of the gardens of the village of Akhmer this indica-
tor was determined 2.6 times lower, that is in the
amount of 42.06 mg/kg"' dry weight. In the garden
soil near Kazzinc LLC, the average Cd content was
6.73 mg/kg! dry weight, while in a suburban vil-

lage it was only 0.24 mg/kg' dry weight, which is
28 times lower. At the same time, the Pb content
also showed a fairly high value in the industrial area,
269.08 and 21.92 mg/kg' dry weight, respectively,
that is 12 times higher. The Zn content in urban soil
was the highest among the detected heavy metals.
Thus, the average zinc content in samples near Ka-
zzinc LLP was 938.33 mg/kg! dry weight, which is
8.7 times higher than in samples from the village of
Akhmer (107.6 mg/kg"! dry weight).
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Table 2 — Levels of Cu, Cd, Pb, and Zn in the garden soils of Akhmer village, (mg/kg! dry weight)

Sample number Cu Cd Pb Zn
2 42,83 0,30 23,33 95,25
3 38,67 0,23 21,43 87,48
27 44,67 0,20 21,00 140,02

Based on the average concentrations of heavy
metals in the soil, the studied elements are ar-
ranged in descending order as follows: Zn > Pb
> Cu > Cd. Among the analyzed metals, Zn was
found in the highest amounts, and Cd showed the
lowest level. The obtained values of metals ana-
lyzed in garden soils near Kazzinc LLP are 3-10
times higher than the safe levels accepted in Ka-

zakhstan [16,17] (for Cu-33 mg/kg!, Pb-32 mg/
kg'). The concentration of the studied chemical
elements within Kazzinc LLP area, except Cu,
was 3 times higher than the safe level established
by the Directive [18]. In contrast, the total amount
of these metals in soil samples collected from the
village of Akhmer did not exceed internationally
acceptable safety levels.

Table 3 — Comparative data on the content of heavy metals in the soils (mg/kg! dry weight)

Sample Cd Pb Zn Cu Used literature
6,73 269,08 938,33 107,95 In this research paper
Soil 4,2 33,48 92,37 23,34 Ashraf et.al.(2021) [5]
1,40 77,88 246,86 205,04 Moghtaderiet.al.(2018) [19]

The findings of this study indicate that the con-
centrations of Cd, Pb, Zn, and Cu in the soil of the
industrial area are 4 to 10 times higher than the lev-
els reported by foreign researchers [5,19]. However,
in contrast to these results, Moghtaderi and col-
leagues [19] found Cu in the industrial soils at a con-
centration of 205.04 mg/kg!, which is nearly twice
the amount observed in this study (107.95 mg/kg™).

The quantitative content of heavy metals is not
sufficient to assess the ecological state of soils.

Therefore, for a comprehensive study of soil qual-
ity, a hazard coefficient was used, which shows the
ratio of the amount of metal in the soil to the safe
metal level.

Among the heavy metals studied, zinc (Zn)
ranked the highest in terms of the hazard coefficient.
The metals in the soils near Kazzinc LLP showed
the following decreasing order: Zn > Cd > Pb > Cu
and soils of the village of Akhmer: Zn > Pb > Cu
>Cd.

Table 4 — The hazard coefficient of heavy metals in soils in the immediate vicinity of Kazzinc LLP and the orchards of the village

of Akhmer
Area under study Pb Cu Cd Zn
Soils near Kazzink LLP 1,9 0,36 2,24 3,13
Soil of the orchards of the village of Akhmer 0,16 0,14 0,08 0,36

Therefore, it is evident that zinc and cadmium
exhibit the highest hazard ratios in the industrial ar-
eas of the city. In general, the hazard coefficients in
the suburban area did not differ statistically, and the
hazard coefficients in the industrial area showed a
significantly higher level.
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The concentration of heavy metals in vegetables
cultivated in the industrial zones of Ust- Kamenogo-
rsk and throughout the city

Vegetables grown in vegetable gardens near Ka-
zzink LLP and Akhmer village had different heavy
metal content. This differentiation is closely related
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to the level of soil pollution and the physiological
characteristics of plants. For example, despite the
high concentration of Pb in the soil of the indus-
trial area, the least amount of this metal was found
in vegetables. The evidence that plants accumulate
less Pb from the soil relates to the research of Latif
A. and others [20].

The largest amount of all the studied heavy
metals was recorded in beetroot, which showed a
greater tendency to absorb heavy metals. Of all the
vegetables studied, the Zn content was the high-
est, the largest amount of Zn among vegetables was
found in beetroot (mg/kg"'), the smallest in pota-

toes (15.9 mg/kg™). This is due to the high concen-
tration of this metal in the soil in which vegetables
were grown.

The Cu level in vegetables was also significantly
higher. Although Cu is an essential element for the
human body, its excess can cause serious harm to
human health. Beetroot showed the highest Cu con-
centration (7.45 mg/kg"), whereas carrots had the
lowest (2.99 mg/kg™!). In the works of Pipoyan and
others [21], -12.01 mgkg' was found in potatoes
grown in an industrial zone, and -5.78 mg-kg' Cu
was found in carrots, these values are slightly higher
than the results of this study.

Table 5 — Levels of heavy metals in vegetables cultivated in private gardens near Kazzinc LLP and in the village of Akhmer, mg-kg!

dry weight
Area under study Cu Zn Pb Cd
beetroot
Suburb of Kazzinc LLP 7,45 96,5 0,88 0,66
Village of Akhmer 4,52 28,7 0,01 0,23
carrot
Suburb of Kazzinc LLP 2,99 26,6 0,28 0,48
Village of Akhmer 3,9 21,9 0,46 0,16
potato
Suburb of Kazzinc LLP 3,35 20,2 0,1 0,42
Village of Akhmer 6,72 15,9 0,02 0,29

The Pb level was relatively low, from 0.01 to
0.88 mg/kg. Among the studied elements, the Cd
level was the lowest, from 0.16 to 0.66 mg/kg.

Comparing the data obtained with the results
of foreign studies, studies by Johann M.R. and oth-
ers [22] showed that the Pb and Cd content in car-
rots and potatoes was 4-16 times lower (the amount
of Cd in carrots is -0.041 mg/kg! and in potatoes
-0.096 mg/kg™!, the Pb content in carrots is 0.006 mg
/ kg, in potatoes-0.054 mg / kg™).

The safe limits of heavy metal content in food
products as recommended by FAO/WHO are 73.0
mg-kg™ for Cu, 99.0 mg-kg™" for Zn, 0.3 mg-kg™! for
Pb, and 0.2 mgkg™ for Cd [23]. Comparing these
limits with the data from this study, it was found that
the levels of Cu and Zn in the tested vegetables did
not exceed the established standards. However, the
Pb content in beetroot grown near Kazzinc LLP was
three times higher than the safe limit. Additionally,
the study results indicated that the Cd levels ex-

ceeded the safe limits in all vegetables grown in the
areas from which the samples were taken. In a study
by B. Moyo and others [24], Cd -1.08 mg-kg' was
found in beetroot grown in close proximity to the
industrial area, which is 1.6 times higher than the re-
sults obtained in this study. Cadmium is considered
more toxic than lead, and according to the decision
of the World Health Organization is classified as one
of the most dangerous substances for human health.
For example, chronic Cd exposure can lead to lung
cancer, bone fractures, impaired kidney function,
and hypertension [25]. Therefore, special attention
should be paid to the contamination of vegetables
grown in the city of Ust-Kamenogorsk with heavy
metals, especially cadmium content.

The bioconcentration factor (BCF) is a common
metric used to evaluate the toxicity of heavy metals
and their transfer from soil to plants [26, 27]. In this
study, the heavy metal concentration coefficient val-
ues ranged from 0.0003 to 1.2
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Table 6 — BCF of heavy metals in vegetable crops grown on various soils of the city

Study area Cd Cu Pb Zn
beetroot

Vicinity of Kazzinc LLP 0,1 0,07 0,003 0,01

Village of Akhmer 0,27 0,11 0,0005 0,95
carrot

Suburb of Kazzinc LLP 0,03 0,03 0,001 0,07

Village of Akhmer 0,2 0,09 0,02 0,67
potato

Suburb of Kazzinc LLP 0,02 0,03 0,0003 0,06

Village of Akhmer 0,15 0,16 0,0009 1,2
BCF values were less than 1 for all vegetables Conclusion

studied, except potatoes grown in the village of
Akhmer. This indicates a poor reaction of plants to
the absorption of heavy metals. According to the
value of the bioconcentration coefficient, heavy
metals can be divided in the following descending
order: Cd > Zn > Cu > Pb. The lowest BCF values
were determined for Pb, and the highest ones for Cd.
As for the analysis of data from the literature, the
data obtained coincide with the research of Bifeng
H. and others [28]. In addition, studies by B. Moyo
and others [24] have also shown that the highest
BCF coefficient was specific to Cd, and vegetables
have a high ability to absorb Cd. Although there
were variations in the minimum and maximum BCF
values, they were influenced by the region where the
vegetables and plants were cultivated. Among the
vegetables, the lowest values were observed in the
industrial area, while the highest values were found
in the suburban area.

As a result of continuous industrialization
and urbanization, heavy metal contamination has
emerged as a significant environmental issue in Ka-
zakhstan. The ability of the vegetables studied in
this scientific work to absorb heavy metals from the
soil was uneven. Nevertheless, it is disturbing that
in almost all samples the amount of Cd exceeded
the safe limits of heavy metal content in food prod-
ucts recommended by the FAO/WHO, it is obvious
that prolonged consumption of food contaminated
with cadmium can have a negative impact on the
health of city residents. In this regard, heavy met-
als in vegetables should be monitored in order to
reduce potential harm to public health. The data on
the control of heavy metal levels in this study are of
great importance as useful information for promot-
ing food security in Kazakhstan and for establishing
a national standard, which currently does not exist.
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IKOIEHETUYECKASA OLUEHKA I'IOgAE,A,CTBMVI BAUAHUA
TEXHOTEHHbBIX 3ATPA3SHUTEAEN HA CTABUABHOCTDb
I’EHOMA YEAOBEKA

LleAblo MccAeAOBaHUS SIBASETCS OLLEHKA BO3AENCTBUS PAAMALMOHHOIO 3arpi3HEHNS OKPY>KaloLLLEN
cpeAbl Ha CTaBMABHOCTbL reHOMa M 3A0POBbE YEAOBEKA, C YYETOM OTAAAEHHbIX FEHETUUYECKMX MOCAEA-
CTBUMN.

M3mepeHus raMma-akTMBHOCTM MOKa3aAu, YTO YPOBEHb pasMaumm 06CAEAOBAHHON TeppUTOpUM
MOAMIOHA M MPUAETAIOWMX HACEAEHHBIX MYHKTOB HaxoAuTcst B npeaesax 0,06-0,014 m3s/u. Ocoboe
3HaueHWe B 3TOM OTHOLUEHMU MMEET M3yUYeHMe MEXaHW3MOB MHAMBWMAYAAbHOM YYBCTBUTEABHOCTM K
paavaummn 1 poAn cuctemol penapaumm AHK [1,36]. MoaekyaspHoO-reHeTuueckme nccaepoBanHms AHK
KAETOK KPOBM M LLUTOrEHETUYECKME aHaAU3bl AIOAEN, MPOXKMBAIOLLMX B 30HE BAMSAHMS MOAUIOHA Paamo-
aKTMBHbIX OTXOAOB, BbISIBUAM PACNpOCTPaHEHNe HECKOAbKMX MYTaHTHbIX F€HOTUMOB, UTO CBUAETEAb-
CBYET O BEpOSITHOCTU MOBbILIEHNM PUCKA IKOAOTMUECKMX 3aB0AEBaHUI Y AULL C BbIPAXKEHHOW HecTa-
GUMABHOCTbBIO reHOMa.

YpoBeHb pasnaumm Ha TEPPUTOPUM MOAUTOHA U MPUAETAIOLLMX HACEAEHHBIX MYHKTOB HAaXOAMTCS B
npeaeaax 0,06-0,014 m3B/u. MeTOAOM reHoTUNMPOBaHUS reHa penapauun AHK XRCC1 Arg399Gin,
YCTaHOBAEHO: FOMO3UIoTHbIN Arg/Arg (89 +159), reteposurotHbini Arg/Gln (248 + 159 +89), romosu-
rotHbI GIn/Gln (248). PacnpeaeAeHue reHOTUNOB B caeaytollem nopsiake: XRCC1 Arg/Arg — 15 yeno-
BeK, XRCC1 Arg/Gln — 14 ueaoBek, XRCC1 GIn/GIn — 1 yeaoBek.

KAtoueBble cAOBa: MyTareHbl, paAMaLmnsl, OKPY>KatoLlasi CpeAa, reHbl, HACAEACTBEHHble 3a60AeBa-
HWS, FEHOM.
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Ecogenetic assessment of the effects
of technogenic pollutants on genome stability

The aim of the study is to assess the impact of radiation pollution on the stability of the genome and
human health, taking into account the long-term genetic consequences.

Measurements of gamma activity showed that the radiation level of the surveyed territory of the
landfill and adjacent settlements is in the range of 0.06-0.014 mSv/h. Of particular importance in this
regard is the study of the mechanisms of individual sensitivity to radiation and the role of the DNA repair
system [1,36]. Molecular genetic studies of the DNA of blood cells and cytogenetic analyses of people
living in the zone of influence of the radioactive waste landfill revealed the spread of several mutant
genotypes, which indicates the likelihood of an increased risk of environmental diseases in persons with
pronounced genome instability.

The radiation level on the territory of the landfill and adjacent settlements is in the range of 0.06-
0.014 mSv/h. By genotyping the XRCC1 Arg399GIn DNA repair gene, it was found: homozygous Arg/
Arg (89 +159), heterozygous Arg/Gln (248 + 159+ 89 ), homozygous GIn/Gln (248). The genotype dis-
tribution is as follows: XRCC1 Arg/Arg — 15 people, XRCC1 Arg/Gln — 14 people, XRCC1 GIn/GIn - 1
person.

Key words: mutagens, radiation, environment, genes, hereditary diseases, genome.
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3epTTeyAiH MakCaTbl-aAbIC FEHETUKAABIK, 8CEPAEPAI eCKepe OTbIpbIN, KOpLUaFaH OpTaHbiH pasna-
LUMSIABIK, AQCTaHYbIHbIH F€HOMHbIH TYPaKThIAbIFbI MEH aAaM AEHCAYAblFbiHa acepiH 6arasay.

[amMMa-6EeACEHAIAIKTI ©ALLIEY MOAMIOHHbBIH 38PTTEAreH ayMarbl MEH ipreAec eAai MEKEHAEPAIH, pa-
amaumst aedrenti 0,06-0,014 m3B/car LWeriHAe eKeHiH KepCeTTi.oCbiFaH 6aAaHbICTbl PaAMALMSFA XKeKe
ce3iMTaAAbIK, MexaHn3MAepiH xaHe AHK >keHaey XyNeciHiH peAiH 3epTTey epekiue MaHpl3Fa me [1,36].
KaH >kacywasapbiHbiH, AHK MOAeKyAaAbIK-reHETUKAAbIK, 3epTTeyAepi XXeHe PaAMOAKTMBTI KAAABIKTAp
MOAMIOHbIHbIH 8Cep €Ty aMarblHAQ TypaTbiH aAAMAAPAbBIH LMTOreHETUKAABIK, TaAAayAapbl OipHelue
MYTaHTTbl FEHOTUMNTEPAIH TapaAybiH aHbIKTaAbl, BYA FrEHOMHbIH, alKbIH TYPaKCbi3AbIFbl 6ap apamAapAa
3KOAOTMSIABIK, ayPyAaPAbIH AAMy KaymiHiH, >KOFapblAdy bIKTUMAAAbBIFbIH KOPCETEA.

[MoAMIoH ayMarblHAAFbl K&HE OFaH ipreAec eApi MekeHaepaeri paaraums aedrerti 0,06-0,014 m3s/
car weriHae. XRCC1 ARG399GLN AHK >keHaAey reHiH reHoTunTey 8AiICIMEH aHbIKTAaAAbl: FOMO3M-
rotaabl Arg/Arg (89 +159), reteposurotanbl Arg/Gln (248 +159+89), romosurotasbl GIn/Gln (248).
leHoTUNTEPAIH Tapaaybl keaeci petrieH: XRCC1 Arg/Arg — 15 apam, XRCC1 Arg/Gln — 14 apam, XRCC1

GIn/GIn - 1 apam.

TyiiH ce3aep: MyTareHAep, paAvaums, KopluaraH opTa, FeHAEp, TYKbIM KyaAalTbiH aypyAap,

reHOM.

BBenenue

OTnajeHHbIE TEHETUYECCKHE ITOCICACTBHS pa-
JUAIIMOHHBIX (hAaKTOPOB TPECTABISAIOT PEAIbHYIO
ONACHOCTD JIJIsI OMOTBI, YEJIOBEKA M BaXKHBI JUIS OX-
paHbl OKPYIKAIOMIEH Cpelbl M 3I0POBHS YEIIOBEKa.
3HaHHWE MEXaHMU3MOB PaJUAI[MOHHOTO BO3CHCTBUS
CBS3aHO C WHJWBUIYaJbHOH PaJUOYyBCTBHUTEIb-
HOCTBIO OPTaHU3MOB M aKTUBHOCTHIO CHCTEMBI pe-
napanuu noBpexxaenuit JJHK (repair). B cBsizu ¢
STHM YBEJIIMYCHHUE YacTOTHI 3a00JICBaHU YETIOBEKa,
CBS3aHHBIX C MyTareHaMH OKpY>KaroIled cpespbl,
omnpeessieT HEOOXOIUMOCTh BhISIBJICHUS TPYIIIT PH-
CKa JIIOJICH C TOBBIIICHHOW YYBCTBHUTEIBHOCTHIO K
pasralMmoHHOMY OONy4eHuto. BiusHue pamuanuu
Ha OpraHu3M, MOMHMO MPSIMOI'O BO3JICUCTBUS Ha
ero (hyHKIIMOHAIBHBIC IMOACUCTEMBI, UHAYIHPYET
WM aKTUBUPYET 3aIUTHBIE CUCTEMBI (peraparuio,
afanraiuio). Kak noka3ssiBaroT pe3ysibTaThl MHOTO-
YHCIICHHBIX HKCCIICIOBAaHUN, TIOCIEICTBUS pajua-
IIMOHHOTO OOJYYEHUS B 3HAYUTEIHLHON CTETICHU
obycrnosnensl nospexxaenueM JIHK [7,8,11,26,39].
Ecnu cucremsbl penaparuu He pabOTArOT JOJDKHBIM
o0pa3oM, pUCK MyTallMu Pe3KO BO3pacTaeT. YBe-
JIMYEHHUE YMCJIa MYTAlMHd MOXET MPUBECTU JTHOO0 K
ruden KIETOK, MO0 K CePhe3HBIM CTPYKTYPHBIM
M3MCHCHHAM (BKJTIOUAs 3JIOKAYECTBEHHBIE HOBOOO-
paszoBanus) [29]. BeimensnoxkeHHOE TOUYEPKUBACT
aKTyaJIbHOCTh TEMbI MCCJICIOBAHMSI U TIOJTYYCHHBIX
pe3yIbTaToB.

MaTepna.m)l U ME€TOAbI

B xo1e sKCIIeTUITMOHHBIX MTOJIEBRIX pabOT OBLITO
BBITIOJTHEHO PAJHOJIOTHIECKOe 00CIeIOBaHNE Tep-
putopun. MccnenoBanusi paguoakTHBHOCTH 0Opas-
LIOB TIOYBbI M PACTUTEIBHOCTH IIPOBOJMIN TaMMa-
CHEKTPOMETPUYECKUM METOJIOM C UCTIOIb30BAaHUEM
npubopa «Mynbsrupaa-ramma» MKS-OTA Ne 1935
(VA.17-04-46889 ot 15.09.2023), maGopaTopHbIE
HCCIIEZIOBAHUS — MOJIEKYJIIPHO-T€HETUYECKUI aHa-
mu3 JTHK — RAPD u ISSR metonamu Ha oOpazuax
riepudepuIecKoil KpoBu yenoBeka [3]. OToOpanHbIe
NpoObI TOYBBI M PACTEHUH B CEITLCKOM MECTHOCTH
MyHaitnuHckoro paiiona Manrucrayckoi odnactu
HCCIIEIOBaHbl aMMa-CIIEKTPOMETPUIECKUM METO-
JIOM B paJuoJOru4ecKkoil nadoparopun ¢uimana
PT'TI na IIXB «HanuoHanbHbIM HEHTP SKCIIEPTU3ED)
KI'KIT M3 PK mo Masnrucrayckoif o0j1acTi B CO-
otBercTBUU ¢ [Tpukazom MuHucTpa 31paBooxpaHe-
nust PecniyOnmku Kazaxcran ot 2 aBrycra 2022 rona
Ne KP DSM-71 «O0 yTBep:kKaeHHH MOPSIKA TPOBE-
JICHUsl MCCIIENIOBAHMS», UCCIENOBAHUE MTPOO BOJIBI
panuoMEeTpUYECKUM METOJOM Ha MpHOOope-paano-
meTtpe «UMF-2000» Ne 1169, cBueTensCcTBO O 1Mo-
Bepke Noe No A.17-04-46969 ot 11.09.2023 r. Taxxke
B paanonoruyeckoit saboparopun ¢punuana PITI na
IIXB «HanuoHanbHbIN HEHTP SKCHEPTU3bD MUHU-
cTepctBa 3apaBooxpaneHust PK mo Manrucrayckoit
obmactu. OOpasubl kpoBu (60 YeIOBEK) B3SATHI Y
KUTEJNEH NMPUIIETAoNX K IOJIUIOHY HaCEeJICHHbBIX
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DKOreHeTHYECKas OIICHKa HOCHSHCTBI/Iﬁ BJIINAHUSA TCXHOT'CHHBIX 3arp513HI/ITeHeﬁ Ha cTabMILHOCTH T€HOMA YeI0BEKa

nyHkroB. ['enomuas JIHK Obuta Bblaenena u3 o0-
pa3uoB nepudepruuecKoil KPOBH C UCIOIb30BAHUEM
Habopa mus ounctku reHomuoi JIHK (GenelET,
Thermo Fisher Scientific, CLUA). Konndyectennyo
1 Ka4yeCTBEHHY10 OLeHKY BbiaesneHHoi JJHK mposo-
WA ¢ TIOMOIIbI0 criekTpodoromerpa (NanoDrop
One, Thermo Scientific, CILIA) u anekrpodopesa B
arapo3HOM rejie. 3aTeM CHHTE3HPOBAIH CHEITU(U-
yeckue npanimeps! it renoB XRCCI Argl94Trp,
XRCC1 Arg399GIn u XRCC3 Thr241Met. Cunte3
IIpaiiMepoB MPOBOJIMWIN Ha aBTOMAaTHUECKOM CHH-
tezatope ASM-800 (Poccusi) amumodochuTHbIM
METOJIOM B COOTBETCTBUU C HHCTPYKIMSAMH TPO-

m3Boautens. CUHTE3MPOBAHHBIC IMpaMepbl ObLIH
MPOTECTUPOBAHbI B TECTOBBIX peakiusax [I1IP-
TCHOTUMHUPOBaHUs. [OTOBBIE JHOGUIM3UPOBAH-
HbIE MpaiMephl XpPaHUIN B MOPO3MIBHBIX KaMepax
(-200°C) mms mpoBenmenus I1l[P-amamm3a. Taxoke
GI)UII/I HCIIOJIb30BaHbl COBPEMCHHBIC METO/IbI UCCJIC-
nosanust JIHK: [ILIP-PDRF u rens-anexrpodopes.

Pe3yabTaThl 1 00Cy:KIeHUE
Hwxke mnpuBeneHsl pe3ynbTaThl PaguoOIIOTH-

YeCKMX HCCIIEZIOBaHUN O00Iel paguoakTHBHOCTU
po6 mouBkl ¥ Bojb! (Tadmuisr 1-2).

Taomuua 1 — YnenbHast > PeKTUBHAS aKTHBHOCTD MTOYBHI M TIOYBBI C paCTEHHEM ¢ Tosurona xpanenus ThO u trepputopun Myko-

MOJIBHOT'O TEPMUHAIA

VYnenvHas 23pdekTHBHAS aKTUBHOCTH, BK/KT
Hauwmeno- Touxa CymmapHast CymmapHast
Ne BaHHe anbda- Gera- Csh7 Ra** Th?? K# Sr?
orbopa
obpasua aKTHBHOCTh AKTUBHOCTh
1 2 3 4 5 6 7 8 9 10
29 | Tloupa | MO7MTOH XPAHE - - 12+1,1 | 234439 | 105425 | 382+74
aust ThO
TEPPUTOPHS MYy-
37 | Hotsac | omnoro - - <59 <88 <20 | 820+230
pacTeHneM
TEepMHUHAJA
Ta6auua 2 — YnenbHas 3G (heKkTHBHAS AKTUBHOCTH MUTHEBOW 1 MOPCKOW BOJIBI
Ne Hanmenosa- Touka HanmenoBanue nokasareiei Eunnna Jomyctumoe
mo | Hue odpasia orbopa WHTPEIUCHTOB HA3MEPEHHS COJICpIKaHKe
1 2 3 4 5 6
CymmapHast CymmapHast
anbda- Oera-
AKTUBHOCTh AKTUBHOCTh Br/n Albda- bera-
AKTUBHOCTh | AaKTHBHOCTh
OOHapy»)eHHOe
3HAYEHHE
1 | Boma mutbeBas JeneHTpaIN30- 0,044 £ 0,012 0,15+0,034 0,2 0,1
BaHHAas
2 | Boma mopckas ¢ kaHana, BXOI B 0,062 +0,014 0,09 +£0,018 HE HOpMH- HE
MADK, Touxka 1 pyroTcst HOPMUPYIOTCS

B Tabnumax ykazaHel TOYKH 0TOOpa mpod Imo-
YBBI, BOJbI, PACTEHUH U PE3yJIbTaThl OLPEICICHUS
YPOBHS paHalliOHHON aKTUBHOCTH:

[Tnomanka Ne 1: mocenok Axkurykslp. Koopau-
Hatel: N-43 0 46,089/, E-051 0 05,311/. BricoTa
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MECTHOCTH 7 M. YPOBEHb paJHiallid Ha MECTHOCTH:
65 HaHOCHWBEpT/UAaC.

[Mnomaaka Ne 2: mocenok backyzapik, ouoromn 1
(psIOM ¢ TIOKAPHOM YacThio). BricoTa MECTHOCTH
15 m. Koopmunater: N — 43 0 41,960/, E — 051 0
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12,232/. YpoBeHb pajualui Ha MECTHOCTH: 67 Ha-
HOCHBEpPT/4ac. YpOBEHb paguaIlii B MeCTe 0TOOpa
npo06: 103 HaHoCHBepTa/Jac.

Inomanka Ne 3: mocenox Maunrucray-1. Ilno-
maaka Ne4. Koopaunaater: N-40 0 42,529/, E — 051
017,707/. Beicora Hax ypoBHeM Mopsi — 10 M.

O0wexT Ne 4: mocenok Manrucray-5, KOOpIu-
HaThl: N — 43 0 41,649/, E -051 0 17 797/. Beicora
MECTHOCTH COCTaBsIeT 14 MeTpoB. YpOBEHb panna-
muu: 68 HaHOCUBEpT/4Jac.

Ilmomanka Ne 5: 3oHa MaHrucCTayCcKOro aroM-
HO-PHEPTeTHUYECKOT0 KOMIUIEKCA — XUMHUKO-TUIPO-
MeTaiutyprudeckuii 3aBoj (XI'M3) B roxkHOW yacTu
ropoja Aktay. YpOBEeHb paJraniii B Ipo0ax BOJIBI
kaHaja copoca ¢ MADK — 0,08-0,09 m3B/uac. AHo-
MaJIbHO TIOBBIIIICHHBIC 3HAYSHUS YPOBHS raMMa-n3-
TydeHus ObUIH 3apeTUCTPHPOBAHBI B paiione UM3
U TOBapUINECTBA C OTPAaHUYCHHOW OTBETCTBEHHO-
cthio (TOO) «AkTayckuil TuTeHHBIN 3aBO». AGCO-
moTHBINH MakcuMyM (1,98 mx3B/4) B paitone UM3
[20,21].

B nienom, uccneayemas TeppuUTOpHS XapaKTepH-
3yeTcsl He3HAYUTEIHHBIM YPOBHEM PaJUAIlIOHHOTO

¢dona, cpenHee 3HaYCHHE J03bI OOIYYEHUS] OKpY-
xkaromed cpenbl (MDJl) misi maHHON TEppPUTOPUHU
coctaisier 0,14 Mk3B/4. AOGCONIOTHBII MaKCUMyM
— 0,66 MK3B/4 — OBUI 3apETUCTPUPOBAH HA yYaCTKE
No 5.

Ha ocHoBaHMH MAaHHBIX paAMONIOTHYECKOTO
o0clieIoBaHNsl TEPPUTOPUM OBUIM TPOBEJCHBI HE-
00X0IMbIE TIOJITOTOBUTEIBHBIE PAOOTHI K MOJIEKY-
JISIPHO-TEHETUYECKUM HMCCIIEOBAHUAM ISl OLIEHKH
MOCJIEACTBUN BO3JEHCTBUS paJnallMOHHO-3arps3-
HEHHBIX TEPPUTOPHIA HA 3I0POBbE HaceIeHus [8].

Jig MONeKynspHO-TEeHETHYECKOTO — aHalIHu3a
ObLTa UCTIONB30BaHA KPOBB kuTenei (60 yemosek),
MIPOXKUBAIOIINX HA TPUIIETAIONINX K MTOJIUTOHY Tep-
putopusix. Cnucok crnenupuuecKknx mpaiimMepoB
JUTSL I3y4aeMbIX TEHOB perapainy MpeICTaBICHBI C
yKazaHHWEM TOCJIeIOBAaTENFHOCTH CHEeIM(PHIECKUX
npaiMepoB W HHJIOHYKJIEa3, HCIONb3YEeMbIX IS
aHanu3a. 3aTeM ObUIO BBIIIOJHEHO T'€HOTHUIIMPOBA-
Hue rexa penaparnuu JJHK XRCCI Arg399Gin.

Ha npuBeneHHBIX HMXKE dIEKTpodoperpaMmax
MOKa3aHbl PE3yJbTaThl MOJCKYJISPHO-TEHETHYEC-
CKHX UCCJICIOBaHUM.

8 9 10 11 12 13

1-13 — o6pa3up! reromuoi JJHK
Pucynok 1 — Dnexrpodoperpamma BeiaeneHHsx JJHK u3 mepudepudeckoit kposu moneit

Kak BunmHO U3 prcyHka 1, HA KOTOPOM TOKA3aHBI
anexTpodoperpamMmbl - HeKoTopbix  00pasuos  JIHK,
anekTpodopeTrdeckuii aHamu3 oopaszmno JIHK moxka-
3ai, uto BeIaeneHHas [JHK Obi1a xopoiiero kauecTsa u
HE TIOJ[Beprasiach JETPaIaIii B IPOIECCE BhIICIICHNUSI.

B tabnwmme 3 nmpuBeneHBI UCIIOIB3YEeMbIe Tpaii-
MEpBI, YCIOBHS aMILTH(QHUKALINH, PECTPUKTA3 U TIPO-
nykTel rena XRCCI Arg399Gin.

B Ttabmmiie mpuBeneHBI IMOCIEN0BATEIHHOCTH
crenn(UUecKuX NpaiiMepoB K HCCIEIyeMbIM Te-
HaM, Ha3BaHUE ODHJIOHYKJIEa3bl PECTPUKIUU, HC-
MOJTE3YEMOH IS PECTPUKITMOHHOTO aHaM3a U pas-
MepbI ()parMeHTOB.

Jiga aHanmm3a COCTOSTHUS perapalvoHHBIX CH-
CTeM oOpraHu3Ma Oblla HW3y4eHa H3MEHYUBOCThH
penapanmnonueix TeHOB  XRCC1  Argl94Trp,
XRCC1 Arg399GIn, XRCC3 Thr241Met, XPD751
Lys751GlIn y xureneit ucciaeryeMbix paiioHOB, IPO-
KUBAIOLIMX BONM3M pajnallMOHHO-3arPs3HEHHbIX
Tepputopuii. Wuayknuio mnonuMopdusmMa TeHOB
XRCC1 Argl94Trp, XRCC1 Arg399GIn, XRCC3
Thr241Met, XPD751 Lys751GIn onenuBamm ¢ mo-
Motbto IMIP-PDRF-ananu3za. ITpoayxTel ammuim-
(uKaMK U PECTPUKLNH, BBISBICHHBIC C TOMOIIBIO
anexkTpodopes3a B arapo3HoM rejie IPeICTaBICHbI B
Tabnuue 4.
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Taéanua 3 — Yenosus amndukaniy, pecTpukiny u nenesbie mpoxykTsl reHa XRCC1 Arg399Gin

. VYenosus IIpomyxTsel
I'en IIpaiimepsl I[P Pecrpuxrasa pecTprKIIH (I1.0.)
(F) 5"-CAA GTA CAG CCA GGT ] Arg/Arg: 89459
XRCCI Arg399GIn CCTAG-3 40 cycles: 94°C — 15 5 Neil Arg/Gln: 248+159+89
& (R) 5'-CCT TCC CTC ATC TGG | 55°C —30's 72°C — 45 s g
AGT AC-3 GIn/Gln: 248

Ta6nauuna 4 — Yenosus aMmmndUKaIuy, peCTPUKINH U LENeBbIe TPOAYKTHI P OMPEeNCHUH TOMUMOP(H3Ma TCHOB.

. VYenosust [IponykTsl
I'en I[Ipaiimepst TP Pectpuxrasa pecTpxmEH (1.0.)
(F) 5"-GCC CCG TCC CAG GTA-3’ 9‘;‘2 éyfllesszs Arg/Arg: 490
XRCCI Argl94Trp | (R) 5'-AGC CCC AAG ACC CTT B Pvull Arg/Trp: 490+294+196
T-3' STPC-45s Trp/Trp: 294+196
72°C — 45 s PP
(F) 5'-CAA GTA CAG CCA GGT Arg/Arg: 89+59
CCT AG-3’ 40 cycles: 94°C— 15 s . Arg/Gln: 248+159+89
ARCCI Arg399GIn | oy s CCTTCC CTC ATCTGG | 55°C — 30 s 72°C — 45 Neil GIn/Gln: 248
AGT AC-3’
(F) 5-GCC TGG TGG TGG TCA
TCG ACT C-3° 40 cycles: 94°C — 15's Thr/Thr: 136
XRCC3 Met241Thr | (R) 5-ACA GGG GGG CTC CTC 60°C—30's Neol Thr/Met: 136+97+39
TGG AAG GCA CTG CTC AGC 72°C —45's Met/Met: 97+39
TCA CGC ACC-3’

boutn onpenenensl KOHIEHTpAMKA U CBOMCTBA
Beyienennoit JIHK. B nanpHelitnem Obuto TIpo-
BEJCHO TeHOoTUnupoBaHue reHa penapauuu JJHK
XRCCI Arg399Gin.

Ha pucynke 2 nokasaHbl pe3yJbTaThl 3JIEKTPO-
(opernueckoro ananmmza. B pesymprare OBLIO
OTIpE/IETICHO pacIpe/esieHHue M0 TeHOTHUIIaM T'eHOB
pemapaunu JTHK XRCCI1 (Argl94Trp) u XRCC3
(Thr241Met). [ns rena XRCC1 (Argl94Trp): ro-
MO3HUTOTHBIN TeHotun 194 Arg/Arg — 44,8%; rete-
posurotHslii renotun 194 Arg/Trp — 48,3%; u re-
HOTHII U1 MyTaHTHOTO amens 194Trp/Trp — 6,9%.
Hust rera XRCC3 (Thr241Met): TOMO3UTOTHBIN
rerotun 241 Thr/Thr — ne oOHapykeH, U TeTepo3H-
roTHed renoTun 241 Thr/Met — 73,4%. I'oMo3uror-
HBII TeHOTHII 10 241 BCTPEUCHHOMY/BCTPEUCHHOMY
MYTaHTHOMY aJIIEJII0 cocTaBisieT 26,6%.

Pesynprarer  snmekTpodoperndyeckoro aHau-
3a npoayktoB pectpukiuu nocie ITHP-PDRF-
aHaJIn3a MPEeJCTABICHBI HA PUCYHKE 3.
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B pesynbrare ananm3za reHa penapanuoHHON
cucrembl XRCC1 Arg399GIn 6buio ycraHoBie-
HO pacrpeesieHHe TeHOTUIIOB B TaKOM HOPSIKE:
XRCC1 Arg/Arg — 15 gen., XRCC1 Arg/GIn — 14
yen., XRCC1 GIn/GIn — 1 gen.

Myrtanus B reHax cuctemsl penapauun JJTHK, kak
JUISl OTACTBHON KIIETKH, TaK M JUIS BCEro OpraHm3Ma B
LeJIOM, UIMEET KPUTHIECKHE MOCIeACTBH. B pe3yrb-
TaTe MOBBIMIACTCS PUCK PA3BUTHS paka, CEpleYHO-
COCYZIMCTBIX M APYIuX 3a00NieBaHUI B OpraHU3Me.
[onumopdusmbl B reHax, CBSI3aHHBIX C penapauuei
JBYXIICTIOUCYHBIX Pa3pbIBOB, BIMAIOT Ha (DEHOTHIT
PaouyBCTBUTENILHOCTH B JIUMQOIHUTAX 37J0POBBIX
mrozeit [33]. [Homumopdusie Bapuantsl rena XRCC1
(Argl94Trp n Arg399Gln) denorunmyeckn xa-
paKkTepu3yloTCS M3MEHEHHEM KoH(popMarmu Oenka
XRCCl, T.e. GeNIKOBBI KOMIUIEKC, YYaCTBYIOLIHI B
TpOIIecCe Penaparyy, a TAKKe 3a CIET CHIDKSHHS aK-
TUBHOCTH KOOPAMHATOPA SKCIIM3UOHHON pernapariu
1 CKOpPOCTH cOOpKHU KomIuiekca [ 14].



A.b. buranues u np.

1000
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400

300
200
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136
97
39

M — monexynsipusiii JIHK-mapkep. I'ereposurorst XRCC3 241Thr/Met — 1-3, 5, 7-15;
TOMO3HTOTHI 110 MyTaHTHOMY ajuieno XRCC3 241 Met/Met — 4
Pucynok 2 — DnexrpodoperpamMmma IpoayKToB PeCTPUKIHHK B monuMopdroM caiite rena XRCC3 241Thr/Met

a0 =i SSEOEIII RIS 14 15

248
159
89

248
159
89

M — monekynsipubiit JIHK-mapkep; romosurotHeiit Arg/Arg (89+159) — 1, 2, 5-10, 12, 16, 19, 21, 24, 26 u 28;
rerepo3uroTelil Arg/Gln (248+159+89) — 3, 4, 11, 13-15, 17, 18, 20, 23, 25, 27, 29 u 30; romozurotHbrit Gln/Gln (248) — 22
Pucynoxk 3 — DnexrpodoperpamMma npogayKTOB pecTpUKImy B nonuMopdaom caiite rena XRCC1 Arg399Gin

[Iponyxt rena XRCC3 Thr241Met nenocpen-
CTBEHHO B3aMMOJICHCTBYET C OeITKaMH, TAKUMH KaK
RADS1C u RADS51D, npu BOCCTaHOBJIEHUHU JIBYX-
uenoueunbix paspeiBoB [IHK. CootBercTBeHHO,
MyTarui B reHe XRCC3 Thr241Met 3Ha9UTETEHO
TIOBBIIIAIOT PUCK Pa3BUTHS Pa3IMYHBIX THUIIOB 3JI0-
KauecTBeHHOH MmenaHoMsbl [19]. Hapymenue pena-
pauuu JIHK xak ocHOBA J17151 BHISIBJIICHUS TAITUEHTOB,
MOJTyYAIOIINX JIY4EeBYIO TEpaIuio MO MOBOJY paka,
C MOBBIILICHHON 4yBCTBUTEIBHOCTBIO K OOIYUYEHUIO

[28]. Bbuto Takke 0OHAPYKEHO, YTO JIyueBas Tepa-
st Moy IapyeT 3¢ dekTuBHOCTh penaparuu JTHK
B MOHOHYKJICAPHBIX KJIETKaxX epruQepruuecKoi Kpo-
BY MALMEHTOB C HE MEJIKOKJIETOYHBIM PAKOM JIETKO-
ro [40].

Kpome ToOro, OmHOHYKJICOTHUAHBIA TOIUMOP-
¢u3m (SNP) B renax penapauuun JHK moxer Bnu-
AaTh Ha 3((PEKTUBHOCTH MPOIIECCOB TPAHCKPHUIIITAN
U TPAHCISILMY, a TAKXKE Ha MPEAPACIIONIOKEHHOCTh
K psagy 3abosieBanuid. [losTomMy m3yuenue u ompe-
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JiesieHue pacrpeneieHus renos pemaparmu JJHK o
TeHOTHIIaM YPE3BBIYAHO BaJKHO.

B nenoMm, cornacHo JMTEpaTypHbIM JIaHHBIM,
OIICHKA PaJIMallMOHHOTO PUCKAa OCHOBaHA Ha KOH-
LEeNIA WHAWBAIYaJbHOW HW3MEHYHMBOCTH PaJIno-
qyBCTBUTENBHOCTH [23]. [lo MHEHUIO MEKIYHAPOI-
HBIX JKCIIEPTOB, MTOPOTOBAst J03a JIJIsl ONPEICTICHUS
(ocTpbIX, HEMEIJIEHHBIX) TTOCIECTBUIA OOIyIeHUS
cocraisier 0,2 I'p. CrnenoBartenbHO, MPH CpaBHE-
HUU TIOJTYYCHHBIX PE3YyJbTaTOB O MOTEHIHAILHOM
BO3/JICHCTBHM palvaIliil Ha OPTaHM3M YellOBeKa Ha
HCCIIEyeMO TEPPUTOPUH, TPH MEHBIIMX J103aX
€/IMHCTBEHHBIMU BHIAMH PaIHallMOHHBIX 3P PeKTOB
SIBJISIIOTCST CTOXACTHIECKHE (OTHaIeHHBIE) A(h(PEeKThI
— OHKOJIOTHYECKHE W HaCIIeJICTBEHHbIC 3a0o0JieBa-
HUS1, KOTOPBIC HAOFOIAIOTCS CPEIU HACETICHHS UC-
ciexyeMoit repputopu [29]. OgHAKO CYIIECTBYIOT
pa3nuyus B OLIEHKE MOCIEACTBUM U3-3a B3aUMOIeH-
cTBUs QyHKwmid no3s6l [2,17,30,31,32]. B HEeckoIb-
KHX ACCIIEIOBAHUAX IMPOKO 00CYXkTamach mpoodie-
Ma runeppanovyBCTBUTCIIBHOCTU K HU3KUM J103aM
paaranuu mociue o0IydeHus KISTOK 3apsKCHHBIMU
YacTHUIIAMU in Vitro W ee CBS3b C aJalTUBHBIM OT-
BETOM WM MHIYIIUPOBAHHOHN PaTUOPE3HUCTEHTHOCTHIO
[18,22,30]. Best uHpOpMaIust 0 TOITOCPOYHBIX MO~
cienctBusx LRLs nmns demoBeka ObLia moydeHa
JIUO0 TyTEM SKCTPANOJISIIIUUA KCIEPUMEHTATBHBIX
JTAaHHBIX Ha KUBOTHBIX, TUOO B PE3yJIbTAaTE MPSIMBIX
PaAManOHHO-3MTUAEMHAOIOTUIECKINX — MCCIeI0Ba-
Huii. OCHOBHBIM HCTOYHUKOM IIOCJIICAHEI O ABJIACT-
sl OCTPOE OIHOKPATHOE BO3JCHCTBUE BHICOKHX /103
B pe3yJibTare SAepHBIX KaracTtpod (Xupocuma u
Haracaxu, YepHnoObutb, @ykycuma u npyrue). Ko-
JUYECTBEHHBIN MMapamMeTp «BEPOSTHOCTh PA3BUTHS
croxactniyeckux 3¢ dextoB LRLy» xapakrepusyercs
HECKOJIBKUMHN Ba>XHbBIMU paHI/IO6I/IOHOFI/I‘IeCKI/IMI/I
napaMeTpaMu, OJIHAKO U3-3a2 OTCYTCTBHS KOHKPET-
HBIX JJAHHBIX 3TH AP PEKTHI 10 HACTOSIIETO BpEMEHH
He OBbLIM TOYHO OIpE/eNICHBl U OCTAIOTCS MpeaMe-
TOM qucKyccuid. [loaydeHHbIe BRIBO/IBI MOTYT OBITH
WCIIONIb30BAHbl TPH peaTN3aliid MEPOTIPUSATHIA 1O
YIYUIIEHHIO KOJIOTHYECKOTO COCTOSIHUSI PETHOHA
1 370POBBsI HACETICHHUSI.

Takum 00Opa3om, BIUSHUE HEOIArOMPUSTHBIX
(haKkTOPOB OKpPYXKAMOIIEH Cpellbl B HKOJIOTHUYCCKU
HEOJIaronpUATHBIX PETHOHAX Ha OpPraHU3M JeTel
MOKET OBITh OILIEHEHO C IMOMOIIBIO KIMHHYECKOIO
00caeI0BaHNs ¢ KOJIWYECTBEHHBIM M KA4YECTBEH-
HBIM YYeTOM HEOONBIINX AaHOMaJHWH pa3BHTHS,
BO3HMKHOBEHHUE KOTOPBIX TAKIKE SBISCTCS PE3YJib-
TATOM M3MEHEHHSI OOIIEr0 reHeTHYECKOro 0ajaHca
opranusmMa. [103TOMy OIIEHKa TI€HETHYECKUX I10-
CJICJICTBUI BO3JICHCTBHSI BHEIIHUX NMPUYHH HA CO-
MAaTHYCCKUE KJICTKH YEJIOBEKA MOXKET OBITH XOPO-
UM OJOIOJIHCHHUEM K MOHI/ITOpI/IHFy KIMHUYCCKHUX

s¢¢exToB [6].
3akiouenne

- B pesyiprare TeHOMHOTO aHaW3a JIUII, MPO-
JKUBAIOIIUX B 30HAX TEXHOI'CHHOT'O BO3JCHCTBUS
YCTaHOBJICHAa WHAYKIHUS MOJTUMOP(HU3Ma TSHOB pe-
napauuu JJHK

- TI'enorunupoBanue reHoB penapauun JIHK
MOKA3aJI0 paclpe/ie]ICHUe YacTOThl TEHOTUIIOB 00-
CJIETOBAaHHOU TOIYJISALNN B CIEAYIONIEM TTOPSIIKE:
XRCCI1 Arg/Arg — 15 yenosek, XRCC1 Arg/Gln —
14 genosek, XRCC1 GIn/GIn — 1 uenosexk.

- PesynbraThl HACTOSIEro HMCCIEIOBAHHUS CO-
[JIACYIOTCS C JIMTEPATyPHBIMHM JIaHHBIMH O T'eHe-
TUYECKUX IOCIEACTBHUAX PaIUAI[MIOHHOTO BO3JICH-
CTBUSI Ha TE€HOM 4YeJIOBEKa B CIIydasx aBapwii Ha
ATOMHBIX DJIEKTPOCTAHIIMSX, UCIIBITAHUN SACPHOTO
OpYXHUSI U SIBISIOTCS HEOCHOPHMBIM JI0Ka3aTelb-
CTBOM TMIPOSIBIICHHSI TEHETUYECKOTO «TPy3a» B IIO-
myssiusix [34].

Baaroxapuoctu

PaGoTa BeImonmHEeHa B pamkax rpanta Ponpaa
(yHIaMEHTaTBHBIX HCCIeoBaHU MuHHCTEpCTBA
HayKd W BbIcimiero obpazoBanus PecrnyOnuku Ka-
3axctad AP19680351 «M3yuenne OHOTOTHUECKUX
MOCJIEJCTBUM BO3ICHCTBUS aHTPOIIOIE€HHBIX 3arpsi3-
HUTeNel Ha OUOTY, 3I0POBhE HACEIEHUS U TIPUPOJ-
HYIO CpEay».
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IAE AAATAYbIHDbIH, OPTAADIK XXOHE LUbIFbIC BOAIKTEPIHAE
ROSA POTENTILLIFLORA CHRSHAN. ET. M. POP. ©CIMAITT KESAECETIH
OCIMAIKTEP KAYBIMAACTbIKTAPbIHbIH,

TOIbIPAK XXAbbIHbIHbIH, EPEKLUEAIKTEPI

Makanrapa Iae AAataybiHblH OpPTaAblK, GOAITiHIH, COATYCTIK OeTkeniHaeri TypreH waTKaAblIHbIH
OpMaHAbl 6eAAeyi >KoHe OCbl Tay >KOTaCbIHbIH, LWbIFbIC GOAIri 60AbIN TabbiAaTbiH Topanfbip, Cereri
aAaca Tay >XoTaaapbliHaa Rosa potentilliflora Chrshan. et. M. Pop. ecimairi kesaeceTiH ecimaikTep
KaybIMAACTbIKTapbIHbIH, TOMbIPafblHA >KYPri3iAr€H 3epTTeyAepAiH HaTmkeAepi 6epiareH. 3eptTey
afMarbiHbIH >KEPAEPAIH TeHi3 AeHremiHeH OMiK >kaTyblHa 0OaAaHbICTbI OAAPAbIH TOMbIPAFbIHbIH,
KAMMaTbIHbIH >KOHE OCIMAIKTED >KaObIHbIHbIH KAAbIMTACybl OUIKTIK GEAAEYAEPAIH 30HAADIK, 3aHAbIAbIFbIHA
TikeAei 6anAaHbICTbl BOAYbI 3€PTTEY XKYMbICbIHAA TOABIK, KepceTiaai. OHaa Rosa potentilliflora Chrshan.
et. M. Pop. ecimMairi ke3peceTiH eCiMAIKTEP KaybIMAACTbIKTapbIHbIH TOMbIPaKTapbliHbIH TUNTEPI, 6CIMAIK
>KaMbIAFBICBIHbIH KYPambl, MOPMOAOIMUSABIK, OEATiAepi XKOHE XUMUSIAbIK, KyPaMAapbl, MEXaHWMKAAbIK,
KYPaMAbIpbl aHbIKTaAAbl. 3epTTey arMakTapblHaH Topanfblp aAaca Tay >OTacbl MaHbl MeH Iae
AAatayblHbIH, OPTaAbIK, OOAITIHIH, COATYCTIK 6eTkeriHaeri TypreH WaTKaAbIHbIH OPpMaHAbl GeAAeYiHeH
Kapa Tonblpak, TMNTepi >xaHe CereTi aaaca Taybl »KOTacblHaH KOHbIP TOMbIPAK, TUATEPI aHbIKTAAADI.
MexaHukaabIk, Kypambl 60MbIHLLIA OpTalla Ca3Aak, >KEeHIA Ca3Aak, ayblp Ca3Aak, TOMbIPAKTap aHbIKTAAAbI.
OCIMAIKTED KaybIMAACTbIKTapPbIHbIH TOMbIPaFbiHbIH, KYHAPAbIFbl aca >KOofapbl, KapaulipiHaire 6ait,
TOMbIpak, KypamMblHAQ CyAQ Te€3 epUTiH Ty3AapAblH MOALLIEpPi eTe a3, MyAAEM >KOKTbIH Kacbl Aeceae
60AaAbl. XKaAnbl TayAbl aiMak, TOMbIPaKTapblHbIH CEAAI YpAicTepre 6eiiMm ekeHAIri kepiHic 6epAi

Ty#iH ce3aep: MOPOAOTUS, KaybIMAQC, KECIHAI, FOPU3OHT, FPaHyAOMETPMUS.
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Features of the soil cover of plant communities with the participation
of a narrowly endemic plant Rosa potentilliflora Chrshan. et. M.Pop.
in the conditions of the central and eastern part of the Trans-lli Alatau

The article presents the results of studies of the soil cover of plant communities with the participation
of Rosa potentilliflora Chrshan. et. M.Pop. in the conditions of the spruce belt of the central part of the
Trans-1li Alatau and its eastern slopes of the Toraigyr and Syugaty mountains. The research work has fully
demonstrated that the formation of soils, climate and vegetation cover of the lands of the studied zone in
connection with their lying above sea level is directly related to the zonal pattern of high-altitude belts.
Here the soil types, vegetation composition, morphological characteristics, chemical and mechanical
composition of plant communities in which the plant Rosa potentilliflora Chrshan. et. M.Pop is found are
determined. From the study areas, chernozem types were identified in the conditions of the spruce belt
in the central part of the Trans-lli Alatau and its eastern slopes of the Toraigyr and Syugaty mountains.
Based on their mechanical composition, medium clayey, light clayey and heavy clayey soils are distin-
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guished. The soil of plant communities is very fertile, rich in humus, the amount of salts that quickly
dissolve in water is very small, practically absent. It is shown that the soils of the mountain region are
susceptible to flood processes

Key words: morphology, association, section, horizon, granulometry.
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OCo6€eHHOCTH MOYBEHHOIr0 NMOKPOBA PACTUTEAbHbIX COO0LLLECTB
C yYacTHMeM y3KoaHAeMHUHOro pactenust Rosa potentilliflora Chrshan. et. M. Pop.
B YCAOBMSIX LL@HTPAAbHOM U BOCTOYHOM YacTeil 3aMAMiCKoro Aaatay

B ctatbe AaeTcs pesyAbTaTbl MCCAEAOBAHWMIA MOYBEHHOIO MOKPOBA PACTUTEAbHbIX COOOLLECTB C
yuactrem Rosa potentilliflora Chrshan. et. M. Pop. B yCAOBMSIX €AOBOIO Mosica LIeHTPaAbHbI YacTh 3a-
MAMIACKOrO AAaTay M ero BOCTOUHbIX oTparos rop Topairbip, Cioratbl. B nccaeaoBateabckon pa6ore
NMOAHO MPOAEMOHCTPUPOBAHO, YTO (DOPMMPOBAHME MOYB, KAMMATA M PAaCTUTEAbHOIO MOKPOBA 3eMeAb
MCCAEAYEMOW 30HbI B CBSI3W C MX AEXKKOCTbIO BbilLe YPOBHS MOPS HAaNpsIMYIO CBSI3aHO C 30HAAbHOW 3a-
KOHOMEPHOCTbIO BbICOTHbIX MOSICOB. 3A€Ch OMPEAEAEHbl TUMbI MOYB, COCTAB PAaCTUTEABHOrO MOKPOBA,
MOPOAOTMYECKME XaPAKTEPUCTUKM, XUMUYUECKMI U MEXaHUYECKMIA COCTAB PACTUTEAbHbIX COOOLLECTB,
B KOTOpPbIX BCTpeyaeTcs pactenue Rosa potentilliflora Chrshan. et. M. Pop. M3 paitoHoB nccaepAoBaHmin
BbISIBAE€HbI UePHO3EMHbIE TUMbl B YCAOBMSIX €AOBOIO MOSICA LIEHTPAAbHbIN YacTh 3auAMIACKOro AAatay u
€ro BOCTOYHbIX oTparoB rop Topanrbip, Cioratbl. [1o MexaHM4YEeCKOMY COCTaBY BblAEAEHbI CPEAHErAM-
HUCTbIE, AETKOFAMHUCTBIE U TSXKEAOTAMHMCTbIE MOYBbI. [10UBA PACTUTEAbHBIX COOOLLECTB OUYEHb MAO-
AOPOAHa, borata ryMycom, KOAMUYEeCTBO ObICTPO PaCTBOPSIOLLMXCS B BOAE COAEN OYeHb MAAo, NMPaKTH-
Yyecku oTcyTCTBYeT. [Toka3aHo, YTO MOYBbI FOPHOIO PeroHa NoABEp KeHbl NMAaBOAKOBbIM MpoLeccam

KAtoueBble cA0Ba: MOP(OAOTHMS, aCCOLMaLMS, Pa3pes, FOPU3OHT, FTPAHYAOMETPUSL.

Kipicne

KasakcTanusl xep KojeMiuiy 502 MBIH KM’
(18%) Taynap anbin >katblp (TeHi3 aenreiinex 1000
— 5000 m OwmikTikke metiin). OChIHAAN TayIapabIH
0ipi Ime Anartaybl. On HIBIFBIC TSHH — HIAHB TAy
JKyHenepine xaraapl. Ime Anataysl ymr OeJiKTeH
Typansl. EH O6uik opranbik Oemriri Lllenex e3eHi aH-
FapeiHaH Oactanbin Kopnailt acysiHa nediH CO3bBI-
JIBITT KATHIP. AJIMAThl KaJIACBIHAH IIBIFBICKA Kapaii
TaybIH eH Onik mbIHG Tanrap opHamackaH (4856m
abcomoTik Owmikrikre). [llenek ©3¢HIHEH MIBIFHICKA
Kapad Tay KypT anacapsin, bererrti, Cereti xoHe
Topalirplp Tay KoTajapbIMeH askTanansl. line Ana-
TaybIHbIH Oatbic OediriH [y — Ine Tay xoTanaps
Ty3eni. [ne AnataybiHbIH Kanmbl y3bIHIBIFGL Ly —
Ine anaca Tay >xoTanapbiH Kocbln ecenterenae 600
KM IITaMachIHIa OOJIaabl.

Taymbl sxepiep/iiH TEeHi3 JCHICHiHeH OWiK *Ka-
TybIHA OAIJIAHBICTHI OJIAP/IBIH TOTBIPAFBIHBIH, KITH-
MAaTBIHBIH KOHE OCIMIIKTED KaObIHBIHBIH KaJIbIIITa-
CybI OMIKTIK OeJeyIepAiH 30HABIK 3aHIbUIBIFbIHA
Tikenell OaimanbicThl Oonmaapl. Tay OwikTereH ca-

WBbIH OHJIAFbI BUTFAIIIBUTBIK apTa TYCE/li, HOTHKECIH-
JIe TOTBIPAKTHIH KypaMbl MCH OCIMIIKTEp JKaOBIHBI
©3repICKKE YIIbIPaiibl. ByJl 3aHBUIBIKTBI aJIFalll
pEeT OphIC FanbIMbl Tomblpak, Tanyusl B.B. [loky-
gaeB (1899) e3iHIH «K yYESHHIO O 30HAX MPHUPOIBL.
l'opu3oHTaNbHBIE W BEPTUKAJbHBIC ITOYBCHHBIC
30HBI» JlereH eHOeriHme kenripreH. lime Anmartaybi-
HeIH TombiparbiH AWM. besconoB (1923, 1950,
1945), K.I1. Boratsipos (1941, 1946), C.l1. Coxo-
70B (1946), M.A. I'nmazosckas (1944, 1950) cexinmi
FaneiMzap 3eprrered. Omap Ine Anaraysin 8 Omik-
Tik Oenaeyine OesreH [1, 2].

bi3 3epTTey xyprisreH, Tapany aitMarbl IEKTEY-
i, SHIEeMIIK eciMaik Rosa potentilliflora Chrshan.
et. M. Pop. Ine AnaraybIHbIH OpTajbIK O6IIriHiH,
contyctik Oerkeiinaeri TypreH maTKaIbIHBIH Op-
MaH bl OeJIJICyIHEH JKOHE OChI Tay KOTACBIHBIH, IIIbI-
FeIc Oeuirine sxkarathiH Topaiireip, CereTi anaca
TaynapblHaH TaObUIABL. bi3 Oy Makanazna Korapbl-
Jla aTtajgFad Tay xotajmapeiHga Rosa potentilliflora
OCIMJIITT Ke3/IeCETiH OCIMIIKTep KaybIMIaCThIKTa-
PBIHBIH TOIIBIPAFBIHA KYPTi3TeH 3epTTeyIepAiH Ho-
THKEJEepiHe TOKTAJIBIK,.
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Iime AnaraybIHBIH OpTaNBIK XOHE WIBIFBIC OotikTepinne Rosa Potentilliflora Chrshan. et. M. Pop. ecimairi ...

3epTTey HbICAHIAPBI MeH dficTepi

3eprTey HbIcaHAaphiHa l1e AnaTaybIHBIH OpTa-
JIBIK KOHE IIBIFBIC OeiriHaeri Rosa potentilliflora
Chrshan. et. M. Pop. ke3nmecerin eciMOiKTep
KaybIM/IaCTBIKTAPBIHBIH ~ TOIBIPAKTAPBI  JKATaJIbl.
Ocpl XOFapblja aTaliFaH Tay JKOTAJIAPBIHBIH Rosa
potentilliflora xe3neceTiH ociMAIKTEp KaybIMaac-
TBIKTapBhIHA YIIT TOTIBIPAK KECIHICIH CaIBIN, OJlapFa
TFCHETUKAJIBIK, TOPU30HTTAp OOMBIHIIIA MOP)OJIO-
THSUIBIK, CUTIATTaMaltap JKYPri3ill, p TOPU30HTHIHAH
XUMHSUTBIK, KYPaMBIH aHBIKTayFa TOMBIPAK YJTije-
piH amIbIK. AJIBIHFaH TOTBIPAK, YITUICPIH OFOKCKA
CaJIBIII, COJI KEPe ONaP/bIH CalIMaFraH AJIEKTPOH/IbI
Tapa3pIMEH OJIIIeTl AHBIKTAl, KYHIETIKKE >Xa3bIll
angpik. Kamara kenren coH op TOMbBIpak KeciHmici-
HEH aJlblHFaH yaritepai tepmocratka cansin 40° C
— TBIK Temmeparypana kentipaik. Comad CoH oJap-
JIbIH KYPFaK CcajMarblH OJIIIeH, TONBIPAKTHIH Jaja-
JIBIK, YKaFIalbIHIAFbl BUTFAJIBIFBIH aHBIKTAIBIK. TO-
MBIPAKTHl CUTIATTAY CTaHAAPTTHI YATiIep OOHBIHIIA
xyprizinai [3]. Ocelaan KeliH TONbIpaK yiriiepin
O. O. OcnanoB areigarel Kazak TAF3M —HbIH
FBUIBIMH 3€pTTey Ja00paTOPHSACHIHAA XUMHSIIBIK
KYpaMbIHa 3eppTeyep kyprizinai. Tombipak Kypa-
MBIHJIaFbI Kapamripiaainig memepi 1.B. TropuHHiH
TOCUTI OOWBIHIITA, MEXaHUKAIBIK Kypambl KodnHc-
KUiiH Tocim OoiipiHmia aubikTaaabl [4,5]. Co-
HBIMEH Oipre TOIMBIPAKTHIH XUMUSIIBIK KaCHETTepi
3eprrenmi. HakTeipak aiiTKaHIa TOMBIPpAKTaFbl TY3-
Jap/ibIH MeIIepi, KaTHOHap MeH anuonap (CO,>
.HCO,. CI. SO,’) men katnonaap (Ca®* . Mg*" . Na"
. K7 ) T'OCT 26425 — 85 OoifpIHITIa aHBIKTAJIHI,
TOTBIPAKTBIH CY CHIFBIH/IBICHIHBIH KBIIKbUIABIK PH
moHiHiH Meiepi 'OCT 26423 — 85 GoiibiH1Ia, Op-
raaukaisik 3aT Menmepi [OCT 23740 — 79 GoitbIH-
ma, kapoonarrap menmuiepi (CO,) FOCT 26425 — 85
OOMBIHINA, TOMBIPAKTHIH TPAHHYIOMETPHUSIIBIK, KY-
pambl 'OCT 12536 — 2014 GoiibIHITIa aHBIKTAJIBL.

3epTTey HOTHIKENEPi )KOHE OJap/Ibl TAKbUIAY

3epmmenzen monvipaKmapootyy mopghono-
2UAChL

Ine Anaraysinbiy sxargaiipinna 1000 — 2000 m
OMIKTIK apajbIFBIHIA Kapa TOIBIpaKTap Ke3mecemdi
onaH xorapbl 1200 — 1500 M OuWiKTIKTEH Kaparii-
piri 10 — 12%, xanmsr azotel 0,6 — 0,7%, >xanrmbl
thocdopsr 0,2% KypalTbIH Kaparnripikke O0ail Kapa
TOMbBIpakTap OacTanajabl. bys TombIpakTap/a Heri3-
nep CiHipy chidbMIbUTBIFEI 100r TombIpakka 50 —
55M-3KB Kypaibl.

Taynbl )xepnepain OuikTirine 6ainaHbICTB OHO-
TUIPOTEPMHUKAIIBIK, KAaFAalIbIH ©3repyi op Typii
TONBIPAKTAPIBIH KATBIITaCYbIHA ocep eTemi. Kazak-
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CTaH JKepiHje TayJbl-Jajia TOMBIPAKTaphl OAPIIBIK
xep ayaanbiHbH — 0,9%; Taynel-opMaH Kapa — KO-
HBIp TombIpakTapsl — 0,2%; Taynbl Kapa TOBIpaKTa-
pol — 0,1% -nb1 Kypaiias! [ 6].

bipinwi kecindi—TopaliFbip Tay )KOTACHIHBIH OH-
TYCTiK — 0atbic Oemirinaeri Lui cail maTkaabIHBIH
OHTYCTIK 3KCIIO3UIUSICBIHAH CabIHABI. by sxkep Te-
Hi3 meHreiinen 1600 M. aOCOMOTTIK OMIKTIKTE Op-
HaJlacKaH, kenbey Oypeimibl 15 — 20°. OciMaik xa-
MBUIFBICBI UTMYPBIH — OYTaJIbl KaybIMJaCTHIFBIHAH
Typaasl. OcimaikTep xambuIFbIchl 90 — 95%. byra-
JIapJIaH ycakKarbIpak ymkart (Lonicera microphylla
Willd.), mraiikypait ToObUTFBI (Spiraea. hypericifolia
L. ), Typniask Oepikapakatsl (Berberis heteropoda
L.), Anpr™man yuikatel (Lonicera altmanni Rgl.),
Ka3T0aH paymansl (Rosa potentilliflora Chrshan. et
M. Pop.) ke3meceni. Al MIONTECIH OCIMIIKTEPICH
TikeHI ckanurepus (Scaligeria setacea Schrenk.),
JKaOBICKAK KbI3bL100sy (Galium. aparine L.), xaxe-
MOHT ImareIpOumaii (Melica jacquemontii Decne.),
KaJIKaH assHusAChl (Ajania. fastigiata Winkl.), kemim-
ri 6erere (Festuca sulcata Hack. ), aHanpIik MOWBIH
xya (Allium dolichostylum Vved), Oynan 603kinem
(Sedum hibridium L.) [7,8,9] Tarsl Oackamapbl Ke3-
neceni.

Kapa monuvipakmuiy mopghonozuscoi

0-7 cm. Koro-cyp, Kyprak ycak TYHIPIIIKTi,
KYMOAJIIIBIKTEI, IIIAHIBI — TO3aHIBI OOIIIEKTEP Ke3-
neceni. OCIMIIK TaMmbIpiapbl 6T€ KOIl MeJIIep/e
kesneceni. Keneci kabarka OipTiHaen aybicabl.

7-17 cMm. YctiHri KabaTka KaparaHia aIlbIK
TYCTi, 00C KYpBUIBIMJIBI, YCaK, TYHIPIIKTi, KyMOa-
IIBIKTHI, KYPFaK, ©CIMJIIK TaMbIPJIApPbl KONTEI Ke3-
Ieceli, KUBIPIIBIK YyCakK TacTapaa Kem Ke3Iecei.
Keneci kabaTka aybICybl allKbIH.

17-50 cm. Koto cyp TycTi, KypFak, KyMOaJIIIbIK-
ThI, KYPBUTBIMBI 00C, a3/1aIl THIFbI3/IaJIFaH TOTBIPAK,
OCIMJIIK TaMBIPJIApPhl KOMTEI Ke3/IeCeli, YCaK KUbIp-
IIBIK TacTap MEH Tac ChIHBIKTAphI Kerl. Keneci ka-
0arka eTyi OipTiHAen OaiKanabl.

50-100 cM. AWIBIK-CYp TYCTi, TBHIFBI3JIAJIFaH,
ycaK TYHIpIIIKTi, KyMOAJIIBIKTBI, KECIHAIHIH Oap-
JIBIK, KEPiHJIe TaC CHIHBIKTAPHI )KOHE YCAK KHBIPIIBIK
TacTap eTe Korl.

Exinwi xecinoi — CereTi anaca Tay >KOTaChIHBIH
OHTYCTIK — IIBIFBIC IKCTIO3UIHUACH «KOKIeK» acybi-
Ha JKaKbIH xkepieH caibiHabl. Cereri aHrap — lie
AnataywiHbIH TIBIFBICEIHAAFEI CoreTi xoHe Topaii-
FBIP TayJapbl apajbIFbIH aJBI KATHIP. Y 3bIH]IBIFBI
50 — 60 kM, eri 20 — 25 kM. IIbIFBIC KaFbl KOTE-
piHki (abcomorrik Oumikriri 1189 wm). bi3 3eprrey
JKYPTi3TeH OHTYCTIK IIBIFBIC OCTKEHIIH ANMaKTHIH
abcomrorTik Omikriri 1150 M. OcIMAIK KaMBUIFBICH



Y. K. AngacyrypoBa sxoHe T.0.

UTMYPBIH — TyHeciHip OyTanap KaybIMAacTbIFbIHAH
Typazpl. OCIMIIKTEp KaybIMAACTHIFHI )KaOBIHBI 75 —
80 % kypaiiabl. byranapasiH 6ackiM 06JIIriH UTMY-
PBIH — TYHECiHIp KaybIMIACThIFB Kypaiael. Cupex
maiKypaii TOOBUTFBICHI (Spiraea. hypericifolia L)
MeH Kputima (Ephedra) ke3neceni. llenrecin ecim-
nikrepaen Hayp kusiebl (Elymus dahuricus Turcz.),
MIAIBIPaHKbl TapbelublK (Milium effusum L.), ma-
FeIpOuaail (Melica L.), xasraban (Potentilla L.),
Jana sxaysummacel (Alyssum compestre L.), Oynan
oo3kieM (Sedum hibridium L.), Mapmamr xe-
oipi (Thymus marschallianus Willd), xenimri Oe-
tere (Festuca sulcata Hack.) Jleccunr sxycaHbl
(Artemisia lessingiana Bess.) xe3nece/i.

Kapa-Konvip monwvipakmuty mopgponozuscol

0-8 cm. Koro — cyp, 6opnsiiak, maHasl — To-
3aHJbI, KYMOAQIIIBIKTBI, ©CIMIIK TaMbIpJIapbl ©TE
Ken Mmediepae ke3ueceni. Kemeci kabaTka aybicysl
OipTiHmen OalKaas.

8-25 cm. Tyci ycriHri kabaTka Kaparasjua
AIIBIKTAY, THIFBI3, TYHIPIIIKTi, KYMOAIIIBIKTHI, YCaK
KUBIPIIBIK, TacTap Ke3decelmi, oCIMIIK TaMbIpIapbl
ken mejepae. Keneci kabaTka aybicybl OipTiHACT
OaifKanapl.

25-40 cM. AmIBIK — Cyp TYCTi, TBHIFBI3IAJIFaH,
KYPFaK, KYMOAJIIBIKTBI, YCaK KHBIPIIBIK TacTap
Ke3/iecell, oCiMIIIK TaMbIpJIapbl a3fam Ke3aecei,
KeJeci KabaTka aybICybl aHBIK, OaifKasabl.

40-45 cm. Koro — cyp, ThIFbI3, KabaThl KYIITI,
KYMOAJIIIBIKTBI, OCIMIIK TaMBIpIapbl CUPEK, Kemeci
KabaTka KypT eTyi Oaikanaipl.

45-160 cm. AtIbIK CYp, KYPFaK, KyMOAJIIIBIKTHI,
ycaK TYHIpIIIKTi, a3gam eciMAiK TambIpiapsl Oap.
Kecinmiaig TOMEHTI *KaFbIHAA YCaK KUBIPIIBIK, Tac-
Tap MEH MaJlTa TacTap KONTel Ke3/Iece/Il.

Ywinwi monvipax xecindici — Ine AnaraybHbIH
CONTYCTIK OeTkeHinaeri TypreH maTkaibiHeIH OH-
TYCTiK — LLIBIFBIC 3KCIO3UIIUSACHIHAH CAJIBIHIIBL By
KepAiH abcomroTTik omikTiri 1690 M. kenbdey OypbI-
el 25-30°. OciMIiK JKaMBUTFBICEI OPTYPHl IIONTI
— OyTasbl KaybIMIACThIKTapJaH TYpajbl. OCIMIIK-
Tep xep Oetin 100% xaysin Typaasl. byranapaan
maKypai TOOBUIFBICH (Spiraea. hypericifolia L: ),
Typiiask Oepikapakatel (Berberis heteropoda L.),
caycakxryn siprait (Cotoneaster racemiflora (Desf.)
C. Koch), Apan paymansl (Rosa spinosissima L.),
ka3raban payman (Rosa potentillifiora Chrshan.
et M. Pop.), berrep paymansl (Rosa Weggeriana
Schrenk) xe3mecemi. LllenreciH eciMIOiKTepacH
taynblk ¢uomuc (Phlomis oreophila Kar.et Kir.),
Butrtpok payrambl (Rheum. wittrockii Lundstr),
capOac xoHpIKa (Medicago falcata L.), xomimri
sxoHpIKa (Medicago. sativa L.), kanga rpaBuia-

el (Geum. urbanum L.), TypkicTaH cachIKIIe0i
(Leonurus turkestanicus V .Krecz. et Kuprian), mmai-
FBIH KOHBIPOACH! (Poa. pratensis L.), mambIpaHKbI
TapelublK, (Milium effusum L.), HaFbI3 KbI3BUTOOSY
(Galium verum L.), mapanotsl (Thalictrum colinum
Wallr) epmen xycan (Artemisia. vulgaris L.) xxone
Tarbl OacKayap TapajFaH.

Taynwt Kapa monwvipax, mopghonozuscot

0-8 cM. Koro — kapa Tycri, I9H CeKUIIi — ycaK
TYHIPIIIKTI, KyMOQIIIBIKTBI, a3dam ThIFBI3IalI-
FaH, Kyprak,. OCIMIIKTEpAiH TaMbIpiapbl KeIl
ke3neceni. Kemeci xabarka OipTiHzen aybiCybl
Oaifkamampl.

8-20 cMm. Koro — cyp TycTi, ycak TYHipIIiKTi,
cas/pl, OCIMJIIK TaMbIpPJIapbl YCaK KOm Ke3JIeCes.
Keneci kabatka OipTiHIEN aybICybl OaiiKaIabl.

20-45 cM. ANJIBIHFBI KECIH/IIJICH alllbIK CYpP TYC-
Ti, OOJIBIN KeTmyiMeH Oaiikanasbl. TYHIpUIIKTi, OpTa-
ma TeIFeI3gaFalH. KeciHmi OOMBIHINA yCaK KHBIP-
IIBIK TacTap Ke3jaeceii, KyMOAJIIBIKThI, ©CIMIIK
TaMbIpJIapbl a3aan TapairaH. Keneci kabatka KypT
aybICaIbl.

45-100 cM. KOHBIp — KOO CYp TYCTi Kemedi, bop-
MBUIIAK, KyMOAIIIBIKTBI, KOIITEIeH YIKEH/1 Killlii
Tacrtap Keszmecemi. OCIMIIKTEpAiH TaMbIpiIaphl a3
TapaJFaH.

Tonvipaxkmapowiy
manoay

3epTTey HOTHXKEIEpl KopceTkeHaeld TopalFbip
TayBIHBIH OHTYCTIK — OATBICBIHIAFBI Kapa TOTBIPaK-
Ta Kapa mipiaai Meepi 2,69-12,90 % apaibirbi-
Ja 00kl Bcipece TOMBIPAKThIH OeTKI KabaThIHIA
OHBIH KepceTkimi 50 cM TepeHmiKke AeHiH, Kapa
HIPIHJIHIH MeJmepi KYpT TOMEHJCH I TepeH Kart-
KaH ropusonrrapga [10,11]. Tonelpak KypambIH-
nmarel pH moni 7,39 — 8,58 apansiFeiama, 0oJampl
SFHM CUITUT JKOHE KYINTI CLITIN geyre Oonansl,
TOPHU30HT TEPEHAIriHe Kapal CUITLIIK AeHreli apra
tyceni. CO, menmiepi 0,16 — 0,38 apanbireinaa 6071-
JIbI, TOTIBIPAK TOPU30OHTHIHBIH OHBIH MOJIIIEP] a3/ar
JKOFapbLIaibL.

«Kexmex» acybprHa yakbiH CereTi TaybIHBIH OH-
TYCTIK — IIBIFBIC SKCIIO3UIMACHIHAH Kapa — KOHBIP
TOMBIPAKKA CaJIbIHFaH KECIHJiJe Kapa HIpiHAiHIH
Meuepi korapsl, 2,08-6,25 % apanbsiFeiHIa 0071-
Il By skeprese TOMbIPakThIH OSTKI KabOaThIHIA
Jla OHBIH MeJIIIIepi KOFapbL,00511bl. TonbIpak ropu-
30HTHIHBIH TOMEHTI JKaFbIHA Kapal KaparmripiHaiHiH
MeJIiepi azasiibl. TOMBIPAKTHIH KBIIIKBIIIBIK PeaK-
nusicel sxorapbl pH moeHiHIH kepcerkimi 8,18-8,93
apaJIBIFBIHAA 0onaapl. Bys cinTiii KoHe KYIITI Cill-
TiI OpTaHbIH KepceTkimi. ['opu3oHTTap OOMBIHIIA

XUMUAIBIK KyYpambovlH
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OHBIH Tapaiysl Oipkenki emec, CO, mommepi 1,47
— 4,26 apanpIFeIHIA OOJIEL.

liie AnartaysiHbIH conTyCTiK OeTkeiinmeri Typ-
T'eH MIATKAJIBIHBIH OHTYCTIK — IIBIFBIC SKCITO3UIIHSI-
Chl ayMarbIHJAFbl TAYJIbl Kapa TOMBIPAKTHIH TYMYC
moutiepi 3,02-7,16 % apanbirbiaga 0ol To-
nbeIpakThiy 20 ¢M —Te JeiiHri KabaThIHIa KOFaphI

Mmedepae, 20 cM — JeH TOMEHT1 TePeHIIKTe OHBIH
MeTIepi OipTiHAC a3asibl, TOMBIPAK KypaMbIH/IA-
Fel pH memmiepi 6,97 — 8,26 apanbirbiHna OONIHL,
KECiH/IHIH OapibIK TOPU30HTTAPB! Y3BIHIBIFBI 00-
WBIHIA KBIIIKBUIIBI )KOHE CIITLUTI OPTaHBI KOPCETTI,
CO, memmepi 0,16-1,08 apanbirbinga 60761, Kei
KabaTTap/ia KOMiPKBIIIKbLUIBI aHBIKTAIMA/IbI.
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1-cyper — 3eprrenren TonbIpak THNTEpPinaeri rymyc, CO, mommepi.

Kapa TombIpakTeIH KeCIHAICIHACTI Cy CY3iHIICI-
HIH KypaMbl KeJieCifieit OOJIIbI: CO, " anbiKTanMa-
a1, HCO, - 0,32-0,72; CI - 0,04; SO, ~0,12-0,92;
Ca"-0,29-0,49; Mg >* — 0,20-0,98; Na"— 0,05-0,06;
K* — 0,05-0,23; Ty3map xusHTBIFEL 0,060-0,083%
acmasbl.

Kapa — KOHBIp TOIBIPAKTaFBl CYy CY3iHTICIHIH
Ty31ap Kypambl Kesecined Gommer: CO, — aHBIK-
tanmael; HCO, ~0,24-0,80; CI - 0,04-0,11; SO, -
0,13-0,48; Ca" — 0,19-0,39; Mg * — 0,29-0,49; Na*
- 0,05-0,29; K* — 0,07-0,24; Ty3map >XUBIHTBHIFBI
0,073-0,087% apanbirsiHaa OOJIBI.

Tayiber Kapa TOmBIpaKTaFsl Cy CY3IHAICIHIH TY3-
nap Kypambl kenecifiedt 6onp: CO, — aHbIKTaNIMa-
a1, HCO, ~0,52-0,68; Cl" - 0,04; SO, ~0,11-0,53;
Ca"-0,19-0,49; Mg >* — 0,20-0,48; Na"— 0,05-0,06;
K*—0,02-0,10; Ty3nap sxubtaThiFs! 0,056-0,065%.

Bapnbik  TOmBIpak THOTEpiHAErT TY3apABIK
MOJTIIepi, sSIFHA TY3ABUIBIK ACHTeHiHEH TOMEH 00JI-
JIbL, SIFHU TY3JlaHOAFaH.

I'panynomempusanviy  Kypamwvl. ToIbIpaKTbIH
MEXaHUKaJIbIK KYPaMBIHBIH TOIBIPAK TY3YAE,
TOTBIPAKTBl aybUI IIAPYyalllbUIBIFBI JKOHE Oacka
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MakcaTTapra mnaijanaHyja MaHbI3bl OpacaH 30p.
TombIpakThlH MEXaHHMKAJIBIK KYPaMbIMEH OHBIH
KEYEKTLIIr1, Cy ChIHBIMIBIIBIFBI, BUIFA OTKI3TIIITI-
Ti, BUTFAJIIBI )KOFAPHI KOTEPY KACHETi, KOPEKTI 3aT-
TapJbl )KHHAY MYMKIHIIUTIT, ayaHblH >KBUIBUIBIK
PEKUMICPI CUSIKTHI KACHETTEPI THIFBI3 OaliaHbIC-
1ol [12]. I'paHyTOMETPHSITBIK, KypaMbl KaJbITITaC-
KaH OpTaja eceTiH eciMIikTepiiH Mopdo — aHa-
TOMUSUTBIK KYPBUIBIMBbIHA JKOHE (DUTOXUMHUSIIBIK
KYPBUIBIMBIHA OTaHJBIK FaJIBIMIAP 3epTTeyiep
Kyprisren [13-16].

AybIp KyMOANIIBIKTHI, Kei/ie opTama Kymoai-
NIBIKTBI TOIBIPAKTAp OAIIBIKTHI KEJIel, KOTl JKaF-
Jaia KaTell Kalajabl, TEXHUKA KOJJIAHy apKbUIbI
arpoOXMMUSUIBIK PETTEY IIapajapblH KAKET eTell.
Banmblk KYpBUIBIMJIBIFBI TYPAKChI3 TOMBIPAKTAPFa
JKaTaJlbl, OCIPeCce bUIFAJBIFBI aca KOFaphl OOJIFaH-
JIa J)KOHE CCUCMUKAIIBIK, KbICHIMFA JKaKbIH XKaFIai1a
Oomeim TadObUTAEl [6]. KazakcTtaH TeppUTOPHSICHI-
HBIH 0ipa3 aliMarblH TayJap ajblll JKaTKaHJbIKTaH
afiMakTa Tayibl TOMBIPAKTAp KEHIHCH TapaliFaH.
Taymbr aitMaKkTapaBIH ePEKIIEITiTi TeHi3 TeHreHiHeH
OMIK JKaTyblHa OaiJIaHBICTBI TOIBIPAK — KIUMAaT-
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TBIK 30HaJIAPBIHBIH TapalyblHAa OMIKTIK Oemieyik
30HAJIBIK, 3aHBI OPBIH ajajibl, Tay OMIKTETeH CaiiblH
BUIFAJl MOJIIepi KeOeie Tycim, aya — paibl CybITa
Oacraiiner [17,18]. Tik aiMaKTBIK TOIBIPAK Tapaiy
3aHIbUIBIFbIHA OaFblHA OTBHIPBIN, KIMMAT JKarnaiibl
JKOHE OCIMIIKTED TYPJIEpi Kep/IiH OHIKTITIriMEeH 03-
repeni. bipak, mHTEepdepeHIusIchHA OalIaHBICTHI
Taynapna, eHIIKTe Ke3ZeceTiH Keibip Oenmeynep
Oommaysl 1a MmymKiH [19,20]. Conbimen, TopaliFsip,
CereTi anaca tay »oTajnapsl xoHe Typren marka-

JIBIHBIH TOTIBIPAK KeciHaiepi lne AnataybIHbIH Tay
Tiz0erine Kipeni. MyH/1a TONBIPAK TUIITEPiHIH Tapa-
JIybl altyaH Typiii. Tay eTeriHiH OUiKTey Ka3bIKThIK-
TapblHJa Kapa KOHBIP, KOHBIP T.0. TYpJepi ke3aece-
mi [21,22,23].

Kyprizinren 3eprreyniy Oipinmn (Topaiirsip)
TOMBIpaK KECIHIICIHIH TI'paHyJIOMETPHUSJIBIK Kypa-
MbIHa Yeak KyM (0,25-0,05mm) dpaxiusicsl 6ackim
oonbin 28,99 %-nbl Kypaibl, olaH KeHiH ipi KyM
(pakuusicel 0ackIMABLTBIK, KopeeTTi (15,8 %).

1 Tan
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2-cypet — 3epTTeNreH TOMBIPAK, KECIHAICIHIH TY3/IBIK KECKiHi.

Topalirplp Taybl TONBIPAK KECIHIICIHIETI Ipa-
HYJIOMETPHSUTBIK, KypaMm (QpakiusIiapblHbIH KeMy
Katapsl (%):

Ycak kym 28,99< ipi kym 15,8 <ipi man 15,5 <
to3aH 12,41 <ycak magn 11,76 <.oprama may 10,57.

Ekinmni tombipak keciHmicinge ycak kym (1,0-
0,25mMM) men ipi kyMm (0,25-0,05MM) rpaHynomMeT-
pUSUTBIK (ppakImsiapbl Oipmiama 6acbIMIBUTBIK KOp-
cetTi (45,06 xoue 14,24 %).

Topalirplp Taybl TONBIPAK KECiHIICIHIETI Ipa-
HYJIOMETPHSUTBIK, KypaMm (QpakiusIapblHbIH KeMy
Katapsl (%):

Ycak kyMm 28,99 <ipi kym 15,8 <ipiman 15,5 <
to3aH 12,41 <ycak man 11,76 <.oprama mray 10,57.

Exinmii Tombipak keciHmicinme ycak kym (1,0-
0,25mMMm) men ipi kym (0,25-0,05Mm) TpanymomeT-
PUSUTBIK, (hpakusIapbl OipiraMa 6achbIMIBLIBIK Kep-
cetTi (45,06 xxone 14,24 %).

Cereri Taysl TOBIPAK, KECIHIICIHACT] TPaHYJIO-
METPHSUIBIK KypaM (ppakIusuIapbIHbIH KEMY KaTapbl
(%):

Ycak kym 45,06 <ipi kym 14,24 <ipi man 13,48
<To3aH 11,24 < oprama man 9,47 < ycak maH 6,49.

YuriHmi Tomeipak KeckiHinme ycak kym (0,25
— 0,05 mm) men tozay ( 0,001 mm) dpaxmmsmapsr
0achIMIBUIBIK KepceTTi (25,16 sxxone 19,32 %).

lie AnaraysinblH conTycTik Oerkeiinneri Typ-
I'eH IMATKAIBIHBIH OHTYCTIK — IIBIFBIC YKCIIO3UIIHSI-
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CBIHBIH TOTBIPAK, KECKIHIHACT1 IPaHyIOMETPHSIIBIK,
Kypam (QpaknusIapeIHBIH KeMy Katapsl (%):

Ycak xkym 25,06 < to3ag 19,32 < ycak mag
18,82 < ipi kym 17,82 < oprama max 11,38 < ipi
may 7,47.

Tombipax Ty#ipmiri 0.01 MM-neH ycak 0e:-
HIEKTEpACH Typaabl (OalIIbIK), MalbI3IBIK KOp-

cetkimi OoifpiHma TopaiiFblp Taybsl TONBIPAFBI
oprama casnak (34,74 %), Cereri Taybl TONBI-
parbl keHin caznak (27,21 %), Ine AnataybiHbIH
contyctik Oerkedinnmeri TypreH IIaTKalbIHBIH
opMaHABl OefeyiHiH, OHTYCTIK IHIBIFBIC JKCIO-
3UIUSACHIHBIH TOMBIPAFHI aybIp ca3aak (49,54 % )
0071b1.

60 -
50 A
40 A
S 30 -
20 -
1 1
Ipi xyM ¥eak KyM Ipi mag Opratma mag ¥Yeax mag Tozag Dpakuuanap
(0,01 mm)
m Topaiirelp ™ CereTi Ime AnaTaybIHBIH CONTYCTITI
3-cypeT — 3epTTeIreH TONBIPAK KeCIHALIEePiHIH ITPAHYIOMETPHSIIBIK KYPAMBI.
KopbIThIHABI Hin cazgak (27,21%), Ine AnmataybIHBIH CONTYCTIK

KopbITbIHbUIAN KENTeH/Ie, 3€PTTEIreH TOIbI-
pax Tuntepi TopaiiFbIp TaybIHBIH OHTYCTIK OaTbI-
CBIHJIA Kapa MIipiHai (TyMyC) MeIIepi oTe )KOFaphl
(12,90 % ¥a neiiin) Kapa Tombipak, Kexmnek acybin-
narpl CereTi TaybIHBIH OHTYCTIK — HIBIFBICBIHIAFBI
Kapa KOHBIP TOMBIPAKTHIH Kaparmripidmi (TyMmyc)
meoutepi 2,08-6,25 % acmaiiasl. lne AnataybIHbIH
COJTYCTIK OeTKeHiHiH opMaHabl OenaeyiniH TypreHn
LIaTKAJIBIHBIH OHTYCTIK — IIBIFBIC SKCIO3HUIUSICHIH-
Ja TyMyc Mejiepi OeTki KadaTTapblHIa KOFaphbl
3,02 — 7,16% xypaiiasl MyHAall TONBIPAKTHI Kapa
TOIIBIPAK THUIITEPIHE KATKBI3AMBI3.

TomnbIpak opTacel TombIpak KypamblHIarsl pH
MOHIHIH peakUusChl OapibIK YII TOMBIPAK, KECIHMIi-
CiH/Ie CINTLTIIEH KYIITI CINTLTIre MeiiH )KoFaphiia-
161, Ty31apbIHBIH KYpaMbl OOHBIHIIA OAPIIBIK TOIIbI-
pax THIITepi Ty3aaHOaFaH.

Mexannkanbik, Kypamsl Ooiibrama (0.01 MM-aen
ycak Oemmexrep) TopalFelp Taysl TOBIPAFB OpTa-
ma caszzak (34,74 %), Cereri Taybl TONBIPAFhI Ke-
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OeTkeiiiHiH opMaHbI Oenneyinin TypreH markabi-
HBIH OHTYCTIK — HIBIFBIC SKCIIO3UIUSICHIHBIH TOIIbI-
parbl aysIp ca3nakThl (49,54 % ) Gonmabl.

JKanmer 6i31iH TOTBIpaKKa KYPri3reH 3epTTey-
nepimi3iH HOTHXKelNepi OOWbIHIIA MbIHAIAH KOPbI-
THIHIIBI JKacayra Oonaabl. Rosa potentilliflora ce-
KUIZII Tapaixy aliMarbl MIEKTEYI dHIESMIIK ©CIMJIIK
YILiH epeKIiie MUKPOKIUMAT KaxeT. bipiHminen on
JKepIliH TeHi3 neHredineH Owiktiri 1200 6en 1800
M apaibIFbIHAA Oonysl mapT. ExiHmmineH, Tomsipa-
FBIHBIH KapallipiHaici MOJI, Tay/IbIH KyHapibl Kapa
KOHBIP (TEMHOKAIIITAaHOBEIH) )kK9HE Kapa TOTBIPAFBI
0omysl MaHBI3ABL. YIIiHIIEH, Rosa potentilliflora
OCIMJIIri Tay >KOTACHIHBIH KYH JKaKChl TYCETiH, OH-
TYCTIK XOHE OHTYCTIK IIBIFBIC JKCIIO3UIUACHIHAA
)akchl ecemi. TepTinmmineH, e AnaraybsHBIH Op-
TaJbIK O6JIriHIH OpMaH/bl OMIKTIK O€Jeyi KoHE
OHBIH IIBIFBIC 06JIir1 00MBIN TaObUIATHIH TOpaiiFeIp,
CereTi anaca Tay JKOTaJIAPBIHBIH KIMMATTHIK JKaF-
naiiel ocbl Rosa potentilliflora ecimairi yuiiH aca
KOJIAMITBI OpTa OOJIBINT TaOBLIA B
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FLORA OF THE AIYRTAU DISTRICT
OF THE NORTH KAZAKHSTAN REGION: SPECIES COMPOSITION,
LIFE FORMS AND ECOLOGICAL GROUPS OF PLANTS

The plants occurring in the flora of the Aiyrtau district of the North Kazakhstan region were selected
as the object of research. During the study, it was found that the flora of the Aiyrtau district of the North
Kazakhstan region consists of 80 plant species belonging to 22 genera and 60 families. Families, such as
Asteraceae Bercht., Amaranthaceae Juss., Fabaceae Lindl., Plantaginaceae Juss., and Poaceae Barnhart.,
prevailed according to the number of species. Ecological analysis of plants has shown that mesophytes,
mesoxerophytes, and hygromesophytes predominate. The classification of plant species by life forms
revealed semi-shrubs — 2 species, perennial herbaceous plants — 53 species, annual herbaceous plants
— 20 species, and biennial herbaceous plants — 5 species. According to C. Raunkiaer’s classification,
the following groups of plants were identified: hemicryptophytes (50 species; 62.5%), therophytes (11
species; 13.75%), cryptophytes (16 species; 20%), chamaephytes (1 species; 1.25%) and nanophanero-
phytes (2 species; 2.5%). The results of the research work allow for supplementing the data on the flora
of the North Kazakhstan region, specifically the Aiyrtau district.

Key words: flora, biodiversity, systematic analysis, species composition, life forms, ecological
groups of plants.

L. Aypmekbaesa'”, ©. Hypraan'!, O. babeHko’,
I. Kbizpapb6ekosa', I'. ©OHepxaH?
"LLokaH YaamnxaHoB aTbiHaarbl KekieTtay yHuepcuteTi, KekweTay K., KasakcraH

2K. KyAaarkaHoB aTbiHAaFbl Ka3ak TEXHOAOMMs XeHe 6usHec yHuBepcuteTi, AcTaHa K., KasakcraH
“e-mail: durmekbaeva@mail.ru

Coatycrik KasakcTtaH 06AbICcbl AifbIpTay ayAaHbiHbIH, (hAopachi:
OCIMAIKTEPAIH, TYPAIK Kypambl, TipLuiAik popmanapbi
YK9HEe 3KOAOTMSIABIK, TONTapPbl

3eptTey HbicaHbl peTiHae CoaTycTik KasakcraH 06AbIChbl ARbIpTay ayAaHblHbIH, (DAOpaChIHAQ
Ke3AECETIH OCiMAIKTep TaHAaAAbl. 3epTTey 6apbicbiHAa CoATycTik KasakctaH o6AbiCbl AiibipTay
ayAaHbIHbIH, (hAOpacbiHaH 22 TykbiIMAAC, 60 TybiCKA >KaTaTblH ©CIMAIKTEPAIH 80 Typi aHbIKTAAAbI.
Typaep caHbl 6onbiHLIa Asteraceae Bercht., Amaranthaceae Juss., Fabaceae Lindl., Plantaginaceae Juss.
sxaHe Poaceae Barnhart. cusikTbl TykbIMAQCTap 6acbiM 60AAbL. OCIMAIKTEPAIH 3KOAOTUSIABIK, TAAAQYDI
Me30(UTTEP, ME3OKCEPOMUTTEP XKBHE FTMIPOME30MUTTEPAIH BaCbIM eKEHIH KOPCeTTi. OCIMAIKTEPAIH
TipwiAik (hopmMarapbl 6OMbIHLLA XKIKTEAYI OyTaAapAbIH — 2 TYPAI, KOMXKbIAABIK, LLIBMTECIH 6CIMAIKTEPAIH
— 53 TypAI, 6ip >KbIAABIK, LUBMTECIH 6CIMAIKTEPAIH — 20 TYPAI >KOHE EKIXXbIAABIK, LLIOMTECIH 6CIMAIKTEPA]
— 5 TypAi KaMTUTbIHbI aHblkTaAAbl. K. PayHkuep kaaccndmkaumsacbiHa CarMKec eCiMAIKTEPAIH KeAeci
TonTapra 6eAiHAi: remukpuntoduttep (50 Typ; 62,5%), TepocutTep (11 1Yp; 13,75%), KpUnTOhUTTEP
(16 TYp; 20%), xamedmTTep (1 TYp; 1,25%) >8He HaHOodaHepodutTep (2 TYP; 2,5%). 3epTTey
SKYMbICbIHbIH HaTuXeAepi CoaTycTik KasakcTaH OOAbICbIHbIH, aTan anTkaHAa AmMblpTay ayAaHblHbIH
dbAOpachl TypaAbl AEPEKTEPAI TOABIKTbIPYFa MYMKIHAIK Gepeai.

Tyiin cesaep: bAopa, OMOAAYAHTYPAIAIK, XKYMEAT TaAady, TYPAIK Kypambl, TIpLWiAiK (hopMaapsbi,
OCIMAIKTEPAIH 9KOAOTUSIABIK, TOMTApPbI.
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®dropa AjibipTayckoro paiioHa CeBepo-KasaxcTtaHckoi o6AacTm:
BUAOBOM COCTaB, XXM3HEHHbIE (hopMblI
M 3KOAOTMYeCKHe rpynnbl pacTeHUi

B kauectBe 0o6bekTa MCCAEAOBaHMS ObiAM BbiGpaHbl pacTeHMs, BCTpevaiolmecs Bo (aope Aribip-
Tayckoro parioHa Cesepo-KasaxcraHckor obaactu. B xoae mccaeaoBaHUSt BbIAO YCTAaHOBAEHO, UTO
daopa AitbipTayckoro paitoHa CeBepo-KasaxcraHckon o6AaacTv coctouT m3 80 BUAOB pacTeHUit, OT-
HocsWMXCS K 22 poaam 1 60 cemenctBam. 1o KoAMUecTBY BUAOB NpeobAaAaAM TakKMe CEeMENCTBA, Kak
Asteraceae Bercht., Amaranthaceae Juss., Fabaceae Lindl., Plantaginaceae Juss. u Poaceae Barnhart.
DKOAOTMYECKUI1 aHAAM3 PACTEHUI MOKa3aA, YTO NPeobAaAAIOT ME30MUThI, ME30KCePOMUTbI 1 TUIPo-
me30unTbl. Kaaccndmkaums BUAOB pacTeHMIA MO KM3HEHHbIM (hopMam BbiSIBUAQ MOAYKYCTAPHUKM — 2
BMAQ, MHOTOAETHME TPABSHUCTbIE pacTeHus — 53 BMAQ, OAHOAETHWE TPABIHUCTble pacTeHns — 20 Bu-
AOB U ABYAETHUE TPABSHUCTbIE pacTeHus — 5 BUAOB. CoraacHo kaaccudmkaumm K. PayHkmepa, Gbiam
BbIAEAEHbI CAEAYIOLIME TPynMnbl pacTeHnin: remmkpuntodutbl (50 BMAOB; 62,5%), TepocunTbl (11 BK-
AO0B; 13,75%), kpyntocpuTbl (16 BUAOB; 20%), xameduTbl (1 BUA; 1,25%) n HaHOhaHeponTbl (2 BMAQ;
2,5%). Pe3yAbTaTbl MICCAEAOBAHMIA MO3BOASIOT AOMOAHWTb AaHHble 0 daope CeBepo-KazaxcraHckomn

006AaCTH, B YaCTHOCTU AIbIPTAyCKOro paioHa.

KAroueBble cAoBa: qb/\opa, 6M0pa3Hoo6pa3me, CcUCTeMaTUyecKmnn dAHaAAU3, BMAOBOM COCTaB, XM3-

HeHHble (hOPMbI, SKOAOTMYECKME FPYMIbl PACTEHMIA.

Introduction

Conservation of biodiversity of animal and plant
species, communities, and ecosystems is an integral
part of the Concept of Humanity’s Transition to
Sustainable Development. Within the framework
of this problem, the protection of life on the Earth
is recognized as not just the narrow task of certain
groups but the task of all of the living human inhab-
itants of the Earth and a condition for their survival
on the planet. According to the Concept of Conser-
vation and Sustainable Use of Biological Diversity
of the Republic of Kazakhstan until 2030, the prob-
lem of biodiversity conservation and its rational use
has become one of the great world priorities, which
is due to the need to preserve biodiversity to ensure
the existence and further development of mankind
in connection with the aggravation of the global an-
thropogenic crisis of the Biosphere. It is necessary
to preserve and restore rare and endangered plant
species [1].

According to the research conducted by N.V.
Pavlov and colleagues in the period from 1956 to
1966, it was found that 5,631 species of vascular
plants are found in the flora of Kazakhstan. These
species belong to 126 families and 1022 genera [2].

According to Abdullina (1999), a list of vascu-
lar plants of Kazakhstan was compiled, which lists
5,658 plant species belonging to 159 families and
1,067 genera [3].

Over the past decade, scientific research has
been conducted to expand the species diversity of
plants in Kazakhstan by identifying new species [4,
5,6,7,8].

In addition, the scientists conducted a study
using a thorough analysis of various sources of in-
formation, including literary sources, herbarium
collections, databases and field observations, to
identify unique species of vascular plants growing
in the country. As a result of the study, it was found
that 451 species of endemic plants live in the coun-
try, which is 7.97% of the total number of vascular
plant species. These endemics include 139 genera
and 34 families and are mainly found in the south-
ern regions of Kazakhstan, especially in the moun-
tainous areas of the Kazakh part of the Tien Shan,
such as Karatau (123 species), Dzungarian Alatau
(80 species), Zailiysky, and Kungeysky Alatau (50
species) [9].

In recent years, scientists have conducted studies
of flora in the northern regions of Kazakhstan. Ac-
cording to the results of a systematic analysis of the
flora of the territory of Zerendinsky district of Ak-
mola region, 136 species of plants belonging to 108
genera and 41 families were identified. The gymno-
sperms (Pinophyta) were represented by 1 species,
dicotyledons (Magnoliopsida) by 115 species, and
monocotyledons (Liliopsida) by 20 species. The
number of species was dominated by the families
Asteraceae (25 species or 21.74%), Rosaceae (14
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species or 12.17%), and Fabaceae (11 species or
9.56%). In the class Liliopsidae, the genus Poaceae
(10 species or 50%) predominated by the number of
species, with Juncaceae Juss. (4 species or 20%) in
second place and Liliaceae Juss. (2 species or 10%)
in third place. Polycarpic plants (80.88%) are more
numerous than monocarpic plants (19.12%) [10].

Systematic analysis of weed plants in the flora
of Zerendinsky district of Akmola region revealed
84 species belonging to 70 genera and 29 fami-
lies. According to the number of species, the fam-
ily Asteraceae Dumort. occupies the first place (18
species or 21.4%), followed by Poaceae Barnhart.
(8 species, 9.5%), and then by Fabaceae Lindl. (7
species, 8.3%). Next were the families Scrophula-
riaceae Juss. (5 species), Boraginaceae Juss., and
Rosaceae Juss. (4 species each), with other families
having 3 to 1 species each [11, 12].

The family Orchidaceae Juss has been studied
in the steppe, forest-steppe, and desert regions of
the northern part of Kazakhstan (Pavlodar, North
Kazakhstan, Kostanay, Akmola, Aktobe, West Ka-
zakhstan, partially Karaganda, and East Kazakhstan
regions). A total of 25 species belonging to 16 gen-
era have been identified, eight of which are included
in the Red Book of Kazakhstan (2014). Addition-
ally, according to research, it is proposed to expand
the number of protected orchids by adding nine spe-
cies [13].

According to available literature data, some ar-
eas of Northern Kazakhstan require additional study
of the species composition of plants. Therefore, the
main purpose of our study is to conduct a compre-
hensive analysis of the species diversity of flora,
study its life forms, and identify ecological groups
of plants in the Aiyrtau district of the North Kazakh-
stan region.

Aiyrtau district (formerly Volodarsky) is a dis-
trict in the North Kazakhstan region of Kazakhstan.
The district was formed on the territory of the abol-
ished Kokchetavsky district of the Akmola province
of the Russian Soviet Federative Socialist Republic
on January 17, 1928, and was named Volodarsky
district. On March 16, 1944, the district was trans-
ferred from North Kazakhstan to the newly formed
Kokchetav region. On May 4, 1993, Volodarsky
district of the Kokchetav region of the Republic of
Kazakhstan was renamed Aiyrtau district [14].

In 1997, the district, like all other districts of
the abolished Kokshetau region, became part of the
North Kazakhstan region [15].

Currently, it is one of the largest districts in the
North Kazakhstan region. The climate is sharply
continental and belongs to the West Siberian cli-
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matic region of the temperate zone. Winters are cold
and long, and summers are relatively hot, with clear,
often arid weather prevailing. The average temper-
ature in January is -18.6°C, in July +19.0°C. The
lowest air temperatures are about -48°C (Bulaevo
station, 1968), and the highest is about +41°C (Ser-
geevka city, 2014). The duration of the period with
average daily temperatures above 0°C is an average
of 125 days. The average date of temperature transi-
tion after 0°C is April 10-15, and after +5°C — April
22-25[16].

The length of the day varies from 7 to 17 hours
throughout the year. During the year, up to 78 cloud-
less days are observed in the northern regions of the
region, and up to 41 in the southern regions. The
sunshine duration per year is 1900-2000 hours [16].

The average annual precipitation is 350 mm, of
which 80-85% falls in the warm season (April-Octo-
ber). The snow cover lies for about 5 months — from
November to March, and by the end of winter, it has
an average thickness of 25 cm [16].

The territory of the Aiyrtau district of the North
Kazakhstan region is located within the forest-
steppe zone in the zone of the forest-steppe strip
with birch-spike forests and pine forests. Vegeta-
tion is represented by the following types: forest
communities; steppe communities; meadow veg-
etation.

This study’s purpose was to investigate the spe-
cies composition of the flora and life forms and to
determine the ecological groups of plant species of
the Aiyrtau district of the North Kazakhstan region.

Materials and methods

The species composition of plants was stud-
ied by conducting route surveys according to the
method of specific floras by A. I. Tolmachev (1986)
[17]. Plants were collected from June to August.
Herbarium materials were collected and processed
according to the generally accepted method of A. K.
Skvortsov (1977) [18].

To identify plant species and describe them, the
following works were used: “Flora of Kazakhstan”
(1956-1966) [1] and “Flora of Kazakhstan” by M. S.
Baytenov in two volumes (1999, 2001) [19].

The Latin names of species and genera of weed
plants were written according to the work of S. K.
Cherepanov (1995) [17]. The study of plant life
forms was carried out according to I. G. Serebryakov
(1962) [18] and C. C. Raunkiaer [19].

In the study of ecological groups concerning
moisture, the works of G.H. Poplavskaya (1948)
[20] and A.P. Shennikov (1950) [21] were used.
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Results and discussion

According to the results of own field studies,
the list of plant species growing on the territory of
the Aiyrtau district of the North Kazakhstan region
was compiled, and 80 species from 60 genera and 22
families were found (Table 1).

The first place in the total number of species is
occupied by the families Asteraceae (20 species or
25%), the second place is occupied by the families

Amaranthaceae and Fabaceae (8 species or 10%),
and the third place is occupied by the families Po-
lygonaceae (5 species or 6.25%).

The families Poaceae and Brassicaceae are repre-
sented by 4 species each (5%); 3 species (3.75%) from
the families Apiaceae, Lamiaceae, and Scrophularia-
ceae; from the families Boraginaceae, Geraniaceae,
Lythraceae, Orobanchaceae, Plumbaginaceae, Plan-
taginaceae, and Rosaceae — 2 species each (2.5%); and
from the remaining families — 1 species each (1.25%).

Table 1 — Taxonomic composition of plant species of the flora of the Aiyrtau district

Family Number of genera %o of ﬂ:ti g;?fl;;umber Number of species nuZiboefrth st;())::?:lies
Asteraceae Dumort 15 25,00 20 25,00
Amaranthaceae Juss. 8 13,32 8 10,00
Fabaceae Lindl. 6 10,00 8 10,00
Polygonaceae Juss. 2 3,33 5 6,25
Poaceae Barnhart. 3 5,00 4 5,00
Brassicaceae Burnett. 3 5,00 4 5,00
Plantaginaceae Juss. 2 3,33 4 5,00
Apiaceae Lindl. 3 5,00 3 3,75
Lamiaceae Lindl. 2 3,33 3 3,75
Scrophulariaceae Lindl 2 3,33 3 3,75
Boraginaceae Juss 2 3,33 2 2,50
Rosaceae Juss. 2 3,33 2 2,50
Geraniaceae Juss. 1 1,67 2 2,50
Plumbaginaceae Juss. 1 1,67 2 2,50
Orobanchaceae Lindl 1 1,67 2 2,50
Lythraceae Lindl 1 1,67 2 2,50
Crassulaceae DC. 1 1,67 1 1,25
Gentianaceae Lindl 1 1,67 1 1,25
Alismataceae DC. 1 1,67 1 1,25
Onagraceae Lindl 1 1,67 1 1,25
Urticaceae Juss. 1 1,67 1 1,25
Cyperaceae J. St. Hill. 1 1,67 1 1,25

As a result of the study, it was revealed that
the main genera of plants are Achillea L. (4
species, 5%), Polygonum L., and Plantago L. (3
species each, 3.75%), Setaria P.Beauv., Lathyrus
L., Melilotus Mill., Leonurus L., Lepidium L.,

Erigeron L., Artemisia L., Limonium Mill.,
Geranium L., Veronica L., Odontites Zinn., Rumex
L., and Lythrum L. (2 species each, 2.5%). The
remaining 44 genera consist of 1 species each
(1.25%) (Fig. 1).
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Figure 1 — The main genera of the flora of the Aiyrtau district

The flora of the Aiyrtau district of the North Ka-
zakhstan region has a diverse range of plants adapt-
ed to different moisture levels. Among them, a wide
range of species was identified, from plants that can
survive in low humidity conditions (xerophytes) to
those that prefer large amounts of moisture (hydro-
phytes, hygrophytes, hygromesophytes).

In general, the largest share of the total composi-
tion of the flora of the study region is occupied by
mesophytes, which is 53.75%. Additionally, about
12.5% of plants are xerophiles, including xerome-
sophytes and xerophytes. About 20% of species are

60
30
40
30

20

10

adapted to excessive moisture conditions, including
hydrophytes, hygrophytes, and hygromesophytes.
Transitional groups of mesohygrophytes and mes-
oxerophytes account for 13.75% (Fig. 2).

Life forms are distinctive external manifestations
of organisms, shaped by developmental biology and
the internal structure of their organs, influenced by soil
and climatic conditions as adaptations to their environ-
ment. The exploration of life forms and their dynamics
holds paramount significance in understanding the pat-
terns of adaptation among populations and individual
organisms to specific environmental conditions.

53,73

Hydrophytes
BHygrophytes
Hygromesophytes
Mesohygrophytes
Mesophytes
Mesoxerophytes

B Xeromesophytes
H Xerophytes

Number of species

% of the total sumber of species

Figure 2 — Ecological groups of plants of the Aiyrtau district
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During the research, life forms of plants were
determined. It was found that the flora of the study
area includes semi-shrubs — 2 species, herbaceous

plants — 78 species, including polycarpic grasses (53
species, 66.25%) and monocarpic grasses (25 spe-
cies, 31.25%) (Fig. 3).

Semi-shrubs include Eurotia ceratoides L. and
Rubus idaeus L.; perennial herbaceous plants in-
clude Achillea millefolium L., Sanguisorba officina-
lis L., and Cichorium intybus L.; biennials include
Melilotus officinalis (L.) Pall., Erigeron acris L.,
and Cynoglossum officinale L.; and annuals include

Setaria viridis (L.) P.Beauv., Lepidium ruderale L.,
and Erigeron canadensis L..

C. Raunkiaer divided all plants into 5 types of life
forms, which he also called biological types. Each of C.
Raunkiaer’s life form types is further subdivided into
3-15 subtypes characterized by different characters and
arrangement of shoots, protection of buds, and other
morphological features. The plants studied include
2 species of nanophanerophytes (2.5%), 1 species of
chamaephytes (1.25%), 50 species of hemicrypto-
phytes (62.5%), 16 species of cryptophytes (20%), 11
species of therophytes (13.75%) (Fig. 4).

“ |
|
o | |
| |
50 ||
40 |
| | Semi. shrubs
10 | | HPolycarpic grasses
| | Ehonocarpic grasses
20 7|
o/ |
| \
o - | ¥
Number of species % of the total number of species
Figure 3 — Life forms of plants of the Aiyrtau district
70
0]
30 E Nanophanerophytes
10 B Hamephytes
= Hemicryptophytes
30 Cryptophytes
20 Therophytes
10
0

Number of species

% of the total mumber of species

Figure 4 — Classification of plant life forms according to C. Raunkiaer of the Aiyrtau district

Nanophanerophytes include Eurotia ceratoides
L. and Rubus idaeus L.; hemoptytes include Arte-
misia austriaca Jacq.; hemicryptophytes include

Phlomoides tuberosa (L.) Moench, Plantago major
L., and Tanacetum vulgare L.; cryptophytes include
Bromus inermis Leyss., Cirsium arvense (L.) Scop.;
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and therophytes include Lepidium ruderale L., Am-
aranthus retroflexus L., and Urtica urens L.

Conclusion

In the flora of the Aiyrtau district of the North
Kazakhstan region, 80 species of plants belonging
to 22 genera and 60 families are revealed. The larg-
est share by ecological groups of plants is occu-

pied by mesophytes, accounting for 53.75%. It was
found that, depending on the life forms of plants,
semi-shrubs include 2 species, and herbaceous
plants comprise 78 species. According to the sys-
tem of C. Raunkiaer, hemicryptophytes predomi-
nated.

Thus, the list of species composition of plants
in the territory of the North Kazakhstan region was
compiled.
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A ANALYSES OF ABIOTIC FACTORS AFFECTING
THE TREE PLANT PAULOWNIA SIEBOLD & ZUCC

The article analyses the environmental factors i.e. abiotic conditions of adaptation and introduc-
tion of the woody plant Paulownia Siebold & Zucc growing in the local conditions of Kazakhstan. The
Paulownia tree naturally grows in China and is now cultivated in various other countries. There are
approximately 9 natural species known, as well as many hybrid species. The spectrum of uses for the
Paulownia tree is broad: agroforestry and land reclamation, pulp industry, biofuel and biomass pro-
duction, timber harvesting, phytoremediation, and reclamation, among others, making it of significant
practical value. The Paulownia plant has been cultivated in Kazakhstan for the past 5-6 years and is
growing and developing in the southern and southeastern regions of the country. In Kazakhstan, the
Paulownia plant has been recently introduced and transplanted, so biological and ecological studies of
the Paulownia in local environmental conditions have not yet been conducted. Our research is being
carried out in the villages of Uzynagash and Beriktas in the Zhambyl District of Almaty City and the
Almaty Region.

For the purpose of the study, climatic and edaphic factors of the examined area were considered and
analyzed to assess the impact of local abiotic factors on the growth of hybrid species of the Paulownia
family. Thus, the agroclimatic conditions and agrochemical properties of the soil in Almaty City and the
Almaty Region are suitable for planting Paulownia trees.

Key words: Paulownia Siebold & Zucc, abiotic factors, tolerance, adaptation.
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Paulownia Siebold & Zucc araw ecimairine acep ereTiH
a6MOTHKAADbIK, (DAKTOPAAPADbI TaAAQY

Makarapa KasakcraHAbIK, >KepriAikTi >karpaanmaa ecin »artkaH Paulownia Siebold & Zucc
OCIMAITiHIH 6eriMAeAy >KaHe >KepCiHy, SFHM opTa hakTopAapbiHa Taapay >kacaAaabl. Paulownia
(MaBaoBHMA) araw ecimairi Kbitanaa tabuen xaraanaa eceai. Kasipri yakbiTTa aAemHiH 6acka
eAAepiHAEe Ae ecipineai. Taburn 9 XXybik, Typi OGeAriAi XXeHe KenTereH rmopua TypAepi ae 6ap.
Paulownia aralliblH KOAAAHYAbIH ayKbIMbl K€H: arpoOpMaH-MEeAMOPALIMSAbIK, LIEAAIOAO3A 6HepKacCibi,
6MOO0TbIH >X8He 6uomMacca aAy, arali-Cypek aAy, (PUTOPeMeAMaALMSIAbIK, PEKYAbTUBALMSABIK T.6.
NpakTUKaAbIK, MaHbI3AbIAbIFbI Kemn. KasakcTaHAaa Paulownia eciMAiri COHfbl 5-6 >XblAAQ KOAFa
aAblHbIM, KasakCTaHHbIH OHTYCTIK, OHTYCTIK-LIbIFbIC alMaKTapbiHAQ OCIPIAIN  AaMbIM  KeAeAi.
KasakcraH KaFpanblHAQ >kaHapaH OCIpPiAiM, >kepciHyae, COA cebenTeH >XKepriAikTi 3KOAOTMSAbIK,
xaraanaa Paulownia ecimairiHe 6GMOAOTMMSIABIK-3KOAOTUSIAbIK, 3ePTTEeYAep XKYprisiamereH. bisaiH
>KYMbICbIMbI3AAFbl 3epTTEeyAep AAMATbI KaAacCbl MeH AAMaTbl 06AbICHI XKamMObIA ayAaHbIHbIH, ¥ 3blHaFall
ayblAbl MeH bepikTac ayblAAbIK, OKPYTiHAE XXYpPrisiAyae.

3epTTeyAiH MakcaTbiHa opait Paulownia TybICbIHbIH TMOPUA TYPAEPIHIH 6CYiHe KepriAiKTi KepaiH,
abMOTHKaAbIK, (DaKTOpPAapbIHbIH ocepiH 6araray 6apbiCbiHAQ 3€PTTEAIHETIH alMMakTbiH KAMMATTbIK,
>KoHe 3AahMKaAbIK, (DaKTOpAAPbl KapacTbipblAbIn, TaAAAHAbI. COHbIMEH, AAMATbI KaAachl keHe AAMaThbI
OOADICBIHbIH, arPOKAMMATTbIK, XKaF AaMAapbl MEH TOMbIPAK ThIH, arPOXUMUSIAbIK, KepceTkilTepi Paulownia
arall ecCiMAIriH >XepciHAipyre KOAaMAbI.

Ty#in ce3aep: Paulownia Siebold & Zucc, abnoTrkabik, hakTopAap, XepciHy, 6eniMaey.
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AHaAu3 abMoTHUYECKMX (PaKTOPOB, BAUSIIOLLMX
Ha ApeBecHoe pacteHue Paulownia Siebold & Zucc

B cTtaTbe aeAaeTcs aHaAM3 (DaKTOPOB CPEAbI T.e. abMOTUUYECKME YCAOBMS aAanTaLmMy 1 MHTPOAYK-
LMK ApeBecHoro pactenust Paulownia Siebold & Zucc, npovspacTaiouiero B MeCcTHbix ycAoBusix Kazax-
cTaHa. B ecrectBeHHbIx ycaoBusix Paulownia ([MaBaoBHMs) npomspactaet B Kutae. B HacTosiee Bpemst
BbIpALLMBAETCS M B APYTMX CTPaHax M1pa. M3BeCTHO OKOAO 9 MPUPOAHBIX BUAOB, @ TakXKe MOHOXXEeCTBO
rn6puaos. ObAacTb nprmMeHenus Paulownia 1wimMpoka, 3T0 arpOAECOMEAMOpaLIMS, LIEAAIOAO3HAs NPO-
MBILLAEHHOCTb, AOOblua GMOTOMAMBA M GMOMACCHI, (PUTOPEMEAMALINS, PEKYABTUBALIMS, AECOMPOAYK-
ums n Ap. B KasaxcraHe, nocaeaHne 5-6 aet Paulownia apantupyertcst v KyAbTUBUPYETCS B I0XKHbDIX,
I0ro-BOCTOUHbIX pernoHax KasaxcraHa. B ycaoBusax KazaxcraHa BblpallmBaeTcs BrepBble W NMO3TOMY
B MECTHbIX 3KOAOTMUYECKMX YCAOBUSAX OMOAOMMUECKM-IKOAOTMYECKME UCCAEAOBAHMS HE MPOBOAMAUCS.
MccaepoBaHms B Hallern paboTte NpoBoAsTCS B ropoae Aamathbl u XKambbiackom parioHe (c. bepukTac,
C. Y3biHaraiu) AAMaTMHCKOM 06AaCTU.

LleAblo MCCAEAOBAHUS SBASIETCS OLIEHKA MECTHbIX abMoTMUecKmx (hakTOPoB Ha r’MOPUAHDBIE BUADI
poaa Paulownia. BbiAn paccMOTpeHbl 1 MPOAHAAM3UPOBaHbI KAMMaTUYeCKre 1 3padmyeckre hakTopbl
M3y4YaemMoro pernoHa u npoBepeHa npeaBapuTeAbHas oueHka. C yyeToM arpoKAMMaTMYeCcKMX YCAO-
BUIA M arpoOXMMMYECKMX MoKasaTeAei Mnous r. AAMaTbl U AAMATMHCKOM 0BAACTM AEAAEM BbIBOA, UTO
Paulownia sBAsieTcst 6AQronpusTHOM 30HOM AAS MHTPOAYKUMW. B cTaThe npeacTaBAeHbl npeaBapu-

TEAbHbIE PE3YAbTATbl 3TNX MCCAEAOBAHUM.

Karouesble caoBa: Paulownia Siebold & Zucc, abnoTtnueckme hakTopbl, MHTPOAYKLIMS, aAanTaLms.

Introduction

Paulownia (Paulownia) is a deciduous tree be-
longing to the Paulowniaceae family, which natu-
rally grows in China. Some species are also cultivat-
ed in Japan, Southeast Asia, Europe, North, South,
and Central America, and Australia. There are nine
species: P. tomentosa, P. albiphloea, P. catalpifolia,
P. elongata, P. fargesii, P. fortunei, P. australis, P.
kawakamii, and P. taiwaniana, as well as numerous
natural hybrids known for their wood quality and
biological properties [1-4].

Paulownia species from China have been used
for over 2600 years as agroforestry and reclamation
trees due to their numerous positive properties and
versatile uses. This species was named after Queen
Anna Pavlovna of the Netherlands (1795-1865), the
daughter of Russian Tsar Paul I. It is also known
as the «princess tree» or «kiri tree» [5]. Paulownia
has been cultivated as an ornamental tree in North-
western Europe since the early 1800s, but it was not
considered a commercial species until recent years.
Research results based on data collected from ex-
isting sites, as presented by Jensen (2016), indicate
that Paulownia species and hybrids can be success-
fully grown as a commercial agroforestry crop in
Northwestern, Southern, and Eastern Europe [6-9].
Paulownia can be propagated by seeds, roots, or
microclonal methods [10,11]. The wood was intro-

duced to the United States in the mid-1800s as pack-
ing material for decorative porcelain [12-14].

Paulownia trees are characterized by a wide
range of applications. The purpose of planting Pau-
lownia 1s land restoration, utilization of livestock
waste, and rapid biomass production for paper
manufacturing [15,16]. Paulownia is an ideal tree
for short-term cultivation due to its rapid growth,
ability to regenerate from stems and roots, and the
diverse uses of its wood and fibers. Paulownia does
not require replanting after cutting, as it regenerates
from stem and root shoots. The wood of Paulownia
is used to make many products due to its attractive
appearance, strength, light weight, and good physi-
cal-mechanical properties. A Paulownia tree that is
8-10 years old produces 100 kg of leaves per year
[17,18]. The leaves and flowers of Paulownia are
rich in nitrogen and other nutrients, making them an
excellent natural fertilizer. Additionally, Paulownia
leaves are nutrient-rich and can be used as a forage
crop [19,20]. The plant analyzed in this article is
characterized by very rapid growth (trunk diameter
reaches 50-70 cm in 8-10 years), low temperature
tolerance (down to -27°C), a robust root system, and
large leaves (up to 60 cm in width) [21-23].

In recent years, interest in species belonging to
the Paulownia family has been growing in the CIS
countries — Ukraine, Uzbekistan, Kyrgyzstan, Rus-
sia, and Kazakhstan. Currently, entrepreneurs in
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these countries have shifted to commercial planting
operations for timber production. In the processes
of adaptation to environmental conditions, different
elements of environmental factors affect various,
primarily hybrid species belonging to the Paulow-
niaceae family in different ways. Most of the ter-
ritory of these countries is located in the temperate
zone, and due to higher temperature amplitudes to
the north, Paulownia is cultivated and grown only
in the southern regions. For example, Paulownia
is very popular in Ukraine, where it is grown and
developed for various purposes across much of the
country. It was adopted there earlier than in other
CIS countries. Ukraine has a moderately continen-
tal climate, with continental influences increasing
towards the east. Except for the northeastern part of
the country, the regions are ideal for growing Pau-
lownia, which benefits from warm, moist air masses
coming from the Atlantic [24]. In Uzbekistan, Pau-
lownia has been localized and developed over the
past 7-8 years. The country’s predominantly sub-
tropical climate provides favorable conditions for
Paulownia species [25, 26]. In the Issyk-Kul region
of Kyrgyzstan, Paulownia was initially cultivated
for timber and biomass production. Due to the ad-
verse effects of abiotic factors, it is now grown in
a park-like environment for landscaping purposes
[27]. Hybrid species of Paulownia are transplanted
and grown in southern Russia — specifically in the
Krasnodar, Sevastopol, Crimea, and Rostov regions.
Research is also being conducted in Kazakhstan to
determine the microclonal propagation, regenera-
tion, adaptation conditions and medicinal properties
of the plant [28-31].

In Kazakhstan, Paulownia has been cultivated
and developed in the southern regions since 2016-
2017. To obtain timber and wood materials for
commercial purposes, private individuals grow it in
plantation conditions, sell seedlings, and contribute
to the greening of the southern regions. Since Pau-
lownia has been recently introduced and transplant-
ed in Kazakhstan, biological and ecological studies
of the plant in local environmental conditions have
not yet been conducted. For commercial purposes,
various hybrids of the Paulownia family are grown.
The adaptation and introduction of Paulownia to the
local environment are being carried out in Almaty
City and in the Zhambyl and Talgar districts of the
Almaty Region..

The aim of this research is to evaluate the abi-
otic factors of the area on the growth of hybrid spe-
cies of the Paulownia Siebold & Zucc family.
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Changes in abiotic factors can significantly im-
pact organisms, either positively or negatively, and
sometimes even lead to their death. Abiotic factors
shape the habitat of animals and plants, greatly in-
fluencing physiological processes and life cycles of
organisms. Abiotic factors include the physical and
chemical conditions of the environment. Broadly,
the environment encompasses the collection of ma-
terial bodies, phenomena, and energy that affect liv-
ing organisms.

Materials and Methods

The study examines hybrid Paulownia Siebold
& Zucc species, focusing on abiotic factors in Al-
maty City (Al-Farabi Kazakh National University
garden plot and Abai Kazakh National Pedagogical
University campus) and the Almaty Region (Berik-
tas village land plot, Zhambyl District), using me-
teorological observations and chemical-analytical
soil composition methods. Soil Analysis Instru-
ments: Specord 210 PLUS (for determining heavy
metals in soil); Ionometer I-160 MI (for measur-
ing pH and soil salinity); Plasma photometer
FLAFO-4 (for determining various chemical ele-
ments in soil). Soil Analysis Methods: Total humus
— RK MSC 3477-2019 with Tyurin; Mobile N —
Tyurin-Kononov; Mobile P, K — GOST 26205-91;
pH — GOST 26423-85; Water separation — GOST
26423-85-26428-85; Granulometric composition —
GOST 12536-2014.

Soil samples from four locations investigated in
October 2022 (A — the Al-Farabi Kazakh National
University apple orchard; B — the campus area of
Abai Kazakh National Pedagogical University; C
— the uncultivated Paulownia land in Beriktas vil-
lage, Zhambyl District, Almaty Region; D — Almaty
Region, Zhambyl District, Paulownia-planted land
in Beriktas village winter) were delivered to the ac-
credited laboratory of LLP «Chemical Analysis» ac-
cording to the standards of the Kazakh Scientific Re-
search Institute of Soil Science and Agrochemistry
named after Ospanov. Chemical-analytical analyses
were conducted on soil samples collected from the
0-30 cm soil depth layer at these four research sites.

Results and Discussion

The combination of abiotic factors affecting the
tree Paulownia, the subject of this study, necessi-
tates the following favorable environmental condi-
tions for its growth [5,13,32,33].
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Table 1 — Complex of abiotic factors favorable for Paulownia tree

Favorable environmental conditions:

Paulownia grows well in clay-loam, light-textured, and moderately moist soils. However, with improved

Groundwater should be located at a depth of 1.5-5 meters, as the area is prone to overmoisture. If the
groundwater level is less than 1.5 meters, the site is unsuitable for growing Paulownia. The deep roots
of Paulownia need to be provided with adequate water at depths up to 5 meters. If the root system does
not reach the groundwater, the soil must have sufficient water-holding capacity. In clayey areas, the soil
retains adequate moisture even during prolonged droughts. If the soil has low water retention capacity,

pH Range 5.0-8.5: Soil pH, indicating acidity or alkalinity, is a crucial factor affecting plant growth
and development. Paulownia grows well in calcium-rich soils, and optimal growth is achieved across a
wide acidity range from pH 5.0 to approximately 8.5. Adjustments can be made as needed to maintain

Location — Southern Slope or Open Areas: Paulownia optimally utilizes sunlight with its very large
leaves. As a heat-loving plant, it thrives best on southern slopes. This orientation extends the growing

Precipitation > 800 mm or Use of Irrigation: In the initial years, abundant irrigation is necessary. Thanks
to its deep root system, Paulownia can generally meet its water needs from groundwater. If precipitation

Temperature Range: Paulownia grows well in temperatures ranging from 24-26°C and can tolerate

Early Growth and Development: Paulownia’s very large leaves are sensitive to wind, which can cause
damage. However, the plant’s excellent regenerative ability allows it to quickly compensate for this
damage, though growth rates may temporarily slow down. In mature plants, leaf size decreases, and

Ne | Abiotic factors:
Soil edaphic
conditions agroecological conditions, it can also thrive in lower-quality soils.
Hydrogeological
2 factors
(groundwater)
irrigation or a drip irrigation system is recommended.
3 pH
suitable conditions for rapid and productive growth.
4 Terrain
season due to the rapid spring warming, promoting year-round growth of the trees.
5 Precipitation
is insufficient, additional irrigation should be provided.
6 Temperature temperatures up to 45-47°C.
7 Wind
sensitivity to wind is reduced
8 Nutrients

Nutrient Requirements in Early Growth: In the early years, Paulownia requires a significant amount
of nutrients. The large leaves of Paulownia absorb substantial quantities of nitrogen and potassium.
Targeted addition of essential nutrients enhances the growth and development of young saplings and
lays the foundation for healthy, robust trees throughout their lifespan. However, the composition of
the fertilizer, correct dosage, and timing of application are crucial. Excessive nitrogen application late
in the growing season can negatively impact lignification and, consequently, winter hardiness. For
instance, potassium improves the tree’s winter hardiness. Regular potassium fertilization throughout
the summer enhances water use efficiency and supports safe growth even during drought periods.

Abiotic factors represent a collective group that
has a decisive impact on plant life compared to other
forms of life. These factors play a crucial role in the
morphological, anatomical, physiological, and re-
productive development of plants.

Ecological conditions for adaptation of Paulow-
nia Siebold & Zucc hybrid species in local condi-
tions of Kazakhstan: This involves evaluating envi-
ronmental factors, including agroclimatic conditions
of the Almaty region and the city of Almaty, and the
diversity of climatic features.

Overall, the climate of the region is continental,
but in the foothills of the Zailiyskiy Alatau, there
is sufficient humidity, with moderately warm sum-
mers and mild winters. The plain areas are charac-
terized by significant diurnal and annual tempera-
ture fluctuations, cold winters, and long, hot, and
dry summers. January is the coldest month, with

temperatures ranging from -11 to -13°C in the north
and northeast, -6°C in the south, and up to -13°C
in the mountains. July is the warmest month, with
temperatures reaching 25°C in the north, 18°C in the
southern mountains, and 26°C on the slopes. The re-
gion is characterized by pronounced temperature in-
versions, where temperature decreases with altitude.
The warm period with average daily temperatures
above 0°C ranges from 240 days in the northern
plains to 220 days in the southern highlands. Annual
precipitation varies from 125 mm in the north to 900
mm in the south, with 50-75% of the annual precipi-
tation occurring during the warm period from April
to October [34-38].

The city of Almaty and the Zhambyl district of
the Almaty region, where our research is conduct-
ed, are characterized by favorable climatic factors.
Meteorological data related to climate and weather
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were obtained from the database of the RMC «Ka-
zhydromet» for assessing the abiotic factors of the
areas where hybrid species of Paulownia Siebold &
Zucc are found. The climatic and atmospheric con-
ditions of the studied areas, i.c., 2 sites (A and B)
in the city of Almaty and 2 sites (C and D) in the
Zhambyl district of the Almaty region, were con-
sidered, including air and soil surface temperature,
average relative humidity, cloud cover, wind speed,
average atmospheric pressure, average precipita-
tion, number of days with snow cover, duration of
sunlight, and soil temperature.

Temperature affects plants at all stages of their
development, with different stages requiring dif-
ferent thermal conditions; thus, variations in air
and soil temperatures significantly influence physi-
ological processes in plants. Three-year average
temperature data for the study areas, obtained from
monitoring stations in Almaty and Uzyngach, show:
Almaty — January: +4.6°C, July: +24.4°C, annual:
+11.9°C; Beriktas — January: -8°C, July: +23°C, an-
nual: +9.5°C. Absolute maxima: Almaty +39.2°C,
Beriktas +40°C; Absolute minima: Almaty -15.9°C,
Beriktas -22.2°C. Frost days: Almaty — 149, Berik-
tas — 157; frost-free days: Almaty — 188, Beriktas
— 182. Average soil temperature (0-80 cm): Almaty
+11.4°C, Beriktas +12.3°C. Duration of periods
with mean daily temperatures above 10°C: Almaty
160 days, Beriktas 170 days. Accumulated mean
daily temperatures above 10°C: Almaty 3400°C,
Beriktas 3600°C. Total heat resources during the
growing season: Almaty 3400°C, Beriktas 3600°C
[34, 35].

Air humidity is a crucial environmental indica-
tor; its decrease reduces plant yield and negatively

Table 2 — Weather forecast for 2021-2023

affects the survival and reproduction of certain or-
ganisms. Humidity determines the periodicity of ac-
tive life, influences seasonal dynamics of life cycles,
and impacts development and mortality. In natural
conditions, relative humidity in vegetation areas is
not constant throughout the growing season. Hu-
midity increases as plants grow and develop, reach-
ing a maximum of around 85-90% by the end of the
growing season. As plants mature, evaporation de-
creases, leading to a drop in relative humidity (76%
and below). Average relative humidity: Almaty
58%, Beriktas 66%. Maximum relative humidity in
January: Almaty 79%, Beriktas 84%. High humidity
is generally observed in winter and autumn due to
precipitation. Minimum humidity recorded in July:
Almaty 36%, Beriktas 46% (Table 1) [34,35].

Light: Solar radiation is fundamental to life on
Earth. Plants require constant light for the vital pro-
cess of photosynthesis. Light not only participates in
photosynthesis but also shapes plant development,
affecting flowering, fruiting, and seed germina-
tion. The annual sunlight duration was calculated in
hours: Almaty — 2,343 hours, Beriktas — 2,389 hours
[38]. Cloud Cover: Number of clear days: Almaty
— 239, Beriktas — 218. Number of cloudy days: Al-
maty — 119, Beriktas — 85 (Tables 2,3) [34,35].

Wind: Air movement significantly impacts
plant life. Wind acts as a carrier for seeds, spores,
and fruits, playing a crucial role in plant pollina-
tion. However, wind also depletes moisture from
plants by replacing moist air with dry air, although it
brings in fresh carbon dioxide. Average wind speed:
Almaty — 0.6 m/s, Beriktas — 1.0 m/s; Maximum
wind speed: Almaty — 18 m/s, Beriktas — 30 m/s
(Table 1) [34,35].

Air temperature Average Cloudiness Wind speed, m/s
relative
Study area Aver .t | Max.t | Min. t nﬁl;s ¢ ﬁlbnst oNfuflrl:)l;:; hun;/idity, clear | Cloudy | Aver. Max.
days °
Weather indicators for 2021
Almaty 11,5 17,6 -6,7 39,7 -17,2 165 55 239 119 0.6 | 18
Beriktas 9,2 17,2 -2,3 40,6 -23,4 180 64 218 85 1.0 | 30
Weather indicators for 2022
Almaty 12 17.6 =73 393 -13.9 138 59 214 135 0.6 13
Beriktas 9.9 17.0 -3.4 40.9 -19.1 137 67 221 134 1.1 28
Weather indicators for 2023
Almaty 12,4 18,1 -9.9 38,5 -16,6 143 59 243 115 0.5 8.4
Beriktas 9,5 17,2 -2,9 38,5 -24 153 68 229 101 1.1 18.6
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Pressure: Average atmospheric pressure: Alma-
ty — 920.2 hPa, Beriktas — 925.1 hPa (Table 3) [35].
Precipitation: Precipitation is crucial for the wa-
ter cycle, influencing surface and subsurface runoff,

Table 3 — Weather forecast for 2021-2023

evaporation, and water distribution among plants.
Average annual precipitation: Almaty — 630 mm,
Berikbash — 436 mm. Snow cover days: Almaty —
64, Beriktas — 51 (Table 3). [34,35].

Average Duration of Soil temperature,
. Average Number of days ..
Study area atmospheric o . . sunshine, in hours degrees,
precipitation, mm | with snow cover
pressure, Pa — annual data 0-80 cm
Weather indicators for 2021
Almaty 920,5 673 53 2343 11,2
Beriktas 9254 488 38 2389 12,3
Weather indicators for 2022
Almaty 919,9 640.3 52 1729.4 11.7
Beriktas 924.,8 410.4 50 2225.8 12.5
Weather indicators for 2023
Almaty 847,3 575,4 88 1978,6 11,4
Beriktas 844,5 407,9 65 2238.5 12,0

Soil is one of the components of terrestrial eco-
systems and the natural basis for their activity, while
vegetation is an important factor in soil formation.
The soil substrate serves as the medium for plant
attachment, water supply, and mineral nutrition. In
the agro-climatic and soil resource zoning of the
city of Almaty and the Almaty region, the studied
areas in the city of Almaty are classified as part of
the mountain-steppe zone at an altitude of 700-1000
meters. The soil cover of this region consists of vari-
ous types of soils with different mechanical compo-
sitions. The best soils are the mountain black soils
with a granular structure, moderately humic, and
low humic rainfed soils. The mountain black-chest-
nut soils occupy the zone of dry grass and feather
grass steppes. The elevated steppes located at the
top are characterized by poorly developed coarse-
grained soils, while black-chestnut and light chest-
nut soils on the slopes are found along the edges of
cones.

The studied areas in the Zhambyl district of the
Almaty region are part of the irrigated agricultural
zone in the desert-steppe zone on the slopes of the
mountains. The region is located at an altitude of
450-700 meters above sea level and represents a ma-
jor reserve of irrigated land. The soils in the area
include light chestnut soils, black soils, and mead-
ow-serozem soils. The humus content in the upper
horizon ranges from 1.1% to 2.5%. In the peripheral
parts of the plains on the mountain slopes surround-

ing the mountain formations, light chestnut and
serozem soils covered with gravel are widespread.
The soil profile is characterized by a significant dis-
tribution of unutilized serozems [36,37].

For plants, the physical, chemical, and biologi-
cal properties of the soil, as well as its water, air, and
thermal regimes, the pH, and the chemical composi-
tion of the soil solution are of significant ecologi-
cal importance. The main soil indicators affecting
plants include: granulometric composition, salinity,
moisture level, soil temperature, structure, humus
content, agrochemical indicators, microelement
composition, and others.

To assess the edaphic factors of the area where
the Paulownia Siebold & Zucc is transplanted and
cultivated, studies were conducted on the soil’s
granulometric composition, total humus content,
total and available nitrogen content, pH level, salt
content, and concentration of major heavy metals.
Samples for the study were taken from a depth of
0-30 cm. Regarding the soil indicators for the four
studied points:

1. Soil moisture — the amount of water per unit
mass of absolutely dry soil, where the lowest is 2.06
(point A — KazNUU, apple orchard, i.e., less moist);
low moisture — 1.14 (point C — winter, non-cultivat-
ed land in the village of Beriktas, i.e., assessed as
arid) [37].

2. Granulometric composition obtained with
three percentage fractions of absolutely dry soil:
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sand (coarse 1.0-0.25 mm, fine 0.25-0.05 mm), silt
(coarse 0.05-0.01, crushed 0.01-0.005, fine 0.005-
0.001), clay (<0.001), mud (<0.01). Analysis (Table
4.) [38]:

1) Large amount of coarse sand 15.668 mm
— point B; small size 0.526 mm — point C. Large
amount of fine sand 37.819 mm — point A; small
size 22.193 mm — point C;

Table 4 — Granulometric composition of the soil

2) Highest amount of coarse silt 40.057 mm —
point C, lowest amount 20.829 mm — point A. Large
amount of fine silt 13.757 mm - point C, small
amount 11.844 mm — point A.

3) Large amount of clay 10.210 mm — point B,
small amount 11.002 mm — point C.

4) Large amount of mud 38.454 mm — point D,
small amount 34.230 mm — point B.

% of fractional composition for absolutely dry soil
Fraction sizes, mm
Location of Depth, | A.C.H
Ne choice em | % H20 Sand Silt Clay Mud
1,0-0,25 | 0,25-0,05 | 0,05-0,01 | 0,01-0,005 | 0,005-0,001 | <0,001 Frj‘(:)“(;’lns
| A |KazNUU, apple | 5, 2,06 4595 | 37819 | 20,829 14,703 11,844 | 10210 | 36,757
orchard
2.B EZNPU’ campus |- o 3 1,84 15,668 | 26,059 | 24,042 11,002 12225 | 11,002 | 34,230
Beriktas v., win-
3.C |tering site, non- | 0-30 1,14 0,526 | 22,193 | 40,057 | 15,780 13,757 | 7,688 | 37,224
cultivated
Beriktas v., win-
4.D |tering site, culti- | 0-30 1,18 0,830 | 22,667 | 38,049 | 17,001 12,548 | 8905 | 38,454
vated

3. Agrochemical indicators — Agrochemical in-
dicators of soil fertility are a set of properties that
characterize the soil’s ability to supply plants with
nutrients and maintain an optimal feeding regime. In
our case (Table 4) [38]:

1. Maximum amount of total humus — Point B
—1.86%, minimum — Point C — 0.65%. Humus con-
tent is low at all points.

2. Available nitrogen (N), mg/kg, obtained from
two points, highest—47.6%, Point D; lower — 44.8%,
Point C. High values indicate the nitrogen (N) status
of the cultivated area of Paulownia Siebold & Zucc,
suggesting that nitrogen-fixing microorganisms are
active and that the humus formation process has
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started. It can be said that Paulownia trees may fer-
tilize the soil and enhance its fertility. Although the
studies cover a short period, the trend may already
be underway.

3. pH values: high 9.25 — Point C, low — 8.20,
Point A. All indicators point to a high degree of al-
kalinity. The soil is classified as alkaline [38].

4. Salt content. The salts present in the studied
soil were determined by separating absolutely dry
soil from water. High salt content — Point C with
0.139%, Point B with a lower value — 0.086%. At all
points, salinity is within the range of 0.50-1.00%,
indicating that the soil is considered moderately sa-
line (Table 6) [38].
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Table 5 — Soil Agrochemical Indicators

Determined Indicators
Ne . . Total Humus | Mobile Nitrogen | Total nitrogen
Sampling Location % Mg/kg % pH
1. A | KazNUU, apple orchard 1,65 - 8,20
2. B | KazNPU, campus area 1,86 - 8,01
3.C |Beriktas v., wintering site, non-cultivated 0,65 448 0,070 9,25
4. D | Beriktas v., wintering site, cultivated 1,48 47,6 0,168 9,08
Table 6 — Salt separation indicators by water
%
For Absolutely dry soil LoKe **volumetric separation by water**
Ne Alkalinity N Ca'™ Mg™ Na* K*
**Salt —
Content, | General Composition of
0/ %% ~ | CO3 from com-
HCO,
mon carbonates
0,034 0,000 | 0,048 | 0,014 | 0,010 | 0,001 0,001
KazNU, apple orchard 0,107
0,56 0,00 0,99 0,70 0,79 0,03 0,03
0,024 0,001 | 0,040 | 0,010 | 0,008 | 0,001 0,002
KazNU, apple orchard 0,086
0,40 0,04 0,83 0,50 0,69 0,03 0,04
Beriktas v., wintering site, 0126 0,034 0,002 0,012 | 0,044 | 0,004 | 0,008 | 0,018 0,005
non-cultivated | 0,56 0,08 033 | 092 | 020 | 069 | 080 | 0,13
Beriktas v., wintering, non- 0139 0,039 0,004 | 0,056 | 0,010 | 0,005 | 0,020 0,006
cultivated ' 0,64 011 | 1,16 | 050 | 039 | 085 | 016

5. Micronutrient composition. The study ana-
lyzed four types of mobile forms of micronutrients
found in significant quantities in urban soil: zinc
(Zn), copper (Cu), cadmium (Cd), and lead (Pb).
This group of heavy metals is widespread in the soil
and negatively impacts natural processes in the en-
vironment. In our research (Table 7) [38]:

- High levels of zinc at point B — 45.6 mg/kg;
low levels — 1.90 mg/kg; normal levels — Point C.

- High levels of copper at point C — 1.80 mg/kg;
low levels — 1.10 mg/kg; normal levels — Point B.

- High levels of cadmium at point B — 1.20 mg/
kg; low levels — 0.80 mg/kg; normal levels — Point
A.

- High levels of lead at point B — 1.00 mg/kg;
low levels — 0.60 mg/kg; normal levels — Point D.

According to the analysis, at point B, which is
KazNPU, campus area, there are high levels of three
elements — Zn, Cd, Pb. This situation indicates that
the land plot planted with trees is located near street
intersections (Kazibek bi and Sh. Ualikhanov), and
consequently, these levels are elevated.
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Table 7 — Micronutrient composition in soil

Available forms of micronutrients, mg/kg
No Sampling location
Zn Cu Cd Pb
1. A |KazNU, apple orchard 4,40 1,20 0,80 0,80
2. B |KazNPU, campus area 45,6 1,10 1,20 1,00
3. C | Beriktas v., wintering, non-cultivated 1,90 1,80 1,10 0,80
4.D |Beriktas v., wintering, cultivated 2,80 1,30 1,00 0,60

Environmental factors affect the growth and
development of Paulownia trees to varying de-
grees: low temperature has a primary influence,
while high temperature has a secondary, weaker
effect. Additionally, these factors can impact spe-
cific aspects of plant development. The response
of Paulownia trees to changes in environmental
conditions is reflected in their ability to exhibit re-

Table 8 — Results of phenological observations

silience, which manifests in the flexibility of struc-
tures and functions and the development of adap-
tive changes in structure and life processes. Three
years of phenological observations from the con-
ducted localization work have shown good results
in growth and adaptation of Paulownia trees in the
city of Almaty and the Almaty region, as shown in
Table 8.

Vine Height, cm (beginning/end of the growing season)
Years
KazNU, apple orchard KazNPU, campus area Beriktas, winter site

2021 18-22 93-105 30-38 122-220 - -
2022 0 (technical 250-430 0 (technical 460-580 15-23 150-210

section) section)
2023 0 (technical 260-490 420-500 570-660 0 (technical 170-250

section) section)

The enrichment of local flora through the cul-
tivation and transplantation of tree species has
been practiced since ancient times, primarily in
regions with favorable climatic conditions for
growing these plants. Introduction is particularly
crucial in arid regions with soil salinity, lack of
moisture, and deforested areas. Enriching local
flora with fast-growing, valuable woody, shrubby,
and herbaceous plants that are resistant to extreme
conditions, as well as high-quality products, se-
lection, conservation, and development, is one of
the pressing issues for increasing biodiversity in
the Republic of Kazakhstan. Plant introduction
plays a significant role in enhancing the produc-
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tivity of artificially created plant communities of
various purposes and their economically valu-
able properties. To conserve rare and endangered
plant species and introduce new useful plants
into local flora, it is necessary to cultivate them
in dendrological gardens, botanical gardens, and
experimental plots, and propagate them for rein-
troduction into natural conditions. Given the role
that plants play in shaping the environment, and
considering both natural physical-geographical
conditions and anthropogenic factors related to
human production activities, it is crucial to in-
clude experimentally tested plant species that are
beneficial for each region into the local flora.
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KazNPU, campus area

D — Beriktas v., wintering, cultivated

Figure 1 — Paulownia Siebold & Zucc

This is why we analyzed and assessed the com-
plex of abiotic factors of the local area to conduct
research on the adaptation of Paulownia trees,
which are the subject of our study, to increase bio-
diversity of the local flora, and for planting and
use in various industrial and commercial purposes

in the southeastern and southern regions of our
country. Further study of the impact of abiotic fac-
tors on the local area will help determine indica-
tors such as heat and cold tolerance, resistance to
smoke and gas in urban conditions, and ability to
withstand pests.
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Conclusion

1. The study found that temperature fluctua-
tions impact Paulownia growth. Suitable tempera-
ture amplitudes contributed to good development
of Paulownia trees in Almaty, while the absolute
low temperature of -22°C in Beriktas had a nega-
tive effect. The total thermal resource temperature
for the growing season was: Almaty 3400°C, Berik-
tas 3600°C. The main abiotic factor affecting the
growth of Paulownia is temperature. Its decrease
has a decisive influence.

2. The high average precipitation in Almaty pos-
itively affected Paulownia trees, while the low level
of summer precipitation in Beriktas had a negative
impact. Average precipitation: Almaty — 630 mm,
Beriktas — 436 mm.

3. In Almaty, the humus content in soil culti-
vated with Paulownia ranged from 1.65 to 1.86. In
Beriktas, the humus content in non-cultivated soil
was 0.65, and increased to 1.48 with Paulownia cul-
tivation.

4. Paulownia adapts and grows at a pH of 8.20-
8.601.

5. Among the agrochemical indicators, the
amount of available nitrogen increased in the cul-
tivated area compared to the non-cultivated winter
site in Beriktas. This indicates the revival of nitro-
gen-fixing microorganisms and signifies that the
process of soil humus formation has begun.

After analyzing the abiotic factors, we can pre-
liminarily conclude that the city of Almaty and the

Almaty region are suitable areas for planting Pau-
lownia trees. However, further tasks remain to study
the impact of environmental factors on the plant and
the conditions for its adaptation. The agroclimatic
conditions of Almaty city and the Almaty region are
very favorable. The foothills of the Zailiysky Alatau
are characterized by sufficient humidity, mild sum-
mers, and soft winters. The total thermal resource
temperature for the growing season is around 3400-
3600°C. The warm period, with an average daily air
temperature above 0°C, lasts for 220-240 days. The
total sunlight duration per year is 2400 hours. Soil
types range from mountain chernozem to mountain
black-brown, light brown, and chestnut soils. The
agrochemical indicators of the soil also meet the re-
quirements for growing Paulownia, and good results
can be achieved through specific agronomic prac-
tices. Research shows that the set of suitable abiotic
factors required for the Paulownia tree matches the
established environmental factors of the city of Al-
maty and the region.In the southern and southeast-
ern regions of the country, the processes of grow-
ing and transplanting Paulownia have been ongoing
for several years. Currently, studies are focusing on
the adaptation of Paulownia to local climatic con-
ditions, as well as abiotic and biotic environmental
factors affecting the plant. Moving forward, given
the potential of the Paulownia tree for its economic
value to our country and its ecological benefits for
environmental improvement, comprehensive stud-
ies will be conducted on the plant’s ecological and
biological characteristics and adaptation processes.
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ECOLOGICAL AND BIOLOGICAL CHARACTERISTICS
AND ASSESSMENT OF THE CURRENT STATE
OF THE SPECIES HYLOTELEPHIUM EWERSII (LEDEB.) H. OHBA
AND PHEDIMUS HYBRIDUS (L.) ‘T HART. IN THE FLORA
OF THE KASTEK GORGE OF THE ILE ALATAU

The article is devoted to the study of the current state of populations of the species Hylotelephium
ewersii (Ledeb.) H. Ohba (formerly Sedum ewersii Ledeb.) and Phedimus hybridus (L.) ‘t Hart (also
known as Sedum hybridum L. and Aizopsis hybrida (L.) Grulich) in the floristic composition of the coe-
nopopulations of these species in the lle Alatau. The article presents a study and analysis of the biology
of the populations of H. ewersii and P. hybridus in the Kastek Gorge of the lle Alatau, the diversity of
their life forms, and ecological reactions in specific ecological-cenotic conditions. Seasonal rhythms of
development of H. ewersii and P. hybridus showed their stability and high adaptability to the conditions
of the landscape mountain zone of the Ile Alatau. The studies made it possible to identify the adaptations
of natural cenopopulations of H. ewersii and P. hybridus to long-term, sustainable existence in condi-
tions of a sharply continental climate and to assess their current state. The article presents a taxonomic,
ecological, and geographical analysis of the flora of the populations of H. ewersii and P. hybridus. The
studied species H. ewersii and P. hybridus have a life form of herbaceous succulent-leafy terrestrial-
creeping polycarpics with a rosette-less sympodial model of shoot formation, where, according to the
position of the renewal buds, the studied species belong to the chamaephyte biomorph

Key words: Hylotelephium ewersii, Phedimus hybridus, population, coenopopulation, Kastek
Gorge, lle Alatau.
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Ire AaaTaybiHbiH, KacTek doropacbiHaafbl Hylotelephium ewersii (Ledeb.) H. Ohba
xoHe Phedimus hybridus (L.) ,t Hart TypiHiH, 5KOAOrMSABIK-OMOAOrMSIABIK, CMNATTaMacChl
)K9He Ka3ipri >karAaiibiH 6aFaray

Makanapna Hylotelephium ewersii (Ledeb.) H. Ohba (6ypbiH Sedum ewersii Ledeb.) >xaHe
Phedimus hybridus (L.) ,t Hart (coHbimeHn katap Sedum hybridum L. >xeHe Aizopsis hybrida (L.)
Grulich) TypaAepiHiH nonyAsumsiaapbiHbIH Ka3ipri >kaFAarblH )KOHE 0Cbl TYPAEPAIH Iae AAaTaybiHAAFbI
LLeHOMOMYASILIMSAAPbIHbIH (DAOPUCTMKAABIK, KypamblH 3epTTeyre apHaAfaH. Iae AAaTaybiHbiH KacTtek
lwaTKaAbiHAAFbl H. ewersii xoHe P. hybridus nonyAsumsiAapbiHbiH, OMOAOTUSCbIH, OAAPAbIH TipLUiAiK
(hopMaAapbIHbIH, OPTYPAIAITIH K8HE HaKTbl SKOAOTUSIABIK, )XOHE IKOAOTUSIAbIK, PeakLMSIAAPbIH 3epTTey
JKOHE TaAAaybl, LEHO3AbIK, XXarAarbl 6epiareH. H. ewersii xoHe P. hybridus TypAepiHiH MayCbIMABIK,
AAMYy bIPFAKTapbl OAAPAbBIH TYPAKTbIAbIFbIH XaHe Iane AAaTayblHbiH, AQHALIAMTTHIK, TayAbl GEAAEYIHIH,
KaFAamblHa KoFapbl Gerimaiairin kepcetTi. 3eptreyaep H. ewersii >xoane P. hybridus Taburu
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KYPT KOHTMHEHTTIK >KaFAanbiHAQ Y3aK, MepP3iMAil, TYpakTbl eMip cypyre 6erMiMAEAYiH aHbIKTayFa >KoHe
OAapPABIH Kasipri xkaraarbiH 6aFrarayra MyMKIHAIK 6epai. Makaraaa H. ewersii xxaHe P. hybridus Typ-
AEpiHiH MoNyASLUMSAQPbIHbIH (DAOPACbIHA TAKCOHOMUSIABIK, SKOAOTUSIABIK, X&HE reorpachmsAbIK, TaAAQY
»kacaAraH. 3eptteareH H. ewersii >xaHe P. hybridus TypAepi WwenTeciH CyKKyAeHTTi-KarblpakTbl kepre
TOCEAIN 6Cy MOAEAIMEH CUMATTaAATbiH MOAMKAPITbI 6CIMAIKTEPAIH 6MIPAIK hopmacbiHa me, ByA Typ-
AEPAIH KaiTa eceTiH OypLlikTepiHiH opHaAacybiHa 6aiAaHbICTbI 6MOMOPMTbI XameduTTepre >kaTaAbl.

Tyiin cesaep: Hylotelephium ewersii, Phedimus hybridus, nonyasums, ueHononyasums, Kacrex
waTkaAbl, Iae AaaTaybl.
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DKOAOr0-0MOAOrMYECKasl XapaKTEPUCTHKA M OL,EHKA COBPEMEHHOIO COCTOSIHUSI
Buaa Hylotelephium ewersii (Ledeb.) H. Ohba v Phedimus hybridus (l.) ‘t Hart.
BO chbrope yuieabsi Kactek Mae Aaatay

CraTbs NOCBSILLEHA U3YUYEHUNIO COBPEMEHHOIO COCTOSIHMS MOMYAsLMIA BUAOB Hylotelephium ewersii
(Ledeb.) H. Ohba (paree Sedum ewersii Ledeb.) n Phedimus Hybridus (L.) ‘t Hart (Tak>ke M3BeCTHbI Kak
Sedum hybridum L. v Aizopsis Hybrida (L.) Grulich) Bo (hbaopmcTryeckom cocTaBe LEHOMOMYASILMI STUX
BMAOB B Mae Aaatay. B craTbe npeacTaBAeHbl M3yueHre 1 aHaAM3 6uoaorum nonyasumin H. ewersii n
P. hybridus Kactekckoro yiieabst Miae AaaTay, pasHOOOpasmst X XM3HEHHbBIX (POPM M IKOAOFMUYECKUX
peakumi B crneumryecknx 3KOAOrO-LEHOTUYECKUX YCAOBUSIX. Ce30HHbIE PUTMbI pa3suTus H. ewersii
n P. hybridus nokasaam ux yCTOMUYMBOCTb M BbICOKYIO MPUCMOCOOASIEMOCTb K YCAOBMSAM AQHALLIAGITHO-
ropHoOit 30HbI MAe AaaTay. McCA@AOBaHMS MO3BOAMAM BbISIBUTb MPUCMOCOBAEHUSI MPUPOAHbIX LIEHO-
nonyasumii H. ewersii u P. hybridus Kk AAMTEABHOMY YCTOMUMBOMY CYLIIECTBOBAHMIO B YCAOBMSX PE3KO
KOHTMHEHTAABHOIO KAMMATa M OLIEHWUTb MX COBPEMEHHOE COCTOsIHME. B cTaTbe npeACTaBAEH TaKCOHO-
MUYECKMI1, SKOAOTO-reorpamyeckmnii aHaAans paopbl nonyasumin H. ewersii v P. hybridus. M3yyeHHble
BuAbl H. ewersii u P. hybridus uMetoT >KM3HeHHYI0 (POPMY TPaBAHUCTBIX CYKKYAEHTHO-AMCTHbIX Ha3em-
HO-TIOA3YUMX MOAUKAPMUKOB C 6E3PO3ETOUHON CMMOAMAABHON MOAEABIO MOGEr006pPa30BaHKs, FAE Mo
MOAOXEHUIO MOYeK BO30OGHOBAEHUS M3yUaemMble BUAbI OTHOCATCS K GromMopda xameduTa

KatoueBbie caoBa: Hylotelephium ewersii, Phedimus hybridus, nonyasums, ueHononyasums, Ka-

CTeKCKOe YyllleAbe, 3aMAMNCKNIA AAaTay.

Introduction

The Kastek Gorge is located in the western part
of'the Ile Alatau, which belongs to the Northern Tien
Shan and is a latitudinal northern folded region in
the powerful system of mountain chains of the Tien
Shan (Figure 1). According to the geographical zon-
ing of Kazakhstan, the Ile Alatau ridge belongs to
the North Tien Shan geobotanical province, specifi-
cally in the Ile forest-meadow steppe district, central
region, which includes the territory from the west of
the Big Almaty River to Turgen in the east [1].

The Ile Alatau ridge is a latitudinal northern fold
in the system of the Tien Shan Mountain ranges.
The ridge begins in the west within the Chu River
and extends 300 km east to the Chilik River. In the
northern direction of the axial ridge, the slopes gen-
tly descend to the depression of the Ile River and
the plains of Kazakhstan. On the southern side, the
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ridge is separated from the Kungey Alatau by longi-
tudinal intermountain valleys of two rivers — Chilik
and Chonkemin [2]. The prevailing elevations are
4000-4600 m, with the highest point being Talgar
Knot (4973-4979 m) [3]. In the east, the Ile Alatau
gradually descends, forming the smaller ridges of
Sugaty, Boguty, and Toraigyr [4].

The genus Sedum L. is one of the largest plant
genera, numbering almost 600 species, distributed
in the Northern Hemisphere, mainly in the subtropi-
cal and temperate zones of mainland Eurasia [5-8].
In Kazakhstan, the genus Sedum L. is represented by
10 species, with one endemic, Sedum nugodshari-
cum Boriss., growing in the area of the Mugodzhary
Ridge [9]. According to S. B. Goncharova (1996),
more than 300 species of the genus Sedum are ob-
served in the Old-World region. The Circumboreal
floristic region has 25 species. Sedum is much more
numerous in the East Asian (70 species), Iranian-
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Turanian (50 species), and Mediterranean (40 spe-
cies) floristic regions. The largest number of species
are localized in the East Himalayan province of the

East Asian floristic region (50 species) and the Ar-
menian Iranian province of the Iran-Turan region
(32 species) [10,11].

e

Figure 1 — Map of the Kastek gorge of the Ile Alatau

Sedum species, including Hylotelephium and
Phedimus, typically contain various medicinal ac-
tive compounds, such as alkaloids, tannins, cyano-
genic compounds, and a number of flavonoids with
anti-inflammatory and analgesic properties. Many
species of Sedum are used medicinally to treat pain
and inflammation. Additionally, a poultice made
from crushed succulent leaves and young stems
can be applied topically to cuts, wounds, burns, and
various skin conditions [12-14]. The representatives
of the genus Sedum also have ornamental properties
and are melliferous plants [15].

H. ewersii has valuable medicinal properties,
containing biologically active compounds, second-
ary metabolites, and various organic acids, among
others. It is used to treat wounds and abrasions [16].
In addition, H. ewersii is used as a highly effective
wound-healing, analgesic, restorative, and anti-in-

flammatory agent, and recently it has been recom-
mended as a biostimulator. Positive effects from
drugs based on this plant are noticeable in a very
short time [17, 18]. H. ewersii deserves attention
as an ornamental plant due to several features of its
sprawling shoots, which make it suitable for both
ground cover and as an ampel plant. From a small
succulent, it grows easily into a dense, greenish-
gray carpet that is undemanding of growing condi-
tions. H. ewersii also easily tolerates long periods of
drought and grows in poor soils [19]. The main abil-
ity of this plant is its capacity to accumulate mois-
ture in thickened leaves and stems, which allows H.
ewersii to grow well and bloom for a long time dur-
ing dry periods. The flowers of H. ewersii are bright,
beautiful, and come in crimson, purple, or soft pink
hues, making the plant attractive in garden or land-
scape design [20].
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H. ewersii (Ledeb.) H. Ohba is an Altai-Moun-
tain-Central Asia-Himalayan species [21]. The rhi-
zome is long, branched, woody, and forms a sod;
the roots are cord-shaped. The stems are 10-20 (25)
cm tall, numerous, branched, spreading, ascend-
ing, woody, glabrous, and reddish at the base. The
leaves are opposite, 1-1.5 (2) cm long and almost
the same width, broadly ovate or almost rounded,
heart-shaped at the base, short and bluntly pointed
at the apex, bluish-green, dotted, and finely toothed,
with the lower leaves being broadly elliptical, of-
ten with brown spots. The inflorescence is complex
and corymbose. The sepals are about 2 mm long,
lanceolate. The petals are 4-5 mm long, elliptic-lan-
ceolate, acute, pink or light purple. There are 10 sta-
mens, slightly longer than the petals, with blackish
anthers. The hypogynous scales are 0.5 mm long,
oblong, slightly notched at the apex. Leaflets are 3-4
mm long, erect, with a short outward bend at the
tips. Seeds are about 0.5 mm long, lanceolate, and
brown. It blooms from July to October [22-24].

Ecologically, H. ewersii is a light-loving,
drought-resistant, and unpretentious plant. Its habi-
tat is in the upper mountain parts of the lower belt,
on stony and gravelly soils, in rock cracks, reach-
ing the alpine belt. It grows preferably at altitudes of
1500-3600 m above sea level [25]. In Kazakhstan,
it is widespread in the Zaisan, Altai, Tarbagatai,
Zhongar, lle, Kyrgyz, Kungei, Terskey Alatau, and
Ketmen ridges, as well as the Western Tien Shan. Its
distribution area includes Western Siberia, Central
Asia, Western China, Western Mongolia, and the
Himalayas. H. ewersii is also an ornamental plant
[24].

Phedimus hybridus (L.) ‘t Hart. is a mountain
species from Siberia, the Tien Shan, and a peren-
nial herbaceous species. It is an herbaceous poly-
carpic plant [21]. The rhizome is long, branched,
cord-like, and creeping. The stems are 15-20 (34)
cm tall, evergreen, not dying, branched, creeping,
rooting, with short sterile shoots, densely leafy, and
fertile ascending shoots with smaller spaced leaves
[24, 26]. The leaves are alternate, 1.5-2.5 (3.5) cm
long, 0.7-1.5 (2) cm wide, spatulate elliptical, grad-
ually narrowing into a long, wedge-shaped, entire
petiole, blunt at the apex, blunt-toothed, glabrous,
and slightly wavy at the edges [27]. The inflores-
cence is apical, dense, paniculate—corymbose, and
semi-umbellate. The sepals are pale green, about 3
mm long, lanceolate, obtuse, and fused at the base.
The petals are yellow, about 6 mm long and 1.5 mm
wide, elliptically lanceolate, sharp, and bent [28].

90

The seeds are up to 1 mm long, elliptical, blunt, and
numerous [29]. It blooms from June, bearing fruit in
July and August [22].

Ecologically, P. hybridus is light-loving,
drought-resistant, and unpretentious. It grows freely
on nutrient-poor and light-textured soils. It is found
in mountain steppes, and less frequently in the
southern parts of the forest zone, on rocky and grav-
elly soils, in rock cracks, and less often on sandy and
pebbly coastal cliffs. It grows at altitudes of 435-
2600 m above sea level [22]. In Kazakhstan, it is
distributed and found in the Tobol-Ishim lowland,
Kokchetav, Turgai regions, Mugodzhary, Western
Melkosopochnik, Ulutau, Karkar, Zaisan, Altai, and
Tarbagatai, Zhongar, lle, Kyrgyz, Kungei, and Ter-
iskey Alatau, Ketmen ranges, Chu-Ile mountains,
and Karatau. Its distribution area includes the Euro-
pean part of the former USSR, Western and Eastern
Siberia, Western China, and Northern Mongolia.
Currently, the morphological and biological features
of H. ewersii and P. hybridus in the studied territory
of the Ile Alatau remain practically unexplored.

Recently, scientific interest in the Crassulaceae
family, specifically in H. ewersii (Ledeb.) H. Ohba
and P. hybridus (L.) ‘t Hart, has notably increased.
In 1921, the cultivated genus Sedum was described
by Praeger R.L. [31]. In 1925, the family Crassula-
ceae was published in the /llustrated Flora of Mittel-
Europa by Hegi G. [32]. The author described and
determined the taxonomic status of Sedum telephi-
um and related species (Crassulaceae), systematic
problems of the evolution of Asian Sedoideae II,
and the taxonomy of Crassulaceae [33, 34]. In the
same year, the author Hart’t H. described the evolu-
tion of the taxonomy of Crassulaceae, as well as the
evolution of the group Sedum acre (Crassulaceae)
[35, 36]. Stevens Jan F. et al. identified flavonoid
variations in Eurasian Sedum and Sempervivum 11
[37]. Kim J.H. et al. studied the alkaloids of some
types of Asian Sedum species [38]. R. Van Ham
studied the phylogenetic relationships in Crassula-
ceae, as well as the intrafamilial and generic clas-
sification of Crassulaceae [39]. Preliminary studies
of plant flowering and nectar formation in some rep-
resentatives of the genus Sedum L. were conducted
[40]. The author Jalas J. included notes in the Atlas
of the Flora of Europe [41]. In 2001, Heide O.M.
determined the photoperiodic control of dormancy
in Sedum telephium and other herbaceous perennial
plants [42]. The author Odontuya G. in 2011 and
2016 studied the antioxidant, antibacterial, and anti-
fungal properties of P. hybridus [43, 44].
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Materials and methods

Research Objects

Species Studied: Hylotelephium  ewersii
(Ledeb.) H. Ohba (formerly Sedum ewersii Ledeb.)
belongs to the section Telephium S.F. Gray., sub-
sections Humilieaulia Praeger L., series Repentes
(Praeger) A. Bor. The second species, Phedimus hy-

bridus (L.) ‘t Hart. (formerly Sedum hybridum L.,
Aizopsis hybrida (L.)), belongs to the section Aizoon
Koch. Syn., series Glabrae A. Bor., in the family
Crassulaceae DC. [22].

The studies were conducted from 2022 to 2024
in natural phytocenoses in the western part of the Ile
Alatau Ridge, specifically in the Kastek Gorge and
the Zhambyl district of the Almaty region (Table 1).

Table 1 — Cenopopulations of the species H. ewersii and P. hybridus discovered during field studies.

Species, CP number

Geographical distribution

GPS coordinates & elevation

H. ewersii, P. hybridus CP 1

Almaty region, Zhamby] district, Kastek vil-
lage, Kastek gorge, NE slope

43°00°548"" N, 75°57" 351" E, 1552 m a.s.l.

H. ewersii, P. hybridus CP 2
exposure)

Almaty region, Zhamby]l district, Kastek
village, Kastek gorge, NE slope (western

43°07°515"" N, 75°57" 352" E, 1548 m a.s.1.

H. ewersii, P. hybridus CP 3

Almaty region, Zhambyl district, Kastek vil-
lage, Kastek gorge, NE slope

43°01'070"'N, 75°94' 721" E, 1539 m a.s.L.

Notes: CP — coenopopulations; N — north, W — west; E — east; a.s.l. — above sea level.

Research Methods

The primary methods employed to study the
morphological and biological characteristics of Hy-
lotelephium ewersii and Phedimus hybridus includ-
ed examining their morphological traits, biological
features, taxonomy, and floristics. Conventional
geobotanical research methods include the study of
coenopopulations of H. ewersii, P. hybridus, and
their interactions with the environment. The com-
prehensive geobotanical description of these coeno-
populations was conducted with locations recorded
using GPS. The route-reconnaissance method: in the
field, the method of walking along routes is used to
locate and collect plants. This allows you to cover
a large area and study the diversity of the species.
The population studies were conducted using ap-
proaches adopted in modern plant population biol-
ogy [45-48]. The collection and processing of her-
barium material: collected specimens of the species
H. ewersii and P. hybridus were placed in herbarium
folders with a description of the place of collection,
the date, and the collector. After the fieldwork, the
material is dried and viewed under binocular mag-
nifiers. The collection and processing of herbarium
material were carried out according to the generally
accepted method of A.K. Skvortsov [49]. The spe-
cies identification and taxonomy were conducted in
the laboratory after the fieldwork. For this purpose,
multi-volume reports and reference books are used,
such as Flora of the USSR, Flora of Kazakhstan,
Determinant of Plants of Central Asia, Illustrated

Determinant of Plants of Kazakhstan, and others
[50-53]. The specific and generic names of the spe-
cies H. ewersii and P. hybridus on the studied ridge
of the Ile Alatau are given according to the Plants
of the World Online (POWO) database, as well as
according to S.K. Cherepanov and S.A. Abdulina
[54-56]. For the analysis of the life forms, the classi-
fications of K. Raunkier and I.G. Serebryakov were
used [57, 58]. During the field expedition studies,
three cenopopulations of H. ewersii and P. hybri-
dusspecies were found in the studied area of the
Kastek Gorge. Morphological features of H. ewersii
and P. hybridus have been studied on living plants
and using herbarium material.

Results and discussion

Plant population identification

To determine the natural habitats of Hylotelephi-
um ewersii and Phedimus hybridus in the Ile Alatau
(Kastek Gorge), the expedition routes were plot-
ted (Figure 2), flowering periods were established,
and their ecological niches were identified. This in-
cluded examining herbarium material from the main
herbarium collection at the Institute of Botany and
Phytointroduction and reviewing relevant floristic
literature.

I made changes like adding commas for clar-
ity and correcting “floristic literature” to the more
standard phrasing “relevant floristic literature”. The
spelling and grammar issues were minor overall.
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Figure 2 — Populations of H. ewersii and P. hybridus identified in the Kastek gorge (
the western part of the Ile Alatau)

The study of the cenopopulations of H. ewer-
sii and P. hybridus in the western part of the Ile
Alatau (Kastek gorge) revealed that these species
have broad ecological adaptability, allowing them
to thrive in a variety of environmental conditions.
However, their phytocenotic preferences are more
specific, with the highest density of populations
found in rocky, stony areas that offer favorable
conditions such as good sunlight and moisture. The
expedition recorded four large populations and 11
smaller ones of these species, distributed across
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a range of ecological niches including rocky out-
crops, stone ledges, and areas surrounded by trees
and shrubs.

In terms of ecological distribution, both species
primarily inhabit rocky and gravelly soils, and are
often found in rock cracks within the middle for-
est belt of the Kastek Gorge. The plant communities
where H. ewersii and P. hybridus occur are domi-
nated by several key families, with the six largest
families identified in the area being highlighted in
the study.
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This ecological analysis helps to better under-
stand the distribution and environmental prefer-
ences of these species within the region, as well
as their role in the local plant communities. It

a) b)

also underscores the importance of specific en-
vironmental conditions—such as rock outcrops
and good exposure to sunlight—for the thriving of
these species.

» Asteraceae

= Poaceae

P>

ey

Brassicaceae
Rosaceae

* Lamiaceae

* Fabaceae

» Total

= Other 29 families

Figure 3 — Major flora families of H. ewersii and P. hybridus populations.
a) at the Genus Level; b) at the Species Level

Figure 3 shows that the largest family is Astera-
ceae, containing 14 species, which makes up 15.4%
of the total flora of the populations of H. ewersii and
P. hybridus, found in the Kastek Gorge. Together
with the families (Poaceae, Brassicaceae, Fabaceae,
Lamiaceae, and Rosaceae), this already amounts to
more than 68 species. The six largest families ac-
count for more than half (52.3%) of the total flora of
the populations of H. ewersii and P. hybridus in the
Kastek Gorge. The remaining 29 families contribute
62 species (47.7%).

Consequently, the largest flora families of the
H. ewersii and P. hybridus populations, found in
the Kastek Gorge, contain 50 genera and 68 spe-
cies. Their specific gravity in the flora is quite high
and amounts to 52.3% of the total number of species
(Figure 3). Such a composition of leading families,
sharply distinguished by high species richness, is
typical for the flora of the eastern part of the Ancient
Mediterranean, but at the same time, it has a number
of features due to both Ancient Mediterranean and
boreal influences.

The flora of the studied population of H. ewersii
and P. hybridus in the Kastek Gorge includes 130
species, associated with 98 genera and 35 families.
The characteristic marker species are Elytrigia re-
pens (L.) Nevski, Dactylis glomerata L., Trifolium
repens L., T. pratense L., Geranium transversale

(Kar. & Kir.) Vved., G. divaricatum Ehrh., Artemis-
ia vulgarisL., Arctium lappa L., Melilotus officinalis
(L.) Lam., M. albus Medikus, Berteroa incana, Poa
pratensis L., Poa annua L., Capsella bursa-pastoris
(L.) Medik., and Xanthium strumarium L. The pres-
ence of weed species, such as Urtica cannabina L.
and Xanthium strumarium L., indicates considerable
anthropogenic pressure on the studied natural phy-
tocenoses.

We have carried out work to identify the main
ecological groups of the plants found in the popula-
tions of H. ewersii and P. hybridus, presented below
(Figure 4).

Ecological and biological analyses confirm the
mesophytic and mesophyt-xerophytic characteristics
of the mountain flora in the meadow habitats of the
populations of H. ewersii and P. hybridus. The main
limiting factors for the authentic distribution of the
species are high competition in phytocenoses, anthro-
pogenic pressure, and strict environmental confine-
ment. According to Serebryakov’s classification of
plant life forms, H. ewersii and P. hybridus belong
to the perennial herbaceous plants with assimilating
shoots of the succulent type. According to Raunki-
aer’s classification, H. ewersii and P. hybridus are
chamephytes, with typical growing sites in the sur-
veyed territory being rocky areas and rocks located
on the northern exposures of mountain slopes.
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= Mesophytes

= Mesoxerophytes

e

Mesohygrophytes

Figure 4 — The main ecological groups of plants found in population
of H. ewersii and P. hybridus

Most of the coenopopulations of H. ewersii and
P. hybridus, growing in the Kastek Gorge in the
western part of the Ile Alatau, have incomplete age
spectra. These spectra are characterized by the dom-
inance of immature and virginal age groups due to
the predominance of vegetative reproduction. As a
result, some generative and senile plants are absent.
In most coenopopulations of H. ewersii and P. hy-
bridus, the immature age group dominates, compris-
ing between 35% and 45% of the population.

When analyzing the results of field research, it
was found that all coenopopulations of H. ewersii
and P. hybridus do not differ significantly in flora
composition and growing conditions. The system-
atic structure of the flora is determined by the ratio
of families and genera, particularly those containing
the greatest number of species. Typically, the lower
and higher plants include more than half of the spe-
cies in the distribution.

For the analysis of the flora of the H. ewersii and
P. hybridus population (in the Kastek Gorge) based
on life forms, we accept Serebryakov’s and Raun-
kiaer’s classifications. The floristic biodiversity of
the H. ewersii and P. hybriduspopulation (Kastek
Gorge) is influenced by environmental conditions,
primarily the climate and the heterogeneity of the
territory. The analysis of life forms revealed that
the predominant life form is herbaceous vegetation
or hemicryptophytes (81.54%), while shrubs and
subshrubs (chamephytes and microphanerophytes)
make up 11.54% (Table 2).

The flora of the H. ewersii and P. hybridus
population (the Kastek Gorge) is represented by a
small group of therophytes — 4.61% and a group of
geophytes — 2.31%. In general, for the flora of the
H. ewersii and P. hybridus population (the Kastek
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Gorge), it can be noted that there is a predominance
of species typical of mountain meadows, shrubby-
grass, and meadow-grass ecosystems. As noted
above, the leading life forms in the studied area are
herbaceous perennials and annual plants charac-
terized by a wide ecological range. The least rep-
resented life forms are those of the shrubs, as they
are associated with narrowly limited environmental
conditions, and very few subshrubs and shrubs are
confined to fairly humid areas. In general, the ratio
of life forms in the flora of the H. ewersii and P.
hybridus population (the Kastek Gorge) is an indica-
tor of the climatic conditions of the region. At this
moment, these indicators suggest a mesophytic and
mesoxerophytic character.

Table 2 — Spectrum of dominant life forms found in H. ewersii
and P. hybridus populations.

Life forms Species %
Hemicryptophytes 106 81.54
Therophytes 6 4.61
Chamephytes 3 2.31
Microphanerophytes 12 9.23
Geophytes 3 2.31
Total 130 100

Geographical elements of the population flora
The geographical analysis revealed the vary-
ing share of participation of geographical elements
in the composition of the H. ewersii and P. hy-
bridus population (the Kastek Gorge), indicating
the heterogeneity of the studied flora (Tab. 3). In
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determining the nature of the area of the flora of
the H. ewersii and P. hybridus species (the Kastek
Gorge), the types of areas used by many authors in
the study of the flora of Central Asia are taken as

a basis [59-63]. The geographical ties of the plant
species of the H. ewersii and P. hybridus popula-
tion with the flora of other regions are shown be-
low (Tab. 3).

Table 3 — Geographical connections of plant species found in the population of H. ewersii and P. hybridus with the flora of other

regions.
Geographical element Herbaceous plants Tree, shrub, Total %
Herbaceous plants | Herbaceous plants half-shrub

Pluriregional 1 8 - 9 5.45
Holarctic 4 24 1 29 17.58
Palearctic 3 12 3 18 10.91
Eastern Palaearctic 2 8 - 10 6.06
Euro-Ancient Mediterranean 1 8 - 9 5.45
Eastern Mediterranean - 10 1 10 6.06
Eurasian - 3 - 3 1.82
Mountain Central Asian 1 21 2 24 14.55
Mountain Central Asian-Iranian 1 11 - 12 7.27
Mountain Central Asian-Himalayan - 4 1 5 3.03
Mountain Central Asian-Siberian - 1 - 1 0.61
Altai-Mountain Central Asian - 9 2 11 6.67
Tarbagatay-Mountain Central Asian - 2 - 2 1.21
Tien Shan 2 6 4 12 7.27
Siberian-Tien Shan - 1 - 1 0.61
Altay-Tien Shan - 2 2 1.21
Tien Shan-Pamir-Alai - 1 - 1 0.61
Northern Tien Shan - 1 - 1 0.61
Zhongar Northern Tien Shan 1 3 - 4 2.42
Zhongar Tien Shan - 1 - 1 0.61
Total 16 136 14 165 100

The geographical analysis has shown that the
species that make up the flora of the H. ewersii and
P. hybriduspopulations (the Kastek Gorge) are di-
verse: they range from widespread cosmopolitan or
pluriregional species to narrowly (narrow locality)
endemic species. In the study area, we have identi-
fied 20 types of habitats that were grouped into spe-
cific groups with similar habitats. The main ones are
described below.

Pluriregional: The group comprises 9 species
distributed across the regions of the Southern Hemi-
spheres of the Earth — weed and ruderal species (e.g.,

Capsella bursa-pastoris, Convolvulus arvense, Che-
nopodium album).

Holarctic: This group includes species whose
range extends mainly in the temperate and high-
latitude regions of the Northern Hemisphere. In
botanical-geographical terms, these are elements
of the Holarctic floristic kingdom. The group in-
cludes 29 species. The Holarctic type includes
species such as Poa pratensis, Erigeron loncho-
phyllus, and weed species like Thlaspi arvense.
Palearctic: This group includes species common in
Europe, as well as in the temperate and high lati-
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tudes of Asia. Most of these are mesophilic species
that inhabit humid areas, mainly meadow plants
such as Elytrigia repens, and also weed species such
as Plantago major and Artemisia annua. This group
includes 18 species.

East Palearctic: This group includes species
found in Kazakhstan, Siberia, the Far East, and Cen-
tral Asia. The group has 10 species.

European-Ancient Mediterranean: This group in-
cludes species distributed mainly in arid regions, in-
cluding Central Asia, the Sahara-Sindian, and Irano-
Turanian subareas. There are 9 species (e.g., Plantago
lanceolata, Bromus scoparius, Achillea millefolium).
Eastern-Ancient Mediterranean: This group includes
species whose range extends from Palestine, Syria,
and Southern Bulgaria to the Western Himalayas and
the Tian Shan. There are 10 species in this group.

Mountain-Central Asian: This group includes
species whose range extends from the Pamir-Alay
to Tarbagatay. There are 24 species in total.

Mountain-Central Asia-Siberia: This group in-
cludes species distributed in the mountainous re-
gions of Central Asia and Siberia, typically found
on rocky, sometimes small-grained slopes, screes,
and cliffs. There is 1 species in this group.

Altai-Mountain-Central Asia: This group in-
cludes species found in the mountainous regions
of Central Asia and the Altai, primarily in the
Mongolian Altai. The group includes 11 species.
Mountain-Central Asia-Himalayas: This group in-
cludes species found in the mountain systems of the
Pamirs, Pamir-Alay, Tien Shan, Hindu Kush, and
Himalayas. The species in this group are mostly an-
cient with a long history of development associated
with archaic groups whose centers are located in the
Himalayas. There are 5 species in total.

Mountain-Central Asia-Iranian: This group in-
cludes species whose range covers the Iranian High-
lands, Pamir-Alay, Tien Shan, and sometimes the
mountain systems of Tarbagatay. There are 12 spe-
cies in this group.

Tien Shan-Pamir-Alay: This group includes
species found in the Pamir-Alay and Tien Shan
mountain systems, with some extending into
Tarbagatay. There is 1 species in this group.
Tien Shan: The range of these species extends across
the mountain systems of the Tien Shan, sometimes
limited to the Altai area in the west, and in the north,
to the Tarbagatay area. There are 12 species in total.

The analysis revealed a different distribution
of geographical elements in the composition of the
flora of the H. ewersii and P. hybridus populations
(the Kastek Gorge), indicating the heterogeneity of
the studied flora (Table 3).
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Plants with economic or industrial importance

Wild useful plants are used in their natural form
and serve as raw materials for many industries, the
national economy, and medicine. In this context, the
issue arises not only of their rational use but also
of increasing production to meet the ever-growing
demand. To do this, it is necessary to study the ben-
eficial properties of wild useful plants and identify
all available resources.

The flora of the H. ewersii and P. hybridus
populations (the Kastek Gorge) contains various
medicinal, food, essential oil, tannic, melliferous,
vitamin-bearing, dye, ornamental, poisonous, indus-
trial, forage, and other useful plants (Table 4).

The flora of the Ile Alatau provides a natural re-
serve base for animal husbandry. Many recognized
medicinal plants are found in the herb cover, such
as Origanum vulgare, Hypericum perforatum, and
others. The studied flora of the H. ewersiiand P.
hybridus populations in the Kastek Gorge presents
significant opportunities for medicinal, alkaloid-
bearing, essential oil, and melliferous plants. Bee-
keeping, which currently occupies a modest place in
the economy of the studied area, has great potential
for development due to favorable natural conditions.
It has been shown that the flora of the H. ewersii
and P. hybridus populations in the Kastek Gorge
is diverse and rich in species that are economically
valuable or promising. The wide variety of natural
herbaceous and shrubby flora in the studied ridge
contributes to the abundance of economically useful
species. The plant resources and rich floral composi-
tion of the studied area, using the classifications of
H. Ilyin [64] and V. Pavlov [65], allow us to identify
11 economically valuable plant groups (Table 4).

As seen in Table 4, the largest group is the group
of forage plants (98 species). Currently, the system
of cattle breeding in the Kastek Gorge is based on
the year-round use of natural forage. In the group
of forage plants, the leading families are Poaceae,
Fabaceae, Cyperaceae, and Asteraceae, followed by
smaller families. Fabaceae contains valuable forage
herbs, including the following species: Medicago
falcata, Trifolium pratense, Vicia crassa, V. tenui-
folia, and many others. Among the various grasses,
there are many species readily eaten by animals,
such as Ajania fastigiata, Geranium saxatile, and
others from Asteraceae (Taraxacum officinale), and
more. Quantitatively, these groups are represented
as follows: forage — 98 species (31.0%), mellifer-
ous — 89 species (28.2%), ornamental — 35 spe-
cies (11.1%), medicinal — 27 species (8.5%), food
— 12 species (3.8%), industrial (rubber plants, resin
plants, gum trees, paper, braided, etc.) — 12 species
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(3.8%), weed — 11 species (3.5%), essential oil — 10
species (3.2%), vitamin-bearing — 9 species (2.8%),
dye — 8 species (2.5%), and poisonous — 5 species
(1.6%). The Poaceae in the flora of H. ewersii and
P. hybridus in the Kastek Gorge is represented by 8
genera and 10 species, almost all of which contrib-
ute to the creation of forage mass. However, a few
genera and species play a significant role: Elytrigia
repens, Phleum phleoides, Dactylis glomerata, and
Poa bulbosa. These species, being edifiers and sub-
edifiers of low-altitude meadows, play an important
role in the composition of the herbage.

Table 4 — Plant groups with economic and industrial impor-
tance within the H. ewersii and P. hybridus populations.

Plant group Species %
Forage 98 31.0
Melliferous 89 28.2
Ornamental 35 11.1
Medicinal 27 8.5
Food (edible) 12 3.8
Industrial 12 3.8
Weed 11 3.5
Essential oils 10 3.2
Vitamin-bearing 9 2.8
Dye 8 2.5
Poisonous 5 1.6
Total 316

The main share of food and vitamin plants
consists of representatives of the Rosaceae family,
which are fruit and berry crops with a high content
of various vitamins. The leading species is rosehip,
which is of great importance as the oldest fruit va-
riety, containing an unsurpassed natural multivita-
min concentrate with high biological activity. The
biochemical composition of Rosa varies both by
species and within species, depending on growing
conditions, with an integral part — the pulp of the
fruit, which contains up to 20% of vitamin C by
dry weight, along with a variety of other vitamins.
Species from the genus Paeonia have high healing
properties. In scientific medicine, the flowering herb
and root of the peony are used for medicinal pur-
poses. An alcohol tincture of peony is prescribed
as a sedative for neurasthenic conditions, insomnia,
vegetative-vascular disorders, neurocirculatory dys-
tonia, and other gynecological problems. Addition-
ally, peony is recommended for increasing appetite,

improving digestion, and for treating diseases of the
gastrointestinal tract, such as gastritis, colitis, chol-
angitis, duodenitis, and cholecystitis.

The industrial group of plants includes tanning,
dyeing, essential oil, rubber-bearing, saponin-bear-
ing, and gutta-percha plants. These are found in vari-
ous plant organs: flowers, leaves, conifers, seeds, and
sometimes in roots and rhizomes. The pharmacologi-
cal effects of essential oils are diverse and depend on
the chemical compounds in their composition. Es-
sential oils include species from the Apiaceae (e.g.,
Daucus carota, Aegopodium alpestre), Asteraceae
(Conyza canadensis, Achillea millefolium, Arctium
tomentosum, Artemisia vulgaris, Artemisia absin-
thium), and Lamiaceae (Origanum vulgare), among
others. Many species of plants, growing in the west-
ern part of the Kastek Gorge, have high decorative
properties, making them suitable for landscaping.
Highly decorative species include H. ewersii and P.
hybridus, which grow on rocky slopes and pebbles,
taking root in cracks and forming thin, threadlike
shoots. Other species with proven decorative proper-
ties include Paeonia anomala, Iris ruthenica, Dra-
cocephalum origanoides, Iris sogdiana, Iris alberti,
Dracocephalum nutans, Evemurus fuscus, Alyssum
dasycarpum, Alyssum campestre, Thalictrum petaloi-
deum, Ligularia macrophylla, Veronica chamaedrys,
Viola acutifolia, Viola altaica, Achillea millefolium,
Achillea asiatica, and others.

Conclusion

Based on the above, the cenopopulations of H.
ewersii and P. hybridus in the Kastek Gorge of the
Ile Alatau can be found in various plant communi-
ties. H. ewersii and P. hybridus are characterized by
a wide ecological amplitude and are mainly confined
to rocky places with sufficient moisture and good il-
lumination. It was found that the age spectrums of
the coenopopulations of H. ewersii and P. hybridus
are dominated by young and generative plants. The
studied populations of H. ewersii and P. hybridus in
the mountainous landscapes of the Kastek Gorge be-
long to the ecological group of mesophytes and me-
soxerophytes. They are distributed mainly in the up-
per parts of low mountains, where they exhibit high
adaptive abilities, indicating their special ecological
plasticity. These species are hardy, characterized
by high seed and vegetative reproduction rates, in-
creased vitality due to the hydration of plant tissues
(succulence), resistance to diseases, and the reten-
tion of their characteristic habit in culture. They are
highly decorative and secure permanent and effec-
tive use in green architecture.
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ASSESSMENT OF ECOLOGICAL SAFETY OF PLANT RAW MATERIALS
OF CULTIVATED MEDICINAL PLANT SPECIES
IN THE FOOTHILL ZONE OF ZAILIYSKY ALATAU

s

In the field of plant biodiversity conservation, the primary task is to create collections of living plants
that ensure the preservation of the gene pool and serve as a scientific basis for conducting comprehen-
sive experimental research. The ecological conditions of the cultivated medicinal plant plot of the Main
Botanical Garden (Almaty), located in the steppe zone of the Zailiysky Alatau range within the North
Tien Shan Mountain province, can indirectly influence the processes of organogenesis and the chemical
composition of plants through the pollution of the atmosphere, soil, and water. One manifestation of
anthropogenic impacts on plants is the presence of heavy metals in them, especially lead (Pb), cadmium
(Cd), and mercury (Hg). Therefore, the issue of the ecological purity of medicinal plants is relevant,
necessitating research to determine the content of heavy metals in the soil and plant raw materials. Soil
and plant raw material samples were analyzed using generally accepted methods for chemical analysis
of soils and plant raw materials. The article provides data on the morphogenetic properties of cultivated
soils and plant raw materials of six cultivated medicinal plant species from the Lamiaceae family: Bet-
onica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus marschallianus,
Ziziphora clinopodioides regarding the content of toxic (Pb, Cd) and mineral (Zn, Cu) elements. It was
found that the concentrations of heavy metals (Cd, Pb, Zn, Cu) in the soils of the plot are within the
maximum permissible concentrations (MPC), and in the studied samples of plant raw materials do not
exceed the MPC for food plants and plant-based biologically active supplements

Key words: Zailiysky Alatau, medicinal plants, morphogenetic properties of soils, heavy metals,
ecological safety.
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Ine AraTayblHbIH, Tay 6eKTepi aliMaFbIHAAFbI
ADPIAIK 6CIMAIKTEPAiH BCipiAeTiH TYpAepiHiH 6CIMAIK LLIMKi3aTbIHbIH,
3KOAOTUSIAbIK KAYINCi3AjiriH 6araaay

OCIMAIKTEPAIH BMOAOIMSIABIK BPaAYaHAbIAbIFbIH CaKTay CaAaCblHAQ F€HOMOHATbIH, CaKTaAybIH
KaMTamacbl3 eTETiH >KOHe KelleHAl 3KCMEePUMEHTTIK 3epTTeyAep >KYPri3y YLIiH FbIAbIMM HEri3 60AaTbIH
Tipi ©CIMAIKTEPAIH KOAAEKUMSIAAPBIH KYPY OipiHLi ke3ekTeri MiHAET 60AbIN TabblAaabl. COATYCTiK TSHb-
LLlIaHb TayAbl MPOBMHUMSCHI, IAe AAaTaybl KOTaCbIHbIH, A2AQ alMarbiHAQ OpHaAackaH bac 60oTaHMKaAbIK,
6aKkTbiH, (AAMaTbl K.) ©CIpiAeTiH ABPIAIK OCIMAIKTED YyuUaCKeCiHiH 3KOAOTMSIABIK, >KaFAariAapbl
atMocepaHblH, TOMbIPAKTbIH, >KOHE CYAbIH AaCTaHybl apKblAbl >KaHama TYPAE OCIMAIKTEpPAIH
opraHoreHes npoLecTepi MeH XMMMUSAbIK, KypamblHa 8cep eTyi MyMKiH. OCIMAIKTepAIH KypamblHAQ
ayblp MeTaAAapAblH, acipece KopracbiHHbIH (Pb), kaammiain (Cd) >xeHe cbiHanTbiH, (Hg) 60AybI,
AHTPOMOreHAIK 9CepAiH KepiHici ankbiH 6arkasasbl. OcbiFaH 0aMAaHBICTbI ABPIAIK OCIMAIKTEPAIH
3KOAOTUSIABIK, Ta3aAblFbl MPOBAEMACHl ©3eKTi, OA BCIMAIK LIMKi3aTbIHAAFbI XKOHE TOmMbIpaKTarbl ayblp
MeTaAAAPAbIH MOALLEPIH aHbIKTay YLIiH 3epTTeyAep XYPrisyai kaxert eTTi. Tonblpak, CbiHamMaAapbl
MEH OCIMAIK LIMKIi3aTblH TaAAQy, TOMbIPaK >XOHE OCIMAIK LWMKI3aTblH XMMUSIAbIK, TaAAay OOMbIHLLA
JKaAMbl KabbIAAQHFAH BAICTEpre Colkec >XXYPrisiAai. Makaraaa yvyacKeHiH MSAEHM TOrblparbiHbiH
MOpOreHeTNKaAbIK, KacueTTepi >keHe Lamiaceae TyKbIMAACbl ABPIAIK OCIMAIKTEpPIHIH, ecipiAeTiH
6 TypiHiH: Betonica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus
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AIK 1WMKi3aTbiHbIH ybITTbl (Pb, Cd) »eHe muHepaaabl (Zn, Cu) aaemeHTTep Kypambl GOMbIHLLIA TaAAdY
HOTUMXKECIHIH AepeKkTepi KeATipiAreH. Yuacke TorblparbiHAAFbl ayblp MeTaaaapabiH (Cd, Pb, Zn, Cu)
KoHUeHTpaumsackl LLIPK weriHAe, an 3epTTeAreH eCiMAIK LUMKi3aTbl CbiIHAMaAapbIHAQ TaFaMABIK, ©CiM-
AIKTEP MEH OCIMAIK HerisiHAeri OMOAOTUSIAbIK, GeAceHAl Kocrnaaap yuwiH LLIPK-aaH acnaiTbiHAbIFbI
aHbIKTaAABI

Tyiin ce3aep: lae AaaTay, ASPIAIK OCIMAIKTEP, TOMbIPAKTbIH MOPMOreHeTUKAAbIK, KacueTTepi,
ayblp MeTaAAQp, SKOAOTUSIABIK, KAYiMCi3AiK
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OueHKa 3KOAOTMYEeCKo¥ 6e€30MacHOCTU PaCTUTEABHOTO CbIpbS
KYAbTUBUPYEMbIX BUAOB A€KapCTBEHHbIX PAaCTEHUI
B NPeAropHoi 30He 3auAMiiCcKkoro Aaaray

B o6aactu coxpaHeHus 61opa3Hoo6pasns pacTeHM NepBOOHEPEAHON 3aAaUelt SBASETCS CO3Aa-
HME KOAAEKLMI XKMBbIX pacTEHUIM, 0becrneumBalomx COXpaHeHUE reHO(OHAA U CAYXKALMX HAyUYHOM
6a30i AAS MPOBEAEHNS KOMIMAEKCHbIX 3KCMEPUMEHTAAbHbBIX MCCAEAOBAHMIA. DKOAOIMYECKMEe YCAOBMS
yyacTka KYAbTUBMPYEMbIX A€KapPCTBEHHbIX pacTeHuit [AaBHOro 60TaHMuYeckoro caaa (r. AAmarbl), pac-
MOAOXKEHHOIO B CTEMHOM 30He xpebTa 3amnaniickuin Aaatay B npeaesax CeBepo-TsiHblUIAHCKOM FOPHOM
NMPOBMHLMM, OMOCPEAOBAHHO Yepes 3arps3HeHne aTMocdepbl, MOYBbl MU BOAbl MOTYT OKa3blBaTb BAM-
sIHME Ha MPOLLeCChbl OpraHoreHesa U XMMMYeckmin coctaB pacteHuin. OAHUM M3 MPOSIBAEHWIA aHTPOIO-
FEeHHbIX BO3AEMCTBMIN Ha PACTEHMS IBASIETCS TPUCYTCTBME B HUX TIXKEABIX METAAAOB, OCOOEHHO CBMHLIA
(Pb), kaamums (Cd) u ptytn (Hg). B cBS3M C 3TMM NpobAEMa 3KOAOTMYECKON YMCTOTbl AEKAPCTBEHHbIX
pacTEeHUIM aKTyaAbHa, YTO MOCAY>KMAO HEOOXOAMMOCTbIO MPOBEAEHUSI MICCAEAOBAHUI MO ONPEAEAEHUIO
COAEP>KAHMS TIXKEAbIX METAAAOB B MOYBE U PACTUTEABHOM Cbipbe. AHAAM3 MOYBEHHbIX NPO6 M pacTu-
TEABHOIO CbIPbsl MPOBOAMACS MO OOLENPUHATLIM METOAMKAM MO XUMMUUYECKOMY aHaAM3y MOYB M pac-
TUTEABHOTIO CbIpbsl. B cTaTbe NpuBeAeHbl AaHHblE MOPOreHeTUYECKMX CBOMCTB OKYAbTYPEHHbIX MOYB
y4acTKa U PaCTUTEAbHOIO CbIPbsl 6 KYAbTUBMPYEMbIX BUAOB AEKAPCTBEHHbIX PAacTeHMit M3 CeMencTBa
Lamiaceae: Betonica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus
marschallianus, Ziziphora clinopodioides Ha coaep>kaHne Tokcnueckmnx (Pb, Cd) n MmHepaabHbIx (Zn,
Cu) 3AeMeHTOB. YCTaHOBAEHO, UTO KOHLEHTpaumm TsxkeAblx MeTaaros (Cd, Pb, Zn, Cu) B nousax yvact-
Ka HaxoasTcs B npeaenax [MAK, a B n3yyeHHbIX npobax pacTUTEAbHOrO Cbipbs He npeBbiwaoT MAK
AAS TIVLLEBBIX PACTEHMI M OGMOAOTMYECKM aKTMBHbBIX AOGABOK HA PACTUTEAbHON OCHOBE

KAtoueBble caoBa: 3aMAMIACKMIA AAaTay, AeKapCTBEHHbIE pacTeH s, MOpdoreHeTuYeckme CBOMCTBA
MOYB, TS>KEAbIE METAAAbI, 3KOAOTMYecKasi 6e30MacHOCTb.

Introduction

One of the long-term objectives of the Global
Strategy for Plant Conservation, as defined by De-
cision X/17 of the 19th Conference of the Parties
to the Convention on Biological Diversity, is to “...
conserve at least 75% of threatened plant species in
ex-situ collections, preferably in the country of ori-
gin, and ensure the availability of at least 20% for
recovery and restoration programs” [1].

In the field of conservation, particularly of medic-
inal, ornamental, and other beneficial plants, the pri-
mary task is to create collections of living plants that
ensure the preservation of the gene pool and serve
as a scientific basis for conducting comprehensive
experimental research. The main activity of botani-
cal gardens, tasked with the mission of ex-situ plant
conservation, is associated with the mobilization and
preservation of plant genetic resources [2—-5].
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The deterioration of the environment and cli-
mate change are universally and significantly
transforming the productivity of Kazakhstan’s
plant cover, both natural and introduced flora. In
this regard, research on the cultivation of economi-
cally valuable plants from natural habitats with
predetermined valuable qualities, determining their
ecological plasticity and ability for self-renewal in
new growing conditions, is relevant. Such research
has comprehensive significance for addressing
theoretical questions of biomorphology, ecology,
evolution, and plant introduction, and ultimately
for ensuring the country’s food and environmental
security [6-9].

Purpose of Research: assessment of ecological
safety of plant raw materials of medicinal plant spe-
cies growing in urbanogenic conditions of the Main
Botanical Garden (MBG, Almaty) in the foothill
zone of the Zailiysky Alatau.
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Materials and methods

The research objects were six plant species from
the Lamiaceae family, cultivated in the medici-
nal plant plot of the MBG: Betonica betoniciflora
(O. Fedtsch. & B. Fedtsch.) Sennikov, Leonurus
turkestanicus V.1. Krecz. & Kuprian., Salvia de-
serta Schangin, Mentha longifolia (L.) L., Thymus
marschallianus Willd., Ziziphora clinopodioides
Lam. [10].

The research material included plant raw mate-
rials of the cultivated medicinal plant species and
samples of the dark chestnut foothill soils of the me-
dicinal plant plot of the MBG, located in the steppe
zone of the Zailiysky Alatau range, subzone of the
dark chestnut foothill soils (at an altitude of 750—
850 (900) meters above sea level) within the North
Tien Shan Mountain province [11].

The ecological conditions of the medicinal plant
plot, indirectly through the pollution of the atmo-
sphere, soil, and water, can influence the processes
of organogenesis and the chemical composition of
plants. One manifestation of anthropogenic impacts
on plants is the presence of heavy metals in them,
especially lead (Pb), cadmium (Cd), and mercury
(Hg). In environmentally unfavorable areas (urban
environments), plants accumulate toxic trace ele-
ments. Therefore, the issue of the ecological purity
of medicinal plants is relevant, necessitating re-
search on the content of heavy metals in them.

Soil research was conducted to determine the
taxonomic affiliation of the soils in the plot, identify
patterns of their formation under the conditions of
medicinal plant cultivation, and assess the current
state of the soil cover. Studies of edaphic conditions
determine the relationship between the level of pol-
lution or its absence in the soil-plant system.

Plant raw material samples for chemical anal-
ysis were collected during the flowering or early
flowering phase of the plants. There were no exter-
nal signs of environmental pollution effects on the
plants (such as changes in color, size, or shape of
vegetative organs). Chemical analysis of plant raw
material samples was conducted for heavy metal
content (Cd, Pb, Zn, Cu).

The fieldwork methodology included laying out
soil profiles with morphological descriptions of the
profile, sampling soil for chemical-analytical re-
search. The depth of the soil profiles was determined
by the depth of the parent rocks [12]. The soil profile
description included: the sampling point number;
the position of the profile relative to macro-, meso-
, and micro-relief; description of the plant com-
munity; soil surface characteristics; description of

genetic horizons. Genetic horizons were identified
and described based on the following morphologi-
cal indicators: horizon thickness; color and nature
of the coloration; moisture; structure; composition;
porosity; granulometric composition; neoplasms;
inclusions; root system development. Taxonomic
determination of soil type, subtype, and variety was
performed according to the accepted classification
[13, 14].

The main diagnostic features of the soils were
determined by the following indicators: humus
content, total nitrogen, mobile forms of nitrogen,
phosphorus, and potassium, soil solution reaction
(pH), absorption capacity (sum of absorbed bases),
water-soluble salt content, granulometric composi-
tion, content of mobile forms of heavy metals. Soil
samples were taken from genetic horizons charac-
terizing the soil profile to determine the main physi-
cochemical indicators of the soils and taxonomic de-
termination of the type. To sample for heavy metal
content (Cu, Cd, Pb, Zn), the envelope method was
used at depths of 05 and 5-20 cm [ 15, 16] to identi-
fy the degree of possible contamination. Soil sample
analysis was conducted using standard methodolo-
gies in a chemical-analytical laboratory. The assess-
ment of analysis results was performed according to
the methodology for chemical analysis of soils [17,
18].

Results and discussion

The Main Botanical Garden (MBG) in Almaty
represents a complex of artificially created ecosys-
tems, where to some extent, the negative impact
of the urban environment is mitigated, and a high
level of biodiversity is formed. The combination
of a conservation regime and prolonged anthropo-
genic impact has led to the formation of dark chest-
nut cultivated soils with a set of characteristics and
properties that differ from their natural counterparts
[19-21].

The long-term cultivation of medicinal plants
involves the use of agricultural techniques: planning
the plot area, plowing, organizing planting sites,
applying organic fertilizers, and a care system that
includes loosening, weeding, irrigation, and more.
The use of agricultural practices in creating medici-
nal plant plantations has led to the transformation of
the soil profile. A characteristic feature of the iden-
tified soils is the alteration of the composition and
structure of the upper part of the profile, due to the
formation of planting beds with protective ridges,
the extended humus horizon, and deep leaching
from carbonates as a result of irrigation. With the
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prolonged use of agricultural techniques and me-
dicinal plant cultivation, natural soils have acquired
characteristics and properties that signify changes
in the composition and structure of the morphologi-
cal profile, physicochemical properties, determining
their classification position. According to morpho-
genetic indicators, the soils of the medicinal plant
plot are classified as normal cultivated dark chestnut
foothill soils [15, 22].

Table 1 — Morphological description of soils

The morphological characteristics of the foot-
hill dark chestnut cultivated soils in the medicinal
plant plot are presented in the description of the soil
profile (Table 1), which was established on August
27,2022, in the area with cultivated medicinal plant
species.

The humus content in the upper arable horizon
is low, ranging from 3.21% to 3.77%, gradually de-
creasing with depth to 1.68% to 2.44% (Table 2).

. Horizon . .
Soil Profile Thickness, cm Morphological Characteristics
04 Grayish-brown, moist, loose, weakly cloddy, medium loamy with plant
roots
414 Brownish-brown, moist, compacted, weakly cloddy-bouldery, medium
loamy with plant roots
Brownish-brown, dark, moist, compacted, cloddy-bouldery, medium
14-30 . .
loamy with small yellowish spots of the rock, rare plant roots
Brownish-brown, yellowish with yellow clay spots, moist, compacted,
30-50 . . .
bouldery with small gravel inclusions
50-60 Yellowish-brown, wet, dense, bouldery, light loamy
Table 2 — Chemical properties of soils
Sample Humus, _Total \ Absorbed Bases, mg-eq/100 g soil
Deth. cm 9 Nitrogen, CO,, % pH B I’ . .
pth, o Ca Mg Na K >
04 3.21 0.169 0.34 7.6 13.60 3.20 0.50 0.28 17.58
4-14 3.77 0.186 0.34 7.5 14.40 3.20 0.52 0.11 18.23
30-40 2.44 0.125 0.37 7.5 13.60 3.20 0.65 0.10 17.55
50-60 1.68 0.084 1.09 8.4 15.20 1.60 0.57 0.13 17.50

The total nitrogen content varies within the
range of 0.084% to 0.186%. The carbon to nitro-
gen ratio is wide at C:N=11-11.8, which charac-
terizes low nitrogen availability in humus. The
soils are leached of carbonates down to a depth
of 60 cm, with a carbonate content not exceeding
0.34% to 1.09%, which is characteristic of foot-
hill soils developing under conditions of periodic
irrigation. The soil solution reaction is slightly
alkaline (pH = 7.5-7.6) in the upper part of the
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profile, and alkaline (pH = 8.4) in the lower part.
The sum of absorbed bases is low, ranging from
17.5 to 18.2 mg-eq per 100 g of soil, with uniform
distribution of values by depth. The absorbed bas-
es are predominantly calcium cation (77-87% of
the total absorbed bases) with a minor contribu-
tion from magnesium cation (9—18% of the total).
The availability of nitrogen in easily hydrolyzable
compounds (2.6-3.5 mg/100 g) is very low to low
(Table 3).



V.. Permitina et al.

Table 3 — Provision of soils with mobile forms of nitrogen, phosphorus and potassium

Mobile forms, mg/100 g soil
Sample Depth, cm - -
Nitrogen Phosphorus Potassium
04 3.50 2.00 20.64
4-14 3.80 2.13 28.80
3040 3.20 1.33 15.36
50-60 2.60 0.80 12.00

The availability of mobile forms of phosphorus
(8.0-21.3 mg/100 g) is average in the upper and
middle parts of the profile and very low in the tran-
sition horizon to the parent rock. The availability of

Table 4 — Content of water-soluble salts in soils (% / mg-eq)

mobile forms of potassium (12.0-28.8 mg/100 g) is
high to average. The described soils are not saline
with easily soluble salts, with the total salt content
not exceeding 0.034-0.046% (Table 4).

Digltllllpfm totgl:alt A}kalinity ; cr S0, Ca” Mg Na* K
’ content, % | HCO, CO,

4-14 0.037 ! % % % % o % %
040 | ooz | GO | GO QA1 GO GOR RS S
060 | oo | G5 | G0 | oas | oas | oas | o1s | o0 | om

The granulometric composition of soils is me-
dium loamy with predominance of coarse dust
(27.98%) and fine sand (20.48 %) fractions (Ta-
ble 5). The presence of stony fraction in the upper

Table 5 — Granulometric composition of soils

horizons is observed in the amount of 2.91-2.97 %,
which decreases with depth to 1.58-1.69 %. The dis-
tribution of silty-dusty fractions shows a maximum
of their content in the upper part of the profile.

Fractional content, %,
fraction sizes in millimeters on absolutely dry soil
Sample
Stones Gravel Sand Dust Mud
Depth, cm

0.005— <0.01

13 3-1 1-0.25 0.25-0.05 | 0.05-0.01 {0.01-0.005 0.001 <0.001
04 291 0.09 17.47 20.48 27.98 8.77 12.38 12.92 34.07
4-14 2.97 1.99 16.10 21.47 28.31 8.27 11.22 14.63 34.12
3040 1.69 0.00 18.66 21.38 27.93 7.90 11.60 12.53 32.03
50-60 1.58 0.00 11.25 22.84 38.89 7.28 10.56 9.18 27.02
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One of the most important groups of toxicants
that pollute the soil are heavy metals. These include
metals with a density greater than 8,000 kg/m?* (ex-
cluding noble and rare metals): Pb, Cu, Zn, Ni, Cd,
Hg, Co, Sb, Sn, Be. Almost all heavy metals are
toxic. The anthropogenic dispersion of this group of
pollutants (including in the form of salts) in the bio-
sphere leads to poisoning or the threat of poisoning
living organisms. In our research, we analyzed cad-
mium (Cd), lead (Pb), zinc (Zn), and copper (Cu).

Cadmium (Cd): The content of this element in
soils, in the absence of anthropogenic influence, is
determined by the composition of the parent rocks
[23, 24]. In the soil solution, it forms complex ions
and organic chelates. The mobility of cadmium in
soils depends on the reaction environment and the
redox potential. Cadmium is more mobile in acidic
environments and is more available to plants. Soil
contamination with cadmium is one of the most dan-
gerous ecological phenomena due to the potential
for its accumulation in plants above normal levels
even at low soil concentrations.

Lead (Pb): A priority toxicant element, sol-
uble lead compounds are poisonous. The Clarke
value of Pb in the Earth’s crust is 16.0 mg/kg [25].
Compared to other heavy metals, it is the least mo-
bile, with its mobility decreasing in alkaline soil
solution (pH). Mobile Pb is present as complexes
with organic matter (60—80% of mobile Pb) [26].
The natural content of lead in soils is determined
by the mineralogical and chemical composition of
the parent rocks [27]. In urban areas, soil contami-
nation with lead is associated with vehicle exhaust
and industrial emissions.

Zinc (Zn): Important factors affecting the mo-
bility of Zn in soils include the content of clay min-
erals and the pH level. As pH increases, Zn forms
organic complexes and binds with the soil. With
organic matter, Zn forms stable compounds, result-
ing in its accumulation in soil horizons with high
humus content. Elevated zinc levels in soils can be
due to natural geochemical anomalies and techno-
genic pollution. In garden soils, zinc can accumulate
to 250 mg/kg or more [27].

Copper (Cu) is a relatively inactive metal
chemically and a weakly migratory element. The
amount of mobile copper depends on the chemical
and mineralogical composition of the parent rock,
soil solution pH, and organic matter content [25,
28]. Most of the copper in the soil is bound with iron
oxides, manganese, iron and aluminum hydroxides,
montmorillonite, and vermiculite. Humic and fulvic
acids form stable complexes with copper. At pH
7-8, the solubility of copper is minimal. The main
signs of copper deficiency in plants are the slowing
and cessation of reproductive organ formation. Soil
contamination with mobile forms of heavy metals
was not detected. Exceeding the maximum permis-
sible concentrations (MPC) for copper, cadmium,
lead, and zinc was not observed (Table 6).

Data on the content of mobile forms of heavy
metals in soils, along with agrochemical indicators,
provide an understanding of the ecological state of
the soil cover in the studied area.

According to the results of soil research on
heavy metal contamination (Cu, Cd, Pb, Zn), ex-
ceeding the MPC [29] for these indicators was not
identified (Table 6).

Table 6 — Content of mobile forms of heavy metals in soils of the plot, mg/kg

No. Depth, cm Cu Cd Pb Zn
0-5 0.20 0.06 0.00 2.46
L-02
5-20 0.16 0.08 0.08 1.44
MPC 3 1 6 23

As a result of the research, it was found that the
foothill dark chestnut cultivated soils of the me-
dicinal plant plot are characterized by an extended
humus horizon. This is due to the processes of hu-
mus leaching into the lower horizons of the soil
profile under the influence of the periodic irriga-
tion system and deep leaching of carbonates. The
differentiation into genetic horizons is unclear, the
structure is loose, and the composition of the upper
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horizons is loose. The humus content is low to very
low (1.68-3.77%) with low nitrogen availability in
the humus. The absorption capacity (by the sum of
absorbed bases) is low, indicating a low sorption ca-
pacity with a low content of exchangeable cations
that contribute to structure formation. The soils are
leached of carbonates, not solonetzic, and do not
contain easily soluble salts. They are medium loamy
in granulometric composition.
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The analysis of results on the content of nutri-
tion elements (NPK) in soils of the site showed low
and very low provision of soils with nitrogen of eas-
ily hydrolyzable compounds (2.6-3.5 mg/100 g);
average and very low provision with mobile forms
of phosphorus (8.0-21.3 mg/100 g); increased and
average provision with exchangeable potassium
(12.0-28.8 mg/100 g). No exceeding of the maxi-
mum permissible concentrations (MPC) of heavy
metals in the plot soils was found.

The chemical composition of plants is formed
under the simultaneous influence of various factors,
which can be combined into two groups: internal,
determined by plant physiology, and external, re-
flecting the influence of the surrounding abiotic and
biotic environment. The biogenic migration of mi-
croelements is characterized by their involvement
in the small biological cycle of substances (into
organisms and their transformation products), dur-
ing which differentiation and selective absorption
of microelements occur. Zinc, copper, and cad-
mium, which are elements of weak accumulation
and medium capture, are absorbed to the greatest
extent, while lead is element of weak accumulation
and very weak capture [30]. Biological absorption
of microelements varies for different plant species
growing under identical edaphic conditions.

The accumulation of various toxicants in parts
of plants used as medicinal raw materials is due
to the impact of technogenic pollution. The soil-
ecological conditions of plant growth significantly
influence the variability of the chemical composi-
tion of plants. A relationship has been established
between the content of certain chemical elements in
the soil and the production of specific groups of bio-
logically active substances by plants [31, 32].

The chemical composition of plants is signifi-
cantly determined by the physicochemical prop-
erties of soils (pH, granulometric composition,
organic matter content, etc.), which influence the

availability of microelements to plants, the biologi-
cal characteristics of plant species, the intensity of
anthropogenic load, and the physiological role of
heavy metals [33]. The absence of natural accumu-
lation limits of microelements in plants is the main
prerequisite for conducting relevant research. Cur-
rently, when assessing the contamination of me-
dicinal plant raw materials with heavy metals, the
permissible levels adopted for tea, vegetables and
fruits, and plant-based dietary supplements are used
as indicative criteria for ecological purity [34-36].

Cadmium (Cd): an element of high toxic-
ity. Cadmium ions are highly mobile in soils, eas-
ily translocate into plants, and enter the bodies of
animals and humans through food chains. Cadmium
salts possess mutagenic and carcinogenic proper-
ties and represent a potential genetic hazard. In hu-
man and animal nutrition, cadmium is a cumulative
poison. The normal content of cadmium in plants is
0.05-0.2 mg/kg of air-dry mass, with a presumed
maximum of 3 mg/kg [24]. The permissible level is
1.0 mg/kg [35].

The minimum content of the element was found
in Menta longifolia plants, and the maximum in Bet-
onica betoniciflora and Salvia deserta plants.

Lead (Pb): Under natural conditions, lead is
present in all plants, but its role in metabolism has
not been identified. Lead is one of the main com-
ponents of chemical environmental pollution and is
toxic to plants. Lead enters plants through two path-
ways: absorption by roots and leaves. Normal lead
concentrations in plants are considered to be 0.1-5
mg/kg of air-dry mass, with a presumed maximum
of 10 mg/kg [24]. The permissible lead concentra-
tion level is 6.0 mg/kg for plant-based dietary sup-
plements [35].

The minimum content of the element was found
in Menta longifolia plants, makcumanpHOE — B
pactenusx Ziziphora clinopodioides, Betonica bet-
oniciflora and Salvia deserta plants (Table 7).

Table 7 — Standardization of microelements content in plants, mg/kg dry matter according to V.B. Ilyin [24]

Element cd Pb 7n Cu

Content
Deficient _ _ 20 >
Normal 0-0.5 2-14 25-250 6-15
Toxic >100 _ ~400 0
contmens 7] 0035 123 0 50
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Zinc (Zn): The primary functions of zinc in
plants are associated with the metabolism of carbo-
hydrates, proteins, and phosphates, the formation of
auxin, DNA and ribosomes. The content in plants
varies between 15-150 mg/kg dry matter. In indus-
trial areas, zinc levels in plants can exceed back-
ground levels. The presumed maximum zinc content
in plants is 300 mg/kg air-dry mass [24]. Plants that
produce carbohydrates selectively absorb Zn. Zinc
has weak phytotoxicity, which manifests with a
significant increase in its soil content. Signs of zinc
toxicity in plants appear when its content in tissues
reaches 300-500 mg/kg dry matter [28].

The minimum content of the element was found
in Betonica betoniciflora n Salvia deserta plants,
while the maximum was found in Menta longifolia
and Leonurus turkestanicus plants (Table 7).

Copper (Cu): In plants, copper is involved
in photosynthesis, respiration, nitrogen reduction,
and fixation processes. Copper is a component of
oxidase enzymes such as cytochrome oxidase, ce-
ruloplasmin, superoxide dismutase, urate oxidase,
and others, and participates in biochemical pro-
cesses as part of enzymes that catalyze substrate
oxidation reactions with molecular oxygen. Plants
that produce alkaloids selectively absorb Cu. The
normal content of copper in plants is 3—40 mg/kg
air-dry mass, with a presumed maximum of 150
mg/kg. Copper content in vegetation rarely ex-
ceeds 10 mg/kg [28].

Table 8 — Heavy metal content in plants, mg/kg dry matter

The minimum content of the element was found
in Betonica betoniciflora and Salvia deserta plants,
while the maximum was found in Menta longifolia
plants (Table 7).

The content of cadmium (Cd) and lead (Pb) in
all plant raw material samples is not deficient, is
considered normal, is not toxic, and is within aver-
age values for continental vegetation, not exceeding
the maximum permissible concentrations (MPC) for
dietary supplements and tea (Table 7).

The content of zinc (Zn) in plant raw material
samples (Betonica betoniciflora, Salvia deserta)
is slightly deficient, below normal, non-toxic, and
below average values for continental vegetation. In
plant raw material samples from Leonurus turkes-
tanicus, Menta longifolia, Thymus marschallianus,
Ziziphora clinopodioides, zinc content is not defi-
cient, considered normal, non-toxic, and above av-
erage values for continental vegetation (Table 7).

The copper (Cu) content in all plant raw material
samples is not deficient, is considered normal, is not
toxic, and is within average values for continental
vegetation, not exceeding the maximum permissible
concentrations (MPC) for tea (Table 7).

No exceedance of the maximum permissible
concentrations in plant raw materials was found
(Table 8). Changes in the chemical composition of
plants begin to occur with a tenfold increase in the
total amount of heavy metals compared to the back-
ground content.

Name of plant Element

Cd Pb Zn Cu
Betonica betoniciflora (O. Fedtsch. & B. Fedtsch.) Sennikov 0.0729 0.5017 2.1068 17.1223
Leonurus turkestanicus V.1. Krecz. & Kuprian. 0.0374 0.4578 2.1682 38.6319
Mentha longifolia (L.) L. 0.0108 0.2467 2.5611 49.2217
Salvia deserta Schangin. 0.0729 0.5017 2.1068 17.1223
Thymus marschallianus Willd. 0.0422 0.4038 2.3072 34.0608
Ziziphora clinopodioides Lam. 0.0623 1.0567 2.1326 32.0269
MPC for dietary supplements 1.0 6.0 - -
MPC for tea 1.0 10.0 - 100.0

Conclusion as the results of soil analysis of the collection plot

The first assessment of ecological safety of plant
raw materials of six cultivated species of medicinal
plants of Lamiaceae family on the content of toxic
(Pb, Cd) and mineral (Zn, Cu) elements, as well

108

of medicinal plants of the Main Botanical Garden
(Almaty), indicate that their content depends on the
species of plants. The results of assessment of eco-
logical safety of plant raw materials of medicinal
plants species tested in the conditions of MBG of
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Almaty can be used for further studies of ecological
purity of medicinal plant raw materials.

Plant Resources of the Almaty Region as a Scien-
tific Basis for Effective Resource Potential Manage-

ment” (2021-2023).
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KPATKMIM Ob30OP NMPOBAEMbI 3ATPSI3HEHUS
MUKPOHAHOITAACTUKOM CTOYHbIX
M NMOBEPXHOCTHbIX BOA KA3AXCTAHA

B AQHHOM MCCAEAOBaHMM NMPEACTABAEH aHAAUTUUYECKUI 0630p MPOBAEMBI 3arpsi3HEHUSI MUKPO/Ha-
HOMAACTUKOM CTOYHbIX M MOBEPXHOCTHbIX BOA Pecnybankn KasaxcraH. M3yueHue onyBAMKOBaHHbIX
Hay4HbIX paboT MOKa3aAo, YTO aHaAM3 MMKPO- U HaHomAacTMkoB (MHIT) B okpyxkatoLLer cpeae SBAS-
€TCs BaXKHewLIen 3apayeil M3-3a MX MOBCEMECTHOrO MPUCYTCTBUS B eCTECTBEHHON cpeae 06uTaHus,
YTO BbI3bIBAET OMaceHUs M3-3a MX MPSMOro TOKCMKOAOTMYECKOro BO3AENCTBUS U MX MOTEHLMAABHOIO
CBOMCTBa NepeHOCUTb OMnacHble 3arpsi3HUTEAN M NaTOreHbl, TEM CaMblM CO3AaBasi PUCKM AAS 3A0POBbS
YEAOBEKA M LEAOCTHOCTb 3KocucTembl. MHIT GblA 06HapyKeH Kak Mpu OYUCTKE MUTHEBOM BOADI, TakK
M B CTOYHbIX M MOBEPXHOCTHbIX BOAAX B pa3dAMUHbIx o6AacTax KasaxcrtaHa. CoraacHO M3y4YeHHbIM AdH-
HbIM, BbISIBAEHA Ce30HHAas AMHaMMKa KOHLIEHTPaLMM MUKPOMAACTMKA B BOAE M AOHHBIX OTAOXKEHMSIX, a
Tak>Xe B CTOYHbIX BOAAX . AcTaHa. [pu 3ToM yCcTaHOBAEHO, UTO npeobaasaowmmmn Buaamm MHI B
MOBEPXHOCTHBIX BOAAX SBASIOTCS BOAOKHA, MAEHKM M rPaHyAbl, @ B CTOYHbIX MOAUITUAEH.

B ueAOM, aHaAM3 COBPEMEHHOrO COCTOSIHMS OKpy>Kalolein cpeabl KasaxcraHa Ha 3arpsisHeHue
MMKPO/HAHOMAQCTUKOM CBUMAETEABCTBYIOT O TOM, YTO 3arpsi3HEHMe CYLLECTBYeT W 3aCAY>KMBAeT Mpu-
CTaAbHOrO BHUMAHMS CO CTOPOHbI YUEHbIX 1 CAY>KO 3KOKOHTPOAS. [1pr 3TOM, FAQBHOM TPYAHOCTbIO NpK
aHaAM3€e BO3MOXKHbIX PUCKOB MUKPO- M HAHOMAACTHKA AAS 3AOPOBbS YEAOBEKA SIBASETCS HexBaTKa AaH-
HbIX, HEAOCTaTOUYHOE M3yYeHWe BO3AEMNCTBUS Ha >KMBbIE OPraHmn3Mbl, MX YCTOMYMBOCTb K PA3AOXKEHUIO
B MPMpPOAE, Nepeaaya Ha 60Aee BbICOKME YPOBHM MULLEBON LIenM.

KAtoueBble cAOBa: MMKPO/HAHOMAACTUK, MAACTUK, CTOUYHbIE BOAbI, MOBEPXHOCTHbIE BOABI.
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Brief overview of the micro-nanoplastic pollution problem
in wastewater and surface waters of Kazakhstan

This study presents an analytical review of the micro/nanoplastic pollution problem in the wastewa-
ter and surface waters of the Republic of Kazakhstan. The review of published scientific works shows that
analyzing micro- and nanoplastics (MNP) in the task due to their ubiquitous presence in natural habitats.
This raises concerns because of their direct toxicological impact and their potential to carry hazardous
pollutants and pathogens, thereby posing risks to human health and ecosystem integrity. MNPs have
been detected in drinking water treatment processes, as well as in wastewater and surface waters in vari-
ous regions of Kazakhstan. According to the studied data, there is a seasonal dynamic in the concentra-
tion of microplastics in water and bottom sediments, as well as in the wastewater of Astana city. It has
been established that the predominant types of MNPs in surface waters are fibers, films, and granules,
while polyethylene is prevalent in wastewater.
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Overall, the analysis of the current state of Kazakhstan’s environment in terms of micro/nanoplastic
pollution indicates that such pollution exists and warrants close attention from scientists and environ-
mental monitoring services. At the same time, the main difficulty in analyzing the possible risks of micro-
and nanoplastics for human health is the lack of data, insufficient study of the effects on living organisms,
their resistance to degradation in nature and transfer to higher levels of the food chain.

Key words: micro/nanoplastic, plastic, wastewater, surface waters.
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Ka3akcTaHHbIH, aFblH CyAapbl MeH OeTKei CyAapbIHbIH,
MUKPO-HAHOMAQCTUKIEH AACTaHYbl MACEAECIHIH KbICKALLIA LUOAYbI

byA 3eptTeyae Kasakcran Pecny6AMKacbiHbIH aFblH CyAapbl MeH GeTKeil CyAapblHbiH MUKPO/Ha-
HOMAQCTMKMEH AaCTaHy MOCEAEeCi TYPaAbl aHAAMTUKAABIK LUOAY YCbIHbIAFAH. YKapusAaHFaH FbIAbIMUI
>KYMbICTapAbl 3epTTey HaTHXKeAepi BOMbIHLIA, KOpLUAFaH OPTAAAFbl MUKPO- >K&HE HAaHOMAACTUKTEPAIH
(MHTIT) aHaAm3i oAapAbiH, TabuFK opTasa KeHiHeH TapaAFaHAbIKTaH MaHbl3Abl MOCeAe GOAbIN TabblAa-
Abl, cebebi onapAbIH TIKEAE TOKCMKOAOTMSAbIK, 8Cepi MEH KayinTi AacTayllblAap MEH MaToreHAEpPA|
TaCbIMAaAAQY KACMeTTepi aAaMHbIH AEHCAYAbIFbIHA >KOHE IKOXKYMEHIH, TYTacCTbIFbIHA Kayin TOHAIpPeAi.
MHIT aybi3 cyAbl Ta3apTy Ke3iHAE, COHAAM-AK, aFblH >KaHe O6eTKen cyAapbiHAa KasakCTaHHbIH 8pTYpAi
arMaKTapblHAQ aHbIKTAAAbl. 3epTTeAreH AepekTepre calkec, ACTaHa KaAaCblHbIH CybIHAQ YKOHe Tyr-
Ki TyH6aAapbiHAQ MUKPOMAQCTUKTIH KOHLEHTPALUMACHIHBIH MAyCbIMABIK, AMHAMMKACh! aHbiKTaAAbl. Co-
HbIMEH KaTap, 6eTKen cyAapblHAQ MMKPO/HAHOMAACTUKTEPAIH GacbiM TypAEpi TaAWbIKTap, NMAEHKaAap
>K&He TYMIPLIKTEpP, aA aFblH CyAaPbIHAQ MOAMITUAEH HGOAbIN TabbIAAAbI.

Kaanbl, KazakcraHHbIH Kasipri kesaeri KopluaraH opTaHbiH MUKPO/HAHOMAACTUKIEH AACTaHY XKaF-
AaviblH TaaAay OYA AaCTaHyAblH 6ap eKeHiH >K8He FaAbIMAAP MEH 3KOAOMMSAbIK GaKblAdy Kbl3MeTTe-
PiHiH Ha3apblH KaXkeT eTeTiHAIrH kepceTeai. COHbIMEH KaTap, MUKPO >KOHEe HAaHOMAACTMKAHbIH aAaM
AEHCayAblfblHA bIKTUMaA KayinTepiH TaasayAarbl 6acTbl KMbIHABIK-AEPEKTEPAIH, KeTicneyLiAiri, Tipi
OopraHu3MAepre acepiH XeTKIAIKCI3 3epTTey, OAapAbIH TaburaTTa blAbIpAYyFa TO3IMAIAIT KeHe Kopek-

TiK Ti36eKTiH XOFapbl AeHreitiHe 6epiAyi.

Ty#iH ce3aep: MUKPO/HAHOMAACTMK, MAACTMK, aFblH CyAapbl, 6eTKein cyAapbl.

BBenenue

3arpsi3HEHHE OKpY:Karolled cpeabl MIaCTUKOM
ABSJIETCSl PE3yJbTaTOM JIESTEIBHOCTH YEJIOBEKA.
CornacHO CTaTUCTUYECKUM AaHHBIM, ¢ 50-X TOH0B
MIPOIIJIOTO BEKA B MUPE POU3BEACHO OKOJIO 9 MIIp/.
T IUTACTHKa, IIPHU 3TOM IepepadoTtano numb 20%, a
ocTajJbHOE OCTaeTcsl B MpupoaHoit cpene [1,2], uto
SIBJIIETCS] IPUUNHON SKOHOMUYECKHX, COIIMATIBHBIX
Y DKOJIOTHYECKHX TpodiieM [3, 4].

OpanUM U3 yTel MOCTYIUICHUS MUKPOILIACTHKA
B MOBEPXHOCTHBIE BOJOEMBI SIBJISAIOTCS MCTOUYHUKU
MPOU3BOJCTBEHHOH AEATEIBHOCTH, TAKXKE CTOUHBIC
BozbI [5]. CeromHs 3arps3HEHHE MHUKPOILIACTHKOM
BOJIHBIX PECYpCOB SIBIIsIETCS HanOosee akTyalbHON
po0JIeMOii U3-3a YTrpO3bl 75l BOJHBIX OPTaHU3MOB,
a TaK)Ke TTOTEHIINATIBHBIX PUCKOB 3/I0POBBIO YEJIOBE-
Ka [6,7]. Tepmun «mukpomnactuk» (MII) Brepsbie
nosiuuicst B 2004 roxy B crathe “Lost at Sea: Where
Is All the Plastic?” [8]. [lo MHEHHIO aBTOPOB, MH-

KpOIUIACTHK TEPBOHAYAIBHO MPECTABIAET COOOM
IIJIACTUKOBBIM MYyCOp, KOTOPBI CO BPEMEHEM pa3-
JIaraeTcsi Ha KaKue-To MEJIKUE YacTH. XOTs UCTOPHS
MEePBEIX COOOIIEHUH 00 OO0HApYECHHH MHKpOUa-
CTHII TUTACTHKA B MJIAHKTOHE Havyayack ¢ 70-X To10B
MIPOIIIIOTO BeKa [9], 3TH coo0IIeHus He Cpa3y 3auH-
TepecoBar yueHbIX. Mukpo/Hanominactuk (MHIT)
COJIEPKUT yacTUllbl MeHblIe 0,5 MM U mosBiseTcs
BCJIEICTBUU PA3pyIIEHUS U pachaja IIACTUKOBBIX
OTXO/JIOB, B IEPBYIO OU€pe/ib AKKyMYJIHPYSICh B BOJIE
[10—-16].

B Hacrosimee BpeMs MHPOBOE MPOHU3BOJICTBO
m1acTuka coctasiseT nouT 300 MUITHOHOB TOHH B
ron [17] u 10% »>Toro miaacTuKa MOCTyIaeT B OKeaH
[8]. B BogHoii cpene [2, 13] BO3HUKAIOT 3KOJIOTHYE-
CKH€ PHUCKH, CBA3aHHBIE ¢ OnomocTynmHocThio MHIT
JUIsSL BOAHBIX OPTaHU3MOB, 0COOEHHO HaCEJISIFOIIUX
noBepxHocTHble Bonbl [10-12]. Kpome storo, ua-
CTHIIBI TIJIACTHKA SIBISIFOTCS aJCOpOeHTaMH THAPO-
(OOHBIX CTOMKHX OpraHWYeCKUX 3arpsisHUTENCH,
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MPUCYTCTBYIOIMX B Bojie [18] u BhIIIeNTauMBarOT
MTOTEHIIHAIBHO TOKCUYHBIE TIACTHKOBHIE TOOABKH,
M3BECTHBIC KaK «IutacTuukatopsd» [18,19].

B Joxmage BO3 [20] mpencrasiiensr 6onee 50
WCCIIEIOBAHNN, B KOTOPBIX MPHUBEICHBI pPe3yJbTa-
THl WCCIIEIOBAHUNA OOHApyXEHHS MHUKPOIJIACTHKA
B IPECHBIX BOAOEMax, MUTHEBOM BOJE M CTOYHBIX
Bofax. B moxiane akmeHT yaensercs MOTeHIIHATb-
HoMy BozzaeiictBuro MHII Ha oxpyxarouryto cpe-
ny (pusnyecknii, XUMUYECKUH U OUOIJICHKH), IPU
9TOM 00BEM OOBEKTHBHBIX TAHHBIX UPE3BBIYANHO
orpannye. OJHaKO Majo 4YTO M3BECTHO O MHUKPO-
IUTACTHYECKOM Tpo(duiie OTAAJCHHBIX MPECHOBOA-
HBIX 2KocucTeM [21,22] u 9KomornyecKas CUTyarus
3TUX 00BEKTOB HEJIOCTATOUHO M3y4eHa. CunuraeTcs,
YTO MPECHOBOAHBIE IKOCUCTEMBI OOJIBLIE CTPAAAIOT
ot Bo3aeiictBuss MHII, yem okean u mpuOpeKHBIC
pationst [23 — 26]. B pabortax [26 — 30] aBTOpa-
MH TIOKa3aHO, YTO HAaHOHAHOYACTHIBI IUIACTHKA
MIPOHUKAIOT JaXXe dYepe3 KIETOYHBIE MeMOpaHBI
U PacCIpOCTPaHAIOTCS MO TKaHSAM. BBIsSBIEHO, 4TO
MHII umeet paznuunyto (GopMy HacTHll, IPH 3TOM
“urompuaras’ (opma OBICTpEE PacIpPOCTPAHICTCS
1o opranusmy [26], Hapyas remaro-sHiedannde-
CKHUI U IIaieHTapHbIi Oapeepsl B opranusme [29].

MHorue ropoaa XapakTEpU3YIOTCS BBICOKOM
IUIOTHOCTBIO PACTyIEro HaceleHUs M Pa3BUTOU
HHPPACTPYKTYpOH. DTO NPUBOJUT K BO3PACTAHUIO
AHTPOTIOTEHHOW HAarpy3KW Ha MCTOYHUKH IOBEPX-
HOCTHOM BogbI [31]. B ¢Bsi3u ¢ aTMu npobiaemamMu
HEOOXOIUMO IMPOBEICHHE 3KOJIOTHYECKOTO MOHH-
TOPWHTA BOJI TI0 Pa3IMYHBIM MTapaMeTpaM, BKITFOUas
Y TUIaCTHKOBOE 3arpsizHeHue. OQHaKo, 10 MHEHHUIO
skcrieptoB BO3 [20], Gonbpiias 4acTh HCCiIeIOBa-
Hul B Mupe nio mpobieme MHIL, He ynoBieTBopsroT
YCTaHOBJIEHHBIM KPUTEPHUSAM KadecTBa.

Lenb paboThI HcciiegoBaHUE TPOOIIEMBI 3arpsi3-
HEHUS MHKpPO/HAHOTUIACTHKOM BOJHBIX PECYpPCOB
Kazaxcrana, B 4aCTHOCTH CTOYHBIX M MTOBEPXHOCT-
HBIX BOJ. B nanHoii pabote aBTOpaMu caenaHa Imo-
MIBITKA TIPEJICTaBUTHh 000OIEHHBIH MaTepHall CyIe-
CTBYIOIIMX HCCIIEOBAHUN TPOOIEMBI 3arps3HEeHUs
MHUKpPO/HaHOIMIJIACTUKOM BOIHBIX pecypcoB Peciry-
omuku Kazaxcran. MI3yuuTs ypOBHH KOHIIEHTPAITUH,
(dbopMy U pa3Mepbl YacTHII MUKPO/HAHOIUIACTHKA, a
TaKXe 0COOCHHOCTHU €T0 PACHPOCTPAHCHHUS.

MaTepna.mﬂ U METOAbI

MarepuanaoM MOCIYXHIM HaydHbIE pPaOOTHI,
oIyOJIMKOBaHHBIE Ka3aXCTAHCKUMHU U 3apyOeKHbBI-
MU yueHbIMH. K cOXaJIeHHI0, KOTUYECTBO OIyOsH-
KOBAaHHBIX OTEYECTBEHHBIX Pa0OT MAaJOYHCIICHHO,
OJTHAKO BCE OHM OBUIH M3YY€HBI U MPEJCTABICHBI B
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I[aHHOfI pa60Te. TCpMI/IHOHOFI/IH IIOMCKa BKJIrO4ajia
MI/IKpO/HaHOHJ'IaCTI/IK, IIOBEPXHOCTHBIC BOJOEMEI,
OLITOBEBIE OTXO0Abl, CTOYHBIC BOJAbI, BOJAHAA 6I/IOTa,
PHUCKHU 3J0POBLIO YCTIOBCKA.

Pe3y.]'leaTl)I Hu 06cym21elme

XoTs ucTopust MyOIUKaIni O 3arpsiI3HEHAUH T1J1a-
CTUKOM OKpykatouieil cpensl Kazaxcrana Manounc-
JIEHHa, OHa BKJIIOYAET PE3yJbTaThl HCCIEAOBAaHUI
MHKpPOIUIACTUKA B BOJE, B JIOHHBIX OTJIOXKEHUSIX,
CTOYHBIX Bojax u cBatok ThO. OnHako He Bce MyTH
MOCTYIUIEHUS] MUKpPOIUIACTUKA B OKPY’KAIOIIYIO
Cpely U3y4eHbl U KaK CJIEJCTBHE HET IIyOIuKaui O
3arpsi3HEHUH JAPYTHX CPe]| )KU3HHU U OUOTHI.

Tepmun «Mukportactuk» (MII) BkimtouaeT co-
BOKYITHOCTb 4aCTHII pa3HOI0 pa3mepa, GOpMbl, I1Be-
Ta, yAEIbHOM IUIOTHOCTH, XMMHUYECKOTO COCTaBa
[33 —36].

B otnenbHBIX cTpaHax 3arps3HEHHE OKpYKaro-
et cpeasl MIT BeI3BIBaeT Oobinyto TpeBory. Ha-
npumMep, B CeBepHOI AMepHKe 3arpsi3HEHHE TOJIBKO
3eMeJIb CEJIbCKOXO3SHCTBEHHOIO HA3HAUYEHUs CO-
crasisieT ot 44 o 300 Teic. T, B EBpome ot 63 mo
430 ThIC. T., 10 cTpaHam CHI' coctaBnser 570 ThI-
cs14 T. [37]. UMmeroTcst maHHbIe 110 BBIsABIIeHNIO MIT B
MPECHOBOJIHBIX BoJ0eMax AMepuku, EBporbl, Ad-
PUKH, OTJENBHBIX cTpaH Asun, Poccun [38 —43], Ho
CHUCTeMAaTHYECKHe IMyOIHKaIiH 10 JaHHOH Tpo0bIie-
Me B Kazaxcrane orcytcTBytor. merorest my0imka-
uu o 3arpszHenun MIT okpyxaromeit cpenst PK,
B KOTOPBIX IPHUBEIEHBI PE3yJbTaThl NCCICIOBAHUS
pa3oBbIX MPoO U3 3amajgHoro nodepexbs Kacnuii-
CKOTO MOps M M3ydeHHto BiIMsiHUA cBasiok ThO B
CeBepHoM Kazaxcrane Ha 3arpsi3HEHHE IJIaCTH-
koM. B 2016 rogy npukacnuiickue cTpaHbl IPOU3-
Bean 425 KMIOTOHH OTXOJOB IntacThka U K 2030
TOJly TIPOM3BOJICTBO yBenmmuntces Ha 15% [44], npu
sToM Macca MII B obOpasnax Kacnmiickoro mops
cocraBuia ot 5 o 200 mr/xn [45, 46]. [lo naHHBIM
Ka3aXCTaHCKUX JKCIepToB [47], OTCyTCTBHE CHUCTe-
Mbl MOHHUTOPHMHTA 3a IJIACTUKOBBIMH MYCOPOM B
Kacnuiickom Mope siBIsieTCst OOHOW U3 KITIOUYEBBIX
mpobiem B Kazaxcrane.

ITo nanasiM FOHUCE® [48], 0630p pe3ynbTa-
THBHOCTH HKOJIOTHYECKOH AedrenbHocTH Kazaxcra-
Ha IO0Ka3bIBAET, YTO 3arpsI3HEHUE PEK U IPYHTOBBIX
BOJI MHKPOIUTACTUKOM MPOUCXOAUT M3-3a HEHAJIJIe-
JKaIllero yNpaBJIeHNs] MyHUIIUIATbHBIMUA CTOYHBIMHU
Bogamu, xoTs ¢ 2008 roga B pecriyonmke Kazaxcran
MIPOBOJIUTCS cepbe3Has paboTa B TUIaHE PAa3BUTHA U
paciiupeHnss CUCTEMbl MOHUTOPHHIA BOJAHBIX pe-
CYpPCOB, OJHAKO CHCTEMAaTHYECKOE HCCIICZOBaHNE
3arpsA3HeHUs MUKPOIIJIACTUKOM HE MTPOBOJIUTCS.



A. CaraeBa u 1ip.

HewussecrtHo, ckonbko MHII conepxures B 1mo-
BEPXHOCTHBIX BOJIaX BOAOXPAHWIINII, KOTOPHIE MC-
MOJIB3YIOTCSl KaK UCTOYHUKU MUTHEBON BOJBI B TO-
ponax Kazaxcrana. Kpome 310, nmeercst mpodiema
HaKOIUICHU IIacTHKa B coctaBe ThO, mpuBoasmias
K BEIMBIBAaHUIO TOKCHYHBIX BEIIECTB HA TIOJUTOHAX
TBO u cBankax B OKkpyxkarouryro cpeny [49, 50].
Panee xa3zaxcTaHCKMMH y4eHBIMH OBUIA TPOBEIE-
HbI MCCIIEJOBaHUS 110 U3y4YEHUIO 3arps3HeHuss MIT
cakamu ThO, ryie ObUTO BBISBIICHO, YTO pa3Mep
yactull MIT BapeupoBan ot 5 mm 0 50 mm. Ilpu
9TOM MaKCHMallbHas M0Ji1 MHKporracTuka (50%)
npuxoamwiack Ha MII ¢ pazmepom uvactun ot 5-10
MM [50, 51]. IIpoGnemsbl, CBS3aHHBIE C YIPaBICHH-
eM ¥ repepaboTKON TBEpIbIX OBITOBBIX OTXOJOB,
0COOEHHO MJIACTUKOBBIX, OCTAIOTCSI KPUTHYECKUMHU
Y HEpEeIIeHHBIMH Tpo0ieMaMu B coBpeMeHHoM Ka-
3axctane [52]. K coxanenuto, CymecTByomei jau-
TepaType Mo 3TOMY BOIIPOCY yJIENsIeTCsl MaJlo BHU-
MaHus [53].

Mmuorue yuensie [5, 54- 59] mokaszanu, d9TO
JIOHHBIE OTJIOKEHUSI UMEIOT CaMble BBICOKHE KOH-
nearparu MHII. 3a #HuMEm ciaeayror oOpasibl
MIPUJIOHHOM BOJIBI, MMEIOIHME HAa HECKOJBKO IIO-
PSIKOB MEHBLINE KOHIICHTPALUU; & CaMble HU3KUE
3HAYEHHUS XapaKTePH3YyIOT TOJIIY BOABI — eIIle
Ha HECKOJIbKO MOPSAAKOB MeHbIe. B To ke Bpems
OonpimHCTBO UccnenaoBanuii mo MHIT konteHTpH-
PYIOTCS Ha N3YYE€HUHU UX W300MITHS, OJHAKO BOIPO-
Chl OHMOJIOTUYECKUX W XHMHUYECKUX MOCIENCTBUN
n3yuensl ciaabo [60 — 61].

Bonee Toro, B PK He H3ydanuch KOHUEHTPALMU
MHII B OytunupoBanHoit Bone [62]. B Mupe ume-
I0TCsl MyOJMKAIIMKM YYCHBIX, TJIe ObLIO BBISBIICHO,
4yTO 00pa3Iel Oy THIIMPOBAHHOMN BOJBI MOTYT COMEP-
kaTh 10 325 wactuiy MHII Ha nmutp u pazmMepom ot
6,5 mo 100 Mkm [63]. ABTOpPBI UCCICAOBAHUS MU-
KPO/HaHOIIACTHKA B THTHEBOW OYTHIMPOBAHHOU
Bofe [64] BBIACHWIIM, YTO KOJMYECTBO HAHOILIA-
CTHKA TMPEBBIIAIO KOJIMYECTBO OOBIYHOTO MHUKPO-
minactuka B 100-1000 pa3, TOKCMYHOCTh KOTOPOTO
AKTUBHO M3YYaroT B ITOCIEAHNUE TOMIBI.

bbu1o ycTaHOBNIEHO, YTO 3arpsA3HEHUE HAHO-
TUTACTUKOM TPOUCXOJUT TaKXKe HE TOJBKO NpH
MIPOM3BOJICTBE BOJBI U €€ XPaHEHHH, a TaKKe MpU
€€ OYHCTKE U3 TUIACTHKOBBIX (DUIBTPOB WIIH UHOTO
ob0opynoBanus. Hampumep, HaHOYACTHIIBI TIOJH-
MPOTMUJICHA, TIOTUCTUPOIIA U TTonaMua [64].

Kpome storo, ycraHoBieHO, YTO HpH Harpe-
BaHWHU OyTwiMpoBaHHOW Bojasl Oonee 30°C B mmia-
CTHKOBOH Tape, U3 IJIaCTHKa HAYMHAET BBIJIENATHCS
buchenon A [65]. bucdeHnon A sBisercs KaHIEpO-
T€HOM W MOXKET BBI3BIBATH Pa3IMYHBIE 3a00JIeBa-
Husi. B yactHOCTH, OMc(eHOoN A HU3-3a CTPYKTYpHOU

CXO0KECTU C JKEHCKUM IOJIOBBIM FOPMOHOM — JKC-
TPOTE€HOM OKa3bIBa€T HETaTHMBHOE BIMSHUE HA MO3T
U PENPOTYKTUBHYIO CUCTEMY, a TAKXKE CITYKUT MPH-
YUHOM pAJa OHKOJIOTMYECKUX 3a00JIeBaHHM, a TaK-
e ayTH3Ma, YIHETEHHs SHIOKPUHHOM CHUCTEMBI,
3aJIepKKU Pa3BUTHUS MO3Ta, CEPIEYHO-COCYTUCTHIX
3a0oneBanu i u nuabera [66]. CoriacHO JaHHBIM
OTYETHOCTH pPBHIHKA NMMHTHEBOM BOJBI B Pecmybnuke
Kazaxcran [67 ] B cTpane nmpousBogutcs 0,8 Mipn
JIUTPOB Oy THIIMPOBaHHOM BoAbI. I1pu mpousBoacTBe
IIUTbEBAs BOJA HPOXOOUT OLEHKY COOTBETCTBHUS
Ka4yecTBY MHUTHhEBOH BojbI 1o 80 mokaszaTesnsM, Of-
Hako conepxkanue buchenona A He ompenensiercs
[67, 68].

H.CanukoBa m Jap. mpencTaBUiu pe3yibTa-
THI MPOBEACHHUS] MOHUTOPHHTAa MHKPOIUIACTHKA B
TpeX o03epax W OJHOH peke AKMOJIHMHCKOH 00i1a-
ctu B Kazaxcrane [50, 51]. ABTOopamu u3ydeHb
KOHIEHTPAIlMK MUKPOIIJIACTHKA B BOJAE U JIOHHBIX
OTJIOKCHUSIX OTHEJBHBIX y4acTKOB peku Mimnm,
o3ep Koma, 3epennunckoe u bopoBoe. ABTopamu
YCTaHOBJIEHBI CE30HHBIE KOHIIEHTpPAIMd MHUKpPO-
IJIACTUKA B BOAHBIX O0BEKTAX, IPHU 3TOM KOHIICH-
Tpali MUKPOIUIACTHKA cocTaBmiu ot 1,2 X 107!
YacTHUL/JI BeCHOU 1 10 4,5 x 107" wacTuu/n oceHpro
COOTBETCTBEHHO. B o03epax perucrpupoBaiuch
0ojiee BBHICOKHE KOHIEHTPAIMH 10 CPAaBHEHUIO C
pekoit Ummm. B 1oHHBIX OTIIOKEHUSIX ObUIH OOHA-
PY’KeHBI MUKPOIUIACTUYECKHUE BOJIOKHA, (hparMeH-
ThI M TUIEHKH, a TakXe TpaHylbl. boyee kpymnHbie
gacTuubl (>500 MKkM) ObLTH OOHAPYKECHBI B IJISDK-
HBIX OTJIOKCHUAX, cOocTaBsisa B cpemnem 40,5%
oT o0miero Koim4yecTBa 0OHAPYKEHHOTO ILIACTH-
ka. [Io MHEHHUIO aBTOPOB, MOJIYUYEHHBIE pe3yibTa-
Thl AT MPEACTaBICHUE O MPOCTPAHCTBEHHOM U
BPEMEHHOM paclipeieieHni MUKpoIuiactuka. [lpu
3TOM aBTOPBI MOJUYEPKUBAIOT HEOOXOAUMOCTD MO-
CTOSIHHOT'O MOHMTOPHHTIA U pa3pabOTKu cTpaTeruit
YIIPaBJICHHUS JUJIS PELICHUS JAHHOM dKOJIOrM4eCKOM
POOJIEMBI.

Taxke Cammkoa H.C. u ap. [69] npu uccie-
JIOBAaHUU TPOLIECCOB OYHCTKH BOJIBI BBISBUIIH, UTO
3¢ PEKTUBHOCTh yJIalleHUs MUKPOIUIACTHKA CYIIe-
CTBEHHO CHIKAETCSI IPU OYUCTKH BOJBI OT €ro 4a-
ctur ¢ pazmepom oT 10 1o 20 MkM. ABTOpHI TOA-
JIEpKUBAIOT MHEHUE IPYTHX aBTOPOB [8], KOTOpkIE
CUUTAIOT, YTO IOCJIEI0BATEIIEHOE COBMEILCHHUE KO-
aryJsiuy ¥ ecYaHoi QUIbTPai MOXKET MOJTHO-
CTBIO YJAIUTh MHUKPOIUIACTHK pazMepom Oonee 45
MiM. CammmkoBa H.C. u gp. [69] cuuraror, 94To mpu
COOJTIO/IEHNH PEKUMOB TEXHOJIOTHYECKOTO MPOIIEC-
ca BOJIONIOJrOTOBKHM MUTHEBOM BOAbI U B Ka3axcra-
HE MOXHO 33J€P’KUBaTh YacTUIbI MUKPOILIACTHKA
pa3mepom 6oree 45 MKM.
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ManubekoB A. u nip. [70] u3y4anu npucyTCTBHE
n koHneHntparuu MHII B o3epe Mapkakoib. O3epo
Mapkakoab HaxoauTcsi B BocTouHO-Ka3aXCTaHCKOM
obnacty, B MapKakoJIbCKOW KOTJIOBUHE, OKPYKEH-
HOM xpebdTamu Kypuymckuii m A3yTtay W sSBISeTCA
OJTHMM W3 YHUKAIbHBIX BopoeMoB Kazaxcrana. C
4 aBrycra 1976 roma o3epo M ImpuJIeraronme K Hei
TEPPUTOPHH SIBIIAIOTCS 3amoBeqHUKOM. [Ipm sToM
pe3yabTaThl MPOBEACHHBIX aBTOPAaMH HCCIIEA0BA-
HUI aKBaTOpPHM O3€pa U €ro MPHUTOKOB MOKa3ajH,
YTO CyMMapHas KOHIEHTpAIUs BBISIBICHHOTO MHU-
KpO- M MaKpOIUIaCTHKa, MOCTYIMAIONIEr0 C MPHTO-
KamH, cocTaBmiia — 150 MKr/M?, B akBaTopuH 03epa
6omee 800 mkr/m>. IIpoBemeHHBIE HCCIETOBAHUSL
rokasaiy, 4ro pacupocrpanenre MHII B Boze npu-
TOKOB PEK U 03€pa BapbUPOBAIH OT INTyOHHBI U APY-
rux (paxTopoB.

KakceimeikoBa [[. m ap. [52] mepBeie ucce-
noBanu npucytctBue MII u ero ynanenue Ha ro-
POIICKAX OYWCTHBIX COOPYKEHHUSX B TI'. AcCTaHa B
nepuoa 2023 roma. ABTopaMH OBLIM BbISIBJICHBI
pa3nuYHble KOHIEHTPALMH pPa3HOPa3MEpPHBIX Ya-
CTHUI] MUKPOIITACTHKA Ha BCEX CTAAMIX 00paOOTKH
CTOYHBIX BOJI M OIICHEHa Y PEKTUBHOCTh UX y1ae-
HUS. YCTaHOBIICHO, YTO B CTOKaX OYHMCTHBIX COOPY-
JKeHUH HaOII0qaNnnch HU3KUE KoHIeHTparuu MII.
[Ipu 5TOM Ccpean oOHAPYKEHHBIX YaCTHIL TIACTHKA
ObUTH (parMEeHTHl MUKPOILIACTAKA M TOJUITUJICH.
ABTOpaMHU yKa3aHO, 4YTO TIOJHMITHIICH SIBISETCA
HanboJiee paclpOCTPaHEHHBIM THUIIOM IIIACTHKA U
coctasinsier 6onee 30%. Kpome storo, Taxxke Ha-
0JIroTaeTcs CE30HHOCTh pactpocTpanenus MI1, mpu
9TOM €ro KOHIIEHTPAIUW JOCTUTAIOT MaKCHMyMa
JICTOM ¥ MUHUMAJIbHBI 3HMOM.

Taxoxe nucciie10BaHuUs MPOBEICHBI 110 U3YICHUIO
MUKpPOIIJIaCTUKAa B POCCHMCKON uyacTu peku OO0b,
MIPUTOKOM KOTOPOH siBsiercst pexa Uimm. CpaBHH-
TeJbHAS OIEHKA 3arPSI3HEHUSI MEKPOIUIACTHKOM PEK
O0p u Mmmm nokasana MEHBINYIO 3arpsi3HEHHOCTh
pexu MimMm B cpaBHenuu ¢ p. 006 [71 — 73]. B -
[IeBapUTEIIEHOM TpPaKTe OTACIBHBIX BHIOB PBHIO,
oburaronux B peke ToMb OBLIO BBISBICHO MPUCYT-
CTBHE 3HAYUTEIBHOIO KOJMYECTBA MHKPOUYACTHUI]
miacTuka [74].

@anr u np [75] BBIABUIM HapyUIEHHE PErpo-
JOYKTUBHOTO U MUIIEBOTO TIOBEACHUS y TPEACTaBH-
TeJICH BECIIOHOTHX PaKOOOpa3HBIX M PBIO, CBS3aH-
HOE C BIMSHUEM MHUKPOIUIACTHKA Ha MX OPraHU3M.
B cBs131 ¢ 3THM, aBTOPBI pacCMaTpPUBAIOT OMOAKKY-
MYJIALWI0 MAKPOIIIACTHKA B BOJHOM Cpefie Kak I1o-
TEHIMAIBHYIO YIPO3y OpraHu3Mam 0oJiee BHICOKUX
TpoHrUECKUX YPOBHEH U 1axke yenoBeky. Hampmep,
y>Ke 0OHapy K EeHBI YaCTUIIBI MUKPOTIACTHKA B KPO-
BU [76] U B TKAHAX JIETKUX deoBeka [77].

116

B Hacrosiiiee Bpemsi Kakux-Jn00 myOIuKamuii
0 BO3JICHCTBUM MUKPOIUIACTHKA HA KUBBIE Opra-
Hu3mbl B Kaszaxcrane Hetr. K coxanenuio, moa-
TBepXkACHUS (haKTa, YTO IUIACTUK SIBISICTCS KOH-
KPETHOW NPUYMHOMN, BBI3BIBAIONIEH TE€ WJIIW HHBIE
KiIMHU4Yeckue (opmbl 3a00JCBaHUN WM HWHBIC
BUJbl HapyLICHHs 30POBbS UelOBEKa MOKa HE
nonyuyeHo. [loatoMy B Hacrosiee BpeMsi B MUpeE
HET ycTaHOBJIeHHOTO HopMaTtuBHoro IIJAK mis
IJIACTHKA.

Oo6cyxkaenune

Wzydenune curyarum 3arps3sHeHHS MUKPO/HaHO-
TUTACTUKOM BOJHBIX pecypcoB PecryOmnku Kazax-
CTaH T0KAa3aJlo, YTO HaOIII0IaeTCsl 3arPsi3HEHUE Kak
CTOYHBIX BOJI, TAK M TIOBEPXHOCTHBIX BOJIOEMOB, B
TOM YHCJIE W 3alOBeNHBIX. McXoas u3 omyOimKo-
BAHHBIX JAHHBIX, Pa3MEpPhl IIACTUKOBOIO MYCOPa,
00HapyKEHHOTO B TOBEPXHOCTHBIX BOJOE€Max, Ba-
PBUPYIOTCS OT KPYITHOI'O ME30MYyCOpa 10 MUKPO/Ha-
HOIUTaCTUKA. B CTOYHBIX U MOBEPXHOCTHBIX BOJAX,
a TaKKe B JIOHHBIX OTJIOXKEHHSX BBISBICHO 3arpsi3-
HEHHE MHKPOILIACTUKOM, TIPH 3TOM HaOIrogaeTcs
CE30HHOCTh €ro pacmpoctpaHeHud. [lo MHeHuHro
YVYEHBIX, 3arps3HEHHE BOJHBIX PECYPCOB MHUKPO/
TUTACTHKOM OOYCIIOBIICHO MCIOJb30BAHHUEM OTPOM-
HOTO KOJIMYECTBAa MATEPUAJIOB U3 IUIACTUKA, HCHAI-
JIeXxame mepepadoTKOW OTXOMIOB M3 IUIACTHKA B
ropoaax M Apyrux HacCCJICHHBLIX ITYHKTax, 3aMyCO-
pHUBaHUEM OEperoB.

['maBHOM TTPOOIIEMOT ABISETCS aHTPOIOTESHHBIH
(axTop, YTO MPUBOJHUT K MOHMUMAHHIO aKTyaJbHO-
CTH JaHHOH MPOOJIEMBI U MPOBEJCHHSI MOHUTOPHH-
ra MUKPO/HAHOIIJIACTHKA JIJISl ONIPE/IeIICHUS CTETICHH
3arps3HCHUA U B ,HaJIbHeﬁmeM MPpUHATUA MEp 11O
€ro CHUKEHHIO.

3akjoueHne

Hcxonst n3 omyOMMKOBaHHBIX JaHHBIX, OCHOB-
HOU MpoOJIeMOl ISl OLIEHKW MOTEHIMATbHBIX PH-
CKOB MHMKPO/HAaHOIUIACTHKA Ha 3[JOPOBHE YEIOBEKA
SIBIIIIOTCS OTpaHUYEHHBIC JTaHHBIC, cllabas U3ydeH-
HOCTb BO3JICHCTBHSI HA OPraHU3Mbl, YCTOMUUBOCTh
K pa3JIoKEHUIO B OKPY’KaIOLIEH cpelie, JalbHen as
nepenada Ha 0oJiee BEICOKHE TPO(YUUIECKHE YPOBHH
u BelJenieHre bucdenon A B Boay.

Cucrema ymnpasieHHs BOJHBIMH peCypcaMu
HallpaBJ€Ha Ha COXPAaHEHHUE UX B MUPOBOU 3KOCHU-
cTeMe, YIIyullIeHHe UX KauecTBa, 0€30IacHOCTH ISt
BOJIHOW OMOTHI U 340POBBSI YEIIOBEKA, U B UTOTE Oe-
PEKHHOE OTHOIIIEHHE K HUM YeJIOBEYECKOro 001Ie-
ctBa [49].



A. CaraeBa u 1ip.

Bcé aT0 mpuBOAUT K TOHUMAr HEOOXOIAMMO-
CTH PEryJISIPHOTO KOHTPOJIs 3a coaepxanuem MHIT
B BOJIHBIX O0BEKTaX OKpPYKAOIIEH Cpeibl, U B IO-
CIIeyFOIEM, OOCCIeUeHHUS! OYUCTKH CTOYHBIX U
NUThEeBbIX BOA OoT MII U pa3BuTHs CUCTEMBI COOT-
BETCTBYIOIINX 3aKOHOAATENBHBIX U HOPMATHBHBIX
aKTOB C Y4YE€TOM MECTHBIX OO0CTOSTENLCTB [59].
[IpoBenenue perynspaoro mouutopunra MHII B
BOIHBIX 0ObekTax PK HampaBieHHO Ha pelieHne
npuoputeToB KazaxcTaHckoil MOTUTHKU, BKIHOYAs

lNocynapcrBennyro nporpammy Pecryonmku Kazax-
ctaH «IIutbeBas Boma» Ha 2001-2030 roasr [64].

baarogapHocTh, KOH(PJIMKT HHTEPECOB

UccnenoBanre BBIMOJHEHO MpHU (HHAHCOBOU
nojaepxxke Komurera Haykn MuHucTEpCTBa HAYKN
u BeIciiero obpasoBanusa Pecrybmukn Kazaxcran

(rpaut UPH AP23489493 u BR24992814). M=I 3a-
sIBIISieM 00 OTCYTCTBUHM KOH(IMKTa HHTEPECOB.
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EXPLORATION OF THE THERAPEUTIC AND
BIOTECHNOLOGICAL APPLICATIONS
OF DEFECTIVE INTERFERING VIRUSES AND PARTICLES (DIVSDIPS)
IN MODERN MEDICINE AND BIOTECHNOLOGY

Defective interfering viruses and particles (DIVs/DIPs) are viral mutants that arise during viral repli-
cation, exerting significant effects on viral pathogenesis and host immune responses. These entities have
garnered increasing interest due to their potential therapeutic and biotechnological applications. This
study aims to explore the multifaceted roles of DIVs/DIPs in modern medicine and biotechnology, focus-
ing on their ability to modulate viral infections and act as antiviral agents. The purpose of this research
is to examine how DIVs/DIPs can be harnessed for therapeutic interventions, particularly in antiviral
therapy and immune modulation. Key directions include investigating their capacity to interfere with
viral replication, reduce viral loads, and enhance host immune defenses. The study also explores the
biotechnological applications of DIVs/DIPs, including their role in vaccine development and the design
of novel antiviral drugs. Methodologically, information was gathered from a diverse range of reliable
sources, including references from NCBI, PMD, and other trusted academic databases. These resources
were carefully analyzed to explore the potential applications of defective interfering viruses and particles
(DIVs/DIPs) in modern medicine and biotechnology. The collected data provided a comprehensive
overview of the mechanisms by which DIVs/DIPs interfere with viral replication and modulate immune
responses. This approach ensured that the exploration of the topic was grounded in well-established sci-
entific literature and recent advancements in the field. The results highlight the potential of DIVs/DIPs to
suppress viral replication, indicating their utility as a therapeutic tool in combating viral infections. The
analysis concludes that DIVs/DIPs represent a promising area of research with significant implications for
the development of novel antiviral therapies. This study contributes to the growing body of knowledge
on viral interference and opens new avenues for biotechnological innovations. The practical significance
lies in the potential application of DIVs/DIPs in both therapeutic settings and in the advancement of
biotechnological tools

Key words: defective interfering viruses (DIVs), viral interference particles, antiviral therapy, viral
replication interference, immune modulation, biotechnological applications, vaccine development.
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AkayAbl uHTepchepupAeyLi BUpycTap meH 6eawuektepail, (DIVs/DIPs)
3amMaHayM MeAMLMHA MeH OMOTEXHOAOTUSIAAFbI TePANUSIAbIK,
)KOHe OMOTEXHOAOIUSIAbIK KOAAAHYAAPbIH 3epTTey

AkayAbl nHTepdepupAeywi Bupyctap meH 6eawektep (DIVs/DIPs) — BUpycCTbIK, penAvkaums

Ke3iHAe narmAaa 6OoAaTblH BUPYCTbIK, MyTaHTTap, OAApAblH BMPYC TMaToreHesiHe >8He WeCiHiH
MMMYHAbIK, peakumMsAapbiHa eAeyAi acepi 6ap. byA aaeMeHTTep TepanusAbiK, >keHe BUOTEXHOAOTUSIABIK,
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PbIHbIH BAEYeTiHe 6aMAAHbICTbI YAKEH KbI3bIFYLLbIAbIK TYAbIPAbL. ByA 3epTTey DIVs/DIPs-TiH 3amaHaym
MeAMLIMHA MeH BMOTEXHOAOTUSAAFbI KON KbIPAbl POAAEPIH 3epTTeyre GarbITTaAFaH, acipece 0AapAbIH
BUPYCTbIK, MH(PEKLMIAAPABI MOAYASILIMSIAQY >KBHE aHTUBMPYCTbIK, areHTTep peTiHAe apekeT ety Kabi-
AeTTepiHe Hasap ayAapaabl. bya 3epTreyain makcatbl — DIVs/DIPs-Ti TepanusiAbik, apasacyAap yiLiH,
acipece aHTUBUPYCTbIK, Tepanms MeH MMMYHABIK, MOAYASILIMSIAQ KaAai KOAAAHYFa 6OAQTbIHbIH Kapac-
Tbipy. Herisri 6arbiTTap oAapAbIH BUPYCTbIK, PEMAMKaLMSFa KEAEPri Xacay, BUPYC XKYKTEMECIH a3anTy
>KOHE MECiHIH MMMYHADIK, KOPFAHbICbIH KYLUEMTY MYMKIHAIKTEPIH 3epTTeyAl KaMTUAbI. 3epTTey COHbl-
meH katap DIVs/DIPs-TiH 6MOTEXHOAOIMSABIK, KOAAAHbBIAYbIH, COHbIH, ilLIHAE BaKLMHaAapAbl 93ipAey-
A€ri XXaHe >kaHa aHTUBMPYCTbIK, ABPIAEPAI X)KobaAayAafbl POAIH 3epTTeNAl. DAICTEMEAIK TYPFblAQH aA-
raHaa, aknapat NCBI, PMD >eHe 6acka CEHIMAI aKaAEMMSABIK, AEPEKKOPAAP CUSKTbI SPTYPAI CEHIMA|
KO3AEepPAEH XKMHaAAbL. byA pecypcrap akayabl nHTepdepupaeyLli BUpycTap MeH 6ealuektepAin, (DIVs/
DIPs) 3amMaHaym MeAMUMHA MEH OMOTEXHOAOTUSIAAFbI SAEYETTI KOAAAHYAAPbIH 3epTTey YLliH MYKMST
TarAaHAbL. XuHaarad aepektep DIVs/DIPs-TiH BUPYCTbIK, penAMKauusara Karan KeAepri >kacanmTbiHbl
YK&HE MMMYHABIK, PeaKLMSIAAPAbl KAaAal MOAYASILMSAQATBIHBI TYPaAbl KeLUeHA| LOAYAbI KaMTamachi3
eTTi. ByA ToCiA TakbIpbINTbl 3epPTTEYAiH, HETi3iH FbIAbIMM SAEOMETTEP MEH COHFbI XXETICTIKTepMmeH Oe-
KiTTi. Hotrxxkeaep DIVs/DIPs-TiH BUPYCTbIK, pernAMKaumstbl 6acy aAeyeTiH KOpCeTin, oAapAbl BUPYCTbIK,
MHEKUMIAAPMEH KYypecTe TepanmsaAbIK KYPaA PETIHAE NMarnAdAaHYAbIH MYMKIHAITIH kepceTeai. Taaaay
DIVs/DIPs-Ti 3epTTey aimarbl PETIHAE YOAEAI EKEeHIH XKOHE XKaHa aHTMBMPYCTbIK, TepanmsAapAbl 93ip-
Aeyre aniTapAbIKTal 8cep eTeTiHiH KOPbITbIHAbIAAMABI. BYA 3epTTey BUpyCTapAbIH MHTepdepeHLMSChbI
Typaabl GIAIMAT KEHENTIM, BMOTEXHOAOTUSIABIK, MHHOBALMSAAPFa >KaHa >KOA awaAbl. XKyMbICTbIH, Mpak-
TUKaAbIK, MaHbI3AbIAbIFbI DIVs/DIPs-TiH Tepanmsabik, >kaFAanAapAa Ad, OMOTEXHOAOTUSIAbIK, KypPaAAap-
Abl AAQMbITYAQ AQ KOAAQHBIAY MYMKIHAITIHAE >KaTbIp.

Ty#in cesaep: akayabl MHTepdepupAaeyii Bupyctap (DIVs), BUpyCTbiK, MHTepdepeHLms GeAlLex-
Tepi, aHTUBUPYCThIK, TEPANMs, BUPYCTbIK, PEMAMKALIMSAFA KEAEPTi, UMMYHADIK, MOAYASILIMS, GUOTEXHOAO-
TUSIAbIK, KOAAQHYAQp, BakLMHA 83ipAe.
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NUccaepoBaHMe TepaneBTMHECKMX M GBUOTEXHOAOTMYECKMX MPUMEHEHUI
AedrekTHbIX MHTepchepupyoLwmnx BUpYcoB U Yactul, (DIVs/DIPs)
B COBPEMEHHO1 MeAMLIMHE U OUOTEXHOAOTMM

AebekTHble HTEpdepupytowme BUpYCbl 1 Yactuubl (DIVs/DIPs) — 3To BUPYCHble MyTaHTbl, BO3-
HUKaloLMe BO Bpems pernAmkauymm BUPYyCOB M OKa3blBaloLLME 3HAUMTEABHOE BAMSHME HA MATOreHe3 Bu-
PYCOB U MMMYHHbIE OTBETbI X03sIMHa. TN 06BEKThI BbI3bIBAIOT BCE OOAbLLMI MHTEPEC OAAroAapsi CBOMM
NMOTEHUMAAbHbBIM TEPANEBTUYECKMM M BUOTEXHOAOMMUYECKMM MPUMEHEHMSIM. AaHHOE MCCAeAOBaHME Ha-
MPaBAEHO Ha M3yueHue MHoroobpasHbix poAert DIVs/DIPs B coBpeMeHHOM MeAMUMHE 1 GUOTEXHOAO-
r’Mu1, C aKUEHTOM Ha MX CMOCOOBHOCTb MOAYAMPOBATb BUMPYCHbIE MH(PEKLMU U BbICTYNATb B KauecTse
NMPOTUBOBMPYCHbIX areHToB. LleAblo AQHHOrO MCCAEAOBaHMS SBASIETCS M3ydeHne Toro, kak DIVs/DIPs
MOTYT ObITb MCMOAb30BaHbl B TEPANEBTUYECKMX LEASX, OCOOEHHO B aHTUBUPYCHOM Tepanum m MMMYyH-
HOM MOAYASUMKM. OCHOBHbIE HanpPaBAEHMS BKAIOYAIOT UCCAEAOBAHME MX CMOCOOHOCTM BMELLMBATLCS B
penAmMKaLmMIO BUPYCOB, CHMXKaTb BMPYCHYIO HAarpy3Ky M YCUMAMBaTb MMMYHHYIO 3alUMTY XO39MHa. Mc-
CAeAOBaHUE TaKxKe paccMaTpuBaeT GuoTexHoAornyeckue npumeHermns DIVs/DIPs, BkAtouas UX poAb B
pa3paboTke BaKUMH M CO3AAHMM HOBbIX aHTUBMPYCHbIX NMpenapaToB. MeToAOAOrMUeckn MHgopmaLms
Oblra cobpaHa 13 LMPOKOTO CreKTPa HAAEXKHbIX MCTOUHMKOB, BKAKOYast cCbiakm Ha NCBI, PMD u apy-
rme 3aCAy>KMBaloLme AOBEpUs akapemmueckme 6asbl AaHHbIX. DTU pecypcbl ObIAM TLIATEALHO MpoaHa-
AM3MPOBAHbI AAS U3YYEHWNS MOTEHLMAAbHbIX NPUMEHEHUIA AeDEKTHbBIX MHTEPhePHPYIOLLMX BUPYCOB M
yactuu, (DIVs/DIPs) B coBpemeHHom MeamumHe 1 6uotexHorornm. CobpaHHble AaHHbIE NPEAOCTABUAN
BCECTOPOHHMI 0630p MEXaHU3MOB, NMOCPeACTBOM KoTopbix DIVs/DIPs BMelMBatoTCS B penAmkaumio
BMPYCOB MU MOAYAMPYIOT MMMYHHbIE OTBETbl. DTOT MOAXOA FAPAHTUPOBAA, UTO MCCAEAOBaHME TeMbI
OCHOBBIBAaAOCh Ha XOPOLLO YCTAaHOBAEHHbIX HayUHbIX MYyBAMKALMAX M MOCAEAHUX AOCTMXKEHMSX B STON
ob6aacTu. PeayabTaTbl noavepkmBaioT noteHuman DIVs/DIPs B noaaBAeHUM BUPYCHOWM penAMKaLmm, 4to
YKa3bIBaeT Ha MX MOAE3HOCTb B KAaUeCTBE TEPareBTMUYECKOro MHCTPYMEHTA AASl GOPbObI C BUPYCHbIMM
MH(eKuMaMM. AHaAM3 nokasbiBaeT, uto DIVS/DIPs npeacTaBASOT cO60i NepcrnekTMBHYy0 06AaCTb UC-
CAEAOBaHUS C BaXKHbIMM MOCAEACTBUAMMU AAS Pa3PabOTKM HOBbIX aHTUBUPYCHbIX Tepanuit. ITo MCCAe-
AOBAHME BHOCUT BKAQA B pacCLUMpeEHNE 3HAHUIA O BUPYCHOM MHTepdepeHLIMN 1 OTKPbIBAET HOBbIE MyTU
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AASI BUOTEXHOAOTMUYECKMX MHHOBaUMIA. [1pakTMueckoe 3HaueHue 3aKA0UAETCS B BO3MOXKHOM MpUMeHe-
Hun DIVs/DIPs kak B TepaneBTUUECKMX LeAsX, Tak U B Pa3BUTUM BUOTEXHOAOrMUYECKUX MHCTPYMEHTOB.

KAtoueBble caoBa: pAecbekTHble MHTepdepupytowme Bupychl (DIVs), BUpycCHble MHTepdepeHLMOH-
Hble YaCTWLbl, aHTUBMPYCHAZ Tepanus, BMELLATEAbCTBO B PEMAMKALIMIO BUPYCOB, MMMYHHAsl MOAYAS-
ums, 6UOTEXHOAOTMYECKME NMPUMEHEHMS, pa3paboTKa BakLMH.

Introduction

Defective interfering particles (DIPs) are non-
replicative viral entities that inhibit viral replication
and exert a significant influence within the viral life
cycle [43, 48]. Defective viral genomes (DVGs)
represent degenerate variations of the viral genome
that emerge during viral replication. These genomes
lack autonomous replication capacity but can hin-
der the infection of wild-type viruses. By integrating
experimental evolution with computational method-
ologies, researchers have identified DVGs that are
optimally suited to disrupt wild-type virus replica-
tion. The most viable DVGs preserve the open read-
ing frame, ensuring the translation of essential non-
structural proteins, a feature consistently observed
across the flavivirus genus. These highly adaptive
DVGs exhibit antiviral properties in vivo, effective-
ly reducing transmission in both mammalian hosts
and mosquito vectors, with the latter experiencing
up to a 90% reduction (Rezelj et al., 2021). This in-
novative approach provides a framework to explore
the DVG fitness landscape systematically, facili-
tating the identification of DVGs with therapeutic
potential in humans and vector control strategies
to curb arbovirus transmission and related diseas-
es. Arthropod-borne viruses represent a significant
global public health risk due to their rapid and on-
going emergence. These viruses persist in nature
through a cycle involving invertebrate vectors and
vertebrate amplification hosts. However, the impact
of DVGs on either or both hosts remains largely
unexplored. This research introduces a method to
prioritize DVG sequence space, enabling the iden-
tification of fit DVGs produced during viral repli-
cation in both vertebrate and invertebrate environ-
ments [42, 45, 27, 48, 54, 29]. And these particles
modulate the progression of diseases, impact innate
immune responses, and contribute to the persistence
of viruses (Rezelj, Levi, & Vignuzzi, 2018). DIPs
have been identified across a wide range of viral
families, including influenza A, dengue, hepatitis
C, respiratory syncytial virus, and West Nile virus.
Additionally, they have been observed in plant vi-
ruses such as tomato bushy stunt virus, broad bean
mottle bromovirus, and Turnip crinkle virus. Due
to their capacity to alter disease trajectories, DIPs
have been proposed as potential antiviral therapies,
demonstrating effects such as mitigating the symp-
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toms of TBSV in plants and reducing symptom se-
verity in fungi [43, 43, 44, 45, 49, 24, 11, 53]. And
Defective interfering particles (DIPs) are naturally
occurring viral entities with the capacity to inhibit
wild-type (WT) virus infections. They are regarded
as safe therapeutic agents because they replicate ex-
clusively within cells that are concurrently infected
with the WT virus. Nevertheless, their reliance on
the WT virus constrains their therapeutic potential.
A study by Karki, Bull, and Krone (2022) employ-
ing ordinary differential equation models seeks to
elucidate the temporal dynamics and suppressive
impact of DIPs on viral loads, considering the ef-
fects of both adaptive and innate immunity. This
research emphasizes the progression of a continu-
ous in vivo infection while abstracting from spatial
considerations and incorporating the influences of
innate and adaptive immune responses [22, 53, 29].

A comparative study of Madin-Darby canine
kidney cells infected with various influenza virus
strains revealed that defective interfering particles
(DIPs) accumulate in co-infected cells, thereby in-
fluencing viral RNA synthesis and eliciting a pro-
nounced antiviral response (Frensing et al., 2014).
This finding underscores the importance of imple-
menting stringent quality control measures during
vaccine production to prevent DIP accumulation
[17, 35, 13]. Drug delivery systems (DDS) are ad-
vanced technologies designed to target disease-
causing cells, using biocompatible, biodegradable
nanomaterials (Ezike et al., 2023). These systems
enhance therapeutic effectiveness while reducing
off-target effects. Controlled release, introduced in
the 1950s, offers key benefits over traditional drugs
[14]. A sequencing framework has been established
to identify and delineate defective interfering par-
ticle (DIP)-associated deletions in influenza A and B
viruses through the application of I[llumina technol-
ogy (Alnaji et al., 2019). This framework enhances
pipeline efficiency and offers valuable insights into
the mechanisms underlying DIP formation [3, 44,
30]. Research on vesicular stomatitis virus (VSV)
demonstrates that viral aggregation enhances short-
term infectivity (Andreu-Moreno & Sanjuén, 2020);
however, it remains vulnerable to infiltration by non-
cooperative defective variants, suggesting that col-
lective dispersal may be disadvantageous for rapidly
mutating viruses [5]. And the research demonstrates
that the absence of the Sendai virus C protein leads
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to the accumulation of RIG-I immunostimulatory
defective interfering RNA, a highly potent ligand
for RIG-I in SeV-Cantell-infected cells (Sanchez-
Aparicio et al., 2017). The restriction of defective
interfering genome production is essential for the
functionality of viral interferon antagonist proteins,
given that the wild-type SeV is unable to produce
immunostimulatory RNA associated with RIG-I.
[46, 35, 13]. Defective interfering RNAs, which
are extensively truncated variants of the infectious
genome, hold promise as broad-spectrum antiviral
agents. These RNAs preserve essential replication
and packaging signals, thereby competing with the
complete viral genomes. Consequently, they are in-
corporated into defective interfering virus particles
[12, 27,36, 59].

Finally; the investigation delves into the signifi-
cance of defective interfering particles (DIPs) in the
propagation of infections. Scientists engineered an
RNA virus alongside its DIPs to express fluorescent
proteins, thereby assessing their influence on the dis-

semination of viral genes. The findings revealed that
gene expression exhibited considerable variability
among thousands of host cells co-infected with both
infectious viruses and DIPs. The observed spatial
distribution of infection transmission presented the
inaugural direct evidence of the concurrent transmis-
sion of DIPs alongside infectious viruses [6]. Defec-
tive interfering particles (DIPs) are viral entities that
interfere with the replication of infectious influenza
viruses. They are formed after undiluted passaging
in embryonated chicken eggs and can proliferate
during coinfection with the full standard virus. DIPs
possess structural proteins identical to the standard
virus, enabling their propagation in coinfections.
These particles exert a substantial influence on viral
replication, evolution, and pathogenesis. However,
their effects on biotechnological applications such
as vaccines and viral vectors remain unclear. Mini-
mizing DIP formation is critical for ensuring repro-
ducibility, optimizing yields, and maintaining con-
sistent quality in viral production processes [18, 38].

Table 1 — The Role of Defective Interfering Viruses and Particles (DIVs/DIPs) in Advancing Therapeutics and Biotechnology in

Modern Medical Applications
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Continuation of the table
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Results and Discussion

Varieties and Formation of Defective Viral Ge-
nomes: RNA viruses typically produce two main
types of defective viral genomes (DVGs): deletion
DVGs and snapback/copy-back DVGs. Both can
complete replication with the assistance of a stan-
dard virus.

1.1 Deletion-Based Defective Viral Genomes:
Deletion DVGs retain the ends of the viral genome
but lack internal sequences. These deletions range
from small changes affecting viral protein produc-
tion to large truncations, often seen in viruses like
flaviviruses, coronaviruses, and alphaviruses. Dele-
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tions are thought to occur when viral polymerases
skip genomic regions, likely through homologous
recombination.

1.2 Copy-Back and Snapback Defective Viral
Genomes: Common in negative-sense RNA viruses,
copy-back and snapback DVGs involve the forma-
tion of a looped structure from the 5° end. Unlike
deletion DVGs, these lack homology between break
and rejoin points. Copy-back DVG generation is
linked to error-prone viral polymerases, as seen in
viruses like respiratory syncytial virus (RSV) and
vesicular stomatitis virus (VSV).

1.3 Additional Types of Defective Viral Ge-
nomes: Other DVG types include those with heavy
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mutations in promoter regions or mosaic DVGs,
which combine segments from different viruses or
host genomes.

3. Defective Viral Genomes and Their Influence
on Infection

3.1 Defective Particles and Their Associated
Defective Viral Genomes: Defective particles (DPs)
contain DVGs but are incapable of replication with-
out a standard virus. DVGs interfere with virus rep-
lication by competing for viral machinery or by trig-
gering immune responses, such as the upregulation
of interferons. DPs may not always be effectively
packaged or transmitted unless they retain essential
packaging signals.

3.2 Defective Particles and Their Effect on
Disease Outcome: Early research showed that De-
fective Particles (DPs) can reduce viral titers and
protect against infections in animal models. Recent
studies confirm that DPs enhance protection in vari-
ous viruses, including influenza and RSV. However,
the relevance of these findings to human infections
is unclear, as high DP levels in animals may not re-
flect natural transmission.

3.3 Defective Viral Genomes and Their Impact
on Disease Outcome: in Natural Infections Defec-
tive Viral Genomes (DVGs) have been found in

various viral infections, influencing immune re-
sponses, persistence, and disease severity. Initially
overlooked, DVGs gained significance when they
were linked to stronger immune responses in chil-
dren with respiratory syncytial virus (RSV) and pa-
tients with milder influenza cases.

3.4 DVG-Induced Variability in Infection:
DVGs create variability in infected cell popula-
tions, with some cells producing more DVG RNA
and others full-length viral RNA. This affects the
immune response, leading to different levels of viral
replication and immune activation, which helps in-
fected cells survive.

3.5 DVGs and Their Role in Viral Persistence:
DVGs are linked to long-term viral persistence in
both tissue cultures and natural infections, as seen in
cases of hepatitis C and rare persistent measles in-
fections. By interfering with viral replication, DVGs
allow viruses to survive longer in the host.

3.6 DVGs and Their Influence on Viral Dynam-
ics: DVGs can limit viral replication and enhance
immune responses, showing potential as therapeutic
tools. Research suggests they could be used to con-
trol infections or as part of antiviral treatments by
promoting their generation or administering them
directly [20, 32, 33, 61, 34, 44, 49, 26, 11, 4].

Vp properties vRMP-Vp Interaction
- Fidelity - vRNP "looseness” (Sendai
- Recombination rate D A RSTUWVWXYZ E virus Mp)
- Processivity : .y : . - Reduced stability of vRNP-
- Stability 5.: T S YR = % Vp or RNA-Vp interactions
- Speed SR 8 T\‘/ WX Y 7 (1AM PA; Measles virus C)
P
// i \_/ @
o
Genomic structures i \ *. : Other factors
(Deletion DVGs) - s T/W X . e N (unknown mechanism)
- Looping-out model Va —_— X N
(poliovirus; SARS-CoV-2) 4 . S - Other viral proteins
C/ _ Wiy 2z Fol (AVNS/MI/MZLMEY M)
= s Deletion Copy-back - Host factors
.. — DWVGs DWVGs (Chromosome 16, Nedd4)
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ok ) B
LI e - :
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Deletion DVGs Copy-back DVGs () RMNA secondary
Fomt W aw cEa :{4}}‘3' o’ structures
wal )
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- SARS-CoV-2: - W&V rejoin signal: CCUCUU
AUUUNG/A)AMAA flanking W - RSV rejoin hotspot sequences:
ACUUSG(C/ANC/A) flanking T requiring optimal number of G or C

Figure 1 — The schematic shows how both viral and host factors contribute to DVG formation. (A) Deletion
and copy-back DVGs are produced when the viral polymerase (Vp) reinitiates synthesis at different points
on the template strand, creating specific breakpoints. (B) Factors influencing this include viral genomic sequences, structures,
Vp properties, and Vp-vRNP interactions. (C) Two models, looping-out and template translocation,
describe how RNA structures affect DVG formation. (D) Host factors also impact DVG generation [9].
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Rand et al. (2021) conducted a study at the
Helmholtz Centre for Infection Research in Ger-
many, revealing that defective interfering particles
(DIPs) of Influenza A virus (IAV) can effectively
inhibit SARS-CoV-2 replication in vitro by stimu-
lating innate immunity. Their research, which in-
volved co-infection experiments with cell culture-
derived DIPs and IFN-sensitive SARS-CoV-2 in
human lung cells, suggests that IAV DIPs may
enhance IFN-induced antiviral activity, potentially
suppressing both SARS-CoV-2 replication and new
variants. Despite the critical role of vaccination in
COVID-19 prevention, challenges such as limited
manufacturing capacity and infrastructure remain.
Thus, DIPs are being considered as a promising
antiviral treatment for IAV and other respiratory
viral infections, potentially reducing SARS-CoV-2
replication and spread [40, 38, 55, 52, 7, 11, 60].
And Defective viral genomes (DVGs), as intrinsic
byproducts of viral replication in various RNA vi-
ruses such as Ebola, dengue, and respiratory syncy-
tial virus, perform three main functions: interfering
with standard viral replication, stimulating immune
responses, and aiding in viral persistence (Manzo-
ni & Lopez, 2018). First described by Preben Von
Magnus in the 1940s, DVGs have been extensively
studied over the past fifty years for their immunos-
timulatory effects and role in sustaining viral pres-
ence. These genomes are linked to the formation of
persistently infected cellular reservoirs and play a
significant role in enhancing interferon (IFN) pro-
duction during infections. Recent research has fo-
cused on the dynamics of defective interfering par-
ticles in natural viral infections and the mechanisms
driving viral persistence [31, 43, 24, 1]. Influenza
A virus (IAV) infection poses significant risks, par-
ticularly for vulnerable groups like toddlers, the
elderly, and those with preexisting medical con-
ditions, often leading to severe or fatal outcomes.
Even seemingly healthy individuals can experience
severe illness due to the increased pathogenicity of
circulating epidemic or pandemic viruses. Research-
ers identified a PAD529N polymerase mutation in
a fatal IAV case that reduced the production of de-
fective viral genomes (DVGs), which are critical in
modulating the immune response (Vasilijevic et al.,
2017). This mutation weakened antiviral defenses in
infected cells and heightened pathogenicity in mice.
To explore the link between low DVG production
and disease severity in humans, a genomic analysis
was conducted on viruses isolated from previously
healthy individuals who suffered severe IAV infec-
tions requiring intensive care, as well as those with
fatal outcomes. These findings were compared with
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viruses from individuals with mild IAV infections.
Notably, viruses with reduced DVG accumulation
were more common in patients with severe or fatal
outcomes than in those with milder cases, suggest-
ing that low DVG production may be a novel marker
of viral pathogenicity in humans [50]. And Influen-
za virus (IV) defective interfering particles (DIPs)
are distinguished by substantial internal deletions
within one or more genome segments, which signifi-
cantly impair their ability to replicate autonomous-
ly. These particles emerge during viral infection and
exhibit a unique capacity to “directly inhibit wild-
type (WT) virus replication by outcompeting WT
gene segments for critical replication and packaging
resources” (Alnaji & Brooke, 2020). Both defective
viral genomes (DelVGs) and DIPs naturally occur
during viral infection and can be readily generated
and propagated under laboratory conditions. The
formation of DIPs involves two distinct processes:
(1) the generation of DelVGs during the replication
of viral genes, and (2) the packaging and propaga-
tion of DelVGs within DIPs. DelVGs are primar-
ily produced as a result of errors by the viral poly-
merase during replication, rather than through the
ligation of viral RNA fragments or RNA splicing
mechanisms [2, 32].

The investigation utilized high-throughput se-
quencing data to examine defective viral genomes
(DVGs) in SARS-CoV-2, uncovering heightened
vulnerability to genomic damage and an increased
heterogeneity in sequencing samples across the vi-
ral genome. Analysis of whole-genome sequencing
depth variability revealed a greater coefficient of
variation for SARS-CoV-2, while DVG assessments
indicated a notable presence of recombination sites.
Additionally, differences in sequencing depth and
DVG content among various strains were explored,
highlighting an increase in intact viral genomes as
the virus evolves. This study introduces a novel
methodology for advancing virus research and facil-
itating vaccine development (Xu et al., 2024). The
SARS-CoV-2 pandemic presents a critical threat to
global health, challenging established concepts such
as herd immunity. Variations in infection dynamics,
influenced by climatic conditions and intervention
strategies, have been noted. Scientific evidence sup-
ports the use of face masks as effective preventative
measures, and stringent control policies have sig-
nificantly reduced the incidence of severe cases. De-
fective viral genomes (DVGs), truncated RNA mol-
ecules formed during viral replication, can either
disrupt the replication of full-length viral genomes
or stimulate the host immune response, thereby en-
hancing viral clearance and offering protection [57,
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55, 8, 54, 60, 1]. And Defective interfering particles
(DIPs) are derived from viral entities that inhibit vi-
rus replication and can activate immune responses.
According to Yang et al. (2019), these particles also
have potential utility as vaccines against viral infec-
tions and exhibit antitumor properties by inducing
apoptosis in tumor cells and promoting dendritic cell
maturation. Genetic modification techniques can en-
hance their safety and efficacy against both viruses
and tumors. While DIPs hold promise for various
viral infections, ongoing research is essential to en-
sure their safety and optimize their application [58].
And Defective viral genomes (DVGs) play a piv-
otal role in determining infection outcomes during
RNA virus replication, influencing innate immune
responses and attenuating virulence. Nonetheless,
the mechanisms underlying their production and
dissemination remain inadequately elucidated. Ac-
cording to Genoyer and Lopez (2019), a study using
RNA fluorescent in situ hybridization revealed dis-
tinct differences in the intracellular localization of
DVGs compared to full-length viral genomes during
infections with the paramyxovirus Sendai virus. In
cells predominantly containing full-length viruses,
viral genomes aggregate in a perinuclear region
closely associated with cellular trafficking machin-
ery. Conversely, in cells enriched with DVGs, these
defective genomes are dispersed diffusely through-
out the cytoplasm and do not engage with the traf-
ficking machinery. This highlights the importance
of considering functional heterogeneity in virus-
host interactions during infection [19, 25, 47, 59].
The research investigates the semi-continuous
propagation of influenza A virus (IAV) and its de-
fective interfering particles (DIPs), which are natu-
rally occurring mutants characterized by internal
deletions in one of the eight viral RNA segments.
According to Pelz et al. (2021), the study explored
the mechanisms underlying DIP generation and the
competitive dynamics between various defective in-
terfering viral RNAs (DI vRNAs) in cell cultures.
The researchers observed that shorter DI vVRNAs
accumulated more than longer ones and used re-
verse genetics to produce clonal DIPs with supe-
rior in vitro efficacy, suggesting their potential as
antiviral agents [37, 32, 52, 41]. And a novel class
of defective interfering particles (DIPs) derived
from influenza A viruses (IAVs) has been identified
through single-cell analysis. As noted by Kupke et
al. (2019), the OP7 virus, which is distinguished by
numerous point mutations, disrupts IAV replication
and is deficient in certain viral RNA segments. This
unique profile makes the OP7 virus a promising can-
didate for antiviral therapeutic intervention [23]. In

the same time; a recent investigation has revealed
that synthetic defective interfering particles (DIPs)
originating from dengue virus type 2 (DENV-2)
significantly impeded the replication of respiratory
syncytial virus (RSV) and the novel emergent virus
SARS-CoV-2 within human cells (Lin et al., 2022).
Cells treated with DIPs demonstrated a remarkable
reduction in viral replication by at least 98%, attrib-
utable to mechanisms that encompass interferon-
dependent antiviral cellular responses. The findings
propose a pathway for the production of DIPs that
aligns with Good Manufacturing Practice, facilitat-
ing preclinical evaluations for subsequent assess-
ments in human subjects. This inhibitory effect is
likely linked to the DIPs’ capacity to elicit robust in-
nate immune responses [28, 34, 24]. And Research-
ers from various universities discovered that the
identification of defective respiratory syncytial virus
(RSV) genomes in nasal secretions correlates with
diverse clinical outcomes (Felt et al., 2021). Their
study indicates that defective viral genomes (DVGs)
significantly influence the severity of RSV disease.
Specifically, the presence of DVGs detected at or
around the time of admission in hospitalized chil-
dren is associated with more severe disease manifes-
tations and higher viral loads. Furthermore, the pat-
terns of DVG accumulation and their duration could
serve as predictive indicators for clinical outcomes
of RSV A infection in humans [16, 34].

A single-dose antiviral intervention for SARS-
CoV-2 has been identified as a therapeutic inter-
fering particle (TIP). This defective viral particle
competes with the full virus for replication resourc-
es, demonstrating notable therapeutic potential by
inhibiting viral proliferation in culture and reduc-
ing viral load and pathology in animal models for
infection. As noted by Chaturvedi et al. (2021), in
hamsters, both prophylactic and therapeutic intra-
nasal administration of lipid-nanoparticle TIPs ef-
fectively suppressed SARS-CoV-2 by a factor of
100 in the lungs, decreased pro-inflammatory cy-
tokine expression, and prevented severe pulmonary
edema. SARS-CoV-2 is likely to defy the usual
patterns of resistance evolution observed with anti-
microbials and vaccines due to its genetic variabil-
ity. Variants with increased resistance to antibody-
mediated neutralization are more transmissible and
exhibit reduced vaccine efficacy. SARS-CoV-2, a
beta coronavirus with a large, single-stranded RNA
genome, replicates within an 8-hour intracellular
cycle. Research into defective interfering particles
(DIPs) has highlighted their potential as platforms
for single-administration antivirals with a high re-
sistance barrier. DIPs engineered to maintain a basic
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reproductive ratio (RO) greater than 1 could act as
durable therapeutics, termed TIPs [10, 26, 47, 29].
A study has successfully engineered a genetically
modified MDCK suspension cell line to produce a
clonal defective interfering influenza virus particle
(DIP) with a substantial deletion in segment 1, de-
void of contamination by infectious standard influ-
enza viruses (STV). The highest interfering efficacy
was achieved with a material produced at a MODIP
of 1E-2. In animal models, this DIP demonstrated
reduced body weight loss in mice infected with a
lethal dose of influenza A virus (IAV), highlighting
its potential as an antiviral agent (Hein et al., 2021).
Influenza A virus (IAV) is responsible for an esti-
mated 300,000 to 650,000 deaths worldwide each
year. While antivirals are crucial for pandemic pre-
paredness and can complement vaccination efforts,
resistance to [AV strains renders current drugs less
effective. Innovative treatment approaches, such as
defective interfering particles (DIPs), are required.
DIPs, which are virus mutants, can disrupt and sup-
press STV replication by producing non-infectious
particles. A cell culture-based production method
utilizing a suspension MDCK cell line engineered to
express PB2 (MDCK-PB2(sus)) has been proposed
for the generation of clonal DI1244 particles without
STV contamination [21].

Finally; in a study conducted by Xu et al. (2017),
it was found that defective viral genomes (DVGs) ex-
ploit a cellular pro-survival mechanism to facilitate
the persistence of paramyxoviruses (Xu et al., 2017).
The researchers observed that the accumulation of
DVGs relative to full-length viral genomes initiates
a MAVS-dependent pathway that promotes antiviral
and pro-apoptotic responses through the production
of interferons (IFNs) and TNFa. This mechanism
not only protects cytokine-secreting cells from apop-
tosis by engaging TNF-related pro-survival factors
but also clarifies the apparent contradiction between
the immunostimulatory and persistence-promoting
effects of DVGs. It reveals complex host-pathogen
interactions that may explain the coexistence of vi-
ruses and their hosts in immunocompetent individu-
als. The study also emphasized the heterogeneity
in viral genome distribution among infected cells
and the distinct cellular responses to infection, with
DVGs primarily occupying a sub-population of
cells. These findings underscore the importance of
understanding the dynamics of DVGs in viral infec-
tions [56]. Synthetic biology is revolutionizing the
pharmaceutical industry by providing tools to opti-
mize RNA-based treatments, including vaccine an-
tigens, therapeutic constructs, and delivery vectors.
This field, which evolved from genetic engineering
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techniques in the 1970s, has diverse applications
such as enzyme engineering, heterologous chemi-
cal production, and cellular therapies. With the rise
of RNA therapeutics, there is increasing interest
in developing synthetic systems that leverage the
unique properties of RNA molecules, such as their
direct role in regulating cellular behavior. Accord-
ing to Pfeifer, Beitelshees, Hill, Bassett, and Jones
(2023), large libraries of RNA parts are now avail-
able, making RNA-based systems safer than those
constructed from DNA [39]. Viruses are tenacious
entities capable of adapting to intricate host environ-
ments and producing altered genomic variants dur-
ing their replication processes. Defective viral ge-
nomes (DVGs) and sub-viral particles emerge from
minor mutations or significant truncations, render-
ing the virus incapable of completing a full replica-
tion cycle without the assistance of a helper virus
with a complete genome (Vignuzzi & Lopez, 2019).
Originally identified by Preben Von Magnus in the
late 1940s, DVGs play a pivotal role in shaping viral
pathogenesis. Recent technological advancements
have underscored their function as intrinsic danger
signals that activate antiviral immune responses
across various infections. These defective RNAs,
including copy-back and snap-back DVGs, as well
as defective proviruses, are instrumental in driving
viral persistence and influencing disease progres-
sion [51, 4]. In a study by Fatehi et al. (2021), it was
demonstrated that therapeutic interfering particles
(tiRNAs) can be designed to leverage the replica-
tion and assembly mechanisms of viruses. These
particles, which are naturally occurring mutants
within viral infections, can replicate in conjunction
with the wild-type virus. The research employed an
intracellular model of hepatitis C virus infection to
analyze the competitive dynamics between tiRNAs
and viral genomes. The results revealed that a rela-
tively modest improvement in assembly and repli-
cation efficiency could achieve therapeutic efficacy
exceeding 99%. This could potentially lead to a 30-
fold reduction in the prevalence of HIV/AIDS over
the next 50 years [15].

Conclusion

The exploration of the therapeutic and biotechno-
logical applications of defective interfering viruses
and particles (DIVs/DIPs) in modern medicine and
biotechnology reveals significant potential and mul-
tifaceted benefits, along with several challenges and
limitations. This conclusion synthesizes the findings
from extensive literature, including detailed infor-
mation from NCBI and other reputable sources, and
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offers a comprehensive view of the current state and
future directions of this field. Firstly, DIVs/DIPs,
as viral mutants emerging during replication, have
demonstrated considerable promise in modulating
viral infections and enhancing immune responses.
Their ability to interfere with viral replication and
reduce viral loads positions them as valuable tools
in antiviral therapy. Studies have shown that DIVs/
DIPs can serve as therapeutic agents by suppressing
virus replication and enhancing the host’s immune
defenses. This capability underscores their potential
in developing novel antiviral therapies and vaccines,
thus contributing significantly to the advancement
of medical treatments and biotechnological applica-
tions. Looking ahead, future research is expected to
focus on optimizing the therapeutic use of DIVs/
DIPs, including the development of more effective
antiviral drugs and vaccines. Advancements in ge-
netic engineering and virology will likely lead to
the creation of targeted DIVs/DIPs with enhanced
efficacy and reduced side effects. Additionally, the
integration of DIVs/DIPs into biotechnological pro-
cesses could revolutionize vaccine production and
other therapeutic interventions. Nevertheless, de-
spite their potential, several challenges and limita-
tions must be addressed. The complexity of DIVs/
DIPs and their interactions with host systems pres-
ents difficulties in their application. Issues related to
safety, stability, and delivery mechanisms need to
be resolved to ensure their effective use in clinical
settings. Furthermore, the limited understanding of
the full spectrum of their effects and potential un-
intended consequences requires ongoing research.
Moreover, recent advancements include improved
methods for isolating and characterizing DIVs/DIPs,
as well as enhanced techniques for assessing their
therapeutic potential. Progress in molecular biol-
ogy and bioinformatics has provided deeper insights
into the mechanisms of DIVs/DIPs, paving the way
for innovative applications. Continued research is
expected to refine these technologies and expand
their utility in modern medicine and biotechnology.
In conclusion, the exploration of DIVs/DIPs repre-
sents a promising and evolving field with substantial
implications for therapeutic and biotechnological
advancements. While challenges remain, ongoing
research and technological developments are likely
to address these issues, enhancing the application of
DIVs/DIPs and contributing to the future of antiviral
therapy and biotechnology.

Highlights
- Definition and Characteristics: Defective In-
terfering Viruses and Particles (DIVs/DIPs): These

are virus particles that have missing or defective
components, making them incapable of replication
or causing disease but capable of interfering with
the replication of full viruses.

- Therapeutic Potential:Cancer Therapy: DIVs/
DIPs can be engineered to target and destroy can-
cer cells selectively while sparing normal cells.
Gene Therapy: They can act as vectors for deliv-
ering therapeutic genes to specific cells, enhancing
precision in treatment. Vaccine Development: Their
ability to provoke an immune response can be uti-
lized in creating vaccines that stimulate immunity
against various pathogens.

- Biotechnological Applications: Gene Edit-
ing: DIVs/DIPs can be used in conjunction with
CRISPR technology to improve gene editing ef-
ficiency and precision. Protein Production: They
can be utilized to produce viral proteins or other
biologically relevant proteins for research and
therapeutic use.

- Mechanisms of Action: Interference with Vi-
ral Replication: By competing with full viruses for
cellular resources, DIVs/DIPs can inhibit viral rep-
lication and reduce the spread of infectious diseas-
es. Immune Modulation: They can modulate the host
immune response, which is beneficial in managing
chronic infections and autoimmune diseases.

- Current Research and Developments: Ongo-
ing Studies: Research is focused on optimizing the
use of DIVs/DIPs in various therapeutic and bio-
technological contexts. Clinical Trials: Some appli-
cations are currently undergoing clinical trials to
assess their safety and efficacy in humans.

- Challenges and Future Directions: Safety
Concerns: Ensuring that DIVs/DIPs do not cause
unintended effects or adverse reactions. Techno-
logical Advancements: Continued development of
techniques to enhance the efficiency and specificity
of DIVs/DIPs in therapeutic and biotechnological
applications.

Abbreviation

ADE: Antibody-Dependent Enhancement
DDS: Drug Delivery Systems

DelVGs: Deletion Defective Viral Genomes
DENV-2: Dengue Virus Type 2

DI vRNAs: Defective Interfering Viral RNAs
DIPs: Defective Interfering Particles

DIVs: Defective Interfering Viruses

DPs: Defective Particles

DVGs: Defective Viral Genomes

E1, E2: Envelope Proteins 1 and 2

GP: Glycoprotein
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HCYV: Hepatitis C Virus RSV: Respiratory Syncytial Virus
HN: Hemagglutinin-Neuraminidase SARS-CoV-2: Severe Acute Respiratory Syn-
HPV: Human Papillomavirus drome Coronavirus 2
IAV: Influenza A Virus SeV: Sendai Virus
IFN: Interferon STV: Standard Influenza Virus
IV: Influenza Virus TIP: Therapeutic Interfering Particle
MAVS: Mitochondrial Antiviral Signaling tiRNAs: Therapeutic Interfering RNAs
NP: Nucleoprotein TNFa: Tumor Necrosis Factor Alpha
NS1: Non-Structural Protein 1 VSV: Vesicular Stomatitis Virus
RNA: Ribonucleic Acid WT: Wild-Type
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ABTOPAAPTA APHAATAH AKIIAPAT

«KazYV xabapibIchl. DKOJIOT U CePHSCH KypHAIBI 1992 xbIIbI KypbutFaH. XKy pHaIbIH KYPBLITAHIIBICH )KOHE IIBIFAPYIIBICHI
on-Dapabu ateiniarel Kazak yiaTThIK yHUBEpcHTETI 00BN Ta0bLIa 6!, JKypHAIIBIH )KOFaphl OKY OPHBI KOPCETLITeH MYKa0achl MeH
TUTYIJIBIK Tapakrapsl, MbFeIc aepekTepi, ISSN, eISSN, penakuusuibik amka Kypambl, peIakIHsUIBIK, CasicaThl, KapHsIaHBIMIIBIK
ITHKACHI )KOHE BeO-CailThI Oap.

KypHai sxblabIHa 4 peT LIBbIFApbUIAJbL.

XKypHan aBTOpIapIbIH KapUsUIaHBIMAAPBIHBIH AKIIApaTThIK, allbIKTHIFBI JKOHE KOJI JKeTIMJUIIr casicaTblHa COHKec Keleni,
MakaJjanap KypHaJJIbIH CAUThIHIA OpHANACTBIpUIa s https://bulletin-ecology.kaznu.kz yur Tisme TOMBIK MOTIH/II KOJDKETIMIUTIKTE

JKypHaaabIH MaKcaThl — SKOJIOTHS KOHE TaOWUFU PECypcTap CalachIHAAFBI aJ(BIHFBI KaTapibl 3epTTeyNep/liH HOTIKeIepi
MEH JKaH-)KaKThl KOPCETUIIMIH KaMTaMachl3 eTy. JKypHail SKOJOTHSUIBIK IpobiemManap MeH KOpIIaFaH OpTaHbl KOpPFayFa FBUIBIMU
KBI3BIFYIIBUIBIK TAHBITATHIH FBUIBIMU KBI3METKEpIIepre, OKBITYIIbUIapFa, JOKTOPAHTTAp MEH TYpJi MaMaHIBIKTaFbl CTYJICHTTEpre
apHaJIFaH.

Kypnaa minaerrepi:

e DKOJIOTHS )KOHE KOPIIIaFaH OpTaHbl KOpFay OoiibIHIIA QyHIaMEHTA I )KOHE KOJIaHOAIbI FEUTBIMHBIH TYPJIi caaiapbiH-
Jla MaHBI3/IbI MOHTE H€ JKaHa FhUIBIMH HOTIKEIICP/Ii JKapusiiay.

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

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

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

e OKep Typaiibl FajibIM;

Kopiaran opTaHsl JlacTay jkoHE KOPFay;

DKOJIOTHSUIBIK, OMOTEXHOJIOTHS,

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

By3buiran sKoKyHenepi KalambiHa KenTipy;

Kopiaran opta jxoHe Kellli-KOH;

Kananap sxoHe KIMMAaTThIH 03repyi;

DKOJIOTUSUIBIK OMJIay JKOHE a/laM3aT CTPaTeruschl.

«KazYV xabapiubICbl. DKOJOTUS CEPHSCH» JKYPHAJIBIHBIH TAKBIPHINTHIK OarbITTapblHA COWKEC KEJETIH JKOHE KOIKa30aHBI
peciMzey TanmanTapbl OOWBIHIIA KaTaH PeCiMCITEH, aBTOP/IBIH (aBTOPIAp/bIH) Ka3aK, OPbIC HEMeCce aFbUIIIBIH TUIAepiHe OyphIH
yKapusutaHOaraH MaKalaiapsl KaObuITaHa bl

«KazYV xabapuibIChl. DKOIOTHS CEPHUSICHD) JKYPHAIBI aBTOPIAPABIH FEUIBIMH JKYMBICKA KYKBIFBIH CaKTai/Ibl )kOHE JKypHaIIFa
OipiHIIi XKapusuiay KYKBIFBIH JKYMBICIIEH Oipre Oepeni, oHbl 0ip yakpitTa Creative Commons Attribution License (CC BY-NC-ND
4.0) GoBIHINA THUIICH3USIANIBI.

XKapusimay npouecinin O6apiblK KaTbICYIIBUIApHI, aran aiiTkaHna, opOip aBTOp, FBUIBIMH PENAKTOp, PEIEH3EHT, JKayarThl
xatmibl, «Ka3YV xabapiibicl. DKOJIOTHS CEPHSCHD FHUIBIMU JKYPHAJIBIHBIH PEIAKIMSIIBIK ATKACBIHBIH MYIIENepi MIHIETTI TypAe
JKapUsUIlay STHKACHIHBIH KaruJalapblH, HOpMallapbl MEH CTaHJApPTTapblH YCTaHyFa MIHAETTI. DTHKAJBIK KarugajapiIsl cakTay
FBUIBIMH JKypHAJIJIBIH CallachblH KaMTaMachl3 €Ty )KOHE CaKTay YIIIH Je, sKapHsulay IpolleciHe KaThICYIIbIIap apachblHAa CeHIMII
JKOHE KYPMETTi KapbIM-KaThIHAC KYPY YIUiH &€ MaHBI3/IbL.

MakaaHsl )Kapusiiay TeJIeMi TeK PeIaKIUsHBIH MaKalaHbIH KaObUIIaHFaH IIemimMi xabapiaMachliHaH KeHiH FaHa )Kypriziieni.
Kapusmaneiv kyHs! — 2000 Texre/6er WORD dopmarsinaa (mpudt 12, Times New Roman).
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INFORMATION FOR AUTHORS

Journal «Vestnik KazNU. Ecological Series» was founded in 1992. In 2007 was renamed as «Eurasian Journal of Ecology»
(in the English version). The founder and publisher of the journal are the Al-Farabi Kazakh National University. The journal has a
developed and approved cover and title pages with an indication of the institution, imprint of the issue, ISSN, eISSN, editorial board,
editorial policy, publication ethics, and website. The journal is published 4 times a year.

The journal follows the policy of information openness and accessibility of authors’ publications, articles are posted on the
journal’s website https://bulletin-ecology.kaznu.kz in three languages in full-text access.

The aim of the journal is to provide a comprehensive presentation and results of cutting-edge research in the field of ecology
and natural resources. The journal is intended for researchers, teachers, doctoral students, and students of various specialties who
show scientific interest in environmental problems and environmental protection.

Journal objectives:

e To highlight new scientific results of significant importance in various fields of fundamental and applied science in ecology
and environmental protection.

e To create an environment of openness and accessibility of wide coverage of the results of scientific work of undergraduates
and doctoral students applying for the defense of dissertations and obtaining academic degrees in scientific specialties of dissertation
councils in various fields of ecology.

e  To form a constant stable interest among the scientific community, as well as among young and novice scientists in the
journal, its growing demand in professional circles of specialists researching environmental issues.

The journal’s materials cover a wide range of problems in the field of ecology and environmental pollution. Articles are published
in the following thematic sections of ecology:

e  Earth Science;

Pollution and environmental protection;

Environmental biotechnology;

Ecology of humans, plants, animals and microorganisms;
Global climate change, water resources management,
Restoration of damaged ecosystems;

Environment and migration;

Cities and climate change;

Environmental thinking and human strategy.

For publication in the «Eurasian Journal of Ecology» articles previously unpublished by the author (authors) are accepted —
in Kazakh, Russian or English, which correspond to the thematic areas of the journal and are designed strictly according to the
requirements of the manuscript format.

Authors of articles in the «Eurasian Journal of Ecology» retain the author’s right to scientific work and transfer to the journal
the right of first publication along with the work, licensing it at a time under the Creative Commons Attribution License (CC BY-
NC-ND 4.0).

All participants in the publication process, namely, each author, scientific editor, reviewer, executive secretary, members of the
editorial board of the scientific «Eurasian Journal of Ecology» are obliged to unconditionally adhere to the principles, norms and
standards of publication ethics. Compliance with ethical principles is important both to ensure and maintain the quality of a scientific
journal, and also to create trust and respect between participants in the publication process.

Payment is made only after the article is accepted for publication and the editors have notified it. Publication cost — 2000 tenge/
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MHOOPMALMNA AASI ABTOPOB

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

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

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

3anaum :KypHaa:

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

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

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

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

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

DKoJioruueckast OMOTEXHOJIOTHS,

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

OxpyKaromias cpejia 1 MUrparus;

DKOJOTUYECKOE MBINUICHHE U CTPATET s YeI0BEYCCTRA.

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

ABTOpHI cTateil xxypHana «BectHuk KasHY. Cepust sxonornueckas» COXpaHsOT 3a coOOl MpaBo aBTOpa Ha HAyYHYIO pabo-
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