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]-0enim
KOPIIIAFAH OPTAHBI KOPFAY
AKIHE KOPILIAFTAH OPTAT A
AHTPOIIOTI'EHAIK ®AKTOPJIAPIABIH 9CEPI

Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY

Pasznmen 1
BO3JIENCTBUE HA OKPYKAIOLIYIO CPEY
AHTPOIIOTEHHBIX ®PAKTOPOB
U 3ALIUTA OKPYKAIOIIEN CPE bl
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COAEPXXAHUE KUCAOTOPACTBOPUMOM ®OPMbI
TAXEAbIX METAAAOB B NOYBAX I'. YCTb-KAMEHOT OPCKA

B HacToslei cTaTbe OTpaXkeHbl UTOMM U3y4YeHUs MPUCYTCTBUSI KMCAOTOPACTBOPUMOMN (hopMbl
TSOKEABIX METAAAOB B MOYBaX KPYMHOrO MPOMBILAEHHOTO LeHTpa. AAS MPOBEAEHWS XMMUUECKOro
aHaam3a ObiAv 0TOBpaHbl NPOOLI HA PA3AMUHBIX MO 3arpPsi3HEHHOCTM YuacTKax ropoAd: B CEBEPHON
MPOMbILUAEHHON 30HE, B CEBEPO-BOCTOYHON MPOMbILLAEHHON 30HE, B LIEHTPAAbHOM CEAUTEOHOM 30HeE,
B MPUrOPOAHON 30HE. B MOArOTOBAEHHbIX NPOGax Moys OnpeAeAsAn KoHueHTpaumio Zn, Pb, Cu, Cd.

Mo pe3yAbTaTaM XMMMUYECKOrO aHaAM3a YCTAaHOBAEHO, UYTO CPeAHME KOHLIEHTPALMM KMCAOTOpAC-
TBOPUMOWM (POPMbI UCCAEAOBAHHbIX TIXKEAbIX METAAAOB MPEBbILLIAIOT (DOHOBbIE 3HaueHMs. Heo6x0AMMO
YUMTbIBaTb, BAAOBBbIN 3arac 1 (hn3MKO-XMMUYECKIMEe CBOMCTBA MOYB BAUSIIOT HA COAEPYKaHNe UCCAEAYEeMOi
(pOpMbI AQHHBIX METAAAOB B cpeae. Takum 06pasoM, B AYrOBO-YEpHO3EMHOM MouBe OGHapy>KeHbl
MaKCHMMaAbHOE COAepyKaHMe AAHHbIX SAEMEHTOB, a B YepHO3eMaXx IXKHbIX — MUHMMaAbHOe. BbisBAaeHa
6OAbLLIAsS MO3AUYHOCTb HAAMUMS TIDKEAbIX METAAAOB B U3YUYaeMOn MECTHOCTU. AAS MOYB M3ydyaemoi
TEPPUTOPMM, XapakTepHa LIMHKOBO-KaAMMEBasi FeOXMMMYecKasl CrieLiMaAu3aLms MCCAeAyemor hopmbl
TSKEAbIX METAAAOB.

Pe3yAbTaTbl MICCAEAOBAHMS MOKA3bIBAIOT, YTO MOYBbI B CEAMTEOHbIX PAiOHAX U CEBEPO-BOCTOUHbIX
MPOM30HaXx 3arpsi3HeHbl YMEPEHHO, CeBEPHbIe MPOM30HbI CUAbHO 3arpsi3HeHbl, BOCTOUHbIE MPUIOPOABI
HaXOASTCSl HA MPUEMAEMOM YPOBHE 3arpsi3HeHus.

KAtoueBble cAoBa: M0UBa, MPOMbILLIAEHHbIN FOPOA, FeOXUMMUEecKas CrieLmaAmn3aLms, SKoAornyeckas
OLieHKa, 3arpsi3HeHue MoyBbl.

L.S. Boluspayeva'’, A.B. Abzhalelov', W. Spychalski?, S.A. Bakin?
'L.N. Gumilyov Eurasian National University, Kazakhstan, Astana
2Pozna University of Life Sciences, Poland, Poznan
’Sarsen Amanzholov East Kazakhstan University, Kazakhstan, Ust-Kamenogorsk
“e-mail: boluspaeva82@mail.ru

Content of the acid-soluble form of heavy metals in soils
of Ust-Kamenogorsk

The findings of a study on the amount of heavy metals in the soils of a significant industrial area
are presented in this scientific publication. Samples were collected in various contaminated locations of
the city for chemical analysis: in the northern industrial zone, in the northeastern industrial zone, in the
central residential zone, in the suburban zone. The contents of Zn, Pb, Cu, and Cd were determined in
the prepared soil samples.

Based on the results of chemical analysis, it was discovered that the average concentrations of the
acid-soluble form of the studied heavy metals exceed the background values. The total reserve and
physicochemical characteristics of soils determine the amount of acid-soluble heavy metals present in
the soil. Thus, the maximum content of mobile heavy metals was discovered in the meadow-chernozem
soil, and the minimum in the southern chernozems. A large mosaic content of heavy metals was revealed
for the territory under consideration. On average, the acid-soluble heavy metals are characterized by
zinc-cadmium geochemical specialization.

It has been established that the soils of residential areas and the northeastern industrial zone are clas-
sified as medium pollution, the soils of the northern industrial zone are highly polluted, and the soils of
the eastern outskirts are to an acceptable level of pollution.

Key words: soil, heavy metals, environmental assessment, soil pollution.
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OcKeMeH KaAaCbIHbIH, TOMbIPaFbIHAAFbI aybIp METAAAAPAbIH,
KbILLKbIAAQ €pUTIH DOPMACBIHbIH, MOALLEPI

BYA FBIABIMM >KYMbICTa ipi ©HEPKSCIMNTIK OPTaAbIFbIHBIH, TOMbIPAKTAPbIHAAFbBI ayblp MEeTaAAAPAbIH
KbILIKbIAAQ EPUTIH TYPIHIH 3epTTey HOTUXKEAEpPi BepiAreH. XMMUSIAbIK TaAAQY YLLIH AaCTaHybl 6OMbIHLLA
SPTYPAI KaAaHbIH ayAaHAAPbIHAH: COATYCTIK ©HEPKaCIMTIK aliMaKTaH, COATYCTIK-LLUbIFbIC OHEPKaCINTiK
ariMaKTaH, OPTaAbIK, TYPFbIH aiMakTaH, KaAa MaHbl aiMakTapbliHaH CbiIHAMAAAp aAblHAbI. AanbIHAAAFaH
Tonbipak, yAriaepiHae Zn, Pb, Cu >xaHe Cd MeALLEepi aHbIKTaAAbI.

XUMMSABIK, TaAAQy HOTUXKeAepi GOWMbIHLLIA 3ePTTEAIN OTbIPFAH ayblp METAAAAPAbIH KbILIKbIAAQ
epuTiH (popMacCbiHbIH, OpTalla KOHLEHTPaUMsCbl (POHABIK, MBHAEPAEH >KOFapbl eKeHi aHbIKTAAAbI.
TonblpakTaFbl ayblp METAaAAAPABIH KbILLKbIAAA €PUTiIH (POPMACIHBIH MOALLEP] METAAABIH YKaATbl KOPbIHA
>K8HEe TOMbIPAKTbIH, (U3MKAABIK XKOHE XMMUSIAbIK, KaceTTepiHe GaiAaQHbICTbl eKEeHIH aTarn 6TKeH X6H.
OcblAaiiila, ayblp METaAAAPABIH, XKbIAXKbIMaAbl TYPAEPIHIH MaKCMMaAAbl MOALLEPI LUAAFbIHAbI-Kapa
TOMbIPAKTA, aA €H a3bl OHTYCTIK Kapa ToMblpakTapAa Tabbiaabl. KapacTbipblAbIN OThipFaH aymMak, yiuiH
aybIp METaAAAPAbIH MO3aMKaAbIK KyPambl aHbIKTaAFaH. 2KaAmnbl aAFaHAQ ©CKeMeH TOMbIPaFbIHAAFbI aybIp
METaAAAPABIH, KbILLIKbIAAQ EPUTIH TYPi MbIPbILLI-KAAMMIA FTEOXUMMUSIABIK, MAMAHAAHYbIMEH CUMATTaAAAbI.

OpTaAblK, TYPFbIH aNMMaKTblH >K8HE COATYCTIK-LUbIFbIC ©HEepKaCiNTiK aiMakTblH TOMbIpaKTapbl
opTallla AACTaHyFa >KaTaAbl, COATYCTIK ©HEPKaCINTiK alMaKThIH TOMbIPAKTapbl 6Te AACTaHFaH, aA LUbIFbIC
LIEeT aiMaKTapbIHbIH, TOMbIPAKTapbl AACTaHYAbIH KOAAMAbI AEHIeiHAE eKeHi aHbIKTaAAbI.

Tyiin ce3aep: ToMbipak, ayblp METAAAApP, KOPLIAFAH OPTaHbIH, >KaFAarblH Garasay, TOMbIPAKTbIH

AACTaHYbl.

BBenenue

YpOOIKOCUCTEMBI — 3TO TEXHOTEHHBIE TEPPH-
TOpUH, KOTOpBIE CETOMHS SBISIOTCS OCHOBHBIMH
HCTOYHMKAMH 3arpsi3HEHUs] OKpY’Kalollel cpenbl,
B TOM 4YHCJI€ M BBICOKOTOKCHYHBIMH TSKEIIBIMU
MeTalllaMH, OOJIQIAlONUMH  KOHIIEPOTEHHBIM U
myTtareHHbeIM 3¢ dekramu [1,2]. B meramonuncax
HaKOIUIEHUE TSKENbIX METAJUIOB B MOYBAX MPOHC-
XOJISIT U3 TIPUPOJTHBIX U aHTPOIIOTEHHBIX UCTOYHH-
KOB, BKJIIOUasi BBIOPOCHI OT TPAHCTIOPTHBIX CPEACTB,
CKUTaHUS YIJISl M PA3jInUHBIX BHJIOB IPOMBIIIJICH-
HO¥ nesrensHOCTH [3,4,5,0].

3arpsi3HEHHE TOPOJACKUX IOYB TSDKEJIBIMU Me-
TaJJIaMU BBI3BIBAET CEPbE3HbIE 3a00THI 00 OKpYy-
JKaromel cpeae Bo BceM mupe [7,8,9], Tak kak oHU
OTHOCHUTENLHO OBICTPO HAKAITUBAIOTCS B MOYBE U
OYEHb MelJIeHHO ynaistoTces: u3 Hero [10]. U3 mo-
YBBI TSKENbIE METAJUIBI TOTJIONIAIOTCS aloIIacTOM
KOpPHEH pacTeHMi U Jajiee paclpeielsioTcs U Ha-
KaIUIMBAIOTCS B MX ChELOOHBIX U HECHEJOOHBIX Ya-
CTSIX, CO37[aBasi HEMOCPEICTBEHHYIO OMACHOCTh IS
numeBoi nenu [11,12,13].

Taxum 00pa3om, NPEBBILIEHNE B ITOYBE COAEP-
JKaHUSl JIAHHBIX METaJJIOB SIBJISIETCSl YPE3BBIYANHO
Ba)KHOM MPOOJIEMOii, 1 HEOOXOAMMO pa3padoTaTh U
MCII0JIB30BaTh COOTBETCTBYIOLINE METOMBI €€ yCTpa-
HeHus. PanmoHambHOE MCTOIB30BaHWE TOPOACKUX

3eMENbHBIX PecypcoB TpeOyeT yueTa CBEACHUH O
COCTOSIHMHM TIOYBBI W XapaKTepHOW HWHQOpMAIUN
KaKIIOM QYHKITHOHATBEHOM 30HBI. OTKa3 OT UCIIOIb-
30BaHUs 3TUX JIAHHBIX MOXET MPHUBECTU K HE00O-
CHOBaHHBIM MaTepUaTbHBIM 3aTpaTaM U CHIKEHUIO
KOM(OPTHOCTH W 0€30MMaCHOCTH CpPEIbl OOWUTaHUS
rpaxaan [14,15,16].

VYerh-KameHoropek — mpoMBIIUIEHHBIN TOPOJ, €
MHO’KECTBOM TIPEATIPHUATHIA, KOTOPBIE paboTaroT Ha
no0bIve U nepepadoTKe Chipbs. B paifoHe ecTh 1BET-
Has ¥ 4epHas METaJUTyPrusi, aTOMHasl TIPOMBITILICH-
HOCTb Y TEIJIOBBIE 3JIEKTPOCTAHIINU. BhICOKUN ypo-
BEHb TEXHOT'CHHOM HArpy3KH Ha PErHMOH HETaTUBHO
TTOBJIAST HA M3MEHEHNE SKOJIOTHUECKON CUTYAIUH,
YTO JeJaeT BO3MOXKHBIM pacCcMaTphUBaTh €ro Kak
OJIMH U3 CaMbIX 3arPsS3HEHHBIX TOPOJIOB PecITyOu-
ku [17,18,19].

ITo ceeaenusim PI'Y «J/lemapTaMeHT 3KoJO-
run o BKO» (2021 rox) B obmactu AeicTBYIOT
788 mpennpuaTHii, OCYIIECTBISIOMUX SMUCCUU B
OKpyXkaromryro cpeny. daxTudeckue cymMmapHbIe
BBIOPOCHI 3arpsI3HSIOIIMX BEIIECTB OT CTAIlMOHAP-
HBIX HCTOYHHUKOB cOocTaBisroT 130,89 TeICAY TOHH,
U3 KOTOpPBIX 10 oObekTaMm | kareropuu — 76,95
TBICSY TOHH, TI0 OCTaJIbHBIM KaTeropusm — 53,94
ThICSY TOHH. [lo MaHHBIM ceTH HaOIIOJIEHUN T.
VYcerp-KaMeHoropeka, ypoBeHb 3arpsi3HEHUsl aT-
MOC(EpHOro BO3JlyXa OICHHBAJICS KaK BBICOKHIA



COﬂep)KaHI/Ie KPICIIOTOpaCTBOpPIMOﬁ q)OpMI)I TAXKCIIBIX MCTAJIJIOB B ITOYBAX T. YCTI)-KaMeHOl"OpCKa

[20]. B ropome oTMeuaroTCsl MPEBBILICHUE IMpe-
JIeTpHO momycTUMBIX KoHmeHtpamwmit (ITAK) 3a-
IPSI3HSIONINX BEHIECTB B aTMOC(Epe B HECKOJIBKO
pa3 [21].

B mpuIeBBIX BBRIOpOCAxX MAHHBIX MPEIITPHUATHI
COZIepPIKATCS TSHKEIBbIE METAILIbI, KOTOPBIC XapaKTe-
PHU3YIOTCSI YETKO BBIPAKEHHBIMU KyMYJISTHBHBIMU
CBOMCTBaMH IO OTHOIICHHIO K TOYBE W HACEISIO-
meid ee Ouorte. BakHoe 3Ha4YeHHE TPHOOPETAIOT
CBEJICHUSI O MOJBUKHOCTHU TSKEIBIX METAJIOB B
mouBe. MoOWIbHBIE XUMHUYECKHE DJIEMEHTHI CIIO-
COOHBI MEPEeX0IuTh B (HOPMY, TOCTYIHYIO JUIS I10-
TJIOIIEHUST pacTeHUsIMHA. V30BITOYHOE KOJIMYECTBO
9TOW (POPMBI B TIOYBE UPEBATO 3arpsi3HEHHEM PACTH-
TeNbHOU NpoayKuuu. Takxke, cieyeT UMETh B BBU-

Iy YTpO3y YXYALICHUS arpO3KOJIOrHUYE€CKOr0 COCTO-
STHHSI TIOYBBI, TaK KaK 3HAYUTENbHAs YacTh ropojaa
VYerb-KaMenoropcka 3aHMMAaroT caoBO-OrOPOIHbIE
YYacTKH, TJI¢ BBIPAIIMBAIOTCS CEIbCKOXO3MCTBECH-
HBIE KYJIbTYpPHI.

MarepuaJjibl H METOABI

[TouBenHbIe MPOOBI OTOMpAIIN O BCEW TEpPpH-
Topun ropoga Ycre-Kamenoropcka coriacno ['O-
CTawm [22,23,24] 1 METOIUYIECKUM PEKOMEHTAIIHSIM
[25,26].

OT60p 11pob mpoBoMIICs ¢ TIayOuHBI 0—25 M,
KOTOPBIA ~ CUYHMTAETCSI TyMYCO-aKKyMYJISSTUBHBIM
cioeM (pUCYHOK 1).

MacwTtab 1:800 000

Pucynok 1 — Kapra-cxema Touek orbopa mpod mous r. Yerb-Kamenoropcka

[To muTepaTypHBIM HCTOYHHKAM B JAaHHOM CIJIO€
ITIOYBEHHOT'0 MOKPOBa JoKanu3oBaHo 10 80% 3ama-
COB XMMHYECKHX 3JIEMEHTOB aHTPOIIOTEHHOT'O MPO-
HCXOXKICHUS.

Hamwu ObutH BBIZIETIEHBI YETHIPE 30HBI: CEBEP-
Has TMPOMBINIJICHHAsI, CEBEPO-BOCTOYHASI IIPO-
MBIILICHHAS, IIEHTPalIbHasl CeMUTEeOHAas U MPUTO-
poaHasi.
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B ceBepHOIl MPOMBIIIJIEHHON 30HE PACIOJIO-
JKEHBI KPYITHBIE POMBINIUICHHBIE 00BeKThI, Kak AO
AES Ycrs-Kamenoropekuii TOIl, AO VYnbpOus-
ckuil Metammyprudeckuil 3apoa, TOO «Ka3uuuk.
Bo BTOpO#i — ceBepO-BOCTOUYHON IPOMBIIIJIEHHON
3oHe — Tepputopun Corpurckoit TOI u AO YcTb-
KameHoropckoro THUTaHO-MarHueBOro KOMOHWHA-
Ta. B Tperbelt — cemuTeOHON 30HE HAXOMATCS JKH-
Jble KBapTanbl obnactHoro neHTpa. Paiion KIIT
(komOnHaTa 1IenKoBbIX TKaHew), Parion KIUIT,
JIEBOOEPEKLE M JKUJIbIE MACCUBHI B palioHE YCThb-
Kamenoropckoit 'DC oTHECEHBI K YETBEPTOMY paii-
OHY — IPUTOPOTY.

IIpo6s1 oToupanu Ha pacctossanm 500 M, 1, 5, 7,
10 1 15 KM OT MCTOYHHKA 3arps3HEHUS B pailoHax,
ONMU3KMX K KPYMHEHWIIMM UCTOYHHKAM BBIOPOCOB B
atMoc(epy — CBHHIIOBO-IIMHKOBBIM, THTAHO-Mar-
HUEBBIM U JIPYTUM MPEATPHUITUSIM.

OTtoOpanHble TPOOBI TOYB OOBEIWHSIIH, TIepe-
MEIINBAJH, IPOCEUBAITN Yepe3 CUTO | MM H OTITpaB-

7suTM B Tabopartoputo. /s M3BIEUEeHUS KUCIOTOpa-
CTBOPUMOM (POPMBI TSKEIJBIX METAJIOB IPUMEHSITN
akcTpareHT — 1 H. pactBop HCI, xoTopsiii ncnosb-
3yeTcs Al U3BJICUEHUs OOIIMX MOJIBMKHBIX (GopM
TSDKEJIBIX METaJIOB.

B o0Opa3suax mods omnpesesnsiv CBHHEI, IHHK,
MeJIlb U KaJIMUH.

Cratuctuyeckyro 00pabOTKy JaHHBIX TPOBOIH-
mu o H.A. Ilnoxurckomy [27] ¢ UCTIONB30BAaHUEM
nporpamMmsl Microsoft® Excel.

Pe3yJ’[LTaTI)I H UX 06cy>lc11e}me

[IpoBeeHHbIC XUMUYECKUE aHAIN3bI [TOKA3aIH,
YTO CpEHsIsT KOHIICHTPAIMS TSKEIBIX METAJUIOB B
KHCIOTOpacTBOpuMOii (hopme kosednercst ot 0,9
mr/kr (Cd) mo 108,6 Mr/kr (Zn). ['eoxumudecknii
coctaB Mo4B ropoaa YcrTb-Kamenoropcka umeer
cnenyromuit Bua: Zn (108,6)> Cu (15,8)> Pb (12,5)
> (Cd (0,9) (tabmmma 1).

Tabéauna 1 — KucnoropactBopumast popma TSDKETBIX METaIOB (MI/KT) B 1o4Bax I. YeTb-Kamenoropcka

O6mmee conepkanne
DnemMeHT HCCIIEAYEMBIX METAJUIOB B )_C + Sf c Cv, % Lim ®don
[I0YBE, MI/KI
Cu 84,7+2,1 15,8+0,3 53 33,1 1,4-59,4 4,1
Zn 306,8+17 108,6+4,4 78,8 72,5 4,9-921,3 53
Pb 59,5+0,9 12,5+0,2 4,0 32,1 2,9-46,7 4,9
Cd 2,49+0,1 0,9+0,03 0,5 61,6 0,07-5,75 0,11

[Ipenen u3meneHust kodppuULIMEHTa BapUaLH
KHCJIOTOPACTBOPUMON (OPMBI HCCIIEAYEMbIX Me-
TamuioB coctaBisieT oT 32,1% (Pb) mo 72,5% (Zn).

[o ko3¢ duIMeHTy BapHaLUK TSHKEIbIC METAILIBI
pacnonokensl B yobiBarouwi psia: Zn > Cd > Cu >Pb.

B uccnenoBanHbIX 00pa3iax mouB KO3 HUII-
eHT Bapuanui uccieayemoit popmsl Pb npesbimaer

(hoHOBEII ypoBeHb B 2,6 paza, Cu B 3,9 paza, Cd B
8,1 pa3a, Zn npesbitiaet B 20,5 pasza.

Copneprxkanne kucimoropacTBopumon Gopmsl Cu
HE TpeBbIIaeT JomycTuMblil ypoenb (OJK=50-
100 mr/kr) o cpaBHeHUIO ¢ yTBep)kAeHHbIME O/IK
[28]. IIpeBrimenne o Zn (OJJK=60 mr/kr) cocra-
BuiO B 1,8 paza.

Tadanna 2 — [IponeHTHOE coepKaHMs KHCIOTOPACTBOPUMOH (POPMBI XMMHYECKUX 2JIEMEHTOB B IT04Bax I. YcTh-KameHnoropcka

DeMeHT DeMeHT
252 499
Cu 3,6-51,5 Cd 16,1-80,1
424 25.5
Zn 15.8-90,1 Pb 11.2-46.5

IIpumeuanue: B UHCINTENE — CPEHSA apUPMETHIECKast; B 3HAMEHATENe — MpeAen KonebaHui, %o.
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PaccmaTpuBaemasi TeppuTOpHS XapaKTepU3yeT-
Csl TIOBBIIIICHHBIM COJIEPYKAaHUEM TSDKENIBIX MeTal-
JIOB, KOTOPbIE HEPABHOMEPHO PACTIPECISIFOTCS 110
BceMy TOpoAay. B ropojickux rmousax MakCUMallbHOE
coJiepKaHHe IMHKA B KHCIOTOPAacTBOpUMON hopme
MPEBBINIan0 MUHUMaIbHOE B 188,9 pasa, kammus B
82,1 paza, meau B 42,4 pa3a, ceunua B 16,1 pasa.

[To mogsmwxHOCTH (%) OT 00IIIETO COMEPIKAHIIS,
paccMaTpuBacMble TSDKEIble METalllbl MOKa3bIBa-
10T CIeIYyIOIMA NOpaaoK yObiBaHus (Tabnuna 2):
kaamuit (49,9)> munk (42,4)> cBuner (25,5)> Mens
(25,2).

Ha moaBMKHOCTE TSDKENBIX METaNIOB BIUSET
psaa (hakTopoB: cofepKaHWe OPTaHUIEeCKOTO Bellle-
CTBa, PEaKIUs CPelibl, TUCIEPCHBIA COCTaB IOYB,
OydepHast CIIOCOOHOCTh TOYBBI, EMKOCTh KaTHOH-
HOro oOmeHa u jip. [loABIKHOCTE TEM BBIIIE, YEM
MeHble pH nouBeHHOro pactBopa. Uem BbIlIE €M-
KOCTh KaTHOHHOT'O OOMeEHa, TeM OOJIbIlle MeTalia
3a/Iep’)KUBAETCS B TOYBE, U TEM MEHBIIE TSHKEIBIX

METAJIJIOB MOTA/IaeT B PACTCHUS U KUBBIC OPTaHU3-
MEI (Tabuma 3).

HccnenoBaHusi MOKa3bIBAIOT, YTO HanOOJbIICEe
HaJIM4ue MOOWIIBHBIX ()OPM JaHHBIX METAJLIOB BbI-
SIBIICHO B JyTOBO-YE€PHO3EMHOM ITOYBE, YTO MOXKET
OBITh CBSI3aHO C BBICOKMM YPOBHEM BaJIOBOTO CO-
JIepKaHMs M3YYCHHBIX DJIEMEHTOB B JaHHOM MOYBE.

Hanmenbpime KOHIIGHTpAIMH TSDKENBIX METal-
JIOB B KHCJIOTOPAcCTBOPUMOH (opMe 0OHApPYKEHBI
B YEpHO3eMaX FOXKHBIX, XapaKTePH3YIOIUXCI yMe-
peHHoO# OydepHON CITOCOOHOCTBIO M 0OJIee TsDKe-
JIBIM I'PaHYJIOMCTPUUCCKUM COCTABOM, TAKIKE B 3THUX
rmouBax 0OHAPYKEHO HAUMCHBIIIEE KOJIMYECTBO 00-
IIETO COJIePKaHuUs BBIIICYKAa3aHHBIX METAJUIOB.

BanoBoe KonMMYeCTBO M3y4aeMBIX METAJIOB
BIIUSICT HA KOJMYECTBCHHOE COJICPIKaHUE MOOWIIb-
HBII (OPMBI U3ydaeMbIX MeTaiioB. [losTomy mis
CpaBHEHUs MPUBEIEHBI JaHHbIE O KOHIICHTPALMAX
HCCIIETyeMbIX METAIJIOB B Pa3HBIX 3arpsi3HCHHBIX
paiioHax ropoja. (tabmurma 4).

Ta6anna 3 — Komuvectso KHUCJIOTOPACTBOPUMBIX TSKCJIBIX METAJIJIOB B PA3JIMYHBIX ITOYBaX I. yCTL-KaMeHOFOpCKa

DnemeHT Lim, mr/xr Cv, % c X+ Sx Mr/Kr
JIyroBo-uepHo3emMHbIe
Cu 10,5-94,3 20,6 9,7 47,2+1,1
Zn 20,1-601,4 39,8 78,5 196,3+8,9
Pb 14,8-52,8 15,9 5,0 31,6+0,6
Cd 0,45-5,64 26,1 0,7 2,7+0,08
YepHO3eMblI I0KHBIE
Cu 1,4-14,6 20,7 1,6 7,7+0,2
Zn 4,9-53,8 39,5 6,9 17,4+0,8
Pb 3,6-25,1 27,1 2,6 9,6+0,3
Cd 0,07-0,2 17,9 0,02 0,1+0,002
IToiiMEeHHBIE JTyTOBbIC YEPHO3EMHBIC
Cu 6,4-31,3 17,3 2,5 14,6+0,3
Zn 9,9-218,7 52,5 28,2 53,7429
Pb 4,5-254 23,5 2,6 11,2+0,3
Cd 0,11-1,3 38,7 0,2 0,4+0,01
UepHo3eMbl OOBIKHOBCHHBI
Cu 5,2-433 38,8 5.9 15,1+0,6
Zn 11,8-210,8 42,5 25,8 60,6+2,8
Pb 3,8-50,5 30,6 6,5 21,1+0,7
Cd 0,08-4,9 58,6 0,7 0,9+0,06
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Tabéanua 4 — KonmuecTBeHHOE cojepikanue MOOMIBHON (pOpMBI METAJUTOB (MI/KT) B PA3IMYHBIX THIIAX MOYB

OyHKIMOHANIbHAS 30Ha [TouBs! Cu Zn Pb Cd
CeBepHast IPOMBIIIIJICHHAS JIyroBo-4yepHO3eMHBIC 39.5 2105 32.5 0 2%—% 75
pHai ip T P 9,8-94,3 16,7-901,3 10,9-63,7 R
ToiiMeHHBIE TyTOBbIE ) 65.0 8,5 0,5
YEepPHO3EMHBIC 6,4-20,1 9,9-218,7 4,5-18,2 0,11-1,3
IentpansHas cenmuteOHas
UepHo3eMbl 4 58.6 11.3 03
OOBIKHOBEHHBIE 6,7-22,5 16,8-148,6 3,8-13,8 0,08-0,35
UepHO3EMBI F0XKHBIE 18 174 2.6 0.1
1,4-14,6 4,9-53,8 3,6-25,1 0,07-0,2
BocTounas mpuropomHast
YepHO3eMBI 7.5 73.8 16.9 0.9
OOBIKHOBEHHBIE 5,4-10,2 60,6-85,7 12,9-24,8 0,6-1,4
YepHo3eMbl 19.9 56.7 26.9 13
CeBepo-BOCTOUHAS 0OBIKHOBEHHBIE 5,2-433 11,8-210,8 10,1-50,5 0,12-4,9
HIpOMBIIIUICHHASA [loiimeHHbIe JTyTOBbIE 0.8 219 18.8 0.4
YEepPHO3EMHEBIC 14,2-31,3 14,4-35,5 12,1-25,4 0,22-0,8

W3 nanHOW TaOMUIBI BUJHO, YTO TPU OJIMHA-
KOBOM YpPOBHE 3arpsi3HEHUs, MMOYBBI C BBICOKOU
Oy(hepHOCTBIO W TSKENBIM TPAHYJIOMETPUIECCKUM
coctaBoM 3((EKTUBHEE MEPEBOJST TSKEIbIC Me-
TaJUTBl B MaJIOJIOCTYITHBIE /ISl pacTeHUH c1abo Mu-
TPUPYIOLINE COCAUHCHUSI.

ITo creneHu HAKOIJICHWSI TSKEIBIX METAJLIOB
MOYBBI PACTIONAralOTCs B CIEIYIOIIEeM yObIBArOIIEM

PAIY: JYyrOBO-U4€PHO3EMHBIC™> ITOMMEHHBIC JTyTOBBIC
YEepPHO3EMHbBIC™> YEPHO3eMbl OOBIKHOBEHHBIC™> Uep-
HO3EMBI I0)KHBIEC.

YcTaHOBIEHO, YTO MAaKCUMaJIbHOE CpEIHEe CO-
JIepKaHUEe KHCIOTOPACTBOPMOI (POPMBI TSHKEIBIX
METaJUIOB, KaK M MX BAJIOBOTO KOJIMUYECTBA, HAOIIO-
JlaeTcs B MO4YBaX, OTOOPAHHBIX B CEBEPHOW TIPO-
MBIIIJICHHOH 30He Topoaa (Tabnwuma 5).

Tadauna 5 — KucnoropactBopumast popMa TSDKEIBIX METAIUIOB (MI/KT) B TI0YBAX Pa3JIMYHBIX MO 3arPSI3HEHHOCTH 30HAX TI. YCTb-

Kamenoropcka
ICMEHT CeBepo-BocTouHast CesepHas BocTounslit LenrpanpHas
IIPOMBIIIICHHAS IIPOMBILIICHHAS IIPUTOPOL cenuTeOHast

C 20.2+0,6 39.5+1.4 7,702 11.8+0.2

u 5,2-43.3 9,8-94,3 1,4-14,6 6,4-22,5

7 47.5+2.6 210.5+15.3 32.3+1.9 63.14£2.8
n 11,8-210,8 16,7-901,3 4,9-85,7 9,9-218,6

cd 1,04+0.,6 2,1+0,1 0,3+0.4 0,4+0,2
0,12-4,87 0,26-5,75 0,07-1,42 0,08-1,3

Pb 24,7+0,05 32.,5+0,9 11,1+0,03 9.3+0,01
10,1-50,5 10,9-63,7 3,6-25,1 3,8-18,3

HpnMeanne: CpeaHss apI/I(i)MeTI/I‘{eCKa}I H ee ommnbKa- B YHUCIUTEIIC; NPEALCIT KoJIcOaHHii- B 3HAMEHATEIIE.

B cpenHeM Hanmuuue TSKENBIX METAIIOB B
MOYBaX CEBEPHOW MPOMBIIUIEHHOW 30HBI OBLIO
BBINIIC, YeM B BOCTOYHBIX palioHax: mMemu — B 5,1
pas3a, uuHKa — B 6,5, kagmus — B 7, cBuHIA — B 3,4
paza. CoaepkaHue TSKEIbIX METAIJIOB B IOYBE
CEBEPO-BOCTOYHON MPOM3OHBI BBIIIE, YEM B BOC-

TOYHOM MPUTOPOJHON MmouBe: Meau — B 2,6 pasa,
kagmus — B 3,4, nmuaka — B 1,9, ceuHma — B 2,1
pasa.

B nenowM, BbllIeyKa3aHHBIE TSKEIbIE METAILIbI,
o KOd(PUIMEHTY BapHaldu 00pa3yloT CIexyro-
Tue yOBIBAIOIITUE PSIIBI:



COHep)KaHI/Ie KHCHOTOpaCTBOpHMOﬁ q)OpMI)I TAXKCIIBIX MCTAJIJIOB B ITOYBAX T. yCTL-KaMeHOFOpCKa

CeBepo-Boctounas nmpom3oHa — Cd (52,9) > Zn
(49,9) > Cu (25,3) > Pb (22,5);

LenTpanbhas (cenureOHas 30Ha) — Zn (44,9) >
Cd (41,9) > Pb (18,7) > Cu (16,8);

CeepHnas ipoM3oHa — Zn (63,9) > Cd (44,9) >
Cu (32,0) > Pb (23.4);

Bocrounstii mpuropon — Cd (63,5) > Zn (48,0) >
Pb (29,7) > Cu (22,5).

AHaNM3 MOJNYYCHHBIX HAMM JAHHBIX ITOKa3bI-
BaeT, YTO MEXK]y N3yYaeMbIMH DIIEMEHTAMH CYIIE-
CTBYIOT Pa3iIHUYHbIC KOPPEISIMOHHBIC B3aHMO3aBH-
cumocTtH (Tabiuia 6).

CunbHast — IS [IMHKA U KaJIMUSl, CPEIHSS-IIS
MEJI ¥ KaJIMUsI, IIMHKA U CBUHIIA, cllabasi-JJisi Men
Y IIUHKA, MEJI U CBUHIIA.

BrisiBieHHas KOPpENSIMOHHAS —3aBUCHMOCTD
MOXeET OBITh CBSI3aHA C 3arpsI3HCHHUEM I10YB M3 I10-
CTOSTHHBIX UCTOUYHHMKOB. PerpeccuoHHbIe ypaBHEHHUS
NPSIMOJIMHEHHON (YHKUUH, TOKa3bIBAIOT JIMHEH-
HYIO 3aBHCHMOCTb BaJOBOI'O COACPIKAHUSI M KUCIIO-
TOPACTBOPUMOM (HOPMOM HCCIICAYEMBIX 3JIEMEHTOB
(pucyHOK 2).

KomnmerTparmst u obrmee comepaHiue MOOMIBHBIX
(hopM HCCIIeIOBAHHBIX METAIIIOB YMEHBIIAICH C TIpe-
00J1a1ar0IIMM HaIpaBJICHUEM BETpa (CeBepo-3anaaHoe,
F0r0-BOCTOYHOE), YTO MOKA3aHO Ha PUCYHKE 3.

Hanure xucnotopactBopuMoid (OpMbI MEIH B
nousBe Ha pacctosHUK oT 0,5 1o 7 kM ot YK TOO
«Kasmuak» menbIe B 9 pas, Zn — B 14,7 pa3, Cd — B
4,6 pa3, Pb—B 1,7 paza cOOTBETCTBEHHO (PHCYHOK 3).

Taﬁ.ﬂnua 6 — I[Tokazarenu KOppeJ'IHHPIOHHOfI 3aBUCUMOCTU MEKAY KUCIOTOPACTBOPUMBIMU Q)OpMaMI/I HCCIICAYEMBIX JJIEMECHTOB B
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1 MX KHCIOTOpacTBOpUMOil hopmoii B mouBax I. Ycrb-KameHoropcka
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Pucynok 3 — Coneprxanue MOOMIBHON (OPMBI HCCIIETyeMbIX METAIIOB B 3aBUCHMOCTH
ot paccroanus ot npexnpusatus YK MK TOO «Ka3uunk» (ceBepo-BOCTOYHOE HANpaBJICHUE)

Takast sxe cuTyalusi HaONranach u Mo TaHHOU
(hopme nccieayeMbIX METaJIOB 110 YAAIEHHOCTH OT
AO YK «Turano-MaraueBblii KOMOMHATY», KaK II0-
Ka3aHO Ha PUCYHKeE 4.

ITouBeHHOE COCTOSTHHE Pa3MUYHBIX TOPOJCKUX
TEPPUTOPHI OLICHUBAIM 110 OOILIEMY COICPKAHUIO
uccienyemoit gopmsr [29,30] maHHBIX IIIEMEHTOB
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Pucynox 4 — Kucioropactsopumast popma HCCIETYEMBIX JIEMEHTOB B 3aBUCHMOCTH
ot paccrostaus ot npeanpustus AO YK TuraHo-MarHneBbIi KOMOMHAT (CeBepO-BOCTOYHOE HAIIPABICHUE)
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Tabauna 7 — XapakTepucTuka 1o4yB pa3jIndHbIX 30H ropojia

3uauenue Zc dopMysia reOXUMHYECKOM
30HBI ropoza
TIpenensl koneGanus B cpenrem 1o apeany ClennaIn3aniun
CeBepHas IpoM30Ha 11,5-235,8 72,3 Zn,,.Cd,, Cu, Pb
CeBepo-BOCTOYHAS TPOM30HA 5,7-66,5 25,4 anw Cdg,2 Cu o Pb "
Lenrpanbhas (cenureOHast) 5,8-52,7 17,3 Zn ,Cd, Cu,,Pb,,
BocTo4HbIi mpUropos 1,6-32,9 10,5 Zng Cd,,Cu=Pb ,
Obmiee 1o ropoxy 5,7-235,8 32,1 Zn,, Cd,Cu, Pb,

[TouBsI cenmuTeOHOI 30HBI U CEBEPO-BOCTOUHOM
MIPOMBIIIUICHHOHN 30HBI OTHOCATCS K CPEIHEH cTere-
HU 3arpsisHeHus (Z¢=25,4 u 17,3 cOOTBETCTBEHHO),
MOYBbI CEBEPHON MPOMBIILICHHONW 30HBI — K BBICO-
KO creneHu 3arps3HeHus (Zc=72,3), mouBbl BOC-
TOYHOI'O MPUTOPOJIA — K TOMYCTUMOMY YPOBHIO 3a-
rpsizaenus (Zc=10,5).

BriBoabI
1. ConmepkaHue KHCIOTOPACTBOPUMOI  (hOpMBI

HCCTICIOBAHHBIX METAIOB B MOYBaX JAHHOTO IIPO-
MBIIUICHHOTO TOpOJia TOAYMHSACTCS OOIIMM 3aKOHO-

MEPHOCTSIM — BJIMSIHUE COJEP)KaHUs TyMyca, [PaHyJIo-
METPHYECKOTO COCTaBa, 0OMEHHBIX KATHOHOB, PEAKIIHI
Cpeibl TOUYBEHHOTO PACTBOPA M UX BAJIOBOTO 3amaca.

2. Tlo cremneHu HaKOIJIEHUSI KHUCIOTOPACTBO-
puUMOIl  (HOPMBI TSDKENBIX METAJUIOB TMOYBBI pac-
MOJIATAIOTCS B CIEAYIONIEM YOBIBAIOLIEM PSIY:
JIyTOBO-YEPHO3EMHBIE™> NMOMMEHHBIE JIYTOBBIE Yep-
HO3EMHBIE™> YEepPHO3eMbl OOBIKHOBEHHBIE > YEpPHO-
3eMBbl I0JKHBIC.

3. KoHleHTpauuu TSKEIbIX METaVIOB B IIO-
YBax MCHAIOTCA B 3aBUCUMOCTHU OT YAAJICHHOCTH OT
KPYIHBIX POMBILUICHHBIX IEHTPOB U HANIPABICHUS
peo0IaTafoIIuX BETPOB.
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OUEHKA CMbIBA NMOYB HA OCHOBE YCOBEPLUEHCTBOBAHHOIO
YHUBEPCAAbHOI'O YPABHEHUS NMOTEPb INMOYBbI
C MPUMEHEHUEM TUC U CITYTHUKOBDbIX AAHHbIX
HA NMPUMEPE BACCEMHA PEKU PYBEXKA
3ANMAAHO-KA3BAXCTAHCKOU OBAACTU

CTaTbs1 0CBELLAET aKTYaAbHYIO AASIHACTOSILLIErO BpEMEHM MPOOAEMY BOAHOM 3P03MM NMOYB B 6acceiHax
MaAablx pek KazaxcTaHa. Dpo3ms MOYBbl CHUXKAET NMPOAYKTMBHOCTb MalleH B CEAbCKOXO3SMCTBEHHOM
CeKTOpe B PEe3yAbTaTe CHUMXKEHMS MAOLLAAEN MAOAOPOAHbIX TeppuTopuit. LleAblo AaHHOM paGoTbl
ABASIAACb OLIEHKA MHTEHCMBHOCTM CMbIBa MOYB B 6accenHe pekn PyGexxka AAS PasAMUHbIX BUAOB
CEAbCKOXO3SMCTBEHHbBIX YrOAMIA. AAS AOCTMXKEHMUSI MOCTAaBAEHHOM LEAM Hamu ObIAM UCMOAb30BaHbI
'MC, cnyTHMKOBbIE A@HHbIE M YCOBEPLLEHCTBOBAHHOE YpaBHEHME MOTEPL MOYB C BBEAEHWEM HOBOIO
nokaszareAas Cu, KOTOpbIN NMO3BOAMA CKOPPEKTUPOBaTb NMOKA3aTEAM CMbIBA U TOUHEE OMPEAEAUTb €ro
mMacwTabbl Ha TePPUTOPUU UccaeayemMoro BacceirnHa. Camblil HU3KMIA MOKa3aTeAb CMbiBa NMoys oT 0 A0
0,684 T/ra B roa B pe3yAbTaTe UCCAEAOBaHMS ObIA ONPEAEAEH AAS MACTOMLL Ha KALLTAHOBbIX MeCYaHbIX
M CyrnecyaHbiX MOYBax OXKHOM 4YacTn OaccerHa. AaHHas TEPPUTOPUS OTAMYAETCS CaMbIM HU3KMM
nokasaTeAem 0CaAkoB M GoAee KPyTbiM YKAOHOM. CeBepHasi YacTb GaccerHa pekr MMeeT rnokasaTeAb
cMmbliBa nous oT 1,368 A0 2,052 T/ra B roa. 9T 3eMAM B OCHOBHOM MCMOAb3YIOTCS KaK MatlHW Ha TEMHO-
KaLUTaHOBbIX CYFAMHUCTBIX MOYBaX B YCAOBMSIX PaBHWMHHOIO peAbeda M GOAblUEN YBAAXKHEHHOCTU
KAMMaTa. B ueHTpaAbHOM yacTm 6accerHa HaBAIOAAETCS YBEAMYEHME AOAM MaACTOMLL M CHUMXKEHMe
KOAMYECTBA CPEAHErOAOBbBIX OCAAKOB C HamMBbICLUIMMM MOKasaTeAsIMM CMbiBa Moys — A0 3,418 1/ra B
rop, UTO COOTBETCTBYET «HM3KOMY YPOBHIO NOTEPU».

KatoueBble cAoBa: 6acceiiH peku, 3po3MoHHbIe npoLecchl, nousa, FMC, cnyTHMKOBbIE AQHHbIE.
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Assessment of soil flushing based on an improved universal equation
of soil losses using GIS and satellite data on the example
of the Rubezhka river basin of the West Kazakhstan region

The article highlights the current problem of water erosion of soils in the basins of small rivers of
Kazakhstan. Soil erosion reduces the productivity of arable land in the agricultural sector as a result of
a decrease in the area of fertile territories. The purpose of this work was to assess the intensity of soil
loss in the Rubezhka river basin for various types of agricultural land. To achieve this goal, we used GIS,
satellite data and an improved equation of soil losses with the introduction of a new Cu indicator, which
allowed us to adjust the indicators of soil loss and more accurately determine its scale in the territory of
the studied basin. The lowest rate of soil loss from 0 to 0,684 t/ha per year as a result of the study was
determined for pastures on chestnut sandy and sandy loam soils in the southern part of the basin. This
area has the lowest precipitation and steeper slope. The northern part of the river basin has a soil loss rate
from 1,368 to 2,052 t/ha per year. These lands are mainly used as arable land on dark chestnut loamy
soils in conditions of flat relief and greater humidification of the climate. In the central part of the basin,
there is an increase in the share of pastures and a decrease in the amount of average annual precipitation
with the highest rates of soil loss — up to 3,418 t/ha per year, which corresponds to a “low level of loss”.

Key words: river basin, erosion processes, soil, GIS, satellite data.
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batbic KasakcraH 06AbIcbl Py6exkka @3eHiHiH arabbl mbicaabiHAa TAXK
)KOHe CNYTHUKTIK AepeKTepAi KOAAAHA OTbIPbIN, TOMbIPAK, LbIFbIHAAPbIHbIH,
XKeTiAAIpiATeH ambeban TeHAeyi Heri3iHAe TomnbIpak, LWaibIAybIH 6aFaAay

Makana KasakCTaHHbIH Killli ©3eHAEpiHiH aAanTapblHAQ TOMbIPAKTbIH CY 3PO3USCbIHbIH
Kasipri kesaeri e3ekTi MaceAeciH GasiHAaMAbl. TOMbIpak, 3PO3MIChl KyHapAbl aymakTapAblH a3aiobl
HOTMXKECIHAE aybIA LAPYaALIbIAbIFbl CEKTOPbIHAAFbI €riCTIK OHIMAIAINIH TOMeHAeTeAl. ByA JKyMbICTbIH
MakcaTbl 8PTYPAI ayblALLIAPYALLbIAbIK, >KepAepi YiliH Py6eskka e3eHiHiH araOblHAQ TOMbIPaK, WanbIAYbIH
KapPKbIHABIAbIFbIH OaFraAay 60AAbl. OCbl MakKcaTKa >XKeTy yiliH 6i3 [AXK, CyTHUKTIK AepeKTep >KaHe >kaHa
Cu MHAMKATOpPbIH €Hri3e OTbIPbIN, TOMbIPaKTbIH LWAMBIAYbIHbIH XXETIAAIPIATEH TEHAEYIH KOAAAHADIK,
OYA LIAMbIAYbIHbIH KOPCETKILITEPIH Ty3eTyre >koHe 3epTTeAeTiH aAab aymarblHAQ OHbIH MacluTabbiH
ADAIpPEK aHbIKTayFa MYMKIHAIK Oepai. 3epTrey HoTuxeciHae >KbiAbiHa 0-peH 0,684 T/ra-Fa AeniHri
TOMbIPAK, LAMbIAYbIHbIH, €H TOMEHTT KOPCeTKiLli aAabblHbIH OHTYCTIK OOAIMHAEr KallTaH KYMAbI XKoHe
KYMAbI Ca3Abl TOMbIpaKTapAaFbl >KaMbIAbIMAQP YLUIH aHbIKTaAAbl. ByA aimak, >KayblH-LIALLbIHHbIH, €H,
TOMEHT| AEHreMiMEH >KOHE TiK KeAbeyiMeH cunaTTaraabl. ©3eH arabblHbIH COATYCTIK GOAINIHAE XKbIAbIHA
1,368 aeH 2,052 T/ra-Fa AeMiHri ToMbIpak, lWanbIAYbIHbIH KepceTkilli 6ap. byA xxepAep HerisiHeH xasblk,
xep BeAEPAE XKOHE KAMMATTbIH, bIAFAAABIAbIFbIHAQ Kapa KallTaH Ca3Abl TOMbIPaKTapAa ericTik peTiHae
namMaaAaHbiAaabl. Py6exkka e3eH aAabbiHbIH OPTaAbIK, OBAIMIHAE >KabIABIMAAP YAECIHIH YAFAlObl XKOHe
opTalLLa XbIAAbIK, XKayblH-LLIALLbIH MOALLEPiHIH a3at0bl GaKaAaAbl, TOMbIPAKTb LLANBIAYbIHbIH €H )KOFapbl
KepceTKillTepi — XblAbiHa 3,418 T/ra AeiiH, OyA “LibIFbIHHbIH TOMEH AEHreniHe” COMKeC KeAeA|.

Ty¥iin ce3aep: e3eH arabbl, 3PO3MSAbIK, NpoLecTep, Tornbipak, FAX, cnyTHUKTIK AepekTep.

BBenenue

Boganast 5po3ust mo4B — 3TO OTPBIB YACTHIL I10-
YBBI 11O/ BIUSAHNEM TEX WU UHBIX CHJT U UX TIEPEHOC
BO B3BEIIEHHOM COCTOSIHMM BOJIOM C BBICOKHX 3Je-
MEHTOB penbeda (CMbIB, pa3MbIB) B TIOHH)KCHHBIE
y4acTKH (HaMbIB) B TIPOIIECCE CTOKA JI0XK/IEBBIX, I10-
JUBHBIX, TaiblX BoJ. B 3amannom Kasaxcrane na
BO3HUKHOBEHHE W JalIbHEHIEe pa3BUTHE BOIHOU
9PO3UH BIUAIOT KaK IPUPOAHBIE, TAK U XO3HCTBEH-
Hble dakTopbl. K npupoaHbsiM GakTopaMm OTHOCSTCS
KJIMMAT, PacTUTEIbHOCTD, pelibed), Ie0IOTHYecKoe
CTpOCHHE U MTOYBEHHBIN MOKPOB. CTENneHb U Xapak-
TE€pP OCBOEHHOCTH TEPPUTOPHM, UHTEHCUBHOCThH €€
HCIOJIb30BaHMsI, BIUSHUE MCIOJIB30BAHUS TEPPH-
TOPHUU Ha CBOMCTBA ITOYB OTHOCATCS K XO35UCTBEH-
HBIM (aKTOpaM BOAHOU SPO3HH.

CKOpOCTBh 9PO3NOHHBIX MPOLIECCOB 3aBUCUT OT
PacUJICHEHHOCTH TEPPUTOPHH, IJIMHBI U KPYTHU3HBI
CKJIOHOB, TEMIIepaTypbl BO3/yXa, KOJUYECTBA U
XapakTepa OCa/JIkOB, NHTEHCHBHOCTH CHETrOTasHUS,
HaJIMYUsl PACTUTEIBHOCTH U BOIHO-(U3NKO-XUMHU-
YECKUX CBOMCTB 104YB. [Ipu onnHaKoBOW KpyTHU3HE
CKJIOHOB IIOYBBI CMBIBAIOTCSl CHJIbHEE HA CKJIOHAX
Ooxpmiedt MmpoTsKeHHOCTH. Ha mpsaMBbIX CKIIOHaxX
MEHBIINHA CMBIB NOYB OOHApyXKHUBaeTCs B NPUBO-
JI0pa3/esIbHON YacTu, a HauOOJBIIUKM Ha y4acTKax,
MIPUMBIKAIONINX K ruaporpaduueckoii cetu. Takas

’)K€ 3aKOHOMEPHOCTh pacHpeesIeHUus] CMbIBa Ha-
OJr0TaeTCs M Ha BBIMYKIIBIX CKIIOHAX.

BopaHast 3po3us nouB SBISETCS OJHUM U3 OIlac-
HBIX SIBJICHHUH, YTPOXKAIOMUX UX IUIOJOPOAHIO, a B
JaJbHEHIIEM CHIDKCHHUIO MPOIYKTUBHOCTH CEJlb-
CKOXO3STUCTBEHHBIX KyNbTyp. lIpoOiema BomHOM
9PO3UH MOYB B IOCIIEIHUE IECITUICTHS BCe OOITbIIe
obocTpsieTcsi, B CBSA3M C MHTEHCUBHBIM POCTOM Ha-
CEJIEHUSI U, COOTBETCTBEHHO, TEMIIAMH Pa3BUTHUS U
OCBOCHMUS CEJIbCKOXO3IMCTBEHHBIX Yroauid. B vact-
HOCTH, B CEBEPHBIX U CEBEPO-3alaJHbIX PETHOHAX
Halleil cTpaHbl B CBSI3U C BO3POCIIMM 3a IOCHEI-
HHUE MATBAECAT JIET YPOBHEM OCBOEHUS 3aJIeXKHBIX
3eMellb, YXYALIUIACh CUTyalusl HE TOJIBKO B CBSI3U
CO CHMIKEHHUEM ILJIOJIOPOAMS, HO U C MOHUKEHUEM
KayecTBa MOBEPXHOCTHBIX BOJI.

Bo3nukHOBeHHE M pa3BUTHE HAYYHOH MBICIH
00 ’PO3MOHHBIX MPOIIECCaX U MPOTHBOIPO3UOHHON
3allUTEe UMEET MHOTOBEKOBYIO UCTOpUIO. B Hameln
CTpaHe MpH H3YUYEHUU SPO3UU IOYB OMUPAKOTCS
Ha Tpyabl Takux yueHbiX, kak L[.E. Mupuxyinaga,
M.H. 3acnasckoro, M.C. Ky3uenosa, A.H. Kamra-
HOBa U JIp. DMIIUPUYECKOE HANpPaBICHUE B 3PO3U-
OBEJICHUHU, B OCHOBE KOTOPOT'O JIEKUT BBIICHEHUE
KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEH BIUSHUS, TaK
Ha3bIBaeMBIX «(PAKTOPOB IPO3UM» (KIIMMATa, peibe-
(ha, TOUBBI, pACTUTEITHHOCTH W XO3SIHCTBEHHOM JesI-
TEJIHHOCTH YeJIOBEKa) Ha HHTEHCUBHOCTh BOJHOM U
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BETPOBOH 3pO3MHU MOYB MPEACTABICHO TPYAaMH Ta-
KHX y4eHbIx, kak Wischmeier, W.H., Smith, D.D.,
Woodruff, N.P., Siddoway, F.H. u ap.

B Pecnybnmke Kazaxcran BompocamMu BOAHON
9pO3WH B pa3HbIC TOIBI 3aHUMaINCh babdae K.b.
(1970), Terucos T.A. (1975), Nopranckuii A.U.
n banradekos K.b. (1979). Nx pabotel Obutn OpH-
C€HTUPOBAHbl HA YCJIOBUSX MpPEAropHoil 30HbI. He-
CMOTpsI Ha UMEIOLIMECs] UCCIICIOBAHUS TI0 BOJTHON
9PO3MH U JANbHEHIINE PeKOMEHJAINH 110 IPOBEe-
HUIO IPOTHBOIPO3NOHHBIX MEPOIIPUATHH, CTOUT OT-
METHTB, YTO NMPOBOJIMIIMCH OHH HE B TIOJIHOM Mepe.

MarepuaJjbl 1 MeTOAbI UCCIeT0BAHUI

O0BexTOM HccaenoBanus cran dacceitn p. Py-
O0exxka B 3amagHo-Kaszaxcranckoit obOmactu Ka-
3axcrana (Pucynok 1). Peka PyOexka Oeper cBou
UCTOKH B cenie PybOexwunckoe ¢ orporoB OOriero
ChIpTa ¥ IPOTEKAET MO CEBEPHOM YacTh 3araJiHo-
Kazaxcranckoii obmactu. bacceiin peku pacrosio-
JKeH B Tpenenax paiiona Baiirepek (mo 2019 rona
3eneHoBckmil) 3amamHo-Kaszaxcranckoid o0acTy.
[Mnomans Oacceitna cocraBisger 430 kM2, aauHA
peku 38 kM. Peka mpotekaer mo cTenHoi 30He 3a-
nagHo-KazaxcTaHckoi 001acTh, sSBISIETCS MPaBbIM
nputokoM peku JKalibik. HanpapiieHue TedeHUs
peku ¢ ceBepa Ha tor. BecHoili Py0Oexka momHOBO-
JTHA, TIPH YCJIIOBUM aKTHBHOTO TAasiHUS CHETa, BOJIBI
pEeKu ycTpeMysieTcs K MecTaM €CTECTBEHHOTO Opo-
rpa¢puueckoro noHmwkenus OOmero Ceipra. Ta-
JIBIe BOIBI, TIOTIJasi B PYCJIO PEKH, MOBBIIIAIOT ee
YPOBEHb B MEPUO]I BECEHHETO CHETOTasgHus. Jlerom
peKa ImepechlxaeT Ha HECKOJIIBKUX ydacTkax. Peka
Py6exka, kak u Bce peku Odmiero Ceipra, MUTaeTCs
TaJIbIMHU U JOXJICBBIMHU BOJAaMU.

MarepuanaMu Ajsl UCCICAOBAHMS MOCTYKUIH
JTAaHHBIE W3yYEHUS BOJIHO-dPO3HOHHBIX IPOIIECCOB
3anagHo-Kazaxcranckoit 00nacTu, KOTOpoe MpoBo-
JUIIOCH B TEUCHHUE UINTEIBHOTO BPEMEHH, BKITIOUast
BBIC3/IHBIE TIOJIEBbIE DKCIEAWIINN M HAOIIOICHMUS.
OcHOBO#1 17151 pacyeTa MoTeph MOYBHI B OacceifHax
PEK pEerroHa sBISICTCS YHHBEPCAIbHOE YpaBHEHHE
notepu nouB RUSLE. BnepBele gaHHOE ypaBHE-
HHUE OBUIO MPEIIOKEHO aMEPUKAHCKHMHU YYCHBIMHU
Wischmeier W.H. u Smith D.D., no3anee 0su10 10-
paborano Renard K. m Foster G. YuuBepcanpHOE
ypaBHeHue noteps nouBsl (RUSLE) noacunteiBaet
CPEIHET0/I0BYIO CKOPOCTH 3PO3HH, OCHOBAaHHYIO Ha
xapakTtepe peibede, 0CaJKoB, TUTIE TIOYBBI, CHCTEME
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp U METOAAX YIIPaB-
nenus. RUSLE mporHosupyer HCKIIOUUTENBEHO
BEJIMUMHY TIOTEPh TIOYBHI B PE3yJIbTaTe JTOKICBOU
OpPO3MU N HE YUUTHIBACT AOIOJHUTCIBHBIC MMOTECPU

MOYBBI, KOTOPbIE MOTYT BO3HUKHYTh B PE3yJIbTaTe
OBpaXXHOU, BETPOBOM WJIM MaxOTHOU 3po3uu. JlaH-
Has MOJICJIb TOJICYETa MOTEPh MOYBLI IPUMEHSIICTCS
B OTACJIbHBIX CUCTEMAaX 3eMJICACIUS U YIPABICHUS,
HO TakKKe MPUMEHUMA K HECEJIbCKOXO03iCTBEHHBIM
YCIIOBHSIM, TAKUM KaK CTPOUTENbCTBO. [Ipenmyie-
CTBOM JTaHHOHM MOJENHU SIBJSICTCSl YYET KOHKPETHOM
MECTHOCTH C €ro THIIOM I10YB, BBIPAIIMBAEMON
KynbTypoil u cuctemoit ympasnenusi. RUSLE wu3-
HayvaibHO OBIJIO pa3paboTaHO HAa OCHOBE MCCIENO-
BaHWH 3po3uu MOYBHI ¢ 30-X TOHOB, COOpaHHBIX
ciy)k00# OXpaHbl TT0YB MUHHUCTEPCTBA CEIBCKOTO
xo3siictBa CIHIA, HO 3a modruif Cpok ¢ MOMEHTA
BHEJIPEHUSI YPABHEHUE OTIMYHO 3apPEKOMEHI0BAJIO
ce0si HE TOJBKO JISl pelleHHs 3ajad IMPUPOJI00X-
pannoro xapakrtepa B CLIIA, HO cTano nonyaspHbIM
BO BCEM MUpE.

£ Kapra 6acceiina p. Pybewxka

erenna

8 HACANEHHEIR NYHKTHY
peki
FpaHAe Gacorina

FD.51 2 3 4
o — w—K1noME TR

Pucynoxk 1 — Kapra Gacceiina p. Py6exxka

Boprba c sposmert B Kazaxcrane Ha paHHEM
JTane u3y4deHus Obula COCpeA0TOYeHa MpEeuMyIe-
CTBEHHO Ha BETPOBOM THUIIE, B TOM BpeMs KaK BO-
JIHAasl 3pO3MsI BO BpeMsl TasiHUS CHETa HAaHOCHJIA HE
MEHBIINH YPOH, HO W3yYajiach HeJocTaTouHO. [103-
e, Ha IPAaKTUKe, TaHHBII OAXO0/] TI0Ka3al CBOU He-
JOCTAaTKU. BBIJIO 10Ka3aHO, YTO B CMBITBIX ITOYBAX
YPOXKaWHOCTh  CENIbCKOXO3AUCTBEHHBIX  KYJIBTYD
cumxaetcs 1o 80%. Yuensie Poccuu u CIIA onpe-
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JIEJINIIN, YTO B MPOIECCE BOJHOM 3PO3UHU B MEPHOJ
CHEroTasiHus CMBIB ITOYBKI JJOCTHUTAET 10 15 T/ra 3a
Heckosbko qHel. B Kazaxcrane BogHas spo3us u3-
ydajach C pa3pabOTKOH MPOTHBOIPO3HOHHBIX MEP
JMIIB B IPEATOPHBIX M TOPHBIX palloHax.

B 3amagHOoM »KOHOMHYECKOM peruoHe, Kak
U IO BCEW cTpaHe, B HACTOAIIEE BPEMs yAEISIEeTCA
MIpUCTaIbHOE BHUMAHHWE W MEPHI 10 YIPaBICHUIO
TalbIMH BOJAaMHM U COKPAIIEHHI0O WHTEHCHBHOCTH
BOAHOM 3po3uu. DddexTrBHAA peannu3anus MpoeK-
TOB 10 IEPEBOJY 3EMJICTIONB30BAHMUS Ha JaHAmad-
THO-3KOJIOTHYECKHEe OCHOBBI HEBO3MOJKHA O€3 yueTa
BHHMAaHUS JTaHHOTO BOINPOCA, COOTBETCTBEHHO, J10-
outbcs 6omee 3(hPEeKTHBHOTO U YCTOMYUBOTO TIepe-
BOJa CEJIbCKOXO3SHCTBEHHOTO 3E€MJIETOIb30BaAHUS
Ha HKOJIOTUYECKH 0e30TMacHyl0 OCHOBY, COKPATHTh
U TpeayNpennuTh JErpajalliio U OIyCTHIHUBaHUE
3eMenb OyIeT MPaKTUYeCKH HEBBITIOTHUMO.

I'Il. Cypmau (1979), B.JI. UBanoB (1985),
M.C. Kyzuenos (2002) u ap. oTMedaroT, 4TO BO-
JTHast 3pO3Hsl TOYB SIBJISIETCS CIEICTBUEM CIIOKHOTO
B3aMMOJICHCTBUS MPHUPOIHBIX (PAaKTOPOB (KIMMAaTa,
penbeda, MouBbl, PACTUTEIBHOCTH) M XO3SHCTBEH-
HOH JI€ATEIBbHOCTH YEJI0BEKa.

[IpuHuMas BO BHUMaHHE OCHOBHBIE (DakTOpBI
9PO3WH, BBI3BIBAEMOW CTOKOM TajbIX BOJ, CIEAYEeT
OTMETHUTbh, YTO CMBIB ITOUBBI TIPY CHETOTastHUM CBsI-
3aH, IPEK /e BCETo, ¢ POPMHUPOBAHNEM CHEKHOTO I10-
kposa (I'.I1. Cypmau, 1967, 1971, B.M.Bacusnesa,
3.C. Xepconckuii, 1977, A.B. I1aBnos,1979 u np.),
ryOMHON TpoMep3aHus, YBIAKHEHHEM IOYBBI,
CKOPOCTBIO €€ TasHUs, APOAUpPYIONIEH crnocobHO-
CTBIO TAJIBIX BOJHBIX IIOTOKOB, penbeda, arpooHa,
MIPOTUBO3PO3MOHHON CTOWKOCTH 1ouB u Jp. Cpe-
I 3TUX (DaKTOPOB YINPAaBISIEMbIM SIBJISIETCSI arpo-
thon. Cormacuo M.C. KysuernoBy u B.B. JlemunoBy
(2002), yBenM4EHHUIO BBICOTBHI CHEKHOTO TIOKPOBA U
3armacoB BOJBI B HEM IO CPaBHEHHIO C OTBAJIbHOM
BCIAILIKOM COCOOCTBYIOT MPUMEHEHHE Ha CKIIOHAX
IJIOCKOPE3HONW 0OpabOTKU TOUYBHI C COXpaHCHHUEM
CTEpHU Ha TMOBEPXHOCTH IOYBHI (COOTBETCTBEHHO
Ha 3,5-4,5 cm u 7-10,8 MM), TOCEBBI O3UMBIX 3€PHO-
BbIX KynbTyp (11-13 cm u 10,8-18,5 MM) 1 MHOTO-
JIeTHUX TpaB 1-ro u 2-ro roja mois3oBanus (7-8,5
cMm m 22,6-28,8 mm). Taxxke M.C. Ky3HenoBbiM,
I'.Il. I'mazynoBEIM, 1 1p. (1996) ycraHoBiIeHO, 4TO
JUISL CEBEpPHBIX pAlOHOB 3TOT IOKA3aTeib BBILIE,
4yeM JUIsl FKHBIX: B poccuiickoM [ToaMOCKoBbe OH
coctasisiet 0,065 Mm/MuH, B TO BpeMs kak Ha Kyba-
HH ero BeanuynHa Bcero jauiib 0,015 Mmm/MuH.

[To MHEHHIO MHOTHX aBTOPOB Haubosee mprume-
HUMBIMU B HACTOSIIIEE BPEMS SIBIAIOTCS pealbHbIE,
C MO3UIMK DKOJIOTUU U MPAKTHUKH, PEKOMEHAANN
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no HopMmaM cMbIBa, paszpaborannsie [.I1. Cypma-
gem (1992): 0,5-2,0 t/ra B rox (0,05-0,2 mm/Toz ipu
TUIOTHOCTH CJIOXKEHUS TIOYBHI | T/M*) B 3aBHCUMOCTH
OT THIIa TIOYBBI, CTETIEHH €€ CMBITOCTH U TNIOTHOCTH
MaTEPUHCKOH MOPOIBI.

B pabote oTpaykeH X0 M alITOPUTM OTIpe/iese-
Hust HoBoro dakTopa «Kpususua — Cu» B Oacceiine
peku Pybexka st pacuera xkodpduimeHTa yKio-
Ha LSCu ¢ npumeHeHneM ycOBEpIIEHCTBOBAHHOIO
ypaBHeHUs. IMEHHO 3TO sIBIISIETCS HOBU3HOM, ITpaK-
THYecKas 3HAYUMOCTh 3aKJII0YaeTcsi B IpHMEHe-
HUU JaHHOTO aJTOPUTMa B BOIMPOCAX IPO3NOHHBIX
mporeccoB B MUHUCTEPCTBE CEIBCKOTO XO3siiCTBa
Pecniy6mmkm  Kaszaxcran, MeCTHOTO ympaBieHUS,
KPECTBSIHCKMX X031CTBaX, YUPEKIACHUSIMH U Opra-
HU3AIUSMHU, 3aMHTEPECOBAHHBIX B ITOJIYIEHUH Kade-
CTBEHHOMW pa3HOIIIaHOBON HH(POPMALIUH, OTPaXkKalo-
IIei COBPEMEHHOE COCTOSTHHSI TOYBEHHOTO TIOKPOBA
CeNbCKOXO03SIICTBEHHBIX YIOJHI.

B xadectBe MarepwanoB A WCCIIEIOBAHUA
OBUTH MCIIOJIB30BAHBIL:

- KOCMOCHUMKHM mH(]poBOH Moaenu penbeda
SRTM nis majpHEWIETro OmpesesieHus: OacceliHa
peku nocpenctBoM 06padoTku nanubsx ['UC;

- CTAaTUCTUYECKHUE JJaHHBIE KOJIMYECTBA OCATKOB
Mo MeTeocTaHIMsIM 3amagHo-KaszaxcTanckoi 00-
JIACTH JIJIsl IPOBEACHUS B AaJbHEMIIEM WHTEPIOIS-
MU U CO3/IaHUS KapThl OCAJIKOB B OacceiiHe peku
PyGexka;

- TTOYBEHHBIEC KapTHI JIJIsl CPAaBHEHHS W aHAN3a
MOYBBI TEPPUTOPUH Oaccelina,

- IaHHBIE, TIOJTYYCHHBIE B Pe3yJIbTaTe HKCIEIN-
LIMOHHBIX UCCIIEOBaHUM;

- TomorpaduvecKkne JaHHBIE MO CKIOHY WU pe-
nbedy u3y4aeMoi MECTHOCTH.

[ns co3manus Teppuropun Oacceitna pexu Py-
Oexka B mporpamme ArcGIS ObT poBeieH paciiu-
PEHHBIH MOP(POMETPUYIECKOTO aHAJIN3 KOCMOCHUM-
KOB LU(POBBIX Mojeneil penbeda ¢ BBHICOTHBIMU
OTMETKAaMH, a TaKXe HCIOJIB30BAaHBI METOIBI T€0-
WHPOPMAIMOHHOTO KapTorpadupoBanus Oacceii-
HOBBIX TEPPUTOPHUH, COCTOAIINE W3 HECKOIBKUX
9TANoB, BKIIOYAIONIMX MEPBUYHYI0 00paboTKy
JIAaHHBIX, aHaJN3 KapTorpauyecKux MaTepHaioB
U KOCMOCHHMKOB, (OpPMHUpOBaHHE EIUHON Oa3bl
reorpapu4IecKux JaHHBIX. B mpomecce paboTs! ObLT
TaKk)Ke 3a/leCTBOBAH METOJ CPAaBHUTEIBHOTO aHa-
JU3a TaHHBIX, MOJIEIA TIPOCTPAHCTBEHHBIX TaHHBIX,
PETPOCTIEKTUBHBIN aHaJIN3, CHCTEMHO-CTPYKTYp-
HBIM U TUIIOJIOTUYECKUM OIXOBI.

[nsa pacueTta morepb MOYBHI UCCIETYEMOTO pe-
ruoHa Ha ocHoBe ypaBHeHus RUSLE Owuim BhIZIC-
JICHBI MATh OCHOBHBIX (pakTopoB. Kaxkawiii daxTop
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MIPEJICTABIISICT COOOM YNCICHHYIO OIICHKY KOHKPET-
HOTO COCTOSTHUSI, KOTOPOE BIUSET HAa CTEIICHb dPO-
3UU [MOYBBI B KOHKPETHOM MECTE. 3HAUCHUS IPO3UU,
OTpa)KEHHBIC STUMHU (PAKTOPAMHU, MOTYT 3HAUUTEIThb-
HO BapbUPOBATHCS M3-32 PA3NUUYHBIX MOTOJIHBIX YC-
noBuit. Takum 0O6pa3oM, 3HaUCHUS, TIOTyICHHEIC U3
RUSLE, 6osiee TOYHO MPEnCTaBISIFOT JIOJITOCPOY-
HBIC CpEHUE 3HAUCHHUS.

A=RXKXLSXCXP, (]

rae

R — ¢hakTop KonmyecTBa ocankoB

K- k03¢ punmenT pazMbIBa€MOCTH ITOYBHI

LS — ¢dakrop: L- koadduument aaunel, S- Ko-
s duIMeHT yxioHa

C — ko3¢ HUIIUEHT 3eMIIeTIOIh30BAHHS

P — daxTop mpoTHBO3PO3MOHHBIX MEPOTPHS-
TUH.

WcxonHpIMu JTaHHBIMA [T COCTABIICHUS KapThI
OCaJIKOB PETHOHA HCCIIEIOBAHUS SBISIOTCS CTaTH-
CTUYECKHUE PAJIbI OCAJKOB 32 TEIUIbIM M XOJIOJHBII
nepuoasl 2010-2021 rr. mo manueiM PI'TI Kasru-
JIPOMET. BBy B34THI MOKa3aTeNn O0CaJAKOB IO Kax-
JIOMYy CpOKY HAOJIIOACHUS 3a MeCS AJs KaxIou
METEOCTaHIINH PETHOHA UCCIIEIOBAHNS, TTOCIIE YETr0
MPOBOJMUJIOCH OCpeIHEHHEe M 00paboTKa JaHHBIX
B nporpamme Microsoft Office Excel. B mporecce
KapTorpaupoBaHUsi OCAIKOB Mbl HCIOJIb30BAIN
pa3irYHbIe METOJIBI HHTEPIIONSIIIAN IS OTOOpake-
Hus ocankoB. OJIMH M3 OCHOBHBIX BapHaHTOB HH-
TEPIOJIAAYA BBITIONHEH B Momayie Spatial Analyst
MO ArcGIS 10.4 — «Crutaiiny, KpoMe 3TOro, ObuIa
MpUMEHEeHa aJbTepHATHBHAS +hopMyIia Al BBIYHC-
nenwust pakropa R = 0,548257:’<P—59,9; rae P—oaT1o0
CPETHET0/I0BOE KOJIMYECTBO OCATKOB.

Hanupie s [MUC  mopmenupoBanust 1o
K-thakropy ObuTH B3ATHI U3 TOYBEHHOH KapThl 1976
roga u HammonansHoro Atiaca PK 2010 roma. B
2021 roxy B X0z€ TIOJIEBOM AKCIICTUITNHN Ha KITFOUe-
BBIX y4YacTKaX HCCIIEJJOBAHUS MPOBOJMIOCH OIpe-
JIeJIeHne MEXaHMYEeCKOTO COCTaBa MOYBHL. Pacuer
¢axTopa sponupyemoctu noussl (K) mpoBogucs c
nomortbio mporpamMmbl ArgGIS 10.4 Ha ocHOBe 110-
JYYEHHBIX SKCTIETUIUOHHBIX TaHHBIX.

Ompenenenne dakropa WMHB 1 ykiaoHa (LS)
MIPOBOJIMIIOCH HAa OCHOBE KOCMHYECKHX CHHMKOB
IIMP, ypaBuenuss Ctoyna m XwuiOopHa, WHCTPY-
MeHTOB nporpammsl ArcGIS 10.4 «I'uaponorusy».

g cocraBneHust KapT QaxTopa MPUPOIOOX-
paHHOH MOJICPKKU U (haKTOpa YIpaBICHHS ypOKa-
€M HCITOJIb30BAJICS METOJ MOJIEBBIX SMITUPUUECKIX

WCCIICJIOBAHNMN, a TAKXKE CpPaBHUTEIbHO-TeoTrpadu-
YeCKUH METOJI, 3aKIIOYAOIIHNICS B COMOCTABICHUT
Y aHanu3e JaHHBIX KapT 3eMJICIOJIb30BaHUs, II0-
YBEHHO-3E€MEIHFHOTO TTOKPOBA UCCICAYEMOU TeppH-
TOPUHU M KOCMUYECKUX CHUMKOB,

st onipenenenust dakropa C 3a OCHOBY OBLIT
B3AT mosieBol Meton u meroasl [133. B pesyns-
TaTe 4Yero ¢ TOMOIIBI0 pPa3pabOTAaHHOW TITKAJIBI
Wischmeier W.H., Smith D.D. BeluuTEIBaeTCS OAUH
00600mennbit kodhpunment. Daktop C MOXKHO
OTIPEICTUTh, BEIOPAB THUI KYJIBTYPBI U CIIOCOO 00-
pabOTKH TMOYBBI, KOTOPHIE COOTBETCTBYIOT ITOJIIO,
3aTeM YMHOXHB 3TH KO3 (OUITUSHTHI BMECTE.

Taxoke MCIOIB30BaH METOJI OLIEHKH CMBIBA I10-
YBBI, KOTOPBIA TpEIHA3HAYCH ISl BBISBICHUSA H
MIPUHSTHS MEP 110 BOBHUKHOBEHHUIO PHUCKOB, a TAKXKE
JUTSL CBOEBPEMEHHOTO ¥ 3(P(EKTUBHOTO pearupoBa-
HHS Ha JIFOObIC OTKJIOHCHMS.

Y COBEpIICHCTBOBAaHHE YHHBEPCAIBHOTO YpaB-
HEHUS MOTEPh IOYBBI 3aKJIIOYACTCS] BO BBEICHHUH
HOBorO (aktopa «Kpusmuzna» Cu, 3T0 BTOpas mpo-
W3BOJIHAST TIOBEPXHOCTH (TO €CTh YKJIOH YKIIOHA).
[IpeobpazoBanHas popmysa UMEET BHI:

A=RXKXLSCuxCXP, (2

rae Cu — KpuBH3HA CKJIOHA (0e3pa3MepHBIii).

Tomorpaduueckuii (akTop MPEACTaBISET CO-
00#1 OTHOLIECHHE TIOTEPh MOYBHI NIPU 3aIaHHBIX yC-
JIOBUSIX K TOTEPSIM Ha YYaCTKE CO «CTaHIAPTHOI»
KpyTH3HOH oTkoca 9% u anmuHOU oTkoca 22,6 M.
Tomorpaduuecknii pakTop cocTouT U3 ABYX (hak-
TOpOB: JUIMHBI ckioHa (L), KpyTH3HBI cKiIoHa (S) 1
kpuBHu3Ha ckioHa (Cu).

CreneHp 5po3uM yBEIUYUBACTCS C YBEIHYE-
HHeM mIUHBI oTKoca. Ilpm ompemenenmu LSCu-
(akTopa wmcnonp3oBanack HudppoBas MoAenb pe-
meeda (LIMP). Koaddumuent LS O6v11 momydueH u3
ypaBHenusi Ctoyna u XuinOopHa. PacueTsl n koag-
(bMIMEeHTHl POCTPAHCTBEHHOTO pachpeseneHus L,
S u Cu npoogmiuce B cpeae 'MC ¢ ucnons3osa-
HUEM CJIEYIONIETO YPABHCHHUS:

LSCu=

— | QaM .
[::.13 ]}F{D.DES +0.045 X 5+ 0.0065 x 57) (3)

rae LSCu = Tonorpaduueckuii pakrop; Qa = Flow
Accumulation grid; Sg = nakmon Grid B mportien-
tax; M = pasmep grid (x x y), y uinu NN common
3HauYeHHe = Oe3pa3MepHasi IKCIIOHEHTa, PUHIMA-
folasi 3HaYeHUE YKJIOHA M KPUBU3HBI B Ipejaeax
0,2-0,5.



OHeHKa CMbIBa IIOYB Ha OCHOBE YCOBEPUICHCTBOBAHHOI'O YHUBEPCAJIBHOI'O YPABHECHU S TOTEPH IMOYBHI ...

Tadoamma 1 — NN 3nauenns S, Cu

Curvature NN Slope NN
<0,5 0,2 <1 0,2
>0,5-<2,5 0,3 1<s<3 0,3
>2,5-<45 0,4 3<s<5 0,4
>4.5 0,5 >5 0,5

NN common = NN Slope + NN Curvature/2 (4)

Hoselit pakrop — KpuBnsna (mpoduinsHast), 310
BTOpasi MPOM3BO/IHAS TIOBEPXHOCTH (TO €CTh YKIIOH
ykioHa). ITo mpennoxennto Moore 1.D., Grayson
R.B., Ladson A.R. oOmiasi kppBu3Ha HA OCHOBE aJl-
ropurma Zevenbergen-Thorne MoxeT ObITh paccuu-
TaHa Kak:

Curvature =-2(D + E) % 100, rme )

_ llzg#z)—=d
D - :Ii (6)
(Zo+2g)
—£E
rjie z4... — BBICOTHBIC TOYKH B siueiikax; | — paccro-

STHIE MEXIY 3JIEMEHTaMH MaTpHIBI BBICOT (IIpo-
CTPAHCTBCHHOE pa3pelIeHUE PacTpa), CAUHHUIILI U3-
MEPEHUS — METPHI.

KpuBnzna m3mepsiercst B 1/M, mocie 4ero yMHO-
xarorcst Ha 100, T.e. mpodunbHas (BepTHUKaIbHAS)
KpUBH3HA XapaKTEPU3yeT U3MEHEHUE YKIIOHA MOBEPX-
Hoctd Ha 100 M BAOJIB €ro OCHOBHOI'O HAIPaBIICHUSL.
Breimykimas gacTe XapakTepHU3yeTCsl MOJIOKHUTEITBHBI-
MU 3HAUCHUSIMHU, & BOTHYTas! — OTPULIATEIIbHBIMU, HY-
JIeBbIE 3HAUEHUS COOTBETCTBEHHO XapaKTepPH3YeTCs
TUTOCKOM B ITPpOQHIIe ITOBEPXHOCTBHIO.

Jnana3zoH BO3MOKHBIX 3HAYEHUH JIJIS1 BCEX TPEX
roKazaTesield KpuBu3HbBI KonedneTcs ot -0.5 go +0.5
JUTS TEPPUTOPUI C pABHUHHBIM pebeoM 1 oT -4 110
+4 g ropHBIX paifoHOB. OTMETKH BBICOT pEernoHa
nccienoBanus Koneosercs 10 277 M NN KpUBU3HBI
paccuutsiBaercs + 0,5.

Pe3yabTarhl 1 UX 00cCy:KIeHUE

Ha mepBom srtame wuccriemoBatenbckux padoT
ObLT ompeneneH OacceitH pexu PyOexkka Ha TOIIO-
rpaduyeckori kapre 3amagHo-KazaxcTanckoit 00-
nactu B Macmrabe 1:500000 c¢ ucnonbp3oBaHHEM
nporpammHoro obecriedenns ArcGIS 10.4. Brine-
JICHHAS! KapTa M03Ke MCIOIh30BaIach JIJIsl U3BIICUe-
HUsl 00J1aCTH UCCIIEAOBAHUS U3 IIUPPOBON MOJIEIH
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penbeda, moydeHHOW ¢ TIOMOIIBI0 KapTorpaduye-
ckoro crytHuka SRTM.

Jnst BbIUMCIEHUS TpaHuI] OacceliHa PEKH BbI-
TOJIHEH alrOpuTM JEWCTBUH. Bo-TepBBIX, HCIOb-
3oBaH mHCTpyMeHT 3anomaenue (Fill), 3meck mpowc-
XOJIUT TPOIIECC CrIaKUBaHUsI CHUMKA. ClieTyronpm
JICVCTBUEM SIBISIETCS CO3/laHMe KapThl HampapneHnue
ctokoB (Flow Direction). IlogroroBneHHBINH pacTp
COJICP)KUT B KKJOM IMHKCENE WHPOPMAIIUIO B 11EJ10-
yrciieHHoM Buje (1,4,8,16,32,64,128) o HanpaBieHUH
CTOKOB TI0 CTOPOHAM CBeTa. 3aTeM, UCTIONB3YETCs WH-
cTpyMeHT cymmaphbiii cTok (Flow Accumulation) s
uaeHTUUKAIIK pycen pek. B utore cHUMok Oyner
WMMETh YepHBII IBET, HA KOTOPOM OYAyT BUIHBI PEKH
Oernoro 1era. OHaKo 11 00JIee OTUSTIIUBOTO MPE/I-
CTaBJICHHS PEK MCIOJIL3YETCs PaCTsHkKa CHUMKA. [lo-
CJIe TOTO0, YKa3bIBAETCS OMOPHAs TOYKA, OT KOTOPOM
ArcGIS Oyzer ucnonb3oBath QyHKIHIO «BbIpHCOBBI-
BaTh» JIJIst 0acceitHa peku. J{iist 3Toro ucnonp3yeM uH-
ctpymenT PucoBanue (Drawing). B koneunom mrore
JUTSL BBIJICTICHHUS! TPaHUI] OacceiiHa PEeKH UCTIONb3YeTCs]
BoJIocOOpHast oomactk (Watershed).

C nomouisto craructuueckux naHubix PITI Kas-
TUAPOMET, UCIIOJIB3YS METOABI MHTCPIIOJIALNU U aJlb-
TEPHATHBHYIO (DOpMYIy BBIYHMCICHUS, HAMU OBLIH
MOJTYYEeHBI 3HAYEHHS OCAJKOB JUISI HCCIIEIyeMOTrO
y4acTKa, Ha OCHOBE KOTOPBIX CTPOMJIACH KapTa Cpe/l-
HETOJIOBOTO KoJmdecTBa ocaakoB (PucyHok 2-3).

Pesynpratom crajo ciemyromee pacrpeese-
Hue nokaszateneli (pakropa R Ha Teppuropuun Oac-
ceiiHa pexu PyOexka:

- 111 — 8%;
-111-112 - 22%;
- 112 - 28%;

- 112-113 — 42%;

Koaddumment spoaupyemoctn moussl  (K)
MPEACTaBIACT BOCIIPUUMYHMBOCTD TOYBBI MM TO-
BEPXHOCTHOIO MaTepuajga K 3pO3HH, TPaHCIIOPTa-
0eJbHOCTh HAHOCOB, & TaKKe KOJIMYECTBO U CKO-
POCTb CTOKa C YYETOM KOHKPETHOTO KOJHMYECTBa
0CAaJIKOB, U3MEPEHHBIX IPU CTaHJAPTHBIX YCIIOBH-
AX. CTaHI[apTHbIM YCIIOBUEM ABJIACTCA e):[I/IHI/I‘IHI)II‘/'I
y4acToK JUIMHOHN 22,6 M ¢ ykioHoM 9%, moanaep-
JKUBAaeMBIN 10T TTapoM, 0O0pabaThIBacMBId BBEPX U
BHU3 110 ckJIoHY XosiMa (Kim, 2006).

Kapra MexaHH4YecKOTo cocTaBa IOYB HCCIEAY-
€MOIl MECTHOCTH OblIa COCTaBJIEHA Ha OCHOBE OT-
CKaHMPOBAHHBIX ITOYBEHHBIX KapT TEPPUTOPUH Oac-
ceitna pexu PyOexka (Pucynok 4).

AHanu3upysi KapTy MEXaHHYeCKOro CocCTaBa
noyB OacceiiHa pexu PyOexka, crenan BbIBOJ, YTO
Oosiee 73% TeppUTOPHM 3aHUMAIOT TSDKENbIE CY-
TJIMHKY, CPEeTHUE CYTJIMHKU COCTaBisaioT 14%, me-
cku — 6osiee 8%, cynecu — 6osiee 5%.
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__L KapTa chakTopa cpepHeronoeoro konuuectea ocaakor R Gaccelina p. PyBexka
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Pucynok 2 — Kapra cpegneronoBoro
KOJIMYECTBA OCAJKOB

‘aBa nous ina p. PyGexxa

_L Kapra

Nerenpa

v e e Iy

penn
T <mce agyiwe auachua>
MeXaHHHBCKHi_COCTAE
I recox

I Gpsar cymion
T cmea

T Tooceri cyrmmnc

0051 2 3 4
O —w—KinoveTps

Pucynoxk 4 — Kapra MexaHHueCKOro cocTaBa MouB

AHanmm3 MEXaHHM4YeCKOTO COCTaBa ITOYB B ITOJIE-
BBIX YCIIOBHUSIX IO KITFOUEBBIM TOYKaM, IIPOBOIMMBIH
B 2021 romy, mokaszai, 4To OHH KOPPEIUPYIOT C UMe-
FOIIMMUCS KapTorpadudecKkiuMy JaHHBIMU. Ha 6aze

'_,;\ KapTa cpejHerofosoro konkuecTsa ocaakos B GacceiiHe p. Pybexka

Merenpa

®  acenewHue nyHTH

peist
Konuuecrao ocakos (mm
260262

263 - 265
266 - 272
273279
280 - 292

051 2 3 4
SCar——— 1 oveTRo!

Pucynok 3 — Kapra ¢akropa cperHerogoBoro
KongecTBa ocaakos (R)

TMIOJTyYEHHBIX BEKTOPOB MEXaHHYECKOTO COCTaBa I1o-
4yBBI U3ydaeMoit oosiactu 1o Gpopmysie RUSLE Obiiu
OIpEe/CICHbl 3HAYCHUS! TEKCTYPHBIX KIJIACCOB ITOYB
3amagro-Kazaxcranckoit obmactu (Pucynok 5). Ha
OCHOBE TTOJTy4CHHBIX JIJAaHHBIX, HAMH OblIa COCTaBIIE-
Ha KapTa Koa(duirenTa pasmbiBaeMoct noussl (K)
Ut Miccieayemoro Oacceiina (Pucyrok 6).

@axtop C yunThIBaeT TUI KYJIBTYPHl M METOX
00paboTKu 1mouBbl. OH UCTIONIBL3YETCS IS OTIpeIelie-
HUSI OTHOCHUTEIEHON 2(h(hEeKTHBHOCTH CHCTEM yTIpaB-
JICHHS TIOYBOH M PACTEHUEBOJICTBOM C TOUKH 3PEHHUS
MIPeAOTBpAICHHS TOTEPH MTOUBLL. B KauecTBe ncxoa-
HBIX JIAHHBIX KapTorpadupoBaHUS THINA KYJIBTYpHI
3KO npuMeHsITUCh KOCMUYECKUEe CHUMKH Sentinel-2
(10 m) 3a 2021 rox, CHUMKU MOAOHUPATUCH JIETHETO
Ce30Ha, C MaKCHMAaJIbHO HHU3KOH OOJAuYHOCTBIO, a
TaKXKE HCIIOIb30BAIUCH MaTepHANIbl IMOJICBBIX HC-
cienoBanuii ¢ GPS-npuBs3Koi, UHTErpUPOBAHHBIX
B €IMHOW KapTOTpahuIecKoi MPOEKINHA U CHCTEME
KOOp/IMHAT, MaTepHaIbl TTOJIEBBIX T€000TAHNYECKIX
OIMCaHHU Ha KITIOUYEBBIX yYaCTKaX.

C ¢akrop ucnonpzyercs, 4ToOBI IOKA3aTh BIIH-
SIHUE BO3/ICJIBIBAHUS CEITbCKOXO3SICTBEHHBIX KyJIb-
Typ ¥ METOJOB YINPAaBICHHS HA CKOPOCTh 3PO3HHU
IOYBBI Ha CEIbCKOXO3SMCTBEHHBIX 3eMisix. Kapra
(hakropa C (PucyHok 8) Oblia MoAroTOBJICHA Ha OC-
HOBE KapThl CENbCKOXO035MCTBEHHBIX YTOIUI Ucce-
nyemoit repputopun (Pucynox 7).
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K-daxTop
TOHH/TA (TOHH/AKD)
Bomee 2%
TereTypHBIH KIace Cpeannit COB* Menee 2% COB COB
T'nna 0.49(0.22) 0.54(0.24) 0.47 (0.21)
CyTIHHOK 0.67(0.30) 0.74 (0.33) 0.63 (0.28)
Tsxenaa rmHa 0.38(0.17) 0.43(0.19) 0.34 (0.15)
CynecyaHsIil CYIIIIHOK 0.29(0.13) 0.31(0.14) 0.27(0.12)
Menkas cynece 0.40(0.18) 0.49(0.22) 0.38 (0.17)
CYIIIIHIICTBIT MeKILT 0.25(0.11) 0.34(0.15) 0.20 (0.09)
NecoK
KpynHosepHiucTas cynech 0.16 (0.07) - 0.16 (0.07)
Mengas cymecs 0.40(0.18) 0.49(0.22) 0.38 (0.17)
Tlecox 0.04 (0.02) 0.07 (0.03) 0.02 (0.01)

PucyHok 5 — TexcTypHbIe KiacChl HOYB M MX 3HaueHus Juist popmynsl RUSLE

4}, Kapra koacppuuvenTa pasmbisaemocTi noyssl K 6acceiina p. Pybexka _iL’ Kapta kosddrumnenTa semnenonpiceanina C Gacceina p. PyGexka

Terenpa
Nerenpa & HaceneHbie nyHiTo|
3 atodn et
pex C_factor
K_factor [ oo0s
o __om
. o | 035
o ™
051 2 4 posi 2 3 4
k -
Pucynok 6 — Kapra xoapdurmenra Pucynoxk 7 — Kapra cenbckoxo3s1iiCTBEHHBIX

pasmbiBaemocTH 1mouBkI (K) 3emiienionb3oBanus (C)
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Pucynox 8 — Kapra koaddurpenrta yromuii

Jus onpenenenns gaxropa C ObuT BEIOpaH Me-
TOJI TUIIA TIOCEBA ¥ 00PaOOTKH MOYBHI (TadIMIA 2 U
tabmuna 3 no Wischmeier and Smith, 1978). Uro-
OBl BBIYUCIIUTH KOI(D(PHUIIMEHT 3eMIICIIOIB30BAHMS,
ObUIM BHIOpAHBI 3HAYCHUS U3 TAOJHUIIBI 2, ITOCTIE YM-
HO’KEHBI UX 3HAYCHUS HA JaHHBIC U3 TaOIHIEI 3, B
pe3ynbTaTe OBUIM ONpeAeNieHbl YMCIIOBHIE JTaHHBIC
¢axropa C.

Tadauua 2 — GakTop BUAOB CENbCKOXO3IUCTBEHHBIX KYIBTYp
(Wischmeier and Smith, 1978)

Bujab! cesibcKkoX035iCTBEHHBIX KYJIBTYP dakrop
3epHOBBIE KYJIBTYPBI 0.40
Cymnoc KyKypy3bl, 0005I 1 Kamrycra 0.50
Kpymsl (BeceHHHE U 3UMHHE) 0.35
CasioBBIE KyIBTypHI 0.50
DpyKTOBBIE AE€PEBbS 0.10
CeHoKoC 1 macTouIa 0.02

Hanpwvep, s nactoumma koaddumuent C Oy-
ner 0,25 % 0,02 = 0,005.

B pesynbrare aHanu3a MOJYyYEHHBIX JAaHHBIX
i1 OacceiiHa pexu PyOexxka onpezaeneHo cienyro-
mee cooTHomeHue gakropa C:

- 0,005 — 22%;

- 0,012—-33%;
- 0,35 - 37%;
- 0,5 -8%.

Taéauua 3 — ®akrop u meroasl 06padoTku mous (Wischmeier
and Smith, 1978)

MeTton 00padoTKH NOYBbI dakrop
OceHHee MIyroBaHue 1.0
Becennee muyrosanue 0.90
MynburpoBaHue 0.60
XBocToBasi 00padoTKa IMOYBHI 0.35
3oHasbHass 00paboTKa MOYUBBI 0.25
Het mouBoo6paboTku 0.25

@®akTop NPOTUBOIPOZUOHHBIX MEPONPHUSTHI
(P) nmpencrapnsieT co00ii OTHOIIEHHE TOTEPH TTOYBBI
IIPU UCIIOJIb30BAHUU BCIIOMOIaTEIbHOW TEXHUKH K
MoTepe MOYBHI MIPU BBIPALIMBAHUH B TIPSMOM PSAY
BBEPX U BHU3 110 CKJIOHY U MCHOJb3YETCS ISl yUe-
Ta IOJIOKUTEIBHOTO BO3JEHCTBUS 3TUX BCIOMOIa-
TenbHBIX MeTo0B. DakTop P yuuTeiBaeT MeTombl
KOHTPOJISI, KOTOPBIE CHMYKAIOT 3PO3UOHHBINA I10-
TEHLMAJI CTOKA 3a CUET UX BIMSHUS Ha CTPYKTYpY
JpeHaka, KOHIEHTPALUIO CTOKA, CKOPOCTh CTOKa U
THJPaBIMYECKHE CHIIbI, OKa3bIBAEGMbIE CTOKOM Ha
moyBy. 3HaueHne kodddunrenrta P BappupyeTcs oT
0 no 1, 3nauenue, npudmKaromeecss k 0, ykasbl-
BaeT Ha XOPOLIYIO IPAKTUKY COXPAHEHHsI, a 3Ha4e-
HUe, npubimkaronieecs K 1, ykasblBaeT Ha IIOXYIO
MpakTUKy coxpaHeHus. /s BblumcieHus: Qakro-
pa P Bocronme3oBanuck nanHeiMu Wischmeier and
Smith, 1978 (Tabmmma 4).

Ta6anua 4 — Jlanusie P dpaxropa (Wischmeier and Smith, 1978)

IIpakTHKa NoA/EPKKHU P- ¢pakrop
BBepx 1 BHU3 10 CKJIOHY 1,0
[Tonepeunslit yKiIoH 0,75
KontypHoe 3emnenenue 0,50
O0pe3ka 1oyoc, MONepeYHbIN YKIOH 0,37
O0pe3Kka MoJI0Ckl, KOHTYP 0,25

OCHOBBIBasICh Ha KapTe CEJIbCKOXO3SHCTBECH-
HBIX YTOJMH, TIOJYYECHHOH HaMU paHee, OmpeIeiu-
J1 cheayromue 3HaueHust hakropa P must 6acceitna
pexu Pybexka:

- 3HaUeHHe IS macToumy u ceHokocos — 0,1;

- 3HauYeHue 11 3anexei — 0,25;

- 3HaYeHue g nameH — 0,75.
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P KapTa thaktopa LS Bacceiina p. PyBexxa

[Nerenna

©  HacenenHbe nynTs

pewm

Ls_factor

JI 0050000 - 0,194888

[P 0.18489 - 0.286425
0266427 - 0,338093

| 0338004 - 0441355

0441366 - 0.686728
0586729 - 0,999188

posi 2 3 4
O — — K1 710METD|

Pucynok 9 — Kapra dakropa npoTHBOIpO3HOHHBIX
Mmeponpustai (P)

[locne 3aHeceHWs BBIYMCICHHBIX JAaHHBIX B
aTpuOyTHBHYI0 TabnMIly, ObUla IOJlydeHa Kapra
(akTOpa MPOTUBOIPO3MOHHBIX MEPONPUSITHHA HC-
cinemyemoro 6acceiina (Puc. 9).

B xone pabot paccuntana u cocrtaBieHa KapTa
tororpaduueckoro (¢akropa. Tomorpaduyeckuii
(axTOp cOCTOMUT U3 ABYX (PAKTOPOB: AJITMHBI CKJIOHA
(L), kpytusnsl ckiona (S). Koaddunuent LS Obin
noiy4eH u3 ypaBHenuss CtoyHna u XunbopHa. Pac-
YeThl U OIpeleieHne KO3(PQPHUIMEHTOB IPOCTpaH-
CTBEHHOT'O pacupeaeienus L, S npoBoauics B cpe-
ne I'C, ucrionb3ys ypaBHEHHE:

LS = power [(Flow Accumulation) x
xcell size/22.13]0,4 x power[sin(slope x
x 0,01745/0,0896] ®)

Ha ocnoBe xocmuueckux cHumkoB [IMP, ypas-
Hennsa CroyHa u XunbopHa, uHcTpymMeHTOB ['MC
nporpammel  ArcGIS 10.4 «['mmpomorus» HamMu
Obu1a cocraieHa kapta ¢akropa LS (Puc. 10).

BbruuciuB  kodpuIMeHT BceX (aKTopos,
C IOMOIIbIO YHHMBEPCAJIBHOIO YpaBHEHMsI CMbIBa
MoYB omnpenenwim GakTop A U MOTYUYHIH KapThl
CMBIBA MOYBBI JIJISl CENBCKOXO3SIMCTBEHHBIX yTOAUN
TeppuTopun OacceitHa pexu PyOexka, a Takxke, Uc-
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3; Kapra chaktopa SHHBIX WA P p. PyBexxa

MereHna

©  racenernue nynkTs

Pucynoxk 10 — Kapra daxropa LS

M0JIb3Ysl YCOBEPIIEHCTBOBAHHOE YpaBHEHUE MTOTEPU
MOYBBI, OTIPEJICIIAIIN BEITMYUHY CMBIBA C YIETOM KO-
s¢puunenta kpusuznel Cu (Puc. 11-12).

_‘i Kapra noxasarens cmbiea noue A ¢ yueTom koachuumerta Cu 6acceiita p. PyBexka

1y

E lereHaa

® Hacenerue nykT
— poxn
A_with_CU
0.000-0684

0.685-1,367

1,368-2,081
2,062-2734
2,735-3.418

Posw 2 3

4
-

Pucynok 11 — Kapra nokasarens cMbIBa 1mouB (A)
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Pucynox 12 — Kapra nokasaress cMbiBa I104B A ¢
yuaerom kodddunnenta Cu

3akaoueHmne

AHanmu3upys. TOJy4€HHBIE pPEe3yJbTaThl IO
¢dopmyne RUSLE u ycoBepmieHcTBOBaHHOH (hop-
MyJie, MOKHO CJIeJIaTh BBIBO/I, UTO HA IPO3HIO BIIH-
sgeT BBEJCHHBIN (axTop KpuBH3HBI YkioHa (Cu),
Hapany ¢ apyruMu akropamu. B cBoux pacuerax
MBI HCIIOJIB3yeM HUMEHHO NMPOPUIBHYIO KPUBHU3HY,

KOTOpasi BAMSET HAa YCKOPEHHE WIM 3aMeJJICHHE
[IOTOKAa, U, CJIEAOBATEIbHO, BIMSET HA 3PO3UI0 U
JIEIOHUPOBAHUE OCAJIKOB, KOTOpask BHIYHUCIISAETCA C
oMot [10 ArcGIS (moxyns Spatial Analyst).
MakcumanbHOE 3HaYeHHEe UTOTOBOTO (hakTopa 1o
ucxonnoit popmyne RUSLE nocruraer 3,412 1/
ra B TOJ, a 0 YCOBEPIICHCTBOBAHHOH GopmyIie (¢
(hakTOpOM KpHWBHU3HBI) mocTuraeT 3,418, pazHuia
UTOTOBBIX 3HaueHMi cocTapisteT 0,006. YuureiBas
aMIUIUTYly aOCOJIOTHBIX BBICOT B OacceifHe pexu
Py6exxa ot 30 10 93 MeTpoB, pa3nuans B pakTope
A ObUIM HE CTOJIb BENHKH. MUHUMAaIbHBIEC 3HAYE-
HUS TaK)Ke€ UMEIOT HEOOJBIIYIO pa3HULly, KOTOpas
pasHua 0,002.

B ofoux cny4yasx MakcHUMaJbHOE 3HAuUCHHE
nroroBoii oueHkn RUSLE xapaktepHo 1uisl maxoT-
HBIX 3€Mellb M, HA000pPOT, MHUHUMAJIbHOE 3HAYEHHE
JUTsE TacTOMIIL, 3aj1eKel u ceHokocoB. Ecin paccma-
TPHUBATh MPOCTPAHCTBEHHYIO Pa3HUILY MEXKIY MOJTy-
YEHHBIMH PE3yJbTATAMHU, TO YBEIUUCHHUE XapaKTep-
HO JIJIs1 TAIIIEH MPeIOMMEHHBIX B CPEIHEM TEUSHUN
pexu PyOexka. Takum oOpa3oM, M3 MOITyYEHHBIX
PE3yIAbTATOB MOKHO C/EJIaTh BBIBOJ, UTO KPUBU3HA
HaKJIOHA BIIUSET HA yCKOPEHHE WU 3aMe/JIEHHE T10-
TOKa W, CJIEJJOBATENIBHO, BIUAET HA HPO3HIO.

JlanHoe wWcciemoBaHne OBLIO MPOPUHAHCHPO-
BAHO I10 MPOEKTY TPAHTOBOTO (PMHAHCUPOBAHUS Ha-
YUHBIX HCClleoBaHUi 1o goroBopy Ne 171/36-21-
23 ot «13» anpens 2021 r., mo teme: AP09260232
«Y COBEpIICHCTBOBAaHUE YHHBEPCAILHOTO ypaBHe-
Hus norepb mouBbl (RUSLE) mns oneHkn cMbiBa
[I0YBBI CEJIbCKOXO03MCTBEHHbIX yroauii Kasaxcrana
¢ nmpumenenueM [ MC-TexHOIOTHI 1 CITyTHUKOBBIX
mauaberx» Ha 2021-2023 rog.
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COMPARATIVE CHARACTERISTICS OF THE LAKES
OF THE KARAGANDA REGION OVER THE PAST 50 YEARS

The paper gives a general overview of the lakes of the Karaganda region according to the main
hydrological characteristics. A comparative analysis of several morphometric indicators of medium and
small lakes in the region in 1968 and 2020 was also carried out. Over the past period, the total area of
small lakes has not changed, but some of the lakes were dry in 1968, so the total volume of water in
this group has increased by 19.7% since 1968. In medium and larger lakes, a significant change in the
total area and volume of water is observed: an increase in area by 4.12% and an increase in volume by
12.6%. In the largest lakes of the region (more than 20 km2), with an increase in the area of lakes by
6.5%, the volume of total water increased by 53%. Thus, despite the general increase in the average
annual temperature and changes in the precipitation regime in the region, the areas of reservoirs and the
volume of the total water mass have increased, while the dynamics of indicators depends on the specific
area of the reservoir.

Key words: lakes, hydrology, morphometric indicators, area of lakes, volume of water, Karaganda
region.
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Congbl 50 xbirparbl KapaFaHAbl 06AbICBIHAAFbI
KOAAEPAIH CaAbICTbIPMAAbI CMMaTTaMachbl

Makanaaa Herisri FrMAPOAOIMSABIK, cunaTTaMmasapbl 6oibiHwa KaparaHAbl OGABIChIHBIH, KEAAEpiHe
>KaAMbl WOAY XacaaraH. CoHaa-ak, 1968 >xaHe 2020-1bl XXbIAAAPbI apacbiHAA OOAbICTaFbl OPTa XKoHe
LIaFbIH KOAAEPAIH GipKaTap MOP(OMETPUSIAbIK, KOPCETKILITEPIHE CAAbICTBIPDMAAbI TaAAQY KACAAAbI.
OTKeH Ke3eHAe LIaFblH KOAAEPAIH >KaAMbl ayaaHbl (1-aeH 2 Km*-re aAeliH) ic >ky3iHAe e3repicci3
Kaaabl, 6ipak 1968 biAbl Kenbip KOAAEPAIH Keyin KeTyiHe 6aiAaHbICTbl OCbl TOMTafbl KOAAEPAETI
CYABIH, >KaAnbl keAreMi 1968 >xbiaFa KaparaHaa 19,7% ecti. OpTa XaHe YAKeH KeAaaepAe (ayAaHbl
4-teH 20 KM2-Te AeMiH) >KaAMbl ayAaHbl MEH CY KOAEMIHIH, aiTapAbIKTan e3repyi 6anKaraAbl: ay AQHHbIH,
4,12%-ra xoHe kereMi 12,6%-ra yaranraH. OBAbICTbIH ipi keAaepiHAe (20 KM>-AeH acTam) KeAaep
aymarbl 6,5%-Fa yAFaica, >KaAnbl cy keaemi 53%-ra apTTbl. OcCbiAalila, aiMakTarbl OpTalla XbIAAbIK,
TemriepaTypaHblH 6CyiHe XK8He >KayblH-LIallblH MEALLEPIHIH 63repyiHe KapamacTaH, KOAAEPAIH ayAaHbl
MEH >KaArbl CYy MacCCacblHblH, KOAeMi ecTi. Keaaepaeri Cy KOAeMiHiH apTybiHblH, €H bIKTUMaA cebebi
>KayblH-LIALbIH MOALLEPIiHIH, 8Cipece KbIC Me3riAiHAE.YAFalObI.

TyjiiiH ce3aep: KOAAED, TMAPOAOTUS, MOP(POMETPUSIABIK KOPCETKILLTEP, KOAAEP ayMaFbl, CY KOAEMI,
KaparaHAbl 0OAbICHI.
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CpaBHMTeAbHAsl XapaKTepucTHKa o3ep
KaparaHAMHCKMI 06AacTH 3a nocaeaHne 50 et

B pab6ote aaH obwmit 0630p o3ep KaparaHAMHCKOM O6GAACTM MO FAQBHbIM TMAPOAOrMYECKMM
XapakTepmcTrkam. Takxke OblA MPOBEAEH CPABHWUTEAbHbI aHAaAM3 psAa  MOPMOMETPUUECKMX
rokasaTeAein CpeAHUX M MaAbix 03ep 06AaacTv B 1968 roay 1 2020 roay. 3a UCTEKLIMIA TEPUOA CYMMapHast
nAoLLaAb MaAbIx 03ep (1 A0 2 KM2) MpakTUYeCKM He M3MEHMAACH, OAHAKO YacTb 03ep B 1968 roay ObiAa
nepecoxtiasi, No3ToMy o6LIMI 06bEM BOAbI, 3aKAIOYEHHbIN B 3TOW rpynne ¢ 1968 roaa, BbIpOC Ha
19.7%. B cpeaHux 1 6oAee KpyrHbIX 03epax (MAOLLaAbIo 0T 4 A0 20 KM?) HaBAIDAQETCS AOCTOBEPHOE
M3MEHEHMe CYMMapHOM MAOLLAAM M 00beMa BOAbI: YBEAMUEHME MAOWAAM Ha 4.12 % U yBeAMueHue
o6bema Ha 12.6 %. B cambix KpyrHbIX 03epax 06AacTu (6oaee 20 KM2) MpU YBEAMYEHUM MAOLLAAM O3ep
Ha 6.5% 0O6bem 06LMIA BOAbI YBEAMUMACS HA 53%. TaknM 06pa3om, HECMOTPS Ha obLee yBeAnyeHue
CPeAHEroAOBOW TEMIEPATYPbl M M3MEHEHMS PEXKIMMA OCAAKOB B 06AACTH, MAOLLLAAM BOAOEMOB 1 OOBEM
CYMMApPHOM BOAHOM MaCCbl YBEAMUYMAMUCH, MPU 3TOM AMHAMMKA NMOKa3aTeAer 3aBUCUT OT KOHKPETHOM
naoLaam Bopoema. Hanboaee BeposiTHas MpUUMHA YBEAUYEHWSI BOAbBI B 03epax - YBEAMYEHME OCAAKOB,

0COBGEHHO B 3VMHMI NEPHOA,

KAtoueBble cAoBa: 03epa, rMAPOAOTUS, MOPOMETPUUECKME MOKA3ATEAW, MAOLLAAL 03ep, 06bem

BOAbI, KaparaHanHckas o6AaCTb.

Introduction

In recent decades, the problem of water
resources in the Republic of Kazakhstan has become
especially acute in the light of the impending water
shortage, climate change, geographic location, and
anthropogenic impact [ 1]. The hydrographic network
and the number of reservoirs in most of the territory
are relatively poor, and therefore considering the
total area of surface waters, the dynamics of changes
in their morphological indicators is very important.
The concern of hydrologists and ecologists so far
has mainly been caused by changes in relatively
large reservoirs and rivers. However, insufficient
attention was paid to the state of medium and small
lakes. At the same time, lakes have a great impact
on the microclimate, the well-being of adjacent
ecosystems, and are of value for recreation and
economic importance [2].

Karaganda region occupies the largest area of
the territory of Central Kazakhstan. On average,
there are about 1910 lakes with a total area of 926
km?. Of these, with an area of less than 1 km? - 1779,
making up 14% of the water surface [3]. Medium
and small lakes have shorter water cycles, eutrophy
faster, dry up, their disappearance is often not
recorded in hydrological registers [4, 5].

The purpose of this work was to conduct a
comparative analysis of a number of morphometric
indicators of medium and small lakes in the
Karaganda region over the past half century.

Working hypothesis: It is assumed that over the
past decades there have been significant changes
in the indicators of surface waters in Central
Kazakhstan, particularly the Karaganda region, due
to a whole range of environmental factors. This
should be reflected primarily in the number of lakes,
the total area of water, the total volume of water
mass.

Materials and methods

We carried out expeditionary research in the
Karaganda region to obtain visual confirmation of
the number of existing reservoirs, their hydrometric
indicators, such as maximum and average depth,
water level.

Considering that the lakes of the region are
mostly shallow, measurements were carried out on
the water surface with a hand lot (a sounding lead)
from a boat at regular intervals of 10—15 m (for
shallow lakes) and 100 m (for lakes larger than 5
km?) [6, 7].

To calculate the area of lakes and the catchment
area, we used data from the Sentinel-2 series satellites
processed using the SNAP software belonging to
the European Space Agency and available after
basic processing on the specialized Internet portal
Copernicus Open Access Hub. Water surface area
calculations were carried out using SNAP v7.0
software. For this, the MNDWTI index was applied,
using data from the green range of the visible
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spectrum (for Sentinel-2 it is designated as B3) and
the mid-wave MI range (Middle Infrared - MIF, for
Sentinel-2 it is designated as B12). The Modified
Normalized Difference Water Index (MNDWI) was
described by Hanqiu Xu in 2006 [8]. The index is
calculated using the formula

MNDWI = (Green — MIR) / (Green + MIR),
where Green and MIR are the pixel values of the
raster (reflectivity) of the green range and the mid-
wave infrared range, respectively.

Index values can range from minus 1 to plus
1, where minus 1 with the maximum probability
corresponds to the land, and plus 1 to the water
surface. Further, based on the raster with the values
of the MNDWI index, water bodies were detected.
Detection was carried out using raster binarization
according to the criterion of exceeding the threshold
value of the index.

The volume of water in the lakes was calculated
from the depth and area of the lakes.

65°007E 70T00"E

In addition, for the purpose of comparison, we
used stock materials for the last century on research
of lakes in the Karaganda region, as well as literary
sources [9, 10, 11].

Characteristics of the object of study

Karaganda region is less rich in lakes than
other northern regions of Kazakhstan, while the
lakes are very unevenly distributed (Figure 1). The
numbers of the lakes correspond to the numbers in
Table 1. Over 68% of the lakes are concentrated
in the northern part of the region. The number
of lakes naturally decreases with an increase in
the dryness of the climate and an increase in the
infiltration capacity of soils. There are also fewer
lakes in the eastern and central highlands, where
local runoff accumulation conditions are less
favorable. With the exception of the Karkaraly
Mountains, where there are several deep natural
reservoirs [3, 12].
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Figure 1 — Distribution of lakes (more than 5 km? in area) of the Karaganda region

Small lakes are grouped along rivers, streams
and channels, large ones are confined to lowland
areas. A significant number (75%) of small lakes are
located in the northern regions of the territory, in the
basins of the Nura, Kulanutpes, Kon rivers and the
drainless basin of lake Karasor. Some of them are
located in the floodplains of large rivers, mainly the
Nura River (Figure 2) [3].

On average, there is 0.27 km? of water surface
per 100 km2. The northern Nura region is the richest
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in lakes, but even in it their water surface is 1.3 km?
per 100 km? of land [13].

In general, clayey soils are widespread in the
territory of the region and significant silting of lakes
is observed, therefore, water exchange between the
water mass of the lake and the soil of'its bed is usually
difficult. Filtration and groundwater inflow here
usually do not exceed 5-20% of evaporation [14].

The studied lakes are located in different
structural and lithological conditions: they are
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laid both in loose sedimentary formations of the
Mesozoic-Cenozoic and in rigid igneous rocks of
the Precambrian and Paleozoic. Back in the 1960s
and 1970s, it was established that four types of
lakes occur in this area in the formation of basins:
hydrogenous, suffusion-karst, eolian, and tectonic
[15, 16, 17].

According to the chemical composition of
the water, 66 lakes belong to the chloride type
(77.7%), 16 to the hydrocarbonate type (18.8%),
and 3 to the sulfate type (3.5%) [18]. The total

65°0°0"E 70°0'0"E

number of fresh and conditionally fresh lakes
(with the sum of ions in the summer low water
up to 2.5-3 g/l) was 32%, weakly brackish (up to
9-10 g/1) - 22% and strongly brackish (up to 25
g/l) - 13%, the remaining 32% are O.A. Alekin
to the hydrochloric group (over 25 g/I). When
hydrometeorological conditions change, some
lakes move from one group to another [19].

The depth of the lakes ranges from a few
centimeters (drying water bodies) to 3-4 m, rarely
more.
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Figure 2 — Hydrographic network of river basins in Karaganda region

At the same time, fresh and slightly brackish
water bodies are in most cases deeper than saline
(mineral) ones. Salt lakes (Karasor, Karakoin, etc.)
predominate on the territory. Fresh lakes are located
mainly in the north, in the Nura river basin and in
the Karkaraly mountains [3].

On all lakes, the rise in the level from the influx
of water during the period of spring snowmelt begins
at the end of March and ends mainly in 10-15 days.
The height of the spring rise in the level varies from
year to year and can exceed 2 meters. The lowest
water level in the lakes is set in October. The annual
amplitude of water level fluctuations averages 0.6-
0.8 meters [20].

The lakes of the region, with rare exceptions, are
endorheic and stagnant. Only some floodplain lakes
in the basins of the Nura and Kulanutpes rivers,
as well as the lakes of the Karkaraly Mountains
(Pashino, Ulkenkol, Ashchykol), are flowing.

Results and Discussion

We collected data on the number and morphometric
parameters of lakes in the Karaganda region according
to available scientific sources for 1938, 1968 and 1973.
And compared them with the data of our research. The
results are collected in table 1.

In general, out of 109 lakes studied by us, 34
water bodies have an area of 1 to 2 km?, 32 (29%)
lakes with an area of 2.0 to 4.0 km?, 15 (13.5%)
lakes with an area of 4.0-6.0 km?, 21 (19.2%) lakes
with an area of 6.0 to 18.6 km? and 7 (6.4%) lakes
larger than 20 km?.

If we do not consider numerous small lakes
with an area of less than 1 km?, then because of
the study of everything, we described 109 lakes,
information on which has also been preserved since
1968. In earlier periods, such systematic work was
not carried out.
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Comparative characteristics of the lakes of the Karaganda region over the past 50 years

Table 1 — Morphometric indicators of the lakes of the Karaganda region

E: I g g “ o 8§ B
Sy | 55 | 55“ 925 |5gZ| E2 (.25 .
Ne Titles s 3 S é"_ﬁ g 555 |E28| 2€ |<£ 4| Coordinates
=7 <& | 37| 22| 2785 |FPeE 2788
= S E E E| O3 S &
1968 | 16.16 8 3.9 1.8(5.5 25 23.8 °037°54 6
1 |sasykkol ©:3) 208 | DOTWOR
2020 | 223 8.3 5. 2.0 (5.5) 31 27.3 :
> | somac 1968 4.7 3.7 2.0 (0.5) 1.02 11 " 49°38°26.9"N
opaksor onn? 9
P 2020 4.5 3.4 1.8 0.3 (0.5) 0.8 8.9 71°42°54.27E
1968 2.0 4.5 0.5 0.5) P 12.9 49°35°22 7°N
3 | Shubar 51 1°45°21.2"E
2020 22 43 0.7 0.2 (0.4) 0.4 13.2 71°45°21.
1968 | 342 | 4.0 1.3 0.1 P 8.9 °00°28 9"
4 | Kok-Dombak ©.1) . z;zogg’ig.z”lg
2020 33 357 | 1.52 0.1(0.2) 0.3 8.54 :
1968 73 42 25 2.0 (5.0 150 | 10.8 °06°18.4”
5 | Botakara CO 495 ggﬁ?’éié’%
2020 | 21.1 7.6 4.1 2.0 (5.0) 422 | 259 :
1968 2.0 1.8 1.4 0.8 (1.3) 1.6 4.9 50°15°05.5"N
6 Kal nd kOl 40 o 5 ’ 2
ey 2020 2.1 2.1 1.4 1.0 (1.3) 2.1 5.9 74°4530.1"E
1968 45 2.8 2.2 1.7(3.5 75 10.0 °01°55.9”
7 | Ashchykol 3-5) 98 ggog;,ggg,}g
2020 5.0 3.1 2.1 2.0 (4.0) 10.0 9.0 :
1968 1.1 1.5 1 2.0 (3.6) 2.2 4.0 49°28°41.6"N
8 | Bolshoy Sarykol 12 o121 o
v ouy 2020 1.2 1.7 1.2 2.0 (3.6) 2.4 5.4 73°41°51.8"E
1968 23 2.4 L5 (0.15) P 6.9 50°10°51.5”N
9 | Manten 34 °30°39.8"E
2020 24 23 1.53 0.1 (0.2) 0.2 8.29 73°30°39.
1968 2.9 23 1.8 2.0 (3.0 5.0 6.8 °018°42 3"
10 | Kurgankol 3.0 69 500}‘2’122”1;21
2020 43 3.1 2.3 2.0 (3.0) 8.6 9.8 73 :
1968 | 2.16 1.9 1.3 22 5.0 52 097254 07
11 |Kumdykol (2.2) s | S02rssoN
2020 2.1 2.07 1.4 22(3.5) 4.6 5.5 73°58°29.6
1968 1.6 1.7 1.4 2.0 (45 32 4.8 °06°34.8"
12 | Aryktykol @) %0 sgo(z)g’gz;.g”g
2020 | 1.96 1.8 1.4 2.0 (4.5) 3.9 5.2 7 :
1968 | 656 | 42 2.0 43 (85 358 | 15.0 ©13°38 1"
13 |Rudnichnoye (8.5) s | SIIELN
2020 74 | 439 | 20 4.3 (8.5) 318 | 187 :
1968 | 3.09 | 2.1 1.9 1435 4.4 10.5 01421 17
14 | Shalkarkol 35) 33 52011,21;1,,1‘]
2020 2.7 24 1.9 1.4 (3.5) 3.78 | 7.07 74°54°13.7°E
1968 7.0 3.6 25 12(22) 8.0 9.4 50°36°20.3"N
15 | Batpakkol 84 on1210 &
P 2020 6.3 3.6 23 1.0(2.2) 6.3 9.7 74°01718.5"E
1968 | 320 | 85 6.7 1.0 P 28.3 °16°57.2”
16 | Shoshkakol (L0) 360 | dooo ey
2020 | 26.7 6.7 5.9 0.2 (1.0) 5.3 27.2 7 S5
1968 2.1 35 12 1.2 0.92 8.4 033234 7
17 | Sorkol (12 230 | WRATE
2020 19 | 209 | 12 0.4 (1.0) 0.76 5.4 :
1968 2.0 1.7 1.6 0.7 0.7 75 ©30°14.0”
18 | Botagankol 0.7 92 6173(3)02(7)’;(8)”1]::]
2020 1.3 1.7 | 134 | 035(0.7) | 045 8.9 :
1968 1.3 1.9 1.1 (0.35 p 4.9 098°55 (17
19 | Shagyrlykol ) s | AEBSSON
2020 | 101 | 1.08 | 09 0.1(0.3) P 4.6 :
1968 1.65 34 0.7 - P 9.4 48°18°38.7"°N
20 | Zhyngyrlykol 49 014511 19
Yy 2020 | 1.44 33 0.8 0.1(0.5) 0.05 | 9.34 70°16°13.17E
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Table continuation

o A g 2 =
5o |2k g | BB | 8225 |52E| 25,00
Ne Titles 83 S« %DE Rk 585 |[535| € [€E7;| Coordinates
L@ z8 o 55 S s [BoE| 8@ |2e8
s |- S5 | < ES “E| OB S5
1968 1.9 2.7 1.1 - P 7.7 010'73 €7
21 | Bozkol 303 | 48°10723.6°N
2020 1.95 2.6 1.09 - 7.56 70°01°20.17E
1968 5.8 4.0 2.0 0.9 (1.3 5.0 14.3 ©20°08.8”
22 | Kabyrshakty (1.3) 916 48020,08'8,,N
2020 5.8 3.8 | 202 0.8 (1.3) 462 | 129 69°31'15.4°E
- 1968 6.5 43 2.4 (0.1) P 11 o 48°05°01 3”N
1esoygan om 1 .
Ve 2020 6.6 | 436 | 24 0.05(0.1) | 033 | 114 69°31’56.3"E
1968 2.9 2.4 1.7 0.5 P 13.7 ©42°32.9"
24 | Kumkol ©.3) 203 48°42'32.9"N
2020 1.6 1.7 1.1 0.1 (0.5) 0.16 9.3 70°36°32.3"E
1968 4.0 2.7 2.0 - - 8.3 000313 17
25 | Sasykkol By 49°00'33.1"N
2020 4.0 2.6 2.1 0.2 (0.6) 0.8 8.1 71°27°17.0"E
1968 155 | 435 | 73 1125 160.0 | 103.0 ©52°30 17
26 |Karasor @5) 8750 49052’30.1”N
2020 147 | 392 8.2 1.1 (5.0) 161.0 | 107.0 75°21°48 8"E
1968 | 265 | 68 6.0 2.6(3.8 69.0 | 255 °47°36.3”
27 |Balyktykol G5 s65 | 49°4736.3N
2020 | 287 | 63 6.1 2.6 (3.8) 746 | 254 75°56°07.2"E
1968 9.5 5.5 2.3 3.2 170 | 16.3 °44°08 O°
28 | Katynkol 62 364 | 9744°089N
2020 | 162 | 72 2.3 2.0(5.5) 324 | 28.1 75°09700.8”E
1968 6.5 3.6 2.7 2.7 9.0 13.3 °0256.3”
29 | Saumalkol @7) 107 | 20°02'56.3"N
2020 6.6 3.3 29 13(2.7) 8.6 16.9 75°59°46.2"E
1968 3.0 4.0 1.1 0.15 P 9.2 46724 8"
30 | Tuzkol 0.15) 39 | 49°467248°N
2020 | 295 | 38 | 136 0.1(0.4) 0.29 | 10.0 75°39724.27E
1968 | 145 1.7 1.5 12 1.0 4.8 ©29°34.6
31 | Ashchykol (1.2 10 49029,34'6”N
2020 | 1.25 1.3 1.06 0.6 (1.1) 0.75 43 75°13°05.0"E
1968 1.4 1.9 1.0 2.8 2.1 4.5 °©30°07.7"
1 | Zhartas @2-3) 61 49°30°07.7°N
2020 1.3 1.8 1.1 1.5(2.8) 1.65 6.5 75°14°40.7°E
1968 1.1 1.4 1.0 0.3 P 4.8 031741 &%
33 | Shengel 0.3) 33 | 49%3D4LSN
2020 | 1.12 1.7 1.02 1.1(2.8) 12 5.0 75°09°07.7°E
1968 3.0 4.0 1.4 0.05 P 10.3 ©43°20 4”
14 | Karakol (0.05) 178 | 49°43°204N
2020 | 2.17 | 1.96 | 1.3 0.1 (0.5) 0.21 5.7 76°18°11.3"E
1968 | 1.15 | 23 0.8 1.0 0.5 55 036708 3°
35 | Baytarkol (1.9 43 49036,08'3,?\1
2020 | 1.76 | 2.4 1.4 2.0 (3.5) 3.52 7.3 75°13°08.9"E
1968 12 1.4 1.0 1.1 0.8 3.7 035725 67
36 |Koytas a.n o | 49°35°25.6°N
2020 1.7 1.67 12 0.8 (1.3) 1.36 5.5 75°08°19.6"E
1968 | 223 | 23 1.5 3.0 (4.6 6.8 6.3 03257 8”
37 | Ozero Bolshoe @5 24 49022,57'8”N
2020 1.9 1.8 L5 3.0 (4.6) 5.7 6.0 75°30°46.47E
1968 1.0 1.8 0.6 0.4 P 45 0467401
18 | Akkol 04 15 | 49°4640.1°N
2020 | 1.01 1.7 0.7 0.3 (0.6) 0.3 4.7 75°17°07.7°E
1968 | 132 | 52 4.0 1.75 133 | 168 ©48°47.6”
39 | Saumalkol ( ) 307 49048,47'6,,N
2020 | 134 | 52 3.9 1.0 (2.7) 134 | 16.6 74°59°24.0”E
1968 1.9 2.7 0.9 (0.05) P 8.2 49°34°01 3"N
40 |Dogalan Karaso 56 02204 1%
& Y 2020 | 203 3.3 0.9 0.1 (0.15) 0.2 8.2 76°53°40.1"E
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Table continuation

o . £ E £ =L
sy 58 |2 | BE| 8225 |s2f| £2 |05
Ne Titles i Sy | 25 Rl 555 |828| B€ |€E75| Coordinates
=7 22 | 37| B2 | 2°EE (PR 7|78k
= =z < ES gl ©O8 S &
1968 1.5 3.1 0.8 0.07 P 8.0 034717 17
41 |Sarykol (0.07) 31 | 49BN
2020 12 234 | o0. 0.08 (1.0) 0.09 8.3 76°51°03.4°E
1968 3.0 3.1 1.8 0.05 P 7.5 °00°11.7"
42 |Karasor ( ) 149 50000,11'7,}\1
2020 40 | 286 | 2.15 0.5(1.2) 2.0 8.42 76°59°54.6"E
1968 7.2 5.2 23 0.5 - 17.2 ©29°53.67
43 |Sarykaska 66 50°29'53.6"N
2020 7.8 5.8 2.6 0.07(0.5) | 0.54 | 172 77°00729.1"E
1968 | 1.68 | 2.0 1.3 - - 7.9 °40°00.17
44 | Kokozek 49 50040,00'1”N
2020 1.8 2.1 1.4 0.3 (1.0) 0.54 8.3 77°02°50.6"E
1968 3.2 33 1.5 - - 8.7 03709 27
45 |Baltabek g2 | 20°37°09.2°N
2020 3.0 333 | 1.55 0.2 (0.9) 0.6 9.0 77°04°02.4°E
1968 | 12.0 | 43 3.5 2.0 (2.9 240 | 125 °18°52.0"
46 |Barakkol 2.9) o | 49°18'520°N
2020 | 118 | 42 35 2.0(2.9) 23.6 | 13.6 67°16°29.7°E
1968 5.0 2.8 2.2 1223 7.0 8.0 °31°01.7"
47 | Koskol (2:3) s6 | 49BU0LTN
2020 | 472 | 28 2.1 1.2(23) 5.6 8.12 67°03°29.8”E
1968 | 16.0 | 6.2 4.2 0.8 (1.4 120 | 196 °15°56.1"
48 | Ashchykol .4 7 | 49°15S6eIN
2020 | 16.0 6.6 4.0 0.8 (1.4) 120 | 183 67°31'11.9"E
1968 | 753 | 163 | 83 - - 65 90736 8"
49 | Karakoyin 612 46007,36'8”N
2020 | 77.1 12.4 8.5 0.1 (0.3) 7.71 70.5 68°39’52.3"E
1968 5.9 4.0 1.8 2.0 3.0 9.3 °12°49.0”
50 |Burshyktykol 20) 76 49°12°49.0"N
2020 6.3 4.0 | 1.86 0.5 (2.0) 315 | 109 67°37°26.3"E
1968 1.5 1.5 1.0 0.3 P 4.9 01799027
51 |Kishkenekol ©3) 39 49017,20'2”N
2020 2.1 1.9 1.2 0.2(0.3) 0.42 7.0 67°39°40.8"E
1968 2.5 2.4 1.3 (0.5) P 6.0 49°17°54.5”N
52 | Tomarmyskol 36 04RSP
‘ 2020 2.3 1.97 1.5 0.2 (0.5) 0.46 5.9 67°43°45.0"E
1968 3.0 2.5 1.6 - - 6.5 003710 9%
53 | Basbaytal 50 49003,19'2”N
2020 2.9 2.3 1.7 0.1(0.4) 0.1 6.4 67°17°34.0"E
1968 | 10.1 | 4.7 3.1 0.6 0.9 12.5 °34709.4”
54 | Kamystykol ©.6) 303 | A3404N
2020 4.8 30 | 1.85 | 0.09(0.6) 0.4 8.4 67°04°08.8”E
ss | Baveu 1968 6.5 4.3 2.4 (0.1) 11.0 o 48°05°09. 1”N
aysuigen on1° 29
i 2020 6.4 4.2 2.3 0.05 (0.1) P 11.1 69°31°39.9"E
1968 | 1.64 | 2.0 1.0 - - 5.0 045756 37
56 |Igilik 58 47°45'563"N
2020 1.17 | 1.65 0.7 - P 43 65°00739.3”E
1968 | 122 | 22 0.7 - - 4.8 48°45°47.7°N
37 | Koga 4T | 65°11°44.0°E
2020 | 2.0 2.8 0.9 - P 6.5 :
1968 | 475 | 3.8 1.9 - - 9.3 059758 g7
58 | Obala 03 48°52'58. 8"N
2020 59 3.9 2.1 - P 10.1 65°07°39.0"E
1968 1.8 1.7 1.6 - - 52 05793() 0%
59 | Shoshkaly 47 | 47°527309°N
2020 0.6 1.7 0.7 0.05(0.1) | 0.03 5.6 64°37°51.2"E
1968 | 132 | 44 3.7 1125 13 16.2 °31°30.4”
60 | Koktenkol @5) 2584 | 4873130.4"N
2020 | 124 | 47 4.0 1.1 (4.0) 136 | 141 72°06°13.8”E
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Table continuation

- . g g “t o 2
. 5o |2k g | BB | 8225 |52E| 25,00 |
No Titles i Sy | 28| E£ 555E |E28| 2€ |<.2 g| Coordinates
5‘-3‘55 Eg o g;g 5o s & Boa Sgb —C 8
= |- =% | T ES "E| S8 | 8%
1968 5.4 4.5 1.7 1.4 2.4 12.0 °47°55 47
61 | Alakol a4 s | 49°UTSSAN
2020 4.7 4.1 1.6 0.5 (1.4) 23 10.8 70°29°18.7°E
1968 2.0 2.4 12 1.8 1.2 8.5 ©59°07.0”
62 | Sasykkol a8 p | 49°59°07.0N
2020 | 214 | 23 0.9 0.5 (1.5) 1.07 | 7.0 70°22°40.9”E
1968 55 4.6 1.8 0.7 1.9 11 051°51 7"
63 | lzendy 07 17 | 49SUSLTN
2020 5.8 4.1 22 0.3 (0.7) 1.7 10.4 70°58°13.3"E
1968 5.0 3.0 2.6 (1.0) 2.95 9.0 49°55°29.3"N
64 |Karatomar 41 013 A%
2020 4.6 3.1 1.7 0.6 (1.0) 2.76 8.5 70°57°13.4E
1968 3.6 2.6 1.8 0.5 P 9 056753 Q7
65 | Tuzkol 0-5) 35 | 49°56'53.9°N
2020 3.8 2.6 1.5 0.1 (0.5) 0.38 10.6 70°48°48.6"E
1968 2.0 2.1 1.4 0.3 P 5.9 050713 17
66 | Alabas 03 5| 4IBIN
2020 | 2.03 | 2.0 1.4 0.1(0.4) 0.2 6.2 70°50°28.17E
1968 1.3 1.7 12 0.15 P 4.6 00219 0
67 | Seitkazy (0.15) 4 | 50°02120°N
2020 1.6 1.7 127 0.1(0.3) 0.16 5.2 70°49°20.9”E
1968 | 1.12 1.6 0.9 - P 4.4 07754 O
68 |Zhaykopa )8 50°07°54.9"N
2020 125 | 1.54 13 0.1(0.2) 0.12 55 70°53°31.3"E
1968 | 1.51 1.8 1.3 0.9 (2.2) 1.4 4.5 50°08°20.8”N
69 | Arvkty 3B | 70°56'54.2°E
2020 1.5 1.4 1.3 0.9 (2.2) 1.35 6.3 :
1968 | 165 | 2.0 1.5 (2.0) 1.4 6.6 50°20°31.6"N
70| Arykty 41 1021°48.0°E
2020 1.8 1.7 12 0.9 (2.6) 1.6 5.9 :
1968 6.2 4.5 2.5 2.0 6.5 12.8 °08°44.9”
71 | Karaukamys 29 94 50008 ,44'9”N
2020 8.4 49 2.7 1.1 (3.0) 9.2 17.05 71°01’51.8"E
1968 7.2 4.4 2.0 0.6 2.2 11.0 °11°46.2”
72 | Ashchysor 0.6) 157 50011,46'2,,N
2020 6.9 43 1.8 0.3 (0.6) 2.07 11.2 71°05°26.0"E
1968 6.5 3.8 1.8 12 2.7 10.5 ©12°39.9”
73 | Karatay 12 go | S0°12'39.9°N
2020 6.7 3.9 2.3 0.4 (1.0) 2.68 11.2 71°11°02.47E
1968 | 155 1.6 12 0.3 P 5.6 010749 €
74 | Taskol ©3) o | S0°1042.6N
2020 1.7 1.65 13 0.3 (0.9) 0.5 5.8 71°16°07.3"E
1968 9.1 4.9 2.8 1.7(3.0 16 12.3 °08°25.6’
75 | Kumkol G0 107 | S00823.6°N
2020 9.6 4.4 2.9 1.5 (3.6) 144 | 13.1 71°15°19.8"E
1968 1.3 1.5 12 2.0 1.3 43 005743 €7
76 | Zhamankol 2.9 31 50005 ,43'6”N
2020 1.6 1.6 12 1.0 (2.0) 1.6 4.8 71°2523.0"E
1968 3.0 2.8 1.8 1.3 2.1 6.5 or702] 5
77 | Bayatarkol (1-3) 66 49027,3 1'5”N
2020 22 1.9 1.5 0.5 (1.0) 1.1 5.6 71°17°41.4E
1968 2.9 2.5 1.9 1.0 (2.5) 2.8 7.0 50°03°22.1°N
78 | Saryala 33 Ittt
2020 3.7 2.7 1.8 0.9 (2.7) 33 9.3 71°46°08.0"E
1968 22 2.3 1.1 1.0(25 22 6.2 °00°39 7"
79 | kurenala @.5) 29 | 30°00:39.7N
2020 3.7 3.09 1.7 1.0 (2.5) 3.7 8.2 71°42°38.1"E
1968 | 160 | 5.7 3.0 0.4 P 33.8 °45°10.9"
80 | Kultansor 09 134 | 49745710.9°N
2020 | 11.3 3.9 2.6 0.05 (0.4) 0.6 | 27.8 71°27°55.8”E

35



Comparative characteristics of the lakes of the Karaganda region over the past 50 years

Table continuation

o . £ E £ =L
sz | 55 |2, | BE| 9225 |s2%| 85|80
Ne Titles i Sy | 25 Rl 555 |E28| 2€ |<£E 4| Coordinates
25| 28 | 87| EE| 2785 |PeE| 52|78 L
= =z < ES gl ©O8 S &
1968 4.0 32 1.5 (1.3) 2.5 9.3 49°46°46.5"N
81 | Tatyrsor 71 IO
2020 5.3 3.32 1.8 0.5(1.3) 2,65 | 12.0 71°28°26.4"E
1968 6.4 34 2.7 - P 9.3 079990 47
82 | Shoptykol 175 | 30°227294N
2020 6.1 3.4 2.7 - P 9.7 71°34°05.17E
1968 | 1.15 | 2.3 0.8 2.0 P 5.6 °50°46.7"
83 | Kobykol 2.0) 31 | 49°50°46.7N
2020 1.0 | 206 | 08 0.2 (1.1) 0.2 5.6 71°53°40.0"E
1968 33 2.5 1.6 1.2 L5 7.3 °47°36.8”
84 | Tapalkol (12 4o | 49M4T368N
2020 3.1 2.35 1.6 0.4(1.2) 12 75 70°39°33.7°E
1968 3.2 32 1.6 1.0(23 3.5 10.3 °26°01.5”
85 | Balykty 23) 214 | 49726°0LSN
2020 | 265 | 2.11 1.5 1.0 (2.3) 2.6 7.24 71°39°12.7°E
1968 2.5 33 1.2 - P 7.8 05617 97
86 | Alabotaly g | A95671T9°N
2020 5.3 436 1.6 1.2(2.8) 6.3 11.0 70°5338.0"E
1968 2.4 3.1 1.2 - P 8.8 051797 1
87 |Baysal 62 49°51°22.1I"N
2020 3.8 34 2.1 1.4(3.2) 53 9.6 71°08°51.57E
1968 | 165 | 7.6 2.6 (1.7) 80 | 373 49°50°26.7°N
88 | Tassuat 67 o
2020 | 18.6 7.9 33 0.4 (2.3) 7.5 29.6 71°18°19.1°E
1968 | 1.66 | 1.7 1.6 0.7 0.7 5.0 °05°46.8”
89 | Balykshy ©.7) 4 | S0°05468N
2020 2.1 171 | 153 0.4 (0.6) 0.84 6.1 71°40°34.37E
1968 2.0 2.7 1.6 1232 23 7.3 °02°30.5”
90 | Zharlykol 62 so | 20°02730.5"N
2020 1.9 1.8 | 156 1.7.(3.5) 3.2 6.4 70°29720.4"E
1968 2.0 2.2 1.4 0.4 P 6.0 043700 47
91 | Sarybulak 04 2y | 49°43°024N
2020 2.1 2.2 1.4 0.05 (0.4) 0.1 6.2 71°36726.3"E
1968 | 258 | 24 1.7 1.7 1.9 8.0 °28°10.3”
92 | Saumalkol (4.7 56 50°28°10.3"N
2020 3.1 2.5 1.7 0.8 (1.7) 2.4 8.4 71°38°07.8”E
1968 1.1 1.6 0.8 (0.35) P 3.9 50°21°12.5"N
93 | Baywgan 34 1 J102632.37E
2020 1.2 1.6 09 | 015(035) | 0.8 | 42 :
1968 2.7 2.9 1.2 0.15 P 6.9 051753 9"
94 | Sulukamys ©13) 17 | doess3oN
2020 2.8 28 | 127 | 0.1(0.15) P 6.93 71°21°38.7°E
1968 2.4 2.5 1.3 - P 6.8 001714 8
95 | Dosantomar 29 50001’14'8”N
2020 2.0 2.3 1.2 0.06(0.3) | 0.12 6.8 71°09°30.2”E
1968 | 1.08 | 2.7 0.6 - P 6.7 016747 £
96 | Aysakol 25 50°16°42.6"N
2020 1.2 2.7 0.6 0.02(0.4) | 0.02 6.9 71°39°02.7°E
o7 |sor 1968 | 5.15 | 3.0 2.4 (0.6) 1.3 8.7 ol 50°14°58.5"N
2020 5.7 326 | 25 0.3 (1.05) 1.7 9.3 71°19°39.0”E
1968 8.8 5.8 2.4 - P 20.5 057718 57
98 | Ostemir 127 | 49°52718.5N
2020 8.1 5.9 2.2 0.05 (0.5) 0.4 19.6 70°41°11.97E
1968 1.2 1.6 1.1 2.5 1.2 43 030757 37
99 | Korpesh 25) 67 | 3030573IN
2020 1.3 1.6 1.1 1.0 (2.5) 1.3 4.6 71°31°31.0"E
1968 | 275 | 28 1.4 1.7 (2.7 43 7.3 °09°14.6”
100 | Agashtykol 2.7 9% 30°09°14.6"N
2020 1.88 23 12 1.5(2.7) 2.82 6.0 72°01°21.97E
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Table continuation

o ) g “ =R
5o |2k g | BB | 8225 |52E| 85,00
Ne Titles 8 3 S » %DE =5 5855 |828| 2 S5 Coordinates
L@ =g k) 55 >o &8 |2oF 8%0 a2 3
s |- S5 | < ES "E| OB S5
1968 3.0 2.6 1.6 1.8 (4.5 53 6.5 °56°5] 7"
101 | Zhamankol @.5) 65 49056,51'7,’N
2020 409 | 3.08 | 1.85 1.7 (4.5) 6.9 8.55 72°01°39.3”E
1968 | 2.87 22 1.5 1222 2.8 6.5 °07°06.5”
102 | Marzhankol (22) 64 50007 ,06'5,’N
2020 | 265 | 2.1 1.4 0.9 (2.2) 24 6.1 71°53’31.47E
1968 2.9 2.8 1.5 1.5 2.0 7.0 ©97°56.2”
103 | Taldykol 15 37 20°22°56.2"N
2020 | 346 | 3.07 | 1.58 0.6 (1.0) 2.07 7.7 72°07°51.27E
1968 2.1 22 1.5 1.0 P 5.7 053219 1
104 | Taldykol (.0 5 | SSTI2IN
2020 2.5 2.4 1.52 - P 6.58 73°01°02.4°E
1968 6.2 32 2.8 2.0 (2.8 12 10.7 ©39°37.9”
105 | Toksumak 2.8 68 50039’37'9”N
2020 46 2.9 2.1 2.0 (2.8) 9.2 8.3 72°30°13.1"E
1968 | 7.15 4 2.3 2.0 (3.0 150 | 125 °048°42 9
106 | Karakol 3.0 160 | 0°487429"N
2020 | 8.49 48 | 247 2.0 (3.0 169 | 132 73°17°23.47E
1968 | 196 | 2.0 1.3 0.1 P 4.0 °49°00 2
107 | Shoptykol . 48 50042,00'2”N
2020 3.8 2.8 | 204 | 0.03(0.3) 0.1 8.2 73°20°55.67E
1968 1.0 1.6 12 0.5 P 43 096718 37
108 | Kochkarnoe ©.5) 22 50026,18'3”N
2020 1.0 1.66 12 0.03(0.5) | 0.03 4.9 72°37°12.3"E
1968 | 36.0 8.7 5.4 0.15 P 22.6 ©34°04.1”
109 |Shybyndy ©.15) 617 | S034041N
2020 30.1 8.5 5.2 0.2 (0.5) 6.0 21.2 73°40°56.4”E

Note: P (parched lake) - lakes dried up at the time of the study

Of the 109 lakes studied, 63 lakes (58%) are
non-drying and 46 lakes (42%) are ephemeral. Non-
drying lakes in the studied region retain their water
mass throughout the year, while in drying lakes, by
the end of summer, the water level sharply decreases
until the formation of medium and small puddles.
Of the drying lakes in 1968, 38 out of 46 lakes were
dry, and in 2020 only 8 lakes out of 46 lakes were
dry.

The catchment areas of lakes vary from a few
square kilometers for very small water bodies to
several thousand square kilometers for large lakes.
In the north of the region, in the Nura river basin,
there is an average of 80 km? of drainage area per 1
km? of the lake surface, and 320 km? in the Sarysu
river basin, that is, 4 times more. The catchment
area of the lake Karasor is approximately 8750 km?.

Most lakes, including large ones, have an
average depth of 1 to 1.5 m. The maximum depth of
lakes varies on average from 4.3 to 8.5 m.

For the convenience of the analysis of water
surface areas and water volumes, all studied lakes

were divided into 5 groups by area. The variation
in the depth of lakes was not considered, since
the vast majority of lakes have a similar origin,
are located on a more or less uniform relief, and
therefore the dependence of the depth and area
of most lakes have similar values. But the total
volume of water was calculated separately, which
is determined by the average depth and area of
the lake. As a result, area-volume water charts
for 2020 were compiled (Figure 3). At the same
time, a diagram for 1968 was compiled for the
same lakes, where the areas of lakes had other
indicators (Figure 4).

The first group includes 34 lakes up to 2 km?
in area, which is 32% of the total number of water
bodies. The total area of these lakes in 1968 was
53.03 km?, and in 2020 their total area has remained
almost the same - 50.1 km?. However, some of the
lakes were dry in 1968, so the total volume of water
contained in this group in 1968 was 30.12 million
m?, while in 2020 it was 36.06 million m?. That is,
the volume of water increased by 19.7%.
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Figure 3 — Water volumes in different groups of lakes for 2020
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Figure 4 — Water volumes in various groups of lakes for 1968

The second group consisted of lakes with an
area from 2 to 4 km? — 32 lakes (29.3% of all lakes).
At present, this group is experiencing a relative
increase in the share of water compared to 1968,
with an absolute increase of 11.52 million m?® - from
31.7 million m® to 43.22 million m?. The total area
of these lakes increased accordingly from 83.44 km?
in 1968 to 89.88 km? in 2020.

The 3rd group of lakes with an area from 4 to 6
km? included 15 reservoirs. In this group of lakes,
similar changes in the total area and total volume of
water occurred, namely: 74.5 km? and 54.77 million
m?-in 1968 and 75.11 km? 63.53 million m* in 2020.

38

Lakes with an area from 6 km? to 20 km? were
included in group 4 (19.2%). This group of lakes
(with a total area of 193.91 km? in 1968 and 201.39
km? in 2020) contains the largest amount of the
total volume of water: 185.5 million m® in 1968 and
199.47 million m? in 2020.

Particular attention is drawn to the lakes of the
5th group (over 20 km?in area), with the exception
of the largest lake Karasor. This is a small group
of lakes (5.5% of all water bodies), the total water
surface area of which increased from 193.26 km?
in 1968 to 206 km? in 2020. At the same time,
there was also a significant increase in the volume
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of water from 109 million m* in 1968 and 166.81
million m? in 2020. That is, with an increase in the
area of lakes by 6.5%, the volume of total water
increased by 53%.

Lake Karasor, as the largest body of water in the
Karaganda region, should be considered separately.
In 1968, the area of the lake was 155 km?. For half
a century, the area of the lake has slightly decreased
to 147 km?, the volume of water in the lake has
accordingly decreased from 160 million m* to 151
million m?. Lake Karasor is fed by the waters of 14
rivers, and the main reason for the decrease in water
content in this lake against the background of an
increase in water content in the region in general,
most likely, is the drying up of these rivers in the
summer.

Thus, in medium and larger lakes (from 4 to
20 km? in area), there is a significant increase in
both the area and volume of water: 366.38 km?
(area) and 306.22 million m? (volume) - in 2020
compared to 351.85 km? (area) and 271.97 million
m? (volume) - in 1968. This in percentage terms
is: an increase in area by 4.12% and an increase in
volume by 12.6%.

As can be seen from the diagram (Figure 3), the
increase in the volume of water in lakes with different
areas occurs unevenly. The slowest increase in water
volume occurred in lakes of the 4th group - by 7%,
and at a faster pace there was an increase in water
content in lakes of the 5th group - by 34%.

It should be noted that lakes of the 4th group are
mainly northern lakes, where a denser hydrographic
network and precipitation have always been more
abundant than in the southern regions [21].

In the 5th group, the lakes have a larger area and
greater depth, which contributes to less evaporation
of water volumes, and more precipitation has begun
to fall in these areas over the past period. At the
same time, the increase in precipitation falls on
the winter period, in one of the main seasons of
water accumulation for lakes of this type in Central
Kazakhstan [22,23].

The greatest variability from year to year has an
inflow from the surface of the watersheds. In some
high-water years, it can exceed the norm by several
times, contributing to the rapid filling of lakes.

In general, the picture of the distribution of all
water in the lakes of the Karaganda region showed
that from 1968 to 2020, the total area of all lakes
slightly increased from 753.1 km2 to 769.4 km2,
that is, by 2.1%. The total volume of water in the
lakes, respectively, in 1968 was 229 million m3, and
in 2020 it amounted to 235.6 million m3, that is, it
increased by 2.8%.

In dry years, the surface inflow can be 5-10 times
lower than the norm. However, 1968, according to
Philonets and Omarov [9], was not a dry year, and
2020, in terms of the amount of winter and summer
precipitation, does not belong to a high-water period
in the region [Pogoda and Klimat], that is, the
indicators of these years are not extreme. Therefore,
there are grounds to assert that the results obtained
by us reflect the general trend of changes in the
morphometric parameters of lakes.

An increase in the indicators of drying up of
lakes, areas and volume of water in lakes can be both
evidence of cycles in water content, and, most likely,
evidence of a change in the precipitation regime in
the region. According to the official website “Climate
and Weather” in the Karaganda region over the past
decade, due to the warming of winter, the climate
of the region has warmed significantly and there
has been an increase in annual precipitation. The
positive trend of the average annual air temperature
has reached its maximum level and has not changed
over the past 20 years. In general, over 80 years, the
average annual rainfall has increased by 145 mm.
At the same time, the amount of precipitation in the
cold months increased sharply by 105 mm compared
to the warm months, with an increase of 45 mm [24,
25,22].

Conclusion

We carried out a comparative analysis of several
morphometric indicators of medium and small lakes
in the Karaganda region from 1968 to 2020. Neither
1968 nor 2020 are periods of high water or low water.
It was assumed that over the past decades, there
have been changes in the hydrological indicators
of surface waters in the Karaganda region. The
study of the number of lakes, the total area of water,
the total volume of the water mass confirmed this
assumption.

Thus, based on the results of our work, we can
draw the following conclusions:

Compared to 1968, in 2020, the total area of
small lakes remained practically unchanged: 53.03
km? in 1968 and 50.1 km? in 2020, however, some
of the lakes were dry in 1968, so the total volume of
water group has grown by 19.7% since 1968.

In medium and larger lakes (from 4 to 20 km? in
area), there is a significant change in both the total
area and the volume of water: an increase in area by
4.12% and an increase in volume by 12.6%.

In the largest lakes of the region (more than 20
km?), with an increase in the area of lakes by 6.5%,
the volume of total water increased by 53%.
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Thus, with a general increase in the average  volume of the total water mass increased, while the
annual temperature and changes in the precipitation = dynamics of indicators depends on the specific area
regime in the region, the area of reservoirs and the  of the reservoir.
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EXPLORING THE POTENTIAL OF HUMIC SUBSTANCES
AS EFFECTIVE SORBENTS FOR REDUCING GREENHOUSE
GAS EMISSIONS

This article explores the potential of humic substances, which are naturally occurring organic
compounds found in soil, water, and coal, as a solution for reducing greenhouse gas emissions. The
study specifically examines the humic substances extracted from the Maikube brown coal basin. The
properties and mechanisms of humic substances that make them effective in mitigating greenhouse
gas emissions are discussed, with early research results on the absorption processes of potassium
humate provided. The article also reviews current research on the use of humic substances for car-
bon capture and storage and highlights the potential for scaling up this technology as a low-cost and
efficient approach to reducing greenhouse gas emissions. The concentration of CO, was measured
at the inlet and outlet of the gas in a gas chromatograph. Within 4 days, the absorption capacity
of potassium humate (50%) was 4.99 g CO,/kg. The IR spectrum of potassium humate is presented
as well. The article concludes that while humic substances have the potential to be a promising
solution for reducing greenhouse gas emissions, further research and development are required to
determine their full potential.

Key words: greenhouse gases, humic substances, absorption, CO, capture, potassium humate.

M.K. Kazankanosa*, b.T. Epmaram6eT, )X.M. Kacenosa,
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«KeMip XMMUSCbl kaHe TeXHoAorus MHCTUTYTbl» XKLLIC, KasakctaH, ActaHa K.
*e-mail: coaltech@bk.ru

MapHMKTIK ra3aap WblFapblHAbIAAPbIH a3aMTY YLUIH
TUIMAi cOpOeHTTep peTiHAe TYMMHA| 3aTTapAblH, dAeYeTiH 3epTTey

BbyA Makaaapa MapHUMKTIK raspaap WbIFAPbIHAbIAAPBIH a3alTy LWeLiMi peTiHAe TOMblIpakTa,
CyAQa XoHe KemipAe Ke3AeceTiH TabMFU OpraHMKaAbIK KOCbIABICTAp GOAbIN TabGbIAATbIH TYMUHA]
3aTTapAblH 9AeyeTi KapacTblpbliAaAbl. 3epTTey Maiiky6GeH KOHbIp Kemip 6acceiHiHeH aAblHFaH
F'YMUHAIK 3aTTapAbl apHaibl KapacTblpaabl. [TapHUKTIK ra3aap WblFapblHABIAAPbBIH a3aiTyAd TUIMAI
eTeTiH TYMUHAI 3aTTapAblH KacueTTepi MeH acep eTy MexaHM3MAEpi TaAKblAaHaAbl, COHbIMEH
KaTap KaAMi TyMaTblHbIH CiHipy MNpoLecTepiH 3epTTeyAiH aAfallKbl HOTUXKEAepi KEATIpiAreH.
Makarapa COHbIMEH KaTap KeMipTekTi ycTay >o8He cakTay YLWiH FyYMMHAI 3aTTapAbl KOAAQHY
GOWbIHILIA aFbIMAAFbl 3epTTEYAEp KapacCTbiPbIAAAbl KOHE MAPHMKTIK raspap LibiFapbiHAbIAAPbIH
A3aMTyAbIH ap3aH >KaHe TUIMAI TACIAI peTiHAE OCbl TEXHOAOTMSHbI KEHENTy aAeyeTiHe 6aca Ha3ap
ayaapbiaaabl. CO2 KOHLEHTpaumachl ras xpomatorpadblHAaFbl Fa3ablH KipiCi MeH LWbIFbICbIHAQ
OALLEHAI. 4 KYH iLIiHAE KAAMI T'YMaTbIHbIH CiHipy KabireTi (50 %) 4,99 r CO2 / kr kypaabl. Makarasa
r'YMUHAIK 3aTTap MapHMUKTIK rasaap LbiFapbiHAbIAAPbIH a3alTy YLUiH NepCcrneKkTUBaAbl LewiM 6oAa
AAaTbIHBbIMEH, OAAPAbIH TOAbIK, DAEYEeTiH aHblKTay YLiH KOCbIMLUIA 3epTTeyAep MeH a3ipAemenep
Ka>XeT AereH KOpPbITbIHAbIFA KEAEAI.

Ty#iiH ce3aep: NapHUKTIK rasaap, ryMunai 3attap, CO2 ciHipy, KaAui rymatbl.
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M3YHEHME NnoTeHuaAa ryMMHOBDBIX BeLLLeCTB KakK 3(1)CbeKTMBHbIX COpﬁeHTOB
AASA CHUIKEHUSA Bbl6p0COB NMapHUKOBbIX ra30B

B 3TOIM cTaTbe MCCAEAYETCS MOTEHLUMAA T'YMWHOBbIX BELLECTB, KOTOPbIE SBASIOTCS €CTeCTBEHHbIMM
OpraHMYeckUMK COEAMHEHMSIMM, COAEPXKALUMMUCS B MOYBE, BOAE M YrAe, B KayecTBe pelleHus
AAS COKpalleHust BbIGPOCOB MapHMKOBbIX ra3oB. B MCCAEAOBaHMM CrieLMaAbHO PACCMaTPUBAIOTCS
r'YMUHOBbIE BeLECTBa, W3BAeYeHHble M3  OypoyroAbHoro 6acceriHa Markybe. O6cy>aal0TCS
CBOMCTBA M MeXaHM3Mbl AENCTBMS T'YMUHOBBIX BeELLECTB, KOTOPble AEAAIOT MX 3(PQEKTUBHbIMK B
CHUXKEHWMM BbIOPOCOB MAapPHMKOBBIX FA30B, a TakXKe MPUBOASTCS pPaHHME pe3yAbTaTbl MCCAEAOBaHUI
npoueccoB abcopbummn rymara kKaausi. B cratbe Takke pacCMaTpuBAIOTCSl TEKYLUME UCCAEAOBAHMS
MO MCMOAb30BaHMIO NYMUHOBBIX BELLECTB AAS YAQBAMBAHUS M XPaHEHMS YrAepoAa U MoAYepKMBaETCS
MOTEHLMAA AAS PACLIMPEHUs MaCLLTaboB 3TON TEXHOAOTMU KaK HEAOPOroro 1 3(eKTUBHOIO NOAX0AQ
K COKpallleHMIo BbIGPOCOB NMapHMKOBbIX ra3oB. KoHueHTpaumio CO, M3MepsiAM Ha BXOAE U BbIXOAE
rasa B ra3oBom xpomarorpade. B TeueHune 4 cyT noraoutaiolias cnoco6HocTb rymara kaamns (50 %)
coctaBunAa 4,99 r COZ/KF. Takxe npeactaBaeH MK-cnekTp rymata Kaaus. B cTaTbe AenaeTcs BbiBOA,
0 TOM, UTO, XOT$l TYMMHOBbIE BELLECTBA MOIYT CTaTb MHOrOOOELAIoLMM PELLEHMEM AAS COKPALLLEHUS
BbIGOPOCOB MApHUKOBbLIX ra30B, AAS OMPEAEAEHMS MX MOAHOrO MoTeHLMaAa HEOOXOAMMBI AdAbHENLLIME

MCCAEAOBaAHUS M pa3paboTKu.

KAtoueBble cAOBa: MapHMKOBbIE rasbl, F'yMUHOBbIE BellecTsa, abcopbuusi, yaaaveanune CO,, rymat

KaAus.

Introduction

Global warming caused by increased
emissions of greenhouse gases such as carbon
dioxide (CO,), methane (CH,) and others has been
recognized as a serious environmental problem
for humanity. Today there is a massive production
and consumption of fossil hydrocarbons, which
leads to huge emissions of carbon dioxide into the
atmosphere. Its concentration, which is a measure
of human consumption of energy from fossil fuels,
is growing rapidly. The natural utilization of CO,
by plants and water bodies can no longer cope
with such volumes. At present, the annual increase
in CO, is 3200-3600 million tons. According to
the calculations of the Intergovernmental Panel
on Climate Change (IPCC), if CO, emissions
continue to grow at such rates, the average annual
temperature on Earth will increase by 1.5-4.5
°C by the end of the 21st century. This means
an increase in temperature of 0.3°C per decade,
which is three times the level of adaptability
of natural ecosystems. Therefore, the effective
utilization of carbon dioxide is an urgent scientific
and environmental task of the world scientific
community. This article considered the methods
by which humic substances absorb greenhouse gas
(GHG) pollutants from flue gases.

Humic acids are complex organic polymers of
uncertain structure, containing acidic carboxylic
and phenolit groups, which may be extracted from
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coal, peat, and soil [1]. Humic substances, including
humate and humic acid are types of amorphous
organic molecular compounds, most of these
extensively exist in nature. Due to its “sponge-like”
structure, humic substances produce a large surface
area (330-340 m?/g) and surface energy and have a
strong adsorption capacity. The adsorption capacity
of humic acid is not only related to its surface area
and surface energy, but also the swelling property of
humic acid to water [2].

Humic substances also are known to have a high
capacity for absorbing and binding a wide range of
organic and inorganic compounds. This is due to
their complex molecular structure, which includes
a variety of functional groups such as carboxylic,
phenolic, and hydroxyl groups. The absorption
mechanism involves both physical and chemical
processes, including adsorption, complexation,
and chelation. The adsorption process involves the
binding of molecules to the surface of the humic
substance, while complexation and chelation involve
the formation of stable complexes with metal ions
and other organic compounds. Additionally, humic
substances have been found to have a high cation
exchange capacity, which allows them to exchange
cations with pollutants, further enhancing their
absorption capacity [3]. Functional groups, such as
carboxylic and phenolic groups, present in humic
substances form strong complexes with metal ions,
and the adsorption of metal ions is influenced by the
pH of the solution [4].
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Humic substances have been found to play a
significant role in various biological and chemical
processes, including the suppression of GHG
emissions and the absorption of metal ions and
other contaminants from water and soil. In terms
of GHG emission suppression, humic substances
have been shown to act as electron acceptors in the
decomposition process in wetlands, affecting the
activity of methanogenic cultures and promoting
direct interspecies electron transfer with activated
carbon. Humic substances have also been found to
interact with microorganisms and affectthe biological
transformation of organic pollutants in water and
soil, shifting anaerobic microbial transformation
towards CO, production instead of CH, generation.
The redox properties of humic substances have been
studied using electrochemical analysis, revealing
their ability to transfer protons and electrons [5].
In terms of metal ion and contaminant absorption,
the mechanism of absorption by humic substances
is complex and involves several factors, including
the chemical properties of the humic substances, the
properties of the metal ions or contaminants being
adsorbed, and the properties of the soil or water
matrix.

Humic substances have also been found to
adsorb other contaminants, such as arsenic and
herbicides, with the absorption influenced by the
chemical properties of the humic substances and
the soil or water matrix. Further research is needed
to fully understand the multifaceted mechanism of
absorption by humic substances [4].

Humic substances are a complex organic
compound with high molecular weight ranging
from 700 to 20,000 amu, obtained from brown coal
in Kazakhstan. These substances contain various
functional groups, including positively charged
groups such as peptide (-CO -NH-), azo groups
(-N=N-), amines (-NH,, -NH -, >N-), amides
(-CO-NH,), imines (>C=NH), and negatively
charged groups such as alcohol, phenolic and
hydroxyquinone hydroxyls (-OH), aldehyde, ketone
and quinone carbonyls (>C=0), carboxyls (-COOH),
methoxyls (-O-CH,), and others. Therefore, humic
substances are polyfunctional polyelectrolytes,
specifically polyampholytes, allowing them to
participate in various reactions such as carboxylation,
polycondensation, copolymerization, nitration,
amination, sulfonation, and complex formation.
The interaction between humic acids and carbon
dioxide, as well as hydrogen sulfide, follows several
pathways due to the presence of potassium humate,
amine, carboxyl, and hydroxyl groups.

Materials and Methods

The study was conducted at the Institute of
Coal Chemistry and Technology LLP, Astana,
Kazakhstan.

We utilized various wet laboratory research
methods in our investigation. The first method is
thermogravimetric analysis, which allows us to
determine the technical characteristics of coals such
as moisture content, volatile substances, and ash, as
per the ISO techniques ISO 589-81, ISO 562:1998,
ISO 5071-1:1997, and ISO 1171:1997 [6-9]. This
analysis was performed using an Eltra Thermostep
thermogravimetric analyzer, as outlined in ASTM
D7582-12. Another method we used is for
determining humic acids, following the ISO 5073
[10] technique. We used a method for determining
both the total yield of humic acids and free humic
acids, involving processing an analytical fuel sample
with an alkaline solution of sodium pyrophosphate,
extraction with a solution of sodium hydroxide,
and precipitation of humic acids with an excess of
mineral acid. We will then determine the mass of the
precipitate obtained.

We also employed methods for the determination
of fulvic acids, involving determining the amount of
carbon of fulvic acids by calculating the difference
between the total carbon content in the extract and
its content in humic acids. We will express this as a
percentage of the mass of the soil and as a percentage
of the total carbon content in the original soil.

In addition, we used gravimetric and titrimetric
analysis methods for precipitation, isolation,
stripping, and determining the mass of dried humic
acids, mass of ash residue of humic acids, ash content
in solution and ash content in dry humic preparation
brought to air dry state (%), and alkali concentration
in liquid humic acids (g/dm?).

IR analysis of potassium humate (HA-K)
was performed at “Nazarbayev University Core
Facilities” laboratories using Nicolet iS10 FT-IR
spectrometer.

Coal samples were taken from the Maikube
brown coal basin, the Shoptykol deposit. The
Maikube section has a design capacity of 20 million
tons/year [11]. The coals of the basin are humus,
brown, with a high degree of carbonification (B3),
and medium ash (25-28%). Refractory ash with a
high content of Al,O, (up to 30%), low-sulfur coals
(0.5-1.0%) and multiphosphorous coals (0.1%). The
heat of combustion per combustible mass is 29.3-
31.4 kJ/kg. The total coal reserves of the basin are
estimated at 5.3 billion tons, including 1.8 billion
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tons suitable for open-pit mining at stripping up to
10 m¥/t [12].

Oxidized brown coal of the Maikube deposit,
pre-crushed to a size of less than 0.5 mm and having
the following characteristics (wt.%) was used as a
feedstock for humate production: Ad 66.09; W r
5.73; V.d 17.78; Std 0.71; Ctd 21.01; Htd 1.68; Ntd
2.09; Na 0.61; A10.89; K 0.58; Ca 0.31; Ti 0.22; Fe
1.11; Zr 0.08.

The size of coal particles was: 2.95 microns
(10%), 63.8 microns (50%), and 452 microns
(90%). The X-ray phase composition of the sample
contains  halloysite  (ALSi,O,(OH),), silicon
oxide (Si0,), and albite Na (AlSi,O,). The yield
of HS from brown coal was 56%. Further, the

physicochemical properties of the obtained fraction
were studied.

The dissolution of CO, in the HA-K" solution is
as follows: first, CO, diffuses from the gas phase at
the gas-liquid interface, where solubility equilibrium
is established. CO, hydrate forms H*, HCO,™ and
CO./* by ionization that diffuses into the liquid
phase. HA-K™ in the liquid phase mainly ionizes
carboxylic (COQ") acid groups and is transferred to
the gas-liquid interface. H+ diffused into the liquid
phase interacts with COO™. As a result, HA-K* is
converted to humic acid precipitation. In addition,
K" and CO/- react to form potassium carbonate
(K,CO,). Corresponding reactions are given in
equations 1, 2, 3 [13].

HA—K++C02+H20=HA+HCO3_+K+ (1)

HCO, =H"+ Cog-

2- =
COY~ + K+ =K,CO,

HA-K" solution is a pH buffer because it is a
salt of a strong base and a weak acid. Therefore, it
is necessary to consider the ionization equilibrium
and the hydrolytic equilibrium in the solution.
With the increase in the number of cycles, the
concentration of K* ions increases. An increase in
the concentration of K" ions can interfere with the
ionization of K" and reduce the amount of HA-K",
which reduces the hydrolysis of K'. Therefore, the
concentration of H" ions increases and the initial
pH decreases [14].

The plant for saturating liquids with carbon
dioxide consists of several sections. Carbon dioxide
was released from a special cylinder, and the gas
flow was monitored using a rotameter. The amount
of primary gas was constant 15 %. An aqueous
solution of potassium salt of humic acids was poured
into the absorption column. Then the solution was
saturated with CO, gas.

The CO, absorption process was carried out
at constant temperature (23°C). The concentration
of CO, was measured at the inlet and outlet of the
gas in a gas chromatograph “CrystalLux”. The
experiment was carried out until the concentration
of carbon dioxide reached the initial concentration
and became saturated.
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Results and Discussion

The IR spectrum of potassium humate (HA-K)
in nujol is depicted in Fig. 1. The adsorption bands
of HA-K were observed at the wave numbers
of 3500-3000 cm!' (-OH stretching phenols,
carboxylic acids and water, as well as -NH stretch
of amines and carboxamides), 2919 cm-1 (refers
to the asymmetric and symmetrical features of
the methylene (-CH,-) group, which is typical for
aliphatic and undeformed cyclic hydrocarbons,
but is also masked and may be the corresponding
N-H/O-H signal), 2880 cm-1 and 2823 cm-1
(both correspond to aliphatic C-H stretching),
1560 cm! (could be referred to asymmetrical
vibration of carboxylate -COO- ion; a shoulder of
this band towards higher wavenumbers could be
related to double bond stretching, e.g.-C=C-, and
—C=N-), 1425 c¢cm-1 and 1370 cm™ (correspond
to a combination of O-H bending, CH, and CH,
deformation, alkene C-H bending, carboxamide
C-N stretching and symmetric —CO,- stretching
vibrations of carboxylate ion), 1200 cm™ (C-O
stretching), 1033 cm™!, 1007 cm™! (C-O stretching
vibrations in polysaccharides or polysaccharide-
like substances), 914 cm™' and 882 cm™ (C-N/C-C
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stretching vibrations), 756 cm™' (out-of-plane
bending vibrations of aromatic C-H), 541 cm™!, 468
cm!and 440 cm™! (out-of-plane bending vibrations
of aromatic -(CH,)n- groups), which were ascribed
to humate and humic species.

CO,+ [HumK+ KOH] — — — HumK+ KHCO ,+ H,0

CO ,+ [HumK + KOH] — — — HumK+ K ,CO ,+ H,O

100-
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Other investigations have been conducted to
explore the potential absorption capabilities of
humic substances.

The mechanism of carbon dioxide absorption
with potassium humate (HK) solution is as follows:

“)
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Figure 1 — IR spectrum of potassium humate (HA-K)

Carbon dioxide is converted into potassium
bicarbonate or potassium carbonate.

As a result of the experiment, the sorption
capacity of the humic absorbent was calculated
according to the following formula (6):

_pV 1
A =—-44,01- — (6)

Co, RT m

Table 1 — Absorption capacities of humic absorbent

Here, A_,, is the amount of absorbed CO,
(gCO,/kg), P-atmospheric pressure, Pa, V- volume
of CO, released, dm3, R — gas constant, 8314 J/
mol, T-temperature, K, 44.01-CO, molar mass, g/
mol; m -sample mass, kg. The calculation results are
given in Table 1.

. . Amount of Integral
[ _ ]
At, min Time of test | V 0131t gaz | CO, % vol.| CO, 113) CO, absorbed CO., | calculation (total Absporbed | g CO, kg of
(min) dm’/min outlet out, % vol 5 2 3 g CO the solution
dm CO,), dm 2
1 day
10,000 10 0,41 1,51 28,49 0,117 1,166 2,06 0,092
10,000 20 0,41 1,93 28,07 0,116 2,323 4,11 0,182
10,000 30 0,41 2,16 27,84 0,115 3,479 6,15 0,273
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Table continuation

s |Tmestist| Yowgar | €O ol | €O, CO. o bl o, | cluion | AFresd £ O b
g dm® C0,), dm’ 2
10,000 40 0,41 1,97 28,03 0,116 4,646 8,21 0,365
10,000 50 0,41 1,43 28,57 0,117 5,820 10,29 0,457
10,000 60 0,41 1,5 28,5 0,117 6,993 12,36 0,549
10,000 70 0,41 1,47 28,53 0,117 8,166 14,43 0,642
10,000 80 0,41 1,49 28,51 0,117 9,310 16,46 0,731
10,000 90 0,42 3,46 26,54 0,111 9,310 16,46 0,731
2 day
10,000 10 0,41 1,02 28,98 0,119 1,172 2,07 0,092
10,000 20 0,41 1,99 28,01 0,116 2,336 4,13 0,184
10,000 30 0,41 1,61 28,39 0,117 3,509 6,20 0,276
10,000 40 0,41 1,4 28,6 0,118 4,680 8,27 0,368
10,000 50 0,41 1,7 28,3 0,117 5,848 10,34 0,459
10,000 60 0,41 1,66 28,34 0,117 7,004 12,38 0,550
10,000 70 0,42 2,45 27,55 0,114 8,150 14,41 0,640
10,000 80 0,42 2,38 27,62 0,115 9,294 16,43 0,730
10,000 90 0,42 2,52 27,48 0,114 10,440 18,45 0,820
10,000 100 0,41 2,29 27,71 0,115 11,586 20,48 0,910
10,000 110 0,42 2,51 27,49 0,114 12,733 22,51 1,000
10,000 120 0,41 2,25 27,75 0,115 13,887 24,55 1,091
10,000 130 0,41 2,05 27,95 0,116 15,044 26,59 1,182
10,000 140 0,41 2 28 0,116 16,202 28,64 1,273
10,000 150 0,41 1,97 28,03 0,116 17,356 30,68 1,363
10,000 160 0,42 2,35 27,65 0,115 18,503 32,71 1,454
10,000 170 0,42 2,38 27,62 0,115 19,649 34,73 1,544
10,000 180 0,42 2,41 27,59 0,115 20,793 36,75 1,634
10,000 190 0,42 2,52 27,48 0,114 20,793 36,75 1,634
3 day
10,000 10 0,41 1,18 28,82 0,118 1,176 2,08 0,092
10,000 20 0,41 1,61 28,39 0,117 2,336 4,13 0,184
10,000 30 0,41 2,22 27,78 0,115 3,482 6,16 0,274
10,000 40 0,42 2,58 27,42 0,114 4,618 8,16 0,363
10,000 50 0,42 2,92 27,08 0,113 5,751 10,16 0,452
10,000 60 0,42 2,79 27,21 0,113 6,887 12,17 0,541
10,000 70 0,42 2,65 27,35 0,114 7,956 14,06 0,625
10,000 80 0,44 7,08 22,92 0,100 8,933 15,79 0,702
10,000 90 0,44 8,48 21,52 0,095 9,910 17,52 0,779
10,000 100 0,44 7,04 22,96 0,100 10,900 19,27 0,856
10,000 110 0,44 7,68 22,32 0,098 11,891 21,02 0,934
10,000 120 0,44 7,04 22,96 0,100 12,838 22,69 1,009
10,000 130 0,45 10,2 19,8 0,089 13,718 24,25 1,078
10,000 140 0,46 10,96 19,04 0,087 14,612 25,83 1,148
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Table continuation

i |Tmestist| Yowgas | €O ol | €O, inCO. |y i o, | caiion o] At £ b o
m CO,), dm 2
10,000 ‘ 150 0,45 9,44 20,56 0,092 15,492 27,38 1,217
10,000 160 0,46 11,69 18,31 0,084 16,337 28,88 1,283
10,000 ‘ 170 0,46 11,41 18,59 0,085 17,140 30,30 1,347
10,000 180 0,47 13,95 16,05 0,076 17,158 30,33 1,348
10,000 190 0,46 12,38 17,62 0,082 17,177 30,36 1,349
10,000 200 0,46 11,29 18,71 0,085 17,196 30,40 1,351
10,000 210 0,46 12,49 17,51 0,081 17,215 30,43 1,352
10,000 220 0,46 12,62 17,38 0,081 17,234 30,46 1,354
10,000 230 0,47 13,91 16,09 0,076 17,234 30,46 1,354
4 day
10,000 10 0,42 2,85 27,15 0,113 1,130 2,00 0,089
10,000 20 0,42 3,02 26,98 0,113 2,253 3,98 0,177
10,000 30 0,42 3,31 26,69 0,112 3,370 5,96 0,265
10,000 40 0,42 3,46 26,54 0,111 4,362 7,71 0,343
10,000 50 0,45 10,86 19,14 0,087 5,225 9,24 0,410
10,000 60 0,46 11,25 18,75 0,086 6,045 10,69 0,475
10,000 70 0,47 13,21 16,79 0,078 6,786 11,99 0,533
10,000 80 0,48 15,46 14,54 0,070 7,533 13,31 0,592
10,000 90 0,47 12,89 17,11 0,080 8,350 14,76 0,656
10,000 100 0,46 11,72 18,28 0,084 9,163 16,20 0,720
10,000 110 0,47 13,17 16,83 0,079 9,934 17,56 0,780
10,000 120 0,47 13,94 16,06 0,076 10,707 18,93 0,841
10,000 130 0,47 13,06 16,94 0,079 11,471 20,28 0,901
10,000 140 0,47 14,37 15,63 0,074 12,212 21,59 0,959
10,000 150 0,47 14,32 15,68 0,074 12,938 22,87 1,016
10,000 160 0,48 15,15 14,85 0,071 13,647 24,12 1,072
10,000 170 0,48 15,14 14,86 0,071 14,340 25,35 1,127
10,000 180 0,48 15,98 14,02 0,068 14,340 25,35 1,127

As can be seen from table 1, within 4 days, the
absorption capacity of potassium humate (50%) was
4.99 g CO /kg.

Unfortunately, obtained absorption capacities are
much lower than for benchmark 30% MEA. The MEA
solution reached maximum saturation after 187 and
154 minutes at 25°C and 40°C respectively. Despite
the significantly lower absorption capacity compared
to MEA, the use of humic salts for CO, capture can be
justified. Namely, the advantage is that the solution of
humic salts after absorption can be used as a fertilizer.

In addition, it is harmless and non-toxic. Therefore, it
can probably be considered a green solvent.

Further research is needed to determine the
effect of temperature and to learn more about the
chemistry between humic salts and CO,.

After absorption of carbon dioxide with humate
potassium salt, methods of back titration with
acetate Ca are used for determination of carboxyl
groups, and method of titration with Ba(OH), for
determination of total acidity. The result of the study
is presented in Table 2.
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Figure 4 — Absorbed (g CO,/kg) CO, in potassium humate over time

Table 2 — Results of functional groups research

Name Total acidity, mmol/g Phenol groups, mmol/g Carboxyl groups, mmol/g
HA-K" before sorption 6,60 5,029 1,517
HA-K" after sorption 10,17 6,688 3,482
Sediment 12,85 8,654 4,196

Based on the results, it can be observed that the
content of carboxyl groups increased by 2.3 times,
phenolic groups by 1.3 times, and total acidity by
1.5 times, compared to the original solution.

Conclusion

In conclusion, the sorption capacity of CO,
absorption with 50% potassium humate solution
was equal to 4,99 g CO, /kg at room temperature
(230C). The considered method has the following
advantages: it avoids the regeneration of the
absorbent, reduces capital costs, the absorbent-
organic substrate is saturated with carbon dioxide,
when it is used, it accelerates the growth process
of plants, the used absorbent is a polymeric
substance capable of forming complex compounds
with many metals, sulfur, and greenhouse gases,
the obtained product is used as an organic

polymicrocomponent fertilizer saturated with CO,,.
That is, the advantage of using humic salts is that
the solution after absorption of CO, can be widely
used in agriculture as an organo-mineral fertilizer
saturated with K,CO,.

Overall, humic substances have unique physical
and chemical characteristics that make them a
promising candidate for developing effective CO,
capture methods.
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INVESTIGATING THE EFFECT OF MEDIUM AEROSOL AREAS
ON THE HYDROLOGCAL SYSTEM IN THE FOREST COVER
OF EASTERN ZANGEZUR WITH MODERN METHODS
(IN THE EXAMPLE OF LACIN, GUBADLI AND ZANGILAN REGIONS)

The effects of medium aerosol areas on the hydrological system in the forest cover of Eastern Zan-
gezur were investigated using modern methods. The hydrological network schemes of the research area
in 2000 and 2020 were drawn up, and the lengths of the river network were determined according to
the grid code (degrees). The graph of the river network length change (in km) by classes (grid code) in
the study area in 2000 and 2020, and the length of the river network by classes (grid code) in the growth
of average aerosol areas is reflected. According to the compiled histogram, when comparing the years
2000 and 2020, the growth of the 1st, 6th, 8th, and 9th grade river networks decreased, but the total
length increased by 213.18 km. The average aerosol total length increases when the area increases and
decreases when it decreases, indicating that an increase in aerosol area is required for an increase in the
river network.

Key words: ArcGlS, aerosol, landsat, hydrological network, Hakari river.
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LUblFbic 38Hre3ypAiH, OpMaH >KaMbIAFbICbIHbIH, TMAPOAOTUSIABIK, XYieciHe
OpTallia a3P030AbAi aiMaKTapAbIH, 9CepiH 3aMaHayHu dAiCTepMeH 3epTrey
(AaumH, 'y6aaAbl XoHe 39HriAaH 006AbICTapPbI)

LLbiFbIC 38Hre3ypAiH OpMaH >KaMbIAFbICBIHAAFbI TMAPOAOTMSABIK, KyHere opTalla aspO30AbA|
aMaKTapAblH, acepi 3amaHayn ©AiICTEepMeH 3epTTeAai. 3epTTey armarbiHbiH 2000 >xeHe 2020
SKbIAAAPAAFbI TMAPOAOTUSIABIK, TOPANTaPbiHbIH CXEMaAapbl XACAAbIM, >KEAIAIK KoA (rpasyc) GombiHLLA
©3€H XKEAICIHIH, Y3bIHAbIKTapbl aHbIKTaAAbl. 3epTTeAeTiH ayMakTa 2000 sxoHe 2020 XblapapAaFbl ©3eH
SKEAICIHIH Y3bIHABIFbIHbIH (KM-MEH) KAaccTap (Top KoAbl) GOMbIHWA e3repy rpaduri xaHe opTalla
a3PO30AbAbIK ayAAHAAPAbIH, ©CYiHAEr ©3eH >KEeAiCiHiH KAacTap GOMbIHLIA Y3bIHAbIFbI (TOP KOAbI)
kepceTiAreH. KypacTbipbiAFaH ructorpamma oribiHiia 2000 sxeHe 2020 >KbIAAAPAbI CAAbICTbIPFaH Ke3Ae
1, 6, 8, 9 pa3psgATbl ©3€H >XeAiAepiHiH 6CIMi TOMeHAEreHIMeH, XaAnbl Y3biHAbIFbI 213,18 wakblpbiMFa
apTkaH. OpTalla a3po30AbAiH, XaAMbl Y3bIHAbIFbl ayAaH YAFalFaH KE3Ae apTaAbl XXKoHe a3alFaH Ke3ae
asasiabl, OYA ©3€H >KeAICIH YAFaTY YiLiH a3P030Ab ayAaHbIHbIH YAFAIObl KAXKET eKEHiH KOpCEeTeA|.

Tyiiin ce3aep: ArcGlS, aapo3oab, landsat, rMAPOAOTMSIABIK >KeAi, Xakapu e3eHi.

B.M. Mameaanamesa', I.C. Xainpap3aase?”
"HaumoHaAbHOE a3pOKOCMMYECKoe areHTCTBO, AzepbaiiaxaH, r. baky
2BbaKMHCKMI FOCYAAPCTBEHHDIN YHMBEPCUTET, A3epbanaxaH, r. baky
e-mail: heydarzadehg@gmail.com
UccaepoBaHue BAMSIHUS CPEAHUX a3PO30AbHBIX MAOLLLAAEM HAa TMAPOAOTMYECKYIH0 CUCTEMY
B A€CHOM NnoOKpoBe BocTto4Horo 3aHre3ypa COBpE€MEHHbIMU MEeTOAAMU
(Ha npumepe AauuHckoro, N'y6aAAMHCKOro M 3aHreAaHCKOro paioHOB)

C MCNOAb30BaHMEM COBPEMEHHbIX METOAOB WMCCAEAOBAHO BAWMSIHUME CPEAHMX a3PO30AbHbIX
MAOLLIAAEN HA TMAPOAOTMYECKYI0 CUMCTEMY AeCHOro rnokpoBa BoctouHoro 3aHresypa. CocTaBAeHbl
CXeMbl TMAPOAOTMYECKON CeTU paroHa nccaepaoBaHmin Ha 2000 n 2020 roabl, onpeAeAeHbl AAVHBI
peyHor ceTu Mo ceteBoMy KoAy (rpaaycam). OTpaxkeH rpaduk M3MEHEHUS AAMHbI pedyHolr ceTu (B
KM) MO KAAccaMm (KOoA CeTKM) Ha uccaeayemont tepputopumn B 2000 1 2020 rr., a Tak>)Ke AAMHbI peyHom
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CeTn Mo KAaccam (Koa CETKM) MpU poCTe CPEeAHMX a3pO30AbHbIX MAolaser. CoranacHO COCTABAEHHOM
rucrorpamme, npu cpaBHeHmnn 2000 1 2020 roA0B NpUpPOCT peydHbix ceTel 1, 6, 8 1 9 KAaCCOB CHU3MACY,
HO 00Las AAMHA yBeAnuMAach Ha 213,18 km. CpeaHss o6Lasi AAMHA aspO30As YBEAMUMBAETCS MNPy
YBEAMUYEHUMN MAOLLAAM WU YMEHBLUAETCS MPU €€ YMEHbLUEHNN, YTO CBUAETEAbCTBYET O TOM, UTO AAS
YBEAMYEHUS PEYHOM CETU HEOOXOAMMO YBEAUUEHME MAOLLAAM a3PO30AS.

KaoueBbie caroBa: ArcGlS, aspo3oab, landsat, ruapoaormyeckas cetb, peka Xakapu.

Introduction

Rivers are fed by both surface and underground
water. Generally, there are four types of food sour-
ces: rain, snow, glaciers, and groundwater. The first
refers to the surface water.

One of the main factors of river nutrition is cli-
matic conditions, and the famous meteorologist A.I.
Voeykov stated that rivers are a product of climate
[7,8].

The dominance of this and other food sources
in different river basins depends on the local con-
ditions. It is sometimes impossible to determine the
type of food that is superior to basins. In this case,
the concept of mixed nutrition was used. [14,15,16]

In addition to climate, vegetation, soil, relief,
and anthropogenic factors also have a significant
influence on the formation of flow in rivers. The role
of groundwater in nutrition can be determined based
on the geological structure of river basins. Rainfall
feeding is mainly caused by showers and prolonged
rains [20,21]. Heavy rain lasts for a short time, du-
ring which the water content of the rivers increases
sharply, and after the rain, it gradually decreases.
Long-lasting rain covers a large area and feeds the
river for a long time. The rivers of the equatorial
and climatic zones in the Lankaran natural region
are mainly fed by rainwater. [9,10,11]

The snow accumulated during winter begins to
melt in spring, and the meltwater feeds the rivers.
Nutrition from snow water depends on the water re-
sources in the snow and weather conditions during
the melting period. More than 50% of the lowland
river flow in Eastern Europe is snow water. Glacier
water feeding is typical for rivers in high mountain
regions. The water content in rivers fed by glacier
water increases in summer (Amu Darya, Syr Darya).
When snow melts and after rain, part of the water
seeps into the soil-rock layer and increases the un-
derground water supply. He then fed the river regu-
larly throughout the year. [17,18,19] From south to
north, the role of groundwater in feeding rivers has
increased. In areas where permanent frost is com-
mon, the groundwater recharge is very low. Groun-
dwater accounts for 30% of the annual flow of the
Volga River. In general, 2-3 sources of nutrients are

involved in feeding rivers with water. This mixed
diet is typical for most rivers. [12,13].

Materials and method

The research area was the Hekari River
and its tributaries. The river flows through the
Lachin, Gubadli, and Zangilan regions. A group of
hydrological tools was used to construct the river
network of the study area. In the ArcGIS program,
these tools are used in the modeling of surface
water flow with a group of pu.[1]. Landsat-5 2000
and Landsat-8 2020 images were obtained for
the regions indicated in the study to perform the
processing. Landform information can be used in
various industries such as rural and forestry regional
planning, agriculture, and forestry. The main goal
in these fields is to know the principles of water
movement on the surface, as well as the effect of
changes in flow in a certain area.[2]

To carry out the survey, it was first necessary to
obtain digital elevation model (DEM) files. For this,
the following images of the ASTER satellite of the
year 2000 were obtained on one of the sites of the
US Geological Survey — Earth Explorer:[3]

ASTGTMVO003 N38E046; ASTGTMV003
N39E045; ASTGTMV003 N39E046.

In addition, the 2020 image of the ASTER
satellite was obtained from an online resource using
Global Mapper software.

The ASTER satellite images of the 2000s were
assembled by combining three images into one
image state as a mosaic using the ENVI software.

Thus, the lengths of the river network according
to gridcode (degrees) are shown in figure 2.

Let us create a table based on the results shown
in Figure 2, and the results are shown in Table 1.

Based on the results shown in Table 1, we can
say that there was an increase in the 8th degree of
the river network, and a decrease in other degrees,
while the overall river network was shortened [4-5].

Based on the results in Table 1, we created a
graph, as shown in Figure 3.

In Figure 4, the increase in average aerosol areas
in 2000 and 2020 is represented by the length of the
river network by class (grid code).
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Figure 1 — Schemes of the hydrological network of the study area in 2000 and 2020
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Figure 2 — Lengths of the study area over the years 2000 and 2020 (in km)
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Table 1
Longitudes by years Dynamics
Gridcode (degrees
(degrees) 2000 2020 (2000-2020)
1st degree 59845 65984 6139?
2nd degree 18750 15130 3620?
3rd degree 7041 5468 15732
4th grade 3424 2800 624?
5th grade 1655 1391 264?
6th grade 778 687 91?
7th grade 358 291 67?
8th grade 173 186 13?
9th grade 116 72 44?
10th grade 35 18 17?
General 92175 92027 1482
70000
60000 h
50000 —Illar iizra
uzunluglar
40000 \ 2000-ci
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Figure 3 — The graph of the change of river network length (in km) by classes (gridcode) in the study area in 2000 and 2020
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Figure 4 — Hydrological condition of the study area in 2000 and 2020
(at the time of increase of average aerosol areas)

Let us reflect on the indicators shown in Figure
4 in Table 2.

Based on the histogram shown in Figure 5, we
can say that comparing the years 2000 and 2020,
the growth of the 1st, 6th, 8th, and 9th grade river
networks has occurred, while others have decreased,
but the total length is 213.18 km has increased.

Now let’s examine the impact of the reduction
of average aerosol areas on the hydrological situati-

on.[6] In Figure 6, the lengths (in km) reflecting the
hydrological situation of the years 2000 and 2020
are shown in the reduction in the average aerosol
areas.

We reflect the indicators shown in Table 2 as a
histogram in Figure 5.

Table 3 lists the indicators shown in Figure 6.

So Let create a histogram based on the indicators
mentioned in Table 3 and show them in Figure 7.

Table 2
For different years
Class (grid code) Dynamics
2000 2020

1 5419.09 6029.26 610.17?
2 1477.84 1181.55 296.29?
3 490.63 409.95 80.68?
4 220.26 204.01 16,25?
5 91.24 83,82 7.42?
6 37.72 41.81 4.09?
7 15.47 14.63 0.84?
8 6.08 7.49 1.41?
9 9.05 10.46 1.41?
10 6.05 3.63 2.42?

General 7773.43 7986.61 213.18?
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Figure 5 — Histogram showing the hydrological condition of the study area in 2000 and 2020
(in the increase of average aerosol areas) length in km
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Figure 6 — Hydrological condition of the study area in 2000 and 2020
(when average aerosol areas decrease)

Table 3

For different years

Class (grid code) Dynamics

2000 2020
6093.26 6618.84 525.58?
1895.93 1597.03 298.9?
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Table continuation

For different years
2000 2020
629.67

Class (grid code) Dynamics

168.92?

372.32 304.25 68.07?
172.98 151.87 21.11?
105.73 90.79 14.94?
53.04 50.2 2.84?
19.99 20,81 0.82?
8.45 5.72 2.73?
7.31 2.03 5.28?
General 9572.6 9471.21 101.39?
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Figure 7 — Histogram showing the hydrological condition of the study area in 2000 and 2020
(in decreasing average aerosol areas) length in km

In the histogram shown in Figure 7, there was  Table 4
an increase in classes 1 and 8 in 2020, a decrease in

other classes, but a decrease in the length of the total Class (grid code) Growth Decrease
river network was observed[7]. 1 610.17? 525.58?
Based on the results mentioned in Table 4, we 2 296.29? 298.9?
can say that the total length increases when the 3 80.68? 168.92?
average aerosol area increases, and decreases when 4 16,257 68.07?
it decreases, and these results show that the increase S 7427 21112
of aerosol areas is required for the increase of the b 4.09? 14.947
river network. Based on the results mentioned in / iy Zo
Table 4, we can say that the total length increases g i:}; g%z
when the average aerosol area 'inc‘reases and def:re- 0 2‘42; 5'28‘.?
ases when it decreases, which indicates that an inc- . SRR Ty

rease in aerosol areas is required for the increase in
the river network.
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Conclusion

Based on our results, we can say that there was
an increase in the 8th degree of the river network
and a decrease in other degrees, while the overall
river network was shortened.

When we compare the hydrological condition in
2000 and 2020, length in km (during the increase of

average aerosol areas) and those years, the increase
of the 1st, 6th, 8th and 9th degree river network has
occurred, while others have decreased. the total len-
gth increased by 213.18 km.

The total length increases when the average ae-
rosol area increases and decreases when it decreases,
indicating that an increase in aerosol area is required
for the increase in the river network.
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ASSESSMENT OF THE DEGREE OF SOIL CONTAMINATION
OF THE COASTAL ZONE OF THE CASPIAN SEA IN THE AREA
OF AKTAU SUBURB

The article presents an assessment of the degree of soil contamination of the coastal zone of the
Caspian Sea in the suburbs of Aktau. It examines the content of heavy metals at research sites in 2021
compared to 2018. The studies were conducted in the period from April 18 to April 25, 2021. Samples
were taken according to a well-known method in soil science, at a depth of 0-20 cm by the envelope
method using a sampler. The determination of humus in soil samples was carried out using the Nikitin
method with a colorimetric ending by Orlov-Grindel. Mobile forms of heavy metals were determined
at research sites using an atomic absorption spectrometer (MGA-915). According to the results of the
research, it was revealed that the soils of the surveyed territory differed in the alkaline reaction of solu-
tions, the content of organic matter at a low level and low resistance to anthropogenic influences. The
content of heavy metals such as cadmium, arsenic and nickel decreased in 2021. It was found that the
values of cadmium in all samples have the same values, and the values of arsenic are reduced. During
the comparison, it was found that these results have not changed much, and the decrease in the content
of heavy metals in the soil indicates a decrease in the anthropogenic load on the environment, due to
the suspension of activities in all areas during the pandemic.

Key words: monitoring, soil, pollution, heavy metals, Caspian Sea, coastal zone, soil analysis.
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®. Hypbaesa', M. AbanbatTaesa?, XX. AATbibaeBa’
«LLl. EceHOB aTbiHAAFbI Kacnui TexHOAOrMsIAQp >KeHe MHXUHUPUHT YHuBepcuTeTi» KEAK, KasakctaH, AKTay K.
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AKTay MaHpl ayAaHbiHAA Kacnuii TeHi3iHiH,
)KaraAay anMmarbl TOMbIPaFbiHbIH, AACTaHY AQPEXeCiH Gararay

Makanapa AKTay KaAacblHbIH MaHblHAAFbl Kacnmil TeHi3iHiH >kaFaAay ariMarbl TOMbIPaFblHbIH,
AaCTaHy A@pexeciH 0araray ycbiHbiAFaH. OA 2021 >KbiAFbl 3epTTEY aAaHAAPbIHAAFbI  ayblp
MeTaAAAPAbIH, KypambiH 2018 >KbIAMEH CaAbICTbIpFaHAQ KApacTbipaAbl. 3epTTeyAep 2021 XbIAAbIH 18-
25 cayipi apaabifbiHAA XXYPri3iaai. CbiHamaAap TonblpakTaHyAarbl GeAriAi aaicTeme 6oiibiHIwa, 0-20 cm
TEepPEHAIKTE CbiHamMa aAy apKblAbl KOHBEPT SAICIMEH aAblIHAbI. KOAOPUMETPUSABIK asKTaAybl 6ap HUKUTUH
9AiCi GOMbIHLLA TOMbIPAK, YAFIAEPIHAETT M'yMYCTbIH, aHbIKTamacbl OpAOB-I prHAEAbL GOMbIHLLIA >KACaAADI.
AToM-abcopbumsabik, cnekTpomeTpai (MTA-915) naaasaHa OTbIpbin, 3epTTey araHaapbiHaa (OKK)
ayblp METAAAAPAbIH >KbIAXbIMAAbI HbICAaHAAPbI aHbIKTaAAbl. 3epTTey HoTUXKeAepi OOMbIHLLA 3ePTTEATEH
ayMakTblH TOMbIpaKTapbl €PiTIHAIAEPAIH, CIATIAI peakumscbiMeH, OpraHuKaAblK, 3aTTapAblH TOMEH
AEHreriMeH >KoHEe aHTPOMOreHAIK 8CepAepre Te3IMAIAINHIH TOMEHAITIMEH epeKLLIEeAeHETiHI aHbIKTaAAbI.
KaaMuii, MbIlWbsIK )XOHE HUKEAb CUAKTbI ayblp MeTAAAAPAbIH MeAwepi 2021 >KblAbl a3ariabl. bapAblk,
YATiAEpAEri KaAMUIA MBHAEDI BIPAE MBHAEPrE Me KOHE MbILLbSIK MOHAEPI TOMEHAETEHI aHbIKTAAADI.
CanbICTbipy 6apbiCbiHAQ GYA HOTUXKEAED epeKlle ©3repMereHi aHblKTaAAbl, aA TOMbIpaKTarbl ayblp
METaAAAPAbIH a3aiobl NAHAEMMS Ke3iHAe 6APAbIK, CaAaAapAAFbl KbI3METTIH TOKTaTbIAYbIHA 6ANAAHBICTbI
KOpLLAFaH opTaFa aHTPOMOreHAIK XXYKTEMEHIH TOMEHAETEHIH KepCceTeA|.

Ty¥iiH ce3Aep: MOHUTOPUMHT, TOMbIPAK, AACTaHy, ayblp MeTaaaap, Kacnuii TeHisi, xxarasay anmarbl,
TOMbIPaKTbl TAAAQY.
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OueHKa cTerneHu 3arpsi3HeHHOCTH MO4Bbl NPUOPEXKHONI 30HDI
Kacnuitckoro mops B paiioHe npuropoasa Akray

B craTbe npeacTaBAeHa OLeHKa CTeMNeH 3arpsa3HEeHHOCTH NOYUBbI MPUBPEXXHO 30HbI Kacnmickoro
Mops B MpuUropoae ropoaAa Aktay. B Hel paccMatpuBaloTCs COAEpPXKaHME TSXKEAbIX METAaAAOB Ha
MCCAEAOBATEAbCKMX MAOLLaAKax 2021 roaa no cpaeHeHuio ¢ 2018r. MccaepoBaHust ObIAM NMPOBEAEHDI
B nepuoa ¢ 18 no 25 anpeas 2021 r. INpobbl 0OTOMPAAUCH MO M3BECTHOM METOAMKE B MOYBOBEAEHMM,
Ha rAy6uHe 0-20 cM METOAOM KOHBepTa npu nomoluy npo6ooTt6opHuka. o metoay HukmtuHa c
KOAOPUMETPUYECKMM OKOHYaHWem Mo OpAoBY-TpUHAEAID ObIAO BbIMOAHEHO OMpeAeAeHue rymyca
B MOuYBeHHbIX obpasuax. Ha wmccaepoBateabckmx naowaskax (M) ¢ mMcCnoAb3oBaHMEM ATOMHO-
abcopbumnoHHoro cnektpometpa (MIA-915) OblAM  OnpeAeAeHbl TMOABMXKHbIE (DOPMbI  TIXKEAbIX
MeTaAAOB. 1o pesyAbTaTam MCCAEAOBaAHMI ObIAO BbISIBAEHO, YTO MOYBbI 06CAEAOBAHHON TEPPUTOPUM
OTAMYAAUCH LLLEAOYHOM peakumelrt pacTBOPOB, COAEpP>KaHMEM OPraHMYecKoro BeLLecTBAa Ha HWM3KOM
YPOBHE U HWU3KOM YCTOMYMBOCTbIO K aHTPOMOreHHbIM BO3AENCTBUSIM. CoaepyKaHMeE TIXKEAbIX METAAAOB
TaKMX KaK KaAMWM, MbIWbIK M HUKEAb YMEHbLUMAMCE B 2021 roAy. BbIAO BbISBAEHO, UTO 3HAYeHMS
KaAMMS BO BCeX NMpobax MMeeT Te >Ke 3HaueHMsl, a 3HaUYeHMs MbllibsKa CHVXKeHbl. B xoae cpaBHeHUs
6bIAO 0OHAPYKEHO, UTO AQHHbIE PE3YAbTaTbl 0COHO HE UBMEHUAMCD, @ CHUXKEHME COAEP>KAHUS B MoYBe
TS>KEAbIX METAAAOB, CBUAETEABCTBYET O CHUYKEHMM aHTPOMOreHHOM HAarpy3KkM Ha OKPY>KaloLLLyto CpPeAy,

B CBSI3U C NMPMOCTAHOBAEHUEM AESTEABHOCTM BO BCEX OOAACTSX BO BPEMS MAHAEMMM.
KAloueBble CAOBa: MOHUTOPMHI, MOYBA, 3arpsi3HEHME, TXKeAble MeTaAAbl, Kacnuiickoe mope,

npubpexxHas 30Ha, aHaAM3 MOYBbI.

Introduction

The Caspian Sea is a highly productive reservoir,
which is combined with the relative poverty of
its biological diversity. A significant number of
works are devoted to physical, hydrochemical and
biological processes and the ecological state of the
Caspian Sea [1].

Exploration and exploitation of oil fields is the
most important component of pollution. Large-scale
geological exploration works are being carried out,
new oil and gas fields have been discovered and the
flow rate of old ones is increasing. Itis no coincidence
that the levels of oil pollution in different parts of the
Caspian Sea are already many times higher than the
maximum permissible norms [2, 3].

In view of this, it is necessary to carry out high-
quality predicted work based on geo-ecological
monitoring in order to preserve the resources of the
Caspian Sea and the coastal zone, these methods
will give not only a point assessment, but also a
spatial picture of the ecological state of the Aktau
territories [4, 5].

Notwithstanding the significant studies of the
Caspian Sea, at present some of the sea areas are
not widely researched. Several application questions
relate to these areas and require fundamental
approach to solve some issues on the soil state
and the coastal areas of the sea. This issue is quite
popular abroad, especially in the United States of

America and Germany. These countries were the
first to take interest in soil covering and impact of
different factors on it. During the last thirty years
there has been a sharp reduction in scientific research
on this issue. One of such areas is the eastern coast
of the Middle Caspian Sea, especially a water area
in the center of Mangistau oblast, Aktau city and
surrounding territory. Thus, issues on studying the
coastal and water areas of the Caspian Sea are actual
and necessary.

Earlier there were no studies on a soil covering at
Akshukyr village of Mangistau oblast for presence
of heavy metals. These studies may serve as a
basis for the measures contributing Environmental
Quality Management.

Materials and research methods

Field research was conducted in the coastal zone
near the village of Shapagatov. The research was
conducted before the V Summit of the heads of the
Caspian states of Kazakhstan, Russia, Azerbaijan,
Turkmenistan and Iran, scheduled for August 12,
2018 in Aktau. Field research was conducted by the
route method. 4 research sites (RS), RS-1, RS-2,
RS-3 and RS-4 (background) were laid to monitor
the state of soils in the area of the suburban territory
of Aktau opposite the hydrological stations HS-14 —
HS-17 (Fig. 1 and 2). Table 1 shows the coordinates
of the soil sampling points.
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Figure 2 — Map-scheme of research sites RS-4 (background) for monitoring the state of soils

Soil sampling. When studying the soil,
an important stage is sampling, recommended
in accordance with GOST 17.4.4.02.84. This
standard is necessary to control soil pollution, both
general and local in areas affected by industrial
enterprises, agricultural and transport sources of
pollution. Sampling and soil analysis were carried
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out according to the approved methodology “Soil
sampling for chemical analysis” [6, 7], from a depth
of 5-20 cm, once during daylight on sites from one
horizon (the weight of the soil sample is 1 kg).
Soil samples were dried to an air-dry state at room
temperature, removing large lumps and inclusions.
The soil was ground in a mortar, sifted through a
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sieve (d = 1 mm). After spreading the soil in an
even layer of 1 cm, point samples were taken with a
spatula from at least four places and mixed to form
a combined sample. The studies were carried out
with a soil extract, which was prepared according
to the standard method. Soil samples were taken at
test sites RS-1,2,3 and 4 (background). The mixed

sample consisted of 5 soil samples taken by an
envelope of 5 points. An average sample of 300-
400 grams was taken. In general, the samples are
mixed samples with 20 points, that is, 5 points for 4
RS. Preparation of samples for the determination of
heavy metals was carried out based on the laboratory
of the department.

Table 1 — Location, coordinates, distance from the sea coastline, spring 2021

Station Ne Location Width Longitude Distance from the coast, m
RS -1 District of the village Akshuqyr 43°48°1» 51°1°59» 303,65
RS-2 District of the village Akshuqyr 43°49°5» 51°2°14» 1635,1
RS-3 District of the village S. Shapagatova 43°49°0» 51°1°29» 2135
RS-4 District of the village S. Shapagatova 43°55’19» 51°2°0» 9578

1. RS-1 is laid 20 km from Aktau in the village Akshuqyr, at a distance of 303.65 meters from the coastline of the sea.
2. RS-2 — at the highway, Aktau-F-Shevchenko, at a distance of 1635.1 m, from RS-1, in the area of open fertilizers and a

warchouse of road-building materials.

3. RS-3 —in the area of private buildings at a distance of 2135 m, from RS-2.
4. RS-4 (background), at a distance of 9578 meters from RS-3, where the impact of harmful emissions from construction and

production is practically not traced.

Determination of humus in the soil. Soil sam-
ples were studied by the following methods: color
was determined by the Mansell scale, humus was
determined by Tyurin, granulometric composition
by Kachinsky, gross nitrogen was determined by
Kjedal, mobile compounds of potassium and phos-
phorus — by Chirikov, mobile compounds for car-
bonate soils were determined by Machigin. Also,
the following were determined by conventional
methods: volume mass, solid phase density, hydro-
lytic acidity, the amount of absorbed bases. Deter-
mination of the amount of humus was carried out
by the Nikitin method with a colorimetric ending
according to Orlov-Grindel, which is based on wet
salinization of organic soil compounds.

Determination of heavy metals in the soil.
The soil samples were studied for the heavy metal
content applying MGA-915A atomic spectrometry
(Russia) in the Ecology Department laboratory in
the Mangistau oblast as per the methodology. [8].

Since the heavy metal (HM) content in the soil
was significant, the mobile forms of the following
elements were determined: Pb, Ni, Cr, Hg, V, Cu,
Fe, Zn [9]. Certain concentrations of heavy metals
(HM) were compared with the available maximum
permissible concentrations (MPC).

Methods of geoinformation technologies
(GIT). The cartographic material of the research
area was made using satellite images and using GIS

programs (Google Maps, SAS Planet). Editing of
schematic maps, diagrams and graphs are performed
using CoreIDRAW 11 and Paint programs.

Research Results and Discussion

Being as a complicated mechanism, the upper
soil covering regulates the interaction between
the spheres such as biosphere, lithosphere, and
atmosphere, at the same time the Earth soil
surface is not a target exposure only, but also
has negative impact on a human body. The most
intensive load is noticeable at studying the upper
horizon of the soil since they have tendency to
accumulate heavy metals [10]. The soil has an
important role as a cleaner and a buffer, since
it sustains emissions and wastes, being able to
accumulate pollutants such as heavy metals,
pesticides, hydrocarbons.

The heavy metals in sandy soils are easily
escaped, seeping into the underground water. Some
numbers of heavy metals are contained in the sandy
and sabulous soil-forming rocks [11, 12]. Low
analyzed samples show that sandy rocks own ultra-
high filtration capacity.

Reductive-oxidative properties of the soil
influences metals’ mobility in the soil covering and
the level of their oxidation at condition where there
are reclamation processes.
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Negative impact of the heavy metals on the soil
covering due to anthropogenic activity depends on
different sources of impact. The most dangerous
pollution by the heavy metals coming from oil
processing and chemical companies’ activity [13-
16]. It is known that around 95% of toxins come
in as an anthropogenic dust, and around 20% with
atmospheric residue, and the rest is in the form of
dry fallout. Moreover, the anthropogenic sources
of pollution of the soil by the heavy metal include
organic and mineral fertilizers and sewage water
[17-20].

According to the results of monitoring in Table
2, shows the physico-chemical properties of soils.

On the way to the airport of the city, brown
desert soils predominate in the soil samples at the
studied sites in the village of Akshuqyr, and the
depth of the upper saline horizon is mainly saline
or saline soils. Table 2 shows that the content of
the humus in the upper horizon of the soil varies

between 1.19 and 2.63%. The content of biogenic
elements is low. Total phosphorus in the upper
surfaces of the soil varies between 473.4 and
2003.8 mg/kg. The content of carbonates ranges
from 1.78 to 3.13%, and the total nitrogen content
varies between 0.24-0.41 The exchange capacity
in the soil samples depends on the granulometric
content, the heavier the content, the higher the
capacity. The exchange capacity value varies
between 9.65 and 32.19 mg-eq/100g of the soil.
Stable predominance of exchangeable magnesium
(40-80% of the exchange capacity) is observed in
the soil-absorbing complex.

Water suspensions in the soil reacts as slightly
alkaline or close to neutral (pH 6.88-7.42). As per
the results of the survey, it was found out that the
soil of the territory under survey was different by
the alkaline reactions of the solutions, by a low
content of the organic matter and weak resistance to
anthropogenic impact.

Table 2 — Physical and chemical properties of soils of research sites

Research sites (soil condition monitoring)
Physico-chemical characteristics of
soils RS-1 RS-2 RS-3 RS-4 (background)

2021 2021 2021 2021
Humus, (%) 1,19 1,41 1,48 2,63
Total nitrogen, (%) 0,24 0,36 0,41 0,28
Phosphorus (gross), mg/kg 1662 4734 516,15 2003,8
Carbonates, (%) 3,13 1,78 1,84 2,77
Exchange capacity, mg-eq/100 g of soil 9,65 22,89 24,89 32,19
Exchange calcium, mg-eq/100 g of soil 1,7 42 5,2 1,4
Exchgngeable magnesium, mg-eq/100 g 7.12 17.2 18,5 11.8
of soil
Exchange sodium, mg-eq/100 g of soil 0,63 0,95 0,98 16,29
Sum of salts 0,59 1,07 1,33 0,24
pH 7,42 7,52 7,63 6,87

At present the study of the upper surface of
the soil for presence of the heavy metals is of great
practical value. Rated level of the maximum allowable
concentration is important, since the presence of the
heavy metals exceeding MAC has a negative impact.
These results of monitoring surveys are the basis for
full assessment of the soil covering and can be applied
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for the development of work plan on reduction of the
heavy metal concentration level. [21].

The main pollutants at the industrial zone
territory are: Koshkar-ata tailings pit, transportation
and industrial facilities.

Table 3 presents a comparative analysis of soils
for heavy metals.
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Table 3 — The content of heavy metals in the soils of the study sites, mg/kg

Research sites (2018,2021) in the soil monitoring area
RS-1 RS-1 RS-2 RS-2 RS-3 RS-3 RS-4 RS-4 MPC
Substance | (, =4) (n=4) n=4) (n=4) n=4) (n=4) |(Background) | (Background) me/k i
2018 2021 2018 2021 2018 2021 2018 2021 gke
Cu 32 2,1 4,7 2,0 3,6 32 2,1 2,8 3,0
Ni 3,6 1,45 5,3 1,5 3,8 1,85 2,5 1,46 4,0
As 2,9 0,54 4,9 0,57 42 0,53 7,3 0,59 2,0
Cd 3,6 0,012 9,4 0,018 4,1 0,022 3,7 0,02 5,0
Cr 43 2,0 5,3 1,98 3,5 3,1 2,8 2,65 6,0
Pb 5,9 0,23 6,17 0,29 4,1 0,31 6,3 0,071 32,0
6
5
4 4
: 2 I I I
: |
0 1 2 3 4
1 2 3 4
E(Cu 2018 ®Cu 2021 ENi2018 ®Ni2021
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Figure 3 — Diagrams of HM concentrations in soils in the area of Akshuqyr village (suburb of Aktau)
on RS-1, 2, 3 and 4 (background), depending on the distance
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During the experiment, an estimate of the
lower limit of detection of these heavy metals was
obtained: copper — 0.2 mg/kg, lead — 0.07 mg/ kg
and chromium — 1.98 mg/kg with an initial weight
of 5 g, the volume of the working solution is 50
ml. according to our own research in the village of
Akshuqyr. No high concentration of heavy metals
was found in all soil samples. The main array of
values for the copper content in the soils of the
city is in the range from 2 to 3.2 mg/kg according
to the analyses of 2022. Chromium concentrations
throughout the study area are much lower relative to
the MPC (Cr—6). A slight excess of the MPC of lead
(up to 6.17) was detected only on one test area of
RS-2 laid on the territory of highways located in the
zone of constant exposure to automobile emissions
— the roadside on the outskirts of the village.

And there is also a noticeable trend of a decline
in the amount of heavy metals, over the years,
apparently, due to the pandemic, the supply of heavy
metals to the soil cover has decreased. Impurity
index by the heavy metals of the soil, for instance
by Zinc is less than 1.0 which means that the soil is
pure. It should be here noted that the content of the
existing heavy metals is much lower than maximum
allowable concentration.

In Figure 3, you can clearly see how these content
indicators have changed compared to 2018. It can
be seen that the content of metals such as cadmium,
nickel and lead is significantly overestimated by the
test area of RS-2.

Thus, based on the comparison it was clear
that the values have changed. Data on Cd, Ni, As
content reduced in 2021. As per the values received,
the presence of heavy metals in the soil covering
ramps down every year, due to reduction of the
anthropogenic load on the environment, because
of the limits in the activities in most of companies
during the pandemic.

The most direct and critical impact on the
accumulation of the heavy metals, especially lead,
in the soil covering is done by the exhaust gases
[22]. Considering that the Koshkar-ata tailings pit
is located near the populated area of Akshukyr
village, it impacts directly on the accumulation of
the chemical elements.

GOST 17.4.02.-83 introduced the classification
division of heavy metals into 3 hazard classes:

Class 1 (especially toxic) — arsenic, cadmium,
mercury, selenium, lead, zinc;

Class 2 (toxic) — boron, cobalt,
molybdenum, antimony, chromium, copper;

Class 3 (low—toxic) — barium, vanadium,
tungsten, manganese, strontium.

nickel,
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Accordingly, we found six heavy metals:
cadmium, nickel, chromium, lead, copper and
arsenic. Three of them belong to hazard class 1 and
are particularly toxic. Such heavy metals are arsenic,
cadmium, lead. The rest belong to hazard class 2 and
are toxic. These are the remaining: nickel, chrome,
and copper. Low-toxic heavy metals of hazard class
3 were not detected.

Conclusion

Based on the received results, we may conclude
that the content of the heavy metals does not
exceed maximum allowable concentration level.
These surveys were performed in the designated
laboratory, where the content of the heavy metals
in the soil samples were defined for the following
metals Cd, Cr, Cu, Ni, Pb, As. It was found out
that in 2018 the content of the heavy metals was
increased in the soil. Akshukyr village soil showed
the presence of the heavy metals, thus, it was
confirmed that near-by facilities have a negative
impact on them. The soil pollution level by the
heavy metals is average.

Of the metals under consideration, according to
the degree of accumulation in the soil cover, lead
prevails and a slight excess of MPC. The total index
of soil contamination with heavy metals (Zc) is less
than 1.0, which indicates that the soil is not polluted.

Based on the Table 2, the content of the humus
at the upper surface of the soil varies between 1.19
and 2.63%. The content of gross phosphorus in the
upper surface of the soil is within 473.4 to 2003.8
mc/kg. The content of carbonates ranges from 1.78
to 3.13%, and the total nitrogen content varies
between 0.24-0.41%. The exchange capacity in the
soil samples depends on the granulometric content,
thus, when the granulometric content is heavy, the
exchange capacity is high.

As per the survey results, it was found out that
the soil of the area under survey is different by
alkaline reaction of the solution, by the low content
of the organic matter and by the weak resistance
to the anthropogenic impacts. Compared to 2018,
there is a decrease in copper in soils, its excess
by 0.2 MPC was noted at RS-3, this is evidenced
by a decrease in emissions from vehicles during
the pandemic. The conducted studies showed
that the contents of copper, nickel, zinc, arsenic,
cadmium, chromium and lead at RS-3 were subject
to the greatest pollution compared to other research
sites in the area of private buildings, due to the
influence of harmful emissions from construction
and production. There is a decrease in chromium
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and copper by almost 2.5 times at RS-2, which  and nickel, which is also a consequence after the
may indicate the suspension of the storage of new  pandemic.

road construction materials during the pandemic. Thisresearchis funded by the Science Committee
The decrease is also noticed in the content of the  of the Ministry of Education and Science of the
heavy metals in soil samples: cadmium, arsenic ~ Republic of Kazakhstan (grant No. AP19175679)
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THE STATE OF CATECHOLAMINE METABOLISM
DURING INTOXICATION WITH A COMPLEX
OF TOXIC GASES AND DUST

In professional conditions, adaptation to unfavorable production factors is most often implemented
through a resistance strategy that provides changes in the function of molecular and supramolecular
systems. Unfavorable factors of the working environment can cause two differently directed reactions
in a person — an increase in resistance (increase in resistance) and an increase in tolerance (tolerance,
endurance). We conducted experimental studies of laboratory animals directly in the main workshops of
the titanium-magnesium plant, where their body is exposed to a complex of toxic gases and dust (aero-
sol of titanium dioxide, dust of metallic titanium, titanium tetrachloride and its hydrolysis products, as
well as chlorine and phosgene). In the experiment, the activity of the sympathetic-adrenal system was
determined by the excretion of catecholamines — adrenaline, norepinephrine, dopamine and DOPA. We
have revealed significant changes in the level of catecholamines in the organs of experimental animals.
Adrenaline and norepinephrine in the liver tissue increased significantly in laboratory animals at 2; 4
and 12 weeks, kept in 1,2 and 3 shops compared with the control. The content of norepinephrine in the
tissue of the adrenal glands, in the tissue of the heart in animals kept in the main workshops changed sig-
nificantly compared to the control. These studies are of interest in the light of early detection of changes
in the body when exposed to a complex of toxic gases and dust, the timely implementation of therapeu-
tic, preventive measures prevents the development of occupational and somatic diseases.

Key words: titanium-magnesium plant (TMP), main workshops, laboratory animals, catecholamines
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YAbl ra3pap mMeH LuaHAAp KelleHiMeH YAaHY Ke3iHAeri
KaTeXOAAMMH aAMacCYbIHbIH, KaFAaibl

Kacibu >karpaanAapaa KOAAMCbI3 OHAIPICTIK hakTopAapra GeniMaeAy KebiHece MOAEKYAAAbIK,
JKOHE CYNPaAMOAEKYAAAbIK, XKYeAep KbI3METIHIH, ©3repyiH KaMTaMachl3 eTeTiH KapCblAbIK, CTpATEruschbl
apKbIAbI >Ky3ere acbipbliAaAbl. XKyMbIC OpPTaCbIHbIH KOAANCbI3 (hakTOPAAPbl aAaMAQ eKi TYPAI GaFblTTaAFaH
peakumsiAapAbl TYAbIPYbl MYMKIH — KQPCbIAbIKTbIH XX8He TO3IMAIAIKTIH, KOFapblAaybl (TOAEPAHTTbIAbIK,
Te3iMAIAIK). Bi3 3epTxaHaAblK, KaHyapAapFa TikeAel TUTaH-MarHui 3aybITbiHbIH Herisri uexTapblHAa
TOXIPMOEAIK 3epTTeyAEep XYPri3AiK, OAAPAbIH AEHECIHE YAbI ra3zaap MeH LAHAAP KELIEHi 8Ccep eTiAAj
(TUTaH AMOKCUAIHIH a3pO30Ai, METAAA TUTAHHbIH LWAHbI, TUTAH TETPAXAOPUAI XKOHE OHbIH FMAPOAU3
OHIMAEPi, COHAAM-aK, XAOp >k8He hocreH). DKCMEePUMEHTTE CUMIMATUKAAbIK-OYMpPEK YCTi XYyMeciHiH,
GEACEHAIAITT KaTEXOAAMMHAEPAIH — aAPEHAAMHHIH, HOPAaAPEHAAMHHIH, AOaMUHHIH >koHe AOMA-
HbIH OOAIHYiIMEH aHbIKTaAAbl. Taxipnbe xaHyapAapbiHbIH aF3aAapbiHAA KaTEXOAAMMHAEP AEHreniHAe
anTapAbIKTan e3repicTepAi aHbIKTaAblK,. bayblp TiHIHAE aApeHaAMH MeH HOpaApeHaAuH OakblAaymeH
CaAnbICTbIpFaHAa 1,2 xeHe 3 uexTapAa CaKTaAFaH 3epTXaHaAblK, »KaHyapAapAa 2;4 >xaHe 12 antaaa
anTapAbIKTaM >KOFapblAaFaH. Herisri uextapaa ycraaaTbiH >kaHyapAapaa 6yrpek ycTi 6e3aepiHiH,
TiHAepiHAEri, >Kypek TiHAepiHAeri HOpaApeHaAMHHIH, MeAllepi  6akblAayMeH CaAbICTbIpFaHAQ
anTapAbIKTan e3repai. bya 3epTTeyAep yAbl raspaap MeH LaHAQP KeLleHi cep eTKEeHAE aF3aAarbl
e3repictepai epTe aHblKTay, eMAIK, NMPOUAAKTUKAABIK, LLIAPAAAPAbI AP Ke3iHAE XXYPridy KecinTik
SK8HE COMATMKAAbIK, aypyAapAbIH, AaMybiH 60AABIPMANADI.

Ty#HiH ce3aep: TMTaH-MarHUM OHAIDICI, HErI3ri LiexTap, 3ePTXaHaAbIK XKaHyapAap, KaTeEXOAAMUHAED.
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CocrosiHne meTaboAM3Ma KaTeXOAAMMHOB
NMPU UHTOKCUKALLIUU KOMINMAEKCOM TOKCUYECKHUX FTa30B U MbIAU

B npodeccroHaAbHbIX YCAOBMSX aAanTaumsi K HebAaronpustHbiM hakTopam MNpomM3BOACTBA
HanboAee YacTo peaAnsyeTcs Yepes CTpaTeruio PesvcTeHTHOCTU, KoTopasi ob6ecrneumBaeT M3MeHeHMsl
(PYHKLMU MOAEKYASIPHBIX M HAAMOAEKYASIPHbIX cucTem. HebaaronpustHbie (hak Topbl IPOU3BOACTBEHHOM
CpeAbl MOTYT BbI3blBaTb Y YEAOBEKA ABE PasHOHAMPAAEHHbIe PeakLMU — YBEAMYEHUE Pe3NCTEHTHOCTH
(yBEAMUEHME COMPOTMBASIEMOCTU) M yBEAMUEHME TOAEPAHTHOCTU (MepeHOCUMMOCTH, BbIHOCAMBOCTM).
Hamu npoBeaeHb! 3KCMEPUMEHTAAbHbIE MCCAEAOBAHUS AAGOPATOPHbIX XXMBOTHbIX HEMOCPEACTBEHHO
B OCHOBHbIX LieXax TMTaHO-MarHMeBOro KOM6uHaTa, rAe Ha MX OpraHvM3m MPOUCXOAMT BO3AENCTBME
KOMIAEKCa TOKCMYECKMX ra30B U MblAM (a3PO30Ab ABYOKMCU TWUTaHa, MbiAb METAAAMUECKOrO TUTAHQ,
UeTbIPEXXAOPUCTBIA TUTaH U MPOAYKTbI €ro rMAPOAM3a, a TakxKe XAOp U ocreH). B akcnepumeHTe
OMpPEeAEAsIAM aKTUBHOCTb CMMIMATO — AAPEHAAOBOM CUCTEMbl MO 3KCKPELMM KAaTEXOAAMMHOB —
aApeHaAMHa, HopaapeHaauHa, AodammHa U AODA. Hamu BbiIBA€Hbl 3HAUMTEAbHble W3MEHeHWs
YPOBHSI KaTEXOAAMMHOB B OpraHax 3KCMepUMEHTAaAbHbIX XMBOTHbIX. AAPEHAAMH M HOPaAPEeHaAMH B
TKAHW MeYeHn 3HAUMTEAbHO YBEAMUMACS Y AABOPATOPHbIX XKMBOTHbIX B 2;4 1 12-HEAEAbHbIR CPOK,
coaepxkawmxcs B 1,2 1 3 exax no cpaBHeHMIo ¢ KOHTpoAem. CoaepkaHue HOpaApeHaArMHa B TKaHU
HAAMOYEYHUKOB, B TKAHW CEPALQA Y >KMBOTHBIX, COAEPYKALLMXCS B OCHOBHBIX LieXaX, 3HaUMTEeAbHO
M3MEHUAMUCH MO CPaBHEHUIO C KOHTPOAEM. DTU MCCAEAOBaHMS MPEACTABASIIOT MHTEPEC B CBETE PaHHEro
BbISIBAEHMS M3MEHEHUI B OpraHvM3ame Mpu BO3AEMCTBUMM KOMIAEKCA TOKCMUYECKMX ra30B M MbIAM,
CBOEBPEMEHHOE MPOBeAeHME AeUebHbIX, MPOUAAKTUYECKUX MEPOTNPUSTUIA MPEAOTBPALLIAET pa3BuUTHE
NpohecCMoHaAbHbIX M COMATUUECKUX 3a60AEBAHMIA.

KAroueBble cAOBa: TMTAHO-MarHMeBoe NMPON3BOACTBO, OCHOBHbIE LEXa, /\a6opaToprle KMBOTHbIE,

KaTeXOAaMUHbI.

Introduction

Health assessment at the present stage urgently
requires the development of scientific approaches
to identifying early changes in the state of the body
under the influence of the environment, including
the negative consequences of production factors
[1;2;3]

It is known that the functional state of the body
during labor activity is influenced, first, by the factors
of the labor process, which cause tension in regulatory
mechanisms (nervous, humoral, metabolic) under the
regulatory influence of the central nervous system
[4;5]. Their severity correlates with the conditions,
nature, and severity of labor [6;7;8]. The functional
state of the organism that is formed at the same time
at a new stage of regulation is evaluated as the “price”
of adaptation. [9;10;11].

In healthy people and animals, the constancy
of homeostasis is ensured by a balanced state
between assimilation processes, i.e. processes of
decay and synthesis of metabolites, maturation and
degradation of cellular elements that form the basis
of every minute adaptation of the body’s function
to constantly changing conditions of the external
and internal environment [12;13;14]. At the same

time, the constancy of homeostasis is ensured by
the mechanisms of antagonistic regulation and
duplication of functions, the polyfunctionality of
cells by recombination transformations of tissue
structures [15;16].

These mechanisms form the basis of the
adaptation syndrome, which, according to G. Selye,
is a clinical manifestation of a stress reaction that
occurs when deviations in the living conditions are
unfavorable for the body [17;18].

Occupational stress, like any other, causes a
restructuring of the body’s physiological functions
and metabolism, aimed at increasing the body’s
stability and mobilizing energy resources necessary
to maintain homeostasis and normal functioning of
organs and systems [19;20].

In the formation of prenosological states,
an important role is assigned to indicators of
neurohumoral regulation and tissue metabolism.
These studies are of interest in the light of the general
concept created in recent years, according to which
chronic stressful effects of production factors cause
changes in the nervous system (both in the central
and peripheral ones), which negatively affect the
neurographic processes and the regulation of blood
circulation [21, p. 38].
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The state of catecholamine metabolism during intoxication with a complex of toxic gases and dust

It is well known that several groups of
physiologically active substances act on metabolic
processes in cells, tissues and organs, as well
as on the regulation of the circulatory system,
some of which are neurotransmitters (adrenaline,
norepinephrine, dopamine, acetylcholine), others
are local regulators — kinins, etc.

Information about the effect of titanium and its
compounds on individual organs and systems is
limited in the literature. It is known (that the action
of insoluble titanium compounds develops changes
in the respiratory tract) [22;23]. The development
of pneumoconiosis was found in workers whose
production activities are associated with the action
of titanium and titanium carbide [24, p.5].

The influence of harmful factors of TMP and
their role in the occurrence of health disorders is
necessary in several studies that can become the basis
for the development of a complex of recreational
activities aimed at improving health and increasing
efficiency.

Even though several modern improvements
have been introduced in the technological process
of obtaining titanium sponge, working conditions
remain unfavorable.

Material and research methods

Our research includes a section — experimental,
performed on laboratory animals. In order to
clarify the nature of pathological changes in the
body of animals developing under the influence
of a complex of toxic gases and dust (aerosol of
titanium dioxide, dust of metallic titanium, titanium
tetrachloride and its hydrolysis products, as well as
chlorine and phosgene), experimental studies were
carried out directly under conditions of titanium-
magnesium production. Such an approach, from
our point of view, can create the most advantageous
experimental model, which makes it possible to carry
out the corresponding clinical and experimental
parallels with maximum completeness. Therefore,
a series of experimental animals was placed on
the territory of three main workshops (shops 1, 2
and 3) of JSC TMP Management Company. The
animals were placed in specially made cages of 25-
26 animals each, which were installed at the level
of the human respiratory organs. The experimental
animals of the control series of the experiment (28
animals) were kept on the territory of the plant, but
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at a considerable distance from the main production
shops in a separate, clean, well-ventilated room.
Animals of the control group were killed at the
same time as the experimental animals (2, 4 and 12
weeks).

The activity of the sympathetic-adrenal system
was assessed by the excretion of catecholamines
— adrenaline, norepinephrine, dopamine and by
the DOPA method Matlina E.Sh. et al. (1965),
which is based on their isolation from urine by
alumina column chromatography. Adrenaline,
norepinephrine and almost half of the adsorbed
DOPA were eluted with 0.25 mol/l acetic acid
solution. The DOPA remaining on the adsorbent
was removed with a mol/L solution of hydrochloric
acid. Catecholamines were differentiated by their
oxidation with potassium ferrocyanide in a medium
with different pH values and fluorimetrically on
a spectrofluorimeter using different sets of light
filters. Dopamine was determined using iodine as an
oxidizing agent.

Results and its discussion

In animals that were on the territory of shop Nel,
after 2 weeks, an increase in the stress hormone —
adrenaline in the liver to 0.08 = 0.006 pg/ 1 g of raw
tissue was found, which is 200% more than in the
control group (0.04 + 0.004), p<0.001.

After 4 weeks of the experiment, the level
of adrenaline decreased slightly, but was higher
than the control values (0.06+0.005) by 50% and
amounted to 0.09+0.002, p<0.001.

After 12 weeks, liver epinephrine again
increased by 240% to 0.12+0.09 against the control
—0.05£0.004 ng/1g of raw tissue.

Apparently, changes in adrenaline in the liver
tissue reflect the stages of the adaptation process of
animals to the factors of the production environment
of shop No. 1.

In parallel with the change in adrenaline in the
liver tissue, there was an increase in adrenaline in
the adrenal tissue after 2 weeks by 24% to 1012 +
56.2 ug / 11 of wet weight (in control — 814 + 76.2)
p<0.01, which indicates an increase in synthesis
adrenaline in this tissue. However, after 4 and 12
weeks, the level of adrenaline slightly decreased by
19 and 18%, but was higher than the control values
(826+81.2 and 870+79.4) up to 968+69.4, p<0.05
and 1026+ 42.4, p<0.01.
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Table 1 — Levels of epinephrine and norepinephrine in the internal organs of animals located on the territory of JSC “MC TMP”

shops, (M+m)

Indicators Adrenalin Noradrenalin
No Liver Adrenal gland . Heart Adrenal gland
B Ani Liver mcg/1g wet
i mcg/1 gram wet | mcg/1 gram wet weight mcg/lg wet mcg/lg wet
Series weight weight & weight weight
Control:
2 weeks 0,04+0,004 814+76,2 0,42+0,03 0,660+0,04 379+9,0
! 4 weeks 0,06+0,005 826+81,2 0,56+0,04 0,669+0,05 392+12,0
12 weeks 0,05+0,004 870+79,4 0,6140,06 0,720+0,06 410+9,0
Workshop
2 I 0,08+0,006% 1012+56,2* 0,68+0,09 0,596+0,02 450+19%
2 weeks
4 weeks 0,09+0,002%x 968+69,4* 0,86+0,07 0,729+0,09 469+29,0*
12 weeks 0,12+0,09* 1026+42,4* 1,09+0,06* 0,840+0,05* 620+15,0
3 Workshop 2:
2 weeks 0,08+0,001x 910+81,1 0,37+0,02 0,78+0,08 442+8,0%
4 weeks 0,100+0,002 948+56,2* 0,41+0,03* 0,968+0,04> 466+10,0
12 weeks 0,09+0,001x 1221,4+30,1 0,50+0,04 0,966+0,08* 682+12,0x
4 Workshop 3:
2 weeks 0,060,003 612+51,1= 0,56+0,04* 0,76+0,06 286+5,0
4 weeks 0,07+0,004* 784+73,9 0,62+0,04* 0,680+0,03 251+8,0
12 weeks 0,04+0,002 526+28,9x 0,76+0,07* 0,810+0,09 278+6,0

The content of norepinephrine in the liver of
animals that were on the territory of shop No. 1
gradually increased after 2, 4 and 12 weeks by 67,
54 and 78% to 0.68+0.09; 0.86+0.07 and 1.09+0.06,
p<0.001. The control figures for norepinephrine
in the liver tissue were 0.42+0.03; 0.56+0.04
and 0.61+0.06 corresponding to the terms of the
experiment. The content of norepinephrine in the
tissue of the adrenal glands increased after 2 weeks
by 15% to 450£19, p<0.05 (in control — 379+9.0
png/lg) of raw tissue, after 4 weeks by 20% to
469+29 (control — 392+12.0), p<0.05 and after
12 months by 50% to 620+15.0, p<0.001, against
control — 410+9.0.

The content of norepinephrine in the heart
tissue in animals of shop No. 1 increased by
16% to 0.840+0.05 only after 12 months of the
experiment.

In animals that were on the territory of shop No.
2, adrenaline increased in the liver tissue after 2, 4
and 12 weeks by 33, 66 and 80% to 0.08+0.001;
0.10040.002 and 0.09+0.001, p<0.001. The content
of adrenaline in the adrenal glands began to increase
only after 4 weeks by 15% to 948+56.2, p<0.05,
and by 12 weeks it reached 1221£30.1 pg/lg of
raw tissue, which was 40% higher than the control,

p<0.05 <0.001. The level of norepinephrine in the
liver tissue decreased by 27% to 0.41+0.03, p<0.05,
apparently due to its increased conversion into
adrenaline in the metabolic chain. In the adrenal
tissue, the content of norepinephrine moderately
increased after 2 and 4 weeks by 17 and 19% to
442+8.0 and 466+10 pg/lg of raw tissue, p<0.001,
and significantly increased by 66% after 12 weeks to
466+10 .0, p<0.001.

Shop No. 2 is characterized by an increase in
norepinephrine in the heart, starting from 2 and 4
weeks to 12 weeks —by 28, 47 and 34% to 0.78+0.08;
0.9684+0.04 and 0.996+0.08 pg/lg of raw tissue,
p<0.001, against control values in the same terms
of the experiment — 0.660+0.04; 0.669+0.05 and
0.720+0.06.

In animals that were on the territory of shop No.
3, an increase in adrenaline in the liver tissue was
found after 2 weeks —by 50% to 0.06+0.003, p<0.001
and after 4 weeks — by 17% to 0.07+0.004, p<0 .05.
The content of adrenaline in the adrenal glands
decreased during the period of the experiment of 2
and 12 weeks — by 25%, p<0.01 and 40%, p<0.001.
The content of norepinephrine in the liver increased
after 2 and 12 weeks to 33 and 25%, p<0.01 and
p<0.05.
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Figure 1 — The content of catecholamines in the internal organs of animals located
on the territory of the workshops of Ust-Kamenegorsk “JSC TMP”
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In the adrenal glands, a decrease in
norepinephrine was found by 25, 36 and 32% to
286+5.0; 251+£8.0 and 278+6.0, p<0.001 due to
increased release of the mediator into the blood. An
increase in norepinephrine by 13% after 12 weeks to
0.810+0.09, p<0.001, was found in the hearts of the
animals of shop No. 3.

Thus, the action of production factors on
the territory of JSC “MC TMK” shops causes a
restructuring of neurohumoral regulation, which is
expressed in changes in catecholamines in organs.

Conclusion

The titanium-magnesium plant in Ust-
Kamenogorsk functions as one of the most
advanced enterprises in Kazakhstan and as one of
the leading enterprises in the CIS countries in terms
of the integrated use of raw materials, the degree of
extraction of metals, and product quality.

Ust-Kamenegorsk “JSC TMP”includes 3 main
workshops:

workshop 1 — magnesium production;

workshop 2 — for the production of titanium
tetrachloride;

workshop 3 — for the production of titanium
sponge.

Currently, a magnesium-thermal method for
producing titanium sponge is used, based on the
implementation of the interaction of titanium
chloride and magnesium.

Magnesium-thermal, as well as less common
sodium-thermal methods of reduction of titanium
tetrachloride are used in world practice.

The choice of magnesium or sodium titanium
tetrachloride as a reducing agent is determined
by technological and economic considerations,
the availability of appropriate raw materials and
experience in the production of these metals. In
particular, in England, where magnesium raw
materials are practically absent, but sodium
production is developed, the titanium industry is
based on the sodium-thermal method of titanium
reduction, while in the USA and Japan, the
magnesium-thermal method is mainly used. The
magnesium-thermal method is also used in the
domestic titanium industry.

As a result of experimental studies carried out
on the territory of TMP workshops, we found a
change in adrenaline in the liver in the 1st workshop
after 2 weeks by 200% more than in the control
group p<0.001, after 4 weeks the level of adrenaline
is 50% higher than the control p<0.001 and the 12-
week period of the experiment adrenaline in the
liver increased by 240%.

In parallel with the change in adrenaline in the
liver tissue, there was an increase in adrenaline in
the tissue of the adrenal glands after 2 weeks by
24% compared with the control p<0.01, and after
4 and 12 weeks the level of adrenaline slightly
decreased by 19 and 18%, but was higher than the
control values p<0.01. <0.05 and p<0.01.

The content of norepinephrine in the liver of
animals that were on the territory of shop No. 1
gradually increased after 2, 4 and 12 weeks by 67,
54 and 78% p<0.001. The content of norepinephrine
in the tissue of the adrenal glands increased after 2
weeks by 15%, after 4 weeks by 20% p<0.05 and
after 12 months by 50% p<0.001, against the control.

The content of norepinephrine in the heart tissue
in animals of shop No. 1 increased by 16% only
after 12 months of the experiment.

In animals that were on the territory of workshop
No. 2, adrenaline increased in the liver tissue after
2,4 and 12 weeks by 33, 66 and 80%, p<0.001. The
content of adrenaline in the adrenal glands began to
increase only after 4 weeks by 15% p<0.05 and by 12
weeks by 40% higher than the control, p<0.001. The
level of norepinephrine in the liver tissue decreased
by 27%, p<0.05. In the adrenal tissue, the content
of norepinephrine moderately increased after 2 and
4 weeks by 17 and 19%, p<0.001, and significantly
increased by 66% after 12 weeks, p<0.001.

Workshop No. 2 is characterized by an increase in
norepinephrine in the heart, starting from 2 and 4 weeks
to 12 weeks — by 28, 47 and 34%, p<0.001, against
control values at the same time of the experiment.

In animals that were on the territory of shop No.
3, an increase in adrenaline in the liver tissue was
found after 2 weeks — by 50%, p<0.001 and after 4
weeks — by 17%, p<0.05. The content of adrenaline
in the adrenal glands decreased during the period of
the experiment of 2 and 12 weeks — by 25%, p<0.01
and 40%, p<0.001. The content of norepinephrine
in the liver increased after 2 and 12 weeks to 33 and
25%, p<0.01 and p<0.05.

Intheadrenal glands,adecreaseinnorepinephrine
by 25, 36 and 32% was found, p<0.001. An increase
in norepinephrine by 13% after 12 weeks was found
in the hearts of animals from shop No. 3, p<0.001.

Thus, we have identified significant changes
in the level of catecholamines in the organs of
experimental animals when exposed to a complex
of chemicals such as titanium dioxide aerosol,
metallic titanium dust, titanium tetrachloride and
its hydrolysis products, as well as chlorine and
phosgene. The revealed changes can cause changes
in the function of molecular and supramolecular
systems, causing maladjustment and presonic
manifestations.
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ICHTHYOTROPHOLOGICAL AND
ICHTHYOPATHOLOGICAL ANALYSIS OF BESTER
(ACIPENCER NIKOLJUKINII)

The paper presents the results of ichthyotrophological and ichthyopathological studies of the bester-
hybrid, which is of a significant importance among sturgeon fish. The purpose of the research work is
to study the food spectrum of bester, bred in the pond and to study the external environment influence
on the fish.

Sturgeon is a promising form of modern aquaculture. In addition, sturgeon fish currently undergo
mass extinction and their population decline sharply every year, so the interest in their commercial
breeding has increased. In 2001, four countries of the Caspian Sea — Kazakhstan, Turkmenistan, Azer-
baijan, and Russia (except Iran) imposed a temporary ban on catching sturgeon. This ban was imposed
by the UN requirement within the framework of CITES (Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora). The problem was solved by the breeding of besters which are
hybrid species produced from mating male sterlet and female huso. To carry out research bester hybrid
fish was delivered from the Halyk Balyk pond farm in 2021. The absolute length of the studied 15 fish
ranged from 12.7 to 30.1 cm, and their maximum weight ranged from 11.38 to 110.4 g. Ichthyologi-
cal, ichthyotrophological and ichthyopathological analysis was carried out during the study. Standard
numerical-weight and special histological methods were used for the study. Ichthyotrophological studies
revealed that the fullness index was higher than 30.75%00. The studies showed a high level of nutrients
in the reservoir and the absence of negative external environment influence on fish.

Key words: bester, ichthyotrophology, ichthyopathology, sturgeons, the Caspian Sea.
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bectep 6aabifbiHa (Acipencer Nikoljukinii) nxTnoTpochoaorusiabik,
YKOHE UXTUOMATOAOIMSAbIK, aHAAU3

Makanrapa 6ekipe TykbiMaac OGaAbIKTAP apacbiHAQ 6Te MaHpl3Abl OPbIH aAaTbiH TMOPUA- GecTep
GaAbIFbIHbIH,  UXTUOTPOQOAOTUSIAIK,  XKOHE  MXTMOMATOAOIMSIAbIK,  3€PTTEYAEPiHiH  HaTUXeAepi
KOPCETIAreH. 3epTTey >KYMbICbIHbIH MakCaTbl — TOFaHAQ ©cipiAreH 6ectep GaAblFbiHbIH, KOPEKTEHY
CMeKTPiH 3epTTey XXeHe CbIPTK bl OPTaHbIH GaAbIKKa TUri3reH acepiH 3epTrey.

bekipe TykbiMaac GaAbikTap Kasipri 3amaHAQ aKBaMOAEHMETTIH MaHbi3bl 30p, OaraAbl OKiAi
6oAbIn ecenteaeai. OraH Koca, Kasipri yakbiTTa 6ekipe TykbiMAaC GaAbIKTapAblH >Kannam KblpbIAybl
JKOHE OAAPAbIH, CaHbIHbIH, >KbIA 6TKEH CalblH a3alobl HOTUXKECIHAE, OAAPAb! TayapAblK, ecipyre AereH
KbI3bIFYLWbIAbIK, ecyae. 2001 >kbiAbl Kacnuii TeHi3iHiH wWwekapaAac TepT mMemaekeTi — KasakcraH,
TypikmetcTaH, O3epbarxaH xaHe Peceit (MpaHHaH 6acka) 6ekipe TyKbIMAAC GaAbiKTapAbl ayAayFfa
yakbiTila ThiMbiIM caaraH 6oAaTbiH. OA BYY TapanbiHan CITES (kayin TeHin TypraH TypAepmeH
XaAbIKApaAbIK, cayAa >XOHIHAEri KOHBeHLMs) OoMblHIIA eHri3iAai. ByA MaceAeHiH wewimi 6ectepai
ecipy 60AAbl, 6ecTep aTaAblk, CYMpiK MeH aHaAblK, KOPTMNaHbIH LWAFbIAbICYbIHAH aAbIHFAH TMOPUA
TYp 60AbIN caHaAaabl. 3epTrey >KymbicTapbiHa 6ectep GaabikTapbl 2021 biabl Halyk Balyk Toran
LIapyallbIAbIFbIHAH >KeTKi3iAAl. 3epTTeareH 15 aaHa 6aAbIKTbIH, aBCOAIOTTbI Y3bIHAbIFbI 12.7 CM-A€H
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30.1 cM apacbiHAa 60ACa, YAKeH caAmarbl 11.38 r-HaH 110.4 r apaAblfbiHAQFbl HOTMXKE KOPCEeTTi.
3epTTey 6apbICbiHAQ MXTUOAOTMSIABIK, MXTUOTPOMOAOTUSIABIK, >KOHE WXTUOMATOAOIMSIAbIK, AHAAMU3
JKYPri3iAai. 3epTTey Xyprisyre CTaHAQPTTbl CAHAbIK- CAAMAK,TbIK, XK&HE apHalibl TMCTOAOTUSAbIK, BAICTEP
KOAAQHbIAABL.  MIXTMOTPOOAOTUSIALIK, 3epTTeyAep OoMbiHIWa TOAbICY MHAEKCE 30,75%00 >korapbi
LIAMACbIH KOPCETTIi. 3epTTey HaTMXKECIHAE CYKOMMAHbIH, KOPEKTIK KOPbIHbIH >KOFApbl AEHIeMAIr KaHe
CbIPTKbI OPTaAaH GaAblkka Tepic acep GOAMaFaHbl aHbIKTAAAbI.

Tyiin cesaep: Gectep OGanbifbl, MXTMOTPOGOAOTMS, Oekipe TyKbiIMAACTap, WXTMOMATOAOTUS,
Kacnui TeHi3si.
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MNxTHMOTpOhOAOrMUYECKMIt M MXTMOMATOAOTMYECKMI aHaAU3 becTepa
(Acipencer Nikoljukinii)

B cTaTbe nprBeaeHbl pe3yAbTaTbl UXTUOTPOOAOTMYECKUX M UXTUOMATOAOTMUYECKNX MCCAEAOBAHWI
bectepa- rmMbpraa, 4TO MMeeT OOAbLLIOE 3Ha4yeHre CpeAM OCETPOBbIX pbib. Lleablo HayuHO-
MNCCAEAOBATEAbCKOM PabOoTbl SIBASETCSI M3ydeHue CrekTpa MuTaHus pasBoOAMMO B MpyAy bectepa u
MN3yYeHME BAMSIHUS BHELLHEN CPEeAbl Ha PbiOy.

OceTpoBble — nepcrnekTMBHas hopmMa COBpPEMEHHOM akBakyAbTypbl. KpomMe Toro, B HacTosiliee
BPEMSI OCETPOBbIE Pbibbl NMOABEP>KEHbI MACCOBOMY BbIMMPAHMIO M UX YUCAEHHOCTb C Ka>KAbIM FOAOM
pPe3KOo COKpalLlaeTcs, MO3TOMY Pe3KO BO3POC MHTEPEC K MX KOMMepUecKoMy pa3sBeaeHuto. B 2001 roay
yeTblpe cTpaHbl Kacnmickoro Mopst — KasaxcraH, TypkmenuctaH, AzepbaiaxkaH, n Poccus (kpome
MpaHa) BBeAN BPEMEHHDII1 3amnpeT Ha BbIAOB 0CceTpoBbIx. OH 6biA BBeAeH Mnoa AaBAeHnem OOH B pamkax
CITES (KoHBeHUMSI 0 MEXKAYHAPOAHOM TOPrOBAE BUAAMM, HAXOASLLIMMMCS MOA YTPO30 MCUE3HOBEHMS).
PelueHnem 3Toi NpoOGAEMbI CTaAO pasBeAeHre DeCTepoB, KOTOPbIE CUMTAOTCS TMOPUAHBIMM BUAAMM,
MOAYYEHHbIMM OT CMapMBaHMA CaMLIOB CTEPASIAM M CaMOK 6eAyrn. ABCOAIOTHAsi AAMHA MCCAEAOBAHHbIX
15 pbi6 coctaBasaa ot 12.7 Ao 30.1 cM, a MakcuMaAbHasi Macca — ot 11.38 ao 110.4 r. B xopae
MNCCAEAOBaHUS MPOBEAEH UXTUOAOTMUYECKUI, MXTUOTPOPOAOrMUYECKMI M MXTMOMATOAOTMYECKMIA aHAAMS.
AAS UCCAEAOBAHMS UCMOAb30BaAM CTAHAAPTHbIE UMCAOBO-BECOBbIE U CrieLMaAbHble TMCTOAOTMYEeCcKne
MeToAbl. B pe3syabTaTe MCCAEAOBAHMIA YCTAHOBAEHO, UYTO BOAOEM OTAMYAETCS BbICOKMM YPOBHEM
MUTaTEAbHbIX BELLECTB M OTCYTCTBME HEraTMBHOIO BO3AEMCTBMSI Ha Pbl0 BHELLHEN CPEADI.

KAroueBble caoBa: 6ectep, MXTUOMNATOAOI S, MXTMOTPOoAorus, Kacnminckoe Mope, 0CeTpoBble.

Introduction

Recently, biological diversity conservation in
the Caspian Sea has become a big problem. Due to
the endless fishing bioresources in the Caspian Sea,
the number of valuable fish- sturgeon is sharply
decreasing. According to the scientific data, over the
past 10 years, the number of catching the sturgeon
in the Ural-Caspian basin has decreased by 10 times.
If in 1995-1996 the catching of the fish was 15-16
thousand tons, then in recent years this number has
risen to 150-214 tons [1].

Sturgeons (Acipenseriformes) are relict fauna
representatives, they appeared in the Lower Jurassic
Period, 200 million years ago and survived various
natural disasters of our planet. They are currently on
the verge of extinction, some species have become
extinct in several countries, where the measures to
preserve these species were not taken [2,3]. The high
marketable value of sturgeon is the main reason for

their illegal catch that leads to a sharp decrease in
their population [4,5].

The breeding of sturgeon started in the XIX
century, when Russian scientists first began artificial
breeding. Currently, the aquaculture of sturgeon is
under industrial development which contributes
to the preservation of endangered species. In the
commercial breeding of sturgeon’s interspecific
hybrids are of a great significance. However, among
interspecific hybrids bester plays the much more
important role in the commercial breeding than any
other species of this category of fish. There were
many hybridizations between the Russian sturgeon,
the sterlet, the beluga and the stellate sturgeon.
The Huso Huso (beluga) was interbreed with the
Acipencer ruthenus (sterlet), and the good result was
not obtained due to the taxonomic distance and the
huge differences between these species. However,
as subsequent studies revealed, this hybrid gained
an incredible successful and was widely used and,
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by the suggestion of the authors, it received the
name “Bester” — consisting of the initial syllables of
the parent species name: beluga and sterlet [6,7,8].

Bester has 5 rows of bony plates (scutes): 1
dorsal, 2 lateral and 2 ventrals. Lateral spines are
51-52. They have a flattened rostrum. There are two
pairs of slightly flattened barbels. Bester has the
characteristics of two fish. They are the beluga’s
rapid growth and the early maturation of the sterlet.
It can reach up to 1.8 m long and weigh up to 30
kg. In aquaculture, due to the breeding in cages and
pools the first-generation hybrids reached the mass
of 1 kg or more in the second year [9,10].

Bester are trophologically carnivorous, they
eat molluscs, small crustaceans, worms, and
insects [11]. For ichthyotrophological research, the
standard quantitative-weight method was employed.
According to this method: the fish is cut from the
abdominal section to the pharynx using scissors
and a scalpel, the digestive system is removed, the
digestive system is divided into 3 parts, the intestine
1s cut crosswise, and a nutrient node is made. After
obtaining the nutrient node, the content is dried,
weighed and systematically identified using a
microscope.

Ichthyopathological studies were carried out
using histological methods. The parts taken from the
gills, muscles, liver gland and intestines of the fish
are treated according to a histological method and
paraffin incisions are made through a Microtome.
The ichthyopathological changes in fish are observed
using a microscope.

The relevance of the study is supported by the
fact that sturgeon family representatives have been
on the verge the extinction in recent years and many
species were included in the Red Book. To preserve
sturgeon, various hybrids were produced, including
highly adaptable, high-quality bester. Bester
matures and grows rapidly. So, this fish was chosen
as the main object of our research because of its high
commercial value.

The aim of the study is to determine the nutritional
spectrum of the bester bred in the pond and to identify
the pond conditions by bester histological studies in
the presence of ichthyopathological changes.

Materials and methods

In the fall of 2021, for the fish nutrition and
histological studies the samples were taken from
Halyk Balyk pond farm during the fall estimation
period. 15 selected samples of the fish were placed
in 10% formalin and were delivered to the laboratoty
of Biodiversity and Bioresources of the Department

80

of the Biology and Biotechnology faculty in Al-
Farabi KazNU (Figure 1).

FEey e

Figure 1 — 15 bester samples taken for research

Ichthyological, ichthyotrophological  and
ichthyopathological studies of 15 bester fish taken
for study were carried out. Ichthyological studies
were carried out according to the Pravdin method.
Ichthyological studies included the determination
of large and small length, large and small weight
of 15 bester samples, and their fatness according to
Fulton and Clark formula. A caliper was employed
to measure the research object length, and a MW-
Micro Digital Computing Scale (Korea) was used to
measure the weight. The following formulas were
applied to calculate the fatness of samples [12,13]:

Fu= Q*100/ I
Cl= g*100/ I

Ichthyotrophological studies were carried out
according to the standard quantitative — weight
method and processing was carried out by the
quantitative method. The ichthyotrophological
study consists of steps. They are the isolation of
the intestine, the extraction of the nutrient node,
the drying, measurement, and the identification of
nutrient organisms. During the study the fish was
cut from the abdominal part to the pharynx with
scissors and a scalpel, the digestive system was
removed. The intestine was divided into 3 parts:
the front, middle and back, respectively. A nutrient
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node was taken from the intestinal sections and was
dried. The EP613C (Switzerland) torzion scale was
employed to measure the nutritional node. Binocular
magnifying glass (MBS-9 stereomicroscope
(SCOPICA, Russian)) and microscope (MicroOptix
light microscope (MicroOptx, Inc., Austria)) were
used to identify organisms from the nutrient node.
The relative values of nutrient organisms in the
nutrition spectrum were estimated by the repetition
frequency and the proportion of the individual
components in the total composition of nutrient
particles (in % of mass). During the studies fullness
index of intestine (%) was calculated [14,15,
16,17].

According to ichthyopathological studies,
a histological investigation was carried out to
determine the physiological state of the fish. To carry
out this investigation organs and special histological
methods were employed. The taken organs parts
were prepared for dehydration by placing the cut in
cassettes. The dehydration process was carried out
in the battery of butyl and ethyl alcohol of different
concentration. It started at 70° of alcohol and was
brought to 98°. The materials obtained from each
solution were dried on filter paper, the exposure
time to alcohol of different concentration was 35

Table 1 — Length and weight values of the studied bester samples

minutes. After the immersion of the material into
butanol-II solution, it was placed in melted paraffin.
Then the material was put in the thermostat, at 56
°C, for a day and the tissue absorbed paraffin. When
the tissue absorbed paraffin paraffin block was
made. The material was solidified in paraffin, the
microtome device (“MEP — 01 TECHNOM?”) was
employed and paraffin sections 5 micrometers thick
were prepared. The preparation was passed through
xylene solutions and alcohol concentrations. It
was dried and placed in hemotoxylin and eosin
paints [18,19, 20]. The coloured samples were
examined using an optical microscope (Motic BA-
400 microscope (Motic Asia, Hong Kong, China)).
Statistical data processing was carried out using
standard methods, and statistical indicators were
processed in Microsoft Excel.

Results and discussion

Standard length and large and small weight
were measured using ichthyological analysis. The
total length value of fish samples was calculated to
be from 12 c¢cm to 30.1 cm, the average length was
19.1 cm, and the weight value ranged from 13.87 g
to 119.4 g, the average weight was 43.6 g (Table 1).

No Qg q, g L,cm I, cm
1 13.87 7.85 12.7 9.1
2 20.09 11.22 14.7 11
3 11.38 5.44 12 9.3
4 12.13 9.81 13.1 10.1
5 18.12 12.85 17.5 14.3
6 15.03 13.97 13.8 10.5
7 21.35 17.58 18.5 14.3
8 16.93 13.11 15.6 11.5
9 40.82 20.41 18.6 14
10 26.79 21.67 20.8 16.4
11 68.53 55.77 24 19.1
12 71.42 41.6 242 22.5
13 85.53 70.86 26.3 21
14 113.07 106.13 25 25.5
15 119.4 114.32 30.1 9.5
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The table above demostrates the values of the
total (L), standard (1) length and large (Q), small (q)
weight of the studied 15 bester samples. The table
shows that the correspondence of the length and the
weight of the fish samples is a good indicator.

According to the Fulton and Clark formula the
fish fatness was calculated, the interval of Fulton
values was from 0.3 to 0.68, and the Clark interval
was from 0.24 to 0.68 (Table 2).

According to Fulton and Clark results, the
bester fish fatness was at a relatively good
level, the samples with a low indicator have
a small amount of nutritional node or empty
intestine.

During ichthyotrophological studies, the
fullness index of 15 bester samples was calculated.
The overall fullness index was 461.3%00 and the
average one was 30.75%00 (Figure 2).

Table 2 — Fatness results of the studied fish samples by Fulton and Clark

Ne Fulton Clark
1 0.68 0.38
2 0.63 0.35
3 0.66 0.31
4 0.54 0.44
5 0.34 0.24
6 0.57 0.53
7 0.34 0.28
8 0.45 0.35
9 0.63 0.32
10 0.3 0.24
11 0.5 0.4
12 0.5 0.29
13 0.47 0.39
14 0.72 0.68
15 0.44 0.42
Medium 0.52 0.37

According to the fullness index, a very low
indicator of samples Ne 3,9, 10, 11 can be observed
in the chart. These were the fish that had a small
amount of nutrient node the came out of their
intestines and a large number of fully digested food.

The study of the nutrition features of the
obtained bester samples allowed determination of
the pond nutritional base in the farm. The division
of the intestine into 3 parts (front, middle and back)
(Figure 3) was made using the methods employed in
these studies.

The figures above illustrate the bester sample
organs and the intestinal sections obtained by
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ichthyotrophological study and the nutrient node
from each intestinal section.

According to the results of ichthyotrophological
studies, mainly shrimp and undetectable digested
food were found in the digestive tract of the studied
samples (Figure 4-5).

Figures 4 and 5 present the main components
which were found in the nutrient nodes of the bester
fish samples, i.e., the main food of the bester was
shrimps.

The repetition frequency of the fragments and
the number of the fragments were determined using
Microsoft Excel (Table 4) (figure 6-7).
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Figure 2 — Fullness index of the studied bester

Figure 4 — A, B- shrimp pieces from the intestines of bester

B
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B

Figure 5 — A, B — digested, undetectable food from the intestine of samples

Table 3 — The repetition frequency and the number of components in the digestive tract of the bester

84

Components The number of components,% The repetition frequency, %
shrimp 87.8 70
gammarus 7.31 10
mollusca 2.43 10
plants’ seeds 2.43 10
The repetition frequency , %
plants' seeds
10,0%
mollusca
10,0%
gammarus
10,0%
shrimp
70,0%

Figure 6 — The repetition frequency of components in the digestive tract of the bester
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Figure 7 — The number of the components in bester digestive tract

The diagrams above show the results of
ichthyotrophological studies of 15 studied bester
fish samples. The diagrams indicate that the main
food of bester fish bred in the pond of the fish farm
is shrimp. Gammarus and mollusc were identified
as additional components, while plant grains were
random components.

The structure of the fish gills studied by
histological methods wasn’t damaged, in general,
the primary and secondary lamellas retain their
normal structure. Bester gill’s structure obtained in
the study showed that, as in all fish, cartilaginous
filaments are in the lamellas center of the Ist order
and the 2nd order lamellas are horizontally attached
to it (Figure 8).

Some fish were observed to have hyperplasia of
the primary and secondary lamellas (Figure 9).

According to a histological study, the skeletal
muscle structure was shown to be normal. No
pathological changes were found in histological
samples of fish muscles. The muscles horizontal

lines are well visible, as well as the sarcolemma
is intact, the nuclei are located on the periphery
(Figure 10).

When histological liver tests of fish samples
were conducted, no pathologies were observed.
Blood capillaries and stem cells looked good.
Hepotocyte cells are intact. The liver capillaries are
sufficiently filled with red blood cells. Hepatocyte
cells and sinusoids looked good. The sinusoids can
be observed to be filled with red blood cells (Figure
11).

Including the gills, liver, and muscles, we the
digestive tract histological preparation of the studied
bester were seen. Figure 11 shows clearly that
intestines were full. The fragments of arthropods
were found (Figure 12).

The front section of histological preparation
of the digestive system of bester sample was
examined. No dangerous pathologies were found
here either. The walls are straight and intact. The
figure demonstrates the normal state (Figure 12).
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Scale:200.00um

Figure 8 — The images of histological section of bester gills coloured by hematoxylin- eosin
A —20x magnified, B — 10x magnified

Scale:200.00um K

Figure 9 — The images of histological section of bester gills coloured
by hematoxylin — eosin, 10x magnified

T AT
| Scale:200.00um

Figure 10 — The images of histological section of bester muscles coloured
by Hematoxylin- eosin A- 20x magnified, B- 10x magnified
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Figure 11 — The Images of histological section of bester liver coloured by hematoxylin- eosin
A- 40x magnified, B- 10x magnified

Figure 12 — The images of histological section of bester
intestine coloured
by hematoxylin- eosin, 20x magnified

Ichthyopathological studies did not reveal
any pathology in bester samples bred in pond
conditions. Protozoa infestation and swellings have
been observed in the fish gills. The structure of the
liver, intestines, muscles wasn’t damaged and was
in a normal condition.

Conclusion

The results of an ichthyotrophological study of
bester (Acipencer nikoljukinii) bred in the fish farm
“Halyk balyk” were obtained. The results showed
that:

The quantitative analysis of nutrition showed
that the repetition frequency was: 100% shrimp,
10% gammarus, 20% plant grains, 10% molluscs.

Figure 13 — The images of histological section of bester
intestine coloured
by hematoxylin- eosin, 10x magnified

According to the qualitative analysis of nutrition:
shrimp was 87.80%, Gammarus was 7.31%, plant
grains were 2.43%, mollusks were 2.43%.

The results of bester histological studies showed
the following:

The changes found in the gills were normal in
most of them, hyperplasia was observed to occur
because of the protozoa invasion in the gill lammellas
and swelling of the secondary gill lamellas.

The structure of the liver gland was intact, and
it was in a normal state, hepotocyte cells were in a
columnar form.

The structure of the muscles was in a normal
state and did not undergo changes.

The ichthyotrophological studies showed the
sufficiency of the food supplies for bester samples
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bred in pond conditions and the good conditions Currently, the bester, which is of a major
of the pond nutritional base. According to  importance, is a valuable object for ichthyological
ichthyopathological studies, no abnormalities were  research. The study of bester, the study of fish bred
identified in the fish, and the conditions for fish  in the pond conditions promotes the preservation
breeding in the pond were discovered to be good. and breeding of sturgeon fish.
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ISOLATION AND IDENTIFICATION
OF COAL ACCLIMATED MICROORGANISMS
FROM THE ACTIVATED SLUDGE

Today, Kazakhstan is among the top ten countries in the world in terms of coal production, which
is estimated at 38 billion tons. The processing of low-quality coal is a hot topic that requires careful
scientific research, since it is one of the main energy carriers of organic origin and is now considered a
promising source of raw materials for value-added products, like biofuels or biofertilizers. To increase
the bioavailability of coal, various approaches are used, including pre-treatment of coal with exogenous
microorganisms. This article demonstrates a method for acclimatizing bacteria from activated sludge,
which can then be used for a community of microorganisms as a pre-treatment of coal to improve its
bioavailability. Microorganisms adapted to coal were isolated and identified based on the analysis of the
16S rRNA gene, which showed belonging to Enterobacter bugandensis 247, Lysinibacillus macroides
LMG 18474, Acinetobacter pittii DSM 21653, Achromobacter insolitus LMG 6003, Achromobacter
denitrificans NBRC 15125 strains. Microorganisms actively grew in synthetic cultural media E8, where
the only source of carbon was coal. This indicated that acclimatization was successful and in the future
this method can be used for acclimatization of exogenous microbial communities.

Key words: coal, bioavailability, bacteria, activated sludge, acclimatization, biodegradation, bio-
conversion.
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beAaceHAi TyHOaAaH Kemipre 6eiHiMAEAreH MUKPOOPraHM3MAEPA i
OKLLayAay )KoHe MAeHTUDHKauUsAQY

byritri TaHaa KasakcraH kemip eHaipy 6oibiHwa keAeMi 38 MMAAMApA TOHHara GaraAaHaTbIH,
SAEMHIH, aAFallKbl OHAbIFbIHA Kipeai. TOMeH canaAbl KOMIpAi KanTa OHAEY-MYKMSAT FbIAbIMU 3ePTTeyA|
KA>KeT eTeTiH ©3eKTi TaKbIpbIr, OMTKEHI OA OPraHMKAAbIK, TEKTEC HETi3ri 3HEePrus TaCbiIMaAAAYLIbIAAPAbIH
6ipi XeHe Kasipri yakplTTa 6MOOTbIH HEMECE OMO ThIHAMTKbIL CUSIKTbl KOCbIMLLIA KYHAbI 6HIMAEP YLLUiH
MepCcrnekTUBaAbl LIMKi3aT Ke3i BOAbIM caHarasbl. KemipaiH GMOXKETIMAIAINIH apTTbipy yWiH 8pTypAi
TOCIAAEP KOAAQHbIAAAbI, COHbIH ilIHAE KOMIPAI 3K30reHAIK MMKPOOPraHM3MAEPMEH aAAblH-aAa
eHAey. byAa Makarapa GeaceHAil TyH6a GakTepusAapbiH Kemipre Genimaey SAiCi KepCeTiAreH, coaaH
KEeMiH OHbl MMKPOOPraHU3MAEP KAybIMAACTbIFbI YILiH KOMIPAIH BUOXKETIMAIAIFIH apTTbIPY YLLUiH aAAbIH
aAa eHAEY peTiHAe nanaasaHyra 6oAaabl. 16s pPHK reHiHiH Taaaaybl HeriziHae KeMipre GeiMAeAreH
Enterobacter bugandensis 247, Lysinibacillus macroides LMG 18474, Acinetobacter pittii DSM 21653,
Achromobacter insolitus LMG 6003, Achromobacter denitrificans nbrc 15125 TypaepiHe >artaTblH
MUKPOOPraHM3MAep aHblkTaAFaH. Mukpoopranmamaep E8 CHMHTETMKAAbIK KOPEKTIK OpTacblHAR,
GEeACEHAI TYpAE 6CTi, OHAA KOMIPTEKTIH, XKaAFbl3 KO3i KemMip 60AAbI, OYA COTTI aKKAMMATMU3aUMSHbIH
HOTUXKEC] BOAADI.

Tyiin cesaep: Kkemip, 6MOXeETIMAIAIK, 6GakTepusaap, OeAceHAl TyH6a, akKKAMMaTM3aLMS,
6uoaerpasaumsi, GOKOHBEPCHS.

© 2023 Al-Farabi Kazakh National University 89


https://doi.org/10.26577/EJE.2023.v77.i4.09
https://orcid.org/0000-0002-5879-3475
https://orcid.org/0000-0003-4476-5614
https://orcid.org/0000-0003-3581-0671
https://orcid.org/0000-0002-1484-9000
mailto:marzhanur.7@mail.ru
mailto:marzhanur.7@mail.ru

Isolation and identification of coal acclimated microorganisms from the activated sludge
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THAO «Kazaxckui HauMOHaAbHbI yHUBEPCUTET uMeHn aab-Dapabu», KasaxcraH, r. AAmartbl
2Ka3axckui HaLMOHAAbHbIN MCCAEAOBATEAbCKUIA TEXHUUYECKMI1 YHUBEPCUTET
mmenn K.M. CatnaeBa, KasaxcraH, r. AAMaTbl
‘e-mail: marzhanur.7@mail.ru

BbiaeAeHune u MAEHTMCbMKaLI,Mﬂ AKKAUMATU3UPOBAHHDbIX
K YTAHO MUKPOOPraHM3MOB U3 aKTUBHOIO MAQ

Ha ceroaHsiwHmm aeHb KasaxcrtaH BXOAMT B MEPBYIO AECSTKY CTPaH mMupa Mo Ao6blue yrag,
KOTOpast OLEHMBAETCS B 38 MUAAMAPAOB TOHH. [lepepaboTka HU3KOKAUeCTBEHHOIO YrASl — aKTyaAbHast
Tema, TpebyloLas TIWATEABHOrO HayYHOrO MCCAEAOBAHMS, MOCKOABKY OH SIBASIETCS OAHUM M3 OCHOBHBbIX
SHEProHOCUTEAEN OPraHMUYECKOro MPOUCXOXKAEHMS M B HACTOSILLLEE BPEMS CUMTAETCS MepPCrneKTUBHbIM
MCTOYHMKOM CbIpbS AASI MPOAYKTOB C AOGABAEHHOM CTOMMOCTbIO, TaKMX Kak OGMOTOMAMBO WAM
61oyAOBPEHUS. AASI TMOBbILIEHNSI GUOAOCTYIHOCTU YIASl MPUMEHSIIOT Pa3AMUHbIE MOAXOAbI, B TOM
yncAe MPeABapUTEAbHYID 06PabOoTKy YrAsS 3K30reHHbIMM MMKpOOpraHvMamamu. B AaHHOM cTaTbhe
AEMOHCTPUPYETCS METOA aKKAMMATM3aLMKM 6AKTEPUI U3 AKTUBHOIO MAQ K YTAIO, KOTOPbIN 3aTEM MOXKHO
MCMOAB30BaTb AAS COOOLIECTBA MUKPOOPraHM3MOB B KayeCTBe MPeABAPUTEAbHON 06paboTKM yras
AAS TIOBbILIEHWSI €10 GUOAOCTYMHOCTU. BblAEAEHBI M MAEHTUMDULUMPOBAHBI AAAMTMPOBAHHBIE K YTAIO
MMKPOOPraHM3mMbl Ha OCHOBE aHaAm3a reHa 16S pPHK, KoTopbii nokasaa npUHAAAEXKHOCTb K LITaMMam
Enterobacter bugandensis 247, Lysinibacillus macroides LMG 18474, Acinetobacter pittii DSM 21653,
Achromobacter insolitus LMG 6003, Achromobacter denitrificans NBRC 15125. MukpoopraHu3mbl
AKTMBHO POCAM B CMHTETUYECKOW KYAbTYpHOI cpeae E8, rae eAMHCTBEHHbIM MCTOYHMKOM YrA€poAa

ObIA YIrOAb, YTO 4BAAAOCDH MNMOKa3aTeAeEM YCI'IeLIJHOl;I AKKAMMATU3alUnN.

KAtoueBble cAOBa: Yroab,
6roaerpasaums, 6MoKoHBepCHsl.

Introduction

Due to their low energetic power, low rank
coals (LRC) such as peat, leonardite, and lignites
are not commercially utilized. Coal bioconversion
technology has the ability to convert low-grade
and discarded coal into either clean, cost-effective
energy raw materials or into value-added goods [1].
Coal treatment methods include physical, chemical,
and bio-treatments [2]. It has been demonstrated
that the application of alkali and another chemical
treatments can disrupt and reestablish distinct coal
macromolecule connections and forces [3,4].

Microbial technology will outperform physical
and chemical coal processing technologies. Apart
from being easier and requiring fewer technical
instruments, microorganisms have no environmental
impact when compared to typical chemical catalyst
particles. Compared with physical methods, the
microbiological method has several advantages,
namely: the process can be carried out under
conditions of atmospheric temperature and pressure,
and does not require external energy, and microbial
degradation does not produce nitrogen oxides and
sulfur oxides making it more environmentally
friendly [5].

There are quite a few works devoted to the
study of the effectiveness of the use of indigenous
an exogenous microorganism for the biodegradation
of coal [6-8]. For example, fungal systems have
been identified that can modify the structure
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of coal by various mechanisms [9]. Moreover,
because of the alkaline chemicals emitted, bacteria
and actinomycetes can represent an effective and
inexpensive potential for coal degradation [10,11].
Also, some plant growth-promoting rhizobacteria
(PGPR) have been experimentally shown to have coal
solubilizing characteristics [12]. Bioaugmentation
with  coal-acclimated microorganisms  from
activated sludge could be a strong tool for
improving coal degradation processes, such as
coal solubilization. For instance, in the majority
of investigations on the bioconversion of coal to
methane, local microorganisms have been utilized
[13-15]. However, it has also been discovered that
some exogenous microbial communities were just
as more effective than the native populations at
converting coal to methane [16,17]. Activated sludge
is a mixture of biomass of various microorganisms
that is used for wastewater treatment. The bacterial
diversity of activated sludge consists of many
different functional bacterial groups like aerobic
heterotrophic bacteria, nitrate reducers, sulfate-
reducers, ammonia-oxidizers, nitrite-oxidizers and
etc. [18]. Acid-producing bacteria and methanogenic
bacteria are also parts of activated sludge community
and the important bacterial groups which are
participated in the bioconversion process [19].

Due to the metabolism of so many diverse
microorganisms, in particular bacterial taxa, organic
compounds, and contaminants such as household
waste, pharmaceuticals, pesticides can be degraded
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[20]. This feature of activated sludge can be used as
a technique to stimulate coal bioconversion.

In this paper, the method of the acclimatization
of microorganisms from activated sludge was
studied, and microorganisms adapted to the coal
were isolated and identified to demonstrate the
potential of using microorganisms for successful
bioaugmentation for coal degradation.

Materials and Methods

In this study, coal samples from the Oi-Qaragai
deposit were used. Coal sampling was carried
out manually according to certain rules from the
standard document “Hard coal and coke. Manual
sampling and ISO 13909-4:2016 Preview Hard
coal and coke. Mechanical sampling. Part 4. Coal.
Sample preparation for testing” (GOST 10742-
71). The coal was crushed to a powder state with
a particle size of less than 150 pm, in laboratory
conditions, using a grinder. The pulverized coal
samples were then dried and stored in a sealed bag
for further experiments.

The activated sludge (AS) sample was obtained
from a wastewater treatment system in KazNU
campus, Almaty, Kazakhstan.

For the acclimatization of AS microorganisms,
a modified Ashby’s medium [21] was used which
contain 60 g of activated sludge, 9 g of glucose, 15
g calcium carbonate, 3 g of yeast extract, 0,6 g of
sodium chloride, 0,6 g sodium dihydrogen phosphate,
0,6 g magnesium sulfate and 0,3 g potassium sulfate
were added to 3 L of distilled water.

For the isolation of bacteria from AS, which
can grow up in coal and convert coal was used
synthetic media E8. The composition of E8 media:
2,1 g potassium dehydrogen phosphate, 4,5 g
diammonium hydrogen phosphate, 2,4 g magnesium
sulfate, 1,5 g sodium chloride, 60 g coal and 3 L of
distilled water.

Adapting the AS microorganisms to the coal

For the adaptation of microorganisms was used
the method of Wang et al. where to the 10 g AS
were added 2,5 g of coal powder with a particle size
of less than 150 pm. For continuous acclimatization
over a period of 28 days, 0,5 g of coal powder with
a particle size of less than 150 m was added every
3 days, and 0,5 g, 0,25 g, and 0,1 g of glucose were
added sequentially every 7 days. This was followed
by continuous aeration at 35°C [22].

Isolation and identification and of acclimatized
bacteria from sludge

Due to the isolation of microorganisms
acclimatized to the coal, microorganisms were
checked after 28 days on E8 media. 16S rDNA
provides sufficient information and contains 10
conservative areas and 9 hypervariable regions
(V1-V9), according to a PCR identification test.
Five different strains isolated from activated sludge
adapted to coal were used in the work.

The universal primer for bacteria 16s (27/1492r)
was used for genomic DNA sequencing, the product
was amplified, after that all the results were compared
and analyzed. The bacterial genome was extracted
using the traditional phenol-chloroform method. The
primer set consists of two primers. Primer 27f has a
sequence of 5-AGAGTTTGATCCTGGCTCAG-3,
while primer 1492r has a sequence of
5-CTACGGCTACCTTGTTACGA-3. The target
fragment was seen under blue light after the
electrophoresis of the amplification results on 1.5%
agarose gel, and the gel was then removed and purified.

The ABI3730-XL sequencing tool was employed
to identify the microorganisms. To determine the
accurate information regarding the classification of
species, all sequencing sequences were checked with
the NCBI 16S database and a search was carried
out in the NCBI taxonomy database. Aoke Biogel
Recovery Kit was used for PCR product recovery.
Using the BLAST algorithm, the derived nucleotide
chains of bacteria were discovered.

Results and discussion

After 28 days of cultivation, the microflora was
observed under a microscope (Microoptix MX-50,
Austria) at 100x magnification. On fig.1 it can be
seen that the larger black particles (~10 pm) are
coal, and the smaller bacilli or coccoid particles (<10
pum) are microbes that randomly and actively rotate/
move around the coal particles. It is noticeable that
after inoculation and subsequent acclimatization, the
culture medium is rich in microorganisms, mainly
bacilli and cocci (Figure 1).

This indicates that the process of acclimatization
of microbial cultures to the environment in the
presence of coal was successful in obtaining adapted
microbial communities.

The microbiological analysis of the obtained
samples was carried out by inoculation on a synthetic
medium E8 (Figure 2). The growth of colonies adapted
to coal was determined on petri dishes with a synthetic
medium. The results showed that the samples contain
bacteria that use coal as their only source of energy.
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Figure 1 — Microscopy of microbial samples after 28 days (x 100)

. G|
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Figure 2 — Colonies of microorganisms isolated from activated sludge after its acclimatization to the coal

There are colonies of round shaped, white and For further research and identification, five
yellowish, creamy and shiny colonies with smooth  different strains of microorganisms were selected
edges of small size. The number of live bacteriain 1~ (Figure 3), the fastest growing strains, and well-
dose (0,01 ml) growing on E8 is 5,8 x 10°CFU/mg.  grown bacterial monocultures for 24-48 hours.

Figure 3 — Isolation of pure culture microorganisms by streak plate method

In the process of identifying microorganisms Microscopy and staining methods were used
to a species, morphological and cultural properties  on the basis of purpose of the study. As a result of
were first studied. The morphological properties  staining to determine the morphological structure
of bacterial cultures grown on solid nutrient media  of cells of isolated bacteria, it was found that
were studied under a microscope (Microoptix MX-  microorganisms are gram-negative cocci and gram-
50, Austria) at 100x magnification. positive cocci bacillus (Fig.4).
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M4

Figure 4 — Morphological characteristics of microorganisms

M1- diplococci, gram positive, 0,7 um; M2-cocci bacilli, gram negative, 0,7 pm; M3- cocci, gram positive, 0,5um;

The table below displays the outcomes of strain
identification of microorganisms using the ABI3730-
XL sequencer (Table 1). The most pertinent informa-

M4- cocci, gram positive, 0,5um; M5 — cocci -0,5um, gram positive (x 100)

Table 1 — Results of identification by the method of nucleotide sequence analysis

tion regarding species categorization was then ob-
tained by searching the NCBI taxonomy database and
comparing the outcomes with the NCBI 16S database.

The strain
name

The sequence nucleotide chains

Name of strain

%
identity

Ml

ACGCCTCAAGGGCACAACCTCCAAGTCGACATCGTTTACGGCGTGGAC-
TACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGT-
CAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTA-
CGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCCT-
GCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTT-
GACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTG-
CACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCT-
GCGGGTAACGTCAATCGACAAGGTTATTAACCTCATCGCCTTCCTCCCC-
GCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGGCATGGCT-
GCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAG-
GAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGAC-
CAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTA-
ATCCCATCTGGGCACATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTG-
GTCTTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTC-
CATCAGGCAGTTTCCCAGACATTACTCACCCGTCCGCCACTCGTCACCCGAGA-
GCAAGCTCTCTGTGCTAC

Enterobacter
bugandensis
247

99.42
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Table continuation

The strain
name

The sequence nucleotide chains

Name of strain

%
identity

M2

AGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCG-
GTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTAAATGATGGCAACTAA-
GATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC-
GAGCTGACGACAACCATGCACCACCTGTCACCGTTGCCCCCGAAGGGGAAAC-
TATATCTCTACAGTGGTCAACGGGATGTCAAGACCTGGTAAGGTTCTTC-
GCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGT-
CAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCT-
TAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACT-
CATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCAC-
GCTTTCGCGCCTCAGCGTCAGTTACAGACCAGAAAGTCGCCTTCGC-
CACTGGTGTTCCTCCAAATCTCTACGCATTTCACCGCTACACTTGGAATTC-
CACTTTCCTCTTCTGCACTCAAGTCCCCCAGTTTCCAATGACCCTCCACG-
GTTGAGCCGTGGGCTTTCACATCAGACTTAAAGGACCGCCTGCGCGC-
GCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTACCGCG-
GCTGCTGGCACGTAGTTAGCCGTGGCTTTCTAATAAGGTACCGTCAAGGTA-
CAGCCAGTTACTACTGTACTTGTTCTTCCCTTACAACAGAGTTTTACGATCC-
GAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTG-
GAAGATTCCCTACTGCTGCCTCCCG

Lysinibacil-
lus macroides
LMG 18474

99.07

M3

TAGATGAGCCTAAGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGC-
GACGATCTGTAGCGGGTCTGAGAGGATGATCCGCCACACTGGGACTGAGA-
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGC-
GCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTATGGTTGTA-
AAGCACTTTAAGCGAGGAGGAGGCTACTTTAGTTAATACCTAGAGATAGTG-
GACGTTACTCGCAGAATAAGCACCGGCTAACTCTGTGCCAGCAGCCGCG-
GTAATACAGAGGGTGCAAGCGTTAATCGGATTTACTGGGCGTAAAGCGCGC-
GTAGGCGGCTAATTAAGTCAAATGTGAAATCCCCGAGCTTAACTTGGGAATT-
GCATTCGATACTGGTTAGCTAGAGTGTGGGAGAGGATGGTAGAATTCCAGGT-
GTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGATGGCGAAGGCAGC-
CATCTGGCCTAACACTGACGCTGAGGTGCGAAAGCATGGGGAGCAAA-
CAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGTCTACTAGCC-
GTTGGGGCCTTTGAGGCTTTAGTGGCGCAGCTAACGCGATAAGTAGACC-
GCCTGGGGAGTACGGTCGCAAGACTAAAACTCAAATGAATTGACGGGGGCCC-
GCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCT-
TACCTGGCCTTGACATAGTAAGAACTTTCCAGAGATGGATTGGTGCCTTC-
GGGAACTTACATACAGGTGCTGCATGGCTGTCGTCAGCTCG

Acinetobacter
pittii DSM
21653

99.63

M4

CTTTCGTGCATGAGCGTCAGTGTTATCCCAGGAGGCTGCCTTCGCCATC-
GGTGTTCCTCCGCATATCTACGCATTTCACTGCTACACGCGGAATTC-
CACCTCCCTCTGACACACTCTAGCTCGGTAGTTAAAAATGCAGTTCCAAAGT-
TAAGCTCTGGGATTTCACATCTTTCTTTCCGAACCGCCTGCGCACGCTT-
TACGCCCAGTAATTCCGATTAACGCTTGCACCCTACGTATTACCGCGGCT-
GCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCAGTTTCGC-
GGGGTATTAACCCACGACGTTTCTTTCCTGCCAAAAGTGCTTTACAACCC-
GAAGGCCTTCATCGCACACGCGGGATGGCTGGATCAGGGTTTCCCCCATT-
GTCCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCT-
CAGTCCCAGTGTGGCTGGTCGTCCTCTCAAACCAGCTACGGATCGTCGCCTTG-
GTGAGCCGTTACCCCACCAACTAGCTAATCCGATATCGGCCGCTCCAATAGTG-
CAAGGTCTTGCGATCCCCTGCTTTCCCCCGTAGGGCGTATGCGGTATTAGCTAC-
GCTTTCGCGTAGTTATCCCCCGCTACTGGGCACGTTCCGATACATTACTCACCC-
GTTCGCCACTCGCCACCAGACCGAAGTCCGTGCTGCCGTTCGACTTGCATGT-
GTAAGGCATCCC

Achromobacter
insolitus LMG
6003

99.44

M5

ACTGACGGTACCTGCAGAATAAGCACCGGCTAACTACGTGCCAGCAGC-
CGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA-
AAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTA-
ACTTTGGAACTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAG-
GTGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACAC-
CGATGGCGAAGGCAGCCTCCTGGGATAACACTGACGCTCATGCACGAAAGC-
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGAT-
GTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGT-
GAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATT-
GACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGC-
GAAAAACCTTACCTACCCTTGACATGTCTGGAATCCTGAAGAGATTTAGGAGT-
GCTCGCAAGAGAACCGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT-
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTT-
GCTACGA

Achromobacter
denitrificans
NBRC 15125

98.81
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After the 16S ribosomal RNA gene sequences
of the isolates were sequenced and compared to
the NCBI database, the isolates were identified as
follows: Enterobacter bugandensis 247 (99.42%
match), Lysinibacillus macroides LMG 18474
(99.07% match), Acinetobacter pittii DSM
21653 (99.63% match), Achromobacter insolitus
LMG 6003 (99.44% match), and Achromobacter
denitrificans NBRC 15125 (98.81% match).

Discussion

Microbial ~ community  optimization  or
bioaugmentation is necessary to increase the
production of value-added products, such as methane
or hydrogen, from the complete biodegradation of
coal. An effective method for the degradation of
lignite by foreign microorganisms using lignite as
a substrate and isolated by acclimation has been
reported, where, for example, bioaugmentation has
proven to be an effective strategy for stimulation of
gas production [23].

The bacteria contained in the activated
sludge were successfully adapted, because in the
adaptation method, coal as a source of carbon
was added gradually, and each time increasing
the concentration, the bacteria adapted to the new
environmental conditions. It can be assumed that
the isolated bacteria are able to solubilize coal
and, using the organic matter of coal, they provide
themselves with a source of carbon. Since activated
sludge accumulates various microorganisms whose
metabolism includes a wide range of chemical
reactions [24], activated sludge can be used to
effectively reduce the recalcitrance of coal.

Adapted and isolated activated sludge
microorganisms play important role in the
environment as degraders. Acinetobacter sp. strains
act as the best decomposers for bioremediation
of oil-contaminated sites [25]. It was also found
that when using Acinetobacter pitti. showed a
high degree of solubilization of brown coals
[26]. Achromobacter insolitus participates in the
bioremediation of polyaromatic hydrocarbons [27].
Achromobacter denitrificans is also mainly used for

the bioremediation soils contaminated with heavy
metals [28]. Other strains of Lysinibacillus sp and
Enterobacter sp. are of ecological importance for the
agroecosystem and participate in the cycle of metals
[29,30]. Moreover, the identification of isolated
microorganisms from activated sludge contributes
to a more in-depth study of the biodiversity of the
environmental microbial community. Strains of
microorganisms adapted to coal can be used in further
experiments to study the degree of biosolubilization
of coal using these strains.

Conclusion

In conclusion, a method of acclimatization
of microorganisms from activated sludge to coal
was tested. The current study helped to isolate
and identify new bacterial strains in the activated
sludge sample. Coal adapted 5 strains have been
isolated and identified, based on the analysis of
the 16S rRNA gene. These included the strains
of Enterobacter bugandensis 247, Lysinibacillus
macroides LMG 18474, Acinetobacter pittii DSM
21653, Achromobacter insolitus LMG 6003, and
Achromobacter denitrificans NBRC 15125. The
activated sludge microorganism acclimatization
method is an economical and environmentally
friendly method. It is suitable method for
bioaugmentation in a strategy for optimization the
bioconversion of coal in a value-added product.
The acclimatization method can be used for the
microbial community of activated sludge in field
conditions, to stimulate the formation of methane
or hydrogen gases in coal deposits. Pure cultures
of microorganisms can be used in laboratory
conditions as producers of humic acids as a result of
coal biosolubilization. In the future, a detailed study
of their biochemical properties is required.
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CEMEMCTBO APIACEAE LINDL
BO ®AOPE AAMATUHCKOW OBAACTU

B craTtbe npuBeaeHbl AaHHble pe3yAbTaToB 06pPabOTKM AUTEPATYPHbLIX MCTOYHMKOB M repbapHbIX
KOAAEKLIMI Ha TEPPUTOPMM AAMATMHCKOM 0O6AaCcTU no cemeincTBy Apiaceae Lindl., rae 6bIAO BbIIBAEHO
127 BUAOB U3 57 POAOB, MOATBEPXKAEHHbIX rep6apHbIMM 06pasLLamm.

Bo prope AAMaTMHCKOM 06AACTM Apiaceae SBASETCS OAHVMM U3 BEAYLLMX CEMENCTB M 3aHMMaeT
11 mecto. CncTemMaTMyeckmii aHaAn3 CeEMENCTBA Apiaceae MCCAEAYEMOTO PermoHa nokasaa, YTo CaMbiM
KPYMHbIMW POAAMM MO KOAMYECTBY BUAOB sBAsiOTCS Ferula (26 BuaoB), Seseli (13 BuaoB), Prangos (8
BUAOB), Bupleurum (7 BuaoB), Aulacospermum (4 Buaa), Aegopodium (3 BuaoB), Sium (3 BuaOB), Hera-
cleum, Sium, Hyalolaena (no 3 Buaa), Eryngium, Anthriscus, Schrenkia, Angelica, Bunium, Cuminum,
Schulzia, Conioselinum, Semenovia (no 2 B1aa), OCTaAbHble POABI UMEIOT B CBOEM COCTaBe Mo 1 BUAY.
M3 nprBeAEHHOrO Cnmcka BUAOB 30HTUYHbIX, SHAEMUUHBIX MPUBOAUTCS 15 BUAOB, 10 M3 HUX BKAIOYEHDI
B KpacHyto kHury KasaxcraHa (2014). MHorve BuAbl pacnpocTpaHeHbl B KasaxcraHe 1 npuAeraiowmx
paroHax ceBepo-3anaaHoro Kutas. M3 kpacHOKHMKHbIX npounspacTtatoT 10 BUAOB. C LeAbIO BbISIBAEHWS
BUAOB, MEPCMNEKTUBHbBIX AAS BKAIOUEHUS B KpacHyio KHUIY AAMaTMHCKOM 06AaCTH, MPOAHAAM3UPOBAHbI
BMAbI, KOTOPblE UMEIOT OYeHb OFPAHNUYEHHOE YMCAO MECTOOOMTaHWIA, T.e. BCTPEYAIOTCS He 4acTo U
peAKo.

KAloueBble cAOBa: ceMeinCTBO Apiaceae, BWA, POA, CUCTEMaTWMKa, 3KOAOTMS U AAMATMHCKas
00AaCTb.
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'RSE on the REM “Astana Botanical Garden” Committee of Forestry and Animal World
of the Ministry of Ecology, Geography and Nature Conservation, Kazakhstan, Astana
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Family Apiaceae Lindl in the flora
of Almaty region

The article presents data on the results of processing of literary sources and herbarium collections
in the territory of Almaty region on the family Apiaceae Lindl., where 127 species from 57 genera, con-
firmed by herbarium specimens, were identified. In the flora of Almaty region Apiaceae is one of the
leading families and occupies the 11th place. Systematic analysis of the Apiaceae family of the studied
region has shown that the largest genera by number of species are Ferula (26 species), Seseli (13 species),
Prangos (8 species), Bupleurum (7 species), Aulacospermum (4 species), Aegopodium (3 species), Sium
(3 species), Heracleum, Sium, Hyalolaena (3 species each), Eryngium, Anthriscus, Schrenkia, Angelica,
Bunium, Cuminum, Schulzia, Conioselinum, Semenovia (2 species each), other genera have one species
each. Among them 15 endemic species, 10 species are included in the Red Book of Kazakhstan (2014).
Many species are distributed in Kazakhstan and adjacent areas of northwestern China. Materials of Her-
barium Funds: AA, MW, TK were studied.

The list of umbrella species by administrative districts of the region is given, as well as species
prospective for inclusion in the Red Data Book of Almaty region, which have a very limited number of
habitats, i.e. occur He frequent and rare.

Key words: family Apiaceae, species, genus, systematics, ecology, and Almaty region.
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AAMaTbI 06ABICBIHBIH, (AOPACBIHAAFDI
Apiaceae Lindl Tykbimaacol

Makarapa AAMaTbl 06AbICbIHbIH, ayMaFbiHAQ Apiaceae Lindl. TykbiMAachl GoMbIHLLA 8A€0M KO3AED
MEH repbapuini KOAAEKLMSAAPbIH 6HAEY HOTUMXKEAEPIHIH AepeKTepi KeATIpiAreH, oHaa repbapmii
YATiA€piMeH pacTaaraH 57 TybICTbIH, 127 Typi aHbIKTaAFaH. AAMaTbl 0BAbICbIHbIH (hAOpacbiHAA Apiaceae
>KeTeKLIi TYKbIMAACTapPAbIH 6ipi >koHe 11 opbiHFa ne. 3epTTeAeTiH aiiMak TbiH Apiaceae TYKbIMAACBIHbIH
JKYMEeAI TaAAdybl TYPAEP CaHbl GOMbIHLIA €H YAKEeH TykbimMaacTap Ferula (26 Typ), Seseli (13 Typ), Pran-
gos (8 Typ), Bupleurum (7 typ), Aulacospermum (4 Typ), Aegopodium (3 Typ), Sium (3 Typ), Heracleum,
Sium, Hyalolaena (spkaiicbicbl 3 TypaeH), Eryngium, Anthriscus, Schrenkia, Angelica, Bunium, Cuminum,
Schulzia, Conioselinum, Semenovia (epkancbicbl 2 TypAeH), 6acka TybiCTapbiHAA 1 TYPAEH KE3AECEA.
OnapAblH iwiHAe 15 aHAEMMKaAbIK, TYpi, KasakcTaHHbIH Kbi3biA KiTabbiHa 10 Typi eHrisiareH (2014 x.).
Kenteren Typaep KasakcrtaHaa skoHe KbitanabiH COATYCTiK-6aTbICbiIHAQ OPHAAACKaH ayAaHAAPAA KEH

TapaaraH. ['epbapuin KopAapbliHbIH MaTepUarAapbl 3epTTeaai: AA, MW, TK.

OOABICTbIH, SKIMLLIAIK ayAaHAApPbl OOMbIHIIA KOALIATBIP TYPAEPIHIH Ti3iMi, COHAam-ak, AAmMaTbl
00AbICbIHbIH KbI3bIA KiTabblHa eHri3yre nepcrekTMBaAbl TYPAEP KEATIPIAreH, OAApAbIH MEKEHAENTIH
JKEpAepi eTe LEKTEYAI, SFHN OAQpP >KMi )KOHE CUPEeK Ke3AeCeAl.

Ty#in ce3aep: Apiaceae TYKbIMAACHI, TYP, TybIC, CUCTEMATUKA, IKOAOTUS XKOHE AAMaTbl OBABICHI.

BBenenue

B HacTosimee Bpemsi mpobiieMa cOXpaHeHHs
OmopasHooOpa3usi mpHoOpena TepBOCTEIIEHHOE
3HaYeHUe, BO3JICHCTBIE UeioBeka Ha Ouocdepy 1o-
cTurio 6ompuMx pa3mepos. [lo oueHke sKcepToB
B Omkaiiem OyayleM Ha TpaHu CBOETO MCUE3HO-
BeHUsI okaxkeTcs He MeHee 10% BumoBoro cocrasa
MHUpOBOH (iopel. B cBsi3u ¢ kaTacTpoduyecku ObI-
CTPBIM OOEIHEHHEM BMJOBOIO COCTaBa, Hapylle-
HUEM TOMYJISAIUN U SKOCHCTEM, TpodiemMa ero co-
XpaHEeHHUs! MpU3HaHA OJHON M3 KIIIOYEBBIX MpobiIeM
ri1o0abHON 3KOJIOTMH. B 3TOM acmekre msyudeHue
OOJBINION TPYIIBI PACTCHUH SIBIISICTCS OYCHB aK-
TyaJbHBIM. B 1ensX M3y4deHus: BHUIOBOTO pa3zHOO-
Opasusa dmopsr Kazaxcrana HeoOXoaumo, Tpexse
BCETO, IIeJICHAIPABIICHHOE U3yUCHNE CUCTEMaTHde-
CKOT'0 COCTaBa.

AHanu3 MarepuaroB CBOJOK U IyOJMKanui
MPOJIEMOHCTPUPOBAJ, YTO CTENEHb H3yYEHHOCTH,
KaK OTJENbHBIX PETHOHOB, TaK U OTAENbHBIX CUCTE-
MaTHYECKUX TIpYIIN HepaBHO3Ha4HA. Ha coBpemeH-
HOM dTare pa3BUTHs (PIOPHCTHKH M CHCTEMATHUKH
MPOMCXOAMT MEPECMOTP MOHUMAaHUsI 00beMa U CH-
CTEeMAaTHUYECKUX IPAHHUIl MHOTUX TAKCOHOMHUYECKHX
eIMHUIL pa3inyHoro panra. C y4eTom 3TOro HaMu
U3yuyeHa U MPOBEAeHa cUCTeMaTHuecKas 00padoTka
cemeiictBa Apiaceae Lindl. AnmmaTuHCKOH 00s1acTH,
KOTOpasi B KAKOW—TO Mepe IMOMOXKET PEIIUTh BOTIPO-
CBl, IPUHATHIC IPH MTOANTMCAHUN KOHBEHIIH O OOPb-
0c¢ C OmyCTHIHMBAaHHEM. AKTYaJbHOCTb H3YUYCHUS

ceMelcTBa Apiaceae Taxke 00yCIIOBICHA HESICHBIM
JIMATHOCTUYECKUM IpPH3HAKAM HEKOTOPBIX BHJIOB,
BapbUPOBAHKUE KOTOPBIX CBS3aHO C IKOJIOTHYECKH-
MU YCIIOBHSIMH M MAaJIOUYMCIIEHHBIMHA TepOapHBIMH
oOpasiamu.

CewmeiictBo — Apiaceae Lindl. {Umbelliferae
Juss.) macuuteiBaeT oxoiso 400 pomoB u 3500 BU-
JIOB, pacTpOCTPAaHEHHBIX MTOYTH MO BCEMY 3EMHOMY
mapy, 0COOEHHO B yMEPEHHO-TEIIBIX U CyOTpOmu-
gecKHuX o0macTax ceBepHoro momymapus [1]. Llen-
TPOM pa3HOO0Opa3ust cemeiicTBa cuntaetcst CpeHss
n yacth llenTpanpHoii Asum. [lo MHOTOOOpasuto
30HTHYHBIE 3aHAMAIOT IIIECTOE MECTO TI0 YUCITY PO-
JIOB ¥ BOCBMOE — I10 YHUCITy BHUJIOB CPEJU CEMEICTB
MOKPBITOCEMEHHBIX pacTeHui [2].

B Poccuu u conpenenibHbIX CTpaHax 3TO ceMei-
cTBO mnpencrasieHo 145 pomamu u 700-750 Buna-
mu. [TumenoBeiM M.IL. nnst peruona Cpenneit Azuu
n Kazaxcrana ormeuaercs 107 pomos, 459 Bumon
u 204 >HIAEMUYHBIX BHUJIOB U MPEICTABISET COOOM
OJIMH W3 BaXXHEHIIUX IEHTPOB Pa3HOOOpa3us 30H-
TUYHBIX HE TOJBKO B A3WH, HO U B MHPOBOM Mac-
mrade. J{ns Kazaxcrana on npuBogut 82 poxa, 211
BHUJIOB, U3 HUX 28 SHJIEMHUYHBIX BUJIOB [3].

CewmeiicTBo Apiaceae — KOCMOTIOIUTBI, HO O0JTb-
IIMHCTBO UX BUJIOB OOMTAET BO BHETPOIHMYECKUX
00J1acTAX CEBEPHOTO IMoNymapus. B oCHOBHOM 3T0
MHOTOJIETHHE TPaBbI, HO BCTPEUAIOTCS KyCTapHUKH,
a Tak)Ke JIBYJICTHUE W OJHOJICTHUE TpaBbl. [ Mrant-
CKHe pa3Mephl M CBOEOOPa3HBIN OOJUK HEKOTOPHIX
TpaB (OopmieBuk -Heracleum, nynauk — Angelica,
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CewmetictBo Apiaceae Lindl Bo dprope AnmatuHCKol o0acTH

(bepyna -Ferula) mo3BoNsIOT Ha3bIBaTh WX JIAH]-
ma@THEIMH pacTeHUIMU [4].

Bupl cemelicTBa UrparoT 3aMETHYHO pOJib B pac-
TUTEIHLHOM MOoKpoBe Kazaxcrana, cpeu HUX — LIEH-
HBIE OBOLIHBIE, KOPMOBBIE, IPSIHO-aPOMATUYECKHUE,
JIEKapCTBEHHBIE, d(hHpOMacINYHbIe, JeKOPATUBHBIE
U TeXHUYeckue pacteHus. Ha macTosimuii MOMEHT
WMEIOTCSl CBEACHUS O OMOJIOTMYECKOW aKTHBHOCTH
MHOTHX BHUJOB 30HTHYHBIX. lIpencraBurenu ce-
MEHCTBa BO BCEX CBOUX YaCTSAX COACPIKAT IPUPHBIC
Maciia WM CMOJIOOOpa3Hble BEIIeCTBa, KyMapHHEI,
(hmaBOHOMIBI, peXKe CANOHWHBI. Takue BHUIBI, Kak
Cicuta virosa L., Conium maculatum L. u np., Tpa-
JULIHAOHHO CUUTAIOTCS TOBUTBIMU U NPEICTABISIOT
3HAYUTETHHYIO OMMAaCHOCTH [5].

HemanoBaxHo#l mpobiaeMoil coxpaHeHusl TpH-
POIIHOI (IIOPEI SBISIETCS IPEOTBPAIllEHUE BHEpe-
HUS UHBA3WBHBIX BHUJIOB.

Heas. [IpoBectn aHanu3 QIOPHUCTHUECKOTO
CIIeKTpa ceMeWcTBa Apiaceae, €ro pacrpocTpaHe-
HUE, )KU3HEHHBIE ()OPMBI M SKOJIOTHUECKOM IPUypo-
YEHHOCTH B AJIMATUHCKOM 00JIaCTH.

MaTepna.m)l U METOAbI

Marepuanbl OblIM U3yUYCHBI ¢ HOMOLIBIO COOT-
BETCTBYIOIIEH HAy4YHOU JUTEpaTyphl (hJIoOpUCTHYC-
CKHX HcclienoBanuit [6, 7, 8, 9, 10, 11], snexTpoH-
HeIXx 0a3 ®onpma [epbapumes: PI'TI «UucTHTyTa
O6oTtanuku u ¢puronHTpoayKImm»y KIIXXKM MOIIP
PK, UucTturyTa reHooHia pacTUTEIBLHOTO U KH-
BotHOro Mupa (TASH), MockoBcKOro yHHBEpCH-
teta (MW), pacmpocTpaHEHHBIX Ha TEPPUTOPHH
AnMaTuHCKOM oOnactu. HasBanus pacteHuii npu-
BeIIeHHI coryiacHo 0asze manasix POWO (2023) [12].
CrarucTrueckyto 00padOTKy JaHHBIX MPOBOJIUIIH C
npuMeHenuem nporpamm Excel 2019.

PesyabTarsl

Bo dmnope Kazaxcrama cemeiicTBO Apiaceae
Lindl. npeacraeieno 230 BuaaMud U BXOJIUT B
CIEKTp BeoylHx cemeiicTB Quopsl Kazaxcrana [6].

Bonpuioli BKkaa B M3y4eHUU CEMENCTBA 30HTUY-
HbIX B Kazaxcrane BHec Beiatomuiics yaeHsiit M.C.
BaiitenoB [7]. Um moHOrpaduueckn oO6paboTaHbl
BHUJIBI POJIa B JBYXTOMHUKE “WTocTpupOBaHHBIN
ompenenutens pacteHuil Kasaxcrana” [13], a Tak-
JK€ OIMUCAHbI CIEAYIOIINE HOBBIC BUIBI JJISI 9TOTO
peruona: Ferula taucumica, Seseli betpakdalense,
Stenataenisa iliensis. B mocnenneM omyOIuKOBaH-
Hom Tpyne «®daopa Kazaxcrana» M.C. baiitenoB
JUISL TaHHOTO ceMeicTBa NpuBoaAUT 88 posioB u 135
BHUIOB, B ToM uncie 50 BumoB poxa Ferula L. [8].
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Co Bpemenu uznanuit @nopel Kazaxcrana [6], u
criucka Quopsr C.A. AGxynuHoii [14], nmpouzonum
HOMEHKJIATYPHBIC U3MCHCHHSI.

B Kazaxcrane 4HCICHHOCTh BHJIOB CeMeiCTBa
B FOJKHBIX U BOCTOYHBIX, B OCHOBHOM TOPHBIX, TIPO-
BUHIIUSAX 3HAYUTEIBHO BBIIIE, YEM B €T0 3araHOU
U IEHTPaJbHOW YacTH, MPEUMYIICCTBEHHO pPaB-
HUHHOM WM HU3KOropHOU. Tak, /uisi TOPHBIX Mpo-
BuHLMii FOro-BocTounoro u IOxuoro Kaszaxcrana,
(roprcTHYECKH BXOASIIUX B cOCTaB ropHoii Cpe-
Hel A3uM, XapaKTEpHO IPOTHO3UPYEMO BBICOKOE
ounopazHooOpasue 3oHTHUHBIX (HOxHO-Kazaxcran-
ckas obmacth — 123 Bupa, JKamOblIcKas 001acTh
— 105 Bumos. [lumenoB M. mnst AnmMaTUHCKON 00-
nacta — 90 BumoB [1].

Cpenu 3tux auddepeHInanbHbIX BUIOB €CTh
ceBepHBIC (OOpeaabHBIC) DJIEMEHTHI, OOIINE C CH-
Oupckoit Quiopoit, cpenHea3uaTCKUE PACTCHHUS,
obmue ¢ cocenueit Kuratickoii CUHBLBAH-YUTYD-
CKOW aBTOHOMHOM 00J1aCThI0, 1 HEKOTOPHIE HCTHH-
HO Cpe/IHea3uaTCKue BH[bI, JOCTHTAIOIIUE CBOCH
CEBEPHOH TpaHUIIBI PACIPOCTPAHCHUSI HA FOKHOM
ckirone TapOararas.

B pesysbraTe 00paboTKU TUTEpATYPHBIX JTaHHBIX
1 repOapHBIX KOJUICKIMH HA TEPPUTOPHH AJIMATHH-
CKOH o0yracTi o ceMeicTBY Apiaceae Lindl. 6pu10
BBISIBJIICHO 127 BUIIOB, KOTOPOE COCTOUT U3 57 POIOB.
B cnmcke HambGosee KpyMHBIX CEMEUCTB BO (bope
AnmatuHCKO# 007acTi oHO 3aHMMaet 11 mecro.

CucremaTHuecKuil aHaIu3 ceMeicTBa Apiaceae
HCCIIEyeMOT0 PEerruoHa 1MoKa3all, 4TO CaMbIM KpPYTI-
HBIMH POJIaMH TI0 KOJHYECTBY BHUJOB SIBISIOTCS
Ferula (26 Bunos), Seseli (13 Bunos), Prangos (8
BunoB), Bupleurum (7 Bumom), Aulacospermum
(4 Buma), Aegopodium (3 Bunmom), Sium (3 BH-
noB), Heracleum, Sium, Hyalolaena (mo 3 Buma),
Eryngium, Anthriscus, Schrenkia, Angelica, Bunium,
Cuminum, Schulzia, Conioselinum, Semenovia (110
2 Buna) (pucyHoK 1).

Ha rtepputopum uccienoBaHUs B COCTaBe Ce-
MelcTBa Apiaceae umerotcs 15 3HAEMUYHBIX BH-
noB: Ferula iliensis Krasn. ex Korovin (F. popovii
Korovin), F. leiophylla Korovin, F. sugatensis
Bajt., F. taukumica, F. arida Eug., Hyalolaena tsch
uiliensis (Pavlov ex Korovin) Pimenov & Kljuykov.
Schrenkia involucrata. Seseli eriocephalum (Pall.ex
Spreng.) Schischk., S. abolinii (Korovin) Schischk.,
Semenovia rubtzovii (Schischk.) Manden., S.
asperulum (Traunv.) Schischk., Pastinacopsis
glacialis Golosk., Aulacospermum simplex Rupr.,
Sium medium Fisch. & C.A. Mey. Tschulaktavia
saxatilis (Bajtenov) Bajtenov ex Pimenov &
Kljuykov (Silaum saxatilis Bajtenov), Pilopleura
goloskokovii (Korov.) Pimen. [15,16]
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Pucynoxk 1 — Hanbonee kpynHble poaa ceMelcTBa Apiaceae AMMaTHHCKOI 001acTh

W3 kpacHOKHMXkHBIX mHpouspacraroT 10 BH-
IoB, W3 HUX momyuuBmue craryc 1 (E) — ortHo-
catea 2 Bupa: Ferula iliensis Krasn. ex Korovin
(F. popovii Korovin), Hyalolaena tschuiliens
is (Pavlov ex Korovin) Pimenov & Kljuykov.
(Tugaja iliensis (Bajtenov) Bajtenov), F. sugatensis
Bajt., Hyalolaena tschuiliensis (Pavlov ex Korovin)
Pimenov & Kljuykov.

Ko 2 kareropum otHocutcsi Ferula taucumica
Bajtenov, Prangos herderi (Regel) Herrnst. &
Heyn, Semenovia rubtzovii (Schischk.) Manden.,
Pilopleura goloskokovii (Korov.) M. Pimen.,
Pastinacopsis  glacialis  Golosk., Tschulaktavia
saxatilis (Bajtenov) Bajtenov ex Pimenov &
Kljuykov (Silaum saxatilis Bajtenov) [16].

K vHBa3WBHBIM BUAAM OTHOCATCS: Eryngium
planum L., Anthriscus sylvestris (L.) Hoffm.,
Turgenia latifolia (L.) Hoffm., Carum carvi L.,
Falcariavulgaris Bernh. (Falcaria sioides (Wib.)
Aschers.), Adegopodium podagraria L., Sium
sisarum L. (Sium sisaroideum DC.), S. latifolium
L., S. libanotis (L.) W.D.J. Koch (L. sibirica (L.)
C.A. Mey.), Conium maculatum L., Heracleum
sphondylium subsp. montanum (Schleich. ex
Gaudin) Briq., Heracleum dissectum Ledeb.,
H. lanatum Michx. (Heracleum sphondylium
subsp. montanum (Schleich. ex Gaudin) Briq.,
Daucus carota L., Petroselinum crispum (Mill.)
A. W. Hill, Oenanthe aquatica (L.) Poir. [17,
18].

Cpenu 30HTHYHBIX NPEOOSafal0T OJHOJIETHHE
W MHOTOJICTHHE TPaBBl Pa3HOOOpPA3HOTO OOJHKA.
3HAYUTENIFHO PEKE BCTPEUAIOTCS TMOJNYKYCTapHH-
KM, a KyCTapHUKUH W JPEBOBUJHBIC >KU3HCHHBIC

(hopMBI BCTpedaroTCsl JIMITL B HEMHOTHX POAAX —
Bupleurum, Eryngium [1].

MHOTOJISTHUKHM TPE/CTABICHBl KaK IMOJUKAp-
MMMKaMH, [BETYIIMMH W TUTOJIOHOCSIINMHU B Teye-
HHUE TeNIOTO psAfa JIeT, TaKk U MOHOKapIHKaMH, I10-
CJ€ TUIOJOHOIICHUS TOJHOCTHIO OTMUPAIOIIUMHU.
OObBIYHO B TeueHHe 3—15 JeT MHOTOJNIETHUKU — MO-
HOKapPIHUKHA 00pa3yIoT JIUIIh PO3ETKH MPUKOPHEBBIX
JINCThCB, HAKAILJIMBas IHTATCJIbHBIC BEIIECTBA B
KOpe, a 3aTeM JIal0T MOIIHBIA IBETYIIUNA CTEOEIb.
K #EM, B 9acTHOCTH, IPUHAIIEKAT MHOTHE BHIBI
pona ¢gepyna, pacpOCTPaAaHSHHBIE B MOJTYITYCTBIHAX
1 HU3Koropbax Cpenneil n 3anmagHoit A3un.

CooTHoIIIeHNE 10 OCHOBHBIM KHU3HEHHBIM (Hop-
MaM BBITJISIMUT CICAYIONIMM 00pa30oM: MHOTOJICTHH-
KU1 — 76 %; nBynetHuku 11 %- ognonernuku — 12%.

B cocraBe cemeiicTBa 30HTHYHBIX B Mpejenax
AnMaTHHCKON 0071acTH MMEIOTCS BUIBI C Pa3HOM
9KoJIorueH (Tabmuma 1).

W3 tabmumpel 1 Xopomro BHIHO, YTO HA TEPpH-
TopuH ANMaTUHCKOH 00JacTH cpeau cemeicTBa
Apiaceae npeobnanaoT B OCHHBHOM Me30(IIbHbIC
Buasl (53,5%), ygactue xcepoduroB (35,9%), ru-
rpoduros (6,3%) u rugpoduros (1,6%).

C 1enbl0 BBISIBICHUS BHUJIOB, IEPCIIEKTHBHBIX
s BioueHud B KpacHyto KHUTY AJMaTHUHCKON
00J1acTH, HAMU POAHATM3UPOBAHBI BUJIBI, KOTOPBIC
AMEIOT OYeHb OTrpaHMYEHHOE YHUCIIO MECTOOOWTa-
HUM, T. €. BCTpeUyaroTcss HeyacTo U penko. Heuacto
BCTpEUaroTCs cienyromume Bunsl: Turgenia latifolia
(L.) Hoffm., Falcaria vulgaris Bernh., Aegopodium
podagraria L., Petroselinum crispum (Mill.) A. W.
Hill., Daucus carota L. Penxo otmeuarotcst Oenanthe
aquatica (L.) Poir. u Bunium vaginatum Korovin.
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Pucynox 2 — OcHOBHbIE KH3HEHHBIE (HOPMBI

Taﬁnnua 1 — COOTHOIIICHHE YKOJOTHUECKHUX I'pynil o OTHOMWECHUIO K BJIare B CEeMEICTBE 30HTUYHBIX BO q)nope AJMaTHHCKON 00-

JJacTu

Ne
i DKonoruyeckas rpyrmnia 1o OTHOLICHHUIO K BOJE Yucno BunoB %

1 MesoduTst 68 53,5

2 Kcepogurst 49 35,9

3 Turpodurst 8 6,3

4 Tunpodutsr 2 1,6

Bcero 127 100%
CucremaTH4ecKoe ITOJIOKCHUEC ceMelcTBa: KOTOpBIﬁ MOoKa3all, YTO OHU PACIPCACIICHbI HEPAB-
oraen IlBerkoBeie, wiu  [lOKpHITOCEMEHHBIE  HOMEPHO:

(Magnoliophyta, nnm Angiospermae) Iloakmacc
Pozugsl (Rosidae) CemetictBo Cenbaiepelinbie, WiH
3ouTtuunsele (Apiaceae, umn Umbelliferae).

B Tekcre TpHUBOIATCS COKpalleHHBIC CIIOBA
aJIMUHHUCTPAaTHUBHBIX PAalOHOB AJIMAaTHHCKOW 00-
nactu: [Tardwmrosckuii (I1P), Kapacaiickuii (KcP),
Amnakonbckuii (AnP), EnGexmmkazaxckuii (EHP),
Kerenckuit (KerP), Viirypckuii (YP), Panmbek-
ckuit (PP), KepOymakckuit (KepP), Tamrapckuit
(TP), Kokcyckuii (KoP), Eckunbaunckuii (EcP),
Capkanackuii (CP), Akcyckuii (AkP), I'Kanmaraii,
banmxamckuit (bP), Kaparnemckmii (KTP), Wimii-
ckuit (1P), XKamObuickuit OKP).

Hwxe npencraBieH KOHCIIEKT BHIOBOTO pas-
HOoOOpasus cemelictBa Apiaceae Lindl., mo ammu-
HUCTATHBHBIM palioHaM AJIMAaTHHCKOH 0O0JIacTH,
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Eryngium planum L. MH. PacteT B KOBBUIbHO—
TUITYaKOBBIX CTEIISAX, B JIYTOBBIX 3allaJMHAX, BIOIb
KaHaB, Ha 3ajexax u B movmax. L[B. m . VII-VIIL

Pacnp. B Anmar. o6n.: 1P, KcP, EuP, VP, PP,
TP, KoP, EcP, KepP, bP, KtP, UP.

E. macrocalyx Schrenk in Fisch.et Mey. MH.
PacteT B MArKuX JECCOBBIX MPEATOPHIX HA TEMHBIX
CYIJIIMHUCTBIX cepo3émax. LIB. m mi. VI-VIL

Pacnp. 8 Anmar. o6m.: 11P, KcP, EaP, VP, PP,
TP, AxP, CP, AnP.

Krasnovia longiloba (Kar. & Kir.) Popov ex
Schischk. MH. PacteT mo kKaMEHHCTBIM CKJIOHAM
cpelii KycTapHUKa B cpeliHeM mosce rop. LB, u m.
V-VI, VI-VIL

Pacmp. 8 Anmar. o6m.: 11P, KcP, EaP, VP, PP,
TP, UP, EcP, AxP, KepP.
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Anthriscus sylvestris (L.) Hoffm. Mu. Pacrer B
eTPHHUKAX, TEHUCTHIX YIIETbSIX M PEYHBIX JAOIHHAX,
B JiecHOM mosice. L[B. u 1. VI-VII, VIII.

Pacmp. B Anmar. o6i1.: YP, PP, KoP, CP, EcP.

A. nemorosa Spreng. (A. aemula (Woronow)
Schischk.). O. Pacret B enbHUKAX, TCHUCTBIX YIIE-
JbSIX U PEYHBIX JIOJMHAX B JISCHOM mosice. 1[B. u m.
VI-VII, VIIL

Pacmp. B Anmar. o6:m.: KeP, EaP, TP, PP, KoP,
CP, EcP.

Scandix stellata Banks & Sol. O. Pacter Ha men-
KOIIIEOHUCTBIX MOYBAX FOPHBIX CKIOHOB U B TIPE/-
ropesax. L{s. u mr. IV-V, V-VL

Pacrip. B8 Anmart. o6n.: YP, AnP, TP, KcP, PP,
KepP, CP, EcP, KoP, I'Kammaraii, 6P, JKP.

Coriandrum sativum L. O. BcTpedaercs B caiax
Y HAa TIOJISX B KAUECTBE OJINYAJIOTO PACTEHHUS, PEXe
B noceBax. L[B. u m1. VI-VII, VII-VIIL.

Pacrp. B Anmar. ooi.: YP, AnP, TP, KcP, PP,
KepP, CP, EcP, KoP, I'Kanmiaraii, P, XXP.

Schrenkia involucrata Regel & Schmalh. MH.
OHpaem. Pacter o nmeOHUCTBIM CKIIOHAM M BEPIIIH-
HaMm Bo3BbIIeHHOCTEH. 1B, 1 1. V-VI.

Pacmp. B Anmar. o61.: KcP, EuP, TP, XXP.

S. vaginata (Ledeb.) Fisch. et C. A. Mey. MH.
PacTter Ha 10KHBIX, KAMEHUCTBIX CKJIOHAX, B Cpe-
HEM U BepxHeM nosice rop. Ls. n . VI-VIL

Pacmp. B Anmar. o6n.: YP, KcP, PP, EnP, TP,
JKP, KepP, EcP, CP, AkP, KoP, bP, 1P.

Prangos odontalgica (Pall.) Herrnst. & Heyn
(Cachrys odontalgica Pall.). Mu. Pacter Ha coion-
[IEBATHIX IMOYBAX B IMOJIBIHHO—KOBBUIGHBIX CTEIISX.
. V, m1. VI-VIL

Pacnp. B Anmart. 00:.: BP.

P. uloptera DC. MH. Pacter Ha rIIMHHCTOIIIE-
OcHUATHIX MMOYBAX M TFaJIiCUHUKE B MPearopbsx. LB.
V-VIL mn. VI-VIL

Pacmip. B Anmar. o61.: JXXP.

P. didyma (Regel) Pimenov & V.N. Tikhom.
MH. PacTter Ha IMIMHUCTBIX TOATOPHBIX PaBHHUHAX,
TaKbIpax, CyXHX PyciIax peK B Mosice HU3KUX TpeI-
TOpHiA, OKpaWHBbI 3aKPEIJICHHBIX I€CYAHBIX IIy-
ctbifb. [[B. V-VI, . VI-VIIL.

Pacmip. B Anmar. o6:m.: KeP, EaP, PP, TP, KoP,
I'Kanmaraii, BP, )KP, P, KTP.

P. herderi (Regel) Herrnst. & Heyn. MHu. Ha
MIeOHUCTBIX CKJIIOHAX, KAMEHUCTBIX CYXHX PyClax,
JICPHOBUHHO—3JIAKOBBIX U KYCTapHUKOBBIX CTEIISX,
700-1800 m Hax yp. M. L[B.V, . VL.

Pacmp. 8 Anmar. o6m.: CP, KepP, AkP.

P. ornata Kuzmina (P. quasiperforata Kuzmi-
na). MH. Pacrer Bmonp cyxux pycen pek, Ha Ka-
MEHHUCTBIX CKJIOHAX, y CKaJl, B HHU3KOTPAaBHBIX W
KPYIMHOTPABHBIX IOJIyCaBaHHAX, 10 OKPauHaAM KYy-

CTapHUKOBBIX 3apociueil, 600—2000 M Hag yp. M. LB.
u . V-VII, VII-IX.

Pacmp. B Anmar. o6i1.: KcP, EuP, TP, XKP, PP.

P. ledebourii Herrnst. & Heyn. Mu. Ha kamenu-
CTBIX CKJIOHAX M BEpIIMHAX, Y CKaJl, Ha TPETUIHBIX
OOHAaKEHHSX, B CYXUX JIEPHOBHUHHO—3JIAKOBBIX, KY-
crapHukoBbIX. [[B. V-VI, mi1. VI-VIL

Pacmp. 8 Anmmar. o6m.: CP, KTP.

P.  cachroides  (Schrenk) Pimenov &
V.N.Tikhom.* MH. Duzem. Pacter Ha rpsgoBo—0y-
TPHUCTHIX MTECKaxX B IMOJBIHHBIX cooOmecTBax. L[B. V,
1. VL

Pacnp. B Anmart. o6i.: BP.

Angelica decurrens Ledeb. Mu. Pacrer Ha
BJIQKHBIX MECTaX B OBpArax, BJI0JIb TOPHBIX PyYbEeB
U pek B cpenHeM nosice rop. Ls. u mn. VIII-IX.

Pacmip. 8 Anmart. o6u.: I1P, KcP, PP, ExP, TP,
KepP, AxP, KoP, EcP, CP.

A. brevicaulis (Rupr.) B. Fedtsch. Mu. O0b14en
B QJIBITUICKOM M B cyOanbIuiickoM mosicax. Pactet
1o IeOHUCTO—MENIKO3EMHICTBIM CKIJIOHaM, Traled-
HUKaM peK, CBIPBIM JyraMm, MOPeHaM, KAMCHHCTHIM
OCBIIIAM, y JieAHuKoB. 1{B. u 1. VI-VII, VIIL

Pacrop. B Anmart. o6ia.: EaP, KcP, PP, TP, BP,
HP, KepP, CP, EcP.

Bupleurum densiflorum Rupr. MH. Betpedaercs
B CyOambIUNACKOM U QJIBIIMICKOM IOsICaX, Ha TIe0-
HUCTBIX, OCTCITHEHHBIX JyraX, B KoOpe3Hukax. L[B.
VII u m. VIIL

Pacrop. B Anmar. o6n.: KcP, EnP, TP, VP, PP,
KoP.

B. longifolium L. M. Pacter B cy0anpmuiickux
¥ TOPHOJIECHBIX BBICOKOTPABBSAX, €IOBBIX U MEJIKO-
JUCTBEHHBIX JIECAX, 3aPOCIISIX KYCTAPHUKOB B JIOJIU-
Hax pek u pyubes. LB. u 1. VI-VII, VIII-IX.

Pacmp. B Anmar. o6a.: [1P, YP, EaP, TP, KcP,
PP, KoP, 1P, EcP, CP, KepP.

B. krylovianum Schischk. Mu. Pacter cpenn 3a-
pocieil KyCTapHUKOB, Ha JIECHBIX MOJISTHAX, peXe Ha
KaMEHUCTBIX TOPHBIX cKkioHax. [B. u mn. VII-VIIL

Pacmip. B Anmmar. 06:1.: YP, EaP, TP, PP, EcP,
CP, UP, KepP, KoP.

B. thianschanicum Freyn. Mu. Pacter Ha cTen-
HBIX CKJIOHAX, B JIECHOM U CyOaibIMACKOM TOsACaX,
na Beicote 2100, mo IIEOHHCTO—MEIKO3EMHUCTHIM
ckionam. LIB. u . VII-VIII, VIII-IX.

Pacmip. B8 Anmart. o6i.: KcP, TP, VP, EuP, PP,
HP.

B. exaltatum M. Bieb.* (B. angustifolium Pall.).
MHu. Pacter B [peBECHO—KYCTapHUKOBOM IOsICE
rop, Ha KaMeHUCThIX ckioHax. L[B. u mi. VI-VII,
VII-VIIL

Pacrip. B Anmvar. o6ir.: KoP, KepP, TP, KcP,
EuP, PP.
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B. aureum Fisch. ex Hoffm.* (Bupleurum an-
gustifolium Zelb.). Mu. Pacter mo omymkam u 1o-
JISTHAM EJIOBBIX JIECOB, CPEJI KYCTapHHUKOB, 1O Oe-
peram pek u Ha JiecHbIX Jiyrax. 1{s. u mn. VI-VII,
VII-VIIL.

Pacmp. B Anmar. o6n.: VP, I1P, PP, AnP, EuP,
KcP, TP, KoP, UP, EcP, CP, KepP.

Paraligusticum discolor (Ledeb.) V.N. Tikhom.
(Ligusticum discolor Ledeb.). MH. Pacter mo msr-
KHM TOPHBIM CKJIOHaM CpeIy KycTapHHKOB. L[B. u
1. VI-VIL

Pacmp. B Anmar. o61.: PP, EuP, KcP, TP, AnP.

Lomatocarpa albomarginata (Schrenk)
Pimenov & Lavrova. MH. Pacter Ha ambmuiickux
Ty’)KaKaX, Ha TITHHACTO—KaMEHHUCTHIX CKIIOHAX TOp
10 3400 M Hax ypoBHEM MOpsi, B KOOpe3HHUKax, Ha
MopeHax, ceiprax. [{B. u min. VII-VIIL.

Pacrp. B Anmar. 00a.: I1P, YP, KcP, EuP, TP,
PP, AnP, XKP, KepP.

Neogaya simplex (L.) Meisn. (Pachypleurum
alpinum Ledeb.; Ligusticum mutellinoides Vill.).
M=u. B enpHuKax, Ha JYroBbIX CkJoHax. L[B. u mi.
VII, VIII-IX.

Pacrp. B Anmar. o6i.: TP, KcP, EuP, VP, PP,
TP, KepP, EcP.

Carum carvi L. JIB. unu MH. PacteT Broib py-
9heB U TI0 Oeperam pek, Ha Jyrax ¥ B KyCTapHHUKaX
OT TIOJTHOXUI Top 710 cyOanbnuiickoro nosca. LB. u
1. VI-VIL, VII-VIIL.

Pacmp. B Anmar. o6:1.: PP, KcP, EuP, TP, KepP,
AnP, CP.

Bunium vaginatum Korovin (Elwendia vaginata
(Korovin) Pimenov & Kljuykov*). Mu. Pacrer mo
KaMEHUCTBIM CKJIOHaM npearopuit. I(s. V, mn. VL

Pacrmp. B Anmvar. 06:1.: JKP.

B. setaceum H. Wolff. (Elwendia setacea (Sch-
renk) Pimenov & Kljuykov*; Scaligeria setacea
Korovin). MH. PacTeT mo MATKHM TpPaBSHHUCTBIM,
peke KaMEHHUCTHIM CKJIOHaM TOp 10 BBICOTHI 2200 M
Hax yp. mops. LIB. u . VI, VII-VIIL

Pacmp. B Anmar. 06:1.: EcP, CP, UP, KepP, AkP,
JKP.

Oedibasis apiculata (Kar. & Kir.) Koso-Pol.
MH. PacteT Ha GapXaHHBIX 3aKPEIUICHHBIX ITeCKax,
B MTOJITOPHBIX, HA MEITKO3EMHUCTO-TIIEOHUCTHIX CKJI0-
Hax, nuiek¢ax 1 IIOCKUX BEPIIUHAX, MO JIECCOBBIM
X0JIMaM, B TpEIIMHAX paspyaromuxcs ckai, 3100
M Hajg yp. M. [I. V=VII, mn. VI-VIIL

Pacnip. B Anmar. o6n.: KcP, EuP, TP, EcP,
KepP, KoP, I'Kanmaraii, )KP, bP, KTP, UP.

Falcaria vulgaris Bernh. (Falcaria sioides
(Wib.) Aschers.). JIB. PacreT B cTemsx, 1o joram,
Cpeau KyCTapHUKOB, HHOT/Ia Ha COJIOHIICBATHIX JTy-
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rax, 3ajuexax u B nocesax. L. u mi. VI-VII, VIII.

Pacmp. B Anmmar. o6:.: I1P, KcP, AnP, ExP, VP,
PP, TP, UP, KepP, KtP.

Cuminum cyminum L. O., [IB. PacteT kak cop-
Hoe Ha moysx. LB. IV, 1. V.

Pacmp. B Anmar. 061.: BP.

C. setifolium (Boiss.) Koso—Pol. (Psammogeton
setifolium Boiss.). O. Ilo 3akperyieHHBIM TIecKaMm,
Ha JIECCOBBIX CKJIOHAX, OOHAKECHUSX H3BECTHSIKOB
U TIECTPOIIBETOB, B TJIMHUCTBHIX TOJBIHHBIX U TO-
JIBIHHO—COJITHKOBBIX TYCTHIHSAX W TIOJNYITYCTBIHSX,
cpelu KcepOopWIbHBIX KYCTapHHKOB, IO Oeperam
COJICHBIX 03€p, PeXKe KaK COPHSK B IOCEBAX U Kak
pyaepaibHoe. [IB. IV-V, 1. VI-VII

Pacmp. B Anmar. o6m.: 1P, KcP, EaP, VP, PP,
TP, KoP, KtP, 1P, BP.

Schulzia crinita (Pall.) Spreng. Mu. Pacrer Ha
cnabozapocmux apeBHHX MopeHax a0 3000 m Haf
yp. Mops. LIB. u . VII-VIIL

Pacrp. B Anmvar. o6:.: TIP, KcP, EaP, VP, PP,
TP, UP.

Sch. albiflora (Kar. & Kir.) Popov. Mu. Pacrer
Ha TIOJISTHAX ¥ OMYIIKaX eTbHUKOB M Ha OTKPBITHIX
TPaBsIHBIX CKJIOHAX B aJbIHUICKOM M CyOasbIuii-
ckoM nosicax. [[B. u . VII-VIIL

Pacrip. B Anmar. o6a.: YP, PP, TP, 1P, KoP,
KepP.

Aegopodium podagraria L. Mu. PacteT B TOp-
HBIX Jiecax M KyCTapHHKax Kak copHoe. L[B. m 1.
VI, VII-VIIL.

Pacnp. B Anmar. o6x.: I1P, KcP, EnP, VP, PP,
TP, P, KepP, EcP, KoP, AnP, AkP.

Ae. tadshikorum Schischk. Mu. B 3apocisx
Me30(MIBHBIX KYCTAPHUKOB, Ha BIAYXKHBIX KaMCHH-
CTBIX CKJIOHAaX, B jnojuHax pek. [IB. u mi. VI-VII,
VII-VIIIL.

Pacnp. B Anmar. o6m.: I1P, KcP, EnP, VP, PP,
TP, P, KepP, EcP, KoP, AxP.

Ae. alpestre Ledeb. MH. PacreT Ha MsIrkuX, Tpa-
BSIHACTBIX CKJIOHAX B MOSICE CYOaIBITUHACKUX JIyTOB,
a TaKkKe B EJIOBBIX JIeCaX Ha IMOJITHAX M OIMYIITKaX.
B. u 1. VII-VIII.

Pacnp. B Anmar. o6:x.: I1P, YP, KcP, EnP, TP,
PP, CP, EcP, KoP, 1P, KepP, AxP.

Pimpinella puberula (DC.) Boiss. O. Pactet no
ie0eHYaThIM CKIIOHAM TIPEIrOpUi, B CYXHX pyciiaxX
TOPHBIX peuek U Ha rajieynukax. [[s. VI, . VII.

Pacnp. B Anmar. 061.: JKP.

Aphanopleura capillifolia (Regel & Schm-
alh.) Lipsky (Psammogeton capillifolium (Regel &
Schmalh.) Mousavi, Mozaff. & Zarre*). Pacrer Ha
JIECCOBBIX XOJIMaX HU3KHX TPEATOpUN M B Tiecya-
HBIX IycThIHAX. L[B. V, m1. VL.
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Pacnp. B Anmart. 00:.: P, XXP.

Cicuta virosa L.MHu. Pacrer B 6oJioTax, 1o oe-
peram o3ep, pyubeB U PEK Ha paBHUHAX.

IB. V, . VL.

Pacmp. B Anmar. o61.: P, BP.

Sium sisarum L. (Sium sisaroideum DC.). MH.
Pacrer Ha BIaXXHBIX MeCTax BJIOJIb OEPETOB PeK, Ka-
HaJOB U 03€p, Ha 3aJMBHBIX Jiyrax. I{B. u mi. VI-
VII, VII-VIIL

Pacmp. B Anmar. o6n.: [1P, VP, KcP, EuP, TP,
PP, EcP, UP, I'Kanmaraii, BP.

S. latifolium L. Mu. Ha 3a005104eHHBIX y4acT-
Kax, B Bojie, 1o Oeperam BojoemoB. LIB. u mn. VII-
VIIIL, VIII-IX.

Pacmp. B Anmar. o6i1.: EuP, YP, PP, KepP, 1P.

S. medium Fisch. & C.A. Mey. Mu. Pacter Ha
MOKDPBIX JIyTaX PEeYHbIX JOJHH, IO OOJOTHUCTHIM Me-
ctam u 6eperam BojgoemoB. L. VII, 1. VIIIL.

Pacmp. B Anmar. o6n.: YP, KcP, EnP, TP, PP,
EcP, UP, bP.

Berula erecta (Huds.) Coville. Mu. Pacter mno
Oeperam o3ep, peK, Py4beB U apbIKOB Ha paBHUHAX
U B NIyxux npearopesax. L. u mn. VII, VIIL

Pacmp. B8 Anmar. o6m.: I1P, KcP, EnP, VP, PP,
TP.

Seseli schrenkianum (C.A. Mey. ex Schischk.)
Pimenov & Sdobnina (Libanotis schrenkiana C.A.
Mey. ex Schischk.). MH. Pacter Ha JiecHBIX mOJISI-
HaX W OTKPBITHIX JIYTOBBIX CKJIOHAX rop. L[B. u 1.
VII-VIIL.

Pacmp. B Anmar. o6m.: 1P, YP, KcP, EnP, PP,
TP, EcP.

S. aemulans Popov. MH. PacTeT Ha KAMEHUCTBIX
COIKaxX U 110 CyXUM PyCiiaM Ha rajneyHuke. L[B. u mi.
VIIL, IX.

Pacmp. B Anmar. o61.: YP, PP.

S. eriocephalum (Pall. ex Spreng.) Schischk.
(Seseli platyphyllum (Schrenk) O.et B. Fedtsch.).
OuneM. MH. PacTeT B TVIMHHUCTBIX TYCTHIHSX, Ha
MOKPBIX COJIOHYaKaX, Mo Oeperam COJICHBIX 03ep U
COpPOB M IO OOHAKCHHSAM THIIca Ha oOphIBaX. LIB.
VII, . VII-IX.

Pacmp. B Anmar. 061.: KcP, TP, EnP, PP, KepP,
JKP, 1P, BP.

S. ledebourii G. Don (Seseli hippomarathrum
subsp. hebecarpum Drude*). Mu. PacteT Ha Menko-
COIIOYHHUKE IO MEOHNUCTHIM CKJIOHAM, peXXe Ha Tie-
cKax U cosioHueBatbix ayrax. [{s. VI, mi., VII-VIIIL.

Pacnp. B Anmart. o0:.: BP.

S. sessiliflorum Schrenk. MH. PacTér no cyxum,
4aCcTO KAMEHUCTBIM CKJIOHAM M ILIeH(paM MyCThIH-
HbIX Bo3BbIieHHOCTeH. 1B, VI-VII, . VII-VIIL.

Pacmip. B Anmmar. 06x1.: TP, VP, EaP, PP, EcP,
I'Kanmaraii, P, 2)KP, BP, KTP.

S. asperulum (Traunv.) Schischk. MH. DHaem.
[To cyxuM KaMEHHCTBIM TIOJOTHM CKJIOHAM, B OITy-
CTBIHEHHBIX CTEISIX, M0 00JIe€ KPYThIM MICOHUCTHIM
CKJIOHAM B CYXHUX METPOPUTHBIX CTEISIX C KycTap-
Hukamy, 10 1600 m Hax yp. m. L[B. VI-VII, mn. VII-
VIIL.

Pacnp. B Anmart. o6i.: UP. AnP, BP.

S. iliense (Regel & Schmalh.) Lipsky (Libanotis
iliensis (Lipsky) Korovin). MH. PacTer 1o kameHu-
CTBIM CKJIOHAM MPEATOPUI U TAICYHUKOBBIM CYXUM
pyciaMm Ha BbicoTax okono 1000 M Hanm yp. Mops.
B. u . VI-VII, VII-VIIIL.

Pacmp. B Anmar. o6i.: YP, EnP, KcP, PP, KepP,
KtP, UP, ITP.

S. valentinae Popov. Mu. Pacter mo ckioHam
HU3KUX MPEAropuil Ha MEOHUCTOM W JIpecBSHOU
I0YBE W B CYXHX pyclax Ha rajednuke. L[B. u .
VI-VII, VII-VIIL

Pacmp. B Anmar. o6i.: YP, EnP, TP, PP, KepP.

S. buchtormense (Fisch. ex Hornem.) W.D.J.
Koch. Mu. B TpemuHnax ckai, OTKPBITBIX KaMEHH-
CTBIX CKJIOHAaX W CKaJIaX B JIECHOM Tosice rop. L[B. u
1. VII-VII, VII-IX.

Pacrp. B Anmar. o6n.: PP, KcP, VP, EuP, TP,
CP, KoP, EcP, AxP, I'Kammaraii, IP, KTP, BP.

S. libanotis (L.) W.D.J. Koch. Mu. Pacrer Ha
JICCHBIX IOJITHAX W OTKPBITHIX JIyraX paBHUH H TOp.
IiB. u . VII-VIII.

Pacmip. B8 Anmmar. o6m.: I1P, KcP, EnP, VP, PP,
uP.

S. abolinii (Korovin) Schischk. (L. michaylovae
Korovin; L. abolinii (Korovin) Korovin; L. turaj-
gyrica Bajt.). MH. Ha cyxux mieOHUCTBIX CKJIOHAX
Y BEpIMHAX, HAa 3apACTAIOIIUX OCHIIISAX, MO rajiey-
HUKaM B JIOJIMHAX pPeK, B COCTaBe METpOPUTOHA, a
TaK)Ke Ha OMyIIKaxX MoiMeHHbix jecoB 1000-2100
M Hag yp. M. lIB. u . VII, VIIL

Pacmip. 8 Anmmar. o6m.: I1P, KcP, EaP, VP, PP,
TP, UP, AxP.

S. condensatum Rchb.f. (Pachypleurum conden-
satum (L.) Korovin). MH. Ha BnaxHbBIX CyOanbrnnii-
CKHUX JIyrax, BJIOJIb PyCell peK, HepeJIKO YaCTUYHO B
BOJI€, TI0 OITyIIKaM €JIOBBIX, TUXTOBBIX U JINCTBCH-
HUYHBIX JIECOB, ME30(HIBHBIX W THUTPO(UIHHBIX
KyCTapHHUKOB, T10 JIOJIMHAM PEK MHOT/A CITyCKAaeTCs
10 1100-1200 m Hag yp. m. L. VII, . VIII-IX.

Pacmp. 8 Anmmar. o61.: UP, CP, KepP.

S. mucronatum (Schrenk) Pimenov & Sdobnina
(Ligusticum mucronatum (Schrenk) Wittr. & Juel*;
Pachypleurum mucronatum (Schrenk) Schisch.).
Mmn. Pacter B cy0asIbITUICKOM TOSICE 110 OTKPBITHIM
TpaBsIHBIM CKJIOHAM, Ha MOPEHaX U CKajax, Cpeiu
apyu Ha 1Me0eHYaTO—TIMHACTHIX ouBax. L[B. u .
VII, VIII-IX.

105



CewmetictBo Apiaceae Lindl Bo dprope AnmatuHCKol o0acTH

Pacmp. B Anmar. o6n.: [1P, KcP, EnP, VP, TP,
PP, AxP, KoP, KepP, 1P.

Seselopsis tianschanica Schischk. Mu. Pacrtet
Ha MICOHUCTHIX OCHIMAX, B TPEIIMHAX CKaJ, CPEIH
CTEJIoIIeCsT apyuu, Ha ckajiax, Ha BbicoTe 2000—
2500 m Han yp. mop4. LIB. u 1. VI-VII, VII-VIIL.

Pacnp. B Anmart. o6i.: YP, PP.

Aulacospermum gonocaulum Popov. MH. Pac-
TeT B CyOanbNUNUCKOM TOsiCe y BEPXHEH T'PaHHUIIBI
Jeca Cpel Pa3HOTPaBbs, KYyCTAPHUKOBBIX 3apoC-
neit. 1B. m . VI-VII, VIIL

Pacmp. B8 Anmar. o6:x.: I1P, KcP, EaP, YP TP,
PP, AxP, KepP, KoP.

A. tenuisectum Korovin. MH. Pacter o rivwa#-
CTO—KaMEHHCTBIM CKJIOHAM Iop B CyOaNbIUNHCKOM U
anprnuiickom nosicax. 1B, u . VII-VIIL.

Pacnp. B Anmar. o6:1.: [P, KcP, EnP, YP, PP, TP.

A. turkestanicum (Franch.) Schischk. (Aulaco-
spermum latipennum Pavlov). MHu. Pacrer no Tpa-
BSIHUCTBIM CKJIOHAM TOp JI0 CyOaIbIIHICKOTO Mmosica.
8. u . VII-VIIL

Pacmp. B Anmar. o6m.: TIP, KcP, EaP, VP, PP,
TP, KepP, KoP, CP.

A. anomalum (Ledeb.) Ledeb. Mu. Pacrer Ha
CyOaNbIMUHCKUX JyraX, CTEIHBIX CKJIOHAaX, B 30HE
nmeca Ha h 2200 m. 1B. u 1. VI-VII.

Pacmp. B Anmar. o6a.: TIP, KcP, EuP, VP, PP,
TP, KoP, AxP, 1P.

Pleurospermum simplex (Rupr.) B.Fedtsch*
(Aulacospermum simplex Rupr.). Mu. Ot necHoro
JI0 BBICOKOT'OPHOT'O T0sICa, HA TPAaBSHUCTBIX U 11e0-
HUCTBIX CKIJIOHAX, Ha TOJITHAX U TI0 OITyIIKaM eJio-
BBIX JIECOB, CPEeIM KaMEHHCTHIX ochineit, 1200-3000
M Hajg yp. M. [[B. u . VI-VII, VII-IX.

Pacmip. B Anmmar. o6i.: YP, TP, EaP, XP, PP,
ITP, KepP, KcP, KoP, EcP, CP.

Seseli condensatum (L.) Rchb.f. * (Conioseli-
num vaginatum (Spreng.) Thell. Mu. Pacter B moii-
Max TOPHBIX PEK, CPeIM KyCTAPHUKOB U B OCHHHHU-
Kax, IPEUMYIIECTBEHHO B JIECHOM mosice. L[B. u .
VII-VIIL

Pacrop. B Anmar. o6a.: TIP, KcP, EuP, VP, PP,
TP, EcP, KepP, KoP.

Conioselinum tataricum Hoffm. Mu. Pacter B
MOMMax TOPHBIX PEK, CPEIU KyCTAPHUKOB U B OCUH-
HUKaX, MPEUMYIIECTBEHHO B JISCHOM Tosice. LIB. u
1. VII-VIIL

Pacmp. B Anmar. o61.: KcP, EuP, PP, TP, EcP,
KepP, KoP.

Vicatia atrosanguinea (Kar. & Kir.) P.K. Mukh.
& Pimenov (Carum atrosanguineum Kar. & Kir.).
MH. Ha monsiHax u omymikax elbHUKOB, PeXe Ha
CKaJjax " B aJIbIIMHACKUX, CyOabITUICKUX JTyrax. L[B.
u . VI-VII, VIIL
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Pacnp. B Anmar. o6x.: I1P, KcP, EnP, VP, PP,
TP, KoP.

Hyalolaena trichophylla (Schrenk) Pimenov &
Kljuykov (Hymenolyma trichophyllum (Schrenk)
Korovin). Ma. PacreT B MOJIBIHHO-THITYAKOBBIX U
TBIPCOBBIX CTEISIX MPEArOpHid, peke Ha InedeHUa-
ThIX ckJoHax. [[B. u . VI-VIIL.

Pacrp. B Amvar. o6:.: YP, I1P, KcP, EnP, TP,
PP, I'Kammaraii, CP, EcP, 1P.

H. bupleuroides (Schrenk) Pimenov & Kljuykov
(Hymenolyma bupleuroides (Schrenk) Eug. Kor.).
MHu. Pacter B MOJBIHHO—TUITYAKOBBIX CTEISX, Ha
COJIOHIICBATHIX JIyraxX, MOATOPHBIX paBHUHAX W B
MEXTopHbIX JosinHax. [[B. u 1. V-VI.

Pacmp. 8 Anmart. o6in.: YP, KcP, EuP, TP, PP,
KepP, EcP, KtP, ['Kanmaraii, bP, UP, XKP.

H. tschuiliensis (Pavlov ex Korovin) Pimenov
& Kljuykov (Tugaja iliensis (Bajtenov) Bajtenov).
MH. Pacrer B Tyrasx, cpeay KyCTapHUKOB U JIMAH.
Lg. VII, m. VIIL

Pacnp. B Anmar. 061.: 1P.

Conium maculatum L. JIB. Bctpedyaercs mo cop-
HBIM MECTaM, 0COOEHHO B MECTaX CTOSHKH CKOTa Ha
TOPHBIX NAcTOUINAX, BJOIb apbikoB. L[B. u 1. VI-
VII, VII-IX.

Pacrp. B Ainmvar. o6:.: 1P, KcP, EaP, VP, PP,
TP, EcP.

Eremodaucus lehmannii Bunge. O. O0blueH Ha
JIECCOBBIX XOJIMaX B 30HE npearopuit. 1. u mi. V-
VL

Pacnp. B Anmar. o61.: EvP, TP, KcP, XKP.

Elaeosticta allioides (Regel & Schmalh.)
Kljuykov, Pimenov & V.N. Tikhom. MH. Pacret B
JIECCOBBIX MPEATOPhSIX U Ha yBajax 10 JieBoMy Oe-
pEery peKu, 1o JHY YIIeNbs, TOATOPHBIX paBHUHAX.
8. u 1. V-VI, VI-VIL

Pacnp. B Anmar. o6m.: [TP, KcP, ExP, TP, PP.

Galagania fragrantissima Lipsky (Muretia fra-
grantissima (Lipsky) Korovin). Mu. I1o ropasiM Tpa-
BSIHBIM CKJIOHaM B cTernHoM mosice. LB, u . VI, VIL.

Pacmp. B Anmmar. o61.: KcP, EaP, VP, PP, TP.

Ferula lehmannii Boiss. Mu. Pacrer cpenu mo-
JIBIHM Ha TNECYaHO-TJMHUCTBIX paBHUHAX. L[B. IV,
mi. V.

Pacmp. B Anmar. 061.: BP.

F.  karelinii Bunge (Schumannia karelinii
(Bunge) Korovin. Mu. Pacter Ha meckax u mecya-
HO-TpaBUiHBIX ouBax paBHUH. [[B. V-VI, m1. VIL

Pacnp. B Anmart. o61.: KTP, BP.

F. syreitschikowii Koso—Pol. Mu. IIpomspac-
TaeT Ha TJIMHUCTHIX, MEOCHYATHIX, TECYAHBIX U CO-
JIOHLEBaThIX noyBax. L{B. n mn. V-VIL.

Pacrp. B Ainmvar. o6:.: TIP, KcP, EaP, VP, PP,
TP, KepP, I'Kamaraii, XXP, 1P.
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F. kelleri Koso—Pol. Mu. Pacrer no tpaBsHu-
CTBIM CKJIOHAaM W CpPeIu KyCTapHHKOB B CpPEIHEM
nosice rop. Lis. u . VI-VII, VII-VIIL

Pacmip. B8 Anmmar. o6m.: KcP, EaP, VP, PP, TP,
AxP, UP, CP.

F. varia (Schrenk) Trautv." (Ferula schair
Borszcz.). MH. PacreT B TMOJBIHHBIX CTeIsIX, Ha
MecKax, HaBeSTHHBIX Ha TaKbIpax, peke Ha KaMeHH-
CTBIX CKJIOHAX IYCTHIHHBIX BO3BBILICHHOCTEH. LIB.
V, . VI-VIL

Pacnp. B Anmart. o6i.: BP, XKP.

F. dissecta (Ledeb.) Ledeb. Mu. PacteT mo tpa-
BSIHUCTBIM, CTEMHBIM CKJIOHaMm mpearopuid. L[B. u
mr. V, VL.

Pacmp. B Anmar. o6:.: TTP, KcP, AnP,EnP, VP,
PP, TP, EcP, KepP, I'Kammaraii, KtP.

F. akitschkensis B. Fedtsch. ex Koso—Pol. M.
IIponspactaer 1O OCTENMHEHHBIM, KaMEHHCTHIM
CKJIOHaM B HU>KHEM nosice rop. LIB. u mn. VI-VIL

Pacmip. 8 Anmmar. o6m.: I1P, KcP, EnP, VP, PP,
TP, KepP, EcP, CP, XKP.

F. transiliensis (Regel & Herder) Pimenov
(Talassia transiliensis (Regel & Herder) Korovin).
MH. PacTeTt 1o ckanam B aTbIIHHCKOM U CYOaITbITHIA-
ckoM mnosicax. [[B. u . VII-VIIL

Pacmip. 8 Anmmar. o6m.: I1P, KcP, EnP, VP, PP,
TP, KepP, CP.

F. iliensis Krasn. ex Korovin (F. popovii Koro-
vin). MH. PacTeT Ha MIIMHUCTO—IIEOHUCTHIX MTOYBaX
o mieidam rop. L. u . V, VI-VIL

Pacmp. B Anmar. o6u.: 1P, KcP, EuP, VP, PP,
TP, AP, UP.

F. sugatensis Bajtenov. Mu. PacteT Ha conoH-
YaKOBBIX IMATHAX B MEXIOpHO# gonuue. LIB. u .
V, VL

Pacmp. 8 Anmar. o61.: KeP, EaP, YP, PP, TP.

F. teterrima Kar.et Kir. (Ferula balchaschensis
Bajtenov). Mu. PacreT B MOJBIHHO—OOSITEIYEBON
nycrsiHe. LB, u 1. V-VL

Pacmp. B Anmar. o6i.: BP, KTP.

F. canescens Ledeb. MH. Pacter Ha nieGeHua-
TO-TJIMHUCTBIX TOYBAX B PaBHUHAX M HU3KOTOPKE.
LB. VI, mu. VIL

Pacmp. 8 Anmmar. o61.: XXKP, P, KTP, BP.

F. nuda Spreng. Mu. PacteT B mycTbIHE 1 IOJTY-
MyCTHIHE Ha TJIMHHUCTHIX 3aCOJEHHBIX MoYBax. L[B.
V, mn. VL

Pacmp. 8 Anmar. o6.: 1P, BP.

F. stylosa Korovin*. (Ferula ovina Boiss.).
MH. PacTeT B mycThIHE U MOJIYITYCTBIHE Ha TJIHU-
HUCTBIX 3aCOJIEHHBbIX nmoyBax. [[B. V-VI, nn. VI-
VII.

Pacnp. B Anmart. o6i.: 2)KP, KoP.

F. tenuisecta Korovin*, MH. Pacrer no kame-
HUCTBIM M TPABSHUCTHIM CKIIOHAM B CPETHEM II0siCe
rop. LB. V-VI, min. VI-VIL

Pacmp. B Anmmar. 06:1.: JKP.

F. songarica Pall. ex Schult. Mu. Pacter npe-
MMYIIECTBEHHO B TOpax MO CTEMHBIM TPABSHUCTHIM
CKJIOHAM M B MEJIKOCOIIOYHUKE CPEH JTYTOBBIX CTe-
neit. [B. VI, . VIL

Pacmp. B Anmar. o6i.: CP, bP, AnP, 1P.

F. karataviensis (Regel & Schmalh.) Korovin.
MH. Pacrer Ha TIMHHCTO-IEOHUCTHIX MOYBAX IO
CKJIOHaM W mwieidam Huzkoropwid. [[B. V-VI, m.
VI-VIL

Pacmp. B Anmmar. 06:1.: I'Kanmrarait, JKP.

F. paniculata Ledeb. (F. ferulaeoides (Steud.)
Korovin). MH. PacteT B TOJBIHHBI W ITOJBIHHO—
THUITYAaKOBBIX, COJIOHIIeBAThIX cTersx. L[B. V, m1. VI

Pacmp. 8 Anmmar. o611.: bP, UP, XKP.

F.  dubjanskyi Korovin ex Pavlov (F.
dshaudshamyr Korovin). Mu. Pacrer Ha meckax,
pexe Ha kaMeHucThIX conkax. L[B. VI, m1. VIL

Pacmp. 8 Anmmar. o61.: UIP, KTP.

F. penninervis Regel & Schmalh. Mu. Pacrer
OT BBICOKUX MIPEATOPUI 10 CYOIBITHMIACKOTO Tosica
(800-2900 M Han yp. M.) HA KAMEHUCTBIX CKJIOHAX,
MEJKOMEOHNCTHIX M KPYITHOTIBIOHBIX OCBITISAX, Ta-
JICYHUKOBBIX Teppacax, CyXux pyciax, B TPYIIIH-
pOBKax METPO(HUTOB U KCEPOPHUTOB, IO OMYIITKAM
APUYEBHUKOB, B KOBBUIbHO—THITYAKOBBIX CyXUX CTeE-
max. 1. V-VI, . VII-VIIIL.

Pacoip. B Anmar. o6m.: T1P, KcP, KoP, AnP,
EuP, YP, PP, TP.

F. caspica M. Bieb. Pacter B cTensix u noiymy-
CTBIHE Ha COJIOHIIEBATHIX TVIMHUCTBIX M TIMHHCTO-
IEOHUCTHIX TIOYBAX PABHUH U HA MEJIOBBIX OOHAXe-
ausx. [B. V-VI, m1. VI-VIL

Pacrp. B Anmar. o6u.: TIP, KcP, EuP, VP, PP,
TP, bBP, XKP.

F. leiophylla Korovin. Mu. PacreT Ha cononue-
BaThIX Jyrax MOATOPHBIX PaBHHH, W3pEJKa Ha Tie-
ckax. [IB. V, mn. VL.

Pacmp. 8 Anmmar. o611.: EcP, 1P, BP.

F. taucumica Bajtenov. MH. Pacrer Ha Oyrpu-
CTBIX MOJy3aKperuieHHbIX neckax. 1[B. V-VI. Iln.
VI-VIIL

Pacmip. 8 Anmmar. o611.: bP, UP, XKP.

Heracleum dissectum Ledeb. JIB., MH. Pacrer
Ha BJIAKHBIX MECTaX B PEYHOU JOJIHMHE, BIAOIH Py-
YbeB, MPEUMYIIECTBEHHO B TOpax, B MOsCE JpeBeC-
HO—KyCTapHUKOBOM pactutenbHoctd. LB, VII, m.
VIIIL.

Pacmp. 8 Anmar. o6m.: I1P, KcP, EaP, AxP, VP,
PP, TP, CP, EcP, KoP, KtP, 1P.
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H. lanatum Michx. JIs., MH. Pactér B KpymHO-
TPaBHBIX 3apOCIIAX, pa3peKeHHBIX KaMeHHO-Oepe-
30BBIX U XBOMHBIX JIecax, B JoJAUHAX pek. [IB. u 1.
VII-VIIL.

Pacmp. B Anmmar. o6m.: EaP, VP, I1P.

Semenovia transiliensis Regel & Herd. (Herac-
leum transiliense Regel et Herd.) O.B. Fedtsch. Mn.
Pactrer Ha Me30(pMIIBHBIX Jyrax, B MOWMax pek, B
aJIBIIUKCKOM TOSICE MO TaJIeUHHKaM, B MOSICE XBOM-
HBIX JIECOB MO OTKPBITHIM TPaBsIHBIM CKIIOHaM. L[B.
n 1. VII, VIII.

Pacmp. B Anmar. o61.: YP, EnP, TP, KcP, PP.

Daucus carota L. ]IB., pexe O. Kak copHnoe y
JIOpOT, B MOJISIX, HA MeXax U 3ayexax. [B. u . VI-
VIII, VI-IX.

Pacmp. B Anmar. o6u.: I1P, KcP, AnP, EnP, VP,
PP, TP, CP, KepP, EcP, KoP, XXP, P, KTP.

Pastinaca sativa L.]Is. Pacrer uspenka oguya-
JIBIM Ha TIOJISX, TI0 YJIMIIaM, BO JBOpaxX W Ha Oropo-
JaxX, B TUKOM cocTostHUHM B CpenHeir A3un Hen3Be-
cred. [B. u 1. VI, VIL

Pacmp. B Anmar. o61.: KcP, EnP, VP, PP, TP.

Pastinacopsis glacialis Golosk. Mu. Pacter Ha
KaMEHUCTBIX CKJIOHAX B AJIBIIHMICKOM TOSCE.

LB. u . VII-VIII, VIII-IX.

Pacmip. B8 Anmmar. 061.: KcP, AnP, EaP, VP, PP,
TP.

Turgenia latifolia (L.) Hoffm. O. Pacter kak
COpHOE Ha OOTapHBIX W TOJIMBHBIX 3eMJISX, HA 3a-
JIeXxKaX, OKOJIO KUJIbs, B 0a3UCaX, Tyrasx, peke Ha
JIECCOBBIX, INMEOHHUCTHIX KOHIJIAMEPATHBIX W IIe-
CTPOIIBETHBIX CKJIOHaX M OOHAXEHHAX B TPEATrO-
PBAX, Ha 3aKPEIJICHHBIX MECKAX, TI0 CYXHM PyClIaM,
noauumaercs g0 2500 m Han yp. m. LB. IV-VIII,
1. V-VIIL

Pacrp. B Anmar. o6n.: YP, PP. KcP, EuP, TP,
EcP, CP, KepP, AnP, AkP, I'Kanmaraii, bP, KTP,
HP, XKP.

Hymenolaena nana Rupr. Mu. Pacter no Ge-
peraM pydbeB, Ha JIYTOBHHAX, allbITUHCKUX JIyrax,
KpHO(QHMIBHBIX MOAYIIEYHUKAX, Ha OCHIIAX. L[B. m
1. VII-VII, VII-IX.

Pacmp. B Anmar. o61.: KcP, EnP, VP, PP, TP.

Foeniculum vulgare Mill. Mu. PacteT Ha kame-
HUCTBIX OCBITISAX, CPEIN PA3pPyIIAIOIIUXCS CKal, 1O
PEYHBIM TeppacaM, Ha TOJSHAX CPeIu pa3perkeH-
HBIX KyCTapHHUKOB, KPOME TOTO, YaCTO KyJIbTHBHUPY-
ercs u auyaet. [[B. u . VI-VIII, VII-IX.

Pacmp. B Anmar. o6u.: I1P, AP, KcP, EnP, VP,
PP, TP.

Zosima korovinii M. Pimen. (Platytaenia
tordyloides (Korov.) Korov.). MH. u aBn. Ha me6-
HUCTBIX M TIECTPOLIBETHBIX CKJIOHAX, OCBHIMAX, Ka-
MEHUCTBIX OOHAXKCHHUSX, B. JIyTOBBIX, Pa3HOTPAB-
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HBIX, KYCTapHUKOBBIX, THITYaKOBO—KOBBUIbHBIX,
Y KOBBUIBHBIX CTEIAX, apueBHUKAX, M3peaKa Ha
OITYIIIKaX €JIOBBIX JIECOB U MHOT/IA KaK IOJIyCOPHOE.
1000-2900 M nan yp. M. LIB. n 1. V=VI, VI-VIL
Pacmp. B Anmmar. o611.: KcP, EaP, PP, TP.

Eremodaucus lehmannii Bunge. Mu. PacteT Ha
NECCOBBIX X0NMax B 30He npeAropuit. L{s. V, m. VI.

Pacmp. B Anmar. 0611.: KepP, EcP.

Petroselinum crispum (Mill.) Fuss * (Petroseli-
num crispum subsp. crispum). 1., peako O. Kynb-
TUBUPYETCS HAa OTOPO/IaxX M WHOTAA Tu4aeT. B ropst
noganmaetcs 1o 2000 M Hax yp. m. LB. u 1. VI-
VII, VII-IX.

Pacrp. B Anmvar. o6:.: TIP, KcP, EaP, VP, PP,
TP, EcP, KP, UP, KTP.

Paraligusticum discolor (Ledeb.) V.N. Tikhom.
MHu. PacTer Ha MEJIKO3EMHUCTBIX, IIIEOHUCTHIX CKJIO-
Hax, M0 TeppacaM PEYHbIX JIOJIMH, HA OMYIIKax U
TMOJITHAX JINCTBEHHBIX M XBOWHBIX JIECOB, B 3apOC-
TX Me30(HUIBHBIX KyCTapHUKOB Ha BbIcoTax 900-
2900 M Ham. yp. MOpsl.

B. VI-VII, mn. VII-IX.

Pacrip. B Anmmar. o6i.: AnP, KoP, KepP, EcP,
TP, EnP.

Tschulaktavia saxatilis (Bajtenov) Bajtenov ex
Pimenov & Kljuykov (Silaum saxatilis Bajtenov).
MH. Pacrer B pacuie/inHax cKaj B 3aCYLUIMBBIX I'O-
pax. . VII, mn. VIIL

Pacmp. B Anmmar. 06:1.: KepP.

Pilopleura goloskokovii (Korovin) Pimenov.
MH. PacTeT Ha ckajiax B BEpXHEM MOSICE TOP.

IB. VI.

Pacmp. B Anmar. 0671.: AxP.

Semenovia rubtzovii (Schischk.) Manden. —
Platytaenia rubtzovii Schischk. Mu. u nBn. Pacrer
Ha KaMEHHUCTBIX U MEJIKO—IIEOHUCTHIX CKJIOHAX U
M3BECTKOBBIX ckanax, 1200-1500 m Han yp. M.

Pacmp. B Anmmar. 06:1.: KepP.

S. transiliensis Regel & Herder. Mu. Pacrer
B IOSICE XBOWHBIX JIECOB IO OTKPBITHIM TPABSHBIM
CKIIOHaM, peke Ha KAMEHHCTHIX MECTaX U B PEYHBIX
nonunax. [B.V,mn. VI,

Pacnp. B Anmart. o6i.: EcP, KepP.

Coriandrum sativum L. O. BeipamuBaercs
KaK TPSHOCTBh B OrOpojiaX BO BCEX Oaszucax Mpej-
TOPHOTO, HUKHETO U CPEJTHETO TOPHBIX TOSICOB, JI0
3000 m Hag yp. m. LIB. u 1. VI-VII, VII-IX.

Pacnp. B Anmar. oon.: TP, AnP, AxP, KcP,
EnP, YP, PP, TP.

Oenanthe aquatica (L.) Poir. MH. Pacter B Bozie
MEJJICHHO TEKYIUX U CTOSYUX BOJOEMOB, Ha TOII-
KHX Oeperax o3ep u OOJIOT, peXke 1O 3aJUBHBIM H
3abomoueHHbIM JiyraM. L. VI-VIL, . VII-VIIL.

Pacmp. B Anmar. 061.: AnP, UP.



C.K.MyxrybaeBa n 1p.

Peucedanum morisonii Besser ex Schult. Mn.
Pacter mo turakopHBIM BOZIOpa3feliaM W B HH3KO-
rOpbsiX, B THUITYaKOBO—KOBBUIBHO—PA3HOTPABHBIX,
Pa3HOTPaBHO—KOBBUIBHBIX CTEIISAX, B 3apOCIAX Ky-
CTapHUKOB 110 JouirHam, 10 1800 m Hax yp. m. LIB.
VII-VIII, mn. VII-IX.

Pacmip. B Anmar. o6i1.: EcP, AnP, KoP.

Trinia ramosissima Ledeb. (7. polyclada
Schischk). MH. PacteT B KOBBUIBHO—TIOJIBIHHBIX,
TUYAaKOBBIX M JIYTOBBIX CTCISAX M CPEAHM CTEIHBIX
KycrapHukoB. 1{B. VI, mi. VIIL.

Pacmp. B Anmar. o6u1.: 1P.

Cenolophium denudatum (Hornem.) Tutin. —
Cenolophium fischeri (Spreng) W.D.J. Koch. MH.
Pacrer Ha nyrax B moiimax pek M B JYTOBBIX 3alla-
qunHax. [{B. VII, . VIII.

Pacmp. B Anmar. o6:1.: MP.

3akaoueHne

[To pesynbpraram 0OpabOTKH MaTEpUANIOB, CO-
OpaHHBIX APYTUMH KOJJIEKTOpaMH O AJMaTHH-
CKOM 00iacTh, 00paboTKH repOapHBIX 00pas3IloB,
xpansinuxcst B ['epbapuu MHCcTHTYyTa OOTaHWMKH
u ¢uronntponykuun MOH PK, a takxe ananusza

JTUTEPaTypPHBIX NAHHBIX CO3JaH KOHCIIEKT BUIOB
ceMelcTBa Apiaceae O aJIMUHUCTPATUBHBIM paii-
oHaM AJIMaTHHCKON 00JacTH, cocTosmuii u3 127
BUJOB U3 57 ponoB. BeIsSBIEHB TOMUHUPYIOIIUE
pOMBI, OIpeAeNieHbl THUITBI JKU3HEHHBIX (OpM U
JKOJIOTMYECKHE Ipynisbl. [leTanbHbIi aHanus3 pen-
KO BcTpeuarouuxcst BunoB: Turgenia latifolia (L.)
Hoftfm., Falcaria vulgaris Bernh., Aegopodium
podagraria L., Petroselinum crispum (Mill.) A.
W. Hill.,, Daucus carota L. Oenanthe aquatica
(L.) Poir. u Bunium vaginatum Korovin. TO3BOJHT
BBISICHUTh HACKOJIBKO OHH MOTYT OBITH TEPCIICK-
TUBHBI JIUIs BKJIFOUeHHS uX B KpacHyro kHUTY 00-
Jactu. Pe3ynabpTaThel ucciaeoBaHUNM MOKA3alH, 4TO
SHJIEMUYHBIE U KPACHOKHWKHBIE BUIIBI PACTCHUU
MPOU3PACTAIOT B OCHOBHOM B HUXKHEM U CpeIHEM
nosicax rop, Ha Bbicote oT 1100 mo 2300 m Han
YPOBHEM MODSI.

duHaHCHPOBaHUE

JlanHOoe wWccienoBaHue OBUIO  MOJICPIKAHO
MUHHUCTEPCTBOM JKOJOTHH U TIPHUPOIHBIX PECYp-
coB Pecnyonmuku Kaszaxcran (IIporpamma, IRN:
BR10264557).
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HU3KASl MOAOXUTEAbHASA TEMITEPATYPA
KAK ®AKTOP UBMEHEHUSA ®OTOCUHTETUHECKOMU
AKTMBHOCTU MOAOADBIX PACTEHNU LLUABEAS

Poa Rumex kaaccudmumpyeTcs Kak MHBa3uMBHOE Napa3uTUYecKoe pacTeHUE B CEAbCKOM XO34CTBE.
HecmoTpst Ha To, UTO Apyrve BuAbl Rumex wWMpoKo MCNoAb3yloTCs B huToTepanmm 6aaroaaps mx
AHTUMUKPOOBHOMY, AHTUOKCUAAHTHOMY, MPOTUBOOMYXOAEBOMY M MPOTUBOBOCMAAUTEABHOMY AECTBUIO,
NpaKkTMYeckn HeT uHdopmaumm o noteHumase Rumex confertus Rumex tianschanicus Losinsk. n Ru-
mex thyrsiflorus Fingerh aAst AedyeHMs pasamuHbIx 3a60AeBaHMi. [1pOBEAEHO MCCAEAOBaHME peakumm
(hOTOCMHTETMHECKOTO anmapara MMMaTYPHbIX PaCTEHMIA TPEX BUAOB LiaBeAst (Rumex confertus, Rumex
tianschanicus Losinsk. n Rumex thyrsiflorus Fingerh.) Ha BHe3anHoe AENCTBME HM3KMX MOAOXKMUTEAbHbIX
TemnepaTyp B TeuyeHue 72 4acoB. OTMEUEHO CTUMYAMpPYIOLLEe BO3AENCTBME XOAOAQ HA MHOrue
rnapameTpbl, xapakTepusyiowme (HOTOCUHTEPTUYECKYIO aKTMBHOCTb LiaBeAs. BbigBAeHa pasAMuHas
peakums (OTOCMHTETMYECKOrO anmnapata M3y4daemblX BMAOB. Pe3yAbTaTbl 3TOro sKcrnepumMeHTa
yKasbIBalOT Ha TO, UTO CYLLECTBYET B3aMMOCBSI3b MEXAY COCTOSIHMEM MUTATEAbHbIX BELLECTB B NMOYBE U
KOHKYpeHLuen mexxay Buaamu. DUTOXMMUYECKMIA aHAAU3 NO3BOAMA OOHAPYXXMTb B M3yYaeMbIX BUAAX
Rumex aHTpaxvHOHbI, (PAABOHOMAbI, AYOUAbHbIE BewecTBa, (heHOAbl, (DEHOAO- M AMUHOKMCAOTbI.
[NokazaHo, YTO XOAOAOBOWM CTPECC MOXET OKasblBaTb Kak CTUMYAMpYIOLLEe, Tak M MHrubupyoulee
BAMSIHME HA CMHTE3 OGMOAOrMUECKM aKTUBHbIX BELecCTB pacTeHuin. HanboAbluyto yCTOMUMBOCTH K
XOAOAOBOMY CTpeccy nposiBuA Bua Rumex confertus.

KaroueBble caoBa: Rumex, (poToCHHTE3, CybIK, CTPecCi, (PM3MOAOTUSABIK, >KaFAai.
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Low positive temperature as a factor
of changing photosynthetic activity of young sorrel plants

The genus Rumex is classified as an invasive parasitic plant in agriculture. Although other types of
Rumex are widely used in herbal medicine due to their antimicrobial, antioxidant, antitumor and anti-
inflammatory effects, there is practically no information about the potential of Rumex confertus Rumex
tianschanicus Losinsk. and Rumex thyrsiflorus Fingerh for the treatment of various diseases. A study of
the reaction of the photosynthetic apparatus of immature plants of three sorrel species (Rumex confertus,
Rumex tianschanicus Losinsk. and Rumex thyrsiflorus Fingerh.) the sudden effect of low positive temper-
atures for 72 hours. The stimulating effect of cold on many parameters characterizing the photosynthetic
activity of sorrel was noted. A different reaction of the photosynthetic apparatus of the studied species
was revealed. This experiment’s results indicate a relationship between the state of nutrients in the soil
and competition between species. Phytochemical analysis made it possible to detect anthraquinones,
flavonoids, tannins, phenols, phenol- and amino acids in the studied Rumex species. It has been shown
that cold stress can have both stimulating and inhibitory effects on the synthesis of biologically active
substances of plants. The Rumex confertus species showed the greatest resistance to cold stress.

Key words: Rumex, photosynthesis, cold stress, physiological state.
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TemeH oH, TemMniepaTypa Xac KbIMbI3AbIK, ©CIMAIKTEPiHIH,
choTocHHTETHKAABIK, GeACEHAIAITiHIH, 63repy chakTopbl peTiHAE

Rumex TyKbIMbl aybIA LLAPYaLLbIAbIFbIHAQ MHBA3MBTI MAPA3UTTIK 6CIMAIK peTiHAE XXikTeAeai. Rumex-
TiH 6acka TypAepi MMKPOOKa KapCbl, aHTMOKCUMAAHTTbI, iCIKKe KapCbl >kaHe KabbliHyFa KapCbl 8CEpiHiH
apPKACbIHAQ LLI6MN MEAMUMHACBIHAQ KeHiHeH KOAAAHbIAFaHbIMEH, rumex confertus rumex tianschanicus
losinsk aAeyeTi Typaabl ic XXy3iHAE elKaHAAl aKknapart KoK, 8p TYPAI aypyAapAbl eMAeyre apHaAFaH
Rumex thyrsiflorus Fingerh. KbIMbI3ABIKTbIH YL TypiHiH (Rumex confertus, Rumex tianschanicus losinsk)
MMMAaTYPaAbIK, ©CIMAIKTEPIHIH (DOTOCMHTETUKAADIK, arnnapaTbiHbIH PEaKUMSCbIH 3epTTey >XKYPri3iAAi.
>xoHe Rumex thyrsiflorus Fingerh.) 72 carar iwiHAe TOMEH OH TemrepaTypaHblH KEHETTEH acepiHe.
KbIMbI3AbIKTbIH, (POTOCMHTEPTUKAABIK, GEACEHAIAIMIH CMMATTAMTbIH KOMTEreH napameTpAepre CybIKTbiH
bIHTAAQHABIPYLLbI 8cepi 6aiikarAbl. 3epTTeAeTiH TypAepAiH (DOTOCMHTETMKAABIK, annapaTTapbiHbIH
SPTYPAI  peakuMsicbl aHbIKTAaAAbl. ByA 3KCMEpMMEHTTIH HaTUXeAepi TomblpakTaFbl KOPEKTIK
3aTTapAblH Kyii MEH TypAep apacbiHAafbl 6BCEKeAecTik apacbiHAa 6arAaHbIC 6Ap eKeHiH KepCeTeA.
DUTOXMMUSIABIK, TaAAdy 3epTTeAeTiH Rumex TypAepiHAe aHTpaxXMHOHAAPAbI, (PAABOHOMATAPAbI,
TaHUHAEPAI, (heHOAAaPAbI, (DEHOAAAPAbI >KOHE AMMHKbILIKBIAAAPBIH aHbIKTAyFa MYMKIHAIK GepAi.
CybIK, CTPECC BCIMAIKTEPAIH, BUOAOTUSIAbIK BEACEHAT 3aTTapbiHbIH CUHTE3IHE bIHTAAAHABIPYLbI XKOHEe
MHIMOUTOPAbIK, 8Cep eTyi MyMKiH ekeHAIr kepceTiareH. Cyblk, CTPECCKe eH YAKEH KAPCbIAbIKTbI Rumex

confertus Typi KepceTTi.

TyiiH ce3aep: Rumex, poTOCUHTES, CYbIK, CTPECCi, (PU3MOAOTUSADIK, XKaFAal.

BBeaenue

[IpoGiieMa ycTOMYMBOCTH pacTeHUi K aOMOTH-
YECKHUM CTpeccaM MMeeT OOIbIIoe MPHPOTHO-IKO-
JIOTHYECKOE 3HAYCHHE, IOCKOJBKY CIIOCOOHOCTH
pacTeHHl alanTHPOBATHCS K KOHKPETHBIM YCIIOBH-
M — OTUH W3 (PAaKTOPOB, OMPEACTSIONINX apeasbl
pacnpocTpaHeHHsd JAMKHX BHJIOB U BO3MOXHOCTH
ux untponykuuu [1]. IlpeacraButenu cemeicTBa
Polygonaceae GoraTel BTOPHUYHBIMH METaOOTHTA-
MH, B YaCTHOCTH (EHWINPONAHOMIAMH M aHTpa-
XHMHOHAMH, KOTOPBIE, BO3MOXHO, OTBETCTBEHHHI 32
1eneOHbIe CBOMCTBA, MPUIMCHIBAEMbBIE STUM BHIAM
pactenutii [2]. B pox Rumex Bxoaut okoso 250 Bu-
JIOB, KaK OJIHOJISTHHX, TaK W MHOTOJIETHHX TpPaB,
pacmpocTpaHeHHBIX 10 Bcemy Mupy. [Ipensimymine
WCCIIEIOBAHNS TOKa3alu MPOTHUBOOIYXOJIEBYIO,
MIPOTUBOIMAPEHHYI0, aHTHOKCHUIAHTHYIO, 00e300-
JUBAIONIYI0, TPOTHBOBOCTIATUTEIbHYIO, TPOTHBO-
[JINCTHYI0O U aHTUMHUKPOOHYIO aKTMBHOCTH pacTe-
HUH, MPUHAUISKAIINX K 3TOMY poxay [3], OoraTeix
OHMOIOrMYECKN aKTUBHBIMHU (DUTOXUMHUYECKIMH Be-
LIECTBAMHU.

W3meHeHus, BBI3BaHHBIE HEOJATONPHUATHBIM
BO3JICHCTBUEM OKpYKAIOIIEeH Cpelbl, CPeu KOTO-
PBIX BHEIIHHME YCJIOBHUS TEMIIEPATYpHhl, BIAXXHOCTH
Y T.Jl. HETATUBHO BIUSIIOT HA MHOTHE MeTaboinye-
CKHe TPOIECChl B pacTeHHsX. Tak, eCTh CBEJICHUS
0 TOM, YTO JIEKapCTBEHHBIE PAcTEHHUs, BereTanus
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KOTOPBIX MPOXOAHUT HAa ()OHE BO3JIEHCTBHUS aOMOTH-
YECKHUX CTPECCOB, OOBIYHO OOHAPYKMBAIOT 3HAUM-
TeJIHHO OOJiee BBHICOKHE KOHIIEHTPAINH BTOPHYHBIX
MeTa0O0JIUTOB, YeM HJICHTHYHBIC PACTEHHSI TOTO YK
BH/Ia, BBIPANIMBACMbIC OTHOCUTEIIBHO OJaromnpusT-
HBIX ycrmoBusx. Ho moka nHpopmarmu 06 3ToM -
POKO M3BECTHOM SIBJICHUH OYCHB MaJIo [4].
N3meneHnue (OTOCMHTETUYECKOH aKTUBHOCTH
SIBIIIETCS OJHWM M3 CaMbIX TIEPBBIX IPOIIECCOB,
Ha KOTOPBIX CKa3bIBAETCS HETAaTHMBHOE CTPECCOBOE
BO3JICMCTBHE, YaCTO 3aJI0JITO JIO TOTO, KaK BhI3BAH-
HBIE CTpecCaMU M3MEHEHHs Y PACTEHUH CTaHOBST-
¢ BUAUMBIMU. DOTOCHHTETHYECKHE PEaKIUU Ha
HEOJIarONPUSATHBIC YCIOBUS CPEIBl CIIOKHBI M 3a-
BHUCAT KaK OT WHTEHCHUBHOCTH W TIPOJOJIKHUTEIH-
HOCTH CTpecca, TaK M OT CTaJuM Pa3BUTHS pac-
TeHUU. Y MOJIOABIX PACTCHUN, MCTIBITHIBAIOIINX
cTpecc, BO3MOXKHBI a/IaNITHBHBIE PEAKIINN PACTECHHHA
IUIST TIPEIOTBPAIICHUS] YPE3MEPHOTO MOTIIOMICHHUS
cBeTa, KOTOPOE BPEIHO, IOJABICHHE OMOCHHTE3a
XJ0podIIIIa W CHUKEHUE YPOBHSI CHHTE3a U cOop-
KA CBETOCOOMPAIOIINX KOMIUIEKCOB (oTocucTeM |
u II. PaGota peakTHBHBIX LIEHTPOB PACTEHUH NpuU
cTpecce yXyaIIaeTcs, YTO MPHUBOIUT K CHUXKEHHUIO
repeiayy NoTJIONIEHHON CBETOBOM SHEPTUU OT CBE-
TOCOOHMPAIOIINX KOMILJICKCOB K (DOTOMOBPEKICH-
HBIM PEaKIMOHHBIM IEHTpaM W, KaK CJEICTBHE, K
00pa30BaHMI0 OOJIBIIOTO KOJUYECTBA CHHIJIETHOIO
KHCIIOpPOJIa 3a CYET peaklui (HOTOUYBCTBUTEIHLHO-
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ctu xnopodumia [5, 6]. Beinenstonmii Kucioposa
komrieke DCII, a Takke peaKIMOHHBIE IICHTPHI
OCII u ®CI moryT ObITh HapylieHsl. [lociencTBus
CTPECCOBBIX U3MEHEHHI BIIUSAIOT Ha TapaMeTphl (o-
TOCHHTE3a KOCBEHHO, B OCHOBHOM 4epe3 U3MEHEHHS
nukia aktuBHocTH KanbBuHa-beHcoHa u mocneny-
IOIUX PEaKIUil B IEPBUYHOM METabO0JIM3Me pacTe-
Huit [7, 8].

Jannpie 00 axTHBHOCTH M 3()(HEKTUBHOCTH
OCII, nomydeHHbIE HA OCHOBE CBETOBBIX KPHUBBIX
(RLC) PAM-dmyopomeTrpa, MOTYT CTaTh OTJINY-
HBIM JIMAaTHOCTHYECKUM KPHUTEpUEM ISl OIICHKHU
BO3/ICHCTBHS AOMOTHYECHUKX CTPECCOBBIX (haKTOPOB
Ha POCT ¥ pa3BUTHE MHOTHX pacTeHuit [9, 10].

[ToaTomMy 1EeNbI0 TAaHHOTO HCCIeT0BaHus ObLIO
9KCHEPUMEHTAIEHOE HW3yYEHHE BHE3AallHOTO BO3-
JEHCTBHUSI HU3KHUX TIIOJIOKUTENBHBIX TEMIIepaTyT
(manee xonoJ0BOE BO3/ICHCTBHE) HA (POTOCHHTETH-
YECKYI0 aKTHUBHOCTh MMMATYPHBIX PAaCTEHUH Tpex
BUJIOB IIIaBEJIs, IPOM3PATAIONINX B IPEATrOphix 3a-
wimiickoro anaray. IlomyuyeHHBIE pe3ynbTaThl MO-

MOTYT ONpCACINUTL BJIMAHHUC XOJIOAOBOI'0 CTpECCa
Ha (bI/ISI/IOJ'IOFI/I‘ICCKOS COCTOAHHUE 3THUX BHJO0B, IIPO-
n3pacTtaromux B YCJIOBUAX PE3KO-KOHTUHCHTAJIbHO-
T'0 KJIuMara.

MaTepna.mﬂ U METOAbI l/lCCJ'le)IOBaHI/Iﬁ

PacmumenvHuviii mamepuan u yciosus gvlpauyu-
8aHUs

OObBeKTaMU HCCIICIOBAaHUN CIYKWIH HMMa-
TypHBIE pacTEHHUs TpeX BHUJIOB miaBens (Rumex,
Polygonaceae), mpouspacraromue B Ipearopbax 3a-
WJIMICKOTO AJlatay U OTOOpaHHBIE ISl IKCTICPUMEH-
Ta Ha Teppuropun Nne-Anaraycckoro Hanmonaine-
Horo [lapka: Rumex confertus, Rumex tianschanicus
Losinsk. u Rumex thyrsiflorus Fingerh. (puc. 1) Pac-
TeHUs] OBUTM OTOOpPAHBI B €CTECTBEHHBIX YCIOBHUSX
OOUTaHUS ¥ MEPEHECEHBI B Ta0OpaTOPHBIE YCIOBUS
C €CTECTBEHHBIM OCBEIIECHHEM, Il MOJOBHHA U3
HHUX B Te€YeHUE 72 4acoB KyJbTUBUPOBAJIACH MpPU
26-28° C, a monosuHa — tipu 3-5° C.
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Jlecxo

1IaBens koHCKMH
(Rumex confertus)

OpmaH

IllaBens TAHBMIAHCKUH
[ (Rumex tianschanicus L.)

A. Rumex confertus. 43°7'36"
cw. 77°4'59" 8.4

Q
B. Rumex tianschanicus
Losinsk. 43°7'37" ... 77°4'58"
8A.

9
B. Rumex thyrsiflorus Fingerh.

43135" c1u. 76°5234" B 4. Tlapeite mupUMUTATEERTE

(Rumex thyrsiflorus F))

PucyHnok 1 — T'eorpaduueckie KoopanHaTsl c6opa 06pasioB npeacTapuTeneid poga Rumex:
A — Rumex confertus (Bbicota Haja ypoBHeM Mopst 2340 meTpoB); b — Rumex tianschanicus L.
(BbIcoTa Hax ypoBHEeM Mopst 1600 metpoB); B — Rumex thyrsiflorus Fingerh. (Bricota Hax ypoHeM Mopst 800-1100 mMeTpoB)

Onpedenenue  PomocuHmemuueckou aKmue-
HoCU

ITapameTps!l (HOTOCHHTETHYECKON aKTHBHOCTH
OILICHUBAIIM TyTEM ONpeeTcHUs ypoBHEH ¢iyo-
pecuenuuu. beictpeie cBetoBble kpuBble (RLC)
PETHCTPUPOBAIIN ¢ TIOMOIIEI0 Junior-PAM («Heinz

WalzGmbH», Ef-feelrich, I'epmanusi) npu axrtu-
HuyHoM ocBemieHuu 450 um [11]. dns xaxnoro
n3MepeHust (uyopuMeTp BblIaBaJl BOCEMb CBETO-
BBIX HMMITYJbcOB HachimeHus: mo 10000 Mkmois/
Mm’c kaxapie 20 ¢, B TO BpeMs KaK aKTUHUYHBIN
CBET IMOCTENECHHO yBeauuuBajics ¢ 0 MKMOJb/MC
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Huskas monoxurenbHast TEMIIEpaTypa Kak q)aKTOp U3MCHCHUA d)OTOCPIHTeTPI‘leCKOfI AKTHUBHOCTH MOJIOJBIX paCTeHI/Iﬁ miaBCIsd

1o 625 mxMonb M’cek. [locie KaXaoro MMIyIib-
ca 00OpyZOBaHME PETUCTPUPOBAIO MHHHUMAJIb-
weiid (Fo’) m makcumanbublii (Fm’) Beixox dyo-
pecueHIMU XJI0poguiula B OTKPBITOM COCTOSHUM
peakmuonnoro 1entpa @OCII mocne mampHEro
kpacHoro ocsemieHusa. B RLC, minotHocTh moToka
(ortocuarernyecknx ¢oroHoB (PPFD) pacuntsi-
BaJach MpH 65 MKMOJIB/M* C MOMOLIBIO TPOrpaM-
Mbl WinControl-3.29 (Walz, Effeltrich, I'epmanms)
ObuTH paccumTanbl criefyromue napamerpsr: Y (11,
3¢ (HeKTUBHBIH (POTOXUMHYECKAN KBAHTOBBIA BHI-
xon OCII; (Y(NPQ),,: KBaHTOBBIA BBIXO HEDOTO-
XUMUYecKoro mnpeoOpazoBanus sueprun B OCII
13-3a TIOHIKAIOMIEH PETYIISIIIE CBETOCOOMparomeit
Gynximu; n Y(NO),,: KBaHTOBBIH BBIXO] HEPOTO-
XUMHUYecKoro mpeoOpazosanus sHepruu B DCII,
BBI3BAHHOTO  IOJIaBJICHMEM  CBETOCcOOMparomen
(YHKLMH; OTHOCUTEIIBHBIN TPAHCHOPT 3JICKTPOHOB
OCII (rETR). MakcuManbHBIN TIEpeHOC 3JIEKTPO-
HoB OCII (ETRmax), a Takyke HavanbHBIA HAKIOH
RLC (o) n 3nauenne E, — PAR (Touka HachILEHUS
OCBEIICHHOCTH MJisi (POTOCHHTE3a) Ha Iepeceye-
Huu anba u ETRmax Owpuim paccumTanbl Ha OC-
HoBe nanHbix RLC, kak onwmcano Ralph [10]. Otn
NapaMeTpsl MCTOJIb30BAINCh Ul KOJIWYECTBEHHO-
ro cpaBueHuss RLC.B skcnepuMenTe KaKIbelid pa3
BbIOMpaCs BEPXHUN aKTUBHBIN JIUCT. {751 OlleHKH
(hotocuaTeTHYECKO akTHBHOCTH (DPA) nmucTa yuu-
THIBAJIACh O0JIACTH €T0 CPEAHEH TPETH, TaK KaK OHa
nMmeeT HanboJiee OJHOPOIHYIO HHTEHCUBHOCTH DA
[10].

OyeHka KauecmMBeHHO20 COCMABA OCHOBHLIX
epynn buoI02UHecKU aKMUBHbLIX 6eUiecms

Peakmusi ¢ pacTBOpOM OCHOBHOTO arerara
ceuHa. K 1 mu1 u3Binedenus n1o0aBisgoT 3-5 Ka-
nenb 10% pacTtBopa cpeaHero CBUHIIA aleTaTa,
TOSIBIISIIOTCA OCAZKU OT SIPKO-XKENITOro 10 Oyporo
uBera (eHonbl, (PEHONOKHUCIOTHI, (HIABOHOU/IBI,
AHTPAXWHOHBI U JPYTHE C OPTO-OKCHUTPYIITHPOB-
Kamu (KenToe), TUAPOJIN3yeMble NyOHIIbHBIC Be-
mectBa (Oypblii ocanok), ¢iaBoHBl (KOPHYHEBO-
JKETITBIN 0CaNI0K)).

Peaxmus ¢ xnopunom sxenesa (I1I): 1-2 xammm
HCCIIEyeMOT0 pacTBOpa momernatoT Ha ¢apdopo-
BYIO TUIACTUHKY HMJIH B PappOpoOBYIO HAIIKY U MPH-
0aBysIOT 1-2 Karum CBEXENPUTOTOBICHHOTO 3%-T0
pactBopa xmopuna xenesza (I1I), mosBisercs 3eme-
HOE OKpalnBaHue (pu Hanu4IuK cBoOoaHoH 5-OH
TPYMIBI, IBYXPSAHOTO PACMOIOKEHHUS THAPOKCH-
rpyIi), CHHe-(HONETOBbIH IBET ((IaBOHOUIBI, aH-
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TPaxXWHOHEKI, (PEHOIIBI, PEHOIOKUCIIOTHI, Ty OUITbHEIC
BEIIIECTBA).

K 1 min w3Bneuenust nodasistor 1-3 mu 10%
pacTBOpa KUCIIOTHI IIaBeJIeBOW B CMECH arleTOH-BO-
na (1:1), mosBnsAOTCS SIPKME OKPAacKH pPacTBOPOB
(a”HTOLIMAHBI, AHTOITUAHUMHEI).

Hunruaprunosas peakius. B mpoOupky HamBa-
ot 1 M1 u3Bnedenus u 0,5 ma 1%-ro coupTOBOTO
pactBopa HuHTHIpHHA. ComepKuMoe TPOOUPKH
OCTOPO’KHO HAarpeBarT J0 TOSBICHUS CHUHE-(PU-
OJIETOBOTO OKpammuBaHusi. (DHONETOBOE OKpaIlu-
BaHHC PA3JIUYHBIX OTTEHKOB CHENU(UYHO ISt
[]-aMUHOKUCJIOT.

Peaknus co mienousto: Kk 1 Mi1 U3BJIE€YEHUS N10-
OaBysiroT 2 Karm 5% pacTBOp HATpa €IKOTo, TOSB-
JISIETCSI KOPUIHEBO-)KENThIE OTTEHKH, KAYECTBCHHEIE
peakuun Ha (raaBoHOUAB! (1,8-THOKCHTIPOU3BOI-
HbIE, BOCCTAaHOBIIEHHBIE (OPMBI AHTPAICHIIPOU3-
BOJIHBIX). VMI3MeHEeHre OKpacKH W3BIICYECHHS Ha Tie-
COYHO-KEIThIN IBET.

Peaknus ¢ XKAK. K 1 mi uccnenyemoro pac-
TBOpa Jo0arsoT 1-3 karm 1% pacTBopa KBacIoB
JKEJIe30-aMMOHHUEBBIX, TIOSBIISIETCS YEepHO-CHHEe
OKpalllMBaHWE, YTO CBUJCTEIHCBYET O HAIWYHH
KOHJICHCUPOBaHHBIX JIyOUJIBHBIX BEIIECTB, OpPTO-
IIMOKCH TPYIIUPOBKHU JIFOOBIX (PEHOJIBHBIX COCIH-
HEHUI1 (3eJICHOE OKpAIlIMBaHUE).

Peaxrmsa etimx. K 1 it u3Bneuenns no0asis-
10T 1-3 karu 1% crupToBOro pacTBOpa almfOMHUHHUS
XJIOpU/A, YCUIIMBACTCS JKENTHIN 1BeT ((hIaBOHOM-
ITbI, BCE TUIIBI TTOJM(DEHOIBHBIX COSTMHEHHH C TPe-
Ms psapoBeiMu OH-rpynmamu, uimm OH...C(O)...
OH-¢dparmenToM n hIaBOHOJ-3-TITHKO3UIBL.

Peaxmust ¢ pactBopom 1% KMnO4. K 1-3 M
n3BieueHus: nodasisitor 1-2 xammm 1% pactBopa
KaJius TIepMaHraHara, BhIlajaeT (puoJIeTOBbII oca-
JIOK (KOKauH).

K 2-3 M u3BiedeHus mo0aBISAIOT MO KaIuIAM
1 %-ublit pacTBOp kenatuHbl. [losBigercs MyTb,
rcyesarolas mpu J00aBIIeHUN H30bITKA JKETaTHHBI.

Peaxmus 3anpomeroBa. K 1 mut u3Biedenus no-
Oasmsiror 1-3 xarm 1% pacTBopa BaHWJIMHA B KHC-
JIOTE XJIOPOBOJIOPOJHON KOHIIEHTPUPOBAHHOM, TTO-
SIBIISIFOTCS )KENTOE OKparinBanue ((IaBoHbI).

Pe3y.]'leaTI>I Hu 06cym21elme

Rumex confertus (11aBeib KOHCKHI) SIBJISCT-
Csl KOCMOIIOJUTHUYECKUM PYJEepalbHBIM COPHS-
koM. BeTpeuaercs kak B JUKOW MPUPOJE, TaK U
B AHTPOINOTCHHBIX MECTaxX, MPEUMYIIECTBEHHO
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Ha BJIQXKHBIX, IJIOJOPOJHBIX, OOTATBHIX TYMYCOM
TpyHTax C peakmueld, OMM3KOW K HEUTpaTbHOM.
HNmMeeTp oueHb MIMPOKUN apeasl pacnpOCTPAHEHUS
[13, 14]. Bung Rumex tianschanicus BcTpedaeTcs
B JINKOH NPHpPOJIe B ropax Ha BBICOTE, TOCTUTAIO-
et cybanpnuiickux syros 1o 2800 M Haj ypoB-
HeMm Mmops [15, 16]. Rumex thyrsiflorus Fingerh.
(maBens MUpaMUIATIbHBIN) B OCHOBHOM IPOU3-
pacraer Ha JyTax, MO OIyIIKaM, 0 TPaBIHUCTHIM
CKJIOHaM TOp, OOpbhIBaM, Ha IECUaHbIX, M3BECT-
KOBBIX TTOYBaX, Ha rajeyHukax [17], B TOM yuc-
ne — B ycnosusx Kpatinero Cesepa [18]. To ecTs,
BCE pacCMaTpUBAaEMble BUJBI IIaBENs B MPUPOJIE
MIPUCTIOCOOJICHBI K IOCTATOYHO CYPOBBIM YCIIOBH-
SIM OOMTaAHMS U, CIIEAOBATEIBHO, AOKHBEI 007a-
JIaTh BBICOKOW YCTOHYMBOCTHIO K a0MOTHYECKHM
CTPECCOBBIM (haKTOpam.

B pesysnbTare npoBeeHHOTO SKCIIEPUMEHTA 10
onpeneneHnio (OTOCHHTETUYECKOH aKTHBHOCTHU
JIUCTHEB HMMMATYPHBIX PACTCHUH BBISABICHO, YTO
M3ydaeMble TPEJCTaBUTEeNn pofa Rumex, Tpons-
pacTaronme B MPEATrophsiX 3amIuiCcKOro AjaTay,
MIPOSIBIISIOT Pa3IUYHYI0 Peakinio (POTOCHHTETHYE-
CKOTO armapara Ha BHE3aITHOE BO3/I€CTBHE HU3KUX
MOJIOKUTEIIBHBIX TEMIIEPATyp (Aajee «XO0I0a»).

Kak cnemyer W3 mmarpamm, TpeCcTaBIEHHBIX
Ha PUCYHKE 2, XOJIOJ| OKa3blBaJ CTUMYJIHUpYIOIIEe
BO3/ICICTBHE HA MHOTHE TTapaMeTPhl, XapaKTepu3y-
1o1He POTOCUHTEPTUUECKYIO aKTUBHOCTD IIABEJISL.

Tak, y Rumex confertus oTMe4eHa aKTUBaLMs
perynupyeMoro He(pOTOXHMHYECKOTO Ipeodpaso-
Banust sHepruu (Y(NPQ)), uto siBisercst cambIM
OBICTPBIM TIPOIIECCOM PACCEHBAHUSA H30BITOUHOMN
MOTJIONIEHHOM cBeTOBOM sHepruu B anTeHHEe DCII
[19, 20], a, caegoBaTeabHO, MOKa3aTeJIeM ajanTa-
UM K CTPECCOBOMY BO3JIEMCTBHIO XOJIOAA U IPH-
3HaKOM YCTOMYMBOCTH JaHHOTO BUJA (pHC. 2a).

Y Rumex tianschanicus Losinsk., Hao060poT,
3Hauenne (Y(NPQ)) B ycioBusax Bo3aeicTBus XO-
JI0Jla CHU3WJIOCh, HO BO3POCIH 3HAYEHHUS TMOKa3a-
teneir Y(NO) (puc. 26). DTH KBAaHTOBBIC BBIXOJIbI
C pa3HX CTOPOH ITOKAa3bIBAIOT M3MEHEHHUE DHEPIUU
B0o30yxnenus B OCII 1 mo3BOISIOT TITy0Ke TTOHATH
CIIOCOOHOCTD PACTEHHsI CHPABISATHCS C H30BITOU-
Hoii sHeprueii [21]. Ecim yBenmmuenne Y (NPQ) ne-
MOHCTPHUPYET MOMBITKY pacceuBaHMsl M30BITOUHON
SHEPIrH, TO YBEJIMUYEHHE KBAaHTOBOT'O BHIXO/a He-
PETYJINPYEMOT0 pacCeMBaHUA TEIUIa W W3TYUYCHHS
¢dyopecuenuun Y(NO) o3Ha4yaeT, 9YTO MOTOKH U3-
OBITOYHOW HPHEPTHH BBIILIN M3-TI0 KOHTPOJIS, YTO
BeIeT K (POTOMOBPEkKACHUIO pacTeHUH, TeM OoJee,

ecnu yBenuueHue nokasatens Y(NO) ormeuaercs
Ha (hone cHKeHMs mokazatenst Y (NPQ) [9, 10].

OTMeueHO TakXe, YTO CYLIECTBEHHO YBEIH-
YUBaeTCS 3HAYCHWE TOYKH HACHIIEHUS OCBEIICH-
HoctH 1 (potocuntesa (E,). [Ipu sTom 3HaueHne
E, oTpa)aeT ypoBEHb IUIOTHOCTH HOTOKa (OTO-
cuHTeTHIeCKUX (POTOHOB, Korma Y (NO) HaunHaeT
npeobiagare Haxn Y (NPQ) [10]. CaemoBatensHO
YPOBEHb XO0JIOJAOCTOMKOCTH UMMATYPHBIX pacCTEHUN
Rumex tianschanicus Losinsk. HECKOIBKO HHKE,
ueM Rumex confertus.

AHann3 m3MeHeHHs1 (DOTOCHHTETUYIECKHUX Tapa-
MeTpoB Rumex thyrsiflorus Fingerh. B ycnoBusix xo-
JIOZIOBOTO CTpecca IMOKa3bIBAaeT TMOBLIIMIEHUE 3HAaue-
HUIl ckopocTu TpaHcnopTa 3ekTpoHoB dyepe3 DCII
(ETR) u 3ra4ennii 3p(hekTHBHOTO (POTOXMMUIECKO-
ro kBaHToBoro Beixozna OCII Y(II) (puc.2B). Tak kak
MaKCUMaJIbHBIE CKOPOCTH TPAHCIIOPTA 3JIEKTPOHOB
MOTYT OBITh MHIUKATOPOM (DOTOCHHTETHYECKON aK-
tuBHOCTH [ 10], a HaOrO1aEMOE CHIDKCHHUE TTOKa3aTe-
151 Y (NPQ) He mponcxonut Ha (poHE pe3KOTo yBeH-
yenwust 3arenst Y(NO), MbI MOKEM clieiaTh BBIBOJ O
TOM, YTO TMPOIECCHI AANTAIlMN B YCIOBUSIX XOIOI0-
BOTO cTpecca Mpeoda aroT Haj MPoIeccaMy JIeaK-
tuBanmu (orocuctemsl 11 y sToro Buna masens. Ho
BBICOKHMI MOKasatenb (E,), ABIAIOUIMKICS WHIMKATO-
POM nipeobiajaHus HeperyJIupyeMbIX MIPOLIECCOB Jie-
CHITAITUH PHEPTUH HaJ| PETYIUPYEMBIMH, TTOATBEPXK-
JlaeT, 4TO Mbl HAOJIO/IaeM HE PEakiHi0 Ha CTpecc
YCTOMYMBOTO BUJIA, @ aKTHBUPYEMBIE CTPECCOM BpE-
MEHHBIE aJanTallMOHHbIE MEXaHU3MbI, KOTOPBIE W3-
MEHSIOT (PU3HOJIOTNYECKOE COCTOSIHUE PACTEHUsI, HO
IIPH YCHIJIEHUH CTPECCa MOTYT OBITh Pa3pyIICHBL.

OUTOXUMUYECKUN aHAIIN3 aHATU3UPYEMBIX 00-
Pa3loB Ha pa3jMyYHbIC KJIACCHI COSIMHEHUHN MPOBO-
JIMMbIA METOJlaMU JIByMEpHOW M oaHoMmepHoi BbX
u TCX cpaBHEHHEM C METUYMKAMHU B Pa3IUYHBIX
CHCTEMax pacTBOPHUTENEH ¢ NCTIOIB30BaHUEM CIIEIl-
n(pUYECKUX MPOSBUTEICH IMO3BOJIMI OOHAPYKHUThH
AHTPaXWHOHBI, TyOWIIbHBIC BelIeCTBa, (DIAaBOHOU-
JIbl, TaKWe Kak (JIaBOHbI, ()JIABOHOJIBI, aHTPAICH-
MIPOM3BOIHBIE COEJMHEHUS, OOHAPYKEHBI JTyOUITh-
HbIE BellecTBa, PeHobl, (heHOI0- 1 aMUHOKHCIIOTHI
(Tabnuna 1).

[Ipu aTom B 0Opasuax Rumex confertus u Rumex
tianschanicus BBISIBJICHO TOBBINICHUE KOHIICHTpa-
MU oTAeNbHbIX rpynn BAB nocne Bo3aeicTBus Ha
pacTeHus: HU3KOM IOOXKUTENBHON TEMIIEPATYpPhl, Y
Rumex confertus — B Oonpiueit crenenu. Toraa Kak
y Rumex thyrsiflorus OTMEUEHO CHUXCHHUE OTHCITb-
HbIX BAB mpu xo10/10BOM cTpecce.
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s KOHTPOIE XOIOI
ETR
140
120
Fv/Fm Yl
Ek Y(NO)

Y(NPQ)

a) Rumex confertus

— KOHTPO/1b

Fv/Fm

Ek

KOHTPOIb Xoadono

ETR
140
120

Fv/Fm YII

40
20

Y(NO)

AN

YINPQ)

0) Rumex tianschanicus Losinsk.

— X OO,

Yl

Y(NO)

Y(NPQ)

B) Rumex thyrsiflorus Fingerh.

Pucynok 2 — l3MeHenne napaMeTpoB aKTHBHOCTH (OTOCHCTEMSI 11
Y pa3sHbIX BUJIOB LIaBEJIs B YCIOBUAX XOJIOL0BOIO CTpecca

Takum 00pa3om, MBI MOKEM KOHCTaTHpPOBATh
HauOONBIIYI0 yCTOMYMBOCTh K BHE3AITHOMY BO3-
JEHCTBUIO HU3KUX TIOJOKUTEIBHBIX TEMIIEpaTyp
(hoTOCHMHTETHYECKOTO almapara UMMaTypHBIX pac-
TeHUU BUAAa Rumex confertus, a TakKe TOBOPHUTH
0 TOM, YTO XOJIOJIOBOH CTPECC MOYKET OKa3bIBaTh
KaK CTHUMYJIHPYIOIIEe, TAK U WHTUOUPYIOIee BIIH-
STHM€ Ha CHHTE3 OMOJIOTWYECKH aKTUBHBIX BEIIECTB
pactenuit. IIpu sTom yBenuuenue cunte3a bAB B
KOMIUIEKCE C TIOBBIIIEHHOW (POTOCHHTETHUYECKOM
AKTUBHOCTBIO CBHJIETENECTBYET 00 aKTHBHU3AINUU
3aIUTHBIX MEXaHU3MOB PACTCHUN, KOTOPHIC B JIaH-
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HOM 3KCIIepUMEHTE ObTM HamboJiee BBIPaKEHBI Y
BuAa Rumex confertus n Haumenee — y Buzna Rumex
thyrsiflorus.

Janpueiiniee n3ydeHne Kak (U3NOJIOTHYECKHX,
TaK ¥ METa0OJIMUYECKUX IIPOLECCOB, IPOMCXOISIINX
B 9TUX MOTEHLHUAIBHO JIEKAPCTBEHHBIX BHJAX pac-
TeHui npearopuit 3annuiickoro Asatay OyIeT cro-
co0cTBOBATh KaK (DOPMUPOBAHUIO OA30BBIX 3HAHUH
MEXaHU3MOB 3alIUTHl PACTCHUH OT HEOJIArONpHsIT-
HBIX YCJIOBHM, TaK M OCHOBBI Il MOJXOJOB K Ha-
[IPaBJICHHOMY CHHTE€3y LIEHHBIX BTOPHUYHBIX METa-
0O0JINTOB.
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Pabora BeIONIHEHA B pamkax 3amaHusi «Pa3-  KOMIUIEKCHOH CHCTEMBI IMOJTOTOBKH BBICOKOKBA-
paboTKa TEXHOJIOTWM HANpaBICHHON NPOMYKIUH  JIM(UIIUPOBAHHBIX CIIOPTCMEHOB M MEPCIEKTHBHO-
NPUPOAHBIX AHTUOKCUAAHTOB IJIA CO3JaHUA HOBBIX 0 OJUMITHMCKOTO pe3cpBa N0 MPUOPUTCTHBIM JJisd
(uTorpemnapaToB s peabunuTanuu crioptcMeHoB  Kaszaxcrana BuJiaM CHOpTa Ha OCHOBE (DHU3HOJIOTO-
BBICOKOTO ypoBHs» [Iporpammer «®opmupoBaHue  reHeruueckoil ouenkm» BR18574139.
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