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AnHotauma. UK-cnekTpsl 6bliM 3anucaHbl B guana3zoHe 4000-
600 cml u cpaBHEHbl C TeOpPETHUYECKU MOJYYEHHBIMHU CIEKTPaAMMU.
Xumuyeckue caurd AMP 1H 6b11u paccuuTaHbl € UCNOJb30BaHUEM
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K.I'. Ase3sos, B.1lI. I'aHues, I'.K. Xoaukosa, M.O. Tyxmaesa

BBegeHue

OcHoBaHus lludda npeacTaBassioT cO60M BaXKHYI0 U UHTEPECHYIO IPYINIY XUMHYECKUX
COeJUHEHUH, TTOCKOJbKY OHM MPOSIBJASIOT pAJA OUOJIOTMYECKUX aKTHUBHOCTENW U UTPAIOT
BaXKHYI0 pOJIb B peryJslMd MHOTMX OHWOXMMHYECKUX MpoleccoB. biarogaps 3Tum
CBOUCTBaM 3TU COeJMHEHMUS MOTEeHLMaJbHO MOJIE3HBI [/ pa3pabOTKU U NMPOU3BOJCTBA
HOBBIX NPOTHUBOOMYXO0JIEBDIX, NPOTHBOMAJIIPUNHBIX, NPOTHUBOBUPYCHBIX U
NPOTUBOMMUKPOOHBIX NpenapaTtoB [1-6]. Haubosiee 3Ha4nMMble GMOJIOTUYECKHE CBOMCTBA
ocHoBaHUM lllndpda o6HapyKeHBbI B pa3/IMYHbIX CeEMUKapOa3oHaX (MPOTUB MPOCTEUIIUX,
NPOTHUBOCYAO0POKHBIX) U TUOCEMUKAPOa30Hax (aHTUOAKTepHaIbHbIX, IPOTUBOTPUOKOBBIX,
IPOTUBOOIYXO0JIEBbIX, MNPOTHUBOBUPYCHbIX) M HX MeTa/JIOKOMILJIEKCAX, TaKHX, KakK
rUIpoKcUceMUKap6asu/, KOTOpbIe NpPOJIEMOHCTPUPOBAIN NOTEHI[UAJbHYI0
NPOTHUBOOIYXO0JIEBYI0 aKTUBHOCTb B OTHOLIEHHHU KJIETOK MBIIIMHOTO Jieliko3a L1210 [2, 6].

Kpome Toro, THoceMUKap6a30HbI UCNOJIb3YIOTCS B KaUeCTBe YHUBEPCAIbHBIX XeJIaTOPOB
JUJIS1 MHOTUX UOHOB METAJIJIOB 6J1aroiapsi CBOMM JJOHOPHbIM HabopaM M3 TBEpPAbIX aTOMOB
a3oTa U MATKMX aToMoB cepbl [7, 8, 31, 32]. MoJieKy/sbl THOCEMHKAap6a3oHa MOTYT
CBA3bIBATbHCS C METAJIMYECKUM LIEHTPOM Pa3/IMYHbIMU KOOPJAHUHALMOHHBIMHU CIIOCOOAMH,
Y 0ObIYHO OU- Y TPUJEHTATHblE MOJIEKYJIbI UCIOJb3YIOT a30T, CEPY U/UIH KUCJIOPO/, U3
Kap6oHUIbHOTO PpparmMeHTa [8, 9, 32].

Takxe aBTOpaMu paHee ObLJIM UCCAEI0BAHbI CTPYKTYpPa U CBOMCTBA JIMTAHA0B HA OCHOBE
$TOpUpPOBAHHBIX JUKAPOOHUIBHBIX COEJUHEHUN U UX apOUITH/pa3oHOB. Ha ocHOBe 3TUX
JIMTAH/I0B CHHTE3UPOBaHbl U HCCAe0BaHbl KoMIiekchl 3d meTasnos, kak VO(II), Cu(Il),
Ni(II) [11-15]. B nanHoOM cTaTbe NpoBeAeH cuHTe3 U cnekTpockonudeckoe (UK- u AMP),
DFT, ADMET, PASS u MoJieKy/JsipHOe [JOKHHT-UCCIe0BaHUEe THOCEMHUKAap6a30HOB
MOHOKap60oHUJIOB, Kak aueToH (ATC) u atun metun ketoH (3TC).

MaTepl/laJIbI U MeTOoAbl

CuHTe3 THOCeMHKap6a30HOB aneToHa (ATC) u 3T metua ketoHa (3TC).

CHHTe3 THOCEMHKAapO6a30Ha alleTOHA

B kpyrJiofjoHHOM KoJs16e eMKkocTbio 250 M 2,9 1 (0,05 Mosib) anleToHa B 25 MJ pacTBOpa
aTtaHoJ1a 3aiuBawT 4,55 r (0,05 Mos1b) THOCeMuKap6a3uaa B 25 M1 3TaHo/1a. PeaKIiMOHHY10
CMeChb KMISATAT Ha BOJSHON 6aHe 3 yaca C yCTaHOBJIEHHBIM OOPATHOTO XOJIOAUJIbHUKA.
[Tocsie okOHYAHUSA peaKLMX CMeCh OCTaBJIS/IM Ha 1 cyTKU. B 3TOM ciy4yae He BbINaj 0CaioK,
nocje wucnapeHuss 2/3 pacTBOpUTeNsd W IpPU OXJAXKIEHUHM 00pas3oBasICd O0CAJOK,
NOJIydeHHbI 0cafiok oTduabTpoBasu. OTPUIABTPOBAHHBIA 0C3aJOK MNPOMbBIBAIU
HeOOJIbLIMM KOJIMYECTBOM 3TaHOJIa M CylIMJM Ha Bo3ayxe. Bwixox 57%. CsHoN3S
asieMeHTHbIX aHanu3: C 36.64; H 6.87; N 32.06. pacu: C 36.62; H 6.91; N 32.03 %.

CHHTe3 THOCEeMMKAapO6a30Ha 3THJ METUJI KeTOHA

Takxke cvHTe3 THOCeMHKapb6a3oHA 3THUJ MEeTWUJ KeTOHa OblJ KakK THUOCEMHKapba3oHa
anetoHa (puc. 1). PactBop 4,55 r (0,05 mMosab) ThoceMukapb6asuza B 25 Mu 3TaHOsa
3a/IMBAIOT B KPYTJIOJOHHYIO K016y eMKoCcThi0 250 M1 3,6 T (0,05 M0oJib) 3THJI METUJI KETOHA
B 25 MJ1 pacTtBopa sTtaHoJa. Beixos 65%. C4HoN3S annemenTHBIX aHanus: C 41.29; H 7.68; N
28.91, pacu: C41.35; H 7.64; N 28.94 %.
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Cnekmpockonuueckoe (UK- u IMP), DFT, npedckasanue PASS, ADMET u moaekyaspHoe doKuHe-ucc1edosaHue
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PI/ICYHOK 1. Cxema cuHTE3a TI/IOCCMI/IKap6330Ha 3THJIMETHU/IKETOHA

HUK-cnekTpockonus. HK-cneKTpocKonuyecKumn aHaJIu3 IIPOBO/UJICA o
WCloJib30BaHUeM WHPpakpacHoro crnektpomeTrpa “IR Tracer-100” Fure (Shimadzu,
fAnonus), pAAMHBI BOJIH cHekTpajabHOoro auanaszoHa 4000+600 cm-1, oTHoluieHUe
YyBCTBUTEJBHOCTH curHas/mym - 60 000:1, ckopocTh ckaHupoBaHHs 20 CHEKTPOB B
CEKYHJY.

AMP-cnekTpockonus. CriekTpsl 1H u 13C AMP peructpupoBaiu Ha cieKTpoMeTpe JNM-
ECZ600R (JEOL, fAnonus) npu pa6oueit yactote 600 MI'y a1 1H B pactBopax DMSO-d6. B
KayecTBe BHyTpeHHero crtaHjaprta B cnektpax AMP 'H wucnosbzoBaau TMC (0 m.a.). B
cnektpax AMP 13C B kauecTBe BHYTPEHHET0 CTaHAApPTa UCMO0/Ib30BaJIC XUMUYECKUU CIBUT
pactBopuTtess (DMSO-d6, 39.52 m.a. otHocutesibHO TMC).

DFT-pacyeTbl M BBIYHUC/JAUTE/IbHbIE acleKThl. Bce Hallu TeopeTUYecKUe pacyeThl,
BbINOJIHEHHbIE ¢ Ucnosib3oBaHueM DFT/B3LYP Ha 6a3oBoM Hab6ope 6-311G(d, p), 6b11H
BBIMOJIHEHBI C HCMIOJb30BaHWEM IporpaMMHoro obecnedeHus Gaussian 09 [16, 17].
HopMaJsibHble pexXxuMbl cieKTpaibHbIX 4acTOT MoJieKyJ ATC u 3TC Takke ObIJIX U3yY€eHbI C
ucnosb3oBaHueM Metoza DFT ¢ TpeMs ypoBHSIMU TeOpHH, U pe3yJIbTaThl I0OKA3bIBAIOT, YTO
k03¢ PUIMEHT MaclITabUpoBaHus Mo yacToTe coctaBiseT 0,967 [18, 19]. Meton B3LYP/6-
311G(d, p) uccaeayetr xumudeckyro 3amuty AMP 1H u 13C u xumMuyeckue CJBUTH B
pactBoputesie JIMCO [20]. HUcnonb3yss TOT »Ke YpOBeHb TEOpPUH, OBLIU MNPOBeAEHBI
vccienoBaHud xuMudeckux geckpuntopos, HOMO-LUMO v MEP. Beliiu paccyrTaHbl CXeMbI
pacrnosioKeHUs aTOMHBIX 3aps/0B, 3JIEKTPOHHAas IJIOTHOCTb M KapThl NOBEPXHOCTH
MOJIEKYJIIPHOW 3HEPTUU ONTHMHU3UPOBAHHOM CTPYKTYpbl, a TaKXe BHU3yaJM3UpPOBaHa
TpexMepHasi CTPYKTypa ¢ nomolubto naketa Gauss View 06 [21]. TeopeTuyeckre 4acTOThI
KoJie6aHUM BU3yaJIM3UPYIOTCS C MOMOLIbIO MporpaMMHoOro obecnevenus Gabedit [22].

MosieKkyIIpHBIA JOKHUHT MPOBOJAUJICS C HUCIOJb30BaHHUEM NPOTPaMMHOr0 KOMILJIEKca
Arguslab [23]. MexmMoJieKyisspHble B3aUMOJEWCTBUS MeXAY OeJKOBO-JMTaHAHbIMU
KOMILJIEKCAMHU ObLJIM BH3YyaJM3UPOBaHbI C IOMOLIbIO IPOrpaMMHOr0 obecneyeHus Biovia
Discover Studio Visualizer 4.0 [24, 25]. OnsaliHOBble HHCTpyMeHThbl Molinspiration u
PreADMET 6bliM uWcnoJsib30BaHbl [Jisl ONpeAesieHHs CXOACTBa C JiEKapCTBEHHBbIMH
cpeactBamu U cBoicTB ADMET Ttrocemukap6asonnt ATC u ITC [26, 27].

Pe3y/ibTaThl M 06CYKAEHUE

UK cnekrpockonusa: O6pas3oBaHHe M 4YMCTOTA COEJUHEHMUs ObLIM MOJTBEPXKAEHDI
NyTeM MU3MeEpPEeHUs TeMIepaTypbl IJIaBJeHUs U HHPpakpacHoro crnektpa. [losBieHue
CHUJIbHOM moJiockl Ipu 1646,68 cM1 moaTBep U0 o6pasoBanue cBsA3u C=N. /[pyrue nuky,
nosiBuBlIiMecs: B UK-cnekTpax, cooTBeTcTBYIOT - NH2, -NH- 1 T.4. npu 3178-3000 cm1, g
C =S mpu 1164 cm?! u T.40. (puc. 2-5). [lnaBieHue coefUHEHUS] OYEHb MOXOXKe Ha
npuBeJleHHOe B iuTepaTtype 3HadyeHue (172-175°C) [32].
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B sutepatype [33] KoJsiebaTesbHble BOJIHOBblE 4YHCJA OBLIM pacCYMTaHbl C
vcroJsib3oBaHueM 6a3ucHbix HabopoB HF/6-31G(d) u B3LYP/6-31G(d) u Ha3HavyeHBI C
noMoubio nporpaMmmbl MOLEKEL, a B Hauieil ctaTbe OblIM pacCUUTaHbl KoJiebaTe/bHble
BOJIHOBbIE YHCJIAa C MCI0JIb30BaHHWEM 6a3ucHoro Habopa B3LYP/6-311G(d, p) ¢ momoIbio
nporpaMMbl NporpaMMHoOro obecnedenus Gaussian 09 (puc. 4-5).

3030,30-

3035,00

T T T T T T T T T T T T
: : : : : : : : : : : : B T e e " "
ATR amt
3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 @
TR m1

PucyHok 2. UK-cnektp ATC PucyHok 3. UK-cnektp 3TC
5. , 128, P o8 M o 624, 1210, 8.1 s 0000
y N - S 4036. 3632 329. 2825. 421, 2018. 1614, 1210, 807.2 4036 0.000
[ v W \ e A 00 0.000 t : T ; ' } ” i f‘l n \I ifd ' | o
s | VoA v n I v "aRTin
- T A1 - 0400 Wy ‘r“'\\‘ ‘f‘lwn "\u‘ I 0.100
(X7 I | i 030 0200 '|‘ i‘ | U‘ Il “l UI 000
ot . 0300 g | I | 0300
™ | i ! o 0400 U 0.400
o 1 150 0500 ‘ 0,500
o500 | 10 0.600 ‘ 0.600
0.700 0.700
0.800 | 0.800
| 0.900 |‘ 0.900
oo i 0% 1. T T T T T T T T T 1.000
. I o 4036. 3632, 329. 2825. 242, 2018, 1614, 1210, 807.2 4036 0.000
0. R, 128, 225 M. oM. 1M, 1240, 8.1 s 0000

! o

PucyHok 4. TeopeTudecku nipejcka3aHHble PucyHok 5. TeopeTnyecku npejcKa3aHHbIe
HUK-cnekTp ATC HUK-cnekTp 3TC

Pe3roMupysl JuMTepaTypHble JaHHblE, MOXXHO CKa3aTb, 4YTO THOCEMHUKAp6A30HBI
MoHOoKap6oHuUJI0B (ATC u 3TC) uMeloT JiBa THIA TayTOMePHbBIX GOpPM, KaK TUOH (A) ¥ THOJ
(B) (Puc. 6). [lokazaHo c nomouibio SAMP-cnekTpockonuu, 4To dopma B obpasyeTrcsa npu
KOH/IeHCalJUM MOHOKapOOHUJIbHbIX COeJJUHEHUH € TUOCeMHKap6asuaom [31, 32].

R! 2 R! R2
HN7T S H,)N” “SH
A B

PucyHok 6. TayramepHbie pOpMbI TUOCEMUKAPOGA30HOB MOHOKap60HUI0B (ATC u 3TC),
KaK THOH (A) 1 ThoJ (B)

AMP-cnekTpockonus: CnektpasnbHble faHHble 1H-AMP (8, ppm), 3anvcaHHble TOJbKO
B DMSO-d6 Tuocemukap6azonoB ATC u 3TC, npeacraBsienbl B Tabaune 1. [luk npu 7,68-
7,99 4yacTel Ha MWJIJIMOH, OTHOCAIMKCA K rpynne N-H, yka3biBaeT Ha TO, YTO JIMTAH[,
HaxoAu/csd B ¢opMe THOHA, 4TO cOOTBeTCcTByeT MK-cnekTpy. MeTu/bHble CUTHabl OT
KOOP/IMHUPOBAaHHOTO THOCEMHKapb6a3oHa B KOMILJIeKcax HabJuwogandch npu 1,95-2,49
YacTAX Ha MUJJIMOH. 3HAUUTEJbHbIA CUTHAJ a30METHHOBBIX POTOHOB, 00YCJI0OBJIEHHBIN
CH=N, na6atwoganca npu 7,00-9,90 yactax Ha MuinMoH. CMemenue curdaioB N-H u NHz
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BHHU3 MO TMOJII0 CBSI3aHO C KOOpJWHAIlMeld yepe3 a30MEeTUHOBBI aTOM a3oTa W
THOKApPOOHUJIbHBIN aTOM CEPbI, YTO COTJIACYETCS C AAHHBIMU HHPPAKPACHOTO CIIEKTPaA. ITH
HabJII0IeHH S COTJIACyOTCS C BbIBOJAAMM NpeAblAyux uccaeaoBatesnen [31, 32]. Cuatel 1H
AMP (DMSO-d6, 25 9C) cnekTpoB, HccjlefyeMbIX THOCEMHKApOA30HOB: XapaKTepHbIe
xuMmudeckue casuru ais ATC 6 1.84 (s, CHs), 2.09 (s, CHz), 7,12; 7.72 (2s, NHz2), 8.59 (s, NH)
u aag ITC 6 1.94 (s, CHs), 2.17 (s, CHz), 1.07 (s, CH3), 7.34 u 7.92 (2s, NH2), 9.34 (s, NH).
Takxxe xumuueckue caBury SIMP 1H 6b11u paccyuTaHbl ¢ Ucniosib3oBaHHueM MeToa GIAO, u
NOJIyYeHHble pe3yJibTaTbhl ObIJIM COMOCTABJIEHbl C 3SKCIEPUMEHTAJbHbIMU [JAHHBIMHU
(Tabauna 1).

Ta6aupa 1. Xumuuyeckue casuru H SAMP (Bce B ppm) THOCEMUKAp6a30HOB
MOHOKapGOHW/IBHBIX COeAUHEHMI

-4NH; -2NH CcbLiKa
-CH; (mpoToHbI
CoesuHenune . (IIpoTOHBI MMHHO (IIpoToHBI
METHJ/IOBOM Ipynnbl)
rpynmnsi) a30MeTHHA)
1.90; 2.01 6.46,7.22 8.59 [31]
1.91;1.92 7.51,7.99 9.90 [32]
TuoceMukap6a3oH 1.84: 2.09 712:7.72 944 JlaHHas
aleToHa paboTa
1,30; 1,30; 2,95 . Pacu.
1,85;2,11; 2,45 411,491 616
1.07;1.94; 2.17 7,34;7.92 9.34 Aariras
TuoceMmukap6a3oH 3TUI pabora
MEeTUJI KeTOHA 1,00;1,10; 1,15
1,30; 1,53; 1,97 3,86; 4,89 6,98 Pacu.
2,06;2,61

2 JlanHble TBepAoTeabHOro AMP. XuMuyeckue ciBUrH, pacCUMTaHHbIE B IPUOJIMKEHUU
TMS HF/6-31G(d) GIAO.

bIKcnepuMeHTaNbHbIN CIEKTp, 3anucaHHbiii Ha AVANCE-600 (DMSO-d6, 298K, 600,13
MTI'1, aJist npotoHoB) B MI'Y (Mockga).

Ontumusanusa reomerpud, HOMO-LUMO u KBaHTOBO-XUMHUYECKHE CBOMCTBA
OnTUMHM3UpOBaHHAsI TeoMeTpUs aHaiu3upyeMbix coeauHeHun (ATC wu 3TC),
ornpenesieHHasd ¢ nomouibio pacyetoB DFT, nokazana Ha puc. 7. Ilocse onTuMu3anuu
KaxkJjasl CTPYKTypa Oblla MOJABEPrHYyTa YaCTOTHOMY aHa/M3y [Js1 NPOBEPKH ee cTaTyca
KaK TIJI00aJIbHOTO MHHHMyMa. Pe3ysnbTaThl NOKa3bIBalOT, 4YTO BCe CTPYKTYpHI,
ONTUMHU3UPOBAHHbIE 110 T€OMETPUH, JeNCTBUTENbHO NMPEJCTABAAT CO60M ry06anbHble
MUHUMYMBI.

PucyHok 7. OnTumusupoBaHHas ctpykrypa ATC (a) u 3TC (b)

B KBaHTOBO-XMMHYECKOM pacuyeTe /[iJisl OLleHKU O0OIlleld XHMHUYECKOM peaKIMOHHOU
CIIOCOOHOCTH MOJIEKYJl MCNOJIb3yeTCs KOHILeNTyaJlbHas Teopus QYHKLHMOHAJIbHOU
IJIOTHOCTH, YYUTHIBAIOIAS 3JIEKTPOOTPULIATEJNBHOCTD (), XMMHUYECKUN OTeH A (|L).
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o61Iyt0 TBepAoCTb (1), 06Uyl MATKOCThb (S), 0-aGCOIOTHYI0 MATKOCTb U HHAEKC
3JIeKTPOPUIBHOCTH (W) MOJIEKYJIBI BelllecTBa (puc.8).

Qaas
e'y E} umo=-0,03437
& 9

AE umo=0,17005

E; umo=-0,03500

AEL umo0=0,16936

EH0M0=-0,20436 b

\ ? 9 EH0M0=-0,20442 a

Pucynok 8. Teoperudecku npeackazaiibie HOMO-LUMO op6utasm ATC (a) u 3TC (b)

ITU O0COOEHHOCTH PpEAKTUBHOCTU BBIYUCASIOTCA C MCHOJb30BAaHUEM 3JHEPTUHU
IPaHUYHBIX MOJIEKYJISIPHBIX opbuTasel Exomo, ELumo, Takux kak x = -1/2(ELumo + Exomo), p =
-x =1/2 (Erumo+Enomo), n = 1/2 (Erumo- Enomo), 0 = 1/n, S = 1/2n u w = p2/2n. 3HayeHus
rpaHUYHBbIX 3JHEPruil MoJiekyasipHbix opb6utaneit (Erumo, Enomo) JeckpunTtopos
pPEeaKTUBHOCTHU AJisd TuoceMuKap6a3oHoB ATC u 3TC npuBeAeHbl B TabIULE 2.

Ta6smpa 2. 3HayeHMs] PaCCYUTAHHBIX KBAHTOBO-XMMHMYECKHMX [apaMeTpOB
THOCceMHKap6a30HoB ATC u 3TC

IlapameTp ATC ITC
Enomo (eV) -0,20442 -0,20436
Evumo (eV) -0,03437 -0,035
AELumo - nomo = ELumo — Enomo (eV) 0,17005 0,16936
JHeprus nonusanuu, I = —-Exomo (eV) 0,20442 0,20436
CpoicTBO K 3J1eKTpoHY, A = —ELumo (eV) 0,03437 0,035
JJIeKTPOOTPUIIATEJNBHOCTD, ¥ = (I + A)/2 (eV) 0,119395 0,11968
XUMHYeCKUH noTeHIUaI, U = -y (eV) -0,119395 -0,11968
'no6asbHasg XUMHUYecKasi TBepAocTh, ) = (I - A)/2 (eV) 0,17005 0,16936
['no6asbHast XUMUYecKasi MATKocTb, S = 1/(2n) (eV-1) 2,9403 2,9522
['106a/IbHBIN MHAEKC 3JIEKTPOOUNBHOCTH, W = U?/(2n) (eV) 0,04192 0,04228
ANmax = -u/n 0,702117 0,70666

YcTaHOBJIEHO, YTO OTHOCUTEJIbHAs 3Heprus KOMILJIeKCa, HeoOXxoAuMas i lepexo/a
3JieKTpoHa c Boiciied 3aHaTol (HOMO) Ha HU31IYI0 CBOOOJHYIO MOJIEKYJISIPHYIO OpOUTAJb
(LUMO) B oT/1nuMe oT pasyvkaja ymeHnbiuaeT. Pasuuna snepruidi B3MO u HCMO paBHbI a4
ATC AE=0,17005 eV u gya 3TC AE=0,16936 eV.

Molinspiration mno3BoJsisieT ObICTPO U 3PPEKTUBHO MNPOTHO3UPOBATH pPa3UUYHbIE
MOJIeKyJIIpHble CBOMCTBA, Takue, Kak logP, logS, pKa u T. A., 4To UMeeT BaxkHOe 3HaUYeHHe
npu pa3paboTKe JIeKapCTB W JpPYyrUX NPUJIO0KEHUH, CBSI3aHHBbIX C XUMHUel [26]. Hamu
npoBeJieHa OIlleHKa OuoJsiornyeckux THoceMukap6a3zoHoB ATC u 3TC c mnomolbio
nporpaMMHoro o6ecnedeHusa Molinspiration, mnporpamMMa MO03BOJIMJIA OINpefeJUThb
THoceMrKap6a3oHoB ATC u 3TC no OTHOILIEHUIO K Pa3/IMYHbIM KJIE€TOYHbIM pelLenTopam,
TaKUM, Kak HOHHbIe KaHaJbl, GepMeHThl GPCR, npoTeasbl, KMHa3bl U flepHble peLenTopPhI
(Tabsauna 3).
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Ta6smmna 3. Pacuer mnoka3sartesielli OHOJIOTHYECKOM AKTHBHOCTH C HMCIOJIb30BaAHHUEM

Molinspiration

GPCR- MoayssTop HUHTru6uTOp Jluran HUurubutop | UHruobuTop
CoenuHeHue HOHHBIX SAZIEPHOTO
JIUTaH[ KUHa3bI npoTeasbl depmeHTa
KaHaJIOB penenTopa
ATC 2.89 -2.325 -3.308 -3.519 -3.161 -1.848
3TC -1.776 -1.431 -2.37 -2.29 -2.178 -0.852

MoHOKapOOHU/IbHbIE COEJUHEHUS - CEMU-, THOCEMUKAPOA30HbI alIbJAETU/0B U KETOHOB,
a Takxe aUWJI- UM THOALUJITUAPA30Hbl NPeACTaBIAAIT COO0M COeJUHEHMUS CJI0XKHOTO
CTPOEHUSI U UMEIOT PA3/IMYHYI0 TayTOMEPHYI0, reOMeTPUYECKYI0 U KOHPOPMAUOHHYIO
dopmy.

B oTinyvMe OT aunuiAru/pa3’oHOB THOCeMHUKap0Oa3oHbl 00/1aal0T 0oJiee BbICOKOU
3JIEKTPOHOAKIENTOPHON CIOCOOHOCTBIO aTOMA Cephbl, YEM aTOMa KUCJI0PO/ia, UYTO BIAUSET
Ha UX CTPYKTYPY M CBOMCTBA. YYUThIBas 3TO, C IOMOLIbIO OHJIalH-cepBepa SwissADME [27]
Oblla Mpe/iCKa3aHa U MpOoaHaJU3UPOBaHA OMOJIOTMYECKAsi aKTHBHOCTb THOCEMHKApOA30HOB
alleTOHA M METUJIATUJIKETOHA (puc.9).

LPO LIPO

FLEX SIZE FLEX SIZE

AN AX

INSATU POLAR INSATU POLAR

INSOLU a INSOLU b

PucyHok 9. Pagap 6moaoctynHoctu a) ajist ATC b) ansa 3TC (uBeTHas 30Ha - moAxoJAlnee
$M3UKO-XUMHUYECKOe MPOCTPAHCTBO AJIA GMOAOCTYITHOCTH NPH NepOpaibHOM IIpUEMe).
Mogesis BOILED-Egg n1a mosiekya ATC u 3TC

[logo6HbIe HcCAef0BaHUS ObLIM MCIOJIb30BaHbl aBTOpPAaMM [Jis U3YyYEHUs] U aHaIu3a
noKasaTeJier OuoJIoruyecKomn aKTUBHOCTH 2-TpUudTOpaLeTUILUKI0aTKaHOHOB
6eHsouarugpasoHoB [28]. CnenuanbHble MOJEJH, COCTaBJeHHble B  pasjelie
«JlunmopuabHOCTb» OHJIAWH-cepBepa SwissADME, oueHUBawT WHAWBUAYyaJbHbIE — T.€.

KOHKpeTHble 3HaueHuss ADME wu pe3syabTaTbl uccC/lefyeMblX MOJIEKYJ - aleTOHa,
MeTu3TUNKeTOHA, ATC u 3TC (Tabauua 4).
Ta6auua 4. JInnoPpuabHOCTb MHAUKATOPA AJis MoJieKys1 ATC u 3TC
MoJekyna iLOGP XLOGP3 WLOGP MLOGP Silicos-IT | Consensus
LogP LogP
AneToH 1.14 -0,05 0,60 0,15 0,19 0,40
ATC 1,52 -0,24 0,22 -0,10 0,73 0,43
ITHI MeTHII 1,42 0,29 0,99 0,60 0,59 0,78
KeTOH
ITC 1.18 0,23 0,61 0,31 1.06 0,68

CepBep SwissADME B paszene «®PapMaKOKMHETHKA» COCTABUJ OCOOEHHBbIE MOJIEJIY,
paccienyoTca MHAMBUAYaNbHble 3HadeHUuss ADME MoJuiekyJibl M pe3y/ibTaThl OLleHUBAeT.
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SwissADME no3BoJisieT onpeesnuThb, ABJASETCS JIM XMMUYEeCKOe BellleCTBO cybcTpaToM P-
gp WJU UHTUOUTOPOM HauboJsiee BaxXHbIX U30pepMeHTOB CYP. Mbl NpUMEHUIN aJIFTOPUTM
MalllMHbl OMOPHBIX BeKTOpPoB (SVM) 51 k 6GosibliMM HabopaM JaHHbIX, KOTOpble OBLIU
TILATEeJbHO O4YMLIEHBI oT KOHKpETHBIX cyb6cTpaToB/HECyOCTpaTOB WU
VHTHUOUTOPOB/HEUHTUOUTOPOB.

B aHa/10rMYHBIX KOHTEKCTaX ObLJI0 06HApYKeHOo, 4To SVM paboTaeT syyllle, 4YeM Jpyrue
QJITOPUTMbl MAaUIMHHOTO O0Oy4YyeHHUs JJs [ABOWYHOM kiaccubukauuu [27]. Mogenu
oTBeuvaloT «/la» uau «HeT», eciu ucciefyemas MoJieKysJa C BbICOKOW BEPOSTHOCTBIO
SIBJIsIeTCs Cy6CTpaTOM WU cyocTpaToM P-gp (M3BECTHBIM MHTMOUTOP UJIU HEMHTHUOUTOP
CYP, cooTBeTCcTBEeHHO) (Tabsuna 5).

Ta6auna 5. «PapMaKOKHMHETUKA» MHAUKATOPHI AJ1s MoJieKys1 ATC u 3TC

GI BBB PGP CYP1A2 | CYP2C19 | cyp2c9 CYP2D6 | CYP3A4 log
Mouseky Kp
1a abcopby, | perme | cy6CTp | UHTUOUT | UHTUOUT | UHTUOUT | UHTUOUT | UHTHUGUT (cm/
us ant aT op op op op op 5)
AnetoH | Beicokuit Het Het Het Het Het Her Het -6,69
ATC Bbicokui Her Het Het Het Het Het Het -7,27
ITuna
MeTHa | Beicokuin Ja Het Het Het Het Het Het -6,53
KEeTOH
ITC Bbicokui Her Her Het Het Het Het Het -7,02

[Iporpamma PASS (Prediction Activity Structure Substances) 6b1y1a pa3paboTaHa gByMs
poccuiickumu yueHbiMU B.B. [TopoiikoBbIM U [I.A. ®unrmonoBbIM [29]. [lo 3TOM porpamme
nporHosupyeTtcs okosio 3000 6KMoIorM4eCcKUX aKTUBHOCTEN BEIlECTB, HUXKE YCTAaHOBJIEHO,
YTO alleTOH U 3TUJIMETUJIKETOH TUoceMUuKap6a30Hbl (ATC u ITC) nposABASAIOT noKa3aTeau
aHTUMHUKOOAKTEepHUaJbHOW U NPOTUBOTYOEPKYJI€3HOU aKTUBHOCTH, pe3yJbTaThbl aHAIU3a
npeJcTaBJ/IeHbl B Tabue 6.

Ta6smua 6. [lokasaTe i 6M0JI0rH4eCKOM AKTUBHOCTH alleTOHA M METHU/I3TH/IKETOHOBBIX
(moJ1y-) TMOCEMUKApPGA30HOB

H3y4yeHHBbIe BellecTBa

Ne Tun 6uo/IornYecKoi AKTHBHOCTB/ ITHII-
AKTHUBHOCTH HeakTUBHOCTH AneToH MeTHJI- ATC 3TC

KEeTOH
1 AHTUMUKOGAKTepHUaIbHBIN P 0,370 0,316 0,798 0821
Pi 0,048 0,071 0,004 0,004
. Pa 0,390 0,285 0,798 0,819

2 [IpoTHBOTY6EpKYJIE3HBIH

Pi 0,034 0,079 0,004 0,003

[lo aHanM3y JaHHBIX TAa0JIMLb]I YCTAHOBJIEHO, YTO TUOCEMUKAp6a30Hbl 60Jiee aKTUBHBI, 4YeM
aleToOH M 3TUJIMETWIKETOH, a IpPOU3BOJHble 3TUJIMETH/IKETOHA O0oJiee aKTHUBHBI, 4YeM
por3BOAHbIe aleToHa. C Liesibl0 onpe/ie/lIeHHsl 3TUX CBOWCTB OblI MPOBeJieH MOJIEKY/ISAPHBIN
JIOKMHT THOCEMUKAp0a30HOB alleTOHa U 3TUJIMeTH/IKeTOHaA ¢ 6es1koM Escherichia coli Tuna 7ELS,
noJsiyueHHbIM u3 Mycobacterium Tuberculosis.

MeToz MOJIEKY/JIIDHOTO JOKHUHIA ILIMPOKO HCIOJIb3yeTCd B XMMHUM U OUOJIOTUU AJIA
UJeHTUPUKALUM  HOBBIX OHOJIOTUYECKH AKTUBHBIX COeJMHEHUMH Ha  OCHOBe
B3aUMO/IeNCTBUH pelLienTop-cybcTpaT. KpoMe Toro, MeTo/ no3BoJisieT U3yYUTh MEXaHU3M
B3aMMOJIEMCTBUA JIMTAH/A UJIM KOMILJIEKCA C MAaKPOMOJIEKYJIOM U HAaWTH 0J1arONpUATHYIO
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KOHpOpMalUI0 JIMraHJa B aKTUBHOM IieHTpe Gesika. BaaumogeiictBue c 6enkom 7ELS,
NOJIy4YeHHbIM U3 6a3bl JaHHbIX Protein Data Bank (www.rcsb.org), Mbl U3y4a/iy € MOMOLIbIO
nporpaMMHoro naketa Argus Lab [23-25]. AKTUBHBIN LIeHTp 6€JIKOB KApTUPOBAJIU B CETKY
60x60x60 U OCYILEeCTBJAJU MOJIEKYJAPHbIA JOKUHI. Pe3ysbTaTbl MOJIEKYJISPHOU
CTBIKOBKM BU3YyaJIU3UPOBA/IM C MOMOUIbI0 NporpaMMHoro obecnedenus Discover Studio
Visualizer 4.0 [24] (puc. 10-11).

CorsiacHO pe3yJibTaTaM MOJIEKYJISIPHOTO IOKUHTQ, TOJy4YeHHbIM B iporpamMme ArgusLab,
THOCeMHKap6a3soHa aueToHa (ATC) B3aumojeictBoBas B koHpopmanuu 131 ¢ -6,35768
KKaJi/MOJib, a THUOCEMHKapb6a3oHa  ITUJIMETWUJKETOHA  B3aUMOJEHUCT-BOBal C
koHpopManuent 102 ¢ aHepruet -6,93039 kkas/Mouib B 6esike 7ELS.

L
AL2
PHE PRO
A1 Alsl
PHE
11

VAL
152

LU an
iy A160 ALSE
A150

[ s
[ A
PucyHok 10. Pacnosnoxxenue ATC B PucyHok 11. PacnoJsio:xenue 3TC B
AKTHBHOM IleHTpe 6esika 7EL8 u ero AKTHBHOM IleHTpe 6esika 7EL8 u ero
B3aMMO/JAEeNCTBHUE C aMUHOKHUCJIOTHBIMU B3aMMO/JAEeNCTBHUE C aMUHOKHUCJIOTHBIMU
oCTaTKaMu OoCTaTKaMu
3aK/IloyeHue

B 3Toii paboTe Mbl IpOBeJIH In Silico aHa/IN3 TUOCEMHUKApb6a30HOB MOHOKApOOHUJIOB, KaK
anetoH (ATC) u atunMmeTusikeToH (3TC) c ucnosnbzoBanueM DFT. CBoiictBa ADMET 6b11n
npeJzckasaHbl ¢ ucnosb3oBaHueM SwisSADME u BOILED-Egg. Pe3ysibraThe! ucciefoBanus
ADMET Takke ykKasblBalOT Ha TO, YTO MOJIEKy/Jla MOXeT OBbITb HCIOJb30BaHa B
NPOTHUBOTYOEPKY/IE€3HON Tepamnuu AJs1 CO3JJaHUsl HOBbIX JieKapcTB. KpoMe Toro, 6bL1U
NpOBe/IEHbI aHAIK3bl MOJIEKYJISIPHOTO JOKUHTA, YTOObI ONpeAeJUTb HauboJjiee aKTUBHbIE
y4aCTKHU CBSI3bIBaHUSA COEJUHEHMS C LieJieBbIM O0esJlKoM. MoJsieKyJibl coeJMHEHBI C OeJIKOM
7EL8, mpu 5TOM 3HauyeHUs] 3IHEPrUM CBOOOJHOrO CBfI3bIBAHUS THOCEMHKApOA30HOB
coCcTaBJAOT -6,35768 u -6,93039 kkasn/MoJb.

BJsiarogapHoOCTH: ABTOpPBI BbIpaXXalOT 06J1aroJapHOCTb KaHAUJATY XUMHUYECKUX HayK,
JloleHTy Kadeapbl «XUMUA U HepTerasoBble TeEXHOJOTMHU» Byxapckoro rocyjapcTBeHHOTO
yHuUBepcuTeTa Y.M. MapzioHOBY, a Takxe 3a ¢pusuko-xumudeckuil (AMP u UK cnekTpsi)
aHa/IM3 COeJMHEHUU JOKTOpYy xMMHYyeckuxX Hayk X.M. babakyJ/ioBy, BefylieMy HaydYHOMY
COTPYyAHUKY, npodeccopy UHCTUTYyTa XMMUM pacTUTesbHbIX BeljecTB UM. C. IOHycoBa
AkasieMyu Hayk Y30eKucCTaHa.

KOHQIMKT MHTEpecoB: OTCyTCTBYeT KOH(PIMKTA UHTEPECOB.

Bkiiag aBTOpOB: ABe30B KyBoHAMK ['MécoBUY: HamucaHUe - IepBOHA4yaJIbHBIU
YEepHOBHUK, BaJujalus, MeToAo0Jorus, ¢opMaibHbId aHaau3. [‘aHueB baxTuép
[lykypy/lioeBUY: HanKMcaHUe - peLeH3UpOBaHWEe U peJaKTUpOBaHUe, HallMCaHUe -
IepBOHa4Ya/IbHbIA YepHOBUK, BaJUJaLus, uccaeoBaHue, GopMaibHbIA aHaIU3. X0JIUKOBa
['yaaipa KyngomeBHa: HanmMcaHWe — pelleH3WpPOBaHHWE U peJJaKTUPOBaHHWe, BaJIUJALus,
porpaMMHoe obecneyeHHe, pecypchl, UcciaefoBaHue. TyxtaeBa MadTyHa Oaua Kusu:
Hall¥CcaHHWe — IepBOHAYa/IbHbIM YePHOBUK, METO/[0JIOTUSl.
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MoHOKap6OHWIAEPAIH THOCEMUKAPOA30H4aphbiH cieKTpockonusuiblK, (UK xkone AMP), DFT,
PASS 6o.xay, ADMET >koHe MoJieKyJ/1a/bIK, JOKMHT 3epTTeyi

Aggatna. UK cnektpsepi 4000-600 cm! auanasoHbIHAA >Ka3blblll, TEOPUSJIBbIK aJiblHFaH
crieKTpJiepMeH caabICThIpbliAbl. 'H AMP xumusaneik birbicysiapbl GIAO agfici apkplibl ecenTesnji

JL.H. I'ymunes amuvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICBI N24(149)/ 2024 21
Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962


https://doi.org/10.1134/S1070328417020087
https://doi.org/10.1002/jcc.21600
https://doi.org/10.1007/978-1-4939-9752-7_13
https://doi.org/10.1007/978-1-4939-9752-7_13
http://dx.doi.org/10.5958/0974-4150.2021.00025.0
https://doi.org/10.1093/nar/gkab294
https://www.molinspiration.com/
http://dx.doi.org/10.1007%2Fs10593-014-1496-1
https://youtu.be/DdMElO1J7lQ
http://doi.org/10.1039/%20C3RA44329A
http://doi.org/10.18576/jpac/020203
https://doi.org/10.1016/j.molstruc.2010.01.041

K.I'. Ase3sos, B.1lI. I'aHues, I'.K. Xoaukosa, M.O. Tyxmaesa

YK9He HOTHKeJlep IKCIEPUMEHTTIK AepekTepMeH canblCThIpblAAbl. ATC xxoHe 3TC a KOCBIJIBICBIHBIH,
OHTAWJIAaHABIPBIFAH MOJIEKYJIAJIBIK KYPbLJIBIMBI MeH TYpPaKTbLIBIK Tajgayel DFT/B3LYP/6-
311G(d, p) TeopUsIBIK JleHreliH Ko/1JaHy apKblLibl ecenTes/i. MosieKyiablK 3J1eKTPOCTAaTUKAJIBIK,
NOTEHIMAJ, XUMUSJIBIK CUIIAaTTaMaJap K9He *KOoFapbl 60C eMec K9He TOMEHTI 60C MOJIEKYJIAJBIK,
opoutanpgap KBEMO xone TBEMO sHeprusiiapnl ga ecenrtesnai. PapMakoJOTHUSIBIK in silico
bafasiayzia aTaJIiFaH MOJIEKYJIaHbIH, A9piJiK 3aTHeH YKcacTbiFbl MeH ADMET KacueTrTepi 6ap ekeHi
aHbiKTaaabl. ADMET 3epTTeyiHiH HoTHKeJiepi MoJieKyJ1aHbl TYOepKyJie3re Kapchl Tepanus/ia *kaHa
npenapaTTapAbl Kacay YuliH KoJJaHyFa 60J1aTbIHbIH KepceTe/i. COHbIMEH KaTap, KOCHLIbICTBIH,
MaKCaTThl aKybI3Fa eH, 6eJiceH/1i 6alIaHbICYy OPbIHAAPBIH aHBIKTAY YIUiH MOJIEKYJIAIbIK, KOHABIPY
TaajayJaphl OpBIHJAJ/BL. Monekynanap 7EL8 aKybI3bIMEH GanIaHbICA/bI, an
THOCeMUKap6a30HAap/blH 60C 6alilaHbIC S3HePrUsapsl -6,35768 xkaHe -6,93039 kkaJ1/MoJIb.

Tyiin ce3gep: Cnektpockonus, UK-cnektpaep, AMP-cnektpsepi, DFT, ADMET, PASS-tanzay,
MOJIEKYJIa/JbIK JOKHUHT, KYpPbLJIbIM, KBaHTTHI-XUMUAJIBIK, ecentey, HOMO, LUMO, moseKkyanbIK
opoUTAaJIb.

K.G. Avezov?, B.Sh. Ganiev*?, G.K. Kholikova3, M.O. Tukhtaeva#
1234Bukhara State University, Bukhara, Uzbekistan

Spectroscopic (IR and NMR), DFT, PASS prediction, ADMET and molecular docking studies of
thiosemicarbazones of monocarbonyls

Abstract. The IR spectra were recorded in the range of 4000-600 cm and compared with the
theoretically obtained spectra. The chemical shifts of NMR 13C and 'H were calculated using the GIAO
method, and the results obtained were compared with experimental data. The optimized molecular
structure and stability analysis of the aztreonam compound were calculated using the theoretical
level of DFT/B3LYP/6-311G(d,p). The molecular electrostatic potential, chemical characteristics and
HOMO-LUMO energies were also calculated. Pharmacological evaluation in silico showed that the
named molecule has similarities with the drug and ADMET properties. The results of the ADMET
study also indicate that the molecule can be used in anti-tuberculosis therapy to create new drugs. In
addition, molecular docking analyses were performed to determine the most active sites of binding
of the compound to the target protein. The molecules are connected to the 7EL8 protein, while the
free binding energy of thiosemicarbazones is -6.35768 and -6.93039 kcal/mol.

Keywords: Spectroscopic, IR-spectra, NMR spectra, DFT, ADMET, PASS analysis, Molecular
docking, structure, quantum chemical calculation, HOMO, LUMO, molecular orbital.
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Abstract. The article shows that urea - as an archetypal prebiotic
compound on the one hand, and reactive oxygen-containing compounds -
on the other hand, serve as a basis for the formation of an extensive
repertoire of chemical compounds, which are represented by various
acyclic and heterocyclic carbamide-containing substances. Among the
urea-containing substances, this paper pays special attention to using the
prebiotic monomer urea as a starting building block in synthetic organic
chemistry, including novel macrocyclic and supramolecular systems.
Although most of the urea chemistry experiments performed have been
conducted under conditions that are far from prebiotic-like states - some
intermediate results of the studies performed open the way for the
trajectory of the formation of complex nitrogen-containing organic
molecules that may emerge from the iterative assembly of urea and
reactive components. The proposed work draws considerable attention to
various practical applications of acyclic and heterocyclic urea. Among the
numerous valuable acyclic and heterocyclic ureas, the most important
substances that have found useful applications in human life are
highlighted separately. The summarised information on the chemistry and
applications of urea indicates its continuous development by the
convergence of knowledge in chemistry, physics, materials science and
medicine.
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Introduction

The edge of the observable Universe is 46.5 billion light-years away. According to
astrophysicists, this vast space includes, according to various estimates, from 200 billion to 2
trillion galaxies. And each galaxy contains, on average, about 100 billion stars. Because the birth
of chemical elements is one of the main functions of stars, it is not easy to imagine the number
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Evolution of urea from prebiotic molecule to supramolecular architecture

of these elements and their combinations due to nuclear reactions. Nuclear fusion of helium is
considered the beginning of all natural reactions, the root cause of life, light, heat and
meteorological phenomena on Earth. The original building blocks of the material world were
hydrogen and helium, the lightest elements in the Mendeleev table. But today, our universe is a
rich and diverse world, populated by countless atoms and molecules, diversified by their
interaction through bizarre combinations that result in complex chemical compounds that
define life on our planet.

The main question facing astrochemistry is: how far can the synthesis of complex molecules
go in outer space? The answer to this question has direct relevance to the problem of the origin
of life on Earth. A fundamental question in the research on the origin of life and astrochemistry
concerns the actual processes that initiate the diversity of chemical compounds. Some answers
to this problem are found in the most plausible description of the processes of transformations
of substances compatible with environments probable to Earth during the origin of life, as well
as in cosmic conditions. Many simple and complex organic compounds have been found in
space objects. A few examples are hemolithin, a protein containing iron and lithium found in
the meteorite Acfer 086. It's believed to be the first extraterrestrial protein discovered. A large
number of organic inclusions were found in the Murchison meteorite-nucleic bases [1], amino
acids, with L- enantiomers predominating [2].

In the Murchison meteorite and in meteorite NWA 801 (Morocco) it was possible to find
about 10 carbohydrates [3]. These findings are interpreted by some scientists as evidence that
organic compounds brought from space by meteorites could have been involved in the origin
of life on Earth [4]. More than 50 stable organic molecules have been found in the interstellar
medium, based on astronomical observations, in both the gas and solid phases [5]. There is a
view that some of these organic substances eventually ended up on the early Earth under the
influence of cosmic factors, which contributed to the origin of life on our planet.

On the other hand, there is an equally valid alternative path to the origin of life on Earth.
Thus, chemists from Harvard University during experiments to simulate lightning strikes in the
conditions of the "early Earth" found that during this process, carbon and nitrogen could be
converted into important molecules, for example, carbon monoxide, nitrite, ammonium salts,
formic acid and other compounds. It is believed that these compounds, formed through a series
of chemical reactions, may have played a key role in the formation of life on Earth. Although,
the reader may say - why invent mechanisms for synthesizing complex pre-organic compounds
on Earth, since they were already present in our planetary system initially. But, such point of
view leads the reader away from the scientific understanding of the problem of the origin of life
on Earth. To test the hypothesis that the interaction of certain molecules triggers chemical
reactions that lead to the formation of amino acids and other biotic compounds conducted
scientific research using the program Allchemy. As it turned out, for the emergence of life was
sufficient for the presence of molecules of water, nitrogen, hydrogen sulfide, ammonia and
cyanide, which the researchers believe a priori at the time of the origin of life was present on
Earth. The Allchemy program also identified new pathways for the prebiotic synthesis of
organic compounds such as glycine, acetaldehyde, malic, fumaric, citric and uric acids. In 2024,
Chinese scientists exposed glycine to gamma radiation to produce glycine from methane,
oxygen, water and ammonia, molecules commonly found in space [6].

Based on the results of these studies, one can easily construct a chemical trajectory of urea
formation from glycine, which in turn, with the participation of simple carbonyl compounds, is
quite simply transformed into various nitrogen-containing acyclic and heterocyclic
compounds, including urea or uric acid.

The most likely astronomical sources of urea and related compounds are photoprocesses
occurring in outer space and bodies. Modeling of this kind of photochemistry using a condensed
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methanol-ammonia ice mixture irradiated with UV light at 80 K revealed the formation of,
among other things, urea, glycolic acid, and glycerol in a nonvolatile organic residue [7].

This paper shows that the reactions of urea - as an archetypal prebiotic substance - and
reactive oxygen- containing compounds lead to an extensive range of chemical compounds,
which are represented by various acyclic and heterocyclic nitrogen-containing compounds. The
material outlined herein covers the application of urea, the first artificial prebiotic molecule, as
a synthon to form an extensive molecular repertoire that can be composed of rather trivial
condensation of urea and oxygen-containing substrates, probable astrochemical and prebiotic
molecules. Although most of the urea chemistry experiments performed have been conducted
under conditions that are far from prebiotic-like states - some interim research results shed
light on the pathways for the formation of complex nitrogen-containing organic molecules that
may emerge from the iterative assembly of urea and reactive components.

In view of the above, this work demonstrates the use of prebiotic urea monomer as a building
block in synthetic organic chemistry, including novel supramolecular systems.

General characterization of urea. Urea is a colorless crystalline substance, odorless, cool to
the taste. It dissolves well in polar solvents and poorly in non-polar organic solvents. The
melting point of urea under standard conditions is 132.6°C and the density is 1.335g/cm3. The
bulk density is 0.52-0.62 kg/1. Urea, being a diamide of carbonic acid, although it shows typical
properties of amides, but due to the peculiarities of its structure, it shows its own properties
leading to the formation of a variety of acyclic and heterocyclic nitrogen-containing compounds.
The chemical properties of urea are due to the presence of three reactive groups in its molecule
- two amine groups and one carbonyl group. However, the C=0 group has low reactivity and
does not enter into reactions characteristic for C=0 groups of ketones. This is explained by the
fact that the C=0 group of urea has a partial rather than a full double bond, due to the
conjugation of its m-electrons with unshared pairs of nitrogen electrons occupying 2p-orbitals.
Urea crystals belong to tetragonal syngony, space group P421m, Z=2, a=5.645 A, b=5.645 A,
c=4.704 A. The bond lengths of C-0, C-N and N-H are 1.26 A, 1.34 A and 0.77 &, respectively, the
valence angles of N-C-O and N-C-N are 121° and 133.1. The C=0 bond length in urea is longer
than in ketones, and the C-N bond length is shorter than in amines (Table 1) [8].

Table 1. Comparative lengths of carbon-oxygen and carbon-nitrogen bonds in organic
compounds of different classes

Carbon- oxygen bonding Length, A Carbon- nitrogen bonding Length, A
C=0 1.26 (urea) C-N (urea) 1.34
Cc=0 1.21 (ketones) C=N (imines) 1.27
Cc-0 1.43 (alcohols) C-N (amines) 1.47

Currently, in industry, urea is synthesized from NH3 and COz according to a two-step process:
through the exothermic formation of ammonium carbamate ([NH4]+H2 NCOO-) from liquid
ammonia and carbon dioxide, followed by endothermic decomposition of ammonium
carbamate, which produces urea and water (Figure 1).

150-190 °C 0 o

15-20 MIla 220 °C
NH; + CO » H
3 2 N 4<O -H,0
—NH, H,oN NH,
1
Figure 1. Urea production scheme
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The current scale of urea production is approximately 100 million tons per year, with more
than 90% of the production destined for use as fertiliser [9,10].

Literature review

Effect of urea on biochemical processes in the body.

The presence of the urea fragment in many drugs, in metabolic products of nitrogen-
containing compounds and in many biologically important natural compounds (enzymes,
nucleotides, vitamin B13) makes it a subject of increased interest in biochemistry.

Urea is the most important product of nitrogen metabolism, the end product of amino acid
metabolism. Urea is synthesized from ammonia, which is constantly formed in the body during
oxidative and non-oxidative deamination of amino acids, during hydrolysis of glutamic and
asparagic acid amides, as well as during the breakdown of purine and pyrimidine nucleotides.
Part of ammonia is formed in the intestine as a result of the action of bacteria on food proteins
(protein putrefaction in the intestine) and enters the blood of the portal vein [11]. In mammals,
the main pathway responsible for the removal of these products is the synthesis of urea in the
liver in the so-called ornithine cycle. The largest amount of ammonia formed in the body is used
for the synthesis of urea, which is excreted with urine as the main end product of protein
metabolism in humans and animals. In the liver, its activity is strictly controlled to maintain the
concentration of ammonia in the liver within strictly defined limits. This makes it possible to
exclude the entry of ammonia into the systemic bloodstream, since an increase in its
concentration in blood plasma leads to impaired function of the central nervous system [12]. In
the process of evolution, living organisms have developed different types of nitrogenous
metabolism. This is the ammoniotelic type, in which the main end product of nitrogen
metabolism is ammonia; it is characteristic mainly of fish. In the ureotelic type of metabolism,
the main end product of protein metabolism is urea; this type is characteristic of humans and
animals. Uricotelic type is characteristic of birds and reptiles; the main end product of this type
of metabolism is uric acid [13]. Nitrogen balance in the body is regulated by the production of
urea [15].

One of the most important aspects of the manifestation of urea properties is its induced
denaturation of proteins in aqueous solutions [15] and chiral recognition of amino acids by
urea-based receptors [16].

Concentrated (6-8 M) aqueous solutions of urea are usually used in protein denaturation.
The urea molecule mimics a peptide bond and is able to act both as a donor and an acceptor of
hydrogen bonds, competing with peptide and other functional groups of the protein that form
a developed system of hydrogen bonds in native form (Figure 2).

0

Peptide bond An acidic residue of a protein

Figure 2. Schemes of formation of hydrogen bonds of urea with proteins
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Protein denaturation is often accompanied by damage to covalent bonds. For example,
prolonged urea action at elevated temperatures can lead to carbamoylation of the NH2-group
of lysine (Figure 3):

O O
i H’N\/\/‘\l/u\ — N E\WL
H’N)-LNHj OH NH. \rr OH
- : NH, O NH,
1 Lysine Homocitrulline

Figure 3. Scheme of carbamoylation of NH:-group of lysine

Urea has low lipid solubility and consequently low permeability through artificial lipid
bilayers (4x10-¢ cm/s), which lack any transport proteins to facilitate its transport. In clinical
practice, urea plays an important role in laboratory diagnosis and is of great renal importance.
Blood urea nitrogen (BUN) analysis is commonly used to measure the amount of nitrogen from
urea in the blood. It assesses kidney function and indicates kidney health [17]. Elevated blood
AMK indicates impaired renal function and is associated with many factors: Urea plays an
important role in neuropsychiatry, and AMK is considered a biochemical indicator of delirium
in emergency and intermediate care units [18]. In humans, urea can be excreted with sweat,
tears, saliva, and digestive fluid (faeces) [19].

Methods of urea synthesis. The existing methods for the preparation of urea, which have
found practical and preparative applications, are overwhelmingly based on the transformation
of amines under the action of nitrogen-containing (isocyanates, cyanates, urea) or
carbonylating (phosgene, CO) reagents [20-27]. Comparatively rare are methods of direct
transformation of urea with preservation of urea skeleton (alkylation, acylation,
phosphorylation, etc.) or Hoffmann rearrangement from amides. The most common methods
for the preparation of urea, depending on the substrates and reagents used, will be discussed
below, and the pathways for the formation of the urea fragment of the molecule, which are
rarely used in synthetic practice, will be shown.

[socyanate method. Methods of synthesis of substituted urea by transformations of
alkylisocyanates under the action of water are essentially the first examples, when 1,3-
disubstituted alkylureas, the formation of which occurs according to the scheme in Figure 4,
were obtained:

3 H Alk L Alk

HQH -i'.'-'-c | -~
- . [E—— —_— o o, e
Ak e Ak CoH Al=—Hg —— }

F 3

Figure 4. Scheme for production of substituted urea

Although urea synthesis from isocyanates was first carried out more than 160 years ago, this
method is still relevant today. Due to its preparative simplicity and good yields, the reaction of
organic isocyanates with amines remains the most popular method for the preparation of
asymmetric urea, including their chiral derivatives. Over the last ten years, the isocyanate
method has been used in the synthesis of aryl-ketarylureas, which are characterized by a
variety of practically useful properties, di- and trisubstituted adamantylureas, triterpene ureas,
macrolides, ureidopeptides, etc. At the same time, it is recognized that the main limitation of
this method is the relative inaccessibility of starting organic isocyanates. Often, the direct
synthesis of urea is preceded by a rather laborious multistep synthesis of the corresponding
amines and/or organic isocyanates.
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Phosgenation of amines. By interaction of phosgene with primary and secondary alkyl-,
arylalkyl- and arylamines, only symmetrical 1,3-disubstituted ureas are obtained. The history
of this method goes back to the 19th century, when in 1849 Hoffmann first synthesized 1,3-
diphenylurea by passing phosgene through a saturated aqueous solution of aniline (Figure 5):

- HCl W
o7 3a H H

Figure 5. Scheme of diphenylurea synthesis

The process of phosgenation of amines is well enough investigated, details of the mechanism
are revealed, its high efficiency for synthesising symmetric urea is shown. But, it should be
noted, high toxicity and low selectivity of phosgene imposed its limitations on its application.

In recent years, the use of bis-electrophilic analogs of phosgene has become one of the
methods of improving the methods of synthesis of 1,3-disubstituted urea. Thus,
bis(trichloromethyl)carbonate proved to be excellent for realization of this kind of reaction,
and the synthesis with its participation was carried out on a liquid-phase polymeric carrier.
Sufficiently attractive synthetic analog of phosgene in the preparation of urea turned out to be
low-toxic and fusible ethylene carbonate. The proposed method allows to obtain
unsymmetrical urea as well. Another method of urea synthesis was proposed by the authors of
the work, where the high synthetic potential of carbamoylimidazolium salts, which can be
considered as urea derivatives, was used. The high ability to substitute the imidazolium
fragment in reactions of secondary amines with the salts was used for the synthesis of a large
number of tetrasubstituted urea, as well as carbamates and amides. It is important to
emphasize the mechanistic and simplicity of the approach, which includes the possibility of
diversifying the nucleophiles used and automating the isolation process. Considering the
comparative simplicity of synthesis and availability of carbamoylimidazolium salts, to date, this
method of urea synthesis can be considered as the most efficient and promising. Recently, 1,1'-
carbonyldi(benzotriazole) was successfully used in the solid-phase synthesis of asymmetric
ureidodicy acids containing two different amino acid residues. To purify the products from
benzotriazole impurity, its extraction with borate buffer solution (pH 9.2) was proposed.

Reactions of amines with alkali metal cyanates. The first synthesis of substituted urea

from alkylamine sulfate with potassium cyanide was carried out by Wurtz in 1851 (Figure 6):
2

|
S— 1T e T Y —— ,LL
3 e n ~ e b=
&
Figure 6. Scheme of synthesis of monosubstituted urea

This cyanate method was further extended to a wide range of amines. A modification of the
cyanate method for preparing substituted urea is the interaction of alkyl halides (chlorides,
bromides) with alkali metal cyanate in aqueous solutions. Despite the ease of realization of
carbamoylation reactions of amines when working with alkali metal cyanates, the main limiting
condition for the process is the high toxic properties of these compounds.

Reactions of amines with urea. The interaction of urea with amines in melt or in solutions
is one of the popular and convenient methods for the synthesis of a wide variety of urea (Figure
7). Both amines and their salts in the form of hydrochlorides, sulfates or phosphates are used
as condensing reagents. The procedure for the preparation of substituted urea is usually the
heating of a mixture of urea and amines at temperatures of 150-180°C, resulting in a mixture
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of products consisting of mono- and 1, 3- disubstituted urea, the composition of which is
regulated mainly by the molar ratio of the reagents and, to a lesser extent, by -other reaction
conditions.

0 O

R —NH, | — = R L
H-N"~ HHNH-. -NH; N7 OTNH-.

3 | B H 6

Figure 7. Scheme of reaction of urea with amines

By varying the ratio of amine and urea, this process can be directed either toward the
preferential formation of monosubstituted urea or 1,3-disubstituted urea. Sometimes, to
accelerate the process and increase the yield of target products, the interaction of urea with
amines is carried out in high-boiling solvents -decalin, phenol, cyclohexanol. Modification of the
above method by using nitrourea in aqueous or aqueous-alcoholic medium instead of urea
allows to carry out reactions with amines under mild conditions. This process is convenient
because the nitramide formed during the decomposition of nitrourea under the conditions of
synthesis irreversibly decomposes into water and nitrous oxide, thereby shifting the
equilibrium towards the formation of isocyanic acid, which of course determines the obtaining
of the corresponding urea. This method has advantages over other methods given above in that
it does not require working with highly toxic substances such as KCN, isocyanates, pyridine; it
is characterized by simplicity of carrying out and apparatus design; yields of final products are
not lower than in other methods.

Thus, aminolysis of urea with amines of various structures allows to synthesize symmetric
and asymmetric ureas, and in some cases serve as a good method of identification of liquid and
oil-like amines in the form of crystalline ureas. Reaction of urea with amines for identification
of the latter is convenient because the resulting N-substituted ureas are well crystallized and
easily analyzed by traditional methods

Other methods of urea synthesis. In addition to the above methods, there are other
methods for the preparation of N-substituted urea, which are fundamentally different from
those discussed earlier and rely on the chemical properties of urea. Among these methods the
processes of condensation of urea with formaldehyde in aqueous alkaline, which lead to
methylol- and dimethylolurea, which are the initial products for obtaining urea resins, stand
out.

Aldehydes and ketones with urea under hydrogen pressure in the presence of nickel and
cobalt catalysts give the corresponding N-alkyl- and N, N-dialkylureas in satisfactory yields
(reaching 75-77%). The process is generally carried out at temperatures of 60-150°C, with
monoalkylureas being formed at 60-100°C and dialkylureas at 100-155°C.

One of the attractive but poorly studied methods for the synthesis of N-substituted urea is
the alkylation of urea with alcohols. In the preparative practice of N-substituted urea synthesis,
there are few examples of direct interaction of alcohols with urea, and those are mainly related
to reactions of aliphatic alcohols. There are single data on alkylation of urea with organic
halides. The way to organometallic urea (Si, P, Se) passes through the traditional ways of urea
preparation in which the corresponding element-containing reagents and substrates are used.

The above methods of urea synthesis have opened the way to the synthesis of a large number
of nitrogen-containing acyclic and heterocyclic compounds.

The most important urea-containing heterocycles. Cyanuric acid, 1,3,5-triazine-2,4,6-
trione A, is almost the main representative of azaheterocycles containing three nitrogen atoms
and synthesized on the basis of urea (Figure 8). Due to its unique properties, it is widely used
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Evolution of urea from prebiotic molecule to supramolecular architecture

in various industries. Cyanuric acid is obtained mainly by pyrolysis of urea in organic solvents,
in a fluidized bed on the surface of metals. However, during pyrolysis of urea, along with
cyanuric acid A, related triazines - ammelid B, ammelin C, melamine D-amination products of
cyanuric acid are formed, which are of independent practical interest [28].

© NH, NH- NH,
Hr:/J"t‘}{ 2."/”1\,‘:1-! NF N ?:&L\‘.'
| I
0”)\4/1‘\‘0 o”f/’i\;Abu o//J\ i‘_i'/l\::l-:: H,N /\\"?.'/J\.\'H;
A B C D

Figure 8. Structural formulas of cyanuric acid A, ammelide B, ammelin C and melamine D

All of these heterocycles are products of cyclic trimerization of isocyanic acid and/or
cyanamide.

Pyrimidine bases and hydroxypurines.

The methods of preparation of pyrimidinones and hydantoins and their chemical properties
are quite well covered in the literature [29-37], the most important ones are given below.

Uric acid. It was discovered by Carl Scheele (1776) as part of

O urinary stones and called by him acide lithique, then it was found by

g him in urine. Uric acid is oxidized to alloxane by nitric acid, under the

HN | >:U action of potassium permanganate in neutral and alkaline medium or

UJ\N N hydrogen peroxide from uric acid is formed first allantoin, then

H parabanic acid. I. ]. was the first to synthesize uric acid. Gorbachevsky

in 1882 by heating glycocol (aminoacetic acid) with urea to 200-230°C.
Uric acid is the starting product for the industrial synthesis of caffeine.

Barbituric acid - Derivatives of barbituric acid containing alkyl or aryl
substituents and their salts are called barbiturates[1]. Barbituric acid was
first synthesized by Adolf Bayer in 1864 by condensation of urea with
malonic acid [2]. A modern modification of Bayer's synthesis is the use of

O
HN NH
M the diethyl ether of malonic acid in the presence of sodium ethylate.
0] O Barbituric acid is used to obtain riboflavin, pyrimidine, violuric acid and
O
HN)kNH
O
O
N

uric acid.

Alloxan (mesoxalylurea) is formed by the action of oxidizing agents on
uric acid in the presence of free strong acids. Alloxan is formed by
introducing uric acid in small portions into cooled concentrated nitric acid
or by gradually adding bertolitic salt to the uric acid mixture. The salt

O)ﬁ(g solutions decompose on boiling to form mesoxalic acid and urea.

Xanthine was synthesized by Armand Gauthier in 1884. The imidazole

o cycle of xanthine is nucleophilic: xanthine is halogenated to form 8-
H  halogenxanthines, azo-combination with diazonium salts also proceeds to
H N form 8-azoxanthines, which can then be reduced to 8-aminoxanthine or
)\ | hydrolyzed to uric acid. In neutral medium, xanthine is methylated by
(9] N N dimethyl sulfate on imidazole nitrogen atoms to form a dimethyl
H derivative of zwitter-ionic structure, depending on the pH of the reaction
mixture, xanthine is methylated to 3,7-dimethyl- xanthine (theobromine), 1,3-
dimethylxanthine (theophylline) or 1,3,7-trimethylxanthine (caffeine). Xanthine is reduced by
sodium amalgam or zinc in hydrochloric acid to 6-deoxyxanthine; under the action of potassium

permanganate in acidic medium xanthine is oxidized with degradation of the imidazole cycle to
2,4,5,6- tetraoxopyrimidine (alloxan). Xanthine is a product of purine catabolism and is formed
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as a product of guanine degradation by guanine deaminase and by oxidation of hypoxanthine
by xanthine oxidase. Under the action of the same xanthine oxidase, xanthine is further
converted to uric acid. Xanthine derivatives include a number of stimulants such as caffeine and
theobromine. Abiogenic xanthine (along with uracil) was discovered in the Murchison
meteorite.
Hypoxanthine is a natural derivative of the nitrogenous base purine. It
H is sometimes found in nucleic acids, where it is present in the anticodon of
H N tRNA in the form of the nucleoside inosine. Hypoxanthine is formed by the
k& | .r> reduction of xanthine by the enzyme xanthine oxidoreductase.
N N  Hypoxanthine is also a product of spontaneous deamination of adenine.
Caffeine (theine) is a purine alkaloid found in plants such as coffee, tea,
cocoa, Paraguayan holly (yerba mate), guarana, cola and others. In
medicine, caffeine is used as a headache remedy, in migraine, as a
13 respiratory and cardiac stimulant in colds, to increase mental and physical
,,L.,__'f performance, to eliminate drowsiness. In industry, caffeine is synthesized
' from uric acid and xanthine. Traditional synthesis from uric acid consists of
CHz 2 stages: the action of formamide on uric acid, resulting in the formation of
xanthine. In the 2nd stage, xanthine undergoes methylation with dimethyl sulfate, and
depending on the conditions, caffeine and theobromine may be obtained. Caffeine is obtained
in a slightly alkaline medium at pH = 8.0-9.0. If methylation occurs in the presence of KOH and
methanol at 60-70°C, theobromine is formed. An alternative semi-synthetic method is the
heating of uric acid with acetic anhydride in the presence of a catalyst to form 8-
methylxanthine. The obtained 8-methylxanthine is methylated, and depending on the reaction
conditions, 1,3,7,8-tetramethylxanthine or 3,7,8-trimethylxanthine can be obtained. When 8-
methylxanthine is methylated with excess dimethyl sulfate in slightly alkaline medium, 1,3,7,8-
tetramethylxanthine is obtained, and when methylated with methyl ester of benzene(toluene)-
sulfonic acid (220-230°C in the presence of Ca0), 3,7,8- trimethylxanthine (8-
methylteobromine) is obtained. There is also a synthesis from cyanacetic acid and dialkylurea,
which is the most economical.
Theophylline (1,3-dimethylxanthine) is a methylxanthine, a drug

i T T used in the treatment of respiratory diseases such as chronic obstructive
CHz~ b e pulmonary disease and asthma, available under various trade names. It is
) ;L |~ 1~I} a derivative of the xanthine family, structurally and pharmacologically

o ll-.T similar to theobromine and caffeine. Theophylline is found in cocoa beans.
CHy Theobromine is a purine alkaloid that can be converted into caffeine
e either by heating to 100°C with methyl iodide, caustic potassium and
T—‘*-quﬂa N " alcohol, or by precipitation of the silver salt of theobromine with methyl

. lodide. In medicine, theobromine is used to treat bronchopulmonary diseases.
=7~ ~11  The double salt of theobromine with sodium salicylic acid, known as diuretin,
| is also used.

Cytosine is a nitrogenous base, a derivative of pyrimidine. Cytosine
WH, exhibits basic properties, reacts with alkalis and acids, reacting with nitric
acid it is deaminated to become uracil. It enters into photohydration reaction
with the formation of cytosine hydrate, attaching water under the action of

ultraviolet rays.
Thymine (5-methyluracil) is a pyrimidine derivative, one of the five
nitrogenous bases. It is present in all living organisms, where together with
A p deoxyribose it is part of thymidine nucleoside, thymine
\r\ k deoxyribonucleotides are part of DNA, in RNA it is replaced by uracil
ribonucleotide. Thymine is complementary to adenine, forming hydrogen

o
|

.-"A“&_
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bonds with it. According to research, thymine dissipates the energy of ultraviolet radiation,
Uracil(2,4-dioxopyrimidine)-pyrimidine base, which is a component of
RNA and is usually absent in DNA, is part of the nucleotide. In nucleic acids, it
detected in the products of yeast nucleic acid cleavage.
. Allantoin is a heterocyclic compound, a five-membered cycle containing
Hal 4

T Y’Q" callus of the coffee plant Coffea Arabica. Several methods are currently
'"“\{ known for the isolation of allantoin from natural raw materials from cell
Mertensia maritima. Allantoin has found wide application as one of the
active components in skin care products, promotes healing of scar tissues and scars, which
more than 1300 different cosmetic products. The main consumers of allantoin are
manufacturers of cosmetic products, as well as enterprises of the pharmaceutical industry,
In addition, allantoin is used in agriculture, as a plant growth regulator, as part of fertilizers and

veterinary disinfectants.
special place, among which 2,4,6,8-tetraazabicyclo[3.3.0.]octane-3,7- dione 1 (glycoluryl)
(Figure 9) and its derivatives are of the greatest interest.[38-48]. The history of glycoluryl
succeeded in synthesizing the progenitor of this class of compounds. The first report on the
synthesis of glycoluriles was made by Schiff in 1877. Since then, the chemistry of glycoluriles,
which is reflected in the creation of valuable substances based on them in various spheres of
human activity: disinfectants, drugs, stabilizers of polymers, independent explosives or their

protecting DNA from its damaging effects
0
I
rﬂi can bind complementarily to adenine, forming two hydrogen bonds. First
H
a carbamide substituent at the 4th position. Allantoin was discovered in the
culture of Coffea arabica and from leaf explants and apical shoots of
makes it in demand in cosmetology and pharmaceutical practice. Today allantoin is included in
which use it as a raw material for the production of drugs for the treatment of various diseases.
Glycoluriles. In the chemistry of heterocyclic compounds, bicyclic bisurea(BBM) occupy a
chemistry dates back to the second half of the 19th century, when a number of researchers
primarily due to the polyfunctionality of their structure, has undergone rapid development,
components and other important substances and materials.

1a 1b

Figure 9. Structural formula of glycoluryl 1 (1a) and its spatial configuration in the crystal (1b)

As can be seen from Figure 9, the glycoluryl molecule is non-flat. It looks like a "half-open”
book, which mainly determines its tendency to form macrocyclic compounds with different
number of glycoluryl links. Glycoluryl is a polyfunctional compound in which the urea fragment
(Figure 9) essentially determines the properties of the molecule, which are due to the presence
of two reaction centers in the molecule (4 donor groups (-NH) and 2 acceptor groups (C=0)).
Glycoluryl has the properties of a very active n- nucleophile and an essentially deactivated p-
nucleophile. It enters into N-alkylation, N-acylation, N-halogenation, N- nitration, N-nitrosation,
N-hydroxyalkylation, etc. reactions. However, the presence of the bond (NH-C=0) with the
electron acceptor carbonyl group makes it less reactive base, therefore, it is difficult to
protonate, and its products formed as a result of electrophilic attack on the nitrogen atom are
prone to decomposition, and the weak electrophilic properties of the carbonyl group, due to the
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influence of two unshared pairs of electrons from nitrogen atoms, which compensate for the
electron acceptor effect of the carbonyl group.

Many synthesis methods have been developed during the study of bicyclic bisurea (BBM),
where one of the most convenient is the method for the preparation of glycoluriles based on
urea and a-dicarbonyl compounds (Figure 10). Molecules of glycoluryl derivatives with
different number of substituents on N-, C- atoms can be synthesized both directly and by further
modification of glycoluryl itself. Due to the valuable properties of HBMs, methods of their
synthesis using urea are constantly being improved. Classification of PMBMs, provides
consideration of structural units, which are characterized by the size of cycles and methods of
their joining[49]:

S R R R LI R
o _; K }:i RH\CJ. ,-Lh R By ™ _.:f\
o= =3 o i o ) j ] I ©
—i::__]:_\_, : Va P O N
4 R &' ' T 4 k
A B C D

Figure 10. Bicyclic bisurea bisoureas of octane A, nonane B and decane series - Cand D

The above-mentioned PMs contain octane, nonane and decane skeletal bases in their
structure. Bicyclooctane-type PBMs are synthesized by reaction of 1,2-diketones, a-
hydroxyketones, a-ketomonooximes and a- isonitrosoketones with urea, mainly under acid
catalysis conditions. The octane series PBMs can be prepared in a stepwise manner. Initially,
4,5-dihydroxyimidazolidin-2-ones are synthesized from the corresponding 1,2- bifunctional
compounds (usually from 1,2-dicarbonyl compounds) and urea, which are then cyclized with
urea. The advantage of the stepwise synthesis of BBMs is that this approach allows to obtain
BBMs of asymmetric structure. BBMs of bicyclononan series are synthesized by reaction of 1,3-
dicarbonyl compounds or their analogs with ureas. BDMs of bicyclodecane series are usually
synthesized from preliminarily obtained ureidopyrimidines or by interaction of the latter with
aldehydes.

Methods for the synthesis of glycoluriles are constantly evolving, since they are not only of
independent interest as biologically active compounds, but also are precursors for obtaining a
large number of compounds with practically significant properties.

Practically valuable glycoluryl-based substances.
H H Glycoluryl has found industrial application as a slow-release agent,

\N N.-“ are also versatile precursors of polycyclic ring systems.
ST
A
N-— TN
;
0 Mebicar is a daytime tranquilizer of wide application, It regulates
e ___L_,»J'\\_‘_}.,]E disturbed night sleep without having a direct sleeping effect. Eases or
Ik} 2
\/ relieves nicotine withdrawal.
N
Me " ]/ e
0
36 N24(149)/ 2024 JLH. I'ymusnes amuiHdarsl Eypasus yammubik yHueepcumeminiy XABAPIIBICB]

Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962



Evolution of urea from prebiotic molecule to supramolecular architecture

o Tetrahydroxymethylglycoluryl - used as a cross-linking agent in the

. J.L " preparation of glycoluryl-formaldehyde resins and high-quality

1" W7 TOH thermosetting coatings. It is used in the manufacture of negative-type

\}—f photoresistors, is a stabilizer of water-based dyes, is used in the

HO. M. M. _-OH  gynthesis of supramolecular objects, and as a bactericidal agent of
] aqueous compositions.

o Halogen derivatives of glycoluryl - find wide
0 Il application as oxidizing agents, halogenating agents,
J-l ) Clo Sy~ disinfectants, bleaching agents, detergents, have
!-I-\.\_\ .\._.,li.
! >—<'f bactericidal activity, which depends on the type of
\_)ﬁ}‘ N, }:,_ o halogen.

Br="""~ I-. Br H
Q

Tetraacetylglycoluril is a bleaching activator in synthetic detergents,

u\ a mild reagent for intermediate protection by acetyl group of biogenic
Ae~NT Ty oas substances (alcohols, sulfides, amines, enzymes) in order to preserve the
} ( configuration and optical orientation of the original molecules.
£ 1o
A= T A

O o Ho O Tetrakis(methylene phosphoric acid)glycoluryl is an efficient
Ho- W77 o " J_oH )
R JL 7 catalyst for the synthesis of azagetherscycles
S
NN
AT P
HO gy O po” W OH
o - o
0 Tetranitroglycoluril - used in mixtures with high-energy explosives,
G:;\;H,,u\_\_#m_, as a component of propellants and gunpowder, booster charge and
v intermediates of other explosives.
! \
o =0
0

Dinitroglycoluryl - an efficient polymer pore former.

0 Tetrabenzylglycoluryl - an effective stabilizer for polymeric
materials.
Bu., -*JL\.,, 0
gL
B B
8]
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0 The new functional polymer was prepared by copolymerization of
T JJ\\ o 4- vinylpyridine and 1, 3, 4, 6- tetraallylglycolsulfuryl
! IIE_
AN T . Included in an antireflective coating composition for use
[ | TL [ | witha photoresistor coating.
aH%f,- -\.\_\_\O.HF"'\-\.H-\: A H..-HHO - “x,__f"'
—{
r.mw,o N “/ - HT,\W
- s} -
0 - Tetra (2-cyanoethyl) glycoluryl is a convenient synthon
Mo ,l\ N for the preparation of novel macrocyclic compounds.
=T TN ONT TeF

A convenient synthon for the preparation of new

Q o o] .
o OH § OH I macrocyclic compounds.
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N-Phosphorylated glycoluryl derivatives are flame retardants and are excellent nitrogen-
phosphorus synergistic flame retardants [50].

The reactions of glycoluriles with formaldehyde have provided the basis for rapid progress in
the chemistry of condensed polycyclic derivatives of glycoluriles, the marocycles, which are of
interest as objects of study in chemistry [51, 52].
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Crown ethers form complexes with cations and dicationes (alkali metals, NHa*
AlkNH,H*+3N(CH)2nNH* (n=39), xylene and phenylenediammonium) with 1:1 stoichiometry.
According to the authors, the structure of these complexes represents the sandwich and
"clamshell” type.

Cryptands (coronands) can form stable complexes with nitroaromatic compounds, e.g.
nitrobenzenes.

In conclusion of this summary, we consider it necessary to draw the attention of researchers
to the following points in the track of synthesis of new macrocyclic compounds based on
glycoluriles.

Glycoluryl is not an ideal template for biomimetic cycling, primarily due to the low solubility
of this compound in most organic solvents, which often leads to the use of very harsh conditions
for the direct synthesis of targeted macrocyclics. One interesting possibility to overcome this
barrier is to utilize other glycoluryl derivatives by adding a reagent to the parent glycoluryl
template or, more efficiently, to its reactive adduct, generally leading to various interesting
unexpected structures. The design of glycoluryl template in the synthesis of macrocyclic
compounds is mostly based on condensation reactions and rarely some other reactions are
presented. In addition, based on the generalization, it can be stated that the application of
glycoluryl in the synthesis of high molecular weight compounds (polymers) is relatively
understudied and has an underdeveloped potential for a wide range of new studies to obtain
practically valuable substances. Synthesis and study of chemical properties of bicyclic
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bismoureas allowed us to reach new classes of nitrogen-containing heterocyclic compounds
with other practically useful properties, such polycyclic condensed systems as propellanes,
cucurbit[n]urils and bambus[n]urils, the building blocks of which are glycoluryl.

Propellanes. Of independent interest in recent years is 3,7,10-trioxo-2,4,6,8,9,11-hexaaza
[3.3.3] propellane (Figure 11), a cyclic urea derivative consisting of three condensed cycles
linked by a common carbon-carbon bond that includes a glycolurilic fragment [53, 54].

9 o /Boc

o]
H

o
X—NH
iy HN” “NH Boc—N Boc NH
Ka[Fe(CN Boc,0, DMAP TFA
O=< | NH 3[Fe(CN)e] - N > ( NH, 0C,0, Boc~y— N ! H_ NH
/& NH,OH/H,0, 56% DMSO/CHCl o /& 91% -
N N 0 HN NH N N 0 [0] N N o
N Y . N

Boc”

H
o Boc

Figure 11. Synthesis of hexaazapropellanes

Interestingly, uric acid was used as the starting compound for the synthesis of this
propellane, which led to 1,5-diaminoglycoluril under the oxidizing action of Na S 0228. The
subsequent tricyclization step was satisfactorily carried out using di-tert-butyl carbonate (Boc2
0), forming the intermediate 27 at room temperature. The final step of removing the protecting
Boc group led to the formation of the target product 19, and the structures of 27 and 19 were
confirmed by X-ray diffraction analysis. Judging from the experimental data, more successful
results were achieved when carbonyldiimidazole was used as a carbonylating reagent instead
of di-tert-butyl carbonate. The series of studies is aimed at finding ways to functionalize 3,7,10-
trioxo-2,4,6,8,9,11-hexaaza [3.3.3] propellane. To search for new practically valuable
substances, methods for preparation of hexaalkyl derivatives of 3,7,10-trioxo- 2,4,6,6,8,9,9,11-
hexaase [3.3.3] propellane (methyl-, ethyl-, propyl derivatives), mono- and dinitro derivatives
of 3,7,10-trioxo-2,4,6,8,9,11-hexaase [3.3.3] propellane were further developed. The complete
acetylation of 3,7,10- trioxo-2,4,6,8,9,11-hexaase [3.3.3] propellane was found to occur in two
stages through the formation and release of intermediate 2,6-di- and 2,6,9-triacetyl substituted
derivatives of 3,7,10-trioxo-2,4,6,8,9,11- hexaase[3.3.3]propellane.

Macrocycles and supramolecular systems based on glycoluryls.

Cucurbituriles [55-78]. Cucurbituriles are macrocyclic molecules composed of glycoluryl
monomers linked by methylene bridges (-CH2 -). The oxygen atoms are arranged along the
plane and tilted inward, forming a partially closed cavity. Cucurbiturils are usually written as
cucurbit[n]uril, where n is the number of glycoluril units. Two common abbreviations are
adopted, CB[n] or simply CBn. and Q Cucurbituriles were first synthesized in 1905 by Behrend
by condensation of glycoluryl with formaldehyde, but their structure was not determined until
1981. To date, all known cucurbituriles consisting of 5, 6, 7, 8, 10 and 14 repeating units have
been isolated.

The initial process for the synthesis of CB [6] consisted of the interaction of glycoluryl and
excess formaldehyde in the presence of HCl to yield a precipitate; this was dissolved in
concentrated H2S04 at 110°C and then diluted with water and crystallized, yielding CB [6]. Kim
and coworkers modified the reaction parameters in the synthesis of cucurbituril and diversified
the CB[n] family with new penta-, hepta-, and octameric homologues. Carrying out the reaction
in 9 M H2 SO4 for 36h at 75-100 °C gives a mixture of isolated CB[n] homologs (n = 5-8, 10), the
content of which is 60% CB [6], 20% CB [7], 10% CB [5] and 10% mixture of other homologs
(Figure 12). The isolated homologs are further purified by recrystallization.
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Figure 12. Scheme of synthesis by Kim CB[n] (n = 5-8, 10)

These separation and purification methods are convenient, but in most cases do not
guarantee complete purification. Trace amounts of other CB[n] homologues, acids and solvents
used in the precipitation and crystallization steps, or cationic particles such as NH4 +, often
contaminate the desired CB[n].

Cucurbituriles are of particular interest in the field of chemistry because they are hosts for
neutral and cationic compounds. Binding to neutral particles is thought to occur through
hydrophobic interactions, and in the case of cationic compounds through cation-dipole
interactions. The sizes of cucurbituriles are usually in the range of 10 A. For example, the cavity
of cucurbit [6] uril has a height of ~ 9.1 A, an outer diameter of ~ 5.8 A and an inner diameter
of ~3.9 A

The major members of the CB[n] family (n = 5-8) have rather rigid skeletons, in contrast to
other macrocycles. However, the largest homologs discovered so far, CB [10], CB [13], CB [14],
and CB [15], have structural flexibility. For example, CB [10] has an elliptical crystal structure
unlike the major members, while the other senior homologs of CB[n] have twisted crystal
structures. The sizes of the most common CB[n] homologs and inverted iCB[n] homologs are
shown in Figure 13. For example, for CB[n] (n = 5-8, 10), the cavity diameters are 2 A larger
than the portal diameters, and the difference between the outer and inner diameters is about
8.5-8.8 A. All CB[n], including the inverted ones, have the same height of 9.1 A. However, the
cavity diameters for the inverted homologs are smaller than their non-inverted counterparts
because of the presence of a single glycoluric linker with methyl protons pointing into the
cavity.

d

-|C
Mr ari] brA) c[&] dri] V4]
CE[5] 830 2.4 4.4 9.1 13.1 82
CE[6] 006 2.9 5.8 9.1 14.4 164
CB[7] 1163 5.4 7.3 0.1 i6.0 270
CE[8] 1329 6.9 8.8 9.1 17.5 4789
CE[10] 1661 0.5-10.6 11,3-12.4 0.1 20.0 870
ICB[6] 096 4.3-3.9 3.8-5.8 0.1 10.7-14.4 —
iCB[7] 1163 6.7—5.4 5.4-7.3 0.1 11.2—-16.0 —

Figure 13. Structural parameters of the basic CB[n] homologs and inverted CB[n]
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CB[n] binds to metal cations through two carbonylated portals; however, most metals
interact with only a small fraction of the oxygen atoms at the CB[n] rim (i.e., the metal is usually
not in the center of the portal, with the exception of cesium) .65-67 In the case of alkali and
alkaline earth metals, multiple cations may occupy the same portal. Transition metal ions do
not usually interact directly with the oxygen atoms of the CB[n] rim, and binding occurs
between carbonyl groups. In the case of lanthanides, both direct metal-portal and metal-water-
portal interactions have been observed. CB[n] can encapsulate numerous organic compounds
and, in most cases, the thermodynamic parameters can be determined by UV spectroscopy,
isothermal titration calorimetry and 1H NMR.

Applications of cucurbituriles. Cucurbituriles are used in supramolecular, synthetic, medical
and material science industries, and find applications in drug delivery (Figure 14).

"Guests":

~ Antibiotics

v Antineoplastic

v Antagonist agents
. .

v Vitamins

~ Hormones

v Neurotransmitters
v Local anesthetics

Substance imision

Dissolution
A pH

| Light or other influence

Complex "Host-Guest"

Figure 14. Cucurbituil-based supramolecular complexes and ligand release

In addition to the medicinal applications described above, CB[n] can be used as novel
materials: CB[n]-containing polymers, dendrimers, metal nanoparticles, fullerenes,
nanosheets, vesicles, films and surfaces, hydrogels. Such highly ordered hybrid materials are in
demand for fine purification, separation and isolation of substances, target therapy against
cancer, and in catalysis. Functional materials containing CB[n] have received increasing
attention in recent years due to their versatile applications in fields including, but not limited
to, theranostics, photonics, self-healing, sensing, and catalysis. Research work on the
interaction of CB homologs and derivatives with biomolecules and drugs is presented because
there have been many promising discoveries of supramolecular interactions between CB and
biomolecules and small organic drug molecules that have potential implications in the field of
medicine, which has become one of the most significant areas of potential applications for CB.
Non- covalent interactions of peptides, proteins and drug molecules with CB homologs and
derivatives are reviewed, and the ability of CB to modulate the function and bioactivity of these
species through host-guest chemistry and the potential impact of CB on protein enrichment are
discussed.

Bambusuriles [78-93]. Bambusuriles were first synthesized in 2010. Bambusuriles (BU[n])
are a family of macrocyclic compounds consisting of n-2,4-disubstituted glycoluryl units
connected through a single row of n- methylene bridges at the equator of the macrocycle
(Figure 15).

Bambusuriles are prepared by condensation reaction of 2,4- disubstituted glycoluryl with
formaldehyde of Mannich reaction type in an acidic medium (Figure 15). The choice of solvent
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depends on the glycoluryl linkage and can range from polar water to nonpolar chloroform. Most
of the reactions studied lead to the formation of bambusuriles from four or six glycoluryl units.
Using microwave synthesis, bambusuryls can be obtained because the reaction time is
significantly reduced.

!

]
N

[ ] R=CH; , n=6
HH HH H H—=aH1—, B=Pr n=46
— B=alli . n=44
+ CHO - } { R=Bu,n=46
N N N N B=BnCOOH . n=4§
R g R g B=(CH;):CO0H , n=6
Y L \[( - B=(CH;):COOH , n=6

Figure 15. Scheme of bambusuryl synthesis

Currently, only two homologs of bambusuryl have been found, consisting of four (BU [4])
and six (BU [6]) glycoluryl units. These compounds have different supramolecular properties.
BU [6] is an excellent receptor for various inorganic anions; however, BU [4] does not bind
anions due to the small cavity size. In bambusurils, the methine protons are directed to the
inside of the cavity. The shape of the bambusuryl macrocycle resembles part of a bamboo rod,
hence the name. Two circles of methine fragment protons inside the macrocycle form the
narrowest parts. The anion-binding site is usually located between these rows of methyl
hydrogen atoms. Bambusuriles are excellent receptors for a variety of anions. The above-
mentioned properties distinguish bambusurils from cucurbiturils. Bambusuryls have a number
of advantages over hemicucurbituriles  because of their alternative arrangement of building
blocks and a single row of methylene bridges. A list of registered bambusuryl derivatives is
shown in (Figure 16). The type of substituent has a great influence on the solubility of
bambusuryl derivatives. BU [6] is practically insoluble in any solvent, substitution of methyl
groups with benzylic groups causes it to be soluble in chloroform and dimethyl sulfoxide.
Water-soluble bambusuriles were obtained by incorporating carboxyl functional groups into
their structure. Another modification of the bambusuryl structure was achieved by replacing
the oxygen atom with a carbon atom.

name: | n: | R:
Me)BU[n] 8 A "™

I-pﬁE'U[n] d'l E L

N—CH
—

' @nBur | 4.8 | A

TP ) iyiBum | 4.8 | A
—I_N ?-I_'I . "o
N R f7Bn .. _COOH

B~

Wy

0
_I-l_.-'
0 [EBrCOOHIBLUN) 4 8 J,z'.‘H_f 'Jﬁ;x
(CH.,COOHBUR) | & | A~ _.COOH

(CHo)COOHIBUIR] | & L s e S OHOEIH

Figure 16. List of registered bambusuryl derivatives

Applications of bambusuriles. Bambusuryls have interesting supramolecular properties,
and as a consequence, they can be applied in several fields. Bambusuriles can serve as a variety
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of receptors for anions, which is used in organocatalysis, in developing new sensors and
creating sensor matrices for anionic agents.

Applications of urea. Many years of research in urea chemistry have created valuable
substances and materials that have found wide application in various aspects of human life [20-
24, 28-34,37-40,44-49, 52]. Figure 17 schematically depicts the main directions of urea
application in different fields of science and technology.

Agricultural resources

Gels and hydrogels
Solvents, ionic liquids

Modifiers and stabilizers

of organic substances \ / Cosmetics

Ureas

Medicines <

I\

Complexing agents

Supramolecules

Dyes Polymers

Figure 17. Main applications of urea

For example, urea-formaldehyde resins (UFRs) are the most widely used thermosetting
binders in producing wood composite materials for structural purposes, a significant part of
which is focused on producing particleboards. CFS is a product of polycondensation of urea and
formaldehyde at different molar ratios, in aqueous solution in several stages with variable
acidity. Along with other thermosetting, condensation binders, urea- formaldehyde resins are
the cheapest and most available product with the ability to cure rapidly in the presence of
catalysts, as well as a relatively high concentration at reduced viscosity, which provides low
shrinkage in the process of pressing wood boards. The brand range of SFCs has reached an
impressive size and continues to grow and improve by developing new grades to replace non-
competitive grades. In addition to KPS, various polyureas have been obtained and studied [96-
99].

Many complex compounds (CC) of metal salts with urea have been described in the
literature. In these compounds, urea, as a rule, is coordinated through the oxygen atom, but
there are known cases of its coordination through the nitrogen atom. With the salts of s-metals,
urea forms adducts and complex compounds in coordination with the oxygen atom. With salts
of p-metals urea forms adducts and complexes also with coordination through the oxygen atom.
Coordination compounds of d-metal salts with urea have been studied well enough.
Coordination of urea occurs through oxygen atoms, but there is information about coordination
through nitrogen atoms. Information on complex compounds of d-metal salts with urea in the
literature is presented in large quantities, which can be explained by the strong coordination
ability of d-metals due to the presence of vacancies at the (n-1)d-sublevel and good solubility
of these metal salts in nonpolar solvents. Coordination compounds of f-metal salts (lanthanides
and actinides) with urea are studied quite well, the main interest is because these compounds
with the necessary luminescence-spectral properties are promising for use in such areas as
lighting engineering, optoelectronics, laser technology, etc.

Effective herbicides and pesticides have been developed based on urea [103-105]. Some
ureas have proved to be convenient solvents (tetramethylurea [106] and silylurea [24], chiral
ionic liquids) [107], valuable modifiers and stabilizers of organic materials [20], stabilisers of
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photosensitizing materials in solar cells [108]. Among ureas, hydrogels have been found in the
preparation of cyclodextrin/cellulose, biodegradable hydrogels with good mechanical
properties, chiral urea derivatives are highly gel-forming towards organic solvents [109-110]
and catalysts have been found for various processes [111-113].

Ureas are excellent reagents for synthesising many nitrogen-containing acyclic and
heterocyclic compounds, the potential of which is illustrated in Figure 18.

OR
azeheterocycles » reagents for H-, O-, C-,
(oxazoles, imidazoles) S-alkylation
HoN NH 4
0 isoureas
specific catalysts (Henri, Strecker,
”?’ Knoevenagel, Michael, Baylis
R NH, OO . ' ' d
</ Hillman reactions)
amides <0
R N hydrolysis OH", H,0
~o PSS N urea e R—NH,
e 3 amines
cyanates o\q‘r %@_
& % \ %
'\\?ﬂ: @/o <&
8
0 < |
R P Nv polymers
. azeheterocycles
isocyanates

Figure 18. Ways of using urea in organic synthesis

Urea-based pharmaceuticals. Although urea itself as a medical drug has very modest
capabilities, there are many examples of the use of its derivatives as sleeping pills, narcotic,
antipyretic, analgesic and anticonvulsant agents, for the treatment of diabetes, glycemia and
helminthic diseases [114-120]. High antimicrobial, proteolytic, inhibitor, antiepileptic activity,
etc. were found among the first synthesized urea.

Due to the high biogenic activity of urea, the transport of which involves many processes in
the body, introducing a urea fragment into substances with well-known biological activity
allowed, in some cases, to obtain interesting results.

Drugbank (version 4.3), among approved and investigational drugs, contains 148
compounds derived from acyclic urea. The ChEMBL bioactivity database (version 20) includes
76,494 biologically active urea-containing molecules, corresponding to about 5% of the
indexed molecules. Of these, 34232 preparations contain an N,N'-disubstituted urea moiety and
39426 contain a trisubstituted one (Figures 2, 19) [114-120].

A B Proteases

N,N N.N

| Kinases
Unclassified

L

A

\

b
" Nlon Channels

Figure 19. Biological activity of urea derivatives

JL.H. I'ymunese amuvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICB] N24(149)/ 2024 45
Xumusi. 'eoepagust. Ikon02us cepusicwl
ISSN: 2616-6771. eISSN: 2617-9962



A.A. Bakibaev

The vast majority of urea-containing compounds, in ChEMBL, are either N,N'-disubstituted
(vellow) or trisubstituted (red). Monosubstituted ureas (green) as well as N,N-disubstituted
ureas (blue) are less common. Urea derivatives are known to exhibit diverse biological
activities toward kinases (yellow), proteases (orange), and other enzymes (red), as well as
membrane receptors (blue) and ion channels (green).

Interestingly, preparations with terminal ureide groups are rare: 2092 molecules based on
monosubstituted and 743 compounds as N,N-disubstituted urea. No tetrasubstituted urea was
found in the ChEMBL database. The vast majority of urea-containing compounds in ChEMBL
are either N,N'-disubstituted or trisubstituted. Monosubstituted ureas as well as N,N-
disubstituted ureas are less common. Urea derivatives are known to exhibit diverse biological
activities toward kinases, proteases and other enzymes, as well as membrane receptor ion
channels.

Urea is of great importance for cosmetology and dermatology, where it is used as a
moisturizer to enhance transdermal drug penetration. In concentrations of 10-15% urea is
used in surgery for wound treatment, as it dissolves coagulants and promotes epithelialization.
In high concentrations (40%) urea breaks down proteins, which allows it to be used for the
treatment of hyperkeratosis. Creams containing urea are prescribed for dermatitis, xerosis,
ichthyosis, psoriasis, onychomycosis, eczema, dermatomycosis of the foot, etc. as a topical
antifungal emollient and moisturizer. Urea clearance can be used as a relatively simple method
to assess drug-induced changes in blood flow in human skin during microdialysis of vasoactive
agents. The structures of known drugs in which the urea moiety is present are summarized
below.

Gilroxycarbamide. Antitumor agent. The presumed mechanism of action
o is inhibition of DNA synthesis.

Ritonavir (Ritonavir)-an antiretroviral drug used in
Q— combination with other drugs to treat HIV/AIDS and HCV

infection. Within two years of the approval of ritonavir
(saquinavir), HIV-associated deaths in the United States dropped
from more than 50,000 per year to about 18,000.

Sorafenib is a targeted antitumor agent, a small-
molecule multikinase inhibitor. Clinical trials have shown
HT l that sorafenib inhibits tumor growth in human renal cell and
j’: “c1 hepatic cell cancers.

FUF
E

Regorafenib (commercial name Stivarga) is an oral

0 multikinase inhibitor developed by Bayer that affects
Ch o~ 0 = 'U\/VLN’J the processes of oncogenesis and angiogenesis in
e | N’”\N’fj L\;,N H tumor tlss.ue and dlsrupt§ th.e Il‘e.gulatlonl of the tum(?r
H H 7 microenvironment by inhibiting various protein
F kinases.
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Veronal(Barbital) a medication sold under the brand name Veronal.

HN o The drug was used as a sleeping pill from 1903 until the mid-1950s.
o “" Currently, barbital has limited use.
C;Hs
HN
© Luminal(Phenobarbital). An ancestor of barbiturate-type drugs, an
H 0 antiepileptic psychotropic drug from the group of barbiturates.
N ;Hs  Phenobarbital does not belong to the first-line drugs because of its
0=<N P pronounced sedative (sedative) effect.
H I
\“ = Benzonal. Antiepileptic drug. Practically has no sedative effect.
H CoHs The effect occurs in 20-60 min after oral administration.
O
N
O
/ 0 Halonal. Recommended for medical use and industrial release as
N an anticonvulsant drug.
CeHs \ e
C3H. c—::/ o
O// \C:O
F
O Benzobamyl. It has anticonvulsant, sedative effect. In large
H CyHs doses it may cause a sedative effect. It is used in epilepsy with
0 CH localization of the focus of excitation mainly insubcortical
N ? formations. In subcortical localization of the epilepsy focus, the
©—< 0 Hy drug has a good therapeutic effect; it has not only
0 anticonvulsant action, but also improves the general mental

state (reduces or relieves headaches, lethargy, mood swings,

etc.). The formulas of a number of barbiturate drugs (cyclobarbital, pentobarbital,
ammobarbital), which are no longer used in clinical practice, are not listed here.

. Galodif. It is an original anticonvulsant drug developed for the

CeHls N ~#° treatment and prevention of epilepsy, as well as for the treatment of

T alcohol dependence.
NH,

@] Phenytoin (diphenine). Anticonvulsant, has anticonvulsant,
HNA{ antiarrhythmic, analgesic, myorelaxant effect.
NH
O
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Mebicar (Adaptol). The drug belongs to anxiolytic, stress-protective,
?HC* nootropic drugs. It regulates disturbed night sleep without having a direct

o N S sleeping effect. Eases or relieves nicotine withdrawal.
pES
O
|-|3*:3J\l N
CH3 Carbamazepine (Tegretol). Antiepileptic drug (dibenzazepine

— derivative), which also has normotensive, antimanic, antidiuretic (in

patients with non-sugar diabetes) and analgesic (in patients with
N neuralgia) effects.

Glyquidone. Oral hypoglycemic agent, sulfonylurea
derivative of Il generation. Stimulates insulin secretion by
pancreatic [(-cells, increases sensitivity of peripheral
g tissues to insulin, inhibits lipolysis in adipose tissue. It is

CH CH, characterized by a rapid and pronounced effect. Does not
cause prolonged hyperinsulinemia.

Glibenclamide (Cyclamide). Oral
hypoglycemic agent, sulfonylurea derivative of Il
generation. Stimulates insulin secretion by
pancreatic [3-cells, increases insulin release. Acts
mainly during the second stage of insulin

secretion.
0 Ketanserin (Serefrex, Surexal, Sufroxal).
Causes dilation of blood vessels and has antihypertensive
0 (blood pressure lowering) effect.
NN F
N/J\D
H
Conclusion

Since the discovery of urea synthesis from inorganic substances by F. Wohler (1828), urea
has always been the object of close research attention of both chemists and specialists of the
widest profile. Almost two-century history of urea chemistry was marked by the creation of
many dozens of valuable substances based on urea, which have been used as effective drugs,
herbicides, polymers, monomers for polymeric materials, dyes, etc. The history of urea
chemistry has been marked by the creation of many dozens of valuable substances. Despite the
widespread popularity of urea as synthetic "simulator” objects in the hands of chemists, the
chemistry of urea is constantly evolving, and the traditional ways of their use in chemistry are
constantly being improved. In recent decades, the development of urea chemistry has led to the
creation of specific self-organizing supramolecular systems on their basis, the growing interest
in which is due to the unusual nature of their structure and the manifestation of their unique
properties. Numerous studies in this area indicate that the attention of researchers will be
attracted to further methods of synthesis and study of physicochemical properties of such
supramolecular systems through the convergence of knowledge in the field of chemistry,
physics, materials science, and, obviously, biomedical direction. The rapid progress in the
utilization of urea for the preparation of such compounds has been accompanied by a rapid
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development of theoretical insights in this field of knowledge, which is still ongoing. Although
the chemistry and applications of urea have already been the subject of numerous topical
review articles and separate sections in monographs, this article reflects almost all major
aspects of the origin and evolution of urea chemistry. At the same time, considerable attention
is paid to the various applications of acyclic and heterocyclic urea.
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MoyeBHHaHbIH IPeOUOTHUKAJIBIK MOJIEKYJ/IAaJaH 3BOJIIOIUACHI CyNIPAaMOJIEKYJ/IAJIBIK,
apxuTeKTypa (1oJy)

Anaarna: Makasiajia MoyeBHHA 6ip *KaFbIHAH apXeTHUITIK NPe6GUOTUKAJBIK KOCBLJIbIC PETIH/E, ajl
eKiHIIi )KaFbIHaH KYpaMbIH/a OTTETi 6ap peaKTUBTI KOChLJIbICTAP KOPCETIJIreH, 0J1ap dpTYpJii alUKIAAj
JK9He TeTepOoIUKIAI KapbaMu/-KypaM/ibl 3aTTap TYPiH/Eri XUMUSIbIK KOCBLIbICTAP/IbIH, KONTEreH
TYpJIepiHiH TY3i/syiHe Heri3 60JIbI TabbLIATBIHBI KOpPCETiireH. KypaMblH/1a MOueBHHA 6ap 3aTTap/AbIH,
immiHge OyJ1 KYMBICTA KaHA MaKpOLHUKJJII KoHe CYyNpaMoJIeKyJajblK >KydesepAi Koca anfaH/a,
CHHTETUKAJIbIK, OpPTaHUKAJbIK XHMHUSJIa OacTalKbl KYpbLIbIC MaTepuasbl peTiHAe MO4YeBUHAaHbIH
NpeOGUOTUKANBIK MOHOMepPiH MNaii/lalaHyFa epeKlle Hasap ayjAapbLiaZibl. MouyeBHHA XHUMUSCHI
OOMBIHIIIA XKYPTi3i/reH ToxKiprbesepAiH KOIIIiJIiri mpe6GUOTUK TOPi3/i KaFaaliap/iaH ajblc XKaFaana
JKYPTi3iJireHiMeH, XKypri3ijireH 3epTTeyJep/iH Keloip apasblK HOTHKeJIepi a30TThI KypaM/iac KypaeJi
OpraHUKaJbIK MOJIeKyJialap/blH TY31Jly TpaeKTOPHUAChIHA »K0J1 allla/ibl, 0J1ap MOYeBHHA MeH PEaKTUBTI
KOMIIOHEHTTepP/i UTepalUAIbIK XKUHAKTAy. YCBIHBUIFAH >XYMbICTA alUKJ/JI XoHe TreTepOoLUKJ/I
MOYeBUHAMIAP/bIH MPAKTHUKAJIBIK KOJJAHYbIHbIH 9PTYPJIi cajajapblHa aWTapJbIKTal KeHiJI 6etiHei.
KenTereH KyHAbl alWK/AJi >K9He TeTepOUUK/JI MouyeBUHaJApAbIH illiHAe ajzaM eMipiHzae
MpPaKTUKAIbIK KOJIJJAHbICBIH TalKaH eH MaHbI3/[bl 3aTTap 06JieK aHbIKTaJAfaH. MouyeBUHaHbIH
XUMHUSChl MEH KOJIJJaHbLIYbl TYpaJibl XKaJlbliaMa M3JIiIMETTED OHbIH XUMHUs, GU3MKA, MaTepHaJITaHy
YKOHE MeJMLIMHA cajlaJlapblHAAFbI GiiMAepAiH )KaKbIHAACYbI apKbLIbI TYPAKThI JaMYbIH KOPCETEI.

TyiiH ce3gep: MoueBHHA, IPEOUOTUKTED, IBOJIIOIMS, AllUKJI/Ii )KoHe reTePOIMKJI/Ii MoueBUHA 6ap
3aTTap, IMIMKOJAYPUIAEp, KYKypOUTYypuUaaep, 6aMbycypusiep, CyipamMoJieKyaaablK Kyieaep.
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JIBOJIIOLMS MOYEBHHBI OT NPEGUOTUYECKOM MOJIEKYJIbI A0 CYyNPaMoJIeKyJIsAPHOA
apxuTeKTypsl (0630p)

AHHOTanusa: B craTbe MOKa3aHO, YTO MOYEBHHA - KaK apXeTUIUYECKOe MNpebUoTHYeCcKoe
COoeJlMHEHUE, C OJJHOM CTOPOHBI, U PEAKIMOHHOCIOCOOHBIE KHUCJIOPOACO/epKalllie COeAUHEHUS, C
JIPyTOA CTOPOHBI, CAYXKaT OCHOBOW /st (GopMHUPOBAHHSA OOJBLUIOTO pemnepTyapa XUMHYECKHUX
COeJIMHEHUM, KOTOpble IMpeACTaBJEHbl PA3JUYHBIMHU AlUKJIUYECKUMHU U TeTePOLMKINYECKUMU
Kap6aMU/ICo/iepKalUMHK BelllecTBaMU. B psajy kap6aMu/icoiep:kaliux BellleCTB B JaHHOW pa6oTe
OTJleJIbHOE BHUMAaHHeE y/leJIeHO UCTI0/Ib30BaHUIO MPe6UOTUYECKOT0 MOHOMEpPA MOYEBUHBI B KaYeCcTBe
CTapTOBOr0 CTPOUTEJBHOrO 6JI0KA B CUHTETUYECKOW OPraHMYeCKOW XMMHH, B TOM YHCJIE U HOBBIX
MaKpOLMKJMYECKUX W CyNpaMoJIEKYJSpHbIX cucTeM. HecMoTpad Ha TO, YTO 6OJILIIUHCTBO
BBIIIOJTHEHHBIX 3KCIEPHMEHTOB M0 XMMUH MOYEBUH IMPOBOJUJINCH B YCJIOBHUSX, KOTOPbIE JAJNEKU OT
Npe6bUOTHKONOAOOHBIX COCTOSIHUHM, HEKOTOpble IPOMEXYyTO4YHble pe3yJbTaTbl MPOBEJEHHbBIX
WCC/IeIOBAaHUM OTKpPBIBAIOT NYTh Ha TPAeKTOPUU (GOPMHUPOBAHUA CJOKHBIX A30TCOJ[EPMHKALUX
OpraHUYeCKUX MOJIEKYJI, KOTOPbIE MOTYT MOSIBUTHCS B Pe3yJibTaTe UTEPATUBHON COOPKU MOYEBUHBI U
peaKIMOHHOCIOCOOHBIX KOMIIOHEHTOB. B npessiaraemMoil paboTe 3HaYMTEIbHOE BHUMaHe 06paleHo
pa3JIMYHBIM 06JIACTAM NPAKTHYECKOT0 IPUMEHEHHS Al[MKJINYEeCKUX U TeTEPOLUKINIECKUX MOYEBHUH.
Cpelu MHOTOYHMCJEHHBbIX I[eHHBbIX aAlMKIUYECKUX W TeTEePOIMKINYEeCKUX MOYEBUH OT/EJbHO
BblJIeJIEHbl Ba)KHEHWIMe BellecTBa, Halle/lliie NPaKTUYECKOoe TMPUJIOXKeHHe B 4YeJIoBed4ecKou
KU3HeJeATeabHOCTH. O606IIeHHbIE CBEJIEHUsS] O XMMUM U MpPUMEHEHHUs MOYEBHH YKa3blBAlOT Ha
MOCTOSIHHOE ee pa3BUTHE TMyTeM KOHBEPreHIMW 3HaHUH B 00JacTH XUMUM, (QU3HUKH,
MaTepuaioBeIeHUS U MeJUIIUHBI.

Knio4yeBble c0Ba: MOYeBUHA, NPEGUOTHKH, IBOJIIONUSA, ALMKINYECKHE U TeTePOIMKJINYecKHe
Kap6aMucoaepKale BEIleCTBa, TJTUKOJIBYPUJIBI, KYKYpPOUTYpPHJIBI, 6aM6ycypuJIbI,
CyNpaMoJIEKYJISIPHbIE CUCTEMBI.
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AnHoTanua. [Ipo6sieMa yBesinueHUs1 06'beMa MJIaCTUKOBBIX OTXO/I0B
CTaHOBHUTCS Bce 0OoJiee aKTyaJlbHOW B CBSI3U C POCTOM IPOU3BOJACTBA
IJIACTUKOBBIX U3JeJUU [Jis1 YNaKOBKH, OBITOBBIX IeJiel, a TaKxke
NpUMeHEHUEM T[OJIMMEPOB B  TEKCTWJIbHOM MPOMBIIIJIEHHOCTH,
CTPOUTEJNbCTBE, MeAULMHE U MHOTUX Apyrux cdepax. [liacTHkoBbie
npeAMeThbl 3aHMMAIOT 3HAYUTEJIbHYIO J0JII0 3arPS3HSAIIIMX BEIeCTB Ha
cylie U Mope. B xoze naHHOro vcciefoBaHvsd OblI MPOBEJEH aHa/IW3
nonustuaentepedpranara ([I3TP), nosyyeHHOro U3 OJHOPA30BBIX
OYTBIJIOK, KaK NOTEHIIMa/ibHOE Chipbe [Jis MPOU3BOJCTBA aHOJHBIX
MaTepuasioB JJisl JIUTHUU-UOHHBIX aKkymyJsaTopoB (JIMA) BBuAy ero
BbICOKOTO HaJIMYUS YIJiepo/ia U 60/IbIIOr0 KOoJIM4ecTBa 3QUPHbBIX CBA3€EH.

JJIEKTPOXHMHYECKHE UCC/IeJOBAaHUS YKa3aJU, YTO aHO/Ibl HA OCHOBE
NOJIM3TUIeHTepedTasaTa ¢ MOAUPUIMPOBAHHON MoOBepxXHOCTbI0 PET-
DH 06s1a7ja10T BBIJAOIUMUCS XapPaKTEPUCTUKAMMU XPAHEHUSI JIUTHS.
Anogbl PET-DH peMOHCTpUpPYIOT CTaGUJIBHO BBICOKYH YAEJbHYIO
€MKOCTb T0CJA€ MHOTOKpPAaTHBbIX IMKJOB 3apsfKd-pa3psajKHh, 4YTO
CBUJETEJbCTBYET O TMEPCIEKTUBHOCTH WX HCHOJb30BaHUS B
noJsropeyHbix JIMA.

KiiloueBble cj10Ba: pacTBOPUTE/IW, TBEPABIA YIJEepoJ, aHOLHBIN
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BBegeHue

OfHMM 13 HanboJiee HEraTUBHBIX Pe3YJIbTATOB AaHTPOIIOT€HHOU [1eITeJIbHOCTU ABJIAE€TCH
ob6pa3oBaHHE OTXO/I0B, CPeAY KOTOPbIX OTXO/bl IJIaCTMACC 3aHUMAIOT 0C060€e MECTO B CUJY
CBOMX YHUKAJIbHBIX CBOUCTB [1-3].

[[Tlnpokoe 1cno/ib30BaHUE MJIACTUKOBbBIX U3/ e/TUHU [/ ObITOBBIX M IPOMBIILJIEHHbBIX HYX/
00'bSICHSIETCSI UX JIETKOCTbI0, 9 KOHOMUYHOCTbHI0 U HAOOPOM IIeHHENIIUX CY>KEOHBIX CBOMCTB.
B HacTof1lee BpeMA npobsieMa nepepaboTKH OTXOL0B MOJMMEPHBIX MaTepUaJloB 00peTaeT
aKTyaJIbHOE 3HaYeHHeE He TOJIbKO C MO3UIIMUI 0XpaHbl OKPY>Kalolllel Ccpe/ibl, HO U B CBSI3U C TEM,
YTO B YCJOBUSIX JedULUTA MOJHMMEPHOTO ChIpbsl IJIACTMACCOBblE OTXOJbl CTAHOBSTCS
MOUIHBIM CbIpbEBBIM U 3HEPTeTUYECKUM pecypcoM [4].

Haubosiee cTpeMUTeNIbHO pacTyIIMd B HacCTosllee BpeMs CErMeHT IMOJMMEPHOUN
YyNaKOBOYHOW HMHAYyCTpUM - mnpousBofcTBO [I3Td-ynakoBku. [losmusaTunenrtepedpranart -
NPOAYKT MOJUKOHAEHcauuu TepedTaseBOod KUCAOTbL. Ha AaHHBIM MOMEHT OH 3aHUMaeT
BeJylllee MeCTO CpeJd VYIaKOBOYHBbIX MaTepuasoB, Tapa u3 I[I3T® otinyaeTcs
IpO3pavHOCTbIO, JIETKOCTBIO, MPOYHOCTBIO, BBICOKOM repMeTu4yHocTbio. U3 [IOTO
M3rOTaBJUBAIOT MHOro0Opa3Hble OYTBbLIKH, IJIEHKH, KOTOpble MPUMEHSIOT B MHILEBOMN
IpPOMBILLJIEHHOCTH, aMopdHble [[9T@-nieHKH U TOMy [10J00HO€. YUUTBIBAsA TaKyIO LIMPOKYIO
HOMEHKJIATYpPy U3JeJUN U3 3TOT0 MaTepUasia, CTAaHOBUTCS MOHATHBIM BONIPOC OTHOCUTEJbHO
YTUJIU3ALMU KCIIOJb30BaHHOM ynakoBKU [5-7]. [lepepaboTka HepassiaraeMblX MJIACTUKOB B
LleHHble yTIJepoJHble MaTepuasbl SBJSETCA OJHUM H3 INepCHeKTHUBHBIX HalpaBJIeHUH
pelieHUss 3TOU mpo6sieMbl. OfHAKO OGOJIBIIMHCTBO IJIACTUKOB He COJiep>KaT YrJiepoJHbIX
OCTaTKOB WJIM MpeBpalaloTcsi B rpaduT C BBICOKUM COJep:KaHUEM yrjepoja BO BpeMs
MMPOJIK3a U3-32 OTCYTCTBHUS KUCIOPOJICOAeprKallNX QYHKIIMOHATBHBIX TPyNIlL. B cBsA3U € 3TUM
B KauecTBe 00'beKTa MCCIe0BaHUs OblIM BbIOpaHbl 0TX0Abl IiacTuka [13T®, obaagarouue
BBICOKMM cojepKaHueM 3QUPHbIX CBsi3ed, KOTOpble MOrYT ObITb HENOCPeACTBEHHO
npeob6pa3oBaHbl B TBEP/IbIH yriepo/, [8].

Hanuuue ¢QyHKIMOHAIBHBIX TPYIN Ha NOBEPXHOCTHM MaTepuasia, NpPeuMylieCTBEHHO
KHUCJIOPOACOEePKAILUX, MOXKeT NPUBOAUTDH K YBEJIMYEHUIO €ro 1eJIOYHOCTH U PacliupeHUI0
chepbl npuMeHeHUs. JlasibHelllee UcCaelOBaHUE U3MEHEHUUN CTPYKTYpP, NMPOUCXOAAIUX C
yrJepoAHbIM MaTepuasioM B IMpolecce MUPOJM3a U MOCAeAyIoled aKTUBALUU, MO3BOJUT
BBISIBUTD JONOJIHUTEIbHbIE BO3MOXXHOCTH €0 UCI0JIb30BaHMUS.

[Ipu cuHTese nonustuneHtepedptanara ([I9TP) paa nosyyeHUss aHOAHOTO MaTepHasa
ans JIMA BbIOGOp pacTBOpUTENSl MOXET CYLleCTBEHHO NMOBJMATH Ha CBOMCTBA KOHEYHOTO
MaTepHasia U Ha ero npousBogutesbHocThb. 1,1,1,3,3,3 -rekcadpTop-2-npomnaHos obJjajaeT
OTJIMYHOU pPacTBOPUMOCTbIO [yl TepedTaleBOW KHUCJAOTbI U MOXET CIOCOOCTBOBATh
N0JIy4eHHI0 BbICOKOKadyecTBeHHOro [[9T® c oqHOpOAHOU MOJIEKYJISIPHOM MAacCOU. ITO MOXKET
YJIYUIIUTh CBOMCTBA aHOJHOT0 MaTepHraJia, TaK1e, KaK 3JIEKTPONPOBOJHOCTb U CTaOUJIbBHOCTb.

MaTepl/laJIbI U MeTOoAbl

Ilodzomoska mamepua.nos

HavasibHBIM 3TanoM noJjiydeHUsi aHoAHOro matepuana gjs JIMA 6bl1 Bei6op [MITD-
Oy TBIJIOK. ByThIJIKM OBLJIY MOpe3aHble HA MeJIKHe MJIACTUHBI U MPOMBITHI 3TAaHOJIOM, MOCJIEe
4yero GbIJIM BbICYLIEHbI B BAKKYMHOM €YU B TeYeHHE CYTOK.

M3MesbueHHBIH IJIACTUK O6bLJI pacTBOpeH B cMecH. /JlJid pacTBOpeHUs IJIACTHKA
MCII0JIb30Ba/IM cMecH pacTBopuTesiel 1,1,1,3,3,3 -rekcadpTop-2-nponanon  (['®UIT) v
TpUuPTOpYKCycHOM KUCAOTHI (TOY), u auxnopmeraH (AXM) u TpUTOPYKCYCHON KHCJIOTHI
(T®Y) B 06'beMHBIX COOTHOLIEHUAX 7:3, C MAaccOBOW JoJiel muacTuka B pactBope 20%.
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PacTBopuTenn OblIM BbIOpaHbI MCXOJA M3 PEOJIOTMYECKUX I[OKasaTesJed NpPOAYKTOBOIO
pacTBOpa, U3y4eHHBIX B paboTe [9]. [lonyyeHHbIe B pe3ysibTaTe pacTBOPEeHUs 06pas1ibl ObLIN
HauMeHOBaHbI yTeM 0003HaYeHUs cocTaBa cMeced pactBopurteseit (DH ansa cmecu XM u
[®UIT u DT gaa cmecu XM u TOY) U ux cooTHoleHUH («73» AJss ob6o3HayeHUs 7:3) ¢
HNOC/JeAYIOIIMM YKa3aHUeM cooTHolleHUs Macchl [I3T® B 06beM pacTtBopuTens («2-20» ajs
o6o3HaueHuss 2 rpamm [I3T® B 20 ma cMecH pacTBopuTesied). MarHMTHas Mellajka
ucnoJsib3oBasiack npyu 100 06/MUH B TedeHHe 4 4ACOB, IOC/IE Yero OCTABJIANIH BbICYIIMBATbCS
Ha Bo3Jyxe B TeyeHHe 12 yacoB. BricylieHHble 06pa3libl NepeKaaJblBajl B KepaMUyecKre
TUIJIM Y OTNIPABJISIJIMCh B TPyOUaTylo Neyb JAJ4 JajJbHelllero aTana Npokajaku B aTMocepe
aproHa npu 750°C.
[TosiHbIM npoLiecc moJiydeHus TBepAoro yriaepoja us [13Td nzobpaxkeHa Ha pucyHke 1.

" - em  PacTEOpeHEE Omr mpu 730°C & k. TTomy e HHELT
’ e TOHIT M Il B atMochepe aproHEa o fg=< vraepon
% > = ==  — —
Wi & a
°® i -

PucyHok 1. IIponecc kap6onnsanuu [IITP

Inekmpoxumuveckue aHaau3bl

Pabouuil aseKTpoj Obl HM3TOTOBJEH MNPU MCIOJIb30BAaHUU MOJHUBUHUINJEHOTOPUL
(IIBA®), N-metun-2-nupposaugona (HMII) u aneTuneHOBbIA YepHbId NPU KOMHATHOU
TeMnepatype. [ajbBaHOCTaTHUYeCKMM aHa/Iu3 3aps/j-paspsja YIrJepoAHbIX aHOJHBIX
MaTepUasioB  MO3BOJMJ  U3YYUTb  3JEKTPOXMMHUYECKHE  XapaKTEPUCTUKU  JJAHHBIX
3JIeKTPO/HbIX MaTepHaJoB.

Pe3ysibTaThl U 06CyKAEHHUE
Kak BUJHO Ha pucyHKe 2a U 26, peHTreHOTrpaMMbl BCeX 0Opa3L0B UMEIOT CXOXKUW BU/I.

[lonoxxeHre W mnoJsyuiMpokass ¢opmMa NHUKOB XOpPOLIO COTJIACYIOTCA C MOJYy4E€HHBIMU
pe3y/JbTaTaMu Jjis1 aMOpHOro yraepoa.

——DH73-1-20 ——DT73-1-20

(a) —— DH73-2-20 (6) ——DT73-2-20

»\_,_\ —— DH73-3-20 ——DT73-3-20
£ ]
= z
§ \ é
= =

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20 (degree) 20 (degree)

PucyHok 2. PeHTreHorpaMmma o6pa3noB, pacTBOPeHHBIX B: a) [®PUII; 6) AXM

PaMaHOBCKasl CIeKTpOCKONMs Oblla NpUMeHeHa /Js MCCAeJ0BaHUS HU3MeHeHUH B
CTPYKType MaTepuasa. Ha pucyHke 3 npejcraBieHbl PaMaHOBCKMe CIEKTPbl yIaepoJgHOTO
MaTtepuasa DH-73-2-20 (II3T®). CnekTp cooTBeTCcTBYyeT npodusto HeobpaboTanHoro [[ITO,
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YTO YKa3bIBaeT HAa OTCYTCTBHE pa3pylleHus CTPYKTypbl [IDT® mpu pacTBOpeHUH B CMeCH
pacTBopHUTesied M CBUAETEJIbCTBYET O TOM, UTO MOJIyYeHHble 00paslbl He CoAepKaT
pacTBopuTess. AHaiM3  KapbOHU3UPOBAHHOTO  o6pa3ua MeToJoM PamaHOBCKOM
CIIeKTPOCKONUHU BBISBUJ ABa JOMUHUpyWIUX nuka: 1353 cm?! (D) u 1607 cm?! (G) gas
o6pasua DH-73-2-20. Iluxk D, cBA3aHHBIA C JedeKTaMu B CTPYKType, OOyC/IOBJIeH
BHEIJIOCKOCTHBIMHM KOJIEGAHUAMH, KOTOpPble BO3HUKAIOT M3-3a Gecnopsiika U JepeKToB B
cnosx rpadeHa, MUK G COOTBETCTBYET BbICOKOYMOPSIJOUEHHOHW TI'padUTOBOH YrJIepOAHON

CTPYKTYpe.

Intensity (a.u.)

1100 1200 1300 1400 1500 1600 1700 1800 1900
Raman shift (cm'l)

PucyHok 3. PamaHoBcKkuHe cneKTpbl o6pa3na DH-73-2-20

Ha pucyHke 4 npepcrasisieHbl pe3ysbTaTbl COM, KoTOpble NOKas3alu, YTO YIrJepOJHbIe
MaTepuasibl, noaydyeHHble U3 [3T® B 'OUIl u AXM, uMelT CX0XKyr0 MOP}OJOTHIO, YTO
yKas3blBaeT Ha OTCYTCTBHE BHUJUMBIX pas3JIMYuid B HX CTpyKType. B o06oux ciaydasax
HabJ110/]al0TCA aHaJIOTMYHble TEKCTYPbl IOBEPXHOCTH, pacnpeeseHue nop U ¢opMa 4acTull,
Tem He MeHee yryepoAHble aHOAbl, NoJjydeHHble U3 ['OUIl, KeMOHCTPUPYIOT Jy4YIIyiO
3JIEKTPOJHYI aKTUBHOCTb. JTO TMpejloJjaraeT, 4YTo QaKTopbl, He CBfA3aHHbIE
HeNoCpeJCTBEHHO ¢ BHAMMOM Mopdosioruer, Takue, KaK XUMHYECKUH COCTaB,
MUKPOCTPYKTYpHble OCOGEHHOCTHM WJH CTeleHb TrpapuTU3aLUM, MOTYT HUrpaTb OoJiee
3HAYMMYI0 POJIb B OllpeJieJIeHUU IPOU3BOJUTE/IbHOCTH aHO/0B.

PucyHok 4. PesysibTaTel COM ananusa aia DH-73-2-20 u DT-73-2-20
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Jsiekmpoxumu4eckas xapakmepucmuka

l'anveaHocmamuyeckue npoguau 3apsida-pa3psoa. ['asbBaHOCTaTUYECKHE
XapaKTEPUCTUKMU 3apsj-paspsafa yrjaepoAHblX MaTepUasioB, HCIOJb3yeMbIX B KayecTBe
aHozioB B JIMA 1 moABeprHyThIX IUKJIUYECKOMY BO3JEWCTBUI0O NMPH MJIOTHOCTH Toka 100
MA4Y/r B auanaszoHe HanpsbkeHUd oT 0,01 go 3 B oTtHocuTenbHo Li/Li*, npeacrtaByieHbl Ha
pucynke 5. CienyeT OTMeTUTb, YTO B TMpoOlecCe TECTUPOBAaHUS He MPOBOJU/IACH
nepBOHavya/JbHas aKTUBALMA NIpU 00Jiee HU3KOM NJIOTHOCTH TOKA.

(a) 0.1-3V@0.1C,RT (D) 0.1-3V @0.1 C,RT
390 7 3,0 .
. 2,5 1 cycle . 2,51 1 cycle
~ 2,0 —2 cycle ~ 2,0 =2 cycle
g‘n ——10 cycle gﬂ; =10 cycle
s 1,5'l ——50 cycle £ 1,54 20 cycle
g 1.0 =100 cycle § 1.0+ ——40 cycle
0,51 0,5+
0,0 T 7 r T " r 0,0+
0 100 200 300 400 500 600 0 100 200 300 400
Specific Capacity / mAhg’! Specific Capacity / mAhg'

PucyHok 5. T'asibBaHOCTaTHYecKHUe NPpoGH/IM 3apsaA-pa3pAaAa YIaepoAHbIX aHOAHbIX
MaTepHasIoB, nojay4eHHbIx u3 [IIT®, gas o6pasuos (a) DH73-2-20 (1-x, 2-x, 10-x, 50-x 1 100-x
nukaI0B) M (6) DT73-2-20 (1-x, 2-Xx, 10-X, 20-X 1 40-X MKJ/IOB), MCC/I€L0BAHHBIX IPU IVIOTHOCTHU

Toka 100 MAY/r B Auana3oHe HanpskeHui 0,01-3 B orTHocuTesibHO Li/Li*, npu KOMHaTHOM
TeMIiepaType

Bce npodu/iu cooTBETCTBYIOT XapaKTepHbIM KPUBbIM 3apsi/ - pa3psa/a NceBA0rpadrUTOBbIX
yrJepoAHbIX MaTepHhasioB, NpPUMeHAeMbIX B KadecTBe aHofoB B JIUA, pemMoHcTpuUpy#d
pacliMpeHHOe MJaTO Ha HayasbHbIX KpUBbIX pa3psaza [10, 11]. AHoast DH73-2-20 u DT73-2-
20 B mepBOM IMKJie UMEIT IJIOTHOCTb 3HEPTHUMU pa3psaza nopszaka 510 u 370 mMAu4/r,
COOTBeTCTBEeHHO. [Ipyu 3TOM Ky/i0HOBCKasgd 3¢PeKTUBHOCTb B MEPBOM LIUKJE COCTaBJISIET
npuMepHo 46% (DH73-2-20) u 53%(DT73-2-20). 3To yka3biBaeT Ha To, uTo aHog DT73-2-20
JleMOHCTPUPYeT HaubO0JIbIIYI0 MOTEPI0 eMKOCTH B NepBoM LukJje (okoso 350 MA4/r), B TO
BpeMs Kak aHoJ, DH73-2-20 noka3bsiBaeT HAaMMEeHbIIYI0 IOTepio eMKOCTH (0KoJio 210 MAY/T).
IJTHU 3HAUYUTeJIbHble HeoOpaTHMble IOTEPU eMKOCTH B IIepBOM LIMKJE, CONPOBOXKAIOIIHECs
HU3KON KYJIOHOBCKOM 3((EeKTHBHOCTbIO, ABJAITCA XapaKTEepPHbIMU [ YIJEePOAHBIX
aHO/JIHBIX MaTepHaJIOB U 00YCIOBJIEHBI Pa3/I0XKeHHEM 3JIEKTPOJIMTA U 00pa30oBaHKMEM TBePAOU
3JIEKTPOJUTHONM Mex(da3HOM TIJIeHKM Ha INoBepxHocTHM aHoda [12]. Kpome Toro,
pa3ynopsAA04eHHOCTb yIepOJHON CTPYKTYPhI CIOCOOCTBYET 3HAYMTEJIbHOW I0OTepe eMKOCTH
B [IePBOM LIMKJIe, IOCKOJIbKY MOHBI Li* MOr'yT 3a/ilep>KMBaTbCA B [TOPAX yIrJ1€pOJHON MaTPHUILLbI
[13]. 9Tn HabOAOAEHHUA COIJIACYIOTCA C pe3yJibTaTaMHU PEHTTeHOCTPYKTYPHOI'O aHaJIK3a,
KOTOpBIY noka3aJi, 4To [I3TP nmeeT cuibHO HeyNOpAJ0YEHHYIO YTIEPOJHYIO CTPYKTYPY, YTO
MO>KeT 06'bSICHATD 60Jiee BbICOKHE NOTEPU €eMKOCTH U HU3KYIO KYyJIOHOBCKY0 3G PEeKTUBHOCTb.
Bo BTOpoM LiMKJ/1e HabJ/1t0jaeTcs CHUKeHUe pa3psAAHON CIOCOOHOCTH U IOTEPU MOLIHOCTH AJ151
BCEX aHO/I0B, CONIPOBOX/jaeMoe yBeJIMYeHreM KyJIOHOBCKOM 3 PeKTUBHOCTH. ITU TeHJeHIIUU
coxpaHsaTca A0 100-ro nMKIIa, 32 UCKJIIYEHUEM TOTr0, YTO pa3pAaHas ClIOCOOHOCTb aHO/ 0B,
KaK I[paBWJIO, yBeJHWYUBAETCH, HAaYMHAsd CO BTOPOrO LMKJIA. JTO MOXET ObITh CBA3AaHO C
yJydlleHueM CTPYKTYpPHOH CTaOUJIBHOCTH AHOJHBIX MaTepHasoB Iocie (GOpPMHUPOBAHUA
TBep/I0M 3JIEKTPOJIUTHON Mexkpa3HOM MJIEeHKU B IEPBOM LiUKJIe. [lJ1l CpaBHEHUSI: yTIJ1epOAHbIN
aHogHbld MaTepuan (DH73-2-20) pgeMoHCTpUpyeT  JiydlliMe  3JE€KTPOXUMUYECKUE
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XapaKTEePUCTHUKHU M0 cpaBHeHUIO ¢ aHasoroMm (DT73-2-20), 4yTo 0ObsICHAeTCcs ero GoJiee
BbICOKON rpaduTH3alved U ynopso4eHHOCTbI0. ['albBaHOCTaTHYECKUE XapaKTEPUCTUKU
3apsA-pasps/ia yrjaepoAHbIX aHOAHbIX MaTepPUaJIOB TaKkKe W3y4aJuChb NMPHU MJIOTHOCTU TOKa
100 mMAy/r B guanaszoHe HamnpspkeHud 0,01-3 B oTHocuTenbHo Li/Li* mpu KOMHaTHOM
TeMnepartype. U3BecTHO, YTO MJIOTHOCTb TOKA 3apsiJHOrO LUKJA OKa3blBaeT 3HAUHUTEJbHOE
BJIMSIHME Ha KUHETHUKY 3JIEKTPOXMMHYECKUX MponeccoB. Kak mpaBu/io, mpu CHUKEHUU
IJIOTHOCTY TOKA B 3JIEKTPOAHbIE MaTepHasbl MOXeT ObITh BBeZleHO 00Jibllie HOHOB Li*, uTo
IPUBOJUT K YBEJIMYEHHUIO EMKOCTH U KyJIOHOBCKOU 3¢ dekTuBHOCTH [14, 15]. B 1esiom anop,
DH73-2-20 neMOHCTpUpPYET HaUJIyYLIHe 3JIEKTPOXUMHUUECKHE XapaKTEPUCTHUKH.

3aK/iloueHue

B xope uccienoBaHus ObLIM pa3paboTaHbl IHceBAOTrpadUTOBbIE TBEpAble YIJEPO/ibl
METO/I0M NMMpPOoJiK3a MoJydeHHble U3 0TX0A0B [[9TD-6yThLI0K.

AHoaHbit MaTepuan DH73-2-20 o6JsajaeT BBICOKOM Ha4yaJbHOM  KYJOHOBCKOM
3pdEeKTUBHOCTBIO, Vy/leJIbHOW NPOU3BOAUTENBHOCTbIO M CTaOWIbHblE LUKJIUYECKHUE
XapaKTEePUCTHUKH, YTO JleJlaeT ero NMepCleKTUBHBIM AJA npuMeHeHus B JIMA. PesynbTaThl
MIOKa3bIBAIOT, UTO 3JIEKTPOXMMHYECKUE NapaMeTphbl TBEPABIX YIJIepPOJ0B ONpPeAeNdl0TCd UX
MUKPOCTPYKTYPHBIMHA CBOMCTBAaMHM, 3aBUCAIIMMU OT BHUJAA pacTBopuUTesied. CpaBHeHUE C
coBpeMeHHbIMU JIMA mnoaTBepxkzaer, 4yto DH73-2-20 o6sajaeT NOTEHIMAJOM AJs
yJIydllleHUsI U Y 0BJIeTBOPsieT TpeboBaHMe KpyNHOMacIITabHOro npousBojctea JIMA.

TakuMm o06pasoM, TmoJiydeHHBIA TBepAbld yruepos DH73-2-20 jagemoHcTpupyeTt
3HAYMTeJbHbIU NOTEHIMAJ B KayecTBe aHoZoB AJid JIUA, KoTopas OTKpbIBaeT BO3MOKHOCTH
JUISl MX laJIbHENIIEero pa3BUTHS U IPUMEHEHHUS B dHePTeTUYECKUX YCTPOUCTBAX.

duHaHCUpOBaHHUeE: KcCCleJ0oBaTe/bCKkasi paboTa BbIMOJHEHA B paMKaxXx MpPOeKTa
AP23483880 «YcToluuBasa nepepaboTKa MJIACTUKOBBIX OTXOJOB [JisI XpaHEHUS dHEPrUu»,
KoMuTeT Hayku U Bbiciiero obpasoBanus PK.

KoHQIMKT nHTEepecoB: HET KOHPJIMKTA UHTEPECOB.

Bkiiag, aBTOpOB: Wjesd v KoHUenuus ucciaefoBaHus paspaboraHbl E. [lockiMoM u A.
HypneucoBoi. JkcnepuMeHThbl BbinoJiHeHbl A. KaHakxaH U A. CapceHraiveBoud. AHa/iu3
AaHHbIX npoBes /[l. Eckoxa. TeKCT cTaTbU NMOATOTOBJIEH U PeJaKTUPOBAH BCEMU aBTOPAMM.
PykoBojcTBO npoekToM ocyliectsadaaa A. Hypneucosa.
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[. Eckoxkal, A. JKanaiixan?, A. CopcenraineBas,
JI. KycenoBa?, I'. TaxkkeHoBas, A. HypneucoBa®
1.236Akkymyasimopaap UHcmumymeol, AcmaHa, KazakcmaH
2345/1.H. 'ymunes amoiHdarsl Eypaszus yimmuik yHueepcumemi, Acmana, Kasakcman
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[lnacTuk 6eTesiKe/Iep /i TUTHI-UOHABI 6aTapesiFa apHaJIFaH KaTThl KOMipTeKKe 6HJey

Anaarna: [l1acTUK KaJAbIKThIH KeJleMiHiH yJIFaily MaceJsieci JIaCTUKTEH »Kaca/IFaH 6yHbIMIapAbIH,
CaHbIHBIH 6CYiHe, KYHJeJiKTI TYpMBbICTa, KalTay »acay/ia, KYpblJbIC cajlacblHAa, MeAULMHA/AA KoHe
6acka Jja KelTereH cajajap/a yJAKeH CypaHbICKa He 60JiyblHa 6al/IaHbICThI 0J]aH 9pi ©3eKTi 60JibIN
6apaapl. TeHi3 O6eH KypJbIKThl JiaCTayllbl 3aTThIH IlliHJEe IJIACTUKTEH JacajfaH OyWlbIMJap
alTap/bIKTall opblH anajbl [1]. 3epTTey >KYMbICTApbl GAPBICBIH/A JUTHH-UOH/bI aKKyMYJSITOPFa
(JIMA) aHOA MaTepuasjap OHAIpici YIIiH BIKTUMaJ/IABIFBI JKOFAaphbl LIHUKI 3aT peTiHJe KypaMbIH/A
KeMipTeK yJieci )kaHe 3dupaik 6alisiaHbICTaphl XKOFapbl 60J1ybIHA OipPeTTiK KO/aHbLIFAH 06 TeKe/[eH
aJIbIHFaH noauaTunenTepedTamnapka ([I3TP) sepTTey :KyMbICTaphI Kacaabl [2].

Byx xxympicta [I3T® KanablKTapshl eki epiTkinrre (auxsiopMerat (AXM) u 1,1,1,3,3,3 -rekcadpTop-2-
MPOMaHoJI (T®UIT))) cuHTE3meqin, aJblHFAH KaTThl KOMIPTEKTepAiH 3JIEKTPOXHUMHUSJIBIK,
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KacueTTepiH caJbICThIpy ViUiH eHAesaAi. CUHTe3/Je/reH KeMipTeKTep 9pTypJii 9icTep apKblJbl
3epTTenAi, peHTreHAiK KypbuibIMAbIK, Taagay (PKT), ckaHupsieyini 3/1eKTPOHABIK, MUKPOCKOMHSA
(C3M), xoHe PamaH cnekTpockomnusicel. Bys ajicTep apKbLibl ChIHAMaHbIH, KYPbLIBIMJBIK >KoHE
TepPMHUSJIBbIK KACUETTepi Typa/ibl aKapaT ajayFa MyMKiH/iK 6ep/i.

[TonatuieHTepedTaNaTThIH HerisiHJeri 6eTTiK KabaTbl MoAauduKaiusaanrad PET-DH aHogbl
JINTUM CaKTay YLIiH KepeMeT CUNaTTaMaFra e eKeHiH 3JIEKTPOXUMUSJIBIK Taaayaap kepcetTi. Onapra
JKOFapbl MEHIIKTI ChIMBIMJIBIIBIK JK9HE KOFaphbl 3apsATay-paspsf, KbUIAAMABIFBI KaTaJbl. by
kepceTkimTep oHbIH aHanorel PET-DT aHOAbIHBIH cuNlaTTaMacbklHaH dJ/eKai/ja *kofapbl. COHbIMEH
Katap, PET-DH aHoabl kenm peTTi 3apsA-pa3psj LMKJAbIHAH KeWiH TypaKTbl KOFapbl MEHINIKTi
CBIABIM/IBIIBIKTBI KOPCETTI, 6YJ1 OHBIH Y3aK yaKbITThI JIMA yiIiH KoJIJaHyFa THIM/i eKeHiHe J2J1ell.

TyiiH ce3aep: epiTKiuiTep, KATThl KeMipTek, JINA-Fa apHasiFaH aHO/ MaTepUall.

D. Yeskozhal, A. Zhanaikhanz?, A. Sarsengaliyeva3,
L. Kusepova*, G. Tazhkenova$, A. Nurpeissova®
1236]nstitute of Batteries, Astana, Kazakhstan
2345L,N. Gumilyov Eurasian National Universityan , Astana, Kazakhstan
6National Laboratory Astana, Astana, Kazakhstan

Upcycling of plastic bottles into Hard Carbon for Li-ion batteries

Abstract: The issue of increasing plastic waste is becoming increasingly pressing due to the rise in
production of plastic products for packaging, household use, and the application of polymers in the
textile industry, construction, medicine, and many other fields [1]. Plastic items contribute significantly
to pollution on land and at sea. This study analyzed polyethylene terephthalate (PET) derived from
single-use bottles as a potential raw material for producing anode materials for lithium-ion batteries
(LIBs) due to its high carbon content and numerous ester bonds [2].

In this work, PET waste was processed using two solvents (dichloromethane (DCM) and 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP)) to produce solid carbon for comparing the electrochemical properties of
the resulting carbons. The synthesized carbon was examined using various techniques such as X-ray
diffraction (XRD), scanning electron microscopy (SEM), and Raman spectroscopy, revealing its
structural and thermal properties.

Electrochemical studies indicated that PET-based anodes with a modified surface (PET-DH) exhibit
exceptional lithium storage characteristics, including high specific capacity and excellent charge-
discharge rates. These metrics significantly surpass those of PET-DT anodes. Moreover, PET-DH anodes
show consistently high specific capacity after multiple charge-discharge cycles, indicating their
potential for use in long-lasting LIBs.

Keywords: solvents, hard carbon, anode material for LIB
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IIponecc cropaHMa B  NPUCYTCTBUM  TBEPAOTOIJIMBHOIO
KaTasau3aTopa TizCz (MXene) Ha OCHOBe nepxJjiopaTa aMMOHMS

K. Kopkemoanl*

, A.H. Ainn6aesB? , 3.A. MaHcypoB3

1L3Kazaxckuil HaYuoHa1bHbIU yHUBepcumem um. anb-Dapabu, Aamamel, Kazaxcmar
2AamamuHcKull mexHoi02uveckull yHueepcumem, Aamameol, Kazaxcmau
TKazaxckuil HayuoHa1bHbll MeduyuHckull ynusepcumem um. C.J. Acpendusposa, Aamamul, Kazaxcmau

(E-mail: **janibek_kk@mail.ru,2amanbol-87 @mail.ru, 3ZMansurov@kaznu.kz)

AHHOTaADMA.

Y4uTbiBasi MOTPEOHOCTh KOCMUYECKHMX MaTEpUasioB B TBEPAOM
TOIJIUBE, ux pa3BUTHE, nMeeT 0oJIbIIIOE 3Ha4YeHHe
COBEpPIIEHCTBOBAaHUE MaTepuasoB TOIJIMBA. Yaydmas
KaTaJIUTUYECKYI0 AKTUBHOCTb KaTaJM3aTOPOB, MCIOJIb3yYEMBIX B
CYLeCTBYIOUIMX  TBepJAbIX  TOIJIMUBAX, MOXXHO  YMEHbIIUTh

NI0CJIe/ICTBUSA, BbI3BaHHblE HEOJIAroNpUSATHBIMU XapaKTepUCTHUKaAMHU
ropenus. Karanutudeckue cpoictBa TizCz (MXene) AByXMepHBIX
KapOUJ0B IepeXxoJHbIX MeTa/JIOB, UMEWLUX 0CO6YI CTPYKTYypY,
BbI3bIBAKOT OOJILIIOW HHTepec. B 3TOoM paboTe Mbl paccCMOTpeEJH
KaTaJMTH4YecKoe BausHHe MakcuHa TisCz (MXene) Ha cropaHue
KOMIIO3UTHOI'0 TBEPJIOro TOIMJIMBA Ha OCHOBE IlepxJopaTa aMMOHHS.
Cxurasiu 06pasiibl B yCTPONCTBE BBICOKOTO JJaBJIE€HUS MPU Pa3IMYHbIX
JlaBJIeHUSIX aproHa. XoJi TOpeHHUs] CHUMaJHU Ha BBICOKOCKOPOCTHYIO
BU/JleOKaMepy, a TeMIlepaTypy U3MepsJIU € ToMolLblo nupoMeTpa. [Ipu
aHaiu3e TrpaduKa, INOCTPOEHHOrO IO TOJy4YeHHbIM 3HAYeHUSIM
napaMeTpoOB, HabJOAAaeTCs yay4dllleHue Macchl U TelslooOMeHa NpHU
CrOpaHUM TBEPAOro TOIJIMBA Ha OCHOBe IepxJiopaTa aMMOHMSA C
JflobaBieHueM MmakceHa TizCz2 (MXene).

KnwuyeBble ciaoBa: Hanomopomku TisCz (MXene). Ilepxsopat
amMmonusa (ITA). KaranuTudeckass aKTHBHOCTb. KuHeTHueckue
napaMmeTpsbl. TBepaoe TOMIUBO.

Moctynuia: 9.10.2024. Oxo6pena: 30.11.2024. loctynHa oHiaiH: 31.12.2024.
* Aemop-koppechoHdeHm

BBegeHue

HepxnopaT dMMOHHUA - 3TO TOIVIMBO, COCTOAlIee H3 KUAKOIro roprdero, BbIAaeT
BBICOKYHO 3HEPTrHulo, CHOCO6Hy}0 K CaMOIIpOW3BOJIbBHOMY HWHHULIHWHWPOBAHHWUIO TOpPEHHA,
IMOCKOJIbBKY aMMHaK MW COJIAHAd KHCJIOTAa paCnagaloTCAd Ha MOBEPXHOCTH, NOAAEPKHUBAA
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JK. Kopxemé6ati, A.H. Aaun6aes, 3.A. MaHcypoe

nJiaMsi B ra3oBoi ¢ase c TeMepaTypod ajuabaTudyeckoro miaamMeHu okosio 1400 K. TTA
TaKXe 00J1a/jaeT YHUKaJIbHbIMHY XapaKTEePUCTUKAMHU [leMCTBUSA Pa3J/I0KeHU U TOPeHUd IIPU
HU3KHUX TeMIepaTypax Mo/, AaBJeHHEM HM3-3a BAaXKHOCTH KOHJIEHCUPOBAHHbIX (a30BbIX
peakiuui [1]. 3TU CBOWCTBA MNpeBpPaTUJM IMepxjopaT aMMOHHUS B OCHOBHOW COCTaB
KOMIIO3UTHOIO TBEP/JOr0 TOIMJIMBA, HWCIOJb3yeMOTro JJs JBUraTesiedl KOCMHYEeCKHUX
JieTaTeJibHbIX annapaToB. OZJHaKO, HECMOTPS Ha AJMTeJbHOE UCI0JIb30BaHUE B PAKETHOM
TOIJINBE, ONTHMMH3ALUSA CTOpPaHUs KOMIIO3UTHOIO TBEPAOro TOIJIMBA Ha OCHOBE
nepxJjiopaTa aMMOHHUS MO-MIPeXKHEMY TPpeObyeT MHOTOUUC/IEHHBIX HAaYYHBIX UCCJIeJOBAaHUM.

Pa3BuTHe pakeTHBIX TEXHOJIOTUM BOCIPUHUMAETCSA KaK BaXKHbIM UCCIeL0BaTEJbCKUU
acleKT B a3pPOKOCMHUYECKON MNpPOMBILLJIEHHOCTU. B mocienHee BpeMmsi HauboJiee 4acTo
WCIOJIb3yeMble paKeTbl [AJiI KOPOTKUX U CPeJHUX [AAJbHOCTEN OCHAllleHbl TOMJHMBOM.
[IponesizieHTbl LIMPOKO MCHOJIb3YIOTCA B CUCTEMaX XWMHUYECKOTO BO30OYXKJEHUS U
SIBJISIIOTCSI OCHOBHBIM MCTOYHUKOM JJOCTaBKM XUMUYECKOW 3HEPTUHU ([ABUXKYILEN CUJBI) K
pakeTtam [2].

TBepz0e TOMJIMBO COCTOUT M3 HECKOJBKUX XUMHUUYECKHMX WHIPEeJUEHTOB, TaKUX, KaK
OKHUCJIUTEJb, TOIJIMBO, CBA3ylOllee, MAACTUPUKATODP, OTBEpPAUTEJNb, CTAOUIU3ATOP U
CIIMBAKOUIMU CBA3YIOIUN areHT. TOYHbIM XMMUYeCKUM COCTAaB 3aBUCUT OT XapaKTEPUCTUK
ropeHusi, He0OX0AUMBbIX JJisI KOHKPETHOTO NMpUMeHeHus. /IBa OCHOBHbIX BHUJA TOIJIMBA
(omHOpOAHBIE U HEOAHOPOJAHbIE) PaA3JMYAlOTCI MO YCJAOBUSM B3aUMOJENUCTBUS UX
COCTaBHBIX 4YacTed. B OJHOpPOAHOM TONJIMBE MWHIPEAUEHTBHl XMMHYECKHM CBA3aHbl, a
nojiyueHHass ¢usuyeckass CTPYKTypa Be3Jle OAHOpPOoJAHA. TUNUYHBIMKM TNpPUMEpPaMHU
OJJTHOPOJIHOT'O TOIJIMBA fIBJSIIOTCSA OJJHOOCHOBHOE (HUTPOLIEJIII0JI03a) UJIH ABYXOCHOBHOE
(HUTpoOLEe/II0J103a U HUTPOTJIMLIEPHH) TOIJIMBO. B reTeporeHHOM MJIU COCTaBHOM TOIJIMBE
VHTpeMEeHThl PU3UYECKU CMEIIMBAIOTCS, YTO MPUBOJUT K reTeporeHHONW (PU3UYecKOou
cTpykType. OHO COCTOUT U3 KPUCTAJJIMYECKUX YaCTHUL, KOTOpble [AeWCTBYIOT Kak
OKUCJUTENHU, U OpPraHUYeCKOro IJIACTUKOBOTO TOIJIMBA, KOTOpOe JeHCTByeT Kak
CBsI3ylolllee JJis CKIEUBaHUS OKUCASIOLUX YacTul [3].

CoBpeMeHHbIe BBICOKOIHEPreTUYeCKHe ABUTraTeu UCIIOIb3yI0T KOMIIO3UTHOE TBEPZOE
TOIJIUBO, COCTOfllllee U3 3JHepretuueckoro HamosHutens (10-20%) B kavecTBe
okucauTtesei (65-70%), cBA3YWOILUX MeTaJJIMYECKUX TOMIUB (8-15%) U KaTasu3aTopoB
ckopoctu ropenus (KCI) (2-5%). Oxwuciaurenu, 4acTto OGoraTble KHCJIOPOJOM
KpUCTa/IJINYECKHE HEOPTaHHUYeCKH e IlepXJI0paThl (HanpuMep, nepxsaopat ammonus (I1A)) u
MeTaJllIM4eCcKoe TOIIUBO (aJtoMUHUM (Al)), cykaT A/ IpOM3BO/ACTBA 3HEPTHUH 3a CUET UX
B3aUMo/JencTBus [2].

PerysnpoBaHue Npou3BOJAUTENbHOCTU TOPEHUS TBEPAOTO TOIMJMBA ObLIO JaBHEH
npo6/1eMoi B 061aCTH pakeTocTpoeHUs. O6GIIUNA METO/I, UCIIOJIb3YeMbIH [I/1s1 pellleHUsl 3TON
npo6JieMbl, 3aK/JIOYAETCS B MCHOJIb30BAHUU KaTaJU3aTOPOB CrOpaHUS B TOIJIUBE AJIs
ONTUMHU3ALUU TATOBOM MOILHOCTA [4]. B 3Tol o06JsiacTU CyLIeCTBYIOT pasiWyHble
CUHTE3WPOBaHHblEe KaTa/M3aTOPbl TOpPEHHUs, TaKhe, KaK OKCHUJAbl WJIU QTOPHUADI
nepexoAHbIX  METaJlJIOB, CBUHII0BO-M€e/|HbIE COJIH OpraHUYecKUX  KUCJOT,
KOOpJMHALlMOHHble KOMILJIEKChl METaJJIOOPTaHWYeCKUX COeJJUHEHWUH, COJIM aMMOHUSA U
OpraHvlyecKue aMUHbl, peppolLeH U ero NPOU3BO/IHbIE, COJIM Meiv U UX XeslaThbl. HecMoTps
Ha JOCTUTHYTBIN NpPOrpecc, TpaJULIMOHHbIe METO/Ibl BbIOOpA U BBEJ€HHUS KaTaJlu3aTOPOB
NO-TIpeXHEMY He COOTBETCTBYIOT TPeOGOBAHUSM K MPUMEHEHHI0O U MOTYT MOCTaBUTb MO/,
yrpo3y TOIJIMBHbIE XapaKTEPUCTHUKU. JTO CBSI3AHO C TeM, YTO BaXXHO OTMETHUTb, YTO
Heob6X0JUMOCTh MOJUPUKALUU MTOBEPXHOCTH BKJIIOYAET A06aBKU, CHUXKAIOLIME YPOBEHb
3HEepruu TOMJIUBA, UYTO MPUBOJUT K CHUXKEHUIO IPOU3BOAUTENBHOCTU ABUTaTe N [5].

KoMnosuTHoe TBepoe TomauBo Ha ocHOBe 1A TpebyeT MogudUKAaTOPOB ropeHus AJs
JLOCTU>KEHUST BbICOKOM CKOPOCTH TOpeHHs, B TO BpeMsl KaK OObIYHble OKCH/bl MEeTa/JIOB
WCIOJIb3YIOTCS B KauecTBe MOAUPUKATOPOB CKOPOCTU ropeHus [6, 7]. Ucnosb3oBaHue
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cBepxTOHKOrO [1A MOXKeT B HEKOTOPOH CTelleH! YAy4IIUTb XapaKTePUCTHUKU TOIJIMBaA. TeM
He MeHee, [IA U3rOTOBJIEH U3 OZHOI'0 TUIA CUJIBHOTO OKHUCJIUTEJIS, U IPUTOTOBUThL OY€Hb
ToHKkUM [IA ouyeHb omacHo U ciaoxHO [8]. CiejoBaTesbHO, MPOU3BOJAUTENBHOCTD
KOMIIO3UTHOI'O TBEpPJAOro TOMJIMBAa Ha OCHOBe [IA MoxeT OBITb yJjydylleHa NOyTeM
J06aBJieHHs] HEOOJIBLIOTO KOJIMYeCTBa HaHOKaTanmM3aTopa K yactunam [1A [9, 10]. YTo6sl
NOBBICUTh 3QPEeKTUBHOCTb KaTa/lU3aTOPOB CropaHus, HCCAeoBaTesd pa3paboTanu
HaHOpa3MepHble KaTaJM3aToOpbl, KOTOpble YBEJHWYUBAT IOBEPXHOCTHO-aKTUBHbIE
00Js1aCcTH, CONpHUKAcawInuecs C KaTaJM3UPyeMbIM BelLleCTBOM, YTO YBeJUYUBaeT
KaTaJIMTHUYECKYI0 eMKOCTb [11].

BaxxHO OTMeTHUTBb, YTO CropaHHe KOMIIO3UTHOTO TBEpPAOro TOIIMBAa Ha ocHoBe [IA
3aBUCUT OT HCXOJHBIX YCJOBUM TOIUIMBA U YCJOBUW OKpYKawlUled cpejbl, NO3TOMY
KOMIIO3UTHBIM COCTaB CKUraJics NMpU aTMOCPEepHOM JaBJeHUM KaKJoro Tuma. B aToi
CTaTbe INpeJCTaBJeH 0030p 3KCIepUMEHTaJbHbIX W BBIYUCIUTEJBHBIX METO/OB,
UCIIOJIb3YEeMBIX JJI1 M3y4YeHUs KaTaJUTUYeCKOro BO3JeWCTBUsA KaTaausdartopa TisCz
(MXene) Ha ropeHHe reTeporeHHOT0 TBEP/LOr0 TOMJIMBA HA OCHOBe MepXJopaTa aMMOHHUSA
(ITA). UccnenoBaHue paccMaTpUBAeTCsl B HECKOJIBKO 3TaNoB. Bo-nmepBbIX, AJis MOJHOTO
obecrieyeHUs] XapaKTEPUCTUKHU CJIOXKHOI0O MHOropa3HOro xo/a ropeHuss B KOMIO3UTHOHN
cucTeMe NMOJAPOOHO AaeTcA KaxAblM npouecc. Jlasee npejjaraetcs 3KCepuMeHTa/bHAsA
JIMarHOCTHUKA, KOTOpasi UCI10J1b30Balach /11 U3y4YeHHUs KaXK/I0r0 U3 3TUX IPOLeCcCoB. 3aTeM
npejsaraeTcsl KpaTKoe U3JI0KeHHWe aHa/Iu3a pe3y/IbTaTOB FOpeHus TBEePAOro TOIJIMBA Ha
OCHOBe IlepxJiopaTa aMMOHHUs. HakoHel, fieJ1aloTCA BBIBOAbI 110 TEKYLeMy IOHUMaHMUIO.

MaTepl/laJIbI U MeToAbl

Yucrora 98,8%, mopomok NH4CIOs4 (mepxsopaT aMMOHHSA) CO CpeJHUM pasMepoM
yactuy, 50 MK, ynuctoTa 99,5%, aJlloMUHUEBbIN IOPOLIOK CO CPEAHUM pa3MepoM 4YacTul, 44
MK U ucxoAHbli nopowok [TizAlC2 (MAX)] a1 nosnydyeHus karaausatopa TizCz (MXene),
niaBukoBass kuciaota (HF, 40%), nmoauypertan (IIY) cuiarepM, JABYXKOMIOHEHTHas
*ugkKocTb 6030. brlia nepepaboTaHa B KadyecTBe CBsA3ylollero. B aTUX skcnepuMeHTax
MCII0JIb30BaJach JIEMOHM3UPOBaHHAas1 BOJa.

IIpueomosseHue KOMNO3UMHO20 M8epdo20 monausa Ha ocHose [1A

K HacTosimieMy BpeMeHH ObLIO MNPOJEJSAHO MHOTO MCCAe[0BAaTENbCKHUX pPabOT Mo
ONTHUMHU3AL MM CrOpPaHHS TBEPJAOTO TOINJIMBA HAa OCHOBe IepxJyopaTa aMMOHuUdA. OfHAaKo,
Y4YUTBIBas YaCTUYHYIO WJIM MOJIHYIO 3aMeHYy Mepx/j0opaTa aMMOHUS B KaueCTBe OCHOBHOTO
OKHUCJUTEJS TOIJIMBA, KOrJla TOBOPSAT, YUTO 3M0Xa TBEPJOro TOIJIMBA C NepXJOpaTOM
aMMOHMA yXOJUT B MPOIILJIOe, KPUTUYECKOE MOHMMaHue HOBBIX CUCTEM, Ha Hall B3TJIAJ,
TpebyeT BO3BpallleHUs K 3TOW MpobseMe. B KOMIO3UTHBIX TBEPJAbIX TOIMJIMBAX,
WCIOJIb3YyEMbIX B COBPEMEHHBIX TBEPJOTOMJIMBHBIX PAaKETHBIX JBUraTessiX, B KauecTBe
OKHMCJHUTEJNed O0O0BbIYHO Hcnoab3ywTca I[IA, cBa3ywollee Ha NOJMMEPHOW OCHOBe H
QJIIOMUHUEBBIM NMopollok [12]. Mbl npoBesik UCCAeI0BAHUS, B TOM YHCJE NYTEM 3aMeHbI
TisC2 (MXene) BMeCcTO OKCHAOB MeTa/UIOB (KaTajJu3aTopa) B COCTaBe KOMIIO3UTHOTO
TBEpPZOro TOIJIMBA, IMOJYYEHHbIX Ha OCHOBe 0030pa JUTepaTypbl, B TOM 4YHUCJE
3KCIIEpUMEHTAJIbHBIX U TeopeTUudyeckux paboT. CocTtaB TBepJOro TOMJIHMBA Ha OCHOBE
NH4ClO4 (ITA) npefcTaBsieH B TabJM1le HUXKeE.
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Ta6smmpa 1. KoMnoHeHThI TBEPAOTo PAKETHOTO TOIUIMBA Ha OCHOBE NepXJiopaTa aMMOHUS
B npoueHTax (%) oT Beca

O6pasen, Ne Cocras, %
Tiz2Cs Al NH4CIO4 mny
1 0 18 60 2.2
2 2 18 58 22
3 3 18 57 22
4 5 18 55 22

[To MaccoBbIM /10/IIM XUMHUYECKHUX peareHTOB, YKa3aHHbIM B TabJuIle 1, MTOATrOTOBJIEHbI
YyeThIpe TUMOBBIX 06pasia. [Ipy mMpUroToBJeHUU 06pasIa HYKHOM MacChl XMMHUYECKOe
coeauHenue: Ti2C3, Al, 1 NH4ClO4 B3BelIMBarOT Macchl MO CTEXOMETPUYECKHUX COCTABOB,
W3rOTaBJMBAIOT U IEPEMEIIUBAIOT B araTOBOM CTYTIIKe.

Jlasee moOBepx IMOJIHOCTbIO TMepeMellaHHbIX IMOPOIIKOB HAJHWBAIOT CBA3YOLUUH
nosuypetadn (IIY) u mnepeMemuBaroT. [loHOCTbIO yBJIAXKHEHHas Macca o6pa3sia
npuBoAuTcs B ¢$opMy B LUIMHApPUYECKOW ¢QopMe (Kak MOKa3aHO Ha pUCYyHKe 1).
[ToaroroBseHHbIe 06pa3libl CyIIAaT B BAKYYMHOM Cpejie B TeUeHHE JIBYX CYTOK.

| 11

Yo o 2 = 2

a

PucyHok 1. 06pa3usl TBepA0ro TONJIMBA, U3rOTOBJIEHHbIE B KAXK/0M NPOLEHTHOM
cootHomeHuu TizC; (MXene)

OcTaHOBUMCS Ha cnocobe MOATOTOBKHU HMCHOJb30BAHHOTO [IJIsl 3KCIEPUMEHTa/TbHON
paboTsl katanusartopa [TizC2 (MXene)]. Panee mMbl nucany, yto nopouok [TizAlCz (MAX)]
OoTIoCpeayeTCss XMMUYeCKON peakiued c miaaBukoBou kucaotod (HF). Bosee moapo6Hyto
MHPOpMaIKI0 06 3TOM MOXKHO IOCMOTPETh B iuTepaType [13].

CocuzaHue meepdoz2o monuea Ha OCHOB8e Nepxa0pama AMMOHUS 8 YCMAHOBKE 8bICOKO20
das/ieHust

CkopocTb ropeHusi TBepJOro PaKeTHOrO TOIJIMBA OyJAeT 3aBUCETb OT pPas3/IMYHbIX
¢dakTopoB. [loBblllleHUE AABJEHHUSI B KaMepe CropaHMs SIBJseTCS OJHUM M3 HauboJiee
BaXKHbIX GAKTOPOB, MOBBIAKIUX CKOPOCTh ropeHus. [Io Mepe yBesiMueHUs1 AaBJIeHUS B
KaMepe CropaHvus mnpoduib Tropsiliero MJaMeHH HU3MeHSeTCs; KOJIMYeCTBO IJIaMeHHU
yMeHblllaeTcsl U ropuT ObicTpee [14]. [lo KOMIOHEHTaM TBEPAOro TOIMJIHWBA PaKETHI,
NpUBEJIEHHBIM B TabJivie-1, MOoAroTOBJEHbl 00pa3lbl, U C LeJbl0 U3YyYEeHUs JelCTBUS
ropeHusi B YCTPOMCTBE BbICOKOTO JAaBJIEHUS MPOBeJieHa CepUsl UCIbITAHUM TOpeHUs NpPHU
KaMepHBbIX JaBjaeHusx 1, 20, 40, 60 aTm.
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Ilpoyecc czopanus e npucymcecmesuu meepdomonausHozo kamaausamopa TisCz (MXene) Ha ocHose
nepxs0pama amMMOoHUS

PI/ICYHOK 2. CxeMa CKUTraHUS TBEPAOro TOIJIMBA HAa OCHOBE IepxjiopaTa aAMMOHUAA B
YCTAaHOBKE BbICOKOI'O JaBJICHHUA:

1 - aproH, 2, 3, 4, - BeHTeJb [J15 ra3a, 5 - MaHOMeTp, 6, 7 - BbIX0/, ra3a, 8 -BaKyyMHbII
Hacoc, 9 - oo6pasern aJsg cxuranus, 10 - ycTaHOBKa BbICOKOTO JiaBJjieHus, 11 - oKHO A1
KOHTpOJIs, 12 - OTKpbIBAIOIIUICS Y 3aKpbIBAKOIIUICS KoJMaK, 13 - TpaHcdopMaTop,
14 - nupomeTp, 15 - HarpeBaTeibHAsA CIMPaJib

HcnbpiTaHua CKUraHds TBepZOro TOIJIMBA NPOBOJUJIMCh Ha JIaOOPAaTOPHOU YCTaHOBKeE
BBICOKOTO J]aBJIEHUS], KaK I0Ka3aHO Ha pucyHKe 2. CKOpOCTb ropeHus TBepAO0ro TOIJIWBA
MOXXHO MPUHATH 32 PAaCcCTOsIHME TOPEHUs B eIMHULY BpeMeHU. Kak nmpaBuJio, B KauecTBe
eIMHU1Lbl CKOPOCTH FOPEHMS UCNOJIB3YIOTCA MM/ C, cM/c U AwiM/c [14]. [loaToMy c Lesibio
pacuyeTa CKOPOCTH FOPEHUSI U3MePSETCs, IPex/e BCEro, BbICOTA, iIMaMeTp 060pa3loB. 3aTeM
Mbl HAHOCHUM Ha YCTAaHOBKY BBICOKOIO [aBJieHUs NpU AaBieHUsax 1 atM, 20 at™ u 40 aTMm.
Becb xo/ ropeHuss GUKCUpYyeTCs B BUJEOKaMepe, a TeMIlepaTypa U3MepsieTcsl C MOMOILbI0
NUpOMeTpa.

Memoduwl aHaau3a 06pas3yos

COM anHanmu3. MHUKpOCTpyKTypa o00pasunoB H3y4yajacb MeTOJOM CKaHUPYHOLeH
3JIeKTpOoHHOUM Mukpockonuu (CIM) B fBoriHOM cucTeMe Quanta 3D 200i c yckopUTeIbHBIM
HanpsikeHueMm 15 kB.

Pe3y/ibTaThl M 06CYKAEHUE

Mopdosiorua u anemeHTHbIM cocTtaB TisAlCz (MAX) u TisCz (MXene) 6bl1u
MPOJEMOHCTPUPOBAHBI € noMollblo AeTekTopa CIM, E/IX. Kak noka3aHo Ha pucyHkax COM
(puc. 4a, 6), mbl BUAUM, uTo cTpyKTypa Ti3C2 (MXene) npencraB/isieT co60U CIOUCThIE
CTPYKTYpPHble HAHOYACTUIbL. A eC/iu TOCMOTPETh Ha KapTUHHI (puc. 3a, 6) Makca (TisAlCz
(MAX), To Tako¥ NpUHLMIINAJIBHON 0COOEHHOCTH He HabJtogaeTcs. [lokasaH 3jieMeHTHBIN
coctaB o06pasuoB no Jgetektopy EJIX. JseMeHTHBIA cOCTaB CHHTE3UPOBAHHOIO
katanuiaTtopa E/IX-ananus (puc. Ilo 4C, d) 12,27. 9,31. 20,72. 6,55. 51,15% yka3biBaeT
Hasnuue C, O, F, Al, u Ti B gpo6sx.

/JIByMepHbIe (2D) maTepurasibl 06/1aZjal0T yHUKAJIbHBIMU XUMUYECKUMU U GQU3UUECKUMU
CBOMCTBAaMH{, B OTJIMYME OT TPAJAULMOHHBIX CBINYYUX MaTepUasoB, Ojarofaps CBoeH
YHUKaJIbHOU MJIOCKOU cTpyKType [15]. [lo cpaBHeHUIO C JpyrUMU KaTajlU3aToOpaMy Ha
ocHoBe MeTasy0B, Ti3C2 u TisN2 uMeeT CUJBHYI0O TEPMUUYECKYIO CTAaOUIBHOCTb, KOTOpas
OTHOCHUTCA K Kapkacy Mn+1Xn, 06pa3oBaHHOMYy cJ10IMH aToMa yrjeposa (C) U aTOMHBIMHU
cnosiMu nepexogHoro MeTasia (Ti) [16]. MXenes urpaeT K/OYEBYI POJib BO MHOTHX
TUIIAYHBIX TEIJIOBBIX peaKLUAX B KadecTBe KaTtaausartopa [17]. Buarozapsa BbICOKOHM
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TEPMOCTOMKOCTH U  YHUKaJbHOM CTPYKType OH JEeMOHCTPUpPYeT HEeKOTopble
NpeuMyIlecTBa 10 CPAaBHEHHUIO C TPAJAULMOHHBIMU KaTaJlu3aTOPaMH.
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PucyHok 3. TizAlIC; (MAX) u COM-MukpodoTtorpaduu: a -MUKPOCTPYKTypa NOBEPXHOCTHOTO
cj1041; b - CTpyKTypa eHTPa/IbHOM YacTH ceYeHUs 06pa3na; ¢ - Komnosurta Ha ocHoBe TizAlC;;
d - cnekTpbl 371eMeHTHbIN pacyeT EIX
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Ilpoyecc czopanus e npucymcecmesuu meepdomonausHozo kamaausamopa TisCz (MXene) Ha ocHose
nepxs0pama amMMOHUS

ST gspaps A L T Element  Wt% At%
T CK 12.27 25.50
N OK 9.31 14.54
FK 20.72 27.23
i1 AIK 6.55 6.06
ket . TiK 51.15 26.67
25 - Matrix Correction ZAF

d
c
PucyHok 4. TizAlIC; (MAX) u COM-MukpodoTtorpaduu: a -MUKpPOCTPYKTypa NOBEPXHOCTHOTO

cj1os1; b - cTpyKTypa eHTpa/IbHOM YacTH ceyeHUs 06pa3na; ¢ - Komnosurta Ha ocHoBe TizAlC;;
d - cnekTpsl 3/1eMeHTHBIH pacyeTt EAX

CKOpOCTb ropeHHsl TBEpJIOr0 PAaKeTHOTO TOIJIMBA BapbHUpPYeTCs B 3aBUCUMOCTH OT
pas3JIMYHbIX GaKTOPOB. BbLIM poBejeHbl paboThI 10 U3YYEHUIO BJAUSAHUSA KaTaJau3aTopa Ha
ropeHde B o006Opasue 6e3 Jo0aBjeHUsl KaTajauM3aTopa K TOIUIMBY, oOb6JajarolieMy
OZIMHAKOBbIMH CBOMCTBAMH, U C JlobaBieHUeM KaTasudaTtopa TisCz (MXene) ¢ MaccoBbIM
cozepxxanueM 2, 3, 5%. Korza o6pasisl ropesiy B AUana3oHe [jaBJeHus B KaMepe CTOpaHus
ot 1 go 60 aTM, 6bLJI0 OOHaApyXkeHO, YTO ob6pasel, ¢ MaccoBor aoseit TisC2 (MXene) 2%
xopoio roputT. OcobeHHO cpeau Auana3oHoB 40-60 6bLIO 06GHAPYXKEHO, UTO BCE BUJbI
TOIJINBA MMEIOT BBICOKYI0 CKOPOCTb TOpEHHUs, XOTs HabJI[al0Ch HWHTEHCUBHOE
yBeJINYeHHe CKOPOCTH ropeHus o6pasuos ¢ 2% KaTaausaTopoM. Ha pucyHke 6a nokasaHo
BJIMSIHME J]aBJIeHUs Y KOJIMYeCcTBa KaTa/lM3aTopa Ha CKOPOCTb ropeHus. XO0Ts yBeJU4YeHHe
KOJIMYeCcTBa KaTajM3aTopa MakchHa MOJIOKUTEJIbHO He BJIMSET Ha CKOPOCTb FOPEHHH,
paciiMpeHre MOBEPXHOCTU FOPEHMs 3a CYET YBEeJHWYEeHUs [aBJEeHHUS MOXKET yYBEJUUYUTh
CKOpOCTb ropeHus. [I[pyHMMas BO BHUMaHue pe3yJ/bTaThbl, MOXKHO CKa3aTb, YTO NMPOLIEHT
KaTaJu3aTopa, KOTOpbIM O6bLI HauboJiee 3peKTUBHBIM, cocTaBiasieT 2%. Kak nokaszaHo Ha
pUcyHKe 5a, ObLIO OGHapyXeHO, YTO NpPHU yBeJUYEHHUU JaBJEHUS CKOPOCTb TOpPEHUs
YBeJIMYMBAETCS U3-3a yBeJMYeHHs TOBEPXHOCTU FOPEHHUS.
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PucyHok 5. BiusiHue AaB/ieHHs1 HA CKOPOCTb TOPEeHHUA M TEIJIOBbIJe/1eHne
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[loBBILIEHHBIN YPOBEHb 3HEPTUU TBEP/OT0 PAKETHOTO TOIJIMBA YBEJIMYHUBAET JlaBJeHue
Y TEMIIEPATypPy B KAMEpE CTOPaHUsI PAKETHOTO JBUraTeJis. 3a CYeT MOBbIIIEHUS JaBJIEHUS
Y TeMIlepaTyphl TBEPOTrO TOMJIUBA yBEJIUYMBAETCHA CKOPOCTh €ro CrOPAaHHUS U yJIy4dIlaloTCs
yCA0BUs paboThl paKeTHOr 0 ABUraTesisl. Kak noka3Ho Ha pUCYHKe 50, MOBBILIEHHUE YPOBHS
3HEepruy TBEPJOr0 TOMJIKMBA HEYKJOHHO YBEJWYUBAJIOCh MEX/Y AMaNa30HAMU JlaBJeHHUS
40-60. HccnemoBaHue MOKa3alo, YTO M3 00pa3loB, MOJIyYeHHbIX NMyTeEM JA00aBJIeHUS
pa3/IMUHbIX MPOLEHTHBIX KoyinyecTB KaTanuzatopa ( 0-5% TisCz (MXene)) B coctaB
KOMIIO3UTHOIO TBEpPAOT0 TOIJIMBA paKeThbl, TeMIlepaTypa CropaHusl KaTaJU3aTopa,
coctaBsisouero 2%, nosbimaercs ¢ 2514 °C go 3820 °C. TakuMm 06pa3oM, Haila paboTa
M3MepseT He TOJIbKO CKOPOCTb CTOPaHus, HO M SHEPTUIO CTOPaHUs TBEPA0T0 TOMJIMBA.

3ak/iloueHue

CoBeplieHCTBOBaHWE TBEPAOTOIJIMBHOTO pPAKeTHOrO TOIJIMBA W ONTUMHU3ALUA
npolecca ropeHusi, HeCOMHEHHO, YBeJIMYaT NepeHOCHY0 MOIIHOCTb HapsAZy CO CKOPOCTbIO
pakeTHBIX ABUraTeseil. ECTb MHOro $¢akTOpoB, KOTOpbIe BJMAIT HAa CKOPOCTb CrOPaHUS
TBEPAOr0o TOIJIMBA, OAHUM M3 KOTOPBIX ABJAETCA KaTaJlU3aTOpP, NO3TOMY KaTaJlu3aTop
ABJSETCA YAOOHBIM MOAXOAOM C OOJIBLIMM TNOTEHLHUAJOM B COBeplIEHCTBOBAaHUU
pakeTHoro jasuraresd. [logBoAsa UTOrU 3TOW pabOThl, Mbl IPOAOJ/KUM INPOLIECC 3aMeHbI
TPaZUIIMOHHOTO KaTa/M3aTopa M3 OKCHUJOB MEePexXOoJHbIX MeTa//IOB Ha HaHOpa3MepHble
KaTa/Iu3aToOpbl, KOTOpble Mbl HCIOJb30BaJd JO CHX IIOp, U OCTAHOBUMCA Ha
KaTaJIMTUYeCKOM 3Ha4YeHUM HAaHOPa3MepHBIX YaCTUL MaKCUHA. Pe3y/ibTaThl 3KCIepuMeHTa
nokasaJsy, 4yto go6asneHue TizCz (MXene) Kk TBepAOMYy TOIJIUBY pakKeTbl NPUBOJUT K
3HQUUTEJIbHOMY VBEJMUYEHUI0 CKOPOCTH TOpeHHA U 0OoJjiee BBICOKOMY Y/ EJbHOMY
MMIYJIbCY. ITO CBA3aHO C TeM, 4yTo TizCz (MXene) cHMKaeT TeMnepaTypy TEPMHUYECKOTO
pasJioKeHUd NepxJopaTa aMMOHMUS, IpeJ0TBpalliasd MaKCHMaJlbHOe TelJIOBbl/ie/iIeHue. ITH
SIBJIEHU S, HApAY C yBeJIMYeHUEM CKOPOCTHU FOpeHHUs, YBEJTUYMBAIOT MOIIHOCTb PAKETHOTO
ABurartend. [lpu  ycoBepiieHCTBOBAaHMM pakeTHbiXx JBurartenedl TisC2 (MXene)
JeMOHCTPUPYIOT MHOT000eLaIle CBOMCTBA B Ka4eCTBe KaTaJau3aTopa.

biarogapHocTu:

Anun6oaeB AMaH60s1 HamaT)xaHOBHUY - 00paboTas MaTepuhaJ HAydyHOW CTaTbU B
pas/JIMYHbIX 6a3ax AAaHHbIX U MHQOPMALMOHHBIX CUCTEMAX, BBIIBUJ aHAJIUTUYECKYIO U
CTaTUCTUYECKYI0 OTYETHOCTb, KOTOpasl MOBJMs/IA HAa HUX B KOOpAMHATaX XUMHYeCKHUX
NoKasaTeJieH, cpeJlaXx pa3HOM KOHLieHTpaLMuU. B TOM 4Mc/ie y9aCTHUK HAay4YHOTO IpoeKTa
«Pa3paboTKa TeXHOJIOTUM NOTy4YeHUss HUTpUAcoepxaiux CBC-KOMNO3UTOB B YCTaHOBKE
BBICOKOTIO AaByeHUsA» U «CB-cuHTe3 1ub0pHUa MarHus B peakTope BbICOKOIO JAaBJIeHUs U
3JieKTpodU3rNYeCKHe CBOMCTBA KOMIIO3UTOB Ha €r0 OCHOBE.

MaHcypoB 3ysxaup AWMyxaMeTOBMY - Ipodeccop, MeTOAbl HCCJIe[OBaHUA U
pe3y/bTaTbl HAy4YHbIX pabOT IpeABApUTEJbHO ObLIM [JOJIOKEHbl U OOCYyXJeHbl Ha
MeX/[yHapOAHbIX KOHQepeHIUsAX U TOJIbKO 3aTeM ONyOJIMKOBaHbI B eyaTH. /|1 00yyeHus
MOJIOJIEe)XM UM OpraHM3oBaHO InpoBejeHuMe B KasaxcraHe KoHdepeHLMH 1O
HaHOTEXHOJIOTHUAM.

duHaHCUPOBaHHE: OTCYTCTBYET.

KoH}IMKT MHTEepecoB: ABTODHI 3aIBJAAIOT 06 OTCYTCTBUY KOHPJIMKTA HUHTEPECOB.

BkJ1aJ aBTOPOB: KOHIIENTYaIM3allus, aHa/IM3 U HanucaHnue Tecta -MaHcypos 3. A., c6op
JaHHbIX - Kopkemb6ail K.; KOppeKTUpPOBKAa W yTBepKJEeHHE OKOHYATEeJbHOTO BapHaHTA
CTaTbM AJA nyosMKauuu — AnunbaeB A.H. Bce aBTOpBI paccMOTpesid U COTJIACHUJIUCH C
ONyOJIMKOBAaHHOU BepCUel PYKOMKUCH.
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13a1-®apabu amsindarsl Kazax yammbik yHugepcumemi, Aamamol, Kazakcman
2AAMambl mexHOA02USbIK yHUSepcumemi, Aamameol, Kazakcmax
1C /1. Acpendusipoe amuiHdarsl Kazak yammolk meduyuHa yHugepcumemi, Aamameol, Kazakcmax

Ti3C; (MXene) kaTa/M3aToOp KaThICHIHAA aAMMOHUM NePXJIOpaThl HeTi3iHAeri KaTThl
OTBIHHBIH, KaHy YpAic

Anparna. KaTTel OTBIHABIPABIH, FAPBILITHIK TacbIMaJl cajalaFbl KOKETTIJITH ecKepcek, oJ1ap/bl
JaMBITy, KeTiJllipe TyCy aca MaHbI3fa Ue eKeHiH TyciHeMi3. KosZjaHbICTarbl KaTThl OTbIHJApFa
nai/JiaJlaHblIaThIH  KaTaJU3aTOpJapAblH KaTaJUTHUKaIbIK OeJICeHAINIriH KaKcapTy apKblibl
»KaFbIMCBI3 KaHy 6HIM/Ai/NiriHeH 60/1aThIH 3apJanTapAbl a3aluTyfa 6os1aabl. Epekie KypsbiMFa He,
eki esmemAi eTneni MeTann kapbuaTrepiniy TizC, (MXene) kaTaJUTHUKaJIbIK KacUeTTepi YJIKeH
KbI3BIFYLIBLIBIKTAP TYAbIpyAa. By )kyMblicTa 6i3 MakccuHHIH TizC2(MXene) aMMoHUH nepxJi0paThbl
HeTi3iHJeri KOMINO3ULUAIBIK KaTTbl OTBIHHBIH, aHyblHA KaTaJlUTUKAJBIK 9CepiH KapacTbIpAbIK.
Yuarisep Kofapbl KbICBIMABI KYPBLIFbIA, 9P TYPJi aproH KbICBIMBIHJAA >KaHAbIpbLIABL KaHy
6aphIChI XKOFaphl XbLIAAM/JbIKTbl OeliHeKaMepa¥Fa TYCipijiZli >koHe TeMIlepaTypachbl NUPOMeTpPJiH
KeMeriMeH eJilleH[i. AHBIKTaJfaH NapaMmeTpJsep GOHbIHIIA KypblIFaH rpadUKTi TaaJaraH[a,
MakcuH Ti3C; (MXene) KoCbl/IFAaH aMMOHHWM IepXJI0PaThl HeTi3iHAeri KaTThl OTBIH KaHFaH/a Macca
MEeH KbLJIy a/IMaCy/iblH >KaKcapFaHbl 6alKala/bl.

Tyitin ce3aep: TizC, (MXene) HaHO YHTAKTapbl, aMMOHUN nepxJiopaThl ([1A), KaTaJIUTUKAJBIK,
6esICeHAiNIK, KHHETUKaJbIK TapaMeTpJiep, KaTTbl OTbIH

Zh. Korkembay?*, A.N. Alipbayev?, Z.A. Mansurov3
13 Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Almaty Technological University, Almaty, Kazakhstan
1Kazakh National Medical University named after S. D. Asfendiyarov, Almaty, Kazakhstan

Combustion process in the presence of TizC, (MXene) solid fuel catalyst based on
ammonium perchlorate

Annotation. Given the need for space materials in solid fuels, their development, the
improvement of fuel materials is of great importance. By improving the catalytic activity of the
catalysts used in existing solid fuels, it is possible to reduce the effects caused by adverse combustion
characteristics. Gorenje The catalytic properties of TizC, (MXene) two-dimensional transition metal
carbides with a special structure are of great interest. In this paper, we examined the catalytic effect
of maxene Ti3C,; (MXene) on the combustion of a composite solid fuel based on ammonium
perchlorate. The samples were ignited in a high-pressure device, at various argon pressures. was
filmed on a high-speed video camera, and the temperature was measured using a pyrometer. When
analyzing the graph based on the obtained parameter values, an improvement in mass and heat
transfer is observed during the combustion of solid fuels based on ammonium perchlorate with the
addition of the Ti3C; (MXene).

Keywords: TizC; (MXene) Ammonium perchlorate (AP) nanopowders. Catalytic activity. Kinetic
parameters. Solid fuel.
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Abstract. In this article, new lands formed in the drainage zone of
the Aral Sea and areas where marine deposits are widespread in the
Eastern Aral Sea area were identified as a separate physical-
geographical unit - the Aral physical-geographical region. The article
also describes the landscapes and physical-geographical districts of the
Aral physical-geographical region. It has been studied that the units of
physical-geographical zoning are classified differently by different
researchers, and the units of zoning of the Aral physical-geographical
region have been described. A map of the landscapes and physical-
geographical zoning of the Aral physical-geographical region with a
medium scale (1: 500.000) has been compiled.
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Introduction

An analysis of the works on the physical-geographical zoning of the Aral Sea and the Aral
Searegion, which are part of regional studies, showed that the lands released from the water
of the Aral Sea due to the decline in the level of the Aral Sea are not zoned physical-
geographically. Based on the study and analysis of the physical-geographical conditions of
this region, it became known that new unique landscapes began to emerge. These landscapes
differ from the landscapes of other regions in their formation and development directions.
Therefore, the landscapes of the newly discovered territories' landscapes have been studied
scientifically and practically. It was found that they do not resemble the landscape
characteristics of neighboring physical-geographical districts, and they were named
separate Aral physical-geographical region. The historical and genetic factor was taken as
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the basis for identifying such a physical-geographical unit, and the territories where marine
deposits are common were chosen as the boundaries of the region.

In this article, we would like to focus on the landscape map at a scale of 1:500,000 created
based on our regional physico-geographical studies of a new territory formed on the Aral
Sea and the results of physical-geographical zoning based on it. First of all, we wanted to
draw attention to two important points. These are:

1) It is advisable to consider the territory of the Aral Sea coastline, formed before the
1960s, as a unified natural geographical unit based on its orographic structure, genetic
origin, and lithological features, and to identify it as a new Aral natural geographical district,
alongside natural geographical districts such as Ustyurt, Lower Amu Darya, and Kyzylkum,
on the maps of natural geographical zoning of Central Asia;

2) Given that the landscapes that make up the structure of the Aral Sea physico-
geographical region are still quite “brittle” in terms of age and relatively “fragile” in terms of
stability, great caution is necessary when developing measures for their use in the national
economy.

Materials and methods

Since the emergence of the Aral Sea and the Aral Sea region, this area has become an object
of research in various directions. A number of scientific works have been carried out aimed
at illuminating the natural features of this region. In particular, the geology of the dried-up
bottom of the Aral Sea was studied by B.I. Pinhasov (2002, 2006, 2009), the issues of soil
formation were studied by T.F. Nekrasova (1990), B. Zhollibekov (1991, 1995, 2002), T.M.
Tairov (1993), V.M. Starodubtsev, V.K. Bogdanets (2007), the study of the state of vegetation
cover was studied by V.V. Zherbaev (1990), V.V. Zherbaev (19 (2001, 2002, 2006), Kh.
Shomurodov and others. (2008), T.T. Rakhimova et al. (2008), S.G. Sherimbetov (2009).

Issues of the formation of natural geographical complexes on the dried-up bottom of the
Aral Sea are reflected in the scientific works of N.F. Mojaytseva (1979), M.Sh. Ishankulov
(1980), A. Rafikov (1982), G.V. Geldieva, T.I. Budnikova (1987, 1990, 1996), V.A. Popov
(1990, 2001), A.K. Kurbaniyazov (2001, 2006, 2008) and P.R.Reimov (2001, 2008, 2009).

The territory of the Aral physical-geographical region is entirely within the desert zone.
Here, new landscapes with unique characteristics are emerging, considered the youngest
among the landscapes of Central Asia. Their formation, structure, and changes in appearance
continue to this day. The difference between these landscapes and the landscapes of
neighboring counties lies in the fact that marine morphosculptures have formed and are
developing in the region. The current relief can be divided into the Holocene Sea and the
primary seafloor plains, which were freed from seawater after 1960. Therefore, the
landscapes of the Aral physical-geographical region are divided into ancient and modern
marine plains. Modern seafaring plains differ from each other in age, surface area, and
greater or lesser fragmentation.
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Figure 1. Space image of the Aral Sea region (Source: https://earth.google.com/web)

Landscape formation is observed depending on the elevation of the site, initially on
relatively high and water-depleted lands. Accordingly, it can be observed that landscapes
typically have a longitudinal ribbon shape and are located parallel to the coastline. Over the
past 50 years, there has been a gradual formation of landscapes in the Aral physical-
geographical region. In this sense, the formation of the territory's landscapes can be divided
into 3 stages: 1) the initial stage of formation (1-5 years after drying); 2) Stage in progress
(6-20 years); 3) The relatively established stage of landscapes (21-50 years).

Landscapes in the initial stage of formation are very young landscapes located along the
dried-up sea, whose structure has not yet formed. In areas 2-4 km wide from the new
coastline, in 1-2 years, march salt marshes are formed, groundwater lies at a depth of 30-70
cm, and the soil profile is moist at all depths. After 3-5 years, the transformation of marsh
salt marshes into coastal salt marshes is observed [13, 14]. On lands that have been free of
sea water for 8-10 years, coastal sandy solonchaks are formed and desalinated to a depth of
about 1 m, and it has been established that these landscapes are covered with vegetation in
a sparse form up to 10-20%.

Relatively formed landscapes are landscapes with a width close to the bottom shore
(eastern shores, Amu Darya and Syr Darya deltas) and a distance of 50-70 km, which develop
with the main landscape-forming factors and features characteristic of the sandy deserts of
Central Asia. Despite this, these landscapes differ from desert sandy landscapes and are
distinguished by their uniqueness, and the landscapes formed in this area can be compared
to the landscapes formed as a result of the retreat of the Paleogene Sea in the Kyzylkum and
Karakum. One of the pressing issues today is mapping them and developing ways to use them
in the economy.

Results and discussion
When studying and mapping landscapes, it is advisable to use a thorough and accurate

classification table. Until now, scientists engaged in the theory of natural geography have
always been interested in the classification of landscapes. Many geographers were engaged
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in classifying landscapes, of whom the experience of N.A. Gvozdetsky [6], A.G. Isachenko [7],
and V.A. Nikolaev [9] is particularly noteworthy. Among these scientists, N.A. Gvozdetsky
and A.G. Isachenko simultaneously conducted work on the classification of landscapes. Their
classification units differ from each other. If N.A.Gvozdetsky's classification scheme is in the
form of “class - type — smaller type — group - child” then A.G.Isachenko prefers to identify the
type first and then divide it into classes. The description of its landscapes was in the form of
a “type - subtype - class - subclass - type — subtype - variant”. In the classifications performed
after N.A. Gvozdetsky and A.G. Isachenko, it can be seen that the works of these scientists
were used and similarity or very minor changes were made.

It is well known that the classification of landscapes, which has been developed more
thoroughly at present and is widely used in subsequent studies, belongs to V.A. Nikolaev. Its
classification scheme is distinguished by its multi-level nature and has the following form:
“section - part - small part - class - small class - group - type - small type - category -
subcategory - variety — variant”. Most of the landscape studies conducted in Uzbekistan (N.A.
Kogai, Sh.S. Zakirov, A.A. Rafikov, I.A. Khasanov, A. Zaynutdinov, A.K. Kurbaniyazov, etc.) It
was based on the classification recommended by V.A.Nikolaev and yielded good results in
the study of landscapes. Because these scientific works are distinguished by the fact that they
were carried out on the basis of data on the steppe zone of Asia, its characteristics for arid
regions and the fact that small units in the recommended classification are developed fairly
perfectly.

Taking this into account, we decided to use the classification unit recommended by the
renowned landscape scientist V.A. Nikolaev [9]. This is because it can be seen that this unit
of classification has been used in many landscape studies and that the work done has been
successful. In particular, A. Rafikov studied the landscapes of the Southern Aral Sea region, L.
Khasanov - the Karshi steppe, Sh. Zakirov - the Amu Darya and Syr Darya interfluve, and A.
Zaynutdinov - the Chirchik-Akhangaran Valley. However, we have used this classification
unit with a minor change. We found it necessary to separate the group of landscapes from
the type of landscapes and the subtype. In this case, the Aral Sea region is entirely within the
subtype of landscape of northern deserts. The next classification unit, called the group, is
divided into landscape categories, which in turn are divided into landscape types.

When creating a landscape map, the researcher also encounters the method of depicting
landscapes in colors. This method is one of the most understudied issues in landscape
science. So far, we know that there are only two scientific articles on this issue. These are
articles by N.G. Bokachev [4] entitled “Principles of Flower Formation of Medium-Scale
Landscape Maps” and Ch.V. Galkov [5] entitled “On the Use of Background Signs in Landscape
Maps”. Moreover, the colors chosen by N.G. Bokachev and the principle applied by him
largely correspond to the classification compiled by F.N. Milkov, and the types of terrain are
mainly given by dashed lines, which cannot reveal the main features of the landscapes of our
region.

[t is difficult to achieve the expected result when using the principle used in Ch.V.Galkov's
article, thatis, the principle of selecting both colors and signs. Because adding some symbolic
symbols to the colors and bars makes it difficult to read the map.

When creating a landscape map of the Aral physical-geographical region, we deemed it
necessary to choose a color for landscape types to facilitate its reading. We considered it
more important to distinguish landscape groups using dashed lines over colors. Taking into
account that landscape groups are automorphic, hydromorphic, and semi-hydromorphic
landscapes depending on their moisture content, we decided that a good result can be
achieved mainly with the same stroke, but by showing the direction of the lines in three
different cases. As a result, all groups of automorphic landscapes are represented by vertical
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lines, hydromorphic landscapes by horizontal dashed lines, and semi-hydromorphic
landscapes by inclined dashed lines. The dashed lines given in this view can also provide
information about the presence of groundwater at depth or on the surface, and the
readability of the map is also relatively high.

In addition to the aforementioned methods, factual materials are also important when
creating landscape maps. Because without them, it is impossible to create a perfect
landscape map. Taking this into account, many scientific and practical materials were
collected. In particular, the space images were analyzed year after year. Field research
materials and scientific works published in subsequent years were studied. Based on the
above, landscapes within the district were identified and mapped based on when the area
was released from water masses, plant and soil cover, and geomorphology.

To facilitate the readability of the landscape map of the Aral Sea region, we deemed it
necessary to select colors for landscape types. We considered it more important to
distinguish landscape groups using dashed lines above the colors. Taking into account that
landscape groups are automorphic, hydromorphic, and semi-hydromorphic landscapes,
depending on their moisture content characteristics, we decided that a good result can be
achieved mainly with the same stroke, but by showing the direction of the lines in three
different ways. As a result, all groups of automorphic landscapes are reflected by vertical
lines, while hydromorphic landscapes are reflected by horizontal dashed lines, and semi-
hydromorphic landscapes are reflected by sloping dashed lines. The dashed lines given in
this view can also provide information about the depth or surface of groundwater, and the
readability of the map also increases relatively.

In addition to the aforementioned methodological methods, factual materials are also of
great importance in creating landscape maps. Because it is impossible to create a landscape
map without them. Taking this into account, many scientific and practical materials were
collected. In particular, the space images were analyzed year after year. Field research
materials and scientific works published in recent years were considered. Using the above,
landscapes within the region were identified and mapped based on the area's water
availability, vegetation and soil cover, and geomorphology.

At the initial stage of landscape identification and separation, over 400 contours were
identified. As a result of re-analysis and generalization, similar contours of landscape
features were added to each other. As a result, more than 100 contours were formed and
they were combined into 33 landscape types (Figures 2 and 2a). These landscape types were
numbered in arabic numerals. The identified landscapes are typological units. In addition to
landscape types, landscape categories, groups, subspecies, types, and classes are
distinguished on the landscape map, which is well reflected in its legend. Therefore, it has
been established that all existing landscapes belong to the same class (plains), one species
(deserts), and one subspecies (northern deserts). The landscapes of the district are also
divided into automorphic, semi-hydromorphic, and hydromorphic groups. Automorphic
landscapes have lost contact with the influence of groundwater, and their formation and
development largely depend on atmospheric precipitation. Landscapes in the semi-
hydromorphic group depend on atmospheric precipitation and at certain times on
groundwater. In areas where groundwater and atmospheric precipitation occur year-round,
landscapes are formed under hydromorphic conditions. From this perspective, 57.5% of the
territory’s landscapes (by number) are automorphic, 12% are semi-hydromorphic, and the
remaining 30.5% are hydromorphic. Identifying landscape groups has both scientific and
practical significance. For example, recognizing the possibility of landscapes transitioning
from one group to another or a third group during their development, and studying this
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process allows one to determine the directions of landscape development and thereby
predict their future state.

The next unit in the classification is the category of landscapes, the main criterion for their
identification is the lithological composition and geological history of geological deposits.
For example, ancient marine plain landscapes (landscapes No. 1, 2, 3, 4, 5, 6) include
landscapes formed on Holocene deposits. In doing so, an attempt was made to rely on the
data found in existing paleogeographic works [10, 18, 12].
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Figure 2. Map landscape and physical-geographical zoning of the Aral physical-geographical
region (compiled by the author's in Uzbek)
PLAINS

Desert landscapes
Northern desert landscapes
Seaplanes

I. Ancient Seaplanes

1. Structural-denudation plains with sandy desert soils of kandym (Calligonum aralense)
and black saxaul (Haloxylon aphyllum)

2. Sandy-steppe and sandy slopes with cherkez (Saisola richteri), kandym (Calligonum
aralense), black saxaul (Haloxylon aphyllum)

3. The slopes with sandy desert soils, where kandym (Calligonum aralense), cherkez
(Saisola richteri), white saxaul (Haloxylon persicum) and black saxaul (Haloxylon aphyllum)
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grow, and the lowlands with black saxaul (Halostachys belangeriana) around the residual
solonchaks

4. Wave-shaped plains with sandy and sandy desert soils, where cherkez (Saisola richteri),
boyalich (Salsola arbuscula Pall), black saxaul (Haloxylon aphyllum), and common saltwort
(Halochemum strobilaceum (Pall)) grow

5. Accumulative plains with sandy desert soils with the growth of kandym (Calligonum
aralense), cherkez (Saisola richteri), black saxaul (Haloxylon aphyllum)

6. Gravel-gray-brown-soil and fine-stone slopes (chink landscapes) with wormwood
(Artemisia diffusa), buyrgan (Anabasis salsa)

II. Modern Plains

7. Seaside solonchaks and marshes with sparse solonchaks (Atriplex fominii, Salsola
foliosia, Climacoptera aralensis)

8. Inclined plains with coniferous salt marshes, where halophytes grow, and takyr-like
soils, where alfalfa (Calligonum aralense) and sarsazan (Halocnemum strobilaceum (Pall))
grow

9. Humid lowlands with simple salt marshes without vegetation cover

10. Sea salt marshes with salt marshes, where there are red salt marshes (Salicornia
europaea) and black salt marshes (Salicornia herbacea L), sarsazan (Halocnemum
strobilaceum (Pall)

11. Moist salt marshes without vegetation

12. Sandy slopes with sparse black saxaul (Haloxylon aphyllum) and willow (Tamarix
hispida)

13. Wavy surface sandy plains with sparse black saxaul (Haloxylon aphyllum), alfalfa
(Calligonum aralense), wormwood (Tamarix hispida) and salt marshes with salt marshes
(Atriplex fominii, Climacoptera aralensis)

14. Rare shrubs, wormwood (Artemisia diffusa), and selenium (Stipagrostis pennata)
growing in fine hilly sandy wavy plains

15. Cherkez (Saisola richteri), kandym (Calligonum aralense) and psammofit bushes,
sandy desert-soil and fine hilly sandy wave-like plains

16. Desert-sandy sandy plains with the growth of the common bollworm (Salsola
arbuscula Pall), astragalus (Astragalus), alfalfa (Calligonum aralense) and black saxaul
(Haloxylon aphyllum), as well as small hilly sandy plains with the growth of the common
bollworm (Halostachys belangeriana) and the common sarsazan (Halocnemum strobilaceum
(Pall))

17. Inclined plains of inter-sandy salt marshes with halophytes and takyr-like soils with
the growth of sarsazan (Halocnemum strobilaceum (Pall) and willow (Tamarix hispida)

18. Wave-shaped plains of sandy desert soils with nests and dunes, where annual
halophytes grow

19. Accumulative plains with meadow soils with the growth of wormwood (Halostachys
belangeriana), wormwood (Tamarix hispida) and salt marshes with annual halophytes

20. Accumulative plains with cane (Phragmites australis), wormwood (Tamarix hispida),
sarsazan (Halocnemum strobilaceum (Pall)), saline takyr-like meadow soil and desert sandy
soil

21. Plains with a slightly fragmented surface, with a common salt marsh and sandy soils,
where black marshes (Halostachys belangeriana) grow

22. Concave sandy and barren plains with wormwood (Artemisia diffusa), black saxaul
(Haloxylon aphyllum) and selenium (Stipagrostis pennata)
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23. Inclined plains with heavily saline desert sandy soils with the growth of safflower
(Halochemum strobilaceum (Pall)), wormwood (Tamarix hispida), black saxaul (Haloxylon
aphyllum)

24. Lowland lowlands with saline takyr-like and sandy desert soils with the growth of
Halostachys belangeriana, sarsazan (Halocnemum strobilaceum (Pall)), wormwood
(Tamarix hispida)

25. Beaches that are under the active influence of seawater

26. Inclined coastal salt marshes with sparse halophytes

26. Inclined coastal salt marshes with sparse halophytes

27. Sea-affected coastlines and wet salt marshes without vegetation

28. Salt marshes (Salicornia herbacea, Salsola foliosia, Climacoptera aralensis) are
common salt marshes and salt marshes without vegetation

29. Accumulative plains with sandy desert soils, where sparse salt marshes (Atriplex
fominii, Salsola foliosia, Climacoptera aralensis), wormwood (Artemisia diffusa), alfalfa
(Calligonum aralense) grow

30. Rare salt marshes (Atriplex fominii, Salsola foliosia, Climacoptera aralensis, Salicornia
herbacea), grey-brown and plain salt marshes

31. The alluvial plains with salt marshes (Atriplex fominii, Salsola foliosia, Climacoptera
aralensis, Salicornia herbacea) and grey-brown soils with wormwood (Artemisia diffusa),
rainbow trout (Salsola arbuscula Pall)

32. Sea-influenced coastlines and inter-sandy coastal salt marshes with halophytes and
sloping plains with grey-brown soils with sparse wormwood (Artemisia diffusa)

33.Inclined inter-sandy plains with coniferous salt marshes and buyrgun (Anabasis salsa),
boyalich (Salsola arbuscula Pall), grey-brown soils with wormwood (Artemisia diffusa)

‘ ‘ Water basins

L Automorphic landscapes

|
| ' Hydromorphic landscapes

‘ ‘ Semi-hydromorphic landscapes

Landscape boundary

Borders of the physical-geographical district

Borders of a physical-geographical region
= "7 "7 "7 State border

1-33 Landscape Number

[. Beside of Kyzylkum district

II. Beside of the North Syr Darya delta district
[II. Eastern Aralkum district

[V. Beside of Southern Amu Darya delta district
V. Central Aralkum district

VI. Western Aral Sea district

VII. Beside of Ustyurt district

Figure 2a. Legend of the Map landscape and physical-geographical zoning of the Aral
physical-geographical region
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Variety is the smallest unit of classification of landscapes. The main feature that serves as
the basis for their identification and mapping is the characteristics of their soil and
vegetation. A total of 33 landscape types have been identified. Most of them belong to the
automorphic group and to the category of modern marine plains. The stated ideas can also
be identified from landscape names.

Analysis of this landscape map shows that the combination of other characteristics, in
addition to these classification units, motivates the physical-geographical zoning of this
territory. In other words, the landscape allows for the identification of regional units based
on the analysis of typological units. Such units, which we have identified, are reflected on the
landscape map.

As discussed above, we adopted the area under study as the Aral physical-geographical
region. A county is a division between a province and a physical geographical region.
Physical-geographical regions are large territories within a province, with unique
connections and characteristic features between the components of the geosystem, which
are not repeated in adjacent territories [1, 2, 3]. The Aral physical-geographical district
belongs to a small province of the plain and is a unique physical-geographical complex with
its geographical location, relief features, rock composition and character, hydrogeological
and climatic conditions, soil and vegetation groups.

The 1960 maritime boundary line was adopted as the boundary of the Aral physical -
geographical region, and the areas of eastern marine deposits were also added. This can also
be considered an orographic boundary. The county occupies an area of more than 75,000
square kilometers and is structurally heterogeneous. There are differences in the nature of
the northern, southern, western, central, and eastern parts. These differences are manifested
in the gypsometry, fragmentation, and slope of the surface, as well as in age, the analysis of
which necessitates the identification of a number of physical-geographical districts. A
physical- geographical district is a part of an county that differs in geomorphological or
climatic features.

Landscapes formed on the dried-up bottom of the Aral Sea differ from landscapes of other
regions in terms of time, age, formation, and development directions. Based on the analysis
of the landscape map compiled taking this into account, within the Aral physical-
geographical district, the Kyzylkum, the Northern Syr Darya delta, the Eastern Aralkum, the
Southern Amu Darya delta, the Central Aralkum, the Western Aralkum, and the Ustyurt
region were identified. On the landscape map, they were displayed in roman numerals.
Below we will give a detailed description of them.

I. The physical-geographical district Beside of Kyzylkum borders the Kyzylkum
district to the east, the Eastern Aralkum district to the west, the Beside of South Amu Darya
delta district to the southwest, the Beside of North Syr Darya delta district to the northwest,
and the Beside of Syr Darya delta to the northeast. The district occupies 12.5% of the county’s
area. The territory of the district consists of ancient sea-sandy plains, primarily composed of
pleiocene-holocene rocks, with an absolute elevation of up to 85 meters at the site of islands
older than 50 meters. The thickness of the deposits is not very large, up to 5-6 meters. The
surface is sloping, mainly composed of eolian forms - sand hills and dunes (height 2-8-10
m), while in low places there are numerous salt marshes (Figure 3).
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Figure 3. Takyr salt marshes in the Aral region (author's photo)

The district includes 4 landscape types, which are formed in an automorphic group. The
overall surface of these landscapes slopes westward, and in their appearance, psammophytic
plants predominate.

The former Akpetki archipelago, consisting of more than 300 islands, and many bays with
a depth of 7-8 meters, are located within this region (landscape 2, figures 2 and 2a). The
islands in the archipelago were not separated because they were at the level of facies and
urochishe, and they were classified as ancient sea plains landscape. The physical-
geographical districts of the Kyzylkum districts differ from other regions in that the structure
of the landscapes formed here has already been formed, and all of them belong to the
category of ancient sea plains.

II. The physical-geographical district Beside of the North Syr Darya delta is bordered
by the Syr Darya delta to the east, the Aral Sea and the Great and Small Bursuq sands to the
north and northeast, the Beside of Ustyurt district to the southwest, the Central and Eastern
Aral Sea district to the south, and the Beside of Kyzylkum district to the southeast. The area
within this boundary constitutes 17% of the county’s area. The Small Aral Sea is located
within the district. This lake accounts for 25.5% of the area of the district. The land surface
of the district is mainly brought by the Syr Darya River and is composed of marine deposits.
The surface of the district is sloping towards the Small Aral Sea and its absolute elevation is
around 40-160 meters. The district has 16 landscape types. Most of these landscapes belong
to the category of modern marine plains and are divided into 3 groups - automorphic,
hydromorphic and semi-hydromorphic. Near the Small Aral Sea, hydromorphic
(groundwater levels up to 1-3 meters) landscapes were formed, and as they moved away
from it, semi-hydromorphic (3-5 meters) and automorphic (5 meters and deeper)
landscapes were formed.
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Figure 4. Carduim edule L seashells in the Aralkum (author's photo)

III. The Eastern Aralkum physical-geographical district borders the Kyzylkum district
to the east and south, the Beside of North Syr Darya Delta district to the north, the Central
Aralkum district (Figure 4) to the west, and the Beside of South Amu Darya delta district to
the southwest, constituting 13% of the district’s area. The area of the raion encompasses
areas that became dryland between 1960 and 1984 and has an absolute elevation of 42-53
m. The surface is composed of sandy, loamy clay rocks and sandy loams. Most of the district
consists of landscapes of the automorphic group. One landscape (24-landscape, figure 2 and
2a) has semi-hydromorphic conditions. In the vicinity of the Beside of Kyzylkum side district
of the Eastern Aralkum district, numerous sand dunes and hills exceeding 3-5 meters in
height can be found. They are getting thinner and thinner to the west. The area is dominated
by a landscape (22 landscape, figure 2 and 2a) of hilly sandy and barren plains with the
growth of wormwood, black saxaul, and selenium. The general appearance of the physical-
geographical region is characterized by halopsammoid and psammophytic plants. One of the
landscapes within the district belongs to the category of ancient marine plains, while the rest
belong to the category of modern marine plains.

IV. The physical-geographical district of the Beside of Southern Amu Darya delta is
located in the northern part of the Amu Darya delta. The district includes the dried-up
southern parts of the Aral Sea. The region borders the Beside of Kyzylkum and Eastern
Aralkum districts to the east, the Central and Western Aralkum and Beside of Ustyurt
districts to the north, the Ustyurt Plateau to the west, and the modern Amu Darya delta to
the south. This boundary constitutes 12% of the county’s area. The land surface of the district
is mainly composed of sand, sand, clay, and aleurite rocks brought by the Amu Darya River,
and the slope decreases towards the north. In the south of the physical-geographical district,
near the Amu Darya delta, the groundwater level in 1991 was 5 meters, and in 2002 it was
10-15 meters deep. By 2005, the groundwater level had risen to 5-6 meters due to the influx
of river water into the Saribas Bay.

This area has been well studied by scientists. In 2001, A. Kurbaniyazov [8] identified 40
physical-geographical complexes in this area. By 2007, botanists [15] had identified 9
physical-geographic complexes. We have identified 8 types of landscapes in the physical-
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geographical district. Most of these landscapes belong to the category of landscapes of
modern marine plains, the formation of which is associated with the retreat of the sea.

V. The Central Aralkum physical-geographical district is located in the center of the
region. The district borders the Eastern Aralkum district to the east, the Beside of North Syr
Darya delta district to the north, the Western Aralkum district to the west, and the Beside of
South Amudarya delta district to the south. This district occupies the largest area of the
physical-geographical region (27%). The territory of the district includes lands freed from
the water of the Eastern Aral Sea. From 1984 to the present day, the process of land
conversion is accelerating here. The sea was shallow and rapidly turning into land. As a
result, hydromorphic landscapes were formed on large areas. The Eastern Aral Sea, located
in the center of the physical-geographical district, currently occupies 13% of the area.
Hydromorphic landscapes predominate in the district. The main difference between this
district and other districts is that there are many areas without vegetation, and 99% of them
belong to modern marine plains.

Many of the landscapes of this physical-geographical district have not yet formed and
continue to develop.

VI. The Western Aral Sea physical-geographical district is located between the
Western and Eastern Aral Seas. This district borders the Central Aralkum district to the east,
the Beside of North Syr Darya delta district to the north, the Beside of Ustyurt district to the
west, and the Beside of South Amu Darya delta district to the south, and its area constitutes
11% of the district’s area. The Arkhangelsk uplift, which passes through the Muynak and
Kulandy peninsulas, and the previous Vozrojdeniye, Lazarev islands are within the district.
The district includes 8 landscape types.

Figure 5. Landscape of the Western Aral Sea physical-geographical district
(author's photo)

VIIL. The Beside of Ustyurt physical-geographical district is bordered by the Western
Aralkum district to the east, the Beside of North Syr Darya delta district to the northeast, the
Ustyurt Plateau to the west, and the Beside of South Amu Darya delta district to the south.
The Western Aral Sea, the deepest part of the Aral Sea, occupies the smallest (7.5%) area
among the physical and geographical regions of the district. The lake occupies 61% of the
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area of the district. Much of the area of the district consists of hydromorphic landscapes that
have become dryland after 2000.

Conclusion

As a result of our research, the first landscape-typological units of the Aral physical-
geographical region and a map of its physical-geographical zoning were created. It has been
established that 33 landscape varieties identified within the district belong to 1 class, 1 type,
1 subtype, 3 groups, and 2 categories. Due to the peculiarities of the landscape structure, 7
physico-geographical districts were identified (the Beside of Kyzylkum, the Beside of North
Syr Darya delta, the Eastern Aralkum, the Beside of Southern Amu Darya delta, the Central
Aralkum, the Western Aralkum, and the Beside of Ustyurt).

The landscapes of the Aral physical-geographical region, based on a certain pattern,
formed landscapes extending from west to east in the southern and northern regions, and
conversely, from north to south in the western and eastern regions. The use of these
territories in the economy has not yet been established. When establishing the use of
landscapes in the economy, it is important to be aware of the nature of the Aral physical-
geographical region, the prospects for using its natural resources, and the problems of
nature conservation.
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H6parumoBa P.A.1, ABe30B M.M.2, H6paumoBa A.A.3
123Mup3o Yayz6ek amblHOaFbl O36eKcmaH yammulK yHUgepcumemi, TauwikeHm, 636excmax

Apan ¢pusukanbsik-reorpadusa/ibIK ayJaHbIHbIH JaHAMAPTTaphI )KIHE 0JIapAbl
ayJaHAACTBIPY TI:XKipubeci

Anparna: Makasiaga Apas TeHi3iHiH KypraTy alMarbIH/|a Naiga GOJIFAH KaHA XXepJyiep MeH
IllbiFpic Apasl eHipiHAe TeHi3 meriHAiJiepi KeH TapaJfaH aWMakTap jXeKe QU3UKaJbIK-
reorpadusaIbIK OipJiK - Apas ¢UsHUKaIbIK-TeorpadusIbIK OKpyTi 60Jibln OesrisieHai. Makaiaaa
Apan ¢usuKanbIK-reorpadUusAIbIK OKPYTiHiH JaHAIAPTTAphl MeH (U3NKaJIbIK-TeorpadpusiibIK,
ayZlaHaapel Ja cunaTttajraH. OusuKaiblK-reorpadUusaablK ayAaHAacThIpy 6ipJikTepiH ap TypJi
3epTTeylIijiep OPTYpJi KiKTeHTiHI 3epTTesin, Apan TeHi3iHiH (U3NKaJIBIK-reorpadUusIbIK,
aliMaFbIHBIH ayAaHAACTBIPY OipJikTepiHe cumartamMa Gepinzi. Opta macmtabrarsl (1: 500 000)
Apan ¢usuKanbIK-reorpadUusAIbIK OKPYTiHiH JaHAAPTTAphl MeH (U3UKaJbIK-TeorpadpusiIbIK
ayZlaH/IaCcThIPy KapTachl XacaJi/ibl.

Tyiin ce3aep: JanamadTt, Apaa TeHi3i, meJsiedTTeHy, O(U3UKAJIBIK-reorpadUsIbIK,
ayZiaHaacTeipy, GU3MKaIbIK-reorpadusaablK ayAaH, QU3UKaIbIK-reorpadusiiblK, OKpyr, Apad
OKpyTi, pesbed, TOMBIPAK, OCIMJIK KAMBUIFbIChI, JaHAAPTTHIK KapTa, JaHAMAPT TYpi,
dU3UKaNbIK-TeorpadHUsIbIK ayJaHAACThIPy KapTachl.

H6parumosa P.A.1, ABe30B M.M.2, U6paumoBa A.A.3
123HayuoHabHbIl yHUgepcumem Y3bexkucmaHna umeHu Mup3o Yaye6exa, Tawkenm, Y36ekucmau

JlanamagThl Apanbckoro pusnko-reorpadpmu4ecKoro OKpyra v onbIThl UX palOHUPOBAHUSA

AHHOTauuMA. B 1aHHOH cTaTbe B KayecTBe OT/eJbHOW (U3HMKO-reorpapuyeckod eAUHULbI —
Apanbckoro ¢pusuko-reorpadpryecKoro oKpyra OblIM BblJieJIeHbl HOBble 3eMJIM, 06pa30BaHHbIE B
30He JipeHaka ApaJIbCKOro MOpsl U palioHbl, I'Zle MOPCKUE OTJ/IOKEHHUS IHPOKO PaclpoCTPaHEHbI B
paioHe BocTouHoro Apasia. B ctaTbe Takke OnMUChIBAlOTCA JaHAAPThI U GU3UKO-Teorpadpuyeckue
palioHbl Apasbckoro ¢UsMKo-reorpadpUyecKkoro okpyra. bbuio msydyeHo, yTo eAMHULBI GU3UKO-
reorpaduyeckoro pallOHMpPOBAHUA KJ1acCUPUIIMPYIOTCA 110-pa3HOMY pa3/IMYHBIMHU
UCC/IeIOBaTe/NsIMY, OINHCAaHbl eAUWHUIbI palOHUPOBaHUSA ¢U3KKO-reorpadpuyecKkoro paioHa
Apanbckoro Mops. CocTaBsieHa KapTa JaHAadpToOB U GU3UKO-reorpadpruyeckoro paioHMpoBaHUS
Apanbckoro pusnko-reorpadpudIecKoro okpyra cpeadero Mmacurraéa (1: 500 000).

KmoueBble cioBa: yaHaumadT, Apajsbckoe MOpe, ONYCTbIHUBaHUE, GU3UKO-reorpadpuieckoe
palioHupoBaHue, ¢U3UKO-reorpadpuyeckuil palioH, ¢puUsuKo-reorpadpruyecKuil oKpyr, ApasbCKUM
OKpYT, pesbed, M04YBA, PACTUTEJBHOCTD, JaHAapTHAA KapTa, TUN JaHAwadTa, KapTa GU3HKO-
reorpaduueckoro paioOHUPOBaHUS.
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MeToabl Kaprorpa¢upoBaHMA [JiA OIL€HKH 3arpsi3HeHHsA IMO4YB
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AHHOTanMA. B paboTe npoBefieHO UCCIef0BaHNE N0 3arpsA3HEHHUIO
MIOYB TAKEeJbIMU MeTa/lJIaMU Ha TEPPUTOPUM AKTIOOMHCKOM 00JIacTH C
NpYMeHeHHeM MeTOJ0B KapTorpadpupoBaHUs. BrnepBble paspaboTaHbl
OLleHOYHO-UHPOpMaLMOHHble KapTbl B cpefe ['MC, omuceiBawomue
npocTpaHCTBeHHOe pacnpefenenue xpoma (Cr), Hukens (Ni), MbllibsKa
(As), moaubaeHa (Mo), kobanbTa (Co), yuHka (Zn), ceunna (Pb), meau
(Cu), xagmus (Cd), 6opa (B) B mouBe. HayyHast HOBM3HA HcCCJie[JOBaHUS
3aKJII0OYaeTCcd B ONpe/ie/IeHUHU KOHLIEHTPALUX TAXKeJbIX MeTaJlJIOB U UX
pacrnpocTpaHeHUs Ha OCHOBE HHTEPHOJIALMU IO MeTohy OOpaTHO
B3BellleHHbIX paccTosHui (IDW). B paboTe onucbiBalOTCs pe3yabTaThbl
N0JIEBOTO TNOYBEHHOr'0 00C/1e/0BaHMs, BBINIOJHEHHble HAa CAaHUTApPHO
3amMTHBIX 30Hax (C33) JJoHCKOro ropHO-060raTUTEIbHOI0 KOMOHUHATA
(I'OK) u AkTio6uHCKOro 3aBojia ¢eppocmniaBoB. [IouBeHHble 06pa3Iibl
ObLIM HCCJIe[0OBAaHbl METOJOM XMMHMYECKOro aHa/u3a B JIAOOpATOpHM.
OnpepesieHue TsXKeJIbIX METaJIJIOB BBIIIOJIHEHO HA OCHOBE XMMHUYECKOT0
aHa/lM3a MeTOJOM CIIeKTpPOMeTpHuHU. Pe3dysbTaTel UcCCaef0BaHUN
NpejCTaBJIAT KOMILJIEKCHYI0 KapTorpaduyeckyro MoJesb, TIJe
yKa3blBalOTCSA KapThl 0TO60pa P06 U POCTPaHCTBEHHOE paclipe/iesieHre
OT/Ze/IbHBIX 3JIEMEHTOB, KOTOpble TMO3BOJIAT JeTepMUHUPOBATh
Y4YaCTKH{ NOBBIIIEHHOU KOHLIEHTPALUHU TAXKeJIbIX METAJ/IJIOB.
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BBeaeHue

[IpoMblllIeHHasA [eATeJbHOCTb B 3alafHbIXx pervoHax KasaxcraHa, B 4acTHOCTH, B
AKTIOOMHCKOW 00/1aCTH, OKa3blBaeT CepbE3HOE BO3eMCTBYE Ha 9KOJIOTUYECKY0 0OCTaHOBKY.
IJTOT pervoH fIBJSETCA LLEeHTPOM J00bIYM HePTH, a TaKKe LIBETHbIX U MOJUMeTalJIuYeCKUX
pyA. B pesynbTaTe NpOMBIIIJIEHHOTO PAa3BUTHUA 3a MNOCJAeJHHE HECKOJBbKO JeCATHJIeTHUU
BO3HUKJIM CEPbE3HbBIE IKOJIOTHUYeCKHe TP06IeMbl, OJHOU U3 KOTOPBIX ABJSETCA 3arpsA3HeHue
MIOYBBI.

Besnymue oTpaciu permoHa, BK/KO4Yasg HePTAHY0 M TOPHOPYAHYIO NPOMBILIJIEHHOCTD,
CIOCOOCTBYIOT HAKOIJIEHUIO TSKEJIBIX METAJIJIOB U YIJIEBOJ0PO/ 0B B I0YBEHHBIX FTOPHU30HTAX,
YTO HEraTUBHO CKa3blBaeTCA HAa OKPYXKaloller cpeJie U 3,0poBbe HaceseHud [1].

['opHOpy/iHasi NMPOMBIIIJIEHHOCTh TAaKXe BHOCHUT 3HA4YMTeJIbHbIM BKJAJ B 3arps3HeHHe
nouyB. OCHOBHbIe 3arpsI3HUTEJIM, BbIJeJAILHEecS IPU TOPHOAOOLIBAKIIUX paboTax,
BKJIIOYAIOT TSKEJIble MeTaJ/lIbl, TAKUE, KaK CBUHell, KaZIMUH, MbILIbAK, Me/ib, LIUHK U PTYTb [2-
5]. 3Tu MeTaJlJibl BBIZIEJAIOTCSA B OKPYKaKOILYI0 Cpefly IpU epepaboTKe py/bl, YTO IPUBOAUT
K UX HAKOIUJIEHHIO B IIOYBe U BOJAHBIX chcTeMax. HakomnieHue TSXKEbIX MeTa/IJIOB B MOYBE
MOXeT NPUBECTH K U3MEHEHHI0 eé CBOMCTB U, KaK CJIeJCTBHe, K YACTUYHOU WJIM IMOJIHOU
noTtepe miaoaopoausa [5-8].

3arpsAi3HeHHe NOYBbI TKEJIBIMU MeTa/JIaMU MOXKeT UMeThb Cepbé3Hble NOCAeCTBUA [
3/10pOBbs YeJIOBEKA U XKMBOTHBIX. ITH MeTaJ/lJIbl, I0Na/ias B OpraHU3M yepes MHUILy, CIOCOOHBI
BbI3bIBATh Pa3JIMUYHbIe 3a00JIeBaHUA. B pe3y/ibTaTe KOJIM4eCTBO 60JIbHBIX JIJEU U 2KUBOTHBIX
pacTéT, a NPOAO/KUTENBHOCTD KU3HU COKpaljaeTcsa. KpoMe Toro, cHuxkaeTcs ypoKakHOCTb
CeJIbCKOX03MCTBEHHBIX KYJIbTYP U NPOAYKTUBHOCTb >KUBOTHOBO/ICTBA.

OcobeHHO OMNacHBIM fABJAETCA 3arpsA3HeHHe I0YB MBIIIbAKOM WM KaJMHeM, KOTOpble
006J1aZ1al0T BBICOKOM TOKCHYHOCTBIO JJI1 >KUBBIX OpPraHM3MOB. IJTHU MeTa/lJlbl MOTYT
HaKallJIMBaTbC B pAaCcTeHUSAX UM IKUBOTHBIX, BbI3bIBasd MX THUOeJb WM CHWXKas
penpoAyKTUBHBIE CIIOCOOHOCTH, YTO NMPUBOAUT K HApPYLIEHUI0 3KOCUCTEMHBIX NIPOLECCOB U
6uopasHoobpasus [5, 9-12].

3arpsi3HeHUe IMOYBbl NPOUCXOJUT B pe3yjbTaTe paja (GU3UYECKHUX, XUMHUYECKUX U
OMO0JIOTUYECKHUX NPOLLEeCCOB, KOTOPble CIIOCOOCTBYIOT MUIPALIMKA U HAKOIJIEHUIO TOKCUYHBIX
BellleCTB B IOYBEHHBbIX TOpHU30HTaX. OCHOBHBIMH MeXaHU3MaMH 3arpsA3HeHUs I0YBBI
HeQTAHBIMU U TOPHOPYAHBIMU OTXOJAMHU SABJAITCA aAcopO1Ms, UHOUIbTPALMs, MUTpaL s
yepe3 NOpHUCThIe /10U U U Py3HUs 3arpsA3HAIOIUX BELECTB.

OZHUM M3 BaXKHBIX IPOLLECCOB 3arpsA3HEHUs ABJISAETCA aJlCOPOL M 3arpA3HAIOLIMX BellleCTB
Ha [NOBEPXHOCTH NOYBEHHBIX YacTULl,. Hanpumep, yriieBoAopoAbl U TAXKE/ble MeTaJ/lJIbl MOTYT
aZlcopbMpoOBaThCA Ha OpraHMYeCcKUX BelleCTBaX U IMIMHUCTBIX MUHepaJlaX, 4YTo 3aMeJJjIfeT UX
nepeABUKeHUEe 4Yepe3 IO0YBY, HO OJHOBPEMEHHO YyBeJHWYHUBAET HX TOKCUYHOCTb [JIA
noyBeHHOW OuWoOThl [3, 5, 11, 13]. MblbsIK, KaJMUA KU CBUHEL, 00Pa3ylOT YyCTOWYHUBbIE
KOMIIJIEKCBI, 3aTPYAHSAIOLIME UX Pa3J/Io’)KeHHe U BbIMbIBaHUE U3 MOYBHI.

3arpsAi3HeHMe MOYBbl OKa3blBaeT CHUJIbHOE BO3JeHCTBHE Ha MOYBEHHYI OHOTY, BKJIIOYasd
MUKpPOOPraHU3Mbl, paCTEHUS U KUBOTHBIX. TsXKE/ble MeTasl/ibl, TaKWe, KaK KaJMUH, MOTYT
MHTH6UpOBaTh pepMeHTAaTUBHYI0 aKTUBHOCTb MUKPOOPTaHM3MOB, CHUXKas UX CIIOCOOGHOCTb
pasjiaraTb OpraHM4YecKde BellecTBA. JTO MNPUBOJUT K HApPYLIEHUI0O KpPyroBopoTa
NUTaTe/bHbIX BEIECTB U YXY/ALIEHUIO NJIOJ0POAKS NOYBHI [5, 12].

3arpsi3HeHHe MOYBbl TOKCUYHBIMHM BellleCTBAMMU NPUBOJUT K M3MeHEeHUI0 eé Pu3MKo-
XUMHYECKUX CBOMCTB, YTO YXyZJlLlaeT eé CIOCOOHOCTb NOAJEepXHUBAaThb PACTUTENBbHOCTb U
BOJIOY/IEPKUBAOILYI0 CHOCOOHOCTh. Tskésble MeTajjibl HAKalJIMBAlOTCA B BEPXHUX
TOPU30HTaX IOYBBI, YTO CIIOCOOCTBYeT UX JAaJibHeMIlleld MUrpaluyd B BOJHble CUCTeMBbl. B
paiioHax AKTIOOMHCKOW 06J1IaCTU C MWHTEHCUBHOW MNPOMBIIIJIEHHOW [JesTe/NbHOCTbIO
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3arpsi3HeHHe TPYHTOBBIX BOJ| TSKEJBIMH MeTa/JIaMH JOCTHUraeT ONACHBIX YPOBHEH, 4TO
YIPO’KaeT He TOJIbKO 3KOCHUCTEeMaM, HO U HaCeJIeHUI0, UCMOJIb3YIIeMy BOJY sl MUThs U
opouieHus [14-16].

MaTepnanbl H MEeTOo/AbI

AKTIO6MHCKas 06J1acTb 00J1aZjlaeT pa3HOOOPa3HbIMU IPUPOJHBIMY YCI0BUSAMH, HAYUHASA OT
cTeneu M MoJIyNyCThIHb [0 NYCTBIHHBIX JIAHALWAPTOB, U UTPAIOT BAXKHYIO POJIb B IKOHOMUKE
CTpaHbl bs1aroaps 60raTbIM 3anacaM NIPUPOJHbIX PeCypCOB, BK/I04Yasd HepTb, ra3 v pyay [17].

AKTIOOMHCKasA 00J1acTh IPaHUYUT Ha ceBepe c Poccuiickoit Pexnepanueii, Ha BOCTOKe C
KocTtaHalickoi U Y/IbITayCKOM 06/1aCTSIMH, Ha I0T0-BOCTOKE € KbI3blJIOpAMHCKOM 06/1aCThI0, HA
1ore ¢ Pecniy6siikoit Y36ekucraH, Ha 3anafie ¢ 3KO, ATblpayckoit 1 MaHrucrayckou 061acTaMu
(puc. 1).

KimMaT pe3ko KOHTMHEHTAJbHbIH, XapaKTepU3yeTCs KapKUM JIeTOM U XO0JO0AHOW 3UMOH.
JleTo 06BbIYHO AJIUTCA C UIOHSA 10 aBr'yCT, CO CpeJHUMU TeMnepaTtypaMu oT +25°C no +40°C, B
3aBHCHUMOCTH OT palioHa. 3UMBbI X0JIOJJHbIE, CO CPeJHUMU TeMIlepaTypaMu B siHBape oT -5°C 10
-20°C. KosimyecTBo ocaZikoB B peruoHe Bapbupyetcsa oT 150 go 300 MM B roa, 4To JesaeT
OOJIbLIYI0 YacTb TEePPUTOPUU 3aCyUIMBOM WM moJy3acyuuinBod (Kasruzpowmer,
https://kazhydromet.kz).

dusuko-reorpadpuyeckui JaHAmadT pervoHa BKJOYAeT HEBBICOKHE ropbl Myromxap,
SIBJISIIOIIMECS 0’KHBIM MPOJO/KEHUEM YPaTbCKUX IOp, KOTOpPble HAXOASATCS HAa TEPPUTOPUU
AkTi06UHCKOM 06J1acTU. BbicoThl flocTUratoT 657 MeTpoB (ropa bosibiioi bokTei6ait), v 34ech
npeo6JiafaloT NOJYNYCThIHHBIE U CTeNHble JaHAmadThl [18].
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B kavyecTBe 00'bEKTOB MCC/IeJ0BAaHUSA OLleHKU 3arpsI3HeHUS N0YB TsKeJbIMU MeTa/lJIaMU Ha
TEPPUTOPUM AKTIOOMHCKON 00J1acTU OblLIM BbIOpaHbl JIOHCKOW TOpPHO-060TraTUTEbHBIN
kom6uHaT (['OK) 1 AkTI06UHCKUH 3aB0/, GeppocCIiaBoB (puc. 2).

[ToneBoe HcciiefoBaHue JJOHCKOTO TOpHO-060raTUTebHOTO KoMOHHaTa ('OK) BhimoiHEHO
B06J/IM3U ropo/ia XpoMTay Ha OT/la/IeHUH OT CaHUTapHO-3a1uTHOU 30HbI (C33). Ha TeppuTopumn
00'beKTa HAaXOAATCS Kapbepbl XpOMOBBIX py/ U oTBasibl (30-50 M B BeicoTe). B roposie AKTo6e
OCHOBHbIM 006'b€KTOM ObLJI BIOPAH 3aBO/, XPOMOBBIX COEJUHEHUH.

PucyHok 2. [loJieBoe ucciief0BaHUE IOYB HA TEPPUTOPUM CAHUTAPHO-3aLIMTHBIX 30H /I0HCKOr0
I'OKa u AKTIOGMHCKOrO0 3aBoJa ¢peppacniaBoB

OpHuM U3 HauboJiee PACIpPOCTPAHEHHBIX METOJ0B MOHUTOPHHIA 3arpsi3HEHHBIX MOYB
SIBJIIETCS XUMUYECKHUIM aHa/IM3, KOTOPbIM MO3BOJISIET ONpeeUTb KOHIEHTPAUU TKEbIX
MeTaJIJIOB U IPYTUX 3arpsA3HAIOLUX BEleCTB.

MeTos crnekTpodpOTOMETPUH MCIOJb3yeTcs AJis ONpeJie/leHUs KOHLEeHTpaluil TaKux
TSHKEJIBIX MeTaJlJIOB, KaK CBUHEL, KaJMUH, pTYyTb U MbIbAK. AAC M0O3BOJIS€T C BBICOKOU
TOYHOCTBIO OIpeJle/IUTh JaKe HHU3KUe KOHIeHTPAlLUHW 3THUX 3JIEMEHTOB B IOYBEHHBIX
06pas1ax, 4To JiesiaeT ero 0OHUM U3 KJIHYeBbIX METO/0B UCCAEI0BAHUS 3arpsi3HEHHBIX MOYB
[19-22].

[loslydeHHble TMOKa3aTeJNU TXKeJNblX MeTaJsioB uHTerpupywrca B [MC cpeny pns
Jla/IbHeNIIero aHaju3a pacnpoCTpaHEeHUs Ha MOBEPXHOCTU. ['e0cTaTUCTUYECKUE METO/ibI,
TaKyhe, KaK MHTEPIOJALUA KPUTMHIa, UCNOJIb3YIOTCA JAJIS NPOCTPAHCTBEHHOTO aHa/v3a U
KapTUPOBaHUS 3arpsI3HEHHBIX TEPPUTOPUI. ITU METO/AbI TO3BOJISIIOT HA OCHOBE BbIOOPOYHbIX
JlaHHBIX MOCTPOUTD KapThl 3arps3HEHHOCTH MOYBbI, KOTOpPble NIOMOTralOT BU3yaJU3UPOBAaTh
pacnpeesieHHe TSKEIbIX METAJLJIOB U YIJIEBOIOPOL0B Ha OOJIbUINX TePPUTOPUSX [23-27].

[eocTaTucTuKa NO3BOJIIET ONpPEAEJUTb «TOpsiUMe TOUYKU» 3arps3HeHus, Tr/Jie
KOHI|eHTPalM1 BpeJHbIX BeLeCTB 0CO6EHHO BBICOKHU. ITO JAET BO3MOXKHOCTb 3P PEKTUBHO
MJIAHUPOBaTh MEPOMNPUSATUS IO OYUCTKE, HaAMpaBJ/isisd pecypchbl TyJa, TJle 3arpsisHeHUe
Haub6oJsiee onacHo. ArcGIS 10.6 [5, 27-31] akKTUBHO HCNOJIb3yeTCs /i IPOCTPAHCTBEHHOTO
aHaJIM3a 3arpsA3HeHUH.

B uccnepoBaHuM HauboJiee ONTHMaJbHBIM BHUJOM [JETEPMHUHHUPOBAHHOW MOJEJbIO
IPOCTPAaHCTBEHHON MHTEPIOJIALMU OblJ1 BBIOpAaH MeTO0J, 00paTHO B3BelLIEHHbIX PaCCTOHUMN
(IDW). Obwasa npeAnocbliKa 3TOM0 MeTO/la 3aKJ/4YaeTcsl B 3HAYEHUH aTpPUOYTOB Jit0OOU
JlAaHHOU Maphbl TOYEK, CBA3aHHBIX JIPYT C IPYTOM, HO UX CXO/JICTBO 0OPaTHO NPOMOPLIMOHATBHO
PACCTOSTHUIO MEXAY IByMSI MeCTON0JIOKeHUsIMU [32, 33]. JlaHHbIN MeTo/ OblJI BHEJIPEH BO BCE
usBectHble ['MC-nporpaMMHble o6ecrieyeHHS] U SIBJSETCS CPaBHUTEJbHO MNPOCTbIM MpPHU
BbINIOJIHEHUH re0CTaTUCTUYECKOr0 aHa/In3a OBEPXHOCTH [34].

Meton IDW yyuTeiBaeT [35] mNOpoOCTyl0 MNPOCTPAHCTBEHHYI 3aBUCUMOCTb NP
MHTEPNOJSAUM TOYEYHbIX HaOJIOJeHUH. ITO He TpebyeT ampUOpPHOro HCCJIe0BaHHUS
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IpPOCTPAaHCTBEHHON M3MEHYMBOCTU pacCMaTpUBAaeMOM NepeMEeHHOW, B OTJIMUMEe OT GoJee
CJIOXKHBIX T€0CTaTUCTUYeCKUX NoAX0A0B. PopMasibHO MeTo, IDW ncnosnb3yeTcsa AJis OLLeHKU
HeHU3BeCTHOro 3HaueHus J(So) B MECTONOI0XKEHUH So, YYUTHIBasA HAbJ/Il0jaeMble 3HAaUYeHUs Y B
BbIOpaHHBIX MECTOIOJIOXKEHUAX Si C/lelyI0IUM 00pa3oM:

n -

N _ doi
9(So) = i=1WY(Si) €Y)

B ypaBHeHuU (1) uucauTesb sABJAseTcA 06paTHBIM paccTtossHUio (doi) mMexay So u Si co
CTelNeHbIO a, a 3HaMeHaTeJ b IPe/ICTaBJIsIeT CO60M CyMMy BCeX BECOB 0GPATHOrO PACCTOSIHUS
JUISI BCEX MECTOIOJIOXKEHUH i, TaKk YTO cyMMa BceX li /iyi1 TOUKkU 6e3 BbIOOPKH OyJeT paBHaA
efuHule [34-36].

MeTton IDW mno3BoJsisieT BU3yaJM3UPOBATh PACHpPOCTPOHEHHE TsKeJbIX MeETaJJIOB Ha
OCHOBE CO3/IaHHOM pacTPOBOU MOBEPXHOCTH.

Pe3ysibTaThl U 06CYKAEHUE

B pe3sysbTaTe MoJieBOM MOYBEHHOUW 3KCIEJUIIMU ObLIM OTOOpaHbl 00paslbl MOYB B
coorBeTcTBUU ¢ ['OCT 17.4.4.02-2017 «Oxpana npupofbl. I[louBbl. MeToabl oT6Opa u
NOACOTOBKU MNpo6 [AJ XUMHUYECKOro, OaKTEpHUOJIOTUYECKOrO, TeJbMUHTOJIOTUYECKOTO
aHasu3a» [37]c npuMeHenrneM GNSS npuemMHuKa Spectra Geospatial SP85.

[nsa onpepenenus BausaHuA Jlonckoro 'OKa u kapbepoB Ha 3arpsi3HeHHe MOYB 3aJI0XKEH
MOYBEHHBbIN pa3pe3 W OTOUpPaJMCh 00pas3libl MOYB METOJOM KOHBEpPTa B IOT0-BOCTOYHOM U
ceBepo-3amnaZHOM HalpaBJIeHUSIX COrJIAaCHO po3e BeTpoB Ha oTAaseHuu 100 M, 250 m, 500 M,
1000 m u 5000 M, a Takke Ha TeppUTOPUHU TOPOJCKUX MapKoB (AJisies TOPHSIKOB U
[leHTpasbHBIK Mapk ropoaa XpomTay). Bcero mo ucciaeayemMod TEppUTOPUU OTOOpaHbI 18
o6pa3znoB: Pazpe3 Ne1 (0-8 cm); 100 M, 250 M, 500 M Ha roro-BocTOK OoT Pazpesa Ne1; [TogHoxus
otBasa; 100 M, 250 M, 500 M, 1000 m 1 5000 M Ha ceBepo-3anaj OT oTBasa; LleHTpa/ibHbIN Mapk
U AJls1es TOPHSIKOB ropojia XpoMTay, I'paHuiia ropoaa Xpomray (puc. 3).

Ha rpanuie npomM3oHbl AKTIOOMHCKOTO 3aBo/1a GeppaciiaBoB 3a/103KEH NIOYBEHHBIN pa3pes
M 0TOOpaHbl 06pa3iibl MOYB B CAHUTAPHO-3alIMTHOMN 30He U 32 Hel Ha oTAaseHuun 100 M, 250
M, 500 M 1 1000 M B 3amailHOM M CEBEPHOM HaAIlpaBJIEHHUSX, a TaKKe Ha TEPPUTOPUH
llenTpasbHOro napka ropoja Akto6e. Bcero oto6paHo 9 o6pasnos: Pazpes-3; 100 m, 250 M,
500 M 1 1000 M Ha 3anazg ot C33; 100 M, 250 m 1 500 M Ha ceBep oT C33; lleHTpa/ibHBIN NApPK
ropoza Akto6e (puc. 4).

OTobpaHHble MpPOOBI OBLIX OTHpaBJEHbl B CEPTUPUIUPOBAHHBbIE HCHbITATATEbHbIE
snabopatopuun TOO «3kocepBuc-C» u «Kazaxckuii HUU noyBoBeieHHs M arpOXUMUHU UM. Y.Y.
YcnaHoBa» A/ ompejesieHUs] KOHLEHTpalUi TsKesablx MeTaqnoB. B snabopatopuun TOO
«JKocepBUC-C» NMPUMEHSJIUCh ciaeaylolue UHCTpyMeHThbl — Specord 210 PLUS, HoHomeTp
JabopatopHbid Tun M-160, [lnamenHbit poTroMeTp Tun FLAPHO-4, Bechl asiekTpoHHble AR
2140, Becnl anekTpoHHble ScoutSPS202F. B kauecTBe cpeacTBa U3MepeHHU B JlabopaTOpUMU
Kaszaxckoro HHWW mnouBoBegeHUsa U arpoxuMuu uM. Y.Y. YcmaHoBa wucrnosib3oBasica
noprtatuBHbii XRF-aHanuszaTtop, paboTawimuii Ha OCHOBe peHTreHodJyopecleHTHON
CIeKTpOMeTpHU. Pe3ysibTaThl moKa3aTesiell cofilep>KaHUsl TSDKEJIbIX MeTaslJIOB MOKa3aHbl Ha
PUCYHKaX 3 ¥ 4 B MI'/KT.

Ha teppuTtopuu ropoga XpomTtay (puc. 3) Haub60J1bIlIasi KOHLLEHTPALUS TSHKEJIbIX METAJLJIOB
NpUCyLla caeAyLMM MecTaM 0Toopa:
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- nokasaTtesid HUKens ([1JK - 85 Mr/kr) npeBblialoT HOpMY BO BCeX TOUKax 0T60pa, KpoMe
o6pasuoB N1, 12, 15, a HauboJiee 3aBblllIEHHbIE TOKa3aTeJW NPUCYTCTBYIOT B 06pa3nax No7,
9,10, 11 (npesBbimaeT I[1/IK B 20 pas);

- noka3ateaud moaubaena (MK - 0,07 mr/kr) moBbllieHbl B o6pa3uax Nel, 10, 16 (B
cpenneM [1/IK 3aBbiieHo B 300 pas);

- nokasateau kobasnbra ([IJK - 50 mr/kr) moBbllieHbl B o6paspax Ne7, 9, 10, 11
(npeBbiaeT I[1JIK B 2 pasa);

- mnokaszateaud xpoma (I[IJK - 100 mr/kr) mnoBbilleHbl BO BCeX MecCTaxX OTOOpa, HO
HauboJIbIINM Moka3aTesb (7335 mMr/kr) B o6pasie Ne 17;

- noka3saTesiy Mblbgaka ([1JK - 2 Mr/kr) cpaBHUTe/IbHO MOBbIIIEHBI B 06pasiax Nel, 6, 8,
13, 15, 18 (B cpegnem I1/IK 3aBbilieHo B 5 pas);

- mokasaTeJ i1 noJBxHoro 1uHka ([IJAK - 23 mr/kr), nogmwxHor meau (1K - 3 mr/kr),
noaBxHoro ceuHna (I1JK - 6 mr/kr), noasuxHoro 6opa ([IIK - 30 Mr/kr) He npeBbIILIAIOT
HOpMY;

- nokasaTtesiu noasuxHoro kagmus ([IJAK - 0,5 mMr/kr) HauboJsiee noBbILIeHBI B 06pa3Liax
Ne6, 8, 15, 17 (npeBnbiiaet I[1/IK B 2 pasa);

- mokasaTeJiv BasioBoro nuHka ([11K - 100 mMr/kr) noBbllieHbl B 06pa3ie N27 (nmpeBblliaeT
[IAK B 1,5 pa3za);

- nokasatesu BasoBou menu (IIJK - 3 mr/kr) u BanoBoro kagmusa (IIJK - 0,5 mr/kr)
MOBBIIIEHBI BO BceX o6pasnax (B cpegHeM npesbiaeT [1/1K B 6 pas);

- nokasaTeJiu BasioBoro cBuHa ([1/IK - 32 Mr/Kr) He npeBbILIAIOT HOPMY.

Tloka3aTesi 2JIEMEHTOB B MOYBE, B MI/KI

Howmep oGpasua Haumenosauus obpasua it | Basiosas | Basioerii | Basiobrii

Hukeas | Monuoaen | Kodansr [ Xpom | Mbimbsik o =
LHHK Meab KaAMBi CBHHEI Gop. UHHK veab KaAMHii | cBHHEN

Paspes Nel (0-8 cm) 19 124 7 1550 16 09 0.7 05 0.9 0.22 91.2 2238 12 5.6
100 M Ha 10r0-BOCTOK OT Paspesa Nel 739 5 56 2434 12 0.6 04 15 11 0 87.2 284 08 e
250 m Ha 10r0-B0CTOK 0T Paspesa Nel 2225 0 134 3307 9 05 02 09 1.4 0.14 146 264 3.6 6

500 m Ha roro-socTok 0T Paspesa Nel 487 11 0 2849 13 05 0.1 il 15 001 72.4 212 32 3.6
9 TTojiHOXMs OTBANA 1971 10 176 1416 6 1.4 1 0.1 0.7 0.07 60.8 18.8 3.6 2.4
10 100 M Ha ceBepo-3anaz ot orsaia 1718 13 165 1479 11 0.7 0.6 0.7 0.13 68.8 152 1.2 3.6
11 250 m Ha cepepo-3anan oT oTBATA 1738 12 132 1171 03 06 06 06 0.11 64 172 24 Pl

12 500 m 1a cenepo-3ana or orsaia 52 8 17 180 1.7 0.5 038 1.1 0.15 652 17.6 2 5.6
13 1000 v Ha ceBepo-3ama O oTRANA 321 6 66 2205 11 0.6 03 0.8 0.7 0.08 744 164 24 3.6
15 [{cHTpanbHbIi mapk ropoAa Xpomray 71 0 0 485 14 73 04 13 18 022 72.8 20.4 48 92
16 [Asiest roprsxos, ropox Xpomray 563 10 51 3708 11 1.2 05 09 7 0.1 87.6 26.8 2 4.8
17 Tpannua ropona Xpowray 537 13 0 7335 10 5 0.6 1.1 13 038 992 216 36 56
18 5000 m 1a ceBepo-3anaj or 714 4 0 2524 12 0.2 0.5 0.9 0.6 0.17 66.4 184 1.6 5.2

oo~

oleole

PucyHok 3. Pe3ybTaThbl JIa60pPaTOPHBIX MCC/IELOBAHUNA 06pa310B OYB Ha TeppuTopuu C33
Jdonckoro I'OKa, r. XpomTay

Haubosblive nokasaTesau TsKeJbIX MeTalJIOB Ha TeppUTOpPUHU ropoga AkTobe (puc. 4)
npeo6saJlaloT B CEAYIOIUX 0Opa3Lax:

- NIOKa3aTeJiu HUKeJId MPeBbIIaloT HOpMY B 06pasnax Ne23, 26 (B cpeaHeM B 1,5 paza);

- MOKasaTeJu MOJIMO/eHa, XpoMa M NOKa3aTe Id MbIlIbSKa NMOBbIIIEHbl BO BCeX 00pasnax
(npesbimaeT [1/IK B 150 pa3), kpome N234;

- NIOKas3aTeJ U NMOABUKHOIO IIMHKA, IOABUKHOU MeJiU, MTOJABHUKHOTO CBUHIIA, MOJABUKHOI'O
60pa He NpeBBIIAIT HOPMY;

- MOKa3aTeJiu MO/ BMXXHOT0 KaJjMUsl MOBBILIEHBI BO Bcex ob6pasuax (npesbimaeT [IJIK B 2
pasa), kpome N223;

- IOKa3aTeJIU BaJIOBOT0 LIMHKA MOBbIIIEHbI B 06pa3nax N227, 31, 34 (B cpeaHem B 1,5 paza);

- NIOKa3aTeJiu BaJIOBOUM Me/IU U BaJIOBOTO Ka/IMHUs MOBBILIEHbI BO BCEX 00pas31ax;

- mokasaTeJiu BasioBoro cBuHIa ([1JIK - 32 Mr/Kr) He NpeBbILIAIOT HOPMY.
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TloxasaTeny 3JIEMEHTOB B [I0YBE, B MI/KI
Howmep obpasua Haumenosanus obpasua Hincens. | Monn6aer | Xpow | Mo I I I TI Baunosbiii | Banosast Bam)nl.iu Basosblit
UHHK Meb KagMuit cBHHeN 60 UHHK Menb | kaammii | ceuHen
23 Pazpes-3 12 4 0.3 0.068 22 4.4
26 100 m Ha 3anan ot C33 17 16863 11 5.1 0.28 94.4 21.6 3.2
27 250 m na 3anan ot C33 49 14197 1.1 0.21 21.2
28 500 m Ha 3anan or C33 68 2851 9 3.2 0.9 0.5 0.21 94.4 32 4.8
29 1000 ™ Ha 3anan ot C33 76 11 3238 5 0.8 0.15 84.8 216 2.4 4.4
30 100 m Ha cesep or C33 84 1 10655| 10 4 12 06 013 832 196 4 H
31 250 m Ha cesep or C33 80 5 9231 4.9 2] 0.8 0.12 132 19.2 1.6
32 500 m Ha cesep or C33 83 9 6029 4 4.4 0.8 1 0.4 90.4 2.4 56
34 | Axrobe Ilenpasibhblii napk, 8000 M 37 0.7 | 0.9 04 102 | 232 | 12 4

Pucynok 4. CpaBHeHHe pe3yJIbTATOB JIa00PATOPHBIX HCCJIEAOBAHUI 00pa310B NM0YB HA TEPPUTOPHH
C33 AxkTIO0MHCKOTO0 3aB0/1a (peppaciiIaBoB

[IpocTpaHCTBEHHOE pacnpejiesieHUe TshKeJblX MeTalJIOB B MOYBE ObLJIO BbINOJHEHO B
nporpaMMHOM ob6ecnedyeHUU ArcGIS ¢ npuMeHeHueM rpynnbl HHCTpyMeHTOB ArcToolBox. B
KayecTBe 006J1aCTH UCCAeJ0BaHUS ObLIM BbIOpaHbl 3KCTEHTHI € momaabo 80,97 km2u 92,25
kM2 s 1. XpoMmTtay (puc. 5) u r. AkTobe (puc. 6), COOTBETCTBEHHO. AJITOPUTM CO3JaHUS
pacTpOBbIX NOBEPXHOCTEHN BKJIKOYaeT 00pabOTKYy TOUYeUHBIX JaHHbIX B Spatial Analyst Tools -
Interpolation - IDW.

Kapra nosiessix seesaenosanmii mous ua reppuropun C33
Jlonekoro ropuo-oboraTireaLHoro Rombunara

PucyHok 5. Kaprorpadpuueckas Mojesib TOUEK 0TGOPaA NPOG U pacnpoCTPaHEHU TSHKeTbIX
MeTaJ/I/IOB B no4Be (T. XpomTay, loHckoii I'OK)

B uHcTpymenTe IDW B siueliKy BXOJHBIX JaHHBbIX (Input point features) uMmnopTupyem
TOYKM 0TOOpa Npob ¢ ykazaHueM cTos611a (z value field) mokasaTe st KOHIIEHTPALMHU TSXKEJbIX
MeTa/s10B. CoxpaHeHUe pacTpa U BbIOOP AUPEKTOPUHN BbINOJIHAETCA B output raster. Boibop,
OTPaHUYMBAIOIUN NOBEPXHOCTH B BHU/le BbIOPAHHBIX 3KCTEHTOB, BBINOJIHSJCA B Cpefe
Environment Settings - Processing Extent u Raster Analysis. lllar nepexosa UHTepHOAALUU
paBeH 5-Tu Juig A depeHMaL MU CIPOTHO3UPOBAHHBIX KOHLIEHTPALUH TSXKeJbIX MEeTaJLJIOB.

Huxe npuBOAUTCA onKMcaHUe 30H C MOBBIIIEHHbIMU NOKA3aTeJNSIMU TSXKeJbIX MeTa/lJIOB B
noyse. [lo pesysibTaTaM MHTEPNOJSALMU Ha TEPPUTOPUHU T. XpoMTay (puc. 6) HabOAAeTCS
MOBBILIIEHHOE COJlepKaHHe HUKeJIs B TI0YBe, B nipejesax oT 614,1 u 1o 2213,1 mMr/kr.
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S STIOE
Kapra noJeBbix uccieaoBaHuii nouys Ha teppuropuun C33
AKTIOOMHCKOrO0 3aBoJa (peppocniiaBoB

o ' 2

50°22N

5

iwAnOrD Gopa (B) b nove
beppaciutanon, ropon Axrofe)

..... o Tade

Ne3 TTouBeHHBIH pa3pe3: Bypo-KkalITaHOBbIE MOYBbI

Oniicatiie reHeTHUECKHX FOPH3OHTOR

A (0-18/18) cm BypoBaro-KauTaHOBBIi, CBEKHI, IUIOTHBIH, MbLIEBATO-KOMKOBATHI,
KOPEUIKOBATHI, IUHUCTHIH, BCKUNAET, IEPEXO/l 0CTENCHHBIi.

B (18-36/18) cm  ByPo-KawTanossii, cnaGo i, noTHBI,
l‘JlMHMCTbIﬁ. BCKHIAET, Nepexo 3aMETHBIN.

C(36-70/34) cM  Ken ypiii, ciabo i, oTHbI, Kp,
rpsi3HO-0eible NATHAa KapOOHATOB, JINHUCTbIH, BCKHIAET.

57°10E

PucyHok 6. Kaprorpadudeckas Moje/ib ToUeK 0T60pa NPO6 ¥ pacpoCcTpaHeHUs TXKeIbIX
MeTa/IU/IOB B No4Be (AKTIOOMHCKHH 3aB0J, ¢peppacniiaBos)

Haubosplivii 0XBaT MOBBIIIEHHOTO COJEPXKaHUs 3JeMeHTa 3aperuCTPUPOBAaH B MecTax
pacnoJioxkeHus1 oTBaja. KoHIeHTpanua MoJsinbAeHa MpeBbIlIaeT HOPMY B IOr0-BOCTOYHOM
HalnpaBJIeHWH B palioHe OYBEHHOTr0 paspesa (12,9 - 122,2 mr/kr). Haubosbliiiee cogepkaHue
KobGasibTa B npejenax 57,1-175,6 Mr/Kr pacnpocTpaHeH B LieHTPaJbHOW U BOCTOYHOM YaCTH
WCCJIeyeMOro peruoHa, KyJa BXOJUT ILeHTpaJbHas 4YacTb ropoja U MecTa OTBaJa.
ConepkaHue XpoMa B IOYBe MpEBBIIAET JONYCTHMYK HOpPMY, OJHAKO CaMblil BBICOKUHU
nokKasaTeJb B npejenax oT 4752,7 no 7333,6 MIr/Kr oXBaTbhlBaeT I0r0-BOCTOYHYIO PaHULY
ropoga. IlokasaTesu MbllIbSKa Ha BCeM 3KCTEHTe BbIllle [JONYCTUMBIX HOpPM, HO Ha
TEPPUTOPUU OTBAJIOB CPABHUTEJILHO HUKE 4,5 MI'/KT.
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[lokazaTesn MOJABUXKHOI'O KaJiMHUsl MOBBIIIEHbl HA BCe TEPPUTOPHUH, TOMUMO 3anaHOU
yacTtu ropojga. CaMblil BbiCOKMM nokasaTtesb (1,0-1,4 Mr/kr) HabJstojaeTcss B BOCTOYHOU U
LIeHTPAJIbHOM 4YacTAX ropoja. 30HbI C coJZiepKaHWeM BasoBOro LMHKa Bbime 100 mr/kr
pacnoJioKeHbl B BOCTOYHOM 4aCTH HUCCAeAyeMOM TeppUTOpHUHU. [lokasaTesu BaJOBOU Meau
cebllle 15,2 Mr/Kr M BajJoBOro KaaMmua cBbimie 2,0 MI/Kr pacnpocTpaHeHbl BO BCeH
TEPPUTOPUM IKCTEHTA.

Ha TeppuTopuu r. AkTo6e K INpeBbIILAOUIMM NpeJeJbHO JONyCTUMYH KOHLEHTpPaLHUIo
3JIeMeHTaM OTHOCATCSA HUKeJb, MOJUO/AEH, XPOM, MbILIbAK, Ka/IMU{, BaJIOBbIA LIMHK, BaJIOBas
MeJb W BaJIOBbIA KaaMuH. [lokasaTesu HUKeJss B MO4YBe MOBbILIEeHbI (Bbiule 83,8 Mr/kr) B
CeBepo-BOCTOYHOM U 102KHOM YacTsAX UccieyeMol TeppuTopun. Cogepkanue MmoaubaeHa (5,0
- 19,9 mr/kr), xpoma (290,7 - 24 402,1 mr/kr), mMblibsika (4,3-14,9 Mr/kr), BajioBol Meau
(18,4 - 23,5 mr/kr), BasoBoro kagmus (0,5 - 5,1 mr/kr) u BasioBoro yuHka (57,8 - 149,6 mr/xr)
B [I0YB€ MMeeT NOBbILIEeHHbIN XapaKTep Ha BCeX TEPPUTOPHUH IKCTEHTA.

3aK/iloueHue

3arpsisHeHHe MNO04YBbl B AKTHOOUHCKOW 006J1aCTH OCTAaéTCsl CEpPbE3HON 3KOJOTUYECKOU
npo6sieMOl, BbI3BAHHOW aKTUBHOM [esTEJbHOCTbI) TOPHOPYAHOM MPOMBIIIJIEHHOCTH.
HakansinBaHue B m0oYBax TSXKEJIBIX META/IJIOB U UX NPOMU3BOJHBIX IPUBOAUT K HapYILIEHHUIO
9KOCHUCTEM, CHUKEHUIO IIJIOJOPOJUSA 3eMeJlb U YXY/LIeHUIO 3/10pOBbs HacesieHUd. B cTtaTbe
OBIJIM PAaCCMOTPEHBI K/II04YeBble UCTOYHUKHU 3arpsi3HEHUs], MeXaHU3Mbl MUT'PALlMM TOKCUYHBIX
BellleCTB, METO/ibl MOHUTOPUHIA U peMeJUaliiU 3arpsASHEHHBIX 3eMeJlb.

B pamkax uccienoBaHUSI BBINOJHEHO MOJIEBOEe 00C/e[j0BaHME MOYB M OTOOpP Mpob Ha
CaHMTaApHO-3alUTHbIX 30Hax JloHckoro 'OKa 1 AkTio6MHCKOr0 3aBoJia peppaciiaBoB, TAKXKe
NIOCTpOEHa pacTpoBasi IOBEPXHOCTh.

BrepBble pa3paboTaHHble KapTorpaduyeckue MoJesM, OXBaThbIBalOllue TeppPUTOPUHU
ropoZioB XpoMmTay U AKTOoOe, UJIJIIOCTPUPYIOT NPOCTPAHCTBEHHOE paclpejiesieHhe TAXKeJbIX
MeTaJslJIOB B ouyBe no Metoay IDW. PesysbTaThl nosieBoro, 1ab0paTOPHOr0 U KaMepaabHbIX
3TANOB MCC/AeJJ0BAaHUSA INOKAa3bIBAIOT IOBBLILIEHHbIE IOKa3aTeJHd NpeJesbHO JOINYyCTUMbIX
KOHIIeHTpal i XpoMa, MoJIn6AeHa, KobalbTa, HUKeJd B Cpe/iHEM B /iBa pa3a. [I[poBesieHHbIe
UCC/IeJOBaHUA ABJIAIOTCA KJIIOYEBbIMU INPU NPUHATHM Mep IO OYUCTKE U YMEHBILIEHHUIO
KOHLEHTPAL MU TsXKeJbIX MeTa/lJIOB B I04YBe JJI HCIOJHUTEJNbHbIX OpraHoB. OZjHaKo B
OyAylMX paboTax JIaHUPYeTCs IPOBECTU MOHUTOPUHT U ONIpeJieINTh JUHAMUKY U3MeHeHUs
KOHLIeHTPAL MU TSKeJIbIX MeTaJlJIOB B I10YBe.

Jnsg  3dpdexkTuBHOro pelieHuss MNpobJeMbl HEOOXOJAUM KOMIIJIEKCHBIA  MOJAXOJ,
BKJIIOYAO LU IOCTOSTHHBIN MOHUTOPUHT C MCII0JIb30BaHHUEM XUMHYECKHUX,
OMOMHAMKALMOHHBIX M reoCTaTUCTUYECKUX METOJO0B, a TaKXe NPUMeHeHHe COBPeMeHHbIX
TeXHOJIOTUM OYMCTKM I0YB, TAaKUX, KaK OuopeMeJMHalUsl, XMMHYecKass WU TepMaJibHas
06paboTKa.

[loBBIlIEHHE 3KOIOTUYECKOU 6€30I1aCHOCTH perMoHa TpebyeT y/y4lleHUs 3KOJI0THYeCKoro
y4éTa M KOHTPOJIf, a TaKXe aKTUBHOTO B3aWMOJEWCTBUSA MeXJy NPOMBILIJIEHHOCTHIO,
NPaBUTEJbCTBOM M HAyYHBIMU YUYpeXJeHUSMM [JJis1 pa3paboTKH 3PpGeKTUBHBIX CTpaTeruu
3alMThl OKPYKaIOILel Cpesibl.

dunancupoBaHMe: Hay4yHo-ucciesoBaTe/NbCcKass paboTa BBINOJHEHAa B paMKax
[Iporpammbl BR21882122 «YcTonyrBOoe pa3BUTHE MPUPOJHO-XO3UCTBEHHbBIX U COLUAIbHO-
3KOHOMHYECKUX CUCTeM 3anafHo-Kas3axCTaHCKOro perMoHa B KOHTEKCTE 3eJIEHOrO pocTa:
KOMILJIEKCHBIN aHaJIU3, KOHIIENIMs, IPOTHO3HbIE OL[EHKU U ClieHapuu», GuHaHcupyeMbli ['Y
«KomuTeT Hayku MUHUCTEpPCTBa HAyKU U Bbiculero o6paszoBaHus Pecnybsinku Kazaxctan».

KoH}IMKT MHTEepecoB: ABTOpPHI 3asBJIAIOT 06 OTCYTCTBUU KOHQJIMKTA UHTEPECOB.
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BkJ1az aBTOpPOB: CyleCTBEHHBIN BKJIaJ, B KOHIENLMIO WU AW3allH paboThbl; COOpP, aHA/IU3
WM MHTepnpeTanus pe3ybTaToB paboThl: KakumkaHoB E.X., Keipreizoau K.T., lluMiukoB
B.E. Bazap6aeBa T.A. ’KymataeB C.M.; HanucaHWe TEKCTA U /WU KPUTUYECKUI IEPECMOTP €r0
cogepkanusi: KakumkanoB E.X., Keipreizoann K.T., I[ummukoB B.E.; yTBepxaeHue
OKOHYAaTeJIbHOTO BapuaHTa CTaThbU AJs nybsaukanuu: KakumxkaHoB E.X. Keipreizoain K.T.;
corjiacie HeCTU OTBETCTBEHHOCTb 3a BCE acCNeKThl paboThl, HajJjexallee U3y4YeHUe U
pellleH’e BOMPOCOB, CBA3aHHBIX C JJOCTOBEPHOCTHIO JJAHHBIX UJIM L1eJIOCTHOCTBIO BCEX YacTer
cratbu: KakumxkaHoB E.X., Kbipreizoait K.T.
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E.X. Kakum:kaHoB!, K.T. Kpiprbi36aiiz, B.E. lllummukos3, T.A. bazap6aeBa?,
C.M. ’KymartaeB>
1234 9n-®apabu amviHdarbl Kazak yaimmoiK yHusepcumemi, Aamamel, Kazakcmax
SK.U. Cambaes ambviHdarbl Kazax yaimmbiK mexHUKA/IbIK 3epmmey YHUgepcumemi, Aamameol,
Kazakcman

AKTe6e 06/IbICHIHbIH, 6HEePKICil KaF JalbIH/AA TONMBIPAKThIH aybIp MeTa/IfapPMeH JIaCTaHYbIH
KapTorpadusablK 3JicTep HeriziHae 6araiay

Anpgarna. )KyMmbicTa KapTaFa Tycipy 9/jicTepiH KoJi/laHa OThIPbIIN, AKTe6e 06JIbIChIHbIH ayMaFbIH/A
TONBIPAKTBIH, ayblp MeTalapMeH JIaCTaHybl OOMbIHINA 3epTTey yprisziaai. Xpom (Cr), Hukesb (Ni),
MbIIIbAK (As), Monb6aeH (Mo), ko6anabT (Co), MbIpbliil (Zn), KopFackiH (Pb), Mbic (Cu), kaamui (Cd),
6op (B) asneMeHTTepiHiH TONbIpaKTa KeHICTIKTiK TapanayblH cunattaiiTeiH [AXK opTackiHzaa
aKmnapaTThIK-O6aFasiay KapTasiaphbl a3ipJeH/i. 3epTTeyAiH FhLIbIMHU aHAJbIFbI - ayblp MeTalAap/IblH,
TapaJly KOHLEHTPAIUsCbIH Kepi eJsimeHreH KambIKThIK (IDW) wuHTepmnossiusa oaici GoHbIHIIA
anblKTay. JKymbicta JleH Tay-KeH 6ailbITy KOMOMHATbl MeH AKTe6e (eppoKOpbITHA 3aybITHIHBIH
CaHUTApJIbIK KopFay aiiMakTapbiHaa (CKA) opblH/aniFaH JaiajblK TONbIPAKThI 3epTTEY HITHXKeJiepi
cunaTTalfaH. Tomnblpak CblHAMaJlapbIHbIH YJ/TiJepi 3epTXaHaJbIK >KaFJaija XUMUSAIBIK TajajayFa
3epTTenfi. Ayblp MeTalJapAbl aHbIKTay CHEKTPOMEeTpUs JJiCiMEH XHUMUAJBIK Tajjay HerisiHze
’Ky3ere acblpbliaibl. 3epTTey HOTIKeJepi ayblp MeTaJJapAblH >»OFapbl KOHLEHTPALUsACHIHbIH,
allMaKTapblH aHbIKTayFa MYMKIiH/iK OepeTiH ipikTey KapTasapbl MeH JeKe 3JeMeHTTep/iH
KeHICTIKTiK TapaJiyblH KOPCETETiH KellleH i KapTorpadusiiblK MOJIeb/li YChIHA/bI.

TyiiH ce3aep: 'AK TexHoJ/iorusIaphl, TEOKEHICTIKTIK TasJay, TONbIPAKThIH ayblp MeTaJapMeH
JlacTaHybl, uHTepnosdanusa, IDW, cnektpomeTpus.

Ye. Kakimzhanov}, K. Kyrgyzbay?, B. Shimshikov3, T. Bazarbayeva4, S. Zhumatayev®
1234Al-Farabi Kazakh National University, Almaty, Kazakhstan
5 Satbayev University, Almaty, Kazakhstan

Mapping methods for assessing soil pollution with heavy metals in the industrial conditions of
Aktobe region

Abstract. The paper conducted a study on soil pollution with heavy metals in the Aktobe region using
mapping methods. Evaluation and information maps have been developed in the GIS environment
describing the spatial distribution of chromium (Cr), nickel (Ni), arsenic (As), molybdenum (Mo), cobalt
(Co), zinc (Zn), lead (Pb), copper (Cu), cadmium (Cd), boron (B) in the soil. The scientific novelty of the
study is to determine the concentration of heavy metal propagation based on inversely weighted
distance interpolation (IDW). The paper describes the results of a field soil survey performed in sanitary
protection zones (SPZ) of Donskoy Ore Mining and Processing Plant and Aktobe Ferroalloy Plant. Soil
samples were examined for chemical analysis in the laboratory. The determination of heavy metals was
carried out on the basis of chemical analysis by spectrometry. The results of the research represent a
comprehensive cartographic model, which indicates sampling maps and the spatial distribution of
individual elements, which make it possible to determine areas of increased concentration of heavy
metals.

Keywords: GIS technologies, geospatial analysis, soil contamination with heavy metals,
interpolation, IDW, spectrometry.
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Abstract. The study examines the formation of anthropogenic
landscapes under the influence of multiple factors, including pollutants,
radioactive substances, radiation, noise, and the extraction of natural
resources. Society's transformation of natural landscapes into
anthropogenic ones has become a global phenomenon, acquiring new
characteristics due to scientific and technological advancements in
mining, industrial chemistry, and agriculture. The Nura River basin,
dominated by the metallurgical complex of Qarmet, serves as a key area
for this investigation. This enterprise is the largest mining and
metallurgical facility in Kazakhstan, producing a range of materials,
including coated metals and raw industrial products. Geochemical
analyses were conducted within the Nura River basin to assess the
environmental impact of industrial activities. Water and soil samples were
collected systematically, and pollutant concentrations were determined
using accredited laboratory methods. Data were processed through
statistical analysis to identify patterns and causal relationships.

The research revealed significant pollution in the Nura River basin,
predominantly caused by industrial discharges containing heavy metals
and other contaminants. Elevated concentrations of pollutants were
linked to the metallurgical activities of Qarmet and other industrial
enterprises. The transformation of natural landscapes into anthropogenic
ones was found to be closely associated with the intensity of these
activities.

The study highlights the critical influence of industrial processes on
the geochemical composition of landscapes within the Nura River basin.
The findings underline the need for improved environmental
management, including the modernization of industrial processes and
waste treatment systems, to mitigate anthropogenic impacts and ensure
sustainable development in the region.

Keywords: landscape, anthropogenic landscapes, environmental
degradation, pollution, environment.

Received: 31.10.2024. Accepted: 05.12.2024. Available online: 31.12.2024.

* Corresponding author


https://doi.org/10.32523/2616-6771-2024-149-4-110-122
mailto:gauhara_ast@mail.ru
mailto:ozgeldinova@mail.ru
mailto:altyn8828@mail.ru
https://orcid.org/0000-0002-6382-0511
https://orcid.org/0000-0001-6004-9066
https://orcid.org/0000-0001-6856-1507

Analysis of impact of anthropogenic factors on the landscape-geochemical state of the Nura river basin

Introduction

Increasing influence of technogenic factors on the natural environment creates a different
background of reverse reactions of landscapes in the processes of their self-regulation.
Consequently, the “typification” of geo-ecological situations on a landscape basis will lead to
even more unreliability of scientific research. In this regard, most physical geographers [1]
recognize the prospects of a functional-holistic approach (“the third way”) towards
differentiation of the natural environment and the geosystem-basin approach as its leading
component.

Classics of the theory of techno genesis [1, 2] consider the basin as the main unit for
calculating the balances of pollutants, self-cleaning of natural environments, migration of toxic
elements, etc. This circumstance is one of the main reasons for applying the geosystem-basin
concept in nature management. The origins of ideas about the basin as an integrated natural
object found in the middle of the XX century in the works of representatives of the branch of
sciences physical-geographical cycle. R. Horton and A.A. Virsky substantiated the idea of the
pool as erosion complex, .A. Titov as theoretically system, P. Balovich - a special complex of
"functional aggregates"”, created as a result of migration of the substance. The result was
summed up by the hydrologist S.D. Muraveysky, who, emphasizing the importance of
integrating processes, and first of all, the flow process, stressed that without transport, without
movement, there can be no mutual relations, interactions. Atalay in his work linked the
boundaries of natural complexes with the boundaries of flows, areas of removal and
introduction of matter [3,4] considered river basins as cascading systems, coupled with flows
of matter and energy so that the output of one of them forms the input of the other.

The main focus was on finding out balance ratios, equilibrium conditions, development and
management trends. Approximately in the same years, a synthesis of positions concerning the
basin was undertaken by both representatives of complex and branch physical geography and
hydrologists, as well as the main provisions of the doctrine of geosystems [5]. Noting the
advantages of this approach, L.M. Korytny assesses the catchment area as "a special spatial unit
of the biosphere, the most promising for the multidimensional study of nature and Economics
and for environmental management".

The main industries that determine market specialization within the territory of the Nura
River Basin are the metallurgical complex. Arcelor Mittal Temirtau Joint Stock Company is the
largest enterprise in the mining and metallurgical sector of the Republic of Kazakhstan and is
an integrated mining and metallurgical complex with its own coal, iron ore and energy base.
Qarmet JSC specializes in the production of flat and rolled section steel, including those with
polymer, zinc and aluminum coatings, and also produces agglomerate, iron ore and coal
concentrate, coke, cast iron, steel, including continuously cast slabs, strips, and side members,
electric-welded pipes and related products of blast furnace and coke-chemical production.

Materials and methods

Many scientists have developed a methodology for assessing the nature and depth of
anthropogenic transformation. To assess the performance criteria, modern land use is used, but
the state of the geosystem is the result of intense impacts. According to Glazovskaya, in order
to see the picture of anthropogenic variability of geosystems, one must bear in mind the
anthropogenic influences in areas where processes of technogenesis are active at which
geochemical change happens [6]. The study of the impact of anthropogenic factors on the
landscape-geochemical state of the Nura River basin involved a systematic and
interdisciplinary approach. The Nura River basin was selected as the study area due to its
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ecological significance and proximity to major industrial facilities, including the Qarmet
metallurgical complex. The region is characterized by significant anthropogenic pressure from
industrial, agricultural, and urban activities.

Water and soil samples were collected from key points along the Nura river and its
tributaries. Sampling sites were strategically chosen to capture variability in pollution levels,
both upstream and downstream of industrial discharge points. Surface soil samples (horizon
A1) were gathered from locations identified as hotspots for industrial and agricultural activity,
following a grid-based approach with additional targeted sampling near identified pollutant
sources. Sampling was conducted in multiple seasons (spring, summer, and autumn) to account
for seasonal variations in pollutant levels.

Water sample analysis focused on measuring pollutant concentrations, including heavy
metals such as Cu®*, Zn**, Pb?*, and Hg, using atomic absorption spectrometry (AAS) at the
accredited Kazhydromet laboratory in Karaganda. Additional chemical parameters, such as pH,
sulfate ion content, and total dissolved solids (TDS), were also determined to assess the
geochemical characteristics of water samples. Soil samples were analyzed for heavy metal
content using X-ray fluorescence spectrometry (XRF) at the accredited EcoNUS laboratory in
Karaganda. To evaluate soil contamination, the cumulative soil pollution index (Zc) was
calculated to identify deviations from background concentrations of trace elements.

Geographic Information System (GIS) tools were utilized to integrate sample data into a
unified cartographic framework, with spatial interpolation methods applied to create pollution
maps of the study area. Experimental data were processed using variation statistical methods
based on N.A. Plokhinsky’s approach, calculating key indicators such as mean, standard
deviation, range, and coefficient of variation. Microsoft Excel was employed for statistical
analysis and data visualization. Comparative analysis was conducted by comparing the results
with baseline values and established environmental standards to assess the extent of pollution.

Causal analysis correlated pollutant levels with anthropogenic factors such as industrial
discharge data, land-use patterns, and agricultural activity. Historical data and previous studies
were also reviewed to provide context for current findings. Quality control measures, including
calibration of analytical instruments, duplicate sampling, and cross-validation of results with
independent datasets, were implemented at every stage to ensure the reliability of findings.

This comprehensive methodology enabled an in-depth evaluation of the landscape-
geochemical state of the Nura River basin, identifying key factors contributing to environmental
degradation and informing strategies for mitigation and sustainable management.

The territory of the Nura River basin is located in the central part of Kazakhstan in the
Karaganda and Akmola regions. The Nura River springs from the western spurs of the Kyzyltas
Karkaraly-Aktau low-mountain massif at an altitude of 1000-1200 m BS. The total length of the
river is 978 km.

Within the Nura River basin, fragments of individual landscapes were identified and shown
on the map, which, as a result of their typological grouping, and then structural genetic
classification, were ordered into hierarchical systematics. The following classification
categories are distinguished by headings and subheadings in the legend: classes (plain and
mountain landscapes), types (steppe and semi-desert landscapes), subtypes (north-desert
landscapes).

Our medium-scale (1:500,000) landscape map of the Nura Basin was structured according
to the structural-dynamic principle of community typification and reflects the genetic origin
and classification hierarchy (Figure 1). Its main task was to demonstrate the spatio-temporal
patterns operating in geosystems. The classification of geosystems and the creation of a
landscape-based legend are based on a system-hierarchical approach to identifying the
subordination of landscape taxons. The idea of geochemical research is the consideration of
various natural substances and energies as a whole on the earth’s surface. These flows are
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formed according to various degrees of complexity and stability and according to the types of
functioning. The first task of geochemical research is the interaction between landscape
components and the cycle of elements.

The territory of the Nura River Basin refers to steppe and semi-desert landscapes with
biological information, water connections, and with intense direct air links. The average annual
precipitation is 265 - 322 mm. Within the basins about 71 - 81% of the annual precipitation
falls in the warm season. Winter precipitation is 19 - 29% of the annual amount. The maximum
precipitation in the basin is most often observed in June-July, and the minimum falls in
September.

Results and discussion

The basin territory is characterized by a large heterogeneity of soil formation conditions
(climate, relief, vegetation, etc.). In the northern part of the massif, on the high plains, the
southern rich black soils are formed, with preserved relict solonetzicity. Dark chestnut,
chestnut and light-chestnut soils are widespread. Soil salinity is noted, participation of
solonetzes in soil complexes, readily soluble salts appear in the second meter of soils. In the
region of the Kazakh small hills, short-developed, underdeveloped crushed soils are
widespread, and in the northeast region of low mountains, the mountain chestnut soils were
formed, and the mountain rich black soils are in the north.
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Figure 1. A fragment of the landscape map of the Nura River Basin
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Table 1. Keywords to fragments of Nura basin’s lanscape map (N2 by map Figure 1).
Geosystems Fragment description

Geosystems Fragment description
5 - Riverine melkosopochnik, composed of effusive sedimentary rocks, with
Steppe zone Austrianpole-tipchak-krasnokovylnaya vegetation with tavolzhniki on dark-shtane soils
Peneplains with steppe salt flats.

6 - Melkosopochnik is cone-shaped and dome-shaped, composed of effusive sedimentary
rocks with tipchak-krasnokovylnaya, Austrian wormwood-tyrsovy-fescue, cold-wormy-
fescue vegetation with shrubs, on normal chestnut with steppe solonetzes and
underdeveloped soils.

Accumulative plains | 8 - Lacustrine - alluvial plain with lacustrine hollows, composed of loam, sandy loam,
loamy gravel, pebble-fescue vegetation with the couch-grass, bonfire, spicy, small reed
grass communities with mixed herbs on dark chestnut solonetzic soil with steppe
solonetzic and grass land solonetzes.

9 - Deluvially - proluvial plain composed of intrusive rocks with holopetrophytic
wormwood - fescue with perennial glasswort and cocpec vegetation on underdeveloped
light chestnut and short developed gravelly soils.

11 - Melkosopochnik is ridge-domed, composed of effusive sedimentary rocks, with
shrub - petrophytous herbaceous and shrub - turf - grass vegetation on chestnut normal
with steppe salt pans and underdeveloped soils.

12 - The melkosopochnik is hilly-withered, composed of effusive-sedimentary rocks,
with Austrian-wormwood-type vegetation on dark-brown and partially chestnut soils.
15- Alluvial-proluvial plain, composed of effusive sedimentary rocks, with feathery-
wormwood-fescue and mixed-feathering vegetation on underdeveloped light chestnut
soils with steppe solonetzes.

18- Deluvial-proluvial dissected plain, composed of gravelly loams, clays, with
holopetrophytic wormwood - fescue and cocpec vegetation on light chestnut,
underdeveloped and short developed gravelly soils.

19 - Lacustrine-alluvial slightly undulating plain with feathery-wormwood-fescue,
mixed-wormwood-feather-grass of mesoxerophilic grasses, on dark-brown saline soils
with saline.

34 - Low mountains are heaped, composed of granites, granodiorites, porphyrites, with
tipchak-kovyl-ovsets vegetation with the participation of kragana and meadowsweet on
mountain dark-shtane and dark-shtane undeveloped soils.

38 - Low mountains composed of clays, loams with karagan-cold-wormwood- tyrsian
vegetation on dark-chestnut, underdeveloped and short developed gravelly soils.

For the main dominant families, the following biogeochemical formulas are characteristic,
compiled from the values of the concentration clarks of the most accumulating elements:
cereals-Mo (Zn, Ag), Compositae-Mo (Ag.Cu), mallow-Ag (Mo, Sr), meadow steppe and marsh
grasses (without legumes) -Sr, Mn (Zn, Mo), multi-colored -Sr (Mn, Ba, Zn, Ag), willow -Sr (Zn,
Mn), birch Sr (Zn, Mo).

On the map of geochemical landscapes of the USSR by (Perelman, 1989), where landscapes
of various classes of water migration of chemical elements and typomorphic elements
characteristic of these classes, which determine the geochemical situation, are shown, the
territory of the Nura River Basin, the most of the basin territory in the upstream belongs to the
landscape of calcium-sodium (Ca - Na) class.

This class is characterized by low mountains and small hills, which belongs to the III genus.
Wormwood communities are spreading here, water exchange is quite intense, with the
predominance of mineralized fractured-ground waters of hydro-carbonate-calcium and
sodium composition.

Under motley grass-grained petrophytic communities where biogeochemical and soil-
geochemical mobilization of substances occurs in autonomous and traneluvial positions, thin
gravelly black soils are formed. They are characterized by a neutral and slightly alkaline
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reaction, the fulvate composition of humus, the contrast distribution of the silt fraction in the
profile with a sharp maximum in the humus horizon, and carbonless upper soil [7].

The main geochemical feature of soil formation on silicate rocks is the creation of a soda
medium, where anionic elements and complexing agents acquire mobility. Calcium and
calcium-sodium classes are characteristic of autonomous and transit-accumulative landscapes
with a deep groundwater level. The main mechanism for the selective differentiation of anionic
elements is the mobilization of soils of autonomous landscapes in the alkaline soil environment.
The main mechanism for the selective differentiation of anionic elements in the soils of
subordinate landscapes of the small hills is the mobilization of autonomous landscapes in
alkaline soil environment.

Hard rocks are found on the steep slopes of the hills, and the functions of weathering and
primary soil creating fine earth are performed by lichens. Between gravelly-fine-earth soils due
to the mineralization of plant residues, brown humus-rich fine earth lies. Petrophyte vegetation
was presented in the study area, along with herbs, shrubs are widespread [8].

On the territory with gentle slopes, wormwood and grass vegetation are characteristic.
There is more percent of fine earth, often contains an illuvial solonetzic horizon.

Vegetation plays an important role in the migration and accumulation of chemical elements.
The plant of the calcium-sodium class is characterized by high ash content (10-40%) and, after
mineralization, enrich the surface horizons of soils with alkaline (primarily Na) and alkaline-
earth (Ca, Mg) elements that increase salinity and soil carbonation. In low mountains and small
hills, the lateral migration of trace elements is weakly expressed. In superaqually-accumulative
landscapes of intermountain salt marshes, the microelements participating in the evaporation
concentration (Sr, B, Mo) can accumulate. Many geochemical features of salt accumulation are
determined in the process of regional groundwater migratio [9].

Solonetzic (Na - OH) landscapes on the territory of the Nura River Basin occupy eluvial-
accumulative positions, where brown-solonetzic, gray-brown solonetzic soils and solonetzs,
often saline soils, are formed under wormwood-saltwort communities. Soil salinization,
residual or subaerial, biogenic salinization is important, especially with sodium salts, as in the
ash of litter of shrubs (wormwood, saltwort), the sodium content reaches 7-10%.

The contrast of the radial geochemical differentiation of soils determines the alkalinity. Many
chemical elements concentrate on sorption barriers (G3-G4), which are texture solonetzic
horizons. Relict evaporation barriers (F3-F4) are typical in the lower part of the soil profile. The
landscapes of the Nura River Basin are characterized by the following main types of
geochemical barriers: evaporation - F-barrier, typical for the zonal type of soil and causes
powerful secondary salinization, Na, K, Cs salts accumulate here, etc.; sorption - G - is formed at
the contact points of aqueous solutions with natural sorbents, which are humic substances,
hydroxides of iron and manganese [10].

From the moment of liquid atmospheric precipitation and from the intense flow of melt
water, the chemical composition formation of the river water begins. It is enriched with soluble
salts and organic substances in the process of water runoff along the surface of slopes and by
contact with different soils and terrain over time. But the anthropogenic factor is currently the
main factor in the formation of the chemical composition of surface waters. The most sensitive
indicator of anthropogenic changes in the environment is natural water. Discharge of sewage
and storm water from urban areas, flushing of fertilizers and pesticides from agricultural areas,
dry and wet atmospheric precipitation to the surface of catchment areas are the main pollutants
of natural waters. Water quality in the Nura River has seasonal dynamics: it sharply worsens
during spring floods and in late autumn, after heavy rains, as a result of intensive washing out
of humus from fields, residues of fertilizers and pesticides, as well as suspended solids. The
main contribution to pollution and deterioration of water quality is made by discharges of
insufficiently treated wastewater discharged from objects of various categories of water use -
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industrial enterprises, utilities, etc. In addition to the above listed external factors, processes
occurring directly in river waters have a significant impact on the hydrochemical parameters
of the river (sedimentation, complex formation, oxidation or reduction of elements, etc.) [11].

Based on generally accepted methods, physico-chemical analysis of water samples (25
samples) for the content of individual pollutant ingredients in them was carried out in an
accredited laboratory “KAZHYDROMET” in Karaganda. Physical and chemical analyzes of soil
samples for the content of individual pollutant ingredients are made by the accredited testing
laboratory “EcoNUS” in Karaganda.

A comparison of the results with the background values was carried out to assess the
pollution of surface waters of the geosystems of the study area. When choosing key areas within
the Karaganda-Temirtau industrial region to determine the extent of dispersion of the tested
ingredients, water samples were taken at a frequency of 500 m before and after the point of
sewage discharge.

Table 2. Variational and statistical indicators of distribution of heavy metals in soils of Nura
basin

Parameters X +8x | lim p c CV,%
mg/kg

Cu 884,44+8,8635 8,50-246,18 237,67 44,31 125,27

7n 547,59+1,1699 9,02-41,35 32,33 5,84 26,70

Cd 8,91+0,0329 0,14-0,82 0,69 0,16 46,16

Pb 1550,10+8,9155 15,64-259,63 243,99 4457 71,89

The average zinc content in the soils of the basin was 547,59+1,1699 mg/kg, with the limits
range of 9,02-41,35 mg/kg. The minimum average content of gross zinc of 15,64 mg/kg is
typical for chestnut soils in Taldyssay. Table 2 shows The deep penetration of humus is
associated with the soil fracturing and, obviously, with its irrigation. The maximum zinc
concentrations are characteristic of loamy soils in Karaganda. The average Cd content in the
soils of the basin was 8,91+0,0329 mg/kg, the coefficient of variation was 46,16%. A correlation
between the cadmium content and the pH of different soil types in most cases is absent. The
effect of carbonates on the total cadmium content is clearly manifested in light chestnut
solonetzic loamy soils (r = 0,60). In the remaining types of soils, the relationship is low and
often the opposite.

Studies have established that an excess of the MPC of gross lead concentration is
characteristic for clay soils in Karaganda, an excess of MPC of gross copper content is also in
Karaganda. For most soils, a significant high correlation was revealed between humus and gross
forms of heavy metals. The content and distribution of gross lead in soils and the correlation
dependence on the silt fraction, carbonates, and pH of the media in most cases are absent or
have a weak strength relationship.

Thus, a significant heterogeneity in the content of chemical elements in the basin soils was
revealed, which is due to the contrast of soil-forming rocks, the physicochemical properties of
soils, landscape and geochemical conditions of migration and accumulation of elements.

Near the Karaganda-Temirtau industrial region, where the detected distribution of heavy
metals is performed on the basis of a detailed landscape-geochemical analysis of the territories
located in the zone of its influence. The industrial unit led to the transformation and complete
destruction of natural geosystems and the emergence of specific artificially created territories.
The natural components of such geosystems are in a state of constant dynamic change. The
territory of industrial sites at the local level is the core of the concentration of technogenic
geochemical anomalies, which creates favorable conditions for the interpenetration of
polluting ingredients of natural environments. Migration cycles of the substances
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transformation depend on the nature of the anomalies, ultimately, on the specifics of
technogenesis. One of the main pollutants of the basin’s water resources is industry. Its needs
are met through the intake of fresh surface water (70,2% of the total intake) and underground
sources (29,8%).

The industry of water complex is represented by enterprises of ferrous and non-ferrous
metallurgy, coal industry, mechanical engineering and food processing industries, chemical
industries.

The analysis of the current sectoral industrial structure of the Karaganda region shows that
the main industrial potential is concentrated in the manufacturing sector, which accounts for
almost 85% of the total output. The metallurgical industry is absolutely prevailing in the
structure of the manufacturing industry of the region - almost 86% (“Mittal Steel Temirtau” and
“Kazakhmys”). The indicated growth rates of the manufacturing industry of the region are
directly related to the industrial and innovative development programs of these companies.

The area of the Karaganda-Temirtau industrial site occupies the most elevated part of the
Kazakh small hills - Saryarka, which is a peculiar, very heterogeneous in geomorphological
terms, highly elevated territory (absolute height 400-1000 m). The relief is complicated by
shallow depressions, river valleys, dry channels of watercourses, hollows with coming up of
groundwater to the surface, drainless hollows, lacustrine basins and steppe saucers. A
characteristic feature of the territory is the outcrops of dense rocks in the form of rocks, rocky
piles and placers, strongly dissected and chaotic in relief. The small hills were formed in the
process of long continental development, which lasted from the middle of the Paleozoic to the
present, due to the intense destruction and denudation of Precambrian, Paleozoic and later
tectonic formations. Denudation processes turned mountains into low mountains, into vast
ancient peneplains by insular mountain ranges composed of rocks most resistant to
destruction. The Cenozoic-Mesozoic peneplain experienced repeated weak epeirogenic
movements. Peneplain processes and, in part, neotectonic uplifts caused the emergence, as well
as the revival of wide, aligned main watersheds of the region with low mountain massifs and
small hills. The annual rainfall in the region varies from 130 mm or less to 310 mm or more.
The climate of the region is sharply continental, dry. A high degree of continent is manifested
in large annual and daily temperature amplitudes and in the instability of climatic indicators
over time (from year to year). The average annual air temperature fluctuates throughout the
region in the range of 1,4-7,3°C, and its highest values are typical for the most southern regions
- deserts. Summer in this region is very hot, and it is sultry and long in the south. In the summer
the air temperature sometimes rises to 40-48 ° C; the winter, on the contrary, is cold, frosts
sometimes reach -40-45°C and even 50 °C. One of the main meteorological factors affecting the
concentration and distribution of atmospheric pollution is the wind regime. The conditions of
the relief determine the formation of an active wind regime in combination with synoptic
conditions. The vastness of the region’s territory and the complex relief cause significant
differences in wind speed and direction.

When considering the influence of the main meteorological values on the level of
atmospheric pollution, it was noted that the general atmospheric circulation regimes play an
important role, and together with it the wind regime, solar radiation, temperature regime, air
humidity and precipitation. The circulation conditions of the region atmosphere are formed
under the influence of cyclonic activity, the dynamics of which are due to western transfer.
Transformed three types of air masses, such as arctic, polar and tropical, enter the territory of
the region under the study. All of them have their own characteristics of h air pollution level
formation. In cyclonic weather, cloudy weather is formed, often with winds and precipitation
[12]. This contributes to the dispersion, leaching of harmful substances from the atmosphere,
respectively, reducing the concentration of atmospheric pollution. In the cold period, the
western spur of the Asian anticyclone plays a significant role. Inversions are formed as a result
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of cooling the earth’s surface, with the merger of warm and cold fronts, that is, on the fronts of
occlusion. The probability of their repetition in the cold period is 18%. Inversions form a kind
of “ceiling” that prevents the rise and dispersion of relatively heated emissions from production
sources. Surface inversions are more often formed at night, so at night there is an increase in
impurity concentration by 0,5-0,7 times. In the afternoon, their dispersion occurs. The most
powerful inversions occur during anticyclone weather in the winter, combined with strong
night-time cooling. According to aerological observations, the thickness of such inversions is
from 250 to 350 m, and the altitude varies in most cases from 500 to 1200 m. In light winds,
emissions of low and fugitive emissions tend to accumulate in the surface layer. With significant
winds (7-10 m/s) and the absence of inversion in the surface layer, impurities dissipate and
reach the earth’s surface a little. With strong winds at a speed of 12-15m/s and more, impurities
are transported to considerable distances from sources.

According to the Department of Ecology, in the first six months of 2018, 305 thousand tons
of harmful substances were already released into the atmosphere of the region. Last year, this
indicator amounted to 598,7 thousand tons, which amounted to a quarter of all emissions (2357
thousand tons). The most significant contribution to air pollution is made by such large
enterprises as “Kazakhmys Corporation” LLP, “Qarmed” ]JSC, “Central Asia Cement” ]SC,
“Carcement” JSC, “Orken Atasu” LLP, “Orken Kentobe” LLP, Kine Group “Kazmarganets”, TNC
“Kazchrome” JSC, “Karaganda Energy Center” LLP, “BapyMining” LLP, “TEMK” JSC.

In the city of Karaganda (landscape Ne 8), the level of air pollution was estimated as high and
was determined by the values of SI = 10, NP = 38%. According to an automatic post on the 3rd
stoker street, on October 25 a case of high pollution with suspended particles of RM 2,5 was
recorded. The content of the harmful substance was 10,4 times higher than the MPC, which is
associated with the mass kindling of furnaces at a low wind speed.

The average monthly concentrations of suspended particles of PM 2,5 were 2,8 MPC, phenol
-2,0 MPC, suspended particles PM 10 -1,6 MPC, formaldehyde -1,3 MPC, nitrogen dioxide - 1,1
MPC, and concentrations of other pollutants did not exceed MPC. The maximum one-time
concentrations of suspended particles of PM 2,5 amounted to 10,4 MPC, suspended particles of
PM 10 - 5,8 MPC, hydrogen sulfide -3,9 MPC, carbon monoxide -2,7 MPC, ammonia - 2,0 MPC,
suspended particles (dust) - 1,4 MPC, concentrations of other pollutants did not exceed MPC.

And in the town of Temirtau (landscape N2 5), the level of air pollution was estimated as very
high and was determined by the value of SI = 12. The average monthly concentrations of
suspended particles (dust) amounted to 1,4 MPC, phenol - 2,4 MPC, ammonia - 1,5 MPC, the
concentrations of other pollutants did not exceed MPC. The maximum single concentration of
suspended particles (dust) was 3,0 MPC, sulfur dioxide - 5,7 MPC, carbon monoxide - 1,5 MPC,
nitrogen dioxide - 1,6 MPC, nitric oxide - 1,6 MPC, hydrogen sulfide - 11,6 MPC, phenol - 2,3
MPC, ammonia - 1,2 MPC, concentrations of other polluting substances did not exceed
maximum concentration limits. According to the study we conducted, we can distinguish the
following facts:

1. The territory of the Nura River Basin refers to steppe and semi-desert landscapes with
little biological information, weakened by water links, but with intense direct air links. Due to
the combination of natural complexes, the territory of the Nura River Basin is characterized by
a variety of geosystems types. The territory of the Nura River Basin belongs to the steppe and
semi-desert landscapes. The zonal and subzonal differentiation of the main geosystems when
moving from north to south occurs primarily due to climate changes (heat and moisture
balance). The distribution of the basin geosystems is subject to the law of latitudinal zonality,
which leads to a consistent change of landscapes. The water availability of geosystems confined
to elevated plains depends solely on the mode of precipitation, that is, the automorphic
conditions of humidification. Geosystems of the lowered plains sometimes have additional
moisture, due to flooding or close occurrence of groundwater (hemi hydromorphic). Basin
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geosystems have a combination of natural factors that enhance the pollution of geosystems. All
this reduces centralization, orderliness and self-organization, stability of the landscape.

2. Economic activities carried out within the study basin, and, therefore, the key factors of
anthropogenic modification of geosystems are industrial and agricultural activities: mining,
hydro construction, grazing, as well as the expansion of residential areas and transport
construction.

3. An assessment of the degree of the geosystem pollution was carried out, which allowed
identifying the areas with a high degree of geosystems pollution, because of outrageous impact.
The geosystems, where the metal processing complex (Karaganda-Temirtau industrial unit)
dominates in the nature management structure, are characterized by a strong and very severe
degree of pollution, where all its components are severely damaged.

Conclusion

The proposed methodology for the degree assessment of anthropogenic stress on natural
complexes most fully reflects the main factors of influence. Assessing the degree of
anthropogenic load on geosystems is not the result of our research. The information obtained
during the assessment of anthropogenic load on geosystems will be interpreted from the
standpoint of applied geography to develop an optimal nature management structure taking
into account indicators of the anthropogenic load degree on geosystems, the resistance of
geosystems to anthropogenic impacts and the predicted trends in the dynamics of geosystems
under conditions of anthropogenic influences. Moreover, it is believed that the optimal
structure of nature management does not lead to negative consequences, does not reduce the
environmental and resource-forming properties of geosystems, and, conversely, an imperfect
nature management structure, formed without taking into account the landscape features of
the territory, leads to disruption and degradation.

The results obtained can be used not only in determining measures of environmental
rehabilitation of the study area, but also can serve as a model for improving geo-ecological
research of geosystems oriented to solving problems of environmental management practice.
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Hypa e3eHi a/1aGbIHbIH, JaHAM AP THIK-Tre OXMMUSJIBIK, dKaFJaiiblHA aHTPONOTeHIiK
dakTop1apAbIH 9CEPiH Ta/ Ay

Anparna: MakasiaZila aHTponoreH/ik JaHAumapTTapAblH KaJbIITACYblH apTYpJi paKTopaap/iblH,
COHBIH, illliH/le JlacTaylUIbl 3aTTap, PaIMOAKTUBTI 3aTTap, CayJiesieHy, L1y KoHe TabUFU pecypcTap/bl
OHJIipyAiH, 9cepiMeH 6alIaHBICTBIPBIN KapacTbipabl. Taburu JaHAmAPTTApAbIH AHTPONOTeHAIK
Ja"AmadTTapFa allHaAybl FaJaM/bIK KyOblIbICKA allHAJbBII, Tay-KEH ©HEePKacibi, XUMHUsS eHEPKICiOi
’)KOHe aybl/ LlapyallblIbIFbl CajlaJlapblHAaFbl FbLJIBIMU-TEXHUKAJIBIK, [IPOTPECTiH, apKacblHAA >KaHa
cUmaTKa ue 6oJjyja. 3epTTey YIliH Herisri aymak peTiHjie Hypa e3eHiHiH anabbl TaHAaJa/bl, MyHAA
Qarmet MeTannyprusiblK KellleHi opHatacKaH. bys kacimopeiH Kasakcrangarel eH ipi Tay-KeH
MeTaJIypPTrHsI/IbIK HbICAHBI YK9HE MOJHUMePJIi 2KaObIH/BICHI 6ap MeTA/LIZAp MEH 6HEPKACIIKe apHaJIFaH
IIUKI3aTThIH KeH ayKbIMbIH 6HAIpe/i.

Hypa e3eHiHiH a/iabblH/1a 6HEPKACINTIK KbI3METTiH, I€03K0JIOTUSJIBIK 9CEPiH 6aFasiay MaKcaTbIH/a
reoXUMUSJIBIK Tajjay »yprisisgi. Cy MeH TOMbIpak yJarijepi »kyHeJsi ToCi/IMEH aJibIHbII, JacTayllbl
3aTTapAblH, MeJillepi aKKpPeJUTTEJreH 3epTxaHajJapAblH cepTUPUKATTAIFaH 9JicTepiMeH
aHBIKTaJ/Ibl. AJILIHFAH TXKipUbesik JepeKTep CTaTUCTUKAJIBIK, d/licTep/i KOJIAAHY apKbLIbl 6HAEIi,
3aHAbLIBIKTAp aHbIKTa//b.

3epTTey 6apricbiHAa Hypa e3eHiHiH asabbl e19yip JJaCTaHFAHbI aHBIKTAJ/IAbI, OYJ HerisiHeH aybIp
MeTajlJap MeH 06acka Ja JacTayllbl 3aTTapAaH TYpaTblH ©HEPKACINTiK KaJAbIKTap/blH
KaJAbIKTapblMeH 6alyaHbIicThl. JlacTaylibl 3aTTapAblH KOFapbl KOHLEHTpauusichl «Qarmet»
MeTaJUIypPrHsIJIBbIK K9CIMOPHBI KoHe 6acKa /jla 6HEePKACINTiK HbICAHAAP/AbIH KbI3MeTiMeH 6alaHbICThI
eKeHi aHbIKTaAJbl. Tabufu JaaHAWadTTapAblH aHTPOINOTreH/AiKKe alHalybl OyJ MNpoLecTep/iH
KapKbIH/IbLJIBIFbIMEH ThIFbI3 6aW/IaHbICTbI eKeHi aHBIKTAJI/IbI.

3eprTey HaTuxkesepi Hypa e3eni anabbl jaaHAmadTTapbIHBIH, TEOXUMUSANBIK KypaMbIHA
OHEPKICINTIK MpolecTep/iH eeyJi acep eTeTiHIH KepceTTi. AJIbIHFAaH MaJliMeTTep aHTPONOTeHAIK
acepJiepAi a3alTy XoHe akMaKThIH TYPaKThl JaMyblH KaMTaMachkI3 eTy YIIiH 6HEPKICINTiK npouecTep
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MeH KaJIJIBIKTapAbl Ta3apTy KyHeJsiepiH KAaHFbIPTY apKbLIbl 3KOJIOTUSJIBIK GACKAPYAbl KETLIIipy
Ka)KeTTIiJIirH KepceTezi.

Ty#iH ce3aep: yaHumadT, aHTponoreH ik JaHAmadTTap, KopllaFaH OpTaHbIH, Aerpajalusichl,
JIaCTaHy, KopllaFaH opTa.

I.T. Ocnanl, #.0. O3resiguHoBazZ, A.A. JKanryxuna3
123Egpa3zulickull HAYUOHa1bHbIU yHUGepcumem um. JL.H. ['ymuaesa, Acmana, Kazaxcman

AHau3 BJIMSHUA AaHTPONOTreHHbIX GAaKTOPOB Ha JIAHAIA(PTHO-Te0OXMMUYECKOe COCTOSTHUE
6acceiina peku Hypa

AnHoTauusa: JlaHHOe HUcC/leZjoBaHME paccMaTpuBaeT GOpPMHpPOBAaHHME  AHTPOIOTEHHBIX
JaHmadpTOB 1OJ| BJHUSHUEM MHOXecTBa (aKTOPOB, BKJOYAs 3arps3HsAIONMe BelecTBa,
paJIMOaKTHUBHbIE BeIeCTBa, H3JydeHWe, IMyM W J06bIYY HPUPOAHBIX pecypcoB. IIpeBpaieHue
MPUPOJHBIX JaHAIMA(PTOB B AHTPOIOTEHHbIE CTaJI0 IJI00AJbHBIM SIBJIEHHEM, IPUOOGpeTass HOBbIE
yepThl OGJiarogaps HAyYHO-TEXHHYECKOMY IPOTPecCy B TOPHOAOOBIBAIOIIEHd MPOMBIIIJIEHHOCTH,
XUMUYECKOW WHJYCTPUU M CeJIbCKOM X03dWcTBe. B KadecTBe KJIIOYEBOW TEPPUTOPHUU [Jis
HccyieZJoBaHUS BbIOpaH 6acceiiH peku Hypa, rae JTOMUHUPYET MeTa/UTYPruiecKui komiiekc Qarmet.
3To mnpeanpUATHE SABJSAETCS KPYIMHEHIIUM TOpPHO-METa/IypruieckuM o6beKToM KasaxcraHa,
MPOU3BOAANIMM MIUPOKUN aCCOPTUMEHT MPOAYKIIMH, BKJIKOYAasA METaJJIbl C IOKPBITHEM U ChIpbe JJI
MPOMBIIIJIEHHOCTH.

B Oacceiine peku Hypa O6bLT BBINOJHEH TEOXUMUYECKHH aHAJNU3 C IeJbl0 OIeHKH
re03K0JIOTUYECKOTO BJIUSTHUS INPOMBINIJIEHHON JeATesbHOCTU. OTGOp mNpo6G BOABI M IMOYBBI
OCYUIECTBJISICI MO CHUCTEMAaTUYECKOMY TMOJIXOJy, a COJiepKaHue 3arpsA3HAKINNX BellecTB
omnpeJiesiiiocb € NPUMeHEeHUeM METO/IOB, CEPTUUIIMPOBAHHBIX  AKKPEeJUTOBAaHHBIMU
JlabopaTopusaMH. [losydeHHbIE 3KCIIEpUMEHTa/IbHbIE JaHHbIe ObIJIM 00PaboTaHbI C UCIIOIb30BAHUEM
CTaTUCTHUYECKUX METOJ0B [JI1 BBIIBJEHUS 3aKOHOMEPHOCTEHM M YCTAHOBJIEHHS MPUYMHHO-
CJIeICTBEHHBIX CBA3EH.

UccnemoBaHve BBIABUJIO 3HAUYUTEJbHOe 3arpsidHeHHWe 6acceiiHa peku Hypa, B OCHOBHOM
00yCJIOBJIEHHOE MPOMBINIJIEHHBIMU COpPOCAMH, COAEPKAIIMMU TsDKEJNble MeTa/UIbl W JAPYyrue
3arpss3HsAmIMe  BellecTBa. [loBbllIeHHble  KOHI[EHTPAUMWH  3arpsA3HUTEJed  CBfI3aHbl  C
MeTaJUIypruuecKkoil JesiTeJIbHOCThI0 «Qarmet» W JAPYyrdx MNPOMBIIIJIEHHBIX MNPEeANPUSATHH.
YcTaHoBJIeHO, 4TO TpaHCchopMalys MPUPOAHBIX JIAaHAIAGTOB B aHTPOIOTeHHbIe TECHO CBSI3aHAa C
WHTEHCUBHOCTBIO JJAHHBIX ITPOIECCOB.

B wuccnenoBaHuM MOJYEPKUBAETCA KPUTHYECKOE BJIMSIHUE MPOMBIIIJIEHHBIX MPOILECCOB Ha
reoXMMHUYeCKUN cocTaB JaH/AmadToB 6acceiiHa peku Hypa. [losydeHHble pe3yibTaThl aKIEHTUPYIOT
HEOoOXOJUMOCTh  VJIYYIIEHHUs  3KOJIOTUYEeCKOro  VIpaBJeHHs,  BKJIIOYas MOJIepHU3AIUI0
MPOMBIIIJIEHHBIX TIPOIECCOB M CHUCTEM OYUCTKU OTXOJIOB, /JIsi CHIDKEHHS aHTPOIOTeHHbBIX
BO3/IeCTBUU U 06ecrieueHusl yCTOMUMBOTO Pa3BUTUS PETHOHA.

KntoudeBble cioBa: yiaH/imadT, aHTPONOTeHHbIe JIaHAA(ThI, TerpaZalus OKpyXKalllel cpe/bl,
3arpsisHeHHe, OKpy»Karoas cpeja.
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Agaarna. byn makanaga Ileirbic KasakcTranzgarbl Kelli-KOH
»KaFAaibl reorpadUIbIK acneKkTijiepre cydeHe OThIPbIN TaJJaHFaH.
3epTTey alMaKKa XaJIbIKTbIH KeJsyi MeH KeTyi TypaJsibl 2004 xbLigaH
2022 xbliFa JeriHTi Kelli-KOH aFbIHJaphbl JlepeKTepiHe Heri3jesreH.
Makasiasa Keuli-KoH caJibJ0Chl KblIZAp OOUBIHIIA KapaCTbIPbLIbIIM,
KOUIi-KOH aFbIHJApbIHbIH HEri3ri O6GafFbITTapbl >X9HE OJIApAbIH,
ypAicTepi 6esrisieHe i, COHJal-aK akMaKTaFbl K6lli-KOH yJiepicTepiHe
acep eTeTiH QaxkTopJap TaaAaHa/ibl. YCbIHbIIFAH KOPBITbIH/bLIAP
[Ieirpic KaszakcTangarbl Kelli-KOH YZepiCTepiHiH AWHAMHUKACbl MeH
epekKlIeiKTepiH a/eyMeTTiK-reorpadusijiblK KoaHe JeMorpadusiblK,
acnekTisiepZi ecKkepe OThIPbII, TEPEHIpEK TYCiHyre MyMKiHAIK Oepeni,
Oys1 alMaKTaFbl KeIli-KOH y/JepicTepiH 6acKapyAblH THIMAI
CTpaTerusiiapblH 93ipJiey VIIiH MaHbI3[bl 06OJbIN TaObLIA/BbI.
YCBhIHBLJIFaH HOTHKeJlep COHbIMEH KaTap ChIPTKbI 2KoHe 11IKI Kellli-KOH
arplHJAp/JblH alMMaKTblH, 9JIeyMeTTiK-3KOHOMUKAJIbIK JaMyblHa
acepiH OarasiayFa MyMKiHJiK Oepeni, Oy/J XaJbIKTbIH ayMaKThIK,
YUBIMAACTBIPbLIY YA EpiCTepiH TepeHipeK TYCiHyTe bIKNaJ eTeA|.

Tyuin cesaep: keuti-KoH, lIbiFbic Ka3akcTaH, Xa/JbIKTbIH KeTYi,
KelIlli-KOH ¢paKTopJiaphl.

Tycri: 10.10.2024. Makyagauasl: 22.11.2024. Ons1aiH KoynkeTimai: 31.12.2024.
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Kipicne

KazakcTaH [yHHe »Ky3iJiK Kelli-KOH y/liepicTepiHiH OeJsiceH/Ji KaTbICYLIbIChI: peCMH
JepekTep OoubiHIIA, 2022 bl OOWBbIHIIG, eJire KeJareHjaep caHbl 17425 agampapi,
KeTKeH/Jep caHbl 24147 agamabl Kypazbl. Keli-KoH canbgochkl 6722 afgaMabl Kypazsl [1].

Kewri-koH yaepictepi KaszakcTaHHbIH JeMorpadusiiblK AamybiHAa, acipece IbIFbIC
KaszakcTaH CUAKTBI, lleKapaJblK aiMaKTap YLIiH aWTapJiblKTal peJ aTKapazbl. [Ki Keui-
KOH YyJepicTepiH reorpadusaiblK Ke3KapaCc TYpFbICbIHAaH 3epTTey, acep eTyuli
dakTopaapAbl, aWKbIHAAYIIbI Kelli KOH 6aFbITTapbl MeH KOIli-KOH TOJIKbIHAAPbIHbBIH,
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KeJIeMiH alKbIHAAyFa MYMKiHAIK Oepepi, OyJl XaJblK K6elli KOHbIHbIH 9JIEYMETTIK >KoHe
3KOHOMMKAJIbIK acleKTijiepiH 6ackapyFa MyMKiH/Zik 6epeni. llIbirbic KazakcTaH alimarsl, 1
MMUJIMOHHAH acCTaM XaJIblK CaHbIMEH, ©3 Ke3eriHze, eJJeri Kelli-KOH caJbJ0Chl Tepic
Keubacuibl 06J1bICTap KaTapbliHa Kipeai [2].

[Ibirbic KazakcTaH aiiMarbl geMorpadUsablK 6TKesJ YCTiHAe, Oy alMaKTaFbl XaJbK,
CaHbIHbIH a3aloblHA aJblll KeJy/e, acipece Oys KyObLIbIC aybLIJbIK aliMaKTap/Ja OpbIH
anyga. Kewi-KoH 3epTTeysepiHzeri 6acTbl Macesesiep/iiH O0ipi — Kellli-KOH aFbIHJapbIHbIH,
KeJIeMiH, KYPbIJIbIMbIH >KoHe OaFbITTapblH aHBIKTAUTBIH (GaKTopJap/bl Taazay O60JibIN
TabbliaZbl. Bysl 3epTTeysnep/iH, TEOPUAJIBIK >KoHe dJliCHaMaJIblK Heri3iH OTaHABIK oHe
HmeTeJAiK FaJlbIMAApAbIH 3epTTeY d9/iCTepi MEH HITHXKeJlepi Kypanzpbl.

[lakika M. koHe PeliHnpext K. yCbIHFaH aJJalTUBTI KeIli-KOH TeOpPUsICbIHA CIUKeC,
KJIUMATTHIK, K9HEe JKOJIOTUSJIBIK 63TepicTep akMaKTbhlH XaJbIKTbIK KypbIJIbIMbIHA 9Cep
eTe/li, OyJ XKaFJail XaJbIKThIH KOlIi-KOH YJAepicTepiH TepeHJeTeAi. Mbica/ibl, KIMMATThIK,
e3repicTep ayblIAbIK alMaKTap/Aa TYPaThlH XaJbIKThIH KellyiHe TYpTKi 60/1ybl MYMKiH [3].
I XaHcoH xoaHe K. MakHHTO1I 93ipJiereH Kpocc-leKapaJsiblK 3KOHOMUKAJIbIK 6ailaHbICTAP
MogeJti lleirbic KazakcTaH aiMarblHAAFbl KOIIi-KOH YAepicTepiHiH 9KOHOMHUKAJIBIK Heri3iH
TYCiHZipyre KeMeKTecezi. Bysl Mozienib apKblibl, ayblIbIK aiMaKTap/blH, 9KOHOMHUKAJBIK
JlaMybl TOMeH OOJIFAaHABIKTAaH, TYpPFbIHJApAbIH, KasakcTaHHbIH koHe TM/I-HbIH 6Gacka
aiiMakKTapblHa keuyi Tycingipinesi [4]. X. [le Xaac Teopuschl xxahaHaHy MeH KeprijikTi
dakTopsapblH UHTerpanusicel apKplibl LbiFbic KaszakcTaHgaFbl KOIi-KOH JUHAMUKAChIH
TaJllayFa MYMKiHAiK 6epeni. Bys1 Teoprsi 3KOHOMUKaAJbIK, ©3repicTep MeH MeMJIEKETTIiK
casiCaTThIH dCePiH KapacThipa OThIPHIIN, XaJbIKThIH Kelli-KOH LielliM/iepiH aHbIKTal bl [5].
A. Tloptec xoHe P. PambayT ycblHFaH 9/1eyMeTTiK UHTerpauusi Teopusichbl leHOepiHje,
MUTPAHTTapP/bIH dJ1€yMeTTIiK KypblJIbIMFa KOCbLIY YAepici 3epTTeneni. Bya pakrop LbiFbic
KasakcTtaHgarbl KelWi-KOH YJepicTepiHe BbIKNaJ eTeTiH oJIeyMeTTIK XeJlJiep MeH
OalsiaHbICTap/blH, peJiiH alKbiHJayFa kemekTecefi [6]. K. Poxapur xoHe T. HoTebym
YCbIHFaH reorpadusiiblK MOJeJib, illlKi Kelli-KOHHbIH 9KOHOMUKaJbIK TeHci3airin LbiFbic
Kasakcrangarbl ayblJi MeH Kajla apacblHJafFbl Kelli-KOH aFbIHJapbIHbIH, cebenTepiH
TYCiHZipyre MyMKiHJiK OGepe/ii. JKOHOMUKAJBIK alblpMallblIbIKTap, TYPFbIHAAP/ABIH ipi
KaJlajlapfa JKoHe eJ/liH opTaJiblK aiMaKTapbliHa KelyiHe asbin Keayze [7]. K. Bonraaptc
koHe T. CO60TKa YChIHFaH Kellli-KOH YepicTepiHiH TYpaKTbIIbIK TEOPUSIChl KOLIi-KOHHBIH
JeMorpadusbIK, )XoHe 3KOHOMMKaJBIK e3repicTepre »xayam 6epy KabiJieTiH 3epTTeiji.
[eirbic KasakcTaHzaFbl KeIli-KOHHBIH, JaMybl, 3KOHOMMKAJIbIK KOpCEeTKIilITep MeH
XaJIbIKThIH, KYPbLJIBIMbIH/AAFbl 63repicTepMeH ThIFbI3 6aWIaHBICTHI [8].

Ocblnainia, Kasipri 3aMaHfbl TeOpUAIap MEH MOJeJbep, MbICaJibl, alalITUBTI KOLIi-KOH
TEOPUSACH], KpPOCC-lIeKapasblK 3KOHOMHUKAJBIK OalaHbicTap MogeJsi, »ahaHzaHy MeH
KepTrisikTi ¢pakTopJsiapAblH HHTErpaunuschbl, dJeyMeTTiK HWHTerpanus, 3KOHOMHKAJBbIK,
TEeHCI3ZIK MoZeJli )XoHe Kelli-KOH yZepicTepiHiH TypaKTblabiFbl, [IbiFbic KazakcTaHgarbl
KOllli-KOH YJepicTepiHiH cebenTepi MeH cUNATbIH TepeHipek TyciHyre kemekTteceni. bya
TeopUsiap/ibl KOJIAAHY XaJsblK KOIli-KOHbIH JeMorpadus/iblK, 3KOHOMHUKAJBIK KoHE
aJieyMeTTiK paKTopJIap/iblH aliMaK TYpPFbIH/AapPbIHbIH KO3FaJbICbIHA 9CEPiH alllbll, 9p TYpJii
KbIpbIHAH TaJl/layFa MyMKiH/iK Oepei.

Marepuajigap MeH 3jicTep

3eptrey llbirpic KasakcTaH o06JBICBIHAAFBI  KOIUI-KOH  yJepicTepiH Tajajayfa
OaFbITTaJbIN, Herisri MaTepuas petriHzae Kaszakcran Pecny6sivkacbl YATTBIK CTaTUCTUKA
6topocbinblH, 2004-2022 xblijjap apajblFbIHAAFbl JAepeKTepi, allMaKTbIK ecenTep MeH
MEeMJIEKETTIK OpraHjap YCbIHFAaH MoaJliMeTTep MNauAanaHbigbl. Kelli-KoH yaepiciH
TYCiHZipy YiliH Xa/blKapasbIK Kelli-KoH yibIMbI (XKY) 6epreH aHblKTaMa HeTi3re ajJblH/bI,
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OFaH CoMKeC KOLIi-KOH aZaMJap/blH TYpaKTbl HeMece YaKbITIIa TYPFbLIBIKTHI >KEepiH
aybICTBIPY apKblJIbl OeJIriJIi 6ip ayMaKTapAblH, lieKapacblH Kecin eTyiH 6iifipesi. 1990-mbl
XbUIJApAarbl KeLli-KOH yJepicTepiHiH KypAesijiriHe KapamacTaH, AafF[apbiCc Ke3iHJe
FBUIBIMZIbI  KAapXKbLJIAHABIPYABIH, KeTKIJIKCi3 OosyblHa OausaHbicThl KasakcTtanza
KOUIIKOH/IbI KYWeJi 3epTTey »KyprisijimereHiH aTtan eTKeH eH. Kelli-KoH Macesesepi
HeriziHeH aTHocasicy, 6 llbirbic KazakcTaHHBIH JeMorpadUsabIK axyaiblHa bIKIAJ eTyIli
dakTopJsiap aTHOAeMOrpadUAIbIK KIHE TApUXHU aclleKTisiepae 3epTTesi [9].

Matepuangap caHAbIK >X9He callaJiblK TYPFbIAAH 6HJAesil, Kelli-KOHHBIH Heri3ri
OaFbITTapbl MEH YPAicTepi aHbIKTaNAbl. 3epTTey/e )KyHeJliK >KoHe Ipo0JieMaslbIK TaCi1Jep
KOJIZJAHbLJIBII, KOIlLi-KOHHbIH, 9/1€yMeTTiK-3KOHOMUKAJIbIK, KoHe JleMoTrpadUsiJIbIK calAapbl
KellleH/i KapacTbIpbli1bl. COHBIMEH KaTap, CTATUCTUKAJBIK, 9jiCTep MaJliMeTTep/i Taajay
YIIiH, Ma3MyH/ibl TaJay 9/ici Kellli-KOHHbIH cebenTepi MeH caJilapblH aHbIKTAY YIIIiH, aJ
KapTorpadUsbIK d/icTep Kelli-KOH OaFbITTApPbIH BU3yasu3alUsijay YUIiH KOJIAaHbLI/bL.
3epTTey Ke3eHJepi MaJiiMeTTepAi KUHAy KoHe 6HJAeyJeH Oacran, alMaKThIK
epeKlle/NiKTepAi aHbIKTay, HOTHXKeJepAi KapTorpadusblK BU3yalU3aLUsANAy KOHE
KOPBITBIH/bLIAP d3ipJieyre JeriHri )KyMbICTapAbl KAMThI/bI.

HBTI/DKEJIep MEH TaJIKbl/IAYy

2004 xprngan 2022 xblara gedinri kesenge lbpirbic KazakcTaH 00J1bICBIHBIH, KOIIi-KOH
YPZAicTepi canasblK )XoHe CaH/JbIK TYPFbIJaH eJieysi e3repictepre yubipaZbl. 90-Kblagapbl
KOIlli-KOH MpolecTepi KapKbIHAbI KYpill, SMUTPAHTTAP CaHbIHbIH, KOFapbl 60JIybIMEH
epekiuesieHreH Keses 2000 »Kbl1Jap/blH OpTacblHA KapaW CajJblCTbIPpMaJibl TYP/E€ TYPAKThI
Ke3eHre opblH Oepai. MyHzaail e3srepicTtep esijie O0OJIFAaH CasiCM K9HE 3KOHOMUKAJIBIK,
pebopmanapmMeH Katap, Kasakctan Pecny6sukacbiHbIH MeMJieKeTTiK JeMorpadusiabiK
cascaTblH C9TTi icke acblpybIMeH /Jie 6GaiaHbICThl. Bys e3repictep opajiMaHAap/Abl
OHTaMJIbl TYp/le OpHAJACThIPY, eHOEeK pecypCTapblH TapTy K9He 06acKa Jla MeEMJIEKETTIK
alMaKThIK AaMy O6afFap/iaMasiapblHbIH HOTHXKeCiH/e Ky3€ere acbIpblLI/bl.

KasakcTaHHbIH QU3UKaNbIK-TreorpadUsi/iblK >KoHEe 3KOHOMHUKAJIbIK-TeorpadusbIK,
epeKIleJIiKTepi eHipapasblK Kelli-KOHFa aWTapJblKTalh bIKOad eTefi. KiauMaTThIK
»KaFJansap, oJIeyMeTTiK-9KOHOMHUKAJBIK JaMy IMepCcleKTUBajJapbl >XoHe oJIeyMeTTiK-
M9JIeHU >KaFJailjiap XaJsbIKThlH, KOIli-KOH KO3FaJIbICbIHbIH, HEri3ri reorpadusblk
dakTopaapel 60Jibin TabbLIaAbl. LIbIFbic KasakcTaH o6JbICBIHAA Kipic KoHe IIBbIFbIC
aFbIH/IapbIHbIH apacblH/la 6HipapasbIK Kelli-KOH epeKIlle peJ aTKapaabl, 6y peTTe 06J1bIC
eJiIeH ThIC XepJepre XaJblK »KOFaJTyAbl TYpakTbl TypJe (KbliblHa 3-4 MbIH, ajiaM)
kepcetyae. O6JsibicKa Keurinm Kesyuijsiep HeridiHeH [laBiogap xoHe KaparaHbl
006JIbICTapbIHAH, a1 COHFBI XKbLIAAPbl — MEMJIEKETTIK OaFjap/iaMa apKacblHJja — AJMaThl,
Typkictasn, 2Kam6b11 koHe KbI3bL10pAa 06JibicTapblHaH Kesei. CoHbIMeH Gipre, aiMaKTaH
eJl imiHAeri Heri3ri aFblH AcTaHa oHe A/IMaThl KaJlaJapblHa 6aFbITTaNFaH (2022 KbLIbI
Tepic canbgo 4,5 MblH azaMm). OHipapasbik kelui-koH IlIbiFbic KasakcTaH 06JIbICBIHBIH,
aJlaMM dJ1eyeTiHiH camacblHa Kepi acep eTye, 6TKeHi eH 6esiceH i koHe 6iJiKTi, eHOeKKe
KabisieTTi TypFbIHAAp 6acKa allMaKTapFa KeTy/e.
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Cyper 1. llIsirsic Ka3akcTaH 06/1bICBIHA KETY YK9HE KeJly aFbIHapbIHbIH, yJeci (%)
EckepTy: nepekTep HeriziHae KypacTbipbliaraH [10]

CbI36aZja CHIPTKbI KoHE 6HipapasblK Kellli-KOH aFbIHAAPbIHbIH, 6apJIbIK, KeTyJep MeH
keayJsiepaig 2006-2019 xbLigapaarsl yaeciH ecentey HoTHxeslepi kepceTisireH. Ocbl Ke3eH
imiHAe Kesyuiijiep aFbIHbIH/JAFbl ailMaKapasibIK Kelli-KOH 6acblM 00J1/1bl K9HEe COHFbI 6ec
*)bL1ga 90% -aaH actel. Kapama-kapcebl arbiMza, 2000 xblagap/blH 6acblH/ia ailMaKapaJblK,
Ke1li-KoH yJieci 20% -Fa »KeTil, HOTHKeCiH/e OHBIH, yJeci maMaMeH 3 ece ocTi [10].

[Ibirbic KazakcTaH 06JIBICBIHBIH, allMaKapaJsiblK, Kelli-KOH CaJibJloChl TYPaKThbl Tepic
MoHMeH cunatTtasabl. CoHbiMeH, 2009-2019 »ok. OH XbLIABIK Mep3iMre OyJ1 KepceTKill
2013 >xoHe 2015 xblaJaphl TEK €Ki peT. HOJIJeH )KoFaphl 6061 (1-cypeT).

2000-2021 xbingapparbel  lIeiFbic KazakcTaH ~— 0GJIBICBIHBIH, — XaJIbIK — CaHbI
JVWHAMUKACbIHbIH, TaJijaybl, OipHelle MaHbI3Abl YypJAicTepai kepceTTi. bBipiHuigeH,
aybUIABIK aliMaKTap aWTapJ/iblKTal XasblK CaHbIH XOFaJATThl, OYJ OCbl aliMaKTap/aFbl
3KOHOMUKAJIBIK )KoHe 9/1eyMeTTiK MHQPOKYPbIIBIMHBIH, XKaFAalbIH KepceTe/i. CapasiaHFaH
KbLJIJIAPAbIH, K60iH/le, ayblIJIbIK akMaKTapAaH XaJbIKThIH 50%-4aH Ke0i, kel »KblaJapbl
100%-aH acTaMbl Kellin KeTTi. ATasiFaH KyObLJIbIC OCbl alilMaKTap/AaFbl Xa/bIK YILIiH OPbIH
aJIFaH, *XYMBICIIEH KAaMTBhLIY K9He 3JIeYMeTTIK KbI3MeTTEePZiH KOJ KeTIMAIIIri CUAKTHI
KypZeJi KaTepJsepAi KepceTexi.

ExiHwigeH, OckeMeH xoHe CeMel KasasblK ayJaHJapblHAa [la XaJblK, CAHBIHBIH, TeEpic
JVMHAMUKacbl 6alKaJsa/bl, b6ipaK, KeHbip *bliapbl OH e3repicTep 6alKaJajbl. Mbicasbl,
OckemeHn KanacbiHZa 2010 »xeHe 2015 xbligapAa XajablKTbIH eciMi 6aiiKasnazabl. Bya
e3repicTep eHipre KOHbICTaHyWIblJIApAbl TapTy OafjapJaMajapblH KY3€ere acbipy >KoHe
KaJlaJiblK MHPPOKYPBLJIBIMHbBIH JaMybIMeH 6alIaHbICThIPyFa 60J1a/1bl.

[Ibirpic KaszakcTaH 06JIbICHI XaJIbIKThIH, ChIPTKbl KOIIi-KOHbI CaJibJ0Chl OOWBIHILIA
JlepeKTepre CoMKec, e3repicTep ap TypJii xkbLigapAa 6ofaH. MakcuMasnbl Tepic CbIPTKbI
Kellli-KoH casbAockl 2021 bkl TipkesreH, 6 515 agaMabl Kyparn, 3epTTey Ke3eHiH/eri eH,
TeMeHTri kepceTkimTeH, 2009 xblibl 60sFaH 460 agamHaH 3 173 agamra HeMece 94,2%-Fa
aceln TYycTi (2-cypeT).

[Ibirbic Ka3akcTaHFa KesreHjaep 60MbIHIIA AepeKTeP/i capasiay, ayKbIM/ibl 63repicTep
9p TypJii KblaJapja 6oJfFaHbIH KepceTTi. Makcumanabl KeareHnzaep canbl 2009 Kblibl
12,329 apamas! Kypazbl, 6y 2000 xkbLiabl TipkeareH 7,860 agamHaH 4,469 ajamra, HeMece
56.9%-5a ker.
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[eirbic KasakcaHn o6JbicbiHaH 2000-2021 »bliap apasiblFblHa KETKEHAEeP O0UbIHIIA
JlepeKTep/iH Tajaaybl OipHelle MaHbI3Abl YpAicTi kepceTTi. BipiHwigeH, ap XKbl1gapaa
KeTKeH aJlaM/lap CaHbIHbIH alTapJ/IbIKTall e3repy AUHaMUKachl baliKaaaabl. dcipece, 2002
»KbLIBI 3koHe 2019 xpngan 2021 KblIFa geHiH.

CoHbIMEH KaTap, KaJja »X9He aybll TYPFbIHJApbl apacblHAAFbl, )KOHE 0OJIBICTBIH, KEKe
ayZlaHJlapbl apacblHJAaFbl aWbIpMallbLIbIKTapblH 0OailKayFa 6o0Jsajbl. Mbicasibl, Keubip
ayJaHJap/la KeTKeHJep CaHbIHbIH TYpPaKTbl TOMeH/eyi OaiKaJsica, KehbipiHJe TypaKThl
eCiM KepceTez,.

Bopoaynixa

Kator-kaparaii
aymansl

KownexTi
aypanLl

Kypuim
aypans!

Topéarara
aypantl

LWaptTel 6enarinep
KeLwi-koH cansgocsl (apam)
[ 1-1703 - -659
[ -659 - -497
[ -497 - -265
I 265 - -246
Il -246 - 436

Cyper 2. IIKO Kemi-Ko0H caabgocsl (2021 xk.)
EckepTy: AepekTep HeriziHze KypacTbipbliraH [10]

2004 xpigan 2022 xbliFa JeWiHri MaHBI3AbI eJJlep MeH blajgap 6oubiHLA [bIFbIC
KasakctaH o06JibICbIHA KeAreHJepAiH NalbI3AblK apakaTblHAChIH TaJJlal OTbIPHIII,
MbIHa/lall KOPBITBIH/bI YKacayFa 60J1a/ibl:

- Pecell kenTereH bl1Japbl MUTPAHTTAPAbIH >KaJnbl caHblHbIH, 60%-/1aH acTaMbIH
Kypal, Heri3ri kelli-KOH Kke3i 6oJsbin Kasna 6epeni, 2004 »xblibl PecelifieH KesreH
MUTpPAHTTap yJieci mamMamMmeH 86%-/bl KypaFaH Ke3/ie eH »KOFapbl KOPCETKIlIKe KeTTi;

- TM/I enzepi e alTap/blKTal peJi aTKapa/bl, 6ipak osapabliH yaeci 2014 xbuijaH
6actan 6ipTiHAen TeMeHaen, waMaMeH 33%-aaH 2022 xbliara Kapai 10%-aaH a3 geHreure
TYCTi;
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LbiFbic Ka3akcTaH o6abIchl
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Cyper 3. llIKO-Ha KOHBICTaHFaH KaHAacTap caHbl (2018-2022 xK.)
EckepTy: AepekTep Heri3iHae KypacTbipblaraH [10]

- KbIpFbi3cTaH MeH O30eKCTaHHAaH KeJreH MUrpaHTTapzbliH, Jeri 2000 xblLijap/bli,
6acblH/a apbIKTAY LIETiHE XXeTTi, 6ipaK yaKbIT eTe KeJie 0JIapAblH, YJIECI COHFbI KblLJI1aPbI
5%-/1aH TeMeH JieHreure JiediH a3aiijbl (3-cypert) ;

- Monronus mMeH KplTalijaH KeJreH MUTPaHTTApAbIH, YJeCi CaJbICTbIpMaJibl TYPJeE
eJsieyci3 60JibII KaJsia 6epei, 6ipak 2022 »bliFa Kapal kKelbip eciM 6alKaJiajbl;

- Backa esiiep MUTrpaHTTap/blH, KaJlbl CAHbIHBIH 63TepMeJii y/ieciHe ue, bipak oJlap/blH,
»KauITibl yJieci yaKbIT ©Te KeJie Jle a3aubll KeJiefi (4-cypeT);
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Cypert 4. IKO xajinbl Ke1li-KOH CaJIbA0ChI
EckepTy: AepekTep HeriziHze KypacTbipbliraH [10]

Kannbl anranga, Peceit llbiFbic KazakcTaH 06JibICbIHA KOIIi-KOHHbBIH, HETi3Tri JOHOPBI
60Js1bIN Kasia 6epefi, aj 6acKa esnfepieH KeJreH MUTPaHTTapAblH, yJ/eci 6ipTiHAen a3aublin
»KaTbIP.

2004 xbingan 2022 xbiiara gerin Lbirpic KazakcTaH 06J/1bICbIHAH KeTill KaJFaHAap/blH

HIBIFY esiiepi 6OUbIHIIA MAWbI3ABIK ApAKAThIHACBIH TAJIZJall OTBIPHIIN, KeJIeCiHi aTan eTyre
60J1aJbl:
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- Peceiire keTkeHepAiH yJeci 2004 xbuigan 2022 xpliifa AeliH ToeMeH/Je[i, KenTereH
KbLJ1JIapbl XKaJINbl KeTKeHAepAiH waMaMeH 30%-aan 50%-fa geHiHricid Kypazbl;

- TM/| enpepiHiy »kainbl KeTKeH/lep CAHbIHAAFbI YJIECi ie OChl Ke3eH e a3aiblil, 15%-a1aH
45%-ra feiliH e3repai (5-cyper);

- YKpanHa KaJnbl KeTKeH/lep caHbl O0MbIHIIA e3repMeJti yaecke ue 6osabl, 2007 xaHe
2008 >xbL1apel OHBIH, y/aeci maMaMeH 5%-/Abl KypaFaH Ke3Jie eH KOFapbl KepCeTKillKe
KEeTTi;

- AKIll, keTkeH ep/iH a3 yJieciHe ue 60JIFaHbIMEH, KON TETEH XKbLJIAAPbl TYPAKTHI YJIECTI
caKTall, »KaJ/illbl KeTKeHAepAiH waMaMeH 0,5-1%-bIH Kypa/bl;
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Cyper 5. IIIKO engep 6oiibIHIIA CHIPTKbI KOIIi-KOH CaJ/IbJ0ChI
EckepTy: AepekTep HeriziHze KypacTbipbliraH [10]

- backa eniepre KeTKeHAepAiH yJ/eci eseyci3 60kl Kanjbl, 6ipak 2022 xblLiFa Kapau
OJIapAblH, IaMaJibl 6Cyi 6aiKaJlblIl, Kajlbl KeTKeHJepAiH wamMaMeH 3%-bIH Kypazs! [10].

Ocblnaiia, 2000-2022 xbiaap apanbirbiHa lbiFeic KazakcTaH 06/1bICBIHBIH, CBIPTKDI
Kelli KOH Ca/JibJ0Chl aybITKyJ1apAbl KepceTeai. O6/bICKa KeJreHAepAiH CaHbIHbIH eJeyJi
aybITKybl X9He alMaKTaH KeTKeHJep/iH alTapJ/blKTakl ecyi 6alkajazbl, COHJAM-aK
aybITKyJlapFa KapamactaH, Peceit meH TM/| enzepiHe Kelli-KOH CUSKTbl KeHbip Kelli-
KOHJIBIK 6aFBITTAp TYpPaKThl O0JIbIN Kasia 6epesi.

Ka3zakcTaH Xa/IKbIHbIH ayMaKThIK KOHbICTAaHY KOPIiHiCl Heri3iH/e eHipapaJibIK Kelli-KOH
eJIJIiH dusuKaNbIK-reorpadUsIbIK YKoHe 3KOHOMHKAJIbIK-TeoTrpadHUsIbIK,
epeKlleiKTepiHiH, KyWTi bIKOaabl 6oJsyja. KiaumaTThiK kKaFpaWiap, ayMakTap/blH
9JIeyMETTIK-9KOHOMMUKAJIbIK, JAaMYbIHbIH, 0OoJiallafbl, 9JIEyMETTIK-MdJl€HU >KaFaausap
XaJIBIKThIH, KOIlli-KOHBIHBIH HeTi3ri reorpadusibiK GpakTopaapbl 60JbIN Ta6blIa/Ibl.

KOprTbIHLIAbI

Kasipri Tanaa Kazakcran Pecniy6/1Kacbl MeH OHBIH, 9P 6Hipi YIIiH XaJbIKTbIH K6lli-KOH
aJIMacy npolLecTepi CTpaTerusiJiblK MaHbI3Fa ve 00JIbII OThIP. OKiHillIKe opaM, eJi/iiH WbIFbIC
aiiMaKTapblH/ia, CoHbIH, e IbiFbic KazakcTaH 06JbIChIHAA /13, TEPiC KOILi-KOH XaJbIK
CaHbIHBbIH TAOWFU a3alobIMeH 6ipre TypaKTbl TeMeHJey daKTopblHA allHabl. LIbIFbIC
KasakcTtaH 06/1bIChbl HETi3iHEH KoOllli-KOH JJOHOPbI PeTiH/e 9peKeT eTe/li, ’KoHe alMaKTaFrbl
KOUIi-KOHHBIH, )KOFapbl JleHrell a/IeyMeTTiK-9KOHOMHUKAJIBIK JaMy/blH KeTKIIIKCi3Airine
6ails1aHbICTBI. ByJ1 )kaF/jal Kelli-KOH MaceJieCiHiH MaHbI3blJIbIFbIH aPTThIPbII OTHIP.

3epTTey HOTHUXKeJiepi Heri3iH/le TeMeH/leTifiell KOpbIThIH/I KacayFa 60J1a/ibl:
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- alMaKTa XaJbIKTbIH 06acKa 6HipJiepre KeTyiHiH Heri3ri ce6ebi - 3KOHOMHMKAaHbIH
TYPaKChI3/1bIFbl MEH KaHAaFaTTAaHAPJIbIKChI3 KaFAaubl;

- 2004-2005 >xpLi1gapbl 2/1€yMeTTiK-9KOHOMUKAJBIK, KaF/ai/IblH »KaKcapybl Kellli-KOH
JleHreuiHiH TeMeHeyiHe biKnas eTTi: 2003 xkblaFbl 7,9 MbIH agaMHaH 2005 bkl 1,2 MbIH
aflamMra JiediH asaifpl. JlereHMeH, Kelli-KOHHBIH Heri3ri Tepic ¢akTopJsapbl aJi Je
»KoWblIMaraH. KasakcTaHHblH, 6acka aWMaKTapbIMeH cajbICThipFaHAa, lbIFbic
Ka3zakcTaHHBIH, 9JIeyMeTTiK-3KOHOMHUKAJbIK KaFJAaWbIHbIH aWblpMallblIbIFbl  K6Ili-
KOHHBIH, 6aFbIThl MEH CUNIAThIH aHbIKTAY/Aa 6aCThl peJ aTKapa/ibl;

- 9JIeyMeTTiK-3KOHOMHUKAJIbIK CcebelnTepMeH KaTap, «KeJeHJiKTeH Kally» CceKiaai
9JIeyMETTIiK-TICUXOJIOTUSIJIBIK, 9CepJiep [l€ XaJbIKThIH alMaKTaH KellyiHe bIKNaJ eTy/Je.
Backa epekiie ¢pakTopJsiap alKblH eMeC;

- KOlIi-KOH >XaF/lahblH TYPaKTaHJbIPY VIIiH MEeMJIEKETTIK >KoHe >KepriJiiKTi e3iH-e3i
6ackapy opraHjapblHbIH, OipJecKeH XYMbICbl MaHbI3/bl. Kelli-KoH casicaTbl ayMaKThIH
epekKlIleiKTepiH, COHbIH illiHJe reorpadusblK, 3THOAEeMOTrpaduUsIblK, IKOHOMUKAJBIK
»KoHe MdJleHU paKTopJIap/bl ecKepin, Kellli-KOH MaceJieJiepiH 1iemyre 6aFbITTaaybl KaXKeT.

Ocpuiaiiia, 2000-2021 xbiagap apanbirbiHza HlbiFbic KasakcTaH 06/bICBIHBIH, ChIPTKDI
Kellli KOH CaJibJloChl aybITKyJIapAbl KepceTe/li, 00JbICKa KeJreHAep/iiH, CAaHbIHbIH, esey i
aybITKybl »K9He aWMaKTaH KeTKeHJAep/AiH alTapJblKTakl ecyi 6adKaJjafbl, COHJAMN-aK
aybITKyJapFa KapamacrtaH, Peceit men TM/| engepiHe Keuli-KOH CUSIKTbI Kelbip Kelli-
KOH/IbIK 6aFbITTAp TYPAKThI O0JIBIN Kajia 6epef .

Ka3zakcTaH Xa/IKbIHbIH ayMaKTbIK KOHBICTAaHY KOPIiHiCl Heri3iH/e eHipapaJibIK Kelli-KOH
eJJIiH dusuKaNbIK-reorpadpUsIbIK YKoHe 3KOHOMUKAJIbIK-TeorpadHUsbIK,
epekIle/NikTepiHiH, KyWTi bIKNaabl 6osyga. KaumaTThiK »KaFaaiaap, ayMakTapZblH
9JIEYyMEeTTIK-9KOHOMMUKAJBIK JaMyblHbIH, OoJialllaFbl, 9JIEyMEeTTiK-M3/JIEHU >KaFjailiap
XaJIBIKThIH, KOIlli-KOHBIHBIH HeTi3ri reorpadusibiK ¢akTopaapbl 60/bin Tabbliaabl [11].

Kap:kbL1aHABIpy: aBTOpJIap ecebiHeH.

Myaaenep KaKTBIFBICHI: XKOK.

ABTOpJs1apabIH KOCKaH yJeci: Konnenrtyanusanus — T.T. TypceiHOBa; aicteMeci — U.B.
3akUpoB, TYINHYCKa 2KobacblH pAaWbiHgay - AJK. AxmeroBa. bBapsblk aBTopJiap
KOJI>Ka30aHbIH, )KapUsiJlaHFaH HYCKACbIMEH TaHbIChII, KEeJICTi.
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CoBpeMeHHbIe TEHJeHIMU reorpaduu BHELIHEeH MUrpanuu HacejeHust BocrouHoro
Ka3saxctraHa

AHHoTanusa. /laHHad cTaThsl MNpeJACTaBJseT COG0UW aHaJU3 MUTPAIMOHHOU CHUTyaluu B
BoctoyHoM KazaxcraHe ¢ yueToM reorpadyuieckux acreKkToB. McciejoBaHMe 0CHOBAHO Ha JIAHHBIX
0 MHUTPAIMOHHBIX MOTOKAX, BKJIIOYAINUX MPHUOBITHE U BHIOBITHE HACEJIeHUS U3 PETMOHA B MIEPUO/]
¢ 2004 o 2022 rox. B cTaThe paccMaTpUBaeTCs 00Iee Cab/l0 MUTPAIIMU 110 TO/IaM, BbIIEJISIOTCSA
OCHOBHbIE HampaBJieHUs reorpaduud MUTPAIMOHHBIX MOTOKOB W HMX TEHJEHIUH, a TaKKe
aHAJIM3UPYIOTCA GAKTOPHI, BAUAIIINE HA MUTPAIIMOHHbIE POIlecChl B pervoHe. [IpeicTaB/ieHHbIe
BBIBO/IbI TMO3BOJIAIOT JIy4llle MOHATh AWHAMHKY M OCOOEHHOCTH MUTPAIMOHHBIX MPOIECCOB B
BocTouHoM KazaxcTaHe ¢ y4eTOM COLIMA/IbHO-3KOHOMHUYECKUX U JleMOorpadUIeCKUX aclleKTOB, YTO
SIBJISIETCA BXKHBIM JIJI1 pa3paboTKU 3QQPeKTUBHBIX CTpAaTeruil yrpamJieHHUs MHUTPALUMOHHBIMHU
npolleccaMy B pa3paboTKe perioHaIbHON COLMAJbHOU MOJMUTUKH. [Ipe/icTaB/IeHHbIE Pe3yJibTaThl
TaKKe IMO03BOJIIIOT OLIEHUTh BJIMSIHWE BHENIHHWX W BHYTPEHHHUX MHUIPAIMOHHBIX MOTOKOB Ha
COIMAJIbHO-3KOHOMUYECKOEe Pa3BUTHE PErHOHA, UTO CIOCOGCTBYET 6oJiee TJIyGOKOMY ITOHUMAaHHUIO
MPOIECCOB TEPPUTOPUAJIBHON OpraHU3aIuY HaceJleHH .

KiroueBbie cji0Ba: Murpanus, Bocrounbiit KazaxcraH, 0oTTOK HaceseHHs, GaKTOPbl MUTPALIMH.

T.T. Tursynova', A.Zh. Akhmetova? I.V. Zakirov?
L2 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
3Ufa University of Science and Technology, Ufa, Russian Federation

Current Trends in the Geography of External Migration in Eastern Kazakhstan

Abstract. This article presents an analysis of the migration situation in Eastern Kazakhstan,
considering geographical aspects. The study is based on data on migration flows, including arrivals
and departures of the population from the region from 2004 to 2022. The article examines the overall
migration balance by year, highlights the main directions of migration flows and their trends, and
analyzes the factors influencing migration processes in the region. The presented conclusions
contribute to a better understanding of the dynamics and peculiarities of migration processes in
Eastern Kazakhstan, taking into account socio-economical and demographic aspects, which is
important for the development of effective migration management strategies and social policies in
the region. The presented results also allow for an assessment of the impact of external and internal
migration flows on the socio-economic development of the region, contributing to a deeper
understanding of the processes of territorial organization of the population.

Keywords: migration, Eastern Kazakhstan, population outflow, migration factors.
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KubiH-Kepiml ¢Jiopacel HerisiHge epTe OJIMroneH KJJAMMAaTBIHBIH,
PEKOHCTPYKLUSCHIH Kacayaa Coexistence Approach aaiciH KosaaHy
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Agaatna. byn 3eprrey lbirbic Kazakcrangarbl KubiH-Kepii
aiiMarbIHJaFbl «kKopabsMK» KMMacCbhIHbIH epTe OJIMTOLeH AdyipiH/eri
dJsiopacblHa  Heri3jie/ireH NaJeOKJIUMMATThIK  PEKOHCTPYKIUsFa
apHasiFaH. 3epTTey/iH MakcaThbl — Coexistence Approach (CA) aficiH
KOJIIAHBbIN, COJI Ke3eHJeri KJIMMATTBhIK >KafFJaujapAbl aHbIKTAIl,
alMaKTbIK 3KOJIOTUSJIBIK 63TrepicTepAiH 6ecCiMAiK KaMbLJIFbICbIHA
acepiH 6arasay. HaTmxkesep aliMaKTa epTe OJIUTOLIEH/Ee XKbLJIbl KoHE
BLJIFAJI/Ibl KJIMMAT 6aCbIM 60JIFAHBIH KoHe OYJI XKaFAanaapAbIH gJiopa
KYpaMbIHa¥Fbl TYPJli TAKCOHAAP apKbl/Ibl KOPiHIC TallKaHBIH KOPCETTI.
KyMBICTBIH FBUIBIMM MaHbI3bl - AaUMaKTblH, KJMUMATTbIK TapUXbl
TypaJibl JepeKTep/i 6albITybIHZA, a/l IPAaKTUKAJbIK MaHbI3bl — OChI
peKOHCTPYKLUS dAiciH Ka3zakcTaHHBIH 6acKka KMMaJslapblH 3€epTTeyre
KOJIJaHY MYMKIH/ir'H KaMTaMachl3 eTy.

Ty¥in ce3saep: epte osnuroneH, KubiH-Kepill, naseokJauMaTThIK,
pexkoHcTpykuus, Coexistence Approach, eciMaik KaaablKTaphl,
KJIMMAaTThIK e3repicTep, naneodJ0pUCTUKABIK TaaAay.

Tycri: 16.10.2024. Makyagauasl: 22.11.2024. Ons1aiH KoykeTimai: 31.12.2024.
* - aemop-KoppecnoHdeHm

Kipicne

[laneok/JIMMaTTbl PEKOHCTPYKLUsIAY — NMale000TaHUKAJbIK 3epTTeYAepAiH MaHbI3/1bl
aCIeKTici, BUTKeHI 0J1 6TKEH [dyipAeri KJIMMaTThIK 63repicTep MeH OJIapAblH 6CiMAiKTep
»K9HE JKOXKyHeJsiepre acepiH TyciHyre MyMkKiHJlik 6epefi. OcbiHAaM 3epTTeyAepAiH epekiie
o0bekTiniepiHiH 6ipi - lIbiFbic Ka3akcTaHHBIH, 3aiicaH oWmaTbiHJAA OpHasacKaH KubiH-
Kepim maTtkanbl (Cypet 1). AiMaThl KaJlaCblHaH COJITYCTiK-IIbIFbICKA Kapak 800 KM >koHe
3aiicaH KaJjlaCcblHAaH OHTYCTikke Kapail 120 KM KalUbIKTbIKTa OpHasJacKaH Oys aillMak
epeKlle TeoJIOTUAJIBIK »Kd9He IaJIEOHTOJIOTUAJBIK KacueTTepiMeH epekKlleseHesa],
COHZBIKTAaH FBUIBIMU 3epTTeyJsiep VIUiH aca KyHAbl. KublH-Kepiml maTKaJblHAAFbI
«Kopabsink» KuMacbkl allMaKThIH, €XeJri KJAUMATThIK, KaFfaijlapbl MeH 3KO0XKyueJsepiH
TYCiHyre MYMKiHAIK OepeTiH 6al eciMAiK KaaJblKTapbIMeH Oeurisi. EpTe osurouneH
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KubiH-Kepiw ¢aopacst HeziziHOe epme 01u20yeH KAUMAMbIHbIH peKOHCMpPYKYusicuiH xcacayda Coexistence
Approach adicin KoandaHny

JloyipiHe »KaTaTbIH OyJ1 KUMa, 63iHiH (JI0pachIHbIH a/yaH TYpPJJIri apKblbl, COJ1 KE3eHHIH
3KOJIOTHSAJIBIK JKoHe KJMMATTBIK 2KaFJal/apblH pPEeKOHCTPYKLUs/JayFa aupbIKLIA
MYMKIiHJIK 6epegi [1, 4].
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Cypert 1. KubiH-Kepim matkaabiHAarbl «KopaG/IMK» KMMachbl aiMarFbIHbIH, 3€PTTEY
OPHBIHBIH, KapTachl [21]

3epTTey o06bekTici peTinze «Kopabiuk» KUMacbl aMMaKTbIH (GJOpabIK JKoHE
KJMMaTThIK TapUXbIH 3epTTey YIIiH 6aFa >XeTnec Aepek Ke3i 60Jibln Tabblaaabl. KubiH-
Kepiw ¢psiopacel OpTasnblK A3USHBIH 3K0XKYHesiepi MeH KIMMAaTThIK ©3repicTepiHiy Kaial
JlaMbIFaHbIH aWKbIHAAUTBIH MaJIiMeTTeP/i YCbIHAibI, cebebi 6ys ¢dJiopa 30leH AdyipiHiH
CyOTpONMUKAJIBbIK OpMaHJapbl MeH Kelll OJIMTOLIeHHIH KOHbIpXKall OopMaH 3KoxyHesepi
apacblHJaFbl 6TIei Ke3eH i cunaTTaipl [5, 6]. Ocbl 3epTTeyae Coexistence Approach (CA)
dJlici KoJIJaHbLIibl, OYJ1 9ic dJiopasbIK KaJaAblKTapAbl 0Jap/blH Ka3ipri aHajorrapbiMeH
CaJIBICTBIPBIII, €KeJIrl KIMMaTThI d/1ipeK peKOHCTPYKLUsAIayFa MYMKIHJIK 6epeai [3, 15].
Kubin-Kepim ¢JiopacbiHaH TaObLIFaH 6CIMJiKTepZiH Kasipri aHasorTapblH aHbIKTaM
OTBIPBIN, OJIAPAbIH, KJIUMATTbIK /JUANa30HAApPbIH 3epTTey apKblIbl 3BOJIKOLUAJIBIK
e3repicTepiH KJIUMATThIK KafF/jalapFa Kajanl 6elliMae/reHiH Tycinyre 60s1a/ibl.

3epTTeyAiH MakcaTbl - KubiH-Kepim matkanbiHaaFbl «Kopabiuk» KUMacbIHbIH, epTe
OJIMTOLIEH Ke3eHiHJeri KJIMMATThIK »KafJanaapbiH Coexistence Approach afici apKblibl
PEeKOHCTpYyKLudaaay. bys 3epTTey alMakKTbhlH, KJIMMATTbIK JAWHAMHUKACBIH >KoHE OCIMJiK
)KaMbLIFBICBIHBIH, COJI Ke3eHJerl 3BOJIIOLMYAJNBIK IpOoLecTepiH TepeHipeKk TYyCiHyre
MYMKIiHJIK 6epezi [1].
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9/,e6H 1101y

KubiH-Kepin aliMaFbIH 3epTTEy TapHUXbl

KubiH-Kepiw maTtKanbiHAaFbl 6CIMAIK KaJAbIKTAapbIH 3epTTey XX FacblpAblH OpTacblHJAA
6acTtasibin, asFalikbl gepektepi b. A. Bopucos xxuHaktaraH. 01 «Kopabiuk» KMMacblHaH
OCIM/IIK KOJIJIEKLIUAJIapbIH KMUHal, OipHellle TAKCOHHBIH FbLJIBIMU CUIIAaTTaMachIH aca/bl,
OyJl KeWiHTi 3epTTeysepre MaHbI3[bl Heri3 Kasajbl [6]. OpaH api Oys KyMbICTap/bl
KasnracTelpraH W. A. UibuHCKad KUHaJFaH MaTepuajjapAbl TepeH Tal[aAbl XKoHe
OoJialiak, 3epTTeyJsep yuiH ipretac Kasazabl [9, 10]. 3epTTey/iepre KOCbLIFaH KeJseci
FajabiMAapAblH 6ipi - M. A. AxmeTbeB, on KubiH-Kepim ¢uiopacbiHblH KyHesiiri MeH
reorpadusIbIK TapaayblH alKbIHAAYAA eJsieyi yaec KocThl [1, 4, 5].

Kubin-Kepiw maTtkanbingarsl «Kopabink» KUMachkl — 301,eH CyOTPONUKaIbIK GJiopachl
MeH Kelll OJIMTOLIeHHIH, KOHbIpkKail ¢Jiopachl apacblHAaFbl ©TIEJi Ke3eH i CUNaTTauThIH
epekile Aepek ke3i. Bys ¢uiopa KJIMMATTBIK 63repicTepAiH alMaKTblH 3KO0XyHeJsepiHe
acepiH 3epTTey YVIIiH 6aFa »XKeThec akmnapaT ycbiHajAbl. KubiH-Kepim aiimarbiHzAa
XKYpTri3ijireH JanasnblK 3epTTeyJiep 6apbicbiHa ¢uiopaHblH, 60-TaH acTaM eciMJIiK Typi
aHBIKTAJIbII, alMaKTbIH OJIMTOLeH AdyipiHe 6ai 6CiM/IiK )KaMbLJIFbIChI 00JIFaHbIH KOPCETTI
[7, 8, 13]. Kasipri yakbiTTa «Kopabsmk» ¢pyiopacbiHa KaTbICTbl 3€PTTEYJIED KAJTFACHII, OHbIH,
KJIMMaTThIK >KaFJanJapblH aHbIKTAy YIUIH 3aMaHayd aficTep, oHbIH imiHzge Coexistence
Approach, konganbLiazge! [15].

Marepua/izap MeH aaictep

Kasipri yakpiTTa KubiH-Kepim maTkaiblHZa KOHTUHEHTA/bJAbl KJUMAT 0achlM, OJI
MayCbhIM/ZIbIK, TeMIIEPATYPaHbIH KYPT 63repicTepi MeH »aybIH-1IalIbIHHBIH, CaJIbICTbIPMaJlbl
TYpAe TOMeH JeHreviMeH cunarrtaaazbl. OpTalla XKbUIABIK TeMIlepaTypa maMaMeH 3-4°C
Kypauabl, KbicTa -18°C-Ka aeiin TeMeH/Jen, *ka3a 21-25°C-ka geliH keTepinefi. XKblLiabik
*KaybIH-1aubIH MeJiepi 300-400 MM mamachbiH/ia, 6y KepceTKIilITep Ka3ipri KIMMaTThIK,
»KaFJaljap epTe OJIMTOLleH Ke3eHiMeH CaJIbICTbIpFaH/a 9/1/ieKal/1a KaTas eKeHiH KepceTe/i
[2].

Coexistence Approach (CA) azici Mocopyrrep MeH Yteuep/is, 1997 KblIFbl 2KYMbICbIHAH
6epi KeHiHeH KOJIAAHbLIbIN KeJsei. bys aficTiH MakcaThl - Ka3ba eciMIiKTepAiH Ka3ipri
aHaJIOTTapbIMeH Oipre TipIliJiK eTKEeH KJMMATTHIK, XaFJalJlapblH aHbIKTAy, OCblIaiIla
©TKEH Ke3eHHIH KJIUMaTbIH [19JlipeK peKOHCTPYyKLUsiaay. Bys aaic 6oiibiHIIA 6CiMAIKTEP/IH,
Ka36a Ka/JblKTapblHa COMKeC eH »aKblH Kasipri anasortap (NLR) Tangasnblin, osapiblH,
KJIMMATThIK IapaMeTpJiepi aHbIKTanaabl [3].

CA apiciHiH Heri3ri ke3eHepiHe 6apJibIK Makpodoccuusaap yuid NLR aHbIKTay »koHe
Kasipri MeTeopoJiorusiiblK 6a3anapaad NLR yiiiH KJIUMaTThIK JlepeKTepAi *KuHay Kipeai.
By nepekTep opTauia XblIAbIK TeMiiepaTypa (MAT), eH, CybIK KoHe eH, blJIbl ailJlap/blH,
TeMmnepaTtypachl (CMT »xxoHe WMT), KbLIABIK ayblH-1IAIIbIH MeJiepi (MAP), congaii-ak
€H, bLJIFaJI/Ibl 2K9HE €H KYpFaK aiyiapZarbl )KayblH-11abiH MeJiepi (MPWET xxone MPDRY)
CUSIKTBI KepceTKillTepeH Typaabl [15, 18].

Bya agfic TypJii reorpadusblK >KoHe KJMMATThIK >KaFJaljap/a exeJri KJIUMaTThl
PEKOHCTPYKLMSIAyAa KOFapbl HOTHXKeJiep KepceTinm KeJiefi, OyJl OHbIH CEHIMJiJairiH
pactaigbl. Mpbicanbl, luuxah-Tubet ycTipTiHAe OyJs dAic alMMaKTbIH KypJAeai Tay
KJIMMaTbIHbIH, KOHbIpKalJaH 6acTamn CyblKKa JeWiHri Ke3eHJepi YUIiH KOJAAHbLIbII, COJ
apKpLJbl MYCCOH/ZIK aFbIHAAP MeH TONnorpadusijiblK, epeKlleJaiKTep/iH, KJIUMaTKa acepiH
»KaH-)KaKThl 3epTTeyre MyMKiHAiK 6epAi [2, 16]. llbirbic 'MManaigaFbl xxoraprbl CUBaIUK
Cy6>KOTaChIH 3epTTey 6apbIChbIHAA OYJI 9/1iC )KOFapbl MyCCOH/IbIK, >KaybIH-LIallIbIH JleHreHiH
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KepCeTeTiH TPONUKAJIbIK KoHe CyOTPONUKAJbIK KJIMMATTBIK Ke3eHJepAi aHbIKTay YIIiH
TUiMAi 6061 [17]. Coat cusakThl, ConTycTik AKyTHUsAAa Oy 8/ic epTe MJIUOLEH AdyipiHAeri
KbLJIbl KOHEe BbLIFaJAbl KJIMMATThl CEHIMJI TypZe PeKOHCTPYKLUAJIayFa KOMEKTeCTi, aJ
[lbirpic McnmaHusila epTe MUOLIEH Ke3eHiH 3epTTeyae Oyl afic 6acka oajicTepMeH
CaJIbICTBIPFaH/la HaKTbl o9pi KyHesi Jgepekrtep ycbiHAbI [18, 19]. Ockl 3epTTeysiep
kepceTkeHfel, Coexistence Approach apici apTypsi 3KOJOTHSJBIK K9HE KJIMMATTHIK
»KaFjalJap/a )KaKCcbl HOTHXKe KepceTKeH/iKTeH, oJ1 KublH-Kepill maTKaablHbIH $pJiopacbiH
3epTTey/e KoHe epTe OJIMIOLlIeH Ke3eHiHIH K/IMMATTBhIK epeKLIeJiKTepiH aHbIKTayza
TanTblpMac KypaJi 60J1bI Tabbl1a/bl.

Coexistence Approach azici exxenri K1IMMaTThI CaHZBIK TYPFbIJja PEKOHCTPYKLUANAY/bIH,
MaHbI3/ibl KypaJibl 60J1bIM TabblIaAbl, dCipece 6CiMAIK KaJAbIKTapbl >KaKChl CAKTAJIFaH )XoHe
TaKCOHOMHUSIJIBIK, CUIIaTTaMachl aHbIK aliMaKTap/a. [lereHMeH, 9/jicTiH Kelbip wekTeyaepi
6ap. Os1apfa eH *aKblH aHaJIOrTap/bl aHbIKTAy Ke3iH/eri colKecci3/[iKTep koHe TO3aHHbIH,
aJIbIC KAUIBIKTBIKTAapFa TapaJlyblHbIH, 9cepi xkaTa/ibl. Bya dakTopsiap Keljie TemnepaTypa
MEH >KayblH-LIAUIbIH KOPCEeTKIIITEepPiH PEeKOHCTPYKLUANAYyAblH JdJIAIriHe BbIKNaJaA eTyi
MYMKiH [3, 20].

3eprTey OGapbicbiHga Coexistence  Approach ajici  KosaHbLIbIN,  ©CiMAiK
TaKCOHZApPbIHbIH, KJIMMATThIK KepCeTKIllTepi TaafaHAbl. AlbIMeH, 3epTTeJil OTbIpFaH
aliMaKThbIH (JI0pasbIK KypaMblH aHbIKTAY YIIiH aJ/iblH aJjia XXYPri3ijireH >KyMbICTap Heri3re
anbiHAbl. Ockl MakcaTTa AxMeTheB M.A. koHe UibuHckasa U.A. eHbekTepingeri KubiH-
Kepiwr ¢JiopaceiHa apHa/ifaH JepeKkTep MaljajaHblIgbl. AXMeTbeBTiH eHberi epre
onvroneH ¢JopacblH 6acka OJUroueH/ik ¢uopasapMeH cajbICThIpyFa apHaJIFaH, aJ
WinbuHCKasAHBbIH, KYMbIcbl KublH-Kepiml maTKaablHbIH —¢JiopacblH  erkeil-Terxkeii
cunattaradH. Ocbl eHOeKTepJleH aJiblHFaH TaKCOHJZAp Ti3iMi 3epTTey/iH OGacTamnkpl
JlepeKkkesi peTiHJe KoJgaHblIAbI [1, 2].

Ipi Kapai, Coexistence Approach a/jiciH KoJiJaHy apKblibl aJibIHFAaH TaKCOHAAP Ti3iMi
Kasipri anasortapbl (NLR) 6oiibiHmia caiikectenfipinai. NLR anbikrayga Palaeoflora
Database 6a3acbiHaaFbl AepekTep KoagaHbuiAbl (Utescher, Bruch, & Mosbrugger, 2024).
Bys nepekkop eciMJiK KaJAbIKTapbIHbIH, Ka3ipri aHaJortapblH Taby YIUIiH KeH KeJeMJi
MaJiiMeTTep YycbiHaAbL. [laneodsiopa JepeKKopbiHJJa Op TaKCOHHBIH KJIMMATThIK
napaMmeTpJiepi KepcCeTilileH, COHbIH IlliHAe TeMIepaTrypa, »KayblH-IIAIIBIH JKoHe
MayCbIM/bIK KOPCETKILITEP CUSKTHI HETi3Ti mapamMeTpJiep 6ap.

Palaeoflora Database 6a3acekl apkblibl NLR colikecTeHaipyi »KyprisijireH coH, ap
TaKCOHFa KaTbICThbl MaJeOKJMMATTBIK JepeKTep aJjblHAbL. bysn MasiMeTTep opTalia
XKbUIABIK TeMnepaTtypa (MAT), eH cyblK >oHe e€H JKblJIbl aWJapjAaFbl oOpTalla
TeMmnepaTtypasap (CMT xxoHe WMT), coHaal-aK »KbLIbIK >KaybIH-1IAlIbIH MeJiiepi (MAP)
’KOHe eH Kypfak/bLIFaljbl ailylapfarbl KayblH-malblH KepceTkimTepi (MPWET :xone
MPDRY) cekingi napametpJsiepZi KaMmTbiabl. Ocbl JiepeKTep 9p TAKCOHHbIH KJIMMATThIK
JAVana3oHbIH aHbIKTAyFa >XoHe epTe OJIMIOLieH Ke3eHiHIH KJIMMAaTblH CaHJBIK TYypAe
PEKOHCTPYKILMsayFa MYMKiHAiK 6epi [3].

AnbiHFaH HoTwxesiep KubiH-Kepimn ¢uopackiHblH, Kazipri aHajortapbl HeridiHze
KJIAMATTBhIK KOpCeTKIITep/iH KaWTaJlaHy apaJbIFblH aHBbIKTall, epTe OJIUTOLeH
Ke3eHiH/ieTl aMaKThIH KJIMMaTThIK, )KaFJauJapblH CUMIATTAyFa CENTIriH TUTI3 /.

HaTuxesiep MeH TaJIKbL1ay

KubiH-Kepiu maTtkaabiHAaFbl «Kopabauk» KUMachl - 6yJ1 Ke3eHHiH (pJiopasiblK KypaMbIH
3epTTeyre MyMKiH/lik 6epeTiH 6iperei opblH. MyH/1a caKTaJiFaH eciM/iKTepAiH Kasipri Tipi
a”Hasiortapbl (NLRs) apkblibl KIAUMaTThl KahTa KypyFa 6osazabl. Coexistence Approach
9JICIH KOJIJaHa OTBIPHBII, epTe OJIMTOLEeH/erl 3KoXyUeaepAiH AaMyblHAAaFbl KIUMATThIK
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KaFJauaapAbl erKeu-TerKeuJli aHbIKTayFa KoJ »KeTkisiagi. bysn aaic NLR Typaepin
nanjasaHa OThIPbIN, 0JIapAbIH Ka3ipri KAMMaTThIK TaJalTapbl HETi3iHJe 6TKEeH JdYip/iH
TeMIepaTypaJiblK *KoHe bLIFaIJblIbIK KOPCETKIIITEPiH OaFa/iayFa MyMKiH/iK 6epeai.
1-kecte «Kopabavk» KuMacblHAA TaObLIFAH 6CIMJiK TYpJiepiH >koHe oJlap/blH Ka3ipri
Tipi aHasortapbeiH (NLRs), coHal-aK THICTI TYKbIMJAacTap MEH TaKCOHAAp/ibl KOpCeTe/,.

Kecre 1. «<Kopa6/uk» KUMacbIHAA TaGbL/IFAH 6CiMAIK TypJiepiH »koHe 0JIapAbIH Ka3ipri Tipi

aHasiorrapbiH (NLRs)

MACRO_NAME NLR_TAXON NLR_FAMILY
Acer sp. Acer sp. Aceraceae
Acer tartaricum Acer sp. Aceraceae
Ailanthus confucii UNGER 1851 Ailanthus altissima Simaroubaceae
Ailanthus sp. Ailanthus sp. Simaroubaceae
Alnus neuburgae (BAIK.) ILJINSKAJA Alnus trabeculosa, Alnus japonica Betulaceae
Alnus schalhausenii Grubov Alnus serrulata Betulaceae
Alnus sp. Alnus sp. Betulaceae
Ampelopsis schischkinii Iljinskaya Ampelopsis sp. Vitaceae
Ampelopsis sp. Ampelopsis sp. Vitaceae
Asclepias zaissanica Iljinskaya Asclepiadaceae Asclepiadaceae
Astronium ninae Akhmet. et Iljinskaja Astronium sp. Anacardiaceae
Betula sect. Costatae Betula sect. Costatae Betulaceae
Carex scheuchteri Heer Carex sp. Cyperaceae
Carpinus lanceolata Akhmet. Carpinus henryana Betulaceae
Castanea protocrenata Iljinskaja Castanea crenata Fagaceae
Castanea zaisanica lljinskaja Castanea sp. Fagaceae
Cedrela sp. Meliaceae (Melia, Cedrela) Meliaceae
Cercidiphyllum sp. Cercidiphyllum japonicum Cercidiphyllaceae
Comptonia acutiloba Comptonia peregrina Myricaceae
Cyperacites angustifolia A.Br. Cyperaceae Cyperaceae
Diospyros kryshtofovichii [ljinskaja Diospyros sp. Ebenaceae
eucalyptus borissovii iljinskaja Eucalyptus sp. Myrtaceae
Eucommia borissovii Akhmet. Eucommia ulmoides Eucommiaceae
Eucommia palaeoulmoides Baikovskaja Eucommia ulmoides Eucommiaceae
Firmiana sp. Firmiana sp. Sterculiaceae
Fraxinus sp. 1 Fraxinus americana Oleaceae

Fraxinus mandshurica,

Fraxinus sp. 2 rhynchophylla Oleaceae
Hemiptelea kryshtofovichii [ljinskaja Hemiptelea davidii Ulmaceae
Leguminosites sp. Fabaceae Fabaceae
Lindera vassilenkoi ILJINSKAYA Lindera sp. Lauraceae
Liquidambar manucoica Akhmet. Liquidambar sp. Hamamelidaceae
Mimosites sp. Momosoideae Mimasoideae
Mpyrica lignitum (UNGER) SAPORTA Myrica sp. Myricaceae
Nyssa sp. Nyssa sp. Nyssaceae
Phragmites oeningensis HEER 1855 Phragmites sp. Gramineae
Pistacia zaisanica Iljinskaja Pistacia sp. Anacardiaceae
Platanus vasiljevii [ljinskaja Platanus sp. Platanaceae
Populus arnaudii (SAPORTA) ILJINSKAYA Populus sp. Salicaceae
Quercus borissovii lljinskaja Quercus sp. Fagaceae
Quercus kiinkerishica Iljinskaja Quercus sp. Fagaceae
Quercus paleoserrata Iljinskaja Quercus sp. Fagaceae
Quercus parazaisanica Iljinskaja Quercus sp. Fagaceae
Quercus protopontica Iljinskaja Quercus pontica Fagaceae
Quercus zaisanica Iljinskaja Quercus sp. Fagaceae
Rhus kiinkerishica Akhmetjev Rhus sp. Anacardiaceae
Spiraea danibekii Akhmet. Spiraea sp. Rosaceae
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Taxodium dubium complex Taxodium sp. Cupressaceae
Taxus palaeocuspidata Akmet. Taxus cuspidata Taxaceae
Ulmus schischkinii Iljinskaja Ulmus sp Ulmaceae
Ulmus sp. Ulmus sp Ulmaceae
Vitis sp. cf. vulpina Vitis sp. Vitaceae

EckepTy: AepeKTep Heri3iHje KypacThIpbliFaH [1]

1- KecTese KepceTiireH AepeKTepAl Taajay HoTHxeciHAe «Kopabsuk» KMMacbIHAAFbI
dJi0paHbIH TYPJIiK 9pTYPJIiJiri >koHe OHbIH KOHbIPKal KoHe CYyOTPONUKAbIK KJIUMATThIK
aliMaKTapfa ToH eKiJJiepiHiH epeklie yiieciMi 6aliKanaabl. Acer sp., Alnus sp., Betula sect.
Costatae cMAKTBI TaKCOHZAp/bIH 00J1ybl epTe OJIUTOLleH Ke3eHiHAeri KIMMaTThIH Kasiprire
KapaFaH/ja »KbLJIbl 9pi bLIFaNbl OOJFAHBIH, PTYPJi 3KOXKYHeep/iiH KOoJIal/bl JaMyblHa
»KaF/Jay »KacaFaHbIH KepceTe/i.

Ocnl KecTezie GepisireH ocbl TAKCOHAAPABIH Ka3ipri aHasorrapbl Coexistence Approach
aaici meH Palaeoflora gepekTep 6a3acbiHbIH KOMeTiMeH aHbIKTa//bl, OyJ epTe OJIUTOoleH
Ke3eHiHJeri KJIUMaTTbIK MapaMeTpJiep/li AdJlipeK aHbIKTayFa MyMKiHAIK Oepinyi 2, 3-
KecTeJsiep/ie KOpCeTIJIreH.

By 3eprTeyae KubiH-Kepimn maTkanbinaarsl «Kopabink» KMMacblHaH TaOblJIFaH Ka3zba
eciMIikTepAiH Kazipri Tipi aHasortapsl (NLR) apKblibl KJAMMATTBIK NapaMeTpJiepAi
aHbIKTayfa MYMKiHAik 6epinai. Coexistence Approach aziciniy xoHe Palaeoflora nepekrtep
0a3acblHbIH KeMeriMeH epTe OJIUTOlleH Ke3eHiHiH KJMMAaTTbIK epeKIIeJiKTepi /a1
aHbIKTanAbl. Bya axic ap6ip NLR yuiiH Herisri TemmepaTypasiblK, >XKoHE bIJIFAJIJbLIbIK
KOPCETKILITEPIH XKUHAI, 6TKEH Ke3eH/Ieri KIMMaTThl PEKOHCTPYKIMsIayFa Heri3 60J1/1bl.

Kecre 2. Coaxistance approach aaici 0olbIHIIa KIIMMATTBHIK (TeMIIEPATYPaJIbIK) HOTHKeJIep

= 5 5 £ 5 5 g 50 8
EOE| E| O E| £| & £ E£] £
< < < s s s = = =
= = = O O @) = = = <
ec 13,3 14,0 13,65 1 1,7 1,35 24,9 26,3 25,6
taxa
coexistance
(%) 100 100 100 100 100 100 100 100 100

EckepTty: MATmin-OpTalia XbUIJAbIK MUHUMaJsJbl TeMmiepatypa; MATmax-Optawa
XKbUIABIK MaKcuMasazabl Temnepatypa; MATmean -OpTawma KbUIABIK TeMIlepaTypa;
CMTmin -EH cyblK aiifiblH MUHUMaaAbl TeMmnepatypacbkl; CMTmax -EH cyblK aijbiH
MakchuMasibl TeMmneparypacbl; CMTmean -EH cyblK aiJblH opTalla TeMIepaTypachl;
WMTmin -EH ®Kblabl alblH MUHUMaJAAbl TeMnepatypacbl; WMTmax -EH blLibl ali/ibIH
MakcuMaJibl Teminepatypacbl; WMTmean -EH Kblibl aiifiblH opTalla TeMrnepaTypachl 1-
KecTe KepceTkeH/iel, «kKopabmk» KMMacblHa TaObLIFaH 6CIMIK TYpJiepi XKoHe 0JIap/blH,
Tipi aHasorrTapel TypJii TYKbIMJAcTap MeH TaKCOHJapAbl KaMTHUAbI. AHBIKTaFaH ¢Jiopa
KypambiHga Acer sp., Ailanthus sp., Alnus sp., Betula sect. Costatae xoHe 6acka /ia TaKCOHZap
6ap, oslap/blH, TiplIiJlik OpTachl MEH KJIMMATKA KOSITbIH TaJlallTapbl HETi3iH/le KIMMATThIK,
KaFAanaapzpl culiaTTayfa 60J1abl.

TeMnepaTypasnblK KepceTkimiTep 2-kectefe op6ip NLR ymiH opTama KbUIAbIK
Temnepatypa (MAT), eH cyblK adpaarbl Temmepatypa (CMT) xoHe eH >XblJabl alaFbl
TemnepaTtypa (WMT) kepceTkimTepi 6epinred. OpTaiia XbUIAbIK TeMnepaTypa 13,65°C, eH
CYbIK, ai/iblH opTalla TeMmiepaTtypacbkl mamaMmeH 1,35°C, an eH »KbLibl ail/iblH, opTallia
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TeMmrnepartypacbl 25,6°C 6osifaH. bBby/a KepceTkiluTep epTe OJIMTOLleH Ke3eHiHAeri
KJIMMATThIH, Ka3ipri kaFjan/iaH a/i/leKan/a *blibl 60J1FaHbIH KepceTeai. EH cyblK alijarbl
KOFapbl TeMIlepaTypa eCIMAIKTepAiH >KYMCAK KbICThI X9He KbICKbl Ke3eHJe OCIMAIKTIH,
TIpIIIJITiH caKTayFa MYMKIiH/IiK 6epeTiH KOHbIp>Kal KJIMMaTThl TaJlall eTKEHIH KepceTei.

OcbIHAANW KAUMATTBIK KaF[auiapAblH MaHbI3bl aHbIKTAJIFaH KJIUMATThIK IapaMmeTpJiep
Kubin-Kepill maTKaablHAaFbl epTe OJIMTOLIEH Ke3eHiHiH blIbl 9pi bLIFalibl O0JFaHbIH
JaJienpenfii, Oys Kasipri KOHTUHEHTA/bJbIK KJIWUMaTTaH aWTapJ/bIKTal epeKliesJeHej|.
KbuiablK opTalla ayblH-LIAIIBIH MeJILIEPiHiH >KOFapbLIbIFbl XoHe €H, Kypfak auJafbl
CaJIbICTBIpMaJibl TYpJAe KOFapbl bUIFAJJBLIBIK KOpCEeTKIUITepi ap Mesriije TypaKThl
6CIM/IiK >KaMBbIJIFbICbIHBIH, TipLIIiriH KosagaraH. CoHbIMeH KaTap, Betula cekingi Betulaceae
TYKbIM/IAaCblHA >KaTaTblH OCIM/IIKTEepAiH KeH TapaJ/ifaHbl, OYJ KJUMATThIK, >KaFJai/blH
0J1ap/ibIH 6CyiHe KO0JIalJibl EKeHiH Aa/eaen/i.

Ocwr 3eprTeyae Coexistence Approach agicin xoHe Palaeoflora nepekrtep 6asachiH
KOJIJaHYy apKbLIbl PEKOHCTPYKLHUAJAHFAaH epTe OJIMFOLEeH Ke3eHiHIH KJIUMAaTThIK
»KaFalJapbl alMaKTblH (QJIOpasbIK KoHe 3KOJIOTUSJIBIK 3BOJIOLMSACbIHA alTapJibIKTan
BIKNAJ eTKeHiH kepceTefi. «Kopabyiuk» KyUMacblHAAFbl ©CIMAIK TypJepiHiH (JiopasbIK
KYpaMbl MeH KJIMMATThIK KepceTKiTepi KnublH-Kepill laTKaIbIH/A XKbLJIb] 2K9He bLIFaJ bl
KJIMMaT 6acblM OOJIFAHbIH pacTai/ibl, 6y/1 alMaKTaFbl Ka36a ¢pJiopaHblH ajlyaH TypJiJirine
»K9He CaKTaJslyblHa ceber 60JIFaH.

Kecre 3. Coaxistance approach afici 60iibIHIIIa KIUMATTBIK, (TEMNepPaTypPaJiblK) HITHXKeJep

MAPmin
MAPmax
P
MPWETm
in
MPWETm
MPWETm
ean
MPDRYmi
MPDRYm
ax
MPDRYm
ean
MPWARM
min
MPWARM
max
MPWARM
mean

A
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mm

S
O
Ul
o
o
ul
N

1134 | 1360,0 | 1247 | 152 | 153,0 | 152,5 118 142,0 | 130

taxa

coexistance
(%) 100 100 100 99 100 100 91.43 | 100 100 100 100 100

EckepTy: AepeKTep Heri3iHje KypacThIpbliFaH [3]

EpTe onuroueH AayipiH/eri ;kayblH-IallbIHHBIH NapaMeTpJiepiH (3-kecTe) Tanzay 6y
Ke3eHHiH Kasipri KJIMMaTIleH CaJbICTbIpFaH/Aa aHAaFYPJIbIM bLJIFAJIIbl O0JIFaHbIH KOpCETE].
Kectene Gepinren gepekrep/ieH 6alKa/faH/jal, 3epTTeJreH alilMaKTaFbl KaJllbl KayblH-
HIalliblH MeJillepi Ka3ipri kK1MMaTKa KapaFaHAa auTapJblKTau »KoFapbl. OpTallia XblIAbIK
»kayblH-manbiH (MAPmean) kepceTkimTepi kentereH NLR TypJsepi yuiin 1000 MM-aeH
actam, ana Keibipey.sepi yuiin 6yn kepcetkim 5000 MM-ZieH ackaH. byJi, e3 keserinze, epte
oJiUroleH Ke3eHinae KubiH-Kepill miaTKa/iblHAA TYPAKThI )KoHE YKOFapPbl bIJIFablIbIKThIH
6acbIM OOJIFAaHbIH KOPCETE|.

CoHbIMEH KaTap, €H bUIFaJAbl alfarbl KayblH-malblH JAeHredi (MPWETmean)
KepceTKimTepi 365 MM-ieH acaTbIH apaMeTpJiepAi KepceTeni, 6y MayCbIMABIK, YKaybIH-
HIalIbIHHBIH, KapKbIHABLIBIFBIH Oinfiipeni. Mbicanbl, Ailanthus altissima >xane Lindera sp.
CUSIKTBI TYpJIep YIIiH eH blIFalbl alJaFbl )KaybIH-1IALIbIH KepCeTKilITepi corikeciHe 198
MM >k9He 1268 MM LIaMacblHJAA aHbIKTa/IFaH, OYJl MYCCOHABIK 9cep/AiH 60Jiybl MYMKiH
eKeHIiH KepceTeZi.

Kypfak ke3seHJiep/ie e auTapJibIKTal blIFAJAbLIBIK CaKTaJFaHbl 0aliKasiazabl, cebebi eH
KYpFaK alaarbl xkayblH-1maibiH (MPDRYmean) kenuuisnik Typsep yiuid 50 MM-/i€H >KOFaphbl.
MyHzAal KepceTKilITep CyOTPOMMUKA/bIK aWMaKTapfa TOH TYPAKThl bLJIFAIbLIbIKThI
KaMTaMachI3 eTefi, oa ¢JiopaHblH, TYpJiJiri MeH 6GUOMaccacblHbIH >XOFapbl JeHreliH
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KoJ1/lanl oTbIpFaH. by »kafal, acipece, Betulaceae TyKbIMAaChIHBIH, OKi/IAEpiH/E KOpPiHiC
Tabazbl, cebebi oJiapAblH Ka3ipri aHaJortapbl KOHBIPXKAaWh J>KoHe CyOTPONUKAJBIK,
KJIUMaTTapAa MeKeHAensi.

Ocbialiila, ajJiblHFaH MaJliMeTTep epTe OJIMTOLeH Ke3eHiHJeri KJIUMATTblH, TYPaKThbl
BUIFaNAbl 9pi KblJIbl OOJIFAHBIH >»X9HE MYHJAW KJMMATTBIK >KafF[aujap auMaKThIH,
eCiM/IiKTep aJIeMiHiH JaMyblHa OH 9cep eTKeHIH KepceTez.

Bysn 3epTTey epTe OJIMIOLiEH Ke3€HiHJeri KJIMMATTBIK KaFJanjapAbl 3aMaHayu
KOpCETKILITEPMEH  CaJILICTBIPY  apKblIbl  OTKEH MeH  Kasipri  KJMMaTThIK
allblpMallblIBIKTapAbl allblll KepceTeai. «kKopabsnmk» KUMacbIHbIH GJopaiblK, KypaMblHa
Heri3/e/ireH PEKOHCTPYKIMS HOTHXKeJiepi KepCceTKeHAeH, OJIMTOLleH J9yipiHJeri KiuMaT
Kasipri »karAaislapMeH caJibICThIpFaHAa auTapJ/ibIKTal }KyMcak 9pi bLIFa/bl 60JFaH.

E Kasipri monimeTtTep
EEE EpTe onWroueH manimeTTepi
20+
g 10F
@
o
>
[
©
)
|
c or
=
(3]
'_
_10 -
—-20¢Ek 1 L - 1
MATmean CMTmin WMTmax
KepceTKilu

Cyper 2. 3amMaHayH KoHe epTe OJIUTOLeH YaKbIThIH/aFbl TEMIIEepaTypPaJIbIK, KOpceTKilTep
EckepTy: AepekTep HeriziH/e KypacThIpblIFaH [2, 3]

EpTe osauroueH ke3eHiHjeri oprama xbLiJblK TeMnepatypa (MATmean) 13,65°C
6oJiFaH, 6y Ka3ipri KJIMMaTIeH cajJbICTbIpFaH/ia alTapJbIKTal KoFaphbl (rpadrkke opbiH
Kauaablp). Kasipri kiumaTThIK AepekTepre caiikec, KypuyM ayjaHbiHAa O6yJl KepceTKill
3,2°C maMaceiHZa ekeHi Oesrini. EpTe o/JMroneHHiH XblIbLIBIFBI, 9cipece KbICTbIH, CYbIK
allapbiHZa 6GalKasnanabl. EH cyblK aijarbl opTama TeMmnepatypa (CMTmin) 1,35°C
JleHreliHJie 60JiFaH, aa Kasipri yakbITTa 6ys KepceTkiwm -18,1°C-re geliH TeMeHAeH|.
JKorapbl KbICKbI TeMmepaTypajap COJ Ke3eHJeri KJAMMaTThIH >KYMCaK OOJIFAaHbIH >KoHe
KaTaH KbIC Me3TiJliHiH 60JIMayblH KepceTe/i, OyJl eciMAiKTepAiH KoJIah/bl KbICTAY >KoHe
KOKTEM/Ie 6Cill-oHYyiHe MYMKIH/iK 6ep/i.

Kasfbl TemnepaTypara KeseTiH 0o0JicaK, epTe OJIUTOLleHJEe €H >KblLIbl aWJblH
TemnepaTtypacbl (WMTmax) 25,6°C 6oJibln, Ka3ipri kesaeHMeH casnbicThipFaHga (21,3°C)
bipmama >xofapbl O6oJsiFaH. Bys ka3 alnapbiHJAa eciMAikTepAiH OesiceH/i ecim-eHi,
doTocuHTEe3 mpoueciHiH KapKblHJAbl ©TyiHe »Kafjall »xacagpl. Kaiambl asifaHja,
TeMIepaTypaJsiblK KOPCETKIUITEP/IiH CaJlbICTbIpMaJibl TYPAE *KOFaphbl K9HE TYPAKThI 60JybI
OCIMZIKTep KaybIMJACTBIFbIHbIH, 9pTapalTaHyblHa >KoHe TYPaKThl 3KOXYyHeJsepJiH,
KaJIbIIITaCyblHa MYMKIH/iK OepreH.
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Cyper 3. 3aMmaHayH KoHe epTe OJIMTOLLeH YaKbIThIH/AFbl }KaybIH-IIAIIBIH MeJILIepi 2KoHe
OHBbIH, MayCBIMABIK, TapaJiybl 60MBIHIIA KepceTKilTep
EckepTy: lepeKTep Heri3iHe KypacThIpbLIFaH [2, 3]

JKaybIH-11alIbIH KepCeTKILITepi e epTe OJIMTOLleH Ke3eHiHiH Ka3ipri Ke3eHre KaparaHza
aHaFypJibIM bLIFaJZbl O0JFaHbIH KepceTei. OpTalla *KbIIABIK KayblH-IIALIbIH MeJIIepi
(MAPmean) mamamen 1247 mMMm-Ai Kypazbl, 6y Ka3ipri kepceTkimreH (488,4 mM) eki ece
KeInl. Bys »kayblH-IIAlIBIHHBIH MayCbIM/JBIK 63TepicTepi, SFHU €H, bLIFaJ/Jbl aljapJarbl
(MPWETmean) xaHe eH, Kypfak alnapaarbl (MPDRYmean) »kaybIH-1I1alIbIHHBIH, }KOFapbl
JleHren/ie caKTaslybl, COJI Ke3eH/e TYPaKThl )KoHe TeHAEeCTipiJIreH blIFalAblJIbIK PEXHUMIHIH
OOJIFaHBIH KepceTez.

EpTe osuroueHie ey bliFa/ /bl aii/ia *kayblH-1aubiH MeJiepi (MPWETmean) 152,5 Mmm-
i KypafaH, aJ Kasipri yakbITTa 6ysa kepceTkim 104,9 MM mamacbiHAa faHa. Kyprak
ailylapZia Jla albIpMalllblIbIK, OaliKasa/ibl: epTe OJIMIOLEH/le €H KypFak ai/iaFbl »KayblH-
mamblH Mesuiepi (MPDRYmean) 52 mm-re TeH 6oJica, Kasipri ke3ze Tek 13,6 MM FaHa
KayblH-IIAUIbIH TyceAi. Bys »kayblH-IIalbIH KepCeTKIlITepi coa Ke3eHJe KayblH-
HIAlIbIHHBIH OiplllaMa TYpaKThl 60JFaHbIH, TITI KypFakK Ke3eHAepAe A€ blIFaIIblJIbIKThIH,
eCiMAiKTepAiH ecin-eHyiHe KeTKIJIKTi 60JFaHbIH J2J1eJIeU/].

Coexistence Approach aaiciH Ko/1ZaHbII a/IbIHFAaH 6aCKa 3epTTey HOTHKeiepi

3epTTey GapbicbiHZa KosjaHbliraH Coexistence Approach aaici apTypJii ailMakTap/za
[aJIeOKJIMMATTBIK [IapaMeTpJiepi peKOHCTPYKLMAIAY YIUiH COTTI KOJILaHblIFaH. MbIcaibl,
uuxai-TubeTt ycTipTiHZeri 3epTTeysepae Oy dAic KypAesi Tay KIUMATbIH 3€pPTTEY/E,
MYCCOH/IbIK, dcepJiep MeH TonorpadusiiblK epeKIIeNiKTepAiH KIMMaTKa bIKIaJIbIH
aHbIKTayZa KosagaHbiraH [4, 16]. Con cusakTsl, lbiFpic 'MManaigarsl xxofaprbl CHBaJIMK
Cy0>KOTaCbIHbIH, KJIMMAaTbhIH 3epTTey KesiHze ae Coexistence Approach agaici »kaybiH-
HIalIbIHHBIH MayCbIM/bIK, ©3TepicTepiH [2/1 aHbIKTay/la COTTI KoJ1AaHbLIFaH [17].

ContycTik AkyTusa MeH JleHa e3eHiHiH O0WbIHAA KYPTi3ireH 3epTTeyJsep OyJ 9AicTi
epTe IJIMOLleH Ke3eHiHJerli KJMMATThIK KepCeTKIllTepJi aHbIKTAay YLIiH MaWJajiaH/bl.
MyHza KJIMMATTBIK JepeKTep epTe IJIMOLEHJEe CaJbICThIpMaJibl KblJIbl 9HE BbLIFaJIAbI
OosiFaHbIH KepceTTi, Oy/J Ka3ipri KaTa/l KOHTHHEHTTIK KJHWMaTIeH CaJbICThIpFaHAa
altapsbiKkTak epekueneHne i [18]. Conpaii-ak, lleirbic HMcnaHusiiarbl 3epTTeyJiepze
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Coexistence Approach azici epTe MUOILeH Ke3€eHiHiH KJIMMaTbIH CUNIATTayAa KOJIJ[aHbLIFaH
>K9HEe 0J1 Ke3/le alMaKTa KblJIbl 9pi bLJIFAJIAbl KIUMATThIH 0acbIM 60JIFaHbIH KepceTTi [19].

EpTe osiuroneH Ke3eHiH/eri TYpPaKThl bUIFAJIAbLIBIK IEH XXYMCAK KJIUMAaT KaF[aniapbl
eCIMAIKTep/iH, 9pPTYpPJiJiri MeH TYpaKThLJIbIFbIHA KOJIAWJIbl d9Cep €eTKeHi aHBbIKTasl/bl.
AJNbIHFAaH KJIMMATTbIK KOPCeTKIIITEpP apKblLIbl COJ Ke3eHJle KOHbIpXKal >KoHe
CyOTpOMUKAJBIK CUMATTaFbl 6CIMAIKTEP/iH TapajyblHa KOJIAJibl KaFAaWl »KacaJFaHbIH
balikayra 6oJsiaJibl. Bys1 epTe osiuroneH Ke3eHiHZe aliMaKThIH 6ail ¢JiopasiblK KypaMbIH
>KOHE OHbIH, aJlyaH TYpJli 3KOXKyHeJiepiH KoJ1Jam, 61uoaJyaHTYpJIiJIiKTiH KOFapbl JeHrenae
OoJlyblHA CEMTIriH TUTI3TEH.

KopbITbIHABI

KubiH-Kepim maTkKanbiHAarbl «Kopabivk» KUMacCbIHbIH €pTe OJIUTOIleH Ke3eHiHJeri
KJIMMATTHIK KaFJaW/apblH 3epTTey HoTHKesiepl akMaKTblIH COJI YaKbITTaFbl KblJIbl 9pi
»KYMcCaK KJMMaTTa 60JIFaHbIH KepceTeAl. EpTe osuroneH keseHiHjeri opTauia >XbLIJbIK
TeMIepaTypa Kasipri »kaFJjaiiMeH caJbICTbIpFaHJa eJl9yip »KOofapbl 00JIFaH, OYJ KblJIbI
KJIMMAT aF[ahblH/a 6CIMIKTepAiH 9pTYpJIiJIiri MeH TapasyblHa bIKIaJ eTKEH.

Con keseHJeri KbICTBIH >KYMCAaKThIFbl aWMaKTblH Kasiprire KaparaHJa KbICKbI
KJIUMATTBIK CTpPecCTeH a3 3apjal LIeKKeHiH Kepcereni. EH cyblK aWgarbl opralua
TeMIlepaTypaHblH »KOFapbl 60Jybl 6CIMAiIKTepre KbICKbl Ke3eHJe Je Tiplijik eTyre
KOJIaWJIbl YKaFJall TYFbI3/bl.

EpTe onurouen/e »ayblH-1IalIbIH MeJIlIepi Ka3ipri KepceTKILUITepMeH CaJbICTbIpFaHa
alTapJblKTal MoJ 6oJifaH, Oyl TYpaKThl bUIFQIABUIBIKTBIH JKoHe 6aill  eciMfik
)KaMBUIFBICBIHBIH, ~ CaKTajJyblHa  bIKnajg  eTTi. CoHbIMEH KaTap, MayCbIM/BbIK
BLJIFAJIJIbIIBIKTBIH, XKbLJ1 60UbI 6ipKeJiKi 66J1iHyi 3KOXKYyHeHiH TYpPaKThLJIbIFbIHA OH, dCEP €Till,
eCIMIKTepAiH TipLiJIiriH KaMTaMachkl3 eTTi.

2Kanne! anranza, 6ys 3epTTey epTe 0JUTOLeH Ke3eHiHAeri KIMMaTThIH Ka3ipri 3aMaHFbl
KaFfalJapAaH alTapJ/blKTal epekllesJleHreHiH >KoHe COJl Ke3eHJe 6al eciMJik
»KaMBLJIFBICBIHBIH JJaMybIHA KOJIalJ/Ibl )KaF/jail 60JIFaHbIH AdJ1e1 el .

Anrpic auTy: byn Makana MUPH AP22686786 «OsurouneH-MHUOLEH lIeKapacblHAAaFbl
KasakcTtaH aymarbIH/AaFbl Ta/I€OKJIMMATThl PEKOHCTPYKIUANAYAA Ma1e0PpIOPUCTUKAIBIK,
TaJay *KoHe CaHJbIK d/licTep/i KOJIaHy» TPAHTThIK K06aChl asChbIHAA AAUbIHAAJbI.

Myaaeep KaKTbIFBICHI: MY/ JieJiep KAKTBIFbICHI KOK,

ABTOp/IapAbIH, KOCKaH YyJjeci: Axmaramber IUILB. - 3epTTey »KYMBICBIHbIH
TyKbIpbIMAaMachl, Coexistence Approach afiiciH Ko/14aHy apKbLibl aJIblHFAH MaJliMeTTep /i
CTaTUCTUKAJIBIK OHJey KoHe WHTeplpeTalusiay, COHJAW-aK aJIblHFaH HoTWXeJsepAi
rpaduKablK TYpJle BU3yasu3alusaay Kacal MaKajaHbl kasfpl, Kamanrapa AK. -
MaKaJlaHbl CbIHM TYPFbIIaH Kapamn >koHe Tajjaabl. HurmatoBa C.A. - 91e6U 110Jy KoHE
naseo60TaHUKAJBIK [JepeKTepAiH >KUHAKTaJyblHA J>KOpJeMJEeCy, COHbIMEH KaTap
3epTTey/iH, OacTamnkKbl Ke3eHJepiHJeri MaTepuasfap MeH MoaJiMeTTepAi JKHHayFa
KaTbIcTbl. AlamkaHoBa JK.A. - KubiH-Kepiln ayMmarbl 60HbIHIIIA M3JliMeTTep »KUHAI >KoHe
oJ1ap/bl Taajazbl.
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Hcnonb3oBanne Meroga Coexistence Approach 1Jist peKOHCTPYKIIHH KJINMATA PAHHEr0 0JIUTOLeHA
HA OCHOBe Najieo(pyiopucTHYECKNX JaHHBIX ocTaHna Kunn-Kepnm

AHHoTauudA. /laHHoe Hcc/lefjloBaHHe TOCBALIEHO TNaJe0KJUMaTHUYeCKOW PpPeKOHCTPYKLUU
paHHEro oJIUToIleHa Ha oCHOBe ¢Jiophbl pa3pesa «Kopabink» B palioHe Kunn-Kepuin B BocTouHoM
Kasaxcrane. llesqb uccienoBaHUs - ONpefe/MTh KJIMMAaTHYEeCKHE YCJIOBHsS TOro Mepuoja C
ucnosbzoBaHueM Metoja Coexistence Approach (CA) M OLEeHUTb BJMSHUE pPeruoHaJbHbIX
JKO0JIOTUYECKHX U3MEHEeHMH Ha pacTUTeJIbHbIM NMOKPOB. Pe3ysbTaThl mokasajd, YTO B paHHEM
OJINTOLIeHe B 3TOM pailoHe mnpeo6/aZjaJ TeIJIbI M BJADKHBIM KJMMAT, YTO OTPA3UJIOCh B
pa3Hoo6pa3uu TaKCOHOB ¢Jiopbl. HayyHas 3HaYMMOCTb pabGOThI 3aKJOYaeTcs B 06GOTallleHUH
JIAaHHBIX O KJMMaTHU4eCKOM MCTOPUM PeruoHa, a IpakKTH4yecKas 3HAYMMOCTb — B BO3MOXXHOCTH
IIpUMeHeHUsl JAHHOTO MeT0/ja PeKOHCTPYKLMHU AJ1 U3y4eHHUs Jpyrux pa3pe3oB KasaxcTaHa.

KiloueBble cioBa: paHHU# osuroueH, KuuH-Kepui, naneoksnMaTuyeckas peKOHCTPYKIUS,
Coexistence Approach, pacTUTesIbHble OCTaTKH, KJIMMaTH4YecKue U3MeHeHus],
na/eopJIOpUCTUYECKHUH aHAIN3.
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Application of the Coexistence Approach Method for Early Oligocene Climate Reconstruction
Based on Paleofloristic Data from the Kiin-Kerish Outcrop

Abstract. This study focuses on the paleoclimate reconstruction of the early Oligocene based on
the flora of the "Korablik" outcrop in the Kiin-Kerish area of Eastern Kazakhstan. The aim of the
research is to determine the climatic conditions of that period using the Coexistence Approach (CA)
method and to assess the impact of regional ecological changes on vegetation cover. The results
showed that a warm and humid climate prevailed in this area during the early Oligocene, reflected in
the diversity of floral taxa. The scientific significance of this work lies in enriching data on the region's
climatic history, while its practical significance is in enabling the application of this reconstruction
method for studying other outcrops in Kazakhstan.

Keywords: early Oligocene, Kiin-Kerish, paleoclimate reconstruction, Coexistence Approach,
plant remains, climate change, paleofloristic analysis
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Anparna. Makanaga Kekueray KblpaTblHZAa OpHaJIaCKaH
WmanTay, lankap (Coatyctik Kasakctan o6Jbickl), 3epeHfi, Komna
(AxkMmosia 06JibIchl) KeazaepiHiH 2022-2023 KbLIFbl THAPOXUMUSIBIK
KepceTKilmTepi kepcetisreH. 3epenfi, Umanrtay, llankap kesazgepi
«KekmeTtay» MYTII cy ailibIHAAapBIHBIH, €H, ipijiepi 60/bi0 Tabblaabl.
An Koma kesii Kekueray Ka/slaChblHbIH, OpTacblHAA OpHaJIACKaH,
anMaKTarbl aca ypbaHJa/faH TeppUTOpUAZA  OpHAJIACKaH.
3epTTeJreH XbLIJAap apacblHAA KeHOip KepceTKilmiTep OOMbIHIIA
e3repic 6GauKanajbl, coHbiMeH KaTap lIPK MesepineH acaTbiH
KepceTKimiTep TabbuiFaH. Cy o0O0beKTiJiepiHe aHTPONOTreHAiK
KYKTEMEeHIH, KebeloiHe OallJlaHbICTbl 3epTTeyJiepAiH bl CallblH
»KaHApbIIl OTBHIPYbl MaHbI3/bl OOJIBIN TabObLIAAbI, COHbIMEH KaTap
TUPOXUMUSAMBIK KOpCeTKIilITepMeH 0Oipre TrHUApOOHUOJOTHUSIBIK,
3epTTeyJiep Kyprisinyze.

3epenfi, Kona, UmanTay >xoHe lllankap keJsiaepiHAe aMMOHHUU
VOHJApbIHbIH ~ MeJillepiHiH,  »KOofapblLiaybl  OaWKajiafbl, OyJ
OpraHUKaJ/blK 3aTTapMeH JlacTaHybIHbIH OeJsrici. COHbIMEH KaTap,
[Mankap KeJsiHAe CYAbIH XUMUAJNBIK KypaMbIHAAaFbl KYPT e3repicrep
6aliKasiaJibl, OH/Ja MUHEpPaJAAHY/IbIH KYPT apTybl 6allKaajbl, Oy cy
KOWMACBIHbIH, KaFaiblH OJlaH 9pi 3epTTey/i KakeT eTefi. 3epeH/i
KOJIIHIH, XUMHUAJBIK KypaMbl CaJbICThIpMaJbl TYpAe TYpPaKThl, Oipak
HAaTPpUM MeH KaJUW/iH >KOFapbl KOHIEHTpauuschl 6alKaaajbl, Oy
[IPK-gaH acein Typ. MarHui MeH KaJbLUHAIH Ae MeJillepi HopMaaaH
»KOFapbl, OYJ1 CyIbIH MUHEpPaJIbl leHreliHiH 6CKeHiH KepceTe/.
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Kekwemay KbipambvlHbIH Kelibip Ke/10epiHiH 2u0poXuUMUsiAbIK pexcuMi

Kipicne

Kasipri yakpITTa KajajJapJblH JaMybl MeH aJZilaM opeKeTiHe OaWJIaHBICTBI CYy
3KO0XYylesiepiHe aHTPONOTeH/iK )KYKTEeMEHIH apTybl 6alKaiaabl.

KekieTay KplpaTbl KypFfak KJUMATTBIK Oesjiey/le OpHA/ACKaH, OHAA Cy 0O0BbeKTinepi
KJIUMATTHIK (OyJs1aHy, KypFay *aHe T.0.), COH/lali-aK, aHTPOINOreH/iK acepJiepre fe (J1acTaHy,
Cyapyfa, Cyapyfa naijjajany) yubipaiasl. bysn ¢akTopsap kajmbl 3KOXKYHEHIH TYPaKThbI
JlaMybIHa, acipece OUOJIOTUSJIBIK dPTYPJIVIIKTIH a3atoblHa Kepi acep eteni. Kona, 3epenyi,
HMmMmaHTay x9He lllankKap Kesepi 3KOJOTUAJIBIK Telle-TeHAiKTe MellyIli peJ aTKapbIl KaHa
KorMal, Kekiletay TpaH3UTTIK MapKiHiH ayMarblHa KipeTiH 6HipJiH MaHbI3Jbl CY
KOMMasiapbl OoJiblll  TabbLiaAbl. bys Makanaza ocbl  KeJAiH T'UMAPOXUMHUAJIBIK
epeKILIeJIiKTepiH XXoHe 0J1Iap/iblH alMaK, YIIiH MaHbI3bIH KapacTbIpaMbI3.

9/,e6H 1101y

KekueTray KbipaTbiHZAa opHasiackaH Komna, 3epenpi, UmanTay xoHe lllankap kesizepi
aMMaKTbIH 3KOXYMeCiH caKTayja Lielylli peJ aTKapaTblH MaHbI3[bl T'MPOJIOTHUAIBIK,
HbICaHAap 60JiblN TabbLIaAbl. 3epeH/i, UManTay xkoHe lllankap keagepi Kekmeray MYTII
Heri3ri alMaFbIHa KipeTiH eH ipi KeJiJiepre »aTa/bl KoHe KOpFayfa aJiblHFaH, O0yJ1 TAaOUFU
pecypcTapAbl Urepy/iy, ToMeH JeHreHi KaF[aublHAa oJap/bl CaKTayFa >KoHe 3epTTeyre
biIKnas etefi[1]. bysn kengepin ruApoOXUMHUSABIK CUlIaTTaMaslapbl ©3repicTep/iH, COHAAaM-
aK aHTpOMOTeHJiK QaKTopJiapJblH 9cepiHeH TeMeHJeWAi, Oy oJsiap/ibl 3KOJIOTUSJIBIK
MOHUTOPHUHITI KellleH i »Kypri3y LiapajapblH KaKeT eTe/l.

KeszepZiy opKaMCBHICBIHBIH, TeO0JIOTUSJBIK KYPbLIBIMBIH, KJWMATTBIK KaFJaWblH,
TUPOJIOTUAJIBIK PEXUMIH XXoHe aHTPOIOreH/IiK 9cep AopeKecCiH aHbIKTaWTbIH 63iHe FaHa
TOH THUAPOXUMHUSIBIK epekuienaiktepi 6ap. Kekmeray MYTII keszepiHiH, OYpbIHFbI
3epTTeyJiepJiepiHe CyHeHCeK, TMPOXMMHUAJIBIK XKoHe THMJPOJIOTUSJIBIK KaFAalbl CyLaFbl
TipuIiJIiK MesiepiHe KOJIalIbL/IbIFbl CUNIAaTTaNazAb! [2].

Byn cy KoWMaslapblHbIH THMJAPOXMMHAJBIK TajJAaybl Kasipri 9KOJOTHUAJIBIK,
npo6JieMajiap/ibl aHbIKTayFa FaHa eMec, COHbIMEH Oipre oJlap/blH 3K0XKyHesepiHiH aaarbl
e3repicTepin 6o/mkayra MyMKiH/ik 6epefi. KekuieTay yATThIK DapKi ockbl Cy KOMMaJiapblH
CcaKTay/a, Cy carlacblHa MOHUTOPUHITI KAMTaMachI3 eTy/ie )KoHe KOpLIaraH OpTaHbl KOpFay
HiapaJjiapblH KYpri3yJe YJKeH peJs aTKapaZbl. Kekiiertay Taysibl aWMarblHJAAFbl KOJI/iH,
TUIPOXUMUSAJBIK KOpCeTKILITEpPiH 3epTTey OChbl 3KOXyHesepae Oo0JbII KaTKaH
IpouecTepAi TYCiHy »aHe oJlapAbl KOpFay MeH TYPaKTbUJIBIFbIH apTThIPY CTPATEerusCblH
asipsiey yuwiH KaxeT. Cy o0O0bekTijiepiHe aHTPONOTeHJiK XKYKTeMeHiH KebewiHe
0alIaHBICThI 3epTTeYJIEPAIH XblJI CaWbIH KaHAaPbIIl OTHIPYbl MaHbI3/ bl 00JIbIN TAObLIA/bI,
COHbIMEH KaTap TUJPOXUMUSJIBIK KOpCETKIlITepMeH 6ipre ruJpoOUOJIOTHSIBIK,
3epTTeyJjep Kyprisiayze.

3epTTey o6bekTisiepi - 3epenai, Komna, lllankap, UMaHTay Kesaepi.

3epeHai keJsi AKMoJ1a 06/1bICbIH/Ia, KekileTay KajlacblHaH COJNITYCTIK-6aThICKa Kapail 50
IaKbIpbIMAAN Kepe opHasjacKaH. Kesziy aypaHbl miaMameH 7,4 mapiibl IAKbIPbIM/bI
Kypaungsl. Keszig opraiia tepeHiri 6-8 meTp, MakcuMyM 12 MeTp.

3epeHi KeJliHiH Cybl 6Te MeJIJIp oHe Ta3a, 0y/1 OMOJIOTHUSJIBIK 9PTYpPJIiJIiKKe OH acep
eTei. Anaijia afebueTTepre cylieHceK 3epeH/i KeJliHJe [UaHOOaKTepUsIapAblH, I'yazgeyi
OaliKaJiFaH, oJ1ap CyJblH OpPTaHOJIENTUKAJbIK KACUETTiHE X9HE CyJlaFbl epireH OTTeriHiH
MeJiiepiHe acep etefi [3]. CoHbIMEeH KaTap MHHepaJJbl KypaMHbIH TeMeH OOJyblHa
KapamacTaH, rajodusjiep MeH Me30rao0Thl 61/ blpaap/blH 601ybl TY3bLIbIKTHIH KOHE
Cy Ta3aJjbIFbIHbIH, CE30H/JbIK aybITKyJapblH KepceTefi [4]. Ken HeriziHeH Kaparail MeH
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A.M. 3adaranu, A.K. )Kamaunrapa, T.H CamapxaHos, K.A. Adamxucanosa

KallblHHAH TYpaTblH OpMaHJapMeH KopllajfaH. 3epeH/ii TaOUFU KoHe peKpealusiybIK
pecypcTapbiHa 6aH/IaHbICThI TAHBIMAJI TYPUCTIK OAFbIT OOJIBIIN TaObIIA/b.

Komna ke.i KekmeTay Kanacel 9aKiMZiridin Kapaybsinga. Kesgin cy 6eTinig ayganbl 14 km?
(6acka MmoasimeTTep 6GoiblHIIA - 13,1 kM%), an cy xuHay Kesemi 3860 kmZ. Keugin
MaKcuMaJiJibl TepeHiri 3 MeTpre xkeTe/li, aj cy 6eTiHiH OuiKTiri TeHi3 geHreiinen 223,8
MeTpAi Kypaibl. Kona kestine lllaranasnel xkoHe KbliakTbl e3eHepi Kysazbl [5].

Cyper 1. Kesiaepain opHasiacy aiimarsl. A - 3epenai, b - Kona, C - lllaakap, /| - UmaHTay

Kona keJii Kekiieray KaJjiacblHa »KaKbIH OpHaJIaCKaH, »afaJsiaybl ajaca. OHTYCTIK KoHe
HIBIFBIC KaFbIH/Ia KYM/bI )K9HE TaCThI Tasg3/ap, aJl 6aThIC )K9HE COJITYCTiK KaFbIHAA KaMbIC
neH Myui3zi wokrap ecefi. Keszjiy Ty6i 1aiibl, 1ail KabaThbl, Kel xkepJiepzie 6 MeTpre JieliH
keTeni. Kona KeJiiHiH y3bIHABIFBI — 5,62 KM, opTalia eHi - 2,721 KM, opTalia TepeH/iri —
2,67 M, cy 6eti 14,794 KMZ, CYy KOpbIHBbIH KesieMi 41,45 MJIH m3. KesziH >xaFaaiibl KeJl
TOHIperiHZe OpHaJlaCKaH KaJsaJjblK eJ/ii MeKeHJepJiH aFblHAbl CyJIapblHbIH, 9cepiMeH
TBIFbI3 6alIaHbICThI. Kasazja )kakblH MaHJaFbl KeKe YiJiepiH YHKbIpJIapblH aFbI3aThIH
HecepJii Kapi3 xKyHeci AypbIC YUbIMAACThIpblIMaraH. COHbIMeH KaTap, KeJire KbLILIaKThl
©3eHi Kys/bl, 0J1 ia JJacTaHFaH [6].

WUmanTtay kesi CoustycTik KasakcTaH o006Jibicbl AWbIPTAy ayJaHbIH/AQ, aybLIJAbIH
COJITYCTiK-6aTbICBIH/AQ, TEHI3 AleHreliHeH 321 MeTp abco0TTi OGUiKTIKTe opHasacKaH. Kes
MmaHTay TayJiapblHbIH, COJTYCTiriHAe opHasackaH. KeusjiH OHTyCTik-6aThIC GeJiriHae
y3bIHABIFBEI 800 MeTp, eHi 500 MmeTpael. OHTYCTiK-6aThIC KaFaiaybl TiK koHe OUiK, MyH/ia
MMaHTay Tay/lapblHbIH 6aypaiibl KeJire Kapau CO3bl/blI, XKapTacThl KaFasayAbl Kypau/bl.
Y/IKeH eJsifii MeKeH/lep/ieH La/iFal OpHa/JaCKaHAbIKTAaH K9HE XYMCaK aHTPOINOTeHiK aya
paiiblHA 6alJIaHbICThI K6JI/|iH, TUAPOXUMHUSCHI TYpPaKThl 60JiblN Kasaabl. KesJig TypucTik
NOTeHI[MAJbl Ka3ipri yaKbITTa 6Te XKOFapbl O0JIBII TabbLIaAbI [7].
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[Hankap keusii CoatycTik KasakctaH o6JsbicbiHAQ, AWbIpTay ayaaHbiHAa, llankap
aybLIbIHBIH 06aThIcbiHAA 0,7 KM KalbIKTBIKTA XKoHe TeHi3 AeHrerdiHeH 305 meTp abco/OTTI
OuikTikTe opHasacKaH. KesziH conTycTik *koHe 6aTbIC 66JIiKTepiHe ApeHaX/bIK, KyHeci
6ap TayJsbl penbed 6acbiM [8]. TebesepjiH eH GUiK HYKTesepi CONTYCTIK »oHe 6aThIC
»KaFblHAAa opHasackaH. KesaiH oHTycTik 6GeJiiri AWbipTay oWmaTbiMeH LuiekTecefi. Keus
6acceliHiHiH CONTYCTiK OeJiriHfie KaWblH, TEPEK, Kel KepJjepje KapaFall Kocmacbl 6ap
opMaHzap 6ap.

[llankap KeJii Heri3iHeH >KaybIH-UIallbIH, epireH cy, OUIKTIKTEH aFbll KaTKaH >XaHObIP
CyJlapbIMeH KopeKTeHesi. /[peHa/bIK aliMaKTap Cy AeHreliH ycTan TypyFa KeMeKTece/l,
COHbIMEH KaTap OyJlaHy >X9He J[peHa)k NpolecTepiHe KapaMacTaH OHBIH, TYpPaKThbI
TOJNTBIPbLIYbIH KaMTaMachi3 eTefi. lllankap keJsi, UMaHTay CUSAKTBI, YIATTBIK Casg0aKThIH,
TEPPUTOPHUACHIH/IA OpHA/IaCKaH YK9He CybIHbIH Ta3a/IbIFbIMeH epeKileneHe/l. [llankapaarsl
CY/ZIbIH, MOJIZIipJIiri >koFaphbl, 6yJ1 cy ¢pJiopackl MeH payHaCbIHbIH JlaMyblHa bIKNaJ eTeAi [9].
Bys1 kes1 alMaKThIH OMO3PTYPJIJIITiH caKTay YIliH epeKlle MaHbI3Fa He.

MaTepuangap MeH 3icTep

3eprTey MarTepuangapbl petiHge 3epengi, Koma, Wlankap, MMaHTay KeJiaepiHeH
aJIbIHFaH cy cblHaMaJjsiapbl anbiHAbl (CypeT 1). ['MApoXuMUSIBIK 3epTTey/ep YIIiH cy
yJ/Iriziepi apHaWbl MJIACTUK blAbICTapFa KyHbLiabl. CbiHAMasiap 63eH »afacblHaH 10-12 M
KallbIKTbIKTAaFbl KaWbIKTaH ajblHAbL. Cy/blH canacblH 6arajiay YUIiH CblHaMaJjap CyJblH,
6eTki KabaTblHaH aJyblHAbL. 3epTTey 2022 »xoHe 2023 xbuigapbl «3koHyc» KIIC
(KaparaH/bl KaJsiachl) KeKe CbIHAK, 3epTXaHaCbIH/AA XYPTis3iaji.

3epTTeyne KeJieci CTaHJapTTapfa CoWKec 3epTTey anicTepi KosgaHbuiabl: MeMmCT
26449.1-85, MeMCT 26449.2-85, MemCT 23268.1-91, MemCT 33045-2014, MemCT 31868-
2012, KP CT UCO 7027-2007, KP CT ISO 6332-2008, CT MCO 10523-2013.

Opbip cTaHJapT Cy camacblH KaMTaMachI3 €Ty »KoHe 9pTYpJii cajanapja cyAbl Taazay
TaJIalTapblH OPbIH/AY YIIiH MaHbI3bl peJs aTkapaibl. MeMCT 26449.1-85: Ty3abl cyabl
eHJleyre apHa/IfaH CTallMOHApPJIbIK AUCTUJUISALUAIBIK KOHJbBIPFbLIAD YIIIiH XUMUSJIBIK
Taajay aficTepiH aHbIKTanAbl. CTaHAAPT AUCTUJIZIEHTeH CYJblH CalacblH Taja/ay KoHe
6afajsiay OoMbIHIIA HYCKay/ablKTapAbl KaMTuAbl [10]. MeMCT 26449.2-85: Ty3abl cyaaH
aJIbIHFAaH JUCTWUISTTBl XUMUSJIBIK Tajjay ojicTepiH cumartaWabl. bysa cranpapt
JUCTUJIIEHTEH CyJblH, KYpPaMbIH X9He callacblH Oarasiay ajjicTeMeJiepiH, COHBIH illiHAe
9pPTYpJli XUMUSAJIBIK KypaMAacTap/bl aHbIKTayAbl KaMTuAabl [11]. MemM['OCT 23268.1-91:
[luyre apHasfaH MUHepas/Jbl CyJap/iblH OpraHoJIEeNTUKAJIbIK KepCceTKilTepiH (AaM, Hic,
TYC) XoHe OeTeJsiKeJsiepJieri KeJieMiH aHbIKTAy oaJicTepiH Oenrisedai. byn crangapT
MUHEpa/Ibl CyJapJblH camnacblH 6akpLiay yuiH MaHbi3abl [12]. MemCT 33045-2014:
Cypafbl a30T KypaMbIHJafrbl 3aTTapAbl aHbIKTAy oAicTepiH cunartaugbl. CTtaHzapt
aMMOHUU, HUTPAT K9He HUTPUT CUAKTBI dPTYPJli a30T TYpJiepiHiH MeJIlIepiH aHbIKTayFa
MYMKiHJiK 6epeTiH aaictemenepai kamtugbl [13]. MemCT 31868-2012: CyablH TYCiH
aHbIKTay dficTepiH Oesrinenai. On cyAblH canacblH OakKbliay YIIIH MaHbI3[bl OOJIbII
TabbLIATBIH CyAblH TYCiH CaH/bIK OaFajayFa apHaJ/IFaH apTypJii Taciiaepai kKaMTuasl [14].
KP CT HUCO 7027-2007: CyablH JIaWJBLIBIFbIH 6JIlIey 3iCTeMeCiH aHbIKTaWAbl. Byu
CTaHJapT XaJbIKapaJiblK HOpMaJslapFa HeTi3/ieJiITeH KoHe JIaCTaHy/blH KepCeTKilli peTiHze
JIAWJBLIBIKTBI 6aFasiayaa 6ipisainikti kamTamacei3 eteai [15]. CT UCO 6332-2008: 1,10-
beHaHTPONMH/I KOJIJJaHy apKbLIbl CIEKTPOMETPHUSJIBIK, 9/iCIIeH CyAaFbl TEMip KypaMbIH
aHbIKTay/ bl cunaTTanuabl. TeMip/iH LeKTeH ThIC MeJILIEPI CYbIH callacblHa Tepic acep eTyi
MYMKiH OOJIFAaHABIKTaH, OYJl CTaHAAPT OHBIH KypaMblH OakKpLaay yiIiH MaHbi3abl [16]. CT
MCO 10523-2013: CyabiH, pH pmeHreiin aHbIKTay oAicTepiH Oesrisnenai. bysn crangapt
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CyZBbIH camacel MeH Kayilci3Zirine acep eTeTiH KBIIKbUIABIK-CIITIIIK Tene-TeHAIKTI
6afajiay yuliH MaHbI34b1 [17].

Bys cranfapTTap/blH, 6apJbiFbl Cy camacblH OakpliayJa »XKoHe illyre, MHUHepaJ/ibl
CyJlapfa HeMecCe TeXHMKaJIbIK MaKcaTTapfa apHaJifaH CyJAbl TaJjjay TaJalnTapblH
OpbIHJAy/Ja MaHbI3/bl peJI aTKapa/bl.

KyMmbic GapbicblHAA KeJsieci KepceTKillTepAiH MaHJAepi aHbIKTaaAbl: pH, TOTBIFY
KabisieTi, ’KaJmbl MHUHepaJiJaHy, KaTTbUIbIK, cyJbdaTTap, XJOp, MarHuM, KaJblLUH,
aHUOHJAP MEeH KaTUOHJAP/bIH MeJIllepi, OpraHoJeNTUKAJIbIK KaCUeTTepPI :KoHe aMMOHUH
WOHJAPHI.

HaTuxesiep MeH TaJIKbL1ay

Kekietay KbipaThl KeJiJIEPiHiH TMAPOXUMUSJIBIK PEXXUMI 970U JlepeKTepre CyileHCeK
coHFrbl 100 2KbL/171a KATThI ©3repMereH. Aylalja aHTponoreHaik :kykreMme 3epeni, UmanTay,
[llankap kea4epiHze TYPUCTIK NOTeHLHMaIFa 0alIaHbICThl COHFbI XKbLJIAApbl apThIN KeJle/i.
An Koma keJii ypbaHJanfaH TeppUTOpHUs[A OpHaJlacKaHAbIKTaH 2019 Kblabl eH Kol
JlacTaHFaH »X9HEe Cy/lblH canacbl OOMbIHIIA O€eCiHIUI KJacCKa >XaTajbl, SFHHU OHJIpiCTiK
MakcaTTa KoJllaHyFa FaHa »kapam/bl [18]. Kona kesiiHAe KeHiHTi XKbL1iapbl OpraHUKaJbIK
JlaCTaHy/blH, KepceTKilli 6osaTbiH Microcystis aeruginosa (Kiitzing), Aphanizomenon flos-
aquae Ralfs ex Bornet & Flahault, Anabaena sp nmaHo6akTepHsIapbIHbIH, Ka3Fbl yaKbITTa
ryazeyi 6arikanagbl. 2022 xxoHe 2023 xbuigapsel 3epenfi, Kona, UmanTay xoHe llankap
K6JIZlepiHiH, CybIHBIH, XMMUSJIBIK KypaMbl OOMBbIHIIA 3epTTeyJsep Kyprisingi. Hotmxkesnep
HaTpHUH, KaJMH¥, MarHuy, TeMip XKo9He aMMOHHU HWOHJApPBbIHBIH, KOHLEHTpaluAJdapbIHbIH,
e3repy AMHAMUKACbIH KepceTe/li.

Kecre 1. 2022 - 2023 xbUljapra apHaJifaH Cy OPTACbIHbIH, T'U/POXUMMUAJIBIK,
KepceTKimTepi

KepceTkiuirep HIPK 3epenai kouti Kona keuti HWmaHTay KeJi Hlankap keJi

aTaybl 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023

2Kannbl KATThIIBIK , 7,0 7,20 7,00 9,00 7,50 6,30 6,20 7,80 22,00
Mg- skBUB /M3
Kap6oHaTThI 7,0 7,20 7,00 3,90 3,80 5,70 5,40 6,00 17,50
KATTbUIBIK,, Mr- 3KB
[Bm3
pH 6-9 8,57 8,2 7,93 7,3 7,85 7,4 8,24 8,6
SiO2, Mr ; M3 10 9,86 6,60 7,07 7,14 | 9,64 11,00 7,71 0,11
H 4Si0 4 Mr/am3 10 15,80 10,60 11,30 | 11,40 | 15,40 | 17,60 12,30 0,17
[TepMaHraHaTThIH, 5,0 17,6 14,8 7,0 10 8,2 8,2 12,0 14,2
TOTBIFYbI, Mr O 2 /M3
Cyxo# KaJIAbIFbl, 1000 863 966 962 860 768 798 879 5466
Mmr/nm3
Kannst 1000 1034 1248 1085 980 948 969 1067 5787
MUHepaJiaHy,
Mr/am3
TemnepaTypa, °C 22,0 23 22,0 23 22 23 22 23
ByYJIBIHFBIPJIBIK, , 15 0,59 <0,58 1,01 <0,58 | 0,80 <0,58 1,22 <0,58
Mr/am3
Tyci, nopexeci 20 25,4 17 41,0 26 31,5 18 1,22 10
Hic, ynait 2 0 2 0 3 0 2 0 3
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1 «kecrege 3epenpi, Koma xeHe MWmMaHTay KeJsilepiHiH KaTTbLIbIFbI MeH
MUHEpaJIAaHybIHbIH, IaMaJibl aybITKYbIH KOCIaFaH[a, CaJbICTbIpMaJibl Typ/Jie TYPAKThI CY
canachIHbIH KOpPCETKIIITepiH KepceTeTiHiH 6aliKayFa 6osaabl. Ananaa 2023 xbubl Hlankap
KeJliHJle aWTapJiblKTal e3repicTep OalKasaJbl: >KaJlbl KEePMEKTIKTiH, KapOOHATThI
KaTTbLIbIKTbIH, MUHEPAJJAHYAbIH K9He KYpFaK Ka/JbIKTbIH KYpPT apTybl, OYJ CYyJbIH
KYLUTi MHUHepaJIaHybIH )X9HEe bIKTUMaJl 9KOJIOTUSJIBIK Ipo6aeMaiapAbl KOPCeTyi MYMKiHb
[8]. 2023 xbL1bI KATTHUIBIKTEIH 7,80-1eH 22,00 Mr-3kB/AM>-Te Jeiid KypT ecyi 6aiikanazpl,
OyJI CyZibIH TY3/IbLJbIFbIHbIH, >KOFapbllaFaHbIH KOPCETE|.

Kecre 2. 3epTTesireH KeJigepAeri Heri3ri MOHZapAblH, MUHEPAJIJAHYbI )KOHE KypaMbl

KepceTkimTep HIPK 3epenai keJti Kona keJi HWmaHnTay KeJi Hlankap keJi
arayel 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023

HaTpuii »koHe 200 207 248 188 172 175 183 188 1764
KaJiuii Mr/am3
Kanbiuit mr/am3 3,5 48 32 84 70 52 46 60 20
Maruuit mMr/am3 50 58 66 58 49 45 47 58 255
Kannbl Temip 0,3 < 0,06 0,08 0,39 <0,05 <0,05 0,21 0,16 0,06
Mmr/am3
Fe Il mr/am3 <01 0,06 | 0,04 0,03 <0,01 0,11 0,02 0,04
Fe Il mr/am3 0,35 0,02 | 035 <0,01 <0,01 0,10 0,14 0,04
AMMOHU UOHBI 0,5 < 0,07 0,68 | 0,15 0,68 0,09 0,26 0,08 0,50
Mmr/am3
Xnopup mMr/am3 350 223 230 319 259 230 220 280 2836
Cysbdart mr/am3 500 41 106 190 189 80 124 100 60
T'uapokap6oHaT 400 329 555 238 232 348 329 366 641
Mr/am3
Kap6oHat mMr/am3 200 108 - - - - - - 210
Hutpat mr/ 3 45 3,40 <0,3 3,30 <0,3 2,60 0,60 1,50 <0,3
Hutpurt mr/am3 33 <0,006 | 0,009 | 0,022 | 0,075 | <0,006 | 1,136 | <0,006 | 0,025

2 KecTeJie CyaFbl Heri3ri MOHJap/AblH MUHepaJJaHybl MEH KypaMbl KOPCETIJITeH.

3epenpi kesinge 2022 xoHe 2023 KbLigapfa apHaJfaH Cy XUMHUACBIHAA KAJIbIIIThI
e3repictep 6ap. HaTpuii MeH KaJIMHAiH KOHLIEHTPALUsChl 3epTTeJreH xblagapbl 207, 248
Mr/am3-re geHreiinge 60Jbl, OyJ IIEKTI PyKcaT eTiIreH KOHIeHTpalMsJaH 6CKeHiH
kepyre 6os1azbl. COHbIMEH KaTap KaJbLiMi MeH MarHUM/iH, e HeKTeH ThIC 00J1ybl 6apJIbIK
KeJajepe OaliKanazabl. Xyuopuarep, cyjbdaTTap, THApPOKapOOHAT KoHe KapOboHaTTap,
LIeKTeC ThIC KOPCETKILI KepceTex|.

Kona kesinge 2023 KblJibl HATPUH, KaJUH, TY3 )KoHE MarHUK MeJillepi 6TKEH KblJIMEH
CaJbICThIpFaHJA TeMeHJeZl, Oy/ Cy KOWMacbIHbIH illiHapa KaJ/llblHA KeJTipiJreHin
KepceTyi MyMKiH. Alaiija aMMHaK MOHAApbIHbIH Memepi 0,15-Ted 0,68 mr/am3-re gekiin
eCTi, Oy/1 CyAblH JiacTaHyblH KepceTesi. 2023 >KbUIbl TeMipAiH >KaJlbl MeJilepi nAe
temengesi (0,39-man <0,05 mMr/am3-re getiin).

WmanTay KeJiiHge 2023 »KblJIbl HATPUN MeH KaJMU KOHIeHTpalusachIHbIH (175-TeH 183
Mr/am3-re pgeiiH) xeHe aMMOHMM HOHAApbIHbIH (0,09-gan 0.26 Mr/am3-re peliin)
YKOFapbliaybl 6alKaabl. Bys1 opraHrvKaJsblK JacTaHYAbIH )KOFapblayblHa 0al/IaHbICTHI CY
canacbhlHbIH HallapJayblH KepceTyi MyYMKiH.

lankap kesinge 2023 XblLIbl HATPUK MeH Kanuiais (188-gen 1764 mr/am3-re geliin)
#oHe MarHuibgig (58-men 255 wmr/am3-re pgeitin) KypT ecyi 6aiiKanzbl, GyJ CyZbIH
MUHepa/aHFaHblH KepceTei [19]. Kanbyuiiiig KOHIeHTpanuschl, KepiciHuie, 60-taH 20

JL.H. I'ymunes amuvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICBI N24(149)/ 2024 153
Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962



A.M. 3adaranu, A.K. >Kamanrapa, T.H Camapxaros, K.A. AdamacaHosa

Mr/am3-re feiin ToMeHgei. AMMOHME MOHZAApPbIHBIH MeJILIEpi Je koFapblaazsl (0,08-1eH
0,50 Mr/am3-re meitin), 6y/1 BIKTMMaJ OpraHUKabIK JACTaHYAbl KOPCETei.

KopbiTbiHAbL. 2022- 2023 KbLI1apbl JKacajfaH TUPOXUMUSJIBIK, Tajajay OOWbIHILIA
3epengi, Kona, UmanTay oHe lllankap keJiiepiH/ie aMMOHHM MOHJApPbIHbIH M6JIIIEPiHiH,
»KOFapbliaybl 6akKaiazbl, OyJl OpraHUKaJbIK 3aTTapMeH JacTaHybIHbIH 6eJrici. COHbIMEH
Katap, llankap keJsiiHAe CyAblH XMMUSJIbIK KYpaMbIH/aFbl KYPT e3repicTep 6ailKasa/bl,
OHJIa MUHEepa/IJaHy/IbIH KYPT apTybl 6alKaAbl, OYJ Cy KOMMAaCbIHbIH KaF/JalblH OJaH api
3epTTeyAi KaxeT eTeni. 3epeHJi KeOJIiHIH XUMHAJIBIK KypaMbl CaJbICTbIpMaJbl TypAe
TYPaKThl, 6ipaK HaTpUW MeH KaJIUK/AIH »KOFapbl KOHIeHTpaLUUUCchl 6aiKanazabl, 6y. [IPK-
JlaH acblll Typ. MarHUM MeH KaJbUUHZAIH Jle MeJillepi HOpMaJaH >KOFaphbl, OYJ Cy/bIH
MUHepaJibl leHreHiHiH 6CKeHIH KepceTe/,.

Kapxbuianabipy: Makana AP19175101 «Kekmeray» MYTIl yp6aHu3auusiiaHFaH
ayMaKTaphbl Cy 00'beKTisiepiHiH a/nbrodiopachl» FPaHTTHIK *K006aChl asiCbIH/AA OPbIHAAIFAH.

Myajesiep KaKTBIFbICBHI: MY/ /iesep KAKThIFbIChI KOK,

ABTOpJ/IapABIH, KOCKAH YJIeci: ABTOpJIapiblH, yJIeCTepi TeH,.
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T'MapoXUMHUYeCKHii peXKUM HEKOTOPbIX 03ep KoKieTayckoii BO3BbILIEHHOCTH

AHHoTauusa: B craTbe nokasaHbl I'MJpPOXMMHYECKHe IOKasaTeJd o3ep Mmantay, llankap
(CeBepo-KaszaxcraHckas o6sacTh), 3epeHa, Koma (AKMoJIMHCKass 06J1aCTh), PACIOIOXKEeHHBIX Ha
Kokmietayckoit Bo3BbilleHHOCTH, 3a 2022-2023 rr. O3epa 3epenHaa, Mmantay, lllankap -
kpynHelmue BogoeMbl ['HIII «KokmeTtay». O3epo Komna pacnosioxeHo B ieHTpe ropoja Kokieray,
B CaMOM Yyp0aHHU3UPOBAaHHOM pailOHe pervoHa. MexJy H3y4yaeMbIMM TOJaMU HabJIOAaeTcs
M3MeHeHUe HeKOTOpBIX IOKasaTeJsel, a Takke Noka3saTesiell, npesblmawmux [IJIK. B cBa3u c
yBeJIMYeHUeM aHTPOIOTeHHOW Harpy3ku Ha BOJHble O0O'beKTbl BaXKHO €XerojHo OOHOBJATH
UCCJIeIOBaHUs, a TaKXKe NPOBOJATCA IMAPOOHOIOruyecKre UCCaeJ0BaHUsA C THAPOXUMHUYECKUMHU
NoKa3aTeJssAMHU.

B o3epax 3epenga, Kona, UmanTay u llankap oTMeyaeTcs yBeJIM4eHHE KOJIMYeCTBA MOHOB
aMMOHHS, YTO fIBJsSIeTCS NPU3HAKOM 3arpsA3HeHUs OpraHMyecKMMM BellecTBaMU. Kpome Toro,
pe3Kue U3MeHeHUs1 XMMHUYeCKOTro CoCcTaBa BoAbl HabJ roaTcs B o3epe llaskap, rae Hab/rogaeTcs
pe3Koe yBesJMYeHUMe MHUHepaJM3alUM, 4YTO TpebyeT JajJbHEWLIMX HCCAeJOBAaHUH COCTOSHUA
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BOJO0€EMaA. XUMUYECKUH COCTaB 03€epa 3epeH,qa OTHOCHUTEJIBHO CTa6I/IIIeH, HO OTMeé4YaeTCA BbICOKad
KOHIEHTpAaUud HATPHUA U KaJikd, [IPEBbIIIA0IIaA HAK ypOBHI/I Mdrovd M KaJibLIUdA TAKXKE BbILIE
HOPMBI, YTO YKAa3bIBA€T HA MOBBILIEHHbIN YpPOBE€Hb MHHEPAJIOB B BOJE.
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Hydrochemical regime of some lakes of Kokshetau upland

Abstract: The hydrochemical indicators of lakes Imantau, Shalkar (North-Kazakhstan region),
Zerenda, Kopa (Akmola region) located on the Kokshetau upland for 2022-2023 are shown in the
article. Lake Zerenda, Imantau, Shalkar - the largest water reservoir of STNP "Kokshetau". Lake Kopa
is located in the center of Kokshetau, in the most urbanized area of the region. Between the studied
years, there is a change in some indicators, as well as indicators exceeding the MPC. In connection
with the increase in anthropogenic load on water bodies, it is important to update research annually,
and hydrobiological research with hydrochemical parameters is also conducted.

An increase in the amount of ammonium ions is noted in lakes Zerenda, Kopa, Imantau and
Shalkar, which is a sign of pollution by organic substances. In addition, sharp changes in the chemical
composition of water are observed in Lake Shalkar, where a sharp increase in mineralization is
observed, which requires further studies of the state of the reservoir. The chemical composition of
Lake Zerenda is relatively stable, but there is a high concentration of sodium and potassium
exceeding the MPC. The levels of magnesium and calcium are also higher than normal, which
indicates a higher level of minerals in the water.

Keywords: hydrochemistry, lakes, Kokshetau upland, water bodies, STNP.

References

1. Jashhenko R.V,, red. Zapovedniki Srednej Azii i Kazahstana. Ohranjaemye prirodnye territorii
Srednej Azii i Kazahstana [ Nature reserves of Central Asia and Kazakhstan. Protected natural areas
of Central Asia and Kazakhstan]. Vyp. 1. Almaty: Tetis, 2006. 352 s. ISBN 9965-9822-3-6 [in Russian]

2. Shutkaraev A.V., Asylbekova A.S. Gidrologo-gidrohimicheskij rezhim vodnykh ob"ektov GNPP
«KokshetaU» [Hydrological and Hydrochemical Regime of Water Bodies of GNPP “Kokshetau”].
Sel'skokhozyaystvennye  nauki  [Agricultural  Sciences], 3. 24-26  (2021). DOL:
10.12345/22266070_2021_3_24. [in Russian].

3. Onerkhan G., Smailova G.T., Sokova O.T., Shakirzhanova L.S. Ispol'zovanie indikator-saprobnykh
mikrovodoroslej v ocenke prirodnykh vodnykh ehkosistem [ Use of Indicator-Saprobic Microalgae in
the Assessment of Natural Aquatic Ecosystems]. Vestnik KazNU. Seriya biologicheskaya [KazNU
Bulletin. Biological Series], 1(53). 37-40 (2012). [in Russian].

4. Barinova S.S., Romanov R.E. K flore vodoroslej ozera Zerenda, Severnyj Kazakhstan [ On the
Algal Flora of Lake Zerenda, Northern Kazakhstan]. Biologicheskoe raznoobrazie v stepyakh Azii
[Biological Diversity in Asian Steppes]. Proceedings of the 3rd International Scientific Conference
(Kostanay, Kazakhstan, April 24-27, 2017). Kostanay State Pedagogical Institute, 139-143 (2017).
[in Russian].

5. Donidze G.I. Slovar' nazvanij gidrograficheskih ob#ektov Rossii i drugih stran SNG [Dictionary
of Names of Hydrographic Objects of Russia and Other CIS Countries]. Moscow: Kartgeotsentr -
Geodezizdat. [in Russian].

6. Sadvokasova A.T., Fakhrudenova I.B., Karnaukhova T.V., Tazitdinova R.M. Ocenka kachestva
ozera Kopa goroda Kokshetau po gidrokhimicheskim pokazatelyam [Assessment of the Quality of

156 (149)/ 2024 JL.H. I'ymunes amuviHdarsl Eypasusi yrimmotk yHueepcumeminiy XABAPIIBICBI
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962



Kekwemay KbipambvlHbIH Kelibip Ke/10epiHiH 2u0poXuUMUsiAbIK pexcuMi

Lake Kopa in Kokshetau City by Hydrochemical Indicators] Gidrometeorologiya i ekologiya
[Hydrometeorology and Ecology], 2. 50-55 (2021). DOI: 10.54668/2789-6323-2021-102-3-74-79.
[in Russian].

7. Kurzhykaev Zh., Syzdykov K., Asylbekova A., Sabdinova D., Fefelov V. Sovremennoe sostoyanie
rybnykh zapasov reki Esil' [Current State of Fish Resources in the Esil River]. Zoologiya [Zoology],
36.1 (2019). [in Russian].

8. Asylbekova A.S., Barinova G.K., Akhmetzhanova N.A. Osobennosti gidrologicheskogo rezhima i
kachestva estestvennogo urovnya vosproizvodstva ryby reki Esil' [Hydrological Regime Features and
Natural Fish Reproduction Levels in the Esil River]. Mnogoprofil’'nyy nauchnyy zhurnal 3i: Intellekt,
Ideya, Innovatsiya [Multidisciplinary Scientific Journal 3i: Intelligence, Idea, Innovation], 1. 35-40
(2020). [in Russian].

9. Syzdykov K.N., Asylbekova A.S., Aubakirova G.A., Kuanchaleev Zh.B., Marlenov E.B. Nauchnye
issledovaniya v rybovodstve: uchebnik [Scientific Research in Fish Farming: A Textbook]. Nur-Sultan:
Kazakh Agro-Technical University, 202 p. (2019). [in Russian].

10. GOST 26449.1-85. Opresnitel'nye stacionarnye distillyacionnye ustanovki. Metody
khimicheskogo analiza solenykh vod, [Stationary Distillation Desalting Units. Methods of Saline
Water Chemical Analysis]. Available at: https://online.zakon.kz/Document/?doc_id=30611815
(accessed 13.04.2010).

11. GOST 26449.2-85. Opresnitel'nye stacionarnye distillyacionnye ustanovki. Metody
khimicheskogo analiza distillyata, [Stationary Distillation Desalting Units. Methods of Distillate
Chemical Analysis]. Available at: https://online.zakon.kz/Document/?doc_id=30117826 (accessed
07.11.2007).

12. GOST 23268.1-91. Mineral'nye vody: pit'evye lechebnye, lechebno-stolovye i prirodnye
stolovye vody. Metody opredeleniya organolepticheskikh pokazatelej i ob"ema vody v butylkakh,
[Drinking Medicinal, Medicinal-Table, and Natural-Table Mineral Waters. Methods for Determination
of Organoleptic Indices and Volume of Water in Bottles]. Available at:
https://online.zakon.kz/Document/?doc_id=30561377 (accessed 03.02.2010).

13. Mezhgosudarstvennyy standartizatsiya, metrologiya i sertifikatsiya po MSMS (2019). GOST
33045-2014. Voda. Metody opredeleniya azotsoderzhashchikh veshchestv, [Water. Methods for
Determination of Nitrogen-Containing Substances]. (ISO 6777:1984, NEQ). - Moscow:
Standartinform, 2019. Available at: https://online.zakon.kz/Document/?doc_id=36735683
(accessed 31.05.2016).

14. Mezhgosudarstvennyy standart (2012). GOST 31868-2012. Voda. Metody opredeleniya tsveta,
[Water. Methods for Determination of Colour]. - [b.i], 2012. Available at:
https://online.zakon.kz/Document/?doc_id=31466561 (accessed 06.11.2013).

15. Komitet po tekhnicheskomu regulirovaniyu i metrologii Ministerstva promyshlennosti i
torgovli Respubliki Kazakhstan (Gosstandart) (2007). ST RK ISO 7027-2007. Kachestvo vody.
Opredelenie mutnosti, [Water Quality. Determination of Turbidity]. IDT. - Astana: [b.i.], 2007.
Available at: https://online.zakon.kz/Document/?doc_id=31279316 (accessed 29.10.2012).

16. KR ST ISO 6332-2008. Kachestvo vody. Opredelenie soderzhaniya zheleza.
Spektrometricheskiy metod s ispol’zovaniem 1,10-fenantrolina = ISO 6332:1988, [Water Quality -
Determination of Iron - Spectrometric Method Using 1,10-Phenanthroline]. IDT. - Astana: [b.i.], 2008.
Available at: https://online.zakon.kz/Document/?doc_id=30531876&pos=1;-16#pos=1;-16
(accessed 22.12.2009).

17. Ministerstvo industrializatsii i novykh tekhnologiy Respubliki Kazakhstan, Komitet
tekhnicheskogo regulirovaniya i metrologii (Gosstandart) (2013). KR ST ISO 10523-2013: Kachestvo
vody. Opredelenie pH = ISO 10523:2008 Water Quality, [Determination of pH]. IDT. - Astana: [b.i.],
2013. Available at: https://online.zakon.kz/Document/?doc_id=37910958 (accessed 08.07.2022).

18. Ziyun F. For sustainable life in lake Environment // 9th Int. Conf. “Conservation and
Management Lakes”. Session 1. Otsu: UNEP/ILEC Publ. - 2001. - P. 294-297. [in Russian]

19. Burlibaev M.Zh. i dr. Kompleksnaja ocenka Kkachestva poverhnostnyh vod po
gidrohimicheskim pokazateljam [Kompleksnaya ocenka kachestva poverkhnostnykh vod po
gidrokhimicheskim indikatoram]. Almaty: Gylym, 2007. 96 s. [in Russian]

JL.H. I'ymunes amuvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICBI N24(149)/ 2024 157
Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962



A.M. 3adaranu, A.K. >Kamanrapa, T.H Camapxaros, K.A. AdamacaHosa

ABTOpJ/Iap Typasibl MAJIIMET:

3adaranu A.M. - xaT-xabap aBTOpbI, MAarucrp, oba KeTekIlici, ACTaHa XaJbIKapaJbIK
yHuBepcuTeTi, Kaban6ait 6ateip, 8, 010000, Actana, KazakcraH.

ORCID 0000-0002-2537-3538

Kamanrapa A.K. - 61010TUSI FBLIBIMJIAPbIHBIH, KaHAWAThI, «ACTaHa GO0TAHUKAJBIK GaFbl» -
Kazakcran Pecniy6/1MKachl IK0JI0THA XKoHE TaOUFU pecypcTap MUHHUCTipJiri OpMaH IapyaiiblibIFbl
>KOHe YKaHyapJiap JyHUeci KoMuTeTiHiH "boTaHuka >koHe QUTOMHTpPOAYKIMA UHCTUTYThI" [IIKK
PMK o¢wuauanbl, naseo60TaHHWKa JIabopaTOPHUSCBIHBIH, MeHrepyiici, OpeiH6op, 14 6, 010016,
ActaHna, KazakcraH.

ORCID 0000-0002-2348-1711

Camapxanos T.H. - PhD, ActaHa xa/iblKapa/blK YHUBEPCUTETI MeJaroruKaiblK UHCTUTYThIHBIH
noueHTi M.a., Kaban6ai 6aTeip, 8, 010000, ActaHa, KazakcraH.

ORCID 0000-0003-4891-8278

Adamdrcanosa K.A. — 6uos0TUS FBUIBIMAAPBIHBIH, KaHAuAaThl, PhD, AcTaHa xaJjbIKapasbIK
YHUBEPCUTETI, ’KapaTbLIbICTAHYy FbUIBIMAAPHI JKOFAapbl MeKTeOiHiH KaybIMAACThIPbLIFaH
npodeccopsl, Kaban6aii 6ateip, 8, 010000, Actana, KazakcraH.

ORCID 0000-0002-6719-327X

Zadagali A.M. - corresponding author, master of natural science, project manager, Astana
International University, Kabanbai Batyr, 8, 010000, Astana, Kazakhstan.

ORCID 0000-0002-2537-3538

Zhamangara A.K. - candidate of biological sciences, «Astana Botanical Garden» branch of the
Republican State Enterprise on the right of economic management "Institute of Botany and
Phytoinroduction”, head of the paleobotany laboratory, Orynbor 14 b, 010016, Astana, Kazakhstan.

ORCID 0000-0002-2348-1711

Samarkhanov T.N. - PhD, Astana International University, acting associate 3rofessor of
Pedagogical Institute, Kabanbay Batyr, 8, 010000, Astana, Kazakhstan.

ORCID 0000-0003-4891-8278

Adamzhanova Z.A. - candidate of biological sciences, PhD, Astana International University,
associate professor of the Higher School of Natural Sciences, Kabanbay Batyr, 8, 010000, Astana,
Kazakhstan.

ORCID 0000-0002-6719-327X

Copyright: © 2024 by the authors. Submitted for possible open access publication under the
terms and conditions of the Creative Commons Attribution (CC BY NC) license
(https://creativecommons.org/licenses/by-nc/4.0/).

158 (149)/ 2024 JL.H. I'ymunes amuviHdarsl Eypasusi yrimmotk yHueepcumeminiy XABAPIIBICBI
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962



JI. H. T'ymunee amoindarsl Eypasust yimmeoik yHusepcumeminiyy XABAPIIBICHI
ISSN: 2616-6771. eISSN: 2617-9962

9KO0JIOT'Us CEPHUSACHI / ECOLOGY SERIES / CEPHA 3KO0JIOTHUA

IRSTI 87.01.05 DOI: https://doi.org/10.32523/2616-6771-2024-149-4-159-165
A mini-review
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Abstract. The multiplication of sources of pollution and the increase
and diversification of forms of environmental pollution have made
environmental protection one of humanity's most important and serious
problems in recent decades, affecting human life and the economic
development of countries and the whole world. Protection of the
environment serves to maintain the quantity and quality of life on Earth,
being assumed, through the Declaration of the United Nations Conference
on the Human Environment in Stockholm in 1972, as the major desire and
interest of the peoples of the whole world and, at the same time, becoming
a duty of all governments. Alongside economic and social development,
environmental protection is one of the three interdependent and
complementary pillars of sustainable development, defined for the first
time in the Brundtland Report of the World Commission on Environment
and Development as development that meets the needs of the present
generation without compromising the ability of future generations to
meet their own needs. Clear and time-bound sustainable development
goals have been set, global targets for a sustainable and prosperous future,
but these are now proving elusive as the challenges are growing ever
greater and more dangerous. The effects of global warming can be seen
and felt everywhere, the climate crisis is increasingly being talked about,
biodiversity and nature are in steadily increasing decline, a water crisis, a
food crisis, and dangerous critical points are being predicted. In this
context, the transition from environmental protection to environmental
sustainability is essential to respond to contemporary global challenges,
and requires a concerted effort from all of us - governments, institutions
and companies, civil society and every individual. Sustainability is a
proactive approach that is crucial for our survival and that of future
generations and implies a responsible commitment to the planet, to
conserve natural resources and ecosystems and to maintain ecological
balance.
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sustainable development, sustainability.
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Introduction

What kind of environment do we want to live in?

What kind of environment do we want to leave to our children and grandchildren?

We all believe that the air we breathe, the water we drink and the food we eat should be
clean. A clean and healthy environment is vital to the standard of living we want for ourselves
today and for our children in the future. Protecting the planet creates both challenges and
opportunities. Through greater efficiency and better use of natural resources, we can break the
link between economic growth and environmental destruction. We can be both prosperous and
ecologists.

Many people have become aware that we need to act to protect the planet and use natural
resources much more rationally and efficiently. We are beginning to take responsibility for our
own behavior and the impact we have on the environment. Individuals, families, businesses,
public institutions and environmental associations are joining forces to recycle waste, save
energy, buy green products and protect nature. In short, we need to move towards a society
where cars do not pollute the atmosphere, waste can be recycled or disposed of properly and
energy production does not lead to climate change. Our children must not come into contact
with hazardous substances through toys or food. Landscapes and wildlife must not be affected
by development.

The challenges we face are global challenges. They do not respect national borders. The
degradation of environmental factors in some countries can affect the environment and
influence quality of life in others. We cannot solve environmental problems alone, but a
sustained, international effort is needed in which we all have a role to play - as individuals,
employees and employers, governments, consumers and parents. It is about our future and that
of our descendants.

The key to long-term well-being is "sustainability"”, finding new ways to improve the quality
of life without degrading the environment for future generations.

Literature review

Environment, pollution and environmental protection

Although the term 'environment' has been used for a long time and with multiple meanings,
apparently to the point of erosion and devaluation, it needs to be updated in contemporary
society, at a time when the sharp degradation of the quality of the earth's structures is
sometimes reaching alarming levels. The term 'environment' originally originated from the
English noun 'environment', which was then used in French as 'l'environnement' and in other
languages, and was intended to designate the space surrounding human beings. In the legal
literature and existing regulations in various countries and in some documents of international
organizations, terms such as "biological environment" or "ambient environment" or even
"human environment" are used as variants of the environment. The environment has been
defined in Le Grand Larousse as "all the natural and artificial elements that condition human
life". Although he notes that the environment cannot be defined in a strictly legal sense,
however, taking into account the formulations used in specialized literature and those found in
legislation, Professor Ernest Lupan defines the environment as "the totality of natural factors
and those created by human activities which, in close interaction, influence the ecological
balance, determine the conditions of life for humans and the conditions of development of
human society as a whole" [1]. Many natural, social and economic sciences address
environmental issues, but from unilateral, limited points of view. As Mrs. Irina Ungureanu
points out, geography is the only science able to investigate in a complex and interactive way
the whole issue of what we call "environment", in order to reach conclusions with objective
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diagnostic value, of great fundamental and applied scientific importance [2]. Oriented by the
nature of its object of study on the Earth as a unitary system, situated at the interface between
natural and social sciences, geography is by right an environmental science, in the broadest
sense of the word. Within geography, a discipline dedicated to the environment, environmental
geography, has been developed, with geosystems as its specific object of study. The geosystem
should be understood as defining the planet Earth with all its components - internal and
external, abiotic, biotic and human - and the relationships between them, which give it the
character of a cybernetic system. We can therefore say that when we refer to the environment
we take into account the structure, dynamics and functionality of the systemically conceived
environment (geosystem), with all its social-economic implications, with the need for
continuous monitoring and awareness-raising of the entire human society.

The word 'pollution’ is of Latin origin; polluero-ere means to defile, to defile, to defile.
Pollution can be both the result/effect of natural phenomena and, more importantly, of human
activity, when man 'dirties' his own environment. But pollution can be/is the result of the
existence and activity of any living being, which "produces" waste, making life in the given
environment difficult or even impossible. In other words, pollution is the act of intoxication
produced by pollutants, and it is all the more serious the greater the difference between the
concentration of the pollutant in the environment and the tolerance limit. Pollution - as a
natural, but above all as an artificial phenomenon - appears as a barrier to economic and social
development and at the same time constitutes a warning, drawing attention to the fact that
natural resources cannot be exploited ruthlessly and irrationally for long, that natural, material
and energy resources are not inexhaustible, that they must be used rationally and efficiently in
the interests of people, without waste and with good thought. The multiplication of sources of
pollution, the increase and diversification of forms of environmental pollution, of all the
components of the natural and man-made environment, have led to the conclusion that
pollution has become a permanent threat to human health and life, to all living things, and has
hindered the normal course of economic and social activity. In today's world, when economies,
countries and human societies no longer exist in isolation, but are mutually interconnected, the
problem of environmental pollution - considered to be a disease of the 20th and 21st centuries
- has taken on international significance and importance.

Although the idea of protecting nature is an ancient one, the seeds of which have been
recognized since antiquity in certain philosophical and religious principles professed by
enlightened representatives of various cultures in Asia and Europe, the multiple causes of
pollution have, in recent decades, made environmental protection one of the most important
and serious problems of humanity, affecting human life and the economic development of
countries and the entire world; environmental protection serves to maintain the quantity and
quality of life on Earth. Protecting the environment today corresponds to the burning desire
and interests of the peoples of the whole world and is a duty of all governments [3]. Since the
restoration of the ecological balance affected by pollution is no longer achieved automatically,
through the spontaneous functioning of various natural factors - also due to the fact that in all
areas the consequences of human activity are felt not only positive but also negative - all
mankind must intervene consciously and effectively to restore the disturbed ecological balance,
to protect the natural and anthropic environment. Thus, environmental protection can be
defined as "a conscious, scientifically based human activity, directed towards the realization of
a concrete goal, consisting in the prevention of pollution, maintenance and improvement of
living conditions on Earth" [1]. Achieving real, multiply-beneficial and sustainable protection
effects requires concerted action, from local to global, by social-educational, economic and
political factors. The most appropriate actions are: the proper management of natural and
human potential, the prevention of all forms of degradation and the conservation of the
structures concerned. Each of these actions is strictly necessary, but not sufficient when taken
individually, without the others they lose their effectiveness and meaning.
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Sustainable development

The Declaration on the Human Environment of the United Nations Conference on the Human
Environment held in Stockholm on 16 June 1972, which, recognizing the fundamental human
right to freedom, equality and adequate conditions of life, in an environment of a quality that
permits people to live in dignity and well-being, proclaimed the related solemn duty to protect
and improve the environment for present and future generations. This was only the beginning,
since the 'rights of future generations' have been increasingly recognized in numerous
international documents and in national regulations, in addition to and as an extension of the
fundamental human right to a healthy environment. In 1986, the United Nations established
the World Commission on Environment and Development to study the dynamics of
environmental degradation and to provide solutions for the long-term viability of human
society. The Brundtland Commission, in 1987, drafted and published "Our Common Future"
(the Brundtland Report), which provided the first accepted definition of sustainable
development as "development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs". The concept of
sustainable development is the result of an integrated approach of policy and decision-makers,
in which environmental protection and long-term economic growth are seen as complementary
and mutually dependent. It implies a synergistic approach to economic, social and
environmental policies.

Alongside economic and social development, environmental protection is one of the three
interdependent and complementary pillars of sustainable development. The direction of the
evolution of the geosystem as a whole depends, to a large extent, on how human society finds
and implements those measures that lead to a balanced equilibrium between the sociosystem
and the other components of the geosystem. Thus, in the case of maldevelopment, the
development-society-environment relationship will spiral downwards, with maldevelopment
having negative impacts on the environment and, by extension, on individuals in society, who
in turn inhibit development, leading to environmental degradation. In the case of sustainable
development, however, the development-society-environment relationship takes the form of
an upward spiral, in which sustainable development contributes to protecting and even
improving the environment, which in turn supports and enables development, which in turn
supports and enables development, which in turn improves health and quality of life, making it
possible to continue sustainable development [4].

Environmental sustainability

Over time, there have been numerous meetings of heads of state and government global
summits on sustainable development, at which principles and strategies have been set out and
updated, targets have been set, and commitments have been made. Short-, medium- and long-
term sustainable development goals have been set, as well as global goals for a sustainable and
prosperous future, but unfortunately, these have not been fully achieved. There have been
many adverse effects of pollution, manifested on a global scale, such as global warming and
other climate changes, a growing decline in biodiversity, a predicted water crisis, a food crisis
and the reaching of specific dangerous critical points for humanity. To respond to all these
global challenges, moving beyond environmental protection goals to more complex ones
leading to ecological sustainability is imperative. This approach is essential and requires a
concerted effort from all of us - governments, institutions and businesses, civil society and
every individual.

The transition from environmental protection to environmental sustainability represents a
fundamental change in how we approach our relationship with nature. Thus, while
environmental protection focuses on preventing and reducing pollution, conserving natural
resources and protecting biodiversity and involves short-term solutions or regulations to
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Transition from environmental protection to environmental sustainability

address immediate problems, environmental sustainability involves not only protecting
resources but also ensuring a long-term balance between ecological conservation, economic
development and social inclusion and focuses on long-term strategies, such as renewable
energy, sustainable agriculture, and circular economies, that ensure resources are used
responsibly and replenished [5-9]. While environmental protection utilises existing
technologies to prevent or limit harm, environmental sustainability drives innovation in
sustainable technologies and practices, promoting research and development in sustainable
materials, green energy and waste reduction [10-14]. Regarding education and awareness,
environmental protection focuses on raising awareness about environmental issues. In
contrast, environmental sustainability promotes education that empowers individuals and
communities to make sustainable choices, fostering a culture of sustainability. By moving
towards environmental sustainability, resilient ecosystems and communities can be created
that thrive in a healthy environment in harmony with nature and the planet. A comprehensive
analysis for understanding the evolution and impact of environmental sustainability initiatives
is presented in [5], providing valuable information that can inform future policy decisions,
research and practical applications to promote a more sustainable and harmonious coexistence
with our planet.

Conclusion

A change of 'philosophy’ in the way we produce and consume is imperative, moving from
production and consumption at any price' to sustainable production and consumption, with
‘environmental costs included in the price’, thus avoiding passing the 'bill' on to others, in other
geographical areas or the future. Sustainability is a proactive approach that is crucial for our
survival and that of future generations. It implies a responsible commitment to the planet,
conserving natural resources and ecosystems and maintaining ecological balance.
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KopiuaraH opTaHbl KOpFayAaH 3KO0JIOTUSJIBIK TYPAKThIIBIKKA KOy

Angarna: JlactaHy Ke3zepiHiH yJ/Falobl, KOpllaFaH OpPTaHbIH JlacTaHy GopMaJiapbIHbIH, K66eloi
)K9He 9pTapanTaHAbIPbLIYbl KOpIlaFaH OpTaHbl KOpFayAbl ajlaM eMipi MeH eJJiep/iH *kaHe OyKiJa
9JIEMHIH, 5KOHOMMKAJIBIK, JaAMyblHA 9Cep eTEeTiH COHFbl OHXbLIJBIKTApAaFbl aaM3aTThlH, MaHbI3/ bl
MaceJiesiepiHiH O6ipiHe aitHa/AbIpAbL. KopinaraH opTanbl Kopray 1972 xblibl CTokrosbMaeri bipikkeH
Yiartap YUbIMBIHBIH, aJlaM KoplllaFaH opTachkl xkeHinjeri KoHdepeHIUACBIHBIH, JeKaapalusacbiHa
OYKiJI aJjieM XaJIbIKTapbIHbIH, 6acTbl Kajaybl peTiH/Je KaObLIJaHbIN, COHbIMEH 6ipre O6apJibIK
YKiMeTTep/iH MiHAeTiHe aliHa1a oThIphII, 2Kepaeri TipiiikTiH caHbl MeH canacblH CaKTayFa KbI3MeT
eTelll. JKOHOMUKAJIBIK, XKoHe dJIeyMeTTIK JJaMyMeH KaTap, KopllaFaH OpTaHbl Kopray JyHuexysinik
KOpllaFaH OpTa >X9He JlaMy KOMHCCUACBIHbIH, BpyT/ianj 6asHjaMacbiH[a OoJallak yprnaKThlH 63
KQOKeTTLIIKTEPIiH KaHaFaTTaHAbIPY KabileTiHe HyKcaH KeJTipMecTeH Kasipri ypHnakTblH
KaKeTTLJIIKTepiH KaHaraTTaHAbIPaThiH /JlaMy peTiHJe aJjifalll peT aHbIKTaJFaH TYPaKThl AaMy[blH
e3apa ToyeJJli koHe OipiH-Gipi TOJBIKTBIpATBIH YII TiperiHiH 6ipi 6GoJibin TabbLIaAbl. TypaKThI
JlaMy/IbIH, HaKThbl XK9He IIeKTeyJli MaKcaTTaphbl, TYPAKThI XKoHe T'yJieHreH 6oJamak yiliH xxahaH/bIK
MakcaTTap OesrizieHzi, 6ipak Kasip oJiap KUbIHFa COFajibl, 6TKeHi mpobseMasnap GapFaH caWbIH
Kyp/Ziesi *koHe KayinTi 6osibin kesei. XKahaHAbIK KbIJIBIHY/IbIH, 9CepiH 6apJIbIK, Kep/ie Kepyre KoHe
ce3inyre 6osiaZibl, KIMMaTTBIK JaFAapbic TypaJbl >KUi alTbLIaAbl, GUODPTYPJiIIK HeH Tabufar
TYpPaKThl Typ/le TOMeH/Iei/li, CY JaFAapbIchl, a3bIK-TYJIIK JaFAapbIChl XXoHe KAYilTi CbIHU HYKTeJep
6o/nkaHabl. Bys TypFbIJla KOplaFaH OpTaHbl KOPFay/jaH 3KOJIOTUSIIBIK, TYPAKThIIBIKKA KOIy Kasipri
»kahaHJBIK CbIH — KaTepJiepre >kayan 6epy yIIiH eTe MaHbI3/lbl XKoHe 6apimi3geH-yKiMeTTep/ieH,
MeKeMeJIep/IeH KoHe KOMIIaHUsIap/iaH, a3aMaTThIK KOFAMHaH »K9He apbip xeKe aJlaMHaH KeJliciJireH
KylI-xirepai Kaxet etei. TypakTbLIbIK-6y/1 6i3/1iH eMip cypyimi3 6eH 6oJialllaK YpHaKTapbIMbI3/[bIH
eMip Cypyi YIIIiH eTe MaHbI3/Ibl KoHe IJIaHETaHbIH, XKayanThl MiHAeTTeMecCiH, TabuFu pecypcrap MeH
3KOXKYHeJsiep/i caKTay/Ibl >KoHe IKOJIOTHSIJIbIK Tele-TeHIKTI caKTayabl 6iJIipeTiH 6esceH i TaciI.

TyiiH ce34ep: KopllaFaH 0pTa, JJaCTaHy, KoplllaFaH OpTaHbl KOPFay, TYPaKThl JaMy, TYPAKThLIbIK,.
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[lepexoA oT OXpaHbI OKPYKalLIei cpeabl K 3KOJIOrHYeCKOi yCTOMYUBOCTH

AHHOTauusa. YBe/MuyeHUE HCTOYHUKOB 3arpsisHEHUs, yBeJUdYeHUe U AuBepcudukaunus popm
3arpsisHeHUs OKpYKalolllell cpeAbl c/ieslaivd 3allUTy OKpYKalollel cpe/ibl OAHOW M3 BaXKHEUIIUX U
Cepbe3HbIX MPO6JIeM 4YeJIOBeYeCTBAa B MOC/AeIHHE JIEeCATUIETHs, BJAUSIOIMMNX HA KU3Hb YesJloBeKa M
3KOHOMMYECKO€e pa3BUTHE CTPAH U BCEr0 MUpaA. 3alllMTa OKPY»Kalolllel cpe/ibl CAYKUT MOAAePXKaHHUI0
KOJIMYeCcTBa U KauyecTBa >XHM3HUM Ha 3eMJie, OyAyuu npuHaTorl B Jleknapanuu KondepeHiuu
Opranusanuu 06 beguHeHHbIX Haluii no okpyxarwlei cpejie yenoBeka B CTokrosibMe B 1972 rony
KaK OCHOBHOE KeJIJaHHe U WHTepecC HapoJ0B BCEro MUPa M B TO »Ke BpeMsl CTAHOBSICb 06513aHHOCTbIO
BCeX MpaBUTEJbCTB. Hapsaay ¢ 3KOHOMHUYECKHM W COLMAJbHbIM PAa3BUTHEM, 3alUTA OKpPYKalolleH
cpeAibl SIBJSETCA OJJHUM W3 TPeX B3aMM03aBHCUMBIX U B3aUMO/IOMOJIHSAOUIUX CTOJIOB YCTOMYUBOTO
pa3BUTUS, BliepBble onpefesieHHbIX B Jlokaage bpyTaang BceMupHOW KOMHCCUH MO OKpYKarolen
cpejie ¥ Pa3BUTHUIO KaK pa3BUTHeE, KOTOPOE YA0BJETBOPSET MOTPEOHOCTH HbIHEITHETO NMOKOJIEHUS, He
CTaBsl MOJ yrpo3y CIOCOGHOCTb OYAyIIUX TOKOJIEeHUN YAOBJETBOPATb CBOM COOCTBEHHbIE
noTpe6HOCTU. BbLIU yCTaHOBJ/IEHBI YeTKHE U OTpaHUYEeHHbIE TI0 CPOKAM LieJIM YCTOMYHUBOTr0 Pa3BUTHS,
rJio0asibHbIE LU JIJIsT YCTOMYMBOrO W IMPOLBETAIIIEro OyAyIero, Ho Telepb OHH OKa3bIBAKTCS
HEYJIOBUMBIMH, IOCKOJIBKY TPO6JIeMbI CTAHOBSTCS BCe 00Jiee Cepbe3HbIMU U ONMacHbIMU. [locieicTBUSA
rJ100aJIbHOTO MOTEIMJIEHUSI MOXKHO YBU/IETh U MOYYBCTBOBATh MOBCIOAY, O KJIUMAaTUUYECKOM KpHU3UCE
TrOBOPAT BCe Yallle, 6Mopa3Ho06pasue U NPUPo/ia HEYKJIOHHO COKPALAITCsl, TPOTHO3UPYeTCs BOJAHbBIN
KPU3UC, TPOIOBOJIbCTBEHHbIA KPU3UC U OTIaCHbIE KDUTHYECKHUE TOUYKHU. B 3TOM KOHTEKCTe nepexos oT
3alUThl OKpY’Kalollel cpeAbl K 3KOJIOTMYECKOW YCTOMYMBOCTU HEOOXOJUM JJIs1 pearnpoBaHUs Ha
COBpEMEHHBbIE I'106a/IbHble BI30BbI U TPeGyeT COrJIacOBaHHbIX YCUJIUHM OT BCeX HAaC — MPAaBUTENBbCTB,
yupex/JieHU U KOMIIaHUH, IPak/JaHCKOTO 0611[eCTBA U KXK/A0T0 OT/[eJIbHOTO YesiIoBeKa. YCTOMYHUBOCTh
— 3TO NMPOAKTUBHBIN MOAXOJ, KOTOPbIM HMMeeT pellarolllee 3HAaUYeHHEe JJis Hallero BbDKUBAHHUSA U
BbDKHMBaHUA OYAYUIUX MOKOJIEHHWH U I0Jipa3dyMeBaeT OTBETCTBEHHYI NMPHBEPKEHHOCTb IJIAHETE,
CoXpaHeHHe NPUPOHBIX PECYPCOB U 3KOCUCTEM U MOJIIEpKaHKe 3KOJIOTHUYeCKOro 6aaHca.

KiirouyeBble C/10Ba: OKpy»Karollas cpejia, 3arpsisHeHUe, OXpaHa OKpy»Karllel cpe/ibl, yCTOUUYHBOE
pa3BUTHE, YCTOUYHUBOCTb.
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Abstract. The article presents the results of ecological and biological
analysis of species composition of five rare and endangered endemic plant
species of southeastern Kazakhstan listed in the Red Book of the Republic
of Kazakhstan. The importance of this research topic is determined by the
need for a comprehensive and in-depth understanding of the ecological
and biological characteristics of rare plant species growing in the
southeast of Kazakhstan. The studies were conducted in the southeast of
Kazakhstan (Zailiysky Alatau, Ketpen), where the objects of the study were
representatives of rare and endangered endemic plant species: Astragalus
rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., Schmalhausenia
nidulans (Regel) Petr. Betula Jarmolenkoana Golosk. Rheum wittrockii
Lundstr., from natural populations. The study of the state of the
coenopopulation of rare and endemic plant species was carried out by
route and semi-stationary methods. The novelty of the work is that for the
first time the most complete ecological and biological characteristics of
rare and endangered endemic plant species of the southeast of Kazakhstan
are given, their biological features and habitat characteristics are studied.
In the study area, 5 identified rare and endangered endemic plant species
are represented by 2 types of life forms, where the predominant group
among rare and endemic species is hemiocryptophytes (perennial plants)
and one species is represented by a phanerophyte - a woody plant (Betula
jarmolenkoana).

Keywords: rare and endangered endemic plant species, population,
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Ecological and biological features of some rare and endemic plant species of south-east Kazakhstan

Introduction

Currently, the problem of preserving biodiversity has become the most pressing due to the
increasing anthropogenic impact on the environment (Concept for the development and
placement of specially protected natural areas until 2030 in the Republic of Kazakhstan;
“Concept for the transition of the Republic of Kazakhstan to sustainable development for 2007-
2024”; Law of the Republic of Kazakhstan dated 17.06.2008 N 43-IV “On ratification of the
Cartagena Protocol on Biosafety to the Convention on Biological Diversity”) [1]. The study of
these species helps to learn their ecological and biological characteristics, distribution, and the
reasons for their disappearance. This allows us to develop effective measures for the
conservation and restoration of endangered plant species and their habitats. Nowadays, there
is a significant depletion of the gene pool of plants of the natural flora, and especially relict
species, some of which are rare and are on the verge of extinction. Relict plant species have
great scientific value as a reliable source of information about the vegetation of past geological
eras. Over 90% of recent human-caused extinctions are wild species known from only one
nation. These nationally endemic species represent one of the greatest global conservation
responsibilities for any country. To meet this responsibility, we must first identify nationally
endemic species [2]. Rare and endangered plant species play an important role in maintaining
the ecological balance, providing food, shelter, and medicinal resources for many animals, as
well as humans. Studying these species helps to learn their ecological and biological
characteristics, distribution, and the reasons for their extinction. This allows us to develop
effective measures to preserve and restore endangered plant species and their habitats.
Nowadays, there is a significant depletion of the gene pool of plants of the natural flora, and
especially relict species, some of which are rare and are on the verge of extinction. Relict plant
species have great scientific value as a reliable source of information about the vegetation of
past geological eras.

The need to study the rare, endemic, and relict mountain flora of southeastern Kazakhstan
in general and its constituent elements in particular is constantly increasing due to excessive
and long-term exploitation of mountain pastures, leading in some cases to irreversible changes
in biocenoses, reduction of habitats, and the disappearance of rare and endangered endemics
and subendemics. The limited distribution characteristic of endemic species makes them very
vulnerable to adverse natural and anthropogenic impacts. Intensive economic activity, which
remains at a high level in the vicinity of populated areas even now, leads to the destruction of
the natural habitat. As a result, there is a threat of destruction of individual species, especially
rare ones and those with limited distribution. Solving practical problems of protecting
scientifically and practically valuable plant species is impossible without studying biology,
including an ecological assessment of the state of their populations.

Recently, there has been increased interest in the study of rare and endemic plant species
among foreign researchers all over the world. [3-11]. Conservation of endemic species is
becoming an important task for preserving the uniqueness and value of regional flora, such as
the southeast of Kazakhstan.

The aim of this work was to study the bioecological features of rare and endangered endemic
plant species of the southeast of Kazakhstan for further development of a strategy for their
protection.

The main tasks were to study and research the ecology of species, the structure of their
populations, the features of phenological development and the viability of individuals in a
natural environment, and to develop recommendations for the protection of unique species of
the southeast of Kazakhstan.
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Materials and methods

The material for this work was field research on the study of rare, endemic and endangered
species of flora of the south-east of Kazakhstan. The object of the study was rare, endemic and
endangered species of natural flora of the south-east of Kazakhstan. The main research method
was route-reconnaissance. Collection and processing of herbarium material was carried out
according to the generally accepted method of A.K. Skvortsov [12]. In the process of defining
the herbarium, the following multi-volume summaries were used as sources: "Flora of
Kazakhstan" [13], “Trees and shrubs of Kazakhstan” [14], " Key to plants of Middle Asia" [15],
"[llustrated Identifier of Plants of Kazakhstan" [16]. The arrangement of species and
supraspecific categories in the summary, disappearing rare, endemic and subendemic species
was carried out according to the system of A.L. Takhtadzhyan [17,18]. To clarify the species and
generic names, the latest summaries of S.K. Cherepanov, S.A. Abdulina [19, 20] were used. The
types of life forms were carried out according to the classifications of K. Raunkier and I.G.
Serebryakov [21]. When analyzing rare, endemic and subendemic species, the schemes
developed by B.A. Bykov, A.L. Tolmachev and R.V. Kamelin were used [22, 23, 24].

Results and discussion

The territory occupying the southeastern part of Kazakhstan is called Zhetysu, it includes the
large mountain system of the Northern Tien Shan, which is of great interest to researchers. The
Northern Tien Shan system includes the following ranges: Zailiysky Alatau, Kungei Alatau,
Ketpen, Kyrgyz Alatau, Chu-Ili Mountains. The Northern Tien Shan is a relatively young
mountainous country created by block uplifts and folding on the site of an old, previously
existing, but strongly leveled one (Figure 1).

Figure 1. Ridges of the Northern Tien Shan 1. Ketpen ridge. 2. Kungey Alatau ridge.
3. Sugatinskaya Valley. 4. Zailiysky Alatau, Turgen gorge

168 (149)/ 2024 JLH. I'ymunes amoindarst Eypazusa yaimmoik ynusepcumeminiy XABAPIIBICH]
Xumus. leoepagpus. Ikonoaus cepuscwl
ISSN: 2616-6771. eISSN: 2617-9962



Ecological and biological features of some rare and endemic plant species of south-east Kazakhstan

Later, the uplifts and folds were subjected to various relief changes, especially river erosion.
In addition, an important role in the formation of the high-mountain relief of the Northern Tien
Shan was played by ancient glaciation, which left trough valleys and glacial cirques. The
Northern Tien Shan has a very complex mountainous relief. Along with the main high ridges of
the Zailiysky Alatau and Kungey-Alatau, there are intramountain depressions, valleys, foothill
sloping plains and other relief forms. Thus, the Zailiysky Alatau in the eastern part behind the
Talgar massif breaks up into a number of spurs (Sarytau, Karash, etc.), separated by
intramountain depressions and plateaus. All three main groups of mountain relief types are
represented in the Northern Tien Shan mountains: mountain complex, foothill complex and
complex of relief types of intramountain depressions. The main difference of the first relief type
is that it has a high position (over 3000 m) and occupies the watershed-central parts of the
main ridges. A characteristic element of the second type are deep troughs - valleys, once
occupied by a glacier, cutting through the mountain slopes [25]. Troughs are found on the
northern and southern slopes of the Zailiysky Alatau and Kungey-Alatau. The intramountain
depressions are plains raised to various absolute heights. These include the Ili and Kegen
depressions. The crests of the watershed ranges are dissected relatively shallowly for the most
part. Only the Talgar massif in the Zailiysky Alatau, the Choktal massif and the area of the Kant-
Bas-Tau peak in the Kungey-Alatau and some lateral spurs are characterized by steep-sloping
high-mountain relief. The climate features of the study area are determined by the fact that the
territory of the Northern Tien Shan belongs to the desert zone [25].

LS o :

Figure 2. Map-scheme of Almaty region

According to the diversity of natural and climatic conditions, conditions of heat and moisture
supply, vegetation period, the territory of the Northern Tien Shan is divided into the following
agroclimatic regions: 1. Very arid foothill-plain region, occupying a strip of foothill
(submontane) plains. 2. Arid foothill region, is a foothill or "counters". 3. Mountainous region,
starting from an altitude of 1200 - 1600 m. Changes in climatic conditions of the study area are
subject to the law of vertical zonality (Figure 2) [26].

As a result of expeditionary surveys, locations of 5 rare and endangered endemic species of
southeastern Kazakhstan were identified in different ecological and phytocenotic conditions
(Figure 3).

JLH. I'ymunes amuviHdarsl Eypasusi yimmotk yHueepcumeminiy XABAPIIIBICBI N24(149)/ 2024 169
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962



G.A. Sadyrova, B.E. Shimshikov, B.M. Tynybekov, A.S. Nurmakhanova, K.S. Orazbekova, M.B. Tastybay,
M.T. Imanaliyeva, N.A. Bekbossyn

170 (149)/ 2024 JLH. I'ymunes amoindarst Eypazusa yaimmoik ynusepcumeminiy XABAPIIBICH]
Xumus. leoepagpus. Ikonoaus cepuscwl
ISSN: 2616-6771. eISSN: 2617-9962



Ecological and biological features of some rare and endemic plant species of south-east Kazakhstan

10

Figure 3. Rare, endemic and endangered plant species of the southeast of Kazakhstan 1.
Astragalus rubtzovii Boriss. 2. Relict sands of Kumtekey. 3. Kegen valley. 4. Taraxacum kok-
saghyz L.E. Rodin. 5. Schmalhausenia nidulans (Regel.) Petr. 6. Big Almaty lake. 7. Bayankol

River. Narynkol. 8. Betula Jarmolenkoana Golosk. 9. Rheum wittrockii Lundstr. 10. Big Almaty

gorge

Typical habitats of rare species - Schmalhausenia nidulans (Regel) Petr., Rheum wittrockii
Lundstr., Taraxacum kok-saghyz L.E. Rodin., Betula Jarmolenkoana Golosk. are meadow and
sandy soils of the upper alpine and middle forest belts. It is necessary to note the unusual
habitat of the endemic species Astragalus rubtzovii Boriss., which grows on relict sands of the
middle belt at an altitude of 1911 m above sea level.

Table 1. Rare and endangered endemic species of the south-east of Kazakhstan Astragalus
rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., Schmalhausenia nidulans (Regel) Petr. Betula
Jarmolenkoana Golosk., Rheum wittrockii Lundstr., discovered during field research

Species name Geographical location Location coordinates
Astragalus rubtzovii Boriss, Almaty region, Ketpen ridge, relict sands | 42°56'031", 079°19'266", 1911 m
"Kumtekey", mid-mountain. above sea level.
Taraxacum kok-saghyz L.E. Almaty region, Ketpen ridge, in the Kegen | N43°03'495", E079°13'328" 1834
Rodin. valley, mid-mountain. M above sea level.
Schmalhausenia nidulans Almaty region, Medeu district, Big Almaty | 43°02°430”, 76°56’ 570", 3260 m
(Regel) Petr. lake, space station, north-eastern slope. above sea level.
Alpine belt.
Betula Jarmolenkoana Almaty region, Ketpen ridge, Narynkol, 43°09'402",080°20'369", 2248
Golosk. Bayankol tugai, middle mountains. M above sea level.
Rheum wittrockii Lundstr. Almaty region, Medeu district, Big Almaty | 43°04'504", 76°59'462", 2281 m
gorge, south-eastern slope. above sea level.

Five rare and endangered endemic species of southeastern Kazakhstan identified during
field studies: Astragalus rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., Schmalhausenia
nidulans (Regel) Petr. Betula Jarmolenkoana Golosk., Rheum wittrockii Lundstr., are included in
the Red Book of Kazakhstan (Table 1). They belong to 5 genera and 4 families (Table 2).
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Table 2. Species composition of rare and endangered endemic plant species of south-east
Kazakhstan

Ne Family Genus Species

1. | Fabaceae Astragalus Astragalus rubtzovii Boriss.

2. | Asteraceae Taraxacum 1.Taraxacum kok-saghyz L.E. Rodin.
Schmalhausenia 2.Schmalhausenia nidulans (Regel) Petr.

3. Betulaceae Betula Betula Jarmolenkoana Golosk.

4 Polygonaceae Rheum Rheum wittrockii Lundstr.

The study of rare and endangered endemic species of southeastern Kazakhstan cannot be
complete without an analysis of life forms, since its ecobiomorphological structure reflects the
nature of plant adaptation to a set of environmental conditions that have developed in certain
ecotopes and therefore its analysis serves as a reliable tool for understanding the ecology of a
habitat. The basis for the analysis of life forms in our studies was the life form systems of L.G.
Serebryakov [21]. The life form system of K. Raunkier is based on the adaptation of plants to
enduring unfavorable conditions of low autumn-winter temperatures in regions with a cold
climate and summer drought in arid regions. The main classification feature is: the location of
renewal buds, and the degree of their protection, as well as their position in relation to the soil
surface. The 5 rare and endangered endemic species we identified are represented by 2 types
of life forms, these are perennial herbaceous plants with dying above-ground parts and one
species - a tree. In relation to humidity, all rare and endangered endemic species of
southeastern Kazakhstan that we discovered are divided into the following ecological groups:
1. in relation to plants’ relation to humidity - mesophytes, which include plants of fairly humid
habitats with a predominance of taproot species (Taraxacum kok-saghyz L.E. Rodin.,,
Schmalhausenia nidulans (Regel) Petr., Rheum wittrockii Lundstr., Betula Jarmolenkoana
Golosk.). 2. mesoxerophytes plants that are adapted to conditions that are lower than average
for soil moisture reserves, i.e. they are intermediate between xeromesophytes and
euxerophytes (Astragalus rubtzovii Boriss). Astragalus rubtzovii Boriss. is a typical
psammophyte. Taproot perennials dominate in meadow cenoses and one woody plant grows
in tugai. Psammophytic groups developing on desert sands within the study area of south-east
Kazakhstan have a limited distribution in the Kegen and Saryzhaz valleys and represent a local
type of vegetation. The study area of the Kum-Tekey sand massifs, where the rare endemic
species Astragalus rubtzovii Boriss was found, is located in the Kegen valley near the Kegen
river. This is a small island sand massif, with an area of 15 km?, located 12 km southeast of the
village of Kegen, near the foot of the Chol-Adyr mountains at an altitude of 1911 m above sea
level. Its vegetation is dominated by Elymus giganteus, which occupies the tops and slopes of
sandy hillocks, and Medicago falcata, which occupies the depressions between the hillocks.
Xerophilous shrubs and subshrubs, characteristic of the desert type of vegetation, are
practically absent, except for rare and isolated specimens of Kochia prostrata and
Krascheninnikovia ceratoides. The central part of the sand massif is noticeably higher than its
periphery. Sand ridges, sometimes up to 10 m high, stretch from east to west, their slopes are
steep. The regular arrangement of the ridges is disrupted by deflation of the sands, which
occurs under the influence of intensive grazing of cattle from nearby villages. As a result of
deflation, the sand ridges overgrown with vegetation are deformed into bare or almost bare
sand mounds of various sizes and outlines [27]. According to M.S. Baitenov [28], the Kum-Tekey
sand massif was formed during the interglacial period during the widespread melting of ice,
which increased the living force of the Charyn River waters. The coenoecological confinement
of Astragalus rubtzovii to dynamic sandy habitats gives grounds to consider the species a local
neoendemic with a Quaternary age. It should be noted that due to excessive grazing pressure
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on the relict sand massifs of Kum-Tekey, the species Astragalus rubtzovii is on the verge of
extinction.

Below is a geobotanical description of plant communities with the participation of rare and
endangered endemic species Astragalus rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin.,
Schmalhausenia nidulans (Regel) Petr., Betula Jarmolenkoana Golosk.,, Rheum wittrockii
Lundstr., identified in the southeast of Kazakhstan (Tables 3, 4).

Table 3. Geobotanical characteristics of plant communities with the participation of rare
endangered species Schmalhausenia nidulans (Regel) Petr. and Rheum wittrockii Lundstr. -
Zailiysky Alatau, Big Almaty gorge of the Kumbel river

Description number 1
Date 02.08.2024
Population area size, m? 25x25
Woody plants
Forest type Spruce forests
Tree-shrub community Spruce forests
Grassy community Shrub-herb
Herbaceous and subshrub layer
Total projective cover, % 100
Projective cover of trees, % 25
Projective cover of shrubs, % 5-10
Projective cover of grass cover, % 60-70
Phenophase by species, according to B.A. Bykov vegetation, fruiting
Surface condition Outcrops of parent
rocks, rock outcrops,
dead wood
Degree of anthropogenic transformation Average
Degree of soil moisture aTMocdepHble 0CaZKU
Geomorphology, location
JPS coordinates of the terrain N 43°15'267"
E 77°45'676"
Height above sea level m., 3256
Slope, degrees 45
Exposition North-Eastern
Microrelief Rolling, undulating,
uneven elevations,
lower part of the slope
Macrorelief, m Big Almaty gorge of the
Kumbel river

Floristic diversity

Species name Family Abundance by| Placement by | Height,| Phenophase
Latin name Drude B.A.Bykov | m/cm
Tree layer
Picea schrenkiana Fisch. & C.A. Mey. Pinaceae cop1 (30- uneven 12-20 |vegetat, fruiting
40%)

Populus tremula L. Salicaceae sol (1-5%) singular, 5-7 |vegetat, fruiting
uneven

Betula tianschanica Rupr. Betulaceae sol (1-3%) singular, 3 |vegetat, fruiting
uneven

Sorbus tianschanica Rupr. Rosaceae sp (1-3%) singular, 3-5 |vegetat, fruiting
uneven

Salix alatavica Kar. ex Stschegl. Salicaceae sol (1-5%) singular, 5-7 |vegetat, fruiting
uneven

Shrubs (projective coverage 10-20%)
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Cotoneaster melanocarpus Fisch. ex Rosaceae sol (1-3%) singular, 1,5-2 |vegetat, fruiting
Blytt uneven
Cotoneaster oliganthus Pojark. Rosaceae sol (1-3%) singular, 1,5-2 |vegetat, fruiting
uneven
IRosa alberti Regel Rosaceae sol (1-3%) in groups, 1,5 |vegetat, fruiting
unevenly
Rosa beggeriana Schrenk Rosaceae sol (1-3%) in groups, 1,5 |vegetat, fruiting
unevenly
Lonicera hispida Pall. ex Schult. Caprifoliaceae sol (1-2%) in groups 1,5-2 |vegetat, fruiting
Lonicera karelinii Bunge ex P. Kir. Caprifoliaceae sol (1-2%) in groups 1,5-2 |vegetat, fruiting
Lonicera stenantha Pojark. Caprifoliaceae sol (1-2%) in groups 1,5-2 |vegetat, fruiting
Lonicera microphylla Willd. ex Schult.| Caprifoliaceae sol (1-2%) in groups 1,5-2 |vegetat, fruiting
Rubus idaeus L. Rosaceae sol (1-3%) in groups 1,5-2 |vegetat, fruiting
Ribes meyeri Maxim, Grossulariaceae | sol (1-3%) singular, 1,5-2 |vegetat, fruiting
uneven
Herbaceous-shrub layer (projective coverage: 15-20%)
Euonymus semenovii Regel & Herder | Celastraceae sp- sol (5- diffusely |0,5-1,5 |vegetat, fruiting
15%)
iPhedimus hybridus (L.) 't Hart. (Sedum| Crassulaceae sp-cop (10- in groups, 5-10 |vegetat, fruiting
hybridum L.) 25%) unevenly
Hylotelephium ewersii (Ledeb.) Crassulaceae sp-cop (15- in groups, 7-15 |vegetat, fruiting
H.Ohba(Sedum ewersii Ledeb.) 30%) unevenly
Pyrola rotundifolia L. Ericaceae sol (2-5%) singular, 10 |vegetat, fruiting
uneven
Goodyera repens (L.) R. Br. Orchidaceae sol (1-5%) singular - |vegetat, fruiting
Poa nemoralis L. Poaceae sp (10-15%) | ingroups, | 30-40 |vegetat, fruiting
unevenly
Phragmites australis (Cav.) Trin. ex Poaceae sol (1-3%) singular, 70 |vegetat, fruiting
Steud. uneven
Fragaria vesca L. Rosaceae sol (1-5%) in groups, 35 |vegetat, fruiting
unevenly
Mentha asiatica Boriss. Fabaceae sol (1-5%) in groups, 70 |vegetat, fruiting
unevenly
Alchemilla vulgaris L. Asteraceae sol (1-5%) in groups, 35 |vegetat, fruiting
unevenly
Poa pratensis L. Poaceae sol (1-5%) in groups, 70 |vegetat, fruiting
unevenly
Dracocephalum origanoides Lamiaceae sol (1-5%) in groups, 35 |vegetat, fruiting
Stephan. unevenly
Artemisia absinthium L. Asteraceae sol (1-5%) in groups, 70 |vegetat, fruiting
unevenly
Plantago major L. Plantaginaceae | sol (1-5%) in groups, 35 |eget, flowering,
unevenly fruiting
Prunella vulgaris L. Lamiaceae sol (1-5%) in groups, 70 veget, flowering,
unevenly fruiting
Artemisia annua L. Asteraceae sol (1-5%) in groups, 35 (veget, flowering,
unevenly fruiting
Geranium albiflorum L. Geraniaceae sol (1-5%) in groups, 70 veget, flowering,
unevenly fruiting
Geranium pratense L. Geraniaceae sol (1-5%) in groups, 35 (veget, flowering,
unevenly fruiting
Iris sogdiana Bunge Iridaceae sol (1-5%) in groups, 65 |vegetat, fruiting
unevenly
Dracocephalum nutans L. Lamiaceae sol (1-5%) in groups, 45 |vegetat, fruiting
unevenly
Dracocephalum origanoides Lamiaceae sol (1-5%) in groups, 40 |vegetat, fruiting
Stephan. unevenly
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Eremurus fuscus (0. Fedtsch.) Vved. | Asphodelaceae | sol (1-5%) in groups, 90 |veget, flowering,
unevenly fruiting
Phleum phleoides (L.) H. Karst. Poaceae sol (1-5%) in groups, 100 |veget, flowering,
unevenly fruiting
Elytrigia repens (L.) Nevski Poaceae sol (1-5%) in groups, 70 veget, flowering,
unevenly fruiting
Agropyron pectiniforme Roemer & Poaceae sol (1-5%) in groups, 80 |veget, flowering,
Schultes unevenly fruiting
Dactylis glomerata L. Poaceae sol (1-5%) in groups, 90 |veget, flowering,
unevenly fruiting
Rheum wittrockii Lundstr. Polygonaceae sol (1-5%) in groups, 100 |veget, flowering,
unevenly fruiting
Schmalhausenia nidulans (Regel) Asteraceae sol (1-5%) in groups, 65 |veget, flowering,
Petr. unevenly fruiting
Alfredia acantholepis Kar. & Kir. Asteraceae sol (1-5%) in groups, 100 |veget, flowering,
unevenly fruiting
Helictotrichon tianschanicum Poaceae sol (1-5%) in groups, 100 (veget, flowering)
(Roshev.) Henrard. unevenly fruiting
Erigeron acris L. Asteraceae sol (1-5%) in groups, 55 (veget, flowering,
unevenly fruiting
Galium aparine L. Cyperaceae sol (1-5%) in groups, 70 veget, flowering,
unevenly fruiting
Carex polyphylla Kar. & Kir. Cyperaceae sol (1-5%) in groups, 30 |vegetat, fruiting
unevenly
Senecio nemorensis L. Asteraceae sol (1-5%) in groups, 65 |veget, flowering,
unevenly fruiting
Senecio jacobaea L. Asteraceae sol (1-5%) in groups, 75 (veget, flowering,
unevenly. fruiting
Semenovia transiliensis Regel & Apiaceae sol (1-5%) in groups, 90 |veget, flowering,
Herd. unevenly fruiting
Daucus carota L. Apiaceae sol (1-5%) in groups, 95 eget, flowering,
unevenly fruiting
Mpyosotis suaveolens Waldst. & Kit. Boraginaceae sol (1-5%) in groups, 85 veget, flowering,
ex Willd. unevenly fruiting
Thalictrum petaloideum L. Ranunculaceae | sol (1-5%) singular, 65 |vegetat, fruiting
uneven
Ligularia macrophylla (L.) DC. Asteraceae sol (1-5%) in groups, 85 |veget, flowering,
unevenly fruiting
Melilotus officinalis (L.) Lam., Fabaceae sol (1-5%) in groups, 75 veget, flowering,
unevenly fruiting
Melilotus albus Medikus. Fabaceae sol (1-5%) in groups, 85 veget, flowering,
unevenly fruiting
Berteroa incana (L.) DC. Brassicaceae sol (1-5%) in groups, 85 |veget, flowering,
unevenly fruiting

Table 4. Geobotanical characteristics of plant communities with the participation of rare endangered
species Astragalus rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., and Betula Jarmolenkoana
Golosk., — Ketpen ridge, Kegen valley, Kum-Tekey sands, Narynkol, Bayankol tugai

Description number 2
Date 19.08.2024
Population area size, m? 25x25

Woody plants

Forest type

Spruce forests

Woody-shrubby community

Spruce forests

Grassy community Shrub-forb
Herbaceous and subshrub layer
Total projective cover, % | 100
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Projective cover of trees, % 20
Projective cover of shrubs, % 5-10
Projective cover of grass cover, % 80-90

Phenophase by species, according to B.A. Bykov

vegetation, beginning of

fruiting

Surface condition

Outcrops of parent rocks,
rock outcrops, grass

Degree of anthropogenic transformation

Average

Degree of soil moisture

atmospheric precipitation

Geomorphology, location

JPS coordinates of the area N 43°03'495"
E 79°13'328"

Height above sea level m., m 1834

Slope, degrees 20

Exposition

North-Eastern

Microrelief, m

Rolling, undulating,
uneven elevations, lower
part of the slope

Macrorelief, m

Ketpen

ridge, Kegen

valley, Kum-Tekey sands,

Narynkol, Bayanakol
tugai.
Floristic diversity
Species name Family Abundance | Placement by B.A. | Height, Phenophase
Latin name by Drude Bykov m/cm
Tree layer
Betula jarmolenkoana Golosk. Betulaceae copl (30- [in groups. unevenly| 20-30 | veget. fruiting
40%)
Salix alatavica Kar. ex Stschegl. Salicaceae sol (1-5%) | singular, uneven 5-7 veget. fruiting
Salix argyracea E. Wolf. Salicaceae sol (1-5%) | singular, uneven 5-7 veget. fruiting
Hippophae rhamnoides L. Elaeagnaceae | sol (1-5%) | singular, uneven 3-7 veget. fruiting
Shrubs (projective covering: 10-20%)
Cotoneaster oliganthus Pojark. Rosaceae sol (1-3%) | singular, uneven 1,5-2 veget. fruiting
Rosa alberti Regel Rosaceae sol (1-3%) |in groups. unevenly 1,5 veget. fruiting
Berberis sphaerocarpa Kar. & Kir.| Berberidacea | sol (1-2%) | singular, uneven 1,5-2 veget. fruiting
e
Caragana kirghisorum Pojark. Fabaceae sol (1-2%) | singular, uneven 1,5-2 veget.
flowering,
fruiting
Cerasus tianschanica Pojark. Rosaceae sol (1-2%) | singular, uneven 1,5-2 veget.
flowering,
fruiting
Clematis songarica Bunge. Ranunculacea | sol (1-2%) | singular, uneven 1,5-2 veget.
e flowering,
fruiting
Juniperus sabina L. Cupressaceae | sol (1-2%) | singular, uneven 1,5-2 veget.
flowering,
fruiting
Krascheninnikovia ceratoides Chenopodiac | sol (1-2%) | singular, uneven 1,5-2 veget.
(L.) Gueldenst. eae flowering,
fruiting
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Herbaceous-shrub layer (projective covering): 15-20%)

Elytrigia repens L. Poaceae sol (1-3%) |in groups. unevenly 45

flowering,
Achillea millefolium L. Rosaceae sol (1-3%) |[in groups. unevenly 70

flowering,
Geranium pratense L., Geraniaceae sol (1-3%) |in groups. unevenly 35

flowering,
Aster canescens (Nees) Fisjun. Asteraceae sol (1-3%) |[in groups. unevenly 50

flowering,
Inula rhizocephala Schrenk. Asteraceae sol (1-3%) | singular, uneven 10 veget. fruiting
Polygonum aviculare L. Poaceae sol (1-5%) |in groups. unevenly 35 veget. fruiting
Leymus racemosus (Lam.) Poaceae sol (1-3%) |in groups. unevenly 85
Tzvelev. flowering,
Onopordum acanthium L. Asteraceae sol (1-3%) |[in groups. unevenly 95

flowering,
Astragalus rubtzovii Boriss. Fabaceae sol (1-3%) |[in groups. unevenly 25

flowering,
Lappula consanguinea (Fisch. | Boraginaceae | sol (1-3%) |[in groups. unevenly 20
et Mey.) Gurke. flowering,
Artemisia annua L. Asteraceae sol (1-3%) |[in groups. unevenly 75

flowering,
Erysimum diffusum Ehrh. Brassicaceae | sol (1-3%) [in groups. unevenly| 65

flowering,
Astragalus borodinii Krasn. Fabaceae sol (1-3%) |in groups. unevenly 40

flowering,
Kochia prostrata (L.) Schrad.  [Chenopodiaceae| sol (1-3%) |in groups. unevenly 60

flowering,
Scutellaria paulsenii V. Brig. Lamiaceae sol (1-3%) |in groups. unevenly 25

flowering,
Astragalus karkarensis M. Fabaceae sol (1-3%) |[in groups. unevenly 25
Pop. flowering,
Lepidium apetalum Willd. Brassicaceae | sol (1-3%) [in groups. unevenly]| 35

flowering,
Ziziphora clinopodioides Lam. Lamiaceae sol (1-3%) |in groups. unevenly 30

flowering,
Carex turkestanica Regel. Cyperaceae sol (1-3%) |[in groups. unevenly 20

flowering,
Medicago falcata L. Fabaceae sol (1-3%) |in groups. unevenly 15

flowering,
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Artemisia sieversiana Willd. Asteraceae sol (1-3%) |in groups. unevenly 45 veget.
flowering,
fruiting
Achnatherum splendens Poaceae sol (1-3%) |in groups. unevenly 75 veget.
(Trin.) Nevski. flowering,
fruiting
Elytrigia repens L. Poaceae sol (1-3%) |[in groups. unevenly 55 veget.
flowering,
fruiting
Leymus racemosus (Lam.) Poaceae sol (1-3%) |in groups. unevenly 85 veget.
Tzvelev. flowering,
fruiting
Astragalus rubtzovii, Fabaceae sol (1-3%) |in groups. unevenly 25 veget.
flowering,
fruiting
Elymus giganteus Vahl. Poaceae sol (1-3%) |[in groups. unevenly 70 veget.
flowering,
fruiting
Bromopsis inermis (Leyss.) Poaceae sol (1-3%) |in groups. unevenly 35 veget.
Holub flowering,
fruiting
Capsella-bursa-pastoris (L.) Brassicaceae | sol (1-3%) [in groups. unevenly]| 15 veget.
Medik. flowering,
fruiting
Secale silvestre Host. Poaceae sol (1-3%) |[in groups. unevenly 20 veget.
flowering,
fruiting
Thymus marschallianus Willd. Lamiaceae sol (1-3%) |in groups. unevenly 15 veget.
flowering,
fruiting
Thymus stepposus Klokov & Lamiaceae sol (1-3%) |[in groups. unevenly 15 veget.
Des. Shost. flowering,
fruiting
Lappula microcarpa (Ledeb.) Boraginaceae | sol (1-3%) |in groups. unevenly 20 veget.
Gurke flowering,
fruiting
Allium pallasii Murray Alliaceae sol (1-3%) |in groups. unevenly 30 veget.
flowering,
fruiting
Lappula macrocarpa (Ledeb.) Boraginaceae | sol (1-3%) |in groups. unevenly 15 veget.
Gurke flowering,
fruiting
Festuca ganeschini Drob. Poaceae sol (1-3%) |in groups. unevenly 20 veget.
flowering,
fruiting
Stipa capillata L. Poaceae sol (1-3%) |[in groups. unevenly 15 veget.
flowering,
fruiting
Carex turkestanica Regel. Cyperaceae sol (1-3%) |[in groups. unevenly 10 veget.
flowering,
fruiting
Corispermum hyssopifolium |[Chenopodiaceae| sol (1-3%) |[in groups. unevenly 25 veget.
L. flowering,
fruiting
Melandrium viscosum (L.) Caryophyllaceae| sol (1-3%) |in groups. unevenly 30 veget.
Pers. flowering,
fruiting
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Arenaria serpyllifolia L.

Caryophyllaceae

sol (1-3%)

in groups. unevenly

10

veget.
flowering,
fruiting

Delphinium iliense Huth

Ranunculaceae

sol (1-3%)

in groups. unevenly

45

veget.
flowering,
fruiting

Meniocus linifolius (Stephan
ex Willd.) DC.

Brassicaceae

sol (1-3%)

in groups. unevenly

20

veget.
flowering,
fruiting

Astragalus scabrisetus Bong.

Fabaceae

sol (1-3%)

in groups. unevenly

25

veget.
flowering,
fruiting

Astragalus karkarensis Popov

Fabaceae

sol (1-3%)

in groups. unevenly

25

veget.
flowering,
fruiting

Potentilla orientalis Juz.

Rosaceae

sol (1-3%)

in groups. unevenly

35

veget.
flowering,
fruiting

Cynoglossum officinale L.

Boraginaceae

sol (1-3%)

in groups. unevenly

45

veget.
flowering,
fruiting

Salsola collina Pall.

Chenopodiaceae

sol (1-3%)

in groups. unevenly

30

veget.
flowering,
fruiting

Scutellaria sieversii Bunge

Lamiaceae

sol (1-3%)

in groups. unevenly

45

veget.
flowering,
fruiting

Linaria bungei Kuprian.

Scrophulariacea
e

sol (1-3%)

in groups. unevenly

40

veget.
flowering,
fruiting

Orobanche caesia Rchb.

Scrophulariacea
e

sol (1-3%)

in groups. unevenly

20

veget.
flowering,
fruiting

Scorzonera inconspicua
Lipsch. ex-Pavlov.

Asteraceae

sol (1-3%)

in groups. unevenly

60

veget.
flowering,
fruiting

Heteropappus canescens
(Nees) Novopokr.

Asteraceae

sol (1-3%)

in groups. unevenly

40

veget.
flowering,
fruiting

Scabiosa ochroleuca L.

Dipsacaceae

sol (1-3%)

in groups. unevenly

70

veget.
flowering,
fruiting

Festuca valesiaca Gaudin.

Poaceae

sol (1-3%)

in groups. unevenly

45

veget.
flowering,
fruiting

Poa pratensis L.

Poaceae

sol (1-3%)

in groups. unevenly

45

veget.
flowering,
fruiting

The flora of the studied populations of rare and endangered endemic species Astragalus
rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., Schmalhausenia nidulans (Regel) Petr.,
Betula Jarmolenkoana Golosk., Rheum wittrockii Lundstr., in the southeast of Kazakhstan
includes 107 species belonging to 68 genera and 27 families. Characteristic marker species are
Picea schrenkiana L., Elytrigia repens (L.) Nevski L., Melilotus officinalis (L.) Lam., Melilotus albus
Medikus. Berteroa incana, Poa pratensis L., Poa annua L., Dactylis glomerata L., Trifolium repens
L., Trifolium pratense L., Geranium transversale (Kar. & Kir.) Vved., Geranium divaricatum Ehrh.,
Artemisia vulgaris L., Arctium lappa L., Capsella bursa-pastoris (L.) Medik., Xanthium strumarium
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L. The presence of weed species: Urtica cannabina L., Arctium lappa L., Xanthium strumarium L.,
confirms the high anthropogenic load on natural phytocenoses.

Ecological and biological analysis confirmed the mesophytic and meso-xerophytic
nature of the mountain flora of meadow habitats of populations of rare and endangered
endemic plant species Astragalus rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin.,
Schmalhausenia nidulans (Regel) Petr. Betula Jarmolenkoana Golosk. Rheum wittrockii
Lundstr., south-east of Kazakhstan. The main limiting factors that significantly restrict the
dispersal of the species are high competition in phytocenoses, anthropogenic load, strict
ecological confinement.

Conclusion

Thus, the studies of natural populations of rare and endemic plant species: Astragalus
rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin., Schmalhausenia nidulans (Regel) Petr.
Betula Jarmolenkoana Golosk., Rheum wittrockii Lundstr., growing in the territory of
southeastern Kazakhstan, showed that they are found in different plant communities. The
studied species, with the exception of the woody plant Betula Jarmolenkoana Golosk., mainly
belong to perennial polycarpic plants growing in forest and alpine zones, they are characterized
by a certain morphological structure that determines their adaptive potential, they exhibit high
adaptive abilities, which indicates their significant ecological plasticity and can form the basis
for their introduction into culture. In the studied territory of the Ketpen ridge and Zailiyskiy
Alatau, endemic, subendemic and rare plant species are represented by 2 types of life forms,
where the predominant group among endemic, subendemic and rare species is
hemiocryptophytes and one representative of phanerophytes
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I'. CagbipoBal*, b. llummukos?, B.TeiHbIGEKOB3, A. HypMaxaHoBa?,
K. Opa36ekoBas, M.Tacrtbi6aii®, M. UMmaHaiimeBa’, H. bekGocChIHS
1234678KeAK «9a-®@apabu amviHdarbl Kazak yammoblK yHugepcumemi», Aamamsi, Kazakcmau
sTeoepaghus sxcaHe cy Kayincizdiei uHcmumymeul, Aamamul, Kasakcman

OnTycTik-1bIrbic KazakcTaHgaFbl CUPEK JKoHe IHAeMUKaJIbIK 6CIMiKTep TYpJiepiHiH,
3KOJIOTHSJIBIK, XKOHEe GMOJIOTUSJIBIK epeKleaiKTepi

Anpgarna. Makanaga Kazakcran Pecniy6inkacblHbIH KbI3b1sT KiTabbIHA €HTi31/IT€H OHTYCTiK-IIBIFbIC
KaszakcTaHHBIH CUpeK Ke3/eCETiH *KoHe KOUbLJIbII KeTy Kayilli TOHTeH 3HAeMUKaJbIK 6CiMIIKTEepiHiH
TYpP KypaMblHa 3KOJIOTUSJBIK-OMOJIOTHUSJIBIK, TajJay HaTuxesaepi 6OepiareH. bya 3eptTey
TaKbIPbIObIHBIH, MaHbI3/IbLIbIFbl Ka3aKCTaHHBIH OHTYCTIK-IIBIFbICBIH/A OCETiH CUpPEK Ke3J/eceTiH
OCIMJIIK TypJiepiHiH 3KOJIOTUSAJIBIK K9HEe OHOJIOTUAJIBIK epeKIIeIKTePiH }KaH-KaKThl }KoHe TepeH, 6iy
KaKeTTiJliriMeH aHbIKTaMa bl 3epTTey KazakcTaHHbIH OHTYCTIK-bIFbICbIHAA (L1e AnaTaysl, KeTnen)
XYPri3ijji, MyH/a 3epTTey 00'beKTiCi TAOWUFU MONYJISLUAIAP/IaH CUPEK KIHE XKOUBLIbIN 6apa }KaTKaH
3H/EMUKAJbBIK 6ciMAiKTep TypJepiHiH ekiaaepi 6onawl: Astragalus rubtzovii Boriss, Taraxacum kok-
saghyz L.E. Rodin., Schmalhausenia nidulans (Regel) Petr. Betula Jarmolenkoana Golosk. Rheum
wittrockii Lundstr. Cupek kaHe 3H/JIeMUKaJIbIK 6CiIMiK TYpJIepiHiH 1[eHOMONMy A I[USChIHbIH, XKaFAalblH
3epTTey MapUIPYTTHIK KOHE KApPThLIall CTAlMOHAPJBIK dAicTepAi KOJJAaHY apKblLibl KYPrisijijii.
JKyMBICTBIH KaHaJbIFbl alfallKbl peT KasaKcTaHHBIH OHTYCTIK-IIBIFBICBIHAAFBI CUPEK Ke3JeceTiH
YKOHE KOHUBLIBII 6Gapa XaTKAaH 3HJAEMHUKaJIbIK OCiMAIK TypJiepiHiH €H TOJbIK 3KOJOTUSJIbIK-
OUOJIOTHUAJIBIK, CUNIAaTTaMaapbl OGepiJin, osap/AblH, OGHUOJIOTUSJBIK epeKlleNiKTepi MeH Tipllijlik eTy
OPTAaChIHbIH 3epTTeY 6OJIbIIN TAaObLI/Ibl. 3EPTTENETIH ayMaKTa CHPEK Ke3/leCeTiH KaHe KOUbLJIbII KETY
Kayilli TOHT'eH 5 3HIeMUKaJIbIK 8CiMAIK TYpi, TipIiJik @opMacbIHbIH 2 TYPiMeH YCbIHBIJIFAH, COHBIMEH
KOCa MYH/la CHpEK >X9He 3HJAEMUSJIBIK TypJep/iH apacbiHAa 6acblM TON TeMHUOKPUITOPUTTEP
(kemKbLIJBIK 6ciMAikTep) xkaHe daHepodUTTIH 6ip Typi — cypekTi ecimaik (Betula Jarmolenkoana)
60JIBII TaObLIa/bI.

TyiiH ce3zep: cupek XKoHe >KOUBLIbIN 0Oapa KaTKAaH 3HAEMHUKAJbIK 6ciMAIKTep TypJiepi,
3KOJIOTUSIBIK, GaKTOPJIap, MOMYISALUSACH], GHOJIOTHSIBIK dPTYPJILIIK.

I'. CagbpipoBal*, b. llummukoBZ, B.TeiHbIGEKOB3, A. HypMaxaHoBa?,
K. Opa36ekoBa’, M.TacTei6ait®, M. UmaHasimeBa’, H. bek6oChIHS
1234678Kazaxckulli HayuoHavHbill YHUgepcumem umeru Ano-Papabu, Aamamol, Kasaxcma
SHucmumym zeoepaghuu u 8odHotl 6ezonacHocmu, Aamamsl, Kazaxcmax

JK0J10r0-61M0/IOTUYECKHE 0COOEHHOCTU HEKOTOPBIX PeJKUX U IHAEMUYHBIX BUJ0B pacTeHUI
oro-pocroka Kasaxcrana

AHHOTanusA. B cTaTbe npesAcTaB/eHbl pe3yabTaThbl 3K0JI0T0-6M0J0THYECKOr0 aHa/Iu3a BU0BOTO
COCTaBa MSTU PeJIKHUX U HAXOASAIINXCS 0/ yTPO30H HCYe3HOBEHUS 9HAEMUYHBIX BU/I0B PaCTEHUH I0TO-
BocTOKa KasaxcraHa, 3aHeceHHbIX B KpacHyto kHury Pecniy6sinku KazaxcraH. BaxxHOCTb JaHHOM TeMbl
UCC/IeIOBaHUSA OMNpesiesisieTcs] He0OXO0AUMOCTbI0 BCECTOPOHHEr0 W IJIyOOKOTO NMO3HAHHUS 3KOJIOTO-
OMOJIOTUYECKHX OCOOEHHOCTeW peJKUX BHJ0OB paCTeHUH, NPOM3PACTAMOIUX Ha HOro-BOCTOKE
KazaxcraHa. MccieoBaHusl nmpoBesieHbl Ha TEePPUTOPUM HOro-BocToka Kasaxcrana (3ausiuickuit
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Anatay, KeTneH), rae o6beKTOM HMCCJIeJOBaHUS SIBUJIMCh NpPEeJCTAaBUTENN PeAKUX U HCYe3arolux
3H/IEMHUYHBIX BUJAOB pacTeHuul: Astragalus rubtzovii Boriss, Taraxacum kok-saghyz L.E. Rodin,,
Schmalhausenia nidulans (Regel) Petr. Betula Jarmolenkoana Golosk., Rheum wittrockii Lundstr., u3
NPUPOJAHBIX MONyJaALUNA. M3yyeHHe COCTOSHUS LIEHONOMYJSAMU PeJKUX U 3HJAEMUYHBbIX BHUJOB
pacTeHUH MpPOBOAMWJIOCH MaplIPYTHBIM M TNOJyCTallMOHApHbBIM MeToJaMu. HoBu3Ha paboTbl
3aKJ/II0YaeTCs B TOM, UTO BIepBble JJaHa HauboJiee M0JIHAs IK0JIOro-6M0JI0THyecKasl XapaKTepruCcTHKa
peAKuX M HCYe3aLMX 3HJEMHYHBIX BHUJOB pacTeHUH 10ro-Bocroka KasaxcTaHa, M3y4eHbl HUX
6uoJIorMuecKkue 0COOEHHOCTU U XapaKTepUCTUKA MecToobuTaHUuM. Ha ucciaenyemoit Tepputopuu 5
BbIFIBJIEHHBIX PEJKHX M MCYe3alUIMX 3HJAEMUYHBbIX BUJOB pacTeHUW NpeAcTaBJeHbl 2 TUIAMH
’KU3HeHHbIX QopM, rAe npeobsafarolleil rpynnon cpejyd peKUxX U 3HJEMUUYHBIX BUJOB ABJAETCA
reMUOKpUNTOOHUTHI (MHOrOJIETHHUE pAcTeHUs) U OZIMH BUJ NpeJicTaB/ieH GaHepOoPUTOM - peBECHBIM
pactenueM (Betula jarmolenkoana).

KiloueBble c/0Ba: pejkue M HaxoAdlivecs MOJ Yrpo3od HCYe3HOBEHMUS 3H/JEMUYHble BU/bI
pacTeHuH, NONMy ALK, 3KoJorudeckre GakTopbl, 6MopasHoobpasue.
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