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B craTbhe npencTaBiieHbl pe3ybTaThl UCCIEAOBAHUN COIEPXKaHU XUMUYECKUX JIEMEHTOB M €CTECTBEHHBIX
PagvoOHYKJIUIOB B 00bEKTaX OKPYKaloIleil cpeabl bacceiitHa TpaHcrpaHuyHou peku Kapa-banra (compe-
nenbHble TeppuTopuM Kbipreizctana u Kazaxcrana). 1o pesynbrataM ucciieoBaHW yCTaHOBJIEH YPOBEHbD
3arpsi3HEHHOCTH MOMMEHHBIX ITOYB U JOHHBIX OTJI0XeHUM peku Kapa-banTa TakuMu XUuMUYeCKUMU 3J1e-
meHTamu, Kak U, Sb, As, Th, Pb, Sc, Co, Cu, Mo, Zn, V, Sr, Ba, Cs. Ha ocHOBe pacueTHBIX ITOKa3aTejeit
dakropa 3arpsasHeHus (CF), koaddunuenrta oboraienus (EF) u nunnekca reoakkymysiiuu (Igeo) ycra-
HOBJICHO, YTO HauOOJBIIMI BKJIAA B 3arpsI3HEHHOCTb MOYB W JOHHBIX OTJIOXEHMI BOMHOTO OacceiiHa
p. Kapa-banra BHocsT Sb, As 1 Br. Ha Tpex KOHTPOJIbHBIX ITYHKTaXx, B IIP00ax BOAbI BOIOXPAaHUJIUIIL PEery-
OHa oOHapyeHo noBbIlIeHHOe conepxkanue U, B, Li, Sr, Mo, 4To cBSI3aHO € BIUSTHUEM XBOCTOXPaHUJIMIIIA
Kapa-banTuHckoro ropHopyaIHOro KoMOMHaTa. YCTaHOBJIEHBI TAKKe ITOBBIIIIEHHbIE KOHLIEHTpauu As, B,
Ba, Co, Mn, Sb, V u Zn B paiioHe yctbs p. Kapa-banrta, Bnagatomnieit B TacoTkenbcKoe BOIOXpaHUIIUIIE
(KazaxcraH). Pe3ynbTaThl MccliefOBaHUI OTpaXKaloT BIMsSHUE rpaHuyalleil ¢ 6acceitHoM peKu ypaHOBO-
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BBEAEHWE

TexHoreHHOe 3arpsi3HeHUE TePPUTOPUU OTXOda-
MU TOPHOIO0OBIBAIOIIEI IPOMBIIILJIEHHOCT! B COBpE-
MEHHYIO BIIOXY CTaJl0 OIHOM M3 OCTphIX MHpoOJieM
9KOJIOTUYECKOIi 6€30MacHOCTU MHOTHX CTpaH, B TOM
yuciie 1 Keipreiscrana. PammoakTuBHBIE OTXOOBI U
TOKCUYHBIE BEIECTBA, XpaHsIIUECsS B HUX, MOLYT
BbI3BaTh 3arps3HEHUE OKPYXKalollell MpUpOTHONH
cpenbl (beikoBueHko u ap., 2005; Bacuibes, 2006;
Hxen6aes u nap., 2013; Toproes, Yapckmuii, 1998;
Lespukh et al., 2013). Kapa-bantuHckoe XxBocToxpa-
HUIMIIE SIBJISICTCSI OMHUM 13 HanboJjiee MoTeHIIaIb-
HO oOITacHbIX 00beKTOB B KrbipreidcraHe. Hanbomab-
LIYIO 9KOJOTUYECKYIO OMAaCHOCTb TSI TPUTPaHUYHOM
tepputopun KazaxcraHcko-KuIpreizckoro cekropa
TMPEICTABIISIET XBOCTOXPAHWIMIIE THUAPOMETAJLTYPIyi-
yeckoro 3aBoma Kapa-BaaTWHCKOro ropHOpyIHOIO

! Crates MPOIOJIKAET TEMATUKY BBIITyCcKa XXYypHaJia, TIOCBSAIIEH-
Horo 6uoreoxumMuu 1 160-1eTUIO ee OCHOBATE/sl aKaaeMUKa
B.U. Bepnazckoro, Tom 68, Homep 10, 2023.

koMmOuHara (KI'PK), pacronoxeHHOro B mpenenax
3anagHo-YyiiCKOTO MECTOPOXICHUS TTOA3€MHBIX
BOJ, Ha PacCTOSIHUU OKOJIO 2—3 KM K IOTY OT ropoja
Kapa-banra ¢ HaceneHuem 6osee 40 TBIC. YeIOBEK
(Anexuna u gp., 2006; Omyprazuesa, Kaynbekona,
2002; Nazarkulova et al., 2019). 3a Bpems pabOThI
MPEeANpUATAS, HauuHast ¢ 1956 r., Ha XBOCTOXpaHU-
JIMIIE 3aCKIaanupoBaHo 296 MITH T. mepepaboTaHHbBIX
ypaHoBBIX pya. B 1959 1. B pe3ynbTate BOOHOM 3pO-
3UM TPOU3O0IIJia pa3repMeTu3alnus 1aMObl XBOCTO-
XpaHWJIMIA, COAEPKUMOE KOTOPOTO MOCTYIHWIO B
WPPUTALIMOHHBIE CETU U PACIIPOCTPAHIIOCH IO OPO-
maeMbIM nojisiM. B mepuon 1997—2000 rT. yaeHbIMU
KeipreizcraHa ObUIM BEIIIOJHEHBI paOOTHI IO U3yYe-
HUIO 3KOJIOTUUYECKON OLIEHKU 3arpsi3HeHUsI TPYHTO-
BBIX U TTOI3€MHbBIX BOJI B paiioHE XBOCTOXPaHWJIMIIIA.
bru10 ycTaHOBIIEHO, YTO M3 XBOCTOXPAHWJIMIIIA B BO-
JIOHOCHBIM TOPU3OHT ITOCTyMaeT UHPUIbTpAT, UMe-
0L OOJIBIIIOE colepKaHMe CYyIb(aToOB, HUTPATOB,
TOKCUYHBIX 3JIEMEHTOB U €CTECTBEHHBIX PaJINOHYK-

1205



1206

JmaoB. OCHOBHBIMY NPUIMHAMM PAINOAKTUBHOTO U
XMMMYECKOTO 3arpsi3HEHUSI TPYHTOBBIX M OA3EMHBIX
Bon B paitone KI'PK gBnsttorcst yxyaiieHne KadecTBa
TUIPOM30JISIIINH JIOXKA XBOCTOXPAaHWJIMINA 1 IIpeKpa-
IIEH1E TIepexBaTa 3arpsi3HEHHBIX BOII, OCYILIECTBIISIB-
IIETOCsI C MTOMOIIBIO CETU CKBaXUH, IIPOOYPEHHBIX
HIDKE TaHHOTO coopyXeHus. B pesynbrare 3a mim-
TEJIbHBI MEepUoa BpeMeHU CHOPMUPOBAJICS OpPEOa
3arpsI3HEHUS] MOA3EMHBIX BOJ, C IOBBIIIEHHBIM CO-
JIepXaHueM CyJIb()aToB U HUTPATOB, KOTOPBIA MMEN
¢GopMY BEITSIHYTOTO Ha ceBep (110 HAITpaBJICHUIO MO/ -
3eMHOTO MOTOKa B CTOpOHY rpaHunbl ¢ Kazaxcra-
HOM) SI3bIKa, pacCIIPOCTPAaHEHHOIO0 Ha PACCTOSIHUE IO
15 KM OT XBocTOXpaHMIMIIA U Ha TyouHy g0 100—
120 M. B oTHOCUTEIFHO KOPOTKUIA IIEpHOA HAOJIIoae-
Huit (1997—1999 rr.) ObLJIO OTMEUEHO YBEIUYEHUE
IIMPUHBI TAaHHOTO Ope€oJia, a TakKXKe IPOABUKECHUE
ero nepeaHero (pPoHTa 1 MAaKCUMYyMa KOHIIEHTpaun
HUTPATOB 110 HAIIPABJICHUIO IMOA3EMHOIO IIOTOKA Ha
HECKOJIbKO KWJIOMETPOB. PannoakTuBHOE 3arpsizHe-
HUE TaKXe pacHpOCTPaHMIIOCh Ha 3HAYMTEILHOE
paccrossHue. [1pu a3ToM cnenuduka ruIporeoIoru-
YECKHMX YCJIOBUM B JAaHHOM MECTHOCTM COCTOUT B
TOM, YTO Ha paccTosIHMU 3—5 KM ceBepHee I. Kapa-
banTa nogzemMHbIe BOABI BCTYIIAIOT B 30HY MX HETIYy-
OOKOIo 3ajieraHus U BBIKJIIMHUBAHUSI HA 36MHYIO T10-
BEPXHOCTb. DTa 0OCOOEHHOCTb, HECOMHEHHO, CO3/IaeT
YIpo3y XMMUYECKOIO M PaIOaKTUBHOIO 3arpsi3HEHMs
BoJ TpaHcrpaHuyHoi p. Kapa-banra (Ycymnaes u np.,
2021; Solodukhin et al., 2016; EpmakoB u ap., 2018;
Ma et al., 2019).

YuuTbiBasi U3JIOXKEHHOE, ObLIIO MPUHSITO PellIeHUE
O HEOOXOOMMOCTY M3YYEHUSI YPOBHS 3arpsi3HEHHO-
CTU OOBEKTOB OKpYXKalollIeil cpeabl XUMHYECKUMU
aJIeMeHTaMU U PaauoOHYKJIUIaMU B BOOJHOM Oacceii-
He TpaHcrpaHnuHoit peku Kapa-banra, BKitouas co-
npenenbHbIe TeppuTopn KbIpreidctana n KazaxcraHa.
Hayunrbie uccieqoBaHusl ObUIM BBITIOJTHEHBI B paMKax
MexxayHapomHoro mpoekta MHTLL Ne TJ-2409 “Tun-
POXMMUYECKHIT MOHUTOPUHT U OLIEHKAa PUCKOB JO-
6])1‘{[/1 IMOJIE3HBIX MCKOITAa€MbIX U YPaHOBbLIX XBOCTO-
XpaHWJINII B TPAHCTPAHWYHBIX PEYHBLIX OacceitHax
crpaH LentpanbHoit A3un: Tagkukuctad, KeIproi3-
craH, Ka3axcraH, Y30ekucran”.

METOJMKA UCCIIEAOBAHU

B cooTBeTcTBMU CO CXEMOI, TIpEACTaBI€HHON Ha
puc. 1, BbIIIOTHEHHBI pabOTHI 110 OTOOPY P06 0OBEK-
ToB okpyxatoieii cpensl (OOC) Ha 33 KOHTPOJIBHBIX
nyHkrax (KIT) B GacceiiHe TpaHCrpaHUYHOW peKU
Kapa-banra (22 KII1 — Ha Tepputopun KbeIprei3cTa-
Ha, 11 KIT — na Tepputopun Kazaxcrana). IloneBbie
padotsel Ha Bcex KII, Bkitouyanu B cedsl M3MepeHUe
reorpapu4ecknux KOOpAMHAT, 3HAYEHWUI MOIIHOCTU
9KCHO3ULIMOHHOM 103kl (MB]1), oT60p 11po6 (OOC),
MapKMpOBKY Mpod, a Takxke ¢oTrorpadupoBaHue
MECTHOCTH U pabouux mpouenyp Ha otaeabHbiXx KIT.
OnpeneneHre KOOPAMHAT BBINOJHSJIOCh Ha KaXIOM

J2KEHBAEB u ap.

o0clleIyeMOM MYHKTE C MOMOIIBIO CITyTHUKOBOTO
GPS-npuemauka GARMIN etrex 30. M3amepeHue
3HayeHU MDJI mpoBelIeHO ¢ UCIIOJIb30BaHUEM 0~
suMeTpa-paguomerpa MKC-AT1117M.

[1poGkI TTOMIMEHHOI ITOYBBI C MAcCOil HE MeHee
1.0 xr oTOMpanMch METOOOM KOHBEpTa BOJIM3M Oepera
PEKU, HE TIOIBEPXKEHHOM MaBOAKaM Y XO35IMCTBEHHOM
nesaTeTbHOCTU. B Kaxknoit u3 5-Ttu Touek, ¢ IIOMOILbIO
CITeLIMAJILHOTO NPOOOOTOOpHMKA, OBIT IIPOU3BEACH
OTOOp YaCTHBIX MPOO MOYBBI U3 BEPXHETO TOPU30HTA
0—5 cMm. Bce yacTHbIe IIPOOBLI 00BETMHSUIMCH B €IUHYIO
obmryo 1pody, KoTopasl TIIATEJIbHO KBapTOBajach,
noMelnlajgach B IBOMHOM IMOJUATWICHOBBIN IMakKeT U
mapkupoBanack (FTOCT 53123-2008, 2009).

[Ipo6b1I HOHHBIX OTIOXEHUII OTOMPAINCh CO AHA
PEKM Ha pacCTOSIHUM B HECKOJIBKO METPOB OT Oepero-
BOIl JIMHUMM BOJU3M TOYEK OTOOpa IMOBEPXHOCTHOM
Boabl. OTOOp IMPOU3BOAMIICS B 5 TOUKax (C MHTEpBa-
Ji0M He MeHee 10 M, BmoJib Oepera) ¢ IIOMOIIBIO CITEIIH -
aJIbHOTO TIpo000TOOpHMKA. OOBEeNMHEHHAS U3 5 TOUEK
npoda TIIATeIbHO KBAPTOBAJIACH, BHICYIIMBAJIACH, 1O~
Melllajiach B MOJMATUICHOBBIN MAaKeT, KOTOPHIii pa3-
Mellajics B creuMalbHOM KoHTeliHepe (I>keHOaeB,
Kannei6aes, 2014 u op.).

I1poOn1 Boabl ObLIM OTOOPAHEI HE MEHEE, YeM B 5-
TH TOYKAX, HA PAaBHOM pPACCTOSHMUM OPYr OT Ipyra.
J1s1 TOro BIOMpaIMCh MeCTa CBOOOJHBIE OT BOAO-
pociieil U npyrux miaBatrolux mnpeameros. OTbop
MpOU3BOAMIICS BOpoI, ¢ TIyonHBI He MeHee 0.5 M.
Kaxnas npo6a ¢puiabTpoBajiach yepe3 MeMOpaHHbBIC
¢unbTpel 0.3 MKM, KOHCEpBUPOBAJIach U3 pacyeTa
3 mu1 KoHueHTpupoBaHHoit HNO; Ha 1 j1 Bojpl, rep-
METUYHO yMaKOBbIBAJIaCh B MJIACTUKOBBIC OYTHLIU.
O6BeM 00001IeHHOI ITPOOKI BOabI cocTaBis 0.5 1
(I'OCT 31861-2012, 2019).

st pelieHUsT Bonpoca y4eTa, XpaHeHUWs U IBU-
XeHUs MpoO OblIa MPUHSITA eAUHAsT CUCTEMAa KOIU-
POBaHUS BCeX OTOOpaHHBIX Mp0o0. MapKupoBKa OTO-
OpaHHBIX IPOO6 comepkaia B cebe mHPOpMAIIIIO 00
ob6bekTe ucciaenoBanus (p. Kapa-banra — KB), me-
cTe oTOopa MpoOkI, THIIe TTpoOkI. Kom Bcex pod Ha-
yuHaJcsa ¢ 3ariaBHBIX OykB KG, 4TO O3HaAuvaeT ux
npuHamIeKHOCTh K KbIpreizckoii Pecniyonuku, KZ,
MpUHaIIeXHOCTh K Pecriy6oauku Kazaxcran. Cneny-
olIre aBe OyKBHI (1P HEOOXOOMMOCTH, OOHA WU
nBe nudphl) 0003HAYaIU OOBEKT MCCICIOBAaHUS U
HOMEp KOHTPOJILHOTrO ITyHKTa. Jlajiee yKa3bIBajlach
OyKBa, KOTOpasl oIpeAessijia TUII IIPOObI U COOTBET-
CTBOBAJIO: MpoOe OTPMILTPOBAHHOU Boabl — WD
(Water Dissolved), mpobe OOHHBLIX OTJIOXeHUiT B
(Bottom sediment), mpo6e mmouBsl — S (Soil).

OnpenesieHNe JIEMEHTHOTO M paTMOHYKIIMIHOTO
COCTaBOB OTOOPaHHBIX ITPOO ObLJIO BHIMTOJHEHO B MTH-
CTUTYTE sIIepHOMN (PU3UKN MUHUCTEPCTBA SHEPIreTH -
ku Pecrty6nuku Kaszaxcran (MSA® MBD PK) crnenyio-
IIUMU METOJAMU aHAaJIN3a:

* HEHTpOHOAKTUBALIMOHHBIN aHanmu3 (HAA);
* peHTreHodayopeclueHTHbIN aHanu3 (PDA);

TEOXUMHUA Tom 68  Ne 11 2023
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o, Cu, v o[ ]11.04-14.14
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Puc. 1. YpoBeHb 3arpsisHeHHOCTU Xumudeckumu asiemeHtamu (U, Sb, As, Th, Pb, Sc, Co, Cu, Mo, Zn, V, Sr, Ba, Cs) noiimeH-
HOI1 MoYB (a) U JOHHBIX OTJIOXEeHUI (0) Ha TeppuTopuu BoagHoro 6acceiina p. Kapa-banra.

KG-1

(©) KG-1

* MAacC-CIEKTPOMETPHS C MHIYKTMBHO-CBSI3aH- PE3VJIBTATHI 1 UX OBCYXIEHHWE

Hoii nnasmoit (MC-MCII); HccnenoBaH ypoBeHb 3arpsI3HEHHOCTU ITOMMEH-
° aTOMHO-3MMCCHUOHHAas CIIEKTPOMETPUA C MH-  HoMl MOYB M JOHHBIX OTJIOXEHWM Ha TEPPUTOPUU

ITyKTUBHO-CBsA3aHHOM rutasmoit (ADC-UCIT); BoIHOTO GacceitHa p. Kapa-Baira ciieqyionmMu xu-
*  UWHCTPYMEHTaJbHasl TraMMa-cHeKTpoMeTpus Mudeckumu sneMmeHTamu: U, Sb, As, Th, Pb, Sc, Co,
(Urc). Cu, Mo, Zn, V, Sr, Ba, Cs (puc. la, 16). YucieHHsie

TEOXUMHUA T1om 68  Ne 11 2023
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J2KEHBAEB u ap.

Puc. 2. DieMeHTHBII cOCTaB IPO6 NOMMEHHBIX ITOYB U JOHHBIX OTJIOXeHUI OacceiiHa p. Kapa-banra (teppuropruu Keiprei3-

craHa u Kazaxcrana).

3HAYEHUS MOKa3aTellsl 3arpsI3HEHHOCTU (Zs) ObLIu
BBIYMCIIEHBI TTO hOopMyTIE:

= [ZC, X ic/zaplc,_l] —(n-1),
i=l

Ille # — YUCJIO 3aeliCTBOBAHHBIX 3JIeMeHTOB, C; —
KOHLIEHTpALMUs i-TO JIEMEHTA, KAapk; — KJIapK i-TO
snemenTa (Bunorpanos, 1957).

Ha tepputopuu Keipreizcrana HabaomaeTcst Asa
yyacTtka 6acceitHa p. Kapa-bainra ¢ HauboJiee HOBBI-
IIIEHHBIM YPOBHEM 3arpsi3HEHHOCTU JaHHBIMU XHW-
MUYECKUMU 3JIEMEHTAMM: 1-bIif y4aCTOK — TEPPUTO-
pus ot rop Keipreizckoro xpedta 1o r. Kapa-banra
(KG-2, KG-3, KG-12, KG-15); 2-0it yuacToKk — 6113
rpadHunbl ¢ Kazaxcranom (KG-7, KG-20, KG-21).
ITpu 3TOM, MOBBILIEHHAsI 3arpsI3HEHHOCTb Ha JaH-
HBIX YYacTKaxX OTMEYAETCs KakK B MPUOPEKHOMN YacTu,
TaK M B pycjax peKu U ee IMIPUTOKOB. DTO O3HAYaer,
YTO 3arpsisHeHue Ha TeppuTopuu KreIpreidctaHa
MMEET JIOKAJIbHOE TTPOUCXOXKIEHNE. YPOBEHD 3arpsi3-

HEHHOCTU ITOMMEHHBIX MOYB B GacceiiHe p. Kapa-
banTta nHa Tepputopun Kazaxcrana, 3aMeTHO HIXKeE,
yeM Ha Tepputopun KeIprbI3cTaHa U MMeeT OoJiee
ONHOPOAHKIN XapakTep. Bmecte ¢ TeM, oOpalaer
BHUMAaHUE CJIEAYIOIIasi 0COOEHHOCTh: B YCThe peKU (B
6mm3u Tacotkenbeckoro Bogoxpanwuina KIT KZ-10)
YCTaHOBJIEHBI MAKCHMAJIbHBIEC, KOHTPACTHO BbIIEISI-
IolIMecs, 3HAaUCHUS COASPKAHUST B TOHHBIX OTJIOXE-
HUSIX TaKuX TOKCHMYHBIX 3JIEMEHTOB, Kak Mo
(8.7 mxr/T) 1 U (11.6 MKr/T). B 3TO0I1 Xe mpobe TOH-
HBIX OTJIOXKEHUIA YCTAHOBJIECHO MOBBIIIEHHOE COAEP-
xanue Ca, Cu, Zn, Cs, Sru V (puc. 2).

BeposiTHee Bcero, naHHBIE XUMUYECKHE DIIEMEH-
THI, TTOCTYIIMBIITNE C BOJOI B BUIIE B3BECEit, BHITIAIN B
0Ca/loK, U3-3a PE3KOTO CHUKEHUSI CKOPOCTU TEUSHUSI
BOJIBI B yCThe peku. Ha ocHOBe pacCUMTaHHBIX Cpel-
HUX 3HaYeHul pakTopa 3arpsizHeHUs1 (CF) ycTaHOB-
JICHO TIOBBIIIEHHOE CONMEpsKaHNEe B JTYTOBO-aJLTIOBH-
aJIbHBIX ITOYBaX M JOHHBIX OTJIOXEHUIX CIICITYIONINX
XUMHWYECKUX DJIIEMEHTOB (OT OOJBIIETO K MEHBILIEMY

TEOXUMUS Ne 11
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IMTouBa

XUM. 3JIEMEHTbI, TEPPUTOPUS Sb As Br Cs Mo Hf

T 7.8 6.7 2.8 2.1 2.0 1.8
P 6.1-10.3 4.7-11.4 0.8-16.8 1.5-3.0 1.34.8 1.2-2.5

Kasaxcrar 7.2 6.1 1.3 1.7 1.8 2.1
5.4-10.0 4.2-7.2 0.4-1.9 1.4-2.3 1.3-2.4 1.8-3.0

XuM. 3JIeMEHTHI Pb Ba U Th Zr Ce

N 1.6 1.3 1.3 1.2 1.1 1.1
P 1.1-3.2 1.1-41.7 1.0-1.6 1.0-.5 0.8-1.6 1.0-.5

Kasaxcran 1.5 1.5 1.2 1.2 1.2 1.2
1.3-2.4 1.3-1.6 1.0-1.7 1.0-1.8 1.0-1.4 1.0-2.0

JIOHHBIE OTJIOXKEHUS

XUM. 3J1IEeMEHTBI, TEPPUTTPUST Sb As Br Cs Mo Hf

N 7.9 7.0 2.4 1.9 1.8 1.9
P 5.6-11.3 4.2-10.9 0.1-12.1 1.2-3.1 0.7-3.0 1.3-3.0

Kasaxcran 9.2 7.0 0.6 1.5 2.2 2.2
6.1-12.3 6.1-9.0 0.1-2.9 1.3-2.5 1.3-5.1 1.6-3.4

XWM. 37IEMEHTBI, TEPPUTOPUST Pb Ba U Th Zr Ce

Kbibrb3cTan 1.4 1.3 1.6 1.2 1.1 1.2
P 0.9-3.0 1.1-1.7 1.2-2.4 1.0-1.8 0.9-1.9 0.9-1.5

Kasaxcra 1.3 1.5 1.7 1.3 1.2 1.2
0.8-1.6 1.0-1.9 1.1-4.3 1.0-1.8 0.8-1.9 0.9-2.0

ITpumeuanusi. B uncimrene cpenHee 3HaueHue CF, B 3HaMeHaTee Tpenelt koiaebanuii CF.

sHaueHuio CF): Sb, As, Hf, Mo, Br, Cs, Pb, Ba, Th,
U, Zr. B tabn. 1 npuBencHbl cpeqaue 3HadyeHust CF,
COOTBETCTBYIOIIYE 12-TH 3JIeMEeHTaM) 1 MX MHTEPBa-
JIBI 71T TTIOYB M JOHHBIX oTinoxXeHui p. Kapa-banra
Ha Ttepputopumn KbipreisctaHa u KazaxcraHa. Yuc-
JIeHHbIe 3HadYeHUs (pakTopa 3arpssHeHus CF ObLiu
BBIYMCJIEHBI 110 Clemylomeit hopmyre:

CFi = Ci/Bi,

roe Ci — 3TOo KOHIIEHTpAIIMs XUMHUIECKOTO dJIeMEeHTa
B HCClIeIyeMOM 00beKTe; Bi — (poHOBaAsT KOHIIEHTpa-
us 3jieMeHTa B peruoHe (/IxeHbaeB, Mypcanues,
2012). Illkana CF BkiI04YaeT CAeayIONIYIO Ipaaaliiio;
CF <1 — Hu3koe 3arpsizHeHue, 1 < CF<3 — ymepeH-
Hoe 3arpsisHeHue, 3 < CF < 6 — 3HaYnUTeNbHOE 3a-
rpsisHeHre, 6 < CF — o4eHb BBICOKOE 3arpsi3HEHUE.

I1pu uHTEepIIpeTallNU TTOJTYYESHHBIX SKCIIEPUMEH -
TaJIbHBIX TAHHBIX HAMU OBLIN MCITOJIb30BaHbI 3HAYE-
HUs KJ1apkoB B 1mouyBe no A.Il1. Bunorpanosy (BuHo-
rpanos, 1957). 3 ta6xa. 1 cienyeT, yTo HAaMOOIbILINE
3HaueHUs CF cooTrBeTCcTBYIOT Sb 11 As. Bece 3HaueHMs

TEOXUMHUA T1om 68  Ne 11 2023

JIAHHOTO ITOKa3aTeJIsl IJISI CypbMBbI B TouBax KbIprei3-
cTaHa Gosblle 6 ¥ moanamaioT B Kateropuioo “OdeHb
BBICOKOE 3arpsisHeHue”. K 2Toi1 3ke KaTeropuy OTHO-
carcs 3HayeHus1 CF ayst Sb B mouse Ha 9 KI1 B Kazax-
crane. Ha 2 KI1 B KazaxcTaHe 3HaueHue ITOKa3aTes
CF nns Sb 0oblile 3, YTO COOTBETCTBYET OIpeIesie-
HUO “3HauuTtenbHoe 3arpsi3Henue”. ias Sb B moH-
HBIX OTJIOXEHUSIX paclpeneneHue Tokazateias CF
nmMeeT ciienytomuii Bun: B Kelpreisctane CF> 6 — Ha
20 KII, 3 < CF< 6 —ua 2 KII; B Kazaxcrane CF > 6
Ha Bcex 11 KIT.

PacnipenenieHrie MbIIBSIKA B TTOYBE COOTBETCTBYET
caenyiomemy: B Keipreiscrane CF > 6 — na 14 KI1,
3< CF< 6 — una 8 KII; B Kazaxctane CF > 6 — Ha
7 KII, 3 < CF< 6 —Ha4 KII. B 10HHBIX OTJI0KEHUIX
JAHHBII XUMUYECKUN DJIEMEHT paCIpeacyieH Caeay-
omuM o6pasoM: B Keipreisctane CF > 6 Ha 20 KI1,
3 < CF< 6 —mHa?2KII, B Ka3zaxcrtane CF > 6 Ha Bcex
11 KI1.

MaxkcumanbsHble 3HaueHust CF st Sb yctaHOBIIe-
HBI B CJIEAYIOIIMX MPpoOax IMoYBkI (S) U JOHHBIX OTJI0-
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xenuit (B): KG-12S (10.3), KG-6S (10.2); KZ-8S
(10.0); KG-3B (11.3), KG-7B (10.7), KG-21B (10.2);
KZ-10B (10.0). MakcumanbHble 3HaueHUs1 CF nyis As
cootBeTcTBYIOT ciaenyiommuM KII: KG-15S (11.4),
KG-12S (9.3); KG-11B (12.8), KG-7B (10.9), KG-
10B (10.6), KZ-2B (9.0). K n3noxeHHOMY ClemyeT
I006aBUTh, YTO MAKCUMAJIBHOE 3HAYEHHE TTOKA3aTes
CF ycranosieHo mwist Br B mpob6ax KG-20S (16.8) u
KG-14B (12.1). J1ns1 oTneAbHBIX XMMUYECKUX 3Jie-
MeHTOB nokasatenb 3 < CF < 6 COOTBETCTBYET CIIeHy-
fommM npodam: Br — KG-13S (5.6), KG-22S (3.5),
KG-15S (3.1), KG-16B (5.3), KG-19B (4.6),
KG-22B (4.6); Mo — KG-22S (4.8), KZ-10B (5.8);
Hf — KZ-4B (3.1), KZ-6B (3.4); Cs — KG-7B (3.1);
U — KZ-10B (4.3). Bce ocTanbHble 3HaUYECHUSI TTOKA-
3atenrst CF coorBeTCcTBYIOT Kateropusam “Hmskoe 3a-
rpsizHeHue” , 1o “YMepeHHoOe 3arpsi3HeHue”.

YucaeHHble 3HaUCHUS KO3(dPUIImeHTa odoraiie-
Hus1 EF OblIu BBIYMCIIEHBI IO CIeaylolleit popmyie:
EF= CFi/CFg,. JaHHbII UHAEKC OMPEIEIIETCS C UC-
MMOJIb30BaHMEM 3HAYCHUSI KOHIIEHTPALlMM OHOIO 13
Haubojiee pacrpocTpaHeHHbIXx MeTaioB (Al, Fe,
Mn, Ti, Sc) B kauecTBe cTaHaapTa 1151 CpaBHEeHUs1. B
OOJIBIIMHCTBE CIIy4aeB B 3TUX LIEJISIX UCITONb3yIOT Fe.
EF saBnsercs mokasaTejieM HaKOTUIEHUST XMMUYECKUX
9JIEMEHTOB B HccienyeMbix oObekTax. Illkana EF
BKJTIOUAET CIIemyronyio rpamanuio: EF < 2 — HeT Ha-
koruieHus, 2 < EF < 5 — OT OTCYyTCTBUS IO CPETHETO
HakorieHus, 5 < EF < 20 — cpegHee HaKOIUIEHUE,
20 < EF < 40 — ot cpemHero go 00JIBIITOTO HAKOILIe-
Husi, EF > 40 — odeHb OoJibIlIoe HakoIuieHue (AJek-
CeHKO u ap., 2013).

Ha ocHoBe pacyeTHBIX 3HaUYeHUI KoadduiimeHTa
oborameHuss EF yCTaHOBJIEHO, YTO MaKCUMAaJIbHbIE
BEJIMYMHBI TAHHOTO IT0KAa3aTeJIsI COOTBETCTBYIOT AS B
npoo6e noHHbIX oTioxeHuit KG-11B (22.7) u Br B
npo6e mouBsl KG-20S (20.6). DT 3HAYEeHUS MOAMA-
IaroT B KaTeropuio “OT cpemHnX 10 OONBIINX HAKOIT-
geHunit”. CiaenyeT OTMETUTh TakKKe, YTO 3HAYSHUIO
noka3satelist 5 < EF < 20 “CpenHee HakorjieHue” co-
OTBETCTBYIOT IIPAKTUYECKM BCE 3HAYCHUS KOHIICH-
Tpaluu As 1 Sb B U3ydeHHbBIX MpoOax MOYBbI U JOH-
HBIX OTJIOKeHMI (3a uckmodyeHueM 1 mpoosl KG-14B).
Kpome Toro, B 3Ty ke KaTeropuio 1o coaepkaHuiio Br
MOAIANaIoT 3 MPOoObI MOYBHLI U 6 TIPOG TOHHBIX OTJIO-
XKEHUiT, 0TOOpaHHBIX Ha TeppuTopur KEBIprei3cTana,
a Taxke 1 mpoba mouBsl (o copepxxanuio Hf) u 1
mpoba JOHHBIX OTJIOXEHUM (10 codepxkaHuio Mo),
oroOpaHHBle Ha Teppurtopun Kaszaxcrana. Bce
OCTaJIbHBIE 3HAYEHMS 3TOro nokazarenst EF cooTBeT-
CTBYIOT KaTeropusiM “Het HakoruieHust”, an6o “Ot
OTCYTCTBUSI IO CPEAHUX 3HAYCHUI HAKOILJICHUSI .

YucneHHbIe 3HaYeHUST MHAEKCA Te0aKKyMYIS NN
1geo GBI BBIYKCIICHEI TT0 CIIEIYIONIEH (hopMyte:

rae Ci — KOHLEHTpalusi XMUMUYECKOro 3JIEMEHTa B
ncciaeayeMoM oobekTe; Bi — (poHOBast KOHIIEHTpa-

J2KEHBAEB u ap.

us 3JIeMeHTa B pernoHe; 1.5 — xoadpuimeHT, muc-
TITOJIb3YEeMBbIii JIJIs1 KOMIIEHCALIMM BO3MOXHBIX Bapua-
Ui TUTOIOTMYECKOro XapakKTepa JaHHOI MECTHO-
ctu. lllkana Igeo BKiIo4aeT CIEIYIONIYIO IpaIalliio;
Igeo <0 — orcyrcTBUE TeoakKyMysiimu, 0 < Igeo < 1 —
OT OTCYTCTBUSI IO yMepeHHoro conepxanusi, 1 < Igeo <
<2 — ymepeHHoe comepxaHue, 2 < Igeo < 3 — ot
CPEIHEro A0 3HAYUTEIbHOTOo coaepkaHusl, 4 < Igeo <
<5 — OT 3HAYMUTEJILHOIO 10 OYE€Hb 3HAYUTEIBHOTO
comepxanwus, 5 < Igeo — 04eHB BBICOKOE COIEpKaHME
(AnexceHko u np., 2013).

Cpenu pacueTHBIX 3HAaUYCHWM MHIOEKCA T'€0aKKy-
MYJISILIAM HauOOJIblllee BHUMaHUE IIPUBJIEKAIOT As,
Sb 1 Br. MakcuMajbHbI€ BEJIMYMHEI JAHHOTO ITOKa-
3aTessd, COOTBEeTCTByoIIMe Kateropuu 3 < Igeo < 4
“Bricokoe comepkaHue” ycTaHOBJIEHBI 1J1s1 Br B 1Ipo-
6ax KG-20S (3.5) u KG-14B (3.01), a Takxke 1j1s1 As B
npobde KG-11B (3.1). ITogasmsoliee OOJBITMHCTBO
OCTaIbHBIX 3HAUeHUI 11T AsS U Sb COOTBETCTBYIOT
kareropuu 2 < Igeo < 3 “OT cpemHero 10 BICOKOTO
comepxkaHus (OTOEIbHBIE U3 HUX COOTBETCTBYIOT Ka-
teropuu 1 < Igeo < 2 “CpenHee conepxanue”). Cieny-
€T OTMETUTh TAKXKe, YTO B Kareroputo “CpenHee coaep-
XaHue”, OOyCIIOBJIEHHYIO IPYTVIMU 3JIEMEHTAMU, BXO-
JISIT CJIeIYIOLIME ITPOObl MOYBBI M JOHHBIX OTJIOXKEHUIA:
Br — KG-15S (1.05), KG-22S (1.2), KG-5B (1.4),
KG-13B (1.6), KG-16B (1.8), KG-19B (1.6), KG-22B
(1.6); Mo — KG-22S (1.7). Bce ocrayibHbIe 3HaYEHUST
9TOTO ToKa3aTessl Igeo COOTBETCTBYIOT KaTerOpUsIM
“He comepxaT reoakkyMmyiassuum”, 1u6o “OTt oTcyT-
CTBUSI IO CPEIHET0 coaep-KaHus .

151 OLleHKU CyMMapHOTO 3arpsi3HEHUSI, C YYETOM
BKJIaJla HECKOJIbKUX OJEMEHTOB, HWCIIOIb30BaJICs
“UHnexc Harpy3ku 3arpsisHeHus (PLI)”:

PLI =%4CF1-CF2-... - CFn,

r7ie # — KOJIMYECTBO UCIIOIb3yeMbIX 3jieMeHTOB. I1Ika-
nma PLI Bxmouaet cienymonnyro rpamanuio; PLI < 1 —
orcyTcTBUe 3arpsa3HeHus, 1 < PLI < 2 — ymepeHHoe
3arpsizHeHue, 2 < PLI < 3 — oT cpenHero 10 BEICOKO-
ro 3arpsisHeHus, 3 < PLI uype3BbIyaiiHO BEICOKOE 3a-
rpsisHeHue (AjgekceHko u ap., 2013).

Ha ocHoBe mnojiydeHHbIX HaMu 3HadyeHuit PLI
YCTaHOBJIEHO, YTO HANMOOJIbIIINE 3HAUYEHMS 3TOTO I10-
KazateJyis1 HaOmomatoTess B npobax KG-20S (2.2) u
KG-14B (2.6). YpoBeHb 3arpsI3HEHUS 3TUX P0G CO-
orBercTByeT Kareropuu 2 < PLI < 3 “Ot cpenHero 1o
BBICOKOTO 3arpsi3HeHusi”. Bce ocTaibHble 3HAYeHUS
JIAaHHOTO IoKa3aTeJist Haxoasatcs B uHTepBaie 1 < PLI <
<2 “¥mepennoe 3arpssHeHne”. Cpeny HUX MOXKHO
OTMETUTD CJIeIyolIe TTPOObl, KOTOPHIM COOTBETCTBY-
IOT OTHOCUTEIbHO BbIcOKMe 3HadeHus1 PLI: KG-13S
(1.96), KG-15S (1.86), KG-7S (1.83); KG-6B (1.98),
KZ-4B (1.93), KZ-10B (1.91).

Takmm obpa3om, Ha ocHoBe mokazareineii CF, EF

U [geo yCTaHOBJIEHO, YTO CPEIU BCEX U3YUEHHBIX X1~
MUYECKUX DIIEMEHTOB, HAUOOJIBIINIA BKJIA B 3arpsi3-
HEHHOCTh MOMMEHHBIX IMOYB U JTOHHBIX OTJIOXEHU
TEOXUMUA Ne 11
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Puc. 3. YpoBeHb MOILIHOCTU 3KCMO3UIIMOHHOM 103kl (MK3B/4) B GacceiiHe peku Kapa-banra (tepputopust KsipreiscraHa,

2021 r.).

BOMHOTO OacceiHa TpaHcrpaHuuyHoit p. Kapa-banra
BHOCAT Sb, As 1 Br. Cpeny JaHHBIX 3JIEMEHTOB Hau-
OoJiee oracHbIMU gBJsIIOTCS As (1-#1 Ki1acc omacHo-
ctu) u Sb (2-i kimacc onacHoctu). 1o pacripenene-
HUIO HauboJsiee 3HAUMMBIX 3JIEMEHTOB-3arpsi3HUTE-
neii (As, Sb, Br, Cs, Mo, Hf, Pb, U, Ba, Th) B mouse
U JOHHBIX OTJIOXKEHUSIX Ha TEPPUTOPUN BOTHOTO Oac-
ceitHa p. Kapa-banTa ycTaHOBJIEHBI CpeHUE 3Have-
HUS UX KOHLIEHTPALIMU B TIOYBE U JOHHBIX OTJIOXE-
HuUsix Ha Tepputopusix Keipreidcrana u KazaxcraHa,
OTIEeNbHO. Pe3ynbTaThl IpeAcTaBIeHbI B Ta0JI. 2.

M3 mosydeHHBIX JaHHBIX CJEayeT, YTO coaepKa-
HUe OOJILIIMHCTBA TOKCUYHBIX 3JIEMEHTOB B O€pero-
BOI1 IouBe Ha Tepputopumn KeIprel3craHa 3aMeTHO
BhIlIE, YeM Ha TeppuTtopum Kazaxcrana. Mckioue-
Hue cocrapisgior Hf m Ba, comepkaHue KOTOpPBIX B
mouBe BoIIIe (Ha 15—19%) Ha Tepputopun Kazaxcra-
Ha. B moHHBIX oTiIoXXeHUsIX conepxaHue Br, Cs u Pb
BhIle B Keipreiscrane, a Sb, Mo, Hf, U 1 Ba (1a 10—
30%) — B Kazaxcrane. [1o-BuauMomy, 3arpsisHeHHE
JIOHHBIX oTioxeHuii p. Kapa-banta Ha Tepputopuu
KazaxcraHa TakuMu XUMUYECKMMM DJIEMEHTaAMU,
KaK MOJIMOAEH, CypbMa 1 YpaH 00yCJIOBJIEHO ITOCTYII-
JICHUEM UX T10 pycily peku u3 KbIpreicTaHa.

MoOIIHOCTh 9KCITO3ULIMOHHOM A03bI pagualuoH-
Horo (hoHa IT0 raMMa-MU3JIyYEeHUIO B OTIEIbHBIX TOU-
Kax OacceitHa p. Kapa-banra BappupyeT B npeneie
0.14—0.19 Mx3B/4 (puc. 3). CorracHo 3akoHa Tex-
HHYeckoMy pemtameHTy Kwuipreizckoit PecriyGnmkm
“O pagmaliMOHHOM 0€30MacHOCTH” MOIIIHOCTD T03bI
raMma-HM3JIydeHUs Ha TIpUIETaIoNICii TepPUTOPUUN OT
MPUPOIHBIX UICTOYHUKOB JIJISI HACEJIEHUST He TOJIKHA
npesbimath 0.3 MK3B/4.

MeTomoM MHCTPYMEHTaIbHOI raMMa-CIIeKTPOMET -
PUM YCTAaHOBJIEH PAIMOHYKJIMIHBIN COCTaB IIpOo0 I10Y-
BBl U JIOHHBIX OTJIOXKEHMIA, OTOOpaHHBIX B OacceitHe
p. Kapa-banra (Bypkyr6aes, 2006, MATATD). B 06-
IIEH CIOKHOCTH BBIMOJIHEH aHan3 66 pob Ha Tep-
putopun Kreipreidcrana (44 mpo6sr), u Kazaxcrana
(22 1mpo06). Ha ocHoOBe IIOJy4eHHBIX AaHHBIX 00
YIEJIbHOM aKTUBHOCTU €CTECTBEHHBIX PAIUOHYKIIU-
noB (EPH) ?2°Ra, 22Th (**®Ac) u “°K B npobax 1oii-
MEHHBIX IMOYB M AOHHBIX OTJOXEHUM pacCUUTaHbI
3HAYC€HUsI MOIIHOCTU TMomioleHHoi no3sl (MII)
Ha Bcex oocinenoBaHHBIX KII. PacueTsl BBITTOJTHEHBI
B COOTBETCTBUM C pEKOMEHAALMSIMU HAyIYHOTO KO-
muteta OOH 110 neiicTBUIO aTOMHOW paaualnuu
(UNSCEAR). B Tabn. 3 mpencraBieHbl CpeaHUE
3HayeHus MIIJ Ha TeppuTOpUM BCEeTO TpaHCTPpaHUY-

Tao6muna 2. CpegHue 3HaYeHUST KOHIEHTpAlIMii HanboJjiee 3HAaYMMBIX 3JIeMEHTOB-3arpsi3HUTEJIell B BOMHOM GacceiiHe
p. Kapa-Banrta Ha repputopusix Keipreizctana u Kazaxcrana (MKr/r)

CrpaHna As Sb Br Cs Mo Hf Pb U Ba Th
ITouBsl
KG 121+12] 1.6£0.1| 6.9+36| 64+£0.6| 3.0+0.5| 53+04 [19.8+£2.9| 3.6+£0.2 |540+£29.8|11.6 £ 0.5
KZ 10.9+ 1.16| 1.44 £ 0.17| 3.34+ 1.06| 5.22 = 0.44| 2.64 = 0.29| 6.34 £ 0.66| 18.6 £ 3.17| 3.10 + 0.40| 623 =28.8| 11.8 £ 1.28
KG/KZ 1.11 1.09 2.08 1.23 1.15 0.84 1.07 1.15 0.87 0.98
JIOHHBIE OTJIOKEHUS
KG 2618 | 1.6%+0.1 | 59+30| 56+05| 26+0.5| 57+£0.6 |17.7+2.6 | 42+0.5 569+ 31.8(11.6 +0.9
KZ 12.6 = 1.00{ 1.85 £ 0.21|1.58 £+ 1.48|4.62 = 0.62(3.37 + 1.14 |6.46 + 1.22]16.2 + 1.86(4.58 + 1.46|628 + 65.2(12.3 £ 1.25
KG/KZ| 1.00 0.85 3.73 1.22 0.78 0.88 1.09 0.91 0.91 0.95
TEOXMUMHUA  ToMm 68 Ne 11 2023
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Ta6muna 3. CpenHue 3HaYE€HUS! M UHTEPBAJIbI MOIITHOCTHU
MOMIOLIEHHO 103kl B TPAaHCTpaHUYHOM OacceiiHe p. Ka-
pa-Banra, nIp u~!

ObmexT Kruipreizcran|Kazaxcran|Bech 6acceiin
HUCCIeI0BaHUs
IMoiimeHHBIE 82.9 78.4 81.4
IIOYBBI 67.1-103 | 72.2-87.0| 67.1-103
JloHHBIC 82.5 78.7 81.2
OTJIOXEHMUSI 70.699.8 |69.699.0 69.699.8

Horo OacceitHa p. Kapa-banra, paccauranHble 110
JaHHBIM, TIOJIyYEHHBIM B pe3yjbTaTe aHalIu3a BCEX
P00 IMMOMMEHHBIX TOYB U JOHHBIX OTI0KEHUI METO-
noMm UTI'C. INpuBegeHbl TaKKe M COOTBETCTBYIOIINE
uHTepBajbl 3HaueHUi MIIJ. Pe3ynbpTaThl pacueToB,
BBITTIOJIHEHHBIX HA OCHOBE JAaHHBIX aHa/IM3a JIyTOBO-
aJUTIOBUAJIbHBIX TOYB U JOHHBIX OTJIOXKEHUI ITPaKTH-
YeCKHM ITIOJTHOCTbIO COOTBETCTBYIOT ApPYT Apyry. Bce
noJiydeHHbIe cpenHue 3HadeHuss MIT 3ameTHO npe-
BBIIIAIOT cpenHeMupoBoe 3HaueHrne MITIA nig EPH
(60 1Ip u!): Bech GacceitH — Ha 35%, KbIpreiscran —
Ha 38%, Kazaxcran — Ha 31%. D10 BriosiHe OObSICHU-
MO, IIOCKOJIbKY 3HayMTeJIbHAasi 4YacTh M3y4aeMOTO
OacceiiHa HAXOOUTCS Ha TEPPUTOPUU YPAHOBOPYI-
HOM npoBUHIIMK. BMecTe ¢ TeM, clienyeT OTMETUTh,
YTO BCe MmoJiydyeHHbIe 3HaueHus1 MIIJ cyiuecTBeHHO
YCTYTIAI0T COOTBETCTBYIOIIEMY CAHUTAPHOMY HOpMa-
tuBy (300 HIp u~!). Jaxe MaKCMMaJIbHOE 3HAUEHUE
MIII (103 ulp u~') B 3 pa3a HUXKe 5TOr0 HOPMATUBA.
Otcroga cienyeT, YTO pagvallMOHHAS CUTyallus Ha
TePPUTOPUM TPAHCTPAaHUYHOIO BOJHOro OacceiiHa
p. Kapa-banra sgBisiercss HOpMalabHOII UM He IIped-
CTaBJISIET OITACHOCTHU IIJISI 3MOPOBBS JIIOACH, MPOXKI-
BalOIMX B 3TOM MECTHOCTHU.

Metomamu MC-UCII n ADC-UCII yctaHoBiIeH
XUMWIECKN cocTaB 33-X ITpo0 BOIBI, OTOOPAHHEBIX B
6acceiine p. Kapa-banra mo 16-t XuuMHU4ecKUM 3J1e-
meHTaM: As, B, Ba, Ca, Co, Cr, K, Li, Mg, Mn, Mo,
Ni, Sb, Sr, U, V. Ha ocHOBe moyrydeHHBIX JaHHBIX B
BHUJE TUCTOrpaMM IOCTPOEHBI rpacduKM, oTpaxKaro-
Iye pacrpeaeiieHue N3y4eHHbIX 2JIEMEHTOB B BOAax
pycna p. Kapa-banra (puc. 4). [Tyrem cpaBHeHUs O~
JIYYEHHBIX JAHHBIX C COOTBETCTBYIOIIMMU KaXKIOMY
U3 TAaHHBIX 3JIEMEHTOB 3HaueHMSIMU Kiiapka (Boiit-
keBud u ap., 1990), u IIIK ycraHoBieHO, YTO Hau-
OonbIIMiA MHTEpec mpeAacTtaBisitoT U (XUuMUYeCKUi
BJIEMEHT 1-TO KJ1acca omacHOCTH), a Takke As, B, Ba,
Li, Mo, Sr (xumuyeckue 3JE€MEHThl 2-TO KJlacca
onacHoctu). Ha tepputopuu KreIpreiscraHa Takue
XUMHYecKue 3jieMeHTh Kak B, K, Li, Mg, Mo, Sr, U
MMEIOT OJMHAKOBBIM XapaKTep pacmpenencHus. B
Boae p. Kapa-banta — ot rop KbIpreizckoro xpedra
JI0 MECTHOCTH BO3JIe rpaHuLbl ¢ KazaxcTaHoMm Impo-
WCXONUT IUIABHOE IIOBBIIICHUE MX KOHIEHTPAIUU.

J2KEHBAEB u ap.

M3BecTHO, YTO B COBETCKMIA ITIEPHO BPpEMEHHM BbIpa-
IIMBaHUE CEJILXO3IPOAYKIIUU Ha Tepputopumn yii-
CKOM IOJMHBI MPOBOAUIOCH C MHTEHCUBHBIM HC-
MMOIb30BAaHMEM MUHEPaJbHBIX YIOOpPEHMUI, MHOTHE
U3 KOTOPHIX MMEJIU MOBBIIIEHHOE COJIEpXKaHUE TOK-
CUYHBIX puMeceii. BeposiTHee Bcero, BhillieaadyrBa-
HUE JAaHHBIX XMMUYECKIMX BEIIECTB SIBISUIOCH IPUIM-
HOI1 3arpsiI3HEHUSI BOOJHOTO OacceiiHa.

Cpenu apyrux ocobeHHOCTeil oOpaliaeT Ha ce-
0s1 BHUMaHUE MOBBbIIIEHHass KoHuUeHTpauusi Ca
(63.9 mr kr~') u Ba (130 mr xr~!) B Boge Ha KOH-
TpoabHOM NyHKTe KG-3, pacnoaoxeHHOM GIM3KO0 K
TepPUTOPUM TOPHOPYIHOTO KOMOMHATA MO Tepepa-
o6otke ypaHa “Kapa-banta” (puc. 5).

KpomMme Toro, MoXkHO OTMETUTh MOBBILLIEHHOE CO-
nepxxaHue As Ha OTAEJIbHBIX KOHTPOJbHBIX IMMYHKTax
ocHoBHOTO pycia p. Kapa-banra (1o 8.3 Mkr xr~!) u
Ha npurokax (11.2 Mxr kr—'). OCHOBHOI TPUYNHOIM
3arpsI3HEHUS] MBIIIBSIKOM, BEPOSITHO, SIBJISICTCSI BBI-
XOII Ha ITHEBHYIO ITOBEPXHOCTb MOM3EMHBIX BOI II0
apTe3MaHCKUM CKBaXXKMHaM.

Ha tepputopun KazaxcraHa OOJIBIIMHCTBO U3Y-
yeHHBIX 271eMeHTOB (Ca, K, Li, Mg, Mo, Sr, U) Toxe
MMEIOT OIVHAKOBBIII XapakTep pacHpeieieHUs B
BonHoit cucteme pek Kapa-banra — Akcy. Haubomee
3arpsiI3HeHHBIMU SBJISIIOTCS Boabl p. Kapa-banrta Ha
3-x koHTposbHBEIX ITyHKTax (KZ-1, KZ-2, KZ-3),
pacIoNoXeHHbIX 0m3Ko K rpaHuie. Ha atux xxe KI1
HabJIro1aeTcs: v TOBBILLIEHHOE CoiepKaHUe B BoJie Oopa.

Takum o0pa3oM, YCTaHOBJICHO, UTO Ha TEPPUTO-
puto Kazaxcrana 1o pyciay TpaHcrpaHnmdHoi p. Ka-
pa-banra moctynarmT BOAbI, 3arpsi3HEHHBIE TAKUMU
XUMUYECKUMM djieMeHTaMu Kak, B, Li, Mo, Sr, U.
CrenyeT Tak:Ke 0C000 OTMETUTD, TIOBBIIIEHHbIE KOH-
neHTpauuu B Bone As, B, Ba, Co, Mn, Sb, Mo, VB
ycrbe p. Kapa-banra (KZ-10) u B 6yxte TacoTkenab-
ckoro Bopoxpanwmina (KZ-11). B Bomax nByx Bomo-
xpanwmil (KG-13, KG-14), pacnonokeHHbIX OTHOCH -
TebHO 0/1M3KOo (7—7.5 KM) K ceBepy OT XBOCTOXpaHWI-
ma KI'PK “Kapa-banra”, oOHapyKeHbl HOBBIILIEHHOE
conepxanue Mo (puc. 6). I3 nuteparypHbIX UICTOYHU-
KOB U3BECTHO, 4TO Bcs Tepputopust KI'PK “Kapa-bain-
Ta” 3HAYUTEILHO 3arpsi3HeHa MomboaeHoM (Solodukh-
in, et al., 2016).

3AKJIIOYEHHME

ITo pesynbTaTam uccienoBaHuii ycTaHOBJIEH YPO-
BEHb 3arpsi3HEHHOCTU MOWMEHHBIX TPUOPEXHBIX
MOYB W MOHHBIX OTJIOXEHWUI BOAHOTro OacceifHa
TpaHcrpaHuyHoi p. Kapa-banrta. Paccuuransl cpen-
HYE 3HAUY€HUs KOHIIEHTpAalUil XUMUYECKUX DJIEMEH-
TOB KaK B [TOYBaX, TaK 1 B IOHHBIX OTJIOXKEHUSIX Ha BCei
npotsckeHHocTH p. Kapa-banra — ot rop Keipreizcko-
ro xpebta no TacoTkenbckoro Bogoxpanuiuiia. [pu
COITOCTAaBJICHUY MOJTYYEHHBIX CPETHUX 3HAYEHUI KOH-
LEHTpalMii U3yYEeHHBIX 3JIEMEHTOB C COOTBETCTBYIO-
IIUMU UM 3HaYeHUsIMU Kiiapka (BoiiTkeBuu u np.,

TEOXUMUS Ne 11
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Puc. 5. CoaepxaHue XMMHYECKHUX 3JIEMEHTOB, 00pa3yIolNX TOKCUYHBIC COSMMHEHUSI, B IPOOaxX BOIbI, OTOOPAaHHBIX B pycje

p. Kapa-banrta Ha Tepputopusix Keipreidcrana u Kazaxcrana.

1990), onpeneneHo mosbilieHHOE (B 1.2—4.3 paza)
coJiep>XKaHUe B TOYBAX ¥ JOHHBIX OTIIOKEHUSIX CISAY-
ommx xuMmdeckux ayeMeHToB: U, Sb, Ca, As, Na,
Pb, Th, Sc, Co, K, Cu, Mo, Zn, V, Sr, Ba, Cs. C 3ko-
JIOTUYECKOM TOUKMU 3pEHHUSsI, UX HEOOXOOUMO pac-
cMaTpUBaTh KaK 3arpsI3HUTEIIM NOOepeXbs U JOHHOM
YacTU TpaHCrpaHWYHOM peku. Cpenu HUX ocoboe
BHUMaHME O0palllaloT Ha ce0sl BHUMaHUE TaKue X1-
mudeckue aneMeHTHI, Kak U, Sb u As. ConepxxaHue
OOJIBIIMHCTBA BJIeMeHTOB-3arpsi3Hurteneit (U, Sb,
Ca, As, Pb, Sc, Co, Cu, Zn, Mo, Ni, Cs) B rioiimeH-
HBIX TTOYBaX Ha TeppuTopuu KbIprel3cTaHa 3aMETHO

(Ha 8—20%) BHILIE, YeM Ha TeppuTopun KaszaxcraHna.
B nonHbIX oTnoxeHusix cogepxkanue Ca, As, Pb, Sc,
Co, Cu, Zn, Cs Bbiire (Ha 10—33%) B KnIpreizcrane,
a Na, Mo, Sb, U, Ba (Ha 11-30%) — B KazaxcraHne.
YcTraHOBIEHHBIE OCOOCHHOCTU IMO3BOJISIIOT CIIEIaTh
3aKJIIOYEHUE O TOM, UTO 3arpsiI3HEHUE JOHHBIX OTJIO-
xeHnit p. Kapa-banra na Teppuropun Kasaxcrana
TaKNMU XUMWYECKMMHU DJIEMEHTaAMM, KakK MOHI/I6IleH,
cypbMa U ypaH 00YCIIOBJIEHO TTOCTYIJIEHUEM UX C BO-
JaMU o pyciay peku u3 KeIprei3ctana.

Ha tepputopuu KbIpreiactaHa MHOTHE U3 HU3Y-
YyeHHBIX XuMuueckux 31emMeHToB (B, K, Li, Mg, Mo,

TEOXUMHUA Tom 68  Ne 11 2023
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Puc. 6. Monu6neH B Bonax 6acceitHa p. Kapa-banra (a), B Boae Booss pycia p. Kapa-banra (0), B Bome 6;u3 r. Kapa-Bbanra (B).

Sr, U) UMeIoT omWHAKOBBIM XapaKTep pacrpeneie-
Hus B Bogax p. Kapa-banra — ot rop Ksipreizckoro
XpeOTa 10 MECTHOCTHU BO3JIe TpaHUIIBI ¢ KazaxcTaHom
MMPOUCXOAUT IUIABHOE ITOBBINICHUE WX KOHIIEHTpa-
uuu. Pe3ynbTaThel MpOBeASHHBIX OTPAXKAIOT BIAUSIHUE
YPaHOBOPYIHOM MPUPOTHO-TEXHOTEHHOM TeOXMMU-
YeCKOM MPOBUHIINM Ha MUTPAIINIO KOMITJIEKCa MUK-
POKOMIIOHETOB C BOZAMM M B3BECSIMU TPAHCTpaHWI-
Hoit p. Kapa-banra

Ne 11 2023

TEOXUMUA  tom 68

BbIBO/1bI

1. PagmanmoHHas cHTyalluss Ha TEepPUTOPUU
TpaHCTPAaHMWYHOTO BOAHOro OacceitHa peku Kapa-
banTta He npencTapisieT OMacCHOCTU J1JIs1 OMOTHI KO-
CHCTEM U1 3M0POBhSI MECTHOTO HAaCEJICHUSI.

2. B noiiMeHHBIX TTOYBaX U TOHHBIX OTJIOXEHUSIX
bacceitHa TpaHcrpaHnaHOI peku Kapa-bainra ycra-
HOBJICHO TIOBBIIIIEHHOE CONEpKaHWE Psla XUMUIe-
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ckmx anemeHToB: U, Sb, Ca, As, Na, Pb, Th, Sc, Co,
K, Cu, Mo, Zn, V, Sr, Ba, Cs. CoagepxaHue 00Jib-
IIMHCTBA U3 HUX Ha TeppuTopru KeIprei3craHa BbI-
1IIe, YeM Ha Tepputopnu KazaxcraHa.

3. Conepxanue Mo, Sb, U B Bomax TpaHCIrpaHUY-
Hoit pexu Kapa-banrta Ha Tepputopun KeIpreisctaHa
MMeEET paBHOMEPHBIN pErMOHAJIbHBIN XapaKTep pac-
npeneyaeHus 1o rpaHuibl ¢ Kazaxcranow, roe mpouc-
XOJIUT TJIAaBHOE TTOBBILIIEHUE UX KOHIIEHTpalluU, 00y-
CJIOBJIEHHO€ MOCTYIUIEHUEM 1O pyciy peku u3 Kbip-
TbI3CTaHA.

4. Mo3angHBIl XapakTep pacrnpeneiieHUus psaa
XUMMUYECKUX DJIEMEHTOB MOXHO OOBSICHUTH TEM, UTO
3HAYUTETbHAS YacTh OacceifHa TpaHCTPaHUYHOMN peKu
Kapa-banra HaxomnTcs B 30He YpaHOBOPYIHOM TIPH-
POTHO-TEXHOTCHHOM reOXUMUYECKOM ITPOBUHIINU.

Asmopbl cmamovu uckpenHe 01a200apHbl HAYHHOMY
pedaxkmopy — 0. 0. H., npogheccopy B.B. Epmakosy u pe-
UEH3eHMAaM 3a 3aMe4aHuUsl U KOPPEeKmupoBKy PyKONUCH.

brazooaprsi 3a punarcosyo noddepicky mexncoyna-
podrnomy npoekmy MHTI] No TJ-2409 “ludpoxumuue-
CKULI MOHUMOPUHE U OUEHKA PUCKOE Q00biMlU NOAE3HbIX
UCKONAeMbIX U YPAHOBbIX XBOCMOXPAHUAUW, 8 MPAHC-
SPAHUMHBIX peyHbix Oaccelinax cmpad I[lenmpanvHoil
Azuu: Tadxucukucman, Koipeviscman, Kazaxcman, Y3-
bexucman”.
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