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AHHoTanusa. AKmyasabHocmb paboThl 3aK/II0YAEeTCs B BBISIBJEHWH OCOGEHHOCTEH pacnpejesieHUsl paZiMOaKTUBHBIX 3Jle-
MEHTOB B 110/13eMHBIX Boziax CeBepHoro KasaxcraHa. IJes1b: 0606111eHHE NMEIOIIUXCS JaHHbBIX 10 TEOXMMUHU N0/I3eMHBIX BO/|
Y pacnpezie/IeHUI0 B HUX ypaHa U paZjoHa Ha NpuMepe ceBepHbIX pailoHoB Pecny6/uku Kaszaxcrtan. Memodwsl. 060611eH1e
MHOT'0JIETHUX TH/JIPOre0XMMHYECKUX UCCIel0BAHUN U COCTaBJIEHUE 3JIEKTPOHHOrO GaHKa JJaHHBIX 10 TeppuTopuu CeBep-
Horo KasaxcraHa. J/labopaTopHOe H3y4eHHe XUMHUYECKOTO COCTaBa MOJ3eMHBIX BOJ, MPOBOAMIOCH B [Ipo6eMHON Hay4yHO-
UCCJIe/I0BATENbCKOM 1ab0paTOPUU I'MAPOTreoOXMMHUH UHMXKeHepHOH LIKOJIbl NPUPOJAHBIX pecypcoB TOMCKOro MOJHUTEXHUYe-
CKOr'0 YHUBepcUTeTa. i3aMepeHue cofepaHuil 222Rn B Bojiax NpOBOJUJIOCH Ha KOMILIeKce «Anbdapas n/arc» B J1abopaTo-
PUU THAPOreosIOTHU 0CaJlouHbIX 6acceiiHOB Cubupu UHcTHUTYyTa HedTerazoBol reosiorur U reopusuku uM. A.A. Tpodumyxka
CO PAH. Pezysabmamul. Vi3yyeHbl 110/13eMHbIe BOZbI PAa3HOBO3PACTHBIX BOJOHOCHBIX TOPU30HTOB, PAaCpOCTPaHEHHBIX Ha
Tepputopun CeBepHoro KaszaxcraHa (CeBepo-KasaxcTaHckasi ypaHOBOpY/AHAsl MPOBUHIMSA). YCTaHOBJIEHBI /IBe TeOXHMUYe-
CKHe COBOKYITHOCTH NOJ3eMHBIX BOJ. [lepBasi xapakTepusyeTcs JOMUHUpPOBaHWeM B coctaBe Bos HCO3- n Mg?+, a BTOpas -
Cl- u Na*. U3MeHeHHe cocTaBa U POCT BeJUYUHBI 0611eld MuHepasusanuu ¢ 0,1 70 49 r/aM3 B HanpaBJIeHUH C CeBepa Ha 1T
YKa3bIBalOT HAa pa3BUTHE NPOIECCOB KOHTHUHEHTAJbHOrO 3acojeHHs. B mpuUpoJHBIX BOJax MEPBOUN IPyNNbI COJeprKaHUS
ypaHa usmensioTcs ot 0,065 g0 16000 MKr/amM3 1 akTUBHOCTB pajioHa oT 4 zo 3885 Bk/am3. /1151 XIIOPUAHBIX HaTPHUEBBIX
BOJI BTOPOH COBOKYMHOCTH KOHIlEHTpanuu MoryT gocturatb 32500 MKr/nm3, a aKTHUBHOCTb pajJioHAa COCTaBJISET
6-59 bk/aM3, TOCKOJIbKY 3MaHUPYIOIIUH KOJUIEKTOP (TPaHUTOU/IBI) PACIOJIOKeH ceBepHee — Ha pacctosgHu 80-100 kM.
3aKOHOMEPHO UCTOYHUKAMH ypaHa BBICTYNAIOT IPAHUTOUAHbIE MAaCCHBBI U3y4aeMOro pervoHa. Mx JpeHnpoBaHe pedyHOR
CeThbI0 TMPUBOAUT K €ro BBIHOCY M KOHLIEHTPUPOBAHHIO HA TeOXHMHYECKHX Oapbepax B IOJ3eMHBIX BOJIJaXx HEOTEeH-
YeTBEPTHUYHOTO BOJOHOCHOTO TOPU30HTA. TaKoe paclpocTpaHeHHe PaiM0aKTUBHBIX 3JIeMEHTOB CBSI3aHO C BBICOKOW MUTpa-
I[MOHHOM CIIOCOGHOCTBIO ypaHa B pacTBOpe B GOopMe YpaHUJI-MOHA B OKUCIUTENbHBIX FTEOXUMUYECKHUX 00CTAaHOBKAX.

KnwoueBble c10Ba: paJloHOBbIe BOJbl, YpaH-238, pazioH-222, CeBepHblii KazaxcraH, O6b-3alicaHcKas CKIagdaTasi 06/1acTh

BiiarogapHoctu: O60611eHNe T'UAPOre0OXUMHUYeCKUX MaTeprasioB o CeBepHoMy KasaxcTaHy BbIOJIHEHO TPU GUHAHCOBOU
noAzep KKe rpaHTa MUHHCTEpCTBa 06pa3oBaHus U Hayku Pecny6sinku Kazaxcran Ne AP22685193, aHanuTudeckre pa6oThl
[0 M3y4YeHHUI0 XUMHUYECKOro cocTaBa NMoj3eMHbIX BoJ O6b-3aiicaHCcKOM cKJag4aTol 06JlacTH — MpHU NMOAJAepXKKe NpPoeKTa
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Abstract. Relevance. The need to dentify the characteristics of the distribution of radioactive elements in the groundwater of
Northern Kazakhstan. Aim. Generalization of available data on the geochemistry of groundwater and uranium and radon dis-
tribution in them using the example of the northern regions of the Republic of Kazakhstan. Methods. Generalization of long-
term hydrogeochemical research and compilation of an electronic data bank on the territory of Northern Kazakhstan. A la-
boratory study of the chemical composition of groundwater was carried out at the Research Laboratory of Hydrogeochemis-
try of the School of Natural Resources Engineering of Tomsk Polytechnic University. Measurements of 222Rn contents in wa-
ters were carried out using the Alfarad Plus complex in the Laboratory of Hydrogeology of Sedimentary Basins of Siberia,
Institute of Geology and Geography, Siberian Branch, Russian Academy of Sciences. Results. The groundwater of aquifers of
different ages, distributed in the territory of Northern Kazakhstan (North Kazakhstan uranium province), was studied. Two
geochemical sets of groundwater were identified. The first is characterized by the dominance of HCO3- and Mg2?+* in the water
composition, and the second by Cl- and Na*. A change in composition and an increase in the value of total mineralization from
0,1 to 49 g/dms3, in the direction from north to south, indicate the development of continental salinization. In natural waters
of the first group, uranium content varies from 0.065 to 16000 pug/dm3 and radon activity from 4 to 3885 Bq/dm3. For sodi-
um chloride waters of the second set, concentrations can reach 32500 pug/dm3, and radon activity is 6-59 Bq/dms3, since the
emanating reservoir (granitoids) is located to the north - at a distance of 80-100 km. Naturally, granitoid massifs of the stud-
ied region are sources of uranium. Their drainage by the river network leads to its removal and concentration on geochemical
barriers in the groundwater of the Neogene-Quaternary aquifer. This distribution of radioactive elements is associated with
the high migration ability of uranium in solution in the form of uranyl ion in oxidizing geochemical conditions.
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BBeaeHue

Bo MHOTHX permonax mupa cTeneHb T'HIPOTEOXHU-
MUYECKON M3YYEHHOCTH HMCTOYHUKOB HEIEHTPAIH30-
BaHHOTO BOJIOCHAO)KEHUsI HAceleHUs (POIHUKOB, KO-
JIO/IIIEB M BOJI03a00PHBIX CKBAXKHUH) OCTAETCS KpaiHEe
HU3KOM. M3yuenne coctaBa MOA3EMHBIX BOJ pa3iiny-
HOTO H30TOIMHO-TEOXUMHYECKOTO OOJIMKa, BKJIIOYas
KOMIUIEKC PaJUOXUMHUYECKUX HAaHHBIX, MPEACTaBISIET
OTPOMHYIO B@)XHOCTh TIPU OIIEHKE HMX KadyecTBa s
1eyell MUTHEBOTO BOJOCHAOKEHUs HacelneHus. PexoH-

CTPYKIIMS TIPOLIECCOB MHUTPAIMH, [IEPEeHOCca, paccenBa-
HUS U KOHICHTPUPOBAHHS XUMHYECCKHX DIIEMCHTOB,
0COOCHHO PAIMOHYKIIUIOB, B PAa3HBIX ICOXHMMUYECKUX
cpellax BbI3bIBACT OrPOMHBIH HHTEpEC B MHPOBOM
HaydyHOM cooOIecTBe. PacrpeneneHne XUMHYECKUX
AJIEMEHTOB B Pa3HBIX THUIIAX MOJ3EMHBIX BOJI U WX IO-
Be/ICHHE NPH BOJHOW MHIPALMK 10 HACTOSIIETO Bpe-
MEHH BBI3bIBACT OOJIBIIYIO TUCKYCCHIO, KaK U PYyI000-
pasyroliasl pojib CUCTEMBI Boga—Topoaa. OCHOBHBIMU
HCTOYHUKAMH PACTBOPCHHBIX B BOIAX BEIICCTB BBHICTY-
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MAIOT B MEPBYIO O4Yepeb FOPHBIC MOPOJIbI M OpraHuye-
CKo€ BemecTBO. st Toro 4ToObl ONMpeaesuTh, KaKOBO
OBIJIO BIUSTHUE BOJOBMEIIAIOIINX TTOPOJ] HA H30TOITHO-
TreOXMMHUYECKHEe 0COOCHHOCTH BOJI, JCTajIbHO M3y4aeT-
Cf WX HW30TONHBIA WM MHKPOKOMIIOHEHTHBIH COCTaB.
AHanM3UpyrTCs (ha3b-KOHIICHTPATOPHl MHKPOKOMITO-
HEHTOB, M3y4YaETCs NX YCTOMYMBOCTH B BOJHOMU CpEIe.
AKTyanbHble pabOTHI IO U3YUYCHUIO PACIPEICICHUS
PaJMOAaKTHBHBIX DJIEMEHTOB (B MEPBYIO OYEpeIb ypa-
Ha) B MOJ3EMHBIX BOJIAX PA3UYHBIX THIAPOTEOJIOTHYIe-
CKHX CTPYKTYP CBSI3aHBI C UCCIIEAOBAHUSIMH BO MHOTHX
peruonax mupa: Kurae [1-4], Kopee [5], Poccun [6],
Wuaum [7-9], bpaswmu [10], Dduonuu [11], Hamu-
ouu [12], Adpranucrane [13], CLLA [14], Kanane [15],
I'epmanuu [16] u 1. 1. K coxanenuto, mo noja3eMHbIM
BogaM PecnyOnmukn KaszaxcraH Takux o0OOIICHWH B
rmocjienHue TroAsl He Obu1o. B 3TOH CBSI3M IIETBIO
HacTosMIeH paboThl ABJIsIETCA 0000IIEHIE NMEIOLITIXCS
JIaHHBIX TI0 TEOXWMHUHU ITO3EMHBIX BOJI U pacipeserie-
HUI0O B HUX ypaHa W paJioHa Ha MPUMEPE CEBEPHBIX
paiioHOB PecmyOnnxu Kazaxcran (Cesepo-
Kazaxcranckast ypanoBopyaHasi mpoBuHIus). B kaue-
CTBE OOBEKTa CPABHEHHS PACCMOTPCHBI TOJ3EMHbBIC
Bojbl OOb-3alicaHCKOW CKJIaa4aTo oOyiacté (YacThb
Kynyanuno-Enucelickoli  ypaHOBOpPYIHOW 30HBI) B
rpaHnyHbIX paiioHax Poccuiickoit ®@enepanuu, rae
Ob10 OTKpBITO [lpHUropogHOE MEcTOpoXKIeHHE ypaHa

(puc. 1).

Martepuasibl U METO/bI

[IpoBeneno o0oOMIEHNE (HOHIOBBIX JIAHHBIX TIO
nom3emMHbiM Bogam CemepHoro Kazaxcrana (anek-
TpoHHasi 0a3a JaHHBIX C Pe3yJbTaTaMU THAPOTCOXH-
MHYECKOT0 omnpoboBaHus coctaBisier 310 3ammceii).
Bbrino mpoBesieHO CpaBHEHME 3THUX JJAHHBIX C JIAHHBIMU
10 moa3eMHbIM BoaaM OO0b-3alicaHCKORl CKIagyaToi
00nacTu, KOTOpbIE U3YYEHBI METOJAAMU TUTPUMETPUH,
HOHHOHM Xpomarorpaduu, Macc-ClIeKTPOMETPHH C HH-
JIYKTUBHO cBsizaHHOU ma3moin B ITHWJI runporeoxu-
Muu MHkeHepHOH MIKOJIbI IPUPOAHBbIX pecypcoB TIIY.
HaszBanue XMMHUYECKOrO THIA BOABI TAHO B COOTBET-
ctBun ¢ popmynoir M.I'. Kypmnosa (6onee 10 %-7kB)
M0 OTTEHOYHOMY MPHUHIIMITY OT MEHBIIEro K OOIIbIle-
My. M3mepenue conepkannit *Rn B Bozax IPOBOU-
JIOCh Ha KOMIUIEKCe «AJb(hapa IUocy B 1ad0paTopuu
THJIPOTEOJIOTHN 0CaJouHbIX OacceliHoB Cubupu WH-
CTUTYyTa HE(PTETa30BOW TEOJIOTUU WU TEOPHUIUKH HM.
A.A. Tpopumyka CO PAH.

0Cc0GEeHHOCTH I'e0JIOTUYECKOTO CTPOEHUS
U TUJPOreoJIOTuu

Kazaxctan obnagaer KpyNnHBIMH 3armacaM ypaHa.
YpaHOoBblE MECTOPOXKIEHHUS PaCHpOCTPAHEHbl Kak B
MAJIC0301ICKOM CKJIaq9aTOM OCHOBAHUH, TaK U B ME30-
300-KaifHO30lcKOM TuTaThopMeHHOM uexie. [laneo-
30HCKHE TUAPOTEpPMajbHbIE MECTOPOXKIEHHUS YypaHa

CBA3aHBI C  JIGBOHCKMM  KpaeBbIM  BYJIKaHHO-
TUTYTOHUYECKUM TosicoM. OHU M3BECTHBI KaK B CAaMOM
BYJIKAaHHO-IUTYTOHHYECKOM TI0sice, TaK W B TBHUIOBOU
MarmMaTH4eckoi ayre sToro mosica. B oboux ciydasx
MECTOPOXK/ICHUS ypaHa MPUYPOUYEHBbI K TEM Y4acTKaM,
rZIe IO MarMaTOTCHHBIMH MOPOIAaMH I0sICA MMECTCS
JIOKeMOPHICKHIA (dbyHIaMeHT: B BYJIKAHHO-
IUTyTOHUYECKOH JIyre YpaHOHOCHA €ro Ioro-3amajHas
BETBb, @ B THUIOBOM MarMaTH4ecKOM IOsICE — YacTb,
npuypodeHHas K KokderaBckoi rimbibe u ee oOpamiie-
HUIO, MHOTOYHCIICHHBI yPaHOBbIE MECTOPOKICHUS Me-
30301-KaifHO30HCKOTO m1atGopMeHHOTro yexJa.
HaunGonpmuii mpoMBIIICHHBIH WHTEpEC MPEICTaBIIs-
0T DIHUIEeHETUYECKHE IUIaCTOBO-MH(DUIBTPAIIIOHHBIC

MECTOPOXACHNA  PCTHOHAJIbHBIX 30H IJIACTOBOT'O
OKHCJICHHUS B MEJ-IIaJICOreHOBBIX OTJIOXKEHUSIX. MHO-
TOYHCJICHHBIC OK30AMarcHETUYCCKHE TPYHTOBO-

UHOUIBTPALMOHHBIC YPAaHOBBIC IPOSBICHUS BCTpeda-
OTCSI IO BCEMY pa3pe3y Me3030M-KailHO30MCKOTro
WIaTOPMEHHOTO YeXJla OT TpUaca 0 YeTBEPTHUHBIX
oTiI0)KeHUM. OHU NPUYpPOUYEHbl K KOHTHMHEHTAJIbHBIM
MaJI€010JIMHHO-IOUMEHHHO-AJUTIOBUAJIbHBIM ~ OTJIOXKE-
HUSM M 1O 3amacaM pelKko JOCTUTalT MaciuTaboB
MEJIKOTo MecTopoxkaeHus [17, 18].

Uccnenyemas TeppuTopHs B re0JIOTHYECKOM ILIaHe
OTHOCUTCS K TeppuTopun 3amagHo-CHOMpCKON HH3-
MeHHocTH, Typraiickoit noxOunsl, Ka3zaxctanckoi
CKJIaZIYaTOM CUCTEMBI U FOI0-BOCTOYHOM 4acTH Y pab-
ckux rop. [‘eomormueckoe crpoeHme 00yCIaBIMBACT
pazjeneHue MIoOUaau Ha CIELYIOLUE THAPOreosIort-
gyeckne baccelnsl: bonbmeypansckuit Ha 3anane, [Ipu-
apano-Typraiicko-Ily-Capsicyckuif Ha oro-3amnane,
[eareic-Kokmerayckuidk n  Tenuz-KopramxbsiHckuit
Ha 1ore, a Takke 3anamaHo-Cubupckuii OacceliH, oxBa-
TBHIBAIOLIMI CEBepoO-3alaj, ceBep U BOCTOK. B reorpa-
¢uyeckoM TUIaHe, paifioH UCCIIEAOBAHKS PACIIOJIOKEH B
mpeieNax MmoxyapuaHoi 30Hb6I. MHOrooOpasue ¢akTo-
POB, OIpEAENISAIOUIUX THIPOTEONIOTHUYECKUE YCIOBUS,
00yCiTaBIMBaeT pa3jindne B KOJMUYSCTBE U KAuCCTBE
IIPUPOIHBIX BOJ, PAacCIPOCTPAHEHHBIX HA TEPPUTOPUU
Cesepnoro Kazaxcrana. K atum ¢hakropam oTHOCSTCS:
KIIIMAaT, penbed, XapakTep 30HbI adpaluu, TeoJorHde-
CKOC CTpoeHHE M (PHU3MKO-MEXaHWYECKHE CBOICTBA
BOZOBMEILAIOLIUX IIOPOJ.

B reonoruueckoM CTpoeHMH H3y4aeMOU TeppuUTO-
pUM MPUHUMAIOT y4YacTUE JIBa THUIMA CTPYKTYp: IpH-
MOJHSTHIE TOPHOCKIATUaThe 00JaCTH W pasrpaHUyH-
Barome ux nporudsl Gynmnamenta. [IporuOsr 3amoi-
HEHbl  3HAYUTEIBHOM  TONIIEH  PBIXJIBIX  ME30-
KalHHO30MCKHUX OCaJOYHBIX OTJIOKEHWIH. BOaOHOCHBIE
TOPU30HTEl B MPOrudax pasjaeieHbl BOAOYIOPHBIMU
TOJIIAMH M OOpa3yrT KpYIHBbIE apTe3HMaHCKHe Oac-
CEeMHBI, @ BOABI OTHOCATCS K IJIACTOBO-IIOPOBOMY THILY.
B roprockiaggaTeix 00macTsaxX, B CBOIO O4Yepe/Ib, BOIBI
Oe3HanopHbIe TPELIUHHbIE u IJ1aCTOBO-
TpentuHHbIE [19].

205



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 10. P. 203-215
Medeshova N.A. et al. Uranium in groundwaters of North Kazakhstan

(IV-385

sl A ves

, %Eﬁmm o

e
Haaocmﬁupcx HoBGCHBUPCK TS
(*w

(v-’

11-76
I SE

,-.-"\n

AKToGe

L S 17////////,

A CTanEHb

bt

; L)
i 2N , “Actaral

R
af
Yo
t i/

! | 0 250 500

54° 60° 667 72 78° 84°
Puc. 1. MecmonososiceHue pationa uccaedoganutl. YcaoeHvle o603HaveHus: 1 — mecmoposicdenue ypana: 1 - [IpueopodHoe,
2 - ['pauesckoe; 2 - KpynHblli 20pod; 3 - meppumopusi ucciedosaHusi 8 npedesnax pecnybauku Kazaxcmaw;
4 - meppumopus uccaedosaHuli 8 npedesnax Poccuu (ppaemenm 06b-3aiicarckoll ckaaduamotl obaacmu);
5 - 2ocydapcmeennas zpavuya. T'udpozeosozuveckue cmpykmypsl 8 npedeaax Poccuu: I-16 - BocmouHo-
Ipedkaskasckuti AB; I-1B - Epzenunckuti AB; I-4A - Cegepo-/leutickuti AB; I-4B - Mockoasckutl AB; I-4I" - Bemaysicckuti
AB; I-5A - Boszo-Cypckuil AB; I-55 - IIpugoasiccko-Xonepckuil AB; I-5B - Cetpmosckuti AB; I-5T" - Kamcko-Bsimckuli
AB; 1-66 - /[loneyko-/loHckoll AB; I-8A - Cesepo-Kacnutickuil AB; 1-85 — Im6enckuli AB; 11-7A - Opto3aHo-Cbla8UHCKULl
IIAB; 11I-75 - Beavckuii [1AB; I-105 - Ievwopckuil AB; I-10B - ITeuepo-IIpedypanvckuii [1AF; 1-11A - Hpmuiw-06¢koti AB;
[-115 - Tasoscko-Ilypckuil Ab; I-14A - Kamo-Beavmunckuil Ab; I-14E - BocmouHo-Enucetickuii AB; IV-10A - Kanumo-
Tumanckas I'CO; 1V-34A - XapmuHcko-Aamaiickas I'CO; 1V-35A - Aamae-Casiickas I'CO; 1V-355 - Kysneykas I'CO;
IV-35B - Munycunckasa I'CO; 1V-36A - Cesepo-Enucelickas TI'CO; 1V-3865 - Cegepo-Ypaavckas [I'CO;
IV-38B - Cpedneypaavckas I'CO; 1V-38I" - HxcHo-Ypaavckas I'CO. 'udpozeosozuveckue cmpykmypsl 8 npedeaax
Kasaxcmana: 1 - Ckugpcko-Typanckutl pezuon; Il - 3anaduo-Cubupckuil pezuon; 11 - BocmouHno-Esponeltickuti pe2uoH;
VIII - Xemvicy-Anamay-Tsane-Llanvckuli pezcuow; IX - EHuceli-CasHo-Aamalickuli pezuoH; X - ILlenmpasbHo-
Kasaxcmanckuil pezuon; XI - Tailimbipo-Ypaavckuli pe2uoH
Fig. 1.  Location of the study area. Legend: 1 - uranium deposit: 1 - Prigorodnoe, 2 - Grachevskoe; 2 - large city; 3 - study area
within the Republic of Kazakhstan; 4 - research area within Russia (fragment of the Ob-Zaisan folded region); 5 - state
border. Hydrogeological structures within Russia: I-1B - East Pre-Caucasian AB; I-1B - Ergeninsky AB; I-4A - North
Dvina AB; I-4B - Moscow AB; I-4G - Vetluzhsky AB; I-5A - Volgo-Sursky AB; I-5B - Privolzhsko-Khopersky AB;
I-5B - Syrtovsky AB; I-5G - Kama-Vyatsky AB; I-6B - Donetsk-Don AB; I-84 - North Caspian AB; I-8B - Embensky AB;
II-7A - Yuryuzano-Sylvinsky PAB; 1I-7B - Belsky PAB; [-10B - Pechora AB; 1-10B - Pechero-Preduralsky PUB;
I-11A - Irtysh-Ob AB; I-11B - Tazovsko-Pursky AB; I-14A - Kamo-Velminsky AB; I-14E - East Yenisei AB; IV-10A - Ka-
nino-Timan GSO; 1V-34A - Zharminsko-Altai GSO; 1V-35A - Altai-Sayan GSO; 1V-35B - Kuznetsk GSO; IV-35B - Mi-
nusinsk GSO; IV-36A - North Yenisei GSO; IV-38B - North Ural GSO; IV-38B - Sredneuralskaya GSO; 1V-38G - South Ural
GSO. Hydrogeological structures within Kazakhstan: I - Scythian-Turanian region; Il - West Siberian region; Il - East-
ern European region; VIII - Zhetysu-Alatau-Tien Shan region; 1X - Yenisei-Sayan-Altai region; X - Central Kazakhstan
region; XI - Taimyr-Ural region
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CrerneHb BBIBETPUBAHMS M TPCIIUHHOBATOCTH IIO-
pox, penbed TEPPUTOPUM KOHTPOJIHMPYIOT TIIyOHHY
MUPKYJSIIAN, BOZOOOMIHFHOCTS M KAY4ECTBO MOI3EMHBIX
BOJI B IpejiesiaXx TOpHOCKIa 4aTeix obnacreil. K 3onam
TEKTOHUYECKMX HAPYIICHHHA MPUYPOUCHBI 3HAUUTEIIb-
HbIe TIyOHHBI UpKyysiuy (150 M u Oonee), Tam ke
pacrionararoTcsi HanOoliee BOJOOOMIIBHBIC YYaCTKH.
MeHblelf BOTOOOUIBHOCTBIO 001aJal0T TPEIIUHHOBA-
ThIe 3(hPy3UBHBIC TTOPOIBI, TJIC TPEIIMHBI 3AICYHBAFOT-
sl KaIBIIUTOM U TTIHHOM. MuHepanu3amnus BoJ 3HAYH-
TENILHO PAa3IMYaeTCsi B 3aBUCUMOCTH OT THIA CTPYKTYP.
[IpecHple BOABI HAXOIATCS B TPEUIMHHOBATHIX ITOPO-
JaX, BBIXOMAIINX Ha THEBHYIO MOBEpXHOCTH. Crabo-
MHHEpaTM30BaHHbIE BOJABI OOHAPYKUBAIOTCS B paifo-
HaX TOpHOCKJIaauaThiX oOmacTeif. COJIOHOBATHIE U CO-
JICHBIC BOJBI JIOKAJIM30BaHbI B MIpeAeIax yIacTKOB, IIe
CKaJIbHBIC MOPOJIbI MEPEKPBITH BOAOYIOPHBIMU OTIIO-
KCHUSIMH KOPBI BBIBETPUBAHHS, B KA4eCTBE KOTOPBIX
BBICTYIIAIOT TJIMHBI TAICOTCHOBOTO, HEOTCHOBOTO U
YeTBEPTUYHOTO BO3pacToB [19].

Tepputopun Typraiickoit n0oxO6uHBl U 3amagHo-
CubupCcKOil HUI3MEHHOCTH XapaKTePU3YIOTCSI Pa3BUTH-
€M KPYITHBIX apTe3MaHCKUX OacCEeHHOB, pa3leIeHHBIX
CTPYKTYPHBIMH TOAHATHAMH. [ JIABHBIMH THAPOI€OJIO-
THYCCKUMHU TOAPa3ACICHUSMA SIBJISIIOTCS BBIICPIKAH-
HBIC HA 3HAYHUTENBHBIX IDIOMAASIX BOIOHOCHBIC TOPH-
30HTHI MEJIOBOTO, 30LIEHOBOTO M OJHI'OLICHOBOI'O BO3-
pacra. [IpeoOnanaromye B paspese MNIMHUCTBIC TOJIIN
3aTPYIHIIOT HHOUIBTPAIHIO aTMOC(HEPHBIX 0CAIKOB U

50
< Ca

CHocOOCTBYIOT (POPMHUPOBAHUIO BOJI MOBBIIICHHON MU-
Hepanu3anuy. baaronpusTHeIC YCIOBHS A WH(HIb-
TPALMOHHBIX TPOIIECCOB WM IMHUTAHUS ONU3KAX K THEB-
HOU MOBEPXHOCTH BOJOHOCHBIX TOPH30HTOB CO3AI0T-
Csl JIMIIb HA yYaCTKaX BBIXOJOB XOPOIIO BOJOMPOHU-
aeMbIx mopon [19].

0coGeHHOCTH F'U/IPOreoXuMHUHN

[Momzemubie Boubl IIbiHTEIC-KOKIIIETAYCKOTO Oac-
ceiitHa xapaktepusyrorcss npenmymiecTBeHHO Cl-SOy4-
HCO; Na-Ca-Mg coctaBoM (puc. 2, @) ¢ BeIMYUHON
o0met MuHepaiu3anuy, u3MeHstomeiics ot 0,1 1o
11,4 F/I[M3 . Boapl HelTpanmbHbIe, clabOIIEIOYHBIE U
menounsie (pH 6,6-8,9). ['maporeonornyeckuii pazpes
OacceifHa TPENCTABICH OCATOYHBIMH OTIOKCHUSIMHU
KeMOPHIICKOTO, OPIOBUKCKOTO, CHIYPUHCKOTO, JCBOH-
CKOT0, KaMEHHOYTOJILHOTO, MEPMCKOr0, TPHACOBOTO,
MAJICOTCHOBOI'0 U YETBEPTHYHOTO BO3PACTOB. Bemmun-
Ha O0IIell MUHEepaTU3aluy MOA3EMHBIX BOI MEHSCTCS
HE3aKOHOMEPHO, HAOJIOAeTCs WHBEPCUOHHBIA THIT

BEPTUKAJIBHOW TI'MIPOr€OXUMHUYECKOH 30HAJIBHOCTU.
Tak, B Bomax, TPHYPOUCHHBIX K KeMOpuiicko-
CUWIIypUICKUM  OTJIOKEHHUAM, OHAa  COCTaBIIIET

1,1-1,4 F/IIM3, JICBOHCKMM M KaMEHHOYIOJIbHBIM —
2,1-2.3 r/):[M3, nepmckuM — 1,1 r/):[M3, TPHACOBBIM —
2,2 F/Z[M3, MMaJieoreHoBEIM — 1,3 /o’ u YETBEPTHU-
HBIM — 2,2 T/aM°. 3HAUEHHS TeOXMMHYECKHX K0d(du-
MEHTOB B cpeaHeM paBHbl s Ca/Na 0,81, Ca/Mg
1,81, rNa/rClI 3,01, SO4/CI1 2,26 (puc. 3, a, 6).
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Kazaxcmana

Piper diagram of the chemical composition of groundwater (a) in Northern Kazakhstan (1) and the Ob-Zaisan folded

region (2) and the distribution of uranium-238 (b) and radon-222 (c) in groundwater in Northern Kazakhstan
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(a) u cpedHee no Hum (6)
Fig. 3.

Geochemical typification of natural waters according to the coefficients Ca/Mg-Ca/Na (a), SO4/Cl-rNa/rCl (b); 1 -

groundwater of the Shyngys-Kokshetau basin (a) and the average for them (b); 2 - groundwater of the Teniz-Korgalzhyn
basin (a) and the average for them (b); 3 - groundwater of the Ob-Zaisan folded region (a) and the average for them (b)

[Tomzemubie Bojbl Terns-KopramksiHcKoro Oaccei-
Ha B ocHOBHOM SO,4-Cl Ca-Mg-Na coctaBa ¢ BelIMInHON
o0mield MUHEpaTH3alu, M3MEHSIOMEHCS B IIUPOKOM
nunanasone ot 0,2 no 49 F/Z[M3. Bonpr Taxoke HelTpab-
HbIE, ciabomienounsle u 1menounsie (pH 6,5-9,1).
YCTaHOBIICHO, YTO BENWYMHA OOIIeH MHMHEpalIn3aIuu
3HAYUTEIHLHO W3MEHSCTCS B BOJAX, MPHYPOUCHHBIX K
OTIIOKEHHSIM TIEPMCKOTO, TIaJleOT€HOBOT0, HEOT€HOBO-
r0 U YETBEPTHUYHOI'O BO3PACTOB, M B CPEJHEM COCTaB-
aser 3,4, 7,6,3,4u4,2 /aM’ cOOTBETCTBEHHO. B Bomax
OTJIOKECHHU KeMOPUHCKO-KaMEHHOYTOJILHOTO BO3pacTa
MUHEpanu3auus B cpenHeMm usmensercs or 1,0 no
2.2 /nv’. Tun THUIPOTEOXUMHUYECKON 30HAITLHOCTH
TaK)kKe MHBEPCHOHHBIM. 3HAYCHHSI TEOXUMHUYECKUX KO-
s pummentop Ca/Na u Ca/Mg conoctaBUMBI C TaKo-
BeIMH B Bojiax IlIbiHTBIC-KOKIIETayCcKOTO OacceiiHa u
cocraBisror 0,87 u 1,93, ogHAKO BBISIBICHO HEOOIIb-
1I0¢ TOHIKEHHE B BennuuHax oTHomenui rNa/rCl
(2,29) u SO4/CI (1,88) (puc. 3, a, 6).

B Ipuapano-Typraiicko-11ly-Capeicykckom 6ac-
cerine pa3BuThl noazeMuble Boabl SO4-HCO; Na-Mg-
Ca cocraBa ¢ BEIMYMHON OOINEH MHUHEpalIn3aluu
0,3-2,1 F/Z[M3. Bogpr wewirpansabie (pH 7-7,5) u crna-
oomenoynsie (pH 7,6). 3Hauenus Ca/Na u Ca/Mg B03-
pacTaroT OTHOCHUTEBHO OITMCAHHBIX BBIIIE OACCEHHOB M
coctaBisiioT 1,77 u 3,40 COOTBETCTBEHHO, a BEIMUMHBI
Na/rCl (1,17) u SO,/C1 (1,07) camxkatotest (puc. 3, a, 6).

B rpannunbIxX paiionax 3amagHo-CHOHPCKOTO apTe-
3MaHCKOTO OaccellHa pacnpoCTpaHEHbl TOA3eMHbIE
BOJIbI CMEIIAHHOTO COCTaBa MPH JOMUHUPOBAHHUU CO-
JIOHOBATBIX M COJICHBIX BOJI C MPEOOIaaHueM XJIOPHUI-
nona 1,15-17,6 /1M’ U MoHa Hatpus 1,09-7,56 /o’
Besnmunna obmieit MuHepanusanuu nsmensiercst ot 0,3
1o 35,5 r/z[M3, BOJIBI HEHUTpAIbHBIC, CIIA0O0IIEIOYHbBIC U
mienounbie (pH 6,7-9,6). OHu oTimuaroTcst Haubolee
BBICOKMMU U3 M3YYCHHBIX CPEAHUMH 3HAYCHUSMH KO-

s¢pdunmenta Ca/Na, kotopslit cocrasmser 7,84. Cpen-
Hue BenuumHbl Ca/Mg (1,80) HaxonsTcs Ha ypOBHE
BOJ [Ienreic-Kokierayckoro u Tenus-
Kopramkeiackoro 0accefiHOB, a CpemHHE 3HAYCHUS
rNa/rCl u SO4/Cl ne npessimarot 2,30 u 1,14 cooTBeT-
CTBEHHO (pHuc. 3, a, 0).

B xadecTBe 00BEKTa CpaBHEHHUS B TPAHUYHBIX paii-
oHax Poccuiickoil denepanumn paccMaTpUBaeTCs 4acTh
Kynynnuno-Enucelickoll ypaHOBOpYIOHOH 30HBI B
npenenax  OOp-3alicaHCKOW  CKJIaauaTod  o0iacTu
(O3CO) [20, 21]. 3necs pacnpocTpaHeHbl HeUTpalib-
Hele u cnabomenouynbie (pH 6,5-8,4) npeumytie-
cteerHo HCO; Mg-Ca u HCO; Mg-Ca-Na Bojbl
(puc. 2, a) ¢ BeNWYMHOW OOIIEH MUHEpaTH3anuu
0,2-1,6 /aM°. 3HAYEHHS TEOXHUMUUECKUX KO3 pHIIH-
€HTOB B cpeniHeM cocTaBisioT st Ca/Na 6,48, Ca/Mg
5,37, tNa/rCl 14,41, SO4/C1 5,59, 4r0 3HAYUTEIHHO
OosbIne, ueM B Bojax Ha Teppuropun CesepHoro Ka-
3axcTaHa. | 1aBHOW OCOOEHHOCTBIO ATOTO PETHOHA SIB-
JIi€TCSl OTCYTCTBUE NPOLIECCOB KOHTHMHEHTAJIBLHOTO 3a-
COJIEHMsI M HaJM4Me B TUIPOIEO0JIOTHMYECKOM pa3pes3e
npsMOi (HOpMaJIbHOH) BEPTUKANBHON THAPOTCOXUMH-
YyecKoi 30HalbHOCTH (puc. 3, a, 0).

B npenenax Cesepo-Kazaxcranckoir ypaHoBOpya-
HOW TIPOBUHIIMM OTMEYaeTcs oTdemmBas nuddepeH-
HUaus XMMAYECKUX 3JEMEHTOB M COCIUHEHHUN B CO-
cTaBe M3y4YeHHbIX BOj. Hambonee spko 3TO BUIHO B
M3MEHEHUM cocTaBa BOJ B HarpasiieHuu oT ILIbIHrbIc-
Koxkmerayckoro k Tenus-KopramxsiHckoro 6Gacceil-
HOB. Tak, B mepBOM JOMHUHUPYIOT THIPOKapOOHAT-UOH
U WMOH MarHus, a BO BTOPOM — XJIOPUJA-MOH W HOH
HaTpus. Taxke 3aMETHO BO3pacTaeT BEeJUYMHA OOIIeH
MUHEpaIU3alHUU, KOTOpast B IEPBOM CIIydae B CpeHEM
cocrasiseT 1,6 /o’ , @ BO BTOpoM — 3,3 r/nv’. Takoe
pacnpeznesneHie KOMIIOHEHTOB YKa3bIBa€T HAa CMEHY
00CTaHOBOK (POPMHUPOBAHHUS BOJA OT HOPMAJbHBIX, B
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YCIOBUSX TYMHM/HOTO KJIUMATa, 70 SIPKOTO MPOSIBICHUS
MIPOIIECCOB KOHTHHEHTANBHOIO 3aCOJICHUS — B apuji-
HOM. YTO Tarke MOATBEPXKIAETCS CPAaBHEHHEM C IOJ-
3eMHbIMH BogamMu O3CO, cocTaB KOTOPBIX (hopmupy-
eTcs B yMEPEHHOM KIMMaTHueckoM mosice. Ilo reoxu-
MHUYECKHM KOA(PHUITMEHTAM TIOJATBEPXKIACTCSI B3aUMO-
nevicteue Boja Iemreic-Kokmerayckoro m Tenuns-
KopramkelHCKOro 0acceifHOB ¢ aIFOMOCHIIMKATHBIMU
nopogamu. OHAKO OTHOCHTENIFHO BBICOKHE 3HAYCHHS
Ca/Mg B Ilpmnapano-Typraiicko-I1ly-CapbicykckoM W
3amaaHo-Cubupckom OacceliHax yKas3bIBalOT Ha IO-
BBIIICHHYIO OO KapOOHATHOM COCTABISIOMIEH BO
BMEIIAOIIUX TOPHBIX TIOpojax (puc. 3, a, 6).

AHau3 UMEIOIIMXCS JaHHBIX MOKa3al, 4yTo B Mpe-
JieNlaX M3y4yaeMoro pernoHa HauOosee BBICOKHE CO-
Jep)kaHns ypaHa XapaKTepH3YIOT II0/I3€MHBIE BOJIBI
Ieareic-Kokmerayckoro u Tenus-KopramkeiHckoro
OacceitHoB. B 3TOI CBSI3M nanpHElIIee pacCMOTpPEHUE
PaIOXMMHYECKUX MAaTepHAIOB OYIET COCPETOTOYEHO
Ha 3TUX THIPOTEOJIOTHIECKUX CTPYKTYpax.

YpaH B IpUpoOJHbIX BOAAX

B mpenenax wuccienyeMbIX CTPYKTYp COJEpIKaHUs
U B moa3eMHBIX BOJaxX M3MEHSIOTCS Ha LIeCTh Ma-
TeMaTU4YeCcKUx MopsiakoB U BapbupyroT oT 0,005 no
32500 MKF/}Z[M3, cocTaBisst B cpeanem 519,3 MKF/}IM3
(puc. 2, 6, Tabnua). MakcuMalbHbIC 3HAUCHUS KOH-
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neHTpanuii 6oxee 16000 MKF/}:[M3 YCTaHOBJICHBI B 3a-
nagHo yactu TeHu3-KopramkbIHCKOTO apTe3HaHCKO-
ro OacceifHa (rO0ro-3amaj TEPPUTOPHUH UCCIICTOBAHHUS),
F0’KHOM, 3amajHol U ceBepo-3amaaHoil yactax [brHr-
bic-KokIerayckoro apre3nanckoro dacceiina (LeHTp u
CeBepO-3aIaj] TEPPUTOPUU HcclenoBanus) (puc. 4).
AKTHBHOCTH ~~“Rn BappUpyeT B IIUPOKUX Mpeaeiax oT
nepBbIX eauauIl 10 4000 131</le3 , COCTaBJIsIsl B CPETHEM
185 Bx/nv’. B npenenax Tenns-Kopramkeiackoro ap-
TE3MaHCKOTO OaccelfHa ero akTHBHOCTh HE MPEBBIIIACT
60 Bx/mv’, B IIsHrbic-KoKImeTayckoM apTe3HaHCcKOM
Oacceline n3mensieTcst oT 3,7 1o 3885 EK/,HM3 , B cpel-
HeM cocrasisist 280 Br/nm® (puc. 2, 6).

B rpanunax Tenus-KoprammkbIHCKOro apTe3naHCcKo-
ro OacceifHa cojep)kaHUsl ypaHa B TOJ3EMHBIX BOJax
m3Mmenstores ot 0,005 mo 32500 MKF/Z[M3, COCTaBJIAI B
cpennem 1267 MKF/,Z[M3. MakcuMalbHBIMA KOHIIGHTpPa-
OUSAMH XapaKTepU3yIOTCS TIOJ3EMHBIE BOJBI 3aIlaJHON
yacT Oacceiina (p-H ropoga Atbacap), B IECHTPAILHBIX
paiionax onu Moryt gocturath 3000—6500 MKT/,Z[M3, Ha
BOCTOKE YCTAHOBJICHBI BOJIbI C JMAa30HAMU 3HAYCHHN
mo 1000-1500 MKr/):[M3 (puc. 4). Haubonee oborarieH-
HbIC YPaHOM I10JI3€MHBIC BOBI BBISBIICHBI MPEHMYIIIC-
CTBEHHO B BOJIOHOCHBIX KOMIUIEKCAX KaMEHHOYTOJIBHO-
IO W YEeTBEPTHYHOTO BO3PACTOB Ha ITyOMHAX 110 30 M,
i€ €ro KoHIeHTpalrwu mpebiatot 3000 MKF/,E[M3.

Ta6auya. PacnpedeseHue ypaHa u padoHa 8 nodzemHulx sodax CesepHozo KazaxcmaHa
Table. Uranium and radon distribution in groundwater in Northern Kazakhstan
BospacT XUMHYecKuit TUM M 238U 222Rn Kﬁn-sofnpo6 )
Age Chemical type pH Number of samples
g r/am3/g/dm3 mkr/nm3/kg/dm3 | Bx/am3/Bk/dm3 LIT./un.
'uaporeosiornyeckue nojapaspeerust CesepHoro Kazaxcrana/Hydrogeological units of Northern Kazakhstan

0.2-49 6.6-8.3 0,1-32500 4-107

Q S04-Cl-HCO3 Mg-Na-Ca 28 75 832 31 75
0.3-35 7.1-8.2 0.7-26000

N S04-Cl-HCO3 Mg-Ca 6.2 76 1548 11 19
0.2-21 6.7-9.6 0,1-4870 2-15

P S04-HCO3 Na-Mg-Ca 30 73 179 9 30

K S04-Cl Mg-Ca-Na 8,2 7,4 0,5 - 1

T S04-HCO3-Cl Ca-Mg-Na 2,2 7,9 23 - 1
0.5-13 6.5-84 0,01-98 9-90

P HCO0s5-S04-Cl Mg-Na 23 74 11 27 27
0.2-28 6.6-9.1 0.2-16200 7-55

C C1-S04-HCO3 Mg-Ca-Na 33 76 790 25 52
0.2-6,2 7.0-8,3 0.13-16200 40-370

D S04-Cl-HCO3 Ca-Mg-Na 21 75 906 150 22
1.4-94 1.3-16.3

S S04-Cl Ca-Mg-Na 5.4 7,7 75 22 3
01-59 7.0-8,9 01-162 6-2960

0 S04-Cl Ca-Mg-Na 14 77 1 263 28
04-31 6.9-7.7 2-487 6-3885

C Cl-S04-HCOs Na-Mg-Ca 14 73 76 1466 11

'uaporeosiorudeckue nojpaszeneHus O6b-3alicaHCKOM cKIayaTon 061aCcTH
Hydrogeological units of the Ob-Zaisan folded region

03-13 7.4-8,0 0,04-13 2-68

C HCO3 Mg-Na-Ca 0,7 77 3 32 23
0.2-15 6.1-8.3 0.0007-200 1-1161

D HCOs; Mg-Ca 0,6 75 38 46 374
0.3-0.8 71-8,0 0.8-4.6 2-32

C HCOs; Mg-Ca 05 7.4 24 10 17

IIpumeuanue/Note: M - muHepasuzayus/mineralization.
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Paduoskosozuueckks kapma Cegeprozo KazaxcmaHna. KoHmypbul naseo3olickux MemasnozeHuYeckux nodpaszodeneHutl:
1 - MemannozeHuyveckuli nosic ¢ NOMEHYua/abHol YPAHOHOCHOCMbIO;, 2 - YpaHOo8OpyOHble npoguHyuu;, 3 -
ypaHogopydHble U pedKoMema/abHO-ypaH-mopuesvle CmpyKmypHo-Memanno2eHuveckue 30Hul; 4 — ypaHosopyodHble
pationsl; Paspeignble HapyweHus: 5 - ycmaHossneHHbie 1 nopsioka; 6 - pa3pbl@Hble HAPYWEHUS - KAHA/bl
nocmynJieHusi paduoHykaudos; 7 — 2paHuysl eudpozeosiozuveckux nodpasdeserull: 11 - 3anadHo-Cubupckull pecuoH;
X-1 - UletHevic-Kokwemaycckuli 6accelin; X-2 - Tenus-KopeaaxcuHckuil 6acceliH; 8 - KOHMYypbl 2€0.102U4eckux
dopmayuli; I'panuywvl svikauHusanus 3I10: 9 - obsaacmu pacnpocmpaHeHuss mopulicodepicaujux pedKo3emesbHo-
mumaHossix poccvinell; 10 - kpemHucmo-y2aepoducmsle cAaHybl; Jlumosozuieckue munbl hopod ¢ NOBbIUEHHBIM
paduayuoHHbiM poHom: OcadouHvle — 11 - yzaneHocHele; 12 - necuanucmule; 13 - necuaHo-zpagesumosvie; 14 —
KpeMHUucmo-yaaepoducmele cAaHybl, y2aepoducmble necyaHuku; UHmpysugHvle — 15 - ansckumossle cpaHumol; 16 -
HopManabHble epaHumbl; 17 - zpaHoduopumvl; 18 - duopumwy; 19 - epaHumusuposaHHvle mMemamoppumeol;
Byakanocennwie: 20 - puoaumst;, 21 - mygel puoaumos; 22 - dayumsl, 23 - mpaxumoel; 24 - aHoe3umvl;
Cneyuaaus3upo8aHHble HA ypaH u moputl 2opHsie nopodsl U>>10 2/m, Th>>35 2/m: 25 - ansackumol; 26 — 2paHumbl;
Iloss1 pacnpocmpaHeHust 2e0102u4eckux opmayull ¢ 8bICOKUMU codepicaHusimu ypaHa u mopus: 27 - U - 5-10 e/m;
Th - 10-35 2/m; 28 -U>10 2/m; Th>35 2/m; B me3030licko-KkatliHo30licKux omJaoxceHusix — 29 - sk3oduazeHemuyeckKue
YPpaHosble Nposie/feHUsl 8 CepoyBEeMHbIX OMJ/ONCeHUsX naseodoauH; 30 - mo e 8 CYWecmeeHHO 2AUHUCMbIX
aA108UA/IbHO-03ePHbIX omaoxceHusx; 31 — codepacaHue ypaHa 8 npobe 800bl, MK2/0OM3

Radioecological map of Northern Kazakhstan. Contours of Paleozoic metallogenic units: 1 - metallogenic belt with
potential uranium content; 2 - uranium ore provinces; 3 — uranium ore and rare metal-uranium-thorium structural-
metallogenic zones; 4 - uranium ore areas; Rupture violations: 5 - established 1st order; 6 - discontinuities - channels
for the entry of radionuclides; 7 - boundaries of hydrogeological divisions: 1l - West Siberian region; X-1 - Shyngys-
Kokshetau basin; X-2 - Teniz-Korgalzhinsky basin; 8 - contours of geological formations; Boundaries of WPO pinchout:
9 - areas of distribution of thorium-containing rare-earth-titanium placers; 10 - siliceous-carbonaceous shales; Litho-
logical types of rocks with increased background radiation: Sedimentary — 11 - coal-bearing; 12 - sandy; 13 - sand-
gravelite; 14 - siliceous-carbonaceous shales, carbonaceous sandstones; Intrusive - 15 - alaskite granites; 16 - normal
granites; 17 - granodiorites; 18 - diorites; 19 - granitized metamorphites; Volcanogenic: 20 - rhyolites; 21 - rhyolite
tuffs; 22 - dacites; 23 - trachytes; 24 - andesites; Rocks specialized for uranium and thorium U>>10 g/t, Th>>35 g/t:
25 - alaskites; 26 - granites; Fields of distribution of geological formations with high contents of uranium and thorium:
27 -U-5-10g/t; Th - 10-35 g/t; 28 -U>10 g/t; Th>35 g/t; In Mesozoic-Cenozoic deposits - 29 - exodiagenetic urani-
um occurrences in gray sediments of paleovalleys; 30 - the same in essentially clayey alluvial-lacustrine deposits; 31 -
uranium content in the water sample, pg/dm3

(puc. 5, a, Tabnuua). MakcuMaibHasg aKTUBHOCThH pa-
noHa-222 (4060 Bx/aM’) YCTAaHOBICHA B MECYaHHKAX
OpPAOBUKCKOTO, TECBOHCKOTO, KaMEHHOYTOJIBHOTO U
MEPMCKOTO KOMILJIEKCOB (pHC. 5, 6, TabmuIa).

162-487  mxr/mv’
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Puc. 5. Pacnpedesenue ypana-238 (a) u padoHa-222 (6) 8 pasHo803pacmHbviX 6000HOCHbIX 20pU30HMAX, pA38UMbIX HA Mep-
pumopuu CesepHozo KazaxcmaHa. YcaoeHble 0603HaveHusi: 1 — Cegephbili Kazaxcmat; 2 — O6b-3aticanckas ckaadya-

mast 061acms
Fig. 5.

Distribution of uranium-238 (a) and radon-222 (b) in aquifers of different ages developed in Northern Kazakhstan.

Legend: 1 - Northern Kazakhstan; 2 - Ob-Zaisan folded region

Konnenrpanuu ypana B moa3eMHbIX Bogax I1Ierar-
bic-KoKIIIeTayckoro apre3naHckoro dacceifHa 3aMeTHO
HIDKe, yeM B TeHu3-KopramKbIHCKOM, 1 H3MEHSIOTCS B
nuamazone  0,07-16200 MKr/):[M3 npu  CpeaHEM
180 MKF/JIM3. MakcumanbHble  3HAYEHUS  BBIIIE
16000 MKF/}1M3 YCTaHOBJIEHBI B MOJI3EMHBIX BOJaxX Tie-
pEeXOqHOIM 30HBI OAacCeHOB, B CKBaXMHE ONH3 cela
CyBopoBKa. Bricokue KOHILIEHTpAIu 2y
(6500-8000 MKI/IM’) XapaKTepH3ylOT 0A3EMHBIC BO-
Ipl  3amafgHoi  (p-H cena  Yucromosbe), ceBepo-
samagHoi (p-H cema CayJaMaHKONIb) W CEBEpHOU
(oxkpectHocTH T. IllyunHck) yacteii O6acceitna (puc. 4).
OcralibHasi TEPPUTOPHUS XaPAKTEPUIYETCsl COAECPIKAHU-
saMu ypana g0 2000-4000 MKT/IM, 33 HCKITIOYCHHEM
BOCTOYHBIX PAlOHOB, TJI¢ OTMEUYEHBI €r0 MHHHUMAJIb-
Hble 3HadeHus (mo 100 MKF/,I[MB). Haubomnee obora-
LIEHHbIE YPaHOM I10/I3€MHbIE BOJIbI OTHOCSTCS K BOJO-
HOCHBIM KOMIIJIEKCaM JICBOHCKOTO ¥ KaMEHHOYTOJIbHO-
ro Bo3pacToB (puc. 5, a, Tabiuia). AHOMAJIBHO BBICO-
KHE aKTHBHOCTH pajiona-222 6onee 2000 BK/I[M3 o0OHa-
PYKEHBI B TIOA3EMHBIX BOJaX KEMOPHIICKOTO M Opo-
BHUKCKOTO BOJOHOCHBIX TOPH30HTOB. B  ocCTambHBIX
npobax oHa He mpeBbiaer 370 BK/1M°, cocTaBsist B
cpenHem 53 BK/,Z[M3. HauMeHbIIas akTUBHOCTh ~--Rn
3a(UKCHPOBAaHA B BOJOHOCHBIX KOMIDIEKCAX IAJIeoTe-
HOBOTO U YETBEPTHYHOI'O BO3pacToB (puc. 5, 6, Tad-
JIUTIA).

CXO0XMMH YCIOBUSIMH CTPOCHHSI C M3y4aeMOMl Tep-
putopueilr uccnenoBanus odnamaer O3CO, pacmoio-
JKEHHas B TpaHWYHBIX paiioHax Poccuiickoit denepa-

mun (puc. 1). 3mech pacnpocTpaHCHBI TPAHUTOUIHBIC
MacCCHUBBI MIEPMO-TPHACOBOTO BO3PACTa, OKA3bIBAIOIIINE
0O0JIBIIIOE BIUSHUE HA PAJIHO3KOIOTHUCCKOE COCTOSHHUE
peruona. JInst cpaBHEHHsI UX OCOOCHHOCTEH OBLIHM BbI-
OpaHbl TOJI3EMHBIC BOJbI BOJOHOCHBIX KOMILICKCOB
KeMOPHIICKOTO, JIEBOHCKOTO, KAMEHHOYTOJILHOTO BO3-
pacToB ¥ BOJI, Pa3BUTHIX B MPEJIEIIax TPAHUTHBIX KOM-
MJIEKCOB. Y CTAHOBJIEHO, YTO COJAEpPKaHUS 38U B oJI-
3eMHbIX Bogax O3CO wmsmenstores ot 0,0007 mo
200 MI(F/J:[M3 B JICBOHCKHX KOMIIJIEKCAX, B KaMEHHO-
yroiasHoMm ot 0,05 mo 13 MKF/JIM3, B KEMOPHIKCKOM [0
5 MKF/}]M3 W B IPaHUTHBIX oOpazoBaHusix ot 0,005 mo
348 Mkr/aM° (puc. 5, a). AKTUBHOCTb *2Rn B nojzem-
geix Bogax B O3CO moxer pocrurath 43763 BK/ILM3
[22]. B Bojax NIEBOHCKUX OTJIOKEHHUN aKTUBHOCTH pa-
noHa Bapeupyer ot 1 mo 1161 BK/ILM3, B KaMEHHO-
YIOIBHBIX — OT 2 10 68 BK/IM’, KeMOPHiiCKHX —
2-32 BK/)IM3 W TpPaHUTHBIX MaccuBax oT 1 10
597 Br/am’ (puc. 5, 6). Takum 0Gpa3oM, YCTAHOBIICHO,
YTO KOHLEHTpalUHu ypaHa-238 B MOA3EMHBIX BOJaX
O3CO HwKe WM COBMANAIOT C KOHIEHTPALMUSIMU B
npezenax M3y4aeMod TepPUTOPUH, MPH ITOM aKTHB-
HOCTb PajioHa-222 B BOJOHOCHBIX KOMIUIEKCAX JI€BOH-
ckoro Bo3pacta O3CO MOXKET MPEBBIIIATh HA TOPSAKA
TaKOBYIO B PErvMOHE HCCIEOBAHUS, YTO CBS3aHO C
HasnmdueM B npeaenax O3CO pa31oMHOM TEKTOHUKY, a
Takke TyQoB, TYPOKOHITIOMEPATOB W TIHMHUCTHIX
CJIaHIICB B COCTaBEe OYrOTaKCKOW M TOTYYHWHCKOW He-
pacwICHEHHBIX CBUT JCBOHCKOT'O BO3pacTa.
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3akjo4eHue

Ha wuccrenyemoli Tepputopun BBIsBIICHA Audde-
pPCHIIMAINS XUMHYCCKUX JJIEMCHTOB U COCIUHCHUH B
COCTaBe M3yYCHHBIX BOJ, KOTOpasi YKa3bIBaCT HA CMCHY
yCIoBUH WX (POPMUPOBAHHS OT HOPMAIBHBIX K YCIIO-
BUSIM KOHTHHEHTAIBHOTO 3acosieHus. [lo reoxummde-
CKUM KO3((UITMEHTaM IOATBEPKIAACTCS B3aMMOJICH-
CTBHE BOJI C aTIOMOCIJIMKATHBIMH mopogaMu. OqHAKO
OTHOCHUTEIBHO BbICOKHE 3Ha4YeHUs1 Ca/Mg yKa3bIBalOT
Ha MOBBIIICHHYIO JOJII0 KapOOHATHON COCTaBISIOIIEH
BO BMEIIAIOIINX TOPHBIX TTOPOIAX.

YCTaHOBIIEHO, YTO BBICOKHE COMCP)KAHHS ypaHa (1o

KopramkbHcKoro 6acceiiHa, pacrnpoCTpaHEHHBIM B ITOM-
Max pek MM, Tepcakkan. bosee HU3KME KOHLIEHTpaIn
ypaHa TIPOSIBJICHBI B TI0JIE PACIIPOCTPAHEHNS] TPAHUTOHI-
HBIX MaccuBOB Ha Tepputopuu lIsmHreic-Kokierayckoro
apTe3uaHcKoro OacceiiHa. 3aKOHOMEPHO HCTOYHHKAMU
ypaHa BBICTYNAOT TPAaHUTOMIHBIC MACCHBBI H3y94aeMOTO
pernoHa. VX npeHMpoBaHWE PEYHON CETHIO MPUBOAUT K
€ro BBIHOCY M KOHIIGHTPUPOBAHHMIO HAa TEOXUMHYECKHX
Oappepax B TO3EMHBIX BOJAX HEOTEH-4ETBEPTHIHOTO
BOJIOHOCHOTO TOpH30HTa. Takoe pactpocTpaHeHHe pajio-
aKTHBHBIX JIEMEHTOB CBS3aHO C BBICOKOH MHIPALMOHHON
CIIOCOOHOCTBIO YpaHa B PacTBoOpe B (hopMe ypaHWI-HOHA B

32500 MKD/IM’)  TIpEYpOYEHBI K
YETBEPTHIHOTO

BOJaM  HCOI'CH- OKHUCITMTENBHBIX TEOXUMHUECKMX 00CTAHOBKAX.

BOJOHOCHOTO  KOMIDIEKca  TeHm3-
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