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AHHoTanua. AkmyaavHocmb, ['eHe3rc U 0cO6eHHOCTH GOPMHUPOBAHHUSA MOJ3EMHBIX BOJ TEPPUTOPHUU GECCTOYHOH 06J1aCTH
06b-MpThILICKOr0 MeXAypeubsl BbI3bIBAIOT GOJIBIIOW MHTepec AJif pa3paboTKU peKOMeHJAlHH B LieJIsIX YCTOHYMBOrO COB-
MECTHOTO HCIO0JIb30BAHUSA NI0YB U MOJ3eMHBIX BOA. McciieioBaHuUsA cofiepikaHUM cTabUIbHBIX U30TonoB (2H u 180) B noxzeM-
HBIX BOJIaX U aTMOCdepHBIX 0CaJiKaxX TEIMJIOro U X0J04HOT0 NEPHO/I0B I'0/ia, BbINAJAIOLINX B Ipefiesax O6b-UpThIICKOro Mex-
Jlypedbsi, IOMOTAIOT B TIOHUMAHUHN MEXaHU3MOB GOPMHUPOBAHHUSA TOA3EMHOT0 CTOKA Ha AAaHHOW TeppuTopuu. 06sekmul. [lox-
3eMHbIe BO/Ibl aKTUBHOT'O BOZ006MeHa NpenMylecTBeHHO KyyHANHCKOHN a/l/Il0BUQ/IbHOM PaBHUHBI — KOJIOJIbI ¥ CKBAXKHUHBI,
a Takke aTMocdepHbIe 0CaJ[KH, BblllaZamiue Ha Tepputopun 066-UpTeinickoro Mexaypeubs. IJeas. OneHka BKJIaZa aTMo-
cpepHBIX 0CaIKOB XOJI0AHOI0 U TEIUIOr0 MIEPUOZ0B Iofia B CTOK NOJ3eMHBIX BOJ Ha TeppuTopruu O6b-UPTHILICKOTO Mexaype-
Ybsl C MCI0JIb30BAaHUEM JIAHHBIX O COAEP>KAaHUH B UX COCTAaBe CTAGUJIbHBIX U30TONOB KHUCJI0poAa U Bogopoaa (62H, §180). Me-
modsl. AHanuz wusortonHoro cocraBa (62H, &8180) moa3eMHBbIX BOA M aTMOCHEPHBIX OCAZAKOB BBINOJHEH B XHUMHKO-
aHAJIMTUYECKOM IieHTpe WHCTUTYTa BOJHBIX U 3Kosorudeckux mpo6sem CO PAH meroznom sazepHoit abcopburonHod UK-
cnexkTpoMetpuu Ha npubope PICARRO L2130-i (WS-CRDS). Pe3ysabmamul u 8b1800bL1. [1o pe3yibTaTaM UCCIeI0BAHUSA COZlEp-
»KaHUs cTabuIbHBIX U30TOoNOB (82H u 6180) B moj3eMHbIX Bojax (2022-2023 rr.) 1 aTMochepHBIX 0CaZiKax X0JI0JHOTO U TEILIO-
ro nepuo/ioB (2021-2023 rr.) npoBe/ieHa OlleHKAa CE30HHBIX BKJIA/I0B aTMOC(EPHBIX 0CAZKOB B CTOK MOJ3EMHBIX BOJl HAa Tep-
puTOpUU 6eccTOUHON 06J1acTh O6b-UpThILICKOTO MeXypeubs. Bblio nokasaHo, YTO, HECMOTpPsI Ha MPEBAIMPOBAHUE B 3TOM
pervoHe JJOX/eBbIX 0CaJIKOB HaJl CHETOBBIMU (IIOYTH /10 JIBYX pa3), B 3aBUCUMOCTH OT I'TyOUHBI 3a/leraHUsl BOJOHOCHBIX TOpU-
30HTOB, BKJIaJ] TaJIbIX CHE'OBBIX BOJ| B GOPMHUPOBaHHE UX CTOKA MOXKET COCTaB/IATb OT 47 10 97 %.

KiroueBble cj10Ba: cTabU/IbHbIE U30TOIbI, I0J3€MHast BO/Ia, aTMOChEPHBIE 0CaJIKH, T0Jj3eMHbIH CTOK, Ky/lyHAMHCKas paBHHHA

BiiarogapHocTH: Pa6oTa BbllloJIHEHA B paMKaxX Hay4HOM TeMaTUKH roc610/P>KeTHBIX POeKToB MHCTUTYTa BOAHBIX U 3KOJIO-
rudyeckux npo6sem CO PAH Ne 0306-2021-0004 «OueHka ce30HHBIX 0COGEHHOCTeN aTMOCOEpPHOro NMOCTYIJIEHUS U Mocje-
JYIOLLero pacnpejeseHus 3arps3HAIOIINX BellleCTB Ha BOJOCO0OPHOM MJIOIAAM K/I0UeBbIX YI1acTKOB 6acceiiHa O6U B 3aBU-
CUMOCTH OT NMPUPOAHO-KJIMMaTHYeCKUX Yca0BUM» 1 N2 0306-2021-0002 «M3yyeHue MeXaHU3MOB NPUPOJHBIX U aHTPOIO-
reHHbIX U3MeHeHUH KOJIMYecTBa U KayeCTBa BOJHBIX pecypcoB CHOMPHU C UCIOJIb30BaHUEM THAPOJIOTHYECKUX MojeNed U
HHOOPMALUOHHBIX TEXHOJIOTUH».
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Abstract. Relevance. Genesis and features of the groundwater formation in the drainage region of the Ob-Irtysh interfluve
are of great interest for the development of recommendations for the sustainable joint use of soils and groundwater. Contents
of the stable isotopes (2H and 180) in groundwater and precipitation falling within the Ob-Irtysh interfluve during the warm
and cold periods of the year help to understand the mechanisms of formation of underground runoff in this area. Objects.
Ground and underground waters mainly of the Kulunda alluvial plain - wells and boreholes, atmospheric precipitation falling
on the territory of the Ob-Irtysh interfluve. Aim. To assess the contribution of atmospheric precipitation of the cold and warm
periods of the year to the runoff of groundwater in the territory of the Ob-Irtysh interfluve using the data of the water stable
isotopes of oxygen and hydrogen (82H, 6180). Methods. The analysis of the isotopic composition (6D and §180) of water and
atmospheric precipitation was carried out at the Chemical Analytical Center of the Institute for Water and Environmental
Problems SB RAS using laser absorption IR spectrometry at PICARRO L2130-i (WS-CRDS). Results and conclusions. The as-
sessment of the seasonal contributions of atmospheric precipitation to groundwater flow in the drainage region of the Ob-
Irtysh interfluve was carried out based on the stable isotopes (§2H and §180) composition of groundwater and precipitation
of the cold and warm periods. It was shown that, despite the prevalence of rainfalls over snowfalls in this region (almost up to
2 times), depending on the depth of the aquifers, the melted snow water contribution to the formation of their runoff can
range from 47 to 97%.
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BBeaeHnue

Hcnonp3oBaHne M30TOMHBIX METOJOB IpU HalIro-
JICHUU 32 IBIDKCHHEM BOIBI Ha TPOTSDKEHUH BCETO
THIPOJIOTHYECKOTO IUKJIA — HCIAPEHNUs, BBIIAJICHUS B
BHUJIE OCAJKOB, MH(PUIBTPAIMH, CTOKA, 3BANOTPAHCIIH-
panyu U BO3BpaIlleHHs] B OKeaH WM aTMocdepy — Ko-
TOPBII 3aTeM TOBTOPSETCS, NMOMOTAeT JIydlle IOHH-
MaTh THIpOJIOTHYECKOe (YHKIIMOHUPOBAHHE BOJO-
cOopHbIX OacceifHoB. lllnpokoe mprMeHEHHE TaHHBIX
H30TOITHOTO COCTaBa, & UMEHHO CTa0MIBHBIX H30TOIIOB
H (D) u 80 Bomsnoro napa u aTMOc(epHBIX 0CaJKOB,
CBSI3aHHBIX C THJIPOTCOXUMHYECKUMHU JaHHBIMHU, TOMO-
raeT He TONBKO M3YYaTh THIPOJIOTHYECKOE (DYHKIIHO-
HUPOBAaHUE BOIOCOOPHBIX OacceiHoB [1-7], HO U IIa-
HUPOBaTh OPraHU3AIMI0 HAa WX TEPPUTOPHH Oe3omac-
HOTO BOIOCHAOKEHUS, BKIIOYAsl BBIABIICHUE ITOTCHIIH-
aNbHBIX 00JacTell MOMOJHEHUS 3alacoB MOA3EMHBIX
Boxn [1-3, 6, 8]. Ilpu stom mo ganuHeiM MATATD
WMEHHO IOJ3EMHBIC BOJBI SBISIOTCS HAaUMEHEe W3y-
YEHHBIM KOMITOHEHTOM TIO0ABHOTO THAPOIOTHIECKO-
ro uukia [9].

B mocneanue necaTuneTHs aHaJnW3 M30TOIHBIX CO-
orrowennii “H/*H (8°H nm 8D) u *20/*%0 (§*%0) cran
LIMPOKO NPUMEHSThCS B HMCCIEIOBAaHHUIX TeHe3uca u
JMHAMHKH oa3eMHbIX Boa [10-15], a Takke mporec-
COB B3aWMOJCUCTBHS MOJ3EMHEIX BOJ C BMEIIAIOIIIIMHU
ropHbIME opoaamu [16-18].

[MuTanue MOA3eMHBIX BOJA AKTUBHOTO BOJIOOOMEHa
MPEUMYIIECTBEHHO OCYIIECTBISIETCS] HMHOUIbTpaIen
atMocdepHbIX ocanakoB. [lo MHeHuto aBTOpoB [19]
0CaJIKH, MOMAaB B BOJOHOCHBIH TOPU30HT, 3HAUUTEIILHO

JIy4lIe COXPaHSIOT CBOM MCXOIHBIM H30TOMHBIN COCTaB
OTHOCHUTEJIBHO OCAJKOB, IOINOJHUBIIUX IIOBEPXHOCT-
Hbl€ BOJABI, a OOHOBJIEHUS MOA3EMHON BOJOHOCHOM
CUCTEMBI CBSA3aHO C MOJ3EMHOM LUPKYyJIALUEH U KOH-
TPOJMPYETCS T'€0JIOTMYECKUMHU CTPYKTypamu. Murpa-
LIMOHHBIE TPOLECCHl M MEPEMEIINBAHKNE MOA3ZEMHBIX
BOJl B BOJOHOCHBIX TOPU30HTAaX, IJi€ BOAA NMPOCAYNBA-
€TCsl Yepe3 TPEIMHbl OT BEPXHUX 10 HUKHUX IIaCTOB
OacceiiHa, pacCMOTPEHBI BO MHOTHX HCCICIOBAHHSIX
[15, 20-23]. M3yueHne TreHETHYECKOM CBSI3H MEXIY
MOJI3EMHBIMHA BOJIaMH W aTMOC(EPHBIMHU OCaJlKaMH,
BBINAJAIOIIMMU Ha MOBEPXHOCTh M3y4aeMOW TeppUTO-
pHUH, ABISETCS BaXXHOW COCTAaBIAIOLICH MpH pa3padoT-
Ke PEeKOMEHJAINN yCTOHYHBOTO COBMECTHOTO MCITOJIb-
30BaHUs [0YB U IPYHTOBBIX (IIOJ3€MHBIX) BOJ B pErU-
OHaX C IOCTOSIHHO PaCTYIIHMHU MOTPEOHOCTSMU B 3eM-
nenonb3oBaHud. K TakuM permoHaM OTHOCHTCSI TEpPH-
topuss OOb-UpThIICKOTO MEXIAypeubs. B ycioBusx
W3MEHEHMs] KJIMMaTa 3/1€Ch YCHIMBAIOTCS IPOIECCHI
ONYCTHIHUBAHUS, YMEHbBILIAETCS KOJIMYECTBO BbINaaa-
IOLINX OCAJKOB, YBEJIMYMBAETCS CPEIHEroJoBas TEeM-
repaTtypa BO3JyXa M, COOTBETCTBEHHO, YMEHBILIAETCS
MOBEPXHOCTHBINA CTOK M MH(pUIbTpanus. B Takoi cu-
Tyaliyl TOJ3€MHBIE BOJIbI BBICTYMAalOT OCHOBHBIM BO-
JIOMCTOYHUKOM, a TOHMMAaHHE MPOLIECCOB, CBSI3aHHBIX
C TUJIPOJMHAMUYECKUM PEXUMOM, SIBIISIETCS OJHUM M3
KIIIOYEBBIX.

B Hactosmeit pabote o coaepikaHUIO0 CTaOMITEHBIX
HU30TOIOB KHUCIOPOJAa U BOAOPOAA (SZH, 8180) B BOJIE
MOJ3EMHBIX HMCTOYHHKOB M aTMOC(EpHBIX OCaIKOB
OO0b-UpThIlLICKOTO MEXAypeubsl BBIIOJIHEHA OLEHKA
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pa3neapHOro BKIIajga aTMOCHEPHBIX OCAIKOB XOJIOTHO-
ro W TEIJIOTO MEPHUOOB roja B BOAHBIN MOA3EMHBIN
CTOK M3y4aeMOi TepPUTOPHH.

O6'beKTHI U METOJMKA HCC/IeJOBAHNSA

TeppuTopnst UCCIeNOBaHMS PACIIONIOKEHA Ha IOTO-
BOCTOYHOH oOkpamHe 3amamHo-CHOMpCKOro apre3uaH-
CKOro OacceifHa, SBISIOUIETOCS OJAHUM U3 KPyHHEH-
mux 6acceiiHoB Mupa. [To ruaporeoIoruuecKoMy pa-
OHUpOBaHUIO OeccTouHas obmacte OOb-MpThIIICKOTO
MeXaypeubs mpuypoueHa k Upteiu-O6ckoMy apTesu-
aHckoMy Oacceiiny Il mopsiaka ¥ OTHOCHTCS K IPOBHH-
OUH C YCTOMYHMBBEIM CE30HHBIM IIPOMEP3aHUEM 30HBI
a’panui, TJie OCHOBHOE MUTaHHE TPYHTOBBIX BOJ OCY-
IIECTBIIICTCS B BECCHHUM MEPUOJ] 32 CUET CHETOTASTHUS
[24, 25].

Knumat uzydaeMoil TEppUTOpUH XapaKTepU3yeTcs
YMEpEHHOH KOHTUHEHTAIBHOCTBIO U (POPMUPYETCS IO
BO3ICHCTBHEM IMPEUMYIIECTBCHHO AHTUIMKIOHAIEHO-
T'0 THIIA IUPKYJLIIAN BO3AYIIHEIX Macc. 3MMa Maloo0-
JlavHasi, XOJOHAsA, C CHJILHBIMU BETPaMU U METEJISIMH,
JIeTO JKapKoe U cyxoe. Berpenas moroxa HabmromaeTcs
6onee 200 mHel B rogy NMPEHMYIIECTBEHHO BECHOW U
OCEeHbI0, MPeo0JIaAl0T BETpa IOro-3alaJHOTO0 HaIpaB-
JEHHS — WX CPETHErofoBasi CKOPOCTh COCTABISICT
3,0-3,5 m/c. CpenHue 3a TOX TeMIEpaTyphl MOIOXKHU-
tenbHble: 0,3-0,5 °C. Cpenusia Temmeparypa HIOIA
+19 °C, smBaps —18 °C. CHeXHbIH MOKPOB YCTaHABIIHU-
BaeTCs Yamle BCEr0 K MOMEHTY TMOHIKEHHS CpeIHei
CYTOYHOW TemIeparypsl Bo3ayxa a0 —5 °C u umeer
3aBHCHMOCTh OT MECTHBIX MTOTOJIHBIX YCIIOBU. BricoTa
CHEXXHOTO TOKpOBa B cpeaHeM cocTasisieT 20 cm [26,
27]. CpenneromoBas cymMma OCAJKOB H3MEHSETCS B
auanaszone ot 250 go 400 mm. Haumensliee xoauue-
CTBO OCAaIKOB HAOJIIOZAaeTCd IO 3amagHoOW YacTu Oec-
cTO4YHOM oOnactu [28].

B crpoenun GacceiiHa BBIAETSIOTCS ABA CTPYKTYp-
HBIX sipyca. HwkHuil npuypouen k ckjagyaToMmy Ma-
JIE030MCKOMY (DYHAAMEHTY, BOABI KOTOPOTO 3aJIeraioT
Ha OOJBIINX MIyOMHAX U MPAKTUYECKOTrOo MHTEpeca He
npejcTaBisAloT. BepxHuil sipyc — snunaneo3oickuit
9eXO0J, COAEpKaIlUil MPEUMYIIECTBEHHO HAIOPHBIC U
Oe3HaropHbIe IJIACTOBO-TIOPOBBIE BOABI B PBIXIIBIX
c1abOYIUTOTHEHHBIX OCagKax KaifHO308 M Me3030sl.
Momuocts 4yexima moxer npocturars 800—-1000 wm.
B pa3pese Bepxnero sipyca Bwiaensercss Ao 20 Bogo-
HOCHBIX TOPU30HTOB, YaCTh 3 KOTOPHIX 00BETUHEHBI B
[IECTh OCHOBHBIX IEPCIIEKTHBHBIX KOMIUIEKCOB. Bep-
TUKalIbHbIN pa3zpe3 Upteim-O0ckoro Oacceiina mpen-
CTaBIIsIeT COOOH mepecianBaHue OOBOJHEHHBIX Tecya-
HO-TPaBUHHBIX CIIOEB C BOJAOYTIOPHBIMU OTIIOKCHHUSIMH.
OtTnenpHBIE YYaCTKA paccMaTpHUBAEMOW TEPPUTOPHUH
CYIIECTBCHHO pa3JIM4aloTcsd TIIyOMHAMHU 3aJIeraHus
MOJ3EMHBIX BOJI, CTETICHBIO MX MUHEpAIIU3aINH, BOJIO-
OOMIBHOCTEIO0 TOPU30HTOB, €CTCCTBCHHBIMU H IKCILTY-
aTallMOHHBIMH pecypcaMu. BogoBMmenaromummMu OTio-

JKEHUSIMU SIBJIIIOTCS TIECKH, CYTIECH, CYTJTUHKH. | myou-
Ha 3aJieTaHusl ypPOBHs TPYHTOBBIX BOJI (TIEPBOTO OT TO-
BEPXHOCTH BOJIOHOCHOTO TOPH30HTA) OOBIYHO HAaxo-
nutcs B mpenenax 5—10 M, Ha HEKOTOPBIX ydyacTKax
MoskeT pocturath 80—100 M u Oonee [29].

B 2022 u 2023 rr. B X0/1¢ 3KCIEIUIIMOHHBIX padoT
Ha  Tepputopun  OeccrouHoil  oOiactu  OOb-
HpTHIICKOTO MEXIypeubs IPOBEAEH 0TOOp Mpod Moa-
36MHOU BOJIBI B KOJIOJALAX U CKBAKUHAX, JIOKAIHS KO-
TOPBIX NpeACTaBlIeHa Ha pHUC. 1, KpaTKas XapaKTepH-
CTHKA TUIa BOJOMCTOYHUKA U IIIyOMHBI €ro 3ajieraHus
npuBeneHa B Tabm. 1. OroOpaHHBIE POOBI BOABI MO-
MEIIAJIN B TUTOTHO 3aKPBIBAIOIINECS EMKOCTH 00BEMOM
50 MI ¥ B KpaT4aWllhe CPOKH B OXJKICHHOM BHUE
JIOCTABJISUIN B TaOOPATOPHIO IS aHAIN3A.

[Ipo6st Box 5, 12 u 16 (Tabm. 1) mpuUypodeHBI K
BEPXHEUETBEPTUYHBIM (AJUIIOBUAJILHBIM) OTJIOKEHUSIM
KaCMaJIMHCKON CBUTHI, (OPMHUPYIOIIUMCS B MOMMax
peK u jJonMHAX o3ep. BogooOMIBHOCTH OTIOXCHUN
OUYEHb HHU3Kas, TOPU3OHT TECHO CBA3aH C MOBEPXHOCT-
HBIMU BOJAaMHU PEK, 03ep U OOJIOT, SBISIOUINXCS OJTHUM
W3 MUCTOYHUKOB UX NMUTAHHS B BECEHHEE BpEMS U TEM
CaMbIM BIUSIONINX Ha (GOpMHpOBaHNEC MUHEPATH3AAN
U XMMHYECKOTO COCTaBa TPYHTOBBIX BoA. [ 1yOuHa 3a-
JieTaHusi KPOBIM BOJIOHOCHOTO KOMILIEKCA 3aBHCHUT OT
TUIICOMETPHYECKOTO MOJIOKEHHS Bogo3abopa [30].

IIpo6s! Box 1, 3, 6, 14, 15 npuypoueHsl kK HUXKHE-
CpellHe-YeTBEPTHUYHBIM OTIIOKEHHSIM KPacHOyOpoB-
ckoit cBuThl. [log3eMHbIe BOABI OE3HAMOPHBIC, UMEIOT
CIIOpaIMYecKOe PACHpOCTpaHEHHE U MPUYPOUYECHBI
00OBIYHO K JIMH3aM M TOPU30HTaM TIECKOB U CyIleceil B
TOJIIIE JIECCOBUIHBIX CYTMUHKOB. OOmMIas MOITHOCTH
OTJIOKEHHI CBHUTBI MOXeET aocturatb 120 M, Makcu-
MaJibHbIe TIYOUHBI 3ajJleTaHus XapaKTepHbI U1 Hanbo-
Jiee BBICOKHUX THIICOMETPHYECKUX OTMETOK TOBEPXHO-
CTH. MOIIHOCTH BOJAOHOCHBIX NECKOB M3MEHSAIOTCSA OT
1,5 no 30 M, npeobnagaromumu siBisitorest 4-9 m. Bo-
JIOTIPOHUIIAEMOCTh MOPOJT HeBbIcoKast. O0Iee Hampas-
JIEHUE CTOKa MOJ3EMHBIX BOJ 3allaflHOE, B CTOPOHY
Kynynnunckoit Bmanuubl. [Iutanue moa3eMHBIX BOJ
MECTHOE, 32 cYeT WHPUIBTPAUU aTMOC(EpHBIX ocal-
KOB, BO3MOXKHO IOANUTHIBAHUE BOJAMH HHKEJIEKAILIUX
BOJOHOCHBIX TOPU30HTOB. MeCTHas pas3rpyska Moj-
36MHBIX BOJI MPOUCXOJWT B JIOJIMHAX PEK M OBPAroB
[30].

[Ipoba Boxbl 8 OTHOCHUTCS K BEPXHEIUIMOLIEHOBBIM
OTJIO)KEHMSIM KOUYKOBCKOM CBMTHI. [ OpH30HT uMeeT
MMOBCEMECTHOE PacIpOCTPaHEHUE B TIpeJieliaX CTEITHOTO
Antas, uckimovas miouans KylyHIWHCKOW ajultoBH-
aJbHOU paBHUHBI, HO Ha TIOBEPXHOCThH BBIXOJUT TOJIBKO
B BHUJIC HEOOJIBITUX KOHTYPOB, BBHITSHYTBIX IO TPAHHUIIE
paBHUHBI. MakcuMallbHble TJIyOMHBI 3ajeraHus IpH-
YpO4YeHBI K BOJOpa3JeibHbIM MpocTpancTBaM [Ipro6-
CKOTO IUTaTO, MUHUMAJIBHEBIC — K JONMHHAM pek. [Ipeod-
TMAJA0T TIYOWHBI YCTAaHOBHBIIHUXCS YPOBHEH 5-25 M.
Boa0oOUNbHOCTE OTIOXKEHUH TiecTpasi, 3aBUCUT OT
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MECTHBIX YCJOBUH 3alieraHus. BomonpoHHIIaeMOCTh
nopoJi BbicOkas. [luTaHWe BOJOHOCHOTO TOPHU30HTA
MIPOMCXOMAMNT 3a CUET MPUTOKA BOJ CO CTOPOHBI TOPHOTO
oOpaMIIeHHsI, B3aHMOCBSI3H C BOIAMH BBIIIC W HIDKE-
JIeKaIX TOPU30HTOB U UH(OUIBTPALUK aTMOC(HEPHBIX
ocazakos [30].

[Ipoba Bombr 13 mpuypodeHa K CpeJHEYECTBEPTHY-
HBIM OTJOXKEHHUSM KYJIYHJUHCKOW CBUTBHI, IIHPOKO
pa3BUTHIM B Ipenenax KyiayHAuHCKON ayuntoBHaIbHON
paBHHHBL [TyOmHa 3ajeranust U3MEHsETCS OT 3 1O
43 M, MOIIIHOCTb BOJIOCOAEPIKAIIEH TOIIIN B OCHOBHOM
koneOnercs B npeaenax 3—25 M. BogooOmibHOCTE OT-
ToXeHUH BBICOKas. OOIee HampaBiIeHHE CTOKa MOJ-
3eMHBIX BOJI 3alajHoe, pasrpy3ka MpHypoveHa K BIa-
quHaM o3ep. [luTaHuWe OCyIIECTBISETCS B OCHOBHOM
nHGWIBTpanuei aTMOCHEPHBIX 0CATKOB, BOJ TOBEPX-
HOCTHBIX BOJOTOKOB W, B MCHBIICH CTCIIEHH, 32 CUET
MOJTOKA TOA3EMHBIX BOJ] U3 HIDKEIESKAIIUX HATIOPHBIX
ropuzonTos [30, 31].

IIpo6er 2, 9, 10 mpuypodeHbl K BEPXHEMHOIICH-
HUKHETUIMOLICHOBBIM ~ OTJIOKEHUSIM  ITaBIIOJIAPCKOM
CBUTHI HEOT'€HOBOI'O BOJIOHOCHOTO KoMmruiekca. [ myou-

Ha 3ajeraHust KojeOJjeTcs B LIMPOKOM JHana3oHe OT
12 no 270 m: HauMmeHnsbliue xapaxtepssl 111 Kymyn-
JIIMHCKOW paBHHUHBI (Tpoba 9), Hambosbime — I
[Ipuob6ckoro trato (mpoda 10). BomoBmeniaromue
MOpOJIbI TIPEJICTaBICHBI CEePhIMU IeckaMu. B kpopie
BOJIOHOCHBIH TOPU30HT MEPEKPHIT OAHOBO3PACTHBIMU
CepbIMH TJIMHAMM C TNPOCJIOSAMH IMECKOB 00LIell MoILl-
HOCTbIO 7 M. HIDKHUM BOJOYNOpPOM TOPU30HTA TaKKe
CITy’KaT OJTHOBO3PACTHBIC TTIMHBI TIABJIOIAPCKON CBUTHI,
BCKPBITOW MOITHOCTHIO 5 M. [loa3emMHbIe BOABI HAIoOp-
HBIE, BOJJOOOMIILHOCTH BhicoKas [30, 32, 33].

[Ipoba 7 oToOpaHa W3 BOJOHOCHOTO TOPU30HTA
CpelHe-BEpXHEMHUOLIEHOBBIX OTJIOXEHUH TaBOJDKAH-
CKOM CBUTBI HEOT€HOBOI'O BOJOHOCHOTO KOMILIEKCA.
BcekpeiBaercs B untepBaie 140-158 M. Boasl Hamop-
Hble [34]. XapakTepHOW 4YepTON pEKMMa IMOA3EMHBIX
BOJI HEOTEHOBBIX OTJIOKEHUH SBJIAETCS €ro OTHOCH-
TEJIbHOE TIOCTOSHCTBO BO BpeMmeHHU. [Ipamoil cBsi3u ¢
METEOPOJIOrHYECKUMH YCJIOBUSMH He oTMmeuaeTcs. Ho
B3aMMOCBS3b BOJI HEOT€HA C BOJAMH BbIIIE- U HIDKE-
NeXalMX KOMIUIEKCOB HaONloJaeTca Ha MHOTHX
yuactkax [30, 35].

Ta6auya 1. Hymepayus u xapakmepucmuka nod3emMHblx 6000UCMOYHUKO8 HA meppumopuu 06b-UpmbluicKo20 Mexcdypeubs

Table 1. Numbering and characteristics of the underground water sources in the Ob-Irtysh interfluve
Ne npo6b! Ha KapTe | HacesleHHBIN MyHKT Paiion BogoucToyHuk I'ny6uHa 10 BOAHOHN NOBEPXHOCTH, M
Samples on the map Location Area Water source Depth to water surface, m
1 MaMoHTOBO HoBUYHXUHCKUH KoJIoJ1el] 34
Mamontovo Novichikhinsky well ’
2 TokapeBo HoBu4uMxHHCKHUI WH/. CKBOXKHHA 18
Tokarevo Novichikhinsky individual borehole
3 TokapeBo HoBUYUXUHCKUH KoJioZer], 38
Tokarevo Novichikhinsky well ’
4 HoBoeropbesckoe EropbeBckuit CKBa)XKMHa 202
Novoegoryevskoe Egoryevsky borehole
5 HoBocoBeTckuit EropreBckuit KoJsio el 03
Novosovetsky Egoryevsky well ’
6 HoBokopmuxa BosauxuHCcKui KoJIoJ1el] 18
Novokormikha Volchikhinsky well ’
7 fApocnaByes-Jlor PoauHckui CKBaXKHHa 158
Yaroslavtsev-Log Rodinsky borehole
8 HoBoTpouuk COJITOHCKU I KoJioJiel], 52
Novotroitsk Soltonsky well ’
9 Cam6op TabyHckui CKBa)KMHa 40
Sambor Tabunsky borehole
10 AcsiMoBKa BypsinHCKu# KoJIoZiel], 12
Asyamovka Burlinsky well
11 MuxaitsioBKa BypsinHCKUH CKBa)KMHa 710
Mikhailovka Burlinsky borehole
12 YcTbaHKa BypauHckuit KoJIoZel] 59
Ustyanka Burlinsky well ’
13 Bosryuii-Pakut BypsinHCKul KoJsioel 32
Volchiy-Rakit Burlinsky well ’
14 Bepx-IlaiiBa baeBckui KoJIoJ1el] 59
Verkh-Paiva Baevsky well ’
15 ['puiMHCKOE MaMOHTOBCKUH KoJsloZiel] 6.1
Grishinskoe Mamontovsky well ’
16 Bop-®opnoct BosnyuxuHCcKui KoJIoZeL 23
Bor-Forpost Volchikhinsky well ’
17 Bypsa BypsinHCKu# CKBa)kKMHa 791
Burla Burlinsky borehole
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YcnoBHble 0603Ha4eHns

I:l rPaHNLIbl MyHULMNabHbIX 0Bpa3oBaHuit
D rpaHuLbl 6eccTouHoit obnactu
Toukwu ot6opa npob

(<] MHﬂHBMﬂYaﬂhNHﬁ MCTOYHWK BOZIOCHaBXeHNs
@ CKBaXXWHA LIEHTPaN130BaHHOro BOAOCHabXeHNs

6 ocapku
OcHoBHble BOAOHOCHbIE NOPU30HTbI U KOMN/IEKCbI
- AKBATOPKUA BOAHbLIX obbekToB
BOAONOCHbIﬂ BerNEMMOLlEHOBhIﬁ-HM)KHEﬂﬂMDLlEHOBbIﬁ FOpU30H
(naBnopapckas ceuTa)

BOAOHOCHbIN BEPXHENNEHCTOLIEHOBbII annioB1anbHblii rOPU3OHT
(1-3 HapnoiiMeHHble Teppackl pek 06y, YyMmblwa, Anes, Hapbiwa)
BO/IOHOCHBII FONOLIEHOBBIN aN/IIOBUANBHBIA FOPU3OHT
(noiiMeHHble Teppack!)

- BOAOHOCHbIN CpeHe-BEpPXHENNeMCTOLEHOBbIN anntoBUaNbHbIN
rOpU30HT (6onbluepeyeHckas cauTa)
BOAOHOCHBIN CpeiHe-BEpPXHENIENCTOLEHOBbII annioBUabHBIN,
03epHO-a//NIoBMaNbHbII FOPU3OHT (KaCManWHCKas, Kapacykckas CBUTLI)

BOAOHOCHbIN CpeHEe-BEPXHEMNIMOLEHOBDII FOPU3OHT (KYNYHAMHCKas CBUTa)
BOZIOHOCHBIN CpeAHeNNeNCTOLIeHOBbIN annioBUanbHbIA rOPU3OHT
(MOHaCTbIpCKas CBUTA, CPEAHEYETBEPTUYHbIE OTNIOXEHMSA)
BOAOHOCHbIM 30NNEHCTOLEHOBbI 03ePHbIN, anMioBUanbHO-03EPHbIA

T ropusoHT (KOYKOBCKas CBUTA)
OTHOCUTENIbHO BOAOHOCHBIIA HIKHE-CPEAHEHEONNIENCTOLEHOBbIN
NONUIEHETUYECKMI OPU3OHT (KpPacHOAY6poOBCKas CBuTa)

CnoxHas ropHasi cknaguartasi o6nacte

Lincdhpamu Ha KapTe oTMeuyeHbl MecTa oT6opa npob B COOTBETCTBUM C Tabnuuei 1

‘Sop~¢opn<;cr 4 =
1 HoBoCOBETCKUIA
e Y

A

L N3 )
4 HoBoeropbesckoe

Puc. 1.
Fig. 1.

IlpoG6a 4 oroOpaHa W3 BOJOHOCHOTO TOPH30HTA
BEPXHECONUTOLICH-HHKHEMUOLICHOBBIX OTJIOXKCHUI 3Ha-
MEHCKOU CBWTHI, 3aJieTatoiiero B uareppaiie 162-202 m.
CBuTa IIKMPOKO PacHpoOCTpaHEeHa B CTEMHBIX pailoHax
Anraiickoro kpas. IIbe3oMeTpuyeckas IOBEPXHOCTb
BCET0 TOPH30HTA IIABHO CHIDKAeTcs K goimue p. Oow,
a B o0IeM mane — B CTOpoHy KymyHAWHCKON paBHH-
Hbl. [IuTaHMe TMOA3EMHBIX BOJA HPOMUCXOIUT 3a CUET
MTOJTOKA CO CTOPOHBI TOPHBIX COOPYKCHHH M B3anMO-
CBSI3U C BOJAMU HIDKE- ¥ BBIMIENESKAIINX TOPH3OHTOB.
Pesxxum otHOCHTENBHO cTabmiteH [30, 36].

ITpoGer 11, 17 O OTOOpaHBI W3 CKBaKHH,
BCKPBIBAIOIIUX BEPXHEMEIOBBIC OTJIIOKEHUS HWIIATOB-
CKOH U MOKYpPCKOH CBUT, COOTBETCTBEHHO. CBUTHI 3a-
neratoT B uHTepBase 710-791 m. IloazemHbie BOIBI
BBEICOKOHAIIOPHBIE, CaMOM3IIUBAIONINECS, BOIOOOMIB-
HOCTb HepaBHOMepHas. IluTaHue MpoOUCXOIUT 3a CUET
MepeNnBa U3 BBIIIENIEKAMINX BOJOHOCHBIX TOPH30HTOB
W YaCTHYHOTO TOJNHUTHIBAHHS W3 30H Pa3ioMa IMajeo-
3omckoro pynmamenta [30, 37, 38].

IIpoOsl aTMOChEpHBIX 0CaAKOB (I0XKb, CHET) OT-
Oupany HEMOCPENCTBEHHO IIOCIE WX BBHINAJICHHUS B
IMyHKTE OTOOpa OCaIKOB, PAcHONOKECHHOM B T. bap-
HayJie Ha Kpbllle 30aHus MHCTUTYTa BOAHBIX U 9KOJO-
rugeckux npobnem CO PAH (MB3JII CO PAH), Ha
BEICOTE 25 M OT MOBEpXHOCTH 3eMiid. CHErOBBIE TIPO-

Kapma-cxema pacnososiceHust nyHKmog HabaiodeHull 8 coomeemcmauu ¢ ['udpozeonozuveckoti kapmoti [40]
Map-scheme of the location of observation points in accordance with the Hydrogeological map [40]

OBl OTOHMpATU B CHEMHBIN IUIOTHBIA MOJHITHICHOBBIN
MEIIOK, 3aKpEeIIEHHbI BO BXOAHOM OTBEPCTHU OOYKH,
OCHAIICHHOM 3aIluTON OT BBIAyBaHus. B maGoparop-
HBIX YCIIOBUSIX CHETOBBIC IPOOBI TAsUIM MPU KOMHAT-
HOM TeMIeparype B ILIOTHO 3aKPBITHIX CIIELUAIBHO
MOATOTOBIIEHHBIX KOHTeWHepax [39]. JoxneBsie ocaa-
KH coOHMpalii yepe3 OOJIBIIYI0 TUIACTUKOBYIO BOPOHKY
B MOJIMBTUJIICHOBYIO €MKOCTbH C Y3KHM TOpJIOM, I1ITO6I>I
CHU3UTH BO3MOKHOCTH HEKEJIATCIIBHOTO UCTTApEHUA BO
BpeMsI BBITIAICHHS OCA/IKOB.

[IpoObr moA3eMHBIX BOA TOCIE AOCTaBKU B Jlabopa-
TOPHIO, IPOOBI AOXKIS HOcie 0TOOpa, a Tallod CHETo-
BOWM BOXBI TIOCIIE TasHHUA Cpazy (QUIBTpOBaN dYepe3
MeMOpaHHbBIH GUIBTp ¢ quameTpoM mop 0,45 MM, u3
¢unsTpara oTOMpann 3—5 mapajieNbHBIX MPoO U MOo-
MEIAI WX B TePMETHYHBIC TPOOHPKHU, KOTOPHIE IO
HayaJla U30TOMHOTO aHANIM3a XPAHWIN B XOJOIMIbHH-
ke. Beero 3a nepuoj pabotsl 66110 0TOOpaHo 185 mpod
aTMoc(epHBIX 0CcaJKOB U 32 MPOOBI OI3EMHBIX BOJI.

MeTo/ bl HiCcC1eJ0BAaHNS

Onpenenenrie uzoronHoro (6D u 8180) cocraBa
MOJ3E€MHBIX BOI M aTMOC(EPHBIX OCAIKOB IPOBOIIIN
B Xumuko-aHanutuueckoMm 1nentpe MBOII CO PAH
METOIOM Ja3epHOi a0CcopOITMOHHOM HK-
cnekrpomerpun Ha mpubope PICARRO L2130-i (WS-
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CRDS). Tounocts u3mepenust 0D u 80 (1o, n=5)
coctraBuna +£0,4 u + 0,1 %o, coorBeTcTBeHHO. JI)Is1 Ka-
JTUOPOBKH TpHOOpa MCIONB30BaIl MexTyHapoIHbIC
craamaptel GRESP, USGS-47.

CornacHO TEOPETHUYECKUM OCHOBaM IIOJIOKEHUS
M30TOITHOW CHCTEMATHKH ICHTEepHs M Kuciaopona-18,
pa3paboTaHHBIM B pabotax [41, 42], mpoOBOIUTCS W3-
mepenne otHomenns “H/*H (8D) u *0/*°0 (5'°0) &
uccieayeMoil  Tpobe  OTHOCHTENLHO  CTaHJapTa
VSMOW (Vienna Standard Mean Ocean Water).

§'80(8D) = [(Rup/Rerans) — 1] X 1000%0 , (1)

rae Rpp U Repaun — OTHOIIEHUS H/'H w200 B
u3MepsieMoil mpode u B cTaHzapre.

B ruspoxuMHyYecKuX UCCIEIOBAHUIX HAPSAY C W3-
MepseMbIMH TIapaMeTpaMH M30TOIIHOTO COCTaBa BOJbI
LIMPOKO HCIOJb3YIOT PACUETHBIM KpUTEpUU — NeiTe-
pueBbIit dkcnece (Uexc), MpemToKeHHbIH B [42], KOTO-
Bl PACCUUTHIBAETCS KAK:

deye = 8D — 8 x 5180. @)

IMapameTp Uexc CBA3aH ¢ KHHETUYECKMMH IPOLIEC-
caM{ HM30TOIHOTO (PpaKIMOHUPOBAHUS, KOTOpPHIE Xa-
PAKTEPU3YIOT HPOLECCH HCIAPEHHS WM 3aMep3aHHs
HCXOIHOTO M30TOIIHOIO COCTaBa BOJEI.

s pacyéra cpeHEB3BEIICHHBIX CE30HHBIX 3HAYC-
HM 6D, 580 u dexc B aTMOC(EpHBIX OCaIKaX WUCIIONb-
30BajM HopMyIy:

X = Z(Xidi /A), ©)

rae X — cpenHeB3BElIEHHOEe 3HadeHue oD, %0 wm
dexc; X — 3Hauenue 6D, 5180 wm Jexc B cHeTE (mOXKIE)
i-ro cHeromama (Hoas); Aj — KOJIMYECTBO OCAIKOB B
i-M cHeromane (Hoxkae), MM B.3.; A — o0llee 3a ce30H
KOJIMYECTBO OCAJKOB, MM B.3.

JI1st OIIeHKH Pa3aebHOrO BKIIaJa 3MMHHX U JIETHHX
aTMOC(EPHBIX OCAAKOB B (HOPMHUPOBAHHE TMOI3EMHBIX
BOJ Ha pa3HbIX IIyouHax OOb-MPTHIIICKOTO MEXIy-
peubst OBIIIO MCIIOIB30BAHO Clemytoliee ypaBuerue [7]:

a-X+b-(1-X)=c, @)

rae X — monst BKiana 3uMHuX U (1-X) — mons Bkimaza
JIETHUX aTMOC(EPHBIX OCAIKOB B TOA3EMHBIN CTOK; 4,
b — cpemHeB3BemieHHOE 3HAYCHHE 50 B aTMocdep-
HBIX OCaIKaX COOTBETCTBEHHO XOJOJHOTO M TEIIOTO
MepUoJIoB Toaa, %o, C — CpeAHee 3HAYCHUE 3a
20222023 rr. §'%0 B BOJIE U3y4aeMOI'0 BOJOHOCHOTO
TOPHU30HTA, Y%o.

CpeIHeKBaqpaTHIHYIO OMIMOKY CpEIHEB3BEIICHHO-
T'0 3HAYEeHHUs1 paCCUUTHIBAIM coryiacHo [43] mo dopmyse:

__ [ZAix=%)?
7%= @-nza; ®

rae A; — KOJIMYECTBO OCAIKOB B i-M €IMHMYHOM aTMO-

c(pepHOM BBITIAICHIH, MM B.3; X; — H30TOIHBIH COCTAB
18 ;

(8D, 67°0 u dgx) OCAMKOB B i-M EAUHUIHOM aTMOCHEP-

HOM BBINa/ICHNH, %o; X — CpEHEB3BEIICHHOE 3HAYCHHE
3a M3y4aeMBIil Ce30H (MHTEpBal BpeMeHH), %o; A —
o0Iiee KOTMYECTBO OCAJIKOB 32 CE30H (MHTEpBANI Bpe-
MEHH), MM B.J.

Pe3ysIbTaThl MCC/IEA0BAHUS M MX 0GCYKIEHHE
JIJis OlleHKH BKJIaJa aTMOC(EPHBIX OCATKOB TEILIO-

T'O ¥ XOJIOJHOTO Ce30Ha B (JOPMHUPOBAHHUE MTOI3EMHOTO

croka KynmyHIWHCKOW paBHHHBI MCIIOJIB30BaM 3HAUYe-

HUS CPEJHEB3BEIICHHOTO H30TOIHOTO COCTaBa JOXKJIe-

BBIX (C ampess 1o OKTSIOpb) U CHETOBBIX (C HOSIOPS 110

MapT) OCaJKOB (pacyeT BBIMOJIHEH C MOMOIIBID ypaB-

HeHuit (1), (3), oToOpaHHBIX Ha DKCIEPUMEHTAIBHOMN

wiomagke UBOIT CO PAH (r. bapuayn). Ota skcrie-

puMeHTanbHas 1iomaaka Haxogaures B 180420 kM ot

MecT 0TOOpa Npod Mo3eMHBIX BOJ (pHc. 1) U sBIISETCS

ONMKaWIIMM TSI M3y4aeMOH TEPPUTOPUH IYHKTOM

orOopa W aHanmm3a Npod aTMOCGEepHBIX OCAIKOB Ha

coJlep)KaHue B HUX CTAOMJIBHBIX U30TOIOB 580 u 8D.

Pasmax BappUpOBaHMs HW30TOIHOIO COCTaBa MpoO at-

MOC(EpHBIX 0CaJIKOB, OTOOPAHHBIX Ha JKCIIEPUMEH-

tanpHOM ToIomaake MBOIT CO PAH, u ux cpenne-

B3BEIIICHHBIC 3HAYCHUS MMPUBEICHBI B TA0. 2.

Ha nHam B3risia, JaHHbIE M30TOIHOTO COCTaBa at-
MOC(EpHBIX 0CaJKOB, OTOOPAHHBIX Ha JKCIICPUMCH-
tansHoi momanke UBOIT CO PAH B 2021-2023 rr.,
MOJKHO HCIIONIB30BaTh ISl OLEHKH Pa3JelIbHOTO BKJIa-
Jla aTMOC(EpHBIX OCAJIKOB TEIIOr0 M XOJOJHOTO Tie-
PHOJIOB B MOJ3EMHBIH CTOK KynyHIMHCKON paBHUHBI
IO CJIeIYIOIIUM PUYUHAM:

1) U3BecTHO, YTO M3OTOMHBIA COCTaB aTMOCQEPHBIX
OCaJIKOB, BBIMAJAMONINX HA IMOACTHIAIONIYIO TI0-
BEPXHOCTb, 3aBUCHT KaK OT TEMIICpaTypbl HcCIape-
HUS aTMOC(EPHOH Biard M3 UCTOYHUKA €€ DMHC-
CHH, TaK M OT TeMIIepaTyphbl MPU3EMHOTO CJIOS aT-
Moc(hepbl B MOMEHT ()OPMHPOBAHHS OCAIKOB H3
BOASIHOTO mapa. [lo JaHHBIM JIETHWKOBOTO KEpHa
r. bemyxa [44], nenoBbie cion KOTOPOro (popMHpPO-
BaJIHMCh NPEHMYIIECTBEHHO 32 CUET JICTHUX aTMO-
chepHBIX OCAJKOB, YTSIKEIECHHE HW30TOIMHOTO CO-
craBa cioes 3a nepuoj 1800-2000 rr. cocTasisiio
okoJio 1,5 %o. Ecnu mpeamnonoxuTh, 4To Tiaodalib-
HOe ToTervieHre Ha tore 3amannoit Cubupu 3a mo-
ciennre 200 et MpOUCXOANT KaK B TEIUIOE, TaK U B
XOJIOJJHOE BpeMs Toja, a BOJAOOOMEH H3y4aeMbIX
MOJI3€MHBIX BOJI POMCXOIUT B IMpelenax ABYX CO-
TEH JIeT, TO BIIOJHE OMpaBIaHO MpHU pacyeTe BKJa-
JIOB aTMOC(EPHBIX OCAJIKOB TEIUIOTO W XOJOTHOTO
epuoJIoB B hopmyrie (4) UCTIOIb30BATH N30TOITHEIE
nmanable ocagkos 2021-2023 rr.

2) Penped) MecTHOCTH OT MyHKTOB OTOOpa Mpod moj-
3eMHBIX BOJA 1O T. bapHayna sBIsieTCS THIIMYHO
PaBHUHHBIM U a’porpaduucckue Oapbepbl Ha HEM
MPAKTHYECKU TIOIHOCTHIO OTCYTCTBYIOT, YTO OIpe-
JICNICT KIacCHYeCKoe MU3MEHEHHE W30TOIHOTO CO-
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CTaBa BJIATOHECYNINX BO3MAYIIHBIX MAacC TPH HUX
MPOABIDKEHUH HA 3TOM YYACTKE My TH.

Ormeuaembiii GNIP (Global Net of Isotopic Precip-
itation) mIMPOTHBIM W JONTOTHBIA TPaIHEHT HM3MeE-
HEHHsI U30TOITHOTO COCTaBa OcalakoB [45] mpu mpe-
AMYIIECTBCHHOM IIPOJBIDKCHUH  BIIArOHECYIINX
BO3IYIIHBIX Macc C 3amajia Ha BOCTOK OyaeT mpo-
SIBISITHCSL B ONM3KOW CTEMEHHW KaK IS CHETOBBIX,
TaK ¥ IS TOMKICBBIX BBINAICHHIA.
CpenHeB3BelICHHBIE 3HAYEHUST W30TOIHOIO COCTaBa
ocaJKoB B Terwbiif nepuoxa 2022 u 2023 rr. ObuTH OJIM3KU
MEXIy cOO0i U BapbUPOBAIIH 110 %0 B npenenax 1,1 %o,
a B xomomubi neprox 2021-2022 u 20222023 1r. — B
npenenax 0,5 %o (Tabn. 3). B To >xe BpeMsi cpeHeB3Be-
[ICHHBIC 3HAYCHUSI U30TOITHOTO COCTaBa 3UMHHUX U JIET-
HUX OCaIKOB 3HAUUTENIHHO Pa3INIAINCh MEXKTY coOoi
10 7,6 %o o 80 u 110 57,9 %o 110 8D. 3HaueHus Aere-
PHEBOTO DKCIIeCCa, pacCUMTaHHbIE IO YypaBHEHHIO (2)
(Tabmn. 2), mOKa3kIBalOT, YTO MAKCUMAaJIBHOE HCTOIICHHE

3)

BOIbI aTtoMamu Jeiitepusi (3D) oTHocHTenBHO &°O
MPUXOJUTCS Ha JeTHUE aTMOCc(epHbIe 0CaaKH (dexc M
CPEIHEB3BEIICHHBIX CE30HHBIX 3HAYCHHWH COCTABIISUT
1,7-1,8 %0), a MUHIMAaTBFHOE MCTOIICHHUE — JIJIST 3MMHUX
0caaKOB (dexc=4,0-5,0 %o).

Hccnenoranue mo3eMHON BOJIBI HA TEppUTOpUH Oec-
cTouHOi o0nactu OOb-MPTHILICKOr0 MeXIypedbs MOoKa-
3a10, uTo B 2022-2023 IT. e¢ U30TOMHBIN COCTaB BAPbU-
poBai B HeOonbImX npeaenax ot —18,5 mo —14,1 %o mo
50 u ot —143,6 10 —112,7 %o 1o 6D, B TO BpeMs Kak
M30TOIMHBINA cocTaB P00 aTMOC(EPHBIX OCATKOB B 3TH
roJpl HM3MCHSJICSI B IMUPOKMX Tpeaenax (tadbm. 3).
CpaBHEeHHE CpEJHUX BEIMYMH HM30TOITHOTO COCTaBa
MOJI3€MHOM BOJIBI U CPEIHEB3BEUICHHBIX TOJIOBBIX Be-
JUYMH W30TOIHOTO COCTaBa aTMOC(EepHBIX OCaIKOB
YKa3bIBaeT Ha WX OJIM3KWE 3HAUYCHHS, KaK MEXKIY CO-
00H, Tak Mexay romamu (Tadi. 3), YTO MOXKET CBHIC-
TEJIbCTBOBATH O METEOPHOM T'€HE3MCE MOJ3EMHBIX BOJ
Ha TeppuTopuu Ky myHIHHCKOW paBHHUHEI.

Ta6auya 2. HzomonHwlli cocmag ammocepHbiXx 0cadkos mensozo nepuoda (0oxodsv) 3a anpeab—okmsbps 2022-2023 22. u
X0.100H020 (cHez) ¢ Hos6psi 2021 2. no mapm 2023 a.

Table 2. Isotopic composition of atmospheric precipitation in the warm period (rain) for April-October 2022-2023 and cold
period (snow) from November 2021 to March 2023
rox 5180, %0 8D, %o dexc, %o
year cpeanee max min 6X cpeanee max min 6X cpearee max min 6X n Q
mean mean mean
Tenuiblit nepuog/Warm period
2022 -10,7 4,2 -251 | 0,6 -83,9 20,2 -191,3 | 44 1,8 12,1 | -32,5 | 0,7 56 156
2023 -11,8 -1,8 -22,3 0.6 -92,9 -28,7 -176,0 4.4 1,7 11,2 -26,5 0.8 64 233
2022/23 -11,3 1,2 -23,7 0,6 -88,4 -4,3 -183,7 4,4 1,8 11,7 -15,9 0,8 120 389
Xosopubii nepuos/Cold period
2021/22 -18,3 -12 -30,8 | 0,7 -141,8 -89,1 -245,7 | 59 5,0 12,2 -8,6 0,7 37 88
2022/23 -18,8 -11,5 | -31,0 | 0,9 -146,2 -82,1 -2528 | 74 4,0 11,1 | -129 | 1,1 28 63
2021/23 -18,6 -11,8 | -30,9 | 0,8 -144,0 -85,6 | -249,3 | 6,7 4,5 11,7 | -10,8 | 0,9 65 152

CpedHee - cpedHed38euleHHOe No Koau4ecmay ocadkos; 6 X - cpedHekgadpamuyHas owubka cpedHe838eUIeHH020 3HAYEHUSI; N —

Koaiuyecmso 0mo6bpaHHulx npob; Q - cpedHee 3HauyeHue kouvecmsd 0cadkos, MM, Nno OaHHbiM 11 MemeocmaHyuli
KyayHnouHckoli pagHuHbl [28].

Mean - weighted average of precipitation; 6 X - root mean square error of the weighted average; n - number of samples; Q -

average value of precipitation, mm, according to the data from 11 weather stations of the Kulunda Plain [28].

Ta6auya 3. [luana3oH eapbupo8aHus U cpedHue 3Ha4eHus U30MONHO20 cocmaea nod3eMHoll 800bl Ky 1yHOUHCKOU pagHUHb! 8
2022-2023 22. u ammocgepHbix 0cadkos ¢ Hos16psi 2021 2. no Hosi6pb 2023 e.

Table 3. Range and average values of the isotopic composition of groundwater in the Kulunda Plain in 2022-2023, and at-
mospheric precipitation from November 2021 to November 2023
ro 5180, %o 8D, %o dexc, %o
year Cpeanee max min u Cpeanee max min U* cpeance max min 0] n
mean mean mean
[NoazemHast Boga/Groundwater
2022 -16,4 -14,1 -18,3 0,8 -128,8 -114,6 -143,6 55 2,4 8,3 -2,5 1,5 15
2023 -16,0 -14 -18,5 0,8 -126,8 -112,7 -143,6 56 1,0 49 -2,6 1,1 17
ATtmocdepHble ocagku/Atmospheric precipitation*

2021/22 -16,1 4,2 -30,8 0,4 -125,5 20,2 -245,7 2,8 3,5 12,2 -32,5 0,3 93
2022/23 -15,9 -1,8 -31 0,3 -124,8 -28,7 -252,8 2,7 2,8 11,2 -26,5 0,3 92

U - owubka
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cpedHezo0 3HaveHusi; 043
ammocg@epHblx 0cadkos — cpedHek8adpamu4Has owubka cpedHes38euleHH020 3HaQ4eHUs); N — KoUu4ecmao omo6paHHbIX npob;
* - 0151 ammocepHbix ocadkos npusedeHbl cpedHeg3geuleHHble (N0 Kouvecmay ocadkos) 3Ha4eHust 3a 200.
U - error of the average value (confidence interval of the average - for groundwater; root mean square error of the weighted
average - for precipitation); n - number of samples; * - annual weighted (based on precipitation) average values.
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Puc. 2. 3asucumocme 6180-6D 6 nodsemmubix eodax O6b-
Hpmbvliuwickozo mexcdypeuvs (JI/IIB) e 2022-2023 za.
(cunuti yeem) e cpasHenuu ¢ I'’/IMB (kpacHbiil ysem)
Local groundwater line for 2022-2023 (blue) and
global meteoric water line (GMWL) (red)

Fig. 2.

J171s1 OLICHKY BITUSIHUS IPOLIECCOB (DPAKIIMOHUPOBAHUS
Ha UCXOJHBIA coCcTaB aTMoc(epHOi Biary, Gopmupyro-
el cocTaB Moj3eMHbIX BoJi OOb-HPTHIMICKOT0 MEXIY-
peubsi, MPOBENCHO COIOCTABICHUE COOTHOIICHHN W30-
TOITHOTO COCTaBa KHCJIOPOJa (6180) u Bozgopoaa (D)

MOJ3EMHBIX BOJ C SMIIUPUYECKOI 3aBUCUMOCTBIO, TOMY-
YyMBIICH Ha3BaHWE TIIOOANbHAS JMHHUS METEOPHBIX BOJ
(TJIMB) [41, 46]. Ha puc. 2 nipeacraBiieHa OCTPOCHHAS
MO JAHHBIM H30TOIHOTO COCTaBa H3YYaeMBIX BOJHBIX
mpo0 JoKalbHas JTUHUS noa3eMHbIX Box (JIJITIB), koto-
pas  ONHWCHIBACTCS ypaBHCHUEM §D=7,0*5"%0-14,0.
YwMmenpiienne Hakiona JUIIIB otnHocurensHo ['JIMB
(puc. 2) ¥ TaKKe HU3KUE 3HAYCHUS JEHTEPUEBOTO HKC-
recca (dexc, Ta0J. 3) yKa3bIBalOT HA U3MEHEHUE MCXO/THO-
T'O U30TOITHOTO COCTaBa MOCTYIAIOIICH BIIATH BCIICICTBHIE
HCTIAPUTENBHOTO (DpaKIIMOHUPOBAHMS.

B Tab611. 4 npuBeAEHEI 3HAUCHUS H30TOITHOTO COCTaBa
MOA3EMHBIX BOJ, CHCTEMAaTHU3HPOBAHHBIE B COOTBET-
CTBHHM C BO3PAacTOM BOJOBMEIIAIOMINX OTIOXKEHHA.
B Tabmune Takke TpencTaBleHbI pe3yNbTaThl pacyera
3HAUCHUH BKJIAOB aTMOC(EPHBIX OCAJKOB TEIUIOTO U
XOJIOJJHOTO TIepUOJOB B (HOPMHUPOBAHHE ITOI3EMHOTO
cToKa. PacdeTs! ObLIM BBHINOIHEHHI 10 (GopMmyie (4) mpu
WCIIONIH30BAHUH JAHHBIX HM30TOIHOTO COCTaBa ITOI3EM-
HBIX BOJ, IPUBEICHHBIX B JaHHOW TaOIUIE, U CPEIHE-
B3BCILCHHBIX 34 JBA IOJa 3HAueHHii 8 O (umu 8D) B
aTMOC(EPHBIX 0CaJKaX COOTBETCTBEHHO XOJOJHOTO M
TEIIOT0 ePHUO/IOB oA, MPUBEICHHEBIX B Ta0I. 3.

Ta6auya 4. 3HaveHus1 U30MONHO20 cOCMABA NOO3EMHBIX 800, PAHHCUPOBAHHLIX NO 2/1y6UHE U 803pACMy 8000HOCHO20 20pU-
30HMA, a makice 8k1a0 3UMHUX (cHez) u 1emHux (doxcdb) ammocepHblx 0cadkos 8 popmuposaHue nod3eMHO20
CcMoKa 0415 u3y4aemMblx 8000HOCHbIX 20pU30HMO08 Ky 1yHOUHcKoll pasHUHb!

Table 4.

Values of the isotopic composition of groundwater, ranked by depth and age of the aquifer, as well as the contribu-

tion of winter (snow) and summer (rain) precipitation to the formation of groundwater flow for the studied aqui-

fers of the Kulunda Plain

. Bxkuag
BojoHoCHBIN KOMIIeKe | HamMeHOBaHHMe BOJJOHOCHOTO |, NN
Aquifer complex ropusoHTa (CBUTHI) lup npoGet | F1yGuia, m 5180, %0 | 8D, %o |dexc, %o Contribution, %
. . Sample code | Depth, m JNOXKIb cHer
[32] Aquifer name (suite) rain snow
Kacmanmnckan 512,16 0,3-5,2 -147 | -1183 | -08 53 47
Kasmalinskaya
.| KpacuoayGpockan 1,3,6,14,15 | 1,8-6,1 -153 | -121,2 | 11 44 56
HeoreH-uyeTBepTHUYHBIN Krasnodubrovskaya
Neogene-Quaternary KoukoBckas
Kochkovskaya 8 5,2 -15,3 -120,2 2,6 44 56
Kynynpurcras 13 32 -178 | -1357 | 65 11 89
Kulundinskaya
" Hasnopapcras 2,9,10 12-40 -175 | -1363 | 41 14 86
HeoreHoBbIi1 Pavlodar
Neogene TaBo/KaHCKas
Tavolzhanskaya 7 158 -17,8 -141,3 1,0 10 90
BepxHeoIMroneHOBbIH-
HUKHEMHOI[EHOBbIH 3HaMeHcKast _ B
Upper Oligocene- Znamenskaya 4 202 183 1436 28 3 97
Lower Miocene
" Mnatoncias 11 710 -17,7 | -1402 | 11 12 88
BepxeHemesioBo# Ipatovskaya
Upper Cretaceous [Mokypckas 17 791 178 _139.9 2t 10 90
Pokurskaya ! ! !

*~ wugp npob ykazan coaaacHo maba. 1; 049 kacmaauHckol, kKpacHody6posckoll u nassodapckoll caum npusedeHbl cpedHue
3HA4YeHUs1 NPUYPOUYEHHbIX K HUM Npob, cmaHdapmHble OMKAOHeHUsl cpedHUX 3HaveHull eapvuposaau e uHmepsase 0,1-0,6 %o
0415 6180 u 0,1-3,1 %o 0415 6D.
*- sample code is indicated according to Table 1; for the Kasmalinskaya, Krasnodubrovskaya and Pavlodar formations, the aver-
age sample values are given; the standard deviations of the average values varied in the range of 0.1-0.6 %o for 5180 and

0.1-3.1 %o for 6D.
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AHanu3 TaHHBIX Ta0JI. 4 TOKA3bIBAET, YTO BOJBI 00-
JIee MOJIOJBIX HErTYOOKHX BOJOHOCHBIX T'OPHU30HTOB,
OTHOCSIIIUXCSI K HEOTCH-YETBCPTHYHOMY KOMILICKCY,
3a uckiroYeHneM mpoOsl Ne 13 (BOJOHOCHBIN TOPU30HT
KYJIYHIMHCKOW CBHUTBI), IMCIOT MAKCHUMAJBHO YTSKE-
JICHHBIA W30TOIHBIA COCTaB, KOTOPBIA H3MEHSETCA B
npenenax ot —14,7 1o —15,3 %o 1o S0 mor -1 18,3 mo
—120,2 %o mo OD. PaccumranHble O ypaBHEHHIO (4)
BKJIaAbI TAJIBIX CHETIOBBIX U NOXKICBBIX BOJ B q)OpMI/IpO—
BaHHE ITIOJI3¢MHOI'O CTOKA ITHUX TOPH30HTOB SIBIITIOTCS
MpaKkTHYecKu paBHbIMH (47-56 % — cHeroBoil CTOK,
44-53 % — noxnaeBoit cTok). [Ipoda Boasl Ne 13 u3 He-
[IIyOOKOTO KOJIOAIAa BOJOHOCHOTO TOPH30HTA KYJTyH-
JMHCKOM CBUTHI BbIOMBaeTcsi U3 0OIIel 3aKOHOMEPHO-
CTU HCEOICH-YCTBEPTUYHOI'O KOMIUIEKCA W HUMCECT HE-
OOBIYHO OOJIETYEeHHBIN M30TOIHBIN COCTaB, IO HAIIEMY
MHEHHIO, BCIIEICTBUE IMPUPOTHBIX OCOOCHHOCTEH Me-
CTOTIONIOXKEHHST KOJIOALA (B OOJNBIIEH CTemeHn — TOJIo-
xkeHuss B peinbede). JlamHas mpoba mpuypodeHa K
YYaCTKy C BBIPOBHEHHOW OTKPBITOM MECTHOCTBIO, ME-
olIel 6roAIe00pa3Hy0 BOTHYTYIO (GOpMY, B OKpYXKe-
HUH 03¢PHBIX KOTJIOBHH CO CKYJHOW PaCTHTEIHHOCTHIO.
3T0 0JHA W3 CaMBIX KPAHUX CEBEPO-3alaJHBIX TOUCK
oTOopa mpod XapaKTepU3yeTcsl TeM, YTO B TEUSHHE JieTa
3]leCh HAOMIOJIAIOTCS BBICOKHE TEMIIEpaTyphl BO3IyXa U
BBHIIIAIACT OYEHb MAaJ0O€ KOJIMYECTBO IOKAEBBIX OCaI-
KOB, KOTOpBIC HE 3aJIeP>KUBAIOTCSI HA TOBEPXHOCTH, a
3a4aCTyI0 U BOBCE HE JIOCTHTAIOT 3eMHOW MOBEPXHOCTH,
a IMOATOMY HE NOCTUTAIOT 3epKajla T'PYHTOBBIX BOJI.
B cBsi3M ¢ YyeM OCHOBHBIM HCTOYHHKOM IMUTAHHS VIS
BOJIOHOCHOT'O TOPU30HTA POoObI BoJBI Ne 13 BeICTyHaoT
TaJIble CHETOBEIC BOIEI.

Haunbonee m3oronnvecku OOJICYCHHBIH COCTaB OT-
MEYACTCAd B IMOA3CEMHBIX BOJAaX HUIKCJICKAIIUX TOpU-
30HTOB TaBOJDKAHCKOM, 3HAMEHCKOH, WMIATOBCKOW U
MOKYPCKOM CBHT, OTHOCSAIIMXCS K HauOoiee BO3pacT-
HbIM (HeOFeH-HaHeOFeHOBbIM u MCJ'IOB])IM) BOAOHOC-
HBIM KoMITIeKcaM (Tabi. 4). Jlns JaHHBIX BOJIOHOCHBIX
TOPHU30HTOB OCHOBHBIM MCTOYHHKOM ITHTAHHUS SBISFOT-
Cs Tallble CHETOBBIC BOJIBI, BKJIaJ] KOTOPBIX B (hOpMHUPO-
BaHHE MOJ3EMHOI0 CTOKa cocTaBiseT 86—97 %, a Ha
JIO’KJIEBOE MUTAHNUE MTPUXOAUTCS TONBKO OT 3 1o 14 %.

PaccuntanHble 3Ha4YEHHsI JEUTEPUEBOrO IKCIECCa
IIOKa3bIBAKOT, YTO MAKCHMAJIBbHOC HUCTOIICHHUEC aTOMOB
neirepust (0D) OTHOCHTENIBHO 80 maGmomaercs B
TPYHTOBBIX BOJAaX CaMOr0 BEPXHETO BOJOHOCHOTO T'O-
puzonta (—0,8 %o). OcTanbHbIE BOJOHOCHBIE TOPU30H-
TBI B CPaBHCHHUH ¢ aTMOC(HEPHBIMH OCAIKAMH XOJOJ-
HOro mepuoza (tabna. 3) Takke OOCIHEHBI aTOMaMH
neitrepust (0D) OTHOCUTENBHO "0, uto ces3aHo ¢ 110-
MTOJTHUTENIFHBIM HCIAPUTENbHBIM (PPaKIIOHUPOBAHUEM
TAJIOTO CHETOBOTO CTOKA IIPH €ro IBIDKCHHH dYepe3
MOYBO-TPYHTHI BEPXHUX TOPU30HTOB.

TaxuM 00pa3zoM, HECMOTPSI Ha TO, YTO KOJIHIECTBO
0CaJIKOB, BBHINMAIAIONINX HA M3YYaeMyIO TEPPUTOPHIO B
XOJIOJHBIN TIEpUO/] To1a, COCTaBIsAeT He Oomee 35 % oT

WX TOAOBOTO KonuyecTBa (Tabi. 3), MOCTYIUIEHUE Ta-
JBIX CHETOBBIX BOJ 32 KOPOTKWH TMEPUOJA aKTHBHOTO
CHEeTOTasHus (~2-X Heaenb) oOecrieunBaeT MX Oolee
riTy0OKOe MPOHUKHOBEHUE W MOMAJaHUE BO BCE BOJO-
HOCHBIE TOPU30HTHL. B Teruiblil nepuon roaa mupokoe
pacripenesieHne 0CaKoB BO BPEMEHH U CYIIECTBCHHOE
X WUCIapeHUe MPUBOIUT K TOMY, YTO 3HAYUTEIHHO
MEHBIIWN MPOLEHT JIETHUX OCAJKOB MOCTYIaeT B BO-
JIOHOCHBIE CIIOU, OCOOEHHO B HIDKHUX TOPH30HTAX.
[Ipu >TOM TOMONHEHHE MOJOABIX HETITyOOKHX BOJO-
HOCHBIX TOPHU30HTOB, OTHOCSIIMXCA K HEOTCH-
YETBEPTUYHOMY KOMILJIEKCY, MPOUCXOIUT B PaBHOUN
CTETICHH KaK 3a CYET CHETOTAsIHUS, TaK M 32 CUET JOXK-
JIeBBIX BBIMAJCHUN, B TO BpeMs Kak OoJiee riryOokue
BOJIOHOCHBIC TOPHU30HTHI HEOTCH-TIAICOTEHOBOTO KOM-
riekca Ha 86—97 % (GopMupYyIOTCS 3a CUET TalbIX CHe-
TOBBIX BO/I.

3akro4yeHue

CpaBHUTEIbHBII aHAJINW3 AAHHBIX HM30TOIHOTO CO-
craBa (3D, 5'°0) MOI3eMHBIX BOJ AKTHBHOIO BOL00G-
MeHa KynyHauHckoro paioHa M CpeJHEB3BEIIEHHBIX
3HaYeHHH aTMocdepHbIXx ocamkoB (2021-2023 r1r.),
BBINAJIAIOMIUX Ha TeppuTopuu O0b-UPTHILICKOT0 Mex-
Jlypedbs, MOKa3al, YTO MOA3EMHBIE BOJBI M3y4aeMOro
pErvoHa UMEIOT METEOpHBI reHe3uc. ConocraBieHue
HAKJIOHA JIOKAJIBHOM JTMHUM TMOJ3EMHBIX BOJ OTHOCH-
TEJIBHO TII00ATHHON JIMHUH METCOPHBIX BOJI, a TaKXKe
yMeHbIICHHE 3Ha4YeHus aedTepueBoro skcuecca (dexc)
YKa3bIBAIOT Ha MPOTEKaHHUE MPOLIECCOB UCTIAPUTEIHHO-
ro (pakIMOHUPOBAHUS HMCXOJHOH IOCTyHArOIeH B
COCTaBe OCAJKOB BJaru, MpUYEM H30TOIHBIA COCTaB
MOJI3EMHBIX BOJ 3aHUMAeT MPOMEXYTOUHOE IOJIOXKE-
HUE MEXKAY 3WMHUMH M JICTHUMH aTtMoc(epHBIMHU
ocaJlKaMu.

[okaszano, 9T0 BOJBI OOJIEE MOJIOIBIX HETTTyOOKUX
BOJOHOCHBIX T'OpU30HTOB KynyHAMHCKON paBHUHBL,
OTHOCSIIUXCA K HEOTCH-YETBEPTUYHOMY KOMILICKCY,
32 HMCKIIOYCHHEM YYaCTKOB C OCOOCHHOCTSIMH ITOJIO-
XKEHUs B penbede (Harmpumep, BOJOHOCHBIN TOPU30HT
KYJIYHIWHCKOM CBHTHI), IMEIOT MaKCUMAJILHO YTSDKe-
JIEHHBIN W30TOMHBIA cocTaB (oT —14,7 mo —15,3 %o 1o
50 u or —118,3 mo —121,2 %o mo d8D), a Bkiambl Ta-
JIBIX CHETOBBIX W JIOXKJEBBIX BOJ B (POPMHUpOBaHUE HX
MOJI36MHOI'0 CTOKa SIBJIAIOTCS NMPAKTUUYECKH PAaBHBIMU.
B 3710 XKe Bpems moja3eMHble BOABI BO3PACTHBIX HEO-
T'eH-TIAJICOTEHOBBIX M MEJIOBBIX BOJIOHOCHBIX KOMILIEK-
COB (HIDKEJeXKalllue TOPU30HTHI TaBOJDKAHCKOM, 3Ha-
MEHCKOM, HTIAaTOBCKOI M NMOKYPCKON CBUT) UMEIOT U30-
TONHYECKU 00JeUYeHHBIH cocTaB oT —17,5 mo —18,3 %o
o 8*%0 u or —136,3 10 —143,6 %o 1o 0D. JInsa qaHHBIX
BOJIOHOCHBIX TOPU30HTOB OCHOBHBIM HCTOYHHKOM IH-
TaHUs SBISIOTCS Tallbie CHETOBBIE BOJIBI, BKJIAJ[ KOTO-
pPBHIX B (OPMHpPOBAHHE MOA3EMHOTO CTOKa JOCTHTAET
86-97 %, a Ha MOXKOCBOE MUTAHUE TIPHXOJUTCS TOIBKO
ot 3 1o 14 %.
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