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Abstract. Perspectives of using computer modeling for estimation groundwater balance, groundwater resources
and its prevention from depletion and pollution are shown in the article. It describes the main features of hydrogeo-
logical conditions formation, basics of groundwater modeling, results of intensive groundwater use during exploi-
tation in areas of large cities and urban areas. Compared forecast data from previous works and actual operating data
for Kaskelen groundwater field. Specified rational approach of groundwater assessment and reassessment on real
objects.Proved efficiency ofgroundwatermanagement on well fieldsduring exploitation by creating real-timenu-
merical models, which should become an integral part of the direct monitoring on groundwater fields.
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Annoranmua. [lactca 000CHOBAHHE COBCPIICHCTBOBAHMSA NMPHMCHCHHS HH()OPMALMOHHBIX TCXHOJIOTHH NPH
pPemICHUN 3a4a4, CBA3AHHBIX C OHGHKOfI H r[epeoueHKofI OKCIUTYaTAITHOHHBIX 3aMaCOB MOA3CMHBIX BOJ, 33H.[I/ITOI>1 Hux
OT UCTOLICHUA W 3arpA3HCHHUA. OXapaKTepI/ISOBaHBI OCHOBHBIE OCOOEHHOCTH THAPOTCONIOTHICCKUX H BOI[OXOSﬂfICT-
BCHHBIX YCJIOBHH, C(POPMHPOBABIINXCS B PE3yIbTATe MHTCHCHBHON SKCIUIyaTallMy MOA3EMHBIX BOJ HA TCPPUTOPHIX
KPYTIHBIX TOPOJOB U TOPOACKUX araomMepanuii. IIpuBeaeHBI Pe3yabTaThl COMOCTABICHUA JAHHBIX MPOTHO3HBIX PAc-
YCTOB M (DAKTHUICCKOTO OMBITA SKCINTYaTalldd BOX03a00pOB HA TCPPHUTOPHH KaCKEICHCKOTO MCCTOPOXKICHHA IOA-
3CMHBIX BOJ. HpeI[J'IOH(eHBI PAmUOHAIBHBIC MOAXOABI K BBIMOJTHCHHIO NMEPCOLCHKH JKCILTYATAHOHHBIX 3amacoOB
TMOI3CMHBIX BOJ, PCATM30BAHHBIC HA PACCMOTPCHHBIX 00BCKTaX-mpuMepax./lokazaHo, uro Hauboace 3(h(heKTHBHOC
YOPABICHHE JKCILTyaTalMei MECTOPOKIACHUM MOJ3EMHBIX BOJ JOCTHUTACTCSA MYyTEM CO3JAHHS TMOCTOSHHO JCHCT-
BYFOIHUX MATCMATHYCCKUX MOJCJICH, KOTOPBIC AOJDKHBI CTaTh HEMOCPSACTBEHHON COCTABIBIFOIICH YACTHI0 MOHHTO-
puHTra Ha MECTOPOKACHWAX MOA3CMHBIX BOI.
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Onxoti u3 uenesbix 3aaa4 [ ocynapcreennoit [porpammer «AkK Oyaak» 1Mo OOSCHICUCHUIO HACCICHUS
Kazaxcrana xadecTBeHHOH IATHEBOM BoaoH Ha 2011-2020 rr. aBnsgeTcs MakCHMAIbHOES HCIOIB30BAHUC
MOTCHITHAIA MOJ3EMHBIX BOJX. MeCTOPOKACHHS MPECHBIX MOA3CMHBIX BOJ MPEACTAB/ISIOT cOO0H Hanboee
3aIMUIICHABIN U HAACKHBIH UCTOYHHK TMTUThEBOM BOJABI BHICOKOTO KadecTna [1].

B T'ocyaapcreennoii Ilporpamme mo ¢opcupoBaHHOMY HHAYCTPHATBHO-HHHOBALIOHHOMY Pa3BH-
o PecnyOnuku Kazaxcran va 2010-2014 rr. otMedaeTess HEOOXOUMOCTh TIEPEX0Aa HA HOBBIC COBPE-
MCHHBIC TCXHOJIOTHH HKCIICPTHU3BI 3aMacOB HA OCHOBE KOMITBIOTCPHOTO MOJCITHPOBAHUS MECTOPOXKICHHI
TIOJIC3HBIX UCKOMACMBIX, ABTOMATH3UPOBAHHBIX KOMILICKCOB OIICHKH M MOACUCTA 3amacos [2].

B nocnenuue roapt B Kazaxcrase, 3a CYET CPEeACTB PECHyOIMKAHCKOTO OIOMKETA, MPOBSACH Psii
padoT MO MEPEOLICHKE IKCIUTYATAMOHHBIX 3AMacOB MOA3CMHBIX BOJA MECTOPOXKICHUH MCPBOHAYAIbHBIN
PacUYCTHRIN CPOK IKCILIYaTALWH, KOTOPbIX JaBHO HcTeK [3]. [IpropuTeTHRIMU, Py STOM,OBITH BHIOpPAHEL
METOJBl MCCACAOBAHUN ¢ MPUMCHCHUEM MATEMATHUCCKOTO MOJCIUPOBAHHS, TCOMH(DOPMALIMOHHBIX CHC-
TEM, CUCTEM O0pa0OTKH AAHHBIX JUCTAHIIMOHHOTO 30HAMPOBAHUS 3EMITH, CHCTEM INIOOATPHOTO MMO3UIHO-
uupoBanus u Ap. COBMECTHOC NPUMCHCHHE PA3IMYHBIX WHCTPYMCHTAJBHBIX CPEACTB CYIICCTBCHHO
NoBHIIACT 3QPEKTUBHOCTh UCCICAOBAHMNA. ABTOPaMH BBINIONHEH PAA PadoOT MO NPOBEACHUIO MEPCOLCHKH
3aIacoB, MPEIIOKEHBI PAIMOHAIBHBIC MOIXOAbI K BHIMOIHCHHUIO MEPSOLICHKH IKCIUTYaTAHOHHBIX 3aMacoB
MOI3EMHBIX BOJI, PCATM30BAHHBIC U MPUBCACHHBIC JAJICE HA PACCMOTPSHHBIX 00BEKTax-mpuMepax [4, 5].

Bo03MOKHOCTh PAIIMOHAIBHOTO HCIIOAB30BAHHUS HEAP ¢ LCIBIO JOOBIYH MOJ3CMHBIX BOJ OIPEIC-
JSCTCS, B MEPBYKD OYCPEAb, BEIHYMHOW HMX DKCIUTYATALMOHHBIX 3aracOB, ACTATBHOCTBI) H3YUCHHOCTH
(KaTeropuiHOCTRIO) TOACYMTAHHBIX 3aIIacOB, & TAKKE BO3MOMKHOCTBIO WIH MOCTYIMHOCTBIO KX IS
ocBoOeHUS (0aNaHCOBON MPUHAMICKHOCTRIO) [6].

PasBenka u olCHKA SKCIUTyaTAl[HOHHBIX 3amacoB moa3eMHbix BoJ (mance I3IIB), Ha kotopsix Oa-
3UPYETCS COBPEMCHHOS BOMOCHAOKCHHE KPYITHBIX T'OPOJOB M PAHOHHBIX LICHTPOB B OCHOBHOM ObLia
BeImoHCHA B 60-80-x romax mpommtoro Beka. ['MAPOAMHAMHYECCKHC MPOTHO3B BHITIONHSIACE CHAYAIA
AHATUTHYCCKH, 3aTCM C MPUMCHCHHUEM METOJ0B MATECMATHYCCKOTO MOJCITUPOBAHUS sl PACUCTHBIX CXEM
KPYIHBIX TPYMIIOBBIX BOJA03a00POB.

B nHacrostinee BpeMst, CAOKHBINASCS CUCTEMA BOAOCHAOKEHHUS KPYITHBIX TOPOAOB 32 CUCT MOA3CMHBIX
BOJ, KaK MPABUIIO, BKIKYACT B CCOSI CHCTEMY LICHTPATH30BAHHOTO BOJIOCHAOXKEHHUS (TOJIOBHOM BOA03a00PD
IUIOIMIATHOTO HIIM JTUHCWHOTO THIIA, MPSACTABICHHBIN 5—15 CkBaxkmHAMM), a TaKkKe OOIBIIOS KOJIUICCTBO
ABTOHOMHBIX BO0J03a00POB (OAMHOYHBIX CKBAXHH), OIS KOTOPBIX B OOMICH BEIMYHMHE BOAOOTOOpA
MOJ3EMHBIX BOJ HA TEPPUTOPUH ropoaa Moxet gocturats 20-30%.

DKCITyaTalys MOA3EMHBIX BOA B TOPOAAX BEACTCS KaK HA y4acTKaX HEAP, 3aMachl KOTOPBIX MPOIILTH
lNocy mapcTBEHHY IO SKCIICPTHU3Y U BKIKOUCHBI B | OCYAapCTBCHHBIN YUET, TAK U HA y4aCTKAX HEAP C HEYT-
BEPIKICHHBIMU 3amacaMu. Takum o0pazoM, ¢ POCTOM AHTPOIIOTCHHOMN JSATCIBHOCTH, B YCIOBUSIX HHTCH-
CHUBHOM ypOaHH3AIMK MTPOUCXOMAT CYMICCTBCHHBIC M3MCHCHUS BOJOXO3SHUCTBCHHOH OOCTAHOBKH, OTHO-
CHUTCIIBHO MPUHATON pacueTHON cxembl mpu oneHke I3IIB. Harpyska ot paGoTtel Bogo3ab0poB pacmnpene-
JSICTCSL TIO BCCH TCPPHUTOPHU TOPOJa U MPUTOPOJA, B PE3yIbTaTe 4ero (GopMHUPYSTCs OOIIMpHAS ASIpec-
CHOHHASL BOPOHKA OT paboThl ICHTPAJIBHOTO BOA03a00pa, OCIOKHCHHAS JIOKATBHBIMA BOPOHKAMH OT
paboThl OMMHOYHBIX CKBLKUH. B Takux cuTyauusx MPOUCXOTUT MEPEPACIPEACICHUEC THAPOAHUHAMU-
YECKOTO M MHAPOrCOXHUMHYICCKOr0 0ATaHCOB MECTOPOKIACHHUH HMPSCHBIX MOJ3EMHBIX BOJ, UYTO MPUBOAUT K
CJICAY FOIIMM HETATHBHBIM TIOC/ICACTBHUSIM:

— M3MCHCHHUIO TPUPOIHBIX THAPOTCOXUMUYCCKUX MPOLICCCOB 3a CUCT YBEIHUCHHUS MCPETCKAHUS W3
CMEIKHBIX TOPU30HTOB M YCHUIICHUS MPUTOKA MOA3CMHBIX BOJ [0 KCIUTYATHPYEMOMY ILIACTy U3 00nacTeit
¢ HCKOHIUIMOHHBIMHU BOIAMH,

— UHTCHCU(UKALIUH MPOLICCCOB TSXHOTCHHOTO 3arPsI3HCHUS,

— yuepoy peuHOMY CTOKY

— OCYIICHHIO ICJCBBIX BOJOHOCHBIX TOPH30HTOB.

B mepuox 2012-2014 rr. aBropsl cTaThu NPUHHMATH HENOCPEACTBCHHOE yuactHe B pabortax TOO
«[IpousBoacTeeHHas kommanus «l'€oTepM» MO AOPA3BEAKE € LCABI MEPCOLCHKH SKCILTYATALMOHHBIX
3amacoB moa3eMHBIX Box KackemcHckoro, Bocrouno-Tanrapckoro, VisemHaramckoro, bopammaiickoro,
Hapsiakoneckoro, Capsiosekckoro, Jlencuuckoro, Mcepikckoro, bakanacckoro u HukonaeBckoro Mecro-
POKACHUM, I'AC MEPCOLCHKA DKCIUTYATAlMOHHBIX 3aMacoB OCYIHICCTB/LIACH ¢ YICTOM THAPOAUHAMHU-
YECKUX, THAPOTCOXHMHUCCKUX W MPHUPOJOOXPAHHBIX OrPAHMYCHHI., YUET B MPOTHO3HBIX pacueTax
M3MCHCHHUH BOJOXO3SHCTBCHHON OOCTAHOBKH U IMPOSBICHUE HECTATHBHBIX MPOLCCCOB MITH BO3MOXKHOCTb
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UX TPOSBICHHA B OVAyIIEM OCYINECTBICHO HAa Tr¢OQHIBTPALMOHHBIX W TCOMUTPALMOHHBIX MOJCTAX.
Co3pmanHbIc AN 3THX LEJNCH YHCICHHBIC MATCMATHUCCKHE MOJCTH MPOXOJUIN OCHOBATCIBHYIO KaauO-
POBKY IO PE3yJbTaTaM OIBITA SKCIUTYATALMK BOJ03a00POB MOA3CMHBIX BOX U MO AAHHEIM MOHHTOPHHIA
MOJ3EMHBIX BOJ.

B xauectBe mpumepa Takux paboT Ha YpOAHHUZHUPOBAHHEIX TCPPHUTOPHIX PACCMOTPHM PE3yJIbTATHI
MEPEOLICHKH 3aMacoB MOA3CMHBIX BOA N0 KackeIeHCKOMY MECTOPOXKACHHIO.

Kackenenckoe MecTopokaeHHEe HAXOANUTCS B FOr0-3aMafHoN yacT oOmupHoi Mnulickol BaaAuHb 1
B CTPYKTYPHO-TCKTOHHYECKOM OTHOLICHHUH TATOTCET K 30HE MAKCHMAIBHOTO IMOTPY>KCHHS €€ KOHCO-
JAMIUPOBAHHOTO (YHIAAMEHTA, H3BECTHOTO MMOJ Ha3BaHHEM AIMaTUHCKOH Boagusel. Ilocnennas mpen-
craBmsieT coboit ctpykrypy Il mopsiaka Bo3HUKINY O U chopmuposasinyrocs (kak u Mmuiickas aempeccus)
B 3MOXY aJBIMUHCKOro oporeHesa (pucyHku 1, 2).

MecTopoKaeHHEe NMEET OTUCTIMBO BHIPAXKCHHEIC TCOMOTHUCCKUE W THAPOTCOIOTHYCCKHE TPAHHMIIBL.
Ha rore sta rpaHnna npoXoANT MO KOHTAKTY PHIXJIBIX BATYHHO-TAICUHUKOBEIX OTIOKCHHH COBPEMCHHBIX
KOHYCOB BBIHOCA € HIDKHCUCTBCPTHIHBIMH OTJIOKCHHSAMH MPEATOPHOU CTYIICHH, BHIPRXKCHHOH B penbede
B BuJe yeTymnos BeicoTod 100-300 m.

Ha BocToke rpaHuIa NPOXOAMT MO KOHTYPY OTIOXKCHHUH CPEIHEUCTBCPTHUHOTO BO3PACTa, CIATA0-
mux Mexaypeuse Axcaii—-KackeneH, a Takke Mo cepUd OCTAHLECB HHKHCUYCTBEPTHYHOTO BO3pacTta. 1e u
JPYTHE OTIOXKCHUS MPEACTABICHBI MPEUMYIICCTBCHHO CYTITHHKAMH.

Ha zanmapme rpaHuma MecTOpOXKACHHS COBMANACT ¢ KOHTYPOM HIDKHCUYCTBCPTHYHBIX OTIOKCHHU,
COXPaHHUBIIUXCS B BHAC OCTAHLCB, CIOKCHHBIX CYINIMHKAMU H 00pa3yIoLIMX IPsAAy CEBEPO-BOCTOYHOTO
mpoctupanus. O01as MOIMHOCTh PHIXJIBIX OTAOKCHHN B MPEJACIax KOHyca BhiHOcA paBHa 500 u Oomee
MeTpos [7].
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Q = I paHuLIa Kackenenckoro MECTOPOKIACHHA MOA3EMHBIX BOJ

Pucynok 1 — O630pHas kapra KackeneHCKOTro MecTOPOKIEHUS 1036 MHBIX BOJL

Figure 1 — Overview of Kaskelen well field
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Figure 2 — Hydrogeological cross-section of Kaskelen well field

B agMuHHCTpaTHBHOM OTHOLICHHWH TEPPUTOPHS MECTOPOXKICHUS BXOAWT B coctas Kapacaiickoro
paiiona AnvatuHckol oOnacTu. KpymHbIME HaceneHHBIMH NYHKTaMH paioHa sBiitoTcs ropon Kackenew,
nocestkn Yrkouwip, YKam6ein, Yian u ap.O6mas notpeGHOCTs B Boje cocTapmseT 22,8 ThIC. M’/CYT, Ha
neperextusy 124.4 teic. m'/cyT. TpeGosanue k kagecTBy Bogbl — coorercTaie Hopmam CIT PK Ne 104 ot
18.01.2012 r. PacuerHsIii cpok skciutyaTammy MectopoxacHus — 10 000 cyrox.

Jkcmnyartamus KackeneHCKOro MecTOpOXKICHHS MOA3CMHBIX BOJA BEACTCA B VCIOBHAX B3aMMO-
BIMSHUA ¢ AMMaTHHCKNM, Y 3piHaranmckuM, bopanmatickiv n KapolickuM MecToposKICHUSAMH MOJ3EMHBIX
BoJ. JlaHHBIC YCTIOBUS BBI3BAIN HCOOXOANMOCTh CO3AAHHUS MOJEIH PETHOHATBHOTO YPOBHS, BKITIOUYAIOLICH
VUACTKH BOA03a00pPOB BBIIICYNOMSHYTBIX MECTOPOXxKACHHUN. OIeHKA 3KCIUIYATALMOHHBIX 3aracoB IOJ-
3€MHBIX BOJ BBIITOJHCHA METOJOM MAaTEMATHYCCKOTO MOJCITUPOBAHUS C UCIOIb30BAHHEM MPOIPAMMHOTO
kommuiekca VisualModFlowPremium 2012.2. Ilpu 3T0M, B MOJC/b BBEACHBI JAHHBIC SKCILIYATALMOHHBIX
CKBQKWH, HAXOAAINUXCS B Mpeaciax paauyca BiausHus. Beero obpaborana undopmarus mo 180 cksa-
’KUHAM paiioHa pabor [3].

Tuopoceonoeuuecrkue ycaosus 6 niaueObIIN CXCMATH3UPOBAaHB B BHAC 00nacTH (QUIbTpaLIH
pasmepamu 41x56,3 kM, obmeit miomansio 2308.3 kv’ BHeIIHHE TpaHHIBI MOACTHPYEMOH 061acTH
MPUHATB B COOTBETCTBUM € HPUHATHIMH YCIOBHAMH T'HIPOreOJOTHYCCKOT0 (OPMHUPOBAHUSA H pacipo-
CTpaHCHUS OCHOBHBIX BOJOHOCHBIX FOPH30HTOB H KOMILICKCOB. Moaenupyemas 0071acTek B IIAHE aNIpoK-
CHMUPOBAHA OPTOTOHAIBHOM ceTKOM ¢ maroM MxN = 100x200 m (pucyHok 3).

Tuopoceonoeuwecrkue yciosus 6 paspese TPUHATHL MO PE3yIbTAaTaM AHAIN3a TCONOTHYCCKOH H
THAPOreOIOrHICCKON HHpopMauu (PUCYHOK 3), ¢ YUETOM OCOOCHHOCTEH JTUTONIOTHUCCKOTO CTPOCHHS
paspesa, U3MCHCHHS (PUIBTPALIMOHHEIX CBOHCTB BOJOBMCLIAIOINUX OTIOXKCHHH, 3aKOHOMEPHOCTH IBU-
JKCHHUS TIOA3CMHEBIX BOA. Bcero BeIAEnEHBI [Ba I’HAPOAMHAMUYCCKIX 3TaKa H CO3JAHBI 3 CI0S MOACTIH:

cioti 1 — BOJOHOCHBIU T'OPU30HT CPEIHCUCTBEPTUYHBIX ATIOBHATBHO-TIPOJLTIOBHAIBHBIX OTI0KCHUH
(apQim), B 30HE npearopHoii paBauHs! (apQr);

ci10ti 2 — MPOCIION TIIOTHBIX CYTIIMHKOB (BOJOPA3ACSIOIIHI CITOH);

coti 3 — BOAOHOCHBIH TOPH30HT HIDKHCUCTBEPTHIHBIX OTIOKEHUH (apQy);

Brewnue epanuynvie ycio6us pacuETHOW 00IaCTH ONPEACICHBI CICAYVIOMHIM 00pa3oM:

— 1O BceH MpOTsLKEHHOCTH TpanuLbl — yenosue 11 poaa (AQ = const = 0);
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Pucynok 3 — Kapra-cxema pacrnipejie/ieHHs IPaHHUHBIX YCJIOBHH M0 pacuéTHOH obnactu

Figure 3 — Boundary conditions of the conceptual model

Brympennue epanuynsie Yea06us CXeMaTH3HPOBAHBI CIIEAY IOIAM 00pa3oM:

— mo pycaam pp. Yemonran, Kackenen, Axcaii, bonsinas Anmarunka, Manas AaTMaTuHKa — TpaHdd-
Hoe ycnosue Il poxa (H = const) Toucunsie cToku oT paboTel BOA03200POB — MEPEMCHHBIA BO BPEMEHH
pacxox [Q; = f(t)] B Toukax pacmojokeHUS BOA03a00pHBIX CKBaXHH. Harpysku Ha BOm03abopsI pac-
MPEACTICHBl B COOTBETCTBHU C (DAKTUUCCKUMH JAHHBIMH O CPEIHETOJ0BOM BOAOOTOOPE.

CooteercTBre CHOPMHUPOBAHHOH THAPOAMHAMHYCCKOH MOJCTH TPUPOAHBIM VCIOBHAM JOKA3bI-
BacTCA PEIICHUEM 0OPAaTHOH CTAIMOHAPHOH 3a1a49u (KaIuOPOBKOW MOACTH), BHIIOIHACMOH € LECIBIO:

— Co3maHus cOaNaHCUPOBAHHON MOICITH;

— VTOYHCHHS OTACIBHBIX THAPOTCONOTHICCKUX MAPaMETPOB M IPAHUIHBIX YCIOBUIM;

— OLICHKH €CTECTBCHHBIX PECYPCOB MOA3CMHBIX BO;

— ONPEACTCHUS BEIMYUHBI OATAHCOBHIX COCTABILIIOLIMX MOJ3EMHBIX BOJ M HX PACHPEACICHUS IO
TUTOINAM;

— MOJIYUCHHUS HAYAIbHBIX YCIOBUH IS PEIICHHS TPOTHO3HOH 330241,

Kpurteprem anexBaTHOCTH MOJCTH HATYPHBIM VCIIOBHSM SIBJSICTCS COBMAACHUC MM OJH3KOE COOT-
BETCTBHE YVPOBHCH, MOMYUCHHBIX HA MOJCTH, € HaKTHICCKOH VPOBCHHOW NOBEPXHOCTHIO, 4 TAKXKE NPABAO-
MOJOGHBIC KOJIMYICCTBCHHBIC OLICHKH OTICIBHBIX 3JICMCHTOB OalaHca MOA3EMHBIX BOX U PACHpeICICHUC
nx mo mnomand. ComocTaBIeHHUE MOJCTBHBIX W HATYPHBIX a0CONIOTHBIX OTMETOK MO 18 OmopHBIM
CKB2)KMHAM TOKA3aHO HA PUCYHKE 4 M CBEACHO B TAOIUIY.

PesynpraTel pacueTra MOrpemrHOCTH PELICHUS OOPATHOH CTALIMOHAPHOM 3aJadud: CPEAHAS OIIHOKA
(MeanError), cpenusisi ommOKka no abcoaroTHON Beauuune (MeanAbs. Error) v cpeaHEKBaAPATHUCCKAS
owndka (RootMeanSq. Error) B MeTpax ONMPEICICHBI IO CICAYIOLINM 3aBUCUMOCTSIM [8, 9]:

Cpeansist omruOKa ONpPeACIICTCS U3 BRIPAKCHUSL:

ME = =37 (he = ho);. (1)

IJIE 7 — KOTMYECTBO HAOMIOAATEIBHBIX CKBAXKHUH, /1, U /1 — PACCUUTAHHOE U 3aMECPCHHOEC 3HAYCHHUC VPOBHS
BOALBI B CKBAKHHC.
Cpeanss omuOKka 1o abCOMIOTHON BETUUHMHE PACCUHUTHIBACTCS N0 GopMyie:

1
MAE = 257, (Ihe — hol); - @)
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Calculated vs. Observed Head : Steady state
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Pucynok 4 — I'paduk pacipeieneHust cpe/JHEKBaIpaTHIHOM ONMOKY 110 JTaHHBIM PEeIIeHUs 00paTHO CTallMOHAPHOH 3a/1a4uu

Figure 4 — Graph of the mean square error distribution by the results of steady state flow solution

Pacxoxnenus Mexy GakTHUECKUMH U MO/ISIBHBIMUA OTMETKaMH I10/[3€MHBIX BOJ
TIPU PENICHUH 00PaTHOU CTallMOHAPHOM 3aa4u 3a riepuo]| 1965-1966 rr.

Table 1 — Differences between actual and model groundwater levels
by the results of steady state flow (defined level on 1965-1966 years before exploitation)

o No AOCOIIOTHAS 0TMETKA AOGcoIoTHas 0TMETKa ITorpenmocts
- SR AT Huexo Zg;"fgg;lﬁ%%’é Tr) ,I[fam{HM ypﬁ(ﬁ;ﬂfpgg;ﬁfa; AN a6COJ'I§THa5{, OTHO cn;fanaﬂ,
1 323 817.41 817.70 0.29 0.54
2 410 822.05 816.70 535 2.31
3 169/442(257) 804.38 803.90 0.48 0.69
4 25/128(5) 803.17 802.00 1.17 1.08
5 325 799.77 804.60 4.83 2.20
6 422 819.27 807.00 12.27 3.50
7 423 818.84 807.00 11.84 3.44
8 58 819.71 806.70 13.01 3.61
9 416 815.56 810.30 5.26 229
10 841 813.56 803.60 9.96 3.16
11 56 814.79 809.80 4.99 223
12 1209 800.20 802.70 2.50 1.58
13 1317/12(182) 851.29 852.80 1.51 1.23
14 336/8 867.97 846.90 21.07 4.59
15 236/6 858.08 843.30 14.78 3.84
16 228/4 845.86 840.80 5.06 225
17 353/3 847.16 841.10 6.06 2.46
CpenHee 7.08 241
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Cpe;[HeKBaz[paTqucxaﬁ OIOUOKA BRIUUCIACTCS U3 COOTHOIICHUS:

RMS = 15T, (h — ho? 3)

Ha pucynxke 4 npuBeneHa Konus 3kpaHa, caenansas B npouecce padorel ¢ ModFlow u otoGpaxato-
mas pe3yabTaThl pacueTa MOrPELIHOCTH PELICHU 00paTHOU cranmoHapHoi 3azaun. ['paduk mokaseiBact
cooTHoweHne BHUMCICHHBIX (Computed) n dakTudecku 3aMepeHHBIX vpoBHeU (Observed) mo Habmio-
JATCIbHBIM CKBRKHHAM, JOKA3bIBAIOIIAS BBICOKYEO CXOIUMOCTb 3HAUCHHH H COOTBETCTBHC MOJCTBHBIX
YCJIOBHUM PEANbHBIM.

bamancoBoe ypaBHEHHE IO MECTOPOXKACHHUIO UIMEET CIIE Y FOIINI BUA!

QHOB+ QOC+ QlTp: QI/ICH+ QOT6+ Q3BH+ QHOI[.OTT s (4)

rae Quos — QUIBTpalMs MOBEPXHOCTHOTO CTOKA, CKIAIBIBAIOINASACSA W3 (PUIABTpALMH H3 PYCEN PEK;
Qnp — TIPUTOK MOA3EMHBIX BOA MO BHEIMHMM rpanunaM; Q.. — mauibTpanms arMochepHBIX OCaIKOB;
Q. — cymmapuoe ucnapenue;, Q. — BeauumHa 0TOOpA ACHCTBYIOIIMX TMOA3CMHBIX BOJ03a00POB;
Quienn — PBanOTpaHCTUPALHS, Qpox 0rr — HOA3EMHBIN OTTOK 32 FPAHHULIBI MECTOPOXKICHUS.

AHanmnM3 MOJAETBHBIX M HATYPHBIX KapT VPOBCHHBEIX MOBEPXHOCTCH BOJOHOCHBIX TOPH30HTOB IMO-
Ka3blBACT WX JOCTATOYHO BBICOKYIO CXOOHUMOCTb. JICMEHTHI OanaHca MOA3EMHBIX BOJ MO PE3yIbTaTaMm
peLIeHHs 0OpaTHOM CTALMOHAPHOM 331a4H MPHUBCACHBI HA PUCYHKE 5.
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Pucynok 5 — DnemeHTs! GaaHca I0/[3¢MHBIX BOJL 110 pe3yJIbTaTaM pelieHus: 00paTHOH CTaIlHOHAPHOM 3a1auu

Figure 5 — Groundwater balance by the results of steady state solution

Ilo pesynpraram perneHus 0OpaTHON CTAHOHAPHOHU 331291 MOYKHO CACTIATh CIEAYIOIIUC BEIBOABL:

1. TlonyucHHBIC HA MOACTH PC3YIBTATHI 3AJICTAHMS YPOBHCH MOI3CMHBIX BOJ TI0 COCTOSHHIO Ha 1966 r.
HMCIOT JOCTATOYHYIO CXOJUMOCTh, UTO MOATBEPIKAACT BEPHOCTb BBIOPAHHON CXEMATH3ALMH, 32J3aHHIO
TPaHHYHBIX YCIOBHH U THAPOTCONOTHUCCKUX NAPaAMETPOB;

2. ECTECTBEHHBIE PECYPCHI MOA3EMHBIX BOJ COCTaBIAT 8,06 M’/c. OCHOBHASL POb B MX (OPMH-
poBanuu (52%) OCYIECTBAAETCS 3a CUCT MOTEPh peuHoro croka. Ha mpuTok mo BHEIMHHM IpaHHLIAM
yxomut 35% oOmero BogHoro Oananca, Ha MHQWIBTpALMIO aTMOC(hEpHBIX ocagkos mpuxoaurcsa 13%
Hamanca.

3. B pacxoanbix crathiax 6anaHca npeoOiaagacT pasrpy3ka MOA3EMHBIX BOX B CONPEACTBHEIC YACTH
Oaccetinos (Bcero npuxoaurcs 60%), Ha 0TTOK B peuHyto ceTh (40%).

4. Tlo pesyabpTaTaM pericHUs OOpaTHOH CTALMOHAPHOW 3aJauM, MOXKHO CACNATh 3aKIIOUCHHE, UTO
MOJETb aJCKBAaTHA CYLICCTBYIOIIMM MPHPOAHBIM ycIOBUAM. [lonmydceHHEIC 3HAUCHUS OBLTH TPUHSTHL B
Ka4eCTBEC HAYATIbHBIX TS PELICHHUS SIMTUTHO3HOM U MPOTHO3HOU 3a1ad.
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Pemenre nporHosHeIX 3a7a4 reodHIbTPalMU 3aKII0YAIOCE B OMPEIACICHUN MPOTHO3HBIX BEITHYUH
BOI00TOOpA, TTyOUHBI 3alIeTaHus MOA3EMHBIX BOJ Ha pacueTHbIH nepuof skcrnyaramud (10 000 cyTok) u
CPaBHCHHS WX C BEJIMYHHOM JOMYCTHMOTO MOHIDKCHUS MOA3EMHBIX BOJ, MOMYYCHHOW MO PE3yIbTaTam
AHAIUTHIECKHUX PAaCUETOB.

Ilpm permeHnn IPOrHO3HON 3a1aYH OIPEAEICHBI:

— MPOTHO3HBIC JCOUTHI CKBAXKUH HA MEPHO] SKCILTYaTALlUH;

— r1yOWHBI 3aJIeTaHusl YPOBHS TPYHTOBBIX BOJ B KOJIOALUAX H CKBAKUHAX;

— OIpEJeNIcHA CTEIECHDb BIMSHUSA BOAOOTOOPA HA TEPPHUTOPHIO MECTOPOXKACHHS 33 MPOTHO3HBIMA Iie-
puoa.

[Ipu MonmenupoBaHHMH YYTCHO B3anMOJCHCTBHE BOR03abopos YiawmHaramckoro, Kapotickoro, bo-
poagaiickoro U AMMaTHHCKOTO MECTPOKACHUH MOA3CMHBIX BOJ, PACIOIOKCHHBIX B MPEACNax paguyca
BIUSHAS BOR03a00poB KackeneHCKOro MeCcTOpoKICHHS HA MOJEITH.

Harpyskn nmo ckBaXKMHaM pacHpeiecHbl B COOTBETCTBHH € MX MAaKCHMAJIBHOW IPOM3BOIUTEIb-
HOCTBIO MCXOAS U3 KOHCTPYKLHUH CKBAXHH U BoJoNOoTpeOHOCTH. M30MMHNM MOA3EMHBIX BOJ MO PE3yiib-
TaTaM PELICHHUS MPOTHO3HOH 33249 MPEICTABICHBI HA KapTe-CXeMe (PUCYHOK 6).

orawdown [m M|

PI/IcyHOK 6 - KapTa TIOHKEHAMN IT0 JTAHHBIM PEMICHIA HpOI‘HOSHOfI 3ajiavu Junt Kackenenckoro MECTOPOKACHUS IIOA3EMHBIX BOJ

Figure 6 — Drawdown by the results of transient flow solution on Kaskelen well field

Booot6op bl 3a0aH ¢ Y4ETOM MAKCHMAIBHOIH MPOM3BOMTEILHOCTH CKBaXHH 124 200 M/cyT.
CymMa pacxoJHbIX cTareli OanaHca MOA3CMHBIX BOJ BOA03a00POB HE MPEBBIIACT CCTCCTBEHHBIX PECYP-
coB. bananc Bog03a00poB o0ecrieunBacTCs CPAbOTKOM EMKOCTHBIX 3aMACcOB MOA3CMHBIX BOJ BOJOHOCHOTO
ropuzonta. HamGonee 3aMeTHO BaHMAHHE OT paboTH Boxo3adopa HPOSBIACTCS HA LCHTPATBHOM
Bozo3abope r. Kackenen. Crarmueckue 3amacs coctasmsror 1103,67 k. Pacxox eCTECTBEHHOTO MOTOKA
o npoduIo KOHyca BeIHOCA cocTaBmsieT 1565 n/c. Daktuueckuii BogooTOOp mo ckBaxkuHam Ha 2013—
2014 rr. coctamser 16 052 wm’/cyTku. CyMMapHbIii MAKCHMAJIBHBIH PAacUCTHBIH AeGHT MO BOI03aGopaM
cocraBasiet 124.2 ThiC. M3/cyTI<I/I. Ilo maHHBIM MAaTEMATHYCCKOTO MOACTHPOBAHUS M THAPOIMHAMHICCKIX
pacueToOB MOHIKEHNE YPOBHEH BOJBI HA PACUETHBIN CPOK IKCIUTYaTalMy He mpeBbicut 15-22 M. [Tutanne
TOPU30HTA MPOHCXOAUT B OCHOBHOM 32 CUCT MH(UIBTPALIMH BOABI U3 PEK M BPEMCHHBIX BOJOTOKOB,
¢dupTpauy aTMocPepHBIX OCATKOB U MPUTOKY MOA3EMHBIX BOJ ¢ BHCIIHUX IPAHULL.
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Brustaue skcruiyaranuu BoA03a00pPOB HA OOIIMI BOAHBIA OaaHC PaldoOHA U OKPYKAOIIYIO CPEAy
OVACT HE3HAYHMTEIBHEIM H HE BBI30BET KAKUX-THOO HETATUBHBIX MOCICACTBHH. 3a MHOTONCTHHN NCPHOX
SKCIUTYaTalMy MOJ3EMHBIX BOA MECTOPOXKICHHS, KAYeCTBO MOA3CMHBEIX BOJ OCTACTCS HCU3MCHHEBIM H B
cooreerctBun ¢ HopMamu CIT PK Ne 104 or 18.01.2012 r. Bogel BIOJHE MOTYT CIY>KHTh HCTOYHHKOM
LCHTPATIN30BAHHOTO XO34HCTBEHHO-IIUTREBOrO BoxocHabxkeHusa i r. KackeneH m Onusiexamux Ha-
CCIICHHBIX MYHKTOB.

JokazaHa BO3MOXHOCTb AJTUTCIBHOM BSKCIyaTalys MOA3CMHBIX BOA KacKelIeHCKOro MECTOpOXK-
aermst (10 000 cyT) ¢ ot6opom ux B KommuecTBe 124.2 THIC.M'/CYT B YCIOBHSX CTO B3AMMOJCHCTBHS C
AnmaruackuM, Y 3piHaramckum u bopamaaiickum MecTopoxacHusimu [S].

CornacHo AaHHBIM MAaTEMaTHYCCKOTO MOJACIHPOBAHMS, YBEIHUCHIE BOJOOTOOPA HA MECTOPOKIACHUH
MPUBOJUT K WHTCHCHU(HKALIMH BEPTUKATBHOIO BOJOOOMEHA BHYTPH MOJCIBHOH 001acTH. JTO HE CKa-
3bIBACTCS HA 3HAYMTCILHOM H3MCHCHHH BoaooOMeHa Kackenenckoro mectopoxkacnus u Mamiickoro
OacceiiHa B LIECJIOM, OJHAKO, HCOOXOAWMO MNPOBEIACHHEC VUCTA BEIMYHHBI BOJOOTOOpAa M MHOCTOSHHBIHA
MOHHUTOPHHT 33 H3MCHCHHEM YPOBHS H KAUueCTBA MOJ3EMHBIX BOJ.

BoiBoabr:

1. HaxomneHHEIN ONBIT MPOBEACHHBIX paboT HA TEPPUTOPHAX KPYIHBIX FOPOJOB MO3BOMICT cop-
MYIHPOBATE OCHOBHBIC OCOOCHHOCTH OLICHKH 3KCILTYaTALIOHHBIX 3aIacOB MOA3CMHBEIX BOJ B paccMar-
PHBAacMBIX yCIOBUAX. PacueTsl BOAONOTPEOHOCTH A TOPOAOB, NPUHATHIC NIPU MEPBOHAMAIBHON OLICHKE
3aMacoB OKA3aIUCh CYIIECTBCHHO (MacTO MHOTOKPATHO) 3aBBIMICHHBIMH, YTO NMPHBEIO K PE3KOMY HECO-
OTBETCTBHIO (PAKTHUCCKOTO M MPOTHO3HOTO COCTOSIHHS MOA3EMHBIX BOA, MPEXKIE BCETO, BCICACTBUE HECO-
OTBETCTBHUS POTHOZHOIO U (PAKTHUIECKOTO BOJOOTOOPA.

2. PaspuBacmas B 70-80-¢ rompl mpomioro Beka KOHLCHIINS JTUKBUIAIINH MHOTOYHCICHHBIX aBTO-
HOMHBIX OJHHOYHEIX BOJ03a00POB HA FOPOACKHUX TCPPUTOPHIX H 3aMEHA UX LCHTPATH30BAHHBIMU BOAO-
3ab0paMH Ha SKOJIOTHUCCKH YHCTHIX VUACTKAX HEAP B HOBBIX SKOHOMHUYECKHX YCIOBUAX HE ONPABAAIACH.
OnuHOuHBIE BOI03a00PE B CBOEM OONBIIMHCTBE HE TOMBKO HE OBLIM THKBHIUPOBAHBL, HO U BO3HHKAIH
BHOBb. [l03TOMY pacueTHBIC CXEMBI IKCILIYaTALIMH OTIHYAIOTCS OT (PaKTHYCCKH PCATH30BAHHBIX.

3. HaGmrogaetcst TCHACHLMS YBEIMYCHHS KOJIHUCCTBA HEAPOIIOIB30BATEIICH, MpuueM 0e3 pocTa CyM-
MapHOT'0 BOJOOTOOPA.

4. MOHMTOPHHT BEIHYHHBI H3MECHEHHS 00BEMOB BOJOOTOOPA HAa YYACTKAX CBHICTCIBCTBYET O TOM,
YTO W 3aSABICHHBIC B HACTOSINCE BPeMs MOTPEOHOCTH B CIy4asX, KOIAa OHM 3aMCTHO NPEBHIIAIOT (hak-
THYCCKUH BOXOOTOOP, KOraa-HHUOY Ak OYAYT ZOCTUTHYTHI.

5. B ycnoBUSX MHTCHCHBHOW ypOaHM3alHH SKCIUTYyaTALMOHHAS HArpy3Ka PacHpecisIeTcs MO BCei
TCPPUTOPHH TOPOAA M €T0 OKPECTHOCTEH, VMEHBINAACH, KaK MPABHIO, OT LCHTPATBHON YacTH K NEpH-
depun. B pesynbrare noJo0HOM CUCTEMBI 3KCILTyaTanuu HopMupyeTcst o0mupHas oormas AempeCcCHOHHas
BOPOHKA C LICHTPOM Ha HauOojee HArpy:KCHHOM VYACTKE TOPOACKOU TEPPUTOPUH, OCIOKHCHHAS JIOKAITh-
HBIMH BOPOHKaMH OT pab0oThl HAUOO0IEEe KPYITHBIX BOA03a00POB.

6. B pafionax ¢ BBIpOKEHHOM T'HAPOXMMHYECKOM 30HAJIBHOCTBIO HArpy3ka HEIOCTATOYHO YUMTHI-
BACTCS MPH ONMPCIACICHUN HATPY30K HE TONBKO B LIEIOM IO MECTOPOMKACHHUIO, HO M, MPEXKAEC BCETO, HA
OTICTBHBIC BOA03A00PHBIC YUACTKH, B PE3YIIBTATE UET0 MPOUCXOTUT HEOOPATHMEIC U3MCHEHHS KaueCTBa
MOJ3CMHBIX BOJ 33 CUCT MOATATMBAHUI HEKOHIUIHMOHHBIX BoA. Bce 310 TpeOyeT orpaHuveHus BOAO-
0T0Opa Ha TOPOACKUX TCPPUTOPHAX BOIPEKH KEIAHHUIO OTACIBHBIX HEAPOIONb30BATCICH CO3AaBaTh HA
HHUX HOBBIC OJMHOYHBIC BOJ03a0OPHL, a TaK K€ MPOBCACHUC TIIATEIBHOIO MOHUTOPHHIA 32 U3MCHCHHEM
Ka4eCTBA MMOJ3EMHBIX BOJ.

OmnbIT BBIMOTHEHHBIX PaboT MOKA3BIBACT, YTO JAHHBIC MHOTOJICTHETO MOHHTOPHHIA VPOBHEH, BOAO-
0T0Opa U Ka4eCTBA MOA3CMHBIX BOJ, B KYIIE C IOCTPOCHHEM MAaTEMATHUSCKHX MOJCICH, MO3BONMIOT VCTa-
HOBHTb OCHOBHBIC TCHACHLIMHM WX HM3MCHEHHS W MPOTHO3HPOBATH COCTOSHHUE MOA3EMHBIX BOA HA ODKC-
IUTYaTUPYEMBIX MECTOPOXKICHHUAXHA IICPHOA KOHCYHOTO CPOKA SKCILTYATALHH.

HauGonee sddexrrBHOC YIpaBICHHE SKCILTYATALMCH MECTOPOKACHHUNM MOA3CMHBIX BOX MOMKET
BCCTHCh HA OCHOBC CO3JAHHUS NMOCTOSHHO ACHCTBYIOIIMX MATEMATHUYCCKHX MOJCNECH, KOTOPHIC MOJIKHEI
CTaTh HEMOCPEACTBEHHON COCTABIISIOIICH YaCThI0 MOHUTOPHHTA.
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MATEMATHKAJIBIK MOJEJBIEY SJICIH (KACKEJIEH KEP ACTBI CYJIAPBIHBIH
KEH OPBIHJAPBI) MAIIATTAHA OTBIPBIIL, JKEP ACThI CYJIAPBIHBIH KOPTAPBIH
MAWTAJIAHY MYMKIHAIKTEPTH KAWTA BAFAJIAY

T. A. Paxumos’, JI. K. Kaqmros?, B. C. Cabifexona’

' K. . Cot6aeB aThIHIAFHI KA3aK YITTHIK TEXHHKATBIK 3¢PTTEY YHHBEpCHTETI, AMarsl, KasakcTam,
*XKIIIC «IIpom3BoacTBeHHAs koMmanus «eoTepy», Amvarsl, Kasakctan

Tyiiin ce3aep: ruapOreoIOrhsI, MATEMATHKAIBIK MOJCTBIACY, TCOAKIAPATTHIK KYHEIep, KEP acThl CYJIapPbIHbIH
KOPIAphIH KalTa Oaranay.

AnnoTamust. JKep acTbl CyJIapbIHbIH 3KILTY aTALMSIIBIK, KOPBIHBIH CAPKBIIMAY MCH JKOHE JIACTAHOAYAAaH KOPFay
MOJIICPiH, ECENTEY MEH KAWTa ECENTEYTe KATHICTHI ECENTEPAl MICIIY/IeTi AKHAPATTHIK TEXHOJOTHATIAP/IBIH, KOJIIAHbI-
JIyBIH JAMBITY TYCiHIKTEMECi OepiireH. YJKEH Kajaamap >KOHE KANaublK arioMEparysiiap ayMarbIHAAFbI XKEPACThI
CYJapbIH OCICEH I TYPAC IKCIUIYaTAIIHBIH HOTIDKCCIH/IC TMaia OOIFaH THAPOTCOIOTHSIIBIK SKOHE CY AP AIIbLIBIK
JKaFTalIapABIH HET13T1 epPEeKIIEIiKTepl cunarTanrad. KackeneH >KepacThl Cy KEH OPHBIHBIH ayMAFbIHIAFBI CY KHHA-
FBHIITHIH OODKAMIBIK CCCNITEY ISPl MCH HAKTHI TOKIPHOCICPIHIH MOTIMETTCPIH CONKCCTCHIIPY HOTIDKEICP] KeITipis-
reH. KapacTeIpbUIFaH MBICAT — HBICAHAAPBIHAA KY3ETC ACBIPBUIATHIH KEPACTHI Cy KOPJIAPBIH KAaWTa €CEeNTeydiH
PAIHOHAIIBI OICTEP] YCHIHBLIFAH.

Hocmynuna 31.05.2016 2.
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