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Teppuropus Pecriyonvku Kanmbikuu pacrioyiokeHa B ceBepo-3anaaHoii yactu [Ipukacnvst 1 oTHOCUTCS
K YMCITy MaJIOBOIHBIX PerMOHOB. Borpoc obecrnieueHus BOTHBIMU pecypcaMu 31eCh Ype3BbIYaifHO aKTya-
JieH. BaxkHy10 poJib UTpaloT MOA3eMHbIE BOIbI — OCHOBHO U YaCTO €MMHCTBEHHBI MICTOYHUK MUTHEBOTO
BogocHabOxeHus1. OMHAKO X MCTOJIb30BaHWE OTPAHUYEHO M3-32 HU3KOTO NMPUPOAHOro KayecTBa. OqHUM
U3 CITOCOOOB YBEJIMYEHUsI SKCIUTyaTallMOHHBIX 3aM1acoB IMOA3EMHBIX BOJ MOXET CTaTh UX MCKYCCTBEHHOE
nomnosHeHue. PocHUMUBX B nepuon 2020—2021 rr. u3yuyeHa BO3MOXKHOCTb ITOMOJIHEHUSI BOTHBIX PECYPCOB
MOA3EMHBIX BOIHBIX OOBEKTOB pecryOosmky KajiMbIKnM 3a cyeT aKKyMYJISIIUM MOBEPXHOCTHOTO CTOKA.
ITo pesynbratam paboT ciesaH BHIBOI O TOM, YTO UCKYCCTBEHHOE TOIMOJHEHUE IMOA3EMHbBIX BOI HA TepPpU-
Topun Pecniy6iuku KanMblkum HelleJlecooOpa3Ha, Tak Kak naxe B rofabl 50%-ii o6ecriedeHHOCTH 0ObeMa
IMOBEPXHOCTHOTO CTOKA OYIEeT HEMOCTATOYHO ISl paCpeCHEeHHsI MMOA3EMHbBIX BO B TeUeHUE To/ia 10 Tpeoy-
eMBIX HOPMaTHBOB (MUHepam3auns <1.0 r/om>). Co3naHMe MOCTOSTHHOM JIMH3HI IPECHBIX BOI, (HAIMUIE
KOTOPOI1 0COOEHHO Ba’KHO B MAJIOBOJHBIE TOJIbI) B BOTOHOCHOM TOPU30HTE Ha y4acTKe MHOWIbTPAIIUOH-
HbIi 6acceitH — Bo1o3abopHasi CKBaXKMHA HEBO3MOXHO, TIOCKOJIBKY €XEeTroqHO OyIeT IPOUCXOIUTh €€ MOJI-
Has cpaboTKa.

Karoueswie crosa: no3eMHbIC BOBI, IABOIOK, PECYPChI, IMH3A IMMPECHBIX BOI, MHOUIBTPALIMOHHBII 6acceiiH,
e€preHUHCKUIT TOPU30HT, 3aIlachl IMIOA3EMHbIX BOI, KauecTBO Boabl, cucTteMbl MITIIB, MonenupoBaHue.

DOI: 10.31857/50321059623700049, EDN: NPJVLS

BBEAEHWE

Tepputopusi Pecnybnuka Kanmbikuu (Hacene-
Hue 272.7 ThIC. 4eJIOBEK) — 3aCyIUINBBIIA Bogoaed-
ouTHBIN pernoH Poccun. ExkeronHast moTpeGHOCTH B
BOJIE COCTABJISIET B cpenHeM ~800 MIIH M3, U3 KOTOPBIX
aub 50 MUIH M3 IIOCTYIIAeT U3 COOCTBEHHBIX BOIOM-
CTOYHUKOB, OCTaJIbHbIE BOAHBIE PECYpChl — U3 CO-
MpeaebHbIX TEPPUTOPUIL APYTUX PETUOHOB [1, 4].

Hacenenue pecny6anKu o6ecnedrnBaeTCsl NUThe-
BOM BOAOM U3 46 UCTOYHUKOB LIEHTPAIM30BAHHOIO

! Pasnensl cratsy, CBSI3aHHbBIE ¢ METOLMKOIL reoUJIbTpallMOH-
HOTO M T€OMUTPAIIMOHHOTO MOIEJUPOBAHUS, MOATOTOBJICHBI
B paMKax rocymapctBeHHoro 3amanus UIJ] ¥pO PAH (tema
075-00412-22 I1P).
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BomocHaOxeHUs1 (12 BomoeMoB 1-ii KaTeropuu u
34 nmog3eMHBIX UICTOYHMKA), 15% HaceaeHUs MOab3y-
eTcsl Bogoii 13 137 HelleHTpaIM30BaHHBIX NCTOYHUKOB
u 12% obGecrieunBalOTCs BOJOCHAOXEHUEM ITOCPET-
CTBOM TI0[IBO3a BOAKI. B 11e710M MTOTpeOGHOCTE B X031~
CTBEHHO-IIMTLEBOII BOIE HE YIOBJIETBOPSIETCS, Iedu-
LT B HACToOsIIEee BpeMs cocTasiigeT 70 ThIC. M3/cyT
[12]. Bona B ToOBepXHOCTHBIX BOTHBIX 00beKkTax Pec-
nyommku KanMmelkum (peku, o3epa, Ipyabl X1 BOIO-
XpaHWIMILA), KaK IPaBUIO, CUJIbHO MUHEPAJIM30BaHa,
HEYIOBJIETBOPUTEILHOIO Ka4yeCTBa 110 MUKPOOMOJIO-
TMYECKUM TTIOKa3aTesIM.

Kanmbikust obecriednBaeTcsl BOOOM 13 0acceitHOB
pek Bonrn, Kybanu, Kymsi, Tepeka n Yorpaiickoro
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Puc. 1. OpocurenpHo-o6BonHUTENbHBIE cucTeMbl (OOC) Pecniyonuku Kanmbikum [9].

BopoxpaHwiuiia (puc. 1) [9]. B Tlpukacnuiickoii
HU3MeHHOCTH U KyMo-MaHBIUCKOI BITaguHE BCTpE-
YyaloTcs JIMIIb MEJIKOBOOHBIE cojieHble o3epa (Cap-
nuHckue, CoctmHckue, MaHbd-I'youmo m nop.).
ITocsie onpecHeHUsT UCITONB3YIOTCS BOJbl CEBEPHOM
yactu Kacnwmiickoro mops. 3amackl COOCTBEHHBIX
MOBEPXHOCTHBIX BOH PACXIYIOTCSI B OCHOBHOM IJIsI
CEJIbCKOXO3SICTBEHHBIX HYKI, a MOA3EMHbIE BOIbI
00JIaIaloT MOBBIIIEHHONW MUHEpaIU3aliieid U XXecT-
KocThio [1].

ITpoTsS>KeHHOCTD LIEHTPaJIM30BaHHBIX CUCTEM BO-
JIOCHA0XEeHUST U TPYTINOBBIX BOAOIPOBOIOB COCTaB-
asiet 1300 kv [10]. Bonpirasg yacTh MarmcTpajabHBIX
BOJIOBOJIOB, Pa3BOMASIIMX BOIOMPOBOMHBIX CETE U
BOI03a00PHBIX COOPYXXEHUIT MOCTpOoeHbI Ooyee 20—
30 et Ha3am, KpaifHe M3HOIICHBI M HE OTBEYAIOT IKC-
TUTyaTallMOHHBIM TpeboBaHUAM [1].

CpenHee BoAOINoOTpeOIeHE HA OJHOTO YeJI0BeKa
coctapiser ~105 1 B cytku [10], 4To HAMHOTO HUXKE
pacueTHoii HopMbI (174 11). BHe nipenenoB EpreHuH-
CKO BO3BBILLIEHHOCTU BOJIONOTpEOIeHE KaTacTpo-
duyecku HU3Koe — <8 J1 B CyTKU Ha YeJIoBeKa.

Ilenp paboThl — HayuyHOE 0OOCHOBaHUE BO3MOXK-
HOCTU MCKYCCTBCHHOTO ITOITOJTHECHUA BOAHBIX PECYP-
coB (MIITIB) BomoHOCHOro TOpU30HTa B TIpenesax
EpreHnHcKo# BO3BBIIIEHHOCTH 3a CYET aKKyMYJIsi-
1IMU TTaBOJIKOBOTO MMOBEPXHOCTHOTO CTOKA.

OOBEKT UCCITEAOBAHUST — BOIOHOCHBIC TOPU30HTHI
EpreHnHCcKOI1 BO3BBIIIIEHHOCTH.

B mponecce Hacrosimieil paGOThI BBHIITOJIHEHHI:
aHaJu3 pe3ybTaToB padboT 1mo npumeHeHuio UITITB
B Mupe, B Poccuiickoii @enepanyu u B Pecriyonuvke
Kamvbeiknm; orleHKa obecrnedeHHocTH KamMbIkum
MOA3EMHBIMM U TTOBEPXHOCTHLIMU BOITHBIMU PeCyp-
caMM; ONBITHO-3KCIIepUMEHTaJbHEIE PabOTHl II0
HMCKYCCTBEHHOMY ITOMNOJHEHUIO €preHMHCKOIO BOHO-
HOCHOT'O TOPM30HTa Ha MepBoii ouepeny BepxHesii-
KYJIbCKOTO BOI0O3a0opa; aHajan3 0ajJaHCOBBIX COCTaB-
JISTIONINX SKCIUTyaTannoHHBIX 3aracoB npu MIIITB
METOJaMM MaTEMaTUYECKOTO MOACIMPOBaHMsI; OLIEHKa
BO3MOXXHOCTU U 3 dekTuBHOCTH UTITTB.

AHAJIN3 PABOT I10 IITPUMEHEHMUNIO UTITIB

Heo06xonmMocTh B MICKYCCTBEHHOM ITOMOJTHEHUH
SKCIUTyaTallMOHHBIX 3aI1aCOB IMOA3EMHBIX BOJ, BO3HM-
KaeT, KOrjJa BOIOOTOOp Ha MECTOPOXIECHMSIX ITOM-
3eMHBIX BOJ HE 00ECITEYNBAETCS ECTECTBEHHBIMU MC-
TOYHMKAMU (pOpMUPOBAHUS SKCIUIyaTallMOHHBIX 3a-
macoB. [Ipy 3TOM TIPOUCXOOUT MpOrpeccupyloiice
CHUKEHME JUHAMWYECKOrO YPOBHS MOA3EMHbBIX BOI,
pa3BUTHE JEIPECCUOHHBIX BOPOHOK, BO3HMKAET OITac-
HOCTb HETATUBHBIX B3KOJOTMYECKUX ITOCIIEICTBUN.
B 5710i1 cuTyanu Bo3MOXHEI ABa BbIxoaa [6, 7]:

pacIIMpHTh NEeNCTBYIOMINI Bomo3abop Ha (itaH-
rax, OfHaKoO 3TO JAJIEKO He BCerma MOXHO CIeiaTh
(noporasi 3emJjsl, HaIMYWE HEKOHAWLMOHHBIX BOII,
CJIOKHOCTB OpTaHM3aIIMK 30HBI CAHUTAPHOM OXpaHbI
U T. I.);
BOJHBIE PECYPCHI Ne 6
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IIPUMECHUTDb HMCKYCCTBCHHOC IIOIIOJTHCHMHEC JSKC-
IryaTallMOHHBIX 3al1aCcoOB ITOA3€MHBIX BO.

Hamnb6omnee aktmBao UITTIB npumensiercs B cTpa-
Hax 3anamgHoil EBpornl, a Takke B CIIIA, U3pauie,
Asctpanuu, KOxHo-AdpukaHckoit Pecniyonuke, MH-
vy v ap. Bo MHOTHMX cTpaHax ¢ MOMOIIbIO CUCTEM
HIITIB obecnieunBaetcs 1o 25—50% o6111ero xo3stii-
CTBEHHO-TIUTbEBOTO BoOAONOTpebdseHus. B crpaHax
3amanHoii EBpomnbl, Kak TNpaBuIO, WCIIOJb3YIOTCS
COOpY>KEeHUsI OeperoBoii MHMWIbTpALUU U UHGUIb-
TpaunoHHbIe 6acceiinbl. B CIIIA, ABctpanuu, M3pa-
WJie Hapsiay CO CXeMaMH MOBEPXHOCTHON WHOUIb-
TpalMU LIIMPOKO MPUMEHSIIOTCS CKBaXKMHHbBIE CXEMBbI
MMOTIOJIHEHMSI 3aI1acOB MOI3€MHBIX BO/I.

B Poccuiickoit @enepaunu nosst UTIIB B o61iem
00beMe IIOTpeOJIEeHUSI ION3EMHBIX BOHI HEBEIMKa:
B 1970-x rT. oHa cocrtaBisiia ~3% u Bpsi U cylle-
CTBEHHO yBeJauuuiaacs [1-3, 11].

Kpome mcrmons3oBanmus B cxemax MIIIIB ecre-
CTBEHHbLIX BOIHBIX PECYPCOB, IIMPOKOE IIPUMEHEHME
HAaIlUIO MCHOJb30BaHUE CTOYHBIX Bom. Tak, B Ooiee
yeM 400 ropomax CIIIA ouuniieHHBIE CTOYHBIE BOIBI
MoCTyIalT Ha opouieHue 3emens u WIITIB [14].
B Uspaune ~95% o61iero o6beMa CTOYHBIX BOJ CO-
oupaercd, 80% ouuniraercas U 42% NOBTOPHO MC-
MONB3YETCs JIs1 HYyXKI uppuranuu [ 14].

OnmHa u3 nmpoobJieM, OCIOXHSIIONINX MCITOIb30Ba-
Hue MIIIIB, — xombMmaTax WHGUIBTPALIMOHHBIX
0acceifHOB M HarHeTaTeJbHbIX CKBaXXUH, HECMOTPS
Ha CIelUUaJbHYI0 BOAOIOATOTOBKY. IUTENbHOCTD
GUIBTPOLIMKIIA COCTABIISIET B Pa3HbIX YCIOBUSIX 3—
6 Mec., Tociie Yero ITOJDKHA MPOBOIUTBCS UYHMCTKA
OacceiiHa.

B03MOXHOCTh MCKYCCTBEHHOTO MOMOJHEHUS IO~
3€MHBIX BOJ KOHKPETHBIX BOA03a00pOB WJIM y4acT-
KOB MECTOPOXIEHUM MOA3EMHBIX BOJ OIPEaeIIsieTCs
couyeTaHUEeM TPeX OCHOBHEBIX (haKTOPOB:

HanmuyreM nmotpedoHoctu B UTTIIB;

HaJIM4YMEM MCTOYHHUKA ITOITIOJIHCHUA, €TI0 01130-
CTBbIO 1 KAY€CTBOM BOJHbI;

HaJIMYMEM HEOOXOAUMOM €eMKOCTU B BOMOHOCHOM
TOPU3OHTE UJIY 30HE a3palluu I “TiprueMa’” J0IoJI-
HUTEITHLHOTO KOJIMYECTBA BOIBI.

PaccmoTrpuM 3T akTOphl MPUMEHUTEIBHO K
Tepputopnn KamMbeikum Ha mippMepe TpoHMIIKOro
MECTOpOXASHMS Moa3eMHbIX Boa. Hanuyue norped-
HOCTH B MCKYCCTBEHHOM IIOIIOJIHEHMM ITOA3EMHBIX
BOII HE BBI3BIBA€T COMHEHUN. MICTOYHMKOM TTOITOJ-
HEHUSI MOA3EMHBIX BOJ MOXET BBICTYNUTH IOBEPX-
HOCTHBII CTOK BO BpeMsI 3MMHE-BECEHHETO IMOJIOBO-
Ibs. B cOOTBETCTBUM ¢ MaTepHraiaM1 TOCyIapCTBEH-
HOI'O MOHUTOPMHIA COCTOSIHUSI HEIp YCTaHOBJIEHO,
YTO B pe3yJIbTaTe MHOTOJICTHE! 3KcIUTyaTauuu Tpo-
WIIKOTO MECTOPOXKICHMS TTOA3eMHBIX BOI 00Opa3oBa-
Jlach JIOKajbHasl JEINpecCHOHHasi BOPOHKA ILIOIIA-
nb1o ~40 km? [8]. 1 UICKyCCTBEHHOTO MOTIOJIHEHUS
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3aI1aCcoB IMOA3CEMHBIX BOJ 34ECHh MOTI'YT MCITOJIb30BaTb-
Cs IMTIOBEPXHOCTHBIC BOIDbI.

B 2020—2021 rr. PocHUMBX B pamkax padboT mo
M3YYEHUIO BO3MOXKHOCTU IOMOJHEHUS BOIHBIX pe-
CYpPCOB MOA3€MHBIX BOIHBIX 00BEKTOB Pecrybnuku
Kanmpiknn Oblna BeIOpaHa EpreHuHcKass BO3BBI-
meHHocTh PecnyOanku KajaMbIKMM O COYETaHUIO
Bcex Bo3amoxHocTteil MITIIB.

OBECITEYHEHHOCTD PECITYBJIIMKHN
KAJIMBIKUHU ITOA3EMHBIMH
BOAHbLIMU PECYPCAMUA

B runporeonorudyeckom IuiaHe paccMarpruBaeMasi
TEPPUTOPHUSI OXBAThIBaeT 3aIlagHylo 4yactb CeBepo-
Kacnmiickoro apTe3naHCKOTO, IOro-BOCTOYHYIO
yacTh EpreHmHCcKoro u ceBepHylo 4acTh BocTouHo-
INpenkaBka3ckoro apre3MaHcKux OacceiiHOB (AD)
(puc. 2). Eprenunckuii Ab nmpuypodeH K XOpOIIo
BBIpaKeHHOU B pelibepe EpreHmHcKoi BO3BBIIICH-
Hoctu [8]. Teosornyeckmii pa3pes MnpencrabiieH OT-
JIOKCHUSIMU T1aJ1I€030MCKOro, Me3030MCKOro u Kari-
HO301CKOro Bo3pacra.

Bonocnabxenmne Haceimenust Pecnyonmmkm Kair-
MBIKMM OPraHM30BaHO 3a CYET IoA3eMHbBIX (58%) u
MMOBEPXHOCTHBIX (42%) Bom. OCHOBHBIM WMCTOYHU-
KOM JIJIsI LIEHTPaJIM30BaHHOTO BOAOCHAGKEHUS SIBJISI-
I0TCSI MOA3€MHBIE BOJIbl EpPTeHUHCKOI0, CapMaTCKOTO
Y HOHTUYECKOTO BOJOHOCHBIX TOPU30HTOB.

banancoBbIe 3amachl ITOA3eMHbBIX BOI OLICHEHEI I10
21 MeCTOPOXIEHUIO U COCTABIAIOT 69.41 ThIC. M3/CyT;
13 HUX [IUThEBBIE ITOA3eMHbIE BOIbI — 57.04 ThIC. M3/CyT.
OcBoeHbl TONBKO 12 MecTopoxmeHuii (Yy4acTKOB)
non3eMHbIX Bod. O0ecIie4eHHOCTh pa3BeTaHHBIMU
9KCIUTyaTallMOHHBIMM 3allacaMy TOJA3E€MHbBIX BOA —
0.255 m*/cyt Ha 1 yenoBeka. CTeneHb OCBOEHMS 3a-
MAacoB MOA3EMHBIX BOJI 110 Tepputopumn Peciryoanku
Kanmbeiknu coctaBnsier 34.8%, mMpOTrHO3HBIX pecyp-
coB — 1.5% [8, 13].

ITonzemMHbIe BOJBI XapaKTePU3YIOTCSI B OCHOBHOM
BBICOKOI MMHepanu3auueil — ot 3 1o 53 r/nM?>, yame
10—25 r/am?3, 1 XecTKOCThIO OT 5 10 60 MModb. Ipec-
HbI€ 1 COJIOHOBAThIC MOA3EMHBIC BOABI UMEIOT Orpa-
HMYEHHOE pacIIPpOCTpaHEHME M 3aJIeraloT B BUIIE
JIMH3 cpenu 0oJjiee MUHEPaJIN30BaHHBIX ITOA3€MHBIX
BoAd. Ilon3eMHbIe BOIbl OoJjiee TITyOOKUX HAIOPHBIX
TOPU30HTOB IIPAKTUYECKOIO 3HAYECHUSI MOYTH HE
MMEIOT U3-3a OOJIBIION ITTyOMHBI M BHICOKOIT MUHE-
pam3anuu.

OCHOBHbIE UICTOYHUKH BOTOCHA0XEHS CTOJIMIIbI
Pecnyonuku Kanmbikuu 1. Oauctbl — Tpoulikoe u
basipTuHCKO€E MecTOpOXIECHUS ITIOA3€MHBIX BOJ, pac-
nojioxkeHHbIe B 18 1 55 kM k C. 3amachkl MUTHEBBIX
MOJA3EMHbBIX BOJ ObLIM yTBEPXKIEHBI B 1961 T., mepe-
yrBepxkaeHbl B 2011 u B 2021 rr. B 2019 1. cpenHecy-
TOYHBIN BOZOOTOOP Ha TpPOMIIKOM MECTOPOXACHUU
cocraBui 21.06 Teic. M3/cyT (IIpM yTBEPXKIEHHBIX 3aIla-
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Puc. 2. Tuaporeonorndeckoe paitonHupoBaHue Teppuropun Pecnyonuku Kanmbeikuu. [viaporeosiormyeckue cTpykTypsl 11 mo-
psinka, apre3uaHckuii 6acceiiHbl: I-IA — AzoBo-Kyb6anckuii, I-Ib — BocrouHo-IIpenkaBkasckuii, I-IB — EpreHuHckmii,

I-8A — CeBepo-Kacnuiickuii.

cax 25.9 teic. M3/cyT), Ha BasgpTUHCKOM MECTOPOXIE-
Huu 4.44 teic. M3/cyT (pu 3amacax 20.0 TeiC. M?/CyT).
B Dmucty nonaercs Boga B oobeme 10 TeIC. M3/cyT —
B 2.5 paza MeHbIlIle, yeM otoupaercsa. B 2019 1. Benau-
YMHA CyXOro ocTaTKa BoAbl Ha TpOUIIKOM BOm03a00-
pe cocraBuia 1.91 r/am? (Ha MOMEHT pa3BeaKH ObLIO
1.0—1.5 r/nm?), na bagptunckom — 1.17 r/am>.

B pe3epByape 4ncTOli BOObI COCTaB BOJIBI HE COOT-
BercTByeT TpeboBanusaMm CanlluH (1mo mokazarensam
oobmmeit xectkoctu 1.2 ITIK, comepkaHMIO XJIOpUIOB
1.4 ITAK, cynbpparos 1.3 IIIK, maramsa 1.3 TTIK,
cyxoro ocrarka g0 1.9 ITJIK).

HMcnonp3oBaHue 119 UTHEBbIX 1iejieid HEKOHIM -
HMOoHHBbIX Toa3eMHbIX Boma 30.11.2020 cormacoBaHO
C IJIaBHBIM TOCYJapCTBEHHBIM CaHUTAPHBIM BpauoM
1o Pecny6sinke KanaMblkuu Ha 2 Tofia, B TeU€HUE KO-
TOPBIX HEIPOIIOIb30BATENI0 HEOOXOMMMO pa3pado-
TaTb U BBECTU B IKCIUIyaTallMIO TEXHOJIOTMYECKYIO
CXeMY OYMCTKHU TTOA3EMHBIX BOJ 1 JOBEAEHUS UX Ka-
yecTBa 40 HOpMUpPYeMbIX Mokasareseit. 3anacel ba-

APTUHCKOTO MECTOPOXKIACHUA HE IICPEYTBEPKAAINCH
1 B HACTOAIICC BPEMA HE NUCITOJIb3YIOTCA.

OBECIIEYHEHHOCTD PECITYBIMKHU
KAJIMBIKMHN TTOBEPXHOCTHbBIMU
BOAHbBIMU PECYPCAMUA

KanMBIKMs1 OTHOCUTCS K OMHOMY M3 CaMbIX 3a-
CYLIUTUBBIX pernoHOB Ha EBporieiickoil TeppuTopun
Poccun. TonoBoe KOJIMYECTBO OCAagKOB COCTAaBIISIET
210—340 mM. CTaTUCTUYECKN aHAJIN3 ITOKa3ajI 3Ha-
YUMOe€ YBeJIMYeHNe KaK aTMOC(EePHBIX OCAIKOB, TaK
¥ TEMIIEpaTyphbl BO3IyXa 3a TEIUIBIM U XOJIOMHBIN I1e-
puonasl HaurHas ¢ 1990 r.

XapaKTepUCTUKN TTOBEPXHOCTHOTO CTOKA U3yye-
Hbl B OCHOBHOM Ha EpreHuHCKOI BO3BBIIIEHHOCTH.
B Hactosiiee BpeMmsi Ha TeppuTopuu Pecrny6numku
Kanmbiknu pacronioxkeH eAMHCTBEHHbIN NeHCTBYIO-
I TUAPOJIOTUIECKUM TTOCT — B NII'T COBETCKUIN —
b6anka Amra-byprycra. PaHee B npenenax TeppuTopun
Kanmbikuu pacroyiaragucs eliie 3 nocta ruApoaoru-
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Puc. 3. PaszmeneHre mpoeKTupyeMbIX BOJOXPAHWINIIL B paiiloHe TpouIIKOTo MECTOPOXIEHUS TON3EMHBIX Bo. I — y4acTOK
TIPOBENIEHUSI OITBITHO-9KCIIEPUMEHTAIBHBIX paboT, 2 — 3KCIUTyaTallMOHHBIE CKBaXKWHBI, 3 — BBIXOIBI TTIECKOB €pPreHUHCKOM
CBUTHI, 4 — MPOEKTUPYEMbIE MIPYIbl, 5 — rpaHUIIa BOTOCOOPHOI1 IUIoImanu p. SKynb.

yecKurx HabmonaeHuii: B 1oc. omkyp (ApiiaHb-3elb-
MeHb, Tiepron paboTel 1956—1971 1T.), B COBXO3¢
IMpuBomkckuii (banka Manas Tunryta, 1962—1988 1r.)
u T. Yman-Dpre Ha p. fdmkyms (1956—1964 1r.).
B cBsI3M ¢ HeOOCTATOYHBIMU MCXOMHBIMHU THIPOJIO-
TMYEeCKNMHU TaHHBIMU, TTI00aTbHEIMU U3MEHEHUSIMU
KJIMMaTa 1 BO3POCILINM XO3SIICTBEHHBIM OCBOEHUEM
TEPPUTOPUU CYILIECTBYET HEOOXOAUMOCTh AOMOJIHM-
TEJIbHOIO M3Y4YeHMsI U IMPOTHO3UPOBAaHUSI M3MEHE-
HUIT KOJIMYECTBEHHBIX M KaYeCTBEHHBIX XapaKTepu-
CTUK ITOBEPXHOCTHOTO CTOKA KaK BO3MOXHOIO MC-
TOYHUKA TOITOJIHEHMSI ITOA3EMHBIX BOJ.

C TOYKU 3peHUs PEryIMPOBAHUS CTOKA W BOCITOJI-
HEHUS 3a1acoB MOA3EeMHbBIX BOJ U3MEHEHUE peXrMa
cToka pek EpreHuHCKO#i BO3BBIIIIEHHOCTH NMEET KakK
MOJIOXUTEJIbHBIE, TaK W OTPULATEIbHEBIC IIOCIEH-
ctBUst. OCHOBHBIM OTPHIIATENILHBIM ITOCIEACTBUEM
SIBJISIETCS YMEHbIIeHUE 00bEeMOB TaJOr0 CTOKA, KO-
TOPBI HE TOJBKO COCTaBIISICT OOJIBIITYIO YAaCTh FOJI0-
BOI'O CTOKA, HO 1, BEPOSITHEE BCETO, UMEEST MEHBIIIYIO
O CPaBHEHMUIO C JOXIEBBIMU U MTOA3EMHBIMU BOJIA-
MU MUHepanmmu3anuio. [loaoXuTelIbHblE MOMEHTBI
CBSI3aHBI C TEM, YTO CTOK BHYTPHU Ce30Ha cTai 6osee
pPaBHOMEPHBIM, YTO IMO3BOJUT OOOUTUCH MEHBIINM
00BEMOM MPYIOB IIpu peryarpoBaHuu. CMmelreHue
JIaT TMIPOXOXIEHUS OCHOBHOIO 00beMa CTOKa Ha 60-
Jiee paHHUE CPOKU JTaeT BO3MOXHOCTh OCYIIIECTBUTh
OOJIBIIIYIO YACTh Pa0OT IO BOCIIOJIHEHMUIO MOA3EMHBIX
BOJI BHE IIEPUOAOB aKTUBHOIO Pa3BUTHSI BOMHOIL pac-
TUTETHLHOCTH.

BOJHLIE PECYPCBI  ToM 50 Ne 6 2023

OCHOBOI1 17151 OLIEHKM BO3MOXHOT0 00beMa BOIO-
XPaHUJIUILL CIYKUT 00bEeM CTOKA 3a BECEHHEE I10JI0-
Boabe. Mcxonms n3 kapt u meronuk CHull u CII,
CpemHui 00beM CTOKA MOJIOBOIBS (03 yuera IoTeph
Ha GUIBTPALIUIO U UCTTApEHUE) COCTABIISIET IJISI CTBO-
pa Awxkynb—Tpoutkoe — 5.65 muH M? (IIpU TU1aHU-
pyeMoM o0beMe BomoxpaHwiuiua 3.0—3.5 MiH M3),
1151 yeThs 6anku XypuiH-Cana — 1.04 muH M3 (rmpu ruta-
HUpYeMOM 00beMe BogoxpaHwinia 1.0—1.5 miiH M?)
(puc. 3).

Ha nepBbiii B3I, TTOJIydeHHBIE 0OBbEMBI CTOKA
50%-it 0Gecne4eHHOCTU COOTBETCTBYIOT IJIAHUpPYeE-
MBIM 00beMaM BogoxpaHmwInil. OIHAKO IIpU IIPOEK-
TUPOBAHUM KAITMTAJIBHBIX COOPYKEHUI1, B YACTHOCTU
MJIOTHH, BBICOTOM 4—5 M ciIeIyeT yUuThIBaTh KaK MU -
HUMYM HECKOJIBKO BaXXKHBIX (haKTOPOB:

IIOJIYYEHHBIC pacCXodbl paCCYMTAHbI I MaKCH-
MaJIbHBIX CPOYHBIX pacxXxoaoB, YTO HEU30eXXHO npun-
BOJUT K 3aBbIIIICHUIO PE3YJIbTATOB,

ucnoab3dyeMmble KapTbl CI1-2003 m CHull-1983
COCTaBJISIZIUCH B OCHOBHOM B 1980-Xx IT., OmHaKo C
1980-X IT. CTOK yMEHBIIIUJICS;

MpU pacueTe B KauyeCTBE aHAJIOTOB MCIIOJIb30Ba-
JIUCh BCEro 2 TUAPOIOCTa, IMpU 3TOM IUIOIIAAb BOIO-
cOopa B 3aMBIKAIOIIeM CTBOPE HEIOCTATOYHO BEJIMKA
JUISI TOTO, YTOOBI 0€30TOBOPOYHO MPUHSTH UX aHAIO-
oM JJ1s p. S1IKyIb;

TIPH CYIIECTBYIOIIE MEXTOIOBOM M BHYTPUTOIO-
BOil HEpaBHOMEPHOCTH CTOKA M TPOTHO3UPYEMOM
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Puc. 4. [unporeoaornyeckuii pa3pes 1o JICHTe ToKa “WHGWIBTPAIIMOHHBIN 6acceifH — KCITyaTalluoOHHast CKBaxkuHa” 13. 1 —
CYyDIMHOK IUIOTHBIA (vd QIII-1V), 2 — necok cepblil pasHo3epHUCTHIN (aNjer), 3 — muHa cepas Baskas (P3), 4 — nuHamuye-
CKHi1 ypOBEHbD MOA3EMHBIX BOI, 5 — CTAaTUYECKH I yPOBEHb MOA3EMHBIX BOI, 6 — HOMEP CKBaXKMHBI U AJITUTYA YCThsl, 7 — MU~
Hepau3alus NOA3eMHBIX BOII, MT/JT; YNCJIUTEb — IO Havyaia ONTBITHBIX PaOOT, 3HaMeHaTeIb — TUAITla30H U3MEHEHUS B TTIEPHO]T

MPOBENCHUSI OTNBITHBIX PaOOT.

KOJIMYECTBE MAaJIOBOIHBIX J€T HEOOXOOUMO IIpeay-
CMOTPETh KaK BO3MOXHOE OTCYTCTBHE HEOOXOIMO-
Io KOJIMYECTBA BOABI B MAJIOBOIHBIE IIEPUOIBI, TaK U
€ro N30BITOK (M BO3MOXHBII pa3MbIB 3e MJISTHBIX T1JIO-
TUH U 1aM0) B peaKue, HO IIepruogudecK Ha0moma-
€MBbIe MHOTOBOTHBIC TO/IBI.

OIIbITHO-BKCITEPUMEHTAJIbHBIE
PABOTDI

UHOWIbTpaLMOHHBIN 6acceiiH momanso 10 m?
(5 M X 2 M) 6bU1 000PYAOBAaH Ha yYaCTKE BbIXOA Mec-
KOB €pIreHMHCKOr0 BOIOHOCHOTO TOPM30HTA Ha IT0-
BEPXHOCTh. YUaCTOK PaCIIOJIOXKEH B Mpeeiax JICHThI
ToKa, c(OOPMHUPOBAHHOU BOZOOTOOPOM M3 DKCIIJTya-
TalLIMOHHOM CKB. 133 Ha paccrostHuu 130 M oT Hee, Ha
ckioHe 6anku XypeiH-Cana (puc. 3, 4). lebut Bogo-
oT60pa 2 ThIC. M3/CYT.

PernameHT nipoBeneHust padoT OBLJI 00OOCHOBAH C
HCIOJIb30BaHMEM Pa3BeIOYHOr0 MOIeIpoBaHusd [16].

ITIporpamMmma OIBITHO-3KCIIEPUMEHTATLHBIX PaOOT
no WIIIIB 6bL1a cienyromeii:

3aroJIHeHUe MHPMIHTPALIMOHHOTIO OacceifHa BO-
noi, nocraBieHHOI 13 ckBaxXuHbl OO0 “PomHukm
Kanmeiknn”; njmmHa 6acceiiHa 5 M, mypuHa 2 M, Ti1y-
ouna 1 M (puc. 5);

3aMephl yPOBHSI BOJbI B MH(MMJILTPALIMOHHOM Oac-
celiHe, B HaOIIOMATEIbHBIX CKB. 1—4 1 3KCIUTyaTalm-
OHHOM CKB. 133 (2 pa3a B CyTKH);

CHSITUE TTOKA3aHUI pacXoIoMepa, yCTAaHOBJIEHHO-
ro Ha 3KCIUIyaTallMOHHOM cKB. 133 (1 pa3 B cyTKn);

omnpeaenaeHue pH, anekTpuueckoil NMpoBOAMMO-
CTU, COAEP>KAaHMSI COJICi M TEMITepaTyphl BoAbI (2 pa3a B
CYyTKM); OTOOpP MpPOOOOTOOPHUKOM BOIBI B 0OBbEME
100 M1 It mpoBeleHUs BKCIIpecCc-aHan3a Ipubo-
poM “EAC waterproof Combo By HANNA”;

BBITIOJITHEHUE CAHUTAPHO-TUTHEHUIECKUX M OaK-
TEPUOJIOTHIECKUX UCCIIeTOBaHUM TTpo6 Boawl B LleH-
Tpe TUTUEHBI U AanuaeMuoioruu B Pecniyonuke Kasn-
MbeIKuM (1 pa3 B 5 nHeit); 06bem 1po6kr 2.0 1.

MHbunbTpallMoHHbIN 6acceilH HaIOJIHSIICS BO-
JIOit U3 BKCITyaTallMOHHOM cKB. 35-2 OO0 “PonHu-
ku KanMmbikumn”, oOmuii o6beM cocTaBui 968 M3,
MUHepaIu3alus B Ipoliecce HaJIMBa BapbUpPOBaJja OT
294 no 447 mr/om3, pH usmensica or 7.33 mo 8.29.
Hanue mnpomomxkanca 47 nmueir (¢ 2.11.2021 1o
17.12.2021) ¢ HeGompIIMM TiepepbiBoM (¢ 26.11.2021
mo 02.12.2021) m3-3a pacmyTUIBI IIOCE MOXIEH U
BbIXxoda 13 cTpos ckB. 35 OO0 “Pomunkm KamMmbi-
Kun”’. AHalIM3 pe3ylabTaTOB OIBLITHO-3KCIICPUMEH-
TaJIbHBIX PabOT IOKa3aJ, YTO BCJCACTBHUE 3arOTHE-
HUSI €MKOCTH 30HBI a3pallMy MPOU30IILIO OBICTPOE
CHUXEHME TONIOTUTEIBHOM CITOCOOHOCTH MHMUIb-
TpanoHHOTro 6acceiina ¢ 20 (2.11.2021) go 2.5 m/cyT
(¢ 5.11.2021 u no xoHua onbita 17.12.2021).

O06BeM ITpodUABTPOBaBIIEIICS BOIBI HEOOJIBIIIONM,
CYIIECTBEHHOIO BJIMSIHUSI HA YPOBHU OCHOBHOI'O BO-
JOHOCHOTO TOPU30HTA HAJIUB HE 0KAa3aJl, U3MEHEHUS
YPOBHEI He MPEBBIIIAIN HECKOJIbKUX CAHTUMETPOB.

BOOHBIE PECYPChHI Ne 6
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Puc. 5. [lomaya Boabl U3 3aMOJHEHHBIX eMKocTei (30 M3) B MHWIbTPALIMOHHBII 0acCeiiH C OTPeryJIMpOBaHHBIM PacX0I0M

(IUIH ABTOMAaTHU4Y€CKOIO 3aI10OJIHEHHA B TCHEHUEC CyTOK).

MuHepanu3aius Bogbl B CKB. 1 CHU3MJIACH € 2 00
1.7 r/mm? K 29.11.2021, 3aTem u3-3a nepephiBa B HAIMBE
npousouwio ysegudeHue 10 1.8 r/am>. B cks. 2 pac-
TIpecHEHNE TIPOSIBISIETCSI MEeHee OT4eTIIMBO. B ckB. 3
Ha MepBOM 3Tarie HaboaaI0Ch HEOOIBbIIIOE pacipec-
HeHHe, KOTOPOe 3aTeM CMEHMIOCh PE3KUM CKauyKOM
MUHepamm3anuu. B skciryatanimoHHo# ¢KB. 133 He
yIaJIOCh YCTAHOBUTH KaKUX-JIMOO 3aKOHOMEPHOCTEI
W3MEHEHNST MIHEpaJIM3allii U IpYTUX MoKa3aTeneit
XUMHUYIECKOTO COCTaBa.

Heob6xonuMo oTMETUTD TOCTATOYHO XaOTUYHOE U
He3aKOHOMEPHOE N3MEHEHNE MUHEPATU3aLuy BO BCEX
HaOMomaTeIbHBIX CKBaxkuHax. [lo Havama OIBITHO-
BKCIepuMeHTaNbHbIX pador (12.10.2021) MuHepanu-
3aumMsa MeHsach ot 1.83 (ckB. 3) mo 2.25 r/am3

(cxB. 133); K okoHYaHuIO HaauBa (16.12.2021) —
ot 1.77 (ckB. 3) 10 2.27 t/am? (ckB. 4).

Hnsa paccMaTpuBaeMoi TEPPUTOPUN B TIPUHITUTIE
XapakTepHa BecbMa 3HauyuTelbHasi W3MEHUYUBOCTh
XMMHYECKOIo cocTaBa Mo Iwromany (tadia. 1). Tak, mo
JaHHBIM eIMHOBpeMeHHOro onpo6oBanust 06.11.2019,
3HAUEHUs] MUHEpAIU3allMd B PACMOJIOKEHHBIX PSIIOM
BKCIUTYyaTallMOHHBIX CKBaXXWHaX yJacTka XypbIH-
Cana BapbupoBanu ot 2.3 (cks. 133) no 2.85 r/am’
(ckB. 113). MuHepanu3aius B CKB. 133 B TeueHUE ro-
Ja (IIpy HE3HAUYUTEIbHBIX KOJIeOaHUSIX pacxona) Me-
Hsanach or 1.85 1o 2.3 r/nm?. Takag 3ameTHas ruapo-
XUMHUYeCKast I3MEHUMBOCTh IIPOSIBUJIACH U TTPU TIPO-
BEICHUN OIBITHO-3KCIIEPUMEHTATBHBIX PaboT, YTO
3aTPYIHSIET UX 00pabOTKY Y MHTEPIIpETaLUIO.

Ta6muna 1. PeSyJ'[bTaTbI XUMHNUYCCKUX aHaAJI1U30B Hp06 BOJbBI M3 3KCIJIYyaTalMOHHBIX CKBa>XMH BerHCHLHKyJ'II)CKOFO

Bogo3abopa Tpouukoro MIIB (6anka XypbiH-Caiia)

Howmepa ckBaxkuH 1 TaThl OTTpOOOBaHUS
IToxazarenu Hif/{t?gg;; I1IK 83 102 11> 11> 13> 13>
06.11.2019 | 06.11. 2019 | 06.11.2019 | 02.06.2020 | 06.11.2019 |02.06.2020
pH Enunauus pH| 6—9 7.3 7.3 7.3 7.3 6.5 7.4
Oo6uas Mr/am> 1000 2550 2400 2850 2416 2300 1865
MWHEPaIN3aIusT
KecTtkocTb 0611a51 °XK 10 12 12.9 15.8 15.1 13.7 11.7
Xaopuabl Mr/om> 350 563 671 896 612 719 460
CynbdaTsr » 500 557 647 753 558 691 333
[unpokapOGoHaTh » — 317 317 323 317 323 329
Kanbunii » - 140 132 169 150 147 121
Marnwuit » 50 69 74 89 93 78 70
BOAHBIE PECYPCbl ToM 50 Ne 6 2023
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OLUEHKA DOOEKTUBHOCTU UIIIB
METOOAMU MATEMATHUYECKOI'O
MOAEJINPOBAHUA

YucneHHoe (GuIbTpalluOHHOE Y MUTPALIMOHHOE
MOJIeJIMPOBAHKE BBIMTOJIHSJIOCH B IPOrpaMMHOI cpe-
ne Processing ModFlow 8 [15] mist muHTepripeTaiuu
OITBITHO-3KCIIEPUMEHTAIbHbBIX pa0OT Y MPOTHO3a 13-
MEHEHUs MUHepaInu3aluy NoA3€MHBIX BOJ IIPpU pea-
smzauuu UTTTTB. AHanus ruaponiuHaMU4ecKoi ceT-
KU, chopMupoBasliieiicss Ha repBoit ouepenu Bepx-
HESIIKYJIBCKOTO BOI03abopa [5], CBUIETEIILCTBYET O
TOM, YTO B KaQY€CTBE oOBeKTa MOICIUPOBAHHNA MOXET
ObITb pPacCMOTpPEHA JIEeHTa TOKa CyOIIMPOTHOIO Ha-
npasjieHus IWrpruHoii 500 M NPOTIKEHHOCThIO 6 KM
C 9KCIIyaTallMOHHOM CKBaXXMHOM, pacIOJIOKEHHOM
B LeHTpe. Ha 3anagHoit 1 BOCTOUHOM IrpaHUIIaX MO-
JIeJI1 OTMETKa YPOBHSI MOA3EMHBIX BOJ COCTAaBJISIET
75 M. J1ns1 6ojiee KOMITAaKTHOTO MPEACTaBJICHUST MO-
JIeJIN ee pa3Mep 1o ocu X MOXeT ObITh YMEHBIIIEH /10
500 M myTeM 3amaHust Ha 3 1 B rpaHUILIBI TPETHETO PO-
na (“General Head Boundary”) ¢ mapamerpamu rpa-
Huubl (“GHB hydraulic conductance”) 0.2 m?/cyT.
IIar cetku — 2 M.

B kadecTBe BHYTpEHHEro IpaHUYHOTO YCJIOBUS
BToporo pozaa (“Well”) Bo Bcex 3agadyax paccMaTpu-
BaJlach BOA03abopHag CKBaXuHa, paboTaioimast ¢
MOCTOSIHHBIM aeoutomM 2000 M3/cyT, KoopaMHATBI
CKBaxXUHEBI — 250 M, 250 M.

IIpu pelieHUM HecTalLMOHAPHBIX 3ada4y B OJOKU
MOJIEJIA, COOTBETCTBYIOIIME PACTIOIOXEHIUIO NH(PMIIb-
TpallMOHHOTO OacceiiHa, 3aJaBajach BEJIMYMHA MH-
dunpTpanmoHHoro nutaHus (“Recharge”), KoTopast
COOTBETCTBYET (haKTUUYECKU IIOIyYeHHOMY 3Haue-
HUIO CKOPOCTU (PMIILTPALIMU 2.5 M/CyT IIpU IIPOBEIS-
HUU OIBITHO-3KCIEPUMEHTATbHBIX Pa0OT.

Cmpamugukayus moodeau

OCHOBHOIl MPOAYKTUBHBIA BOIOHOCHBII TOpU-
30HT — EpreHWHCKU. MonenbHBI pa3pes3 ciaemy-
IOILIMIA:

MEePBbIi MIACT MOJIEIU MOLIHOCThIO 20 M UCMOJb-
3yeTcs 11 MOJEUPOBaHUS ABUKEHUST UHPUIIbTpa-
LIMOHHBIX BOJI B 30HE a3palluu U Npu OpMHUPOBAHUU
KyTnoJjia pacTeKaHusi OT WH(WIbTPallMOHHOIro Oac-
celiHa;

BTOPO# IJIACT MOJEJIU MOIIHOCTBIO 20 M — epre-
HUHCKWI1 BOJIOHOCHBIN TOPU30HT, OH UCTTOJIb3YETCS
JUIST MOJIEJIMPOBAHUSI TBUXEHUS MON3EMHBIX BOI B
OCHOBHOM BOJIOHOCHOM FOPU30HTE.

CTpyKTypa TTIOTOKOB ITOA3€MHBIX BOI B O0JACTH
WCCIIeMOBaHUS — TUTAHOBAsI, O Y€M CBUACTEIBCTBYET
TUTOIIAAHOE pacrhpenelieHue YpOBHEH IOA3eMHBIX
BOJI B €epreHMHCKOM BOTOHOCHOM Topu3oHTe. [Ipen-
TTOJIaraeTCs MPENOChUIKA TOPU30HTAIBHOTO JIBIKE-
HUS TIOA3EMHBIX BOII B BODOHOCHOM TOPU30HTE (BTO-
pPOM ILTacTe MOIEIN) M BEPTUKAIBHOTO — B TIpeaesiax
TIepBOTO TIJIACTa.

PBIBHUKOBA u np.

DuabTpallMOHHBIE U eMKOCTHBIE ITapaMeTphbl yua-
CTKOB €preHUHCKOTO BOJIOHOCHOTO TOPU30HTA ObLIN
MPUHATHI B COOTBETCTBUU C pe3yJibTaTaMu, TOJYy-
YeHHBIMU TIpM olleHKe 3amacoB [5]. KoadduimeHr
¢dmIbTpauu TepBOro MOACILHOTO TIJIACTa B BEPTU-
KaJIbHOM HampapjieHuu — 12 M/CyT, B TOpU3OHTaJb-
HOoM — 1 M/cyT. Koaddunment puibTpanimm BTOpo-
ro MOJEJILHOTO TIaCTa B BEPTUKAJIbHOM HampasJe-
HUU — 1 M/CyT, B TOpU30OHTAJIbHOM — 12 M/cyT. I1pu
pelIeHNM MUTPALMOHHBIX 3aJad I'paBUTALIMOHHAS
€MKOCTb IMopoj (aKTUBHasi TMTOPUCTOCTb) MPUHUMA-
J1ach paBHoOIi 0.2.

st KamOGpoBKY (DUIBTPALIMOHHBIX ITapaMeTPOB
HauboJee TIpeaCcTaBUTeTbHAS CUTYalsl — XapakTe-
pusyrolasicss (yCI0OBHO) CTallMOHAPHBIM PEXKMMOM
MMOA3EMHBIX BOI TP ITOCTOSTHHOI paboTe BOIO3a-
OOpHO¥ CKBaXXWHHI.

PesynbTathl pelieHus 06paTHBIX 3a[1a4 B CTALIMO-
HApHOM IIOCTAHOBKE CBUIETEJILCTBYIOT O COOTBET-
CTBMHU MOJIEJIN YCIIOBUSIM BOJOOTOOpa 1 (POpMUPOBa-
HUS JePECCUOHHOM BOPOHKU: IPU ITOCTOSTHHOM JIe-
61/ITC CKBa’XMNHbI YPOBCHD ITOA3E€EMHBIX BOJJ BO BTOPOM
IUIacTe MOAEIW HAXOOWUTCS B auamna3oHe oT 44 1o
55 M, 94TO KOppenupyeT ¢ OTMETKAMU, OJTYYSHHBIMU
B IIpOLIECCe TTPOBEIEHMS SKCIIEpUMeEHTa (prc. 6).

OTaeabHOTO PAcCMOTPEHUSI JIBUKEHUS BOIbI B
30HE adpalyu He TpedyeTcs, IIOCKOIbKY TMIPOKYIION
dopmmupyercst uepe3 30 9 mociae Hagajia MHPUIbTpa-
UM 13 OacceiiHa (Mpu MOIIHOCTH 30HBI a’paluu
20 M, KoadhduuueHTe puabTpalum 3 M/CyT U rpaBu-
TanoHHOIT eMKocTH 0.2).

B HecTanmmoHapHOIT ITOCTAaHOBKE BOCIIPOU3BOIM-
JIUCH OITBLITHO-3KCIIEPUMEHTAJIbHbIE PaOOTHl 1 UMM~
tauus pabdotel cuctembl MIIIIB. PemieHue 3amau
B HECTALIMOHAPHOM ITOCTAHOBKE IIPOBOIJIOCH B CIIEY-
1o11eit mocyienoBaTebHOCTU. HavabHBIM yclIOBUEM
3aJa4y OBLJIO MOJIEIbHOE paclpelesicHUe YPOBHEH,
MOJIYyYeHHOE M0 Pe3yJIbTaTaM pelleHusI 00OpaTHOM 3a-
Jayu B CTallMOHapHOIl mocTaHoBKe. IIporHosHbie
BpEMEHHBIE MPOMEXYTKM pa3fessijiNCh Ha CTpecC-
MEpHOAbI, B TEUEHNE KOTOPHIX BHYTPEHHUE TPaHUY-
Hble YCJIOBUSI HE M3MEHSI0TcsI. Bola epreHuHCKOro
rOPU30HTA XapaKTepU3yeTcs MUHepaau3aueii 2 r/om?,
BOJA U3 MH(MWILTPALIMOHHOTO 6acceifHa — 0.35 r/am>.

Bocnpoussedenue
ONbIMHO-IKCNEePUMEHMANbHBIX padom

ITo pesynbraTaM 3KcniepuMeHTa (pUIbTpaLlMOHHbIC
MapaMeTphl IJ1aCTOB ObLTN OTKOPPEKTUPOBAHEBL: 3HA-
YyeHNe BEePTUKAJIbHOTO KO3 dunneHTa QGuiIbTpalnmn
MEepBOTO TIJIacTa yMEHbIIeHO B 4 pa3a (1o 3 M/cyT);
3Ha4YeHME TOPU30HTAIILHOTO Ko3dduiimeHTa Guib-
Tpallud BTOPOTrO ILIACTA YBEJIMYEHO Ha 2 M/CYT
(mo 14 m/cyr).

MopnenbHble 3HAYCHUSI MMWHEpaau3alluM U13-3a
0CODOEHHOCTE! TTpOBeIeHNsT HAaJIuBa C IepepbiBaMu
MMEIOT BOJIHOOOpA3HBIit XxapakTep (puc. 7).

BOJHBIE PECYPCBHI Ne 6
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Puc. 6. Pacnipenenenue ypoBHeit mon3eMHBIX Bof (a0C. OTM.) BO
HapHoii 3agayu. Illar cetku 2 M.

IIpoenos uzmerenuss Muneparu3ayuu
npu peaausavyuu cucmemovt UIIITB

st oueHKY 3(hHEKTUBHOCTU pacCPECHEHUS BO-
bl B BOJ0O3a0OPHOI CKBaXXMHE C YYSTOM IEpUOIOB
pa3HOi BOOTHOCTH OBLIO BBHIIIOJHEHO PEIIEHUE IPO-
THO3HBIX (DMJIBTPALIMOHHBIX 1 MUTPALIMOHHBIX 3a71a4
B cJienyloleii moctaHoBKe. B TeueHue IISITH JIeT UH-
GMIBTpAIIMOHHBIN OacceifH padortaeTt, 3 mec. u3 12
B HETO MOCTYIaeT npecHast Bona. I[ocne nsarunetHe-
ro mnepuoja HOPMAaJbHON BOTHOCTH WMUTHUPYETCS
OIMH TOI HN3KOM BOTHOCTH, T. €. cuctema UITIIB He
pabotaet (oTcyTcTBUe HanmuBa). Inomans 6acceiftHa
1000 M2 06OCHOBBIBAETCSI UCXONS U3 XapaKTEPHOTO
pa3Mepa y4acTKOB BBIXOJIOB €preHMHCKMX ITECKOB Ha
nOoBepXHOCTH (25 M Ha 40 m).

Ha ygacTke ucciemoBaHuii Ipy 3adaHHBIX (DHITh-
TPaIlMOHHBIX M €MKOCTHBIX ITapaMeTpax pacxon Ha-
JMBa MOXeT cocTasiaTh 2500 M3/cyr. B nHabmona-
TEJIbHOM TOYKE, PACIIOIOKeHHOI B OJIOKE ¢ BOJI03a-
GOPHOI CKBaXKWHOM, MOTBEM YPOBHS B KOHIIE ITUKJIA
COCTaBUT ~4 M C TOCJIEIYIOIIMM CHUXEHUEM Ha 3 M
(puc. 8). Yepes 5 ieT HOpMaILHOIT BOMHOCTH IMara-
30H U3MEHEHMST a0COTIOTHBIX OTMETOK YPOBHS BOIIBI
oymet ot 51 mo 55 m. B TedeHue mecroro roga (HU3-

BOJHLIE PECYPCBI  ToM 50 Ne 6 2023

BTOPOM ILTACTe IO Pe3yJIbTaTaM pellleHHs] 0OpaTHOM CTalMO-

Kasi BOMHOCTbh, HAJIMBa HET) U3MEHEH1E aOCOTIOTHBIX
OTMETOK YPOBHS B TeUCHME TOHa OyIeT B IMaIla3oHe
oT 49 no 53 M. B caenylomuii mepruon HOpMaJIbHOK
BOOHOCTHU U 3KcIutyatauuu cucteMbl UITIIB nnamna-
30H M3MEHEHUS ypOBHEH OymeT aHaJoTW4YeH IIpes-
LIECTBYIOILIEMY.

M3MeHeHne MUHepaIn3aluy BOIbl B BOJ03a00p-
HOM CKBaXXHE UMeeT 00ojiee KOHTPACTHBIN XapakTep
W TIOKa3biBaeT 3HAYUTEIbHBIE (DIIyKTyalluu M3-3a
LHUKIWYHOCTU HanuBa (puc. 9). Ilocne 3aBepiie-
HUS KaXOOro LMKjJIa MUHEpaIu3allus CHUXAeTC
10 1.1 r/oM3, yepes 9 Mec. yBeMUMUBAETCs TIOYTH 10
MCXOIHBIX 3HAYEHMIA, K IATOMY roay — 10 1.9 r/om3.
OTCyTCTBYE HAIMBA B MAJIOBOIHBIN IOl MPUBOIUT K
TOMY, UTO TaKasl BbICOKash MUHEpaJIM3alus coxpa-
HUTCS B TedyeHHMe Bcero roga. CpegHEeMHOIOJIETHEe
3HAYEHUE MUHEpAIU3aLUUU cocTaBisgeT 1.56 r/mm>.
JIMH3a mpecHBIX BOI B BOJIOHOCHOM TOPM30HTE Ha
y4JacTKe “MHOUIBTPALMOHHBIN OacceifH — BOIO3a-
OopHasl cKBaxXWHa” He OyIeT OKOHYATeIhbHO cop-
MHUPOBaHAa, IMTOCKOJIBKY IPU MPOIOJLKEHUMN LIKINY-
HOTO MpoJiBa OyIeT HabJIIoIaThCs ee cpabdoTKa B Te-
yeHue roga (puc. 10).
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Puc. 8. HpOI‘HOSHOE MU3MCHCHMUEC YPOBHA ITOA3EMHBIX BOI B BOI[OSaGOpHOI‘/JI CKBaXXHHCE.

BbIBOJbI

Haun6onee sdpdekTuBHO (GYHKIMOHUPYIOT WH-
GUIBTpAalIMOHHBIE 0ACCEMHBI, KOTOPhIE XapaKTepU-
3yIOTCSI XOPOIIel CBSI3bI0 C BOJOHOCHBIM T'OPHM30H-
TOM (MMEIOTCSI BBIXOAbI HA TTOBEPXHOCTh JIMH3 epre-
HUHCKUX TIECKOB) U HAXOISITCSI B HEMOCPEACTBEHHOMN
OIM30CTH OT 3KCIUIyaTallMOHHBIX CKBaXuH. WH-
GUIbTpallMOHHBIN 6acceiiH pazMepoM 25 M X 40 M,
pacnonoxkeHHbI Ha paccTossHAM 150 M oT Bomo3abop-

HOI1 CKBaXXMHBI (pacxol BogooT6opa 2 Thic. M3/cyT),
TPH OJIAaTOIPUSITHBIX YCIOBUSIX (OTCYTCTBHE KOJIbMa-
TalMK THa 6acceiiHa) MO3BOJISIET IIOIIOJHSITh 3aI1achl
BOJIBI B CpeIHErOJ0BOM paspese Ha 30%. I1pu sTom
IMarna3oH U3MEHEeHMs] MUHepaiu3aluyd B TeueHUE
roga 6yzet ot 1.9 o 1.1 r/nm3. CpenHeMHOroNeTHEE
3HaYeHNEe MUHEPAIN3allii BOIBI B 3KCIUTyaTallnOH-
HOI1 ckBaxkuHe coctaBut 1.53 r/nm3. Cosznanue mo-
CTOSTHHOI JIMH3BI ITPECHBIX BOII B BODOHOCHOM TOPH-
30HTE Ha yJacTKe “WH@UIbTpAallMOHHBIN OacceitH —
Ne 6 2023
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Puc. 9. [IporHo3HOEe U3MEHEHNEe MUHEPaIU3alluK MOA3EMHBIX BOI B BOI03a00OPHOI CKBaXXMHE.

BOJI03a00pHasi CKBaXkWHA” HEBO3MOXHO H3-3a €e
€XXeTOOHOI CpabOTKM.

s riepBoit ouepeny BepxHesaIKyIbCKOTO BOJIO-
3260pa ¢ IPOU3BOIUTENBHOCTBIO 15 ThIC. M?/CyT UId
MoaJiepXXaHusl CPEAHErOIOBOTO 3HAYCHUSI MUHEpa-
au3auuy Ha yposHe 1.0 r/nM? HeoOXxoauMblii 00beM
nomaun Boabl B cuctemy WIIIIB nomxeH OBITH
>8.4 mun M/ron. PaccumTaHHblE OOBEMBI CTOKA
MOJIOBOIbSI HOPMAaJbHOI BOOHOCTHU COCTaBIISIIOT
6.69 MutH M3, 9yTO Ha 25% MeHbIIIe HEOOXOIUMBIX IS
peamuzanun UITTTB.

Ilo naHHBIM ucciegoBaHuii B 1987—1992 rr., 00b-
€M ITaBOIKOBOTO CTOKA B CTBOpPE p. SIITKyIb BAapbUpO-
Bast oT 1.9 M M3 B 1989 1. mo 7.29 mutH M3 B 1988 .,
B cpeaHeM 3a 6 jer 310 4.3 muiH M? (TlouTtu B 2 pasa
MeHbIIIe Heo0xonmumoro). O0beM ITaBOIKOBOTO CTOKA
B 2020—2021 rr. 3a Tpu 3Tana nojoBoabs (B 0OIIeH
CIIOXKHOCTHU B TeueHue 13 nHeit) cocraBun 0.5 MaH M3,
YTO MOYTU HaA MOPSANOK MEHBbIIE, YeM 3a MEepUON
1987—1992 rr., u B 20 pa3 MeHbllle, YEM HYXHO IS
opranuzauuu UIITIB.

Peanuzauusa UITTTB Ha nepBoit ouepenu BepxHe-
SIIKYJIBCKOTO BOJI03a00pa HelleJecoo0pa3Ha, MOCKOIb-
Ky 1aXe B TOJibl HOpMaJIbHOI BOMHOCTU MMOBEPXHOCT-
HOTO CTOKa OYyIeT HENOCTaTOYHO IS pPAaCIPECHEHUS
MOA3€MHBIX BOJ 10 TpeOyeMbIX TTOKa3aTee.

His1 pemreHuss B KPaTKOCPOYHOI IepCHeKTHUBE
BOIIPOCOB yBEJMYEHUSI 00BEMOB TTOJaYU MOA3EMHBIX
BOI B I. DJIMCTY 1 YJy4llIeHUS €€ KaueCcTBa PEKOMEH-
yeTCs:

BBITIOJIHUTH PEMOHT BOJIOBO/IA JJ1s1 MPpenoTBpallie-
HUS TOTEPb BOJIbI;

BOJHBIE PECYPCBHI Ne 6

ToM 50 2023

BO300OHOBUTH 3KCILIyaTalnio basgpTuHckoro me-
CTOPOXIEHUS MOA3EMHBIX BOJ, MUHEPATN3alUS BO-
Ibl B KoTopoM 1.1—1.2 r/nm3;

BHEIPUTDH COBPEMEHHBIC METOIbI BOOJOIMOATOTOBKMU.

Ecniu pykoBonctBo Pecnyonuku KaaMblKuu B
MNEepPCIIEKTUBE IIPUMET pellleHMe O HeoOXOOUMOCTU
peamuzanun UIITTB Ha TpounkoM MecTOpoXIeHUN
MOoA3€MHBIX BOM, TO Mepe HayaaoM ITOJIHOMACIITa0-
HBIX pabOT B TEYCHME TPEX JIET PEKOMEHIYETCSI:

1) B pa3Hble (pa3bl BOMHOTO peXX1MMa MPOBECTU OT-
60p TIpo6 I oIpenesieH!s] KauyeCTBa MaBOIKOBBIX
BOJI, BKJTIOYasl CoepKaHNe B3BEIIIEHHBIX BEIIECTB;

2) pa3paboTaTh perjiaMeHT BOIONOATOTOBKMY;

3) opraHU30BaTh MTOCTOSHHBIE TUIPOJIOTHIECKIE
MOCTHI B CTBOpE TJIOTUH, KOTOpPble HaMedaeTcsl Mo-
CTPOUTH;

4) NpOBECTU COBMECTHBIE UBMEPEHUS Ha ICHACTBY -
IOILIMX TUAPOTIOCTaxX Ha peKkax AMTa-byprycra u Ak-
cait EcaynoBckuii 1 0600CHOBaTh BO3MOXKHOCTH HMX
HWCMOJIb30BaHMS B KAUECTBE aHAJIOTOB;

5) BBIMTOJIHUTH MMOMCKOBBIE PA0OTHI 411 KapTUPO-
BaHWS JIMH3 EPTEHUHCKUX MECKOB;

6) IPOBECTH OMBITHO-3KCIIEPUMEHTAIbHbIE pabo-
ThI (HAJIMBHI) 1O OlIeHKE (PMIBTPALIMOHHBIX CBOMCTB
KaXXa0i U3 JIMH3;

7) IpOBECTH ONBITHO-IIPOMBIIIJICHHYIO 3KCILTya-
tauuto yyactka UIITIB nist olieHKU cTeneHU KOJib-
MaTalyy 1 YCTAHOBJICHUS IPOOOJIKUTEIBHOCTH (DUITET -
pOLIMKIIA;
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Puc. 10. [TonoxeHue JIMH3BI pacpecHEHHBIX BOI HA CJIeNyIOIIMe MOMEHTBI BpEMEHU OT Havajla SKCITyaTaluu MHGUIbTpa-
1moHHoro 6acceitna cuctembl MIIB: a — 20 cyT (Hauano nposuBa), 6 — 90 cyT (koHel mposinBa), B — 365 cyT (koHelr 1 roaa),
r — 2165 cyt (koHel 6-ro roxa, 1-ii rox 6e3 UITITIB), 1 — 5550 cyt (15-i1 ron, mocie UTITIB), e — 5770 cyt (koHel 15-ro rona).

8) BBINOJHUTH pabOTHI IO OLIEHKE 3aIlacoB MOI- € IJIaBHBIM TOCYIapCTBEHHBIM CAHUTAPHBIM BPauoM
3eMHBIX BOJ B CBS3U ¢ U3MEHUBIIENCS cxeMoii skc- 1o Pecnyoiauke KanMbikuu.
IUTyaTalyu.

PelleHue 0 BO3MOXHOCTU U 1I€71€CO00OPa3HOCTU CITMCOK JIMTEPATYPbI
akcrutyatauuu cuctembl U B noymkeH npuHuMaTh 1. Anekceee B.C., bozoarboe K.C., Huxoavckas E.A. Ote-
opraH ynpasjieHUs (DOHIOM Help MpU COTIaCOBaHUU YECTBEHHBI M 3apyOEXHBINA OIBIT MCKYCCTBEHHOTO
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