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HCC/IEIOBAHHE TEMITIEPATYPHOI'O PE;KHMA
MACCHBA rOPHBIX ITOPOd BOPTA KAPHEPA
«Y/IAYHBIF» B PAHOHE PACIIO/IOKEHHS
BEHTH/TSALIMOHHBIX CKBAKHH
anBeﬂeHbI peSy/IbTaTb[ I/ICC/IeﬂOBaHHﬁ TeMHepaTypHOI‘ O pexXHMa MacCHBa IrOpHbIX I10-
poa BOprI' BEeHTH/IALIMOHHbBIX CKBAaXKHH, I‘IpOﬁHeHHbIX C ymyna 60pTa Kapbepa A1
BEHTH/TALIMH CTPOALIerocAa PY/AHHKA '(yﬂaQHb]ﬁ)'.

KrroueBble c/10Ba: MHOro/IeTHeMep3/Ible 1opoabl, TeMilepaTypHoe I1o/1e, MaTeMaTHde-
CKasl MoJe/1b, Tell/Io0OMeH, YCTYIT Kapbepa, BeHTH/IALIMOHHbIC CKBAXHHB.

B HacTosilllee BpeMsi MeCTOpOXKAeHUe «YnauHask OTpabaThIBAeTCsi OTKPITHIM
CrocoBOM M OHOBPEMEHHO BeleTCsl ero MOArOTOBKa K IMOA3eMHOM OTpa-
Gotke. [l1s MpoBeTpPHBaHUA HaK/IOHHOTO Che3fla CTPOSIErocs pyAHMKa € YCTyra
GopTa Kapbepa OblY MPOMIAEHbl BeHTH/ISLIMOHHBIE CKBaXHHBI adameTpoM 1020 mm
¢ ropusonTta +115 Ha otMeTky —188 M anunon 303 M Kaxaasi, KOTOpble obecrieuu-
BalOT BBIPABOTKU HEOBXOAUMBIM KO/TMUECTBOM CBEXKero Bozayxa. Hak/IoHHbIN chesn
MpeayCMaTpHBaeTCs [POBETPUBATh KOMOMHHUPOBAHHBIM CITIOCOGOM, TPH 3TOM BeH-
TH/IATOPBI PACIIo/araloT Ha OTMeTKe -188 M B yCTbe BeHTW/ISALIMOHHBIX CKBaKUH.
[pu npoxoake cBekui BO3AyX IOCTyNaeT ¢ OTMeTKH +115 M 10 otMetku -180 M
MO0 BEHTW/SIIMOHHBIM CKBaXXMHaM W /laZiee C TIOMOIIbIO BEHTH/ISTOPOB MECTHOTO
MIPOBETPYBAHMA M0 HAK/IOHHOMY Che3ay IOCTYraeT B 3aboil. B mpoekte caenaH
pacueT Ko/MyecTBa BO3ayXa, HeO6XO[[I/IM01"O Q719 TIPOBETPUBAHUS HAK/IOHHOTO Che3-
713, KOTOpOe COCTABH/IO 49 M%/c, T.e. Ha OAHY CKBAKMHY NIPUXOAUTCH NPUMEpHO 25
M>/c. TakxKe MpeaycMaTpHBa/ICs TIOAOTPeB N0aBaeMOro BO3AyXa B 3UMHHMIA [IepHoa
o -10 “C c nomorbio anekTpokranoprdepoB. PacctosiHve Mexay CKBaKMHAMU CO-
CTaBaseT 5 M, a KpalHaAd CKBaXKMHa MporiZieHa Ha PacCTOsSHUK 12 M OT KPOMKH Yc-
Tyra GopTa Kapbepa. Yron oTkoca paBeH 70°.

[MocKo/IbKY BEeHTUAALIMOHHBIC CKBAXKUMHBI PACIIONONKEHbI G/IM3KO K OTKOCY YCTYIa,
VX TeIVIOBOE B/WSIHKE B /IeTHHH TepHo/l MOXKEeT HeraTUBHO CKa3aThCs Ha ero YCToM-
ynBOCTU. [l7191 TIPOTrHO3a TeMIepaTypHOro pexrMa 6blia paspaboTaHa TpexMepHast
MaTeMaTuuecKas Mozers [1].

MaremaTrueckas Mozenb ONMUCHIBACTCH TPEeXMEPHBIM YpaBHEHUEM TervIoNpOBOI-
HOCTH C YyueToM (pa3oBbIX NepeXoI0B B/AAark B MOPOAaX, YpaBHEHUAMY COXpPaHeHHs
SHepPruM B BhIPABOTKaX, IPaHUUYHBIMU 1 HAaua/IbHBIMU YCIOBUAMMU:
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rae T — temniepatypa ropubix nopoda, °C; C, A — cOOTBeTCTBEeHHO oObeMHasi Terl-
noemkocts ([Ix/(>K)) u KoadpputienT TervionpooaHocty (Br/(M-K)) rophbix mo-
pon; Ly — ckpblTad TerzioTa ha3oBbIX IMepexonos, [IK/Kr; @ — BecoBas Blax-
HOCTb TOPOL, A.€.; p — IVIOTHOCTb Topod, Kr/M>; T* — TeMmriepaTypa ¢asoBbIX 1e-
pexonos, °C; §(7T-T") — nenvta-cpyHKIwms /lrpaka.

Ha rpanunuax TernzioBoro BausiHus o61acty {Q rOTOKH Ter/la OTCYTCTBYIOT.
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Ha aHeBHOM MoBepxXHOCTH Ter1000MeH MPOUCXOAUT 110 3aKoHY HeioToHa:

Mﬂ-aa—;wtl-(T—Tz)a y=y, 0<x<x, 0<z<z, (6)
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rae oq- KoappHLIMeHT TerzioobMeHa MOBepPXHOCTH 3eM/IM C aTMOC(epHBIM BO3-
ayxoM, Br/(M*K); T, — Temnepatypa HapyxKHOro Bo3ayxa, °C.
YpaBHeHHe coXpaHeHHs 3HePryu [/ BO3Ayxa B [1epBOH BbIpaOOTKe MMeeT BUA:
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+2 - ][T(Xl,y, 2)+ T(x,,y,2) - 2- T,|dz}, (10)
0

rae T3 — TeMriepaTypa Bo3ayxXa B MepBoM BbipaboTke, °C; S — m/onans ceyeHus
BbIPabOTKH, M”.
AHa/lorMYHO YpaBHEHUe COXpaHeHUs 3Heprud /71 Bo3aAyXa BO BTOPOL BhIPabOT-
Ke MMeeT BU/I:
C, .(&Jr V.ﬁ)zﬁ
ot awv S
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0

rae T4 — TemriepaTypa Bo3ayxa BO BTOPOL BhipaboTtke, °C.
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HauarnbHele pacripenenetyisi TeMriepaTtyp B OKpYKaiollleM MacCHBe TOpoa U B Bbipa-
OOTKax, a TaKke 3HaueHHs TeMIepaTypbl BO3AyXa Ha BXO/e B BbIPabOTKY — 3a4al0TCH.

KoadhdriiieHT KOHBEeKTHBHOIO TelZioobMeHa MOBepXHOCTU I'PYHTa ¢ atMocdep-
HBIM BO3AYXOM paccyuTaeM 1o gopmyne [2):

6.16+4.19-v, O<v, <5

o, = 078 (12)
7.56-v ", b<v, <30

rae v, — CKOpPOCTb BeTpa, M/C.

[ns pacyeta @; HeoOXOAWMBI AaHHble O CHEXHOM IIOKPOBe IO MecsliaM, a
VMIMEHHO BBICOTa CHEXHOTO TMOKPOBa U KO3(PMULIMEHT TerIoNpOBOAHOCTU CHera.
KospdpuliieHT TernonpoBOAHOCTH CHEXHOTO TOKPOBa 3aBUCUT OT TeMIIepaTyphl U
rzioTHocTH. Ha ocHoBe Gonbioro o6bhbeMa 3KCIeprMeHTa/IbHbIX MaTepualZioB B pa-
Gote [3] nonyyeHsl craeayioLrie OCpeaHeHHble 3aBUCUMOCTH /s HAXOXKACHUS pac-
YeTHBIX 3HaueHM K03 PHULIMeHTa TeIZIONPOBOAHOCTA CHEKHOIO TIOKPOBa:

1.165-p,, T, >-10°C;
A, =<1.035-p, —10°C2 T, 2-20°C; (13)
0.907-p,, T, <-20°C;

rae p. — TM/IOTHOCTh CHeXKHOTO MOKPORa, T/! oM.

[Mockonbry yron oTkoca GopTa Kapbhepa cocTaraseT npumepHo 70°, koadbduLim-
eHT TeryioobMeHa a; Ha ero NMoBepXHOCTU paccUMTaH 6e3 yyeTa CHEXKHOTO [TOKPOBa,
BBU/IY HEBO3MOXKHOCTU €ro YaepKaHUs MPH TaKOM KPYTU3HE.

UuicrieHHass peanusalivsi MaTeMaTHU4YeCcKONM Mozenyd OCYIIeCTBAAIach KOHEUHO-
PAasSHOCTHBIM METOIOM CYMMapHOM arrpoOKCHMAaLIMK, KOTOPbIM CBOAWT MHOrOMep-
HYIO 3a71a4y K T1OC/IeI0BATe/IbHOMY PelleHHIO OAHOMEpHbIX 3azay. OmHoMepHbie
3aZ1a4r alllIpOKCHUMHPOBA/INCh HEABHBIMY DAa3HOCTHBIMM CXeMaMK CKBO3HOI'O CYHeTa,
IIpY 3TOM YuyeT TellZIOBOIO B3aMMOB/IHSAHNSA COCEAHUX BHIPAOOTOK OCYIIECTB/ISETCS
MeTOZIOM WTepaLluH.

Bein ripoBeseHbl uMcieHHBle pacyeTsl Ha repuoa ao 10 et srcnayartaiy
CKBaXKMH TIPU eCTeCTBEHHOM TeIVIOBOM pexHMe M T[o[0rpeBe IOCTYIalolero B
CKBaXKVMHBI BO3yXa B 3uMHMiA niepron 10 -10 °C. [MapameTpbl ropHBIX Opoa crie-
AyIoLMe: ecTecTBeHHas Temrepatypa —4 °C; TerionpoBoaHOCTb TazbiX M Mepa/bix
nopoa cootBerctBeHHo 1,5 u 1,52 Br/(M-K); Tennoemkocts cyxoit nopoast 980
[Ux/(xr-K); nnotHocTs 2525 kr/m>; BraxkHocTs 2 %.

Kak mnokasasiv npeaBapuyTebHble YHC/IeHHbIE pacyeThl, BeHTW/IALIMOHHbBIC CKBaXKU-
Hbl OKa3bIBAIOT CYILIECTBEHHOE B/IMSHME Ha TeMIIepaTypHBIN PeXuM YCTyra Kapbepa.
YcraHoBeHo, 4To Hanbo/iee WHTEHCHUBHBIC TPOLICCChl MMPOTaMBaHUs TOPHBIX 10O
[MPOMCXOAAT A0 IMYOHUHBEI 3 M CO CTOPOHBI TOPU3OHTA/IBHOM Y HAK/IOHHOM [MOBEPXHO-
crert ycryna. Opeorbl MMPoTavBaHKs BOKPYT CKBarkMH gocTvraioT 2,5 M. Mexay I
CKBakKMHOM 1 GOPTOM YCTYIia Opeo/ibl MPOTaUBaHUs B /IGTHUI [TepHo He CMBIKAIOTCH,
OIHAKO TIPOMCXOAT CYIIeCTBeHHble KozeGaHua TemriepaTyp Ha raybude go 10 .
HauGorbui nporpes 6yaer MporCXOAUTh MEXKIAY CKBaKMHAMU Y TTIOBEPXHOCTH U /10
rayovHel 5 M. HauvHas ¢ 15 M usMeHeHus TeMriepatyp Ha AHEBHOM MTOBEPXHOCTH He
OKa3bIBAIOT Ha TeMIepaTypHbIM PEXKKM [10POA 3HAUUTE/TbHOTO B/MAHUS.

B KauectBe rpuMepa Ha puc. 1 MoKasaHbl TeMIlepaTypHble U30/MMHUKM Ha KOHeLl
neta 10-ro rona aKcriyaTalMK BeHTUASALIMOHHBIX CKBaXKUH TIPU €CTeCTBeHHOM Terl-
[IOBOM pexrMe.
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Kak BuaHo wu3 rpadu-
KOB, K KOHLY 7leTa IMPOUC-
XOAUT TIpOTauBaHUe MOpPOoa
CO CTOPOHBI CK/OHa GopTa
M BOKPYT BEHTU/ASLIMOHHBIX
CKBaXXMH Ha TAyoéuHy a0 3
M, @ Opeo/bl MPOTaHBaHUsA
BOKDYI CKBaKMH CMBIKAIOT-
cA U TeMIiepaTypa rnopoa B
cpenHel YacTU COCTaBifeT
npumepuo 0 — +1 °C.
['opHble nopoasl Mexay -t
CKBaXMHOM U BOPTOM
Kapbepa HaxoasTcs B Mep3-
7IOM COCTOSIHUU C TeMmIlepa-
Typoit -5 °C.
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Puc. 1. TemneparypHsle nsonuunu B Konue aera 10- VI'/IC CO PAH u unctury-

ro roda npH eCTeCTBEeHHOM Tell/IOBOM peixKHMe: a - Ta «HKyTHI/Il'IpoaIIMa3» po-

BepTHKa/lbHOe ce4YeHHe, b-r OPH3OHTa/IbHOe CeYeHHe

BeZleHbl HaTypHble Hab/Io-
Ha rayoéune 8 m yp

[IeHUsl 3a TeIVIOBbIM pPeXKU-

MOM Ha CTposlleMcs pya-
HUKe «YoauHbli», B TOM UHMC/Ie 3a TeMIlepaTypHbIM COCTOSIHUEM ITOPOA BOKPYT
BEHTU/ISLIMOHHBIX CKBaKMH, Paclo/oXKeHHbIX Ha YCTYyIe CeBepHOro GopTa Kaphb-
epa. bein mpo6ypensl 4 reotepmuueckue ckBaxkuHel rayouHon 20—40 M, B Ko-
TOPBIX pa3MellaZMCh TepPMOTUP/SHAB. 3aMepbl TeMllepaTyp MMPOU3BOANWAUCH C
[IepHOANYHOCTBIO ABe Hedenu B TeueHwe c amnpens rno aekadbps 2008 r. Noay-
YeHHbIEe Pe3y/bTaThl 3aMepOB Obl/IM UCMOMb30BaHbI /151 TIPOBEPKU a/IeKBAaTHOCTU
paspaboTaHHON MaTeMaTudeckoi Monend. CoBraseHye pacueTHbIX U M3MepeH-
HbIX 3HAYEHWH TeMrepartyp ObI/IO YIOBAETBOPHUTE/ILHBIM.

B KauecTBe rpuMepa Ha pUCYHKaX 2 U 3 TMpHBeaeHbl paclipeneeHus: TeMrepa-
TYPBI TOPHBIX [IOPO/ MO TYOHHE, MOMYUeHHbIe M0 pesy/ibTaTaM HabaoeHi Ha 3a-
MepHbix craHLmax TC-3-40 (pacronokeHa rocepearHe MexXay BeHTH/IALIMOHHBIMH
ckBaxutamu), TC-4-20 (pacrioroxkeHa B 3 M OT KPOMKHU YCTYIIa) U 3HaYeHHH, 11071y~
YEHHBIX PaCyeTHbIM IyTeM.

CorioctaB/ieHre pe3y/bTaTOB PacueToB TeMIIepaTyp FOPHBIX MOPOA BOKPYr BeH-
TU/ISILIMOHHBIX CKBaXKMH C /IAHHBIMK HEITOCPEe/ICTBEHHBIX 3aMEpPOB IMOKA3bIBAIOT, UTO
OTK/IOHEHHE pacyeTHbIX W M3MEpPEeHHBIX TeMIlepaTyp TOPHBIX IOPOoA Ha I/IyGHHE
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Puc. 2. Temnepatypa ropHsix nopoa Ha H3-
mepurensHori cranuuu TC-3-40, pacnono-
KEeHHOH MexXAY BeHTHAAUHOHHBbIMH CKBayKH-
HaMH MO AaHHBIM 3aMepoB H pe3y/AbTaTaM
pacueroB (01.09.2008)
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Puc. 3. Pacnpeaenenune temneparypbl rop-
HBIX NOpoa MO IyOHHe Ha H3MepHTeabHOH
cranunu TC-4-20, pacnono:xenHoii B 3 M ot
KPOMKH YCTyna Mo AaHHbIM 3aMepoB H pe-
3yabTatam pacyetos (27.03.2008)

cBoiie 10 M HaxoaWIOCh B Tpesenax
TOUHOCTH M3MEpEeHHl TeMIlepaTyphbl.
Ha ray6uxe 1o 4 M B 30He MHTEHCUB-
HOT'O B/IMSIHMSI TIOBEPXHOCTH OTK/IOHe-
HUe H3MEPEHHBIX M PaCyeTHBIX TeM-
neparyp He rpesbimano 2 °C.

PacxoxaeHnsi mMexay H3MepeHHbI-
MM U pacueTHbIMH 3HAYCHHSMH TeM-
rnepatyp OOGBACHSAIOTCS TpeXae BCero
TeM, UYTO IIPH pacueTax TOAOBhIE W3-
MeHeHHsl TeMrlepaTypkl aTMocdepHo-
ro BO3AyXa 3aJaBa/lMChb IO TAapPMOHH-
YEeCKOMY 3aKOHY C YCpeaHEeHHbIMH Ia-
paMeTpaMM MHOTO/IeTHUX Hab/moae-
HUM. B meiicTBUTeNbHOCTH MMEIOT Me-
CTO CYTOUHble M MeCsiuHble OTK/IOHe-
HUS TeMmriepatyp OT YCpeaHeHHBIX
3HaueHni. [losatoMy MaKkcHMa/ibHbIC
otkionenns Ha 1—2 °C sBasiorcs
YIOB/IETBOPUTE/TbHBIMU.

TakuM o06pasoM, Kak [OKasau
MpoBe/leHHbIe pacyeThl Ha Meproa A0
10 net ropHble MOpoOABI MeXAYy BeH-
THUASLIMIOHHBIMUA  CKBaXkKMHAMH W OOp-
TOM Kapbepa COXPaHSIOTCS B MEP3/IoM
COCTOSIHMM KPYI7IbI oA W Haaudue
CKBaXKMH B [IaHHOM C/lyuyae He OKasbl-
BaeT OTPHULIATE/IbHOTO BAMSIHUS Ha VC-
TOMUMBOCTb YCTYIIa, [IPOVCXOANUT /UIIIb
Ce30HHOe OTTaMBaHHWe MOPO.
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