ITPOBJIEMBI BYPEHUSA CKBAKUH
1 N BCKPBITUA
HE®TET'A30BbIX IIJTACTOB
TJIABA B OCJIOKHEHHBIX YCJIOBUAX

1.1. OCHOBHBIE ®AKTOPBI, BJIUAIOINUE
HA NOBBIINEHUE MPOAYKTUBHOCTH CKBAKHUH

CornacHo knaccudmkaumm 3.E. JlykbsiHoBa m B.B. CtpenbyeHko
MO CTEMEHU CIOXHOCTU FOPHO-TeONIorMYecKMX YCroBuin OypeHus,
BbIOENAKTCA BOCEMb IPYMM CKBaXWH [2].

1. BepTukanbHble 3KCMfyaTauuoHHbIE CKBaXXWUHbI, MPOBOAUMBIE
B HEOCNOXHEHHbIX (HOpPMasbHbIX) FOPHO-FEONIOrMYeckMx Ycno-
BUSAX.

2. HaknoHHO HanpasneHHble JKCNyaTauMoHHbIE CKBaXMHb,
NpoBOANMbIE B HOPMaribHbIX FOPHO-FE0NOrM4YeCcKUX yCroBusX.

3. BepTukanbHble aKcnnyaTtauuoHHbIE CKBaXXWHbI, NMPOBOAUMbIE
B CIIOXHbIX TOPHO-FEOMNIONMYECKNX YCMOBUAX (30HbI aHOMAarbHO
BbICOKOrO MfacToBOro AaBfieHusl, HEOAHO3HaYHOCTb BblAENeHs
NPOAYKTUBHbLIX OOBEKTOB 1 Ap.).

4. BepTukanbHble pasBefoyvHble CKBaXKMHbI.

5. HaknoHHO HarnpaBneHHble U ropu3OHTanbHbIE 3KCnnyaTauu-
OHHble CKBa&XXWHbl, NPOBOAUMbBIE B CIOXHbIX FOPHO-reonornyec-
KMX YCINOBUSX.

6. HaknoHHO HampaBneHHble U ropuU3OHTaNbHblE pasBefoyvHble
CKBaXMHb.

7. NouckoBble CKBaXXMHbI.

8. OnopHble cBepPXriyOOKNE CKBaXKMHBI.

M3 npuBedeHHoW Krnaccudukauum crieqyeT, YTo CTpOUTENbCT-
BO CKBaXXWH, OTHECEHHbIX K rpynnam 3—8, BegeTcs B OCIOXHEH-
HbIX FOPHO-TEONOMMYECKUX YCNOBUAX U TpebyeT NPUMEHEHUS HO-
BblX METOAOB U TEXHOMOININ UX NPOBOAKM.

OCHOBHbIMW  (haKTOpamMK, OCMOXHALWNMW  MpoLEecc CTPou-
TENbCTBA CKBaXXMH, ABNSAOTCA: aHOMarbHOCTb MMNacToBbIX U MOPO-
BblX [aBfIEHUI; BbICOKas TPELMHOBATOCTb, MOPUCTOCTb U NPOHU-
LaeMoCTb TFOpPHbIX MOPOA; HanuyMe KapCTOBbIX 30H; cnabas yc-
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TOMYUBOCTb FOPHbIX MOPOA Ha CTEHKEe CKBaXWHbl, coAepxaHue B
NnacToBbIX (oOMAax arpeCcCUBHbIX KOMMOHEHTOB U Ap.

B pelleHne MHOroyMcrnieHHbIX BOMPOCOB OypeHus M pemoHTa
CKBAXVH B OCIOXHEHHbIX YCMOBMsIX GOMbLION BKMag BHeCNN W3-
BECTHble POCCUICKME U 3apyBexHble yYeHble U CneunanucThbl.

Ewe 30 net Hasag B.A. AmusiH n H.IN. Bacunbesa B pabote [3]
nncanu: «OcobeHHO TPyAHO BCKpbIBaTb MPOAYKTUBHbIE MnacTbl B
reoriorMyeckn OCIOXHEHHBIX YCIOBUSAX C aHOMaSIbHO BbICOKUMMU
paenednsmu (ABI1) n npu nnactoBOM AaBfEHUM HWXKE TMapo-
cratnyeckoro (AHM). B nepBom crnydyae wu3-3a BO3MOXHOCTU
Bbl3BaTb MNPOSABMEHME CKBaXKMHbl YTSKENAOT pacTBOp U B npusa-
OonHyto 3oHy nnacta (M3I1) npoHukaeT 6onblIOe KONMMYECTBO
dunbTpata U yTXKENUTeNns, YTO 3HaAYUTENbHO yxyawaetr unbT-
PaUMOHHYI0 XapaKTepuCTMKy MOpuUCTON cpedbl. Bo BTOopom cny-
Yae, Wu3-3a OTCYTCTBUSA OOMEr4yeHHblX PacTBOPOB MPUMEHSIOT
OObIYHYIO MPOMBIBOYHYIO >KMOKOCTb, KOTOpasi Takke B OOMbLIOM
KONMMYecTBe MPOHWKaeT B MNacT U Pe3Ko CHUXaeT eCTECTBEHHYHO
NPOHULIAEMOCTb KOMNMNeKTopa».

3a npoweglee nocne aTor Mybnukauum BpemMsi akTUBHO pas-
pabaTtbiBanncb 1M BHEOPSNUCb Ha MNpeanpusaTusix HedpTsHoW un ra-
30BOM MPOMBILLNIEHHOCTM MEHHbIE W a3pMpPOBAHHbIE CUCTEMBI,
OoGnervyeHHble 3MYNbCUOHHBIE PAacTBOPblI Ha YrNeBOo4OPOAHON Oc-
HoBe U C pobaskor MUKpocdep ANs BCKPbITUS MOrMOLLAKoLWMX
uHTepBanoB ¢ AHIL, yTsbkeneHHble nonumepconeBble OypoBble
pacTBoOpbl C ManbiM coaepXaHuem TBepaow ¢asbl unm 6e3 Hee
ana  6ypeHus M pemMoHTa ckBaXkvH B ycnousix ABIM, TexHorno-
e 1 crneynanbHoe TexHorormyeckoe obopygoBaHue Ans BCKPbI-
TMS MPOOYKTMBHBIX MIACTOB C MPOMBIBKOW MNEHOMW, a Takke npu
Jenpeccum Ha nnact, pasnuyHble MeToabl BPEMEHHOro GroKupo-
BaHWs MNPOAYKTUMBHBLIX TFOPU3OHTOB, Mepdopauumn akcnnyaTauu-
OHHOW KOMOHHbI U OCBOEHUSI CKBAXWH.

BmecTe ¢ Tem, kak nogyepkmBaeTca B pabote [4]: «BckpbiTve
NPOAYKTUBHBIX MACTOB MOYTU MOBCEMECTHO MPOBOAAT C MpuMme-
HEHVMEM MNPOMBbIBOYHOW XMAKOCTW, peuenTypa koTopour nogbupa-
€TCA C Uenbio npeaynpexaeHvusi OCNOXHEHWA MNpu NpoBOAKE OT-
KpbITOrO CTBOSIA CKBaXMHbl 0e3 y4eTa KOHKPETHbIX reonornye-
CKMUX YCMOBMUIK MECTOPOXAEHUSA, NUTOMNOro-musnyecknx CBOWCTB
Konmnektopa u  U3MKO-XMMUYECKUX XapaKTEpPUCTUK HachblLato-
wux ero conongos».

«[pumeHsiemble B HacTosee BpeMsi CMOCOoObl M PeXuMbl Bbl-
30Ba MpUTOKaA M OCBOEHUSI 3aKOHYEHHbIX OYpEHUEM CKBaXKWUH He
B MonHon mepe obecneumsaoT ounctky M3 n He cnocobceTByOT
yBENUYEHN0 AeOUTOB CKBAXMWH, YTO CBA3aHO C HeAOCTaTO4YHO
00OCHOBaHHbIM  BbIOOPOM  BENUYMHBLI  Oenpeccuu, cocTaBa MU
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CBOWCTB XWMAKOCTU Ans oOpaboTku nnacrta, a Takke TeXHOJoru-
YECKMX PeXMMOB ee npoBedeHusa» [5].

K ocHOBHbIM (hakTOpam, BNUSKOWIMM Ha MOBbILEHNE MNPOAYK-
TMBHOCTM CKBaXXWH MPU UX CTPOUTENBLCTBE, CeayeT OTHECTU:

ynyJylleHne COBepLUEHCTBa (KayecTBa 3akaH4MBaHWSA) CKBaXKWH
Nno CTEMEHU U XapaKTepy BCKPbITUS NPOAYKTUBHOrO nnacTa;

npuMeHeHne  (OU3UKO-XMMUYECKOro,  rasornapoamHamMmyecko-
ro, TepMOAMHAMMWYECKOTO W [ApYrux MeTOLOB BO3AEWCTBUS Ha
Mnarn;

cosgaHune uckycctseHHonm M3r7;

OypeHne CKBaXMH C TOPM3OHTalNbHbIM OKOHYaHWEM OAHOro
UNU HECKOMbKNX CTBOSOB,;

OCBOEHUE C NPUMEHEHMEM MEHHbIX CUCTEM U MHEPTHbLIX ra3oB.

ObGecneveHne 3agaHHOW MNPOAYKTUBHOCTU CKBaXWH, npegy-
CMOTPEHHON B npoekTax pa3paboTKM MECTOPOXOEHWUS WM 3KC-
nnyatauyumn MXI, gocturaeTca peanusaumen nubo ogHOro M3 ne-
peyvncneHHbix pakTopoB, NMOO HECKONbKUX, B 3aBUCMMOCTU OT
rOPHO-reonornmyeckMx YCroBui 3aneraHus HedTAHOro wunu raso-
BOro nnacra.

B onybnukoBaHHOW nuTepaType Mo BOMpOCaM 3akaH4MBaHWA U
PEMOHTA CKBaXWH WMMeEETCH OOLIMPHBLIN dhakTUYeckuin maTtepuan,
nokasbliBaoWmn 3P PEKTUBHOCTL Pa3fUYHbIX METOAOB, TEXHOSO-
rMn n maTepmanoB, UCNONb3YEMbIX ANS MOBbLILWEHUS MNPOAYKTUB-
HOCTU ckBaxuH. OOHAKO MpUMEHEHUEe Tex WNU UHbIX MEeToO0B
pekomMmeHayeTca B OOMbLUMHCTBE CllydaeB MNOCMNE CHWKEHWUsI nep-
BOHa4anbHon npoHuyaemoctu M3l npn GypeHun unu pemoHTe
CKBaXXVH.

BaHbiM HanpaBneHneM MOBbILWEHUA MPOAYKTMBHOCTM CKBa-
XWH SBNAETCA pelleHve cneayrwmx 3ajay:

nonyyeHme OOHO3HAYHOrO OTBETA O MOTEHLUManbHOW NPoAaYyK-
TMBHOCTMK paspe3a npu NoMCcKOBOM U pa3BefoyHOM GypeHuu;

MOBbILLIEHNE MPOOYKTUBHOCTM  HU3KOMPOHWLAEMbIX  KOMMEKTO-
poB Mpu OypeHWM IKCMMyaTaumOHHbIX CKBE&XKUH Ha CcTagum WnXx
3aKaH4MBaHus;

obecneyeHne nNpPOEKTHOW MPOAYKTUBHOCTU CKBaXMH B MpoO-
Lecce Mx akcnnyaTtauum.

B cootBetctBUM C TpeboBaHusamu [lpaBun 6GeszonacHocTM B
He(TAHON M ra3oBOW MPOMbILLIIEHHOCTM OCHOBHOM 0Obem Oype-
HUS N pEeMOHTa CKBaXWH BEAETCA B YCMOBWUSIX MpPEBbILIEHUSA 3a-
OOMHOro pJdaBneHvs Hag nnacToBbIM (HanuuMe penpeccuMr Ha
nnact) [6].

B BbICOKOMpOHULAEMbIX MnacTtax [faxe CPaBHUTENbHO He-
fonbwas penpeccuss (0,5—1,5 MIla) mMoxeT Bbi3blBaTb WHTEH-
CVIBHblE MOIOLWLEHNS, NMKBUAOMPOBATL KOTOPblE HE Bcerda yaaet-
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cs. Moatomy npobrnema pa3paboTkum HOBLIX WU COBEPLUEHCTBOBA-
HUS1  CYLLECTBYIOLMUX METOAOB NPeaynpexaeHnss WHTEHCUBHbIX
nornoweHun npu OypeHun CKBaXuMH SBNAETCA akTyanbHOW WU
TpebyeT ckopenwero peweHusi. B onybnukoBaHHOW nuTepaType
no BoMpocam TeXHonormm OypeHust CKBaXXMH B YCINOBUSIX MOrNo-
WEHUA coaepXuTca OOLIMPHBIA  MaTepuan, XapakTepuayoLui
NPUYUHBI NX BO3HWUKHOBEHMS.

[MornowleHnss B HEHapYyLUEHHbIX MOPOBLIX FOPHbIX Mopodax
BO3HMKAKOT TOMbKO Mpu ux ruagpopaspbiee (MPl1). Tak, paspbiB
pbIXMbIX cnabocueMeHTUPOBaHHbLIX MEeCYaHMKOB HacTynaet mnpu
CpaBHUTENBHO HU3KMX penpeccusax Ha nnact (3,5—3,8 Mlla). B
TO Xe BpeMsi, MPOYHble, C NponnacTkamMu rfUH, ra3oHOCHbLIE nec-
yanukn Kapaparckoro T[XI (AsepbaligxkaH), 3anerawowme Ha
rnybuHe 3025—3600 m, He paspbiBanncb NpM MX BCKPbITUM C pe-
npeccuen, gocturarowen 54,7 Mlla [3, 4, 7, 8 n gp.].

BwmecTe ¢ Tem, ¢ pocTom rnybuH pasHuiua mMexagy rpagueHtamm
OaBnNeHWi MornoweHna Ang TPELUHOBATbIX M MOPOBLIX KOSEK-
TOPOB YMeHbLUaeTCcss U Ha rnybuHax Gonee 4000 M npakTuyecku
ucyesaer.

Mpn ABIM[ nnactoBoe OaeneHwe npubnmxaetca K OaBlEHUIO
Hayana MornoLweHns, YTO CYLLEeCTBEHHO OCMOXHSAeT npouecc 6y-
PEHUST CKBaXMH B 3TUX YCMOBUSIX.

OnbIT GypeHnss CKBaXWH B YCMNOBUAX MOTMOLWEHWUIA CBUAETENb-
CTBYET O TOM, YTO MOSHOCTbIO NUKBUAMPOBATbL MOrMAOLEHNS C UH-
TeHcmBHOCTbIO 30 M/ 4 1 Bonee BCEMM CyLLECTBYIOLMMM CMOCO-
Oamn He ypaetcs. PaspaboTaHHble cnocobbl M cOCTaBbl Cneuu-
anbHbIX Xugkocten apdEKTUBHbI ANS M30NAAUMU YaCTUYHBIX NO-
FMOLWEHUA C PacCKPbITOCTbLIO MOMMOLWAWNX KaHanos He 6onee
1,0 mm. Bmecte ¢ Tem, npobnema pa3paboTkm M ObICTPOro BHE-
OPEeHMsT HOBOW TexXHOMormm OypeHWst CKBaXXMH B YCIOBUSX WH-
TEHCUBHbIX MOMNOLWEHUA CTOUT OYEeHb OCTPO. OTO AUKTYETCH He-
06Xx0QMMOCTbIO  paclwimpeHns BypoBbix pabot Ha [MXI, HOBbIX K
WCTOLLEHHBIX MECTOPOXAEHUSAX, a TakKe yBennveHnem oOBbEMOB
passefoyHoro 6ypeHuss u nosbiweHnemM 3GMEKTUBHOCTN TFeomno-
ropassefoyHbIx pabor.

1.2. OIIBIT BYPEHUSA CKBAKHH
B YCJIIOBHUSAX AHIIA

Mpn BCKkpbITUM nNnactoB OypeHnem B ycnosuax AHMO ¢ npo-
MbIBKOW TNIMHUCTLIMW pacTBOpaMun U APYrUMW KUOKOCTAMWU U3-3a
MOBbILWEHHbIX pernpeccuii B OONbLUMHCTBE CryYyaeB NPOMCXOOAT
[4]:
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HeoOpaTUMble CHWXEHUSI €CTECTBEHHOW MNPOHULLAEMOCTM TOp-
HbIX NopoA Npr3abonHON 30HbI ckBaxMHbI (M3C);

noTepyM  LUMPKYyNsauMM  MPOMBbIBOYHOM  KWMOKOCTM,  KOTOpble
BbI3bIBalOT  (PrIOMOOMNPOSABIEHNS W3  Bblenexawux nponnact-
KOB;

OCMOXHEHUA npouecca OypeHus B pesynbTaTe MOrMoLEHNNA,
dnonaonNposiBNEHNN, OCbINed W Apyrux BWOOB, KOTOPblIE MOryT
co3gaTb aBapuiiHble cUTyauuu;

OOMONHUTENbHbIE  3aTpaTbl BPEMEHW, 3JHEpPruv, XMMUYECKMX
peareHToB W Opyrux MaTepuanbHbIX PecypcoB Ans NMKBMZALMM
aBapuii U OCMOXHEHWI, a TaKkKe NPU OCBOEHUN CKBAXKUHBI.

Mpn OyperHumn ckBaxuH Ha 30 nnowagsx B ycnosusx AHMAO
penpeccMm Ha NPOAYKTUBHbIE NNacTbl 3HAYMTENBHO MpEBbILANK
HOopMaTuBHble, onpegensemble [MpaBunamu [6]. PesynbtaTthl pac-
yeTa rpagveHToB (FOPHOroO, rMapocTaTuyeckoro n anddepeHum-
anbHOro) JaBneHun npueedeHsl B Tadn. 1.1.

Ha pwuc. 1.1 npegcrtaeneHbl rpadukM  U3MEHEHUS FPagueHTOB
ropHoro, 3abonHoro n guddepeHumansHOro AaBreHui, COOTBET-
CTBYWOLME pPa3fMYHbIM 3HAYEHUSM [PagMEHTOB MMacTOBbIX AaB-
neHun. N3 aHanusa onbiTa OypeHuss ckBaxuH B ycnoBusix AHIL
cnegyeT, YTO ANS BCKPbITUA NPOAYKTUBHBLIX MMacTtoB B OONbLUMH-
CTBE CIyyaeB WCMOMb3ylOT MPOMbIBOYHbIE XWUAKOCTU Ha BOAHON
OCHOBE MMOTHOCTbIO Gonee 1000 kr/ M®, KOTOPLIMM MPOMbIBAIOT
CKBaXMHY NpW Mpoxogke Bblwenexawmx uHtepano. O6pabot-
Ka OypoBbIX pPacTBOPOB MONMMMEpPamMW, BBELEHWE HaMONHUTENEN
NO3BOMSAIT YMyYlWWUTb WX KA4YeCTBO W CHU3WUTb OTpuULaTenbHoe
BMMSHNE Ha KOMNEKTOPCKME W eMKOCTHble CBOWCTBA TOPHbIX MO-
pog M3C BO BCKpbITOM MHTepBane npogyktusHoro nnacra. Op-
HaKo CBepxHOpMaTUBHas penpeccusa Ha nnacTt B ycnosusx AHMAO
BbI3blBAeT OTpuULaTenbHoe BO3L4EWCTBME Ha MPOAYKTMBHYHO Xa-
paktepuctuky M3C.

M3 npuBegeHHbIX AaHHbIX (cM. Tabn. 1.1 u puc. 1.1) cneayer,
YTO rpagueHTbl OaBfeHUs penpeccuy Ha KpOBM NPOAYKTMBHOIO
nnacta npu OypeHun ckBaxuH no 30 mectopoxaeHusm u [XI
namensoTca B npegenax 0,0027—0,0105 MMa/ m, 4To cooTBETCT-
ByeT 3HayeHusMm anddepeHumnansHoOro pAaeneHus (penpeccun
APpen = Psa6 — Pnn) 1,68 —29,5 MIMa npu 3aneraHnu Kposnv nna-
cta Ha rnybuHax ot 330 go 3360 M u KoachbdpuumMeHTax aHoMarnb-
HOCTW NnacToBoro gaenenunsa B npegenax 0,07 —0,85.

C poctom rpagmeHToB nnactoBoro paaesneHus oT 0,00074
no 0,0085 MlMa/M NUHENHO YMEHbLUAKTCHA rpagvueHTbl dakTude-
ckon penpeccun Ha nnact ot 0,0027 go 0,0105 MMa/m npwm
CPaBHUTENIBHO MOCTOSIHHbIX 3HAYEHUsIX TPagUEHTOB HOPMAaTUB-
Hov penpeccun (cm. puc. 1.1, npsamasa 1). MNpuyem npu grad
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Tabnuya 1.1
YcnoBust BCKpbITUA NpoayKTUBHBIX nnactos ¢ AHIM[, Ha MCTOLWEHHbIX rasoBblX MecTopoXaeHusX u MXI-

rpa,D.I/IeHTbI AaBneHua Ha Kpoene npoaykTuBHOIO

MnoTHoCTb
oves| | Mecrpoxaewe, | opt . | e
- - grad Ppen
c1a, M cti, kr/ m* g;(r);('; %r:p nge;g&ogiro Tg::;'g:? %?gge;:r grad Pnn
1 KuptoLkmnHckoe 330 1080 0,0162 0,0062 0,0106 0,0044 0,71
2 Basarickoe” 340 1270 0,0162 0,0075 0,0125 0,0049 0,66
3 Onuwesckoe” 550 1450 0,0163 0,0074 0,0142 0,0068 0,92
4 [Hawasckoe” 650 1100 0,0164 0,0033 0,0108 0,0075 2,27
5 CeBepo-CtaBpononbe- 680 1050 0,0164 0,00104 0,0103 0,0093 8,89
Koe™ (xagym)
6 Yrepckoe® 700 1120 0,0164 0,0036 0,0110 0,0073 2,04
7 Onapckoe® 800 1020 0,0165 0,0014 0,010 0,0086 6,17
8 Conoxosckoe® 820 1050 0,0165 0,00074 0,0103 0,0096 12,96
9 EnwaHo-Kypatomckoe® 820 1340 0,0165 0,0027 0,0131 0,0105 3,88
10 BoropoayaHckoe” 1000 1050 0,0167 0,0041 0,0103 0,0062 1,52
11 BepryHckoe® 1000 1300 0,0167 0,0066 0,0128 0,0062 0,93
12 | CeBepo-CrtaBpo- 1000 1110 0,0167 0,0060 0,0109 0,0049 0,82
nonbckoe” (3eneHas
cBuTa)
13 HeBckoe* 1010 1100 0,0167 0,0081 0,0108 0,0027 0,33
14 MecyaHo-YmeTckoe” 1070 1240 0,0168 0,0027 0,0122 0,0095 3,92
15 KaHuypuHckoe” 1270 1120 0,0169 0,0048 0,0110 0,0062 1,28
16 KaHesckoe 1315 1068 0,0169 0,0025 0,0105 0,0080 3,19
17 Marinucy” 1330 1100 0,0170 0,0029 0,0108 0,0079 2,72
18 MponeTtapckoe 1420 1050 0,0171 0,0024 0,0103 0,0079 3,30
19 | CtapomMuHckoe 2030 1070 0,0179 0,0019 0,0105 0,0086 4,53




20
21
22
23
24
25
26
27
28
29
30

Yenbacckoe
CrenHoBckoe”
LLleGenuHckoe
Kpbinosckoe
Marikonckoe
JleHuHrpagckoe
BepesaHckoe
CeppatokoBckoe
KpecTtuieHckoe
Hekpacosckoe
HoBoTpouukoe™

2040
2100
2100
2320
2435
2520
2550
2610
3200
3220
3360

1070
1100
1070
1072
1070
1070
1070
1070
1072
1070
1150

0,0179
0,0179
0,0179
0,0182
0,0182
0,0183
0,0190
0,0192
0,020
0,0203
0,0208

0,0031
0,0019
0,0034
0,0039
0,0012
0,0019
0,0009
0,0022
0,0033
0,0013
0,0085

0,0105
0,0108
0,0105
0,0105
0,0105
0,0105
0,0105
0,0105
0,0105
0,0105
0,0113

0,0074
0,0089
0,0071
0,0066
0,0093
0,0087
0,0096
0,0083
0,0072
0,0092
0,0028

2,37
4,66
2,09
1,69
773
4,55
10,72
3,76
2,19
7,05
0,33




grad p, (MITa/m)-107
2,5

15k
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Puc. 1.1. I'pacdmk usMeHeHUst rpagneHToB ropHoro, 3a6oiiHoro U AauddepeH-
uuanbHOro gaeneHuit grad p NpU pasnuYHbIX rPagueHTax MnacToBOro AaBreHUs
grad pn, HA MCTOLLEHHBbIX Fa30BbIX, FA30KOHAEHCATHbIX MecTopoxaeHusax u MXI
Poccuu:

1 — rpagueHTbl HopMaTuBHOro AvdbdepeHuuanbHOro AaeneHus (penpeccum); 2 —
(baKkTUyeckoe 3HayYeHue TrpaaveHToOB penpeccuuM Ha Kpoeno nnacta; 3 —
rpagveHTbl 3abOMHOrO CTaTUYeCKOro [OaBfeHMs MPOMbIBOYHOW XuAkocTu;, 4 —
rpagmneHTbl rOpHOro AaBneHuna

Pnn > 0,0060 MMa/m 3HaveHua akTUYEeCKMX rpagueHToB pe-
npeccuii NPUONMKaKTCA K HOPMAaTUBHBLIM.

CyllecTBEHHOE OTKNOHEHWEe TrpagueHToB (pakTU4eCKUx pe-
npeccui N 3abonHbIX AaeneHui B 4veTbipex n3 30 cnydvaes (Onu-
wesckasa, BepryHckas, EnwaHo-Kypatomckas n [lNecyaHo-Ymetc-
Kasg nnowiagn OypeHus) OT NMHENHbIX 3aBucumocTen 2 u 3 (cm.
puc. 1.1) obGBACHSETCS MCMOMb30BaHMEM MPOMbIBOYHBIX >KUOKO-
cTeii C NOBbIEHHLIMU NNoTHOCTAMU (1240 — 1450 Kkr/ M°), 4TO 6bl-
no BbI3BaHO TpeboBaHMeM obecrneyeHnst YCTOMYMBOCTU [FIUHU-
CTbIX MPOMMACTKOB C MOBbIWEHHBIMWA (PaBHbIM MNEpPBOHAYanbHOMY
NnacToBOMy) NOPOBLIMU OABMEHUSMM.

MpumeHeHne GypoBbIX PacTBOPOB Kak Ha BOOHOW, Tak WU yrie-
BOAOPOAHOM OCHOBE He pelaet npobnembl KavyeCTBEHHOro
BCKPbITUS BbICOKONPOHULAEMBIX MI1acTOB.

BckpbITve ras3oBblX U rasokoHAEHCaTHbIX NNacTtoB C Koaddu-
yneHtamu aHomanbHocTn 0,70 BbI3bIBAET HE TONBKO MHTEHCMBHbIE
MOrnoLWeHns, HO U HeobpaTMMOE CHWXKEHWE eCTECTBEHHOMW npo-
HuuaemocTn ropHbix nopog [M3C. PesynbTatbl OTpuUATENbHOMO
BNUAHWUS  MPOMbIBOYHOW XXMAKOCTM Ha yMEHblUueHue [ebuTtos
HedTU 1 rasa npueegeHbl B Tabn. 1.2, cocTaBneHHON Mo pe3ynb-
TaTam NPOMbICMOBbLIX WCCNeaoBaHWUA, onyOnMKoBaHHbLIX B paboTax
[4, 7—12].

Kak cnegyeT n3 pesynbratoB (cm. Tabn. 1.2), npMmMeHeHue rnm-
HUCTOro pacTteBopa npu BCKpbITUM nnactoB ¢ AHIMO npuBoguno K
CHWXEHNIO OebUTOB HeMTAHbIX U ra3oBblX CKBaXXWH MO CpaBHe-
HUIO CO CKBaXXWHaMW, rae NPUMEHANNCb pacTBOPbl Ha yrrneBofo-
poadHoi M OMononMMepHon ocHoBe. B To ke BpemMsi opueHTUpo-
BaTbCHA TONbKO Ha abcontoTHoe 3HadeHue AebuTOB HeJOCTaTOYHO.
Heobxogumo oueHuBaTbh yaenbHbI OeOWT, NMpuBEOEHHbId K OA-
HOMY METPy BCKPbITOW 9MEKTMBHON MOLUHOCTU  (TOMLLUMHbI,
ONWHBL) MPOOYKTUBHOrO nnacTta. Tak, npu BCKPbITUX MNPOAYKTUB-
Horo nnacta B ckB. 40783 CamMOTnoOpCcCKOro MecTtopoxaeHus abco-
NOTHOe 3HadeHue pebuta HedpTv B 2,0 pasa Obino Bbile, YEM B
ckB. 40848, roe nnacT BCKpbIBancA C MPOMbIBKOW MMHUCTLIM pac-
TBOPOM, HO YZAEnbHbIA OebuT okasanca Heckonbko Hwke [12]. B
Opyrom npumepe 0O peMoHTa rasoas cks. 1 KaHeBckoro mecto-
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Tabnwuuya 1.2

Pe3ynbTaTbl BAMAHWS pasnnyHbIX TMMOB GYpOBLIX pacTBOPOB
Ha nebutbl HecTU 1 rasa

Mnowaae 6ypeHus, Hebut
Ho- | Homep ckBaxwHbI, Tun
mep MCTOYHWK UHOP- 6ypoBoro HedTi rasa, MpumeyaHmne
n/n maLum, rny6uHa pacTsopa T CyT’ TbiC.
BCKPbITUS M’/ cyT
1 AbapaxmaHoBckasi, | MIHBepTHO- — - CpepHsis NpoHu-
ckB. 9077, [4] 3MYIbCUOH- uaemocTtb 13C
HbIi pacTBop kepr = 0,582 Mkm?
(N3P)
MnactoBas — — | kg2 = 0,252 mkm?
BOoAa
2 Kynrak, cks. 8, [4], |l muHuCTBIN — 783 | Mocne nepBu4HO-
2958 m pactBop ('P) ro BCKPbITUSI
e 20 | [locne rnyweHus
CKBaXMWHbI AN
pemMoHTa (pOoHTaH-
HOW apmaTypbl
3 BocTtouHo-Cyneesc- | M'napodobHo- 35 —
Kas, ckB. 7335, [4] 3MYIbCUOH-
HbIVi pacTBop
(FrOP)
e 17 — [MoBTOpPHOE rNy-
LIEHVE CKBaXWHbI
4 KaHeBckasi:
ckB. 1, [8], — — 260 | Aenpeccus fo rny-
1630— 1700 m WEeHUS Appent =
= 2,6 MNa
e — 260 | lMocne rnyweHns
ApPpenz = 3,9 MIMa
CKB. 2 — — 145 | Apgent = 0,6 MlMa
re — 80 | Appenz= 3,3 Mla
ckB. 42 — — 320 | Apgen1= 1,2 MlNa
re — 270 | APpenz= 4,0 MMa
5 BepesaHckas:
ckB. 21, [8], — — 328 | Apgent = 0,5 MIMa
2550 —2630 m re — 260 | Apgenz= 1,3 MMMa
ckB. 53 — — 416 | Apgent =0,2 MINa
re — 330 | Apgenz= 1,4 MMNa
6 Marikonckas, — — 620 | Apgent1 = 0,6 MINa
cks. 15, [8], e — 560 | Apgenz= 1,7 MlNa
2630—2670 m
7 CnaBHyxWHcKas:
ckB. 27, [9], I'yapoHo6bu- 66,4 — | kepr =0,033 mKkm?,
3247—-3271 m TYMHast dMyrb- NopucToCTb
cus (M) m=12,5 %,
NNOTHOCTbIO BPEMsi OCBOEHUS
1160 kr/ m* Toce = 1cyT
Mnact — necya-
HUK MEnKO3epHU-
CTbIA
Penpeccusa
10,0 MMa
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MpoponxeHne Tabn 1.2

Mnowaab 6ypeHus, Oebut
Ho- HOMEp CKBaXKMHbI, Tun
mep UCTOYHWK UHDOP- 6ypoBoro HedTi rasa, MpumeyaHme
n/n mMauumm, rnybuHa pactsBopa T cyT‘ TbiC.
BCKPbITUS M’/ cyT
cks. 20, P nnotHo- 42,5 - kep2=0,059+
3230—3240 m cTbio 1160 + 0,134 mkm?,
kr/ m° my=159 %,
Toe = 3CyT
ckB. 58, P nnoTHo- 20,0 — | kepz = 0,217 Mkm?,
3199—-3224 m ctbio 1160 m3 =13,1 %,

Kkr/ m* Toce = 7 CyT
ckB. 54, P nnoTHo- 12 — | kepa = 0,210 MkMm?,
3234—3250 m ctbio 1160 my =17,1 %,

Kr/ M Toce = 8cyT
ckB. 24, P nnoTHo- 4,5 — | keps= 0,009 mkm?,
3243—-3262 m cTbio 1160 ms;=12,5 %,

Kkr/ m* Toce = 7 CyT

8 KpacHokyTckas:
ckB. 14, [9], ObpalyeHHas _ 43,0 | kgpr = 0,01 —
4508 —4530 m 3aMynbcus Ha — 0,02 MKkm?,
ocHose VIBEP m=4—6 %,

NMOTHOCTbLIO Toce = 1,5cyT

1200 kr/ m® MecyaHuk menko-

3EpPHUCTbIN
ckB. 5, P nnotHo- - 2,45 |kep = 0,01 —
4305—4364 m cTbio 1200 — 0,02 mkm?,
Kkr/ m* m, = 4—6 %,
Toe = 7 CyT
cks. 11 'P nnotHo- - Hes- |kes = 0,01 —
4104—4198 m cTbio 1200 Haun- | — 0,02 MKm?,
Kkr/ m* Tenb- |m; = 4—6 %,
Hbll | Toes = 7 CYT
npu-
TOK
rasa c
KOH-
AeHca-
TOM
9 FOromaw-Makcu-
MOBCKasi:
ckB. 4846, [10], re 21,6 —  |YBoenbHbIi Aebut
(1123— 1382 m 5 HedTK Npu ocsoe-
rOpU3OHTanNbHbIN -~
ctBon — IC) Hm @ =36
T/ (CyT-M)
ckB. 4847, 1220— | TP 54 — 4
1426 m (I'C) Q, = 1,54 1/ (cyT-m)
ckB. 4854, 1138— |I'P 51 - a
1432 m (I'C) Q3 = 1,88 1/ (cyT-™m)
ckB. 4856, 1122 — | Monurnukone- 20,0 - ~a _
1383 m (FC) BbIl 6ypOBOIA Q4 =807/ (cyrm)
pacTBop
(Nrep)
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MpoponxeHne tabn 1.2

Mnowaap 6ypeHus, Oebut
Ho- HOMEP CKBaXKMHbI, Tun
mMep NCTOYHWK MHGOP- 6yposoro HedTH rasa, Mpumeuanne
n/n maumu, rnybuHa pacTBopa o cyT' TbIC.
BCKpbITUSA M/ cyT
ckB. 4855, 1129— | MI'BP 16,2 — = _ .
1382 m (I'C) Qs =54 1/ (cyTm)
10 | IToBuHckas:
ckB. 8078, ckB. P 5,5—8,5] — -
8092, cks. 8091,
ckB. 8164, [11]
ckB. 8162, 2350— | ManornuHu- 11,6 — MnactoBoe gaene-
2415 m CTbIV XInopka- HUe pny= 21 MMa,
nuiA nonumep- Aenpeccus npu oc-
HbI BypoBoW BOEHUN Appen=
pacTeop = 7+12 Mla,
(MXKMBP) BpPEMS KOHTaKTa
NNOTHOCTLIO pactBopa T= 5cyT,
1040 kr/ m* KoahhULMEHT
BOCCTaHOBMNEHUS
NpOoHMLI@eMOCTMN
B = 0,90:0,94
ckB. 8163 MXKMBP 15,3 - -
11 CamoTtnopckas,
nnact BB: e 55 — Pon = 21,6 MMa,
ckB. 40848, [12] HedTeHachbILLeH-
Hasi MOLLHOCTb
AH,= 35 m,
kepr= 0,035 MKM?,
Q, =157
T/ (cyT-m)
ckB. 40849 Monuanku- 98 — AH,= 40 m,
neHrnukone- kepy = 0,022 MKM?
BbIli pacTBOP i ’ '
(NMATP)+ 6uo- Q=245
MOSIMMEPHBIN )
(Flo-Pro) T/ (cyTm)
ckB. 40783 Flo-Pro 110 - AH,= 75 ™,
kepz = 0,027 mkm?,
Q, =146
7/ (cyT-Mm)
CkB. 40847 Flo-Pro 120 - AH,= 56 M,
kep2 = 0,078 Mkm?,
Q, =214
T/ (cyT-Mm)

poxaeHus umena aebut 260 Thic. M’/ CyT U3 BCKPLITOrO nepdo-
paumenn wuHTepana 1630—1700 M npu nnNactoBoM AaBfeHUN
11,5 MIla wn pgenpeccun Ha nnact 2,61 MlMa. lNMocne pemoHTa
C TNyWeHNeM T[NMHUCTbIM pPacTBOPOM Obinl MonydYeH Takom xe
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nebut, Ho npu Oonblwelk Adenpeccuu, paBHon 3,9 Mlla [8].
Takum obpasom, ygenbHbii 0ebut 6bin noHwkeH ot 1,43 go
0,95 Thic. M*/ (cyT-M-MMMa).

lMepexoq Ha wuCNonb3oBaHWE CcrneuManbHbIX  MPOMbIBOYHbIX
XMOKOCTEW MNM  CNocOOOB  BCKPLITUS  MPOAYKTMBHBLIX MfacToB
NpoBOANTCS B CllydasX BO3HMKHOBEHMS KaTacTpodmyeckux mno-
rnoweHnn. [Ons BCKPbITUS NAacTOB B 3TUX YCMOBUSIX MCMOSb3Y-
I0TCSA ra3oobpasHble MPOMbIBOYHbLIE AreHTbl U MEHHbIE CUCTEMBI;

NPUPOAHLIN ra3, a3oT, BbLIXMOMHbIE rasbl ABWUratener BHYTPEH-
Hero cropanua (OBC);

TymaH (OBYXKOMMOHEHTHasi cucTema, KoTopasi COCTOMT M3 rasa
M KanenbHOW >XWAOKOCTW, coaepkallen, Kak npaBurio, MNoBepXHO-
CTHO-akTMBHble BelecTBa (IMAB) n MHrimbutop kopposun);

neHa, aspMpoBaHHasi XXUOKOCTb.

BYPEHUE C IIPOMBIBKOM [TEHOI

Bnarogapsa ycnexam, OOCTUIHYTbIM B M3y4YeHUU CBOWCTB MNMEH W
perynmpoBaHuM UX OCHOBHbIX NapameTpoB, 3TU Ta30XWOKOCTHbIE
cuctembl (IPKC) HaxogaT Bce Gonbliee NpUMMEHeHVWE B HedTera-
30MPOMbBICIIOBOIM NPAaKTUKE, OCOBGEHHO Mpu OypeHnn HedPTAHbIX K
rasoBbix CkBaWH B ycrnousax AHIML. 3ddeKkTMBHOCTb NEHHbIX
CUCTEM onpeaensieTcsl Hanuumem y Hux ocobbix CBOWCTB:

MNOTHOCTb MEHbl JIErKO MOXHO PerynupoBatb B  LUMPOKOM
AnanasoHe;

nmeHa NJoxXo MPOHUKaeT B MOPUCTYIO Cpedy, B CUMY YEero MOXx-
HO ocywecTBnATb OypeHue u BCKpbITME MAacToB Npu Koadduum-
eHTax aHomanbHocth (0,7 —0,1) prcr;

NMpu BCKPbITUM MPOOYKTMBHOrO Nnacta C UCMONb30BaHWEM Me-
Hbl B KayecTBe MNPOMbIBOYHOrO areHTa 3HauyuTeNnbHO YMEHbLUAT-
CA UMM MNOSHOCTLIO OTCYTCTBYIOT 30Hbl MPOHWKHOBEHWSI TBEPAON
dasbl 1 cunbTpata NPOMBLIBOYHON XMAOKOCTWU, YTO CrnocobCTByeT
COXpaHEHWIO ecTecTBeHHONM npoHuyaemoctn [3C npoayKTMBHO-
ro nnacTa;

NPy MCMNONb30BaHUM MNEeHbl BO3MOXHO perynupoBaHue 3aboli-
HOro [JaBfeHWs B LUMPOKOM [JMana3oHe MW3MEHEHUWEeM CTeneHu
aspauuun U yCTbeBOro AaBleHUs;

BbiCOKasi yaepXuBatLias CroCOOHOCTb MEH MO OTHOLUEHMIO K
BbIOYpEeHHONM nopoae MNo3BONsieT BECTU OypeHue npu HesHauu-
TenbHbIX pacxogax neHoobpasytowwen xuakoctn (MOX) u rasa;

ucrnonb3oBaHve neH npu OypeHun cokpallaeT Bpemsi OCBOe-
HWUS1 N BbIXOA CKBAXXWH Ha 3afaHHblli pexum paboTbl.

[o nocnegHero BpeMeHW MpOLECC BCKPbITUA nnacta C npo-
MbIBKOV MEHOW OCYLLECTBIANCA MO TEXHOMornu, paspaboTaHHON
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BHNHed IO ele B 1961 r. 1 BnepBble BHeApeHHOW Ha ckB. 206
Hukonaesckor nnowaam KpacHogapckoro kpas, rae npogykTvB-
HbI NnacT, 3anerawwuii B nHTepBane 559 —601 m, Gbin BCKpbIT
©e3 nornowieHni. MNynbcaymMm gaBneHus B HarHeTaTenbHOM NMHUK
W Apyrue ocrnoxHeHuss He Habnwoganucb. B npouecce Hapalyma-
HUA U nogbemMa MHCTPYMEHTa B CKBaXVHE MoAdepXuBancd ypo-
BeHb XuMakocTu Ha BbicoTe 350—400 M ot 3abos. lMocne ocsoe-
HUs1 Obin nonyvyeH AedbuTt HedTW, B 2,2 pas3a npesBbllalWunn ae-
OWT cocegHWX CKBaXwH, rge MpOOYKTWMBHbBIA MAacT BCKPbIBAancs C
NPOMBIBKOW FMMHUCTBIM pacTBopom [3].

B nocnepytouwme rogsl N0 AaHHON TEXHOMNOrMU C NPUMEHEHUEM
OBYX- N TpexcasHbiXx MeH NPOBOOUNNCH BCKPbITUE MNPOAYKTUBHO-
ro nnacra, 3abypuBaHue BTOPbIX CTBOSIOB U MPOMbIBKA NecYaHbIX
npoboK B CKBaXMHax Ha MecTopoxaeHusx KpacHogapckoro
kpas (Yb6exeHckoe, CokonoBa [opa wun XagpbkeHckoe), B [10O
«AsHedpTb» (Ha nnowapsx 3arnbl-3enBa, bysoBHbl, CypaxaHbl —
Kapauykyp), B MO «bawHedTb» (Ha HoBoOy3blGalleBCKOM MeCTo-
poxaeHun) u B ApYyrux pervoHax. B pesynbtate ycTaHoOBneHo,
4YTO MO CPaBHEHWUIO CO CKBaXkMHamu, NpobypeHHbIMM B conocTa-
BMMbIX TOPHO-TEONOMMYECKUX YCIOBUAX C MWCMONb30BaHUEM M-
HUCTOro pacTBOpa, MPUMMEHEHVWEe MNEeH MPU BCKPbITUM MNPOAYKTUB-
Hbix nnactoB ¢ AHIL nosBonser npombITb CKBaXMHy 6e3 no-
rMOLWEHNA, MOBBLICUTb MEXaHUYEeCcKyldo ckopocTb B 3,6—5 pas,
npoxoaky Ha gonoto B 2,7 —4,3 pasa, COKpaTUTb CPOKM OCBOEHUS
CKBaXMH, a TakKkKe MOBLICUTb MPOM3BOAMTENBHOCTL CKBaXMH
B 3—3,5 pasa. O BbIcOKOV 3PEKTMBHOCTU TEXHONOMMM MPOMbIB-
K/ CKBaXKWHblI MEHOW CBUMAOETENbCTBYWT Takke pesynbTtatbl Oype-
HUS CKBaXkMH B 30Hax pacnpoCTpaHeHWst MHOrofNeTHeW Meps3no-
Tobl [4].

MONOXUTENbHLIA  OMbIT  MPUMEHEHUSI MEHbl ANs  MNPOBOAKK
CKBaXVMH B WHTepBanax KaTacTpoUYeCKUX MOrfoWEHUA 1
BCKpbITMA nnactoB ¢ AHIML HakonneH u 3a pybexom, Hanpumep
B CWA, Kanage, OmaHe, JlnBuu, NpaHe 1 gpyrux panioHax 3em-
Horo wapa [4,7].

OpHako HeoBXoaUMO OTMETUTL CrieaytoLLee.

1. B cuny HeBbICOKOW YCTOMUMBOCTM AByxchasHas neHa ObiCT-
po paspyllaeTcd He TOMbKO Ha MOBEPXHOCTU, HO U B CKBaXUHE.
lMoaToMy NpW MpeKpawleHun LUPKYNsuum BO Bpems HapalimBa-
HUS  UNU  BbINOMHEHMSA  ciyckonogbeMHbix onepauun  (CI10)
OByxdasHas neHa paspyllaeTcss B CTBOME€ CKBaXXWHbl, U B npusa-
foliHolM 30He, MO CcyuwlecTBy, HakannueaeTca BoAda, obpaboTaHHas
MAB.

2. BBugy OTCYTCTBMS TNIUHWUCTOM KOPKM Ha CTEHKAaX CKBaXKMHbI
MOX B3aumopgencTByeT C NOpogamMu OTKPbITOrO CTBOMA, YTO Bbl-
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3blBaeT MX pas3ynsioTHEHMe u nocregytoulee o6pyLleHMe CTEeHOK
CKBaXXVHb.

3. Tlpn BOCCTaHOBNEHWM LMPKYNSUUM MOCNEe NpoBefeHus
CloO B MN3C npoHukaet MOX, BbI3biBasg HabyxaHue TMUHUCTOrO
LuemeHTa nopofbl — KOnnekropa.

C uenbio npegynpexaeHns  pasyninioTHEHWs MNOPOA  CTEHOK
CKBaXXWMHbI Ucronb3yeTcs Oonee ycTtonuMBas TpexdasHasi neHa,
KoTopasi He paspyllaeTcs HUM Ha MOBEPXHOCTM, HM B CTBONE
CKBaXMWHbl M, 0Opasys Ha CTeHKax CKBaXKWHbl FNIMHUCTYIO KOpKY,
npegoTBpallaeT NOSIBNEHVME OCHOXHEHMN npyu OypeHunm n BCKPbI-
TMM NPOAYKTUBHOrO nnacTta.

AHanuM3 CcrnoxuBLUEeNCA TexHonormm OypeHus C MpOMbIBKOM
neHamMu Kak B Halwlen cTpaHe, Tak M 3a pybexom nokasan, 4To
BbIXOOALLYIO W3 CKBaXuHbl NeHy, koTopas cogepxuT [AB n gpy-
rme XvMMUYecKue peareHTbl, BblOpacbiBaloT. [Mpu Takon TexHono-
rmm 3atpaumBaetcs bonbloe konuyectBo MOX, yem obbsacHsaeT-
CS OrpaHMyYeHHOe nMNPUMEHEHNEe BbICOKOYCTONYMBOW TpexdasHon
neHbl, HECMOTPS Ha ee GeccrnopHble NpeumyllecTBa nepes ABYX-
¢dasHoi MNEeHON WNM a’pUPOBAHHOM XMOKOCTbIO. B oTaenbHbIX
crny4vasx AenarTca MOoMbITKU paspylnTb MEHbl C MOMOLLbI Cre-
unanbHbIX YCTAGHOBOK C LEMbl MOBTOPHOrO  UCMOMb30BaHUS
MOX. Tak, B YkpHWWrase Obina paspaboTaHa ycTaHOBKa Ansi
paspyleHus ycTonumBbix TpexdasHbix neH [4]. OpgHako ogHo-
3HaYHbIX AaHHbIX O ee paboTocnocobHOCTM N 3PEEKTMBHOCTM B
nutepatype HeT. MHOrokpaTHoe MCNofnb30BaHWE OAHOMO W TOro
Xe obbema neHbl Oe3 pasgeneHuss ee Ha cocTaenswowue asbl
CHWKaeT pacxoj MaTepuanoB Ha ee NpurotoBneHue, Ho Tpebyet
pa3paboTKn HOBOW TEXHOMOMMW MPOMbBIBKA CKBaXWHbI C MCNOSb-
30BaHMEM repMeTusnpoBaHHon cuctembl uupkynauyum (FCL) ne-
Hbl, 0OnafatoLL el BbICOKON YCTOMYMBOCTbIO.

BYPEHME C I[TIPOJIYBKOM IT'A3AMU

OnbIT OypeHnsi CKBaXKWH Ha MECTOPOXOEHWSX, HaxOAsLMXCH Ha
nosgHen craguu pas3paboTky, nokasbiBaeT, YTO UCNONb30OBaHWE
neH Npu pop < 0,2 P YKe HeadppekTuBHO. NpoBeaeHne Ha aTux
MECTOPOXAEHUSAX Takux paboT, kak OypeHWe HOBbIX CKBaXVH B
uensax cosganua [XI, npoBogka BTOPbIX CTBOMOB, rNyLIEHWE
CKBaXWH, ydaneHue necdaHbliXx nNpobok u3 3aboeB CKBaKUH U
apyrue pabotbl, LenecoobpasHo BeCTU B rasoBOW cpefe, MHepT-
HOW K NnacToBbiM ononaam.

MpumMeHeHWe rasoB Npu GYpeHUnN CKBaXKMH MO3BOJISAET:

OypuTb B wWHTepBanax KatacTpouyecKkMx MOrMnoweHnin npo-
MbIBOYHOWN XXMAKOCTY;
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MOBLICUTb KA4YeCTBO BCKPbITUS MPOOYKTUBHBLIX NNacToB;
YBENNYMTb MEXAHNYECKYIO CKOPOCTb M NMPOXOAKY Ha 4ONOTO.
WccnegoBannto M 06OGLLEHNIO HAKOMMEHHOTO OMbiTa B 3TOM

obnactn nocesileHa obwwupHasi nutepaTypa, onybnukoBaHHasa B

Halleln cTpaHe un 3a pybexom [3, 4, 5, 7, 13]. Pesynbtatbl Hay4Ho-

nccrnefoBaTenibCkUX,  OMbITHO-KOHCTPYKTOPCKUX U TEXHOMornye-

Ckux paboT MO NPMMEHEHWUIO rasa B KayecTBe MNPOAYBOYHOro

areHTa CBUOETENbCTBYT O MOBLILWEHUN TEXHUKO-IKOHOMMUYECKMX

nokasatenen (TAl) cTponTENbCTBA CKBAXUH.

Tak, npn OypeHMM WHTEpBaNoB psiaa CKBaXWH C NPOOYBKOW
BO3YXOM W MNPOMbIBKOM TIMHUCTbIM PacTBOPOM Ha HEKOTOPbIX
MECTOPOXAEHUAX 0bbeauHeHuss «YKpHedpTb» npoxoaka Ha Jono-
To Bo3pocna B 8,14 pasa, a mMexaHuveckasas CKOpoCTb — B 2—
5 pas (Tabn. 1.3).

LUvpokMe NpOMBILMEHHbIE  3KCNEPUMEHTbI MO BCKPbITUIO
HeTAHOro nnacta C npoayBkon Bo3gyxom B ycrnosuax AHIMA
npoeBefeHbl Ha Mwuxaiinoeckor nnowaan (MO «BawHedTs»). B
pe3ynbTaTte YCTAHOBMIEHO, 4YTO YAEenbHas NPOAYKTMBHOCTb CKBa-
VH, 3aKOHYEHHBLIX C MpUMeHeHMem Bo3gyxa, B 3—5 pa3s Bblwwe,
yem y Oonbluer 4YacTu OPYrnx CKBaXWH, 3aKOHYEHHbIX C MCMOSb-
30BaHMEM [MIMHUCTOIO pacTBOpa B aHalOrMyHbIX TFOPHO-reonoru-
yeckux ycnosusix [3].

B HacTosillee BpemMsi pakT BbICOKON 3GPEEKTUBHOCTU UCMOSb-
30BaHusA rasa B npouecce OypeHMsi YCTOMYMBBLIX WHTEpPBAnoB
rOpHbLIX MOpoA4, MNpU OTCYTCTBMM WHTEHCUBHbLIX BOAOHedTEeraso-
NposIBNEHUA cuyuTaeTca obuwenpuaHaHHbiM. OgHaKo MCMnonb3oBa-
HMe BO34yxa MPWU BCKPbITUM TFa30HOCHbLIX MIAcTOB CAEpPXMBaeTCs
no psigy MNPUYUH, OCHOBHOM M3 KOTOPbIX SBASETCA BO3MOXHOCTb
NOSsIBNIEHMST OCMOXHEHWIA WM aBapwuii, CBsI3aHHbIX C BHYTPMUCKBA-
XVMHHBIMM  BOCMMIaMEHEHUAMU TOPOYUX CMecel, obpasyromxcs
B CTBOJIE CKBa)XMHbI B YCIIOBUSIX ra30MposiBNEHNIA.

AHanua paboT OoTeyecTBEHHbIX W 3apybexHbIX uccrnegoBare-
ner nokasan, 4YTO MpPOLECC BHYTPUCKBAKUHHBLIX BOCMIIaMEHEeHWUN
NNacToBbIX YrieBoAopoaHbIX dromaos npy 6ypeHum cTeona ¢ npo-
OyBKOW BO34yXOM, a Takke npobrnema HenTpanusaumm BCTpedvae-
MbIX B paspes3e CUITbHO TOKCUYHbIX Fa30B HE4OCTATOYHO N3YYEHbI.

YuntbiBass Habnwogawowyocs B OTEYECTBEHHOW M MUPOBOWA
npakTuke TEHOEHUMIO K YBENUYEHM0 OypoBbIX M PEMOHTHBIX pa-
00T ¢ ucnonb3oBaHMEM ra3oobpasHbiX areHToB, Npobnemy paspa-
OOTKM TEXHOMOrMM WUCMONb30BaHMUA Tra3oobpasHbiX areHToB, MC-
KMoyaroLyo nosiBfieHMe B3pbIBOB MNpY NPOBEOEHMUM TeXHONOoru-
YECKMX MPOLLECCOB Ha rasoBbiX MECTOPOXAEHMWAX, crefyeT Ccuu-
TaTb akTyanbHOW. PelleHne pJaHHOW nNpobnemMbl MMeEeT BaXHOe
3HayeHne ns HepTAHOW U ra3oBON MPOMbILLIIEHHOCTH.
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Ta6nuya 1.3

ﬂaHHbIe [0} 6ypeva| CKBaXWH C I'IpO,D,yBKOVI BO3QyXOM U I'IpOMbIBKOVI FMWHUCTBIM PacTBOPOM

(MO «YkpHedTb») [4]

CkBaxuHa
MokasaTtenb
4b 6b 6300 6400 652 624 324 314
Cnocob 6ypeHust | TypOuHHbIN PoTop- Typ6uH- PoTop- OnekTpoby- | OnekTpoby- TypbuH- PoTop-
HbIN HbIN HbIN peHne peHne HbIV HbIN
Twvn NpoMbIBOY- re Bosayx re Bosayx re Bosgyx re Bosayx
HOro areHTa
WHTepBan Gype- 382—1070 | 350—1065 | 1252—1468 | 1254—1469 | 180—1328 | 165—1320 | 280—1509 | 283 — 1507
HUSA, M
Yucno mapacxo- 46 4 17 2 27 3 46 4
[OBaHHbIX JOMNOT
Mpoxoaka Ha 15,5 225 12,7 107,5 43,3 385 28 306
[0noTo, M
MexaHunyeckas 6,6 19,2 3,5 17,2 7.3 28,8 5,3 10,3
ckopocTb bype-
HUs, M/ Y




Mpobnema 3ameHbl BO3gyxa MHEPTHbIMW rasamMu B HedTeraso-
[obblye OO mocrnegHero BpeMEHM peluanacb MyTeM WUCMOfb30Ba-
HWUS1 KMAKOro unm rasoobpasHoro asota. PaspaboTtkon arperatos
Nno MNPUMMEHEHWIO XMAKOTO unu rasoobpas3Horo asota B Poccuu
3aHMMAKTCA  Hay4HO-NPOM3BOACTBEHHad  komnaHus  PAHKO,
BHUMBT n AO «byctep». B CLWA komnaHua «Crtioapg n Ctu-
BEHCOH» CEepUIHO BbiNyCKaeT a3oTonepekaynsaroLLme arperatbl.

B CeeKaBHUIMWrase npoBegeHbl MCCregoBaHUSA BbIXIOMHbLIX
rasoB Ha npegMeT CO3OaHWs NPUHUMNWANbHO HOBOW YCTaHOBKU
ONA OCBOEHUSA CKBaXMH BbIXMOMHbIMK rasamu OBC nocne mx ox-
naxgeHns un ouuctkn. PaspaboTaHHas, npoweawasi nonHomac-
WTabHble ucnbiTaHMss Ha ckBaxuHax CeBepo-CTaBpoOnonbLCKOro
MXI n BHeagpeHHas B cunumane «TiomeHOypras» ycTaHOBKa Tak-
Xe MOoXeT ObITb MCMONb30BaHa B TeX CMy4yasix, Korga He MCKIo-
YyeHa BO3MOXHOCTb 0OpasoBaHMSA B3pbIBYATLIX CMECEW, Hamnpu-
Mep, Mpu ONpPeccoBKe rasonpoBoAoB. OTO MOMHOCTLIO yOOBMETBO-
pseT TpeboBaHuam n. 2.11.8 «[lpaBun 6e3onacHOCTN B HEMTAHOMN
M rasoBoit npombiwneHHocTn» (1998). B ocHoBy paspaboTku ner-
N1 nateHTbl Ha wu300peTeHus, nony4veHHole CeKaBHWIM/razom
[14]: «[ByxcTyneH4yaTasi cCUCTEMa OYUCTKM BbIXNOMHbLIX as3o0B
amsenbHoro npusoga Oypoeon yctaHoBku» (nat. Ne 2073098
oT 10.02.1997 r.); «OCBOEHME CKBaXWH C WUCMNONb30BAHNEM
BbIXMOMHbIX ra3oB Au3enb-motopoB» (nat. Ne 2083812 ot
10.07.1997 r.).

PesynbTatom paspaboTku saBunucb Tpyu Mopudmkaumm ycrta-
HOBKW AF1S1 OCBOEHWSI CKBaXXWUH BbIXMOMNHbIMK razamu OBC:

yCTaHOBKa C OTOOPOM BbLIXJIOMHOIO rasa OT AW3enb-mMoTopa
012, npuBogswero B paboty komnpeccop 2BM4-9/ 101 komnpec-
copHol ctaHuun C-9/101;

yCTaHOBKa C OTOOPOM BbLIXJIOMHOIO rasa oOT Au3enb-mMoTopa
7AM3-238, koTOpbIA CRAYXUT TArOBbIM ABUratenem Komnpeccop-
How cTaHumm C[-9/101;

MOBUNbHas yCTaHOBKa Ha aBTOMOOWNBHOM mMpuuene ang uc-
Nnonb30BaHNA BbIXMOMNHbIX rasoB [OABC ot nwboro mncrouHuka (6y-
poBasi yCTaHOBKa, AW3enb-reHepaTtopHasi 3MeKTpocTaHuua un T.4.).
OTa ycTaHOBKka MOXeT ObiTb MCMONb3oBaHa Ha Cylle U MOPCKUX
CTauuoHapHbix nnartgopmax B JoOOM KNMMaTUYeckoM rosice
Poccuu.

KOHCTpYKTUBHbIE OCODEHHOCTM YCTAHOBOK MNEPBbIX OBYX MO-
ondmkaymin coctoat B crnocobax oTbopa BbixnonHoro rasa. [pu
oTOOpe BbLIXIIONHOrO rasa OT Ausenb-moTopa [A12 TemnepaTtypa
oTbupaemoro rasa pgocturaet 250—450 °C, 4YTO B OXHbIX perno-
HaxX CTpaHbl BbIHYXOAeT MPUMEHATbL NEeTOM BOASHOE OpoLLeHue
TEPMO3KPAHHbBIX anioMWHUEBBLIX TpyO (NpyM HapyXHoW Temnepa-

24



Type Bbiwe + 35 °C). B ocTtanbHoe BpemMsi opolleHusi TpyO He
TpebyeTcs.

B cnyvyae ot1bopa BbLIXNIOMHOMO ra3a OT Au3enb-moTopa
AM3-238 TemnepaTypa oTOMpaemoro rasa He npesbilaet 70—
80 °C, npu 3TOM 4YUCTOTa €ro 3Ha4MTENbHO BbIlLE, YeM npu pabdo-
Te ¢ gusenb-motopoMm [12. YcTaHoBka 3TOoW Moaudukauum He
TpebyeT BOOSHOrO OpPOLUEHMS TEPMO3KpaHHbIX Tpy® M npolie no
KOHCTPYKUMW.  YKa3aHHble  yCTaHOBKM  MPOLAM  LUMPOKOMAcC-
WTabHble NPOMbICNOBbLIE WUCMbLITAHUA U B HacTosee Bpems Haxo-
OATCS B MpoMmbIwneHHon akcnnyatauuun. CyllecTBEHHbIM UX npe-
UMYLLIECTBOM SIBMSETCHA TO, YTO KONMMYECTBO OCTATOYHOro KWUCIO-
poda B BbIXMOMHbLIX rasax Au3enb-MOTOpoB He npesbiwaeT 3 %
(cormacHO pOaHHbIM  3amepoB  rasoaHanusatopoM  «KBUHTOKC
KM-9006»). [Ons cpaBHEHUsl, KOMMPEeCCOpHO-MeMbpaHHasi YycTa-
HoBka YKM-9/15 komnanun PAHKO paet KOHUEHTpaumio Ku-
cnopoga B as0oTHO-KMcnopogHom cmecn o 12 %, a ycrtaHoBka
KpacHogapckoro komnpeccopHoro 3asoga CHOA-5/101—10 %
[14].

lMpocToTa KOHCTPYKUMM HaBeCHOro 06OpyaoBaHUSA YCTaAHOBOK,
paspabotaHHbix CeBKaBHWIMMrasom, no3BonsieT CEPUNHO U3ro-
TOBMNSATb MX B YCNoBuMsiX ©a3 nNpou3BOACTBEHHOro obCnyXuMBaHUSA
ynpaenenus OGypoBbix pabor (YBP). 310 3HauutenbHo CcHwxaet
X CTOMMOCTb, OCODEHHO yuMUTbIBas TO, YTO 3TU YCTAHOBKU MOX-
HO MOHTMpPOBaTb Ha CepuiiHble KOMMPECCOpHble CTaHUMW He3sa-
BMCMMO OT CpOKa 3KcnnyaTauuu. YCTaHOBKM paspaboTaHHbIX Mo-
andvkaumin rapaHTupyloT 6esonacHble YCNoOBWsI OCBOEHMS CKBa-
XuH BbIxnonHeiMn rasamm [OBC, a Takke nposegeHus nobbix
paboT Ha HedTerasoBbiX MECTOPOXAEHUSAX, TrOe BO3MOXHO
obpasoBaHMe B3pbIBOOMACHbLIX cMecel. [lpegnoxeHHble TexXHOnNo-
MM M COOTBETCTBYIOLLEE TeXHoNormyeckoe obopygoBaHMe MO3BO-
NAT pelwatb 3ajayun, CBsi3aHHble C pa3bypuBaHMEM MecYaHbIX
nNpo0oK, NpoBedEeHMEM Fa30MNecKOCTPYMHOW nepdopauumn rasoBbIxX
CKBaXWMH, OMPEeCCOBKOW OTPEMOHTUPOBAHHbLIX HedTerasonpoBo-
[OB, C NPUMEHEHNEM BbIXOMHbIX rasos [BC.

1.3. BCKPBITHE IIVIACTOB B YCJIOBUAX ABIIJ

MpuHUMNUanbHOE OTANYME TEXHOSOMMN BCKPbITUS MPOAYKTUBHBLIX
nnactos ¢ ABI ot TtakoBon ¢ AHIM[ 3akniovyaeTca npexge Bce-
ro B pasnuunn ropHO-reoniormyeckux YcrnoBUi NPOBOAKM CKBa-
XWH, KOTOpble MOXHO OXapaKTepu3oBaTb CreayoLMMn COOTHO-
LUEHUAMMU:

MOBbILLEHWE MNMOTHOCTEN NPOMbBIBOYHBIX XUAKOCTEN (px)asng >
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> (Px)AaHnn W rpagveHToB NnacToBbiX AasBneHuin (grad pun)asng >
> (grad pnn)anng;

CHWXEHME OTHOLUEHWN NNacToBbIX [aBfeHWA K AaBfeHUAM no-
rMOWEHUS (Pnn/Prom)asnn < (Pan/Prom)annp, @ Takke AaBNeHWH no-
rMOLWEHNs K TOpPHOMY p,aBneHmov(pnom/prop)ABnn < (Prom/ Prop) AHMA
n avddepeHUManbHbIX OaBneHui (penpeccum — Oenpeccuu) K
NNacToBbIM AaBNEHUAM (Paup/ Pnn)aBna < (Paudg/ Pnn) AHMA-

lMocnegHee cooTHoweHWe nNpeobpasyeTcs K Buay

Paup _ Psag — Pun _ Psac 1=K

BC!

KOTOpPOEe YCMOBHO MOXHO Ha3BaTb KO3(PPULMEHTOM BCKPbITUSA
NPOAYKTUBHOIO nnacTa.

Mpu BekpbITUKM nnactos ¢ ABI 3HAYeHWE Ppugy = Psas — DPrn
ornm3ka k 0, Tak kak OypeHWe C penpeccuen Unu Lenpeccuen,
pPaBHbIMA HOPMAaTUBHbLIM 3HAYEHUAM, 4acTO MNPUMBOAUT K MOro-
LWEeHNAM U prongonposBAEHNUSIM.

Mpn AHIML OypeHue BO3MOXHO npu 6GOoNbLKNX 3HAYEHUNAX
Ky (cm. Tabn. 1.1), Tak Kak npu CHWXeHun grad pp, BenNn4MHa
grad prop = const.

B pesynbTate yBennuMBaeTCs CXMMAeMOCTb MfacTa-Komnmnek-
TOpa, YTO MNPEnATCTBYET MNPOHMKHOBEHMIO MPOMbBIBOYHON XMOKO-
CTM B nnact (Npu penpeccuv) u MNPUTOKY MNacToBoro dnovaa
(npn genpeccun).

B aToi cBA3M cnefyeTt BbIOENUTb FPaHUYHbIE 3HAYEHUS KO3g-
duumeHTa Ky, KOTOpble BaXHbl AfS1 aHanu3a YCNOBWUA BCKPbITUS
NPOAYKTUBHbLIX MACTOB:

CKBaXMHa He npobypeHa, nnact He BCKPbIT: Kgop = Kpax >> 1,
TaK KaK Psag = Props . .

NPy BCKPbITUM Mfacta C penpeccrMen NMPOMbIBOYHON XUOKOCTU
Kacz > 1, TaK KaK Paag > Pon;

npy paBHOBECUWN [JaBMEHUN B CUCTEME CKBaXMHa — nnact
Kgez = 0, Tak KaK psas = Pan;

npu genpeccum Ha Nnact Ky < 0, TaK KaK Paag < Prn.

Ons obocHoBaHus 3HaveHusa anddepeHunanbHOro AaBrneHus
Nnpv BCKPbITUM MNAcToB C MEPEMEHHOW aHOMarbHOCTbIO MNNacTo-
BOr0 JaBneHns Heobxoammo NPOrHO3npoBaTb 3Ha4YeHWe AaBrieHus
MOrNoLWEeHNs1 B PasnnyHbIX FOPHO-Fe0NOrMYECKX YCINOBUSIX.

AHanu3 onbiTa BCKPbITUS MOMMOWALWMX MNPOSYKTUBHBLIX Mna-
CTOB, 3anerawwmx Ha rnybuHax 270—5000 m, ObIn npoBedeH no
50 nnowagsm cemu HedTerasoBbiX MPOBUHUMA Poccun mn Gnvx-
Hero 3apybexbsi [3—5, 7— 13, 15— 36].

B onybnukoBaHHOW nutepaType Mo BOMpocam TexHonornm Oy-
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PEHNA U PEMOHTa CKBaXWH B YCMOBMUSAX MOrMOLLEHUI COOEPXUT-
Csl OOLIMPHBIN MaTepuan, XapaKTepusylLluin MpUYMHbl MX BO3-
HWKHOBEHMsl. ABTOpamy O0OOLLEHbI M CUCTEMaTU3MPOBaHbI OMbIT
OypeHuns B MOrnowawnwmx nnactax um pesynbTaTbl MCCNeaoBaHWM
B 9TOM HanpaeneHun. AHanm3 M3MEHEHUs1 TPagUEHTOB [aBMeHWi
nornoweHns B nfacrax npoBoawusica MNo pernoHam, rnyouHam u
3HaYeHsIM NNacToBbIX JABMNEHUMN.

O6006uweHHasas unHdopMmaums npeactaeneHa B t1abn. 1.4 n Ha
puc. 1.2. lNonyyeHHble pe3ynbTaTbl CBUOETENLCTBYIOT O TOM, YTO B
TPELUMHOBATbLIX M KaBEPHO3HbIX TOPHbIX MOpoAax rpagueHT AaB-
NEHNsT MNOTNOLEHNS 3HAUUTENbHO HMXKE, YEeM B HEHapyLUEHHbIX
TeppUreHHbIX nnacrax nopoBoro Tuna.

MornoweHns B HeEHapyLUEeHHbIX MOPOBbLIX T[OPHbLIX nopoaax
BO3HUKAIOT TOMbKO MpM MX ruapopaspbiBe. Tak, paspbiB pbIXibIX
cnabocLeMeHTMPOBaHHbIX MECYaHWKOB HacTynaeT npu CpaBHU-
TENbHO HU3KMX penpeccusax Ha nnact 3,5—3,8 MMa [15, 27, 28 un
ap.]. B 10 xe Bpems, NpoyHbie C NponnacTkaMu rMUH ra3oHOCHbIE
necyaHukn Kapaparckoro MXI (AsepbGangxaH), 3anerawwme Ha
rny6uHe 3025—3600 M, He paspbiBannCb NPU UX BCKPbITUM C pe-
npeccuen 54,7 MMa [4, 15].

BmecTte ¢ Tem, ¢ pocTom rnybuH, pasHuua mexagy rpagueHTa-
MW OaBfEHW MNOrMOWEeHNs ANS TPEeLUMHHbIX M MOPOBbLIX KOJJEK-
TOPOB yMeHblIaeTcss M Ha rnybuHax 6onee 4000 m npakTudecku
ucyesaet (cM. puc. 1.2).

Mpn ABIMO paenenus nornoweHus n PM npubnuwkatotes K
NnacTtoBOMy, YTO CYLLUECTBEHHO OCIIOXHSET npouecc OypeHus u
PEMOHTA CKBaXWH B 3TUX YCIOBUSIX.

Ha ctagum npoekTupoBaHMs CTPOUTENbCTBA CKBaXWH Bblae-
NATCA  WHTEpBanbl FOPHbIX MOPOA, CKMOHHBIX K MOrMOLEHMWIO
NPOMBIBOYHbLIX W CrneunanbHbIX XUOKOCTENW, M npeaycMmaTpuBatoT-
csi Mepbl Mo ux npeaynpexaeHnto. OcHoBHbIM cnocobom npeny-
NPeXOeHns MOrnoweHMn npu OypeHnn CKBaXWH SBNAETCA CHU-
XeHue penpeccun BNAOTb OO PaBHOBECUS AaBMEHWI Unu genpec-
cvm Ha nornowawwmn nnact. OgHako MOMHOCTBI peanu3oBaTb
3TOT cnocob [0 HacTosWero BpeMeHM He Bcerga ypgaetcs, no
npuYMHaM TEXHOIOMMYECKOro M OpraHM3aluMOHHOro xapaktepa. B
psge cnyyaeB HEBO3MOXHO CO3[aTb AENpPeccuio UM pasBHOBECUE
B CUCTEME CKBakMHa — MnacT Npu BCKPbITUM cnaboyCTOMYMBBLIX
FOPHbIX MOPO4 OCOBGEHHO B YCMOBUSX MOBbLIWEHHbIX MIACTOBbIX
naenenuni. Hanpuvmep, npu BCKPbITUM TAIMHUCTBIX MNEpPeMbIYEK B
npogyktusHon Tonwe Kapaparckoro [XI ¢ npombiBkon 6Bypo-
BbIM PacTBOPOM MNMOTHOCTLIO 1680 —1720 kr/ M®  HauMHanuchL WH-
TEHCUBHbIE MOPOAO- U ra3onposiBNeHns. 3T0 Mpoucxoauno noTto-
My, YTO B FMMHax coxpaHsanocb nepsBoHadanbHoe ABIO c rpa-
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Tabnuya 14
MowvHTepBarnbHoe 3MeHeHWe JaBneHust Npyu GypeHnn HedPTAHBIX, FasoBbIX U rA30KOHAEHCATHLIX CKBaXKMH no permoHam CHI

Wutepsan | Mnactosoe | MpaaueHT nna- | [PaAveHT AaBneHusi nornoeHus
an omZELMg;b cHus (rmybuHa) | AaBneHve | cToBoro AaBne- grad pror, MIMNa/ m M’g‘?g\?ﬁﬁkm
nornoweHus, l\l/ljlllnl H"';'M?_}rad Prv B TpelmHOBaTHLIX | B MOPOBLIX FOp- UHcopMaLK
M a a/m nopopax HbIX NOpoAax
[OHenpoBcko-[JoHeLkasn
BraguvHa:
Menuxosckas 350 32 0,0091 0,0120 — A.M. CenbBaluyk,
JTaHHOBCKas 900 8,6 0,0096 0,0121 — J1.J1. Nywkos [29]
Kernuesckas 1700—1900 | 16,9—19,2 | 0,0099—-0,0101 | 0,0117—0,0119 0,0145
KanuTtaHosckas 2800 30,0 0,0107 0,0120—0,0125 -
KpecTtuiieHckas 2900 41,0 0,0141 0,0142—0,0143 -
Menuxosckas 3000 41,2 0,0133 0,0160—0,0170 -
MepnsepnoBckasi 3100 40,5 0,0131 0,0180—0,0195 —
OnbxoBcKas 3200 40,0 0,0125 — 0,0135—0,155
HosoTpowuukas 4000 48,0 0,0120 — 0,0140
Bepesosckas 4600 77.0 0,0167 0,020—0,0220 —
ConoxoBckas 5000 75,0 0,0150 - 0,0170—0,0190
Cararigakckasi 5000 100,0 0,020 - 0,020 —0,022
MpepkaBkasbe:
AxTbIpo-ByryH- 380 —600 2,7—4,8 0,00723—0,0099 | 0,0138—0,0123 0,0160 H.P. AkonsH,
Oblpckas M.M. Tarupos [27];
payveBckasn 604 — 689 6,6 0,0109 - 0,0170—0,0171 | KO.H.Bacunbes,
CeBepo-CTtaBpo- 680 — 780 2,5 0,0037 - 0,0066 —0,0088 | O.9. MaTtBees,
nonbckas A.C. CaTaes [28];
CeHreneesckasi 1122—1142 11,47 0,0102 - 0,0170 B.N. Kpbinos
TaxTta-KyrynbTuHckas 1727—2046 | 16,9—19,7 | 0,0099—0,0096 | 0,0126—0,0121 —
PacweBaTtckas 2600 — 2655 32,0 0,0120 0,0126 -
CTtaponpomelcroBckas 4218 58,3 0,0138 0,0139 —
Kawexabnbckas 4546 89,2 0,0196 - 0,0210
HwxHee Mosomkbe:
YKupHocko-bax- 700 7.0 0,010 0,012 0,0152 B.K BeicTopon,
MeTbeBcKast [".A. benoycos,
HoBokopobkoBckasi 1350 12,3 0,0093 0,0139 0,0158 M.C. BuHapckuii,




OkTAbpbCKas
AHTMNOBCKO-BanbIk-
nevickas
Ypano-llosormxbe:
MecyaHo-YmeTckasa

KaHuyypuHckas
KpeLieHo-bynsikcas
3eneHoropckasi
lMoHomapeBckas
HOxHo-V3malinos-
ckasi 1 ap.

CpepHsa Asus:
3eBapapl, Mamyk,
AnaH, Kokgymanak,
Kyntak, KapayaraHak

3anagHas Cubups:
BoBaHeHkoBcKast
YpeHrowickas
Xapacosewickas

3anonspHas
BocrouHass Cubups,
KamyuaTka:
BoTyobuHckas
Asikckas,
[anunnosckas
BaHnaBapckasi
CobuHckast
MyTHOBCKas n gp.)

2450
3500

270 — 400
780 —950
1200 — 1252
857—1041
1404 —1482,5
1518,5—1531
2115—2468

2693 —2950
4042 — 4206
4608 — 4860

532—700
1110—1200
1080 — 1480

1766
2082—2323

300 — 490
838—90

1500 — 1700
1900
2500 — 2600
3000

49,0— 57,5
54,3—55,3
57,0—58,4

36,0—4,9
1,5—4,41
7,96
153—1%85
20,3

23,75— 26,0
28,5+30,0

0,0105
0,0113

0,0037—0,00375
0,0038 —0,0039
0,0098 —0,0088
0,0093 —0,0099
0,0110—0,0101
0,0116
0,0105—0,0112

0,0180—0,0206
0,0134—0,0131
0,0124—0,0126

0,0126
0,0065
0,0137
0,010
0,0169—0,0188

0,005—0,0090
0,0095

0,0102—0,0105
0,0107

0,0095—-0,010

0,0095—-0,010

0,0145
0,0158

0,0041—0,0042

0,010
0,0110—0,010
0,0114

0,0114—0,0118

0,0155—0,0167
0,0150—0,0151

0,0132

0,0110

0,0112—0,0117
0,0114—0,0116

0,0102—0,0105
0,0099—0,0101

0,0178
0,0192

0,0120

0,0121
0,0126

0,020—0,0216

0,0110
0,0147

0,0173—0,0194

0,0136—0,0160
0,0159—0,0176

0,0158—0,0170
0,0159—0,0185
0,0159—-0,0185
0,0168—0,0185

A.l'. MoTanos 1
ap. [23—25]

K.M. Tarupos,

B.N. HudaHToB,
C.A. Akonos u gp.
[20]; B.N. Kpbinos
[18]; K.M. Tarupos,
A.H. lHoeBblIX,
A.H. NNo6bkuH [5];
A.N. bynaros,
H.N. CyxeHko [30]

H.M. Maxkos [33];
I".IN. HoBwkos,
[.M.l'ynbsiHY 1
op. [34]




1000

2000

3000

4000

5000
H,m

grad p, (MIla/w)-107

1,0
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Puc. 1.2. 'pachuk usMeHeHuUs rpagu-
€HTOB [aBneHUs MOMMOLEHuss B
TPELMHOBATBIX U MOPUCTBIX TOPHBIX
nopogax Ha pasnuyHod rnybuHe H
UX 3aneraHus:

1 — W3MeHeHue rpagueHTa nnacrto-
BOro AaBneHusi; 2, 3 — W3MEHeHue
rpagmneHTa AaBlneHund nornoweHuna
COOTBETCTBEHHO ANS TpeLjuHoBaTbIX
M NOPUCTLIX FOPHbLIX NOpoA,

OveHTamMn MopoBOro [aasne-
HuMsa 0,0168—0,0176 MTlla/ m.
OpgHOBpeMEHHO B MPOAYK-
TUBHbIX MNecYaHuKax nnacrTo-
BOe [OaBfieHWe  CHU3WNNOCb
no 4,08 Mla (grad pn, =
= 0,00135 Mrla/ m) B pe-
3ynbtate ANUTENbHOW  3KC-
nnyarauun MecTopoXaeHus.
OnbIT 6ypeHnsa n pemoHTa
CKBa@XWH B YCINOBMAX MOrno-
WeHNA CBMAOETENbCTBYET O
TOM, YTO MONHOCTbIO NUKBU-
OvpoBaTb MNOMMOWEHNS C WUH-
TeHcuBHocTbio 30 MY/ 4 un 6o-
nee BCEMM CYLLECTBYHOLUMMN
cnocobamu He ygaetca [3—5,
15—26, 29—31, 33—35 #u
ap.]. PaspaboTaHHble crnoco-
Obl M cocTaBbl cneumanbHbIX
KnAaKocTen apdeKkTMBHbI Ans
M30NAUMM  YaCTUYHBIX  MO-

FMOLEHUA C PaCKPbITOCTLIO MOMMOLWAWNX KaHanos He 6onee
1,0 mm. Bmecte ¢ Tem npobnema pa3paboTkm M GbICTPOro BHe-
OPEHMST HOBOW TEXHONMOTMU OYpeHWst U PEMOHTA CKBaXXWH B YCIO-
BUSAX WHTEHCUBHbLIX MOMMOLWEHWUA CTOUT OYEHb OCTPO. OTO AUKTY-
eTca HeobxoaumocCTblo pacumpeHusa GypoBbix pabot Ha X[, a
Takke yBenMyeHMem OOBLEMOB pa3BegoyvyHOro OypeHus M NoBbl-
weHneM 3dEKTUBHOCTN reonoropasBefoyvHbix paboT C Lenbto
npupocTa 3anacos HedTu u rasa [1].



1.4. TIPOBOJAKA YCJIOBHO I'OPU30OHTAJIBHBIX
CTBOJIOB CKBAKNH

BypeHne yCrnoBHO roOpuU3OHTanNbHbLIX CTBOMOB B MNPOAYKTUBHOM
nnacte MHOrOKpaTHO MpeBbIlaeT CTeneHb ero BCKpbITus. B pe-
3ynbTaTe B HECKOMbKO pa3 yBennuuBaeTcs [eOUT CKBaXWUHbI U
noBbILLaeTca KoadpdpuumneHT HedTe- M rasootgadm nnacrta. Co-
OpYyXXeHUe TOpU3OHTamnbHbIX CKBaXWH paccMaTpuBaeTcs OfHO-
BPEMEHHO KakK OAuH 13 3dPeKTMBHbIX CnocoboB YyBeNMYeHus
U3BMNeYeHnsa yrnesofopoaOoB U3 3amnexu U Kak MeTod WHTeHcudu-
Kauum npuToKa rasa us3 nnacra.

HecmoTpa Ha TO 4TO nMepBble TrOPU3OHTalNbHbIE W  MHOrO-
CTBOJSIbHbIE CKBaXXMHbI OblnM NpobypeHbl B Poccun ewe B Hadvane
50-x rogoB npowunioro Beka [37—40], npobnema ropusoHTanbHOro
BCKPbITUSA NPOAYKTUBHBLIX MMacToB M cevac CTOUT OYEHb OCTPO U
ABMAETCA Ype3BblHaNHO aKTyarbHOMW.

OT0 06bsACHSETCA TeM, YTO YyCnellHas NpoBOAKa W 3akaH4yuBa-
Hue [C 3aBUCUT HE TOMbKO OT HaNU4YMst COOTBETCTBYIOLLMX TeEX-
HUKM W TeXHomnormm OypeHus, NpUMeHsIEMbIX MpU MPOBOAKE Ha-
KIMOHHBLIX W TFOPU3OHTaNbHbLIX CTBOMOB, HO W OT peLleHUsd reono-
rMYecKnx, ras’ormgpoanHamMnUyecKkmx, SKOHOMUYECKUX U OPYrux
BOMPOCOB.

TexHuyeckuii nNpoekT, paspabaTbiBaembli MHAMBMAYaNbHO Ha
cTpouTtenbcTBO Kaxaow [C, gomkeH oTBevyaTb crneaylowmm Tpe-
boBaHusaMm [41]:

OONrOBPEMEHHOM 3KCnyaTalmn CKBaXWHbI;

npoBedeHus HeobXOAMMbIX MWCCNedoBaHui B Mpouecce 9KC-
nnyatauumn CKBaXuHbl;

NpoBeAEHNA PEMOHTA B CKBaXXUHE;

OypeHust umetoLumca obopyLoBaHMEM.

BmecTte ¢ Tem, aBTOpbl paboTbl [41] B 3ak/O4YEHMM CBOEN CTa-
TbW OenarwT cnegyowmin BeiBog: «Beibop Hanbonee addekTnBHOM
NPOMBbIBOYHOW  >KWUOKOCTW, TEXHOMOrUM BCKPbITUA U BypeHus
NPOAYKTMBHOrO Mnacra OCTaeTcs OAHOW W3 HepeLUeHHbIX Mpo-
fbnem, Hag KOTOPOW MNOCTOSHHO paboTaloT y4yeHble M chneuynanu-
CTbI».

Mpyn npoekTMpOBaHWN ONTUMAanbHOW TEXHOMOIMN BCKPbITUS
NPOAYKTUBHOIO Mfacrta OTAEeNbHO CTOUT BOMPOC OBOCHOBaHWSA
OINWHBI CTBOMA CKBaXWMHbI.

[o nocnegHero BpemMeHW cuYMTanochb, YTO Yem AfNvHHee CTBOf,
Tem Gonbwe pebut. OgHako pesynbTatbl uccnegosaHus C Ha
Kywesckom [XI, nposegeHHble CesKasHWIMWrasom, He noa-
TBEPOUNM 3TOr0 NpPeanonoXeHus [42]. XapakTepHblM Takke $B-
nseTca onbIT OypeHus nepBbIX [OBYX TFOPU3OHTambHbIX [Aa30BbIX
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CKBaXWH, NpoOOypeHHbIX B koHUe 50-x — Havane 60-x rogos
npownoro Beka B CTaBpONonbCKOM Kpae Ha PacleBaTtckoMm Mme-
ctopoxgeHuun. [Npn ocsoeHun ['C ObiNM NOMy4YeHbl BbICOKME Ae-
OuTbl rasa, KOTOpble BCKOPE MPUBENU K HaKOMMEHW B CTBOME
necyaHo-rMMHUCTBIX Npobok. Ypganutb npobku He yganocb, U
aKcnnyartauusa aTUX CKBaXkuH He npoussoaunach [38].

Bo MmHormx cnyuyasx, BBuMAay Hegoctatka uHdopmauum o npwu-
Toke B 'C, HEBO3MOXHO OMNpedenuTb ONTUMAanbHbIA PEXUM KX
paboThbl.

B pabote [43] nokasaHo, 4tO 75 % nputoka B I'C, obcaxeH-
HYI0 3aueMEHTUPOBAHHbIMU XBOCTOBUKAMW, MPUXOAUTCA TOSMbKO
Ha 30 % NpoTsXKEHHOCTM NepdopMpPOBaHHOIO MHTEpPBana.

B pesynbTate reodumsmyeckux mccrnegoBaHuin cksaxuH (FNC),
NpoBedEHHbIX annapaTypHO-METOANYECKMM KOoMMnekcom  «I opu-
30HT» B FOPM3OHTaNbHOM CTBONEe Ha ckB. 3514 BaBnuHckowm no-
waau, Takke OTMEYEeHO yMeHblleHue KoadhduuueHTa HedTeHa-
CbILEHHOCTN KapboHaTHbLIX NOpoA TYPHENCKOro spyca npu npu-
OnwxkeHun K 3aboto [44].

Ha ocHoBaHum o6paboTkM MeTogamy mMaTeMaTU4eckom cTaTu-
CTMKM pe3ynbTaToB 3KchnyaTaumm 75 rOpM3OHTaNbHbIX CKBaXWH
Ha HeMTAHbIX MECTOpOXOEeHWsX TaTapCTaHa BbIIBMEHO Hanuuue
CBA3N Mexay HadanbHbIM Oebutom Q: ., ANMHOW FOPU3OHTasrIbHOIo
yyacTtka cTBona L, genpeccuen Ha nnacTt Ap, TOMLWWMHOW BCKPbLITO-
ro nHTepsana hgy, PacCTOSHMEM OO0 BOAOHEMTAHOro KOHTaKTa W
YUCMIOM nepeceyeHnn NPOAYKTUBHBLIX OTMOXEHUn [45]. IAmMnupu-
yeckas 3aBUCUMOCTb Q:c = f(L, Ap, hge, Qsc) UMEET BUA

Qrc = 0,00979L — 0,03354Ap + 0,2514h, +

+2,858 InQyc — 0,10, (1.1)
roe Qsc — CpegHun p[ebut Gnwkanwern BepTUKanbHOW CKBa-
YXWHbI.

N3 aHanusa dopmynel (1.1) cnegyet, 4To yBenuyeHue Aernpec-
CMM Ha nnacT nNpuBOAUT K yMmeHblueHuto gebuta 'C npu npoumnx
paBHbIX ycnoBusax. [loaTomy HeobxoAMMO uckaTb OMNTMMAarbHOE
COOTHOLWIEHE MexXady [AOfVMHOW TrOpu3OHTanbHOro cTBona u pAe-
npeccuer Ha nnacr.

Mpn BbIBOAe opmynbl Aebuta BepTUKanbHO-rOPU3OHTarbHON
ckBaxuHbl B.[J. JlbiceHko [45] npeanonaraeT «cuyuTaTb, YTO MOTe-
py [ABNEHUA Ha TPEHME MO CTBOMY CKBaKUHbI MpeHebpexumo
Mansl 1 3aboviHoe OaBfeHwe B MNpedernax ee BepTUKaNbHOW U ro-
PU3OHTaNbHOW 4acTer oauHakoBoe». He o0b0cyxgass CrnopHOCTb
BbICKa3aHHOrO NPEANONOoXeHWs, npuBegem papyryto paboty, rge
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NnokasaHo, YTO 3TU MOTEPU MOTYT 3HAYUTENBHO BMMATH Ha paboTy
CKBaXXWHbI 1 POPMY UHOUKATOPHBLIX KPUBbLIX [46].

B HacTosilee BpemMs BeOyTCs MHTEHCUMBHbIE MOWCKM aHanuTu-
YecKkoro onucaHus OebuToB WM AaBNEHWN TOPU3OHTamNbHbIX ra30-
BbIX U ra30KOHAEHCATHbIX CKBaXKWUH.

Tak, B pabotax PIrY Hedtm un rasa um. WN.M. TybkuHa,
BHWWrasa nonyyeHbl 4OCTaTOYHO MNpPOCTble NPUONMXeEHHbIe cop-
Mynbl  NPW  COOTBETCTBYIOLWIMX AOMYLIEeHMAX O cxemaTtusauum
nputoka M JNMHEWHOCTU 3akoHa unbTpaumm [47—49], a Takke
Hanbonee TO4YHble, AeTarnbHble TPEXMEpPHbIE€ YMCMEHHbIE MOAEnu
dunbTpaymu rasa [50].

Ocoboe nonoxeHne, XxapakTepusyloleecs COYeTaHWEM aHa-
NUTUYECKUX MOAXOAO0B, 3aHMMaeT pabota 3.C. Anvesa u B.B. Lle-
pemeTa [47]. 3O0ecb TpexmepHasa 3agada NpuUToKa rasa K ropusoH-
TanbHOMY CTBOSY CBOAWUTCHA K psgy ABYXMEPHbIX MMOCKMX 3ajad.
Mpes metoga cTtouT B TOM, YTO MPUTOK rasa CYMTAeTCs MPOMCXO-
OAWMM B NAOCKOCTAX, NEPnEeHAUKYNAPHbIX K OCU FOPU3OHTanbHO-
ro cTBOMa Npu ABYYNEHHOM 3akoHe hunbTpauuu.

B aTtom cnyyae pellueHve MMOCKOW 3adayn Ans NPAMOYrofibHU-
Ka C OTBEPCTMEM BbINOMNHAETCH aHaNUTUYeCKU NyTem 3ameHbl Uc-
TMHHOM obnactn cunbTpaunm OUKTUBHOW, B KOTOPOW CyMMapHoe
COMpOTUBNEHNE nnacTa SKBUBANEHTHO WCTUHHOMY COMpOTUBIe-
Huto. lMonyyeHHoe B pesynbTate WHTErpUpOBaHMA MIOCKOW  3a-
Jadn ypaBHEHWEe MNpuUTOKa rasa K ropu3oHTanbHOMY CTBOMY Mpu
HEeNUHENHOM 3akoHe punbTpauun pellaeTcsd COBMECTHO C ypaB-
HEeHMeM, ONUCbIBAKOLLMM MOTEPU AaBNEeHUS Npu ABMXEHUU rasa B
ropu3oHTanbHOM CTBOfE.

B oTmnuune oOT ypaBHEHUW, ONUCbIBaKOWMUX CTaunoHapHoe
OBWXKEHMWe rasa B 3aMKHYTbIX Tpybax, B ropu3oHTaribHOM CTBOMEe
CKBaXXWHbl YYUTbLIBAIOTCA He TOMbKO ruapaBnvyeckue norepu
[aBneHusi, CBA3aHHble C CuUnaMy TPEHUAMW, HO U MNOoTepu, CBSA-
3aHHble C OEeNCTBUAMU WHEPUMOHHBIX CWIl, OOYCIOBMEHHbIX W3-
MEHEHMeM MaccCbl WU CKOPOCTU [OBWXEHWs rasa BOOMb FOPU3OH-
TanbHOro cTeorna.

B HacTosweln pabote mogens 3.C. Anvesa n B.B. Llepemerta
JOononHeHa psaoM pearbHbIX YCNOBUW, OrpaHMYMBaloLLMX OO0nyc-
TUMYIO ONUHY FOPU3OHTaNbHOrO CTBOMAa CKBaXWHbI. PelueHbl cne-
ayoume sagaun’:

onTuMu3auusa AnvHbl FOPU3OHTAarNbLHOrO CTBOMA C Lenblo Mnony-
YEHVS MakcumarnbHbIX OeOUTOB nNpu JONYCTUMBIX AEMNpPEeccUsix, He
BbI3bIBAOLLMX pa3pyLUEHNE KOMNNEKTopa;

onpefeneHne rvMapoaANHaMMYECKU ONTUManbHOW ANUHBI ropu-

! PaboTa BbinonHeHa cosMecTHo ¢ A.M. Taruposoii u J1.I. KopluyHOBOIA.
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30HTanbLHOro CTBOMI@ C YYETOM [ABWXEHUSA rasa B BePTUKaNbHOM
CTBOJ1E CKBaXXMWHbI;

onpegeneHne BRMSHWS HEOOHOPOOHOCTW MMacTOB Ha MPOU3BO-
ONTENbHOCTb rOPU3OHTarNbHbBIX CKBaXXMH.

lMpoBeaeHbl uccnegoBaHus 3PMEKTUBHOCTU FOPUSOHTANbHOM
CKBaXMWHbl AN PasnU4HbIX 3Ha4YeHur KoaduumeHTa aHW3oTpo-
nun v B UHTepBane WM3MEHeHUs ANWHbI FOPU3OHTaNlbHOro CTBONa
ot 100 go 500 m.

B kauyectBe kputepuss adpekTuBHOCTU BbiOpaH napametp C,
paBHbIA OTHOLLEHWIO Aebuta ropu3oHTanbHOW CKBaXWHbl K Aebu-
Ty BepTUKanbHOW MpW OAMHAKOBbLIX MapameTpax nnacrta u 3Hade-
HUAX OaBneHu Ha 3aboe B Havane BepTuKanbHOro creomna. Pe-
3ynbTaTbl NOKa3blBAOT Hanuuue obnactn napameTpoB (L, v), npu
KOTOPbIX TOpPU3OHTanbHas CKBaXMHa MeHee MpOou3BOAUTENbHA,
YyeMm BepTuKarnbHas B COOTBETCTBYIOLUX YCMOBMAX. Tak npy v =
=001nL =500mnmv=01unul =240mnpmv = 05mn
L = 110 m koacpcpuument C = 1. o mepe yBenmyeHust KOId-
duUuMeHTa aHU3oTPONUKU, YTO COOTBETCTBYET BO3paCTaHUIO Bep-
TUKanNbHOW MPOHULAEMOCTH, SPPEKTUBHOCTL FOPU3OHTANbLHOM
CKBaXMWHbl pacTeT. B 1o xe Bpemsi HabnogaeTca TeHOeHUMs cTa-
ounusaumun koacppuumeHta C npu BO3pacTaHUM AONWHbI FTOPU3OH-
TanbHOro CTBONA, YTO OOBACHAETCH HEMVHENHOCTbIO W3MEHEHUS
[aBneHns BOONb rOPU3OHTANbHOrO yvacTka M3-3a noTepb Ha Tpe-
HWEe N peakuerh Ha U3MEHEeHMe MacCbl U CKOPOCTWU MpU ABUXEHUU
rasa no CTBOSy FOPU3OHTANbHOMO y4acTKa CKBaXKUHbI.

B paccmoTpeHHOM MOZEeNbHOM MpUMEpPe OrpaHUYEHHOCTb OT-
HOCUTENBLHOrO 3dydekTa FOPU3OHTANbHOW CKBaXXMHbl MNpocMaTpu-
BaeTca gaxe 6e3 yyeTa ApYyrMx peanbHblX OrpaHW4YyeHui, CBA3aH-
HbIX C BO3MOXXHOCTbBIO pas3pyLUeHUs Konnekropa.

B cnegyiowem moaensHOM npumMepe onpeaensaTcs onTumarns-
Hble AMWHbI FOPU3OHTAaNbHOrO CTBOMA B YCMOBUSIX OrpaHWYeHHON
ycTonymBoctu Konnektopa. KoadduumeHt aHusoTponuum 3aecb
NPUHAT paBHbiM 0,7.

B kavecTBe orpaHumuMBaloLEero ycrnoBus npuHMMaem npegesnb-
Hbli rpagueHT pfaeneHns grad p Ha CTEHKE T[OpPU3OHTarnbHOro
cTBOMA.

YunTbiBass gaHHble B paboTte [8] knaccudukaumm KONneKTopos
Mo YCTOMYMBOCTM K pa3pyLUEeHUO, MpuMBEAEM pesynbTaTbl pacye-
TOB, BbIMOMHEHHbLIX ANS KOMMEeKTopa, YCTOMYMBOCTb KOTOPOrO
COOTBETCTBYET 3HAYEHUIO MpedenbHoro rpagveHta grad p =
= 5 MMa/ m.

Mpumem: Ap(L;) — [enpeccusi Ha CTEeHKe TOpPU3OHTarnbHOro
ctBona npu 0 < L; < L; 6p = Ap(L) — MWHMManbHoOe 3Ha4yeHue
Jenpeccumn, COOTBETCTBYIOLLEE KOHLYY FOpU30OHTaNbHOro CTBOMA.

34



[ebuTbl ropn3oHTanbHOM CKBaXKWHbLI PACCUYUTLIBANMCL B [ABY-
MepHol obnactu napameTpos (8p, L).

B pesynbTtate obnactb (6p, L) pasgensieTcsi Ha Tpu XapakTep-
Hble 4acTW, B OAHOW W3 KOTOPbIX MPOWCXOAMT paspylleHue Kos-
nekTopa, a OBe Apyrve pasfeneHbl Mo 3HAYeHW [OCTUraemoro
peburta. Tak, ueHTpanbHas obnactb 3ahdeKkTUBHLIX AeOMTOB on-
pegensieTcs HepaBeHCTBOM:

0,8Qnax £ Q < Qnaxs

roe Quax — MakcumanbHOe 3HayeHue gebuTta, OOCTUMHYT B pac-
cmaTpMBaeMoOM aAuana3oHe napameTpos (op, L).

MpepenbHble 3HayYeHWs AMNWH, Bbllle KOTOPbIX MNPOUCXOAMUT
paspylleHue Konnekropa, o0pasyloT HeMpepbIBHY 3aBUCUMOCTb
OT BeNuYMHbI dp, KoTopas nNpu ysenuyeHun L ctpemutca K 0.

B cnegyowem mogensHoM npuMmepe B OCHOBE onpeeneHusi
ONnTUMarbHbIX MapaMeTpPoB TFOPU3OHTANbHOW CKBaXXWHbI 3aroXeH
KOMMNNEKC pearbHbIX orpaqueHMVl:

HepaspyLLeHne Konmnekropa;

npegensHO gonyctumas genpeccus;

MPOMycKHasi CMOCOOHOCTb BepTMKarnbHOrO CTBOMAa W BHYTpU-
NPOMBbICITOBOM cuUCTeMbl cbopa rasa;

ypaBHEeHWe ABWXEHUS rasa B BepTUKanbHOM CTBONe

Dys — Dyel” = 0Q%, (1.2)

r0e pPsas — QOaBreHne Ha 3aboe B Hayane ropuMsoHTarnbHOro CTBO-
na; py — ycTbeBoe AaBneHue; e, 0 — KOIPPUUMEHTbI, yYUTbI-
BaloLLMe CKOPOCTHOM Harop, CBSA3aHHbLIA C OBMXEHMEM rasa Ha
CTBOI CKBaXMHbI, U CUMY TSHXKECTW, CO34aBaeMylo CTOnbom rasa.

YpaBHEHNEe MaTemMaTMyecKon MoAenu OBWXKEHUSA rasa B nna-
CTe, FOPU30OHTaNbHOM W BEPTMKANbHOM CTBOMAX CKBaXWHbI pelua-
€TCA COBMECTHO C MNPUHATOW CUCTEMOW OrpaHudeHuin. B pesynb-
TaTe HaxoguTcs gonyctumas obnactb napameTpoB (dp, L) n pac-
npegenenne pebuta Q(dp, L) paccmartpuBaemon obnactu. [By-
MepHas AguarpamMma pacnpegeneHvs gebuta ropvsoHTanbHOM
CKBaXMVHbl JaeT BO3MOXHOCTb Bblbopa OnTMMarbHbIX NapameTpoB
dp, L, obecneuymBalomx >xenaemyt npou3BOAUTENBHOCTb CKBa-
XKUH.

B HacToswelr paboTe npeacTaBrneHO BaXkHOe AN MpaKTUKK
NPUMOXeHNe MaTeMaTU4eCKoW MOoOEeNnun MNpUTOKa rasa K ropusoH-
TanbHOW CKBaMHE B YCMOBMAX MPOBOAKM TOPU3OHTarbHOro
CTBOMa B HEOAHOPOAHbIX Konnektopax. [omycTMMOCTb Takoro
NPUNOXEHNA BbITEKAET W3 OUCKPETHOCTU YUMCMEHHOW MaTematu-
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Tabnuua 1.5

Pe3yJ1bTaTbI pacyeToB [e6uToB CKBaXKWH

Anuka ropu- Debut [ebuT BbicO- Oen
- peccusi
32?;;2;:8:" ?c?”jggﬁgm? HWM3KONpO- | KonpoHuuae- | OB Ha KOHLe
B BbICOKOMPO- P HOiH HULaemoro MOro nebut rOpU30H-
HALaEMOM CKBaXMHL, | MHTEPBana | MHTepBana | CkBaWHbl, | TanbHOM
Y 400 M, ThiC.| ANWMHOM L, |Tbic. M%/ CyT| CKBaXUHbI
konnektope L, | 400 + L, m M cyT ThiC. MY CyT Sp, MMa
M ,
100 500 291 260 481 0,047
80 480 240 240 480 0,055
50 450 290 190 480 0,07
30 430 322 148 470 0,085
20 420 360 105 465 0,1
5 405 374 26 400 0,1

Yyeckon Mojenu BOONb ANWHbLI rOpU3oHTanbHoro creona. lpeano-
naraetcd pa3bueHve ONUHbI FTOPU30OHTaNbHOrO CTBOMA Ha WHTEp-
Banbl, BCKPbIBAKOLIME KOMfeKTopa C pasfiuMyHbiMM XapakTepucTu-
KaMy NPOAYKTUBHOCTW.

Ons anpobauun mMogenu npuToKa rOPU3OHTANbHOW CKBaXKWUHbI,
BCKpbIBLLIEA HEOAHOPOAHbIE  KOMMEeKTopa, MpUHATBHI  yCrnoBus,
Onun3kMe K pearnbHbIM.

[(OpM30OHTanbHbLI CTBON MPOBEAEH B YCTOMYMBOM KOMMEKTOpEe
HU3KOM MNPOHMLAEMOCTN [0 NepeceyvyeHuss co craboyCTonYMBbIM
KONNEKTOPOM, MPOHULIAEMOCTb KOTOpOro oueHuBaetca B 20 pas
Bbiwe. [InuHa cTBONa B HM3KOMPOHMLAEMOM KOMMEKTOpe CocTa-
Buna 400 m. lpoekTHas AnuHa cTBoNa B BbICOKOMPOHULIGEMOM
konnektope 100 m. MNpenenbHblld rpagMeHT B nocrnegHem npeano-
naraetca pasHbiM 1 Mlla/m. Ha ycTbe BepTuKanbHOro cTBona
onpefeneHo orpaHuverne p, > 4 Mlla. o gaHHbIM Kccnenosa-
HUK onpegeneHbl KO3IMPUUMEHTLI (PUNbTPALNOHHOIO CONPOTUB-
neHvst Ons HUM3KOMPOHULAEMOro nnacrta, YTOYHEHbl rugpasnunye-
CKMe napameTpbl BepTMKanbHOro cTeona.

PacueTbl pebuTa CkBaXkuHbl, BCKpbIBLIEA o0bOa Konnekropa,
NpoBOAWMNMCE B BapuaHTax NPOEKTHOW ANWHbI NOCNEeAHEro, BbICO-
KONPOAYKTMBHOrO y4acTka. [Ona kaxgouW M3 BapbUpyOLWMX AMAVH
OTBICKMBANOCb MpedensHo Jonyctumoe (B npegenax WCXogHbIX
OrpaHuYeHnii) 3HavyeHMe JSp Ha KOHUe nocrefHero y4acTka
cTBoOna.

Pe3ynbTatbl pacyeToB npeacTtaBneHbl B Tabn. 1.5 n nokasbiBa-
10T BO3MOXHOCTb BblIOOpa ONTUMarbHOW AfVHbI FOPU3OHTANbHOMO
ydyactka B pasnuyHbIX KOMfekTopax Npu WX BCKPbITUM B YCMOBU-
AX Jenpeccumn Ha nnacr.



