I'staBa 3

KOHCTPYRIIN CKBAMKNH

VYcmerrnas MpoBOIKA U 3aKaHUMBAHUE CKBAYKIH B 3HAUUTETbHONR
CTEIIeHU 3aBUCAT OT MIPAaBUJIBHOT'O BHIOOPA KOHCTPYKIIMM, KOTOPas
obecrieunBaeT pasjesieHre 30H, XapaKTepU3YIOIIUXCsA HecoBMec-
TUMBIMY OYPOBBIMHU PACTBOPAMU.

OpmHa 13 OCHOBHBIX 3a7lau B ITYOOKOM pPa3BeIOYHOM OYpEeHUU —
TITAaTeJLHBIN yueT BceX (DaKTOPOB C ITeJIbI0 BhIOOpa HamboJee paru-
OHAJILHOM KOHCTPYKIINY CKBAKUH, 0COOEHHO OyPAIINXCA Ha TJIyOM-
HbI cBbIte 4000-5000 M. HaubGosiee BasKHBIN (paKTOP — MCHOJIB30-
BaHUe COBEPIIIEHHOMN TeXHOJOTUH IIPOIleccOoB OypeHus, paspaboTaH-
HOM ¢ yUeTOM 0COOEHHOCTel MPOXOAKMN CKBAYKUH B CXOJHBIX I'€0JI0-
TUYECKUX YCJIOBUAX HA OCHOBE TTYOOKOTO aHaJin3a OIbITa UX Oype-
HUA.

IIpaxkTuKa IPOBOJKY CKBAMKKUH B CJIOMKHBIX I'€OJIOTHYECKHUX YC-
JIOBUSIX, HAyUYHBIE paspaboTKu B obJyiacTu OypeHUs M KpelJeHusd,
BBITIOJIHEHHBIE 3a IIOCJeIHNEe TOJbl, ITO3BOJUJIMN PE3KO YBEeJIUYUTh
TJIyOMHY CKBAYXKMH W COBEPIIIEHCTBOBATh X KOHCTPYKIIUU B CJIEY-
IOIIUX HATTPABICHUAX:

yBeJIMUeHne BBIXOJA M3-MOoJA OalliMaKa MPeAbIAYITNX KOJOHH,
KCIIOJIb30BAHNE JOJIOT YMEHbBIIIEHHBIX ¥ MAJIbIX IUAMETPOB;

IprUMeHeHNe cIIocofa CeKIIMOHHOTO CITycKa 00CaaAHbIX KOJIOHH U
KpeIlIeHre CTBOJIOB IPOMEKYTOUHBIMY KOJIOHHAMU-XBOCTOBUKAMU;

HUCIOJIb30BaHUE O0CAAHBIX TPYO CO CBapHBIMHU COEIMHUTEJb-
HBEIMU 9JIeMeHTaMu U 6e3My(TOBBIX 00CAAHBLIX TPYO CO CIIEIHATE-
HBIMU pe3b0aMu IpU KOMIIOHOBKE IIPOMEKYTOUHBIX M B HEKOTOPBIX
CIy4asAaXx dKCILIyaTAIlMOHHBIX KOJIOHH;

yMeHbIIIeHe KOHEUHOIr'0 [ruaMeTpa CKBaKUH U SKCILIyaTall1oH-
HBIX KOJIOHH;

00A3aTeNbHBINA yUeT YCJIOBUI BCKPBITUA U PasOypUBaHUSI IPO-
IYKTUBHOTO 00HEKTA;

KpeIlIeHre HAKJIOHHO HAITPABJIEHHBIX ¥ FOPU30HTAJILHBIX CKBAa-
SKUIH.
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3.1. TEOPETUYECKUE OCHOBBI
[TPOEKTUPOBAHUS KOHCTPYKIIMU CKBAYKINH

3.1.1. OCHOBHBIE ®AKTOPHEI 11 ITPUHITUIIBI ITIPOEKTPOBAHM A

Bce o6camabie KOJOHHBI IO CBOEMY Ha3HAUEHUIO MOAPa3aearoT-
¢ CJIeAYIoIM 00pa3oM.

Hanpasnenue — mepBas KOJIOHHA TPyO WM OAHA TPyOa, Impen-
HasHauYeHHas IJIA 3aKpeIlJIeHUs MPUYCThEeBON YaCTH CKBAaKUH OT
pasMbIBa OYPOBBEIM PACTBOPOM U OOPYIIIEHHUA, a TaK:Ke IJsa obecre-
YeHUA MUPKYIANNY JKUIKocT. HampasieHne, Kak IPaBUJIO, OTHO.
OxHAKO MOTYT OBITH CJOyYaW KPEIJIeHWs CKBAXKWH ABYMs HAIIPaB-
JIEHUSMU, KOT[a BePXHsA YacTh paspesa IIpecTaBieHa JECCOBBIMU
IMOYBAMM, HACBHITHBIM IIECKOM WJIW HMMeeT Apyrue clenuduuecKue
ocobenHocTr. OOBIUHO HAIpPABJIEHNE CIIYCKAIOT B 3a0,1ar0BPeMEHHO
MOATOTOBJIEHHYIO IITaXTy WJIN CKBAKUHY WM OETOHHPYIOT HA BCIO
nnuny. MHOoTIa HampaBIeHU 3a0MBAIOT B IOPOY, KaK CBao.

KoumykTop — Ko0oHHA 00CATHBIX TPYO, IMpemHasHaueHHAd A
PpasoOlIeHnA BePXHero NHTEPBAJIa pasdpe3a rOPHBLIX MOPOM, M30JIs-
IIUY TPECHOBOAHBIX TOPU30HTOB OT 3arPA3HEHUs, MOHTaKa IIPOTHU-
BOBBIGPOCOBOTO O0OPYAOBAHUA U IIOABECKU IIOCIEAYIOIIUX oOcam-
HBIX KOJIOHH.

IIpomeskyTouHas obcamgHas KOJOHHA CIAYKUT AJIA Pas3o0IeHusa
HECOBMECTUMBIX II0 YCJIOBUAM OypPeHUS 30H IpU yrIyOJeHUN CKBa-
SKUHBI 0 HAMEUEHHBIX TJIyOUH.

ITpomeskyTOouHBIE OOCAgHBbIE KOJIOHHBEI MOTYT OBITH CJIEAYIOIIUX
BUIOB:

CILJIOIITHBIE — IIePEeKPLIBAIOIIIe BECh CTBOJI CKBasKUHBI OT 3a-
005 10 ee YCThS HEe3aBUCUMO OT KPEIJIEeHUA IPEeAbIAYIIero MHTep-
BaJja;

XBOCTOBUKH — JJIA KPEILIEHUSA TOJHKO He0OCAaKeHHOr'0 MHTepBa-
Jla CKBasKMHBI C IIEPEKPBITHUEM IIPedbIAyIeil 00cagHoll KOJOHHBI Ha
HEKOTOPYIO BeJINUNHY;

JeTYYKU — CIIeIaJIbHbIe TPOMEKYTOUHEIe 00calHble KOJOHHBI,
CJOYIKAIe TOJHKO JJIs MePeKPBLITUA MHTepBaJia OCIOKHEHUN 1 He
VMeIoIye CBSA3U C MPeABIAYIIUMY U ITOCTeAYIOITUMY 00CaTHBIMU
KOJIOHHAMMU.

CeKIIMOHHBIN CIIYCK 00CaAHBIX KOJIOHH M KpeIlJIeHle CKBaKUH
XBOCTOBUKAMHU SABJSIOTCSA, BO-IIEPBBIX, IPAKTUYECKUM peIlIeHneM
Mpo0JIeMbI CIyCKa TAMKENbIX 00CAAHBbIX KOJOHH 1, BO-BTOPBIX, pe-
IIeHWeM 3aJaYy II0 YIPOIEHUI0 KOHCTPYKIIMU CKBAKWH, YMEHb-
IIeHWI0 AraMeTpa 00CamHBIX TPYO, 3a30pOB MeXKIY KOJOHHAMU U
CTEHKAMM CKBaKMHBI, COKPAIIEHNIO PACXOJa MeTajjla ¥ TaMIIOHMU-
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PYIOIIUX MaTepHaIOB, YBEJIUUYEHUIO CKOPOCTU OYPEHUS U CHUMKE-
HUIO CTOMMOCTH OYPOBBIX PaboT.

IKCcIIyaTaroHHAaA KOJIOHHA — IOCJIEJHASA KOJOHHA O0CaTHBIX
TPyO, KOTOPOM KPEIAT CKBAKUHY AJIS Paso0IeHud IIPOAYKTUBHBIX
TOPUB0HTOB OT OCTAJLHBIX ITOPOJ ¥ M3BJIEUEHUST U3 CKBAKUHBI Hed-
TH WX Trasa Wiu, Hao00pOT, AJIs HAarHETAHUS B ILIACTHI JKUIKOCTU
uiau rasa. THOTa B KaUeCcTBe 9KCILIYaTallMOHHOM KOJIOHHBI MOJKET
OBITH MCIIOJIL30BAaHA (YaCTUYHO WMJIM IIOJTHOCTHIO) HOCJERHSAA IIPO-
MeXXyTOUHAA KOJOHHA.

OcHOBHBIE IAPAMETPHI KOHCTPYKIINHA CKBAYKUHBI — KOJIUUYECTBO U
IuaMeTp o0CagHBIX KOJIOHH, MIyOMHA UX CIIyCKa, AUAaMeTP I0JIOT,
KOTOpBbIe HEOOXOOUMBI AJIsA OypeHus MOoA KaKAyio o0CagHyIo KO-
JIOHHY, a TaKiKe BBICOTA MOABeMa M KaueCTBO TAMIOHAKHOTO pac-
TBOpa 3a HUMU, o0ecIieueHne MOJTHOTHI BEITECHEHUS OYypPOBOTO pac-
TBOpA.

PaszpaboTka KOHCTPYKIIMHK CKBaKUHBI 0asMpyeTcs HA CJIEeAYIO-
IIIX OCHOBHBIX I'€0JIOTUUYECKUX U TEXHUKO-9KOHOMUYECKUX (PaKTO-
pax:

a) TeoJIOTUUYECKNEe OCOOEHHOCTM 3aJieTaHUs TOPHBIX MOPOX, UX
busuKo-MexaHUUeCKasA XapaKTepUCTUKa, Haauume QIIOUI0CO-
IepiKaIinx FOPUBOHTOB, IJIACTOBBIE TEMIIEPATYDPHI W JaBJEHUA, a
TaKJKe JaBJIeHNe I'IIPOPas3phiBa MPOXOAUMBIX IIOPOI;

0) Ha3HAUYEeHUE U 1eJTb OyPeHNA CKBAYKITHBI;

B) IIpeJIoJiaraeMblii MeTOJ 3aKaHUYNBAHUSA CKBaKUHBI;

T') c1ocob 6ypeHns CKBAYKUHBI;

II) yPOBEHb OPTaHM3aIlNN, TEXHUKM, TEXHOJIOTUY OYyPEeHUA U Teo-
JIOTTUEeCKasa U3YUYeHHOCTb paioHa OyPOBBIX PaboT;

€) ypoBeHb KBamubuKanum OypoBOH OpUTaAbl M OPraHU3aIUa
MaTepuaJbHO-TeXHUUYECKOro 00ecleueHns;

JK) CIIOCOOBI M TeXHWKA OCBOEHMS, SKCILUIyaTallud M PEMOHTA
CKBasKUHBI.

K 00BeKTUBHBIM I'e0JIOTHYECKUM (haKTOpaM OTHOCATCA IIPEZIo-
JaraemMad u paKTUUECKasa JIUTOJIOTHUA, cTpaTurpadmua 1 TeKTOHUKA
paspesa, MOIIIHOCTD IIOPO/I C PA3JINUYHON IPOHUIAEMOCTHI0, IIPOYHO-
CTBI0, IOPUCTOCTHIO, HATUUMe QJIIONI0COAEDPKAIIUX ITOPO 1 IIJIac-
TOBBIE JABJICHUS.

T'eonmorunyeckoe cTpoeHUe paspesa MOPHBIX MOPOJ IIPU IPOEKTHU-
POBaHUM KOHCTPYKIIMM CKBAa)KWH YUWTHIBAETCA KaK HEW3MEHHBIN
(axTop.

B npoirecce paspaboTKY 3aJI€KH €€ ITIePBOHAYAIbHEIE IIJIACTOBLIE
XapaKTePUCTUKU OyAyT N3MEHATHCHA, TaK KaK Ha IJIaCTOBLIE JaBJie-
HUS U TEeMIEePaTypy BJIUAIT IPOAOIKUTENIBHOCTh 9KCILJIyaTalluu,
TeMHObl 0TOOpa (UIIONI0B, CIOCOOBI MHTEHCUMUKAIIUU AOOBIYU U
TIOAIePKAHUA IJIACTOBBIX JaBJIEHUN, MCIOJH30BAHNE HOBBIX BUIOB
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BO3JEHCTBUA Ha MPONYKTUBHBIE TOPU3OHTEI C I[€JIbI0 60JIee IIOJTHOTO
usBjeueHuA He)THU U rasa u3 Heap. IlosTomy sTH PaKTOPHI HEOOXO-
JWMO YUUTHIBATD IIPY MTPOEKTUPOBAHUY KOHCTPYKIINY CKBAMKUH.

KOHCTPYKIMS CKBasKHH TOJXKHA OTBEYATHb YCJIOBUAM OXPAHBI
OKPYy:KaloIeil cpeibl 1 UCKJIIOYATh BOSMOKHOE 3arpsA3HeHue Ijac-
TOBBIX BOJ I MEJKILJIACTOBbBIE IIePEeTOKU (hJIFOMI0B He TOJILKO IIpu OY-
PeHUU U SKCILIyaTalluu, HO U IOCJe OKOHUYAHUA PaboT M JMKBUAA-
nmu CKBaKUHBI. [IoaTOMYy HEOOX0AMMO 00eCIeUNBATEL YCJIOBUA NJIA
KaueCTBEeHHOI0 1 9()()eKTUBHOT0 Pas3o0IleHn A IJIaCTOB. ITO OTUH U3
TJIaBHEHIIINX (PaKTOPOB.

Bce TexHUKO-9KOHOMIUYEeCKHEe (haKTOPhl — CyOBEKTUBHBLIE U W3-
MeHAITCA BO BpeMeHr. OHU 3aBUCAT OT YPOBHSA U CTEIEHU COBEP-
IIIeHCTBOBAHMUS BCeX (POPM OpraHM3AIlUM, TeXHUKU M TEXHOJOTUU
OypOBBIX pabOT B COBOKYITHOCTH. JTH (PAKTOPHLI BIAMSIOT HA BHIOGOD
KOHCTPYKIIUY CKBAaKUH, IIO3BOJIAIOT €€ YIIPOCTUTH, OAHAKO HE AB-
JISFOTCS OIPEeIe/ISIOIIUMY IPpU IpoeKTupoBanun. OHY M3MEHSIOTCA
B IITUPOKUX Mpeaeaax M 3aBUCAT OT UCIOJHUTEIel padoT.

Takum o00pasoM, NPUHIUIBE IPOEKTUPOBAHUS KOHCTPYKIIUIA
CKBajKUH IIPEXKJAE BCETO MOJI’KHBI 0a3MpOBATBHCSI U OMPENEIATHCA
Te0JIOTUUYECKUMU (paKToOpaMu.

IIpocras KOHCTPYKIMA (KOHAYKTODP M SKCILIyaTalMOHHAA KO-
JIOHHA) He BO BCeX CJIyUYadAX paluoHaJbHAa. B mepByio odepenb 3TO
oTHOcUTCA K TybokuM ckBaskmuam (4000 M u Gosee), BCKPBIBAIO-
IITM KOMILJIEKC Pa3HOOOPA3HBIX OTJI0KEHHUH, B KOTOPHIX BOSHUKAIOT
pasiuYHbIe, MHOTAA AUAMETPAJbHO IIPOTHBOIIOJIOKHLIE TI0 XapaK-
TePy U IPUPOJE OCIOKHEHNA.

CiiemoBaTesibHO, PAIMOHAIBLHOM MOYKHO HA3BaTh TAKYI0 KOHCT-
PYKIIMIO, KOTOPasi COOTBETCTBYET I'€0JIOTMYECKNM YCJIOBUSIM Oype-
HUS, YUNTHLIBAET HasdHAuUeHNe CKBAYKUHBI U IPYyTrue, OTMedYeHHbIe
BBHIIIEe, (haKTOPBI M CO3JaeT YCJOBUS [Jd OypeHUs WHTEPBAJIOB
MeKIy KpellIeHuAMY B HamboJiee ciKaThie cpoku. Ilocientee yciio-
Ble ABJSETCA MPUHIIUIUAJIbHLIM, TAK KaK IIPaKTHKA OGYPOBBIX pa-
00T UeTKO MOATBEPIKIAET, UTO UeM MeHbIIIe BpeMeH! 3aTpaunBaeT-
ca Ha OypeHMe WHTepBajia CTBOJIA MEXKAY KPEIJIeHUAMU, TeM
MeHbIIIe KOJINYECTBO U TAMKECTh BO3SHUKAIOIIUX OCJOKHEHUN U HU-
sKe CTOMMOCTH IIPOBOJKY CKBaKUHBI.

PaccMmoTpuM BInAHIE HEKOTOPHIX IIEPEUNCIEeHHBIX (haKTOPOB Ha
oA00p PaIrMOHATBLHON KOHCTPYKIIUY CKBAKUHBIL.

T'eomoruueckue ycaoBus oypeHua. UToObl 00ecHeuuTh JyUIITue
ycnoBusi Oypenusi, Hanbosiee 3 (GEeKTUBHYIO TEXHOJIOIUIO IIPOBOAKY
¥ IpeayIpefuTh BO3MOYKHBIE OCJIOKHEHUS, HEeOOXOJUMO YUHUTHI-
BaTh:

a) XapaKTepPUCTUKY MOPOJ, BCKPHIBAEMBIX CKBasKMHOM, C TOUKHU
3pEeHUA BO3MOKHBIX 00BAJIOB, OCHITIEN, KABEPHOOOPA3OBAHM;
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0) IPOHUIIAeMOCTh IIOPO/ 1 IMJIaCTOBEIE (IIOPOBLIE) JABICHUS;

B) HaJIW4YMe 30H BO3MOXKHBIX T'a30-, He()Te- M BOAOIPOABICHUN U
TIOTJIOIEHNT TPOMBIBOUHON JKUAKOCTU U YCJIOBUA, IMPU KOTOPBIX
9TH OCJIOKHEHUS BOSHUKAIOT;

r') TeMIepaTypy rOPHBIX MIOPOJ IO CTBOJIY;

II) YIJIBI HafeHUsA ITOPOJ U YaCTOTY YepeqoBaHUA UX II0 TBEPAOC-
TH.

JeTalbHbBIH yUeT IepPBhIX TPeX (DaKTOPOB IIO3BOJISET OIPEIeITUTh
HeoOXOoAuMbIe IJIyONHBI CITyCKa 00CAAHBIX KOJIOHH.

ITopoabl ¢ HMU3KOII HMPOYHOCTHIO JOJIKHBI OBITH IIEPEKPBITHI 00-
CcaJHOUW KOJIOHHOUM (MM KOJOHHAMM) cpasdy JKe II0CJie BCKPBITUS
BCel UX TOJIIIIUHEI, TAK KaK IIpu OypeHnuu MOryT oOpasoBaThcsA oOBa-
JIBI ¥ PE3KO OCJIOKHATHCA PabOTHI IO ITPOXOAKE.

30HBI C Pa3JIMUYHBIM XapPaKTePOM OCJIOKHEHUH (IPOABJIEHUS U
TIOTJIOMIEeHNA) TaKKe TOJIKHBI OBITH M30JUPOBAHBI IPYT OT ApPYyTa,
€CJIY ILJIACTOBLIE NABJIEHUS IPEBOCXOMAT NABJIEHUS T'MIPOpPa3phbiBa
IOPOJ, TaK KaK IpeAynpeskIeHne KaKIOTo M3 STUX OCIOKHEHUH
IOCTUTAETCA IPAMO IIPOTUBOIOJIOKHBIMU HECOBMECTUMBIMU METO-
JaMu.

TemnepaTypa TOPHBIX IIOPOJ, B Ipoliecce OypeHUA 3HAUUTEIHLHO
BJIUSET HA BA3SKOCTH, cTaTudecKoe Hampsaskenme casura (CHC) u
BOZOOTHAYy OYypPOBOIO PACTBOPA: YeM BBIIIE TeMIepaTypa IOPHBIX
IIOPOJ, TeM TPYAHEe IOAAePKUBATDb dTU ITIapaMeTPhl B JOMYCTUMBIX
npegenax. MHOTAa KPpOMe TePMOCTOMKHX DPEareHTOB [Jis IPOXO0K-
IeHUs TaKUX 30H TPEeOYIOTCSA PasinuHble HECOBMECTHUMbIE CHCTEMBI
OypPOBBIX PACTBOPOB, UTO BBI3BIBAET HEOOXOIWMOCTH Pa300ITleHUA
MOJOOHBIX B0H OOCAAHBIMM KOJOHHAMU. SHAUUTEJbHASA DPa3HUIA
TeMIeparyp TpedyeT HPUMEHEHHUS PA3JIAYHBLIX THUIIOB TAMIIOHAMK-
HBIX IIEMEHTOB.

VYrabl mafeHus TOPHBIX MOPOJ M YAaCTOTA YepPeJOBAHUS UX IIO
TBEPIOCTH IIPU MPOUYNX PABHBIX YCIOBUSAX OKAa3bIBAIOT TOMUHUPY-
I0IIee BIUAHNE Ha TEMI MCKPUBJIEHUA CTBOJIA B IIpoIlecce OypeHus.
Yem GoJibllle YIJIBI HageHNUA Topoj (IpuMepHo mo 60°) u uem uare
IIOPOJBI C PA3JIMYHON TBEPAOCTHIO IIE€PECIAUBAIOTCSA, TEM BBIIIIE
TEMII CAaMOITPOU3BOJILHOT0 Hab0pa KPUBUSHEI.

Konebanus sHaueHUiT 3¢ HUTHOTO U a3UMYTAJIbHOTO YIJIOB SBJISA-
IOTCSA OCHOBHOII NPUUYMHOM 00pasoBaHUsA KeJOOHBIX BBIPAOOTOK B
CTBOJIE U IPETATCTBYIOT JOCTUKEHUIO 00CaTHBIMY KOJIOHHAMY IIPO-
eKTHBIX TVIYOWH B CTBOJIE BCJIEICTBUE UX 3aKJINHUBAHUS ITPU CITYCKE
B Kejo0ax. 1A yCIeITHOTO BBITIOJHEHUSA 3aJaHHOW IIPOrpPaMMBI
KpeILIeHus Heo0X0MMO, YTOOBI YIJILI MCKPUBJIEHUSA CTBOJIA “BepTH-
KaJbHOI” OBLIM MUHUMAJbHBIMU. EC/IM IIPOEKTHAS KOHCTPYKIIUS
HapyIllaeTcsa, TO BOSHMKAET ONACHOCTh JUKBUAAIIUN CKBAYKUHBI B
pesyJbTaTe HEBO3MOMKHOCTHU TOBECTH €€ 0 MIPOEeKTHOM TUIyOUHEI.
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Hasnauenne ckBaskuHbl. CoueTanue o06CagHBIX KOJOHH pPas3jind-
HBIX JTUAMETPOB, COCTABJAIONINX KOHCTPYKIIUIO CKBAYKUHBI, 3aBU-
CUT OT JUaMeTPa dKCILTyaTAIIMOHHON KOJIOHHEI.

HuaMeTp SKCILIyaTAIlMOHHBIX KOJIOHH HArHETATEJbHBIX CKBa-
SKMH 00YCJIOBJIEH AaBJIEHHEM, IIPU KOTOPOM OyIeT 3aKaunBaThCS
Boja (ras, BO3AyX) B IJIACT, U IPUEMUCTOCTRIO IacTta. IIpu BeIGope
IuaMeTpa SKCILIyaTallMOHHOM KOJOHHBI Pa3BeIOUHBIX CKBajKUH Ha
CTPYKTYPaX C BBISIBJIEHHOM IMIPOAYKTUBHOCTHIO HE(DTU MJIM ra3a pe-
maroIni PakTop — obeceueHre YCJIOBUH IS TPOBEeHU OIIPo0o-
BAHUS ILIACTOB M IIOCJENYIOIel SKCILIyaTalluyd IIPOMBIIIIEHHBIX
00'LEKTOB.

B pasBegoUYHBIX CKBaKMHAX (IIOMCKOBOTO XapaKTepa) HA HOBBIX
ILIOIIAAAX JUAaMEeTP SKCILIyaTallMOHHOM KOJIOHHBI 3aBUCUT OT Heo0-
XOAMMOI'0 KOJUYECTBA CIYCKAEMBIX IIPOMEKYTOUHBIX O00CATHBIX
KOJIOHH, KaueCTBa II0JIy4aeMOT0 KEPHOBOTO MaTepraia, BO3MOYKHO-
CTH IIPOBEIEHUS 9JICKTPOMETPUIECKNX PAOOT U MCIBITAHUA BCKPBI-
TBIX MEePCHEKTUBHBIX 00beKTOB Ha NMpUTOK. CKBasKMHBI 9TOH KaTe-
TOPUU IIOCJIe CIIYCKa IIoCJieAHell MTPOMeKyTOUHOM KOJOHHBI MOYKHO
Oyputrh mosoramu auamerpom 140 MM ¥ MeHee C IIOCJIEYIOIUM
cuyckoM 114-MM 3KCIJIyaTallMOHHONM KOJIOHHBI WM KOJIOHHBI
MeHBIIIEro AraMeTpa.

Hawuboee :xecTKkue TpebOBaHUA, II0 KOTOPBHIM OIIPEAEIAI0T I1a-
METP SKCILIyaTAIlMOHHON KOJIOHHBI, JUKTYIOTCA YCJIOBUAMHU dKC-
miayatanuu cKBasKuH. CHUIKEHUe YPOBHS JKUIKOCTH IIPU AO0BLIUE
He(TH 1K BOABI B 00CAAHOM KOJIOHHE U YMEeHbIIIeHNe JaBJIeH!A ra3a
B ILIacTe OOYCJIOBJIMBAET BOSHUKHOBEHME CMUHAIOIIUX HarPy30K.
BceaencrBue sToro odbcamHas KOJIOHHA NOJIKHA OBITH COCTABJICEHA U3
TPyO TAKOI IIPOUYHOCTH, UTOOBI B IIPOIlECCE DKCILIyaTalluy He IPO-
M30IILI0 UX CMATUS (HeoOXoAuMasi IPOYHOCThL 00CaAHON KOJIOHHBI
Ha CMUHAIOIIVE ¥ CTPAruBalolle YCUINA U BHyTPeHHee NaBIeHne).

IIpu npoeKTUPOBAaHUY KOHCTPYKI[MI Ia30BBIX U Fa30KOHAEHCAT-
HBIX CKBAYKMH HEOOXOAUMO YVUNUTHIBATD CJIEAYIOIEe OCOOEHHOCTH:

a) maBjeHMWe ra3a Ha yCThe OJMBKO K 3a0oitHOMY, UTO TpebyeTr
obecrieueHnsA HAMOOJILINIEH IIPOYHOCTU TPYO B BepXHeH YacTU KO-
JIOHHBI;

0) He3HAUMTEJIbHAsA BASKOCTDH ra3a 00yCJIOBINBAET €TI0 BLICOKYIO
IIPOHUKAIOIYIO CIIOCOOHOCTh, UTO IOBHIIIAET TPeOOBaHUA K repMe-
TUYHOCTU Pe3b0OBBIX COeIMHEHU U 3aK0JOHHOTO ITPOCTPAHCTBA;

B) MHTEHCUBHBIN HArpeB 00CAAHBIX KOJOHH IPUBOAUT K BO3HUK-
HOBEHMUIO IOIIOJHUTEJIbHBIX TeMIIEPATYPHBIX HANPSKEHUIl B Hesa-
IIeMEeHTUPOBAHHBIX YUACTKAX KOJIOHHBI U TpeOyeT yueTa 3TuX sSBJIe-
HU IpU pacueTe X HA TPOUYHOCTD;

T') BOBMOXKHOCTH 'a30BBLIX BHIOPOCOB B IIpoIiecce GypeHusa TpedyeT
YCTaHOBKU ITPOTUBOBLIOPOCOBOTO 000PY/IOBAaHNA;
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I) AJUTEJBHBIN CPOK SKCILIyaTallud M CBA3aHHAs C HUM BO3-
MOYKHOCTH KOPPO3UM SKCILIYaTAIITMOHHBIX KOJIOHH TPEOYIOT IIpuMe-
HEHUs CIeINAIbHBIX TPYDO ¢ IPOTMBOKOPPOBUIHBIM HOKDPBITHUEM U
IIaKepPoB.

O61ue TpeboBaHUA, IPEAbIBIAEeMbIe K KOHCTPYKIIAAM Ia30BbIX
¥ Ta30KOHIEHCATHBIX CKBAYKUH, 3aKJIIOUYAIOTCA B CAEIYIOIIEeM:

IIPOYHOCTH KOHCTPYKIIUU B COUETAHUU C TePMETUYHOCTHIO KalK-
JToii 00CcagHOM KOJIOHHBI U IIEMEHTHOTO KOJIbITAa B KOJIOHHOM IIPOCT-
paHCTBE;

KauyeCcTBEHHOE PasolIlleHre BCeX TOPM30HTOB U B IIEPBYIO OuUe-
penb razoHe@TAHBIX IIJIACTOB;

IOCTUIKEHUE MIPEJYyCMOTPEHHBIX IIPOEKTOM PEKMMOB JKCILIya-
Talli¥y CKBaKUH, 00YCJIOBJIEHHBIX IPOEKTaMU pPaspaboTKM TOPU30H-
Ta (MECTOPOKIEHUA);

MaKCUMaJbHOE MCIOJb30BaHUE IIJIACTOBOM SHeprued rasa OJs
€ro TPAHCHOPTUPOBKHY II0 BHYTPUIIPOMBICJIOBEIM 1 MArACTPAJIbHBIM
ra3ompoBOIAM.

IIpenycMoTpeHHBIE IIPOEKTOM PEKUMBI 9KCILIyaTalluy ¢ MaKCH-
MaJIbHBIMU Ae0UTaMU U MaKCHUMAJIbHOE WCIIOJB30BAHUE ILIACTOBOM
SHEPIruU TPeOYIOT YBeJIWUYEHUA AMaMeTpa 3KCILTyaTallMoOHHOHM KO-
JIOHHBL.

Metox BCKpHITHA IIacta. MeTOJ BCKDPBITUA OIPEIEISIeTCsa
TJIaBHBIM 00pa3oM OCOOEHHOCTAMM IMPOAYKTUBHBIX ILIACTOB, K KO-
TOPBIM OTHOCATCSA ILJIACTOBOE AaBJIeHNe, HAJINYKe IPOILIACTKOBBIX U
TIOOIIBEHHBIX BOJ[, IIPOYHOCTH IIOPOJ, CJATAIOIUX ILJIACT, TUI
KOJIJIEKTOPOB (TPaHYJIAPHBIN, TPEIIITUHOBATHIN U AP.).

IIpu HOpMANBHBIX (TMAPOCTATUUECKUX) U IOBBIIIIEHHBIX JaBJIe-
HUSAX 9KCILIYyaTAIMOHHYIO KOJIOHHY IIEMEHTHUPYIOT Yepes Garimax.

IIpu DOHMIKEHHBIX IJIACTOBBIX JABJIEHUAX, OTCYTCTBUU IIPOILIA-
CTKOBBIX M IIOJOIIBEHHBIX BOA WM JOCTATOYHOM IIPOYHOCTU MOPOJ
IJJacTa B HEKOTOPBIX CIAyUYasaX IOCJe BCKPBHITHUA O0BEKTA SKCILIya-
TallOHHYI0 KOJOHHY, MMEIIYI0 (DMJILTP HPOTUB IPONYKTUBHBIX
TOPUB0HTOB, IIEMEHTUDPYIOT uepe3 OOKOBBIE OTBEPCTUS, PACIOJIO-
JKeHHBIE HaJl KPOBJIEH 9TUX TOPU30HTOB (TaK HAa3bIBAEMOE MAaHKeT-
HOe IIeMEeHTUPOBaHUE), U “O0paTHLIM” IIeMEHTUPOBAHUEM.

OpHako B pAfe CJAy4YaeB A0 BCKPBHITUA IPOAYKTUBHBIX TOPU30H-
TOB IIPX HAJIMUUU B pa3pese ILIACTOB C aHOMAJIbHO BHICOKUM ILJIACTO-
BeIM faBieHueM (ABIII) miu 00BaIMBAIOIUXCA TOPO] CKBAMKUHBI
OypAT ¢ IPOMBIBKON 3a00s1 OypOBBHIMU PaCTBOPAMU IIOBBIIIIEHHOH
ILIOTHOCTH. BCKpPBITHE 00BEKTA C MCIIOJIb30BAHNEM YKa3aHHBIX pac-
TBOPOB YaCTO COIPOBOMKAAETCS UX MHOTJIOIIEHNEM TPeIMHOBATHIMU
KOJLIIEKTOPaMU.

OcBoeHVE TaKMX CKBajKUH 3aTPYAHAETCA, a MHOTIA 3aKaHUYMBA-
ercs 6e3pes3yabTaTHO. {1 yCHENTHOTO BCKPBHITHUA, a 3aTEM OCBOe-
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HIUA TaKUX 00BEKTOB IJIOTHOCTH OYPOBBIX PACTBOPOB JOJI2KHA OBITH
MUHUMAJbHOM. B paccMaTpmBaeMbIX CIYYadX BCKPBITHE MPOAYK-
TUBHBIX IIJIACTOB BO3MOXKHO TOJILKO IIPU YCJIOBUM TIPEABAPUTEIHHO-
ro MePeKPLITUA BCEro paspesa I0 MX KPOBJIM IPOMEIKYTOUHOMN 00-
caJHOUW KOJIOHHOW. BypoBoii pacTBOp NPOEKTUPYeTCsS CIeNUaIbHO
UL BCKPBITUA IIacta. IIpu 5TOM sKCeILIyaTallMoHHAs KOJIOHHA MO-
JKeT ObITh JMOO CILIONIHOII, JIMOO TpencTaBjgeHa XBOCTOBUKOM U
TTPOMEXKYTOUHON KoJIOHHOM. Ecium mopoAbl MPOAYKTUBHBIX TOPU-
30HTOB YCTOMYUBEI, CKBAKUHBI MOTYT 9KCILIyaTHPOBaThcad U 6e3
KpeIrteHus o6caJHOM KOJOHHOM.

Ha puc. 3.1 moxasanbl pa3JanuHble KOHCTPYKIINN SKCILIyaTAIlU-
OHHBIX KOJIOHH B 3aBUCHMOCTH OT METOAA BCKPBITUA U KPEIJIeHUS
MIPOAYKTUBHBIX TOPU30HTOB.

Cmoco6 0ypenus. B Hareit ctpate 6ypeHne CKBaKUH OCYIIeCTB-
JsieTCA POTOPHBIM CIIOCOOOM, THAPABINUYECKUMU 3a00HHBIMU IBU-
rarejqaMu WM dJeKTpooypamu. [ma obecnmeuenusa shGeKTUBHOMN
paboThI foI0Ta TPpU OYyPEeHUN ITyOOKUX CKBAaYKUH MCIIOJIL3YIOT TYP-
600ypul quamerpamu 168 u 190 mm. ITo guamerpy TypOoOYpOB mpu
3aKaHYMBAHUY CKBAXKUHBI OIIPEEIAI0T BO3MOMKHYIO €€ KOHCTPYK-
U0,

OuameTrp TypO60Oypa, MM............ 190 168
KoHCTPYKIIUA CKBAYKUHBL, MM ..... 3T7x273x146(168) 351x245x146(168)

Hawnmenbmuii gzuamMmerp paboTOCIOCOOHOTO 3JIEKTPOOypa COCTaB-
asgetr 215 MM, IIO9TOMY BO3MOXKHO TOJIBKO CJIEAYIOIee CcoueTaHue

1 2 3 4 5 6 7

) 2§
8 ¢S
2 7 — U /2 7

Puc. 3.1. Tunsl KOHCTPYKIMI KCILIyaTAIIOHHBIX KOJIOHH:

1, 2 — cuyomiHad KOJIOHHA, 3alleMeHTHPOBAaHHAs COOTBETCTBEHHO dYepe3 0alIMar U
crenaIbHbIe OTBEPCTUSA IO IIJIaCTOM; 3, 4 — 3alleMeHTUPOBaHHAas KOJOHHA C XBOC-
TOBUKOM; 5 — KOJIOHHA, CIyII[eHHAs A0 IjacTa (9KCILIyaTalus ¢ OTKPBITHIM 3a60-
eM); 6,7 — KOMOMHUPOBAHHBIE KOJOHHBI, CIIYIIIEHHbBIE CEKIUAMU
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IMaMeTpPOB O00CAZHBIX KOJOHH B KOHCTPYKIIMM CKBaYKUHBI:
377x299(273)x146(168) mm.

HaubGousee mupok guama3oH BOBMOXKHBIX COUETaHUIN MTUaMeTPOB
00CaHBIX KOJIOHH B KOHCTPYKIIUAX IIPU OYPEHUU CKBAXKUH POTOP-
HBIM CITOCOOOM.

JJ1s1 TOBBIIIIEHUA CKOPOCTH OYpeHUs YacTo IPUMEHSAT (mocJe-
JOBaTeJIbHO W OJHOBPEMEHHO) TYPOMHHBIA M POTOPHBIA CIIOCOOHI.
Kak mpaBujio, Ha KOHCTPYKIINIO CKBAYKUHBI TYPOUMHHBIN CIIOCO0 OT-
PpHUITaTeIbHOTO BIAUAHUSA He OKa3bIBaeT.

ITpu paspaboTke panMOHAJIBHON KOHCTPYKIIUU I'TyOOKHX pasBe-
JOUYHBIX CKBaKUH HEOOXOAVWMO HCXOAUTh M3 YCJIOBUM IIOJyUYEeHUS
HauOOJIBIIINX CKOPOCTEl OypeHus IIPU HAaUMEHBIINX o0beMax paboT
B IIPOMEKYTOUHBIX KOJIOHHAX, BBIOOpPA MUHMMAJILHO MOIIYCTUMBIX
3a30POB MEKAY KOJIOHHOM M CTeHKaMM CKBAKMHBI, MAKCHMAJIbHO
BO3MOYKHOTO YBeJIUUYEHUA TJIYOMHBI BBIXOJa CITYCKAeMOI KOJIOHHBI
us-mof npeasigyiieii. IIpu BbIOOpe KOHCTPYKIIUM HOJIKHEBI OBITH
obecIreueHbl YCJIOBUS MAKCUMAJIbHOI'O COXPaHEHUS €CTEeCTBEHHOI'O
COCTOSTHUSA IPOAYKTUBHBIX ILJIACTOB.

B mporiecce 6ypeHUsA MIPOUCXOAUT €CTECTBEHHOe WJIW IPUHYIU-
TeJIbHOEe WMCKPUBJIEHNE CKBAKMHBLI, UTO B3aTPYAHSIET KpeIeHue
CTBOJIA KOJIOHHAMM 00CaIHBIX TPYO.

B mpoiiecce coycka obcagHbIX TPY0 B CKBasKMHY HaOJOmaeTcs
aKTHUBHOE B3aMMO/IeCTBYE KOJOHHBI TPYO CO CTEHKAMM CKBaKUHBI
U 3aTI0JIHSIONIEH ee JKUIKOCThI0. ITO B3aUMOEHCTBIE HOCUT CJIOK-
HBIM XapaKTep W IPOABIAETCS B BHUIE COIPOTUBICHUSA, KOTOPOE
OKa3hIBAaeT CKBAKMHA COYCKY KOJOHHBI TpyOo. M.M. Ajsekcauapo-
BBIM OTMEUYEHO, UTO CUJIa COMPOTUBJICHUA CIYCKY KOJOHHBI TPYO,
3aMepeHHasi B CKBA)KMHE, OTPAYKaeT BJIMSAHNE MHOTOYMCJIEHHBIX
bUsUUECKUX U FreOMeTPUUECKUX (PaKTOPOB, T.e. ABJIAETCH BEJIUUU-
HOM CTAaTUCTUYECKOTO XapaKTepa, HO aHAJIN3 COBOKYITHOTO BIUAHUS
9THUX (PAKTOPOB MO3BOJIAET BIOJHE OIPEaeJeHHO IIPOCIeIUTL 3aBU-
CHUMOCTDH CHUJIBI CONPOTHUBJIEHUA CKBAKUHBLI OT CYMMAPHOM CHUJIBI,
MPUKUMAIOIell KOJIOHHY TPYy0O K ee CTeHKaM. OTO JJaeT OCHOBaHUE
paccMaTpuBaTh CHJIY COIPOTHBICHUS KAK IIPOU3BEJCHUE IIPUIKU-
MaroIei cuIbl Ha Koo GUIIMEHT COITPOTUBICHU .

CompoTuBIeHNsI, BO3HUKAIOIINWE B OIpEAEeJeHHBIX YCJIOBUAX,
MOT'YT AOCTHUTaTh OOJBINUX 3HAUEHUI U IPENATCTBOBATL CIIYCKY
00camHBIX KOJIOHH B CKBAYKUHY.

Il ycmemrHoro cuycka oO0CAZHBIX KOJIOHH CTBOJI CKBAa’KWHBI B
VHTEPBaJe KPEILIeHWs OJYKEH HMETbh CPEJHIO WHTEHCHBHOCTh
MIPOCTPAHCTBEHHOr0 MCKpUBJIeHUA. [[I0THOCTE GYPOBOro pacTsBopa
IOJI;KHA OBITh MUHUMAJIBHO momyctuMoii. Ocoboe sHaueHMe IIpU
S9TOM IIPHOOpPEeTaloT TUAPOANHAMHUUECKNE HATPY3KU Ha IPOAYKTUB-
HBIH IJIACT.

157



CJIO’KHOCTH TeOJIOTMYECKUX YCJIOBUM IIPOBOAKU TJIYOOKUX U
CBEPXTUIYOOKUX CKBaKWH, IJINTEJbHBIE CPOKU WX COODPYKeHU,
OoJibIliie MaTepUAJIbHBIE 3aTPaThl — BCE 3TO AUKTYET HeoOXOIu-
MOCTL 0oJiee IJIyOOKOr'0 TEOPETHUYECKOT0 M SKCIIEPHMMEHTAJIbHOI'O
M3YUYeHUs KOMILJIeKCa YCJIOBUU, OIpeAeNAIoN[uX HaJeKHOCTb U
IOJITOBEYHOCTh KOHCTPYKIIMM TAKMX CKBAYKWH, C IEJBI0 UX TAJb-
HeHIIero coBepIIeHCTBOBAHMA.

IIpoBemeHHBIE MCCIeNOBAaHUSA W IPOMBICIOBEII OIIBIT ITOKA3LIBA-
IOT, UTO HA COBPEMEHHOM 95Talle Pa3sBUTUA TEXHOJOTUU U TeXHUKU
OypeHUs MCIIOJIb30BAHEI IIOYUTH BCE BOSMOXKHOCTH YIIPOIIEHUS KOH-
CTPYKIINI CKBAYKUH 38 CUET CHUKEHUS 3a30POB MEKIY CKBaKUHOMH
¥ KOJIOHHOM W JajbHelilllee MX COBEPIIEHCTBOBAHUE MOKET UATU
JIUIIB TI0 MYTH YBEJWYEHUs BBIXOJAa HE3aKPEeIJIEHHOTO CTBOJA U3
penbIAyINell KOJOHHBI. BeJnunHa BEIX0OQA 3aBUCUT B OCHOBHOM OT
IIPOJOJIXKUTEIBHOCT! OYpEeHUs, T.e. MaKCHUMaJIbLHO BO3MOXKHOTO
BpPEMEHM YCTOMYMBOCTH CTBOJIA CKBAKHUHBI B OCJIO}KHEHHBIX T'€0JIO0-
TUYECKUX YCJIOBUAX.

Hapsangy c aTuM BeInunHA BBIXOJa U3 MPOMEKYTOUYHOM KOJOHHBI
3aBHUCUT OT YCTOMUMBOCTH IIOCJETHEH K BHEIIHUM M BHYTPEHHUM
HarpyskaM, KOTOpPBIE IIPU MEXaHNUECKOM M3HOCE CTEHOK 00CaJHBIX
TPYO CIIOCOOHBI BHI3BATH IIOBPEKIEHNUA KOJIOHHBI MJIN IIOTEPIO T'ep-
MeTuuHOCTH. [Ipu OypeHNHN riIy0OKMX Pas3BEeJOUYHBIX CKBAXKUH DTO
HeIOIIyCTHUMO.

Cremnenb M3HOCA TPYO OIIpeaesideTcsA BBIIOJHEHHONH B 00CamHOM
KOJIOHHE paboToii Tpu OypeHun us-moa 0aniMaKka KOJIOHHbBI Ha JJINHY
BEIXO7]a U3 Hee. O0beM yKazaHHOI pabOTHI XapaKTepU3yeTcsa B OC-
HOBHOM YHCJIOM CHOYCKOIIOABEMHBIX OIlepaliuii, BBITTOJHEHHBLIX B
KOJIOHHE, ¥ BpeMeHeM BpallleHusi OypPUIbHOI0 MHCTPYMEHTA B HEIl.
IIpu omEHOM 1 TOM 2Ke 3HAUEHUU IIYTU TPEeHUS M3HOC 00CATHBIX TPYO
pasjInyeH IpU Pa3HBIX 3HAUEHUAX MPUKUMAIOIINX HArPYy30K, 3a-
BUCAINUX OT yIJa MW asuMyTa HCKPUBJIEHUSA CTBOJIA CKBa'KWHBI,
IUIMHBI U quaMeTpa OYPUJILHOTO MHCTPYMEHTA, CKOPOCTHU IBUKE-
HUA KoJoHHEI. Clie0BaTeIbHO, IPUMEHEHE BEICOKOIIPOYHBIX TPYO
B KOMIIOHOBKE KOJIOHH He 03HAYaeT, YTO OHA OyIeT MMeTb OOJILIIYIO
M3HOCOCTONKOCTD, II09TOMY 00CaHbIe KOJIOHHEI, IIpeJHasHaueHHble
IS TJIYOOKUX CKBasKUH, HE PEKOMEHIYeTCS COCTABJIATH M3 BBHICO-
KOIIPOYHBIX TPYO C IOHUKEHHOM TOJIIIMHOMN CTEHKU.

O6eM paboT B IPOMEMKYTOUHBIX KOJIOHHAX HACTOJHKO BEJIUK,
uyTOo m30eXKaTh 3HAUUTEJIHLHOTO M3HOca TPyO HeBo3MoKHO. Hampm-
Mep, B Heune u Muryurerun B cKkBakuHax rayouuoit 7o 4000 m B
273- u 245-MM KOJIOHHAX CyMMAapHBINI 00beM paboT paBen 500—
550 TBIC. M ITPU BO3BPATHO-IIOCTYIIATEILHOM ABM:KeHUU U 150 ThIC.
M IIPU BpallleHuu OypUJIbHBIX TPyO. B AsepbaiigskaHe B mOLOOHBIX
CKBasKMHaX 00beM paboT coctasisgeT 300 ThIC. M TPU CITYCKOIIOAH-
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eMHBbIX omeparnuax u 80 ThIC. M — IyTh TPEHUS [IPU BpaleHuu 0y-
puiabHBIX TPYyO. B [larecTare oTMeUEHBI cIyyay IpoTUpanmusa 273- u
325-MM KoJsioHH nipu 00beMe pador, paBHOM 50—100 peiicam mHCT-
pymenTa u 700—1000 u ero BpalreHus.

YOBITKY OT M3HOCA 00CAAHBIX KOJIOHH 3HAUNUTEJIbHBI, TAK KaK 5TO
MIPUBOAUT K UX CMATHUIO, IOTE€Pe MPOXOAUMOCTU, PACKJINHUBAHUIO
OypUIBHBIX TPYO U AOJOT U T.A. Ha reoslormuecKu OCJIOKHEHHBIX
MecTopokAeHUAX KybaHU CHM)KeHVE IPOYHOCTH TaKWX KOJIOHH
MIPUBOAMIO K CMATUIO OOCATHBIX TPYO IpM IIepeHoce IaBJIeHUA
duronga U3 HUMKeJIeKaIUX F'OPU30HTOB.

Ananus 3apy0e’KHBIX M OTEUEeCTBEHHBIX KOHCTPYKIIMII CBepX-
rIy6OKMX CKBasKUH MOKAas3aJl, YTO MaKCHUMaJIbHbIe BHIXOABI 13 IIPO-
MEKYTOUYHBIX KOJIOHH HaxoaATcs B mpenenax 1000-3500 m, mpu-
YyeM MEHBIINE BBIXOABI IIPUXOAATCA Ha TPyOBl auamerpamu 219,
194 u 168 MM, 13 KOTOPBIX COCTABJIAIOTCA HamboJIee OTBETCTBeHHEIE
KOJIOHHEI.

IIpu BBIGOpPE KOHCTPYKIIMM CKBAKWHBI HEOOXOAMMO OIeHUBATH
IJINHY BBIXOJAa M MeXaHUYECKUIl M3HOC MPOMEKYTOUHBIX KOJIOHH.
I'.M. 9pauxom ObLiIa IpeiosKeHa METOANKA PabOT II0 OIleHKe M3HO-
ca o0caJHBIX KOJIOHH, IOJYYUBINAA IITUPOKOE PACIIPOCTPAHEHNE B
IIpaKTUKe IIPOEeKTUPOBAHUA KOHCTPYKIUU CKBaKkMH. MeTonuka
IIPOIILJIa ITPOMBIIIJIEHHYIO ampo0amuio 1 I0KAasaja XOPOIIYI CXO-
INMOCTb Pe3yJIbTATOB pacuera X 3aMepPOB OCTATOUYHOM TOJIITHMHBI
CTEHOK 00CaJHBIX TPYO IIOCJIe UX U3BJIEUEHUA U3 CKBAKUH.

Hns ompepenenus ob6beMa pPaboT HpU BO3BPATHO-IIOCTYIIA-
TeJILHOM IBUWIKeHUU L, u BpallleHuu GYPMIHLHOTO MHCTPYMEHTA B
KosouHe L,, a Tak:Ke m3HOCA OOCATHBIX TPYO i IMPEIIOKeHBI CJe-
IYIOI[yie 3aBUCUMOCTH:

Lo gl g, (3.1)
T
8=HI(M\/H1); 3.2)
(¢} 2
L, =ndnt’; (3.3)
lO
i =(L, + L,)/41500, (3.4)

rae H, — obmasa aiuua YBT; H, — HauanbHadA roryouHa OypeHus; A —
JUInHA OypPUIBHOTO 3aMKa B CBUHUEHHOM BH[E; S — CPEIHAA IJIMHA
OypHMJIBLHOM KOJIOHHEI IIPU CITyCKe MU IoAbeMe 3a petic; [ — cpeaHsasd
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JUIMHA OJHON TPYOBI ¢ 3aMKOM; [, — pacCcTodHUE MeKIY 3aMKaMU
OypPUJIBHOM KOJIOHHBI; d — AWaMeETpP 3aMKa OypUJIbHON TPYOBI; n —
CpemHAS YacTOTa BpAIlleHUA POTOpa IpM OypeHuU B MHTepBaJje OT
H, no H,, 06/Mun; t — BpeMs OypeHusa POTOPHBIM CIIOCOO0M, MUH;
41 500 — ycimoBHOe JUHEIHOEe epeMellenre OypuIbHON KOJOHHBI,
M, Heo0XoauMoe IJIA M3HOcCA CTEeHOK OOcagHBIX TPyO Ha 1 MM; ¢ —
YKCJIO PENCOB.

ITo mpuBeneHHBIM (OPMYJIAM BBITIOJHEH PacueT MeXaHUUYecKOTo
u3HOCa TPYO0 HPOMEKYTOUHBIX KOJIOHH IS PAfa KOHCTPYKITWI
(puc. 3.2). toroBbsie faHHBIE pacueTa, IpuBedeHHbIe B Taba. 3.1,
TMOKAa3bIBAIOT, UTO JasKe NpHU IJUHE BbIXofga u3 KogoHH 1000—
1500 M 1 OTHOCHUTEJILHO MAJIOM YMCJe PelicoB (CpemgHss IPOXOaKa
Ha 7071070 10 M) U3HOC CTEHOK IPEABIAYIINX IIOTAMHBIX KOJOHH CO-
crasiasger 30—77 % or HauaabHOU, a Oad 299- u 245-MM KOJIOHH B
MOAOOHBIX KOHCTPYKIIUAX IIPU PACCUUTAHHOM 00BbMe paboT B HUX
BO3MOJKHO IIPOTUPaHNe 00CagHbIX TPYO HACKBO3b.

127 114
377 299 245 194 146-168 377 299 219 168 146168
é | I 1
500
800
1000
a4 7
2000
Z
3500 —
4500
3500
Y
6000
VA Z
7000 7000

Puc. 3.2. Ilpumepsl KOHCTPYKIMII CKBAaMKWH, MPUHATHIX IIPH pacdeTe IMPOMEKY-
TOYHBIX 0GCAHBIX KOJIOHH HA MEXaHNYeCKUIl M3HOC
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Tao6auma 3.1

PacueTHBIII N3HOC TPYO MPOMEKYTOUYHBIX KOJIOHH

Yucio
Huamerp, MM Hnuna peiicoB
BBIXOJla U3 (cIryCcKOoB-
. 3aMKOB KOJIOHHBI, TOAHEMOB)
oﬁia,mémx Oy PUIBHOM Gy PUIBHEIX VBT M HHCTPY-
Py KOJIOHHBI pY5 MEHTa
299 141 172 254 2500 250
245 141 172 203 2000 200
219 114 140 178 1500 150
194 114 140 146 1500 150
168 114 140 146 1000 100
IIpomon:xk enue Tabua. 3.1
CymMapHas AivHA
Tace- TnepeMelleHui NHC T- WsHoC TPYO, MM MaKcHMAaTbHAS
PyMeHTa, M, TIpU
TOTA U MUHUMAaJIbHAA
Bpa- TIoCJIeLyIo- OCTATOYHAS
IIeHusA KOH- 9KC- i Ipu TOJIIIIHA
poropa, | 6ypeHun CIIO I[eHT- IEHT- OypeHUU | CTEHOK o0ca -
00/MuH PUYHBIN | PUYHBIN HIUKEe HBIX TPYO, MM
XBOCTOBU-
KOB
93 193 96 500 7 10 3-5 0
000
93 154 117 200 5 10 2-3 2-0
000
43 51 200 | 111 000 4 6 2-3 4-1
43 51 200 | 128 300 4 7 - 6-3
43 34 100 | 88 000 3 4 - 7-6

IIpumeua au a. 1. Tommuua crenku obcaxuoit Tpyosr 10 mm. 2. Bpems
OfHOTO peiica b 4.

Wcnosb3oBaHue B KOHCTPYKIUAX CKBAXKUH KOJOHH-CEKIIUN U
MOTAMHBIX KOJIOHH IIPeAoINpee/ideT MpPUMeHeHne KOMOMHUPOBAH-
HBIX OYPUJIBHBIX KOJIOHH. JTO MO3BOJIAET yBeJMUuTh Ha 22—53 %
KOJIMYECTBO II0/IaBaeMOT0 Ha KOHEUHYIO INIyOUHY GYPOBOTO PACTBO-
pa, YTO NPUBOAUT K WMHBIM THAPOAVHAMHUUYECKUM YCJIOBUAM IIPU
pasbypuBaHUM IPOAYKTUBHOTO T'OPU30HTA.

BypoBas cKBasKuHA IPeACcTaBIAET cO00Ii CI0KHOEe WHKEeHEepHOe
COOPYIKeHUe 1, KaK BCAKOE UHKEHEPHOE COOPYKeHNe, CTPOUTCA II0
paboueMy IPOEKTy, B OCHOBE KOTOPOTO JIE}KUT €e KOHCTPYKIIUA —
KpeIlb.

Heo0xoauMoCTh IIOCTOAHHOTO COBEPIIEHCTBOBAHMIS TEOPETUUeC-
KHX OCHOB U IIPAKTUKY IIPOEKTUPOBAHUA U CTPOUTEIbCTBA CKBAKUH
00yCJIOBJIeHA CIeAYIOIUMY OCHOBHBIMY (DAKTOPAMU:

IIOCTOAHHOE BO3pacTaHMe INIYOMH KaK IIOMCKOBO-Pa3BEJOYHBIX,
TaK ¥ 9KCILIyaTalluOHHBIX CKBAYKIH;
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BBIXOJI B paHee MAaJIOU3yUeHHbIe I HeU3yUueHHBIe TOPHO-
Te0JIOTUYECKNE YCJIOBUA BCKPBHIBAEMBIX pa3pes3oB (HajIuuume cepo-
BOJOPOAHOM U YIJIEKMCJIOTHON arpecCcuy, ParoCcomep:KaIiuX OTJIO-
JKeHUM, IIJIACTOB C aHOMAJIME ILJIACTOBBIX AaBieHnii 1o 2,0 u 6oJee,
MHOTOJIETHEMEPS3JIbIX IIOPOI U AP.);

pesKoe BozpacTanue 00 beMOB OypeHtsT HaKJIOHHO HallPaBJIeHHBIX
CKBaJKUH;

TIPOTPECCUPYIONINI B MOCJeIHNe TOABI CII0CO0 MPOBOAKU CKBAa-
JKIH C TOPUBOHTATBHBIM OKOHUYAHWEM CTBOJIA;

pasBUTHE TEXHUKU U TeXHOJOINY OyPEeHus;

¥, HAaKOHeII, IIOCTOSAHHOEe COBEPIIIeHCTBOBAHNE COOCTBEHHO IOHS-
THA “KOHCTPYKIIUS CKBAKWHBI” HA OCHOBe yriayOJeHUs 3HAHUHN O
PUBUKO-XUMUYECKHUX IIPOIleccaxX M 3aKOHOMEPHOCTAX (hopMUpoBa-
HUA KPEIu U YCIOBUAX ee paboThI U AP.

BompocaM KOHCTPYKIIMM CKBasKMH, B UYAaCTHOCTH paspaboTke
IpeIbsiBISAEMbIX K HUM TPeOOBAHWIM, M COBEPIIEHCTBOBAHUIO TEX-
HUKU U TeXHOJOTUU KPeIlJIeH!s MOCBAIIeHbl MHOTOUNCIEeHHbIe pa-
00TBHI OTEUECTBEHHBLIX UM 3apy0esKHBIX IPOM3BOACTBEHHUKOB U HC-
ciemoBaTee.

Co BpeMeHeM MEHAJNCHL KaK METOMIbl ITPOEKTHUPOBAHUSI KOHCT-
PYKIINU CKBaKWH Ha 0ase IleJleHANIPABJICHHBIX WCCJIETOBAHUN U
IIPOMBICJIOBOI'O OMIBITA, TaKk ¥ (HOPMHUPOBAHHE CAMOIO IIOHSITHUS
“KOHCTPYKIIUS CKBasKMHBI” (B MOCJIeHEEe BpeMs Bce ualle “Kpelb
CKBasKUHBI") C aKIIEHTUPOBAHUEM Ha OIpeAeIA0Ile ee COBePIIeH-
CTBO 3JIEMEHTBI U IIPeIbaBIsdeMble K HUM TpeOOBaHUI.

IIpakTuKa moKasaja, YTo KpoMe TUaMeTPOB JOJOT U OYPUIbHBIX
TPyO AJA YIIyOJeHUA CKBAXKUHBI HEOOXOAUMO YUUTHIBATH BEJIUUM-
HBI JOIIyCTHMOI'O MUHMMAJILHOTO 3a30Pa MEKAY CMEXKHBIMU 00caj-
HBIMHU KOJIOHHAMHU, a TaKKe MeKIy KOJOHHAMHU U CTeHKaMM CKBa-
SKUHBI, B IEPBYIO OUepPeab 110 ABYM OCHOBHBIM KpUTEePHUAM. I1epBhIit
U3 HUX OUKTyeTcA obecmeueHMeM OJarONMPUATHBIX YCJIOBUUN I
IPpUMeHEeHUA 3aKOJOHHOM TeXHOJOTUYECKONM OCHACTKU YW TUIAPOIU-
HaMUKU IIpoIlecca IeMeHTUPOBAaHUSI, KOTOpPhIe, B CBOIO Ouepelb,
IIPY IIPOYUX PABHBIX YCJIOBUAX SBJISIOTCA OIPENEIAIONMMY [JI5S
dopMUpOBaHUSA TePMETUYHOTO [IEMEHTHOTO KOJIbI[a ¥ YCTONUNBOM K
MOIePeYHBIM HArpy3KaM Kpemu CKBasKMHBI. BTOpOIl BhITEKaeT u3
YCJIOBUSA MPOXOAUMOCTH 00CATHOM KOJIOHHBI IO CTBOJY CKBAKHHBI
3agamHOrO mpoduiasa. B mociegHeM cayuae pellleHWe OMTHMU3AIM-
OHHOM 3aJlauy IpeaycMaTpUBaeT 00PaTHYIO CBA3b, 3aKJIIOUAIOIIYIO-
Cs1 B KOPPEKTUPOBKeE IIPOMUIIS CTBOJIA CKBAMKUHBI 10 MHTEHCUBHOCTH
MIPOCTPAHCTBEHHOTO MCKPUBJIEeHUA U 3(PHEeKTUBHOTO AUaMeTpa Ha
OTJeJbHBIX YYACTKaX.

HomeHnKJaTypa 1 TUIIOPa3Mephbl UMEIOINXCA HA BOOPYKEHUU B
HACcTosAIllee BpeMsa OypPpHILHBIX TPYyO, B3ab0HHBIX JBUTaTeJeit,
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KHBK, mopoopas3pyIlaoIiinX THCTPYMEHTOB B COUeTAHUM C OYPO-
BBEIMU HaCcOCaMU, O0ECIeUMBAIOIIMMU Peaaus3aliuio ONTUMAaJbLHOMN
TUIPaBINYECKON TPOTrpaMMbl YIJIYOJeHUA U YIPaBJIeHNe CKBAMKU-
HOM, HOCAT COIIOAUMHEHHBIA XapaKTep II0 OTHOIIEHUIO K KOHCTPYK-
IIUY CKBaYKUHBI.

AJIeMeHT KOHCTPYKIIMM CKBasKMH, BKJOUYaOMUiL B cebd
“cBeleHUA O IIEMEeHTHUPOBAHUM O0CATHBLIX KOJIOHH”, MOJITOE BpeMs
CBOIMJICS K BBICOTE HMOABEMa IIeMEHTHOTO PACTBOpPA 3a KOJOHHAMMY,
T.e. K MHTepPBaJlaM 3aIleMeHTUPOBAHHOTO 3aTPYOHOTO IIPOCTPAHCTBA
0e3 OIlEHKHM XapaKTepa pacupeesieHusa IIeMEeHTHOrO0 KaMHs B IIOIIe-
PEUYHBIX CEeUeHUSX U IO BBICOTE, a TaKsKe IIOKasaTeJjieii CBOMCTB
chopMupoBagieiics cucTeMbl obcagHas KOJOHHA — IIeMEeHTHBIN Ka-
MeHb — T'OPHbIE MOPOALI — KOHTAKTHELIE IIPUCTeHHEIe 30HBI. B HacTo-
s1ee BpeMs — 3TO MHOTO(hAKTOPHBIN 1 OAWH U3 OCHOBHBIX, OIIpe/e-
JISIONTUX 5J€MEeHTOB KOHCTPYKIIMU CKBA'KWH, BBIXOAAIUN TaJIeKO
3a Impemesbl 3aJauy BbIOOpPA IIOLbeMa IIEMEHTHOrO PACTBOPA, XOTS
cam 1o cebe BLIOODP MHTEPBAJIOB I[EMEHTHUPOBAHUS U BLICOTHI MOAbE-
Ma IIeMEeHTHOTO PacTBOpAa JIE;KUT B OCHOBE pacCMaTpPUBAaeMbIX 3Je-
MEeHTOB (II0OKasaTeieil) KOHCTPYKIINY CKBAYKHUHBI.

BT'OCTax u oTpacieBBIX CTaHIAPTaX Ta30HEe(TAHON OTpacau IO
HACTOSAINEr0 BPeMeHU HeT OIMpeAesieHUs TepMHUHA “KOHCTPYKIIUA
CKBasKMHEI”. B TO Ke BpeMs COBEPIIIEHHO OUeBHIHO, UTO 6e3 TaKoro
OIpeiesIeHNs U PACKPBITUSA €r0 COAEPIKaHUA He MOKeT OBITh U OfI-
HO3HAYHOM KOHIIEIIIUYM U PeIleHUs 3aJadl BhIOOpA KOHCTPYKIIMK
CKBAKUHBI U €€ OI[eHKIH.

OO6O0OIIIMB B3TJIAALI CHEIUMAJINCTOB, MOYKHO C(HOPMYJINPOBATH
cJenyIoIiee MOHATHE “KOHCTPYKIIUSA CKBAKUHBI .

KoHCTPYKIIMSA CKBAKUHBL — 3TO COBOKYIIHOCTD 3JIEMEHTOB KpeIu
TOPHOM BBIPAGOTKY C IIONEPEUYHBIMY pasMepaMiu, HecopasMepHo Ma-
JILIMU TI0 CDABHEHUIO C ee IIYOMHOI U IPOTAKEeHHOCThI0, 00ecIeun-
BaloOIIas IIPY COBPEMEHHOM TeXHUYECKOM U TeXHOJIOTHUECKOM BO-
opy:KeHUU OesaBapuiiHOE, C YUETOM OXPaHbI HeIp, SKOHOMHUYHOE
CTPOUTEJIHCTBO T€PMETUYHOTO IIPOCTPAHCTBEHHO YCTOMYMBOTO Ka-
HaJla MeXIy (IIONIOHACHIIIEHHBIMY ILJIACTAMM M OCTaJbHOI dac-
ThI0O BCKPBITOTO TeOJIOTHUYECKOTO pa3pesa, a TaKyKe MTHEBHOH IIO-
BEPXHOCTBHIO, 9KCILIYaTUPYIOIIErocss B 3aJJaHHBIX PesKUMax U Bpe-
MEH! B 3aBUCHMMOCTY OT HasHAUEHUA: M3yUeHHe Ie0JOTHUYEeCKOro
paspesa, pasBelKa U OIleHKA ra30He(GTeBOAOHOCHOCTH OTJIOXKEHUIT,
IoObIua MIPOAYKIIUY, TOAIePsKaHue IIJaCTOBBIX JaBJIeHUM, Ha0JIIO0-
JeHNe 3a PeKUMOM SKCILIYATAIIY MECTOPOMKICHUS 1 IP.

B rasomedTaHoil oTpaciu HeT TaK:Ke EeIWHOr0 MeTOLUUYeCKO-
ro IMoAXoma K OIleHKe KauecTBa NMMPOEKTHUPOBAHUS W CTPOUTEJILCT-
Ba CKBAKMH, B TOM UHCJe X KOHCTPYKIIMH. TaKoe II0JIOMKeHUe
MIPUBOAUT K PAa3HOUTEHUIO OTHEJbHBIX IIOHATHM, HEIO0OIeHKe

163



(aKTOpPOB, ABJIAIIIUXCA OIPENeJAIOIINMI COBEPIIEHCTBO Kpe-
1, TPUHOCUT CYO'HeKTUBU3M BO B3AaMMOOTHOIIIEHUA MEKIY 3aKas-
YUKaMU Ha CTPOUTEJBCTBO CKBAYKUH, NOAPAAUYNKAMI M KOHTPOJIV-
PYIOIINMHU OpraHu3anuAMu. B To :Ke BpeMs HE0OXOAMMOCTb U BO3-
MOXKHOCTDH CO3JaHUA TAKOBOTO METOAUYECKOTO obeclieueHusA OUe-
BUIHA.

3.1.2. BBIBOP TMAMETPA SKCILIIYATAIIMOHHBIX KOJIOHH
BBICOKOOEBETHBIX I'A3OBBIX CKBAMKIH.

B nuTeparype nmpeaiosKeHo HECKOJIHLKO METOAOB pacuera paliuo-
HAJbHBIX TUAMETPOB Ir'a30BbIX CKBAYKUH, HO TOUHOTO PeIleHusd JaH-
HOM 3amaum HeT. [{raMeTp SKCILTyaTallMOHHON KOJOHHBI OIpees-
0T MCXOAA U3 YCJIOBUA MAKCHMAJIbHOTO KCIOJIb30BAHUSA SHEPIUU
ILJIACTA [IPY MUHAMAJIbHBIX KAIINTAJIOBIOMKEHUSIX B PaspaboTKy me-
cropoxkaennsa. Hampumep, M.A. Ilaiirep cunraer, 4T0o moKasaTejaeM
PalOHAJBHOCTH KOHCTPYKIUY I MOKET CIAY:KUTh CJIEeAYIOIee BhI-
paskeHwUe:

2
I-k%, (3.5)
q

roe ¢ — nebuT cKBasKMHBI; Ap — menpeccud Ha miact; K, — Kanura-
JIOBJIO}KEHUSA B CTPOUTEIBCTBO OMHOM JKCILIyaTAIlMOHHOM CKBaKU-
HBI JaHHOT'O AUaMeTpa.

Omuako H.B. Yepckuii moJsiaraet, 4To B METOAUKE YKa3aHHBIX
paboT He YUUTBIBAeTCA BCA IIJIACTOBAsA SHEPTHsA, 3aTpaunBaeMasi Ha
IBUIKEHNE B CUCTeMe ILJIACT — CKBasKMHa, 1 JAHHBIN MeTOH IIpUuMe-
HUM JINIIb AJIsI IPUOJIMKEHHOrO ONPeIeIeHNA PAllMOHAJILHOTO TH-
aMeTpa CKBajKUH TOJbKO B OJHOPOAHBIX IIJIaCTaX C OJUHAKOBOI, IIO-
CTOSTHHOI AJIs1 BCEro mepuoa paspaboTKU MeCTOPOKAeHUA (hU3UKO-
MeXaHUYeCKON XapaKTepUCTUKOM IIOPO B IIpeAeiax ILJIOMagud Ta-
30HOCHOCTU, KOTOPbIE BCTPEUAIOTCS OUeHb PEIKO.

E.M. HanuBckuii moj, moxkasarejeM panruoHAJIbHOCTA KOHCTPYK-
MY TOHUMAET OTHOIIIEHNE 3aTPAT KAINTAJIOBIOMKEHNN U IIJIaCTOBOM
dHepruu K Kobbrde 1 Teic. M° rasa B cyTKH, T.e.

K -
I=K, M, (3.6)
q

rie p,, — IJIacTOBOe JaBjieHle CKBaKUHEI; P, — JlaBjleHle Ha YCThe.

Cpasuenmne 3aBucumocTeii (3.5), (3.6) mokassIiBaeT, YTO IOCJIE-
HaA yuuTbiBaeT 3ameuanue H.B. Yepckoro. OgHaxko cmpaBemiu-
BOCTh ¥ TOYHOCTh ypaBHeHUdA (3.6) Tak:Ke BBISLIBAIOT COMHEHUE,
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100 IpU OmIpeaeJeHUN PaIlNoOHAJILHOTO AUaMeTpa 0000IIat0T 1 CYyM-
MUPYIOT JaHHBIE IO J0ObIUe BCeX SKCILIYaTAIlTMOHHBIX CKBAYKUH BHE
3aBUCUMOCTUA OT WX MECTOIIOJIOKEHUS Ha CTPYKType, MOIITHOCTH
BCKPBITOT'O IIPOAYKTUBHOI'O FTOPU30HTA, N3MEHEHUA KOJJIEKTOPCKUX
CBOWCTB ILIacTa KakK II0 YCJIOBUSM 3ajleraHus, TaKk U BO BpeMe-
Hu. [10aTOMY ONITUMATBLHBIN AUaMeTDP SKCILIYaTallMOHHON KOJOHHBI
P.E. Cvmut u M.Y. Kierr onpeneadaoT UCXOAd U3 YCIOBUS obecIie-
YeHNsA MaKCHMAaJbHOTO 3HaUeHUA YAeJbHOTO neduTa cpemHei
CKBaKUHBI.

E.M. HanuBcKuii peKOMeHAyeT IPUHUMATL JUAMETpP SKCIIJIya-
TAIlMOHHBIX KOJIOH TI'a30BBIX CKBAKUH AJIA ¥ PEHTOMCKOIr0 MecTo-
poKAeHUs npu geburtax or 6,5 1o 1,0 man. M° /cyT paBHBIM 299 MM,
a Iy MecToposkaeHusa MeaBeskbe IIpu ne0uTe CKBaXKUH OT 4,7 10
0,7 maa. M®/cyr — 278 mm. Pacuersr I.C. I'pasHOBa mOATBEPKIA-
10T, YTO HauboJiee PAIMOHAJIbHBIE AUAMETPHI SKCILIYaTAITMOHHBIX
KOJIOHH, CIIOCOOHBI€ IIPOIIYCTUTH IIOTOK rasa ¢ geburom 5—8 MiIH. M°,
IIPY ONTUMAJIbHOM Pacxoe IJIACTOBOI sHepruu u HamboJiee BBICO-
KOH 9KOHOMUYECKO 3()()eKTUBHOCTU pPaBHBI 245—273 MM aJd Mec-
Topo:xkaennit Tuna MeaBesxkbero u 245—-324 MM O MeCTOPOMKIe-
HU TUna Y peHroicKoro.

CremyeT OTMETHUTD, UTO MCXOIA U3 KPUOJOTUUECKUX U TeIaodu-
3MYECKUX YCJIOBUN YKA3AHHBIX MECTOPOKISHUNA TuaMeTp dKCILIya-
TAIlMOHHOM KOJOHHELI 219 MM ABJIsgeTca rpaunuHbiM. [Ipyu MeHbIIIEM
IuaMeTpe BO3MOKHO 00pasoBaHUe KPUCTAJLIOTUAPATHBHIX IIPOOOK,
IS TMPeAyIpesKAeHUsA KOTOPBLIX IIOTPedyeTcss BBOA B CKBAKHHBI
WHTHIOUTOPOB.

3acay:KuBaeT BHUMAaHUA BBLIOOD AmaMeTpa SKCILIyaTaIMOHHOM
KOJIOHHBI HA OCHOBAHWU JETAJbHBIX IIOACUYETOB IIOTEPDh HABJIEHUSA B
HavYaJIbHBIN IepHuof JOOBIUM U ¢ YUETOM TeX M3MEHeHUH B moTepdaX,
KOTOPBIE IPOUBOHAYT B IIpoliecce HaabHelnel paspaboTKu 3aIeKu
(E.M. Munckuii u A.JI. Xeiin).

IIpu GonbIinxX AUaMeTpaxX SKCILIyaTAallMOHHBIX KOJOHH Heo0Xo-
IVUMO YUYUTBHIBATH B3aUMOIEHCTBIE CKBAYKUH TI0 IIJACTY W BO3MOMK-
HOCTH 00Pa30BaHUs KPYIIHBIX BOPOHOK JAEIIPeCcCUM, PasMepbl KOTO-
PBIX IPEBBICAT paccTOsSHME MeKAy HuMu. Taxkas uHTeprIpeTanus
MOJKeT IIPUBECTH K CHUKEHUIO 3200 HOTO AaBIeHUA U YXYAIIeHUIO
TeXHUKO-9KOHOMHUUECKUX ITOKasaTeel paboThl CKBaYKITH.

IKOHOMUYECKN OIIPAaBJAHO 3aKaHUMBAHNE BBICOKOAEOUTHBIX
CKBaKMH OKCILIyaTallMOHHBIMM KOJIOHHAMHU aAuamMeTpom 219-—
324 mwm. Ilpm yBenuwueHmm aumaMeTpa KOJIOHH B 2,2 pasa (or 146
o 324 mm) mebut Bo3pactaeT B 8—8,5 pasa, a CTOMMOCTH CTPOMU-
TeJbCTBa — JUIIb B 1,6 pasza (YpeHroiicKkoe MeCTOpPOKIeHIeE).
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3.1.3. METOILI ITPOEKTUPOBAHUS KOHCTPYKIIUY CKBAYKUH

Br160p KOHCTPYKITUYM CKBAXKUHBI ABJIAETCS OCHOBHBIM TAIlOM ee
IIPOEKTUPOBAHNS U JOJIMKEH 00eCIIeunBATb BHICOKOE KaueCcTBO CTPO-
WUTEJILCTBA CKBaKMHBI KaK JOJTOBPEMEHHO 3SKCILIyaTUPyeMOI'o
CJIOYKHOT'0 He(DTeIIPOMBICJIOBOTO 00'BEKTa, IPeJOTBPATUTh aBapuu U
OCJIOKHEHUS B IIpoIiecce OypeHusl, CO31aTh YCAOBUS OIS CHUIKEHUA
3aTpaT BpeMeHU 1 MaTepuaJbHO-TeXHUUEeCKUX CPEICTB Ha OypeHue.

Jlo HACTOAIero BpeMeHH BLIOOP KOHCTPYKIINI CKBAa*KUH OCYIIe-
CTBJISIJICS, KAK IPABUJIO, 0e3 JOCTATOYHO CHCTEMATHU3UPOBAHHOI'O
aHaJaMn3a OIpeaesAnx (akTopoB U 6a3MPOBAJICS B OCHOBHOM Ha
MIPUHIUIIAX MIHUMAJBHOT'0 PACX01a MeTaJljia I O0PHOBI C OCJIOK-
HEeHUAMH B IIpoiiecce OypeHus.

Bompocsl pa3paboTKM IPUHIUIOB MOAXO0AA K IPOEKTUPOBAHUIO
pamuoHaJbHON KOHCTPYKIIMM CKBAa'KMH M3YyYaJuch Kak B Harei
cTpaHe, Tak 1 3a pybesxoM. B ofHUX caydasx 3a OCHOBHYIO IIPEAIIO-
CBUIIKY NPUHUMAJIOCH TUAPOJNHAMUYECKOE COBEPIIIEHCTBO KOHCT-
PYKIIUU C IIeJbI0 IMOJYyUYeHUs Ha 3a00e CKBaKMHBI MaKCUMAaJIbHOM
TUAPaBJINYECKON MOIIHOCTH WK OIpelesieHre HeOOXOAWMMBIX 30H
KpeIJIeHnusA U TJIYOMHBI CIIycKa 00CaIHbIX KOJIOHH B 3aBUCUMOCTH OT
YCJIOBUSA MIPEeAYIPEKIeHUS TUAPOPa3phiBa TOPHBIX MIOPOJ WU Ta-
30IPOSABJIEHUA; B IPYTUX — OIPEAEJSIONIUM (paKTopoM ObLIa KO-
HeYHas CTOMMOCTL CKBAaKMHBI KaK MHYKEHEPHOTO COOpYKeHUs. B
MIPUHATOM JJIA PYKOBOJCTBA IOJIOYKEHUN OIIPENeIAI0IINM IPUHIH-
IIOM IIPOEKTUPOBAHUSA PAIMOHAIBHON KOHCTPYKIIUM CKBAYKUHBI
cuuTaeTcs 000CHOBaHHOE pacipeeeHre BCero MHTepBajia 6ypeHusa
Ha HECKOJIbKO 30H B 3aBUCUMOCTH OT HECOBMECTHUMOCTH YCJIOBUH Oy -
PEeHUA OTAEJbHBIX MHTEPBAJIOB CKBAXKUHBI. I10/T HECOBMECTUMOCTBHIO
ycaoBuUil 6ypeHUA MOHNMAIOT TaK0Oe UX COUeTaHUe, KOTAAa 3aJaHHbIe
ImapaMeTphbl TEXHOJOTUUYECKUX IIPOIeCCOB OyPEeHUA HUKeIeKalllero
WHTepBaJa CKBa’KUHBI BBLI3BIBAIOT OCJIOMKHEHHS B IIPOOYpPEHHOM,
JIeXKAaIleM BhIIIe MHTepBaJje, eCJu IoCJAeIHNN He 3aKpeIieH oocal-
HOM KOJIOHHOM, a ITPOBe/IEHNe CIIEIUAIbHBIX AOMOJHUTEIbHBIX TEX-
HOJIOTUYECKUX MEPOIPUATUH II0 MPEJOTBPAIEHUIO STUX OCJIOXKHE-
HUI HEBO3MOYKHO.

OTcyTCcTBYE €IUHOM MEeTOIUKY BEIOOpPA KOHCTPYKIIUI CKBaKUH B
OMHUX CAyUaAX IIPUBOAUT K GOJIBIIINM 3aTpaTaM CPeACTB Ha JUKBU-
Jaliio OCJIOKHEHUH B IIpoliecce OYpeHUs, a B IPYTUX — K UBJIUIII-
HEeMY PacxoJ0OBaHUIO MeTaJjljia Ha KpeljieHre CKBaKUH.

BmMmecTe ¢ TeM CyIeCTBYyeT M PAMOHAJILHBINA IMOAXOM K YCTAHOB-
JIEHUIO TJIABHBIX (DAKTOPOB, ONPEAeISIONNX COBEPIIEeHCTBO KOHCT-
PYKIIMU CKBa'KWHBI B PA3JIMUHBIX T€0JIOTO-TeXHUUECKUX YCIOBUAX.

PaccMoTpuM OCHOBHBIE U3 HUX.

IIpu sakaHUMBAHUY CKBAXKUH TYPOMHHBIM CIIOCO00M HEOo6X0IMMO

166



co0II0NATh ONITUMAJBLHOE COOTHOIIIEHE MEXKAY AuaMeTpaMu 3a00ii-
HOTO IBUTATEJA U CKBAXKUHBI IJIA COXPAaHEHUS YCIOBUA, 00eCTIeUn-
BAIOIEero MHTEHCUBHOCTDL OUUCTKU 3a00sa. Ilociennee mocTuraercs
HEM3MEHHOCTBIO B IIpoIiecce OYPeHMs CKBAYKUHBI YAEJILHOI'0 PACX0-
Jla TIPOMBIBOYHOM JKUJKOCTH ¢, T.€. pacxoja ¢, OTHECEHHOTO K ILJIO-
mragy 3a00s:

4Q

g==, (3.7)
D

rae D — quaMeTp CKBaKUHBI.

VcoBre NCIOIb30BAHNS MAKCUMyMa T’UAPABINUYECKON MOIITHOC-
TH IIOTOKA IIPU OTPAHMYEHHOM JaBJIEHUM HA HacocaxX — peajn3alius
Ha 3a6oe 2/3 o01rero mepemnajaa JaBJIeHUA B MUPKYJIAIUOHHON CHUC-
TeMe. Y XyOllleHNe TToKasaTeseil 0ypeHus ¢ POCTOM TJIyOWH CBSI3aHO
He TOJBbKO C yBeJIMUeHWEeM SHEeProeMKOCTU Pas3pyIIleHud MOpoJ Ha
O0OJBINNX TIyOMHAX, HO U C 3aKOHOMEPHBIM HaJeHNeM 3a00HHOoI
MOIITHOCTU. B 3TOM ciyuae BEIOOP HEZOCTATOUHO 000CHOBAHHOII KOH-
CTPYKIIUY CKBaKUHBI (OIITUMAJIbHBIX COOTHOIIIEHUI UaMETPOB IO-
JIOT 1 OYPUJIBbHBIX TPYD, COOTBETCTBYIOIIIEr0 TUIIA U pasMepa 3a00ii-
HOTO ABUTATEJIA) OyIeT CII0COOCTBOBATH OLICTPOMY CHUMKEHUIO 3a-
00ifHOII THUAPABINYECKON MOIIHOCTH, TaK KaK COXpaHeHWEe OIITH-
MAaJILHOT'O COOTHOIIIEHUS [Ieperaga TaBIeHnsd, PaBHOro 2/3, CUIbHO
3aTPYAHAETCA C YBeJIUUYCHUEM TJIYOUHBI U YMEHbIIIeHueM AuamMeTpa
CKBasKUHBI.

B ra6a. 3.2 npuBeneHbI pallioOHAJbHBIE AUAMETPLI CKBAKUHBI U
OypPUJIBHBIX TPYO. OTHM BapHUaHThHI 00eCIIeUMBAIOT JIYUIIINE YCJIOBUSA
It OypeHus: CKBaXKUHBI: OOJIBITINE PACX0abl 00eCIIeunBaIoT Typoy-
JICHTHBIN PEXKUM TeUEeHUS KUAKOCTEM; TUII M KOHCTPYKIUSA 3a001i-
HOT'O IBUTATEJIS MO3BOJIAT MOJYYUTh MaKCUMAJIbHYIO MOIIHOCTH
Ha 3a00€ CKBa’KMWHBI; OypPUJIbHBIE TPYObI NP MHHHMAJHHOM Bece
obecrieunBaoT MakcuManbHBIH KIIJ rumpaBimyecKoi MOIITHOCTH.

Hage:XHOCTb KOHCTPYKIIUY B 3aBUCUMOCTH OT JaBJIC€HUH B CTBOJIE
CKBaKMHBI ¥ BO3MOYKHOCTY BO3HMKHOBEHHS WHTEHCUBHBIX ITOTJIO-

Tao6auma 3.2
PanmoHanpHble TMaMeTPbl CKBAKUHBI ¥ OYPUIBHBIX TPYO

Huamerp Huamerp Gypuis- 3asop, 3a00MHbBII ABUATATEIb
CKBa’KUHBI, HEBIX TPY0, MM MM
MM 0 TeJTy | II0 3a MKy TUIIOPa3Mep KII
190 127 3V-155 35 TC4M-6 5/, 0,52
214 127 3V-155 49 TC5B-7 t/,” 0,63
243 146 3V-188 55 3TC5A-8” 0,58
269 146 3V¥-188 81 TC5B-9 0,69
295 168 3V-212 107 TC5B-9” 0,69
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LIeHu 6YPOBOro pacTBOPA WJIM I'a30HE(PTEBOAOIPOABICHNN CIIYKUT
OCHOBOI METOANKU.

Heob6xommmasn riiydomHa cIycKa KOHAYKTOpPa WM IIPOMEKYTOU-
HOﬁ KOJIOHHBI Hl omnnpegesdeTCcda U3 YCJIOBUA MAaKCHMaJIbBHOI'O M1 MM-
HUMaJBHOT'O 8HaquI/Iﬁ AaBJICHUA I'MAPAaBJINYEeCKOI'0 pa3phbiBa IIjiac-
TOB, BCKPBLIBA€MBbIX ITPU OYPEHUU IO OUePEeTHYI0 IPOMEIKYTOUHYIO
KOJIOHHY:

H, = p,(/Ap, - Ap,), (3.8)

TJe p; — O’KUIaeMoe JaBJIeHNe Ha YCThe CKBAKUHBI; Ap; — OXKuzgae-
MOe 3HaueHHe TIPajueHTa THAPOCTATUUYECKOT0 HaBJIEHUS Tasupo-
BaHHOT0 OYpOBOI'0 PaCcTBOpAa B cJydae Ia3oNposABJIeHUS B Ipoliecce
OypeHUs II0J OUePeIHYIO IPOMEKYTOUHYIO KOJOHHY; AP, — MUHHU-
MaJbHOEe 3HAaUeHUe IpaJueHTa JaBJeHUA paspbiBa IjIacTa IJd WH-
TepBaJja HIKe OarrMaKa KOHIYKTopa.

Kakx cimegyer us Beipaskenusa (3.8), meobxommmasn AjamHa obca-
HOM KOJIOHHBI HAXOAUTCS B IPAMOM 3aBUCHMOCTH OT 3HAUEHUII IaB-
JIeHH’S Ha YCThe CKBa’KMHBI U TpajueHTa TUAPOCTATUUYECKOTO OaB-
JIeHns O6YpPoBOTro pacTBopa.

IIpu oTcyTCTBMM B T'e0JIOTHYECKOM paspese B HMHTepBajie IIOJ
oOUepeaHYI0 MMPOMEKYTOUHYIO KOJOHHY ITOCJIie KOHIYKTOpa BOJoTa-
30He(TeHACHIIIIEHHBIX IacToB ¢ ABII]] 3HaueHME p; IPUHMMAETCA
pasubiM 0,1. Torga BhIpaskeHue, ompeaeasollee IJINHY KOHIVK-
ropa H| Ipy IPOEKTMPOBAHUM KOHCTPYKLIWN CKBAaXKUH AJIA HOD-
MaJIbHBIX YCJIOBUIi, UMEET BU/I

H{ =0,1/(Ap, - Ap,), (3.9)

rae Ap; — MaKCUMaJIbHOE 3HAUYEHNE I'PaileHTa THAPOANHAMUIECKO-
IO JaBJIEHUA IMIPOMBIBOUHON KUIKOCTY, IPUMEHAEMOTr0 IIpu Oype-
HUU TIOJ MPOMEXKYTOUHYIO KooHHY, MIla/M.

JJ1 ra30BBIX MECTOPOXKIEHMH TP BO3MOXKHOCTH (hOHTAHUPOBA-
HEA INIyOMHY cIycKa KOHAyKTopa H,' B pesyibTarTe He3HAUYMUTEJb-
HOCTH T'PaAMEHTa THUAPOCTATUYECKOTO MaBJIEHUS Tas0oBOTO CTOJIOA
HAaXOIAT 13 BbIPpaKeHU A

Hy'= p,/Ap,, (3.10)

rie p, — JaBJIEHNe ra30HACBIIIIEHHOTO IIJIacTa.

B cayuae okumaHUA BO3SMOMKHBIX IIOTJIOIIEHUIT HHUKe OalliMakxa
MIPOMEKYTOUHOI KOJIOHHBI BOSHUKAET HEOOXOAMMOCTb OIIPeHe/IUTh
TJIyOMHY CIIyCKa 3TOM KOJOHHBI H,, KOTOPYIO PACCUUTHIBAIOT U3
MaKCHMAaJIbHOTO 3HAUEHUS TUAPOJUHAMUYECKOTO IaBJIEHUS, BO3-
HUKAIOIIEro IPYU OypeHun MO OUePeIHYIO KOJIOHHY:

H, = ps/Ap,, (3.11)
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TJe p; — MaKCUMaJbHOE 3HaUeHUe TUIPOIUHAMUYECKOTO AaBJIEHUA,
BO3HUKAIOIIETO B IIpoIlecce OypPeHUA IOJ OUepefHYI0 KOJOHHY IIO-
cJjle CIIyCKa Ipenblayineil MPOMeXKYTOYHON KOJOHHBI: Ap, — MUHU-
MaJIbHOE 3HAUEeHNe IpajueHTa AaBJIeHUS TUAPOpaspbiBa IJIs WH-
TepBaJia OypeHusi MO OYePeaHYI0 KOJIOHHY IIOCje CIIyCKa IIpoMe-
SKYTOUHOI KOJIOHHBI.

TaxuMm 00pa3oM, IPU IPOEKTUPOBAHUN KOHCTPYKIIUI CKBasKUH
LA KOHKPETHBIX T'€0JIOTUUECKUX YCJIOBUM ONTUMAJIBHBIE TJIYOUHBI
CIIyCKa KOJIOHH C YYEeTOM IIPeJIOTBPAINeHUs IOIJIOUIEHUWH U raso-
He()TeBOAOIIPOABJIEHUN B IpoIiecce OYPEeHUA OIPeAesaioT IOCIem0-
BaTeJLHO CHU3Y BBepX. PacueTHble TIyOMHBI CIYCKA KOHAYKTOPA U
IPYTUX IPOMEKYTOUHBIX KOJIOHH YTOUHSIOT C YYETOM Te0JIOTHUec-
KHX 0COOEHHOCTEH MECTOPOKIEHUI.

B.[I. ManeBaHCKUM HpeAJOKeHa 3aBUCUMOCTH AJS OIpeJee-
HUA TIAYOWMHBI CIIyCKa IMPOMEXKYTOUHOM KOJIOHHBI B Ta30BOIl CKBa-
JKUHE:

H-p. /d, (3.12)

rie p,, — MaKkCuMaJbHO BO3MOKHOE HaBJeHWe rasa Ha riyoune H
IIPU OIIOPOKHEeHUU CKBaskuHbI, MIla; d’ — rpagueHT mgaBieHus pas-
peiBa 1acToB (IpuHAT paBHBIM 0,02 MIla/Mm).

B dopmyme (3.12) makcuMasbHO BO3MOYKHOE MaBJIE€HWE Tasa Ha
UCKOMOI riry6uHe H yCJI0BHO MPUHATO PABHBIM ILIACTOBOMY, IIPHU-
yeM pasHHuIla MeXXIy HUMHK UTrpaeT PoJib Koa(uimenTa 6e30macHo-
CTH.

Ecau nns HUBKOAEeOUTHBIX CKBAKMH C HE3HAUUTEJNbHBIM ILJIAC-
TOBBIM JABJIEHHMEM TaKoe IpUpallleHue AAaeT MPaKTUUYEeCKU IIpUMe-
HUMBIE Pe3yJIbTAaThl, TO AJIA BHICOKOAEOMTHBIX CKBAKUH C OOJIBIIINM
Pux Dopmyiia (3.13) opuBOAUT K 3HAYUTEIHHOM IOTPEITHOCTH, TaK
KaK He YYNTBHIBAET CHUKEHNE HABJIEHUS B CKBAYKUHE II0 HAIIpaBJie-
HUIO OT 32005 K YCTBIO.

Ira 3amaua paccmorpera M.A. [llamuiaeBsiM. 3aech MPEATIOKEHO
YIOBJIETBOPUTEJBHOE DPEIIeHre AJS OIpeneseHusA INIyOMHBI ycTa-
HOBKU 0aIMaKa MpoMesKyTOYHOM KOJOHHBI B Ta30BBIX CKBaKMHAX C
BBICOKUM IIJIACTOBBIM JABJICHUEM:

H- Pay , (3.13)
esa _ pm(es - 1)
L
rme p,, — maacroBoe naBieHue, MIla; e — ocHOBaHMe HATYpPaJIbHOTO
aorapudma (e = 2,7183); s=%; p — oTHOCHUTeSIbHAS TJIOT-

cp*cp
— cpenHUMN KOd((PUIIMEHT CKUMAEMOCTHI
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rasa; T, — cpegHAsA abCOJIOTHAA TeMIlepaTypa rasa, K; L — rayou-
Ha 3ajJieraHusA KPOBJU IIPOAYKTHUBHOTO IIJIACTa, M; O — T'PagueHT
JlaBJIeHUA pasphIBa myiactos, MIla.

T'azoBble CKBaKMHBLI XapaKTePUIYIOTCA U APYTUMU OCOOEHHOC-
TAMU, HaOpuMep OOJIBIION MOIHOCTHIO IPOAYKTUBHOTO ILIACTA.
Xorsa 3ajmeum C OOJBIIMM STA’KOM T'a30HOCHOCTH BCTPEYAIOTCS
cpaBHHUTEJIbHO penko (Mectopo:kieHus Illebenurckoe m 'asiau B
CHT, I'pouunren B Humepiangax u ap.), IJsd HUX CIIeU(PUUIECH 0CO-
OBIif TOIXO[ K BEIOOPY KOHCTPYKITNU CKBaYKIH.

BricoTa sTaska razoHocHocTu Ha cBofe IIlebeImHCKON CTPYKTY-
peI cocTaBisier okoJio 1100 M. ITinacToBoe maBieHue B KPOBJIE 3ajie-
sK1 Ha cBoje (rary6uHa okoJsio 1300 M) 1o Hauasa 9KCILTyaTalluu I0-
cruraJo 22,8 MIla, yBenrunuunBasichk nmpumepHo Ha 0,2 Mlla Ha Kax-
neie 100 M ray6ounsl. [Ipn HauaabHOI SKCILIyaTallul MECTOPOKAE-
Husa Haguuwme ABIII BBI3HIBATIO HEOOXOAMMOCTE IIPU BCKPBITUU Ta-
30BOI 3aJI€KY IIPUMEHATD CJIOKHBIE MHOTOKOJIOHHBIE KOHCTPYKITUH
U yTsKeleHHble 6ypOBBbIe PACTBOPHI ILJIOTHOCTBIO mo 1,9 r/cm®. B
9TOM CJIyUae KpeIlljieHle CKBaKUHbBI ITPOMEKYTOUHOM 00camHol KO-
JIOHHOHM JOJI’KHO IIpeNyCMaTPUBATh IpPeAyIpe:KIeHUe TUApOopas-
pBIBa IIOPOJ YTSAMKEJIEHHOM IIPOMBIBOUHOM KUAKOCTBHIO, a TaKiKe
TIOCJIEAYIONTUIT BO3MOXKHBINM BEIOPOC U OTKPHITHIN Ia30BhIN (hOHTAH.

MuHMMaIbHO AOTycTUMAaA TJIyOMHA YCTAaHOBKHU OalliMaka mIpo-
MEeKYTOUHOII 00CamgHOII KOJOHHBI OIpPeAesdeTcd M3 BhIPasKeHusd
(B.II. MasieBaHCKUIA)

H, =910, (3.14)
pz —ab

rge a — KOo3(PGUIIMEeHT MUHHMAJBbHO [IOMYCTHMOI'O IIPEBBIIIEHUS
TUAPOCTATUYECKOr0 JaBJeHUA HAJ IIJIACTOBBLIM; p; — ILJIACTOBOE JaB-
JieHre B KPOBJIe Ta30HOCHOI'0 MHTEPBaIa; b — rpaJueHT ITOBHIIIIeHU S
ILJIACTOBOTO JAAaBJIEHUA C yBeJIWUYeHWeM riayOoumHbl; H, — TayOomHa
KPOBJIM Ta30HOCHOTO WHTEPBaJa; P; — MAKCHMAaJILHO OMYCTUMAas
IIJIOTHOCTL OypOBOTO pacTBopa (BO m3berkaHMUe IIOTJIOIEHUS) TIPU
3aKaHYNBAHUY CKBAYKUHBI.

Takum o0paszoM, TIyOMHA CIYCKA MNPOMEKYTOUHON KOJIOHHBI
JULS TIePEeKPBITUA YaCTU Ta30BOM 3aJIeKHU C 1[eJIbI0 IPeIoTBPaIeHn s
TIOTJIOLIEHUH 1 BBHIGPOCOB GYPOBOTO PAcTBOPA 3aBUCHUT OT IIOJIOKE-
HUA CKBaKUHBI HA CTPYKTYpPe (TJIyOMHBI KPOBJIM Ta30HOCHOM 3aJe-
$KM), IPOEKTHOU INIyOMHBI CKBaYKWHBI U IIJIACTOBOTO NaBJIEHUA.

ITo mepe pa3paboTKu 3ajie:ku, HaJeHNs IIJIACTOBOTO JaBJIEHUS U
MPUOJMIKEeHUA €ero K THAPOCTATUYECKOMY TIJIYOUHY YCTAHOBKU
0aIlIMaKOB IPOMEKYTOUYHBIX KOJOHH HYKHO YMEHBIIATh WM KOHCT-
PYKIIUIO CKBaKUHBI YIIPOIIATh.

MeTomuKa HTPOTHOBMPOBAHUA TJIYOMHBI CIyCcKa OOCATHBIX KO-
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JIOHH, WCHOJb3YyIOIas SMINPUUYECKNEe AAaHHBIE, CIYsKUT OCHOBOI
IIPOEKTHPOBaHUA KOHCTPYKInit ckBasKWH B CIITA. T'ory6mnHbBI cycKa
KOJIOHH BBIOMPAIOT U3 YCJIOBUA IPEAYIPEKIeHUSI TULPOPaspPHIBOB
TFOPHBIX IIOPOJ X HECOBMECTHMOCTH OTAEJbHBLIX MHTEPBAJIOB II0 yC-
JOBUAM OypeHHA. AHAJOTUYHBIN IIOAXOA K OIIpeJeseHui0 30H
KpeILIeHNs CKBAKMHBLI NPUHAT B HacrodAmniee Bpema B CHI'. Ilpu
STOM BBOJUTCS €UHBIN IPUHITUII BEIOOPA KOHCTPYKIIMU CKBAYKUH —
COBMECTUMOCTEL OTJEJbHBIX WHTEPBAJIOB T'€0JIOTMYECKOT0 paspesa
II0 TOPHO-T'€0JIOTUYECKUM YCIOBUAM OypeHUs.

Hna BpIGOpa KOJMYECTBA OOCAAHBIX KOJIOHH (30H KpEIJIeHUd)
KCIIOJIB3YIOT COBMEIIeHHbIN rpaduK M3MeHeHUs ILIaCTOBOTO JaBJie-
HUsA, TaBJIeHUS TUAPOPA3PHIBA IOPOJA U TMAPOCTATUUYECKOTO JaBJie-
Hus cToJiba 6YPOBOrO PacTBOpa, IOCTPOEHHBIM HAa OCHOBAHUU WC-
XOJHBIX JAHHBIX B IPAMOYTOJBHBIX KOOPAWHATAX TUIyOWMHA — 9KBU-
BAJICHT I'paJueHTa gaBaeHus (puc. 3.3).

Ilox sKBUBaJIEHTOM IpaJUeHTa TaBJICHUS ITOHNMAIOT ILJIOTHOCTD
JKUJKOCTH, CTOJIO KOTOPOII B CKBasKMHE Ha IJIyOmHE oIpeneieHUus
co3JaeT maBJieHNe, PaBHOE ILJIACTOBOMY (IIOPOBOMY) MM AABJIEHUIO
TUApPOpa3phIBa.

Kpussle, xapaKTepuayoiue NU3MeHeHNE IJIaCTOBOTO (IIOPOBOT0)
IaBJIE€HUA U JaBJIeHUA I'MAPOPasphIBA ILJIACTOB, CTPOAT HA OCHOBA-
HUU JAaHHBIX IPOMBICJIOBBIX MCCJIEIOBAHUIA.

B UCKJIIOUMTEIBbHBIX CAYUYAAX IMIPHU IIOJHOM OTCYTCTBUU IIPOMBIC-
JIOBBIX MaHHBIX JOIYCKAaeTCs HCIIOJb30BATh IMIUPUYECKYIO 3aBU-
CUMOCTbD

P = 0,083 H + 0,66 p,., (3.15)

rae p,, — AaBJeHHe FHAPOPasphIBa IIacToB; H — riayOuHa ompene-
JIeHUU TUAPOPas3pPhIBa; P, — IJIACTOBOE IaBJIEHME HA TJIyOMHE oIpe-
JIeJeHUs AaBJIeHUA TUIPOpa3phiBa.

OmpenesieHre 30H COBMECTUMOCTH, KOJHUYECTBA OOCATHBIX KO-
JIOHH ¥ TJIyOWH UX CIIyCKa IIPOU3BOLAT B IIPUBENEHHON HIMKE IIOCJIe-
JOBATEJIbHOCTH.

1. ITo muTOIOTMYECKON XapaKTEPUCTHUKE pas3pesa BbIAEISIIOT WH-
TepPBaJbl C AHOMAJBLHON XapaKTEePUCTUKOM ILJIaCTOBBIX MaBJICHUUN U
JaBJeHUI TUAPOPA3PhIBA.

2. Ina uHTEpBAJIOB IO II. 1 HAXOAAT 3HAUEHUS SKBUBAJIEHTOB
TPaJMeHTOB IIJIACTOBBIX (IIOPOBBLIX) HABJEHUM UM JABJICHUN THUIPO-
paspbIBa cJaraioiux mopos.

3. Ha coBMmellieHHBIN Ipa@UK HAHOCAT TOUYKMN SKBUBAJIEHTOB U
CTPOAT KPUBLIE 9KBUBAJIEHTOB I'PaJUEHTOB AaBjeHunit (cMm. puc. 3.3,
Touku 1, 2..., 19 — niacToBeIX maBiaeHwuii, touku 20, 21,..., 39 —
IaBJIEHUH TUAPOPa3pPhIBa).

4. TTapanmenbHO ocu opauHAT npoBoaat muuauu AB, EF, KL u OP
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Puc. 3.3. CoBmemeHHbI Trpadur Nasnenue
IaBJEeHUH IS BHIGOPA KOHCTPYK- = & a
MK CKBaKMHbI S Sg $ |/lumonozuuec-
= §3% |xanxapakme-|o T o
S S8 pucmuxa |8 F$S
S | 8% SN|SE 5
i AL
150 Tunet
Tunucmole
T § | necuanuru 3,74 454
450 1 S| Hecuanux | 7] 84
1 [§]|R 674 597
= Thunet ’ 12,14
7504 |<
Hseecmuaxu |13:87 174 4
7] 2AUHUCbIE ’
1050
1350 Hseecmuaru [P0 207
1650
1950 Tnunst 5051 376
2250
7 5l §
2550 - § § 5 H3zeecmnaku (39,84 47,5 -
1SS Hecuanux 46,24 52,0 1
2850
Hecuanvie 42,04 54,9
1 U36ECHIHAKU
3150 1 50,04 54,8
- 54,4 4
Mepzenv
3450
3750
- Apeunium
4050 4 58,74 79,0 4
7 s Hzeecmuax 64,14 81,2 1
4350 T
I Ilecuanuk ggyg_ %, g .
T K|S Luna 4 93,8
4650 - = [ Tecuanux gg’g: 1 gz’o:
_ = Thuna ! i’
Hecuanux__|?0:2 102,3 1
4950 Tuna 85,04 107,5

KacaTeJbHO KPalHNX TOYEK SKBUBAJIEHTOB IPAAUEHTOB IIJIACTOBOI'O
(mopoBoro) maBieuus u guuuu CD, GH, MN, @S — KacaTeJabHO
KpalHuX TOYEK KPUBOI SKBMBAJIEHTOB I'DAJNEHTOB NABJICHWUS T'H[-
popaspbIBa.

172



Xapakmepucmuka 0asieHuil n1acmogozo T &
(nopo206020) u 2udpopaspulea nopoo _ § S §m
=Sz SS8=
S8z | §S88
DKeusanenm \§,§u§ § §§ =
2paouenma 0asaenHui ~Sg é 2=
3
1,01,11,21314 1,5161,71,8 1,92,02,12,22,3
1 1 1 1 1 1 1 1 1 1 1 1
1 AR ¢ | &
1 EN
\ - 20 I S
b 1
4 \ 22\ 23 I ~
RN - — —g=———=—1 1
B D5 | 24 1
N I
§ |
N 1
N 1
1
N [
1N ¥ .
N l
NN I 2
N 1 ~
\ 1 !
\ ] 8
7 - 26 1 ~
N I
N l
s N b2y '
\ 1
IIN |28 |
K M § :
0] NYNIF2_ gt
11- N 30"
N\JE- F
|37
~
A
~
v
24 N 32 2
13 033Q
34
o N -
L NT5 50N 36 S
17 37 AN
18 38 S
19 P s 39 ~

5. Soust ABCD, EFGH, KLMH, OPQS sBIAI0TCA 30HAMU COB-
MECTUMBIX YCJIOBUH OypeHUA.

6. Jluauu AB, EF, KL, OP oupeensaioT TPAaHUYHBIE YCJIOBUSI
II0 IJIACTOBBIM JABJIEHUAM JIJIA COOTBETCTBYIOIIUX WHTEPBAJIOB
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paspesa, aauauu CD, GN, MN, @S — no gaBjieHUSM THUAPOPA3-
peIBa.

30HBI COBMECTUMBIX YCJIOBUI OYPEeHUs ABIAIOTCSI 30HAMU KpeI-
JIEHUSI CKBAYKMHBI 00CAAHBIMU KOJOHHAMU. KoanuecTBO 30H Kpem-
JIEHUS COOTBETCTBYET KOJIMUYECTBY 00CaJHBIX KOJIOHH.

7. T'ny6uua coycka ob6cagHO#l KOJOHHBI (YCTAaHOBKM OalliMakxa)
npuauMaeTcs Ha 10-20 M BbIllle OKOHYAHUA B0HBI KPEIJIEHUSA
(30HBI COBMECTUMBIX YCJIOBHUIi), HO He BbIIIE TJIyOMHLI Havaja cJe-
IyIOIeil 30HBI COBMECTHUMBIX YCJIOBIH.

8. IlmoTHOCTE OYPOBOT0O PACTBOPA, IPUMEHAEMOTO IIPU OyPEeHNH B
JaHHOUM 30HE KPEIIeHUs, HOJKHA HAXOOUTHCS B Ipeaeax 30HBI
COBMECTUMBIX YCJIOBUI W OTBEUYATDH CJIEAVIOIIUM TPEOOBAHUAM: IJIA
CKBaKMH TaybmHoM mo 1200 M ruapocTaTHuecKoe AaBjeHHE B
CKBa)KMHE, CO3JaBaeMoe CTOJI00M OypoBOTO pacTBOpa, MOJIKHO
ImpeBbIIaTh miaacToBoe Ha 10—-15 %, a masA CKBa)KWH TJIyOMHOM
>1200 m — Ha 5—10 % . OTKJIOHEHUSI OT YCTAHOBJIEHHOU IIJIOTHOCTH
IIPOMBIBOUHOM MKUAKOCTH AJIA ee 3HaueHHU 10 1, 45 r/cM® He momy-
ckamoTca OoJsbpmie yem Ha 0,02 F/CM3, a JJsd 3HaueHUH BBIIIe
1,45 r/cm® — He 6onee uem Ha 0,03 r/cm?® (mo 3amepam 6ypoBOTrO
pacTBopa, 0CBOOOKIEHHOTO OT ra3a).

TaybuHa cmycka SKCIIyaTAlTMOHHON KOJOHHBI OIPemeIseTcsa
crocobaMy 3aKaHYMBAHUSA UM SKCILIyaTAllUM CKBasKUHBI, a IJIyOuHA
CIIyCKa KOHIAYKTOpa — TPeOOBAHUAMM OXPAHBI MCTOYHHKOB BOJO-
CHAOKeHUs OT 3arpA3HeHUsd, NMPEJOTBPAIleHUA OCJIOKHEeHUH Ipu
OypeHHHM TIIOA OUepemHYyI0 O00CATHYI0 KOJIOHHY, OOBSASKH YCTbSA
CKBAXMHBI ITPOTHUBOBBLIOPOCOBBIM OOOPYIOBAHMEM U TOABECKU O00-
CaHBIX KOJIOHH.

IIpu mpoexkTHpoOBaHMM M OypeHWU IEPBBIX TPEX PasBeIOUYHBIX
CKBa’KMH, €CJIM JOCTOBEPHOCTb I'e0JIOTMUECKOTO paspesa HegocTa-
TOYHA, JONYCKAETCs BKJIOUATH B KOHCTPYKIIUIO CKBaKUHBI Pe3epB-
HYIO IPOMEKYTOUHYIO0 00CagHYI0 KOJIOHHY. B aTOM ciiyuae 6ypeHue
CKBaKMHBI IIPOU3BOIAT B pacueTe Ha KpelJeHre pe3epBHOM odcam-
HOM KOJIOHHOUM HaMeueHHOro mHTepBasia. OZHAKO ecjid B IIPOIlecce
OypeHUsa 6ymeT yCTAaHOBJIEHO, UYTO HEOOXOANMOCTD B CITYCKE pPe3epB-
HO#l 00cagHOII KOJOHHBI OTIIaja, IIPOJAOJIMKAIOT YIIyOJATH CTBOJI
moJ ouepedHy0 00CaJHYI0O KOJOHHY IO 3alIPOeKTHPOBAHHOMN TJIy-
OMHBEI.



3.2. TUTIBI KOHCTPYKIIUM CKBAYKUH,
INPUMEHSAEMBIX B HEKOTOPBIX PETMTOHAX

3.2.1. CEBEPHBII KABKA3

T'eonornueckue yciaoBus OypeHUA M KOHCTPYKIIUM CKBAYKUH B
permoHe MHOTOOOPA3HBI, IMOITOMY Ieecoo0pasHo HOAPOOHO pac-
cMoOTpeTh AaHHbIe 1o KpacHogapckomy Kpaio, CTaBpomojabio, Heu-
He, Uurymeruu u [{arecrany.

Kpacunomapckuit kpait. HauGoJsiee CJI0KHBI II0 I'e0JIOTO-T€XHU-
YEeCKUM YCJIOBUAM ILJIOLIAAM, PACIOJIOKeHHbIe B 3anagHo-KybaHc-
KoM nporube u Ha TaMaHCKOM IIOJIyOCTPOBE.

B nmepBoM paiioHe BHICOKOHAIIOPHBIE ITPOHUITAEMBIE TOPUSOHTHL 1
IepeMAThbIe TNIMHUCTBIE TOJINY SIBJIAIOTCA IPUYMHON 3HAYUTE]b-
HBIX TI0 MaTepUaJbHBIM 3aTpaTaM M PasHOOOPa3HBLIX IO XapaKTepy
ociaokHeHuii. Hanbosee xapakTepHBI 13 HUX CJIEAYIONINE:

TOTJIONIeHuA OypPOBOTO pPacTBOpa B OTJIOMKEHUAX KUMMEpPHUTd,
mouTa u Meotuca (nutepsBas 0—1750 m);

razonpoaBiaeHud B nHTepBasie 1800—-2350 M npm mpoxoKaeHUM
IIOPOJ capMara, KaparaHa, 4OKpakKa, IMeIOIUX HU3KYIO IIPOHUIA-
€MOCTb U aHOMAJILHO BBICOKHUE ILIACTOBBbIe mAaByieHudA (35—41 MIla).
B ciyuae cHuMKeHUSA IJIOTHOCTH OypPOBOTO pacTBopa B Ipoliecce 0Y-
perus Hmke 2,20-2,12 r/cm® HaumHaeTCA MHTEHCHBHOE DPAa3iKU-
sKeHMe 6YPOBOT0 pacTBOpa M O0PYIIIEHNEe CTEHOK CKBasKMHEI ¢ 00pa-
30BaHMEM IIPOOOK, UTO BBHIBLIBAET IPUXBATHI OYPUIBHBIX KOJIOHH U
IINTEJIbHBIE OCJIOMKHEHUSA CTBOJIA CKBAYKIH;

CY’KEeHHUs, OChIIN, 00BaJIbI MAMKOIICKUX TJIMH B MHTepBaje 6ype-
Hua 2350—-4300 m. s yaepskaHUA CTEHOK CKBa’KUHBI B YCTONYM-
BOM COCTOAHUU TpebyeTcA MPUMEHATH OYPOBOI PAcTBOP ILJIOTHOC-
ThIO He MeHee 2,10 r/cM?, 0HAKO 5TO CIIOCOGCTBYET TUAPOPA3PHIBY
ILJIACTOB U MOTJIOIIEHUIO OYPOBOTO PAaCTBOPA;

HaJIMUYMe B3aMMOUCKJIIOUAIOIIUX II0 XaPaKTepy OCJIOKHEeHUIH,
uyTO TpedyeT He TOJIBKO OUeHb TOYHOrO MHOAAEP:KaHWsS Mapamerpa
O0ypoBOro pacTBOpa B 3aJaHHBIX IIpefesax (HampuMmep, He JOMycKa-
eTca KoJebaHMe II0oTHOCTH Gorbire, ueM Ha 0,05—0,10 r/cM?®), HO 1
BBIPAOOTKY BHOJIHE OTPENEIEHHOM TEXHOJOTUY CHYCKOIOABHEMHBIX
omepanuii, BOCCTAHOBJIEHUSA IIUPKYJIAINN U IIPOMBIBKY CKBa'KWHBI,
Ierasaiyy U yTsKeJIeHns: 0ypoBOro pacTBopa;

CKJIOHHOCTB CTBOJIOB CKBAKMH K MCKDPUBJIEHUIO BCJIEACTBUE 3HA-
YUTEJbHBIX YIJIOB IaJeHUs IIOPOJ M YAaCTOT'O UepeJOBaHUA UX IIO
IIPOYHOCTH.

PasHooOpasHbIe OCJTOKHEHUSA TPU OypPeHUU CKBAaKWH B paiioHe
TaMaHCKOTO IIOJIYOCTPOBA BEISBAHBI B IIEPBYIO OUEPEIb CIOKHOCTHIO
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TeKTOHUKU paiioHa, HammumeM ABIIJ] B ropu3oHTax, PacrIoJOKeH-
HBIX OJIM3KO K JHEBHOU ITOBEPXHOCTH, U OOJILIITON MOIIHOCTBHIO (IO
2700 M) mepeMATHIX MJIACTUYHBIX MaWKoOICKux rivH. K Hambosee
XapaKTePHBIM OCJIOKHEHUAM 31eCh OTHOCATCS:

rasoued)TEIPOABICHUSA 1 BHE3AITHbIe ra30He()TsHbIe BLIOPOCHI 13
OTJIO}KEHUIT OT IIOHTA IO YOKPAKa;

TIOTJIOIIeHUsI OYPOBOT'O PACTBOPA;

CyKeHUs, OCBIIM, 00BAJIBI CTBOJIA M TOTJIOINEHUA TIPU OypeHUun
TJIMHUCTOM TOJIIIM MaWKOIICKO! CEpUH, AJIA COXPaHEHUA YCTOUUU-
BOCTH KOTOPOM B OTEJIbHBIX CJAyYasX ILJIOTHOCTL OYPOBOTO pacTBopa
HeoOXO01MO JOBOJUTE /0 2,25—2,30 r/cM®; Ha pAze miomaieil Ha-
0rofaeTcd MHTEHCHUBHOE pasrasMpoBaHUe TVIMHUCTOT'O PacTBoOpa B
pesyabTaTe HAJUYUS B MAKOIICKOI TOJIIE BHICOKOHAIIOPHBIX IIeC-
YaHBIX IMPOILJIACTKOB C HU3KOM IPOHUIIA€MOCTHIO.

K ormenbmHoil rpymme IJoIazedl ¢ XapaKTepPHBIMH TeO0JIOTO-
TeXHUYECKNMU YCIOBUAMU OypeHUs B IIPEeATOPHON YacTu 3amaHo-
Kybamckoro mporuba oTHocuTca JIeBKMHCKAaA ILIONIalb, MEepPCIeK-
THUBHAS C TOUKY 3peHUs He)Teras0HOCHOCTU KYMCKOM CBUTHI C TJIY-
OuHaMU 3aJjieTaHUA IPOAYKTUBHBIX FOPU30HTOB B mpegensax 4750—
5000 M. 3mech TIpu OGYpPEeHUU B MUOIIEHOBBIX OTJIOMKEHUAX HaOJIIO-
JafoTCA TOTJIONIeHUA TJIMHUCTOTO PACTBOpPA IIJIOTHOCTHIO CBBIIIIE
1,24 r/cm® ¢ mocIe yIOmIMY ra30IPOABICHIAMM.

Oco6eHHO CI0KHBIMHU ABJSIOTCA YCIOBUA BCKPBITUSA OEJIOTJINH-
CKO-KYMCKHUX OTJIOKeHUI, I/ie ¢ I[eJIbI0 IpefoTBpalienus Hedrera-
30IIPOSABJIEHUS U IOTJIOIIEHUH IIJIOTHOCTL OYPOBOTO pacTBopa Heoo-
XOJIIMO IO/ epKUBATh B mpejenax 1,86—1,96 r/cm®.

1 GOJIBIITMHCTBA pacCMaTPUBAEMbBIX PAMOHOB XapaKTepHO WH-
TEHCHBHOE KeJI00000pa3oBaHue He TOJbKO B MUCKPUBJIEHHBIX, HO U B
O0IMBKUX K BePTUKAJIbHBIM CKBAKMHAX.

CJI0KHOCTh TPEAYIPeKIeHUsS IePeUYUnCIeHHbIX OCJIOKHEeHUH
ycyryb6JisieTcsa BBICOKUME TeMIepaTypaMi TOPHBIX IIOPOI, 3aTPYI-
HaomuMu 9GGeKTUBHOe peryJrupoBaHMe IIapaMeTpoB OYpOBO-
ro pactBopa. Ha rmyomaax 4000 m Temmeparypa mocturaer 140—
160 °C, arma 6000 m — 200 — 210 °C. B ckB. 2 MenBenosckasa usme-
peHHas TeMmmeparypa Ha riayouae 6320 m cocrasmia 224 °C. 9ro
TpeOyeT CJIOKHOM, MHOTOKOMIOHEHTHOM XWMHUYECKOW 00paboTKH
OYPOBBIX PaCTBOPOB.

B patioHax riy6okoro OypeHUs, MPUYPOUYEHHBIX K BocTouHO-
Kyb6anckomy mporudy, ocIo:KHEeHUA MeHee PasHOOOpa3HbI, OMHAKO
TakKe TpedyeTcss BechbMa CJIOMKHAS TEXHOJIOTHSA IJIs WX IIpPeny-
MpeKIeHUs.

XapaxkTepHbIMHU 3€Ch ABJISIOTCS CJIeAYIONINEe OCTOKHEeHU A

TIOTJIOIIEeHU s OYPOBOr0 PACTBOpPA B ILIMOIIEHOBLIX, MUOIIEHOBBIX,
DOIlEH-NAJIE0IEHOBBIX OTJIOKEHUAX
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MHTEeHCUBHOE KaBepHOOOpa30BaHME B M3BECTHAKAX BepXHeMeJIo-
BBIX OTJIOJKEHUI, a TaK:Ke B IeCTPOI[BETHOM TOJIIe IOPBI, UaCTO
MIPUBOLSAINEe K YBeJIUUEHNIO B 2—3 pa3a CeueHUs CTBOJA CKBaKUH
10 CPABHEHUIO C HOMUHAJIbLHBIM;

JKes100000pa3oBaHus, IPUYPOUEHHBIE K MUOIEH-OJUTOIeHOBBIM
OTJIOKEHUSAM;

busuKo-XxUMHUUYECKNe U3MeHeHUs OyPoBOTO pacTBopa mpu Oype-
HUUW B TAJIOTEHHOH TOJIIE, IIPEeACTABJICHHON Ha psame IJIoImamelt
MOIITHBIMY OTJIOKEHUAMY TOBaAPEHHOM CoIu. B COJIEBBIX OTJIOXKEHU-
ax, saneramomux Himke 3500 M, HabJdOgaOTCA CYMKEHHS CTBOJIA
CKBAsKWHBI, IPUXBAThl U CMATHUS O0CAJHBLIX KOJOHH, BbI3BaHHBIE
ILJIACTUYECKUM TeUeHUEeM COJieli, a TaK:Ke IIOCTYILJIIeHNe BHICOKOMU-
HepaJIM30BaHHOI BOALI (PAIIBI).

ITepeuncieHHBIE OCIOKHEHUA YCYTyOISII0OTCA BBICOKMMMU IIJIac-
TOBBIMH JABJIEHUAMHU U TeMIePaTypaMu TOPHLIX mopox. Hampumep,
Ha JlabuHCKO# IIOIAAM cTAaTHYecKas TeMIepaTypa Ha TIayOuHe
6000 M cocrasaser 190 "C.

B oTs0:KeHUsaX IO COJIEBBIX IMOPOJ 3HAUEHUS IIJIACTOBBLIX JaBJIe-
HUH IPeBHIITAI0T TUAPOCTATHUECKHe ToabKo Ha 1,0—-1,5 MIIa. B
COJIAX BepXHelH I0phI MIPEeBLINIeHNe IIJIACTOBOTO AaBJIeHUA Hal TU-
pocTaTUUYeCcKUM OIleHMBAeTCA B 2 pas3a, B OCTAJIbHOM YacTU paspesa
mo rayouusl 6000 m — B 1,6 pasa.

IIpencraBieHHas KpaTKas reoJIOro-TeXHUUYECKas XapaKTepHuc-
THUKA ycJoBuil OypeHus Ha KybaHu m03BOJISAET 3aKJIIOUNUTDH, UTO BO3-
MOXKHOCTh BO3HMKHOBEHUS Pas3JINUYHBIX OCJIOMKHEHHHN B IIpoIlecce
OypeHUA U KpelJieHnd CKBa*KUH BBIABUTAET OIIpeaesieHHbIe Tpe6o-
BaHUA K IPOEKTUPOBAHUIO UX KOHCTPYKIIMI, 0OCOOEHHO MJIsI TJIy0O-
KUX CKBaKIH.

B ocHOBY HOBOrO THMHA KOHCTPYKIIUII CKBAKUH OBLIO IIOJIOKEHO
OIpUMeHeHNe SKCILIyaTallMOHHON KOJIOHHBI auamerpom 140 mm. B
9TOM cJydae B KauecTBe IIOCJeTHEH ITPOMEeXKYTOUHON KOJIOHHBI
MIPUHAT XBOCTOBUK AraMeTpoM 194 MM 1 OypeHMe HUMKe XBOCTOBUKA
OCyIIecTBIAETCSA fojaortaMu guamMmerpoM 161 mum (puc. 3.4).

Takum o0pasoM, HapAAy C KOHCTPYKIUAMU CKBasKUH, B KOTO-
PBIX MCHOJb3yeTcss 168-MM XBOCTOBUK (4acTO B KauecTBe Pe3epPB-
HOU IIPOMEKYTOUHOM KOJIOHHBI), IPUMEHIeMbIX AJIa IJIyouH Oype-
Husa go 3000-3500 M, HauaTo ycHeIllHOe BHeIpeHle KOHCTPYK-
U CKBAKUWH C XBOCTOBUKOM AuamMeTpoM 194 mMM. OTO ITO3BOJIUIIO
YCIIEIITHO OCYIIIECTBUTH IPOBOAKY TMIyOOKMX cKBaskmH (mo 5000—
6000 M u Gostee) ¢ IPUMEHEHUEM TPEX MPOMEKYTOUHBIX 00CATHBIX
KOJIOHH 0e3 yBeJMYeHUs HAYaJIbHOTO AuaMeTpa CKBaKuHBI. Ilo-
caenHee OBLJIO JOCTUTHYTO 34 CUET OCBOEHUS CIIyCKa 00CagHBIX KO-
JouH guametrpom 194, 219, 245 1 299 MM ¢ OTHOCUTEJIHLHO MAJIbIMU
3a30paMu.
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Puc. 3.4. KoncTpykuuu rioy6okux ckBaskua Ha KyGanu:
a—ckB. 2 MexBenoBcKas; 6 — ckB. 7 TemuproeBckas; 8 — ckB. 3 CysbaaibcKas

B HacrosdIiee BpeMA MOKHO BBIEJIUTDH YeTHIPE OCHOBHBIE I'DYII-
IIbI KOHCTPYKIIUY CKBaYKMH B 3aBUCHUMOCTH OT UMCJIa CIIyCKaeMBbIX
ob6canubix KomoHH. HanboJsiee pacupocTpaHeHHbBIE COUETAHUSA [THa-
METPOB CMEKHBIX OOCAAHBIX KOJIOHH M 3a30PHI MEKIY CTEeHKaMu
CKBasKUHBI U My(dramMu mim 6e3My(pTOBEIMU O0CATHBIMU TPyOamMu

IoKas3aHbI B Ta0J. 3.3.
HI/IHCQ IIPUBEJE€HbI MAKCHUMAaJIbHbIE€ BbIXOIbI O6C&ﬂHBIX KOJIOHH B

OTKPBITHIN CTBOJI, HOCTUTHYThIe Ha Kybanu.

dUaMETD KOJOHHBI, MM ..cueuvnrnenrncnenensnsnss 324 299 273 245 219
BBIXOL KOJOHHBI, M ueuureerensenneeneensensensennen 2425 2270 2390 1525 975

CraBpomnoanckuii kpaii. [Ipombiniennas megTeHocHocTh CTas-
POIIOJIBCKOTO Kpad B BOCTOUHOM er0 YaCTU CBA3aHa B OCHOBHOM C Me-
JIOBBIMU U IOPCKMMMU OTJIOKECHUAMU.

Ta6auma 3.3
Tunel KOHCTPYKIM CKBaKUH, NpuMeHseMble Ha KyGanu

TTHAMeTp CMEsKHBIX 0GCAHEIX 3a30PBI MEXK Y CTEHKAMU CKBAYKUHBI U
KOJIOHH, MM mMydTaMu uiu o0cagHbIMU TpyOamu *,
MM
377x299x245x194x140 44-11-12"-10*-10,5*
426x324x245x194_ x140 44,5-21,5-12,5-10"-10,5*
377x299x245x140(146) 44-11-12"-30(24)
377x273x219x140(146) 44-23-12"-18(12)
377x273x140(146) 44-23-44,5(38,5)
324x245x140(146) 37-12,5-30(24)
273x140(146) 23-44,5(38,5)
245x140(146) 25—-30(24)
219x140(146) 25-18(12)

178



YcnoBus OypeHusa Ha HedTh u ras B CTaBpPOIIOJIbE OCJIOKHEHBI
aHOMAJILHO BBICOKMM TEILJIOBBIM PEeKMMOM 3eMHBLIX Heap. BypeHue
TUIyOOKUX CKBAaKWH B OOJIBIIIMHCTBE CIYUYaeB OCYIECTBIAETCA IPU
remueparypax 150—160 °C, uTo npesbABIsAeT BLICOKME TPeOOBaHUA
K peryJMpoBaHUIO CBOMCTB OYpPOBBIX PACTBOPOB, M3LICKAHUIO CIIE-
IIAAJbHBIX MATEPUAJIOB AJIS Pa300IeHus I1JIacTOB, COBEPIIEHCTBO-
BAHUIO TEXHOJIOTUUYECKUX IIPOIIECCOB OYPeHUs, KPEILIeHNsA, UCIbI-
TaHUA U SKCIUIyaTalluUd CKBa'KWH. B pAze palioHOB I0OKHOM UacTu
CraBpomosbekoro mogHaTusa Ha raybunax 1500—-1600 m Temmepa-
Typa 3a60a gocturaetr 100 °C u Beime. MakcuMaibHad TeMIepaTypa
(181 °C) 6bL1a 3adukcupoBana B ckB. 13 MKypaBckoil miomanu Ha
riryouae 3940 M B IOPCKUX OTJIOMKEHUAX. XapaKTePUCTUKA U30TEePM
110 Pa3JIMYHBLIM CTPATUTPaPUUIECKNM KOMILJIEKCAM IIOKa3bIBAaeT yBe-
JUUYeHre TeMIIepaTyphl B I0;KHOM HampasBjeHuu oT CTaBpOIIOJIbCKO-
ro mogHATuA. CHMKEeHUe TeMIlepaTyphl, cCHauaja ITOCTeHeHHOoe, a
3aTeM 0OoJiee 3HAUNTEJIbHOE, HAOJIIOAAETCA K CeBepy OT IIMHPOTHI T.
IIpukymcka.

IIpu 6ypeHnu cCKBaKUH Ha Iolansx CTaBpOIOIbsa BCTPEUAIOT-
cs CIeayIOIe OCJTOKHEeHU: 00BaJIbI 1 OCBIMIY TOPHBIX TTOPOM, IIPU-
BOJAIINME K 00Pa30BAHUIO KaBEPH, YCTYIIOB 1 MTPOOOK B CTBOJIE; ILIA-
CTOBBIE ITPOABJIEHNA, BLI3BIBAIOIINE B PAJE CIYyIaeB CMATHUSA 00cak-
HBIX KOJIOHH, Ipr(OHO00Pa3oBaHue, MMOIJIOMIEHNA OYPOBBIX M TaM-
MMOHAKHBIX PACTBOPOB; MCKPUBJIEHNE CKBAYKUH U CBA3aHHOE C HUM
oOpasoBaHuUe Kea000B.

ILnactoBble mposaBiaeHus Ha CTaBPOIOJbe XapaKTePU3YIOTCA B
OCHOBHOM pasTasupoBaHMEM OYPOBOTO PACTBOpPa M MOCTYIJIEHUEM B
CTBOJI CKBA'KWHBLI CUJIbHOMUHEPAJIN30BAHHBIX BBICOKOHAIIOPHBIX
ILJIACTOBBIX BO/I.

T'a30- 1 0COGEHHO BOAOIPOABICHUS, UMEIOII[1e IITUTPOKOe PacIIpo-
cTpaHeHUe, MPeodJIafatoT B I0KHOM U I0T0-BOCTOUHOM yacTsax Cras-
POIIOJIBCKOTO Kpasd U ABJA0TCA caencreueM ABIII ropu3oHTOB Ipu
HEeJOCTaTOUHOI reoJIOTUYECKOM N3YUEeHHOCTH paioHa. B ciryuae He-
BO3MOXKHOCTH JINKBUJUPOBATH BOLOIPOABJICHUE YTAKEICHIEM pac-
TBOPA IPOABJISIONINE ILJIACTEI IIEPEKPHIBAIOT 00CAJHOM KOJOHHOIA.

OOHOKOJIOHHYIO KOHCTPYKIIMIO KMEIOT JKCILIyaTallMOHHEIe
CKBasKUHBI HA He()Th U ra3, KpPoMe CKBaKUH Ias0KOHAEHCATHOI'O
MecTopo:kIeHusA Pycckuii XyTop (re MCIOoJb3YIOT ABYXKOJOHHBIE
KOHCTPYKIIUU), U Pa3BeOUHbIe CKBAKUHBI HA HE(PTh TJIYOMHOUN 10
3800 M, pacmosio:keHHBIe B [[pUKyMCKOIi 30HE TTOTHATUH.

I BYyXKOJOHHAA KOHCTPYKIMS IIPUHATA B PA3BEIOUYHBIX CKBAMKHU-
Hax OoJbIIUHCTBA ILIomIameil CTaBpoIoabsa ¢ IPOEKTHON IIyOomHOM
2500-3600 m u raay6unoit 1o 4000 M B paitone IIpruKyMCKOII 30HBI
MOAHATUI. OTU KOHCTPYKIIUU COCTOAT U3 KOHAYKTOPOB AUAMETPOM
426-299 MM u gausoit 250—-500 m; 245-219-MM TPOMEKYTOUHBIX
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KOJIOHH, cITycKaeMbIxX g0 ray6uusr 1100-3000 M, u 146—-140-Mmm
SKCILTyaTallMOHHBIX KOJIOHH.

1 Ta30BBIX pasBeqOUHBIX CKBaKuH raryouroi 2000—-3000 M u
OTIeJIbHBIX mromameii CTaBpOIIOJBCKOrO CBOJOBOIO0 MOTHSTUSA HC-
MMOJIb30BAJIN TPEXKOJOHHBIE KOHCTPYKITUY CKBAYKIH.

O6canHas KOJIOHHA Huamerp, MM T'ny6una cnycka, M
Kougykrop 426 100-450
IIpomeskyTOUHAA KOJIOHHA 324-299 700-1100
IIpomeskyTOoUuHAs KOJIOHHA 219 1500—-2400
IKcIIyaTanuoHHas 127-146

AHaJOrMYHYI0 KOHCTPYKIIUIO MUMEIOT PasBeqoUYHble CKBAXKUHBI C
mpoekTHOH ruryomnHoit 4000-4500 M, mprueM MaKcUMaJIbHAS TJIY-
O0uHa CITyCcKa MPOMEeKYTOUHBIX KOJIOHH yBeauumaacsh 10 3307 m niaa
o0cagHBbIX KOJOHH guamerpoM 299 mm u 10 4236 M — A KOJIOHH
nuameTrpom 219 mm.

Hauasrieecsa ocBoenne riiyous csbimre 4500 M mpuBesio K HeoO-
XOAMMOCTHY IPUMEHeHU ellle 60jiee CIOKHBIX YeThIpeX- U IMATHUKO-
JIOHHBIX KOHCTPYKITUM CKBaKUH.

Ha puc. 3.5 1 3.6 mpuBeneHbl TUTIOBbIE KOHCTPYKIIUY TJIYOOKUX
ckBaskuH CTaBPOIOJIBbCKOI0 Kpas.

Yeuna u Uarymerusa. BeKpbITHIN paspe3 CTPYKTYP PermoHa
MIPEICTABJIEH OTJIOMKEHUAMHU OT UYETBEPTUUYHBIX A0 MEe3030HCKUX
(fopCKUX) BKJIIOUNTEIHHO. [IpOAYKTUBHBIMIY TOPU3OHTAMU ABJISIOT-
cA KaparaHo-uoKpaKCKHe, HMKHeMalKoICKWe, BepXHe- W HUMKHEe-
MeJIOBBIe, I0pcKue. IlmacToBbIe faBIeHUA B Me3030MCKUX OTJIOXKE-
HUSAX B 3aIIaJHOUM ¥ BOCTOYHOM YACTSAX PErnoOHa PasJINYHBI ¥ COCTAB-
Js10T cooTBeTcTBeHHO 36 11 60 MIla.

VYc1oBUs COOPYKEHUA CKBaYKUH Ha ITOJAaBISIOINEM O0JIBIITNHCTBE
pasBemOUYHBIX U HSKCILIyaTAllMOHHBIX ILJIOIa[ell dYpe3BbIUAMHO
cao:xHbl. OCHOBHBIE BUIBI OCJTOKHEHUWH CJIeAyIOIue: BCJIEACTBUE
OOJIBLITINX YTJIOB 3aJIeTaHUS M YaCTOT'0 YepPeqoBaHMUA IOPOJ IO Kpe-
IIOCTHY B KAParaHo-40KPAKCKUX OTJIO0KEHUAX CTBOJI CKBAYKUHBI MMe-
eT TeHAEHIINI0 K WHTeHCUBHOMY HCKPHUBJIECHUIO; B OTJIOMKEHUIX
HIKHETo Maiikona 1 opaMUHU(EPOBBIX CI0SIX HOCTOAHHBI IIOTJIO-
IeHUsA TPOMBIBOYHOM KHUIKOCTH, YTO OOYCJIOBJIEHO PAa3HOCTBHIO
IJIACTOBBIX MaBJIEHUM MEXKIY KaparaHo-4YOKPaKCKUMU IIeCUuaHUKa-
MU U OTJIOKeHUAMHU MAaNKOma, MeXAY OTJIOKEeHUAMN MAaWKoIa U
BEPXHEro MeJjia, a TaKyKe MeXKIy OTAEJbHLIMU CBUTAMU HUXKHEro
meJsia. Bee aTo mpenpompeesisseT IpuMeHeHne MHOTOKOJIOHHON KOH-
CTPYKIIUY CKBaKUH.

Kpenenne MaliKOICKUX OTJIOMKEHUH COMPAKEHO C OMACHOCTHIO
00BaJIOB, OCBITIEll TTOPOJ ¥ IPUXBATOB KOJIOHH BCJIEACTBUE HEYCTOM-
YUBOCTHU TJIMHUCTOM Tosmu. [id mecuaHUKOB HUMKHEro Maiikoma
xapaxkTepubl ABII.
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Puc. 3.5. Tunospie KOHCTPYKI[UM CKBAXKUH HA I0r0-BoCTOKe CTaBpOMOJIb:

I,II — TuIl KOHCTPYKIMI IPU MPOEKTHOM IIyOMHE CKBasKUHBI COOTBETCTBEHHO 0
4500 ™ u ceeme 4500 M; a — BogomposBieHus (neéur 100-200 m®/cyr) mpu p,, >
> Dryyp H2 0,5—1 MIla; 6 — cnabele npu p,, > p,,,, Ha 1 MIla; 6 — BogonposiBIeHNs
(50=100 m3/cyr) npu Prn > Penyp Ha 2—-3 MIla; 2 — Bomonpossierns (200 m®/cyt) mpu
Pun > Prugp Ha 3Mlla; 0 — 3aTAXKM ¥ TIPUXBATH GYyPUILHOTO MHCTPYMEHTa; e — Hed-
TETNPOABJIEHUA IPU Py, > Py, Ha 3—4 MIla, B unTepsane 4250-4700 m BonmoHamOp-
HBII IJIACT C ILIACTOBBIM JaBieHueM 72,0 MIla; o — 3acosioHeHHe GYPOBOTO PaCTBO-
pa; 3 — He(pTerazoNpOABICHUA
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Puc. 3.6. ®axkTHuecKMe KOHCTPYKIMHU TIyOOKMX CKBaskMH B CTaBpOmMOJIbCKOM
Kpae:
a—ckB. 4 CoBerckas; 6 — ckB. 2 CrenHOBcKasdA; 8 — cKB. 2 Kypckas

dopamuHU(DEPOBLIE OTJIOKEHUA BO MHOTUX CJIydYadAX BCKPBIBA-
IOTCA BMECTe C MAalKOIICKMMH C HCIIOJIb30BaHMEM OYPOBBIX PACTBO-
POB, UTO SIBJIAETCA IPUYNHON I'IIPaBINYEeCKOr0 Pa3phIBa IIJIACTOB U
MOCJIEYIOIIEro MOTJIONIeHN A IPOMBIBOUHOM KU IKOCTH.

MesioBBIE OTJIOMKEHUS XapaKTePU3YIOTCA MEHBIITNMHU IIJIACTOBBI-
MU JaBJICHUSIMU, UeM MANKOIICKMe, HO BCJIEICTBME TPEIMHOBATOC-
TH MEJIOBBIX IOPOJ TPOMCXOAAT WHTEHCUBHBIE IIOTJIOIIEHUSI OypPo-
BOI'0 ¥ TAMIIOHAYXHOT'O PACTBOPOB.
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Bo MHOrMX CKBa)KMHAaX BO3HUKAIOT OCJOKHEHUA, CBI3aHHBIE CO
3HAYUTEJbHBIM KaBePHOOOPA30BaHMEM U KeJTOOHBIMU BHIPAOOTKAMU
Ha OoJsbIuX riryomHax. I1o oTAeIbHBIM MHTepBaJIaM Ko3(GUIIUEHT
KaBePHO3HOCTH = 2.

Boapinasa yacTh HUIKHEMEJIOBBIX OTJIOXKEHUI TOCTATOYHO YCTOIi-
ymBa. IOpcKue OTJOMKeHUs HAOJ0Jal0oTCA HA TJIyOMHAX OKOJIO
5000 M; xapakTepPHLIMU OCJOKHEHUSIMU B 3TOM TOJIIIE ABJISIOTCSA
CY:KeHUs CTBOJIA U He(pTerasompoABIeHNUA.

Bricokue 3aboitabie TemmnepaTypsl (170 °C ma rayoune 5000 m)
00yC/IOBJIMBAIOT IIPUMEHEHHE I[€MEHTHO-IIECUYAHBIX U IIIJIAKOBBIX
TaMIIOHAKHBIX pacTBOpoB. OOcagHble KOJOHHBLI IIEMEHTUPYIOT Ha
BCIO JJINHY BILIOTBH A0 YCThS CKBAKMHBI METOIOM IIPAMOTO MJIN 00-
paTHOrOo IIeMEeHTUPOBAHUA.

Teomornueckue yCIoBUS HA MECTOPOKAEHUAX PervoHa He I03-
BOJISIIOT OYPUTDH CTBOJI CKBasKUHBI IryounHoi 1o 5000-7000 M ¢ uc-
IOJIb30BaHMEM OYpPOBOTO pacTBopa 0e3 3HAUNTEJIbHBIX M3MEeHEHUM
ero miaoTHocTu. ITosTOMy MPU BCKPBHITUU BCETO KOMILIEKCA OTJIOMKe-
HUI 11eJ1eco00pasHO M30JMPOBATH OTAEJbHbIE CTpaTUIpaduUecKue
TOPU30HTHI IPOMEKYTOUHBIMU 00CATHBIMU KOJIOHHAMY HUJIX XBOCTO-
BUKaAMU. ITO TPe6yeT MCIOJIb30BAHUA MHOTOKOJOHHBIX KOHCTPYK-
UM, BILJIOTH A0 YeThIpeX- ¥ MATUKOJOHHBIX.

IIpumeHsemMble COUETAHMS TUAMETPOB CMEKHBIX 00CAIHBIX KO-
JIOHH B KOHCTPYKIIMSX INIyOOKUX CKBAYKUH 34 IIOCJIeIHNE TOIbl IIPU-
BeJeHbI Ha puc. 3.7, a, 0.

C pocToM riIyOoMH BO3pacTall TEXHOJOTHUYECKHEe TPYIHOCTU OY-
peHus, yBeIWUMBAJNNCHh YUCJIO W CTEIeHb WX CJIOMKHOCTU, POCJIO
YUCJIO TUKBUIUPOBAHHBIX CKBAMKIH.

CBepxriIy00OKy0 CKB. 47 3aMaHKYJI 3aKJaIbIBaJN Ha TJIyOUHY
7000 M mo kKoHCTPYKIUU 630x426x324x245%x194x127/168 ™M
(puc. 3.8). IsameHeHNe ee KOHCTPYKIIUY IIPOU3BEJIN TOJBKO HA TJIY-
6une 5033 M cmyckom obcamHOiT KOooHHBI 178x194 MM mo ycTha

a 0

426 —324— 245 327351 — 299

630— 426 — 299 ]-168 -114/146- 168 426—324 ]- 219 168 —114/146
:|- 219 508+— 351273

426 — 324273
630—377

630— 426 — 324—245—194—127/168 426299219 168—127

426 — 324245194 — 140102

Puc. 3.7. CxeMbI KOHCTPYKIMII CKBasKMH 3ama HOM (a) ¥ BOCTOUHOI (6) rpynm me c-
Topo:xaennii Yeunn u Uarymerun
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5
g a 0
S = Cmpamuzpagua 124 178
S 820 630 426 324 245 194 168 820 630 426 324 245 194
AKkuazoli 4 4 f 247
400 - Capmam 8 75
800 -
1200 - Ktlp(l?,(lﬂ 4 998
Yokpax 41261
1600 - Bepxnuit 1400 1368
2000 4 Maitxon_
Huorcnuii maiikon
2400 Dopamunughepol
2800 4  Bepxnuii men
3200 - § |0 4 7 4 7230
= [ Anm 3200 3210
3600 13| bBappem
4000 - § Tomepus
X | Bananowcun v/
4400 - 4400 4 4592
4800 — 4667 7
sa00  Bepuen 5033
5600
6000 - 5800
6400 Cpeonan
6800 - opa 4
7000 — 7000

Puc. 3.8. IIpoexrHas (a) u haxkTuueckas (6) KOHCTPYKIUH CKB. 47 3aMaHKYJI

CKBa’KMHBI BMECTO XBOCTOBUKA amameTpoMm 194 mm. [lanbHeiimniee
yray0JeHre CKBa)KWMHBI OBLIO IMPEKpAaIeHO BCJEACTBUE CMATUSI
TIPOMEXKYTOUHON KOJIOHHBI B MHTEpBajie 3ajeTaHUsa MaNKOICKUX
OTJIOYKEHUN.

OmnpegensomuMu (paxkTopaMu IPHU BhIOOPE KOHCTPYKIIUHA OCTa-
BAJINCL NPHMEHEHNEe XBOCTOBMKOB, YMEHBIIIEHHE 3a30POB MEXKIY
CTBOJIOM CKBAKMHBI 1 00CaJHLIMU TPyOamMu, IpUMeHeHe 0e3Myd-
TOBBIX Pe3b0OBBIX KOJOHH (TabJ. 3.4).

B Yeune u WHTyIIIETUN WUMEETCA OIBIT MPUMEHEHUS CMEHHBIX
KosoHH. CMeHHbIe KOJOHHBI 00eCTIeUnBalOT MHOTOKPATHYIO 3aMeHY
u Oe3aBapuiinyoo padoTy, XOTA UX JJIMHA OrpaHrYeHa OJINHOI mpe-
OBIAYINel KOJIOHHBI, HEOOXOIMMBIMI 3a30PaMU M BBICOTOH ITOABEMA
IIeMeHTHOr'o pacTBopa. VX IJIMHBI IIOKa eIle HeBeJIUKU; B CKB. 47
3amaukya 1003 m, ckB. 49 Xaau-Koptr 1139 M, ckB. 4 Axcaii
1573 m u ckB. 906 Manrobex 956 m.

ITuporo npuMeHAIOT cIycK 0e3My(hTOBBIX KOJIOHH Ha CBAPHBIX U
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Tab6anuma 3.4

MaxkcumaJibHbIe ITyOMHBI CIIyCKa 00CAIHBIX KOJIOHH M JOCTUTHYTHhI€ BBIXOIBI UX
B OTKPBITBIN CTBOJI B CKBasknmHaxX Yeunu u MHrymeruu

Huamerp, MM Maxcu- Brixog
Koabnesoit MaJbHASA U3-II0[,

obcagHOn 3asop, TIyOuHA GammMara

CKBAXXIHBI TPYOBI Myt MM CIIyCKa IpeabITy-

KOJIOHHBI, e Ko-

M JIOHHBI, M
550 426 451 49,5 1368 1340
446 377 402 22,0 1797 1502
446 351 376 35,0 2650 2415
346 340 365 40,5 2767 2672
394 324 351 21,5 3519 2700
346 299 324 11,0 2707 2413
246 273 299 23,5 3860 1400
395 245 270 12,5 4669 1370
269 219 245 12,0 4165 1600
243 194 216 13,5 4591 2320
243 178 196 18,5 5033 743
214 168 188 13,0 5121 2052
190 168 - 11,0 5020 1120
190 140 154 19,0 5216 230
161 127 142 9,5 5343 170
140 114 127 6,5 5532 800

Pe3b0OBBEIX cOoeqUHEHMAX. Ha CBapHBIX COEIMHEHUAX CIYCKAIOT
TpyObI U3 craseit rpymnm npounoctu I, K, N-80 u mapku 20XI'2B.
KosoHHBI TPY0 13 BHICOKOJETMPOBAHHBIX CTaJell I'PYIII IPOYHOCTH
E, JI, M, P-110 coyckaioT Ha 6e3My(TOBBIX Pe3b0OBBIX COEIUHE-
HUAX.

B KOHCTPYKIIUAX CKBayKMH NpuMeHAT 114-MM obcamgHbIE TPY-
OBI 1151 HEePEKPBHITUA MPOAYKTUBHOM TOJINY BEPXHETO0 U HUIKHETO
MeJsa. B HeKOTOPBIX CiIydasdX 9TH OTJIOMKEHUS HMepeKpPhIBAoT 89-MM
TpydaMu, CIIyCKaeMbIMHU B KaUeCTBE XBOCTOBUKOB M KOMOUHUPO-
BaHHBIX 9KCILIYaTAIIMOHHBIX KOJIOHH.

Hawu6osbIliee pacupocTpaHeHNe TOJIYUNIIN CIeAYIONINe ABa TUIIA
KOHCTPYKIIMH CKBaKMH: 426x299%x219x168,,x114/146x168 u
426x324%x273x219%x168,,114/146x168 ™MMm. B KOHCTPpYKIIHAX
CKBaYKWH, 0COOEHHO I''TYOOKMX, IITMPOKO MCIIOJIb3YIOT MMIIOPTHBIE U
oTeuecTBeHHBIE TPYObI quamerpom 178, 194 u 340 mm.

B KauecTBe mpuMepa KOHCTPYKIIUU TJIYOOKUX U CBEPXTJIYOOKUX
CKBasKMH pernoHa MOKHO mpuBecTu cKB. 1005 CraporposHeHCKOHi

ILJIoIIagm.
IIpoexTHBIE padMepbl, MV daxTHUecKue pasM epbl, MV
426x700 426x697
324x3400 324x3519
245%x4450 245 x(4449-2336)
194x4750 (168-178-219)x5121

140, x(4900-4650)

102, x(5500-4800)

114, x(5496—4893)
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Harecran. Ilo reosorunueckoMy crpoeHuio teppuropus Ilarec-
TaHa MOPa3/leIAeTCs Ha ABe 30HBI: CEBEPHYIO — PABHUHHYIO U I0JK-
HYIO — IPEeATOPHYIO U TOPHYIO, OCJIOKHEHHYI0 Pa3MbIBAMU U TEKTO-
HUYECKUMU HAPYIIIeHUSIMMU.

B mepBoM paiioHe B CTpPOEHHMM ILIOIIAJE IPUHUMAET yYacTue
KOMILIEKC IIOPOJ OT TPETUUYHBIX A0 Me3030MCKUX (IOPCKUX) BKJIIO-
uynTeabHO. BypeHre CKBa’KMH 3€Ch OCYII[ECTBJIAIOT C MCIIOJH30Ba-
HHeM OypOBBIX PACTBOPOB ILTOTHOCTHIO 1,26—1,32 r/cm®. IIpoayk-
TUBHBIMU SABJIAIOTCA OTJIOKEHUA HIUYKHETro MeJia ¥ I0phl. IlmacToBbie
TeMIepaTypsl Ha riryoune 4700 m gocturaror 200 °C.

IIpu 6ypennn ckBaskuH Ha 1miomaaax CeBepuoro Ilarecrana oc-
JIOXKHEHU! He HabJIIoKaeTcs.

MecTopo:xkgerusa I0:xHoro [Jlarectana oTJIMUaOTCA CIOMKHOCTHIO
Te0JIOTUUECKOTO CTPOEHU, a TaKKe aHOMAJIBLHO BBICOKMMU 3a001-
HBIMU TeMIIepaTypaMu 1 IIJIACTOBBIMU JaBJICHUAMM. Y TJIBI HaKJIOHA
ILIACTOB BOJIM3Y CBOJA CTPYKTYP Aocturaiot 60°.

T'opu30HTHI CO CBEPXBBLICOKUMHU JaBJIEHUSAMHU BCKPBLITHI HA MecC-
TopokaAeHuaX Auu-cy, M36epbar, Maxaukana, Mctu-cy. Ha ray-
6unax 1800—-2800 M mMelOTCS MHJIACThI, B KOTOPBIX MaBJIEHHE I0-
cturaetr 40—60 MIla. ITpogyKTHUBHAsA TOJIIA BEPXHETO Meja Ipej-
CcTaBJieHa TPEIUHOBATHIMY KaBEPHOSHBIMU M3BECTHAKAMM C TIJIAC-
ToBBEIM AaBieHueM g0 80 MIla. 9ra uacTh paspesa xapaKTepuayeTcs
KaTtacTpopUUeCKUMU IIOTJIOIIEHUSAMU IIPOMBIBOUYHON KUIKOCTU
(mwromagu Msbepbain, Aun-cy, Uctu-cy).

MaiikoncKue OTJI0KeHUs CJI0MKEeHbl HeyCTONUYUBBIMU, CKJIOHHBI-
MU K 00BasooOpa3oBaHUIO IyimHaMu. KoadduinrenT amoMaabHOCTH
miaactoB pocturaer 1,8—2,0, mosToMy mpu pasOypUBAHUM IIOPOJ
MaMKOIIa UCIIOJb3YIOT YT KeJIeHHEIIl 0yPOBO#l PACTBOP IJIOTHOCTHIO
2,0-2,25 r/cm®.

KoHCTPYKIIY CKBasKUH Ha He(PTAHBIX U Ta30BBIX MECTOPOKIe-
Huax [arecrama pasiauuHbl. [lJigd ceBepHOI TIpynmsl ILjIolianeit
IIPUMEHAIOT IBYXKOJIOHHYIO KOHCTPYKITUIO, IJIA IOKHONH — MHOTO-
KosoHHYyIO (puc. 3.9, 3.10). HaubosbIliii BLIXOMA M3-TIOM KOJIOHHBI
npuameTrpoMm 299 MM mocTUTrHYT B cKB. 16 CosloHUaKOBasA U COCTABJISA-
er 2751 m.

Hawu6osee ray6oKas u3 IpoOYPEHHBIX — IIapaMeTpuyecKas CKB.
1 Kouy6eeBckas (cm. puc. 3.9). IIpoxoaxa ee mo rayouusl 4000 M
BeJlach 0e3 3aTpyLHEHUI, AajbHellIee Ke yIIyOJeHVWE 3aMeTHO
OCJIOJKHMJIOCh. Ha KOHEeUHOU riiyOmHe 3aperucTpupoBaHa TeMIiepa-
Typa 202 °C. OCHOBHEIE TPYAHOCTH IIPU KPEIlJIeHNH 3aKJII0YaloTCa B
YaCTUYHOM ITOTJIOIIEHNN TAMIIOHAKHOTO PACTBOPA, MPUBOASAIIEM K
ero HemoA'beMy 0 IIPOEKTHBIX OTMEeTOK. IloaTomMy HuKe OalrMakxa
KOHIYKTOPA OCTAETCA YacTh SKCILIYaTAIlMOHHON KOJIOHHBI IJIMHOMH
400-1200 M, He 3aKpelJieHHAas IeMEeHTHBIM KaMHeM. Takoe moJio-
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Puc. 3.9. Koucrpykuuu (a, 6) a 0
CKBAKMH Ha omagsax Ce- 426 299 219 146 725 570 426 299 219 146
BepHoro Jlarecrana r
A 4 4
7 718
405
600—1200
1000-1500
1832
7]
A
2199
3000 #4
7
Puc. 3.10. KoucrpyKiuun 7 3749
cKkBaskMH Ha miaomaxax O
Horo /larecraHna: 3250-4100
a — TumoBadA; 0 — Ha ILIOIIA-
o Aum-cy; 6 — Ha ILIOIIAAHN
Ws6epbain; 2z — OIPOEKTHAA 4915 #
cKB. 247 W36epbar 4950
a 7 8 2
14 14 127 29 114
830 478 299 219 168 148 478 324 273 219 168 146 478 324 245194 146 478 351 273 245 168 148
| T ) T a pa| T T
7 100 70 100 70
1200
20007 1700
1800
2200 2200 2140
4
3400 3500 4
3800 2 3680
4000 4400 44
00 00 4560
Vi
5380

4
6000

JKeHUe IJIA Ta30BBIX U I'a30KOHIEHCATHBIX CKBAKWH C BBICOKMMU
maactoBbiMu (1o 45 MIla) u yerbeBbiMu (mo 25 MIla) naBieHusaMu
He MOJKeT CYUTATHCA HOPMATbHBIM.

IIpu BBOJE CKBA’KMHBI B OKCILIyaTalluio BCJIELCTBUE TeMIepa-
TYPHBIX ZedopMaruii 06cagHOM KOJIOHHBI B Tpy0aX BOSHUKAIOT 3HA-
YNTeJbHBIE CXKHUMalolye oceBble ycuiausa. CpemHee wu3MeHeHUe
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TeMIlepaTypbl TPY6 o6caHOM KOJOHHBI, He 3aKPEIJIeHHON I1eMeHT-
HBIM KaMHeM, cocTaBjseT 35—40 °C, uTo cmocoGCTByeT BO3HUKHO-
BEHUIO OCEBOTO CIKMMAIOIIEro KOJIOHHY ycuausd, paBHoro 400—
550 xH.

Taxum o6pa3oM, ecjii IPHU CIIycKe 00CamHON KOJOHHBI OCHOBHBI-
MU HaATIPAKEHUAMU B Tejie TPYO ABJIAIOTCS HAIPAKEHUS PacTaiKe-
HU, TO CKUMAIOIIlee YCUINe B He3aKPeILJIeHHOH IIeMeHTHBIM KOJIb-
IIOM KOJIOHHE B IIpoIlecce SKCILIyaTalluid CKBAYKWHBLI ITPUBOIUT K
U3MEHEeHUI0 0CeBOH Hamps:KeHHOCTH Tpy6. Ilepmommueckoe usme-
HeHHe HANPSKEeHHOCTH TPYD SKCILIyaTallMOHHON KOJIOHHBI OT HAa-
MPSI’KEeHUN PaCTAMKEeHUs, BeJIMUNHA KOTOPHIX 3aBHUCHUT OT Beca HU-
sKeJIesKareil 4acTu KOJIOHHBI, 0 YaCTUYHOTO MJIU IOJHOTO CHATHUS
WX U IIepexoJia YacT! KOJIOHHBI K COCTOSHHIO CXKATHUA BedeT K Ha-
PYIIIEHUIO TePMEeTUYHOCTY Pe3b00OBBIX COeTUHEeHNIT 00CagHbIX TPYO,
MeKILJIACTOBBIM IIEePeTOKaM Tasa uepes 9TO HapyIleHue U B ciayuae
IOCTATOYHOIO JaBJICHUA I'ada — r'UAPOPa3pPhIBAM IIOPOM, AKKYMYJIA-
1MUY JABJIEHUS B MIPOHUIIAEMBIX ILJIACTaX, IPU(OHO00PAZOBAHUAM U
BO3MOMKHBIM OCJIOKHEHUAM IIPU JajbHeHIeM BBOJAe B dKCILIyaTa-
IIWIO BCEH IIJIOIIAamM.

IIpu O6ypermm cKBaskmH Ha maomanax IOxuHoro [larecrana
BEPXHIOIO IIOTJIOIIAIONIYI0 YACTh paspesa IepeKpPhIBAIOT IIepPBOM
IPOMEKYTOUHON KOJOHHOU auameTpoM 299 m. Bropyio mpome:xy-
TOUHYIO KOJIOHHY AuaMeTpoM 219 MM cIycKaroT IJs 3aKperieHus
HEYCTOMYUBBIX OTJIOKEHUU BepxHero Markomna. OTJIOKeHUS HUMK-
Hero Maiikoma 1 (hopaMUHU(PEPOB MePEKPHIBAIOT XBOCTOBUKOM JMa-
MeTpoM 168 MM. OKCILIyaTallMOHHYIO KOJIOHHY CITyCKAIOT 0 IIPO-
eKTHOI TJIyOMHBI. BBICOTY mombeMa TaMIIOHAXKHOTO pacTBOpa 3a
BCceMU 00CAAHBIMY KOJIOHHAMY IIPOCKTUPYIOT HA BCIO UX AJIUHY.

dakTUecKWe JaHHBbIE O IIPOBOJKE TJIYOOKMX CKBAMKUH IIO3BO-
JISIOT BBIJEJIUTH CJIeAYIOIre OCHOBHbIE 0COOEHHOCTH MX KOHCTPYK-
IIUW: MHOTOKOJIOHHOCTB, HCIIOJIb30BAHNE XBOCTOBMKOB UM KOMOWHI-
POBaHHLIX KOJIOHH, MaJIble KOJIbIIEBhIE 3a30PbI MEXKIY My(pTO# CIIy-
CKaeMOU KOJIOHHBI M CTEHKOUW CKBa'KWHBI, IIPMMEHEHNEe KOJIOHH CO
CBAPHBIMY COEIUHEHUIMU, O0JIbIINE HeoOCaKeHHbIe YIACTKY CTBO-
Jia B XoZle OypeHusl U MoabeM TAMIIOHAKHOI'0 pacTBOpa Ha 3HAUM-
TeJbHYIO BBICOTY. HeKOTOpbIe MPOEKTHI INIYOOKUX U CBEPXTIYOOKUX
ckBaskuH (101 dysnak, 4 Akcail 1 Ap.) IpeAycCMaTpuBaId CMEHY
BepXHEM YacTu MIPOMEKYTOUHBIX KOJOHH.

3.2.2. BATTIATHASI CUBUPH

T'eosornueckue paspessl cTpyKTyp Cpenuero Ilpuobbsa Ha Bcex
MEeCTOPOKICHUAX UAeHTUYHBI. [Ipu riyomua ckBaskuu g0 2800—

188



3000 M BCKPBIBAIOTCS OTJIOKEHUSA OT UYETBEPTHUUHBIX OO0 IOPCKUX
BKJIIOUNTEIBHO.

KousneKTopsl XapaKTepusyTCs BEICOKOH IIOPUCTOCTHIO, TPOHU-
I[aeMOCTBIO M 0OJIbIION 3(h(EeKTUBHON MOIIIHOCTHIO, UTO II03BOJIAET
MOJIYYUTH BLICOKHE pabourie Ae0UTHl CKBA*KWH. SHAaUEHUs IJIACTO-
BBIX JaBJIEHUI COOTBETCTBYIOT I'APOCTATUYECKUM.

Ha Bcex miomanax BepXHsAA 4acTh paspesa (IpUOIU3UTETHHO A0
roryounsl 200—400 M) ciosKeHa PHIXJIBIMU IIOPOJAMM, CKJIOHHBIMU
K IIOTVIOIIEHWAM U 00BaJiaM. JTOT MHTEPBAJ IePEKPHIBAET KOHAYK-
Top. I'1yOmHa ero coycka ompeaeaseTcsa TaK:Ke BUAOM CKBAKWHBI
(BepTUKaJbHASA UM HAKJIOHHAA) U cocTaBigeT 200—500 m.

T'asoBblie mMecTopokIeHUA TIOMEHCKOro 3amoJsapbsa IO CBOEMY
JIATOJIOTUYECKOMY Paspe3y OTJIMUAIOTCA OT PAa3PEe30B MECTOPOKAE-
uuii CpegHero IIpmo6GbA HaIWUYMEM MOIIHBIX TOJII MHOTOJIETHE-
Mep3JbIX mopos. MHOrojeTHAA MepaJjioTa PaCIPOCTPaHAETCA Ha
YeTBEePTUYHBIE, OJIUTOIIEHOBLIE U 90I[€HOBbIE OTJIOMKEHUS, a B Kpaii-
Hel ceBepHOII YacTU MeCTOpOKIAeHus MeaBe:Kbe — M HA BEPXHIOIO
YacTh IajeolieHa. B cocTaBe Mep3JIoi TOJIIM IpeodIagaeT Jem, co-
CTaBJIAIOIINI B HEKOTOPBIX CIydadAx 06ojiee IMOJOBUHBI paspesa ToJI-
LM

T'asoHOCHBIE TOPUBOHTHI IPUYPOUEHEI K OTJIOJKEHUAM CEHOMAaHC-
KOro Apyca BepXHEeMeJIOBbIX OTJIOKeHnii. CeHOMAaHCKMIA TOPU3OHT —
MOIIHBIN Ta30BBLIN TOPU30HT, 00ECIEeUMBAIONINII CYTOUHBLIN AeOUT
cKBarkmH 2—3 MuIH. M° rasa u 6osee. IIIacToBBIE HaBJIEHUA COOTBET-
CTBYIOT I'MAPOCTATUYECKHUM, TeMIlepaTypsl gocturaoT 80—100 °C.

B unTepBasax, CJI0KEHHBIX MHOTOJIETHEMEDP3IBIMU TIOPOLaMU, B
pesyJbTaTe BO3AEHCTBUA HA HUX IMOJIOKUTEIBHBIX TEMIIEPATyp U
pacTeljieHre IIeCUaHBIX OTJIOMKEHUM, CIEeMEeHTHUPOBAHHBIX JILIOM,
HaOJII0Jal0T MHTEHCHUBHOE KaBepHooOpasoBaHue. HambGoisiee meyc-
TOMYUBEI IOPOALI YETBEPTUYHOTO BO3PACTA, B MHTEepBaJe 3aJleraHus
Kotopsix (0—200 M) daxkTuuecKuii 06'bEM CTBOJIA IIPU CYIIECTBYIO-
el KOHCTPYKIIUY CKBAKWH U TEXHOJIOTUM OypeHUSA MOKeT IIpe-
BOCXOIUTHh HOMUHAJIBHBIN B 3 pasa u 6oJee.

MHoroJieTHEMEP3JIble OPOAbl 3HAUNTEIbHO CHUKAIOT KaueCTBO
IIEMEHTHUPOBAHUA CKBAKUH U HAJE’KHOCTb KPEIJIEHUS WX B I€JI0M
BCJIEICTBYE€ MAJIOTO BBITeCHEHU S 6YPOBOr0 PACTBOPA TAMIIOHAKHBIM
u3-3a HaJIUumsa OOJIBIINX KaBepH. B mpoliecce SKCILIyaTalluu B pe-
3yJIbTaTe MPOTPEBA OKOJIOCTBOJIFHON 30HBI BO3MOKHO OOpPYIIIEHIE
MePSJBbIX IIOPOJ, 00pa3oBaHUe IPUYCTHEBBIX KPATEPOB U IIpocena-
HUeE YCThS CKBAMKUH.

Teonmornueckuii paspes MECTOPOKIEHUHN XapaKTepusayeTcs
TaK:Ke HaJUYWeM 30H, CKJOHHBIX K MHTEHCHUBHBIM IMOTJIOIEHUAM
IpU IIPOTHBOAABICHUAX, HE3HAUUTEJIbHO ITPEBBIIIAIONINX THUIPO-
CTaTHUUecKue.
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Kak skcmryaTanmoHHbIE, TaK U Pa3BeJOYHBIE CKBAKUHBLI NMEIOT
OJHOKOJIOHHYIO KOHCTPYKIIMIO C TPe00IafalouM COUeTaHUEM [IH-
aMeTpPOB CMEKHBIX 00CagHBIX KOJOHH 245x168(146) MM (cpenuee
IIpuobne) u 324x219 mm (3amoaspbe). JIUIIb KaKk MCKJIOUEHUE B
HEeKOTOPBIX KOHCTPYKIUAX cKBaKuH Cpennero IIpmobbs mpume-
HAIOT cOUeTaHMEe AUAMETPOB CMEKHBIX 00CAamHBIX KOJOHH 219 x
x 146 mM. PasBegounble CKBaXKUHEI TyIyonHo#i 6osiee 3000 M Oypu-
JINCH TI0 ABYXKOJIOHHOM KOHCTPYKIMU (324x219%146) co cmyckom
MIPOMEXKYTOUHON KOJOHHBI Ha riyomny 1500 M nis mepeKpbITHA
BOJIOHATIOPHBIX TOPM30HTOB CEHOMAaHCKUX oTJioxkeHui (TasoBckasa
IJIOIAIB).

3a mepuo ¢ Havajia OypeHUs SKCILIyaTAIlMOHHBIX CKBAKMH HA
MecTOposKAeHNN MeaBeKbe X KOHCTPYKIIUY B IIEJIOM IIPETEPIIeIn
He3HAUUTEJbHbIE U3MeHeHUA. KaK mpaBmyio, IPUMEHAJINCH OTHO-
KOJIOHHBIE KOHCTPYKIIUHU ¢ JUaMeTpaMu KOHIYKTOpoB 219-324 mm
U AuaMeTpaMM SKCILIyaTaIlMOHHBIX KOJIOHH oT 127 mo 219 mwm.
JIuitb B HEKOTOPBIX cKBaskMHaAX (CKB. 18, 209) ObLIn MCIOJIbL30Ba-
HEBI 0oJIee TAMKesble KOHCTPYKIIUYM CO CITyCKOM IIPOMEKYTOYHOM KO-
JoHHBI Ha TayonHy 1000-1020 M A 3aKpeIyieHHusA CTBOJIA IIepes
BCKPBITHEM 30H Ta30MPOABJIEHNN M3 KOHBAKCKUX OTJIOXKeHUi. Of-
HAKO B OTJIMYUE OT OOIIENIPUHATON MOCJAeTHAA KOHCTPYKIIUA rapaH-
THPOBAJIA HATEKHOCTh U TEXHOJOINYECKYI0 06€30IIaCHOCTDh BEeIeHUS
paboT IIPU BCKPBITUY OCHOBHOTO IIPOAYKTUBHOTO TOPU30HTA.

OrnnunrenabHas 0COOEHHOCTh KOHCTPYKI[UI TasOBBIX CKBaKUH
MecToposkaAeHUH TIoMeHCKOro 3anoiapbsa — HeJOIOAheMBI IIeMEHT-
HOTO PacTBOPA [0 YCThS CKBA’KUH 34 BCEMU KOJOHHAMU BCJIEJICTBUE
TIOTJIOIIEHNH U OMMOOK NP IIOJCcUeTe HeOoOXOOWMOI'0 KOJIUYECTBA
TaMIIOHAMKHOr0 MaTepraJia 1 00beMOB KOJIbIEBBIX IIPOCTPAHCTB.

B 30He pacupocTpaneHus MHOT'OJIETHEMEP3JIbIX IIOPOJ B Pe3yJib-
TaTe CUJIbHOTI'O KaBePHOOOPa30BaHMs, KOTOPOE COIPOBOKAAETCA IIO-
SIBJIEHUEM YCTYIIOB, CIIOJI3aHMEM IIIaMa ¥ O00BajlaMHU IIOPOJ, KOH-
IYKTOPBI BO MHOTMX CKBAKMHAX He ObLIM JOIYIIEHbBI 10 ITPOEeKTHBIX
TJTyOuH.

IIpu pInTeIbHBIX OCTAHOBKAX 9KCILIYATAIIMOHHBIX CKBAYKUH OT-
MeUeHBbI CIyJan CMATUS 00CagHBIX KOJIOHH B MHTEpPBAaje MHOTOJIeT-
HeMepaJblx mopok (ckB. 110 u 154 Meccoaxckoro u 130 CosieHuH-
CKOT'0 MECTOPOKAEHMIT).

3.2.3. OCOBEHHOCTHU KOHCTPYKIIY CKBAYKUH B YCJIOBUSIX
BOJILIIION MOIITHOCTU MHOTOJIETHEMEP3JIBIX ITOPO]T

MmuoroJieTHAsT Mep3JI0Ta PacIpoCTpaHeHA B Halllel cTpaHe Ha
reppuropuu UpKyTckoii, Maragauckoit, Yurunckoii, Omckoii, Ho-
BocubupckKoii, TiomeHckoii, Tomckoii, CBepmanaoBckoii ob6Jacreii,
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Xabaposckoro u Kpacuosapckoro kpaes, Komu, AxyTuu u BypaTuu.
Oma sagumaer 10 yurH. KM2, T.e. 60ee 50 % Bceii IIOMALT CTPAHBI.

B paiioHax MHOTrOJIeTHelI Mep3JI0Thl HAaXOAATCS 3alachl IPUPOJ-
HBIX rasoB u Hepru. CUMTaIOCh, YTO PACIIPOCTPAHEHME MHOI'OJIeT-
HeMep3JILIX TPYHTOB orpaHnunBaerca riryouron 600—-700 m, ogHa-
KO pe3yJbTaThl OypeHUs U MCCIeIOBaHMe TeIJIOBOro pe:xkmuma Map-
XMHCKON CKBasKWHBI, PACIIOJIOKEHHOM B CEBEPO-3alaJHONM dYacTu
SAxyTum, foxkaszaau CymiecTBOBaHNE MHOTOJIETHEMED3JILIX MOPOJ Ha
rury6use okosio 1400 M (B aTo cKBaskmHe Ha rorydbuHe 1800 M mac-
TOBad TeMmIeparypa cocrasuia +3,8 ‘C, B unreppase rayoun 250—
1400 M MMHEMAaJIbLHOE 3HAUeHHE OTPHUIIATEJbHON TeMIIepaTyphbl —
3°0C).

PasBemounoe OypeHue B paiioHaX BEUYHOM MEDP3JIOTHI BeAETCS
JaBHO 1 y’Ke HAKOILIEH JOCTATOYHO 00sbInoit onwslT. Hamnbosiee pac-
IIPOCTPAHEHHOH IJIA Pa3BEJOYHBIX U 9KCILIYAaTAIIUOHHBIX CKBAYKWH
ABJISEeTCSI KOHCTPYKIIUS, IpUBeJeHHad Ha puc. 3.11, a.

Takas KOHCTPYKIIUS YIOBJIETBOPSEeT TPeOOBaHUAM, IIPEIbABIIA-
eMbIM K PasBeJOUYHBIM CKBa:KMHAM, IIOCKOJBbKY obecleunBaeT Io-
CTATOUYHYIO T€PMETUUYHOCTh KPEILJIEHUs CTBOJIAa HA Mepuol OypeHus
u onpoboBaHuA. OTHAKO OHA HETpUEMJIEMA /1A 9KCILIYaTAIlOHHBIX
CKBa'KVH, PACCUNTAHHBIX Ha JJINTEIbHYIO 9KCILIyaTaIHIo.

Ho HacTosaIero BpeMeH” H1 OJHA U3 CKBAYKUH, TPOOYPEHHBIX B
paiioHax BeUHOM MepP3JI0ThI, He SKCILIYaTUPOBAJIACh C JOCTATOUHBIM
oT60pPOM rasa B TeUeHUe AJIUTEeJIbHOro BpeMeHu (1—2 roma u 6oJiee).
BwMmecTe ¢ TeM U3BECTHO, UTO IIPU AJTUTEIHHOM 9KCILIyaTaluu OyaeT
TIPOUCXOAUTH ITOCTEIeHHOE MTPOTPeBaHMe MeP3JILIX IIOPOJ, IPUJIe-
TaromIuX K CTBOJIY.

Ha puc. 3.11, 2 mokaszamo BO3MOKHOE pacIiipefejieHne TeMIepa-
TYPBI BIOJIb CTBOJIA CKBAMKUHBI IIOCJIe OKOHUAHUS OypeHus (KpuBas
1) u pacmpezesieHre TeMIIEpaTyphbl Ta3a MO CTBOJY paboTaroIiein
CKBAKMHBI B 3aBUCHMOCTH OT BpeMeHH! paboThl (KpuBbkie 2 u 3). 3
UX COIIOCTaBJIEHUA BUJHO, YTO Hambojee BBLICOKAs TeMeIlepaTypa
MEePSJIbIX MOPOJ U OTHOCUTEJNHHO BBICOKAA TeMIlepaTypa rasa Ha-
OsrofaeTcs y HUKHEIH I'PaHUIILI 30HBI BEUHON Mep3JOoThI. IlosTomy
IIPOITlecC TaAHUS MeP3JIOT0 I'PYHTa HAUMHAETCA CHU3Yy U OyAeTr IIo-
CTEeIIeHHO PAaCIIPOCTPAHATHLCS K BepXHell rpaHuile MepaaoTsl. Korga
ATOT IIPOIIECC JOCTUTAET TAaKOHM BBICOTHI, HA KOTOPOH IIPOYHOCTh
CIIETIJIEHU A HePacTaABIIIEeTO YIACTKA C IIEMEHTHBIM KaMHEM U CHUJIBI
TPEeHUA B Pa3pBLIXJEHHBIX OTTAABIINX IIOPOAAX OKAXKYTCSA HECIO-
COOHBIMY IIPOTUBOCTOATH BECY TPYO KOHIYKTOPA, HATSKEHUIO dKC-
IJIyaTallMOHHONM KOJOHHBI M Becy (DOHTAHHBIX TPyO, IPOM30IAeT
YKOpOUYeHUe KOJOHHBI U YCThe CKBAKUHBI BMecTe ¢ (hOHTAHHOI ap-
MaTypoi OIMyCTUTCS. BeIMYMHy TaKOro IepeMeIeHns MOKHO pac-
CUMTATH CJHEYIONINM 00pa3oM. 3alleMeHTUPOBAHHAA SKCILIyaTaIu-
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Puc. 3.11. KoHCTPYKIIMA CKBA’KMHBI B MHOTOJIETHEMEP3JbIX mopoxax (a), pacmpe-
[ejleHHe HANPSKeHUH B 3alleMEeHTHPOBAHHON JKCILIYATAIIMOHHON KojIoHHE (6), B
3KCILIYATAIMOHHOM KOJIOHHE IIOCJIe PACTeIIeHHA MeP3JbIX mopox (6) U pacmpene-
JIeHre TeMIIepaTypPhI 0 CTBOJLY CKBAsKMHBI (2)

OHHAA KOJIOHHA OOBIYHO PACTATHBAETCA YCUJINEM, IIPUMEPHO PaB-

HBIM ee Becy (cM. puc. 3.11, 0). YaiuHeHMe KOJOHHBI OT YCThA 10

HIKHEW IPaHWIILl BeYHOH MeP3JIOTEL Al, olpeesiaeTca 1Mo U3BeCT-
HOH (hopMy.Jie

Penl? | Per(L-DI

Al =T g T = (3.16)

3E E

’

rae E — MoayJib yIPYTOCTH MaTepuajia o0cagHbIX TpyO; L — miuHaA
KOJIOHHBI; | — TOJIIIMHA CJIO BEUYHOM MEP3JIOTHI; P, — IJIOTHOCTH

CTaJIH.
IIpu HapyIIeHUN CLEIJIeHUA IEMEHTHOTO KaMHS 3a KOHAYKTO-
POM C OKPYSKAIOIUMU IIOPOAAMU TOT K€ YUACTOK SKCILIyaTaIlHOH-
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HOU KOJIOHHBI OKaskeTcs cskaTbIM (puc. 3.11, 8) moa BosmeiicTBreM
COOCTBEHHOI'0 Beca, Beca KOHAYKTOpPa, (DOHTAHHBIX TPYO 1 O0BAZKU
YCThs HA BEJIUUNHY

2
Alm=p§;é +%, (3.17)
rae P — Bec KOHAYKTOpPA, (POHTAHHOM apMaTyphl 1 (POHTAHHBIX TPYO;
F — nioiaas monepevyHoro ceueHnsa 00CaqHbIX TPYO.

HpH 9TOM MJIdA YIPOIIIEeHMA pacueTa IIOTEePI0 BeCa IEeMEHTHOI'O
KaMHS BOKPYT KOHIYKTOPA W TPYyO B 'KUIKOCTH, a TaKyKe TPeHHe
IIOCJIEJHUX O CTEHKU CKBaXHNHBI HE y‘-II/ITI)IBaIOT.

CyMMapHas ocaKa yCThS CKBAMKUHBI

Al=AL +AL,. (3.18)

IToxcraBuB Beipakenusd (3.16) u (3.17) B ypaBHeHue (3.18), mo-
cJIe YIIPOIIeHUU IOJYIYUM

2
Al=Perll | PL_ Peal” (3.19)

Pacuersr mo popmyie (3.19) moxkaswsIBaiOT, UTO aMILIUTYa OCe-
BOT'O CMeIIleHNA YCThs CKBaKUHBI MOKeT gocturath 0,5 M u 6ojiee B
3aBUCUMOCTH OT MOIITHOCTU CJIOS BEYHOM Mep3JIOTHI, Beca KOHAYK-
TOpa ¥ JJINHBI He3aIleMeHTUPOBAHHOM YacT! KOJIOHHBI. B pesyJibTa-
Te BOBMOXKHO HapyIIeHVE IPAMOJIMHEMHOCTH KOJIOHHBI U repMe-
TUYHOCTHU €€ Pe3b0OBBIX coequHeHui. II0sTOMY OZHMM M3 OCHOBHBIX
TpeOOBaHU, IPELbABIAEMbIX K KOHCTPYKIIMSIM CKBAXKUH B YCJIO-
BUAX OOJIBIIION MOIIHOCTH MEP3JILIX IIOPOJ, SBJISETCS KpeIlIeHue
UX KOHIYKTOPOM, cuyckaemMbIM Ha 100—150 M HMKe ypOBHS Beu-
HOM M€ePS3JIOTHI, C YIIOPOM €0 0 3200 U IIeMEHTUPOBAHUEM IO YCThHA
CKBasKUHBI IIEMEHTHLIM PAacCTBOPOM CIIEIMAJIFHO ITOZOOPAHHOTO CO-
craBa. BypeHme mox KOHIYKTOD JOJYKHO IPOAOJIMKATHCA IO IOPOJ,
IMOJACTUJIAIOIINX MEP3JIble, CBA3AHHBIX MUHEPAJLHBLIM I[€MEHTOM,
ILJIOTHBIX ¥ YCTONYMBBIX IIPY OTTAUBAHUU.

3a 9KCILTyaTallMOHHON (MM TPOMEKYTOUHOI) KOJIOHHOM Iie-
MeHTHOM pacTBop moguumaetcs Ha 100—150 M Brime 6ammaka KOH-
IYKTOpA, a KOJbIIEBOE IIPOCTPAHCTBO MEKAY KOHAYKTOPOM U 3TUMU
KOJIOHHaMY JOJI3KHO OBITH 3aII0JIHEHO 10 YCThA CKBAXKMHBI HE3aMeD-
3aIOIUM TEILJION30JATOPOM, HAIPHUMED Mas3yTOM, O00JIamaroINM
HUBKUM K03(DMUIIMEHTOM TeILIONPOBOJHOCTH. TenaonsoasaTop BbI-
MOJIHAET TPOMHYIO (PYHKIIUIO: IPEJOTBpAIllaeT MHTEHCUBHBIN Tell-
JIOOOMEH MeXKAy pabouuM areHToM (HedTh, ras) U CTeHKaMU CKBa-
SKMHBI (MEP3JILIMU IOPOaMU), a TaKiKe CHUIKAET MOTEPI0 TEILJIOTHI
ra3oM U TEM CaMbIM YMEHBIIIAeT BePOATHOCTL 00pa30BaHUSA TUIpPA-
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TOB B CKBa)kuHe. KpoMme Toro, HajIuume He3aMep3alollero IIpocCT-
paHcTBa, 3alOJHEHHOTO TEeIJIOM30JIITOPOM, IIPeJoTBpAaIliaeT CMs-
THE KOJIOHH, KOTOPOE MOXKET IIPOM30UTU B CJIydae IJIUTEILHON OC-
TAHOBKM CKBaKUHBLI IPU HAJIUYNKU B MEXKTPYOHOM IIPOCTPAHCTBE
OypoBOTO pacTBOpA.

3.3. OCOBHHOCTH PACYETA
OCAIHBIX KOJIOHH ITPU1 KPEIIJIEHNN CKBAYKUH
B CJIOKHBIX YCJIOBUSX BYPEHUSA

Ananus 00JBIITOTO ITPOMBICJIOBOTO MAaTepuajia TO KPeIJeHUIo
riIy0OKMX CKBAYKUH B PASJIMYHBIX M'€0JIOTMUYECKUX YCIOBUAX CBUIE-
TeJIBCTBYET O TOM, UTO (PAKTUUYECKHUI 3amac MPOYHOCTH O0CATHBIX
KOJIOHH OTJIMYaeTcA OT pacueTHoro. Ha MecToposkaeHUAX, B paspe-
3€ KOTOPBIX OTCYTCTBYIOT BHICOKOILJIACTUUHBIE OTJIOKEHUA U TOPHU-
30HTEI ¢ ABIIJl, o6cammble KOJTOHHBI YCIIEIITHO MPOTHUBOCTOAT Heli-
CTBYIOIIIMM B CKBaYKMHAaX HArpy3KaM IIPU pacudeTHOM Kodh uiireH-
Ta 3amaca IpouyHocTu MeHbIle 1. Ha MecTOpOKIeHNSIX CO CIOMKHBI-
MU re0JIOTMYEeCKUMU YCJIOBUAMU OypeHus: o0cagHble KOJOHHBI OKa-
3aJIUCh MOBPEKIEHHBIMU IIPU PacueTHBIX Koa(hdHUIlmeHTax 3amaca
npounoctu 1,5 u 6osiee. Bece 9To CBUAETENBCTBYET O TOM, UTO IIPHU-
MeHsAeMbIe METOABI pacueTa 00CaJHbIX KOJOHH He BCET[[a OTBEUYAIOT
KOHKPETHBIM YCJIOBUAM UX PaOOTHI B TTyOOKUX CKBaskmHax. OCHOB-
HbI€ IPUYUHBI IOBPEMXKICHNA 00CATHBIX KOJIOHH CJIeAYIOIIne:

HeIpaBUJIbHOE OIlpejiesieHre AeHCTBYIONINX B CKBaXKUHE HATDY-
30K Ha obcagHble TPYObI;

HETOUHOE OIIpeJejieHre IIPOUYHOCTHBIX IIOKasaTeseill 00CaTHBIX
TPYO;

COYCK B CKBaYKMHY HEeKaUeCTBEHHBIX TPYO;

IMOBpeXKJeHre TPYO B IIPOIeCCe CIIYCKA KOJIOHH;

M3HOC U MOBPEKIeHNEe MIPOMEKYTOUHBIX KOJIOHH OYpPUJIbHBIM
MHCTPYMEHTOM B IIpoIlecce paboThI B 00CaKeHHOM CKBaKUHE;

CTUXUUHBIE ABJIECHUS.

Huxe mpuBeeHBI HEKOTOPhIE METOABI pacueTa Harpys3oK, Aeli-
CTBYIOIIVX HA 00CATHYIO KOJIOHHY B CKBa)KUHE, U IPOYHOCTHHIX II0-
KasareJeii TpyO.

3.3.1. PACYET SKCILIIVATAIIMMOHHBIX KOJIOHH

Omnpepesienne Hapy:KHOTO AaBiieHudA. CyliecTByeT HECKOJIBLKO
METOJUK OIpPeesIeHNs HapYKHOT'O TaBJIEHUS.
Memoduxa I''M. Capkucosa. PacueTHOoe Hapy:KHOe TaBJIEHUE
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ompejesieTcsa II0 COCTABHOMY CTOJIOY OYpPOBOIO M TAMIIOHAMKHOT'O
PacTBOPOB € YYETOM PAas3rpy3KM IEMEHTHOr'O KOJIbIla. B oTme IbHBIX
clIydyasx OJIA CKBaYKUH, OYPAIIUXCA B CIOMKHBIX I'€0JIOTHUYECKUX
YCJIO0BUAX, C paspelleHusa HedTerasomo0bIBaolero o0hLe nHeHN
IOIIyCKAaeTCs OIpefeseHrne HaPY KHOIO JABJIEHUA 110 BCEMY CTBOJY
CKBaKMHEI II0 CTOJIOY OYPOBOT'O PacTBOpA.

@opMyabl OJsI PACUETHBIX JABJIEHUN 3aBUCAT OT COOTHOIIEHWS
mexny L, h, H, z,, IpuueM 2, ABjasgerca riyomnoi (puc. 3.12), Ha
KOTOPO# HapPysKHOE HABJIEHHE IIPU Pas3rpPy3Ke IEMEHTHOI'0 KOJIbIA
JOCTUTAET IUAPOCTATUUYECKOI0 U OIpejesiseTcsa II0 OGHOM M3 cie-

oyonux QOpMyJi:

2= A-B)py - pp)l+E(p, -po)L; (3.20)
Pr —F(Po —P5)
2g = L7 P@s =PI+ hpy —po) L+ hpuH (3.21)

Py —R(Po —Px) —Ps

rae k — Koa(hHUIMEeHT PasrPy3KH HEeMeHTHOTO KOJBIA; Py, Pps Pos
Pys Py — IJIOTHOCTH COOTBETCTBEHHO TaMIIOHAYKHOTO, OypPOBOTO
PacTBOPOB, MPOJABOYHOM KUJIKOCTH, BOABI U *KUIKOCTH B KOJIOHHE,
KI/M?; b — paccTOsIHIe OT YCThs CKBAYKUHBI 0 YPOBHSA TaMIIOHAMK-
HOTO pacTBOpa B 3aTPyOHOM IIPOCTPAHCTBe, M; L — raybumHaA CKBa-
SKMHBI, M; H — paccTosHUE OT YCThs MO YPOBHS JKUIKOCTH B KO-
JIOHHE, M.

B 3aBUCUMOCTH OT TTOJIOKeHUS YPOBHEN h u H BO3MOXKHBI cJie-
IYIOIHE CIyUamn.

1. 3nauenue h = H (ypoBerbp |
SKUIKOCTH B KOJIOHHE BBIIIIE
YPOBHA MOIBEMA TaMIIOHAYKHO-

IO pacTBOpa B 3aTPYyOHOM IIPO-
CTPAHCTBE). =
Torma mo dopmyne (3.21)

HaxXomAT 2,. Kcam mpu 3TOM
OKasKeTcs, 4To 2, < h, TO pac-
YeTHBIe NaBJIECHU Dy, Dys Pr's Pu Y
(MIIa), COOTBETCTBEHHO Ha
rayounax L, h u H onpenens-

IOT IO cJeAyrIuM (GopMyaaMm
(uprueMm Ha rayouHe A IIOJY-
YaloTCcA ABa 3HAUEHUA OaBJie-
HU):

Zo

s
Wi,

Puc. 3.12. Cxema CKBasKUHBI

[
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p.=10"g[(p, - P, )L~ (p, — P, +p, HIA - k);

Py =10°g[(1 - k)p, H ~ k(p, — po)(L - h)+ (L~ k)p, - p,)h;
Py =10"glp b -p,(h- H)];

Py =10"°gp H.

3rnech u fjajee g — YCKOPEHUE CHUIIBI TAXKECTH, M/C2.
Ecnu orkakercd, uTo 2, > h, TO

L=10"°g[(p, - p.)L = (P, - p,)h+p,HI(L - K);
P, =107°9[p,Z, - p.(Z, - H);
Pn=10"g[p,h-p,(h-H)];
pn=10"°g[p,h-p,(h-H)];
pn=10"gp, H.

(3.22)

(3.23)

2. 3nauenue h < H (ypOBeHb JKUAKOCTY B KOJIOHHE HUYKE YPOBHS
IoZ'beMa TaMIIOHAXKHOTO PAaCTBOPA B 3aTPYOHOM IIPOCTPAHCTBE).
Torga mo opmyJie (3.24) onpeneadoT z,. Eciu mpu sToM OKa-

JKeTed, 4To 2, > H, To JaBjeHUe OIpPeneaaioT o ¢hopMyiaM

pL=10"°g[(p, - p. )L - (P, -p,)h+p,HI1-K);
P, =107°9[p,Z, - p.(Z, - H)I;

P =10"gp,H;

Pn=10"gp,h;

p,=10"gp h.

(3.24)

Eciou o dhopmyae (3.21) okaskercsd, uto 2, < H, To Torzma z, Hago
BBIUUCAATH 0 Gopmyae (3.20). B cayuae, ecau mpu 3TOM HOBOM

pacuete 2, > h, faBIeHUe HAXOLAT 10 (hOpMyIam

P, =10°g[(p, - P, )L - (p, - P,k +p, HI1 - k);

Py =107°glp, - kp)H - (1 - B)(p,, - p,)h - k(p,, - Po)L];
Py = 10°gp,z2y;

p,=10"gp h;

p,=10"gp_h.

(3.25)

Ecnu npu ompenenenuu z, no ¢opmyse (3.20) okakercsa, UTO

2y <h, TO
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P, =10°g1(p, - p,)L~(p, —p,)+p, HI - k)

Py =107"glp, —kpy)H - (1 - k)P, —p,)h - k(p, - po)L];
Py =10"g{[1-R)p, + k(p, - )% - K(p, - po)L )
p,=10"gp h.

(3.26)

3. 3nauenue H = L (moJHOE OIOPOKHEHNE CKBAYKITHBI).
ITIo dhopmyure (3.20) BeIumcaAOT 2,. Eciim okaxkercd, uto 2, < h,
TO ZABJI€HUSA BBIYUCISIIOT 110 ()OPMYJIaM

P, =10"g[(p,h +p, (L - H)I(1 - k);
P, =107°g[(1 - k)p,h - k(p, - po )L - h)]; (3.27)
p,=10"gp_h.

Ecnu npu BeIumnciieHnu 2, OKa)xercd, 4To 2, > h, TO
p.=10"°g[(p,h+p, (L~ N)]I(L-K);
p,, =107°gp,2;

Ph=10"gp,h;
p,=10"gp,h.

ITocne ompemeneHnus pac- 0
YeTHBIX JaBJIEHUN HEOOXOLMMO
IIOCTPOUTE BIIIOPY STUX HaBJie-

Hui (puc. 3.13). Ilpu mocTpoe-

HUM SUIOPHI A rayoud L, H, \
h, 2z, OTKJIaJBIBAIOT B TOPU3O0OH- 500 \
TaJILHOM HAIPAaBJIeHUN B IIPHU-

HATOM MacIiiTabe 3HAYeHUA
HaB‘HeHI/Iﬁ pL’ pH’ ph,’ ph’ pZ0

¥ TTOJy4YeHHbIe Touku A, B, C, 1000
D, E (cocemHuwe) COEIUHSIOT E
MeXKIy co00ff MPSAMOJUHEH- \

(3.28)

HBIMU OTPE3KaMIU.
Ha raoyoune h smiopa nMeer 1500
CKaYoOK, TaK KakK [Js p IOJY- \

YeHO [Ba 3HaueHudA. A BBI- B

PaBHUBAHUA SITIOPHI U3 TOUKU,

L,m \A

Puc. 3.13. 9mopa naBiaenuit 0 4 8 12 16 p,Mlla
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COOTBETCTBYIOIIEH GOJBIIIEMY 3HAUEHUIO P),, HEOOXOAUMO IIPOBECTU
BHI3 BEPTUKAJLHYIO JUHUIO 10 TIepeceueHns ¢ Jerkalneil HuKe ua-
CTBIO AITIOPEI. OTPE3OK ATOM BepTUKAIN, HaUWHAs OT TOUKM Iepece-
YeHUA U IO YPOBHA h, IPUHUMAETCA 3a JIMHUIO SIIOPHI HA 3TOM yda-
CTKe.

IIpuBenennsblie BoINIe (GOPMYJIBI TOJNYUEHBI AJIA UAEATHLHOTO CJIY-
yasd KpemjeHusd CKBasKuH. [Ipu BBIBOJe pacyeTHBIX (OPMYJ IIPHU-
HUMAaJIH, YTO 00caagHasa KOJIOHHA OKPY KeHa YIIPYTUMU ITeMeHTHEIMU
000JIOUYKaMu U TOPHBIMU Iopojamu. IliacToBoe maBjieHme ITOPHUC-
TBIX, HACBHIMEHHBIX KUIAKOCTHIO W ra30M T'OPUBOHTOB IIPUHUMAIOT
PaBHBIM I'MAPOCTATUYECKOMY JaBJIEHUIO COOTBETCTBYIOIIIETO CTOJI0A
Bogbl. IlocTaBieHHass 3amada O B3aMMOJEHCTBUU IIeMEHTHOM 000-
JIOUKHY ¥ 00CaTHOM KOJOHHEI PeIllaeTcsa ¢ UCII0JIb30BaHeM (hOPMYJIbI
Jlame gy ompemesieHUsA pamuaJbHBIX AedopMaruii TPyObl U Iie-
MeHTHO# obosiouku. IIpupaBHUBas paguajbHbIEe IEePEMEIIeHNA TO-
YeK KOHTAKTHOI IMOBEPXHOCTU TPYObI M OOOJIOUKM, HAXOLAT K03(]-
GUIUeHT Pa3rpysKu IIeMEHTHOT'0 KOJIbIIA.

B nocraHOBKe U pelieHnH 3a4a4 IO pacueTy 00CAZHBIX KOJOHH
HA COMIPOTUBJIAEMOCTb CMATHIO NMeeTCA Pl HeJJOCTaTKOB.

IIpu OypeHUU CKBa*KUH B OOJIBIITMHCTBE PailOHOB BCKPHIBAIOT T'O-
PHUBOHTHI ¢ MaBJIEHUAMU HAaCBIIAOIIEro nX (I0UAa, TPEeBHIIIAio-
MU rugpocratuueckoe. IlosaToMmy BHellTHee faBjieHNe Ha KOJOHHY
CHUBUTCS [0 IJIACTOBOTO, a HE O THIPOCTATUYECKOTO JaBJIEHUSA
cToJIObI Boabl. Kpome TOro, He0OXOAMMO AOKAa3aTh IIPUMEHUMOCTh
YCJIOBUH HepaspbhIBHOCTY KOHTAKTHOII MOBEPXHOCTU TPYOBI U 000-
JIOYKH B YCJIOBUAX CKBAKUHBI. OKCIIePUMEHTAIbHELIE Pa0OThHI TIO MC-
CJIeTOBAHUIO ITPOYHOCTY O0CATHBIX TPYD, OKPYIKEHHBIX ITeMEHTHOMN
000JIOUKOI1, TTOKA3aJIu, UYTO JKUAKOCTb U3 MOJIeJIU IJIaCTa MPOHUKAaJIa
MesKIy IIOBEPXHOCTHIO IIaTPyOKa M IIeMeHTHOTo KoJbla. CiemoBa-
TeJILHO, HECMOTDS Ha IIeMEeHTHOE KOJIBII0 aKTUBHOE JaBJIeHUe Ha KO-
JIOHHY CO3MaBajIoCh JKUIKOCTBHIO. VccieqoBaHUAMHE KadvecTBa Iie-
MEHTHUPOBAHUA CKBAXKMH aKYCTUUYECKUM I[eMEHTOMEPOM, IIPOBe-
JIeHHBLIMU B IIOCJEIHNEe TOAbI, YCTAHOBJIEHO, UTO IIOCJIe UCILITAHUS
o0camHON KOJIOHHBI HA TePMETUYHOCTH KOHTAKT €e C I[€MEeHTHBIM
KOJIBIIOM YXYy[IITaeTcd. Bce 3TO KOCBEHHO YKa3bIBaeT HA TO, UTO
3HAYEHUA paguajbHON nedopManuu HAPYKHON IOBEPXHOCTU 00-
CcaJHOM KOJIOHHBI 1 BHYTPEHHEHN ITOBEPXHOCTH IIeMEHTHO 060JI0UKH
MOT'YT OBITH HEe PaBHHEI.

IIpu pacueTe KOJIOHH BHEIITHIOI HArpy3Ky PaCcCUMTHIBAIOT IIO
JaBJEHUIO YIIPYTOM IeMEeHTHO 000/0uKK. KpuTruuecKkoe BHeIIIHee
IaBJieHUe JJisi TPYO OIIpemesdioT AJIA caydas, KOorjga KOJIOHHa Ha-
XOAUTCA B »KUAKON cpene. OueBUIHO, YTO IIPU pacyeTe KPUTUYEC-
KOro MaBJIeHUS M BHEIIHEH HarpysKu HEOO0XOAMMO WCIIOJb30BaTh
OIHY U Ty K€ CXeMYy KPeIlJIeH!A CKBaKUH.
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3amaua 06 yCTOHUYMBOCTH TPYOBI IO BO3AEMCTBIIEM PaBHOMEPHO-
T'O JaBJIEHUS CO CTOPOHBI yIpyroro teja perrena M.f. JleoHOBBIM u
B.B. ITanaciokoMm. B pe3yibTaTe pelreHnsa TaKO! 3aauyy BbIABJIEHO,
YTO YCTOMUYMBOCTH TPYO B YKA3aHHBIX YCJIOBUIX BEJIHKA, 4YTO B pe-
AJTbHBIX CKBAXKMHAX B 3al[eMEHTHPOBAHHOMN 30HE CMATUS 00CATHBIX
TPyO He JOJIXKHO IIPOUCXOAUTD.

Ha ocHoBaHNY M3yUeHUA IPOMBICJIOBLIX MATEPHAJIOB II0 KpeIrje-
HUIO CKBAXKHWH B PA3JIMUYHBIX T€0JJOTUUYECKUX YCIOBUSIX U PEe3yabTa-
TOB uccyenoBanus npounoctu Tpyo JI.B. 3maitmoBeIiM OBLI cresaH
BBIBOJ[ O TOM, YTO HET HEOOXOAMMOCTH PACCUMTHIBATL O0CAJHEIE KO-
JIOHHBI HA COIIPOTHUBJIAEMOCTD CMATHIO IIPX CO3JAaHNN HA HUX JaBJie-
HUSA IIEMEHTHBIM KoJbIoM. OTMeueHO, UTO IMPOBeAeHUNEe HAyUYHO-
HMCCIeI0BaATEIbCKUX PAOOT C IIeJIbI0 YTOUHEHUA PACUETHOTO AAaBJie-
HUSA TBEPAOTO IeMEHTHOTO KOJIbIIAa Ha 00CAAHyI0 KOJIOHHY B CKBa-
JKIHe Hellesiecoo0pas3Ho, Tak KaK HauOOJIBIITYIO OTTACHOCTD AJA TPYO
IIpeACTaBIsAeT AaBjeHme (PIouga, coiepsKalneroca B Iacre. B
9TOI paboTe pacCMOTPEHBI Pa3JIMYHLIE YCJIOBUA KPEIJIeHWsS CKBa-
JKMH U CXeMbI pacueTa oO6CaJHBIX KOJOHH HA COIPOTHUBJISIEMOCTH
cvaruio. Haubosee o0Itiei ABIAeTCA caeayolas pacueTHasd cxeMa.
O6GcagHas KOJIOHHA OKPY’KeHa IIeMEeHTHBIM KOJBIIOM U TOPHBIMU
nopogmamu. JKuaKocTs, HAaCHIIIAIOIAA IIJIACT, IPOHUKAET TI0 ITopaM
IIEMEHTHOI'0 KaMHs 1 OKa3bIBaeT HEIIOCPEeACTBEHHOEe TaBJIeHUe Ha
obcagHy0 TPyOy.

IIpu xkpensnennu ropu3onToB ¢ ABIII sKugKoCTh MK ra3 u3 aTo-
T'0 IJIaCcTa MOSHUMAIOTCS 10 IIEMEeHTHOMY KOJIbITY 1 OKa3bIBalOT HaB-
JeHne Ha obcamHble TPYOBbI, PACIOJIOKEHHBIE HA 3HAUUTEIHLHOM
yaaJdeHWU OT IIJIacTa OO MeCTa TepMeTH3aluu 3aTPyOHOTro IIPOCT-
paucTBa. Mcxoasda m3 TAaKOTO IIPEACTABJICHHS O B3aNMOIEMCTBUU
00CcaaHOI KOJIOHHEBI, IIEMEHTHOTO KOJIbIla, TOPHBIX IOPOJ M HACHI-
mapmmx ux Q@uaounnos, JI.LB. HMamaiioBbM u clIemuaaIncTaMu
BHUUBT 6puiu pasdpaboTaHbl METOOUKY OIPEAEIeHNA PACUETHBIX
BHEIITHUX MaBJeHUH Ha 00camTHble KOJIOHHBI.

Memoduxa BHUHEBT. PacuerHoe Hapy:XKHOe JaBJieHUe Ha KO-
JIOHHY OIIPEAEJIAIT C YUYeTOM ILJIACTOBBLIX JABJIEHUIA BBICOKOHAIIOP-
HBIX Topu3oHTOB. Cpasy mocJje MpoAaBKM TAMIIOHAXKHOI'O pacTBOpa
HAPYKHBIM JaBJI€HUEM AJIA 00CATHON KOJOHHBI ABJIAETCA:

a) JaBJIeHHE COCTABHOI'O CT0JI0A OYPOBOTO M TaMIIOHAXHOI'O pac-
TBOPOB IIpu 2 > h (z — raybuHa, AJA KOTOPOU OIpPemesAioT AaBJie-
HUE)

P =[hp, + (2 — 1)p,110"°g; (3.29)
0) maBieHme cTo0a OYyPOBOTO pacTBOpA IpHU 2 < h
P, =10"2p,g; (3.30)
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B) JaBJIeHNe CTOJI0a TaMIIOHAKHOT0 pacTBopa ipu i = 0
P, =10"2p,g. (3.31)

B unTepBasNe mogneMa TaMIoHaxXHOTO pactBopa mocae O3I] Ha-
PY:KHOe AaBJjieHHe OJisd 00CaJHOI KOJIOHHBI OIPEIeJIseTcsA IIO CJe-
IyIoImuM hopMyJIaM:

a)mpu z > L,

P =2m; (3.32)
O)mpuh <z<L,
( 4t b\
L, (z-h)m+ (L, _Z)thpg_thD}
Pu= - ) (3.33)

L,-h

o

rae L, — rorybuHa 3asieraHUA BBICOKOHAIIOPHOTO TOPU30HTA; M — MO-
OyJib FPafiieHTa ILIACTOBOTO NABJIEHUS; T, — CTATHYECKOe HaIps-
JKeHue caBura 6ypoBoro pactsopa; D, — guaMeTp CKBa*KWHBI; D —
HapYKHBIN JuaMeTp 00CaaTHOM KOJOHHBI.

IIpu crrycKe KOJIOHH CeKIIUSAMU U IIPU ABYXCTYIIEHYATOM I[eMeH-
TUPOBAHUYM HaPY'KHOE NaBJIeHUE OIPENEeNAeTCS TaK JKe, KaK IJId
KOJIOHH, CHYCKAaeMbIX U IIeMEeHTHUPYEMbIX B OJUH IpUeM;

B) IIpU IIeMEHTUPOBAHUY KOJIOHHBI 0 ycTha (A = 0) HapysKHOE
JIaBJIeHUE IJI KOJOHHBI OIIpenesiaoT mo hopmye (3.32);

T) IJid caydas, Korjga ras B 3aTPYOHOM IIPOCTPAHCTBE 3aIIOJIHUII
00BeM B MHTEpPBaJie [, OT Ta30HOCHOTO ILJIaCTa A0 HEIPOHUIIAEMOH
TIePEeMBIYKH, a BOSMOYKHOCTD €T0 (pUIbTPAIlY B ILJIACTHI B JAaHHOM
WHTepBaje OTCYTCTBYET, HapysKHOe IaBJeHUe PACCUUTHIBAIOT IIO
dopmyie

_n [1_ 210,08
pH—pmkl 27,3—(273”)}, (3.34)

rge p,, — ILJIacCTOBOE AaBJieHWEe BHICOKOHAIIOPHOTO T'OPM30HTA; P, —
IIJIOTHOCTH BO3AyXa IpU aTMochepHOM AaBJIEHUM U TeMIlepaType;
p — OTHOCHUTEJIbHAA ILJIOTHOCTH r'asa 10 BO3AYXY; 2; — PaccTodHUe,
OTCUMTHIBAEMOE OT Ta30HOCHOTO ILIacTa K BHIIIEJEKAIllel mepe-
MBbIUKe; { — TeMIleparypa mnjaacra.

B uHTepBanax 3ajieraHuA KapHAJJINTA, a TaKyKe BBICOKOTEMIIe-
parypHEIX (mpu t > 80 °C) coseBBIX TOJIII, IPEeLCTABICHHBIX I'all-
TOM, 3HAUYEHUE HAPYKHOTO JaBJeHUA AJs 00CcagHOM KOJOHHBI OII-
penesdoT o opmye

Ps = 2P 8, (3.35)
TZe P, — IJIOTHOCTB TOPHBIX IIOPO/,.
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Ecisu cosleHOCHBIE TOJIIIU IIPEJCTABJIEHBl TaJIUTOM U ILJIaCTOBas
remmeparypa mMenbire 80 ‘C, To Hapy»KHOe JaBJeHNe PACCUUTHIBA-
I0T IO (popMyJie

p, =0 2p.8, (3.36)
1-ug

rae U, — xKoaddunuent IlyaccoHa A rOpHBIX MOPOJ; P, — ILJIOT-
HOCTB IIOPOMEI.

s mpepoTBpaleHus: 00pasoBaHUA OOJBIITNX KaBEPH BCKPBLITHE
COJIEHOCHBIX OTJIOJKEHUI U OypeHme HUIKeJIeKaIuX WHTEPBAJIOB
Heo0XOAVMMO IIPOM3BOLAUTH C WCIIOJH30BAHMEM PACTBOPOB, HACHI-
IIIEHHBIX COOTBETCTBYIOIIIUMHU COJIAMU.

s yaydineHus: ycJaoBUi HArpysKeHusa 00CagHOM KOJOHHBI Ka-
BEPHBI 3AII0JIHAIOT TAMIIOHAKHBEIM PACTBOPOM.

CoJjieHOCHBIE TOJIIM PEKOMEHAYeTCA IePeKpPhIBATh NByMSA U 00-
Jiee 00CaAHBIMU KOJOHHAMU C 3aI0JHEHUEM MEXTDPYOHOTO KOJbIle-
BOr'0 IIPOCTPAHCTBA TAMIIOHAKHBIM PaCcTBOPOM. BbIllle mHTEpBaja
IIEMEeHTHUPOBAHUSA HAPYKHOE AaBjieHne Ha 00CAAHYI0 KOJOHHY CO-
31aeTcs cToa00M GypoBoro pacTBopa. IJIsi CTPYKTYpPooOpasyoIinx
SKMIKOCTe 9TO faBJieHUe OIIpeessaeTcA IpU 2 < h 1o hopmyJie

[ 4 \
Px =2png]_ _#

: 3.37
(D, -D)pys) (3.87)

(T, oIpeneNArT 3KCIePUMEHTAIbHO).

B caiyuae eciu 3HaueHue p,, onpeneaensoe no gopmye (3.37),
MeHbIIle HaleHHoTo 110 (hopmy.ie (3.32), pacueT BeayT mo (opmyJie
(3.32).

B 30me mepdopanuu 3a Hapy:KHOE AaBJIeHNe NPUHUMAIOT IIJIac-
ToBoe. IIpu oTCyTCTBUY JaHHBIX 0 3BHAUEHUH ILJIACTOBOTO JaBJICHUA B
30HeE [[EMEHTUPOBAHUSA JaBJIeHUe IJIS PAa3BeJOYHBIX CKBAYKUH OIpe-
IeJISIOT TI0 cT0JIOY OYpPOBOT0O pacTBOpAa:

. = (0,90+0,95)zp, &. (3.38)

Memoduka &.A. Hsamaiinosa. BHeIIHIOW HATPY3Ky Ha KOJOHHY
ompeznendanT c¢ yderom ABIIIl u pgaBieHuUsaA THUIPOpPa3phIBA
(TIoTJIOIITeHMA) TTOPO/I.

B o61miem cayuae, Korga obcagHas KOJOHHA TepMeTU3MpOBaHa Ha
HeKoTopoul riayouue A' (puc. 3.14), opu MuUrpamuu 0 MEKKOJIOH-
HOMY IPOCTPAHCTBY KUIKOCTb, a3 WA Tas3OoKUIKOCTHAS CMeCh
BBICOKOHAIIOPHOTO T'OPM30HTA OYAYT OKAas3bIBATh AaBJIEHNE Ha KO-
JIOHHY B uHTepBaJie ot L, 10 h'.

IIpu 3amosrHeHNMY 3aTPYOHOTO IPOCTPAHCTBA MIJIACTOBOM JKUAKOC-
THIO UJIY Ta30M IIPOTUBOLABJIEHNE HA ATOT IJIACT CO3AETCS CTOJI00M
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L A - WY WYYW Puc. 3.14. Cxema kpensienus
- - CKBaKHUHBI

I
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i |

- - — - % :

durrona U TaBieHNEM, BOBHUKAIONIUM HaJd 9TuM crojoom. Ilpu orT-

CYTCTBUM QPUIBTPAIINH 9TOT0 (QJIIOKAA B OKPYIKAIOIINeE TIJIACThI JaB-

JieHue B 3aTPYOHOM IIPOCTPAHCTBE Ha IVIyOuHe A, OIPeAessaioT TaK:
TIPY HACBIIIEHNY BHICOKOHAIIOPHOT'O TOPU30HTA JKUIKOCTHIO

Dx :prm_(er_h/)pcpga (3.39)

rae pg, — INIOTHOCTD (pifonza; p, — B MeranacKasax;
TIPU HACHIIIEHN Y BLICOKOHATIOPHOT'O TOPU30HTA ra30M

(Ln - h/)p P9
= 1-27,3—22——2=1, 3.40

B paspese, mepeKphIBAEMOM IPOEKTUPYEMOI KOJIOHHOM, BHIIIIE
BBICOKOHATIOPHOTO TOPU30HTA MOTYT 3aJIeraTh OTJIOMKEHMA, CKJIOH-
HBIE K TUAPOPA3PHIBY MJIN MOIJIOIMEHUIO (DJIoMIa IpU POoCcTe JaBJie-
HUA B 3aTPYOHOM ITPOCTPAHCTBE IO HEKOTOPOTO 3HaueHudA. [laBie-
HUe ruAPOPasphiBa (IOTJIOIEHus) P, IJIACTOB ONPEeNeIA0T Ha OC-
HOBe JAHHBIX MPOBOAKM CKBAKUH Ha MecTopokaeHuu. IIpu oTcyT-
CTBUU TAKUX NAHHBIX JaBJIeHME T'MIPOPas3pbIiBa MOMKHO PACCUUTATH
o opmye

P, = 0,083z + 0,66p,,,. (3.41)
OupenesnsiioT MAaKCUMAJIbHO BO3MOYKHOE AaBJIEHUE D, BBICOKO-
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HaAIIOPHOTO TOPU30HTA Ha TJIyOMHE A, IIPU HACBIIEHUN 3aTPyOHOTO
mpocTpaucTBa He@THIO WM TasoM mo dopmyaam (3.39) u (3.40).
ITpu arom BMecTo A' moACTaBAAOT 3HaUeHue h, . Bemu p,,. > p,,, TO
JKUIKOCTh M3 3aTPYOHOr0 IPOCTPAHCTBA OyIeT IMOCTYIaTh B IIOIJIO-
IIIAIOIIM I TOPUSBOHT, a JaBjieHre B 3aTPYOHOM IIPOCTPAHCTBE HA T'JIY-
OuHe i, MOKHO IPHMHUMATEL PABHEIM p,,. B cayuae p,.. < p,, AaBie-
HUe B 3aTPYyOHOM IIPOCTPAHCTBE Ha IIyouHe /i, OyAeT PABHO P, -

Wcxonsa s Takoil IpeInoChIIKY, TaBJIeHNe HA 00CaATHYIO KOJIOH-
HY OIPEeIeJAI0T AJIA Caydasa, KOrJa BIIIe BLICOKOHAIIOPHOTO TOPHU-
30HTAa 3aJjieraeT MOTJIOIIAIOIINI IJIACT U TAMIIOHAKHBIA PACTBOP He
HOOHAT B OaIlIMaK IIPeIbIAyIeil KOJOHHBI, a 3aTpyOHOe IIpoCTPaH-
CTBO repMeTH3UpPOoBaHO Ha riayoune h' (cm. puc. 3.14). IIpu stom
BO3MOKHBI [Ba BApUAHTA.

1. 3nauenue p,, > p,,... Torga HapyXHOe TaBleHHe HA KOJIOHHY
OIIPeNeJIAI0T II0 CIAeNYIoImUM (hopMyaam:

a) B uHTepBase or L 1o L,

Pu = Pux (2~ Ly)Pe 85 (3.42)
6) B mHTEpBaJe ot L, 1o h
Dy = Prx — Ly — 2)Pg, 85 (3.43)
rge h — paccTOSHUE OT YyCThsi CKBAYKUHBLI IO YPOBHSA IIEMEHTHOI'O
pacTBOpa;
B) B uHTepBaJje ot h' 1o h
P = Pux ~ Ly = B)pe g — (B — 2)py, 8. (3.44)

2. 3uauenne p,, < P, . Torga Hapy:KHOe JaBJeHHe Ha KOJOHHY
OTIPEEJIAIOT TaK:

a) B uHTepBaJie oT L no L, mo hopmyne (3.42);

0) Ha ray6oume L,

Dy = Puss (3.45)
B) Ha T1yOumHe h,

Py = Prps (3.46)
T') B UHTepBaJie oT h, 10 h

Pu =Py — (b —2)P,8; (3.47)
) B mHTEpBaJe oT h 1o h'

Pu =Py — (b —h)py8 — (R — 2)p, 8. (3.48)

Wcnonbayss mpuBefieHHbIe pacyeTHBbIe (GOPMYJIbl, IPAKTUUECKHU
MOJKHO IOJCUNTATh HAPY/KHbIe MaBJEeHUS HAa O00CAAHYIO KOJIOHHY
IPH JTIIO0OBIX CXeMaX KPEeIJIeHNs CKBaYKUH.
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W3 npuBemeHHBIX ()OPMYJ BUAHO, UYTO B YACTHOM cJaydae, KoTma
B paspese, HepPeKpPLIBA€MOM KOJIOHHOI, OTCYTCTBYIOT BBICOKOHA-
TIOPHBIE TOPUBOHTEI, a IIJIACTOBLIE MaBJIEHUA PABHBI TUAPOCTATHUE-
CKMM, HADPYKHOE JTaBJIeHNe HA KOJIOHHY TaKsKe OyZeT paBHO I'HIPO-
CTaTUUYECKOMY IABJIEHUIO CYIIEeCTBYIOIero crojda Boxbl. Ilpu or-
CYTCTBUU TOCTYILICHUS KUIKOCTUA U rasa M3 OKPYIKAIOIIUX IIOPOJ
BHEIIHASA Harpy3ka Ha KOJIOHHY OyZeT OIpelesaThbCA IIOPOBBIM
JaBJIeHUEM IIeMeHTHOTO KaMHs.

CkBaKMHA TPENCTABIAET COO0HM CJIOMKHOE THUAPOTEXHUUECKOe
COOpYIKeHIe, PAaCCUNTAHHOEe Ha JJINTEJIbHBIA CPOK PaboThI, a abco-
JIFOTHO CYXHUX MOPOJ HET, M03TOMY, IIO-BUAUMOMY, Heleaecooopas-
HO pacyeTHOe JaBJeHNe IPUHUMATh HUKe ruapocTaruueckoro. [lpu
HAEKHOM U30JIAINN 3aTPYOHOI'0 IPOCTPAHCTBA B OalliMaKe Mpeabl-
IyIned KOJIOHHBI, OTCYTCTBUU IIPUTOKA Uepe3 Hee W MOAHeMe TaM-
TMMOHAYKHOT'0 PACTBOPA [0 YCThA OTHAaeT HeoOXOJMMOCTL pacueTa
IIPOEKTUPYEMOI KOJIOHHBI B mHTepBasae oT 0 mo A’ Ha compoTusse-
MOCTBH CMSATHIO.

Onpenenenue BHyTPpeHHero qasiaeHuA. Ilociie 1eMeHTUPOBAHUS
00cagHBIX KOJIOHH BHYTPEeHHEE TaBJeHYe P, B JIIOOOM CEUeHUU OIpe-
Iessercd o opmyJie

Py =208 + Dy, (3.49)

rfie p, — JaBJeHNe HA yCThe CKBAYKUHBI B KOHIIE 3aKaUKHU IIPOJABOY-
HOM KUJKOCTHU B IIpPOIiecce MCIBITAHUSA HA MepMeTUYHOCTh, IIPU OC-
BOEHUU U 9KCILIyaTaluu.

BuyTpeHHee naBjeHUe B CKBa’KUHe U3 YCJOBUA aBapUHOIO
(boHTaHUPOBAHUA BCKPBIBAEMBIX IIJIACTOB M3-IIOJ IIPOEKTUPYeMOI
KOJIOHHBI PACCUUTHIBAIOT TaK:

Ps = 2Pp8 + Po> (3.50)

TIe p, — AaBJeHUe Ha YCThe IpU aBapUiiHOM (hOHTaHUPOBAHUU.
JaBieHne oIpeccOBKY 00CaTHOM KOJTOHHBI

Pomp = 1,2 (Prx = Ly 8)- (3.51)
JaBieHue Ha yCcThe
Dy = Pux— Lpy 8- (3.52)

PacueTHyi0 BHEIHIOI HArPy3Ky ONPENeNAT Kak pPasHOCTh
MEKIY HAPYKHBIM ¥ BHYTPEHHUM JaBJICHUSIMM:

Py = a(Py — Py)s (3.53)

rae a, — Koo(@UImeHT 3amaca IPOYHOCTH IIPU pPacueTe KOJIOHH Ha
CMsATHE.
OmnpeneneHue COMPOTHBIAAEMOCTH TPYO0 cMmaTruio. Kpurumueckoe
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JaBJieHue M)A TPyObl, IPU KOTOPOM HamboJblllee HANPKEHUE T0-
CTUTAET IIpejiesia TeKYyUeCT: MeTajlia, coraacHo fanauiMm ILA. Cap-
KHCOBA, OIpeesisieTcs 1Mo Gopmyie

pr=1?1kmin{0'r+Ekgp(1+233ke J_
P Rmin
[
2
_ 2 ( __3e ) _ 2
0T+Ek0pL1 ) 4EER§po, |, (3.54)
P Rmin

e ki, = O /D; By =080/D; By =0y /D; d,,;, — MUHUMAaJIbHAA TOJIIIH-
Ha CTeHKU, MpuHuMaemas paBHou 0,8750; 0 — HOMUHAIbHAA TOJ-
IIWHA CTeHKU TPYObI; 8, — CPEeAHSA TOJIUHA CTEHKHU, IPUHUMAE-
mas paBuoit 0,9050; D — Hapy:KHbII fuaMeTp 00cagHol TPyObl; O, —
mpeges TeKydJecTH Marepuaja Tpyobl; E — MOAYJb YIPYTrOCTH Ma-
Tepuaja TPpyObl; p — PA3HOCTEHHOCTH TPY0, IpPUHUMaeMas PaBHOM
1,034; e — 0BaIbHOCTD 00CATHOM TPYOBI.

3HaueHHusd p,,, DOJCUNTAaHHEIE IO (popmyse (3.54) mpu yKasaH-
HBIX 3HAUEHUAX O,,;, U O, IPUBEAEHBI B CIPABOYHUKAX.

Ha ocHOBe HaHHBIX aHAJUTUYECKUX U dKCIEPUMEHTAJbLHBIX pa-
6ot T.E. EpeMenko npeano:xkua GopMyJy AJs pacuera 3HAUEHUS
CMUHAIOIIETO JaBJIeHUs AJIs 00CaJHBIX TPYO:

p.=1,1kl A-A?_B

\ (3.55)

/,
ruge

A=o0,+EF|(1-3\p° + 27\[33)+ﬁ(1 -2+ M) ;
2k

B=4EE?c, (1 - 3AB? + 2Mp°);

k = 0,9318/D; h—rayObuHa IJIACTUYECKOTO CJOA, M; [ — K03(d-
dumnuent maactuuHocTH, B = h/0; A = 0,95 — oTHocuTenabHOE
YMEeHbIIIeHIIe MOAYJIA YIPYTOCTH IIPU II€Pexoe B IJIaCTUYHYIO 00-
JACTh.

s obnerueHma nmopcyeTra 3HAUEHUA [ PEKOMEHIYIOTCA DMIIU-
puyecKue (QOPMYyJIbI:

upu k < 0,055
B=5(k+e)-%+0,03; (3.56)
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npu k> 0,055

B=b(k+e)- 2% 1% ¢ o3 (3.57)
EEk O,IOT +130

Eciou Berunciienusie mo ¢popmyaam (3.56) u (3.57) sHaueHus mo-
JIYyYalOTCA C OTPUIIATEJTbHBIM 3HAKOM, TO 3HaUEeHUE [} IPUHUMAIOT
PaBHBIM HYJIIO.

CMuHAaMIe JaBJIeHUA, paccuuTaHHbIe 1Mo Qopmyte (3.58),
MIPUBEIEeHbI B CIIPABOYHUKAX.

Ha ocHoBe sKCHepUMEHTAJIbHBIX pPa0OT, BBIMOJHEHHBIX BO
BHUUBT, AsHNNGypuedT™ u 6. BHUUKPHeDTH, TpEaioKeHbI
sMOupuuecKkue (GOpPMYJbI IJsd pacuyeTa MUHHUMAJIbHBIX 3HAUEHUMN
CMUHAIOIUX JaBJICHUN:

Ias1 Tpy6 us crasu rpymi mpouroctTu C u [

p. = 0,90, (2,5k — 0,047); (3.58)
Ias1 Tpy6 us crasu rpynn npounoctu K u E
p.= 0,90, (2,37k — 0,038). (3.59)

Tpy6st ¢c k= 0,02+0,06 mpoBepAOT Ha YCTOHUYNBOCTH (hOPMBI TIO
Qopmyie

2ER®
1- p.z

p.=0,8 ) (3.60)

rae k — OTHOIIIeHVe HOMUHAJIBLHOM TOJIINHLI CTeHKY TPYObI K ee Ha-
PYXHOMY IOaBJIEHUIO.

PacueTr cMUHAIOIIETO JaBJEHUS ¢ YIETOM JBYXOCHOTO Harpysxe-
HuA. Paccmorpum nBe meronmkm pacuera: T.E. Epemerko wu
BHUUWET.

Memodura 1.0. Epemenko. Jomyctumas TiyOMHA CIIyCKa Iep-
BOM CEKITUU TPYO

Hn=pc/ac_HpH. (3.61)
pp_pH

Ecisiz B KOJIOHHE OTCYTCTBYET KUJKOCTh, TO JOINYCTUMYIO TJIY-
OMHYy cOycKa IIepBOI CeKIINU TPYO HaJ IIeMeHTHBIM KOJbIIOM OIIpe-
IeJIAoT 1o (hopMye

H,=p./(ap,)- (3.62)

B manbueliem pacueT Ha CMATHE IPOU3BOIAT C YUETOM JIBYXOC-
HOT'O HATPY KeHUud:
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10H,
100 - (Ql +Q +...+Q, 2+ H,_1q,.12, —J\

H, - o0 ; Pe /. (3.63)
-Px)a
w_qn_lzn

P

roe H, — momyctumasa riiyOMHa coycka oOCamgHBIX TPyO ¢ TaHHOM
TOJIIIIMHOMN CTEeHKU, M; H, , — momycTuMasa riryomHa cIrycka obcaj-
HBIX TPYO IpeAbIAyINell ceKnuu, M; @, @,, @, , — Bec HUKeJIeKa-
X CeKIui TpyO, T; ¢,.; — Bec 1 M TPyOBI MpeabIAyINeil CeKIuu
TPYO, T; 2, — KOBMDUIIMEHT, YUNTHIBAIOIINI CHUKEHNE CMUHAIOIIIE-
T0 JaBJEHUS OT PACTATUBAIOIIEH Harpy3ku 1 T Ajaa TpyO ¢ TOMIIH-
HOI CTeHKHU O, MM.
Koaddunuenr z, onpenensior mo hopmyie

z,=b/(6" DY), (3.64)

rae D — HOMUHAJIbHBINA JUaMeTpP TPYObI.

IIpu £ < 0,06 umeem b = 85,7, x =2,6 uy = 2,3; upu k£ > 0,06
umeeMm b =676,7, x=2,4uy=3,2.

3HaueHUA 2,, BBHIUUCJIEHHBIE IJA OOCaJHBIX TPYyO AUaMeTpPOM
127, 140, 146 u 168 MM, mpuBeaeHbI B TabI. 3.5.

Kosddunuent z, yrasa nia @ = 1 T. 3Hauenua z njia Tpyo us
cTajell PasJNuYHBLIX TIPYIN IPOUYHOCTH OIPEHeIAI0T II0 (hopMyJie
(mpuMep AJiA rpymnnsl mpouHoctTu E)

Ta6auma 3.5

ITapameTpsl o6can- 3uatenue z, AL ITapameTpsl o6can- S3Havenue 2, AL

Ho0f TpyBEL, oM Tpy6 U3 cTajei Ho0f TpyOEL, oM Tpy6 U3 crajei
’ TPYIO IPOYHOCTU ’ TPYIO IPOYHOCTH

IUaMeTp | TOJNIIUHA IUaMeTp | TOJIIIUHA
D CTEeHKH O ! E D CTE€HKH O ! E

12,7 0,6 0,9695 | 0,7979 14,6 0,6 0,682 0,571

0,7 0,6266 | 0,4917 0,7 0,457 0,367

0,8 0,3393 | 0,2562 0,8 0,323 0,252

0,9 0,2559 | 0,1886 0,9 0,165 0,125

14,0 0,6 0,7749 | 0,6560 1,0 0,128 0,095

0,7 0,5009 | 0,4052 1,1 0,102 0,074

0,8 0,3539 | 0,2745 1,2 0,083 0,059

0,9 0,1874 | 0,1409 16,8 0,6 0,492 0,434

1,0 0,1454 | 0,1070 0,7 0,330 0,278

1,1 0,1157 | 0,0835 0,8 0,233 0,189

0,9 0,171 0,134

1,0 0,081 0,062

1,1 0,065 0,048

1,2 0,053 0,039

1,3 0,043 0,031

14 0,036 0,026
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_P.(D)
2p = pc(E)ZD' (3.65)

IIpu oTcyTCTBUY B KOJIOHHE JKUIKOCTHU, T.€. Ipu P, = 0, us dop-
myJibl (3.63) moayuaioT

Hn=100 (@ +Qs +...+Q, 5 +Hn_1qn_1)2n- (3.66)
10p.a
~qn-12n
2

Memodukxa BHHUHUBT. Cmunaloliee AaBjieHNe AJA TPyO mpu
OIHOBPEMEHHOM [IEMCTBUU OCEBOM PaCTATHBAIOIIEd M CMUHAIOIIEeH
HarpysoK HaxoIsaT 1o GopMmye

2
, ' [N-047p,D?\ T-0,47pD?
= 1- < - ’ < ’ .
P pc\‘e 3{ 2Fa, J 2o, (3.67)

Te p. — CMUHAIOIee AaBJIeHUE IJIA TPYO IIPU OCEBOM pacTATUBAIO-
el Harpy3Ke, paBHOU HYJI10; N — oceBas pacTAruBaloiiada Harpys-
Ka; F — mIoIaab IOIePeYHOro CeUeH! s TeJia TPYORI.

IToxGop o6cagHbIX TPYO IPOUBBOAAT U3 YCIOBUA P, < P, TA€ P, —
pacueTHOe Hapy:KHOe IaBJeHWe, OIpeAesideMoe KaK pPasHOCThb
Pu— Pse

Pacuer 00cagHBIX KOJIOHH Ha pactaskenue. OceBble pacTATHBA-
oIe Harpy3KU OIIPeesIA0T o (hopmy.ae

o-Su. 09

rge ¢; — Macca 1 M Tpyb ceKImu KOJIOHHBI; [, — IJIMHA CEKIIUU KOJIOH-
HBI.
PacueTHas oceBasi HArpysKa

Q, =Qn,, (3.69)

rae n, — Koo((pUIUEeHT 3amaca IPOYHOCTH Ha PACTAMKEHHe.
CrparuBaiIyio HarpysKy IJsd 00CagHbIX KOJOHH PacCUUTHIBA-
ot o hopmyae .M. AxoBiaeBa
nD.bo
pc’rp=DC—T7 (3‘70)
1+ Cctg(p+0
Py g(p +6)

rae D, — cpenHUil fuaMeTp pe3bObI IO IEPBOM IIOJIHON HUTKE, CM;
b — TodIMHAa CTEeHKU TPYORI IT0 BOAAMHE TOH Ke HUTKHU, CM; [ — IJIU-
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Ha Hape3aHHOM YacTu TPYOBI, CM; (¢ — YroJl MeKIY OIIOPHOM IIO-
BEPXHOCTHIO Pe3LOBI ¥ OCHIO TPYObI; O — YyroJI TpeHus.

Haubosee omacuble yuyacTKM 00CAAHBIX KOJOHH — Pe3b00BBIE CO-
eIUHEHN s, U3 YCIOBUSA IPOUHOCTA KOTOPHIX PACCUYUTHIBAIOT AOIYC-
THMBIE OCEBBIE HATPY3KU.

IIpy mpuMeHeHUY CBapHBIX COeJUHEHUH 00camgHbIX TPYO momyc-
THUMBIE OCeBble HATPY3KU OIPEJEJIAI0T UCXOAA U3 YCIOBUA IPOYHO-
CTH IIIBA ¥ Tejia TPYOBI C YUYETOM AJUHBI IIPOTOUYKU TOZ XOMyT. Bo
BCeX CAYUIAAX Doy, = @),

Pacuer o0cagHBIX KOJIOHH Ha BHyTPeHHee naBjeHue. VI130b1TOU-
HOe BHYTPEHHee JaBJIeHUe OIIPeeIai0T o (popMye

pH/=pE_pH' (3‘71)

KpuTtnueckoe BHYTpeHHee HaBJIeHUE AJs TPYO0 PACCUUTHIBAIOT
o popmysie Bapioy

2 2
Pes =%, (3.72)

rae D, d — HapyKHBLII 1 BHYTPEHHUI TUAMETPHLI TPYObI COOTBETCT-
BEHHO.

IIpu moxgGope TpyO HEOOXOAMMO WMCXOAUThL M3 YCJIOBHA p,’ <
< Dus/Qy THe a, — Koa(umeHT 3anaca IPOYHOCTU HA BHYTPeHHee
IaBJIeHUE.

3.3.2. PACYET ITPOMEKYTOYHBIX KOJIOHH

B HacrosAlee BpemMsa OTCYTCTBYIOT HaJe:XKHbIe MeTOIbI IIPOTHO-
3MPOBAHMS M3HOCA IIPOMEKYTOUYHBIX 00CAIHBIX KOJIOHH B Pasinmd-
HBIX F'e0JIOTMYECKUX YCIOBUAX. B HEKOTOPHIX palioHaX [IJd pacdyera
IPOMEKYTOUHBIX KOJIOHH HCIIOJb3YIOT (hopmyibl ASHUN.

BenuuuHy paguajbHOTO M3HOCA OOCAAHBIX TPYO OIPENEAIOT
UCXO0AsA 13 00'beMa IPOBeIeHHOM PabOTHI:

J2ehk [ g (L g\ gl s 5 g ).

5, =2 43+H0LH 1) +ma| 220 2, Hl)”, (3.73)
Ipu TypOuMHHOM OypeHun
J2ehk [ pr (1 gV, gl 5

0,= v {S-‘-HOLH 1J+nd g1h+ch(H2 H)) }, (3.74)

Tlle ¢ — YKCJIO PeHicOB MHCTPYMEHTa; i — AjuHa OypUIbHOTO 3aMKa,
M; B — momepeuHbIil Koa(duiimenrt, mpuHHMaoT kB = 1,1+1,2;
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Hy,-H 1 o
s=(H, -2)+-2""1%%" _ cpenuas pauHa GypUIbHON KOJOHHSEI (Ha
c c

yerbe z = 0; nna 3aboda z = H,); H, — pauna YBT; d — nmamerp 3am-
Ka, M; 7 — YacTOoTa BpallleHusA poTopa, 00/MuH; ¢t — BpemMa OypeHusd,
muH; H,, H, — COOTBeTCTBEeHHO HaUaIbHAA M KOHeUHAad IrybnHa 0y-
peHusA U3-TOoM KOJIOHHBI, M; A — YCJIOBHBIN yAeJIbHBIN MyTh TPEHUSI,
M/MM; | — cpenHAA AavHA OyPUIBHOU TPYOBI, M; g; — YKCJIO TPYO B
OJIHOI cBeue.

YcinoBHBIN yAeNbHBIN IYTh TPEHUS PACCUUTHIBAIOT Ha OCHOBE
TaHHBIX OYpeHUsA CKBAKMH B Ka’KJIOM KOHKpeTHOM paiiome. Mame-
PAOT OyTh TPEHUA B CKBAKMHE, B KOTOPOU ITPOM3OIILIO CKBO3HOE
MIPOTHPAaHUE ITPOMEKYTOUHOM KOJOHHEBI. OTHOIIIeHNE ITyTH TPEHUA K
TOJIIITAHE CTeHKU IPOTEpPTOl TPYyOBI OmpemesideT 3HaueHUe A. ITY
BEJIMUNHY A NPUHUMAIOT [IJIs OIpeNe/IeHHSA PaAraibHOTO M3HOCA
00cagHBIX KOJIOHH B CKBasKMHAX, OypAIUXCS B JaHHOM paiione. Hc-
CJIeIOBAHUS ITIOKA3bIBAIOT, UTO M3HOC 00CaJHBIX KOJIOHH 3aBHUCUT OT
MHOTHEX (haKTOpOB. BeauunHa ero mo Beeit AauHe 00CaaH0M KOJOHHBI
usMeHsaeTcsa. B Hambosblliell CTemeHM W3HAIIWBAIOTCA 00cagHbIe
TpyObI, YCTAHOBJIEHHBIE B MHTEPBAJE CTBOJIA CO 3HAUNTENIHLHON WH-
TEHCHUBHOCTBHIO IPOCTPAHCTBEHHOI'0 MCKpUBJeHUus. IlosTomy, eciau
MIPUHATDL BEJINUNHY A IIOCTOSAHHOM AJIs1 Beeil 06cagHOM KOJIOHHBI, 9TO
MIpUBeeT K 3aBbIIICHUIO 3HAUCHUSA PaJuaIbHOr0 U3HOCA.

B cBaA3U ¢ 9TuM OGbLIa cAeJaHA MOIBITKA OIPEeNeJUTh A CTATUCTHU-
yecKUM MeTomoM. Ha ocHOBe CTATHCTUYECKOTr0 aHAIM3a MaTepPHUAJIOB
no mectopokaenuam Jlarecrana, Yeunu u UHrymerun mosryuyeHa
3aBUCHMOCTD YCJIOBHOTO YAEJIbHOI'0 IIyTH TPEHUS A OT HHTEHCUBHO-
CTU IPOCTPAHCTBEHHOTO UCKPUBJIEHUSA CTBOJIA [3.

ITonyuennas ajisg yKasaHHBIX PallOHOB 3aBUCUMOCTSD (puc. 3.15)
BBIpasKkaeTcs opMyoi

A =21 800/p15. (3.75)

Ilo-Bugumomy, aHaJo-
TUYHO MOYKHO IIOJIYUYUTH 3a-
BUCHMOCTH A OT 3 ¥ IJid APY-
2,0 rux paiioHOB.

Pacuer paguanbHOTO U3-

B,rpaayc/10 m

’ H IHBIX JIOHH
L5 oca o00ca, KOJIO c

Yy4eTOM IIPOCTPAHCTBEHHOI'O
LOF VCKPUBJIEHUA CKBAYKUHBI
0,5

Puc. 3.15. 3aBHCHMOCTE yCJIOBHOTO
YAEJBbHOr0 IMYTH TPEHUud )\, OT MHH-
1 1 1 1 | 1 TEHCUBHOCTH IIPOCTPAHCTBEHHOTO

0 10 20 30 40 A,Tbic.m/mMm uckpuBxenus B
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cJeqyeT IPOUBBOAUTH MOWHTEpPBaJbHO mpu B > 0,4 rpagyc/10 m.
J1s Kakaoro MHTEpPBaIa N3HOC KOJIOHH OIPEAEJIAIOT II0 HAmOOJIhb-
eMy 3HAQYeHUIO [3; BIPeAb A0 YTOUHEHUA UX IPUHUMAIOT PABHBIMU
or z;—125 M o z; +125 m (31ech 2; — TAyOUHBI ¢ HAMOOJIBIITUMY 3HA-
YyeHUAMU f3).

IIpumep pacuera. OmpegesuTh 3HAUEHUS MHTEHCUBHOCTHU
IIPOCTPAHCTBEHHOTO UCKPUBJIEHUS 3 ¥ YCJIOBHOTO YAEJBHOTO IIYyTU
TpeHUA A. BHauasie HaliieM WHTEHCUBHOCTH IIPOCTPAHCTBEHHOTO
UCKPUBJIeHUA [} 1T0 HOMOrpamme (puc. 3.16).

IIpenmono:xkumM, uTO B MHTEPBAJIE CPESHUM YroJ HAKJIOHA y4acCT-
Ka a,, = 4’, U3MeHeHMe yIJI0B HaKJIOHA B IIpefiesiaxX y4acTka Aa = 17,
M3MEeHeHNe a3uMyTa B Ipejeiax yuacTka Ag = 10°,

Ilo mkase “VaMeHeHre a3UMyTa CKBaKUHBI” HaxoauMm Ag = 107,
3aTeM IIOJHMMAaeMcs BBepX JO 3HaueHHd a, = 4. Crexyromuii
aTalm — mepexoj Ha mKany “Msmenenue o01iero yriaa Haxaona”. J1o-
XOLUM 10 KpuBoii Aa = 1°, ciiycKaeMcs [0 IepecedyeHus ¢ BeJInUnu-
HOIf MHTepBaJia, Ha KOTOPOM OIpenessieMas NHTeHCUBHOCTb IIPOCT-
PaHCTBEHHOTO UCKpUBJeHuA Ha 10 M, 1 Ha IIepeceueHnn dTUX JBYX
MIPAMBIX UIEM OJMKalIyio KpuByio 3. B Hamem caydae ff = 1,4.
ITo rpadury (cm. puc. 3.15) oupenensiem 3Hauenue A = 11,5 Tric.
M/MM. AHAJOTUYHO HAXOIUM YCJIOBHBIN yAeJIbHBLIN MYyTh TPEHUSA U
LS APYTUX NHTEPBAJIOB.

ITo 3HaueHMIO pagUAILHOTO U3HOCA 00CATHBIX TPYO OIpemesaioT
CMUHAIOIIee JaBJeHne AJIA IPOMEeKYTOUHBIX KOJOHH U 3aJaHHBIH
nepuos OypeHus CKBaKMUHbBI, UCIIONb3YA (DOPMYITy

pxp:pﬁ(l_A)’ (3.76)

rae

ps =1,1(k, - 0,5k )0, + E(k, - 0,5];;’)2(1 + L\
2

2

- oT+E(k0—0,5k')2{1+L\ _4E(k, - 0,5k 0, |;
P

e e+k' k0=0’9056‘ E

’

- 0,8750 , B = d,mmmnd,

min ’ ’

T 1-0,5k"" D D D
1+ 3e’ 4 +3a’
—ky; " (kg -k)(1-a') 8-3a" )
A=t OOk B IO EN d = py 2,28k, - 0,5k
’ 1+

2k +0,5k')(1 - a’)?
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0 — TOJIUHA CTeHKHU TPYyObl, MM; E — MOIyJIb yIIPYrocTH MaTepuasa
TPYOBI; O, — IPees TEKyUeCTH MaTepuajaa Tpyonl; kB, — OTHOIIIEHUE
CpenHel TOJINMUHBI CTEHKM K IuaMeTpy TPyOwl; k' — OTHOIIIEHUe
MaKCHUMAaJILHOTO PaJuaJbHOTO M3HOCA K AUAMETPy TPYObI; k.,
OTHOIIIEHVEe MUHUMAJBHOM TOJIIMUHBI CTEHKU K JUaMeTPy TPYObI;
e — K09 GUITMEeHT OBAILHOCTY HEN3HOIIIEHHOI TPYOHI.

IIpu D> 219 Mme = 0,02; mpu D < 219 mm e = 0,01. 3HaueHue
Py, MOHO OIIpefIeSIUTh U3 HoMorpaMMe! (puc. 3.17). Ha sToit HOMO-
rpaMme 1) — KO3MUIIMEHT CHUKEHNA CMUHAIOIIETO AaBJIEHUA, Ay —
K03 (PpuIeHT u3Hoca.

PaccMmoTpuM Ha mpuMepe, Kak I0JIb30BATbCA HOMOIPaAMMOIT pac-
yeTa M3HOIIEHHBIX 00CaJHBIX KOJOHH Ha cMATHe (cM. puc. 3.17).

HNwmeercsa KosoHHA guamMeTpoM 219 MM ¢ TOJIIHUHON CTEHKH O =
= 11 MM u3 cTayiu rpynmsl mpounoctu JI. Tpyba usHoIIeHa OYPUIb-
HBIM 3aMKOM Ha r1youHy 3 MM. [yia 3Toi TpyOBl (HEeM3HOIIEHHOMH)
II0 CYIIECTBYIOIIUM TaOJIUIAM 3HAUEHHE CMUHAIOIIEro IaBJIEHUS
cocrasJiser 30,5 MIla.

Haxogum Ha mkamne “Iuamerp ob6camgHbIX Tpy06”’ 3HaUeHUE
219 MM, mogHEUMAaeTCs BBepX 10 0 = 11 MM, 3aTeM II0 TOPU30HTAb-
HOU JIMHUU MPOXOAUM IO KPHUBOIM, COOTBETCTBYMWIei k = /D =
= 0,05. ITlepexogum Ha mKany “PaguanbHbiil nsuoc”. Haxogum 6 =
= 3,0 MM, 110 IPAMON IMOJHMMAEMCS 40 KpuBoi § = 11 MM, mpoBo-
IUM BePTUKAJBHYIO JUHUIO [0 IIePeceuetns ¢ yKe HalAeHHOH KPu-
Boit k = 0,057.

OT TOUKM IlepeceueHuss BeJeM T'OPU30HTAJIbHYI0 IPAMYIO IO
kpusoii 30,5 MIla, coOTBeTCTBYIOIIEH NaBICHUIO CMATUA HEW3HO-
IeHHOM TPyOBLI. 3aTeM M3 TOUYKHW MepeceueH’s TOPU30HTAJIbHOMN
npamoii u kpusoit 30,5 MIla BegeM MpAMY0 BEPTUKAJIBHO BHU3 U
HAXOJUM Ha IITKaJie 3HaUeHue AABJIEHUs CMSATUA U3HOIIEHHON TPY-
ObI, KOTOpPOE B HallleM caydae pasuo 18 MIla.

IIpu HEOGXOAMMOCTH C IIOMOINBI0 HOMOTI'PAMMBI MOYKHO PEIIUThH
oOpaTHyIo 3azauy.

CrparmBamoIly0 Harpysky IJd HEeW3HOIITeHHBIX 00CATHBIX KO-
JIOHH paccuuThIBaioT o opmye (3.70).

Ha He3aleMeHTMPOBAHHON YaCTU IPOMEKYTOUYHON KOJIOHHHBI,
HaXOAsAIeNcsa Mo/ TefCTBUeM OCEBOII pacTATUBAIOIEell HarpysKu,
CTParuBaIOINyI0 HATPY3KY OIPeNesaioT C YUeTOM M3HOca 00CaTHBIX
TPpy0 OYPUIBHBEIM UHCTPYMEHTOM II0 (hopMyJie

= oDy
pCTp_g+BCtg((p+e) ’ (377)

D, 1

rie
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Puc. 3.18. 3asucumocts Ko3hdu- N'=Pp/Puyp

I[HEeHTAa CHUJKEHUS CTParuBaroniei
HArpy3KHu 1)’ oT KoaddummeaTa A,
0,8 -
0,6 -
0,4}
0.2 1 ]

1 r
0 0,2 0,4 0,6 A,=8/8

A= 1 1+ 8wyl - Pw + 2pwy) .
1-Bo (1-Bw®) -Bw)-16pwy?

l+o d . [ d+d',
B: ; Y=—3 0= ;

T4k -k) " D, Dy Dy,

k'r =%’Z5b; e =0a5(6max _6min +6’); k' =;_0;
D, — cpenHuii fuaMeTp pe3bOBI IO IIEPBOI IOJIHONM HUTKE; b — TOJI-
IIMHA CTeHKHU TPYORI IO BIaAWHE TOH JKe HUTKM; [ — JJInHA Hapes3aH-
HOIT yacTu TPyObl; d — BHYTPEHHUI auamMeTp TPYObI; O,..> Opm —
MaKcUMaJibHas 1 MUHUMAaJIbHAsA TONIINHA CTeHKU TPYObI; &' — paau-
aJbHBIN M3HOC TPYOBI; @ — YIroJ MEKAY OIIOPHOIN IOBEPXHOCTHIO
Pe3bOBI 1 0ChI0 TPYOBI; O — YyroJ TpeHus.

a5 mpaKTHYeCKMX pPAcCYeTOB PEKOMEHAYEeTCA II0Jb30BAThCA
rpauecKoii 3aBUCUMOCTBI0 KO3((PUIINEHTA CHUKEHUSA CTparupa-
IOIIUX HArpy30K 1’ oT KoadduiimeHTa nsnoca Tpyo A; (puc. 3.18).
3mech A, — OTHOIIIEHWE PAANAJIbHOIO M3HOCA K HOMUHAJBLHON TOJI-
ITHE KOJIOHHBI.

3.3.3. PACUET HATAXEHNS OBCAJHBIX KOJIOHH

IIpu 0GopymOoBaHNU YCThA CKBAMKUHBI BBIMOJHSIOT HATSIKEHUE
Hes3alleMeHTUPOBAaHHOI YacTu 00CcaJHOM KOJOHHEI AJIs 3aI[UThHI €€ OT
TMOBPEKIeHUN B pe3yJbTaTe BOSHUKHOBEHUS NOIOJHUTEJIbHBIX Ha-
npsasxennii. Harasxenue o6caJHBIX KOJIOHH He ITPOU3BOAAT B CJIyUae
YCTaHOBKY KOMIIEHCATOPOB Aedopmariu.

ITpu npoexTupoBaHuM 06CaAHBIX KOJOHH JJS CKBAasKMH, B KOTO-
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PBIX HEM3BECTHBI OXKHAaeMble TEMIEPATYPhI U JABICHNUS, BEINUM-
HY HaTSKEHUs OIPeJeAioT 1o hopMmyJie

Qn:QHQnS[PCTp]’ (3'78)

rme @, — ycuame HaTAKeHHs; @ — Bec CBOOONHOI (Hesale-
MEHTMPOBAHHOI) YacTH KOJOHHEI; [P, ] — JomycTuMas cTparusa-
I0111aA HarpysKa AJs pe3b00BOTO COeJUHEHUA.

Hars:xeHue KOJIOHH @,, KOTOpPble B IIPOIleCcCe HKCILIyaTaluu
IIOBEPTAIOTCA HArpeBy (WJIM OXJIAMKAEHUWIO) M BO3LEHCTBUIO BHYT-
PeHHeTO [aBJIeHUs, HAXOqAT U3 YCIOBUM

Q,=Q;
Q=Q+P,—P,+P,, (3.79)

rame @ — Bec cBoOOAHOI (HE3alleMeHTHPOBAHHOM) YAaCTH KOJIOHHBI;
P, — repMmuueckasa HarpyskKa; P, — Harpyska orT BHYTPeHHero 1n30bl-
TOUHOrO AaBaeHuda PY; P; — Harpyska OT T'MAPOCTATHUUYECKOTrO daB-
JIeHUs.
Bousliiee 3HaueHNE @, TPUHUMAIOT 38 YCUJINE HATAKEHUS.
Ycunue P;, BO3HUKAIOIee B KOJIOHHE B pe3yJibTaTe Harpepa
(oxJakIeHns) HaXOgAT Mo hopMyJe

P, = aEFAt, (3.80)

rae a — Koa(pPUImeHT JUHEeHHOTO pacIIupeHus MaTepuaa TpPyO;
E — MonmyJb yIIpyrocTu MaTepuaJia Tpyo; At — cpeaHas TeMmepary-
pa HarpeBa (MM OXJAXKIEHNA) KOJIOHHEI.

ITpubnauskeHHOe 3HAUEHNE CPEAHel TeMIlepaTyphl HarpeBa (miu
OXJIAXKIEHUA) MOYKET ObITh OIIPeIeIEHO N3 3aBUCUMOCTH

At:(tS_t1)+(t4_t2), (381)
2

rge t,, t, — TeMIIepaTypa KOJIOHHBI 0O SKCILIyaTaluy COOTBETCTBEH-
HO Ha YCThe U y BepXa IeMEHTHOTO KOJIbIla (00BIYHO IPUHUMAIOTCA
II0 TEOTEPMUYECKOMY I'DASUEHTY); t3, £, — TeMIepaTrypa KUIKOCTHU
B KOJIOHHE COOTBETCTBEHHO HA TeX JKe rIyOnHaxX.

B cryuae oxyamjgenus At mMeeT OTpUIlaTeIbHOE 3HAUEHUE.
CpenHIoio miolanb CeUeHUS KOJIOHHBI OIIPelesIAI0T KaK cpejHe-
B3BELIEHHYIO I10 AJINHEe KOJIOHHBI BeJINUNHY

F=Flll + Fyl, +...’ (3.82)

Lo+l +...

rae l;, l, — pauHa cexkmuii obcamgHOM KoJoHHBI; F,, F, — miaomanb
ceueHUs TPYO B CEKITUAX.
Benuuuns! P, u P; onupenensaior o opmyiam
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T 2
B=gpd
P = %gL(sza - d2plc)5

rae w — Koadduruent IIyaccona; d, D — COOTBETCTBEHHO BHYTPEH-
HUY U HapY°KHBIHU AraMeTp KOJOHHBI; P,y P, — MJIOTHOCTD KUAKOCTU

COOTBETCTBEHHO 3a KOJIOHHOM 11 BHYTPU Hee.
ITociie HATAMKEeHNA KOJIOHHEL JOJIKHBI CO6.TIIO,I[8.TI:CH YyCJI0BHUA

Qn_QO_I)l-'-PZ_PiiS[})CTp]; (3.83)
Qn - QO = [R'rp]’
rge QO — B€C KOJIOHHBEI OT YCThA O pacCCMaTpMUBaeMOI'o0 CEUeHUA.

A coemuHeHMI, PACIIOJIOMKEHHBIX BO3Ji€ YCTbA CKBAYKUHBI,
YCJIOBUS IPOUYHOCTH CJIeAYIOLINe:

Q. -h+5-B=[F,]
Q, <[Fy]-

(3.84)

3.3.4. OCOBEHHOCTH IIPOEKTUPOBAHNUA KOHCTPYKI[NIA
CKBAJKIVH B PAMIOHAX MHOT'OJIETHEM MEP3JIOTHL

B paiioHax MHOTOJIETHEMEDP3JIBIX TOPHBIX IIOPOJ K KOHCTPYKI[U-
SIM CKBaKUH IIPEAbABIAIOT JOTOJHUTENHHEIE TPEOOBAHMA:

1) TosmmHA MepP3JBIX HOPOJ IOJIXKHA IEPEKPBHIBATHCA IIOJIHO-
CTBIO;

2) raybuHAa COyCcKa KOHAYKTOPA JOJIKHA MCKJIOUYATH T'AAPaBJIH-
YeCKHUI pasphIB ILJIACTOB, JIeKAIIUMX BHIIIE OalliMaKa, IPU JOCTH-
SKeHUHU B CTBOJIE CKBaYKMHBI JaBJIEHU S, PABHOTO IIJIACTOBOMY;

3) A yCHEeNIIHON TPOBOAKYW CKBAaKUHBI IIOCJIE HEPEKPHITUS
MEPSJIbIX MOPOJ U MOCJHEVIOIIeN 9KCIIyaTalliu TEILJIOBOE BO3IEH-
CTBUE ee Ha IMOPOJLI C OTPUIATEILHON TeMIIepPaTypoil HeoOXOIUMMO
CBECTU K MUHUMYMY;

4) HeoOXOOUMO OIEHWTh BEJIWUMHBI CMUHAIOIIMX HATPY30K U
IIPOBEPUTH MIPOUYHOCTh KOHCTPYKIIUY B II€JIOM IIPU IIUKJINYHOM pac-
TEIIEHNY ¥ CMEeP3aHUU MHOTOJIETHEMEPS3JIBIX IOPOJ, CBABAHHOM C
BBIHYKJJEHHBIMY OCTAHOBKAMU SKCILTYATUPYIOIINXCA CKBAKUH.

PaccmoTpumM mocieoBaTe IbHO 0COOEHHOCTY pacueTa KOHCTPYK-
Ui CKBa)XKUH B MHOT'OJIETHEMEP3JIbIX IMOPOJax C YUYeTOM YyKa3aH-
HBIX BbIIlIe TpeboBaHUi. OT COCTOSHUA KOHCTPYKI[UY B II€JIOM B yC-
JIOBUAX MHOTOJIETHEMEDSJILIX IIOPOJ 3aBUCUT Oe3aBapuiiHas pabora
SKCILIyaTallMOHHOM KOJIOHHEI.

217



Pacuer riy0uMHBI CIyCKa KOHAYKTOPA B MHOIOJIETHEMEP3JIbIX
nopogax. Ecnu npuHATH JaBiieHue rasa y OalliMaka KOHIYKTOpa
PaBHBIM ILJIACTOBOMY, TO TJIyOWHA ero cuycka H ompejessercs us
COOTHOIIIEHU S

H=p,/k, (3.85)

rIe p, — JaBjeHue Ha riiyoune H; B — rpagueHT HaBjieHUA pasphbiBa
miacra, k= 0,02 MIIa/m.

IIpennoxxennoe BHUMNI'A3om 3HaueHme TpajgmeHTa pPas3phbIBa
ILJIacTa SABJSETCS OPUEHTUPOBOUHBLIM U TPeOyeT YTOUHEHWS [IJIS
KasKkIoro MecToposkaenus. B ycaoBusax Kpaitmero CeBepa TexHOJO-
TUYECKU TI'PAMOTHO MEPeKPhIBATH KOHIYKTOPOM TOJIY MEP3JIBIX
TIOPOJ C YCTAHOBKOI OalliMaka B TaJbIX IOopojax. IIpwm 3TOM BO3-
MOJKHBI IBa CJIyYas OpeAesieHrs INIyOUHbBI CITyCKa KOHIYKTOpA.

1. Eciu BO3MOMKHOCTD PacTeIIeHUsT MeP3JIbIX ITOPOJ U CBA3AH-
HOE C 9TUM HapyIlleHue CIEILICHUA IIEMEHTHOr0 KaMHS C II0POJaMU
HUCKJIIOUEHBI, TO BOIIPOC O IIyOMHE CIyCKa KOHIYKTOpPa pellaeTcs
Ha ocHOBe cooTHoIeHu (3.85).

2. B ciyuae BO3MOJKHOI'O PACTEIJIEHUSA MEP3JbIX IIOPOJA B pe-
3yJbTaTe TeIJIOBOTO BO3AEMCTBUA 1 HAPYIIIeHUA KOHTAKTa IIeMEeHT-
HOTO KaMHsA C TTOPOIO0I BOIIPOC O BHIOOPE TJIYOMHBI CIyCKa KOHAYK-
TOpA pellaeTcs nHaye.

Eciu mpuHATH, UYTO CONPOTUBJIEHHE [OaBJIEHUIO ILJIACTOBOTO
duonsa B KOHTAKTHOIN 30HE IIEMEHTHBIN KaMeHb — pacTelIeHHas
mopoJa OTCYTCTBYET, TO YacTh KOHIYKTOPAa, YCTAHOBJIEHHAs B
TaJbIX TTOPOJAaX, NOJKHA IIPEIOTBPAIllaTh BOSHUKHOBEHNE Pa3phiBa
TLJIACTOB.

OmpenesnM MaKCHUMAJbHYIO IIyOMHY CHYyCKA KOHIYKTOpPa B Ta-
JIBIX TIOPOJaX, KOTopasi B CyMMe C IPOTUBOJABJIEHUEM KUIKOCTH,
HaxXonAIeHcss B 30HEe PACTEIJIEHHOT0 KOHTAaKTa, HCKJIOUUT BO3-
MOXKHOCTh BOBHUKHOBEHHUSA OTKPLITOTO (poHTaHA 1 (MJIM) IIPOCATKU
BCell KOHCTPYKITNH.

JaBieHre TOPHOI OPOAHL P, AOJKHO OBITH OOJIBIIIE MJIN PABHO
ILJIACTOBOMY P, :

Prn =P1 T D2 =hgp +ps;
pnn:hgp+p2; (3‘86)
p2 =pm1_hgpa

rfe h — MOIITHOCTb MeP3JbIX HOPOJ; P — ILUIOTHOCTh IIyJIbIBI, HaXO-
IAmeica B (KUIKOM COCTOSAHUU, IPUHUMAaeTC P = 1,5:10% kr/m°.
W3 Beipaskenusd (3.86) BHUAHO, UTO OCHOBHAA AOJA OABJICHUA
MIPUXOAUTCA HA YaCTh KOHAYKTOPA, 3al[eMEHTUPOBAHHYIO B TAJIBIX
mopozax. IIpu moriHocT Mep3abrx mopoa 300 M 1 oXKMIaeMoOM TaB-
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aeanu 12 MIla snauenue p, = 7,5 MIla. CiemoBaTebHO, AJIS Ipe-
JOTBpAIlleHNA TUAPABINYECKOTO pPas3phiBa ILJIACTOB KOHIYKTOD
IOJIJKeH OBITh CITYINeH Ha TayounHy 375 M.

Omenka pa3MepoOB 30H PACTEIJIEHHS MHOTOJIETHEMEP3JIbIX
mopox mpu OypeHMH U DSKCILIyaTanuu ckBaskuH. [Ipm OypeHum
CKBaKMH IIPOMBIBOUHASA JKUAKOCTD ¢ TeMIeparypoii Beitire 0 °C pac-
TaIJINBaeT Jiel — IIeMEHT Mep3JI0# Imopoabl. B pe3ysibTaTe B MHTEP-
BaJIaX MEP3JILIX IOPOJ, CJIOMKEHHBIX DBIXJILIMUA Pa3HOCTAMM, CIIe-
MEHTUPOBAaHHBIMU JbIOM, 00pasyioTcsa KaBepHbI. Hasmume sTmX
KaBepPH SHAYNUTEJNBHO YCJIOKHSET IIPOIEcC I[eMEHTHUPOBAHUS KOH-
IYKTOPOB.

IIpu sKcmayaTanmuu CKBa)KMH TEILJIOBOE BO3AeiicTBHE Ha Meps-
JIble TIOPOJABI CTAHOBUTCA KpaliHe MHTEHCUBHBIM. Jlen, mpeBpaia-
sICh B BOJY, 3aHMMAaeT MEHBINI 00beM, U 00pa3yIOTCA KaBEPHHI.
ITopona TepsAeT CBOIO HECYIIIYIO CIIOCOOHOCTH, BOBHUKAIOT ABJIEHUA
OTIOJIBHE.

VYuureiBasg pasHOCTb TeMIIepaTyp ¥ OJUTEIbHOCTHL PabOThI
CKBa’KMHBI, MOKHO YBEPEHHO IIpeACKasaTh HapyllIeHhe TepMOIU-
HaMHUYECKOT0 PABHOBECUS B MHOTOJIETHEMEP3JIbIX IOpoAax, B pe-
3yJIbTATEe YeT0 BO3MOIKHBI ITOCTKPUOTEHHBIE ABJIEHUA BOKPYT CTBO-
Jia CKBaKWHBI ¥ 00pa30BaHMEe BOKPYT KOHAYKTOPA OUYEHb OOJIBIINX
KaBepH (KpaTepoB) ¢ IpoceaHeM YCTheBOM 00BA3KM M HAPYIIIEHU-
eM TpyO KOHIYKTOpA.

s mpubJnKeHHBIX PACUYeTOB BeJIUUYUHBI IIPOTANBAHUS CTEHOK
CKBasKMHBI IPU OYyPEeHUU B MHOT'OJIETHEMEP3JIbIX TOPHBIX IIOPOAaX B
KauecTBe UCXOAHOM IpeAIaraeTcs 3aBUCUMOCTh

Qoo = 0,785(T, — T)C.p.d*wyt, (3.87)

rae @, — 00Ilee KOJIMYECTBO IepeJaHHOU HHEePIuHU TeIJIOHOCHUTe-
aem T;, T, — COOTBETCTBEHHO TeMIlepaTypa BXOAAIIET0 1 BbIXOLA-
IIIero U3 CKBAXKUHBI TeIIoHocuTe A, C; C, — TeII0eMKOCTDb TeILIO-
HOCHUTeJIf; P, — IIOTHOCTh TeILIOHOCUTeNs, KI'/M®; d — BHyTpeHHuIi
IuaMeTp OypUIBHBIX TPYO, M; W, — CPEIHAA CKOPOCTH IOTOKA TEeI-
JIOHOCUTEJIA B TPy0ax; ¢ — BpeMs BO3IEHCTBUA TEIJIOHOCHUTEJIA Ha
Mep3JIble IIOPOABI B IIpoIiecce OypeHns.
O0beM OTTAsIBIIINX IIOPOT,

Voﬁm =Qo6m/(Qn +QB+QCK)1 (3.88)

rre @, = V,p,0 — KOJUYECTBO BHEPIWU, 3aTPAUMBAEMOI Ha
pacmiaBienue gbaa B 1 M® Mepsasix mopox; @, = V0:C, T, — KOMH-
YeCcTBO SHEPTUU, 3aTPAaueHHOII Ha HarpeBaHue BOILI, 0O0pasoBaB-
mIeiicA OT pacIIaBleHHUs Jbla, cofepskamieroca B 1 mM® MepsbIx
IIOPOJ, 0 TeMIePaTypPhl TeIIOHOCUTET; Qu = Vi P Cor (Top — T) —
KOJIMUeCTBO SHEePTUM, 3aTPaueHHOif Ha HarpeBaHre 1 M° Mep3JIbIX
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HOPOJ, 0 TeMIepaTyphl TeILIOHOcHTeNs; V, — obbeM abga B 1 m°
MePS3JbIX TIOPOJ; P, — IJIOTHOCTH JIbJIa; O — TEIJIOTA HArPeBaHUA U
ILIaBJIEHUA JIbaa; V, — 00'beM BOJBI, OOpa3oBaBIIIelicA B Pe3yJIbTaTe
pacILIaBleHus Jbja B 1 M° Mep3JIbIX IOPOX; P, — IJIOTHOCTL BOJLI;
C, — TemI0eMKOoCTb BOAbl; T, — CPeJHAS TeMIlepaTypa TeIlJIOHOCH-
rensa, T, = (T, + Ty)/2, 'C; V,, — 00BeEM CKeJleTa IIOPOIBI; Py, —
ycpeaHeHHas JIOTHOCTE cKejera mopoasl; C, — ycpefHeHHAsd Tel-
JIOEMKOCTB mopof; T, — cpefHAS oTpUIaTeJbHAsA TeMIlepaTypa Io-
pox, °C.

0O0BeM pacTasgBIINX W PA3PYIIEHHBIX HOPOJ MOMKHO TaKyKe BbI-
pasuTrs hopmyJIoi

2

Viow =200, (3.89)
rae R — paguyc CKBa)KUHBI 0 JOJIOTY ILTIOC PACTEIJIEHHBIE U OCHI-
IIaBIIVEeCA CTEHKY CKBAXKUHBI, M; H — ruryOuHa CKBa*KUHBI, M.

Torza

R =V, /(uH).

O11y

Tnybuny mo paamycy pacTeIlJIeHHBIX U Pa3pYyIIeHHBIX ITOPOJ
MOXKHO OIIPEJIeIUTH TaK:

AR=R-(D,/2), (3.90)

rae D, — nuaMeTp J0JIOTA, KOTOPBIM IIPOU3BOAAT OypeHue.
BLIMOJIHUE COOTBETCTBYIOIIME IOACTAHOBKHY, IOy UM

[VﬂpHG+VBpBCBTCp +VCKpCK (Tcp +TH)CCK]JTH 2 '

0,785(T, - T,)C,d%ptw,, Dy (3.91)

Amnanus ¢gopmyas: (3.91) moxkaswpIiBaeT, UTO IIyOMHA IIPOTaWBa-
HUSA yBeJuuuBaeTcs (IPU MOCTOSAHCTBE BCeX IIPOUYMX IIapaMeTPOB) C
poCTOM Iiepemajga TeMIIepaTyp, CKOPOCTH IIOTOKA IIPOMBIBOYHOM
JKUIKOCTH, IIPONOJIXKUTEILHOCTY OYPEeHUA U C YMEHbIIIEHeM ua-
MeTpa JI0JIoTa.

NuaTepecHbl pes3ysabTaThl 3KCIEPUMEHTAJIBHBIX WM aHAJUTHUYEC-
KHUX HCCJIE€IOBAHUI II0 OIlEHKE Pa3MepPOB 30HBLI PACTEIJIEHUS U BO3-
IeficTBUSA ee HA SKCILIyaTAIlMOHHbIE CKBAXKUHBI MECTOPOMKAEHUS
IIpagxo-Beii (Anscka).

MmuoroJieTHeMep3Jble TPYHTBI Ha 9TOM  MECTOPOKIEHUU
MIPEeUMYIIECTBeHHO T'PaHyJIAPHbIE, 34 MCKJIIOUEHNEM BepXHeil 30-
HBI, T7Ie OTMeUYeHbl MacCUBHBIE (GOpPMEBI JbAa. [[BuKyIIIIEecsa QIon-
OBl B MHTEPBaJie MHOT'OJIETHEN Mep3JIOThI UMEIOT TemMmuepaTtypy 60—
80°C.
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Puc. 3.19. AHaIUTHYECKHUIT IPOTrHO3 OCEJaHUSA M OTIOPA TPyHTa IS JKCILUIyarT a-
I[MOHHOM CKBAaKMHBI, 3AIIUIIEHHON U30JAUMeH 10 riayounsr 230 m:

I — mepaasiit rpyaT; II — oTTagBIIUI TPYHT, HOCTOAHHBIH rpaguent 800 xr/m?%; I —
GOKOBOIO IBYMKEHNs HeT; 2 — MacCOBbIH rpaguenT usmenserca ot 0,8r/cm® go 0; 3—

BEePTHUKAJBHOTO ABUXXEHUA HET



Ha puc. 3.19, a upencraBieHbl TPpaHUYHbIe YCIOBUA, NCIIOJJIb30-
BaHHBIE IPU IIPOTHO3UPOBAHUU OCEJaHUsS TPYHTA W HArPy30K Ha
KOJIOHHBI MJIs CJydYasd SKCIIyaTAllMOHHON CKBasKWHBI, Ipopabo-
rasieit 20 jer.

Kpemnienne 30HBI Mep3JIbIX MOPOJ OCYIIECTBJICHO ABYMs o0Ocaj-
HBIMU KoJloHHaMu — auamerpamu 508 um 340 MM, CIyIeHHBIMHU CO-
OTBETCTBEHHO 10 ryounsl 229 u 717 M. IlemeHT 3a 3TUMU KOJIOH-
HAMU IIOTHAT A0 YCThA.

IKCcIIyaTaroHHaa KOJIOHHA COCTaBJeHA M3 TPYDO auamMeTpoM
178 MM ¢ 63-MM MB0JIAIIMEN 13 IIOJNYPETAHOBOI MeHbl B MHTEPBAJIe
0-230 M.

3ona orrasaBiiero 3a 20 Jjier rpyHTa IIpeAcCTaBJeHA B BUIAE IIU-
auuapa guamerpom 30 M 1 ocHOBaHMEM Ha IIyouHe 152 M.

PacueTnl mokasajyii, UTO BepXHAS UacCTh paspesa OO0 TJIYOWHBI
152 M mpu uMmeroIeicss M30JANUN OyIeT COXPaHATHCA B 3aMOPO-
SKEHHOM COCTOSHMUMN.

B pesyiibTaTe paspylleHNUs CTPYKTYPLI MeP3JIOTHI B 30HE OTTAH-
Bauusa guamerpom 30 M IefiCTBYIOT MAcCOBLIE CHUJIbI, XapaKTepusy-
[oIuecs 10 riiyonHsr 550 M IIOCTOAHHBIM IpagueHToM gaBieHud. C
yBesaumueHueM IayouHb! 1o 610 M MaccoBble CUJIBI IUHEHHO YMEHD-
matTed A0 Hysida. CuuTaioT, YTo MEXKIY TPYHTOM, IIEMEHTOM U KO-
JIOHHOI CYyIIIeCTBYeT KOHTaKT.

PesynbTupyiomine oceBble HAIPAKEHUA B 00CagHBIX TpyOax u
CcMellleHNe TaJIOT0 'PYHTA MOKAa3aHbl COOTBETCTBEHHO Ha puc. 3.19, 6
u 8. B Tpyb6ax BepxHel YacTM KOJIOHHBLI PAa3BUBAIOTCA PACTATHBAIO-
e HampsKeHusa, mpocturaiomime 176 MIla ma raybune 230-—
240 M, a B HM)KHEH YacTH — HAIPAMKEeHUA CIKaTUA, COCTaBIAIOIINE Y
momoIBel BeuHoi Mepaaorsl 105 MIIa. Pacopocrpanenue 63-Mm
U30JIAIMY [0 IIONOIIBBI BEUHOM MEP3JIOTHI BeleT K YMEHLIIeHHUIO
pazuyca OoTTasBINel 30HBI ¥ CHUMKEHUIO HAIPSIKEeHUH B o6caIHBIX
Tpybax. B aToM cayuae MaKCcHMaJbHOE PACTATUBAIOIEE HAIIPAMKE-
Hue Ha roryoume 366 m cocraButr Bcero 10,5 MIla, a Hampsa:KeHUe
cokatusa — 35 MIla. IIpu oTCyTCTBUY MB30JAIUKU 30HA PACTEIJIeHUA
JOCTUTaeT IOBEPXHOCTH 3€MJIN.

Ha wmecropo:xkgenuu IIpanxo-Beii B cKBaskMHaAX € OOBIUYHOM
KOHCTPYKI[UeH 6e3 U30aAInn JU(PTOBLEIX TPYO HArpy3Ka JOCTUraeT
800 kH, a B ckBa)KMHAX C U30JAIeN — Bcero okoso 14 kH.

UccnemoBaHUAMHU OIleHEHBI pasMephbl 30H pacTemJIeHUs MHOTO-
JIeTHEeMEeP3JIbIX MOPOJ MPU PA3IUUYHBIX CIOCO0AX TEePMOU3OJIAIIUN
He()TAHBIX 1 Ta30BLIX CKBAKUH ceBepa TIOMEHCKOM 06JIacTu.

IIpu 3amosHEHNN KOJIBIIEBOr'O IIPOCTPAHCTBA MEMKAY KOHIYKTO-
POM U SKCILIyaTAIlIOHHOMN KOJIOHHOM N13eIbHBIM TOILJIMBOM U HAJIH-
UY1K 3a HUM [IeMEeHTHOI'0 KOJIbIla PacTellieHie MHOTOJeTHeMeP3IbIX
TIOPOJ, 3a TIepBbIe 3 Mec PaboThl CKBasKUHBI AocTuraeT 1 M, a uepes
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r'ofi IPEBBICUT 2 M, UTO BBIZOBET IIPOCALKY TAJIOO TPYHTA 00BEMOM
60—65 m®. IIpu OTCYTCTBUH TEILIOMBOJAINY MEXKAY KOJOHHAMH U
HeJOIOoAbeMe TAMIOHAXKHOTO PAaCcTBOPA 32 KOHAYKTOPOM JO YCTBHSA
pacTerjieHre MOPo 3a MEPBLIN I'of PaboThl CKBAYKUHBI JOCTUTAET
4,5 M. Hamnune B KOJIBIIEBOM IIPOCTPAHCTBE MEKAY KOJOHHAMU
BO3AyXa Ipu aTMochepHOM JAaBJIEHUM COKpAaIllaeT JUHEHHYO IJIOT-
HOCTBH TEILJIOBOTO IIOTOKA U3 CTBOJIA CKBa’KUHBI B OKPYIKAaIOII1e Top-
Hble mopoabl Ha 40—50 % .

OmeHrka 3HaUYeHMH CMUHAKIMNX HATPY30K IPH IUKJIAYHOM
pacTrelLieHMM U CMeP3aHHM MHOTrOJIETHEMEP3JbIX Imopox. Bompo-
Cy cMATUA OOCAIHBIX KOJIOHH IIPY BOCCTAHOBJIEHUM OTPUIIATE]b-
HBIX TEeMIIePaTypP B OKOJIOCTBOJIBHOM 30HE CKBa)KUH B paloHaxX
MHOT'OJIETHEMEPS3JIbIX IIOPOJ IIOCBAIIEHO MHOTO MCCJIEIOBAHUIM.
YcranoBieHo, uTo obGcagHble TPYObBI CMMHAIOTCS B MHTepBajgax
0o0pa3oBaHUA KaBepH WJIM BHAUUTEJIbHBIX 3a30POB MEXKIY
CME)XHBIMU KOJIOHHAMU JIIO0 MeXKAY KOJOHHOM M CTeHKOM CKBa-
SKUHBIL.

s olleHKM 3HaueHWII BHEITHEro AaBJIEHHs Ha o0cagHble KO-
JIOHHBI IIPU 3aMEeP3aHUU KUIKOCTEH B OTPAHNYEHHOM O0'beMe IIpej-
JIOJKEHO HECKOJIBKO 3aBUCHMOCTel. Bce OHUM OT/IMUAIOTCA CTPYKTY-
POl 1 BBIBEIEHEI C OMYIIEHUSIMHU, OTHAKO TOYHOCTH OIEHKH JaBJie-
HUM [JI5 IPAaKTUYECKHUX PACUETOB JOCTATOYHA.

HaBiaenue Ha obcamHble TPYOBI IIPU 3aMep3aHUU OYPOBOrO pac-
TBOPA B CKBAKMHE MOKET OIPeAeIsiThbCA U3 BhIparKeHU s

_ Bya(Df -D})

+ Hep, 3.92
20-wp) o EF (3.92)

D1

TJe p; — BHeIlIHee NaBJeHUE Ha KOJIOHHY; U, — Koaddumuent Ilyac-
coHa; E, — MOAYJb YIPYTOCTU MOPOAKI; O — K03(hPUIIMEeHT 00 HEMHO-
r'o pacIInpeHmsa OypoBOro pacTBopa mpu 3amepsanuu; D,;, D, — Ha-
PYKHBIA JHaMETP COOTBETCTBEHHO O0CAIHOM KOJOHHBLI M KaBEPHBI;
H — rny6uHa; p — IJIOTHOCTH IOPOJHL.

Ecau guamerp xKouaykTopa paBeH 219 MM, a fuaMeTp KaBepHBI
Ha rayoune 130 M cocraBaser 600 MM IIpu ciIeAyIoIlell XxapaKTepu-
CTHEKe TOpHBIX Hopox: E, = 1-:10° MIla, u, = 0,35, p = 2,30 r/cm® u
KoadhdunmenTe pacmuperusa 6yposoro pacrsopa o = 0,061, To pac-
YeTHOE 3HAYEHNEe BHEIIIHEro MABJIEHHS Ha KOJIOHHY OymeT paBHO
25,57 MIla. 9toT pesybTaT — MUHIMAJbHOE BO3MOKHOE JaBJeHue,
MOCKOJIbKY IPUHATO MUHUMAaJIbHOe 3HaueHue E, (E, Koixebiercsa B
mpezenax 102—10* MIIa). Dro maBieHHe 6IMBKO K KPUTHUECKOMY
Ias1 00cagHBIX TPpy6 quamerpom 219 mm.

YemM BHIIIE BIAKHOCTD IIOPOJ, TEM OOJIbITIEE TaBI€HUE TeHCTBYET
Ha obcaguble TPyObl. Bosa, 3amep3as B 3aMKHYTOM 00'beMe, B 3aBU-
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CHUMOCTH OT TE€MIIePATypPhl CpeAbl MOJKET CO3IaTh HAABJICHUSA, IIPe-
Boimratorze 200 MITa.

PacueThbl TOKa3bIBAIOT, UTO €CJIV PA3HOCTH MMAMETPOB CKBaKU-
HBI ¥ KOJIOHHBI IIpeBbIiaeT 100 MM, TO Ipu 3aMep3aHUU IIOPOM BbI-
coKoii BiakuHocTu (6osree 20—25 % ) u JKUIKOCTH B KOJIBIIEBOM ITPO-
CTpPaHCTBEe KOJIOHHA MOKeT ObITh cMATa. HambOoJBIIYI0 OIAaCHOCTh
MIPeACTABIAIOT He3aleMeHTUPOBAHHBbIE KaBePHBLI, 3al0JHEeHHbIe
TIPECHOI UK CIa00MUHEePATIN30BaHHOM BOMOT.



