Digure

NPOAYKTUBHbIX
ropu3OoHTOB

M OCBOEHUE
CKBaXUH




BBK 33.36
VIK 622.244.5:622.245
5172

BekphiTHe APOLYKTHBHBIX TOPUIOHTOR M OCBOeHME CKBAMMR. Slpemwd -
guyk P. C, Kaumap IO, A, — Jlseon: Buma mxona. Han-se npu
JlepoB. yr-1e, 1982, — 152 c.

B monorpatui onucan 3akJOUMTCILANA 3TAN CTPOMTEABCTBA CEBANAI
B YCAOBHSAX HA3KOMPOMHUAEMBIX KOJCKTOPOB. PACCMOTPEHBI NPHYHHM CHH-
WelHA NPOHALAEMOCTH TIPOIYKTHBHHIX [I4CTOR i NPEAJOMEHA CXeMa
KoMILIekca HecaeioBamufl Aad nouayuyenHs Haopmani o6 HX XApaKTCpHC-
THKAX H KauecTBE BCKPuTHH. Boepsule 0G00IeHN pe3yabTaThi HCCACLOBA-
Ryt BRIPaGOTKE KAHANOR B NJACTaX THAPORECKOCTPYHHBIM 1 Ia30THIPO-
NeckocTPyiHEM clocofami, paspaloTaga METOIMER NPOCKTHPGBAHWA TEp-
POPANKE € YHETOM UHIHBKAYATBHHIX OCOGERHOCTEH CKBZAHH W NJACTOB.
Omnicana HOBAS TeXHOJOTHS CO3AAHHA LMKJIHYUECKHX TIYOOKHX XeTpeccHd ¢
ACNDAL3OBARMEM CTPYHHEY ANNapaton, & TaKie pPACKPHT MeXauusM ux
BG3ARHCTBRA Ha OPHCTBOJLHVIO 50HY MLIACTA,

HopMatnphble MaTepnaill TPHBRAEUM 00 COCTORMMW Ha 1 WKI3
1982 roaa. . .

Nlnfl uH#eRepHO-TEXHHYCCKHX palOTHHKOB nedTanol ¥ rasceoli opo-
MBIUAEHHOCTH, TIpenciaBatedell B CTYICHTCR HEPTAHWL BYSOB.

Tata. 22, Ha. 42, Bubanorp,: 129 ltazs.
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NPERHCROBHE

3akaHunBaluHe CKRAKIN — BaMibl 3akI0OUNTEIbHBIA 3Tall WX CTPONTEILCTRA,
BE/IOYAICIHA  BCKPHITHE IacTd, OGOCHOBAHHME KOHCTPYRUNIL 34008, uepdopamHio
CRBAMHE H BbHI30B IIPHTOKA #J3cTOBRIX 10108, MMeHHO Ha 3TOM 3Tane 332K71ajib-
RAIOTCA TIPeANOCHJKH VPOBUA COBEDIIEHCTRA CKBAMKHHB, HEMOCPEACTBEHHO BLSIO-
merd Ha OpUTOK MMAACTSRBIX [I).IHQH,[LOB.

CopeplueHCTBOBARYNEG W BHOOD pANHOHAIBHOH TEXHOJOMHN 38KAHYMBAHMA CKEa-
WHH — akryafbiue apobaemsl s¢hTCAOOHBAOMES OPOMBIIIAEHHOCTH, TOCKOJALKY
YAC0 MECTOPOIKAEHHH, HaXOZAWEHXCH B PaspadoTKe B TeKVILEM MATHIETHH, BO3pa-
cret mpuMepno na 20%. How storo B pacronmles  kpem»  HedTAEWKA  CTpalnl
exercAHo OypAT okoao 20 MIH. M CRBAKHH, YJIY4UIElHe KaueCTBa 3aKAHIHBAaHI
KOTOPHX, HECOMAENHO, TIPHBEIET K VBeJAHYCHWIO WX AeDBTA H, CleI¢BATEALHO, MHO-
BLILIEHHEI0 3(pGEKTHEHOCTH GypenHsa.

Kak vEd2aH0 B «(JCHOBHHX HANPABJIEHHSIX SKOHOMHUBCKDIO H  CONHAJLHOTY
passaTHd CCCP mua 1981—1985 rojnl W Ha mepHoid Ao 1990 roga», REGGXOLIMD
HPUMEHATL HoMbIe HOBLIX METOZOB BOZACACTBUH HA HEQTAHLIE IACTE, YREANUI-
B4ATE 34 CYET BTOrO U3BJALYERUE NehTH H3 HelAp, BHCADPHTD TNPOrPCCCHBHBE ¢HOCOGH
3KCANYATANHE CKBAWHN, COBEDWIEHCTBOBATE TeXHOJACTNO A00buH nedTu: <Pacuin-
PHTE NPHMEHEHHE HOBBIX MeTO/0E BO3ZSHCTEHS Ha uedTAHUBE mA2CTR H YBE/UIHUTh
3d CUET STOTO H3BJACYEHHE HePTH U3 HEAP» * — TAKOBH 3ajadh, CTosline MIepes
e TAHOH TPOMBUILILISTHAC TR0,

Texnoaorns BCKPHITHA naacta H nepQopalul IKCIEAYATAUROHNLIX KOJOHH cKa-
3LIBACTCS HAa K2YeCTBE u AMHNTENLHOCYH OCBOCHUS cxBawun, MasecTno, wro newodri-
POMHPYEMBIC H3MEHCHHA (PHABTPAUHOHHO-eMKOCTUEX CBOfCTE HOPOA B ODHCTBOIb-
HO#  3Due, APOUCKOIANINE B TOPUOAL TEPBUHUNHDIO BCEPHITHA TAACT2 1 KPENAeHHs
CKBaMIHL, OKAa3HRBaiOT BJIHSHHE He TOALKe Ha NePBOHAUAALHLIC ASGHTL! CKBAMUHE,
HO § Ha KOHEUHHH Kos@duunent uedreoradur. TIpy BTOPHYHOM BCKPHITHH TAacTa
ZOCTHT2eTCsl  QUPeAeeHBA KOs(PHUNENT CcOBEPIICHCTBA CKBAM(HHBI, KOTOPHE 3a-
BUCHT OT OBOCHOBauHCro BHIOOpa TWOTHOCTH Nepdlopallii H pasMepor mephopasi-
CHHBIX KZHAJOB.

OBHHO TEpHOJ OCBOCHAA CKBAMMHBL COBNAdaeT ¢ JIEPHOACM OQYACTEH TIpH-
CTBOTBIHON 30HH OT NMONABINEr0 (GHAGTRATA, 33KYOOPHBAIWIHX UACTHY, AKCIEpPCHON
cpeisl H Ip, TexHOJIOTHT OCBOEHIR CHKBasMHM AGKHAE 0BECHEUHBATh MAKCHMAJLHOG
BO3MOMEOE BOCCTZHOBJAeHHE NEDBOHAYAMNDHHIA GHABTPALHOHHLIX CBOHCTB MIacTa.

JakaHYHBANWK CKBakiH YAEISeTCH NOCTOANHOE BHAMaHHe, CIHAKO MIOCHC
BOOPOCH 3TOTO 3TARA CTPOUTENLCTRY CHBAKHH HAIVIEHL HelocTaToduo., B cpssu
¢ MporoofpasieM TOPHOTCOJMOTHUECKHEX  YCA0BMA  (rayOHHA  saleralus  [JacTos,
GUEILTPAUNOHAG-eMKOCTHEE W DU3HUIECKre  CBOHCTEA NOPOZL,  (HHIHKO-XMMEKYECKHE
CBOHCTBA NWed)TH, TepMOBAPHUECKHE YCAORHA B iacTax # ap.) TpeSyercd Judde-
pennuposatinufi NOAx0I K npofieme 3aKAHNYWBANAA CKBAKHH C NEILK NOBBLILICHHA
KayecTBa H afuperTHarocTH pador. OnA Bubopa pansoHAALHOR TEXHOAOCHH #@ na-
PAMETPOB TPOURCCOB HEOOROANMO TAKME VYHTHBATh H3MeHEHHe QMALTDANEOHHO-
EMRKOCTHEIX CBOACTB KOMLIeKTOPOB IIPH BCKPBITHH ILIACTOR. :

Ha npuvepe nmedrerasoBnx MecTopoieHuii Yipauncxofi CCP Mo omucadu
OCHGBHBIE XaPaKTEPHCTHEH NOPOA-KOUIEKTOPOB, & TaKKe HIMEHeHHs MY GHABTDA-
UHOHHAX CBOACTE NOJ BAHAIHEM NPOMHBounod mupxccTs, QUEHHTb 3TH M3MeHeHH:
MOMHO [yTEM HPOBEZEHHS] MHOIOKDATHHX reOQHIHYECKHY H3MepeHHH pasmiiHbIMu
METOLAMH B OTKDBHITOM CTBOAe Ovpslleiicd cKpamkmuwel [Ipegsomennas cxeMa napo-
BEJCHHA KOMIVIEKCA HCCAeJOB2HRN IO3BOIAET MOAVAHTh CREAEHUE of QOBEKTE pas-
PaBOTKH — nJjiacTe. DTH CEeleHHs B C¢BOM QUEPEeNb ARARIOTCH HeQBXONHMHEM KOMIO-

* Martepraasl XXV cwesga KIICC. — M, : Toanrtuspar, 1981, ¢, 149,



HeHTOM OGOCHOBAHUA He TOALKO TCXHOAOTHH OCROCHIA CKRAXUH H MCTOI0B HCKYC-
CTBEHHOr® BO3JAeliCTBHA HA ILIAcT, MO o nociedyosel TEXHOJODNH 3JKCILTYAaTalHH
CKBAMHHHL

B Hacroslllee BpeME B OCHOBHOM [DHMEHSIOTCH 7ZBa MeTofa uepdopalin
B CKBAXHHAX -— KYMYJASTHBHBI W rEaponeckocTpyfissfi, BoONpocel panioHAJNBHON
TEXHHKH H TeXHOJOCHR KYMYNATHRHOHA mepdopauus obobwenst B Tpysax H. T. Tpe-
ropsana, E. M. Brueru, J. . ®puaneugepa nm gp., oanako B HacTosilee BpeMs
oTCyTeTBYIOT paGoTH, ofofllaloliHe Pe3yabTATH HCCJAeZOBAHHE THIPONECKOCTPYAHOHM
nepdopauHy. ¥PoReHb HIYUEHHOCTH THAPONCCKOCTPYHHOrO MeToAa YiKe JoCTaTOdHO
BHCOK 44 TaKHX 0600IIeHuil.

TMocraBieHa 3afaya CHCTEMATH3HPOBATHL HAKOMJICHHBLIE Pe3y]bTaThi © TeM, YToOb
“HHIHEHEP-TEXHOIOT, KOTOPHIE 3anuMaercd BWOGOpPOM palHoHAJBLHHX PEAHMOB IIPO-
uecca, Mor oOOGOCHOBAEHO IPOCKTHPOBATh TEXHOJOTHIO THAPONECKOCTpYHHoHR mepdo-
paunH. C 3TOH LENBK PACCMOTPEHBl PEe3YJbTATH HSYYEHHS HADOLHHAMHKH PaCIpo-
CTpayedys CTPYH, B TOM dHeae CojlepisaliuX mecoxk # ras. Kaacoupnkanua ycaosui
pafoTH CTPYH HCNOAb3OBaiia ¥ aHajH3a H 00OOLIEHMH OUBITHLIX JAHHBIX HCCJR-
JopaHufl  rugpomeckocTpyfnof  nepdopaund. [lpennomennslfi  Merox odpadoTi
IKCHCPpAMENTaNbHEIX NaHHLX CTEHIOBWX MCTBITAHHH [O3BOJSET ONpefejHTb MaKCH-
MaJbHYIO TAYOHHY KaHaja NPH HEOTPauldYeHHOM BPEMEHH eI BHPabOTEMN.

YcoBeplleHCTROBAHA METOAMKA pacyera  pasMepoB  KaHaloB, CO3J2BaeMblX
THAPOMECKOCTPVHHOHA nepdopaunell, YUHTLIBAIOIIAR HHIHBRIYAJIbHbIE OCOGEHHOCTI
CKBAXKHH H I/A2CTOB. [IpH OTCYTCTBHH [JaHHEIX ¢ INPOYHOCTH HOPDJ NIAcTOB, IOI-
BepraeMslX TCHAPONECKOCTPYHEON nepdopanun, peKOMeHAYETCA HCROMb30BaTh KOs]-
GUNHEHT NOPICTOCTH M0 JAHHEIM reodH3IndecKHX HCCAEJOBAHHH H KOPPEASIHOHAY™
CBA3E MEKIY NOPHCTOCTBIO H OPOYHOCTRIO TOPOJL.

KoadprimeHT COBEPIEEHCTBA CEBAXKHH € KaHasjaMu Tepdopaluu  DeKOMEHLy-
€TCH OBPENETATh HPH HAJHUHEH 30HB NOHHAKEHHOR TNPOHHUAEMOCTH BOKPYT CTBO.A
ckBaiXuHBL. [Ng 5TOro GpefoAeHa MEeTOJHKA OUSHKH BJHAHHA 30HH NOHWAKEHHOH
MPOHHIAEMOCTH Ha COBEDLIPHCTBO CKBAMKWHE € KaHaJaMH mepdopanuH H BposeAeH
.aHaNMu3 GaKToOpoB, BAHACUIMX HA Ko3bdEN#eHT COBEPLICHCTBA CKBAMHHEL

C yueTOM H3/0XKEHHOrD NOAX04A K pacyety PasMepOB KaHaJd0B H COBEPHICHCTEA
UKBAXKHHBl [POAHAIH3UPOBAH ONLIT TNPHMEHCHWA TCHAPOMECKOCTPYHHOH Tephopamuy
N0 ONyGJAHKOBAHHHIM [JAHHEIM B pa3HLX pafoxax crpaHsl. Brnepsue ORHCAHO IPH-
MeRenHe 3TOro Meroia Ha llpegkapnatsee,

Becbma mepeneKTHBHEI METOJB OCBOEHHS CKBa:KHE TYTeM €O3JaHHA TAYGOKHX
Jlenpeccull Ha TIuacTH. B 3ToH ©BR3W NpeajokeHbl HOBHE TEXHOJOTHHECKHE CXEMb
¢ TpHMeHeHHeM CTPYHHEIX anmapatos, PackpelT MexaHu3M BO3JCHCTBHS LHKJHYHHX
menpeccHii Ha MPHCTBOJBHYW 3CHY Naacra, Paspaforadnas TeXHOJOTHA TIPHMEE:-
J13Ch IAF OYHCTKH NPHCTROJLHOH 30HH TIPU OCBOSHNH CKBAXHH H 177 H3BJCYEHHA
TIPOAYKTOR PEAKIU¥ I10C1e KHCJA0THOH 0fpaloTku.

[Teppan ®W TpCTHA- TWIaBH MOHOrpadsH Hanucanel P, C. Hpemuiiuyxom, BTO-
pag — [O. I. Kauvzpom. B palore naz mnaparpadiom 1.3 npusuman  yuacTHe
T. Il Capwk, naparpagom 2.4 — E. B. Pubuax, a naparpagom 3.2 — H. P. Pa-
OHHOBHI.

ABTODH BHPAXKAKOT HCKPEHHIOW GjaroJapHOCTs HayUYHHM coTpyaniuKaM Heauo-
PpankoBtKoro HHCTHTYTa Hedrh m raga [. M. Anmromumund, B. M. Kudopy
3. 1. Xomunuy sza moMomb mpH noirorosxke 1 m 3 raap w E. B. Hopanxesuuy 3a
MOMe3HLE 3aMedaHHs no 2 rJase,

Frmaea 1

M3MEHEHUE DUABTPALLMOHHBIX CBOWCTB
ROPOA-KONNEKTOPOB
NPH UX NEPBUYHOM BCKPLITUM

1.1. OcHOBHbIE XApPaKTEPHUCTHKH NOPOA-KONNEKTOpPOR
BHytpenneid 3oHbl [pepkapnarckoro nporuba
1 flHenpoBcko-floneuxol BnaguHnl (O B]

B npenenax BryTpenne# sonw [Ipeakapnatckoro nporufa Had-
foaee NepCHEKTHBHE! NAJE0reHOBEIE OTACKEH .

ITo emkocTHO# xapakrepucruke (KOI(QOUUHEOHTY NOPUCTOCTH) 31ECh
BELAGNAIOT CAEAYIONIHE IPYINE KoJiekTopos [118]: ouene Magoh em-
KOCTH (BOpHCTOCTh A0 5% ); Manofl eMxocTh (nopucrocts 5...10%);
cpexnedi emxocTH (mopucrects 10...15%); Goawmoit emuocTH (mo-
pHeTOCTS 10% W BRI},

Io xo3(dpliuenTy necuanHCTOCTH (0], KOdDHILHEHTOM necHanuc-
TOCTH CJEAYEeT MOHHMATHL OTHOUIeHHe 3(dheKTHBHOH MOLIHOCTH KOJJIEK-
TOpa K o0lel MOUIHOCTH OT/QXKeHH, BbIPAKEHHOS B MPOLRHTAX) HX
MOXKHO pasieauTs Tak: OecuaHHcrocrs jgo  209%, 20,409,
40...60% n Bemme 60%. B 3onHax YMEHLLIEHHS MOIUIROCTH TOPOJ-
KOJLIEKTOPOB HabJaI0faercss NOCTOSHHOE 3aMelleHHe TIECYAHUKOB I
ANEBPOJHTOB TAHHHCTBIMHE MOPOJAAMH, YXV/UIAIIMME KOJAJIEKTOPCKHE
ceoficTBA.

ITo QUALTPALHOUHO-eMKOCTHOH XAPAKTEPHCTHKE I[IPOMLIINAEKHEIE
KOJLAEKTOPH KAACCHQHUHpYIOTCd TakuM obpazoMm: 1) G0AbUIOH eMKo-
CTH ¢ KO3((MHIHEHTOM IOPHCTOCTH Ky==15% wu KosdduunedToM npo-
HHUAeMOCTH Rnpz=0,1 MxM?; 2) cpeanell eMyoctd ¢ Bp==10...15% =
Bap=0,001...0,1 MxM% 3) magoii emrxoctn ¢ kp="6... 10%, Ay—=—
=0,0001 ... 0,00F vgm?

OCHOBHBIMH CTpaTHrpadHUeCKHMH NOAPA3ACICHHAMH TPOXYKTHE-
HBIX OTJOMEeHHHE ABJIAIOTCS SMHEHCKAs (HajdeoleH), MaHSABCKas {HHEK-
HHE 301€H), BbITOACKAA (cpeiHnii 30LeH), OGHICTPHUKAS CBHTH (BEpX-
HHH 301LeH), HHXHEMEHUAUTORASA, CPCIHEMEHHJIHTOBAS, BEPXHEMEHHIH-
TOB&d TMOACBHTH {OJHTOIEH), a4 TAKXKE TMONAHHIKAA CBHTA.

[Nopoanl AMHEHCKOH CBHTH NpeACTaBJeHLH B OCHOBHOM MACCHBHEI-
MH IleCYaHHKAMH C DEAKHMH HPOCJIOAMEH APTHJJNUTOB, FPaBEJHTOB H
koHroMepatos. [TopreroeTs nopoast o1 2... 4 g0 12...16%. [Topoau
¢ MOBHIUIEHHON NOpHCTOCTLI o06JazaioT TpoHHNaemocterr 0,009 ..
...0,13 mrMm2

MaHsBCKad CBHTA CJ0:KeHa TOHKOPHTMHYHBIM Yepe/loBAHHEM HEeH3-
BEeCTKOBHIX APTH/LIHTOR C NPOCAOSMH IIIOTHRIX aJCBPOJHTOB M Necud-
HukoB. MHoria B necuanukax BCTPEYAIOTCH TPELNHHBI, OPHEHTHPOBAH-
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Soe Hep e ANRYJBIDHO  HACJORHHIO, 3AN0AHEHHBIE JerKHM OHTYMOM.
B anespoanrax mnpoko paspura TPCIHHEL TEKTOHHYECKOrO ITPOHC-
XOMICHAS, PASTHUHO HANDABIEHHBIE, 4ACTHYHO OTKPBITHIE,

Tlopoasl ¢ HauGoJbLEH NOPHCTOCTDI (12...14%) pacupocrpane-
HE Ha naroumand Cerepuas ouauna. MexsepHoBas npoHnmaeMocTh
NECHAH0-AJEBPOJHTOBBIX NOPOJ H3MEHSCTCS! OT ThICHYHBIX Lodael jo
0,026 MxM2. BHCOKONODHCTBIE MeCYZHHKN HMEloT OPOHHIAEMOCTh 10
0,26 mrm? (n1. Crapyns). OuAbTpaUHOHHBE CBOBCTBA NOpoJ 3HAYH-
TEJIBHO YJIYUUICHBL 32 CUYeT TPEeUIMHOBATOCTH R anespoantax. Tpertun-
HaA TMPOHHNAEMOCTb HX H3MEHACTCH  OT OAHOH AeCATHTHCAYRON pils!
C/AHIUL KBAADATHELX MHKPOMETPOB (B cpeamem 0,01 0,02 mrM2),
IMopucrocTs aprumautos 2,5 . . . 12,20,

BhIroickas cBHTA C/0MeHa MecYaHHKAMH AJEBPOJHTAMHE C ped-
KHMH TOHKUMH TPOCTOSIMH apriiinToB. [lecuannky MaCCHBHBIE, TOICTO-
CJOHNBIE, PA3HOZEPHUCTHIE, HIOT/A TPEIHHOBATLIE. ANeBPOIHTH cephie,
KBapUeBbie, OUeHb TJOTHHIC, NepefUTHIE CHCTEMO CAA00H3BUINCTRIX,
fepeceratouxcs Mexy coboi tpemun. [lupoko Pa3BUTH B paspese
BBIrOJACKOH CBHTH KOJIEKTOPH ¢ nopucrocteio 10... 15%. IMpounnae-
MOCTh  H3Mendetcd ot 0,0000 no 0,12 MEM2, B cpearem 0,025 ...
2. 0,03 mrm2

Butroackre mecuannku u ANEBPOJIHTDI ABJSIOTCA NOPOBBMH KOJLICK-
TOpAMP CPCIHE!l eMKOCTH M Cpeinell NPOHHIACMOCTH H oBaasator
IYHLIMMH KOJVIGKTOPCKHMH CBOWCTBAMH B I141€0P€HOBEIX OTJOACHHIIX,

BricTpHukas ceuTa npencrapaena UePCIORAHHEM NeCYAHHKOB, ajleB-
POJIHTOR ¥ apruslIHTOB C NpeofiafaHHeM mocjernnx. B NeCYaHHKAX
BCTpeuaeTcs: 60IbIU0e KONNYECTBO TPELHE ¢ packprithem 0,1...0,2 MM,
B aaespoanrax packpmrocts TpeWuH cocrapager 0,05...1,1 wmm.
Koanexropckne  coiicTea OHICTPHUKOH CBHTH B 1EJOM  BechMa
Huskhe. [lopoBre koasexTopm EPHYPOUCHHM B OCHOBHOM X CBOJHOHN
HacTH; B HAIDABJICHHH OT OCH CTPYKTYDH MODHCTOCTD YMeHbIIaeTCA
R0 5...10%, a eme 7aabie cTAHOBUTCR Menniie 59,

HuxueMenuanrosas nogceura caosxesa fleCUaHyKaMK M alleBpo-
JuTaMu. [lecuanHKH XapaKkTepH3yIOTCs Hu3KOf MOPHCTOCTRI) M TIQUTH
HeNPOHHLACeMbBL. ToJBKO B CROZOBONH  wacTH CIPYKTYDP Habawgaercs
Godee Bmcokas mopucroers (12 . 15%). B aneBponurax Sogee -
POKO PA3BNTA TPEUIMHOBATOCTL, M€M B LECUZHHKAX, W PacKkpeITHE
Tpeltus coctasaser (L03...0.05 mm. B 1oro-soctounom HATpABJSHHH
llpexkapnatckoro nporuta (MecToposaennss Pocuibuas, Crapyns,
I'Bu31) npoHunacmocts mecuannkon [OBLIMIAETCH H B OTAEABHBIX HPO-
ciaodx pocturaer 0,4 ... 0,5 Mrm2,

CpeaneMenuanTOBast noACBHTA NPeACTaRNCHA  [lepecnadBaHHEM
4priL.LIATOB, aJ€BPOJHTOR M TeCYanuKoB (B paspese opeobiagalot
AAeBPOAHTE) . JIyumuMuy ROJTEKTOPCKHME CBOMCTBAMH 0G/1aK210T JIPo-
CJI0H  C1abOCHEMEHTHPOBAHEBIX  [ecYaHukon. Mx nopucrocts 10. ..
. Y%, nponnuaemocTs 0,045 MEM2. B naoTHbix KpPenko CueMeHTHPO-
RAHHBIX 43CBPOTHTAX UIHPOKO PA3BHTH TPELIHHDI, KOTOPDHIC NOBbIMAIT
GHIbTPALHOHHEIE CBOACIRA nopoa.

BepXHCeMEHHINTOBAA HOACBHTA COCTOHT M3 TeCUAHHKOR, aJ€BPOJII-
ToB H apruHTOB. [lopucTocTh mecuaumxo wu a4.1eBPOSHTOR 7o

Bl

6...7%, MemsepHoBag nporHuaeMocts Ao 0,002 MEM?, oTKpHiT2d no-
pHCTOCTL  apruanuroB 6...7Y%. Tpewuds ysesnyupaioT HpOHHUae-
MocTh go 0,1 ... 1 mrme

TakEM of6pasoM, MOpoZbl MEHHAHTOROH CBUTH B OCHOBHOM {0
90%) nmpakTHuUeCKH HEIPOHHUACMBI, TOJBLKO ACATA’s MACTb HOPOJL
HMEeT MEeMK3epHOBYIO MPpoaniaeMocTh 40 0,05 mrm2

B T0O e BpeMs BHICOKasi TPOJIVKTHBHOCTS, CKBAMKHH, IKCIIyaTHPY-
IOLIHY MEHHJIHTOBBIE OTJOMKEHHH, NOKA3bIBAET, YTO NOPOALI, CJAraio-
U[He TOJILY B IEJ0M, HECMOTPS. Ha HH3KYI0 NPOHHUAEMOCTH NOPOBBIX

Tabauyn 1.1,

KJACCHPHKAUMA KOJIJIEKTOPOB MECTOPOMIEHWUM 1AB,
COTJIACHO I H. AHTOHUIINH

Tpynom
TlokasaTean . 0 m
Couepaanue fementa, U | 15 i5 71(_) . %g
ITopueractn, % 13...21 12...20 — ,.15 s
ITpounnaeMoers, MruE [(250...980)-10—% | (33—192)-1077] (4., .4,5)-
2 dexTusEbi  pasnye nopo-}
BHIX K2ZHAJ0B, O0OeCTelHEamNHy
uabETpanHo, MKM l 1...27 ’ 5...92 25...10

KOAJSKTOPOR, 061213107 XOpolidvH (GUIBTPALMCHEEIMHA CBOACTBAMH.
OueBHIHO, NyTsiME QUIBTPALHU B MJACTOBBIX YCJAOBHAX ABJISLIOTCS Tpe-
LiHHBL 1 00.1aCTH  KOHTAKTOR CJIOEB, XapakKTepHbele 4% (GauuieBHX

 OTAMKCHHH,

HerenocHocTh DONAHHUKEX OTJIORKEHHE HE3HAYATCALHA H UPHYPO-
ueHa K JIHH3aM K OTAeAbHHIM IIPORJACTKAM NCCYaHBIX MTOPOL.

OcHOBHLIE MPOMBIIJEHHBIE 3aMackl HePTH B ﬂHCl‘IpOBSKO-ﬂOHGH—
KOl BH&jAHHE CBSI3aHEl C BCPXHEBHIEHCKHMH H HHKHEOBHICHCKUMH OT-
JIOHCHHAMH HAXHero Kapboua. I1opoan-KOIIEKTOPEl TPCHMYIIECTBEH-
HO COCTOAT H3 NECYAHHKOB, TOPA3J0 MEHbIIe aJeBpoauToB. [lo
JHTOPHIHIECKHM OCOOEHROCTAM OHH OTHOCATCH K CPAHVIAPHBIM nopo-
BEIM KO/LIEKTOPAM.

ITo nuToMOTHYECKHM OCOGCHHOCTAM H CTPYKTYPE [OPOBOTO MpOCT-
paucrsa I M. Amrowmwmn noapasiendsa ©X Ha TPH TPV
(raba. 1.1.).

1.2. MameHeHne GHNLTPALMOHHLIX CRONCTR
NOpPOA-KONNEeKTOpOB
noA BIIMAHHEM FPOMBIBEOYHOH HHOKOCTH

Ilp# BCKPRITHH ROPOALI B Opoiecce 06[)830831[‘}}5-[ CKBaKHHL M

8 TOCIeAYIOUIHH NepHod [POHCXORHT H3MEHeNHe (UABTPAIHOHHEIX

CBOHRCTB UPOAYKTHBHBIX INIACTOB B DPHCTBOJBLHOA 30HE 110 BJAHSHHEM
paaa (akTopoB, 3ABHCAMIHY OT: ) o
1} GOH3HKO-XUMHUYECKHX CBOHCTB NPOMEIBOUHON KHIKOCTH,



2) NpoOTHBOJABJACHHA Ha TJACT, C0314BaeMOre MPOMBIBOYHON HHI-
KOCTHIO B TIpOLlecce ero BCKPHITHA;

3) BpeMeHH KOHTAKTZ MOPOIH C IPOMBIBOTHON KMAKOCTHIO,

4) H3MeHeHHS CBOHCTB He(TH B NPHCTBOJBHOIN 30HE ROI BAHAHHEM
OXJaXAeNHsa naacTa npH GYPeHHH CKBaXKHHBL H Jp.

Paauanbuas ¢HJAbTpauud TPHBOAHT K 0Opa30BAHHIO TJIHHHCTOI
KODKH, 30HBEl KOAbMATALUMH MM BHYTpPEHHeH rJHHHCTOH KOPKH, 30HH
MPOHHKHOBEHHSt ¢ fOCAeAyIoleH GuanTpauueit uepesd uux. [Ipuuem
3TOT npoluece HabJ0AAaeTCd NIPH CTATHUCCKOM M IHHAMHYECKOM pEXH-
max. [Ipy AATENCHBHOM 3aMENiEHHH NOPOBOTO WIH TPEIMHHOTO (JIHOMH-
/3 TOCTOPOHHHM BEIIECTBOM, HMEIOHIHM CJ0KEYI0 (PHIHKO-XHMHUYECKVIO
IPHPOAY, HPOKHCXOAHT HEKOHTPOJHPYeMOe HaMeHeHHe Hed)Tera3onpoHu-
1aeMOCTH, KOTOpO2 B KOHEUHOM cueTe IIPHBOAMT K CYIUECTBEHHOMY
yMeHbUIeHHIO HedreoTrauu, [IpoHuKIING B I1ACT QUILTPAT IPOMKIBOU-
HOH JKHJAKOCTH HAapYHIaeT YCTAHOBUBIIEECH CTATHYECKOE DaBHOBCCHE
MEXAY MOPOIOH H NIACTOBHIM (DUIICHAOM, B pe3y/abTaTe yero ofipasyior-
¢st HOBBIE (PHIUKO-XHMUYECKHE TIPOUECEH], KOTOPhEe HPUBOLAT K Habyxa-
HHI0 T'MHHHCTOrC BELIECTBA, BHIMAASHHIO B OCANOK cOJeH, KOJJ0HA0B
W TNpOYHX B3BCUIeHHLIX 4YacTHi, o00pasocBaHUIO CTOHKHX 3MYJBCHI,
YBEJHYCHUIO OCTATOUHOH BOJOHACHILECHHOCTH. [IDOHHKHOBEHHE NPOMBI-
BOYHOA KHAKOCTH B NAACT MOAUHHAETCH 34KOHAM (HABTPALMH KHI-
KOCTH B HOPHCTYH) cpedy. B peannuofl OyposBofi CKBamKWHE B CBISH
¢ HEOAHOPOIHOCTBIO CBOHCTB MOPOJABL, CTENEHbI0 JHCHEPTHPOBRHHA
NPOMBIBOYHOTC pAaCTBOPA, M3MEHEHHAMH IIPOHHLAEMOCTH NOPOIM TMOI
BJNAHNEM HA(OyXaHHA TJAMHHCTOTO MaTteprana ‘QUIALTPAIHS uHMeer
OUeHb CHOXKHHEHA XapakTep.

Toaguna HapyxHol GUAbTPANHOHHON KOPKW 3ABHCHT OT THIA TPO-
MEIBOYHOH MHMAKOCTH, TEMIEPATYPH H JABJCHHST W MOXKET KoJefarhes
OT HECKQJIbKHX MHJANHMETPOB A0 HECKOALKHX CaZHTHMeTPOB. 30HA KOJb-
MaTauHn Toxke MoxeT gocTHraTs 0,03 M. Besex 32 30H0l KoasMaTanuy
BOKPYL CTBOJA CKBAKUHBL 0fpasyercd NPOMBITAR, HAH WHQUIALTRALH-
OHHAA 30Ha, pazMepHl KOTOPOR ABMAITCA (YuKLHef CcocTaBa npoMEL-
BOYHOI'O PACTBOPA H ILIACTOBOH IKHIAKOCTH, BpeMcHH OypEHHS, TOpHC-
TOCTH, COOTHOIUEHHT B NOpax BOINH, HeITH HAH Fasa, peaKUnd B3auMo-
JeHCTBHA FAHHHCTHIX MaTepHadaos ¢ (pHabTparoM. MaeecTHo, urto dem
MeHbIlle [MOPHCTOCTS MOPOH, TeM (oJbile pa3Mep 3TOH 30HH, TaK Kak
KOJHYEeCTRO (HUABTPATA, 3ABHCHAUIEE OT NPOHHNIAEMOCTH (HJIbTPALNHOH-
HOf KOPKH, [OJ/IKHO 3aN0JHHTE POCTPAHCTBO TNOP, COOTBETCTBYIOMIES
ofpemy duabTpata. Tak TpH BEICOKOIODHCTOM Iiecke paauyc 3Tof
30HBl €4BA IIPEBBINAET [ABA DAJAHYCA CKBAKMMBI, 4 [PH OTCYTCTBHH
30HBl KOABMATaUHH ({IpOX0JAKA MAJONOPHCTEIX NOPO1) TEOPETHURCKH
paccUHTAHHHBIH pasMep sTod 3s0HB coctaBasger 0,3...14,3 paanyca
CKBAMKWHEL, T. . MoxKer gocTHrates 0,5 M u Gogee.

Tounnie JanHBe O pasmMepax HapyXHof ¥ muyTpennefl ¢uabTpaiy-
OHHBIX KOPOK (30HBI KOJBMATAUWH), a TAKMKe 30HLI [POHHKHOBEHHS
HeoGXOIUMHE, TAK KaK OT HHX 3aBHCHT OUEHKA Pe3yasTaToB reodH3H-
yecknx HecnmezopaHuii ckeaxcuu (TMC), sr6op MeToga BTOPHUHOrO
BCKPBITHA MPOIYKTHBHOTO TOPH3OHTA TIOCHEe CNYCKA 06cadHOl KOJOHHBI
H ee [EMEHTHPOBAHHS, 3 TakK¥ke [POCGKTHPOBAHHE H MPHMEHEHHE Me-
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TOJAOB BbI30BAa MPHTOKA M3 ILIACTa, UCKYCCTBCHHOTO BO3NEHCTBUH Ha
IIPHCTBOABHYK} 30HY € LB BOCCTAHOBJEHUA HEPBOHAYAIBHBIX (HH/b-
TPAUHOHHLIX CBOACTB H T. 4.

Ecau KOAneKTOp TPEWHHOBATHIA, TO 30HA NPOHHKHOBEHHS MOXKET
PACTIPOCTPAHATLCS OT HECKOJBKHX [0 JAECATKOB MeTpoB, Ha Oeperax
TpelinHEl 06pasyeTcd 30HAa KOABMATAIMM, KOTOPAs Tepexo/jHT 3aTeM
B TIPOMHETYID 30Ay. B 3ToM cayuae nnacT, HapYIUeHHEIH CHCTEMON Tpe-
IiHH, B IIPHCTBOABHOH 30HE OKA3LIBAGTCH 3AL0JNHEHHBIM [POMBIBOUHOH
SKHAKOCTBK ¥ ee GrabTpaToM. Ecan yuectn, uTo B TPOLECCE MPOBOAKH
CKBAXKMUAHW TIOPOj2 HA ee CTeHRAax nedopMupyerca ToA AelcTBHEM
KOHHEHTPAlHH HANDSKEHHH, a IIpH OCBOEHHH CKBAJKHH BOZMOMXHO CMbI-
KaHHe TPellHH, TO 33jaya NOCIeNYIIero BR30BA NPHTOKA NJACTOBHIX
AMBAKOCTER WM ra3a CTAKROBHTCS 4pe3BmyaiiHe TPYAHOL.

B. A. Amuan w H. [1. Bacunvera [9] noxazanu, 410 npouHKHOBEHUE
B OKOJOCTBOJABHYI® 30HY (tHabTpaTa OYpOBOTO PACTBOPA BCEro B He-
CKOJILKO CAHTHMETPOB NPUBOAUT (OpH Tocaeayiomlell paspaboTKke Mec-
TOPOXAGHUE ¢ MOAAEPKANHCM 111aCTOBOrO JIaBJEHHSl) K CHHMEHH!O
0XBaTa nJacra 3aBogHenneM mo momuocTH Ha 30 ... 40%. Obpasosan-
Has HCKYCCTBEHHAH HEOJHOPOAHOCTL fJACTA CHHIKAET CPEIHION CKO-
POCTh PHABTPALNH KHUAKOCTH BO BeeM maacte. [ I'. Baxnror n ap. [201
VKa3BIBEIOT, UTO B PeajbHEX YCAOBHAX DACUIECHEHHOTO H HEQILHOPOAHO-
HOTO MAACTa HEKOHTPOJHPYEMBIe W3MEHEeHHs HedTerasonpoHuLaeMoCTH
MPHCTBOJLHLIX 30H BH3BIBAIOT CYHIECTBEHHOE YMeHblueH e He(TeoT 1aus.

B paborax P. Koaannsa [59], ¥. . Mamanxanosa [72], KO. T1. Ka-
poraesa u M. M. Ilsugaepa [44], A. C. ITectpurosa [85] mokasaHo,
YTO ¢ YBEJAHUCHHEM Neperaja AaBieHHs [IPONOPLHOHANLHO YBCJIHYHBA-
eTcsl KOJAHUECTED OTHHIDTPORABIIEHLA KUAKOCTH, 0AHAKO IKCNEPHMEil-
taqabubie Hecaenosanus C. K. ®eprioccona u J. A, Knotua [117],
B. 3urenvrapyrra [128], B. I'. Anekneposa [6, 7] mokasanu, dro ee
KOOHYeCTBO ¢1abo 3aBUCHT OT nepenajiz aaedewns. H. H. Muxatiaos
[79] noxaszaq, 4T0 paaMep paguycd TMPOHHKHOBRHHA crafo  3aRMUCHT
KaK OT CBOWCTB rAHHHCTOTO P&CTBOpA, TAK M OT ilepenaia A1aBJASHIs.
B. B. Kacliepckuil [46], ucenenysa Baksinye nepenaia 1aBJACHHA i :1p0O-
ANOAEMOCTH TOPHCTOH CPejRl HA CKOPOCTh (DUADTPANMH YTAKEJeHHBX
IIPOMBIBOYHBIX KHIKOCTEH, YCTAHOBHI, UTO NPH HHTEHCHBHOCTH IIOTO-
Ka OT 2 M/c yBeJqHYeHHe fepenaja gasieHus cBeime 2...3 Mlia
NPAKTHYECKH He BJUAT HA CKOPOCTE QHABTpAlHH. 3TO CBA34HO C V-
JoTHeHHeM BHemded (HJILTPAUHOHNOHN KOpkH 1t OoJee IJIOTHOH 3awy-
TOPKOH MOBEPXHOCTHOrO CJOA MOPHCTOH Cpeibl HACTHIAMH TBepAoi
thazn NPOMBIBOYHOR MKHIKOCTH,

KoabMaTals IL1acTd OKa3EBAeT OfpeieneHHOe BJAHAHHE Ha H3Me-
HeHHe ero nponnraeMoct. B pabore [80] nokasano, 4to KoJAbMaTalHA
MOKeT HabJoAaThCA M B IJIACTAX C TPOUIHHHOH nopucTocTeio. H H. Mu-
xafinos W Ap. [80] ycranoBaaM, uTC ueM BLIIE MCXOAHAN TpouHLiae-
MOCTb NOPOJB, TeM 3HAUHTENbHEH yMeHblexHe GHAbTPYIOILEH cnocob-
HOCTH B Pe3YJbTaTe KOJbMATAMHH, T. €. KOJbMATalHA MOXKET CYIlecT-
BeHHO BJHATL HA pasMepbl 30HM TpOHHKHOBehus. MccnemoBamusMu
B. . Anexnepora u B. A, Hukuuwwsa {6, 7} ycrawosaedo, uto Hesa-
BHCHMO OT JIEHCTRBYIOINEro fepenaiza AaBJeHHs W HCXOAHOW NMponHiae-
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MODCTH KONLMATauns maubonee NHTEHCHBHA B Teuedwe nepswx 180 ...
... 300 ¢ u npaxTH4ecKH 3axaHy#saercd Lo wcredenud 900 c. [Tosromy
NpeacTaRagioT OOMBIIYIO UCHHOCTh A00aBKH K PACTBOPAM HHEPTHHLX,
TOHKOAHCIEPCHEX HAH XOPOING JAHCIEPTHPYEMBIX MAaTEpPHANOB, KOTO-
pHE MNOJHOCTHIO KOJIbMATHPOBAAN OB MPOHHIIAGMEBIE ODOARL

[lpH BCKPHWTHH IPOAYKTHBHLIX [1aCTOB GYpeHHEM B KauecTBe NpO-
MKIBOUHOH MHAKOCTH IIHPOKO MPHMEHAIOT TVIMHHCTBIE PACTBOPHL H.IH
Boay. [IpH 3ToM BRIGOP MPOMBIBOUHOH MKIKOCTH ~— TJIHHHCTOTO pact-
ROPA HJH BOAR — QGBIUHO Npefonpelendercd He TOPHO-Te0J0rHIeCKH-
MH VCJOBHAMH PErfHoda ¥ 0co0eHHOCTAMH IPOJIVKTHBHOTO TODH3Z0OHTA,
a QUIHKO-MeXAHHUeCKUMH CBONCTBAMH Pa3pesa TOPHMEK MOPOL H 1Liac-
TOBLIM JaBdeHner. Takoe IoJoXKeRHe OGhACHIETCS TeM, UTO BJAHAHHC
UDOMEIBOYHOH KHAKOCTH Ha BCKDBIBAEMBIH OPOAYKTHBHBHA NJA&CT CBO-
AAT K BAUAHHIO QHALTPATa H B3auMoZelicTBMIO ero ¢ naactom. Poln
YaCTHI AHCIEepCHOR ¢asbl onpefeaeda HeJOCTATOUHO H B GOJABILHHCTRE
caywaes He yuyHTeiBaerca. OTMETHM, UTO p#Aj aBTOPOB CYHTAIOT [pO-
HHKHOBEHHE TARAMCTHY 9&CTHL, B IIOPOBOE NPOCTPAHCTBO IJIacTa-KoJ-
JIGKTODA HeCVINeCTBeHHBIM. QHAKC [OJVYEHELIE B IIOCACAHHE TOjbi
SHCHEeDHMEHTAJIbHDE H IPOMBICTOBLIC JaHHEIE ONPOBEPTAT 3TO II0J0-
mepne [il1]

B ofuleM cayuae MOMHO CUHTATh, YTO YACTHUB THCOEPCHOR (azw
fIPOMBIBOYHON JKMIKOCTH, ¢ OZHOH CTOPOHEL, NPEeNATCTBYIOT (PHALTPA-
IHH B M1acT G0/bLIOT0 KOJHYECTBA BOJB, YeM CIOCOOCTRBYIOT YMEHbB-
LeHHI0 OTPHUATEALHOIG BAWAHHA &uabLTpaTa, ¢ Apyroft — camu
MOTYT [POHHKATb B MAACT-KOJAICKTOP, YXYAIAST €ro QHIbTPalROHHbE
cBoficTBa B npH3aboilHOR 30He.

H3pecTho, YTO NPOAYKTHBHOCTD CKBAKHHBI 3aBHCWT OT MHOTHX IA-
paMeTpoB, KO KayecTBO BCKPHITHS OTPAMKAeTCH TOABKO Ha OJHOM H3
HHX — [pPOHHUAEMOCTH ILIACTA-KOMqaekTopa. DParruayeckuil JedHuT
CKBAYKHHLEL ONPEIASAACTC cPefHed NPOHMIAEMOCTBIO NOPo)l Koy, CBA-
33HHOH C TIPORHIAEMOCTBIO «YXYAIUEHHOH® npH3aB0HHON 30dbB £, 1
yialeHHOR 30HBL [L7acTa  /fyg CcAedvioUmlell  TeopeTHUeCKod 3apHCH-
MOCTBIO! R

ka2, 10 R)—“
kcp = ,,7[?,, 7{7(“7R k] (ll)
ko ln==4 kb, In -
R, R,
rie R ~— pagnye KORTYpa NHTauHs, M; R, — painyc «yXyAMeHHOM»
ZGRHBL, M; Re — paguye CKBAaMUHGL, M.

Ha puc. 1.1 npeacraBiers! TeopeTHUECKHE 3aBHCHMOCTH Ropffs OT
riyGUHIBl IPORHKHOBEHHA FJHHHCTBIX YaCTHL TIPOMBIBOYHOH KHAKOCTH
(l=R;—Rc) B NNACT NPH PABIMYHLIX HAUCHHAX KafRny ANA CayYad,
ecad YXYAIHeHHe (HALTPauUHOHHBIX CBOACTB 8 lpu3aGoiHol 30He
IPOKH3OULID TOABKO B pe3yahbTaTe NPOHHKHOBEHHA YacTHI AHCHEpCHOR
Hhazel 3 naacT-koAAexTop. M3 anannza pue. 1.1 (xpusme 3, 4, 5)
BHJHO, YTO IPOHHKHOBEHHE NOCJIEAHWX HA He3HaudtTedbHyie (2...
... 5 M) rayOHHY pH YCMOBHM CHHMKEHHS TPOHHIAeMoCTH TJiacra
CONPOBOXKAALTCS CYIECTBEHHAIM YXY/ILIEHHEM KAUECTBA ero BCKPBITHI.
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Ha npuamepe NpeHMYILECTBEAHO TEPPHIEHHBIX 1IPOAYKTHBHLIX Il14C-
TOB BEPXHEKAMEHHOYTO/bHO-HHKHEIEPMCKOrO BO3pacTa JIeaskoBCkors
p THeHHLEBCKOro MecToposkaeHni Jluenpopeko-onenkol BrajiuHbl B
pa6ote [11] ana H3UpYeTCs KAUECTBO HX BCKPHITHA € YIETOM NPOHHK-
HOBEHHS JHCMEepCcHON (pa3kl NPOMBIBOYHOH KHAKOCTH H MAKCHMAJbBHEM
HCKIOYEHHEM BJAMHHHSA APYTHX (akTopoB. OTMETHM, 4TO NOPOIbI-KOA-
AEKTOPHl 3THX MECTOPOAKIEHHH NPejCcTaBleHbl PASHOSCPHHCTHIMH ONA-
TOMHKTOBBIMH W NOJHMHETOBEIMH TeCYaHHKAMH, B MeHbLICH Mepe —
aJeBPOSHTAMH H JAGJOMHTH3H-
DOBAHIHMA  H3BECTHAKAMM. Kpfk
[TecuanuKy CIEMCHTHPOBAHEL B
OCHOBHOM KapOOHATHHIM  1e- rr
MEHTOM KOHTaRTOBO-OPOBOTO
¥ NOPOBOTO THIA, KOJAHYECTBO
peMeHra kosebiercs oT 5 X0
25...30%. Dypenwne, Tamno-
HaXK W nep@QOpauKRI0 AHAJIH3H-
pPYeMEIX CKBaX<HH IIPOW3BOAN-
AH TPEMEPHO B OJHHAKOBBIX
VCHOBHAX.

05t

v

DUeHKY KayerTBa BCKpPLI- 4
THS TPOIVKTHBHBIX IIJIACTOB, g
APCHVPLHHNX OTICARHBIMHU o - x Y 5
CKBAACHHAMH, ITPOH3BOAHIN © 0 0,05 o1 05 0,2 t,m
nomoursio mapamerpa O] [18]

1 xoypdunuenra TnpH3a00H- Ppe 11 Ppadur CIUKSRUS TNPOHHIACHOCTU
Hol 3akynopku [l [24]. Tla- ntacra Rep/fwa TPW Kafkma:
pamerp OIf (oTuomenne mpo- 1 — U1 2 -- 005 8 - 0825 4 001 5 —

AYKTMBHOCTER) TpPeACTAB.IsSeT
cobofl oTHOWeRne GaKTHUeCKOH TPOAVKTHBHOCTH CKBaAHHH K Teope-

THYECKOH OTT = kepfbun. (1.2)

Koappumnent npizadoiinod sakynopku onpeissaseTcs OTHOmMEHHOM
LapaMeTpoB rHAPOOPOBOANROCTH TJacta o mpH2abolHOR 30HEL

IT,= (khl’H)n;i!’I(kk/!-l-)u.rs.- (13\

Pe3y.ibTaThl aHAAH3a NOKA3aiH, 1T0 Ka9eCTBO BCKPBITHA TPOAYK-
THBHBIX UJACTOB NPH APVIHX PABHLIN YCJAOBHSIX 32BUCUT QT NEPBORA-
UabLHOH MPOHHLAEMOCTH 3THX ILIaCTOB.

Ha puc. 1.2, @ npeacrasiena sasuciMocts napamerpa OIT ot mpo-
HEHAEMOCTH NA2CTOB, WaMengwuiefics B WpOKHX mperenax 0,035. ..
247 mxmi Ha pucyHka caezyer, YTO ¢ MHHHMAJBHBM YXY/ILICHHEN
(PHALTPAUHOHHEIX CBOHCTE B upH3abORHON 30He BCKPBHIBAIOTCS [1JACTHI
¢ npornnaemoctnn 0,035 .. 0,1 mxwi C yeandennem NnpoHAII2EMOCTH
N0pO1 KAYCCTBO BCKPHITHS yXxviawaercsa. Haumenbuue suavenna O
(0.05...0.25) xapakTepHu jJs CEB&XWH, BCKPHIBINHX [11ACTHl NPOH#-
naemocthio 0,45 ...078 MrMm: ©akruveckuil AeOUT TAKAX CKBa¥HER
cocramiaser Medee 25% OT TeoperTHueckd Bo3MokHoro. JlaHHBIM 3na-
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1
teHuam napamerpa Ol ma puc. 1.2,2 COOTBCTCTBYET rayGHHA IPOHHK-

HOBEHHA PJMHHCTHIX YaCTHL B ILIACT [IPH PA3AHUYHLIX SHAYCHHNX £ 7
ot 2 a0 5 cM. [Ipu paabHedmewm YBRTHUYEHHH MPOHHIAEMOCTH Kaqetm;g
BCKPHITHSL [LTACTOB HOCTENEHHO YJYYILAGTCH, OAHAKO OCTaeTcs GoJiee
HU3KHM, HeM A5 I11aCTOB ¢ mpoHHndeMocTsio 0,35 .. . 0.1 MkmZ
IMopo6ubie 3aBrcuMOCTH HabawaaleTes u ﬁpn OLKQ,HKE KéquTBa
BCKDBITHS € moMoubio kosdpuunenta [, (puc. 1.2 6). Hs puc. 12,6
CIEAYET, UTO NAACTHI-KOANEKTOPEL TTPOHHLAEMOCTRIO 6,035 . 0,95 M2
m12...23 MEM? BCKpHBAWOTCH o MHHHM8IbH bV yxy,'wljer‘mem Hx
o -

1,6
0,6

8,2

o 05 45 20 K,..0 0,5 1 15

2,0 K__ ., wxm
e ane

3

Puc, 1.2, 3asucumoctn 0

AKTHYRCKOH [POHABOI ;
o & seopermemon (ol P AHTEABHOCTH  CKBAMHIB TI0 QTUOHIE-

n Koadduunen ] H ; ¢ i]
chipuq;e]:[()CT;a IEE;LCTT;:IB.OJBHOH 3aKyNOpKH (8) o7 mpo-
(PHILTPAUHOUHEIX CBOfiCTB B pH3A00HHOR 30He. 3HAYRTEALHO XVike
obHapyxenn DIACTHI-KOMNJ@KTOPH ¢ TIPOHHIAEMOCThI0 0.95 1,1 MiMZ
[PHYICM TTPH NPOHHIAEMOCTH 1acToB ot 0,25 . .. 0.28 wrme ﬁ.o 078.
... 0.8 Mxm? koaddprunent npu3aboiuod 3aﬁynop;m HOCTeNeH o vBe-
THYHBARTCH — 3,5 ... 8, 3aTeM ¢ VBeaHYeHHEM NPOHHIAEMOCTH ;
ercd po 2—3. ’ s
o AKBTTopr paboT [}Ol] Ha‘ MOARJIM TOPHCTOR CPejBl H3YUMAH BAHFHYE
PYKTYPHL TOPOBOTO ADOCTPAHCTRA Ha NPOHUKHOBEHHe AHCe CHOW
taamr IPOMEIBOUHOK KHIKOCTH B TIOPHCTYIO CPELy H Xapakre 5-3 aaj
KYNOPKH, YCTAHOBJICHO, 4TO MpIL ARAMETpe coé,inmfomm ng b;
Ha%blieB, 06CCHeUNBAIDILNY GHIBTPANHI  DHIOHI0R MeHée Ig MKd-
TVIHHHCTEIE HaCTHIR HE TOJALKO He TPOHHMKAWT B 9TH KaHaJbIIhl ii(l)”:/l'
B Coelnnsiemble UMK nopal. ITpoHHKHOBeI e TAHHUCTHLIX ‘-IaCTQHL[ Héqni-{a-
iﬁiﬁeﬁ%ﬁeﬂnﬁnﬂﬂpe coenlﬂoﬂmozggx Kananabues Gonee 10 MrM, npHuem
i e eTpoMm MEM, a Tak¥e COeZHHSeMhE HMH
g?g;l}i,'[faacMETPOM 30...40 (peaxo 60 MEM} 3aKYNOPHBAIOTCH TAHHH-
THIAME T0JHOCTLIO, a B0JLLIETO JAHAMETPA — YACTHYHC HJK
222?}1{153 ];{enosakynopﬂsa}mcn. [Iponuknosenne 6...8% r.nmmcn:té
pacn PHCTYIO CPe1y CHHMCAET €€ HPOHHUAEMOCTb B HOCKOUIh-
CTpyKTYpa moposora NPOCTPaHCTBA NOPOA-KOMICKTOpoR Jleaakos-
ckoro u I'legnuuesckoro MECTOPOXKACHUI XapaKTePHIYeTCH TAKHMMU
napamerpamu [13]: y cra6o ynnormennbix KPYRHO-, Cpe1He3epPHHCTHX
NECYAHHKOB C COACDKANHEM UEMEHTa He Gojes 150/(; CpeJHHe AHaMer-
PH PaCIHPCHHBIX H CYMEHHBIX YYaCTKOB NOPOBHX KAHAJMOB COCTAB.IA-
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10T cooTBeTeTBeHHO 35...50 u 10, .. 15 MkM, cpeanud s»(ppexTHBHBIN
{ycaosHufl) AMaMeTp moposuX Kavagos 10...30 Mmrm. IlpoHHuae-
MOCTE TAKHX necuaHnkoB Gogee 0,500 mrm2 C ypenwuedleM KoJH4e-
cTBa Hemeuta a0 25% 5TH mapamerphl COOTBeTCTBEHHO YMEHBITANTCA
Ao 20...40, 8...13 u 10...22 MM, a nponuuaemoctb ao 0,16...
... 0,5 MEM? y TIOpPOA-KOJIVIEKTOPOB, BCKPHBAIOUIHXCH ¢ MHHHMAJILHHIM
VXy@ilenueM QHALTPALHOHHBIX cBOficTB {mpoHHUaemocTs 035...
...0,1 MxM?}, cpeannfi aHaMeTp NOPOBHIX KaHANOB HE [peBbUIaCT
10 MEM, a MakcEMaJbHEE (mponHuaemocts (,25...0,8 Mxm?)
16 ... 30 MEM.

Heeaenopanie CTPYKTYpPB! NOPOBOTO NPOCTPAHCTBA NOPOL-KOJJICK-
TopoB JledKoBCKOTG W ['HeAMHIEBCKOTO MECTODOMKIACHHH, a TakiKe
H3yYeHHe XapakTepa 3aKYNODKH Mojenefl TTOPHCTOH CPeARl [JIHHHCTHI-
MH HYaCTHIAMH TIPOMBIBOUHOH KHMAKOCTH JAlOT BO3MOMKHOCTL YTBEp-
KJIATh, YTO CHHMKEHHE KA4eCTBZ BCKDBITHH aHaJH3HDPYEMHX NJacToB
BLI3BAHO TIPOHHKHOBEHHEM B HHX AHCHePCHOH (ashl TNPOMBLIBOUHOI
AKHIKOCTH. XapaKTep KDHBHIX, H306paxkeHHHX Ha puc. 1.2,a v 1.2,6,
offycaioBAeH reoMeTpHell TOPOBOTO MPOCTPAHCTEA [OPOJ, a4 TEM CAMBIM,
HX QHUILTPALHOHHEIMA CBOACTBAMH. AHAANH3 NpUBENEHHHX 3aBHCHMO-
creit {puc. 1.2,0,6) noxkaawBaer, 4re TIpH TPOHHIAEMOCTH TOPOI
menee 0,1 MKM? H3-32 HE3HAUHTEALHOTO pa3Mepa IOPOBHX KaHAJAOB
TJAHHHCTEE YaCTHUH GVPOBOTO PACTBOPA 32KYNOPHBAIOT MOPH MIaCTa-
KOJLIEKTOpa B OKOJOCTHCIBHON 30He H NPENATCTBYIOT NPOHHKHOBEHHIO
S0ALIIOr0 KONHUECTBa GHALTPATAa, HO CaMH B IMACT NPAKTHUECKH He
[IPOHHKAIOT, T. €. HX POJb CBORHTCA K 00pA30BAHHIO IVIHHHCTOA KODKH.
C yBennueHHeM HPOHHIAGMOCTH, a cleloBaTed]bHo, H adhdekTHBHOrO
pasMepa NOp KOJAHYECTBO NPOHHUKIIETo B MAacT (HAbLTPATA YBEJHUYH-
BAETCH, HM3OJHPYIOWIAA CHOCOBHOCTL TVIHHHCTOR KODKH YMEHbIUAETCH.
TMocaenuee NOATBEPKAACTCH XAPAKTEPOM 3aBUCHMOCTH JHAMeTpa 30-
HBl NIPOHHKHOBEHMS [yyp, O JaHHBIM GOKOBOFO KapOTAMKHOTO 30HIHPO-
EdKHsI, OT NPOHKIIACMOCTH MaacToB. Fi3 3Tore caeayer, 4ro ¢ yBeaHue-
Huem npornAnaemoctd ot 0,035.. 0,05 o 0.1...0,17 M&M? auaMerp
30HBI MPORITKHOBEHUS VBEJHYHBAETCS, 4 € YBEJIHUEHHCM JIPOHHLAEMO-
ctH Gosee 00,2 MEM? [IOCTENEHHO YMEHbLLIACTCH.

FAdHHCTEIE UACTHIHL HAUWHAIOT UPOHHKATb B JIOPOBOE IIPOCTPaH-
CTBO MJ4cTa NpH npordnaemoctd 0,25 ... 0,28 mxm® [lpu npoHuuaeMo-
et 0,45...0,75 mMkM? reoMcTpHA NOPOBOTO MpOCTPAaHCTBA HakboJaee
DJa4AronpUATHA AA7 MAKCHMAJbHOH TAHHH3ALHH INIpU3aOCHHOR 30HH
1a¢Ta;  MHAMETpP OCHOBHEIX (PHJBTPYEIOILMX KAaHAJ0B cOCTABAAET
12,6 ... 50 MxM, Ha HX p0aK0 npexogutea okoJgo 60...70% obGveMa
MOPOBOro NPOCTPAHCTBA, CHCTEMA TOPOBLHIX KAHAJOB XapaKTepH3yercs
BHICOKON CTENEHLI0 PA3BeTBJCHHOCTH H c000INAasMOCTH H MaKCHMAJb-
HOU YAEABHOH TLIOTHOCTLIO op (4. .. 3 Thc/em?).

W3 BhcokonpeoHHIgeMbx niactor {0ogee 1 MKM2) JacTp TJIHHHC-
THIX YACTHI[ BEIHOCHTCS P H3MEeHEHHH HATpaBJeHHST MOTOKA (HCHBITA-
HHE, OCBOCHME, 3KCHAyATALNA CKBAMMHE). OnpenedenHylo podb, f0-
BHIHMOMY, HTPAeT H APYIOe ABJIEHHE: KOJHYECTBO NPOHHKIUHX B ILIACT
IVIHHUCTHIX Y2CTHIL OIpaHHIHBACTC MOMEHTOM 00pa3oBaHHs FIMHHCTOH
KoprH. IIpu 3TOM B BLICOKONpPOHHUAEMBIX NAacTaX C OJaronpHATHOH
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CTPYKTYPOH nopoBorop IPOCTPAHCTBA IIIHHHCTHIE uaCTHIH Oyayr yuo-
CHTBCA PHABTPATOM Ha GONbLIHE PaCCTOARMA, YeM B cpegHe- ¥ Huako-
UpOHHIAEMBIX. CHHMCHNE NPOHHLAeMOCTH IePBHX B npuaadoiinoh
30He Byner Menee UYBCTBHTEIBLHEIM, 4€M BTODLLX.

Crasannoe srume CONIACYETCA C NMPOMEICIOBEIME i IKCHCPHMEH-
TaJIbHLIMY RAHHBIMH, NOAYYEHHBIME APYTHMM HCC/IeN0BaTeAs My, Tag,
ABTOPE paborsl [36] 3Kcnepnmema.ﬂbno.yCTaHOBHnH, 4T0 KO3didrnu-
CHT BOCCTAHOBJEHHS NPOHHIAEMOCTH B npn buabrpanun uepes xepH
BOAM YMEHBIIAETCHA, a4 MPHrOTOBJIeHHOTQ Ha Heill NIHHUCTOrO pactao-
pPa — BO3pacraer ¢ yeeanuenmen MpORNLaeMOCTH. MENIMANBHbIe 514-
YEHHR B 11PpH QuALTpaLRy BOIL NOTYUEHB J151 KEDHOB ¢ MUHHMAaD10
IIPOHHUAEMOCTBIO. C yBeanuyenHeym nocaenneid f pesko BO3pacraer, a
lIPH IIPOHHIIAEMOCTH Goaee 1.6 mMrym> CTaGUin3UpYeTcs, a 3atem Hpak-
THUECKH He Mensercs. [Ipy GrABTPALHN rHHHCTOTD pacTeopa mabamw-
Aaercd o6paTHOE fABJeHpe: MAKCHMAJbHLIE 3HAadeHHA B Xapakrepuul
AN KePHOB ¢ MUHMMAJLHOH IPOHHIAEMOCTDBIO, a ¢ yBeduyeHEeM .
caeaned § ymenomaercs. Touka [Iepeceuenns KpHBuIX COOTBETCTBYET
[IPOHHIAEMOCTH oKoJa0 0,75 MEM?, T. e. mpu NpORUL2EMOCTH Menee
0,75 Mrm2 ANCTICHCHAS Pa3a 1POMBIBOYHON HHIKOCTH HTpaeT DOMNONKH-
TRIABHYI pOJb, IPH 66bLIel MPOHHIIAEMOCTH — OTpHLRaTeNbHYI0. He-
KATOPBIE DACXONKAGHHST NPH ONeHKe MHTEDBAIa NIPOHHIAEMOCTH, COOT-
BETCTBYIOLIEMO MAKCHMAMBLHON THHA3AIHH, OYeBHAHO, BHI3RAHE yeao-
BHAMH NPOBEACHUA OMLITOB, KOTOPLIe OTHYAWTCS OF NI1aCTORLX.

Arrtopamu [98] YCTAHOBJICHO, UTO PPAHHYHOE 3HAueHMe €CTeCTBEHHOT
liPOHHIIAEMOCTH IIOPOI-KO1TeKTOPOB Pomanikurckorg MECTODOXK ICHHS,
HHME KOTOPOH NPOHWKHOBeHHSN AHCIEPCHOH dasbl npoMbIBOYHO AHA-
KOCTH He HaﬁJIIOILaeTCH, cocraniger 0,270 mgme,

Taxum o6pasom, nanune fIPOMEICIIOBRIX B 1aGopaTophbix HCC1E,10-
BaHHH NOKa3LIBAIOT, 41O IPH BCKPEITHH UDOAYKTHBHEIX MJIACTOB 6ype-
HHEM B 34BHCHMOCTH OT uX NPOHHLARMOCTH AHCIEpCHA R thaza npomer-
BOYHOW KHAKOCTH MOXKeT HrpaTh ABOAKYIO pPOab: NOJIORHTENLHYIO, Or-
PAHHUYHBAT TDPOHHKHOBEHHe buabtpara 8 maacr IpH OpOHHIIAeMOCTH
HocTennero menee 0,25 . 0.28 mMrM2, u OTPHUATENBHYK) OpH 60JbIei:,
0CGOCHHO B 06aacTy 0,45...0,70 Mrmz STH AaHHbie HEOOX0AHMO Vyu-
TLIBATL NpH BHIGOPE NPOMBIBOYHOfM KHIKOCTH, 0c06eHHO npH BCKDBITHH
NUPOBLIX KomekTopos I u I1 kiaccop [118]. Kpome Toro, TE€XHOJOTHA
OCBOCHHA CKBAMHUM IOIKHA HPEIYCMATPHBATE BO3MOMHOCTSL H3BIC-
YCHHA PMIHHHCTHIX 9acTHI[ H3 HOpOBOTG NpocTpancTBa IPOAYRTHBRODO

ILJIacta B CTBOJ CKBAXHHKEI Ha Ha4Y3.IbHOH CTaauHu Iipoitecca oc-
BOCHH.

Adaaus BauAHEs TEXHOMOTHN BCKPRITHA [MPOAYKTHBHBX rOPHM30HTOR
MecTopomaeun [Ipegkapnarsg na H3MEHeHHE [1DOHHIACMOCTH MPOAYK-
TUBHBIX [I1ACTOB B NpH3a60HHON 30He ¥ Ha NPOIYKTHBHOCTL CKBAXKHH
lOK43a.1, 4T0 B npouecce BCKPLITHs IIPOHCXDIHT CHHXKeHne buabTpauy-
OHHBIX CBOHCTB I14CTOB, OjiHako YETKOH 3aBHCHMOCTH Koadrnunenta
CHHMKEHHS NPOHHIIAEMOCTH He Hosayueno, C yeeanuennem penpeccHn ga
I1acT Habaonaercs TeHmenmus CHHACGHHA NPOAYKTHBHOCTH CKBAXHY,
NpHYEM TocheaHsiss GoJee uetko BBIpAXKEHa v maacrtos MCHIITHTOBO
CBHTHl, TAK KaK 3TH NJAACTH X2PAKTCPHIYIOTCA TPellHHHOM IIPOHANA-
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eMoCTbio. OTileNbHbe TPEUHHE HMEIOT PAcKpEITOCTL A0 50 MKM, 4TO
CIIOCOBCTBYET NPOHHKHOBEHHIO B HHX Re TOJbKO $HuabTpaTa, HO 11
TBEPIAOH YACTH TVIMHHCTOIO PACTBOPa C focaeaylolied 3aKynopkoit lie
TOADKO TpEWlHH, HO H OKOJOTPEUIHHHOID MOPOBOFO pOCTpaHCTsa.
MaxcnMasbHoe CHIMEHRE IPOHHUACMOCTH 1114CTOB | HpO,E[yKTHBHOCIjM
CKBaXKHH OOYC/IOBJICHO 3HAYHTENLHBIM NPEBHILICHHEM IABICHHSN CTOL-
Ga MPOMBIBOYHOR KHIKOCTH HAJ NIACTOBHIM, T4K KAK 570 B pAne
Cydaes NPHBOJHMT K DACKPHITHIO TPELLHH, THAPOPA3PHIBY H KaK eae-
CTBHE 3TOF0 K NOMVICHIERHIO [IPOMEIBOYHORN HUIKOCTH H Rae K OTCpe
THAPOAHHAMHYECKOH CBHAH IJACTA CO CKBAMKHHOM,

B ¥YkpHHI'PH [40] HpOBEJLEHbIooﬁlLIHprIe ﬂaﬁoparopr{I)e FACIEI‘HMO"
Banua npw temneparype 40...80°C w pnasgemum 20...6 4 1o
M3YYCHHIO BOCCTAHOBAEHHT IPOHHLACMOCTH NeCYTHHKOB H g.rlespommo.a
[IpeakapnaTbs, xapakTepUSYIOUIMXCA HH3KOH HAYAILHOL IpOHHLae-
Mocter (0,3 ... 10) 1079 Mkm?. BelssieHo, uTo KO3 dhHLHeHT BoccTa-
HOBJEHHA [IPORHIAEMOCTH 148 KEpOCHHA moche HacHIEHHA o0pasuos
TEXHHYECKOH BOJoH cocrapiaser 60%, BOAHBIME pactaopamu KCCH —
G5...100%, a pacTeRopaMu ¢ e OTHKIME pearexTaMu  (ranaiu,

— 10...509%, .
ymgr)pnua"renbuoe fgnm{mte FITHHHCTOTO PAacTBOpa, TEXHHYECKOf npeu;-
HOH H MHHEePaIH30BAHKON BOABL HA NPOHIBOLHTENLHOCT, CKBAMKHE cy-

OMBICIOBLIX YCJAOBHAX.
me(i:rig}l;;;ﬁel;,npnl\; 12 cxgaKHHaM Hoiunckoro  Mectopomaenus
[49] xoadpumuEeHT NPOAYKTHBHOCTH Mocke PEeMOHTHBIX pafot no rep-
METH3AUHH SKCILIYAaTaLUHOHHON KOJOHHDI CHHSHHQHGB cpejiHeM B:;J,Ba
Pasa, XOTs JeGUT CKBaXKHHH yrmaa npaMepro Ha 23Y% . Menbinee Baun-
HHE 3arpfi3HeHHs IJ1AcTa Ha JeOUT CKBAXKHH CBA3AHO €O CHUMKEHHEM
33GOHHBIX JABACHHA M YBE/JHUEHHEM NeNPECCHH HA MJIAcT NOCJIe PeMOH-
Ta, KOMICHCHDPYIOIIHX POCT (HIAbTPALHOHHELX COMPOTHBIEHHH B fpH-
HHOA 30me. i
336%?:213011;;1 BCKPBITHH ¥TACTKOB 3a0eXel C NOBHILCHHOH npo:—rm-
HaEMOCTLEG H BRICOKHM ILIACTOBEIM A4BJCHHEM NPOUCXOIUT CAMOMPONS-
BOJDbHAA HACTHAHAS OUHCTKR NPH3260HHON 30HEL RoTOpas BEISHIBAET
pocT AeGuTa. JTO BCTpedaeTcs HA 3ad4eKax C JAYULIHMH KOJIEKTOpC-
KHMH CBOHCTBAMH M BBICOKHM ILIACTOBHIM [JABJIEHHEM, HATIPHMEp 0o
S0UEHOBOH 3a/eXKH JIOJMHHCKOTO MECTOPOMKAEHHA, TIie I peccrH a0-
cTHrank 15 Mila. Tem He McHee B GoJbLUIHHCTRE CAY4a€R 115 BOCCTa-
HOBJICHHS! le0HTa CKBAMKHHB 10 CpeAHero Ae6GHTa DeHcTByomero hou-
A2 HeOOXOJHMO NPOBENEHHE CHEUHANBLHBIX paboT To VBeNHYEH KD
HPOHHIACMOCTH ﬂpHBaﬁOﬁHOﬁuL%OHBI. cra

Pajuyc 30HHN NOHHMKEHHOH TPOHHHAEMOCTH NIDH BCKPHTHH Hﬂi @
va ilIpelkapmaTCKHX MeCTOPOXKICHHSX, N0 JAHHBIM THAPOAHHEMH tec-
EMX Hcenenonauuii [40], coctasaser 3...28 M u umeer TEHACHUHIO K
YBEIHUCHUIO B HASKOMNOPHCTHIX KO/LIEKTOpaX. [JJHTEbHOCTD PopMHpo-
BaHUS 30HEl IDOHMKHOBENHA (MHJALTPATZ COCTABJISET COOTBETCTRENHO

o 60 cyTok. ]

o anlé,nye'r gmeme, ITO CHIDKEHHe (DHJILTPANHOHHBIX CBOMCTB macp;
Td MPOHCXO/IHT B OCHOBHOM € MIPHMEHEHHEM FJHHHCTLIX PACTBOPOB I1p ’
SHAMHTGILHEIX penpeccHsax Ha maacT. IIpuw BCKPHTHH NPOAYKTHBHBIX
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JI H

HHE TIPOMEIBOUHRIYX H{HﬂKOCTgp"? KI}{I:OI:::C;I [82]:1@1"3»'1“10 ub mponsenn
THHOM OcHOBe hHa nmpope
CCHI

HHH. OHH no-

co
CTOAAA 13 Mem;fl’ﬂ”CHePCHbIX {ACTHL GHTYMa, u3BecTH, cyon. g,
o ' » ! -
OuHCTKY HPHCTBMBHO%C»’;%ii?acﬁKgb;!HH[82] NOTBEPHACHO, gTo g5
B, MOABEpKEeHHO i

HIbTDAT ; . BO3Je#cTeH
gla3 Mgﬂblau pactBopogs ua YIICBOAOPONHON ocHOBeE, Tpedyercs T!HTBIU
as nenpeccHn W mouty g TPH Da3a Mebiuee ppems. e
A8 OUHCTKH IOPOAH oT THHHETOrO pacTopa. peus, sen

1.2 MapadmHoean Konbmarayus
B NPHCTRONLHOK 30He nhacra

3 d I C

c
Asoeoﬁgfﬂsﬂoro Apocceqas. Ha sror }akT Buepsuie O6paTHI BHUMaHHe
- X bsanmansane, usyvas prygupe OXNaKACHHA 1pucTRO,
SOHH NMPOMABIBOYHO KHAKOCTBIO, pHeTRO
e Pasmeph kpreranos lapagmua cocrasasmor 5. .. 30
iim;:h[g](})op %nectxannxax MECTOPOXK feHui penkapnatos
B0 5 MKM, a COCAMHAIOWNX  Kanadbuen - 7...9 MEM
o2 BHOC 3THM NDH Baiafgenuy KPHCTa/108 mapaduna 3aky ‘
e aCHOBHOM KaHaJbubl, coenunsONHe OPH, B pesyabrate yerp
1 Aaer GuasTpansonnag €NocobnoeTh maacTa [12]. H
#BJACHHE ¥Ka3biBad u B, [T Tponos [115] S
SHTPAMH Koaryaaumn KDHCT I
v 4JL10B napagHua sisasior
MOJIEI;I};JIHPHHE COCTaBaAAIOUIe, a Takxe nysi)rpbxn raséﬂ o petcoko-
paqmﬂaecr;r;ro%*r}e‘l(m;e,ﬂfgo TezﬁvmepaTypa ITABACHHS KpucTanaos pa-
, HanOOMee TYromaaegy 1
ba 30K 1t Geoer’ J X tpakuug napaguua
tle TeMneparyper Hachieny
0K 1 s HedTH mapa HHOM,
pacmgpg_rgc;gaﬂe}im napaghunogof KOJbMaTamuu HEOﬁXOﬂII'I)Mg} JAH60
Fo T | paduu, auco UPOTPETs NPHCTBOILHBIE MaccHs maacry
o e Tei TYPEL  niapdAenns, Hanpuwmep, ua MECTOPOH ICHHH
S Te;;fspa'rypa Had9ala Kpucrannmsanun napaduna 315 . .
T 8 e €paTypa, Heo6xommmas A OCASAYIOIEro pacnaags
60%1HHHCTB;I‘;I;J££KHX (ppaxulflm Napaduna, 345, 347 K Has
PoXAenult [peakapnartng 1 '
eMiieparypa niap.ge-
::ganapaqmﬂa KoxeGrercsi B npegenax 324 .. .377 K,pa ggmnepuan" qea
e e:fa KPHCTA/JIH3aTHY napacguua 308...315K. B Taba. [.2 ny%
LCHbI CBEeleHHA o TepMoGapHIeckuy YCAOBHAX 3aneranms Heq:omp B
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MKM, paz-

TEMNIEPATYPHHX $a30BhX NpeBpallleknii HedTeh psia MeCTOopOMAe-
unit Ilpexkapnares [71].

YuHTHBasg CKa3aHHOE, MOXKHO NPeANONOKHTb, HTO ABJEHRE Napa-
(PHHUCTON KOJALMATAIIMH MOMKET NPOMCXOAMTE TOABKO TOrda, KOria
OXJaX/ICHHE NDHCTBOJILHOH 30HE OyleT NPUBOAMTL K BHIAZEHHIO
KpPHCTAJLIOB Napadiuud, a NOCJEYIONIHA eCTeCTBEHHbIA Nporpes niac-
Ta He 00ecmeyHT TeMNepaTypH, HeOGXOLMMOH AJA MAABJACHHS KpHC-
Tannos napaduua. Hanpumep, wa mecropoxjienun Burkos IpH ray-
Gune ckpaxunn 2000 M Temncpatypa mopoaHoro Maccusa 319 K.

Tadauye 1.2

TEPMOEAPWUECKAS XAPAKTEPHCTHUKA
HEKOTOPBIX MECTOPOXAEHHM ITPETKAPMATES

i o ' WS ET g & = .
= - 5; u%g.—‘ ui% S:a‘ SEC:"M
. N =g = 25 S & oxlg o® @z LI
MecTopomaenus Egﬁ E g;q E? §§§5 s §§§ E‘-Eé E-Ef‘g
g 2 Bl g3 SH5E s=o iz¢ | EoeE
[ <1 = 5= Efw *EBEm! =3& oo = Eod
Bepxuas Jlyk-

Ra ) 1400 | Ml 15,7 3it 7.2 9,1 326 308
Cnac 1750 1 Ml 154 317 55 84 326 306
I'Bu3jq 1750 | M1 | 31,1 319 8,7 9.2 326 311
I'euzg, 1950 | Eoc| 35,1 324 8,4 8.8 327 315
Burkos 2000 1 M1 | 270 319 9.4 a1 329 315
Toncar 2200 | M: 29,6 331 7.6 13,6 327 327
JNoe6ymanka 2500 | M1 22,3 320 71 8,1 377.5 308

IIpi NmpOMBIBKE CKBAMHHEL TeMNEPATYPA CTEHKH MOMKET COCTABHTH
293... 298 K, teM caMBIM ofecneuHBaoTCS VCJIOBHA BBEIIAASHHA KpHC-
Tanaos napaguHa. EcTectBeHHbll e NPOrpes NpH NPocToe CKBAKHHLL
He ofecTicuHBAET pacniasa KpHCTaL10B napadiEa B [IPHCTBOJIBHOMH 30-
He. [lo3TOMY A9 JNHKBHIATIHH SBJeHUE napauaCBOd KOABMATALNH
HCOOXOHM HCKYCCTBEHHBIH IPOrpeB MpHCTBOJABHON 30HB maacta, [lo
Aaneev B, C. Bo#iko uw T 1. Casenxora [90], soHa oxaamkmeris
HI2CTE HHKE TEMIEDATYPH HACHIICHHA HEDTH HapaduHOM OrpaHHYM-
Baercs paguycom 0,4...0,6 M. TIps 370M NPHEAT 01HHAKOBHI pasuye
OXNAMACHUS M0 BCeH MOUIHOCTH NPOAYKTHBHOTO miiacta. B npounecce
IPOEKTHPOBAHHA METOIOB, HANDHMED TEN/IOBOTO [IPOTPEBAE, KOJIHYECTRO
Tellia, NOABOIMMOe K ILIACTy, TakXKe NPHHHEMAWT OJHHAKOPLIM [0
BCeMYy paspesy. OIHAKO DajHyCH 30HH KPHCTALIH3AlUH napagpuHa B
BEpXHEH M HHXKHEH uUacTAX pA3pe3a OTAHUAIOTCS, TAK KAK B BepxHel
HACTH HPOAYKTHBROLO IOPH30HTA MOPOALL NO/BEPKEHH 60Jee AJIHTCAb-
HOMY BO3ACHCTBHIO IPOMBIBOYHON MHAKOCTH, OXJANIAIOUIel NIA4CT, H,
CACAOBATEABHO, PAAHYC 30HBI OXAAMACHHA AOJKCH OLITL 3HAUHTE]b-
HO OOJIBLUIEM, YeM B HHXKHEH 4acTH paspesa.

Cunrator [114], uto Beiazenne KpucTannon napadrHa HauuHAET-
CA NIPH TeMNepaTtype HACHIEHHNA Hetn napaduuom. Ilostomy c
TOTKH 3PEHIST BO3SMOMHOCTH BBINAJEHNA KPHCTAIIOB TapadHHa B IpH-
3abofiHOl 30He muacta B mpotecce BCKPLITHA TPOAYKTHBHOTQ FOPH-
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30HTA MHTEPeC NPeiACTABASIOT TOJAbKO T€ MECTOPOMICHHS, IJacTOBHe
TEMIEpaTyphl KOTOPHX GIH3KH K TeMuepaTypaM HachilleHusa HedTH
napagHHEOM.

B pesyabrare aHaJjH3a H OOOOLICHHS JKCIEPHMEHTAIBLHEIX ¥ pac-
gyeTHbix jadHHHXx E. A, Maguugnit (71] cocraBua HOMOrpaMMy A.s
ompefeJeHHs HAacwileAud HedTH mapadHHOM [pPH M3BECTHRIX IaBJje-
HUAX, FA30COLePHMaHHH, MAcCOBOM COJEpXaHHH HapaduHa H CHIH-
Karedepnlx cMoq jaas mectopomaennid Ilpeakapnarths. Homorpamma
npegcTaBaena Ha puce. 1.3

Haanesue , Mila
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Pue. 1.3, HoMorpaMsa 178 OEpeIeICHHP TEMIICPATYPL! HACRIGCINSA OapaQuios
maactosbix Hedred [lpegrapmatos.

Tag ¥ak 7n3MeHeHHE TeMUepaTypHOre [OAf B NPUCTBOABHOR 30HE
NP NPOYHN PABHBIX YCAOBHAX 3ABHCHT OT BHINOAHAEMEX TeXHOAOrH-
qeckux omepalufi {coOcTBeHHO OypeHHe H HPOMHIBEA, CHYCKO-MOXBEM-
HBIE DNEPANHHA C MPEKpalieHHeM NDPOMBIBKH), TO HX HHKAKUHOE NOBTO-
pense OOYCJAOBANBAeT IHXJIMYHOE TOBTODEHHE NPHHYAHTEIBHOTO
cBCOOMHOKORBEKTHEHOTO BHMKCHHS DPacIBOPa COOTBETCTREHHO UpY
npoMeiBKe ¥ npoctoe. B pabore [121] npencraniensl 3aBHCHMOCTH 417
CUCHKH H3MeHeAnfi TeMAepaTyPHOFC MOAA KAK BHYTPH CKBAMKHIH,
TAK ¥ B OKPYAKalONleM JOPOIHOM MaCCHBL,

Peuierue KpacBofl 3aiati O TEMNEPaTYPe OKPYHKIWLIETO CKBAKE-
HY MACCHBA A% TepHOAA LHPKYJISHEH C TPAHHYHBIMH YCAOBHSIMK
4-r0 pOAA HMEET TAKOW BHA:

U =1 1/-@ erte TR (1.4)
r 2V a;t
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. . R N
OTH 33BHCHMOCTH TMOJIVUYCHBI IPH YC/ACGBHIN, qm;f;;t: =0,1. Peuwe-
2V ar
HHe AAs NepBOro IepHOA NPOCTOS CKBAKHUNE HMEeT BHA

/ ‘T _ |
U =1 — Xy kl — I, R eric Or R )(1 — Uy, (1.5)

e r 2V a;;
3nech B | .
1/ R ( r—R ., (mf;___: ., /_——) -
xﬂp o -J;‘exp o I"(E:‘_; ™= 'ITP) exp 2 l}f’“ug ,:"p + &‘] mp 1 ( - )
ARl N | P N m——,.lw
=R )i QR’
rae b= ming ny = (V@) + Ol @),

TemiiepaTyproe f01€ B LEPBBIA MEPUOL NPOCTOST ONPEACIRETCH
CACAYIOUMM POKYDPPCHTHHM COOTHOWEHUEM:

i

hi
] . np
ANVl L M (ol n);'an, (1.7)
o

np anp

ROTOpOE HCNOABR3YIOT npH OUeBKe H3IMeIUCeHHHA TEMILPATYPHOTQ IOJIH
BOKDYT CEBaXXHHBI © YUeTOM CMEeHB TEXHOA0ru4eCKHX ouepanun. llJiﬁ
TeMNepaATYPEL CTEHKH CKBAXHHLL B HEpBbH?I epHox OPoCcTof NOGAYUHM.

; rnp
e VY l . Y IAT :
U’Enp wp== ( L (1 x”p) ),’A’np! (18}
n=1
rre Us — Gezpasmepias remneparypa maccusa, Us== (fu—1a)/ (tn—lp);
{, — TeMIEpPATYPA B IPHCTBOABHOR 30He; I, — CCTECTBEHHAS TeMIepa-

Typa FOPHHX NOPOA; {p — TEMIepaTypa NPOMBIBOUHOR MKHIKOCTH B
REPHOA IHPKYJIAUHN, 1o — TEMOEPATYPORPOBOAHOCTL MUAKOCTH K
MACCHBA; Mz — TCRAONPOBOJHOCTh JKHAKOCTH ¥ MACCHBA, Top,m —

NPOADAKATCALHOCTh OAHOTO NEPHOZA TPOCTOA, UHPKYJISUHY, R —
PAANYC CKBAXKMEbI, £ — DACCTOAHHE OT OCH A0 PACUCTHOW TOHKH.

Humupvy WHACKCAMH & H 11p 0003HAUCHH DACUSTHRIE 3HAUCHUS,
OTHOCAIIHECS K NEPHONAM LMPKYJALHH W TPOCTOR, BEPXHUA HHIEKS
O3HAUACT NOPSAKOBEIN HOMED COOTBETCTBYIOMIEFD MEpHOLA.

Jan onpeaeaenns 06AACTH OXNAKISHMA MHHKE TeMIeparTypH Ha-
cpifleHns He(TH napah¥HOM MBI DPOBCAH DACYSTH TeMueparypHoro
noast B IPHCTBOABHOM 3oue prja Mectopompeni#t  [Ipeaxapnatss.
Pacuers npoussedens na DBM EC-1022, Brox-cxema pacuetop nipeil-
cTaBJdeHa Ha puc. 1.4,

BoliH HIPHHATH CASAYIOINE HCXOJHHE AAHHHIE Ty — NPOACTHMH-
TeNBHOCTE OAHOTO NEpHOIA UHPKYAANRA; Tp -— TeMiepaTtypa TPOMEL-
BOUHON MKHIKOCTH, Ty — eIHHCTHEHHAas TEeMNeparypa TOPHBIX HOPOA,
Ny — n-ii mepuox mnpoctos. a=0,587 xxaa/m-a-rpan; he=
=2 28 kkay/M-u-rpax; a1==6,6-10"% m¥c; a2==1,254-10"° w3/e.
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Ilpn 3ToM kO3OHUHEATH TENAONPOBOLHOCTH H TeEMITeHATYPONIPO-

- M

Toae=+308°% 7. =+308%
Hac HaC

=+ 35K

Toge=+ IR

Nos ani'uvnf, CKBaKHHBI (Texyur_mro pajuyca)

Utne =5 202 19 pasnuuHmx Nyp, B Macurrae
NF

¥ MotHocTH Maacra. Hanpuvep, reM-

) w -
| MOIMHOCTL [IPOAYKTHBHOTO TOPH3OHTA YCJAOBHO IpHHATA paeno#l Y . b " \
200 M, Tak Kak 370 3HAUCHHE SIBJASETCA CPEAHHM AJSI MEHHHTOBRLX = < * 83 S
H 30LEHOBHX OTJI0XKeHHH - R
T Jgoxkenni [peakap g x x 2 1 E < ox
Gevors C 0aThd, NPOXOAKA Ha 10 10 5 o -
g xodusx i pOXOL A0J101T0 M, O [ ey w2 pt: i< 8
00K 58—05 e NPOAOJIHTENBHOCTE OAHOTO AQN6- 2 1= 1= I IN NEL
7 2 NeHHS 4 U, CUYCKO-NOABEMHBIX Olle- E 3 S s 1= g
paunit 7 4. Pasuocts Mexpny tem- = 32 S8 G- = g g <
11} R _ o " <] =] oo QD Do 2 oo 22 82
U2q=l-l/;erﬂ2.%';. mepaTypofl naacTa M TeMIepatypoil §S 883§ 3838 %5 838 38 Q38
- L pacrBopa upHHATa paBHoi 20 K AT ST s & j.?( 3
IN,=%¢ 72 ] {mo sureparypHLM gamHmM [90] o 13 12 1a 1S S R
— —— ona cocraeaser 12...24 K). 3mua- g S o o o 3
5] ] 1l s 4= 1= a
L M=7§3 j HEHHE TJIACTOBHX TeMIepatyp W ra P o e~
TeMIIEpaTyp HacblllerHs Hed)TH ma- S8 B5F 8§83 58 3833 883 s 8’
| K~H I padunomM B3aTh H3 Taba. 1.2, Pa- I T ST ST
T ©AHYC CKBAMHHE R NPUHAT PaBHEM WP | Ya = Jo to 3
7= _ i 0,095 M. Pacuersl NpoBOAHAH AJS o g N by - o &
Kfa, RJJJ P ] oy oy o & N
ONpefeSeHds TEMIepaTyp Ha pac- 3 S s jo S 1S
xﬂp=}7g'c‘L—Ip(zL_;‘,¢ 1 crosnnn r, pasuom 0,095; 0.2, 0,5 o §g g = 33 T 2 g“§ ¥ g% Y I So &
) § T35 33 8533 g38 £s83 8 58
2¥werse LR, 1,b M OT OCH CKBAXKHHBI NDH KOJIH TORRL Y TR, ORR YRR Y OEY
?d, Tre| uUECTBE HHK/IOB NPOCTOA Npp, paB- @ o L " Ju J S
+ 2 VTne) nom 1, 4, 10, 15, 20. = 12 1< 1s S g
Jr i q 1 . _‘“ oy & ] -~
Ul - Tao+ (17X [1o pacueTHLINM JAURbIM HOCTHO E & Y T o 1S 3
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floneny
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usL ¥ 3% ({-xne["] mepaTypa KPOBJM IL14CTa COOTBET-
e CTBVeT pacueTHodl npH  Ngp=20,

Hop = 2200 1
o=+ 327K

o
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00 (0] T. ¢. BKpBITHE (IPOAYKTHBHOrO 1A4ac- AN BN A A
é"m" ZLUITTIPL Ta 0T KPOBAM 30 TIOACIIBHL AMH- - \ = J; J & &8
. ) - : , 1a 8
|3 c';f,v,,,if Uzér;;({nff'; %) nock 20 LHKIOB. Temneparypa £ \° e = N =
(72w = To+tioms (T maacta, paccunranmas Nmp=1, co- E N o yd R SN T . s
+ CTRETCTBYET VHACTKY TLIacTa, pac- ——Da el = i3 TS pDERSEE o
REYTTE 1ol T A b ’ 2 3B 2 8 8§22 g e B a5 2 =
o i2q. 1200777 | modosKCHEOMY Ha paccrossuH 10 M S 8 283 3 8 833 8 ¥g s & 8g5 8 &
2np r EE S V- S S £t £+ E ¥ & X 4 -+
{oano monbiepue) OT [NOAOUIBH « \ E'; ‘] v X = §
' 3
naacra, » ©. A. Ha pue. 1.5 usobpa- 33 &5 * - da \ iz \ 2 8
HEHO PacueTHOS H3MEHERHE TeMIle- 5& o N oy \\\\‘ R e sy
Puc. 1.4, Baok-cxema pacueron. paTypel B ITPHCTRONLHOH 30HE IIpH S \ o L\ ] a &hg o :t%
BCKPBITHI  Il14cTa. I'pagurn co 5 8§35 8838 S8%8=5 8 oS s 8 g?
spavenussmM N==20; 15; 10; 5; | cooreeTcTBYIOT 06aacTH oxJakie- + o+ 7 + £ 3 ¥ 4 7 + r o+

HHY ILTacT4 [IPH COOTBETCTBYVIOMIHX KOJHUCCTBAX JA0AOMCHHE H CIYCKO- }[,,'f‘”HJ UMHD23I0E BHNGAL?. ROHKDODC NdL DEMNIGDW 020RE0I0U Nd5.LDdUNg]
nogbeMHBx onepaunufi. Ha noctpoeHnble rpadHKH HAHOCHIH TEMIe-
paTypy HacHIeHHs HedTH mapaduHOM 11% 5THX MecTOPOXK/AeHHH.
B peayawtate rpaduueckofl o6paGOTKH PACUSTHHX LAHHBIX GhLAK
NOJYUEHH CBEREHHS O MAKCHMAaJbHBIX (Ha KpOBje pJacra) M MHHH-

2 J

JIykea,
Cnac,

THGC‘
—  5QUEHOBHE OTJOMEHHR),

- MeNHauTORHC oraowcennn), Fpuzx  (Eoc
HopGywanxa.

Tna_('

Puc. 1.5. Pacuernas ofiactb BHOAJENAR KPHCTAJAOB Hapadmua Aas  MecTopoxjenufi Bepxuas (B)
Dutens, Homenn, euzg (Mnl



MaJbUBIX (B NOZ0uWBe NAcTa) panuycax ox
SOHEL HHUAKE TEMIePATYPHl HachHIMeniy Hed
HPpHBeRens B Tafa. 1.3,

Anaans aon Butnamcnus KpHCTaa
porcaeHnit I1pukapnaTtes nokasmpae
CTH OT CBOHCTB HedTH pasIHURKL C
PA3IHYHLI H MeTo[bl BozgeficT

KYIOpKH Ts1acta B npouecce BR3oBa pg HCro mpuroka Hedra,

PACYETHBIE SHAUE LY MAKCHMAJIbHBIX
H MUHHMAJILHLIYX PAITHYCOB OXJIAXK TEHM A
HPHCTBOIBHOM 30HB| HIKE TEMIIEPATYPH

HACBIIIEHHY HE®TI NAPAOHHOM

Pazuye ’ Paauye

|
’ OXJ8H ACHHy OXIaiaeHuy MakenmMannyan | Musumansnan
MecTopomaenne u e Teu:eﬁpxz:fr!ypm PaInoCTh passocTh
Bodpact ge;gﬁ_ggfl}ugbr HACHIUREHHN | TIMETCTv Tru{E cTr
Ha Kposae), a i {ra nDﬁULUBE), !

-— o] — b
Buza, Ml 0.25 0,11 19 11
I'sH3a, Eoe 0,2 01 19 11
Burios, M1 0,48 0,15 19 11
[Tonean, M| 0,40 0,15 19 11
Bepxusg JIvksa.
| 0,6 0,16 19 11
Cnac, Mi 0,17 0 19 0
Hos6ymauka, M| 0,16 O 19 0

B. C. Boiko [90] ykasueaer, uro Bbillafienne napaduda maeuer
32 o000l HeodxozumooTh TPEOROACHHA 3HAYHTEALHOrO HauanbHoro
TPALHENTa CABHTA NPH OCROGHIHN CKBaMHHEBI, YTO BO3MOMKHO npu co-
3AaHHH GOJBLINY Aenpeccuii ma miacr. Tax kak we meerna BO3MOKHO
COSAAHHE TaKHX denpeccufl ua ILTACT, 4acTb WOp OcTaeTes 34Kyno-
PeHHOR arperaTHLMH CTPVETYPAMH H KpHCTAaLMaMy napacdprna, B cpg-
41 C 3THM YacTh CKBAKHH OCBAaHBaeTCs ¢ HH3KHMH 1e0HTaM.

Boccranosaenue PrALTPAUHOHIEIY cRoficTR B NPHCTBOALHON 30He
CKBAKIHBL BOSMOMKHO ABYMS HYTAMI TCIIOBBIM NPOrPEEOM 3TON 30HD]
BRIIIE TEMIEPaTYPHi MLaaBIeHys mapadiua i yTem cosnamug MHOTO-
RPATHEIX LHKIHYECKHX JelpeccHit Ha ltaacr.

Bui6op meroaa BOSICHCTBHA Ha ITY 30HY 10

HCXO0A5 H3 CprKTypr IopoBoro IIpoCTpancTRa
KazK10oro KOHKpeTHOro Cayvuan.

JIKeH OGOCHOBblBaTbcs}.
I CBOHCTB HedTH aas

1.4, Ouenka HM3IMEeHeHu)
cpunupauuouamemuocrnm CBONHCTR Konnekropos
B Npouecce ux nepswunoro BCKPbITHS

leotbusnueckue HCCACI0BAHUS CKBAMHHL (I'MC) B nponecce e
yrayGaenns obecneunpaor CTPATHIpaHUeCKOE pacwieHenHe paipesa,
CIYIKAT HHCTPYMEHTOM a3 BbLACJICHUA H ONeHKH HeTera30H0CH Y
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STAKACHAR IPHCTBOALHON
TH napapuuoM, KOTOpEIC

J0B TlapadhuHa Iio psiay wecro-
T, UT0 HX Pa3MepH B 3aBHCHMO-
JACIOBATENBHO, NOMKIL  GoiTh
BHS HA 7123CT ¢ fedbio JTHKBHAALUY 34-

HCH-~
ropu3oHToB. O6H4yHO KOMIIeke MeTogos [HC npoexmpﬁ:gTHBq;at:’:lc;m
2 HUs, d TAKKE HpPHMeHeHH X HaH X
MOCTH OT YCJOBHH OypeHus, 3 e Y
koctefi. KpoMe TpainiioHHER ,
THIIOB NPOMEIBOYHEIX KM OuENX uench, THC
eneHl H3MEHEeHHS (QHILTpal
NO3BOJAT OLEHHBATE CT : A,
¥ ; HCKBAKHHHOH YacTH HOA [

CBOACTB KOJIACKTOPOB TP , PSRRI e
I OM caydace HeoGxXQJuMo 1P 2
BOUHOH KHAKGCTH. B a1 3 S [30] mepenenmmes
X 8. Tak, no zaHHBIM pabors ,
reoH3HUECKHX 3aMepo , it samep

i 7 BITHS KPOBJH UPOAY
y j cpa3y e Tocdae BCKp -
CAeayeT [pOH3BOANHTE honH TpodykTHE
) e 1103XKe YeM depe3 MATb CYTOK.
HOTO rOpH30HTA, HO He ¢ . oAl
; ; { ofcaguofl ko
BOANHTB [EpPel CNYCKOM
Fonn mpems pastypi H30HTa [1PEBHILIAET
; 2 NIPOAYKTHBHOTO TOP
Ecan Bpems pasbypuBadna er
: H oo AT CYTOK T0C
zaMep Aenaetrcs uepes
NATh CYTOK, TOFL& BTOPOH ‘ . cie
nepBorg i OJHOBPEMEHHO [IeDeKPLIBASTCS KAPOTAMEM BHLUIeIe
- >
HIl HHTCpBA.l. . evtenn
" Ko:x;{qgcmo TAKHX HEKJI0B HecaedoBaHua N 3aBHCHT OCTH Bgm o
pasGypHBAHHA NPOAYKTHBHOIO TrOpH30OHTa 7 M Bbipaaer p
L T
Joil N=02 r. L )
Io nannnm [HC [32], MO¥KHO BHICJIHTL MHHHMaJ‘IbHYI?Ie[‘g]};Sﬁuz
SOHH KOJBMATAUHH Aay, CO;{QBMepHMyH} C pajHycoM HCCJET
. in =1
"AMOTO METOAA Ry fax min . ' )
(me @ — Gespa3MepHBIA KO3(qHpHLHEHT, H3MeHmouIan;an(I):Hq(;,CQKoig
' d €HUA
¥ I apakTep pacnpocrpaH 0
0,8, KOTOpHIHL YUHTHBAET X ¢ : Koro
109 paPAHaJIbHV}o H BEDTHKAJILHYIY XaPaKTEPHCTHKH CKBAXKHHHO
Ly E] J
I4PATY[HI )
o BpTayﬁﬂ 1.4, cornacno [22, 84, 41, 25], npusenena cpeigﬁng;;nH
OHHHOCTD HCCNEJOBAHHA HEKOTOPBHIMH reoq)muqecgnmn. METOX
COOTBETCTBYIOMLAS! WM riyOHHA 30HBI KOJBMATALMU Hax min. tepose wa
] e B -
; auHd obpa3syerca YK
HspecTdo, 4T0 30Ha KOJABMAT - @
’ 2 ee, Kak NpaBHIo,
JactoB OypenneMm, [y6un ,
Chl NOCJe BCKDBITHA LI ) Kax npapiio,
- X CAHTHMETPOB, 4 €O BDE
TPEeBHINAST HECKOJBKHX :
;&eEIT I\)rBermumaamc:ﬂ NoJ BAHSHHEM TEX}-IC;:rieI)FCH‘-IECKI{X H reggg;g:if‘(
i ' LMAaTH 1bl
; HKH MeromaMmu 33K0q
knx axropes. Hnsa one HpoDalibit
npo I?KTHBHH‘{ FOPH30HTOB HEJb3d an?’;EHHBbSBM;KTPH:aEC;fEﬂ:iﬂO?{a
5 A M)} H3- i
60 : cenedoBanua (R, >0,
¢ O0JBUIHM PAJHYCOM U ] HaGa BAUSHNA 02
‘ e€HHOCTH YAAJeHHOHR 30HBI Il .
1 JIOKa3aHHsA HedrTeHaCHIL
;,‘:, B NPOAYKTHBHLIX KOMAJEKTOp2X MAaKCHMAJARHAA 30HA KonbMaTeLIIL;;T,
KACJ)TOpYIO MOXHO onpegennTs 1o gadenM [HC, ue npeswm
02...04 M. o
" Conocranass pesyabTaThl 3AMCPOB OJHHM H TeM }K: ;i(;qg;{jnﬁl;‘:
‘ v ¢ ; ; {PBLITHS TIJ -
HEIM Cpa3y Ke [ocsae BCKp
CKHM MeTOZ0M, HDOBEAel y | n1acta by-
KOJIOHHB!, MQMHO OIf
el cnveckoMm o6calHoM , )
DoHD MIMEHEM ] X i HCTEBOIBHOR 30HH MJacTa
: TOPCKHX CBOHCTB TIp 7 2
[IeHL M3MEHeHHs KOMNeK o EH
i ;i ¥ nposeaeHdd 6ogee JIBY S
aa Herekwwi nepuog. Ip eyx samepos IHC
y euus  QHIWUECKHX CBOMAC p
MOXKHO HabJIHRATDL H3MeH i BHOM
; KHX Hceaeno
X0AHMOR YCAOBHE HpH T
30K BO Bpemenu. Heodx 3 i e
: 'Ypul [IPOMBIBOYHOH HUAKOCTH,
IXx — TIOCTOAHCTBO PEUENTYp i yaenshoe
3ICKTPHUECKOE conpoTHBIenHe (YIC) KoTOpoi He ﬂgﬂ}E{Ho}(OMHHuOM
Gotee vem Ha 10%. B Tada. 1.5, 1.6, cocTaBnennrx 3. TH MHHILONM
H ‘,[lp NPHBEALHH  Pe3yJibTaThl BHASAEGHHWS  3aKOJBMATHp :
tt
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NI4CTOB O KOMIJIEKCY MOBTOPHBIX samepos THC no cks. 225 Teuap
u 5 Cxoannua,

Io ckB. 225 TBusg u 5 Cxoxnnua onpegensau H3MEHEHHS NOpHC-
TOCTH, IPOHCWICAIIHE MeXAY ABYMS saMepamn AK, bBM, I'K (coorsert-
CTBEHHO ARusx, ARapmx, Akgrk). Mo CKB. 225 I'BH3A A MeHHJHTO-
BOH 3aJICH BpeMs, Npolieiinee MEXIY ABYMS 3aMepaMH, cOCTaBasieT
17 cyTok, a a1 Mansipcko# 3a1eXH — 3 cyrok. [To ckB. 5 Cxonun-
Ua BpeMA Mex1y ABYMA 3aMepamu paBHo 50 cyrkam. HMamenemus

Tabauya 1.4
FIYBHHHOCTH HCCAEIOBAHMS
Merox THG Ry, m ii"w;ﬂi‘
T'amma-ramma-naorHocTHp
Kaporax (I'TKI) 0,06...0,08 0,014
HByxsnextponnpii GoKoBOR
Mukposony (KMBK-3) 0.1 0,02
Axyeruueckug KapoTtax
(AK) (CITAK-2M) 0,2...025 0,18
Hefrpounws Kaporax
(HKT) 0,2...03 0,05
Slaepro-marwureni (IMK)| 0.3 0,06
i Hnaykunousnii HeH#Tponr-
* HeftTponnEi (MHHK) 06...08 0.3
Bokosoe kaporammuoe 30m-
Anposarme (BK3) 1...2 0.2 — mas mo-
JOHOE-
HHIX
MIACTOR
04 — nas Red-
TCHOCHHIX
N1aCT0B
3ona AO, 4MO, | 0,45 0.22
3ouz Al, OMO, 1 Lo3 0.5

HOPRCTOCTH ONPEACAAN N0 POPMYAAM, BHBEACHHLIM 113 OGBIUHLIX
neTpoduanveckux ceasedt [30]:

Akn ax= (Al‘z~Af1)/(Aim—Af0K}; (1.9
Akmpmy = {a, Pt Pus nnl/l"na.)l'im —(a, P, Puo nn,.“’Pn.a,)l"‘m? (1.10)
Akurk *-—k(A['yg—Afyf}, (1.11)

rae Afy, Afs, Atg, Afew — HHTEPBAAbHOE BpeMa mpofera HpoIObHBIL
BOJIH B I1acTe NpH mepBoM ¥ Bropom 3aMepax B MHIKOCTH ¥ B CKe-

JIETE NOPOLLT; Pnzy y, — YIC npoMuToll 30Hbr HsacTa IIDH NEpPBOM |
BTOPOM 3aMepax; py , — ¥3AC $HABTPATA UPOMBBOTHOM KHAKOCTH
JIpH ITepBOM ,H BTOPOM 3amepax; flo, , — mapamerps NOBEPXHOCTHOLY
POBOAHMOCTH; @y, M — MOCTOSHHBIE BeJIHUMHBL Py, — napamerp

OCTATOYHOTO He(hTEra30HACHILIEHHS B IPOMBITOR 30HEe NJACTOR; £ —-
00BEMHOR COZePIKAHHE NENHTOBOrO MATEpHAa B ONMOPHON FAHHHCTOR
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Touue; Afyi;z — JABOMHBIE pa3sHOCTHHE OTHOCHTEJbLHHC mapamer-
pu TK.

B Tada. 1.5 1.6 npuBeJeHbl pesy.bTaTH ONpeledeHHS IIyOHHBL
30HbI KOJBMATAHHH H CTENeHH H3MEPEHHA MOPHCTOCTH Ok HauCTEHKe
CKBAXHHLI IO CPABHEHHIO C €€ pa3MepoOM ¥ B YIAJeHHOH 30He
TAACToR: Tabauya 1.5

PE3YNBTATbI ONPEAENEHUS 30HBI KOJIBMATAITMU

Hutepaar, m LAY By L AkpaK | *RabMK | 3%mrK | Cocroanme oascra
Mennanrtosan saaexs
0 0,003 | 0,0138 | As, YBEJHY -
1691.8... 1693 1,2 0,096 0,79 n;ci yeeau
TEJBHO
h BeJHUHJIACH
1693 6 ... 1696 24 0,046 0,66 0 0,019 | O ax ¥
1697.4...1699 | 1,6 | 0171 | 093 | o 0,0 0.018 | To e
1699 ... 1700 1,0 | 0,172 0,94 0,038 | 0,039 | 0,009 "
1700 ... 17012 L2 | 01689 | 0,90 | 0,008 | 0,033 [0 "
t70L,2...1703 | 1,8 | 0,103 | 0.80 | 0 — | 0,005 .
1703 ... 1704 | 1,0 | 0,399 | 090 | 0012 | — |0 ;
1704 ... 17076 3.6 0,142 0,84 0,028 0,01 0,005 N
17076 ... 17106 | 30 | 0,147 g,?g 0020 | 0005 0018 L
0 22 | 0107 \ : \ ax  HE3HAYHTE-
17106, 17128 'rém,no YBeAHYH-
JAaCh
1712817152 24 | o117 [ 077 | 0 — 0 MaMeHenufi mer
) 4 1 0078 0,66 0 0,005 |0 flax  He3HAUHTC-
17152 17186 5, m:go VBEAHYH-
o Jacs
1720 ...1722 20 | 0158 | 0,84 | 0 — 0,00 To xe
1722 .. 1724 20 ) 0,186 | 0,85 | 0005 - 0 N
Maungsexaa szadexs
0§ 0111 | 0,63 — 0,005 - fir i HC3HA"HTE-
19T 1998 " " JBHO  YREAWH-
Aach
..o18004 ] 1,0 L 0116 | 068 — 0 — | Mamexennit ner
éggtll‘i. 20022 L2 7 0116 1 075 — — — | To xe
2004,2 ... 2006 18 | 0132 | 074 - — — " )
2006 . . 2007 | 1.0 | 0098 | 070 | — | o — | Msmeneunit wor
2007 .. 9000 | 2.0 {0131 | 077 | — | o — | To e
2000 . 2011 | 20| 0136 ) 077 | — —
W11 .. 2016 26 | 0126 [ 070 - 0 — N
2013,6...2017,4] 38 | 0,106 { 075 - ;0 — N
20174, 2021 | 36 | 0115 1 075 | — |0 -
2022’ 2025 3.0 0.162 0,83 - 0.1 T Bay yBeaHUWSIACE

' AaA OUEHKN A ONpEeAesnfM NOPHCTOCTh KAKAOTO TIacTa fy 10
AaHHHM Tpex Meroaos I'MIC u cTponid KpuBylo ee ¢BfI3H cO CPeaHAM
painycom Hecaeposauus R, CBA3b kg=[(R,) annpokcuEMHpoBani
A0 TepecedeHHs ¢ OpAHHATOH Ry=0, 4TO COOTBETCTBYET CTEHKE CKBa-
JKHHBL, H B TOYKE NEDECeUCHHS ONPEelessid MHHUMAJIbHOE 3HAYSHH:
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1!OEHCTOCTH ke min, KOTGpOE HabamwaaeTcsd B pesyabrarteé MaKCHMAJlh-
HOR 33KYNOPKH MODOBHX KaHaJ0B,

CrenmeHb VMEHBIIEHHS NOPHCTOCTH ONpeiessid o dopmyaie

kn max " k i
o 11 min .
o, = L _Zamin (1.12)
P L
I max
I'Re kn max — [MOPHCTOCThL, OUpejedeHHas [0 MeToay < HAUOOb-

1M R'ﬂ N

Tadauga 1.6
PE3YJ/ILTATDL OIIPESEAEHHA 30HbE KOJAbMATAIIMH
H CTENEHH M3MEHEHWUA TQPUCTOCTH HA PRIOE CKBAAKUH
TAJIAJTAEBCKOM T'PY¥IITNIBI MECTOPOM IEHHH

Ciramuna 1 Hatepean, M hw; ky #noan. | Fnax k113b1}\" Anmin]  Tp, fgg,m
l T
Tananaes- ,
K2 2t 3709,2,..3712 3.6 0731015 0,18 | 0,125 0,07 | 0,610 0,11
Tuasaes-
xa 22 3240,8. . .374--?.6 28| 0,870,185 | 0,151 | 0,124 0,11 | 0,405] 0,33
" ?!4?,6. L.3755,6 1 6 0,860,175 | 0,152 0.08 | 0,025 0,857} 0,36
Maraaxi 19 | 3206 ,..3301,6 1 521 0,81{0,20 0,19 | 0,13 | 0,075} 0,6251 0,22
Tananaen-
Ka 32 3728 ...37324 | 4 060017 0,163] 0,11 ] 0,068 | 0,600 0,19
. . 3734,8...37376 1 281 05910205 | 0,185 1251 0,073 | 0.644{ 0,19
aJla/iaes- i
ka 18 3778,8...37828 | 4 0 0,17* 1 0,165] 0,115} 0,028| 0,835] 0,18
W 36344 .. ,30838 36350 0,158%0 0,154 0,1254 0,075 0,5251 0,15
. " 3878,2...3887,2 | 8 O 0,17F* 0,157 | 0,13 | 0,090 | 0,392 0,25
ERENEIE
Ka 21 38702, . .38864 | 7,21 0 0171*% 01541 0,123 ¢06 | 0,65 | 0,5
Marnaxn 2 3613.6...3616,8 | 3,2] 0 0,168* 0,198 0,148| 0,005] 0,975 0,13
Taaanacs-
xa 32 3585,6...3595,2 1 96 0 0,170% 0,1661 0,14 | 007 | (578 0,09
CROpOXa-
ap 1 ‘ 3748 ...37508 | 28] 0 0,14* 1 0,132] 0,11 | 0,07 [ 0,50 | 0,50
CALTE- i i
na 24 : 4681,4...46872 | 58( D 0,097+ 0,087 | 0,065 0,010} 0.900; 0.4
46872, ..4691.6 | 44, O 0,074% 0,059 | 0,0281 O 1,00 1 09
o $632,2...4695,4 1 321 0 0,081% 0079 0,035 O 1,00 | 015
N 4708,0...47150 } 7,01 O 0,085%| 0,068 | 0,035] 0 Lot 10,75
* KosHOHERT GODECTOCTH  OnNpeaenc) Mo AaRunM  HHAYKIHOHHOIO KapoTaxa (W)

Tlpu onpeaedenny Aage NCIOIB30BadH ¢BA3b kp=[(Ru). IIpi 3TOM
32 fax Opany Tagoe VAAaJACHHE OT CTeHKH CKBAMHHBL, IIpH KOTOPOM
k;530,95 kﬂ max-

TlopHcTOCTh, BXOAAULYID B Taba. 1.5, 1.6, ompeaegsuin no JaHALIM
AOKOBOr0  KapOTaXROTO  30HIRPOBAHNT, aKYCTHUECKOTO KapoTamxa,
GOKOROTO MUKPOKAPOTAKA W HHAYKUHOHHOrO kKaporaxa (COOTBET-
CTBCHHO Rmou, fo A¥. RnBMK . R it

PesyapTaTH aHajH3a MaTepHAIOB NO ONMpeleieHur) (H3HYCCKHX
CBOMCTB MPHCKBAXKHHHOH 30HBl TTACTOB HOKa3aJH, 4TO CTENEHb 3THX
HIMEHEHHH 34BHCHT OT e0JOFHYECKHX H TEXHOJOTHYCKHX (PAKTOpOB.
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3. J1. Xomunen usyutua u oboOuian reopusnyeckie MaTepRaan no
500 naacTaM-KOAJACKTOpaM IajeorenoBoro soapacta llpeixapuarsd u
o 200 oaacTaM-KoaaekTopaM  Hipero kKap6ona  TasasaeBcKoi
rpynne mectropoxaenuit JHenposeko-oneukoi Braanee. HMecaeny-
eMble IOPOAH PacnoJoXedh B HuTepBaje raybud 1...6 kM. Cpeau
HEX HJACTH C 30HOH KOJbMaTalluy, (uxkcHpyemoh no Aannmm [THC,
cocrasamior 15% naa Hpeaxapnates un 12% nas JLULB.

Peayiprathi aHa U3 HMEIOWIHXCH MATEPHAJOB [O0KA33JaH, 4TO
cTeNeHh H3MEeHeHus (PH3HUECKHX CBOFCTR MPHCKBAXKUHHON 30HB MLIac-
Ta 3ABHCHT OT Te0JOTHUECKHX M TexHoJorudeckux dakropos. K reo-
JOTHUECKMM (DaKTOpaM OTHOCHTCS: THI M 3HaYEHHE IOPUCTOCTH, pac-
EPBITOCTE MHUKPOTPEHMIMH, MHHEpaJsubili cOCTaB IVIHHACTOTO LEMENTA,
COOTHOMIEHHE AWAMETPOB TOPOBHX KaHal0oB W TBEPLAOH dasy
npoMeBouHofl wuakocTH. Texnonorudeckie (AKTOPBL CyMMa CTATH-
YeCKON M ANHAMHUECKOH pelpecCcHil MPOMLIBOYHOH KHIKOCTH Ha ILTACT,
BpeMA KOHTaKTa IPOMHIBOYHON MKHMAKOCTH € INIACTOM, PEOJOTHHECKHE
cpoficTBa NPOMEBOYHON KHAKOCTH, THI 10/0Ta.

Veranosaeno, 9to HaubobIIas 3aKYIOPKa TPHCKBAaXKHHHOR S0HS
wab.01aeTes TPH TPOYAX PABHLIX YCIOBHAX B TPEHIMHOBATHIX NOPO-
13X, a TAKKE B NOPOAAX BHICOKONQPHCTRIX H KPYNHO3epHHCTHIX. OrMe-
YACTCH DOCT CTENEHH 3aKYNODKH KOAJEKTOPOB C YBEJIHYCHMEM HX
Ty OHHE 3aJEraHHA.

1.5. OnopHo-TEXRONOTUHECKOE HIYuEHME
BCHPBLIBAGMOTO Pa3pesa,
HCBITAHME W OCBOSHME CKBAMMH

[Tpu obuleM pacuigpeHHH 00HEMOB rAyGOKOFO H CBepXIIydoKoro
GypeHnst OTMeuaeTCsl YBEJHYEHHME BPEMEHH OCBOGHHA HPOAYKTHBHMX
MIAcCTOB B CKBAYHHAX, 2 TAKKE KONHYECTBA NJACcTOB, He AABIUHX NPH-
TOKa MAACTOROTO ¢uIIoWAa HPH NOJOKATENBHBIX 33KMOYEHHAX 06 HY
NPOYKTHRHOCTH [0 JIAHHBIM IIPOMEICTOBO-TCOGQH3HISCKHX HCCAEA0Ba-
puil, Ha6AWEEHAR 33 BCHPLITHEM MOpPOAYKTHBHOTO TFOPH30OHTA B I1pO-
necce GypeHHs, DaHHEIM HCCACNOBAHHA KeDHOBOTO MarepHana H T. I.

OO6BUHO NPH HE3HAYHTENLHOM [MPHTOKE H3 HJACTa HJIH TOJIHOM €T0
OTCYTCTBHM HJACT JADO TPH3HAIT OeClepeiekTHBHHM, anbo noi-
BCPraloT HMCKYCCTBEHHOMY BO3ACHCTBHIO  (TOBTOpHAR nepdopaind,
IUADOPA3PHIR, TPHMEHEHHE METO/A [IEPeMCilHbIX IaBJCHHH, KHCJIOT-
Has o06pafoTKa, TemJOoBOH Nporpes H ap.). Hcnoassyemas TexHoOJ0-
rHs OCBOBHUSI CKBAMKHH NDAKTHYCCKH HE YUHTHIBAET COCTORHUA 11Jac-
©4 NOCJHE ero BCKPHITHA M KPEMJIeHHA SKCTIYaTaAHOHHOR KOJOHHOH,
XOTS B 3TH [ePHOAB CTPOHTEALCTBA CKBAXKHH TDPOHCXOAWT 3Haww-
TeAbHO® MIMEHeHNE KOJNEKTOPCKHY CROHCTB B UPHCTROJBHOH 30HE
maacTa, KOTOPOE B PAZE CAYVAeR CTAHOBHTCA HEOOPATHMBM. ITH
H3VIEHEHHST [POHCXOIHT MO AeHCTBHEM KOHLEHTDALHH HAMpsUKCHHHE
M4 CTCHKe CKBAMKHIH, TIDOHNKHOBCHHA (HJBTpPATd H AHCITEPCHOH
(hasel TPOVBBOYHOM JKHAKOCTH B WAACT, HAGYXanHs TJTHHHCTOTO Ma-
Tepilala moPOAH-KOJJIEKTOPa, BHTageRNs KPUCTAANOB napaduna npy

{)‘P



OXJaXAEHHH NPHCTBOALHON 30HEI, 06pPAa30BaHHs BONOHCOTAHEX IMYJIb-
cril u Apyrux ¢akropos. 1losy4esHe ONTHMANBHEIX 3HAUECHHE NPHTOKA

co-
{(CL,

Mgy, kapbona-

g CABHTA, NPOLEHTHOC

KoantecTe
{Na, K, Ca,

cra. Ofpa-| BecKoe HaNpAKelH

COCTAB APOMBIBOUHOH KHJIKO

G0
npol  mPOME-

CHTKOCTH

JIOBAHHKS

KO-XHMHYLCKHX

™ LeBebya bbugZ8 EfLE OF ]
it e T PR B R L
- OM BOCCTAHOBJEHHH KOJ- S Yasg - 2582 mEpE &@ “
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fpedoanenue taba 1.7

Lleab HudopManun

Herounnk undopmainy

Bua necacaosanai

ITapamerp

Hayyenne duau-
KD-XHMHYECKHX
CBOHCTB MMACTOBWX
QIHAOR

Jlaoparopiue  lccde-

wractesky  dmounos

Anaans cocrapga 1 cBolicTr ¢uTION, 0B,
ZOBARHA IAYOHHULE npof) HAceIIalng 1A2cT-KOANeKTOD

1
ToB (Na;50,, NaHCOs}, pH oxucaytensyo-
BOCCTQ]IOHHTEJ’II:HMﬁ noreniria#t, KO.HH'ICCTHGH-
HHI H KOMIOQHEHTHLIH COCTaBR XHMPCATeHTOM

Cocras M KOJHUECTBO YIACBOLOPOIOB: A&B-
JCHHE HACHIUTEHHS; NJ0THOCTE, BA3KOCTS, pac-
TRODPHMOCTE, CHUMAEMOCTL, YeanKy, obbemiini
KO3(MGUIHCHT MIacToBoMe GUGHLA, KOJHYeCT-
BO M TeMIUepATYpa ILIaBJeHEH NapadHHA

Ouenka  ¢octoa-
HHA  TIPHCTBOIBLNNIN
30HE IJ4cTa

Feoduzsnuecke  MeToinl
HEOTICLOBANRA TRBAKWI

qummmammr crlc
HCCAC10BAIHA  ICHLITaTe-
JSIMH 1171aCTOB

|
|
|

FeodnsydeckHe HCCACAOBAHUA CKBA-
AKHH  METOAEMH
(BK3, BK, BMK, HK, kaBepHomerpun,
'K, HTK, MIHK, SAMK). IlosTopuwie

FERIS

reoH3INYecKie Hecne10BaHa

Hamenenne TePMOAHHAMITHECKHX  ¥yC-
JOBHH H IPOH3BOIMTEILHOCTH CKEBaKHi

ViuTepnpevaiis  Aaimig,
iIMX € NOMOUILKO HCI]b}TﬂTC."[eﬁ MmAacTos

rAYGRHROCTH

NOAYICH-

SxperTunHAA  MOWIOCTh,  Ko3bOHOKEATL
NOPUCTOCTH, HOAHOTO H OCTATOMIOTG Hepre-
raztuacklileHHA, BHITECHEHNs HedTH, NpomH-
HacMoCTh, NAYBEHA 301 KOJLMATALHH, CTe-
fenb HAMEeHCHUS HOPHCTOCTH H IHPOHHILAEMOC-
TH D DPHCTRBOAbHON 3oHe NaacTa

Terynge sabofinoe papachne, yerhesoe
AABJcHHe, OpQIOJKHTCIRHOCTE BhIZ0OBA 1PH-
TOKA BO BpeMell, AenpeccHs Ha miact (To-
kymas, yCTaHOBHLIIAACH), nefur  EHILIKOCTH
(Texymufl, cpennnfl, yerauopupmnkdcd), raso-
BRI AKTOD, CTATHYECKM H IHHAMEYECKHH
VPOBHH MHAKOCTH B CKBAMKHHE, TeKynias H
yeT4HOBHEIIASCH  Temneparypa ha saboe
CHBRMUHEH

Koshhulifentn TPORYRTHBHOCTH H YA&dL
HOH NpPOAYKTHBENOCTH CKBax b, KO3(dHIH-
eHTH THAJIONPOBOAHOCTH 1 Hhe30IpOBRAHOC-
TH Tiacta, KosdulliedT rHApOAHHAMHYECKO-
rQ o COBSPIMEHCTRA  CEBAMUHG, EaadduiueHT
JAKYIQPKH JNPHCKBAMMHHON wacTH  OJIACTH,
[IPOHMLAEMOCTE, NMOTENURAJBHLIA  JefuT

fpodoancenue Tade. 17

1[edb HHHpOpPMALRH

HeTonury yabOpMALRH [

BaL necaerosanuil

MupameTrp

Hayuenne BJIHS‘I-\
WA TEXNUAVYHUEC-
KOTQ NpALUECEca
KpemJeslHg IpojyK-
THBHOrO IIAacTa M4
cocToRHNE  TPHCT-
BOJILHGIT 30H6I ILTAC
Ta

Tamonaribe Kap'rou-E
¥H, naans palor qa cuycuw
H IEeMEHETHPODAHHe CKBa-;
WHH, Ja00paTOPHLIT aHa-
JM3 LeMEHTIIOTD PAcThopa.)
nepaHuHag OKYMEHTAIMA !
M0 CKBAMKHHE, DAMHLIC Kd-:
BEpIHOMETPHH )

Ananus ¥ ofoOwenue SAUNBX MO
KPEIICHI0 LPUAYKTHBIOTO WHTepEAIA

Tun TaMmOH2KEOO  PACTBOpA, THAPOCTA-
THYeCKOe dABJCHHe Croafa LeMenTHoro pac-
rBOpPY, [PUJAOAKUTENBHOTIL BOBARHCTRHA Le-
MCHTROTO  PACTnapa  1a  TLIACT,  KOJHYECTBO
LeMeRTHOrO pacTBOpa WAH  (HAbTpATa, T0-
CTYRHBWErQ B IIACT, MASTHOCIH HEMEHTHOTO
KQJbIA O BLICOTE

Britop o0bexTon
LA KHEJOTHHX 05-
paboToK

PeHTreloCTPYKTYPHBLH,
H uerporpaduiecKuii

wa i

MupepalpHLIfl COCTAB UEMEHTE, CKO-
TCPMHUECKHH, XHMHYECKHit| pOCTh PA3IOMENHH coCTaRJAICIMINY  UC-
Me-| MEHTA B Pa3HBIX TO KOHUSHTPAUUH H
SrOAL HCCAEOBAHAT K- ROMIOHCHTHOMY COLTATY KYCI0T 2K

CocraB M KOJHYECTBO TUMHHCTOR M Kap-
GoHATHOM COCTABAAIOWEN meMenTa, €OCTas M
KOMMUCCTRO HEpPACTBOPHMOIO 0CTATHR

HMayycuwe TepMo-|  TIpasie  saMepsl Ilia- 3aMep MaHOMCTpaMl, TAYOHEHHMH [Inacropoe faBacwbe, I[JAACTOBAA  TEMIC-
GapudecKoR Xapak-| CTOBOTO JABJEHAA I TeM- repuoMeTpaMy, onpofopaBue  RAACTU- paTyRa
TEPUCTHKY TPULYE-| BePaTypHt UCOWTATENAME M Ha KaPOTamHOM K-
THRHOTQ  [12CTa He.ae

Huyuemne Bans-|  Damauc  waacHzapnoro Apamia ®H 0Bo6HleHHe TEXHHRO-3K0-| CKHOPOCTD Gypemns,  APOAOMKHTEABIOCTD

eI OpFaHnsﬂlLu()u-
HO-TEXNHYECKHX M
TEXHOJOTHIEeCKHE
noxKazatench uepn-
BHUINOTO BCKPLITIA
H4 pesyJBLTATH OC-
BOEHAN U WCOBTA-
HHA UPOLYKTHBHLLY
TAAcTOB

BpCMen, HIJHKATOPHEHE
AHATPAMMBL, CYTOMNLIC Pd-
1OpTa, TICPBMYEAA AOKY-
MCHTALLST N0 CKBAXKHIE

NOMHUECKHX W TeXHOMOIHYCCKHX Jall-| KOHTAKTA HpOMHBO‘-{HOﬁ AKHAKOCTH € [AAALTOM

HEIX

 pe3yapTatan

BCEPBITHA TIACTa

TEPBIHOTO) TP CTATHUCCKEY ¥ THHAMHYECKHX YCAOBHAX,

TeKyLiee COCTORHHE CKBAMHHBL (OCTOKACHAL,
HOMIOULeHNs, TedTeIrasonposiBIeHHs); penpe:-
sHd Ha JLIACT; TeKYIue MAPAMETPEL UpPOMB
ROUHOR  AMUIKCCTH H el XHMCOCTaB, Pacxof]
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TPOMEBOYNOA HHAKOCTH Ha TNJACT; €nocod BTOPHUHONO BCKPHITHS TPO-
LYKTHEHOIO TODH30HTE; pe3yJabTaThl HCIBITAHHY TPOAYKTHBHBIX TOPH-
30HTOB C TIOMOLIBIO HCOLITaTeNell NAACTOB; AENPECCHH, NPH KOTOPBIX
IIPOHCXOAHT BBRI3OB NPHTOKA M3 MJACTA; Pe3YJbTATE THADOIHHAMHUE-
CKMX HCCACAOBAHWH NPOAYKTHBHBX NJACTOB; Pe3YAbTATH HCKYCCTBEH-
HOTO BO3JAEHCTEBHA HA NMACT B IPOHECCE HCNEITAHHA H  OCBOCHHS
CKBAMHH. TPHTOK NAACTOBHY Gaion 0B, COOp H CHCTEMATH3IAUMIO
MepeyHc/IeHHEIX CBeJleHHH MPOH3BOAAT corjacHo pabGore [88].

Ha ochosanui amannsa TeONOIHYECKHX, TEXHOJOTHUECKHX H TexX-
HHYECKHX (PAKTOPOB N0 paHee NPOSYPeHHBIM CKBAKHHAM OLPE/1eNsIoT
CTENEHb MX BJHSHHS Ha Pe3YAbTaThl OCBOECHHS CKBAMHA.

B npouecce BCKPHTHA ra3oHeTEHOCHBIX TOPH3OHTOB B 3aBHCHMO-
CTH OT TEOJOTHYECKMX VCA0BHA 1 TeXHOJNOTHH TIPOBOAKH CKBAXKHH
OCYWIECTBIACTCH OeTAJH3ANHOHHBHA KOMIIEKC MeTooB reodHapyec-
KHX HCC/AeNOB2HHA B CKBAXHHAX ¢ LeJbl0 NOJYUEHHS HHPOPMAlHH O
lapaMeTpax NMPOAYKTHBHEIX IIJIACTOB B OKOJIOCTBOALHOH H YI4JeHHOH
soax. Tlo nanusm THC onpeaensior ocHOBHBIE mapameTpsl mopos-
KOJIJIEKTOPOB: 3((HEKTHBHYIO MOUIHOCTE Asp, KOIPOHIHEHTH NOPHCTO-
CTH Ry, NOJHOTO H OCTATOUHOTO HeTEHACHINECHUA Ky, kpo, BRHITECHCHHA
HedTH B H NPOHHITIAEMOCTH . '

fa ocHoBauHu 2aBHHX © PHALTPAIMOHHO-eMKOCTHHIX CBOHCTEAX
{®EC) npHcTBOJABHON H yAajJeHHOH 30H [JACTOB ONpelelsdioT CTe-
NElh MX VXYALUICHUS B NpONecce BCKPHTHA OypeHneM. Tlocae BCRDHI-
THS TIPOAYKTHBHOTO TOPH3OHTA NRPOBOAAT HCIBITAHHE €0 B OTKPHITOM
CTBOSC €O CHATHEM VHAPOAHHAMMYECKHX XADAKTEPHCTHK W OTGOPOM
repMeTHIHEX Npod naacToBbix duaontos. OUeHHBAKT NOTEHUHANBHEIN
AEOHT # KODPPUIHMEHT CHIKEHMA NPOHHUAEMOCTH 1J1acTa 1no rodu-
SHYCCKHM J8HHLBIM H pe3yJbTATaM  HCCIEN0B&HHA  HCIBITATEARMH
niacta ia OypuapHeix TpyDax.

I npoBedeHHs HCCHeIOBATENBCKHX PaboT M0 ONOPHO-TeXHOJMOTH-
YECKOMY HCNBITANMIO H OCBOCHHIO NPEAYCMOTPEHO TO3TallHOE YREIM-
YCHME nenpecCHH Ha [Laact (178 BHSOpa CTNTHMAJRHOIO €F0 3HaTCHHA
U OHPUKH BDEMEHH BBIABPKKN NPH 3I24aHHOR AETPECCHH ¢ 11e4b10
M3Y4CHHE YCJOBEA NPHTOKA H3 IL1ACTA € YYETOM TOPHOTO W PHAPO-
CTATHYBCKOTO 3apJenyH; CPaBHeHHe NOAYYeHHOTO 3HAYEHHS IPHTOKA
¢ MOTeHIHAJBHEIM AeGHTOM, ONpeiesieHHHM Lo (opMyae IONIOH HIH
COPAACHC AaHHBIM HCHHITAaHHA OOBEKTOB WCNLITATEAAMH TJACTOR!
UPHHATHE DEIIEHHT O HeoOXOIHMOCTH NDHMEHEHHS METOI0B HCKYC-
CTBEHHEOPD BO3AHCTBNA HA WJIACT, IUIAHHPOBAHHME M OCYIRCCTBICRHE
HCKYCCTBEHHOPG BOMIGACTBHA HA 1LiactT ¢ HCROIB30BAHHEM H3BECTHBIX
7 HOBBIX TEXHHYRCKMX YCTPOHCTIB M TEXHOJIOFHUECKAX pellenui.

Mocae sapepurernst paoT MO ONOPHO-TEXHOJOTHYUECKOMY H3YYEHHIO
BCKPBIBACMOro NIaCTa, CTO OCBOCHHIO H HCHTAHHIO MATEDHAA HCCJIEI0-
Banpi 66pabaTHBAIOT % ONPCIEJICHHS! TeXHOJIOTHH BH30Ba MPHTOKA
H3 15A2CTA.

[ipn ONOPHO-TEXHOJICTHYECKOM H3YUEHHH BCKPHIBAEMOro o0beKTa
otobpannse 00pA3UL NOPOJL CO CTCHOK CKRAMKHHM C NOMOUILIY GOKO-
BbIX KePHOOTOOPHHKOB BPH HX HCC/CAOBAHHH B MalOPATOPHEIX YCJAOBH-
AX AT MHOOPMaRHID 00 HaMeHEeHMH COCTORHHSA TIPHCTBOJBHDH 30HH

a2

3a BPeMsi BCKPHTHA naacta. Bubop Mmeropa orfopa kepua ofocHoBaH
CAGAVIOLIHM: IPHMEHEHHe GOKOBHIX KEGDHOOTOODHHKOB HO3BOJISET NpPO-
H3BOAHTL MHOTOKPATHEI NOBTOPHLIA OTGOD KepHa H3 OfMHX U TeX XKe
HHTEPBAJOB; KEpPH OTOHPAIOT NOCHe BCKPHTHSA ONOPHO-TEXHOJIOTHIECKO-
10 o0DeRTA ¥ NPOBEACHHSR reo(U3NYCCKUX HCCAeIOBANUY, T. €. TOTAAR,
KOTAa TOYHO H3BECTHO MECTOHAXOMNKAeHHe TodeK oT6opa o6pasuos:
obpaslbl MOXKHO NOJAYUATH €3 HapyllenHs BeAOCTHOCTH B HEYCTOHYH-
BHIX, CJAaGoCHeMEeHTHPOBAHHBIX NMOPO1AX, KOTOPHE NDAKTHYECKH He BhI-
HOCATCA KOAOHKOBBLIM MHCTPYMEHTOM, H H3 JOG0H 3aZaHHOR TOUKH
npoaykrusHoro nmaacta; 100%-uwlii or6op 006pasuoB H3 NPOAYKTHBHOLO
naacTa ofeCHeunBaioT TOTAA, KOTAa B npoliecce Oypenus O0Abmyo
yacTh KEpHa oTOHPAIOT H3 HellPOAYKTHBHBIX NIOPOL; 3TO NIO3BOJIAET MPO-
H3BOANTD TOUHYIO NPHBA3KY TOUEK 0T6OpA K KAPOTAKHLIM AHATpAMMAM
H KapepHorpaMmaM; [pH HeOOXOAHMOCTH MOKHO NPOH3BOAKTb OTGOP
IAMHHMCTOR KOPKH €O CTeHKHW CKBamwuHHL. [IpuBdzka Todek orfopa of-
pPA3UOB OCYHIECTBAALTCS NOCAe NPOBEICHHA TeOQHIHIECKOrO KOMIJACK-
ta pabot. Touks o700pa, KOMKIECTBO KOTODHIX 3aBUCHT OT NOCTABIASH-
HOH 32744y, HAMEYAT ¢ [IOMOILBI0 OJHOH H3 KapoTarmHbIX AHArpaMM,
Ha KOTOpo# HanOoJee devKe BHACACHH OOBOKTH HCCASJOBAHHA.

HspecTHO, UTO ryOHHA 30HEE HPOHHKHOBEHHA TBEPABIX YaCTHIL AHC-
nepenofi dazn M OEALTPATA NPOMHBOUHOR  HKHAKOCTH ZABHCHT OT
MHOTrHX (D3KTOPOB, OCHOBHEE M3 HHX! KOJJICKTOPCKHE cBOICTBA MacTa,
pefnpeccHs H BpeMs BO3AeHCTBAI NPOMBBOYROH KHMAKOCTH Ha MJIact.

PeayanTaTnl aHaJ K33 JAHHBIX NOBTOPHEIX 3dMECB YJEJbHOTO 3HeK-
TOWIECKOTO CONPOTEBICHNA NPOIYKTHBUMEK HAACTOR B ycnosusx Buyt-
pennel sousl [IpeakapnaTckoro nporada noKasaad ciaeiyioUiee: BpeMsi
HOPMHPOBAHKSA NOAKOCTLIO NPOMBITOH 308H B HONLIMKACTEE CAY4AER Ha
ray6une aavepa npubopoe BMK (8...12 cum} cocramaster 1...3 cy-
tTox npu penpeccun 5...10 Mlla, zona kosbmatauuu GopMuUpyeTes
HC MO3Ke YeTHpeX CYTOK [OcJe BCKPHITHA maacTa OypeHHeM, Jadb-
Eeilliee YReIWUEHH® BPEMEHH KOiHTakTa OYpOBOTQ pacTBopa ¢ Maa-
CTOM NPEBOIHT K AONOJIHHTENRHOMY YMEHBIICHHK) TOPHCTOCTH, HE
npesmimawiemy 9...14% 0T 0epBOHAUANBLHOIO 3HAUEHHH, ORpere-
JEHHOTO OpPH NepBHUHON 3akynopke. CnejoBarensbho, orfop obpas-
UOB NOPOJ €O CTEHKH CKBAXKHHLI CJACAYET NPOBOJHMTH HE TMO3WCE, 1eM
yepe3 Tpoe CYTOK I0C/¢ BCKPHITHA KPOBJAH ONOPHO-TEXHOJIOGTHUECKOI'C
o6berTa. [lAA OBCHKHW BOSMOMKHBIX H3MeHeHUHA B NDUCTBOJBHON sz0de
CO BpéMeHeM HeoOGXOJHMO NPOBOAHTL IOBTOpHbie OTGOPEl KepHa H3
TEX e UHTEpBAncs: mTopoft uepez 10...12 cyrok, TperHii — nocae
OKOHUAHKA GVpeHHL.

Orbop o0pasuos cAeayer UPOHIBOAMTH 10 WHCTPYKUHW HA (DOBE-
Jenwe pafor OGOKOBEIMH KepPHOOTGOpHHKAMH Ha KapOTaiKHOM - Kabe-
Jge. OroGpaunpie ofpazubl DOCIE NOAbeMad HHCTPYMEHTA HA OBepPX-
HOCTL CJAeAyeT NapadpuHHPOBATL, TOTpyxad HX Ha l...2 ¢ B pac-
naapaeHHLH napadbun.

Hopadox u ofvem uccaedosanus xepua. Jina nosyvenHs
uHGbOpMalRH, HEOOXOAHMOR NMPH OROPHO-TEXHOJAOIHICCKOM HCTRITAHAR
IJIZCTOB H OCBOSHHH CKBAXKWH, Hpeataraercs Takof ofbeM HCCIenR-
BAHRE Kepua:
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1. TTocre packoHCepBaUUH H OURIIEHHS NOBEPXHOCTH KepHA Npo-
BoasT Makpoonucaune 100% obpasior kepHa.

2. M3 ofpasuos, npeinasHayeHymX AT ONpeledeHds HACHIHLEH-
HOCTH, OTTOHSIIOT BOAY H OTpenensior Kos(p¢HIHeHT BOROHACHIIEEH-
HOCTH,

3. 3atem of6pasnu 3KCTparHpymtT B annaparte Cokciaera chnHpro-
OeH30JBHOH CMeChl0, BRICYIUHBANT A0 NOOCTONHHON Maccel. Jlas
OTIPENeEHHH E©MKOCTH MM NpujamT Hanbodee yaobnyw Qopmy.
Cpezauupte npu obpaforke TopepxroctH 00pa3sla KYCOUKH MOPOIBI
HCIOAB3YIOT LI H3TGTORJIEHHA LLIH(rOB, ONPENSJIEHHS TJIOTHOCTH,
KapOoHATHOCTH, CHATHA TODOMETPHYCCKOH XapaKTePHCTHKH.

4, OueHHBAIGT NOJHYIO H OTKPHITYIO NOPHCTOCTL B obbeme 10079
0Bpasnos.

5. M3 Toro xe HAH CMEXKHOTO ¢ HHM KYCKA KepHa WaroTdBAHBAIOT
IILTHHAPHE, [0 KOTOPOMY ONpelesil0T [POHHOAEMOCTh B obbeMe
100%, oGpasuos.

6. Ocrarwtuecst wkycokd xepHa (10...12% wauGonee npejgcrasu-
TeALHHIX OOpAa3lO0B} HCIOAL3YIOT AJSA CHATHA NOPOMETPHYECKOH xa-
PAKTEPHCTHKA H ONpele/ednsd KapboHATHOCTH.

7. Dokosylo noBepxHOCTs dmAHHApUYeckHx obpazuos (10...12%
rHanfoJee TpeACTABHTEJLHEIX 0OPA3IOB) NPONHTHBAKT (GaKeJHTOBHM
JAKOM MJAH 3MOKCHANOH cMoao#, nocie uvero ofpasell BLICYIIABAOT H
HCIOJB3YIOT AJH WIYYeHHs CTPYETYPH  IIYCTOTHOrO IIPOCTpaHCTBa,
I1ABHBHIM 06PA30M KABEPHO3HOCTH M TPELIHHOBATOCTH.

8. M3 kycouxka Kkepra, npONATAHHOTO OBAKEJWTOBHM JaKOM HAR
3MOKCHAHOH CMOJOH, H3TOTABAHBAIOT LIHQ ANA H3VIEHHH reoMeT-
puH nopoBoro mpocrpancTBa B obweme 10...20% wmauGonee npex-
CTABHTEABHHEX 06pA3NOs, BKAUAINAX BCe JAHTOAOTHYECKHS PA3HOCTH.
[TapasnensHo H3YYAOT MHHEPAJbHBIl H TPaHyJOMETPHUECKHH cOCTas.
THII H KOJHYECTBO LEMEHTd, BTOPHUHBE NpecdpaseBanus, CTPYKTYPY H
TEKCTYPY NOPOXR.

Bewdeaenue ofvexros 0aa Kucaorrelx obpafiorox, Pexomergarpn
00 BLficpy 06BEKTOB A4 KHCIOTHEX 00paboTOK NPHHHM2IOT Ha OCHO-
BAHHH JEeTARbHOrO HCCJACHLOBAHMA MHHEDAJBHOrD COLTABA IeMeHTOR
TOpoA-KOAIEKTOPOB O MHEDPOCKONIOM H C NOMOUIbK PEHTIeHOCTPYE-
TYPHOTO U TEPMHYUECKOr0 aHaJM30B, CTENeHR YINOTHEHHOCTH ROPOA,
CTPYKTYPH RYCTOTHOTO APOCTPAHCTRA, ONpPe/CIeHHS CKOPOCTH pasdfio-
JKEOHHS COCTABIAIOINEX IEMEHTA B PAsHBiX 0 COCTABY H KOHUEHTpAUHH
KHCJOTRY, & TAKMKE H3YUEHHH KOJIHUECTEa ¥ COCTABA HEpPaCTBODHUMOTO
OCTATKA HOCJIE B3aHMOAeHCTBH TTOPOAbE ¢ KICJOTDH.

Ha ofipasnax KepHa 10 KHCJIOTHOR 06padoTKA onpededsiorT OTKpb-
TY10 NOPHCTOCTh, NPOHUNIAEMOCTD, PasMep NODP, XapaxTep pacnpenene-
HHS 10D NO pasMepaM, CTellelb pa3IBETBIEHHOCTH, COQOLI2eMOCTH H
yIeNbHYI0 TMJAOTHOCTE NOP, COCTAB H KOJHYECTBO ileMeHTa. 3aTeM ob-
Pasell YCTAHABARBAIOT BEPTHKAJLHO B KeDHOASPKATENRE 3KCHCPHMEH-
ranpHol ycravoBry (manpuMep, YHMIIK). Buxoa uz KepHoaepXKarend
coofiraercs ¢ COCYA0M BHICOKOIO AABAEHHA, B KOTOPOM NMOAJePXKHBAacT-
¢ DOCTOAHHOE faBgenude. [fonauy - KHMCAQTH OCYRIeCTBARNT HIMepu-
TeJLHEM [IPECCOM Uepe3 pasfeNHTenbHYK Kamepy. [locae narmera-
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Hug B oGpazell KHCJIOTY BBLICPAUBAIOT B TeUEHHE ONpeIc]cHHOro
BpeMend. BpeMsa Buaep:KEH 3aBHCHT GT €C KOHIUCHTPALIMH, CKOPOCTH
HeliTpadinzailil, CocTaBa NEMeHTa NOPOAB. 3aTeM AaBjeHHe co CT10-
POHBL BXOjla KHCAOTH B 006pasel [OCTEeHHO CHuAAaetcs A5 BBITEC-
HEHHS NIPOAYKTOB peakiun Bo3IyxoM, [loIsepruyTeli kHCJIOTHOH
oGpaboTRe of6pa3ell 3KCTPArHpYeTCs, BHCYIIUBACTCH, 34TEM NOBTOPHO
OnpeAeToTes TMOPHETOCTE, IPORHIARMOCTL, DA3MEP W Xapakrep pac-
opeiegeHRd Mop, KOJAHYECTEBO HEPACTBOPHMOIO OCTAaTKa H AP.

Ha ocuopasud pe3yAbTaTOB LPOBEACHHLIX ONBITOB, AHANH3A HaMC-
HEHHH CTPYKTYPBL MOPOBOTO NPOCTPAaHCTBA, COCTABA [IEMEHTA H CTe-
fleHH YOAOTHEeHHOCTH MOpoJ, a Taidke aHaJAH3a NOCTPOEHHBIX [0
AAHHBIM DAHee NPOOYPEHHLIX CKBAKWH KAPT paBHHIX 3HAYEHHH Kap-
OOHATHOCTH M PHHHUCTOCTH  ITPOJVKTHBHHIX TOPH3OHTOB  Cilefver
BbIOpATh OOBEKTH AT NPOBEICHHA COJAHO- HJAH TTHHOKHCJAOTHOM
06paboTKH TOH WM HHOM CKBAMKHHEL HA ONPEIENeHHOH CTPYKTYPC.
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Ffrasea 2

TMAPONECKOCTPYHHLIA
METOJ] ®OPMMHPOBAHMA
SKCMNNYATALLMOHHOTO 3ABOSA CKBAXMHDI

IxenayaTauHoRusM 3a60eM, 1o onpegeaenno . T. Osuarvano-
Ba [83], maswmiBaercs momepxmocth maacta, ofHaMeHuad GypeHuew,
nepopalned WIH HHBIMHE CPEICTBAMH.

Hmke paccMOTpHM — METOA  THAPONECKOCTPYHHOR  mepdoparmu
(T'TITI), kOTOpHI# sBASETCS OAHHM M3 3hQEKTHBHEIX CHOCOGOB {op-
MHPOBAHHUS IKCIAYATALMDOHHONO 3a60d B OOCAMKEHAHIX CKBaX<KHHAX.
Meron ITIIT necaenyoT w npumensior ¢ 1960 r., oaHAKO N0 HACTOS-
WIETO BPCMERH He CAeNAH 2H2JAH3 BHNOJHEHHHX paboT H He 0fobuieHkl
HX pesyabTTH. UtjiefbHbe NYGJIHKAIHH H MOHOTPadHH OCBEHIA[OT
TOMLKO HEKOTOPHIE CTOPOHLL BOIpOCa.

B s1om pasgene cienana mepsasi NONHITKA PACCMOTPETh PE3YMbTATH
IPEILIAYUIHY HCCASJOBAHHE C eAblo BHPaGOTKH HPAKTHYECKHX DEKO-
MeHIauHH /15 060CHOBAHHOIO BLHIGOpPA OBOPYAOBAHHS, PEXKHMOB €ro
padoTLl H MOCTPOSHHS TEXHOJOTHYECKOTO [polecca INPH IHAPONECKO-
CTPYHHOR nepdopalind B cCKBaXKuHAaX. :

A penIeH s HOCTABJCHHOR 3a1a9H CHAYAIA DACCMOTPUM PaboTH
I'. H. A6pamornua [3], A. K. Kosonos [58], E. B. Conoskuna j 106,
108] w A. 3. Kyauega [64] Mo H3yQeHHIO reOMETPHYECKHX H 3HEPTETH-
YECKIX 2paMeTPOB CTPYil KUIAKOCTH, B TOM Hic/Ie Cojepkaluy adpa-
SUBREII Martepua . Pe3ynnTaTl 5THX HCCASIOBAHHE B Ja’bHedllreMm
GVACM HCHOJMb20BATHL 08 OOBACHEHHS H OMNNCAHHA MCXAHH3MA BRIPA-
foTKM KaHAAO0B.

AHaau3 peayabTATOB  SKCTIEPHMENTOB [0 BHPAGOTKe Kalajdos B
CTEHJOBBIX YCJAOBHAX BHINOJHEH B COOTBETCTBHHE € KJIACCH(PHKAUHCH yC-
JOBHH paboTH CTPYH, CO34aRKONA Ha ocHoBanuu Tpyaos H. I1, Jlecuka,
[1. M. Veauena, E. B. Conosruna, B, W, I'ycesa, KO. A, Mukauua [27,
67, 68, 69, 76, 77, 108], M. B. Kpurounocosa [61, 119], JI. C. Me-
auk-Acaansosa, O. A, Cujoposa, K0, B. 3aituesa [37, 73], A. M. Coapa-
ToBa [105], nocBAMICHHEIX HaYyeno Mexanuama nponecca. OGoHuleHMC
Pe3yALTATOB CTEHAOBBIX HCOLITAHHI MPOBEZEHO B NIaHE OHPEIETEHHUS
IMIHPHYCCKHX 3HAYEHAH KOHCTAUT M (QVHKIHA, HCIOJB3YEMBIX B
pacuere AHHBL KaHana no meroauke C. B. ®ajmwkopnua, I'. J. Ceso-
cTeAHOBZ H Jap. [116].

[Ipepaoxeuneii HaMH MeTOX 06paGOTKMN ISKCHEPHMEHTAJIbHBIX KDH-
BHX BLIPA0OTKH KauHaJOB BO BPEMCHH TNO3BOJSET ONPEALJINTH
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MAKCHMAJBHYIO TAYOHHY KaHaJa NpH HEOrPAHHUCHHOM Cpoke pado-
THl CTpYH. Brnepsble onpeie/eHb 3daKOHOMCPHOCTH PA3BHTHS KaHaja
BO BpeMeHH HPH pas/JHUHBIX AaBJEHHAX CpeJb H YCJAOBHAX pafoTsl
CTPYH. DTO MO3BOKHJIO YCOBEPIUSHCTBOBATh METOAHKY pacyera [116],
BeAEJCTBHE HETO CPEIHsd OTHOCHTenbHas omuOKa pacyeTHol rayGH-
ubl xagamga He npesbhuaer 12% d¢agrtuuecxoh. Ha ocnoBanun nzno-
JKEHHOTO NOABHJACL BO3MOMHOCTL PEKOMEHNJOBATL METO/HKY J0CTO-
BEPHOTO TPOTHOIUPOBAHUA TAVOUHL THAPONECKOCTPYHAROR BRIpAGOTKH
[P BCKPHITHH I114CTA B CKBAMHHAX B 3aBHCHMOCTH OT YCJAOBHH pa-
BOTH CTPYH, CBORCTB MOPOAM H NapaMeTpos mpolecca.

PaceMoTped MexadHusM BLIpalOTKH iledelf, OMHCAHA KOHCTPYKUHH
pa3paboTaHHOTO YCTPOHCTBA a8 TAYOHHHBIX TepeMellleHHA nepdo-
paTopa U AaHbl IPHMepH ero MPHMCHEHHS.,

QGopMHPOBARAA 3IKCILIYATALHOHHOTO 32007 CKBazKHHBI HPOBOARTC
B COOTBETCTBHE C TIOCTABJEHHOM 3p72yell — CHUMeHHE HanpiKeHui
B npu3aboliHof 30He MnacTa HAIH obecrmeuende 33JaHHOIO YPOBHA
COBEPIMEHCTBA CKBAMKHMHBL. MBI paccMOTpeNnH 3ajadly OQIUpefe/leHHd

1JIOTHOCTH H pa3MepDOB KaHAJOE HJIH iened, co3a1aBaeMBIX THAponec-

KOCTPYHHBIM METOMO0M B CKBAXMHHAX C NOHKMKEHHOR NPOHHIAEMOCTBIC
npu3abotHod 3046l MAACTa, o0ecledHBAIOIEX 3a1anHER KoadpHIHEHT
COBEpIICHCTBA CKBAXKWHEL

KpowMe Toro, npoanaaxfpoBaH onelT npuMereHust THIT na Ilpen-
KapnaThe M MPeACTaRJEHBl PEKOMEHIAUNH 110 TMOCTPOCHHIe PailBoHAalb-
HOW TEXHOMOTHH Nponecca.

2.1, TexHonoruyecKas <xema
M mexaHuam oGpa3zopaHMs KaHanoe B nnacre

Metox ruaponeckocTpyinoil mepdopainn NpHMEHSETCA AT 06-
paszoBasua B ofcameHuhx # HeofcameHHLIX CKBaXKHHAX BHPAaOOTOK
¢ Bonbiioft NOBepXHOCTLH (PUALTPAUNH B BHIEe KaHANOB HJIH wWe’leH
Pa3IHIHON KOHGbUIYDaUHN.

Aad cosaanua B 11acTe Kanalor B crReaxuHY ! (puc. 2.1} cnye-
KA®T HACOCHO-KOMTIpeccopHue TpyOL 2 ¢ THAPONECKOCTPYHHBIM anmna-
paToM J, B KOTOPOM YCTAHOBJICHH jBe—ueThipe Hacanxu 4. Kum-
KOCTHO-IICCYAHAS CMeCh 3aKAUHBAeTCH HACOCHBIMH ATPEraTaMH B Ha-
cocho-gKoMuipeccopHele TpyOW (HKT) ofmubHo npn nasaeauu 25, ..
...45 MIla Ha ycThe H pacxoaax 8...16 afc. Ilpd sTOM cKOpOCTB
HCTEYeHHR KHIKOCTH H3 Hacagok cocrasaser 160...240 wmjc. Ilo-
TeHUHANBHAS SHEPrMs CMecH InpeobpaslyeTcst B Hacazke Tepdopato-
pa B KHHETHYECKVIO SHEPTHIO CTPYH, WCIOJL3YEMYIo [ pa3pylleHHd
MeTANAA, HeMEHTHOr0 KaMHg U NOPOAM U 00paseBadds BupaloTku 6.
YacTuupt paspymieHHoll TOPOAH YHOCATCH H3 BopaBoTkHM BO3BRpPATHH-
MH DOTOKAMH XHIAKOCTH H NO 3aTpyOHOMY NPOCTPaHCTBY NOAHHMA-
IOTCA HA [1OBEPXHOCTh. Jlns HanpaBieHHs BOCXOJAUIETO TIOTOKA Ha
YCThe CKBAMHUHBL YCTAHABAHBAWOT CAJTLHEK 7.

Ilpouecc BHIpabOTKH KaHaaa B CKBaXKUHAX, 0GOpYIOBAHHEIX 3KC-
NIYaTanHOHHOH KOJOHHONH, MOMHO pasneanTs Ha aBa atapa. Ha
IIEPBOM TIPOHCXOAHT BMPabOTHaZ OTBEPCTHS B KOJADHHE, HA BTOPOM —
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BLIpaloTKa KaHa.la B LEMEHTHOM KOJbUE H mopojie 5. Pacemorpum mo-
CAC/OBATENBHO 3TH IIPOLECCHL.

Obpasosarue orseperuti & 00cadnoi koaoswe. Tpu TTITT rHApO-
necKOCTPYiHLIY annapat (I'TIA), uaxoasimuiics na HUMBEM KOHUE
HKT, MOXKHO ycTaHOBHT, HEMOABHIKHO, ecsili TPyOLI 3aKPEn/eHEl AKO-
PeM K 9KCIIJYaTAUHOUHOH KOIOHHE, HAM aTh My BO3MOMHOCTL Nepe-
MEULAThCSH, €CaN AKOPb e YCTaHOBJIeH.

[Mpr nposelendy paboT ¢ saskopeHHBIMH TpyHaMu AHaMerp of-
BePCTHA, BHIPA0ATHBAEMOTO CTPYCH B 3KCHAYVATaHHORHOH KosoHHE,
pasen 3...4 anamerpam HacaikH. O6biu-
HO BpeMs BEIpRDOTKH OTBEPCTHS B KOJOH-
He Mewbite G0 c. Popma oTBepeTHR Kpyr-
das MIH OBaabHAf, H3MEHEHHE VCTHEBOTOD
ZaBJCHUA HC BAWACST HA Hee.

Kosonna HKT npu uposesennn paGor
€ HE3AaAKOPEeHHBIMH Tpy&aMu Beler cels
Kag YIpyroe 3BeHO, [eATHPYIOUIee HA H3-
MEeHEHHE YCTReBOTO JaBJeHHd. Y IHHende
HKT, koTopoe nposcxoiuT apy yeeandentt
Aapjiedyd, corgacno 3axkouy ['yka, npo-
NOPUMORANLHG HX AJAHRe W IPHRPOCTY Aas-
Aenud. Ha 3ToM npHHLHTE OcHOBag cnocob
BePTHKAMAbHOTO  Hanpesa nJaacra [74].
luaponeckocTpyiinyw nepdopauuw obbtu-
HO TPOBOAAT TPH HC3AAKOPEHHBIX TPy~
fax.

IHockonpky dopma u pasmepd oTsep-
CTHH B 3KCIINYATALHOHHOH KOJOHHE BAHAIOT
Ha BHpaBOTKY KaHa.a, HCCJel0BaHHe 110-
peilenus nepdgopaTopa  Ha 3afoe  upH

———

P 5 rEAponeckocTpyfino  nepdopauuis  nMeeT
Ba#il0e NpPaKTHYECKO® 3HATEHHE. 4
Pue. 21, Cxemz obopyiosa- FipoMbicaosnil skeneprment | 112}, npo-

HI';GCKBa‘f\'“I{H FPU THAPOHCC-  pegen B CKBaKHHE, OOODYICBAHHGH ciic:
CIPYHIOM uephopanim, KA IbHO  crylteHHOR  89-MugsaMeTpoBoit
KOJOHHGOH, BHYTPH KOTOPOR HAXOIHAHCH
48-uuaauMerposeie HKT ¢ UITA ma raydume 380 m. apaecnue Ha
YCThE NIPEAHAMEPEHBO HE HM3MERNAH, OAHAKO OTMedadn ero woaeha-
HHA B npegeaax 2...3 MIla. [locae noasema 8%-muninmerposoi
HOJORHBL OKasagock, 410 B Teae 1pyd npu FTII odpasosaduch med
WHPHHGH 12...16 mim ¥ ZjiWHOR 30 ...38 MM, a Hu3 py6 ¢ T'TIA
nepeMenancy Ha 22 M. :

Fpu T wa HlkanoBekoM  MECTOPOMICHHE, HPOBOANMBIX TpH
JaBaennu ra yerne 25,35 MITa, koaeanua JaBieHHst ToXe COC-
TaBanan 3...5 MlIla [81], a seprukaasuuie nepemenenus mepdopa-
1opa Ha payOnne 2100 M passpt 120 Mw, Torga Kak pacuerHBe [0
sakony ['vka — 140 mm [37].

Heobxoaumo Ob110 uposeputh, uosefenwe [[IA upu padotax s
rayGokax cuBamuuax. A 3TOro Mol OpOBeIn IPOMBICIOBLIE 3KCire-
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pHMeHT 110 HccJenosaduio nosegenus I'TIA B ray6okoH HArHeTaTesb-
uoh cxb. 549 JoOAEHCKOTO MeCcTOpomacRufA. B udreprade NPOAYKTHR-
HOTO TOPH30HTA YCTAHOBJEHH 3KCINyaTauHOHHAs 146-mMunanmerpo-
Basi KOJOHHA H 6DOCOBBI 1 14-MHUIIEMETPOBbIE XBOCTOBHK Ha rayGHHE
946, 6...3001 m. [Tocne TTHT tTpyby, HAXOAAINYIOCA B HHTEpRATE
9946,6 . .. 2952 M, H3BJEKIH Ha [JOBEPXHOCTh.

Uepgopanuto mpososuan [TIA, w3roToB/IeHHBIM H3 62 mm HKT,
¢ ceMbi0 HecTAHIAPTHRIMU HacamkamH, do==3,5 MM, pacrnojoxeHHbIMH
1o BuHTOBOH JHaEKH uepes 0,5 M no sBeprukanu. Ha puc. 2.2 nzobpaxe-
HEl OTIEYATKH OTBePCTHH M CHEIOB
paloThl  CTPYH, KoTopmie oOpasosa-

AUChH HA BXOAE B TEJIC XBOCTOBHKA.

Tpy6y nepdopupopanu 1Ba pasa.

B unxueil wactd TpyGu ofpazona-

JA0ChL UIECTb TPYMI OTBEPCTHil, B BEpPX-

Heji ape. OaHa u3 Bacajok npu pado-

Te B HIKHEM HHTepBaJje Owlia 34co- gt 2om
peda, a [fTL HacajoKk BepXHEro

HHTEPBAAA HAXOAHAOCH 3a Mpejesa-
Ml TOAHSTOR TPyOBI.

BripafioTky KaBa/NOB NPOBOIHNAH
BoRonecuaHol crpyvell  en==40 xr/m? &
EpHUeM B Kax<IOM HHTEpBaJje mojaua
flecka B BOAY OCYUIIeCTBJIACh HA
noepxuocTy B redediie 20 wum, a 3a
nefl coenoBana npoMEBKA — 1D MuH.

C yuerom BpeMenn samoanenus HKT

(odwer HEKT 9 m¥) npoxomxiense
padouns KHIKOCTEH Uepe3s HACAAKY i 7 i
GLINO HECKOABKO HHEIM. . Pue. 2.2 Orneuarkn oteepeTd i

B pesyaprarte NOCHCROBATENBHOR . .0qy obpaszomamimy upu TTIE 3

samennl HKT Boaw ma Bozomecuanymw ckpadiaHe Ha nayouie 2950 M

cMeckh nepenad gaBiaenus ma [ITA wHa- 1=7, — nopmakomwe aucaa  Macados:
- - Me /CTAHOBKH na-

medanca uwa | MIla. Yepcs Hacaaky NP opa. b

N0CJAeI0BaTeABHO  [POKAUNBEIH TOP-
LIHIO BOJLL OT OREABAYVWEH NDPOMBIBKH, 3aTeM MMAKOCTHO-NECUAHVID
CMECh H jJajlee ONfTh BEITECHSWILYIO e Boay. 1lpH pedke B BepxHeM
WHTePBANC ABBJAEHHEC HA YOTbE NULASDAHBAAH YCACBHO IOCTONHHBIM:
39MIlla (AP=31 MIa), a B HuXHEM — [PH [IPOKAYKE MKHAKOCTHO-
recyanobt cMecu: 32 Mila (AP—=26 MIla) u soaw: 38 Mila (AP=
=31 MIla}. CreigoraTenbho, 06pa30BanlHe KaHAJA0B B HUMXHEH 4acTu
Tpy6El NPOXOAMIC NPH NPeiHaMepeHHOM HaMeHeHWH YCTheBOro jaB-
senun Ha 6 Mlla. Kpome rtoro, uabamonanuce kogebanus Ha yoine
Ha 2...3 MIla.

O0bcneaoranne oTBepcTH W OTNEYATKCOB Ha NOBepPXHOCTH TPyOD!
Aaer BO3MOXKHOCTD CAenarh PAL HHTePEeCHEIX BHBOIOE!

1. Ilepdopannsd Apyr YCJH0BHO OOCTOHHHOM  JABJACHUH Ha YCTHE
(BEPXHHE WHTEPRAJA) He UPHBOAKT K 06pA30BANKI0 KPYTJIOro HiH
OBaJILHOTQ OTBEPCTHS, KAK 3TO MPOUCXOAHT B CTEHAOBHY HCIBTAHHAX.
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Ha reae tpybnl obpaayerca yraydaenHe (caei) anunod 58...72 mw,
nepexojamiee B ABa oTBepcTHA. PacueTHoe mnepemelllenHe nepgopa-
ropa NpH M3MeHeHHMH JaknaeHus Ha | MIla cocrapaser 34 mm. Takum
oGpaszoM, HaOMN0OAalOTCA HeyYHTHIBaeMbie NepeMelleHHs Nepdopatopa
"a 3afoe, CBA3AHHHE C BBIHYAIEHHBIMH KOJe0aHHAMH HABACHHA HA
VCTEE' CKBAXKHEN BO BpeMs paboThl HACOCHLIX arperaToB. JTH KoJe-
6auug, kak nokasaa I'. [. Capsenxos [96], moryTr mocTurate +2...
... 3 MIla.

2. Tlepdopauuss OpH nNpeiHaMepedHOM H3IMEHEHHH RaBJEHHS Ha
verbe, pasHom © Mlla (wwxHHE HHTepBaJd}, MO3ZBOJAHJA NOJYUHTH
cheas jgaunoft 65. .. 120 MM # orteBeperie Ao 60 mm. HuwHa ciaenos
K OTBepcTHR MeHBIIe pacdeTHoR B 1,5...3 pasa. Crone Goabline
KoaeGaH|d pa3MepoB CJeJOB BHIZBAHHL, OYEBHIHO, KpaTKuBpeMeHHOH
3aKYNOPKOH HCKOTOPDBHIX Hacalok. (OTMeTHM, 4YTO OTBEpPCTHH, BhIpada-
THBAeMLIc BEPXHUMM HacajkKaMH, 3HAYUTENbHO MEHbHIe, ueM HHH-
HEMH. 3T0 MOXKHO OOBACHHTL HepaBHOMEPHBIM pacupefe/endeM ab-
pasHBHOrC MaTepHada, KOTopoe OOYC/JIOBIECHO BJHAHHEM HMHEPHUOH-
HBIX CHJL

3. lllupura BopafaTeiBaGMBIX cJel0B M OTBCPCTHH B ao6oM H3
00CJeAOBAHHEIX  HHTEPBaJ0B  COCTABJASIET COOTBeTCTBeHHO 20 ©1
11...15 mM. XapakTepHo, 4Te NIpH BHPaBOTKe iieAH HacaikoH, ne-
peMellaouiefici BePTHKAIDbHO, HO 3aKPeNJIeHHOH XKeCTKO, B CTEHIOBHIX
yeaoBuax [67] mupHHA IMeaH cocraraser 5,5...6 MM npu auamerpe
nacaxku 4,5 MM, CaenoBaTeasno, npu nepdopalun anmapaToM, pasme-
HIEHHHM Ha Koute HezaskopeHHmx HKT, nponcxoaart He toasko npo-
IOAbIBIe, HO M nonepeunnte kodeGawus I'TIA. Cawmbie pasdHoofpasHbie
POPMH CJEL0B H OTBEPCTHE NOAUeDKUBAICT CAYUANHLINA XapaKTep Ko.e-
GaTeJbHBIX DPOLECCOB.

H3 nsnoxendoro cieiyer, 4To B npouecce neppopainnu B rayGo-
KHX CKBAXKHUAX ja’ke TPH MOCTOSHHOM pexuMe padoThl arperatos
nesakpenyiennmM  [TIA  Hacaiku  OCYIIECTBJSIIOT —TIPOAOJbHBIE  H
nomepeyrse KoaelaHHA, B CBA3H ¢ YeM BopafaTHBAEMOE OTBEPCTHE
uMeeT GOAblUHe Da3Mephl, 4eM B CTEHIOBHRIX YCAOBHAX. OpHeHTHPO-
BOUHO HX pazMep MOmeT cocTassdTh okogdo 3015 mm. Iliomans
CeUeHHA OTRepcTHd paBHa 4,5 ¢M?, uto, coriacHo paote [67], nos-
ROJIET 3HAYHTEALHO CHH3HTE TOTEpPH JaBJCHHA TPH [POXQAKICHUH
(CTPYH 33 KOJOHHY.

IMoarpepxaenueM (daxTa ofpazosaduad B 06cAIHOH KOJOHHE OT-
BepCTHA §0MBIINX pA3MEPOB CIYKHT HEOAHOKPaTHO Hab.iolaBuiiics
BRIHOC H3 CKBAXKHHBL NpH ofipasopauur KaHanos merogom [TIIT kye-
KOB TIOpoan M IleMmeHTa pasMmepoyM 0,530,508 oM; 11X em u
Taxe 1 X115 cM.

Betpaborka xanara 8 nopode. Ecnu BmpaBoTka OTBEpcTHA B 06-
cajHOA KOJIOHHE ADH Nepenajiax jasiends Ha Hacaikax 20 .. .40 MIla
BO3MOMXHA TOABKO (IPH HAJHYHE alpasHBHOrO MaTepHaja B KHIKOH
CTpye, TO KaHaJAn B NOPDAe MOTYT 0OPA3OBLIBATE TaKKe H CTPYaAMH
be3 necka.

Ha puc. 2.3 moxasano H3MeHeHWe TTYGHHEL KaHata IPH OTCYT-
CTBHHM W HAJWUNH Tiecka B kuakoerd (0...75 MuH — pafoTta crpyu

4]

Ges mecka; 75..,150 MuH — c neckoM). XapaxrepHoc peskoe 3a-

MendeHue yrayGraeHHs KaHaja OODBACHACTCH H3MEHGHHEM 3HEpreTH-

yecKMX TNAPaMeTpOB CTPYH NO Mepe YA4JeHHA OT HAacajKH, CBA3aH-

HEIM CO CHHXeHHeM ee cKopocTH. CKOpOCTh CTPYH YMEHBUIACTCH B

peayJbTaTe 3axBaTa TYPOYJIEHTHBHIM NMOTPAaHHUHBIM C/IOEM HACTHI cpe-

bl [IpH B3aUMONEHCTBHH C BO3BPATHBIM TOTOKOM. b
Brpa6oTka KaHala BHICOKOHAMOPHBIMH CTPYSMH JKHIAKOCTH §e3

recka NPOHCXOJHT B Pe3yJbTaTe NOBLILUCHHA AABJEHHA Ha €ro sajoe

10 HEKOTOPOTO KPHTHYECKOFO 3HaueMus. IJTO JAaBJEHHE JIHHENHO 3a-

BHCHT OT NPOYHOCTH TNOPOAH

HA OJHOOCHOE CHKATHE M yC- (MM 1 2

aoBHit mepdopaunu [ 14, 57{]’ 200

# ap. Tlockoneky Ha npoiefc

paspyiuedus BJIHAOT H JpY- 150

rue akrope (TeKCTypa Im0-

106
PORH, IJA4CTHUHOCTL H ap.),
cuntaerca [i4, 78}, 4ro pam- 50
HOE ¥CAOBHE JOJKHO VYTOY- ) . .
HATLLHA. o I 100 150 t, mun

Ecau BHpaGoTKa KAHAJLOB
NPOBOAUTCA NPH HEBBICOKHY  Puc. 2.3. Fuapoctpyfinoe u THAPOTeCKOCTPYH-
NABJACHHAX CpeAbl (OPHEHTH: Hoe paspyleHue UemeHTHOro Kamus [106]:
POBOURO TiybHHZ CKBAXHHB ' 7 @=hs AP-=28 MITa; 0, =20 Mila: 2 —

o K, O,, =4 Ma
menee 200 M) u uepemanax o
NaBJIeHHS Ha Hacaakax 20 ..
40 MIla, TO HHTEHCHBHOCTb €€ YBeJHUHBAETCs B CBA3H ¢ BO3-
HHKHOBEHHeM SBJeHUS kapurauuy [56]. [lag kamaofi Hauvaabuoil
CKQPOCTH CTPYH, onpeledseMol HepenaioM AaBjieHHs Ha Hacajkax,
CYILECTBYeT ofpeleeHHOe AABJICHHE CPeibi, IIPH KOTOPOM KABHTAUHI
npexpalaercs. ' .

KaBHTAUHOHHBIE TONOCTH B TeKVIIell XRAKOCTH BosHuKawT [86]
B TOUKAX I[IOTOKA ¢ HAWMEHBIIMMH IaBJeHWRMHA. 3aTeM, NMONaias B
0614CTH ¢ BBICOKHMH JaBJEHHAMH, TY3BIPbKH rasa CcXJAONHBAKTCA H
paspyuiampTea. [IpH cxXJ10NMLIBAHMK BOSHHKAWT YAapHbIE BOJIHH, KO-
TOpHIE MOTYT IpHBECTH K BhicokuM (2o 400 MIla) nepenajnam aae-
JEHHS B OKpyMKawoliefi Ny3bpexk KUAKOCTH. KaBuTalHOHHOE paapy-
nfeHye 60Jee WHTEHCHBHO B NOPOLAX C MEHLUICH IIPOYHOCTDLIO,

Ha onpeieneHdoM pACCTOSIHEH OT HACANKH, BCAEACTBHE CiiKe-
HUS CKOPOCTH CTPYH, yrivOJeHHe KaHaJga 34 CcYeT 3HEeprad CTpyn
JKHAKOCTH NPAKTHYECKH Tpekpaitnaetcs (pue. 2.3). -

BrefenHe B CTPYK) KUIKOCTH IT€CKa TO3BOJAET BO30OGHOBHTHR HH-:
TEHCHBHYID BHIpa0OTKY KaHajga MpPH TOH 3Ke HAYAABHOH CEOPOCTH
crpyd. [TTockoJbKY YacTHOB KBAapUeBOro NEecKa HMewnT 60AbVIo
CKOPOCTD, UEM CKOPOCTh KHAKOCTH, H HOAbLIYI0 IIOTHOCTL [78, 1167,
oW 060383107 GANbIIefl KUHETHYECKOH JSHeprHaed, 4YeM KHUIAKOCTh, H,
caeqoBaTenbuo, spderrusHee paspymamT nopoxay. Paspylienne no-
poam mnponcxoiur [73, 116], ecam cmaa yjgapa vacTHIB [eCKa
GONBIIEe CHAB CUENJNEHUs MeXIy UYacTHiIaMu nopoasl. Fcauw Hanps-
JKeHHe, ¢03JaBacMOo€ B YACTHIIC NOPOAB IPH yaapax J4acTHU [eCKa
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O PaspyllaeMylo MOBEPXHOCTD, $o/bIne mpefeda POHHOCTH NOPOAH
Ha CKatHe (Oox), TO NPOHCXOAHT OT1e eHHe QaCTHIEL NOPOAN OF
maccusa. llocae sroro aaksenwe na HaCTHIY IOPOAB BHDAaBHHBAETCH,
W TONePeYHbIe TOKH JKHIKOCTH VHOCHT €€ H3 Kauaja, Ipu Boageiic-
BIH CTDYAMH MHAKOCTH C MECKOM NPOUECCH Pa3pymteHHss u yuoca
Pa3pYIeHHOH IOPOJH IPOTeKAIOT OIHOBpEMeHHO,

Kak u npn paspvimenun OPOAb CTpyelt KHAKOCTH, O Mepe via-
JIEHHS OT HACAAKH IPOHCXOLHT CHHXKEHHE CHTh| viapa 4acTui recka
¢ 3aboii BeIpaboTkH. CKOpOCTD BRIPAOOTKH KaHajga CHHKAGTCS TeM
BpicTpee, yeM Gosblie NPOYHOCTD TIOPOAHL.

—’

A PR
= Prc. 2.4. Oceruie cevepus ka-
1 HAJMOB, BHpabareiBaeMBlx 32
’ 3 15, 30 u 60 mMuE rugponecko-
CTPYHHbIM METOAGM B HCKyC-
! NowS CTBEIHOM  KdaMHE Ha  Tay-
192 OHHHOM  CTeHIe (1750 ™),

25 cornacno patiore |105],

Hpw Nepeliajlax naBreHus Ha Hacajke Ao 60 MIla [129]1 Gouee
ahdexTusHa cTpya, Colepmaman abpasHBHbl MaTepHasl. [Tpu nepe-
Tanzx pasnenrms 1o 120 MIla crpys suaxoctn 6e3 necka CTAHOBHTCS
KaBUTHPYIOIEH H sddekTuBnO paspyntaer TEepaHE IOPOAHL.

Ha puc. 2.4 xourypw KaHa10B, BLIDACOTAHHBIX Uepes Hacajky
AlaMerpoM 4.5 MM 3a 15, 30 u 60 wmug IpH JAABJACHHA B KaHaJe
5...17 MIla, B ueMenTHOM KaAMHE € Oox=20 MIla noxasauml co-
EmelieHnbMY. Havanenas cxopoers paspyluwenns cocrasuaa 200 m/c,
KOHLGHTpanua necka B Boxe 40 wr/m®.  Ecun IKCIEPHMEHTA b HEC
AAHHDIE OPCACTABUTL TAKHM 06pasoM, To CleAY¥eT OTMETHTb, 4TO,Ha
BCEX sTamax paseuTHsl BHIPAGaTHBREMBI Kanasd (IPHHKMAET (opMy,
6.TH3KYID K OHAHHADHUECKOH, ¢ 3a00eM B BHie noayceps, a ero
ANEGMETD  cocTamsieT npuMepHo 40%  paumb Ilna kawana, coana-
BAEMOTO THAPOUECKOCTPYRHBIM  MeToI0M, X4pAKTEPHO HHTEHCHRHOR
PA3BHTHE NOBEDXHOCTH Bo Bpemenu. Tak, ecun rayiuHa kaHaJga 3a
15 MHH BripaBOTEM coctaBimer 98 MM M TIOBePXHOCTh (hHibTpalHK
ero B4 om®, to 3a 30 Mun riy0HHa YBEeJHUUBAETCH B 1,5 pasa u no-
BEPXHOCTh B 4 pasa, a 3a 60 MHH — COOTBETCTBEHHO B 21 7,5 pasa.
Otmerum, 910 0Gnem HOPOXA®L, paspyileHHoH Ha 2a6oe H ero OKpecT-
HOCTAX, Goabie o0beMa, y1a79eMOTG H3 CTEHOK Kanana.

Hosepxuocts  duantpaimy KaHaj1a, CO3/1aBaeMOr0  THAPOICCKO-
CTPYHHOU Tepbopanses, B HECKOUBKO LCCATKOB DA3 NpeBHINIaeT [10-
BEDXHOCTE KaHagaa, KoTophlii ofpasyercs PH B3DHIBE KYMYJIATHBHOrO
3apaiayg

Ocnosnvie napamerpe: cTpyu. Pacemotpum cxemy pacnpocrpane-
HHA CTPYH B TYMHKOBOM LHAHHIPHYECKOM Kapae AnamerpoM Dy i
3aboeM B ropme nogycdepn, BaOH3IKOM Do KOHQUIYDALUY K KaHaJawm,
BhpaGaTeiBaeMbiM B opofe, OTmernw, HTO. COPAACHO HCCACLOBAHHAM
A. 3. Kyanera [65], ceprueckuli 3aboft manbosee BEITOACH T 3Hep-

TeTHUECKOH TOYKH 3peHHA, NOCKOIBKY OH BOCHpDHHHMaET HaHﬁOﬂblﬂee
3HAYCHHE CHABL JABJEHHST CTPpVH.
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Ha puc. 2.5 nsofpaxeHo nJjockoe ceueHue OCGCHMMETRH‘IHO}"{
CTPYH, HCTERAIOMeH W3 HACalKH juamerpoM do ¢ uHavaipHOR CKo-
poCThiO Uy B BulpabaTHBaemuifl kanaa [lo I. H. Aépamosuuy [3],
Ha HaYalbHOM yUacTKe CTPYH JIHHOHA [), PACNONOKERIOM Mem1y Ha-
GaJbHBIM CEUEHHEM Y Cpe3a HaCaAKH # NMepeXOIHBIM ceuenueN, Haxo-
RUTCA TIOCTENEHHO CYyMKawuleecss fApo TMOCTOAHHEIX CKOpPOCTel = uj,
uMewllee OpMy KOHYCA C OCHOBAHHEM, PABHBIM CEUEHHID OTBepCTHS
Hacaakd. C ynajedueM OT HACALKH BHEINHNA PPAHHUA TYPOYJeHTHOI
CTPYH DacUIHpfCTCA, a ee Macca BospacTaeT, TAK KAK B CTPYIO yB.e-
KalTesl YacTHUKM KHAKOCTH M3
oxpyaawuefi cpesnl. 3oHa cMe-

[IeHA CTPYH M  OKpyKaloulei { \\\\\\;

Cpeinl  IOCTENEHHO YBCJIHYHBA- E \
H i ‘A"Jr_g,~ a’;
o
h?@u 4

eTCs, Ha PACCTOSHUM x 2=/l noa-
HOCTBH) 3aHWMART CCUCHHE CTPYLL.
X
AANVENANNNANY
oo

x

Beaencrsue storo ocesas cKo-
POCTR Uy HA OCHOBHOM YYACTKE
{oen CHHIKAETCH OT =ty 10 t="0
B rouke k Hna saboe Kauaaa, 7
Boausn 3a8od HauHHaercd t
HOBOPOT CKCPOCTH, B pe3yanTaTe
KOTOPOTO MSMEHACTCA HATPABNIE:  pu. 95 Cxewa weresemms ctpysn B Ka-
Hre moroxa. Cropoctb 06paT-  yam, coszabaeMblii r#pOTeCKOCTPYHEBIM
HOTD TeUeHHS .’ YMeHbUIagtcs METO10M HEePHOPALHH,
K BBIXOAY H3 KaHaJjda H MOKer }
OLITh onpeledeHa H3 YpaBHeHMS HEPA3PHIBHOCTH, JIOPHl CKOpoCTel
CXeMaTHUeCKH [pPeACTaB/cHbl Ha puc. 2.5, )
Ecrn anamerp xanana Dnz=20ds, napaMeTpsl HecroB0IHOM TYp-
GYICHTHOR 3aTONIEHHON CTPYH B TYITHKe npubiauxanTes [64] na-
paMeTpaM  CBOGOIHOA  3aTOMIeHHON eTpyd. ada Takux yCJIOBHA
MCTEUCHHST AHAMETP CTPYH € VIZajseHHeM oT HACAIKH WU3IMEHAETCH 1O
auuelinomy saxowy., CormacHo A, K. Koszoiow [58], Moxkuo zamu-

Cath d*:]—f- (axidy). (2.1

rae a=21tg o — xoshduNHEnT CTPYKTYPBE CTPYH, XaPAKTEPHIVIOUTHA
HHTEHCHBHOCThL ee paciuupedHs. 3uauedue 0,22<7q<70,44 3aBHCHT oT
PopMEl BXOAHOH H BEIXOAHOR uacTH Hacaik; d*=d/d, — Gespasmep-
HbH] AHAMET] CTPYH.

Jl1HRa HAYaJILHOTO yuacTHa OlPele/AeTcss M3 BEIpAKeHH:

lozf?lud(i, (22}

rae 4,9<7rp<cb,8 ans UUAHHAPHYECKHX HACAI0K ¢ 3NJAHIITHUECKHM
H KOHHYECKHM BXOJAOM H QCTPOH BHIXOIHOH KPOMKOH.

E. B. Conoekuy [106], uayuaBmuil BaHAHHEe TTecKa Ha mapaMerphl
CTPY#, ONpeLesH.T 3aBHCHMOCTh H3MEHEeHHS MJIOMAAH CTPYH ¢ VAia-
AcHnem or pacalke. Ilocae mpeoGpasoBanusl npeicTaBuM ce B BHAe

d¥ =11 (2aey x/dy) + {20,y x,‘dﬁi. (2.3)
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316Ch Gew — Ko3bPHLHEHT CTPYKTYPHL CMECH JHHAKOCTH ¢ HOeCKOM
ONpeaeJasercs H3 BHpaXKeHus

@ex = 0,12+ 2,8-10~"Re — exp (— ¢,/800) }/ Tu-5,, (2.4)

raie Re — wucao Peftnosibaca notoxa nepexr Hacaakoi: ¢; — Kou-
UeHTpauud necka B MHAKOCTH, KI'/ME, '

‘ _Ho ,E[aHHSI?IM pabotsl [108], noGaprenne necka g KHAKOCTE NplH
¢n=42 Kr/M® yMeHbuiaeT KOS PHUHEHT CTPYKTYpH CTPYH TIpHMEpHOD
Ha 0,07 Tak, mpu BHytpenHem AnaMerpe rajiponepdoparopa 005 M
H pacxope XHAKOCTH 3. .
-9 ajc aeu=0,14...0,19,
€CIH Cq=0, ¥ 4, =0,07 ...

JAnuny navanpnoro yya-
CTKA CTPYH PEKOMEHAyeTcs
OIPEALNATh 110 hopmy.ic

lo=(0,2/acu)dr.  (2.5)

Ecan amamerp kamasna
D7 <220ds, wamenenue JHa-

u;x METPAa CTPYH HeOOXORHMO
PACCUHTHIBATL IO KPHBOJIH-

0,4 Puc. 2.6, Himenenue auamerpa
0 (a} u cpenueit CKOPOCTH CTpVH
0.2 (6) mpu  d*=d/dy; u:;px=
==lcyp xfth; X¥=x/ds, cormacuo:

0,1 ! — A K. Kosomow [58] mpm
=025, 2 — T, H. ABpamori-

iy [3] npw o=008 35 —
E. 5. Conopxugy [1068] mpw a=
==0,14: 4—6 — A O Kyvanery
[64) mpn Re=#5.10%
HCHHOH 34BHCHMOCTH Kak MYVHKIHID He TOALKO PaccTORHNS OT Ha-
C4AKH, HO W THAPOLHHAMHYECKHX YCJAOBHH HOTeUeHHs Re u3 macanxn
H CTCNCHH CTECHEHHOCTH CTPYH D,. C yuetom storo A, 3. Kyauen
[€4] moayuua Takue BHIPaMXKEHHN:

d* = Llexp [(tHx* — x)]. (2.6)

Mo e . .
rie £ = 0,213 —-}0,00267 D5 xy = Rej (10t 4 0,89 DI-%iRe), x*=x'd,;
Re =wuydyv; DI = Didy: g% = did,:
8ACCh v -~ BAIKOCTDL KHAKOCTH.

Ha puc. 2.6.c npeacraprennt PACUCTBl H3MEHEHHA IHAMETPA CTPYH
10 Mepe VlaneHHs oT Hacamku, coraacko [. H. AfpaMoBuuy [é]
A K. uKoaO,zLoro [58] u E. B. Conosrnny [106] aas cpoGoamoi 3aTon-
JICHHOH cTpyn u A. 3. Kynnepy [64] anm mecBoGoamoit CTPYN TipH
PA3JANIHON CTENEeHH CTECHEHHOCTH M 1= |82 Mc; dy=45 MM: v
=0,01 cv¥/c cootBeTeTBENNO Dy=5dy; Dy=10dy; D;=20d,. Hs pi-
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0,12, ecnw =49 Kr/ms. .

CYHKA BHIHO, UTO OnpejedeHHe no dopMmyne, NoayueHHOd 1A% Hieadb-
HOH ujikocTi {3}, Aaxe MpH OveHb HM3KOM 3HAUEHWH Q J46T 3aBhi-
LieHHBieé pe3yIRTATBL CPABHHTENBHO ¢ pacueraMu 3aBHCHMOCTell
IKCIEPHMEHTAIEHBX PA0OT N0 HCCACIOBAHMIO HCTEUEHHS CTPYH BOJBL
[58, 106], kKoToprle IPaKTHYECKH COBNALAIOT.

Pacwiupenne HecBOGOAHOH CTPYH B 3HAUBTEJIbHOH Mepe 3aBHCHT OT
€¢ CTECHEHHOCTH W C YMEHBUICHHEM [MAMETPR KAHAJAA NIPOHCXOIHT
ente akTuBHee. Ha KoHeuHOM sTane pasBHTHA KaHANA CHAPONeCcKo-
cTpyhiHOi nepdOpAUKH, HCXOAA M3 HAKOILIEHHOIO OMBITA, MOMKHO IpH-
BEATL Dp=104d,.

IIponecc BHPabOTKU KaHana THAPONCCKOCTPYHHBIM METOLOM Mep-
(popauun B GoabUIeil CTEEHH 3ABHCHT OT H3MEHEHHS CKOPOCTH CTPYH ¢
YARIEHHEM €& OT HAYAJbHOTO CedeHus.

Oceryw ckopocTb ¢BOGOAHOH 3aTONIEHHONH CTPYH HA PACCTOSHHH X
oT nacaiku onpedeastoT, no A. K. Kozonow [58], us sripamenus

S ol LY (2.7)
1+ (ax/d;)

OTnocuTeNBHAR OCeRas CKODOCTE CTPYH COOTBETCTBEHHO paBHA

x

ux = ux/'uﬂ = Q.

CpellHIOi0 CKOPOCTh CTPYH B CEUEHHH X MOMKHO ONDCAGAHTL [0 H3-
BECTHOR 0CeBOH CKOPOCTH H3 COOTHOLICHHS

Uepxftiy==0,425:==const. (2.8)

HsmeHenne cpesHell CKOPOCTH CTPYH XKHIKOCTH € IECKOM MOMKHO
onpeaeants no gopmyae E. b. Conoskuna [108]

Hep.x = 114 0,35/ (e X/ 00)°. (2.9)

A. 3. Kyaner [64} nokasa., 4T0 UPH PACHPOCTPAHEHHH B TYIHKE
recBOBGOAHOH 3aTOMNCHHON CTVH CPEAHSS CKOPOCTE H3MeHSeIcs co-
TJ1aCcHO 3aBHCHMOCTH

Wep.x = 1, 0,03 exp [ — :/Egﬁiewﬁﬁ (% —xp)l- (2.10)

OCGBYIO CKOPOCTL CTPYH HA BBIXOAC H3 HacaiKH pPACCUHTHIBAIOT

H3 BRIpaXKeHHsI A
#y = 0 3 ZAP by (2.11)

rie AF — mepenan ZaBJIeHHs HA HacaiKe; pu — xKoabdUIHeHT pacxo-
Ja TpH HCTeHeHHH BoaonecyaHoHl cmecu, p=—0,89, coriacuo pabote
[68]; pew — MAOTHOCTL BOZOHECUAHOH CMecH, onpejiensgeMas Mo MeTO-
auke [35].

Ha puc. 2.6,6 mpejcraniienbl pesyJbTaTbhl [acyeTos H3IMEHeHHs
CPeAHed CKOPOCTH CTPYH MO Mepe YAAACHHS OT HacaikH.

Comocrapass Kpusele #a puc. 2.6,a,6 MOXKHO 3aMeTHTb OIpeje-
JIEHHO€ HX cooTBeTcTBHe. C yZajieHHeM OT HacaiKH H YBeJIHYCHHeM
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AHAMETPA CTPYH CPEAHAN CKOPOCTb CHHMKASTCS. PeayabraTte pacueron
sapucHMocTed (2.7) u (2.9) HesnauuTenbho OTVIHYAIOTCH, YTO CBHIE-
FCALCTBYET O NMPABUILHOH NOCTAHOBKE ONBITOB M HX HHTEPIIpeTali.
ITH 3aBHCHMOCTH MOXKHO HCMOJML30BATH A5 NPaKTHYECKHX pacuaros
TAPEMCTDOB 3ATONIEHHBIX CTPYR B TYNHKAX GOMbIIMX pasaMepos.
Pacuer ckopocrn mecBo6oIHOI CTPYH, COTI&CHO 34BHCHMOCTH
(2.10), morasam, wyro ¢ YMCHbUICHHEM JAHAMeTpa KaHada CHIKeHue
CKOPOCTH CTPYH NMPOHCXOAHT HHTeHCHBHee. Tak, npH 5<D% <220 cko-

POCTL CTPYH B KanaJe paBHa WIH Goablle CKOpoeTH cBoGosnolt cTpyn
J0 TOro MOMEHTa, 0Ka a*<<D’. 3o, BO3MOXKHO, IPOUCXOAHT B pe-
3y/bTarte o06pasOBaHHA BOKPYT cTpyH [65] cocpenorouennmix BHXpel
G0JABIIOTO HanpsKenns, Kak TOALKO jnaMeTp HecBoGonuoR crpyn
NPHONUKACTCH K AMaMeTpy Kauama, CPeRHSIR CKODOCThL €e CTAHOBHTCH
MEHBIIE CKOPOCTH CBOGOAHON CTpyH M 3aTem YMCHBIIAGTCA 10 Uep=
=0,01 uy yaxe npu 40<<r* <60, Cunmxenye CKOPOCTH HPOUCXOJUT TEM
GuicTpee, ueM Menbuie D,

Jast oneHkHn BO3MOXHOCTEH BEIpaBoTKN Kadaja CTPYAMH IKHIAKO-
CcTH fe3 necka GOJLIOH HHTEpEC HPE/CTABJSIET HCCACLOBARHE M3Me-
HEHHS AHHAMHYECKOTO JAA4BJEHHA NO OCH CTPYH 110 Mepe vyaaJjends
paspymaeMoro 3afos OT Hacamku.

Hsgeetno [3, 58}, uto aHHaMHYeckoe JIABJCHHE 110 OCH CTPYH HA-
KOCTH B Mpeie/ax HauasbHOIO YYacTKa MOKHO OnpeAeNdTs H3 Ta-
KOi 3aBHCHMOCTH:

Py =pul(l — cos B,

A€ p = IJOTHOCTh AHAKOCTH; f — yrod noBopora CTPYH LpH yaape
0 3afoli Kanagaa,
Ecnn B==120° coraacno pabote [57], 10

P, =1,5pul. (2.12)

JnHaMuueckoe gaBdenre no ocH cBOGOLHORN CTPDYH C Via/JeHnoM
OT HacaikH onpereasot [58] no dopmyae

Po—= Pyg2. (2.13)

Hockoavky p<C1, nuramMuueckoe naesenie mo Mepe yRaJeHHs of
HACARKH CHMKAETCST HHTEHCHBHEE, WeM YMEHDLIICHHE CKOPOCTH 10 OCH
CTPYH, KOTOpOe olHCHBaeTes Gopmy.aoi (2.7).

Ha puc. 2.7 M306DaMCHE ONBITHBIE H pacueTHble KPHBHE H3IMCHE-
mH Py A8 cBOGOAHON H HecRoGOIHOR CTPYlt B 3aBHCHMOCTH OT yia-
JNEHHS HAaCAAKH.

Pacuetsl, coriacho 3aBECHMOcTH (2.13), xopomio {kpusast ) co-
[1aCYIOTCA C ONBITHLIMH IaHHBMH [57] Ha HCchenoBaHHOM YUACTKE,
2T0 MO3BONACT 1POrHOSHPOBATL H3MeHeHHe P, CBOGOAHOH CTPYH Ha
GOIBIIOM YNIaJeHHH OT HacajKu. Kpusaa 2, nocrpoennas » npegenax
Heenexosanuoro [104] nnreprana npu D, =13, xapakrepusyer cuu-
KEHHE NaBJEHHH 10 OCH HecBOGOLHON cTpyH. HaBieane necso6ognoi
CTPYH Nanaer GHCTPee, YeM cBOGOARONR B CBA3H POCTOM COHpOTHBAE-
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HuA JIBHAEHHIO JRHIKOCTH B Kanakde. JL1d OLEHKH 3HAUCHHN AHHAMH-
YECKOTO JABJEHHS 0 OCH HeCBOBOLHOH CTPYH C PA3NHYHON CTEMNEHbIO
CTECHCHHOCTH MOXKHO IPHMGHHTL CJAEAVIOMYIO NOCIEA0BATENLROCTS
pacyeTa ¢ HCNO/Ib3OBAHHEM 34BHCHMOCTER, NPEAJIOMNKeHHbHX B paboTax
[58, 64, 65]. Cnauana onpeaensieM ucy. no dopmyne (2.10), zatem
Iy, COTJIACHO cOOTHOWeHKI (2.8}, H MOACTABASEM 3TO 3HAUCHHE B ctfop-
myay (2.12). Hasnee oupegensem Py/Py Ha puc. 2.7 KpuBast & paccun-
raua npx D =10. U3 pucynka BriMO, 4I0 ONHCAHHBIA NpHeM IIpHEM-

aeM Aas pacuera P, HecRoGOAHOH cTpyH.

P#
Puc. 2.7. VameHenue gnHavi- =z
YECKOro Hapopa nog ocH CTpVR 2.8

* o
{Py="P:/Py — Beapaavepunril 4
NHHAMHUECKH Halop To ocH a6t

CTpVH): 0,4

I 2 — SKCHOEPHMEHTANLHEIE KPH-
Bble,  cormacHn A, K. Koszonowm a.2
[58]; 1 — cmoGonHasi aaTomaeHdan ’
crpys; 2 — Hccaodom{andaa?n—
CHR 3 Dy=13ds; 3 — *
TeHRas cTpys npH D a 0 10 20 30 %0 -

pacueTHan kpupas npu D =10d..

PaceMmotpenubte reoMetpuueckue (do, o, X, d, a, e, Mp) H sHep-
retHueckue (uo, Ux, Py, Py) mapamerpm cBoGogHOH W HeCBOSUO,E[HOH
CTPYH B JaNbHeAIIeM HCIOAb3YIOT AAd oOBACHeHHs (UIHYeCKOH Kap-
THHBL H dHAJHTHUECKOrO OIIHCAHHA Apollecca BLIpaBOTKH Kanana,

2.2. UccnepoBaHms npouecca
THRPONECKOCTPYHHON nepthopaum

Obobuwenue uccaedosanutl no UsYHERUIO YOG paéo'{bt CTRYIL,
[ToBepxuocTh GUALTPaNHE KaHaga, onpefesseMas TIYGHHOA | 10-
LL27pI0 NCMEDEUROro ero CeYeHHs, 3aBHCKT OT YCaoBui paGoTel CTPYH,
0CO0eHHOCTel KOHCTPYKUUH THADONECKOCTPYHHOTO annapara, TeXHOLO-
THYECKHX NlapaMeTpoB Ipollecca # CBOHACTE Pa3pyulaeMoll NOpojs.

O6cyauM ycnoBHs paGOTH CTPYH, HCIOIB3YA pe3y]bTaTH paGoT
[3, 61, 64, 73, 76, 105, 107, 116, 125]. Ilpexkae Beero K HEM OTHOCHTCS!
[EMHM HCTRUCHHS HHIKOCTH M3 Hacalkd, TIpH ruapomeckoctpyinof
nepdopannn ckpaxkue Re>>2320, N03TOMY CTPYs JKHAKOCTH ¢ TIECKOM
SIBAACTCS TYpOYJIeHTHOHH,

s paccMaTpHBAEMOro lipouecca XapaKTepHO, UTO Cpead, B KOTO-
PYIO HCTCKACT CTpys, 00pa3yeTcA HCTEKAINICH M3 HACALKH JKHA-
kocteo. (Ie10BaTenbHO, MIOTHOCTL AHIKOCTH CTPYH H CPEibl MpAK-

. THURCKH He OTIHYANTCA. Takasa cTpyd ABasercd saromienuoll. CTpyH

BOABL B Iase HIU rasa B BOAE HE3aTGIICHHDIE.

PaasHBaeTCs KaHad NOCTENEHHBIM Yray0JcHHEM H PACIHDEHHEM
TYnHKa, B KOTCPhIH ycTpemJusiercss cTpyst [cM. pue. 2.5], 7. e. c1py#n
SIBJAETCA HECBOGOJHOH, OTDAaHHUEHHOH CTEHKaMH Kamana, Tlo Mepe
PACUIHpeHHA KaHaja BAMAHHE CTEHOK HA H3MCHCHHE CKOPOCTH CHHAKa-
erca [eM. puc. 2.6]. Mo nanmamm A. 3. Kynuepa [64], ecan inamerp
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ranaaa B 20 uaM Gogdee pas Hodblle FHAMeTpPa HACAAKH, NapaMeTpel
34TONJIEHHOA CTPYH B KaHa/le ODPHOJMKAIOTCH K AapaveTpaM 3aTol-
JAexHoH cBODOJAROH CTPYH, ABHXKYUIEHCH B HeOrpaHu{deHHOM MOpOCT-
pascTse.

Ctpys, BoageficTByloUlad Ha TODHEIE IOPOALI, MOXKeT pafoTaTh B
OTKPHTHIX M 3AKPHEITHX YCIOBHAX. OTKPHITHE YCJIOBHS HAGAIQIA0TCR
TIpH OTCYTICTBHHM MeTaldlNyecKol NpPerpajsl MeXay HacalxoH H pas-
pyllaeMEM oGpazloM, B [DOMEICAOBHX YCHOBHAX OHH CO3NAIOTCA B
CKBAMHHE C HeOOCAXEHHBIM CTBWIOM HJIH 00ODYEOBAHHOH (HIbTpOM,
a Takme NpH BHPafOTKe KaHala He3aAKOPEHHBIM ANNAPATOM B CKBa-
WHHEe ¢ 3aleMeHTHPOBAHHOR o6CAAHOH KOAOHHOA. 3aKPHITHE YCJIOBHA
EN3HHKAIOT TOrdd, KOIrda CTPYS H BO3BPATHLIH NOTOK MULKOCTH U3 BhI-
palaTHBAEMOTO Kanaja HCTEeKAKT uepes OTBCPCTHE B perpaie, cos-
jfatHoe cTpyell. 3aKpBITEE YCJIOBHSA MOrYT BOZHHKATE MPH FHAPONECKO-
CcTpyiiHO# nepdopanydt B CKBAXHHE, ofcakeHHOR 3alleMeHTHPOBAHHON
ofcaaHoil KOJOHHOH, ApH 3aakoperuom [TIA.

[Mpu HETOABHXKHOM NOJOKEHHH HACALKH B METa/LJIHYECKON Iperpa-
ne BHpabaTHBAeTCR OBAJLHOC OTBEpPCTHE pasMepoM vxoldo 3...4dp.
ITosToMy ©TpYA, BRIXOASINAS W3 KaHa/J 2, BCTpevaeT JOMOAHHTEALHLE
comporupaeHust. CreloBaTelibHO, 0 Mepe YAAJACHHA OT HACAAKH NIPO-
HexoAuT GoNiee HHTEHCHBHOE YMeHbIIeHde €¢ cKopoctH. [ny6HHa KaHa-
Ja T0 cpaBHeHHID ¢ BHpabOTKOH B OTKPHITHX YCJIOBHSIX YMeHbIIGeT-
cs NIpuMepHO B 1,5 pasa.

Coraacuo uceacgosaunusiM E. B. Cososkuna, L T1. Jlecuka [107]
in M. B. Kpusonocosa [61], ecod nnolaib OTBEpCTHS B MeraJiaHuec-
wkoit niperpane Goaslte mAomwlaan Hacajku B 20...3Q paz, 1o Aonoa-
HUTeNLHHE CONPOTHBJCHHS TIDAKTHUECKH YCTPAaHAIOTCS, H NPH THAPO-
neckocTpYHHON nepdopannd HCKYCCTBEHHO CO3AAKNTCH YOI0BHS, OJlis-
KHE K OTEDbITBIM.

Tnybuna KaHamga, BHpPAa0aTLBACMOTC [PH THIAPOIECKOCTPYRHO
nepdopalnii, YMeHbHIAeTCS C YBEJHUEHHeM JaBJIeHHs cpeibl B nepdo-
paunoHHOM Kananae saeoe [51, 100, 119},

ITo K. A. Mukauay, B. H. T'vcey u H. I'l. Jlecuky [76], ccros-
Hasd OPHUHMHA BANAHHSA AABJISHNA CPeAbl — HIMEHEeEHE? IHHaMHUSCKOTO
Kalopa CTPYH, CBH3AHHOE ¢ NpoLeccaMM BHLASNCHHR M MOrAOLIEHHS
PACFBOPEHHBIX B JKHJKOCTH Id30B H I1apoB. CuHTAETCS!, 4TO BHIICTCHHE
rasa UPOUCKOANT HENOCPEACTBEHHO B MACCe CTPYH TOCJEe BLIXOZA H3
nacanku. [Tpu HEBHICOKHX HaBIeHHIX Cpeibl 3a cuet TypOyJeldTHOro
00MeHa HJOTHOCTh OKDYHAaMillel Cpelbl YMedbllaeTcd. JTO HPHBOLHT
K POCTY AHHAMHYCCKOrO HANopa CTPYH H YBENHYEHHIO rAVOHHLI Kanasga
I [OBEPXHOCTHBIX ycJa0BHAX, Ecau paBiaenue cpeipl BO3PACTAeT, BH-
LejquBIMACT M3 CTPYH ras3 pacTBopsieTesl H AHHaMITICCKHA  Halop
CcTpYH cHHXaercsd. JlaanpHefulee NOBRIOCHHE AABNEHHA Cp2IBl B0Jb-
e ONpeieAeHHOrD 2HAYEHHSA He BJAHAEeT Ha XapaKTepHCTHKY CTPYH.
QtMeuaercs, 4TO C POCTOM RAUanbHOH CKOPOCTH UCTCUeHHSA H3 Hacaj-
KM AdBJEHHE cpelsl, BAHAWIIEe HA XapaKTepHCTUKY cTpyH, BO3pacTa-
er. B ¢BA3H ¢ 9THM BBe/JI€HO NOHATHE KPHTHYECKOTO JIaBJCHHS CPejlhl
Pipep, NOCNe IPEBHIIEHHST KOTOPOTO HE H3MEHSAETCA XapAKTePHCTHKA

CTPYH.
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Oruocuteantoe usMeHeHHe HANOPA CTPYH NPH YBEAUUECHKH AdBje-
HHS Cpejbl APOMNOPUHOHAJbHO OTHOCHTE/NLHOMY H3MEHEHHIO BPEMeHH
norJioleHus ra3os. CieloBaTe bHO, OTHOCHTE/IbHOE H3MeHeHHe Fay6u-
Hbl KaHafla ¢ POCTOM JaBjieHns CPeabl MOMHO onpegenuts [77] u3
3aBHCHMOCTH

'___ i — 13
[g_ chpf[zu - (pH/PCp) " (2-14)
rie Py, P — 7naBachue HACHINCHHS MHAKOCTH TA30M W IaBJEHHE
CpeaD;
Ly, liep -— RiHMIla KaHana, BEIPAGOTAHHOTO THAPONECKOCTPYiiHBIM

MEeTOLOM NpH Py u Py,

B cootBerctBHH c pacueTamy [76] ocHOBHAA Macca rasa BHIEAAET-
cs ¥ norsomaerest npH Pop<2 MITa, nostomy Pepep=2 MIla aas
VCA0BHH Aepopaiiny CKBAXKHH.

Ha ocuore 0G0GureHns U3/J0MEHHOTO COCTABIEHA KAACCHMUKALUSA
yeaosHit paGoTnl TypOyaeHTHOR CTPYH, BJAHSIOWIMX HA MPOIECC BHIpa-
GOTKH KaHaJga THAPOMNECKOCTPYHHBIM MeToxoM. Iluke TIpHBOIMM Xa-
PAKTEPHCTHKY YCJIOBHA padoThl cTpyH:

Oep == Perp; Pco==pectp;
(HezaTonJgenHas CTPys) (3aTonNeHHAH CTPYH)
Dpy—oo; Dp=220 dp;
(cBoOOIHAR CTPYS) (necBoboanas cTpys)
S-Sy Sorp 530 So;
{oTKpHITHE VCAOBHS) (3aKpEITHIE YCAOBHHA)
Pcp<2 Mna; Pcp,>_.—2 Mna
(1ap/jerne MeHbIE KpHTHYe- - (AaB/eHHe 6OJbLIe KPHTH-
CKOro) UeCKOTo).
3,1ec1? Syrg — MIOWEAAL OTBEPCTHH, BLpabaTHiBaeMoro cipyeil B
ofcajHed KOAOHHe; S; — njomlaigb OTBEpCTHA KaHana, Bupabarhisae-

MOTO CTPYCH B nopoae; S, — NAOMAAL CEUEHHH HacalkH.

Tax kax ray6una pppaGaThiBACMOr0 KaHaja B 3HAYHTENLHON Mepe
3aBHCHT OT YCJI0BHA paGoTel TypOYJIEHTHOR CTPYH, TO NpH H3YUCHHH
HAH LIIPOGKTHPOBANHH INPOUECCa THAPOTECTpocTPYHHOA mnepgopauun
HeoBX0AMMO HX YYHTLIBATD.

Hampumep, u3yuast IpoUecc HPUMEHHTENBHO K CKRAMHHE ¢ 3ale-
MEHTHPOBAHHOH 00cazgHOf KOAOHHOH W rayOWHOH 3aZerapHHs maacTa
Goapiie 200 M, Heo6X0AHMO COGJIO/IATE YCNOBHS TEUEHMs TypGY.IeHT-
Hoh 3atonnennofi wecpoBonnodlt cTpym npu zawieHud Goabllle KpHTH-
YECKOTO JaBienns cpeapl. Eeau B Takylo iKe CKBAaXHHY cnylleH
GraALTp WIM ona HeoficaxeHa, TO MPOIECC IPOXOAUT B OTKPHTHX YC-
JOBHAX HCTeYEHHA TYPOYJAEHTHOH 23a7T0MJeHHOH HecBoGOAHOH CTPYH
Ipu AapjieHdH (oJblUIe KPHTHUECKOTO NaB/ICHHA Cpeibl. DTH ABa CAy-
yag HauGoIee XAPaKTEPHB AAA PAcCMaTPHBaeMOro lpouecca B IIPo-
MBICJIOBBIX YCaOBHAX. [Liast OlleHKH rayOHHBI kaHaga, BupabaTHBAEMO-
ro B INyGOKOH CKBaXKHHE ¢ 3dlleMEeHTHPOBaHHOH ofcajHOR KOJOHHOH,
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HeNb3ft OPHMEHATh ODLITHLIE WJH PAcUeTHbie JIAHHDIE, HOJAYUYCHUbIE,
HATpHMEp, OPH HCHOJb30BANHH HE3ATOIACHIOR HeCBOOOAHON CTPYH H
A4BJeHHH Cpellb, PABHOM aTMOCHEPHOMY, M B OTKPHITHIX VCJIOBHAX,
who Toraa rIy0uHa Kauanda GyieT HeMHOTO 3aBHINCHA.

Bausnue csoifcrs paapyuwiaenofl nopodst Ha 88ipaborky ranaid.
B kauecThe NapaMeTpa, XapaKTepH3YIOHETO CBOACTBA HOPOAH 0OpH
paspylleHHH ee CTPYSIMH B CTEHIOBBIX YCJIOBHSIX, HCMOJIB3YIOT Ipeiet
IPOYHOCTH HA OJHOOCHOE CXKaTHE. Ha puc. 2.8 npeicrasieHn pesy.b-
TATH ONBLITOE 0O BHPAGOTHE KAHAJNOB B OTKDBITEIX H 34AKPLITEX YCAQ-
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Prc, 2.8, 3aBpchMOCTL  DAYOHHLL BHPaGaTRBAEMOrD Ka-
Hagz oT [POYHOCTH OOpasmoB Ha OJHOOCHDE CcXHaTHE:

¥ — corfmacmo A. M. Congarosy w xp. [105], OtTkpriTme yeho-
Bu®; Uvepbopallua  HeMedTHOro HaMmdfd oOpd do=4,0 mMum: AP=
=20 MIla; ;=560 Krim* Pgp=2 MIla; i=t0 mum; 2 — 7o ®e:
t==20 muA; & — corzacic K». JI. KauMapy. 34KpHThE YCI0DHS,
nendonANAE MCKYCCTEEHHOTD KAaMER U necualued np =45 W,
AP=20 MIa; e,=50 wrim® P, =320 MMa; f=20 uun.

BHAX 14 OOPOI PA3JHYHON MPOUHOCTH. ¥BeJHueHHe [IPOYHOCTH TOpO-
ALl Ha cxkaThe ot 20 go 100 MIla npnsoant K YMEHEbUIeHEK TIYOHHE
KaHa.1d B 1Ba Pasd. B 32KPBITEIX YCIOBHAX BJAHSHHE 3TOTO NapaMerpa
HEeCKOJBKQ CHHMKEETCSH, TeM He MEeHCe OYeBHIHA HeoOXOAHMOCTL ero
yuera Npu NpOBEACHHH NpOleccd THADOTeCKOCTPpYHtof nephopaunn B
CKBAKHHAX. :

O6patorka I4HHBIX IKCUICPHMEHTOB 110 DASPYLICHHMIO NOPOA BHICO-
KOHATOPHLIME CTPYSIMH TO3BOJWIA BHABHTE [57] 3aBHCHMOCTb MEMKILY
SHEPTeTHYCCKHMH [TapaMeTpaMH CTPYil B Hadage paspyRIeHHd DOPOIbI
H ee NPOYHOCTRIO HA CHCHTHE B BHIE

P::KpZKCTcm, (215}

riae Pywp — KPHTRYCCKOE 3HaueHue AHHaMUUeCKOTt JaBjACHHA HA
OCH CTPY¥H B TOUKE KOHTAKT4 C HOpOﬂOﬁ, npH KOTOPOM HAUYKRHALTCS
DPaspyLIeHne; K — KOB@@)HHHEHT, 3aBUCALHE OT CBOHCTB TNOPOAH,

CTPY®, 2 TAKNE ZABJCHAS CPeipl, XapaKTePHIYIUIHA QTROCHTEABHYIO
CONPOTHBIAEMOCTh MOPOJIH PA3PYUICHHID.
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3uadenne K 3aBHCHT OT paauuns abpa3HBHONO MATHDAda B CTPYE.
Tak, cormaco pabote [H6], npu paspyiennn o6pPA3L0OB CTPYAMH BO-
Apl K=1,8, CTPYAMH HeYTSKEACHHOTO INIHHHCTOTO pactBopa K=0,42,
a raungcrord pacrsopa ¢ Gapnrom K=0,006. 10 oznauaer, uro pas-
PYIIEHHE NMOPOABI HEYTSIAKEJISHHHM FMIHHACTHIM PACTBOPOM NPOHCXOJUT
IpH AHHAMHYECKHX JaBJeHHAX B CeME DA3 MCHBIIHX, 4 VTHXKETCHHBIM
PACTBOPOM B TPHALATE pa3 MeHLIUHY, 4YeM CTPYAMH BOAH,

ChneloBaTebHO, KPHTHYECKOE 3HAUEHHE IHHAMHAUSCKOrO JaBJIEHHA
3aBHCHT He TOJAbKO OT NPOYHOCTH NOPOAM HA CXKaTHEe, HO M oT abpa-
BMBHOCTH cMecH. IIpH rHApomeckocTpylHOM MeTOle BRIPAGOTKH Ka-
HaJICB B KadecTBe a0pA3HBHOH 108aBKH OOBMHO NpHMEHSeTCs Kpaple-
Bbili necoX. Kak 1iokasano HuMe, CYIIECTBYIOT OHpEAS/EHHBIE palito-
HANBLHBIE, IOBOJBHO MIHPOKHe Mpele/El KOHIUEHRTPANHH [eCKa B MUAKO-
eTH, 00eCneyHBAoUIRe HAaHBOABIIVIO 3(IeKTHBHOCTE PAIPYIIEHHS, 14
KOTOPBIX &~z const. IlosToMy, ecait BupafoTKY KAHAJIOB TPOROAHTL
HPH TAKAX KOHIEHTPAIHAX IteCKa, JHHaMHUECKOe JaBJCHHE paspylle-
BHS H 3(hdeKTHBHOCTD npoiecca OYIVT OIPEASJATHCS [PH NMPOUHX
PABHLIX VCJOBHAX TOJBKO MPOYHOCTHARMH CHORCTBAMH nopoabl Cie-
JoBaTeapHo, IIpH noAGope apaMeTpoB NPOUEcca H OnpeledeHHH Tay-
OHEEl BRpalaTHBACMOrO Kauasa HeoOXOLEMO YUHTHBATL TPOTHOCTE
HOPOIRL.

O payuoRaAbHON KORCTPYKYUY 2UDPONCCKROCTPYIANO20 anrapara.
PasMepnr BeipafaTelBaeMOT0 KAHAJAA 3aBHCAT OT OCOOEHHGCTEN KOHCT-
PYKUHH THAPONECKOCTPYAROro amiiapard, B 4acTHOCTH, QOPME i pas-
MEDUB HACaAOK, BHYTDEHHErD W RapyKHOTO AUaMeTpa anmapaTta, pac-
NOJIOKeHHA HACAN0K HA €T0 MOBEPXHOCTH H AP.

A. K. Koaoaofi [58] nokasan, urto pmiasi moayuehwst cTpyi ¢
XOpPOUWNME CTPYKTYPHEMUE  CROACTRAMH  HeOfXONHMO HCHOIL3OBATH
HACAAKH € 3MJIHITHIECKON MM KOHHUSCKON BXOAHON YAaCTLIO H LH.IHH-
JAPHUECKCGH IPOTOYHOH vacThio ¢ ocTpoli BrxomHofi Kpomkofl. Jdauna
HACAIKE 10.KH& OBITL X0TH Obl 8 2,5 paza foaple ee jHaMetpa,

A, @. JKnanos {34] onucan mepdopartop ¢ IEJEBHIHBIME OT8Ep-
cTEsAMH Hacaiok. OCHOBHOE NpPeHMYILECTBO TakoH wacaIks — 3HAYH-
TeJAbHOR YBeJIHTCHHe IJOIAAH (PHILTPAUNH KauaJa, BHpadaTHBAaeMo-
re B IOpoJe,

Jl. €. Meaux-Acnanos, O. A, Cwnopor [73] nperjomnan kon-
CTPYKIHIO HACAAKH C 1L1aBHHM BXOJOM, IIPOTOUHAS HYacThb KOTOPOR
BMeeT cHauaJda KOENUeCKYio, a 3aTeM HEAHHRPHYeckvio dopmy. dawua
HAYAALHOTO YYACTEA CTIPVH A% Takol Hacajk¥ B HECKOALKO pai
Boapie,

OO0MIHPHEIe HCCJeL0BAHHS U0 H3LICKANNIK pPALHOHAILHOK opMbl
KOHCTPYKRUH mepdopaTopa BHUOAHEHW nol pykoBogcrsom H. TT. Jle-
cuxa [27, 68]. B pesyabTaATe ONBITOB MO BhpPaGOTKe B IEMEHTIO-IeC-
YyAHBIX GJOKAX KaHAJOB HACAAKAMH C 3JIAHNTHUECKEM, KOHHYECKHM H
KOHOHAAJbEEM BXOJHBIM W UHJIHHIPHUCCKHM BHIXOAHBIM Y42CTKaAMH
BBISIBJICHO, UTO BHIOPaHHWE NPOMHIH He OKA3HBAKT CYLECTBEHHOTG
BAHAHHY Ha paspylawliyid cnocobGHocTb crpyd. dan oGecnedenwust
YCTOHUYHBOCTH E H3HOCY HacaloK M3 choiaasoB BK—6 npH A1HTEABHOM

L 51



NPOREASHHH DpOLEcca JUIHHA [HAHHAPHURCKOTO VUYACTKA A0AAHA OHITH
He MeHee 3,5 AnaMerpa.

Bausigge auaMeTpa HacaiKH HA pa3Mepbl KaHa a H3yuyaH Ha
CTEHAE B OTKPBITHIX W 3akpuithix [4, 105] yenosuax. B pesyasrate
OTBITOB BO BCeX caydasx oOHapYXeHO HaAH4HEe JHHeHHON CBuad Mex-
Ay JHaMeTpoM HacajkH H pasMmepaMH BepafaTeBACMOTO KaHaJja.
YpesHueHue AHAMETPA HACATKH B NONTOPA DPA3A BHIIBIBACT TAKOE K
YyBeJHUEHUe IHAMETpPA H rayGHHEI KaHada.

[losToMy OAEUM H3 HATpPaB/JICHHAIN NOBHIICHYS 3)(HEKTHBHOCTH IIPO-
necca MOMKeT GblTh NPHMEHEHHE HACAAOK GO/LIIKX DAIMEDPOR, OHAKO
3jech MMERTCst orpanxyerust. TloCKOJbKY pacxol KUAKOCTH Hepes
HacaAKy MpOOOpIHOHAJIeH KBaApary ee [HaMerpa

g = u, w4, {2.16)

TO ABYKpaTHOE YBeJadHueHHe AHaMeTpad HacaiKH BLI3LIBACT ueTHpex-
KpaTHEH POCT paciofa. Bmecre ¢ teM coszfadue SOMLILHX Pacxoios
KHAKOCTH OTDAHMYHBAETCS TEXHHYECKHMH BO3MONKHOCTAMH 0GOpPYyHO-
BaHHA H BHI3LIBAET [E3KOE YBEeJHYEHHE THAPaBJWYCCKHX TNOTeph HpPH
JABHMEHHY MUAKOCTH B CKBaxHHe, ocofenno npw Doapmwiol raybune
cnyeka HKT.

Ha ocxoBe uccacjosaruii BHHWHedts paspaboransl Hacalku ¢
KOHOHAANBHBM BXOACM H KOHYCHOf IIPOTOMHON 4acTbio (KOHYCHOCTE
0°20’) anametrpom 3,0; 4,5 n 6,0 MM Ha BHIXO4e. ITH HACAAKH LIHPOKO
ITPUMEHSIOTCH PR IPOBEECHHH TPOMBICAOBEX paloT.

BHHUHWMnedTs Taxme pazpafoTannl HECKONBKD THAOPA3MEDOB TH-
poneckoctpyfinoro anunapara AII-6M ¢ macaikaMH, pacoo/0XeHHHMI
nog yrvioy 90° K OcM CKBa:KWHE, HapyAXHHEE IHaMeTP KOTOPGFO JLJIsH
paboTH B CKBa’KHHE JOJ7MEH noa0HpaTsea Tak, YTOOH PACCTOAHHE OT
Topra Hacaixy g0 ofcajHOH KOJOHHEL cocraBasio 15... 25 mu. Ilpu
aTOM ofecieunBaercst JOCTATOUHAA A TIpOBelNeHHA padOT YCTOHUYH-
BOCTh KOpITyCa annapaTa OT paspymeHHsa CcIpyed, HeTeKawowed M3
peipaCaTeiBaeMore kaHaqa. Kpome Toro, crenka o0caiHOH KOJOHHLI
HAXOJHTCA B 30HE HAUAIbHOFO YUACTKA CTPYH M.JIH BOJH3H €ro, Tam,
rae CKOpPocTb alpa3uBHBEIX UYACTHI BPAKTHYECKH HC CHHMXAaeTcs (mpu
x/dy<<8, no nauueM pabors [78]). IlostoMy paspyuienne ofcaiHOi
KOJOHHB! MPOHCXOAHT OveHb GrICTpPO, MeHee uem 3a 60 c.

MasecTHn Takyke KOHCTPYKIHH ANNapaToB ¢ Bacalkami, pacllodo-
KEHHRIMH DO YIJAOM K OCH ckBaxuHHL Crnocod iepdopanuy n.aacta
OyTeM CO3JAHWS HAKJOHHLIX KaHAaJIOB C UEABI0 YBOIHUCHEA OXBaTta
nepdopanneil TOHKOCICHCTHX faacTos npeidaoxed . [l. CapeHKOBBIM
[97]. Aas npaxrnyeckodi peasusanuy 31010 cunocofa I'. J[. Capenros,
0. /1. Kaumap w ap. [90] paszpaborans KOHCTPYKUHIO T[HAPOICCKO-
cTpyiitoro ammapata (pHc. 2.9), KoTopad [0O3BOJsIeT TPOH3BOAHTD
ZHCTAHLUEOHHOE MHOTOKDATHOE 3aKPLITHE H OTKPHITHE onpenedeHHOro
KOJAHYecTBAa OTBEPCTHH anmapaTa NyTeM H3MeHeHHd AaBJeHHA HAaTHe-
Tanud KHAKOCTH B NIIOJOCTE ATMAPATA, @ TAKEKE JOCTHUYL 3HAUHTENLHO-
ro yBeJdHueHHs TVOHHBL KaHaJ/0B - IPH nepdopauHd B pesydbraTe
IpeaBapUTeILHOTO CO3IaHHA KAHAJNOB Qs DTBONA 0OpaTHOK CTpyH
KHAKOCTH H3 BRpA0ATHBAEMOTC KaHaJa.
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OrauuuTeabHad 0COOEHHOCTL TIpellaraeMoro andapaTa B TOM, 4TO
NOCPEACTBOM H3MEHCHHA JAABJSCHHS B €T0 BHYTPeHHed NOJOCTH Npo-
HCXOAMT [epemellenHe MOABHMKHOR BTYJNKH, KOTOPAH I[IepEKpbiBaeT
yaCTE -Hacatok, [locie 3aKpHITHS UYaCcTH HACAIOK BHPAGOTKA KaHANA
NPOAOJKAETCS Uepe3 HelepekphiThie Hacagkd. IlpH stom Aocruraercs
yBeJaHYeHHe IAyOHHB BBIDabOTKH, NOCKOJABKY CO3ARITCS OTKPEITHIE
yeaoBua paborel cTpyH. Ilepesox annapata B HCXOZHOE HOJOXKEHHE
TIPOMCXOZNT TIOCHE CHHMKEHNS JAaBaeHns
BO BHYTpeHHell TnOJ0CTH liepgoparopa
10 Jassenus B 3aTpyGHOM MpocTpaHcTRE.

[lepibopatop cocTOHT H3 cBopHoro
Kopnyeca 6 ¢ HacalkKaMH 5, pacnofoxen-
HBIMY MO 3aJAHHBIM YIJOM BHYTPeHHe#
2 BTYJIKU [, H3TOTOBJCHHOH B BHpe Aud-
depeunyabiEOro NOPUIHA ¢ YILAOTHHTE-
AAMH 4, NpYXHUHE-3aMKa 2, DHKCUpYIC-
weld BTYAKY B BEPXHEM TMOJUMKCHHH, H
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Pie. 2.i0. 3asHCHMOCTL CAyBuHB Kanaia oT
neperala A4RJIEHHA Ha HacaIke:

{, 2 — mo nauHeiM paboTht [105], meMeRTHBIL KaMelib,
OTKphITBIE FCIOBHA, dy =45 MM, ;=20 wriwmd, Pm,ﬁ

=2 MIla; 3. 4 -— no anexpwm KO JI. Kaumapa. we-
KYCETB@HHLIN KaMmeub. d,,. =531,..53 MI[la, =20 wmuw,

JakpuiThie  ycrorusd, dy=4.5 mm.

A Puc. 29, TuaponeckoCTpyHnsti annapart.

LTpYHHHB J, CayKaled L5 BO3BpaTa BTYJAKW B HCXOIHOE TOJOKe-
Hue. B HHXHel wacTH anmapaTa yCTaHOBJEH IapoBoft xaaman 7 7Ja
00paTHOH TPOMBIBKH CKBAMKHHHL

FHA cnyekatoor B ckBaxuny Ha HKT, satem geqarwor NpoMBIBKY H
zabpacelBa:0f B TPpyOL Wapuk KJianaHa 7. Jlanee NpoU3BOAHT BhI-
pabOTKy KaHaJ0B NMDH BCEX OTKPBITHIX HAcalKax B TeYeHHE BPEMEHH,
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AOCTATOUHOTO Ui OGPA30OBAHUS B ILJIACTE MepecekalOIUXCA KaHANOB,
tipu stom na BTyaxy | BosieHcTByer Mepenan JaBJeHHS, CO3RAMILAN
YCHJIHE, YPaBHOBELIHBAEMOE NDYKHHOH-3aMKOM 2 u npyxkuuod 3. s
MEPEKPBITHS YACTH HACAJOK & Nependj IABRJCHHA YBeJIRYHBAETCH O
3nayenusi, XOCTATOYHOIO 151 NPEOAOJEHHsI YCWJAui npymuiu. B ceasw
¢ TeM, 4YTO OCHOBHOE YCHJHE BOCIDHHHMAETCH NPYRKHHOA-3aMKOoM 2,
nocse CPLIBA €¢ ¢ YUepa BIYAKY [, 3AKPLITHE HACAZOK 5 NpPOHCXOAHT
0BICTPO. 3aKPBITHC HACAA0K JOCTHTACTCS [0CAZKON HMMKHCH KOHHYEC-
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J — e /’D/
4 — » -~
a0 r
7 s 38
/ e 2

2ge

100
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Pre. 211, 3asucuMocTs rIyGuill Karata oT BpeMe-
41 BHpaboTkn (HOMEp KPHBOA COOTBETCTBYET HOMeE-
Py ombHTa B Tadm 2.1):

I — P, >P

cp co npt 2 — Pcp<Pcp‘}cp; 3 — OTKpHITHE yC-
JdoBHA; 4 — 3aKPHITHE YCHOBHA,

Koil 4acTH BTYJAKH [ B ceaso nepdopartopa, pasMelleHHoe HIKe 34-
KPHBAE€MHEIX HACAI0K.

C mpuMenenneM ONHMCAHHOINO aMnapata OCYILecTBJEHO, HallpHMeD,
AONOJNHHTEIbHOE BCKPEITHE OLICTPHUKHMX OTJAMKeHH B cke. 8 CJI ua
raybune 2770 ...2795 M. M3 CKBaXHHB JIOMOJHHTEABHO J10OOLITO
5480 v nedru. B cxs. 114 C/1 nocae UTI1 na ray6une 2986 ... 2089 m
H3MEHHATA TIPOPHIL IPHEMHCTOCTH.

Bausnue texumoaozuveckux napametpos npoyecca Ha 8oipaboTKYy
KaHaad. K OCHOBHBIM TEXHOJOTHYECKHM llapaMeTpaM MpOLecca, BJIHS-
IOLUIHM HA [Pa3Mepbl BHPaGATHRASMOrG Kahala, OTHOCHATCH HAdajbHARA
CKOPOCTE CTPYH, KOTOPAd DPONOPLHOHASbHA KODHIO KBAaADATHOMY H3
nepeltana HaBJICHUS HA RAcAAKe, BpeMs BulpalOTKH, KOHNEHTDALHH
H cBOicTBA alpA3HBHOrO MaTepHaJa, CBOHCTBA pabouell KHAKOCTH.

[losblwienne nepenana AaBJedust HA HacaiKax H, CJ€I0BATENLHO,
YBEIHYCHHE HAYalbHOH CKODOCTH CTPYH BLI3BIBAET pOCT pa3MEpoB
KaHa.a.

Ha pue. 2.10 iioxasano BaHsHHe mepenaja 1aBJieHns Ha [AYOHHY
KaHa.1a B PasiHYHBIX VcaoBHax. Hast Kpuso#l [ =15 MHH: Ouxo=
=25 MIla: aus kpueofl 2 =10 MHE; Oux=-45 MIla. Tan KpHBOH 3
Cy=17 xr/m* Pp=0,1 MIla; gpusott 4 — Cp==50 xrjud Pep==
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=15 ... 25 MIla. MoxHO 3aMeTHTh (ONBITH 3 W 4), UTO IpH VBEJIH-
vegpH Aandeuns cpeawl ot 0,1 po 20 MIla rayfGuHa kaHa a YMeHb-
maetcd. B oTKpuTEIX yeqaoBuax (oot 1, 2} poct nmepenaaa
HaBaeHus Ha rAyOGHHY KaHaja OTPaKEeTCn B HECKOAbKO Menbiieh
Mepe, UeM B 3aKpBIThX (onbT 4). BozjeficTBHe mepenaia JgaBJeHH
Ha YBEJIWdUEHHE AJHHB KaHAMA OCTaeTcsl HeU3MEeHHBIM OpH mepdopa-
[KH NOPOA PA3JIAYHOR UPoYpoCcTH (onuTH 1, 2).

Bausinne npeMeHH BHPAOOTKH kanana Ha ero LJAHHY [OpeiacTas-
asier GoJbIWOH NPAKTHUECKHR HHTepec, I[OCKO/ARKY 3ITOT mapamerp
HE3aBHCHM OT APYrHX (aKTOpOB H JETKO NOJBEPraerc H3MeHeHHIO.

B ratGa. 2.1 npusefers HauboJlee TOAHO OIHCAHHBIE B JHTEpAType
ONLITHHE JIAHHEE PRAZ HCCASADBATEAEl, KiaccuHIWPOBAHHBIE HAMH
no veaosasM pabortet crpyd. Ha puc. 2.11 BhmoaneHo rpaduueckoe
H306paKeHHe HEKOTOPHX XAPAKTEPHHIX ONBITOB, F3 NpHBeASHHDLIX
JAHHEIX BHAHO, UTO BHPafOTKA KaHaJ1a BO BPEMEHH 3aMelisercd.
D10 3aMeAdcHHe BbLI3BAHO B OCHOBHOM CHHAKEHHEM CKOPOCTH CTPYH
0o Mepe yaajseHusi ot wacanku. Oo6padorka ONBITHEK AAHHLIX DAa3si-
THA KanaJaa po BpemeHu nokazana [100], uto rayGuHa ero B HebOJb-
IUIHX HCCAeIOBAHHWHIX HHTEpBasjaxX BPEMEHH BHpafOTKH [IpONOPLHO-
HaJbHa KOPHW KyOHUECKOMY BPEMCHH BO3/eHCTBHS CTDYH

l,=FV¢, (2.17)

rae f — KO3(h(pULHEHT, 3aBHCANIHH OT TEXHOJOCHYECKHX NMapaMeTpOB
IpOnecca H CROHCTR paspyliaeMoll Nopoanl.

QaHaKo 3Ty 32BHCHMOCTb HEJb3H HCIOL30BATh JJIsi TIPOrHO3HPO-
BaHHs Pa3BHTHA KaHalad IpH HeOTpAHHUEHHOM BDEMEHH BLIpABGOTKH,
BOCKOJBKY Torfa H rAyOHHA KaH4da HEOTPaHHYeH3, 4 3T0 [OPOTHBO-
pednt dU3UUECKOH KapTHHC NPOTEKAHUA TPOIECCa,

B cBasi ¢ TteM, uTo uanboJee HHTEHCHBHAs BHpaboTKa KaHamaa
Habuioaaercd B Ha4da e Npolecca, PEKOMEHAVeTcH BpeMsa nepdopaiuu
orparnuuts 15...20 smuu [27, 119]. Ecan tpeGvercs co3zarh KaHa.l
¢ GoabIUCH MACMAALID AARTPANMYE, BpeMsd BEpadoTky uenecoolpazno
vBeanuuTn o 30 mun [105]. Ouesnino, Gdiinilec BPpeMs Takke Heof-
XOAHMO (38 06pas3oBaHUsl KaHajaa B Gosee [POYHBIX MOPOAAX, T. €.
npemst mepopaiul JOJAKHO ONpeleqarscd B 3aBHCHMOCTH OT Npoy-
HOCTH MOPOiB. B 4acTHOCTH, B MOPOBBEIX KOJAJEKTOPAX MOJKHO OTpaHH-
YHTBLCA MEHBUIEHR AJUTENBHOCThKY LPOLEccd, 4 B TPEHIHHHBIX — 5
co3aaHus GONbuIed naollagy GHUABTPANHH AMHTENBHOCTE Hepdopaliy
negecoofipasio yveeanuyuts. [ T. OpHaTaHoB yOe/AHTEJBHO NOKA3a.T
[83], 9T0 NPOMBOAMTEALHOCTL CKBAXHH B 3HAUHTeNbHON Mepe 3aBu-
CHT OT YHCNAa MHEPOTPEIHH, TePeceYeiiHblX 3KCIIYaTALHOHHEM
3aboeM.

YcaoBsHs paBOTH CTPYH OKAJBIBAIOT CHABHOC BalsiiHe Ha rayGnay
H cxopocTh 00pasoBadls kadasa (cM. puc. 2.11). Haubonee HHTEH-
cusgas BHpaGoTKa xanaja HalaNAeTCAd B OTKPBITHIX YCJAOBUAY, €CJIR
J4BJEHUE CPEeAbl MEHbIUE KPHUTHUECKOro, OAHAKO TAKHEe YCJOBHS MpH
nepdopanui HeTAHMX CKBAXKNH HANO ¢031aBaTh ucKycctBenno. Hau-
fio;1ee Me1/1eEHAST BHpabOTKA KaHaAa HaHMeHbLIeH TayOHHBL OCYHIECT-
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Fabauye 2.1

HMCXOIAHBIE AAHHBIE MCCIEODOBAHWE BHIPABOTKM KAHAJIOB

METOJIOM TUIPOIECKOCTPYHHOF TEP®OPALIHH

I {z

E . MaTepuar a P a AP, R
25' Herowsas obpaina i o A O o i ! oo
BmpaboTKka Kauanosn
OTXPHTHE YCAOBHS, AABJICHHAS CpeAsl GOMblle KpHTHYECKOro
1 [10a] Lemenrani | 20 1,8 4.5 28 35 1151 166 | 232
KaMmeHb 30 195
45 ( 208
60 | 225
75| 235
2 [E05] " 25 1,8 4,5 28 35 | 15 185 | 225
30| 175
451 190
60 | 205
75| 212
3 [105] " 40 + 1,8 | 45 | 28 | 35 |15 138 | 201
30| 160
45 | 175
60 | 180
75| 187
41 [os) o 50 | L8[ 45 | 28 | 35 [ 15| 125 | 173
30} 140
45 | 150
60 | 160
75| 165
5 [105] ” 60 1,8 4,5 28 3/ 15| 118 | 136
30 130
45 | 137
60 | 145
75 | 150
6 [105) o 150 181 45 1 28 35 | 15| &1 | 108
30 72
45 88
60 93
5l 100
7 [L04] . 25 1,4 4,5 20 12 | 15| 114 | 168
30 | 135
45 1 146
§ [104] " 25 14 45 23 12 | 151 123 | 173
300 142
45| 134
9 [104] - 25 14 4,5 26 12 i 15| 150 | 186
30 | 165
a5 | 173
10 [104] 25 14 4.5 26 30 [ 45| 185
11 [104] . 23 14 45 26 45 | 18| 155
12 [104] ., 5 1 20 46| 25 | 18 {151 100
13 [104] ., 45 [ 221 46| 25 | 30 115} 115
14 (104] - 45 | 23 | 46 | 25 | 48 |15] 12
15 [104] " 45 2,3 4,6 25 79 1154 121
16 1104] » 50 2,0 6,0 20 30 15| 119

L

Npofoascenne robs. 2.1

c i ! £ d 1 AP, | £, t i
s E HeTounuk \2)%7;32?[1‘ Mﬁi' M‘f}[}é e \ Mlia K(:",]I; W | MMB Mt;[ rﬁﬁx
3akphiThie YCAOBHA, JAaBichHe cpefsl 00JblIE  KPHTHYECKOIC
17 1105} 11eMeHTHRI 25 B.D 4.5 31 42 115 98 1 296
KaMellb 17,0 45 32 42 |20 | 114
17,0 45 31 41 [ 30| 153
5,5 4,5 31 38 | 60| 192
18 [119] HexyceTsen- 20 1 14,0 4.5 24 60 |10 89 1 227
EEH KaMeHh 20 | 130
{uement -+ 30 | 130
-+ necok)
19 [119] . ~38 (14,0 4,5 24 60 5 50 | 150
10 76
) 20| 100
20 [54] LleMentusli 261 50 2.3 20 40 5] 98 67
KaMenL 10 a8
15 44
20 49
25 52
21 (89 Hcxycernen- 52| 50 60! 15 4 201 75| 122
HIifl KaMeHb 40 93
(nement + 60 1 101
-+ 1ecok)
22 [119] v 30 |16,3 4,5 25 50 | 307 145
23 {511 " 51 |25 45 20 48 | 20 €9
24 [51] [Mecyannik 39 |21 4,5 20 47 | 20 77
25 [51} Llementiblil 69 |23 45 20 49 120 73
KaMEHb
26 | Hamune TTecuanuk 90 | 2t 4.5 20 45 1 20 60
[OQ. . Kau-
Mapa
27 » HegyceTReH - ol |24 4.5 20 50 1207 68
HBH KaMeHb
OTKPHITHE VCAOBHY, JTaRaeHAe cpeibl Mellblte KPHTHUECKOro
28 5] Iecuannk | ~15{ 0,1 45 35 75 |15 495 | 86
MEeJIeKeCCKOTo 301 650
ropH3IONTA 45| 690
60; 720
2g i5] TMecwaunx | ~37 | 0.1 4.5 35 75 | 15| 253 | 467
) nitacra De V t 301 370
451 392
60 ; 100
30 5 i Lemenr ~50 1 0,1 | 45 35 75 | 16| 260 | 431
¢ no6aBKolt ‘ ‘ 30| 340
FpaHUTERIX ! 1451 353
OCKOJKOB ‘ . B0 ! 362
5 Mpauo ~60 7 01 | 45! 35 L 75 {154 115 | 278
31 3] | Mpavep ‘ ol
? . 45 | 193
| i | 60 | 200
! i | !
) i

]

[y |



[lpodoaxentue raba 2.1

= .| e, d 4p, :

:};5} HeTouHHK l ofipasna ﬁﬁ‘; Moy | | MIla Kr’.‘:ﬂ'n JIwm,u Mt’ ; 1,33,;_
“ : f ' '
3z i5) Yraepoane- | ~540) 0,1 4.5 35 75 ;151 100 | 200

il Tag craan 30 | 130
g mapen 30 45 | 138
i 60 | 165 |
. ! |
3RKPHITHE YCAOBHA, TABICHEHC CPEiNhl MEHBLUWE KPUTHUECKOr:
33 [63] HekyeeTen- 251 0,1 4.5 23 ¢+ 25 5 40 | 201
HbIT KaMeib i ‘ 81§ 115
{iement + 141 140
+I1eCoK)
31 [63] " 25 1 0,1 4,5 25 60 3] 105 | 312
; 81 175
141 220
35 (1193 " il ol 45 | 25 50 | 2,57 40 i 204
{epea- 3| 75
HHe 0] 125
TAHse 20 | 165
U3 ABY:
ORI~
T™0BY .
36| 019l » 1701 | 45| 25 | 30 |25{ 125 | 360
] 5] 180
ég 250
) 0
a7 (5] [Mecuanux ~151 0,1 4.5 35 753 |15 334 358
MEICKECCHOTD 30| 283
TOPH30HTA 45 | 299
&
as | (5l Hewyeorsen| 20| 01 | 45 | 35 | s0 |19 ] 180 | s02
nLi Kavens 30| 227
[OecoK— 45 1 247
; +-nemeut) | 60 | 257
30 ¢ :lﬂHHb}C ' " i 53 D,] 4,5 20 50 a5 65 146
[ 0. L Kar io 7k
E Mapa 15 | 107
2 71
40 ! ., " 301 | 45| 20| 20 [ 8] 5] s
! 10 71
| 15 79
2 6
414 Janune P53 01 45 25 17 g 24 117
1O, 1. Kau- 10 80
' wapa 15 91
00
49 - » 531 o1 4.5 30 14 gg 175 155
| 10 94
15 lég
, “ ) 0
43 N 531 0,1 4.5 20 i0 25 135 151
10 60
13 7
| 20 82

l MatepHan

I

Hpodoamenue rads 2.1

v ) |

e Mate paas Ot g AP, e, 6ot b
2 %l Hetountie ‘1‘%’;’;!’;,‘4‘-“1 Mils k sﬁﬁ’i’ w | Ml ! et | My i

!
44 | i " 51 \\ 0,1 451 20 50 |20] 85
45 N . | 40 50 1201 160
46 - [Tecuanux /i 01 45 | 20 45 [ 20} 145
47 " Hekycerse- 69 | 01 45 | 20 46 | 20 | 100
! HbLIfl KaMeHb | i

48 | " » 69| 01 | 45 | 32 | 46 | 20 | 162

BrpafGoTKa WeJH 4 KAHAaTO0EB

BupaboTka 1eaM, 3aKPHTHE YCAOBHSA, AARMEHIE CPEAb MEHBUIC KDHTHHCCKIND

{pazvep wenn B veratie 670 MM}

49 | [69] Llementapit | 35 1 01 | 45 | 20 | 30 |10t 180
} KaMeHb ' ) 15 | 220
| | ! 30 ¢ 295
| | | 15 | 340
50 | (69] ' Llewemrawi | 35 | 01 | 45 | 20 | 80 10! 212
, | xamens _ 15 | 240
! ! l 30 | 310
: { | | 45 | 380
i l i Ll
PrpaboTka Kanana, SakpHTHE YOAOBHR, AABACHNE CPEARL MEHLIR
KPHTHYECKOrD (pASMep OTBEPCTHA B METd/1e 15 am)
51 {64l Ueventanii | 35 | 0,1 45 | 20 | 30 54 110
KaMellb i : 10 | 140
i _ : 151 150
g | ’ | 251 180 |
\ ! ! i | .
Brpaforka ule;H, 3aKpoiTLe yCAOBAS, RABJEHHE CPLALl MEHbIIE
KPUTHICCKOTQ . (pA3MED OTBEPCTHSL B MeTaiie 63 60)
52 (BT} i Mervectsen- Her 1 Ot %) 15 351 5| 177
fumiit ket | an- | : [ 10 | 207
‘ | IBIX : ‘ ) 15} 250
i | | ‘i W 273
' d
BrpafoTka IedH, 3aKphiThe YCI0BHS, KABJCIHIE CDELB MeHbIIC
KPHTHYECKOTO (pasMeD OTBEPCTHR B mETdiae 6 1203
53 [67] Hexycersen-! Her | 0,1 | 45 | 15 35 | 51 282
lUhll KaumeuL | faH- . ! | P10 323
; UblX i i 15 | 330
| } : [ \ 20 . 368
i I f
BupatoTea wanada, 3agputole yCI0BILA
{pa3wep OTBEPCTIN B METATIE 15 )
5 [B7] | Meryeersen-| Her | 041 45 1 15 35 { & 109
\ HBI Kamets | aal- E P10 118
UBlX i P15 | 120
! oe 125
| | .

454

476

179

323
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BupatoTha mean, sakplTsie YCALBAA, gaBACHMEe CPeABl BOMbIIE KPHTHYECKOro
(pasvep oTBepcTHA B MeTadle 18)<248)

ab | [67] Hegyecrped- 20( 2,0 ’ 4,5 L 25 ‘ 70 ‘44' 354 i

| HBIH KaMeHb

BrpipafoTKa KanaJa, 3aKkpbiThie yCI0BHA
{pa3aMep OTBEPCTHA B McTamle @15 wmm)

56 [671 Hekyeersen-| 200 2.0 4.5 27 70 i 45 | 237 &
HBIH KAMeHb | } ' ’ l ; } :
BripafoTka Kanantos ¢ Z06aBaeAleM Ta3oBofl (assl,
3AKPHTHE YCADBHA, ZABJAEHNIE CPelhl GOJMbDIE KPHTHIECKDIG
57 [of} t Uementawi | 26| 5 2.0 | Her 40 - 5y 42 161
Kavene | l | HaH- | 65|
I i HBLX 15 79
i i 20 93 !
o I , 251 103 l
58 (891 Hexyeermeu- 60 t 5 45 1 20 ¢ 40 ;20 165 | 189
AL KaMenn 1 i 40 | 135
3 ‘ 60 | 144
P | 80 | 163
59 180) " o921 a4 ) 60 15 4 |15 85 ) 182
40 | 125
60 | 140
. 80 | 155
60 [89] i 66| 6 4,5 20 40 | 20 97
61 [8at N G601 6 45 25 40 | 20| 108
62 189] " 601 6 i 45 29 40 26| 130
63 (89] , 60 & ﬁ 45 | W 40 1201 83
64 189] 60 ) © 4.5 20 40 | 20 102 )
65 {89] " GOl 6 l 4.5 20 40 120 ] 116 ¢
66 (53] i . S 521 70 1 60 | 11 40 20| li0
67| ba | . . oo 60 | 1| 0 |20 | 120 i}
IIpumenannn uameTp Kenada B oobiras M T & % 10 D0 120 13 14 15 17

18; 18; 20 22; 5h; B6 cocTaBHA COOTBETCTBEHHO 43; 68 500 67; 45, 34; 400 43; B3; 440 5%
7H; 100; 60; 200265; 43%38 M.

lFazocogepxanne B onmtax Ne 57: BB, 89; 60; 61; 62; #3: 64; 63; 66; 67 cocraBHAO co-
orgetcTeenna 0,3 .3; 0.32; 0,24; 0.24; 0.24; 0,14; 0,30; 0,50; 0.19; 0,26

BAAGTCH B 3AKPHTHX VCOIOBWAKX 0pH A2BACHHY cpel, DoanlleMm kpu-
THUECKOro (npu nepdopaiiuy ckBaxuH raybunoil 6oaee 200 M, obopy-
JOBAHHBY 3dleMeHTHPOBAHHOR ofcajauofl  KogoHHo#). QcradbHLIe
KOMOWHALNY YCADBRM 32HHMAIOT NPOMERYTOUHOE nonoxenue, Ouenui-
HO, MOMHO A0BHTLCH VBOJAHUEHHA DA3MCDOB KaHdaa Nepdopaludn T01b-
KO 3a cyeT H3IMEHeHHA yCa0BHR padoTel CTPYH.

OTMeTHM TAaKXKe, YTO NPH HCCAeJOBAHHH Ipolecca BhpabOTKH Ka-
HaJI0B Ha CTeHAAX HeoOXOoJuMO, 4YTOOBl YCJIOBHA NPOBEICHUI ONHITOR
COOTBETCTBOBATH YCJAOBHAM B CKBalKHMe MHJIH HAXQAHIHCh B aBTOMO-
AeabHOH 06.1aCTH.

GO

KoauuecTso abpasHBHOTO MatepHana B KHARKOCTH, pasMep H bop-
Ma dacTHI aGpasHBHOTO MaTepHaJa, ero NJAOTHOCTL ¥ TBEPAOCTH BJUA-
0T #a pasMepsl BEIpAGATRIBAEMOro KaHaJsla. [Ipu OZHHMX H TeX Ke Xa-
PAKTePHCTHKAX CTPYs C abpasyBHBIM MATEpHaJOM HMEET HAMHOTO
GOABIIYIO PA3PYIAIOULYIO CIOCOBHOCTD. i

Haubo/biiee KOJAHYECTBO WCCARIOBAHMA BLINO.THEHO C TIPHMEHE-
HHeM B KauecTBe aOpA3HBHOTO MaTepHaJa Hecka {4, 37, 69, 105, 119
w ap.). Ha ocHoBe ZAHHBEIX 3THX HCC/IEIOBAHHA PEKOMEHIYeTC: npn_mz-
HATb KOHHEHTPAIMI NecKa B MUAKOCTH B OpeAtIax 40 .. .60 grim®
VBeJHueHHE COAeDKAHHA NECKa B JKKAKOCTH BB YKA3AHHHIX 3Haue-
HHIl He TPHBOAHT K pocty TIyOHHBl KaHaua. CHWXeHHe KOHIeHTpaluHuH
Menpiie 30 Kr/M? BHI3EIBAET yMenbilenpe TayOnibl  Kanaaa (oM.
ra6 2.1, onetnl 7—9 w 41-—43 u 1p.}.

Pasmep 3epeH NecKa JAOJEEH ObiTh 0,5...20 mm. [lpumexenue
recka MEJKO (PPaKUHH CHHXZET 3PPEeKTHBHOCTD LipaboOTKH Kanana.
[Ipx MHOTOKPATHOM HCMOABIOBAHHH IPOUCXOAMT OUCHL CHALHOE pas-
pyueHne necka. Tak, Mo JaHHBIM pabortel [119]. B BOJTOTPAICKOM
necke cogepxanne ppakupn 0,25...1,70 My cHHEKACTCA TIOLAE ONHO-
KpPaTtHOTD HCIOAH3OBAHHSE B ABA paza. [TocJge xByKpaTHOTO (ABa LUK
BHIPAGOTKH KAHAJa) HCHOJIb30BAHHA NECKA YCTaHOB/ICHO [4] uamedenne
conepxkanua @pakmuu: 0,5...3,0 MM, OT 92 g0 24Y%. Hapaay c apod-
JeHHEM UacTHII OTMeueHa [OTepd #X YrAOBATOCTYH, NOABJICHHE OKa-
TAHHOCTH.

B. C. Cuarcknii [100] nayaan abpaaupibie CBOHCTBA BOAHBIX pac-
TBOPOB OEHTOHHTOBOH TVIHHBL MJOTHOCTLIO 1080 xriM® ¢ npobasxo#t
rematuta, Gaprra, Boarorpaackoro necka (0.4... 08 Mm) u aJIeKTpoli-
kopyaa (0,4...0,8 MM) TJIOTHOCTRIO 4560, 4120, 2650 u 3610 xr/m®.
Peylide CBOACTRA DACTBOPOB OLEHHBATH KOJHUCGCTBERHO o 1’{03@-
drunnenty abpasuBHOCTH. Cornacio onbiTabiM  LanueM, 1<CA’<CB5
yBeaHuHBaerca B pady 3JeKTPOKOPYHAA = KBAPLEBOTO 1'[eCKa?reMa~
THTa>6apHTa, 2 TaKke ¢ POCTOM KOMHEHTPALHA 100ankH. YcTanos-
JEHO HAJMUHE NPSMO TIPONOPUHOHAARHON CBAZH MEMRILY A’ u rayGUHOH

KaKaa4d.

B M. Muteapman, A. M. T'ycmau [78] B marentHoM of30ope NpH-
BOAAT AaHHBle 00 3P(HeKTHBHOM HCACGIDL3OBAHMH B KAHUCCTRE adpasus-
HOPO MATepHada CTAJBHBIX H UYIYHHBIX OTHJOK H Apofu, KOHLeHTpa-
HA KOTOPHIX JOJIZKHA coctamaate 10. .. 40 kr/M®, a pasMep QpPaKIHH
0,3...1,2 mm. Tlpumenenre B KauecTse abpasuBROIO MaTepHansa e
TEACTLLY UACTHN TOIBOJAAET MOATH B TPH paA3d YBEJIHUHTb TIVOHRY
KaHaJa. BMecTe ¢ TeM pPe3KO CHHMKARTCH paspyuleHHe KpYIHBLIX Hac-
i (10 4,0% 3a oxpH uHka), OUHIKH 1 ApoOb HCHIOAB3YIOT B MCTa-
JTyPTHYECKOH TPOMBIIACHHOCTH Ais 06pabOTKH [OBEPXHOCTH MeTal-
740B. TBepAOCTh KEJNE3RCTHX HACTHI, NPHMEHSAEMbX TIPH ruapoabpa-
3HBHOH TepdOpailHH, JCJAXKHa COCTABAATh He MeHee 55 ...6856 HRC.

[lo upunmatase I. T. OBHaranoBa MH OCYMECTBHAN HCIHLITAHIL
3TeKTpOoXPOMUCTOrO Kopynaa JX-50 MmIoTHOCTRIO 3950 gr/v®, ¢GpakIHH
0,25...1,00 vM B xauecrse abpAasSHBHOTO MarepHana. OnelTE TPOBO-
MHNACHL B 3AKPBITEIX YCJAOBHAX TPH Tepenaze NaBJichHR 20 Mila uHa
wacaake 4,5 MM B Teyerue 10 ... 20 MHH H pH KOHHEHTPALHH necka,
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RopyHAa nan cMecn ero ¢ neckom (1 : 1), pasuoit 40 .. . 50 Kr/M% ¥Ycra-
HOBJEHO, UTO TIyOHHA KaHA/0B, BHPAGATHBACMbIX & 06pasunax Hokyc-
CTBCHHOTO KaMHA NPOYHOCTBLIO Ha cxatie 40 ... 60 MTIla, cocrapasier
90... 110 MM M ne 3aBHCHT OT THIA abpasusHoro Matepuana. Heo6xo-
AHMO OTMETHTL NLOBBHIIEHHYIO CTOHKOCTE KOPYHA K paspywenmo (3a
OJAHH UHKT He Goaee DY dpawkuun 04 . .. 1,0 MM) u mosbumenrus
H3HOC Hacanok u3 cniaea BK-6. 3a onun uuka nepgopaunn (20 muu)
AABIEHUC TIDH TMOCTOAHHOM PAcXOAe KHAKOCTH CHUKAETCH Ha 200...
... 10,0 Mila. Takum o6pasom, ucmonpsosarn 3JACKTPOXPOMHCTHI Ko-
PYHA LEIeCco0B6D2a3H0 TOJLKO UPH NOBMWINEHHH H3HOCOCTOHKOCTH Haca-
lOK B TIPONCCCE C 3aKPBITHIM UHKAOM THPKYJISILHH MHAKOCTH ¢ abpa-
3HBOM.

Tpumenenne a6pasusamx Marepuasaos 6OabILEH IAOTHOCTH ¥ TBEp-
AOCTH ABJIACTCS NEPCHEKTHBULIM HATPAB/JCHHEM NOBBLIIEH S atbdex-
THBHOCTH NpoiHecca.

Bnusnue csoficts mujakoctH Ha TAYGHHY BHPAGOTKH KaHagoB
HSYueHo kejgocratouno. lIpeoBiazaer muenne [78] o HesmawnTCaLHOM
BJAKRAHUH CEOHCTB KHIKOCTH Ha Paspyuraiomyio enocobuocts cTpyu.
OueBuino, nostomMy B CYHICCTBYIOIHX  PYKOBOACTBAX TpeSoBamms,
MPEADABISEMBIE K KHAKOCTAM, BHPAOOTAHE! C y4eToM obecmeyenms
GesonacuocTr padot u COXPAHCHHST KOJNICKTOPCKHX CBOMCTB TIPOAYK-
THBHELX IIOPOJI,

A. 3. Kyanes [64] 0Bpaniaer BHEMANHC HA TO, UTO JIHAMETD CTPYH
PAHIHCTOrO pacrsopa Ha 209% menbe AHAMETDA  CTPYH BOAL, H
OGBACHSICT 3TOT (BAKT YBEAHYECHHEM BASKOCTH HUnKoetH. Ogpaxo
HA0MI0aeMOe SABICHHE MOMNET OHITD BH3BAHO TAKKE COTepmkanHeM
TBEPAOH asel B cTpye [108] BesencTrae CHHXKCHHH KO3 dunenta
€€ CTPYKTYPHL

B Hacrommiee epems B kauectne pabouel KUAKOCTH HPH rHAPONCC-
KOCTPYARO# mepdropaniy HEHOJL3YIOT BOAY, BOJAHBI® PACTBOPH HO.IH-
mepos, ITAB u pasiuurbie npoMbBoumLe KHEIKOCTH.

2.3. CoeeplucHcTROERHHE METO KKK
pacuera pazmepor KaHanon

Bubop sasucumocry 642 onucanius npouecca 8oNABOTRIL KaMd-
208. Hapany ¢ nayuennem HPOIlECCa I ApoNecKoCTPpYHHOR neppopa-
LHHY B CTEHLOBBLY YCJAOBHAX PRI HCCAe40BATEICH paspaGoradau reopio
ripouecca. o yeroBrsiM paGoth CTPYH 5T PAGOTHl MOMKHO DAINCIHTL
Ha ABS IPYHIH: ONHCLBAMOMIHE BHIPaGOTKY KaHaja CBOBOIHOH 3a-
TOMIEHHON cTpyelt [73, 103, 119, 125, 126] u nmecBoGoxuoit CTpyCH
[100, 1161,

Hoekoanky erpyst, BEpaGaTHBaonias KaHA4J, OrpaHHYeHa ero
crerkaMi (D=C20 dy), ucnonbaoranue ANA pacdera Xanana 32BHCH-
MOCTed, BBBELCHHBIX M5 CBOGOIHON CTPYH, NlaeT 3aBHIIEHHHE pe-
syavratel. [103TOMY 5TH paGoTsei MBI He paccMaTpHBacmM, s3a HCKJO-
venunem P. B. Bpaywa [125], B KOTODOH BIIEDBLIE ONHCAHO DA3BHTHE
K4H4J1a BO BPEMEHH B OTKPBITHIX H 3aKPBHITHX ycaosuax. OH Been u
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HCOIb30OBAJ AJA ONMCAHUIL Npolecca NOHATHE CKOPOCTH HCTedeHHs
CTPYH, NIPH KOTOPOH HaYHHAETCs PAa3pYUIEHHE MOPOIbL. )
Cornacuo P. B. Bpayny, Bpema BLIpa60oTKH KaHaja 3aj1aHHOL
AYOHHBL B OTKDBITHIX  YCJOBHAX  ONpPeLeIsiioT B 3aBHCHMOCTH OT
MaTepHala TOpoAL, AHAMErpa HAacajKH, HAUaJdbHOH CKOPOCTH CTPYH
¥ CKOPOCTH, HPH KOTOPOH HaUYHHAETCH paspylleHHe NOpoAbl. B aakphl-
TBIX YCJIOBHAX YUHTHIBAIOT YMEHBIUEHHE CKOPOCTH CTPYH B pesy.ubTa-
T¢ MOTepb Hanopa B 1ephOpaALHOHHOM OTBEPCTHH, YTO OUEHb CJOMKHO
chedart, Mpu pacyerax. OTMeueno Takke yBEIHUEHHE IVIyOHHE! BhIpa-
GOTKI KauaJa A7 3aKPLITHIX YCJAOBH{ B NPOHMUACMHX TOpoaax, npH
MepPONALHH KOTOPLIX 4acTh MKHAKOCTH VXOAHT B IJacT.

P. B. bpayu u [x. Jonep [126] noJyunnn BHpaMeHHE A5 MakK-
CHMaJ/ILHOH TIYGHHBI KaHasaa OPH HEOIPAHHUYEHHOM BPEMEHM ero Bhi-
paBorkn, 0e3 yyeTa BJIHAHHS JaBaequs] cpenet. C. B. (DaJIbKOBYH‘I
u ap. [116] naau wauGodee nogauoe penreHue _3ajaun BEHpaGoTKn Ka-
Haja HecBOGONHOH OCECHMMETPHUYHOH NJOCKOH cTpyeil, conepxKaimed
abpa3vBHLIA MaTepuan, OJHAKO TaKkke 0€3 YUeTa JLaBJEHHS CPE,TL’bI.
Hoayuenn dopMmyanl 119 pacdera pacrnpejesienus: CKOPOCTH JKHIKO-
CTH BAOJL OCH 3ATOIVIEHHOH HecBOOOAHOH CTPYH, pacnpejeleHus
CKODPOCTH TBEPABIX YACTHU B CTPYE Uy H BIOMDb OCH Hye, 3 TAKXKE CKO-
POCTH yrapa TBEPAOH WACTHIb O Iperpajiy. 3ua4eHHEe CKOPOCTH yia-
pa TBepJBIX YacTHL O 3abofi, KoTOpoc pasjensier paspyllapiiue 1
HEPASPYWAIOMIAC CKOPOCTH, HA3BAHO HAYAJLHOH CKOPOCTBIO paspy-
IDCHHA iy, [TOCKOJABKY ONMpPene/uTh e TPYAHO, BBELEeHD TOMOJHRTE b=
HO@ MOHATHE HAYAJIBHOR CKOPOCTH Pe3alHf gy, MPH KOTOPOI YacTHUA
yaapsiercsd 0 3a00i ¢ HAYaJbHOH CKOPOCTDIO Pa3pyIleHHusL. Oqusmb
HO, BRIPA0OTRKA KaHAMA BOSMOMKHA, CCIH Uy >lon, M NPEKpPAllAeTes HA
ONPEICICHHOM DACCTOSHHEA OT HACAAKH, TA€ Ue= loy. .

®opMyna 1an pacuera BEHPaGOTKH KaHala THAPONECKOCTPYHAHBIM
MCTOAOV HMeeT TAKOH B/

(1dg)B== C[ (20 ttou) (1t Ftinc} —1], (2.18)

ric { — raybuna kagana, C — KoucTaBTA NMOCTOAHEAS A5 321aiHBIX
yCioBHH nép(popaumi (DTKprTble,“3ElebIThIE), CBOBCTEA lecka {pas-
MEP YACTHEH, €F0 MJAOTHOCTH) W CBOHCTB HHAKOCTH.

Cornacno yeJI0BHIO, eCTH iy==ligy, BHPABoTKe Kaxanaa IIpeRpaTHT-
Cd, CII0BaTEIbI,

(lmax/dﬂ]ﬁ:(:[fuo/uoﬂ)*1}. (219)

Pocr rayGunbl NpOHCXOANT C TEUEHHEM BPEMEHN, NOSTOMY B dop-
Mys1y (2.18) peeneno oBosRauCEMe Uy/uny=[o(t), npuuem fg(O,I:OTH
f.;,(oé)zl. Torna sapucumocTs (2.18) MoKHO H306pDasHTL B BHE

(Lefdo)B=C{ {uo/tiou) fu (1) —1]. (2.20)

@opMyasl (2.19) u (2.20) pexOMeHIVIOT HCHOAL3ORATLH np% pac-
HeTé BMPABOTKH KaHada ocecHMMerprulofl crpyei, npuuem B, C, ton
W fo(f) HeoBXOAHMO onpeieauTsh IKCHEPUMCHTAJALHO AJS  YCJIOBHH
nepdopauny.
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Mcenenopanie ONMTHHMX AAHHBIX SaBHCAMOCTH TIayGHHBL KaHaJa
OT HAYaJbHOH CKOPOCTH pPAa3pPyIleHHH CTAJH B OTKPHITHX YCJAOBHAX
[5] 1NO3BOAMIO YCTAHOBHTE MEXKIY HHMH JIMHEAHYIO 3aBHCHMOCTE
[IO3TOMY /18 IPOUHLIX MATCPHANOR NPHHATO f==1,

Ilpy uppMeHeHHH KHIKOCTHO-TECYAHBIX CTPYH C ONTHMAJBHOI
KOHUEHTpAalAei Tiecka B BOAC W pasMepax ero YacTHI aBTOPH paboThi
[116] onpeaeannn ana sakpeitelx yeioBuid C=1,3, a 48 OTKpHI-
Teix — C=7,0. Croab Goapmoe paszauude Kosdduurenra € He
COOTBCTCTBYRT PR3YALTATAM ONBHITOB JPYFMX HCcAepoBaTesell no onpe-

’

fod
. 1 4 J
A Solt)
c.8 a8
8,6 86 |
0.4 04 L s
o 5a 100 T, mun o 50 100 t, M.
a )
Puc, 2,12, Tpaduxu dyukoun fa{f):
!4 &, 47 — orkpeiteie yeaoeus; 2, 4, 47 — sakpmTue ycnosma: f, 2. 3, 4, 47
Necu3dHHK, UEeMEHTHBH HAH HCKYCCTBEEHHA KaMmeHb; &, 37 — MDaMoD, crain; 4%, 4% —
kpueeie C. B. Qainkceywa n np. {116].

ACJNCHHID TAHHB KAHAJA B OTKPHITHIX H SaKPHTEIX YCAOBHAX, 103TOMY
TAHHbIE BEJHYHHBI HEOOXOAHMO YTOUHHTD,

®ynkuna fo(f}, npeacrapiendas [116] rpaduuecku ma pme. 2.12,
HOCTPOEHA [0 RAHHEM €AHHHYHBIX SKCHEDHMEHTOB, BBIIOJHEHHBIX TPH
AaBJeHHH CPeAH, MeHbiueM KpuThueckoro (6). lpu pacuere anauenuit
Gysrin fo(f) Imax TPHEHMATH O TAHHBLIM HCCJAEAOBIHHH IPH KAKOM-
TO 3a]2aHHOM KOHEYHOM BpeMeHH BHPalOTKH KaHada. DTO NPOTHBOpE-
YHT YCA0BHKY [o(00)==1, NOJOKCHHOMY B OCHOBY TNONYYEHHS RpHBe-
NeHWHX dHAJIHTHYCCKHX 3ABHCHMOCTeH, H BHOCHT CEPBE3HYK) NOTpell-
HOCTh B PeayabTaTbhl pacuetoB. C/AeZ0BATENLHO, NPEXAe UeM HCIOMb-
goBath Meroauky C. B. @axpkoBsuua, Heo6xoiuMo Bosee 060CHOBAHHO
ONpeIeAHTh 3HaUeHHA PyHKuHu fo(f).

3HAUEHUA oy DEKOMEHAYIOT JOJYYATL NYTEM SKCNCPHMEHTOB Ha
crenfe [5]. Hdaa HEKOTODHIX MATEPHAJOB TaKHe JAHHBE CBeIeHbI
i Taba. 2.2,

Koueuno, mposeaenne ONLTOB HA CHELUANLHOM CTEHAE TIO Oupese-
ACHHIO Hom IS PA3TUIHBX 00PaA3NoOB NOPOJ, OTOGPAHHEIX H3 TOPH3GH-
108, nogrexamux T, cromno, a nopoii weposmoxuo. Heobxoznmo
HBBICKHBATL HHOH HOAXOJ OINpeJe]eHHd HadaabHOH CKODOCTH DA3py-
IIeHHA TOPOA.

C yueToM TOro, 4TO 1JS NPOUHBIX MAaTEPHAAOB f==1, npuBeIcHEBIE
3aBHCUMOCTH HPHIHMAKOT TAKOHA BHJ:

hmax =doC[ (toftion) —1];  (2.21) Li=doC[(oftton)fo(t) —11.  (2.22)
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C.1ejoBAaTenLHO, 3ABHCHMOCTh, noayuenHas €. B. dannkosnueM
g xp. {116], HanGosee 110JHO ONHCHIBART MIpOliEcC BHIpAbOTKY KaHa-
JIOB, OAHAKO Iepel €e UCTIONb30BaHReM TPebyeTcs YTOUNHTh 3HAHCHUS
koapgunuenra C H GYHKIHH fo(f) Ipd pasHEIX YCJAOBHAX PaGOThl
CTPYH, a TaKMKE YCOBEPUICHCTBOBATL METOMAHKY OIPEJeNeHIs Uox
AJiS PA3AHUHEMX NOPOA. o

Meroduka ob6paborky pes3yaeTaros CTeHOogbLx UchaiTaRrul, obec-
neyusaoman nod2oTo8KYy UCXoOHelx dannbix Oan packera. Oag pe-
UeHMs TOCTARJIEHHBIX 3aj1ay paspaforada MeTcAuKa 06pabOTKH HC-

Tadauya 2.2
3HAYEHHMS HAYAJIBHOH
CKOPOCTH PA3PYIHEHHH i

SKMIKQCTHO-TIECHAHOR CTPYEH

dore
flo pa550re ﬂo[ggﬁ]
Martepnak —TrT e
B, Me LT uc
[lecuasuK TYILCKOID TOPHIOHTA 4,0 —
[Tecuanns GUTYMHHOIHBIH 4,0
IMecuaug  MedeKecckoro  ro-
pu3oHTA 4,1 —
HexveeTResHBI KaMeHb
{Oem=20 MITa) 5,1 —
[lecuanuk maacra Dz V 6,3 —
MpamOp KanelEHHPOBAHHEIA 7.4 7.3
I'panuroraedc 11,0 —
['panHTOKBapi, — 12,0
HasectHAK A0JCTOMUHH3HPO-
BAHHBIA . 1[2,3 24
Crans i 25,0 —

XOIRBIX JAHHBIX, KOTOpas OGEeCIEUHBAST INOAYYEHHE HEJEKHBIX
3HAYCHHIL MCKOMEIX BEJNHYHH ¢ YyeToM ycJaoBuit pafoTm crpyx. CHa-
yana pesy’ALTATH IKCIEPHMEHTOB, NpHBedeHHble B Taba. 2.1 [5, 34,
63, 89, 104, 119 # ap.), pa36HTH Ha UeThipe I'DYHNBL [I0 TAKHM TNPH3-
HaKaM: JABJEHKIO CPeibl ¥ HAJHUHIO METALIHUECKOA nperpajisl mepei
mopoAol (OTKPBITHE H 3aKPLITEIC YCJOBHA).

Munoroobpasie yc1oBuil H (QAKTOPOB, B/MAWIIAX Ha BLHPabOTKY
KAHA/JI0B, OOVCJOBIHBAET CJOMHYIO KAPTHHY NPOUEcca H BJAMACT Ha
(OpMY KPHBEIX H3MeHeHHs IJyGHHBI KaHaja BO BpeMeHH, H300paxeH-
Hbix Ha puc. 2.11. )

Has noaydenust o00OWIAIINX [OKasaTeaed, XapaKTepHsYIOUIHX
pa3BHTHE K4Halna BO BPEMEHH B DPA3HBIX YCJIOBHAX, KPHBOJHHEHHBIE
3aBHCUMOCTH, KOTOpPBE ONHCAHM B HCCJAE/IOBAHHOM NpOMeXyTke GYHK-
uneit (2.17), Mbpl npeoGpaszopaiu B JAHHcHHBIE. B Kauecte (YHKIHH
LJIST BHIPABHABAHAS NPHHATA 3ABHCHMOCTD

¢
A+ BE
53578 65

/y

(2.23)



BripapHIBAHHE OCYLIECTBJIHAH IYTCM MPCOOPA30EAHHA 3aBHCIIMG-
¢t (2.23) K Buay

1 1
—=A---5, (2.24)
I !

rae A — yraopoit xosdhUIHCHT, XapaKTepHsyIOIMui PoCcT Kauadaa Bo

spemedit. Hew Soaslue A, reM MeSIeHHCE VRCAWTHBACTCH CAYOHHA Ka-
HaJ1a B0 BpeMerh.

, . |
Xapagrepno, uwro lim /, = lim ——— —.

' FE d L) A + B [))
t

[Tosrowmy, onpceans yuactox B Ha OoCcH OpPAHHAT, OTCeKaeMbll npe-
voR 1/L=](1/f), ncrgo paccunTath rayOully KaHagd [IpH HEOrpaliH-
UeHHOM BpeMeud BHPAGOTEU, KOTOPAS H CAYKHT HCKOMOH MAKCHMAJb-
HOll rayOuHOl Kanana AJs AaHOBIX YCIOBHH H MapaMeTpoB NpoLecca

[IpH ofpadoTye MeTOAOM HAlIMEHDUIHX KBajpaton HCXOAHBIX A4H-
ubplx (Tafqa. 2.1}, upc/craBaeHunly B BHAE of0paTuny Beqauuudn 1{[,=
=f(l/t), xospdrauHedAT KO-

T

-1 -r
L M

peasHi paBex 0,955;}?;-_-‘%:(
i
=21,00. CreaoBate bue, vora-

HOBJCHO HaaHYue TCCHOH CRi-

3M  VKA3AHHLIX  TADAMEeTpOB,

TouHocTs pacderos

33HHOH 323BHCUMOCTH RBEICOKA,

400  cpenHeKBapaTHUeCKOe

DTKJOHEHHEe ONLITHHIX 3Haue-

HHA (YHKUHE OT pacyerHbly

BHIpaweduil, coraacuo {(2.27),
5 Ha aBa H Qogee  NOpH KD

MEHbLIIC 3HAYCHHE GVHRLIEH.

Ha pue. 213 B kauecres
npuMepa rpadiHueckn H3odpa-

KeHbl  AAUHMe  HeKOTOPHY
t'wue™! OMOBITOB, ofpafoTanHble  no
NPeASOKEHHOMY cincoby. Pe-
3yARTATH Pacteron kosdpu-
uuentos A w3 W ux 3uaye-
HHs TpHBeacHel 5 tafa. 2.3
Cpenune anauequs Acp u By paccuutaiisl 0o ONBTAM, TIPOReAeHHBIM
OpH KOHUEHTpalHH mecka He Merec 35 Kr/w?

Hermoaw3oBaiine Tagoro noaxola TWO3BOJHIAO KOJHYECTRCHHD OILE-
HETH PAIJTHTHS CKOPOCTH POCTA KAHAJAd B 3aBHCHMOCTH OT YCJI0BIH
onkwita. Tak, Hanfogee MeAeHHO VBeJAHTHBARTCH TAYOHHA KaHaaa
Aep=0,0853 B 3aKPHTHX YCJIOBHSX NPH OTCYTCTBHHM KABHTALMH, KOria
PCD>PCD.KP—

0.02 ¢

0.0/

~ L

8,12

Pue. 2.13. 3apucnMoctd rayfuil KaWaoa oF
EPCMERN  BLIP2OTKIT  TOCIE  BRDARITR:IHA,
Coomiadenua Takie @te, Kax 1 Ha puo 211,
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N OnniTA

LA L2 b3 —

17
18
19
20
21

22
23
24
25

27

28 |
29 |

30

31
32

5#

| 3iaveHne

Tadauna 2.9

PLE3Y/ILTATH OBPABOTKU HCXOAHBIX AAHHLIX NCCAELOBAHMH
THAPONECKOCTPYHHOW [TEPQOPALIHYH *

¥ My

Cpeaiea

Cpeanec
3l1avenne

SaEpLITHE yea

Cpedace
3UAMElne
(Bes oum.
Ta 203

Cpeauec

|
,

MM A

|

i
\
|
|
.

‘ HOH’ . m)!

5

{
[T i
|

wMiT,

max, (110 Gop-

S

; (2,28}

popray-'
ne

{2.21) i

b,
MM

Fo (8

0,0315
0,0350
0,0252
0,0321

0,0331
0,1047

0,1030
0.0700
0,0666
0,1600
0,1620

00853

3HaueHHe

0,031810,00396

Bupadorika

232
0,00444 | 295
0,00496 | 201
0,00575 | 173
0,00643 | 155
0,00510
D,00928 | 108

0,00337 | 296
0,00440 | 227
0,00667 | 150
001500 | 67
0.00820 | 122
D,00565

Kanaaos
OTRpHTHE yeI0BHA, Jdakaciue cpefrl G0abHIe KPHTAYECKOT0

4,8
54
6,8
76
8.3

13,3

5,4
48
6.6

7.8

[

[ 1,42

143
1,62
1.58
1,54

1,50

1,50
1,50
1,50
1,50
1.50
1,50
1,50

1,67
1,30
1.19

1,10

1,30
1,30
1,30
1,30
1,30
1,30

183

155
120
121
119

145
69
77
73
€0
68

0,67
0,58
0,58
0,58
0,58
0,58

Qeiid, Jdapdeilde <pednl Goabie KPUHTHYECKOrQ

— T
[NV SRS e

OTKpb]TbiEj YCAOBIA, DapJeHue CDedbl Melbll# KPHTIHUECKOTO

i
!

CpeiHee
3Hauens

Cpennec
3HAYeHRAE

0,0128
0,0188
0,0222
0,6179

0,0760
0,0730

0,0745

0,00116 | B6S
0,00214 | 467
0,00232 1 431
0,60187

0,00360 | 278
0,00500 [ 200
0,00430

4,2
6,4
5,9

|

13,3
199 | 7,6
164 | 58
114 | 09
114 | 50
114 | 61
a6 | 19,3

r 6,7

99,4

0.0

8,5

154
124 144
72 | 43
83 | 7.8
60 | 17.8
53 [ 116
78 | 147

11,7

(159

L 61

| 191

137
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Hpodoasenue Taba. 25‘

! i | [
g ok 1 \ \ i:?cﬂy \ o oo aimax
Z 1 e, uu bmml A B Hbﬂih ‘o fpc‘,l]']‘[bogl?. ‘o Fo i£) ? Mm| HIH
> | i [omyae | glapy | MM h By, %
2| | (7.28) ! &
33KPBITHE YCJAOBHS, HABJCENC Ccpeinl MeHBUIC KPHTHYECKOID
34 0,0190 | 0,00320! 312 5,4 11,96 ! 13,2
35 0,0180 | 0,00340 | 294 63 | 2,17 ‘ 21,6
36 0,0134 | 0,00271| 369 44 | 1,88 10,6
37 0,0248 (0,00279( 358 42 | 1,38 23.1
38 0,0336 [0,00330; 302 48 11,33 1276
39 0,0448 | 0,006851 146 7,9 | 1,63 e 11,1
© Cpenuee | ‘ : :
3HAYEHHe | 00256 1 0,00371 1,70 ; i
44 ' 7,7 11,70 85 | 0,73 | 120 | 411
45 77 | L70 | 160 1073 | 175 | 94
46 | 6,7 | 1,70 | 145 } 0,73 | 129 | 41
47 i {90 | 1,70 | 100 073 | 101 | 10
48 ‘ P90 1,70 | 162 1073 | 130 | 199
Cpennee I ! l | ,
sHagenye | ! | i 16.6
BripaGoTxa Wiean, JaBJIeHie cPeIbl Menblle KPITHYeCKATo
49 70 6 10,0240 00022 | 454 | 64
50 70 6 100180 | 0,0021 | 476 | 6,4
51 15 15 [0,0110 {0,036 : 179 | 6.4 1
52 60 6 |0,00150( 00031 | 322 | — ! !
53 120 6 10,00060¢ 0,0025 | 400 | — |
54 15 115 |0,0122 10,0070 | 143 | —
55 250 18] — ' — | — 48 384
56 15 5 — . — § — | 48 327
| | | ! ‘
* Maa pacweTa C, corllacio AaHHhM OILITOB [—16. 1IDMHHMMany JnavcAye Koaddauuenta

pacxoaa, papHoe 0,83, Kak 570 6Li10 OUPSACICHO 3KCOSPHMEHTATOPaMH. B oCTAABHAIX cnyda-
ax - 0,89,

*r Buicota mieas.

% [llupHHa eI,

Heckouapko GpicTpee BolpabaThiBASTCS KAHAJ B OTKPBITHIX YCJAOBHAX
MpH OTCYTCTBHH Kaputanud Acp=0,0331. [Tpu naBjeHHH CPEABl MeHb-
1Ie KPHTHYECKOTO CKOpPOCTE BHPaOOTKH Kadada eme Goapile Boapac-
taer. B 3akpHITHX ycI0BUsX A =0,0256, a B OTKPBITHX YCJIOBHSX
Ap=0,0179. Ilpu nepdopauuun B cKkBaKHHAX NO100HBE 61aromnpHiIT-
HEIE YCJOBHSI C03]14Th [I0KA He yiaBalioch, XOTA CTPEMJEHHE K 3aTOMY
MOXKeT OHITL OAHHM H3 HANPABJeHWH yBenHUCHHA DA3MepOB KaHamla.

3HauenHs pPACYETHHIX MAaKCHMAa/JIbHBX pPA3Mepos MIyOHHBI KaHAJOB,
CO3J1aBACMHEX B YCJOBHAX ONEITOB, ONpeleJeHH ¢ HCIOJb30BalHEM
HaiigenHoro pasee B u3z sapncaMocTH (2.25). OHu 3HaunTeABAD OT-
JUUAKTCH OT OUKMTHLIX 3HAYEHH, ONPEAeNAEMBX NpPH NPOBEICHHH IG-
POTOCTOANTHX JNHTENBHEIX aKCTIepHMenToB, H 6onee tounsl. Hanpumep,
o nadHEM onbita N 34 ta6a. 2.1 paccunrano mo pepaxerH© (2.25)
lnax=302 MM, TOrAa KA4KaBTOPH 3KCHEpHMEHTANBHO {32 BPeMd Melb-
nre 100 MEH) ONperejHaH ero 3Havenne, paBHoe 260 mm (omubxa 14%).

58

Jdast crasu apu AP=15 MIla onpeieneno [pax=232 MM, a mo iau-
noiM [116] — 172 MM 3a 140 Mun (omubra 26%). 3auukenue 3Hade-
wHst Linax BAeUeT 32 cobofl yBEJHYCHHE TEMIA DOCTA BhIpaBoTKH KaHana
EOG BpPEMEHH H C0314eT HENDABHJLHOE IIPeACTABISHHE O BO3MOXHOCTAX
IpoLecca THAPOMeCKOCTpYiAHOH nepdopanun. bonee rounoe ompenrene-
EHE lmax [0 Gapmyae (2.25) nossoganer 0GOCHORAHHO NOAOGPATL peiku-
MBI NpOLecca.
3HaueHHe DYHEKLHMH

f(}(ﬂgltﬂmax (226)

pekoMenayercst [116] ompeaensTs Hs 3KcAEPHMEHTAJLHBIX GAHHBIX.
B 370t padore npeactapiaed! HaobpaxueHus dyuxund fo(f), noctpoen-
Hble N0 AZ3HHLIM EiMHHYHBIX OTBITOB B OTKPBEITHIX H 32KPBITHIX YCHAO-
BUSIX M JABJCHHH CPEABl MEHblue KpurHueckoro (cM. puc. 2.12, 37
H 47 6).

3ravenna GyHRUMA fo(f) MOKBO PACcCUMTATH TOUHEE ¥ HajexHes
nogcTanoskoil Buipaxenns (2.23) u (2.25) 8 dopmyay (2.26) B TaKoM

BHAS fo(t)=Bept/(A-+Beyt). (2.27)

rie Bep — cpedRHC 3HAUEHHA KOHCTANTH B, onpejeideMule 1na zanan-
HBX yoioBul (Taba. 2.3).

Ha pue. 2.12, @ rpajgnueckn uaobpamedsl pacieThble H ONLTHHE
anaveHHa fo(f), oupedeieHubie BOepBbie 7jA OTKPLITHIX W 3AKPBITHIX
VCIoBHI TpH AaBJAeHHH cpeabt 60JIBIIE KPHTHUYECKOrO A1 THAPOMECKO-
cTpyHHOH nepdopauHH NecyaHHKda, UeMEeHTHOrO H HCKYCCTBeHHOTO
kamusi. [Ipn onpenedenus By Ang NOCTPOCHMA KPHBOH HE YUYNTHBA-
JHCH Javpwie olikiTa Ne 20 (Tabfa. 2.3), noayveHHEe NPH HCHOJR30BA-
HHH MeJKOo3cpHHcToro necka ¢paxkuun 0.3...0,8 mM. OtMeTHM xopo-
uiee COBIAJLEHHE PACYETHHIX H ONEITHHIX [LAHHBIX,

HeobxoauMo nogdepkayTh SOABIIVIO pa3HULY B CKOPOCTH BeIpaboT-
KH KaHa.a AdA OTKPBITLIX H 3aKphITHX YesoBnf. Tak, Hanpumep, ecan
3a 30 Mun BepadarteiBaeTcs 82% or MakcuMaapHOH TayYOHHBE KaHaTa B
OTKPHITBIX VCJIOBHAX, TO B 3aKPBITHIX — Todasko 67%. 3a 15 Mun sta
pasHila yBeHUHBAETCS elle Sospuie, cooTBeTeTBeHo 70 1 49% . Orme-
YEHHYO 0CO0EHHOCTL BRIpaBUTKH KaRaJ03 HeOOXOIHUMO YYHTHIBATH [pH
HPOEKTHPOBAHNY Npolecca. Bpems BHPaloTHH Kaidana B 3AKPHTHX
YCNOBHAX A0AKHO cocTaBaath 40...60 wmua, a ne 20... 30, Kaxk 3T0
cuuraiock padee [5, 105].

Ha pue. 2.12, 6 npeactaBicup KPUBHE, TTOCTPOCHHLIC 415 JABJACHAR
CPeLbl MEHDLLIC KPHTHYECKODO. TakKHe AaB/leHns] Haduopda0TCd lIpenMy-
MeCTBCHIO NIPH BHIPaGOTKe KAHAJOB B CTCHAOBRIX YCJIOBHSAX HJIH B HE-
rayGoknx, MeRee 200 M, ckBaxuHax. 31ech Mbl uMeeM 00paTRYIO Kap-
THHY — 3uauenue GpyHKuMM fo{f) B 3aKpPLITHIX VCIAOBHAX (OAblie, UeM
B OTKPBTHY., [lo BeelH BepoATHOCTH, 5T0 GBYCAOBIEHO OCOGEHHOCTIMH
KABHTAHHOHUOTO pA3PYlleHHa H CBA3AHO C OYeHb GOJLLIMMH pasmepa-
MH abCcOMIOTHBIX 3HAYeHHH TAYOHHB KaHana B OTKPBITHX YCJAOBHIX.

[Tpn obpaboTke MaTepuaos ONBITOB [DH] MO ApeMIONKEeHHOH
MeTOIHKe BEISBJIEHO, 4T 3WayeHue Kosdduuuentos A m B B ypasie-

oy



uunr  (2.23) swanpredasio oTauuaercs (Tada. L., Aas OOHOPORHBIX
MaTepuasoB (CTadb, MPaAMOP) M MATEPHAJIOB, COCTORLIHX H3 CUEMEH-
THROBAHHBIX YACTHIL (MecuaHHK, WCKYCCTBeHHHIA KaMenn). Caemosa-
TEJADbHO, MCXAAA3M PA3DYIIeHNH 3THX MATePHAJ0B pa3dHusbil. B nep-
BOM CJaydac Mpeoddanaer 3IPO3HOHIOe paspyILeHHe, BCO BTOPOM —
lapylIeHHe CHT CLENACHHS) MEMKIY 3CPHaMH, BCJACACTBHC YEro paspy-
UIEHHe lIeCHIHHKA TIPOHCXOAHT OopleTpee. B janpHelimeM  0o/83H0
IPOBEPHTE, COXpaHAeTcH Jju nogobHas xapThHa AjuA BepaOOTKM Ka-
UaJ08 TPH AZBJeHHH CPOABl B0JbIIe KPHTURECKOTO.

HakoHen, conocrasiag jaudsie puc. 2.12, ¢ u 6, MoMeM 3aMeTHTh,
YTO 3HAYeHHA QYRKLHU fo(f) B OTKPBITHX YCAOBHAX (pH NABJEHUSX
cpeibl BONLIIE KPHTHYECKOrO H B 33KPBITRIX YCJAOBHAX IpH AaBJACHHH
cpeip! MeHLNIe KPHTAUECKOrO TIPAKTHYCCKH CORTIALE T,

CaMoe MeAdeHHOe NpHOIMMKCHME K MaKCHMAaAbHOH IZJHHe KaHaJa
pagam1acTed B 3AKPHITBIX YCJAOBHAX NPH AABJICHHH Cpelbl Godblie
rpuTHdeckore. Breapenve B npawrvky wmeponpusatuii, ofecrneunsnaio-
12X TEPex0Jd K OTKPBITBIM YCJAOBHAIM, HapsaAy ¢ H3BeCTHHIM 3dibex-
TOM YBCJAHYCHHS AJMHHL KaHaad, LBO3BOJNHT COKPATHTL speMs nepdu-
PAUHH AJ8 AOCTHMCHHE TOTO Ke 3HatueHHdA J; B TPH pasa.

Onpedeaertie HQUAALHOU CKOpPOCTU pazpyuienus nopode:. Havaan-
ilag CKOPOCThL pa3pylIenns nopoiel crpyef ¢ abpazusoM SBJAHETCS
OIHHM H3 OCHOBHHIX TApaMCIpOB, KOTOPHA XapaxTepH3yeT croiicTBA
paspylwaemMoil Nopoibt M CTPYH, cojdepmamel adpasuBHBIN MaTepnan

3HAUCHHS! oy, HPHBEHEHHBle B Talsa. 2.3, coorBercrBylor abpa-
3HBHEIM CBOHCTBAM BOJCNECUAHON CTPYH 10 OTHOWIEHHID K OIpeiIc.eH-
HBIM BHAAM Pa3pyllaevblX DOPOI, 0AHAZKO He3 yueta HX NPOUHOCTHBIX
CBOFCTB. Al MpakTHICCKHX efeil BechMa YHTEPECHO NOJYYHTL Ta-
KYH 3aBHCHMOCTb.

Yike yooMmuHagoch 0 peosviabtatax uccacioBasnfi A, K. Kosonos,
A. A, Docenxo [H6]. BRINOJTHEHHBIX Npu AdBJAEHIH cpelbl GOJbLIC
KPHTHUECKOro, KOTOPLIMH VCTAHOBJACHO  HaJuuue JHHEAHOR cBa3d
(2.15) MemaV KPHTHYCCKHM 14BJeHIeM DaspyIlenis # MPOYBOCTEIO
NOpo3 Ha CKATHE.

BeluHCieHHC OCeBOro KPHTHUECKOTO A2BJEHHSI CTPYH aBTOPHI fIpO-
H3soanan fo gopMy.e (2.12), noJaras up==ticp, TAE Ugp — 3TO CKO-
pocTh CTpyd ¢ 20pasHBHBIM MaTepHasoM, KOTOopas N0 (GHIHTECKOMY
CMBICJAY CODTBETCTBYET Ugoy. [103TOMY, npupasuse dopMmyasl (2.15) n
{2.12), onpecgeanm

Uy = V Koo' LB, (2.28)

Hag paspyulenns o6pasios NoOpOL H HCKYCCTBEHHOrO KaMus BO-
JonecyaHbIME ¢TpysMH MH onpexeanaun K=0,0018. Toraa dopmyaa
{2.28) npuaIMacT Takol BU:

iton = 108 1 o (2.29)

ric oem, L\ina. ton, M‘"C.
Oanaxo npi pacdere napamerpos [TIT aas nepdopauun niactos
B pa3pese CKBAKHH YUYHTHIBATL IIPOUYHOCTEL 1OPOLBl 3HAYHTEILHO CJI0M-
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iree. JTO BBIZBAHO OTCYTCTBHEOM JOCTATOHHOrO KOJIHUECTBA KepHOBOrO
MaTCpHaIa B TPYAHOCTBIO IOCTAHOBKH IKCTICPUMCHTOB MO Onpeiedc-
HHIO G [IPHMEHHTENBHO K IJACTAM KaMJOH CKBRMKWHB, rie fmpej-
aaraeres nporoauThk I'THL TMostomy Heo6XOMHMO HARTH HHOH nOAXOI.
B pabote [24] oTMeuaeTcH HaIHUHe KOPPEJANHOHHONH CBRIH MEMKIY
OPOYHOCTHHMHE M KONMEKIOPCKHMH  CBOHCTBAMH  TOPHBX  NOPOL.
Creiledb TECHOTH 3TOH CBsI3W OLIBAET pa3)HYHOH, [IOCKOJLKY OHA
3aBHCHT OT THIA H COCTARA LUEMCHTHDYOWEHX Bellects. Tam ke 1pH-
BOAATCA rpadHKH, WIIOCTPHPYIGUIHEe 310 noJoxkeHHe. Ha puc. 2.14
6c.’w’,'

Mo

240
200
60
20
80

40

0 J
4 8 12 16 20 2% Kp %

Pre. 2.14. 3aruciiMoCcTh TPOUHNCTH TIOPOA HA OLEHO-
NCHOE CHATHC OT NOPNCTOCTH AGPOI:
i — poraacao pabGorte [24]; 2 — nas nopog JIpeakapnatrss.

lPCACTABACHEL 3aBHCHMOCTH NPOUHOCTH [OPOIR HA OAHOOCHOC CHKa-
Tig OT €€ TePHCTOCTH.

3akmouenne o UOPHCTOCTH KOJACKTOPOB, KOTOpas sA8adeTcd ol-
FuM U3 OCHOBHGLIX 1 nawbosace OO0OCHOBAMHHLIY TapaMeTpOB, Xapak-
TePH3VIOWHX  HPOAYKTHBHBIC 11&CTbl, NPEACTABJALTCA 10  BCEM
miacTaM pa3spesa, [O3TOMY [OJVYHTh TAKHEe J@HHbIe BCChMa .Jerko.

Pacnoaaras 3aBHCHEMOCTLIO IIPOUHOCTH MOPOAE OT €& JOPHCTOCTH,
Jerk0 Onpele]uTh NapaMeTps npolecca [PUMeHHTENBHO K pA3HBIM
NPOAVKTHBHEIM TJACTAM paspesa  JAaHuo#  ckBamunel Hanpumep,
nycThb Heobroaumo mnposeeTs [THI necyanuka APOAYKTUBHEIX OTAO-
weHui Buyrpenuein sount Tlpeakapnarckoro uporufa, xapaxkrepu-
3YIOIIerocs B OAHOM HilTepBase nopHucTocTblo 16%, B apyrom — 10%.
COOTBETCTBEHHO ONPCASTHM 3HAUCHKE 0o =050 MITa n oux=— 100 MITa,
ROTOPBIM COOTBETCTBYET Uon=054 R Uey==10,8 smfc. Hcenoassysa 3TH
Rantple 1ad pacueta rIyOHHBL KaHAAA, MOXKHO PAUHOHAJNBHO MOCTRO-
HTh TEeXHOJOTHIO Tpellecca, HanpiMep VBeAHIHTL nepena JaBlJeHH#
Ha HacalKe HJA BpeMa BHpabOTKH KaHajda B Gojee TpoyHol noOpoje.

Pacuer eaybunnt rxanaaos, eepabareisaemorx 1111 g yrouHe-
Hist 3Haueyufl koHCTauwThl € HCMNOJb3yeM pe3y/bTATH IKCIEDHMEHTOB



Taba. 2.2 n sapucumocts (2.21), B KOTOpoH Teneph H3IBECTHHL Bee
OCTajbhbie 3HaueHns. B Tala. 2.3 npuBefeHbl Pe3yabTATH PACYETOR
aHaveHHH uden DO Qopmyie (2.29) u C no npeobpasoBanuoll 3aBHCH-
moct (2.21) 1adg paccMaTpHBaeMmbIX ONWITOB. OnpefeddM 3HAUCHHE
Ccp, KOTOpPOE HCHOJb3YCM AJS NPOTHO3HBIX PACYETOR AMMHBI KaHAaJja.
Cpejnee 3HaueHHe KOHCTaHTH Cop, XapaKTEPHIVIOWEN 31eCh KAYLCTBO
a0pasHBHOro MaTepHasid H Ha/JHUHE MeTA/IHYeCKOR TMperpajel, a Tak-
e BAUAHNE LaBACHHsI CPEAH, ¢ H3MEHeUHeM NOCJEeIHEero 3HAUYHTEJAbLHO
OTJIHYAETCH,

Takum obpaszoM MOXHO ONpeledHTb BCC HCXOARWE 3HAYSHHH A5l
pacuera JJdHBL Katajna No saBHcumocTH (2.22). Doaemoll npaktu-
UecKHH HHTepeC MpelcTaBJACT OLEHKA NMOCPEUHOCTH pacyera OMKgae-
MOl MAKCHMAJLHO/ JIJHHL KaHatla HJIH BupaGoTaHHOH 3a onpegenen-
HOe BpeMs nepdopauny NpH ODHCAHHON ITOArOTOBKE HCXOAHLIX J2H-
HBIX JA0$ pacuera.

OTHOCHTENBHYIO NOTPEMIHOCT, pacyeTa MAKCHMadbHOW rayOunm
KaHana (B %) ompeleasii H3 TAKOTO COOTHOLIEHMS:

M
{max — (Imax — ‘{max) 100/l ge: = (C — Ccp)lOO/C, {2.30}
rie Imax OmpesensorT H3 BHpamenus (2.25): [max — u3 bopMynm
(2.21) npu C="Cqy.

OTHOCHTe BRYIO NOTPEWIHOCTL pacdera TIyGHHBL KaHana, Belpaba-

THIBAEMOTO 3a ONPeJAeJcHHOE BpeMs, MOKHO PACCYHTATL H3 TOH Ke

3@8BHCHMOCTH, [i0JCTABHE BMECTO [max 3HAUYEHHEe Et, jaMepeHHOE B 06-
A A

pasue (cw. raGa. 2.1}, a BMeCTO [max — 3HAUCHHE [}, PACCUHTAHHOE
no saBucumoctTd (2.22) npw C=C¢p. 3uauenua [o(f) onpemeasior
u3 pHC. 2.12,

H3 npusedennsix B 1abia. 2.3 1aHHBIX BHAHO, YTO CPEAHAS OTHOCH-
TeMbHAS MOTPELIHOCTL pacdera TJAYOHHBI KaHaaa 10 3aBHCHMGITH
(2.22) ¢ npuMeHeHHeM H3/J0MEHHOrO MOAXONA ONPeleNeHHA HCXOIHEIX
LAHHEIX [PH OTKPBITBIX YCJAOBHAX nepdopaiud H JABJEHHA CPEAD
foapule KpHTHUecKoro coctasaseT 6,7%, a mpH 3aKpEITEX COOTBET-
creerno 11,79%. CaeiopaTelLHO, H3JOMEHHAA METOLHKZ IO3BOJAET
MPOEKTHPOBATE peXXUMLI BRHIPAOOTKM KAHAJOB.

KpoMe sTOro, Bnepsple NOsIBUIACh BO3MCHKHOCTH ONPEIEJHTHL TJy-
GHHY KaHaJja TIpH O4HHAKOBLIX 11apaMeTPaX mpoHecca H PAasAHIHEIX
yCn0BHAX pabOoTH CTPYH, @ TAKEKe B 32BHCHMOCTH OT NPOYHOCTH TMOPO-
Il M TAPAMETPOB HPOLECCA MPH HeH3MEHHBIX VCIOBHAX.

B Ttabsa. 2.4. npuseaeHsl pPesyAbTATH pacuera H3MeHeHNS rAyOHHEL
KaHaJa B 33BHCHMOCTH OT YCAOBHH paGoTel CTpYH RAA NOPOA cpeaHel
rpouHocTH. M3 gaunmix Tabauikl BHAHO, 4TO MAKCHMAaXbBHas TAyOHHA
KaHaJa, BHpaBoTaHHOrG B OTKEPHTHX VCAOBHAX NDH AABJEHHH CPeIhl
MEHbIle KPHTHYECKOFO, MPHMEPHO B ABa pasa OOJblUe, HeM B 3aKPH-
THIX VCJAOBHAX, H AaBJAEHHH cpeibl H0JblIe KpHTHYECKOro. B pe3y/ibra-
Te CO3AAHHS OTKDBITHIX YCJAOBHH MaXCHMadabHaf IAy6HHa gaHaJda IIpH
1aBAeRrH BOALIIE KPUTHAECKOTD MOMET OHTH YBEJIHUCHA BCEID HA
15%. Oanako B peanbHBIX YCIOBHHX NepdopauHi CKBAXKMHBL BpeMsi
BRIPaGOTKH NPaKTRUECKH He MoKeT mpeBmmath 30...60 mun (B oco-
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Obix caydaax 100 muu). ITocKONbKY CKOpOCTh BREIpaGOTKH KaHaxa B
OTKPBLITBIX YCJAOBHAX Bbilile, YeM B 3aKPHITHIX, Pasauune raylOuusl Ka-
Hasa 34 YK23adHOoe Bpems 3HaYUTeIdbHO Goabiue u aocTaraer 409%.
Ecsan speMa uepdopailin cocrasaser 20 MyH H MeHblUIe, 3Ta pasuHHla
Gyaer eule Goaweme — 50%. [losromy npelHaMepeHnoe H3IMeHCHHE
yCAOBHE BHPAGOTKH KaHa/la, 3aK/l04Yalolleecsi B HCKYCCTBEHHOM CO03-
LAHHH OTKPHITHX VCJOBHI, 4BjseICS pPeaTbHBIM DPE3CPBOM VBEJIHUSHHS
ray0OuHh KaHaaa.
Tatauya 2.4
M3MEHEHHWE TJIYBHHBI KAHAJA B 3ABHCHMMOCTH
OT ¥CAOBUM PABOTDI CTPYH*

OTKpPHTBIE YCrOBHd 3aKpoiTHE YCAOBHA
{, MBH | ¢ Fo (0| gy, wm | Lo c ! fo® ! L, MM [ dg oo
| \' r
Jasaenne cpelipl Menblle KPHTUUECKOIG
20 1 28 1 068 228 | 26%| 17 | 073} 150 | 1,7
30 2,8 | 0,78 | 265 | 2,6 L7 | 0,81 167 | 16
60 28 | 086 292 | 25 1,7 ) 090 | 186 | 16
100 28 1 092 314 | 23 1,7 | 0,94 195 | 1,4
o 28 ' 0 342 ) 21 1,7 11 208 | 1.3
i i ! i
Jdapaenue cpean BOAbLIER KPHTHYECKOrD
20 151 075 ) 136 | 1,6 1+ 13 | 0,58 89 | 1
30 L6 | 082 149 |14 © 13 0,67 | 105 1
60 1,5 ] 09 164 114 0 1,3 ) 075 118 4 1
100 15 1094 172 | 1,3 ¢+ 13 1 087 137 | 1
o) 1,6 | 1 183 | L1+ 15311 159 | 1

»

| T !

* ¥Yonoeus pacdera: dy=45 MM; AP=30 MIla; u=089; ;=214 m/c:
0oy, =50 MIia; u, =75 mic.

** Juavense [, oNpejpeascTed Kak ovnomedwe nwbolt §, . ® I, pac-
CUHHATAHHOMY 715 SHEDRTRIX }‘L‘.‘JUSHH P JABJIEIHE GonsIe KPHTHYECK.

JetanbHBe HCCAEI0BAHHI BJAHAHHS pasMepa OTBEPCTHA B odcall-
HOE KOJOHHe Ma rayGuHy BHpalOTKH paccMOTpeHbl B paborax
[27, 67, 107]. YeranoBaeuo, ute, 0¥ NJAQUIAIL CEYCHHH OTBEPCTHA B
obcannoii kKosgoHue 3 30 u Oojiee pa3 GoJblie cedeHHAA HACAAKH, vLI0-
BHS BHIPa0OTKH KaHada Mals OTJHYAKTCA OT OTKPHITHX.

VMeCTHO HANOMHHTE, UTO onblTHl [27, G7] npobefeHhl MpH Ias.e-
HHM CpeXHl MeHbIlle KPHTHUCCKOro. ABYXKpaTHOe yBeJHHEHHE TaySuHbl
HIeJH M0 CPABHEHHIO C T1yOunofl xawana Haba101aa0ch HMEHHO B 3THX
VCJIOBHAX.

HckyccTEeHHOE cO3AdHHE OTKPBITLIX YCJIOBRIT NMPH JaBJeHHH CPeibi
MeHhlle KPHTHYECKOrD MOMET A4Th, cOrJacHo Taba. 2.4, yseanmucine
rayGHibl Kanana, BepabathsaeMoro sa 30... 60 mun, na 2509%. 3to
uampapjesHe padoTsl LenecoobpasHo pa3BHBaTh.

Ilpu nepdopaumyd B CKBa)KHHAX, KOrAa jaB/ieHHe CPeabl BOJLIIE
KPHTHYeCKOTe, TyduHa menesoll BHpaboTKkH Gyjer B },5 pasa 6oablle
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rayGHHBL KaHnata, BLIpaGaTLIBAEMOro B 3AKPBITEIX  YCJIOBHSIX, ecJni
npenebperath SIBJICHHSMHA XPYIIKOIO pazpyrienus Ha-‘CTEHKaX‘LU,eJ;H
Hapsaay ¢ ray6unoii kanana IpelcTaB/IAeT NpaKTUYeCKuE HHTepe(“:
OUPEICTICHHC €TO NOMEPeYHOro paMepa. B KauecTBe TAKoro pasmepa
MOKET OLITo NMPIIAT YCJAOBHBA AMAMETpP KAHAJA B nopoae nopu };CJIO-
BHH, 4TO OpMa Cro COOTBETCTBYET W300pameHHoOA Ha pHe, 2.5.
chnepHMeleaanme A4RKBIEe CBHACTCALCTBYIOT O TOM, 4TO C VBe-
AINICHHEM TIYOMALL XKauaga BO3pacTaer ero jnamerp. llocse obpa-
GOTKIl AaMWBIX, UPUBEICHHBIX B Tabil. 2.1, MeToi0M RaMMeHbwIHY
KB4APATOB lIOJAYHCHB SMIHPHUCCKIE 3ABHCUMOCTH YCJAOBROTO 1A MeET-

pa }\’aH;dJ[El B [opoie or F.’I}’ﬁI/IHhI KaHaJga s OTKPEITHIX U 3AKDBITHIY
¥C/O0BHH B BHJe;

Dy=11540.26/,:
Dy==3840,53 1, (2:31)

rae Dy — amraverp Kauana B nopone, MM; Iy — ravGuHa Kanasa, MM.

OTHOCHTEbHAR OTPEINHOCTD [IPOTHOZHPOBAHUS YCJIOBHOTO gnéMeT-
pa xahia/la cocTasaser He Hoaee 159%, mo3TOMY npHBejicHEBE 3aBHCH-
MOCTH MOMHO RCOOIB3OBATH A TPAKTHYECKHX PACULTOB.

2.4. Fasorupgponeckoctpyinan nepdropalms

flpederasaenue o mexanuzme BUIPACOTRY KAHGAOE 11 MeToOuK
paciera ux eayGunel. OJHO H3 TEPCTEKTHBHBIX HANPaBAERHH yBea-
MEHHS TJAYOGHHE! BuDAGOTKH Kadada IIPH THAPONECKOCTPYHHOR mepdo-
pannl — n06GaBJacHHE B CTPYHY Ta30BOM ERTS HapaMéTpOM, Xdpak-
TEPHIYIONIHM CBOHCTBA CTPYH KIAKOCTH C La30M, IBIACTCS rasocoaep-
WANHC , IpecTaBaAdoUIee cof0l DTHOUIeHHE )

W= (Vr.ﬂ'lpcp)f{vw - (Vr;”pcp) I, {2.32)

ri¢ ¥ — 00meM Trasa B HODMAMLHBIX YCa0BuaAx; Vi — ofbewm mul-
¥octu; Pop — aamdenuce CPCALl, B KOTOPYIO HCTEKAeT CTpys. )
Mencay Fa3oCoNeDIKAHKEM H Ta30BHIM YncaoMm [ KOTOpOe sIBAsIeT-
¢ OTHOUWIEHHeM O0BeMa ra3a B HOPMAJdbHHIX  VCIOBHNX K 00BeMY
HMEAKOCTH, CYMHECTRYET 3aBUCHMOCTD )
A

I, .
r: Ijj‘ LPCP’PO), {233)

rie Py — arvocdepuoe 1aBaeHue.

Heeaeaoraniavu B. A, Kupeesa, 10. H. Bacwisesa, A. F. Kopxu-
A0Ba [54] PACKPHITEL OCHOBBI MexaHuaMa nponecca. YCTAHOBAGHD, 41O
Ip1: 106aBJI€HKN ra3a 8 CTPYIO MHAKOCTH VBEJUUHBASTCE HAYANbHAS
CKOPOCTL CTPYH M 60.1¢C ME1eHHO CEHXAETCH CEOPOCTL CTPYH Mo
Mepe VAaJCHHS OT Haca 1KH. )

Ha ocxore ofipaBorxu SKCIEPHMEHTAILIBX AaHHKX [34] H3mena-
HUA HAYaJSBHOH CKOPOCTH CTPYH C POCTOM rasoconepxanns 0,1 ==l
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QOS MBI IIGIYYHAH 3aBHCHMOCTD, ,r'J,E)flCTB]/[TGH[:H}"PO B VKa3dHHBIX
APCIC.TaX HIMEHeUHA ra3ocoiepallitsl

o rme= (1,15--1,85¢) ua, (2.34)

[AC Uprm.e — H@UaJbHASI CKOPOCTH Ta30kHAKocTHOH cmecn (IDKC);
Ly — HAYANBLAN CKOPOCTH KHAKOCTH, BXoasuieil B coctap [JKC. Ha-
npeMep, mpd Y ==02u =152 1o, a 1pu p=0,35 syrmc=18 u,
T. €. CKOPOCTL ABHIKCHUI FA30KIIKOCTHON CMECH 3HAYHTEIRHO §O0.Is-
Hle CKOPOCTH MHIKOCTH, BXOSLEeH B ee COCTAaB.

C pocTOM rasocolepKaHHa B HCCAEIOBAHHBIE TIpele/ax yayyila-
CTCH KAYECTBO CTPYH. 3ITO OTpamdercs Ha UYUCJACHHOM 3HAYEHHM
kospduunerra crpykrypst crpyd. Tax, mpu $=02 KospduuxenT
CTPYKTYPBL [A30AKMIKOCTHON CTPyM yMmeHbunaercd B 1,5 pasa, a npu
+=0,35 — B 1,75 paza o cpaBHeHWIO ¢ Haua bHbIM {npH §==0).
YyullleHHe KadecTBa CTPYH OOBACHAETCH BBUIENCHHEM Iaza H3 Hee.
Tlpu 3roM yMeubliaercs MaccoobMeH Memxay cTpyeil n cpeaoil, B Ko-
TOPYO MPOHCXOHUT HCTEUCHHE,

[pociesyuM H3MeHEHHe CKOPOCTH CTPYH © POCTOM Ta30COAepmaris
H N0 Mepe yiagenust oT Bacaixd. Tak, Ha paccrosuun x/dy==20 mpu
Pp=0,2 u 0,35 COOTBETCTBEHHO Uops.c= 1,32 H 1,71 wy. TIpu yBeauue-
HUM PACCTOMHHH 0T Hacaikn xfdy=30 3T0 pasauune BO3pACTEET
Uy rae=2,0 0 2,5 1. CreaoBaTeqbHO, CKOPOCTE PA30AKHAKOCTHON CTPYH
¢ ViAJEHHEM OT HACAJKH ocTaercs 0oapliell, ueM CKOPOCTL KHIKOCTH,
H Tem G0JiblTe, yem BeIle I'a30coiepKaHne.

Eme oixp sKcOepHMent, ondcauiuii B pabore [0d], nacT Becnma
UITCPECHBIE CBEIeHHS O CKOPOCTSX Ta30oKILIKOCTBOR cMecn H IKHI-
Koctd, Tak, npu Pp=0,35 tg 1 c OpuMepHo B 1,9 paza Buiue g [Ipk
ITOM OKOJO O4HOH TPETH pOCTA HAYANLHOH CKOPOCTH CTPYH MPOHCXC-
AT B pe3ay.ibTarte ypeanueH#s odneva (UIOMNOB, 4 0CTadbHOe — 3a
CYET SHCPTHII PACLIHPIIOUICIOCH rasa.

Mepenan jaBaeHHA HA HACALKAX TIPW HCTeUEHHH T'a303KH/KOCTHOH
cvecn =035 vBeanuMBaeTCcHs npUMepUa Ha 12%. Ecau nanaasayo
CKOPOCTE JKHIKOCTH paccyutarh no gopMyae (2.11) npy Takom nepe-
HAIC JIABJIEHIs, TO OHAa OKA3LBaeTcy saBmimerdall scero Ha 4%. llo-
ITOMY IIPH pacueTax HAYAJALHOH CHOPOCTH KHIKOCTH C HeGOJbUIOH
TOTPEIFHOCTBIO MOMKHO HCIOAb30BATL 3HAUCHMA lIepelajia JaBaeHus,
saMepeHHble ITpH NCTeYeHHH IasoXHAKOCTHOH TMECH.

VBesliyende CKOPOCTH CA30MKHAKOCTHOH CMeCH 110 CPaBHEHHIO €O
CKOPOCTBIO MHAKOCTH BHI2BHIBAST POCT KRHETHUECKOH SHEPTHH CTPYH.
[MTockoabky BbIpafoTka KaHata MPOHCXOTIAT 3a C1eT KHHCTHYCCKOH
aHeprEd CTpyW, Hecyllefl aOpasHBHBIH MaTepra.q, TNPH 3TOM YBEJIH-
ygpaeTcd ravOuHa prpaboTky Kawaga. CaenoBaTedbHO, MEXdAHH3M
BEpaGOTKY KaiasoB CTPYyAMIT BBICOKOrO AABJEHHA H  NPH HAJHIHI
razosofl dass ¢ afpasuBHLIM MaTepHAaJg0M OCTACTCH HCH3IMEHHBIM.

Hecacaopanua sepaboTKH KaHand Ta30MKHAKOCTHBIMH CTPYAMHA,
conepKanluMi abpasuBHblll Matepuasa, Takme Benoaxsan 0. 1. Kau-
map, E. B. Priduak [53, 89]. Pe3ayanraTsl 3THX ONBITOR W 3KCOCPIMEH-
708 [34] npuseiens B Tada. 2.5, DKCIUePHMEHTH NPOBOAHAH NPH raso-
cuorepxannsx 0,14=5¢<50,50, anaverpax nacankn 2,355dp<06,0 Mm.
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Pasmep wactnn necka B onniTe he 57, B rotopoM dy==2,3, cocTas.is
0.3...0.8 MM, a B ocTadpamx onuTax 0.8... 1,2 mM. Tlepenan nap.ae-
HUg Ha Hacagkax uaMeusacd B npegeqax I11...29 MIla. dasseuue
Cpeabl BO BeeX onprax OpLIG B0Jblle KPHTHYECKOFO, YCJIOBHA BHpa-
00TKH KQHAJOB — 3aKPEITHIMH.

BripafoTKka XaHa:0B TAa30KHUAKOCTHEIMH CTPYVAMH € IIECKOM BO
BPEeMCHHA TIPOHCXOAHT ¢ 3aMeLleHHeM, KaK H BhpalboTKa KHIKCCTHO-
necuaREMH crpyami. Ilocse 06padoTKH COOBITHHIX AaHHBIX 10 MeTO-
JUIKe, HaJM0KeHHoH B § 2.3, onpeicacHbt YriaOBHE Ko (pHUHEHTH

Tadaiuyga 2.5
PE3VJIbTATBI OBPABOTKHM HCXOJHBIX JAHHBIX (Taba. 2.1}
HCCAELOBAHHH TA3CTHAPOMECKOCTPYHHOM TIEPGOPAITHHM

£ ' | | | : | | b
5 | ! ' . | . max
= 4 Uy U0 e r A | B | 'ﬂif"’ M9CH, I ;‘;‘1 Fo (8) ] 1y, MM Han
2 | . l ‘ l G‘!t- %
|
57103 l i75 298 |0,0920 lO,GOGQ’ 161 l 5,5 1,32’l — - — l 13,0
58 1032 178 303 |0,088010,0053° 189 84 1,20 — | ~— — | 20
59 | 0,32 | 154 268 10,0940 (0,0055 | 182 l 7.8 0,90 — — — 1265
Cpen-! i ! 1
gee ! | |
; 3ua- ‘ . i ! i | \
uenne 10,0010 10,0057 | ! 1,14 :
60 | 0,24 | 178 284 — — [ — | 84 |1,14| 97, 055 | 93,1 | 4,1
61 0,24 | 198 314 ¢+ - 1 - — ' 84 ,14]108] 0,55 | 1026 5,0
62 (024 218 | 340 , —  — , — | 84 114/130] 055 (1112 | 220
63 1014 | 178 260 — | — { — . 84 1,14 83' 0,55} 79,8 3.8
64 1030 | 178 303 — _ P84 11411021 0,55 1000 22
65 | 0,50 | 178 366 - — —- 84 (1,14 116’ 0,55 | 119,7 | 3,2
66 10,18 ¢ 131 | 198 . — } = 6,2 11,14 1101 055 11150 ) 45
67 | 0,26 L 154 \ 72 - - | — 7,8 1,141120 055 11254 1,5
; ! | i ‘ ! i . Cpeatee
i | r | [ \ | | sHavenne | 89

TNPRAMBIY, XapaKTepusywlllie pocT KaHada Bo BpeMeHn. Kopewuo,
BECLMA WHTEPECHO CONOCTABHTL 3HAUCHHA VLIOBHY KO3QHNUHCUTOR
B Hapasaeansuls onnrax Ne 20 1 Ne 57, Ne 21 u Ne 59 (em. rada. 2.3
o 2.5) 6e3 rasopoli dasul H ¢ ee A00aBJCHNHEM. 3HAUEHHS YIJOBBIX
rko3dbduunedTos ¢ razonsofl dazoit 0,092...0,094 g vMeubme TAKOBBIX
B COOTBETCTBCHHEIX oneitax fesd raza 0,102...0,100. TaknM obpasow,
BEPafoTKa KaHajga B 3aKPRITBIX YCAOBMSX [P HAJHIHH razoBoil
$as3sl DPOHCXOANT HECKOJAbKD ObicTpee. (CpaBHEHHE EE CPEAHEX
anaueHnd (cu. Tada. 2.3) yriaoBHX KO3OHUEEHTOR M0 BCEM OIBTaM,
NpOoBeIeHHEM B pasHbiX YOJIOBHAX, He TOATBEpH 1ae7 BLIABIeHHOI
TEHREUINH, ¥ He COOTBETCTBYeT QIMaHueckoll KADTHHE NPOHECCOB. JTH
3HAYEHUS, HECOMHEHHD, GVAYT VTOUHEHH B OVAVWIEM TPH HAKOLICHUH
60JbUICTO KOMHUECTBA ONBITHBIX AaHHBIX,

HenoanzoBas 3asHcuMoctsh {2.27) u gadHbie Tabia. 2.5, MOAHO
paccuiiTaTy 3Hadenus oyukiun fo(f) npu BHpaboTke KananoB TA30-
KHIAKOCTHOH CMECHIO C MeCKOM, DTH 3HAMeHHS paBHu npH {=20 mun
fo (20)==0,55 u nmpu {==40 mun o (40)=0,71, . e. OHH MaIO OTIH-
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yaloTesl OT SHAUEHHH (QYHKUWH BpEeMEHH 1pH BHIP20OTKE KaHaj 0w
WHAKOCTHO-NeCUaHbl MK CTpysmMu Oe3 rasoBoi (ashl (cm. puc. 2.12).
[TosroMy A0 NoAVUeHHsi 3IKCICPHMEHTAJBHBIX AZHHBIX A4S pacyderd
syaueHuil fo({) B OTKPHTBIX YCJAOBHAX TPH BLipabOTKe KaHaJ0B raso-
SKHAKOCTHEIMA CTPYSIMHA € NECKOM MOKHO CUUTATh JOMyCTHMBIM HC-
HOJb30BATH 3HAYEHHT (QVHKIUMH, paccyHTaHHble NPH BHpaboTKe Ka-
Ha/J0B FHAPOTECKOCTPYHHOH mephopanred. )

Cpeanee 3Hauyenxe Kozbpuunenta C=114 apu FA3OTHAPONECKO-
cypyiuolt nepdopauun 0Ka3anoch MeHbIIHM, HEM lLpH THAPONECKO-
cTpyitHoil neppopannn C==1,3. 370, OUEBHIHO, oﬁgcnomeﬁo HECKOJ1E-
KO GOJBILHM PA3JMYHEM OTLOCHTENbHBX CKOPOCTEH TIECHHHOXK M TA30-
JKHKOCTHOR CTPYH, YeM IIeCHHHOK U CTPYH MUAKOCTH.

[10CKOJIbKY MeXaHH3M BEIPAGOTKH KaHaJoB MKHAKOCTHO-NECHAHD-
M# CTPYAMH [ocae 100aBJICHHA ra30BOH (ra3bl He H3MEHHJICH, CYHTAEM
RO3MOJKHBIM pacuer TayGuHB Kapaska OCylecTRaath IO dopuyanam
(2.21) u (2.22), NOACTABHB BMECTO #o 3HAUEHHE Uj rx.c. orpegessieMoe
w3 saBHcHMocTH (2.34). Peayanrarthl pacueToB i M lmax TPHBELEHE!
B Tad.a. 2.5.

DacqeThl TOKAZAAM, UYTO CPEAHAA OTHOCHTEIbHAS] [OTPEIIHOCTD
NpPOTHO3MPOBAHNS TYGHHBL KaHala IPY PASTHYHBN TapaMerpax npo-
necca cocrasager 8,9%. Ilosromy H3I0XKeuHas METOIHKA _pacuera
rAyGIEE KAHAIOB, BHPAGATHIBAGMBIX ra30KHUAKQCTHON CTPyeH C Mec-
KOM, MOMeT OLITh PEKOMeHIOBaHa [/ MPOEKTHPOBAHNs [poLecca.

Paciojaras MeToZHKaMH pacuera IVyOHHB KaHA/JACB CHIPONECKO-
cTpyiiHOli mepopanuu ¢ rasoBoll Gasoh H Ge3 nee, MOKEM OUEHKTEH
pOCT TIYOHHBL KaHAJOB B Pe3y bTaTe q0Gapnenud ra3oBoft (passl OpH
IPOYHX PaBHBIX YCJIOBHSAX.

PacueThl NOKa3ajH, 4TO IPH BHIPA0OTKE KaHAMOB B TIOPOAE MPOH-
pocThio wa cxartse 50 MIla u nepenane JasaeHHs HA HACALKAX
30 MITa ray6HHa KaHaja OPH Ta30cOqeprRaHHAax 0,2; 0,35 u 0,5 yse-
auumtcs cooTsercrBeHHo B 1,41, 1,67 w 1,93 pasa. CileJ0BaTEABHO,
JobHaBieHle ra3oBoil $assl B AHIKOCTHO-IECUANYIO CTPYIO CYUIECTBEH-
HO yBeJduHBaeT rayOHHY BRIpabOTKH.

Hamu npeatoXed TAaKke JPYLoH HOAXOQ K OUEHKC B.JIHHHA OC-
HOBHBIX TIAPaMETPOB, OCHOBAHHHEIA HA NPHMEHERHH TEODHH CTATHCTI-
$ECKOFO TAHHPOBAHUA 3KCNEPHUMEHTA C LEIbio 06paGOTKH HAKOMIEH-
HBIX ONBITHBIX TAHHBIX. .

VpopHH BaphHpOBaHHA (PAKTOPOB FA30COAEpIKAHHI A1, uepenaia
paBieHHs Ha Hacaakax X, ¥ BpeMeHH BHPAGOTKY  KaHauad X;
(taba. 2.6) ycTaHaBAHBA/IHCh HCXOAA H3 YCJAOBHH o6paloTkn H TeX-
HOJOTHHECKHX BO3MoOKHOCTell obopyroBaHHs. I'asocofepxanHe H3-
MeHAeTcd OT HyAad J0 eIHHHIHL CooTtBercTeeHHD — ==X = 4-7.3.
Hamedenue dagropa —1=ZXy={-1 cooTtBeTcTBYET E{BME!HEHP{EO
20< AP =30 MIla B npesesax TEXHHIECKHX BO3MOKHOCTeH 000pY10-
ganud. [1o JaHHHM HpeiBAPHTEALHEX 3KCIEPHMCHTOR, —1=g Xt +T,
NGO HAMMEHBUIAS TPOAC/KHTEABHOCTE BHpPAGOTKY Kanata NpHHAMAET:
cst ge Menee 20 mMuH, a HauGoaswan 100 MuH.

MaTpHia SKCIEPHMEHTOB COCTARJEHA HA OCHOBE ONBITOB MO BHIDA-
foTKe KaiajgoB B oDpasnax IPOMHOCTHIO Ha CHATHE 50...60 Mlla
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vepes HacaaKll ARaMCTpoM 4,5 MM Upil KOHeUTpanum mecka 40, ..
.. 80 kr/vd. asachue cpeisl H0depHHBany B onpeideaax 6,0, ..
... 20,0 MITa, t. c. B Toit obaacTy, rie M3MCHEHHC ero lIpaxTHUeCK!:
He pJaudgeT Ha rayOHHY BepaborskH. TaguM obpasom, noolpaHHbie
apaMerpel CGOTBCTCTBYIOT YCJOBHAM, BCTpeUalOIHMCST [pH LpoBe-
JeHHH TIPOMEICIOBHX padoT B MIYOOKHX CKBAKHHAX.

YpaBHelHe perpeccHH HMEeT TaKofl BuI:

L=111,04+12X,--186X,4 156X, (2.35)
rae !/, — rayBuna KawaJda, MM.

Tadauya 2.6
YPOBI1M BAPLHPOBAHUA ©AKTOPOB

|
7ss P [Mepena Rpe: a-
[t?aigg;:iﬂ Kon Faa:;z,ue]gma i 1:13413}114?[ iP, ﬁc[-JTlc‘:iﬂ icnahalg.:ﬂ
N ! | MIla £, MuH.
|
Bepsuuii -1 0,91 | 30 40
Cpeainii 0 0,12 | 25 30
Huucrui —1 0 | 20 20
Har 0,12 5 10
QopMYy.IL =X 0,02 0 aP—25 v +—30
EOAMPOGAHAA o T 4=
1

CpaBHenne ONMBITHLIX JAAHHBIX NPH 3H2YeHHAX (BAKTOPOB U pac-
YSTHHIX TIO VPEBHEHUID perpeccHd N0KA3a10, UTG OTHOCHTE/IbLHAR
ouHGKA nporiosa e npepormaer 20%,.

Hanpumep, aans npoBedennst IHAPONECKOCTPYAHOH mepdopanun
uepes JIBe HACAJKH AuaMerTpoMm 4,5 MM pacxonoM KuakoetH 6 /¢
fipr TaAyOusne ckBamuun 3000 m aas ofecneuenna X;=23 (p==0,4)
HeoOX0uMO ofecieudTs pacxon rasa H0 M5/MuH 1UDII RABJAEHHH HA
yetbe 30 MIla. Tlpu stom nepenai jaBiaeHHS BA HACAJIKAX COCTABUT
27,5 MIla npu Xy=--0,5. B Hacrosmec spema HodTAHAA TPGMELU-
JAEHHOCTb Re PACMNOJATRCT KOMIIDECCOpAMH TN a30THHMH rasidura-
LHCHHBIMHE YCTGHOBKAMH C TAKHMH lapaMeTpaMH,

[Tonyuessyio MOIRIDL MOMHO UCHOAL3OBATb AMNR UPCTHOZHOH OLCH-
KM BJAMSIHIA HCCJIEI0BANHLIX $AKTOPOB Ha Tay0upy wkanasa. Ha nep-
BB B3MAs Kaikercsd, 4TO NPOLLe BCCFO YRGJAHTHBATL llepeilail jLaBie-
Hisl Ha Hacanke X; n niTedbHOCT nepdopanun Xi, 1. e haxTonhh,
umMelomne Hagboabmui BRIaA B pocT rayOuun Kanana. OAHaKo CHTY-
anpsd CJIOMKHee, ecM YUHTHBATL TEXHOJOTHICCKNC BO3MOMKHOCTHE 0740-
pyAacRanus.

OusnuM BAHAUHE U3MEHEHUS OTASABHWX (AKTOROB WA POCT ray-
ORpELl Kanana npu 0peBeIcilMH [pollecca B MPOMBICIOBLIX YCJIOBHSAX.
3a 6as3y CpaBHCHHS IPHHHMAEM SKCNEPHMEHTAABHYW TOUKy =0,
AP=20 Mlla, t=40 Mun, {;=96,5 um (—I, —t, +1), RoTOpas co-
OTBETCTRYCT OOBIHO HCNOAB3YEMOMY pPEXHMY BEIpaloTKH KaHasta Ge3
raszonofl dasel B rAIYOOKHX CKBAMHHAX.

Hobapienue rasopolt pasm =048 (Xi=+3) noapoaur ypean-
YHTL JJHHY K&Hada IMpPH NPOUMX PABHEIX  YCAOBHAX 10 1325 mm
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(37%), 2 npH CcOBMECTHOM pocTe BeeX napamerpor {(-+3, 41, 3)
10 1823 mm (89%), 4TC TPAKTHUYCCKH COBNAJAET C [POTHO3HLIM
poCTOM TVYGHHB KdHa a NpH TeX ke napaMerpax ho Gopmyac (2.22).
Mz 3T0rO Caeiyer, uTo HOC/efoBaHHC MOJAEdH TakEKe MO3BOJRET Oile-
HHTh OXKHAAEMOE YBEJWHEHHe ANMMHBl KaHajaa [pH M3MCHCHHH Tiapa-
METPOB MpoLecTa.

[ToqesHooTh ToOayUeHHO Mogenan mnpoueccd H METOAHKM pacieTa
32KA0UASTCH K B TOM, YTO MX MOMKHO {ICN0Jp30BAThL AJIst OGOCHOBAHMH
NapaMeTPOB  a30THBLX  YCTAHOBOK  BBCOKCGH [NPOH3BOIMTCALHOCTH,
oBeciTeunBATOLLIX IPORCISUNE HCCAEAYCMOro Mpouecca B Daybomuy
CHBAMHIAX.

BuecTe ¢ TeM OTMETHM UEJCCOQO[PA3HOCTh NPOBEAels A0T0NHH-
TeABHBIX 3KCHepHMentos, ranpuMep npi AP=30 MIla u auamerpe
pacaaku 6 MM, zad npodyueHus 0oJce TOJNHON MOJALANW [pouecca, ¢
[edblo  ofecueeH s BOZMOXKHOCTH 0OOOCHOBAHMH  TCXHOAOTHUECKIX
napaMeTpoR CTO B HALIX YCROBHL.

TakuM 00pasoM, BOepBble TNOJyHEHLl 3aBHCHMOCTH L5 GUEHKH
BAMAHHI TA30COAEPXKanus M APYTHX MapaveTpoB rpouecca Ha Tay-
Gany RoLpaGoTKH KaHanaa [PH TA30rH1pONecKOCTPYinoi mepdopaldH,
KOTOPHIe PCKOMEHIYIOTCH JliA BhIOOpa napaMerpop MpH TPOCKTURO-
BAHMIH IIpolecca.

Hapsy ¢ BO3MOMKHOCTBIO YBEJIHUCHHA TiyOHHB KaHAaga NpPH ra3o-
rEAPONECKGCTPYAROA nepdopalnu BO3HHKAET €lUe PAA NPCHMYLIECTB
M0 CPAaBHEHHR ¢ OOLIKHOBEHHOH THAPOMECKOCTPYHHOH neQ(DOpauueH.
[lpH mpoBejesud TpoLecca <031aeTcd  AOMOJNHHTC/ALHELL  Tepenall
JABJCAHS HA HACZIKAX B DE3VALTATE PA3NOCTH  HAOTHOCTEH Ta30-
SKHAKOCTHOH CMECH B HACOCHO-KOMNPECCOPHBIX TPpyGax H 3aTpylHOM
NpOCTPAHCTBE, YBEJTHUHBAIOWHMACA C POCTOM IIYOHHB CKBAXKHHDBL
Hanpumep, npu rayGuue cksazxunol 2000 M 1 rasoBoM uyucae 40 ¥/
AOTOMHNTEILHEIA [epenaj Japjeiss coCTaBrT 2 MIla, a npu I'=
—80 m¥m® — 3 MIla. CuaenoBaTenbno, 1pu go0apileHsH  a3nTa
HMEIOTCA PO2JTLANE BOIMOMHOCTH YBC.AHUelHsl HDPelelblofl TIYOHEbL
riAponepdepaLiE B PesyabTaTe KOMNEHCALNIH BO3PACTAOUIAX C IaY-
GHHEO rHApABAKUECKHX NOTENDL B TpyHax.

[Ipr npuMenendl ruaponepiopanuil ¢ a30TOM B CKBaKHHE CO-
3J4eTcH JABJIEHHE MEHAIIE PHAPOCTATUYMECKOTO. B yeAORHAX paccMot-
PEHHOTO TNpUMEpa pasIHshe MEXAY JaBieHueM B 3aTPyOGROM 1po-
CTpPaHCTBE M riAPOCTATHYECKHM COCTABHT COOTBETCTBEwO 2,5 M
5 MITa. Baaroxapst 310MYy HCK/MOYRETCA 3arpr3Hedue neppopauHoH-
HLix KAHANOB M TPOHHKHOBEBHC B MIACT HHOPOJEHY HHIKOCTEH 1P
BCKDBITHE OOBEKTOB C [OEHMEHHBIM [JIACTOBBIM ABJCIHEM,

IMaxonew, UpH Ta3orHIpOTECKOCTPYHNIOR nephopallHd MOMHO C€O-
YCTATh BCKPRTHE ¢ BLISGBOM IIPHTOKA 1 OCYWIECTBJSATb JIPEHHpOBaHKL
naactos. Hagmuwe rasoupospdcHull  crnocodersyer  eule OOALICMY
pasrasupoBakiio creaba B 3aTpyOHOM NPOCTPAHCTBE M, CJICAOBATLIb-
HO, CTHMYJAHPYET nponecc.

PacueT napameTpos npouecca eazoeudponeckoctpyiinot nepgo-
payuu. F340KeHHAs METOAMKA JAaeT BOIMOIKIOCTh ONPescuTb OCHOB-
HHE TapaMETPH Npouecca — TA3CCOACHIKAuYE, AHAMerp HACALKH H
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nepenajl AaBJICHUS HA Hel, BpeMd BHPAGOTKM KaHnaJ OB B TOpOAax
pasauuyHO#l npouHoctTH. KoHIUERTpauua NecKka NADHHEMAeTcs B Ipese-
aax 40 ... 60 kr/m®. [ns npoBeneHus Npolecca B CKBAXHHE 3aaHHOH
rAyOHHEL H JHAMETPA HEOOXOAMMO ONpPEAeNHTh IOTePH JaBACHHSA NP
IBHMEHHH OIpeleseHHBIX pACXOJIOB KHAKOCTH H Tasa, T. €. Taso-
WHAKOCTHOR cMecu c meckoMm o HKT 3agannoro gvawerpa, u HA
STOM OCHOBE DACCUHTATE OKHAAEMOe IaBJIeHHE Ha YCThe H KOJHUECT-
BO HeoOXoAHMOHN TexHukM. MO)XHO Takxke pewiatb M 0GpaTHYW 3a-
davy - ONpeleneHHe lepenafa [JABJEHHS na  HacajkaX H upH

p
crrp (3arpj,
5,0 M??(a‘ 7}

1860

2000

3000

4000
H, M

Puc. 2.15. Pacnpenexenue Jamracuna B HKT n satpyfHoM mpoct-
PAHCTRE OPY ABHACIEN a30TO-BOAAHOH cMecH I8 g ==0 afc. Py=
==10 M[la gng zatpy6uore  mpoetpauctea,  P,=100; 25,0,
30,0 MITa aas HKT mpu ©
I — ;2 — 6l 3 — 1210 4 — 181 m¥m.

3aZaMHOM AaBienmH Ha yerse. [lepBasd MOnNbITKa pCLIGHHS 3TOH 3a-
nawi Hanoxena B pabore }O. /. Kaumapa, . A. Erepa n E. B, Pu6-
yaxa [48].

HAns astoro noctpoenn rpadwka  (puc. 2.15) pacmpenesneHua
faBJIEHHA PHAPOCTATHYECKOTO ¢TOABa rasoxuiakocruoll cmecn B8 HKT
¥ 3aTPYOHOM MPOCTPAHCTBE INPH IIOCTOSIHHOM  pacXoie MKHIKOCTH,
pasJaMubEIX ras3oBelx uyncgax cMecH # gauke HKT, naBacruax Ha
yeree 15, 25 m 30 MIla u Ha sarpybuoM mpocrpancrse 1,0 MIla.
[Tpr yReduueHMH rayOHHB cKBaxKuHM OGosbite 1000 M B cHHXEHHH
razosoro uncsaa (uamednserca ot 1 a0 200) IporcxolHT HX BEINOAA-
AuBaHue, 310 o6YCAOBJIEHO AOBeAEHHEM Tas0BOi (a3bl MPpH H3IMeHe-
HUY TA30BOTO UKCAR K JaBNCHUSA.
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Ha puc. 2.16 npejgcrapjeHsl rpadikH H3MeHEHHS pacxola a3ora
¢ pocToM TJayOHHBEL HOPH pasJHUHEIX radocojepxanuax. Tak, mag
obecnieuennsi p==0,3 npH pacxoie HHAKOCTH © Jfc u Tepopaiuu
Ha raybune 2000 M neoOxomum pacxoj rasa 24 wm¥/mumb, a Ha ray6u-
e 3000 M — 36 m¥mun. CaegoBarenbyo, A1 NOLIEPKAHHA DOCTO-
SIHHOTO TasOocofepiaHHg C YBeJHUeHHeM FAYGHHB CKBAXKHOLL HeoH-
XOAWMO IIOBHIIATEL PACXOI raia.

Paccmotpum nipuMep pacyera napamerpoB TpoLecca Tepdoparui
Ha raybune 2000 m npu razocomepxannd 0,2, pacxojge XKHAKOCTH

k)
Pacxod easa, m /mun

2 18 24 30 36 42
a 8 T T T ¥ T T [:MJ/MJ

33,5 66,6 100

1000

2000

Joog

4006

M,

Pre. 2,16, 3aspenMocts paciota fa3a or LIvOLpR
118 ofecmeuetng  aaisHIRx  HANCHNR  npn o raso-
cofeprwarmn W
P— 00 2 — 20 3 — 05 4 — 04,

6 a/c, anamerpe nacanok 4,5 vm, nasaeHdd Ha yerbe 30 MIla. Bpems
BbIpaboTKH KauadoB Npristo 60 MiH, HOJHUECTBO YCTAHOBOK anna-
paTa ¢ JBYMsS HACAJKaMH 10. Ckpamuua obopyioBana 146-muiran-
MeTPOBOH SKCMAYaTaALHOHHON KOJOHHOH H 73-MMIJIHMETPOBBIMH TPY-
Gawvu.

s pre. 2.16 HeoBx0/1HMO ONPEASTUTs HeODXOJHMHEI DACX0] a30Ta
JAa7 BHIPaBOTKH KAHAJIOB [IPH 3alaHHBIX YCeaoBHAX — 16 M3/MUH H
rasoBoe YHCA0 45 M3/nE,

Tlepertag nmaBneHus Ha HacalkKaX ONpPENEJHM HS TaKOH 3aBHCH-

MOCTH: AP = (P$ -{— pc'{'.'rp - PCT.aﬂTp - APTI! - Psarpff)-e’ {236}

rie B — xo3pQHIHeHT, YUHTHBAOUINAA YMeHbileHue nepenaja Aab-
JeHHd Ha Hacagkax B PE3VJILTATS YBC/JAHMYCHHST THIPABJIAMHCCKHX IO-
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Teph B CBA3N ¢ HAJHUHEM TCCKZ B CMECH, €TI0 TPHHHMAIOT paBHeiM 1,15;
Py — nasaenne Ha yorbe;, Peorp, Persarp — J2BJEHHE FPHAPOCTATHUE-
CcKoro cTOMGa cMecH B TpyGax u 3aTpyGHOM OPOCTPAHCTBE, ONPEic-
agor #3 puc. 2.15; AP,y — oblHe ToTepH MaBJAEHHS Ha TpPEHHe B
Tpy6ax M 3aTpy0OHOM IIPOCTpPAHCTBe, ompejetsioT u3 puc. 2.17;
FPsarp — 3aTpy0OHOe jaBJICHHE TIPH NTPOBEJEHMHH Npolecca, NPEHAMAKT
paeusM 1,0 MITa.
[Mepenaa gapJieHnsl HA HACAJKC MOXKHO 3aMCATL TAK!

AP=(30+19—17,5—8—1) =225 MITa.

KoaugectBo ra3zoofpasHoro asoTa A3l BHPAGOTKH KadHANOB a30-
TOTH/PONECKOCTPYHHBIM CTOI60M KaHANOB MOXHO OLpeLeSHTh H3

3ABHCHMOCTH
AP Ml

5 V, = q,ntN +

4 + Ve[ /1 =) (P, Py).(2.37)
rie V. — ob6weMm aaora, M3

3 n — KOJHYECTBO arperaTtosn
ATY npmr HIpOH3BOAHTE.ILHO-

z CTH ¢a, M¥/muH, wt, N — Ko-
JHYECTRO YCTAHOBOK ammapa-

¢ Ta;, Vige — 00DbEM CKBAMHER!,

M3 { — JIJIHTeJRHOCTE BbIpa-
GOTKYH KAHAJIOB, MHH.

Hlast yeaoBHED paceMOTpPLH-
HOro NpHMepa npd dy==
Puc. 2.17. BapnceMocTs moTeps aamaesdd B =45 MM, f=60 mua, N=10

TpySax T3 WM w 33TPyOHOM TNPOCTPAHCTEE  (@pam asg .
Mewm a1y 73-muanpverpopoil HEKD u  [46-Mua- ra COCTABHT OKQJIO

MIMeTpOBOH KOJIOHWON ATH 3a14uHOM rrvOHIL 12 toic. m®. ag nposededus
) cavera  HKT; ) paboT Heo6XOANMEL AB& arpe-
Po— 300 2 — 20A0, 3 — 1000 rata  4AH-700 u Tpu ATY
6000-500/200.
Tlpr pabote 110 zaxk0aLNOBAHHON cxeve ToTpedHBIT Oo0BEM it
KOCTH COCTABHT UDHMEpPHO ABa o0beMa CKBaXRHH — 50 wb
Onpezeaum nepenal ZaBACHHA HA HACAJAKAX TIPH Ta30rHIPONECKO-
cTpyfirofi mepdopanHk B cKbamuHe rayGHHof 4000 M npH npoumx
PABHHX YycloBHAX. g obecmesedHs  TasncojiepIiRaHHHE, PABHOTO
0,2, neodx0AHMO NOAZEPKHBATL DACXOA raza 32 M3MEH ¥ T43080C
yucao 86 m3wm® Tlpu stoM Moxker ObITL ofccneded lepemai Jas.e-
HHd Ha Hacajgxax Toaeke 12 MIJa. Cheinosartensno, nas sddextus-
HOro OCYIIECTBJEHHA TajoriinonecKocTpvidoli nepdopanun Heobxo-
AHMO YBEJAHYNT: JAABJCHHE HA VCThC CKBAMRHHD XOTA OB na 15 MIla,
T. ¢. 0HO cocTaBRT oxoao 45 MIla. Torjga nepenaj saBAeHus Ha
Hacajpkax yBenuuHres npwMepro ao 25 MIla, 1. e Moxno paccun-
THIBATL HA YCHJACHHY0O BHPafOoTKY KaHaj a A0CTATOYHON PIYOHHGLI
ChejoBaTeNbto, A4 peatH3allHH IIPOLecca B CKBAMKUHAX TIy6u-
ot 4000 M HeoOXOZHMBI a30THBEE rasu(@UKALHOHHBIE YCTAHOBKH,
paboTamuine npH aasaeHHn b0 MIla ¢ pacxonom rasza 30 M3/ mun.

1 . £

0 & 8120 481 208 [uYy
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TTpOMBIIIICHEOCT HEKOTOPBLIX CTPAH  NPOH3BOJAMT YCTAHOBKH ©
papamerpaMu 70 MIla w 54 m*mum # Oojee BBRICOKHMH.

Onnir npusenexun asotoeudponeckocTpylinod nep@opalu. Las
HPOBE/EHHA TTPOLecca B IIPOMBICAOBEIX YCJIOBHAX noTpeboBajock pas-
pa6otath [53] cxemy oOBsi3KH 000pYAOBAHHS W TEXHOJOTHIO pador.
Ha puc. 2.18 npejncraBieHa cxeMa OOBf3KH OOOPYAOBAHHS, OTJHYH-
TelbHLIMH 3JEMEHTAMH KOTOPOH 10 CPABHEHHIO C THAPONECKOCTDYHHOH
nepdopanneil ABASIOTCA HaJHYHe o0paTHOTO KJalaHa, yCTamaB/juBae-
moro B HKT Ha ray6ume, deckoanko Ooabiiell HHTepBada mepdopa-
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Purc. 2.18. CxeMa o0pa3xkn ofopyloBaHud [PH 230T0-
THApOTecKOCTPYHIOE Nepdopanun,

HHH, YCTHCROIO CadbHHKA, 33KeKTopa A MOBBILICHHS AABJCHHSI raso-
JUIKOCTHOH CMecH U a30THBIX YCTA4HOBOK C 3JeKTpocTaHUHed. YoThe-
BOM CAJLHHK CJVIKHT IJIST HANPAaBJeHHT TassHAKOCTHOTO MOTOKa 113
3aTpyfHOTO TIPOCTPAHCTBA B eMKEocTe HAn  ambap. Kozerpykuug
YCTHEBOTO CaJbHHEA o0eciieYHBaeT [PORCHKICHHE UEped Hers Mydrt
HKT upy cOy¥CKO-NOAheMHHX ONEpaiisAx H KOHTAKT ¢ TeIoM TpyOL
IpH BOpalcTKS KAauaJdoB HUiH IPOMBIBKE.

[Tpouece ocvulecTpasieTest B Takol mocsenopartednprocTH. (xauana
NpOH3BOAHTCA NIPOMEBIBKa CKRAMKHHEI &30TOKHAKOCTHOH CMechio uepes
HKT 2 (puc. 2.18), runponecxkoctpyfHBIA annapat [ u 3atpy6uoe
HPOCTPAHCTBO 4.

B ckBaxHHY OJHOBPEMEHHO 3aKaTHBAWT arperataMu [J XKuaKooTh
W A30THBIMH VCTAHOBK2MH 7 — a30T. [1I0THCCTL 430TOMKHAKOCTHOR
CMECH, [I0ZARAEMON B CKBAMKHHY, 33BHCHT OT TA30BOTO YHCJA, KOTOPOE
peryaupyerca H3MeHeHHeM pacxoja sKuAKOcTH. [locie saMedbi M-
KOCTH B CKBaXKHHe Ha TA30KHIKOCTHVID CMech B Hee A00aBAd0T Le-
COK M TOABKC TOTAA TPHCTYIAOT K nepgopauud. BenoMoratedbHEIR
arperat [j cayxut Aa9 nojaud pafoueit mUIKOCTH H3 eMKocTH 16
Ha TecKocMecHTenbHYID Manivuy [4. Tlocae cMmemlenus HMIKOCTH ©
NecKOM B JONACTHOH Melalike rneckocMecuTtens I4 pabouas HKHiI-
KOCThL HanpaBasgeTrcs vepez 000pPYL0BAHHE YCTbf CKBAMNHHBL, BK/IHO-
yamiee B cels HamopHyio JAHEHIO 6, co6paHHylo HA LIAPHHPHHEX
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KOJEHAX, YCTBERYID FOJA0BKY M VCTLEROH CANBHHK J B HACOCHO-KOMII-
peccopunie TpyOH 2 u cofctBeHHo mepopatop /. Hanuude mapuup-
HBIX COCIHHEHHH B H43eMHBIX TPYOONPOBOAAX HOIBOJSET IPHIIOAHH-
MaThk THAPOTECKOCTPYAHHIA TepdopaTop, He Tpekpaliad NMoAauy
KHIKOCTHOMECUaHOl cMecH, TOJALKO CHH3MB KaBJEHHE 3aKAYKH €¢ B
CKBamHHY.

OiIHOBpEeMEHHO d30THLIMH YCTAHOBKAMM 7, KOTOPBIE THTAKTCA OT
INEKTPOCTAHIAHN &, NMOAaeTCa a30T B 3KexkTop [0, B KOTOpOM JaBJe-
HHe a30Ta noseimaercs or 22 go 36 MIla 6aaromaps nmogaue XHI-
KOCTH ¢ BHICOKOHAMOPHOM CTOPOHBL 33KekTopa arperatoM I2 npH Ras-
dennn 45 MITa. B Hanopdoll NHOHH 6 a30TOXKHAKOCTHAS cMech CME-
UIMBAETCH ¢ KUAKOCTHO-flecuauol cMecnto M nomagaer B HEKT,
UPOXOAHT ofpaTHWH KJanal 4 H ToCTyNaeT B THIADONECKOCTPYHHEBIN
annapat. [lpu nmepenmane apasaesus 15...20 Mlla nponcxoaur pas-
PYLUIEHHE KOJOHHBI & H npuaerampwux nopoi. Ilecae 1epdopauuu
B HECKOJBEHX UHTEpBAJax NPHXOAWTCA NPHIOAHHMATE annapar BhILIeE,
BHIOPACHBAA NPH 5TOM oauy Han Heckoanko HKT. Hamuuwe g gepxyedt
yactn HKT o6patnoro knamana 4 mossojdeT [POBRQJIHTh 3TH OMepa-
IIHH, He CHIDKAs Jasjenns B cucrexe. Ilocie samepuleHHs npolecca
BHIpA0OTKH KaHAJOB B COOTBETCTBHH ¢ TpOTpaMMoi padoT NMpOM3BO-
JHTC NPOMBIBKA CKBAM UL XHAKocThi ¥ mogbem HKT nuas Bubpoca
-0BPATHOrO KJamada. 3aTeM CKBAajKHWHA MOMeT OBTE BE@AEHA B JKC-
TAVATaIHD.

[Mepsas npomslcsioBas pafoTa 110 A30TOCHAPONECKOCTPYHHON mep-
ipopallun BHIIDJAHEeHA B cKB. 21 DHTKOBCKOrO MecTODOKISHHA NMPH BO3-
BpaTe Ha BHINEMeKALNHA TOPH3OHT MEHHIHTOBOH 4NEXH B HHTEPBA-
ae 1810... 1720 M, zaueMeHTHPOBAHHOM H O0CAXEHHOM KO/JOHHAMH
146 u 219 mum. [Tnacrosoe nasnenne Ha rayOune 1800 » — 14,0 MlTa.
Ha ray6une 2079 m umencs umemeHTHHE MocT. TIpONYKTHBHEIH TOp#-
30HT B uutepsase 1810... 1710 m 6nir BeKpHIT Hepdoparopom
MK 103 maotHocthio 10 oTs. #a | nor. M. Jas yayuinenus npHToxa
npoReieHa KHCIOTHad 06paloTka H IDHMEeHeH MeTOd NepeMeHHbiX AaB-
aenuit. [lpocse:kuBanuey yposHsa Ha raybune 1514... 1350 M 3 mae
1971 1. yoTanoBASH CpeAnui PoOCT ero okoao 1,3 m/fu.

s yayumeHust ¢BA3H CKBAXKHHE C NIJAcTOM NDOBEIEHA FHIAPO-
TecKoCTpyiHAA mepdopannsl RIOTHOCTEI OAHO OTBEPCTHE Ha | NOF. M
¢ TpHMereHneM B KauecTBe pafoueil XKHIKOCTH BOILL, 0GpaboTanHol
0,2% naucoansana. Ilocsme ocBoeddd Ta3oM BHCOKOTO JIaBARHUA B
niote 1971 r. npocaexwusalH yposeHnr B hutepBame 1537... 1467 M.
Poer yposust coctarasa 1,1 M/u. B anpene 1972 r. mpoBefena THI-
ponepdopaunst ¢ asorom nepdoparopom AIT-6 ¢ nByma 6-munsume-
TpOBHIMH B muTepmagax 1810... 1800, 1796...1788, 1782... 1777 u
1726 ... 1720 v. B kauectre pafoued MHAKOCTH NPHMEHSLAH CTOUYHBR
BoAbl. ITnoTHOCTL mepthopallHl COCTABHAA [1BA OTBEPCTHS HA I 1MOT. M.
[Tpe/iBapHTEILHO NPOH3BOJAHJI NPHBAKY THAponep@opaTtopa K Ipo-
JIYKTHBHHIM [11aCTaM ¢ IIpEMeReHHeM HEHTPOHHOTO raMMa-KapoTaxa.
CucremMa nofaud KHUIKOCTH OBLIA 33aKOJBIOBAHA.

B cxpaKuiHe OCYUWECTBHIH MOCJEI0BATEALHO AeCHTh YCTAHOBOK
annapara no 30...35 Mun BHpaGoTkd Kananos. Pacxoa XuakocTu
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upy nepgopannu cocrasandg 0,4 M¥Mun d yBeaHumBaICA no Mepe
pasbelanus #Hacafok A0 0,71 ™% muu, a pacxoji asora Ouli [0CTO-
SIHHBIM, 0KOA0 6 M3MuH, KOHUcHTpaups necka 40 Kr/M® >KHIKOCTH.

Hasienne Ha yeranokax ATY-8K 17...22 MIla, #a Bxoze B
amexTop 45...50 MIla u na ycrse ckpamuen 24 ... 32 MIla. Uepes
KEKTOP 101aBaTH KHAKOCTE Oez necka. PacdeTHnld nepeuag gas-
Aennst wa pacaaxkax 20...30 MIla ¢ yyeToM AONOJHHTEJBHOTO He-
pernaia 3a cuer pasanuna naoruoctell B HKT u sarpyGuom npocrpan-
cTBe. Pacuernas jempeccdss Ha mhaact B HepHod peskd 1...2 MIlla.

HeofxoaiuMo OTMeTHTL akTHBHYIO spoaHio Hacajok. llocae 14 pe-
30K Tlepenaj AaBJeHHs Ha TOM iKe pexxuMe cHu3nacs ¢ 21 po 14 MIla,
ECAGACTBHE Yero MPHINOCh H3BASUL TepdhopaTop A4 3aMeHbl Haca-
aok. llocae nopTopHOro cnycka nepgopatopa npopenH eme 11 ero
YCTAHOBOK H IPHCTYIHJAH K CHHMKCHHIO YDOBHH a30TOM,

B mpounecce nepdopaunu Habawoaagd noABAeHHe HehTH B eMKO-
CTH, KYy14 OPOBOJAHJM cOpOC KHIAKOCTH M3 3ATPyOHOro NpOCTpPaHCTBA.
Ilocae I'TIIT ¢ a30TOM 3HAYHTEJABLHO YJAYULIHAACH CBA3b CKBAXKHHBHL ¢
NJaCTOM, HTO HOATBEPAAAET De3yaLTaTh CTEHJOBHX HCOMLITAHHH O
GONbLIHX BOSMOMKHOCTHX 3TOTO Meroaa. IlpocaexuBanHeM YypoBHA B
uateppade 1440...1350 M onpeaeseHa cKOpocTe ero pocrta Bosdee
2 M/U, ¥TO HPHUMEpPHO B ABA pasa BEILIE HAYAJLHOTO.

Taxum obpasom, paspadoTaHa TEXHOJOrHA ¥ o0opyLoBakue s
HENPEPHIBUOR THAPONECKOCTPYHHOR mepdopauun ¢ a30TOM C LpHMe-
HeHHeM OTeYeCTBEHHBIX A30THBIX FasHQUKALHOHHBIX ycTaHosok (ALTY)
NMpH YCJAOBHH OJHOBPEMEHHOTO BBHI3OBAa MPHTOKA H3 MJ4CTA H YCIEUIHO
HpOBeAEH NepBulH HPOMEICJAOBRIL 3KcnepumeHnT. Kpome Toro, mpose-
JAeHBl A30TOMHAPONECKOCTpYHREE llepdopallil B ckBaunax 306 b,
662 B 1 553 B.

B cxpaxune 503 b uposoaunu meppopaunw ¢ LEabK A0M0/HE-
T&JIbHOTO BCKPLITHS B HHTepBaudc 2124,8. .. 2108,8 m annapatom A[I-6
C ABYMSA HacajgkaMu jJuHaMerpoMm 4,5 mm. HaoTHoers nepdopauny asa
OTBepCcTHd Ha | lor. M. B KauecTBe pafoych KHIKOCTH NPHMCHIIU
Boaubrit 0,01% -l pacteop noamaxpnsamuaa. I[lpomece mpoxosmT
NpH pacxoic Xulkoern 9,45 ¥ mun, asora 10 M¥/Mun, KOHUEHTp alilil
necka 40 kr/M% AaBJIeHHM TAIOFUAPOKMAKOCTHOR CMECH HA VCThE
ckBaxKHuHBL 26 ...30 MIla, rasocomepxanuu 0,12 B rteuense 60 MHH
IpH KaXAOH ycraHoBKe annapata. Jedurt wedrn veenwuuscs ¢ 1 a0
4 T/cyT npu rasosoM daktope 2900 m3/T.

Yenewsocts pabat no uerbipeM onepailusiM 50%. Oana u3 ocuos-
HBIX NIDHUHH HEBHICOKOH VCUEUIHOCTH TPOMBICAOBHX pabor — ouellb
HH3KAA ILIOTHOCTE NEPHOPANNH, O IHO-IBA OTBEpPCTHA HA | @or. M, 4To
B TOHKOCJOHCTOM HH3KONDOHHLIACMOM MEHH/IHTOBOM KOTJAEKTOpe He-
AOCTATONHO  Aasd  ofecnedenun TpeGveMmofl cremenu cosepuiencTsa
CKBAaXHH.

Taknw o6pasow, paspafoTaHa W HCAWITANHA TEXHHKA H TexXHOJI0-
Tisi a30TOTMAPONECKOCTPYHHON Tiepdopauui ¢ KpHMEHEHHeM YCTAHO-
Bok ALY 6000-500/200. [las ucnonbsosawust ux B rayGOKHX CKBAKH-
Hax HeoOXOINMO YBEIUUHTL IPOH3BOAHTENBHOCTh M JABJCHHE a30T-
HBIX Ta3u(pHKaUNOHHEIX VOTAHOBOK.
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2.5. O6pazoBaHMe WeneBbiX BLIPaboToK
B NPOAYKTHBHBIX nnacrax

Co3aanye HeJeBnix puipafoTOK AaeT BOIMOMKUOCTL PEUIUTh O4-
HOBPEMEHHO jIB& 3adauH COOGUIIEHHA CTBOJA CKBAMKHHBL C MJaCTOM:
VBeJHUEHHE AJIHHB KAaHAJA W TOBBIUMIEHHE BEePOATHOCTH BCKPHITHS B
TOHKOC/AOHCTOM paspese.

MexdaHH3M 00pa30RanHu® ULCAeBOH BBRIDAGOTKH DACKPBIT B HCCJe-
fosanunx H. 1. Jlecuxa, IT. M. ¥cauera u 0. A, Tlecasxa [66, 67,
69]. OcHoBHLIe pasJHuHs MexaunnaMa o00pasOBaHHS KaHajga H IHe-
JeBol BHIpaGoTkY 3dKaxvalpTcd B caeavwimem. Ilioulans cevenus
OTBEPCTHS B 0OCANHOH KOJAOHHEE MPH CO3IAHHH TIejd 3HAYHTEILIO
Goannle maontagH, oGpasyeMol Npu cO33aHHH KaHaga, H Momer OLITh
H3MEHEHA B COOTBETCTBWH C 3387ayHBIM pekumoM. [lostoMy pe3ko
CHHKAOTCH CONPOTHB/JAEHHS, KOTOPHIE BO3HHKAIOT NpH IPOXOKACHUH
crpyeft obcajiHof KoJoHHHE. MHBEIMH cloBaMu, OCYUIECTBJASIETCS Iepe-
X0j| OT 3AKPLITHX VCJIOBHE nepdopaind K OTKpHTHM, Kpome Toro,
CTpys, DOCTOSHHO [lepeMelildnch, Bo3lefcTByeT Ha BCC HOBbe y4acT-
KM paspyllaeMofl TOPOJHL, 4 Uepes ollpeAeJacHHULIA HHTEPBAJ BpEMENH,
paBHBIH TEpPHOAY lePeMelledHs Hacaj0K airaparta B HCXOJHDE [10-
JOMEenNe, MOBTOPHD BO3ieflCTBYET Ha 3TH Ke YUacTK# nopoan. [le-
PHOI IepeMelleHdd Haca/j0K annapard onpeieaercd KOHCTPYRILHCH
CAYOHHHOTO YCTPORCTBA LA CO3LAHHS 1eded HIH CKOPOCTRhIO H3Me-
HeWHs JaBJARHHA HA YCThC, €CA JJIF CO3/aHAA ILIejgH HCNONb3yeTCH
yupyroe yainuueuwe tpys. Hasectno [78], uto mepuopHueckoe BO3-
JeficTeHE HA 3a6oif c1pyamu Gogee spPeKTHBEO.

Hepasuo euspaen [66] TpHHUMIHAILHO HOBEIH (aKTOp, OKA3bl-
BaouHi GoJblioe BJANSHHC HA Npouece oOpa30BaHHA Llefn — Ha-
HpsKeHHoe cocTosiiHe nopodasl. [lokasano, uTo npu OnNpelcAeHHbIX
IIACTOBEIX VCJIOBHAX, BEICOTE M JJHHE WIEJH HANPSKEHHS B KOHIE
1N MOTYT TIPERBICHTE Opejled NpodHocTH mopoibl. [Tocae atore yse-
AHYEeHHe JAHHBE 1edd OyjieT TPOHCXOAHTL TAKMAKE 3a Cd9eT XpyrnKoro
HJH TAACTHYHOLO PAa3pyUICHHS.

Kpuriueckue pasmepnl THeaH onpclessiorest rayBHHOR 3ajeraHiis
HOpPOj, HX NPOYHOCTLIO H TEKTOHHUSCKMMH cHJIaMu B 3aqexu. lipm
yBeauyeHHH TJAYOHHEL 3ajeraHua nJaacta, noapepraemoro I'TIHE, mpej-
HoJgaraeTcst YCHJEHHe CKaJblBauus H OOpPYUIeHHA NOPod Ha CTEeHKaxX
BHpaGoTKH. QueBHAHO, NpPEANOUYTHTEJbLHEE cO03[aHue BhpaloTOK B
rAy00KD3aAeraioniBx aactas B dopMe ey,

Taxum obpasoM, BHavaj e BrIpaloTKa HIe H OCYUIECTBARCTCH TOAL-

KO 33 CYeT KHHEeTHUECKOH SHEepPTWd CTPYH, HecyUleH alpasHBHEA Ma-'

tepua.s. flajee, no Mepe yiadeHns OT HacajkH, KHIETHUECKAsS 3IHep-
IHA CTPYH 3HAUMTEJNbHC CHHMXAETCH, 2 HANPMKCHHS B KOHUE BHIpA-
GOTKH BO3PACTANT, YBeAHSNEHHe [JuHbl BRIPAGOTKH 0GYCI0BIHBASTCS
HANpPSKEHHBIM COCTOSHHEM MACCHBA TOPOIBL.

Pacuetst, npoBeaennuie astopaMu padotw [60] aaa veaosri Po.
MAWKKHCKOTO MECTODONISHHA, MOKA3add, YT¢ TpH  BbICOTE IIledd
100 My u ray6une 250 MM 062acTh (OBHIIUEHHBIX HANPSKEHHH, npe-
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BBIAIOUIUX OPOYHOCTb NOPOA, JOCTHTAET PasMepoB, oGecleuHBarouiux
IBYXKpaTHOE yBeJHYeHHe 06heMa BupaGoTKH.

Haauune KpynmHnIX KycKOB NOpOAB B LIAMe, NOJHHMaeMOM IpH
TTIT] B cKBaXKMHAX Ha NOBEPXHOCTD, HPUBOAUTCE KAK KOCBEHHOE CBH-
JeTeAbCcTBO (aKTa CKaABIBAHHA W OOPYUIEHHA IJacta Ha cTeHKax
€Y.

PaceMorpus pesyibraTht CTEHIOBBIX HCNBITAHME N0 CO3LAHHI uHle-
JdeH B 3AKPBITHIX YCI0BHAX. B Ttaba. 2.1 npusejedsl pe3yabTarhl na-
Pa/IeJbHBIX ONBITOB M0 BRIpaboTke IHeaed H KaHAIOB B ofpa3slax
OJMHAKOBOH [POYHOCTH M IIPH HACHTHYHRIX IlApaMeTpax Iponecca.
Onsitet Ne 49 ... 54 npomejieHs! OpH IaBJeHWH CPelbl MCHBLIE KDH-
THuecKoro. OTeepcTHe MJH LIedb B MeTaJJMYyecKCH Mperpaie cosja-
BaJi 31ech 3ab.arospeMenHo, Nepes BhpaOGTROR KaHa/JOB B nopone.
Onerret Ne 55, 36 npopeaedsl UpH AaBJACHHH cpelbl G0JIblIe KpPHTHYE-
cKoro 0es npe;iBaPHTENBHOTO CO3j1aHKS OTBEpCTHH B KOJOQHHE.

Conocrasnaas pasMepH KaHaaa W Me4H B Napatse’bHBEIX ONBITAX,
MOMKHO 3AMETHTB, YTO HAaOAaeTcs YBeanueHHe FAYOHHE L1EJeBOLl
BEIpaboTKH B 1,6 pasa mpH JABJGHHSX CPeAbl, OOJBUIHX KPHTHIECKO-
ro, ¥ 2,3...2,5 pasa Tipu AaBJeHHsX CPeJIbl, MEHbUIHX KPHTHYECKOIQ.
3TH pe3yiabTaTH XOPOIIG COVMACYIOTCA ¢ ZaHuHMH [TIIT B 3aKpHITLIX
¥ OTKPHTHX yeaopusx (1adéa. 2.4). Kpome toro, A.p=0,0179 npu BH-
pafoTke KaHaJOB B OTKPRITEIX YCJAOBHAX W JIABACHHH CPEIBl MEHbIIE
KpuTHUecKoro, 6maH3ka K A.,=0,016 npu sbpaboTke mean B 3a-
KPHTHX YCJAOBHAX H AARJACHHM MeHbINE KDUTHUYECKOTO. ITO SHAUMT,
4T0 CKODPOCTH pocTa KaHana H Iead 3jJeck TPaKTHYeCKH COBIRAfINaT.

Taxum o6GpazoM, eciH OBl He CYHIeCTBORaJO 3p¢eKkTa CKaanBaHHs
H COpYLICHHS CTEHOK ueesod BupabOTKH HpH nHepdopallH [MJaCTOBR
B CKBaXKHHAX, CIeJ0Bago (bl 0XHAATbL YBeNHYEHHS AJHEH Bhipabor-
KH NpH liesleBoM BCKpHTHH B 1,5 pasa Gosblle, uem fpH ofpaso-
BakHH Kanaaop, Haawuwe storo sddexra 103BOMRET DPCALOIOMHTDL
BO3MOXKHOCTL pOCTa [LJAYHBL IielH MO CPaBHCHHIO ¢ JNJAHHOH EKadaJa
NpHMepHO B IBa pasa.

BoicoTa H KOJHUECTBO ILeAeRbix BHIPAaGOTOK JOAMHB BHIOHPATLCR
13 cooBpameHtl CHHMEHH THIPABJANYECKHX IOTeph NPH NPOXOKAe-
HHH cTpyeH KOJOHHH, COXpAaHEHHS BPOYHOCTH KOJOHHBL H obecreue-
HHS XOpoUIero cooBGLUeHHS CTBONA CKBAXHHLI € HIACTOM.

B pabote [67] nokaszauo, UTO AOCTATOUHOE CHHKeHHME THADPABJIH-
YeCKHX NOTEPhL ACCTHraeTcs NDH [JOILAJK CedeHU:d ILeJdH, co3aaBae-
MoH Hacaawofi 4,5 MM, paBHO# mpuMepHo 7 cm2 ClenosatencHo, YUH-
THIBAA WHPHHY OTBEPCTHR B KOJOHHE, MHHHMAJAbHAS BHICOTA LEe/iH
A0JKHEA OBITh DKOJAO D CM.

Jdns coxpaHeHHst DPOUHOCTH KOJOHHMW pekoMeHnayercs [23] upu
nepopalyi PHXJbIX KOJJGKTOPOB NPHHHMATH BLICOTY MIEJIH MeHbLIe
0,5D xonoHHwl, a npouHbx — Aame |...2D koaowss. Onpeleddrh
Aauwy meqan ITTITT ans KoHKPeTHOR CKBaKUHB HEOGXOZHMO C YUETOM
TCOIOTO-TEXHNUECKHX VCI0BHI,

}3BecTHO HECKOABKD THIOB VCTPOHCTE /I8 OPHHYLHTENLHOTO [Ie-
perewensa I'TIA mpn cozganny meneroil BepaGoTky B 00caAHOH KO-
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Jgoune u naacre. IIpu ux npumesenun Bauanus yaaudeudda HKT yuy-

THBAETCA HJIH YCTPAHACTCA NYTeM 3aRKOPHBAHHA TPYS.

Ycrpolictea, onucanHste B cTathe [69], paboraior no npuHUHIY
HCNDAL30BAHKA JHEPTHH MHAKOCTHO-NECUAHO# CMECH M PA3HOCTH AaB-
JAeHHH B TPyOax B B MeXTpyOHOM NpocTpadcTse. B kawectse paGouei
HHAKOCTH HCMOAB3YIOT NPOINeALIY® Uepe3 CeTKY MKHAKOCTHO-Tecya-
HYIO cMech, oT6HpaeMylo M3 sarpybHoro mpocTpauctBa. CKOpoCThb
ABHAKEHHSA [OPLIHS DEry/JHDPYIT KAMUAMAPOM, 4 USpPEeRTIuUeHue Ha-
ipapaenun apuxenns [TIA ocyulecTBAIOT 3040THHEOM. IIpH Hembi-

1 TAHHAX X0J YCTPOflcTBA BBEPX (IPOHCXOIMJI

F i,//’;_jz 3a 22 ¢, a BHM3 3a 5 c npH AaHHe xoia

_@’7 3150 mwm. HpogomkuteasnocTs  BHpaGoTKn
it - 4 leMm imeawn coctaeasger 2...3 MHH.

T [IpoMBIcOBHE HCCACLOBaHHS 0ODPA30BAHUN
(IEIEBBIX BBPAGOTOK B IACT4X H THApONEC-
KOCTPYHHOTO pACLUHPEHHA CTBOJA CKBAMHH
BHIIOJTHEHE 110 pykoBoiactBoM B. M. I'ycesa

5 [29] na IienkOBCKOM TOA3€MHOM Ta30XpaHH-
7 auie W #a JloanHo-JAHGHUKCKOM MecTopoK-
aedny. I'ny6Huna BLIpaGOTOK MO KaBepHOTpAM-

-6 MaM, CuaATEM T§OCKE THAPONeCKoTTpyiiHOro

| -7 BosieHcTBHH, coctaBuaa 140 MM Ha JoabHo-

JbICHHKCKOM MeCTOpPOXICHRH (B CKRAWHHAX

raybunod 3270 M) u 400 mm na IllenkoBckoM

g Ta30XpaHmauile (8 CKBAKUHAX rayGuHoi

390 m).

TuiaponeckocTpyiiHOe paciIMpeHde CTBOJE
CKBAXKHH XapaKTepH3YeTCH JYULIHMH TeXHHKO-
SKOHOMHUECKHMH Tl0Ka3aTedsiMil TIO CcpaBHe-
HHIO C TIpMMEHeH[eM JIOMACTHBIX pacUIHPH-
TeNekH.

) Jlas noBHNEHKSA HAaJIEKHOCTH H odecneye-

Juc. 209, LayGuiHoe YeT-  yyuo woprposis 3a nepeMelleHHeM nepdopato-

3OHCTEO 149 nepTHkadb-

IBX nepeMenleniHi nepgo- @, 4 TAKKE PACIUNpeHHs 1HAIA30HA, DeryJIH-

paTopos. pOBaHHS CKOPOCTH IepeMelleHHs mepdopa-
topa K. JI. Kaumapowm, B. C. Bepemuunxum,

B. H. Kosanesuyem u ap. [47] npeadoxkeno ray6HHHOC YCTPOHCTBO

{puc. 2.19).

Yerpoficteo cogepxur wsauHap [I, BHYTPH KOTOPOro MOMELIEH
NOpHIeHL 7 ¢ o6paTHEIM KaanawoM I3 u kKamuaasapom 6. C nopluHeM
COeJHileHbl JBAa TNPOTHBOIOJOXKHO HANPABJISHHBIX, COOCHO pacnofo-
JKEHHHX, NONHX WITOKA pasHOTo CeveHHs, repxBuWi 4 u wwxHui [0,
MECTKO COgIHEeHHbIe ¢ mepdopaTopoM 8.

CBoGOJHBI KOHED BEPXHErc HOJOr0 uIToKa 4 BHIIDJIHEH B BRIE
KAANAHA-3aTAYWKH 2, HHKE KOTOPOTo B CTEHKE ITOKA HMEITCH Of-
BEPCTHS J, CIYHKauIHe A5 NPOXoja pafouell MHIAKOCTH Uepes MOJ0-
oty mitokes 4 v 10 x nepdopartopy,

Bepxuaa uacth uuauuapa f1 cuabmena Hampasastiowledl BTy xo#
5 n KoxyxoMm [5 Bepxwero 4 UITOKR, NMeIOUHM B BEpXHeR 4dacTh
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cepno [. Llpaumap {! BMecTe ¢ HanpasJgsiomled BTyAKOH & n Koxy-
XOoM /5 COCTABJAIOT EIHHYID YACTh YCTPOHCTEA — €ro KOpIyc.

Ynaoteenus 9, 12 w 14 caymkar Aas repMerHsauny noaocrefi A
(noaropuwikenofi) ¥ 5 (naanopumuero) yerpo#iersa. HHitorom [0 ray-
HHHHOE YCTPORCTBO cOeAMHCHO ¢ mepdopartopom & a Koxyxom 1§ —
C KQJIOHHO® HACOCHOKOMIDECCODEHX TPyO.

Yerpoiterso paGotaerT takuMm oGpasom. Harueraemas s HKT mpu
[T paBouad KHAKOCTL, HAZABJAHBAA HA KJANAH-3arMYIOKY 2 Bepx-
Hero 4 1ITOKAa U OTTAJKHBAs €ro, OTKphIBaeT celio I u uepes oOT-
pepeTua 3 u nodnti mrok /0 noctynaer x mepdoparopy 8. B pesvib-
TaTe nepenajga AABJeHHS B Hacajxkax uepdopaTopa BO3HHKaeT Ha-
NpaBJeHHOE BHH3 BePTHKAJLHOE YCHJHE, BOCIPHHMMAEMOE uepes
nOpuIeHs 7 BA3KOH »KUIKOCTBIO B 10A0ocTH A. CKOpOCTL nepeMerienus
HOpUIHS 7 BHH3 [POHNOPIIHOHANRBHA PACXOLY BASKOH MHIKOCTH CKBO3D
kanuaasap 6. O6paTewii kianan /8 B gansHoM cayuae 3akpmT. Ilpu
TOCTHIKEHHH TOpIIHeM 7 KPafHEero HHMHEro NOJOKEeHHT YacTp HITO-
Ka 4 ¢ OTBepCTHAMH 3 BXOAUT B UANPABJISICINYIO BTYJAKY 9, NepeKkpH-
Basg [pOX0j HarieraeMofl KHAKOCTH K mepdopartopy & bBaaroiaps
3TOMY J4BJIeHHe HA JAHHHM HATHCTAHHS HA YCTbe CKBAaXHHHl DE3KO
BO3pACTAeT, UTO SBJSETCS] CHTHAJOM O AOCTHAEHHH IOpUIHEM / co-
BMECTHO C nephopaTopoM § HIXKHETO KpafiHero HONOXKEeHHA.

Harderanne paboueii MHIKOCTH KPATKOBPEMEHHO TNpeKpalllaercs
A0 BRxona orseperuiit 3 mToka 4 H3 HanpapAAIoMeH BTYJIKH 5. YcH-
JIHeM JaBJeHHH THAPOCTATHIECKOTG CTON0A HHAKOCTH Ha HHHHEHH
wrok 10, uMmelomuil GoAbUIee NONEPEUHOE CRUEHHE N0 CPABHEHUH CO
mrokeMd 4, ocyiuecTsadercda xof moptiHsa 7 BeepX. [Ipn stom ofpar-
HWii kaanad /3 B nopude 7 OTEPHBAaeTCd, H KHIAKOCTD H3 ITOJOCTH
b moctynaer B monocth A, oflecTeuHBAS CKOPOCTh IepeABHIKCHHS
nopugsa 7 BBepx HaMuoro OoJblle, YeM 0pH Xode BHH3. BozobHos-
jgerca Harderande pafouell paxocetsw 5 HEKT ¢ wmuduMasbiem
pACXoi0M arperata.

Ilpu AOCTHmEHRE BepXHerc Kpaiihero noJomeHusa LITox 4 ¢BOHM
K/NalaHoM-3arayLikofi 2 nepekprisaer ceano {, Oaarogaps 4deMy aan-
JeHHe LUPKYAHpyllel padouell MMJIKOCTH ONATh YBEJAHUHBACTCH,
YTO CHYIKHT CHPFHAJAOM O JOCTHMEHHH HepdopaTopoM KpalHero sepx-
Hero moJokenun. Janee npouece NoBTOpPAGTCH.

[Mepenaua cHrHANOB HA TOBEPXHOCTE I JAOCTHXKeHHe nepgopaTo-
poM KpaHHHX noJOKeHHil OOECNCUYHBAT KOHTPOAL 3a& BHPalBOTKON
ulesnedl 3aMaHHOH AJHHBL.

BHOONHEHHE MOABX IITOKOB PA3HOTO AHAMETPA COBMECTHO ¢ H30-
JHPOBAHHCM BHYTPCHHeH MOJAOCTH IHUJIMHAPA OF BHYTPHTPYOHOro
H 3aTpy0HOro NPOCTPAlCTE BBI3EIBACT BO3BPATHOE [EpEMeElleHHe Hep-
dopatopa B HCX0JHOE BepXHee NodoKetue (e3 W3MeHeHH® Haupas-
JEHUA UHPKYNHPOBAHHUA padouci :KHIKOCTH.

Ha3onupoBanke BHYTpenHefl NOJOCTH IHJAKHAPA OT BHYTPHUTPYOHO-
TO H 3aTpy0HOTO MPOCTPAHCTB M 34lOJHEHHE ero BAJKOH KHIKOCTBbIO
[IOBBIIIART HANCKHOCTb paboTel ycTPORCTBA M pacimgpfeT AHANA30H
peryaupoBaHus CKODOCTH Tepemelledns nepdopatopa.
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PaspaGorannoe rayGunioe yerpoicTBo s BEPTHKANBHOID Tepe-
Melienuss nepoparopa NPHMEHAIH TPH CO3LAHHH BePTHKAJIEHBIX
l1e71eBBIX BRIPAGOTOK B CEPOTOGHRYHBIX CKBAXUUAX SI30BCKONO MECTO-
poxkaenus 1ay6nnoi go 300 M. Tosmmusa UPOIYKTHBHOIO TOPH30HTA
B cpeaneM 15...20 m. ITadacTe OpeacraB/cHb OCEPHEHHEIMH H3BECT-
HIKAMN, TPELHHHBIMH, H3PeIKa KABEDPHOSHBLIMH. TpelIHEBL YacTHYHO
3all0JHERL Ka/LUHTOM, IMUHAMH W Hajdetamu cephi. [[lenesnie Buipa-
BOTKH CO34aBanu 15 YCTAHOBJGHHA XopoLeil THAPOJHIAMHIECKOH
CBISH CEBamum ¢ iaactoM. ITocie 3Toro yeenwunmsanacs npremwc-
TOCTH CKBAXKHH [10 BOAE H.iH BO3DPACTA/ NPUTOK ROIH.

Hanpumep, B c¢xB. 1147 Bekpoir OCePHeHHBIH U3BeCTHAK Ha rayOu-
re 236,4:..246,6 M. OGcaanas KOJOHHA Anamerpom 219 mm cmy-
ueua g0 239 M, a HRKE [L14CTHl BCKPBITHL  J0JOTOM THAMETPOM
190 vy, Ha ray6nre 243 m ycrawopaeno YETPONCTBO AJS BEpPTH-
KaJbHHIX nepeMellenuit nepgopatopa AII-6M ¢ asuno#t xoga | M u
ABYMsl HacaikaMu anaverpoM 6 vwm. Ilpw nasiaennn Ha yverne 12 MITa
IpOBOAKAH 3axkauky pactBopa 10%-nrofi consHo KHCIOTHL Cxopocers
mepeMelllennnsl fepopaTopa BHM3 COCTABASTA  OKOAO B MM/MHH,
BRBepX - mphHMepuo 50 mM/Mun.

[ocne sapepuienns paor no BwpadoTke nledu B agct 3aKaqanu
& M* KHCIOTHOTO pacTBopa Tpu aBdensu 1,5 MITa.

3HAUHTEABHO YAYUINANACE THAPOAWHAMHUYCCKAA CBSI3b CKBAMKHHLL ¢
razctoM. [efut Boaw npu oTKauke spandiTom 1o BRIPABOTKY Imeau
coctasasa 0,5 M%/u, mocsue BHPaBOTKH WMeAH M 3aKAYKH KHCIOTHOLO
pacteopa — 16 m%/u.

B cke. 1074 wiact BekpuT Ha ray6mue 2062 . 222,6 M. YcTpoii-
CTBO AT BEDTHKAILHOO [epeMellenns Nepdopatopa YCTAHOBJCHO HA
rayGune 220 m. JlaBienue Ha ycThe IPH BHPaGOTKe e AQCTHIAJI0
7 Mlla, a ckopocTn nepemeilleHus: anmapata AIT-6M Bous —
2.5 MM/Mun.

[lo kaBepHorpavme oupeieqanu yBernuemnte AHaMeTPa CTBOAa
CEBRMENDBI B HHTEPBAJC BHpaboTKy wead ot 127 1o 300 mu, [poraso-
AHTEILHOCTL CKBAZKUHEL IPH CaMOH3JHEE VBeaHuraach of 0 1o 5 M3y,

Taxiy 0Opasom, NpOMBICIOBbIE HCHLITAHUS rayGHHHOTO YeTPOHRCTRA
i METOAA BLHIDAOOTKH WIEACH B OCCPHCHHBIX H3BECTHAKAX IOATBEpLHH
PaGoTOCTIOCOBHOCTE 0GOPYAOBAHNS 1 3th()EKTHBHOCTD TEXHOIOTHIL ye-
TAHOBJCHHA CBASH CKBAaXHH ¢ miactoM. PaspaGoranmoe ray6unnoe
VCTPOHCTBO MPOLIIO NPOMEINLISHHLE HCBITAHHSA npu paboTe Ha OIRO-
POAHBIX JKUAKOCTAX H MOMKET OBITb PEKOMCHAOBAHO AJS HCTOJb30BA-
HHSl B HeTAHLIX CKBAKIHAX, HaUpHMe] IPH BO3IEHCTBHH Ha pHbo-
TeHHEle H3BecTHAKY Balikupnu.

[lpensoxennnlii  OPHHUMI TepeMelieHus FHIPONeCKOCTPYHHOTO
annapaTta UeaecooGpa3He  MCIOAb30BATE ST CO3TAHUS riIyOHHHOTO
YCTPOHCTBA NPH PHAPOMECKOCTPYHHOMN lleppopallik B TAyGOKHX CKBa-
KiHax, Cnocod co3fanus ieneBnix BLpaboToK B TPOAYKTHRHBIX [JaC-
TaX, HeCOMHEHHO, OYIeT aKTHBHO Pas3BHBATLCA B 1a7bHEHIIEM.
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2.6. OueHka COEEPILEHCTRA CKBAMMH
€ KaHanamM M LEenSMH, )
CO3AaBAEMBIMH THAPONCCKOCTPYHHBIM METOQOM

B upodaeme o00CHOBAHHS pauuoHalbHOR BOPMB 3KCHayaTald-
OHHOre 33008 CKBAMHIHELL BeCbMa BaXHO OQIpEle] eHHe NAOTHOCTH Ka-
HaJ 0B H UleneH, CO3AARASMEIX B IL1acCTe THAPOIECKOCTPYHAHBIM METO-
J0M, a TaK¥ke ODOCHOBaHHE pPa3dMepoR KaHaJ0B H LIeaeBblx Belpalo-
Tox. HMapectnniit Meroxuueckuil nojxon [21] ocHoBaH Ha onpexeneHuu
NPUTOKA QAHOPOAHCH HeCKHMAaeMOH KMIKOCTH B CKBAMHHY, BCKPDIB-
UIy0 OJHOPOJAHBI KpyroBof AacT, uepes IHAPOMECKOCTDYHNbIE
FOPH3OHTaJABHBEIC (HalpaBaedusle 1ol yriaoM 90° K OCH CEBAaXKHHH)
KaHajhl HJH BepTHXAJbHBIE HieAeBHe BbipaGorku. CreilleHb coeep-
UICRCTBR CKBAMHHLIL, BCKPLIBLIEH BCIO TOJNUWHHY MA4CTa THADONECKO-
CTPYAHEIMA BRIpaBOTKaMN, ONpeiedseTcs, kKak 7o npaaare [110]
B HCMTEIPOMBICJOBOM JleS1e, H3 3aBUCHMOCTH

e = Qrmn/Uc, (2.38)

rae Q¢ — aefuT IHAPOJAHHAMHYECKH  COBEpPIUeHHOA CKBaKHHBI,
BCKPHIBUIEH BCIO TOJIHHHY []acTa, TPHTOK B KOTOPYIO OCYHIECTBASET-
Cs1 Uepe3 BCID NOBEpPXHOCTh, BCKPBITYIO NOJOTOM TPH OypEHHH;

Quur — Ae0HMT CKBAXXHHBI, ITPUTOK B KOTOPYIO OCYIECTB/ACTCA He-
pez KaHaJe HAH LLeJH, CO3AaHHEIC THAPONECKOCTPYHHEIM MeTOI0M;

fle — KO3(hQHIGIEHT COBEPILUCHCTEA CKBARKMHEL

Ojnako npH BCKPHITHH [JACTOB BypeHHEM, Kak NPaBHIO, TpowC-
X0AHAT HeH3beKHOe CHWKEeHHe TPOHHLACMOCTH B NpH3abORHOH 30He
maacta [109], kotopoe creiyeT YUYHTHIBATE [pPH pacueTe TPHTOKA
JKHAKOCTH 4Yepe3d KaHadawl nephopalHu. nsg ODeHKH BJHAHHA CHH-
JKeHHS IIPOHMLIEEeMOCTH AAacTa Ha. NPUTOK B CKBaXKHHY Tpebyercd
3HATDH PAANYC 30HB HOHHKCHHO! NpPOHHIIAEMOCTH W ee pasmep.

B kaiyecrse OCHOBHOTO KDHTEDHS AAS ONPEAEJICHHS TJIOTHOCTH
mepdopaun # pasMepoB Brlpabortok, coziapacMmwuix [TITl B naacrax
C HEeOJHODOAHOH NPOHHUAEMOCTBIO, MOXHO NPHHATH KO3D{PHUHEHT
COBCPUICHCTRBA CKBAKMHEL IH IKONOMUYECKNE NOKA3ATENH, HANPUMED
YPOBeHL ceGecTOHMOCTH RONOJHHTENLHO JI0GHTOH HethTH u rasa.

Huxe H3noxeHa MeTORMKA OUEHKM NJOTHOCTH mepdopalld H pas-
MepoB Brpaforku, cosgaBaemwix ITIII, B NJACTAX € 30HAJILHO He-
QHOPOAHOH MPOHUIAEMOCTBIO, oGecneunBaiomel AOCTHIKEHHE 3a]aH-
Horo Ko3(UIHeHTa COBEPINGHCTBA CKBAXKHAH. [IpoBedeHBl OIEHOY-
Hble pacyeThl BJIHSHHS 3014JbHOI HEOZHOPOAHOCTH Tacra Ha CO-
BepIHeHCTBO CKBAXNKHHBL .

OcHoBHAA NpHYHHA BO3HHKHOBEHHS DPajHaJbHOH HEOIHOPOLHOCTH
nJaacta B NpH3aGoHHOH 30He — CHIDKEHHE NPOHHUAEMOCTH KOJJAeK-
TOpa NPH €ro BCKPRITHH. CHHMKEHHe TMPOHHIIAEMOCTH KOJAJeKTopa
06yc10BIEH0 3aKYIOPKOH TOp H TPeLIMH _ TBEpIHIMH  YACTHUIAMH H
EPOHHKHOBEHHCM (HHJALTpATA IIPOMLIBOMHON MKHIKOCTH.

HaBecTHO, UYTO FPAHHHCTBIE 2ACTHIH NPOHHKAIT B IOPOBOE NpO-
CTPaHCTBO Ha HeGOALWIYIO rayBHHY M 3HaudtessHo {10 10 pas) cHu-
HMAIOT NPOHNIEEMOCTE KOJAJIEKTOPA.
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[TpoHikHoBeHIIC TECPAOH (ashl B TpelHHE MOMer MPOHCXOIHTE
H Ha OOJbIIHE TAYOHKE W 3aBHCHT OT COOTHOUIEHHS TOPHOTO, MAACTO-
BOro H 3a60fuHOr0 zamaeHuil, a Takke BPCMEHH BO3AEHCTBUA wHa
aact. OJHAKO OHO He 06ycaoBanBaer PaiHaAbHOH Heo/HOPOAHOCTH
KOJMIEKTOPA, MOCKOAbKY HalipaBJacHHe PACKPEITHA M PasBuTHA Tpenldu
HOCHT Heonpenesenusii xapastep. Takoe cocTonnme 34ech He paccMart-
pHBaeTCs.

Faybuua nponnxnosenns xauwasgon KYMYJIATHBHOH H THAPONCCKO-
CTPYHHOM nepdopanuu, kax NPaBuiI0, BOJbUIE 30HH NPOHUKHOEEHHs:
TBEDIABIX YACTHII, NOITOMY CHHIKERHe TPOAYKTHBHOCTH CKBAXKMH BCag-
CTBHE BIHAHHS 5TOrO (aKTOpa MOKeT Obith R 3HAYHTENLHOA Mepe
JIHKBHAMPOBAHO,

Paguaabnag HCOTHOPOAHOCTD T1acTa ¢ TOPOBBIM KOJIAEKTOPOM B
Goabuielt Mepe onpexeasiercs IponeccaMu UPOHHKHOBEH NS buabTpara
IPOMBIBOYHOH MBAKOCTH. Mexanuaym UDOHHKHOBEHHSA $uIbTpaTa B f0-
POBOE ApPOCTPAHCTBO.- 3a Cder THAPOAHHAMHYECKOTO TIepenajsa j1ap.e-
HHS MEXAY CKBAXKHHON H IJIACTOM o KalHAIIPHBIX CHI B 1pH3AGOL-
HOH 30He IIacTa packput M. JI. Cypryuesmm [111]. Kanwianapane
CHJL MPenGaajfalor npu BHeApeHuH buabTpaTa B Meakne MOPHL H
00yCI0BIHBAIOT BRICOKYIO HX BOJOHACHILEHHOCTD, Pagnye somnt npo-
HHKHOBEHHA (UAbTDATA 3aBHCHT OT RO/LIEKTOPCKAX  CROMCTE nopox
" COCTaBaReT 2...8 M, a IpegedbHasn BOXOHACHIUEHHOCTL AQCTHIAeT
40... 459, Ilpu sroM oTHOCHTEBHAS NPOHHIAEMOCTE  1OpOL  ans
He(TH CHEMKAETCs B ABA-TPH DA33 10 CPABHEHHIO C MPOHHUACMOCTIO
38 NpEAeJaMH 30HBl TIPOHHKHOBEHHS unbTpara, uro Baecwer sa co-
6oii 1,5—2-kpaThoe yMmeHbureHe Ae0HTA CKBAKHHDL

Kospduument soccranopaenns UPOHHIIAEMOCTH 115 KepockHa
KCPHOB JIEBOHCKHX llecHaHHkoB PoMaurkuncroro MECTODOXKACHIA ¢
HAYAILHOR TIPOHHUAEMOCTLIO 04 . . 2 wiwm? [OCJae NpOHUKHOBEHMS B
HX 1I0pOBOE NPOCTPAHCTBO HPECHON M maacTORON BOAB cocTapu.g 45
H 84% coorsercrenno.

[pu pacuere apamerpos npouecca I'THI B expaxuye HeOGX0IH-
MO TLDOBECTH KOMIVIEKC HCCAeA0BAHMA A5 CHATHS KDHBHIX DpPHTOKA W
KDHBLIX BOCCTAHOBJEHHAS 1ABJelHS [8, 40 1 ap.] ¢ Tem, uro6y ofpe-
ACTHTL OTHOMWIEHHE NPONALAEMOCTEH | ryGHHY  pacnpocTpanenns
SOHLI TTOHHUKEHHOH NPOHMUAEMOCTH, Ecan, wampumep, cnars KPHBYIO
BOCCTAHOBJICHMSA J1aBienns HEBOSMOAKHO, TO 3TH xe jaHuwe a9
OUCHKH mapaMetpos I'THI wmosxuo BOJQYYHTL B[O pesyabTaTaMm mpegp-
AYUIHX HCCHEIOBAHHUH, BMIOJHEHHHX B APYTHX CKBaKHHAX HedbTe-
TPOMEICAOROro pafiona, XAPAKTEPUIVIOIHXCA TTOI06HLIMH EO/1AeKTOpD-
CKHMIT CBOHCTBAMH NOPOA M YCJAOBHAMH BCKDBITHA fjacra.

Oyenra Koathpunuenry COBEPUICHCTBA CRBAMCUHLL ¢ 2OPUSORTA AL~
RouMu kanaaamu T, ackpesed Heoonopodusli naacr. CoBMecT-
HO€ BJUAHHE HECOBEDUIEHCTBA CKBAXKHH no XaPAKTePY BCKPBITHH
PHAPOIECKOCTPYRHBIM METOROM M 30HAJLHON HEOIHODOJEOCTH KO-
IEKTOpA B DAaAMAABHOM HampasaeHHH TpH GOABUIHX PasMepax 30Hm
LOHHXKEHHOR NpoHHuAeMOCTH 110 CPABHEHHID ¢ rAYGHHON KauaJon
MOKHO OUDEReHTh TaxuM 06pazoM. Hpeanoaomum, uro B nnacre
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CO3aHBl KaHA/B, Yepe3 KOTOpble OCYIIECTBJASTCS NPHTOK MHHAKOCTH
B CKBAKHIY.

CHauana nafiieM KO9(GHLUHEHT COBEpPLICHCTBA TaKoi CKBAXKHHBI,
NPEAIOA0KHEB, HTO IIACT OAHOPOJIEH N0 NPOHHIAEGMOCTH, 1A% Yero
HCOOAB3YyeM 3aBHCHMOCTL (2.38), mpeacramaenuyo C. A. BESHPOBHM:
JI. C. Meank-AcnanoeeM uH O, A, CupopoBeiM [21] B TakoM suie:

_ tn (RyR) R,
o= I (R wily) = (Hoajla muy In (H /2= Rym)

rag Hyy — toamuma mnacra, M; fp — AAHHZ KaHada 34 LEMEHTHSIM
KONBUOM, M; Rn ~— pagHyC Kamuana, M; n — UHCIO KAHAJOB B ropu-
BOHTAJbHOH IJIOCKOCTH; M — YHCAO SPYCOB KAHAJOB 10 BEPTHKAJM:
wv=4; 2. 1,86 u 1,76 coorBercThenno ipu n=1, 2, 3 u 4.

Ecin TPHTOK KHAKOCTH B CKBaXKHHY HAET uepes lieJeBhle BHpa-
GoTiu B mMJjacre, TO, paccMaTpuBas BePTHKAJBHEIN HAlpes Kak ro-
THIOHTAJALHBIL  CTBOJ CKBAMKUHBE  SJTHICOBHANOH (BOPMEL cbocn;z\u-i

H
b/2 m h/2, skBHBaNEHTHBIA Kpyraomy KaHaay painycoM 5(2+ 5)

saBicHMOCTh (2.39) asTopr [21] npeofpazoranu rak:

J— ln (RR:'RC) , (240)
T I (Rewlla) + (Hogfly m) In (OH, ymm (b1 )
A€ £ — BHICOTA WNeNeBOH BIPaGOTKK B naacre, M; b — wHpHHA

menesoll BeipaborTkd, M. OcTaibHele 0603HaYeHHN 63 H3MEHeHH.
fdanee HAXOAHM R3AHMOCBSI3b MENKAY KODHHLHCHTOM COBepLiIeH-
CTBA CKBAZKHHBL H TIPHBE/ICHHLIM PaHyCOM. o
J17 CKBAaZKWH, BCKPBIBIIMX BCIO TOJNIMMHY IUIACTA, MOKHO fl10]

janucars o In (‘QK’,‘T\)C) B :‘[n ([T?K”;R.cl (2.41)
YU (RR) - C, In iR Ry)
rie Rx, R — paamyc KOHTYpa NRTaHHsl # CKBawuun; Cy — Koad-

GHIHEHT, ONpeneATOUE  HECOBEPIICHCTBO CKBAMKAHLL 10 _Xapaxk-
TePY BCKPLITHS H  YYHTHBAKWHE BO3pacTaHHe COMPOTHBICKHA TIpII
CryUIeHHH JAHHHE TOKa Mo Mepe TMPHOMTHKEHHS NOTOKa K Kauanam
nephopaunk; Ko, — npuseienusil PAAUYC CKBAMUIIAL ]
Hagectso, uto Hecosepimenuyio CHBAMHHY MONKKO 3aMeHETH co-
BepuIeHHol, 145 Kotopoll npu Cy=>0 UPHBEACHEBIA paiuyc Ry, Oy-
AeT MeKbnle npobyperuoro K.. M3 zasucnmocty (2.41) onpegeaum
Ryp = R% Ve pline, (2.42)
3aTeM HCHOJB3YeM 3aBHCHMOCTD [120] mas pacuera  kos@HIL-
CHTA COBEPLICHCTBA CKBAMKHUHGLI, 3KCITYATHDYIOLLCH AIACT C HP)OHH-
IaeMOCThIO £; B 20He paxuycoM Ry u Kuy B KOAbLEBO#H s0de OT s A0
Ry, NOMOXHB B 3HaMenaTe e Re=Rnp, ¥ TOFN2

foon = ) : (2.43)
T Ralfs) 10 (RoiReg) + 11 (R R
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Fipomeiem omenky BIMAHMA HECOBEPIUEHCTBA CKBAMMHLI 10 Xa-
paxTepy BCKPBITHA Ha MPHTOK B NJACTe ¢ 30HAALHO-HEOLHOPOIHOH
UPOHHIACMOCTHHY B PAAUAIRKOM HaNpaBIeHUM.

Anamna Qopmyas (2.43) nokasmBaer, yto ¢ poctom R. or 10
Ao 104 M Maon BospacTaeT npuMepdo ua 20%. [losToMy nadbHefilne
OLEHKH BHINOJHEHs OpH Ry=102 M.

[pennmonokuM, B 11acTe BOKPYT CKBAsKHHBL CYIUECTBYIOT 1BE
sonul. 3ona paanycoMm 0,1=IR,<710 M ¥ cTBOJA CKBaXMHHB C 113Me-
HEHHOH NnpodHUaeMocThio K, H KoJbUeBad 30HA Ry=tR=10Z M ¢ Ha-

Faon ? sou
! a 1,01 1
0,6 }' 08r 6
0.6 2 06t >
0,4 8,4 F
0,2 _° 0’2 ?
; . . o B
0 . .
5 19 R,,M 2 6 w0
“an /e
Paow / J

0 fa Puc. 2.20. 3amncnuoots Ko-
0,8 11 »hBHIIHCHTS COBEDIIEHCTRA
CKBAMHELI, BCKpPLIRIIEH 11€0/i-

06 12 HOPOAHBIA TIA&CT, OT palivea
04 ' 13 PacIpOCTPAHERHA SOUL [MOHN-
/ FEHNON NPOHHIAEMOCTH  (a),

STemeHH CHWIKEHHS NPOHHUae-
2 — e MoctTn  (6) W coBepluencTba

CKBAMNIH o Xapakrepy
0,8 1,0 1,2 1,4 1,6 7€ BCKpEITHA (8);

7 — [—3 — COOTBeTCTBEHHO MILH
8 n—1li 0.8 07 k=20 4 -
daapHOfl TROHHIEEMOCTLIY K7, OTHOInemwe  #P% =08 kygfk=1 5 — npu
IPOHHDECMOCTeR  TpHHATO  paBubv 1S “:‘l‘} Fralty=10.
]( N k <]0 4 - LRk _ALOOTB'&TCJ:!EHHO nyw
gl I'LJ 3)\_ . Ry=01; 0.5 2 5 1 »; n
CgBaxnna xapakrepusyercs xoybduun- ° — i 16—13 cootaey

=1; 2 4

eHTAME COBEPIICHCTBA TIO XAPAKTEPY BoKph- 0 " Faat
THS, H3MEHSWIGHMHCA B Opelenax 0,7

e 1.6, Tlpenean MaMeHEHMA YKA3aHHBIX MAPAMOTPOR NOAGGRAHN
¢ YuetoM gaMmeiomieiicd HHMOPMALHH O COCTOSHHH NPH3AGOHHON 20k
naacrd, H3J0MXKeHHOH BEINE. PesynnTaThl pacueroB npeicTaBJednl Hi
pue. 2.20.

Hoast npunsthx yeaoBnit Re=100 M, R.=0,1 M, 3uatenne Rup FO
dgopmyse (2.42) npu ne=0,7; 0,9; 1; 1,2: 14; 1,6 pPABHO COOTBETCTBEH-
ro 0,0059; 0,046; 0,1; 0,326; 0,714; 1,3 m.

M3 puc. 2.20, a Bunpo, uTo HaHGOBLICE CHMIKeHHE xosdhpunrenTa
COBEPINEHCTBA CKBAXKHHEI NMPH HAJHMYHH 30HAJBHOH HEONHOPOLHOCTH
IIacTa NPOUCXOANT HPH YBEJIHYCHHH PAazMyca 30HBL TIOHHKEHHON mpo-
HHLAEMOCTH 10 2 M. DTO 3aKAIOUCHHE CIPABeAJHBO IS HCCICI0BAH-
HbIX 3HAYEHHH 1)e W Kpp/lks. M71ag, yBeHUYCHWE 30HEI MPOHHKHOBEHHS
duaptpara Goasliie 2 M MaJo BJAWSET HA NPHTOK B ckpaxuny. CHH-
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xeHue 1., KOTOpoe OBYC/IOBJAEHO HEeAOCTATOUHBIM KOJHHECTBOM W
pasvepoM neppopaurOHHBIX OTBEPCTHE (PH DOCTOSHHOM  Kpn/Ry=—Z2.
WaB Ke yBeauueHHe Kqz/Ra npH n.=10,9 BEI3LIBAET GoneC HHTCUCHBEOE
CHHKEHHE Yzom.

BaudHue CHYXKCHEA OpoHHIAeMOCTH nprzalofinoil 3ouml unacta
Ha 3HAYEHHE Nsou NPH NOCTOAHHOM 1.=0,9 Ha (QoHe pocTa R, noxa-
3an0 Ha puc. 2.20,6. JIByKKpaTHOe CHH)KCHHe IIPOHHLAEMOCTH IIpH
Ry==0,5 M NpHBOIHT K VME@HLHIEHHIO T)io, OT 0,9 n0 0,7, a upn R.=
=2 M COOTBETCTBEHHO Nzor—=0,0. YerblpexkparHoe CHHIKEHHE TipOHH-
HAEMOCTH elle OOJbLIE YMEHBIUAET CTeleith COBEPIHEHCTBA CKBaMii-
HE 10 Taou=0,46 npu R,=0,5 m u 0,36 npu 2,0 m. Hansredmuil poct
crelleHd 3arpsasnHenud npuzadofinoft 30HB NAacTa TOPA3AD Menblie
B.THAET HA COBEPIUEHCTBO CKBAMKMHEL

Tpy BCKPHTHE NA4CTA TPUYHHON MHOTOKDATHOTC CHIKEHUHM eTo
TepPROHAUANLHON TpoHHIaeMOcTH B<C (Knu/ks) <Z 10 sBagercst 3aKy-
MOpKa 0P H MUKDOTPEIHH TBEPIBIMH TacTHUaMu, a Hefo/blloe CHH-
Keune 2< (Kuafks) <C3 BH3BaHO TpoHHKHOBCHHEM (uabTpaTa. [lepsoc
HabngaeTcss Ha HeDOJBIIOM pACCTOSAHAH  OT CTeHKH CKBAMKHHH
{10 3 cMm), roraa kaE OQRJALTPAT TpPOHHKAeT HAa ravOomuy go 10 m.

Ecny wananwr ruaponeckocTpyHHOH nepdopaudn HMelT HAALIIYIO
ASTHHY, YeM 30HA NOHWKEHHON DIPOHHUACMOCTH, TO TaKad 30HAZ Mano
BIMAET Ha NMpHTOK B ckBamuuy [15]. M3 sroro MomHo clenars BH-
BOO: [OCKQGIBKY (¢ 004be CAVOHHB DRPOHHKHOBEHHA TREPANK UHac-
THI, TIpH OleHKe de(uTa CKBAMHN C KaHaJdaMH THApONecKocTpyiHOH
nepdopallHH AOCTATOUHO OIEHHBATE BAHANHE 30HLI NPOHHKHOGEHHS
duiasTpata. Eean e ray0upa ero nponnxkHOBeHHS Rp;2=2 M, Takyw
OUEHKY MOMKHO DPON3BOAMTL AMs Ky=2 M. OueBHAHO, HpH 3TOM
NpefnoiaraercAd COXpaHeHEe IPOHHUAEMOCTH NOpoAabl BOJIH3H CTCHOK
nephopallioHHBIX KAHAJI0B 11a ypoBne k.

Fla pue. 2.20, 8 upeicraBiesH KpHBHIC HAMEHEHHA Wuom B 23BY-
CHMOCTH 0T COBCPUICHCTBA CKBAXKHBLI N0 XapaKTepV BCKDHITHA 0
DTONEHN CINDECHIEA IIDOHELAEMOCTH rpH3alORHOH 30HH mJaacTta Nl
H,=2 wm.

Mpa Kuzfey=1 (OTCYTCTBEH 30UbI TOHHMKEHHOH NPOHHIAZSMOCTH )
Nacrn="Nec CBA3L JHHEHHAA W 3aBHCHMOCTL (2.43) CBOAKTCA K QopMmyse
(2.39). Ilpu yeeauuenur K /k; ¢ pOCTOM 1) 3HAUEHHE ¥)an;; BO3PACTALT
Bce wmeansnpee. g obecnmeueddsl taon=1 HCOOXOABRMO VBEJHUHETh
Ne>>1 W, clefoBaTeanite, Ry =K.

Onpedenenie KOPBPUULEATA COBEPUIEHCTEA CKEQNCURSL APR Ned-
gopatiuy HeoOHOPOOHGZO TOHKOCAGUCTO2O MAGCTA MAKADHHBIML Ki-
rasamu, Haanune CJIOMCTOCTH 3HAUHTENHO OCJA0KKEACT KaPTHHY HpH-
TOKa MUIKOCTH K fNepopaunoHHnM xamadam. [. J[. Capenxos 11
yBeJAHUCHHST BEPOSTHOCTH BCKPEITHA TOHKOCJIOKCTHIX NPOAVKTHBHELY
IPONAACTKOB Hpeanoxua cnocod [97] BekpwiTuS nhacTa EAKJIONHBIMH
kauajaMH. IIpH yrie Hak;jIoHa K4HAJOB K OCH CKBAaKHWHEHL, paBHOM 457,
KOJHUeCTBO APYCOB Kanalor, HeobxoiRMoe i TIOJNHOTO OXBATA NpO-
nJacTKOB lepdopaurefi, N0 cpaABHEHNIO ¢ KOJHYSCTROM HX TPH CILIONI-
HOM BCKPHBITHH YMEHBIUHTCE NOYTH B IBa pasza. llostoMy Ipumedenue
BCKPHTHA TLIaCTa HAKJOHHBIMH KZHaJAMH B TOHKOCJIOMCTHX KOAARK-
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topax no meroay I'. . Caeeykora maer GoJbWON 3KOHOMHYCCKHN
sthderr,

lanpiie, Mpy BCKPBITHH TOHKOCJOHCTHIX HPOMIACTKOB B paipese
CKBAaXHHB He00X0ZINMO ONpPeAesHTh KOJHYECTBD HAKIOHHBIX KaHa/los
B OHOM spyce aisl ofecnevenus COBEPIEHCTBA CKBAMHHBI N0 Xapak-
Tepy BCEPBITHS.

3ajaya © TPHTOKe ¥HIAKOCTH B CKBAKHHY € HAKIOHHBLIMH Kama-
aami pemwena [, . CasenkosmiM u B. C. boitko [16, 93, 94} nas
npejeJbH0  aHH3OTPORHOrO MJacTa (BEPTHKA/bHAS NDOHHLAECMOCTD
paBHa HyJio). [TpuMeHeHHe TaKol CXeMBI AONYCTHMO, TOCKONBKY AakKe
NpH HE3HATHTEABLHOM BO3PACTAHHH AHH3OTPOMHOCTH (IIPH OTHOINEHHH
BePTHKA/IBHOA NPOHHUAEMOCTH K IOPH30OHTAJIbHON, PAaBHOM ABYM, 410
OGHLIYHO BCTpEYaeTcsl B NPOMBICJIOBBIX VCJIO0BHAX), HAeOHT CKBAXKHHE
OmCTpO CTPeMHUTEsl K AeDHTY ee B NpelegbHO aRHIOTPOMHOM IIACTE.

Brito/iHeHHbe HMH DacdeThl [O3BOJKIH CAEJaTh 3AKJWHYEHHE ©
TOM, U4TO KOJHYECTBO HAKJOHHLIX Kananos ans ofecneuedun Kosbdn-
LHEHT4 COBEPIUEHCTBA CKBAXKHH OKOJIO eIHHHUB JO/GKHO paBHATLCH
AByM. [/laipyeditee YReJHUSHHE YHCNA KAHAAOB He BLISHBAGT 3aMeT-
HOTO YBEAHYEHHS NPHUTOKA MHJAKOCTH. C yBeJHYEHHEM YIia HAKJOHA
KaHaJA0B KOI(QGHIHEHT COBEPIICHCTBA CKBAXKHH BO3pACTAeT 3a cuer
YAYUIIEHHS COBEPIUEHCTBA [0 XAPAKTEPY BCKPHITHS, HO BMECTE C TeM
VMCHDBIIACTCSI B Pe3yJ LTATe CHHACHHA BepOATHOCTH OXBATA IiPH [10C-
TOSHHOM 4Yueje sipycos. O4eBHAHO, KOMIPOMHLCHOE pelleHune 6yaeT
38RBACETL OT YC/IOBHH 3aJEMadHll NN4cTOB H KAUeCTBA BCKDBITHA,

[1o nawumy paborer [16], 1Ba HakJIOHHBIX KAHAIA4, [ePECEKAOLHE
B TOHKOCJOHCTOM TJIACTE BCE IPOAYKTHBHHIE MPOILIACTKH, B KOTOPEIX
OTCYTCTBYST 30H2/BHAA HEOAHOPOAMOCTH, Jawe Ge3 paboTw BepTh-
KajbHOrQ creoJia odecneudraioT 999% NpPOAYKTHBHOCTH THAPOJHHAME-
YeCKH COBEPUIEHHOH CKBAMNHHKL C ABYMA AOOGIHATETHHEME HaKAOHHL-
MH KaHaJjgaMH. [losToMy 105 OpHOANKEHHOU OUEHKH BJMSHHSE 30H&Jb-
HOH HEOLHOPUAHOCTH B PajHaJbHOM HANDPABACHHH TIPH CILIOIIHOM
BCKPBITHH TOHKOCJOMCTOrO NJaCT4d HAKJOHHBIMH KAHAJAMH B pPacger-
Hof thopMyae (2.43) MOXKHO BPHHAT: Rpp=R..

Oyenra nAOTHOCTIL it PAAMEPO8 KAHAA08 nepdopauin u weaed.
Iipekpe YeM paccMOTPeTh BOMPOCH OUEHKH IJOTHOCTH H Dasvepos
KaHaJM0R NepdOpALHH H Ihedell B HCOZHODOAHOM I1TACT2, BEINOJIHAM
OLEHKY BJHAHHS 3THX D1apaMeTPOB HA COBEPINCHCTBO CKBAXKHHEL
BCKPLIBLIEH OAHOPOINBIA TaacT.

Paamephl KaHagoB, C0318B2eMbX KYMYJIATHBHOI nepdopanueaii,
CTPeICHANH ONBITHRIM HyTeM [53]: RO pesyapTataM OTCTpetos Wa
MHIICHAX, COYUIEHHBIX B CKBAMHHY Ha rayouny 3000 M. Mumens co-
CTORNE H3 CTaJAbHOH naacTHUKY TOJIMIHHON 10 MM, HeMeHTHOrO Kamud
TOAUINACH 20 MM M necuarnKa 30LEHOBEIX OTJOMKCHHMI NDOUHOCTBIO
Ha oratie 45 Mila.

PasMepsl KanaJor 1 ulesei, CO3AaBAEMEIX THAPOLCCKOCTPYHHEIM
MeTOJOM, OUDEAeIATH MO HIVIMKEHHOH HaMH MeTo/ ke npH de==0 mM,
AP=30 Mlla u =060 Muu. Bpemsa supaGorTir 10 MM BHCOTH iein
3...6 muH, Taybuuy wedaelt npugHMaIn B jABa pasa Goabuiel rayGu-
HB KaHaja, BHpPabaTHBAEMOTO B 3aKDHTBX YCJIOBHAX, -4 LIHPHEY -—
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paBHOfl pAaiHyCy KaHa/la, CO3AABAECMOr0O TPH TEX K¢ Tapamerpax B
OTKPHITHX VCI0BHAX. PesyinTarel pacuetoB Aas YCJAOBHA BHPaGOTKH
KananoB ¥ miesefi B (OPOAAX PABHOH TNPHYHOCTH NPUBCLCHH B
Taba. 2.7

Pacematpupad aaHuble Tada. 2.7, MOXKHO CileAdTh DAL HHTEPeCHBIX
BHBOLOB. Tak, TpH pekoMenayemofi ana yenosuit Ilpenxapnartns [55]
naotHocTH nepdopauun sapsiamu ITK 103 (20...40 ote/M) u Bepo-
siTHOCTH oBpasoBanHs kanajga 0,5 MoxHO aoctHub M.=0,59...0,74,
a sapagamu [IKC 105 (10...20 otB/M) n.==0,69...0,84 mpn gow=
==37 MIIa u nc=0,57 ... 0,70 opu 0ex="98 MIla.

[IpHmMeHeHHe THAPONECKOCTPYAROH nepdoOpalHH NO3BOJIAET IOAY-
YUTh TAKHE XKe H GoJdee BHICOKHE 3HAUeHHA KO3QQHIMEHTA COBEepIIeH-
CTBA CKBaXXHH I[IPH 3HAYRTEJbHO MEHBIIEH I[VIOTHOCTH KaHAJOB HJH
mieaeit. Hanpumep, npu neppopannn ROPOL TAKOH e HPOYHOCTH, Kak
noABEpraBIIHecs HCCAST0BAHHAM NPH OTCTpede KYMYJISITHBHBIX 3apfl-
AOB, OPH 3aKPHITHX YCIOBHAX PaloThl CTPYH BLIpABOTKA ueTHIpeX-luec-
TH OTBepcTHH Ha 1| Tor. M nossoaser goctHub m.=0,81...0,90, npr
OTKPHITHIX YeThipex OTBepcTHfAX Ha 1 mor. M n.=0,91, a BHpa6oTKa
gerhipex menefl BucoTod mo 100 MM ma 1 mor. m vp==096.

VBenndeHHe IIOTHOCTH INephopanuy cHocoOCTBYET paspyileHHIo
KOJIOHHLL H IIeMEHTHOrO KOJBLA NPH NPHMeHEHHH KyMYJATHBHHX 3a-
psiioB, 0COGeHHO GecKOpNYCHLIMH nepdopaTtopamMu THIA TKC. L[E:-
MEHTHO® KOJIBIIO MOM(ET TAKMKEe pa3pyilaTbhcsl H OPH THADONECKOCTPYH-
HOf Hepdopanny, ocOBEHHO B 3aKpHTHIA yenoBHax [61], koraa B sode
BLHpaloTKA co3faeTcs udbmrounoe pasaenne 6...10 MIfa. Tlpu or-
KPHTHEIX YCJIOBHAX BEPAGOTKH KaHAJOB HJM CO3JAHHH LIeJeH HeMeHT-
Hoe KOABUC HOJIKHO COXPAHATHCH JIYYINE, HOCKQJBKY H3OLITOUHOE 1aB-
JieHHe B 30He BHPaGOTKH IPakTHYeCKH OTCYTCTBYET.

KpoMe Toro, paccMaTpusas BOIPOC IVIOTHOCTH Nepdopalnn B mep-
cliexTHBE IIPHMEHEHHS METOJCB BO3eficTBHY HA NPHU3AGOHHYIO 30HY
MJIacTa M NMPOBEAEHHA O3JOPOBHTENbHLIX paboT B CKBaXKHHaX B pabo-
te [21], aBTOpH PEKOMEHIOBANH OTPAHHUHBATL HHCJO NepopanHoH-
welx OTBepCTHH. MoXKHO IpuBeCTH H HHBIE AUBOIB B NOJB3Y 3TOrO
MHEHHA.

Ouenka ke KOJHYECTBA OTBEpCTHH, HEOGXOAHMEIX AJIA obecnederus
He==1 # n.=0.,9, norasana, yT0 cTo/bL BeboJbIIOE CHEXenne TpeboBa-
HEH K CTeMeHH COBEpUIeHCTBA CKBAMHHLI IT03BOJIMET 3HAYHTEIBHO
YMEHBIIHTL SHCIO nephOpalHOHHBIX OTBEPCTHA, NPUMEPHO B JBA-TPH
pasa. COOTBETCTBEHHO PE3KO CHH3ATCSA 3aTPATH HA TepPOpAlHK) CKBA-
AuHbl. loBbImeRUs KO3MHOHUIHEHTA COBEPIIEHCTBA CKBAXKHHLL B 3TOM
cAyYde MOXKHO JOCTHUL npuMeHenHeM 3((heKTHBHHX METOL0B 06padoT-
KN npHaaboiioil sonni, ofecneunBalomux B [Ipeikapnatbe [49] mpH-
poct nebuta 6otee 10%, BO3MOMHO, IpH MEHbUIHX 3ATPATAX, UeM Ha
YBedYeHHe IIAOTHOCTH nepdopaluH.

M3 mpuBegenHerx B Tabu. 2.7 pacueroB XOPOWIO BHHLL IIpeHMY-
mectBa 0OpA30RAHUA LledeBHX BhipaboTor. Tak, coananue ABYX ApY-
COB ZBYXCTODOHHHX Wiesefi peicoroft 100 MM noseoaser obecneuntb
TaKoe JKe¢ COBEPLICHCTBO CKBaXHHHEI (n.~=0,88), KaK npH NmATH spycax
nephOpaLHE B 3AKPHTHX YCAOBHAX IO JiBa Kanajia B rOPU3CHTAIbHOH
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Tabauya 2.7
OUEHKA CTEINEHU COBEPIUEHCTBA CKBAMIIH
[IPU K¥YMYJSATHBHOM H I'MIPONECKOCTPYEHHOM HEPOOPALIMY
KoshdunnedT cOBEPIIEHCTRA CKBAN HITH

OpH HAIMYHR ABYX KAHRA0B B DADCKGLTH
H 4YHcae SPYCOB KAHAAOR

PaaMepm kana-
na; weay, MM

J

Pa i‘r?}iﬁ 10

Tlepdhaopanug

29‘ 30
!

R

b | Rpl &

Kywyasrupuas *:

i} 0,18 0,33| 0,45] 0,59
TNK-103 Gon =37 MIL 6 — -] & : wi | 7o :
oom =37 Mlla | 67/2,6 0,10| 0,20 0,95 | G.a3| O74(0.62|0.85

TIKC-80 ocu=237 Ma | 5351 | | 021]0,309] 0.51| 0.65| 079{0,85 087

TIKC 105 60 —37 MiTa 1208011 10350 0,57] 0,69} 0,841 0895(054| —

0,26 045| 0,57 0,70

TEKC-105 6o =58 MITa | 80[5,0 | — | — | o) e f 20
0,15 0,29] 0,40| 0,55

0,830,865 0,89

TuaponeckocTpyiinas *#; 0,41 0,66 0,78] 0,88
3aKPHITEIC ¥Ca0BUR pupa- (100 25| — | = | mea| = Tl 094! — | —
BATKY  waHAT8, Gpooe | - 0,26 0,49( 0,64 0,79 !
=100 MITa

R 0,48 (_),z(i 0,84 0,93
oTKpuTHe yeaosms su- | <930 | —|—1 0;32| 0,58| 0,83 0,85 0.97] — | —
paborTki Kauasaa

BLIpafoTRA Weay 200/ — | 30 1100} 0,66 | 0,88 096 101l — 1 1 __
JAEPHTBIE YOJIOBHA BbIpa- _
GOTKH  wKaHaga (f(ampm 180135 | — | — gﬂ 9& 9_'_92 %Z 000 — 1 —
=50 MIla 38| 0,65 0,78 | 0,89 |
! i
OTKphiTHE yoaomun srpa- lopglas) 1.1 6% 001] 098] 1,02/ |
BOTKH KaxaTa -{,0l40 | G50 076 | 048 69_; 1,04
! i) L) »
BRIPAGOTA MeIH ‘30(} — 45100 0,77 096 1,02 1,07| L.08] — | —
3AKPHITIIE  VCIDBUA  BLIpA- 0,86} 1,041 1,08 1,10
SoTKA Kanaaa gew =16 MNa 30016511 —| g8l ¢ o7l goo| 103 — | — | —

0,971 1,50 114 115
! 080 1,004 1,65] 1,06

OTKPHITRIE  VCAOBHA  BRID2- gnn oo |
BOTKH Kauaga 400, 85 -

BLPaBOTKA LWedH | 8012000 1,06 1,17 1.20) 1,211 — I — ] —
i !
* Tlpn pacieTax No AABHCHMOCTE (2.39) mpuuATe K, =101 »; R, ,=01 m; Hya= | w
N=2! B 3HaMemaTede TO e Npk n=1.
** IIpr pacuCTaX no 2aBHCHMOCTEM  [2.22), (2.29), (2.59). (2.40) mpanare R =100 w;

Re=01 i Hy,=1 Mi n=2! dy=6 ™Mu; ¢,;=50 gr/w® AP=30 Mlla, =60 wax. B anameyaTa-
A2 TO WMe, DR a1,
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nmaockocri. Ecan e comocTaBafaTh COBepIIEHCTBO CKBAXKHH, B NpH3a-
HoHHOH 30He KOTODHIX CO3A&HLI KAHAJLL IJH OTKPBITBIY VCIOBHAX {IEP-
cdopanyy H ILEaH, TO 3aMeTHOe NpenMyILecTBO MocJelHHX unabawoaia-
ercd TOJBKO 1pH HeBoaniioll naorxocr nepbopauun (ise BepadoT-
k¥ Ha 1 mor. m).

Ypeauuedde MPOUHOCTH NOPOILL HA CHATHE BLIZBIBAET NMPH NMpPOTHX
paBHbIX VCAOBHAX YMeHnliedHe riayOHHB KAHAJAOB WJH Ileded, no-
ITOMY AJA JOCTHKEHHA OAMHAKOBOTO COBePILICHCTBA CKBaXHH TpelyeT-
CA 3HAYNTCbLHOE YVBeJARYeHHe WIOTHOCTH nepdopaiun.

Teneps paccMOTPHM BONPOC ONpejciAeHAA NJOTHOCTH 1 pasMcpob
KauaJoB mepdopalii B 30HAJbHO HeoanopoAHOM miacte. Econ B xa-
YECTBE KPHUTEPHSA /5 ONpEeARiIeHHA NAOTHOCTH # IayOWHBl Kawajob
nepopanid HAH IeJeBHX BbpaboTOK NPHHATb PABEHCTEO NPHTOKA
8 CKBaKHHY © 30HANBHOH HeOJAHOPOHOCTRI) TJacTa H KaHa/jdaMHu nep-
G:0paALHT NPHTOKY B THAPOJAHHAMHUECKH COBEPUICHHYIO CKBAXRHHY,
BCKPRIBLUIVID OTHOPOAHBIH [M4CT, TO, UCIOAb3YSl H3J0HMEHHYIO METOIH-
Ky, HECAOWHO RoaodpaTs HeoOXonuMyw (HOpMYy SKCIIYaTalHOHHOrO:
3a605.

Hanpusep, onpeiedsM, NMPH Kakux napaMerpax nepdopanuu In,
Ry, m U 7 MOXHO 00eCIICUHTh Mapu==1, €CAM 20Ha NOHHXKEHHOH Hpo-
HHHAeMOCTH Kpn/R:=1,5 pacupocTpanera Ha Ry;=2 0T 0CH CKBaXKHHEL
Jlns YIOBJCTBOpPEHHS NOCTABJEHHOIO YCJOBHA HeoOX0iHMO ofecreyH-
BaTe We=L,15 {cM. puc. 2.20). HMcoonwsys raba. 2.7, naxoaum, 4To
TakO# KOzPHIHEHT coOBepIUeHCcTRA MOKeT OHITL ACCTHCHYT B CKBAXKH-
He, BCKPBIBUIEd [.4CTH, XapakTepHaviomHecn oeox=16 MIla, npn
rn=2, m=>5 3a G0 MmuH BLIpADOTKH KAaHAJOB B OTKPHITHX YCJIOBHNX
npu AP=30 MIla na nacagke auaMerpoM dp==6 mm. [ayduua cos-
aaunoro kKanaga jgocturuer 400 mm. Takoe Xe coBepUICHCTBO BCKpHI-
THR MOMeT OETh JOCTHTHYTO TIPH BEPAOOTKE ABYX ApPycOB HigJeH Bhco-
tofi mo 200 MM ¥ O ABe LedH B KaXI0M HPyCe.

[lpn nmepdopalun Hogaee TPOIHBLIX TOPOIL N0 ONHCAHHON TeXHOMO-
ren I'TII cosxarth Kawanel HAH L2TH, 0HeCHeUHBANIIHE LOCTHXKEHHE
Ne==1,10, npakrryecky HeBO3MoxHO. J[Mad peliednd mocTasaenHOMN
3anavy Cleaver HIATH 10 NyTH HHTERCH(HXAUHE BoHpabOTKH KadHaJjoB
M lieJeii, HalpuMmep Nyrem fAo6aBsjenHs rasoeofi ¢asel K pabGouci
muakoeTH [89] uam peanmzaunu HieH 30HAOBOH lepdopaluH, NpH
KOTCDOH HacajKa JIBHKETes BHYTpb BhipaGAThiBacMOro KaHanda.

Ecay neckoapko cHH3UTE TPeGOBAHHA K KO3DOHINEHTY CUBepILeH-
CTBA CKBAaXKHH ¢ 3arpsiaHedHoll npusafofiHoil 3oHol, HANpHMep, npH-
HAB Meon=0,9, 10 npu fp/k,=—15 u R,=2 ™ uaftnem, ure aad
3TOr0 HEOOXOZUMO A0CTHIL Ne==107. B Ttabn. 2.7 momuo Hafiru He-
CKOJIBKO BaDHAHTOB TAKOTO COBEPIIEHCTBA CKBAXHH B NOPOAAX HH3-
kofi W cpeamell npoudoceTH na cxkarne. OAHaxe IpH nepdopanuy B
BHICOKOIDOYHBEIX MOPOJAX TAKOTO COBepIIelcTBA CKBaXHWHH JOCTHYDL
merogoM ITII1 noka HeBoaMoxHO. 3jxech HeoOGXOAMMO NPHMEHSTh
mMerods 0OpadoTKH npu3aBoiHON 30HEl CKBaMUHH -— KHCJOTHHE 00-
paboTKH, THAPOPA3PhIB NJacTa H ADYrHe, oOecneyHBaiollHe YBeJIH-
YeHHE NPOHHIAEMOCTH IAacTa Ha OOJbIIOM DACCTOSHAHH OT CTBOJA
CKBaXKHHH.
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2.7. Onbit npumeHeRuA
THAPONECKOCTRPYHHON nepthopauMu

CuaponeckocTpyitnas nepdopannst — ojHH u3 Haubohee s(h-
{DeKTHBHEIX METOJOB COOGIIEHHS CTBOJA CKBAMKHHEL € TJIACTOM.
B cpasn ¢ TeM uro KaHaam TITTT usMeoT HaMHOTO GOIBIIVIO [LA0IALL
DuIBTPALUME, UYeM KaHalbl KyMy/JsuTHBHON Nepdopaluu, c IpHMeHe-
HHEM HOBOTO MeTORA CHAuasa NPEINOJaraoch BO3MOXKHLEIM YCIEHI-
HO pemarh pasHOOGPA3HEE [POMEICNOBHE 3afZauil [0 YAYUIHIEHHHD

) Tabruyng 28
PE3YJ/IbTATbHl TIPHMEHEHHS THOPOIIECKOCTPYHHOM {IEP®OPALIHH

n s i NepeuuBan Bro a I‘rl;l-}]? oepel

“O6he nuncHHe, PEac WaME RSN Bpema ;| Tepenan nee:}}{:gga- noaﬂ)‘ggzg Bae-rcy::?;:
He(MTEN POMBIC- nepfo- 'xasnenns MECTHO)
NOBLIA PAWOH,§ | pauHW,  HA HACAA- S,

SHTEP ATY P4 - MUH xax, MDNa| N

h P : i
e || | B A e

<Asmedrer | 600... 115...40%%30...45(20...25| 63 | 59 | 123| 42| 12 | =8
371 1800

Craspo- 680. .. 20%* 8., 15|20...22f 42| 73] 16f 751 — I _
TIOJIbCKHIT 1200
xpait [113] 2502500 SO 15]20...25) 23} 741 43) 55 ) — | —

«Typrmen-| 1000, .. 25%* 20120 — | - 5| 60 — | —
nedTh» [75H] 1100

«Tat- 1700, .. | 30...80* 20023.-.27) 32| 47 36 40 1129 | 71
nedprhs [75] 2200

«I'poa- 2300... 1 43...50 20,20 96 | T4 — | ~| — | —
sedrhy [100] 5200 :

«¥YKp- 2500... ( 60...120]15...20| 20—27] 62 | 53| 11f 9| 16 | €9
HedThy, 3200
IKCILIYATA~
HHOHHLIe
CKBAM HHal ‘ :

To x®e 3000... | 80...160(25.. .30 2597 G| 30 729 — —
pazsefounmpe 5400 ; |
CHBAMKHIL | | i
g DAGOTS S Rommseitso Sapan o 1 JOMToOpNen neybopun wosse o

¥ OpPHEHTHDOBOUHBIE LAHUBIE,

COBCDUICHCTBA CKBAXKHH M TOBBIUCHHIO 3(heKTHBHOCTH MeTOHOB
06paboTKH MpH3aBORHON 30HBl MAACTa B PAIJIHUHBIX VCJIOBHSX [27,
73, 119]. ’

Texnonoruueckue napamerpsl u obaactu NpUMEHEeHHA MeTaa
I'TIII B cKBaMHHAX DPErJaMeHTHPOBAHH PYKOBOACTBAMH H HECTPYK-
THAMH, COCTABICHHLIMH Ha OCHOBE CTEHNOBBIX H IPOMBIINJIEHHBIX
HCHRTaHHA.

B wactnocTn, neficTBymomiel HHCTPYKIMeH yCTAHOBJEH2 ILTOTHOCTR
nephOpaHE B OJHMOPOAHLIX 10 TPOHHILACMOCTH Kossekropax: 2. ..4
OTBEpCTHA HA | M TOMIIHHUB MeCTa, a NPOJOIKHTEALHOCTD BCKPHITHA
npu BHpaGoTke kaHamoB 15...20 mun. Tlepemas naB/ieHHs Ha Ha-
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capKax jodmed Ourb He Medee 20 MITa npy do=4,5 MM u 10 MITa
npr do==6 Mm. Ecau npounocrs nopoi Ha cxarHe Gosslue 30 MIla,
HHKHHE IIpefes Nepemaja AaBJeHHs HEOOXOJHMO COOTBETCTBEHHO
veenuunts o 30 m 20 MIla. KouuenTpauHio necka peKOMEHAYIOT
noquepKUBaThL B npegerax 50 ... 100 kr/m3

IMpu npopeieHHH NPOMBICAOBHX paBoT B DPasAHUHBX paiioHax
CTPaHBl M0 BO3MOXSHOCTH B OCHOBHOM BLIACPXKHBAaJld DEKOMEHIallHH,
HRJOKEHHBIE B YKasaHHoll uHcTpykuuu. B rtaba. 2.8 npuBeieHw pe-
syaptathi mpumenenus UL ans nep-

Vi H 1tnacTos, obcaxkeH- Tabauya 2.9
BHYHOH NepOpAlHU [11aCTOB, 06C any.  VSMEHEHHE TJIVBHHBI
HhiX 33aleMCHTUPOBAHHOH 3SKCIIJYA4TAILH KAHAJIA B T10POJE

OHHOH KOJOHHOH (B TOM UYHCAE ¢ LEelblo PASINULHON TIPOUHOCTH
IPHOGLLEHHS] HOBBIX IL14CTOB); IJd [0B- npn AP—30 M
TOpHOA NepdopalHH  TIACTOR, MOC]E -
KYMYJIATHBHOA nepedopaniy H B (QUIBLT- Mpenea npownoctu ka cxathe
pe; mneper ofpaboTkofi npusaGoiimod Teits
30HH NYTeM THApPOpa3phlBA  MAACTA  wuu
(CPI1), kucaordoft o6pabotku (KO)
H .II.II%- 5 —
TafaHIe TAKKe [IpHREICHB Tpejie-
JIB H3MECHEHHA rJIyﬁqulpy(:TaHOBKH 1EHA, 20 219" | 136 | 93| 67
BpeMeHH BhIpAGOTEH KAHAJOB MW Ifepe- 205%% | 182 | 127 | 88
Iaja J1aBAERHA HA HACAJKAX, a TaKxke 240 § 149 | 102 | T3
CBEJIEHHS O MPOYHOCTH N0poj Ha cikatie. 30| o551 Jog | T39 | o7
TIpexkpe yem paceMOTpeTh pe3yJbTa-
THI nppHMEHeHHH [Till, echenaem pac- g 264 | 16 "1_}3 50
4yeThl UAMEHeHHA TAYOHHEL KaHANa, Bulpa- 362 | 219 { 152 | 106
faTHMBAEMOrO NPH pasiuyeslx AP, f, dy 276 | 172 | 119 | 84
H Gox, 10 3aBHcuMocTa (2.22). Mpu pac- 100 = | 5ep | 150 | 112
gyeTax NOJATadd, 4TO JaBACHHE CPeBl oos | 183 | 197 | 89
B 30He nepdopanuu Goaplie KpHTHYEC- o [ T [ 5 | - | —
KOTO, @ YCJAOBHH 11ep(popalHu — OTKpHI- 391 | 243 ) 169 ) 118
THE, M[OCKOJLEY Mpollece OPOBOAHJIH C _
He3asKOpeHHbMn TpyGamu, ITIA yera- | - & Dps danseior coeiy e
HaBJaHBaJH 114 I‘H}’ﬁHHQ 60;1“166 600 M. BEn, Pacuery! TpPOBENCHB npH  dy=

—45 v,
PesynpTaThl pacueToB MPUBEACHH B Taba. +"Fir e npu de=6 max.

20 50 a0

b3 3Toro ruAEO, Kakoe GosblIoe RIWsiHHE Ha TAyOHHY Kanana
['TIIT oxaspiBaeT MpouHOCTE MOPOA. Tak, HpH Gax=20, 50, 100 n
150 MIla ray6uHa kaHana, BHpaGaTLBAEMOro 4epe3d Hacaiky dy=
=45 mm npu AP=30 Mlla 3a =20 mun, cocTasdT COOTBETCTREH-
o 219, 136, 93 v 67 mM. CrexoBateibHO, MPOYHOCTh TOPOJ HA CHa-
THE BEChEMa CYILECTBCHHO BJUAET Ha IVYOHHY BHIpalaThiBaeMorc
KaHajia M ee HeoOXOJMMO YUHTHIBATL TIPH AHAJH3€ TPOMBICJIOBLIX
AaHHBIX. YBeluueHWe MJHTENLHOCTH BHpaboTKH Kamanop or 20 1o
40 mMuH BHI3MRBAET pocT WX LaybHupl Ha 15%, a mo 60 mux — ma
239%. Toraa ray0HHA KaHa/ a YBeAHUHBAETCsl COOTBETCTBEHHO 10 256,
159, 111 u 73 uM 3a 40 Muu u 264, 164, 113 u 80 mm 3a 60 MuH BH-
paborrd. llogoOHast 3apuCHMOCTL TAYOHHB KaHAAOB B HOPOAAX &
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paziauYHod MPOUYROCTRI COXpPaHseTess w MpH HoJee ANUTEALHOH BH-
paboTKe Kananos. 3HaudTeNbHOE YBEJIHYCHHE TAyGHHLI BHPABOTKH
KaHaJdoB JOCTUraeTca M B Pe3y/bTAaTe NPHMCHEHHA HACAAOK O0Jiblie-
ro fHaMeTpa.

AHanuz zanupx o npuMerennn [T B pasiuusex pafioHax crpa-
nul (raGa. 2.8) TokasbiBaeT, UTO NepBHUHAN THAPONECKOCTpYHHas
nepdopanus npouHbLIX NOPOL HAMHOrO yelellnee NOBTOPRON. B maJo-
OPOYHEIX [OPOJAX 3TC PA3HuHEe MeHBIe. ‘

Takoe noaoxenne MOKHO O8BSICHHTL cleayionium. [Ipe BLIpaBoT-
ke KaHaaos [TIIT B Manonpounbix HOPOAAY Gex=250 MIJa ux
pasMepsl 3HaunTeabHO OOJbIIE  pasMepoB KAHAJIOB KYMYJASTUBHOMN
nepopauwnn (cm. raGa. 2.7). TlosTomy naxe npu npuvMeHseMOf He-
Goabwoli miroteoctH I'IIT (ABa xanaaa Ha MeTp) B TakuX YCAOBHAX,
K4K BUJHO K3 Tabua. 2.7, MOXHO ofecrieddTh KOSOOHIHEHT COBEPUICH-
CTBA CKBaxKHH npnmcepHo 0,85, Ito mamHOre Gojbie, yem 0pH nep-
tdopanvn sapaiamyu IHK 103 HoMunaasro mioTHoctsio 20 0TB/M, wro
LpH  yeneuwiHoctH  obpasosandn  kKananos  50% [40] cocrasaser
10 oTe/M, 1ipu KoTOopoM %.=0,6. TIpn npHMeHeHHK B 3THX Ke ycJao-
euax sapnao IKC 105 nomunaanso#i naoTHocteio 21 ore/m (pak-
THYECKH OK010 10 o1B/M) m:=0,79, T. e. TakkKe Meiblle, 4eM TpH
I'THI. 310 ofcTosTeqbcTBo ofecnednBaeT POCT AeGHTA CKBAXKHH NpH
I'TII B MaJg0npoyYHEIX MOpa1ax.

I'THI B npounsix nepojax (oex=100 MIla) npu nepcdopaunu sa-
psaamu TTKC 105 ¢ 70ff e 110THOCTLI OBecnemHBaeT NOCTHKCHHE
Ne=0,71, Torja xak nBa xadasda Ha | m np# I'TII] no3BOAAOT TOCTHUL
Beero 1.=0,58. He y/J¥BHTEIbHO, UTO B TAKHX YCAOBHAX YCIGIIHOCTH
MOBTOPHOH fepdopatnt Re Gonkine 209,

YMeCTHO ckasaT, TaK#ke O cHWKennn addexrtusmocru [T upn
HeGOUTLINON ILIOTHOCTH €€ 2 OTB/M B HeOZHODOD/IHBIX KOJLeKTOpax. Tax,
B pabore [75] orvedero cumenne yenewroctd [T B kR¥pMAaKHHCKO
CBHIE, OPEACTABJIEHHOH TOWKOUEPSAVWHIEMHCHT HEecKaMHE W [AUHaM,
no 28%, 4TO NpHMEpPHO B iBa pasa MCHBIIC VCHELIIOCTH Mo «Aa-
He@TH».

YenemHocTs nepRuYHON Hepoparmii TAKKe CHALHO BO3PACTACT ©
YMEHbIICRHEM NPOUHOCTH LOPOJ M POCTOM HX TPCUHHOBATOCTH HPHI
TpOUMX paBHEIX yeaosuax. Owa camas Bucokas B AsepBailgmaHe,
CraeponoqabckoM Kpae H Ha Tpombicaax I'possoro. Haumeuee yemern-
was UTIIT na Tlpegkaprnatckux MecTopowienusix Ykpawuel H Ha DPo-
MAUIKHHCKOM  MeCTOpoXAeHun Tatapuu, IpelCTaBIeHHBIX NPOYHBIMK
ROAICKTOpaMH (dew—00... 120 Mila), wpu nepdopaunn KoTophX
BHPAGATHBAITCS KAaHAAB HeGO/bILOH rayGHH,

Ofobmasn pesyibraTel MHOroquc eHHbX pabor no T B mpouttix
nepoaax MecTopomaeHHE  «TaTHedThb», HEKOTOPHE HecaAelOBATENH
MPHULAH K BHBOAY 0 ToM, 4To [TIIT B 1auHBIX yeaoBEAX Goaee addek-
TUBRA B KOMIIEKCe ¢ JPYFHMH MEPONPUSTHAMH, & HE Kak CaMoCTos-
TeJARHBIH METO.

Coeumectroe npumenenne ITIIT n TPIT nossosser nosbicuts sphek-
tieHoCTs 'PIT Ha Pomamkunckom mecropoxienun ¢ 55 ao 71%. Kpo-
Me TOTO, YCTAHOBJAEHO CHUMKEHHE NaBJCHHS paspeiBa mJacTa Ha
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5...10 MIa [19]. Oxnako, kak nokasano M. B. KpusonocopeM [61},
I'TITT He ABASETCH CPEefcTBOM VIIPABJEHHS PA3BHTHeM TpellxH. [lpen-
BApUTEIRHOE CO3MAHHE TIeJN PHAPONECKOCTPYHHLIM MeTOI0M HHHIIN-
HPYET pasBUTHE TPeIlMHEl B TOM HAMNPABJCHHH TOJbKO NpH YCJIOBHE,
YTO STOT M4cT o6JajaeT Haubo/bield NPOHHHAEMOCThIO. AHanus pe-
syapratos cosmectnoro npuMenenust [TITT n T'PII va Tlpenkapnatsbe
NOKA3a7, 1TO OHO He NIPHBOAKT K OUIYTHMOMY TOBHIICHHIO 3()KhCKTHB-
noctn [PIT. Otmevaerca meBonpluoe, npumepHo Ha 10%, cHHKeHne
naBaeHus paspblBa maacta no cpasuenmio ¢ I'PIT Ges TTITL

PaccMorpum Gosce aeransno ontit [TIIT Ha [Ipeakaprnatne. CHa-
gana oOpaTuMCst K TeoOrHd paloHa H KOJIEKTOPCKHM CBOHCTBAM
nopon. Hedrerasonocuse crpykryps  [Ipeakapnates —/loaunckas,
Cepepo-JoauncKas, DHTKOBCKAas M IPYTHC —— NPEECTABIAT cOO00H
O6LIUHO ACHMMETDHUYHBIE AHTHKJIMHAJABHBIE CKIAaAKH C TOJOTHMH IOTO-
3anajaeMi H KDYTHIMH [OJABEPHYTHMH CEBEDO-BOCTOUHHIMH KDPBLIbH-
Mif, CPE3AHHLIMEA 110 MJIOCKOCTH HaABHra, Cxjaaiky pasbHTH MPOROJIL-
HEIMH TIOTIepeuHMMH HapyuleHusMa. [TpoMBIIIJeHHBe 3anackl HedTH
HPHYPOUEHB B OCHOBHOM K TECHAHHKAM 30UEHOBHIX H MEeHW.IHTOBLIX
OTROKERUN.

CrpykTyppt 3ageraior #a raybGune 1600 ... 3200 M, 2 ua paspejod-
HEIX Maomajisx — 1o 5400 M. Bee 3anexn momnme (200 ... 600 M) u
MHoromaacrosme (10...25 naacros). Ocofenlo ¢HALHO pPacuUJIeHEHE
MEHUJAHTOBRIE 3AJEMHH,

IIpoayKTEBHEE TOPH3OUTH 30LEHOBOTO (BHICOACKAS H MaHABCKAf
CBUTH) H OAHFOUEHOBOrO {MeHHJIHTOBAd CBHTA) BO3pacTa NpeicTaR-
JeHE UaCTHM 49ePEA0BAHHEM MecHaRHKOB, aJeBpOJHTOB H aApriu/LIHTOB.
TIaacTel NecyaHHKOB B GOIbMIHHCTRE CJAYYaeB He BHAEPHAHUB N0 M10-
WAAH U pazpesy H XapakTepu3yKTCd Pe3kol H3MeHTHBOCTRIO KOJJICK-
TOPCKHX CBOHCTB, YXVAIIAKUIHXCA K KPBLIbSM CKNAJOK. 30HH NOBH-
HIeHHOH HCCUAHHCTOCTH, HAHBO/CE YACTO BCTPCUATOUIHECH B 30UEHOBHX
3adexax, 0B6J4A4I0T AVYIEEMHK KOJIEKTODCKHMH CBOHCTBaMH. Soue-
HOBBIE OTJIOMKEHHS XapaKTepH3VIOTCHS OCJILIION TOJNUIHHOH TJ2CTOB H
MeHES PaciJIeHCHH.

IIpognocTs NODOX-KOJJIEKTOPOB Ha cikaThe cocrapnser 60. ..
... 150 MHla.

[To AauHEM HCCJAe[OBAHHS KEPHOBONO MaTepHalla OTMeuaercs Ha-
JIMUHe TPeliuH B KOJJIEKTOPAX H POCT HHTEHCHBHOCTH TPEUIHHOBATOCTH
Ha yuacTKax Hanfo/biuero u3rkfa IJacToB, a TaKike TPH YMeHbIe-
HHH MOLIHOCTH TPONANacTKoB. B pesvabrare COMOCTABJICHHS KapT Npo-
JAVKTHBHOCTH ¢ KAPTAMH NECYaHHCTOCTH, U3VIEHHA XapaKTepa n TeMna
0OBOAHEHHS CKBa’KHH, CONMOCTABJIEHHT KHHIHKATODHBIX KpHBbIX [49]
1npu orbope H HATHETAHHH IOAYYEHO AOCTATOUHO (PAKTOB, TMOLTREPHK-
NATOUMX He3HAYHTEALHYEIO POb TPEUIRH Kak myTefl ABHXKeHHA nedTH
¥ TA3a MO MA4CTY K 3a60aM HedTAHBIX ckBaxKnH. IIpHM 3akauxe BOALI
QIS TNOLAEPKAHHA NJIACTOBONO LABJICHHS CJAELYET OTMETHTL [OJA0MKH-
TelhHOEe BAHSAHHE TPeIIHHOBATOCTH Ha HAPHEMHCTOCTH HATHETATEILHEX
CKBAXKHH, KOIAA Ha 3a60e CKBAXKHH CO37al0T W3OLITOUHBIE TaBJIeHHS.

B ra6a 2.10 npHBeneHEl cBeIEHH# O DPE3YAbTATAX [PHMEHEHHS
I'THI ua redrausx (JHoanuckoe, BHTKOBCKOE) H TasoKOHICHCATHHY
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Tabauya 2.10

CBEINEHHS O IMPHMEHEHMH TIII B OBBEAMHEHHUH «YKPHE®Thy

o o 2| H
g x £ | iE o | Pimaerarenbne
@ ~ El g |
% o3 £f =% o x o =
i3 ;g ég 2807 3 2%z nEleE|EE | a2l B
=3 B =8 o2 W . B85 ek 28|23 8| 23
A IlepBuunan neppopanms
Joaunckoe
JHrO-
1eHO 2100. ..
Bas 2700 90...130(22..27 14,5| 20 5 2] 40 7 3 43
301e- 2500, ..
HOBas 3160 70...110{22.29 1451 20 8 [ ]12 5 1 20
Ces. [o-
JkH-
CKoe,
20ne- 2800. . 1
Hogax | 3200 60.,.90 122.29145]) 20 |13 | 10 | 77 5 4 | 80
Pocuae-
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HOBas 3100 80...100/20..29 14,5]30..50| 9 819 | — | — —
Burros-
CKOG
OJIHTQ-
uewo- | 1600, ..
BaA 2300 80.-.120(20..28 [4,5 40601 4 1128 | — | — | —
Tansn-
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CXOARML-
K4a, Hea- 3500. ..
[THKH 5400 100...150i27..33 |4,5 |[40..60( 6 a% | 50 -~ | = —
QNIHTG- 6,
ilEHO =
Bas
300e-
HOBast
BCETQ 45 [ 25 | 58 1 17 8 | 47
B. IlosTopnas nepopanus
AL0AHE CRoe | ] ‘
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Hpodoascentie Tida,
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LeHO- 5400 100.. . 150197...33 4,5 |40..60 | 7 9 129 | — {1 — § —
Bafg H 6,0
y01e-~
HOBAR
Becero 18 3117 7 1 4

* TMocre TTHT NoAyucHR HempOMBIWNEHHEBIE TOPHTCKH HedTu AJTA GOARIUHE TNPUTOKE  BO-
ABI, MO3TOMY padoTEl ychelBble, BC HeaddeKTHBHLIE.

(KocMauckoe, POCHABHAHCKOE) MECTOPOMIEHHAX BHYTPEHHEH 30HEL
IlpeakapuaTtckoro nporufa. 3deck e HMEIOTCST OCHOBHBIE JdHHBIE,
XApAKTepPHIYIOIHe YCJIOBHH I[IPHMEHEHHS W TmapaMeTpu  npoiecca
I'TIT1. Boasuee gouHuecTeRo pPaboT OTHOCHTCH K nepBHUHON nepdopa-
LHH B CKBAMHHAX, _

Apanusupya pesyabTatel pabor, npuseiexHble B Tata. 2.10, npu-
XOAHM K BHBCAY O TOM, Y0 HAHJyULIHE Pe3ysaaTaThl HOAYYeHH NIpU
NepBHUHON NepdropalBH 30LEHOBHX ordokeHHl CepepHo-Hoanncko-
ro, Kocmauckoro W POCHABHAHCKORO MecTopomIeHud. IT10 00ycaoB-
JABHO CJAeAYIOIIHME O0CTOATEAbCTBAMI.

TTpoayxTuBHHe 1JaacThl 30HeHOBHX OTa0mReHuil CesepHo-Hdoaun-
CKOrg He()THROrC MeCTOPOMKJEeHHA NpelcTaBJEHK CPABHHTENBHO Of-
HOPOAHHIMH TiecUaHHKaMHK Goapiol TommuHel (5...20 M), xapakrte-
PH3YIOUIUMHCH CPaBHUTENLHO HeBblcOKoR amasa I[lpeixapnartes npou-
Hocteio ropoa  (60... 100 MTla). Cornacao npaHHBM TaGa. 2.9,
rNy6HHA KanaJjos, BHIPaBATBHIBAEGMBIX B TWIACTE [1DH (TDHMEHSTeMBEX
pexHMHEX TapaMerpax (ra6ua. 2.10), cocrasaser okono 100 wmwm, a
OXHAAEMAd CTeleHb COBEPHICHCTBA CKBaxKHH -— He Oosee 0,6. B 1a-
KHX YCJOBHSX YCHOEWHOCTE UepBHyHO#l nepdopaunx aocturaer 800%.

OcnosHoit 3anaveft T'TIF] nedraunix ckBaxnn B yonosusx Cesep-
HO-J[0JHHCKOIO MecTOpOXAeHHA OBAO NPHOOUIEHHe HOBHIX IJIACTOE,
YACTO TA30HOCHBIX € UL [IPOAJEHHS TepHoda GOHTAHHPOBAHUS
ckBaxun (ck. 101 ca, 103 ca, 78 ca v ap.) wiaum mepBuuHod nepdo-
panei Hed)TEera3oHOCHBIX NJAACTOB (ckB. 8 ¢z, 24 ca v nap.). B Ha-
rHeTaTeJbHBIX CKBaxuuax (114 ca, 116 cg u ap.) s1H paboTh 1po-
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BOAMIH JAsl BHIPABHHBAHHA UPOGHIA NPHEMHCTOCTH BOJB 110 pas-
pesy. B page ckBamun (8 ca, 101 ca, 24 cn w ap.) T'TII asasnack
CAHHCTBEHHO BO3MOXHEIM METOIOM iepdopalilid ¢ HCOOJIL30BaHHEeM
madorabaputaeix T'TIA, H0CKOABKY KOJOHHBL OBLIH HETPOXOAMMBIMH
M1 KYMYJSTTHBHEIX lepdapaTopas.

Kak npumep paccMoTpuM Gogee feradsho nponece T'TII Ha cks.
103 ¢x, preaenuoft B sxcuayatanuio ¢ AebutoM medTh 131 v/eyT npw
rasosoM yHcide 387 M3M. B ckBaxune Goian nepdopuposand 11K 103
naoTHocTbio 20 OTB/M 30lEHOBLIC OTJMOMNEHHS B HHTepBaJe 2853 ...
... 2915 M. Yepes TpH roaa CKBa’KHHA CHH3WI4 Ae0HT HedTH /0
27 7/cyr, a 3aTeM B pesyabTarte 00BOAHEHHS [peKpaTiiad (OHTAHH-
poBauue. Jlas Bo300HOB/JAeHHd (OHTaHHpOBaHHS nposejena [III ra-
ZOBHIX [POMJACTKOB B uHTepBane 2835, ..2850 wm, rae &y=95...
... 11,4%. Beero nporeneHo nates yeragosox 1TIA ¢ mecTsw Hacaz-
vaMH de=48 MM, dauHofi 2,5 M, cnymennoro Ha 73 HKT.

[pu T'TIIT noagepxuBann Takwe napaMerpu: (=230 muH, g—
==0,9 m¥mun, Py=234 Mlla, AP=25 MIla, c;=40 xr/M? DJIOTHOCTD
nepdopaunn 2 o1e/M.

ITocae T'TITT ckBaxpHa OIATH Hauada (DOHTAHHDPOBATh C AEGHTOM
Hedpr 47 T/eyT, BOABE 4 M¥cyT npH razoroM dncae 750 mift. Honoa-
rwuTeaLRasn nobhda cocrasuAa Gosbme 10 THE. T nedrw.

B naruerateabnoit ckp. 117 ca soneroBEe orTaomeHns nepdopu-
posanel 11K (03 maortrocTnio 20 ore/m B untepBase 3034 ...3126 m.
OzH2Ko 3akaudBaeMYIO BOAY NPHHHMAJ0 TOMBKO YeTHPE HHTepBaJja
obuteit  ronmmroil 10 M. TlpwemuctiocTs CKBa)kHEBL  COCTABHJIA
30 m%cyr 1upu pasaenunu 16 MIla Ha yeree,

st ypeaHueHusl NPHeMUCTOCTH CKBAXKHHBL H BhtDABHUBAHMS NpO-
@it npHeMHcTocTH uposererno TTIIl takum ke TTIA Ha 73 Mm
HKT npu 15 ycranoBkax ero B untepsagaax 3054 ... 3064 m, 3068. ..
... 3078 n, 3082 ... 3088 M, 3094 ...3124 m.

Iipu TI'TIIT nogaepmuBain cJaelyOILHE 3HAYEHHS MapaMeTpoB:
(=20 mun, g=0.9 M3Mun, Py==34 MTla, AP=23 MIla, cn=40 kr/M?,
HJOTHOCTS Nepopaudn 2 oTe/M.

[Tocae TTIIT npueMHCTOCTS CKBAaMKHHH YBEAHUYHJACH A0 85 wmi/cyT
npr Py=16 MIlla. 3atem nposezena ranuokucaotuad obpaboTka
nyTeM 3akauky B Igact 24 wm? 10%-poft HClI44% -mott HE u 100 M3
BOABL, MOCAE 3TOrO CKBajKHHA NyileHa I0J HATHETAHHE C NPHEMHC-
ToCThIe 300 m3/cyr npr P,=16 MIlla.

HNebute HedTAHBIX ckBasku# 8 cu, 25 ca mocae nepsuumoi [II[1
liPH TAKHX Ke IapaMeTpax cOCraBuau Gosanie 20 1/eyr.

KoJlekTopsl NMPOAYKTHEHEIX 30UEHOBMX OTA0NeHHH KocMauckoro
1 POCHAbHAHCKOTO rasoKoAeHCATHEIX MECTOPOKIeHHHA TAKKE CPaBHM-
TEJbHO OJHOPOAEBE, HO Oojee npounbie, veM Ha Cepepuo-Josannckom
mectopowaenuu. llostomy epemsa OTpaboTHKE  KAHAAOB VBEAWURAM
10 30...50 mun. Baarosaps sroMy pacyerHast raybHHa Kawana
ocrajack lpuMepuo Takoh ke, Kak npu [TII1 wa Cesepuo-Hoaun-
CKOM MECTOPOXICHHH. ‘

Bee pa6orunt wo I'TIIT npoBoauan Ha rAHHHCTHIX pacTBOpPax MAOT-
soctbio 1300 ... 1700 kr/s®, yTamKeTeHHBIX GAPHTOM, BS3KOCTBIO
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60...130 ¢ mo CIIB-5. Jlast BOCCTZHOBJEHHS abpa3nBHHIX CBOHCTB
erpyd uepes nATe yctaHoBok ITIA B pactBop noGabasiin 50 Krim®
kBapuesoro necka ¢pakuud 0,8... 1,2 MM.

[Tocae nepsuusiofi [TIII, npu nnacToBOM JaBJEHHH, TPHMCPHO B
nmoaTopa pasa GOJbHIEM THAPOCTATHYECKOTO, IIOJYYasH IPHTOKH Fa-
za 0,3.. .15 Man. mM3%cyT A3 OTAENBHBIX 3KCILTYATAIHOHHHMX 0OLEK-
ToB, B ckpasunax | Koocwmad, 23 Pocunbnas w ap. Hanpuwep, »
cks. 23 Poc. coymed TTTA gauwof 1,0 M ¢ Tpemst Bacaaxamu dy=
—45 My, B waTtepsane 3045...3090 M BunoaHero 30 ycTaHOBOK
I'TIA. BeipafioTKy KauanoB ocymiectaasau npd AP=20 MIla, P,=
=33 MTfla, g==9 a/¢, t=>50 mun. CpeaHdasa NOPHCTOCTb UOPOJ B HH-
repeane I'HHIT cocrasaser 10%, npu koTopol oem== (100 MIla. Co-
raacno TaGa. 2.9, rayGuna BepafaTHBACMOTO KaHand AOMKHA OHITh
oxogo 90 MM, a rIoTHOCTE Bepdopalun — 2 oTB/M.

Ilo JaHBEHM HCCAENORAHMS CKBAMHH, PUTGK Ta3a J0CTHrak
276 TeIc. M¥/cyT npu Py=—31.4 MIlla, a KoabHIHEHT TPOHHIAEMOCTH
npusaboiinolt 3ount 3-7-107% mrm® I'Tll1 6wi1a yenemuofi. OTMeTum,
UTO CHHMKeHWe (HALTPalHOHHEX COMPOTHBJACHHA B mpH3aboiHOH
30He MJIacta B pesyabrare 00P430RAHHA KaHaAok ¢ O60JLLIOH [J10-
HIaipi0 QHABTRANNH CHAbHEE OTpaXKaeTcss Ha JeOHTe Ta30BBIX AAC-
TOE N Ta30KOHIEHCATHBIX CKBAMHH, NOCKO/IbKY CKOpPOCTb JIBHKEHHSA
rasa B Npu3a0CHHON 30HE NJacTa HAMROTO BBIE, YeM JKHIKOCTH.

Taxum o6pazoM, TepBHYHAH THApONECKOCTpYHHAN mepdopanus B
He@TAHBX, TA30BBIX H HACHETATeNbHBIX CKBAKHHOAX HA 3anexax 30-
neHosex oraoxenu# Cesepro-Homunckoro, KocMauckoro w PocHib-
HSIICKOPO MeCTODPOMIEHH, XapaKTCpPHIVIOUIHXCA CPaBHHUTEILHO 60/1B-
weff 0IHOPOAHOCTBYY MACCHBHBEIX TOJL, BH3KONPOHHIAEMHX KOJIJEK-
topos mpoudocTeio 6O ... 100 MIla, npu ykasawaux peXHUMax Ipo-
necca ofecrnedHBaer JOCTATOYHO XOopoilee coofUICHHe CTBOJA CKBA-
HUHB € HLAACTAMHA.

[pouecce TTI[T & OJHrOUECHOBLIX OTJ10XKerusx JloawHcKoro =
DHTECBCKOTO  MECTOpPOMKJACHHH — OpaKTHISCKH Ma103pheKTHBHBIH
(tata. 2.10). 310 0OYCAOBJISHO VBeJHUEHHEM [POUHOCTH [OPOSHI,
POCTOM PACYJICHEHHOCTH TMPOAYKTHBHHX TODH3OHTOB M XYJAUIHMH HX
KO/IEKTOPCKHME CBOJCTBAMH, BO3MOXKHOCTBIO BHITadeHHA NapadiiHa
13 HedTH.

Ecnu cpennne 3HauenHs TIPOYHOCTH TPOAVKTHBHBIX TOPOJL pas-
JMuuHbix  soumeHoBbix  sageweii  [lpenxapnates coctamisior 75. ..
90 MITa nposunaemocty (6...10) 10° MKM? a npoAVKTHBHEE nJac-
TH OODBEIRHAIOTCS B TPH-UETBIpe Nauky TOAMHHOH 25...36 M, T0 B
OJHIOUEHOBEX OTJOKEeHHIX COOTBETCTBREHHO Oewm=100...110 MIla,

Chpa=(1—3) - 1073 mxM® u Buiaessiercd 25...33 NpPOAYKTHBHHX TIAC-

Ta, XapaKTepH3IVIOUIHXcH O00JsuI0H  BHyTpenHeH  HEOJHOPOLHOCTLIO
ne BpoHHlaeMocTH. OARTOUEHOBEM ROPOAAM  TpHeyln  apmensilt
XapaKTep HACHOEHHH MOPOI, KOTODOMY CBOHCTBEHHO depeloBaHHe
OuenHb MPOTHBIX ITeCUaHHKOB (OT foJell caHTHMeTpa EO HECKOJABKHX

MeTPOB), AJEBPOJHTOB, aprTHAJHTOB 1 KapOOHATHBIX TPOMIACTKOB.
[opoasl pasGHTLL cucTeMOR OTKPBITHIX TPEILMH (NMPOHMIIAEMOCThH MAT-
pHUbB — MmLIHONNbe goau  MiM?, TpemrnH 15...26-1073 MrM® H
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HX DACKpBITOCT 2-107% M), 3ageuesunx MUHEDAJILHBIM HEllpOHHILae-
MBIM BEIIECTBOM, B OCHOBHOM KaJaLUHTOM.

3anedennbie TPEIMHE CHHMKAIOT IPOHHLAEMOCTh  NECYaHHKOB,
TeM Gojblue, YeM WHpe TpellHHa (Hanpumep, npu mupune 1.5 wm
TPEHIMHA  CHH3HJA IIDOHHLAEMOCTh MATPHLE OT L5102 mMkM® 50
0,06-10—3 MkM?). OGobmasn PC3YIbTATH ONHCAHHBIX HCCJ€A0BAHHIE,
P. H. 3acaanmi [39] npencrasua Pe3CpBYap FPAHYAAPHBEIX MEHHIH-
TOBHIX OTJIOMCHHN DasoOIeHHBIM N0 HallJACTORAMHIO HENIPOHHIAe-
MBIMH [VIHHHCTBIMH Da3HOCTAMH, 4 [0 BePTHKAJH — CHCTEMOR 3ane-
ICHHBIX TDEIHH Ha OTAENBHBIE GJ0KH, cOOGLIATONIHECs MEHee TYCTHI-
MH OTKDHITEIMH TPEIIHHAMH HEOTeKTOHHUICCKOTO IPOUCXOKIEHHA, 3a-
IEICHHBIC TPEIHHLL CYUICCTBEHHO H3MERSIOT NyTH buabTpaunu paxon-
J0B B naacrax.

Kpome ykazsamwunx ocofemuocrei CTPOEHHA OJHTOHEHOBHX HOPO/,
XapaktepHhx Aaa IlpeikapnaTths B leoM, yesoBHs paspaboTKy HX B
npeaesax DBHTKOBCKOro Mecroposmenus yeyrybaamores TeM, uro ero
BBICOKONAPADHHHCTLIE HEDTH B MJIACTORBIX YCAOBHAX HACBIUEHH TIapa-
PHHOM (Tuae=42...45°C; Ty,—48 .. 59 C). IlostoMy HeGoabmpe
HIMEHCHUS TEMNEPATYPH IJIACTOB Ha HECKOJbKO TPALYCOB BLIZHBAIOT
KPHCTANMNH3a0mI0 napaduHa B NopoBoM npoctpanctee [114] u peakoe
CHHXEHHE NPOHHIEAEMOCTH Mopoi. PacueTw CBHAeTeNbCTBYIOT [91] o0
BOSMOMKHOCTH BbillaZeHHs napaduHa u3 HedTel Npu nposegenuu PIT
uiH I'TITT wa cxkpaxnunax Butkopekoro MECTOPOXKAEHHS.

B pa6ore ¥YxpHHUIPU [40] mpuBesenm WHTepecHme manume 1o
Pa3BenouHbiM naowanam llpeaxapnares wu 3akapnarsa. Ilpu ucnm-
TaHHU IPOMEICHOBHIX KOJLICKTOPOB 110 326 0GLekTaM 31ech MPHMEHATH
B 28 o6wexrax ITIII, 289 —. KYMYJATHBHYIO Mepdopannio u B 19 —
PuabTp. Ecam comocraButh 06LeKTH 10 3HAURHH IPHTOKOB, TO TIpH
I'THI oreyretBue ApHTOKA Habmwaat0ch v 6%, 00BEKTOR, clabule
NPHTOKH (10 10 M¥%cyr) — 8% w  Goabuime MPHTOKH  (fogce
10M%cyT) — 76Y%. Toxo6uoe PAcipe/ieJIeH e 10 IPHTOKY NMPOHCXOMH-
N0 Ha 00DBEKTaX, 0BOPYIOBAHHLIX $UIBTPOM, cooTBeTCTRenno 17. 17
i 669%. INocne kymyIarusHol nepopaunu pacnpegesesne IPHTUKGB
SHAUHTENBHO OTIHYACTCS OT NPEALLAYLUINX H COCTABJISET COCTBETCTBEK-
1o 37, 36 u 279,

lpueeaenusie ganume CBHACTEABCTRYIOT O HAJHMYHH ONpegeeHnkix
npeumymecrs I'TIM, koropas oBecneuupaer BBICOKYIO CTENEHb COBEp-
IIEHCTBA CKBAXKHH, CPABHHMYIO C COBEpIICHCTBOM CKBAXKHH, 000pyi0-
BAHHBEIX QUJILTPOM, ecau KaHaas [T} BLIPAGOTAHEL B NPOAYKTHBHRLY
J1acTax.

Hpuseaennsle gaunke CBHASTCILCTBYIOT O HAJMUHH ONPeeJeHHBLX
BruHOM (45%) u nosrophoM BCKpBITHR  (83%) wa [lpearapmarbe

OﬁyCﬂOB.ﬂeH Pa3nHIHbBIMHK IPpHYHHAMH, HO [IpEXe BCEro HeJOCTATQYHO -

TOUHOH MpPHBSA3KOH nepdopaTopa K NPOIYKTHEHBIM TOpPH3OHTAM, IOJ-
JI€KAURM BCKDBITHI), HECOOTBETCTBHEM MAOTHOCTH nephopauuu M na-
DAMETPOR TPONECCA YC/IOBHSM B CKBAXKHHE M HEOGOCHOBANHLIM Bif-
GOpOM OOTLEKTOR 17 BCKPHITHS,

Hegrerazosnm BHHH paspa6oran cnocod TOYHOH npussasky [TIA
K padpesy CKBaMHHBEI C NPHMEHEHHEM PENepa B BHAE HCTOWHEKA iy
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3kpana, ycrauasineaemoro ma HKT, w nocaesymoiuam nposenesnem
HT'K nauw TK pas ero or6uBru. B KayecTBE IKPaHa MOKET NpHME-
HATBCA MydTa Aavuol 0,5 M u Tommuuol 15 MM.

Bonpmasa TOUYHOCTL NPHBSI3KH nepqaopampa =+0.2 MOKeT OMTh
AOCTHTHYTA IIYTeM YCTAHOBKH MAarHHTHOH METKH Hal KPOBJEH IIpOAyK-
THBHOFO ropusonTa [55]. Onpenensierca TOUHOE PACCTOSHHE OT MeTKH
0o KperJH ¢ nomollelo I'K mauw HTK, a 5 npouecce nephopauy mpi-
Bsasky T'TIA ocymecTBaaoT yxe k marautHoil MeTke. Cnoco6 yelellHo
sHeaped Crpuiiickoit 9TUC wa Tpeakapnatoe. X

[TnoTHoCTh Tepdopaunn HoMKHA OWTh TAKOH, TFOGH OfecneuHTsh
IOJIHEIH OXBAT BCEX IIJIACTOB M NPOILIACTKOB B Pa3pe3e CKBAKHHLL
Yseapuenne rayOHHEL KaHa/la MOXKHO OOECNeUHThL 3a CUET CO3LAHHH
OTKPHITHX YCJIOBHH IepPOPALHH NYTEM NEPHOIHYECKOTO HSMEH}GIEHI:IFH
YCTLEBOTO JdaBjeHusa Ha 1...3 MIla, B sasucumoctu ot juinssl HKT.

BumecTe ¢ TeM HeoGXOAHMO CJEAHTh 32 33JaHHBIM PEeKHMOM paﬁoj
TH 4TPETATOB, He AONYCKAsA BPEMEHHBIX OCTAHOBOK WACTH MAlIHH HAH
CaMONIPOH3BOABHOIC H3MEHEHH pacxoJ0B oOO0C/AVHKHBAIOIHM NepCo-
HAJIOM. ,

ITpu G6mbLIEM H3MEHEHHH YCTheBOFO AABJICHHS, HECOMHEHHO, MO3M-
Ho 100HThcA 00pa30BaHus HIeH B 06CalHOH KOJONHe CKBAaXKHHEL, Oj-
HAKO IPEICKA3aTh pa3Mephl €€ PACYETHBLIM NYyTeM BechMa 3aTpyIHH-
TeJbHO,

liesecoo6pasao MPOBECTH CHELHAIbHBIE HCC/EIOBAHHS IJ5 H3yUe-
tist nepemeideruit ITTA B rayGokHX CKBaMKWHAX NpH NMOCTORHHOM H
IePEeMEHHOM JABJACHHH HAa YCThe CKBAXKHMEL H OBOCHOBAHHS PERHMOB

OpaHH.
Hepﬁapogﬂose 0GOCINEHHA H HAKOIJIGHHOTO ONHITA, CJCKHBIIHXCSH
fnpejcTaBienui ¢ MeXaHWsMe BHIPASOTKH K4HAJOB H (pHIBTpALUM
IJIACTOBBIX (IIOHIOB NPHXOIHM K BHBOJAY O TOM, UTO HMEIOTCH pe-
3epBbl yBeNIHUeHHA ycmemHoetH meroaa [T1I1 npe BrnonHeHHH npo-
MBEIC/IOBBIX pafot. [Ipu BHGOpe 0OGLEKTOB [AJd BCKPHITHA ILIACTOR
['I1I1 n mapameTpoBR npouecca HEOGXOAHMO YHYHTBIBATL NPOYHOCTE K
KOJIIEKTOPCKHE CBOHCTBA NOPOA, COCTOAHHE NPH3aBofHONR 30HBI maac-
Ta, yCa0BHs pAGOTH CTPYH, a Takxe O0eCNEeYHTh TOYHOCTL YCTAHOBKH
nepgoparopa B 3ajaHHOM HHTepBAJe H NOAACPKAHHE 3aJaHHBIX pe-
HKHMOB IDH NPOBEJEHHH Ipoilecca.

YusTeiBadA GOJBLIIHE BO3MOMKHOCTH H THOKOCTb Metoga TIIT, me-
06X0HMMO 00paTHTL 0c0o00e BHHMAHHC HA COBEDPUICHCTBOBAHHE npo-
llecca ¢ UEIbK) YBEJIHYEHHS [IyOHHH KAaHAJA0B nep(opallHu.



Fmaea 3

TEXHONOTUSA BbI3OBA MPUTOKA
U3 MNAACTA C MOMOLLLIO
CTPYHHBIX AMMAPATOB

-

iBRI30B NPUTOKA H3 TLIACTA B OCHOBHOM OOECIEUMBAETCH 33 CHeT
VCO3AaHHA JeNpeccHy Ha MJact. B 370T Xe nepHOA NpOUCXOAHT OUHCT-
Ka IPHCTBOJDHOH 30HLI OT NMPOHWKIIETD B Hee HHIALTPaTa, LHCHepcHOH
tasm man OGypoBoro pactBopa. CYUIeCTBYIOLILHE METOABl CO3aHHA
ARHpPeccHH Ha fLI4CT BO MHOIHX CJAYyYaAx SBARIOTCH ManoaddeKTHB-
HEIMH H U&CTO He OO0ecHeyHBaKT KAYECTBERHOTC OCBOGHUA [POAYK-
THBHBIX TLACTOB, QCOOCHHO IPELTHHOBATHX, TPH HH3KHX [JAACTOBHX
JAaBIEHHAX, TAK KAK HEKONTDOJIHPYEMLIe H3MEHeHHs INOPHCTOCTH K
VIPOHHIAEMOCTM OTPANKAIOTCH HA pPe3YabTaTAX OCBOEHHS CKBAMUHBL
HekycoTserunlil MAacTOBLIE APOCCeab, CO3JAHHBIE 3THMH H3MeHeHHs:-
MH, BJHAET Ha NPHTOK AKKAKOCTH H3 ILIACTA B TEYEHHE BCel MKH3IHH
CKBAXKHWHBEI; ¢ MajeHHUeM NJIaCTOBOTC JABACHUS €r0 BJAHSHHE YCHIIM-
BAQTCS, UTO B KOHEYHOM MTOTE OTPaXaercs Ha KO3@pHUHEHTE Hed-
Teotidaun. [lo3ToMy B npouecce BBIZOBA NPUTOKA H3 NJIACTa NPLH-
MaI0T BCEBO3MON(HBIE Mepd AJH OLEHKi [PHCTBOJALHOH 30HM ©fF
NPOHHKINHX B Hee NMOCTOPOHMHHX BelICCTB, HalpasJeHHBE Ha BOCCTA-
HOBJICHHE [I€PBOHATAJLHBIX KOJIICKTOPCKHX CBoficTa.

MzpecThbt criocoBbl OYHCTKH NPHCUTBOJIBHOH 3CHET UDOAYKTHBEOTD
nJacra HarHeTaTeAbHBIX“CKBAXKHH, KOTOPHE 3aKJIOUAITCH B MHOTC-
KPAaTHBIX TepHOAMUECKHR HKPaTEKOBPEMEHHHX H3JINBAX M CGCTAHOBKAX
CKBAMHH HJH K¢ OCTAHOBKAX € 3aKa4KOH BOABl NDH JAaBJISHEN Ha-
roeradnst [31]. Oanaxko 3TtH criocoGw MOMKHO TPHMEHATH TONBKO B
HArHeTATENbHEIX CKBAXKHHAN, B KOTODBIX ILTACTOBOEC AaBjeHHe GoJbLIe
UHAPOCTATHUECKOTO 1IPH 23KA4KE BOAK B KOJLICKTOP € OTKPHIBAIOUIHMK-
CsT IIpH AABJICHHH HATHETAHHA TPeliWHAMH.

K. B. T'appuakesny [26] mpeniowun B 1938 1. MeTO] «nepoeMedHbiy
AaBJAeHHA», CYIIHOCTE KOTOPOrO 3aKJAI0UAETCSH B NEPHOIHUECKHX 3aKat-
Kax JKMJAKOCTH B NAACTH Yeped 3aTpyBuoe NPCCTPAHCTRO € IOCIRLYI-
IUM PE3KUM CHHMKEHHEM JABJCHUH B CKBAKHHE, CONPOBOKAAOIHHAMCS
BLIGPOCOM MHIKCCTH H3 OTKDHTHIX TPEHIHH UY€Pe3 HACOCHO-KOMIpec-
copunie TpYOH, cnyliekible HHKe TNPOIYKTHBHOIO TOpH30HTa. e
GeICTpee NPOHCXOAAT CHHXEHHE AaBJACHHA B CKBAXKHHE, TeM addekTus-
HEe OUHCTKA TPeliHH. KHAKOCTb, YCTPEMASIOMASCSH H3 TPEIIHH, BHIHG-
CHT H3 TLI4CTa TBePIABIe HACTHIE, KOTOPHE 3aTPYAHAIT NPHTOK mnjiac-
ToBHX Quitonios. [IpoMbicioBble HCAbITAHHS 3TOTO MeToda [43, 49]
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noKasaJdH, 4T0 o ppexTHBeH I8 OYHCTKH NpH3abofiHol 3oHbl Ha-
THETATCABHBEIX CKBAXHH NpPH OAACTOBHIX /JAaBJEHHSX, DPABHBIX I'HAPO-
CTATHIECKOMY HJIH BblLle. [IpH peanusallu MeTOAa OGBHIYHO OCYLIECTB-
st 30 ... 70 NEKJIOR H3IMEHCHHUA AABJCHHHA, HpHUeM GGILIUHH BBIHOC
IpA3H H3 Miacra Habaiofajcs MpH jfapieHud HayycTbe 3...10 MlIla,
TOrZa KaK MaKCHMadbabie Aapaenus pocTuraqu 15...25 MIla. He-
AOCTATOK MeTeia — HeoGXOIHMOCTb CO34aHHs H3OEITOUHBIX 3HAKONE-
pPEeMeHHBIX Harpy3ok Ha of6CcalHyl KOJOHHY, B CBA3H C UEM HMCHTCS
CAy4YaH MX HapylIeH#sH, MOITOMY NPHMEHEHHE MeTOLd OrPakHyeHo.

®. C. Abayaunbm [2] peanoxken cnocod cos-
NaHHs MTHOBEHHKIX BBICOKHX JenpeccHd Ha MJacT,
OCYINEecTBISEMEIl B CKBaKHHe 0GOpPYAOBAHHOK
HKT ¢ nagepoM, UHPKYASUHOHHBIM, OOpaTHHIM
H zaboiusM KjgananaMu, Ilocie pacnaKepoBkH
nakepa TMOPIUIHEBAHHEM WK TIPH NOMOIH KOMIL-
peccopa depe3 (HMPKYJARLHOHHBEIM K/J1aNaB HOHH-
AT B IOJOCTH CKBAXKMHB 004 NaKepoM ey
YPOBEHb FKHIKOCTH Ha AONYCTHMYIO TAYGHHY. o ;2
3atem npunoguumator HKT, 3aboinbii xaamax -
OTKPHIBAETCH, CO3/EeTCH JIeNpeccus, W 10CTy- 7
napiias U3 nxacTa KWHIKOCTh 3anQiHfAeT 0o-
nocte HKT. Perkomenayetcfl cO3JaHle MHOTO-
KpaTHBIX IHKJIOR Aenpeccuil.

Itor MeTon — 3PdeKTHBHOe CPeACTBC QUHCT- .
KH TpHCTBOJALHEY 30H, OJHAKO H OH HMeeT psii - @/

HEeI0CTATKOB.

ITepea HAYANOM RAKAOrO LHKAA MAKCHMAb-
HO BO3MOMHOH JIENpeccHH, COOTBeTCTBYIOUIeH
VAAJCHHIO KHAKOCTH H3 CKBAMHHLL I0 YPOBHA .
YCTABHOBKH THMPKYJARLUHOHHOIrO KJanama Haja na- T —
KepoM, HeoOXOAWMOC NPOAYTh CKBAMKHHY BO3AY- /
xoM, a 1719 storo Tpelyercad He Menee 3—4 U
CaeicsaTeIbH0, 3TO TPYIOeMKHA MHOTOIAKIOBOH
npouece. AA9 TPUAYBKH CKBAMHHB BO3AVIOM
rpedyrnTes KOMNIpPeCcophl, KOTOpble B DALe CJay-

e ——

Pue. 3.0, Odmas cxema

qaep (uampuvep, B ycaopusax Cubupu mnm Ce-
Bepa) TPYIHO TPAHCHOPTHPYEMBl K CKBAZKHHAM,
Eear we npooauts 10, .. 20 unurics tocae oi-
HOKPATHOTO ONOPOKHEHHST CKBAKMEB, TO OHH
TOMKHEL GLITE KPATHOBPEMEHHBIMI U OCYLIECTB-
ASTHCA 1:PH NMOCTOARHO CHHMKAIOLLEACT ASTpeccH .

{OMOAHOBKY CTPYITHOro
Hacoca B CKBAMKMUHAC,

I — o00CcalHA" KO[ORHAY;

2z HOJOHHA HacOCHO-

KOMTIpecConiEIX TRVE; & —

CTPYHHEMAE  nacoc; 4, —

rIyBHHEEA MAaHOMETR; & —
DaKEP.

O160p XHAKOCTH H3 1714CTa 33 OJMH I[HKJ [OPH NJ4CTOBOM 14B-
JeHKH, PABHOM FHApOCTaTHUECKOMY, He npesniuraer ofwem HKT, a
[IpH JABJMCHMSX, MCHBLIMX THIpocTaTHueckoro, obvem HEKT B untep-
BaJIe 0T IHHAMHYESCKOTO A0 CTATHUYECKOrOQ yposkell

Ofcajnras KOJOHHA BBHINC HHTEPB&IZ YCTAHOBKH MAKepa B MOMEHT
npoaysky HKT paforaer B yCIOBHAX ONOposHeHHd NPH OOMBLIHX
CHHMATOUIHX HArpy3Kax, I03TOMY MaKCHMaJsbHasl JenpeccHsl orpanHie-
Ha B CBSI3H C YCJIOBHAMH NPOYHOCTH KOJOHHE,
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JlenpeccH NPHAATATCA K MJACTY 34 OYCHhL MAJBIH NPOMEKYTOK
BpeMeHH, H BOCCTaHOBJEHHE AABJEHHS B CKBaXHHE HACT MEIJEHHO.
ITosToMYy BO3HHKAIOT yjapHble Harpy3ku, HanpaBJaeHHEIE OT IJIACTA B
CKBAXHHY, CHOCOGCTBYIONINE DPaspyIICHHIO 11acTa.

Hauunas ¢ 1966 r., gag GoJee NMOJHOH OYHCTKH 3JKCNJyaTallHOH-
HBIX OfbeKTOB OT TPOAYKTOB KOJLMATAIHH, 8 TAKXKE ¢ LEIbK IOBH-
IleHdsl OXBATa MJAACTOB 3aBojHenHeM [38, 42] npennoXKeHo HCIOJb-
30BaHHe GOJBIIEX JenpeccHH, co3JaBacMbiX HCIHTATENAMH MAaCTOB.
[TpakTHKa DOATEEPAWia BHCOKYIO >(QQEKTUBHOCTL 3STOTO MeTOAa ¢
TOUKH 3PEHHA YBENHUEHUS JeOHTOB He(pTAHBIX CKBAMKUH,

B Mpano-®paHKOBCKOM HHCTHTYTe Hed)TH H rasa paspadoraHa tex-
wonorus [123] BEI30Ba NMPHTOKA H3 ILIACTA ¢ OUHCTKOH TMPHCTBOJLHOH
30HB yTeM BO3NEfCTRHA Ha IacT HHKIHYHBIX YIDaB/JsSEeMBIX Jelipec-
cufi. DTa TeXHOJOPHA peajdH3yeTcsl UpH IOMOIIH YCTAHOBJCHHOTO HA
HACOCHO-KOMIIPECCOPHHX TPy0ax nakepa X CMOHTHPOBAHHOTO HAR HHM
ctpyfigoro Hacoca (puc. 3.1}. HKT onyckawres B CKBaXHHY 10
HeobxoauMoli riyOHHBL M I1aKepylOTCA OPH NOMOIUH nakepa. [lyrem
nojauu paGouero areHTa K CONJy CTPYHHOrO Hacoca NOHHMKAeTCs AaB-
JeHye B TOANaKepHofl 30He A0 PA3MepoB, MEHBHIMX THAPOCTATHYEC-
KOI'C, BHIAEPIKHBAETCH ILIACT NPH HeoOXOAHMON [AENPEecCHH, a 3aTeM
IIpH peKpallleHHH NoJayud padodero areHTa B CKBa)KHHE BOCCTAHAB-
ARBAeTCH ryapocratHueckoe parnedune. llocae wero nugkn mosTopAeT-
¢l MHOTOKDATHO 10 IOSBJAEHHSI NPUTOKa H3 mnacra. Kak Oyjper moxa-
33200 HHXKE, HMEeeTCsd BO3IMOMKHOCTL € NMOMOIILIO CTPYHHBIX alaparon
co3naTh ray0okue AETPECCHH, TAK KAK IPH NPABHJIBHO N0A00DaHHON
HX KOHCTPYKIHH MOXET HPOHCXOIHTh INOHHMEHHE JaBJICHHT Ha IpHe-
Me CTPYHHOrO Hacoca BIJIOTE [0 BaKyyMa B TEUCHHE HECKOJBKHX
cekyHl. BoccTaHaBIHBaeTCa THAPOCTaTHUECKOE I4BJCHHE TAKKE

T
61;1(:;;)9._3

3.1. O60cHOBEHME BO3MOKHOCTH CO3JIAHMSN
rnySoxuX yRpaBRfAeMBIX Aenpacimi Ha nnact
€ NOMOLLLIO CTPYHHLIX ANNAPATOB

Hasecruo [102], uro B ¢TPYHHDIX 4llllapaTax NPOHCXOAUT cMe-
LIeHHe H ofMen sHeprufl nBYX NOTOKOB DA3HHX JaBNeHHH, IPH KOTO-
pEHX ofpasyercd CMeLdHHBIA NOTOK CO CMEUIAHHLIM JABJICHHEM, B
pesy/bTaTe YBeJIHUeHHst CTpyeil pabouero NOTOK4, BHIXOAsHIRH B
IPHEMHYIO KaMepy Hacoca ¢ GOJDIIOH CKOPOCTRID CPeib, HMEIoiel
80710c8 HH3K0e AaBJCHHe. YBRIeKaeMHH IOTOK HA3BBaeTCs! HHKEKTHPYe-
MbiM, B cTpyHHBIX anmapaTax HPOHCXOJAHT Npeo0paszoBaHHe IOTEH-
UUanLGROH SHePIHH NOTOKA B KHHETHUECKYIO, KOTOPAA YACTHUHO Oepe-
AaeTcs HEMXMEKTHpyeMoMy MoToky. IIpH IpOTeKaHHH 110 CTpyHHOMY
ANmapary UPOHCXOZHT BHIPABHHUBAHHE CKOPOCTEH CMEMIHBAEMBIX NOTO-
KOB M ofpaTHoe nmpeodpa3oBaHHe KHHETHYECKOH 3HEDrHH CMEeMIAHHOTO
noTOKa B moTeHuHaJ bHyi. Ha puc. 3.2 nsobpaxeda NpHHUHNDHANLHASR
cxema crpyfHoro annapara [102] 3mecy Qp, Qu Q¢ — pacxoiu
pabouei, HIXKCKTHPYEMORl H CMEITAHHOH JKHAKOCTeH; fp, H fu, —— mwI0-
Haau paBoyerc H HHXKEKTHPYEMOTO NOTOKOB BO BXOAHOM CEYEHHH
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LHAHHADHUCCKOH KaMephl CMENICHHA; p, On, 3 — CKOPoOCTH pabo-
yero M HHKEKTHPYEMOrO MOTOKOB BO BXOJHOM CEUeHHH H CMEIIaHHOrO
NIOTOKa B BBRIXOJIHOM CeUeHHH Kamepbl CMEHIaHHH;, Pp,, Pa, fa — CTATH-
yecKde Aas/jeHHs paouero  HHKEKTHPYEMOTO TOTOKOB BO BXOJHOM
CEUEHHH H CMeMIaHHOTO MOTOKAa B BHIXOAHOM CGUEHHH HHJHHAPHYeCKOH
KaMepH CMeilienis.

INpoueccsl, cBOHCTBEHHBlE CTPYHHHM annaparaM, ONUCHIBANOTCS Ta-
KAMH 32KOHAMH:

pHr’ wH,‘fH, Pa‘wﬁ'fs
w, , £,
1 /z{ 29 5 /

e SR, . -
Padoutli pole N NN }\{6 T Cmewansion
L 3 SN L] noron
GP'JDpnl‘_U | eore 7 /; ; |7 l\\\\\ TN ! GE:PL'-WE
AR \'\3\:
T | \\\t ‘\\‘>\ \\\
Huowexrupye - I : , I
ERTLpY i w 13
MU TOTOK 2 22fp, I ch
Corbprts 7F 1 IT\! AL A A o
£y N A
CUHEAD
L ol I

Pre. 3.2, TIpHHUHNEaAbHAR CXeMa CTPYVHHOIO alllapaTd.

1} coxpadeHHs MacChHl

Qo= Q- Qu; (3.1)

2} coxpaHeHHs IHepTHH
(fpp-tely) == (141t} ic, (3.2}
rie ip, iy, ic — 3HTaapOHU pabouero H HHMEKTHPYEMOro IDTOKOB L0

4TNapaToB W CMEUIAHHOFO NOTOKA jloclle annapaTta; u=Qu/Qp — ko-
sthpuHeldT HHEKEKIHH;
3) COXpaEeHHS HMOVAbCOB CHX

£

mep 4+ Qu oy — (Qp + QH) Wy — p‘a‘fﬁ =+ Slpdf - (ppfp +pﬂfﬂ)! (33)

Fa
fl

rﬂeSpdf — HHTErpaJ HMMOy.abca CHJ Ha (OKOBYIO TNOBEPIHOCTH Ka-
Ja
Mepbl CMCIIeHHA Mexay cedenusMy [—I 1 5—3.
B paccMaTpHBaeMuX CTPYHAHBIX anuapaTax, npelHazHavyeHHBX RIS
OTKAYKH MHIKOCTH H3 CKBaAMHHH, palodad H HMHIKEKTHpyeMas MHI-

KOCTH SBJSKTCH pPaBHOMA3HLIMH H CBOHCTBA HX CHKHUMA¢MOCTH HE
TIPOABAAITCS,
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B npouecce ocBOeHWR cKBaMUHB Hadaopalorcs asa srana. llep-
BEL, KOTJa MPH CO3LaHHH JAelpeccii Ha NJACT NMPHTOK H3 CKBAMHHB
OTCYTCTBYET JiH00 OH HesHauutensHufl. BTopofi, korla nog sanAnueM
IEeIpeceHH MUJAKQCTh ¢ pasanuHoll CKOpPOCTRIO NEPOTEKART B CKBAXKHHY.
Tlepemit stan obeciieyuBaeTr Heo6XoZHMOe YCAOBHE NPOPHIBA [114CTO-
Boro ¢UIOHAA uepe3 HCKYCCTBEHHBH jIpoccenb, cO3JaHIHi  BOKPYT
CTBOJIA CKBAXKHHE B NIPOUECCE ero BCKPHITHA MU KPENVICHHA, H XapakTte-
pH3yeTest HECTAUHOHADHBIM XapakTepoM NPHTOKZ KHIKOCTH H3 TLIac-
ta. Bropoii sran xapakxrepuszyerca 0osee HAH MeHEe CTAUHOHADPHBIM
TeleHHeM KHAKOCTH H ofecnednBaeT NPOABJAEHHE TOPHOreNOTHISCKUX
xapaxTepucTHK tacra. [Tpw npeMeHenHM CcTPYHHBIX aNNapartcoR HA
MepBOM sTrafne Ha(uIoAaeTcs He3HAUHTENAbHBIH HPHTOK XHIAKOCTH H3
facTa, IO3TOMY Iepej CTPYHHHM annapaToM CTaBHTCH 3agadya -—
co3gath Oosee rayGOKHEe JMempeccHA HA ILIACT, T. €. 3ITOT CTPYHHBIH
arnmapar AoJked obeclednsary Hanaexnywo pabory 8 00JacThH ManbiX
snaueHult koadduuuenra numerouu (u=0...0,3).

Ha mropoM srane Heo6XOIHMG NpH 33JaHHBIX YCJIOBHAX OTKauaTh
KOJHUECTBO KUIKOCTH, KOTOPOE TPHTEKAeT H/H MOXKEeT IIPHTeYb H3
naacra K ckpaskuHe. Ha 310M srane crpyitusiit anmapat jaoJixen oGec-
medHTbh HaJewdayr pabory op GoablIHX KoadgHIIMEHTAX MHKeKIHH
{(u=>05;1;,15,2um1 1.).

H3pecTHO, 4TO 10 COOTHOWEHHIO AHAMeTPOB foff, cTpyfinbie HacoCH
OTHOCATCS AuG0 K HH3KOHAMOpHBIM ([¢/fp=>4), aHOO K BHICOKOHATIOD-
HBIM (fo/fp<C4).

B paGore [102] nokazano, 4TO HH3KOHANOpPHLIE CTPYHHEE HACOCH
BO BCEX AHANA30HAX pabodero yyacTKa XapaKTepueTHKH (npH JjobbX
SHAYEHHUSX (1), a BHICOKOHANOPHLIE CTPYItHbie HACOCH TOJbKO B 00h4cTH
MaJpIX 3HAYEHHH H XOPOWO ONHCHBAKITCA VPAaBHEHHEM WUMOY/ILCA
ABHKEHHS:

APC ng [ ( I)Pp fﬂ- r). Pp flJ. .
— 2o, 4 (20, — -\ 222 — ey It un) ], (3.4)
AP, i, SRS P * o Ty

TAE Pp. Pu. e — OJOTHOCTH pabouef], HHMEKTHPYEMOH H CMeIunBacMoH
HHUIKOCTEH.

TMostomy B 37T0# 3Ke paboTe peKOMEHAOBAHO ypaBHeHHE ApP./p,,
VUHTHRAIOIIEE HIMCHEHHE cedeHusi pafouero MOTOKZ HAa BXOIHOM
YUaCTKE KaMephl CMEIleHHH fp,<If,., BLI3BAHHOE CHHKEHHEM CTAaTH-
YeCKOro AaBJCHHS HA ITOM YUHacTKe Po<Ifl; IPH NOBLILICHHHIX 3Haue-
Husx «. Torga ypasHeHHe HMIV.Ibca ABHAEHHS 3aMHWETCH B CACIVIO-

1eM BHIE:
] A_p‘_: = [P.f fﬂ.[?q’_) f_p_ - 2(p2p_p fﬁuﬂ_
Ap. fl fo. P o,
2 n A H
—2-q)™ ’3(1+u)“]——£, (3.5)
e 1 Fp
rae Apc/App — OTHOCWTEALHWIN Depenajy NaBjieHHs, CO3AaBaeMuil
CTPYHHBIM annapaToM;
Ape = Pe = Pui App = Pp— P
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31€Ch Po — AABJAGHHE Ha BLIKHje cTpyHHOro annapata; p, — Jasje-
HHe Ha Bxojie B pafodee COIIO CTPYHHOTC ANOAPATA; Py — JABJEHHE:
HHMCKTHPYEMOI KHAKOCTH.

B ypaBHenun (3.4) DpHHATO YCJOBHE, YTO NJOMIAJAb CEYeHH:A pa-
6ouell MUIKOCTH oT pabouero comla 10 BXOJa B KaMepy CMelleHHST
OCTAETCs] HeM3MeHHOH, Torxa pafouHii H HHKEKTHPYEMBI NOOTOKH
R 3TOM YacTKe HE CMEUIHBAIOTCs, T. €. 4TO fp, = [p,

B grom cayuae fzzfpﬁ'fﬁz:fs; fe,=Ifs—/p. TOTAQ [y /f8,=
= o/ (Fa—fo) = Fp/f) L1 Infis) ), vne @1, @2, ¢a, g2 — Koshprus-
eHTHl CKopocTell B pafouem conse, B KaMepe CMELIEHHS, BO BXOAHOM
yHacTKe KaMepbl CMEWeHHs 1 B nugdysope.

B padote [102] pexomeHIyeMHe 3naueHHd KO3(hPHUHEHTOB oOlie-
HHBAIOTCH TaK:

p1=0,95; 2=0,975; ¢:=09 u ¢:=10,925.

[Tocae uoacranorxd KoxpGunuentor ypasnenue {3.4) apusuMaer Ta-
KOH BHJ: A ; f .

A ﬂ[l,ra;o,:f-"—“ Pgr 1,07 P f&u +u)2]. (3.6}
Ap, s Py fe, e {3

ypaB[;[EHI/Ie (3.4) uokasmBaer, UTO NpPH 3aLAHHOM # Hepenai
A4BJEHHH, CO323aBAEMBIH CTPYHHBIM HACOCOM Apc.=pc—flu, OpaAMO
MPONOPIHOKHAJEH PACHOJAracMoMYy Ilepenajy napieHuii paGoyero no-
TOKa Appy=pp—pr. U3 ypaBuenusa (3.4) Buuwo, uto nepemnag 3anBHcHT
OT OTHOUICHHSA CeYeHHH pafoyero comjla H KaMepsl cMelleHHs [p/fs,
KO3 PHULUHEHTOB CKOPOCTEH OT1ebHBIX 3J1eMEHTOB CTPYHHOTO annapara
@1, P2, Pz, Q1 H KOaDDHIHEHTA HHIKEKIINH.

HpHu u=0 cTpyfHEli annapaTr pasBHBAET MaKCHMAJLHBIN OTHOCH-
TEJbHBIA Mepemaj AasjaeHHH, onpejenseMuili 3aBHCHMOCTLIO

(Apff"ﬁpp)max = ¢} {fo/F:}[29. — (2 — L (pp/p) fo, ) 1- (3.7}

IoactaBHE B ypaBHenue (3.6) sHaueHus KO3 HLHEHTOB ¢ H @3,
a TaKXKe NPHHAB, UTO Dp=={(), NIOJAYUHM

(A0 max = (Fo.ifs) [ 1,75 — 1,07 (fy if)]- (3.8}

Takum ofpasoM, ypasreuus (3.4), (3.6), (3.7) n (3.8) mMoxHO
HCHOJIB3OBATDL JJis OMpPeNeeHHs OTHOCHTENRHOTO [eperafa JaBReHndt
B CTPYHHOM amnmapate JIpH 33/ 1aHHBIX 3HAYEHHAX COOTHOWEHHI fp/fs,
fo/f MIH MaKCHMAIBHOrO OTHOCHTENBHOTO Tepenaga AaBieHUS NpH
u==0. ITi ypaBHeHHA B JaJbLHCHIIEM JSTYT B OCHOBY ONpese eHHS
TEXHOJIOTHICCKHX NtapaMeTPoB BLI30BA NMPHTOKA H3 MJACTa.

Paccmorpum rtakme ypassenuwe (3.5), npeanasnauensoe mas xa-
PaKTEPECTHKH BHICOKOHANOPHOrO CTPYHHOro anmapata IpH NOBHILIEH-
HBIX SHAYEHHAX KOIQ(QUUHEHTA HHMKEKIHH 4. B 5TOM cayuae Apg=—
==Pux—Pp: — BENHWYAHA CHHKEHHS CTATHYECKOTO NABJCHHR HA BXOJ-
HOM Yy4acTKe KaMepbl CMEINEHHH; Py==pp,=pPy, — CTATHUECKOE AaBJe-
HHE BO BXOULHOM CEYCHHM UHMJHHADHUECKOH KAMEPH CMEIUEHH.
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APy (¢i/e D ep/pn) u®

Ap, N [(Fsifp) — (I/Vﬁ(m;)]zi (3.9

feilfor = V1 + (3p/Bp,); (3.10)

foffe, = VI[(EiF) — (Fou/Fo ] (3.11)

B ypasuenun (3.5) oTHOoLICHHS ceyenui fodfe, v folfu, — mepemei-

HBIE, 3ABHCAILME OT KOSPOHUHENTA HHKEKNHH L, TO3TOMY BHAyaJe
JUPEACMACM [N KAMKIOTO 3HAYCHHS 4 MAPAMETPH Apy/Aps, Fedfo..
p/fu, 10 3aBHCHMOCTAM (3.9), (3.10), (3.11), a satem paccYATaHHEIE
SHAICHHS NOACTABIsEM B ypaRHeHHe (3.5).

Takoe meraibHoe ommcamme waBecTHLIX fbopmysn [102] meobxoau-
MO, TdK KaK OHH NO3BOJSIOT B NOCJACAVIOILEM ONEHHTE PAL TeXHHKO-
TCXHOJIOTHUYECKHY [1aDAMETPOR OCROEHHS CKBAMKHH C HOMOILHIO CTpyii-
HHIX AN2PaToB.

Tlepefinem k PACCMOTPEHUH) HeOGXOAMMEAIX 3HAYCHHE P Pe B pe-
‘AJLHOH CKBAXKHHE,

Tax, napaenue patoueit wugkocTH na BX0Jle B pabouee comio ompe-
BENACTCHA TAKOH 3aBHCHMOCTBIO:

Ppr*—Pm.p-i—Pa—AP*, (3.12}
YA€ Pwp — Macea croaba paGodeli KUAKOCTH Ha IaHHOIN riayonme;
‘Pa — JaBJICHHE HaCOCHOFO darperata Ha ycTbe, Ap* - NOTEPH AaBJe-

HHA NP NBHXEHHH padodell MHIKOCTH OT HACOCHOrG arperara K pa6o-
MIEMY COILTY CTPYHHOrO ammapara.

Masaenue Ha BhKHAC cTpyitHOro annapaTa Olpelesercs, HeXOLs
H3 HEOOXOIHMOCTH AOCTABKH CMEIIAHHOTO MOTOKZ Ha IOBEPXHOCTE

CKBAXHHBI Pe=Pu.otAp*e, (3.13)

TAE Mw.c — Macca cToaba CMENIaHHOH WHIROCTH: Ap** — notepn

A4BJACHHA TIDH ABIKEHHH pafoduell XKHUIKOCTH OT CTpyHHOTO annaparta
K YCTHID CKBAMHHLL

Px<.p=Png: Pm.c=?ugH‘
rie H — raybusa ycTanosky CTPYHHOTO anmapara; § — yekopeHwe
CBOGOAHOTO MAICHHS Ted.
Horepu navaennss Ap* u Ap*+ ONPReALTANTCH H3BECTHEIMH BhIpa-

HeHUAMM AP* — (8PpHQ§):"‘T2 d.—,; (314)
Ap*t =1(32 HQD/R (D—d ) (D —dy).  (315)

rae A — KoadhHIHEHT TuapaBaHIecKoro CONMPOTHBJICHHS; d — BHYT-
PEHHHH JHaMeTp HACOCHO-KOMIPECCOPHEIX TPYO; dy — Hapy:KHBIH AHa-
METD H4COCHO-KOMIIPECCOPHHIX Tpy6; D — BHYTPEHHHH JIHaMerp
IKCIAYATANHOHHON KONOHHH.

O6o3HaunM oTHOLIeHKHE Apc/Apy ®3 3aBMcHMOCTel (34) wnau
(3.5) uepes A, ompeaennm psg NapaMeTpOB, HANPHMEP, KaKoe CHH-

116

MMEHHe JIaBJICHUA Ha MAacT py OyAeT ROCTHTHYTO NPH 33 aHHOM I4B-
JeHHH Py JHOO NIPH KakoM p, OVier 00eclneueHo YCJAOBHE py==0

Apc/App==A= {pc—pu) | (Py—Ps). (3.16}
B nepsom cayuae paccMorpum
pa= (pe—App}/ (1-—A). (3.17)

lloacTasass u3 dgopmya (3.12) w1 (3.13) 3HAUEHHA Pp H Pe, NONYUUM:
Pa=(/1 = A)[puctAp** — A(Pup+ Pa— AP*)];  (3.18)

npu pa=0; ' .
IR Pa = [(Pw.c - APF**)/A] — Pup + Ap* — [P (1 — AS/A}; (3.19)
Pu.c + AP** — A (p.—kp - Pa— AP*) = (; (320)
Pa=[(Px.c -+ AP*F)A] — pup + Ap*. (3.21)

Henoansyst coorsomennst (3.4), (3.5), MoKeM OTpefe/nuTh TaKke
3HAYEHHE KOHCTPYKFTHBHOIQ COOTHOLIEHHH AHAMeTpoB pabouero coilia
H KaMepbl CcMelleH#sl ¢TPYHHOTC anmaparta, o0ecmeuHBaIIHX CO3jia-
HHE 3aJaHHOH HJH caMol rayDOKOH HenpeccHH Ha IJACT.

QObosHauum o
folfs = K = (d-p;’d(-_)ﬂ
rae dp 4 d. — nuameTps padovero COMa H KaMephl CMeuleHHd.
Taw, upn pu="0; A=p/py
HIH

K175 =107 py (1 + a)?pe] = (Pa.c + Ap**)/ (Do + Pa—Ap*). (3.22)

Ycnosue (3.22) nossoaser ONpeleslTb COGTHOLIERHE nontaned
ceueHyfi pabouero comna H KaMepH cMelleHHd K B cieayiomen

dopne: K = 10.82,/(1 + u)*pcl[1 -+
+ V11— [L42(1 4+ u)?pe (ps.c + AP ™) 0y (Prcs + 2o — APF)]- (3.23)
Munumanbnoe cootHowenue naowagelt fyffc  aoctaraercs npa
YCACBHH paBeHCTB2 MOJEOPEHHOTO BhipaXKednHs B ypasuenun (3.23)
myao. Toraa ’ ,
Y Kmin =038 F’pf’{l -+ u)? Oc- (3.24)

ITpu HccnenoBauuy YCJOBHI COXPAaHEHNS NOAKOPEHHOTO BHpame-
HUS B ypaBHeHHH (3.23)

P [1,42(1 + 1) o (e + Ap**)/0p (P p + Pa— AP*) | =0 (3.25)

MOXKHO OUPEAeqHTh AOCTHUTaeMblH KO3pQHIHEHT HHIKEKUHH Np# 3a-
JAaHHBIX YCJIOBHAX ]‘.,‘IYGHHI:I YCTaHOBKH CprHHOI‘O amlapaT?, JdBJIC-
HWH HacOCHOTO arperaTa Ha YCThe, pacxona HpOMbiBO‘IHOH HKHAKO~
CTH B T. 4.

Toraa

i == [.Gp (pnc.P "{_ Pa— Ap*) “F(F‘c (pzhc + AP**) 1’42]12 - ]‘ (326}
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WK TpY 33/1aHHOH MHMKEKUNHH & (NpH MaJsix 3HAYEHHAX) ONpPemeNuTs
HeoBXoAnMOe J14B/CHHE HACOCHKIX ArPeraToR Ha YCTbe

Pa=1A2(1 + )" (/e M AP** + Pus.c) — P + Ap*. (3.27)

Hns upumepa B Tada. 3.1 upusejemnw paCCITHTAHHBIE J1ABJeHHA Ha-

( 'COCHOTO arperarta p, mo 3aBHCHMOCTH (3.19) IpH pasamumbx suave-

HHAX KO3PUUHeHTa HHMKEKUHH CTPYHHOrD anmapara, ycTaHaBJiHBae-

MOTO HA pasHBX raybuwax (Ap* u Ap** B3aTH OPHEHTHDOBGUHBIMHK
Ges cTpororo mojcuera).

Hs rada. 3.1 Buneo, ure

HeOOX0IHMOCTL NaXke HesHa-

] YHTEJLHOrD YBEIHYCHHA KO3(-
[PH PASTUUHBIX 3HAUEHHSIX PHIHEHTA HHXKEKIHH NIPH MaK-

KO2OPUIHEHTA MHKEKHHH CHMAJNbHOM CHHXEHMH JaB-

Kosuunent muxewinn JCHHA HHMKEKTHPYEMOH KHI-
ol | o2 | s KOCTH (pn==0) npusojur &«
; CYHIECTBEHHOMY POCTY 1aBJe-
H=4000 u | ' HHsl HACOCHHIX arperaTos.
AP**—=50 MIla 435 i 60,5 ' 76,5 B npakTuke KOHCTPYHPOBRA -
AP =75 MITs | | HHS BBICOKOHANODHMX CTPyii-
: HBIX allapartoB YACTO TpHMe-

Tabauya 3.1,
PACYETHBIE 3HAYEHHY JABJTEHHYI
HACOCHRBIX ATPEFATOB

HMcxoaree aamnbie

H==6000 u 1 HSIOTCR COOTHOUICHHS [1L10LLA-
ﬁp‘::=7,0 MITa 66,5 88,0 ; 1]2,5 B'eﬁ paﬁoqero COILIa ¥ KaMe-
APT*=100 MITa DB CMEIUEHHS, OTJAHYHEE OT
; - 3HaueHM#  Kuyn, onpeaeage-
f;’;foogohiﬂn 865 | 1070 {475 MBI 3aBhcuMocThio (3124).
AP** =125 Mila o Y] o Boswmoxnkie anavenns xo-

SOPHUHCHTOE MMIKEKIINH u B

| 3aBHCHMOCTH OT JIABJACHUS Ha-
dypld, C 0772 10,708 | 0654 cocublx ATPEeraroB P, M Tay-
| OMH YCTAHOBKH cTpyfHOro an-

napata H, onpegeieuunie 3a-
BHCHMOCTb10 (3.27), npuseieus B 1a6.1 3.9,

CoriacHo npunsToMy Hamu YCJOBHIO 3HaueHus u>>0,30 He pac-
tMaTpuBaiores. (cobyio c0XKHOCTL mpejcTaraser YYeT CHCHMAaeMocTH
CTPYH NPH MOBBIUEHHBIX KOIPQUIHEHTAX HHIKEKLIHH 1.

Ha 3BM wumu MOMYUHAH 3HAUCHHA Apc/Aps, onpexcaeHHbie Ha OC-
HOBahuM 3aBHcHmoctedn (3.5), (3.9), (3.10) u (3.11). Tlpu pacuere
PACCMOTPERDI CIeAYIOlLIHe YCAOBUA: [3ff, APHAATO pasHbim 2,04; 220:
2,58; 2,86; 318, 1. e. 3710 COOTHOWRHKE CBHIETEABCTBYET O TOM, HTO
CTPYHHBIE HACOCH SIBASIIOTCS BLICOKORANOpHWMH. OfpaTHele ux 3Ha-
YEHES COOTBETCTBCHHO pasner 0,49; 0,436, 0,388, 0,349; 0,314. Kosp-
(DUUHERT HHXKEKUHH 1t==0.5: 1,0; 1,5; 2,0

B Tadn. 3.3 npueegenn smauenus napamerpa A, onpepeseHHbe
A5 PA3AHIHBIX 3Ravenuil u. [lpu u==0...0,3 ucrnonb3osan 33aBUCH-
Mocth (34), npw u=0,5 u Gotee — IABHCHMOCTH (3.5), (39,
(3,10} w (3.11). Hpu paciere Ap./Ap, TpHHEMaaM orpauHuenue:
‘(Uc<[l]p.
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B KOOPAHHATAX U— (Apc/Aps . .
g)lﬁggmﬁanoppﬁux cTpyfirmK BacocoB {puc. 3.3; 3.4; 3.5).

[TocTpoeHHe TpadHKOB OCYINECTBJLHO Aaf U=

IOCTPOHJH Tpa-
AKTHYECKHX PACYETOB MBI -
e . ) }mpﬂ A [As pasHBIX 3HAUEHHH

[d, = 5,6 mm; de=8 mm; K = 0,49 (2,04)]
[d, = 5,6 um; d. = 8,5 mu; K = 0,436 (2,29}
[dp = 5.6 MM; dec = 9 MM, K = 0,388 (2,58)]
[d, = 5,6 mu; de = 9,5 Mm; K = 0,349 (2.86)]
1d, =56 w; do =10 mp; K =0,314(3,18)].
0...0,3 uo zaBHCH-
moctaM (3.4), a ans 1=0,5 u BHIUE —- MO 3ABHCHMOCTAM (3.5).
Tabauya 3.2
z A HMHXEKIHH
GO O TAVBHHBL YCTAHOBKH
CTP¥HMHOTI'O HACOCA H .[[ABJ_[EHH%I
HACOCHOI'O ATPEFATA 1A YCTHE

flagrcHHe HacocHOTo arperaTa, Mlla

w [ 5| w0 | % | 0 | & @

H.m

1000'0,15{0,28| - - - , -
l

1500 10,04 0,15} 0,25 i 032 | — ! | =1

2000 | — | 005 E 015 | 021 | 0,28 . S S g

2500} _ | oot 0.081 0;14 0,20 io,gs 9 ; _
| 1

3000' — | - i 0,04 ! 6,09 i 015 !020%0,25 IO,QS

3500|\ —zi - ‘0,01 ‘o,os Lo,ogslo,ls‘o,zolo,za
i ] ' .

4000 ' — ! - 1‘ - ?0,025! 0,07 1 0,1 !lo,m%o,ls

{ i HCnBETaHEA
Takum 0Gpa3oM, OHH IPHEMIEeMbl s JIIOOBIX YCIOBHH HCTD
ariAH. . ko
CKBTeopemquKﬂe pacyeTH MOKA3ailH, 4TO CTPYHHBE anﬁnﬂapgszMETPOB
Opap.sieMbl H NpPH NPaBHILHOM M0100pe COOTHOMEH Juauetpon
gagoqéro COILIA H KAMepbi CMelIeHH® MOryT ofecnievuTsh Heoh?

AeHRe JaBJCHHS HA 1AaCT. " .
CHHéha;LaBaHCb rAy6UHONH YCTABOBKH CTPYHHOTO annapaTearaL;a xi040-
rHyecky yAOOHBIM 3HAUGHUEM NABJCHHSI HACOCHOTO arp ,
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3aBHCHMOCTEIC (3.26) oOpee/NHTh ZOCTHMKHMBIR IIPH STHX YCAOBHIAX
KO3t PHIHEHT HHKEKIHH,
3areM ¢ noMolUpic 3aBucuMmocred (3.4) wau (3.5) onpeaeqantn
OTHOCHTEJLHHIA Tepenai JaBAeHHS Ape/Ap, uad napamerp A. Ilo
HTOMY napameTpy A H 3aJ4HHBIM YCJAOBHAM MOXKHO Hafitw Japienne
WHKEKTHPYEMOH JKHIAKOCTH Py HJAH JaBJAeHHE Pa, OPH KOTOPOM Pn=0.
IMporabyvaupoBaHKEIe 3HAYCHMA OapaMmerpa A (MaIN Apc/App) B
obaacTy TOBLIUEHHBIX 3HAUEHRA ¥ [O3BOJSIOT JETKO ONpPeLeldTh XaB-
Tabauya 3.3.
3HAUEHHUA TIAPAMETPA A [IPU PASJIMYHLIX COOTHOWEHWIX [,
H PA3HBIX a.

< S
P ape p Ao
ko= 1.2 @ A= A= 1k P A=
\Sc ; ApD l Sp ‘ App
0 0.6 0 0444
0,1 0.549 0,1 0,422
0.2 0.556 ' 02 1 0405
03 0.4 0.3 0,382
0,49 2,04 e g i 0,314 3,18 03 e
1.0 2102 | 1.0 0,224
15 — 1,5 0096
2,0 - 20 | —
0 0,559 “ I o | 0413
0,1 0.528 0,1 0,395
0.2 0,480 0.2 0.376
_ 0.3 0.451 . 0.3 0334
0,436 9,29 y: 0301 0,286 3,5 o 0393
1.0 0.156 L 10 0.227
15 - ; 15 0.122
2.0 — _F 20 0,077
| 0 0534 | | 0 0,372
! 0.1 0486 | i 0,1 0.357
0.2 0454 || 0.2 0344
0.3 0.422 | : 0.3 0.332
0,388 2,58 05 o35 0B | A o 050
1.0 0.186 | 10 0,224
i 1.5 - ! 15 0141
' 2.0 — 20 0,056
o | o515 1 0.5 0,349
01 | 0452 1.0 0.206
0,349 286 0 015 0,349 286 | '3 Ooea
|03 0.40] |20 _

Je€HHe HACOCHBIX ATPeraToB H FAVOHHY YCTaHOBKH CTPYHHOrO annapa-
Ta B CHKBaMMHE, KoTopan GyaeT ofeclevnBaTbh 32aHHOE AaBjieHHE
HHKCKTHPYEMOH HMHAKOCTH.

Pacuetsi noKaswBawT, uto upn [ ffp=35...4 MOXKHO HAALKHO
ofecnednTh OTKAYKY CTPYAHLIMH anmapaTaMe [pH TeXHOJOTHYHBIX
IHAYEHHAX AARJEHHS HacocHBX arperatos 700 ... 1300 m3fcyT.
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B KawJA0M OTAeILHOM caydae TpH H3MEHEHHH YCJIOBHA paboTel
cTpy#HOro anmapara (3Hauenne App) HeOBXOAUMO ONpeleIaTh, ILI0-
maas paboyero comnia H3 H3BECTHOH 32BHCHMOCTH:

Q, = ¢, 1, V 28p,ip, (3.28)

a O HeMy npu 3ajaHHoM K — miomanb [e. 3aMEHOH BCTABHBIX Uac-

Tell CTPYAROro amnaparta ofecneuHBaloTcs 3aMAHHBE [c H fo-
MeTonuKa pacueTa TEXHOJIOPHYECKHX [AapaMeTpOB OCBOGHHS CKBA-

WHHBl € TOMOILBE CTPYHHOrO annapata CBOAHTCA K CJAEIAYIOIEeMY.

U
1,5+

1,0 &

a5t
0 0,1 0,2 0,3 0,4 4 (08,0,)
0

g0 ) e H=2000Mm

H=3000Mm

8ar

120
PaMila

s

Pue. 3.3. Homorpamsa jid  pacyera TeXHOJOCHUECKHX —RAPAMETPOD paBoTsl
CTPYHHBIX anNapaTos npw ocsoeunn ckpaxyunl {fp/ffe==02) aad pa:
{f — 0, 2 — 5 3 — 10; £ — 13 MIla (Q=510-% wmc); F—4 — To e WpH
Q=10-10—2 mfc.

A. Tlpu Manwpix sHauenusx u (u==0...0,3).

{. 3apapanch rayGuRofl YOTAHOBKH CTPY4HOrO anpapata W pacxo-
0M KHAKOCTH (Qp, ONpeAediOT 3HAYECHHS Dup. Pmc, AP*, Ap*®. He-
0BXOANMO TAKKE 3aJaThesi [ABJAEHUEM ATPeraTa Ha yCThe.

2. Ipu HaIHUMK HepevucIeHHBIX ZAHHMX To dopmyae (3.26) oupe-
ASJSIOT BOIMOXKHOES IHAYCHHE L.
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3. Ilo ¢popmyae (3.4) npu BubOpanHoM K ¥ PACCUHTAHHOM U Oupe-
nensior Ape/App uin napamerp A.

4. 3atem no ¢opmyae {3.18) onpeidenasior py HAH Pa OPH pa=10
{zaBucamoctu (3.19) 1 (3.21)).
b. Mpu snauenusx u>>0,5,

t. Buavame mo sasucumoct (3.5) mad H3 pHc. 3.3, 3.4 onpelie-
AN0T ApofApp uar napamerp A npH BHOpPAaHHLIX 3HaveHusx K u u.

© -
1,57

,or

o5
ot
g

40

aor

120 i,
Pa,Mna
0

4ot

120 }
PeMila
0

4o

il H=4000m
120
Pa, Mila

-

Pue. 3.4, HomorpamMa A78 pacuera TEXHOJOPHTECKHX MapaMerpoB  padoTh
CTPYHHLIX ANNapaTOR MDH OCBOEHHH CKBAZKHHEI (folfe=0349) naa pu:

7 — 0 2 — 5y 4 — 10; 4 — 13 MIta; I'—4# — TO Ke IpH Q=010 mic (Q=
=5 104 wmijc): I--f — To me npd =1010-" wm¥c,

2. 3areM u3 gopmya (3.18), (3.19} onpeaensioT P NPH 331AHHOM
Pa WIH Pa DU 33aHHOM (pPaCUETHOM) P

[lpusefeM OpHMEp HCHOJL3OBAHEA pa3paboTaHHOH METOLHKH.

Crpamnna rayGnnofi 4000 m, TIpoaykTHBsas Toama nopoi 8 uHTepsane 3700...
3970 M a3akoabMaTupoBana, Creamuua obcawena 146-mMunammerposoit  obcagiof
KomopHofl co cpexaded tommnHofl crenku 10 mm, B cEBamuily TURRHHDYETCH CHYCK
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73-unaanmerposolt HKT sMecte co crpylHolM amnapatoM H DaKepoM, YCTAHOB/IEH-
i6MH Ha Day6une 3000 m.

Tlo pesyabraTadM reodsugecknx uccaedosallnil o ¥3 aHaauda Kepua mpeinodara-
=m0 MiacToroe pasaeHxe 40 Mila, oxcsgaemulll nmorenuua bHEE Te0uT CKBAMHIL
215 m¥cyr. Ha ckpaxuHe DOATOTOB.JeH K paore cTPYHHHE anmapaT ¢ Adamerpamu
pafouwern comia W KaMeph CMelendd 56 u 9,5 MM.

ilpeanonaraercs, YTO co3faHme TAYGOKofl AempeccuH He OOCCHEYHT Ha HepBoM
3Tanle OCBOEHHH MpPHTOKA HedTH K 3ab0l0 CKBAXHHBl WJIH K@ DH COCTABHAT BCErO

0...6 m¥eyr. B sToM cayyae daktHuecknfi K03 DHIHEHT HHMEKEHM HAXOAUTCH
B npegenax Q...0,12 npu Qp=>5-10-4 M3¥/c.

ur

45F

220 L
Pa,Ma

40t
80

120 |
Pa,Mila
o

40T

a0r

120
Pa, Mg

Puc. 3.5. Howorpavma 174 pacuera TexIOJOIHUECKHX OapaMeTporR paboTh cTpyH-
HHX aInapatoR TMPH OCROSHHM cKBaXNHH (fp/fe=-0136) mas pa:
I — B8 2 — 5; 53— 10; 4 - 15 MITa (Q=5-10-% mMYc): ¥—4 — 10 Xe npu Q~=10-102 mc.

B cBsAsir ¢ 3THM mIaHEpyercd Ha TNepROM sTame paGoT Bo3jeficTEHe Ha NIacT
IHKJHYIBIMH AETIPECCHAMN, @ [OCAe OTHCTKH TPHCTBOABHOH 30HE — HejeaoBaune
nAacTa Ha YCTAaHOBMBINEXCH pempMax. Jif OCYIMeCTBJAEHNT TEeXHOAOTHYECKOTD Opo-
pecca HPOEKTHPYETCA HCHOJB3OBAHWE OQHOrD HacocHoro arperata AH-700 H oRHOTO
arperata LIA-300 zas moganu emy padoueld REAKOCTH (BOJAH).

Oupeneanv u3 dopmyael  (3.26) AocTmxuMsfi  Ko3(dpHUHEHT HAMKEKIHH TpPH
YCIOBUM, WTO HACOCHBIH arperat OviAer paforaTs Tpw KasieHAn pa=235.0 Mfila.

u=¥{30,0-}3,5—1,68)/(30--1.75) [ 42— 1 =0,12.
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Tagnm o6Gpazom, 3TOT pACYeT MOKA3LIEAET, YTO BOIMOMHOCTH NiacTa 1 cTpyil-
HOFO anNapaTa 10 SUAYEHHSIM HHKEKIWH He pacXoaarTcs.

3artem u3z rpaduxa {(puc. 34) paa K=0,349 npn 2=0,12 waxoaum A==0450.

o dopMmyae (3.19) onpenennem [eBAeHHE pPa, ofccueduBaioumiee py=10. Quo
OKa3eBaeTcs pasHbiM 35,0 MITa. Takum ofpaszoM, ans TOro UTOBB  YMEHBIINTh
dapjerne Ha naacT Ha 30 MIla, neofxoanmo ofecneduTh BafeXuyio 1 JHTEIbHYIO
paGoTy HACOCHOrO arperata npx aamgenun 35,0 MIla.

Tocme 1penupOBAHHA [IACTA, OYHCTKH NPACTBOILHON 30HBI M Hayada OpITOKA

HE‘.{.‘])TH H3 unacTa 4eo0XOoAMMO obecneuuTh OTKAYRY OXRHAAEMOTr0 RKoanuedTaa »an-
KOCTH,

PaapaGoranHas MeTOIHKA CO3AJAHUs YIPABALEMOro JaBJeHHs] HA
MI4CT NPH OpPHMEHEHHH CTPYHHBIX aRNapaTOB TO3BOJSET IPH 3alaH-
HEIX FeOMeTpHHeCKHX napaMerpaX NPOrHO3WPOBATL 3HAMEHHe jasJe-
HHA HACOCHOTO arperaTa Ha YCThe CKBAJKHHHL.

3.2. BoccTaHOBNEHHE KONNEKTOPCKMX CBOWCTB Nnacta
B NPMCTBONBHON 30HE CKBAMMHLI MPH BO3AEHCTBUM
Ha Hero UMKAKYHBLIMM ACnNpecCHAMM

KauccTBesHBEIH 2HaJd3 3(h@eKTa MeXaHHYeCKOTO BO3JeHCTBHA Ha
ILIACT C NOMOWBK YIPABAAEMbY UHK/IHUECKHX cOPOCOB ZaBJSHH: Ha
3ad0€ CKBAMKUHBEL MOKHO TOJYUMTh HZ OCHOBE pelleHuH KAAaCCHUeCKHX
YpaBHEHHH TEeODHH (UIBTPALHH H YNPYFOCTH. [OCT&TOYHO PACCMOT-
PeTh MJIOCKOPaAHAIBHYIO (QUALTPAUHIO KHAKOCTH H TIOCKOAedhopMH-
POBAHHOE COCTOAHHE H3OTPONHOrO TMA4cTa B MPUCTEQJRHOH 30HE CKBA-
HHHBL

IlpunuMas HavaJdbHOE MeXaHHUECKOE COCTOSHHE [APeHHPYEMOro
naacTa 3a Hyfaesoe, chOPMYaAHpPYEM 3aJady OTHOCHTESILHO JOHOJIHH-
TEJABHBIX  NOJed: jpaBieHns p(r, {), PAaBHAILHOTO IepeMeleHHs
w(r, ¥} W KOMIOHEHT HanpAmenuil g;;{r, {}, BOBHHKAKOUIAX B nJacTe
npu cbpocax gasjenns Ha 3aboe. OCHOBHBIMH YDaBHEHHAMH, KOTODHIM
JOJKHEL VAOBAETBOPATE HCKOMEIC BeNHYHHBI, aABasiorcs [17]:

1. Hecrannonaproe ypaBHeHKE NJIOCKOPAaAHAABHON duabTpauun

a? 10 0
0% 0 O

2. KBaapcrallHOHZPHOE YPABHEHNE YNPYTOFO PAaBHOBECHH C Y4ETOM
NOPGBLX NaBleHull IpH Naockod tedopMaunn

F 1 Dy, (5.30)
o mom %

3. Ototuwennnd saon 'yka
g, =18 4 2us_— Bkap,
g9 == 40 + 2peqy — Jkop; (3.31)

3—_1;9);

N

Gzzzv(j”_ + c"l‘} — flEp = 3k (

+v
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4. CoOTHOUIEHHS Mex IV JedopMaudaAMKy H nepeMelleHHAMH!

ou .
frp= 0_ — paauanbHaA AedopMalid;

7

i
ggo== — — TaHreHIHanbnas AedopMalHs; (3.32)
Ul

0—¢g;r+-5a0 — OODBEMHAA nedoOpManHL.

3xech BREICHD CAeAVIOMKe Ge3paszMepHbIe MapaMeTphl H KOHCTAH-

r xt — u
=l e=t w=y
R Rt R
b E e F e £ (333
1+ 90 —2v) T+ 1—2v

- v

rae af = al — KO3(M(UIHEHT OTHOCHTEJLHON CHHMAEMOCTH ILA4C-
1—-v

Ta TPH KOMIpeccuu; a, ¥, £ — COOTBETCTBERHO KO3(HHIHEHTE 0GBEM-

Horo cokatud, [lyaccona u Moayap HOnra cxkesera nsacra.

Ha moBepXHOCTH CKBaMHHH TpH N=1 naBleHHe H PaAHANbHOEL

HATIPAZKEHHE JOKHE YI0BJIeTBOPATL TPAHHYHLIM yCJIOBHAM:

p(l, 1) =—pap(T); (3.34)
orr(1, T) =pas (), - (339)
4 TIpH n—ocop(n, t) =0d~{n, 11=0, {3.36)
rie Pa — 4MOARTyAa cGpoca jaBienHs; ¢(t) -— (QYHKILHA, XapakTe-

pH3YWOLLAs H3MeHenue fapjeHHs Ha saboe.

Ofwee pewenue ypabrennus (3.29), yioeaerpopaiollee YCIOBHIO
(3.36), mpeicraBuM B Buie kuTerpala OT (PYHKIME HCIDPEPBIBHOTO
HCTOUHHKA, DACHPeIeseHHoro Ha LUABRApHYecKOR (v—1)} MOBEPXHO-
cte [45]:

T

E_(F_”lg;(%f)m;&exp[_ 1*"?2}10{ (’] } v, (3.37)

o T—n 4 {x—<") 2(t—1")

rac g{(t) — [JOTHOCTh WCTOUHHKA, HCKOMAas dyskuus; fo(x) — fec-
cefeBa (YHKUHS OT MHUMOIO dpryMeHTda NepBOTO pfAja RyJcBOIO
HOPSLIKA.

Coraacuo rpauuddomy yeaosuw (3.34), dyukupa g(r) ompere.s-
oTCH H3 PElICHHSA HHTErpaJbHOr0 YPaBHEHHS

g K {” 2 (;r')] f [2 (zl—ﬂ] el 63
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Hnsa npaktuuecknx uesefi Bnonme AOIycTAMO pyHknHio (3.37) u
ypaBHerke (3.38} 3aMeHHTb HX IHCKDETHEIM AHANOrOM, TI0 KAKO{i-aH-
60 uHTepNOAsHHOHHON DopMy.Te. Hanpumep, ro popumyae IPSIMOYTOJb-

HHKOB:
_ i 1 2 ]
play=N -0 _ exp[u +"”__Jfﬂ[_ 1 ]; (3.39)
F=1 “n T 4.(tn - ':j) 2 ('-'n - ’“j)
n
P AT 1 1
Z 4 exp {—— - ]-L, [——*— } =9 (%), (3.40)
i=1 “n Y 2 (Tn - "j) 2 (Tn - -'j)
XAL
e Az = PO War pasbHeuHs WATepBajta BpeMeHH ot 0 10 T
7= (f—l)A"c — MOMCHTH BPEMEHH, COOTBCTCTBYIOUIHE KOHIIAM AHC-
KPETHBIX OTPE3KOB; T, = Q_n;lj_ ~ paccMaTpHBAEMbie MOMEHTH Bpe-

MEHl, COOTBETCTBYIONIHE CEPEIHHAM AHCKPETHBIX OTPE3KOB.
Hs ypasrenns (3.40) moayuum CACAYIOIYI) DEKYPEHTHYK (POpMy-
1y, PEWAILYI0 34139y GHALTPAIHH:

111 " q; ;o :
= — — | — Ty An - +1 \ 3.41
! Al[zq’( Py e e } (40
rie 1 1
Ap=exp|— —— 7| - — 1 |
k "p[ czfe—l)m}“[ (zkﬁl)a—]

I rpainenta nasienns dopmyaa umeeT Bua

L, % _zg;;gﬁgexp[__a__}{fg(__;_ﬁ -
2 j=1 (tn - :j)“ 2 (-'12 - j) 2 (ﬂ:n - T’j),
1
—f (‘—— ” npH 1=1
0p - z 2 (Tn - Tj) ’ ‘
o, n . 2
; _Z Qq,m__qexp[__wl—{-n }[nfo(&nﬁj'_
=1 (ttz_":j)” 4("'11 — _r') Q(Tn'_ Tj)
—1 (—J—H mpu 7 > 1 (3.41a)
1 2 (Tn o —'j)
rae /i(x) — HecceneBa GYHKIHT MHEHMOrO apryMmenTta l-ra poga l-ro
NOpAAKA.

Hcnonnaya dopmyam (3.31), (3.32) u rpaHyunble ycnoBHS {3.35),
(3.36), peinenwe ypasuenus (3.30) m B uenom sanaum o HATpANKEH-
HO-Ie(pOPMHDOBAHHOM COCTOSIHHH HMEIOT BHI

U(me)=— }?FQ—(:—) —al j:lfp (x, %) dx]; (3.42)
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.
— ] {p(r) Q - d e
e ()= e (n,5) 5[0 —ag o (0 a
1
_ - U(nst)_ 0_ _1{7 "?:":)',
i =a}p (% ~)—T—akp(ﬂs’°) 7 ( (3.43)
7 -
1 {9 (<) Of i J_“,U_(‘ng).
,'_ = — == — (] xp(xs ')dx — ?
gae (1. 7) T]”{ % kl 7
6 (1) =alp(n)
s _ 1 «E d ]
L - - T)] — X, X, % X
P, o) nﬂ[w 1”‘“5 P
E . el —
Wt ==l - (e - i
a T‘- I—VED
— aff — .
?Dz—:m"zz(m‘) = 1“:“;1’(711 ) (3.44)

1. 2 aF
0(71,1)25(5;,+c!0+czz): _g 11—

p (. 7). (3.43)

B kauecTBe DpPHMepOBR PACCMOTPHM AB3 BHAA UHKJIHYECKHX cGpo-
COBR j3aBJeHUA Ha 3aboe cKBaxHHH (puc. 3.6)
[ cTymeHuatnit

{ T
1o 20— < E<n
i K —1.2,3...
e = ) (n )
| Ompu 22 —-1<-<2n
L Ty
11 cuHycouaabHBIH
T xT
q}(':)=Sin20Jt; UJ:';;; TO:EZ.’

rae T — nepuon speMmenu cOpoca HAH BOCCTAHOBJEGHHS nasﬂe}mfrbehﬁ
3a60€; CYMTAOT, YTO 3T4 BeJHUHHa nocTodHHad. llas oueHKH a\fipcno-
THRHOCTH Pe3YyJbTATH PACUETOB CONOCTABIAAKT € TPaAHIIHOHHEL 0
coGoM BLI30BZ NPHTOKA — OJHOKpPATHEIM cOpocoM [daBJeHHHA, T. €.
{ =const=1. _

mmfliaaq;mc. 3.7 B 3.8 npencraB/ieHE 3aKOHOMEPHOCTH HSMBHEHI;: mﬁ;
JeHHH H TpPajHeHTOB JaBjeHHi BO BpPEMeHHM H 10 KOODAHHATE [
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BBYX mepuogos cOpoca japieduns 1,=0,75-10"2 n 7p==2,25-10"°. BH-
YHCAeHHA BHIOAHenH no dopmyiam (3.27), (3.28), (3.29), (329 a)
na DBM EC-1050 npu mare guckperusamun Ar=0,0l. 3aecr xe
NIoKazaHb rpadiky NPefeioB W3MeHEHHA NO PANNYCY TANTSHIHAAbUBIX
uanpsokeuudi opH of/(l—v)=1 (puc. 3.9 u 3.10).
3axonoMepHOCTL KOJebanna jaBilennsa kra s3aboe u rpasdenTa nas-
JeHHs y nosepxHocTH (pHc. 3.7 M 3.8) Tlepejaercsl NPHCTBOJbHOI
301€ ¢ HeKOTOpBIM 3alo3naHnem To ppemedn (pre. 3.11 n 3.12). Am-
CAATYAB KOge0aHuH, OBCTPO CTA0HJAMSHPYACH BO BPEMEHH, DE3KO
. YMEHBIIAIOTCH 10  paguycy: IIpH
¢lT) n=1,2 xoneGaHHsT NPAKTHYECKU
oTcyTeTBYIOT {pHc. 3.13 H 3.14).
C TOUKH 3pefHnsd JeKONEMATaUHH
NJ4aCTA BAXKHHM asidercd TO 00-
CTOSTENBCTBO, HTO NPH IHKIHTEC-
¢ KHX cOpOCax jaBieHus:
a a) N0JAepXKHBAETCH  JOBOJLHO
@7 BRICOKHH VypOBeHb MaKCHMAJbHBIX
rPaiHEeHTOB LaBJCHUI B BOIMYIEH-
HO#l OKOJIOCTBOJSIbHOH 30HE mAacTa;
OHH 3HAYHTEABHD BHIIE TAKOBBIX
OpH OHOKPATHOM COPOCE TaBJICHHS,
¢ 6) MakcHMAaJbHEE 3HaYECHHA
5 rpalHeHTOB AaBJeHHA max p't)/on,
HanpapJieHHHe B CKBaXKHHY (Ha
pECc. 3.7 u 3.8 0HY HOAGNKHTEIL-
HEIE} TIOYTH CHHXPOHHO, [0 Bpeme-
HH COOTBETCTBYIOT MAKCHMAaJbHOMY
cOpocy JaBJeHNS; CJASJOBATENBHO,
T ¢ ONHOBPEMEHHO  VBENHYEHHEeM CHJ
CABHra B KaHajax ILJIAcTa CHHMKA-
ETCA CHJIZ TPEHHS Ha [OBepXHOCTH
Puc. 3.5, Tpu suna cosfanua jempeccunr KOHTAKTA YACTHU ¢ IOBEPXHOCTRIO

T

&

Ha IL1ACT: KaHaJgaa;
a - LI'I’iKJH['lHO-L"l'}"l'lc}['-laTb[ﬁ; 5 ~—~ CHHBYCO- ¢
0 onpieIRINO-CTYTCRATIN; £ - caEyco- B) MaKCHMAaJbHBE FHAUEHH N

WHA, XaDaKTePHAVIOULAd HIMeHCHHe 1 aBjieHHN s ey -
Ba safice 3a mBpemu i, FPaiHEHTOB AaBJICHHH Max 6p /an’
HanpaBJCHHBIE $3 cKBakune (Ha
pHC. 3.7 M 3.8 OHH OTPHUATEALHE),

MeHbile eM maXx dpi™/dn, H NOUTH CHHXPOHHEI NO BPEMEHH MaKCH-
MaJbHOMY BOCCTAHOB/JEHHIO AABJEHUS B ILJACTE, T. €. MAKCHMAJBHOMY
SHAUEHHIO CHJ, TPHKHUMAIOUIHX YACTHIM K CKEJeTY I[JacTa;

r} max dp/odn TPAKTHYECKH He 33BHCHT OT NEpHORA Ty IJfd CTy-
nenuaTofl GYHKUHH cfpoca ZaBJeHHT U CHHMKAETCS € YBeJHUYEHHEM 1
ANs CHHyconAanbHOH dyuKIHU (pHc. 3.10).

C TOuxH 3peHHs paA3BHTHS HoiH 00pa30BaHHS TPEWHHHHWX Kafaaoh
CBSI3H B NJACTE BaKHO TO, YTO:

a) TOoAfepHKUBALTCA JOBONLHO BEICOKHA YPOBEHb 3HAKOIEDEMEHHBIX
TauTeHIHAJBHBX HanpsxeHui ope (puc. 3.9 n 3.10}) B OKOJMOCTBOMNL-
HOH 30He,
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6p/dn a "
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Pl Y
10 s ! h
.
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0 1 5/’678\'{!0'2
—-10
=207
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Puc. 3.7. 3aKouoMepHOCTH KoaeauWwd [aBicHud Ha 3aoe
() H rpajmedTa MamieHHa (§) y ioBepxHocTH n==10 npu
CHHYCORTAJMBHOM COpOCce 1aBAEHHA:

I o T=2250~% Z - T=07310 % 3 — @r)=1

piT)
0,6
0,2
) i ‘T"fO“Z
8
N a
95/ 3y
40
1
20 \3
NAN AW AN
il ) —— jl — 7 1
L - b
/4 W4
26T 1 | . i
I W I
-407 ¥
i &

Puc. 3.8. 3axonoMepuoctd KoseOanus gaBrneHus ea dafoe (@) #
TpaAMenTa Aamjemus (6) v unosepxucctd npu =10 opu cTymesn-
qaroM cOpoce RasaeHns. OGoaHauenmds TaKHe Ke, Kak Ha puc. 3.7
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0.4
a2
0 ?
-0,2
- 0,4
Puc. 3.9, 3aucuMocth u3MeHenua no PATHYCY TAHTCHIH-
ANBHEIX NanpixeHyd apH affl—v=] gaa CHHYCON L& db-
HOrG cBpoca dapaeiud:
I 2 — pacrargeawwus;  {, ¥ CHHEMAIOIIHE PaCTERLHHA.
P
0.4
a,2r
o
S
— ,
N "
1,5 {6
-0,2
_._..________
~0,4 ———— ——

Puac. 310 UBBB}ICI‘IMOCTL HIMRIIEHHR 0[O0 DPAANVCY TAHTEHHHAJBHEIX
Hampamennd npu «f/l-—v=1 118 crynemsatoro cOpoca mamaedns:

{2 — pacrarmsawmpe; P, ¥ —  cwumaomie HAMDRACHYA,
K
-0,8
-0,41f
g : :
/sy 2 314 5,6 7 8 9 ¢.407

Pre, 3.11. Cucmenpe AMIVIATY AR Koue0aHua JaBaenus (e} o rpa-
AMeRTa flapdcHuA (6) BO BPEMEHH TP CHHYCOHAAJARHOM cBpoce Aam-
JeHWS TPH 1:

i — 07310~ 2 — 2,25.10-%; 3 - consl.

Piic. 3.12. Tpagex cMeUleHds aMICUTYABR  KoseBauHs maBJeHs
{u) 1 rpagnenta ZapJesEus () BO BpeMeH# [PH  CTYNEIUYATOM

cOpoce JaBJIEHHA:
§— =0,75:10-2 2 — T1=225-10-% 3 — T1=1.

h~1]

0,8
0,6
0,4
2,2

Puc. 3.13. 3aBuCciiu0ocTh MPeleJoB  KoaeHapiist  1uBICHAY
cGpoca TO DUVCY:

f, F — MaxcHMaJasHEIC, [, 2 - MHERMAIRIERIE 31L&E4eHAA,
9%/ ap
5
Puc. 314, 3asncuMocTth 3
ipele. 1o xO.1eHAIER fp'd-
AueHTOR AaBJeHNnsg no pa-
JUYEV: H
f. 2 — rpazkent Hanpasjen g
B CRBaEWHY, [, 2 —~— u3 ?
CKRAKMHLL, -f
-3
-3
91‘



+ max aﬁ/&p

2
i /
st
S
L ~—
. 4t “h""'?"'---—-.
P 1 . . . X flepuod edpoca
L1 2, I 45 e
-4 } -——
- /,
& r -‘-‘---—--1:_-_-——
-2r

Puc. 3.15, 3anHcHMOCTD MAKCHMAIbELIX {upy =105, ..
.. 106) roanwentce Jamnenmms  or neprona  cGpoca

JaBNeHHA:
] — crynemvarwmii: 2 CHH
3 H — YeoHAadsumi  cd -
{f, 2 — uonoxurenvkwmit, ., ¥ it ppatett

. — OTPHOATCARRWE TIpagHeHTH
AuBaeRus).

6) HAUPAMNEHHS DAJHATBHBIE Gp H OCEREE Oz
(EaCTHI‘HBaIOUJ.HE), YPOBEHb KOTODHX RBENIIE YeM II
tbpuce paBneHnsd Ha zaboe (cMm. dopyyian 3.44).

L5l UHCAOBHX pacueToB B PeaJbHOM Macwitabe HAT0 HOnOJbao-
BATL CACIYIOIIHE HIBECTHRIC (BOPMYJIbL:

NOJ0XKHTENbHEE
pPH OAHOKPATHOM

x = kfpal; v = (kRe,jmp)(3p.dn),

1€ k& — [DOHHUACMOCTh; [ — BRIKOCTL, M1 — nopucToctn. Hanpy-
Mep, Ins ONpejedeHHs MacwTada nepuoaa 1,=0.75-10~2 gpuven
0==107% cM¥/kr=10"2 MITa~! (0GEIUHO =102 |0 oMK )p
=40 cll3=4.10"7 gr.cfcm2; v=0,3: o '

:1+va__1+-0,3

¥

a® = 1078 = 9 102 —1L
FTT T g VT S 2 10 M,
E=12-10"? Mrm2,

Toraa 1,2-10-V . s
= =I, ‘1 =T a= 3- —tcﬂ,'
4105 0 PO 1S 0T

_;IT ]95‘10‘77‘

To——ﬁ= RE =0,79-10" T = 500 ¢ =~ 8 Muu,

=225 10"*>T =24 mun,
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3.3. NpumeHeHne CTPYHHBIX annaparon
npM KuchotHoi obpaboTtke nnacta

B npakruke OCBOSHHA IIHPOKO HCloJb3yeTca obpaloTka npucr-
EOJMBHOH 30HbI KHCJOTOH, 3aKAYHBAGMOH B TLJIACT 4EPe3 HACOCHO-KOM-
npeccopHbie TPYOH ¢ NAKePOM A 3aliMTH BepXHEH dacTH obcainof
KOJIOHHBL OT BEHICOKHX AaBiaeHHfi. ]To HeTeueHMH CPOKa BhLAEPHKHUBAHWA
KHCJIOTHOrO PacTBOPAd HA PeardposBafie ¢ NOPOJOH H3 CKBAKHHL H3-
paekawtr HKT u naxkep, nosropuo cmyckaior HKT u cospannem ne-
NPeCcCHH yOCYIMECTBARIOT BHI3OB NpHTOKa u3 mniaacra. B pafore [49]
[IOK43aH0, YTo IpH ofpadorxe KapOOHH3H[OBAHHBEIX [ECYARHKOB pac-
TROPOM COASHONH KHCAOTHl B TEUGHHE HOCKOJNBKHX MUHYT AOCTHTaeTCH
HCUEPNBIBAKIIAS HeHTPAAMIANHA AKTHBHOH KHC/JAOTH, [IOSTOMY HeT
HeOOXOAHMOCTH JIIHTE/NBHOTO BLIIePKHBAHHA CKBAXKHHBEL HA PEarHpo-
BAHME, H MOXKHO Cpa3y e IIPHCTYNATL K H3BJCUCHHIO 0TpaBOTaHHOTO
pacTBopa H IPOJYKTOB PedKIHH H3 I1acTa. 3aTeM B 3TOH Ke pabore
OCBELleH BONPOC O TOM, 470 TpH 00paboTKe MecYaHHKOB IIJaBHKOBOH
KHCIOTOH HefiTpanH3alHs ee TaKiKe NPOKCXOJHT B TeUCHHe HeCKOJIbKHX
MHHYT HENOCPeACTBEHHO B IpOlecce ee GHIBTPAIHH B MJIACT. TaM Ke
caeNaHBl BBIBOABL, UTO KpPATKOBpeMeHHad, Gojee | u, BBAEpKKa Npo-
JAVKTOB peaKlUHH RH3LBAeT CHHXKEHHE MPOHHUAEMOCTH TeciaHHKa
110 CPAaBHEHHID C HAaYajbHOM, T. e. KHCJAOTHafn 06paboTka CTAHOBHTCH
He3DheKTHBHOH,

HexaocraTkom v3BecTHOH TeXHOJAOPHEH KHMCIOTHOH obpafoTks maac-
Ta CAVKHT T0, uTo #3Bjevenne HKT u nakepa M3 CKBaMHHB H 1OA-
roToBKa ee K 3KcniayatTaunH TpefyioT GOJBUIHX 3aTpPaT BpeMeHH (He-
CKOJIBEKO CYTOK), a 3TO [PHBOANMT K JUIHTENbHOMY Mpe0HBaHHI TpO-
AYKTOB peakuud B MJACTe H CHHKCHHIO sgdexTHBHOCTH 06paboTOK.
Hauteasnas Boigepixka (30...40 4) npoayxtoB peakuuy B IJIacTe
UPHBOAMT (HauprHMep, Ha MecrTopokienusax llpeaxkapunatea) K CHH-
JKEHUIO YCHELTHOCTH KHCJAOTHBIX obpabotok 1o 33Y%, rtoraa Kak 8
CKBAXKHUHAX C BBICOKHM [LIACTOBHIM J4BJCHHEM NHDH HEeMEIJEHHOM HX
H3BJCUEHUH caMou3danBoM Jocturaior 100% yemewnocte pabot.

H3secTHa TakMe TeXOHOJOTHSl KHCJAOTHOH 00paGoTKH CKBAXMH,
KOTOpas 3aKAIUaeTcd B 3aKauke B MIACT KHUCJIOTHLIX DACTBODOB R
cMecH ¢ razoofpasneiM asotoM. B pafore [10] ykasbiBaercs, 4To 0i1-
HHM H3 OCHOBHBIX INOJIOJKHTEJLHBEIX MOMCHTOB IIpHMEHEHHSI asoTa
ABAAETCHA HMEHHO YJAYYHIEHHE YCIOBHH OCBOEHHS CKBAXKHH M OUHCTHH
npu3aboiiHOf 30HBl 1acTa Nocae o6paboTkH. Tam e moavepkHBa-
eTCH, YTO OTAedbHbie CKBAXKHHEL nOCJe 1IPOBEACHHA B HHX KHCJOTHBIX
06paBoToK ¢ a30ToM OB BBSJEHH B SKCIyaTallHio B TeueHHe 2—
3 1 nocae 3asepumenus obpadorku. [IpHMeHeHne a30Ta NpH KHCJIOTHOH
o6pabotke na Ilpeakapnathe [52] nO3BOAHAO B ABa pa3a yBeNHUHTE
> PeKTHBHOCTE paBoT W MOUTH B TPH pas3a JCHOAHHTENbHYI Z0OBIYY
wedTH Ha OAHY o6padoTKY MO CPABHEHHIO C DAHEe NpHBeTeHHLIMH Ha
TeX M€ CKBaKHHax ob6paboTKaMH NPH HeCBOEBPEMEHHOM H3BJEUCHHH
IPOLYKTOB peaknuy, ORHAKO IPHMEHeHHS 3TOH TeXHOJNOFHH BO3MOMHO
TOJBKO [IPH HAJHYHH HAa CKBAXKYHE CMENHAJNBHEIX a30THHIX rasuHUuK-
POBAHHLIY YCTAHOBOK ¢ $OJLUIHM 3anacoM KHIKOrO 230Ta.
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Hspecten Takke sthdekTHBHLIE cnocob 06paboTki npuzaboiluoi
SOHBL CKBAMMHH TasOKHCJAOTHOH cMechlo [33], upu xotopom Bsmecto
430T& HCIOIB3YIOT HPHPOAHBI I'a3, y9XeKTHPYeMbl KHCAOTHBIM pac-
TBOpoM. OAHAKO 3ITOT €HOCO6 MOKHO NPHMEHSTh TOJBLKO TaM, T
€CTh HCTOYHMK Ta3a BHEICOKOTO faBJeHHs.

Cle10BaTeabio, OCHOBRBLIM HEAOCTATKOM H3BECTHLIX CHOCOGoR Gol-
CTPOrO H3BJIEUCHESl 3aKATAHHBIX B ILIACT PaBouHX JKHAKOCTEH fBJs-
eTCst HeOOXOANMOCTD HCMOAb30BARHA ra3006paA3HHR AreHTOR BHICOKOTO
ABBIBHHA, TCHEDHPYEMBX KOMIDECCOPAMH BHICOKON I11POU3BOIHTENb-
HOCTH HJIH LePEABHMKHEIMH TasH()HKAUHOHHBIMK YCTAHOBKAMH.

Paspa6orannnii cnocod [123] coszauun ynpasasiempix JefpeccHi
fd JIACT € NOMOWBIO CTPYAHODO anmapaTta No3BoAseT peliaTsh npod-
JEMY GBICTPOFO H HA1eKHOTO BLIHOCA IPOPEArHPOBAHHON KHCJOTH H
MPOAYKTOB DeakilHu H3 n.acrta.

OcymecTsiieHue KHCAOTHOTO BOsACHCTBUS MPOUIBOANTCA CJEAYIO-
tuM  oGpasom. Hacocro-koMnpeccopusie TPYOHE cOycKaiT B 3omy
I1aCTa, a Nakep YCTAaHAaRAMBAIOT BHuue 00paGathBaeMoro 1,12aCTa,
10CJI€ Hero NPOHSBORAT 32KAUKY KHCAOTHl HAH PAacTBOpHTEAs. Pearent
BHLACPKHABAIOT B IL1aCTE B TCUEHHe APOTEKAHMA peaknun (3...6 ),
NOC.1E 9er0 NPOAYKT peakUnHl OTKAaWHBACTCH,

Cxema peannsauuu TpeoMeHHoro cnocoba IIPEACTaBJACHA [HC.
3.16. Ha puc. 3.16, a nzo6paxkena cxema MepBOTo 3Tana, KOrga ocy-
HICCTBJAETCS HCHBITAHHE [AKCPa HA TePMCTHUHOCTD HAH HMEeTes He-
O0XOIAMOCTL 3aKAYKH B NAACT KHCJOTHL, IIPOH3BOJCTBA THAPOPA3PHIBA
MR JpYrix onepaunit. pumenne RugkocTu ykazaHo CTpedKaMu. 3a-
TOPHBIH KJanaH NepeKPLiBACT BHXOT MUAKOCTH H3 BHYTDEHHEH no-
aoctn HKT B sarpy6roe npocrpanctso, BhLIEDHMUBAS PACYETHOE HAAB-
nedne caulme 50 MITa. Ha puc. 3.16,6 npescrasiena cxema BTOPOTO
JTana, T. €. CXeMa CO3JaHHf JIenpeccHu Ha TMHACT. Hanpumep, nycts
CKBaXHHE raydanoi 3000 m obcamcHa FKCOAYATAUNOHHOH KOJOHHOR
anamerpoM 146 mm. TIpoAYKTHBHBIA ropHIOHT BCKPRIT B HHTEpBAa.Ie
2800 ... 3000 m. OcyulectsaeHo BTOPHYHOE BCKDBITHE T14CTAa NYTEM
uepdopannn 06cajHON KOJOHKE ¥ LEMEHTHOTO Kouibla, B CKBaYKHHY
CRYILEHB HACOCHO-KOMEpeCCOpHEIe TPYEL Ha rayGuuy 2980 M ¢ na-
KEPOM, pa3MellCHHBIM Ha rayGrume 2780 M, u cTpyAHBIM annapaTtoM
AR Peanu3alin ykasauuoro chnocoba ua ray6une 2760 m. HacocHo-
KoMilpeccopuble TpyGbl OGBSI3AHE ¢ (pOHTAHHOH apmartypoit. Ha cksa-
KHRE HMEETCH UeMeHTHpOBOUHBI arperar Tuma L[A-500, BBIKHAHAS
JMHHH KOTOPOTO COCAMHEHA ¢ TPYGHBIM H MeRKTPYGHBIM IpaCTpaHCT-
BAMH, 9TO NO3BOJAET YNDABAATE NOTOKAMH KMIKOCTH NYTeM 331BH-
KeK. BeacwiBaloliasn JuHMs arperata coegmmena c eMKOCTBIO AJsl pa-
Gouero arenta, NOANEXKAMETO NIPH HEOBXOTHMOCTH 32KAUKS B ILIacT, §
€ eMKOCTBIO JJs paBouell KHAKOCTH (HanpuVep, BOAH WaH nedTH},
noAdeKAWER IPOKAUKe i obecmetcHis PadoThl CTPYHHOTO anmapa-
Ta. Ifocsie onpeccoBkH nakepa wiM 3aKauku B naacr padcouel -
KOCTH OCHOBHOR KaHAa/ YCTPOHCTBA NEPEKPHIBAETCH ¢ NOMONILIO PG~
coBoro Khaanana. CospanneM padouero 1asaedus nopaaxa b MIla g
MeXTPYGHOM NPOCTPAHCTBE paspyiaercs 38N0DHBLIA KJamad B BHEKHA-
HOH JuHHK cTpyfinoro nacoca. CarranoM o6 OTKPLITHH 3TOr0 KjAandHa
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MOXKET CAYKHTE TOBMIUEHHUE 1aBJeHUs B HACOCHO-KOMIIPECCOPHDLIX TPY-
Gax. 3arem npoKauuBanueM pabdouefi KHAKOCTH ¢ PACXOAOM H IpH
JiasjeHRY, HeoBX0AHMOM Ans paboTw cTpyiiHOTO Hacoca, OC}’LLLECTBJ]}’!-
eTCcd CO34aHHe MOHHMEHHOTO JaBfAeHHdA B NOANAKEePHOH 30HE, YTD CO3-
AAEeT YCJAORHMS A8 NOCTYMACHHS B CKBAXHHY NJA2CTOBOrO cpmozma:
a 3aTeM CHOCOBCTBYET €To MOALEMY 11O MeXTPYOHOMY [POCTPAHCTBY
BMecTe ¢ IpoKAaYHBaeMoit padodel KHAKOCTHIO. . .

Kak nokazaHo paiee, H3MCHEHHEM peXHMa [pokauku paboyel
KHAKOCTH MOMKHO H3MEHHTh AeHPECCHId Ha MJACT B IUHDOKOM gHama-
30He © 34J1aHHOl TOC/efoBa-

Te/JILHOCTH. l[ | |
Buepsbie 3TOT MeTon OL)l pe- p
axuzopan Ha ¢kB. 520 na. bur-

ko B gexabpe 1980 r. Ckpamxu-
Ha 6BIa 3aKonYena GypeHHEM B

e

CKBAXKHMHBL (NIPH  J(@BJEeHHH Ha
yerwe 15 MIla oHa orcyTcTBYyeT,
npu 22 MITa pasna 120 m3/cyr).
INpoaaBky B TLJIACT KHCJAOTHOTO
pacTteopa B ofneMe 140 M3 mpo-
H3BOJHIH ¢ BRJIEPKKOR BO Bpe-
Mmeng 5...10 mun uepes 1 m™?

S

1960 r. u chaHa B 3Kcmayarta- LT\‘I ‘TL—
muio B 1961 r. IpH NJaacTOBOM tit-—- P t 1_:
AABJCHHH MEHUAHTOBOH 3aJleit ! :/, ! /5
I d ! i
20,7 MIla. i 3 | ,_
C 1967 r. ckBaxuHa OnLia ! i 4, !
nepesesieHa B HATHETATSALHYIO ¢ : o4 | k.b :
NepHOIHYSCKOH 3aKaUK0A BOJAR H ! ,I 5\{ |
raza. ITepexn kucaotHo# o6pador- ' ( l/\l@ |
Kol ompegedera  INPHEMHCTOCTb : : 1R |
| ! i
u ] 4

==
-

7

H3-33  IJIOXOH  NIPHEMHCTOCTH \z—--f R |
CKB2XKHHBI TDH NaBJEHHH [OPO- l S amy L
mapkn  45...49 MIla. UYepes LA

1,5 u mocae xucaoTHO#H 06paboT-

KH H3 TMA3cTa YAAJHAH NPOIYK-

Thl PEaKIHH IIYTEM H3BJICUCHHS o 5

50 MY HMHAROCTH ¢ T[OMOULBID U
CTpYHHOrO annapara. Puc, 3.16. Cxema palorm mHacoca mpn ¢o-

HOC ne OKOHUYaHHA paﬁOT 3NAaHNH AenpecCHU Ha n#AacT:
: o~ HACOCHO-KOMIIDECCODHELe TPYOb; 2 — aa-
noleeMa HKT c NaxKepoM H NopHEIHl KJanaH, ¢ — cxeMa yoeTpodicrsa; § —
Cprf:IHI::IM HacoCcoOM H HOBTO}J- 6pocoanif Kaauax: 5§ — B3KCHAVaATaUHOHHAR

KOKOdA2; 6 — llaKep; 7 — MAacCT.
Horo cnycka HKT  cksamkuua

OpHHHMART NPH AaBIeHdH Ha yerbe 16,5 MITA 430 m3/cyr, a npx
17,5 MIla — 630 m®/cyr Boah.

BpicOKHE pesyJ bTaThl N0 YBCAHUEHHIO NPHUTOKZ H3 IJA4CTa HOJyYe-
Hul Ha cKB. 810 Cesepuas Moauna u ap.

135



3.4. MpoaepeHme onbiTHLIX pabor
no CO3AAHMIO UMKIMMHBIX YRPABAAEMbIX QEeRpeccui
HA nnacr Ha e¢ke. &6 CxoaHMua

Tleperie onbiTHHE palOTHEL [0 CO3AAHHID UWKAH4HBIX yipapasge-
MBIX Jernpeccuil Ha IJIacT OcCyllecTBiedbt HA ckB. O Cxoanxua.
ay6una ee 4510 M. DKenayaTalHOHHA KOJOHHA COCTABJSHA H3 TPYO
168 MM B Hutepsate 0...2500 M u Tpy6 139 mM B npenesnax 2500 . ..
4478 M. [lpoxyKTHBHHIA FOPH30HT B HHTepBage 4378...4464 M npex-
CTaB/JIeH MEHHIHTOBEIMH OTJIOKCHHAMH H fIEPeKPHIT $HARTPOM. Xapak-
TepPHCTHKA MJaacTa: OTKPHITAfd NOPHCTOCTh 5...6%, abcoawoTHas npo-
uunaemocts 0,012 mMxm2, medrenacwinennocts 23,7%. BekpmTie npo-
JYKTHBHOTO TOPH30HTA OCYIIECTBJSETCA jOJ0TAMH juaMerpoM 295 MM
¢ NPOMBIBKOH 34008 T[JIHHHCTBIM pAacTBOPOM TJIOTHoCThIo 1360 ...
1400 kr/m® ycaosroll Basgoctelo 70...80 ¢ u Boiooriawes 5 cm?/
30 mun. B npouecce BCKPHTHA fiacTa npd rayoune 4413 M cxBaxuna
nordoruaa 20 M3 pacreopa. Pacreop oGpabateiBasan runanom, KMIL,
yPAKeaAIn 6apHTOM W remaTHTOM. Ha OCHOBAHHH NMAHHHX reofusu-
YeCKHX HCCJAEAOBAHHMI NPHHATO pelieHHe O IpPeKpPalleHHH aajbHeliic-
ro yrayGieHus, TAK KAk TeoH3HYECKAs XaPAKTEPHCTHKA BCKPHITOTO
paspesa OKaszajgack noAo06HOH XapakKTephcTHKe mo cke. 3 Cxojauuua,
KOTODYVI0 SKCIAYATHPOBaJdH B TeueHHe JIOCJAeIHHX HeTHpex Jer .©
BLICOKHM Je6HTOM.

C peablo HeJONYIIEHHS BO3MOXKHOTO HPHTOKa BOJbLt W3 BCKPBITOTO
‘HHEHero TOPH30HTA B HHTepsade 4510... 4476 M naanmpoBasgH ycra-
'HOBJEHUE LEMEHTHOro Mocta. IIpH ero ycTaHOBEe UepeKphLIH 9acTh
HPOAYKTHBHOTO TOPH30HTA, KOTODYI) 3aTeM [OBTOPHO PAa3bypHAH [0
ryOuas 4476 M.

Kpome toro, B CBSI3H ¢ HErepMETHYHOCTBIO 3aJHBOYHOA MY(dTol,
yCTaHOBJACHHOHA Ha rayOuue 3960 M, NMpoBOAHAH H20MALUHOHHBIE pa-
GOTH C YCTAHOBRKOW TOA TABJICHHEM TPEX IeMEHTHEIX MOCTOR ¢ 3dKad-
KOfl B 30HY HerepMeTHu#oCcTH 37 M? [IeMEHTHOrO pACTBOpA.

ITpeanoaaraercs, YT0 npy NpoBedeHHH 3THX pador 4acTh TJIHHHC-
TOTO ¥ UCMEHTHOrQ PACTBOPOB HOTAMR B TREIIHHHYIO MACThL TL1acTd.

BrizoB OpHTOKA H3 CKBAXHHEL OCYLIECTBJANIH 34MeHOH DacTROpa
B CKBaxKuHe Ha (oJee JerKHH MMAHHHCTHIA pacTaop (fioTHocTth 1260 ...
1280 wr/m?), a sarem Ha Boay, oGpaboraudyio TTAB. [Ipun noruKenun
VPOBHSI B CKBajKHHE ¢ NOMOIIRIO CKATOFO BO3Iyxa A0 TayOHHBEL 3000 M
Ol OOAYYEH MHTOK He®TH NO IPOCIKIEBAHHIO YPOBHA HPH rayBuHe
2500 wm 6 %cyr. Uepes apa ausa ipuToK HedTH pLRpaTHICE Ha-32
oGpasoBanns ua raybade 4420 M npoOru. Tlocne NPOMBIBKH CKBAXKHHLL
YpOBeHb B Hell OB cHHMeH 0 rayOussl 4200 M, a 3aTeM 0o Ipocae-
MUB2HWIO YpORHS wHa raylunme 3076 ™ npurox wedtH cocrasud
6,32 m¥cyT.

HeeaeloBauus OpOJIYKTHBHOTO IJIACTA C MOMOILBIO TEPMOMETDHH
noRasagu, wTo padotaer unrepeas 4400...4430 v, a Gosaee uepcnex-
Tupaetfl wiatepeaa 4430...4450 M oKkasadcd THAPOIHHAMWYECKH M30-
JupoBagueM. I3 cBA3H ¢ 3THM B pHTepBaftax 4467 ... 4462, 4458 . ..
4453, 4448 ... 4440, 4439 .. .4431 w 4426... 4420 m ocymecTBICHA
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rupponepdopalus (ABa OTBepcTHA Ha | M) Ha INMIHHHCTOM pactBope
anotHocTsio 1240 ... 1180 wr/m® venoeHOfl BA3kocTeo 50 ¢ u Boao-
oraavedl 3...4 cm¥/30 vun, assenne Ha ycThe NpH ruAponepgopa-
wun cocrapiasao 40 Mlla, npofo/KHTETBHOCTE OAHOH YCTAHOBKH 1 u
npk AuaMerpe Hacanok 6 mM. llpu nepdopauun BHHOCHICH wWAAM B
obveMe 8 1 za oany onepauuio. B untepmase 4467 ...4450 M oTMe-
44/l BBIHOC KYCOYKOB NEMEHTA Ceporo HBerd.

Ulocne ruaponepdopansy, 3aMeHs IAMHHCTOTC DAcTBOPA HA BOLY,
o6pabotannyio 0,2% cyabdanona, n CHHMKEHHS YDOBHH B CKBAKHHE
no ray6unsl 3550 M nosyuer nputox HedTtd 5,88 Mi/eyr no mpocoe-
MHBAKHIO YPOBHA Ha raybune 3051 M,

IMo maHHBIM 3JEKTPOMETDHH OKA3aJ0Ch, UTO OCHOBHOH IIPOAYKTHR-
HLIH FOPU3OHT B HHTeppate 4440 ... 4464 M ue paBoraet. Ilpu nanae-
uun Ha yerbe 27 Mlla upuemueroeTe oTcyTevsoBasa, [lyTem yora-
HOBKH makepa Ha rayOuae 3979 M npu paegaexsu Ha yerbe 42 MIla
nprHeMHcTocTh coctasiaa 20 m3/u. HMecneaoBanusiMu yeTaHOBJIEHO, 4TO
OCHOBROW TOPU3OHT B NPUEMHCTOCTH HE YYACTEYET.

B 30HY nJjacta npH AaBJeHHH Ha ycThe 42 Mlla sakauano 18 wm?
14%-woro pactBopa HCI ¢ pobasxofi 150 xr waranuma KH-1, unru-
Gutopa xopposun. [lpn cnmKennn ypoBAs Boan ao 1600 ™ noayuen
npuToK HepTH 4 M3/cyT.

TepMomerprueckue HecaeIoBanns I0Ka3ad, 4T0 HedTh IpHTEKAET
W3 APTHATHTO-AACBPOJNTOBON TOJIM OTJOMXKeHn#l BTOpOTO  spyca
CTPYKTYp B HHTepBane 4379 . .. 4420 m.

B cBasn ¢ Ge3pe3syapTATHBHOCTLIO TPOBEASHHEIX B TEUEHHE IOz
paloT W OAAO3HAYHOCTLK) 3AKJIOUEHHS TeOJOTO-Tecdn3NIecKAx CAYKD
0 HedTENPOIYKTHBHOCTH MEHHJINTOBHX OTJOXKEHHIH OLLIO IIPHHATO pe-
HeHne BO3[efiCTBOBATL HA N/JAACT CO3I4HHEM UHEKJIHYHBIX YDpaBJse-
MEX JelpeccHH ¢ BOCCTAHOBJEHHEM B HNPOMEKYTKE MCEKINY HHMH
THAPOCTATHYECKOTO IABJEHHA ¢Toa6a MKHAKOCTH B CKBamuHe. Bpema
JeNpeccHd M BpeMsa BOCCTAHOBJAEHHS THIPOCTATHYECKOrO JABAEHHS
BHOupaan paBEEM 900...1200 c. Braouenwe B pabory crpyfiHoro
annapaTa ¢ LeABH CO3IaHHS AENPEcCHH OCYHIECTBASAR NPOKAYHBAHH-
em pabouet Kuakocrn (Boaw) uepes HKT xsyms arperatamu 4AH-
700 npu mapaeHuy Ha ycTee 30...35 MIila. Tlakep or MIII-95 ycra-
HaBARBanH Ha rayOudme 2500 M B MecTe Nepexoga KOJOHHHE TPyO
168139 MM, ueM JOCTHIAJ0CHL HAIeWHOE TNAKEPOBAHHE Iocaikol
naxKepa Ha yCTYI, 4 CTPYHHHI allifapaT HaXoAHAcH Ha IiaybHHe 2476 M.
JAna zanucw cHmmenus pasaeHHa B HEKT Hume MecTa YCTAHOBKH
CTPYHHOro annaparta ¢ ACMOLILIO CHeNHAJBHOrO IePEeBOAHHKA yoTa-
HABJIHBAJAH [JyOHHHHE MAHOMETPEl, KOTODLIE 3ANHCHIBAJH JaBJcHHE
BHYTpH TpyO B MeKTpyOHOM mpoctpancree. Ilpu paGore Henoabso-
BAJIH ABa CTPYHHEIX annapata — OJMH ¢ JHAMETPOM padoudero colta
5,6 MM M JHAMETPOM KaMephl cMewmeHHs 9,5 MM, BTOPOH — COOT-
BercTBEHHO 5,8 u 12 MM,

[lepes mayanoM nposegeHus paGoT npH Aamgeddn 23 MIla Ha
yeThe (/dBJEHHE OrPAHHYCHO H3-33 HEIOCTRTOUHOK MpouHOCTH obca-
HOH KOJIOHHBI B BEPXHeH YacTH) NPHEMHCTOCTh CKBAMKHNE OTCYTCTBO-
BaJa. [Tocse 8 HHKI0B oga crasa paeuoil 4,2 m3/g, nocae 20 HHKAOB —
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5,4 wm¥u, nocae 34 UHKIOB OHa cHuskaack a0 3,4 m3/u. 3atem HKT
OB N3BJeYeHB BMECTE C TNakepoM H YCTPOHCTBOM U3 CKBamKHHEBI, a
saTeM chyuleHw Ges Hux A0 3a6od. [lepen NpOMEBEIBKOH CKBAMHHDI
Obl1H OTOOpAHB TIPOOBI KHAKOCTH 1O CTBOJY B IO ILIOTHOCTH, OHH
oKasadHcL paBHEIMH Ha rayGmne: 1000 m — 1015 kr/m®% 2000 M —
1015 xr/md; 2500 m — 10566 xr/w¥ 3000 — 1083 wr/w?, 3200 » —
1088 xr/m?¥; 3400 m — 1056 xr/m?; 3600 M — 956 kr/m? 3800 m —
0,85 kr/m% 4000 m — 1043 wr/m3; 4200 m — 1093 xr/m® 4400 m —
1189 xr/ms.

3HAUEHHA JABJLHHMA BHYTPH HKT
H B MEXTPYBHOM IMPOCTPAHCTBE,
3AMEPEHHOE TAYBHHHBLIM MAHOMETPOM

Jap.egue na yCThe, CO31aBAEMOE ar-

peratamu, MIlla 25,0 30,0 35,0 40,0
Haeaenue puyrpn HKT wa raybnie

2576 ™, MITa 173 0,56 0,86 0,86
Hapaenne B MexTpySnom NpocTpal-

cTBe na rayBuue 2578 M, Mlla 2,03 1,01 1,01 1,2

ITpy MpOMEIBKE H3 CTBOJA CKBAXKHHBL H3BJAeYeHO OKoJ0 10 m? rau-
HHCTOFO PACTBOPA, pasrasnpoBandas HedTb, RojoHedTAHAA 3MYILCHH.

Buiuie npubejenn anaudenns papaenus saytpu HKT u B wex-
TpYGHOM TPOCTpaHcTBe Ha riayGune 2076 u 2578 M.

Ha puc. 3.17 nokaszaHa AuarpaMMa THAPOCTATHYECKOrO aBAeHHd
pa raybuHe 2576 M NMpH CO3JaHHH YOPABAACMBIX JEOPECCHA HA IL14CT,
rayGHEA YCTAHOBKH CTpyinoro anmapara 2430 m.

3HaueHUA CHUKEHHA AaBJCHHA NPHBOAUM HIHKE:

3HAULHHS CHIDKEHUSA AABJLEHHS

B TIOJMAKEPHOV 30HE (IIPH dp/ds=56/12)
B 3ABHUCHMOCTH OT JIABJIEHWUS
HACOCHBIX ATPETATOB [1A YCTLE

Jarjenne 11a yCrbe, co-

3jaBaeMos  ATPeTaTaMi,
MIla 0 200 30,0 320 350 380

Japaeune sHyTpu HKT
na rayoune 3501 m, MITa 3495 26,7 26,17 257 249 24,3

3arem B ckBaxkuny 6waH nopropuo coyiienel HKT wa rayGuny
3708 M ¢ ycTaHOBHOH ULIHICOBOTO Takepa H rayOHHHOrO MaHOMETpA
Ha ray6mne 3500 M. Jduaverp comaa 5,6 MM, AHAMETD KaMepbl CMe-
irenuAa 12 mw.

IMpu pabote crpyfinoro anmnapata JanHOR KOHCTPYKUMH HOJYUYSHO
MakcHMa/ LHOe cHiKeHHC dasaeHna 10,6 MIla. Kak nokasanu Teope-
THYECKHE PACYETH, JOCTHYDL 00Jeé rIYDOKOrO CHHAKEHHA jJaB/AeHHA TIDH
TaKo# KOUCTPYKUMH CTpyHHOre annapara Hens3d. Ilpu nposepenuH
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pa6oT M3 CKBa)sKHHRl BBIXOAHMJIH B TeueHHe 15...30 muy rasoBble
naukd. 3a |9 UHKIOB M3 CKBaXKHHBI H3BJACYEHO 3,5 M® KujikocTH, B
ToM uyucac HedrH u pacrsopa ¢ reMaturoM. HKT uspiekiu ws ckpa-
HKUHBL, TAK K4K 3aMETH/IHM OTCYTCTBHE OTKAUKH XHAKOCTH TpH pa-
GoTe cTpyfiHOro Hacoca, a nocie mogsema HKT kamepa unskoro jas-
JeHNMSA OKasanach 3a0uTOR KycOYKaMu pe3utbi, NeMeHTA, apru/iuTOs.
Hpu nocnenyionteM cnycke HKT Gea nakepa uw ctpyiinoro annapata
TJIOTHOCTh KHAKOCTH B CEBaxMHHe HiKe 4000 M okasamacy PABHON
1283 ur/M% sarteM ckBamuHa ORJIA NPOMBITA B TEUEHHE OAHOrO LMKIA

p!
Mila
50
40
30
20
10

e 1 2 3 4 5 6 7 & t

Puc. 3.17. Tpaduk ruapocTaTuueckoro ZasieHns IpH CO3ZAHHK
VIPaBAAEMBIX Jempeccufl HA naact,

UPOMBIBKH, H3 CKBaKHWHBI H3B/eYeHO |2 M? DIHMHHCTOTO pacrsopa, a
B BHXONsALeM pacTBope 00HAPYXKeHB KYCOUKM UEMeHTd, apruiikTa,
reMaTtHT, Gaput. /lauHble HCCAeNOBAHHA TOATBEPARAH, YTO H3 IJaacTa
[PHTEKACT HE TOJBKO HedThb, HO W PAHHHCTHIA DACTBOP, YTAMKEJIEHHBIN
reMaThToM,

Hag mpojosKenus LHKJHUHOTO BO3feHCTBHS hHa 0207 B CKBA-
#HHY Ha raybudy 2979,8 M 6nu cnymensl HKT ¢ veranosxkoit nake-
pa H CTpYHHOTO anmapara cOOTBercTBeMHO Ha 2500 u 2476 M. 3a
nocaeAyioline 34 UHK/IA H3 CKBAXHUB OTKa4aHo 6 M% IIpH npoMbBKe
H3 CKBaXHHbL n3BJeueno 10 M* raunucroro pactsopa w 12 M3 medrru.
B nesnom ita cksaxuHe ocyulecTsieno 120 NMKAOB, a 43 maacTa ®asJje-
yeno 46 m?* raurHcTOrO pacteopa. HeeneioBanns Ha NpuHTOK nokaszann,
o OPW AwHamudeckom ypoehne 3000 M on coctamaser 7 MmOy
B cBsizu ¢ HeOGXOANMOCTBI0 AEMOHTAXA GYPOBOTO 060PYAOBAHHH NPO-
BefcHHe PaboT GHIJIO BDEMEHHO MPEKPAlleHo.

I/icc.neiloaamm [IOKA32J1d, YTO CO3JaHHE YIPABAAEMBIX LIHKJIMUHBIX
AeIPCCCHH HA I1ACT CNOCOGCTBYET H3BAGUEHHIG YIPYIO pacIHHpsIIomed-
cf AMHIAKOCTH, ToNaBiuell B maact. [1o3ToMY DAHHBI MeToH ABIASTCA

BHICOKO3PEKTHBHBIM 1451 O4HCTKH NPHCTBOJBHBIX 30H B IpoLgcce oc-
BOCHHA CKBAMHHDI.
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3.5. OcHosHEie nonoweHHs W TpebBoBanMa

K BBLINONHEHWIO PaboT No MPUMMEHEHMIO CTPYAHBIX annaparos
npH BbIZOBE MPHMTOKA M3 NNACTA

M OUMCTHE NPHMETBOALHLIX 3OH CKBAMMH

Ilepen cnyckom cTpyilHOTO anmapaTa ¢ NAKEPOM HA HACOCHO-KOM-
1IPeCCOPHBIX TPYDAX B CKBaXKHHY I1MAaBJOHHPYIT 3KCIIVATAIHOHHYIO
KOJIOHHY € INOMOUBK 1aGA0HA COOTBRTCTBYIOUIero pasMepa, a Takke
[pPOBEPAT COCTOAHHE BRIUIKM, TAJEBOH CHCTEMBI, CHJAOBOIO H HACOCHO-
ro ofopydoBaHHs, a TaKme yCThbeBoro obopynoBanud. CKBaKHHY Hc-
OBITBIBAKOT Ha HPHEMHCTOCTb, a TAKME H3BECTHEIMH MerogaMu (Ha-
HpuMep, TepMOMETPHUECKH HJIH CTICLKAaPOTAXKeM), ONPeIeTAoT HHTEep-
BaJH IOTJOMA0MKX HAH paboTalomux 1/1aCcToB.

Taxk Kax mpoluece OUHOTKH NPHCTBOJBHON 301kl 11J1acTa  MOMKeT
HpOJO/AXKATECA  jAHTennHoe Bpemst (o1 1...3 u Gosee CYTOK),
g ebecneyenns Oecrnepefofinoli paloTH anmnapara HA NPOTHIRCHHH
Bcell ONepanHH HeoOXOIMMO IPOBECTH NOATOTOBKY CTPYHAHOro amna-
paTa Iepes COYCKOM ero B CKBaXHHY B MacTepcKHX. [loaroToBka
alnapara BKJIIOYAeT HacTPOHKY ero Ha pACHeTHHI pexuM paboTH
nyTeM pPeryJInpOBaHHUS OCHOBHBIX TCOMETPHYECKHX TMapaMeTpoB {AHa-
METPEl COMJAa H KAMEDBl (CMEIUEeHHS, A TaKme pacCTOSHHA MEXIy
HHMH), 3aTeM NPOBEpPAXT COCTOSIHHWE THE3da NojA Opocorulfl KJamaw,
a4 TAKXKe HaARKHO KPelmfAT pazpywaembld KJanan. B colpannoM Buae
'ONpPeCcCoBEIBAETCA anNapaTr BOAOH npH asdesud 45 MIla u Buaep-
wupaeTcs B Teuende 1800 c.

Cnyck cTpyHHOTO anmaparta B CKBAaXHAY TPOH3BOAAT B TaKofi
KOMIAHKOBKe JH(hTa: X80CTOBUK ((hHJbLTp), Takep, YCTPOHCTBO (CTPVYil-
Hbft annapar), raesfo nopn wmap aas onpeccoku HKT.

MecTo YCTAHOBKH NaKepa M YCTPOMCTBA ONpeielsloT B 3aBHCH-
MOCTH OT KOHKDETHBIX YCJIOBHH COCTOSHHA IL1AacTa H IPOCKTHPYEMGro
pexuma paGoTel. Bo m3belkaHHe paspyUIeHHs pPe3HHOBOTO 3JeMeHTa
naKepa M I[IpeXjeBPeMeHHOrO cPRIBA pa3pyulaeMoro KJiamaHa ciOyck
KOJIOHHBL JIH{)TA TPOH3BOAAT ILJIABHO H Ha INOHKJKEHHO# CEOPOCTH.
ITocsne enycka KOMNAHOBKH JAH(PTZ Ha 3a71aHHYW TJAYOHHY UPOH3BO-
AAT pACHAKEePOBKY Takepa li YCTAHOBKY INAHUIAHOBI HA KOJOHHYHO
ronoBky. [IpoBenerdne pafoT O OUHCTEE IPHCTBOJALHOH 30HHI ILIACTA,
BRJIOYAST KHCJOTHO® BO3IeHcTBHe, AOMYCKARTCA JHIUL [OpPH YCAOBHH
noHOR FepMETHIHOCTH KOJIOHHBL JH(TA H [IAKepa.

[Mpu xmciaoTHOM BO3AEfCcTBHH O0BA3KA YCThSI M HaseMHoro obo-
PYROBAHHUA OCYLIeCTBIAETCsl 10 THIOBOH CXeMe NPOBEleHHS KHCJIOT-
nofl oOpaboTkH CKBaxKHuHBL. HarneraTtesbnas JHHHA 10 YCTbSl CKBA-
JKHHBI ONPECcCOBHBACTCA HAa HNOAYTOPAKPATHOE HabJieHHe DT MaKCH-
MAJBHO OKHIAEMOTQ B mpouecce KuedactHoil o6pabortki. Ilepeg
npoBeAeHHeM PafoT 10 KHCJOTHOH 0OpaboTKe CKBAMHHEL HEOOXOLHMO
e HCIHTAT, HA NPHEMHMCTOCTE He MEHEeE UYeM Ha TpeX peXHUMaX Ha-
rueTandd. TIpH HH3KOfl DPHEMHCTOCTH  PEKOMeHJyeTcs TPOBeCTH
IPeABAPHTETLHYI0 OYHCTKY NPH3AG0HHOA 30HLI CKBAMKHHBL ¢ NOMOMILIO
crpyfinoro anmapata. [Ipoao/KHTeNbHOCTE PeakUHH KHCJIOTH C MOpo-
OOH yCTAHABJIHBAETCH ONBITHO-3KCIEPHMCHTANDHEIM HYTeM A KA.
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AOFO MECTOPOMKICHHA HAH ckBa:kuubl, [lociie okoHuauust peaxuun
BKAMYAeTCH B pabory cTpyHHLIH annapat, ¥ 0pH cosganHofi ge-
IPECCHH Ha NMAACT YAAARKTCHI NPOAYKTH PEaklHH H3 Hero, Jing noBbl-
HIeHHS K&YeCTBA OMHCTKH NPHCTBOMBHOH 30HBI MJA3CTa PEKOMEHIYETCH
CO3AHHE NHKJIHYHBIX JAenpeccHil 11epHOIHYECKHM BKJIOUEHHEM CTpVil-
HOTO Hacoca.

[Mocse okonuanust paboT MO OUHCTKE NPHCTBOLHOR 30HBI H BHI30BY
NPHTOKA NPOH3BOAAT NpeIBaPHTENbHLIE 3aMepbl Ae0HTa CKBAMCHHBL
HAM ee [pHeMHCTOCTH, & TaKie NPOBOAAT HCCACJOBAHHA ¢ UEJBIO
onpejecnerus paboTawIlux IOPH30HTOB. [locie BLIXOAA CKBAKHHM Ha
VCFAHOBUBILHHCH PEXHUM ONpelesaet 1eCHT CKBaXKHHEL HJAH ee ApH-
€MHCTOCTD.

O6o6uiensl HCCNeI0BAHNSA 110 OLEHKE H3MeHeHHH (QHIBTPATHOHHBIN
CBOHCTB TOPOJ B TPHCTBOJALHON 3CHE B IIpOllecce NEPBHYHOIO BCKPHI-
tHg. [lokazaHo, 9To B 3aBHCHMOCTH OT IIPOHHIAEMOCTH TIOPOLBI
JHcrnepcHas asa NpoMBBOYHOR JKHIKOCTH MOMKET HrpaTh ABOAKYIO
pOJb: HOJOXHTEALHYIO, OFPAHHUMBAY NDOHHKHOBEHHE (hHALTpPaTa B
nAacT IUpH nponunaeMmocty Menee 0,25...0,28 MKM, u oTpHUATEND-
HYI0 — npu 00JblUei MpoHHUHAEMOCTH (ocobedHo B npegenax 0,45 ...
...0,70 MrM). 3T0 HeoOGXOAMMO YUHTHBATE TIpH BHOOpe poxa Npo-
MBEIBOYHOH  KHAKOCTH. AHaJIH3 BJIHSHHSN TEXHOJOTHH  BCKPBITHS
NPOAYKTHBHELX TOPH30BTOR C HU3KHMH KOJJIEKTODCKHMU CBOHCTBAMY
MecTopoxkeHnfl TlpenkapnaTba Ha u3MeHeHHe HPOAYKTHBHOCTH IJac-
TOB IIOKA3aJ, YTO B IPOLECCe BCKPLITHA [POHCXOAHT CHHMeHHe PHAb-
TPAUHOHHBIX CBONCTE IJIACTOB, OCODEHHO MO BJHAHHEM YBEAHUEHHOH
pempecCku Ha TMNacT, TAK KaK QHa B pAje caydaes MPHBOAHT K pac-
KPHTHIO TPeUIHH H [ONOWEHHIO 4epe3 HHX TPOMBBOYHOH KMAKOCTH.
CHuzkeHHe (HJIBTPAIIMOHHLIX CBOHCTB 1LTACTAa MM NOTEPS THAPOAM-
HAMHUECKOH CBASH CKBAXHHBL ¢ NJAAcTOM HadJIOIAeTCS B OCHOBHOM
IIpK NPHMENEeHMH PIMHHCTHIX DACTBOPASB TIPH 3HAMHTENBHBEIX penpec-
cHAX Ha phacT. Ilpy BCKPMTHH IIPOAYVKTHBHBIX TOPH3OHTOB ¢ IHpHMe-
HeHHEM pacTBOPOB Ha YPACBOJOPOAHOH OCHORE TaKOro VXyjAMIeHH$
(GHALTPANHOHHLIX CBOACTE He HAGIOAACTCS.

Ha ocHOBe CONOCTABIEHHH TeMIEDATYDHBIX H3MeHeHUH, MpOHCXO-
AAIMK B IPHCTBOIBHOR 30HE, ¢ (a30BHIMU IpeBpalleHHAMH napadpH-
HHCTHIX HedTeli onpegeqensl obaacTH NapadHHOBOH KOJAbMAaTalHH
1nacra asnd paga mecropoxicHuft Ilpeakapnatsa. MeTojuky Taxoro
COMOCTABICHHA MOMKHO MPHMCHHTL 1A JIOOEX MECTOpPOXKAeHHN Heg-
TH, OHA MOKET CJIYKHTE HCXOAHHIM YCJI0BHeM [JAf TNpOeKTHPOBAHHN
MeTQ/I0B OCBOGHHS CKBAMHH H HCKYCCTBEHHOMO BO3AEHCTBHA Ha NPH-
CTBOJBHYIO 30HY.

Ha ocHoBaH#H palor OTEUSCYBEHHBIX YueHbIX NOKA3aHo, YTC Teo-
thpayyeckre HCCARAOBaHHT CKBAXKHH IO3BOMASIPT OHeHHMTh CTENEHDb
u3MeneHns GOHIBTPAIMOHHBIX CBOKCTB TIPHUCTBOJBHONR 30HBL TAACTA,
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MO3TOMY HY MOMHO HCIOJbL3OBATb KAK CPEICTBO OILEHKH KayecTBa
3aKaHuYMBAHHf CKRAXKHH.

Paszpatorannas MeTOAHKAa ONOPHO-TEXHOJIOTHHUECKOrO H3YYEHHS
BCKPEIBAEMOro paspesa [pejiHA3HaYeda [JA TOAYYEeHHH J0CTATOYHO
floagoil  HHGOpManHE O TJIacTe  HeNOCpeJCTBEHHO B npomecce
BCKPHITHA.

Boasiioe BuumanHe yleaeHO ORpEIeeHHI0 NMJAOTHOCTH nepdopa-
IHH, B TOM 4HC/Ie B CKBAXKHHAX ¢ 3arpasHedHofl mpusafofinoil 3ouod.

Brnarogapsa npoBefeHHEM o000UIeHMSM BHIABAGHE BO3IMOMKHOCTH
YBEJIHYCHHS TAYBHHBL BRIPABOTKH KAHAJOBR B PE3YJILTATE H3MEHEHHH
yeaosuil padorel crpyd. Hecomuenno, eme Goabite BHHMAaHHA Heobxo-
AMMO VAeJATh Pa3BHTHI TEXHOJOTHH, ofecTeuHBaruiHx npuiauxe-
HEe TOpUA HAcaiKkH K 3a0010, MO Mepe BHPaBOTKU KAHAJNOR C TeM,
YTo6Bl JYYLIE HCNOJAB30BATL KHHETHYECKYIO SHeprutw ctpyu. lleneco-
o0pasHo  OPOAGMKHTE  [as3paloTKy  HALEKHNX ¥ HeCJOMHEX
KOHCTPYKIH] IHApOTCcKOCTPYHHEIX amnnapartos ¢ 3alofHeMH jABUCA-
TEIAMHA A4f CO3AaHHA WIEJeBRIX BHPaboTOK. 371eCh YMeCcTHO OTMETHTh
HeI0CTATOUHYH H3YUEHHOCTh IpoLecca CO3IaHMS HIeleBbIX BRIpaboTOK
B IacTax.

Bo/abpuinME  BOSMOMXKHOCTAMH 00644]4eT Tas3orHAPONECKOCTpYHHAS
nepgopaunda, BHeApeHHE KOTOpPoH B TAYDOKME CKBAXMHHAX TOK2 caep-
MHBAETCA B CBA3H C QTCYTCTBHEM OOOPYLOBAWHMN IJf CO3JAHHA 1830-
coaepxxanni 0,3...056. Heobxoaumo peniuTh BOUPOC BBITYCKA KOMII-
PeccopoB HIH a30THBIX YOTAHOBOK AR 38ra4KHd rasa npn pacxolax
30 ... 60 v3/vun u pasaenunx 40 ... 60 MIla.

Cireiyet M3V4HTL BO3MOMKHOCTL IPHMEHEHHS HEHHBIX CHCTEM B Ka-
YeCcTRE HOCHTeqs aOpasduBHBIX 4aCTHIL fAJst BHPAGOTKH KAHAJMOB H
uenefi B naacTax ¢ aHOMAJbHO HH3KKHMH TLIACTOBLIME JaBJACHHAMM.

llockonbRy THApOnECKOCTpyHHBEIH MeTon nepdopaunn obaagaer
GOJBUIHMH TeXHOJIOTHIeCKHMH BO3MOMKHOCTAMH 10 COZNAHUID KAHAJOR
I medell ¢ 6oabIioll NOBEpxHOCTLIY GHALTPAINH, Heaccoobpazko upo-
A0TKATL €70 HCCAeI0BAHHA H HCKATh HOBHE TEXHHUECKHE pelleHus.

{Jnncaiia TexHOJOrHsl BLI30BA INPHTOKA ¢ NOMOWILIQ CTPYHHEIX an-
napatoB. Ha ochoBe TeopeTdyeckux HeoaedoBadnil pazpafoTaHa 3aBH-
CHMOCTL Il JIOCTPOEHBI HOMOCPEMMbL JJ5T OUSHKY TEXHOJOFHYeCKHX
112paveTpoB OCBOSHH CKBAXKHH C AOMOILIO CTPYHHBIX aNNaparos. ITH
33BHCHMOCTH [103BGJITIOT LIPOSKTHPOBATE TEXHOJOTHK) OCEOGHHA CKBA-
KUH H OCYILECTBAATL €€ APH JIOBIX 32I1aHHBIX YCRQBHAX.

[lokaszano, wro CTpPYHHEIE anmaparbl MOTYT HAHTH [IHPOKOE MpH-
MeHEHHE B TeXLOJOTHH OYpenHs CKBamuu u JA0buuu sedTn —— npu
BTOPHYHOM BCKPBITHN I[1aCTa, T[RAPOIHHAMHYECKOM HCCJCIGBAHHK
€ro, BHKJAWUHOM BO3AEHCTBHHM Ha NJAcT, [OPH VIAJEHHH H3 NJacta
NPOAYKTOB PeakilHy KHCIOTH € MOPoAoi M, HaKOHel, AT JoOHYH
ned)TE U3 CKBaXKUHBL

TIpunsTHe pemreHil 110 TEXHONOMHH OCBOEHHSI CKBAXKHH Ha JeTep-
MHHHOBAHHOR OCHOBE 3aTpy/HEHO B CBA3H ¢ OO/JbUIMM KOJHISCTBOM
IPAKTHYECKH HEH3BECTHBIX H TPYAHO YUHTHIBACMBIX ¢axTtopoB. [TosTo-
MY yIpaBJ/eHHe COCTOSHHEM NDUCTBOJBHON 30HH, paipaGoTKa MeTOLOB
ce ONMTHMH3AUHH MOMXKeT OCYULeCTBJAATLCA TOJABKO 11a aJalTalHoHHOH
1.2

ocHOBe. B nacTosiiiee BpeMs OCYLIECTB/IACTCS BHEAPEHHE TEXHOJI0HH
GCBOGHHA CKBAMHMH Ha 0ase VilpaBJIeHHs COCTOAHUEM [IpUCTBOJILHOH
aonn. [To GOJMLIIHHCTBY OCBOEGHHBIX CEB&MHH ¢ IOMOILLIO HOBOH
NPOrpeccHBHOl TEXHOJOTHH HOJYHUEHO YBENHYCHHE ne0uToB CKBAKHH
B 1,4-—2 u Gonee pas, BOCCTAHOBJEHO ¢hoHTAHHPOBAHKE MHOIHX CKBa-
2KHH, panee OCBOCHHBIX U HKCIAYyATHPOBABIINXCA.

PaspaBaThBaioTcsl TeXHHUECKHe CPEACTBA [JIf BTOPHYHOTO BEPLI-
TH ¢ OAHOBPEMEHHHM BBI30BOM NPUTOKA, THAPOAHHAMHYECKHX HCC/Ie-
noeaunfl NAACTOB ¢ nepenauelt nEGOpMaLHy O KPHBBIX BOCCTAHOBJE-
HHR aaBJeduss ¢ 3abos Ha yCTbe CKB&XUHBL, OCHOBAHHLIE HA
LHPHMeHeHHH CTPYHAHBIX annapatos Pa3IUUHOA KOHCTPYKUMH # Ha-
SHAYCHHS.
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