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OCHOBHbiE OOPED,EJIEHH51 

8 nponeCC(~ nvpeHI!~ OCh CKBaAG!Hbl CJ.MOr1p0!!3B0!1bHO HJ!H C!1e!!. H~-TT!>HO !'T-

Cll CKBa"A<HHbl , OCI\ KOTOpbiX IIMeiOT He3Ha4HTeJibHble (;:10 1 3") H O!laBHbie OTKJIO­

HeHI!ll OT BepTIII\lUHI H npOXO.;\l!T s6nH311 ce . Ko BTOpOH rpynne OTI!OCl!TCl! CKBalKH­

Hbl C OO,lbWHMH OTI<JIOHeHH5[1UI (JlO 6J , 90° H 6onee) OT sepTHKaJIH H CO 3Ha411-

Te!lbHbiMH CMeWti!HJ!MH 3a60ll no rop1130HTaJIH (OT HeCKOJlbKHX .aeCliTKOB ,!(0 TbiCll'l 

MeTPOB ) TaKHe CKBa"M:Hllbl npi!Hl!TO Ha3biBaTh HaKJIOHHbiMH HilH HCKpHB!leHHbiMII. 

0TK.~OHefllle CKBa;KI!Hbl \IO"M:eT QbiTb Bbl'lB:li!O KaK OpHp0i1HbiMI1 ¢mrropa\IH 

(reOJIOnt'IecKoe CTPOeHHe pa:lpt:Ja), TaK u TeXH11KO-Texnonom'leCKIIMII ycnOBH.~MU 

6ypeHHll. 

Kil)l(.'lal! CKB(I)I(HHa 6yp11TCl! no npoeKTy, npenycMaTPIIB<UOIUeMy snonHe on-

pc.U.c!lelll10t illi:lu/Kl:HI1t ce <..rBVJla ll llpO.;IpaHCmt·. KOTOpot: MU:A<t:T iibiTb L10CTHrHy-

TO C llO"OIUbiO pa3Jifll!HhiX TeXHWteCKj\X cpe::~nB. ,Un.Sl npOBOJKH CKB3)!(I!Hhl CTporo 

flO npoeh.Tj HeOO:\:O.'lllMO ~ cllOOUH MOMt::HT l' .!.\UCTuTU'IHOH T0 1!HOCTbiO 3H3Tb cp3ll.llf-

'!eCKOe OO!lO"A<eHHe ~IBOJ13 8 npO~'lJaHCTBe. y>.t~lb ynpaBJIJ!Th .1Dff;I<eHHe\t JIO:JoT;i 

(TP3t:l\TOpllt:lf JBHi!\eliHJI .J(HOTa) B npo uec<.:e 6ypeHHll . 

CKBaiKilHhl , H3K.lOHHbli"l CTBOn KOTOpbtx npe.:xyc~JO-rpeH npoeKroM fl ocywecT-

B,llleTCJl C IIOMOIUbiO cneUI!J.:IbHbiX TexHWteCKRX cpe.llCTB, HaJbiBatOTCll Ha~lOHHO­

HanpaBcleHHb!M[!. YlcKpHB:I~HHbl\lll H<13biB310TCJI <.:KBaA<IIHbl. Ha.KJlOIIHbl H CTI\!'.1 KO-

TOpbiX np0t:(,"f0)1 lie npt:~\T'.I Olp:!I. a i ii.UY'It:H B peJy;JbTaTe HenpaBH!lbHOI'O lt!lft 

lle!luCTaT04HOro y•1e1a reLnOfri'lCCKIIX l)latnopos ILlU scneJICTBIIe reXHHKO-

TeXHonoratJeCKHX yny!lleiiHii 

B HaCTOJuuee speMJI npaKTI!•JecKH uce 'lKcrmyaTaUIIOHHbie t:KBaJKHHbl KaK B 

POCCIIII, TaK II Ja py6e"A<OM Oypl!TCJI KYCTOBbiM MeTO!lOM H Jl8!lll!OTC!I 111100 H3MOH­

Hb1Mil , JlllOO H31VlOHHbiM11 C ropH30HTaJ!bllblMH j'13CTKaMH B llpOJIYKTIIBHOH 43CTH 

rmacra. 

TipocrpaHcTBeHHoe noJIOJI(etme :oo6oii TO'IKH xapai<TepH3yeTcJI TPeM.ll ee KO­

opJIHHaTaMH: X, Y, Z. 



flpOC'J1laHCTReHIIOC nOI!OlKCIIHC OCI! CKBalKHHhl OUCHIIBaJOT no COFIOKynHOCTI! 

KOOpli!HlaT OTllCJlbllbiX ee TO'leK, IBMCplleMbiX C nOMOLUbfO reo<!JH:m<JeCKHX npHOO­

poB (HHKIIHHOMC'J1lOB) <Jepe3 Kall<;lbiC I 0 . . SO MeTpOB. 

lOT TOHOrpa<IJH'lCCKOii MapKllleii"ncpcKoii CJij'lK60i1, 11 OHH H3BCCTHhl CLUe liD Ha'!ana 

CTpOHTCJibCTI!a CKBaJ!(lfHbi. 

flOJJO)f(eHHC JIIOOOH TO'lKH A (puc. ] ) Ha OCH CKllalKHHbl MO)f(eT 6b!Tb Onpene-

m:HO paC'leTOM , CCJIH H3BCCTHhl CC paCCTO!ll!HC OT YCTbll CKBalKIIHbl HO CTBOHy, Ji:-

HIITHbiH a H a3HMYTaJJbHbiH ~ Yfilbl 

3eHHTHbrH \TO;l a Haxonmc5! B sepmKaJJbHOil rwocKOCTH N H o6pa30llaH Ka­

car enhHOH K OCI-! CKBalKHHbl B TO'lKC A H BCpTHKa%10 

\~o A c \ 
~ ·\ ; :-~ 
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~· I 
\ I ~ 

OCb CKB. 

Puc . I Cxe~ra onpe11e.1eHHJ1 npocrpuH­
CTBeHHoro IIOI!On<CfiHJI HJOOOH TO'lKH 

tta OCH CKBaiKIHib: 

Yro_~ 11 = 90"-a Ha3btsaercll yr-

HOM HaK.10 Ha, XapaKn:pmyer OTKJIOHC-

HHe ocu CKilalKIIHbl B 104Ke A u 1 'UfJ>I-

A 3HMVT [3 - yron, HaXOllJILUHikJI 

B ropll30Hta%HOH rurocKOCTH P Pa'.l ­

I!H'laKJT HCTHHHbiH ( reorpacpH4CCKHH J 

If MafHHTHbiH a3H.MYTU . 

f <!OrpadJif.leCKHM a3HMj'TOM Ha-

3h!BaeTCll yrOJl , o6pa:JOBaHHhiH IIJ ­

npaB.'!Cn HCM Ha cesepubli1 reorpa\jHJ•!e­

CKHii f1 0.l10C II C-1e,T\JM BepTHKl,lbHOii 

flilOCKOCTII <!>, KaCaT~-1bHOfl K OCH 

CKBalKI!Hid B T0 1JKe A, OTCqHTbiBaeMblH 

or HarrpaaneH}L1 tta ceaep no qacoaoi1 

crpe.m.;e. 

MarHl!THbiM a31IM\'TOM Ha%IBaercJI yro:l , o6pa30BllliHl>IH HarrpaaneHiieM Ha 

ceaepHbl~ MarHHTHhiH HOJIIOC H CI!e.lOM sepTHKa'IbHOH O.."IOClCOCTH <!J, KaCaTeJibHOH K 

ocu cKBalKHHhl e ro<rKe A. KoopnHHaTbl ceaepHoro MarHHTHoro nomoca 75°53 ' c.w . 



I! 100:'23' Ll. , IOlKHoro MarHflTf!OfO nomoca- 66;_'()6 IO.W. H lJ9''36 ' B 1l KaK BHilHO , 

110IIIOCa 3eMJHI (n:orpa<)>H4eCIOIH H MafHRTHhlii) He COBHal!aiOT. 

Pa3HHUa B 3aMepax reorpa<)>H4eCKOfO H MafHRTHOfO a3HMYTOB MHHHMaJlbHa 

Ha 3KBaropc H eoJpacraer c vsenH'IeHHeM umpOTbi :weCTHOCTH . 

HanpHMep, ,lJUI , ._ Y¢br pa3HHua cocrasmeT II 0, ,!l.1UI ceaepHoH Weeu1-m OKO-

KpynHOMaCWTa6HblX KapTaX llJ!ll KaJKllOl"O KBa)lpaHT3 B 3aBHCHMOCTH OT WHpOTbl 

Pnc .2. CxeMa onpea e-1eHHJI 

IIOHJITH..q KpH!IH3Hhl CKBalKHHbl 

AnCHllaJlbHa.ll l1J10CKOCTb - llep-

TIIKaJJbHaJ! 11JIOC!<OCTb, npOXO!U!UlaJI 

4epe3 KaCaTeJlbHYIO K OCH CKBaiKHI!bl B 

TO'IKe rrposeaeHHJI 3aMepa 

Kp1-1BH3Ha - npeJieJJ OTHOWCHH51 

nrrune JTOil ayrH (p11c.2) , C =lim L . 
·s .. , i ) 

rrre C - h-p1-1BH3Ha: M a M 1 -- T04KH na 

OCt! c.;KB3iKHHbl: cJ - \TO;l .\le;t;ll\ r:aca-

H!;lbHblMH ; ,;S - ~lHHa :t~TH \ IC-

3 CHHTHOe I!ChJHlB; tefi}!C - 113~H:HCHI1C Be.l.H4HHbl 3eHllTl!Of0 yr.1a MeA\JlV ] P,\-

:- r.~ TO'H\3 \fH 3aMepa . 

i \ J f!M \' Ta;lbHOe fi CKpHil.1 t:Hife - HJ .\I t: llt::Wie se:nt4HHbl aJHMYT3..1bHOf O yr:Ja 

noocrpaHl'TBCHHbiH HJIH o6UIHH \TOil HCKJJHBileHHJI - yroJJ MeiKJlY !(B)-'MJI Ka-

CaTe-1bHhlMH , llJlOBCL(eHHblMH K OCH CKBaJKHHbl B TOifKaX 3aMt!pa, neiKaiUHX B TIJIOC­

KOCH! HCt-.:pHBJJeHHJI CKBaA\HHbl. 8 'JTOM cny•!ae llpHIUITO ,il011YIUeHHe, 4TO OCb CKBa­

iKHHbf Ha yqacn<e MCiKllY JIBYMR JaMepaM» npe.ncraBJUieT co6o10 IL10CKYIO KPHBYIO 



HxneHcHBHOCTh HCKJJHBneH!ill -- npHpa!lleHHe BeJUI'IHHhi yrna Ha enmmue 

MHHhi CTBOJia CKIJalKHHbl. 3a e.LlHHHUY LlJIHHbl rrpHtuiTO I 0 M. Pa:rJJWJaiOT HHTeHCHB-

HOCTb ia 3eHHTHoro, a:JHM)'TaJlbHOro 'fi H OOUICW HCKpHB!lCHllil 'r: 

10 
= f>a (~aoyc): 

10 10.~! . ( l) 

(2) 

ilpaKTH4eCKI1 npH oypeHHH rrpOHCXO.LlHT rrpocrpaHCTBeliHOe HCKpHBJlCHliC 

CKBa)I(J1Hbl, MCHl!IOTCll Be!lH'IHHbl 3eHHTHOfO If a3HMYTa!lb!lOfO )'f!lOB, T.e. HMeeT \IC­

CTO OOlllee llpOCTTJ3HCTBeHHOe IICKpHBJleHI!e llO.Ll HCKOTOpbiM yrnoM y _ 

06LUee HCKpUB!lCHHe BbipaiKaeTCll ypaBHCilHCM 

cosy= cosa, · cosa,+1 +sina,_1 • cos('.,j]. ( 3 I 

f1pH ~ta.nhrx 3Ha'--!CHl-" .... ~x 1eHHTHbiX. yr..'1.oB Be..'lJFIHHa cos 6nHJK3 K 

no.uc'-icT no Bb!iilenpnse;;:eHHOfi cj;opMyne "l:iTJlYliHeH. B CBl!3ll ·~ JTiiM 

fDe :\a- 11pHpalll~HI1e JeHHTHO! 0 yr;Ja !I <I .l3HliOM HHTepB<L1e, rpa_1. 

f>~- H3MCHCHHC a3HM)'T3 B ,llaHHml ffHTepBaJJe, rpa•.c, 

<ic;· - cpe;(Hee 3fla4eHne JeHHTHom yna B ,:raHHOM HHTepB<L1e, rpan. 



nPIIlJIIHhllli\IF.XAHHJM CA!\IOUPOflJBO.'fbHOrO 

UCKPliB.ilEHlUI CKBAJKilH 

i) HapymaeTcq npoeKTHa!l ceTKa pa3Mewemi~ 1a6oes cKBa;KHH, 'ITO ~w;Ke-r 

It[JII!lt:..:TH K ~lil1lKC:hl1iO fiX I.:YMMapHOf'O .llCOHTd, K03<!J¢IUDICHT3 He<J!TeOTll3qH nJia­

l:TOB , He06XO.!UIMOCHl oypeHIU! .!IOnOJ!HIITe,lbHb!X CKB3JKHH C U.C.%10 H3BJ1C1!eHl-l ll OC· 

T3BlliliXCJl L(e.11L.'COB He¢ra; 

2) 3311l)'JIIU!eTC!I cnycK OOC3.!!Hb1X KOJ!OHH : B MCCT3X H31100JJee pe:JKI-IX HC· 

HeKaYeCTBeHHOf'O UeMeHTilpOB3HIIll CKBaJKHH, T3K K3K B IICKpJ1B,leHHOM CTBO;IC KO · 

HOH!I3 H3 3H34l!TenhHOM npOTJIJKemm MOlKeT BnJJOTIIYfO npH..1eraTb K CTeHKC CKB3· 

lKIIHhf, 33Tpy lliiJUI ~UIH IICI\..1!043ll C03.113HHC C!L10WHOro !.leMeHTHOfO K0.1hU3 BOKpyr 

~ ~ 

COC3.LlHhiX iT'YO H Hane;-K}·IQe nepeKpLITMe IL'laCTOll~ 

3) OCJIO%HllCTCll !l00hl43 Heqmt , OCOOeHHO np11 my6HHHOH3COCIIOH 3KC!mya· 

T3Ufll1 (p33pb!B WTJHf', tlpOH!paHHe H3COCHbiX II OOC3l!Hh!X Tp)!O , VBe.lHYeHHe H3· 

rpy30K H3 TpYObl , lllT3Hrll l1 CTaHKli·K3YaJJKH) ; 

4) 00p33)10Tt:l! lKe.100a, B03HHKaiOT noca;IKII H 33TlllKKH 6yptL1bHOH K0,10HHI.t 

paunllx, HHTeHcHBHee 113HaWIIBatOTCJI 6yp1Llbllbre TPYObi npH rpcHIIH o cTcHKfl 

.CKBaJKifHbf , o paHee cnymeHHYfO o6callli)'Kl KOJJOHHY, B pe3yJJhTaTe 6o.1~:c '!acn1 no-

5! y;t;ll!H.l!C"~CH \.."Tl\0:1 L:r:Bd%l!HbL 

h I paCXO..'Iyerc~ OO.lbWC .\IOlUflOCTH Ha Bpawi:HHC O)'pi1JlbHOH KOJ:OHHbl ; 

7) JaTpy.lliU!eTCll JliJf:BH.'l.aUIUI aaapHH ; 

8) OCJ!OiKH!ICTCl! KOHTpOJib 3a Harpy3KOH Ha llOJlOTO 8CJlellCTBUe 3aBIIC3Hl1Jl 

6ypHJ!hHOH KOJIOHHbl; 

9) 3alpyllH>IeTCl! JanycK 3a6olllioro LIBHraTeJul; 

lO) yseJIH4HBaeTCJI CTOHMOCTb CTpOHTeJibCTBa CKBaJKHHbl no CpaBHeHHIO CO 

CTOHMOCTbiO ycJJOBHO sepTIIK3Jib!IOH 



\-1J y4<':Hf!e n pWif!H J! Ct-.-p !!FETCH>U! C!\llaJKHH nOK:i.JbtuaeT. 'ITO OHO npOHCXOD.HT R 

peJy_:!bTi!Te C0 !1~1t'CT!!O rO JieikTBJ.UI 60'IbWOf0 'IHC:fa <jlaKTOpOB .. KOTOpble MOlKHO 

OObC-'lHI!HTt tl TPH r·pynnbf : reorronPle CKHe . Tex~:wrecK>le It TC(HOnorH'!eCKHe . B 

CTB)'lOUlCW CIUIC H nape CH!I, MOMCHT KOTOpb!X paseH rnaBHOMy MOMt!HTj' 1THX ClUJ 

OTHOCHTC.'lbHO UCH'J1)a ;J,O!IOTa. 

Cne,Llyet pa3nll'!aTb Tpn cnyt~aR. 

I. Bee CHJlbi \-!OJKHO npHsecn-1 K pasHOJieiicTByroweli , HarrpasrreHHoii no;~ yr­

JIOM K OCH JIOJ!OTa. UpH 310M nO.Ll ,UCHCTBHCM 60KOBOH COCTaBJI;I!OlJlCH JTOH CHJlbl 

.:{O!iOTO Oy.UCT npUiK:lTO K CTCHKC CK!!3lKHHb!. J.1HTeHCHBHOCTb cppt:3epOB3HHJI CTt!HKll 

CKB3lKH.Hbl JIOJIOTOM 6yneT TCM Bb!WC, 'IC!'.! 60JibWe rrp!DIG!MaJOlil<UI OOKOB<UI CHJia . 

speMll ¢pe3eposaHH:~ H MeHbwe rsep,'IoCTb nopoll. HaH60JlbWHi1 yroJr QMAX, Ha o:o­

TOpbtH CKB3lKHH3 MOiKCT OTKJIOHl!TbCR OT CBOCIO rrepB01134aJlbi!Of0 rrOJIOlKCHHll Ha 

Y'I3CTKe CTBOJ!a JlilHHO ~i j , 

D-D 
0 = arct:K '' "' ---!!'!.ai< - _...,, 

Ll ,d 
( 5 i 

r.ue D. H D,.- i lH<L>,tC'J1)hJ .uo.'lota 11 3a6oiiHoro LlBHraTenl! ; 1,, - ll.'lHHa 3a6oih10ro 

;lBHraTeJilL 

i13MeHeHJ-Ie (11pHpameH11e) yrna Ha C,'!Hil:HUC -'l.1.HHh! CTBO.'la ·- 11HTeHC11BHOCTb 

HCKpH.BileHHil 

O co6eHHOCTb HCKpHBneHJ.UI rrpH 6or:osoM ¢pe3eposaHHH 3aK.LJO'!aeTCR ~ TO~I, 

'!TO MOJKet n0;1V'!IITbCll ycryn ua He6onbwoi! J.;l!I He cnona. 

2 Bee CfL%1 MOi!\HO !lpi!BCCTH K pUBHOJ.Cl!CTBYIOIIlCH , no H<lltpaB,lCHIU<J COB­

na;J.aJOUleH C: OCbiO HH3a DYJJIL1bHOH KOilOHHbl, H K MOMeHry, paBHOM Y \!OMCHT)I BCCX 

t;l-lH OTHOCHTe,lbHO Ut:H'J1)a .JO.'!OTa. flpl! 3TOM HCKpHBIICHHe Oy;leT !lpOHCXO)llfTL 

BC!lellCTBHC Ha!WOHHOrO OOJIOlKCHJ.UI ,'10.10ra 0\HOCHTeJJbHO OCii CKBaJKHHbl 11 aCHM­

Metpl-£'-!HOfO pa:lpyrneHHJI 3360.11. Hlt3 6ypHJlbHOH KO!lOHHhl 6y,ner Henpepb!BHO TIO­

BOpaql!BdTbCli, o6yc:JOBmfB<Ur OJl3BflOC 113MCHCHHe HanpaBJJCHHll CTBOJJa. i1HTCHCHB­

HOCTb 11CKpHBJICI!Hll 6yaet OrrpenenllTbCit rJ!aBHhiM Oopa:lOM KpHBH3HOH CaMero 

HHlKHCfO yt~aCTKa KOJlOHHbl (HanpaBJIJIIOlUero ytlaCTKa), KOTOpall 3aBIICHT, B CBOIO 



0'1epCL!b. OT COOTHOIJlellHll nonepe'1HbiX pa3MCpOII CKBaJKHHbi H IHI3a 6yplU!bHOH KO­

nOHHbl, t:e npOJ!OflbiiOHlKeCTKOCTI-1, OCCBOii Harpy3KH. 

3. Bee CHI!hl MOlKHO npHBeCnf K pa!!HOJielicTByl<.)lUCH , HarrpaBI!CHHOii 11021 yr­

J!OM K OCI1 !lO:lOTa, H K MOMeHry. 8 3TOM cnyqae 6yrrer Ha6ntOH3ThCll rjlpe1C[l()R~HHC 

CTCHOK CKB3l!GIHbl H 3CI1MMCTpll'1HOe pa>pyUICHHe 3a6oll. J:1ccneJIOB3HffliMH yCTa-

HCSJitHO , 4TO ;:LUI ~lt-06oil h.OMHU1-Hr.1K1t tana 6yptU1bHOll KOJ10HHhi. (KH£K) HC3aBH-

CHMO OT C0'1eT3Hilll .!lH3~1(;1'pOB L!OJ!OTa H 3360iiHOf0 JIB11f3Te.'UI , a TaiOKC HX .!lJIHHbl 

HCKpHB:leHHJl l:TBOna oc;IC!iCTBI!e ippe3CpOBilHHll CTCHKH TI0'1TI1 B :i pa3 60IIbWe, '1eM 

BCJ!C,'!CTDHe aCH\IMeTpi1'1HOf0 pa3pVWCHHll 3afJOll . 

8JIIISIHJIC l 'CO:JOn!'lCCKJIX yc.HOBJIH 113 HCKpiiBJJCHHC CKBa;KIIHbl 

K reoJlOClf4t.::KHM yumi:\HllM, Bhl3bi8aKJUIHM HCKpliBilCHHe ~:TBona CKBa)I(HHhi , 

OTHOCl!TCJI H3KJ10HHOe 3a.:1eraHHe nnaCTOB. JHH30TpOTIHOCTb ropHbiX OOpOll , >.Iepe-

ilOBaHI!e TIOpO.l, CYillCCTBO:HHO OTJIHYaJOWiiXCl! TBepLIOCTbKl , rpeUHIH OBaTOCTb. K<i-

POLl. 

flpH nepexonc 1n \l c He~ rscp,1oi\ noponhi B oonee TilCpliyK) . cc:JII yro;J BCll;;; -

'Ill .lll.lOTa C flOIJO.lllii \ICHbl.llt:, 'lt!M T3K Ha3biBaeMbiH Kp11TH'l~. C KHH yrnJI. CTBlU 

CKllaJKllHbl 6y LleT HCtqmBnl!TbCJI BH}I3 TIO naueffi!Kl llilaCTa BCile1!CTBHe CKO;lblKeHitil 

J O;JOT;J 110 IL10CKOCTH r!.1acra. Yro.1 ~crpe•Jit npu JTO~f 6yi!eT B.:e yMeHhWaTbC~ 

!Lw ynax oo!lhwux, '1C'l f(rHmFJecKuil. HlKpusneHHe 6yJleT npoucxo.J.tnt. 2eepx no 

BOI.:CT<IHHIO II!IaCTa, <! VfO:I ilCTpC'lll CYil.eT B03paCTaTb. 

KpHTH'1eCKm1 yro.1 <J., opl!eHTHposolJHO Moau~r 6biTb onpem:neH no rf>opMyne 

0 = arctgx 
-.-l.:p ' ( 6) 

rne X - llOK3:!3TeJib ( CTe!TeHb) aHif30'JllOllHOCTH !TOpOJihl, OOJI KOTOpbiM llOHHMaJOT 

OTHOWCHHe rsepuocTei1 nopO.ll.hl s HanpasneHllilx, napannerrhHI>Ix H nepneHnm<y­

n!!pHbtX lli!OCKOCTII fiJI3CTa. JrOT TIOKll3aTeJib IUMefflleTCll OT I (.UJUI H30Tp0TIHOH UO­

p01lbl) 110 057 (JJ.Jl!! CHJihHO aHH30'JllOllHbiX nopon). 
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AH!l30tnpOniiOC//lb oupe.uemnoT 11HOr.c(a KaK OTHOll!eHHe f10Ka:JaTeneii 6yp11MO­

CHI nOpO.ll B JlBYX B:!aHMHO nepneH.IDIKYII.JipHblX HanpaBJieHIU!X. 

Heo6xo.naMo onten!Th, 'ITO nm nonoTa cy!lleCTBeHHO BIIHJ!eT Ha senwnmy 

fJ., TaK, npH 6ypeHRH wapoll!e'llih!MH aorroTaMR B KOHTaKTe nonoto - nopoJia 

npeo6na.uaeT Tpe1me Ka•teHIUI, B TO speMH KaK npH pa6oTe .llOJJOT ¢pe3epHo­

HCTHpa!Omero nma - -rpeHHe CKOJihlKeH!IJ! CooTBeTCTBeHHO tqJHTH'tecK!Ifi yro11 npH 

6ypeHHH wapO!lle'!HblMH .!lOJlOTaMH Bblliie , lfeM 11pH 6ypeHHH B aHaJJOrH'!HblX ycno­

BHJIX ,llOJIOTaMH <:Ka.'lhlBaiO!lle-HCTHpa!O!llero mna. 

8 HaKllDHJiO-"JaneraKJ!UHX fJllacrax npH nepexo.ue 113 tsep.uoH nopo;~&r s Y~!!r­

~-:yro i(OJIOTO HHTeHCHBHee pa3pywaeT nocne,UHIOIO, B pe3y.'IhTaTe '!era HCI<pHBileHfH! 

npOHCXO.IlHT B CTOpOHY TBep.llOii liOpO.!lbl, T.e. 8 HanpasneHHH, npOTHBOflOJIOlKHOM 

HanpaBJleHHIO HCKpHBneHHH npH BXO.Ile B 6orree TBepey10 nopony. Ho TaK KaK nepe­

xon B MllfK)'IO ITOpOIIY 06bi'IHO COnpOBOiKJiaeTC!! CJIOMOM HJIH CKOJIOM 6onee TBep­

)l.OH HupO.Llbl, iU CTeneHh HCKpi1.Bii<::HHJI iipH ilbiAO.iC 11.; lccp).(Oi1. iiOpOLl.oi Mc;HbU.h: , 

'leM np11 axone s Hee. 

f1pH 'lepe,!lOBaHHH pa31lli'IHhiX ITO TBCpJlOCH\ nopOil B03MOlKHO H a:JHM)'"Td.Jlb­

f{Qe HCKpliBJieHHe . 

Koraa norroto Bctpe'!aetcJI c pa31IWIHoro po.aa BCK.'IIO'ICHHHMl1 H nycTorawt 

(BaJiyHbl, [aJlbK!l , lKRJlbl H JlaHKli, ITOJTble lpCIUilHbl, KapCTOBb!C o6pa30B3HHJ1), Ha-

6JIIOil3eTCJ! HC13KOHOMepHOe HCKpHBJieHHe CTBOlla , 06bi'1HO B BepTRKa.'lbHOii H B ro­

p1-130HTaJibHOCi n,10CKOCT!!X, HJITei!CHBHOCTb KOTOporo BbiWe 8 MJifKIIX H pnlx.lbiX 

rwpo.a;L'c AHa.norwiHbH~ He'JaKoHoMepHbte HCKpHB.leHH!! HaOJIIOIIaKJT<:!! TaK){\e rrpH 

nepeceqemtH CK.Aa.JKHHOH yqacTKOB, ITO;lBeplKeHHhiX TCKTOHii'teCKHM ,1BillKeHIUL\\ H 

Hapyll!eHHb!X pa3JIH'-lllbiMH .IDI3biOHI\THBHb!MI1 llHC.10KauHl!MI1. 

Bmtnune TeXBn'leCKHX npn'lnn na ucKpuaJJeHHe CKB3lKUHhl 

K OCHOBifbiM TeXHH'!eCKRM IIpH'U!HaM HCKpHBJieHRJ! CKBIDKJIH OTHOC!!TCll : 

rrpHMeHeHHe nopOJ10pa3pyWaJOIItRX H.KCTpyMeHTOB li JJieMelfTOB KHfiK, He npeey­

CMOTpeHHb!X pe)f{}!MHO-TeXHOJIOfH'IeCKOfi KapTOH; 3KCUeH11JINHOe RJIH C nepeKoca­

_MH npHCOC.IlHHeHHC OT.llellhHb!X 3ileMeHTOB KOMITOHOBKH MelK,lly C060H H C JlOJIOTOM, 



ll 

'HO 00hl4HO OOYC!lORJIHBaeT HCCOOCHOC CO CKB<DKHHOH pacnOJJO)f(CHHC 11113a KO.~OH­

Hhl H 00pa30SaHHC yBeJntqCHHblX I! HepaBHOMCpHblX 3a30pOB MCJK.ilY CTCHKaMII 

CKBa)f(HHhl 11 KHEK. npHBOllHT K ycHIIeHHOii, qacro onHocropoHHeii. pa3pa6oTKC 

OOOCHOBaHHOMY HCKpHBJlCHI-{1() CTBOJ!a CKBa)f(Hllbl. 

I-fecoocHocTb HH3a 6yptt.nbHOii KOiiOHnbt s cr.:aa;ru;Hc npn ncpcxo.ae c 6onbWC· 

ro <'lH3~!Cl1Ja Ha MCHbWHfi !lbl3blBaeT JKCUC!lrp!P1HOC npOllOJI)f(CHHC CTBOJ!a MCHbWC-

1"0 anaMerpa , a np11 pacwnpewm CTBona - OTl<JJOHCHHe ero OT nepsoHa4aiihHoro na­

npasneHHil . 5ypc111iC C 3KCUCHTPW1HO H3BHH'lCHHblM LlOJIOTOM, C norayTblMH BCJl)'­

llliHIH rpy6a~1Jf MOiKCT COOCOOCTBOB3Tb HIITCHCIIBHOMY pa36ypUB3HH!O CTCHOK 

CKB;Di(IIHbl. llpHMCHCHHC KOpOTKHX Typ6o6ypoB, l)'POOl\OJlOT HJIH 1lp)'flfX 3afiOHHbiX 

;1BilraTCJleii B '13CTO nepe~!CiK3!0illlfXCil IIO TBCPLlOCTll, a TaKiKC B HC011HOp0JlHblX H 

UHII30tpOII!IhlX noponax TaK;Ke npHBOl\HT K IICKpHBJICHHilM 

B ca~IOM H3'1aJIC 6ypCHIIJI. K Tt:XIIH4CCKIIM npH'!IiHa.\1 , Bbl3blBaKllUIIM Ha'laJib !lOC HC-

W<LXTHOrO HanpaBJICHHll ; HerOpH30HTaJ!bHOI.:Tb CT0c13 poTopa. HClqJHB.1CHIIOCTb 8(:­

lly illeH rpy6bi . 

OnHaKo npaKTHKa 6vpeHHil 11 pac·~cn1 noKa3bJBaKJT, 4TO :1ei\nsHe JHJ:.. ru :­

c.~enHHX npH•!HH npOi!Bil5!t:TO! ,10 cpaBHIITt'JlbHO He60JibWOH rnyOHHLl OT He•:f:O.lL-

KIIX \ ieTpOB ;10 >ICCh:OilbK!IX .1tC51Th:OB ~tctpOS fi B pellKIIX Cily4as!X - Ll.O COT<!ll \I<:T-

pOB 

B . tii!IIIHC TCXHUJlOnllfeCKIIX !jlah.'TOpOB H3 HCKpHBJlCHHe CK83ll\llll 

K TCXH(IJI0n14CCKHM npH'IllHaM, Bhl1hlBaJOIUHM HClqJHBJICHIIC CKBaiKllHhl , CJIC­

iJ.YCT OTHCCDI npH'IIDibl , CBll3aHHbiC C teXHOITOrHelf fiypeHHil, Bl<JJ!O'Ia!OWCH COOC06 

6ypeliilll, Tll00pa3MCp JlOilOTa H 3aOOHHCH KOMnOIIOBKH, KOIOpb!C Bb16Hpa10T HCX0-

1lil 1!3 LlOCTHrHyTorO ypoBHil TCXHifKH, TCXHOrrOrHH H OfiblTa 6ypeHllJI, a TaKlKC pe­

)f(J.IM O)lpCHHil . 



K rpyrrne TCXHO.lOJ'WlCCKHX OTHOCl!TCll npH'l:HHhl, unpe;rt:.'UICMble HCTTOCpe!l­

CTBCHHO TCXHOJlOn!Cll OypCHHll . 3TO - OCHOBHhlC 1aJlaBaCMhiC pel!illMHble napaMeT­

pb!. Ol:CBaJI Hat·p y·.ll<a Ha iiOJHHU, B M<:tlbWCM CTCllCHH '-la~o;TOTa er o BpatllC:Hllil II pav 

XOJl 6yposoro pacTBopa. HaH60:Jbume rpyrmocn! s 6opb6e c caMonp0113BOJ1hHbL\l 

HCKpHBJ1eHHCM CKBalKHH B<.."tpt:'IaiOTCll OpH pOTOpHOM CTTOC06e 6ypeHI!ll . 8paWCHHe 

6ypJA.JlbHOH KOJl OHHbl He n03BOJUieT OTUeH-rpHpoBaTb ee B CTBC!le CKB3)KHHhl , Tal< KaK 

uewrpwpy!OWHe ::~neMeHTbi Obtcrpo H3HawHBaiOTCll, 11 !lllaMeTp J{J( J'MCHbwaeTCll 

Il!iMH. Ho 11 B 3TOM cnyYae B ;;pyro3&1era10IUHX aHII30tporrHbtX aopoilaX B03MO;.KHO 

llCKp11BJ1CHHC CTIIOJla CKBaJKIIHbl. flepCXOil Ha peaKTHBHO-Ty pOHHHblH CTIOCOO 110380 -

JlliCT npaK1WieCKH HCKJ1101{11Tb HJlll CBCCHI K MHHH\l)'MY HCKpHBJlCHI!e CKBaJKHH. Ta­

KHM o 6pa30M, CTTOCO O 6ypcHHll - CyWcCTBCHHbiM ¢aKTOp, Bnl-UIKI!UHH Ha IICKpiiBJle ­

HHC CKBalKHHbl. 

f1p11 paccMOTpeHHn ycnosHii pa60Tbt 6yplLlbHhiX rpv6 6biJTO BHJlHO. qro KPH­

BH3Ha HHlKHCH YaCTII 6ypHilhHOH KOJlOHHbl JaBHCHT OT CTpCJJbl npon16a ee Ha JlHI-IIIe 

ozmoA nOJlYBOJIHbl clKarH~ HaH6onhrna,q B03MOJ!<WUT c-rpena npom6a, ecrm npeHe6 -

pe'Th ne¢opMaUHeH GTCHOK CKBaJKHHbl OOJl lleHCTBIICM pea.nhHOH HarpYJKfl Ha HII X, 

onpcllCillleTCll n onypa3HOCTbiO llJ!aMeTpOB CKBaJKHHbl H mna KOIIOHHbl, a BcJIHYHHa 

I""" - npono.1hHOillKeCTKOCThiO mna KO.'IOHH&I H ocesoli Harpy3KOH. C yt!em1'1em!t:~I 

OCc BOH Harpy3Kfl II c-rpeJlbl nporl!6a, )'MCHbWeHHCM lKCCTKOCTII K]JHBH:.IHa rpy6 B01-

pacraeT CoorseTCT!lCHHO yt!enwmsaerc~ H HCKpHRneHHe I:KBal!GIHbi. 

).Llll npeny npeA(!lCHIIJI HCK]JH!l,leHH51 HH3 KOnOHHbl UCl11fJHp)lOT B CTBll.lc 

CKBaJKHHbl C OOMO UlblO pa3JJ.WIIIblX ycrpoiiCTB (Uein~aropOB) , KOTOpblC, BOCnpHH H­

\laJ! pallHaJlbHblC YCli.1H51 OT 6ypHJJbHOii KO,lOHHbl, nepe:na!OT HX Ha CTCHIGI CKBa;t;li­

IIhl._ Ec.rrn 6bl Hm KO•lOHHhi yna.1ocb pacnon OlKHTb B CTBone cKBancHHbl KOHUeHrpH'I­

HO Oe3 3a30pOB MeA<.!ly rpy6&\IH II CTeHKaMH CKSaJKllilhl, a OQC,'!cltlflle 6blllll Obi CO· 

BepweHHO He.ne¢opMHpyeMbl, TO TTpH OTCYTCTBHH 60KOBOH ¢pe3epy!OlUeH Cll;'lbl Ha 

ao:toTe HCKpHBJJeHHe obl.lO Obi ncKJllOqeHo OllHaJ<O s pea.rihHhiX ycnosl!llx 3a30pbt 

UMeiOTCJl, CTCHKII CKBa:A\HHbl ae¢op:-.mpyKJTCll, npH'!eM TeM OOJlbllle, 'ICM BbiWe OCC-
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Bail Harpy1Ka. nc13TOM!' HH3 6ypH!lbHOH !<OJlOHHbl HCKpHBJU!eTCll, Bbl3biBaJ! HCKpHB-

!le;me CTsorra CKBalKHHbL 

qaCTO ODHH H TOT )!(C TCXIIOJJOrlf'IeCKHll cpaKTop MOJKeT BJJID!Tb Ha HCKpHBJJC­

HI~C R llflOTHBono.no)!(HbtX H::tnpaBJJCHHl!X . TorJJa pe1ynt.THf1YJOtnee 'RJmsruue fiyneT 

orrpeneJU!TbCll ero rrpeo6na.:~ruouniM nencTBHCM . TaK, oceaa;r Harpy3Ka G a psrne 

CJ1y'-!aeB MO)!(CT t:nOCOOCTBOBaTh HC )'BCJ1H'-lCHHIO, a CHHlKemno HCh.-pHB.!1CHH.ii. ':'JTG 

MOJKeT ObiTb npH HaJIH'!HH Ha nonore 6oKosoH cppe3CPJ'IO!UCH CHJlhl. BrrHl!HHe oce­

BOH Harpy3KH Ha HCKpHBJlCHHe B )TOM C.'l~'tJae DY.!leT OTpalKaTbCJI Ha MCXaHH'!CCKOH 

CKOpOCTH 6ypeHHll V., . CC:IH C YRCJllf'~CHHC~1 G B03paCTaeT Vw , TO HHTCHCHBP.OCTb 

HCh.flHBnCHIUI, Bbt3b1Bae~!Oro cppe3epoBaHHC~t CTCHOK, fiyl!CT YMCHbWaTbCH. 

AHa~onPI!IO npoliBI1lleTCl! a,lHl!HIIe 'laCTOTht aparueHHJI 1101101a n, p8cxo.rra 11 

Bbl~!. 

. . i ' ~ I ·: ' : 

}\(Ji!Tl\.Uh l-\ UPOCTI'.\HCIBI-.HI:tbi:'Vi IIO.:IOit\ldilE.\i 

CTBOJL\ Ch:BAA<llHhl 

~ . ~ 
'• ...... 

flpH 6ypeHiJH lfC06XO.UHMO 3HaTb cpaKTH'!CCKHC KOOp.aHHaTbt CTBOJla CJ<Ba)!(H· 

llbl .1JJJI COI!OCTaBJ!Cfl~lJI HX C OpoeKTIJhlMH . C JTOH UCTiblO OCytl!CCTB,1JIIOTCll 'J aMep~l 

1CHHTHOfO H a3HMYT<L1bHOfO yrJlOB '!epe3 -onpe.!leneHRbiC HHTepBaRbl rny6HH (Ha­

npHMCp, qepe3 20 .. 50 M). 3-m pa6oThl npoBOJllfTCll o6bf'll!O nocne 6ypeHHll non 

KOH,'\j'KTOp, TeXHW!CCK)'lO, 3KCrutyaTaUJ-IOHHYIO KOJlOHHbl. 

3aMepbl MOryT OC)'!UeCTBJJliTbCll ewe H C UCJtbiO OpHCHTHpollaHHJ! OTKJlOHJI!O-

UlHX I<OMUOHOBOK. 
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VlHKJ!HHOMe-rpii'ICCKHe HCCJICJlOBaHHR MOryr npOBOJHITI>C~ KaK CH.1aMH fiypo­

BOH OpHfaJlbl. TaK H CneUHaJibHbiMH HHKnHHOMeTpH'IeCKHMH napTIUIMH, OCHa[UeH­

HbiMH Heo6xonHM!.IM o6opynosaHI!eM ll cneu.TexHHKoii . 3aMephl 3eHHTHbiX yrnos 11 

a3HMyTa OCyuJeCTBfl>!IOTCR liHKJilfHOMeTpaMIL my6HHa 3a~!t~pReTCR nO fiypHllhHOMy 

HHCTpJ'MeHry H (HJill) no LUIHHe KapOT(I)KHOfO Kafiem. lfuKnHHOMerpbl MOryr Ob!TL 

JIBYX TtH10B: MarmiTOMe'I'pH'IeCKHe ll rHpOCKOnH'-leCKHe. 

f1pHHUHO neiiCTBHR nepBblX OCHOBaH Ha HCOOJib30BaHHH CBOHCTB rpaBJ-ITaUH­

OiliiOfO H Mariii1THOI'U llllJit:i\ 3eMJIII. L[y~CrBHTt::JibHbiMI1 'JJit:Mt:HTaMH y HHX HllJUI­

IOTCll oTsec 11 MarHHTHM cmeJTKa. Oepena•ta HH<jlopMau<m ~JO)f(eT ocymecTBJU!ThCll 

no Ka6eruo J1JUI ~moroTO'{e'IHbiX npM6opoa, .rm6o npO'IHThlBaeTCll nocne no.lloeMa 

HHKJIHHOMerpa H3 CKBaiKHHbl- llJIR OllHOTO'le'lHbiX opH6opoa. Op11 JTOM nonoif<cm•c 

MafllllTIIOH crpeJJKH H JIIIMOa-OTBeca <flai<CHpyeTCll B TO'IKe JaMepa 4aCOBbiM Mt:Xa­

HH3MOM. 

6ypoBM OpHrana. VlHKnH<lOMCpbl CliYCKaJOTCR B CI<flaJI<HHY Ha CTaJibHOM TflOCHKe. C 

CIOMOillblO ')TifX l1H:t..:..'lHHOMepo:e 6pHra,na MO;KeT npOH3BO.J.HTb H .3ll60fUiUe OpH:eHTH-

poBaHile OTKnOHHTeJIJI. 

MHOfOTO•~e'!HbiMH HHKJIHHOMt:TpaM!l OCHaLUeHbl reO<jlH3H4et:KHe napTHH, 00-

crryJKHBaJOLUHe 6ypoBHKOB . MHororo•le'mble HHKnHHOMeTphi Mor:y-r ObiTb Henpe­

pbtBHoro (HHI-721, 3eHHT-40Y) H ro'le'!Horo neikTsrur (KHT, KHTA, MHP H up) 

HenpepbiBHOfO UeHCTBHR, llaJOT HH<flopMaiJJil() B BH!le KpHBblX JIHHHH. TO'Ie'IHOfO -­

KOOp!li!HaTbl OT.lenbHbiX T04~K OCII CK~<UKHH.bl 'iepe:J onpe;:re.'lei!Hb!C HHTepBa.:lbl Ll\'­

OHII ('lepe'l I 0 , 20 , jQ .\1 ). 

MartillTOMeTpH'leCKiie llli.K.1HHOMe'I'pbl !lloryr HCII01lh3oBaTbCR B on.:pbiThiX 

. CTBO"~ax ,1H6o B .lHa.\tarHHTHbiX -rpy6ax ( cnnaBbl n 16T' I X 18H9T). 

B6nH3H !lfCTaJUlffqeCKHx npt:itMeTOB JIH6o s HCKaif<etillbiX MarHiiTflhlX nomx 

(Mai'fiiiTHbie aHOMaJIHH) Ha6ruonaeTCR .QeBHauHR Mar!UITHOH crpenKH, '1TO BJie'leT 

OIIIHOKR B 3aMepax a:nwyra 

JfHX HeLIOCTaTKOB JIHllleHbl rHpOCKOIUflleCKHe HHK.'liUIOMeTpbl, B KOHCT'pYK· 

UHH KOTOpblX_ 3oL10JKeH npH.HUMII spaiUaJOLUefOCR C OOJlblllOH CKOpOCTbJO (!lO 20000 



o6htHHl «t.vWJKa)), coxpaH>nowero nonojf\eHI!e csoei1 oc11 He3aBHCI!MO OT nosopoTa 

Kopnyca. Ocb mpocKO: 1a HMeeT il)H creneHH cso6o,Ubl :;_ cqeT Kap;:taHHOH no.aseCKH. 

C no MOlilLKJ rupocKOmi'I>:CKHX HHKlllmoMerpos MOJKHO onpe.uerurn, c 6om.woii 

TO'IHOCTbiO K3K 3eHHTH&Ie H 3311MVT31bHble VfJl bl , T3K H K00PliHH3Tbl H3 MecTe .IB­

Mepe!!IUI ( lilHpOTy H .UOMOT)'). npwleM 3<L\lepbl MOjf\HQ npOHJBO)lHTb B 00C3jf(eH-

Hb!X o;Ba.".KJ IH3X, B iiHJ6biX 6ypP..,lh Hh!X rpy6ax, B ;.;ce.1e30py)l.Hh!X ill3.'(13X 11 T Ll. 

8 ra6n. I npHse.:re H:bl xapaKTepHCTRhll. HeKOTOphlx MarHHTOMeTpH'IeCKJlx 

---- - - -- ----. -- - - - ,. ___ c:; _ - - -- - - - - ..... . . ... - --. - - - -· · 
l'tttK.iU1MUl\IC ~ pu o I,.. t\.Q U CJffln b l f'U 1\dMdJJUM '--OJLHI . 

Ta6nHua l 

:1-;;n----oeHIITHblii vronl- AJ~IMvr 
: 11H~niiHO- i .a,uana- i n orpew- I AHana- ' f1orpewH., 
i MeTpa I 1011 i HOCTb, . 10H ' rpanyc 

1 11 3\l€p \ ·IIIH:n 113MCp . . 

I ~a.~ r::Ean . 

' KHT i 3-50 ±30 0-360 ±4 60 I 

: KHTA I 3-50 ±.JO ! 0-360 ±4 74 
----~ ~------· 

nM-1 I 3-75 ' ±20 0-360 ±2 
,, 

180 ISO 0 
-+--~- ----

HHI-721 3-100 :t24 0-360 ±2 73 120 60 
~---

• tvf!.1- ~a 3 - - ~0 ::30 0-360 ... , 10 130 80 
• tvl¥fP-36 3-45 =30 0-360 ±4 36 80 20 

'3eHUT-40Y 270 ::30 80 15 

' I·!T-50* I 2-60 =3(1 
i 

0-]60 =5 50 60 15 

: V!TM-73 
I 0-ISO =6 0-360 ±l 73 120 60 

' 
, ___ _;__. __ , - - - - - --- - - -

f!pll.lte'<WIIiC '' - iiii \ -. !.'1 !!0.\I I!Jnflhl JIJ'-5!/ ;1 if{ }(- 73 ?UpOO::OII!I 4C CI<111: . 

nozp eHl/IOCTnh 1.1.3.\ l l![!e! IWI cmw vma npu6eOe/la rJm Je iiU!nllblX YZ-10R, U0.1 blll!Lt 3" 

Huowto.\tempnt HH I --2 I u "Jeuwn ~OY" ocywecmHJlJI/Om HenpepbtfJHYIO pei'u-

cmpafiWO. 

B npaKTIIKe 6ypeHHll HaKllOJ!HhlX-cKBIDiillH B. Eann.:oprocraHe ycnewHo npH­

MeHliJOTCll 3JieKrpo6ypht c reneMerpll'leCKOH CHCTeMoli CT3. CHCTeMa CT3 no3BO­

IUieT KOHTpOJ1HpOB3Th B npouecce 6ypeH:Kll BeJIII'lllllbl 3eHHTHhiX, 33KMyranbflbiX yr-

JIOB II llOJlOlKeHUe OTKJIOHHTeiUI, a TaJ<jf\e HeKOTOpble pelKHMHble napaMeTpbl. 

KmmneKT CT3 BKJIIQqaer cnellytOWHe '{.l!Ihl . rrry6uHHhlil 6noK TerreMeTpHqe­

cKoii CHCTeMhl (6!1C), nry6HHHOe H3MepHTe1lbHOe YCllJOHCTBO (YrH), H33eMHblli 
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nynH TeneMeTpH4eC!Wfi CHCT<! Mb£ ( f-if1TC), lia:JeMHOe 113MepHTenbHOe yt:lflOHCIIW 

(YHI1), npHcoe.rumHrenbH.blH <f>HJ!bTp (<t>O). 

CxeMa KOMnOHOBKit annapaTYj)bl CT3 TIOK33aHa Ha put: . 3. 

Pwc.J CxeMa Koo.~nOHOBKH yJnos CT3: 
I ·- sep-rmor; 2 - roKonpHeMHHK; 3 - Bel!yW3.ll -rpy6a; 4- pmop 6ypo­
soil ycra«osKH ~ 5 - 6ypiUibH<UI KOnOima; 6 - Ja6oi1H3.ll armapaTY!Ja 
TeneCHCTe~tbL 7 - JJlei<TpOOyp ; 8 -· MCX3HH3M 11CKpHBJleHH.~ ; 9 - D.OJlO­

TO ; I 0 - cTaHUHJl ynpaaneHHJI 11 3alliHTbi JJ!et.'llo6ypa; II - nynbT 
ynpasJieliil!L 12 - npl-!eMHo-nernctpnpyJOwee ycrpoHcrso CTJ 

0Ha Bh:J1!0'!3eT CKBaJIGIHHOe H3~1epHTe;1bHOe YC'lfJOfkTBO H Ha:Je "dHOe npHe~J­

HO-perHC'lfl11py10lUee YC'lflOHCTBo. repMeTW!HbLH KOHTeftHep c my6ID!HOH annapa­

rypoii ycTaHasJmsaercJl Han JJTeKrpo6y poM. B KOHTeiiHepe HaXO.li,JITCll.lla1'lliKH H 

JJieKTpOHH.ble npeo6p330B3TeJUI. l1H<f>opMauHll nepe.ll3eTCii 110 npOBOJlHOM)' K.aHa.ny 

CBJ13 ff Ha noaepxHOCTh. B npwe"dHOM yc-rpoiicne cm-Hanbi, nOJIY'Ieirnbte c Ja6oll , 

npeo6p33yiOTCH H OOCT)'TiaJOT H3 npHfiOpb£, 1IIKaJThl K010pb1X rpa.zl)'HpOBaHbl B 3H3-

Y:eHHJI H3Mepl1eMbiX se.TJW!HH. CHCTeMa CT3 paccqHraHa Ha pa6ory npH rHD.pocra-



17 

TH4eCKOM .:~asneaHH .uo l\0 Mfla H Te~mepaType OKpYll<aKJ!lleH cpe.Uhi .uo 100 r'c 

Ope.uenhi M3MepeiDI!I: 3eHI111lhiii yron 0- llO'', a3HMyT 0-360°, yron nonolKeHIUI oT­

KJTOHHTeJUI 0-360°, ornoci!TenhHaJI norpelllHOt:Th ± 2.5%. Hanp.RJKeane mnaHIUI 

800- i 700B. noTpe6n.ReMaJI MOlUHOCTh 200 tlT. 

r eoMelp!l'!eCKHe pa3Mephl H Macca my6MHHhlX np116opos CT3 npuse.ueHa 8 

:a6n 2. . 

Ta6mn.ta 2 
~-----------------
1 Ti1Hop<UMep lt:Jltt:Ht:lc~'h' CT3 i64 

..... ~-::::-::--r--;::::::::::--~- 1 

Cl-:1 liD ~ LIJ-'Di ..._......., __ ____, 
3-133 3-\47 3-171 I 

I 
!lpHCOel{HHHTI:IIhHaJI pe3bOa __, 
Pa3Mepbl, MM 

)l11aMeTP 

06maR IIJlHHa 

)lm1Ha 6e3 uapyJKHOii pe3hOhl 

L ~ .. 1e1cca,_ Kr 

164 
10020 
9520 

4-H-\(\ 
:JIJV 

185 I 215 
\0545 I fJ942 
10045 I 95 12 I 
800 

I l"(l/1 .JUU 

lfyBCTBI1TCJibHblt "J;lt\leHThl (; iJ paOOTa.IOT, HCOOJJb3Y~ CBOHCTBa rpaBHTaUit­

OHHOfO 11 M3fHI!THOrO UO:leH 3eMJII1. 

nPE11.YOPEil\JEHIIE C\.MOOPOUJBOJlhHOrO HCKPHBJIEJIIJ}I 

CKBA)KHH 

rbMeHHl b reo.1orH4ecKoe t.~poeHH~ \leCTopolK.UeHHJI H.W 3a.neli<H noneJHbl ;, 

HCKOflaeMhlX '!e;lOBt:K fie B O!JlaX. ;.!3 "HOI"O fl He H3Ll0. 3HaJI 13KOHaMepHOC1 fl HC-

l ~ IJI!IHeHHll CKMJKIIH 00 r~O .l01"114tCKH\l 11pW111113M. T e. 3HaJI HaOp3Bc1eHHe II CJ~.ill·· 

'IHHY OTXOaa 1300ll , :.!Ol!Uto aCJIQ;Jb:lOB<Hb T~ Ha31>1BaeMblH MeTOJ! OVQOBhiX rpacc , C 

OOMOWbiO KOTOp OrO B03MOJI\110 HOJia.;J.aHHe 3300Jl: B Kpyr LlOIIVCKa. 

Cyll.lHOCTb \leTona 3aK..1lOqaeTCll s nepeHoce roqKH 3anoJKemtll CKBali<HHbl Ha 

senwmHy onoaa B HanpasneHIHI, npornsonorroli<HOM -HanpasneHino :nora onwna 

OpH JTaM TeXHarrorHH nposonKH CKBali<I-IHbl ocTaeTCll HeH3MeHHOH . 

Ecl!lf JKe ncKpi!BITeHHe }')Ke npo113awno, ro HcnpaBHTh era nacne.ucTBIUI He­

o6xonHMO TeXH~eCKIIMH cpe.UCTBaMII H TexHaJJameii HanpasJJeHHOfO 6ypeHH.R, T.e. 

C npHMeHeHMt:M CfleUMaJlbHhlX KOMDOHaBOK. \teTa,UOB HX OpHeHTI!paBaHH.R H Tl:(. 



I X 

TexHW!eCKHe H TCXHOJlOrii'ICCKHC npWU!Hb! npHBO.LU!T K caMOflpOH3BOJlbHOM)' 

HCKpHBllt:HHIO CKBa)KHI!b! BCJlCJ1CTBHe TOrG, 'ITO OHM Bb!3bJBa!OT H3rH6 HIDKHCH 1IaCTI1 

6ypH11bHOH KOJ!OHHhl, nepeKOC OCH llO!TOTa OTHOCIHC!TbHO OCH CKBmKillibl. JTO npo­

HCXOllHT OT '1pC3MC:pHOH H:arDV3Kll Ha ,UOJ10TO, HCllOCTaTO'!HOH ;KCCTKOCTH HH3a OV­

pHllbHOH KOJIOHHbl. 3a30pOB MCll<.!ly UCHTpaTopa:-.lH H CTCHKOH CKBa)!(HHbl. 3a C'leT 

<jlpe3epyeT ee, HeCOBlla.lleHHC OCCH llUJlOTa H HH3a 6ypHllbi!OrO HHCTJlYMCHTJ 11p11BO­

.LJ.l11 K l.l(.)Ollt::L:L;Y achMMC:LpHL.tHoro paJpywcHHii 3d6U>i_ 06a npouecca (¢pe3epunaNt1C 

H aCHMMel'pH'lHOC pa3pyuieHHCJ lTpOXO.LU!T OllHOBpeMeHHO , HO BJlHllllHC K:I)I(,!I.Oro Ha 

npouecc HcKpHBneHHll 3aBHCHT OT KHEK, THna .l!OJlOTa, ropHoii nopOJib!, peltanm 

6ypeHHSI . 

Jlnll HCI0JIO'ICHHll HHX npOUCCCOB HJIH CHH;KCHHll BepOliTHOCTH HX B03HHKIIO­

BCHHSI HCOOXOJIHMO 

6) HCI0JIO'IIlTI. 3a30pbi MC)I(J{}' UCHrpaTOpaMH H CTCHKOH CKll(l)!(HHbt; 

B) CHH3HTb Ha.rpy3Kl1 Ha llOHOTO: 

r) nepHO!lWICCKH BpaiUaTb OypHJlbHyiO KO!IOHHy. 

Jlru Bbin0.1Hemlll yc.Tos1ri1 a) H 6) Heo6xOJIHMa yCTanosKa rronHopa3Mep11biX 

ueHTJlaTopos s KOmf'lecTBe He MeHee .usyx: Hall nonoToM H Ha Kopnyce 3a6oilHoro 

JlBHraTeJlll (IIH6o Ha YbT). 

YcraHosKa 2x - 3x IIOIIHOpa3~tepHb i X ueHTJlaTopos IT03so:lHT yseJIH'IHTL ;Ke­

CTKocn HH3a 6yp>L1bHOH KOJIOHHbl H y'\!CHbll!HTb llep,)l!THOCfb HCKpl!B,1CHI151 Ja:·Kc 

0.: l CJIH;KCH!Ul OCt:BOii Harpy3K!I Ha ilOJIOTO 

BHeKoropbiX cny'lasrx npnMeH~IOTCl! mmOTHbie KOMfiOHot.KH, Kor;:xa O.:Kli<LfiH­

Ha 6ypHTCll CT)'lTt:H'I3TLJM CllOCOOOM : !IHJIOT-ll0J10TO MaHOfO JUtaMerpa - yJL1HHll­

TeJih-)10JlOTO-pacumpHTeJlh - YliT-ET. )f{.:.1aTeJibHO npHMCIUlTb YET KaK MOlKHO 

00,1bWero_.)U1aMerpa. JTo YBeJIHlfHBaeT A\:CCTKOCTb HH3a, Harpy3KY Ha .!10JIOTO H 

YMCHbWaeT 3a3opbi MCll<.!lY TPY60H 11 CTCHKoii cKBaJKHHbl . Yse.JU['IeHHe ocesoli Ha­

rpy3KH cnoco6cTsyer yny'IUieHHJO Texum\0-3KOHOMH4eCKHX rroKa3aTeneii 6ypeHH!! 

H CHHJKCHHIO IUITCHCHBHOCUI HCKpi"BJ1Cll11ll (33 C'leT }'BCJIWICtiHll MeXaHH4CCKOH 
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CKopocnq CymecTB~lOT I<OHcrpyKUIIH Typ6o6ypos, noJBDilliiOWHC spawar& KaK 

,LIOIIOTO-p3CU1HpHTeo1h, TaK II flll10T·!l0JIOTO . 

CHHJKeHH~ sepo!!THocnr ucKpHBI!emUJ CKBIDKHH BOJMOJI(JfO nyreM co3,naHHll 

· paCT!!fliBaJO!I!HX VCIUUIH B HHiK.Hei! '13CTH 6yPllllbHOH KOJlOHHbl 33 C'leT npHMelleHHJI 

Ha.1l.ilOJlOTHhiX yTJ!jf(emneneil (rpy6qanrx, lUICKOBbiX, crepJI(JfeBhiX) . }lJul :noii lKe 

IUHe ycTOH'!HBOCTbiO K npOJl0.1bHOMY H3rH6y 6naronap!! flOBbiWCHHOH JKCCTKOCTH; 

UCHipG6Cii\HbiC cra6ru1~i3QTGpbi 

B Kal.feCTBe npoCpH113KTil4eCKIIX MeponpH!!THM MOryT npHMeH!!TbC!i 11 Herpa­

~HUHOHHbli: COOCOOhl pa3pywemtH ]300ll, T3101e KaK 3p03110HHbi~i, OI' HeBblii, ~3pb1B-

HoH, MarHHTHO-CTpHKWlOHHbiH. O:rHaKo 3TH cnoco6bi p33pyweHH!! ropHbiX flOPOi.l 

He H3WJlH llllipOKOfO OpHMelleHIUI B npaKTHKe 6ypeHH!!. 

H .. \JHA l!EHHf II 06.lACTh OPHMEHEHH . .Sl HAKJlOHHQ .. 

H.\nPABJlEHHOfO H fOPHJOHTA.HhHOfO 6YPEHH51 

UHaX, H3 3KB3TOpH.>tX II Wei!bcpax ~!OpeH H OKeaHOB, ,L10p33pa60TK3 CTapblX Men op O-

;f<.'leHHH, YIL10rHeHIIC CCTKII p:l3p30QTKII , JXpaHa 3C~CTibHblX VfOD,Hi\, YCilleHH~ ·q;L,_ 

:IOIW!eCKHX TpeOOBaHHfi. ClO;t;IihiC I'~I);IOI'H'IeCKHC yc.~OBIIH - r JI3BHble flpli'!Hllb; 

ovpeH HR HaK..lOHHbl'\ f1 fC]Hl10HTJ.lbHbiX CKBaA<IIH*. 

f!CK)'CCl BeHIIOC 0TI\llOHeHHe OCH CKlla;t;!lHbl OT sepn!K<Ll\1 f10,1pa3;le.1Jlt:TC5! d;i 

1-Jakil) HHl'C, 1 C•p11 3011T<C:lbi!Oi:. \IHGf03300HHO~ (pa3BCTBneHHO H<lKIIOHHOe H paJB<::Tn­

.1-:HiiU ropH3llHTa.1bH OeJ t: MHorocTBD,1bHOe (Kycrosoe) 6ypeHHe. GypeHHe TaKHx 

CKBa;KHlf y cKOp.>tCT OCBC'eHiie HOBbiX HCQlTliHbiX H: fa308blX MeCTOpOiKJleHHH, yBeJIH­

'l HB3eT ;:reOHThl II HCQlTCOTL13'1Y ll:13CTOB, Clllfil(aeT KaniiT3JlOBITOA<eHHJI , 06Jlef'l3eT H 

ynpouraer o6cnyllillllaHHe H peMOIIT CKBID!Gm. 

~tnoa TepMHHOM « ropiOOHTa.IlbHllll CKBaJKHHa» CJiellyeT noKI!MaTb HaKJIOHHO HanpaBlleHilY!O 

CKBaA\HHj', !!MeJOUIY!O rop113DIITa.IlbHblll ~aCTOK CTBOJla pa3JIH4HOH npOTllJKeH!lOL'TH. 

f op1110HTaJibtlbiMH C'IHTaiOTCll CI(Ba;K11Hhl, 11MetOUJIIe 3 ~HIIT!Iblli yroJI Ha~HHaJI C 85° II 6onee. 
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8 HaCTOliUiee spew! npaKTWlt:CIVI BCe 3KCniiyaTaUHOf!Hble CKBa)f(!!Hbl 6yp.s!TI.:ll 

KYCTOBbiM '-iCTO!lOM , KOf.Qa Yl-'Tb.!l HeCK0.1bKHX CKBa)f(HH B KYCTe paCIJOJ!OlKeHbl 6mi3-

KO .llpyr K .llpyry Ha O.llHOH TeXHOJIOfR'!eCKOH niJOIUa.llKe, a Ja6on H3XO.!UITC.!I B y-JJ13X 

CeTKH pa.>pa6oTKH . KnrrwlecTl!n cKRitll<t<H R KY~T,. Konl"tlneTr.st nT 2 no HecKOJlhKJ-tX 

necl!TKOB. B fialiiKoprocraHe :no l 0 .. 30 CKBa)f(HH, s 3ana.llHOH CH6HrH .zro 50 - 60 

CKBlDK.HH B K)'CTe. 

CaMhiM 6o.'lbUIHM, cocTO.!IIUHM H3 64 CKBa;KHH, .s!Bmrercll K)'CT, nocrpoeHHbrH B 

:.;eprc: rupu.ua .i1oc-AHnlKerrec, CiliA. !inll JTHX l.(e:rew ObiJIO CO•)pylKeHo cnel.(rranh­

Hoe J.UaHHe, B KOTOpOM Ob!JIO pa3Me!UeHO OypOBOe H 3KCI1Jiy3T.IUHOHHOe o6opyno­

BaHHe. lfHCJIO MOpCKHX CKB<DKHH B KYCTe MOlKeT ,!!OCTHraTb 50 If 6onee. 

BeprHKaJibHO HanpasneHHbiMH 6ypnc11 JTHUib pa:JBeJlO'iHbie H HeKoropbie 

ilpyrHe CKBalKHH!.I CfleUHaJibHOfO Ha:matteHHJI. 

YfcKyccTBeHHOe HCKpHBneHHe CKBa;KHH npHMeH.!IeTCll C UeJibiO : 

npoMbiU!JieHHMMH H lKHJibiMH o6beK'ra~m. oaparaMH, ropaMH, peKaMH, 03epaMH, 

GonoraMH, .riecar.ut~ 

2) 3KOHOMHII OTBOliHMhiX flOil CTpOHTeJibl.JBO O)ipOBbiX flJlOllOJlO,!!HbiX 3eMeJibHbiX 

)"f3CTKOB, JlCCOB H ,Up.; 

3) 3KOHOMIUI 3arpaT Ha CTpOIITe.'lbCTBO OCHOBa.JiHH, flO;J.beJ!lllbiX IT)Teil, JIHHHll 

:.meKiporrepe.lla'l, CBll3H, rpy6onpooo.uoo; 

.J) COKpa!UeHHft Cpe!ICTB II BpeMettH npH CTpOHTe:JLHO- \!OHT"illKltbiX pa6arax ll 00-

CJTylKrtBaHHH npH 3KCl1.11yaTaumt CKBa;KHH C 0.1111KO pacnO.'lOlK·~HHblMH yCTbl!MH : 

5) 06XO,!la 30H Kal<lCTpOfjJR'ICCKHX uor: IOU!<:HHfi. iJOBa.~OB 11 aHapafi B <:TBOJH: CKBa-

lf<HHhl; 

6) _BcKpb!THll npOLIYKTHBHbtx fLlacros. 3aJicra.taumx no.:r no;rorHM c6pocoM !11lli Me­

)I(Jly .!lBYMll rrapaJUieJibHblllH c6pocaMH; 

7) I1pOXO.IlKJI CTBOJlOB Ha HerpTl!Hble ITJ13CThl, 3aJiefa.talUHe ITO)l COJIJlHh!Mii KYJIOJ1a­

MR , B CBll31f c rpy.!lHOCTbiO 6ypemu1 '!epeJ HHX (com, <<£UTblBeT>>, cpe3aer 6ypH!lb­

fihie H o6ca~Hble KOJIOHHbl); 



11 

S) BCKpbiHUI npo;xyK:rMBHbiX rmacros, 3anera!OUIHX no;x .:IHOM Mopdi, peK, o1ep, 6o­

nor, KaHaJIOB, CTpOeHHii ; 

Y) npoxo)li<H licCKWlbKin L:KBa)t(Jttt c GypoBbiX ocHoBaHHH, MopcKirx nnar¢opM, Jc-

raKdjl.; 

I 0) 6ypeHru! CTilOJlOB JlJIJI rnyweHru~ on<pbiTbCX ¢oHTaHoB a Tj'llleHHJI noiKapon ; 

ll)nepe6ypHB2HILq qaCTH CTBO.na CKBa)f"J'!Hbl : 

12) BCKpblH!JI 11pO!lYKTIIBHOf0 IL1aCTa fiOJl Oflpe,'leJleHHbiM yriiOM ilJlJI yseJlH'lef!Hll 

!3)MHOfOJa6oiiHOf0 BCK!JbiTHJl npGJ1YKTHBHOf0 ll.H<lCTd; 

14) raJ~lcpHt<aUIHI yrOJlbllbiX nJI3CTOB H no:n eMHOfO BbllUenaqasaHHSl. 

Oco6oro BHHM3HH~ Jacm'JKnsaer 3apy6eli<Hb1H onbiT 6ypeHY!ll cnet'HanbHbiX 

H<JK/lOHHO-rOp1130HTaJibHO-BOCCT310WIIX CKBUiKHH C Ue11LIO npOIG1a.ilKH KOaKCUaJib­

libiX (JlUOHllbl>.:) .JJOKepOB fiOLI J'YC11J~II1 peK . :.JTI-1 paOOThl ocyUieCTilJlJ!IOTC» Tertepb l! 

B 5awKoorocraHe Yc)JHMCKIIM YnnanneuneM 6vpoBhiX pa6or. CnpoeKTHoonaHn cne­

UH<LlbHOe u6opy.UOB3HIIe, fiOJBO:lJUOU!ee :;aoypHBClTb CKBaiKHH)' 01!3 BepTHK3.'lbHOrO 

nw1eCKH~I .lOMKpaTOM. 1a6ol!HbiM .usarare_1e~t ~BllJieTC)! JneKrpo6yp . CKBali<Hiia 

nposo.:IliTCll non LIHOlol peKH Ha Ll)'OHHe I) . 20 M. OpH Bblxone :wnora Ha nosep-.:­

HOCTb Ha !lpyroM 6eperv pcKII 6ypHIIbHYKJ K0,10HHY COe;IIDUIOT C ll!OKepOM H Opo­

·racKHBaJOT BC\0 CIICTeMy Tfl~ 6 OOpaTHO J( Y'-lbiO CKB<l)KI!Hbl. '3aTe\f 8 LllOKep B60;IJ!T­

C~ rpvo&r \lcllbWero .111<1\lcTDa. ;..oTopbie fivJyT ~BJlliTbC)! npo.1yKronpoBO;J.O\I TaKa~ 

:I!J~,i!llaA h:OHCrpyKU\i){ ::um,cpOB IICt\..110'-!aeT l l[.lO HHKIIOBeHI1e HccpTenpo!lyKTOB ~ [l:> 

KH. mepa. y•ty'l.Waer 'lKo:1onuo ue:rbiX pcnroHOB H HMeeT 6oJiblllOe 6yny1Uee. 

CllOC06bl I>'YPEHJUI HAKJIOHHbiX CKBA)l(I1H 

CymecrsyeT .liBa cnoco6a 6ypeHHJI HaKJIOHHbiX CKBaJKHH: poTopHb!H 11 c npH­

MeHeHHeM 3a6ofi:Horo mmraTeJul. 

POTOpHbiH cnoco6 npe.ucTaBJlJ!eT co6oil npephtBHCTblH npouecc HCtqlHsneHHll 

cTBona CKBllli<HHht nocnenosaTeJfbHbiMH 3apc3KaMH (yxo.uaMH B cropouy). 8 Kal!ecT­

se OTKJIOH!IlOIUero yctpofi:CTBa rtpHMeiUieTCSl OTKJIOIUIIOIUHH KIIHH, Ha 3anane OH Ha-



JblBaeTCJ'! Wlpstock. 0TKJ10ffl'!IOWIIH Klli!H - TO.'ICTOCTeHHM 06C31[Hal'! rpy6a, pa3pe-

3aHHllil no ,iUI3fOHa.~H Ha ;JBe '!3CTit . no Mecry p33pe3a np11113p11113eTCl'! iKi!JIOO. KnH-

Hbl'! MOryr yCTaHaBJJIIB3Tb C73.UHOH3pHO II C'beMHO, npeusapi!Te.'lbHO OpHeHTHIJYll 

iKeJIOO B 33!I3HHOM a.JitMyre . np11 6ypeHHH JlOJIOTO CKOJ1b3HT 00 iKeJIObY, 'ITO npH­

BO!li-IT K IICKpiiBJJCHIII<l CKBaiKIIHbl Ha 3a)J,3HHOM j"i3CTKC. EcnH HafipaHHhlH 3eHHT-

HhiH: yroJI MCl-Ihille npoe~7H0f0, MO:.Kt~ 5b!Tb TIOBTOpHO ycTaHOBJTf:H OTK.JlOi-tHl{)l.liHfi 

KJJHH. 8 HaCTOliW,ee BpeMJ'! npHMeHeHHe OTKJJOH!l!OW,HX KJJHHbCB ocyW,eCTBJIJ'!eTCJ'! 

DP.f"'r_ .,'ll """"'Y.'f"' u ...... ._..,,\..4 ..., ... ......., • .._.._,_ 

C npHMeHeHH~M JaOOHHhiX ,l),BHr3TCJleH 1IpaKTH'!eCKII 008CeMeC7HO, KaK B 

Pocc11H, TaK 11 3a py6eiKOM, ocymecTBnlleTCSI npoaoJIKa HaKJlOHHhlx H rop1130HTat1b­

HbiX CKBaiKHff 8 Ka•!eCTBe 3a60HHbiX JlBHrarenefi HCffOJib3j'10TCll lJ'POOOypbl, OO'b­

eMHble !lBHrarenu, :mefallo6ypbl. 11cropwiecKH nepBbiMH 6blnH ryp6o6yphi; 3aTeM 

noliBHJJHCb o6oeMifbie (BIIHTOBble) JIBHraremt, KOTOpble npH MeHbwefi ,llJII!He (no 

'!aCTOTOH BpaW.eHIUI, 'ITO O'!ellh BaiKHO npH HCnOJib30BaHHII IIX B Ka'!eCTBe 11BIIf3Te-

.. 1e~1 ~-oT!C10HMTe .. 1cfi .. 

Ha116onec non Ho orse'lae-r cospeMeHHhtM rpe6osamutM, npe1l"b.liDJUieMbiM K 

3a6ofiHhiM .JBHrare.'UIM, JneKTpo6yp Bo-nepBbiX, eru xapa!I.'TepHCTHKa He 1aBHCIIT or 

napaMerpos pel!U!Ma 6ypeHID! (or ocesoii Harpy3KH 11 pacxo;:(a npoMhiBO'IHOH iKH.l­

KOCTH) II, BO-BTOpbiX, HMCeTC.ll B03MOiKHOC7b nOCTOl!HHOro KOHTpOJIJI -rpae!<TOpHb!X H 

HeKorop&ix npymx napaMe-rpos, nepc,lasae\lbiX c 1a6o!! Ha nosepXHOCTb no rpex-

iKfL'IbH0\1)' cnellHaJfl,fiOMY Ka6emo . 

fiPO<llliJUI HAICIOHHhLX CKBAJKI-1H 

oonhwoe JHa'leiUie B H3.KJIOHHO HanpasneHHOM O)''IJCHHH HMeer npasH:Ihtlblii 

Bbloop npo<jlH.'UI (sepTHI<allbHOH npoeKUHH) CKB<i)I(ID!hL PauHOHa.'li>HI>Ifi rrpo¢1L1b 

n03BOJUieT ,ao MIIHHM)'Ma COKp3TIITh pa6ory OTKJIOHJIIOlllCH KOMllOHOBKH Ha B03-

\10lKHO Mem.rnefi rny6uHe. o6ecne'!HBaer Heo6xo.rtHMoe cMeweHl!e 3a6ol'! orHocH­

renhHO YCThl! (no rOpH30HTai!H) H I{OHYCTHMJW HHTeHCHBHOCTh HCKpHBJICHH!!, a 

T3.10Ke CBOfiO.LlhOe npOXOlK.LleHHe no CTBOJJY KOMOOHOBOK fiypHllbHOH H JKCnnyara-



COBJlCMCflliblMlt MCTO)laMH 11 o6opyJIOBaHHCM ;lOCTaTO'IHO !lOJlfO !! 6e3aBapHHIIO . 

Cm:;.\Otla re;tbHO, ttputjli1Ilb HaKJJOt:UiOH CKBIDKRHLI Heo6xoJ:tHMo Bb16pan. Ta­

KHM , 'ITOObl np11 MIHIIIMa.rtbHb!X 33lp3Tax BpCMCHii H cpC!!CTB .II.OBCCTH CKB3lKIIHY .110 

npoe:-TIJOH my6nnL: 6e1 oc,~o;KHenniin asapHH, o6ccnC'!HB Ha,n.aeJKamee Ka'ICCTBO 

ill!li .!LJllo!TCJlbllOH II 6e3aBaDniiHOH ".lKcrvryaTaUHH 

fCOilOrO-TCXHH'·ICCKIIM yc.lOBH!IM II TCXHOJlOn!'l(:CKlfM lpCOOBaHHHM 6ypeHHll H 1KC­

llJlyaTaUfiH npo<\JHmt CKBalKHI! C,1e!J.yi01UHX THllOB (pHC. 4) 

A A 

+ ' I 

flpocpHab THJla A COCTOHT 113 rpex yl.JaCTKOB: sepTHK<LlbHOrO I, yya,:Tt;a i iJ­

,)opa lellllTHOl"Q \T:;a : . j"'l:lCTKa CTarH:HI"laUHH I HaK.10HHO-np~MO'IIIHefiHG f O) Ri:­

.l lPHIHhl 3CHiiTHOI"C \I :1;1. np0,10JIJ!\3iOlllCfOCJI .lO npoeKTHOH fJlyOHHbl CKil3iKHHbl 

flpuMeuem-1e :noro npotjll!nJt no3BOIUleT .10 MHH.HMy'Ma orpaHH'fHTh YHCJlO peilcoa c 

OTKJlOHHTene~t , f10.'l}"U! l'b MaKCI!Ma.rtbHyKl Bellii<JHHY OTXOJia npH MHHHMaJibliOM 

3Ha4eliHH 3eHHTIIOfO yrna 0TCYTCTBHe neperHOOB CTBOJla 06Jierl.JaeT H jiCKOp!!eT 

cnycKo-nonbeMHble onepaui-IH. 3KcnnyaTallHJI CKBIDKHH c nono6HhtM npoqmneM He 

Bbl3btBaeT 3arpyJIHeHHH. OJLHat<O 6ypeHHe }"'acn<a cra6munamtH rpe6yer cneuw­

_arrbHblX KOMrJOHOBOK IIH3a 6ypiUlbHOH l<OJIOHHbl (KfffiK) H BbiCOKOH TeXHonorH•Ie­

CKOH ,UHCUHrtJli!Hbl. 



f1pOQJHT!h 5 Tal\ii\C COCTOHT H3 1-pex }''laCTKOfl . Ho B OTI!Ii'IHC OT A TPCnni 

}'laCTOK - CCTCCTBCHHOrO CIUiiKCHIUI (na)!CHHJ!) BCJlH4HHbl 3CHHTHOrG yrna. B 3Tm1 

CIIYlJae HC06XO,l{HMO na6paTb 6ollhUIHH 3CHHTH1>Ifi yron lrTPH TOM JKC OTXO,ne), 'lTO 

VBCIIWIHBaeT OO'bCM pafiOTbl OTKJIOH!IlOlUCH KOMOOHOBKH , yxyll.UlaCT flpOXO,QHMOCTb 

HHCTP)'MCHTa H reocpH3WICCKJIX ITpHfiopoB, OCJIQ)f(HlleT yCJJOJIHll 3KClL'lY3T3UHil 

CKBaiKHHbl. 

npo<jJIDlh Tl!lla B HMCCT 4eTh!pe )"IaCTKa: sepTHKaJibHhlH I' na6opa 3CHHTHO-

(OObi'IHO Rn <R ' s) H sepTI!KaJibHoro )'43CTKa 4. 

Opo<j!Hnb Tuna Jl nMeCT nl!Th yqacTKOB : sepTHKaJihllbiH I, na6opa JeHHTHoro 

yrrra 2 no panHycv Rll, )"laCTOK CT30HJIH3aUHH 3, y'qaCTOK llOHa6opa BCIIH4UHbl :!C­

H>ITHOro yrna 4 no pan11ycy R ' n c BXO!lOM n nponyKTHBHblii nnacT npH yrnax 85" 11 

6onee H rOpH30HTaJlbHbiH yyacTOK 5, npOXOlll!IUHii no IlpO!l)'KTHBHOMy lL1aCTY 

nee ntc~ Merpos (aKBaTopHJJ Cesepnoro MOp!!). 

I1pacf;artS DE1a r COCTOHT H3 qerupex J~aCTKOfi~ IiO B OT.TH1tfH£. OT THT13 R nn-

CI!C BCpTiiKaJibHOrO [ 11 y4aCTKa Hafiopa 3CifliTHOro yrna 2 6ypHTCll H31010HHO­

r!pllMOIIHHCHHbiH y 4aCTOK 3, nepeXO!llllUHH 33TC~t fl y'laCTOK 4 - fla!lCHHll JCHitTHOro 

YL1a. 

Opo<j!HIIh THITa E COCTOHT H3 llB)'X y'laCTKOB: BepTHKaJlbHOrD H YlJaCTKa 'd<LlO­

HHTCHCHBHOfO Haoopa Bt!mi'lHHbl 3ellliTHOrO yr.1a flO 00.1bUIOMy panlf)'C)' Re JTOT 

THTI npo<jJH.Tlll MO!I\e'f ObJTb TipHMeHCH npH HCTIO:Ib30BaHIH! 6e30pHCI!TI!pOBaHHOrO 

oypeHHJI, JJHOO B c;IY'Ial'!X paOOTbl ca~lOOplleHTHpyiOUUJXC){ OTt<,10HliiO!UHX CHCT0.:\1. 

' 
KOTOpblC B H3CTO.SI!Uee BpeMll H34a:TII OOJIBJiliTbCJI KaK B POCCHH, T<lK H 33py6eJKOM 

AJi3HH3HpyJI BCe npi'IBelleHHb!C THI!bl crpo<jJH.!Ieii , BHllHO, 'ITO see Olfll HMCKlT 

nepBbiH sepTHKa.'lbHbiH Y'l3CTOK, KOTOpblH Heo6XO,l{IL\l .!lJUl C03.!VlHJUI MHHHMa.'lhHO 

aeo6xomtMOH aarpy3KH Ha n.onoTo. BTopblM scer.11a l!BIUICTC.II yqacTOK aa6opa se­

I!H'qHHbl 3eHHTHOf0 yrna. 3llCCb OCY!lleCTB.llUOTCll pafiOTbt TIO 0pHCHTHpOBaHH10 OT-

KIIOHHTei!H 'la!Ue scero npi!MbiMH MCTO;:Ia.\tll, TO'fHOCTb i<OTOpblX 33BHCHT OT rny6H-

Hhl. 
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!10 cjJOpM yne !vf = J' .J n MOlKHO onpe,!lt:JTHTh Ollii16Ky npH np~MOM \ICTO;re 

Opi1CHHIPOB3HII~ OTKJJOHHTCJUI (CTIVCK IlO MCTKaM). ]J1CCb M- OllillOKa B rpanycax, 

n - •mcno cnyllleHHhiX TIJVO (MerOK Ha 1'py6ax) Tio1TOMy CTJlCM.siTc.sr CJTH p:16or~r 

flocKOJihKY HaH6on~>wHil. o6beM 6ypeHH.si npHXOJ1HTCll Ha 3anaJ(HytO CH6Hpb, 

l.i(e iiCilOJib:Jyercx KYCWIBOH cnucuu pa3oypHBaHH.si MCCTOpOlK.!lCHHH, IlpHBCil,~M xa­

paKTepHbiC T"lllbl npocjJHJJCH LL1~ Il3HHOrO peniOHa. 

I1p11 seml'lHHe orxona i"IO j(J(J M rrpHMCH.sieTCll rrpocjJHJih A, np11 6orrbWiiX or­

xonax - npocjlnJTb r~ma r 
flpH 6}TtCHHH CKB<UKHH C rOpH30HTa!lbHh!M OKOH'IaHHCM IlpHMCHlleTC:>. IlpO-

cjJHJib)]. 

Cor.1acHo cywccraytOWI!N aHcrpyKUW~M liHTCHC!iBHOCTh Ha6opa 3CHHTHoro 

yLla ue !IOlliKHa npCBbllliafb l03Q ' Ha 10 \1. (R,nm=3 82 M), a M3KCIIMaJ1bHOe 3Ha4eHHe 

- .... _,,11 
l cHHTHuro YL•d Ha y•Ia.:J i\t: c.rauf1mnamm"' .::u IlpH MaKCHMaJlbHO B03MOlKHOH .:r·o 

npoTlllKCHHOCTH. KaK npai!HJIO,Ha TaKHX Y'IaCTKax r.poeKTHpyerc~ y craHOBKa :)UH 

Tipa1<1'Ht;ofl y<.:rai1lHineHu , 4TO ynoB.leTsopHTCJThHaJI :.lKcrmyaTailll!l :JJJeKTpo-

norpyJKHblX 11 WTaHfOBbiX HaCOCOB o6ecne4HBaeTC51 UpU JeHMTilhlX yrnax 20 .25 , 

Tpex- H '!eTbip~Xl!HrepBa.1bHhlii npo(jJHJlb umpoKo pacnpoc-rpaHeH B T ii\IaH,;­

ne'lOPCKOM 6acceilHe , B Cpe;J.HCM DoBOc1lKbC, b3illKOpTOCTaHC 11 TarapCTaHe np~i 

6ypeH!m KycroBbiM ~IeTO.lOM (rrpmfJH;lH THTIOB A, E, B) 

3apy6CJ!\Hbli1 Ollbl r CtpOHTe,lbCTBa :-;ycTOBb!X I;KB3.lKHH CI\HLli:TCJlbCTfi\' ~T ,; 

TO\L ' ITO BC.:C 60JTbWCC K0.1!!'1eCTBO Hai0IOHHhiX CKBalKffif 6yp11TCJl 00 npocjlu:;~M !!1-

11a .\ 11 Jl (HHor;J.a 6eJ y•1ac'TKa 5). MoryT OhlTb H sapHaHTbl npocpWI~ )]. (.uyra OK­

py;ImoCTH, OOJThmoil. JUl!IHbl HaKJJoHHo-npliMO.ITHHCHHhiH y'laCTOK, yqacroK c noCTo-

HHHO BOJpaCT310WHM JHaqeHHCM 3eHHn!OfO yrna). 

DpoqmrrH nrnos A H )]. (pa3Hh!X sapHauHii) Bhrro,!lHo orml'latOTCll or IIpyntx 

reM, 'ITO He HMetOT nepem6os, :rro ynyqwaer npoxOJlHMOCTh HHcrpyMe!fia, CHH­

lKatOTC.sJ CllJibl COilpOll!BlleHH.si np11 ,I{BUlKCHHH 6ypHJlhHblX H 06C3llHblX KOJIOHH. -

0'leHb nepcneKTHBHbiM l!BJlJieTCj( JlByxHHTepsanhHbiil nm npo<jJHJUI E, pa3pa-

6oTaHHbiH BO 8Hl1lffiT, COCTOJ!n:udi lf3 seprnKanhHOfO yqacn<a, IUiaBIIO nepeXOJVI-



utero B nyry OOJibll/OfO pa;myca (Mai!OHHTeHCHBHbiH Ha6op BeJIH'IHHbl 3eHHTHOfO 

YL'Ia) . 

Heo6xomrMo onteTHTh, 'ITO a6co.'!tOTHoe 6onhu.tHHCTBO rrpoeKTHpyeMbiX TH­

noR "fHltfumetf ~Bnile. TCJI IUIOCKHM • OnHaKo B noouecce 6voeHKJI, oco6eHHO B 

CJIOlKHbiX fOpHo-reOJIOrH'!eCKHX YCJJOBitl!X, npOHCXOJIHT HCKpHBJleHHe CKBalKHH, H 

iipOcjlliJ1b CTaHOBHTC!I npOCTpaHCTDeHllblM 

ITPOEKTHPOB.\HHE H PACl!ET DPOtDH_i!Ef! HAKJ!OHHb!X 

CKBA}KHH 

l . J-la>,tH paCOJilTpHBatOTCJI IUIOCKO HCKpHB.TieHHble CKB3lKHIIbl (p!!C. 5) 

npoqJH.'Ib COCTOHT H3: BepTHKaJTbHOro Y'laCTKa Hs; y'laCTKa ua6opa seml'mHbl 

3eHHTHOro yrna no patruycy R, HaKITOHHO-np!!MOJIIIHeiiHoro L 

H 

I 
i 
I 
I 
I 
i ,. ' ! ' . 

R, 

, ! I . 
-L-~ 

A,~ 

PHc.5. CxeMa K pacqe-ry 
TpeXHHtepBaJlbHOrO npOQliWI 

. C yqactKOM CTaOIUUBaJJ,IDI 

HcxonHbie ttaHHbie: H, A, Ha . HaLto 

onpe11.emub · R,, H 1 ;H"; A, :.A 1 ;r1:L~•,, . PaaH­

yc R MOlKHO HalfTH, 3HaJI ;J.onycTHMytO HH-

reHCHBHOcTb ua6cpa yr.rra L lfac.To I 

Lc111 i = 1•5"/ mil 
I 10.>1 ' 

R, = 573 = 573 =382M ( 7) 
. 1,5 

\lon<Ho Haii.TH R1 H 110 cpopMy;te [1] 

0. l25(.uJ. 
R.=------- ( s j 

raTe.1J!: 

~ - 3330p MelKJIY CTeHKOH CI<BalKHHbl H 3a60H-

· fth!M .:umrateneM 
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¥13 no.'lyYeHHbiX 'JHa•leHHH R, BhiOHpa.IOT 6onbll!ee. 8 c:roii<HhtX reonc>ro-

TeXHHYecKnx ycH•JBlliiX ysenwut'llalOT R, Ha 20 ... 25%. 

H = H, +H, + H, =H. +R, -sina, + L ·cosa,; 

-~ = .~, +A, = R.,ii -cosa,) + L ·sin a, . 

Pell!all CHCTeMy asyx ypa.aHeHHil OTHOCHTe.'lbHO a,, noHy'IHM 

R ' " '' · H 1fl 2 
· A1 ?A" I\ , , , - .~I "t" ,, 'i D "t" -- ,, , 

a 1 =arccos 
2 

, 
(T<,- A) +Hr. -

( 9 ; 

1. Pac•feT -rpexm!TepBaJibHOfO npOcpHJJR CKBIDKHHbl (pHC . 6) 

Dpoqmm; coCTOHt 11:1 aepTHKaJibHoro y'lactKa; yqacrKa Haoopa senWIHHt.l 

~TQ,1 BXO::la B rmaCT - R<.:pn!KiLlbHbiH 

H.a.Jo onpe;.remnb R1Ji 1:H.::A1.A: :(I;,R; 

AHanorwmo rrpeJlhlilYl!.leMy pac'-ICTI onpene:u~eM 3Ha'-!eHllil R 1 

.~ .! 2 .,.(H -HJ 
. {. -= ---·-------- f{ 

. .., ' . J 
H-H i, 

u , = arcsm --~ 
' J? , +_I( 

A= R1(1-cosa1) + JS(I - cosa1). 



U6wM .JnHHa no cTso,1y: 

L11;w = Hs +0,0 1745-RI·ar+O,O 1745-Rl·(ll. 

Ec11-1 :.Ke yroJr sxona n nponyKTHBHblH nnaCT He 

[laBelf 0 (T.e He BCllTHKa'lbHbiH), a paBeH a., TO, 3a!laBa-

51Cb HHTCHCHllllOCTbiD (TeMnaMH) ua6opa H na;reHW! 3C-

R, 

rne 

2(A- B)·cusu
1 

(' = H - H 11 - R1 • sm a, 

cos a; 

(II) 

·l- B) ·SinCll ; P1-~o:6 . C.-..:eMa r.: pac'lcry 

·rpt:XHHTCpBa!lbHOrO npo­

<PH.1~ C yqaCTh:OM CH~I iKC-

3. Pac'leT 'leTblpeXHHTepBanhHoro npo¢Hllli cKBailillH (pHc.7) 

Ilpo¢Hnh COCTOHT if3 BepTHKaJihHOrO Y'l3CTKa; j"'ial"TKa Haoopa ae.HH'lHHLi 

3eHJITHOfO yrna a :; HaJ<.aOHHO-np!iM(UHHeHHOrO yi.JaCTKa {rum )ltlaCTKa CTaOIUH3a-

UHII) H yttaCTt\a M<l.JlOHHTCHCHBIIOfO CIHDKeHH!I ( na.leHH!I) ReflH'IHHhl 3eHHTHOro yr: Ja 

CO BXOD.OM B npO!IYKTHBHhiH 0..1aCT C yrnoM a,. 

)H<Ul ; H 1: fl : ~ , H3XO.'lHM II, H j i, 

Onpene:u1e~ a, -)'Ton axoaa B rmac-r : 

. R, - ( H - H - H ) · sin a, + (A - A ) · cos a 
cos( a I - a 2 ) = • , I R 2 . I I 



2') 

H =-'_1'--. . 
l lj~~~ · 

·.:-. , i 
\ ... j 

nposepO'UibiH pac·~eT A=·~+~+ ;l,. 

PHc. 7. CxcMa K pac•1e-ry •Ienl 
!JeX~HTCpAa.f1bHnro npn1"1• ;,.,. 

8 T:JO.~ . 3 npHBe;Iel!bl ·ma4CHllil HHTCIICflBHOCTeft HCiqlHBilCHH.J! H pa.llHYCOB 

0 2 

0 . .5 

Be- KpHUIIJ • 

1!11." 

l "lii;K~iiHJl) Be­

; .llFUHibl 1eHHT· 
K!)HBHJ­

Hbl. \ i 

Ta6:mua .; 

Te~m Haiiopa tcH;;::'fi;t;~-;::c-
:KeHWI) BemtYiiHbl l KpHBH3-

; JeHHTHOfO yrna, , Hbl , M 

i rpa.n/lOM 

8bt6paHHblH Tim npotjlHJlll 3Ha4lffCilbHO BllH!IeT He TO!lhKO Ha H3HOC OypH!lb­

HbiX Tpy6, speM!I cnycKO-nO,ll'beMHbiX OnepaUHH , TeXHHK0·3KOHOMH4eCKHe r10Ka3a­

TC!lH 6ypeHHll H KpCruieHH.J! , HO H DC30rlaCHOCT'b Be,!leHHll pa60T no CTpOIITe!lbCTBy 

CKBaJKHH . ECJIII cpaBHHTb Harpy3KH Ha KpiOKC npH rlOI\'bCMe HHCTJlj'MCHTa H3 CKBa­

:.KHH np!i np04HX p3BHbiX yCHOBIDIX, KpOMC Tima npo<fJIUUI, TO, HanpHMCp, []0Ka33-

HH!I ['HB npH npO<fJIUIC (pHc.5) Ha 28% MCHblllC, 'ICM npH npoqlll .. 1C (pHc .6). (2]. 
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TaK~l:l1 oop<UO\L C UC!JbJ{J CHIU<eHHi l Harpy-lOI' Ha Kp!OKe HCOOXO.UHMO BhlbH­

paTb npo¢HJJH oe3 nepenJOOB . Hawiy'IIUHM C'IHTaeTC.II rpeXHHTepBaiibHhlil, COCTOJI­

umii H3 cne.rryroiiiiE y•iaCTKOii : iiep1HKa.JibHoro, Ha6opa seilli'IHJibl 3eHHTHoro yr.1a H 

'H3ru10HHO-npliMOm!HCHHOrO. 

8 H3KJIOH HblX CTBOJ13X 3arpy.!IHCHO C03)laHJie OCCBOH Harpy3KH Ha ,'IOJJOTO H 

B m6n. 4 npnBellCHhl naHHhiC no Harpy3Ke Ha KpiOKe B %or co6t.<BeHHoro 

I 1ermr- I 

0.05 0,1 

[11 
l-J · 

Ta6m!Ua 4 

KoJcjlqmuue1n rpem1l! cT<L1h-ropH3JI nopoJia 
----.----c-----1 

0,15 0,2 0,3 0,4 0,5 i 0,6 0,7 
~~~+--~+---~~~~-r~~~~~~---~-+~ I --. 

98 97 96 95 93 92 90 ___ j 88 : 86 1 

,---2-o-+-9..:_2__:. __ 91 89 s1 84 so 7 ~' 1 - 73"--j 7o~ 

30 84 83 79 77 72 67 62 ! 57 I 52 i 
~--+---+-~-~~,--~------~---~--~---~---~---~ 

.__4,..,0_+-----:-' :>:-" ~1---=-'ll=-- ---j- -,ci-:-'i --lt---,64-:-. -t-' _:i..,.7_t--:)_1 -+-4_'! _ _,__:,_' 8_+-_3_2 __ ~ 
50 60 I 57 53 r 49 1 41 34 26 18 II , ! 60 . J 461-4-:-l-t----:-3-:-7-- -3-3-+-l -2-4--;--i -l-5-+--7 __ _._ __ +-----1 

i 70 I 30 25 20 15 . --- 6---r---~ - I 

[ 80____J____I1 -'8- '---'3'-- --'--- _ _L, _ __Lt--·~-------'---
l13 np~IBe!leHHbiX ,laHHbiX BHJJIO, 4TO ecmt 6ypHD.bHaJI KOTIOHHa 

paCUQ,10)1(eHa B HaJ<Jl.OHHOM £JpS!~OJTHHeHHOM CTBO,'le C 3eHIITHbl;\l yrJlOM 

20° npw K03cpqmu.weme TpeHllil 0,4, TO 80% co6craeHHoro aeca KO:lOHHbl 

peamnyeTCll Ha ee npOJ.fHGh:emre B.lOJib OCH CKB<l)I(HHbl H Ha Harpy3KY Ha 

.uo,'loTo. L{!HDKCHHe noJmocTbiO npeKpanncJI npH 3eHHTHOM yro1e oKmo 

68-70° gBHJKei!He 6ypHllbHOH KOIIOHHhl B 1TYIX c;ty<i<UrX BOJM0){\110 TOJib­

KO !Ipll nplL'lO}KeHHH K HeH BHeiJJHHX CI·W. 8 POCCHH B JTHX CJiytlasiX- j'C­

T3H3BJlHBafOT YET li' BepxHei-1 lfacTH 6ypH.nbHOH KOJlOHHbl If npH MaJihlX 

3H3lleHIDIX 3eHIITHbiX ymoB, a HIDKIDUI 'f3Clb KOMillleJCIYeTC~ H3 aJI[()MH-

HHeBLIX 6ypiDibHh!X Tpy6 A£T Maplill ,lll6T. 3a py6e)I(OM KpOMe aJIIOMH­

HHeBblX UCOOJ1h3YJOTCSI jJefKOCIUiaBHble Ipyfihl - Cfl.IlaB H3 a.IIIOMHHWI H 
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THTaHa. KpoMe Toro. neo6x01U1MO CHI·IIKaTh K03cpcpHUHeHT -rpeHHl! 3a c'leT 

npHMeHeHHB cneU~IalbHhiX 6ypOBhiX npOMbiBO'lHbiX liGillJ(OCTeH H CMa3bl-

B3!{)ll!HX !106a80K. 

pony. 
Ta6JJHua 5 

ITosepXHoCTb ropHofi nopO.Llbl ! 
i I noKpb!Ta r;mH~ 

f OpHall nopona CMO'IeHa so- I CThJM pacTBopoM 
(:_.yxa5t I 

(p= \]2/C.\f, 

,uoii 1:, . T=25-2&) I 
~----------~-- ~ 

fJTHHa lKHpHall -----'----'()-'-14-0 .18 0.08-0 .12 0 06-0 09 
f IIHH3 neC'I3H3ll 0.25-0.28 

0 20-0.25 
0.10-0.26 
0.15-0 20 

0 20-02 7 0 ! 8-0.25 
' fJIHHHCTb!H CJ\al!eU 

.. Meprenb 

113BeCTH!II\ i 0.35-0.40 033-0 38 
·-·-···--- --- ------- - · '-"-~-"----L-

lJa.lOMIIT 0 . 38-04~ 0J8-Q.40 
AHrH!!pftT __]___ __ -_ _ _ __ ___ 0 39-0.4 5 
ITec<uumK c,aoocue\leHTH- ; 0.30-0.40 0.27-0.40 

0.18-0.22 _ j 

O.ll-0.13 
0.20-0.24 
OJ l-035 
0.34-0 .38 
037-0.40 
0.25-0.35 

' ITec'laHHX KJ?enKc:.:.m::.i ____ _;_____::.0.:..4.:.::3c..-.:.0~4S . 0.20-0 .30 0.40-0.43 
KsapUHT 0 46-0Ai:l--~QAM.-iS-·-0.4_~0.4~-~- -

-:r_.p_aH_HT ______ __ ________ ________ l_J ~7~_o_s_5 ___ o_.4_s-_o so ___ _9J_J_--o_s_o_ __ 
KaMeHHhiH vro.1b 0.38-0.42 033-0.36 0.30-0 .33 

IIPOEJ:-'TIIPOB.-\HI IE II P.\CliET nPO<IliHEfl 

1 OPI 1'30HT.\.IbH bi:\. CKB.-\A\Hil 

Bce~wpHbdi HecjlnHoH KoHrpecc. llpoxoru!BWHH B XbtocToue (CWAJ B 19'1 I 

!"Oily, Ha383.1 Herpa.cJ.IIUHOHHblM MeTO,UOM .J06bl'l)' Hecjrm H3 ropH30HTaJlbHbiX CTBO-

:IOB CKB3iKIIH . 

l1.ne10 6yp1Hb f0pH30HTaJJbHble CTBOJlbl (ropH30HTaJJbHbJe CKBalKHHbl) BbiCKa-

3aJl npo<jL Bna;u~cnl!Bnes eme B 1941 r.(CCCP). 

r1epsbre ropH30HTailhHbie CKBaiKHHbi Ghllrn npo6ypeHbl s 5aUIKHpHH B 50-x 

ronax Ha KapTalliOBCKoi1 rmowa.o.H noll pyKOBOJlCTBOM H.A.fpHropl!Ha. 8 HaCToa­

wee BpeMJI B !)aliiKOpTOCTaHe npofiypeHO OKOno 100 rOpH30HTaJlhHbiX CKBll)f(f!H, 'ITO 



COCTaB.fJJH!T upH~epHO !lOJIOBHHY BCeX ropH30HTa:lbHbiX CKB3jj{fiH PaCCIIH f1por110 l­

llble oueHKH 3apy6e>KHbiX cnemmJTHCTOB, caenaHH&Ie n cepe;:mHe 90-x ronoB no Ko­

,,w,ecny ropH:!OHT<LlbHbiX CKBaA<HH Ha 2000 fDtl , COCTaBJU!IIII. 6-6,5 TbiCi!'l CKBa­

){(HH. OnHaKO ceroli!UIUJHne oueHKH ~ nOPi!1lKa 25-30 Tb!C!Ilf. 3ro CBl!JaHo c rc"'· 

'ITO ne61tThl npH -:no~t B03paCTa!Or B 4-8 pa3 (onLrr KaHal!b!, Hr<LlHH), 110 40 pal 

(EopHc!laB, 3ana.o.H9...9. Y~:p~i-1Ha), a 5-l 0 pa3 (CTTT.A.j no cpasHt.=HHJO c ;:re6HT!lMH oep-

TIIKaJlbHblX CKBa)f(HH. 

.~ .. ...,..,....., .... 
1...1'1.._, Ll,.. ,\101 

MeCTOpOJK,ileHHH rapH30HT3!1bHbi'-HI CKBa;rcHHaMII. i) napanne.'TbHO-:IHifeiiH)'Kl , 2) 

OJIO'IHO-m!HeiiH)'TO; 3) clj~leByJO; 4) pal!H<L1bHO-JlY'IeByiO (pHC. 8). OnHaKO reopmt 

pa3paOOTKII He4lTi!HbiX ~teCTOpOli<JieHlli'! ropH30HTa.TJbHblMH CKB3li<HH3MH !lOKil HC: 

cywecrsyer, XOTi! Be.J)''TCl! HHTeHCHBHble paOOTbl B 'HOM HanpaeneHHH. 

2) t 
_J_ 

t 

• 3) 

!/ 
1\ 

' \ 

Pwc.S. CHcre.\lbl pa3pa6aTt<H Me­
c-ropoll<lleHHH rGpH30HTMLHblMH 

CKB<liKHHaMII 

\ 
\ 

Opo¢an& ropH30HTaJlbHOi'l 

jj{ei!HbiX Mell<lly co6oti qacreii Ha-

HDro yqacrxa. 

non HanpaB.ili!IOUleH '!aCTbk) 

npo¢Hllll cnenyc: r noHifMaTb '!acn 

CTB0.13 CK83AGIHU OT y<:Tbil !10 TO'fKll 

C 3a.laHIIbiMH K0upm!H3T3\1H 113 

~DDB.1e I'UIH B Ca\I0.\1 npO!lYKTl!BH0:-1 

nnacre, i!BJUIJOiill!MCll Ha'I<L10\f ropl1-

30HT<L1hHoro Y'HJCTKa. flpH'IeM ro-

pH30HTaJJ&HhlM MO;KeT C'IIITaTbCll 

y<JaCTOK, HMeiQUUfH B CBOeM l!a'la.1e 

JeHHTHhlH yron s 83-85 ° H 6onee. 



npH npoel\fllPOBaHHH npo¢11JU1 He !lOmKHO Ob!Tb nepent60B ero CTBOHa, T.C. 

HC .lOJI)KHQ Ob!Tb yqaCTIWB CHIDKeHIUI BeJIH'fHHhl JeHIITHhrx yrJIOB. 

[ lo BeJIH'H!He pa.!lHyCOB KpHBil3Hbf CTBOJIOB paJJIH'!aJOT 3 THDa npo<jliU!lt 

ropH30HTIUihllhiX CKBaJIGIH: c 6onhlliHM pamrvcoM (6onee 300 Ml. cpenHHM 

pJ!llfYCOM (J 00- 300M) H MaJih!M panH)'COM (10- 60M) 

npH KyCTOBOM cnoco6e 6ypeHIUI C OOJiblllliMH OTXO!laMH ll npH MHHe 

- 1 (\(\(\ • - -~ n IVVV M t1 6oJJee. 

CTJII!lJpTHJ!! TCXIIHKJ H TeXH0,10riUI HaKJJOHHO-HanpaBJTCHHOfO OypeHHll , 

1103BOJ!lt!Oil.la!l ilOIIY'IaTb HHTeHCilBHOCTh HCKpHBJTCHHll llO 2 .. 2,5° H3 l 0 M. 

r opH30HTallbHhle CKBallillHhl co cpeJlHHM PMHYCOM npriMeHJIIOTCll npH 

6ypeBHH KaK O!li1H04Hb1X CKBa.JIGIH, TaK II Mll BOCCTaHOBJICHHll npOilYKTHBHOCTH 

JKCOHyaTaUUOHHbiX CKBaA<HH. rip I! JTOM ~tJKCHMaJihHa!l HHTCHCHBHOCTb j = 3 . . 8:: 

BblfiOJIHJ!eMble 110 Cpe.LlBCMY pannycy. HJHOOHee 3KOHOMIIlfHhl, T.K HMCIOT 

pa.JHYCOM ), o6ecne4HBa!OT OOJiee TO'lHOe nonanaHHe B 3J.'IaHHYIO TOI.fKy Ha 

I!ORepXHOCTH 11pO.JVKTI1BHOf0 IUlaCTa, 4"10 BCCbMa 83)KH0 iljlll HaJJWUG1 TOHKH \ 

ilt<jlTliHb!X H fa30BblX IL'TJCTOB. 

fopH'30HT<LlbHble CKBaJIGUihl C M<l.!lbiM Pa.IDIYCOM ycnell.lHO HCJIOJih3YIOTC!l 

11p11 pa36ypHBJHlHI MCCTOpOJK.,'IeHII~L HaXOJlllll.lHXCll H3 no:J;:IHeH CTaJ.HI1 

>1\Cf':tyaT<liliiH, a T<lf;:-l\e npK OypCHHH BTOpbiX CTBOnOB H3 paHee npo6ypeHHblX 

CI\B<UKHH . .Un!l :norC' Bbipe3a!QT OKHO, nH6o nOilHOCTb!O ¢pe3epyerc.!l Y'lacroi< 

o6ca.'IHOH KOJJOHHbi LL11HJOJ1 B 8-10 M. B m1x ycnoBHJ!X Hacocuoe o6opynosaHHe 

f10\Iell.la!OT B OCHOBHOM CT80;1C, fipHlfCM jf(eJJaTem.HO, 'IT06hl BCnll'lHH3 3CHIITHOrO 

yrna Ha y'laCTKe ero ycraHOBKH H BhiUie He npeBblll.laJJa 20° 

11HTeHCHBHOCTb HCKpHBJieHIDI Ta¥..HX crsonoe MOjf{eT ObiTb I .. 2° Ha I M npH 

panHYcax 25 . . 50 M, a nnmra ropH30!ffa11hHoro yqacn<a ilO 90-150 M. 

EcJH! 6ypemte CKBa.JIGIH no 6olThUIOMY panll)'cy He rpe6yeT crreUHam.Horo 

o6opyJlOBaHIUI, TO npOBO.Lli<a CTBOnOB CO cpe.UHRMH II MaJib!MH palD!yCaMH MOjf{eT 
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OhiTb ocywecTBrreHa TOJibKO c rrpHMeHeHHeM cneUHaJibHbiX 6ypiurbHbi:< rpy6 H 

ywpo•teHHhiX H KopoTKJ.IX ,ctBHraTCJICH (OTibiT ClllA, KaHaD:bi, <l>paiii.lliH, AHrmm) 

HanpHMep, no 60JiblUOMY pa.uuycy <PHpMa <<DpHTHUl nerponeyM» npo6ypl1Ila 

n0.11 Jla-MaHUieM H3 r.rryfiHHe 1700 M CKBaJKHHy C llill!HOH fO~H30HTaJJbHOrn 

Y'f3CTKa 6orree I 0 000 M. OceBaJI HarpyJKa Ha nonoTo coJnasanaco 

rHI!paB!!H'ieCKI1M ycrpoiicTBO'.f, KCTOpOe TiiHYJJO 33 C060if H oypHI!bHj10 KOJIOHHY 

<l>HpMa <<<l>par}.IaCTep» (KaHana) ocyrnecrBJUieT 6ypeHHe ropH30HTaJJbHbiX 

Ha3hiBaeMbie HenpepbiBHbie rpy6bi nHaMerpaMH 73 , 114 :27 MM . Tpy6hi 

HJM3ThiB310TCJI Ha 6apafiallbl l!li3Merp0M 3 M, eMKOCTb 6apa6aHa 3000 M «rH6KHX 

-rpy6l> . BHyrpH Tj)y6 npono;KeH 7-;KHJihHblil Ka6eJih H Tj)y6a Manoro nHaMeTj)a .llll!! 

no.na'IH llGI.IlKOCTII cneuwanbHOMY ru.npaBJIH'IeCKOMY YCTJ)OHCTBY, ynpasnliiOUle)..ly 

nono;KeHHeM oTKJJOHHTeJIJI . CKopocTb noeopoTa OTKJJOHHTerrJI - I ,5" B ceKyHny 

OTK!!OH~rremi (KpnBoro nepeso,UHHKa). 3TH npoueccbi ;mpaBilJIIOTCJI c noBepXHOCTH 

HCTIOJIHHTeJibHOfO MeXaHH3Ma, "MblUIH" HJIH )lli(OHCTH.Ka KOMTiblCTepa H 

KOHTpomtpy!OTCll Ra JtqJaHe ;lHcnrrell. Harpy3Ka Ha ,noJIOTO co3.aaeTcl! 

rH.UpaBrrHtJeCKHM ycTj)OHCTBOM. ¢HpMa «¢parM3CTepn C 3TliM o6opy!IOB3HHC~I 

MOl!CeT npOBOJUITb ropH30HTa%Hble CTBOJ!bl B IJJI3CT3X TOJllllHHOii ,lO ] M fllf\!11 

YCTaliOBKaMH BCKpblB310T 00bl4HO npo;~yKTHBIIble fl!I3CTbl , a .UO 3TOrO 6ypllT 

Cepl'li\HblM OOopy JlOBaHHCM . 

B PoccHH TaKll(e 6ypliTC!i ropH30HTarrbHbie CKBaA<HHhl, 1!\feiOTCn 

cneUHaJIH3HpOB3Hilbie yrrpasneHH!I ropH30HTaJJbHOf0 6ypeHllil (YID!ypTH!i, 

OpeH6ypr, 3an C11611pb). AHK <d:iawHetjJThl> c.osMecrHo c <<namPJ1IlliHetjltbiO>' 

npo6ypRill! 6onee I 00 rOpH30HTaJibl\hiX CKB<riKHH K3K B oaWKOpTOCTaHe, TaK H B 

.npyrHx HetjJTera:JcBbiX per11oHax. B Ka<JecTse 3a6oruwx ;nmraTeJJeif npHMeHJUOTCll 

JJleKTpo6yphi xapbKOBCKoro Jasona X3M3, YJCOpo'lelfH1>le BKHTOBhie (o6oeMHhie) 

JlBHTaremt mna ,Ur, BblnyCKaeMbie neDMCKHM 3aBOl!OM cneUHaJibHO llilJI 6ypeHHll 

ropii30HTaJibHbiX cKBaJKHH. CHcTeMbi rerreKOHlpOJIJI JJieKTJJo6ypa CT3 
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BbmycKaiOTC!I Ha X3M3, Bb!ITYCK reneCHCTe'.! C :lneK1JlOM3rHHTHMM K3Ha.JIOM CB~3ll 

pa3pa6oTaH H ocaoeH BH11HrHC I' r. 0KTH6pbCKOM . Eonee noJipo6Ho 3TII 

BOllpOCbl pacc~tO-rpef!bl B pa6ore (6). naWKHpCKHH OIThiT fi03BOJI.IIII fiOIIj"lHTb I l\0 

i i' Ha 10 M, r .e . IIMeTh paJmychi MeHee 50 M. Orma~<n onrrhmt:rH~TRn 

ropH30HTanbH!oiX CKBaJKHH 8 POCCHII 6ypHTCS! flO cpe.l(HeMy pamrycy. 

npOTl!JKeHHOCTI-L QJOpMbl H HarrpasneHIUI ropH30HTaJibHOf0 y<IaCTKa. Jrll 

uapa;,;e;-pbi ji.iiiiiCiiT ciT CTtl1t:Hi1 Ht:Ol\HL'iJU.UHUL:TH nponyKTHBHOfO rmacTa, ero 

TOIUUHHbl , JIIITOJIO!'Hli , TBepllOC'TH H ycrOH'-IHBOCTH, yrna na.aeHlUI fiJI3CTa. T.e. OT 

reonont'lecKoil xapaKTepHCTHKH rmacra. 

)KCfliiY3TaUI-IOHHM xapaKrepHCTilKa nnacTa ilOJDKHa BKJilO'-!aTb: :mnaCLI 

HeQJTH . .lOOhl'la KOTOpbiX sepTUKaJibHbiMH HIIII HaJUIOHHbiMH CKBaJKHHaMH 

Ja-rpynHeHa HIIH HeBmMOJKHa: ruJacToBoe nasneHIIe : peA<HM pa6orbi rmacra: 

1<pQJt:HHBHOl:Tb llpymx \1e"fO.lOB llltTeHCHQJHK3UIII1 .lUObJlHI H \h!TOllOU 

B npo:rvKTI!BHhrx n:rac-rax He6oHhWDii ronmHHbl (5 ~ M Ha Lly6HHax .:w 

800 \1 H [ (). 15 \I !!3 L1VOHHaX !lO }000 M ) ue.1ccooopaJHO BfiHChiBaHHt' 

ropH30HTILlbHOfO Y'-18CTK3 B cpe:IHeH flO TO!llUHHe 'l<lCTl! n;taCTa flO "J1)3eKTOpH1L 

napa.ane.ThHOH Kpos,le 11 no.aowse rnacra. 

B npO.l\KTHBHbiX n.1anax ro.TIUIIHO~i 6onee 2(1 11 npor~H.1b crso.1a \IOlKCl 

0 bJTL Bblfl\ K;JbJ~,, B \ C:JOllH~x IUBKIL\ 11!I3crosbJX :!as;It:rmil peKoMeH.nyercll 

~ JcJIO,lbJOsan soruvTble npQ(jJH;Iu. 

Ec.n1 nponyKTIIHHbiH mracr l!Mecr ue6oJJbWY!O ronrnHHY 11 Heo.aHopoD.HYIO 

C11JY"-'YPY. IlpH KOTOpoii H.11eiOTCil HerrpOllYKTHBHble npOCJlOHKH, np!iqeM TO'lHOe 

OOJIO)f(eHHe HX He1!3BeCTHO, TO TaKI1e nnaCThl ue.1ecoo6pa:JHO pa36ypHBaTb 

BOJIHoo6pa:JHO. 3ro HMeer Mecro s 3ananHoil C116HpH, rae ocymecTBJUieTCi! 

OCHOBHOH OfibeM .llOObl':rn HeQJTJ.l. 

BOilHOOOpa:JHblH CTBOil no cpaBHeHHlO C fiOJlOfOHaKJIOHHbiM H 

rrapaHne!JbHbiM CTBOJ13Mli rrpH O,llHHaKOBOH npoXO)lKe B rrpO.l)'KTilBHOM nJiaCTe 
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MO)f(CT ,naTE>, npH npO'IHX paBHbiX YCJJOBHl!X, 60JJbll!Hfl .O:COIIT, T.K. BCKpbiBaCT 

npoiUiaCTKH paJHoii npoHHuaeMOCTH . Ero uenecoo6paJHO npHMC!Il!Th np11 

OTCyrCTBHH B Kp<lBJJC H llOllOll!BC aKTHBHbiX 80.0:0· H faJOHOCHhiX flOrJlOutaKJIUHX 

IUI3CTOB, T3K K3K B03MO)f(Hbl BbiXO,a:bl CTBO.'Ia :J3 npt:JJ.CJibl npOJJ.)"KTIIBHOCO OJI3Cra. 

OnTHMaJTbHaH npOTI!iKCHHOCl'h ropH30HTaJTbHor o yqacTKa 

COCT3BJJlleT 400-500111 H npH fJJy6HH3X 1200-2600 M, a no KpHTepmo OOUIHX 33lp3T 

Ha pa:;pa60TKj' MeCTGpOn(Jle::n~ - 700 800 M [ 81 . 

f COMClpHJI fianpaB,1liiOW.CH 'l3CTH opo<{!HJJ>l ropH30HTaiibHOH CKBaiKI!Hbl 

33BHCHT OT Cl1C.UYJOWHX cpaKTOpOB : rOpHO-fC0110fH'ICCKHX yc.aOBHH 6ypcHHll , 

C1flYKTYPbl II JJHTOJJOfHH ropllbiX nopoa: KOIIC1pYKUilH CKBa)f(JtHbi; npOHlKCHHOCTII 

ropH 30!1Tal1bHOro yqacTKa; CTaTH'ICCKoro ypoBHll )f(l!,lKOCTH B nnaCTe 

( mKHll3CMOf0 ) ; TOJJll!11Hbl M3CT3 (npO..'lYKTHBHOfO ) ; TCXHHK0·3KOHOMH'lt:CKIIX 

!!01MQ)I(HOCTei\ fOpH'lOHT<IJJt-f!OfO fiypeHHH H3 JJ.3HHOM 1T3llC 11 B ;laHHOM perHOHC 

Pact!t'T npodJimll roplnOHTaJJhHOH CKBalKHlfbi 

flpo¢1!Jlb l'Op1130HTaJTbHOH CKB<VKHHbl COCTOIIT 113 HanpaBJJli10WCH '13CTH H 

ropM30HTanhHoro yqacTKa. Hanpasnli!Oll!<UI '!aCTb npo¢w.,'IJI ~to)f(eT o"'liO'lan, 

CJJC.Uyl<lll!HC yqacnrn: BCpTIIKaJihHbi.H , Haoop BCJlH'IHHbl 3elii!THOI'O yr.1a B 

'3a.0:311HOM aJHMYfC. HaK.1011fiO·npl!MO!lMHeHHblii, .lOHaOOp Be.l11'lHHbl JeHRTHOfO 

vrna. MoryT 6biTh 11 .::Ipy m c Kmt6:-mauHH tlaJBaHHbiX yYaCTKOB 

f·bnpaBIIliiOll!3l! H r opH30HTanhHaJ! 'IaCTH np0¢11m1 u6bl'1HO p<li:C4HTbiBaiOTtll 

oT.l t:: lbHO , HO OOll33TC.'lbHo .lOJI)f(Hbl 6 uiTb c onpl!;r.;CHbl .'lpyr c ;tpyru\I 

jliiJI paCYeTOB npl!HJ!Thl CJle;IyJOD.(He yc.10BHhle 0003Ha4eHH.~ \PHC 9). 

H npoeKTHaJ! r ,Ty'OHHa _ Hanpasmuoweit '!acru npocjnmll l my6HHa 

ropH30HTaJJhHoro yqacTKa) ; 

A- npoeKTHOe cMeweJme CKila)f(mibi Ha npoeKTHOii rny6HHe; 

a · BC.'UI'II!H3 JCHI!THOrO y r ,1a Ka npo eKTIIOH rny6nHe (3TO Yl"OJl BXOlKJleHHl! B 

npo,a:yKTHBHbiH llJ13CT); 

H. - .. amma sepTHK<L1hnoro yttaCTKa; 



L - .:I;l~Ha HaKJrouuo-npi1MO.li!Hei1Horo y<~acrKa Hanpasn.snowdi 4aCTH npocjJR1!f; 

Hr - rrry6HHa u KOHUe rop1!30fiT3.>1bHOro }"laCTKa; 

A,. - Beiii!'UIHa CMeWeHHil B KOI{[(e rOpit30HTa,1bHOrO y'laCTKa; 

Lr - .a.nHHa ropa30HTMbHoro yqacTKa; 

Su - npoflDKcHHOCTb ropmoHranbHoro y•-tacn.:a; 

·1 1 - yron oxsaTa nepaoro HHTepsana sonHoo6pa3Haro ropH30HTaJJf,HOro y<~acTKa; 

T - 11penenbHOe cMeiUeHne ropn30HTaJibHoro y'!acrKa s nonepe'!HOM HanpasneHnn: 

T1 ll T,- npe:JeJlbttOe cM.;wetme .nsyXHHTepBaJlbHOro ropH30HTa'lbHOro y<~acrKa u 

nonepe'!HOM HanpasneHHI1 BBepx H BHH3 COOTBeTCTBeHHo; 

\1, -- BeJJR'!HHa 3eHHTHOfO yma B KOHUe i y'laCTKa rrpo<IJI-tnlL 

R,.i 11 R,.2 _ paunyc1.1 11epsoro n sroporo HHTepsanos soJJHoo6pa3HbiX yqacrKOB 

COOT3eTCTBeHHO; 

R,- panH)'C ropH30HTa.ilbHoro :~mcrKa. 

PHc.9 Opo¢HJrn rop1130HTaJJbHbiX CKBcpKHH 



PjlC4e'----!:!_i_!!:!Q3Bilil!Oll!efi 'laCTH npodJH.'lll OCI!083H Ha peweHIHI CUCTC~Ibl 

y r asHeHifri npoeKUHH Y43CTKOB npoqnmll Ha BepTIIKaJlbHYKJ II rOplOOHTa.JlbHYKl 

OCH . 

p,.r.tlPT '"'n rm-rc. ~ 1< nnnP TTP il<'H<fl() ITTH<HJ.I RPrTrnl<:lllhH<Wfl V'l :!CTKa HR H 
- --- • · 1" "" · - - I "" 

pa.zmyca OJlHOfO 113 yqaCTKOB IL'lli ;uiHI!bl HaK..10HHO-npliMOJIHHeHHOf0 y•taCTKa 

(ecm; OH HMeeTCRJ . 

flpoqmnh N~ I (puc. 9). 

McxoaHhle aaHHbie : H, A, a . 

Pac4er 

H = H - A- s~ll_E_ R = .H- H • . 
' l - cos a ' s m a 

IJac•!cT: 

flpmjJHn& NQ3 

HcxoaHbl t: .'131llibfe . H, A, a . a ,, R1 ~ R3. 

1 
_ A- (I -cos a, ) · N.1 - R, I , ... -- . 

sma 

11cxo.uHbie .JaHHble : H, A,a. a 1, R1 ~R .; a;; ~ ­

Pac'leT H,=H-R1.sina1- R,W,..: L casu,- It, w,, 
rn.e It; = sina, -sino; ; ~; =sma -sina,, 

A-(1-cosa. )·R, -R V -R ·V L = · , . . .1 2 • .l 

sma, 

r.ue t ~ == cosa1 -cosa, , v~ = cosa, -cosa . 

( 12 ) 

( 13 ) 

( 14 ) 

I' 

( 16 ) 



) •; 

Pac•!cT: H,=H-R ; sinn 1 -- R~W, - R; W,_ 

,,, -~-~-· _:._ 
r> ; -=>lliU -~llll£:!, 

/) _ A- R, (1- cos a, )R, · v. ") - ·--. v ' 
I 

l7) 

1Ip0~1l.~.!! ~tQ;J:iHO pacc•nJT<:JTb IIO ~OpMyJiaM 1UU! Hai<JlOHHbiX CKBa)!(llH. 

Pac4eT mpH10HT;)JfhllOro V'laCTKa npodH-Ill!l . 

OcHOBHbte napaMt.'Tpbl, onpeneJI.!!IOWHe reoMCTpHJO ropH30HTa1bHoro 

yYaCTKa, .CJ1C.:li"i0WHC . CL - BCiHI4HHa JCHfiTHOfO yt'JI<l D Ha.Ya.l\e ropH30HTa.rTbHOfU 

yYacn:a : Sn ·- npoTHA,eltJIOCTb ropHlOfiTililbuoro _v'laCTKa no rL1acn:: T 1 11 T ~ -· 

npe.'lt:.1bflb!e OTK.'lOHCIHIS OCH rOpH-HJIITa1bHOIO y'iaCTKa B nonepe4H0\1 

ttanpaR:IemnJ ! pHc I 0) 

a 

I 
i 

,~ 

PHc.l 0 . E':HJlhi ropH30HTa!lhHoro Y"laCTKa CKBaJKHHbl 



npil~IOJlHileiiHbiH ropH30HT~1bHblti V'faCTOK i puc. 9 H 1 O,a) 

BepTHK3JlbHajl npoeKUHH: Hr =Srr.cosa+H. 

fopH30HTaJihH3ll npoeKUHjj : Ar=Sn .SJIJet.-rA. 

fag!-!30~!::'1'!!:!--!i..!fi ~.rt.!~CT(U< R RUnf': TfVnl Ol<TlV)f(H()CTH ( OHC 106.B) 

Prumyc ropH30itTaJJbHoro Y'J3CTKa : Rr=(Sn2+ T1):2T . 

fopH30HTaJi bHM npoeK!lHR : Ar=Sn.sinu:tT.cosa+A. 

BenwmHa 3eHHTHoro yr:ta s KOHue mpuJOHTaJJbHoro Y'J3CTKa: 

a,.=a.±arcsin(S,: R,. ); 

JC . 
llJIHHa ropH30HT3.HbHOro Y'f3CTKa L,. =±-(a, - a)· Rr . . . 180 

8 cpopMy.nax Jli3K I( ""» COOTBCTCTB)'CT BOfli)'TOH, a JH3K «-» Bbii1YKJJOH .il)'fC 

OKPYlKHOCTH. 

(pnc.IQr) 

Pa;uryc h.-pHHH3Hhi sTaporo H1ITep2aJHl rop~ucnra.:i1noro y•racrKa 

Rn = (-M -P) 2T/ , 

r.:re M = BT~ -2L. 1 (T, + T2 ); P = jv(· -4T/ · Q; 

8 = L"
2

- (T, + T2 l + T,
2

- 2T, · Rn ; Q=4,\ T, +~f+B' /4 

BepTHKllilbHall npoeKUHJL 

Hr~Ln.coso. +T 2.sinu -rf-L 

l 'opH30HTa:lt.Han npocnnll! ' 

Ar=Ln .sina.-T2.cosa ~A. 

( 18 ) 

,ilJTHH3 npOCK!liDI 11Cf.!B0f0 HHTepea.aa ropH'JOHTaJlbHOrO y •!a(."TK3 Ha 

KaC3TC}lbi!J'IO B era Haqam,J-!OH TO'lKC 

( 19) 

yron ox sara mneps;L1a c pa.J.HYCOM R;, 

( 20) 
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3CHIHHblii yrofl B KOHUe ropHJOHT'd.JlbiiOfO Y'!3CTK3 

..., __ __ · - ~--.......... ' 

.JnaJt fll,. at'I-,I'Jti U I 
_.,,,.,,,..,.. .. ,.., rv 
J"-' ~ IJ: 0 l I .u..>~• lo. 

somwo6paJHoro yqacTKa., a TaKiKe pa.aHYc KpHBHJHhi, MOJKHO pacc•mran, era 

J.mmy, Hcnonb:IYH <j10p~yny 

( 21 ) 

MHOfO'JAiiOiiHbiE H MHOfO.SIPYCHhiE CKBAIKHHhl 

A MHorma6oi1Hbie cKs3iKHHhi (M3C) 

M3C -1TO raKUC l:KB3iKHHbl , B HHiKHCH '13CTH O.CHOBHOrO CTBOJI3 KOTOpbiX 

!!C.!eJOT~~ ilTBCTBJICHHH ll B~llle llBYX 11 OOHee ropH301IT3JlbHblX, nOIIOfOH3KTJOHHbiX 

IL'Ill BQ,1HOOOp33HbiX CTBOJIOB, BCKphiB310UlHX npOJIYKTHBHhiH nJI3CT (pHC . II, 12, 

13, 14). 

t:~;t~~~;~~~~f:P ~r=:.;;t:t\.f 
3 

c 

c 

2 
/ 

PHc.ll. npo<j>HJJb c sepl'HKaJlbHhiM 
OCHOBaHJieM: 

1,2 - COOTBeTCTBCHHO OCHOBHOH H 

BepntKllJihHbie CTBOJibl; 3 - He<jrniHOH lUI aCT; 

4 - rpamrua yqacTKa HeQm!Horo fiJiaCTa 

r "' , .. " 

L -

PHc.l2. npo¢WIL M3C MH pa3pa6oT: 

3aJICiKH H3 rpaBHTallHOKHOM peiKHMt; 



CTBOJlbl ~!OfYT OTBeTBJil!TbCJl OT OCHOBHOrO Ha pa:l.rWIHOH Rhi.COTe OT 

llOi\OWBb! npOil'(KH!BHOrO fUiacta, fia paJJJH'IHb!X paCCTOl!Hlli!X I[p]T OT JI.pyr<l , 

HMeTb pa1JJH4Hble pa.LI.H)'Cbl HCKpHRJJeHH~ C11(3H'!HBaTbCJ! BepTHK2.!1bHO . HaKJlOHHO 

Puc.1.3 . l1po<tJHJtb M3C c pa3BeTll11cHHbl\1 

CTB0,10M Hall nponyKTHBHbiM £1.H3CTOM: 

1.2 - COOTBeTCTBCHHO OCHOBHOH II 

.1CI IlOJJHIHCclbHble CTBOJlbl: J- Heqrnli!O~ 

;·uacT: 4 - rp;mHua yqacTKa Hc¢nmoro 
IUJaCTa 

\\\ \\\ \\\ \\\ 

PHc .l4 . ITpo<tJHJtb M3C _c BepmKanbHLIM 

CCHOBHhiM H BOJlH006paJHhiMH -

nonO.'lHIITC.'lbHbiMH CTBOJTaMH 8 C,1011CTO\l 

npony~>-rnBHOM rwacre 

Bbioop <tJopMbl pa1BcTBJicHHll CKB <DKHH >aBHCHT oT T0.1UUIHU npo!JYKTHBHOm 

rnacTa H ero .'lHTOJ!OfH"'CCKOH xapanepHCTHKH, H<LUf"'I!Jl llOLICTIUlaJOUieH BO,'lbl f! 

ilp . 

f1po4lHJIH CTIIOJlOB, lfX )lllHH.i H 'IJ!C,10 OTBeTBJicHHH 3aBHCJIT OT CTeneHH 

ficoaHopo,ii,HoCTH, TOJJIUHHbi H JIHTononn1 nrracra, ycroii"'HBOCTH pa3pe3a. 



OcHoaaimeM lLlll Bbi6or;.1 npoqm_rlJ! M3C RBJlJ!KlTCR reonorWJCCKaR 

.lKCfUlyJTJl(IU\ CKB(l)I(HHbl J.! pa3pafiOTKJ.! 

1aJTei!G1 , TeXHJ.!KO-TeXROJlOfH'IeCKHe BlnMOlKHOCTH 6ypOBOfO npepnpHJITIIR 

Bbi6op H o60CHOB8H i1C r:pudHL'lX rvt3C 

flpoe~rmposatme npo<jJHJJll M3C Ha'niHaKJT c HHJKHefi ee 'lacm 

I eX IIf!'leCKI1:\ BU3MUlKHOCTeH onpene.'lJieTCll KOHCTIJJ'KUH-'1 OCHOBHOfO ( M3T04H0f0) 

CTBOJIJ, KOHCTpyKUHH .lOnOJIHHTe.'!bHbiX CTBOJIOB; no 33!1311HOH HHTeHCHBHOCTH 

Ha6opa onpe.JenJUOT 11x panwycbi, KHbK. lfX npoxonHMOCTb no CTsonaM; no 

.'10 f1yCTJ.!MOfi BeJJH'IHHe tl3fl!6a rpy6 BblOHpaKJT JIHaMeTpbl 6ypHI1bHbiX H. 06CMHblX 

1-:0JlOI!Il . 

<lCHOBHOii CI<BaJKHIIbi !lOJJ A(eH o6ec ne'IHBaTI. npoxolK!leHHe KilliK B moiio 11 .n 

BO:JMOlKHOCTb HCKpHBJleHHll lfX C :'.IJKCHMaJTbHOH IIHTeHCHBHOCTbiO : n p H 

lieo 6xo.LtHMOCTH .JO.l:i(HJ ObiTb B03MO;KHOCTb IqJenneHllil CTBOJlOB <jJH.Jlbrpa\11! 

nOTaHHbiMH KO.'lOHHaMH CTaH.D:apnu>Ix pa3Mepos ; .aomKHhi ObiTb rrpoBe!leH.bi B 

CTBOiiJX reO<jJIBH'J eCKHe ll lfHKJimiOMerpW!eCKHe HCCJle!lDBaJillil . 

~-'Ill 6ypeHHJI MJC npHMetui.IOTCll .:TJHllapTH.ble 5Y c cept!HIIbiM oypOBLIM 

O nbiT flOKa3aJI , 'ITO o oca,uHhJe rpy6bl 0 !46; 168; 2!9 MM MOlKHO cnycKaTb ll 

cKsa">KHHhJ pa!lMYC0\1 R=50 ... 60 M, a rpyohl 0 273 ; 324 1-1 377 MM cnycKanHcb 

vc newHo s CKB<DKHHbi R= 140 . . I 50 \1 npw 1 =4" Ha !0 M. · 

Dpw JTOM KO 'HjJJjmUHeHT 3anaca npo'IHOCTH Ha M3rH6 o6canHhiX rpy6 

K,<! l.25 JIM .uononHMTeJlbHbiX CTBOJJOB, o6opy.UOBJiiHbrx 3UH, H K3<!l,5 JIM 1py6, 

B KOTOpb!X n.mumpyeTCJI pa6ora llifH 

C tlenhiO rtOBbJIIJeHHJI K34eCTBa 11301IJIUHH . IDJaCTOB Kacpe.apoii 6ypeHHR 

YIHTY p;npa6oTaHbi 11 BHe.upeHM s npoH3BO.UCTBO cneuHanbHble TaMnoHCI)k}{bie 



OleCI! f!OBbiWCI!HOH KOpp031!0HHOH CTOHKOCTH H Qewrparopb! o6C3L!Hb!X KOnOI!H 

UOK nOJBOJU!IOUIHe HilJ!ClKHO UCHTflHposan, yq;~cTKH KOJ!OHffhl A HaHfionee 

OTBeTCTBeHHh!X '\tecTaX (l--:pOBJ!5f -- !10IlOTIIRa npO_LI,yKTHBHOfO nJiaCTa., pe3KHe 

H ]68 MM (13]. 

npaKTHKa C'I'pOHTCJlbCTBa M3C f!OKJ3b!BaeT, 'lTO BXOJlbl B JIOf!OJIHHTC)lhHbiC 

HCOOCal!(CHHblC CTBOJlbL Ja6ypeHHblC B )'CTOH'lHBblX nopo.uax, COXpafUIIOTCJI B 

TC'ICHHIZ scero cpoKa 3KCrL1yaraUHH H o6ecne'IHBaiOT xopowee nona.uaHHe rpy6 

.Ll!lll peMOHTa HJIH npymx UC,1CH. YWCCTCJI Of!b!T ""{)Cf!JlCHHll .UOf!OJlHIITC!lbHbiX 

CTBOJlOB nep<jlopHpOBaHHblMH f!OTaHHbiMH K0"10HHaMH (XBOCTOHI1KaMII) C 

BOpOHK3MII Ha BCpXHCM KOHUC. 

06&!'1110 M3C 6ypl!TCJI .llJIJI pa:lpaOOTKH HCQJTJ!HbiX MCCTOpOlK,QCHHH C 

H113KIIM f!JiaCTOBblM !laBHCHHCM (AHfl.[(), lUlJI .UOpa3pa60TKH CTapblX, 

Bb!paOOTaHHbiX 3<l.flejf(eii. B 

Bb!COKOBll3KI1X HCQJTCH, CJlOHCTbiX 

11pO.UYKTifBHblX f!J13CTOB, ,lCfa33UH11 yromHblX 

llJiaCTOB, yae:m'lemtll 

llOfJIOTHTCJibHblX CKB3jf(HH, npH r:tylllCHHH 

OTKpbiThlX QJOHT3HOB, T)'U1CHI111 f!Qjf(apoB, 

f!OHI1)f(CHHJi ypOBfUI rpytiTOBblX BOil B rnaXTC 11 

.up. Konl!'le<.:-rao L'TBO.'lDB MO)!(er 6&n& OT nsyx 

H 6orree. l13secTHb! M3C c II cTBomL\111 

B OllHOpOilHOM rmacre CTBQ,1h! t\13C 

pa3MCU1a!OT B cpe.UHCH TIO TOJIUIHHC tf3CTH 

fLlaCTa np11 HaTIOpHhlX pC)f(I1Max, B 3aJIC1Kax C 

rpaBHTaUHOHHbiM pe)!(HMOM - B HH)f(HCH 

~
f, 

' -< 1 

I 
I 
I 

<raCTH. :>KeJiaTelibHO, 'ITOObl !flopMa CTBOJIOB PHC.! 5. IJp~HJIJ, MHOfOllpycHOH 

DbUla c Heoo.'IhliDIM OO.Q'bCMOM,KaK noKa:Jal!o 

Ha 12. 'ITO OnhiT rroKa3b!Baer, p11c. 

CKBaJKHHhl: 

I ,2 - CTBOlibl 'sepXHero 11 HH)!(Hero 

B - llpyCOB COOTBeTCTBCHHO 

O,'J,HOpO)lHOM nnaCTe ,llOCTaTOttHO npo6ypHTb 



;10 4!-JlOfi0,1HHTe.'JbHbiX CTBOJIOB, 'ITOObl nony'll!Tb OUTHMaJibH'y10 Beo1H'1HHY .lCOHTa 

noJIOfOHaKJIOHHLie CTBOJibl B CJIOI-ICTOM nnacTe J!OIDKHbl 6hiTh npo6ypeHhl C 

3eHIITHhiM YfJIOM He MeHee 60 ', B03MOlKHa H l!X BOJIHOOOpa3HaJI cpopMa (pHC . 14). 

f:i . MHoro!!pycHbie cKB<UKHHbi (MC) 

( UeilbiO 3<\JcpeKTHBHOH 3KcnnyaTaUHH npo.LtyrcrKBHbiX rrnaCTOB 60JJbWOH 

TO.lW.l!Hb! (\ 00 M ;; 6o;;ee ) t' • .irl-i MHOIOrLlaCTOBblX Ue1leC006pa:iHO lfCi10J!t.:::ulla: b 

MC. B K3.JK.IlOM !!pyce 6ypJIT no 3-4 JtononHIITeJibHbiX crsona (pHc . 15). 

Komr..;ccrso npycos paBHbiM Hx 6yp>tT o6br<fttO 

MecTopmKl!eHH!!X c BbiCOKOBl!3KOH ne¢Tbl0. TennaHOCRTeJih B 3TOM CJTy<lae MOlKHO 

JaKa'IHBaTb B cpe.UHHH llpyc CKBaJI<HH, a J!OObl'lY OCyuteCTBJTJ!Tb 'lepe:J sepXHHH H 

HHJI<HHH llpy cLI 

MC c fOpli30HTaJi bHbiMH 

CTBOJJa~IH ~1oryr 6b1Tb pt:KOMeHJlOBaHbl 

6oJ!b lt! 0A 

H\IeiOIUeii fa:JOBYIO wan Ky ( p11c . !6 ) . 8 

4) 6ypl!T B npe.'lenax ra3oso ii rnanKH, a 

Hllii\HHH ~pyc - B npe;Je;laX HetlJTJ!HOH 

ro.1Wl l 3a.JJeii\H . B l T0.\1 c;ly'!ae ~Wll<eT 

6b!Th d:iHOBpC\!CHHO-

pa3.:~e.1hHhiii. .moo i:OMI CCTHO-

pa3.1C.'IbHhiii cnoco6 :J KCn;ly ::miUliH 

Cos~ttcTHaJ\ 3KCn:tyaraumt MC 

npHMeiDieTCll s A O " Ky-H6bill1eBHe¢n '' . 

m »> »> + »> »>m 

Pwc.l6 . CxeMa B03MOli<HOfll rrpH~teHeHHll 

MC npH pa3pa6oT!(e Her!JTeraJOBbiX 

·.laiJeJKeii 

MC c nonoroHaKII?HHbiMH CTBOJiaMH s KaJK.nOM Rpyce Moryr Hc noliL30BaTI>cJl 

npH pa3pa6oTKe ripO.llYKTHBHblX IUJaCTOB fiom,rnoi\ TOJIIIlHHl>I, npell,CTaBileHHbiX 

'lepe.llOBafilleM CJIOeB HecpTeHOCHblX nec'laHHKOB H neCKOB C HenpoHHUaeMblMH 

CJYOl!MH r.rmtl, Mepreneli H apyrHx nopon. 



J(j 

YnPi\B.JIEH!1E HCKP!tB.JIEHHE~I CKBA)KHH 

f1pouecc ca~..tOrrpOH3BOJibHOfO HJ1H ynpaBJT5!e~.lOf0 HC!CpHBJI!~H¥ . .53: CY..BLL~HHbi 

(i!UJIOTI::J OTKJIOtlliiOU!t:H .:KJ!bl, ll!JK.llU:.Kt:HHOH llU.Ll ymoM K t:IU Ul:l1, 11 (HJll1J 

BCJ!CllCTBHC nepeKOCa OCH D:OJTOTa OTIIOCHTC,'JhHO OCH CKB<UiillHbl. _nelkrBHll 1TI1X 

CltJ! Bht3BaHbl fCOJIOfli'-!CCKHMH 1-t TCXHI-tKO·TCXfl0,10fW!CCKHMI-t ¢ai\!OpaMH. 

OpH'lCM, ecnH maBHbiMH reonomqecKHMH ¢aKTopaMH I!BJUIIOTCJ! ymbl naJICHHJ! 

IIJTaCTOB 1-t 'lCpCD:OBattHC HX !IO TBCPD:OCTI-t .. TO OCHOBHOH TCXH11KO-TCXHOJ!Orl-t'lCCKOH 

npH'lHHOH 11CKpHBJ!CHIUI J!BJI51eTC.H H3ruO IIHlKHCii lJaCTH OypHJ!hHOH KOJ!OHHbL 

npoltCXOllJIWHfi J1HOO OT 'lpC3MCpHOH OCCBOH HarpyJKH, m160 OT HCllOC:TaTO'IHOH 

iKCCTKOCTH 

Ewe B 70-x ronax Ob!JTO ycTaHoBneHo, 'ITO 3a6oilHb!H nsnraTeJib, HlXOllJ!Cb B 

ycHO!l!IO BcpTHK<L1bHOft CKB<DKHIIC (BCJ!H'Iftlla 3CHHT!!Of0 yrna HC 6onee 2°-3°), !IOil 

.1CHCTBHCM COOCTBCHIWH MaCCbl TCplleT npHMOJlHHciiHYIO <!JopMy OCH. flp11 TIOM Ha 

!IOJ!OTC B03HHKaCT OTKJ!OIU!IOWal! CHJ!a 1-f nepeKOC OCH IlOJIOTa OTHOCHTC.'IhHO OCI-t 

CKBaJKHHM [II) B peaabHhiX ycnoBHllx 6ypeHI!ll npH 3Ha'lHTeJ1hHh!X oCCBh!X 

Harpy3KaX Ha !IOJ!OTO 3TII npOUCCCbl (<!Jpc3CpOBUHHC CTeHKI! CKB<VIGIHhl H 

aCHMMCTpWIHOC p33pyrnCHIIC 3aOOJ!) npOliBJIJ!IOTC!l 3Ha'II!TCJlbHO CHJ!hHCC, '!TO H 

51BJ!JieTCJ! llpll<rnHOH HCKpHBJ!CHIDJ CKB<Uiillllbl. 

CoaMeCTHo-pa3.lellblib!H (onHOBpeMeHHO-pa:J:tellLHblii) crro.:o6 3KcnnyanlUH1 no>ao;urer 

O.lllOBpeMeHHYfD ;to6&I'lY 11e4lTH H3 nsyx npo.'lyi<Tl!BHblX nnanoa c pa:Jml'lliblMll no Ka'lecray u 

.':(eOin)' HeQJTJ!>hl 0.1\f<Oif CKBa:A<ffHOii Hanpi!Mep, i!OObi'Ja li3 KapOOHa ll ileBOHa fbaCTbi 

mom1poBaHbl :1pyr OT 11pyra naKepoM. ,QeaOHCKa>! He!jlTL nocr_.:naer Ha noaepxHOCTb uo 

MeACrpy6HOM)' (o6ca.c~Hltll KOIIOHHa - HKT) npocrpaHCTBy, a 111 Kap6oHa - no HKT ,Qo6bJ'la 

MOJK__:T_ OCyll{ecTBJUITbCJI KllK !jlORTilHHl>JM CITOCOOOM. Tal< II MexaHIOHpOBaRHbiM, C llOMOUlbfO 

IlirH. Jl,rul C006ll!eHIDI IIOJUlaKepHOro II Ha.llllaKepHOrD rrpocrpaHCTB npHMeHliiOTCll MYc!rrbl 

nepexpecrnoro Te'lel!llil. 

CoBMecTHblid cnoco6 JKcnnyanmm rrpHMeHlleTCJI a cnyqaJJX, KOr:'la ae4Jnt pa:>HblX 

IIJiaCTOB 6nll3KH no rocrasy, o6aomteiUIOCTII H ruacroBblM ycnoaHJIM . .Uo6bl'la ocyuieCTBJ!lleTCll 

no OlUiOMY KllHaJJy 113 JlB )'X I!Jllt 6onee IIJIJCTOJI OllHOBpeMeHHO 



8 CIJ>BH C Rhlriie~nnon-;ei!HhiM, ynpasnefme HCKpHBnem-!eM CKB<H<HHbl 

OCHOBaHO Ha npec!HaMepeHHOM cpopMHposamm npm~eccos cppe1eposaHHll " 

CHJibl Ha .110JIOTe B03MOJKHO C llOMO!llhiO O.!!HOfO UetrrpaTOpa, yCTaHaBmmaeMOfO B 

pa3JJII'lHhlX MeCTaX Hll3a 6yp1L'!bHOll KOJIOHHhl. i1pH 3TOM UCH11JaTOp li.OmKeH fiblTb 

llOJJHOpa3MepHbiM, T e . .!!HilMCTP ero paseH clHaMeTpy UOJlOTa. 

EcJlH ycTaHOBHTb TaKoil ueHTjlaTop 6,1H3Ko K nonory, TO TaKal! KOMilOHOBKa 

o6ecne•maaeT yaeJJH'le!!He se,lll'lHHhl 3eHHTHOf0 yma B anCII!laJJbHOH IIJIOCKOCTH. 

C!laKTwiecKH O!la HanoMHHaeT pa6oTy pbl'Jara nepsoro po.ua. 

ITo Mepe YllJ.J1eHIUI UeH-rpaTopa OT JlOJIOTa senll'niHa OTKJIOHJIIO!lleH CHJibl 

6yncT yMeHblllaTbc!L LIOL'1Hmys Hynesoro 3Ha'leHHJI. Teopern'!ecKH :no 6ynn 

03H3'l3Th, 'lTO LiaHHa-q KHfiK UOJIJKHa CTa6HJIH'3HpOBaTb HMe!OUlYJOCll BeJIH'lHH) 

3eHHTHOfO yrna. i-i<l 11paKTI!Ke ;Ke JJUl LlOCTHJKeiiH.!I CTa6HJJH3auHH (npM OypeHmi 

ycnosHo sepniK3.1bHbiX IliiH Hao:noHHO np~'iOHHHeiiHhiX y'laCTKOB) yCTaHaBJIHBa!OT 

2-) llOJIHOpa:lMepHbiX UeHTPaTOpa H paC'leTHhiX MeCTax. ,L""{anbHeHWee 

!lepeMemelllle uem-paTopa OT JlO:lOTa rrpespamae-r Jry cuCTeMy B KHEK Jm; 

CHH;KeHH.!I BeJil1'lJIHf>l 1eHI!Tll0f0 yma. Ee Ha3h!BaJOT «OTBeCHOH» KOMITOHOBKOii. 

IiTaK. c 110MOU!bl0 omwro ITOJIHOpa3MepHOfO uempampa_ 

yCTaHaBJll!Bae~tOrO B p<UJJH'!Hb!X MeCTaX HH3a 6ypHJThHOH KOJIOHHhl, MOJKHO 

vnpas:t51Tb BeiJJI'lllH()Ii :l iHaKOM OTKlOH.!I!OllieH CHJ!bl Ha JlOJIOTe, T.e. yBeJIH'lHBaTb. 

cnoH,lJ!3HpoaaTL 11 \'\ICllbUiaTb se.1H'UIHY 3eHHTiioro yma CKBaAGJHLL DpH'leM 

JTII om:paUHl1 OCyiUCCTB:mOTC>I Oe30pHCHTHp0BaHHO, a HCKpi!BJieHHC npOHCXO!lllT 

B anCvlllaJibHOH IL10CKOCTH. noJlP06HO 3TO OITMCaHO f.ByllCOM H AJ1y6HHCKHM B 

KHHre: 1-fCKpMBJletmeCKBaJKI-IH npH 6ypeHHH .-M.:focTeXH3JlaT, J96Q_ 

C ueJlbiO ynpasneHH.!I 3eHHTHhiM y-rnoM H a3MMYTOM, T.e . .!l.illl ynpaas1eHllil 

11pOC11JaHCTBeHHbiM HCKpHBJieHHeM, HC£10Jib3YIOT Ha npaKTHKe BCe B03MOJKHble 

OTKJIOlliiiO lllH e ycTpOHCTBa, OCHOBHbiM J,1eMeHTOM KOTOpbiX JIBJlJieTC11 KpHBOH 

rrepeBOllHHK (KD). 



Kn ~ co1.rraTL l-ICKyccrseHHbiH 1Bnr6 a HHlKHeii. 4acrn 

KOMOOHOBKH, T.e. npOBOUHpOBaTh npoueCCbl <lJpe3epoBaHIU! CTeHl<H CKB<DKHHbl 11 

acHMMeTpH'!Horo p a3p y wemur Ja6oR . Kil Moryr HMeTb yrnM nepeKoca B 1°; 1°30' ; 

4eM 6.rJH)I(e KI1 

ycTaHOBJlCH K .lOJiOTy, TeM BbiWe HHTeHCHBHOCTb 

H3MeHCHH!I napaMerpos KpHBH3Hbl. 

y npaBJICHH!I npocrpaHCTBeHHbiM HCKpHBJleHHCM 

CKB(l)KHHbl HeOOXOJIHMO OplieHTHpOBaHHe 

OTKJIOH!!IOUlCH KOMnOHOBKH no 3a.JaHHOMy 

a311MYTY - C 3TOii UCJlbiO CTpOHTCJI TaK 
P11c . l ?. MarHHTHbtH Kp y r 

Ha3blBaeMblH MarHHTHblH Kpyr (p11C . 17)_ 

npH'fCM 8 338HCHMOCTH OT TOfO, 8 K3KOH '-leTBepTH Kpyfa HaXO.lHTCll 

y<laCTKe. 

npaKTit:Ke ouemrr& pa6ory OTKJJOHHTeJtJI H c onpeJie:reHHo if .iiOCTosepHOl.'Thto 

npe.UBIUleTb pe1YilbTaTbl era pa6oTbl [9) . 

UeHrp MarH!frnoro Kpyra Ha.rro MblcrreHJio coaMeCTI!Tb c ocbiO HaK.lOHHo i-i 

CKBailillHbl. Pa36HB "-1lYT Ha pasHble qe-rsepru, nony'IHM crreJIY!Owee: 

eCJJH OTKJIOHHTCI!b HaXO,IlHTCJI 8 

I H II '!eTBepru.~ poeT senwrnHbl 3eHHTHoro YL l a : 

III 11 IV '!eTBepTH, ~ nan.eHHe se,lH4HHht 3eHI1THOro yr.'la: 

I 11 IV qe-rsei?TH,~ paCT aJHMyra; 

II H m 'leTBepTH, ~ YMeHl!IlleHHe a3UM)'Ta.-
. . 

TaKHM o6pa3oM, npu patlm-e OTKJJOH11TC:.,1JI 8 

[ 'feTBepTH (3!_fa'fe!UU DO MarHHTHOMY I<p}'T}' 271 - 359") llOJJ)"faeM pOCT 

1emmtoro yrna H pOCT a3HMyra_; 

Il 'leTBep1ll (1 -89~ non)~aeM paCT Jerurrnoro yrna H yMeHt.IIIeHHe 



33HMVT3c 

IV-- 1-IeTaepTH ( 181 -'269'J) nOJIV4ae\1 naLieHne 3eH'"'Horo yrrra ll yRe.'ln4et-nff'. a:_uu. .. ryr'l­

PafioTa OTKJTOHHTeJT~ npH 1Hi14eHH~X 0°(1fi0°) - poc.T <i"Hl<THnrn yrn~ OF< 

H3MCHCHHJI 33HMyTa. 

Pa6oTa OTKHOHHTe~t.H rrpH 3HaLteHHnx 90° - yMtHbilleHHe aJHMyra rrpH 

cTa6HJJH33Ul1Jt 3CHl1THOro YL1a. 

Pa6ora OTKJlOHlfTC.'l.Sl npn 3Ha4eHU51X 180l) - yMeHhrneHHe 3eiUITHoro yrrra 

np!i CT361-WbHOM 331i.M)'Te. 

Pa6on OTh:JIOHHTCJlll npH 3Ha'leHHl!X 270° - ysenH'ICHf.le 33HMVTa np!i 

CT30HJlbHOM JCHHTHOM VlJ!C. 

f1o no:;ylJeHHhiM npH KOHrponhHOM 1aMepe naHHhiM crpoHTCJI np0,10lKeHHe 

npooypcHHOli 'laCTft CTBOcla CKBalKHIIhL Ecm1 H300p napaMerpOB Kpl1B113Hbl Ha 

CCHII ;KC ¢aKTll'lCC!\Oe IHLlO:.KCHHC CTBOJ13 CKB3lKI1Hbl OTJ1l1'13eTCJI OT npoeKTHOrO. 

,[{nJI :noro onpeneJTl!CTC!! , KaK non:.KeH Ob!Tb l13MeHeH a3HM~T. KaKofl 

1CHHTHhlH )TO:l ;:ro,T;KcH OhJTh .uocTarHyT. OnHpaHCh Ha ¢ali.!H'ICCKHe H npoeKTHhi~ 

;:raHHble, crpoiJTCll aeKTOpllbiH rpeyrOJlbHHK. 

0CHOBHble npaBflla npH )TOM CJIC)J)"IO[JJ}IC. 

f1ocrpOCHlft: rrpml3BOJ.HTC51 C.leBa HanpaBO. ,qBHJliiCh KaK Obi 

npC.J.O;l)f:clfHC\1 npOJ10)KCilWI 

' HanpaB:1eHIJe HenopoB or ¢anw1ecKoro K HY)KHOMy 

3. 0Tc'ler a311MyTa- no qacosoil crpenKe. 

L(JU! nocrpoemUI BCKTOpHOfO rpeyrOJTbHHK3 He06XOJIHMbl LUIHHhiC: 

a) BCJTH'lHHbl ¢aKTH'ICCKHX 3CHHTHOfO yrrra ll 3311Myra 3a6ol!; 

6) HCOOXOJIHMble 3Ha'!eHID! 3CHHTHOro yma H 33HMy'Ta. 

L(n!l onpe;renemiJI ¢aKTl!'leCKHX 3a6ol\m.tx napaMeTpOB ocymecTBillleTcll 

KOfffPOIIhHbiH JaMep l!HTepsana, npo6ypeHHoro c O.!lHOH ycraHOBKOH. B 3TOM 

HHTepsane Bb16Hpa!OTCJ! 2 TO'IKH, OTCTOJIIUHC npyr OT ;rpyra Ha 10-11 M (B Cilyt~ae 



KOWlOHOBKH c T0-2-+0) HJUI 18-20 ~~ (TI2PT -'-YET) f1p0113BO.IliiM c"1eAytOWHe 

nocrpoeallll (puc . 18) 

1·-!J npOl13BOJlbHOH TO'!KH A 

Ha KOTOpOH B MBCUITa6e J 0= I CM 

uTKHBLibiBaeM o-rpeJOK AC, paBHbifl 

\8 
\ •mCJleHHO semr•mHe 3eHHTHoro ynra B 

~\ " TO'!KC 1 (AC=a ,~ 2 ). l--13 TOH il(e TO'!KII 

\

/1, 

Puc. 18. CxeMa seKTopHoro TjleyronbHHKa 

.:Uill onpe.uencHHJI nap:weTPOB KpHBH3Hbi 

~!a Ja6oe 

A no A yrJJOM 6.1p2 ( H3MeHeHHe 

aJIIMyTa B JaMepax MCll\llY JlB]Mll 

TOI.JKa~tH ) llpOBO.lll-IM npl!M)'IO JIHHHIO 

II OTKllBJlbiBBeM B MaCUJTBOe U ,pl B 

TOYKe I . 

rtony'laeM AB. To4KII C 1t B coe.:tH!iJieM np~~IDH nHHHefi 11 nponomKIIM ee. 

HanpasneHHe CB COOTBCTCTByeT HanpaBJieHHIO pa60Tbl OTKJlOHHTCJlJI . 8 

HanpasneHl-IH CB 1-11 TOYKH B QTJ(Jla)lbrsaeM.oTpeJol\ BJI,=CB flo.:I::-"'aeM T04KY l! 

CoenHHHB A c ~ 11 3aMepHs Jl)IIIHY B Bb!OpaHHOM MaCWTaOe, JIOJI)''lll~l 

3Ha'leHIIC 3eHHTHOrO yma Ha 3BOOe . 3aMepHB BCJII-f'UIHV tl<p 1 H C.10:.KI{B ee CO 

3H34CHHeM a311_M)'Ta B TO'lKe 2, JIOJIY'IHM 3Ha'leHile a'lHMYfB liB 3a6oe 

3HllJI napaMCTPbl KpHBH3Hbl Ha Ja6oe, npHCTj'llaJOT K nOCTPOeHII_IO 

-rpeyrO!ThHHKa LlJ]il IlHeCeHlli! nonpaBKII B paOOTV OTK.liOHHTeJU! (ecmt JTO 

Ht:OOXOJllll\10) 

~oTiycTmt, •no Ja6oH!ibi:? .JaHHbte onpoe:t<:ll~r: ih u a 3 OapaMeTpbr, 

KOTOpbie HeOOXOll.H~lO llOJiy'IHTl>, ~" II a". ; bMeHeHHe aJKMyra D.pJ='PH-pJ. 1-b 

npo113BO.'lhHOJ1 TO'IKH N (p11c . l ') l np:1BO.l\1'd ropH30HTaJlbH)'lO npl!My iO 1-1 

OTKJlallhlBaeM aa HeH B nplfHliTOM 'dacwTa6e a~(~)- !13 TO'IKH A crn<ilaru,raaeM 

aemP:urHY H3MeHeHRJI a:urnyra ~p; H npoaoaru.t npl!MJ'IO AE, me s MaclllTa6e 

oTrroll<eHa senH'IHHa aH. CoemrHHB ~ 11 E, nO!!Y"HM Heo6xoJIHMoe HarrpasneHHe 

pa60Tbl OTKJIOHIIITe.'lll (HHPO) . 
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Pac.! 9. CxeMa eeKTOpHoro 11Jeyro.~bHlfKa 
jlJUI BHeCCHIUI nonpaBOI< B pa601)' 

OTKJIOH HTCJTJI 

q iUObl ;.;t!;l3aTb rpalpH'lCCl\HH pJC'iCT .; 'leTBCpTiii>iH MafHHTHOfG Kp)Ta, 

Heo6xonHMO omrcaTb oKpyA\HOCTb c llCHTJlOM ll T04KC t:( . Ha'!ano OTC'It."Ta 0 (HYJTb i 

OYHCT H3 nepeCC'ICIIHH npO.'IOJ!;KCHfiJI !ll-IHfiH HanpaBJTCHHJI £1>aKTH'ICCKOfO a:!HM)'T<l 

01 c OKPY)I{HOCTbiO (pHC. 20) 

i) IIC 2U C.\<:,! a \'C'T31 !0Bidl OTK.JlOHHTC:JII lia 1a6u c C 

\ ' 1kl lJ \I o .:aKTHBIIOI"O \10.\ICilTJ 'l360HH0f0 ;{Bar::rrC.1JI 

t\ TO 'If;~ j pXUC.l fl\1 0!\pVJKHOCTh H<l 'ICTBCpTH . llpH OTC\TCTBHfl 

pc:ilr.-THBHOI'O o\IOMCIITa n:r OC!\OCTb HCKpHB:lCHHH OTKJIOHHTCJUI YCTIJHaB.1l!BafOT no 

HanpaB;lCH}!JO HHPO, T .e . nou ynoM y K lP3"'Tii4CCKOMV a3HMyTY npH 

HCOOXO.'lliMOCTll yt!CT3 yr.1a 3aKpytlliB<JHIUI-· DT peaKTliBHOfO MOMeHTa (J.[l 

BCIIH'IHHY :noro vrna OTKJJaLibiBaJOT no 4acosoii crpenKe OT HHPO 

Y oe,ll!qeHKe 33HMyra - no YaCOBOlt crpenKe, yMeHbWeHHe- nponm 'JaCOBO it crpeJtKII . 
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Tor;~.a fl!IOCKOCTb HCKpHBIICHH51 OTKJIOHHTeml Heo6xo.!IHMO ycTaHOBHTh no 

IIHHHH J{K. (HYQ - Hanpasnel{}le yCT3HOBKH OTK-10HIITCJIJI C )''leTOM HCJUI'lH.Hbl 

yrna 33KpY4HB3HIUI OT peaKTHBHOrO MOMeHTa 3360HH0f0 liBHraTeiD!) 

TEXHH4EC:KHE CPElJ.CTBA YIIPABJIEHMSI HCKPWBJIEHMEM 

Bee. TCXHH4CC. KHe cpc,acrsa ynpaEneHH.>t 

npe.uHa3Ha'leHhl .nm COJ)laHHJI OTKIIOHJI!Ollleif cnnhl Ha nonoTe t npouecc. 

CKBill!GIHhl (llpOI..lCCC aCIIMMeTpH'IHOfO pa3pyweHHJI JafiOJI). )lnJI C03)laHHJl 'l'rnX CHJI 

Ha ,'IOJIOTe npHMeHJIIOT OTKJIOHJI!OlUHe KOMOOHOBKH, fllaBHbiM 3JieMeHTOM KOTOpb!X 

!IBJIJieTCJI KpHBOH ncpesonHHK (KIT) . KIT - orpe30K TOJICTocreHHOH rpy6bl 11IIHHOii 

0,4-0 6 M, 11a o6o11x KOHuax KOToporo HapeJaHb! cneuHanbHLie peJL6&1. Ha onuoM 

KO!IUC MycjJTOBaJI, Ha .llpyroM - HHIIflCilbH<lll . flpH'lCM pe3hfibl Hape3aHbl llO!l yr.10M 

KIT ycraHaBJIHBalOTCJI a pa3JUI'IHLIX MecTax Meil<ny WllllllilCIIeM If HHA<Heii 

O.llHOCeKUHOHHb!M Typfio6ypoM; B HHii<HCH '13CTH OfibeMHOfO (EilJHTOBOfO ) 

-lBHraTeJUt; np11 fiypeHHH JJICKTpOfiy poM - MeX3HHJM HCKpHBllCIIIDI (M11) 

Heo6xonHMo orMeTHTh , 'ITO MecTo ycTaHOBKli Kfl "JHa'lHTCJihHO BJIIDieT Ha 

pe3yllhTaTbl pa60Tbl OTKIIOHJI!OlUei:i KOMIIOHOBKH (KHEK). lleM OJIHJKe K !10!101)' 

Ha'(OllHTCll KIT, reM llblwe llliTeHCHBHOCTb Ha6opa napa-.terpos KpHBH'3Hbi, MCHhWt: 

pan11yc H ~tao6opoT 

flpH pOTOpHOM CI10C06t: fiypeHHl! B K3'1CCTBt: OTIUJOHHTe,1t!H npHMCHJIIOTCH 

OTKJ!Otu!IOI.UHC KffiiHbJI (CbCMHbJe H CTaiiiiOHapH.bte) If ruapHHpHl>le OTK!IOHIITC.1H . 

Ha 3anaile OTKHOHJliOlliHe KJIIIHbJI Ha3biBaiOT wips~ock. 

KaK npalllillo,sce O'TKJlOHIITenH, ycTaHas;JHBaeMhte Ha 3a6oHH!.IX nsaraTe.ilJIX, 

rpe6y10T opHCHTI!pOBaHHJI flO 3a.D:aHHOMY a3HMj7)' 

npH 6e30pHeHTHpOBaHH,0M 6ypemm 3300HHbiMH JlBHI'3TeJUIMil H poropHbiM 

cnoco6oM: ,!U!JI ynpaBJl!leMOrD 'H3MCHei{}IJI BCJlHqKHbl 3CHIITHOrO yrna OpH 

fiOCTOJIHCTBe a3RMyra CKBIDKRHLI B Ka'lCCTBe OTKJIOHJIIO[llefO ycrpoikrsa 



11pHMt:IIJIKJTI:ll npiiMOMtHeiiHbte KHEK C Ut:Hlp3TOp3M11, KaJIHOp3TOp3MJ1 c 

napaMelpaMH, o6ecne'II!BaKJWHMH 1aLla.HIIOe 113MeHeHlte JeHHTHOfO HCKpHBneHlill 

HaH6o,1et: nepcneKTHBHbiMH 3a6oi1HhlMJ1 .!.lllHt ·aTeJt~MH- OTKJJOHHTeJutMH JtllJUIKJTCll 

>Jte~>.ll)o6ypbi c MexaHH3MaMH HCKpHsneHilil Mil T1poBOJIHOif K<:Ufd.lt Cti>lJH 

ooecne•!HB3eT flOCTOliHHblH KOHlpOnh napaMelpOB pe)I(J-!M3 6ypt:HH.!I H 

npocrpaHcTBeHHh!X KOOp,'l!H!aT CK!la)l(lll!~L K ccl!l:aneHJlli\ npOH1P.OT\CTr.o 

JJieKlpOOypos B POI:I:HH He HaHalKeHO, HX B M<IJ1b!X KOJHI'!eCTB3X BhtnYCKaeT 

8 Pocut11 WHpoKoe npHMeHeHHe B K3'1eCTBe OTKIIOHHTeneif H3XO,QliT 

Bf!HTOBI>Ie 3300HHbte .QBHraTeJJH 0pfl .\lel!bWIIX raoapHTaX (nO cpaBHeHHlO C 

Typ6ooypaMH) OHII 00,13.1310T .10CT3TO'IHOH ~IOWHOCTbiO , KpyTliWHM MOMCHTOM 11 

\tettbWeii 'laCTOTOii BpaWeHI!51, 'ITO BbirO.aHO HX OTJJH'laeT OT ryp6o6ypOB 

BHIITOBble :.IBIIr3TC:tll l!BJJl!IOTCJI OCI!OBHbiMII 3a6oiiHbiMII ~RHr~TeSi~MH 

OT!UIOIHITeJJliM II 11 Ja pyOt:lKO\L 

8 iOx - 60-.: 

npmteHl!.1HCb r:pttBt.te TPYObL HaK.1a.lKH Ha Htmnenb TY'POo6ypa, oTK.10HHTe.~H run~ 

P-1 H tteKoropbte JP\THe B itacTo~IHee spe~tJI see oHJ-! 

llp3KTH4eCIUI tie HCllO:tblylOTCll . 

CoepeMeHHhle JaooiiH.ble iiBHraTe.1lt - OTKllOHHTe.lw 

I I TYpOIIHHbiC OTC. ( ··T' 
) , () [ fl Crtt:UIItl.1bHO 

CKOHCTj)yHpOBdH HbiC: : 

~I TY)JOOoyp~i C Kpttilbl\111 ncpeBO.lHIIKJ~III. 

3) BHHTOBbte nma ill , j],2 : .lnll ropH30HTaJlbHOrO fiypeHlll! .l(f ; 

I) 3JJeKrpo6ypbt c MYI nma 3170-8; )185-8; 3215-8; 3240"8; 

3250-16. 

HeKOTOpbte KOHC1pyKUirll oTKJTOHliKJWHX ycrpollcTB 

npeJICT3.BJ!eHbl Ha p11c 21 (KpHBoA nepeBOtufHK), pHc. 22 

( OTKJJOHHTenb P-1 ), p11c 23 (oTIV10HliiOWee ycrpmkTBo c 

HaKnanKoii), p11C. 24 (OTKnOHHTeiib rypfiHHHblH CeKUHOHHblH) 

P11c.21 . Kp11aoii 
nepeBOJIHHK 
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PHc.22. 0TKJTOHHTC.1b P- I 

j 

Pnc.23 . OrKaOHl!IGUlee ycT)Joikrso c 
HaKJla;J.KOH: 

l-6y pHITbHble Tpy6bl; 2-KpHBOH 

nepesonHHK; 3-ryp6o6y~ ; 
4-H ai-~,.UKa~ 5-l!O~'!OTO 

2 

PHc.24 . Onrno!illte,'Th ryp6RHHblii ceKUROKHbrii OTC: 
l - no.1oTo: 2 - RarulOolOTHbrll Karm6paTop; 3 - mmneJlh; 4 - san ; 5 - onopa; 
6 - KOJKyx; 7 - mapOBaJl onopa; 8 - KpHBoli nepeooliHH!<; 9 - ryp6o6yp; 
I 0 - nepeRO,'lHifi< (c HOJKa~nt , nw6o MMHJHOMJ 



8b1We llb!JIJ [101\:a:JJHJ B03MO;KHOCTb 6e30pHeHntpOBJHHOfO ynpaBJJeHJUI 

3CHI1THblM HCh.1JHBJJCHHeM C [IOMOUlbfO U.eH'I'pJTOpOB, yCTaHJB,1HBJeMbiX B 

OnpeneneHHbiX MeCTJX HH3J 6ypHI1bHOH KOJlOHHbl. 

Puc.25 . IJ;eH-rparopbr c 

uett3~1eHl!eMoil reoMe'I'pHeii 

UeHrp11py!OUHIX 

J:leMeHTOB 

G 
7 
8 

I .·J 

'1==----J.W 
\=tt 

\t ' fl 
u ' u 

1 - nepeaonHm< 

2 - RepXHHH KOpnyc 

3 - BTYJlKJ 

4- KOfiYC 

5 - llJlJilJKJ 

(i - HJi)!<HHH KOpnyc 

7 - nopweHL 

8 - UHIIIfHJlp 

9,10- yrmon!eJHui 

I I - OOJIT 
12 - oraepcnte !I/UI 

COe!!!1H~HH5! 

BHyrpeHHeH nO:IOCTH 

ueH1lJJTopa c 

TIOJIOCTbiO UIUl Hlll!p<l 

l3 - OJIIIMJK 

P11c.26 UeHrpaTOp rHnpaa.1HKO-MexaHH'!e~Kili1 
C H3Mclll!eMOH reoMerpHeii UeHrpHpyfOUlliX 

HeKOTOpbie KOHcTflVKllllH ueu-rparopoa noKa3aHbt ua pHc 25 (ueirrparopbr c 

H~ltJ\IeH>!eMOii fCO~IC'I"fllleH li<~HlpHpYfOilll!.\ 3J1eMeHTOB ), pH C. 26 ( nupaUJil!K'J­

\IC\aHJI4cCKllli UCflTp:l t; '! ~ i 'I JH!C. ].7 ( UC!rTTJOOe)!<f[blfi UeH1'pJTOpJ 

Ha puc . 1101\ ~U:Jtfhl Ut!H"fPJTOpbl C Helf3MeHJie~IOH reoMe-tpHeii 

Ut!H'rpHpyiOUUIX :meMeHTOil : a H 6 ~ UeHrpJTOpbl C np11BapeHHhiMH ITnaHKJMH, 

pacnOJJOJKeHHblMif napanJJe!lbHO-{)Cif; 8-- IUIJHKH apMHpOBJHbl TBep,Ub!M CIU!JBOM; 

r - UeHrpaTOp CO Cl111pa!lbHb!Mif llilaHKaMII, apMHpOB3HHb!Mif TBep,UblM CllilaBOM. 

,LVifl BCeX 3TIIX KOHCipyKUwH xapaKreptia npoCTOTa H3fOTOBJleHHJL 0.llH3KO liX 

li.HaMerpbi MeHbllle HOMHHMbHOfO l1H3MeTj)3 l!OilOTa lf3 3-5 MM, 'ITO o6ecne'IJfll3eT 

npOXO)I(lleHife HX 110 CTBO!ly CKBaJKHHbl, HO OTplfU3TeJJbHO CKaJbiBJe1'Cll Ha 

3cj)(jreKTI!BHOCTif ynpaBJteHID! H<:KpHBJleHHeM. 



PHc.27 . 
lJ,eHT)JOOe)l(Hbl~ 

UCH'ltJaTop 

5tj 

0CHOBHQe y<.:JIOBHe 1rp¢eKTHBHOrO yrT!laBileHit~ 

rpaeKTopHdi aostoTa - o6ecneqemte MHHRM~1bHOro Ja:Jopa 

(JJH6o rrOJIHOe UCKJTIOlfeHHe era) Me)l(l!y Hapy)l(HbiM 

HCKHIO'lHTb, JlHOO 1Ha'lHTe!lhHO yMeHblllHTb IJ3HOC pa6ocmx 

'JJltMt:HTOB BO Bpe:>l;t cnycKO-iiO)lbeMHbiX onep3UHH I! 

)lOOHTbCll nOJIHOpa3MepHOCTH UCHTp3TOpoB B npouecce 

pa6oTht LtOJTOTa. B JHa•rJITeJibiiOH Mepe :rrnM rpe6osaHH~M 

OTBe•JaiOT UeHT)J3TOpbl C H3Me!UieMOH reOMCTpHeH 

ueHT)JHPYIOIUIIX 3!lC\feHTOB. U eHrparop (pHc.26) ~weer ;IBa 

OO!lOlKCI!Hll .aeraJJeH: pa6olfee H 

T)JaHCITOpTHOC . B OOJIO)l(eHHH 

BbiL!Bif)l(HblX JJTe,\h!I!TOB paBeH .llH3MeTpy JlOJlOTa, B 

norroA<eHl15l (KaK noKa:JaHo wapHC.26) Q pa6o<Jee llCHT)JaTop 

H3COCOB (3] 

,Upyroe yc'fvo~icTBO c H3Metu~e\!OH reoMerpHei-i [12] - Ka.1H6paTOp­

UCHTpaTop Ha.!l.llO!IOTHbiil ueHrvo6e)f(Hbiii ( K UHU), noKaJaHHhiH Ha pHc . 27 . KUHU 

npeLIHa:lHalfeH ,'!Jlll yCT31iOBKI1 Ha Ba~y 3300HHOf0 ilBHf3TCJJll H COCTOIIT H3 KOpnyc a 

I. o6oiiMhl 2 11 BbiLlBHraeMbiX nnaUJ~K ; . Meli<JIY KOpnycoM I 11 o6oiiMoii 2 11 

KOIIbUeBOH 11pUT0 4KC;: pa3\ICIUellhl fLlc!U!KI'. _; , KOTOpblt: ')3 C'1CT UeHTpo6elKHOH CH:r~; 

npH BpallleHHH l!aJia 'l300Hll0f0 J BHraTe.IU! BblilBHraJOTCll lfl OKOH . 

npocppt:3HpOB3HHbiX B n60i1Me 2. KOHTaKTilpyH CO CTeiUWll CKBaA<HHbl 

rieHHlmn pa6oThl KUHU ocllosaH Ha QTA<aTHit HHcrpyMeHTa oT cTeiH.:rt 

CKBaJKHHbl C ycr.tHHC~t, paBHDIM UCHTpOOClKHOH CIUie, B03HHI<aJOWCH rrpH spameHflll 

BbiJlBIDKHhrx JneMeHTOB (nmulleK) UCHT1)3Topa BOKJiyr era ocH . UeHT)Jo6e)f(HaJI 

cHna Fu Mo)f(eT .uocTHran 500-2000 H H perynHpyetcSJ HJMeHeHHeM MaCCbl m H 

'fHCITa IL1ailleK: 
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I ,.o.<;: ul - jl HUIJa!t (;KUpOCTi> Bpautet!IUI; 

R - p4i!Hyc spamew.u;:. 

( 22) 

BbiJlBHHyrbiC IIJiaWKH yC"rpoifcTBa npH spamcHIUI CIDIMaJOT HepoaHocTH 

CTCHKJ.I CKBal!<:llHbl, Karmopy!! ·~e. lC-UHil 3H3'-IIlTeJJbHO CHl!JKaeT IIRTCJICHBHOCTb 

lla'lCHHJ! 3t:HHTHOrO \T.la npH 6ypeHHH 6c3 OTKJIOHHTCJ!Jl, 8 CBJ!3H C 'ICM OH MO>KeT 

GbiTb pcKO~icH;lonaH R KaYtTTBe cn611nH3aTopoe npH npOBOllKC !-laY.10HHC· 

npHMOJIHHCilHbiX )"'-laCTKOB CKBa)f(llHbl. 

)Jo 60-x roJlOB a CiliA noaceMecTHO npH Ha6ope KpHBH3Hbi CKBaJKHHbi. 

HIIOO ee HCilp<IBJICHitH B Ka'ICCTBC OTKIIOHJ!KlWCfO yc-rpOHCTBa HCriOJJb:!OBaJJH K.HIIH 

- wipStOCk, fH.Jl:h:O.lb!\)' 6ypeH11e ocyUJ.eCTIHlJUlOCb ~CK..-110"-iHTC;lbHO pOTOpHbii\i 

CriOCOOOM. J111Wb llOUHCC .lJIJl npOBOJlKH H:UU10HHO-HanpaBJICHHbiX CKB3)KHH TaM 

Ha4<L111 HCllO.'Tb30B~Tb -ryp6o6yp B C04eTaHHH C 1\-pHBbiM nepeBO,[HHKOM 0pH4C\I 

Typ61l11HbiM cnocooo\r nposo.·uL11iCb .li!Wb pa6on1 ilO Ha6opy 3CHIHHoro yrn<J 

B HJCTo>twee ape:,tl! B KaYeC'rBe OTIGIOHJIIOll\ero yc-rpoilcTBa B CWA r.pl!­

'teHllJOTC~ BHHTOBbiC .1BHr:ne;,H c rqHtBbt~-t nepeBOiiHIIKOM. Bbmy.:Kae-rc,q TaK;Kcc 

HanpaBil)!J{)ll\eC YCTp o iiCTBO c nuratLlH't<:~KiiM npHBOii0.\1 «Bit Boss)} .lJIJI 6ypeHH;i 

HaK,10HiiblX CKBiDKIIll pOTOpHbiM CllOCOOO~t. flpH )TOM rpe6yeTCJ! npiUIO.Llllll\laTb 

O'.Jlll•lhliYIO KO.lOHH\' Ha.J Ja6oe\l .1.1>1 uepeKpCOc1eHfUl HKOpHbiX OaUIM31WA Hi! 

C!CHKe \:KBa;.[;llllbl 'tepc3 f;Cl;.[;JlLie 1,5 \1 l!pOXO,'Jhll. 

Ha n.lvllta.:uiX \kr;cuKaHcKorc) "Ja.JlliBa, crro>KeHHhiX MllrKHMH nopOlJaMII. 

l!COO!l b3YI0T CTpyiiHhiC ,ilOHOTa, C llOMOll\biO kOTOJlblX ocymeCTB,1>1eTC>I 

liCI\-pHBHeHife CTB0J10B CKB:llKHH. flpOMb!BOYHble YCTpOilC'TBa B ,'l.OJJOTC 

paC!lO:JOlKCHbi.T3KHM OopaJOM, 4TO B CTCHKC CKB3)f(HH.bl BbiMbiBaeTCJI >KeJlOU, KO­

TOpbiH onpe.llCJIJleT nyTb Jl0,10Ta H I!OJIOlKCIDie 6ypHJJbHOH KOJIOHHhl. 

3a py6elf(OM B nocne,IIHH.e l'O.llbl nOliBHJIHCb OTKJIOHliJOI.IUie YC'JllOHCTBa c 

H3MeHJ!eMb!M yrnoM H3rH6a KJlHBoro nepesomnu<a .LIO I ,5° H ynpasiiJ!eMbiM c 

nosepXHOCTH yrnoM ytlaHOBIUI OTKJIOHHTeiiJ! B JU06oM aJm.tyre. YnpasneHHe H 
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t-:OirrpO"% ll"I3YaJibfiO ocyiJ.1eCTBJI~ICTCll C nyJibT3 oneparopOM . npH 6ypeHHH 

ropH30HTaJlbHbiX CTB0.10B MOPy"T 11pHMeHllTbCJI T31\ H33biB3eMble «HenpepbiBHhlt: 

-rpy6u», KOTOpbie Ha\t3TbiBaiOTCJI H3 fiapafiaH JlH3MeTpOM 3 M H HM.eJOT D.lll'IHY 

2500-3000 M . llBHI'aTeiUI B 3TIIX CJIY'taJIX rHJlPaBJIH4eCKHe. JIH60 3Jie((J-pH4eC!()fe C 

ynopoM s CTeHKH <.:KB<liKHHbi. HarpyJKa Ha norroro C03Jl3eTC!! nmpaitiiWleCKHMH 

.:IOMKpaTaMH, XOll WTOKOB KOTOp!l!X 3-4 :vi. t{epe3 J-4 ~.1 npOXO.J}.J1 npOH3BO)U1TC;1 

nepeKpeMeHHe ynopOB B CTeHKH CKB3lKHHbl, H npouecc 6ypeHJUI npOJ10JijK3eTCJI . 

Tc~'iccHetcr,i~ Ci ... iOHTiipooanna;~ ;tCi10cpc.ucraeiino 3a J1BHTaTC;1CM, oocrlHiHNU 

nepenaeT no 7-MH iKIIJ!bHOMJ' K30eJIJO BCIO HeObXO)lHMYJO HH$OpM3UHJO Ha 

llOBt:pXHOCTb (.UHCI1.1eli). no.ll06HOe 6ypOBOe 060pjLIOB3HHe Bblllj'CK3eT, 

HanpHMep, KaHaLICKa!l $HpMa <<<l>parMacrep». 

OPHEHTIIPOBAHUE OTKJlOHSilOlUHX KOMllOHOBOK 

opneHTHpoaaTh on::IOH!IJOll1He KO~moHOBKH ll HYjf(II0.\1 HanpaarreEIHH, npaH3BOJlHTb 

CyUieCTBYJOT 2 Me-rona opHeHTHpoaaHH!! OTK.10HHTerreii: npliMOH (Mero;:I 

npOC"1elKllB3HH!i nonaiKeHID! OTKJIOHHTC.l!l C llOBepXHOCTH) H KOCBeHHbiH 

( 3300HHOe OpHeHTHpOB3HHe OTIG10HHTeJI!I ) 

nepBbiH MeT()Jl npHMeHJieTC!i npH He6om.woil rny6HHe CKB<liKHH (I DO - 30(],..,_\ 

I! MaJ!blX 3Ha'leHH.!!X 3eHHTHbiX j'LlOB (_·w 4 -5(') 8Topoii Mt:TO!l MO)Kt:T 

m:nO.lh30B3ThCll rtpH :UOObiX 3H34eHJ1JIX f:IVOfiH II 3eHHTHbl \ yrnOB 

OpueHTHposaal!c .~TK:IOHHTe;l!! no rrepso.\ty MeTOJy \IOiKe r ocvuleCTil:tllThC:I 

Cll.la:>IH 6yposoi:i 6pur;ubl non pyKo soncTBO:.I omiTHoro 6yposoro ~·tacTepa ~Lll1 

HHiKel!epa-TeXHOJIOra HeCKOJlhKHMH MeTO;Ia.\tH: nyTeM Cii0\:3 MeTOK H3 

HeOOLIBHiKHyJO '13CTb poropa; nepeHOCOM MeTOK H3 6yM(l)!(HyJ0 JieHry ; C OOMOlUbiO 

811_311pHb!X rpy6 H1lH TCO;IOJlliTOB. Doc.'le!IHHH rpe6y eT ClleUHaJThHOfO 11pH6opHOf0 

OOOpy!IOB3IIMIPaccMOTplt\l Cf10COP OpHeHTHpOBaHHJI OTKJIOHHTeJUI C nOMOlUhiO 

nepeHoca MeTOK c 6yp1LlbtfhiX -rpy6 Ha HenoLUli!Aili'fJO .'!aCTb poropa. ~;!!I noro Ha 



JaMKax KruKl!OW 6yp1-L1bHOW 'tllYfibl no OIDtOH ofipa:J)'!OlllCH HaHOCJITCll CCKa'IOM 

MeTKH. TaKM iKe MeTKa HaHOCHTCll Ha OTKJIOHHTCJie (KPHBOM oepesomun<e) s rmoc­

KOCTH ero HCKpHBJTeuwr Ha HenO.!lBHlKHOH qacnt poropa nenaeTCll MeTKa npoeKT-

pelleJUieTCll BCJIWIHJ!a yma 3lU<pyqHBaHlU! 6ypHJJLHOH KOJIOHHbl nOll .LlCHCTBHCM pe­

aJ(THBHOrD MOMefna 3a6oHHoro wmrarem1 <Pp · Ha porope orMe•taeTca npoeKTHoe 

HanpaeneHHe OTKJIOHIHCJJll Po-rxn =Pn +qlp 

Ha OTKJIOHHTCflb HaBHH'!HBaJOT 6ypHnbHJ'lO Tpy6y (CBe4y), 3aKpenmiiOT ee 

MaWHHHbiMH K.1104aMn, cosMeUiaJOT MeTKy OTKJIOHHTeJUI c MeTKol'i POT<ll· C noMo­

lllbiO WafiJIOHa rrepcHOCRT HanpaBJJCHHC MCTKH C HHiKHero JaMKa 1llY0LI Ha HeOOLI­

BlliKHYIO LfaCTb poropa, a MeTKY Pone., CTHpatoT. CnycKaJOT rpy6y (cBe'ly) B CKBaiKH­

HY HaswH'!HBaJOT c.1C.'l)l0!11YKJ rpy6y CoeMemaJOT (n)'TeM apameHHl! 6ypruhHoi1 

KOI!OHHbl no '!aCOBOH crpe.'JKC) HarrpaBJJe 1111e MCTIGI Ha Cll}1UCIIHOH rpy6e C \ICTKOH 

Ha HCOO.'!BHiKHOH 'I<ICTH poropa. rlepeHOCllT Ha porop HarrpaBJlCHHe MeTKH HHiKHero 

JaMKa HaBHir'lt!HHofr rpy6hr, a npe)Jhl :ryui.vfO MeTKJ Ha porope cmpmor. BllOOb 

crryCKaJOT B CI\Bai!Ciifly CRC'ly. 'J-rH Onepam!H !10BTOpJUOT .'!0 CITj'CKa fJOC,1C,JHeH 

rpy6br (cse'IH). HaBI!H'IHBaror EC1l)1ll}'Kl rpy6y. CosMel!laJOT MeTK)' Ha 3aMI\e no· 

c.1e.:rneil rpy6br c ' '~ TKo i! Ha porope. BhtOHpaJOr O.lHO m pe6ep BeJIYurew rpyubt 

(KBanpara) s Ka'!eCTBe penepa (e:ro OTMe'laJOT MerroM). C noMOWbJO wa6JIOHa nepe· 

HOCJIT "JTO llO.'lOiKeHHe pe6pa Ha HCOO,.'!BH;KH\10 Lfai..'Tb poropa, a npCAbllljillljiiO MeT-

1\\. C1HpaJOT. CTonop111 Hcno.asH;KHYIO •JaCTh poropa w Ha'IHHafOr npouecc 6ypeHHl! 

HapaUIHBilllH<: llllcrpprcun npn •J PHCHTnpoliaHHO~ 6ypetnm ocyrueCTBJUieT­

cl! c:.1eay101UHM o6pa3mr. H3sneK<IIOT Be.1yTUYJO rpy6y H3 CKBaiKHHbr. YcraHas.1H­

BaJOT HHcrpyMeHT Ha 3,1esarop (lrnUHhll). CosMemaJOT Hanpasnem~e penepa-pe6pa c 

MeTKOH Ha porope. DepeHOC.!JT MCTKY c sepxHem 3aMK3 Ha porop, a MeTK)' c peppa 

senyme» rpy6M Ha porope CTHpatOr. OrsHH'll!BaJOT senyncyJO 1py6y u onycKaJOT 

ee B Uiyp¢. HasHH'IHBaxn H 3aKj)ertJIJOOT MaJIIHHHbiMH KJIJO'IaMH HapamHsaeM)'IO 

rpy6y. CoBMel!laJOT MeTI<Y Ha porope c MeTKOH Ha sepXHeM 3aMKe cnym.eHHOH 

rpy6br. MeTKY c HHiKHero 3aMKa HapameHHoil rpy61>1 nepeHOCl!T Ha porop, npe!lhi­

AYlllYJO MeTKY CTHpaiOT. Jtb ruyp¢a 6epyr BCl{ylliYJO rpy6y H HaBHH'IHBalOT ee Ha 



Ko;tOHHY rpy6. i1HcTpyMeHT cnycKaiOT Ha JlJIHHY uapameHHOH rpy6bt H crasn Ha 

porop ( KllHHbll) . )laJree npOBO.IlliT see onepamrn, KaK 6blJIO noi«l3aHo Bbime. 

Opv.eHTnpcBaHne OTK;10HnTe:ur nyre~1 nepeuoca MeTOK ua 6yMa,"YJ-IYIO JieHTV 

llpH nepeHOCe MeTOK Ha pOTOp B03M0ji(ji0 CJT)"laHHOe CTHparute MeTKH, 'ITO 

BeCbM3 BepO}ITHO B !{OiK)'Ib , CHer, Henororry 001TOMY npen:TaraeMblfl !< paCCMOTpe­

HH/0 MeTOll C 6yMaA<HOH ,1eHTGH npoLUC If H3.iieiKHCH. foTGBHTCJi n0,10CK.<i rulOTHOH 

6yMarH WllpHHOH 3-4 CM 11 LIJlHHOH 'IYTL OQJll,IIJe .II.JlHHbl OKpy>KHOCTtt 1~WG1 fiy-

p~L1E-.Hoil rpy6u. B cepe;rHHe no.ryocr-:.H fnonepeK) HtiiiOCHTC:.I l..fepTa H CT:lDHTC:-1 u}:¢-

pa «On. f10CJle H3BIUI'lHB3HIUI If 33Kpen!leHHll M3WHilHblMH KJ110'13Wl 6ypHilbHOH 

TJJYOhl (cBe'lH) C OTI<nOHHTeJteM, 6yMaA<HaJI JJeHTa npHK.J13.1lhiBaeTCll K 33MI\Y OTK.lO­

HHTeJlll T3K, 'lTOObl «On H3 JleHTe COBnaii C MeTKOH H3 J3MKe OTKJlOHHTeJ IJI. 

Men;;; c Ja~IKJ HaBepHymA TJJYObi (cse'!H) nepeHOCHTCJI ua 6y~laJKHy;o neHTy . 

11 BOJJJe Hcc CTaBHTCJI uH<t>pa I. Tpy6a c OTKJlOHHTeJTCM cnycKaeTCJ! ~ CKBalKHfly 

f-laBHHlfHB3CTCR II JaKpenillleTCll C.'Je;ryiOLUall, BTOpall [10 C'leTy rpy6a ( •:Be'!a). oy­
:\laA<Ha>l JlCHTa npHKII3.1U>IB3eTCJI K sepxHeMy 1a\IKY cnyUlt:HHOH TJ'l:'Obi (CRe•nt) , 

MeTK3 I COBMCLU3eTCll C MeTKOH H3 33MKC . Ha 6yMa)I(HYIO Jlt:HTY nepeHOCHTCll MCTKa 

c HaBHH'leHHOH TJJYObL Y OTMCTKII cTaBHTCll UH<t>pa 2. r1pouecc nOE:roplleTC!l ao 

OKOH'f3HHll cnycKa BCeX T]J)'O. lJ.HCHO MCTOK Ha 6jfM3)1(HOH HeHTC .1l0JllKHO COOTBeT­

CTBOB3Tb 'UICJlY cnymeHHhl.X -rpy6 (cse'l). flocne HaBHWIH.BaHIUI. BCm'IUeH rpy6bl 

O)'Ma)I(Hall JlCHTa npttK.'I3.1lbiB3eTCil K 33~1KV 6yp1EibHOii T]J)'Obl Ta.K, 'ITOObl OOCJJC.J­

fll!l! Mt.'TK3 113 JICHTi! COBIIaiia C MCTKOii Ha J3'\,IKC. rlOC;l t:! 3TOrD fiHCTp)MCHT npOBO­

pa'IHB310T TaK , 'fTOOb! «0» MCTKa H3 Jlt:HT:O COBfi<L13 <: npOCICTflhl\1 OOilO)I(CH!le~l OT­

K..lOHHTe!lll ~onc1 t ODU::'!Clli!b!M 3apaHt:~ H3 HCIIO,!lBIOKHOH '13CTH poropa. 8 .Ua.'lbHCH­

we~r , KaK 11 paHee, Bbr6HpaercR penepHoe pe6po se;ryrueii rpy6M, nepeHOCI11~CII ero· 

HanpaB.lleHHe Ha po·rop. Porop t:ronopHTCH, 6ypetrne npoaomKaeTCll . 

ITpH aapau(HBattHH, nocrre HaBHH'IHBaHIUI H Ja.t<pennCHIUI TPY6bi, O)'M<DKHall 

,1eHTa llplfKJla.JlbiBaercll K 33MK)' Tiocne;uuu1 illeTKa neHTbi cosMemaercl! c MeTKorr 

Ha 3aMKe cnymeHHOil. -rpy6 .. 1. MeTJ<a c 3a\tKa HapameHHOH rpy6bt nepeHOCHTCll Ha 

6yMruKHylO net-rry,H CTaBIITCll oqepeaHoli ee HOMep. 
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Ec .. 'Hi 6yp~llt.lldJ£ h:OriiJHHa CGCTGHT ~i3 rpy6, HMCt0i.iU1X 3aM.KH pa"3H Of 0 ;uta· 

Mel"pa, 6yM-DKH'ylD ncHTy npll H3MCHeHHII !!llaMel"pa 3aMKa llpliXO.IDITCl! MCHJITb. 8 

~)TOM CJI)"Y.at CTd~ytO ;t:::HTY npHKJI3.Ub:DatOT K 33.MKY Cll)'1UeHHOfi B CKBa)KHHy Tpy· 

Gbl , (.'O!lMewaq nocne,!!tL'O!O ~!eTI\"Y Ha n e1ne c MeTKOfl Ha 3a.\IKe. K 3aMKY Haulllii.iCH­

H.OH rpy6bi .tpyrtu·o .LHia~·t:lpa npHKJJa,1lbJBaercJI HOB3JI 6yM3)K!HI!Illenra. Ha Hee ne­

peHOClHCR ~lCTlla 33MK3 H.aBV:HLlCHHOii TTJYObl H CT3BHTCl! O'lepe;!.HOC 'IHCJIO, COOT­

BCTCTBY PJUICe HOMepy MeTKI!, H HYiiCBM MCTKa CO CTapOii TICHThl C HOMep0:\1 «0)) 

CnycK npol.lOJl;Kaercl! y;Kc c Hoso ii neHroi-i . 

OueHHBaS~ T04Hoc:·b opneHTnponnHlt~ onnc~HhJMn MeTO.llaM.H, Heo5xo;JJ11\hJ 

OTMCTilTb, 4TO HaHOOJlblliHC norpeWHOCTII MoryT 6b1Tb CB.S!33Hbl C nepeHOCOM McTOh 

Ha porop, C onpene;Je HHCM llJlOCKOCTH l!CHCTBHJl OTKIIOHIHeJJ.S!, C l{HCKpeTIIOCTbiO 

tpHKC3Ul-lll llO!lO;KeHIIH poropa 

norpeWHOCTll nO:IfHII-;<lJOT npH ncpCimCe \leTOK C rpy6 HJ porop 111-Ja J110CpTa 

\IC i KIIY rpy6oii H W30JIOIIO~L TO~lWHHbl MCTOK. H3HOCHMblX MeJJOM.H T.ll 

13 uenOM CV\IM<lpHV!O rmrpewHOCTb npH CllYCKC HIICl"pyM<!HTa 110 MeTKaM ripfl 

6 ,13fOilPH.S!Tilbl.\ yc!lOBli!!X ( KBailllcpH11HpoBaHJ.lb!e onepaTOpbL WpO! lli.l i! RfL1!l -

\fOCTh ) ·\!O;KIJO l10;JC41H3Th flO "lMilflpW1eCKOH cjlop\!yne 

.\1 :::3':Jn _ ( ..:._' 

r..1e n · YIIC.1o cny tU~HIIbf\ TPY6 (•mc~1o rrepeHocos ~teTOKJ . 

. C;re,lOB3Tt.lbHO. !!pA \l! ,; e \leTil,J!,I OpHeHntpOBaHIUf OTK.10HHTC,leii iKC;IaT~.lb -

11 0 nposomnb Ha \l~lbl.\ · · :~:- · r)!tHa'c ml 3' 1c .'.101"\T Obln. 'JIIa•nnc.'ILHble OI UH OKll 11u 

cl'HDI)";·\ 

'3aLio ltHOC OpHeHnlpOB3Hlle OTK;IOIIHTeneii 

3a6oiiHOe Op1H!HTHpOB3HHC OTKIIOHHTenei\ MOlKHO npOBO,QHTh K3K !l ycJJOBHO 

Bepn!Jo;aJJbHblX CTBOJ13X (a<4 -5°), T3K..Il B Ha!GlOHHbiX, !lp114CM H3 3H34HTeJ!bHLlX 

rny6HHax (HHor,cra 6onee 3000 ~·) . 

3a60HHOe OpHeHTHpOBaHHe OTKJIOHHTeneif B BepTHKaJibHOH CKBiUKI!He C 110-

MOlUbKl CKBaJKHHHLIX IIHKIIHHOMel"pOB 33lpYlllleHO, T.K. y OObi'IHO llpltMeiUfeMLIX 

11pH60pOB nOJlBIIJKHaJl p3MK3 llpH 6nli3KOM K BepTHKaJJH JlOJIOlKCHHil KOpllyCa HHK-
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IHIHO\Iepa ycTaHaB.'Il!Baerc~ npmnsom>HO . H H3Mepemte a3H\tyra repHer CMhlCn H3-

3a 6on£>Umx oum6oK B 3a1.1epax (±45°) 

8 CBJI311 C 3TIIM .!lllJt JaMCpoB B «Bepti!KanbHbJX)) CTBO.'IaX IICKYCCTBCHHO COJ-

pa 

HanpHMep, s yc-rpoiicTBC opHeHrHpoBaHHJI OTKHOHHTen!! Y00-2 E. l!HaMar­

HHTHOH rpy6e (A6T ltliH CTilJILH3JI lt3 cnnaBa IXI8H9T), HaBHWinsaeMoii Ha OT­

KnOHHtenb, C nOMOli.lb!O OTKJIOHJ!IOWero K.m!Ha HnH )I(Cno6a IICKYCC-TBCHHO C0311J­

eTCH H3KJIOH KOpnyca IIHIGUIHOMerpa B ITJIOCKOCTH .!ICHCTBHJ! OTKllOHHTCJIJI . 8 TaKHX 

ycnoBHJIX (HcKyccrseHHhtH JCHHTHbti1 yron fiance 5 -7") HHKJIIIHOMerp ysepeHHo 

ITOK33LIBaCT a:JHMYT H3XO;t<,UCHHJI OTKJ!OHHTemt. 

LlnH o6ecne•reHHH ·noro yrna BHyrpenHHH ;waMerp ;ma'-'!ari!HTHoii rpyou1 

::IOJ!it<t:H 6b!Tb HC MCHCC 

( 14) 

rne d- tmaMe'Ip KOp!Iyca HH!Ql!iHOMepa 1"'75 m.t); 

i - A;liiHa Kupnyca HHl\JlHHOMepa (:;., J 000-1300 MM). 

8 yC1pOHCTBe «A3HMyT>> Jl1lll 3300iiHOrO opHCHTIIpOB3ffi!H OTKJ!OHHTC.'UI B 

«BepHIKa'lbHOM>> CTBOJ1C HC!IO!ILJYCTCll MO!IHqJHIUlpOBaHHb!H IIHI(;1JUIOMCTp MoJIH­

cpHK3UH!! IIHKJIHHOMe-IlJ3 3aKlll0'13eTCll B TOM, 'ITO Ha HlflKHeM KOHUC ero KPCillfTCJI 

HanpaBJJJIJOli.lHH llffOK C !la:JOM H CTOTIOpHTCJI paMK3. 

PaMKa HHKJllttto:~o~e ·rpa >aTOpMaJKHBa<:Tcll raKH,, oGpa:lO~t, 'ITOObl npf! Hanpas­

:leHHH na3a Ha <<CeRep» crpe.~K3 M3f.HHTHOH OyCCOil ll I!O!I<L13 Ha pa:lpb!B l.ll!;;t.lbl pe­

OXOp...la (;IHHIIH 0 -180° Ha li.lKa.le 6yccomt ·l. Tat;HM o6pa3mt , HHI{;lHIIOMerp scer.:ta 

6y)ler noKa:Jb!BaTb a:J~tyr HanpasnetmJI na:Ja. A HanpaBJ1CHHe na3a 11 nnoCKOCTb 

,.!le_jkTBIDI Kp~!BOfO nepeBOilHHKa COBMelUatOT nepeJ. cnyCKOM HHCT!JY~teHT3 B CKBa­

lKHHy. flo:HOMj/ TIOKa:laHIDI HHK..lHHOMerpa - a:lHMyt ycTallOBKif OTI<JlOHIIT~!UI . 

Op!ieHTI!poBaHlle OTKJIOHliTe!lH B cnonax, rae 3eHHTHbiR yron 6onee 5 -7': 
ITpOH3BOllHTCll, K3K npaBHJIO, C !IOMOlllbiO MarHHTI\OfO nepeBOliHHKa H M3fHHTOMCT-



Hanpi!;KeHHOCTb Manmmoro ITOIIl! KOroporo npeBhtwaer Hanpii;KeHHOCTh MarHHT-

HaB.'If!BaeTCll B B.!!IJCKUe1'!1 UeiiCTBHll 3T0f0 HCKYCCTBeHHOfU M<inirlTiiUI'U iiU.iUI. Jiu-

KOCTH. Opu )TOM MarHHTHai! CTpe.rJKa fiycCOJIH )'Ka;KeT a3HMYT YCTaHOBKll OTK.10HH­

TeJL~ Ha 3300e CKB<DIOI!Ibl (H..'TH B 10-15 M OT 3aOO.ij C ytleTOM ll.IIRHhl 3a60ifHOfO ,11\H-

rarellll H .Jonora). 

llOBJleHHhlX B KpHB0\1 ITepeBO.[IHHKe B nJJOCKOCTH ,LleHCTBIUI OTKIIOHHTeJll! . 

8 )TOM cny'lae .[IH!Ill.{e KOpnyca IIHKJJIIHOMerpa OCHaiiiaeTCll CBHHUO~Oif neqa­

Tb!O, Ha KOTOpOH OCTaeTCJI Clle.[l OT <<HmKeH» 80 BpeMJI j'CTaHOBKII HHKIIIIHOMeTpa Ha 

0 -l80c WKa1J,I KOMnaca HIIK.~HHOMerpa H orne'laTKOM <<Ho;KeH>), onpe.aen!!l()r a311-

\I}T )'CTaHOBK~I OTKJlOHHTeJlll y. 

vhaeCTHhl If .1pVnte cnocoOb! 3aOOHHOfO OpHeHTHpOBaHWI OTKJ!OHIITe,leii. ( 

ITO\tOl11biO npH6opos A\IOapuyMoaa \\O;KHO onpetlemtrb yron MeiK.Ily ycraHosKort 

llTK;lOHHTe!l.JI H 3UC11.1J.lbHOH ll.iiOCKOCTb!O, OL!HaKO a3HMYT H 3e!UtTHbiH yron B iTO \l 

H3MepHTh TO%KO se.~ll'nrny 3e!UITHOI"O yrna B anCH.!l<L1bHOH llilOCKOCTH no­

I.BO:!il<O:T np116op fkrpocnHa A.[(HKC rannapar 1llUI H3MCpeHHll KpHBli3Hbl CKB<li!Uf-

Hbl I 

frpHOOp flia!tbiHHa-KynumHa, raK.-..e KaK u npH6op i\o\t6apuyMosa, onpc::.:xc-

:l i iO:T .lHWb )'f<JJI ycTaHOBKH OTK.10HHTe.'UI OTHOCHTeJlbHO anCHJlaJlhHOH nJJOCKOCTH . 

To'IHOCTb JTIIX npH6opoF. H3MeH.lleTCJI c )!MeHbWeHHeM BeilH'IHHbl 3C~HTHoro 

yrna. He peKoMei:Ulyercll H~ npmteHeHHe npH 3eHHTHhiX ymax·; -Melfi>!IDIX 10° 



OCOIJEIIHOCTH CTPOHTE.:1hCTBA KYCTOB CKBAiKHH 

Kycro~t CKBIDKHH HaJbtaaeTCll TaKOC H:X pacnonoll<eHHe. KOrJJ.a ycTh>~ HaxoruiT· 

Cll B6JIH:31l 11pyr npyra 113 0111\0H TCXHO.'!Ofll'lCCKOH IL10!llUJlKC, a 33001'1 CKB3JI<liH - B 

V3JI3X CCTKH pa:!pa6011<H 3aJICJI<ll ( MCCTOpQ)ItllCIDUI) . 

B Hacrol!wee speMJI npaKT!PtecKH see 1KcrmyaT3Uil:OHHhle CKB3JI<llHhl 6ypl!TCll 

3To o6nl!CHHeTCH c,lCilYKJ!lllfMn o6cTOHTCJlhCTBaMH . Kycroeoe pa:~6ypHsaHH:e 

~lh!X 6ypll!lllfMifCll, 3 ·3aTCM 3KCnnyaT3UIWHHh!Mif CKB3JI<Ifli3Mif, JlOporaMll, mtHHJIMH 

·JJteKrponepena'l, Tpy6onpoB0113MH . 

Oco6oe 3Ha'!Cl1He 1TO npenMywecTBo np11o6pcrae-r np11 CTJlOHTenbCTBe 11 ')KC· 

IIJiyaTal(HH CKBaiKilll Ha !UIOIIOpOJlHhiX 3t:MJIHX, B 331\0BCllHHKaX, 3llK33H11KaX, B JleC· 

HbiX M3CCI!B3X C UCiiHblMH nopOJl3MH nepeBbCB, B TYHL!pe , rne HapyweHHblll 00· 

00.10THCTblX TeppHTOpl-tJIX, 3a-rpy.UHJIIO!llll:\ H Cl1J1bHO j'.UOp0li<3[{)[[(HX CTpOHTCJ!bHO· 

CTB3MH OObliCHJ!eTCll nO'lTH IIOBCCMCCTI!OC Cl'pOIUCJihCTBO KYCTOB CKBaJKHH He 

TOolbKO Ha MCCTOpOJI<llCHHliX C CIUThHO ncpece'1cHHblM pem,e<jJOM ~teCTHOCTll II B yc· 

.'IOBilJIX, KO[Jla TpCOYCTCH BCKpblTb 3a.'!ClKII HC<jlTH 110,1 npOMbiW.'lCHHb!Mii II rpiDK­

Jl3HCKHMll COOpyli<CIDU!Mil, IIOA llHOM peK H 03Cp~ 110,!1 wem.<jlOBOH 30HOi' C 6epera 11 

C .3CT3Ka:l, HO ll Ha paBHilHHbiX !UIO!ll<lill!X 

Oco6oe '.lecTo 3aHHMaCT ;;:yerosoe CTJ!Ofrr~: IL;:TBO CKB<LKHH Ha Tepp~tToprm 

T10~1eHCKOH, ToMcKoii 11 .Jp . o6nacTei1 3aHa.JHDii CH6HpH, rT033o:msrnee a TpY-lHO· 

.JOCTYrTHOM 3300J!O'ICHHO:I1 ll JaJieCeHHOM perHOHe ycnewHO OcyWeCTB.IlJITb Ha H3· 

Ct.lrTHblX OCTpOB3X CTpOHTeJlbCTBO He<j)Tli.H~IX 1i fa:!OBblX CKB3li<IIH . 

PacrTOJIOJI<eHHC CKB<DKHH B K)'CTC 331HICHT OT ycnOBHH MCCTHOCTI! II npe.zmona· 

raeMblX cpe.ncTBax CB}!Jif KycTa c 6a:~oi1. KycTbl , He CBll3aHHbte noCTOllHHhiMH nopo­

ra~1H C 6aJOH, C'fliTIUOTCll JlOKallhHhiMii 8 pl!Lle CJIY'I3C" KYCTbl MOfYT 6b1Tb 6330· 

ilhiMII, K0f.!l3 OHH pacno,lOJI<eHbl Ha -rpaHCIIOflTilbiX MUri1CTpaHliX 



I1a .IOKa.:lbHblX r-;vcrax CKBaA<HHbt, KaK rrpaBHJJO, pacrronaraJoT B ciJopM•: seepa 

BO BCC CTOpOHbi, 'ITO II03BOJUICT HMCTb B KJ'CTC MaKCRManbHOC 'll!C.10 CKB<LKHH Ha 

iipCt!HpyeMOM y'liiCTKC: 

0pH pa36ypHBaHliH MHOfOtulaCTOBhiX M<:CTOpO)I(,L(eHHH '-il1CJ10 CKBaJKl1H 11 KyC-

H ,Lip.) BbiHOCill ia npt:.UeJtbf llpUH3U0;1CTBt:HHOH lli!OWMKII C paCYL'TOM, '!TOlibi pac-

'llOObl llpH .lBIIlKCHIIII 6yposoro CTaHKa OT O!:(HOH CKBalKHHhl K .Upyroii H T.,il. oypo-

Bb!C H3C0Chl, llpHCMIIbiC a~I6aphl H 'laCTb o6opy,QOBaHilll .[lJUI O'IHCTKH, XHMII'ICCKOH 

oopaOOTKll H llpHrOTOBflCliH~ 5fl)f( OCTaB;LlHCb CTaUHOHapHbiMH ,iiO MOMCHTa OKOII­

'IaHHll ClflOHTC.lbCTBa scex (11Jlll YaCTII) CKB<llKHH Ha JlaHHOM K)'CTC. 

KoJlll'!CCTBO CKBalKHH B KVCTC ~J()jKCT KOJie6aTbCll OT 2-X c10 20-30 H OOTicc' 

npii'IC'I 'IC~I OO.lb!lle CKB3A\Illl H KYCTE, TC\1 6omwe OTK.~OHCHJUI 3a6oeB OT Bt:JlTil-

CKB<UKHH KpOMC TOrO. BO:lHHK3CT OllJCfiOCTb BCTpe'lH CTBOHOB, B.~eKyLUal! Ja COOOF> 

HiKC.lb!e aBapHflHblC CHTVaUH11 

L[aCTb npooypeHHbl\ CKB<WHH BblliVlK,1eHHO KOHCt:pBHpVlOT .:10 OKOH'lCJHWI 

OVpEHH~ BCCX II!:IH 'laCTHI CKB<~.;KHH Ha JlJHHOM K'y'CTe. JrO npHBOJlHT K CHHlKCIUlK> 

i'~'.IIlOB pa3paOOTKH '.leCTOpo;K.:teH!liL ,.J.1n OOt:CllC~CHllil :JKOHOMI!'IeCKOff "lipl(JcK-

TIIRHOCH! K\CTODCJrll· •J\D<OHilll IICC\l:\C'Jlt\10 onpe,Qe.~HTb paUHOHanhHOe '!HCnll 

CJ;BJA\HH B Kyc-re. \ilaJ;CH\IJ.~bHO BOJ.\IOJKI!OC 'IHCJIO CKBali<HH B KYCTe Ha OCHOBaHfHI 

]aHl!biX HaK.~OI!HOrO ovpeHH!l onpe!leHJ!CTCJl lf'J BbljJalKCHIUI 

( 25 ) 

rne a,, - upenenhHOe OTKJIOHCHHe 3aOOi! OT Bepn!IGUIH; 

t- nnOTHOCTb CCTKH pa3pa60TKll 3anell<ll; 
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t=d·h, f!lC d - paCCT051HHe MC)IQY jlliJiaMH B CeTKe; 

h - paCCTOSIHHe MCJK.lY CKBal!UIHaMH B p51Jly 

OnTHMaJTbHOe •mcno CKBalKIIH a Kycre onpeneJUieTCll B 1aBHCW.tOCTH or rex­

HHKO-"lKOHOMH'ICCKHX IIOKa:JaTCJieii HaKJlOHHOfO 11 BCpn!Ka.,TbHOfO OypeHl.ui Ha !1311-

HOM MCCTOJlOll<llCHHH H3 BbipalKCHH51 

,, ' J'-. 

N <K+\..-,TL., 
onm- c C" +C" , ( 26) 

Ta 113 n CKBa)f(J.IH K CTOHMOCTH TaKHX lKC paoOT .!111R OJIHOii BepnlKcl.HhHOH 

CKBalKHHbt; 

C', - CYMMapHaR CTOHMOCTb i<JlHWHeij)) npOXOAKH HaK~OHHb!X CKBa>KHH B KYC-

TC, 

C.- !lOOOJ!m!TeJJbHal! CTOHMOCTb CKB<DKHH B KYCTC, OOYC"10BJlCHH:lJI HaK.HOH-

HbiM oypcHiiCM; 

C., - CTOHMOCTb OO!lfOTOBHTCJ!bHblX paOOT ITJlH CTpOHTCJlbCTBe OliHOH BCJlTII-

K3.JlbHOfi CKB(l)!"..HHh!~ 

C. - CTOHMOCTb Mm!TaJ>KHblX paOOT lljlH CTpOHTCJ!bCTBC OAHOH BCJlTHKaJJbHOH 

CKB<D>I<HH bl. 

B npaKTHKe K.ycroaoro 6ypenH51 ocnoBHbtM KpHTepneM onpe.!lencHH!f 'IHCJia 

CKBan<HH B KYCTC l!BnliCTC)f CBOOOliHbiH C)'\IMapHb!H lleOHT CKBajj(}IH H ra"JOBbiH ¢aK­

TOJl Hec!JTH . JTH l10Ka1aTCJIH onpeliCJlJliOT IIO)!(apOOTI<lCHOCTh CKB<DKHHbl np11 OTKJlbl­

rmt <p,mTaHHJlOBaHIBI H JaBUCl!T OT TCXIIII'ICCKOfO ypoBH51 CjlCJlCTB !lC:.!GljlOT)'lll~­

HHJi. B HaCTo51wec spewt s PoccHH B Ka•tccTse acxO.!llibiX HOpMaTHBOB npHH51T cy ~t­

\tapHbJj;f CBOOOllHbiH .!ICOJ.fT CKB<D>KifHbl He 00,1ee 5000 M
3/cyrKH npH falOe'JM ¢a~<IO­

pe H~ 6onee 200 M~7M ' 

H C T HMotl>ees npe!IJTOllatn orrpe~e.ru1n KOJJ!f'1ecTBo cKB<D>KHH n a KJ'CTe !13 Hepa-

sem:TBa 

c, n~c..: + i:ch + i:cfi, ( 27 ) 
1 l 



r.uc;: C, - CTOfi!><OCTb OCIIOBaHHl! OO!l O.UH)' CKHaACHHy; 

C, - CTmtMOCTb OCHOBaHHJ! 00.11 KYCT H3 n CICBal!<IIH; 

2.:: C - cyMMapHM CTDI!Mocn «JTHWHt!H>> npoXOllKH Hat<.riOHHblX CKB<DKHH B KycTe; 
l 

I c. - .aononHHTC.%Hhie 3a1pan1 Ha 6ypeHrte H3KJIOHiihiX CKBaAGIH. 

3HaJJ Tenepb npHMepHoe K0.111'1CCTBO CKBaACHH B KYCTC, nepeXOJlJIT K HOClJJOCHHIO 

f113HO~I KYCTa HaJbiB3eTCl! CXCM3TII'IHOe 1130fip<l)l(eHHC rop1!30HT3JibHbiX npo­

CKUHli CTBO:lOB BCCX CKB<DKIIH, fiyp!!tUHXCll C !laHHOH KYCTOBOH ll.:lOlUa!IKII 

l1JJaH KVCTa BKJ110'!3eT c:.eMy pacnCnOjj(CHfUI YCTbCB CKB<UKHH, 0'1CpC.11HOCTb 

IIX 6ypeHHJ! , HanpaBHeHHe ,'lBHjj(eHfUI CT3HK3 (H,(lC), npOCKTHble a:JHMyTbl H CMe­

LUCHHl! 3300CB CKB3jj(HH. 

3a.:r.a'la COCTOHT H3 CJICll)'lOilUIX 3TanoB : 

i; nocrpoeHHe cxeMbl pacnonmKeHHJ! CKBaJ!mH B Ky cTe; 

2) onpe;reneHHe O'lepenHoCTH 6vpeHHJ! CKBaJI{Im; 

3.1 OnpeDe.lCHHC ;L'lHH BCpTl!Ka'lbHbiX y"'laCTKOB, npoeKTIIbiX <l1HMyTOB II C\lt­

UICHitii 3<lOOeB CKBa:.KHH : 

..\I HOCTpOeHI!e CXeMbl KYCTa 

HcxonHbre .'laHHbtc 

paOOTKH I II I;\'CTOBOH OJ101Ua.'IKH : 

}) TpeOOB311H5l. HaK.'l3!lbiBaeMLie TeXHHKOH 6e:JonaCHOCTll, }'CJJOBIIJIMH \10H­

T<l)l(a OypOBOfO o6opyJlOBaHHJ!, JKCIL'!yaTaUIIll II peMOHB CKB~DKHH fl3 pac-

HOJI<Jjj(CHHC YCTbCB CKBlllKHH; 

3) KOHCTpYKUHJ! CKBaliGIH; 

4) llOnyCTHMaJl TO'IHOCTb !lpOBOilKH BeprRKan:LHbiX H HaKJIOHIU>IX yqaCTKOB 

CKBaJI(I{Hbl. 



Tpe6osaHHll K nnaHy KJ'CTa 

I) ,n:onJKHa o6ecne<msaTbCll B03MO)f(HOCTb onHospeMeHHoro 6ypeHID!, peMOH-

Ta H JKCIJil)'aTaUHH CKBa;KHH KYCTa; 

2) nnowa;rL KYC'ra llOJll!<Ha Ob!TL 110 B03MQ)f(HQCTII MHHHMaJlbHOW; 

3) sepoaTHOCTb nepece'!eHHll CTBonos coce.LIHHX ci<Ba;((!{H .uo.rllKHa 6biTb cse-

4) npo6ypeHHbiC CKBa)I(HI!LI ]10JilKHbl K3K MOlKHO ObiC'TpCC nepeJ1aBaTbCH B 

5) CTOHMOCTb CrpOIHC.lbCTBa CKBa;((!{ll B K)'CTC .1l0JI)f(Ha Ob!Tb MHHHM~lbHOH . 

MHHHMaJibHOC paCCTO)!HHC MClKllV VCTb)!MH COCC,[lHHX CKBa;KHH B KYCTC onpe-

)lCJilltTCll ycnOBH!IMII MOHTa)l(a, TJlCOOBatuJ:liMH 110 JKCfiJI)!aTaUHH H peMOHT)! Cl<8a­

lKHH, He!lonyweHHto nepece·~eHHll croonoB H no.l;KHO Ob!Tb He MeHee 5-6 M. Ec;nt 

'IHC.10 CKB3lKHH B K)!CTC OOJibWC ~-I U, TO UCJJCC000pa3HO pa3llCJIHTb HX Ha rpyllllbl 

!lHMO .IUUI npOBC)lCI!Hll O!lHOBpCMCHHO OypOBblX paOOT B OltHOil rpynne CI<B3)1(HH H 

BllO).(a ll 3KCruJyaTai..(HKl - B .Up]TOil 

O<tepe.UHOCTb 6ypeHllil CKBalKHH B KycTe If .lJIHHbl BC[)THKailhHblX V'!aCTKos 

onpeaeniiiOTCII H3 cne.u)'IOWHX coo6palKeH!fH. Ec;lll KYCTOB<UI rmowam<a pacno,lo­

lKCHa B UCIITpC pa36ypHBaeMoro )!'!aCTKa, TO 3a;J.343 pelllaeTCll CJICllY!OillHM DOpa-

30M. flon yrnoM 60° K HL{C rrpoaclll!T 4 :1HHiill, pa36KBaiOlllHe llilaH KJ'CTa Ha 4 ceK­

Topa (pHc . 28) 

[[a 'I 

so o· mci ' 
E3 )I 

6Q 

.liO 

Q ) 

r; (J 

IQ 

15 ,..... 

0 4: 012 0 
d) 

PHc. 28. C\eMbl CHM:>.I~H'lHoro (a) H acHMMeTpwmoro (6) pacnoJIOlKCHllll 

CI<BaJKHII B K)'CTC 



CHa•caJ;a 6ypn c;;l!al!iliHbl ce~aopa. HanpaB.1eHHll KOTOpbiX npomsono-

JIO)!(Hbi HllC, .oareM pacn<)JlO)!(e!-!Hbie s ce~cropax lla H 116. ripw1e~t >KeJiaT(!.ilbHO 

qepenosaTb CKBaACHHbl s )THX ce~aopax. B nocne.ltHKl!O oqepe;xb 6ypJIT CKBa)l(illibl s 

ceKTope III. B ceKTope i nepSbiMH 6yp!IT CKBIDKHHbi c 6orrbllli1M» 3eHHTHbiMH yma­

MH ( OOflblllHMif OTXO.ll3MH ), a JaTeM - C MeHbillHMH. JlnHHY sepni.K3flbHOfO YlJ3CTKa 

nepeoii CKBar.c;.;Hbi n eHaKJT M!!HHMMhHoi:i . .LJ:n!i IGl'K;:(OH oc;cpenHOH r¥-Ba)!<.mfhi I Ct'K-

TOpa aflHH3 sepTHKa~bHOfO yqaCTKa YBeJl~HBaeTCll IIO npaBHTiy : paCCTOliHHe IIO 

ce~cropa noJ1)!(HO ObiTb He MeHee 30 M, ecHH paJHHUa s a:Jl1M}'1aX laoypHBatHul Me­

Hee I 0'; 20 \I -- ecmt pa3Huua a:111MyTOB I 0-20°; I 0 M - ecmt aJHMynr OTIJH'la!OTCll 

6onee •1eM Ha 20"-

flpH 6ypeHHH CK83jKHH ce~cropOB IJJ H [[6 riiYOHHbl 3ape3KH T3Kll<e .llOmKHbl 

yse,•m•IHBaTbC~ . OtiHaKo Ha rrpaKTuKe ue scerna JToro MOJKHO .no6HTbCJI. llo3TOMy, 

·:C.:! r p~nHH!JH f3 ~,3~·P. tyra~: C0Ce..1!Hf'~; C J\P~)'<~~H C'0l.'TaBJtqf!'T 20° H 6o.11ee; TO .I!.0£1)/CKa-

eTCH 'lape3K3 CUCe,'!Heii CKB3)!(Hflbl C MeHbUJeil rrryOHHbl. JllUI CKB(l)f(HH lii ceKTOpa 

Ma1bHblMH RepniKailhHblMH yqaCTKaMH, a B ilOC.'!e.'IHIOIO O'lepe.'lb - \: M3KCmla·I i,­

llhi\Ul OTXO.l3~IH. fJIYOfiHa BepntK<L1bHbiX Y'!3CTKOB .11Jlll K3)!(,10H ilOC-l<!.lYIOWC:Ii 

CKB<DK!I!Ibl BbiOHpaeTc~ \ICHI>We, '!eM npe.'lbil!~'Ult:H 

3ana'-la "tasepwaeTCll IIOtTpoeH.HeM cxe~Ib! Kycra 11 ra6rutubL B KOTopoil npH­

BO J;.ncq npoeKTHhle a:.ll!Wi'!'bl Bee:-:. Cf:B3;KHH, .1.1J!Hhl BepH!Ka..ThHbiX Y'13CTKOH, C.\-!e­

c~l'llll.i 11 2 p :IJHIIhte . t-!a npe.1npHRTHliX oobi'lHO !WeiOTCR nporpaMMbi nuc-rpoeHHll 

CXC\Ihi KYCTOB Ha :.:JBf\1. ccaep;KaUUie BbiWeyiG133HHbiC -rpe60B3HHll H. Y'lHTbiRa!O­

UIHe ~leCTilhle yCJIOBU.H. 
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BblHOC LlACTHf( LllJlAMA H] rOPH30HTAJ1bHOrO CTBOJtA 

CKBA)KliHbl 

j{Jl.ll TpaHcnopTIIpOBKH YaCTHU lllJlaMa B sepTI!KaJlbHOM I!Jll1 cnauo) HaKJJOHHOM 

CTBO!IC cKBalfillHbl HCOOXO.UW..\W, 4T06bl cpet.lltllll CKOpoCTb BOCXO.liJilUero fiOTOKa 

npOMbiBOYHOH )!(HJli<OCT!l B KOITbUCBOM npoC'rpaHCTBC UlK ObUia Bbl!liC lia I 0 - 15 % 

CIO.IIa MHHHM3.;1bfl0 HC06XO.ilHMbiH Jl/IJI IlOllbCMa YaCTHU tuJiaMa paCXO.II npOMbiB04-

( 28 ) 

rne SKTI- HaH60nbW<UI nnowauh K0.1hUCBOro npoCTpaHCTBa 

!1pH fiypCI!HH rOpH30HTMbHbiX CTBOITOB CKBa)!(HHbl BCC 4aCntUbl WJlaMa 

CTpCMnCS! onyCTIITbC)I Ha HH)!(HIOIO CTCHKY CI<BJ)!(HHbl f:l03MO)!(Hbl JIBa MCX3HH3Ma 

I J1pH ;IOCTaT04HOH BbiCOKOH CKOpOL'TH riOTOI<a ryp6yneHTHbiC H)!JlbC3Ull11 (BIIXpH) 

4CHHJI. !1pH 3aryxaHHH BHXpll qacrnuM Ha'lHHaJOT ocenaTb, noKa He iiyJIYT no.uxsa­

lfCHhl C.1CnyJOUlHM BHXpeM. Ta!GIM o6pa30M OCYUlCCTBJU!e'fCJI nepeHOC 43CTHU BO 

83BClllCHHOM COCTOJIHHII 

2. EciiH cpe.n:Hrul BCJlWU!Ha nonepe'lHb!X nynhCaUHH CKOpocnt 6y,'lCT MCHbillC CKO­

pOCTll OCC.1aHHS! TBCp.lblX 'l3CTHU. TBCp.U<U! (jla3a H3'1He'f OCC;IaTb Ha Hf[jl\HIOIO CTCHKY 

CKBa:lKI!Hhl, o6pa3yll' HaHOCbl. Occsume 'laCTHUbJ \!Or\T nepeMetuaThC!l n o noBcpx­

HOCTH H3HOCa, CCJTH CHJ!a B03.'lCHCTBH!l Ha qaCTilU' . CO CTOpOHbl :.KIILIKOCTH 6y;rcT 

6oJibllle cH,l conpoTHBI!eHHJI LIBH:.KCHft!O 4acrnrn.1. Ta.Kolf M~XaHII3M nepeMCUlCHH!l 

lfaCTHUbl Ha3biBaC1CJI nepeMCIUCHHe~t BO BHCKOMOM COCTOliHHH. 

(pellf{ec 3Ha4CHHe nynbCaiUIOHHOH CKOpOCTII 'j CTCHKM KaH3.;13 

0: 
())= I_.(__.' 

Ys ( 29) 

r.ne U- cpeiJ.H.Jl'JI CKOpOCTb ITOTOKa; 

A. - K03<\>¢uuneHT raupaMWiecKHx conponrsnetrn.H: . 
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f1pHH\1Mall .:L1.1 1J'pOY1eHTHOro ITOTOK3 }, ~ 0,02 ·- 0,025, 11 0.'1)''111~1 

w=(0.05.;-0,06)·L' . 1 .10) 

Cne..JoBaTe .. '1 hHO, Tvp6y.rreHTU!:.I ~i noTOK ~JOJ!CeT TpaHcnoprrtpcBaTb so B3sewcHHG~-.-~ 

CKOpOCTH ITOTOKa, T .C npH 

U>( 18-~20)-Uoc ( 31 ) 

f1p11 l<OHUCH'rpH'lHOM paCITQJIQ)KCHHH 6ypHJJbHOHKOJIOHHbl MHHHMai!hHO HCOOXO!IH-

MhlH pacxon 

Q>( 18;.20)-UocSKn . ( 32) 

0JlHaKO 6yp11IIbHa!l KOJJOHHa npat.!H'lCCKil !!Cerna pacnOJiaraeTCll B CKBalKHHC "3KC­

l(Cl1Tp114HO . .D,nH Bbtno:~HeHHll y cnosHJI (31) B Y3KOfi •IacTH KO.~buesoro npocrpaHcT­

sa Heoi5xo.aHM pal~XO.'l 

( 33 ) 

fi!C e- OTHOCI!TC,lbllh!H ) KCUCHTpHCHTCT 6yplUibHOH KOJIOHHbL 

Dr-D., 
e=-··--· 

1),-D, 

r.JC 0, . 0 1 , 0 ' - COOTB~TCTBCHHO J.lla\teTp CKB3lKI'IHbl i! HapylKHbiC llliii~!CT­

pbl 3<L\IKOB 11 0Yp lL1bHblX rpy6. 

PflC'lCTbl !lOKilJbi RilhlT, '-ITO Tp3HCilOpH!pOBaTb BO BJBCW~HH0\1 COCTOllliiHI 

HO .l .\lumHO 11iiCHUlb£ ;u~l.l.\13 pa:J.\fepoM I!<: <J.l'll' C ] - 2 \IM . 50;1cl: Kpyntlb!C 'l3CTHUbl 

l<l ;l\~: npH 'JlPOYi1CHTric1',£ pelf\HMC Te•teHll~ iiy!lyr ocenaTb Ha lflllKHKliO CTCHKV 

CKBiliKHHbl H \IOI"j'T m:peMcWaTbCll :THU!b 110 B,leKOMOM COCTOJIHIIH. 

Kacan!,'IhHhie nanplllKeHHll Ha CTeHKe KaHana, C03lliiBaeMbie noTOKOM lKHm<OCTH, 

tlP·R M·D 
r=J·p·g·R=--=--

1 4 .f 
( 35 ) 

rAe 1 - rlf)lpasnwrecKHil yKJJoH; R, 0 - coarsercTBeHHo rHnpaaJIHqecKHH pa-

AHYC H AH3MCTp KaHana; !li'f/- rpaul!!e!IT .[(aBJICHHll; p- riJIOTHOCTb lKHm<OCTH 



CliJla conpon!BHellHll .L!BHlKeHHJO 'lactiHlbl 

( 36) 

r')} C: r t.,; - KaC.1TeJTbHGC Hanp;t;f:CHHC COnpOTiiD.rie!HL':! : S - fUIO!.UaJ[h rJpOeY.l!HH 

qacn!Ubl Ha !!HO KaHaJJa; G- 11ec 'lacri1Ubt, Far - L>Ul il AJ):uthlt.U<>; f- r.:v:4¢ri-

UHeHT conpOT11B JTCHIUI .LIBHlKeHHIO 

.LI.m1 qactHUbJ wapoo6pa:moi1 <t>opMbJ 

(G-F)·R .,._= "' = ()f.7-fn..-n)-a -d-f 
·: __ ._) -~. - · 'r t r , o .1 

f 1 '7 .. 
\ -' ' J 

r.Lie p1 - fUIOTIIOCTb TBept~oii yacti!Ubl; d-ee 1KBHBa.lleHTHbiH t~HaMeTp . 

3Ha'!eHHll KaCaTeJTbHbiX Hanpl!lKCHHH , npH npeBhiWeHI-fH KOTOpbtX BOJMOlKii il 

TJlaHCn OpTHpOBKa <JaCTHU no llliY Kalla.lla , paCC'IIITaHHble no <t>opMy J1e (37), np11 

:\p= 1500 Kfh t' npHBe;JCHbl ll Ta0)1.6 

1:13 (35) H (3 7) rwiTy'laeM ycilOBHe tpaHcnoptHpOBKH 'la<-'TH!lhl no .:tHY KaHai!a 

M 0,67 -f · ICJ.p · g ·d - > --'---'--__:._:::.__ 
I R 

( 38 ) 

Ta6mrua 6 

L 11a 

f i I 

~-d_, _M_M_~~-o_._J __ ~ __ o_.~ __ ~ __ o_._s _____ '~---o,_; __ + 

o.t o,3 o,4 1 o,s o,6 1 o,7 
• I ' I I 
~ - a,-5 --~--l.-5 --.--i : :i--~2-.s 3,0 --i-! -~-l.-5 · ~-4-,-0 --.------·---

0,8 1.0 

0,8 l.O 

_ __ _ _..j._ 

3,0 4 5 6 7 8 10 
~----· 

2 6 8 10 12 14 16 i 20 : i ' 
, 

9 12 15 18 21 24 30 

5 15 20 25 30 35 40 50 



OpH ryp6yJieHTHO:-l re'lemm nepena.l .JasneHl1!l s JKCt(eHrpli'HlOM K0.1ht1t:BOM 

rtpoc-rpaHcrse 

' '\ (; - J ( 3')) 

ormoaa no,Ty'-meM ycnoBHe -rpaHcnoprHposaHIDI qacnw U!JlaMa no .:my KaHa-

lla ryp6yneHTHbiM i10TOKOM 

( 40) 

]HJ'lel!ll!l KJCJT(:.1bHblX :-ranp!I)I(~HHHI!a CTeHKe K3HaJia , C03ll3BaeMbiX ryp6y­

-' ICHTHbiM !lOTOKC\I,npHBeJleHb! B T30H. '7. 

Ta61mua 7 

t, na 
------ l 

I 

1.1 Re Ki!_ U MiC 1 

! ~ I 2 3 4 

j i. ""-..._ 1• ---+- i ~- ! I 
O,Q2 ! 2,5 l~lJ-~i -4<)' 

I - : , 
+-­

?.5000 

12000 

66000 

39000 

0,025 3 12 28 50 

0,03 15 33 IJU 

0,035 18 i 40 70 

0,04 
+----+-- --.__ ____ . --- -·--· 

20 . 45 ' 80 5 
------------··· - -- ·--- ---- -----~-------~----_;____ _________________ _:_ ______ . 

Jrh Ta0.1 6 11 ~ U<:Jyt.:T. 'UO flj)ft npO:>lhiBI't: BO.!lOH CO CKO]XlCThfO 2 ~~ C llO"l­

\I•:~:KHa .-paHC!ll'pTHp0 t11G 'l~CTHll llL13Ma p31MepOM .!10 2 - 3 MM npH KOJcpqJIIUIH!HTe 

conpoTHBJJeHllil ilBmKeHlliO f== 0,4 - 0). YaenH'!eH.IIe Bll3KOC1ll BOJiblllO (3 - 5)·10·' 

na-c caoco6CTByer yse.1I-NeHHJ0 Kacarel!hHbiY. Hanp!!)l(eHHfl H coorsercTBeHHo 

pa:JMepa rpaHcnopmpyeMbiX •rac-mu B 2 pa:m. 

,Aruillill.UKOCTH DHHraMa nepenan }lasrrei!Hll B JKCUeHlpWIHOl\1 KOJ!bUeBOM 

npocrpaHCTBe 

4-r .[ 48·'1·1 ·/ 

M ,= D, ~Dr + (De -DrY(l+l ,5·e') 
( 41 ) 



llOJlCTaBmlll ( 41) R (3~), nony'lHM HCOOXOJ1HMhlM LUI~ BbiHOCa ll!JllMa paCXOJl 

it\UllKOCTH fiHHraMa npH ;laMHHapHOM ee re•u:rm11 a 3KcueurpH'lHOI'! KOJihuesoM 

npocrpaHcrse : 

caM oM y>KOM qacnr KOllhUesoro Ja:Jopa ns~rranacb, 'ITO JlOCTHraercll npr1 

111'> 4·?:u· f 
D,- n, 

[ 42 I 

( -13 ) 

CJrcroaa nonyqaeM sropoe ycnoaHe an.<~ rpaHcnopra '!aCTHU ll!llaMa li\HXI.KOCTH 

EirmraMa: 

( -14) 

0 > (0,67 t.p ·g d Jt(D , - Dr )[2+(1t- e )"'' : +(l-er·'~ .. 
- 16·(m+2)·r( ·(1-e)'•• t · All 

( 45 l 

f!J cpopMyll (35), ( 41 ), ( 44), ( 45) BHXJ.HO, 'ITO 'le~r 60.1bllie 3KCUeHrpHCIIR'T 0\'· 

plillbHOii KOJlOHHbl , reM 6oJThrne npH npO'!HX paBHbiX ycJJOBIUIX no1DI<eH 6b!Tb pac­

xo.'l npoMbiBO'UIOH i!GillKOCTH. C )TOM TO'lKH 3peHH.<! npellriO'!THTellbH<!e HCnO:lb'lO­

B3Tb rpy6hi c 3aMKaMH 3Y ILTII TJlY6bi nma T5f1B . TpaHcnoprwposKa ll!lla~ra B m:-

1\CHTJlH'lHml KO!lblleBOM npocrpaHCTBI!. ym, 'llllaeTC.<! C yae,1W!eHHeM OTHOWeiiiUI 

'1/ '-, np11 npoMbiBKe ;KH.QKUCTbiO EHHraMa 11 OTHowermR 'J'/m npH npoMhiBKC ere-

neHHOH lKH.!lKOCTbiO 0CB3Jlht{a. 

O'!eHb B<DKHo )'MeRhWaTb KmcpcpmmeHT conporHs: retrn)! qaCTIUlllBHiKeHHKl 

nyreM HCfiOllb30BaHH.<! fJ.IllPO<t>ofiH3HpylO!UHX R CMa:JbiB310UIHX ll06a.EtOK. 

fiOCKOIThKY 110 BbiOOpa pacxo.ua !TpOMbiBO'lHOH lKlUIKOCTH pel!<HM ee Te'leHIDI. 

lier13BecreH, ro HM cneayer 13.1laBaTbCll, a nocne onpeaeneHHl! Q nposepliTh cnpa-

ae.'IJIHBOCTb caenatrnoro nonymeflll)! 



OfiPE.I.lEHilE flPOCTPAHCTBEHHOfO ITOJ10)KEHH51 

CTBOJlA CKBAJKHHbl 

bypeHHC mOOblX f.1yOOKHX CKBalKHH llOI!lKHO COllpOBOlKllaTbCll Orrpene~1eHHCM 

npOCT)J3HCTBCHHOI"O ITO!lOii<CHHll CTBO!la CKIIalKI-IHbl. 

Bo - nepBbiX, :uo6aJI Cf<salKHHa .ao; JlKHa BCK)JhlTh npo.'lyKTHBHhlH ITJiacr 

( yweCTBCHHOe OTK..10 HCHHC ¢aKTH'!CCKOf0 ITOJlOlKCHHll T04KH BXO)la B ITJiaCT OT 

ll_,r'\, J I11 .:Ioi OOITA 
UU.l-'} ~UI,. U TIIV 

K0 'Jljltjii1UI1tHTOB HCqJTe f aJOOT ,[{a'HI . 

,.,.,.,~ ., .,..arrHJ rtl 

.... lliJJI\'-'tliJ l V 

Jlpy rall rpy nna TpCOOB3..tH1it CBll33H3 C npo¢11.1eM CTBOJia CKBalKI!Hbl. np11 

6ypeHHH rnyOOKHX CKBalKHH B3nUIO OOCCITC4HTb BCpTHK:tJibHOCTb CTBO!la. 

HcKpHB:IeHHe crso.r1a r.1y6oKHX CKBalKHH \IOlKCT cywecrseHHO JaTpyilHHTh 

npOBOLIK:V CKB3lKHHbl lt.'HI caenaTb ee HCB03MOlKHOH. 

CTBO.'IOB 6 y p11WeHC)J II paHee npo6ypeBHbiX CKB3;KHH. 

f1pH npOBOl.lKe rop~1:30HT8..il b HhLX CKB::.WKHH OlliM6Ka S onpeLIC.1eHHH rny6i'lHbl 

f0pH3011TaJJbfiOf0 Y43CTKa MOlKCT npH[lt:CTH K TOMy , 4TO )TOT ropH30HTaJ1bHbl~ 

y'laCTOK OK3lKCTC)J BHC npOJl)'KTI!BHOfO n,1acra . 

llpH pa3BC..10'!HO\l 6ypeHHH 04eHb BalKHO 3HaHHe T04H0f0 HHTepaa:Ia 

3a.1efa:Hlfll rrpO:JYIITHBHOfO ll.13LI3 C UCJibK) ero reO.'!OflilfCCKOH npHBli3KH . 

C u sepw.:HHO O'leBH.:ma IH::oiixOllllMOCTb BblCOKOH TO'lHOCHl rrp11 npoao.tKe 

CrJeitl1a.1 nHOH Ha.K..'lOH !·IO fi CKBaJKHHbl J!f)l f:l~ WeHHll OTKpblTOfO cPOHTaHa. 

Otwi6Ka B onpeJe.leHmi no,1oJKelmH 3a6ol! MOlKeT npHBeCTH H K cyne6HOM Y 

palOHpare;lLCTB). CC.111 .\teCTOpO:.K.l\!HHC pa:3pa63TbJBaeTC)J HeCKOJlbKHMH cjJHpM3MH. 

KoOpiiHHaTbl T04eK CTB0;13 CKBaJKHHbl onpe.neJUHOT paC'ICTHbiM nyreM riO 

naimbiM HHKHHHmteT)JH'ICCKHX H3MepeHHH. I1HKJIHHorpaMMa CKBaJI<HHbl 

npenCTaBn!JeT C06010 \13CCHB JlaHHblX 113Mepe11HH 3eHHTHOfO yma CL H a:JHMyra <p B 

pa:3HbiX TOYK3X CKB<DKIIHbl Ha pa:3llb1X pacCTO~HH)JX OT YCTb51 ( Ta6n .8 ). 



06blt.JHO Koop::niHan! onpe.le.'15HCTC5f s JieKaproson cucreMe Koopn~n1aT1 rne 

och X HanpasneHa 11a aocroK, a ocL Y Ha cesep. Ha"'a.rio KoOpllHHaT pacnorraraercll 

H3 ycTbe CKB3JKHHbl (pHC. 29) 

fa6Jmua 8 
r----
1 L L, L1 L3 . L, LK 
----

a. a, a2 aJ ... a I aK 
-M- ---~-- - L 

([1 '0: tn, (..PJ ... <p, 1n .. 
'i ·· L 't't\.. 

OllHfiO"'HOH H3KJ10HHO-

Hanpas.~eHHOH l:KBa:n<HHbl yno6Ho oct. X 

Hanpa!l.lHTb no npoeKTHOMY a311M)'T)' 

3Hal! npHpauteHH!I KOOp.!lJ.IH3T LlX, 

c1 Y, 
PHc.29 

onpe.nemnOTC!! KOOplll-IHaTbl KaA\ll.OH TO'IKil . 

(46) 

H, ... I = H, + D.Hi 

OilH<JKO KOOpJIHHaTbl To'leK crso:1a CKsa-A<HHbi onpene.~RIOTCH c owH6Ka~m, 

HOC!!UllfMil ~ICT0.111"1CCKHH 11 HHC'fllY~ICHTaJibHblii xapaKTep. 

OwllOKH MeTO.!lJ.I'IecKoro xapanepa CB)I3311bl c MeTO;lHKDH orrpe.ueneHHll 

11p!tp3UlCHHH KOOpllHH3T .\IC:A<ll)' TO"!KaMH 3aMepa . 

JJlCMCHTapHbiC llpHpailleHIUI KOOp.[lJ!HaT: 

dX = dl·sliia·sinq> 

dY = dl·sina·COS<P 

dH = dl·cosa , 

(47) 



a) 

6) 

P1tc .JO . ti:O\tcTfHI'JCcKan UHTepnpcTaUHII pa:lllWI HblX \ieTOL!HK paC'lCTa 

npupaweHHH KOOpJJHHa~r: 

a~MeTOll_Cpe!lHHX yniOB; 

6}-6anaHCHbiH nmreHUlla!lbHblH MeTO!l; 

8 }-MeTO!l nOCTOliHHOH KpHBH3Hbl 
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!1p1tp3LUCHIHI K00p1IHH3T Ha HHTCpBa.lC .:'.i onpt:Je:ll!KlTClt .HIITCrpHp•JB311HCM 

)JICMCHT3pHbiX npHp3LUCHIIH 110 ,'Lfii1HC HIITCpBa.la: 

y jl' .. :- (')"~'"((!JI ...1 -" - = Jn ,"'liil rr ·,' ; ·:.lti ~- \ .· . 

6 )1 = Jr 
11 

sm a(l)· cos ({J(i}il 
II (48) 
.... \/ , ' 

Mi = J
0 

cos ali jdl . 

OnHaKo npH Bbt4HcneHHH JTHX HHTepB;,JlOB BOJHHKa/OT TPY1lHOCTH, 

CBli'33HHblt: C TCM. 'ITO HJM o-i3BCCTHb1 3H3'lCHH;t rpyHKUIII{ a(!) ll (p( !) B 

onpenenCIIHblX TO'IKJX, HO HCH3BCCTHhl CJMH c!JyHKUHH. 11pHX011HTCll ti.CJ13Tb 

onpellCJlCHHbiC nonyLUCHHll 0 xapaKTepe H3MCHCHHll JTHX lpyHKUHH MC)I(llY JIKlObiMH 

liBYMll COCC!lHHMH T04K3MH H3MCHCHHii, 4TO CCTCCTBCHHO BHOCIIT onpeJ(CJICIIHbiC 

!10rpeU!HOCTH . 

CaMblM pacnpocrpaHCHHbJM Merono\1 pac4era npHpameHHll liBmleTcil MCTOA 

cpe!lHHX )'f!IOB. 11pH JTOM Y43CTOK ~te)I(Jly .lBYMil COCCliHHMH TO'IK3MI! 

HHKllHHOMCTpH4CCKHX H3MCpeHHH, npCiiCTaB.1~iOillliH COOOlO B 06l.llCl>1 cny•tae ll)'f)', 

33MCH)ICTC)I orpe3KOM npl!Moii, JCHHTHbiH. yro21 H <DH~IYT KOTOpoll i!pH!IHMaKJTCII 

pasHblMH cpellHHM ap!ic!JMCTH4CCKI1M COOTBCTCTBYiOWIIX yrHOB, 3aMCpt!HHbiX Ha 

KOHUax Y43CTK3. 

!1pHp3WCHllil KOOpllHHaT: 

M'= DJ ·sin(0,5(a, +aJ)·sin(o,s(cp, +cpJ) 

1Y'=..V · sin(0,5(~ +aJ)·co~0,5(«PJ +cpJ) 
~VI'= cV · cos(0,5(a, +aJ) , 

(49 ) 

fJlC IIHllCKCbl ··t" H "2" 03H343KlT 3H3'leHHll yr,10B, 113MepeHHbiX 

COOTBCTCTBeHHO y aepxuero H RIIJKHCfO·KOHUOB Y43CTK3. 

C1enyer HMCTb B BH.ilY, 'ITO JlJIHHa XOpllbl, COC.[ti}UIIOWCH TO'lKH J!)TII I H 2 

(pHc.J~),MeHbwe !IJIHHbl ;zynL .[{nnHy, pas11y/O JlJIHHe cyrH I - 2, HMe•::r orpe30K 

I - 2'. flO rrpHBOllHT rrpH HCilOJib3083HHII yp:umeHHH (49) K H<~KOTOpOMy 

3aBbll.UCHiiiO np11pal.UCHIIH KOOpJlHH3T no cpaBHeHHIO C $aJmll.feCKHMH. 



7•J 

3aBLiWC:Hl1e 

npOCTpaHCTBCHHOl'O yr.rra MCiKllY COCC.[[H.HMit TO'IKUMH npHpaWCHHH HC rrpeBbiWaCT 

O,l pall 111m, 410 ro JK.:! caMoe, C.i .::; O,l·R. I'.'J.t: R- pal lliyc HCKpHBJlCH;Ill. ::fro 

rpe6ycT Ha y'iaCTKaX HHTCHCHBHOfO HCKp11BJlCHitil 6om,woro KOJ1Wit:L1Ba TO' !CK 

uJMepeHH!! , •rro eCTeCTBCHHO ysenw£1£BaiOT croHMOCTb reoqmJH'!ecKnx pa6oT OpH 

0,4 %. 

11a .JBa y4acrKa o ;tHHaKotloli .LI!HHbl - BepxHHH 11 HlliKHHH. KaiK!lb!H yYacroK 

ltHTcpnOJlllpyeTC~ OTJiC3KOM npl!MOH. 3eHHTHb!H yrOJJ It a3HMYT BepxHero OTpC3K3 

np1tHHM310TCll paB!Ib!Mit COOTBeTCTBYIOLU!I~I yrJIUM B BCpXHCH T01~KC 3aMepa, a 

1CHHTt1biH yrOJl It aJHM)'T HHlKHero· OTJiC'lK<I - yrnaM B HJ.OKHHH TO"'KC JaMepa. 

npr~paLUCHHll KOOp.:t!tHaT: 

:'.Y'=0.5 ·M(sina 1 COSq11 +sina~ · COSq1 2 ) 

j )-{'-: 0.5 · ~.\/ (t:;os a . -+-co~ a·; ) . 
(50) 

IlpH paC4CTC 110 (~Op\1\:Ja\! 150) llpOI!CXO.'IHT HCKOTOpoe 3aHHlKCHHC 3Ha4CHHfi 

llpi!paLUCHIIH KOOp.JHH aT. n.: . ;t;IHHy, paBH)'IO .VJI.IHC .ayr11 l - 2 , (pKcJQ,fi) HMCt: . 

• 10MaHHall I - 3' -- 2' , a ~li!Ha clO\IaHHOH I -- 3- 2 00J1bllle .lliTHHbJ .:l)'fH 1-2 

B :.terone nocTOHHHOH_Jill!!.!Hr.lHb£ npKHHMaercll, trro Y'laCTOK CTsona 

CKB3;J<11f!hl \telK;I\ COCC;JHH\!1-l f0'1K3\1H IH'IC\)eHHH CCTb l<p11Ball, a ee npOCK!llll-l Ha 

r·opH i OI!T<!:lbH:.'Ill fl BC pTl!Ka:lbHVIO WlOCKOCTII CCTb OlpC3KH OKpylKHOCTei1 

pa.JHVCOB COOTBCTCTRCHHO Rr f! RB (p11c .30,BI . 

8bJpaJKe!lHil ,1J1H flpHpaLUei!Hil i;OOp.:UtHaT MOlKHO f!OJlyttHTh H3 C.1Cll.YJOUH1li, 

COOHJOWeHHH: 

Ha Bej)THKa'lbHOii npOCKUitll 

RH = t'Jj(a 2 - a 1) 

.1H=R8 ·(sina, - sina1)=-1l(sina2 -sina1)/(a2 -aJ 
MI = R11 ·(cos a,- cosa1 )= M(cosa 2 - cosa1 )/(a2 - aJ 

(51) 



Ha ropH3QH';3JJhHOH npoeKitHH 

OTCI()ll3 

t.l(cos a 1 -cos al Xsin rp 1 - sin ~rJ~) 
2·(a, -a 1 )sin(0,5(rp 1 -rp 1 )) 

M(cos a 1 - cos a 2 Xcos f{J 1 - cos rp:) 

2 · (a 2 - aJsin (0,5(rp 2 - ~n 1 )) 
M(sin a 2 - sin a

1
) 

_ ~~~- I(c~~~=- _ ~ ::~~~--~x~~ :i __ ~~~_;-·-~=-~-! -~~~ -~- :_} 
(r,;2- al X{{lz- rpl) 

~ 1 (cos Q 1 - cos ::1 2 Xcqs •p : - cos 1p, j 
== -----1~~~;;-, X<P: - q;~ ----·-

Lll(sm a 2 -sin a , ) = --~--~------~ 
a, -a 1 

( ~ '\ _.), 

B ra611. 9 rrpHseneHbl KOOpllHH3Tbl (X H H) yc:JOBHOH cKBaJKHHbl, 

iTpOoypeHHOH no OKpylKHOCTI! C pa,:rnyCOM R~500M B Bepnuca.HbHOH IDIOCKOCTII , 

. npOXOLlliUlCH 'lepe3 OCb X. J-IJ Hee BH.lHO. 'lTO npH HC00,1b"lOBaHHH MeTona cpe11HHX 

yrnos npH j.l = 0, IR owH6Ka B o~pene.~eHHH KOOp.!mHaT cocraBJlJI1:r nopliJlKa 

o ~ 0,04%, a npH L.\.1 = 0,3R 0 =0,4%. 

npHMeHeHHe CaMOH COBepweHHOH MeTOJIHKI1 paC'IeTa npHpaUieHHll 

KOOpJIMHaT He raprurmpyeT OT OUIHOOK 8 onpe.neneHHH nOJJOll<eHJ.Ill CTBoJia 



~ I 

CKBa;KHH bi B npoc rpa Hc TilC:, T .l\ . CaMH HHKilHHUMt:qJH4CCKHC H3MepeHHll 

npOH3B0JlliTCll C Onpe.Jenel!HbiMH norpCWHOCTllMH. Y 60JJbWHHCTBa npHMCIIl!CMbiX B 

H3CTG/HUCC BpCM.i1 HHK.1 ~iii\FvieTpOR C Mar HHTHO'H 6yCCOJl hi0 ltOrpeWHOCTb B 

onpci!eneiiH>-i 3C HHTHoro yr;za cocTaBJlxer 30', r.e. - 0,0 l p<ut . Hcro4HOCTb H3Mepe-

Ta6m-1 ua 9 

C!l31:1HCHIIC pa:lml'lHhiX MCTOJIOB p3C'lCT3 KOOp11HH3T CTBOJia CKB3lKHHhl . 

n~ - - --·· · --
LLU tJa.LlnJ\. Y 

(! Cpe!! vr.'lo B 
Koop...; . KpHBH 3Hbl 

patt. - -- ----
61~ 150M 61= 150M t.I~J 50M M 

0 0 

H X 
C.I=50M 

- H- - X 

·- -·--- -- - ·-- -------
0 () 0 0 

H 

(} 

_x_.---H_ -'--x----'-- H [~_ 
0 0 0 0 : 0 

50 0,1 ~9.9 2,5 ~9.9 2,5 

100 0,2 QC) . QC)7 ()() J () ()'7 

150 0,3 147,3 2~) 1~7 . 8 22.3 148,3 22 ,lt • 146,6 22 ,1 147,8 22.3 

200 0 -! ! '14 7 39.5 : ~}4 .8 . 39.5 

250 0.5 2:19,7 61,2 ::39,8 61.2 

3oo o.c1 282J 87,3 282.4 8n 283.4 87.7 280 86_7 282.3 s- ; 

350 0, 7 322,1 11 7 ,(, :; 22,:2 IIi ,6 , 

: 400 • 0.8 358 ,7 : 151.6 358.8 151,7 ! 

450 0.9 391.7 189 .~ ;91.8 189.3 J93. : 189.9 388 ,7 187 .8 19 1.7 ;srn 
500 1.0 420.7 22lJ .3 .;='i . 'J 2:29-'J 

550 1.1 ~45 ,6 273.2 ~4 5.!! 273 ,3 

600 

650 

! .: 466.0 31 8,8 ~66,2 318,9 46 7,8 
I 

320,0 ! 462 ,5 ! 316,4 466,0 318.8 

I J 481,8 366,2 482.0 ' 366,4 ; I· ! 

: 700 1,4 492,7 i 415 ,0 : 492 ,9 i 415 ,2 , i I I 
i 750 : 1,5 : 498,7 \ 464,6 •. 498,9 i 464 ,8 [ 500,6 466,4 i 495 i 461,1 498,7 : 464,6 

i Own6Ka 8 ' A6COJ110T, M 0,2 \ 0,2 j 1 ,9-~-1-,8-t-1 - 3-,-7---T- 3,5 

onp- HUH '-----.. ~--_ _ l ___ '_; ___ L __ +--__J_ 

KOOp-T I 0rHOCHT.,% , 0,04 0,04 0,4 ; 0,4 0,75 0,7 

0,0 0,0 

0,0 
--·--~ 



HH~ 3eHHTH0rD yrna OOyCJJaBJIHil3CT H norpeUIHOCTb B onpCJ.CJICHHH npHpaUICIIHH 

h:OOpJ111tlaf. 

(5)) 

fllC 0.- CpCl\HCC 3Ha4CHHC 3CHHTHOrO yr.1a Ha H3MCp~C\10\I y4aCTKC . 

norpeUIHOCTH nOJIOii<CIIHJI T04Kil, OOyC.~OBnCHHbiC HCTO'll!OCTbiO HJMCpCHHH 

33HM~Ta, paCC4HTUI8~10TCJI no !jJOpMyJIC 

t56) 

rne lll,r- norpeUIHOCTb H3\1Cpemtll a:lHMj'Ta CTBOJ!a. npH!!HMaCMaJ! no TaOo1 . I 0 

Ta6nHua 10 

norpC!llHOCTb HlMCpi!HIISI 3111 .\tyTa !D,p li ynu t il.ilfl HHK.fiHI!OMCTpOB C 

MarHIITHOH 6yCCO.fJbHl 

r1a~peUJHOCT_b _____ . - - - -·---- - --------- - -

3eHHTHbiH yrOJI 
H3MCpCHI1JI a:lHMyTa YroJI r . rpa.c~ . 2·cosr 

CTBOJ Ja , llJa;.t. 
_c.,p, rpa.'l 

' ____ _ ___ _, __ ___ ____ 
0-1 ±68 55 1,15 

I -2 ±40 70 0,68 

2-5 ±20 80 0,35 

>5 ±4 88 0,07 

CyMMapHaJI norpeUIHOCTb nO.lOlKCHHJI TO'·lKH CTBOola CKB3lKHHbl, Bbl3b1BaC!>tall 

norpeUitiOCTliMH H3MepCHIUI, onpe.lC!UICTCJI BblpalKCHHCM 

m2x. v = m21+m/-2m,·m2·cosr . (57) 

f.JC T- yrOJI, 3aBRCllll(HH OT norpeWHOCTH H3Mepemtll a:lHMyTa, llpHH11MaeMblH 

no Ta6,1. 10. CyMMapHal! norpelllHOCTb noJJOlKCHIUI Ja6oll onpeneJJlleTCJI no 

·. <f>opMy,,e · 

M = ±~L,m} . (58) 



8 <jlOpMV.lC (58) npe::tll0.13f3eTC~ . 'ITO OWHOKH B H1MepeHHJIX 3eHHTHOrO yrna 

H a"JH .\I~Ta ~BJTliiOTCll cny'laHHhl~ll1. Opu H3..1H'!Hl1 CHCTeMaTH'!CCKHX OWHOOK 

:\,f = ) :m, fS'Ji 

f'ac'leTb!. nposeneHHble no t!JopMynaM (55) - (5!1! ,~_nH pi!Hee YK?-1i!HHOi-i 

ycnosnoi1 CKBaMHibl, noKa3a..l~l. 'ITO np11 L = 750 M (H ""498,7 M, X =464,6 M) 

owu6K~ a onpec1e.~cmm nO.lOiKCHI1ll 1a6o~ cocraBllileT Mx = 9,3 M 11111'1 2%, ow!i6Ka 

B onpe.:te.TeHI111 fiepn1K<L1hfiOii KOOp.U!1HaThl Ja6oH MH =1,33 M 1111110,3%. 

BH.1!!0 . 'ITO OWHOKH B 0!1pene.~eHI1H KOOp!IHHaT CTBO.~a CKB3)KJ.!Hb! , 

o6ycnos;IeHHhle norpewHOCTJI~tH npHMCH!ICMbiX HHK!IHHOMeTpOB, MOfYT 

cyweCTBCHHO npeBbiWJTb llOfpCWHOCTH. o6ycJIOB.1CHHbiC HCTO'iHOCTbiO 

11pll\1eH~t:\1bi.X \1t:T01IHK paC'IeTJ. 

0TcKl,Ta cne.'lyer, 'ITO flPH 6o.~bWOM KOm!'JecTse CKBJ)!(HH s Kycre , np11 

OypCH<III .JOflO.lHIHe.%11biX CKBaiKIIH B paHee pa36ypeHHhiX K)'CTaX, llpH npOBOLIKe 

H3K.:IOHHbiX CKBaiKIIH J;l)! L1YWCIH1H OTKpbiTbiX cp0HT3HOB, K0fll3 ·rpe6yeTC~ 

BbfCOK3~ T04HOC.Tb ()!lpC.L!.e.rleHH11 f<OOp..'lMHaT CTBO.na CKS3)KHHb! B Op0Ctp3HCTBe. 

HHK.111HOMerp ~1fM - 73 I 20.'60. y KOToporo norpelllHOCTb HJMepeHM!I a:mMyra =I · 

·l eiiHTHOfO yr.1a ±0.1 ,, 
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HEKOTOPbiE CHEUH<DHI-lECKHE TPEEOBAHH~ K ilYPOBOl\IY 

OliOPY.ll.OBAHHIO J1 JfHCTPYMEHTY IIPWEYPEHHII 

HAKJ10HHhiX 

U fOPH30HT A~1hHblX CKBA)l(HH 

[!pH CTpO!Ue.ribCTBe Ha¥J!OHHb!X H B OC0 6eHHOCTH rOpU30HT2.'!~HbiX CKB<D!<:HH 

6yposoe o6opy.uoaa HHe H HHCTpyMeHT Hecyr nOBb!WeHHble Harpy JKJ{ . 

HO-H3Mi:pHTCflhHbi.: npH60pbi ( MaHOMtipbi, niB, 3H8, paCXO[(OMCpbl H ;lp.), 6y­

pHHbHlll! KOJIOHH2 JlOJDKHbl 6b!Tb npe,UMeTOM nOCTOliHHOfO KOHTpOJU! HX HcnpaB­

HOrO. COCTOSIHHll . 

B cneuuanhl!OM lKypHane qmKcupy!OTCll .uaHHh!e KOHrpoJlll :Ja rexHH'leCKHM 

COCTOliHH.eM Bb!WKH. , rpy30fiO)ll>eMHb!X MeXaHH3MOB, Ki1.TJ, COCTOliHH<:M 6 ypH.1hHbiX 

-rpy6 

3ry pa6ory o6b!'IHO BhmonHller noMOIUHHK Macrepa, Jrn6o Macrep. O'ieHh 

;t.:e.'l<ne.::lbHO, •rro 6 1>1 6)'-pH!ThHb!e 11JY6 br 6tL'!H p3361ITb! Ha KOMrmeKThl n o 500-600 M 

KalK,!lbiH, RMe!lH M2pKHpOBKy H BeflCll yt~eT pa6oTbi KalK,!lOrO KOMn!let:Ta. f1epell Ha­

'laJJOM 6ypelill» ilOJDKHa Ob!Tb npoae.ueHa 11e¢eKTOCKOnHll rpy6. He peKoMeHll]'eTcll 

HcnOJihJOBaTb 6eJy nopHhle rpy6bi c H2BHH'leHHhtMH J<U.tKaMH, TaK KlK a npouecce 

6ypeHH51 B03M0)f(Hhl CaM0!1pOH3B011bHbie )lOKpenneHRJI pe3b60BbfX ·~oemrneHHH H 

CMeLUeHHe OTIWOHHTeH51 OT 3allattHOf0 alHMyra. 3aMKH Ha rpy6bi Ht:OOXOJIRMO H3· 

BIIH'flfB2Tb TO!lhf:O Ha rpy6Hbi X 6a:laX B r opll'leM COCTOl!Hlfli H C KOH1pOJJeM \fOMeH­

ra JaTl!)f(IGI. liY'mme pe3yrrhT3TLI .:~aer npHMeHe!llle ynopHhiX rpy6 co cra6H:II13H­

py!OLUHMH H 6noKHpYKJLUHMH noJicKaMH, c npHsapH.biMH 32MKaMH . Be• BpeMJI cny cKa 

6ypH.r.bHLIX rpy6 c OTKJIOmrieneM Heo6xo;1JIMO nocrre CBHHtfHBaHHJI 1n: AKJ>-3 l10K­

peruutn pe3b6oahle coewmeHHll MamHHHbiMH KJIIO'laMH nma YMK. Cnell]'er oco6o 

TLUaTelihHO Hafi1110ll2Tb 32 COCTOJ£HHeM H Kpeni!eHIIeM MeHee IIPO'ffihiX JUlaMarturr­

HbiX rpy6 AliT (cnnaa Jl16-T), BOBpeMll OCy!UeCTBJlllll HX OWpai<OBKy. 

Porophl , HCUOJibJyeMble ,llJUI fiypelrnll Hai<JlOHHbiX H ropH30HraJibHhlX CKBa­

lKilll, ,!I,O.lllKHbl HMeTb .Ha,LleiKH)'IO CHCTeMy cjlKKC. (CTO!IOpeKID!) H MW!HMa.lbHb!H 
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yro,1 ¢HKcaum1* Ha Heno.1BftiKHOH 'laCTH cTuo; Ia poTopa l!aHocncH ;te: remur 11 rpa­

J!ycax. M311ble BKlla.!lbllllH poTopa llOJlli<Hbl llMeTb MHHHM3llbHb[H .110qlT 00 OTHOWe­

IIHlO K senyurer1 rpy6e (Ksanpary). lleM 6onhwe 3TOT mo¢T, TeM OOJibUle seJJH'lHHa 

OU1116KH np11 opHeHTIIPOBaHHOM 6ypeHIHI. BetiYUiaJI -rpy6a .'lOJlJKHa 6htTh npllMOJrH­

HeHHa 11 6e3 aecjleKTOB rpaHeit 

HOCTII no OTilOWCHHfO K ~taKCII\IaJJbHO B03~10iKHOMY Becy HaiiOOJiee TlliKCJ!h!X 1(0-

MCIIT OTpb[BJ OT :'aOOl!. 

*YL10~1 <jluKCaU<III Hl l b1BaeTCK )TOll OOBopoTa 00)1BIDI<HOH ~aCTH CT0,1a pOTOpa MelKilV 

CM~lKH biMI! n0,10 -t<eHIUIMI!. B >:OTOp0~1 0 11 MOlKeT 6hiTb JaCTOnOpeH: 

TOB, npHMeH~eMhlX B Ka'ieCTBe nooaBOK K 6fD!(, 

rtep<!TOK [fJJaCTOBbJX BO:l iO O:lHOrO roptBOH7<1 B :tpyroii ( B ilpo,UyK1 ''"libiii IHiaCI 11.10' 

Hao6opoT) ; 

wecn.aMII, YTO epe:tHo s.lHKeT Ha JJlopoebe monerl: 

Jarpsnm:HHe 110 .]31.'.\IH!: IX :!0.1 11pH TOpn el!HpOBa.HH l1. 1\HC~JO fHLIX \·,l)pa60 Tf\ Zl.\ ''!! .:..!. t:" · · 

pa3pbiBax 1\ !lp 

ll,lK npeJOTBpaweHI!ll BOlMO;Y.IIOro VlllepOiL HaHOCifMOro ~TJlOI!Te..1 bLTBO~J CK.B<ljf.;IIH. :te;,;<) . 

· w.:tll~\0 Bblll0 :1!U!Tb KOM.n.1eKc apl·lpo::ooxpaHHbiX ...,eponpnllTnii : 

11pi! ;·vCTOB \) )1 i l !.'la O;DIHQUJlQM) 6ypellill! KCOO:>;O!lii~IO o \l6~Ja~C;lbH0 '1 r!OO~ l) Ke c;;e­

.1~7(, ,,()sa.·w oK :- .. : ·:pc•w;i :-r; !owa:IKH l ipeJaap;nenhHO v6pas aepxHHfr n.~0.10p0.1Hh l ii 

C.10 r, "3 e~Ul1f: 

npue,tHbJe a~u:iapb l ::.1~ 5!LK .:tOJil!<Hbi :t\leTh HenpotmuaeMbte .:JH111l1e 11 ·::reHKit ( u e­

:>leHTupyloT, o6K..1.1,Jb!BafOT n)leHKOii H.lH UCnOJlb.3YfOT MeT3.Jl.'111LJeCKI1e eMKOliU); 

!IIIH OJIOKa r·cM !le.1aCTCJI UOBa.JIOBKa , rtpensap•neJJbHO CHitMaCTCll sepXHUii llRO!lOpo;; ­

HhiH cnofi. 3eM11H; 

KOHCTpyKUIUI UllpKy MUHOHHOH CHCTeMbl !lOJJlKHa OOJ!HO~"Tb!O HCK,110~aTh BOJM0)1(HQC1 , . 

yre"!Kn 5n)!( H nonanaHIDI ee a rpyHT: 

Janpemaerc~ c6paCbtBaTb orpa6oTJ.HHYIO EfDK n n1.11porpaqnrqecKy10 ceTb (peKU, 03e­

pa, npyllhlll T n .} ., 

HeJib3JI3a6ypuBaTb CKBaJKI!Hy Ha 3MYJlbCIIOHHbiX llfDK; 
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.1.1:< Ja!UHTb! BOHOHOC!Ib!X ropH30HTOB H npouyKTI!BHbiX n ,1aCTOB o·r pa311 H'1HbiX rl~p~­

TOKOB ll 3arpx·JHeHHii HCOOXOUIIMO OCVIUeCTBJUITb l!X HaJ!CA<HYfO 11301l~WIIO nYTC~I 

wnaM , ocraTKII ape,rtHbrx xuMu•tec~-.:ux t:H::rueLTB, Ht:npui'OllllbiX .!.Ui)l IIUCJlc:.u,:' t\JWL:1 u Gy­

peuux, CIICi!YeT JaxOpdtnml B 3C~!1!!0 B lt301111p0BaHHb!X lEU! I!CKYCCTBCHHO C03.'laH-

CM 3CMm1 HC MCIICC ] ,5 M C nOCIICJIYIOIUei-i pCK}'IIbTHBaUIICH JTOH niiOIUa!(KH; 

nOCilC OKOII'Ia!iH~ BCCX raOOT. CB~aHHb!X CO CT!JOHTCIIbCTBOM CKBaA<HH Ha KVCTC, 

OCVWc:CTBJl5t.t:TC.>1 pCKVilbTH&aUHii BLdi nnoillailH, OTil C.J.ei:i HOfi fiO;J, KYCT. 

OcymecTBn•eTc• nepe11a~a JCMJIII ee xo3•11Hy 1a I!CI0HO'leHI1eM rr." OillailK fl , rae vCTa­

HOBJIC!io !lOObiBaJOWeC OOOpy!lOBaHite (cfaHKIH,d'laJ!KI!. JaMepHble yCTpOilCTBa II T :!. ). 
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3KOJIOrit4ECKHE BOIIPOChl IIPU CTPOUTEJihCTBE 

HAIClOHHbiX H rOPIBOHT AJibHbiX CKBA)KHH 

B Hacro>~w,ee spcM>~ upHponooxpaHHb!M MepoupllJ!rrurM ynenlleTCJI 6onbwoe 

BHifMaHne 11 pacxo.uyiOTcll Ha HHX 1Ha'lHTe.'IhHhre Marep!ia.TihH.b!e cpenCTBa. Heo6xo­

nt1MOCTb 6epelKHOrO OTIIOWeUllil K npHpOJ.le B fiOC.leJ(HHe rG,[lbl uawno 01f)IDKeHHC B 

pa3ITI1""'1HbiX rocynapCTBeHHhlX 3aKOHdX H I10CTaHOBJ1tHH>TX. Tio:JTOMy HO t'C~X. npoeK-

TaX Ha CliJOHTCJlhCTBO HerPTliHbiX ll f3.30BbiX CKB3lKIUI HMeiOTCJI p3.3.!ICllhl [10 oxpaHe 

m:pylKaiOmert cpei!bi 11 Henp, npeuycMaliJnBaiO!UHe Bbi6op reXHonorHH upOH3B011-

crseHHblX npoueccos, rexm!'leCKHX cpencrs, Korop&Ie 6hl o6ecne'UUIH pean!133UHIO 

He06XOllHMblX npHpO.llOOXpaHHbiX ;\-ieponpH:-tTHi1 HpH HaH.\~eHhWHX 3KOHOMiflieCKUX 

1arparax. 

(1fJOftTe.1bCTBO CKB3l!\HH CBJI3aHO C T3KHMH B03MOlKHbi~IH BHll3MH Hapywe-

tfHH ll(.lH(JOJJ.HOH cpe,ll.b!,KaK 

OT'IY:d0J:eHHe H Bb!BO).l H3 CTpOJl !LlO;lO)JO;lH.biX 3eMellb: 

HepaUHOH<L1bHOe 11 OeCKOHrpOllbHOe HCUOJlb30BaHHe 3e~UIH ll02l !L13HII)JOB­

IfY oypOBblX !L10UJ,3JOK 11 RHlKeHepHblX KOMMYHIIKaUHH, npoK.13.llhiBaeMblX 

K 6ypOBbiM; 

Hapy111eHHe llO'llleHHOro C.10JI H yMeHbUJeHHe UpOJIYKTIIBHOCTII llO'lB Ha 

MCCTe BCJ.eHH!l O])JOBb!X paOOT. 
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OcHOBHhie onpeae,1CH11ll .. 

f1pWH1Hb! H \ff~'<~Hin\f C:l\lilllp<HrlBOJihi!OfO llCKpiiBJICHIU! CKBiDKHH 

npe.'1ynpe:·K3.eHHe Ca\tOnpOH3B0 JlbHOf0 HCKDJ-tBJleHlHf CKRaiKH!f ..... . .... . . . . ... . . . . . . .. . . 

Cnoco6bi 6ype1111~ BaKilOHHhJX CKBaiKHH . 

f1pocpHJlll HaK.'IOHHbl X CKB3iKIIH . 

npoehillpOBaHIIC II paC'It:T np0cp11J1CH HaK.HOHHbiX CKB3iKIIH. 

f'!poeKmposaulle 11 pac4er npo¢1-!Jldi ropmo•na1hHbiX CKBalKHH . 

MHor01a6o~iHbiC 11 .\IHOI'O lipycHhie CK!lalKIIHbl . 

Y npa B.1eH fH' IH: I-fHI R;lC H IIC\t CKBan\Hil. 

TexwtYeCKHe cpe;rcTI!a ynpas:JeHH~ HCKpHBJICHiieM. 

OpHel!TIIposaiiHC OTl\;lOlll!KllilHX KO\tnOHOBOI\ 

Oco6eHHOCTH crpowre.%CTBa KYCl os CKB3lKHH 

BbiHOC yacnw llLlaMa H1 I'OfHI30nTal t.ll (>r o crsorra CI\Bail\llilhl .. 

Onpe J e:lCIHI<:: rrpocrpaliLfBCHHOro no.lQ;I\t:IHf!l CTBOJ1a CKil3lKHHhl 

HeKOTOp!.Ie cneuH<jll14eCKI!e rpe6csaHHll K 6yposoMy o6opy.aosaHHJO 

H IIHC1l)}\ICIITY npH 6ypelillll HaKJ!Of!HbiX 11 rOpH30HTaJlbHbiX CKBalKHH .. 

)KOJ10rH'IeCKHC BOnpOCbl npH CipOHtenbCTBe HaKJ!OHHbiX 

II ropH30HT3.11bHblX CKBalKHH. 
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