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BBE)l.EHHE 

.Peureuua XXVII csesna KnCC If OCHOBHble noaoacenaa 
3HepreTHl.J:eCI\OH rrporpaMMbI HaueJIHBaIOT pa60THlfKOB OTpaCJIH 
na HHTeHcIIqlHKaUHIO rrOlfCKOB nedrm cpencrnaan r JIy60Koro 6y
pemor aa rex rnyennax, xorop ue 6bIJIH panee He ocsoems. 
3TO Bbl,UBHraeT aa nepaua n.nan aonpocu HayqHO-TeXHlfqeCKO
ro rrporpecca, 5IBJIHIOIJJ,lfeC5I KJIIOqeBbIMlf B ycxopenna noncxa 
HOBbiX MeCTOp0}l{,lI,eHlfH )Klf,lI,KlfX rrOJIe3HbIX HCKorraeMbIX. 

3a rrOCJIe,lI,Hee ,lI,eCHTHJIeTHe BbirrOJIHeHlfe rrJIaHa rro ,lI,06b1qe 
:lKH,lI,KI1X E raaootipasnux yrJIeBO,lI,0p0,lI,OB 6bIJIO ooecneneao no 
cTp~He· 3a CqeT (rrplfMepHO) y,lI,BOeHlfH qaCTH HOBbiX MeCTOp0}l{
,lI,eHHll Hecjnll H raaa, npeacne acero, B pafionax 3arr. CH6Hplf. 

jJ.a.J!bHeHwaH nareucarpaxauas noncxon, B TOM qHCJIe B 60
.nee OT,lI,aJIeHHbIX pajionax, He MO}l{eT 6bITb otiecnenena na HY}l{
HOM ypoBHe 6e3 noasnuenas TOqHOCTlf rrpOXO,lI,KH paanenovnux 
CKBaR(HH, 1\1HOrlfe H3 KOTOpbIX 6yp5ITC5I ,lI,JIH OKOHTypHBaHHH, na 
«OTOPOqKH», JIOByWKlf, 6JIOKlf H T. ,lI,., r ai, xax xpynnsrx MeCTO
pOlKtleHHH B lI.aBHO OTKpbITbIX paiionax OCTa.10Cb He TaK y}l{ MHO
roo 

O,lI,HOBpeMeHHO C rrOJIyqeHHeM 3arrJIaHHpOBaHHoro rrpoueHTa 
()T60pa xepna, npoaenennesr reorpnaasecxnx HCCJIe,lI,OBaHHH B 
YCJIOBH5IX rrOCT05IHHOrO YCKopeHH5I Ha rrepBoe MeCTO BblXO,lI,HT H 
uonpocsr 06H3aTeJIbHOrO onpoooaaaas ncex norennnansno-npo
,lI,YKTHBHbIX rrJIaCTOB BO BpeMH 6ypeHHH. 06cY}l{,lI,eHHIO yxaaan
HbIX np06JIeM raroxe II rrOCBHIJJ,eHO ::lTO nocotiae. 

Heotixonuao OTMeTHTb, qTO OT rry6JIlfKaUHH rrOCJIe,lI,HHX JIeT rro 
noil rexe ,lI,aHHOe ysetinoe nocooue OTJIllqaeTCHTeM, qTOOHO pacx
'pblBaeT sonpocu, CB5I3aHHble C rrplfBJIeqeHlfeM Cpe,lI,CTB HOBOH rex
HHKH, suenpenuux H acnom.ayevux- ua rrp01l3BO,lI,CTBe B COOTBeT
CTBllH C yTBep)K,lI,eHHbIMll P.II. (PYKOBO,lI,5IlUIIMH ,lI,OKyMeHTaMII). 

3Ta IlHqJOpMaUliH noxa He lfMeeTCH B CYIJJ,eCTBYIOIJJ,lfX yqe6HII
xax H paaopocana rro OT,lI,eJIbHbIM H3,lI,aHlfHM, qTO ,lI,eJIaeT ztannyio 
ny6JUlKaUHIO oc06eHHO aKTyaJIb.HOH. 

B pariore TaK}I{e IICrrOJIb30BaH 3apy6e:IKHbIH orrbiT. 
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I'aasa I. nYTH nOBblWeHHSI acfllJleKTHBHOCTH 6ypeHHSI 
f JIy60KHX H caepxrJIy60KHX pa3BeJl.OIJHblX CKBa1KHH 

3a ClJeT BHeJl.peHHSI MepOnpHSlTHH HaylJHo
TeXHHlJeCKOrO nporpecca 

Texno.noma npOXO)l.KH r JI1'60KHX H CBepxLly60KlIX CKBaMHIf 
BKJII04aeT KaK BOnpOCbI npOXO.l1KH (T. e. HenOCpe,llCTBeHHO yr
JI1'6JIeHHe CKBaMHH), TaK H KpenJIeHHH, npOMbIBKH, 1',l1'411Iemm 
Ka4eCTBa paCTBopOB, a TaKMe cneunansusre, xax OT60p xepua, 
1'npaBJIeHHe KpHBH3HOH (HJIH oriecnesenae BepTlJKa.lbHOCTH), 
saxepu KpHBH3HbI, reocjJH3H4eCKHe HCC,le,llOBaHHH B npouecce 
61'peHHH; aonpocu, n03BOJIHIOruHe COKpaTlJTb BpeMH na opramrsa
UHOHHble npOCTOH H OCJIO}l(HeHHH H nexoropsre .I1p1'rHe, B lJaCT
HOCTH MeponpHHTHH Ha1'4Ho-TeXHH4eCKoro nporpecca. 

HIHKe H3JIaralOTCH TOJIbKO nonpocu TeXHOJIOrHH, CBH38HHble 
HenOCpe)l.CTBeHHO C yrJI1'6JIeHHeM CKBa}l(HHbI, aonpocu pe)KHMa 
61'peHHH H 1'CKopeHHH npouecca npOXO)l.KH B ueJIOM. TIPH 3TOM 
CKBaMHHbI, 61'pHIll.lleCH .I10JIOTaMH 60JIbillOrO )l.HaMeTpa, B TOM 
4HCJIe - CneUHaJIbHbIMH arperaraan, paCCMaTpHBaTbCH ne 61'
.n.1'T. 

Kpoue aroro, 
unre coxpanenae 
TaK}I(e sonpocu 
KOMnoHOBOK HH3a 

§ I. AHaJlH3 

61'JI.yT H3JIO}l(eHbI MeponpHHTHH, 06ecne'N~BalO

Ka4eCTBa CKBa}l(HHbI H 3aKOH oxpanu neap, a 
06ecne4eHHH BepTHKaJIbHOCTH C nOMOtUblO 

6ypHJIbHOrO HHcTp1'MeHTa C ueHTpaTopaMH. 

ca ryauaa, BbI3b1BaIOIUeH Heo6xoJl.HMOCTb 
nJlaHHpOBaHHSI H 6ypeHHH rJly60KHx H cBepxrJly60KHx 

CKOa1KHH 

I'JIy60KHMH B aacromuee BpeMH C4HTalOTCH CKBa)f(HHbl OT 
4500 )1.0 6100 M, KOTOrsre B ocjJHUHaJIbHOH CTaTHCTHKe Bbl,li,eJIH
lOTCH B OT,l,eJIbH1'1O rpynny. Paasure OHH KBaJIHcjJHuHpo:AaJIHCh. 
KaK csepxrJI1'60KHe. 

CKBaMHHbI rJI1'6HHoH OT 1800 )1.0 4500 M C4HTalOTCH CKBaMH
HaMH Cpe)l.HeH rJI1'6HHbI, a rJl1'6Me 6100 M - cBepxr,l1'60KHMH. 
B nOCJIe,llHHe rouu nOHBHJlHCb eure r.l1'6HHHble CKBa}l(HHhI '](.1 
CBbIUle 10 KM. 

COfJIaCHO ocjJHUHaJlbHOH CTaTHCTHKe npoxonxa no CKBa)f(JlHaM 
fJI1'6HHOH casnue 4500 M no CCCP B 1985 r. fOCT3BHJla \ 
1,645 MJIH. M (no CiliA - 2,925 MJlH. M). 

B TO }l(e BpeMH 06Ill.aH npoxonxa rJI1'60KHM pa3Be.n01IHbIM 
61'peHHeM no MHHreo CCCP B 1985 r. COCTaBHJla 1,106 MJlH. M 
(He C4HTa5l nOHCKOBble H onopao-napaxerpn-recxne CKilaMJ1Hbl). 

Cpe)l.HHH rJIy6HHa pa3Be)l.OIJHblX (KaK H 3KCnJI1'aT3uHOHHblX) 
CKBa)f(HH H3 rona B ron nenpepunuo pacrer. 
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TaK, HanpHMep, B 1980 r. no MHHreo Cpe)l.HHH r Jl1'6HHa pas
Se)l.04HbIX CKBa}l(HH COCTaBJIH.la 2788 M, B 1985 r. - 2813 M. B 
nacrosutee BpeMH 6ypHTCH B ron ,lleCHTKH paaaenosuux CKBa)f(HH, 
rJl1'6HHoH OT 4700 )1.0 5900 M, 4TO y}l(e BnJloTHYIO npH6mJ)f(aeT 
p aasepnyryro nporpanay 6ypeHH5l pa3Be,ll04HbIX CKBaMHH K 
rJly60KoM1' 61'peHHIO, npexcne ncero B panonax YKpaHHbl (B lJa
CTHOCTH na lILtB). 

TaKHM 06pa30M, B 6J1H}I(aHIllHe ro.au 6ypeHHe pa3Be,104HblX 
CKBa}l(HH nepeiiaer B paapan 6ypeHHH r Jly60KHX CKBa}l(HH. 3a 
p1'6e}l(oM 6ypHTC5l H caepxr.nyrioxne CKBa)KHHbI.* 

TIepBbIMH CKBa}l(HHaMH. neperuarnyaumaa 6100-MeTpoBblH 
pyfie:« B CCCP, CTaJlH CKBa}l(HHbI I'a.uoraeacxas (6300 M); 
ApaJI-COpCKaH (6831 M); DHHK}I(aJIbcKaH B Kaaaxcrane (6450 M): 
Me)l.Be)l.KOBCKaH B KpaCHO)l.apCKOM xpae (6300 M); Illaxona KO
ca B A3ep6aH)I.)l{aHe (6729 M) H )l.Be CKBa:iKHHbl na YKpaHHe: 

CIlHeBH)l.Ha5l (7001 M) H Llleanenxoacxas, nepeurarnysunre 

CeMHKHJIOMeTpOBblH py6e}l(. PeKOp)l.Ha5l no rn1'6HHe B MHpe 

KOJIbcKaH CKBa)f(HHa (c r JI1'6HHOH 60Jlee 12 KM) TaK}I(e BXO)l.HT 

B IJHCJIO rJl1'60IJaHIlIHX, HO OHa 61'pHJIaCb C HaY4HbIMH, a He C 

yTHJIHTapHbIMH ueJIHMH. TI03TOMY JlJlH pH)l.OBOH CTaTHCTHKH, KO
HeIJHO, He xapaxrepua. 

no MHHreo, KpOMe roro, nporiypenu Cpe.l1HeBHJIIOI1cKaH CKBa

)loma (B 1985 r.), rJIy6HHoH 6500 M, H CBHpH)l.OBCKaH (B 1986 r.), 
rJJyl'hmoH 6100 M. 

TaKHM 06pa30M, noxa csepxrJIy60KHX CKBa:iKHH He TaK MHO~ 

roo 

B nacroautee BpeMH HaMeIJeHa H npOBO,llHTC5l B :iKH3Hb ue

JIE'sa 51 KOMnJIeKCHaH nporpavva 61'peHHH r Jly60KHX, csepxrJI1'

60KHX H fJIy6HHHbIX (B OCHOBHOM - onopnux) CKBa}l(HH, B COOT

BeTCTBHH C KOTOpOH )l.OJI:iKHbI 6bITb nporiypenu TIpHKac

TIHHCKaH CKBa)l{HHa (7 KM), CaarJIHHCKaH (no 15 KM), Ky
6aHcKaH (12 KM), Ypanscxas (15 KM), KpHBOpO:iKCKaH (12 KM), 

Tapusrayacxaa (CeB. KaBKa3) (10 KM), TIOMeHcKaH (8 KM), 

THMaHo-TlelIOpcKaH (7 KM), M1'p1'HTay (7 KM) B Y36eKHcTaHe, 

BOpOTIJJIOBCI{aH, KOJlBHHCKaH (4-5 KM), 1I.HenpoBo-1I.oHeUKa5l 

(8 KM), HOpIWbCl\aH, 5!K1'TcKa5l H KaMlJaTCKaH. I1TaK, K Macco. 

BOMy paasopory 6ypeHHH csepxrJI1'60KHX CKBa:iKHH B CCCP 

TOJIbKO JIIIUlb npucrynaior. 

* B Cl.llA, aanpnxep, B 1983 r. 6bIJIO npocypeuo 138 CKsalKlIH Lly611HOii 
casnue 6100 M. 
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§ 2. AKTyaJIbHOCTb np06JIeMbI 6ypeHHH rJIy60KHx 
H cBepxrJIy60KHx CKBa)KHH 

113BecTHO, lITO B pa3Be.uOlIHOM r JIy60KOM H cnepxrJIy60KOM 
6ypeHHIl OCHOBHblM rrOKa3aTeJIeM, xap axrepuayiounra 3epepeKTHB
HOCTb rrpOXO.uKH, 5IBJI5IeTC5I KOMMeplIeCKa5I CKOpOCTb (B MeTpaX 
na CTaHKO-MeC5IlJ,). 3TO, onnaxo, He COBceM ncuepnuaarouma 
noxasarens. He MeHee Ba)/{HbIMH xapaxrepncrnxavn 5IBJI5IIOTC5I 
MexaHlIlIeCKa5I CKOpOCTb H npoxonxa aa .uO.rIOTO, a TaKMe cy
TOlIHa5I npoxonxa aa .uOJIOTO. DpH 6ypeHHII CKBaMHHbl .uO.rIMHbI 
GbITb BbmO.rIHeHbI raxzse HaMelIeHHble reO.rIOrHlJeCKHe aaaaun. 

KOMMeplIeCKa5I CKOpOCTb apaiuare.asnoro 6ypeHIfH B uenov 
no CCCP B 1980 r. 6b1JIa pasna 881 M, B 1985 r. - 1176 M aa 
CTaHKO-MeC5IU (CT. M-U). ,UJI5I cpaBHeHH5I CKaMeM, lITO B ClilA B 
1985 r. CKOpOCTb 6blJIa 4513 M na CT. M-U, T. e. 60JIbllie B xpar
Hoe lI!iCJIO paa. B TO )/(e BpeM5I rro MHHreo (paaaenounoe) B 
1980 r. - 423 M, a B 1985 r. - 466 M aa CT. M-U, rorna KaK KOM
MeplIeCKa5I CKOpOCTb B 1980 r. rro MHHHeepTerrpoMy, aanpaxep, 
paBH5IJIaCb 1781 M, a B 1985 r. - 2296 M aa CT. M-U. O.uHaKO, 
eCJIH cpaBHHBaTb KOMMeplIeCKHe CKOpOCTH pa3Be.uOlIHoro, a He 
3KCrrJIyaTaUHoHHoro 6ypeHH5I, TO cpaBHeHHe 6y.ueT He B rrOJIb3Y 
MHHHeepTerrpOMa. 

B MHHreo HaMelJeHO YBe.TJHlIHTb J{ 1990 r. rro Cp2p.HeHHIO C 
1985 r. na 30% cpe.uHIOIO KOMMeplIecKylO cxopocrt, paaaeno-mo
ro 6ypeHH5I, .uOBe.u5I ee K 1990 r. no 613 M na CT. M-U. 3TH UHep
psr Bblr.TJ5I.u5IT CKpOMHblMH na rpone Bbl.ualOi.l(HXC5I ycnexos rro 
TIOMeHCKOMY paaaenounony pernony, rne HaMelIaeMa5I npoxonxa 
i'ia .uO.TJOTO B pa3Be.uOlJHOM 6ypeHHH rrOBbICHTC5I C 71 M B 1980 r. 
no 140 M K 1991 r. H no 200 M K 2000 r., a KOMMeplJeCKa5I CKO
pocrt, rro.uHHMeTC5I, COOTBeTCTBeHHO, C 843 no 1200 H 2000 M na 
CT. M-U. Bupaoorxy aa 1 «BY» nnannpyercx YBeJIHlIHTb OT 3,8 
no 7 TbIC. M K 1991 r. If no 14 TbIC. M K 2000 r. 

. Be.1HK euie npouenr nenponaaonarem.aoro BpeMeHH, oprana
saUHOHHblX npocroes B paaaenounox 6ypeHHH B MHHreo rro cpaB
HeHHIO C paaaenxon B MHHHeepTerrpoMe. Ho aa 3TO HMeIOTC5I oco
Gble 06beKTHBHble rrpHlJHHbl H, npezcne scero: orcyrcrsne 6a
3bl. cHa6lKeHH5I; He06xo.uHMOCTb 6ypHTb KOpOTKHMH peHcaMH C 
oT60pOM xepua, pOTOpOM; .uorrOJ1HHTe.rIbHble reO.rIOrO-TeXHHlIeCKHe 
)1 reoaoro-reotpnaa-recxae HCC.Tle.uOBaHH5I na nepnux CKBalKHHax. 
OCTaJIbHble TeH.ueHUHH rrpOCJIeMHBalOTC5I npuxepuo O.uHH H re 
)J{e (B MHHreo H MHHHeepTerrpOMe): 

a) r JIy6HHbl 3aKOHlJeHHblX paaaeno-rnsrx CKBaMHH JI3 rona B 
ron paCTYT (B 1980 r. - 2788 M, a B 1985 r. - 2813 M); 

G) CTOHMOCTb MeTpa paanenounoro 6ypeHH5I TaKMe B03pa
craer II3 rona B ron. Do MHHHeepTerrpoMy, nanpnxep. 1 M pasne
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.uO'IHoro 6ypeHH5I CTOH.l B 1980 r. 40 I py6. 77 xon., a B 1985 r. _ 
490 py6. 96 xon, ECTb TaKHe rrp06JIeMbl H B ClllA, rne CTOHMOCTb 
!lleTpa paaneno-raoro 6ypeHH5I B Texace, aanpnxep, oueHHBaeTCH 
B I 133 llOJI. 

HTaK, r.rIy6HHbl CKBa)K!IH pacryr, CTOHMOCTb MeTpa 6ypeHHH 
pacrer H 3TO - 06beKTHBHa5I TeH.ueHUH5I. H eC.rIH OHa CYIJJ.eCT
ayer, TO 5ICHO, 'ITO OHa MO)/{eT 6bITb onpasnaua TOJIbKO KOHe'I
HOH peHTa6eJlbHOCTblO, T. e. TeM, 'ITO 3TH sarparsr norennaans
HO oKyrr5ITCH rrpHpOCTOM sanacos HeepTH H ra3a, yr.neaonoponon, 
xoropue MoryT 6bITb .u06bITbl, a 3aTeM auronno nponanu. 3TO 
HeH36eMHo npnaonnr K pOCTy naannpyexsrx KOMMep'IeCKHX CKO
pOCTeH, 'ITO, B CBOIO oxepens, nopoacziaer npotineuy coxpanemrs 
Ka'IeCTBa pa3Be.u0'IHbIX CKBa)KHH B YCJlOBH5IX HX ycxopennoa rrpo
XOllKH. 3.'J,eCb, anpouex, .uomKeH 6bITb HaMe'IeH onpeneneanun 
npene,n pOCTy CKopOCTeH Il 06beMoB npoxonxn B cooTBeTcTBIlH C 
HaIllJIMH B03MOMHOCT5IMH. 

AKTyaJlbHOCTb 6ypeHlI5I r JIy60KJIX H csepxr.rIy60KHx CKBa)/{HH 
rro.uTBep)/{.uaeTC51 TeM, lJTO coapexenasre MeCTopOM.ueHH5I ace 60
nee HCTOi.l(aIOTcH, a rro npornoaav reo.TJOrOB 60.rIee 50 % nporuos
HblX aanacos saneraior na r Jly6HHax 60.rIee 3500 M. B O.uHHX, 
parionax nauref crpanu (nanp nvep, B Kaaaxcrane, TypKMCHI1JJ, 
TIOMeHcKOH 06JIaCTH) pa3Be.uOlJHble r Jly60KHe CKBaMHHbl 5IBJI5I-, 
IOTC5I rrOHCKOBbIMH, a B npyrnx (TaKHx, KaK Ceaepnuf KaBKa3, 
YKpaHHa, Benopyccna, A3ep6aH.ulKaH, Bonrorpancxaa 06.rI.) _. 
3TO BblHY1K.ueHHa5I Mepa B CB5I3H C TeM, lJTO pecypcsr nerprt: H ra
aa na MeHbIllHX r JIy6HHax yxce paaaenanu. Pe3Y JlbTaTbI pa60TbI 
nOCJle.uHHX ner YKa3bIBalOT na BblCOKYIO rrepcrreKTHBHOCTb r JIY
6HHHblX 30H (nanpnxep, na rayonnax 60.rIe 3-4 TbIC. M B YelJe
nc-Huryurcxort ACCP HJlH na 60JlbIllHX rJly6HHax B paHoHe Bo.n~ 
rorpallcKoH 06.nacTH, rzte OTKpbITO Aarnnoacxoe MeCTOPO)/{.ueHHe). 

§ 3. XapaKTepHcTHKH TeXHHKO-3KOHOMH'IeCKHX nOKa3aTeJIeH
 
(T3n) rJly6oKoro H csepxrayfioxoro 6ypeHHH B CCCP
 

H aa py6e]l(oM
 

HecMOTp5I na TO, lITO rrpOXOllKa cnepxr.rIy60KHX CKBa1KIIH CO

npaacena CO 3Ha'IHTeJIbHbIMH MaTepHa.rIbHblMH H TPYllOBblMH 3aT

paraan, B .ueC5ITKH pas rrpeBocxo.u51lUHMH raxoasre rro CKBa)KH

HaM C rJIy6HHaMH .uo 2000 M, 6ypeHHe HX OKa3b1BaeTC5I BrrO.rIHe 

peHTa6eJlbHblM (tiypeuae CKBa)/{HH, r .rIy6HHOH 6-7 KM, 06XO.uHT

C51 B 3---'--5 MJlH. py6. B TO BpeM5I, KaK CKBa)/{HHbl, r .rIy6HHoH npn

MepHo 2000 M, rrpoBOllHMble B cpennea 30He CCCP, 06XO.u5ITC5I 

B 50-60 TbIC. py6.). 0 peHTa6e.rIbHOCTH rJly60Koro 6ypeHII5I CBH
.n.eTe.l bcTBy eT ero HerrpepbIBHblH pOCT. 
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Paspeurenne MHOrHX cepseansix rrp06JIeM, B03HHK31OmHX npn 
I1pOXO,.'l,Ke csepxrJIy60KHX CKB3)j{HH, BMeCTe C TeM OK33bIBaeT or

pOMHOe rrOJIO)j{HTeJIbHOe BJIHHHHe H3 p33BHTHe sceii OTpaCJIH 6y

peHHH B u.eJIOM. 

Ilpusen IlMeHHO npn rrpOXOJJ,Ke rJIy60KHX H CBepxrJIy60KHX 

CKB3)j{HH MO)j{eT 6blTb JJ,OCTHrHyT3 H3H6oJIbrn3H 3KOHOMHH OT pe

3JIH33U.HH BHeJJ,peHHH HOBWX MepOrrpHHTHH H3YQHO-TeXHHQeCKOrO 

nporpecca 33 CQeT He HCrrOJIb30B3HHbIX euie 3JJ,eCb peaepaoa YC

l\OPCHIIH rrpOXOJJ,KH rrOJJ,06Hb1X CKB3)j{HH. BMeCTe C TeM B H3CTOH

uiee BpeMH TeXHHKO-3KOHOMHQeCKHe rrOK333TeJIH 6ypeHHH r.ny

60KHX H cnepxrJIy60KHX CKB3)j{HH B CCCP euie 3H3QHTeJIbHO OT

CT310T OT ClllA. 
CP3BHHB3H JJ,OCTH)j{CHHH, IlMClOmHe MeCTO npn 6ypeHHH rny

60KliX H caepxrJIy60KHX CKB3)j{HH B CCCP H 33 pyriexco«, neoo

XOJlHMO nOMHHTb, QTO 33 py6e)j{OM (B JJ,3JIbHeHrneM, B ClIlA) 

r JIy60Klle H cnepxrJIy60KHC CKB3)j{HHbI 6ypHTCH, B OCHOBHOM, PO

TOpOM, HO B yCJIOBHHX 6JI3rOrrpHHTHoro KJIHM3T3, H3JIHQI1H cera 

Jlopor H OTCyTCTBHH CJIO)j{HOCTeH co cHa6)j{eHHeM. B CCCP OHn 

6ypHTCH KaK pOTOpOM, T3K H Typ606ypOM. K3K rrpaBHJIO, xaxas

TO Q3CTb JII060H r JIy60KOH CKBa)j{HHbI 6ypHTCH Typ606ypOM. 

KOJIbCKaH cpexrJIy60KaH CKBa)j{HHa sooriuie BCH 6blJIa rrpo6ype

na Typ606ypOM. A Typ6HHHoe 6ypcHHe, KaK H3BCCTHO, HBJIHeTCH 

60JIce eMKHM B MaTepHaJIbHOM OTHornCHHH, YQHTbIBaH CTOHMOCTb 

3I<Crr,lyaTaUHH 3a6ol1HblX JJ,BHraTeJICH. 

§ 4. Pa3BHTHe OCHOBHblX nanpasaenuf HTn
 
H HCCJle.u.oBaHHH, otiecnesnaatoumx B03MO)KHOCTb
 

a<IJ4JeKTHBHoro 6ypeHHH r Jly60KHX H csepxrJly60KHX CKBa)KHH
 

Ta6JIHua 

OCHOBHble HanpaBJleHHII HTn B CCCP H aa py6eJKOM 

I.	 Teopns runpopaa WHpOKO IICnOJIb

puaa rinacra C no 3yeTcII B npo

3HUHH 06bllcHeHHII M bIillJIeHHOCTH 

1947 WHpOKO ucnonsay
eTCII B nposncuraea
HOCTH 

H3HMeHOB3HHe CCCP CWA 
TeXHHqeCKOrO HJIH 

TeXHOJIOfHqeCKOrO 
fO.n ro a 

pemeuan (npoe- COCTOIIHHe COCTOllilHe aaua- naua-
JIeYbl) 

JIa 
aaenpenas 

JIa 
BHe.npeHHII 

- ---
2 3 4 5 6 

"'--. 

:z 

npusna norepu uup
KyJIIIUHH 6ypOBoro 

pacTBopa B CKBa

IKHHe 

2 3 4 I 5 I 6 

2.	 JlOJIOTa runpovo-

HHTOpHb:e co CMlH

HblMH aacaaxaau II 

MeTO,ll.IIKa (rexuo
.10rHSI) IlX npHMC

HeHHII' 

3.	 WTblP2BbiC AO:IOTa 

4.	 AJIMa3Hble .ao.nora 
,ll.JIII pa3Be,ll.OqHOro 

6ypeHHSI 

5.	 BJIHSlHlle runponn
HaMHqeCKOrO KOJIC

6aHHSI ,ll.aBJIeHHII 

npa	 cnycxo-nom
eMHblX onepaUlIlIX 

ira yCTOlhHBOCTb 

CTeliOK CTBOJIa CKBa

)l{HHbl 

6.	 Hsyseune peo.no
rHqeCKHX csoacrs 
6ypOBblX pacrso
POB na pOTaUHOH

HbiX BHCK03HMHT

pax npu BbICOKIlX 

TCMnepaTypax 

7.	 06bllcHeHHe npa
qHH npaxaara 6y

PH.~DH.b1X rpyti B 

pe3YJIbTaTe ,ll.eHCT

BHII nepena,ll.a ,ll.aa

JIeHHII Me)l{,ll.y Be

COM cToJI6a 6ypo

soro pacrnopa H 

nJIaCTOBb:M ,ll.aB.1e

HHeM 

8.	 Ilpuvcxenne XBO

CTOBHKOB ,ll.JIII cny

CKa KOJIOHH ceK

UHSlMH, KOM6HHH

posaanux KO.nOHH 

oocannux rpyo 
9.	 B.nHIIHHe rrepena

,ll.a ,ll.aB~eHHH Ha 

MleXaHlIqecKYlO CKO

pOCT" npOXO,ll.KH 

10.	 TeopHII nOA60pa 

KOMnOHOBOK Hina 

6YPH.1bHOfO IIHCT

MeTO,ll.HKa non
60pa HaCa,ll.OK 

orpatioraaa, no
JIOT	 He XBaTaeT 

1950 WllpOKO npnxe
HlllOTCII 

1958 WlIpOKO ncno.ts
3YlOTCII 

YqHTbIBaeTCII Il 

UCnOJIb3yeTcSI B 

paCqeTaX 

1966	 Hcnonsayercs B 

Jla60paTopHblx yc

TaHOBKax 

1944	 Hcnoxsayercs 
pll,ll. MepOnpll5l 

THij no 11 penyn
pexcnenmo H JlIiK

BHAaUUH npuxaa

TOB 

1958	 WlIpOKO HCIlOJlb

3YlOTCII BO MHO

rux	 paitouax rny
60Koro 6ypeHHII 

B HaqanbHOH CTa

,ll.Illl 

1965 Orparioraau BO 

MHOfHX paaouax. 

BHe,ll.pSleTCII npo

1950	 95-97 % sccx no
.~OT	 - r JlM, Me

TO,ll.HKa nOJIHOCTblO 

oTpa60TaHa 

1951 LUHPOKO npUMeUII

lOTC5l 

1953 LUlIpOKO IICnOJlb

3YlOTCSI 

1955	 YqHTblBaeTCII H HC

nOJIb3yeTcSI B pac

serax 

1955	 LUUPOKO npuvcus
eTC II B npOMblillJleH

UOCTII 

1957	 LUHPOKO HCnOJlb3y

lOTCSl pe3YJIbTaTbl 

HCCJIe,ll.OBaHHH ,ll.JlII 

npaKTHqeCKHX ueJlen 

1958	 HCnOJlb3YlOTCSI BO 

scex cnyua IIX, xor
.na B 3TOM BCTpeqa

eTCII He06xo,ll.IIMOCTb 

1958	 OOJlyqHJIO npaxru
secxoe npuveaeune 

1967	 OOJlyqH'la unrpoxoe 

npaKTHqeCKOe npII

MeueHHC 

9 
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2 3 <I 
! I' 

pyuenra C ucurpa rH03HpOB anne IIC

ropavu ;]..151 otiec KpUBJJeHIl51 B p5l


nClJeHII5I aepruxa.n ne OCJJO)KHeHHbIX
 

HOCTII CKBa)KUH npn paHOHOB
 
6ypeHHH 6e3 orpa

HlIlJeHH5I HarpY3KII
 

11.	 ABTOMaTII3aIlIl51 C 1983 B CTa,lLHIl nonro
noxouu.to 3Blv\ TOBKJI 
npoxonxu II saae
pOB napaxerpon 
CKBa)KIIH nocpencr
BOM TeJJeCHCTeM 

CB5I3H yCTb51 C 3a

60eM 

12.	 HCCM.aOBaHJle on 1961 Pe3YJJbTaTbI BHe.a

TUM UhllolX pe)KlI 	 peHH5I B HeKOTO

MOB 6ypeHI151	 pux paaonax, HO 

e.aIlHoH reopuu 
HeT 

13.	 IlpOXO.1Ka ornsr 1961 B CTa.aUH BHe.l\ 

HblX (noxaaarens- peHIl51 

HbIX) CKBa)KHH C 

KOMnJJeKCHblM HC'
 

nOJJb30BaHHCM HO


BblX TeXH IIlJCCKHX
 

H TeXHOJJOrJllJeCKU{
 

cpe.aCTD 

14.	 Ilpaxenenue xaan 1964 Kaanparnsre Y5T 

paruax II cnupans anenpensr, crnr
HbfX Y5T* KaK pansusre npoxsnu
Cpe.aCTBa 60Pb6b1 C JJeHHOCTblO He BbI

lICKpHBJJeHHeM	 CKaa- nYCKaIOTC5I 

)KIlH 

15.	 Ilpaveuenue nexar 1984 He npllMeH5IlOTC5I 

HUTHblX Y5T 

16. J],OJJOTa C KJJHHO 1960 BHe.aPliIOTC5I ace 
BU.aHblMII 3y6KaMIl	 60.1ee llIUpOKO 

H3 rsepnoro cnna
Ba 

17.	 PT5** KaK open 1967 IlO.1YlJIIJlU umpo
CTBOllJJ5I nOJJYlJe xoe anenpenue 
HH5I BepTlIKaJJbHO

ro CTBOJJa 60.1bllIO

ro .aHaMeTpa 

18.	 IlpHMeHeHHe aBTO 1965 Bnenpeuo sxcne
MaTOB cnycxonom pHMeHTaJJbHO B 2-x 

eMHblX onepaunii	 panouax CCCP 

(ACO-5) 

.. Y5T - YT5I)Ke,rIeHHble 6ypHJlbHqle rpytiu. 
** PT5 - POTopHo-Typ611HHoe 6ypeHlle. 

6I~I__
 

1973	 IlO:1Y41i.~J0 uiapoxoc 
npIIMCHtr]}]C, BKJllO

lJa51 CTfYT!-])HWBble 

CJlCTC~I'>J 

1961	 IllIIIlOKO lKnO.Db

3YIOTC5I npH 0y· 
peuna eKB ,Dl01H 

1962 IIIUpOKO BHt.apt'Hht 

1963 Illupoxo BHc.apeHl>l 

1964	 IllUpOKO BEep-peHbI 

1965 BHeJlp5llOTCIl EO see 
60JJblllUX o{i"l,eMaX 

HcnOJJb3YIOTCIl 3Ha

JJOrlllJHb:t yCTPOHCT

Ba 

1962 4aCTIllJH0 nrJlJMe1l5l
IOTC5I aH3JJOrWlHble 

KOHCTpyKlJy,j 

1 2	 3 <I 6I 5	 I 
19. HcnO.1b30BaHHe 19621 0PHMe'H5IIOTC5I 1960 IllUpOKO npHMeH5I

TepMocToHKHX 6y rrpn 6ypeHHII CBe IOTC5I BO scex CJlY
POBb[X paCTBopOB pXrJJy60KHx CKBa lJa5lx. r-ae 3TO He06

)KWH XO.allMO 
20. HCnOJIb30BaHHe co 1961 0pUMeH5IIOTC5I rrpn 1947 Illnpoxo npUMeH5I

JJeCTOHKIIX 6ypo npoxonxe COJJe IOTC5I BO scex CJJY
DblX pacraopos HOCHb1X ro.nu xaax. rae 3TO He

06XO.aIlMO 

21. Pa3pa60TKa cxex 1964 Pa3pa60TaHbI .ll.J151 1963 Bncnpcnu B POTOP
C 06paTHoH CB5I cJJYlJa51 3J1eKTpo HOM 6ypeHHII na 
3blO .11,.151 HCnOJJb30 6ypeHu5I 60JJblllUHCTBe CKBa
naHU5I 3BM C )KHH 
uensto 3a.aaHH51 on

THM3JJbHblX pexcu
MOB 6ypeHu5I CKBa· 

)KHH (B KalJeCTBe 

COBeTlJIIKa) 

22. Pa3pa60TKa MeTO 1969 IlpoBo.a5lTC5I 1960 Pa60Ta .l\OBe.l\eHa 
na 6ypeHII5I npn onurnue pa60TbI .ao npouumnennoro 
paBHOBeCHOH CHCTe BHe.apeHlI5I 
Me .aaBJJeHUH 

«CTBOJJ CKBa)KII-

HbI - nJJaCT» 

23. 'Pa3pa60TKa MeTO 1970 3KcnepIIMeHTa.1b 1966 Jlaooparopaue, 
.aaBblcoKoCKOpOCT

aoro crpyimoro II 
Ha51 nposepxa creuaoaue II npo

MblllIJJeHHble· HCCJJe
3p03HoHHoro 6ype .aOBaHII5I 
HHR 

" 

24.' Flpuaeaeaue 6e3

'onopus.x T-06pa3
1980 3KcnepHMeHTaJlb' 

Ha51 nponepxa 1.0
1980 Illnpoxoe nposnau

.neaaoe sxenpcaac 
HblX .a0JlOT co BCTaB BblX BCT3BOK

KaMU CTpa'TOnaKCa, 3aMeHIITeJJeH II 

YBeJJlIlJHBalOLllHMH B uiupoxoe npIIMC
pane cnyuaen npo HeHHe .aOJJOT 

XO.l\KY na nOJJOTO HCM* C HCKyCCT' 
B xparnoe lJHCJJO BeHHblMH aJJMa3a
pa3 no cpaBHeHlllO MU 
C cyiuecrnytoum-
MH .ao.10TaMU 

25. COBepweHcTBoBaH lie He .l\OCTllrHYTO J],OCTurHYTO 
. CHCTe',! cHa6)KeHII5I 

1I opranaaanua npo
U3BO.LlCTBa 

1-13 npell,CTaBJIeHHbIX MepOnpmITHH: aayxao-rexnaxecxoro npo
rpecca B CCCP no cpaBHeHHIO C CIllA BHlI,HO, 4TO B Oll,HHX,06
JIaCTHX MbI orcraeja, a B lI,pyrHx - HlI,eM apoaeus C pa3BHTblMH 
KanHTaJIHCTH4eCKHMH CTpaHaMH. TIOCMOTpllM reneps, KaK 06CTO

'" I1HcTuTyT cBepxTBep.ab1x	 M3TepUaJJOB . 

It 
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HT ae~o C pe3Y~hTaTOM BHeapeHHH TeXHO~OrHH 6ypeHHH CKBa
MHH B l.J,e~OM. 

OCHOBHhIMH epaKTOpaMH, BJIHHIOllJ,HMH na TeXHO,lOrIilO H CKO

pocrt, npoxonxa r~y60KHX H csepxrayooxnx CKBa)KIIH, 5!BJJmDT

CH caenyroume: 
a) OTaa~eHHOCTh paHOHOB H UIO)KHhIe K~HMaTIi4eCI\lle yCJJO

BHH (nero HeT B CiliA); 
6) rpaxropsr reonornuecxoro IWH epH3H4ecKoro xapaxrepa, 

3aBHCHllJ,He OT nly6HHhI CKBaMHHbI (ropnoe, rHJJ.pocTaTHlJeCKOe 

H noposoe aaB~eHHe, reuneparypa, TBepaOCTh H n.laCTl!IJHOCTh 

nopoa) ; 
B) epaKTophl, He 3aBHCHllJ,He OT r~y6HHhI CKBalKHHhI (rtopn

CTOCTh; rrpOHHl.J,aeMOCTh, TpellJ,HHOBaTOCTh, Be~H4HHa sepen nopon, 

HX a6pa3HBHOCTh, rrp04HOCTh uexenrnpyioutero nopo.iy BeiUeCT
na, yr~hI nanenna H aHH30TporrHH nopon CKJIOHHOCTh HX K oehI

rrHM, 06BaJIaM H T. n.): 

r) rpaxropa, OKa3hIBalOllJ,He BJIHHHHe 4epe3 CBOlleTBa rrpOMhI

B04HOH )KHaKOCTH (rrJIOTHOCTh, BH3KOCTh, BOaOOTJJ.a4a, COj.l,erpJKa

HHe TBepj.l,OH epa3hI, CMa3hIBalOllJ,HX H XHMH4eCKHX .l06aBOk); 

j.I,) noponopaapynraioumf H 6YPH~hHhIH HHCTpY:-'leHT}J ero 
npnnon (rnn, paavep, TeXHOJIOrH4HOCTh, Haj.l,e)j{HOCTh .lO.lOT, ueur
paropos) ; 

e) napaverpu pe)j{HMa 6ypeHHH, reorpaanuecxn« IICCJIe.n,OBa· 

HHH CKBa)KHH (fHC) B npouecce 6ypeHHH H HX aBTOMaTB3<iIJ,HH, 

onpene.naroutne 06llJ,YIO xy.nsrypy ypOBHH TeXHH4eCKOIi II t\::XHO
JIOrH4eCKOH OCHallJ,eHHOCTE CKBa)j{HH. 

3aMeTHM, 4TO nepnue TpH rpyrmsi rpaxropos He voryr UblTh 
H3MeHeHhI rro MeJIaHHIO oneparop a, B TO BpeMH KaK noc.nenuae 

TpH nonnarorcs orrTHMH3aI.J,HH. KOHe4HO, onua TOJIhKO OnTlIMJJ3a

UHH He CMO)j{eT npenornparrrn, yxymuenna T3Il* C pOCTOM r.ny

6HHhlcKBa)j{HHhI, nosroxry YKa3aHHaH 06beKTHBHaH TeHie}ju~IH 

TaK)Ke aOJI)KHa riuare.nsno H3Y4aThcH. 

YxyallleHHe T3Il C pOCTOM rJIy6HHhI CKBa)KHHhI 06YCJJ;IB.1IH

BaeTCH, B OCHOBHOM, cJIeaYIOllJ,HMIl rpaxropa an: 

a) yxynurennea yCJIOBHH 04HCTKH 3a60H BCJIej.l,CTBHe pOCTa

nepenana j.l,aBJIeHHH (Me)j{j.I,y rHapOcTaTH4ecKHM H rr.'13CTOBblM), 

a TaK)Ke rHapoaHHaMH4ecKoro j.l,aBJIeHHH, B03HHKalOllJ,erc B nDO

uecce npovuuxn; 
6) YMeHhllleHHeM MexaHH4ecKoH MOllJ,HOCTH, no.ino.i ij].Aull K 

j.l,OJIOTY npn pOTOpHOM 6ypeHHH, H3-3a pOCTa aarpar. orpanasea

HhlX napaverpana 6ypOBOH yCTaHoBKH: MOII.J,HOCTH aa XOJI'o'cT'oM 

np atueunn 6ypHJIhHOH KO~OHHhI (npHHeH3MeHHoH MOlllHOCTH upir
BOj.l,a poropa) Il rHapaBJIH4eCKOH MOlUHOCTH (npn Typ6m-n-J'OM '6y

* TeXHHKO-3KOHOMlIlJeCKlle nOKa3aTe.111. 

J2 

peHJIH) BCJIeaCTBHe YMeHhllleHHH pacxona rrpOMhIB04HOH MHaKO
CTH, K 4eMy rrpHXOaHTCH npnoeran, [13-3a orpaHH4eHHH MaKcH
MaJIhHOrO naanenaa. paaaasaenoro uacocajrn H pOCTa rl1JJ.paBJIH
4eCKIix conpOTHBJIeHHH C fJIy6HHOH CKBa)KHHhl. fIlapaBJIH4eCKaH 

MOllJ,HOCTh YMeHhlllaeTCH C r JIy6HHOH Il npn pOTOpHOM 6ypeHH.H; 

B) yBeJIH4eHHeM, KaK npanano, TBepj.l,OCTH 11 rrJIaCTlJl.IHOCTH 
nopon C pOCTOM fJIy6H1-IhI CKBa)j{HHh[; 

f) YMeHhllIeHl1eM CTQHKOCTH orrop JJ.O~OT C YMeHhllleHlIeM HX 
nnaxerpa: 

n) TPY)].HOCThlO nonnepacanns paBHOMepHOH ocesoa narpya
KE na aOJIOTO B 3aaaHHhIX npene.nax (310 oc06eHHO Ba)KHO npu 

6ypeHIIH aJIMa3HhIMH aOJIOTaMH H 6e30nopHbIMII aOJIOTaMH co 
BCTaBKaMH H3 crparonaxca ). 4TO Ha6.1lOaaeTcH BCJIeaCTBl1e yae

JIH4eHHH ynpyrHx )].eepopMal.J,HH 6ypHJIbHOH KOJIOHHhI H CHJI Tpe
HHIl ee 0 CTeHKH CKBa)KIlHbl. 

3aMeTIlM, 4TO coapevenmae KOHCTpyKU.IlH rJIy60KHx CKBa)KIlH 
8KJ1104a1OT, KaK npasano OT 2 )].0 -l-x rrpOMe)KYT04HbIX KOJIOHH. 

Tlocae cnycxa oxepennux oocanuux KOJIOHH npaxonnrcs rrepexo

,UIlTb na see 60Jlee YMeHblllalOllJ,lleCH nnaxerpu ,UOJlOT, 6ypHJIb

HhiX rpyf H Typ606ypOB, 4TO npHBoJJ.IlT K He06xo,UHMOCTH yMeHb
urenns pacxona rrpoMbIB04HOH )j{HaKOCTIl, a B c.nyxae Typ6HHHO

ro 6ypeHHH - K npHMeHeHHIO see 60Jlee 6bICTPOXO,UHhIX Typ60

6YPOB HJIH 06beMHhIx ,UBHraTeJleH, HJlIl, rro KpaHHeH Mepe, K CHH
)/{eHHIO I1X MOllJ,HOCTIl. 

UpyrHe cepsesuue rrp06JleMhi - 3TO eCTeCTBeHHoe IlCKpHBJIe
HHe, BhICOKHe 3a60HHhIe rejaneparyp a, HaJlll411e no paspeay 30}! 

OCJlO)KHeHIlH, nepenxo npOTHBOnOJIO)j{HhIX no xapaxrepy npoas
JleHHH: onua - noraouiaer, a npyr-as - onacna C T04KH 3peHHH 

B03MO)j{Horo BhI6poca, aarexa HHH COJleH (cY)KeHIlH CTBOJIa), )j{e

JIo6006pa30BaHHH, KaBepHo06pa30BaHHH, 6ypeHHH CKB03h 06Ba
JIIIBalOllJ,HeCH CJIa Hl.J,hI, npnroxa MHHepaJIII30BaHHoH IlJIaCTOBOH 
sonu. 

§ 5. Oco6eHHocTH rJly6oKoro H caepxrayooxoro 6ypeHHSI, 

3aTpY)l.HHIOlI.J,He noaysenae BbiCOKHX TeXHHKO

9KOHOMH'leCKHX nOKa3aTeJleH 

.Hexcropsre H3 npnaeneanux epaKTopoB (CM. Ta6Jl. 1), He 
rrp(H!B~HIOllJ,I!e ce6H 3aMeTHO B O,UHOM pafione, IlMelOT peurarource 

3HaqeHlle B npyroa. Hanpnvep, na 3arr. YKpallHe, B 4e4eHo-I1H

rymcxof ACCP (B OTJI1l4He OT npyrnx paiionon CeB. KaBKa3a) 
rmiBHhlM OCJ10)KHeHHeM HBJIHeTCH 60ph6a C HCKpHBJleHlleM 113-3a 

Ha~H41l5I KpYTonaMllOllJ,IlX rrJlaCTOB rro p aspesy CKBa)KIIH. 

..B TypKMeHHH aHOMaJlhHO BhlCOKHe rrJIaCTOBhIe ,UaBJIeHIlH npa-
BoASlT K He06xoJJ.HMOCTH rrpHMeHeHHH 6YPOBhIX paCTBopOB C 
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Pesyavraru 6ypeHHR cBepxrny60KHx CKBUUtH B CCCP H CiliA 

nOl<a3aTeJIH 

CWA CCCP'" 

cpe.zr.HHe 
.zr.aHHble 
no CKBa
}l(HHaM 

cpe.zr.HHe 
nannsre no 
CI<Ba}l(HHaM 

Texaca 

CKB. t 
TennH, IO}I(-
HbIH Texac, 

oKpyr 
BHKTOpHR 

CKB. 2 MeJlBeA-
KOBCKMI Kpac

nonapucqrre
r-aaa (naausre 
no rJly6HHbI 

6320 M) 

CKB. NIl 100 
Ill axo aa Koca 
A3ep6. CCP 

(nannue .zr.o rny
6HHhI 5800 M) 

CKB. t 
Apan-Cop. 
Ka3. CO' 

(,llaHHhIe JlO 
I'Jly6HHbi 
6001 M) 

1 2 3 4 5 6 7 

Cnocoo 6ypeHHR 

fJly6HHa CKBa}l(HHbI. M 6496.2 6507,5 
pOTOpHblH 

7280 
poropnun 

6320 
POTOpHO-Typ6. 

6521 
pOTOpHO-Typ6. 

6806 

KOJlHlJecTBo ,nOJlOT, urr, 101,0 100,6 54,0 326 213 455 

Cpeasaa npoxonxa na ,nOJIOTO. M 64.3 64.6 135 19,4 30,75 13,2 

Cpenaas MeXaHHlJeCKali CKOpOCTb 
npoxonxn, M/'l 

2,66 1,96 3,0 1.39 

CTOHMOCTb 
py6/JlOJlJl 

MeTpa npOXOJlKlI, 
255 227,6 254 471,6 1271,94 

KOMMeplJeCKali 
xec. 

CKOPOCTb. M/cT.
1300 1300 956 160 180 91,3 

Cpenuee BpeMR pa60Tbl JlOJlOTa, 'I 50.7 10,7 10.2 9,5 

Cpezmee BpeMli 
no,nbeMa, q 

OJlHOrO cnycxo
20,3 16,6 11.3 

MexaHH'IeCKOe 6ypeHue. q 2742 3360 1908 4317 

% 50,0 12.1 18.7 9.1 

2 3 4 5 G 7·1. I. 
ITo,nrOTOBllTeJlhHO-BcnOMor. paeo
Tbl:, 'I 714 7370 3571 8070 

% 13.0 26.5 24,9 17.0 

Ilpocrou ][ aaapun, q 55 5510 1930 10199... 
% 1.0 9,3 18.8 21,6 

Pexonrasre patiorsr, 'I 4:i9 2580 869 3050 

% 8,0 9,3 8,5 6.5 

* ITpHBe,neHHbIe caepxrnyooxae paasenounue CKlla)l{IlHbl B CCCP npooypensr MHHHeq,TenpOMoM. 

npHMe'laHHe: KaK BHJlHO H3 JlaHHOH Ta6J1HUbI, cpasaenne no OCHOBHblM noxaaare.nav npOXOJlKH csepxrJly60KHX CKBa)l{IlH no 
CCOP H OWA B qaCTH KOJlHlJeCTBla ,nOJlOT, npoxonxn na JlOJlOTO, KOMMeplJeCKHX cxopocrea, pexouroa, rtpocroes 

He B nOJlb3Y OTelJeCTBeHHoro 6ypeHHlI. 3TO lIBHJI OCb CJle,ncTBHeM nJlOXOH opraHH3aUHH pa60T H cHa6)1{eHHlI, 
T. K. TeXHOJlOrHlJeCKHe aonpocu peurenu ua MllpOEOM yposne npn 6ypeHHH OTelJeCTBeHHblX onurno-noxaaa

TeJlbHbIX CKBa)l{HH, 'ITO 6Y.lleT nOKa3aHO HH)I{e. 



3'lpe3BbltIaHHO rrOBblWeHHOH rr.l0THOCTbIO (,UO 2360 Kr/M ) . 3,Uecb 

paoora rpeoyer ocotieuao TmaTeJIbHOrO C06JIIO,UeHH5I pexcnva 
cnycno-nozrseauux onepauna, T. K. rrOBblWeHHa5I CKOpOCTb crry

CKa MOMeT rrpHBeCTIJ K rIJ,Upopa3pbIBaM rrJIaCTOB co BceMH Bbl

TeKaIOIUHMIl OTC[o,Ua rrOCJIe,J,CTBIJ5IMH. 

nOCI\O.'lbKY 60.1bWIJHCTBO r JIy60KHX IJ csepxrJIy60KHX CKBa

)[(JiH 6yp5ITC5I, B OCHOBHOM, pOTOpOM, O,UHHM H3 BH'uOB 

OC.~Oil(HeHIl5I npu 3TOM 5IB.~5IIOTC5I pe30HaHcHble 5IBJIeHH5I, rpefiy
rouine OrpaHIltIeHIJ5I B Bbl60pe tIaCTOTbl BpameHH5I ,UOJIOTa. 

LlaBHoH oc06eHHocTbIO 6ypeHH5I rJIy601(Jix H, ocotieano, 
caepxrJIy60KHx CKBaMHH B CCCP 5IB.JI5IeTC5I, ,UO HaCT05ImerO 

BpeMeHH, IJX 3rrH30,UHtIHOCTb. Bsnue yMe rOBOpHJIOCb, 0 TOM, tITO 

B CiliA B 1983 r. 6blJIO 3aKOHtIeHO 138 CKBa)KIIH, rJIv6HHOH 60JIee 

6000 M, a B CCCP sa ace BpeM5I cBepxr.~y60Koro 6ypeHH5I 6blJIO 

nporiypeno npuvepno 10 TaKHX CKBaMHH II 2 ,UOCTHrJIH OTMeTKH 

7 I\M, a O,UHa - 12 I(M. 

BMeCTe C TeM H3BeCTHO, tITO noasnueane TeXHHKO-3KOHOMH

'IeCKIJX noxaaarenef MO)/(HO OMH,UaTb TOJIbKO npn MaCCOBOM rre

pexone OT 6ypeHIJ5I OT,Ue.1bHbIX - K 60JIbWeMy KOJIHtIeCTBY CKBa

.tIOIH. 

.3THM B 3HatIIlTeJIbHOH creneun 06b5ICH5IeTC5I OTCTaBaHHe no

Ka3aTeJIeH no rJIy60KoMy IJ cnepxr.nyooxovy 6ypeHHIO CCCP OT 

Cl.IlA, xoropoe MOMHO Ha6JIIO,UaTb na npuxepe ,UaHHbIX Ta6JI. 2. 
TaK, rro CKB. N!~ 1 TeJIm! (Clll A) cpe,UH5I5I npoxonxa na ,UOJIOTO 

nsnue, tIeM no Me,UBe,UI\oBcKOH (CCCP) npnxepuo B 7 paa, KOM

MeptIeCKa5I CKOpOCTb B MeTpax na CT. M-U. - B 6 paa, Pasnaua B 

yrrOM5IHYTbIX OCHOBHbIX rrOKa3aTeJI5IX B KpaTHoe KOJIHtIeCTBO pa3 

COXpaH5IeTC5I If rro cef! ;.J.eHb npn cpaBHeHHH caMblX rrOCJIe,UHHX 

.uaHHbIX rro L~y60KOMY H cnepxrnyooxoay 6ypeHHIO B CCCP H 

CiliA. 

Pa3JIHtIIle B npoxonse na ,UOJIOTO IIO LTJy60KHM H csepxrJIy60

)(lfM CKBa)lUmaM B CCCP H CiliA 06yCJIOBJIeHO, so-nepnstx, HH3

EHM KatIeCTBOM ,UOJIOT, a TaKMe orrop OTetIeCTBeHHblX rpex rna

poureuaux ,UOJIOT (cepHHHbIX). l1cKJIIOtIeHHe COCTaBJI5IIOT, noxca

JIyH, TO.'JbhO ,UOJIOTa BHl1l1BT, KOHCTpyKU.HH )KTHY H fAY 

c repMeTH3HpOBaHHoH onopoii. TaKHe ,UOJIOTa B raoaparax 

215,9 MM, IfCrrblTaHHble B 1I0CJIe,UHHe ronu npu 6ypeHHH na r.ny
6liHe 4-4,5 KM pOTOpOM B p aiiouax I'poaaoro, ,UaJIH CTOHKOCTh 

no orrope sa 100 tI. (pexopn 130 s.). B TO BpeM5I, KaK aapycexc

nsre ,UOJIOTa, 1l3rOTOBJIHeMbJe B CCCP rro JIHu.eH3HH, ,UaIOT B 

corrOCTaBIlMblX YCJIOBH5IX CTOHKOCTb aa 50-60 tI. 

BO-BTOpbIX, - 3TO WHpOKoe IIpHMeHeHHe sa py6eMoM 6e3

onopustx ,UO.'IOT co BCTaBKaMH H3 crparonaxca, ,UoCTOHHoro ana

.nora KOTOpOMy, B 06IUeM, HeT B CCCP. AHaJIoroM 5IBJI5IIOTCH no

<16 

.nora HCM, JJ.aIOIUHe, KaK rrpaBHJIO, xy.nume rrOKa3aTeJIH B cpan

'HeHHH C aJIMa3HblMH ,UOJIOTaMH. 

B-TpeTbHx, - 3TO MeHbrnee HCrrOJIb30BaHHe B CCCP rH,UpoMo

HIiTOPHblX ,UO.10T (c ,UocTaTOtIHO 60JIbWeH CKOpOCTbIO HCTeQeHH5I). 

B-tIeTBepTb[X, HecoBeprneHcTBo peMHMoB 6ypeHH5I (3,UeCb 

H necoaepurencrno reop an H orcyrcrane HyMHblX rpyri). 
B-II5!TbIX. He,UOCTaTOtIHa5I rH,UpaBJIHtIeCKa5I MOIUHOCTb na

eOCOB rro cpaBHeHHIO C 3apy6eMHblMH 06pa3u.aMH. 

liTO KaeaeTC5I OTCTaBaHH5I IWMMeptIeCKOH CKOpOCTH, TO 3,UeCb, 

npexcne scero, nano OTMeTHTb, HeCOBeprneHCTBO cHa6MeHH5I, au
3bIBaIOIUee sanacryto OTCyTcTBHe B03MOMHOCTH rrpaBHJIbHOrO no,U-

60pa JW.rIOT I, noponau, oprnpocrou, norepio BpeMeHH na aenpo
H3BO,UHTeJIbHble pa60TbI. llJI5I npuuepa ,UOCTaTOtIHO CKa3aTb, tITO 

B ClllA BpeM5! MeXaHHtIeCKOrO 6ypeHH5I H cnycxonon-sevnux orre

paU.HH B rJly60KHx H caepxrnyooxnx CKBaMHHax ,UOCTHraeT YC- . 

TOHtIHBOH BeJIHlIHHbl OKOJIO 70%, a B CCCP MHorHe rO,Ubl KoJIe6

JIeTC5I B03JIe BemltIHHbl 30-35% OT orintero xaneanapnoro npe
MeHH. 

OlleHb BeJIHI<H aarparst BpeMeHH H na rro,UrOTOBHTeJIbHO-BCrro

MOraTeJIbHble paooru, tITO CB5I3aHO yMe C opraaaaauaea pa60T• 

Hexoropyro poas npn cpaBHeHHH OTelleCTBeHHblX H sapvoe:«

HblX naHHblX urpaer H paannua B reOJIOmtIeCKHX paapeaax CCCP 

Ii ClllA. B Clll A no 80% scex rJIy60KHx H caepxr.nyrioxnx CKBaMHH 

6yp5IT B urrarax JIyH3HaHa H Texac, rne reOJIOrHlIeCKHe,Ua H KJIHMa

THQeCKHe yCJIOBH5I 60JIee 6,7IarOrrpH5ITHbl, lIeM re, xoropue BCTpe

QaIOTC5I npn nposonxe r JIy60KHX H caepxrJIy60KHX CKBaMHH B 

CCCP. nOCJIenHHe, KaK H3BeCTHO, 6YP5ITC5I B caxnax paanux yc

JIOBHHX H CH.1bHO pasripocaau npyr OT npyra. 

KaKHx pe3YJIbTaTOB MOMHO ,U06HTbC5I IIpH HaJIaMeHHOM 3KC

nnyaraunonnoa 6ypeHHH r JIy60KHx CKBaMHH, noxaauaaer TOT 

diaxr, 'ITO B JIyH3HaHe, aanpnxep, CKBaMHHa, rJIy6HHoH 3000 M, 

6ypHTC5I aa He,UeJIIO, a onna H3 CKBaMHH, r JIy6HHOH 5027 M, 6bl

JIa rrpo6ypeHa 3a 71 CYTKH (rrpH 3TOM 6bIJIO H3pacxo,UoBaHo 

scero 48 nOJIOT). 11 npoxonxa nopanxa 100 M na nOJIOTO B r-ny

60KHX CKBa)l(HHaX anecs Bo06IUe He penxocrs. Hano CKa3aTb, tITO 

If B TeXHOJIOrHH npoxonxn r JIy601<HX )j csepxrJIy60KHx CKBaMHH B 

CCCP ecn, 1I0.TJOMHTeJIbHble npuaepu. 113BecTHo, HaCKOJIbKO 

BaMHO Bbl6paTb HaH60JIee JIerKyIO H B TO )Ke BpeM5I HaH60,Tlee 

HaneIKHYIO KOHCTpyKU.HIO CKBa)l(HH. CCCP B 3TOM OTHorneHHH 

eCJIH He onepenn,n, TO BO BC5IKOM cnyxae nner BIIOJIHe «:B norv» C 
CiliA. . 

Illupoxo pacnpocrpaneu H OCBoeH y Hac cnycx «XBOCTOBH

KOB», caapusix KOJIOHH, cnycx KOJIOHH ceKu.H5IMH H T. ,U. B r JIY

60KHX II CBepxrJIy60KHX CKBaMHHax saaopu Me)l(ny KOJIOHHaMH 
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H CTeHKaMH CKBa)KHHbI BO MHOrHX CJIYlla5IX 3HallHTeJIbHO MeHbliJe 
TeX, xorop sre orpaunansao peKOMeH,UyIOTC5I B CiliA. 3TO ziaer 
B03MOiKHOCTb npn O).I.HHX H rex )Ke HallaJIbHblX H KOHellHbJX ,UHa
MeTpax 6ypeHHH cnycKaTb (npH He06xo,UHMOCTH) 60JIbWee IIHC
JIO npOMe)KYToIlHbIX oocanaux KOJIOHH. Ho 3TO HMeeT ]j oripar
nyio CTOpOHy: B03paCTaeT CKOpOCTb nO,UbeMa crpyu B EO.lbueBOM 
npocrpancrne. PaCTeT pacxon MeTaJIJIa na MeTp npOXO,UKH. 

PaClIeT 06ca,UHbIX KOJIOHH Be,UeTC5I C npHBJIelleHHeM noc~e,U
HHX aBTOManl3HpOBaHHbIx pa3pa60TOK no CATIP* H C YlleTOM 
scex cav stx rrOCJIe,UHHx Tpe60BaHl:II1 no Bbl60py KOHCTpyKUHll 
CKBa)KHHbi. 

Ba)KHeHWHM nOKa3aTeJIeM, ooecnesaaarourua 3epepeKTHBHOCTb 
6ypeHHH, HBJIHeTC5I rH,UpaBJIHlIeCKa5I MOllI,HOCTb, nO,UBO,UJ1M ax K 
.'I.OJIOTy. ECJIH OHa He OnTHMaJIbHa, TO He.lb3H BblHTH aa nepeno
nsre nOKa3aTeJ1H. 

3a py6e)KOM (npexoie acero, B ClllA) no peaaaayeaon sa
60HHOH rH.upaBJIHlIeCKOH MOll~HOCTH B nOCJIe,UHHe ronu npn 6ype
hHH rJIyooKHx H csepxrnyooxnx CKBa)KHH YCTOHIIHBO BblWJlH aa 
yposens 0,6 JI. c. na CM 2 nJIOllI,a,UH 3a605I npn cpenaeit CKOpOCTli 
HCTelleHHH CTpyH H3 Haca,UOK 80 Mfc. TIPH 3TOM CKOpOCTb BOC
xoztamero nOTOKa, 6e3 yuiepoa ,UJI5I 3epepeKTHBHoro sunoca au
6ypeHHoH noponsi, y,UaJIOCb CHH3HTb B 60JIbWHHCTBe c.nyuaea ,UO 
0,3-7-0,5 M/C (aa ClIeT nO,U60pa 3a30poB). A 3TO, B CBOIO ouepens, 
n03BOJIHJlO ,U06HTbC'H J1aMHHapHoro xapaxrepa TelleHH5I )KH,UKO
CTH B KonbueBOM npOCTpaHCTBe, liTO B 3HallHTeJIbHOH CTeneHH 
CHH)KaeT pHCK np05IBJIeHH5I ne.noro p5I,Ua cepseanux OCoIl0)KHeHHH 
B CKBa)KHHe, B lIaCTHOCTH, npHXBaTOB H KaBepHo06pa30BaHHH B 
CH~y YMeHbweHHH MexaHHlIeCKoro B03,UeHCTBH5I CTpyH Ha 06Ba
~HBalOllI,HeCH CJIaHUbl, BeCbMa WHpOKO H lIaCTO acrpesatoumeca 
B,UOJIb no pa3pe3Y rJIy60KHx H CBepxrJIy60KHX CKBa)KHH. 

CJIe,UyeT HMeTb B BH,Uy, liTO pa60llee ,UaBJIeHHe Ha Hacocax 
npa TaKOH opraHH3aUHH pa60TbI ,UOJI)KHO 6bITb otiecneveno aa 
ypoane 20-7-25 MTIa, KaK MHHHMyM. 

YKa3aHHoe YCToHIIHBoe noauurerrne rH,UpaBJIHlIeCKOH MOllI,HO
CTH npn 6ypeHHH rJIy60KHx H caepxrnyooxnx CKBa)KHH sa py6e
)f{OM n03BOJIHJIO nOBceMeCTHO B ClllA ,UOBO,UHTb narpysxy na ,UO
~OTO ,UO 30-40 KH na 1" (25,4 MM) zmaxerpa ,UOJIOTa, a xa
CTOTy ero BpallI,eHH5I - ,UO 240 MHH-I npa 6ypeHHH ,UO 'f'JIy6HHbl 
3500 M H ,UO 130-150 MHH- I na rJIy6HHax ,UO 5000-6000 M, liTO 
B 3HallHTeJIbHOH CTeneHH cnocoocrsyer nOBblweHHIO YKa3aHHbIX 
nOKa3aTeJIeH. 

Cpe,UHHe KOMMeplleCKHe CKOpOCTH npH 6ypeHHH rJIy60KHX H 
csepxrJIy60KHX paaaenovaux 3KcnJiyaTaUHoHHbIX CKBaiKHH (or 
4500 )1;0 6600 M) B CiliA B HaCT05IIIJ.ee BpeM5I KOJIe6JIIOTCH OKOJIO 

• CAITP - CHCTeMa aBTOMaTH'leCKOro npoeKTHpOBaHHH. 

BeJIH4:HHbI 1500 M na CT. M-U (npn npOXO,UKe na ,UOJIOTO 80'----100 'M 
B cay-rae HCnOJIb30BaHH5I rpex utapourenmax 'uOJIOT). Pacxon no
JIOTHa TaKHe CKBa)KHHbI He rrpenuuraer 100 WTyK, a BpeM5I 6ype
HH5I- - He 60JIee 150 CyTOK (KaK npaaano). 

L(Ji5I cpaBHeHH5I HanOMHHM, liTO eCJIH HCKJIlOlIHTb ace sarparu 
npeueua na npOCTOH, aaapnn, TO CKBa)KH:Ha na Illaxosoa Koce, 
uarrpavep, B 3TOM cnyxae 6ypHJIaCb 6bI no pacserax npnxepno 
660 CyTOK, T. e. B 4 pasa ,UOJIbWe, lIeM TaKa5I iKe cpe,UH5I5I CKBa
)KHHa B CiliA. TIPHIIHH,a (CM. Ta6JI. 2) B MeHbweH (B 3-4 'pa
aa) npoxonxe na nonoro H 3aMe,UJIeHHbIX resrrrax cnycxo-nom-e
Ma Tpy6 C 3a605I. Ilpoxosxa 3,UeCb nposonanacs cepHHHbIMH no
~.OTaMH. 

O,UHaKo cpemree BpeM5I crrycxa-rrozrse.aa no Me,UBe,UKoBcKOH 
CKBaiKHHe, aanpnxep, COCTaBHJIO 16,6 II., liTO conOCTaBHMo' C 
<lMepHKaHcKHMH ,UaHHbIMH. TaKHM o6pa30M, na oreaecrsemisrx 
<:KBaiKHHax C BHe,UpeHHeM HOBbIxMepOrrpH5ITHH HTTI YJI.tlJlOCh! 
nO,UH5ITb npoxonxy na ,UOJIOTO B HeCKOJIbKO pa3 H rexrrcriyexo
rrO,UbeMa Tpy6 ,UOBeCTH ,UO cpennnx MHpOBbIX rroKa33TeJIeH. 

TIoCJIe,UHee eute paa YKa3bIBaeT na TO, liTO nepaeaurea sana
lIeH B OTelleCTBeHHOM CBepxrJIy6oKoM 6ypeHHH ~BJIHeTCH yBeJIH
lIeHHe npOXO,UKH na ,UOJIOTO, rne B OCHOBHOM MbI H nponrpuaaea, 
a ratose HCKJIlOlIeHHe noreps BpeMeHH na HeHY)KHble npOCTOH H 
·OiKl'i',UaHH5I. TIpOXO,UKy na ,UOJIOTO MOiKHO YBeJIHIIHTb H aa ClIeT 
yJIyllweHH5I KOHCTpyKUHH ,UOJIOT. OT,UeJIbHble TaKHe ,UOJIOTa ysce 
ecrs, 'TIpoXO,UKa na HHX B xparnoe IIHCJIO paa 60JIbWe cepHHHbIX, 
HO BC,e ellI,e MeHbwe, lIeM 13 CiliA. 

EIue OAHOH H3 oc06eHHocTeH 6ypeHHH cBepxrJIy60KHx C~Ba
)KHH 5IBJI5IeTC5I npOOJIeMa 6ypeHHH na MaJIoqlIf.TIbTpylOllI,HXCH {)aCT
nopax npn nOBbIIIIeHHoH nporas 06bIlIHOH resmeparype. B CCCP 
B 3TOM OTHoweHHH ,UOCTHrJIH 3HallHTeJIbHbIX pe3yJIbTaTOB, Han
pHMep, npn 6ypeHJm B T3HrH3e, xorna HCnOJIb30BaJIH 6e3rJIHHH
crue pacrnopu BHI1I1BT C aonoornasefl 5CM3 aa 30 MHfinpH 
-reMnepaType 160"C. 

Ha CKBaiKHHe .MellBe,UKoBCKa5I, 5IBJI5IlOll~eH:C5I BO MHorHX 
OTHOWeHH5IX nOKa3aTeJIbHOH KaK cBepxrJIy60Ka5I, na rJIy6HHe 
6300 M 6bIJIa aarpuxcnposana reaneparypa 224°C. B 3THX yCJIO
BHHX npoxonxa, KaK npaBHJIO, OCJIOiKH5IeTC5I 06BaJIaMH, H3-3a lIe
TO H npIIXO,UHTC5I CTpeMHTbC5I K HCnOJIb30BaHHIO paCTBopOB C 
npenem.no MaJIOH BO,UOOT,UalleH. B TO iKe BpeM5I, KaK nOKa3bIBa
er npaxrnxa, He06xo,UHMO O,UHOBpeMeHHO YT5IiKeJI5ITb paCTBOp B 
cpennex .:IO BeJIHIIHHbI nOp5I,UKa 1400 Kr/M3. 4acTo Ha6JIIO,UaIOTGH 
CJIyqaH, xorna npoBo,U5IT npoaeacyro-mue rrpoMbIBKH H YBeJIf\IIH
'BalOT HeCKOJIbKO B5I3KOCTb ,UJI5I nysurero sunoca lIaCTHU IlIJIaMa. 

TIPH 6ypeHHH rJIy60KHx H caepxroryooxax CKBaiKHH B rrOCJIe,U
HHX HHTepBaJIaX nepenxo (eCJIH yCJIOBH5I n03BOJI5IIOT oCYllI,eCTBHTh 
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sro) B paCTBOp .u06aBJIHeTCH nerpr», BnJIOTb no 12-15%, H ce

pe6pHCTbIH rp arpnr B KOJIHqeCTBe 1-1,5%. 
Ilepen cnycxox oticanuux KOJIOHH npOH3Bo.uHTCH npopaeor

xa CTBOJIa KOMnOHOBKaMH see YBeJIHqHBaIOI..I.I.eHCH ;.KeCTKOCTH. 

.lI.JIH C03.uaHHH xasecreemroro IIeMeHTHoro KOJIbIIa npn 6y

peHMH rJIy60KHx H CBepXfJIy60KHx CKBaJKHH He06xo,lHMO naana

pOBaTb cnYCK 06ca.uHwx KOJIOHH ceKIIHHMH C IIeMeHTHpOBaHHeM 

HX, npHMeHHB cocrasnyio pa3,leJIHTeJIbHyIO npooxy. MHoroCTY

neanaro. 
TaKHM 06pa30M, rJIaBHOe BHHMaHHe npa npoxonxe CBepXfJIy

60K1iX CKBaJKHH .uOJIJKHO 6bITb 06paI..I.I.eHO na paapaoorxy wepo
npHHTHH, 6e3yCJIOBHO 06eCneqHBaIOI..I.I.HX npn HX BHe.upeHHH )J.O· 

senenne nJIaHHpyeMoH CKBaJKHHbI no npoeKTHOH r JIy6HHbI, H aa 

31'0 OTBeTCTBeHHOCTb B paBHOH CTeneHH .uOJIJKHbI HeCTU KaK TeX-, 

HO,/JOrH-6ypoBHKH, TaK H npOeKTHpOBI..I.I.HKH, npaBHJIbHO UJIH He

npaaam.no 3aKJIa.ubIBaIOI..I.I.He IIJIaHHpyeMbIH KOMIIJIeKC BHe.upeHHH 
. 6Y;ll.¥lIJ,HX MepOIIpHHTHH. 

§ 6. Ilpaxraxecxae npHMepbl H conOCTaBJIeHHH 
npa oypeHHH rJIyooKHx CKBa)KHH 

CpaBHHTeJlbHble Jl.1tllHIoIe 

d> .<U :r ~ o.~:r 
:S:'"

0 <ll u ~:Eo:t X :s: (l) 
0 cdX 0';: &.:i 

~ (l)I1HTepBaJI Oouiaa 0:: :s:<ll 1::' '"(l)o. r-f- o.x6ypellHlI, npoxon-N! C'KBalKHH u • :E>' cd (l) "'>.(l) f lO o:to. '" ,uM Ka,M :r S 0: x>,0:s: (l)1O ~<,:l~ .....; . Q).; 
o f '" 0 0.",c. .. cd '" 

::G:E::G~ o:lu U'" 

PaCCMOTpHM HTorH 6ypeHHH rJIy60KHx CKBaJKHH C snenpeun

eM KOMIIJIeKCa HOBbIX MepOIIpHHTHH HTn B COIIOCTaB.1eHHH pe

3YJlbTaTOB C 06b1qHbIMH TaKHMH iKe CKBaiKHHaMH B CCCP 
(Ta6JI.3). 

B xanecrae npnaepa .uJIH conOCTaBJIeHHH B03bMeM pesyxs

TaThI npoxonxa caepxr.nytioxof CKBaJKHHhI 100 (Illaxona Ko
ca) 11 cocennnx crannap rnsrx rJIy60KHx CKBaJKHH N! 61, 28 H3 

MeCTopoiK.ueHHH 3blpH (A3ep6aii.uiKaHcKoii CCP). Ilpn 3TOM 

aano OTMeTHTb, 'ITO CKBaJKHHa N!! 28 (3WpH) - MopcKaH. Ha 

CKBa)KHHe N!! 100 (Illaxona Koca ) BHe.upHJIC5I KOMIIJIeKC HOBhIX 

MepoIIpHHTHii HTn, H OHa .uOCTaTOqHO IIOKa3aTeJIbHa. 

YCJIOBHH 6ypeHHH aa 3THX CKBa)KHHaX He TaKHe CJIOJKHble, 

KaJ{ aa MeCTopOJK.ueHHHX Cesepnoro KaBKa3a. HeT BbICOKHX sa

60iiHbIX TeMIIepaTyp (MaKcHMyM 100°C na rJIy6HHe 6000 M). 

HeT KpyTbIX yrJIOB 3aJIeraHH5I IIJIaCTOB. OCJIOJKHeHHH B03MOJK

Hbl JIHllib na rJIy6HHax cnsnue 6000 M, rne MoryT HMeTb MeCTO 

OChIIH\ H 06BaJIbI, cyaceans CTBOJIa B rJIHHHCTOii CBHTe (paspea 

IIpe.ucTaBJIeH TeppHreHHbIMH noponaan) H npuxaaru - IIpH H3

JIHIllHe 60JIbIllHX nepenanax .uaBJIeHH5I IIpOTHB npounnaenux IIO

po.u ('ITO npa HCIIOJIb30BaHHH IllTaTHbIX cHTyaIIHH, npenycxor-

T a e a u u a 3 
6ypeHHlI CKBalKHH 
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,lI.aHHble 0 panore aJlMa3HblX 

.'; 

,,' 

CKOalKHHa fJly6H
aa, M 

Hurep aan, 
M 

1I.HaMeTp 
JlOJlOTa, M 

Ilpoxoa-
Ka Ha 

JlOJlOTO,M 

1 L 3 j 4 5: 

Nt 1 !f>oHeHoT, 7055,5 5413-6523 152,4 185
 
Jlynsnaua 6524-7055,5 104,8 178,2
 

N(~ 1 YOKep, lOlKll. Texac 6280 5847-6280 95,25 144
 

M 1 K,wneM,Texac 5944,5 5041-5944,5 115,9 148;7 

.N'1 1 Tupe.r, 3, Texac 6584 5358-6040 168,3 97,3 

N!!j;·Te.1J11l, IOlKll. 7280 3816-6020 241,3 166,7
 
'Texac 6020-7280 165,1 235,9
 

·r' 
N~i 1" Pecypces, Ox.raxoxa 6265,1 6148-6565,1 158,8 81,7 
N" 100 - Illaxoaa Koca 6455 6184-6455 188 145,3 

, 'npHM'e'laHHe.	 113 npencraaneauux zianaux BHJlHO, 'ITO npn cneuaam.noit 
aJlMa3HblMH JlOJlOTaMH HH'IeM He ycrynaior nrorav COOToeT,CT 
'1eCKOH CKOpOCTH, HeCMOTpH na TO, llTO CKBalKllHa 6ypHJlacb 
'1ecTBeHHble ztaanue YCTynalOT aMepHKaHCKIlM npnsiepno a 
cpaeanaars KOMMeplleCKHe CKOpOCTH He npHXOJlIlTCH. 

penuux B npoexre, B03HHKaTb He ,ll.OJDKHO). 060PY,ll.OBaHHe 
EY·,300-3, HaCOCbI Y8-7. ' 

TIO:HOMy 3)l;eCb OCHOBHoe cpasaenne no arorax 6ypeHH5I fJIY
60Kflx II CBepxrJIy60KHX CKBa)KHH (B TOM qHCJIe, qaCTHqHO a no 
cKBaIKIfHaMClllA - Ta6JI. 4) MO)KHO npoH3BecTH no p-e3YJIbTa
-ra M~OCTH)[{eHHH B TeXHOJIOrHH HX npOXO,ll.KH. HeT «cMa3aHHOH:» 
xapruasr H3-3a HaJlHqH51 OCJIOIKHeHHiL 

Hra«, B anrepaane OT 0 no 3300 M na CKB. N2 61 H 28 (3bI
pa) , a TaK)Ke 100 (Illaxoaa Koca) oc06eHHoii pa3HHIJ,bf B llOCTl1
)KeHII5lX npn HX 6ypeHHH He Ha6JIIO,ll.aeTCH, nOCKOJIbKY 6ypeHHe 
sepxnax qaCTeH rJIy60KHx CKBa)KHH B A3ep6aH,ll.)KaHe nasno oc
HoeHO. 

, Ilpn 6ypeHHH B HHTepBaJIaX 3301-5800 M H 5800-6521 M 
MO/j{HpHa6J1IO,ll.aTb C,ll.BHrH B nOJIO)KHTeJIbHYIO CTOpOHy (eCJIH cpaa
I-IHBaTb HX pe3YJIbTaTbI C 3apy6e)KHbIMH ,ll.aHHbIMH, xoropsre JI.O· 
CTHrH5'Tbf npn 6ypeHHH tra 60Jlee rJIy60KHx HHTepBaJIax). 

CKB'a)KlIHbI B YKa3aHHbIX HHTepBaJIaX 6ypHJIHCb ,ll.OJIOTaMH 
JI:lIaMeTpaMH 269 H 190 MM, a TaK)Ke aJIMa3HbIMH ,ll.OJIOTaMH nna
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)1,01101 0 rJly60KHx CKOa1KHHax 

Mexana
'1eC,KaH 
CKO~ 

pocrs , 
M/ll 

Oceaaa 
narpysxa 

P, KH 

4aCTOTa 
apaurenus, 

MHH-I 

Flaor-
HOCTb 

pacrao
pa , 

xr /CM3 

CyTO'l-
HaH npo-
XOJlKa, M 

Cpenae
eyr. 

lipOIlOJI lK 
6ypeH. 

~ t~ .~ 

Xapaxrep 
nopo)l, 

6 7 8 9 10 11 12 

1,66 45,4 90-125 - 35 21 ' HIl3b1, rper. 
2,09 45,4 90-100 - 38 18,7 OTJlOlK, ' .;~ 

1,51 13,36 90-100 1520 31 20,1 TBepA~ . 
H3B, 

1,58 18,84 90-100 2140 31,8 20 CJI1lHlI,b1 " 
nec'I. 

0,84 18,84 90-100 14,6 15,6 lbo. 0PAO
BHKa , .. 

0,78 159,9 120-140 2800-2111 17 2'1,6 HH3h1 rper. 
, OTJ10lK. 

1,2 54,4-60 150 1700 25,7 24,4 
0,55 136-182 60 1680 11,3 20,3 °PJlOBHK. " 
1,46 30-60 3TOW-6 1480-1520 14,6 10,0 Tperasuae 

1/2" OTJlOlKeHHH 

nOJlrOTOBKe na CKB. NQ 100 «WaXOBa Koca» nonyseuaue peay.n.rana 6ypeHIl1ii
 
nyiouiero 6ypeHIlH B ananoruaaux YCJlOBIlHX B CWA no npOXOAKe H MexaHIl-.
 

Typ606YPOM, XOTH B OTHOllleHHH CyTO'lHOH npOXOJlKH H BpeMeHH. 6ypeHHH OTe

2 p1!-3a. K COlKaJleHHIO, H3-3a 60Jlee 3Ha'lHTeJlbHO HH3KOH oprannaaun» rpyna
 

-") 

MeTpOM 188 MM B COqeTaHHH co WnHH,ll.eJIbHbIMH 3-x cexuuonnsr-' 
MtI Typ606ypaMH, qTO, KaK H nexoropsre THnbI ,ll.OJIOT, 6bJJIH ysce 
HOBllIeCTBOM, npnxenenaua na CKB. N2 100 (Lllaxona Koca ) rio 
cpamteumo C 06bIqHblMH CKBa)KHHaMH. EOJIee llIHpOKO npHMeml"1 
JIHCb rH,ll.pOMOHHTopHbIe ,ll.OJIOTa, rnna «M3f» BMecTo'paIiee P'~C" 
npocrpaneuasrx na npOMbICJIaX A3ep6aii,ll.)KaHa no.nor. THna' 
«Cf». ' 

B pe3YJIbTaTe ,ll.06HJIHCb nnyxparnoro pOCTa npOXO,ll.KH Ha,,ll.6.~: 
JIOTO,.Ii noayropaxparnoro - no MeXaHHqeCKOH CKOpOCTH no 

cpaBHeHHIO C rJIy60KHMH HHTepBaJIaMH B 06bIqHbIX CKBq,)KHHax: "\ 

YKa3aHHbIH pe3YJIbTaT 6bIJI ,ll.OCTHrHyT 6JIarO,ll.apH ,B03MO~:; \ 

HOCTH peaJIH3aIJ,HH npa noasnneaaof rH,ll.paBJIHqeCKOii MOlll,HOCT!'I') 
HarpY30K na ,ll.OJIOTO nOpH,!I,Ka 10 KH na 1 CM ,ll.HaMeTpa ,ll.OJIOTa:1 

KOHeqHO, OH Mor 6b1Tb ooecneseu TOJIbKO npn xopouref opr'aIm::; 

3aIp-IH (cneIJ,HaJIbHOM Ha6JIIO,ll.eHHH aa paooroa) Ii non OC06~M!.' 
KOHTpOJIeM co CTOpOHbI PYKOBO,ll.CTBa aa 6ypeHHeM CKB_ ~ lOa 
(Illaxoaa Koca ) , i:' 

2~' 



B pesyJIbTaTe xopourea rrO,lJ,rOTOBKl:I ciOOpY,lJ,OBaHl:IH l:I MaHl:I
epO.1bll.a, B lfaCTHOCTl:I, y,lJ,aJIOCb HaJIa,lJ,l:ITb Oe3aBapl:lllHYlO patiory 
HaCOCOB npn paOOlfeM ,lJ,aBJIeHl:Il:I 15-20 MOa, xro l:IMeeT HeMa
JIOBaJKHOe snaueaae. 

4TO KaCaeTCH oypeHl:IH aJIMa3HbIMH ,lJ,OJIOTaMl:I, aanpaxep. B 
CKB. N2 100 (Lllaxona Koca ) na l:IHTepBaJIe npoxonxa OT 618{,u0 
6455 M, TO OHO rrp0l:l3BO,lJ,l:IJIOCb 3-x CeKI.I,l:IOHHbIM Wnl:lH,lJ,eJIbHbIM 
BbICOKOOOOPOTHbIM rypfiofiyposr, T. e. npn rrOBbIWeHHbIX MeXaHl:I
lfeCKUX CKOpOCTHX rro cpaaaemno C pOTOpHbIM oypeHl:IeM. BJIa
rO,lJ,apH 3TOMy rrOKa3aTeJIl:I paOOTW aJIMa3HWX ,lJ,OJIOT OKa3aJIl:ICb 
8nOJIHe COrrOCTaBl:IMbIMl:I C COOTBeTcTBylOII.I,l:IMl:I nOKa3aTeJIHMH 
oypeHl:IH CKBaJKl:IH B ClllA, HeCMOTpH aa TO, lfTO TaM y,lJ,aBaJIOCb 
,lJ,OOl:lTbCH OOJIbWerO apevena npeosmauan ,lJ,OJIOTa ua aaooe l:I 
JIYlfwell OlfUCTKl:I l:I OXJIa)K,lJ,eHl:IH ,lJ,OJIOTa. 

Ha nepnua B3rJIH,lJ, MOJKeT rrOKa3aTbCH, xro TyT l:IMeeT Mec'ro 
HeKOTopoe rrpOTl:IBOpeql:le. 

I13BecTHO, xro C pOCTOM r JIY0l:lHbI CKBaJKl:IHbI nacrynaer MO
MeHT, KOfna MaKcHMyM pencoaoti CKOpOCTl:I CTaHOBl:ITCH I.I,eJIeCO
00pa3HO e.pOpCl:IpOBaTb rro MaKcl:IMyMy rrpOXO,lJ,Kl:I aa ,lJ,OJIOTO. 31'0 
HMeeT OTHOWeHl:Ie npezcne scero K paoore rpexurapouresnux ,lJ,0
JIOT. Ilpa paoore C aJIMa3HbIMl:I ,lJ,OJIOTaMl:I MaKcl:IMyM npoxonxa 
oOeCrrelfl:lBaeTCH yJKe xapaKTepOM KOHCTpyKI.I,l:Il:I l:I paooTw CaMl:IX 
,lJ,OlIOT. 11 anecs ,lJ,OOaBOlfHbIX pe3YJIbTaTOB MOJKHO ,lJ,OOl:lTbCH npn 
pOCTe lfaCTOTbI spaurenaa, ,lJ,alOII.I,eM yaenasenae MeXaHl:IlfeCKOll 
CKOpOCTl:I npn orrTHMyMe ocesoro ,lJ,aBJIeHl:IH na ,lJ,OJIOTO. BOT nose
My na OOllbWl:lX rJIyol:lHax npa aJIMa3HOM ,lJ,OJIOTe rypriaanoe oy
penne OKa3bIBaeTCH BbI!rO,lJ,Hee poropnoro, 

3aMeTl:IM, lfTO na CKB. .N'2 100 (Illaxoaa Koca ) paooran TYP
oO-Taxm.t,eTp, oJIarO,lJ,apH lfeMy ObIJIO yCTaHOBJIeHO, qTO TYPOOOY
pbI 371'Clll-240 MM l:I 3TClll-172 MM ycronvaao patioraior npn 
OITTHMaJIbHbIX uarpyaxax na rpexura poure-mue ,lJ,OJIOTa C lfaCTO
TqH 'Bpali(eHHH 350-500 Ml:IH- 1, a C aJIMa3HbIMl:I - 400
600- 1 (rroCKOJIbKy aJIMa3HbIe ,lJ,OJIOTa npn npounx pasnux yCJIO
BHHX rrOTpeOJIHIOT MeHbwHll MOMeHT). 

Bypenne nOll caepxrJIyOOKOll CKBaJKl:IHbI nOKa3aJIO TaK)Ke, 
'ITO C,"!y~K YHl:IKaJIbHWX KOJIOHH (B lfaCTHOCTl:I, ,lJ,l:IaMeTpOM 293 MM 
na rJlyoHHy 3300 M l:I XBOCTOBl:IKa, ,lJ,l:IaMeTpOM 219 MM na ray
Ol:lHY 5800 M) B TaKOll KOHCTpyKI.I,l:Il:I BnOJIHe onpasnau. Ilpn nOM 
ObIJIO yCTaHOBJIeHO, xro OOJIee ,lJ,JIl:ITeJIbHOe (lfeM BpeM5I oypeHl:I5I 
non yxaaannue KOJIOHHbI) BpeMH npetiuaaaan CKBaJKl:IHbI C OTK
pbITbIM CTBOJIOM He,lJ,orrYCTl:IMO, T. K. B03Hl:IKalOII.I,l:Ie na CTeHKax 
CKBaJKl:IHbI pasyrrpo-menaa, CBH3aHHbIe C I.I,l:IKJIl:IlfeCKOH narpya
KOH, napyuraror YCTOHlfl:lBoe COCTOHHl:Ie ropmrx nopon xoropoe 
He MOJKeT ObITb BOCCTaHOBJIeHO HHKaKl:IMl:I ,lJ,pyrHMH Cpe,lJ,CTBaMl:I, 
KpOMe cnycxa KOJIOHHbI. 

:2\ 

TaKl:IM 00pa30M, npaxrnuecxn ObIJIa nO,lJ,TBepJK,lJ,eHa reopna 
pacnera KpUTlIqeCKOrO I.I,l:IKJIa ,lJ,0 oopyureaas. 

B pe3YJIbTaTe oypeHl:IH CKBaJKl:IHbI N2 100 (Illaxoaa Koca) 
ObIJIa TaKJKe 3KCnepl:lMeHTaJIbHO yCTaHOBJIeHa B03MOJKHOCTb AJIl:I
TeJIbHOrO oe3aBapl:lllHOrO l:ICnOJIb30BaHl:IH 0YPl:lJIbHbIX TPYO OTe
qeCTBeHHoll KOHCTpyKI.I,l:Il:I runa TBBK ziaaxerpoa 140 l:I 114 MM 
l:I3 MapoK CTaJIl:I «JI» l:I «M» npn TypOl:lHHOM oypeHl:Il:I aa fJIY
Ol:lHaX ,lJ,0 6500 M BKJIlOlfl:lTeJIbHO, lfTO noszmee ObIJIO nO,lJ,TBepJK
,lJ,eHO na KOJIbCKOll CKBaJKl:IHe aa B,lJ,BOe OOJIbWHX r JIyol:lHax. 

B pesy.nsrare oypeHl:I5I rtepnux csepxrJIyOOKl:IX CKBaJKl:IH Obl

na YCTaHOBJIeHa paI.I,l:IOHaJIbHa51 BeJIHlfl:lHa rrpeauurenna CTaTl:I
necxoro ,lJ,aBJIeHHH B CKBaJKl:IHe nan nJIaCTOBbIM, KOTopaH MOJKeT 
ObITb supaacena npeasnnenaea nan rrJIOTHOCTblO pacrsopa na 
-36 KrjM3• 3TO MOJKHO ooecneuars, O,lJ,HaKO, JIHWb TOlfHO 3Ha51 Be
JIHlfHHY rrJIaCTOBOro ,lJ,aBJIeHl:I5I B CKBaJKl:IHe. 

HaHOOJIee umpoxoe npaxeaenae npn oypeHHl:I nepaux caepx
r JIyOOKl:IX CKBaJKHH, 3aJIOJKeHHbIX He B caxnax OCJIOJKHeHHbIX YC
JIOBl:IHX, HaWJIl:I, KaK nOKa3aJIa npaxraxa, OOJIerlfeHHbIe, no cpas
HeHl:IlO C Tpa,lJ,l:II.I,l:IOHHO npl:lMeH5IeMbIMl:I, pacrsopu, oopaoorau
HbIe JIHrHl:ITaMl:I l:IJIl:I nnrnocyasdioaaraua, nOJIl:IMepHbIe (npnne
JIHeMbre ,lJ,JI5I OOPbObI C paaoyxaaaen r JIl:IH) l:IJIl:I paCCOJIbI (eCJIl:I 
repparenasre rrJIaCTbI CO,lJ,epJKaT nJIaCToBylO BO,lJ,y, TaK KaK na
oyxaHl:Ie rJIHHbI, KaK l:I3BeCTHO, 3aBl:ICl:IT OT pa3HOCTH KOHI.I,eHTpa
uaa COJIl:I B BO,lJ,HOll e.pa3e pacrnopa l:I B BO,lJ,e, HaXO,lJ,HII.I,e}';c51 B 
CJIaHI.I,e) . 

YKa3aHHbIll OnbIT n03BOJIl:IJI YCTaHOBl:ITb, lfTO Hee.pT5IHOll HH
JI.YCTpl:lell CCCP aa CerO,lJ,H5I BrrOJIHe MoryT OblTb cepnilao OCBoe
HbI r JIy6l:1HbI ,lJ,0 6-----':7 KM npn oypeHl:IH nO,lJ,OOHbIX CKBaJKl:IH C OTe
lfeCTBeHHbIX OypOBbIX YCTaHOBoK 3,U l:IJIl:I 43. 3TO nO,lJ,TBep,lJ,l:IJI l:I 
orrsrr oypeHl:I5I caepxrnycoxoa CKBaJKHHbI cr-1 ApaJI - Cop (B 
Kaaaxcraae). 3,lJ,eCb anepaue ObIJIa ,lJ,OKa3aHa B03MOJKHOCTb ,lJ,JIl:I
TeJIbHOrO npnxenenaa rrpousmo-mux pacraopos na OCHOBe Cl:I
JIl:IKaTHblX COe,lJ,l:IHeHHll, xoropue n03BOJI5IJIl:I uonnepxcaaars co
ztep acauae CTBOJIa, oypl:lMoro no reppnreaasnr nopcna a, xapax
TepHbIM ,lJ,JIH paspeaa yxaaannoro panona CCCP. 

no caepxrayooxoa CKBaJKl:IHe cr-2 «Bl:Il:IKJKaJI» BCKpbITW 
B Ilpmcacnmlcxoii Hl:I3MeHHOCTl:I nO,lJ,COJIeBble OTJIOJKeHl:IH na ra
KOll r JIyOl:lHe, KOTop'aH 51BJI5IeTC5I xapaxrepaoa ,lJ,JIH onopaux CKBa
JKl:IH, xoropsre Oy,lJ,yT 0YPl:lTbC5I B 3TOM paaoue na r JIyOl:lHy ,lJ,0 
15 KM. 3,lJ,eCb ObIJIa npnaenena BY-300 ,U C ,lJ,l:I3eJIb-3JIeKTpHlfe
CKHM npHBO,lJ,OM, 3 nacoca Y8-7 C paOOlfl:lM ,lJ,aBJIeHHeM 32 Mna, 
.u.OJIOTa - MCr. B CBH3l:1 C HaJIl:Ilfl:leM COJIell B paspese CKBaJKl:I-

UbI HeOOXO,lJ,l:IMO ObIJIO OYPl:lTb CKBaJKl:IHY BepTl:IKaJIbHO, ,lJ,OJIOTa

Ml:I 60.1bworo ,lJ,l:IaMeTpa. ,UJIH yrounenna paspeaa pH,lJ,OM 0YPl:lJIl:I 
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CKBiDKHHy-crryTHHK. Ha Cr-2 CrrYCK 720-MHJIJIHMeTpOBOrO KOH

zryxropa 6hIJI onpene.nen na rJIy6HHy 360 M B CKBa)KHHY, )1HaMeT

pOM 920 MM, nporiypeanyio arperarox peaKTHBHo-Typ6HHHoro 

6ypeHHH (PTB), a nepnof rrpOMe)KyTOlJHOH KOJIOHHhI, )1HaMeT

pOM 426 MM (CKB03b Ha)1COJIeBhle OTJIO)KeHH51) - na IJIy6HHy 

OKOJIO 1400 M B CKBa)KHHY )1HaMeTpoM 640 MM, npooypeauyio 
PTB. TaKa51 KOJIOHHa 6bIJIa cnyutena B CKBa)KHHY, KOTOpa51HMe

na KPHBH3HY 1° (HecMoTpH Ha 3HalJHTeJIbHOe HCKpHBJIeHHe Ma

.noraoapnrnax COCe)1HHX CKBa)KHH) H 3aueMeHTHpOBaHa C sauna
HHpoBaHHbIM He)10n0)1beMOM UCMeHTa )10 YCTbH na 700 M. ll,aJIee 

3a ClJeT 6ypeHHH rro COJIHM H nepeXO)1HOH 30HhI He~Te3MYJIbCH

OHHhIM, HaCblIUeHHbIM COJIblO, YTH)KeJIeHHbIM 6apllTOM)10 

.1870 Kr/cM3 6ypOBbIM pacraopov, rrpHrOTOBJIeHHbIM na oCHQBe 

OKHCJIeHHOrO rreTpOJIaTyMa, y)laJIOCb )l06HTbCH OTCyTCTBH51 Teqe

HHH COJIH H rrOJIYlJHTb POBHbIH CTBOJI no 4573 M [nonouma CO,JIH) 

)1HaMeTpoM 394 H 269 MM. I1pH )lOCTH)KeHHH COOTBeTcTBylOIUHX 

nOKa3aTeJIH pa60TbI AOJIOT H napaxerpu pellKliMa 

HHTepBan 
6ypeH,HlI 

Cnocoo 
6ypeHHlI 

I 

KOnHlJe-
CTBO 

,nOJIOT 

Cpennna 
npOXO.llKa 

ua non., M 

Cpennee 
BpeMli 
pa60TbI 

.llOJIOTa, lJ 

Cpe.llH'lIli 
MeXaHH'Ie-

CKali CKOp.• 
M/lJ 

fJIy6HH B Hero 6bIJIH cnyinenu 6e3 OC.lJO)KHeHI1H nse KOJIOHHbI: 

onna )ll1aMeTpOM 299 MM H3 CTaJIH MapKH N2 80 C TOJIIlI,HHOH 

CTeHKH 12, 42 MM na rJIy6HHy 2838 M H )lpyraH - H3 rpyfi, )1Ha

MeTpoM 219 MM MapKH P-II0 C TOJIIlI,HHOH CTeHKH 14, 15 MM 

na r JIy6HHy 4980 M. 06e KOJIOHHbI aauexem-npoaaau COJIeCTOH

"HM ueMeHTOM. 

I1oCJIe)lHHH KOJIOHHa, BeCHBwaH 364 TOHHbI, 6bIJIa cnymena 

3a 53 lJaca H ~BJIHeTC51 peKOp)lHOH rro Becy )lJIH KOJIOHH )laHHO

ro )lHaMeTpa. 

Pe3YJIbTaTbI 6ypeHHH cr-2 «BI1HK)KaJI» no nO)lCO.1eBhIX 

OTJIO)KeHHH npnsenenu B Ta6JI. 5 (nonco.neaue OTJIO)KeHHH anyr 

no paapeay 6e3 H3MeHeHHH no KOHua CKBa)KHHbI) . 

I1prIBeJl,eHHbIe nsnue pe3YJIbTaTbI 6ypeHHH cnepxrJIy60KHX 

CKBa)KHH B CCCP rOBopHT aa TO, lJTO see reoperrrrecxue aonpo

Chi, xoropue 6bIJIII rrO)lHHTbI B aava.ne r JIaBbI, MoryT 6bITb ycneur

Ta6JIHu:a 5 

6ypeHHlI. eKB. N~ 2 - 6HHKlKaJI B Ka3. CCP 

Ilapaaerpu pelKHMa 6ypeHHlI Ilapaaerpu 6yp. pacr-pa" '" u '" 
o '''l '" "' ,Q 0e- :c:<: It:l"'0... ....<ll •10 ,Q •x I '" :<: uu:<: >0:C. "t:li '"U .... CO0",:0", u_ ....>. "to =:c

<ll u",::< x:; " :<: 
:; 

I 0 00"'''' o:! .... u 0 __oC'?o '" '" " 0 oj>O:"l<ll"' C'l "'u "t ..<ll>' u :<: u "'UC: 
C'l '"u o.,Ii~ 0"':; "'0..."'~~ '" 0 <ll"

0_.

'::;~::E >, ...1-10 c.;.:'" I:: '" "' I:: u0'" '" '" '" u 

18-362 PTB-920 6 57,4 8,4 6,8 

362-879 PTB-640 II 47,0 4,4 10,7 

879~1002 » 5 24,6 5,2 4,73 
1002-1120 » 9 13,1 1,9 6,9 
1120~1369 » 33 7,5 2,9 2,54 

1369-'-3003 Typ6. 40 40 3,7 10,8 
» KOJIOHK. 6 3,3 1,0 3,3 

300~.:-,,""4507 rypti. 34 43,8 3,5 ]2,5 

4501-4598 pOTOp. 22 4, I 3,0 1,4 

4598,4978 Typ6. I 268 203,5 1,32 

» pOTOp I 40 110 0,36 

* PacTBop npHrOTOBJleH ~a OCHOBe OKHCJleHHOrO neTpoJlaTyMa. 

npHMe'laHHe. BHHKlKaJlbCKali CKB8lKHHa, .llaHHble no KOTOpOH npnnenenu 
H60Jlee CJlOlKHOMY yq8CTKY), lIBJllIeTClI npHcTpe..10lJHOH.llJIlI 
CKDalKHHa ua r JIy6HHy no 5 KM xepes COJIb 6blJIa nposenena 

TOp - H8 rpy6HHy 360 M (B CTBOJI, .llHaMeTpoM 920~.MM); 426 
219 MM - aa 4980 M (B noncoaeaae). CKBalKHHa 6blJIa npo 
PaCTBop He4lTe3MYJIbCHOHHblH, HacbIlUeHHblii CO.%IO, YTlIlKi"JI 
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TI2PT-9/1 40-60 90-100 70 1624 50-90 8 0° 
TI2M3~9" 40-70 95-100 80 1280 50-70 7 1° 

» » » » » » » » 
» » » » » » » » 
» 60-90 » » » » » 1°30 

3TClli-9" 80-140 35-40 120-170 1240 40-60 6-8 2°30 
KTLI,3-9" 40-70 34-46 120--160 » » » » 

3TClli-9/1 120-200 30-38 130-220 1300 40-80 3-5 3°30 
«Heapa» » » » » » » » 
164 MM 
HLI,K . 30-70 32-37 170-220 1870 » » » 
267C5 
CK-164 20-60 32-40 120-150 » » » » 

anecs ,11,0 BCKpb:THH nO.llCOJIeBblX OTJIOlKeHHH, nporiypenaaa sepes COJib (no na
6YP~HHlI B 3TOM paaone csepxrayooxoa 'CKBalKHHbI aa rJIy6HHy 15 KM. 
c"leAYIOUI,HM 06pa30M: cnyineau THlKe.leHllIIIe xoxonuu: 720 MM - KOH.llYK
MM KOJIOHHa - na r.ly6HHy 1400 M; 229 MM KOJIOHHa - aa 2838 M II, 

6ypetta "BepTIIKaJIbHoH. 
eHHblH 6apnToM oeecnesna OTCyTCTIlHC TelJeHHlI COJIH. 
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HO pa3peWeHW Ha rrpaKTHKe H ~nH MaCCOBOrO 6ypeHHH r~y60-: 
1.:I{HX CKBa)f{HH B CCCP HeT KaKHX-~H60 OC06bIX npenarcrnna.:

I'
 
§ 7. nepcneKTHBM cBepxrnyooKoro oypeHHH 

(oypeHHe B paBHoBecHH) 

Ilpn 6ypeHHH r~y60KHx H csepxr.nytioxax CKBa)f{HH na rrepBblii 
nnan nucrynaer euie O~Ha ocooenaocn., KOTOpyIO He~b3H ne 
YlJHThIBaTb - 3TO yruerenaoe COCTOHHHe 3a60H. 3TO B~HHHHe Ha· 

. 6Y~HHe MO)f{HO npocnemrrs na npnxepe 6ypeHHH KO~bCKOii 
CKBa}j{HHhI. ' 

Bo-nepaux, paspea TaM 6bW npencraanen ~OCTaTOlJHO -rsep
.~~hIMH noponaxn, BO-BTOphIX, CKBa)f{HHY 6ypHnH na MaKCHMa~b

HO 06nerlJeHHOM pacrsope. ilpaKTHlJeCKH HcrrO~b30Ba,7IH BO~y B 
KalJeCTBe npOMbIBOlJHOii )f{H~KOCTH. Torna KaK 06bllJHO npa rny
6HHHOM 6ypeHHH C HeH36e)f{HOCTbIO npnxonarcs rrpHMeHHTb yTH
)f{e~eHHble paCTBOpbI. 

Bnecre C TeM YCTaHOB~eHO, 'ITO eC~H pasnaua Me)f{~y run

pOCTaTHlJeCKHM H rr~aCTOBbIM ~aB~eHHeM npeauuraer 3,5 Mila..·
 
TO MeXaHHlJeCKaH CKOpOCTb CHH)f{aeTCH B ~Ba paaa (~a~bHeiillIee
 

YMeHbweHHe ee H,1I.eT y)f{e Me~neHHee). 3TO 06bHcHHeTcH yrne

TaIOrn.HM .z:eiiCTBHeM ~aB~eHHH ua 3a60ii, YC~O)f{HHIOrn.HM OTpbIB
 
npoMhIBKOH OT~e~HBWHXCH 'laCTHU: noponu OT 3a60H.
 

B03HHKaeT BTOpHlJHOe nepeuanuaanae na 3a60e, B TO )f{e 
BpeMH Me~KHe 'laCTHU:hI rrpH)f{HMaIOTCH npn 3TOM euie cansnee, 
C03~aIOT «noayutxy». BMeCTe C TeM nporaaonaanenae na 3a60H: 
He~b3H CHHTb H3-3a B03MO)f{HOrO BbI6poca. Ilonrn rrOBceMeCTHO 
npa 6ypeHHH r ~y60KHX H cnepxr~y60KHX CKBa)f{HH nepenan 
~aB~eHHH na 3a60ii npeasnuaer 3,5 Mila (35 6ap). 3TO nonoa
HHTenbHoe ~aBJ1eHHe nepenxo ~OXO~HT zro 10--;-.15 Mila, 'ITO, B 
CBOIO osepens, cnocoocrsyer B03HHKHOBeHHIO YC~OBHii rnnpopaa
ptraa, BCKpbIBaeMbIX CKBaIKHHoii ropH30HTOB. Iloaoscenae OCJIO}\{
HHeTCH euie H B03HHKHOBeHHeM B03MO}\{HOCTH rrpHXBaTOB npa 
C03~aBwHXCH 06CTOHTe~bCTBax. BbIXO~ H3 rrO~O)f{eHHH MO
)f{eT 6WTb B 3THX C~YlJaHX rrpe~~O)f{eH TO~bKO O~HH'

6ypHTb na peKOMeH~OBaHHOM He60~bwOM rrpOTHBo~aB~eHHH Ha 
n~aCT H~H Ha paBHOBeCHOM ~aB~eHHH rrpH nOCTOHHHOM KOHTpO
JIe aa HHM, 'ITO BO~MO)f{HO ~HWb rrpn Ha~HlJHH rrpOTHBOBbI6po
COBoro 060pY~OBaHHH na YCTbe CKBa)f{HHW. Ilpn 3TOM He cne
nyer 3a6hIBaTb, 'ITO r ~aBHaH C~O)f{HOCTb BO BHe~peHHII MeTo~a 

6ypeHHH Ha paBHOBeCHH, HeCMOTpH Ha ero OlJeBH~HWe rrpeHMY
w.eCTB8, 3aKnIO'laeTCH B uacroautee BpeMH B TOM, 'ITO ~mI~ro 

pea~H3aU:HH nano HMeTb ~OCTaTO'lHO TOlJHYIO HHepopMaU:HIOO Be
JIHlJHHe ~aB~eHHH B nnacre (BO H36e)f{aHHe B03HHKHOBeHH51 KaK' 
BM6poca, TaK H nor.noutenna npn runpopaapuae). 
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MeTO~bI oueuxn Be~HlJHHbI ~aB~eHHH B nnacre, KOHe'lHO, liMe
IOTCH, HO 3TO rexa ~~H orztensuoro 06cY)f{~eHHH. B CiliA 6ype
HHe, OCHOBaHHoe aa pasnosecnn B npOMblw~eHHOCTH ysce npn
MeHHeTCH, npanna, B OT~e~bHMX cnynaax, B CCCP no CHX rrop 
Be~YTcH ~HWb nonroroaareasnue pa60TbI. 

B nrore ceii-rac, KaK c~a6aH a~bTepHaTHBa 6ypeHHIO na pan
HOBecHH, rapaHTHpyIOrn.eMy OT B03HHKHOBeHHH rrpHXBaTOB,. non
ceMeCTHO npa r~y60KoM 6ypeHHH 6bITyeT BbIHY)f{~eHHaH npaxrn
xa pacxalKHBaHHH HHcTpyMeHTa npn Typ606ypeHHH (xoropas 
WHpOKO pacnpocTpaHeHa B pa3Be~0'lHOM 6ypeHHH), CBH3aHlfaH C 
rrpOBOpalJHBaHHeM H rrpHnO~HHMaHHeM KO~OHHbI 6YPH~bHbIX rpyf 
nepea Ka}\{~ble 10--;-. 15 MHH B npou:ecce yr~y6~eHHH CKBa}\{HHbI. 
TaKMM 06pa30M, MO)l{HO C'lHTaTb YCTaHOB~eHHbIM, 'ITO I<paTHOT'{) 
YBe~HlJeHHH npOXO~OK Ha ~O~OTO H KpaTHoro YBe~H'leHHH Mexa
HHlJeCKHX CKopOCTeii npOXO~KH npH 6ypeHHH r~y60KHX H CBepx
r ~y60KHX pa3Be~OlJHbIX CKBaMHH, ~OCTHrHYToro B ClllA, BnO~He 
MOMHO ~06HTbCH H B CCCP. 

lI.~H sroro HyMHO, ao-nepatax, OT~a~HTb opraHH3aU:HIO pa60T. 
C u:e~bIO CHHMeHHH nOTepb BpeMeHH Ha opraHH3aU:HoHHwe npo
CTOH, aaapnn, OC~OMHeHHH ~O Be~H'lHH, conOCTaBHMbIX C ana
~OrHlJHbIMH 3aTpaTaMH aa py6eMOM. BO-BTOPbIX, ocymecrsan, 
BHe~peHHe Toro KOMn~eKca nepe~OBWX ~OCTH)f{eHHii rro TexHHKe 
H TeXHo~orHH pa60T, xoropus 6bW npo~eMOHCTpHpOBaHBMWe na 
npuvepe 6ypeHHH nepnux r ~y60KHX H csepxr~y60KHX CKBaMHH 
B CCCP. TaK, nanpaxep, peaynsraru a~Ma3Horo 6ypeHHH TYP
606ypOM na 60~bWHX r~y6HHax snonue conOCTaBHMbI C HaH-" 
~YlJWHMH rrOKa3aTe~HMH, ~OCTHrHYTbIMH B ClllA. KOHe'lHO, 06
umx peKoMeH~aU:Hii 6bITb He MO)f{eT, HO yxce ceii'lac MO)f{HO 

CKa3aTb, 'ITO B CCCP HMeIOTCH npoxuur.neanue pa3pa60TKH rro 

TeXHHKe H TeXHo~orHH, naioume B03MOMHOCTb BwiiTH na yposens 

MHpOBbIX ~OCTHlKeHHii, 'ITO H ~O~)f{HO 6bITb pea~H30BaHO npn 

6ypeHHH 6~HlKaiiwHX r ~y60KHX H csepxr~y60KHX CKBaMHH. 

OTCIO~a c~eAYIOT r nasnue Tpe60BaHHH K 6ypeHHIO, B 'laCTHO

CTH caepxr-nyooxax CKBaMHH B Tlpnxacrnm: He06xo~HMO n~aHH-' 

ponaranpnxenenae ~O~OT MCr ~~H 6ypeHHH B nanco.neaux OT

JIQ)KeHHHx (H rro CO~HM) H a~Ma3HbIX ~O~OT B CO'leTaHHH C TYP

6mfHbIM 6ypeHHeM - ~~H npoxonxa nonconesux oT~o)j:{eHml:, 
6ypeHHe aa B03MOMHO 60~ee 06.l1er'leHHbIX pacrsopax BO 1I36eMa

nne YrHeTeHIIH 3a60H, HO HX THn H peuenrypa ~On)f{HbI 6bITb yTOlJ

HeHW na Ilpnxacnaacxoji CKBaMHHe rro cpaBHeHHIO C 5HHK)f{a~b

CKOH: H Apan-Copcxon (60~ee nonpoouue CBe~eHHH MOMHO no.ny
lJHTb'if3 orueros MHHHeepTenpoMa). 

" 
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II 

r JIaBa II. Ilyra noauureaus a!l>!I>eKTHBHoCTH pelKHMa 6ypeHHH 

3a C4eT HcnO~b30BaHHH HOBOH TeXHHKH H TeXHo~orHH 

B CCCP H aa py6elKoM 

l1MeeTC5I HeMaJIO OTe4eCTBeHHblX HCCJIe,1l.0BaHHH, npoaenen
usrx B 4aCTHOCTH BO BHl1115T, Ml1Hr, rp03HeHcKoM HeepT5IHOM 

nucrnryre, l1<I>l1Hr, BHl1rHl1*, HO Ha,1l.0 npnauars, 4TO K na
CT05Iw,eMy BpeMeHH B CCCP HeT e,1l.HHOH T04KH speuua na TO, 

KaK Ha,1l.0 Bbl6HpaTh OrITHMaJIbHbIH pe:IKHM 6ypeHH5I. 50JIbllIHHCT

BO OTe4eCTBeHHblX peKOMeH,1l.aI../,HH CXO,1l.HTC5I TOJIbKO B O,1l.HOM, CO

OTBeTcTBylOw,eM, anpoxex 3apy6e:IKHoH qJHpMe «5apOH,1l.», MHe

HHH: eCJIH ecri, B03MO:IKHOCTb, TO Ha,1l.0 aapsapoaan, 4aCTOTOH 

Bpaw,eHH5I H narpyaxof ,1l.0 Ha4aJIa 6ypeHH5I H rrOTOM y)l{e BbI6H

P~Tb OrITHMaJIbHYIO Harpy'3KY H nacrory Bpaw,eHH5I ,1l.0JIOTa. 3Ta 

H,1l.e5I, COBrIa,1l.alOw,a5I B 4aCTHOCTH H C ,1l.pyrHMH 3apy6e:IKHbIMH 

peKOMeH,1l.aI../,H5IMH, na nepmni B3rJI5I,1l. Ka:IKeTC5I aecsaa y,1l.a4HoH. 

O,1l.HaKO OHa aanexa OT B03MO:IKHOCTeH rrpHMeHeHH5I ee na npas
THKe B CBH3H C He06xo,1l.HMOCTblO rrpHOCTaHOBOK B npouecce, 6y

penns. . 

003TOMY B ,1l.aHHOH rnase, xorna pe-n, nofmer 06 orrTHMH3a

I../,HH poropnoro 6ypeHH5I urapoure-nn.nnr ,1l.0JIOTaMH, MbI 6Y,1l.eM 

qpHeHTllpOBaThC5I na llIHpOKO pacnpocrpanennyio aa py6e:IKoM 

rrpaKTHKY OrITHMH3aI../,HH, paspariorannyto epHpM3MH «Tlau AM3

P~K3H OeTpOJIeyM xopnopefiunr» H «103 TYJI KOMrraHII». 

OpH 3TOM CJIe,1l.yeT OTMeTHTb, 4TO ,1l.JI5I 0611IHpHbIX paHOHOB 

rrpHMeHeHH5I ryponnnoro 6ypeHH5I TaKHX, nanpaaep, KaK 3arra.n.

Ha5I CH6Hpb, rne nporiypeuu y:IKe .n.eC5ITKH TbIC5I4 6ypOBbIX CKBa

:lKHH, HaH60JIee orrnoaam.nue C04eTaHH5I 4aCTOTbI Bpaw,eHH5I 

,1l.0JIOTa H HarpY3KH, ooecne-umarouiea npn 6ypeHHH na ,1l.aHHOH 

rJIy6HHe. ,1l.aHHbIM 3a60HHbIM ,1l.BHraTeJIeM MaKCHMaJIbHOe rrpH6JIH

»ceune I, MaKcHMyMy peHCOBOH CKOpOCTH, Y:IKe HaH,1l.eHbI, B 

OCHOBHOM, OrrblTHbIM nyrex. neJIO B TOM, 4TO reOJIOrH4eCKHH 

paspea B l../,eHTpaJIbHOM TIOMeHCKOM peruone pa3HHTC5I He 04eHb 

CHJIbHO. TaKHM 06pa30M, OIITHMaJIbHbIH pe:IKHM rypdmmoro .6y

peHH5I, HaH,1l.eHHbIH MeTO,1l.0M «npoo H 01lIH60K», coananaer C 

TeopeTH4eCKHM. 

BMeCTe C TeM, aaynaue MeTO,1l.bI BbI60pa TaKHX OrrTHMaJIbHblX 

napaverpoa poropuoro pe:IKHMa 6ypeHH5I, KaK narpysxa H 4acTO

Ta Bpaw,eHH5I ,1l.0JIOTa, ,1l.0~roe BpeM5I He aHaJIH3HpOBa.:1HCb na 

" BHl1115T 
MI1Hf -

- BHI1I1 6ypoBoil TeXHHKH. 
MocKoBcKHii y'Ie6Hb:ii He¢THHoil HHCTHTyT HM. axa a. H. M. 

fy6KHHa. 
11<1>l1Hf - I1BaHo-<I>paHKoBcKHii HHCTHTyT He¢TH H ra3a. . . 
BHl1fHI1 - BcecoI03Hhlii HaY'lHo-lIccJle.n.oBaTeJlbcKHii IIHCTlITYT He¢TIi 
H raaa. 

ao 

crpaunuax OTe4eCTBeHHbIX H3,1l.aHHH, rr03ToMY HarrOMHHM, 4TO 

MO:IKeT 5IBJI5ITbCH KpHTepHeM orrTHMH3al../,HH pe:IKHMa 6ypeHH5I. 

3a py6e:IKoM - 3TO, B OCHOBHOM, MHHHMyM CTOHMOCTH MeT

pa 6ypeHH5I. 

OpH 6ypeHllH CKBa:IKHH B OTe4eCTBeHHbIX YCJIOBH5IX ,aKHM' 

KpHTepHeM B 60JIbllIHHCTBe CJIy4aeB 5IBJI5IeTC5I peacoaas CKO" 

pOCTh, onpenenmouias rexn yrJIy6~eHHH CTBOJIa CKBa:IKHHbl. 

PeifCOBa5I CKOpOCTb, KaK H3BecTHo, orrpe,1l.eJI5IeTC5I rro ¢OPMY

JIe 

F 
V peiic = 

T6yp + t.j.f 

r.ae F - npoxonxa na ,1l.0JIOTO, M; 

T 6yp - BpeM5I 6ypeHH5I, 4.; 

tH - BpeM5I crrycxo-nom.eua 6YPHJIbHOrO HHcTpyMeHTa 

C ,1l.aHHOH I' JIy6HHbI CKBa:IKHHbI, 4. 

ECJIH rrpaBHJIbHO npencxaasmari, npoxo.axy, KOTOpa5I .5IBJI5IeT-' 

C5I epYHKI../,HeH HarpY3KH H 4aCTOTbI sparueann (npn ,1l.aHHOM ape

MeHH BbI,1l.ep:IKHBaHHH ,1l.0JIOTa aa 3a60e), TO MO:IKHO H3MeH5ITh 

3TH epYHKI../,HH B llIHpOKHX npenenax, rrO,1l.C4HTbIBa5I Ka:IK,1l.bIH pa3 

CKOpOCTh peiica H HaHTH, TaKHM 06pa30M, e,1l.HHCTBeHHylO napy 
HarpY3KH H 4aCTOTbI Bpaw,eHH5I (npn ,1l.aHHOM BpeMeHH BbI,1l.ep:IKH

BaHH5I ,1l.0JIOTa ua 3a60e), KOTOpa5I OKa:IKeTC5I HaHJIy411IeH ,1l.JISt 

Ka:IK,1l.0H CBHThI nopon. 
K CO:IKaJIeHHIO, HMeHHO 3TO H 5IBJI5IeTC5I cen-rac, KaK rrpaBHJIO, 

KaMHeM rrpeTKHOBeHH5I. 11 eCJIH cnpocnrs, nanpnxep, 0 npoxon
xe B nocnenyioutev peace (,1l.0rrYCTliM, B rex :IKe noponax}, HO 

H3MeHHTb aarpysxy, sacrory Bpaw,eHH5I H BpeM5I rrpe6bIBaHH5I: 

,'1.0JIOTa na 3a60e, TO 3TO MO:IKeT rrOCTaBHTb B 3aTpY,1l.HeHHe He 

TOJIbKO TeXHOJIora, nponaaonauiero 6ypeHHe B ,1l.aHHOM paHOHe,,' 

/10 H senyunrx Crrel../,HaJIHCTOB H TeopeTHKOB. BMeCTe C TeM,rrOJI~r. 

3Y5ICb MeTO,1l.0M 4aCTOH (HJIH aenpepunnoa) OIITHMH3al../,HH B EB7' 

porre H ClllA ,1l.aBHO npmunn Y:IKe K e,1l.HHoMy MHeHHIO 0 TOM, 

KaK Ha,1l.0 BbI6HpaTb OrrTHMaJIbHble napaxerpu pe:IKHMa npu PO

TOpHOM 6ypeHHH CKBa:IKHH urapourevuuau ,1l.0JIOTaMH. Ope,1l.rrOJIO-· 

:rKHM, 4TO nposrsraxa B aHaJIH3HpyeMoM peHce ,1l.0CTaT04Ha H _'I 

ra xce, 4TO H B rrOCJIe,1l.YIOw,eM peiice. 3TH :IKe norryurenas MO:IKHO' 

pacnpocrpanars H na Typ6HHHoe 6ypeHHe. naJIee MbI rrOKa:IKeM,. 

4TO B CyW,HOCTH HeT poropnoro HJIH ryponaaoro 6ypeHH5I, a ecrr, 

:lKeCTKHH HJIH cepaecaua pe:IKHM COOTHOllIeHHH aarpyaox H 4aCTOT 

Bpaw,eHH5I npn paoore ,1l.0JIOTa na 3a60e. 
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§ 8. MeTO,lI. lJaCTOH (HJIH nenpepusaoa) onTHMH3a~HH
 
pe)KHMa 6ypeHHH
 

3aMeTIIM, qTO ,UJIH peanaaauaa sroro xerona aa ,UaHHOM 

yxacrxe MeCTOpo)/{,UeHHH ,UOJI)/{Ha 6bITb npooypena pOTOpOM. KaK 

MHHHMyM, O,UHa cocennas CKBa)/{HHa, npnuex napaxerpu pe)/{H

Ma 6ypeHHH He 06H3aTeJIbHO ,UOJI)/{Hbl 6bITb orrTHMH3HpOBaHbl H 

J\.ojIOTa MoryT He oTpa6aTbIBaTbCH ,UO KOHu.a. 06H3aTeJIbHblM YC

JIOBHeM ,UJ1H aHaJIH3HpyeMOII CKBamHHbI HBJIHeTCH Tl.l.I.aTeJIbHaH 

~HKCau.HH Bcex pe3YJIbTaTOB 'uOJI6JIeHHH (oc06eHHO CTerreHH H3

aoca onopu H 3y6beB ,UOJIOT K KOHU.Y xaacnoro pefica ) HCXO)l.H 

H3 rrpe,UrrOJIO)/{eHHH 0 TOM, qTO Ha coce,UHeH (rrJIaHHpyeMOH) 

CKBa)/{HHe B rex )/{e CBHTax 6y,UyT rrpHMeHHTbCH re )/{e ,UOJIOTa. 

11 eCJIlI (KaK Mbl y)/{e 06Cy,UHJIH auure) rrpaBHJIbHO Bbl6paHa 

O,UHa e,UHHCTBeHHaH HaHJIyqllIaH rrapa HarpY3KH H qaCTOTbl apa
liI,eHHH, TO 3TO 3HaqHT, qTO OHa ,UOJI}KHa 6bITb peaJIH30BaHa aa 
,UaHHoA rJIy6HHe ,UaHHOH CKBa)/{HHbI pOTOpOM HJIH Typ606ypOM 

(3a60HHbIM ,UBHraTeJIeM). 3TO y)/{e ,UeJIO TeXHHKH. YKa3aHHoe 

OIITIlMaJIbHOe coneranae xacrora apautenna H HarpY3KH ,UOJI)/{HO -,~: 

6blTb3aJIO)/{eHO B OCHOBe TeXHHqeCKOrO 3a,UaHHH na npoexrupo
BaHHe 3a60HHblX ,UBHraTeJIeH, xoropue ,UJIH ,UaHHOH CKBa)/{HHbI 

,UOJI)/{Hbl nanars OrrTHMaJIbHyIO xacrory BpaLI.l,eHHH C yxerox 
y,UeJIbHOrO MOMeHTa, pacxonyexoro aa paapyurenae ,UaHHOH rro

P0,Ubl npn TOH aarpysxe na ,UOJIOTO, KOTopaH HY)/{Ha ,UJIH orrrn
MaJIbHOrO paspyurenna noponu. D03TOMY K Kam,UOH CBHTe nano 
nO,U6HpaTb H ,UOJIOTO. DPH 3TOM npennaraeaaa Typ6HHa ,UOJI)/{Ha 

6bITb ,UOCTaTOqHO rH,UpaBJIHqeCKH conepurenna C TOqKH 3peHHH 

ee BHellIHHX paaxepon, xorop sre OCTaBJIHJIH 6bl ,UOCTaTOqHbU1: 

. (cpaBHHMbIH C Me)/{,UYHa P0,UHbIMH Tpe60BaHHHMH) 60KOBOH sa
30p npa 06pa30BaHHH CKBa)/{HHbl C TeM, qT06bJ: 

a) MO}KHO 6bIJIO pa3MeCTHTb na Typ6HHe rpeoyeuoe KOJIHqeCT

BOu.eHTpHpyIOI.l.I.HX npncnocooaenan (uenrparopos ),UJIH ooecne
'IeHHH BepTHKaJIbHOCTH CKBa)/{HHbl npn 6ypeHHH B pafioaax ec

TeCTBeHHoro HCKpHBJIeHHH HJIH ynp annars ee aanpaanenaea npn 
6e30pHeHTHpOBaHHOM HaKJIOHHOM 6ypeHHH; 

6) ooecneunrt, JIaMHHapHblH pe)/{HM TeqeHHH )/{H,UKOCTH B aa
Tpy6HOM rrpocTpaHcTBe rrpH Tpe6yeMoM pacxo,Ue B cJIyqae He06

XO,UHMOCTH, naupaxep, 60Pb6bl C 06BaJIHBaIOI.l.I.HMHCH CJIaHu.aMH, 

paapyuraexuxn qaCTO MeXaHHqeCKH BOCXO,UHI.l.I.HM rrOTOKOM )/{H,U

KOCTH. 

3TH ,UBa npaaana B COBpeMeHHbIx rH,UpaBJIHqeCKHX MallIHHax, 

npHMeHHeMblx B CCCP, K CO)/{aJIeHHIO, 06blqHO He C06JIIO,UaIOT

CH. 

DOHHTHO, qTO TaKaH OCHOBa rrpoeKTHpOBaHHH ,UOJIOT H 3a60H

lfblX ,UBHraTeJIeH MO)/{eT6blTb onpannaaa TOJIbKO B CJIyqaHX, 
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xorna rrO,U6HpaeTCH ryptiotiyp D,JIH 6ypeHHH B rrOCTOHHHOM pas

pese B KaKOM-TO O,UHOM, ,UoCTaTOqHO 60JIbIllOM. peraone. 
TaK, aarrp axrep, yxaaanasrs npanuanu MO)/{HO HCrrOJIb30BaTb 

,UJIH C03D,aHHH ryptiofiypa C ,UeHCTBHTeJIbHO pau.HOHaJIbHOH xapax
TepHCTHKOH ,UJIH onnoro-nayx-rpex paHOHOB 3arra,UHOH CH6HpH, 

eCJIH OHH He CHJIbHO OTJIHqaIOTCH npyr OT ,Upyra. 

MeTO,ll.HKa pacsera OnTHMaJIbHOrO pe)KHMa 

OepeH,UeM orrHTb OT BorrpOCOB KOHCTpyHpoBaHHH K BorrpocaM 

TeXHOJIOrHH H orrTHMH3au.HH pe)/{HMa 6ypeHHHcKBamHH aa npax
THKe. 

1. norrVCTHM, ,UaHO: 

HHTepBaJI 6ypeHHH 2399-2427 M. 

Ilpoxonxa aa rrepsoe 'uOJI6JIeHHe, 28 M. 

Tun D,OJIOTa: rpexura pourexuoe, rH,UpoMOHHTopHoe C rppeaepo
~aHHbIMH	 3y6bHMH. 

nHaMeTp ,UOJIOTa, 214 MM (nocne nozrsexa H3 CKBa)/{HHbl).
 

<PaI,THqeCKOe BpeMH 6ypeHHH - 9,8 q.
 

<PaKTHqeCKHH H3HOC onopu ,UOJIOTa - 12,5%.
 
<I>aKTHqeCKHH H3HOC aoopyacenas ,UOJIOTa - 12,5%.
 
lJacToTa apautenaa ,UOJIOTa - 46 MHH- I .
 

Ocesoa ,UaBJIeHHe (narpysxa) tra ,UOJIOTa - 80 KH.
 

BH,U nsaoca ayosea - CJIOM H aarynnenne: 06blqHbIH H3HOC. 

(3TO He06xo,UHMoe yCJIOBHe, TaK KaK npa HHOM xapaxrepe H3HO

ca 3y6beB aannsre He HHTeprrpeTHpyI6Tc5t). 

DpOMblBKa - ,UOCTaTOqHa ,UJIH Tpe6yeMoH OqHCTKH 3a60H (TO 

ecrs KoppeKTHpOBKa B rrOCJIeD,yIOLI.I,eM 'uOJI6JIeHHH He naannpy
eTCH) . 

npHMe'laHHe. TIoPOJ\b1 B rrocnenyionrev J\OJI6JIeHHH lIO !pH3HKO-McxaHH

'1eCKHM xapaxrcpncraxa« HJ\CHTH'lHbI noponau, BCTPCTHBlIIHMC5I B npenuny
lllCM (J\aHHOM) J\OJI6JIeHHH. 

2. Tpeoyerca HaHTH BepoHTHyIO npoxonxy B nocaeny.ouiea 
.uoJI6 JIe H lI H, eCJIH, nanpaaep, rrpOH3BOJIbHO H3MeHHTb 060POTbI 

poropa, narpyaxy H BpeMH npecsmanna ,UOJIOTa na 3a60e. 

3. B COOTBeTCTBHH C 06cy)/{)J.aeMoH MeTo,UHKoH ,UaHHaH aana
qa pernaercs cJIe,UYI0UHM 06pa30M. B OCHOBy pacvera KJIa,UeTCH: 

a) ypaBHeHHe H3Hoca 3y6beB ,UOJIOTa (n) OT BpeMeHH T 

an 1 i--=_._-; 
aT A<jJ am 

6) ypanneuae asnoca orrop (nO,UIlIHrrHHKOB - IT) 
7TI 1 n 
--= - -, 

elT S<\l L 

3-2058 
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B) ypasnenne MeX81m'leCKOH CKOpOCTH rrpOXO,UKH (~) 
"f 

aF PKCJI . r 
-=Cf - - 
aT aP 

O,UHaKO H3BeCTHO, 'lTO HH O,UHO H3 YKa3aHHbiX ypaBHcHHH B 
IIHCTOM BH,Ue HHKor,Ua He HCrrOJIb30BaJIOCb aa npovuc.rax. 

D03TOMY rrepe'u Ha'laJIOM paC'leTOB rro pe3YJIbTaTaM aH8JIH3a 
6ypeHH5I npensuryniero (HCCJIe,UyeMoro) ,UOJI6.'leHH5I onpeneamor 
nonpaaouasre K03epepm..I.HeHTbI: AiJ - ,UJI5I nepaoro ypaBHeHH5I, 
StP - ,UJI5I sroporo H CtP - ,UJI5I rpersero ypaBHeHH5I. 

B ,UaJIbHeHllIeM HX HCrrOJIb3YlOT ,UJl5I npornoaapoaauns sepo
HTHOH rrpOXO,UKH B nocnenyromex ,UOJI6JIeHHH. 

Ho - TOJIbKO B O,UHOM (nocnenyromex) ,UOJl6JIeHllll. nJI5I 
TpeTbero 'uOJI6JIeHH5I rrpo~e,Uypa rrOBTopHeTCH. H3 BToporo ,UOJl6
JIeHH5I orrpe,UeJI5IIOTC5I nonpaaouuue K03epepH~HeHTbl, xoropue 
SaKJIa,UWBaIOTCH B OCHOBy ,UJIH rrporH03HpOBaHHH BepOHTHOH Be
JIH'lHHbl rrpOXO,UKH ,UJI5I rpersero 'uOJI6JIeHH5I H T. ,U. 

B ypaBHeHHH H3Hoca 3y6beB 

Jl. - H3HOC BoopY)KeHH5I (ouenxa rro H3HOCY 3y6beB nepurpe
pHHHoro p5I,Ua urapourex 'uOJIOTa) ; 

T - BpeMH, 'l.; 
A<IJ - K03epepH~HeHT a6pa3HBHOCTH, orrpe,UeJIHeMblH no epaK

TH'leCKHM ,UaHHWM; 
- epYHK~H5I asaoca ayrisen OT CKOpOCTH npaurenna; 

i = n + 4,348 X 10-5 x,n3 

(ycTaHOB.'leHO 3KcrrepHMeHTaJIbHO), rne 
n - 'laCTOTa up auten aa ,UOJIOTa, I/MHH; 
a - epYHK~H5I H3Hoca 3y6beB ,UOJIOTa cTpyeH rrpOMWBO'lHOR 

)KH,UKOCTH (nOJIy'leHO H3 3KcrrepHMeHToB na 60M6e BbI~ 
coxoro ,UaBJIeHH5I C MHKpo'uOJIOTaMH); 

a = 0,928125,lJ.2 + 6Jl. + 1 (1). 
rne m = 1349,1 - 714,19 p~CJI e2), 
rne m - epYHK~H5I nanoca syoses B 3aBHCHMOCTH OT Bem4'lHHbI 

oceaoa narpyaxa na ,UOJIOTa - Pi; 
piCJI _ narpyaxa na ,UOJIOTO B YCJIOBHblX e,UHHH~ax; 

p = 1 ,UJI5I 60JIbllIHHCTBa nopon (xpoxe caMblX MHrKHx); 

PicJI= 7,88 P JI/Jl.i1 (3), 
rne Jl.i1 - ,UHaMeTp ,UOJIOTa (B ,UIOHMax). 

3,Uecb 7,88 - rrOCT05lHHblH K03epepH~HeHT ,UJI5I rrpHBe,UeHHH 
<!JaKTH'leCKHX ,UaHHblX, nonyuaeuux npn aHaJIH3e ,U0.16JIeHHH, 
npoH3Be,UeHHblx ,UOJIOTaMH, ,UHaMeTpoM OT 190 no 295 MM K TO

M 

My (cpennesry) ,UHaMeTpy, npa KOTOpOM rrpOH3BOJI.HJIHCb Bnarype 
-onuru np a nepexozte OT MHKpO.uOJIOT. K ,UOJIOTaM Hau60Jtee .06
meynorpetiareasuoro paaaepa. 

. B ypasneana nsnoca orrop (CM: asnne] 

I]. -,----' H3HOC orrop (rr oznu HrrHHK'oB ) ; 
S41 - K03epepH~HeHT nanoca onopu B epYHK~HH 'OT HarpY3KH H 

060pOTOB, orrpe,UeJI5IeMbIH rro peay.tsrarax aHaJIH3a pa
60Tbl ,UOJIOTa B npensrnymev 'uOJI6JIeHHH; 

l/L - epYHK~H5I aanoca onopu ,UO.TJOTa B 3aBHCHMOCTH OT na
rpY3KH PJI ; . 

IlL = A (picJI 
• )2 + B(PKc JI 

. ) + C, (4) 
rne A, B H C - K03epepH~HeHTbl, rrpII'leM A rro xepe pOCTa 

HarpY3KH H3MeH5IeTC5I OT 2,5 ,UO 2,9 X 10-6 ; 

B - OT 2,0 no 3,8 X 10-5 H C - OT 0,2 no 
0,28X 10-3 • . 

B ypaBHeHIIH CKOpOCTH npoxonxa 

F ---'-'- npoxonxa aa ,UOJIOTO; 
C<IJ- .. CTOHMOCTHOH' nonpaao-msrf K03epepH~HeHT, onpenense

MblM rro epaKTH'leCKHM ,UaHHbIM na OCHOBaHHH ananaaa 
." pe3YJIbTaTOB 6ypeHHH, nonyxennstx B npenurecrsyrouiex 

'uOJI6JIeHHH' '. 

r-IOO II:. -100 ] 

n2 r = l e • nO,428 + 0,2 n (1 - en'~ ) J "." (5 

rne r - nonpaaosuua K03epepH~HeHT. 

no ILaHHoH epopMyJIe MO)KHO onpene.nart, anasenae «r» ,UJI5I 
OOJIbllIHHCTBa «TBep,UbIX» nopon. HHWMH CJlOBaMH, ,UJI5I 60JIb
IlIHHCTBa BCTpe'lalOruHXC5I nopon, TaK KaK 3,UeCb non TepMHHOM 
«TBep.n.ble» rro,Upa3YMeBaIOTC5I re noponu, B KOTOpblX npa neaa

TyrrJIeHHOM ,UOJIOTe POCT oceBoro ,UaBJIeHH5I Ha ,UOJIOTO (B rrpe.ue

.nax npaKTH'leCKH BCTpe'lalOruHXC5I 3HaqeHHH) rrpHBO,UHT K npo

nop~HOHaJIbHOMY YBeJIH'leHHIO MeXaHHqeCKOH CKOpOCTH (rrpn 3a

Be,UOMO ,UocTaTo'lHoH O'lHCTKe 3a6051 OT Bw6ypeHHwx 'laCTH~). 

CooTBeTcTBeHHo non «M5IrKHMH» nonpaayaeaaiorcs noponu, B 

J{C)T0PblX MeXaHH'leCKaH CKOpOCTb npn OTMe'leHHblX 06CT05lTeJlb

CTBax pacrer 6blcTpee YBeJIH'leHH5I HarpY3KH na ,UOJIOTO, 'lTO 

Ha6JIIO,UaeTcH npn 6ypeHHH TOJIbKO caxux «MHrKHX» nopon (rro 

.o6rue'iipHH5ITOH KJIaCcHepHKa~HH nposnocrn). .. 

U =221,4 Jl.~ +2142,6 Jl.~ +714,19 Jl.41 (6) 
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'u1jl- cpyHKlJ,HH H3HOCa 3y6beB .n:OJIOT npn TpeHHH 0 nopony: 
.ll 

V = 714,19 t' fa (,U)]O.5 an, rne	 (7) 

V - cpyHKlJ,HH naaoca 3y6beB .n:OJIOT 06pa3HBHoii crpyea npo
MbIBOlJHOii 2KH.n:KOCTH. 

4. Teneps, 3HaH OCHOBHbIe	 CPOPMYJIbI, rrepeii.n:eM K 06'bHCHe
HHIO	 K03cpcpHlJ,HeToB: 

T<jlaKT.. l<jl
Oyp. (8)A<jl= rn<jl,U<jl 

1,49 F<jl . l<jl 
(9)

C<jl= pycJI. m<jl V<jlA<jl T<jl 11 

TlIlaKT. n _ 6yp.· IIIS<jl-	 (10)·
fl<jl' L<jl 

Hnnexc «cp» YKa3bIBaeT na TO, lJTO npa aHaJIH3e pe3Y-11bTaTOB 
paccaarpnaaeaoro peiica H onpeneaennn cpyHKlJ,Hii, 3HaLJeHHe 

.n:OJI2KHO 6bITb B3HTO (rro npanaraeaux HH2Ke Ta6JI. 6, 7, 8) AJIH 
cpaKTHlJeCKH HMeBIueii MeCTO lJaCTOTbI apaurenns .n:OJIOTa. 

5. 3HaH rro pe3YJIbTaTaM aHaJIH3a pa60TbI l-ro peaca HeTHH
aue 3HalJeHHH yrrOMHHyTbIX nonpaaosnux K03cpcpHlJ,HeHTOB, M02K
80 paCClJHTbIBaTb sepoarnyio pac-rernyio npoxonxy na .n:OJIOTO 
npn MOBoii H3MeHHBIlleiicH narpysxe, 060pOTax H BpeMeHYI npe
6bIBaHHH na 3a60e rro rpopxyne 

0,67 AIIl C<jl PicJI'T<jl Vp mpF<jl = --_..:...-..:...-.....: (11) 
I p 

rne 0,67 - rrOCT05lHHbIii (nepeaonaoa) K03cpcpHlJ,HeHT. 
6. DPH 3TOM HOBOM pe2KHMe	 M02KHO paCClJHTaTb H Bep05lTHbIii 

H3HOC:	 BoopY2KeHH5I .n:OJIOTa K KOHlJ,y n.nauapyexoro penca. I' 

n T<jlaKT. 
p Oyp.

Ilp =	 '. (12)· 
S<jl Lp 

7. A TaK2Ke pacsernsia H3HOC syosea rro cpopMyJIe 

lIlaKT.
i p T6yp. 

.' :O3}Up = A<jl m<jl 
L;i 

npHMe'laHHe. H3HOC onpenensercs no Ta6J1. 8. HH,neKC «P». {lPP3Ha

'laeT pacseraue (nnaaapyease ,lJ.,lH ,lJ.aHHOrO ,lJ.OJl6J1eHHH), a He epaKTh4eCKHe 

060pOTbI, aarpysxy 11 BpeMH npe6b1BaHHH ,nOJlOTa na 3a60e 
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8. 311a5I Bep05ITHYlO npoxonxy npa H3MeHHBIllHXC5I(HaMelJeH-
HbIX) 06CT05ITeJIbCTBaX, M02KHO paCClJHTaTb penconyio CKOpOCTb 

FpVp =. (14) 
Tgyp• + If.!. 

rae t tJ - BpeM5I na cnycxo-nozrsex 6ypHJIbHOrO IIHcTpyMeH
ra (rpye) rro HOpMe C HOBoii rJIy6HHbi CKBa2KHHbI; 

~H = H<jl +Fp , KOTOpa5I B03HHKaeT 3a ClJeT .n:06aBJIeHH5I K 
cpaKTHlJeCKOii rJIy6HHe CKBa2KHHbI H<1J rro rrepaovy (TOlJHee - ana
JIH3HpyeMoMy) .n:OJI6JIeHHIO BepOHTHoii (paClJeTHoii) rrpoxo.n:KH 
Fp, BbllJHCJIeHHOii rro cpopMyJIaM, YKa3aHHbiM asnne. 

npHMe'laHHe. ECJlH aa xparepnh onTHMIl3aUliH npHHIlMaeTCH He MaK-
CIlMyM peiiCOBoii CKOpOCTH (HJlH, sepnee, MaKCHMaJlbHO B03MOJKHOe B YCJIOBHHX 
paccxarpnaaexoa aaaaun npH6J1HJKeHHe K MaKcHMyMy peacoaok CKOPOCTII), a 

MI'HliMyM CTOHMOCTH MeTpa npOXO,lJ.KH (MaKCHMaJlbHO B03MOJKHOe npIl6J1HJKe

HHe K MHHHMyMy ce6eCTOHMOCTH), TO COOTBeTCTBeHHO paccunrtraaerca He 
peacoaas CKOpOCTb, a CTOHMOCTb MeTpa. 

9. OrrTHMH3alJ,HOHHaH sanaxa peuraercs MeTo.n:OM nepetiopa 
HTorOB psna paClJeTOB .n:JI5I KaKorO-TO nnanaaona lJaCTOTbI spa
meHH5I H yCJIOBHOii HarpY3KH na .n:OJIOTO, a TaK2Ke pacseruoro 
BpeMeHH 6ypeHH5I npa pacsere xaxcnoro 3HalJeHHH penconoa CKO
pOCTH H rrOCT05lHHOro cpaBHeHH5I HX Me2K.n:y cocoa, 

§. 9. Ilpnaepsi lJaCTO" HJlH nenpepusuoa onTHMH3alJ,HH 

.Pacser OrrTHMaJIbHblX napaverpoa 2KeCTKOro (poropnoro) 
pe2KHMa. 

l. Ilannne rro npenunyutevy pency:
 
I1~TepBaJI 6ypeHH5I - 2399-2427 M;
 
Ilpoxonxa - 28 M;
 
Tan .n:OJIOTa - rpexurapouresaoe ranpoaonaropuoe C rppese


PO~~~HbIMIl 3y6b5lMIl (.n:JI5I nopon cpennef rnepnocra}: 
, .ll.HaMeTp .n:OJIOTa, Il3BJIelJeHHOrO Il3 CKBa2KIlHbI - 214 MM; 

BpeM5I 6ypeHIl5I - 9,8 lJ; 
Hanoc onopu - 12,5%; 

'Hsnoc 3y6beB - 12,5%; 

.Xapaxrep naaoca - CJIOM HJIH sarynnenne (IIPH HHOM xa
pal<'repe asaoca nannue He HHTeprrpeTHpyIOTC5I); 

. 'HaCTOTa BpameHH5I .n:OJIOTa	 - 46 MHH-1; 

Ocesoe .n:aBJIeHHe - 80 KH; 

.Dp'oMbIBKa - .n:OCTaTOlJHa .n:JIH OlJIlCTKH 3a605I. 
: ~·pHMe'laHHe. COBepweHcTBoBaHHe npOMblBKH 3;J:eCb He paCCMaTpHBaeTcH. 
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,',	 'La fi a n n a 6 

pe3YJIb~Il:r,OB pelKHMa oypeHHH (no 6eJ10PyCCOBy B. 0.) 
cIlYHKL\HH rOJIJIH-BY.lJ.ca-JIyoHHcKoro K npornoanosry pacsery lieboATHbiX J cr» H «I» B clJYHKL\HH OT qaCTOTbi Bpal1\eHHH .lJ.OJIOTa
 

.lJ.JIH onpe.lJ.eJIeHHH H3MeHeHHH 3Ha'leHHH napaMeTpoB
 

,,40 45 50	 55 60 65 70 75 80 85 901.JaCTOTa spameuaa .lJ.OJIO
ra, MIIH- L 10 15 20 25 30 35 43 49 55 62 69 77 85 93 101 112 122 

,", 37 10 15 20 26 31	 5,04 5,29 5,52 5,73 5,94 6,13 6,32 6,67 6,76 6,84 7,00 
16,2 i7,6 19.0 20,4 20,8 23,1 24,4 25,7 27,0 28,2 29,4Teep.aue nopoau, r	 2,25 3,12 3,69 4,12 4,47 5,77 

I-e npono.isceuueMHfKlle 5,2 7,6 9,6 11,4 13,0 i4,6 

f • ~ 125 130 135 140 145 150 160
LJacToTa apautexux 
.lJ.OJIOTa, ~IHH-l 95 100 105 110 115 • 120 . 210 ,.226 242 259 278 297 338 

i 132 143 155 168 181 :195 8,01 8,14 8,26 8,39 8,51 8,68 8,87 
37,5, ,,;38,7 39,8 40,8 41,9 43,0 45,1Taepnue nopoau, r	 7,15 7,31 7,45 7,60 7,74 7;87 

2-e npO;10JI)I{eHlU!',' 36;4MafKlle	 30,6 31,8 33,8 34,1 35,3 

275 300 325 350 375 4001.JaCToTa	 npatueuas 
,lJ,OJlOTa MIIH- 1 170 180 190 200 225 250 1179 1474 1818 2214 2668 3183
 

i 384 434 488 548 720 929
 11,13 11,54 11,94 12,32 12,68 13,03 
67,7 72,2 76,6 81,0 85,3 89,5TBept\b1e noponu, r	 9,09 9,31 9,68 9,73 10,23 10,69 

47,2 49,3 51,3 53,3 59,2 63,0 

I 
Ta6.1Hua 7 

.lJ.JlH OOJIbWHHCTBa nopon (xpoae caMbiX MHrKHx) -
H3MeHeHHe clJYHKL\HH HarpY3KH Ha AOJIOTa 

10 10,4 10,8 I 1,3 11,8 12,2 12,7 13,0 13,6 
pye". 6,8	 7,3 7,7 8,2 8,6 9,1 9,5

JJ.	 0,560 0,641 0,522 0,505 0,488 0,471 0,455 0,440 0,425 
m 0,726 0,698 0,672 0,647 0,624 0,601 0,580 3920 3680 3470 3270 3080 2910 2770 2630 2496
 
L 6240 5840 5440 4080 4750 4439 4.170
 

17;2 17,7 18,1 18,6 19,1 19,5 19,9 
..... ,..,pye". 14 14,5 14,9 15,4 15,9 16,3 16,7

A 0,323	 0,31 I 0,300 0,290 0,279 0,269 0,259 
1578 . 

ill 0,41I 0,397 0,384 0,371 0,368 0,346 0,334	 1650 1515 1460 1420 1400 1340 
L 2370 2260 2160 2060 1963 1780 1725 -, " 

23;6 24,0 24,5 24,9 25,4 
pye". 20,4	 20,8 21,3 21,8 22,2 22,6 ~~,OA ----- 0,186 0,178 0,170 0,162 0,154
 

988 958 918 884 853
ill 0,249 0,240 0,230 0,221 0,212 0,204 0,195 
L 1'288 1240 1195 HSO 1105 1063 1,q215 

29,0 29,5 , 30;0 30,4 30,8 
pyen, 

A 
25,8 26,3 26,8 27,2 27,6 28.1 ; 2$,5 

" 
0,096 0,090 0,088 0,076 0,070
 

ill 0,147 0,139 0,132 0,124 0,117 0,110 0,103
 '642':	 620 599 578 558 
....

L 823 794 766 739 714 689 " 665 34,41 ' 34,8 35,3 35,8 35,8 
pye". 31,4 31,8 ,312,3 32,8 313,2 33,6 " " 34,0 

A 0,022 : 0,016 0,010 0,005 
418 403 388 378 

ill 0,064 0,057 0,051 0,045 0,039 0,033 0.'027
 
L 538 520 502 474 467 450 .lI34 <f: 39
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Ta6J1Hua 8 

Qnpe.n.eJleHHel\JYHKUHii H3Hoca 3y6bes U H V urapoureuaux .n.OJl()T. 

12.5 25,0 3'7,5 50,0 62,6 75,0 87,5 100% 

,D,OJlll OT ue.toro I/S 1/4 3/S 1/2 5/S 3/4 7/8 1,0 

U.- I-H ¢YHKUlIH H3
920 1824 2413 3078 uoca 3y'6beB 123 316 381 1337 

V - 2-H ¢yHKl\IlH 1I3
236 563 767 969 1194 1437Hoca 3y6beB 105 389 

2. Tperiyercs onpenernrrr, na ocaoaatrna aHaJIH3a HTorOB 

paccuarpnaaeaoro ,1I.0.TJ6JIeHH5I 3HalJeHH5I rrOrrpaBOlJHhIX K03<P4m

UHeHToB A<jl, C<\I H S<jl ,1I.JI5I OIITHMH3all,HH pe2KHMa 6ypemtH B 

nocJIe,1l.YIOIUeM peace. 
3. Peurenue: 
a)	 yCJIOBHa51 Harpy3Ka Ha ,1I.0JIOTO 

p~CJl. =7.88~=7,88 _8_ = 7,25 YCJI. en.,
.u"JI 8,'5 

rae 0,788 - rrOCT05lHHhIH rrepeBO,1l.HhIH K03<PcPHll,HeHT;


.u"Jl - ,1I.HaMeTp ,1I.0JIOTa B ,1I.IOHMaX;
 

6) onpenenenne K03<p<p Hll,HeHTa'
 

T~P. x i<jl 28 x 49 
A<jl= =' =5,7; 

m41 x U<jl 0,685 X 123 

B) K03cPcPHll,HeHT C<jl
 

1.,49 F<jl x i<jl
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HOpMa	 • 
T,1I.e tcrro - nopxa BpeMeHH aa cnycxo-nozrsea C ,1I.aHHOH ray

6HHhI. 

4. Onpene.neuae Bep05lTHOH npoxonxn B rrocJIe,1l.YIOIUeM. peace 
no cpaBHeHHIO C npe,1l.hI,1I.YIUHM, eCJIH B nocJIe,1l.YIOIUeM peace ape
MH pa60ThI ,1I.0JIOTa na 3a60e YBeJIHlJHTh C 9,8 ,11.0 11,5 1I (YlIHThI

BaH, lITO ,1I.0JIOTO 6hIJIO rrO,1l.H5ITO He,1l.opa60TaHHbIM) . 

.naHO. YCJIOBH5I npensrnyuiero peaca npn TOM, lITO:
 

a) nopoasr B rrOCJIe,1l.YIOIUeM pence re 2Ke, lITO B rrpe,1l.hI,1I.YIUeM;
 

6) THrr ,1I.0JIOTa He H3MeHHJICH;
 

B) rrponusxa OCTaJIaCb na rrpe2KHeM yposne, KaK If KalIeCTBO
 

npOMbl.BOlJHOH	 2KH,1I.KOCTH. 

Tpetiyerca. HaHTH HOBylO (Bep05lTHylO) npoxonxy npn yse
JIHlJeHHH BpeMeHH rrpe6bIBaHH5I ,1I.0JIOTa na 3a60e C 9,8 ,11.0 11,5 1I. 

Pemeaue. 
. 5. Onpe,1l.eJIHM HOBbIH (BepoHTHhIH) H3HOC onop ,1I.0JIOTa npa 

paoore B HOBOM pe2KHMe (np a H3MeHeHHH JIHlIIh BpeMeHH 6ype

lfH5I ) 

n<jl X T 6yp. 46 x II 5
ITp =

p 

0,64 X 5~40 = 1,147 HJIH 14,7%.s, x L<jl 

Ilpaxesanae. 3.n:eCb 6h!JlO B3HTO ¢aKTH'IeCKOe, a He pacseraoe auaseaae 
,lJ;JIH «n» H .n:JlH ¢YHKl\IIH «L~, TaK KaK narpyaxa aa .n:OJlOTO He H3MeHHJlaCb. 

6. HaH,1I.eM HOBbIH (Bep05lTHhIR) H3HOC syosea K xonuy peaca 

i<jl x T~YP' _ 49 X 11,5 
Up = - = 147, 

AlP X m<jl 5,7 X 0,685 

lITO COOTBeTcTByeT (c Ta6JIHll,bI <PYHKll,HH) H3HOCY syosea - 14%. 

npHMe'laHHe. 3.n:ecb B3HJlH i<jlH nJ<jl, a He i p H mp, TaK KaK 3Ha'leHHH 060
pOTOB R HarpY3KlI B nocnenyiouiea pence He H3MeHHJlHCb. 

7. PaC'leTHa51 (Bep05lTHa5l) npoxonxa B nocJIe,1l.YIOIUeM peace 

Pic JI 0,67 A<jl • f<jl Vp IJI<jlC41Fp = . = 
1<jl 

= 0,67 X 5,7 x-0,127 X 7,25 X 5.29 X 125 X 0,6135 = 33 M. 

49 

npHMe'laHHe. 3.n:ecb B3HJlil f<jlHmq" BMeCTO fpHmp,TaK KaK HH 060pOTbl, 
HR narpysxa B nocaenytontea pence He H3MeHHJlHCb. 

8. HOBa51 (Bep05lTHa5l) peHCOBa51 CKOpOCTh B rrOCJIe,1l.YIOIUeM 

.u;OJI6JIeHHH. 

V~~AC. = 1,53 Mill (cp. c. V ~~i\C = 1,5 Mill). 
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9.,B.bIBO,II.bI. 

KaK Bll.n.HO 113 npnaenenaoro ananaaa, rrpOIf3BOJIbHOe yBeJIH

l[eH~e peaca C 9,8 no 11,5 q MaJIO qTO naer B YCJIOBIUIX paCCMaT

pasaexoro (nocaenyiouiero) .n.OJI6JIeHH5I, KaK B OTHOllleHHH peii- . 

COBOH CKOpOCTH, TaK H crenena asnoca onopu H 3y6beB .. 

003TOMY rrOCTaBHM caenytouryio sanauy. 
1. Haanex Bep05lTHylO npoxonxy H peacoayio CKOpOCTb R 

nocaenyiouiex peace rro cpaBHeHHIO C rrpe.n.bI.n.Ylll,HM rro BTOpOMy 

napaanry speaenn nperiuaaaaa .n.OJIOTa na 3a60e, xoraa H3HOC 

ero onopu 6y.n.eT nonenea no 100%. 
.lI.aHO. Y CJIOBH5I caxoro nepaoro (ananaaapyexoro) peaca (no 

KOTOpO,My 6bIJIH Haii.n.eHbl K03<p<pHuHeHTbl Aljl, Cljl H 5<1» rrJIIOC 

aasam.aue yCJIOBH5I nocnenyromero peiica (CM. asnue t npnnpe
obIBaHIlH .n.OJIOTa aa satioe B reseane 11,5 q. 

Tpetiyerca. Hatrru npoxonxy H peiicoayio CKOpOCTb. a TaK2Ke' 

BpeM5IrrpeObIBaHH5I .n.OJIOTa na 3a60e B YCJIOBH5IX pe)KHMa anann
aapyexoro .n.OJIOJIeHIl5l, HO xorna H3HOC onopu nocrnrner 100%' 

n», x T6yP 

n 100 ~ p 1 
. p %= = ,

Sw X I.w 
Orctona, paspeunra 3TY <pOpMyJIy OTHOCHTeJIbHO T~YP I Han

.n.eM acxoxoe BpeM5I, pasnoe (npHOJIH3HTeJIbHo) 72 'J. 

ripHMellaHHe. 3.l1.eCb B311JlH L<I>' "<1>" 8 He n p , L p, T8K K8K E 11 HarpY3K8, 

Hil p8ClleTH811 118CTOT8 apameaas (no YCJlOBHIO) He H3MeHllJlJlCb (OCT8J1HCb 

«j!8KTH'IeCKHMH no nepaoxy pescy). 

2. Bepoarauf 113HOC ayrisen aa 72 qaca paooru 

i<l> X T~YP 49 X 72 0 
U = = = 91 I 

p A<I> X m<l> 5,7 X 0,685 

'ITO COOTBeTcTByeT (no TaOJIHuaM <pyHKUllii) npaaepnoxy H3HOCY 

BOOpY2KeHH5I aa 50%. 

3. Onpeneneaue Bep05lTHOii npoxonxn sa 72 xaca 

(72) 0,67 A<I> C<I> p~CJl f<l> Vp m<l> 
Fp = . = 

I p 

0,67 X 5,7 X 0,127 X 7,25 X 5,'29 X 562 X 0.695 = 150 M. 

49 

3aMeTllM, qTO TaKa51 npoxonxa H BpeM5I rrpe6b1BaHH5I .n.OJIOTa 

ua 3aOOe aurJI5I.n.llT BrrOJIHe ecrecraenuuun npn llCnOJIb30BaHHH 

JIHueH3HOHHblX .n.OJIOT HJIH .n.OJIOT rana rHY II rAY (MaCJIOHa

nOJIHeHHbIe, repveruvaae). 

',1( H"OBa51 (Bep05lTHa5l) rJIy611Ha CKBa2KllHbI 

HeK.= 2577 M (oy.n.eT HOBoe BpeM5I cnycxa-nonr.eaa). 
5. HOBa51 (Bep05lTHa5l) peiicoaaa CKOpOCTb 

(72) 83Vpeac. = I, ul«. 

Oaa Oo.'Ibllle, qeM 1,5.11 1,53 (ca. BbIIlIe), onnaxo MO)KHO JIH 

-ee· C'IllTaTb OrrTllMaJIbHoii? OTHIO.n.b - HeT. MO)KHO etue noncsu
TaT!~:~peM5I, aeooxonaaoe .n.JI5I pa60TbI B 3a.n.aHHOM nepasra .n.OJI6

JIel1HeM pe}l{IfMe no 113Hoca .n.OJIOTa na 100% rro aoopyzcemno. Ho 

YlK~ ,,0qeBH,lHO, HJIH, sepnee, npaaeu, qTO H3HOC onopsi na 100% 

oYAex JIHMHTHpOBaTb BpeM5I nperisraana» .n.OJIOTa na 3a60e, T. e. 

72qaca. Ho H anecs neooxonnaa nposepxa, noroxy qTO no cnx 
nop He H3BeCTHO, a Hy}KHO JIll npn .n.aHHOM KaKOM-TO rrpOIl3BOJIb

HOM coueraann PJl H n orpaoaruaan, .n.OJIOTO na 100% rro ono
pe. lI.eJIO B TOM, qTO aa xpnrepna pacxera (onrnxnaannn) H,aMII 

npHHHTa peiiCOBa51 CKOpOCTb (6JIH3Ka51 K MHHllMyMy CTOHMOCTII 

MeTpa npoxonxa) II qT06bI y6e.n.HTbC5I, qTO KO BpeMeHH 72 xa
COB paooru OHa He nepeuina qepe3 MaKcllMyM, KaK paa H HY}K

na Hll}KeCJIe.n.YlOllI,aH npoaepxa. Ilposenea ee. 

6. YMeHblllllM BpeM5I npeosraaaas .n.OJIOTa na 3a60e OT ncenno
paUHOHaJIbHOrO (72 'I) no KaKorO-TO nepnoro nporuoarroro, yMeHb

uraa-ero. CKa)KeM na 10 q. Taxaa 06pa30M, B HOBbIX YCJIOBll5lX 

T"l6yp = 62 q. Torna 

U~ = 49 X fi2 =785;
 
5,7 X 0,685
 

V~ = 500 (ex. npaaaraexue 1il6J1HUbl); 

F~eilc = 134M H V~ = 1,86 M/'1. 

KaK nerpynno 3aMeTHTb, yxensurenae BpeMeHH rrpHHeCJIO 

ysemorenue peficoaon CKOpOCTll. Opo.n.OJI}KaH 3TY npouenypy, MO

)KHO HaHTH, qTO npn paCCMaTpHBaeMbIX 06CT05lTeJIbCTBaX (rrpo

H3BOJIbHO 3a.n.aHHbIX PJl H n) V peac, nocrnraer MaKcllMyMa rrOCJIe 

24 '1aCOB pa60TLI .n.OJIOTa na 3a60e, xorna V~~~c. = 2 u]«; 
Fga u 

. = 70 M. IbHOC onopsr II 3y6beB - npaaepno 30%. 

T<l.KHM 06pa30M, npn paUllOHaJIbHOM coseranaa He 06513aTeJIb

HO oTpa6aTbiBaTb orropy H 3y6b51 Ha 100%. KpllTeplleM rro.n.'be-

Ma 6y.n.eT CJIY}KllTb V~:~c.. H03TO JIlllllb pauaonansnoe, a He orr

TllMaJIbHOe CO'leTaHHe, rrOCKOJIbKY no cax rrop 6b1JIH HCrrOJIb30Ba

Hbi ·803MO)KHOCTll JIHIlIb 113MeHeHIl51 BpeMeHH B npene.nax sanaa

noro pe)KllMa, a HH narpyaxa na .n.OJIOTO, HH qaCTOTa apauieaaa 

neH3MeHH.'1HCb. 003TOMY paCCMOTpHM qeTBepTylO aanasy, 
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Ilpaaep .Nil 4. Pacser BepoHTHbIX 3HalleHHH CKOpOCTH H npo
XO,nKH npn H3MeHeHHH KaK BpeMeHH BbI,nepJKKH )J.OJIOTa aa 3a60e. 
TaK H OCHOBHbIX nap axerpoa peJKHMa 6ypeHHH. 

HCXO,Il,Hble naunsre re JKe, liTO H no nepaoxy (1) H BTOpOMy 
(2) npaxepax, re JKe ncxonnue K03epqlHI.I.HeHTbI (All' Cljl, Sljl), 
nOJIYlleHHbIe npH aHaJIH3e nepBoro (KOHTpOJIbHoro) peuca. npH 
KOTOpOM peJKHM He 6bIJI onTHMH3HpOBaH. 

Tpe6yeTcH HaUTH B HallaJIbHbIX yCJIOBHHX paCCMaTpHBaeMoro 
npasrepa ry e,nHHCTBeHHylO napy HarpY3KH H lJaCTOTbI spameaaa 
,nOJIOTa, KOTopaH sxyne C paI.I.HOHaJIbHbIM apexeaev npe6bIBaHHH 
,nOJIOTa na 3a60e naer B03MOJKHOCTb 6ypHTb CKBaJKHHbI C MaK
CHMaJIbHO ,nOCTynHbIM (npn 3a,naHHOH OCHarn.eHHOCTH) rexnou 
yrJIy6JIeHHH CTBOJIa CKBaJKHHbI, YllHTbIBaH TaKJKe H BpeMH cny
cxa-non'sexa.
 

Peureuae,
 

1. B03bMeM KaKOH-TO pan peaJIbHO-npHMeHHMbIX na
rpysox na ,nOJIOTO, aanpuaep, 80, 100, 120 H 140 KH. 

2. )lonycTHM, liTO ,nJIH H3MeHeHHH lJaCTOTbI apameana ,nOJIOTa 
,nocTynHbI CKOpOCTH: 20, 40, 60 H 80 MHH- I. 

3. ITyTeM nOCJIe,nOBaTeJIbHOrO nonjiopa BapHaHToB (aymue 

aa 3BM) no,nClIHTbIBaeM no 06bHcHeHHoH BbIlIIe MeTo,nHKe V~;~~. 
CHalJaJIa ,nJIH COlleTaHHH 140 KH H20 MHH- I, 3aTeM ,nJIH - 140 HH 
H 40 MHH- I H T. ,n. 

4. )laJIee cpaBHHM HX H BbI6epeM HaH60JIblIIylO. A BpeMH 6y
peHHH H KpHTepHH nozrseua ,nOJIOTa C 3a60H 6y,nyT YCTaHOBJIeHbI 
npn nposepxe no CHCTeMe pacseros, 06bHcHeHHblx BbIlIIe. 

B 3TOM cJIyllae (nocJIe npoBepKH no CHCTeMe npHBe,neHHbIx 
BbIlIIe pacseroa) peficonsre CKOpOCTH 6y,nyT 0603HallaTbcH KaK 
OnTHMaJIbHble, a He paI.I.HOHaJIbHble, HO B ,naJIbHeHlIIeM neooxona
MO HaHTH ry e,nHHCTBeHHylO OnTHMaJIbHYIO pencoayto CKOpOCTb. 
KOTopaH 60JIblIIe scex OCTaJIbHbIX «onTHMaJIbHbIX». 

J-lTOrH pacsera cneneusr B Ta6JI. 9. 

§ 10. AHaJlHTHlJeCKHU MeTO,Il, onTHMH3aI.I.HH napaaerpos 
peJKHMa poropnoro 6ypeHHH 

ITpHMepoM noncsera paI.I.HOHaJIbHbIX 060pOTOB H HarpY3KH npn 
6ypeHHH CKBaJKHH BO BpeMH nonoopa napaxerpos peJKHMa 6ype
HHH aHaJIHTHlIeCKHM MeTo,nOM MOJKeT CJIyJKHTb HCCJIe,nOBaTeJIb
CKaH paoora, BbillOJIHeHHaH epHpMOH «Bapoun» B JIYH3HaficKoM 
yuasepcnrere CiliA, nOCKOJIbKY oaa ustrronneaa HeCKOJIbKO pa
nee npyrax OTelleCTBeHHbIX pa60T B YKa3aHHOH 06JIaCTH, HCnOJIb
3YIOrn.HX 3KCnOTeHI.I.HaJIbHble 3aBHCHMOCTH ,nJIH BbI60pa HarpY3KH 
It lJaCTOTbI apamenus ,nOJIOTa. Oocyxcnaexo« MaT06ecnelleHue no-· 
CTaBJIHeTCH B CCCP B pane cnyxaea BMeCTe CO CTaHI.I.UHMHqHlp
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Mhl «BapOHLI.». IT03TOMY npnaenex npaxep noncsera pauaonans
HOll qaCTOThl Bpall..l,eHHH H HarpY3KH Ha Ll.OJIOTO rro yrroMHHyTOH 

aMepHKaHCKOll MeTOLl.HKe. 

,UOrrycTHM, Ll.aHO (naanue rro JJ.OJI6JIeHHHM, KOTOphIe C06Hpa

IOTCH OIITHMH3HpOBaTh): 

BpeMH cnycxo-nomexa t H= 6 q. 

BpeMH aapaumaauaa tH = I q. 

,U)lDJl = 9,875 (261 MM). 

Kaacc Ll.OJIOTa - 1-7-3 (T. e. rro cyuiecreyrouien 3apy6ex{HOH 

KJIaCcHq,HKaI..l,HH - Ll.JIH cpaBHHTeJIhHO MHrKHX nopon). 
Tun Ll.OJIOTa - urrupeaoe rro nepadiepnn IIIapoIIIeK. 

BpeM5I 6ypeHHH T:;;T. = 12 q (CM. HH'lKe B Ta6JI. 10).' 
CTOHMOCTq Ll.OJIOTa CAO.~ = 400 Ll.OJIJI. 

YLl.e:rJhHaH oceaas aarpyaxa aa Ll.IOHM nnaxerpa (25,4 MM) 

JJ.OJIOTa W/(/.,= 18,16 KH na 25,4 MM (4 ThlC. ¢JH/Ll.M). ' 

CTOHMOCTh xaca 6ypeHHH 6ypOBOH yCTaHOBKI1 

C 4 • ~. = 500 Ll.OJIJI/q. 

4aCTOTa spauteuas Ll.OJIOTa N = 100 MHH- I • 

npHMe'laHHe. 3,n:eCb npllHHTbI zrpyrue 0603Ha'leHHH HarpY8KII na ,n:OJIOTO 
II '1aCTOTbi sparneaaa ,n:JlH roro, '1T06bI OTJllI'IlITb HX OT npeauayinero sapaaa
1'a pacsera. 

Crenem. aanoca 3y6heB Ll.OJIOTa: KJIaCC T-6, T. e. H = 3/ 4 
(75%) . 

npHMe'laHHe. 113HOC onopsr He Ba)l{eH - ,n:OJlOTO no yC,lOBlIHM sanaxa 
BbIXO,n:IlT 113 CTpOH no 113HOCy aytisea: TaKOBbi aasansaue YCJlOBJIH I-ro sapn
anra pacsera. Harpyaxa ,n:JlH npupaoorxa, npn KOTOpOH JJJapOJJJKIl ,n:OJlOTa aa
'1l1HaIOT spauiarsca W t = 4,54 KH aa ,n:IOHM zmaxerpa ,n:OJlOTa (lIJ1n 4,,54 KH 
aa 25,4 MM )l.llaMeTpa ,n:OJlOTa). 

Pa60Te aa Ka'IKLl.OM MeCTOpO'IKLl.eHHH rrpeznnecrnyer perpec

CHBHhIH aHaJIl-(3 epaKTHqeCKHX Ll.aHHhlX, B pe3YJIhTaTe xoroporo 
IfCCJIeLl.YIOTCH npaxrnsecxae 3aBHCHMOCTH, cyutecrayrouure Me'IKLl.Y 

H3MeHeHHeM MeXaHHqeCKOii CKOpOCTH If narpyaxok aa Ll.bJIOTO 

(Ll.JIH Ka'IKLl.oiicBHThI) H Me'IKLl.Y MeXaHHqeCKOii CKOpOCThIO H qa

CTOTOH spameaaa Ll.OJIOTa. 

B pe3YJIhTaTe CTpOHTCH rparpnxa H, B 3aBHCHMOCTH OT nony
qalOlI..I,HxCH KpHBhIX, HaXOLl.HT nonpaaonaue K03epepHI..I,HeHThI as H 

aG. Onacanae rrpHBOLl.HTCH B cauux 06l1..1,HX qepTax. 

Bsruepnaaaerca KpHBaH 3aBHCHMOCTH MeXaHHqeCKOii CKOpO

CTH OT 060pOTOB (rrpH He3aTyrrJIeHHOM Ll.OJIOTe) B OLl.HOH KaKoii

HH6YLl.h CBnTe. 

ITOJIyqaeTCH, KaK rrpaBHJIO, 3KcrrOHeHTa. Iloxasareas crenena 

ee KaK paa H 6YLl.eT aG: VMex= NaG 

ITOTOM 3TH pa60ThI rrOBTOpHIOTCH npn 3aTyrrJIeHHOM Ll.O TOR 

nJIH HHOH crenena Ll.OJIOTe. ,UaHHhle OCpeLl.HHIOTCH. 
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3aTeM noxaaarens aG orrpenenaerca Ll.JIH CJIeLl.YIOlI..I,eH, CBHThl 

ztanaoro reOJIOrHqeCKOro paspesa (npn Heo6x o.n:HMOCTH). 
,UaJIee CTpOHTCH xpaaue 3aBHCHMOCTH MeXaHHqeCKOH CKOpO

CTH OT HarpY3KH Ha .n:OJIOTO rrpH He3aTyrrJIeHHhlX 3y6hHx Ll.OJIOTa 

.n:JIHOLl.HOii KaKoii-HH6y.n:h CBHThl (B KOTOpOH 6y.n:eT rrpOHcxo.n:HTh 
rrOCJIeLl.YIOlI..I,ee Ll.OJI6JIeHHe). 

ITOJIyqaIOTCH nepenxo JIHHellHhIe 3aBHCHMOCTH. 

ECJIH 3TO TaR, 3HaqHT noxaaarens as paaen ennaaue, 

V",ex = W~&. 

ITpHqeM, eCJIH noxaaarens a6 orrpe.n:eJIHeTCH nyreu aorapndi

MHpOBaHHH, TO noxaaarens crerrenn as 06hlqHO HaXOLl.HTCH He

nocpencrnenno B pe3YJIhTaTe MaTeMaTHqeCKOH o6pa6oTKII peayns
TaTOB Ha6JIIO.n:eHHii. 

Ilonycrnu, qTO rro perpeccaanoxy aHaJIH3Y B .n:aHHOM c.aysae 
as = 1,2 (epYHKI..I,HH MeXaHHqeCKOii CKOpOCTH OT aarpysxn) H 

alS = 0,6 (epYHKI..I,HH MeXaHHqeCKOH CKOpOCTH OT qaCTOThI npatne
HHH). 

PeIIIeHHe 

1 cJlyqaH: xorna H3HOC aytisen .n:OJIOTa, a He II3l'IOC onopu, 
JlHMHTHpyeT BpeMH npeosraauaa ero aa aafioe, 

1. Onpenenenae rrocToHHHOH 3aBHCHlI..I,eHOT aopaaasnocrarro
pen .n:aHHoH (npoanenaon] CBHThI. ITo epopMyJIe 

w~a6J1. -4 1 +!!. 
___2__ T <pan.

( N ) hi X W ) x 
h X Gyp. ,Tt = h, 100 W:",._(-t • 

H + 2_ XHI 
2 

rne hi = 1,84; h2 = 6; hg = 0,8 (H3 Ta6JI. 10, 11), 

w~a6J1. = 7,1 (as Ta6J1. 11); 

T$ = (08) (1 0)1,84 (~) 1+3 12 = 15 7 . , 
H , , 1,54 0,75+3 (0,563) I 

T. e . .n:OJIOTO MO'IKeT npn .n:aHHOH aarpysxe H 060pOTax 15,7 q pa

60TaTh aa aafioe no 100% asnoca ero ~oopY'IKeHHH. 

3.nech H - H3HOC 3y6heB 3a 12,5 q; ynensnas HarpY3K8 

B rsrc. !PH na: .n:IOHM. 
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2. Pacser OnTHMaJIbHOH y.n:eJIbHOH HarpY3KH (B ThIC. cfrH H3 
..n:IORM .n:HaMeTpa .n:OJIOTa) 

TaUJI (~ a 1) 0 5 
~) =Wd 36+&- +, =7,i(3,07+I,'2-i)+0.5=

( d onr a. + ht/a G 1,2 + 3,07 
= 5,56 TNt. <jJH • 

.AM 

3.	 Onpe,'l.eJIeHHe 3¢¢eKTHBHoro BpeMeHH npeObIBaHHH .n:OJIO
Ta aa saeoe 

Tpau = [( CaoJl + t, . .i, t ) (~ 
liyp c, 6 .' i I H a6 

+6+I){3,07-1)]=16,I q. 

4.	 Pacser OnTHMaJIbHOH:. CKOpOCTH 

T~ [ w~a6A _ ( : 'onT] j ~ 
N = 100 J 1 = 100	 = 

onr T:;; (W;'" _ 4) 16.\ (7, I - 4,(0) ] l 
=	 65 MIIH-1• 

II cJlyqaH: 113HOC onopu JIHMHTHpyeTBpeMH npeObIBaHHH .no
~OTa Ha 3aooe (H3HOC onopbI K KOHUY peRca npeBaJIHpyeT Ha.n: 
H3HQ~OM aoopyscenas npn .n:aHHbIX Wd, N).

n'	 Tl!>8KT. 12,I-O,onycTHM, )J,aHO; 6yp = t{. 

BpeMH cnycxo-nozrseua t Lt - 10 q. 

Hapauraaanas tK - 1 q. 
Knacc .n:OJIOTa: 1-1 (.n:JIH MHrKHX nopoa C ¢pe3epoBaHHbIMH 

3y6bHMH). 
CTOHMOCTb .n:OJIOTa CaoJl= 400 .n:OJIJI. 
CTOHMOCTb tIaca C q . 6 . = 500 .n:OJIJI. 
"4acToTa npameuas = 100 MHH-1

• 

Harpyaxa y.n:eJIhHaH: 18, 16 KH na 25,4 MM .n:HaMeTpa .n:OJIO
'ra (CM. pacumrppoaxy B nepaov npnxepe). 

113HOC onopu: KJIaCC - B-6, T. e. B = 75% HJIH B = 0,75. 
Harpysxa .n:JIH npHpaooTKH: 4,54 KH na .n:IOHM .n:HaMeTpa .no

JIOTa. 
113 perpeCCIlBHoro aHaJIH3a a5 = 1,1 H a.EI = 0,5. 

PellleHHe 

1. Onpe.n:eJIeHHe nocToHHHOH aopa3HBHocTH (.n:JIH nanoca ono

pu) : 
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_	 1 ) l = [(~ +J ~OO' 

apatnennn .n:OJIOTa 

[15,7 (7,1-5,56) 0.545 
I
 

T9 = [_N] [_1 (~)181 X T~;~1. 
8 JOO 4 d - 

B 

113 TaOJI. 10 BI = 2,55 (.n:JIH pacraopa na He¢THHoR ocaose). 

TB= (1 ) ( 3,:5 f55( O~~5 ) = 16,0. 

Do H3HOCY onopu .n:OJIOTO MO)KeT 6e30nacHo patiorars na sa
ooe 16 q (eCJIH oy.n:eT sanan pe)KHM YKa3aHHhIx auure napaxer
pOB). 

w~a(lJI(~ +a&-1) + Wt
,(Y!...) = as
 

d onr as+ hl / a6
 

(nporna 5,56 B nepaox npaaepe). 
3. Onpenenenne 3cPcPeKTHBHoro 

aarioe	 (no 100% naaoca onopu}: 
. . I 
T3:;= (CJlOJl 'C'I.6. + t ~ t + t H) (-- 

a6+ 1) (2 - 1)= 11,8 'I (nporas 16.1 q). 

4.	 Onpe.n:eJIeHHe QeJIeC006pa3HoH qaCTOTbI BpallleHHH .n:OJIOTa 

No rlT • = 100 __Till8_ [4-- JOt = 100 (16--)X 
TOu T ( W ) 11,8

6yp 
d onT . 

( 
)2.25 -I4 

X	 -- =46 MHH 
. 6,63 

(npOTHB 65 OOOpOTOB B nepaov npaxepe}. 
Heotixonaaoe KOJIHtIeCTBO npOMblBOtIHOR )KH.n:KOCTH onpeneas

eTCH no HOMorpaMMe, no KOTOPOH aaxozmr raxzce HeOOXO,ll,HMyro 
naomans nonepexnoro CeqeHHH rH.n:pOMOHHTOpHbIX aacanox no
JIOTa. 

3TOT paCtIeT .n:OCTaTOtIHO CJIO)KeH B cpaBHeHHH C MeTo.n:OM 
I'anan-Bynca H3 cPHPMhI 103, DAH AM3Pl1K3H DETPOJTEYM 
xopnopeaum (JTyOHHCKHH), T. e. MeTo.n:OM qaCTOH (HJIH aenpepus
HOH) onTHMH3alI,HH. TaK KaK «Il» 3KcnOHeHTa TPe6yeT OnblTOB 
no	 IlbI5IBJIeHHIO aaaacaxocrea, CBH3aHHblX C oCTaHoBKoH CKBa)KH
HbI B npouecce 6ypeHHH, B pe3YJIbTaTe npoacxoaar OOJIblllHe no
repa BpeMeHH. Do nporpaxwe raJIJIH-By.n:ca-JTyoHHcKoro TaKoH 
2Ke aHaJIH3 oCyllJ,eCTBJIHeTCH nenpepusno, na OCHOBaHHH .n:aHHbIX 
npeztsrnyurero .n:OJIOJIeHHH H MO}f{eT npOH3Bo.n:HThCH oneparopaxa, 
naxce He 3HalOllJ,HMH 6ypeHHH, eCJIH HM rrepeaaror .n:aHHble C npo
MbIC.'lOB. Pacser oCyIlI,eCTBJIHeTCH aa BpeM5I crrycxa .n:OJIOTa na 
4-2058 49 

= 31,34 = 655 TLiC. cltH. 

i ,t + 3,68 ' .AM 

BpeMeHH panora .n:OJIOTa na 

1) = (400/500 + 10 + 



osepennoe .lI.OJI6JIeHHe. K TOMY ace, pacser npn He06xo.ll.llMOCTH 
MO)l(eT ocymeCTBJIHTbCH na MeCTe, TeXHOJIOrOM, He HMeIOmHM 
3BM, TaK KaK ace BbIKJIa.ll.KH He BbIXO.ll.HT aa rrpenenu lJeTbIpeX 

j npOCTbIX apmpMeTHlJeCKHX .lI.eHCTBHH, B TO BpeMH KaK no sxcno
I;	 TeHlJ,HaJIbHOMY MeTO.ll.Y He06xo.ll.HMO Y)I(e CqHTaTb .lI.p06HbJe CTe

nena. 3.l1.eCb xce MO)l(HO HCnOJIb30BaTb cnpasosaue Ta6.1JlllJ,bI (10, 

J1, 12) Ta6YJIHpOBaHHbIX ¢YHKlJ,HH. 

Ta6,~Jiil,a 10 

Ilonpaaosuue	 K094JclJHI\HeHTbI 

KJl3Cc.nOJIOTa (no cym ecreyio.uef hi	 hi hsB CWAKJIaCCHcfJHKaI\HH) I	 I I 
OT 1-1 no 1-2 1,80 7,0 1,00 
01' 2,---1 no 2-2 1,80 5 0,60 ' 
OT 1-3.n0 1-4 1,84 6 0,80 

2-3 1,76 4 0,48' 
3-1 1,70 3 0,36 
3-2 1,65 2 0,26 
3-3 1,60 2 0,20 
4-1 1,50 2 0,18 

C raepnonnaanuaa 
BCTa'BKaMH	 1,50 0 0,02 

npHMe'laHHe. Ilepsaa UH(ppa orpaoxaer 1'l-Dn nopon, aanpuvep, ,N'g I 
;J;JIli MlIrKHX nopon• .N~ 2 - .nJIli cpennax nopon. Bropas - THn soopyxenaa: 
c <f>pe3epoBaHHblMH 3y6bllMH, C KJIHHOBblMH 3y6KaMH, llIT!>WeBbie ITO nepmpe
pHH mapotuxa, 

Ta6JIHu!a 11 

KnaccH4JHKaI\HR AGnOT no THny onopbl 

THn orropsi THn pacrsopa Bl 

Herepaerasapoaaunaa PaCTBOp C 6apHToM	 1,0 
PacTBop C cyJIb<f>H.!laMH 1,25 
BO,ll.a 1,90 
fJIHHHCTblH pacTBop 2,04 
Ha He<f>TlIHOH OCHOBe 2,55 

repMeTH3HpOBaHHali	 2,80 
k: 

YCJIOBHbIe 0603HaqeHHH:	 ~;' 

N - tIaCTOTa spaurenas (MHH- 1); 

'WT86 .J1d - MaKCHMaJIbHaH Y.lI.eJIbHaH Harpy3Ka, KOTOPYJO MO
>KeT npHHHTb .lI.OJIOTO B TbIC. ¢H. na .lI.IOHM .lI.HaMeTpa .lI.OJIOTa 

(Ta6JI. 12). 
50 4*	 51 

'(Wid) - ¢aKTHqeCKaH Y.lI.eJIbHa51 aarpysxa: 
d"- .lI.HaMCTp .lI.OJIOTa, .lI.M; 

H - % asnoca BoopY>KeHHH; 

ttt - BpeMH ua cnycxo-nom-ea C .lI.aHHOii rJIy6uHbI (no HOp
Me); 

tH - BpeMH HapalUHBaHJfH, '1; 

B - H3HOC onopsr, % (HJIH B .lI.OJIHX OT uenoro). 

§ 11. npaKTHlJeCKHH MeTO.ll. onTHMH3alJ,HH pelKHMa
 

poropaoro 6ypeHHiI no CTOHMOCTHOMy KpHTepHIO
 
H KpHTepHIO y)J,eJlbHoH 3HeprHH
 

Onl'HMH3alJ,HiI pelKHMa oTpa60TKH 6e30nopHblx )J,OJlOT
 

Ilpennoaoscaa, qTO OTMeqeHHhIe B Ta6JI. 13 nOKa3aTeJIH orpa
)l{aJOT pe3YJIbTaTbI ¢aKTHqeCKH HMeBlliero MeCTO ua CKBa)l(HHe 

.lI.OJI6JIeHHH rrpa patiore 6e30nopHhIM (T-06pa3HbIM) .lI.0JIOTOM c: 
pesuaan H3 crparonaxca (aJIMa3HOro, KOpOHKH HJIH )l{e HCM),. 
.lI.HaMeTpOM 311 MM. 

nonycTHM, qTO YKa3aHHoe .lI.OJI6JIeHHe HHKaK He onTHMH3H
pOBaJIOCb, a rrpoxozrxa B nOCJIe.ll.yIOIlJ,eM aecssra 3HatIHTeJIbHa (sro 
HBJIHeTCH BnOJIHe 06hItIHbIM npa paoore .lI.OJIOT nO.ll.06HOrO KJIaCCa 
co CTpaTonaKCOM). 

Tpe6yeTCR paCClJHTaTb pau.HOHaJIbHOe BpeMH npecusaunx 
.lI.aHHOrO .lI.0JIOTa na 3a60e B nOCJIe.ll.YIOIlJ,eM .lI.OJI6JIeHIfIi (HCXO.ll.K 
H3 npennonoacenaa 0 TOM, tITO noponu 6Y.ll.YT O.ll.HH Ii re )l{e Ii npo
MblBKa - .lI.OCTaTOqHa .lI.JI5I OqHCTKIi 3a60H). 

3aMeTHM, qTO nauuue (CM. Ta6JI. 13) B3HTbI Ii3 sapyoeacnux 
HCTOqHHKOB. 3a pyoexco« npaxenenae .lI.OJIOT co BCTaBKaMH H3 
crparonaxca HBJIHeTCH 06brtlHbIM, B TO BpeMH, KaK B OTeqeCTBeH
HOH npaxraxe WHpOKoe snenpeaae crparonaxca - 310 sonpoc 6JIIi 
)l{aHIlIHX JIeT; CTOIiMOCTb ¢YTa (0,303 M) npn 6ypeHHH co crparo
naKCOM nO.ll.C'1UTaHa no ¢opMyJIe 

BJloJ\ (lit + rt8KT) C'L6.CCF = ~ yp , 

Fell 

rne tH -	 6 qaCOB spexeua na Ka)l(.lI.ble 2450 M npoxonxn: 

BJloJ\- CTOHMOCTb .lI.OJIOTa (102260 .lI.OJI.). 

npHMe'laHHe.	 CTOHMOCTb saca 6ypeHl111, npaaaras npn petueaau .naHHoH 
sanaua C'I.6. = 900 ,lI.OJIJIj'lac ('ITO TaK:lKe S1BJIlIeTCSI HOpMa,%HblM npa aJIMa3

HOM.6ypeHHH aa py6e:lKOM). LJ:JIli cnpasxa 3aMeTIlM, 'ITO B CCCP B cpenaea 
rroaocc npa 06b1'1HOM 6ypeHHH CTOHMOCTb xaca 6ypeHIlSI CKBa:lKHH cpenaea 
r.lly611HbI pa'8HSle1'CSi 5O-100py6. 
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I: Pasxep ~OJlOTa ,llM (101M) 

2-11-1 1-2 1-3 1-4I 2-2 

6 '/8 (155,6) 5,6 6,0 6,6 6,9 
(25,2) (27,1) (30) (31,2) 

6 3//' (171,9) 5,7 6,1 6,6 7,1 
(25,8) (27,7) (30) (31,8) 

7 7/8 (200,0) 6,0 6,2 6,6 7,0 7,5 
(27,1) (28,1) (30) (32) (34) 

:8 3//' (205,2) 6,2 6,5 6,8 7,2 1,8 
(28,1) (29,2) (30,9) (32,5) (35,4) 

9 7/8" (227,4) 6,5 6,7 7,1 7,0 7,6 
(29,2) (30,2) (32) (31,8) (34,2) 

10 (269,8)5/8"	 6,4 7,0 
(29) (31,8) 

12 '//' (311,1) 5,9 6,1 6,4 6,7 7,3 
(26,8) (27,7) (29) (30,5) (33) 

IS" (381) 5,3	 5,8 
(24,0) (26,1) 

)7 1/2" (431,8) 5,0	 5,7 
(22,8) (25,8) 

PeweHHe 

no ,UaHHMM Ta6JI. 4 nOCTpOHM rparpax B KOop,UHHaTax (CM. 

DpHJIoMeHHe, pHC. 1) CCF - SE (IIoKa3aTeJIb sarpar y,UeJIbHoii: 
3HeprHH) . 

H3 Ta6JI. 13 H pHC. 1 BH)l.HO, QTO: 

- O,UHO ,UOJIOTO pa60TaJIO Ha 3a60e (ero He nO,UHHMaJIH C 

3a60H) 10 ,UHeii:. Ho BpeMH MeXaHHqeCKOro 6ypeHHH MeHbwe, qeM 
10 ,UHeii:. OHO COCTaBHJIO 144 Q.; 

- nOKa3aTeJIb CCF nOCTeneHHO yMeHbWaJICH, BnJIOTb ,UO MO
MeHTa H3BJIeqeHHH ,UOJIOTa H3 CKBaMHHM; 

- POCT 3HepreTHQeCKOro nOKa3aTeJIH SE aa TO Me BpeMH 

He naer TaKOH QeTKoii: BblpaMeHHoii: KapTHHbI (QTO HBJIHeTCH 06

IUHM He,UOCTaTKOM 60JIbWHHCTBa 
52 

;1,: 

npaKTHqeCKHX MeTo,UOB), no Hror - B Mera;VKoyJIHX aa M3• 

53 

PeKoMeHAyeMaH Harpy3Ka Ha ADnOTO 

Knacc H nO.l\KJlaCC 

Ta6J1liua	 12 

1i title. cjJH/AM (KH/25,4 101M) 

C TBep.l\OnJlaBHbIMH BCTaBKaMH3y6qaThlX .l\OJlOT 

5 6 72-3 3I I 4 
I I I 

7,9 

(36) 

7,2 8,5 3,1 4,4 4,5 

(32,5) (38,5) ( 14,0) (19,9) (20,2) 

7,6 8,G 9,4 3,5 4,5 5,0 

,(34,2) (39) (42,1) (15,9) (20,2) (22,7) 

8,0 9,5 10 3,7 6,1 5,2 

(36;1 ) (43) (45,1 ) (16,6) (23) (23,6) 

7,7 8,9 3,6 5,1 5,1 

(35,0)	 (40,2) (16,2) (23) (23) 

8,8 3,5 5,0 5,0 

(40) (15,9) (22,7) (22,7) 

7,4 8,5 3,5 4,9 5,6 

(33,7) (38,1 ) (15,9) (22,3) (25,3) 

6,3 7,4 3,4 4,7 4,8 

(28,6) (33,7) (15,3) (21,1) (21,8) 

7,0 3,0 4,2 4,2 

(31,8) (14,6) (19) (19) 

8 
I 

5,2 

(23,6) 

5,7 

(25,8) 

5,8 

(26,1) 

5,9 

(26,6) 

5,8 

(26,1 ) 

5,6 

(25,3) 

9 

4,0 

( 18) 

4,5 

(20,2) 

4,7 

(21,1) 

4,6 

(20,6) 

4,5 

(20,2) 

4,4 

(19,9) 

5,4 4,3 

(24,2) (19,4 ) 

4,8 3,8 

(21,8) (16,1) 

'CKOJIbKY B npouecce CTOJIb ,UJIHTeJIbHOrO ,UOJI6JIeHHH ,UOJIOTO npo

XO)l.HJIO He O,UHH H re Me npOIIJIaCTKH (no TBep,UOCTH). 

3HepreTHqeCKHH nOKa3aTeJIb (nOKa3aTeJIb 3aTpaTM y)l.eJIbHOH 

3HeprHH) BbIQHCJIHJICH no ¢OpMyJIe 

SE = 20 PJl N B <pH. ,l{IOHM 

.lInoJi • V"6X 

liJIH B MeTpHqeCKOH: CHCTeMe, KaK 

SE=2,35 PJlN , 
.lIJlOJI • VM6X 

r)l.e n...OJl - B MM; P.l - B xf'c: V"ex - ul«. 
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Pe3ynbTaT~ ~aKTHlJeCKoro ,ll.On6J1eHHlI ,ll.OJlOTOM C nOJlHKpHCTaJlJlHlJeCKH"!H 

CKBalKHH:D, 1988 r, -

,	 I 

Ii o 6maSiFlpox, aa CyTKH, npox.,
II (41T) M (41T) 

100 100 

(325)	 (325) 

19 119 

(63) (388) 

113 232 

(374)	 (762) 

76 308 

(249)	 (1011 ) 

52 360 

(171 )	 ( 1182) 

101 461 

(331)	 (1513) 

49 510 

(159)	 (1672) 

113 623 

(369)	 (2041) 

115 733 

(378)	 (2419) 

76 814 

(251 ) (2670) 

TaKHM 06pa30M, eCJIIi 

.n.IITb rexyunre pacsersr 

Harpysxa H N 
rJly6. CKB" 

M (41T) 'JaCTOTa na ,/l0Jl, KH apam ,
(TbIC. 41T) ","H-I 

1551 

(5793) 

1570 

(5856) 

1683 

(6230) 

1759 

(6479) 

1811 

(6650) 

1902 

(6981) 

1951 

(7140) 

2064 

(7509) 

2179 

(7887) 

2255 

(8138) 

205 60 

(45) 

205 60 

(45) 

270 60 

(60) 

270 60 

(60) 

270 60 
c: 

(60) 

170 60 

(40) 

170 65 

(40) 

205 60 

(45) 

205 60 

(45) 

205 80.. 

(45) 

rro xony 6ypeHlI51 rrOCT05lHHO "pOBO

CTOHMOCTHoro rrOKa3aTeJI5I, TO' scerna 

MO)l{HO onpenecnrn, MOMeHTbI, xorna CKOpOCTb ero yMeHbllIeHHH 

YCTOHqIIBO HaqHeT 3aMe.n.JI5ITbC5I, qTO II 6y.n.eT 51BJI5ITbC5I ClirHa

JIOM 3aTyrrJIeHH5I II n;eJIeC006pa3HOCTIi nom-exa .n.OJIOTa C 3a605I 

)lJI5I CMeHbI. 

B npyrax CJIyqa5lX He MeHee n;eHHbIM MOlKeT 51BHTbC5I aaep
reTIIqeCKIiH IIOKa3aTeJIb, KOTOpblH BO acex OTHOllieHII5IX 60JIee 

y.n.06eH B TOM CMblCJIE;\qTO OH He 3aBliCHT OT CTOIIMOCTH 3KCIIJIya

Tan;IIH qaca IICIIOJIb3yeMoH 6ypOBOH yCTaHoBKII II OT BpeMeHII 

CIIyCKo-IIo.n.beMHblX onepauaii. " 
54 

T a 6 JI una 13 

aJlMa3HLlMH BC'raBKaMH (no ,ll.aHH~M r. Pa6HlI «TeXHOJlOrHlI 6ypeHHlI He~TRH~x 
GepeBO,ll. C aHrnHHcKoro) 

Bpe~d Mex. 6ypeHHlI, 
q 

06:uall CTOHM. e11HHHnbI 
npOXO)l.KH, CCF Floxaaareas Floxaaarens 

_SE" B, 

B~~TKH I Bcero I)l.OJlJl{41T py6{M 

_SE" 
4JH3 )l.MX HlOD lIer {11)1{ 

Ha M3 

.12, 12 76,9 230,7 163 11033 

, 
,4, , 26 73,8 221,4 280 18356 

··fq,q 39,6 65,7 197,1 369 24881 

~;,. .. , 
54 62,6 187,8 342 23153 

7,5 61,5 59,3 177,9, 258 17466 

,~~,5 

\ 

16,5 78 56,3 168,9 212 15352 

7 85 51,8 164/ 187 13059 

22 107 54,7 164,1 263 17805 

23 130 54,8 164,4 288 17753 

14 144 54,4 163,2 328 22205 

,""n,., 

TI03TOMY rrpn IIpIIH5ITIIII OKOHqaTeJIbHOrO peWeHII5I 0 BpeMeHII 

nom.eva, ocooenuo - aJIMa3HOro .n.OJIOTa, C 3a6051 .n.OJI)I{Hbl pac
cMaTpliBaTbC5I II YQIITblBaTbc5I 06a YIIOM5IHYTblX IIOKa3aTeJI5I rrpli 

nx COIIOCTaBJIeHHII npyr C npyrox. D.JI5I aHaJIII3a npn IIpaKTHqe

oCKOM xerone He06xo.n.IIMO BbIQepQIIBaTb rpatpnx, KaK 06 3TOM 

6hlJIO CKa3aHO asnue. 

§ 12. npaKiHqeCKHH MeTO,ll, onTHMH3au.HH 

pelKHMa 6ypeHHH llIapOllIeqHblMH 

llITblpeBblMH ,ll,OJIOTaMH HJIH ,ll,OJIOTaMH C TBep,ll,OnJIaBHblMH 

BCTaBKaMH 

D.onycTIIM, IIMeIOTC5I CBe.n.eHII5I no xaxoxy-ro .n.ocTaTOqHoMY 

.n.JIR .n.oBepIITeJIbHOrO aHaJIII3a, KOJIIIqeCTBY npooypeanux B nan
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I HOM pailoae CKBaMIiH. )l.aHHhle o606maIOTCH B BHJI,e rparpaxa,I· 

BhIlJeplJeHHOrO B KOOpJI,IiHaTaX; rJIy6lIHa - sneprerasecxna no

I' Ka3aTeJIh (5E). 
CKBaMIIHhI JI,OJIMHhI 6h1Th npaxepno OJI,IIHaKOBoif r JIy6lIHhi 

(OJI,HOrO KJIaCca). 

.uOJIOTa no TlinaM MoryT 6hITh caMhIMIi pa3HhlMIi. Pa3HhlMH 

6yJI,yT II pesynsraru HX npaueaenas (no sarparax yJI,eJIhHOif 

3HeprHH aa paspyurenae nOp0JI,hI, nOCKOJIhKY YKa3aHHhll"I noxa

3aTeJIh CBH3aH CO CTOHMOCThIO npOXOJI,KII). 

Hrax, JI,OnycTHM, lJTO 0606meH pe3YJIhTaT 6ypeHII5l no sarpa

TaM yJI,eJIhHOii saeprna na eJI,IIHHu.y 06beMa Bhl6ypeHHoif nopoau 
(B CPyHKU.1I1i OT rJIy6lIHhl) no 43 CKBaMIiHaM, npotiypeansra na 

JI,aHHOif nJIOmaJI,1I (rrpn cpenuen r JIy6HHe CKBaMHH 2650 M), ua 
KOTOphlX nplIMeH5lJIIiCh rpexurapouresmae JI,OJIOTa C repMeTH31I

poaaauoa onopoa, rnna F-2 II j-22 (peKOMeHJI,oBaHHhle, HOMHH3JIh

HO JI,JI5l 60JIhIlllIHCTBa HalI60JIee lJaCTO BCTpelJaIOmHXC5l nopon 

xpoxe caxux M5lrKIiX IIJIIi caMhlX xpenxnx) II rpexurapouretnnse 

JI,OJIOTa C rppeaepoaanauan 3y6h5lMII, a TaKMe - C repMeTH31I" 

pOBaHHoH onopoa (T. e. He urrupeaue) Ii 5-21, xoropue HCnOJIh

30BaJIliCh no paspeay JI,JI5l 6ypeHII5l CpeJI,HlIx nopon H nopon, KO

roptae Ou.eHIIBaJIHCh, KaK cpaBHHTeJIhHO M5lrKHe. Yxaaannue JI,O

JIOTa rrpHMeH5l.1IIch B IIHTepBaJIe OT 760 JI,O 2650 M. 

Cnpauraaaerca: xaxne JI,OJIOTa 1I3 lJlICJIa npeJI,cTaBJIeHHhlX 

THnOB HBJI5IIOTC5l HaH60JIee KOHKypeHTocnoc06HhlMH (c TOlJKH 

3peHII5l HaHMeHhIllIIX 3HepreTlIlJeCKHX aarpar II CB5l3aHHOH C "HMII 

CTOHMOCTII e,lUIHHu.h1 npOxOJI,KII)? 

PeIlleHHe 

I1pH JI,eTaJIhHOM paccaorpenna puc. 2 BIiJI,HO, lJTO JI,JIH 6ype

HII5l BepXHero HHTepBaJIa npliMepHO OT 760 JI,O 1544 M (2500
5750 CPT) HalI60JIee nOJI,XOJI,HmHM 51BJI5leTCH JI,OJIOTO j-22 B TO 

BpeMH, KaK JI,JI5I cpennef lJaCTIi paspeaa, npnaepno OT 1544 JI,O 

2365 M (5700-7800 CPT) - JI,OJIOTO F-2, a JI,JIH HIIMHero IIHTep

BaJIa, T. e. JI,JI5l 6ypeHII5l OT 2365 JI,O 2600 M (7800-8600 I}>T) 

60JIee JI,pyrHx nOJI,OHJI,eT JI,OJIOTO j -3. 
HTaK, JI,OJIOTO JI,JIH CpeJI,HIIX nopoz JI,OJIMHO ynoTpe6JI5ITbC5l 

npn 6ypeHlIli nopoz CpeJI,HeH npOlJHOCTIi II T. JI,. Ceiiuac, B CB5l

3H C aunycxox JI,OJIOT, xoropue B pa3HhIX YCJIOBlI5IX JI,OCTaTOlJHO 

XOpOIllO paspyuraror noponu C JI,OBOJIhHO IllIIPOKIiM JI,lIana30HOM 

KpenOCTH (lJTO He06xo.nIIMO, nOCKOJIhKY YJIYlJIlleHHhle aoaue no

JIOTa .naIOT necsua 60JIhIllyIO npOXOJI,Ky, HepeJI,KO - nepes He

CKOJIhKO CBIIT), He06xoJI,IIMO npoaaaomrn, BTOplIlJHylO oueaxy 

ueJIeC006pa3HocTli IICnOJIh30BaHliH Tex IIJIIi IIHhlX .nOJIOT no IITO

raM IIX npHMeHeHIIH na npoaucne, .naMe nOCJIe npOBeJI,eHHH on

TIiMII3au.IIH peMIiMa 6ypeHH5l. 
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KOHelJHO, JI,JIH OJI,IIHOlJHhlX pa3BeJI,OlJHhlX CKBaMHH 310 yTOlJ

nenne, CBH3aHHoe C YMeHhIlleHlIeM CTOIiMOCTH, HMeeT orpanasea

Hoe HCnOJIh30BaHHe, KpOMe CJIylJaH anxaanoro 6ypeHIIH. )l.JIH 

peaJIH3au.1I1i ero HyMHhl 60JIhIlllIe CTaTIiCTlIlJeCKlie MaTeplIaJIhI no 
pH.ny CKBaMIiH. 

4TO KaCaeTC5I OCHOBHoif MaCChi rJIy60KHX pa3Be.nOlJHhlX CKBa

MHH, npOBOJI,IIMhIX pOTOpOM, urapouresnuan .nOJIOTaMII, TO 3JI,eCh 

JI,JISI onTIIM1I3au.1I1i peMIiMa CJIeJI,yeT peKOMeHJI,OBaTh MeTOJI, na

CTOH (IiJIIi aerrpepusaon) onTIIMII3au.HII peMJIMa, paCCMOTpeH
HhlH B aanane AaHHoif rvranu. 
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r JIaBa II I. 06eCnelJeHHe UepTHKaJlbHOCTH r Jly60KHX 

paasenouaux CKUalKHH 

Kparepanua KatIeCTBa II 3epepeKTIIBHOCTH rrpOBO.uKII rJIy60KoH 

pa3Be.uOtIHOH CKBa)KIIHbl HBJIHIOTCH: BbIITOJIHeHlle aanannoro npo
uenra nuaoca xepna; nocrnxceaae CKBa)KIIHOH 3a.uaHHoH 30Hbl B 

,no.u3eMHOM npOCTpaHCTBe, T. e • nonenenne ee no npoeKTHOH MY

611Hbl 6e3 60JIbIlIIIX OTKJIOHeHIIH B CTOpOHy; 06eCneqeHlle xoppe
,JlHU,1l1i paspeaoa no MapKllpyIOlIJ.lIM ropasosrax, tITO nenocpen
'CTBeHHO 3aBIICIIT OT eCTeCTBeHHoro llCKpIIB.7leHIIH CKBa)KIIH B UPO

necce 6ypeHIIH. Do.uaBJIHIOlIJ.ee 60JIbIlIIIHCTBO pa3Be.uOtIHbIX CKBa

)KIIH 3aKJIa.ubIBaeTCH no npoexry KaK BepTIIKaJIbHble. Bonpoc B 

TOM, HaCKOJIbKO, He ncnoprna KaqeCTBeHHblX nOKa3aTeJIeH CKBa

)KIIHbl KaK pa3Be.uOBaTeJIbHOrO 06beKTa, MO)KHO .uonYCTIITb ac

RpIIBJIeHlle CTBOJIa B npouecce 6ypeHIIH? 
J1cKpIIBJIeHlle CKBa)KIIH He)KeJIaTeJIbHO no CJIe.uyIOIIJ.IIM OC-

HOBHblM rtpananax: 
a) nOHBJIHIOTCH CJIO)KHOCTII C KOppeJIHu'lleH paapesoa no Map-

I1{llpyIOIIJ.IIM ropnsoaraa: 
6) ycyry6JIHIOTCH raxne B03MO)KHble OCJIO)KHeHIIH, KaK )Ke

JI06006pa30BaHlle, anrencmpuxauas 06BaJIOB npoxonasrsrx I' JIll

HHCTblX CJIaHu,eB, noasnuenne YCllJIIIH npn 113BJIeqeHllli 6YPllJIb

HblX rpyti HX CKBa)KHHbl npn cnycKo-no.ubeMHblx orrepauaax (oco

neHHo npn r.nyooxax CKBa)KHHax). 
Kpoxe roro, eCTeCTBeHHoe OTKJIOHeHHe CTBOJIa B CTOpOHy OT 

''BepTIIKaJIH xpafiae He)KeJIaTeJIbHO H3-3a B03MO)KHOrO suxona na 

rrpoexrnoii rJIy6HHe B 30Hy, xepn H3 KOTOpOH (B3HTblll .uJIH ouen

KH B03MO)KHOll HeepTera30HocHOCTH 06beKTa) MO)KeT OKa3aTbCH 

,COBepIlIel1HO He npe.uCTaBIITeJIbHblM .uJIH roro MeCTa nJIaCTa llJIll 

'JIOByIIIKH, H3 xoroporo OH .uOJI)KeH 6bITb no npoexry nOJIytIeH. 

13 nrore npa aHaJIH3e xepna MO)KeT CJIO)KHTbCH aeaepnoe srte

tIaT.nenae 0 peaJIbHOH HeepTeHaCbllIJ.eHHOCTII ropnsoara. ECTeCT

sennoe ncxpnanenue CKBa)KIIH, ycyry6JIHIOIIJ.eeCH no Mepe yBeJIH

tIeHIIH r JIy611Hbl, BbI3blBaeTCH rexuusecxaxa, TeXHOJIOrHtIeCKIIMH 

.H reOJIOrHqeCKHMII npHqHHaMII. 

K nepauv - OTHOCHTCH narpysxa na .uOJIOTO, nonepesnue 

-saaopu no IIHcTpyMeHTy, «)KeCTKOCTb» HH3a 6YPllJIbHOH KOJIOH

HbI (no 3HJIepy), run .uOJIOTa, xapaxrep C60PKII KOMnOHOBKH HH

aa 6YPllJIbHOrO IIHcTpyMeHTa II, B qaCTHOCTll, naaaerp uenrparo

pOB II pacCTOHHHH MeJI(.uy HHMII. 

Ko BTOPbTM - OTHOCHTCH 6JIH30CTb yrJIa HaKJIOHa CTBNla 

,CKBa)KIIHbl K BepTHKaJIll (ua MOMeHT peIlIeHHH Ka)K.uoH aanaxu 

no CKBa)KIIHe), K eCTeCTBeHHOMY yray 3eHHTHOH cTa6HJI1l3au,Hll 

.uJIH CKBa)KHHbI npa 6ypeHHII .uaHHbIM IIHcTpyMeHToM (noroxy 

'lITO, ecna YKa3aHHaH paannua HMeeT MeCTO, TO CKBa)KHHa 6y.ue T 

$8 

eCT.eCTBeHHO llCKpHBJIHTbCH, a ecnn yrOJI HaKJIOHa panen yrny 
CTaOHJIIl3au,HH, TO CKBa)KHHa llCKPHBJIHTbCH He oyner): nanee 
tIaCTOTa BpalIJ.eHIIH .uOJIOTa (B cnyxae poropnoro 6ypeHIIH II aa
JIllqHH nan .uOJIOTOM 60JIbIIIIIX MaXOBblX Macc BpalIJ.aIOlIJ.erOCH 

nncrpyxenra] . 
K yqllTbIBaeMbiM npn pacxere KOMnOHOBOK HH3a 6ypIloilbHOH 

hOJIOHHbl reOJIOrlitIeCKHM rpaxropaa OTHOCHTCH: 

a) yrOJI naneaas nJIaCTOB; 

6) rtepexeacaexocrs HX no xpenocrn (ysarusaeaas xepea. 

IIH.ueKC 6ypoBoH aansorponna). 

Kpoxe roro, eCJIH aU3 (onopHO-u,eHTpHpyIOIIJ.He 3JIeMeHTbl) 

6y.uyT paCCTaBJIeHbl B KOMnOHOBKe (KHEK) * He .uOCTaTOqHO npa

BHJIbHO, T. e. He B TOqHOM COOTBeTCTBHH C pacserox, TO na 3a60e 

MOJI(eT nOHBIITbCH He ytIIITbIBaeMaH .uonOJIHHTeJIbHaH nonepes

HaH, OTKJIOHHIOlIJ.aH CTBOJI B CTOpOHy, cana KOTopOH 6y.ueT BJIH

51Tb na rexn 113MeHeHIIH KpHBH3HbT. 

Onnaxo, eCJIH np06JIeMa eCTeCTBeHHoro HCKpllBJIeHHH CKBa~ 
)KHHbl HMeeT MeCTO (T. e., ecnn CKBa)KIIHa, 6ypHIIJ.aHCH 6e3 01'

panasenas 3epepeKTHBHoH narpyaxn, .uaIOlIJ.eii B03MO)KHOCTb no

JlyqllTb MHHIIMyM CTOIIMOCTH MeTpa npoxonxa H 6e3 npyrnx npe

nynpenarensnux Mep, rnna uearparopos, eCTeCTBeHHO OTKJIOHH

eTCH OT BepTHKaJIll na BeJIlltIHHY, 60JIee 3-5°), TO nonpocu B03

.ueiiCTBHH TeXHHqeCKHX rpaxropoa, CBH3aHHblX C paCtIeTOM KHEK, 

KpOMe, nO)KaJIyH, 60JIbIIIIIX nonepesnux 3a30pOB, oc06eHHO CHJIb

Horo BJIHHHHH Ha TOqHOCTb npe.uCKa3aHHH BepOHTHoro HCKPH~

JIeHHH npa llCnOJIb30BaHHII 113JIaraeMOii Hll)Ke MeTo.uHKH pacse

ra, KaK npaaano, He OKa3bIBaIOT. TaKHM 06pa30M, B CJIyqaRX 

CHJIbHOrO BJIHHHIIH nopon ua KPHBH3HY TOqHOCTb pacseros KHEK 

ocooeaaoro BJIllHHIIH aa KOHeqHblH pe.3YJIbTaT He IIMeeT. B03

HHKaIOII~lle 3a CtIeT TeXHllqeCKIIX rpaxropoa CHJIbl xoryr nauis 

qyn cnepacaaars llJIll yCKOpHTb HHTeHCHBHOCTb eCTeCTBeH

noro llCKpllBJIeHHH, HO .ua)Ke eCJIH KHEK aacrpoena aa c6poc 

KpHBH3Hbl, a yrJIbT H2KJIOHa nJIaCTOB 6y.uyT BeJIIIKH, TO CKBa)Kll

HbI 6y.uyT llCKPHBJIHTbCH npH 6ypeHHH no BOCCTaHllIO nJIaCTOB B 

COOTBeTCTBllli C 3aKOHaMH eCTeCTBeHHoro HCKpllBJIeHHH. D03TOMY 

rJIaBHOe BHIIMaHlle npH 6ypeHHH B YCJIOBIIHX HCKpHBJIeHHH .uOJI

)RHO 6bITb 06palIJ.eHO na BbT.uep)KIIBaHHe pacsernsrx 3a30poB no 

aU3, onpenenaexux nporH03HblM paCtIeTOM, KOTOpbTH npano
.uHTCH Hll)Ke. 

3HaqeHHH uenecooopasaoro paccToHHIIH Me)K.uy uenrparopa

Mll .uJIH nocraacenas BepTIIKaJIbHOCTH CKBa)KHHbl B conocraan

MblX aanansnstx YCJIOBIIHX Ka)K.uoii aanaxn no CYlIJ.eCTBYIOlIJ.lIM 

paCqeTaM KHEK HeCKOJIbKO pa3HHTcH. Ho - He3HaqHTeJIbHO• 

* KOM'iIOHOBlKa HH3a 6YPHJIblloii I<iOJIOHHbJ. 
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11 31'0 cyuiecraennoro 3HaqeHH5I He HMeeT. ECJIH 6ypeHHe senyr 
B paaonax eCTeCTBeHHoro HCKpHBJIeHH5I, MO)/{HO rrOJIh30BaThC5I 
JIl060H MeTo,nIlKOH pacsera KH5K. C npyron CTOpOHbI, eCJIH 6y
penae Be,neTC5I B patioae, rne noponu He BJIHHIOT na KPHBH3HY 
sonpocsr pacsera H HaCTpOHKH KH5K (1'. e. BJIH5IHH5I TeXHHqe
CKHX ~aKTopOB Ha 6e30pHeHTHpOBaHHoe yrrpaBJIeHHe KPHBH3HOH 
CKBa)/{HHhI) npaooperaior peuraioume 3HaqeHH5I. OpH pOTOpHOM 
6ypeHHH, KaK 31'0 rrOKa3aJIH pa60ThI, npeacae scero, asepriaan
)/{aHCKHX ysenux, yaaercs ,na)/{e yqHThIBaTh BJIH5IHHe «naxara» 
aa eCTeCTBeHHoe H3MeHeHHe a3HMyTa CKBa)/{HHhI, xro cosnanaer 
C MHeHHeM ps.aa aapyoexcnsrx yseusrx, B qaCTHOCTH B CiliA. 

OpR 6ypeHHH B paaonax eCTeCTBeHHoro HCKpHBJIeHR5I na nep
BbIH fIJIaH, TaKHM 06pa30M, BhIXO,n5lT reOJIOrHqeCKHe rpaxropu, 
BJIR5IHHe KOTOphIX no nocnennero BpeMeHH rrpa pacnere KH5K 
(KOTOphIH He rrpOBo,nHJIC5I no e,n}!HOH MaTeMaTHqeCKOH Mo,neJIH), 
He yqRThIBaJIOCh KaK B CCCP, TaK H aa py6e)/{OM. BJIH5IHHe reo
JIOrRR B JIyqWeM cay-rae HeHTpaJIH30BaJIOCh npennoaoacenaex 0 
nOCT05lHHOH rrOJIHOpa3MepHocTH nerrrparopos B «)/{eCTKoH» KH5K, 
peKOMeH,nyeMoH ,nJI5I BepTHKaJIhHOro 6ypeHH5I 6e3 OrpaHHqeHH5I 
norpetiaux narpysox. O,nHaKO npenrroaoxceane 0 nOCT05lHHOH 
nOJIHOpa3MepHocTH OU3 He n03BOJI5IJIO BCKphIBaTh nee pesepnu 
B03MO)/{HOH 3KOHOMHH npn rrpHMeHeHHH KH5K C HeCKOJIhKHMH 
()ll0PHhIMH 3JIeMeHTaMH ,nJI5I npenornpautenna KpHBH3HhI. B 
YCJIOBH5IX noncexecraoro xoapacsera )/{eCTKHe KH5K C nOJI
,Hopa3MepHbIMH nenrparopaxn CTaHOB5ITC5I 3aqaCTYlO neauron
HhIMH. KaK H3BeCTHO, npennonoacenae 0 nOCT05lHHOH rrOJIHOpa3
MepHOCTH uenrparopos TeOpeTHqeCKH rrpoxozurr TOJIhKO npn npen
nOJIO)/{eHHH 0 TOM, QTO OHH MeH5IIOTC5I na HOBhIe npn nsnoce ua 
2-3 !\1M rro nnaxerpy. 31'0 3aCTaBJI5IeT (eCJIH MhI XOTHM, qT06hI 
rrOJIHOpa3MepHaH KH5K pa60TaJIa TaK, KaK no aanyxauo rro 
pacsery) MeH5ITh OU3 B TaKoH «)/{eCTKOH» KH5K na HOBhIe 
npaKTHqeCKH rrOCJIe Ka)/{,noro pefica. B TO )/{e BpeM5I B «)/{eCTKYIO» 
KH5K BXO,nHT, KaK MHHHMyM naa OU3, ap aaponannux BCTaB
KaMH H3 Kap6H,na BOJIh~paMa, H Ka)/{,nhIH H3 HHX HMeeT raxyio 
)/{e CTOHMOCTh, KaK H HOBoe ,nOJIOTO. 003TOMY CTOHMOCTh BepTH
KaJIbHOH rrpoxo,nKH (eCJIH CJIe,nOBaTh peKOMeH,naUH5IM pacrrpOCT
paHeHHOH na ceronna B CCCP H aa py6e)/{OM reopna pacsera 
KH5K) ,nOJI)/{Ha COOTBeTCTBOBaTh pacxonav cyMMapHoH pa60ThI 
rpex ,nOJIOT npa Ka)/{,nOM peace. OOH5ITHO, qTO31'0 peurenne He MO
)/{eT yCTpOHTh rrpaKTHKOB. 11, KaK CJIe,nCTBHe aroro, ,nOCTaTOqHO 
BepTHKaJIhHhIe CKBa)/{HHhI 6yp5lT, nonycxas H3HOC OU3 H KH5K 
,no TaKOH crenena, KOTOpa51 y)/{e He MOlKeT rrOSBOJIHTh CqHTaTh 
HX rrOJIHOpaSMepHhIMR. B arore CKBa)/{HHhI 6yp5lTC5I H HCKpHBJI5I

IOTC5I cnepx HOpMhI, onpenenmouteil B03MO)/{HOCTh 3aKaHqHBaTh 

HX KaK MO)/{HO 6JIH)/{e K nenrpy xpyra nonycxa. OpH 3TOM H3-3a 

--'7t:\,-r:----~ ---._--, 

TIOBbIWeHHoro saaopa npn 6ypeHHH npaxonnrcs yqHThIBaTh BJIH5I
:fme reOJIOrHqeCKHX ~aKTopOB aa xap axrep eCTeCTBeHHoro HCK
pHBJIeHH5I CTBOJIa CKBa)/{HHhI. 11 eCJIH eCTeCTBeHHoe RCKpHBJIeHHe 
na KOHeqHOH r JIy6HHe He yBO,nHT CKBa)/{HHY aa xpyr nonycxa, TO 
sazrava rrOJIyqeHH5I ,nOCTaToqHO BepTHKaJIhHOH CKBa)/{HHbI peura

'€TC5I npn rrOBbIweHHOM asnoce ueurparopos. O,nHaKO ,nJI5I roro, 
''IT06hI ooecne-nrn, rpeoyexyro BepTHKaJIhHOCTb, cnanana nano 
yCTaHoBHTh crenens CJiO)/{HOCTH acrpesennoro OCJIO)/{HeHH5I. 00 
rrpe,nJiO)KeHHOMY HH)/{e pacsery cnenyer yCTaHoBHTh (ua OCHOBa
HHH aHaJIH3a eCTeCTBeHHoro HCKpHBJIeHH5I coceanax CKBa)/{HH), 
KaK oy,neT HCKPHBJI5IThC5I ,naHHa51 (rrpoeKTHpyeMa5l) CKBa)/{HHa, 
€CJIH 6bI OHa 6ypHJIaCh 6es OrpaHHqeHH5I aarpysxn H 6e3 uearpa
TOpOB, 1': e. 6e3 BC5IKHX rrpe,nyrrpe,nHTeJIhHhIX Mep. Pacxoast na 
ee npoaonxy npn 3TOM 6hIJIH 6hI MHHHMa.1JhHhI. ECJIH CKBa)/{HHa 
Ha rrpoeKTHOH rJIy6HHe 3a CqeT eCTeCTBeHHoro HCKpHBJIeHH5I He 
BhIXO,lJ.HT HS xpyr-a norrycxa, TO 31'0 3HaqHT, qTO B ,naHHOM cnyvas 

TIpOOJIeMa npenorapaiueana eCTeCTBeHHoro HCKpHBJIeHH5I He cy
utecrayer. TaKOH xce pacxer MO)/{HO cnenari, H ,nJI5I nepsoa CKBa
)KHHbI ua yxacrxe 6ypeHH5I. 003TOMY, qT06hI rrpOJIO)/{HTh B npo
crpaacrne BepoHTHhIH npoqnon, 6y,nymeii eCTeCTBeHHO HCKpHB
JIHIOIJJ.eHC5I CKBa)KHHhI (EI1C), 6YP5lmeHc5I C uearparopaun (HJIH 
Des HHX), He06xo,nHMO rrOJIh30BaThC5I e,nHHOH MaTeMaTHqeCKOH 
Mo,neJIhlO. TOJIbKO Tor,na BapHaHTbI paCqeTOB ,nJI5I pa3HbIX paHO

'HOB MO)/{HO 6y,neT rrponrpusan; na 3BM, TaK KaK pacuerts rro 
OT,neJIhHhIM 3MrrHpHqeCKHM ~opMYJIaM, Tpe6ylOIJJ.HM B Ka)/{,nOM 
paiione rrpHMeHeHH5I CBOHX nonpasosnsrx K03~~HUHeHTOB, onpe
,neJIHeMhIX MeTo,nOM MaTeMaTHqeCKOH CTaTHCTHKH, H3BeCTHhI yxce 
,naBHO, H OHH, KaK noxassraaer npaxrnxa, He peuraior B Hy)KHOH 
Mepe rrp06JIeMhI npaxoro rrpOH3Bo,nCTBa ,nJiH rex paHOHOB, B KOTO
pux He06xo,nHMhIe HCCJIe,nOBaHH5I euie He npoaeneau. D031:0MY 
'06paTHM ocoooe BHHMaHHe aa MaTeMaTHqeCKYIO xoneas, rro KO
TOPOH COCTaBJ1eH H ,neiicTByeT e,nHHhIH OTpaCJIeBOH' PLI. *, peraa

'MeHTHpylOIJJ.HH npasuaa, KOTOphIX CJIe,nyeT rrpH,nep)KHBaThC5I ,nJIfl 
roro, qT06hI B paaonax ecrecrsennoro HCKpHBJIeHH5I 6ypHTh nep
-rHKaJIhHhIe CKBa)KHHhI npu HaHMeHhWHx aarparax, 

§ 13; Baenpeaasre 3apyoelKHble MOJJ.eJlH H cYlIJ.eCTBYIOm:aSl 

OTeqeCTBeHHaSl npaKTHKa oypeHHSI BepTHKaJlbHblX 

~KBalKHH oe3 OrpaHHqeHHSI 9ljJclJeKTHBHblX HarpY30K 

Ilepaue aapy6e)/{HhIe reopnn 6ypeHH5I BepTHKaJIhHhIX CKBa
)I\HH 6bIJIH CBHsaHhI C H3BeCTHhlMH [8] peKoMeH,nau.H5IMH r. Byn
<:a H A. JIy6HHcKOro, Hawe,nWHe caoe rrpHMeHeHHe aa rrpaKTHKe 
nyTeM HCrrOJIbSOBaHH5I Ma5lTHHKOBbIX KOMrrOHOBOK C O,nHI1M near

'* P)1. - pyKOBO){lIlItuii: ){OKyMeHT. 
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paropox. Ha nosepxy ynosomyraa TeOpHH OKa3aJIaCb,O,ll.HaK() 

(eCJIH np06JIeMa eCTeCTBeHHOrO HCKpHBJIeHHH ,lI.eHCTBHTeJIbHO 

B03HHKa.'1a), TeOpHeH 060CHOBaHHOrO OrpaHHtIeHHH aarpyaox OPO

THB 3<jJ¢eKTHBHbIX, TaK KaK OHa 06eCnetIHBaJIa BbIXO,ll. npn, 6ypeI 
HHH na TOT I1JIH HHOH yrOJI eCTeCTBeHHOH 3emITHOH CTa6HJIH3aLI.HH.I: 

I ' nOCKOJIbKY He 6blJIO H3BeCTHO ua KaKOH r JIy6HHe 6Y,ll.eT ,lI.OCTHr

HYT.yrOJI cTa6HJIH3aLI.HH, npHXO,ll.HJIOCb CBH3MBaTb npoeKTupOBa

HHe C 60JIbllJHMH OrpaHHtIeHHHMH. ':ha reopas BMeCTe C TeM yva
runana BJIHHHHe reOJIorutIeCKHX ¢aKTopOB. 

B HaCTOHIl.I.ee BpeMH pacseris ,lI.aHHoH reopnn B OCHOBHOM HC

nOJIb3YIOTCH JIHllJb TaM, rne ,lI.OnycTHMMH yrOJI HaKJIOHa CTBOJIa 

Y)f(e npeB30H,lI.eH H rperiyercs YMeHbllJHTb KPHBH3HY (BbIBeCTH 

CKBa)f(HHY na MeHbllJHH 3eHHTHbIH yrOJI) HJIH B paaonax C MaJIO

YCTOHtIHBbIM paspeaox, rne B pane CJIytIaeB ,lI.aeT 3<jJ<jJeKT MaHT

HHKOBaH KOMnOHOBKa non Ha3BaHHeM «pe6pHCTaH» rpyria 
MI1Hfa. n03TOMY na cMeHy MaHTHHKOBbIM KOMnOHOBKaM "PHllJ

JlH KOMnOHOBKH C ,lI.ByMH (H 60JIbllJe) LI.eHTpaTopaMH, 0 KOTOpMX 

6hIJIO CKa3aHO asnue. Ilpa nOMOIl.l.H )f(eCTKOH KHBI\, eCJIH He 

ClIHTaTbCH C pacxonaxa aa cxeay LI.eHTpaTopOB nOCJIe xaxcnoro 
peaca na HOBMe, MO)KHO C BMCOKOH crenensro BepOHTHOCTH sa
KOHtIHTb CKBa)f(HHY Ha npoeKTHOH rJIy6HHe npH 6ypeHHH ee 6e3 

OrpaHHtIeHHH narpysxn IIpH ,lI.OCTaTOtIHO MaJIOM OTKJIOHeHHH OT 

BepTHKaJIH. ,UonYIl.l.eHHeM IIpH 3TOM HBJI5IeTC5I npennoaoacenns -0 

TOM, xro nO,ll.06HaH CKBa)KHHa 6ypHTCH B ,lI.OCTaTOtIHO nJIOTHOM, 

KOHCOJIH,lI.HpOBaHHOM paapeae. Ilpn npyrax yCJIOBHHX Hy)KHO 6y

pars MaHTHHKOBhIMH KHBK HJIH HCY KOHCTpyKLI.HH BHI1I1BT. 

CorJIaCHO reopna pacxera «)KeCTKHX» HenOJIHOpa3MepHMX 

KHBK, pa3pa60TaHHOH B OTetIeCTBeHHblx HI1I1 (17], BOlIpOC npo
eKTHpOBaHH5I Bep05lTHOH TpaeKTopHH rJIy60KHx yCJIOBHO BepTH

KaJIbHhIX CKBa)KHH CBO,ll.HTCH, B OCHOBHOM, K TOMy, tIT06hI npa

BHJIbHO onpenennrs ,lI.OnycTHMbIH 6e30nacHbIH 3a30p 110 LI.eHTpa

TopaM K MOMeHTy HX CMeHbI npa <jJHKcHpoBaHHoM no xaxoxy-ro 
pacsery KHBK paccroaana Me)K,lI.y LI.eHTpaTopaMH ---.:... TaKoM, 

lIT06M CKBa)KHHa HMeJIa ,lI.OnycTHMbIH OTXO,ll. OT BepTHKaJIH na 
npoexrnon rJIy6HHe aa CtIeT eCTeCTBeHHoro nCKplfBJIeHHH npn yr

nax HaKJIOHa 60JIee 3 HJIH 5°. n03TOMY TaKHe CKBa)KHHhI· CTaJIH 

Ha3MBaTbCH yCJIOBHO BepTHKaJIbHbIMH - OHH B xpyre nonycxa. 

HH)Ke npnaenensr pacseru jl,JIH npOf'H03HpOBaHHH, rpaexro-. 
pHH eCTeCTBeHHoro HCKpHBJIeHH5I CKBa)KHH no e,ll.HHOH MaTeMaTH

lIeCKOH MO,ll.eJIIf, He Tpe6yIOIIJ.eH onpeneaeans nonpasosnux KO

3lj>4mLI.HeHTOB, BbltIHCJI5IeMbrX MeTO,ll.aMH MaTeMaTHtIeCKOH CTaTH

CTl1KH. YKa3aHHaH MO,ll.eJIb 6bIJIa paapaoorana BO BHI1I1BT aa

TOpOM HaCTOHIIJ.erO noc06H5I H BOllJJIa B P ,U.39-0148052-514-86. 
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§14. E,lI,HHaH MaTeMaTHlJeCKaH MO,ll,eJlb eCTeCTBeHHoro 

'HCKpHBJleHHHCKBa)f(HH C r Jly6HHOii B o,ll,Hoii nJlOCKOCTH 

Ha ceronns MO)KHO KOHcTaTHpoBaTb, tITO sa py6e)KOM, TaK)Ke 

RaK n B OTetIeCTBeHIwH npaxrnxe, ,lI.JIH npOKJIa,ll.KH BepOHTHblX 

npo<jJHJIeH eCTecTBeHHo HCKpHBJIHIOIl.I.HXCH CKBa)KHH npHMeHHIOT
(:H, B OCHOBHOM, 3MIIHpHtIeCKHe <jJOpMyJIbi. 

0606Il.1.eHHOH npOBepeHHOH reopna pacnera rpaexropnn ecre
'CTBeHHoro HCKpHBJIeHHH CKBa)f(HH sa py6e)KOM npaKTHtIeCKH HeT. 

I1C.KJIIOtIeHHe COCTaBJIHIO'r JIHllJb pa3pa60TKH KOJIaca, Banxepa, 
MHJIXaHMa, Tyraua, HO H OHH 060c06JIeHbI BJIHHHHeM TeXHHtIe

~KHX <jJaKTopOB.B CCCP H3BeCTHbi MaTeMaTHtIeCKHe MO,ll.eJlH 

A3I1HHE<1>TEXI1MA, CH6Hl1l1Hn, BHI1I1BT, xoropsre B na
'CTOHIl.I.ee BpeMH ,lI.OCTaTOtIHO xopouro anpoeaponanu aa npoas
BO,ll.CTBe, HO H HX pacxeru He ytIllTbIBaIOT B.'1IfHHHH reOJIOrHtIeCKHX 

q>aKTopOB. E,lI.HHCTBeHHa51 MO,ll.eJ1b, YtIHTblBaIOIl.I.aH BJIHHHHe KaK 

reOJIOrHtIeCKHX, TaK H TeXHHtIeCKHX <jJaKTopOB, rrpHBO,ll.HTCH B ezm
HOMP'u BHHl1BT (CM. HH)f(e). 

B COOTBeTCTBHH C yrroMHHyTOH MO,ll.eJIbIO: «ECTeCTBeHIwe HC

RpHBJIeHHe CKBa)KHH C rJIy6HHoH B rpa,ll.ycax Ha e,ll.HHHLI.Y IIPO

XO,lj.KH, npOrrOpLI.HOHaJIbHO pa3HOCTH OTHOllJeHHH ,lI.JIIfH nanpaann
routHX ytIaCTKOB 6YPlfJIbHOH KOJIOHHM H 6JIH30CTIf yrJIa HaKJIOHa 

CKBa)KIfHbl K eCTeCTBeHHOMY yrJIy 3eHHTHOH cTa6HJIIf3aLI.HH». Ilpn 
3TOM, COrJIaCHO <jJopMyJIe: , 

~ ) =K(~ __a),( (14)dS a la aCT 

.,T,lI.e K '- K03<P<PHLI.HeHT nporropu.HOHaJIbHOCTH: 

K=~
2 12 , (15), 

m CT 

t - K03<jJ<jJHLI.HeHT YCTOHtI'IfBOCTIf 6ypHJIbHOH KOJIOHHbI B 

CTBOJIe CKBa)KHHbI non aarpyaxon (Ta6YJIHpOBaHHa51 
epyHKLI.H5I) . 

t = f (P!I' el, r) (16) 
t=~ 

d" 
- O)J.HO H3 06Il.1.HX peureana ypaBHeHHH yCTOI1tIHBOCTH 6ypHJIb
HOH.' KOJIOHHhi. '
 

EI d 
S..2:... + pX ~ + p60K = 0, (17)dX3 dX .llOJl 

T,lI.e F ,~~~ - OTKJIOH5IIOIl.I.aH CHJIa Ii ,lI.eHcTByIOIl.I.aH na ,lI.OJIOTe; 

10" ItT. lac K8 - ,lI.JIHHbl HarrpaBJIHIOIl.I.HX ytIaCTKOB 6yplf.'1bHOH KOJIO ll 

'••"'~!/ ' t 
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HbI HJIH paCCT05lHHe OT )l,OJIOTa )1,0 1-H TOlJKH xaca
HH5I Y5T CO CTeHKaMH CKBa)l{HHbI B ee CTBOJIe non 
uarpyaxof (B cnyxae, uanpaxep, pOTOpHOrO 6ype

HH5I) : 
I, a) B a6COJIIOTHO BepTHKaJIbHOM CTBOJIe; 

6) B CTBOJIe, HaKJIOHeHHOM K BepTHKaJIH na yron 
eCTeCTBeHHoH 3eHHTHoH cTa6HJIH3alJ,HH; 

B) B CTBOJIe,' HaKJIOHeHHOM na KaKOH-TO npoaeacyros
HbIH yrOJI - a TeKyrn.ee; 

ill - MaCIllTa6HbIH K03epepHUHeHT ()I,JI5I nepesona paa
MepHbIX BeJIHlJHH B 6e3pa3MepHl>lC). 

3V-EIm = J (18) 
p 

. 1t m4 - d4 ) 
r)l,e EI - «)I{eCTKOCTb» KOJIOHHbI r = 64 

P _ sec e)l,HHHUbI )l,JIHHbI HH3a 6ypHJIbHOH KOJIOHHbI R 

paCTBope )l,aHHOH rrJIOTHOCTH ~ yrp. ; 
r - nOrrepelJHbIH 3a30p Me)l{)I,y CTeHKaMH CKBa)l{HH\>I }IKPM

nouosxofi HH3a 6ypHJIbHOrO HHCTpyMeHTa. Hanpa-

Mep, npn pOTOpHOM 6ypeHHH 6e3 OU3: 

J[Jl- J[Hap
ybT (19)r= 

2 

r)l,e .n.1 - )l,HaMeTp noaora; 

.n ~~T - HapY)l{HbIH )l,HaMeTp YT5I)I{eJIeHHbIX 6YPHJIbH\>IXWy6. 

PaClJeT CBO)l,HTC5I K TOMy, lJTO onpenensror rexn npnpautennrr 
KpHBH3HbI rro epOPMYJIe (14) )l,JI5I KaKorO-TO HalJaJIbHOrO yrJIa 

Ha" a CHB • 

3aTeM )l,JI5I COCe)l,HerO aCH B 
• = aHa". + /i'Z.

" HOB. eKB. 

nOCJIe aroro HaXO)l,5IT Cpe)l,HHH rexn npnpamenna KpHBH3HbI: 

6a. )cpeJl (1\a./~S)al + (~r.tIt1S)a __ = I (20)
( 6S a l ~I 2 

11 naxoueu, onpeae.nsnor npoxonxy '/is (B xcrpax) , rrOCJIe 

npdXO)l{)I,eHH5I KOTOpOH 3eHHTHblH yrOJI paCCMaTpHBaeMOH CKBa

)KHHbI B03paCTeT (3a ClJeT eCTeCTBeHHorO HCKpHBJIeHH5I) OTaH·aq·.nOCKB. 

IIOB. 
a c" •.• 

Tlocne sroro lICrrbITbIBaIOT rrO)l,06HO auureonncamroay ~TOPYIO 

H TpeTbIO rra py 1l3MeH5IIOrn.HXC5I na O)l,HH mar 3eHHTHbIX yrJIOB H: 

Ta'K no rex rrop, noxa rexn npnpauteuas KpHBH3HbI He craner 

6.4 

j, 

t" (\1. '" _________________..;'.F
 

paBHblM HyJIIO, T. e. noxa CKBa)l{HHa He BblH)I,eT rro pacxery na 

CBOH yrOJI eCTeCTBeHHOH 3eHHTHOH cTa61lJIH3aUHH a~~T • 

YKa3aHHa51 MeTO,lI.HKa pacsera naer, TaKHM 06pa30M, B03
MO)l{HOCTb orrpe)l,eJI5ITb He TOJIbKO ,lI.JIHHbI YlJaCTKOB CTBOJIa CKBa
)l{HHbI, rrOCJIe rrpOXO)l{)I,eHH5I KOTOpbIX 3eHHTHhIH yrOJI npa 6ypeHHH 
6e3 OTKJIOHHTeJI5I B03paCTeT HJIH YMeHbIllHTC5I na O)l,HH mar, HO H 
06rn.yIO r JIy6HHy, na KOTOpOH CKBa)l{HHa BbIH)I,eT na yrOJI eCTeCT
BeHHOH 3eHHTHOH cTa6HJIH3aUHH. Ilocnennee 5IBJI5IeTC5I cosepuren
HO HOBbIM no'rouy, lJTO ,lI.0 nocnenuero BpeMeHH rro 0606rn.eHHbIM 
MaTeMaTHlJeCKHM MO)l,eJI5IM, He CB5I3aHHbIM C He06xo)l,HMOCTb!O 
HCrrOJIb30BaHH5I MeTO)l,OB MaTeMaTHlJeCKOH CTaTHCTHKH H rrpHrO,lI.
HbIM JtJI5I HCrrOJIb30BaHH5I 6e3 KoppeKTHpOBKH B JII06bIX panouax, 
y,lI.aBaJIOCb nporuosapoaan, JIHIllb Bep05ITHYIO Be.1HlJIlHY yrJIa 
cTa6HJIH3alJ,HH, K KOTOpOMy CKBa)l{HHa CTpeMHJIaCb r ne-ro B rrpe
neae. 

B nrore onucaaaoro pacsera, KOTOpbIH 06bIlJHO ocyrn.eCTBJI5I
eTC5I C noxouu-io 3BM, KaK rrpaBHJIO, pacneuaruaaercs onpe.ae
JIeHHa5I Ta6JIHlJ,a. Conepxcanne rrO)l,06HOH Ta6JIHlJ,bI 6y)l,eT nauo 
HH)I{e B rrpHBe,lI.eHHOM npaxepe, 

Oc060 cnenyer CKa3aTb 0 xapaxrepe pacsera KH5K )l,JI5I )l,aH
noro CJIylJa5I, rrOCKOJIbKY pacser rro npor-noaupoaatnno yrJIOB lJa-, 
CTO nyraror C paClJeTOM KH5K. 3,lI.eCb H HH)I{e He npenaaraerca 
KaKOrO-JIH60 nosoro pacsera KH5K, T. e. He rrpliBO)l,5ITC5I MaTe
M,nHlJeCKHe C006pa)l{eHH5I rro xapaxrepy paCCTaHOBKH ueHTpaTO-
pOB, TaK KaK MO)l{HO HCrrOJIb30BaTb JII06yIO MeTO)l,HKy. Ho )l,JI5I 
rrOJIYlJeHH5I )l,OCTaTOlJHOH TOlJHOCTH rrporH03HpoBaHHH Bep05ITHbIX 
yrJIOB HaKJIOHa, B03HHKaIOrn.HX aa ClJeT eCTeCTBeHHoro HCKpHB
JIeHH5I, rro ynoxanyroa nuure e)l,HHOH MO,lI.eJIH, He06xo)l,HMO npen
BapHTeJIbHO rrOJIHOpa3MepHbIe (na HalJa.'10 peiica ) ueurparopu B 
KOMrrOHOBKe rro O)l,HOH H3 cyrn.eCTBYIOrn.HX MeTO)l,HK pacsera 
KH5K paccrannrs TaK, lJT06bI npn HaKJIOHe CKBa)l{HHbI na )TOJI 
cTa6HJIH3aUHH 60KoBa51 OTKJIOH5IIOrn.a51 CHJIa na .lOJIOTe 6bIJIa 6b\ 
panna HyJIIO. Ilpn 3TOM yro.n eCTecTBeHHoH 3eHHTHO{I craonnnsa
lJ,HH npn TaKHX pacxerax, KaK rrpaBHJIO, secsua 6J1H30K K yrvry 
naneuas rrJIaCTOB. TaKHM 06pa30M, KH5K-Hn (c HerrOJIH8pa3
MepHbIMH OU3) oyner cTpeMHTbC5I K 6aJIaHcy npu yr.nax ua
KJIOHa naure scero (B npene.ne) 30-:-50°. A pacuer na npornoan
pOBaHHe 6e30rraCHHX 3a30pOB B OU3 ,lI.OJI)I{eH rr03BOJIHTb ee
cnpaxars na npoexruoa r JIy6HHe 06bIlJHO OT 3-:-5° ,lI.0 10-:-15°_ 

BeJIHlJHHa ,lI.OrrycTHMocTH HJIH He,lI.OrrycTHMocTH rrpHH5ITH5I TO~ 
HJIH HHOR BeJIHlJHHbI KOHelJHOrO yrJIa KaK 6e30rracHoR orrpe~e

JIHTC5I H3 yCJIOBHH HeBbIXO)l,a aa KOHelJHOH r JIy6IlHe CKBa)l{IlH~ 

H3 xpyra nonycxa rro pacxery rpaexropua eCTeCTBeHHoro HCKPHJ;l

JIeHH5I. TeopH5I 6ypeHIIH eCTeCTBeHHO HCKpHB,'15IIOIllHXC5I CKBa)l{Hl\ 
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-.<OMrrOHOBKaMH C HerrOJIHOpa3MepHbIMH (na MOMeHT HX CMeHlJl) 

lI,eHTpaTOpaMH rrpeJ1ycMaTpHBaeT, TaKHM 00pa30M, npoaeneuae 
npe.u.BapHTeJIbHOrO paClieTa KHBK C .u.ByM5I OU3, KOTOpbIH ~PH-, 
BO.u.HT K rrpOCTbIM Ma5lTHHKOBbIM KOMrrOHOBKaM, CTpeM5II.I.J:HMC51

I 

npn orrpe.u.eJIeHHbIX 00CT05lTeJIbCTBaX HCKpHBHTb CKBa)l{HHY .noI BOCCTaHHIO rrJIaCTOB H B KpeCT HX rrpOCTHpaHH5I no BXO)l{.u.eHH5I B 

nJIaCT non rrp5lMbIM yrJIOM B MOMeHT .u.OCTH)I{eHH5I cTa6HJIH3au.HH. 

KCTaTH, c.nenyer CKa3aTb H 06 yxere yrna npocrapauas nna
CTOB. YKa3aHHa51 HOBa51 TeOpH5I .u.BH)I{eHH5I .u.OJIOTa H KOMrrOHoB

KH B O.u.HOH rrJIOCKOCTH .u.aeT B03MO)l{HOCTb rrpe.u.CKa3WBaTbMCK

pHBJIeHHe CKBa)l{HHbI H B rrpOCTpaHCTBe, -rro 6y.u. eT rrOKa3aHO "PH 

pasoope KOHKpeTHoro rrpHMepa, npnsenenuoro B CJIe.u.YIOmeM na
parparpe. Bee 3TH rrpe.u.rrOJIO)l{eHHH npoaepensr na npaxrnxe npu 
oypeHIIH CKBa)l{HH B pajioaax 3arr. 

MI! ACep. Pacser KOMrrOHOBOK, T. 

oe3 yxera peaJIbHOFO B03.u.eHCTBH5I 

SlIllTbIBaIOmHH, B OCHOBHOM, TOJIbKO 

'TOpOB, 3aKaHlIHBaeTCH OObIliHO TeM, 

KHI3K B .u.aHHoH CKBa)l{HHe npn TOM 

K BepTHKaJIH crrYCTHT na 3aOOH, TO 

YKpaHHbI, Beaopyccau, Ko
e. pacser, rrpOH3Bo.u.51mHHc~ 
reOJIOFHlIeCKHX epaKTOpoo 11 
BJIH5IHHe TeXHHlIeCKHX, epaK

liTO, eCJIH TeXHOJIOr nanayro 
HJIH HHOM yrJIe ee HaKJIOHa 

OH oyner 3HaTb, liTO KHI3K 

nacr, nartpajaep, npn .u.aHHoH narpysxe B03MO)l{HOCTb renepapo
aart, na uauano oypeHH5I; .u.OrrYCTHM, nonepesuyio, OTKJIOH5IIOI.I.J:YIO 

CTBOJI B CTOpOHy, CHJIy na .u.OJIOTe, paBHyIO 1500 H, .u.eHCTBYIO

I.I.J:YIO K aepxnea CTeHKe oyOOBOH CKBa)l{HHbI. BOT peayJIbTaT on
noro H3 pacxeroa KHEK, nposeneuaux 6e3 YlieTa .u.eHCTBHH reo

.J!orHlIeCKHX epaKTopOB, xorna U Jl = 215,9 MM; U ~alT = 178 MM; 

,D.~'h = 90 MM; )l{eCTKOCTb = 96,72 'Xi 10
5 

HM
2

; sec 1 rror. M. 

panea 1455 H. YroJI HaKJIOHa CTBOJIa CKBa)l{HHbI K BepTHKaJIlI 

pasea 30°. 3a30p na nepnosr OU3 pasen 2,54 MM; na BTOpOM 

9,75 MM. Harpysxa na .u.OJIOTO - 270 KH. KpHBH3Ha y 3a0051 

3° aa 100 M. 3a cser eCTeCTBeHHoro HCKpHBJIeHHH CKBa)l{HHa 

OTKJIOHHJIaCb na 30°. .. 

PaCCT05lHHe OT .u.OJIOTa no l-ro OU3 - 3,65 M; no '2-ro 

5,5 M. Poropnoe oypeHHe. Ilponenev HJIJIIOCTpaUHIO roro, lief0 

MO)l{HO .u06I1TbC5I, H3MeH5I5I rrapaverpu KHI3K 6e3 ysera reOJIO

rHlIeCKHX rpaxropos. Ilonpocyex YMeHbIlIHTb paCCT05lHHe OT /J.o
~JIOTa no l-ro OU3 (OT 3,65 no 2,44 M) H crrycTHMKHI3K BTy 
)l{e CKBa)l{HHy. PaCLJeT noxaauaaer, nro ua aaooe B 3TOM cnyxae 
B rrepBWH MOMeHT oypeHH5I oy.u.eT reHepHpOBaTbCH rrorrepellHa51 

CHJIa na .u.OJIOTe, pasnas 820 H, HarrpaBJIeHHa51 y)l{e K HH)I{HeH 

CTeHKe OypOBOH CKBa)l{HHbI. 3epepeKT MeHHeTCH na 06paTHbIli. Pa3

i6a.rIaHcHpoBKa nacrynaer, TaKHM 00pa30M, npa olleHh TOHKHX 

npoueccax, nporexatouutx npn nacrpoaxe KHI3K. Uo nocnen
Hero BpeMeHH ClIHTaJIOCb. liTO rpaMOTHO HaCTpOeHHa51 .u.JIH HaO()

£6 

, 
", II, 

pa yrvra KHI3K (+ 1500 H) npn cnycxe ee aa 3a60H CKBa)l{HHbI 
CMO)l{eT ooecnemrn, npa .u.aJIbHeHIlIeM 6ypeHHH KaKoH-To rapaa
THpoBaHHwH rexn rrpHpaI.I.J:eHH5I KpHBH3HbI. K CO)l{aJIeHnIO, .u.JI5I 

roro lITOObI rapaurnpoaan, Ha60p yraa C onpenenenaua TeMrrOM 

J{PHBH3HbI .u.a)l{e oe3 ysera reOJIOrHlIeCKHX epaKTopoB nano pac
CLJHTbIBaTb KHI3K TaK)I{e, KaK 6bIJIO yxaaauo, HO He MeHee 2-x 

paa, T. e. .u.JIH na LJaJIbHOro H xouennoro 3eHHTHbIX yrJIOB xaxoro
TO HHTepBaJIa. 3aTeM CKJIa.u.bIBaTb HallaJIbHbIH H KOHeLJHbIH rexn 
npupauienna KpIlBH3HbI, 06yCJIOBJIeHHOH H3rH60M 6YPHJIbHbIX 

rpyti Y 3a60H, H rrOTOM BbIlIHCJI5ITb cpenneapHepMeTHlieCKoe. TOJIb

KO rrOCJIe aroro MO)l{HO paCCqHTbIBaTb aa KOHTpOJIHpyeMbIH npa
POCT 3eHHTHoro yrJIa C rJIyOHHOH npn 6e30pHeHTHpOBaHHOM 6ype

HHH, TaK KaKYKa3aHHbIe pacnersr KHI3K OTJIHlIaIOTCH 

TeM, nro na .u.OJIOTe rrOCTOHHHO B npouecce naoopa KpHBH3HbI .u.eli 

CTByeT Hy.1JeBaH, OTKJIOH5IIOma51 CTBOJI B CTOpOHy, CHJIa. H 3Ta 

TOHKaH HaCTpOHKa, K CO)l{aJIeHHIO, JIOMaeTCH Ka)l{.u.bIH paa, KaK 

TOJIbKO rropo.u.w HaqHHaIOT 3aMeTHO BJIHHTb Ha KPHBH3HY. Pac

CMOTpHM, KaK 3TO MORmo' y-recrs. 

§ 15. npHMep pacxera eCTeCTBeHHOro HCKpHBJleHHH 

C fJIy6HHOH B OAHOH nJIOCKOCTH npH oypeHHH 

CKBa)l{HHW oe3 OTKJIOHHTeJIH ( a.~~~: = 0°) 

I. Ilorrycruu, nano: 
a) U Jl = 216 MM; 

6) UYET 178 MM; 

B) PJl -- 200 KH; 

r) l'nil = 45°;
 
n) poropuoe oypeHHe;
 

e) «CHJIbHoe» BJIHHHHe nopo.u. Ha KPHBH3HY (coce.u.HHe CKBa


)l{HHbI npn 6ypeHHH HX 6e3 OrpaHHqeHHH HarpY30K H 6e3 npenyn
pe.u.HTeJIbHbIX xep eCTeCTBeHHO HCKpHBJIHIOTCH oOJIee, qeM na 
200

- HH.u.eKC aHH30TporrHH nopon no f. Byncy H A. J1y6HHCKO

My paaen 0,2); 

)I{) CKBa)l{HHa He .u.OJI)I{Ha BbIHTH H3 UHJIHH.u.pa nonycxa H 6bIT!> 

BepTHKaJIbHOH (OTKJIOHeHHOH OT BepTHKaJIH 

6HHe no 1000 M HJlH C yLJeTOM B03MO)l{HOIl 

HMeTb 5± I ~2° rrJIIOC B03MO)l{HaH oumoxa 
aaxepe (T. e. eute ± 1~2°). 

npHMelJaHHe. Haqa.%HbIH 3eHHTHbIH yrOJI 

0: ~:::= 0°. 

.u.o 3~5°) Ha rJIy

OlliHOKH B pacxere 
HHKJIHHOMeTpa npn 

R
Pannyc xpyra nonycxa rro OTXO.u.y OT BepTHKaJIH
 

Jl = 50 M.
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2. Tperiyercs onpenemrrs: 
a) rJIy6HHhI, na xoropsre CKBa)KHHa BhIH,LJ.eT na yrJIhI 1, 2, 3, 

:5 H 7° (T. K. ouratixa npn npOrH03aX H 3aMepax BCer,LJ.a MO)f{eT 

<COCTaBJIHTh ± 1-7-2°); 
6) 06W.YIO r JIy6HHy, na KOTOpOH CKBa)KHHa BhIH,LJ.eT ua nporno

3HpyeMhIH yroa 7°; 
B) OTXO..'!, B 3TOM cay-rae OT BepTHKaJIH. 

3. Peurenae. 
HaH,LJ.eM yron eCTecTBeHHoH 3eHHTHoH cTa6HJIH3aUHH. llJIH 

sroro BOCnOJIh3yeMcH CnpaBOqHhIMH Ta6JI. 14, 15 H 16: 
a) Bhlpa3HM aarpysxy aa ,LJ.OJIOTO B 6e3pa3MepHhlx e,LJ.HHHuaX 

pic., = ~ =~ = 10, 
IOTp to x 2 

T,LJ.e rnp - B3HTO H3 Ta6JI. 14 (B 3aBHCHMOCTH OT ,LJ.HaMeTpa YoT); 
6) HaH,LJ.eM BeJIHqHHY nonepesnoro sasop a 

r= D../l-JlYDT = 0,216-0,178 =0019 M' 

2 2 " 

B) HaH,LJ.eM BeJIHqHHhI 6e3pa3MepHhIX napaxerpos arn/r ,LJ.JIH 

yrJIOB HaKJIOHa IX = 1,2,3,5 H 7° 

) = 1 x 19,5 x 0,01744 = 17,9 = 18,(~r a=!O 0,019 

rne rn= 19,5 (CM. Ta6JI. 14), a 0,01744 - )I.JIH nepesona rpa

,LJ.yCOB B pa,LJ.HaHhI. 

(~) = 3 6 ' (~)=54' (~)=90' 
r Cl=2°' r 0:=30 

' \ r 0:=50 
' 

{ a~ t = t: = 1261'1 T. ,LJ.. BnJIOTh ,LJ.O 45°; 

r) HaH,LJ.eM BeJIHqHHY ep* H3 COOTHOrneHH5l ( 'f'a* ) ',LJ.JIH 

a = 1°, 2°, 3° H T. ,LJ.., BnJIOTh ,LJ.O yrna na,LJ.eHH5l nJIaCTOB, T. e. ,LJ.O 

45° (CM. Ta6JI. 15). 

Ta6J1HlI.a 14 

Be.1lHQHHa MacwTa6Hblx K03cjlljlHII,HeHTOB m H mp 

r Hap.
Jly 6T, MM 104 127 153 178 203 228 257 

m 14 16 28 19,5 22 23,5 25 

mp 0,3 0,91 1,6 2,0 3,64 4,74 6,37 
.fj8 

,,I' 

Ta6Jl,uII,a 15 
q*

Oraourenae --- npH Ma.1lblX 3HaQeHHRX ('1m/r) 
aCKB. 

0,1 no 0,2 - 0,80 
>0,2 no 0,4 0,10 
>0,4 .no 0,6 - 0,15 
>0,6 no 0,8 0,18 
>0,8 no 1,0 0,20 

>1 )1.0 2,0 - 0,28 

>.2 no 4,0 0,14 0,35 

>4 no 6,0 0,21 0,40 

>6 no 8,0 0,27 0,42 

>8, no 10 0,30 0,46 

>10 )1.0 20 0,40 0,52 

>20 .no 40 0,48 0,69 

rr*
OTHoweHHe -

aCKB. 

Ilapauerp 
Harpysxa B 6e3pa3MepHbIX eJlHHHII,aX (cpeaaan) 

am- 0,13 1,0 1,2 2,0r 4,0 8,0 H> 

1 2 3 4 5 6 7 

0,65 2,00 
0,50 1,32 
0,47 1,15 1.80 
0,46 1,01.2 1,60 2.00 
0,45 0,97 1,45 1,80 

0,47 0,83 1,17 1,38 

0,50, 0,80 1,02 1,18 

0,52 0,79 1,00 1,10 

0,55 0,78 0,98 1,08 

0,57 0,74 0,97 1,07 

0,62 0,80 0,92 1,00 

0,68 0,81 0,91 0,99 

Ta6,1IIlI,a'16 

npa 60.1lbWHX 3HaQeHHRX (am/r) 

Ocesue narpyaxu _ p:.e. 

BeJIH'IHla em/r I 
0,8 1 1,0 I 1,2 . I 2,0 I 4,0 18:8 H> 

"> 40 .no 60 0,52 0,62 0,7 0,82 0,93 0,976 

>. 60 no 80 0,55 0,65 0,71 0,83 0,94 0,977 

> 80 .no 100 0,57 0,67 0,72 0,84 0,95 0,978 

>. 100 .no 200 0,63 0,71 0,76 0,86 0,95 0,979 

> 200 no 400 0,67 0,76 0,80 0,88 0,951 0,981 

> 400 )1.0 600 0,70 0,78 0,81 0,89 0,952 0,982 

> 600.no 8QO 0,72 0,79 0,82 0,85 0,853 0,983 

> 800 )l.0 1000 0,74 0,80 0,83 0,90 0,~54 0,984 

>1000 no 2000 0,71 0,81 0,85 0,91 0,955 0,985 

>2000.no 4000 0,77 0,82 0,86 0,92 0,956 0,986 

>4000.no 6000 0,78 0,83 0,87 0,93 0,957 '0;987 

>6000 no BOOO 0,79 0,84 0,88 0,94 0,958 0,988 

>8000 ')1.0 10000 0,80 0,85 0,89 0,95 0,959 0,989 
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TaK, nanpavep, eCJIH a~~~: = 1°, TO B 3TOM cay-rae npn 

(~) 10 = 18 (CM. nuure) OTHoweHHe ( 'F") 10 = 1 )]}Hl
I' r a == ::I a =. 

HarpY3KIl 60.1ee 8 6e3pa3MepHbIX e;I.HHHU (CM. Ta6JI. 15), orxyna, ! 
qJ* = 1 T K IIna

'! . = •.., ChB. 1 
\' npHMe'laHHe. 3aMeTlIM, 4TO If * - sro yrOJI HaK,lOHa paBHoAeiicTBY10IUei'I 

CHJIbi na Jl,O.lOTO, BbI'IHc.leHHoH C Y4eTOM B.1HHHHH TeXHII4eCKHX q,aKTopoB (6e3
Jl,ei'IcTBIIH reo.norun). 

n) Teneps HaH;I.eM no Ta6JIHuaM BeJIHlIHHY yrvra \jJ - HaKJlO
na paBHo)!.eHcTBylOJ..UeH na )!.OJlOTO C YlleToM BJIH5IHH5I reOJIOrHII 
B 4!YHKUHH OT yrna cp* )!.JI5I cnyxa» a~:~: = 1° (<<cHJIbHoe» BJlH5I

FHe nopon na KPHBH3HY)' xorna yrOJI na.aenns nJIaCTOB i'nJl = 
=45° (Ta6JI. 17). . 

COrJIaCHO 3TOH Ta6JIHue, B35IB 3HalleHHe no HaH6o.'1bWeH rpa
uaue, HaH)!.eM cp = 8,720 npH IICK B • = 1°. 

Buaon, nOCKOJIbKY 'j! = 8,72° OTJIHlIaeTCH OT C'~KB. = 1°, 
(KOTOpbIH: cpanausaea npu nepnoa ware pacxera) 6oJlee, lIeM 

na ± 1-:-2°, nOCKOJIbKy yroJI cTa6HJIH3aUHH He )!.OCTHrHyT H pac-rer 
caenyer npono.nsari.. 

npHMe'laHHe. PaC4eT Jl,eJIaeTCH He na 3BM (nomarouo}, a apyuuyio, n03
TOMy cpaay nposepax B03MO)l{HOCTb nOJl,XOJl,a K peuremno np06JIeMbi C npyroa 
CTOpOHbI: He 6YJl,eT JIH Jl,OCTHrHyT yrOJI cTa611JIH3aUIIII npn HaKJIOHe CTBOJIa 
CKBa)l{lIHbI na yro,a nanenns nJIaCTOB, T. e. npn 45°. 11 eCJIII HeT, T. e. 6YJl,CT 
nepeoop, TO Hai'IJI,eM )I{eJIaeMOe MeTOJl,OM «30JIOToro» Ce'leHHH. 

BE~HqHHA Yr~A MrHOBEHHOrO HAnPAB~E"H~ 

,ll.EnCTBYIOUJ.En HA ,ll.OJIOTE 
I '1aCTb: C~A60E BJlHlIHHe nopon na "pHBH3Hy 

PaC4'eT sanmuea no 06bHCHeHHOH nsnue cxexe, COKpaw.eHHO 

e) (~\ = 45 x 19,1) x 0,01744 =803 
r ) 0,019 

o=-'nJl 

(cp*/a) = 0,983; ql* = 0,983 X 45 = 44,3°; 
rp =46,9° npn a=i'nJl 

Pa3HHua (~-~) = 46,9° - 45,0 = 1,9°. 
BblBO}l.. nOCKOJlbKY paaaaua ( \jJ - a..) < 1 -:- 2°, TO C4'HTaeM, 

'ITO yrvia cTa6HJlH3aUHH )!.OCTHrJlH npn yr-ne HaKJlOHa CTBOJIa 45°. 
npHMe'laHHe. DPH «CIIJIbHOM» BJIHHHIIH nopon ua KPllBH3HY yro,r eCTeCT

BeHHOM 3eHHTHOH cTa611.'11I3aUHII, KaK npaBHJIO, paBCH 11.11[ aecsxa 6..lli30K K 

yrJIy naneuus nJIaCTOB. DO:nOMY, JJ.aHHblH pacxer no onpcneaeumo (lCT. MO)l{HO 
ObIJIQ B npanuune II He npOBOJl,IITb. OH npnaenen 3J1,eCb C ue.u.io noxaaa MeTO
AHK\{·pacsera, He06xOllIIMOH Jl,JIH Bbl4HCJIeHHH npa «c'la60M» I[ «cpcnaev» BJIH
5IHHH nopon na KpHBH3HY. 

A<) HTaK IICT = 45°. 
HaH)!.eM MaCIllTa6HbIH K034!4!HurreHT 
m = 19,5 )!.JI5I YET, )!.HaMeTpOM 178 MM (CM. Ha4'aJlbHble nan-

Hble B COOTBeTCTBHH C Ta6JI. 14). 
Onpeneaaa KO'Ht)(!lHUHeHT 
mp-= 2 (CM. Ta6Jl. 14). 
HaH:a:eM BeJmllHHY K034!4!HUHeHTa YCTOHlIHBOCTH 6YPUJlbHOH 

KOJlOHHbI 

Ta6,'IHua 17 

CKBA)I(HHbI tJi B 3ABHCHMOCTH OT Yr~A HAK~OHA CH~bl,
 

no r. BY,ll.CY H A. ~Y6HHCKOMY 
(HHAeKc aHH30TponHH nopon hr = 0,05)
 

YroJI HaKJIOHa 
q:*rpaJ\. 

0,00 
> 0 Jl,0 5,70 
> 5,7 Jl,O 11,4 
> 11,4 Jl,O 17,1 
>17.1 Jl,O 22,8 
>212,8 Jl,0 128,5 
> 28,5 Jl,0 34,2 
>'34,'2 Jl,Q!39,9 
> 39,9 Jl,0 45,6 
>45,6 Jl,0 51,3 
>511,3 Jl,O 57,0 
>57 Jl,0 62,7 
>62,7 Jl,0 74,1 
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0,00 I 

.lI0 5,7 

0,29 
5,70 

10,81 
16,00 
21,10 
26.20 
31,30 
316,'50 
41,60 
46,70 
51.70 
56,80 
61,80 

YrOJI naneuas nJI8CTOB, rpaa, 

5,7 17,1I 11,4 IllO 11,4 no 17,1 )1.0 22,S 

0.57 0,86 1,03 
5,75 5,78 6,53 

11,4 11,7 12,0 
16,6 17,2 17,5 
21,7 22,3 22,7 
26,8 27,5 28,2
31,68 32,5 33,3 
36,9 37,6 '38,3 
42,0 42,6 43,3 
47,0 47,6 48,4 
52,0 52,4 53,2 
57,0 57,3 57,6 
62,1 62,5 64,0 

I 22,8 
no ~~,5 

1,22 
6,77 

12,3 
17,8 
23.2 
28,7 
34,0 
39.1 
44.2 
49,2 
54.1 
59.1 
64,S 

-
YroJI naJl,eHIlH nJIaCTOB, rpaa 

28!) 1 34,'2 I 59,9 I 45.6 I 51,':1 I 57,0 I 62,7 
)l.oj.~,? Jl,0 39.9 Jl,0 45,6 Jl,0 51,3 Jl,0 57,0 )1.0 62,7 AO 74,1 

1,~5 
6,95 

12,5 
18,15 
23,6 
19,1 
3·...'6 
40,{) 
45,{J . 
56,0 
55,( 
60;3 
66;2 

1,44 
7,10 

12,7 
18,3 
23,8 
29,4 
3'5,0 
40,'5 
45,9 
51,3 
56,1 
61,3 
57,S 

1,47 
7,23 

12,9 
18,6 
24,2 
30,0 
35,0 
40,9 
46,4 
51,9 
57,2 
62,4 
68,0 

1,44 1,35 1,21 1,01 
7,19 7,10 7,00 6,93 

13,0 13,0 12,9 12,8 
18,7 18.8 18,8 18,7 
24,4 24,5 24,6 24.6 
30,0 30,3 30,4 30,5 
35,6 
41,3 

35,9 
41,6 

36,2 
41,9 

36.3 
32,1 

46,9 47,3 47,7 47,9 
52,4 52,8 53,3 53,7 
57,8 58,3 59,0 59,3 
63,3 63,8 64,5 65,0 
58,7 68,9 69,5 69,8 
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npO.l\OJDKCHHe Ta6J1, 17, ' 

II '1aCTb: CPE)l,HEE BJlHlIHHe 1l0P0,lt H& KPHBH3HY hJl = 0,075 

Yron naneuua nJl3CTOB, rpan. YroJl n3.1\eHHH nJlaCTOB, rpan. 
~*rpu. I 45,6 57,028,5 I 34,2 I 39,9 I I 51,3 I I 62,70,00 5,7 17,1I I 1',4 I I 22,8 no 34,2 I .Ll0 39,9 .1\0 45,6 .1\0 51,3 .1\0 57,0 .1\0 62,7 lI:O 74,1.1\0 5,7 .1\0 11,4 no 17,1 .1\0 ~2,8 no ~,5 

2,06 2,29 2,38 2,35 2,21 1.95 1,660,00 0,458 0,91 1,32 1,60 1,95 7,67 7,97 8,01 8,18 8.10 7,97 7,75, 0 .ll.0 5,70 5,710 6,19 6,63 7,03 .7,43, 13,2 13,5 13,7 14,0 14,0 13,9 13,85,7 .1\0 11,4 11,00 11,4 12,1 12,4 12,8 18,6 19,0 19,3 19,8 19,8 19,7 19,611,4 .1\0 17,1 16,30 16,8 17,2 17,7 ' 18,1;5 23,9 24,5 25,0 25,3 25,5 25,7 25,71(',1 .1\0 22,8 21,60 22,0 22,5 22,9 '23,3:, ' 
29,4 30,0 30,5 30,8 31,2 31,4 31,&42,8 .1\0 28,5 26,80 27,0 27,8 28,3 28;8 34,6 35,3 35,8 36,4 37,0 37,3 37,428,5 .1\0 34,2 32,30 32,7 33,1 33,6 34,2 40,0 40,7 41,2 41,7 42,4 43,0 43,434,2 .1\0 39,9 37,40 37,8 38,2 38,8 39,4 45,3 46,0 46,6 47,3 47,9 48,4 48,939,9 .1\0 45,6 42,80 43,1 43,6 44,1 44;7 50,5 51,2 52,0 53,0 53,7 54,3 55,045,6 .1\0 51,3 48,00 48,4 48,7 49,3 49,S: 55,8 56,6 57,1 59,1 59,1 59,7 60,351,3 .1\0 57,0 53,30 53,5 54,0 54,5 55;0 61,0 61,8 62,8 63,5 64,5 65,6 66,057 .1\0 62,7 57,70 58,8 59,2 59,5 60,3 66,0 66,8 67,5 68,8 70,0 70,8 71,862;7 .1\0 74,1 63,2 63,4 63,80 63,9 65,3, 

,.
 Ilpono.usenue Ta6J1, IT
 

III '1aCTb: CHJ1bHOE BJlHlIHHe 1l0POJl. aa KPHBH3HY h IJ1 = 0,2 

YroJl n3.1\eHHH nJlaCTOB, rpa.l\

YroJl H3KJlOHa
 

YroJl n3.1\eHHH nJlaCTOB, rpan 

~* rpaa, I 45,6 57,00,0 5,7 17,1 23,5 I 34,2 I 39,9 I I 51,3 I I 62,7I I 22,8r 11,4 . no 34,2 .1\0 39,9 )(0 15,6 .1\0 51,3 .1\0 57,0 ,J.O 62,7 .1\0 74,tno 5,7 I .1\0 11,4 .1\0 17,1 .1\0 22,8 ,l1O'2~,5 

0,00 ) 0,570 1,18 1,62 2,08 2,46 2,74 2,92 3,02 2,97 2,80 2,51 2,12 
0,1(0 5,70 5,720 6,32 6,88 6,38 7,84 8,19 8,57 8,72 8,75 8,72 8,53 8,28 

5,7 ,1(0 11,4 11,25 11,4 12,0 12,6 13,1 13,6 14,0 14.3 14,5 14,6 14,5 14,4 
11,4 no 17,1 16,60 16,9 17,2 17,8 18,5 19,0 19,5 20,0 20,2 20,4 20,5 20,4 
17,1 .1\0 22,8 22,0 22,3 22,6 23,6 23,8 24,3 24,9 25,4 25,8 26,2 26,4 26,5, 
22,8',lI,0 28,5 30,2 31,0 31,4 31,8 32,2 32,3 32,4 
28,5 .1\0 34,2 32,8 33,0 33,4 33,8 34,2 34,8 35,6 36,3 37,0 37,6 38,0 38,4 
34,2 .1\0 39,9 38,2 38,5 38,8 40,0 40,8 41,6 42,4 43,2 43,7 4-*,3 

27,4 28,0 28,1 28,8 29,5 : 

39,4 39,.7 
39,9 .1\0 45,6 43,7 43,9 44,2 44,6 45,4 46,4 46,9 47,8 48,7 49,4 50,!}4$,9 
45;6'.1\0 51,3 49,0 49,3 49,6 50,0 5o,i 50,8 51.4 52,3 53,2 54,1 ,55.1 55,!} 
51j ;J.O 57,0 54,6 56,3 56,8 57,0 58,5 59,8 60,6 61,7 
57 

' 

)10 62,7 59,0 60,0 60,3 60,5 61,0: 61,5 62,4 62,8 63,8 65,0 66,3 67,2' 
62,7 .1\0 74,I 65,1 65,4 65,6 65,8 66:.{ , 66,7 67,5 68,0 68,7 70,5 72,0 ,3,G 

, 54,7 53,0 '55,3 55,7' 

".' 
npHMe'laHHe. I. CVlJIbHbIM. BJlHlIHHe~1 n0'P0,1( na KpHB'H3HY C'lHT~'e!:rcil ror.aa, xor.aa CKBa)KIlHbI B .l\aHHOM reo.toruuecaox 6.10Ke IlCKpHB.ll1IOTClI nptu 

6ypeHlUI aa cxer eCTeCTBeHHoro HCKpHBJleHHlI na 20° II 60.1ee 6e3 OrpaHlIQeHHlI H3rpY3KH Ha .n.OJlOTO H 6e3 O1l3, 
, 2. Ilpn CPE,UHEM BJlIlHHHH nopozi H3 KPllBII3HY, j,aK Jl9\<a 3b1BaeT npaKTIIK3, CKB3)KlIHbI IICKPHBJlHIOTCH B Cpe.l\HeM H3 1_20°. 

3. Ilpu CJIA50M BJlIlHHIIH rropon aa KPHBII3HY cKBaJ\{~bI ecTecTBeHHO IICKPIIBJlHIOTCH B cpenuex aa 5_10°, f1PIl eCTeCTBeHHOM I!CKpIlB
JIt'HlIlf.n.O 3-;:> C y'leTOM OWH6KH HHK.lIlHOMeTpa csnraercs, 'ITO np06J1e¥a 

"0 

npenorapaureuns eCTeCTBeHHoro IICKpllBJleHlfH He cyuiecrayer. 
72 7'.>' 
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Ta6.'1IlIU 18 ,,6. Haanex ,n:JIHHy aanpaanrnouiero YlJaCTKa 6ypHJIhHOH KO

3HaIJeHHH Ko~cI>cI>H~HeHTa yCToiilJHBOCTH 6YPHJlbHoll KOJlOHHbI, t JIOHHhI B BepTHKaJIhHOM CTBOJIe paCCMaTpHBaeMOH CKBaa{HHhL 

10 = 1,9 (Ta6JI. 19). 

.uHan 
vsr ' MM 

II 
45 KH 

HarPY3Ka na 

I 95 KH I 135 KH 

.l\OJlOTO: PJI 

1180 KH 1225 KH 1270 KH 

7. HaH,n:eM K03<p<pHIJ.HeHT npOnOpIJ.HOHaJIhHOCTH ,n:JI5I 

aanaxa B 0606ll.l:eHHoH MaTeMaTHlJeCKOH Mo,n:eJIH 

K = ~= 1,5 XO,OI9 X 1,9 = 00565 

,n:aHHoi! 

127 1,3 1,5 1,5 1,5 1,5 1,5 
m2 l~T' 19,52 X 0.382 X O,017H ' 

153 
178 
203 

1,2 
1,1 
1,0 

1,4 
1,3 
1,2 

1,5 
1,4 
1,3 

1,5 
1,5 
1,5 

1,5 
1,5 
1,5 

1,5 
1,5 
1,5 

8. PaCC'lHTaeM HaqaJIhHhlH rexrr npnpaiueaas KpHBH3Hbi nptr 
a~~:: = 0° (xorna cxsaaoma BepTHKaJIhHa). Bce naunue re

228 
257 

1,0 
1,0 

1,1 
1,0 

1,2 
1,0 

1,2 
1,1 

1.5 
1,4 

1,5 
1,5 neps ecrs ( !J.a )

~ 0 = 
1K ~: 

5 0.38= 0,0 65 1,9 = 
0 rpaA,0112 -M-

Paccrosuae 1~'c, - .l\JlHHa nanpaaamourero YlJacTKa npa 

Ta6MI~a 

ClCKD, = 0° 

19 
9. HaH,n:eM reurr npnpaiueaaa KpHBH3HhI npn pOCTe 3eHHTHorO' 

yrJIa euie aa 1 war xorna aHOB• = aHB'f. + /1a = 00 + 10 = 10 
, csa, CKB. 

11
Hao 
vs r : MM I 

45 KH 

(6e3pa3MepHble e.l\HHH~b1) 

Harpysxa aa .l\OJlOTO, PJI 

I 90 KH I I.180 KH 1225 KH135 KH 1270 ~ 
(,n:JI5I I-HCpe,n:HHH TeMn npHpall.l:eHH5I KpHBH3HhI10. 

( ~) = K (~_...::..) = 0,565 (0,38 x _1) = 0,0244 
!J.S I. ClCT 0,84 45 

12=10 

T. K. la=lo = 0,84 H nOCKOJIhKY (~) = 18. 
r a=IO 

napu) 

rpa,ll .. 
AI 

127 

153 

1,3 

1,6 

1,3 

1,6 

1,3 

1,6 

1,3 

1,6 

1,3 

1,6 

1,3 

1,6 
( ~) c p e IJ. = 

liS at a2 

0,01 12 + 0,0244 

2 
= 0 0178 

' 

rpa.l\ 

M 

178 3,0 1,9 1,9 1,9 1,9 1,9 
npHMelJaHHe. TIO.l\06HO 3TOMy 06CIJ1ITbiBaeTCli nannaa paanuua 11 ,lJ;JlH BTO

poll napu yraos (npa pOCTe 3eHHTHoro yr.na OT I .1\0 2°), ,lJ;aJlee ,lJ;JJlI 3-ii, 4-K 
203 3,2 2,0 2,0 2,0 2,0 2,0 napu H T. ,a.. 

228 3,5 3,5 2,1 2,1 2,1 2,1 I I. Terreps, nOCJIe 10 npHrOTOBHTeJIhHbIX maroa, no cyinecrsy 

257 3,8 3,8 3,8 2,3 2,3 2.3 HalJHHaeTC5I CMhICJIOBa51 qaCTh 3Toro paCqeTa ,n:JI5I ,n:aHHOH (nep

t = 1,5 ,Ll:JI5I cJIY'la51 P, = 200 KH H n~~~ = 

Ha A,n:eM ,n:JIHHhI nanpaanaiomer-o Y'laCTKa B 

pYCJI II (am)IJ. r. 

178 MM. 

3aBHCHMOCTH OT 

BOH) napu paccxorpenaux 3eHHTHhIX yrJIOB. Pacser nepexonnr 

B npyryio nJIOCKOCTb H onpenenax rerreps y*e He rexn np apa

ll.l:eHH5I KpHBH3HhI, a ,n:JIHHy OTpe3Ka CTBOJIa CKBaa{J1HhI, nOCJIe 

npoxoscneana KOTOpOH 3eHHTHbIH yrOJI B03paCTaeT B ,n:aHHOM CJIy

qae OT 0 no 10 
no <popMyJIe 

BHa 'laJIe ,n:JI5I OC"34. = 10. ( ~ )' = 18 (CM. nsnue) " 
CKB. ' r a =0 10 

J~::'\O = 0,84 6e3pa3MepHhiX e,n:HHHIJ. (Ta6JI. 20). ASu' 
M = 

Cln-Cln_l 

.. )cpeIJ.
(UCl 

_ t-o 
- 0,0178 = 56 M. 

COOTBeTCTBeHHO, Haxo,n:51TC5I BeJIH'lHHhl: ~S an, Cln-I 

6.e. 

1.=2" = 0,74; 
o.e , 

1.=3' = 0,69; 
6,e.. 

1.=5" = 0,62; 12. I-B OTXO,n: OT BepTHKaJIH 

6.e. 

1.=T = 0.53 H 
npn ICT = O,3~) 

aCKB = 45 = I'nJl' 

I, = i\S I • 
'M 

sin an + an_l = 
n 

56 • sin 0 50 = 0 6 M 
" • 
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13. ,UaJlee no 2-MY wary CMblCJlOBOH qaCTH pacsera npone T a 6 JI Ii U a 21 

.1laeM caenyrourae 

( 
li~ )a) -
liS 11=2° 

BbItIHCJleHHH (aanncs npuaenex coxpameano): 

5 ( 0,38 2)= 0,0 65 ----- = 0,0265 O/M.
0,74 45 

3HiJ,'1eHHe 6e3pa3MepHblx AJlHH I.. nanpaaaaioutero ysactxa 6ypHJlbHOii 
KOJlOHHbI npa 60JlbWHX 3Ha'leHHlIX napaaerpa am/r 

am I 

Y CIlOBHble ocenue narpyaxa prJl· (CM. ssnue) 

npHMe'laHHe. Tean npnpaureuaa KpHBH3HbI pacrer. 

6) (ila/hS)~~20 =0,0254 O/M; 

Bea 11'111 la-
r 

0,8 I 1,0 I 
I 

1,2 I 2,0 I 4,0 8,0 

B) hS II = 
'M 

2-1 
O,02M 

= 39 M' 
' 

> 
> 

40AO 
60 AO 

60 
80 

0,780 
0,720 

0,770 
0,715 

0,760 
0,710 

0,750 
0,700 

0,730 
0,690 

0,690 
0,670 

T) OTXO.n: OT BepTHKaJlH > 80 JlO 100 0,690 0,685 0,680 0,675 0,670 0.620 

III 
2 _1°= 39 X sin --= 

2 
39 X 0,0262 = 0,4 Mi 

> 
> 
> 

100AO 
200 lto 
400 JlO' 

200 
400 
600 

0,580 
0,490 
0,460 

0,570 
0,487 
0,455 

0,560 
0,485 
0,450 

0,550 
0,480 
0,440 

0,540 
0,475 
0,430 

0,530 
0,470 
0,420 

.n:) r Jly6HHa .n:ocTH)I{eHHH yrna 2° > 600AO 800 0,420 0,415 0,410 0,405 0,400 0,390 

~ilS,~ II = 56 + 39 = 95 M; > 800il.0 1000 0,400 0,398 0,395 0,390 0,385 0,380 

e) OTXO.n: np a .n:OCTH)I{eHHH yrna, pasnoro 2° 

~h, II = 0,6 10,4 = 1 M H T• .n:. 

>1000AO 
>2000 AO 
>4000,1\0 

2000 
4000 
6000 

0,330 
0,290 
0,280 

0,328 
0,298 
0,278 

0,325 
0,285 
0,270 

0,320 
0,280 
0,264 

0,315 
0,275 
0,252 

0,310 
0,270 
0,250 

14. Pe3YJlbTaTbI pacnera 
cooTBeTcTBYlOlUYIO Ta6J1. 22 

yrvra OTKJlOHeHH51 no 7° csenex B 
(KOTOpylO, 06blqHO, nesarator ua 

>6000 AO 8000 
>8000.QO 10000 

0,260 
0,250 

0,258 
0,248 

0,256 
0,246 

0,254 
0,244 

0,252 
0,242 

0,250 
0,240 

:3BM). 
T a 6 JI 11U a 22 

Ta6J1Hua 20 

3Ha'leHHe 6e3pa3MepHblx AJlHH aanpaaasuouiero yxacrxa 6YPHJlbHOH 
Pe3YJlbTHpYIO~all ta6J1Hua no aroraa pacxera sepoarnux OTKJlOHeHHH 

paccxarpaaaeaoa CKBaJKHHbI OT BepTHKaJlH OT 0 AO 7° 
KOJlOHHbI 

am IBeIlH'IHHa
r 

I.. AJllI MaJlblX 3Ha'leHHH napaaerpa (e m/r] 

YClloBHbie oceaue HarpY3KH-P~CJl. (CM. BblIIIe) 

I I I I I0,8 1,0 1,2 2,0 4,1) 8,0 

I 
• 

,Pa3HHua 3eHHT
HblX yrxon 

rpail.' 

0-1 

I 
l ipoxo.axa A.111 

H3MeHellHH yraa, 

56 

I flly6HHa AOCTH
M }I(eHHH yrna, M 

56 

IOrxoa OT 
KallH, 

0,6 

BepTH-
M 

0 AO 

>0,1 11.0 
>0,2 AO 
>0,4 AO 

0,1 

0,2 
0,4 
0,6 

-
2,87 
2,52 
2,32 

-
2,76 
2,43 
2,27 

2,62 
2,31 
2,17 

-
2,18 
2,20 
1,93 

-
1,60 
1,53 
1,50 

-
1,15 
1,13 
1,12 

1-2 

~-3 

~-5 

5-7 

38 

37 

72 

67 

95 

132 

204 

271 

1,0 

2,62 

7,62 

14,62 

>0,6 AD 0,8 
>0,8 AD 1,0 

>1 AD 2,0 

>2 AD 4,0 

>4 AD 6,0 

>6 AD 8,0 

>8 AD 10 

>10 AD 20 

>20 JlO 40 

2,16 
2,08 
1,90 
1,52 
1,38 
1,28 
1,22 
1,0 

0,87 

2,12 
2,03 
1,73 
1,48 
1,35 
1,26 
1,20 
1,0 
0,86 

2,05 
1,97 
1,69 
1,45 
1,32 
1,24 
1,18 
1,0 
0,85 

1,86 
1,80 
1,62 
1,40 
1,28 
1,20 
1,15 
0,98 • 

0,84 

1,48 
1,46 
1,36 
1,24 
1,18 
I,ll 
1,08 
0,92 
0,80 

r.n 
1,10 
1,07 
1,02 
0,98 
0,95 
0,93 
0,84 
0,74 

115. 3aKJllOqeHHe. Ilpu paCCMOTpeHHH HTorOBOH Ta6J1HIIbI BH,U
.HO"tITO no nepaouy napaxerpy OTXO.n: OT BepTHKaJlH cOCTaBHJI 
14,62 M - 3TO MeHbwe KOHTpOJlbHOH BeJIHqHHbl R

il 
= 50 M (CM. 

«I1Cxo.n:Hble .n:aHHble»), 3HaqHT, xa secrso CKBa)l{HHbl He napyure-
HO. 

Bropoe - .n:onYCTHMbIH yroJl OTKJIOHeHHH ysce BeCb Bbl6paH 
i~) MaWHHa nenaer - «CTOn» no yKa3aHHOMy napanerpy, . 

76 
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TpeTbe -- KOHTpOnbHaB BenHqHHa 3eHHTHOrO yrna Bw6paHa 
ua rny6HHe 271 M npa 6ypeHHH as-non BepTHKanbHoro KOH,ll.YK
ropa, B KOTOpOM o.~:~: = 0°, B TO BpCM5I KaK CKBaMHHa noascna 

6blTb ycnoaao BepnlKanbHOH -(T. e. ee 3eHHTHble yrnsr He ,ll.OnM
Hbl npensnnart, BemlqHHbI 5± 1-7"-2°) npa 6ypeHHH na onacaox 
nnrepaane, KOTOpblH rrpocrupaercs na 1000 M as-rron KOH,ll.yKTO
pa Tr. K. nanaar, nanpavep, B 60nbweH qaCTH CKBaMHH, 6ypB' 
lllHXCB B Ilpnxapnan-e, CHnbHO BnHBeT aa KPHBH3HY II pacnpo
CTpaHBeTC5I npavepno na TaKOM Me HHTepBane). 

I1TaK, BbIBO,ll.: «CKBaMHHa sanpoexrapoaana nenpaannsno. 
flp06ypHTb ee 6e3 uenrparopoa H 6e3 OrpaHHqeHHB narpysxa 
H coxpamrrs ycnoBHo-BepTHKanbHOH HeB03MOMHO. Pacser: cne
AyeT rrOBTopHTb, rrpeAycMaTpHBaB Hcrronb30BaHHe KOMrrOHOBKH C 
AByMB uenrparopaxu, T. e. C rrocneAOBaTenbHblM BBeAeHHeM or
paHUqeHHB rro aasopy B OU3 B noanopaaxepnoa KHBK»." 

HHJKe, B ratin. 23 AnBHecKonbKo anoro nanaasnoro cQ'H~Ta
HHB HCXOAHbIX AaHHbIX, npnaeneuu see BapHaHTbI nonpotinoro 
rrOHCKOBoro pacxera, KOTOpblH neaaer 3BM. 

T a 6.1 H'I.I"a, 23 

CJIy'l3A, xorna AH3MeTp AOJIOT3 Jt, = 295,3 MM; yroJI n3AeHHII .. 

nJI3CToB'V = 20°; H3rpY3K3 H3 AOJIOTO p~nT. = 300 xH; 
nJl

, 

«cJI36oe:. BJIHIIHHe nopon H3 KPHBH3HY; 

H3'13JIbHbIA 3eHHTHblH yroa CKB3lKHHbI Cl~::: = 0° 

Bypeuae 6e3 
q 

'" 
ueHTpaTopoH 

EypeHHe C AByMII ueHTpaTopaMH npH 3a30pe·.0.
 
l-.
 :1'1MelK}ly HHMH H CTeHKaMH CKBalKHHbl (,,:1'1~ :1'1 
.; g 8..t ~:1'1<D

CO"",uO='"l-. uo. ° ..... 0 .....::;"''" ..... 
_"':I: :1'1"':1:o::s:: _"'0
.0 ° :I: U 0.:s .0 '" 0. 

:I: i5,ug8 MM i:1'1g6 MM4 MM... 2 MMI MM \OOu::s:: g:1'1 u 
0.10:I: 
~O('lj 00'"Q) 

0.10 :I:... u:I:(Y) 

7 \ 86542 I 3I 

1 1007 636 334 304 246 83 51 

2 627 409 236 206 169 61 40 

3 633 410 273 206 173 63 41 

5 1376 896	 601 477 392 139 83 

760 712 508 173 1077 1676 1085
 
9 2342 1482 1104 1078 794
 258 14:7 

12 3680 5551 4122 3525 3196 877 432 

78. 

"Pasoepev 'HOT npnuep 60JIee nonpoono. UorrycTHM, qTO pac
CMaTpHBaeMaB CKBaMHHa 6ypHnacb B yCJIOBHBX, rrpeACTaBJIeH
HbIX' B Ta6JI. 23. Ha HHTepBaJIe 1000 M CKBaJKHHa AOnJKHa 6WTb 
BepTHKaJIbHOH (3eHHTHbIH yrOJI He 60JIee 7° ± 1 -7- 2°). 

Ilorrycrna, qTO CKBaJKHHy aaaeuanoci, anaxane 6ypHTb POTO
pOM 6e3 onopno-uearpnpyioutax npucnocooneaaa. 

Ha rati,n. 23 cnenyer: 
so-rtepasrx (CM. nocnennaf crontieu I..I,Hepp), qTO AOCTaTOqHO 

npo6YPHTb 51 +40+41 +83+ 107=322 M H 3eHHTHbIH yroa 6YAeT 
paaea T'; 

BO-BTOpbIX, HaAO npanemm, KHBK C AByMB nenrparopavn. 
Flpennoaoacna, qTO peurenne sonpoca HaqaJIH C npennonoxce

HIUl. ,0 l..I,eJIeC006pa3HocTH rrpnxemrrs «MecTKYIO» KOMrroHoBKy. C 
nOJJHOpa3MepHblMH orropHo-ueHTpHpyIOII..I,HMH rrpHcrroc06JIeHHBMH, 
B 'KO.ropOH OU3 HaAO MeHBTb na HOBbIe nocne KaJKAOrO pefica 
.nnSl"aoro, qT06bI He norrycxars aanoca K MOMeHTy HX CMeHbI (rro 
xosuax) 60nee, qeM na 1-7"-2 MM na OAHy CTOPOHY. 

,UnHHbI orpesxoa crsona CKBaMHHbI, rrOCJIe rrpOXOJKAeHHB KO
ropsrx 3eHHTHbIH yro,n B03paCTaeT aa cner eCTeCTBeHHoro HCKpHB
JIeHHB aa O,lI,HH mar (06bIqHO mar paaen 1, 2 HnH 3°). 

"npHMe'l3HHe, 3eHHTIlwii yrOJI, paBHhIii 12°, cooraercrayer yrJly 3eHliTHoi't 

cTa6HJIH3al.l,HH }lJlII }laHHOii CKBalK[iHhI, KHEK H pe)KIIMa. 
tH 

;,TaKHM 06pa30M, C «MeCTKOH» KHBK AOCTaTOqHO rrpOHTH 
~~6 M HnH (B 3aBHCHMOCTH OT naaoca OU3) 1007 M H 3eHHTHbIH 
yron CKBaMHHbI B03paCTeT OT 0 AO 1°. COOTBeTCTBeHHO 2° natie
peTC.~ rrOCJIe npoxonxa eure 409 HnH 627 M. 

OWH6Ka npa TaKHX pacxerax B OTHomeHHH OrrpeAeJIeHHB r ny
6HH",Ha KOTOpbIX 6YAeT AOCTHrHyT TOT HnH HHOH 3eHHTHbIH yrOJI, 
(qTO BbIBCHBeTCB, TOJIbKO rrocne aaxepa ) paBHBeTCB, KaK noxa
3bIBaeT npaxrnxa, ± 50 M H 3TO CqHTaeTCB nonycrnasrx. Hanpa
Mep:' ()50±50 M. 

"'')'t~aK, ace npenunyuiee rrOABOAHT KaK 6YATO 6bl K TOMy, qTO 
aaitaanaooaaunoe npaueuenne «MeCTKOH» (rrOJIHOpa3MepHoH) 
.Kl-lpK, rrpanaroe B caMOM aaxaae -- ueJIeC006pa3Ho. OAHaKO 
3To;{epaKT rpetiyer 06B3aTenbHOH AOrrOJIHHTeJIbHOH npoaepxu, 
HeG¥oTpB na TO, qTO npn rrpHMeHeHHH «MeCTKOH» KHBK (CM. 
BhI~W) na KOHTpOJIbHOH rny6HHe 1000 M MOMHO nonysurs 1° npa 
6yp,e;lmH 6e3 OrpaHHQeHHB narpyaxn. 113BeCTHO TaKJKe, qTO CKBa
JK~HP 6YAeT rrpHHBTa KaK ycnoBHo BepTHKanbHaB ecnH rrpH 
3a"iepe na rny6HHe 1000 M ee yron OTKJIOHeHHB 6YAeT panen 7°. 
3Tp,3HaqHT, qTO npn 6ypeHHH H3HOC uearparopoa MOMHO norry
cT~;r,~:,6oJIee qeM na 1 WII na O,lI,HY CTOpOHy K MOMeHTy HX CMeHbI. 
H~rr,p~Mep, rrpa~THKa 6ypeHHB B AaHHo~ pajione noxasunaer. 
~TOqepe3 4 peHca ueHTpaTOpw B AaHHOH CBHTe rrpH rrpHHBToM 
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pe)l(HMe 6ypeHHH H3HaUIHBalOTCH na onny CTOPOHY B cpezmese 
.no 8 MM (MaKCHMaJIbHO .uOnycTHMaH BeJIHqHHa). 

MO)l{HO JIH n03BOJIHTb MaKCHMaJIbHo-.uonycTHMbIll H3HOC uetrr
paTopoB 6e3 pHcKa BWllTH Ha KOHTPOJIbHOll rJIy6HHe Ha HCKpHB

.TIeHHe, npesuuratomee nonycrnayto HOpMy? ECJIH 3TO B03MOJKHO, 

TO uenrparopu B KH5K C 2-MH OU3 npn 6ypeHHlI .uaHHoll CKBa

JKHHbI MOJKHO MeHHTb na HOBwe He sepes O)J.HH peiic (KaK .uJIH 

«JKeCTKOll», nOJIHOpa3MepHOll KH5K), a sepes )].Ba-TpH, MOJKeT 

6bITb, xersrpe pejica H 3THM caMWM C3KOHOMHTb .uonOJIHJ1TeJIb

aue cpezicrna na conepxcanne KOMnOHOBKH. 

OTBeT na 3TOT sonpoc MOJKeT 6bITb' nan H3 Ta6JI. 23. OTCIO

.ua BH.uHO, 'ITO 3eHHTHbIH yrOJI paCCMaTpHBaeMOH CKBaJKHHbI npn 
CMeHe OU3B cnyxae .uonymeHHH nsnoca HX no 8 MM ua O)J.Hy 

CTOPOHY na r JIy6HHe 1000 M paBHHJICH 6bI 7°. Hrax, B .uaHHOM 

cay-rae nano npHMeHHTb He «JKeCTKYIO» (nOJIHOpa3MepHYIO) 

KH5K, a nenoanopaaaepnyio KH5K - (HO), KOTopaH HBJl51eT

CH no.mopaaaepnoa JIHllIb na HaqaJIO peiica, a H3HOC OU3 )J.O

nycxaercs no 8 MM na onny CTOPOHY· 

§ 16. Pacser eCTeCTBeHHoro HCKpHBJleHHB CKBalKHHbI 

C yqeTOM npOH3BOJlbHOrO H3MeHeHHB a3HMyTa ee nanpaeaeuas 

Haanex xpurepna, .ualOllIHll B03MOJKHOCTb onpenemrrs npn 
nepBHqHOM aHaJIH3e HCXO.uHbIX .uaHHbIX, 6y.ueT JIH CKBa)KMHa I1PH 

)].aJIbHellllIeM 6ypeHHH caMonpOH3BOJIbHO H3MeHHTb a3MMyT Ha

npaBJIeHHH? 3TO B03MOJKHO, xorna: 
a) CKBaJKHHa C caxoro aasana (pacsera ) nanpaanena He' no> 

BOCCTaHHIO nJIaCTOB; 

6) xorna HaqaJIbHbIll 3eHHTHbIll yro.n (ua HaqaJIO pacsera) 
He pasen 0°. 

Ilepaoe yCJIOBHe HBJIHeTCH He06xo.uHMbIM, a sropoe - nocra

TOqHbIM. 3TO, aanpnvep, MOJKeT CJIyqHTbCH, eCJIH CKBaJKHHa, )J.O

nycrnx, HCKpHBJIHJIaCb 6bI no BOCCTaHHIO nJIaCTOB npn 6ypeHHlf 

KaKorO-TO reOJIOrHqeCKOrO 6JIOKa, HO HHJKe nepexoaana 6l>I B 

.upyroll reOJIOrHqeCKHll 6JIOK C .upyrHM a3HMyToM npocTMpaHHH 

nJIaCTOB. CKBaJKHHa 6y.ueT HCKpHBJIHTbCH no a3HMYTY, noxa BHOBb 

He noiiner no BOCCTaHHIO n.TIaCTOB. l13MeHeHHe a3HMyTa 6¥)J.eT 

TOPM03HTb H POCT 3eHHTHbIX yrJIOB. B TO JKe BpeMH POCT 3eHHT

HWX yrJIOB MOJKeT npHOCTaHOBHTb H3MeHeHHe a3HMyTa pam.me, 

qeM OH BbIH.ueT na CBOH yrOJI cTa6HJIH3aI~HH (xorna CKB3mHHa 

nner no BOCCTaHHIO nJIaCTOB). 

,UJIH yqeTa eCTeCTBeHHoro H3MeHeHHH a3HMyTa npn 6YPe,l:l,HH 

CKBaJKHH 6e3 OTKJIOHHTeJIeH (KOMnOHOBKOH C uenrparopaan, 

liJIH - 6e3 TaKOBbIX) K 0606meHHOll MaTeMaTHqeCKOH MO.n.eJIli 
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(14) )J.06aBJIHIOTCH cnenyrouiae H3BeCTHble epOPMYJIbI, HBJIHlOllIHe

CH	 no cyruecray epopMyJIaMH BHHTOBOH JIHHlm: 

- Paanyc HCKpHBJIeHHH 

R = 360j21t (~)Cpell.	 (21}, 
~s ala2 

Onpe.ueJIeHHe npoxo.uKH .uJIH H3MeHeHHH a3HMyTa npH H3

MeHeHHH 3eHliTHbIX yrJIOB OT (11 )].0 (12 

llS,~a = t:.'J. . R/cos -=.	 (22}' 

- BblqHCJIeHHe H3MeHeHHH a3HMyTa npa H3MeHeHlm 3eHHTHO

ro yrJIa OT al)].o (12' 

~2
tg-

2 
t:.~, , = tg 1:In.	 (23).

1 2 ~l 
tg-

:! 

Ho npexcne nano yanars, 6y.ueT JIB H3MeHHTbCH Bo061l1e a3H

MyT CKBaJKHHbI, pacser H3MeHeHHH xoroporo c06HpalOTcH npous
BO.QHTb. T. K. B YKa33HHbIX asnue epopMYJIaX, no cymecrny, HeT 

~a \ cpea 
HHKaKHX .uaHHblx, CBH3aHHbIX C reOJIO~HeH, xpoxe ( ~) 'I a~ • 

,UJIH aroro nepen HaqaJIOM l-ro urara pacsera npoH3Bo.uHTC5I. 

BblqHCJIeHHe yrJIa BCTpeqH nJIaCTa H CKBaJKHHbI B naane 
1: = A3BOCCT _ A3Te KYLl\HlI	 (24).on CKB· 

ECJIH 1'< 10°, TO 3TO 3HaqHT, lITO CKBa)l(HHa npaKTHqeCKH yxce 
li.ueT no BOCCTaHHIO nJIaCTOB li a3HMyT, TaKHM 06pa30M, H3Me

HHTbCH He 6y.ueT. 

ECJIH 't?:d0°, TO 3TO 3HaqHT, 'ITO H3MeHeHHe a3HMyTa 6y.ueT' 

liMeTb MeCTO. 

3.ueCb 6epeTcH 10°, a He 0°, T. K. TOqHOCTb 3aJIeraHHH n,laCTOB. 

no a3HMyTy onpeneasercs C TOqHOCTblO no 10°. 

BTOpOll oc06eHHocTblO, Ha KOTOpylO CJIe.uyeT 06paTHTb BHH

MaHHe, npn paccaorpennu epOPMYJI .uJIH ysera eCTeCTBeHHoro H3

MeHeHHH a3HMyTa HBJIHeTCH TO, 'ITO B epopMyJIaX BHHTOBOH J1HHHlL 

(21) npucyrcrnyer reun npapamennn KpMBM3HbI, HCqHCJIHeMWH 

no epopMyJIe (14). TaKHM 06pa30M, O.uHH epOPMYJIbI He pa6OTalOT' 

6e3 )J.pyrHX. 

B 3aB:JIlOqeHUe He06xo.uHMO OTMeTHTb, 'ITO TOqHOCTb pacsera 

a3HMyTa no 06cyJK.uaeMoH MeTo.uHKe, KaK nOKa33JIa ee nposep

xa aa npaxruxe, COCTaBJIHeT ± 20 --;- 22°, 'ITO npH3HaHO KaK 

BnOJIHe y.uOBJIeTBOpHTeJIbHWH pe3YJIbTaT. 
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'1. KOHTPOJIbHblH npuaep pacnera eCTeCTBeHHoro II3MeHeflII5I 

:a3HMyTa. 

Hcxonnsre nannsre. 
UorrycTIIM, ,lI,aHo:'uJl = 215,9 MY; i'nJi = 30°; Typ6IIHHoe 

i6ypeHHe 6e3 uenrparopoa; 'uu'P. = 178 MM' ,Uuap . = 195 MM' , Y6T. ' Typ6. ' 

:83IIMyT na,lI,eHH5I nJIaCTOB: A3~~~' = 180° (T. e. - na tor}; a3II

MyT BOCCTaHHH nJIaCTOB: A3 B~~~T. = 0°; A3 ~=:: = 170° (aa 

.rJIy6IIHe 110 M); Ha'IaJIbHaH rJIy6HHa H~=~: = 110 M (ua 
tJa'IaJIO pacuera) ; Ha'IaJIbHblH 3eHilTHblH yron (].~~~: = 1°. Ha 

r JIy6IIHe 184 M (KaK nOKa3b1BaeT pacner, nO,lI,06HbIH npnsenea
lfOMy nsnue B Ta6JI. 23) 3eHHTHblH yro.n B cnysae IICKpHBJIeHH5I 

CTBO.'1a CKBa}j{IfHbl B O,lI,HOH nJIOCKOCTil 6bIJI 6bI pasen 2°. Torna 
MO}j{HO paccsurari, nepaua resm npnpamenua KpIIBH3Hbl (,ll,JIH 

sroro CJIy'IaH): 

/!.a )cprJl 
-- = 0,01355 rpaa/a.( LlS al a2 

Tpe6yeTcH orrpe,lI,eJIIfTb 6y.n,eT IIJIIf He 6y.n,eT eCTeCTBeHHo ~3
'MeH5ITbC5I a3IIMyT CKBa}j{HHbI npa ,lI,aJIbHeHWeM 6ypeHHif ,lI,aHHOH 

·-CKBa)J{IfHbI? 

Peurenae. 
= 0 0

0
Yr o II 1; = A3BOCCT. - A3u,'l. - 1701• • I OJi. CKB. 

((pa3HIfu,a 60JIbWe, 'IeM 10°). 

npHMe'laHHe. Byner HMeTb MeCTO eCTeCTBeHHoe H3MeHeHHe a3HMyTa B ne
.6)710 CTOpOHy. TaK KaK peaynsrar nOJlYQHJlCli C MHHyCOM (-170°). 

360 360 
'2. Pannyc HCKplfBJIeHHH Rua . 0= 21t X i =2 x 3 14 x 0 01355= 

1-;-2 I ' • 

= 4230 M. 

3. Ilnoxonxa .n,JIH II3MeHeHIf51 3eHHTHoro yr.na OT 1 no 2° B yc

JIOBIIHX paccaarpaaaexoa 3a,lI,a'IH (c y'IeTOM H3MeHeHIIH a3HMY

-ra ) 

:S~; =((].z -(].l) R~a . icos 1; = 0,01744 (2-1)/(4230cosI70
G = 

L> 1":"20 1~2' 

= 7377/0,985 = 74,8 M. 

4. HOBa51 r JIy6HHa CKsa)J{HHbI HUOB. = Hu,'l. + ~SA3 = 110+ 
CKB. CKB. lla --:-2o 1

-+ 74,8 = 184,8M (cp. C 184M - CM. auuie). MeHbwe - c yqeTOM 

-onnoapexennoro H3MeHeHIf51 a3HMyTa. 

5. HaH.n,eM H3MeHeHHe a3HMyTa, xoropoe 6y.n,eT HMeTb MeCTO 

rrpn pOCTe r JIy6HHbI CTBo.1a CKBa)J{HHbl OT H ~~:: AO H~~:: ? 
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tg a 21 ° tg 21~~~a = tg 1; In _2.• 57 3 = tg170 In _2 • 57 3 = 
1-:-2' tg all2' tg 112 ' 

=tgI70° In ~. 57,3 = tg 170° In 0,0175 ·.57,3 = 7,1°•. 
tg U,5° 0,0087.3 

6. HaH,ll,eM HOBbIH a3HMyT cxsaacanu aa rJIy6HHe 

HUCKo:. ~~~B. = 170 - 7,1 = 162,9°. 
. 1720 

DPH ,lI,aJIbHeHWeM pacsere no YKa3aHHOH cxeve orreparop HJIH 

»ce 3BM CJIe,lI,HT sa H3MeHeHHeM a3HMyTa H, ecnn 3TO H3MeHeHile 

He npeasnuaer (rrpn O'Iepe,lI,HOM H3MeHeHHH 3eHHTHblX yrJIOB na 
O,lI,HH mar-) ±5°, TO C'IliTaeTC5I, 'ITO aacrynana eCTeCTBeHHa51 CTa
6HJIH3au,HH a3HMYTa. 

BTOpOH oc06eHHOCTbIO 06cy}j{,lI,aeMOrO pacvera 5IBJI5IIOTC5I ero 
ocoriue TO'IKH. TaK, narrpaxep, eCJIIf B pe3YJIbTaTe pacxera Bbl

5ICH5IeTC5I, 'ITO 3eHHTHhIH yrOJI BhIWeJI na yrOJI cTa6IfJIH3au,HH, a 

H3MeHeHHe a3HMyTa rrpn nOCJIe,lI,YlOmeM yBeJIII'IeHHH yr JIa 60JIb

me, 'IeM na 5°, TO rorna ,lI,JI5I np0,lI,OJI)J{eHIfH CLJeTa H ,lI,aJIbHeHlIIe

ro YlJeT3 H3MeHeHH5I a3HMyTa npH pOCTe rJIy6HHhI CTBOJIa CKBa

)KHHbI npHMeHHIOT HeKHH HCKyccTBeHHhIH rrpnen. OH 3aKJIIO'Ia

eTC5I B TOM, lfTO npn nOCJIe,lI,YlOmeM (O'Iepe,lI,HOM) ware pacuera 
(CJIe,lI,YlOmeM aa nepaoosepennuw) 3eHHTHbIH yrOJI JIH60 yvens
uraior, JIH60 YBeJIH'IHBalOT xa 1°, 'ITO H HMeeT MeCTO B ,lI,eHCTBH

TeJIbHOCTH npn cTa6HJIH3au,HH KpHBH3Hbl CTBOJIa CKBa)J{HHbI. 

Tpersen oc06eHHOCTbIO 5IBJIHeTC5I CJIy'IaH, xorna paaaaua a3H

MYTaJIbHblX yrJIOB (nJIaCTa H CKBa}j{HHbl) npn OLJepe,lI,HOM urare 
pacvera COCTaBJI5IeT, nanpuaep, 90 HJIH 180°. 

Torna ,lI,JI5I pacnera MO}j{HO npHMeHHTb H cneuaam.nyro <pop

MyJIy, HO B03MO}j{eH H cnenaa.nsnuk npnex, KOTOpbIH HBJI5IeTCH 

npe,lI,nO'ITHTeJIbHbIM. B 3TOM cnynae C'IHTaIOT, 'ITO HCTHHHa5I paa
nnua COCTaBJI5IeT, ,lI,OnycTHM, He 90 HJIH 180°, a na 10° 60JIbWe 

HJIH MeHbwe, norovy 'ITO HHKOr,lI,a HeJIb351 6bITb yaepennuu, 'ITO 

yrOJI npOCTHpaHHH nJIaCTOB onpe,lI,eJIeH C 60JIbWeH TO'IHOCTblO, 

lfeM ± 10°. 3TOT npuea n03BOJI5IeT OTOHTH npa llaHHOM ware pac
xera OT HyJIeBOH TO'IKH (CB5I3aHHOH C nOJIy'IeHHeM 6eCKOHe'IHOCTH 

npH paC'IeTe) H npOH3BO,ll,HTb ,lI,aJIbHeHlIIHe BbI'IHCJIeHHH C 3aHB

JIeHHblMH Bblwe KOHe'IHblMH norpelIIHOCTHMH B npornosax, naxo
)lHIUHXC5I B npenenax npaKTH'IeCKHX norrycxos. 
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T JIaBa IV. 06eCneQeHHe KaQeCTBa CKBa)KHHbl KaK 06'beKTa 
pa3Be)J,KH MeCTOp0)K)J,eHHSI no xparepmo KaQeCTBeHHOrO 
npOBe)J,eHHSI onp06oBaHHSI n~aCTOB B npouecce 6ypeHHSI 

TeHLl.eHlJ,H5I K rroasnuenmo cxopocren rrpOBOLl.KH CKBaMHH, 
YBeJIHlleHHIO 06beMoB 6ypeHH5I aa ron C ue.nsro rrOHCKa H orxpu
TH5I BCe HOBblX MeCTOpOMLl.eHHH xapaxrepna He TOJIbKO Ll.JI5I 3KC
nnyaraunonaoro, BO H pa3BeLl.OIJHOrO 6ypeBII5I. no MHHreo CCCP 
B 1990 r. nnaunpyerca Ll.OCTHrHyTb CKOpOCTH 6 13M na CT. M-U 

BMeCTO 466 !vi B 1985 r. 
Tpe60BaHH5I K yBeJIHIJeHHIO cxopocrea 6ypeHH5I B passenxe 

COIJeTaIOTC5I C 06513aTeJIbBb1M BblIIOJIHeHHeM rrOHCKOBblX reonora
IIeCKHX ueJIeH, IIT06bl B npouecce 6ypeHH5I He 6b1JIH nponyurenu 
B03MOMHble rrp0Ll.YKTHBHble 06beKTbI. TaKHM 06pa30M, npu 6ype
HHH CKBaMHH B caxsrx OT,'laJIeHHbIX paiionax B 6JIHMaHllIee ape

M5I TaKMe 6YLl.YT rrpOBOLl.HTb orrp060BaHHe Bep05lTHO rrp0Ll.yKTHB

HblX rrpOrrJIaCTKOB B npouecce 6ypeHH5I, KaK 3TO Ll.eJIalOT CeHIJaC 

rrOBceMeCTHO na KOHTHHeHTe. 

B CB5I3H C 3THM 03HaKOMHMC5I C rrOpHLl.KOM pa60T rro orrpo

60BaHHIO rrJIaCTOB. OHH, KaK rrpaBIIJIO, ncerzta MoryT 6bITb non

ropeust B CJIyIJae, eCJIH npn rrepBOM HCrrbITaHHH npnroxa Be 6bl

JIO. 11 3TO ztaer Ll.OrrOJIHHTeJIbHYIO B03MOMHOCTb nposepxn sepo

51THOH HeKaIIeCTBeHHOCTH npoaenennoro panee orrp060BaHH5I. Ilpa 
3TOM B npouecce orrp060BaBH5I 60JIbllIHHCTBO 3JIeMeHTOB TeXHO

JIorHH H xapaKTepHCTHK rrpHMeH5IeMOH TexHHKH ¢HKcHpyeTc5I B 

TeXLl.OKyMeHTaUHH. 
n03TOMY HaMeIIeHHble HBCTpyKUH5IMH rrOCJIeLl.OBaTeJIbHOCTb H 

napauerpu orrp060BaHH5I JIyIJwe acerc Bce-TaKH cxpyrry.nesno H 

HeyKocHHTeJIbHO cofimoaart.. 
HHMe 6YLl.YT paccvorpeau, B OCHOBHOM, 4 acnexra, BCTpeIIa· 

JOIUHeC5I npn HCIIbITaHIl5lX, a HMeHHO: 
a) nopsnox orrp060BaHH5I rrJIaCTOB rrJIaCTO-HCrrbITaTeJIbHbIM 

KOMrrJIeKTOM ncrnrrarensustx IlHCTpyMeHToB (KI1I1) na rpytiax; 

6) ouenxa KaIIeCTBa rrpoMbIBoIIHblX MHLl.KOCTeH, rrpHMeH5IeMblX 

npn onpoooaaaun rrJIaCTOB BO BpeM5I 6ypeHIIH; 

B) paCIIeT 3a60HHbIX Ll.aBJIeHHH (npnvep}: 

r) pons TOIIHOCTH 3aMepOB KpHBIl3Hbl CTBOJIa CKBaMHHbI B 

npouecce 6ypeHH5I H BJIH5IHHe HX Ha Ll.OCTOBepHoCTb CBeLl.eHHH 0 

B03MOMHOH rrp0Ll.YKTIIBHOCTH onpooonaevoro nnacra (neooxo

Ll.HMble H Ll.OCTaTOIIHble YC.l0BIl5l). 
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§ 17. nOpSl)J,OK onpo60BaHHR n~aCTOB K"" na rpytiax 

(Cxeva orrp060BaHII5I npnsenena na pHC. 3) 

HaH60JIee pacnpocrpanenaua run rrJIaCTOIlCrrbITaTe.l51 aa TPY
·fjax lIMeeT WlI¢P Hll I' - 95 «~l» lI.'IH Hll F - 146. 

KOMIIJIeKT HCrrbITaTeJIbBblX HBcTpyMeHToB (KI1I1) B CCCP 
BbIIlycKalOTc5I rpex Ll.lIaMeTpoB: 146 MM (KI1I1 2M-146): 95 1\1:\1 
{KHI1 2!V1-95) H 65 MM (KI1I1-65). 

B KOMrrJIeKT BXOJUlT: Tpy6bl, rIf)].paBJIlIIJeCKliH HCC II T. ,1. 
TeXHHIIeCKHe xapaKTepIICTIlKH CHCTeM npnaenensr B Ta6,1. 24. 

T a 6 :1 rr u 3 24 
TeXHHqeCKHe xapaKTepHcTHKH CHCTeM 

-

Tun1>1 

Ha HMefiOBaHHC 

146 MM 95 M~I 65 MMI I 
1.	 H3PY)/(HblH .n.H3MCTp, MM 146 95 67 
2.	 06111aSl )l)JHH3 KOMnJICKTa, MM 16599 18180 HCT .n.3HHblX 

3.	 .uonycTHM3S1 H3rpY3K3, KH:
 
npn C)/(aTUH 300 100 45
 
npu paCTSI)/(CHIlH 600 250 150
 

4.	 MaKCHM3J1bHblH ncperian .n.3B

JICUrill. Mna 35 35 35
 
5.	 MaKClfMaJIbH3S1 reaneparypa, CO 170 170 170 
6.	 Macca KOMnJICKT3, Kr 1200 910 325 

npHllleqaHHe. CCIJK3BHHnHHC<pTb asmycxaer HCIIblTaTCilbHbIC KOMn:ICKTbI 
THna. Ml1f. . 

Hatiop u KI1I1 rr03BOJI5IIOT onpooonart, rrJIaCTbI B CKBa)l{lIHaX, 
..'lHaMeTpOM OT 118 Ll.0 225 MM. 

C novoun.io KI1I1 rrpOIl3BOLl.51T (BbJ3bIBaH rrpHTOK): 
- oroopnpoo ¢JIIOHLl.a H3 n.nacra: 
- onpene.nenne rrJIaCTOBOrO Ll.aBJIeHH5I If zipyrnx rHLl.p0J,HHa-

MHIIeCKIIX napaxerpoa IfCrrbITbIBaeMOrO nnacra. 
OC06ble YC~OBHSI. 

CJIeJIyeT rrOMHHTb, IITO ,UJI5I rrpOBeLl.eHH5I pa60T Tpy6HblMH HC
rrbITaTe.'l5IMH rrJIaCTOB He06xo,LUiMO HCrrOJIb30BaTb CrreUHa.TIbHOe 
060pYLl.OBaHHe ycrt.s. 

K uexiy OTHOC5ITC5I: 
a) BepTJIIOMHaH rOJIOBKa, rr03BOJI5IIOw,a51 apauian, HHcTpyMeHT 

,6e3 OTcoe.'lHHeHlI5I MaHlI¢OJIbLl.a; 
6) 2-x HHTOIIHblH MaHlI¢OJIbJI, Ll.aIOIUHH B03MOMHOCTb: 
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«3a;.I.3BHTb» rrpOHBJIeHHe u:eMeHTHpOBOllHbIM arperaroa H 

oT06paTb rrp06w H3 ;.I.OCTaTOllHO 6e30rraCHOM paCCTOHHHH 01' 6y

pOBOH. 

060py;.I.OBaHIJe paooraer na 1I36bIT01lHOe ;.I.aBJIeHlIe 30 Mna. 

§ 18. TeXHo~orHH pa60T rro noArOTOBKe H HcnWTaHH~ 

npoAyKTHBHblX ropH30HTOB 

I. CTBOJI CKBaXUIHbI ;.I.OJDKeH 6bITb 3arrOJIHeH pacraopov co

craercrsyiouiero xaxecrsa * II npoparioraa. 
2. MeCTo yCTaHoBKH naxepa ;.I.OJI:JKHO HaXO;.I.HTbCH: 

cpa3y Me Ha;.I. rrJIaCTOM IIJIII (B pe;.I.KIIX CJIyllaHX) B KpOBJIe 

n.nacra (eCJIII senocpeacreeano Ha;.I. rrJIaCTOM pacrrOJIaraIOTC5I, ;.I.O

rrycrnx, xasepuu) HJIH asnue II HH)/{e n.nacra (npa MHOrOIIJIaCTO

BOH 3aJIeiKH L 
3. B CKB'a)/{HHaX C YTH:JKeJIeliHbIM pacrsopox IIcrrblTbIBaeMbIH 

IIHTepBa.l CJIe;.I.yeT 3arrOJlHHTb He YTH)/{eJIeHHbIM paCTBopOM, 06'b

eMOM B 1,5+2 paaa 60JIbIlIHM, lIeM IIHTepBaJI IICrrblTaHHH. 

4. ECJIH rrJIaCT na 200-300 M asnue 3a60H (He 60.11bllIe), TO 

peKOMeH;.I.yeTcH TaK:JKe npaxenars cxevy C JI.ByMH naxepaan. B 

rrpOTHBHOM cnyuae He06xo;.I.HMa yCTaHoBKa MOCTa ;.I.JIH onopu XBO

CTOBHKa. MoCT ;.I.OJI)/{eH 6bITb \;.I.JIIIHoll He 60JIee 50 M. Ero pas
6ypHBalOT na 10-15 M II HCrrbITbIB310T na repxeraunocrs. 

5. nJIHHa XBOCTOBHKa, B CBOIO osepens, He JI.OJI)/{Ha npeasnuari, 
50 M. 

6. B r JIy60KHX CKBa:JKIIHaX OTHOllIeHHe ;.I.HaMeTpa CKBa)/{HHbI 

K ;.I.HaMeTpy pe3IIHoBoro 3JIeMeHTa rraKepa JI.OJI)/{HO COCTaBJIHTb 

1,10+1,15, TaK KaK npn 3TOM oeecrre-nmaerca: 
a) HOpMaJIbHaH rrpOXOJI.HMOCTb naxepa: 
6) YJI.oBJleTBOpIITeJIbHaH naxeposxa npn paCKpbITIHi naxepa. 

7. BeJIHlIHHa Tpe6yeMoll JI.errpeCCHH 3aBHCHT 01' rnna KOJIJIeK

ropa (CM. HH)/{e: «nepHOJI.bI acnsrraaaa»). 
8. )lHaMeTp urryuepa AOJI:JKeH 6bITb TeM MeHbllIe, lIeM 60JIb

ure O)l{H;.I.aeMbIll ;.I.e6HT. 

9. Bo H36e)/{3HHe npeacneapeaenaoro paCKpbITHH naxepa He

JI.OrrycTHMbI pesxae H3MeHeHHH CKOpOCTH cnycxa rpyti. 

10. Ilpn «nocanxax» HHCTpyMeHTa CJIe;.I.yeT, lIT06bl OHH 6bIJIH 

B npene.nax HOPMbI H He npeauurann no BpeMeHH 15+25 cexyun 
BO 1I36e)/{aHHe cpa6aTbIBaHHH CHCTeMbI naxepoaxn (rH;.I.paBJIII

lIeCKOe pene BpeMeHIJ). 

11. Ilocae cnycxa KOJIOHHbI H yrropa ee B 3a60H CKB<I)/{HHbI 

Ha;.I. pOTOpOM JI.OJI)/{eH OCTaBaTbCH KOHeu:, ;.I.JIHHOll 1+2 1\1. 31'0 He

06XO;.I.HMO ;.I.~H KOHTpOJIHpOBaHH5I HarpY3KH Ha rraKep. <I TaK)/{e 

* Tpe6oBaH1HI K pacrsopav ;J.ml ncxpuru» H acnu rauax n_l<lICT0B 6YilYT 
H3J10)l{eHbl HH)I{e. 

.n.JIH ero pacxpurna H rrpHCOe;.I.HHeHHH K HeH BepTJIIOMHOif ro

JIOBKH 11 MaHH<pOJIb;.I.a. 

TeXHOJIOrHH pa6ol' rrpH HcnblTaHH" 

I. Ilocne OTKpbITH5I npnexnoro xnanana nposepstor rep Me

TH'lHOCTb rraKepOBKH rryTeM ;.I.OJIHBa pacTBopa B 3aTpyoHoe rrpo

CTpaHCTBO H HaJIHlIHe HJIH oTcyTcTBHe rra;.I.eHHH ero ypOBHH BO 
BpeMeHH. 

2. ECJIH naxep He paCKpbIBaeTC5I, TO KOJIOHHy: 

a) npHrrO;.I.HHMaIOT na 2-3 M H npu nocanxe YBeJIHlIHBalOT 
narpyaxy na 20-30%; 

6) eCJIIf H npn 3TOM He JI.OCTHraIOT 3<p<peKTa, TO HHcTpyMeHT 

nOJI.HHMaIOT H BHOBb rOT0851T CKBa:JKHHy K HCnbITaHHHM (onpooo
BaHHIO) . 

3. Ilocae OKOHlIaHH5I pa60T rro orrp060BaHHlO Tpy6bI npnnon
HHMalOl', He nonycxax 3aT5I)f{eK 60JIee, lIeM aa 15-20% c06CTBeH

noro aeca KOJIOHHbI. Ilpn 3TOM, eCJIH naxep He CHHMaeTCH, TO: 

a) HaT5I:JKKY YBeJIHlIHBalOT C TeM, lIT06bI BKJIlOlIHJIC5I B patio
Ty 51CC - oT60HHHK, BXOJI.Hlll,HH B COCTaS K.1111; 

6) B 3aKOJIOHHOe rrpocTpaHcTBo JI.OJIHBaIOT 6ypOBOH pacTBop. 

§ 19. MeToAHKa onpoeoaanaa 

I. nOJlHbIH npouecc HCrrbITaHHH COCTOHT H3 cnenyroumx 3Ta

nOB: 

a) nepasni «OTKPbITbIH» nepuon - npurox: 
6) nepasnl «3aKpbITbIH» nepnon - HallaJIbHOe BOCCTaHOBJIe

nne AaBJIeHHH; 

B) BTOPOH «OTKPbITbIH» nepnon - rrpHTOK; 

r) BTOPOH «3aKpbITWH» rrepHOJI. -- KOHellHoe BOCCTaHOBJleHHe 

.n.aBJIeHH5I. 

B npouecce nepnoro nepnona rrpH3a60HHa51 30Ha o-nnnaercn. 

Flpa Bl'OpOM I~HKJIe KpHBa51 BOCCTaHOBJIeHH5I JI.aBJIeHH5I HaxOAHT

CSI 6JIH3KO K HCTHHe. 

OJI.HOU:HKJIOBOe ncnsrranae (onporioaanue] nonycxaerca TOJlb

KO, eCJIH oeaonacaoo BpeMH OCTaBJIeHHH IJHCTpyMeHTa B noxoe 

MeHbllle BpeMeHH ;.I.ByXUHKJIOBOrO HcrrblTaHH5I (orrp060BaHH5I). 

2. np0,lJ.OJI)f{HTeJIbHOCTb nepaoro 3aKpbITOrO nepnona He ;.I.OJI)/{

na Glill'b MeHbllle rrp0JI.OJI)/{HTeJIbHOCTH orxpsrroro nepaona, xaute 

Acero B 1,5+2 pasa. 

3. np0;.I.OJI)/{HTeJIbHOCTb sroporo OTKpblTOrO nepuoaa KOJIe6

JleTCH 01' 15 MHH JI.O I naca H 60JIee. 
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4. Tlpn onp060BaHHH KOJIJIeKTOpa, CJIO)l{eHHOrO, nanpnxep •. 
cJla60clI,eMeHTHpoBaHHblMH neClJaHHKaMH, nenpeccmo cnenyer 
OrpaHHlJHB3Tb BeJIHlJHHOH 10-12 MOa, lJT06bl CBeCTH K l\lllHHMY

My 06BaJIbl H.ll1 BblHOC necxa, 
LlJIH KOJIJIeKTOpOB YKa3aHHoro THna lI,eJIeC006pa3HO orpaHH

qllBaTb BeJIHlJHHY ,llenpeCCHH Ha OCHOBe HeCKOJIbKHX nOCJIe,llOBa

TeJIbHblX cryneaeii ee YBeJIHlJeHHH. 

5. npH onp060BaHHH KOJIJIeKTOpOB ra30KOH,lleHCaTHoro THna 

orp anasenne nenpeccnn TaK)I{e He06xo,llHMO, T. e. npn nCBblIUeH

HblX ,llenpeCCIHIX raa MO)l{eT CHH)I{aTbCH B nJIaCTe, lJTO OTplJlI,aTeJIb

HO CKa)l{eTCH ua npoHHlI,aeMOCTH KOJIJIeKTopa. 

6. BeJIHlJHHa nenpeccnn perynnpyerca ,llHaMeTpoM nrryuepa, 
KOTOpblH HH npn KaKHX 06CT05lTeJIbCTBaX He ,llOJI)I{eH 6bITb MeHb

IUe ,llHaMeTpa OTBepCTHH B epHJIbTpe (HJIH IUHpHHbl ero meJleH).
i . 

HaH60~ee xapaKTepHwe OC~O*HeHHH npH naKepoBKe 

a) Henonycx naxepa. 
6) CM5ITHe Tpy6 HapY)l{HbIM ,llaBJIeHHeM. 

B) HerepMeTIIlJHOCTb naxeponxn. 
r) Ilpocenanae KOJIOHHbl 6ypHJIbHblX rpyd. 
n) 3anl)l{KH npn CHHTHH naxepa. 
e) nOpIUHeB3HHe CKBa)l{HHbI. 

)K) HeepTera30npOHBJIeHHe B xo.nsueaoa npOCTpaHCTBe CKBa

)l{HHb!. 
50JIbIJJHHCTBO cnocotios 60Pb6bI C 3THMH OCJIO)l{HeHl1?MH 6bl

.10 06CV.lK,iI,eHO BbIllie. 
7. Ouenxa xauec'rua BCKpblTHH n~aCTOB C nOMOIl.l,blO rH)lipOJJ.H-· 

HaMHlleCKHX MeTOJJ.oB 
7.1. Onenxa KalJeCTBa BCKpbITHH nJIaCTa npOH3BO,llIlTCH no, 

nOKa3aHH5IM «on» . 

Q3q,.00= --, 
(]" 

T. e. YKa3aHHblH nOKa3aTeJIb pasen OTHOllieHll1O epaKTHlJetKoro 

;J.e6I1Ta K ,iI,e6HTy nOTeHlI,llaJIbHoMY (KOTOpbIH MO)KHO nCJlyllHTb 

npH H)leaJIbHOM BCKpbITHH).' " 

7.2. 4T06bl onpe.ae.nnrs napaverpu nJIaCTa, BXO,llHIUHe<6rpOp

MyJIy on, HCnOJIb3ylOT nOKa3aTeJIH 3anHCH KpHBOH rJIyelOlHoro 

M3HOMeTpa, ncnoxssyevoro B KI1I1. Flpa 3TOM 3aIUIChiBaeTCH 

THnOBaH xpuuas ,iI,aBJIeHH5I (CM. Ilpnnoscenae, pnc. 4,).1 i 

OCHoBHaH lJaCTb ,llHarpaMMbl - 3TO YlJaCTOK «ac», COCTOHl.l.I.HH 

B CBOIO osepens, 113 2-x lJaCTei\: 

.as - KpHB3H (I) H3MeHeHIlH ;J.aBJIeHIlH B nepnon ,npuToKa 

)l\1I,llKOCTH T H3 nJIaCTa (OTKPbITbIH nepnon) ; 
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Be - 1l3MeHeHHe ,llaBJIeHIlH nOCJIe npexpauieana npnroxa no 
MOMeHTa BpeMeHH tK (3aKpbITblH nepnon) . 

I1TaK, C noxounao aHaJIH3a nannux YKa3aHHoH HHnJiKaTop

HOH KpHBOH onpe,lleJI5IIOT BeJIHlJHHY nJIaCTOBOro ,llaBJIeHHH. LlJI5I 

sroro ee nepecrpaasaior B ,llBa)K,llbl JIorapHepMlllJeCKOH IUKaJIe. 

Hrorov onp060BaHIlH HBJIHeTCH TaK)I{e 06beM )K11jJ.KOCTH Q, 
nOJIylJeHHOH aa BpeMH npuroxa T. 

no 3THM ,llaHHbIM B CBOIO osepent, onpe,iI,e.TJHIOT q =_Q-. (25):>
T 

LlaJIee onpenenmor 00 no BapHaHTY epOPMYJIbl 00 = Tj,p IY]". 
rne 1)q, - epaKTHlJeCKHH; 

1)" - nOTeHlI,HaJIbHblM K03epepHlI,HeHT npO;J.yKTHBHOCTH.
 

Ilpn onpene.nenan Y] n nano HMeTb B BH,llY, lJTO
 

1)n = [(KH h)/p.] X 1/4,232 .B" Ig~K_, 
rc 

rne «B» - 06beMHblH K03epepHlI,HeHT HaXO)l{;leHHH HeepTH B una
CTOBblX YCJIOBlIHX; 

}t - BH3KOCTb nerprn: 
h - MOl.l.l.HOCTb nJIaCTa; 

RK - pazuryc KOHTypa narannn: 
r c - pa,llllyc CKBa)l{HHbl; 

KH - MO)l{HO onpenemrn, no ,llaHHbIM reodiasnxn, TaK KaK 

InK = 4,55 - 0,71 Inp3.n'/p.p + 2,42Il n ,c.• 

P3 •1t 
r,lle -- - OTHOCHTeJIbHOe 3JIeKTpHlJeCKOe COnpOTllBJIeHile 30

Pn e 

Hbl npOHHKHOBeHHH, onpene.raexroe no KpHBblM 

5K3; 

(In.e. - OTHOCHTeJIbHaH aMnJIlITY,lla nOTeI-lll,Hacl0B c06CTBeH

HOH (cnOHTaHHOH) nOJIHpH3all,HH. 

§ 20. Pacuer 3a60l1HOrO JJ.aBJleHHH 

Ortpenenenne nJIaCTOBOro naBJIeHHH MO)l{eT 6bITb ocyuiecrn
JleHO npn aHaJIH3e HH,llHKaTQPHOH KpHBOM, nOJIylJaeMOH B pe

3YJIbTaTe onp060BaHHH nJIaCTOB TaK, KaK 3TO 6biJ10 nOKa3aHO Hbl-' 

lie. 
BeJIHlJHHa 3a60HHoro naBJIeHH51 - 3TO paClJeTHaH Be.llllJHHa •. 

Ona 3aBHCHT, B lJaCTHOCTH, OT pa3ra3HpOBaHHH cToJI6a p acrnop a. 

Ilpn 3TOM naao, KaK npaBHJIO, 6blCTpO P3CClJIITaTb Heo6xoJJ.I1MylO 

n.l0THOCTb 6ypoBoro p acrsopa JJ.JIH npenorspauieaua B03MO)l{Hbc 

ro Bbl6poca. Meronaxy BbInOJIHeHHH paccvorpna na KOHKpeTHOM 
rtpnvepe. 
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npHMep paCqeTa n~OTHOCTH 6YPOBoro paCTBopa A~B «3aAaB
~HBaHHB» Bbl6poca MeTOAOM «OlKHAaHHH» 

1. JlHaMeTp ,ll,OJIOTa (CKBa)KHHbI) - 215,9 MM (8 1/2" ) *. 
2. fJIy6HHa CKBa)KHHbI - 3030 M (10000 qJT). 
3. Buopoc. 
4. CKBa)KHHa saxpsrra npoaenrepox C rrOKa3aTeJI5IMH naane

HH5I: 

a) B rpyoax .uBT - 14 6ap (200) ncn: 
6) B aarpyosn - 28 6ap (400) ncn. 

5. JlpyrHe ,ll,aHHble (xoropue nazio Ka)K,ll,bIH pa3 cPHKcHpoBaTb 

,ll,JI5I	 nanana pacsera}: 
a) .uaHHble rro KOHCTpyKI..I,HH CKBa)l{HHbI: 

, 5 ")nOCJIe,ll,H5I5I cnymenaas KOJIOHHa .u~~~: = 244,5 MM ( 9-
8 

CTaJIb, MapKH N-80" C BeCOM e,ll,HHHI..I,bI ,ll,JIHHbI 

P;~~:M = 64,6 Kr/M (43,5 qJH/¢T): .u ~~~. 222,2 'M (8,755"). 
I'JIy6HHa cnycxa rtocnenaeii KOJIOHHbI H D.K. = 2580 M 

(8600 ¢T); 

6) nannsre rro YT5I)KeJIeHHbIM 6YPHJIbHbIM Tpy6aM (YBT): 

.u~'lfT = 203 MM (8"); .u~~T = 76 MM (3").
 
JlJIHHa YBT: 1,6T = 152 M (500 cPT).
 

Bee eJ,HHHI..I,bI ,ll,JIHHbI PDg/~;' = 29 Kr/M (19,5 cPH/cPT).
 

B)	 .uaHHble 0 6ypHJIbHOM HHcTpyMeHTe 

JlHap. = 127 MM (5")·.u 8H. = 108 MM (4276"). 6/Tp.	 ' 6/Tp. ,. 

r) Xapaxrepncrnxa 6ypoBoro pacrnopa (HalJaJIbHa5l). 
I 

nJIOTHOCTb oypoaoro pacrsopa P6/p-pa = 1200 Kr/M3 ; 

(75 cPH/¢T HJIH 10 ¢H/raJIJI).
 

n) Xapaxrepncrnxa B03MO)l{HOCTeH HaCOCOB:
 

- npu paoore na HOpMaJIbHOH CKOpOCTH rrpOKa1JKH
 

PHI = 140 6ap (2000 nca) npn 60 xonax rrOplIIH5I B MHHyTy; 

- np n patiore na ansoe YMeHbllIeHHoH CKOpOCTH BpameHH5I 

JJ:H3eJIeH (30 XO,ll,OB B MHHyTy). 
IIPH = 35 6ap (500 rica). 

npOH3BO.ll.HTeJIbHOcTb: sa I xon rtopums pacxon OT 11 no 
15,9 JIInpOB (0,1 6/6ap), B cpeanex 13 JIHTpOB. 

Tpefiyerca paccxnrars: 

a) 06beM 6ypHJIbHbIX rpyf H YBT;
 

6) 06beM KOJlbI..I,eBOrO npocrpancrna;
 
B) MaKCHMa.JIbHOe nonycrnxoe naanenne B KOJIOHHe;
 

* Pacser np0J13BeJ(eH B MeTpJ1QeCKOii J1 B J(lOiiMOBOii CIICTeMe, IIMeH B BII

.J1.y, QTO COBeTCKJ1M cneuaaaucraa npJ1XOJ1.J1TCH OCyuJ.eCTB.~HTb MeponplIHTliH 

no 60pboe C BblOpOCaMJ1 KaK B CCCP, TaK II aa pyoe)/{OM. 

1JO 

r)	 3a60HHOe naanenne; 
.ll.)	 He06xo.ll.HMY~ rrJIOTHOCTb 6ypoBoro paCTBOpa .ll.JI5I «3a,ll,aB

JIHBaHH5I» BbI6poca; 

e)	 naanenne na «CT05lKe» B MOMeHT aa qa.la «3a,ll,aBJIHBaHH5I»,. 

KOHelJHOe ,ll,aBJIeHHe I..I,HpKyJI5II..I,HH H ,ll,aBJIeHHe Ha «CT05lKe» B 

3TOT MOMeHT; 

)K)	 BpeM5I, neorixonaxoe .ll.JI5I «BbI:,KHMaHH5I» 60JIee JIerKOr(} 

6ypoBoro pacraopa, HaX0.ll.51lI..I,erOC5I B 06beMe KOJIOHHbI,	 60JIee 

T5I)I{eJIbIM paCTBopOM (BpeM5I, BXO,ll,5III..I,ee B «nepnon O)l{H,ll,aHH5I», 

T. e. - ,ll,0 aKTlIBHOH ¢a3bI «3a.ll.aBJIHBaHH5I» BbI6poca), oouiee 
BpeM5I 3arrOJIHeHH5I CKBa)l{HHbI 6ypOBbIM paCTBopOM ,ll,oyT5I)I{eJIeH

noro aeca. 

Peurenue 

Peurenne npnaenex B ,ll,~HMOBOH CHCTeMe C nocaenyiouuea ne
pesonou OCHOBHbIX HTorOB - B MeTpHqeCKY~ (CM. Ilpanozce
HHe, pHC. 5). 

1. 06beM 6ypHJIbHOH KOJIOHHbI: 

- .ll.JIHHa 6YPHJIbHbIX rpyf L6/Tp. = 10000-500=9500 cPT 

(2878 M); 

-	 06beM 6ypHJIbHbIX rpyf V 6/Tp = ...2...(4,276)',_1- X 9500= 
. 4 144 

947,4 4>T3 = 168,6 6. 6app. ( ~ 27 M~). 

2. 06beM YBT VYET =....::... (3r~ _1_ : 500 = 24,54 cPT3 
. 4 144

= 4,4 6. 6app. (0,699 M3); 

3. 06mHH 06beM V o6m. = 168,6+4,4= 173,0 6.6app. (27,7 M3 ) . 

4. 06beM KOJIbI..I,eBOrO npocrpaacrna 

Vo6m. = Vo +- vs + V6/TP = 0 0505 X 8600 +- 0 0459 Xo YOT 6/Tp ooc. KOJ! ' • 

X 900 + 0,008 X 500 = 479,6 6. 6app. 

("" 76,2 M3). 3,ll,eCb e,ll,HHHI..I,bI 06beMa YMHO)l{eHbI na ,ll"lHHbl cex

I..I,HH. JlaHHble rro e.ll.HHHI..I,aM 06beMa Ka)l{.ll.OH ceKUHH B351TbI H3 

cooraercrnyiomero CrrpaBOlJHHKa. 

5. .uaBJIeHIle paspuaa 244,5 MM (9~ If) 06Ca.ll.HOH KOJIOHHbl 
8 

OT suyrpennero .ll.aBJIeHH5I. 

CorJIaCHO 0cPHI..I,HaJIbHbIM (crrpaB01JHbIM) l1aHHbIM 

P p = 41,5 Mfla (5930 ncn) . 
B HHTepecax 3arraca rrp01JHOCTH B03bMeM 70~b OT 3TOH BeJIH

1JlIHbI 

p~e30n. = 0,7 X 5930 = 4151 ncn (290 6ap HJIH 29 MlIa) . 
6.	 Ilepnun (rrpoMe)l{YT01JHbIH) BbIBO.ll.. 
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ITocKonbKY cTa6HnH3HpOBaHHOe naBneHHe B KOnOHHe paBHo 
:28 6ap (400 ncn) - CM. «Hcxonmae nannue», TO OHO He Bbl3bl
saer onaceaus C TOqKH 3peHH5I B03MOMHoro paspsma KOJIOHHbI, 
I160 KonOHHa pa3pbIBaeTC5I npn nannemur 290 6ap (CM. asnue}. 

3aMeTHM euie, 'ITO 3TO TeM 60nee BepHO, 'ITO npn pacxere 
rrpennonaraaocs, 'ITO aa KonOHHOH HeT nnxaxoro uexenra, B TO 
BpeM5I, KaK 3TO He TaK. 

7. Onpene.nnx 3a60HHoe naanenue.
 
3a60HHoe naBneHHe paBHo rHnpOCTaTHqeCKoMy naBneHH~
 

(r)l) croatia 6ypoBoro pacrnopa BHyTpH 6YPHnbHblx rpyti H nan
.rJeHH~ B rpyoax ()lBT) , T. e. 

100no 
3)l = r)l + )lBT = 75 X ~ + 200 = 5408 nca (3786ap). 

npHMeqaHHe. LLJllI .n.orrOJlHHTeJlbHOH 6e30rraCHOCTH He06xo.n.HMO HMeTb He

xoropoe npesuurenne .n.aBJleHHlI. 3a py6e)\{OM OHO rrpHHHMaeTClI paanua 
200 rrcn (14 6ap). 

IT03TOMY OKOHqaTenbHO: 

P2 = 77,87 qJH/¢T3 + 200 ¢H/;nM2, 'ITO naer
 
p~eo6x. = 81 ¢H/¢T3 = 1300 Kr/M3.
 

9. )laBneHHe na «CT05lKe» B MOMeHT aauana «3a,aaBnHBaHIl5l» 

'BbI6poca
 

)lCM H3B. = )lBT + P ~l = 200 + 500 = 700 ncn = 49 6ap.
 

10. Kone-rnoe naaneaue rrpH npOKaqKe nOyT5I)j{eneHHoro 6y

poaoro pacrsopa: 

p~eo6x 81 ~
 
K)ln.QYEP = PW -1- = 500 ~ =040 nca (38 6ap).
 

P6yp/p-pa 

11. BpeM5I 3anOnHeHH5I 6YPHnbHblX rpyf nOYT5IMeneHHblM 

paCTBopOM 

- V6.Tp. _ 1736. 6app _ 173 _ C::7 7
B35T .QYEP - -- - - -", MllH.
 

Q~HII XOIJ. 30 x 0, t
 
QII 30 -- 

MHH 

12. Oouiee BpeM5I pa60T rro «3anaBnHBaHH~» npoaanenaa 
m

V o6m V 6!Tp + V O;6 r

To6m = --= 66 =217,0 MI1H=218 MHH 
QII 30.0,1 _._8p:..,:P_. 

MHB 

3aKJIIOQeHHe. B nrore .aanaue pacuera YTBepM,aa~TC5I H HC

no.nsayiorca B npouecce parioru. 
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§ 21. Tpe60BaHHH K KaQeCTBy 6ypoBoro pacTBopa AJIH 
BCKpWTHH H onpo6oBaHHH nJIaCTOB 

Il.nacru npn onpoooaaunn eCTeCTBeHHO BCKpblBa~TC5I aa TOM 
'THrre H Ka4eCTBe 6ypoBoro pacrsopa, C novounao xoroporo ocy
llleCTBn5leTC5I npousmxa npn oypean» CKBaMHHbl. 

Oanaxo, ecnn ecrr, TaKa51 B03MOMHOCTb, TO npoxuaxy npa 
6ypeHHll na nonxone K n.nacry, KOTOpblH c06Hpa1OTC5I acnurars. 
lIaAO BeCTH na pacrnope C HH3KHM COnepMaHHeM TBepaOH ¢a3hl. 
J1MeeTc-51 MHoro peuenryp TaKHX paCTBopOB. TeM He MeHee B .mo
60M 6YPOBOM pacrnope rnepjran ¢a3a TaK HnH anave scerna 
npucyrcrnyer. Kpoxc roro, Ka)j{nbIH 6ypOBOH paCTBOp Bbl,lJ,emleT 
H orrpenenennsni ¢HnbTpaT. 

IT03TOMY HMeIOTC5I ocotiue Tpe60BaHH5I K n~6bIM pacrsopav, 
rrpHMeHHeMblM npn BCKpblTHH nrracra, xoropsre cnenyer cofimo
,lJ,aTb nepen orrp060BaHHeM npexcne, qeM 6ynyT nposenenu tea
KHe-nn60 pa60TbI B naHHOH 06nacTH. A HMeHHO: 

a)npoBepHTb crenens B03MOMHoro 3a6HTH5I KOnJleKTOpa 
TBf'.'lnOH ¢a30H cyutecrnyioutero pacrnopa npu HMe~w.eMC5I rte. 
penane ,lJ,aBneHHH; 

6) npoaepjrr], BenHqHHY H crenem, B03MOMHoro nponnxnoae
HH5I qHlJIbTpaTa cytuecrnytonrero pacrsopa B nnacr, 'ITO MOMeT 
cymCCTBeHHO HCKa3HTb npornoanue naHHble HCrrblTaHH5I. 

YKa3aHHa51 ou,eHKa rrpOH3BOnHTC5I B na60paTopHbIX YCJIOBH5IX 
na cneuaam.aux npnoopax, KOTOpbIMH nonMHa 6blTb ocnauieaa 
Ka)l(,lJ,a51 na60paTopH5I na CKBaMHHe, rne npennonaraercn acxp sr
THe H orrp060BaHHe rrnaCTa. B KpaHHeM cnyqae 06pa3u,bI KepHa 
H npoou pacrnopa nonMHbI 6blTb oT06paHbI H 3a6narOBpeMeHHO 
saseaenu B XIiMHqeCKY~ na60paTopHIO, rzre HMe~TC5I yxasaanue 
npnoops, (CM. npHnO)j{eHHe, pHC. 6,7). 

B .rra6opaTopHblX ycnOBH5IX, rrpOrOH5I5I xepea narypnsre H 3Ta
~OHHbIe o6pa3u,bI (c 3anaHHoH rropHcTOCTblO) rron orrpeneneH
HblM ,lJ,aB.rJeHHeM rrpo6y peansnoro pacrsopa, naior aarono-re
HHe 0 B03MOMHOCTH H nonycruaocru nepena4H nenpeccaa na 
nnacr nJIH HCrrblTaHH5I ero naHHblM pacrsopox H ouenxy na saco
penne H 06BonHeHHe, a npn He06xonHMocTH H rpeoyevue KOp
peKTHpOBOqHble peKoMeHnau,HH H sax.novenne. Ilpn acxpsrrna H 

orrp060BaHHH na n.nacr neHCTBYIOT H MoryT ero ncnopmrs C TOq

KH 3peHH5I rronyqeHH5I 06beKTHBHoH HH¢opMau,HH, B OCHOBHOM, 

3 rpyrmu rpaxropoa, ysecrs xoropsre MOMHO TO.rJbKO nHIllb B na
DopaTopHblX ycnOBH5IX, 3TO: 

a) nHTonorO-¢H3HqeCKHe CBoHcTBa KonneKTopOB ('ITO H3Me
HHTb ¢a KTH4eCKH HeB03MOMHO); 
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6) peuerrrypa H napaverpu npOMbIBOlJHOrO pacrnopa (QlH3H

KO-XHMHlJeCKHH HX COCTaB, nJIOTHOCTb, B5I3KOCTb, CnJTHlJeCKOe 

Hanp5IJKeHHe C,J.BJlra, nOKa3aTeJIb QlHJIbTpaU.HH H T. ,U.); 

B) yCJIOBH5I H TeXHOJIOrHH BCKpWTH5I nJIaCTa (BpeM5I KOH

TaKTHpOBaHH5I )KJI,UKOCTH BCKpbITH5I C HCCJle,UyeMbIM nJIaCTOM,. 

nepenan Jl.aB,leHH51, ,UonYCTJlMble BeJIlllJHHbl ero rry.nscauan npn 
B03,UeHCTBHH na n,'IaCT H T. ,U.). 

TaKHM 06pa30M, ,UO nOJIYlJeHH51 odnnnransaorc 3aKJIIOlJeHHH 

.lJa60paTopHH 0 Tpe60BaHHH K pacrsopy ,UJIH HCUWTaHlUl CTpO

)f{aHllle aanpeuiaercn onporiosan, nJIaCT, TaK KaK 31'0 MO)KeT npn
BeCTH K HeBepHOH ou.eHKe npO,UyKTHBHOCTH nJIaCTa HJIH MeCTO

p0)K.l!eHH5I, acxp uroro pa3Be,UOlJHOH CKBa)f{HHoH. 

11 npocrux 3HaHHH MaCTepa 0 CBOHCTBax 6ypoBoro pacr
sopa, C KOTOpbIM OH MHoro paa 3,UeCb pa60TaJI, HBHO nenocra
TOlJHO. He na no 6paTh na ce6H raxyro OTBeTCTBeHHOCTb. OHa 

CJIHlllKOM BblCOKa. K TOMy )Ke oIlJH6Ka scerna MO)KeT 6bITb asr
HCHeHa npH nOBTopHOM HcnbITaHHH. 

Oc060e BHIIMaHHe oopamaerca na nOT QlaKT nOTOMY. 'ITO 

KalJeCTBeHHoe onp060BaHHe nJIaCTa B npou.ecce 6ypeHMH HBJIH

eTCH CeHlJaC e,UHHCTBeHHhIM Ha,Ue)KHbIM MepHJIOM (npn npaBH.lIb

HOM npoaenennn] Ou.eHKH nosoro MeCTOpO)f{,UeHHH, 11 31'0 npH06

peraer peuratoutee 3HalJeHHe B yCJIOBHHX ace B03paC1'3lOIlI,HX 

Tpe60BaHHH K CKOpOCTH npOBOJl.KH pa3Be,UOlJHblX CKBa)KHH. 

§ 22. POJIb TOIJHOCTH 3aMepa KPHBH3H~ npH oueHKe 

nocroaepnocra H B03MO}l{HOH npoJJ.yKTHBHoCTH HCnblT.b1BaeMOH 

qaCTH nJIaCTa nOTeHu.HaJIbHO npo,nYKTHBHoro ropH30HTa 

113BeCTHO, 'ITO xepn H3 CKBa)KHHbl ,UOJI)KeH 6bITb ,UOCTaTOlJHO 

npencraaare.n.auw C TeM, lJT06bl npn aHaJIH3e ero MO}l{HO 6b1JIO 

caeaars 3aKJIIOlJeHHe 0 nepoarnux sanacax HeQlTH B ,UaI-JHOH aa
JIe)l{H (JIOByIlJKe) HJIH )Ke lJaCTH 3aJIe)KH, nOCKOJIbKY npo,UyKTHB

HblH nJIaCT neo.aaoponeu. CooTBeTcTBeHHo H HCnbITblBaTbC5I ,UOJI)K

na HMeHHO HaMelJeHHaH lJaCTb nJIaCTa (JIOByIlJKa), a He KaKaH

JIH60 npyras. 

Bvecre C TeM na sce caMblM TOlJHblM HHKJIHHOMeTpoM HeB03

MO)l{HO COBepIlJeHIW TOlJHO 3aMepHTb nOJIO)KeHHe TOlJKH B nO,U3eM

HOM npOCTpaHCTBe. JIonycTHM, 'ITO TOlJKa HCnblTaHHH,UJIH CKBa

)f{HHbl JIe)KHT na rinaue MeCTOpO)K,UeHHH B TOlJKe A. 31'0 3HalJHT, 

'ITO C BepOHTHOCTblO (uartpaxep 0,95) OHa HaXO,UHTCH KaK B 

ueurpe (B TOlJKe A), TaK H na nepndiepnn «nHTHa pacceasauaa» 
C panaycov, narrpuxep «r» (CM. OpHJIO)KeHHe, pHC. 8). C npv
rOH CTOpOHbl, aoxpyr Ka)K'uoH TOlJKH «A» 06BO,UHTCH xpyr no
nycxa, KOTOpblH 51BJI5IeTC5I euie ,UOCTaTOlJIIO npe,UCTaBHH'JlbHbIM 

C pa,UHYCO\f, nanpawep Rll (pa anyc nonycxa no OTXO,UY B ClOpO

HY)· 
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JIaJIee paCCMOTpHM B3aHMHoe nOJIO)KeHlle xpyra nonycxa 

(,UJI5I BepTHKaJIbHOH CKBa)KHHbl) C pannycov R II H noaoaceuae 
CKBa)KHHbl B «narne pacceanauna» C pannycox «r» (CM. TIpH

JJO)l{eHHe, pHC. 9). 

npHMe'laHHe. 3)l.eCb OA - paccroanne epaKTll'leCKOrO OTK.10HeHHl\ saoos 

CKBaiKHHbl OT npoexra (OT TO'lKH «0»). 

Cnpauraaaercn: «Haxo,UHTcH JIH TOlJKa «A» ,UJIH onp060BaHII5I 

B xpyre norrycxa C cooTBeTCTBylOIlI,eH Me)K,UyHapo,UHbIM rpeooaa
HH5IM creneuuo Bep05lTHOCTH O,95? 

"HhlMH CJlOBaMH, ,UOCTaTOlJHO J1H MO)KHO ,UOBep51Tb ,UaHHbIM, 

nOJIyI1aeMblM npn HCnbITaHHH? Xa paxrepnsr JIH OHH HMeHHO ,nJIH 

::JTOH JIOBVlllKH? 

JIJIH ()TBeTa na 31'01' aonpoc nponenaev CJIe,UYlOmylO pafiory. 
OepeMeCTHM (MbICJIeHHO) Kpy)KOK C pannycox «r» BHyTIJH 

xpyra C panaycox 'R.1 TaKHM 06pa30M, lJT06bl ero KpaH KaCaJI('51 

nepatpepnn (CM. OpHJIO)KeHHe, pHC. 10) H nponeaeu lJepe3 

uenrp MaJIOrO xpyra nyHKTHpHYIO OKpy)KHOCTb. 

Terreps, eCJIH TOlJKa A HaXOJl.HTCH no JlTOraM 3aMepa BHyTpH 

nynxrnpnoro xpyra, TO 31'0 3HalJHT, 'ITO OHa HaXO,UHTC5I H B I\PY' 

re ,norrycKa C 3a,UaHHOH creneusro Bep05lTHOCTH (no Me)K,Uytla

pO,UfIbiM CTaH,UapTaM). . 

ECJIH TOlJKa A pacrtonoxcen a B ueurpe xpyra nonycxa (B 

TOIlKe «0»), TO TeM 60JIee. . 

To xce MO)KHO CKa3aTb, eCJIH TOlJKa A HaXO,UHTC5I H na xpato 
nyHKTHpHOH OKpy)KHOCTH (KaK B aaurev cnynae}, pHC. 11. 

Ho eCJHf TOlJKa «A» HaXO,UHTCH Me)K'uY nyHKTHpHOH OKPY)K

HOCTbl(j H xpaev xpyra C pannycov :R ll , TO 31'0 3HalJHT. 'ITO pe

3yJI'bTaTOM onp060BaHHH He BnOJIHe MO)KHO ,UOBep5lTb, T. K .ca Ma 

TOlJKa onpo60BaHH5I HaXO,UHTCH B Kpyre ,UonycKa C Bep05lT

HOCTblO 01' 0,95 no 0,5 B TOM CJIYlJae, eCJIH TOlJKa A HaXO,UHTCH, 

HanpHMep, no pe3yJIbTaTaM 0,UHopa30Boro HHKJIHHOMeTpHlJeCKO

ro aaxepa OTelJeCTBeHHblMH HHKJIHHOMeTpaMH - na xparo xpyra 
c pan nycov RJ1 (pHC. 12). 

TIpHMep. 

[lOH5ITHO, 'ITO Be.TJHlJHHa pannyca «r» 6y,UeT aaaacers 01' TOlJ

iIOCTH HHKJIHHOMeTpa. 

Pa,UHYC xpyr-a IR ll , xepu H3 xoroporo HBJIHeTC5I euie ,J.OCTa

1'OlJHO npe,UCTaBHTeJIbHbIM, yCTaHaBJIHBaeTCH B Ka)K,UOM KOHKpeT

ROM czryaae. B 3aBHCHMOCTH 01' Bep05lTHblX KOJIJIeKTOpCKHX 

CBOHCTB scxpstsaeuoro nJIaCTa. 

TaK, nanpuuep, B yC.TJOBHO BepTHKaJIbHOH CKBa)KHHe (T. K. 

see CKBa)l{HHbl HMelOT nexoropue OTKJIOHeHHH) «n5lTHO paccen
BaHHm> HJIH paaopoc TOlJeK npn aavepe OTelJeCTBeHHblM HHKJIH

HOMeTpOM na cpennea rJIy6!me 2000 M COCTaBJl51eT xpyr C paziay
COM 25 M. 
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Kpyr nonycxa (C pannycost RA ) ,1l.JI5I 60JIblIIIlHCTBa TaKIlX 
CKBa)KHH p aseu B cpenneu 50 M. 

3TO 3Ha'HlT, qTO eCJIH nYHKTllpHa51 OKPY}KHOCTb pacno.aoscnr
C5I TOqHO na nOJInyTH OT ueurpa K nepnrpepnn 60JIbWoro xpyra 
(c pannycox R'l), HJIIl - 6JIIOKe, HO TOJIbKO B TOM cnysae, ec
JIH OTXO,1l. CTBOJIa B CTOpOHy OT ueHTpa Kpyra (HJIH OT 3eH~THOK 

OCH, npOXO,1l.5Ill.I.eH xepea YCTbe) MeHblIIe IlJIH pasen 25 M, TO npo
Be,1l.eHHOe onp060BaHHe n01l.TBep,LlHT Ha,ll.e}KHOCTb nOJIyqeHHbIX nan
HblX C rpeoyeuof (no Me}K,lI.yHapO,ll.HbIM CTaH,lI.apTaM) creneiu.ro 
Bep05lTHOCTH. 

B cay-rae 60JIblllerO OTXO,ll.a (OT 25 ,UO 50 M) onp060BaHH.e 6y
ner nposeneno C MaJIO Ha,ll.eMHbIMH pe3YJIbTaTaMH. 11 B 3TOM 
c.nyuae, xorna OTXO,ll. p aaeu 50 M H CKBa}KHHa HaXO,UHTC5I ua KpalO 
xpyra nonycxa, Hecj)T1l na caMOM nene MO}KeT H He 6bITb B cocen
HHX CKBa)KHHaX, HeCMOTp51 na TO, qTO CKBa)KHHa reopernneexn 
see etue HaXO,UHTC5I B xpyre ,lI.OnycKa Il MO)/{eT 6bITb npn nepezia
ue npHH5ITa npowucnov. 

TaKIlM 06pa30M, KpOMe C06JIIO,lI.eHIl51 npasun pa60ThI e TIJIa
CTOHCnbITaTeJIeM, npanunsnoro nO,U60pa )/{H,lI.KOCTIl ,UJI5I Bl!.KpbI
n'UI M ysera OTCyTCTBIl51 Bbl6poca npu onp060BaHHIl, n05lBJfo5lieTC5l 

eute O,ll.HO Tpe60BaHIle 0 Ha,ll.e}KHOCTH nposeneuaoro onp00naRH5I 
6e3 sero HeJIb351 CY,UHTb 0 ero xaxecrae. nOCKOJIbKY nannsre on
p060BaHH5I ,UaBHO YiKe BOlIIJIIl B Me}K,lI.yHapO,LlHble CTaH,lI.ap'JIbI. 

3AI(JIIOlJEHHE 

B nacroaurev nOC061lH 6blJIa C,lI.eJIaHa norrurxa 0606ll.1.Jt.Tb OC
HOBHble axrva.m.nue sonpocu, xorop ae CTaB5ITC5I nepen 6ypOBIl
KaMH H rpetiyior B nacrosuree BpeM5I HX paapeureuns. 

.lleJIO B TOM, qTO BpeM5I OT BpeMeHH OHH MeH5IIOTC5I H no ce
TeBOMy rpadmxy CerO,ll.H5IlIIHerO ,lI.H5I na nepasnt nnaa Hepe,UKO 
BbIX0,,151T HOBbie, xorop ue He C4HTaJIHCb pauee r-naseacrnyroum
Mil. 

B 3HaqHTeJIbHOH crenena 3TO CB5I3aHO C rrOCJIC,lI.HHMH yCT3HOB
KaMH naprnn H npaanre.nscrna na rrpeHMyw.eCTBeHHOC pa3'BPfTHe 
cpezicre MalIIHHOCTpOeHH5I B 6.1Hi!(aHWHe roau, xot-na Jl3-3:1 pea
JIH3aUHH HOBbIX rrporpaMM rr05lBHJIaCb B03MO)/{HOCTb nenan, Bbl
COKOI(a4eCTBeHHble ,lI.OJIOTa, MaJlO 4eM ycrynaroniae JIyqIIH1M 3a
py6elKHblM oopaauaa. 

3TO. B CBOIO oxepene, norperioaano nepecxorpa MHornx rpe
60BaHHH B per-navenrax, xorop ue pausure C4HTaJIHCb RaK sanpe
1J,eJIbHble. 

C031J,aBlIIa5lC5I cIITyaUH5I nana TOJI40K H K nepecxorpy pana 

BonpOCOB, peurenus rro KOTOpbIM 6blJIIl npnananu y,UOBJJeTBOpH

Te.1JbHbJ:\1H H rro HIIM 6bIJIH COCTaBJIeHbI COOTBeTcTBylOll.I.He P.ll. 

BOT nosesty rrpHxO,ll.HTC5I BHOBb B03Bpall.l.aTbC5I R TeMaM orrru
MH3aUHH pe)KHMOB 6ypeHH5I, aonpoca u npenornpauienna H 60pb
6bI C KPHBH3HOH, aonpocax xauecrsa C e,ll.HHOH uensro, qT06bI 
HCnOJIb30BaHHe 3THX peKOMeH,lI.aUHII ,UaJIo Tpe6yeMbIH 3KOHOMH
qeCKHH 3¢¢eKT. 
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23. q e p € M II C II II 0 B O. A. MeTOnlIqeCKlIe peKoMeHnaull1I no oopaooT

xe II IHITepnpeTaUHH MaTepHaJlOB neTaJlbHOH ra30MeTplll1 CKBalKHH. M.: 

BHHHfA3. 1980.216 c.24. III a U 0 B H. H. II np, BypeHHe HeepT5IHblX H r-aaosux CKBalKHH, CTa
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npaKTHq€CKOrO SaH5ITII5I no pellI €HI1IO cHTyaUHoHHblX sanas na reay: «YnpaB

JIeHHe TpaeKTopHei! oypHllIeH>CH CKB3lKIlllbl B 1l3M€HlIlOm Il XCH YCJlOBIl5lX». HB.

'¢lpaHKOBCK: l1<1>HHf, 1985. 21 c. 

OfJIABJIEHHE 

I'nasa I. TIyTH noaaiueann 3tPtPeKTI1BHOCTIl oypeHII5I r.ryooxax Ii 

cecpxrnyooxnx paasenovnux CKB3)/{HH aa C4eT BHe,ApeHH5I xeponpna-
Tilil llaY4Ho-TeXHllqeCKoro nporpecca . •. .. ~ 

r nasa I I. TIYTH nOBblW€HlUl 3eplj>eKTIIBHOCTH p€lKllMa 6yptllf151 :'iO 
ever ucnonssoaanaa HOBOi! TeXHIlKR H rexuo.iorun B CCCP II aa py-
6e)/{OM • • • 30 

r nasa II I. Ooecncuenae BepTHKaJlbHOCTI1 r.iycoxax pa3Be,A04HblX 
CKBa)/{HH •. • 5':) 

I' naaa IV. Otiecneseaae Ka4eCTIla CKBa)/{HHbI KaK OObeKTa paaaen-
KIl MeCTOp0)/{,ll.ellll51 no xparepmo KaqeCTBeHHOro npOBe,AeH!l5I onporio

IHlHR5I rrJlaCTOB B npouecce oypeHll51 84 
Crrucox peKoMeHnyeMoH .nrrcparypu ~7 

5eilOPYCCOB BilaAHMHp OJlerOBH'I 

TEXHonorH~ npOXO~KH rnY60KHX H
 
CBEPXrnY60KHX CKBA)f(HH
 

Y'IeC'lHoe nocoC'lMe
 

Pe.D.aKTOp Jl. H. CMoTpHHa
 

Jl-28658 OOb€M 6,25 n. JI. <l>opMaT 60X90 1/ 15 

yq.-1I3n. n. 5,5 Tupa:« 300 3aKa3 .N2 2058 Ileaa 1 pyo 

HHCTHTYT nOBbillIeHH5I KBaJlHtPuKaU;HIl PYKOBO,llllIllIlX pa6oTHIl'KOB
 
H CnCUIlaJlRC110B MlfHllcTepcTBa reOJlOrHH CCCP.
 

11355,6. ,V1ooKBa. Bapuraacxoe uroccc, 58.
 

Manollpocnllleu.K811 ropOJl,CKIR THlIorpa4JHll rnpaaneRRlI B9.11:aTen~CTB. 
nonHrpaq,HH II KHII>KHOA roproaan KaJlYlKCKoro 06J1HCnOJlKOMa 

r. ;\\;j~·IOHpOc.TJaBel.l, YJl· CaSBhI Beaaeaa, ):l. 5 
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PYle. 3.	 Pa3JU1llHble cxeMbl l1eIlblTaHI1~ IlJla~TOB BO BpeMfl 
6ypeHI1~: 

a) e onopo~ Ha 3a6o~ I1 ~ O~HI1M naKepoM; 
6) 6e3 OIlOPbI Ha 3a60~ c OQHI1M naxepox; 
B) C onopoij Ha 3a60H I1 ~ ~BYMfl naKepaMM; 
r) 6e3 onopu Ha 3a6o~ ~qBYMfl naxepaea , 

B TOM tn1~Jle: 

I - naKep; 2 - ~I1JlbTP; 3 - BTOPO~ naKep; 
4 - ~KOpb. 

\)\ 
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PII:.6. CXeMa JralSopa'fOpHoA YC'l'8HOBICH ~JI OD;eHKJ( CT8DeHH 
lSJrOKJlWllll81'O .n8AC'l'BKJI 4JIuupa'l'a p8C'rBopa : 

~ I - ~KH,II.p; ~ - lSaTlOK; 3 - uacJro. 4JubTpa'l'; 4 - lSypo
~ BOA p8CTBOP; 5 - OlSP838D; DOP0,u,w; 6 .. 4JubTpa'l'; ? .. pec

~ C1IB8p. 
~ 

t 

~ 
PII:.5. CXeMa K pacqeTy 3alSoAHoI'o ,naUeHHJI. 
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PMC .7. ~nH8J1'bH8J! CXeN8 H3MepHTe.lJbHOA 1I8CTil nalSopa.. 

'l'OpHOA YC'l'aHOBKII BUfliKP HetI'1l ~11 ODpep,~eHHJI C'l'e

DeftH S8KYDOpHB8I)IQerO S~KT8 'l'Bep,noA (flaSH pacTBOP8; 

I .. H81'HeT8'l'enHIIIA (H3MepHTUIIHHA) DpecC' 2 .. lS81lOK C
 

'l'p8HCifJOPW8'l'OpHYI wac.ou· 3 - cf*JJIlTP; 4 .. EIIOCOC'f!l
 

OCT8T01lH0A BO,uII; (55 C-;),; 5 .. eMKOC'l'll ~11 JlCcJrep,OBa


JOOI Iflub'l'p8'1'8; (25 c.J3>; 6 .. HelMo.... S8lItJDI; 7 .. 8'1'8


.0HItJIIA olSpase~; 8 .. KOUDeHC8'l'OpH&JI eMKoc'1'll(lSoJrlallle 2,5
 

.lJ)'
 

B .. Bl!III'l'QII; M .. UaHOUe'l'pri; Pax' P8HX .. ,Il8UeHIIe~ COO'1'


BeTCCTBeHHO: BXOp,HOe II 1illlx0p,Hoe.
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FMc.B. ilHTHO paCCeHBaHHfl
BOKpyr nn60R TOqKH 3aMepa (A), 
3aBHc~ee OT TOQHOCTH HHKnH
HOMeTpa. 

~ 

?Hc.10. nHTHO pacceHBaHHH, 
npH~nH~eHHoe K Kpa~ AonycKa
,D,O MoMeHTa KacaHHfl. 

?Hc.9. ilflTHO pacceHBaHHH
BHyTpH Kpyra AonycKa no OT
XOAY OT 3~8HHoR TOqKH (0), 
Haxo~eRcfl Ha nOBepxHocTH 
nOTeH~anbHO npOAyKTHBHOro 
o~DeKTa HCCneAOBaHHR. 

PHc.II. ilpoBeAeHHe nyHK
THpHoA OKP~OCTH qepe3 QeHTp
nflTMa pacceHBaHHH, npH~nH~R
aoro K Kpa~D,OnYCKa c BHyTpeH
HeA CTOpOHbl. '" 




